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Abstract: Objective  To study the chemical constituents and anti-platelet aggregative activities of germacrane-type
sesquiterpenoids from the rhizome of Curcuma phaeocaulis. Methods Ethyl acetate and n-butanol fractions were separated and
purificated by silica gel column, sephadex LH-20 column, reversed-phase medium pressure chromatography, preparative thin-layer
chromatography, and semi-preparative high performance liquid chromatography. The structures of isolates were determined by
modern spectroscopy techniques, and the absolute configuration of new compound was identified by calculating ECD. The isolates
were tested for their effects on ADP- and AA-induced platelet aggregation. Results Eight germacrane-type sesquiterpenoids were
isolated from the rhizome of C. phaeocaulis, and identified as neozederone epoxide (1), curdionolide B (2), curdionolide A (3),
(-)-phaeocaulin A (4a), (+)-phaeocaulin A (4b), heyneanone C (5), (4S,5S)-13-hydroxygermacrone 4,5-epoxide (6), phagermadiol
(7). The anti-platelet aggregation effects of compounds 1—3 and 6 were tested by suppressing ADP- and AA-induced platelet
aggregation. Conclusion Eight germacrane-type sesquiterpenoids were isolated from C. phaeocaulis. Compound 1 is a new
compound, and the absolute configuration of 1 is determined by calculating ECD, and compound 1 has a certain inhibitory effect on
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ADP- and AA-induced platelet aggregation. Compounds 4a and 4b are a pair of enantiomers. Furthermore, compounds 2, 3, 5 and 6

are isolated from the rhizome of C. phaeocaulis for the first time.
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neozederone epoxide

FANZFHEYZEFKA Curcuma phaecocaulis
Val.. J 7E3EAR C. kwangsiensis S. G. Lee et C. F.
Liang 5@ Ak 4 C. wenyujin Y. H. Chen et C. Ling ¥
TR ZE, RS RIS MR 25, 25 P&,
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Ji, ASURLE BT AR T A bt — 2D FAR M FE AR
GrHEAT T AIESE, Lo B4R B 8 AN e A £ 2k (]
1), &kt %%~ (1R4S,5R,9R,109)-
9-hydroxy-zederone epoxide (1), curdionolide B (2).
curdionolide A (3). (-)-phaeocaulin A (4a).
(+)-phaeocaulin A (4b). heyneanone C (5).
(4S,5S)-13-hydroxygermacrone 4,5-epoxide (6).
phagermadiol (7). HA &4 1 NEL &Y,
2N EFH AR IR EE (neozederone epoxide),
S B R il (ECD) #iw 7 H A5 %,
W& da F1 4b Jy—REXT SRR . A& 20 3.
5. 6 BINEHRNERA T EFD . &JaXnE
RRNW A E D HEAT T ARSI -5 Z IR A 2R
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T 1 9 A o

E1l & 1~7 B
Fig.1 Chemical structures of compounds 1—7

1 XFESHH
11 KIS

Bichi Gradient Former B-687 &y AH (i A%
(Rp Cis, 40~60 um, Welch A &]); il Cis i
PR (250 mm><10 mm, 5 pm, Welch A&]); 37
A Cig (144 (150 mm X 4.6 mm, 4 um, 3% [& Agilent
~vF]); Chiralpak AD-H F4:4F (250 mm X 4.6 mm,
5 pum, FHEHFRSME, HARIFEBAFD: B Ok

% (Chirascan CD Jti A%, [ S G EE A |
Agilent Technologies 1100 Series = 2 A {1 4X
(£ Agilent A ); Waters Synapt G2 73 # i it
% (£ Waters A 5] ); Bruker AVIII HD-600 1%
FJEPRIL LA (f#[E Bruker /A7 ); Anton Paar MCP
200 Jig il 2 {X (3£ [ Anton Paar 24 & ); Agilent cary
600 FT-IRCZE [E Agilent 2 7)) Milli-Q 4 /KA (3
Milli-pore /A 7] ); SC-2000 7 ifil /NG SR A AR AX
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b FER A R K RA R AF]D; Allegra X-30R
BB AR B 0L (35 E Beckman Coulter 24 )
1.2 ¥Rt

