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Two new compounds from Pachysandra terminalis
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Abstract: Objective To study the chemical composition of Pachysandrae terminalis. Methods The separation and purification
were conducted by silica gel column chromatography, gel column chromatography and semi-preparative liquid chromatography. The
structures were analyzed by physicochemical properties and spectroscopic techniques such as NMR, IR and MS. The isolated
compounds were tested for their cytotoxic activities in H460 tumor cells by CCK-8 method. Results A total of six compounds were
isolated from the dichloromethane extract of P ferminalis and identified as pactermone A (1), pactermol A (2), (E)-4-(2,2,6-
trimethylcyclohexyl)but-3-en-2-one (3), (35,5R,65,9R)-3,6-dihydroxy-5,6-dihydro-B-ionone (4), (+)-boscialin (5), grasshopper ketone
(6). Compound 5 showed inhibitory effects in H460 cells with ICso value of (12.58 =* 1.37) umol/L. Conclusion Compounds 1 and
2 were identified as two new compounds, named pactermone A and pactermol A, respectively. Compound 3 was a new natural product.
Compounds 4—6 were isolated from genus Pachysandra for the first time. Compound 5 showed inhibitory effects on H460 cells.
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I 2B 2 S 12, BARET R, TAER %
BERESE AV w5 SR 2 B0, B
AU Bristl. DU, SRl SR
HAERU-M, Oy T W TRAEAR S R B ), T4k
TEPERE AT R4, A i AR SR —
AR AL 2 R AT T, S EH T 6
MEED, 3 ANTTAERRFE R A (pactermone A,
. TRAEMEE R EE A (pactermol A, 2). (E)-4-(2,2,6-
SRRSO T 3-M-2-1 [(E)-4-(2,2,6-trimethyl-
cyclohexyl)but-3-en-2-one, 3]. (3S,5R,6S,9R)-3,6-—_
F2HE-5.6- A -B-FER [(3S,5R,65,9R)-3,6-dihydroxy-
5,6-dihydro-B-ionone, 4], (+)-THEKAKE [(+)-
boscialin, 5]+ #EEAR (grasshopperketone, 6). F
W, AR 2 ER A WEDD 3 T RA
W B 4~6 NEIRMIRFER B4 B
Fo KM CCK-8 VEATARAIMIT N ifiE HA460 41
P, RN, a5 BA — ek,

1 R

LC-6AD BY il 2 AH A (H A BE A,
SPD-20A 84N A] WytA 4, Welch Ultimate XB-
Cis 2Pl & A (250 mm X 10 mm, 5 pm),
AVANCE U AR A (8 [E Burker A ),
AN CHE MBS RIE A PR AFD, BEsr
A CEIAC B EAERA R AT, JirZ—
BT R (EFE Mettler Toledo), RV10 B jigh%
ZRA (FBE IKA A, AR (200~300
H, HF S THMR AT, Sephadex LH-20 %tk
(R GE AwD, #WZGER GF254 (G AR
I RABRAT]D, CO4iMuREF=M CHrind ESCO
BHEEBR AT, BEbr CEREINE AR AR A
A]), CCK-8 i & (Bioss AF]), RA-IMIE (k5%
AT, DMEM &k 775 (36 [ Hyclone A ),
NIt HA60 A CFRRHGE Faaipf ), Gl H s,
SRR R RV B A AFA R AFD, 7
HlE, S =& COREETH R 7157
AIRAFD, EERRIEAITK.

ARG BT TSR 26 T 2020 42 9 AR H
BB ST EEE N (brAss 20200901), £k
BB 2K 2 EAR S 8 N R R 8 T
MR P terminalis Sieb. et Zuce. T4 5L,

