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Chemical constituents of sesquiterpene alkaloids from Tripterygium wilfordii
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Abstract: Objective To study the sesquiterpene alkaloids from the chloroform fraction of the ethanolic extract of Tripterygium
wilfordii. Methods Compounds were isolated and purified by acid extraction and alkaline precipitation method, combined with
various chromatographic techniques such as neutral alumina, octadecylsilane bonded silica (ODS) and semi-preparative high
performance liquid chromatography. Their structures were elucidated by means of various spectroscopic techniques such as
1D-NMR, 2D-NMR, MS, and ECD. Results A total of five sesquiterpene alkaloids were isolated from the chloroform fraction of
the ethanolic extract of 7. wilfordii, and identified as (15,4S,5R,6R,7R,8S,95,105)-1,8,11-triacetoxy-7-nicotinoyloxy-
4,5-dihydroxy-dihydroagarofuran (1), triptersinine U (2), macroregeline F (3), wilfornine B (4), and triptonine B (5). Conclusion
Compound 1 is a new sesquiterpene alkaloid named triptersinine Z15, and compound 3 is isolated from 7. wilfordii for the first time.
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Fig.1 Chemical structures of compounds 1—5

1 UEEH

Bruker AVANCE NEO 600 MHz %% i SR i
W (Hit: Bruker A F]), Waters synapt G2-S =17
HE AT 8] 5T 1 5K A A (35 B Waters A ], Nicolet
iIN10 MX ARG HE A (3£[H ThermoFisher
AH]D), JASCO J-815 B[R — i (A Jasco 24
F]), Waters 2695 ! = G AH (i 4 (S Waters
AT, Waters 4 H 82l 24t (32 [E Waters A#]),
EYELASB-1000 A Jig#% 75 % AX (HA Eyela A 7)),
AE-240 BT HrRF (it Mettler A7), Waters

XBridge Prep OBD Cis il % tai#: (150 mmX30
mm, 10 um, [ Waters /A #]), Dikam Inspire Cis
et AL (250 mmX 10 mm, 5 pm, JbE(EH D
BHEARA D, ODS ikl (50 pum, HA YMC
AFED, AR AEER (100~200 H, HZj
FE L ERFERATD, Milli-Q 4kl (KE
Millipore AH]), FrFAA s ral (EZ&ERY
WAH R AR stk 4l (3£[F ThermoFisher 2] ).

BARRZIMIG AR, PR R, &
H ] il 24 A I e R O I 9 5 e R TP
BHEYIE A T wilfordii Hook. ./ TEAR, #rAc
(10106900006 LR AF T H [El £ &t 24 b A BF 7T e
2 R € PR AT
2 IEESESE

TR (50 kg) ¥t JE FH 10 £ FE 95%
CPEENREEE 3 %, AIHAREUH, BURRAEE]E
BE, KA BUE A0 3 Kk, GIENE,
P RIS TR B S AL . BUZAT 120 ¢ A&
B ORI, RS 5%ERRRIEIA 3
W, HIFERI, FZUKIE pH & 8~9, JEid, 53
SRR o 2R P SR £ RV A S et
PR B R, R BERR £ B i AR 25 24,
[ AT 77145 2 A P 21.36 go SR T 4 S 2R Mttt
1T ODS H: g5 7, PLFFREE-7K (351 65~100 : 0)
NIRBIABEEE YRR, £ HPLC Z#r)a &F5 3 12
ANHS (Fr. 1~12).

Fr. 3 (137 mg) W4 Hshaith 74, A
Dikam Inspire Cig }:ffill %4 (250 mmX 10 mm, 5
um), LAZJE-/K (35:65) Nz, &xENE
At B2 A 1 (r=11.98 min, 6.45mg).

Fr.5 (1.2 @) it 4 A sh4alifh R4, 44 Waters
XBridge Prep OBD Cis ffill %4 (150 mm X 30 mm,
10 um), BLZJE-7K (35 : 65~60 : 40) AN,
o B, 193] 8 N4 Fr. 5-1~5-8, HoA1, Fr. 5-2
(330 mg) #—2P %4 Dikam Inspire Cis -1l 26 AE 70 55
(LJE-7K 40 2 60), 1H3MEY 2 (,r=20.36 min,
52.67 mg); Fr. 5-3 (80 mg) & -l A R B35 (4
iG-7K 43 1 57), R3BMEW 3 (r=33.19 min, 1.72
mg) fll 4 (;r=42.86 min, 6.40 mg); Fr. 5-7 (120 mg)
2R R E S (LK 50 0500, BEILA
Y5 (tr=39.50 min, 14.84 mg).

