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i E: 50T (Ephedra intermedia Schrenk et C. A. Mey. ) 48 G2 2R (906 22 o0 BTN 5 1 o 107 ek S
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FA-HAEFE N EERR (1) L AEERR (2) | w-hydroxypropioguaiacone (3 ) | threo-8S-7-methoxysyringylglycerol (4) \3-(2,4'-di-
hydroxy-3", 5’-dimethoxyphenyl ) propanoic acid (5) | 8-hydroxy-9-methyl-7-( 4-hydroxy-3, 5-dimethoxyphenyl ) -7-propanone
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(9) .trans-syringin ( 10) | cis-syringin (11) | (4R ) 4-hydroxy-4-( 2-hydroxypropan-2-yl ) cyclo-hex-1-ene-1-carboxylic acid
(12) 72 5E-a- A EE (13) (LAt i (14) 7R (15) JBAZ FZRNAE(16) | (E)-3-(3-hydroxybut-1-enyl) 2,4 ,4-
trimethylcyclohexa-2 ,5-dienone (17 ) . 3-( 3'-hydroxybutyl ) -2, 4 , 4-trimethylcyclohexa-2 , 5-dienone (18 ) | X} 5 7 2L 28 B g
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Chemical constituents from Ephedra intermedia
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Abstract : To study the chemical constituents of the herbaceous stems of Ephedra intermedia Schrenk et C. A. Mey. Twenty-two
compounds were isolated from the 50% aqueous acetone extract of Ephedra intermedia by silica gel ,sephadex LH-20 column
chromatography , Toyopreal HW-40C column chromatography, as well as semi-preparative HPLC methods. Their structures
were identified by spectral analysis as 4-methoxycinnamic acid (1), cinnamic acid (2), w-hydroxypropioguaiacone (3),
threo-8S-7-methoxysyringylglycerol (4),3-(2,4’-dihydroxy-3’,5'-dimethoxyphenyl ) propanoic acid (5) ,8-hydroxy-9-methyl-
7-(4-hydroxy-3 ,5-dimethoxyphenyl ) -7-propanone (6) ,3-hydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl ) -1-propanone (7) ,2-
hydroxyl-1-[ 4-hydroxy-3-methoxyphenyl ( propan-1-one) ] (8) ,methyl caffeate (9) ,trans-syringin (10) ,cis-syringin (11),
(4R) -4-hydroxy-4-(2-hydroxypropan-2-yl ) cyclo-hex-1-ene-1-carboxylic acid (12),7-hydroxyterpineol (13), dehydrovomi-
foliol (14) ,abscisic acid (15) ,loliolide (16) , ( E)-3-(3-hydroxybut-1-enyl) -2 ,4 ,4-trimethylcyclohexa-2 ,5-dienone (17)
3-(3’-hydroxybutyl ) -2 ,4 ,4-trimethylcyclohexa-2 , 5-dienone (18) ,4-isopropyl benzoic acid (19) , p-cymen-7-yl B-D-gluco-
pyranoside (20) ,acyclic 7-hydroxygeranic acid (21),7,7-dimethylbicyclo[ 3. 1. 1 ] hept-2-ene-1-carboxylic acid (22). And
compounds 3-6,8,10-14 ,17-19,21 and 22 are isolated from this plant for the first time. The results of their anti-asthma activ-
ities showed that compounds 11,14 could significantly inhibit the release of B-aminohexosidase.
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1.1 UEFE5i7F

Bruker AVANCE IIT 500 #5U4% kg 4R A3 (2 [ A7
L7/ H]) s Bruker maxis HD B K47 8] 5 i35 (£ [E
T TN T s FEE B LCS2 7Y 25 e il 45 A £ 1%
A (FEIE BRI B A FR 28 7)) 5 Thermo EVO300
2403 66 B3 (Thermo Scientific, USA ) 7 22 41
M5 s Autopol TV 4> [ B e GAL (BB E R AR )
YMC-Pack ODS-A %4 (250 mm x 20 mm,5 pm,
HAS YMC A R 7] ) 5 Multiskan MK3 FER4 (5G]
Thermo Fisher 2\ ] ) ; Operetta CLS =5 PN 18 iG55 B
G (RE BRI .

#8345 B} Sephadex LH-20 ( Fij 8 Amersham
Pharmacia Biotech /Y %] ) ; Toyopearl HW40C ( H 7
TOSOH /3] ) ;0DS(40 ~60 pum, H A YMC A R
H)) ; MCI gel CHP-20 . fL#4 f% Diaion HP-20 ( H 7=
=] s R TSRS GF 254 FE A% A e
(100 ~200 H 200 ~300 H,# H#EEATT ) ;K
Bl M 40 L 1 ol 5 40 U A% ( RBL-2H3) (b4 A1
A R A R A A ) TrintonX-100 (it 5.

