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Abstract: In order to understand the chemical constituents of Sphagneticola trilobata (L.) Pruski, eight diterpenoids
were isolated from the ethanol extract of its whole plants. On the basis of spectral data, they were identified as
ent-16P,17-dihydroxy-9(11)-kauren-19-oic acid (1), cussovantonin B (2), ent-16-kauren-19-oic acid (3), ent-
3B-hydroxy-16-kauren-19-oic acid (4), 16a-hydroxy-ens-kauran-19-oic acid (5), 2f,160-dihydroxy-ens-kauran-
19-oic acid (6), 3a-angeloyloxypterokaurene L, (7) and pterokaurene L, (8). Compound 4 were isolated from
genus Sphagneticola for the first time, and compounds 1, 2 and 6 were isolated from S. trilobata for the first
time. Compound 3 showed strong antibacterial activity against several bacteria and further inhibited significantly
a-glucosidase activity in vitro. Based on structural derivation with pentafluorobenzyl bromide coupled with GC-
MS techniques, the contents of compound 3 in the stem and leaves of S. trilobata were (1.00£0.21)mg g”' FW and
(0.78+0.04) mg g ' FW, respectively.
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WAG H 20 fibad 70 SRR AR 51 AFRIE AR
PRAE IR A= S bl [l 2% 5, H ATE SR RARZ X A
F SR e 4585 B 35 8 3, T B AR T AR bR IX Y
A SR, U A T 3 X R ) R 2R, O 3 A
BRMZFRD.

Y6 SCHRHZAE , 1 S5 967 L 2 7 11 280 L T T S
X R R IR L ey, BRI JE T I |
LA R XA A G R 2R, H
i L A1 T8 1) T S I L A A~ o T2 2 A il
it = AR, A e S B R s BA BT
JESE B PR BT A e
1575 B SR I A ) LR DTG Al ) SRR R, FRATTS
9 5 LA AR AL A U EA T T RS

ARSI FL G A S P o 2 E A
AUV ou- i 26 M T 00 )95 28 , [ R P R
ST A=A & GC-MS MBS SR 6 P i b
Yy 3 7 S LA ZE A v B A I

1 AR
1.1 &

FH T 2l 4 B4y B w06 i it 4y
[Sphagneticola trilobata (L.) Pruski]4: ¥ # & T
2011 47 9 A2k A [E B 27 B 42 mE Al ) e B A=
T X, 28 v [ B 2 B 4 B AR W) el I A s 5 5
Y8 AR AT T B 2 B AR e A ) B A
AL #5285, 2014 4F 11 A X7E [A) 4 R 4
HEI 7 T BN IR T ek /KNl

IEARZ M RE S R 75 5 AL T A IR A R ™
f(80~100 H, 200~300 H); Jx A1 JZ #1 ik IX YMC
ODS-A (50 um) N A4 YMC 23 m) A= 7 s 2 0,35 1
AHBE B AR (HFGF 554) 4 LI AR M0 5 VT A E T & A PR
N )P BEE Sephadex LH-20 Ay #ij 8. Amersham
Biosciences 23 F) £F 77 AR 2 Sigma 28 7] 7
fho A AT AL HE 5 AN (254 nm) BLZE S
BT IR- LB (10290, V/V)IE G,

1.2 (X35

H, 5% 25° o % (ESIMIS) >R FH 25 [ 1 2B 9 &R 4%
/A F] MDS SCIEX API 2000LC/MS/MS 1 ;'H NMR
FEFHT C NMR 1% H Bruker Avance 600 Fl1 Bruker
Avance HD 500 #% i 34 4%, I DL U H 36 /e e oy
PR 5 R 2 i 45 8 b s B o e R A PR

A] ) HPLC il & & 4t , 5 A5 P3000, K I %5 4
UV3000 UV-VIS, AR 354(400 mmx25 mm i.d.);
VT e 4 K ) H AR 2R 5t L 2N 7] N-1000 Jiei 25 &
1. CCA-1110 JEAAHIFE A SB-1000 HLHAE
K ¥ #5; GC-MS 43 #1 >% F Shimadzu 2 7] GCMS-
QP2010Plus 1%, fa i >~ HP-5MS (30 m>0.25 mm
1.d.x0.25 pm film.),

1.3 IREFN 5 5

S5 05 M 4 4 KRR (T 2R 8 k)W e S5 FH 95% 1)
CBEAE E IR 3 R, BR 2 d, A IR EUR
258 W 4K B IO TP 2 Tt T 5 I 2 Kl
FRCATREIR MU A g | 2R BRI, 4% R L
4 YR 5 P4 J 4y A A TS 43 (180 g) . LR
LBRAEB (140 g).

