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Synthesis and Anti-inflammatory Activity Evaluation of
2-Dehydroepiandrosterone Benzene Methyl Derivatives

Zhu, Li** Yang, Yanqiu® Gao, Peipei*” An, Xue*” Sun, Yingying®”

Sun, Xiaowen™’ Hou, Yue™®* Shan, Lihong™“?
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(® Collaborative Innovation Center of New Drug Research and Safety Evaluation, Zhengzhou 450001)
(“ College of Life and Health Sciences, Northeastern University, Shenyang 110819)

Abstract Alzheimer's Disease (AD) is one of the major health crises in the 21st century, and due to the complexity of its
pathogenesis, there has no good solution to cure this disease. In order to find more economical and effective drugs for the
treatment of neurodegenerative diseases, a series of novel 2-dehydroepiandrosterone benzathine derivatives were synthesized
and their activity on the NO release of microglia cell line BV-2 activated by lipopolysaccharide (LPS), as well as their effect on
cell viability were studied. The structures of the synthesized compounds were confirmed by 'H NMR, *C NMR and HRMS.
The results showed that all compounds had inhibitory effects on the NO release of LPS-activated mouse microglial cell line
BV2 after 24 h of treatment, and it was dose-dependent. In particular, the ICso values of 2-(3-chloro)benzylidene-154,164-
methylene-androstane-4,6-diene-3,17-dione (5a) and 2-(3,4,5-trimethoxy)benzylidene-154,16f-methylene-androstane-4,6-die-
ne-3,17-dione (5j) were 2.69 and 3.28 umolsL ™", respectively, which were better than the positive control Minocycline. The
results showed that these compounds may be effective in the development of neurodegenerative diseases involving activation
of microglia, and the mechanism deserved further study.

Keywords dehydroepiandrosterone; chalcone analogue; alzheimer's disease; microglia
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FIEE] 1.52 12, 1L 2018 F—4F, Flil¥AH 1000 J3 55
AD B3, M55, 2018 FE4BRIA AD P2 A 4L S 45
LN 1 1350, #2030 4F, iZE07 B E 2 JifesE
JC. P, S5HEIRAT YRR G AD 42 21 el ek
FEER L —. H TS B0%800 1R DILHT A 5
W, IANNSE AD 95 F A 1R 25 22 2 E e i
Bk . AR RAE. B FRER EE AT tau EEH
BEMAYE R Fa s Je st Hod N B R A s Ak A
SN T i NS PR AT HERR IR AE . R AR
R EE IR, PR /N T A0 B S T RE A 2 R
B — AN T B HE 52

o 2 R AT PR R R R 9T B R 2 AR IR AT 3E 1)
T BT 22 B 1 P AR R VX S T R B R i
BB TS A RIS CR T F A . AR SR EER
SIS M E Y 5 T A B R, LR
RG24 52 0, UHRPURE . PLR. DUk
PLE . AR RIFHIMGEZEE LKL AchE #Hi
FUW. i, & AR IS M R AR A £ R AT R
FARY I TC T 52 /NI R A T 1 JORE SO B S
PR3 T 2 B0 R 4 9% AD A Y. T A F 98 6 B,
R O T R BB S-NEA G RER pREVER B A
DURR BB GE AL E T v, U WA 2 R B AT A=l A T
X % FEN 24 1) AD JRIT )2 Thig ik i),

A—JH, T SIRER AV AD EREIT
WA AR A RS . G 2R AT 3 A R RN AN R R K
i, 2538715 22 045 H ) B 7R 9K I B P A i 2 AR AP A
H, %R R A B MEERY, Eh K
AR FH T S 800 AS B BT 52 BRI AD 38 K vk
FEBE I A7 75 ] DU R Ao 28 ] 98 1k 1 X028, DU & 42
(ALLO) 1] DA 52 15 5 461 1 27 =] 1012 F0 Ao 25 1L 20 L 1)
173, RUE T LA FIH97 B R 220 SRR A i &
SRR, A AR MR S LR BRI 7E I IR B e T
FLAE MR P VR EE, DN T ik — 0 K s b ) o 2 375 1 Fii
BRERIIRE S, BATEE 15 116 75 N=J0hIAgs i,
[ LE L 2 A7 51 AR SE 450, T2 AL /R i () &5
FIHLTG, WG IE T X A%t LPS G40 /N 5 41 i
BEBNO TEF Ism.  H bR LAY 1A % 28 W0 Scheme
1 frs.
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R = 3-Cl (5a), H (5b), 2-F (5¢), 3-F (5d), 2,4-F, (5e),
2-CI (5f), 4-Br (5g), 4-Cl (5h), 3-OCH; (5i),
3,4,5-(OMe); (5j), 2-OCHs (5k)

Reagents and conditions: (i) Me;SOI, NaOH, DMSO, 100 C, re-
flux, 50% yield; (ii) Al(O-i-Pr);, cyclohexane, toluene, 100 °C, reflux,
60% yield; (iii) substituted benzaldehyde, NaOH, EtOH, r.t., 80%~
90% yield.