1109F0518 , Jb 5t & S A A R A ] ) ; EMEM K
F2 5 (Gibeo Invitrogen A H]) ; AN H & R (5
3230426002) 4% 55 2 (Hit 5. 5220726003 ) . C48/80
(4450000220011 ) 4-fif§ 5t 4 Fe-N-2, Tk 3-B-D-4,
FER A (51102547763, 4 i =99% ) ( Sigma 4y
A 5 BB (g l, R VO AR A Ak 2F S A R
F)) s S (Egkal, 55 FE R A R F) 5 HoAth i 7]
(orpral, REE AR A R A H) o
1.2 @

T BR B I 1 BT i PG S R b 2 6 IF R A BRA
H] |, 2T R R 24 K 24 2 o TR U A 2 O R
WHBHEY R TS Ephedra intermedia 191155 i 2%,
FEYIFRAS (NO. 20201111 ) fRAF- T g v BE 24 R 7 2)
“EBE A PRI B S
1.3 XWHZE
1.3.1 #ERE555

B 45.0 kg R E Iy TR R BT ZE VT B, 50% %
IR 1, AN PR 2 R, IR e 4 75 )
SBEE 1L kg, /K805 MR @ W b L LR
SR IE T B A€ BOCE T U5 15 31 = & P B BB 7
(185.0 g) . &L MR LWRHRAL (1. 37 kg) (IE T BEHRAL
(1.5 kg) FIKEBA

TR M LE AL (185. 0 g) b A A (100 ~ 200
H) , HAhiE- /8 GFR(50:1.,20:1,10: 1 451 ,1¢
1) DA S 2R CTR-H B (200 1.,10: 1.5: 1) Bf FEVRIBE,
#3310 M43 (D1 ~D10) . D7(17.2 g) £ ODS Jz
FRETERE , LI EE-7K (102 90—100: 0) 6 5 e , 15
T ANHA(DT-1 ~D7-7)3;D7-2(2.6 g) BREREFE
(100 ~200 H ), DA =& W He-FEE(350: 15200 1) B
FEVENLE 153 5 A4 43 (D7-2-1 ~ D7-2-5) , Horp D7-
2-3 |+ Sephadex LH-20 Bt , DA 70% H B 55 B 3k
WS 155 5 4204 (D7-2-3-1 ~ D7-2-3-5) ,D7-2-3-3
M A REREHE (38 (200 ~ 300 H) LK HPLC 43 i 46
A A Y 1( Z05-7K 26: 74,1, =44.2 min,12.6
mg) 2( Z -7k 30: 70,1, =40. 1 min,2. 65 mg) .9
( HEE-7K 38: 62,1, =27.9 min, 13.2 mg) ; D7-2-34
2R A el (S e-H BE 350 1) 15 265
8(4.6 mg);D7-3(1.7 g) I- MCI gel CHP-20 #%, LA
FHE-7K (10: 90—100: 0 ) 6 B2 e i, 75 3] 5 4> 2H 53
(D7-3-1 ~D7-3-5) , H:rp D7-3-3 Fil D7-3-5 43 3| ki
A (200 ~ 300 H) 538 J5 it — 2 i HPLC 4li{b 7%
LAY 14( Z0E-7K 24: 76,1, =25.0 min,7.0 mg)
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21 ( 2 HE-7K 27:73 ¢ =19.4 min,12. 3 mg) ; D8
(12.0 g) I MCI gel CHP-20 #F:, A -7k (10: 90—
100: 0) #h BEPEML , 15 2] 6 4~ 3 (D8-1 ~ D8-6 ) ; D8-
2(2.0 g) FREREHE (200 ~300 H ), DL =4 H ge-H
M (270: 1510 1) BEEE VRN /S5 5] 5 >4 53 (D8 -2-1
~D8-2-5) ,D8-2-1 £ HPLC ( HfiEE-7K 29: 71 ) FH Ak Wt
B35 NS (D8-2-1-1 ~ D8-2-1-5) , Hirp D8-2-1-3
1 D-8-2-14 43323+ HPLC 4ifb 5814k 5 % 6 ( 2,
JiE5-7K 12: 88,1, =45.2 min, 13.7 mg) .16 ( Z,J5-7K
25:75,1, =23.5 min,44. 6 mg) ; D8-2-1-5 L4 % 1
JEEaE (A - 35 1) R 2 A 7 (4.0
mg) ; D8-2-2 Fl D8-2-5 43 | # 42 | fif: K 4 (200 ~
300 H) J54 HPLC 4ifbig 8k &9 3( ZNF-7K 15:
85,0, =22.2 min, 1.2 mg) 4 ( PREEL-/K 42: 58,1, =
26.5 min, 1.4 mg) ;D84 (1.2 g) F#ERAE (200 ~
300 H) , A5 L-HBE(200: 1—15: 1) 6 B2 3E MG
JE183] 8 N4> (D84-1 ~ D84-8) , Hirf D84-2 |-
Sephadex LH-20 BERCHE, DL 70% H 545 B v i i
2 HPLC( Z -7k 71:29) 4lifb 15 2454 12 (1, =
18.4 min,6.2 mg) #1 13(¢; =22.6 min,11.5 mg) ;
D84-5 | Toyopearl HW-40C ¥E AT, LA H EE-7K (10
190—100: 0) B P BE 5155 4 >4 4 (D84-5-1 ~
D8-4-54) , Hi D8-4-5-2 Fi1 D8-4-5-3 435l HPLC
ik S BLG Y 15 ( ZE-7K 26: 74,1, =28. 8 min,
22.8 mg) 120 ( FIfig-7K 41: 59,1, =20.6 min,5. 4
mg) ; D8-4-5-4 ZREEAHE (200 ~300 H ) J5 gk —20 8
it HPLC ( FHiE-7K 60: 40 ) 2lifb 15 254 22 (1, =
28.4 min,17.5 mg) ,

