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WE  IEYRENEAIAB(GA)BEIR. Pafb. PiR. PrdBRMRESR A, KRBT EY B 0 B ER N
(GAS-Na)[FIFE B P48 . ik B R A KA DA IGPE . 2R, M kia 7 7 GA il GAS-Na . #
LRoetzE. N THREAA BRSO EOARERAED IS T, B8 T 2,2-ZEAIAREBGA)[2,2- =
WAIRBE]-1,1- H#ER(BGAS-Na), HLL GA 1 GAS-Na X, W T HAMEEWRIPTELRE )1, R T HxH e
BELPS)i T/ B B MR A AL RAW 264.7 (1) NO B3O A B AA IS 22 2. 45 R 3K B, BGA Fl BGAS-Na B RIFHIHTA
thte ), BRaEMB GA I GAS-Na A Tl; BGAS-Na 7EHAIGTEMR T A HILE NO HH|Z(1Cso 1509 5.64
pg/mL), T MSF GAS-Na, HAiZIMHIfEA R G RERB M. o, WG ATmERARNAERK, BF
BRMIYTHE . Rk, BGAS-Na H ¥ N BH K RE It & 2.
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Design, Synthesis and Bioactivity Evaluation of Guaiazulene
Derivatives with Antioxidant and Anti-inflammatory Activities
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Abstract Animal and plant-derived guaiazulene (GA) has the characteristics of antimicrobial, antioxidant, anti-inflam-
matory, anti-allergic and low toxicity. Sodium guaiazulene sulfonate (GAS-Na), a water-soluble derivative of GA, also has the
effects of anti-inflammatory, promoting epithelial cell growth and wound healing. However, the commercial active molecules
GA and GAS-Na have poor stability to light and heat. Therefore, in order to explore the guaiazulene biomedical functional
molecules with higher activity and stability, 2,2'-biguaiazulene (BGA) and (2,2'-biguaiazulene)-1,1'-disulfonic acid sodium
(BGAS-Na) were synthesized. Compared with GA and GAS-Na, the antioxidant activities of BGA and BGAS-Na were
evaluated, and their biological effects on NO release and cell viability of LPS-induced RAW 264.7 macrophages were studied.
The results showed that BGA and BGAS-Na had better antioxidant capacity and improved stability compared with GA and
GAS-Na; BGAS-Na had the best NO inhibition rate in the anti-inflammatory activity test (the ICso value was 5.64 pg/ mL),
which was better than that of the commercial molecule GAS-Na, and the inhibitory effect was dose-dependent. In addition, the
four compounds did not affect the growth of macrophages and had low cytotoxicity. Therefore, BGAS-Na is expected to
become a potential anti-inflammatory drug.
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Q0K % (Guaiazulene, P GA)Z&—Fh 2%
WO OA S LS &, AP —MAETAEYE 1.
GA EAMFEMIALPER, ] anfe s ik, nriifsk
JRT, w5 o R B . B A oD R K,
T 7 1) A B AT MR 35 2 A A B AR S R W kS T RS T S
B, WAFLET — eI i P AR 2. GA MR AR
FIRP=W5 1, IR Bl R AT Z R EmEtE. 4 H
AREEFUFSL, GA B EAMBLR . brdfi. #E. &
REE RN AL S5 D). GA 826 24 i I B B =)
(FDALAER & 5 Aok S 7, AT Ay
il A PUEAAS FUEEEN Hrstz ORISR TS P
DR, O B R HLAT AR A N 2 53 T 1 R
77.

1E GA FICI 3-407 3Bl b [ 07 51 N B R e 3k
[, 159 20K 1 AR WE o 6% R I A, RIY o ) A Bt
BN(HIFE GAS-Na, & 1). HEE R GA FHLL, GAS-Na
SRR YEE R T RS, BT CAEIRR S FEST 2 A0
Prisez 2 L BN, BN GAS-Na [RIFH G2
¥, 2 524 0 S B R (NMPA)JIL v b T 0 “ 25 2 ik
[l SRR AR 7, TEAE FRARIG R TEWT 24 i BTG
YR R BT IR AN 7 SR 2 A BR. T8 T s R 4
1, GAS-Na CENIIS A E . DI ER . D
R 15 W S5 7= ol B A R o3 W 32 T R .

