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Design, synthesis and anti-inflammatory activity research of
1-benzoyl-4-( phenoxyacetyl) piperazine derivatives
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[ Abstract] Objective: To obtain a series of multi-target inhibitors with better anti-inflammatory activity by
using 1-benzoyl-4-( phenoxyacetyl ) piperazine as the lead compound followed by further structure optimization.
Methods: Substituted benzoic acid was used as a starting material, and 18 target compounds were synthesized
through substitution and acylation reactions. The inhibitory effects of all compounds on lipopolysaccharide (LPS) -
induced tumor necrosis factor (TNF)-a and interleukin (IL) -6 secretion in RAW264.7 cells were measured, and
molecular docking was performed on the compounds with better anti-inflammatory activity. Results: The structures
of all the compounds were confirmed by 'H NMR, "C NMR and HRMS. Compounds 3d and 8k demonstrated
better inhibitory activity on TNF-a secretion, and compounds 3b and 3d showed better inhibitory activity on IL-6
secretion. Conclusion; Compound 3d has good inhibitory activity on TNF-a and IL-6 secretion in RAW264.7 cells
induced by LPS, and is worthy of further study.
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R1 =F; Cl; CH3; OCH3
Rz = F; CI; CHs; OCHs; OH; 1,3-dioxolane
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RAW264.7 cell line ( /N B 20 4% B W 40 it k&,
RAW264.7,ATCC, Rockville 4\ 7 ) ; IL-6 ELISA iz 5]
&5 JINF-a ELISA 3550 & /N B IL-6 il 36 0 928 12 B 0
FE R &/ Bl TNF-oo i 5 25 W B 0 2 350 4
IL-6 ELISA kit,TNF-a ELISA kit ( BOSTER Biological
Technology /A ] ) ; Ag 4= 1L (fetal bovine serum,FBS) |
RPMI1640 ¥ 3% % ( GIBCO, Invitrogen Corporation 7%
Al R BER R (Sigma W] 3 REE F1E (Gibeo 24
CIDIN¥ S Kot wiil b ) S NE Bk v /A i IR VT2 98
RS
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0.3% TMS Jg AR, T8 A & 5 A7) ; WRS — 1B 1

©)OJ\OH + N'ﬁ}jv@m;a,@)k“@l\/@&

* 2a2d
o

4a-4c
(0]

sl
2

6a-6k

e OO (O

O A (TR 3 L A g A IR A ) 5 LB94T 1
fLH =X 2 2 E B b5 4% ( Berthold 24 &) ; FORMA 700
8 I I VK F8 ( Thermo /3 7] ) 5 Direct-Q with pump i 4
JKAL ( Millopore 73 ) 3 SW-CJ-2FD ## ¥ fk T 1F &
(Mg A RAF) .
3 BEnUEWHAER

HEr LS4 B 4 Jrs . 78 100 mL 5§
BX T KR H R (0. 61 g,5. 00 mmol ) % F 30 mL [
TR I A 3 A N, N- 3 T A
AR 12 0 CHEPE A 0.95 ¢ HEBESN 10 mL
A e R T, G 8 ik s N U R Ak 2
2 h,# 2 {4 % ( thin layer chromatography, TLC ) £ il
[V VICTRCWR) =1 LR JEIFF ], JOnE
SEAGE  HAR SO, ) T R R TR RS
W B ER R L A5 A

'3aR;=4Cl !
'3b Ry =4-F !
! 3cR{=4-CH3 I
1 3d Ry = 2-OCH,4 |
H | 5b Ry =4-F !
3a-3d 1 5¢ Ry =4-CH, !

