Y@ RP RS oy

440 Journal of China Pharmaceutical University 2017,48(4) :440 —444

1,6-0,0- "B BE Rl BRABEITEMHN SR EE
M NO & B 1

kWU LBRBEE L AEL R M

(P AT BB R B R e 2 5 — I e 242340 , W2 223300 5 R RFR A 242 g , K HE 300070
PR BB A R R P2 A B s, K 300070)

W OE OAMRELTRRS BAE N 1-0-TB A XL EIANE (ABL) A R4, ZBILE E REREBHET 8 A1,
6-0,0-=Ftk K jt#% %6 A B (OABL) #7 £ 4 (e 54 1 ~8) , JH Rl H 3 i % 48 (LPS) i 549 E o 49 il — AALR(NO) £
R IEAER G EM LR R EM, SR AW AW S ~8 A BAFe9 4] NO A R &M (IC, <2 pmol/L) , 7 MK P45
%FA4 OABL 23485,
KR 1,6-0,0-=Fk RIL#H B NAB AT EM ;60 —RARGR R ER
mESHEE RI4.5;R965  MEEERERG A XEHE 1000 -5048(2017)04 - 0440 - 05

doi:10. 11665/j. issn. 1000 —5048. 20170408

SIS Rdr, SLmem, &£ 36,5 . 1,6-0,0- =B K 678 B A0 A B 47 £ 4 a9 & R A F A7) NO A R ER[T]. + B %4 KX F FIR,
2017,48(4) :440 —444.

Cite this article as: ZHU Hong, WEI Xiaopeng, JIN Meihua, et al. Synthesis and inhibition of NO production activities of 1,6-0, O-diacylbritan-
nilactone derivatives[ J]. J China Pharm Univ,2017 ,48(4) :440 —444.

Synthesis and inhibition of NO production activities of 1, 6-O, O-diacylbritan-

nilactone derivatives

ZHU Hong'*, WEI Xiaopeng®, JIN Meihua®, QIN Nan’
" Department of Pharmacy, Huai'an First People's Hospital, Nanjing Medical University, Huai'an 223300; > School of Pharmacy, Tian-
jin Medical University, Tianjin 300070; ° Research Center of Basic Medical Sciences, Tianjin Medical University, Tianjin 300070, China

Abstract Eight 1, 6-0, O-diacetylbritannilactone ( OABL) derivatives ( compounds 1-8) were synthesized by
esterification or reduction of 1-O-diacetylbritannilactone ( ABL) isolated from Inula japonica. All derivatives were
evaluated for their anti-inflammation activities through the determination of inhibition of nitric oxide ( NO) pro-
duction in lipopolysaccharide ( LPS) -induced macrophages. As results, compounds 5-8 (1Cy; <2 pmol/L) exhibi-
ted more potent inhibition of NO production activities than the lead compound OABL.

Key words 1,6-0, O-diacylbritannilactone; derivatives; synthesis; nitrogen monoxide; anti-inflammation activities
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Scheme 1  Synthesis of 1,6-0,0-diacetylbritannilactone (ABL) deriva-
tives. Reagent and condition: (a) Ac,O/Pyridine; (b) NaBH,/CH,Cl, ;
(¢) Acyl chloride/TEA/CH, Cl, 5 (d) : EDCL/DMAP/CH, Cl,

1 SKIEERSH

L1 #HHE5E

AVA00 A% i Fe 4 9 315 AX (1% [ Bruker A ],
TMS N#5) 5 MicroTOF-Q 11 4 w5 M fiE e, 155 55 - U %
FE-CATH[A] LC-MS B2 5T % 4% ( 38 [ Agilent 24
A]) s ETS-D5 fm#Aa s 7y i bk 4 (5 IKA A7) ;
JASCO P-2000 4= [ 3l % 7 g Y6 A ( H A 43 6 A
) 5 G A (R AR A D o

WAL < BEFR Y (WA [ Bk P4 DY i A ) R
FARRAF) /R E E i RAW264. 7 41 i
(o FE A MR AR AT ) 5 i A 300 5 700 22 O i 5 4
Mradi,
1.2 ABL #9355

