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Abstract The chemical constituents of Hypericum erectum Thunb were isolated and purified by solvent extraction method,
the normal and reverse phase silica gel column chromatography and semi-preparative high performance liquid chromatog-
raphy. Their structures were elucidated by their physicochemical property and extensive analysis of spectroscopic data. Three
new compounds which belong to a-pyranone, flavonoid and aliphatic alcohol respectively, together with 15 known com-
pounds, were isolated from the chloroform extract of H. erectum. Inflammatory cell model was constructed by lipopolysaccha-
ride (LPS)-stimulated RAW264.7 cell line. NO production inhibitory effects of all tested compounds were measured by Griess
method. Hyperiflavone (2), isocudraniaxan-thone B (5) and 2-deprenylrheediaxanthone B (6) exhibited moderate NO produc-
tion inhibitory activities with the ICs, values of 16.24, 9.86 and 12.90 pmol°L71, respectively.
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Figure 1 Structures of compounds 1~3
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1.1 EYHEREE

&1, BEKA, mp. 197~201 C; ELietE
[a]® +226.42 (c 0.74, MeOH). H HR-ESI-MS 75 5|1t
2T B TUE m/z: 273.11203 [M+H] (54 273.11214),
WAL G5 7N CeHi0s, NEFER 9. 'H
NMR 7R 1 EE 1 DNRIE AAXX B IER S [0y 7.73
(d, J=9.0 Hz, 2H), 6.86 (d, J=9.0 Hz, 2H)]. 1 %V i
FA55[0n 6.67 (s, 1H)]- 1 MERIKXF (S 5[0y 4.61 (q,
J=6.6 Hz, 1H)]F1 3 MHIE(E 5[0y 1.40 (d, J=6.6 Hz,
3H), 1.38 (s, 3H), 1.20 (s, 3H)]. °C NMR i B/Ri%ib &
YA 16 MR T, 454 DEPT i, WHliZEWEA 1
ANFLHEEE R IE 15 S [0c 163.6 (s)]« 3 A sp” AL HIZET%
[0c 109.1 (s), 172.9 (s), 165.3 (s)]- 1 /> sp® 44k iy vk H 3k
fE50c 92.7 ()JF1 1 A sp® ZALHIIK FF IS S [0c 93.8
(d)], FBHER 1 ADMIFRERE6 2X116.9 (d), 2X
128.9 (d), 162.0 (s), 123.9 (s)]F1 3 AN H % [d¢ 14.9 (q), 20.6
(), 25.9 (QfF5. #HiZLEYH 'H NMR, C NMR %
PEFISCER[O1RIE )AL &4 Japopyrone A Xt Lb, KIL 3
HEAMER 6-H/8-2,3,3- = H K-2H-2.3- — & Wk IF
[3.,2-c]mt -4 BEA%, ZRANAE T C-2 BRg BRI
PIHCA T A, HMBC 3B 2)41, H-2,6' (6 7.73)5
C-6 (dc 165.3), C-4' (0c 162.0)k5%, iR eI AL E
BEAE o-MEEER ) C-6 £i7. Hs-9 (Jy 1.38), H3-10 (dy 1.20)
Al H;-8 (0 1.40)70 511 5 C-3 (6¢ 43.8)k15%, H-2 (o 4.61)
5 C-3, C-3a (5¢ 109.1), C-7a (5¢c 172.9), C-8 (dc 14.9),
C-9 A1 C-10 A3, BiBH 2,3,3- = W S KIEIA7E C-3a
H1 C-7a ALIRIL G BFZ AR A, [E]IAE C-2 F1 C-7a £
RIS, AT XA E RIS R E 1 B, Rk
AW 1K) CD B 5 SR FTRIE Y japopyrone APMELE,
K1 AE 210, 260 F1 351 nm AL HILIER] cotton RN,
5 SCERIRIE Y japopyrone A [211 (Ae —0.79), 252 (Ae
—0.10), 355 (Ae —0.18) nm]#H Jz, P bfiE C-2 M4t
RN R, 25 FFR, HEWHL &4 1 HQ2R)-6-(4-F2 5K
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3£)-2,3,3- = W 3£ -2 H-2,3- — & R IR IF[3,2-¢] M il -4-
4 HoAiy 44 hyperipyone.