1 5d Ry = 2-0CH, |
1 8a R, =4-F X
| 8b R, = 4-Cl !
1 8¢ Ry = 3-Cl !
1 8d R, = 2-Cl |
1 88 Ry = 4-CHj !
! 8f Ry =3-CH, !
I g Ry = 2-CH, !
I

1

I

I

5b-5d

0
Cl Cl 'ghR. =
NH/\ a N/\ 1 8h Ry =4-OCH
K/N —_— K/N | 8i Ry=2-OCH,
''gi Ry =2-OH
> 1 0] N2
7

8a-8k

B4 LGSR A K ZL 1 (Scheme 1)

556
PEHMBRE 2021 F55 30 555 6 1

<4



K — 2015 2 /Y b (a4 T 30 mL i 50 e
ORI R KRS T, Z g I A LS ) 2a
(1.12 g,5.00 mmol ) 5 =2 % (0.76 g,7.50 mmol)
RAWW D, Wmse s, B E2%ERT 3 h J5,TLC
B [ VA : VISR M) =3 LRJEIFH ]
BE5E 45, KPR, 2350 F 30 mIL — 58 F e v 4% 3
U, &I A MU, AR A B R K vk 3 Wk, A LA T
M W4 FEEM VA MEE): VIZRROHEE) =211
poRv i EL R F A Y S RECR Vi NIRE

H¥rfk &4 3b ~3d,5b ~5d,8a ~ 8k [ & S
ZAE Y 3a G T

(4-(4-50 R0 2,5- Z I RRIR - 1- 0 ) (% ) HY
(3a): B R 72 . 64% ;m. p. 131.2 ~ 131.9 C,
'"H NMR (400 MHz, DMSO-d,) 8 7.47 ~7.42(m,
3H,Ar-H), 7.38 (s, 4H, Ar-H), 7.36 ~7.31(m,
2H, Ar-H), 3.62 (s, 2H, CH,), 3.46 ~3.34(m,
4H, piperazine-H) , 2. 67 (dd, J=11.8, 4.0 Hz,
1H, piperazine-H) , 2. 18(d, J =11.7 Hz, 1H, pi-
perazine-H) , 1.26 (d, J=6.7 Hz, 3H, CH,), 0.94
(d, J=6.4 Hz, 3H, CH,).” C NMR (100 MHz,
DMSO-d,) 6 170.31,138.64,137.17,131.77,130. 48,
129. 59, 128. 95, 128. 67, 126. 78, 57. 52,52. 15,
48.76,16.78,7. 63, HRMS Caled for C,, H,, CIN,O
[M+H]": 343.157 2, found 343.157 5.

(4-(4-5F3E) -2, 5- B LR R -1-38 ) (R 3E)
HHR (3b) : H Bk R 7" %:59% ;m. p. 117.8 ~
119.6 °C.,'H NMR (400 MHz, DMSO-d,) & 7. 44
(dd, J=4.7, 1.6 Hz, 3H, Ar-H), 7.38 (dd, J =
8.2,5.9 Hz, 2H, Ar-H),7.36 ~7.32(m,2H, Ar-
H),7.14 (t, J=8.7Hz, 2H, Ar-H), 3.61 (s, 2H,
CH,), 3.43 (m, 4H, piperazine-H) , 2.66 (dd, J =
11.8, 4.0 Hz, 1H, piperazine-H), 2. 19 (d, J =
11.7 Hz, 1H, piperazine-H) , 1.25 (d, J=6.8 Hz,
3H, CH,),0.93(d,J=6.4 Hz,3H,CH,) ,” C NMR
(100 MHz, DMSO-d,) & 170.31, 162.87, 160. 46,
137.19,135. 63,135. 60, 130. 50, 130. 42,129. 59,
128.95,126.78, 115.51, 115.30, 57.47, 52. 06,
48.72, 16.79, 7.58, HRMS Caled for C, H,,FN,0
[M+H]". 327.1867, found 327.186 5,

(2,5-Z 1 Be-4-(4-H1 JL A0 3L ) DR 8 -1-48 ) (K
H) R (3¢) : HEBAR ;77 H:42% sm. p. 104.1 ~
105.9 °C ,'H NMR (400 MHz,DMSO-d,) 6 7.44(dd,
J=4.2,2.2 Hz,3H,Ar-H) ,7.33(dd,J =5.3,2.0 Hz,

