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Triterpenoids isolated from leaves of Ledum palustre

ZHANG Kuo, ZHAO Ming, WANG Mei-jiao, WANG Dan, WANG Jin-lan, ZHANG Shu-jun
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Abstract: Objective To study the chemical constituents from the leaves of Ledum palustre and their antitumor activities. Methods
The chemical constituents were isolated and purified by chromatography of silica gel column, recrystallization and HPLC, and their
structures were elucidated by spectral analysis. The in vitro cytotoxic activities of the isolated compounds were studied by MTT
method. Results Nine compounds were isolated and identified as ledumone (1), uvaol (2), lepenone (3), a-amyrenone (4), ursolic acid
(5), lupeol (6), a-amyrin (7), fern-9(11)-ene-2a,3p-diol (8), and fernenol (9). Conclusion Compound 1 is new named as ledumone,
and compounds 4, 8, and 9 are isolated from Ledum palustre for the first time. Fernane type triterpene 1, 8, and 9 show no significant
cytotoxicities against A549 and K562 cells.
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1 XEEHR

Bruker AV-600 1% AR % BE AL (8 E A & e A
A]D; X-6 BAUE RIEA (bR F AR A IR A
7] ); Thermo UltiMate 3000 UPLC/Q-Exactive Orbitrap
MS (EHEZEECHI/RAHD; Agilent 6310 Ion Trap
LC/MS i (EEZHAE AT ); Frontier {8 B
AR LT MG (35 PE A5 6 & E 30K
A (HAHIL A7) Hitachi L-7100 3,
Hitachi L-3350 /r ZH1 6%, GL Sciences Inc.,
Inertsil PREP-ODS ANHEA 43 4E (250 mm X 10
mm, 5pum); HEHERANE SEER T 755
(200~300 H)O; #HEGIGERE MG T 4
72, B HUAFIAEZER B, Hhil
Sk e

UM AL 2015 4 9 H 12 HR T RS ZIEHE
ik, EAT, S@FFRRRFHRBFELRE
E R HEE Ledum palustre L. W, fLUEFRA
(LPY-20150912) A3 - 5% 55 e 2R K 5 R AR 7= W bt
2 REEENE

TR AL 5.6 kg TR TEK LFE (32 L)
IR 3 d ., EE 4K, AR HBEE
WHEL 151, K 600 mL JEE, &R IECkE
1L.OL A0, EERE S K, &IFIE kR EK Y
ZIEE R E, fIE A 331.0 go KIZRIEEKR
il 2 CBE, K 1.7 LIRE:, fIXHBEER L6 (1.0
L) L5 &k, GHEERCERE, BUERY 2 EE
[, 195K LREAEE) 394.5 ¢,

BAH T FE A i IR R ZEELY) 10.0 g FIRERCAE
A% B, I IECE-BEEE R (8 12,61 4)
R G R RIS R B e ML, 15 3] 14 A4 5
(F1~F14), F1 (210.0 mg) M1 F9 (372.0 mg) &
HEBBRAMLAY 6 (27.0 mg) A2 (139.0 mg).
F2 (2.1 g) &R H AR & HPLC 7 & 4t 51k
A3 (22mg) M4 (11.0mg). F4 (2.6g) &
TR R (i (3% % HPLC 2> B 4ib 53k &4 5
(4.1 mg). F5 (1.5 g) &rER A% & HPLC 4
AL AR A 1 (5.5 mg). F6 (1.8 g) &hE
JRE A (L 3 Jr HPLC 4y B 4lifb B3 &9 7
(32.5mg). 8 (22.1 mg).

HR AR AL A i RS ER S ERAE Y 14.9 ¢ FREIRAE
R E, R IECRR-BERR OB (812, 21 8)
PHRAH BERR B8 LA RS IR L lE-HlEE (81 2)

PIRA B FIGEBAR2] 10 MH S (F1~£10). ) £6(2.9
g) HHUH 200 mg 48 s AH YA & HPLC 4 & 4difh,
BEAEY 9 (16.1 mg).