&Y 2, #EMAK, mp. 210~212 C. H
HR-ESI-MS 3 2|4 5> ¥ 55 10§ m/z: 383.11295 [M+H]"
(TH5HAE 383.11253), HEWHL A1+~ CyH 50,
ANHIRIEE A 13, '"H NMR ZoRAFAE 1 DZEIRH) AMX &
%i 6y 8.21 (d, J=1.8 Hz, 1H). 7.38 (d, J=8.4 Hz, 1H),
7.82 (dd, J=1.8, 8.4 Hz, 1H). 1 MHEHT oy 6.52 (s,
1H). 14~ 2,2- " H I 206y 5.66 (d, J=10.2 Hz,
1H), 6.92 (d, J=10.2 Hz, 1H), 1.45 (s, 6H)]AI 1 >4 3t
Ou 3.89 (s, 3H); °C NMR B/ &WA 21 MR T,
454 DEPT 1%, 1 1 DMEFEBEEIE 5[0 179.5 (s)]- 10
A sp? LI ZERR [0 160.0 (s), 157.2 (s), 156.8 (s), 151.4
(s), 156.8 (s), 147.7 (s), 139.2 (s), 122.4 (s), 106.7 (s),
105.8 (s)]F1 4 4 sp” ALK F S 5 [0 95.6 (d), 117.2
(d), 117.2 (d), 122.1 (d)]. ZE&SCHR[10THRE % HE, W]
HUEAE— R4, FREIE 22 B 15 AR T
Gh, IBAFAE—A 2,2- B 2H-IE IR [6c 129.1 (d),
116.2 (d), 78.6 (s), 2X28.6 (qQ)IF1—HEHE[oc 60.3
(@)]. HMBC B (K 2)27R, H-3 (dy 5.66)5 C-4a (¢
105.8)#15%, H-4 (dy 6.92)55 C-4a 1 C-10a (6160.0)4H%,
Vi B 2,2- L2 H-IE MR IR 7E C-4a Fl1 C-10a 437 [7) 35 Fi 1F
AL FBAE C-10a A1 C-2 AL ELEEEE. MeO (dy
3.89)5 C-7 (6c 139.2)M:K, AIHE C-7 fi A —ANH4
B, B C A D AMX H i R G5 LA 1)
HMBC, #EMPEA ISR C-3' il C-4' 47, 25 FRn
R, HERL G 2 WS 8-(3.4- R EL)-5-1¢
He-7-H R FE-2,2- — W 3K 2 H 6 H-NH IR [ 3,2-g €00 475 -6- i,
1T % A hyperiflavone.

&Y 3, KPRy, Wi o] —24.44 (c
0.15, MeOH). B HR-ESI-MS 15F|#E7) 15 11§ m/z:
199.16939 [M~+H] (1F5H1H: 199.16926), HEW{b&¥IH)
DF N C,Hpn0,, AN 2. BC NMR &8 6 Mk
55, U0 3 AXIREE ), ARYEXTFREEMIMIRE 5, FRATTLA
H AWK —F RBEEATRHE, NMR 5 SRzt &
WA 1 A LIGFE[0y 5.91 (dd, J=10.8, 17.4 Hz), 5.21 (dd,
J=1.8, 17.4 Hz), 5.04 (dd, J=1.8, 10.8 Hz); dc 146.2 (d),
112.4 (O] 1 NFIEE S04 1.25(s); 0c27.8 (q)]- 1 ME
AEWR[Oc 73.8 ()]VA LA E HEEAE 5 [0y 2.18 (m),
1.59 (m); dc 24.5 (), 42.3 (], H 'H-'H COSY Al HSQC
HEMAETE CHLCH, 50 v Bt 454 HMBC (K 2)En
K15 2., H-1 (6y 5.21, 5.04), H-2 (6 5.91), Hs-11 (54 1.25)
FTH,-4 (0 1.59)7 5115 C-3 (6 73.8)H5%, iHHE, 4
3R CH,CH, 20 3l 52 0R 7 C-3 A%, T C-3 1)
ALY, 4601, C3 fiRiEsE 1| ME
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. EpnNE, S YRFS e mE 1 Pos. B
AW RA N, B BN A 3 ATr-
3,8- “HI BB I5-1,9- 0%5-3,8- I, 44 N hyperalcohol.
HAR OSSR, 53Tk NMR 20 0 1,
3% 58 N isocudraniaxanthone A (4)!'") isocudrani-
axanthone B (5)!"", 2-deprenyl-rheedia- xanthone B (6)"',
5-O-methyl-2- deprenylrheediaxanthone B (7)!'*, 6-fiit 4
FEHILEFRRES), FEGLIEFEO)!Y, hyperire-
flexin (10)!'Y), 4-¥2FERGIEER (1)), 3- 2 FH-4- %
FER(12)1, 1-[5,7-dihydroxy-2-methyl-2-(4-methylpent-
3-enyl)chroman-8-yl]-2-methylpropan-1-one (13)!""), em-
petrikarinol (14)"'", 3-geranyl-1-(2'-methanpropanoyl)phlo-
roglucinol (15)!"*), (4S,5S)-5-(4"-methyl-3'-pentenyl)-4- hy-
droxy-5-methyldihydrofuran-2-one (16)""”, (4S,5R)-5-(4'"-
methyl-3'-pentenyl)-4-hydroxy-5-methyldihydrofuran-2-
one (17)""), 3- 2244 ' 4 W (18)(&] 3)P).
12 (AYIEEYEY