SO;Na

Azulene GAS-Na

Guaiazulene (GA)

Bl B, AR SRR RN 1 2 i =X
Figure 1 Chemical structures of azulene, guaiazulene and so-
dium guaiazulene sulfonate

T E R R B SR R O A A o S A
RIEMBORR R 2 —, I BAERAERE R, SAEHAL
N A PR (ROS) T IR ZHL 23451 4. 775 ik 5 Wk 4 g
HIZHAE A ROS 5 —FhZ i 4R SRS, A LS B ik
ARG LA S VW] B IR A I AE ST R 250, A
SCRE PR A BT R W 7 T FT H AR Al S Y AR
PE.

H 76 P B A . SR O VR AR 25 AL S U AR
FEENH, 2R ORI R PE . SR
JELGAE T THARAF LA . Xu BREABH & R T B
B-15 2 I (B-elemene, — A 2 45 R SR 7= 0 ) AR AT
AW B L) — BRARAT AR, BT TR = R AT A
ROS #HIEEAL T R 2 H ik tb a4, BB
MM REENE, b N JBE bk P9 B 40 ) S 0 BT B AR
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PER. Ak, B 75 & (Artemisinin) A T & R
PRI IR B LA BB R 100~500 135 i oo 3 14,
1M EL# 8 3 SRR 2 A N AT RE L AR AR, W]
FE M AR EF B AT YE. RIE, AR B R A
138 R — P B A AT 22K

R GA BAMKMERIEAI2, GAS-Na Xf/)
LA AR 2R3, 281, GA F1 GAS-Na #Bx}
FEFIFA TR, FFFHE, GA FHEATEMEER
AT RE g SR AR RN, BRI T2
AL FEMIE B2 FE =20, G, X GA H#HAT
1 S e M SR SRAG SR T AE W3 T A el A e M AT AR
A AT A E T A, AL LASA AR R
513 HAREEN GA NIEEL, S5 24502 P ilis — Rk
HI 5 A PR 2> 7 GAS-Na, BHIRE T —M
BB — AR AR B 2R (BGAS-Na), 5 7E3k15HEF
S B ARIETE T

1 ER5HIE

1.1 B EIRNER

GAS-Na, BGA 1 BGAS-Na ] & £ i Scheme
1 FizR. L GA 2GR JEEL [Ir(OMe)(cod)]> AL TTIF
4,7- = FHE-1,10- 3F 1% Bk (dmphen) 4 B AR U6, ) 1 4%
C—H BGOSR REAF B 2- 7 45098 Bt i 1% Tl H A 1)
GA R 1. ARG B S S SCRARIE 1 B ARG I B,
ik 1 55 E 3 BGA, HICEKL(37%,
Scheme 1). A5 R P [ B LA s =1 83% (3R 1)
RS 3 BGA, BIZGilidt 1 5 CuX A i i A B
FIe A4 2, BRI 180 2 (1 Suzuki 22 AR SN =i
HA3F| BGA. REIHIE, xRM(Step AN,
BRI 2b (Lit1'®) 65%)HI7= R LR 2a (Lit.'o]
55%) 5, HRATH S5 A2 B 2a LIRS 2b (17
HH S WK 1 LR HEAY) 2a & Suzuki (HER M
(Step B)EJ BGA [MF4L3(98%) LU A5 A 2b
(86%) =1 IXAIRE/ZH T7E Suzuki M ITFEH, AR
W) 2b LLIRARYD 2a 5 5 R A SEAR IR SR, DR A
A 20 AT [ NEES, WL EIA D REBI= ) A i, T3
JHITHARY) 2b il & BGA IR/~ 268K, PRtk adct i) &
R AT U = 7 245 3 BGA.

I Ja, BGA Zad fiifb S 87, HORH i 3R B 25 i FR 4L,
BE HAr=% BGAS-Na. [FHEHMER BGA AL,
BGAS-Na {#¥F T BEERENEL /K IAYE. GAS-Na [FIFEH
GA &b R N B A 3 2108, FIA 'TH NMR, 3C
NMR, IR Jt:i, MS #l HRMS #4E T HErb &9
SER. FEFT RN, BGA Al BGAS-Na 5 iR B - 47— 4F
AR FR AR AR, )2 (3% (TLC) A& WL & 2% i A,
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2) NaOH (aq.)

o

B,pin,
[Ir(OMe) cod ]2 dmphen

n-Heptane

s

Step B

1
Pd(dppf)Cly, Cs,CO5 OO CO

THF/H,O
(Cross coupling reaction)

BGA, 98% (from 2a), 86% (from 2b)

OO CO (Homo-coupling reaction)

Pd(OAc),, PPh
OO B,O cho3
ke o EtOH

B 1

H2SO4 ACZO

Step A
Pueaucs

1, 96%

! SO4Na

GAS-Na, 88%

o

2a: X =Br
2b: X =1

H2$O4 ACQO
(2) NaOH (aq.)