2 B R (GFass B A A X (200~
300 H, H KD, HRIFFET) s i RPERER
Sephadex LH-20 (Zfi#it Amershan Pharmacia /7] );
il R N O (S5 Sigma AR HoAhw R
T80 R BB T ARk e Ak 2 it A PR A F 1R 20 A Al 7
ADP (#lt'5 NO306A) K AA (Hit*5 J20713A)
HREFEACAEMEARGIRA A

Brvicit, MEME, FiE 2.2~25kg, W E RS
NIRRT A R AT, SIS P2k
SCXK (JI]) 2015-030. Zh4) Szl 22 B 5 24 K
FRIAYMC B 2%, RS 3R .
1.3 Zh%t

ALK T WA S0 T VTR,
28 A R I 2 K 2 s AR R 2R S e N TEFRR C
phaecocaulis Val. ] T % R £, W ¥ b &
(CP-20180303) A7 T iR H B= 2 K 5 v Fa €. 24
MBI 254 B B LT
2 FHEEHR
21 ERSESSH

EEFHARZGH (50 kg) FriE e H 95% £ BE Rt $2
3K, BHIK 3N, RIS G HIRE A E K,
WK AR BSIR CBR. 1E T REREHL. $ 5585
PR AE, 1FEAMEBNZE (Lkg). BER LB8R
B (3009) FIIETENRE (5009). Kl LR
B R R B, DA EE-BE R 08 (5 0 1~
0: 1) FIESER CFe-HEE (1:0~0: 1) BREVLmE
B 11 MRS (A~K). Hr D 15045 R b
%t Sephadex LH-20 Ao, — S FkE-HEE (1@
1) RGN, 158 4 MRS (Frol~4). Fr.2 &R
] R R (3, HEE-/K (20 1 80~0 : 100) B
Ve, 53 8 MR (Fr2-1~2-8), Hrf Fr. 2-2
2 BRI Sephadex LH-20 AL (o, Ahimk-—
AFbE-HEE (51500 FEHEN, MRS
WA - FEE (100 : 1~1: 1) [BEREBm S,
HBEAT I ] AR i 73 B, DL 40% H B N i 5l
FIHEAT YRR, AR E 1.5 mU/min, 73 EE31HLE
¥ 1 (5 mg, k=50 min). Fr. 2-5 278 BHEE
Sephadex LH-20 i, k- — &0 be- A
(5:5:1) EEWM, 195 6 M (Fr2-5-1~
2-5-6). i Fr.2-5-1 Sk, & H -

filil (100 : 1~1: 1) BEEGEMLS, DL 23% L5 N
A, BV E 1 mU/min, HEATRAHEIESE (4
M), 15314 &4 2(6 mg, tk=12.4 min). Fr. 2-5-6
R A (TR, BL 30% Z G K NI 8l
i, R R 1 mL/min, 7 2543 24k &4 3(4.6 mg,
tr=8.9 min),

E 40 455 A AL Sephadex LH-20 (7,
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mL/min, 7> &EEEHLEY) 4 (1.3 mg, tk=47 min).
HNH IEIR &%) 4 4 Daicel Chiralpak AD-H #, 1IEC
fr-E (10 0 1) AT FESRSY, SRR A A
4a (0.5mg, tr=13.9 min) 1 4b (0.4 mg, tr=15.0
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i, A S - EE (5050 D SRS
F) 3 M (Fr. 9-1~9-3). Fr. 9-1 24|50,
WA (20 0 1) 1208 )E, FE OS]
HWAETE, DL 50% B AKPERL, AR 1.5
mL/min, 7;-EEEMLEY 5 (0.4 mg, tr=41min).
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Fe-FREE (100 : 1~0: 1) /&G, LA 35%H B A
A, ARRURE 1 mU/min, 3EAT O 45 TR €1
R, BIEMEY 7 (0.6mg, tk=63min).
22 HEMERE

