% % # Chinese Traditional and Herbal Drugs 5 47 % 35 12 # 2016 £ 6 A « 2089 *

ETEM ERMSUFERITR

REE, FE, kM, ARH, LEKR
RHE R 2R S AR RIS B s 3, R 300072

W FE:. BB WHRZEFE Triosteum pinnatifidum Hh 385 0S5 ik R Sephadex LH-20. AH ODS %%
FEEISRARMAT B aifh, srG s o IR TS e A A . AR NEF R S SRR
BEE] 10 MEAY, BFE 2 AN HRE ZBETT: (E)-(65)-8-[a-L-arabinopyranosyl-(1—6)-B-D-glucopyranosyloxy]-2,6-dimethyloct-2-
eno-1,3"-lactone (1), urceolide (2) Fl 8 MR AY): 2,3- “ERULAZNFI (3). THER 4-O-B-D-HZEREFT (). 3¢
K 7-O-B-D-HZHETE (5). FLAIE (6). W TR AMBE (7). tachioside (8). icariside F2 (9). icariside E4 (10). £ &
& 2 b, HAb S 0 A B o AR AbA W 1 G5 rP R BT Y 5 1E R 'Cy 3UR a- LBl B Ar A
KA. AR ETE 23-TEAMAE RN TR 4-0-B-D-EAE R JRILRIR: WETROKE

RESES: R284.1 NERERE: A XERS: 0253 -2670(2016)12 - 2089 - 06

DOI: 10.7501/j.issn.0253-2670.2016.12.012

Chemical constituents from aerial parts of Triosteum pinnatifidum

ZHAO Ze-qing, SU Yan-fang, HUANG Xiong, ZHOU Jia-li, MA Xue-jiao
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University, Tianjin 300072, China

Abstract: Objective To study the chemical constituents in the aerial parts of Triosteum pinnatifidum. Methods The constituents
were isolated and purified by silica gel, Sephadex LH-20, and ODS column chromatography. Their structures were elucidated by
spectroscopic methods including 1D and 2D NMR experiments and HR-ESI-MS analyses. Results Ten compounds were isolated
from the aerial parts of 7. pinnatifidum, among them there were two monoterpene diglycosides and eight phenols. They were
identified as (£)-(6S)-8-[a-L-arabinopyranosyl-(1—6)-B-D-glucopyranosyloxy]-2,6-dimethyloct-2-eno-1,3"-lactone (1), urceolide (2),
2,3-dihydroamentoflavone (3), apigenin-4'-O-B-D-glucoside (4), apigenin-7-O-B-D-glucoside (5), protocatechuic acid (6), ethyl gallate
(7), tachioside (8), icariside F2 (9), and icariside E4 (10). Conclusion All the compounds except compound 2 are isolated from the
plants of Triosteum Linn. for the first time. The arabinopyranosyl moiety of compound 1 is revised as 'C4 a-L-arabinopyranose.

Key words: Caprifoliaceae; Triosteum pinnatifidum Maxim.; 2,3-dihydroamentoflavone; apigenin-4'-O-B-D-glucoside; protocatechuic
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Fig. 1 Structures of compounds 1—10

glucoside, 4). J2k 3 7-O-B-D-Fi % B (apigenin-
7-O-B-D-glucoside, 5). JRJLZEM (protocatechuic
acid, 6) & & 112 Ll Cethyl gallate, 7)+ tachioside
(8). icariside F2 (9). icariside E4 (10). BriL&4)
2 4b, HABE W E IR B 5 8515 2
1 UE5HH

Bruker Tensor 27 £L4MGIEAY (Kij 1 Bruker 2
] ); Bruker Avance DRX-500 4% #2115 4% (500
MHz, #iit: Bruker 23 7 ); Bruker Avancelll ¥ A%
WEILHRE AL (600 MHz, i Bruker /A ] ); Bruker
micrOTOF-QII 77 # A il (Fiit: Bruker 2
w); WO (GFass, 10~40 pm). i
fEfe (100~200. 200~300 H) A SilEdEfh T
J e b R (60~80 H) MWL & M B DY