TEBEAE T 1K RAE 7 (100 kg) 28 75% L FENN
AR PRER 3 Uk, AR R 2 h VR IS 1 E AL 2

FEHEHLY) 15 kg SRR ZK R MIREGH R
BRZEHL 5 K, IR LR TR 2.0 kg, BIF LR &
RIZWRAG IS8 IR CTEAHU 1.2 kg, LR LT
PR A RERCHE 5 (A k- TR ClR,5: 1,401,
301,102 A ERBEVRIE S AAERER) 43 8,
Ao BL Tk (A EE- O TR O BR-H EE-K 1110 T
ABYEREE AR, S ARSI AE , % 500 r/min)
H B E 45 0 B 2k )5 19 81 ABL 285, 16 ¢ FfER
SR, 43 B AR B ABL, A0S Bk | ek
i B 5 SckR s — 307
1.3 LA
1.3.1 1,6-0,0-— @ A-118-F A KLk B i
Mg (b4 1) 64 ) FREL OABL 35.0 mg
(0.1 mmol) F N A, in A 5 H FE 1 mL fiff
HE MR 0] SR I 0. 12 mmol B S fb4H, =
B PR . W2 S (TLC) W 2 W 58 42, 1]
KA 0. 1 wmol/L 5 & 8 5 pH 3] v
AR AR A HLAR, TR, U, W AR 1R
FHL o HH 28 Bk A 3 (Al k-2 R ST,
8:1,4:1,2: 1,151, B AR FEVEIR 3 AN FERFR) 46
AR TG R Y 18. 1 mg, 72 #% 51.3% ,'H NMR
(400 MHz,CDCL,) §:5.38(s,1H) ,4.85 ~4.82
(m,1H) ,4.04 ~3.97(m,1H),2.98 ~2.89(m,
1H),2.79 ~2.70(m,2H) ,2.63 ~2.59(m,1H) ,
2.51(dd,J =16.4,3.0 Hz),2.04(s,3H),2.00
(s,3H),1.81(s,3H),1.55 ~1.40 (m,2H),
1.37(d,J=7.5 Hz,3H),1.34 ~1.19(m,4H) ,
0.91(d,J=6.9 Hz,3H); " C NMR (100 MHz,
CDCl, ) &: 177.96, 171.25, 170.90, 134.51,
131.51, 75.94, 64.58, 64.33, 44.82, 38.41,
34.36, 34.31, 32.13, 26.64, 21.36, 20.97,
20.92,18.71,9. 84 ;ESI-MS m/z:353[M+H] ",
1.3.2 1-0-T B2 -6a-0-45 X B A X b B A
BE (fL&4h 2) w94 FRHUABL 30.8 mg (0.1
mmol ) F R H, A TG/K — S H e 1 mL i H
1] RS = 2 e 0.2 mmol , SR S5 i A
FEIE S 0. 2 mmol, Z RS 7% . TLC W 2
I 584, 1] SV HR I A AR R TR 44 7K v A
5 pH Bk, S BRI, WA P, T4,
TEUE MR AR TSR o R R A R (Y k-
LPROTR,8:1,4:1,2: 1,1 1, R AR REVEIE 3 4
FEAR B 2l 4k 153 T8 & 3 R W 20.9 mg, 7 3R
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53.2% , 'H NMR (400 MHz, CDCL,) §:6.29 (d,
J=2.5Hz,1H) ,5.86(d,J =2.0 Hz,1H),5. 10
(s,1H),4.87 ~4.85(m,1H),3.92 ~3.80(m,
2H),3.37(d,J =6.1 Hz,1H) ,2. 64 (br s,1H) ,
2.60(s,1H) ,2.42(d,J=16.0 Hz,1H) ,2.00(s,
3H),1.74(s,3H),1.89 ~1.37 (m,4H),1.11
(s,9H),1.00 ~0.93(m,1H),0.79(d,J =6.9
Hz,3H);"”C NMR (100 MHz, CDCl,) §:177. 18,
170. 14, 168.52, 135.30, 132.56, 131.31,
123.84, 73.89, 68.13, 63.23, 41.87, 37.94,
33.68, 32.06, 29.99, 25.94, 25.46, 19.93,
19.46,17. 67 ;ESI-MS m/z:393[M +H] *