&Y 1 EOHIRYI. HR-ESI-MS %5 Hi#ES>
T 5 7 & mfz 301.104 9 [M+ Na]* (it & 14
CisH1s0sNa, 301.105 2), HEMIHAF3CA CisH1g0s,
AipFipEsy 7. [005 —7.82(c 0.014, CHOH); ECD
(MeCN) Amax (A€): 205 (=5.7), 230 (+4.9), 289 (-2.1)
nm; UV (MeCN) Amax (log €): 206 (3.18), 230 (2.79),
281 (2.49) nm; IR(ATR) vimax: 3445, 1669, 1522, 1385,
1238, 1073, 1045, 932, 865, 830, 791, 760, 722 cm' L.
FHMERIZM GV RERA o B- AN v B el
JLHIXERE, MR IZA ST REAEE RS BRIt
JeWER I . A 1) tH-NMR i (600 MHz,
acetone-ds) TJ JL 3 NHLIEH IE(F 5 oy 1.19 (3H, s),
1.52 (3H, s), 2.11 (3H, brs); 3 NEHIXFIEE S o
2.92 (1H, dd, J = 10.6, 4.8 Hz), 4.59 (1H, s), 5.11 (1H,
d, J=4.2Hz); 1 MEABERTESH 7.32 (1H,
brs) LM 1/~ OH i ¥{5 %54 5.77 (1H, d, J = 4.2
Hz) (8 1). BC-NMR. DEPT i/ 3 AN 355
T, 2 MNEREBRG S, 4 MXFEBRES (3 ME
AR L AMERRD F1 6 MER(ES (2 A%
A, 3 AMEIRA 1 AR (R D, WAL
RS BHENAL AW 1 NEA 1 AERIER 2 XL
) 22 A U b Y A e

N BHENEY L e, #HTT 2D
NMR 246 (E 2), @b a4 1 *H-H COSY
iRk 2R(E 5 L% HMBC 91 He-14 5 C-1. C-9.
C-10 #i2%, OH-9 5 C-9. C-10 #i3%, H-9 5 C-1.
C-7. C-8. C-10 fH2%, Hs-1515 C-3. C-4. C-5#H

%, H-5 5 C-3. C-6. C-7 #H==HfiL T C-1 £ C-10
e T 4,10- 1 5E-9-¥836-6-FR 25 . phAhidt—2b
R P5 HMBC 3 H3-13 5 C-7. C-11. C-12 #H3%LL
K H-12 5 C-7. C-8 M€ | 45t C-7. C-8
A C-11~C-13 JEAL T 11 1o H A HUARBR IR 30 . fJ
SE G AL E Y I A R B RO ik I L E T Ak
H 1 PP i 1R .

LAY 1 1) NOESY i+, Hs-14 5 H-5.
H-9 #H5¢, H-3 5 H-5 fH%, LA Hs-15 5 H-1 M
X%, R H-1 F1 Hs-15 Az F M, 15 H-5. H-9
A Hz-14 7150 33—, i#id ECD 5555 ECD
T LR (B 3) #iE TG 1 IZExT i AL,
ffi A IEFPCM #& Y fF H JE b g X
(1R,4S,5R,9R,108)-1 #1  (1S,4R,5S8,9S,10R)-1 7E
CAM-B3LYP/DGDZVP it & /K ¥ I it 5 13 2 1)
ECD i 3 from. S REWIHH BN
(1R,4S,5R,9R,10S)-1 ECD it 5515 ECD V)&,
ik &Y 1 M N (1R,4S,5R,9R,10S)-9-hydroxy-
zederone epoxide, Hiy F N HEF A A .

