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SRIMBE AL S R RELRT HT-22 HREERSE T HIHIE MR 5T

Iozk L3, xR L2, APEREE LS, A4E L2 RAF L2 sE A
1 SNEERLRS AL HE S SR HE R E A=, 50 5 550014
2. HMA KRR A A, SN BHFH 550014
3. R MERER R, se StBH 550025

. BB WA Teucrium quadrifarium WS Ry MILAEDENE . 7335 RARERAE AL . Sephadex LH-20 A 1,
2 i) £ v ROUAT B DA K B 4 i S5 O N R B 2 B R AU A R R AL AT T RS oy B Ak, R IR IS B AR 4 B
BB AR G YHAT A S E: R MTT EVFAG ARG S P00 RSL3 #5321 HT-22 A fRIECMHIETE. 55R Mk
BB L AR R 16 MEAW, 3 BIEEN (4R,58,TR)-RE KE-1(6),10(14)- —)f-4,5- T (1) X FREEE H JL 2K} (2D
BMEFE (3), 64-"HFHEE-FEEH (). FHAK (5). THEEREHEE (6). 5-§53-3,3,4',5",7-F F E L T i
(7). BIHEEK (8). MIE3-HEZZEE (9. 13-83-9,11-F \BE B8R (10). 9-8-10,12-+ )\ — 88 (11D, o-3CATHEE (12).
N-Z I BE-L- 2R O A e -N-2K I BE-L- R N 2 el (13D, SOaBKER (14). 2"3"-ZBSFPH (15, FHE (16).
ik &5 R oRLAY) 7.9 1T LIIHIERIE T35 557 RSL3 #5510 HT-22 FHMIERFET, - 40034 Wi ¥ (median effect concentration,
ECso) 20l (1.46+0.49) pmol/L 1 (3.31£1.66) umol/L. £5i& (AW 1 ZF M LI EY, W2 NRIMER A;
a2, 4. 6. 7. 9~16 AERMIZBHEYIF 3 BEE], %W 758 R AERNFF KR Z It — R
KHEIR: BRENE, HEIAHE: ST ImNEME; BRAEER A 5-5256-3,30.4/,57,7-5 AR BT WM-3-HER
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Constituents from Teucrium quadrifarium and its HT-22 cells ferroptosis
inhibitory activity
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Abstract: Obiective To investigate the chemical constituents of Teucrium quadrifarium and their bioactivities. Methods The
petroleum ether part of ethanol extracts of 7. quadrifarium has been separated and purified by silica gel chromatography, Sephadex
LH-20 gel column chromatography, semi-preparative high performance liquid chromatography, and recrystallization methods,
respectively. The chemical structures were identified by modern spectroscopy identification. HT-22 cells ferroptosis inhibitory
activity was evaluated by MTT method. Results Sixteen compounds were isolated and identified as (4R,5S,7R)-muurol-
1(6),10(14)-diene-4,5-diol (1), p-methylsulfonylmethyl-phenol (2), acacetin (3), 6,4'-dimethoxyl-scutellarin (4), diosmetin (5),
demethoxycentaureidin (6), 3,3',4',5',7-penta-O-methylmyricetin (7), cirsimaritin (8), ethyl indole-3-carboxylate (9), (9Z,11F)-
13-0x0-9,11-ocatadecadienoic acid (10), (E,E)-9-oxooctadeca-10,12-dienoic acid (11), a-tocopherolquinone (12), N-benzoyl-
L-phenylalaninyl-N-benzoyl-L-phenylalaninate (13), aurantiamide acetate (14), 2”,3"-O-acetylmartynoside (15), vanillin (16).
Compounds 7 and 9 showed a remarkable inhibitory effect on RSL3-induced HT-22 cells ferroptosis, with ECso values of (1.46 +
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0.49) umol/L and (3.31 + 1.66) umol//L, respectively. Conclusion Compound 1 was a new sesquiterpene compound, named as

terquadriol A. Compounds 2, 4, 6, 7, and 9—16 were isolated from genus Teucrium for the first time. The results provide scientific

basis for the development and utilization of 7. quadrifarium.

Key words: Teucrium quadrifarium Buch. -Ham.; Teucrium Linn.; ferroptosis inhibitory activity; terquadriol A; 3,3",4",5',7-penta-O-