FZEAL IR 7=l Sephadex LH-20 % S M e IR
4 Amersham Pharmacia “E#) 45 AR A 7] 7 5 ; ODS
FECRERERE (20~45 pum) 4 Fuji Silysia b2 4
PR 28 A 7= s D101 KL BB I R R T ik
TATRAF £ ; ZORBAX SB-Cig il % (250
mmX21.2 mm, 7 pm). ZORBAX SB-Cg 7 #T4E
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ats ELTE D) [ R T R RHE R A IR A ]
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2 H&E
21 REESE

HZE 7 B T4 B389y 5.5 kgy 95% LA 3
il 95% LREIRIAAEE 2 IR, BFR 2 h, 60% LBEH]
THRIEL 2 K, BEIR 2 he BT RIS FIPFEE 400 g,
2 Lz, RJE AR e 505
BEPR OWR 1E T AR UGEAT A, 1B R LR AR
oy (44.8 g IE T EEAEG> (113 g)o HUEHIR
LTEZEBR Y (40 @) ZRERFEERE S5, L&
Fbe-HEE (90 101 100) BREEVER, (@l
WA EAFE] 4 L0 (Fr. 1~4). Fr.2 (4.0 g) 20
WAL RS Sy 2, LA HRE-BER 18 (7 03—>515) —
MR LR — F A DR, 73 30 M (Fr. 2.1~
2.30), J#id TLC fid & FF Fr. 2.13~2.16 (525 mg),
SRR 2 VOR BRI 4 5, 15 FIL 54 6120
mg) M7 (10 mg). Fr.2.17~2.21 (553 mg) £k
WA L o 25, S BE-FBE (100 1 150 01—
10 0 1) Vi, Pl Sephadex LH-20 FE(fi¥ (H
i) Aifb k&4 3 (30 mg). Fr. 3 (2.0 g) £k
WRRECO T 3 12, A pE-HE (941 6—9 117!
3) PR 42 AN 4y, i TLC Kyl 9 Fr. 3.24~
3.26, 20 2 Y4 HPLC 3474tk (KU
fi-7K 62 : 38, HIE-7K 40 : 60 MiahA) B4k ai
10 (5mg). 1F T EEHAr2E D101 K FLWR A4 g €1
WA BT, LLZEE-7K (02 100—30 : 70—~50 : 50—
95 1 SO VLML, 15 4 414y (Fr. A~D). 414> Fr. B 29
g WA, WAL OG- (9113 :17)
BEEEVERL, 135 414> (Fr. BI~B5). Fr. B2 (1.05
g) SHERAT ARG E, LS (96 14—
95:5—92:8—>8:2—0:100) ML, 73 40
ANy (Fr. B2.1~B2.40), Fr. B2.33~B2.39 £ 2
RAE A i 7 25, S e-FIE (96 14, 91 1)
Ve, T 48 HPLC 4y 55 4lifk, 44% M
WmEhA, &1 (20mg) 18 (6 mg). Fr. B4
(6.5 g) Lkt oy gy, WK LNE-FE (92 18—
84 1 16—6 : 4) YElitfd 29 A4y . Fr. B4.16~B4.20
(3.1 g) £ ODS Mo &, HEE-/K (221 88) 4%
JEVEE, PRI HPLC 4ift (HIEE-/K 24 ¢
86) LA 9 (10 mg). Fr. C (10 g) MidHEMR
FEEIE SR, DABSIR CB6-FIE (9013 1 7) Ak
W, 3 12 414y (Fr. C1~Cl12). Fr. C7~C9 il
To P B 23 DA R R AR A R BEGRS 43, A A
oy (60 mg) L HEMEMAT (il o> 25, I BEIB A

WA 4 RS IR (8 mg) o REKHS (606 mg)
2t Sephadex LH-20 AL 3% (HIEE) 4rBg4litk, 1594k
a2 (40mg).
22 EY 1 BERBRKE