& 2: TLEMIRY . ESI-MS m/z: 249 [M+
H]*. *H-NMR (600 MHz, acetone-ds) J: 5.08 (1H, brs,
H-8), 4.87 (1H, brs, H-1), 3.52 (1H, d, J = 16.3 Hz,
H-6a), 2.91 (1H, brs, H-9a), 2.55 (1H, brs, H-4), 2.29
(1H, m, H-2a), 2.00 (2H, m, H-2b, 3a), 1.95 (1H, m,
H-9b), 1.88 (3H, s, H-15), 1.77 (3H, s, H-13), 1.75
(2H, overlapped, H-3b, 6b), 1.04 (3H, d, J = 7.0 Hz,
H-14); BC-NMR (125 MHz, acetone-ds) J: 209.4
(C-5), 173.8 (C-12), 157.8 (C-7), 133.8 (C-1), 130.7
(C-10), 1285 (C-11), 80.4 (C-8), 48.3 (C-4), 47.4
(C-9), 42.3 (C-6), 36.7 (C-3), 27.9 (C-2), 18.8 (C-14),
16.0 (C-15), 9.3 (C-13). LA - %¥is 5 sCkifiE S A —

#1 AW 18 H-NMR & BC-NMR #4E (600/150MHz, acetone-ds)
Table1 'H-NMR and *C-NMR data for compound 1 (600/150MHz, acetone-ds)

A OH oc WAL OH dc
1 2.92 (1H, dd, J = 10.6, 4.8 Hz) 62.7 9 5.11 (1H,d, J = 4.2 H2) 72.4
2 2.19 (1H, m), 1.58 (1H, m) 24.2 10 — 61.4
3 2.27 (1H, dd, J = 12.5, 6.4 Hz), 1.30 (1H, m) 35.2 1 — 123.4
Y/ — 62.2 12 7.32 (1H, brs) 140.0
5 459 (1H,s) 66.5 13 2.11 (3H, brs) 10.3
6 — 190.9 14 1.52 (3H, s) 15.4
7 — 122.9 15 1.19 (3H, s) 15.2
8 — 162.1 OH 5.77 (1H, d, J = 4.2 Hz) —
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— 'H.'H COSY ~—> HMBC »~~ "> NOESY
2 1kA¥ 1 H H-"H COSY. HMBC #1 NOESY #x&5
Fig. 2 'H-'H COSY, HMBC and NOESY correlations of
compound 1

12-
___Exptl ECD for 1
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-12 T T . T . T T T . )
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Alnm

3 WEY1ENFHE ECD 1EE
Experimental and calculated ECD spectra of

Fig. 3
compound 1
#;2A, B ENAY) 2 4 curdionolide B.

&Y 3: ToEImRYI. ESI-MS m/z: 265 [M+
H]*. H-NMR (600 MHz, acetone-ds) &: 4.85 (1H, d,
J = 11.7 Hz, H-1), 3.61 (1H, d, J = 15.8 Hz, H-6a),
3.51 (1H, d, J = 15.8 Hz, H-6b), 2.87 (1H, d, J = 13.2
Hz, H-9a), 2.56 (1H, m, H-4), 2.31 (1H, m, H-2a),
2.23 (1H, d, J = 13.2 Hz, H-9b), 2.00 (2H, m, H-2b,
H-3a), 1.96 (3H, s, H-15), 1.79 (3H, s, H-13), 1.69
(1H, m, H-3b), 1.02 (3H, d, J = 6.9 Hz, H-14);
BBC-NMR (125 MHz, acetone-ds) &: 209.7 (C-5),
1715 (C-12), 155.4 (C-7), 134.2 (C-1), 131.6 (C-10),
130.0 (C-11), 107.0 (C-8), 50.8 (C-9), 48.2 (C-4), 40.9
(C-6), 36.9 (C-3), 27.9 (C-2), 18.7 (C-14), 16.8 (C-15),
9.4 (C-13). DL F¥ds 5 Cikfiia A —502], s
SEAL A 3 4 curdionolide A.