1.3.3 1-0-TBA-60-0-F KBl K itk B A
B (fe&-4h 3) 694 FREC ABL 30.8 mg (0.1
mmol ) F S WL H, A TG K — 5 H be 1 mL i
VA, RO = 2 0. 2 mmol, SR 5 A
3-HZE T HES 0. 2 mmol , iR FEI A, TLC W
SN FE 4 [ SV R IR A R AN 7K 5 ]
T pH Bk, R PG R A LA, T,
U8 AR AL o KL SRR A B (A THTE- £
BR TR, 8: 1,401,201, 15 1 RN BREEVRIBE 3 A A
O 24615 T @Rk Y 19.0 mg, =2 48.5%
"H NMR (400 MHz, CDCL,) 8:6.30(s,1H),5.87
(s,1H),5.15(s,1H),4.86 (br. s, 1H),3.89 ~
3.85(m,2H),3.40(d,J =6.1 Hz,1H) ,2.64 (d,
J=16.0 Hz,1H) ,2.62(s,1H) ,2.42(d,J =16.0 Hz,
1H),2.10 ~2.09(m,2H) ,1.97(s,3H),1.34 ~1.19
(m,4H),0.88(d,J =5.6 Hz,6H),0.81(d,J =6.7
Hz,3H);"” C NMR (100 MHz, CDCl,) §;171.96,
170. 15, 168. 50, 135. 28, 132. 71, 131. 15, 123.91,
73.93,67.98,63.22,42.63,41.93,33.62,32.09,
30.10,25.51,24.76,21.40,21.34,19.94,19. 48,
17. 54 ;ESI-MS m/z:393[M +H] * |

1.3.4 1-0-TB 3 -6a-0-(3,3-—F A THL) X
TR BILME (LA 4) e bR FRIL30.8 mg
(0. 1 mmol) %) ABL F e B, i A Jo7k — 54 H
Bt 1 mL i L A, ) SO oA = L g 0.2
mmol , SR JGINMA 3,3- " HE TS 0. 2 mmol, EJE
P FEat 7 . TLC Wil 52 hy 56 4, o] s o i o m A
FRR R AN /K WA 50 pH B ek, U e AR
B WCRA DA, T8, o i v s . M e
RERCHE A (A Thik- LR O R, 8:1,4:1,2:1,1: 1,

BB EEVR I 3 AR AR A A 15 T ik
18.9 mg, ¥ 46. 5% ,'H NMR (400 MHz, CDCL,)
5:6.32(d,J=2.6 Hz,1H),5.87(d,J =2.2 Hz,
1H),5.23(s,2H),5.16(s,1H) ,4.86 ~4. 84 (m,
1H),3.82~3.93(m,2H),3.42 ~3.40(m,1H),
2.66(br.s,1H),2.62(s,1H),2.41(d,J =16.0
Hz,1H),2.11(d,J =4.0 Hz,1H),1.97(s,3H),
1.73(s,3H),1.39 ~1. 19(m,4H) ,0.96(s,9H) ,0. 82
(d,J =6.9 Hz,3H);”C NMR (100 MHz,CDCl,) §:
171.20, 170. 13, 168.48, 135.25, 132.67, 131.23,
123.90,73.92, 67.79, 63.22, 47.08, 41.93, 33.67,
32.13, 33.12, 29.96, 28.65, 25.52, 19.94, 19.48,
17. 66;;ESI-MS m/z:407[M +H] *