LR CTRHRAL (1. 37 kg) b AERAE (100 ~ 200
H) P be- i (250 1,12:1.8: 1) A K &R
CPR-FIBE(35:1.,15:1.5:1.2:1.0: 1) BREE BRI 5 15
F 11 N4 (E1 ~E11) JE4(24.3 g) I MCI gel
CHP-20 ¥, LA FIFE-7K (10: 90—100: 0) A6 FE VR R , 15
F|5 243 (E4-1 ~ E4-5) E4-3 2 mE I (443 (200
~300 H), DL A e-H BE (250 155 1) R B Bk
B, 453 4 250 (E4-3-1 ~E4-34) Hp E4-3-2 |
fERCAHE (200 ~300 H ), LI EE-2 R 4,8 (100: 1 —
20: 1) BEEE VRN S 152 4 257 (E4-3-2-1 ~ E4-3-2-
4) , Hr E4-3-2-2 28 HPLC ( £ -7k 30:70) 4lifkis
FMEEW 17 (1 =19.3 min,2.4 mg) F118(1, =24.1
min,9.2 mg) ;E4-3-24 £ HPLC ( 1 fiE-7K 10: 90) 46
ABEL S 19(1, =28. 1 min,3.0 mg) ;E8(89.3

g) I MCI gel CHP-20 3, D) F -7k (10: 90—100:
0) B FEVEML, 153 6 4~ 2H 5> (ES-1 ~ E8-6) , E8-2
(5.3 g) I Toyopearl HW40C #EB4E L EE-7K (10:
90—100: 0) B BE VL, 55 5 A~41 4> (E8-2-1 ~ E8-
2-5) ,E8-22 FRERAE (200 ~300 H) , UL 2.1 2. Tis-
FHBE(400: 1-50: 1) B BEPEIR F5 752 5 A4~2H 55 (E8-
22-1 ~E8-22-5) , Hirp E8-2-2-1 il E8-2-24 434l %%
HPLC #4fifk 15 214k &4 5 ( L HE-7K 8: 92,1, =20.1
min,17. 8 mg) .10 ( Zfif-7K 10: 90 ,¢, =20. 6 min,12
mg) 11( ZfE-7K 10: 90,1, =24. 6 min,3.7 mg) ,
1.3.2 ARSI vs BN

JIE IR 44t 2 2 5 0 Wi P A% o 255007 400 L, 0% i B
23 I M JIE K 200 B i SR, B B4 3 L A 1 ( B-ami-
nohexosidase ) £ Jf#% (histamine ) 25 F{)BE R, 76 7 g 19
R AR AR O o K B B 4 L 11 1 4
Jikk (RBL-2H3 ) f 2 455 401 i v AT K 48 B 3% £k 5t
WKL, A SEH6 R T C48/80 1755 RBL-2H3 4 fifd it it
B, A R RRE Hh oy 8 Ak A5 21 19 B AL 5 P i
P10 RIS bkt K B-Hex BEJ2, MM
7 176 HH A0 P % 1 1 o