3 KT
tEw 1. AR (FEE; HR-ESI-MS &
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AES T B FIE [M+H] m/z 550.226 8  CiHE1{E
550.228 8), 454y 'H-NMR Al 3C-NMR i, #feH
7N CyHasOnN, AMFIEN 11. IR JEiEE
3386, 2926, 1744, 1235 cm™' ZE4b A WRICH?, #1
N FREE R, B, B LR Re .
'H-NMR (600 MHz, CDCl5) #i#5 (£ 1) BxRFH 6
ANHILAE 5[0 1.62 (3H, s, H-12), 1.64 (3H, s, H-14),
1.61 (3H, s, H-15), 1.91 (3H, s, 1-OAc), 1.95 (3H, s,
8-OAc), 2.05 (3H, s, 11-OAc)], 4 NMERIRHFEES
[0n 5.28 (1H, dd, J = 11.4, 4.2 Hz, H-1), 5.31 (1H, d,
J =42 Hz, H-5), 5.66 (1H, dd, J = 5.4, 4.2 Hz, H-7),
5.55(1H, d, J=5.4 Hz, H-8)], 1 HiEE W HFI(Z5 o
4.87,4.55 (% 1H,J=13.2 Hz, H-11a, 11b), 1 MgWji%E
WHIASS 0n 2.57 (1H, d, J=4.2 Hz, H-6), 2 4fE/
B HIAES [on 1.88 (1H, m, H-2a), 1.75 (1H, m,
H-2b) F11.94 (1H, m, H-3a), 1.77 (1H, m, H-3b)], PA &
1 A 3-BARH ML E R T F15 5 [0n 928 (1H, s,
7-ONic-2), 8.32 (1H, dt, J= 7.8, 1.8 Hz, 7-ONic-4), 7.45
(1H, dd, J= 7.8, 4.8 Hz, 7-ONic-5), 8.83 (1H, d, J=3.6
Hz, 7-ONic-6)]. BC-NMR (150 MHz, CDCly) ¥ (%
D o, BRS EREERS MRS A8, BN 3 A
HEEWRES oc 732 (C-4), 91.3 (C-10) Al 83.1
(C-13), 1 MENIRZRRIZE S dc 50.9 (C-9), PLLK 44
B =5 oc 164.6, 169.7, 169.1 F1 170.2, @it/
HSQC i, #H— e, SMEdEHE.

'H-'H COSY i & 7~ /£ /£ H-1/H-2/H-3 H
H-5/H-6/H-7/H-8 Wi HIEMHA R4, 454 HMBC
b H-1/C-8, C-9; H-2/C-9; H-3/C-4, C-10; H-6/C-5,
C-10; H-7/C-5, C-9; H-8/C-1, C-9; H-11/C-1, C-8,
C-9, C-10; H-12/C-3, C-4, C-10; H-14/C-6, C-13,
C-15 LK H-15/C-6, C-13, C-14 KM XES,
AR H 2 A BRI SRR A s B 4. Stk
[FIT, HMBC & B 53 EE S on 1.91
55 6¢ 169.7, 6u 1.95 5 6c 169.1, on 2.05 5 5¢c 170.2
XTRAHG, MERERS ER BT on 8.32 5 dc 164.6 1)k
BAFSAHOC, wTRAHEW o FHAEE 3 AN SRR 1
MBS . TS H-1 5 6c 169.7, H-8 5 5¢ 169.1,
H-115 6¢ 170.2 M1 H-7 5 5¢ 164.6 73 HIAFAEIZFEAHIR,
AILAfE 3 AN OB AITE 1, 8, 11 AL, AR
BENUTE 7 AL, EHIGEE TAA) 1 PSS .
ROESY i+, @it H-8/H-1, H-7, H-14 DL A H-12/H-5,
H-11a, H-11b FHIAE S, A 1 AR
DL I 2D-NMR i = ZR A5 WK 2.