B BACEY) 1, WEREMR, R TR GFass
WAL, BT IR R B T RS
Fr i 2 A B R A, WA, T
80 C/KH I 20 min, HUH ST, 520
Boos FES AT IR A, DA R L 156- FH - /K -0k
BEMR (1312010 1) ARETFH, FMe-40AK R
PIRTAN S
3 IR

a1 Amisk, ST, EET
AW %E . HR-ESI-MS m/z: 485201 5 [M+ Na]
(CyH3401Na", 1514 485.199 9), i 1N
CoH33011. #4E4) 1 () "H-NMR H1 PC-NMR %
Pt 2 B, HARTEARLL, e TR A AR
A, NS 1 0 s R e . 3t
Labr, 1 AT 2, AETTOTREnGES R, £
T ARG S, BFEENE Y 1 5 2 IXOAE
T BTN A FibE . R R K R Y
REIMEEY 1 DS A BTRATRE AT 2R
— 54947 'TH-NMR. 'H-'H COSY 1 HSQC /&,
e 53— AN ' Cy NI a-L-BTrArrpE (3 D
HMBC i iR oy 4.25 (H-1) 5 6c 68.2 (C-8) A
HMBC X, 6y 4.66 (H-1") 5 ¢ 67.4 (C-6")
HMBC #2%, 6y 5.07 (H-3") 5 dc 169.2 (C-1) &
HMBC FHIE, fffi 2 2420574 8-[a-L-arabinopyranosyl-
(1—6)-B-D-glucopyranosyloxy]-2,6-dimethyloct-2-eno-
1,3"-lactone. NOESY ## & .7~ 6y 1.90 (H3-9) 5 dy
2.34 (Hy-4) 1 NOE #1¢, i 2+ 3 7 W ER AL N
E, W 2 Prox. MRS iR EERe, 5
P 2 X, TiE 6 RLBRIIZEXT AL S K7
i LR, WEEY 1 GRINY (E)-(6S)-8-[a-L-
arabinopyranosyl-(1—6)-p-D-glucopyranosyloxy]-2,6-
dimethyloct-2-eno-1,3"-lactone. DIt Zhu Z5H314hgy
M Winchia calophylla A. DC. 43 & 73 3| 1)
wincaloside A 71 IR S AFTREAff 2 Sk B-L-Bul A1 Tp &
AN, NIZEIEN 'Cy X a-L-FT it 12,

R EY) 1 PR SRECE 1 A 53T
'H-NMR #5007, SRR Y (i) 1 /0
D 1), SR A8 HPLC (FIRE-/K 49 & 51)
BT B A 1 (1,=11.53 min) Fl 1a (1=17.72
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Table 1 'H-NMR data of compounds 1 and 1a and BC-NMR data of compound 1
Wi ! 2
dc (125 MHz, CD;0D) oy (500 MHz, CD;0D) oy (600 MHz, CD;0D)
1 169.2, C
2 128.5,C
3 145.1, CH 6.83 (1H, dd, J=17.5,7.6 Hz) 6.95 (1H, t-like, J=7.9 Hz)
4 26.7, CH, 2.34 (2H, dd, J=6.5, 6.5 Hz) 2.43 (1H, m), 2.01 (1H, m)
5 35.8, CH, 1.41 (1H, m), 1.62 (1H, m) 1.15 (1H, m), 1.61 (1H, overlapped)
6 28.8, CH 1.54 (1H, m) 1.69 (1H, overlapped)
7 36.6, CH, 1.36 (1H, m), 1.65 (1H, m) 1.68 (1H, overlapped), 1.35 (1H, overlapped)
8 68.2, CH, 3.68 (1H, m), 3.77 (1H, m) 3.57 (1H, m), 3.95 (1H, overlapped)
9 12.8, CH; 1.90 (3H, s) 1.83 (3H, s)
10 20.4, CH; 0.92 (3H, d, J=6.6 Hz) 0.93 (3H, d,J=5.9 Hz)
Iy 103.7, CH 4.25 (1H, d, J=7.7 Hz) 424 (1H,d,J=7.8 Hz)
2' 75.2,CH 3.15(1H, dd, J=8.9, 8.1 Hz) 3.23 (1H, overlapped)
3 78.3,CH 3.24~3.37 (3H, overlapped) 3.24~3.37 (3H, overlapped)
4 71.1,CH
5! 76.8, CH
6 67.4, CH, 3.71 (1H, dd, J=12.1, 4.5 Hz) 3.78 (1H, overlapped)
3.96 (1H, dd, J=11.7, 1.3 Hz) 4.06 (1H, brd, J=10.9 Hz)
1" 101.7, CH 4.66 (1H, brs) 436 (1H,d,J=6.0 Hz)
2" 69.0, CH 3.86 (1H, brd, J=3.3 Hz) 3.84 (1H, overlapped)
3" 73.1,CH 5.07 (1H, dd, J=2.8, 2.9 Hz) 5.03 (1H, brs)
4" 63.9, CH 4.15 (1H, ddd, J=10.6, 4.5, 3.5 Hz) 3.72 (1H, overlapped)
5" 60.4, CH, 3.49 (1H, dd, J=10.4, 4.6 Hz) 3.65~3.82 (2H, overlapped)