3 SHEE

&Y 1: AR K (EtOAC), mp 146.0~148.0
‘C; [o]h —47.0° (¢ 0.25, MeOH); IRveo (cm™):
3436, 1731, 1 663; HR-ESI-MS m/z: 441.373 0 [M+
H]" (g1 441.373 3), HEM 9T 38 C30HygOys
'H-NMR (600 MHz, CDCl;) 7£ 6 5.40 (1H, t, J = 2.4
H) &g 1 ANXUE Rk R+, £ 64.58 (1H, dd, J =
12.6, 6.6 Hz) Ab4 i 1 ANMESGRK i1, 727l 6
1.38 (3H, s), 1.17 (3H, s), 1.12 (3H, s), 0.77 (3H, s),
0.76 (3H, s) 1 0.76 (3H, s) AbZ:H 6 A Flg FHIE,
7£ 6 0.89 (3H, d, J = 6.4 Hz) #10.83 3H, d, J = 6.4
Hz) Ab&45H 1 AN R FIE,  HEv] R8N = 6 =
R &Y. PC-NMR (150 MHz, CDCl;) %t 30
RIS S, 1E 6 216.6 A% 1 NEBREE, 1
5 148.5 F1 117.7 45t 2 AR, 1E 5 69.4 45 H
1 ANIES R, HEI ] REE A BB EE AT 1 AR
FUIE —HERE. HMBC i, H-23. H-24 A5
C-3. C-4. C-5 fHK, RUFRIENIT 3 fir; K
T 64.58 (1H, dd, J = 12.6, 6.6 Hz) XM TLE
%Y, H SRR 6 216.6 fil C-1 156, KK
FEALT 2 67 WA FFT 6 5.40 (1H, t, J = 2.4
Hz) 5 C-8 #3%, 3 H 25-CH; LJiiF 6 1.38 (3H, s)
5 AMAIZERR 6 148.5 A, REIXUEA T-9(11) £7;
HANH H-27 5 C-12. C-13. C-14. C-18 #i3%, H-26
5 C-8. C-13. C-14. C-15 M55, H-28 5 C-16.
C-17. C-18. C-21 #5¢, H-29 f1 H-30 #5 C-21.
C-22 fH2R, HEMHERTL S 1 BT S5 8y 2-F8 0k
3-F-9(11)-"F A 4 o

NOESY i (K 1) 1, H-2 5 H-24. H-25 #f
K, H-5 5 H-8. H-23 fH2%, H-8 5 H-27 #i5%, H-27
5 H-28 135, H-18 5 H-21. H-26 M3, &0 E
CESR, GRS SCIRRGE S TR LA 1 1SRN 2a-
IO )-E Ui HE-3-B, SRR ZEEWE 1 Mk
WARTERH G, v LA, R
AR K 1.

&% 2: AT A, ESI-MS m/z: 443 [M+H]'.
'H-NMR (600 MHz, CDCl;) &: 5.13 (1H, t, J = 3.4
Hz, H-12), 3.52 (1H, d, J = 11.0 Hz, H-28a), 3.22 (1H,
dd, J = 11.4, 4.9 Hz, H-3), 3.19 (1H, d, J = 11.0 Hz,
H-28b), 1.09 (3H, s, H-27), 0.99 (3H, s, H-26), 0.98
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1 #%&1 1 KEE HMBC 71 NOESY #%
Fig.1 Key HMBC and NOESY correlations of compound 1

(3H, s, H-25), 0.94 (3H, s, H-23), 0.93 (3H, d, J = 6.0
Hz, H-29), 0.81 (3H, d, J = 5.9 Hz, H-30), 0.78 (3H, s,
H-24); "C-NMR (150 MHz, CDCl;) 6: 138.7 (C-13),
125.0 (C-12), 79.0 (C-3), 70.0 (C-28), 55.2 (C-5), 54.0
(C-18), 47.6 (C-9), 42.0 (C-14), 40.0 (C-8), 39.4
(C-19), 39.4 (C-20), 38.8 (C-1), 38.8 (C-4) 38.0
(C-17), 36.9 (C-10), 35.2 (C-22), 32.8 (C-7), 30.6
(C-21), 28.1 (C-23), 27.2 (C-2), 26.0 (C-15), 23.4
(C-11), 23.4 (C-27), 23.3 (C-16), 21.4 (C-30), 18.3
(C-6), 17.4 (C-26), 16.8 (C-29), 15.7 (C-25), 15.6
(C-24) VA E%0 5 scmiaiid — 80, ds et i
2 NREREE.