£1 k&% 1 8 H- F1 BC-NMR £4E (600/150 MHz,
CDCl3)

Table 1 'H- and C-NMR data of compound 1 (600/150
MHz, CDCls)

A oc OH
77.9 5.28 (1H, dd, J=11.4,4.2 Hz)

Ju—

2 25.0 1.88 (1H, m), 1.75 (1H, m)

3 372 1.94 (1H, m), 1.77 (1H, m)

4 732

5 74.9 531 (1H, d, J=4.2 Hz)

6 540  2.57(1H,d,J=42Hz)

7 71.6 5.66 (1H, dd, J=5.4, 4.2 Hz)

8 724 5.55 (1H, d, J=5.4 Hz)

9 50.9

10 91.3

11 61.1 4.87 (1H, d, J=13.2 Hz)
4.55 (1H, d, J=13.2 Hz)

12 21.8 1.62 3H, s)

13 83.1

14 24.8 1.64 3H, s)

15 29.9 1.61 BH, s)

7-ONic-2  150.9 9.28 (1H, s)

7-ONic-3 125.7
7-ONic-4 137.1
7-ONic-5 123.5
7-ONic-6 153.9
7-ONic-7 164.6

8.32 (1H, dt, J="7.8, 1.8 Hz)
7.45 (1H, dd, J="7.8, 4.8 Hz)
8.83 (1H, d, J=3.2 Hz)

1-OAc 21.0/169.7 1.91 (3H, s)
8-OAc 20.7/169.1  1.95 (3H, s)
11-OAc 21.4/170.2  2.05 (3H, s)

2 &1 HXE H-'H COSY (— ) HMBC (" ) (A)
71 ROESY (B) X155

Fig. 2 Key 'H-'H COSY (—), HMBC (" ) correlations
(A) and ROESY correlations (B) of compound 1

AW 1 45 Fy T RT REAEAE 2 R (1a 1
1b), Wik 3-A Aios, @K H SIS ECD %
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5 2 MR E ECD % HEAT FL R R 5 4 X 1)
B, BRckidr, DMCEY) 1a NER T3 T 05,
iz /] TDDFT #i$. B3LYP 2 8 % 6-311G (d, p)J&
H, LB N (SMD EFMLIERD 34T S5-I
o, FEAMARR] 15 MR T BHHAE TZVP
FEH K ERL Cam-B3LYP 2 BT H A RIB R 248
BT ECD 3%, WK 3-B. 4G4 1 [RSE5
ECD i 5 1a )it 5 ECD i Cotton %33 A —3,
FH A PR — 35 () 4 0 A R AR R

gibprid, (&1 MEMEEN (1S4S,5R,

3
Fig. 3 Two possible absolute configurations (A) and experimental and calculated ECD spectra (B) of compound 1

d, J = 13.2 Hz, H-11b), 420 (1H, d, J = 12.0 Hz,
H-15b), 2.44 (1H, d, J = 3.6 Hz, H-6), 1.75 (3H, s,
H-14), 1.58 (3H, s, H-12), 9.01 (1H, d, J = 0.6 Hz,
15-ONic-2), 8.77 (1H, dd, J = 4.8, 12 Hz
15-ONic-6), 8.00 (1H, d, J = 7.8 Hz, 15-ONic-4), 7.30
(1H, dd, J = 7.8, 4.8 Hz, 15-ONic-5), 7.92 (1H, s,
3-OFu-2), 7.09 (1H, s, 3-OFu-5), 6.66 (1H, s,
3-OFu-4), 1.87 (3H, s, 1-OAc), 2.00 (3H, s, 2-OAc),
2.19 (3H, s, 5-OAc), 2.15 (3H, s, 7-OAc), 2.16 (3H, s,
8-0OAc), 2.27 3H, s, 11-OAc); 3C-NMR (150 MHz,
CDCl;) d: 73.0 (C-1), 69.2 (C-2), 75.4 (C-3), 69.7
(C-4), 73.9 (C-5), 50.9 (C-6), 68.9 (C-7), 71.0 (C-8),
52.0 (C-9), 93.5 (C-10), 60.3 (C-11), 23.0 (C-12), 84.2
(C-13), 18.5 (C-14), 70.3 (C-15), 150.8 (15-ONic-2),
125.1 (15-ONic-3), 136.9 (15-ONic-4), 123.2
(15-ONic-5), 153.8 (15-ONic-6), 165.1 (15-ONic-7),
148.1 (3-OFu-2), 118.8 (3-OFu-3), 109.7 (3-OFu-4),
143.9 (3-OFu-5), 161.0 (3-OFu-6), 169.4/20.5
(1-OAc), 170.1/20.5 (2-OAc), 169.8/21.0 (5-OAc),
168.7/21.5 (7-OAc), 169.0/21.0 (8-OAc), 170.1/21.3
(11-0Ac). LA FE0d 5 SClikons B AR — S 03], s