2 HE
21 RN EH
TRAEHR R 2581 50 kg, KA 80% LEE/KFI

FEEL 3 K, BHR 2ho A IHPREUH, ORI R
BE. BERENKREEE, 2RAAmmE. =&
HgE. IE TSR 3 YR RS TR B4 Bk 7
(37g). & LA (190 g) FIIE T EEAEAL (1500
). B A B AR IS 58, R A
B be-F I (80 1 1~0 @ 1) BEATEAREVEML, 53] 54
Wy Z21~27.5. 2.2 (15.9g) ZFHI%5MiAH FHEE-
K 35165 BRI 3 AN 2.2-1~2.2-3. 2.2-2
(3.7 &t feAE il (S e-H R 100 & 1~40 :
D BEEEGEL, £33 2 ANy Z2.2-2-1 F1 2.2-2-2. Z.2-
2-2 (1.9 g) &Pl (HEE-/K 151 85) 7
BREMAEY 3 (k=27 min, 5.0 mg) fl 4 (rR=22
min, 17.0mg). Z.4 (21.5g) Z¥H&HAH CHEE-/K
351 65) AR 4 NSy Z2.4-1~2.4-4,7.4-1(6.4
@) LA (HEE-/K 28 & 72) a3 2 A
Iy 2.4-1-1 W1 Z.4-1-2. Z.4-1-1 (2.3 g) L%
WA CFEE-7K 20 2 80) 7 ESAFEMLEM 1 ((r=20
min, 5.0 mg) f1 6 (fR=26 min, 14.0 mg). Z.4-2
(5.3 g) &Pl # WA (FEE-K 25 1 75) B2
2NNy 2.4-2-1 F1 24222, 24222 (2.8g), L4
HWAE CFEE-/K 15 2 85) ARG S (=20
min, 5.0mg). Z.4-4 (2.6 g) LRGN (&
FRE-FE 40 0 1~5 1 1) BRRETRML, S BE1E
Y12 (6.5mg).
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A KR 20, FCRIREE N 1X10°AN/mL 14 A
o KA 96 FLEHINN 100 pl 4H0ER, 553% 24
he FERFFLAIMA 5 FARRKREE (1. 5. 25, 50, 100
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7% 48h Ja, FI&H CCK-8 IR -3 B e 96 FLIK
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LA 450 nm PAMEBGE (4D 8. K SPSS At
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ICso) . &3 NES, BNHEHE3 K.
3 H#R
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C14H203. thEY) 1 1) 'H Al BC-NMR &% %ds W%
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1. '"H-NMR (400 MHz, CD;0D) i EH7ZE7E 1 MF
TEMI XU R 155 o 5.89 (1H, s, H-8); 4 4 FI L
T15%5 61 2.19 (3H, s, H-10), 1.16 (3H, s, H-11), 1.28
(3H, s, H-12), 1.31 (3H, s, H-13); 1 MHFEEER 1=
5 0u 3.10 (3H, s, 4-OCHs): 1 MXHET 155 dn
4.16 (1H, m). 3C-NMR (100 MHz, CD;0OD) i
BRIEA 14 Mif5 S, 454 DEPT-135 1%, nlLL
E . 0c23.3. 252, 26.7. 30.7 F1 49.0 AHBE, dc
48.5 Fll 5¢c 48.5 NHK, dc 62.5 Fl 6c 99.4 AFBK,

5c35.5. 76.5. 113.9. 199.2 F1210.8 NZERk. £
4k NMR 3 &, B HSQC i b S EaE S
BEATIH)E, ATLLEH ou 5.89 (1H, s, H-8) AU oc
99.4 LI5S . £ '"H-'H COSY &/ (K 1

o, H-3/H-4/H-5 #H%; 454 HMBC 3K (& 1),

H-10 5 C-8/9 #15%, H-8 5 C-1/7 #H%, H-11 5 C-
1/2/3/12 #15%, H-3 5 C-4/5 155, H-5 5 C-1/6 #H

%, H-13 5 C-1/6 #HX, -OCH; 5 C-6 fH%. #Ib
WE 2 SR N 2,2,6- = HI 33 CL8E-3-04-2-
fill . I Ok S PELGER (grasshopper ketone)
IEARHATREG, KA Z T 1 AR ERRTE S,
HAFAR 302, 7F NOESY &+, H-4/H-12 A
%, H-11/H-13 %W H-4, CH;-12 [IMXT AN o,
CH;-13. CHs-11 HIAHA RN Bo By LAH A0 fg Y
HHHETAE (4S,6R 5L 4R,68). Nit—LHiELE
Y1 4R T, BT 1[(4S,6R)-1 Al (4R,65)-1]
) ECD #h4: (K&l 2), ffiH CPCM #AL/E I EE 1)
HEERT 48,6R-1,4R,65-1 £ B3LYP/6-31+¢g(d,p) it
HAKCF LA BECD WEE, 45 F el Al a3 i
(4S,6R)-1 [*] ECD M & VLAC R 4F . il ik &R 48 SCwk i
=, RIS 1 AR WHTER L&Y, wd
ITRACAE B Ao

a2 BEMIRY), 5% T HEE. HR-ESI-

F1 L& 170248 'H- 1 BC-NMR #{#E (400/100 MHz, CD30D)
Table 1 'H- and *C-NMR data for compounds 1 and 2 (400/100 MHz, CD30OD)