3.93 (1H, dd, J=10.6, 10.4 Hz)

El2 {LE¥W1HEZEHMBC (—») FINOESY (+->) 18
x

Fig.2 Key HMBC (—) and NOESY (<--*) correlations
of compound 1

min), ZrAEE RS 1R 1a sy, SRE T
Feaifg, s arE sy, madEvig 1 1a
WD), NS 1A 1a W REAAAEII R
FHFARILE . FASH 1 BH B R S T ECE

6 N HEHAT "THANMR 2047, MWEERIS 5 H %
(RIELBIZ) % 3 2 2. BI04 1a ) "H-NMR il COSY
W E A 1a BB RARRE A *Cy U, ik
WA 1 b BB R AR A T A B I 5
BT 1a, RGBT AARE B 'Cy LB T *Cy AU
(B 1o [FIE 3B G 1 F 1a 16 P RS VA 20
SN Ty AN B I B B A1

WA 2: KtakbR A CFEE .. 'H-NMR (600
MHz, CD;0D) ¢: 6.80 (1H, brdd, J = 7.4, 7.4 Hz,
H-3), 2.34 (1H, m, H-4a), 2.15 (1H, m, H-4b), 1.64
(1H, overlapped, H-5a), 1.26 (1H, m, H-5b), 1.64 (1H,
overlapped, H-6), 1.64 (1H, overlapped, H-7a), 1.45
(1H, m, H-7b), 3.10 (1H, m, H-8a), 3.55 (1H, m,
H-8b), 1.84 (3H, s, 9-CH3), 0.94 (3H, d, J = 6.3 Hz,
10-CH3;), 4.23 (1H, d, J = 7.8 Hz, H-1"), 3.17 (1H,
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brdd, J = 8.9, 7.9 Hz, H-2'), 3.30~3.40 (3H,
overlapped, H-3'~5"), 3.94 (1H, dd, J = 10.8, 1.5 Hz,
H-6'a), 3.64 (1H, dd, J = 10.9, 4.8 Hz, H-6'b), 4.97
(1H, d, J = 2.3 Hz, H-1"), 4.06 (1H, d, J = 2.2 Hz,
H-2"), 4.08 (1H, d, J = 9.6 Hz, H-4"a), 3.77 (1H, d,
J=9.8 Hz, H-4"b), 4.08 (2H, s, H-5"). LL_F3dE 53¢
BRI FE A — 3, P % @ 54 2 4 urceolide.