6R,7R,8S5,95,105)-1,8,11-triacetoxy-7-nicotinoyloxy-4,
5-dihydroxydihydroagarofuran, 41y 4 G Ak A
T Z15.

a2 BB R (FEE); HR-ESI-MS m/z:
818.254 8 [M+H]", 433\ C3sHas019N; 'H-NMR
(600 MHz, CDCl3) ¢: 6.85 (1H, s, H-5), 5.73 (1H, d,
J = 3.0 Hz, H-1), 5.56 (1H, t, J = 4.2 Hz, H-7), 5.41
(1H, d, J = 6.0 Hz, H-8), 5.30 (1H, d, J = 13.2 Hz,
H-11a), 5.28 (1H, d, J = 3.6 Hz, H-2), 5.25 (IH, d, J =
12.0 Hz, H-15a), 5.07 (1H, d, J= 2.4 Hz, H-3), 4.47 (1H,

- Calcd. ECD of 1a
--- Calcd. ECD of 1b

— Exp. ECDof1

300 350 400
A/nm

a1 /Y2 MATRELEX B (A) RETWHITE ECD & (B)

%E N triptersinine U,

WEW 3. BEkAR (HEF); HR-ESI-MS m/z
830.250 8 [M+H]"» %} T2t CHuON; H-NMR
(600 MHz, CDCly) &: 8.76 (1H, dd, J = 4.8, 1.8 Hz,
H-6'), 8.20 (1H, dd, J = 7.8, 1.8 Hz, H-4'), 7.34 (1H,
dd, J =178, 4.8 Hz, H-5"), 5.95 (1H, d, J = 12.6 Hz,
H-15a), 5.67 (1H, d, J = 3.6 Hz, H-1), 5.48 (1H, s,
H-8), 5.28 (1H, d, J = 3.0 Hz, H-5), 5.17 (1H, t, J =
3.0 Hz, H-2), 4.96 (1H, d, J = 3.0 Hz, H-3), 4.88 (1H,
d, J = 132 Hz, H-11a), 433 (1H, d, J = 13.2 Hz,
H-11b), 3.93 (1H, m, H-7'a), 3.69 (1H, d, /= 12.6 Hz,
H-15b), 2.94 (1H, m, H-7'b), 2.50 (1H, m, H-8'a), 2.28
(1H, m, H-8b), 3.08 (1H, d, J = 0.6 Hz, H-6), 2.12
(1H, d, J = 5.4 Hz, H-6), 1.94 (3H, s, H-12), 1.79 (3H,
s, H-10"), 1.37 (3H, s, H-14), 7.78 (1H, s, 9'-OFu-2),
7.32 (1H, t, J= 1.8 Hz, 9’-OFu-5), 6.58 (1H,d, J=1.2
Hz, 9'-OFu-4), 6.04 (1H, d, J = 1.2 Hz, 4-OH), 6.00
(1H, d, J = 3.6 Hz, 5-OH), 1.78 (3H, s, 1-OAc), 2.17
(3H, s, 2-OAc), 2.00 (3H, s, 8-OAc), 1.93 (3H, s,
11-OAc); 3C-NMR (150 MHz, CDCl3) 8: 70.3 (C-1),
69.4 (C-2), 77.6 (C-3), 71.9 (C-4), 76.1 (C-5), 64.1
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(C-6), 197.1 (C-7), 79.4 (C-8), 52.1 (C-9), 94.0
(C-10), 60.0 (C-11), 24.5 (C-12), 86.8 (C-13), 18.7
(C-14), 71.2 (C-15), 163.3 (C-2'), 124.2 (C-3), 138.4
(C-4'), 121.5 (C-5"), 152.8 (C-6'), 31.0 (C-7"), 38.3
(C-8"), 81.9 (C-9'), 21.9 (C-10"), 171.5 (C-11"), 167.7
(C-12), 149.2 (9'-OFu-2), 118.5 (9'-OFu-3), 110.2
(9-OFu-4), 1433 (9-OFu-5), 162.5 (9'-OFu-6),
168.1/20.2 (1-OAc), 168.0/21.0 (2-OAc), 168.7/20.0
(8-OAc), 169.6/20.5 (11-OAc). PA_EHd 5 ik &
FEAR Y, MU ENEY) 3 9 macroregeline Fo