1.3.5 1-0-T A -6a-0-% W B A& X it B A
Bi (1 &4 5) a9 4  HRHC ABL 30.8 mg (0.1
mmol ) F [ W HT, InA TG K & e 1 mL fifi H
VA, NI = B 0. 2 mmol, SR J5 A
ARH LS 0. 2 mmol , Z R FE L . TLC W 2
I 564, T SO R O R R A 7K P YRR 75
pH 2| bk, G B 28 B, WAR A HLAR, T4, i
USRS HEL A o REL S 2 AR RO L (A T k- L TR
CWE,8:1,4:1,2: 1,15 1, B BB BE BRI 3 S HEAA
O 415 JC il R ) 20. 1 mg, 7 3 48.6% .
'"H NMR (400 MHz, CDCl,) §:7.92 (s, 1H),7.90
(s,2H),7.52(t,J =7.4 Hz,1H),7.38(t,J =7.8
Hz,1H) ,6.35(d,J=2.7 Hz,1H),5.96(d,J =2.2
Hz,1H),5.39(d,J=1.8 Hz,1H) ,4.92 ~4.89(m,
1H),3.83 ~3.95(m,2H),3.59 ~3.56(m, 1H),
2.77(q,J =16.1,2.6 Hz,1H) ,2.69 ~2.63 (m,
1H),2.50(q,J =16.1,2.0 Hz,1H),1.80 (br. s,
3H),1.36 ~1.16 (m,4H) ,0.83(d,J =6.8 Hz,
3H);"” C NMR (100 MHz, CDCl,) §: 170.16,
168. 49, 165.33,135.32,132. 97, 132. 31, 131. 32,
129.04, 128.52, 127.52, 124.04, 73.92, 68. 87,
63.23,52.39,41.92,33.77,32.19,30. 10, 25. 57,
19.95,19.59,17. 64;ESI-MS m/z:413[M+H] *,
1.3.6  1-0-T A& -60-0-3F F ALK F Bk K it ot
BAANE (S 6) 694 PRI 4-FEH IR
11. 8 mg(0. 08 mmol) , EDCI 15. 3 mg(0. 08 mmol)
1 DMAP 9. 78 mg (0. 08 mmol) F iz i i =, in A
ToK =AM 1 mL A, 2 R4 30 min f5
] S IAC ABL 30. 8 mg (0. 1 mmol ) , % i 4
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FERIR . TLC WS S I 56 4, ) S g 38 H Jim A A
TR IRV K S, — A HBe 22 B, WA HLAE, T
P, L UE VAR AL o L 2R A R0 (T
BE-CBR MR, 8 1,4 1,2 1,1 1, B4 B VR i
3R k15 JC AR Y 17.5 mg, 77 %
50.2% ,'H NMR (400 MHz,CDCl,) 5:8.08(d,J =
8.5 Hz,2H),7.76(d,J =8.6 Hz,2H) ,6.45(d,J =
2.7 Hz,1H) ,6.04(d,J=2.3 Hz,1H) ,5.47(d,J] =
1.8 Hz,1H) ,5.00 ~4.96(m,1H) ,4.02 ~3.90(m,
2H),3.65 ~3.62(m,1H),2.81(d,J =2.6 Hz,
1H),2.77 ~2.72(m,1H) ,2.60 (q,J = 16.1,2.0
Hz,1H) ,2.05(s,3H),1.88 (br. s,3H),1.47 ~1.26
(m,3H),1.12 ~1.04(m,1H) ,0.88(d,J =6.8 Hz,
3H);"”C NMR (100 MHz,CDCl,) §:171.18,169. 27,
164.79, 136.05, 134.67, 133.76, 132.38, 131.88,
130. 04,125.35,117. 80,116. 82,74. 61,70. 80 ,64. 16,
42.88,34.75, 33.14, 31. 11, 26.55, 20.98, 20. 69,
18. 70;ESI-MS m/z:438[ M +H] *