®1 WA 1 BRI SRR
Table 1 NMR data of compound 1 in CDCl;

Wfi  Sc (DEPT) Sy Wfi ¢ (DEPT) Su

1 499 (t) 2.63 (1H, dd,J = 12.6, 6.6 Hz), 1.43 (1H, m) 16 36.1 (1) 1.66 (1H, m), 1.40 (1H, m)
2 69.4 (d) 4.58 (1H, dd, J = 12.6, 6.6 Hz) 17 429 (s)
3 216.6 (s) 18 51.9 (d) 1.56 (1H, m)
4 472 (s) 19 20.1 (t) 1.34 (1H, m), 1.30 (1H, m)
5 47.3 (d) 1.71 (1H, m) 20 28.2 (t) 1.83 (1H, m), 1.22 (1H, m)
6 19.1 (t) 1.78 (1H, m), 1.69 (1H, m) 21 59.7 (d) 0.98 (1H, m)
7 17.5 (t) 1.68 (1H, m), 1.42 (1H, m) 22 30.8 (d) 1.46 (1H, m)
8 39.7 (d) 2.06 (1H, m) 23 24.2 (q) 1.12 3H, s)
9 148.5 (s) 24 21.6 (q) 1.17 3H, s)

10 38.3 (s) 25 25.2(q) 1.38 (3H, s)

11 117.7 (d) 5.40 (1H, t,J = 2.4 Hz) 26 15.4 (q) 0.76 (3H, s)

12 36.6 (1) 1.62 (1H, m), 1.55 (1H, m) 27 15.8 (q) 0.77 (3H, s)

13 36.8 (s) 28 14.0 (q) 0.75 (3H, s)

14 37.7 (s) 29 22.1(q) 0.89 (3H, d, J = 6.4 Hz)

15 29.3 (1) 1.28 (1H, m), 1.41 (1H, m) 30 23.0 (q) 0.83 (3H, d,J = 6.4 Hz)

&9 3: A A, ESI-MS m/z: 425 [M+H] .
'H-NMR (600 MHz, CDCl3) 8: 4.69 (1H, s, H-29a),
4.58 (1H, s, H-29b), 1.68 (3H, s, H-30), 1.07 (6H, s,
H-23, 26), 1.03 (3H, s, H-24), 0.96 (3H, s, H-27), 0.94
(3H, s, H-25), 0.80 (3H, s, H-28): “C-NMR (150
MHz, CDCl;) d: 218.2 (C-3), 150.9 (C-20), 109.4
(C-29), 55.0 (C-5), 49.8 (C-9), 48.3 (C-18), 48.0
(C-19), 47.4 (C-4), 43.0 (C-17), 42.9 (C-14), 40.8
(C-8), 40.0 (C-22), 39.6 (C-1), 38.2 (C-13), 36.9
(C-10), 35.5 (C-16), 342 (C-2), 33.6 (C-7), 29.8
(C-21), 27.4 (C-15), 26.7 (C-23), 25.2 (C-12), 21.5

(C-11), 21.1 (C-24), 19.7 (C-6), 19.3 (C-30), 18.0
(C-28), 16.0 (C-25), 15.8 (C-26), 14.5 (C-27). A %k
o5 scwkapiE — 2, M ek & 3 PR
&%) 4: A G A, ESI-MS m/z: 425 [M+H]'.
'H-NMR (600 MHz, CDCl3) 6: 5.14 (1H, t, J = 3.6
Hz, H-12), 1.10 (3H, s, H-23), 1.08 (6H, s, H-25, 27),
1.06 (6H, s, H-24, 26), 0.92 (3H, d, J = 5.9 Hz, H-30),
0.81 (3H, s, H-28), 0.79 (3H, d, J = 5.5 Hz, H-29);
BC-NMR (150 MHz, CDCl3) d: 217.9 (C-3), 139.8
(C-13), 124.2 (C-12), 59.2 (C-18), 55.3 (C-5), 47.4
(C-4), 46.9 (C-9), 42.2 (C-14), 41.5 (C-22), 40.0
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(C-8), 39.7 (C-20), 39.6 (C-19), 39.5 (C-1), 36.6
(C-10), 34.2 (C-27), 33.8 (C-17), 32.5 (C-7), 313
(C-21), 28.8 (C-15), 28.1 (C-23), 26.6 (C-16), 23.6
(C-11), 232 (C-27), 21.5 (C-24), 21.4 (C-30), 19.7 (C-6),
17.5 (C-29), 16.8 (C-26), 15.5 (C-25). LA ¥ 5 ik
g B, LAY 4 9 a- B RHE .