UG 22 Wl (LPS) 175 3 4 41 55 77 11 /)N B 1k 400 it Ak
RAW264.7 NS OERR, J8Id Griess Ao Il 4045
I LW —EHENO)E, WA T HEY 1~17 it
KEtE. 5 R, hyperiflavone (2). isocudraniaxan-
thone B (5)F1 2-deprenylrheediaxanthone B (6)Z I H X}

NO 3 Wh 45 1, e 1Cso 235128 12.90, 16.24 1 9.86
pmolsL .
F£1 LEW1~17 5% LPS 531 RAW264.7 L7 4 NO [

LR EE!
Table 1 Inhibitory effects of compounds 1~17 against LPS-
induced NO production in RAW264.7 cells

Compd.  ICsy/(umoleL™") Cell viability “/%
1 >20 88.14
2 12.90 85.90
3 >20 95.77
4 >20 66.08
5 16.24 86.15
6 9.86 89.75
7 >20 112.54
8 >20 90.15
9 >20 93.90
10 >20 90.58
11 >20 83.45
12 >20 90.80
13 >20 98.75
14 >20 89.75
15 >20 97.38
16 >20 102.81
17 >20 101.61
HFE KA 9.58 96.35
“c=20 umol-L .

,~ HMBC = 'H-'HcCosY

B2 &Y 1~3 (5% HMBC 5 'H-"H COSY A%
Figure 2 Key HMBC and 'H-'H COSY correlations of compounds 1~3
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Figure 3  Structures of compounds 4~18
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BRI EEAR, NN LB SRE 2y
] 18 AMLEY, Horb DUNER AR R =8y 2K 57
HERMEHRE, = a? e T a-ntigiE
A EE AR DI BE SR A &4, &%) hyperiflavone (2).
isocudraniaxanthone B (5)#1 2-deprenylrheediaxanthone B
(6)F I —E P RIE 1, Ui WA R IE TR
MU AL 7T BE S SRR S, IR 80T R %245
VIR SRR

3 IS
3.1 UESHF

K AR (BrukerAM-600 74): i 4% (Thermo/Q
Exactive 2); =80 AH 1% 4% (Ultimate 3000 HPLC %
8t); i &7 3k (YMC-Pack ODS-A (250 mm X 10
mm, 5 pm)); 2 O EER(H B TR,
RP-18 SAHEER(H A YMC A7, 50 um); HF K
(JA2103 B, EigEIMPRE SRR IR A A, X-4 3
TN A S E A AL R AR A R A F); ik
TAE & (SW-CI-2FD B3 1 3 SR i A0 1 48 A5 PR A 7);
TR SR (MCO-5AC I A A=A, 2K
BgAr X (Multiskan GO %432 [H Thermo Fisher A #]); &
BB (E200 B H A Nikon A ). AiHEF. LR -
ETEE. 8. WEE(Hral), B4R FR(RISR),
Sigma ~#l; LE(REL), FEE R A R A A,
LPS. HiZEKI . —H WK, KHE sigma AFl; mfE
DMEM #:7i 5t FH R -HHERBK, £E GE A A, %
BT &= 80N 0.25%) fG4-1iE, 3E£E Gibeo AF]; —
FALERIRF & . CCK-8 W&, BB RAEYH
RARAH].
3.2 fEMMHE

/NIERE 2016 4F 7 H R THIACE B-Llhik 1 E K 9
AR X (N 30°02'07.51"; E 109°43'42.77"), & HH
B K 2 A i Bl 2 A e X ML R 2% 45 e Ak s Rl & 4
kB Y /INEH (Hypericum erectum Thunb), HEYIFRA
PRAE T g R KRB bR AR =, s A
20160709.
33 REHS57E