BGA, 37%

GAS-Na, BGA Fl BGAS-Na [1)4 % 2k

Scheme 1 Synthesis routes of GAS-Na, BGA and BGAS-Na

F1 WK XY 2a F1 2b 7E Step A A Step B i

LS
Table 1 Yields and the conversion of 2a and 2b in step A and
step B

Yield/%
Compd. X z e
Step A“ Step B Total yield®
2a Br 85 98 83
2b I 53 86 46

@ The yields of 2a and 2b in Step A. » The yields of BGA generated from 2a
and 2b in Step B. ¢ The total yields calculated by multiplying the yields of
Steps A and B.

ﬁﬂﬁﬁ?%ﬁmGAﬂGM”hWEWﬁ%é%ﬁm
&, TLC WIJLF 2B, xR GA =Rk L H A
FRENSRATAE D I Aa e MEAR L T GA FAk L HL R BN 2R AT
AW THERT. BT Nozoe ZHII RS T B %m
AV EENILS, RIVEAIARBAE 100 CH NN-—

B B (DMF) th B8 =4 7 25 Bl 4 %ﬁ%:@
YeLh B IR 2 HUE B Bl 25 RS [
I, AT Bk BGA AL 8 MEFRTF 1T B R K Ay
m@@k%ma%#%ﬁf%ﬁ:%wﬂﬁ X
BT R L, QR Rk G,
TR (1) 386 0 R T+ FL RS FL fir (1)

1.2 IRIMRELEE
AT FAE PR 751k 2 GA, BGA, GAS-Na fll
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BGAS-Na UL &S E AL RE T, 4518 FRAP
(Ferric reducing antioxidant power)i% 1 DPPH (1,1-
diphenyl-2-picrylhydrazyl) H B 7% FriZ. HH, FRAP %
SRR R RA B S, HBFEBHE
H HIEERR—FLH]; 7 DPPH H HHIEE FRiE L —Fh
w5 AR ) 2 R SCR B . Rk, FRATTAE
FRAP %456 DPPH [ HHE FRE R0 5 U AL &4 1)
oM pTEARE
1.2.1 FRAP &M & L &M AE

FRAP 72 /2 H Benzie fl Strain['1F 1996 £ 42 H () —
b R H R (0 S B R A R IR v, TERR M A A
T, FLANYIRE K Fe* -TPTZ (Ferric-tri-pyridyltri-
azine)if JF AW () Fe? -TPTZ, Hi KWK N 593
nm. FUILAE 593 nm AP A % 1) () Fe? -TPTZ HIWL
6 FE BT PR AE b RS BT A RE 7). FRATTSR A ik
iR T GA, BGA, GAS-Na fll BGAS-Na UMb &¥H0AH
SIPUEARE ST, SR 2 fin, —H Ak BGA AN
AR ﬁﬁm&)ﬂ%ﬁ$&u%@)ﬁ% gtlll N
A BPEA B, TR 2 SAER RIEAS
PR LRE /1. PR A S GAS-Na %n BGAS-Na
FIFIXT AL RE I R 20.35 A1 17.83, KT GA,
X AT E A T FRAP 15 0 R 1 U A 358 A e o 56 /K e
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Figure 2 Determination of antioxidant capacity of compounds
by FRAP method
Data are given as mean+ SEM. Statistical analysis is performed by one-
way analysis of variance (ANOVA). **P<<0.01

FRAEER, TR AR AE A sR b 15, ¥ GA F1BGA 7
T B 2N T B PR, ORI SR M PR, BP bt
AMREIBRE. UM BB R IR EUE 51 T
A R R ST

1.2.2 DPPH A d &A% &N 2 L 8L AR

DPPH A& —FF LA N AL ffa e 3 i, H A3
MR, SR KN 517 nm. 24 DPPH %36 0
N H BRI, HAR O R EC, AR
W, RO M, E 517 nm ARG EAR N, HAr
WEESHHEFGRERERELE XA, 1997 F
Kourounakis Z520% Hl 24 GA ¥ )y DPPH ] 2 {515,
43 3 h 5 DPPHIEFRHIA 50%, Uil GA HARILTF
M EATEYE. ZEA R SEER 261 NI T UMb &7
5 DPPH L A0 #E 0.5 F13 h 5 1 H ISR, DA
GA G X 2.