B 1 2
oc OH Jc on

1 113.9 484 0.40 (1H, m)
2 35.5 35.0
3 485  1.89 (IH,dd,J=12.5,4.1 Hz), 1.41 (1H,dd,J=12.5,29 Hz)  50.1 1.57 (1H, m), 0.99 (1H, m)
4 625  4.16 (1H, m) 659 3.60 (1H, m)
5 485  2.27(I1H,dd,J=13.0,4.1 Hz), 1.35 (1H,dd, /= 13.0,32 Hz) 449 1.80 (1H, m), 0.80 (1H, m)
6 76.5 334 1.35(1H, m)
7 210.8 320 1.56 (1H, m), 1.23 (1H, m)
8 99.4  5.89(1H,s) 629 3.47 (1H, m), 3.32 (1H, m)
9 199.2 29.8  0.85 (3H, s)
10 252 2.19(3H,s) 199 0.74 (3H, s)
1 307 1.163H, s) 198 0.87 (3H,d,J = 6.5 Hz)
12 267 128 3H,s)
13 233 131 (H,s)
-OCHj 49.0  3.10 3H,s)

m— . IH.IHCOSY 7~ ‘: HMBC

o Lo
7 ’ - 2
OH 6 & o€
%& i
11 HO Vﬁ’ L

¥ . NOESY
1 &Y 1702 MFEMIMEER 'H-'H COSY. HMBC. NOESY #XES
Fig. 1 Chemical structures and key "H-'"H COSY, HMBC and NOESY correlations of compounds 1 and 2
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Fig. 2 Experimental and calculated ECD spectra of

compound 1

MS SR T BTN m/z: 209.151 6 [M+Na]',
THE A 209.151 7 [M+Na]™, W4 FRH
C11H2,0;. 'H-FI1 BC-NMR ¥4 W% 1. 'H-NMR
(400 MHz, CD3OD) &+, 7£ 61 0.74 (3H, s, H-10),
0.85 (3H, s, H-9), 0.87 (3H, d, J= 6.5 Hz, H-11) &FH
3HHFIE 755 . £ BC-NMR (100 MHz, CD;0D)
R ERILA 11 NMRES, 454 DEPT-135 i
K, ATLLE H 0 19.84 19.9 A1 29.8 J{AHE, 5¢32.0.
44.9. 50.1 A1 62.9 Nfifik, J5c33.4. 48.4 Fl 5¢ 65.9
R, Oc 35.0 AZEWR. FE 45 NMR #E 4,
HSQC & EIXMbAYE s 5T HE. £ 'H-'H
COSY it[&v, H-3/H-4/H-5/H-6/H-11 #15%, H-11/H-
6/H-1/H-7/H-8 %, 454 HMBC i &l, H-8/C-1,C-
7 #45%, H-10/C-1,C-2,C-3,C-9 #iz%, H-3/C-4,C-5
FiZ<, H-5/C-1,C-6, C-11 5%, #iE iz b &t
N 1-Q-F3k 2.35)-2,2,6-= W ILI i -4-B% . 7F
NOESY i (| 1) /1, H-4/H-6 #=<, H-1/H-11
FOE, R H-4. H-6 XN o, H-1 FIAEXS
AR Bo B RGSCEE R, KIMLEDY 2 Ak
WARTE RS, % N TEARCFE R EE A.
&) 3. FEHPRY), 2% THEE, ESI-MS
milz: 195.2 [M+H]". 'H-NMR (400 MHz, CD;0D) ¢:
6.71 (1H, dd, J = 15.8, 10.0 Hz, H-7), 6.20 (1H, d, J =
15.8 Hz, H-8), 2.46 (1H, dd, J=10.0, 4.0 Hz, H-1), 2.32
(1H, m, H-6), 2.29 (3H, s, H-10), 2.20 (1H, m, H-3),
2.06 (1H, m, H-5), 1.32 (1H, m, H-4), 0.98 (3H, s, H-
11),0.93 (3H, d, J= 6.2 Hz, H-13), 0.89 (3H, s, H-12);
BC-NMR (100 MHz, CD;0D) J: 200.8 (C-9), 151.8
(C-7), 134.6 (C-8), 59.7 (C-1), 46.4 (C-2), 42.5 (C-6),

36.1 (C-3),32.4 (C-5), 30.1 (C-4), 27.0 (C-10), 22.3 (C-
11), 21.6 (C-13), 21.3 (C-12). VL B3 5 SCkRiE
— ), HEEYI 3N (E)-4- (2,2,6-=HF IR
OL3E) T -3-45-2- .