1.3.7 1-0-TELE-6a-0-3F 8K FBLE K 8% B
FENEE (e T) 86 FRELA-ER R 12.5
mg (0. 08 mmol ), EDCI 15.3 mg (0. 08 mmol ) F
DMAP 9. 78 mg(0. 08 mmol ) F Wi+, IIATGK
TAMGE 1 mL (AR, & R 30 min f5 ]
MO ATA ABL 30. 8 mg (0. 1 mmol) , 5 i i+ i
o TLC Wi 2 g 56 4, [a] S b i FRom A A& £
IKPK S, A AL B, UR A ALAR, T8, o
U WRAE AR o REL A S AR A B (A T - L TR
CBE,10:1,8: 1,401,201, BABEEE VR 3 S HEA
) 4 A 45 0 (il R ) 20. 3 mg, 7 % 56.8%
'"H NMR (400 MHz,CDCl,) 8:7.91(d,J =8.6 Hz,
2H),7.43(d,J=8.6 Hz,2H) ,6.43(d,] =2.7 Hz,
1H),6.03(d,J=2.3 Hz,1H) ,5.44(d,J =1. 8 Hz,
1H),4.99 ~4.96(m,1H) ,4.01 ~3.90(m,2H),
3.64~3.62(m,1H),2.80(d,J =2.6 Hz,1H),
2.75~2.70(m,1H),2.57 (q,J = 16.1,2.0 Hz,
1H),2.05(s,3H),1.87 (br s,3H),1.46 ~ 1.26
(m,3H),1.12 ~1.04 (m,1H),0.88(d,J =6.8
Hz,3H) ;" C NMR (100 MHz, CDCl,) §:171.20,
169. 44 ,165. 54 ,139.90, 136. 21, 134. 21, 132. 14,
130.91, 128.92, 128.42, 125. 18, 74.82, 70. 16,
64.22,42.89,34.75,33.16,31.09,26. 56, 20.99,
20.65,18. 67 ;ESI-MS m/z:447[M +H] ",

1.3.8 1-0-T 8t %£-6a-0-(3,4-— R KX F o)
KiLR BN (e 8)agb M FREL3,4-
AW R 15.2 mg(0.08 mmol), EDCI 15.3
mg( 0. 08 mmol) F1 DMAP 9. 78 mg (0. 08 mmol)
FRPIEH, A TEAK —FH % 1 mL {f 7,
Z A FE 30 min Ji5 (9] 5B HOIA ABL 30. 8 mg
(0.1 mmol) , iR HEIT K . TLC W5 S i 58 4,
Tia] J5 7 YR I A A B R K B K O, G b A
B SEA LA, T4, g, e dn sl . s
RERE AT (35 24k (A T k-2 R g, 102 1,80 1,
4:1,2: 1, BB REGRIN 3 M IAR) 15 o iRy
21.9 mg, ™% 57.1% ,'"H NMR (400 MHz, CDCI,)
5:8.02(d,J=2.0 Hz,1H),7.80(q,J =8.4,2.0
Hz,1H) ,7.54(d,J =8.4 Hz,1H) ,6.43(d,J =2.7
Hz,1H) ,6.03(d,J=2.3 Hz,1H) ,5.44(d,J=1.8
Hz,1H),5.00 ~4.96 (m, 1H),4.01 ~3.90 (m,
2H),3.63 ~3.60 (m,1H),2.79(d,J =2.6 Hz,
1H),2.76 ~2.71(m,1H) ,2.59(q,J =16.1,2.0
Hz,1H),2.05(s,3H),1.88(brs,3H),1.46 ~1.26
(m,3H),1.12 ~1.04 (m,1H),0.88(d,J =6.8
Hz,3H);"” C NMR (100 MHz, CDCl,) §:171.18,
169. 32, 164.57,138.10, 136. 12, 134. 55, 133. 17,
131.92, 131. 35, 130. 73, 129. 80, 128. 60, 74.70,
70.58,64.19,42.90,34.76,33. 14,31. 12,26.55,
20.98,20.70,18. 67 ;ESI-MS m/z:481[M +H] *
1.4 Fp4) LPS % 564 NO A & & M),

AU MTT 2 00 32 #5 16 & 90 6 B Wi 20 ffd
RAW264. 7 4RV B AR A M B vk . )
FH Griess BillE RAW264. 7 41 fifl NO () REjik & , 78
A A0 M FEVR FE N R I A1 A WX NO R T8 A 41 )
1E %[4] o LI L-N6-( 1-iminoethyl ) lysine ( L-NIL)
dihydrochloride ( 755 ! — 44k & T 45 S M40 )
F)AE R BEPEXS B DL B R B (1C,,) PEAN
MAAL A Y% LPS 153 19 RAW264. 7 4fi g NO
B HIE R