WK 3 fiow, BB &5 DPPH EA 3 h i H
HHILE R 242 0.5 h WP A B R4S, 1B 3 h i), BGA
ILF] 84.21%I1) H HFEE 2%, BGAS-Na 1A% 58.02%1)
H SR, T GA ¥ DPPHIE % 4 32.20%. PIA4
G PITEAS A 1] () Bl 287 B 22 2000 2 L3 Bh A4 R
I S2. MAKE, BGA 1 BGAS-Na 7L H t3
T GA H \EHRTH(P<0.01 8¢ P<<0.0001), HW
BARTE ST GAS-Na. JUAMELAY%F DPPH H B
A B B B — e I ZE IR M, (HEFH 0.5 F13 hikf, JY
MEEPIXT DPPH« I BR 2 M s 2UEHE T °4: BGA
>BGAS-Na>GA>GAS-Na, H GA ik H iz
ENRTAEI B SRR AR 13015 = T GA B LR
B, GA BAR K GA IR T %) B R R AN 25
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Figure 3 Scavenging rate of compounds on DPPH free radicals
at different action times
Data are given as mean®SEM. Statistical analysis is performed by
Two-way analysis of variance (ANOVA). **P<<0.01, ****P<0.0001

DPPH H HEEBRIEFINAL K5 FRAP AL
R—RUFHEAIARB 2-17 3 R 21 = Rk i Tt
ORI BTEACRE 77, H6 R RN AT AR
A RIH E SRR SUR.

1.3 MAFEMHESHERFN

i 22 B (LPS) 2 B0 14 22 K 9 4 40 2 1) 32
R Y, AT A A R A A 8 TR TR JE 4%
hE . —EHABENO) & —MAEMEE ST, HARUK
#T5 S 1E—E LR A EEGNOS), &R NO I
TE L P07 I T A B A Pk EE AR A, AR
WEER NO HHES TS8R, SOESWNE. B
FH, BRI RAW 264.7 258 LPS Hlki% S 52 4F
IR FE I NO, 7544 P 22 B H 98 R 5 A7 1) 4 2R 452 4%
Griess 20 NO fe F B fai i iz —122, &
RMAB K Griess 7E 1879 £EHEIR Y # B [ S AT,
FOR PR G 5 WARPR EE(NO  BOARH ™ 4) B B 7 A=
Rih, RIE 525 0 R BB RN, AR R (S
BAL A VIR RIS KA 540 nm), 5 i 30 i RO
FERATE NO IR, MR 28 REFENE.

HSGEESL LPS W3 1)/ R ER 1 RAW 264.7 14
AN JIERTY, [ 5 7E AR L JE ik e 0 A (R34 B e DU
&Y, KA Griess BT IAS [F] 25 1) B w4 pfa = A=
1) NO ¥R, Kl 4a KW, FHMS LPS R HAS
29 JLTA=E NO RAE 7, BB (R 45 LPS HlBH
ANEH) P NO R JE 5 =1(46.74 pmol/L), A 1
ug/mL ) BGAS-Na J5 NO KJZH T 1 & F#(€(37.62
umol/L), NO #1113 Jy 19.5%(/& 4e), 11124 BGAS-Na (1]
RTGEIINE 5 M 25 pg/mL I, F0HI R 8K 5
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46.3%K11 93.0%, 1CsofE N 5.64 pg/mL. (A, BGAS-Na
AE 2 0] NO SE 7 (1=, HAMHI AR B WEE
WA, P 4 1) NO R 5 S i) 22 i) HAR KB 51 -4 B
PR 2% S3. & 4b, 4c, 4d 7T ) GAS-Na, BGA Fil
GA X NO ¥ P [ 5210 35 J0 B 2 Ik FE Atk ] 4e
B, FEAREREE R, D9AMEEPFxt NO B #i i
VE R A %2 BGAS-Na, H 5 HA=MLEWH A
HREEER, X BGAS-Na It /ERHEEM T
HE=ZAMEED. 2001 4, Guarrera 2523 F L4025
RILLBEAE N 2 RE B AL, BIF 78 R B K R T 5 1
GAS-Na ] Veralga azulene®5tf&HIHT #3515 OTC(EE
W77 2 AT IR LB A . R0, ARG ZARET,
BGAS-Na ] NO #llffil] iz =T GAS-Na (P<<0.01 5§