&1 4a #l4b: TR . ESI-MS m/z: 262
[M-+H]*. 'H-NMR (600 MHz, acetone-ds) J: 6.42
(1H, s, H-5), 4.95 (1H, m, H-1), 2.86 (1H, m, H-3a),
2.73 (1H, d, J = 12.8 Hz, H-9a), 2.28 (1H, d, J = 12.8
Hz, H-9b), 2.22 (1H, m, H-2a), 2.15 (1H, m, H-3b),
2.07 (1H, m, H-2b), 1.88 (6H, m, H-13, 14), 1.69 (3H,
s, H-15); 13C-NMR (125 MHz, acetone-ds) &: 193.1
(C-6), 169.2 (C-12), 1515 (C-7), 146.1 (C-4), 137.7

(C-10, 11), 129.9 (C-5), 127.1 (C-1), 91.1 (C-8), 49.6
(C-9), 29.6 (C-3), 25.6 (C-2), 24.1 (C-14), 17.7
(C-15), 9.1 (C-13). UL L % ¥ 5 STk 4k 1E 10
phaeocaulin ABIEEAR—F, tb&Y 4 NINEIEIR &
Y, STV S BOBAR (3 43 B4 30— XXl S fg 4
4a A1 4b, I ECD ##fs 7371y {ECD (MeCN) Amax
(Ag) 236 (+30.7), 293 (—18.0), 360 (+2.2) nm; 4a};
{ECD (MeCN) Amax (A€) 236(—30.4), 293 (+17.9), 360
(=2.1) nm; 4b}. @ 53CERF (4)/(—)-phaeocaulin
ARSI ECD ST RI L /04T, S e &9
4a y (-)-phaeocaulin A, 4b & (-+)-phaeocaulin A.

&9 5: TEHPIRY . ESI-MS m/z: 269 [M +
H]*. 'H-NMR (600 MHz, acetone-ds) 6: 5.64 (1H, s,
H-9), 4.33 (1H, m, H-1), 351 (1H, dd, J = 13.2, 3.8
Hz, H-5), 2.88 (1H, t, J = 13.2 Hz, H-6a), 2.64 (1H,
dd, J = 13.2, 3.8 Hz, H-6b), 2.32 (1H, m, H-2a), 2.09
(3H, s, H-13), 1.90 (3H, s, H-12), 1.86 (1H, m, H-2b),
1.76 (3H, s, H-15), 1.70 (1H, m, H-3a), 1.49 (1H, m,
H-3b), 1.17 (3H, s, H-14); 3C-NMR (125 MHz,
acetone-dg) o: 198.1 (C-8), 1455 (C-11), 144.9
(C-10), 132.6 (C-7), 128.4 (C-9), 83.3 (C-5), 74.1
(C-1), 69.3 (C-4), 32.7 (C-6), 29.0 (C-3), 27.6 (C-14),
23.6 (C-12, 13), 22.3 (C-15), 21.6 (C-2). L\ ¥k 5
SRR E A M, MEEhEY 5 A
heyneanone C.

&Y 6: TCEIMRYI. ESI-MS m/z: 251 [M+
H]*. 'H-NMR (600 MHz, acetone-dg) J: 5.26 (1H, m,
H-1), 4.26 (2H, m, H-13), 4.18 (1H, m, H-5), 1.87(3H,
s, H-12), 1.71 (3H, s, H-15), 0.96 (3H, s, H-14);
BC-NMR (125 MHz, acetone-ds) &: 204.0 (C-8),
138.2 (C-11), 135.6 (C-10), 130.6 (C-1), 127.2 (C-7),
64.8 (C-5), 62.6 (C-13), 60.7 (C-4), 55.6 (C-9), 38.3
(C-3), 29.5 (C-6), 25.2 (C-2), 18.4 (C-12), 17.2 (C-15),
16.2 (C-14). VL E#a 5 CkiRIE A — 1S, #E
EALEY 6 N (4S,55)-13-hydroxygermacrone 4,5-
epoxide.