B=R1 HIsLEY 5a~5k FIE6 R L

Scheme 1 Synthesis route of target compounds Sa~5k
ERIE T Oppenauer BTS2 158,168-0 FFFEIEHSS - 4,6-—
1#5-3,17-[(4). Ak 4 5 &FERR 8 503
#% — it %% ¥ (Claisen-Schmidt) 4f A = M. 15 2| R 5 7 =4
5a~5k.
1.2 MREM

S STARSN LPS 0% BV2 /MR 40 R 5 S AL
FITFIEIET, B8P A R 11 N H AR &% LPS #%
T BV2 /T4 L NO R TS0 A B A5 22 R ). B 9
ik 1 F3 2 pos, nTLLE M A B A &17EH
24 h Jaxt LPS 3G/ BN BT 40 Ak BV2 (1) NO B
TR A R RE BE AR, BB — € B FE AR
PE. Hor 5a #1155 1 ICso fE 230009 2.69 AT 3.28 pmols
L', B S ERIMEIER, 0T BH T K %5 2R 2 (ICs,
{89 5.97 pmoleL™"). Sb~5e, 5i 1 E 7~ H! T 54T (0
W, H1Cs $1<<9.35 umoleL™". [F]I}, 5a, S¢ EWE /N
F 10 pmoleL ' T, 5d, Se, 5g fEMEE/NT 1 pmolsL ™
TASEZ A /N R S5 A4 P R A 2
1.3 EMESH

K FH Griess 12701 DY F 256 47 Zeme 26 frll e I8 s 7 B £
(MTT)7> M5 T B & Bk & 9%F LPS S0 /N o 4 i
IR AT /N ST 4B A3 2 () 8. Sa Fl 5 X LPS
O /DN T o 4 B PR A A A P R e, T ELAR TR IR R
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F 1 ALEYN LPS 0% BV2 /M T A R — S L E(%) HI5E (mean = SE)*
Table 1 Effects of compounds on the release of nitric oxide (%) by LPS-activated BV2 microglia(mean+ SE)

Comp.+LPS o
Compd. Control LPS 1 pmolsL ™" 10 pmoleL ™" 30 pmolsL ™" 100 pmolsL ™" 1Cso/(pmol-L )
5a  2137+136 100.00+2.45"  91.08+1.50%* 26.76+0.95%**% 8.92+0.75%** 62240 72%%* 2.69
5b 21.37£1.36 100.00+2.45"  105.60+1.98  49.17+1.65%*  539+0.55%*  53940.21%* 8.50
5¢ 2137136 100.00£2.45  111.41+£2.19%*% 38.59+1.57+%% 705+0.55%**%  6.85+0.95%** 7.18
5d  21.37+136 100.00+2.45" 9191 +1.81%*  56.85+11.84%*% 934+0.72%*  7.47+0.36%%* 6.11
Se 16.141.49 100.00=1.38"  90.45+0.60%*  5545£2.62%%* 25451138+ 10.45+1.64%%* 6.91
5 16.14+£1.49 100.00+1.38"  84.7742.24%%* 8455+ 1.42%*%* 793241.78%** 39.55+(.39%%* 62.69
5  16.14+1.49 100.00+1.38"  85.68+3.53%%  74.55+2.90%**% 61.82+3.16%%* 31.8241.20%** 23.32
5h  16.14+1.49 100.00+1.38"  90.45+2.19%*  70.91£1.04%*% 57.95+1.97+%* 20.9]+1.98*** 17.23
5i 16.141.49  100.00+1.38" 101.23+0.99 5295+ 1.14%*%%  7.50+0.79%%*  7.054£0.45%** 9.35
5j 16.141.49 100.00=1.38"  80.68+0.60%** 42.95+1.97+%* 864+0.23%%*  750+0.39%** 3.28
5k 16.14+1.49 100.00+1.38" 110.91+1.20* 74.55+2.95%  18.8610.60*** 12.95+0.20%** 12.71
MINO 11.36+0.99  100.00+0.99" 96.74+2.71 27.73+3.94%%*  18.64+2.98*** 12,054 1.59*** 5.97
“Significance: p<<0.05, “p<<0.01, "p<<0.001 compared to LPS group. “*p<<0.001 compared to control group. MINO: minocycline.
F2 WEYX LPS E BV2 /NG A HAE 5 %(%) I 51 (mean £ SE)*
Table 2  Effect of compounds on the survival rate (%) of LPS-activated BV2 microglia (mean=+ SE)
Compd. Control LPS = C(Iﬂp'—i_LPS = =
1 pmol-L 10 pumol-L 30 pmol-L 100 umol-L
5a 100.00+1.46 92.92+1.38 101.924+2.03 94.39+2.37 83.27 +4.46%* 2.2640.08%%**
5b 100.00+1.46 92.92+1.38 81.65+1.15* 77.14+3.32%* 62.161+2.69%* 2.300.04%**
5¢ 100.00+1.46 92.92+1.38 84.97+2.85 80.44+4.16 17.69+1.10%* 6.1610.31***
5d 100.00+1.46 92.924+1.38 83.14+3.88 68.54+1.38* 63.4543.90%* 2.2410.14%*
Se 100.004+0.49 95.41+2.27 99.21+1.01 91.09+3.38* 83.03+4.05*%*  76.05+2.80%**
5f 100.004+0.49 95.41+2.27 84.77+3.4%* 77.1614.29 ***  73.97+().8*** 71.86 4. 2%**
5g 100.004+0.49 95.41+2.27 90.80+2.34 88.75+3.62* 87.14+4.73* 79.20+4.64**
5h 100.0040.49 95.41+2.27 90.644-2.94%* 90.05+2.98* 80.01 +1.28%* 79.15+1.90%*
5i 100.004+0.49 95.414+2.27 71.07+2.56* 65.69+2.15*% 9.72+2.26* 4.8140.08%**
5j 100.004+0.49 95.414+2.27 72.03 14.23%*%* 71.003.34%%%  69.33+4.9]1***  37.8014.80%**
5k 100.004+0.49 95.414+2.27 82.30+4.13** 67.08 :4.39%%*%  61.8614.52%** 26,63 13.09%**
MINO 100.0010.11 94.20+1.86 98.54+1.83 89.65+3.02 88.50+4.44 83.49+3.22%