*okok K
... 1
*okok ok
< 1
o 809 (a) *okok ok
© 1
£
E 40
=
[=
o
©
S
€ 20+
@
3]
[=
5]
o 0
o LPS - + + + +
Z BeASNa - - 1 5 25 (ug/ml)
*
) _ 1
o 60 (c) *k
] ] [ |
£
£ 404
=
[ =
kel
=
o
] 204
@
3]
[ =
5]
S
(Z) LPS - + + + +
BGA - - 1 5 25 (ug/mL)
100 (e)

NO inhibition rate/%
3
1

1 ug/mL

kK k¥

5 pg/mL

P<<0.0001), H1ti%H] BGAS-Na 47T 4 R %, MK
4e IV H BGA FIl GA TEAN AR EE R 1) NO il 3%
HAVEPE HRD— M. Rk, BGAS-Na & —F it T 75
TEMERLS GAS-Na [ 1L R bt LB 9.

CCK-8 (Cell Counting Kit-8)7Z: A& —Fft F Il i 41 g 184 5
BCERMESRIG TP 4E MO H e REE . U MR L
K. T B 4 NO "l RE 232 Bk & 1)
U EE RS, Rk, FRATH CCK-8 iK1k &4
ANFIHREE R B AR K g, LA PUAMb A
Wxh /N BR A% EEAT D RAW 264.7 4o sEtE. np s
B, FABT ST PRI A oy R A B2 P s DAL S 0 5
BEEAnfILE 7 24 h 5, dIAAERIIZ08 100%,
BH DU A 55 [ 4T i 24 T B S ) 40 P B

< 60
? (®)
3 4
€
3 40+
=
c
0
®
s 20
c
@
(8]
c
9]
(8] LES
o LPS - + + + +
z GASNa - - 1 5 26  (ug/mL)
%
I 5k 1
< - [ 1
©, &0 (d) * kK
S ] I 1
€
£ 40
~
c
2
=
©
5 20+
c
@
[&]
(=
5]
o 0
(Z) LPS - + + + +
GA 1 5 25 (ug/mL)
*ok sk ok
i
Hm BGAS-Na
B GAS-Na
= BGA
— GA
25 yg/mL

B4 Eynt LPS BUE Y RAW 264.7 4174 NO 54
Figure 4 Effects of compounds on NO production in LPS-activated RAW 264.7 Cells
Data are given as mean + SEM. Figure 4a-4d show the substances added in different experimental groups. All concentration units are pg/mL. Figure 4e
shows the inhibition rate of the compounds on the production of NO at different concentrations * indicates significant difference (*P < 0.05, **P < 0.01,

***P <0.001, and ****P < (0.0001)
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BGAS-Na GAS-Na BGA GA
B 5 (LAY EVEAN RAW 264.7 401515 K11 50

Figure 5 Effects of compounds on the cell viability of macro-
phage RAW 264.7 cells

Data are given as mean+ SEM
A
2 HHig

WitE R T —MEAIKRE R 51k BGA, Jifil&
T BGA ] —TEIREAZEAT AN BGAS-Na, & Mfa e
# GA fll GAS-Na ¥ EHET. - 5IH FRAP i£H1
DPPH H HEFRZEME T GA, BGA, GAS-Na i
BGAS-Na JUMLEYIRIESMUEARE ). SR EPiRhL
FALTE TER I T LI 45 5, BGA B I Pt 8L g
%, BGAS-Na 7 DPPH H 2475 Fr 50 R I AR T
GA il GAS-Na s bae /1. ik, BAIARBE—F
BRIPUENA B, 2 R — R AR B A SR P
1 REJ1. 75 LPS BWE 1/ BB WG 40 ff 48 i 18 B
BGAS-Na EAH s LMot 28, I TRHEES ¥
GAS-Na, 7E 5 pg/mL I 5F NO 4 4E KT 2] 50%[1)
R, HEAWERS M. A, AMeEmx B
W 4 35T B 2 I A B 25 4. BT 7532 91, BGAS-Na B
AT BL R 25 K R 7, Hotd N A= 1)3E 1 S 56 A
HARIIHT R ML A F5 gt — B oL,

3 EES
3.1 UES5HF

iR ('*H NMR, 3C NMR)H H 4 JEOL 400 #%
REEIRBAEAC 2, KA CDCL 8¢ CD;OD fE i,
TMS 1E AW FR. IR # Thermo Fisher Nicolet FT-IR spec-
trometer 2 ZL AN AT AN A€ . 1 23 #8515 B Thermo
Scientific Q Exactive HF Orbitrap-FTMS i 5E. 1%
M EEHE SGW X4 ARG RGlE. WO R 38
2 W) FR1X PerkinElmer EnVision 52 .