¥ RBL-2H3 4l & T %4 15% FBS ) EMEM
Bige e, T 5% CO, (1) 37 ClEER FRA R 7 2 X}
B K, F AN 23 0 3 x 10* A/ mL 50T 96
fLHH, 24 h J5 43 o0 IE H 4B 4 (C48/80, 30
wg/mL) (252520 (10 wmol/L H{RAL 51 + C48/80,
30 weg/mL) LA K B F4 (1% Trinton X-100) , 254
K CA8/80 I & W BL i, 53 4ME 3 ~5 43S
HAL A& i, 5 & 208D o Hi 30 min f5, B
50 wL 40 F3E, ImA 50 L 1 mmol/L ) - FE
W IS A W, 37 CHEE 1 oh, A 150 pL
Na,CO,/NaHCO; £ 1F % % 1k 2 i, B A5 /X 405 nm
TR S EEFE (1) T B-Hex BELFE(R) o

R=(A,-A,)/(A5-A,) x100% (1)

A A SR FIF RO A, 25 AL BT
W CEE s A, < AL IS WG
2 RS54
2.1 SZMEE

wEwm1 JTEfMAE(HE);ESI-MS: m/z 179
[(M+H]" 47k C,H,,0,,'"H NMR (500 MHz,
CD,0D)§:7.66 (2H,d, J =8.8 Hz, H2,6),6.87
(2H,d,J =8.8 Hz,H-3,5),6.83(1H,d,J =12.8
Hz,H-7),5.81(1H,d,J =12.8 Hz,H-8),3.80(3H,
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s,4-OCH, ) ;" C NMR (125 MHz, CD,0D) §:133. 1
(C-1),128.9(C-2,6),114.4(C-3,5),161.9(C4),
143.3(C-7),118.4 (C-8),170.3(C9),55.7 (4-
OCH,) ., DA% 5 ek il — 20, e e &
Hy 4-HAE BT .

wEWm2 HE R PR ESI-MS: m/z 149
[M+H]", 13N CHO0,.,'H NMR (500 MHz,
CD,0D) 8:7.66 (1H,d, J =16.0 Hz, H-7),7.58
(2H,m,H-2,6),7.40(3H, m,H-3,4,5),6.47(1H,
d,J=16.0 Hz,H-8) ;°C NMR(125 MHz,CD,0D)8§:
135.9(C-1),129.3(C-2,6),130.1(C-3,5),131.4
(C4),146.2(C-7),119.5(C-8),170.5(C9) , Lk
EBed - Sk HGE — B B E LA N TR

LEW 3 JC Ak Y5 ESI-MS: m/z 196
(M]*, 4 ¥k C,H,0,,'H NMR (500 MHz,
CD,0D)§:7.57 (1H,dd, J =8.2,2.0 Hz, H6'),
7.54(1H,d,J=2.0 Hz,H-2") ,6.86(1H,d, ] =8.2
Hz,H-5"),3.93(2H,t,J =6.2 Hz,H-2),3.90(3H,
s,3'-0CH;) ,3. 15(2H,t,J =6.2 Hz,H-1) ;”C NMR
(125 MHz, CD,0D) §:58.9 (C-1),130.7 (C-1"),
41.7(C2),111.9(C2"),199.7 (C-3),149.1 ( C-
37),153.4(C4"),115.8(C-5"),124.7(C-6") ,56. 4
(3'-0CH,) , DA%t 5 3cik " 4R il — 3, # g 4k
AWM w-hydroxypropioguaiacone ,

wEaEwma TEImiRY; ESI-MS m/z 281 [M +
Na]*, s+ F K C,H, O..,'H NMR (500 MHz,
CD,0D)§:6.63(2H,s,H-2,6) ,4.07(1H,d,J =6.3
Hz,H-7),3.84(6H,s,3,5-0CH,) ,3.72(1H,td,J =
6.4,3.9 Hz,H-8),3.63(1H,dd,J =11.3,3.9 Hz,
H-9a) ,3.55(1H,dd,J =11.3,6.4 Hz, H9b) ,3.21
(3H,s,7-0CH, ) ;" C NMR (125 MHz, CD,0D) §:
130.6(C-1),106.2(C-2,6),149.2(C-3,5),136. 4
(C4),85.9(C-7),76.2(C-8) ,64.3(C-9),56.7(3,
5-0CH,) . VL_F%ods5 ekt ™ il — 2k, i e b &
K threo-8S-7-methoxysyringylglycerol ,

wEWS FEaJoERKAK; ESI-MS: m/z 243
[M+H]" 47k C,H,0,,'"H NMR (500 MHz,
CD,0D)§:7.33(2H,s,H-2",6"),5.13(2H,td, J =
3.9 Hz,H-2),3.90(6H,s,3",5'-OCH, ) ,3.87 (1H,
s,H-3a),3.74(1H,dd,J =11.6,4.9 Hz,H-3b) ;" C
NMR (125 MHz,CD;0D)§:199. 7(C-1) ,75.6(C-2) ,
66.2(C-3),126.7(C-1"),107.7(C-2",6"),149. 1