“ Significance: 'p<0.05, "p<<0.01,

T

»<<0.001 compared to control group.

X H ARk ST R R (SAR) MY, IR A B ()
1Cso B 3IEE AR BRI 1Cso B/, Tt BA R4 BUAR A& 1
FEAHA TR SR ETE. Bk &Y 5i~5k 1
1Cso fHREAT LUEL, 3,4,5- = H A LU 5§ BRI R H]
BOK, (AR B RGRPT RGN, TR 5 BIUREE =
()7 5 05 0 s (R0 ELAE A %, s 43 B ] LAZS HH [
PEEUAR ) 2- 25 SR HERR 2% 0 R I AL & 0 B el il bt
R, FTYERNIRIT AD K2 FA Wt — BB 7.

2 Zhig

BT 11N 158,168- 0 HF LI §55-2-HUAR 2R W1 HA 266 -
4,6- " Jdi-3,17- W A AT A, @I A R RN
7%, £ DHEA 9 7. 15 A7 E5IN T AR, SR)5H
FHEAR 3, KRG T =G e 3R, 8 T Hiss #il
77k HlEY 2 —BEA. @b G et ik 3
KA ERIIE, BAGHE. SCiiam, EEZeH
TR 2 181 3 2 FN 15 457 3 35 Y T e sl s L Ik S PR 7,
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HRTHIRTE TR B 15 RLFREELR AL A PR R R 11k
GUTEMF A AR TAHFED RS R 3, A—E
B = ICIR R TR Ak

F A R MERR e FLH PR R (DHEA-S)1F 48 &3 442k
Wi, #EIER S E 2 K HE 2B S R &L HE T
A DHEA FT AD ¥GI7 FI A #aRkE, FRATIEH S5
WG N = Jn IR R BS540, FTRE BT P A R
R RO AT 7R A 45 84 B 76 1) R AP 2 TE A, AR XA N
JoT 240 P T D B S AT R R L T R A A
BB X AN S M PFA 75— R i s 2 B ), (H Rk
IE FALHNEA R T3 — D PR AT AL,

3 SCIOERSY
B 5t
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15143 HE 5 TS5 FH 55 [E Waters-Micromass ‘A &) Q-Tof Mi-
cro 7 HEDY AT —KAT IS [R) E IDE v A I o s ReEFR: AR
EH Sl TRBA R, HaoieEk: Big )i
WA ML, SRR SR U RS
BT R TR A ], 2SS T DO TR
VIR A RA T A7 HUET 9 B 4ifh 48 T
MR ZE VR TRAE A, AR TR8 i 4 B ik 7).
32 EVMERK
3.2.1 387a,150- =5 F-5-Hh—f & -17-BR(2) 69 5 Ak