2 ZER5iTE

SCHR[6 1 4RIE T ABL [ 6 i 7 Ry 8 5 e jie
JERER G AR, JF i F AT i H R B 2 T 45, 65-
ABL (1) 37 k4 78, I e SE BE R + 103.50° (¢ =
0.52 in CDCly) o AHFFE 53 B3 15 219 ABL L et
Bk +107.20° (¢ =0.50 in CDCL, ) , Merten %7
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AN KRR 4 ORI i 5 T 45 ,6S-0OABL il iof
FARRAT ST BOR & 1 S R A B H LG e O B
-38.40(c¢=0.50 in CHCl;) ; 55/ SCHk[ 8 ] H#itif
T 4S,6R-OABL e 6 A +37.50° (¢ =0. 17
in CHCLy) o A58 A B OABL Y LE e 6 B2
-39.10°(¢=0.50 in CHCL,) , @5 SCEk A
() ABL Il OABL [ 6 {37 5544 {A< 11 EE O BEAH LE
AWFTE o BEAF N 1) ABL (7K B Ry (4S,65)
OABL 52 (44 Bt Oy (45,68) , Z 1Ak S B 3
ARAERF ABL 19 6 £ TPk & A # R84k . OABL
LS AL S R A 1, % I AN
Wi 6 Drfge i FFAk . F3A SCHRL9 1B & Ta-H
AR - i P T 0 o s 222 ) 20 A6 0 300 D ) e A
) 1B-HEEAT A=Y, X FEZMOS U RS 11 A5
JOG 4 2 TR ANE L , fek A B0 P 6k A /N 57 BEL D7 1) 3 2
PR e 45 21 118-H B AT A= o ASBE 52 R
B3I AR M AL 59 1 #E47 T —4E NOE
T, SR A5 R ML 2 s, 11-H 5 Ta-H
8a-H f71E NOE A 3¢, 3kt 5 SCHR A 18 14 2 UL 45
A —50 2T REIHREHE NOE SL86 15 7 =
st IS AL, A BT IR E TS 1 5L
RHEL,

7 i \H
: H
Sac ="

X NOE correlation

AcO

Scheme 2 NOE correlation of 1,6-0, O-diacetyl-118-methylbritan-

nilactone ( compound 1)

AMIRE LA R R B2 ~4 122 ~
10 wmol/L ¢ B T K75 H 240 M 25 11 T, AT b oA ik
3L E Y BT NO TG VE PR . k5 S ~7
G %L OABL BRI $2 5 (3% 1), OABL Ay XU if
JE= (e a P 1) R s WA NO JIH 5 1 o
ZEA TR PR LS R T, OABL (4 A1 1 P i 2 4
REIG A PR T HE AT, B A A D 301 5 Z N B S 5%
PR AT RE 5 & B B AP Y SRR R AR BN, X AT RE 2
OABL Je HATT A= W) S 4 A= W3 P ) G SR ) 2 — o
24 OABL 1Y 6 {25 A A 55 B8 ik AT I 7 ok 40 1l 77
VERT SIATT B 2R NRFE AT TG PR A 2SR o dyattnl
W A WD A R S e A W P A M R
MH AR,

Table 1 Inhibition of OABL derivatives on NO production in LPS-in-
duced RAW264. 7 cells

Compoud 1C5y/ ( wmol/L) Compoud 1C5y/ ( umol/L)
1 >25 6 1.15
2 Toxicity 7 1.62
3 Toxicity 8 1.98
4 Toxicity OABL 13.76
5 1.5 L-NIL 15.99

OABL: O-diacetylbritannilactone ; L-NIL : L-N6-( 1 -iminoethyl ) lysine

3 % it

-

AWEGE L 1-0-2, 1 55 K AL T 4 A6 79 B8R A iR
BE BT 1,6-0, 0- it HE K AL TE B AL N BR AT 2R
W, I VR & AT A W X LPS i S 1 B 4 i
RAW264. 7 —F AL Z A B G VE A . BFoE kM,
1,6-0, 0- 5 KACTE B AL N ERATAE D 6 5]
A D7 RN I Jo 16 M 2 4

£ % x
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