ATIMEEAE G 2 IEAHRERAEZH7(200~300 H),
DA i BTN B 50 1~0: 1, V/V, YR 10 L) B Uk
JU, RN I 32 AR R A T 48, 15 8 P~Py, 35 12 4>
. 5y Ps (18.8 g)FH Ak - NER(10: 1)PEH ,
28 T AR A J2 H1(200~300 H)LL A1 il k-2 R &
FiR(40: 1~1: DyRBBEVEMG , A& 1 32 s A R A9 3 4
138 Py ~Pss 3 5 N85, Pys (8.9 g)4 ODS K AH
FERCAEJZHT(50 wm), DL EE-7K(60:40~100: 0) 8 B
VR, KW A I F2 A50H R B 3 43, 159 8 Py ~Psas
6 WL Ir. Pssy (0.11 @), Psyy (0.08 g)5r 514
Sephadex LH-20 #:JZ2HT, LA« FHEE(L = 4)BEI0 15
FLA Y 8 (13.6 mg)fil 4 (7.5 mg)., Py 450 (4.2 g)
FHATE - PYBER2: DEERL, 28 ODS SO AR A B )2
HF(50 pm), LA EE-7K (50 50~100: 0) £ 3% it , #6:
W5 AR R S, 158 Py, ~Pys 3£ 5 A8 53
Py, (0.4 g)Z IEAHRE A ZHT(200~300 H), LUA 0
fik- 2R CR(S : DYEREEVERL, 1521659 7 (8.9 mg)
15 (9.4 mg).

LR LR R BB 43140 )28 TE AR A 2 M
(200~300 H), LA f5-H EE(50:1~0:1, BEIK 9 L)k
JEVGEIE AU JF = SO R ), 75 8 B ~E,, 3
11 4155, B, H53(17.6 ) A5 -H BE(50: 1B,
2 E AR IR EHT(200~300 H), LAAT k-2 1R 2
P20 1~2 = D)Af BEVRIEE , Rl 5 91 3= sSAR R 9 3t 43,
83 E, ,~E, s £ 5 ™53, E,, (0.12 g)%4 Sephadex
LH-20 #:JZ2 47, LA 0 : B 4P, 15 Bk &
¥ 3 (25.0 mg). E, 2H73(26.7 g)FH & 5-H BEQ25: 1)
BRI, 28 1F AR EE AT )2 #1(200~300 H)LL S 475-H



X

el BUKEEAE: P SIS vh il A i i S P S T 705

(100 1~10: 1YERBEGRIBE, 46005 I 3 AU ] 1 9
43, 1% 3 Ey ~E,, 3t 7441 4. E., (6.9 g)%4 ODS
F2RH fik A 2 AR50 pm), LL H E-7K (40 60~100:
0) 6 B Y B, A i 5 I 32 AR ) 09 3 43, 15 %)
E; 4 ~Eiy, 75, By (0.9 204 Sephadex
LH-20 #1287, LA« (L : 4) Ve , #0055 =
SRR B3 53, 15 8 By y6~Esen 25 2 N4 53
Ei46, (0.19 @)Z8 1F AH & B AE JZ 11 (200~300 H), LA
A k- TR CTR(5: DAF R, S 3591
(6.8 mg). Eys (6.1 )2 ODS Sz A #E i+ 2 My
(50 pm), Ph F 7K (402 60~100: 046 J32 vk i, 46
Bt AR FE AR5, A5 5] By ~Byss 263 WAL
4% oEys4 (0.16 )% Sephadex LH-20 #1247, LG4 :
B 4) el , 52659 6 (11.7 mg). E, 457
(4.1 Q& 5-FFEE(10: DML, 2 ODS KA FE i
FEJZ H1(50 um), LI H EE-7K(30:70~100: 0)ES J& 1%
JI R I FE SRR A IR 43, 15 8 By ~E,, 32 7
1. Eys (0.09 )28 EAHRERAEZHT(200~300 H),
DL D5 -H (20 DBREEVERG, 15 2165 2 (1.0 mg)
(& 1),