BUNE M BTy 3.0 kg, MR R FAER 280N
95% L BE A RIRIL, WBUEIRAEIREUR, 18 LRI
410 g, ¥ R T KR, SRR &0 I =K,
WG, SRR, BB E I (147.9
Q) HEAT IEARRE AR E AT, F A k- 28 S Be (R R L
19:1,9:1,8:2,7:3,6:4,1:1,3:7,2:8,0:1)
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FEREVENL, 2 EI(TLOMR MG I, A5 13 M0l
YE FrA~FrM), ¥ Fr.F (8.18 g)ib4T ML (il i 2
B, R - K(ARAEE 3 07, 1:01,7:3,8:2, 1
O)BHFEBEML, TLC K& IF, 53 12 NS (FrF-1~
Fr.F-12). Fr.F-12 454193 8 (2.17 mg). Fr.H (4.20 g)itk
17 ABRERR B A E T, R K-F R 713,
1:1,3:7,2:8,0: DEREDEM, TLC &MA I, 53
11 4~ 4 43 (FrH-1 ~ Fr.H-11), FrH-5 (313 mg) &
HPLC(FEE-—/KARFREL A 71 29)#147535] 11 (2.0 mg,
tx=12.4 min), Fr.H-9 (90.1 mg)%&: HPLC( EE— /KA L
75 1 25) &R R EY) 5 (8.0 mg, t,=26.0 min)Fll 7
(2.0 mg, =233.0 min), FrH-11 (463.6 mg)Z: &
HPLC(Z /KRR g 74 & 26, Kl K 220 nm)75- 2]
A& 13 (1.0 mg, tg=12.1 min). 14 (2.7 mg, t=29.7
min) 1 15 (4.7 mg, t,=19.4 min). Fr.I (4.54 g) #1T M
Tk VAT 28T, AR K- BRI 8 7 23, 101,
317,258,000 DEREEVER, TLC K&, B3] 7 M
43(Fr.I-1~Fr.I-7), Fr.I-1 (50.0 mg)Z: HPLC(F - 7K 4 A1
EboA 35 165, Rl 220 nm)BRLEY 3 (1.7 mg,
_R=750.4 min)f1 12 (1.9 mg, =33.7 min), FrI-3 (30.0
mg)% HPLC(H EE-/KAEFILL N 49.5 & 50.5) 15 84 &4
18 (4.0 mg, rx=19.1 min), Fr.I-4 (210.0 mg)% HPLC(
fE-7K 50 © 50, A& K 220 nm) 7516 &4 16 (9.0 mg,
R=26.2 min)F 17 (24.1 mg, tr=27.0 min), Fr.I-6 (230.0
mg)%4: HPLC(H - /KAFIEL A 65 1 355331tk &4 1
(8.7 mg, 1, =20.2 min). 4 (3.8 mg, fr=26.4 min)F1 10 (1.9
mg, tr=19.4 min), Fr.I-7 (960.0 mg)%: HPLC(FEf—/K1k
A 79.5 1205, fll K 220 nm) G EEY) 2
(14.1 mg, t=18.3 min)+ 6 (6.3 mg, fr=12.8 min)#1 9 (2.5
mg, tr=13.5 min).

Hyperipyone (1): 3 ¥ K, mp. 197~201 C;
[a]® +226.42 (¢ 0.07, MeOH); UV (MeOH) 1 [log
&/(Lemol 'ecm™")]: 235 (3.16), 290 (3.85), 350 (4.18) nm;
ECD (¢ 2.7 X 10 * moleL !, MeOH) [[A]/(degecm’s
dmol )]: 344 (43.90), 257 (+4.24), 208 (+27.56) nm;
'H NMR (600 MHz, CD;0D) §: 4.61 (q, J=6.6 Hz, 1H,
H-2), 6.67 (s, 1H, H-7), 7.73 (d, J=9.0 Hz, 2H, H-2',6"),
6.86 (d, J=9.0 Hz, 2H, H-3',5"), 1.40 (d, J=6.6 Hz, 3H,
H;-8), 1.38 (s, 3H, H;-9), 1.20 (s, 3H, H;-10); *C NMR
(150 MHz, CD;OD) d: 93.8 (C-2), 43.8 (C-3), 109.1
(C-3a), 163.6 (C-4), 165.3 (C-6), 92.7 (C-7), 172.9 (C-7a),
14.9 (C-8), 25.9 (C-9), 20.6 (C-10), 123.9 (C-1'), 128.9
(C-2, 6", 116.9 (C-3',5"), 162.0 (C-4'); HRESIMS calcd for
CH,04 [M+H]" 273.11214, found 273.11203.