WEY 4. BEMIRY), 53T HEEL, ESI-MS
m/z:227.0[M+H]" . 'H-NMR (400 MHz, CD;OD) 6:
6.75 (1H, d, J = 16.0 Hz, H-7), 6.36 (1H, d, J = 16.0
Hz, H-8), 3.89 (1H, m, H-3), 2.28 (3H, s, H-10), 2.07
(1H, m, H-5), 1.88 (1H, brt, J = 12.6 Hz, H-4a), 1.62
(1H, t,J=12.5 Hz, H-2a), 1.55 (1H, ddd, J= 12.5, 5.3,
2.9 Hz, H-2b), 1.34 (1H, t, J = 12.6 Hz, H-4b), 1.03
(3H, s, H-11), 0.87 (3H, s, H-12), 0.80 (3H, d, J= 6.7
Hz, H-13); 3C-NMR (100 MHz, CD;0D) : 197.7 (C-
9), 150.7 (C-7), 130.3 (C-8), 77.8 (C-6), 66.4 (C-3),
45.0 (C-2), 39.9 (C-1), 38.9 (C-4), 33.9 (C-5), 28.2 (C-
10), 25.1 (C-11), 24.6 (C-12), 15.9 (C-13). LI E¥¥&
5kl AR — M, MEENAEY 4 N
(35,5R,65,9R)-3,6- 2 3£-5,6- S -B-FF LM

EY s BOMRY), 53T HEE, ESI-MS
m/z:227.0 [M+H]". 'H-NMR (400 MHz, CD;OD) ¢:
6.88 (1H, d, J = 16.0 Hz, H-7), 6.34 (1H, d, J = 16.0
Hz, H-8), 3.83 (1H, m, H-3), 2.27 (3H, s, H-10), 2.10
(1H, m, H-5), 1.71 (1H, brt, J = 12.6 Hz, H-4a), 1.66
(1H, t,J=12.5 Hz, H-2a), 1.45 (1H, ddd, J= 12.5, 5.3,
2.9 Hz, H-2b), 1.39 (1H, t, J = 12.6 Hz, H-4b), 1.04
(3H, s, H-11), 0.82 (3H, s, H-12), 0.80 (3H, s, H-13);
3C-NMR (100 MHz, CD;0D) d: 199.4 (C-9), 153.0
(C-7), 130.2 (C-8), 77.5 (C-6), 65.8 (C-3), 44.3 (C-2),
39.6 (C-1), 38.2 (C-4), 33.9 (C-5), 26.0 (C-10), 24.5 (C-
11), 23.8 (C-12), 15.0 (C-13). VL3 5 CRkIRIE
BAR—), MEENED S N (+)-FHIRAMKE.

Ew 6. wORY), 5% THEE. ESI-MS
m/z:225.1 [M+H]". "H-NMR (400 MHz, CD;OD) ¢:
5.73 (1H, s, H-8), 4.11 (1H, m, H-3), 2.09 (3H, s, H-
10, 2.04 (1H, dd, J=13.0, 4.1 Hz, H-4a), 1.81 (1H, dd,
J=12.5,4.1 Hz, H-2a), 1.28 (3H, s, H-12), 1.28 (3H, s,
H-13), 1.23 (1H, dd, J=13.0, 3.2 Hz, H-4b), 1.19 (1H,
dd, J=12.5, 2.9 Hz, H-2b), 1.06 (3H, s, H-11); 3C-
NMR (100 MHz, CD;0D) 6: 210.2 (C-7), 199.5 (C-9),
118.6 (C-6),99.7 (C-8), 71.0 (C-5), 63.0 (C-3), 48.5 (C-
4), 48.3 (C-2), 35.6 (C-1), 30.9 (C-11), 29.4 (C-13),
27.9 (C-12), 25.1 (C-10). LA %k 5 CikikiE S A
— 02, WEETEAEY) 6 yNELRER .
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FHARE (median inhibition concentration, 1Cso) {H

N (12.584+1.37) umol/L, SRHMEXTHRIBAEA [ICso=

(44.69+3.25) umol/L] FHLL, FHABLF 4 M 55

PE, MEREVIREI .

4 g
AHIE TN TRACAR SR 80% L BE/K S B — 54

B L2 BT T R G B 5% E, o

BT 6 MLE, Hiibay 1 m2 it s

Yo ACEY) 3 9T RIR 0 A& 4~6 H IR

HRBHEY BRI DEE T TR R

MRS . Herr S 5 X H460 dHi i B A

—ENHEEE. 2 ASF AR R ]

W, RSN 7 B AR B R ST 2 R A

TEVERIEFT, 9 THAEARCRE R AT R A ISR BE R A
RBAR AR ERARELEPZFR
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