BoiilEE IR dE: Z9pE. AR, BRIEMBIRE
WRE B PN 2.65%, 1.45%, 0.02%F1 0.1%, pH A
5, FFEBEE N 100 mL/500 mL, #ALIEE 30 C, ¥
7% 48 h J5, B2 A RN FH BRI N AR,
JEMAIREE A 1 /L, Ak 96 h. W51 224k 5 R 3 i g
B, BFRIEHH TR CIRER =i, WerHiEE
1% CBRIR B R 9 = IR(ECR T 10 min))E, &7
LR CBRZERGH, W ZERUREAT IR 2808, IR4i 2 200
mL ZJ5, A BRI S K SEAE K&
Bk = DA B BRIRAG IR AR B, 5 FH G/ DR R T 1%
JE IR, K UEMIEAT R ZE T, 19 BRI G A, Bk
FEYR AR ETVED) L V(PERD =20 : 1175, 15
Btk &9 2, AGEER, mp. 215.3~216.7 C, BEik#E{L
T3 E B ARA S5 A 24075 WL SCHRT9, 10].
322 15B8,165-LF K -38,7a- — K -5-Mh - & -17-
BR(3) 49 4 i

¥ = F I AL T AR (31.25 mmol) F1 2.5 g (62.5
mmol)FEAFEANE] 100 mL EJE LM 50 mL
—HE(DMSO)H R, =i FHHE 0.5 h, AFMA
10 g (31.25 mmol)fb &4 2, =il FE0.5h, SRJEIMAE
100 CRMHEFE 1 h, HEAETLO)WMN, 2 & Pidh
S B R TRZE NN 300 mL HEATE E K, B A 6
W, IR REY) 3 MM, e Rt E Ak
(VA MEE) @ MR 2H8)=1 : 2], BEFhEsk 31 5
EAER, 773 50%. m.p. 186.1~187.3 “C; "H NMR (400
MHz, CDCl;) 0: 5.48 (d, J=4.4 Hz, 1H), 4.68 (d, J=4.0
Hz, 1H), 4.18 (d, J=8.0 Hz, 1H), 3.91~3.96 (m, 1H),
3.30~3.32 (m, 1H), 2.09~2.22 (m, 4H), 1.64~1.71 (m,
3H), 1.59~1.62 (m, 1H), 1.55~1.60 (m, 2H), 1.51~1.54
(m, 1H), 1.41~1.43 (m, 2H), 1.34~1.37 (m, 1H), 1.12~
1.16 (m, 2H), 0.99~1.06 (m, 1H), 0.92 (s, 3H), 0.86 (s,
3H); *C NMR (100 MHz, CDCl;) d: 216.91, 146.98,
123.57, 71.16, 64.98, 46.43, 42.99, 41.96, 37.74, 36.80,
36.01, 35.12, 31.26, 25.84, 22.49, 19.82, 19.66, 18.03,
17.28.
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323 15B,164- W Ak & -4,6- — 4 -3,17- —BR(4) 4%
AR

I 5 g (15.8 mmol)tb &4 3 F 250 mL B KEI A,
BN 100 mL AR IN#AIE ARSI 6.538 mL (64 mmol)
WO, #0/KEEE 120 CREIHRRAK, 7572802
SR BRI 1,617 g (7.9 mmol) & P EEER, Ik
100 CEIFEHERE M, TLC Kol [ b5 4, Vet A
JREECN 10% IR YE 3 i, F AR BR R St —
W, AR K BE 3 k. RGN T KRER T
BRI, R ZAERR LR, S GHRY A, 242
rVCH ) @ V(B CB8)=5 114y B3 ik 4t
B ER, 2% 60%. mp. 150.9~152.0 ‘C; '"H NMR
(400 MHz, CDCl;) 6: 6.39 (dd, J=9.7, 1.8 Hz, 1H), 6.24
(dd, J=9.8, 2.7 Hz, 1H), 5.72 (s, 1H), 2.56 (ddd, J=18.2,
14.3, 5.4 Hz, 1H), 2.47 (d, J=2.0 Hz, 1H), 2.14 (ddd, J=
14.1, 8.3, 3.9 Hz, 2H), 1.99 (ddd, J=13.1, 5.4, 2.1 Hz,
1H), 1.83 (dd, J=5.7, 3.0 Hz, 2H), 1.78 (d, J=4.0, 1H),
1.71~1.75 (m, 2H), 1.68~1.70 (m, 1H), 1.41~1.45 (m,
1H), 1.34~1.38 (m, 2H), 1.23~1.28 (m, 1H), 1.15 (s,
3H), 1.07 (s, 3H); *C NMR (100 MHz, CDCl;) &: 215.21,
199.29, 163.08, 138.61, 128.99, 124.23, 51.53, 49.75,
42.99, 36.27, 35.93, 35.06, 33.86, 33.61, 25.95, 21.61,
20.23,20.02, 17.43, 16.19.

3.2.4 b4 5a~5k 494 Ak

B 150 mg (0.5 mmol)fb &4 4 T 25 mL B ke,
AN 10 mL Jo/K ZBEH RIS A 40 mg (1.0 mmol)
NaOH =il FHEHE 30 min, FEIAA FIEUR 2 (1
equiv.) IR 21 N R, TLC PREF WM. N 45 IE, ik
JEZRNER L ORE, N TR LBV R 5 43 ) F 7K A Al

KA 3 IR, M TC/KBR R T R Ja R A
W B SV VA B @ (LR OB =3 : 1],
B EHr LAY 5a~5k.