&Y 5: AR A, ESI-MS m/z: 457 [M+H] .
'H-NMR (600 MHz, CDCl;) &: 5.32 (1H, t, J = 3.7
Hz, H-12), 3.22 (1H, dd, J = 11.1, 4.8 Hz, H-3), 1.08
(3H, s, H-27), 0.99 (3H, s, H-23), 0.95 (3H, d, J= 6.1
Hz, H-30), 0.93 (3H, s, H-25), 0.86 (3H, d, J = 6.6 Hz,
H-29), 0.79 (3H, s, H-24), 0.77 (3H, s, H-26); “*C-
NMR (150 MHz, CDCl;) 6: 180.1 (C-28), 137.9
(C-13), 125.9 (C-12), 79.0 (C-3), 552 (C-5), 52.7
(C-18), 47.9 (C-17), 47.5 (C-9), 42.0 (C-14), 39.5
(C-8), 38.8 (C-4), 38.8 (C-20), 38.6 (C-1), 37.1
(C-19), 37.0 (C-10), 36.7 (C-22), 33.0 (C-7), 30.6
(C-21), 28.1 (C-23), 28.0 (C-15), 27.2 (C-2), 24.2
(C-16), 23.6 (C-27), 23.3 (C-11), 21.2 (C-30), 18.3
(C-6), 17.1 (C-26), 17.0 (C-29), 15.6 (C-24), 15.5
(C-25). LA E%tl 5 scmkdtos — s, seihd
Y15 NAEERTR

&M 6: A A, ESI-MS m/z: 427 [M+H] .
'H-NMR (600 MHz, CDCls) 6: 4.68 (1H, d, J = 2.4
Hz, H-29a), 4.58 (1H, d, J = 2.4 Hz, H-29b), 3.20 (1H,
dd, J = 11.4, 4.8 Hz, H-3), 1.68 (3H, s, H-30), 1.03
(3H, s, H-26), 0.97 (3H, s, H-23), 0.94 (3H, s, H-27),
0.83 (3H, s, H-25), 0.79 (3H, s, H-28), 0.76 (3H, s,
H-24); "C-NMR (150 MHz, CDCl;) 6: 151.0 (C-20),
109.4 (C-29), 79.0(C-3), 55.3 (C-5), 50.4 (C-9), 48.3
(C-18), 48.0 (C-19), 43.0 (C-17), 42.8 (C-14), 40.8
(C-8), 40.0 (C-22), 38.9 (C-4), 38.7 (C-1), 38.0
(C-13), 37.2 (C-10), 35.6 (C-16), 34.3 (C-7), 29.8
(C-21), 28.0 (C-23), 27.4 (C-2), 27.4 (C-15), 25.1
(C-12), 20.9 (C-11), 19.3 (C-30), 18.3 (C-6), 18.0
(C-28), 16.2 (C-25), 16.0 (C-26), 15.4 (C-24), 14.6
(C-27). LA Xl 5 cmkiton — 5", s s
6 9FIFe L

& 7: A, ESI-MS m/z: 427 [M+H].
'H-NMR (600 MHz, CDCl;) &: 5.13 (1H, t, J = 3.0
Hz, H-12), 3.23 (1H, dd, J =11.4, 4.8 Hz, H-3), 1.07
(1H, s, H-27), 1.01 (3H, s, H-26), 0.99 (3H, s, H-23),
0.95 (3H, s, H-25), 0.92 3H, d, J = 6.0 Hz, H-30),

0.80 (3H, s, H-24), 0.79 (3H, s, H-28), 0.79 3H, d, J =
6.0 Hz, H-29); "*C-NMR (150 MHz, CDCl;) 8: 139.6
(C-13), 124.4 (C-12), 79.0 (C-3), 59.1 (C-18), 55.2
(C-5), 47.7 (C-9), 42.0 (C-14), 41.5 (C-22), 40.0
(C-8), 39.7 (C-19), 39.6 (C-20), 38.8 (C-1), 38.8
(C-4), 36.9 (C-10), 33.8 (C-17), 32.9 (C-7), 313
(C-21), 28.8 (C-15), 28.1 (C-28), 26.6 (C-2), 26.6
(C-16), 23.4 (C-11), 23.3 (C-27), 21.4 (C-30), 18.4
(C-6), 17.5 (C-29), 16.9 (C-26), 15.7 (C-25), 15.6
(C-24). A Xt 5 scmiiion — 50", et s
W TN o-F R