1.4 Z5H%EE
ent-16p,17-Dihydroxy-9(11)-kauren-19-oic
acid (1)  FIERR; 5058 C,H,0,; ESI-MS
(+) m/z: 707 [2M + K]', 691 [2M + Na]’, 373 [M +
K]', 357 [M + Na]’, ESI-MS (-) m/z: 667 [2M -H],

369 [M +CI], 333 [M—H]; 'H NMR (600 MHz,
C,D,N): & 5.26 (1H, s, H-11), 4.04 (1H, d, J = 11.0 Hz,
H-17a), 4.00 (1H, d, J = 11.0 Hz, H-17b), 1.33
(3H, s, H-18), 1.30 (3H, s, H-20); "C NMR (150 MHz,
C,D;N): 8 180.7 (s, C-19), 158.7 (s, C-9), 114.8 (d,
C-11), 85.2 (s, C-16), 69.4 (t, C-17), 56.3 (t, C-15),
47.4 (d, C-5), 45.4 (s, C-10), 45.3 (d, C-13), 44.4 (t,
C-14), 43.8 (s, C-4), 42.2 (t, C-1), 39.7 (s, C-8), 39.6
(t, C-3), 31.5 (t, C-7), 31.4 (t, C-12), 29.2 (q, C-18),
24.6 (q, C-20), 21.5 (t, C-2), 19.6 (t, C-6). ik
BlES SCER[ 101408 — 2.

Cussovantonin B (2) SRR 5 S e a2 e
H CyH,,05; ESI-MS (+) m/z: 727 [2M + Na]', ESI-
MS (=) m/z: 703 [2M-H]", 351 [M—H]; '"H NMR
(600 MHz, CD,0OD): & 3.70 (1H, d, J = 11.4 Hz,
H-17a), 3.59 (1H, d, J = 11.4 Hz, H-17b), 3.09 (1H,
dd, J = 12.2, 4.6 Hz, H-3), 1.36 (3H, s, H-18), 1.02
(3H, s, H-20); "C NMR (150 MHz, CD,0D): & 181.6
(C-19), 82.9 (C-16), 79.3 (C-3), 66.9 (C-17), 57.3
(C-9), 57.2 (C-5), 53.6 (C-15), 49.6 (C-4), 46.2 (C-
13), 45.6 (C-8), 43.3 (C-7), 40.5 (C-1), 40.4 (C-10),
38.1(C-14), 29.3 (C-2), 27.2 (C-12), 24.4 (C-18), 23.2
(C-6), 19.7 (C-11), 16.5 (C-20), R IGHERHE 5
BR[11 ] E —%k.

ent-16-Kauren-19-oic acid (3) Mk K
SFRH CpHyO,; ESI-MS (+) m/z: 643 [2M + K],

COOH

5 R=H; 6 R=0H
1 1bEH) 1~8 145K

Fig. 1 Structures of compounds 1-8
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627 [2M + Na]’, 325 [M + Na]’, 303 [M + H]", ESI-
MS (=) m/z: 603 [2M—H], 301 [M—H]; 'H NMR
(600 MHz, CDCL,): & 4.78 (1H, s, H-17a), 4.72 (1H,
s, H-17b), 2.62 (s, 1H, H-13), 1.22 (3H, s, H-18), 0.93
(3H, s, H-20); "C NMR (150 MHz, CDCl,): & 184.7
(C-19), 156.1 (C-16), 103.2 (C-17), 57.3 (C-5), 55.4
(C-9), 49.2 (C-15), 44.5 (C-4), 44.1 (C-13), 44.0 (C-
8), 41.5 (C-7), 40.9 (C-1), 39.9 (C-10, C-14), 38.0 (C-
3), 33.3 (C-12), 29.2 (C-18), 22.1 (C-6), 19.3 (C-2),
18.7 (C-11), 15.8 (C-20), i el 5 k[ 12]
fiE—3k.