154,16 V. B JE Ji {5 -2-(3-50) 25 W F 3L -4,6- 45 -
3,17- W (5a): ¥ A [E A, f= % 80%. m.p. 183.9~
185.0 ‘C; '"H NMR (400 MHz, CDCL;) §: 7.64 (d, J=2.7
Hz, 1H), 7.38~7.27 (m, 3H), 7.23 (dt, J=6.6, 1.7 Hz,
1H), 6.44 (dd, J=9.6, 2.0 Hz, 1H), 6.32 (dd, J=9.8, 2.7
Hz, 1H), 5.95 (s, 1H), 2.48~2.37 (m, 2H), 2.20~2.09 (m,
2H), 1.87~1.65 (m, 5H), 1.49~1.34 (m, 3H), 1.23 (d, J=
6.2 Hz, 1H), 1.03 (s, 3H), 1.01 (s, 3H); *C NMR (101
MHz, CDCl3) J: 214.96, 188.19, 162.08, 139.04, 137.64,
134.68, 134.49, 134.43, 129.76, 129.40, 128.65, 128.31,
127.49, 124.81, 50.78, 49.75, 42.92, 38.04, 37.93, 35.80,
35.03, 25.98, 21.54, 20.19, 20.15, 18.56, 17.39; HRMS
(ESI) caled for C,;H,sClO, [M+H]" 419.1778, found
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419.1779.

158,16- V. HI L I {4 -2- 2% 3. FH Kk -4,6- — ) -3,17-—
fil(5b): Wk OME A, F7% 91%. mp. 116.3~118.1 C;
'H NMR (400 MHz, CDCLy) &: 7.66 (d, J=2.8 Hz, 1H),
7.37~7.24 (m, 5H), 6.35 (dd, J=9.7, 2.1 Hz, 1H), 6.24
(dd, J=9.7, 2.7 Hz, 1H), 5.88 (s, 1H), 2.41~2.30 (m, 2H),
2.14~2.02 (m, 2H), 1.75 (ddd, J=12.7, 6.1, 3.4 Hz, 2H),
1.67~1.60 (m, 2H), 1.42~1.28 (m, 3H), 1.22~1.16 (m,
2H), 0.95 (s, 3H), 0.93 (s, 3H); “C NMR (101 MHz,
CDCly) d: 214.15, 187.61, 160.80, 137.76, 135.38, 134.75,
132.18, 128.59, 127.68, 127.46, 127.32, 123.91, 49.78,
48.73, 41.91, 37.06, 36.82, 34.73, 34.01, 24.97, 20.58,
19.18, 19.13, 17.49, 16.41; HRMS (ESI) caled for
Ca7Hp00, [M+H]" 385.2167, found 385.2166.

158,16/5- V. H FE 1k {45 -2-(2- 5 )~ 4% 0. FF 6 -4,6- — )i -
3,17-Z M (Se): R B A, F5FR 83%. mp. 196.7~
198.3 ‘C; 'H NMR (400 MHz, CDCl3) d: 7.73~7.66 (m,
1H), 7.32 (dtd, J=13.6, 8.3, 7.8, 1.8 Hz, 2H), 7.21~7.08
(m, 2H), 6.43 (dd, J=9.6, 2.0 Hz, 1H), 6.32 (dd, J=9.7,
2.7 Hz, 1H), 5.96 (s, 1H), 2.42 (td, J=13.2, 12.0, 5.9 Hz,
2H), 2.20~2.08 (m, 2H), 1.86~1.62 (m, 5H), 1.40 (ddd,
J=2109, 6.8, 3.0 Hz, 3H), 1.27~1.19 (m, 1H), 1.01 (s,
3H), 1.00 (s, 3H); *C NMR (101MHz, CDCl;) 6: 215.09,
188.06, 162.24, 138.91, 135.44, 130.51 (d, J=3.1 Hz),
130.21, 130.13, 129.37 (d, J=2.4 Hz), 128.72, 124.85,
123.91 (d, J=3.6 Hz), 116.00, 115.78, 50.81, 49.75, 42.94,
38.51, 37.92, 35.77, 35.02, 25.98, 21.57, 20.16, 20.15,
18.38, 17.40; HRMS (ESI) calcd for C,;H,sFO, [M+H]"
403.2073, found 403.2072.