e 3. BEEKA. 'THANMR (600 MHz,
DMSO-ds) d: 5.51 (1H, dd, J = 12.6, 2.6 Hz, H-2),
3.35 (1H, dd, J = 16.2, 16.2 Hz, H-3a), 2.68 (1H,
overlapped, H-3b), 12.15 (1H, s, 5-OH), 5.88 (1H, brs,
H-6), 5.88 (1H, brs, H-8), 7.41 (1H, overlapped, H-2'),
7.02 (1H, brd, J = 8.4 Hz, H-5"), 7.38 (1H, overlapped,
H-6'), 6.78 (1H, s, H-3"), 13.07 (1H, s, 5"-OH), 6.37
(1H, s, H-6"), 7.58 (2H, d, J = 9.0 Hz, H-2"", 6'"), 6.78
(2H, d, J = 9.0 Hz, H-3"", 5""); "*C-NMR (150 MHz,
DMSO-dg) J: 78.6 (C-2), 42.4 (C-3), 196.3 (C-4),
163.5 (C-5), 95.8 (C-6), 166.6 (C-7), 95.0 (C-8), 163.1
(C-9), 101.7 (C-10), 128.6 (C-1'), 127.8 (C-2’), 119.0
(C-3"), 156.0 (C-4"), 115.5 (C-5"), 131.4 (C-6'), 163.6
(C-2"), 102.4 (C-3"), 182.1 (C-4"), 160.3 (C-5"), 98.5
(C-6"), 161.9 (C-7"), 104.8 (C-8"), 154.4 (C-9"),
103.6 (C-10"), 121.4 (C-1""), 1283 (C-2"), 115.8
(C-3"), 161.0 (C-4""), 115.8 (C-5""), 128.3 (C-6""). LA
Rl S SRR A BT, R e A
30 2,3- A BETEAZ X

&Y 4: WHEGFE K. 'TH-NMR (600 MHz,
DMSO-ds) d: 6.89 (1H, s, H-3), 6.52 (1H, d, J = 1.8
Hz, H-6), 6.21 (1H, d, J = 1.8 Hz, H-8), 8.04 (2H, d,
J=9.0 Hz, H-2', 6"), 7.20 (2H, d, J = 9.0 Hz, H-3', 5"),
5.04 (1H, d, J = 7.8 Hz, H-1"), 3.14~3.75 (6H, m,
H-2"~6"). LL_-$di 5 scmpaiia e A 5", Rt
HEEY) 4 TR -4 -O-B-D-H T -

&Y 5. WHE AR, 'TH-NMR (600 MHz,
DMSO-ds) J: 6.87 (1H, s, H-3), 6.84 (1H, d, J = 2.4
Hz, H-6), 6.45 (1H, d, J = 2.4 Hz, H-8), 7.96 (2H, d,
J=9.0 Hz, H-2', 6"), 6.95 (2H, d, J= 9.0 Hz, H-3', 5"),
5.08 (1H, d, J = 6.6 Hz, H-1"), 3.14~3.75 (6H, m,
H-2"~6"). LL 3l 5 e s A —5", Rtk
WE AW 5 N TSR -T-O-B-D-FI I HETT -

&Y 6: TEHIRE A, "H-NMR (600 MHz,
DMSO-d) 6: 7.34 (1H, d, J = 1.8 Hz, H-2), 6.78 (1H,
d, J = 8.4 Hz, H-5), 7.29 (1H, dd, J = 8.4, 1.8 Hz,

H-6). VL F%dfs 5 Scijaig se A — 5, Rk e
G 6 MR LRIR .

W& 7. AEEAE. "HINMR (600 MHz,
CD;0D) 6: 7.04 (2H, s, H-2, 6), 427 (2H, q, J = 7.1
Hz, H-8), 1.35 (3H, t,J=7.1 Hz, H-9). L\ %3 5
BRI R A — 52N, RS e T WK TR
TG

&Y 8. Al k. 'TH-NMR (600 MHz,
CD;0D) d: 6.82 (1H, d, J = 2.5 Hz, H-3), 6.60 (1H,
dd, J = 8.7, 2.5 Hz, H-5), 6.71 (1H, d, J = 8.7 Hz,
H-6), 4.76 (1H, d, J = 7.2 Hz, H-1"), 3.30~3.60 (4H,
m, H-2'~5"), 3.92 (1H, brd, J = 12.0 Hz, H-6a), 3.70
(1H, dd, J=11.8, 5.8 Hz, H-6'b), 3.85 (1H, s, -OMe);
BC-NMR (150 MHz, CD;0D) ¢: 142.9 (C-1), 149.3
(C-2), 103.8 (C-3), 152.8 (C-4), 109.9 (C-5), 116.0
(C-6), 56.3 (-OMe), 103.7 (C-1"), 75.0 (C-2'), 78.0
(C-3"), 71.6 (C-4"), 78.2 (C-5"), 62.6 (C-6"). VL ¥k
ks A 5, WS et s 8 A
tachioside.