methylmyricetin; ethyl indole-3-carboxylate

BRI E, RIS
VI E SR R — HPEREE Teucrium
Linn. EkHHE Teucrium quadrifarium Buch. -Ham. f4)
BAFEE . FRBHEMN. s e [KiE
MABG AR KB, RE2AHT. KE %
W, MUBRE. VIR, WA TR, BT,
B30 T ARGl A 7 S 4 R AP 6 A R
A, AUHRE T LA RSB 2R &),
rh o3 B S SE ) B A G ) 2 B 1 e
() I e A, 4 ok HUAE B s PR, U ), TR 10,
PR UIEE , BRBET: (ferroptosis) J&—FRERAK 14
(). DANR B 28 3 R (380 B 1t 20 i O
T, WU IR H A &R AR BT W 22 5w 2 9
Wi, Rl RGP an B IR PR ERRE . IH AR
Wi~ A A2, S S R I R R R DR
W 0 T 42 RGP ] e A — € IR IT AR
o PUEAHE 7R FHRE AT i . = 615 Cis
ST 3 K - 26 v OBORE € 3 45 4 9 - Bk
L CRESE Y B A R AL BE AT R S8 0  Alifk,
TR FH AR 77325 SRt b5 77 o 73 25945 31
(AR BT S5 M 5, REEE 16 MEEDD,
AN (AR,5S,TR)- AR B fi-1(6),10(14)- —#i-4,5-—
EZ [(4R,5S,7R)-muurol-1(6),10(14)-diene-4,5-diol, 1]
X F T FH IR 2R %) (p-methylsulfonylmethyl-phenol, 2)
H 4% (acacetin, 3). 6,4 HAFE-Hf 5 X 4F
( 6,4'-dimethoxyl-scutellarin , 4 ) . & M K &
( diosmetin , 5). £ H AR EHEMW R
(demethoxycentaureidin, 6). 5-F£3%-3,3'.4',5"7-11
AL (combretol, 7). #¥{ZE (cirsimaritin,
8). M| Wk-3-H iR 2.1 Cethyl indole-3-carboxylate, 9)+
13-F-9,11-+ )\ Bk — & 8 [(9Z,11E)-13-0x0-9,11-
ocatadecadienoic acid, 10]. 9-fi-10,12-1 /\ i 4%
12 [(E,E)-9-oxooctadeca-10,12-dienoic acid, 11]. a-
FEr e Ca-tocopherolquinone, 12). N-ZKFHPpE-L-2K
A 2 It -N- 2K R -L- 2K T 2 B2 B ( N-benzoyl-L-
phenylalaninyl-N-benzoyl-L-phenylalaninate, 13). %=
£ RS Caurantiamide acetate, 14). 2".3"-Z.0k

3D (2",3"-O-acetylmartynoside, 15). #H.[i§
(vanillic, 16). HH, LAY 1 AL S
RERUEY), AN R A WEY 2. 4.
6. 7. 9~16 NEXNERIEHEEY T /> E5H.
KH MTT 55X B3 8 R A Pk AT T 44
HMIHIAN R TG, R EY 7. 9 XTERAE
T-5 577 RSL3 %51 HT-22 40 156 AN A R
FAMHIER, ECso 2058 (1.46+£0.49) pmol/L
(3.31%+1.66) pmol/L.

1 XEEMH

INOVA-600 MHz #3441 (3£HE Varian 2
A]D; Agilent 1100 = GBAH B4 (36 B 2488 2
A D5 2l 2% AU B R A (VLI DO R AR A
A]); YMC Cis Pl g i 4 (250 mm X 10 mm, 5
um); Waters XBridge BEH Amide OBD f-#il] £ th 1%
(250 mmX 10 mm, 5 pm, 3E[E Waters A 7] );
Hei-VAP Digital G3 %781 (f2[EH Heidolph 2
A]); ZF-TN AU REE A U= R A i CLifg
FMEHEABL AT D; ME204E/02 #6170 K
(Jifi - Mettler Toledo A 7] ); DLSB-5/20 B IR #A 4]
TAEA R CHONKIRAE TH AR A D)5 Sephadex
LH-20 %2 (FHfi#t Amersham A #)); RP-18. MCI
SARSERL (FEEER A ED; R (60~80. 100~
200, 300~400 H, H ST ;s #ERFERR
HETLAREER R EATRAFD; AIEHE. URH
BE [BERALERAR (L) ARAF] HAbFIE
N, JKONHBAEK .

NBRIE AR A U4 R HT-22 4 GRIGY i%
FAEMBHARAR]D; PRI FEFH RSL3 (dbxt
R FRHAMW AT ) B AR5 75 H 54
(RS R A IR A FD; B TES GIL
ZREITREARARD; B8 BHE (FEF IRt
HABAFD; EFr GERCIH/RBHE, £ED;
TEIR KR QGRYITT S H LA AR A D 4
P TR L 8 i A dr BRI A R A A s
DMEM &R 7e9E (gibco): HHHRIEAW (b
HERERHEARATD; RO LR EREER
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FARAFD; MM AL Z R ERE AR AR
PBS 2l GRIFRSER AR ARAF]D.,

BRANET 2021 4 8 HRE T i MN B FIE R &%
BAZUMERT, 2253 M 48 25 FIAE Y I /N B B 28042 4 e
NEREHE T, quadrifarium Buch. -Ham, 4= 55, £ 5 (F
HEFRAS TZC20210806) FRAFAE 57N RIRT= 4
FH O
2 Rk
21 RESESE

TR BB 45 20.0 kg, WFE, FH 95%Z 1%
[FIALHEER 3 UK, RRIR 2 h, 1521 HEBCHIRE R 468 2
TR, [FOARIS R T, RE UK
B KUK A BERR SR AEE, I8 [N 7
AT MBEAEEGAL (1 047.4 @) FIESER 2 8 A< HU
£z (819.9 g).