(C-3",5"),143.0(C4"),56.9(3",5'-0CH,) ., L) I
B 5 Sk ol — B B E LS Y 3-(2,47-di-
hydroxy-3",5’-dimethoxyphenyl ) propanoic acid,

wawme Jomshih(HEE); ESI-MS: m/z 227
[M+H] ", 4Fxk C,,H,0,,'"H NMR (500 MHz,
CD,0D)§:7.32(2H, overlap, H-2,6) ,5. 19(1H, q, J
=6.9 Hz,H-8),3.90(6H,s,3,5-0CH,) ,1.41(3H,
d,]=6.9 Hz,H-9) ;" C NMR (125 MHz,CD,0D)§:
126.2(C-1),107.7(C-2,6),149.1(C-3,5),142.9
(C4),202.0(C-7),70.0(C-8),22.1(C9),56.9
(3,5-0CH;) o A I ¥ 5 ekt ™ 138 — 3, e
A ¥ M 8-hydroxy-9-methyl-7-(4-hydroxy-3 ,5-dime-
thoxyphenyl ) -7-propanone ,

EWT HEHIRE G (HE) ; ESI-MS:m/z
249 [M +Nal]*, 4+ K C,,H,0,.,'H NMR (500
MHz,CD,0D)8:7.31(2H,br s,H-3,5) ,3.94(2H, 1,
J= 6.2 Hz,H9),3.89 (6H,s,2,6-0CH,),3.17
(2H,t,J = 6.2 Hz, H-8);"” C NMR (125 MHz,
CD,0D)5:129.0(C-1),149.1(C-2,6),107.3(C-3,
5),143.1(C4),199.6(C-7),41.7(C-8),59.0( C-
9),56.9(2,6-0CH,) . LA ¥4 5 k™ 4 —
BOHE G Yl 3R -1 (42 583, 5- T A
HEL) -1-N

WwEWmS8 HEOE K, ESI-MS: m/z 197 [ M +
H]", 4T XK C,H,0,.,'H NMR (500 MHz,
CD,0D)8:7.55(1H, br s, H2),7.53 (1H, br s, H-
6),6.83(1H,d,J = 8.9 Hz,H-5),5.15(1H,m, H-
8),3.89(3H,s,3-0CH,) ,1.39(1H,d,J = 6.9 Hz,
H-9);"”C NMR (125 MHz,CD,0D)§:126.7(C-1),
112.3(C2),155.2(C-3),149.6 (C4),116.2 ( C-
5),125.3(C-6),201.8(C-7),69.8(C-8),22.2(C-
9),56.3(3-0CH;) , LI I $d 5 3cmk ' i —3,
WE Yy 2- 58 B-1-(4-5 R -3 - F A B ) A BE-1 -
AT
HEWY IRECKAR;ESI-MS:m/z 231 [M +
Nal]*,4r+=F C, H,O,,'H NMR (500 MHz,
CD,0D)§:7.58 (1H,d, J = 16.0 Hz, H-7),7.16
(1H,d,J= 1.8 Hz,H2),7.05(1H,dd,J =8.0,1. 8
Hz,H-6),6.80(1H,d,J = 8.0 Hz,H-5) ,6.30(1H,
d,/ = 16.0 Hz, H-8),3.88 (3H, s, 9-0CH, ) ;" C
NMR( 125 MHz, CD,0D) §:127.8(C-1),116.0( C-
2),150.5(C-3),149.4(C4),116.5(C-5),124.0
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(C-6),111.7(C-7),146.8(C-8),171.1(C9),56.4
(9-OCH;) o A b #idfs 5 Scmik'"™ #1238 — 2, i 2 4k
G SRR TP S

LEW10 [ (HEE) ;ESI-MS:m/z 372
(M]*, 4F:HK C,H, O0,,'H NMR (500 MHz,
CD,0D)58:6.74 (2H, s, H-3,5),6.54 (1H,d, J =
15.9 Hz,H-7) ,6.32(1H,dt,J =15.9,5.6 Hz,H-8) ,
4.25(2H,d,J =5.6 Hz,H9) ,4.86(1H,d,J =7.7
Hz,H-1"),3.85(6H,s,2,6-0CH, ) ,3.20 ~3.77 4k
) —Z 5 Z B, AL & ) & A A s B, 9F
WRYEAE AR % J =7. 7 Hz HEMZ w2088 R B
C NMR( 125 MHz,CD,0D)§:135.9(C-1),154. 3( C-
2,6),105.4(C-3,5),135.2(C4),130.0(C-7),
131.3(C-8),62.6 (C9),105.3(C-1"),75.7 (C-
2'),78.3(C-3"),71.3(C4"),77.8(C-5") ,63.6(C-
6'),57.0(2,6-0CH;) . LI I %4 5 3wk a8 —
L HEE YN trans-syringin,,