158,168- V. F JE 1t 45 -2-(3- %)~ < . Y i -4,6- — ) -
3,17- =W (5d): kB ([ AE, 2% 80%. m.p. 130.1~
131.7 “C; '"H NMR (400 MHz, CDCls) 6: 7.67 (d, J=2.8
Hz, 1H), 7.38 (td, J=7.8, 5.9 Hz, 1H), 7.13 (d, J=7.6 Hz,
1H), 7.08~7.00 (m, 2H), 6.44 (dd, J=9.6, 2.0 Hz, 1H),
6.32 (dd, J=9.7, 2.7 Hz, 1H), 5.96 (s, 1H), 2.47~2.38 (m,
2H), 2.20~2.09 (m, 2H), 1.83 (ddd, J=10.3, 4.9, 2.1 Hz,
2H), 1.70 (dtd, J=8.7, 5.8, 2.5 Hz, 2H), 1.48~1.43 (m,
2H), 1.26 (t, J=7.1 Hz, 3H), 1.03 (s, 3H), 1.01 (s, 3H); °C
NMR (101 MHz, CDCl) &: 215.07, 188.30, 162.09,
139.03, 134.93 (d, J=2.4 Hz), 134.30, 130.06 (d, J=8.4
Hz), 128.66, 12531 (d, J=2.8 Hz), 124.81, 116.24,
116.03, 115.34, 115.13, 50.76, 49.73, 42.93, 38.04, 37.91,
35.78, 35.01, 25.99, 21.57, 20.21, 20.15, 18.56, 17.42;
HRMS (ESI) caled for C,;HyFO, [M+H]" 403.2073,
found 403.2072.
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155,16p-31. FF 3 Jfk £65-2-(2,4- ) W H 3 -4,6- —
1#5-3,17- W (Se): HEAMEE, 2% 90%. mp. 201.2~
203.9 °C; "H NMR (400 MHz, CDCl;) 6: 7.64~7.58 (m,
1H), 7.30~7.21 (m, 1H), 6.96~6.84 (m, 2H), 6.43 (dd,
J=9.7,2.0 Hz, 1H), 6.32 (dd, J=9.7, 2.7 Hz, 1H), 5.95 (s,
1H), 2.41 (td, J=12.7, 11.3, 3.0 Hz, 2H), 2.20~2.08 (m,
2H), 1.86~1.62 (m, 5H), 1.49~1.31 (m, 3H), 1.28~1.19
(m, 1H), 1.02 (s, 3H), 1.00 (s, 3H); °C NMR (101 MHz,
CDCly) d: 215.01, 187.87, 162.23, 139.00, 135.51, 131.32
(dd, J=9.6, 4.6 Hz), 128.6, 124.78, 119.89 (dd, J=14.9,
3.9 Hz), 111.50 (d, J=3.7 Hz), 111.28 (d, J=3.6 Hz),
104.67, 104.42, 104.17, 50.79, 49.74, 42.93, 38.52 (d, J=
2.0 Hz), 37.92, 35.79, 35.01, 25.98, 21.56, 20.19, 20.14,
18.41, 17.40; HRMS (ESI) calcd for C,;H,7F,0, [M+H]"
421.1978, found 421.1978.

158,164- . F & i {5 -2-(2- )~ K . H 3 -4,6- — #5i-
3,17- W (56): 3 B [E AR, 3% 85%. mp. 236.1~
2372 °C; "H NMR (400 MHz, CDCly) 6: 7.74 (d, J=2.7
Hz, 1H), 7.47~7.41 (m, 1H), 7.31~7.27 (m, 2H), 7.25~
7.20 (m, 1H), 6.42 (dd, J=9.7, 2.0 Hz, 1H), 6.32 (dd, J=
9.8, 2.7 Hz, 1H), 5.96 (s, 1H), 2.43~2.35 (m, 2H), 2.19~
2.07 (m, 2H), 1.86~1.65 (m, 4H), 1.59 (dd, J=8.8, 3.4
Hz, 1H), 1.39~1.17 (m, 4H), 1.00 (s, 6H); *C NMR (101
MHz, CDCl;) 6: 215.12, 188.39, 162.24, 138.95, 134.95,
134.66, 134.48, 133.56, 130.09, 129.74, 129.43, 128.70,
126.41, 124.88, 50.80, 49.72, 42.92, 38.21, 38.01, 35.78,
34.97, 26.08 ~25.88 (m), 21.58, 20.13, 18.19, 17.42;
HRMS (ESI) caled for CyH,sClO, [M+H]" 419.1778,
found 419.1777.

15,1630, FF J& Jfk §55 -2-(4- 7))~ 75 . F 3 -4,6- 47 -
3,17- 1 (5g): ¥ B [E A&, F=# 75%. mp. 221.1~
2223 °C; 'H NMR (400 MHz,CDCly) §: 7.64 (d, J=2.7
Hz, 1H), 7.56~7.50 (m, 2H), 7.26~7.20 (m, 2H), 6.43
(dd, J=9.7, 2.0 Hz, 1H), 6.31 (dd, J=9.7, 2.7 Hz, 1H),
5.95 (s, 1H), 2.47~2.37 (m, 2H), 2.20~2.08 (m, 2H),
1.87~1.65 (m, 5H), 1.48~1.33 (m, 3H), 1.24 (qd, J=8.3,
7.7, 5.6 Hz, 1H), 1.03 (s, 3H), 0.99 (s, 3H); *C NMR (101
MHz, CDCl;) 0: 215.05, 188.28, 161.92, 138.96, 135.00,
134.65, 133.92, 131.71, 131.07, 128.64, 124.82, 122.49,
50.75, 49.71, 42.91, 38.09, 37.87, 35.76, 34.99, 25.98,
21.56, 20.23, 20.14, 18.54, 17.41; HRMS (ESI) calcd for
Co7H sBrO, [M+H]" 463.1272, found 463.1271.