Hyperiflavone (2): # B8 K, mp. 210~212 C;

Chin. J. Org. Chem. 2019, 39, 3583~3587



Chinese Journal of Organic Chemistry

NOTE

UV (MeOH) 1 [log &/(Lemol 'scm ")]: 210 (2.88), 255
(3.01), 345 (3.09) nm; 'H NMR (600 MHz, CsDsN) §: 6.52
(s, 1H, H-10), 1.45 (s, 6H, 2 X CH3), 5.66 (d, J=10.2 Hz,
1H, H-3), 6.92 (d, J=10.2 Hz, 1H, H-4), 3.89 (s, 3H,
7-OCH;), 8.21 (d, J=1.8 Hz, 1H, H-2'), 7.38 (d, J=8.4
Hz, 1H, H-5'), 7.82 (d, J=8.4, 1.8 Hz, 1H, H-6'); "°C
NMR (150 MHz, CsDsN) &: 157.2 (C-8), 139.2 (C-7),
179.5 (C-6), 156.8 (C-5), 105.8 (C-4a), 160.0 (C-10a), 95.6
(C-10), 156.8 (C-9a), 106.7 (C-6a), 78.6 (C-2), 28.6
(2-CH3), 129.1 (C-3), 116.2 (C-4), 60.3 (7-OCH3), 122.4
(C-1Y, 117.2 (C-2'5"), 147.7 (C-3"), 151.4 (C-4"), 122.1
(C-6"); HRESIMS calcd for C,H;90; [M + H] *
383.11253, found 383.11295.

Hyperalcohol (3): JLEIHPIRY). UV (MeOH) 4: 220
(3.43) nm; [a]® —24.44 (c 0.15, MeOH); '"H NMR (600
MHz, CD;0D) d: 5.21 (dd, J=1.8, 17.4 Hz, 2H, H-1,10),
5.04 (dd, J=1.8, 10.8 Hz, 2H, H-1, 10) , 5.91 (dd, J=
10.8, 17.4 Hz, 2H, H-2,9), 1.56~1.64 (m, 2H, H-4,7),
2.12~2.25 (m, 2H, H-5,6), 1.25 (s, 3H, Hs-11,12); "*C
NMR (150 MHz, CD;OD) d: 1124 (C-1,10), 146.2
(C-2,9), 73.8 (C-3,8), 42.3 (C-4,7), 24.5 (C-5,6), 27.8
(C-11,12); HRESIMS caled for Cp;,H»0, [M+ H]"
199.16926, found199.16939.

3.4 HEYEMENR

LA LPS 5 SRS 57 (/) R B 4H L Ak RAW264.7
JURANJORERR RS, SR CCK-8 ¥ERHME & kAT 1R 4h4H
W #E i PEIR. SR Griess A4 85 5% 35 o
NO &8, M2, CCR-8PNE: FrabFxifd K
W) RAW264.7 EMEAIIAE S 2 5X10° AN/mL,
FL 100 pL #ZMT 96 FLIR. 1£ 37 C, RIS ECN 5%
CO, MG FRFAM T E IR S, e 96 FLH RE TR,
SRERALIIAN 200 pL &6 A FRVRERS LG (20, 10,
5, 2.5, 1.25 pmoleL™ )35 IR, ¥ E 2 LA IR FL.
24 h )5, W B TR, NS E0N 10%1) CCK-8
WIRIIEE TR 100 pL. 37 CH¥HE 1 h, 7E 450 nm FHK T
R SE RS, THE MG 2. AHAAE R KT 80% )%
FEPU R I VERT 7T, Griess™NE: ¥ RAW264.7 4il g% 1
SIS A R T 96 FLAR . 12 h J5WR HBE IR, I
A 1 pgemL ™" LPS LLRA[EHRFE I S A & 9 35 AR
H, BB LPS BFINBRA. 37 °C, HSECN 5%
CO, % H 24 h. WL 50 pL M4 7f Ligw, 5k
RFANEA, FIBEARCRE I 540 nm AL FIWR G, 25 [ X IE
N5 DMEM R0 3 AR il 2ok i o B 6 55
BOREE, THE NO iz, ]2 KT 50% M AAEE,

Chin. J. Org. Chem. 2019, 39, 3583~3587
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F graphpad prism 5.0 T+ 5 ICs, IEFEHIFERIA ABHIEZ.

i B4kl (Supporting Information) L4547 1~3 1) 'H
NMR, "C NMR, HSQC, HMBC, 'H-'H COSY i #il
HR-ESIMS i [& . X 28 4 B} 7] EL f 3% A 1) 90 3l
(http://sioc-journal.cn/) I N #k.
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