&Y 4. AR AE (HEE); HR-ESI-MS m/z:
884.297 7 [M+H]", 713\ CasHeOwN; 'H-NMR
(600 MHz, CDCl3) d: 8.77 (1H, dd, J = 4.8, 1.8 Hz,
H-6'), 8.15 (1H, dd, J = 7.8, 1.8 Hz, H-4"), 7.34 (1H,
dd, J = 7.8, 4.8 Hz, H-5'), 5.87 (1H, d, J = 12.6 Hz,
H-15a), 5.57 (1H, d, J = 3.6 Hz, H-1), 5.45 (1H, dd,
J=42,0.6 Hz, H-7), 5.25 (1H, d, J = 3.0 Hz, H-5),
5.19 (1H, d, J = 13.2 Hz, H-11a), 5.18 (1H, dd, J =
3.6, 2.4 Hz, H-2), 5.16 (1H, d, J = 5.4 Hz, H-8), 4.99
(1H, d, J = 2.4 Hz, H-3), 447 (1H, d, J = 13.2 Hz,
H-11b), 3.91 (1H, m, H-7'a), 3.62 (1H, d, J = 12.6 Hz,
H-15b), 2.97 (1H, m, H-7'b), 2.60 (1H, m, H-8'a), 2.36
(1H, m, H-8'b), 2.34 (1H, d, J = 4.8 Hz, H-6), 1.89
(3H, s, H-12), 1.79 (3H, s, H-10"), 1.27 (3H, s, H-14),
7.78 (2H, d, J = 7.2 Hz, 9'-OBz-2, 6), 7.50 (1H, brt,
J = 7.2 Hz, 9-0Bz-4), 7.35 (2H, brt, J = 7.2 Hz,
9-0Bz-3, 5), 1.56 (3H, s, 1-OAc), 2.14 (3H, s,
2-OAc), 2.10 (3H, s, 7-OAc), 1.85 (3H, s, 8-OAc),
2.11 (3H, s, 11-OAc); *C-NMR (150 MHz, CDCl;) ¢:
72.0 (C-1), 69.8 (C-2), 78.4 (C-3), 71.8 (C-4), 74.1
(C-5), 52.2 (C-6), 68.7 (C-7), 71.9 (C-8), 50.6 (C-9),
92.7 (C-10), 61.0 (C-11), 242 (C-12), 85.3 (C-13),
17.6 (C-14), 70.9 (C-15), 163.0 (C-2'), 124.7 (C-3"),
138.3 (C-4'), 121.3 (C-5"), 152.7 (C-6"), 31.0 (C-7'),
38.4 (C-8'), 82.0 (C-9'), 22.1 (C-10"), 171.9 (C-11"),
167.8 (C-12'), 129.5 (9'-OBz-1), 130.4 (9'-OBz-2, 6),
1280 (9-OBz-3, 5), 133.1 (9'-OBz-4), 166.0
(9-OBz-7), 168.1/20.1 (1-OAc), 168.2/21.1 (2-OAc),
169.9/21.3 (7-OAc), 168.6/20.3 (8-OAc), 169.7/20.9
(11-OAc). LA 30l 5 SOl R LA — S 001, e 5
EWEY 4 N AT B.