AR A A A R B, DA
FR 2B (100 2 0~0: 100) BEFEVEME, 2 OiEA
MEFFER] 7 MR (Fr. A~G). Fr.D £ MCI
PRS2, DLHEE-ZK (60%~95%) i HEM,
V2 AT T 15 2 8 ML (Fr.D1~8). Fr.D1
LA O RE R 0] 4 HPLC (32%FEE) #lifh15
FHbAY 2 (23.1 mg, r=19.6 min) fI 3 (35.0 mg,
k=15.6 min). Fr. DS ZRERFEEIE, A ik-HE R
LHEEC10 0 1~0 2 1005 =& H fe-HEE30 © 1~1 ¢
1 BEEEVENL 4> A 10 N4 (Fr. DS.1~D5.10), Fr.
D5.4 frhE stk b &4 4 (322 mg); Fr.
D5.7 & BHEE . %t Sephadex LH-20 # it j5,
F& 4% HPLC 4ift (57%H ) HE1EY 9
(6.2 mg, rR=24.8 min). 10 (15.6 mg, tr=42.5 min)
11 (9.5 mg, rR=48.6 min). Fr. D6 & x B £ hE
JKX Sephadex LH-20 7} &, £+ HPLC 4iift
(76%H ) HEHLEY) 7 (3.7 mg, &R=39.5 min).
13 (4.9 mg, ®xr=32.5min) # 14 (44 mg, RrR=12.5
min). Fr. D7 SRERAE G, £ -G R 0
(100 : 0~0 : 100> #EEHNL >N 5 ANfs (Fr.
D7.1~D7.5), Fr.D7.3 @ bArERA AL, -
#% HPLC 4ift (99%Z.fE) B21b&4 12 (1.9 mg,
tR=49.0 min). Fr. E &AM Cis HEERE B, HEE-
K (30%~95%) HHFELENATE] 8 ANftsr (Fr. E1~
E8). Fr. E2 &REMH i, & Hke-FEE (100 :
0~0:100) BRFEHEMAFE] 6 Mt/ (Fr. E2.1~
E2.6); Fr. E2.4 4% Sephadex LH-20 it Ja A !
HEACIRE A, 524659 5 (25.6 mg). Fr. E2.2

SRk G, FH] % HPLC (75%F i) 52k
A1 (2.5 mg, ®R=32.5min). Fr. E2.3 ZH4%
HPLC 4tk 5254 15 (49.2 mg, R=250.0 min)
16 (1.3 mg, r=32.5min). Fr. E2.5 £ Sephadex
LH-2 F: 03 52414 HPLC (65%H i) 5514k &
Y6 (1.5mg, ®R=25.5min). Fr. E2.6 &K
W S E A SR A 8 (2.0 mg).
22 HEWI1HHETE

A 1 & Spartan WAFHAITHIR B RIG, &
A% gaussian 16 ] b3lyp/6-31 (d) FEALHEATH
gL, W TG, 192 S gaussianl6
) b3lyp/6-31+ (d, p) FELH AT 7B — i
(electronic circular dichroism, ECD) 5, 152/
L SpecDis AL MEIE S, HELAEY 1
DRI CD 3 HEAT X LUR 2 AL AW i 4 3 Ky 7
2.3 HT-22 fARESKTE THIHE MK

i DMEM mi#E3E 223 [ 10% 15 24F 3G
(FBS), S HHBRHERNYL. BHABIES 1%)] £
7% HT-22 20 HARE T 37 C. 5% CO, 4 fiuds
FEAE AT AR5, BOSECAE K B0 M A T 548 .
# RSL3 ¥ T DMSO, Biil2y 5 mmol/L REA, 1
i TAEMREE A 1 umol/L, SRIG 4 N 58 4 37 3 1)
XPHRZE. # (RSL3) 2. RSL3-+Zj#2. RSL3+
FHMEZG2H [BRFET-##1 7 ferrostatin-1 (Fer-1) {E
NBAVEZ], BRH 3 ANFAT. KL 3X 103 NAL
BERF 96 FLML, BEAL 90 uL 5e k5973, B TR
FErhREFE 24 h 5452, Z54A1 RSL3 & MUK FE %0
N 10 uL F 96 FLERA, 48 h 5 il MTT, 4 h 5 HL
W, n DMSO, 7E 490 nm 9K R I 52 W%
(4> 8.
24 Sitoth

KRG A% GraphPad Prims 8.0 #4744 /)
Br, LGS RFIR N +s, HHARRZ0H A
¢ KU VPA B 1 B . P<<0.05 FoRZE A S
3 %R
3.0 HMmEE

wEY 1. ABLEEMAK (FED. [a]f
-331.372 (c 1.025, MeOH); UV AN (nm): 242
(4.48); HR-ESI-MS m/z: 259.166 9 [M+Na]* (it %
{8 259.165 7, CisH240oNa), 7 FIAN CisHx:0:,
AAE N 4, 4bEY 1 H) 'HNMR (£ 1) FER
H 3 ANHEEUES [on 0.76 (3H, d, J = 6.6 Hz), 0.98
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#=1 1L&% 189 'H-NMR (600 MHz, CDCl3) #1 3C-NMR
(150 MHz, CDCl3) ##3
Table 1 'H NMR (600 MHz, CDCl3) and *C NMR (150
MHz, CDCls) data for compound 1