WEW 7. TLEMRY). ESI-MS m/z: 267 [M+
H]*. H-NMR (600 MHz, CDs;OD) d: 6.16 (1H, s,
H-9), 3.20 (1H, dd, J = 13.8, 6.3 Hz, H-5), 2.54 (1H,
dd, J = 12.7, 6.3 Hz, H-6a), 2.49 (1H, m, H-3a), 2.43
(1H, m, H-3b), 2.20 (3H, s, H-15), 2.16 (2H, m, H-2),
2.05 (1H, dd, J = 13.8, 12.7 Hz, H-6b), 1.31 (3H, s,
H-12), 1.30 (3H, s, H-13), 1.26 (3H, s, H-14); 13C-NMR
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(125 MHz, CDs0D) ¢: 166.7 (C-8), 160.8 (C-10),
126.7 (C-9), 120.9 (C-7), 96.6 (C-1), 74.5 (C-11), 71.8
(C-5), 71.3 (C-4), 48.0 (C-3), 32.5 (C-2), 29.3 (C-6),
25.0 (C-12, 14, 15), 23.4 (C-13). LA %k 5 kiR
TEH A —F 161, W g &%) 6 4 phagermadiol .
1Ry Baitbid fE, BRLE 1~3. 6 4h,
RUUEMER D, FrUARLEEY 1~3, 6 1
AT T PR SR AR I 1 i 12K
2.3 i/ REESLIE
FANEEIL, 3.8% MR — N IA MR TEE, 1L
WEHEAILEI 9 ¢ 1, WEETEOEF, 2R
{2VR 2. 800 r/min 250> 10 min, HU i, L0
2 K, EIFRIRE MRS (PRP). FJZ MK LA
3500 r/min &0 10 min, U R RIS B0/ R I
% (PPP). I 4y Mkt AL ol ] VT AR B A4 %o R 4
(100.50+25 pmol/L) } 52564 (100,50 25 pmol/L),
HE 5 K. UL, 43 7mA 290 uL PPP J5,
I3 BN & LHN VAW 10 L, 1ENT AW. 5
BUEE IR, 2NN 280 uL PRP, T3 HIANAN % 2%t
REFEIER 10 L, VENMRIRF AR . /MR
REMTME 37 C, UEABRRIAEE, N5t
MAFMER, Fi#60s, A ADP (10 pmol/L) B
AA (0.5 mmol/L) 10 pL i3 M/ MCREE, e %
RO AR /R R B 2, TH R /MR SR 2
SRS 1) 28 = (O 4L 1 /N 26 — SR 2 4 /N R
A AR ot B LI/ A R A
1 FEANE WAL Geid 1A b 25 3R 1 8 BER R
Z—, BHEPU/MRESE. PumssEgiEneel, K
X} 43 B AR B (R AH LSRR S (1~3. 6) T T
P MR SR ARV PRI I » SE0 45 IR, 100 pumol/L
H 14 24 B =] DT AR ADP J AA 15 (14 /)N S B 410
FIE RN (44.83+1.24) %A (72.74+£7.54) %,
&) 178 100 pmol/L B X ADP 2 AA 51 1
IR B — o BRI R, i E 000
(21.07£8.67) %fl (27.73+£6.42) %, TMHH4 34
&) (2. 3. 6) £ 100 pmol/L I35 FEHMHIVE R .
3 it
ERANLR NP2 AR 2, 25158
&I, KHERIE B O i I 2095 AT 23897 4%,
HLIACHIF 7T 3 W3 0505 1 5 9 1A 558 Th R a5 U1 A
Ko PR, HEATEIRANE MALFETh R BAHT 7T 2
AR R B SO 2 ME . ARBFFER A S
B TFBAE N = RoAR, HMGERAR T4 B e

8 ME AR, Horb 1 e, JREid
TH5 ECD & 1 H A H B BT U R W3R A,
A BB NSCRIE M, T SR SR 1
WA, ORIk R ZE O MU K B iR R A
B (RE20T, PR, oy B PR AL S kAT T ADP
Lo AA 53 LI /IMRCR SR TEVETR %8, R4 RER
B, k& 178 100 pmol/L X ADP 2 AA %
T/ MOREEBA —EMHEER SN, HRtea?
(2. 3. 6) Kol LA i MRRERER . "I,
EEFRA R T H e Y A AE DU/ MECR ST TR
KA, IEPERGRI R A it — DRI . AW
B UERAMGER A, HOVEsgks 3k
L D RAH R 2 R BE 1 EAdAN T 17 o
FBNR FHAEH N EARAE LA PR

SE R
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