ent-3B-hydroxy-16-kauren-19-oic acid (4)
HEB AR ; 7072 Hh CyoH, 05 ESI-MS (<) mi/z: 317
[M—H]; 'H NMR (600 MHz, CDCl,): & 4.82 (1H, s,
H-17a), 4.76 (1H, s, H-17b), 4.59 (1H, dd, J = 12.0,
4.2 Hz, H-3), 1.30 (3H, s, H-18), 1.06 (3H, s, H-20);
“C NMR (150 MHz, CDCL,): & 180.3 (C-19), 155.5
(C-16), 103.4 (C-17), 78.9 (C-3), 56.5 (C-5), 55.3 (C-
9), 48.9 (C-15), 48.2 (C-4), 44.1 (C-8), 43.9 (C-13), 41.1
(C-7), 39.6 (C-14), 39.5 (C-1), 38.9 (C-10), 33.2 (C-12),
27.9 (C-2), 24.1 (C-18), 21.7 (C-6), 18.7 (C-11), 15.5 (C-
20), FAOGHEEE S SR 13 40E — 2L

16a-Hydroxy-ent-kauran-19-oic acid (5)
HEB R 272 h CyH,,0s; ESI-MS (+) m/z: 664
[2M + Na]’, 343 [M + Na]’, ESI-MS (-) m/z: 639
[2M-H], 319 [M—H]; 'H NMR (600 MHz, C;D,N):
8 2.49 (1H, d, J = 13.0 Hz, H-3), 2.31 (1H, m, H-2),
2.23 (1H, m, H-6), 2.14 (1H, br s, H-13), 1.97 (1H,
d, J=13.7 Hz, H-15), 1.90 (1H, d, J = 12.7 Hz, H-1),
1.78 (1H, d, J = 12.8 Hz, H-7), 1.69 (1H, d, J =
13.7 Hz, H-15), 1.58 (3H, s, H-17), 1.36 (3H, s, H-18),
1.22 (3H, s, H-20), 0.88 (1H, m, H-1); "C NMR
(150 MHz, C;DsN): & 180.7 (C-19), 78.5 (C-16), 59.1
(C-15), 57.6 (C-5), 56.9 (C-9), 49.7 (C-13), 46.1 (C-
8), 44.5 (C-4), 43.2 (C-7), 41.6 (C-1), 40.6 (C-10),
39.3 (C-3), 38.6 (C-14), 29.9 (C-18), 27.8 (C-12),
25.6 (C-17), 23.4 (C-6), 20.4 (C-2), 19.2 (C-11), 16.6
(C-20). btk Edls 5 SOk 141408 —3K

2B,160-Dihydroxy-ent-kauran-19-oic acid (6)
HER A ; 4 F R Cy,Hs,0,; ESI-MS (+) m/z: 695
[2M + Na]’, 359 [M + Na]’, ESI-MS (-) m/z: 671
[2M—H]J, 335 [M—H]; 'H NMR (600 MHz, CD,OD):
8 4.10 (1H, ddd, J = 11.4, 6.9, 4.7 Hz, H-2), 1.34 (3H,

s, H-17), 1.25 (3H, s, H-18), 0.99 (3H, s, H-20);
"C NMR (150 MHz, CD,0OD): § 181.0 (C-19), 79.8
(C-16), 65.0 (C-2), 58.4 (C-15), 57.5 (C-5), 57.3 (C-
9), 50.6 (C-1), 49.5 (C-13), 47.7 (C-3), 46.3 (C-8),
45.8 (C-4), 43.1 (C-7), 42.1 (C-10), 38.5 (C-14), 29.4
(C-18), 27.8 (C-12), 24.4 (C-17), 23.0 (C-6), 19.4 (C-11),
17.3 (C-20), b3 5 SOk 15 HE — 2.