A ou oc
1 131.6
2 2.32 (2H, m) 242
3 1.84 (1H, m), 1.63 (1H, m) 316
4 70.5
5 3.88 (1H, s) 727
6 138.0
7 2.43 (1H, m) 419
8 1.55 (1H, m), 1.71 (1H, m) 23.0
9 2.46 (1H, m), 2.26 (1H, m) 30.6

10 144.5
1 2.19 (1H, m) 287
12 0.76 (3H, d, /= 6.6 Hz) 17.8
13 0.98 (3H, d, J=7.2 Hz) 215
14 4.95 (1H, s), 4.80 (1H, s) 108.7
15 1.25 (3H, s) 24.4

(3H, d,J=7.2Hz), 1.25 3H, s)] A2 MHIEHEES
Ou4.95 (1H, s), ou 4.80 (1H, s). 454 BC-NMR (% 1)
AT HMQC & B 4, Boniz AW 15 Mk
155, 008 3 AR, 5 AN R FERR. 3 MR
BB 4 ANZpi, 3BT BC-NMR il 5 cikikiE!!
SR E 1 5 (4R,5R)- A% Fi-1(6),10(14)-
TW-4,5- ZREEOAAL, PR B R ZE A
11 C-5 525N C-5 b BAHZE 6 4.1,
HAMEMZEE 1.0 £4, WEBHENZEHT C-5
R ZER G, SEENAEY 1 B2 1 AN
Fake B 65 i 2k &9, Hog Ak &M 2 7
LALENS

#—@it HMBC i (K 1), ATRLRIAFAE
H-2 (6n2.32) 5 C-1. C-6 #HK, H-8 (du 1.71, 1.55)
5 C-6. C-10 #1255, H-7 (6u2.43) 5 C-5. C-6 #%,
H-14 (6n4.80,4.95) 5 C-1. C-9 #%, LLK Me-15
(0u 125)5 C-3. C4. C-5 Mx, MZHELEW
Me-13/H-11/H-7/H-8/H-9 K] 'H-'H COSY M55
(E D, St PSS (4R,5R)-

1 'H-1H COSY mmm NOESY ¢~ "

HMBC X\

1 &4 1 #9554 '"H-"H COSY. HMBC #1 NOESY 1% 2
Fig. 1 Key '"H-'"H COSY, HMBC and NOESY correlations of compound 1

KRB FE-1(6),10(14)- —)f-4,5- —FF — 5. 1LEW 14
X AL NOESY 1% ##4T, 7£ NOESY i (& D
FAFAE Me-15/H-5 UK H-5/H-7 HR(E5, £H
Me-15.H-5.H-7 {E[Al— ] . i — Pt 1+ 5 ECD
()79, it EE A4 1 (5256 ECD 5114 ECD
Bl (B 2), ®mA&HE TIED 1 B4 BN
(4R,58,7R). KA S 1 NS KIS E N (4R,5S,TR)-
KEFLE-1(6),10(14)-—4f5-4,5- -, A 1 AHE
NI ER A

&Y 2: AERA; ESI-MS m/z: 209.0 [M+
Na]*; 'TH-NMR (600 MHz, CD;0D) ¢: 7.26 (2H, d, J =
8.4 Hz, H-3, 5), 6.82 (2H, d, J = 8.4 Hz, H-2, 6), 4.30
(2H, s, H-1"), 2.82 (3H, s, H-2'); '*C-NMR (150 MHz,

w
~N \ l
1ok \ ' — Exp. for 1
v — — Calcd. ECD of (4R,5S,7R)-1
(.
15} v
720 L J
200 250 300 350 400

A/nm

2 WEY 1 NRFHE ECD &
Fig.2 Experimental and calculated ECD spectra of
compound 1
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CD;0D) §: 159.5 (C-1), 133.3 (C-2, 6), 120.5 (C-4),
116.6 (C-3, 5), 60.8 (C-2'), 39.2 (C-1"). LA - #¥5 5
BRFROE HE AR — 204, MO e A1) 2 et R R FH 25k
EN S

&Y 3: FHEMA; ESI-MS m/z: 283.1 [M—
H] . 'H-NMR (600 MHz, DMSO-ds) 6: 12.90 (1H, s,
5-OH), 7.98 (2H, d, J = 9.0 Hz, H-2', 6'), 7.07 (2H, d,
J =9.0 Hz, H-3', 5), 6.80 (1H, s, H-3), 6.46 (1H, d,
J = 2.4 Hz, H-8), 6.18 (1H, d, J = 2.4 Hz, H-6), 3.83
(3H, s, 4-OCH3); '3C NMR (150 MHz, DMSO-d) o:
181.8 (C-4), 164.7 (C-7),163.3 (C-2), 162.3 (C-4"),
161.5 (C-9), 157.4 (C-5), 128.3 (C-2', 6"), 122.9
(C-1'), 114.6 (C-3', 5), 103.7 (C-10), 103.5 (C-3),
99.1 (C-6), 94.1 (C-8), 55.6 (4'-OCH3). LA_F%i¥5 53¢
BRIRIE A —FY), MEEHAEY 3 NERER.