LEW I e (HEE) ;ESI-MS:m/z 372
[M+Nal]*, /3F5k C,H,0,,'"H NMR (500 MHz,
CD,0D) 8:6.49 (1H,d, J =11.7 Hz, H-7),5. 82
(1H,dt,J =11.7,5.3 Hz, H-8) 3k — /NIt = X4
{%%;"C NMR (125 MHz, CD,0D)§:135.6(C-1),
154(C-2),108.0(C-3),134.7(C4),108.0(C-5),
154.0(C-6),131.5(C-7),132.5(C-8),62.6(C9),
105.3(C-1"),75.7(C-2"),78.4(C-3"),71.4 (C-
4"y ,77.8(C-5"),59.8 (C-6"),57.1(2,6-0CH,) .
LE Bt 5 sk Rl — 5, B Z AN cis-
syringin,

waEW12 TR Y; ESI-MS m/z 223 [M
+Nal*, 57k CyH,O0,,'H NMR (500 MHz,
CD,0D)58:6.90(1H,d,J =2.2 Hz,H2) ,2.48(1H,
d,J=16.9 Hz,H-3a),2.35(2H,m,H-6) ,2. 18 (1H,
d,J =16.9 Hz, H-3b),1.90 (1H, m, H-5a), 1.57
(1H,m,H-5b),1.22(3H,s,H-10),1.21 (3H,s, H-
9);" C NMR (125 MHz, CD,0D) §:130.9 (C-1),
138.9(C-2),33.9(C-3),74.7(C4),27.7(C-5),
22.1(C-6),171.0(C-7),75.6 (C-8),24.6 (C9,
10) o LA b-%5cd 5 Sclik ™ il — 80 s E s R
(4R ) 4-hydroxy-4-( 2-hydroxypropan-2-yl ) cyclo-hex-
1-ene-1-carboxylic acid,

wEWI13 TR Y); ESI-MS: m/z 193 [M
+Na]*, pF=R N Cy HL0,,'H NMR (500 MHz,

CD,0D)§:5.65(1H,s,H2),3.92(2H,J = 13.5
Hz,H-7),2.14(1H,m,H-3b) ,2. 11 (1H, m,H-6a) ,
2.03(1H,m,H-6b),1.97(1H, m,H-5a),1.85(1H,
m,H-3a),1.51 (1H,m,H4),1.25(1H, m, H-5b),
1.16(6H,s,H9,10) ;" C NMR (125 MHz,CD,0D)
5:138.6(C-1),123.3(C2),24.9(C-3),46.5(C-
4),27.6(C-5),27.2(C-6) ,67.2(C-7),73.1(C-8) ,
26.2(€9),27.7(C-10) . LA F¥od 5 3cmk™
— 3 EE YR T- 5 H - - NI

wEWw14 T MRY) ; ESI-MS: m/z 223 [M
+H]", 5 F=k CyH0,,'H NMR (500 MHz,
CD,0D) §:6.99 (1H,d, J = 15.8 Hz, H-7),6.42
(1H,d,J =15.8 Hz,H-8),5.93(1H,s,H4),2.60
(1H,d,J =17.1 Hz,H-2a),2.27 (1H,d, J =17. 1
Hz,H-2b),2.30(3H,s,H-10),1.89(3H,d,J=1.3
Hz,H-11),1.05(3H,s,H-12),1.01 (3H,s,H-13);
“C NMR (125 MHz,CD,0D)§:42.0(C-1),50.5(C-
2),200.7(C-3),128.4(C4),164.7(C-5),80.0(C-
6),148.4(C-7),131.7(C-8) ,200.4(C9) ,27.6(C-
10),19.2(C-11),23.5(C-12) ,24.7(C-13) . LA I % d
SRR i — B B A o S

wEW15 HEKAK;ESI-MS. m/z 265 [M +
H]", 4+ K C, Hy 0,,'H NMR (500 MHz,
CD,0D)§:7.77 (1H,d, J =16.1 Hz, H4),6.24
(1H,d,J=16.1 Hz,H-5),5.91 (1H,s,H-8),5. 74
(1H,s,H-2),2.52(1H,d,J = 17.0 Hz, H-10a),
2.18(1H,d,J = 17.0 Hz,H-10b),2.03(3H,s, H-
15),1.92(3H,s,H-14),1.06 (3H, s, H-12), 1. 02
(3H,s,H-13) ;" C NMR (125 MHz,CD,0D)§:169. 4
(C-1),119.5(C2),166.5(C-3),129.4 (C4),
138.0(C-5) ,80.6(C-6),151.1(C-7),127.6(C-8),
201.0(C9),50.6(C-10),42.8 (C-11),19.6 ( C-
12),23.6(C-13),21.3(C-14) ,24.7(C-15) . VI I
B 55530k Rl — 2 B A ISR