IR B(GA, 98%), (L) TRHEARA
A]; DPPH, FilgZ A MRBHEA IR AR, SdrELae
FIEMAAF F(FRAP ). — AL ENO)YRE MR 7 & fn
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LPS (TLR4 BUEH]), 2 K; CCK-8 Rl g, Kik
EOEMBEARFRAF.

32 ARFEE

32,1 5-F A A-3,8- = F A& H-1-58 8 h(GAS-Na)#9
B AR

B B ARBE(793.2 mg, 4 mmol)IIIA 50 mL =Fiks
L N 2 mL BERREF, HiR TR AR B e 4
AR, KRR E T UK R, 285 1 mL 9K H,SO,
2 mL BEEREF ARGV, WSS, ZiEARE
I, B4 h. TLC Wl BE5e 4, H4 [ SE T UK,
SN2 N NaOH /KSR, 1 pH & 8~9, RN (rulf 14
M. I UEAS B0NE G EA, HE A A A D K e
PSR BRI SO LB, 55 FH Gk s L 45 i A3 3
1.0565 g WAk GAS-Nal'*tl ;=3 88%. m.p. 121~
123 ‘C (Lit."™® 159~161 ‘C); 'H NMR (400 MHz,
CD;0D) §: 8.26 (d, J=1.9 Hz, 1H), 8.12 (s, 1H), 7.54 (dd,
J=11.0, 1.8 Hz, 1H), 7.28 (d, J=11.1 Hz, 1H), 3.43 (s,
3H), 3.12 (hept, J=6.8 Hz, 1H), 2.58 (s, 3H), 1.38 (d, J=
6.9 Hz, 6H); IR (KBr) v: 3425, 2956, 2923, 1639, 1541,
1463, 1372, 1193, 1121, 1084, 1064, 1011, 647 cm .
322 2-(7-FAKE-14-—F R H2-3)4455 9 F
HA-132-— A MEW) Ao 2-8-7-FAA-14-—FHLHE
(2a) %9 & A&,

ZEICHR[16], BUEAIABL(993 mg, 5.0 mmol), HX
WIS R (1.32 g, 5.2 mmol), 4,7-—FF3E-1,10-EM%
IHk(10 mg, 0.05 mmol) T 50 mL Schlenk i, fili# N, =
R, 1EFEH PR B 55 [IOMe)(cod)]> (17 mg,
0.025 mmol) T[S H1, 75 Na ZUH T I T 1IE Pebe
15 mL, 110 CHn#kElgi M 3 h, TLC W[ B 5E 4. Tk
HERG, MKER, L8 OBERER =K, JTo/K NaSO4
THE, W4d J5 AT IR AE JE T [(VCA ) - M(ZR &
fig)=20 : 11153 1.56 g Wi (A& 4 1, 772 96%. m.p. 91~
93 C (Lit.l'"! 71~74 °C); '"H NMR (400 MHz, CDCI;)
5: 8.46 (s, 1H), 7.87 (s, 1H), 7.49 (dd, J=10.5, 1.7 Hz,
1H), 7.06 (d, J=10.6 Hz, 1H), 3.20 (hept, J=6.8 Hz, 1H),
3.09 (s, 3H), 3.01 (s, 3H), 1.57 (s, 12H), 1.53 (d, J=6.9
Hz, 6H).