wEY 4. EEEREE (FEED, mp 223~
224 “C; ESI-MS m/z: 315.1 [M+H]"; 'H-NMR (600
MHz, DMSO-ds) 6: 13.02 (1H, s, 5-OH), 10.74 (1H, s,
7-OH), 8.01 (2H, d, J = 9.0 Hz, H-2', 6'), 7.09 (2H, d,
J =9.0 Hz, H-3', 5"), 6.85 (1H, s, H-3), 6.60 (1H, s,
H-8), 3.85 (3H, s, 4-OMe), 3.75 (3H, s, 6-OMe); '3C-
NMR (150 MHz, DMSO-ds) 0: 182.2 (C-4), 163.4
(C-2), 162.3 (C-4'), 157.4 (C-9), 152.8 (C-7), 152.5
(C-5), 131.4 (C-6), 128.3 (C-2', 6'), 122.9 (C-1'),
114.6 (C-3',5"), 104.2 (C-10), 103.1 (C-3), 94.3 (C-8),
60.0 (6-OMe), 55.6 (4'-OMe). LA F¥¥E 5 ClkdRiE
TR0, WS B AY) 44 6,4"- WA -7 3
ES

WAV 5: IRIFEORAR; ESI-MS m/z: 301.1 [M—+
HJ*: 'H-NMR (600 MHz, DMSO-de) d: 12.93 (1H, s,
5-OH), 10.83 (1H, s, 7-OH), 9.45 (1H, s, 3'-OH), 7.53
(1H, dd, J = 8.4, 2.4 Hz, H-6'), 7.42 (1H, d, J = 2.4
Hz, H-2), 7.07 (1H, d, J = 8.4 Hz, H-5'), 6.74 (1H, s,
H-3), 6.46 (1H, d, J = 2.4 Hz, H-8), 6.19 (1H, d, J =
1.8 Hz, H-6), 3.86 (3H, s, 4-OCH3); BC-NMR (150
MHz, DMSO-ds) d: 181.7 (C-4), 164.2 (C-7), 163.5
(C-2), 161.5 (C-9), 157.3 (C-5), 151.1 (C-4"), 146.8
(C-3"), 123.0 (C-6"), 118.7 (C-1"), 113.0 (C-2"), 112.1
(C-5"), 103.8 (C-3), 103.5 (C-10), 98.9 (C-6), 93.9
(C-8), 55.8 (4-OCH3). LA b¥s 5 ki iE A —
|, MU TEED S REARR.

& 6: FENAK; ESI-MS m/z: 331.1 [M+
H]*: 'H-NMR (600 MHz, DMSO-ds) 6: 12.93 (1H, s,

5-OH), 9.97 (1H, s, 7-OH ), 9.36 (1H, s, 3'-OH), 7.43
(2H, m, H-2', 6'), 6.90 (1H, d, J = 9.0 Hz, H-5'), 6.83
(1H, s, H-3), 6.70 (1H, s, H-8), 3.91 (3H, s, 6-OCH3),
3.73 (3H, s, 4-OCH3); “C NMR (150 MHz,
DMSO-ds) 0: 182.1 (C-4), 164.2 (C-2), 158.6 (C-9),
152.6 (C-5), 152.1 (C-7), 149.8 (C-4'), 145.8 (C-3"),
131.9 (C-6), 121.5 (C-1'), 119.1 (C-6'), 115.9 (C-5"),
113.5 (C-2)), 105.1 (C-10),102.7 (C-3), 91.4 (C-8),
60.0 (6-OCH3), 56.4 (4-OCH3). DL 3 5 kR
EREA T, M ENED 6 NEHARERES
.05

& 7: FHEMAK; ESI-MS m/z: 411.1 [M+
Na]*; 'H-NMR (600 MHz, CDCl3) &: 12.58 (1H, s,
5-OH), 7.37 (2H, s, H-2, 6'), 6.45 (1H, d, J = 2.4 Hz,
H-8), 6.37 (1H, d, J = 1.8 Hz, H-6), 3.95 (9H, s,
3'4'5'-OCH3), 3.89 (3H, s, 7-OCH;), 3.87 (3H, s,
3-OCH3); BC-NMR (150 MHz, CDCl3) &: 178.9
(C-4), 165.7 (C-7), 162.2 (C-5), 156.9 (C-9), 155.8
(C-2), 1533 (C-3, 5'), 140.7 (C-4"), 139.6 (C-3),
125.6 (C-17), 106.2 (C-10, 2', 6'), 98.1 (C-6), 92.4
(C-8), 612 (4'-OCH;3), 60.5 (3-OCH;), 56.5
(3',5'-OCH3), 56.0 (7-OCH3). PL_E#¥E 5 ScrikdiiE
FEAR—F0S), MUE R G T N 5-FRHE-3,3,4',5,7-
T F AR T

& 8: FENAK; ESI-MS m/z: 337.1 [M+
Na]*; "H-NMR (600 MHz, DMSO-ds) 6: 12.93 (1H, s,
5-OH), 10.40 (1H, s, 4-OH), 7.97 (1H, d, J = 9.0 Hz,
H-2', 6'), 6.94 (2H, d, J = 2.4 Hz, H-3', 5'), 6.92 (1H,
s, H-8), 6.86 (1H, s, H-3), 3.92 (3H, s, 7-OCH3), 3.73
(3H, s, 6-OCH3); *C-NMR (150 MHz, DMSO-ds) o:
182.3 (C-4), 164.1 (C-2), 161.4 (C-4"), 158.6 (C-7),
152.7 (C-9), 152.1 (C-5), 131.9 (C-6), 128.6 (C-2, 6'),
121.1 (C-1'), 116.0 (C-3', 5'), 105.1 (C-10), 102.7
(C-3), 91.6 (C-8), 60.1 (6-OCH3), 56.5 (7-OCH3). LA
RS SO IRIE R A — ), WS ENEY) 8 N