158,16/8- V. H JE 1k {45 -2-(4-50) 4% W0 Y 5 -4,6- — )i -
3,17- Z Ff (Sh): B [E K, =% 84%. m.p. 212.8~
214.1 “C; "H NMR (400 MHz, CDCls) 6: 7.66 (d, J=2.7
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Hz, 1H), 7.41~7.34 (m, 2H), 7.32~7.26 (m, 2H), 6.43
(dd, J=9.6, 2.1 Hz, 1H), 6.31 (dd, J=9.8, 2.7 Hz, 1H),
5.95 (s, 1H), 2.47~2.36 (m, 2H), 2.21~2.08 (m, 2H),
1.88~1.66 (m, 5H), 1.49~1.36 (m, 3H), 1.27~1.21 (m,
1H), 1.02 (s, 3H), 0.99 (s, 3H); “C NMR (101 MHz,
CDCly) 6: 215.07, 188.32, 161.97, 138.99, 135.01, 134.24,
134.20, 133.83, 130.83, 128.76, 128.64, 124.80, 50.75,
49.72, 4291, 38.08, 37.87, 35.76, 35.00, 25.98, 21.58,
20.23, 20.14, 18.54, 17.42; HRMS (ESI) caled for Cy7Hos-
ClO, [M+H]" 419.1778, found 419.1776.

1508,165-31. F 3 (5 -2-(3- F AR~ Z8 WV 1 ik -4,6- —
1#5-3,17- B (50): AR, 23 79%. mp. 1249~
126.4 °C; "H NMR (400 MHz, CDCl;) & 7.69 (d, J=2.7
Hz, 1H), 7.32 (td, J=7.5, 1.5 Hz, 1H), 6.98~6.94 (m,
1H), 6.88 (dd, J=8.5, 1.9 Hz, 2H), 6.42 (dd, J=9.6, 2.0
Hz, 1H), 6.31 (dd, J=9.8, 2.7 Hz, 1H), 5.95 (s, 1H), 3.82
(s, 3H), 2.42 (dt, J=19.8, 6.7 Hz, 2H), 2.20~2.09 (m,
2H), 1.83 (ddd, J=12.6, 6.0, 3.3 Hz, 2H), 1.73~1.67 (m,
1H), 1.51~1.33 (m, 3H), 1.26 (t, J=7.2 Hz, 2H), 1.02 (d,
J=5.0 Hz, 6H); >*C NMR (101 MHz, CDCly) &: 215.13,
188.58, 161.89, 159.52, 138.81, 137.13, 136.26, 133.46,
129.47, 128.70, 124.92, 121.88, 115.19, 113.83, 55.27,
50.79, 49.74, 42.92, 38.12, 37.85, 35.75, 35.04, 25.99,
21.59, 20.21, 20.15, 18.52, 17.42; HRMS (ESI) calcd for
CysH3,05 [M+H]" 415.2773, found 415.2772.

154,16- 7. Fi Ltk 5 -2-(3,4,5- = F 48 3L )~ 28 0 T k-
4,6- — M5 -3,17- — i (5): B AE K, 2 FE 73%. mup.
226.0~228.1 ‘C; 'H NMR (400 MHz, CDCl3) d: 7.66 (d,
J=2.7 Hz, 1H), 6.61 (s, 2H), 6.43 (dd, J=9.7, 2.1 Hz,
1H), 6.32 (dd, J=9.8, 2.8 Hz, 1H), 5.95 (s, 1H), 3.89 (s,
3H), 3.86 (s, 6H), 2.49~2.41 (m, 2H), 2.21~2.10 (m,
2H), 1.83 (ddd, J=8.8, 5.3, 2.6 Hz, 2H), 1.74~1.66 (m,
2H), 1.52~1.37 (m, 3H), 1.28~1.21 (m, 2H), 1.03 (s,
6H); '*C NMR (101 MHz, CDCly) d: 214.94, 188.41,
161.66, 153.07, 138.76, 136.48, 132.71, 131.22, 128.68,
124.95, 107.03, 60.93, 56.19, 50.80, 49.75, 42.90, 38.25,
37.80, 35.76, 35.08, 25.99, 21.57, 20.26, 20.12, 18.58,
17.41; HRMS (ESI) calcd for C;yH;505 [M—}—H]+
475.2484, found 475.2485.