3o-Angeloyloxypterokaurene L; (7) SRR iy
K T R K CuHyOs; ESIMS (+) m/z: 439 [M +
Na]’, 417 [M+H]", ESI-MS (-) m/z: 831 [2M—H],
415 [M—H]; '"H NMR (500 MHz, CDCL,): § 6.04
(1H, qd, J = 7.0, 1.5 Hz, H-3"), 4.79 (1H, s, H-17a),
475 (1H, s, H-17b), 4.62 (1H, dd, J = 12.2, 4.7 Hz,
H-3), 1.95 (3H, d, J = 7.0 Hz, H-4'), 1.85 (3H, t, J =
1.5 Hz, H-5"), 1.28 (3H, s, H-18), 1.15 (3H, s, H-20);
C NMR (150 MHz, CDCl,): & 180.1 (C-19), 167.9
(C-1), 154.9 (C-16), 138.2 (C-3"), 129.0 (C-2), 103.7
(C-17), 78.6 (C-3), 77.6 (C-9), 49.4 (C-5), 49.2 (C-
8), 48.2 (C-4), 43.9 (C-10), 43.9 (C-15), 42.4 (C-13),
40.5 (C-14), 36.1 (C-7), 34.7 (C-12), 30.8 (C-1), 30.2
(C-11), 24.3 (C-18), 24.1 (C-2), 21.6 (C-6), 20.9 (C-
5", 17.4 (C-20), 15.9 (C-4"), 6% 5 k6]
fiE—%.

Pterokaurene L, (8) MR, Xk
C,oH;,05; ESI-MS (+) m/z: 659 [2M + Na]'", 341 [M +
Na]’, ESI-MS (-) m/z: 635 [2M—H], 317 [M—H];
'H NMR (600 MHz, CDCL,): & 4.78 (1H, s, H-17a),
4.75 (1H, s, H-17b), 1.23 (3H, s, H-18), 1.08 (3H,
s, H-20); "C NMR (150 MHz, CDCl,): & 184.4 (C-
19), 155.2 (C-16), 103.3 (C-17), 77.8 (C-9), 50.2 (C-
5), 49.3 (C-8), 44.1 (C-10), 44.0 (C-15), 44.0 (C-4),
42.3 (C-13), 40.6 (C-7), 37.6 (C-3), 36.2 (C-1), 34.5
(C-14), 32.3 (C-12), 29.6 (C-11), 29.2 (C-18), 21.8
(C-6), 19.1 (C-2), 17.6 (C-20). iR Giesdis 530
BR[16]41E —2

2 YU

K1 K Ak o6 FLAR BRI B B R,
I 72 Ak 5 1 1~8 X 4 B JL T, D 4 B €5 ) 7 3K
Wi (Staphyloccocus aureus) . Wi ¥& 2F #0 #F B (Bacillus
cereus) 2= 15 %/ INFF BRI (Curtobacterium flaccumfaciens)
1R FE VD 1] IR W (Shigella dysenteriae)f) e {I A1)
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BUKEEAE: P SIS vh il A i i S P S T 707

B EMIC), %64 100 uL 100 pg mL™' 1y 7] K75
VTR B TG 1) 96 FLAR b A5 11 3 A L
B 7.5 mL BHE/RAIE RS S mL A FF 00 o VS T
(10° CFU mL )R A #: & # % 100 pL 255 1 2
5510 81 LA KCES 12 20 BT A I AL b s AR DU RR
(1 mg mL )& 100 uL JiLA 2 55— 51 A £L 5 X
Ao DA SR — B UM 100wl 9 7 T 55 7% 21 2 — 41,
SRIGHE T JLA I RIRE I 5 s (R HE AR 2125 10 471,
FENE 10 F0HCH 100 pl F 45 DLRIE A — 51 19 £L
AN 100 pLo fe i, B e+ i i FL AR
WA FE B 3R 46, 37°CHE 55 5~6 h, HRIFLHRAY

2 1ALEWY 1~8 Xt 4 FANTE W f5e/ MR E MIC {f (ng mL ")
Table 1 MICs (ug mL™) of compounds 1-8 against four bacterial strains