WwEW16 O ERM K ESI-MS  m/z 197
[M+H]" 4»F=H C,H,0,,"H NMR (500 MHz,
CD,0D)&8:5.74 (1H, s, H-7) ,4.21 (1H, m, H3) ,
2.43(1H,d,J =13.6 Hz,H4a),1.98 (1H,d, J =
14.4 Hz,H-2b),1.75(3H,s,H-11),1.72(1H,d, J
=13.6,3.9 Hz,H4b) ,1.52(1H,dd, ] =14.4 3.5
Hz,H-2a),1.45(3H,s,H9),1.26 (3H,s, H-10);
“C NMR (125 MHz,CD,0D)§:37.2(C-1) ,47.9(C-
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2),67.2(C-3),46.4(C4),88.9(C-5),174.4(C-
6),113.5(C-7),185.6(C-8),27.0(C-9),31.0(C-
10), (C-11) o DA b %cds 5 ek s — 2, i
EY N BEFTEZ NG,

Ww&EW17T TR Y ESI-MS : m/z 207 [M
+H]*, 47k C,H,0,,'H NMR (500 MHz,
CD,0D)5:6.98(1H,d,J =9.9 Hz,H-2) ,6.34(1H,
d,J=16.2 Hz,H-7) ,6.17(1H,d,J =9.9 Hz,H-3),
5.84(1H,d,J =16.2 Hz,H-8) ,4.42(1H, m,H9),
1.93(3H,s,H-13) ,1.32(3H,d,J =6.5 Hz,H-10),
1.26(3H, s, H-12),1.25(3H, s, H-11);” C NMR
(125 MHz, CD,0D) §:41.0 (C-1),160.0 (C-2),
126.2(C-3),188.9(C4),125.0(C-5),161.3 (C-
6),143.8(C-7),131.5(C-8),69.0(C9),23.6(C-
10),26.9(C-11,12),13.2(C-13) . Dk 35 ¢
kR — 2 B E L S8 (E) -3-(3-hydroxybut-
1-enyl) -2 ,4 ,4-trimethylcyclohexa-2 ,5-dienone ,

wEW18 Tota sk (HEE) ; ESI-MSm/z 207
[M-H] ", 4%k C5H,,0,,'/H NMR (500 MHz,
CD,0D)§:6.93(1H,d,J =9.9 Hz,H-5) ,6.14(1H,
d,J=9.9 Hz,H-6),3.81 (1H,m,H-3") ,2.59(1H,
m,H-1'a),2.37(1H,m,H-1'b) ,1.88(3H,s,H-7),
1.58(1H,m,H2"),1.28(3H,s,H-8),1.27(3H,s,
H9),1.21(3H,d,J =6.3 Hz,H4") ;" C NMR (125
MHz,CD,0D) §:188.5(C-1),132.4(C=2),165.5
(C-3),42.2(C4),160.2(C-5),126.1(C-6),26.0
(C-7),25.9(C-8),11.5(C9),27.9(C-1"),38.7
(C-2"),68.8(C-3"),23.3(C4"), LA L%d 53
Bk R — 2k, B E AL A R 3-(3 -hydroxybutyl ) -
2,4 ,4-trimethyleyclohexa-2 ,5-dienone,

wEW19 Jota ik (P ) ;ESI-MS: m/z 187
[M+Nal]*, 23+ C,H,,0,,'"H NMR (500 MHz,
CD,0D)8:7.93 (1H,d,J =8.4 Hz,H-3,5),7.32
(1H,d,J =8.4 Hz,H2,6),2.98 (1H, m, H-1") ,
1.26(6H,d, J =6.4 Hz, H2',3");" C NMR ( 125
MHz,CD,0D)§:155.7(C-1),131.0(C-2,6),127.5
(C-3,5),129.6(C4),35.5(C-1") ,24.1(C2",3"),
170. 1(C4") o LA b%d 5 Scik™ il — 20, #i e
G AR R R

wEW20 TR Y ESI-MS  m/z 335 [M
+Na]*, pF=R N CyHy,O,.,'H NMR (500 MHz,
CD,0D)é8:7.33(2H,d,J =8.0 Hz,H-2,6),7.20