S HR[16], BL CuBr (473.4 mg, 3.3 mmol) T 250
mL 5, N 20 mL DMF, & 90 °C, ¥k H
R OAT AR, 7E90 C T 4£%F 5 min J52218 A 1
(972.8 mg, 3.0 mmol)fJ DMF % %(20 mL), 90 ‘C % 3
h. AAEERGE, #RMBEIAKT, gL
JEEh, WA KE/KYEH DMF, 38 48 LB 28,
AHUANIE L 6, Rt EREL e YRR
% OB R, &0 O BRI, Jo/K NaSOs T4,
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WG Ja BEAT R AT E AT, AT O BRI R, A &S H
704.8 mg W EAHARY) 2a, 7K 85%. 'H NMR (400
MHz, CDCls) d: 8.16 (d, J=1.5 Hz, 1H), 7.46 (dd, J=
10.6, 1.6 Hz, 1H), 7.26 (s, 1H), 7.09 (d, J=10.6 Hz, 1H),
3.10 (hept, J=6.9 Hz, 1H), 2.78 (s, 3H), 2.60 (s, 3H), 1.36
(d, J=6.9 Hz, 6H). L&) 2b (& 17 2a, 4 (PR
Y, 72& 53%, '"H NMR (400 MHz, CDCl3) d: 8.44 (d, J=
1.8 Hz, 1H), 7.67 (s, 1H), 7.59 (dd, J=10.6, 1.9 Hz, 1H),
7.17 (d, J=10.6 Hz, 1H), 3.28 (hept, J=6.9 Hz, 1H), 2.91
(s, 3H), 2.89 (s, 3H), 1.60 (d, J=6.9 Hz, 4H).
323 17-=F%AA-1,144-09F £ 22— (BGA)
EORESHY

HY 1 (340.5 mg, 1.05 mmol), 2a (277.2 mg, 1 mmol),
Pd(dppf)Cl, (36.6 mg, 0.05 mmol)Fl Cs,COs (977.5 mg, 3
mmol)F 50 mL Schlenk &, #l1¥t Ny =X, £ N, AUH
TN 12 mL 325 DU SR (THF) A1 3 mL H N, 5
1 H,0, =i %N 24 h. TLC WS s B 25 o, B I N
BINAKH, MR, /K NaoSOs T, W4 G HEAT
TERFEEF VA B @ MR ZHE)=50 & 1], W&HE
F| 387.9 mg ZREfEA, 7% 98%. m.p. 168~169 C
(Lit.' 167~167.5 “C); '"H NMR (400 MHz, CDCls) &:
8.30 (d, J=1.7 Hz, 1H), 7.44 (s, 1H), 7.42 (dd, J=10.6,
1.8 Hz, 1H), 7.07 (d, J=10.6 Hz, 1H), 3.13 (hept, J=6.9
Hz, 1H), 2.89 (s, 3H), 2.72 (s, 3H), 1.40 (d, J=6.9 Hz,
6H).
324 55-—%m#-3388-v9FK-[22-=H]-1,1"
Z 558 41 (BGAS-Na)# & pk,

PL BGA (276.2 mg, 0.7 mmol) A5k}, & b B[
2 3.2.1 7, 153 234.3 mg K A[H A BGAS-Na, =%
56%. m.p.>>320 ‘C; '"H NMR (400 MHz, CD;0OD) §: 8.25
(d, J=2.0 Hz, 1H), 7.44 (dd, J=11.2, 2.0 Hz, 1H), 7.26 (d,
J=11.2 Hz, 1H), 3.48 (s, 3H), 3.09 (hept, J=6.8 Hz, 1H),
2.14 (s, 3H), 1.37 (d, J=6.9 Hz, 6H); *C NMR (101 MHz,
CD;0D) 6: 152.0, 148.0, 143.1, 138.4, 135.7, 135.3, 133.8,
131.8, 127.1, 124.0, 38.8, 29.0, 24.9, 11.8; IR (KBr) v:
3426, 2956, 2923, 2865, 1688, 1635, 1540, 1461, 1369,
1285, 1212, 1160, 1119, 1031, 912, 811, 759, 637, 541
cm '; HRMS (ESI) caled for Cs3oH3306NayS, [M+H]"
599.1508, found 599.1506.
3.3 JEMEMIRX A
3.3.1  AAAEE /MK 7 K (FRAP %)