158,16-3F. H L I 5 -2-(2- FH 480 2 )~ 2R T HH 3 -4,6- —
§75-3,17- ZHi(5k): R AE L, =% 75%. mp. 156.7~
158.2 ‘C; '"H NMR (400 MHz, CDCl;) &: 7.85 (d, J=2.8
Hz, 1H), 7.36~7.29 (m, 1H), 7.22 (dd, J=7.5, 1.6 Hz,
1H), 7.01~6.90 (m, 2H), 6.40 (dd, J=9.7, 2.0 Hz, 1H),
6.30 (dd, J=9.8, 2.7 Hz, 1H), 5.94 (s, 1H), 3.84 (s, 3H),
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2.45~2.36 (m, 2H), 2.14 (ddd, J=15.7, 9.5, 4.4 Hz, 2H),
1.82 (ddd, J=8.8, 5.4, 2.8 Hz, 1H), 1.79~1.73 (m, 2H),
1.70 (td, J=5.2, 2.9 Hz, 1H), 1.40 (ddd, J=21.5, 10.0, 6.9
Hz, 3H), 1.27~1.21 (m, 2H), 1.01 (d, J=3.2 Hz, 6H); "*C
NMR (101 MHz, CDCly) &: 215.24, 188.72, 161.64,
158.27, 138.49, 132.98, 132.72, 129.8, 129.78, 128.77,
125.08, 124.84, 120.05, 110.80, 55.50, 50.86, 49.76, 42.93,
38.36, 37.84, 35.72, 35.02, 25.99, 21.61, 20.17, 20.14,
18.30, 17.43; HRMS (ESI) caled for C,sHy 05 [M+H]"
415.2273, found 415.2272.

3.3 EEMEMR

33.1 IROEAmILE BV2 8935

LI DMEM 3532 B4 E N ERRELHI R & 10% (R4
BORE A ML A PR I5 0, BV2 /N R A AE 5%(7RFR
SE0CO,, 37 CHEFEM LA TR, 25 = RIGEESH i
Y1 5B SRR A 70%~80%, LG 1k 5 B 41 i,
ERE R —8FM. LETER BV2 /ERE A, &4
%5 3~8 fC BV2 4l it 175256
332 hammed ik

11 PG5 R AR, B DMSO ¥fE. FCRcRE
W, WA 100 mmoleL ™', 17T —20 C. IfwHH
DMEM B: 7204 Hdb AT #ioke, IRFREN 100, 30, 10,
1 pmoleL ™. DMSO £ & < 1%o.

3.3.3 QGriess ix &ML & 3t LPS & AR R 4 e 6h
A H4E R

BOS AR KIAR) BV2 /NRBT4EML, 2 10%(14F1
SEORGA LIS ET i DMEM 1595 5o 40 i 5 R &
2.5X10° cells/mL, #FT 96 FLHA, 100 pL/well, T
37 C, 5% CO, WG FRAA N RE 5. AUHNGEERS 3R 24 h J5
P BRC MUY OB S 290, IR TIN5 4028, 11 Ak
AW 100, 30, 10, 1 pmoleL ™' 5 LPS FE[EMEH]. [H
B2 AR, B 254 LPS &IKEN 100 ng/mL.
PN 2 Je a5 7% 24 h 5, UEE LG, Griess Lhff
AR EIE A NO F &

3.3.4 MTT HAN &4t ) BE R 2o e m fo ok, & &
# %

B 2B KBS 95 /0 BV2 NES R 40 A, A
10%(AEF O MG A4 I ¥ 6F DMEM 577 56 41 i
WM A 2.5X10° cells/mL, %M T 96 LA, 100
uL/well, =37 °C, 5%(A 34D CO, MBEF=AE N IEFE.
S U BE 5 7% 24 h Ji5 e OB i RS IR, RN EAT N 24 4k
11 Rk &40 E 100, 30, 10, 1 pmoleL ™" 5 LPS 3
FER. FR RS AR, FA544 % LPS Z&IREN
100 ng/mL. 4HMIINZY 5 48255957 24 h, SR )5 [ 40 b
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TN MTT #5510 uL/well, K415 0.25 mg/mL MTT
T37 CFLFFE 3 h, WERREFRM, SRJEIA 150 pL
() DMSO ¥, W€ Hot% B2 OD fH. Wi F A=t HE 4
MRS . 40 S 2 (%) = FEdh 2 OD {H - FI(E/ =
6 B ZH OD B 1341 X 100%
335 “Gitwmk

AERTRER A SPSS Giit AR TR I b, 45
RHFME EhrfEiRER. KH One-Way ANOVA 454
Dunnett T3 5% LSD #4745 110 #r.

A KL (Supporting Information) L5543, 4, Sa~
Sk (¥ "H NMR 1 °C NMR &, X 24kl ) BL4a gk )
A W 3k (http://sioc-journal.cn/) . %K.
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