Ew 9: Ak, "H-NMR (600 MHz,
CD;0D) §: 7.43 (2H, brd, J = 7.5 Hz, H-2, 6), 7.33
(2H, t-like, J = 7.2, 7.5 Hz, H-3, 5), 7.27 (1H, t-like,
J=15,7.2 Hz, H-4), 4.65 (1H, d, J = 12.0 Hz, H-7a),
4.90 (1H, d, J = 12.0 Hz, H-7b), 433 (1H, d, J = 7.7
Hz, H-1'), 3.25 (1H, m, H-2"), 3.34 (1H, m, H-3"), 3.28
(1H, m, H-4"), 3.40 (1H, m, H-5"), 3.63 (1H, dd, J =
6.6, 10.8 Hz, H-6'a), 4.10 (1H, dd, J = 11.0, 2.0 Hz,
H-6'b), 5.05 (1H, d, J = 2.5 Hz, H-1"), 3.94 (1H, brs,
H-2"), 3.78 (1H, d, J = 9.0 Hz, H-4"a), 4.00 (1H, d,
J = 9.0 Hz, H-4"b), 3.59 (2H, s, H>-5"). L L%
HCpRE e A -5, RSt 9k
icariside F2,

& 10: k. "H-NMR (600 MHz,
CD;0D) d: 5.57 (1H, d, J = 5.9 Hz, H-2), 3.46 (1H,
brq, J = 5.4 Hz, H-3), 3.85 (1H, overlapped, H-3a,),
3.75 (1H, dd, J = 11.4, 7.8 Hz, H-3a,), 6.74 (1H, brs,
H-4), 2.65 (2H, t, J = 7.7 Hz, H,-5a), 1.84 (2H, tt, J =
7.7, 6.5 Hz, H-5b), 3.58 (2H, t, J = 6.5 Hz, H-5¢), 6.76
(1H, brs, H-6), 7.05 (1H, brs, H-2"), 7.10 (1H, d, J =
8.4 Hz, H-5"), 6.93 (1H, brd, J = 8.4 Hz, H-6), 3.89
(3H, s, 7-OMe), 3.82 (3H, s, 3’-OMe), 5.36 (1H, d, J =
1.8 Hz, H-1"), 4.08 (1H, dd, J = 1.8, 3.6 Hz, H-2"),
3.88 (1H, overlapped, H-3"), 3.47 (1H, dd, J = 9.6, 9.6
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Hz, H-4"), 3.80 (1H, overlapped, H-5"), 1.23 (3H, d,
J=6.0 Hz, 6"-CHs); *C-NMR (150 MHz, CD;0D) §:
88.6 (C-2), 55.7 (C-3), 65.1 (C-3a), 117.9 (C-4), 129.6
(C-4a), 137.1 (C-5), 32.9 (C-5a), 35.8 (C-5b), 62.2
(C-5¢), 114.1 (C-6), 145.3 (C-7), 147.5 (C-Ta), 138.8
(C-17), 111.2 (C-2"), 152.1 (C-3"), 146.6 (C-4"), 119.6
(C-5), 119.1 (C-6'), 56.4 (7-OMe), 56.8 (3'-OMe),
101.4 (C-1"), 72.1 (C-2"), 72.2 (C-3"), 73.8 (C-4"),
70.8 (C-5"), 18.0 (C-6"). LA LEH 5 CikfiiE HEA
— 5P, R % e Ak A 10 Y icariside E4.
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