& 5. AR (FEE); HR-ESI-MS m/z
968.280 9 [M+H]", 43T 3 CagHa9O2N; 'H-NMR

(600 MHz, CDCl3) d: 8.77 (1H, dd, J = 4.8, 1.8 Hz,
H-6'), 8.14 (1H, dd, J = 7.8, 1.8 Hz, H-4"), 7.32 (1H,
dd, J=7.8, 4.8 Hz, H-5"), 6.93 (1H, s, H-5), 5.64 (1H,
d, J=42 Hz, H-1), 5.62 (1H, d, J = 12.0 Hz, H-15a),
5.55 (1H, dd, J = 6.0, 4.2 Hz, H-7), 5.47 (1H, d, J =
13.8 Hz, H-11a), 5.41 (1H, dd, J = 4.2, 2.4 Hz, H-2),
5.26 (1H, d, J= 6.0 Hz, H-8), 5.02 (1H, d, J= 1.8 Hz,
H-3), 4.28 (1H, d, J = 13.8 Hz, H-11b), 3.80 (1H, d,
J = 12.0 Hz, H-15b), 3.75 (1H, m, H-7'a), 2.97 (1H,
m, H-8'a), 2.86 (1H, m, H-7'b), 2.31 (1H, d, J = 4.2
Hz, H-6), 2.28 (1H, m, H-8'b), 1.81 (3H, s, H-10),
1.59 3H, d, J = 0.6 Hz, H-12), 1.36 (3H, s, H-14),
8.31 (1H, s, 2-OFu-2), 749 (1H, t, J = 1.8 Hz
2-OFu-5), 6.89 (1H, d, J = 1.8 Hz, 2-OFu-4), 7.75
(1H, d, J = 0.6 Hz, 9-OFu-2), 7.34 (1H, t, J= 1.8 Hz,
9'-OFu-5), 6.56 (1H, d, J = 1.8 Hz, 9'-OFu-4), 1.78
(3H, s, 1-OAc), 2.17 (3H, s, 5-OAc), 2.14 (3H, s,
7-OAc), 1.92 (3H, s, 8-OAc), 2.28 (3H, s, 11-OAc);
BC-NMR (150 MHz, CDCly) d: 71.9 (C-1), 69.3
(C-2), 78.3 (C-3), 69.5 (C-4), 73.7 (C-5), 50.9 (C-6),
68.4 (C-7), 71.8 (C-8), 52.2 (C-9), 93.4 (C-10), 60.6
(C-11), 22.9 (C-12), 84.2 (C-13), 17.5 (C-14), 69.8
(C-15), 162.2 (C-2'), 125.6 (C-3"), 138.3 (C-4"), 121.1
(C-5", 1523 (C-6'), 30.6 (C-7'), 37.7 (C-8'), 81.4
(C-9", 23.5 (C-10"), 171.6 (C-11"), 167.8 (C-12'),
148.6 (2-OFu-2), 118.5 (2-OFu-3), 144.1 (2-OFu-4),
109.9 (2-OFu-5), 160.6 (2-OFu-6), 149.0 (9'-OFu-2),
118.9 (9'-OFu-3), 143.2 (9’-OFu-4), 110.3 (9'-OFu-5),
161.8 (9'-OFu-6), 169.8/20.3 (1-OAc), 169.9/21.6
(5-OAc), 170.7/21.0 (7-OAc), 168.6/20.4 (8-OAc),
168.1/21.3 (11-OAc). DA HdhE 5 Sk ot fE kA —
S, W E G4 5 4 triptonine B
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[FTiEmE ESUH]

s HEHEANS o

ol A R FE A F b Dichroa febrifuga Lour. #-F8AR, #].4%%
T, WEFL, BER. RER, G@FL, K& Lt iReR i,
FAE IR, HRERIE, BEMAR, w4, BT, M- ELERE, BT,
ATFTHRBEEBLE, IBETHRT, 2F THRE, BF, TH, LK,
AL, I, AR, &, Hd, #da. AR B, Il M. =
H A R F e, AR R, BEZAK. FRTREMSER, MWIRGE
K. Ko

oA, BTE2m., EHEH, AY, HibiEtees, ohat
A, WEY, ;HAERKTKREIFH, K5~17cm, £ 2~6cm, &£k
R, RIRE, BGAEE, HEHEYRIEFERL; TR 1~2cm. £5EF, HETHAREHGHR, L&
e, SR ERMAH, F&;, RZER, KBE, KY4mm, Liks5~6%, ZAH, FFEHEERLE; LK 5~6,
Be, REKRBEAHIIPH, KO8 mm; #HH 10~12, LLKRERF, LAHKEE,; B 1, Ke, FEFTE, 15, &
A4, EEAWMRAH, RRAH, B5~6mm, K&, AHEHASFIEE 8 6~7 A, 4 8~9 A,