&Y 9: THEAIIRY); ESI-MS m/z: 190.1 [M+
H]*; 'H-NMR (600 MHz, CDCl3) 6: 8.73 (1H, s, NH),
8.25~8.14 (1H, m, H-2), 7.93 (I1H, d, J = 2.4 Hz,
H-4), 7.44~7.37 (1H, m, H-7), 7.31~7.22 (2H, m,
H-5, 6), 4.40 (2H, q, J = 7.2 Hz, H-9), 1.43 GH, t, J =
7.2 Hz, H-10); '3C-NMR (150 MHz, CDCL;) : 165.5
(C-8), 136.2 (C-7a), 131.1 (C-2), 125.9 (C-3a), 123.3
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(C-6), 122.1 (C-5), 121.7 (C-4), 111.6 (C-7), 109.3
(C-3), 60.0 (C-9), 14.7 (C-10)o LA EHd 5 ki ik
R—F20, WA 9 I WR-3-H R 2.1

&Y 10: EAMARY); ESI-MS m/z: 293.2
[M—H]; 'H-NMR (600 MHz, CDCl;) J: 7.48 (1H,
dd, J=15.6, 12.0 Hz, H-11), 6.15 (1H, d, J = 15.0 Hz,
H-12), 6.10 (1H, t, J = 10.8 Hz, H-10), 5.90 (1H, dt,
J=10.8, 7.8 Hz, H-9), 2.53 (2H, t, J = 7.2 Hz, H-14),
2.33 (2H, t, J = 7.2 Hz, H-2), 2.29 (2H, m, H-8) 1.61
(2H, m, H-17), 1.41 (2H, m, H-3), 1.32 (12H, brs,
H-4~7, 15~16), 0.88 (3H, t, J = 7.2 Hz, H-18);
BC-NMR (150 MHz, CDCl3) d: 201.4 (C-13), 179.9
(C-1), 142.9 (C-9), 137.3 (C-11), 129.4 (C-12), 127.0
(C-10), 41.1 (C-14), 34.1 (C-2), 31.5 (C-16), 29.2
(C-5, 7), 29.1 (C-8), 29.0 (C-6), 28.5 (C-4), 24.7
(C-3), 24.4 (C-15), 22.6 (C-17), 14.1 (C-18). LL L3k
P55 SRR TE FE A — 221, WO e A 10 9 13-
Fi-9,11-+ )\ Bk IR -

&P 11 S EMHARY); ESI-MS m/z: 295.2
[M-++H]", 'HNMR (600 MHz, CDCL) 6: 7.19~7.09
(1H, m, H-11), 6.21~6.15 (2H, m, H-12, 13), 6.07
(1H, d, J = 15.6 Hz, H-10), 2.53 (2H, t, J = 7.2 Hz,
H-10), 2.34 (2H, t, J = 7.2 Hz, H-2), 2.21~2.14 (2H,
m, H-14), 1.69~1.56 (4H, m, H-3, 7), 1.45~1.40
(2H, m, H-15), 1.36~1.29 (10H, m, H-4~6, 16, 17),
0.89 (3H, t, J= 7.2 Hz, H-18); '3C-NMR (150 MHz,
CDCL3) d: 201.3 (C-9), 179.2 (C-1), 150.0 (C-13),
1432 (C-11), 129.0 (C-12), 128.0 (C-10), 40.6 (C-8),
34.0 (C-2), 33.3 (C-14), 31.5 (C-16), 29.2 (C-5, 6), 29.0
(C-4), 28.5 (C-15), 24.8 (C-3), 24.5 (C-7), 22.6 (C-17),
14.1 (C-18). VA FER 5 CfE R A2, ek
SEALEYI 11 K 9-F-10,12-1 )\ Bk 4R

&Y 12: HEAHEARY); ESI-MS m/z: 445.7
[M—H]; 'H-NMR (600 MHz, CDCl;) J: 2.52 (2H,
m, H-1'), 2.01 (3H, s, CH3-5), 1.98 (6H, s, CH3-2, 3),
121 (3H, s, CHs-3'), 0.84 (3H, d, J = 3.0 Hz,
CHs-11"), 0.83 (6H, s, 2X CH3-15"), 0.82 (3H, d, J =
6.6 Hz, CHs-7"); *C-NMR (150 MHz, CDCls) o:
187.8 (C-4), 187.3 (C-1), 144.6 (C-6), 140.6 (C-5),
140.5 (C-3), 140.3 (C-2), 72.7 (C-3"), 42.4 (C-4"), 40.3
(C-2'), 39.5 (C-14"), 37.7 (C-6"), 37.5 (C-10’, 8'), 37.4
(C-12), 32.9 (C-7', 11"), 28.1 (C-15"), 26.7 (3'-CH3),
249 (C-13"), 24.6 (C-9)), 22.8 (15-CHs), 22.7

(15'-CH3), 21.5 (C-1'), 21.4 (C-5'), 19.9 (11’-CHa),
19.8 (7-CH3), 12.5 (5-CH3), 12.4 (2-CH3), 12.1
(3-CHsz). LA EHHE 5 SCmkdiiE BaAR— 5023, il
ENAEY 12 N o- LT .