(2H,d,J =8.0 Hz,H-3,5),4.63(1H,d,J =11.6
Hz,H-10),4.63 (1H,d,J = 11.6 Hz, H4'),4.33
(1H,d,J =7.8 Hz,H-1"),3.98 (1H,dd, J = 11.9,
2.1 Hz,H-6"a) ,3.69(1H,dd,J =11.9,5. 6 Hz, H-6'
b),3.26 ~3.32(3H, m,H2",3",5"),2.87 (1H, m,
H-7),1.24 (3H,s),1.22 (3H,s);"” C NMR (125
MHz,CD,0D)§:136.3(C-1),129.5(C-2,6),127.3
(C3,5),150.0(C4),35.1(C-7),24.5(C-8,9),
71.6(C-10),103.1(C-1"),72.1(C-2"),78.0 ( C-
3'),71.7(C4"),78.1(C-5"),62.8(C6"), LA %k
H5 53k R — B, T U E LA N p-cymen-
7-yl B-D-glucopyranoside,

WwEM 21 WY ESI-MS m/z 209 [ M
+Na]*, pF=RX N CyH,0,,'H NMR (500 MHz,
CD,0D)8:5.66(1H,br s,H2) ,2.16(1H,d,J =7.4
Hz,H-5),2.13 ~3H,d,J =1.1 Hz,H4),1.56 (2H,
m,H-6),1.43(2H,m,H-7) ,1.17 (6H,s,H-9,10) ;
3C NMR (125 MHz, CD,0D)§:170.3 (C-1),116.9
(C2),161.5(C3),18.7(C4) ,44.1(C-5),42.3
(C-6),29.2(C-7),71.2(C-8),23.2(C9,10) . LI
B S SR R — B B E AL S R acyclic 7-
hydroxygeranic acid,

&M 22 B ENDIRY; ESI-MS: m/z 189 [ M
+Nal*, AF=Hk CyH,0,.,'H NMR (500 MHz,
CD,0D)§:6.82(1H, m,H2),2.73 (1H, m, H3),
2.49(1H,m,H-5),2.44(2H,m,H-6) ,2. 12(1H,m,
H-4a),1.34(3H,s,H-8),1.10(1H,d,J =9.0 Hz,
H-4b),0.79 (3H, s, H9);"” C NMR (125 MHz,
CD,0D)§:137.8(C-1),141.7(C2),42.5(C-3),
33.1(C4),41.7(C-5),32.1(C6),38.6 (C-7),
26.4(C-8),21.3(C9),169.7(C-10) , Ll ¥R
SR R — B B Al 7, 7-dimethylbicy-
clo[ 3. 1. 1 Jhept-2-ene-1-carboxylic acid,

A1 ~22 E5H LI 1,

2.2 (RSN EIEM

i 7. C48/80 155 RBL-2H3 21 it Jit ik {4
AR R 22 S B A G W AT 0 A O
Y25 R R 10 umol /L, 25 5 g 5%, ot Bk # vh
HRAL A 11 14 RRAZ B ] B-E 3L ORI
BEL(P <0.05) (L3 1), 235 RBL-2H3 4 ifd Jii 5t
RS, $ s HL T 68 8 A 91 o] A 200 i ot Ok e 44
B m A o
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Fig. 1  Structures of compounds 1-22
=1 LEWXT C48/80 iFS RBL-2H3 B B-Hex REHIHIE2 00
Table 1  Effect of compounds on release of B-Hex in RBL-2H3 induced by C48/80
2H 51 B-Hex e % 2151 B-Hex BEHR
Group Release of B-Hex( % ) Group Release of B-Hex( % )
IE# 40 Normal group 0.60 £0.08 11 0.74 +0.03 "
HURZ Model group 1.00 £0. 06" 12 1.09.£0.02
1 0.89 £0.12 13 1.24 £0.13
2 1.24 +0.02 14 0.74 £0.12"
4 0.96 +0.18 16 0.99 £0.03
5 0.93 £0.08 17 0.94 £0.08
6 0.94 £0.12 18 0.94 +0.11
7 1.22 £0.12 19 1.06 £0.11
8 1.14 £0.04 20 1.02 £0.09
9 1.08 £0.00 22 0.93£0.11
10 0.87 £0.03

TE: HIER AL, ™P < 0.001; 5EBAMIL, * P < 0.05,
Note : Compared with normal group,” P < 0. 001 ; Compared with model group, * P < 0. 05.
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