P A A el e RGP A
TCAEAAT g i 0 AT I M L 6 DR €8 28 S Ry 41
0, F N oI B TG 5 A A 1 60 75 A 1 e AU
W BB IA R 2 A DU A A ) 1) S AR AT TR VAR B (MIIC) o
— A~ 96 FL AR AT [F] B0 6 AN FE AL 1A BE X
HEFN 1 ASFIPEXT R B B R 3 R, DA R <
ARBEE R AE J P B, RS SR mT Wb &9 3 2
A 5 BAPEXT BB RR R I8 85 2= 422 30 Ok > AR S
il 4 TR A0 P L A 4 AU B T
I PE(MIC =25 pg mL™), 1 HoAl Ak A 9 0 A
78 B I BB T 1 PEQMIC (. >100 pg mL )G 1).

i f &) Compounds AR RIS %
Bacteria 1~2 3 4 5-8 Kanamycin sulfate
SO HERE Staphyloccocus aureus >100 6.25 25 >100 3.125
WERE 2 HUAF IR Bacillus cereus >100 12,5 50 >100 6.25
FEE /NI Curtobacterium flaccumfaciens >100 12.5 >100 >100 3.125
BUGIEYDT VA Shigella dysenteriae >100 3.125 25 >100 3.125

3 o] 2R MY R ) U 5

KA HE L T 96 FLANE RS IR P il Ak
G 1~8 BEATHN ] o 2 WE B IE E rBr. S
PR 1b G W KBTS s FH DMSO ¥ il , 98 5 K
20 uL 1) o HATHE AR08 UM A BB S AL
I St I T P PR 2% WP Fe— 2 LU IR RS, £ L
FAKE SRS 120 wL, (R it A e 2 B2 3 1)
500, 250 | 125, 62.5, 31.25, 15.625 uygmL ',
B JE A 20 pL KW R4 4-fiFf 55 13 -or-p- I R 7

(OD gpgng —OD gy )—(OD g, —OD gy )

ZIBEEE(5 mmol L), T 37°C/AKIB I 15 min Ji7 , 4
AFERFLIIIA 80 uL 9 NaCO, #&¥#(0.2 mol L™)
2Lk VL, FE 405 nm P AR @I o BIPEXT R
SR R A TR T R i ) e 2 R B i R %
PR B I AL, 4 1A 6 BB LA AR R AR Fr i 1 2%
PR RS W, P M2 1 A2 s T AR R i
B BOMA R L, BE 2 DU R AR 1 i
G PR AR A, SR TR I A S X R, 1
fil AT

x100%

A YIRS (%)=

(OD g —OD gz 1)

DAL G W XoT o= 2 W Tl 179 > 5030 o) ¥k 32
(ICso) B R th 25 2], 45 KR AU EY
3. 4 T8 XF o) 2 A H A U0 0, HE IC, (B
394 (0.112+0.003) . (0.349+0.030)F1(0.432+
0.006) mmol L', FEE X HE BT PR o- 1A b A
FEEA10 1) 75 P 1) 1Cs, 249(0.4090.006) mmol L™, i HiAth

AP B B 5 PE(C5>100 mmol L),

4 ZER AL S 30

R TR TR R A 701 2 A7 T S AL AT
A48 5 GC-MS 23 Br i 05 i 2 Ae 51 3 1E /e
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Fewg A ZE R SR, (AW 3 NEA A
FRILHRE A b B L IR ARG W
G FF 55°CHE = LR LML T BE 5 FLRUR
TR, TR 32 58 42(>99%) Hii% Ak S 2 3 bl
PR IEAC AT AW, IR A R SR AT
HEWHE GC-MS T h e 23 [M]" A& miz=[M~
1811 A 181 (YFRAE 25 06, AT 147 2 14 A 123
Fracil (&l 2). B\ a5 3 ibriEth 2oy
), R AR S DR AR A 3 2 B 5 A4
2 mL FE SO, 4 A 4B 10 pL = 2 M
10 pL A FR R IR G B T 55°C 3 35 &0 30 min, 28
Je BRI ST, X 7 3 o A — G R e I TR
SEZS, A HIECH R 10, 5, 20 1, 0.5 mg mL™ B9
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