FH = FR S ST R 78 4 s A ARG 3 PR L ) DO A A5 4
i, 4 B ) K 0.2345 mmol/L BGAS-Na, 0.5342
mmol/L GAS-Na, 0.2726 mmol/L BGA, 0.4258 mmol/L
GA W, & H. FREUS BT RE il alm S AL i
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FeSO47H,0, F — FE T HAECH EX 100 mmol/L ¥,
SRR 50, 10, 5, 2.5, 1.5, 0.75 mmol/L. £ 96 LI
HRE— LI 180 uL BLECHT FRAP TAEWR, A 6
AR FE R FE (1) FeSO4THO AR 5 ul, BEANIKREE
AT 6 MEAL, FFRE T AXHIRALS pL 24 AK) M
HtFEZH(5 uL 9 1 mmol/L Trolox &), #&iE%], 37 C
TIFE 3 min J57E 593 nm ALEWOGRE, TS bR
k. [ bR il 22 se 77 vk, e UM &9, P47 6
B, B4, EBFEHIA S FRAP TAEMMIGIRAL, M
TARTIAS R IR B R VA A S TE 593 nm AL R OBAE.
3¢ i K ST 2 I Y AL e N A T T SR H 6T R PR BT AR
fRfE 1. AT RE ) = ST R AL BE /BRI
3.3.2 ALK /) MK T A (DPPH A d 2 FTR %)

FH /K Z. B 41 0.2 mmol/L ) DPPH £H%, FHE
KOBEE — R TMECH] 0.4 mmol/L ] BGAS-Na,
GAS-Na, BGA, GA &, ¥ 0~4 CTEYEIRIE. 1E 96
FLARH I 100 uL DPPH &7 AT 100 pL AR AV
W, A, TEIRNME 0.5 h )G, FEERUNE 517 nm
REFIVR GRS, 1CHE Ae. 7E 3 h G BREE 517 nm AR % )
Apfk. A3, 7E 96 FLARHMA 100 pL A A3 1 100
ulL oK B, RAT, TR T CE — B A s D o
B, 2 AE do. 7E 96 FLARH I 100 uL DPPH ¥ A1 100
uL oK B, TRAT, TR T CE — B A D o
B, eAE Ae. BN A SR E 3N T WA 3G
8 (%) =[1—(4s—Ao)/A] X 100, i+5HALE&H% DPPH
[P35 B .
3.3.3 Griess ‘H#& ML A3 LPS %5 F 09 RAW 264.7
E i fm Ao R AR AL &g AR R

NER AL E VLI RAW 264.7 4HHERRF A& 10%
fify 2 1fL 375 (FBS) i) DMEM (dulbecco's modified eagle
medium)EPERE R T 37 C, 5% CO,fHIREE A s
F%, ML EXTBUEK, B 24 h B, 4dKE
80%~90% L. frdifufe s 3 1R, REREE, M
5X 104 AN /mL %5 B M T 96 FLAR, W& 24 h. L H)
IFHIANEIREE AL &Y, $E898 1 h. IWESH)GE, 4%
YRR TR B2 0N LPS (100 ng/4L), =5 A4 564
BRFRAE, dkeRIGIE 24 h, WUAE BB, BRI NO
WAL P HEAE. 540 nm ARG, FFiH5 NO 1)
R AN Z. NO W RYE /e L NO RS
OD 1H 2 [A] LR R (bnifE HIZR) 1T 515 21, HIH] 2 (%)
=[(FRL NO WRPE — 424541 NO IKE)/RL NO ¥
1 100.
3.3.4 CCK-8 k#MiLa4hst E4 Ml RAW 264.7
WAL E 1 %R

H AR S0 B5CHA 7 R 4 e P — R P A,
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BT 2 BRGNS B I 40 R T SOBUR N 4 i
B, HIMANAREFFREE, BLSX10* AN /mL % RS 96
FUBR, AL 100 uL, 8 24 h. B HIMALEY
BGAS-Na, GAS-Na, BGA, GA % 1, 5, 25 pg/mL iKJ¥Z,
TR S AR AL 23 O AL NN AR LA ) 40 B s 779,
GRLLFE 24 h. 3 96 FLIR EJEREFREE, AN 10%H)
CCK-8 T 1f1.7E DMEM i 100 uL, T 37 ‘C, 5% CO, 4 ity
IR E 45 min, FIEEARCI 450 nm 4k OD {8, 115
MAEIE . AIAEIE (%)= (4h 2540 OD {H/=5 A X IE
4 OD 1H) X 100.
335 “%itFiik

KM GraphPad 9.0 BAFX AT 84E 21T one-way
FI two-way ANOVA 77 24341 A & Dunnett % 5 HL s
WEEN, BEKFEN 0.05.

HBh# %L(Supporting Information) L4541, 2a, 2b,
GAS-Na, BGA, BGAS-Na ] 'H NMR, 3C NMR, IR, MS
A HRMS 3 B AT A 93 e E b . I e k) ] DL A
B AT ] 3 (http://sioc-journal.cn/) | R %K.
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