& 8: HE AR (IR CER), ESI-MS m/z:
443 [M+H]". "H-NMR (600 MHz, CDCl;) J: 5.34
(1H, t, J=2.4 Hz, H-11), 3.68 (1H, dt, J= 9.6, 4.2 Hz,
H-2), 2.98 (1H, d, J = 9.6 Hz, H-3), 1.13 (3H, s,
H-25), 1.00 (3H, s, H-23), 0.90 (3H, s, H-24), 0.89
(3H, d, J = 6.5 Hz, H-29), 0.83 (3H, d, J = 6.5 Hz,
H-30), 0.81 (3H, s, H-27), 0.76 (3H, s, H-28), 0.73
(3H, s, H-26); "*C-NMR (150 MHz, CDCl3) &: 150.1
(C-9), 116.7 (C-11), 83.2 (C-3), 69.2 (C-2), 59.7
(C-21), 51.9 (C-18), 47.2 (C-1), 44.3 (C-5), 42.9
(C-17), 39.8 (C-8), 39.2 (C-4), 39.1 (C-10), 37.7
(C-14), 36.8 (C-13), 36.7 (C-12), 36.1 (C-16), 30.8
(C-22), 29.3 (C-15), 28.2 (C-20), 27.9 (C-23), 26.2
(C-25), 23.0 (C-30), 22.1 (C-29), 20.1 (C-19), 18.9
(C-6), 17.8 (C-7), 16.2 (C-24), 15.9 (C-27), 15.4
(C-26), 14.0 (C-28). LA I%dE 5 ckfiiE —z,
S EAE Y 8 4 20,3B- —FRFE-9(11)-2F il .

e 9: AR (IR LFE), ESI-MS m/z:
427 [M+H]". 'H-NMR (600 MHz, CDCl;) d: 5.29
(1H, t, J = 2.4 Hz, H-11), 3.20 (1H, dd, J = 10.8, 5.4
Hz, H-3), 1.06 (3H, s, H-25), 0.96 (3H, s, H-23), 0.88
(3H, d, J = 6.5 Hz, H-29), 0.86 (3H, s, H-24), 0.82
(3H, d, J = 6.5 Hz, H-30), 0.80 (3H, s, H-27), 0.75
(3H, s, H-28), 0.72 (3H, s, H-26); "*C-NMR (150
MHz, CDCl3) 8: 151.1 (C-9), 116.2 (C-11), 79.2 (C-3),
59.7 (C-21), 52.0 (C-18), 44.3 (C-5), 43.0 (C-17), 40.0
(C-8), 39.4 (C-4), 39.3 (C-1), 37.8 (C-10), 37.7
(C-14), 36.7 (C-12), 36.7 (C-13), 36.2 (C-16), 30.8
(C-22), 29.3 (C-15), 282 (C-2), 28.1 (C-20), 27.5
(C-23), 25.2 (C-25), 23.0 (C-30), 22.1 (C-29), 20.1
(C-19), 19.2 (C-6), 18.0 (C-7), 15.9 (C-24), 15.4
(C-26), 15.1 (C-27), 14.0 (C-28). LA %3 5 Clikik
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B2, WA 9 NN
4 RSN EIE M SN

TEAL SRS W 78 B S I, AT 708 R A MTT
P BRI CER R =5 LA 1. 8. 9 HHT
TARSM I A MR M TR s A Pk o AR
NG A e £ O Rk AS549 B N A L 4 B bk K562;
B2 (X4 FR RN 579.99) AFHMEXTIE; 52
IOFE M BN IR AT 3 Ik, B SEE 2 Ik, MRIK
MR (D A, HAEBA LT E R 2.

bR = (VR A — RS A (E) IR 4 1f

SEIGEE R IR, 1E 10 umol/L FIZRIZE TN, 1k
HEW 1. 8. 9 FIBHEE N AS49 HHARAKINHIZR 35N
(4.75+0.62) % (9.57+2.62) %. (5.70+0.27) %.
(70.97+2.72) %; #E 10 umol/L [IKE T, L&
Y1. 8. 9 FIFAEE A K562 ZHARRIMNHIZR 514 0.
(7.92+4.48) %. (12.82£525) %. (70.67%£4.58) %.
KIRWEY 1. 8. 9 X NI/ Nt AAurk AS49
FUN A LR 2R AR K562 25970 B SAHIAE ] o

At RS m e A MM T G N g P B A
RERR M TEE LTS A YT BAR T

5T R

& ik
[11 #%&EE, B, KALEYZE M) K& SHKA
R H A AL, 1980.

[10]

(1]

[12]

FHOCEL. — R Al 2 G K % U7 T,
CN02109158.7 [P]. 2004-06-02.

frkse, FR%E. ALYIMAm A A 2Rk R [J].
RAEMNME K 22223], 2010, 38(2): 107-108.
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