&Y 13: FEKAR; ESI-MS m/z: 507.2 [M—+
H]*; 'H-NMR (600 MHz, CDCL) 8: 7.69 (2H, d, J =
8.4 Hz, H-12', 16'), 7.65 (2H, d, J = 7.2 Hz, H-12, 16),
7.50 (1H, t, J= 7.2 Hz, H-14), 7.43 (1H, t, J= 7.2 Hz,
H-14"), 7.39 (2H, t, J = 7.8 Hz, H-13, 15), 7.34~7.23
(12H, m, H-5~9, 5'~9', 13, 15), 6.66 (1H, d, J=9.0
Hz, N-Hb), 6.57 (1H, d, J = 6.6 Hz, N-Ha), 4.92 (1H,
q, J = 6.6 Hz, H-2'), 4.62 (1H, m, H-2), 4.54 (1H, dd,
J=114,3.6 Hz, H-1b), 4.04 (1H, dd, J= 11.4, 4.8 Hz,
H-1a), 3.29 (1H, dd, J = 14.4, 6.6 Hz, H-3'b), 3.21
(1H, dd, J = 13.8, 7.2 Hz, H-3"a), 3.00 (1H, dd, J =
13.8, 6.6 Hz, H-3b), 2.89 (1H, dd, J = 13.8, 8.4 Hz,
H-3a); *C-NMR (150 MHz, CDCl3) 6: 172.1 (C-1"),
167.6 (C-10), 167.3 (C-10"), 137.3 (C-4), 135.9 (C-4"),
1344 (C-11"), 133.5 (C-11), 1322 (C-14), 1315
(C-14'), 129.5 (C-5, 9), 129.3 (C-5', 9"), 129.0 (C-13,
15), 128.8 (C-6, 8), 128.8 (C-6/, 8'), 128.6 (C-13, 15),
127.5 (C-7'), 127.3 (C-12', 16'), 127.2 (C-12, 16),
127.0 (C-7), 65.6 (C-1), 54.6 (C-2"), 50.4 (C-2), 37.7
(C-3",37.4 (C-3). LA FHdE5 3CikaE FE A — 524,
WS E G 13 9 N-2K - -2 79 2 1 - V-2
Pk -L-2K A 2 R

EP14: EEEH K ESI-MS m/z: 430.1
[M+H]*; 'TH-NMR (600 MHz, CDCl3) 6: 7.71 (1H, d,
J=6.6 Hz, H-3', 7"), 7.52 (1H, m, H-5), 7.44 (2H, t,
J =178 Hz, H-4', 6'), 7.25 (5H, m, H-5, 9), 7.15 (2H,
m, H-5", 7"), 7.07 (2H, m, H-4", 8"), 6.77 (1H, d, J =
7.8 Hz, H-BNH), 6.01 (1H, d, J = 9.0 Hz, H-oNH),
477 (1H, dd, J = 8.1, 6.0 Hz, H-2), 434 (1H, m,
H-1"), 3.93 (1H, dd, J = 11.4, 4.8 Hz, H-9"), 3.82 (1H,
dd, J=11.4, 4.2 Hz, H-9"), 3.22 (1H, dd, J= 13.8, 6.0
Hz, H-3), 3.06 (1H, dd, J = 13.8, 8.4 Hz, H-3), 2.74
(1H, m, H-2"), 2.02 (3H, s, -COCH3); '3C-NMR (150
MHz, CDCl;) 6: 170.9 (-COCH3), 170.4 (C-1), 167.2
(C-1"), 136.8 (C-4), 136.7 (C-3"), 133.8 (C-2'), 132.1
(C-5"), 129.4 (C-6, 8), 129.3 (C-5", 7"), 128.9 (C-4",
8", 128.8 (C-5,9), 128.7 (C-3', 7"), 127.3 (C-7), 127.2
(C-4', 6), 126.9 (C-6"), 64.7 (C-9"), 55.1 (C-2), 49.5
(C-1"), 38.6 (C-3), 37.6 (C-2""), 21.0 (-COCH3). PA_L
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EY15: I EMRY); ESI-MS m/z: 759.3
[M+Na]*; 'H-NMR (600 MHz, CD;0D) ¢: 7.67 (1H,
d, J=16.2Hz, H-7"), 7.19 (1H, d, J= 1.8 Hz, H-2""),
7.08 (1H, dd, J = 8.4, 1.8 Hz, H-6""), 6.81 (1H, d, J =
3.6 Hz, H-5""), 6.79 (1H, d, J = 3.6 Hz, H-5), 6.72
(1H, d, J= 2.4 Hz, H-2), 6.67 (1H, dd, J = 8.4, 2.4 Hz,
H-6), 6.38 (1H, d, J = 16.2 Hz, H-8""), 5.34 (1H, dd,
J=3.6,18 Hz, H-2"), 5.18 (1H, d, J = 1.8 Hz, H-1"),
4.95 (2H, m, H-4', 3"), 435 (1H, d, J = 7.8 Hz, H-1),
4.05 (1H, m, H-8a), 3.86 (3H, d, J = 1.2 Hz, 4-OCH3),
3.83 (1H, t, J=9.0 Hz, H-3"), 3.79 (3H, d, J= 1.8 Hz,
3"-OCH3), 3.71 (1H, m, H-8b), 3.63 (1H, m, H-5"),
3.54 (2H, H-6', 4", 3.43 (2H, m, H-2', 5'), 2.79 (2H,
m, H-7), 2.04 (3H, s, 2"-OAc), 1.95 (3H, s, 3"-OAc),
1.13 (1H, dd, J = 6.0, 1.2 Hz, H-6"); 3C-NMR (150
MHz, CD;OD) 6: 172.2 (2"-OAc), 171.7 (3"-OAc),
168.2 (C-9"), 150.8 (C-4"), 149.3 (C-3""), 148.0
(C-7"), 147.5 (C-3), 147.3 (C-4), 132.8 (C-1), 127.6
(C-1"), 124.3 (C-6""), 121.2 (C-6), 117.0 (C-2), 116.5
(C-5"), 114.9 (C-8"), 112.8 (C-5), 111.8 (C-2"), 104.1
(C-1"), 100.3 (C-1"), 82.0 (C-3'), 75.9 (C-2"), 75.9 (C-5"),
73.1 (C-4"), 72.1 (C-8), 71.3 (C-2"), 71.1 (C-3"), 70.5
(C-5"), 70.4 (C-4"), 623 (C-6"), 56.4 (4-OCH3), 56.4
(3"-OCHs3), 36.5 (C-7), 20.9 (2"-OAc), 20.7 (3"-OAc),
18.4 (C-6"). VA FHHRL SCRFE FaA—ER R0, Hiks
EAEYI15 M 2" 3"- LR D B .

&Y 16: KA ESI-MS m/z: 175.0 [M+
Na]*; 'H-NMR (600 MHz, DMSO-de) J: 9.93 (1H, s,
7-CHO), 7.58 (1H, dd, J = 8.4, 1.8 Hz, H-6), 7.54 (1H,
d,J=1.8 Hz, H-2), 7.13 (1H, d, J = 7.8 Hz, H-5), 4.00
(3H, s, 3-OCH3); '3C-NMR (150 MHz, DMSO-ds) o:
191.1 (C-7), 153.2 (C-4), 148.2 (C-3), 128.7 (C-1),
126.2 (C-6), 115.4 (C-5), 110.7 (C-2), 55.6 (C-8). L
FEES SO IRIE R A, WERAEY 16
N
3.2 LAY RSL3 iFSA9 HT-22 4HRE5E SN E

P 3 AT g, SERAMLLL, a7 M9 T
50 pumol/L WK T REA[RIFZFEIE 58 RSL3 4% (1)
HT-22 40fvd 71, miHRAE YRR R R
PIEE . BB MRS &4 7 1 9 1) ECso fH 2
519 (1.4640.49). (3.31%1.66) pmol/L, Fer-1 ECso

1204

1004 = s

Hok
80
ok

60

HHAFIE /%

40

{nnnngliaaanal

0 T T 1T 1.7 T 11
MR 2 3 4 5 7 9 10 11 13 14 15Fer-
HEM

Hx gL #P<0.01; SEBALLHE: “P<0.01.

#P <0.01 vs control group; **P < 0.01 vs model group.
3 L&Y% RSL3 I5SHY HT-22 HRAR5 A G RS20

(Xts,n=3)
Fig.3 Effects of compounds on HT-22 cells induced by
RSL3(xts,n=3)

79 0.084 4 umol/L. FiR&5REMUEY) 7 F1 9 HIK
T4 HT-22 ARk sE T 1 /1.
4 i

ST U TR S SRR A2 B 1R
T2 AR Z IR DR, RN R B A 2 i B
WAL, BTN 5t 7 Bkl o L SR U
AR AL HEAT R GE o B2k, N EEE T 16 N
&Y, BRIeaE 34, Frataig IR
By BERA, Hoh 13 MEEWE IRONEFLEHE
Ty SRS BIFFESE R R BR AL 2 e RN
HZE, IRIIRE. MK, MR aY, R
ENNEZR R G X A e Oy AR St /e S i
TRRIE ST 0 Bk Al 2 b 2 B E B B AR S kAT T
HT-22 YHERAETAMHIE AT 7, JRRBIH 2 M5
AL &Y% RSL3 355 HY /) B S 4 22 o 4 i &
HT-22 A BRAET A BT I E A . SCHRRIERS2)
WIS TR 55 B 5 J R v 73 28 1) — i B ) kA
e, BTN BB BB A k4l 5 i
A By AT SR RSB T0E MR 7, R Ik i 2
i 22 B S B I 5 5 240 5 W TR A B AT 0 i Bk A
TG, ZBE AR T BRIE T HHI IR, W
SENZAE B A BB Y PT RELE #2240l {47
JiT BB IR, 4 Ja T Rk A R 1]
24 FI A B A BB m HAth 245 FT AR B R AN TT R
St — 2 BRI AR .
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