N
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2H,Ar-H),7.23(d, J=7.2 Hz, 2H, Ar-H), 7.13
(d, J=7.5Hz, 2H, Ar-H), 3.57 (s, 2H, CH,),
3.43 (m, 4H, piperazine-H) , 2.66 (dd, J=11.8,
4.0 Hz,1H,piperazine-H) ,2.65(dd,J =11.7,3. 8 Hz,
1H,piperazine-H) ,2.28 (s,3H,CH,),2.20(d, J =
11.7 Hz,1H, piperazine-H), 1.25 (d, J=6.6 Hz,
3H,CH,),0.92(d,J =6.2 Hz,3H,CH,)."” C NMR
(100 MHz, DMSO-d, ) & 170.28, 137.22, 136. 35,
136.32,129. 57,129.29,128. 95,128. 67,126. 78,
58.10,51.99,48.76,16.85,7.48, HRMS Calcd for
C,,H,N,O [M+H]";323.2118, found 323.2116,
(4-(2-H A3 ) -2, 5- T F SRR -1 -3 ) (2K
B W (3d) : @R 77 #:45% ;m. p. 74,1 ~
76.6 C,'H NMR (400 MHz, DMSO-d,) & 7.44
(dd, J =6.8, 4.9 Hz, 4H, Ar-H), 7.38 ~7.27
(m, 2H, Ar-H), 7.21 (dd, J=11.2, 4.2 Hz, 1H,
Ar-H), 6.94 (dd, J=14.2, 7.6 Hz, 2H,Ar-H) ,
3.77(s,3H,CH,) ,3.51(s,2H,CH,),3.43(m,4H,
piperazine-H) , 2. 69 (dd, J=11.8, 4.0 Hz, 1H,
piperazine-H) , 2.25(d,J =11. 6 Hz,1H, piperazine-
H),1.29(d,J=6.7 Hz,3H,CH,), 0.95 (d, J =
6.3 Hz, 3H, CH,),"”C NMR (100 MHz, DMSO-d, )
6 170.29,157.70,137.23,129.56,129.08,128. 94,
128.15,127. 11, 126. 78,120. 69, 111. 21,55. 79,
52.37,51.77,49.09,16.88,7. 88, HRMS Calcd for
C, H,,N,O,[M +H]".339.2067, found 339.2066,
(4-(4-F R HE) DR IR -1-5E ) (DR 4E) R (Sb) :
koK 7 % .48% ;m. p. 71.2 ~73.6 C.,'"H NMR
(400 MHz, DMSO-d,) 6§ 7.46 ~7.43 (m, 3H, Ar-
H),7.36(m,J=12.7,6.9,3.9 Hz,4H,Ar-H) ,7. 15
(t,/=8.8 Hz,2H,Ar-H) ,3.62(s,2H,CH, ) ,3. 49
(s,4H, piperazine-H) , 2. 38 ('s,4H, piperazine-H) ,
“C NMR (100 MHz, DMSO-d,) & 169.37, 163.00,
160.59,136. 40, 134. 44,134. 41,131. 24,131. 16,
129.94,128. 87,127. 35, 115. 50, 115. 29, 61. 36,
53.10,47.63,42. 02, HRMS Caled for C;H,, FN,O
[M+H]". 299.1554, found 299. 1556,
(4-(4-FREAN L) DR IR -1-J (R 0k ) HI R (Se) -
FEB AR ;™% :50% ;m. p.67.2 ~69.8 °C,'H NMR
(400 MHz, DMSO-d,) 67.43 (dd, J=5.0, 1.6 Hz,
3H, Ar-H),7.36(dd,J=6.5,3.1 Hz,2H,Ar-H),
7.18(d,J=7.9 Hz,2H,Ar-H) ,7.12(d,J =7.9 Hz,
2H,Ar-H),3.61(s,2H,CH,), 3.45 (s, 4H, pipera-
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zine-H) , 2.36 (s, 4H, piperazine-H ), 2.28 (s, 3H,
CH,)."”C NMR (100 MHz, DMSO-d,) & 169. 36,
136.54,136. 42 ,135. 14,129. 93,129. 36, 129. 25,
128.87,127.35,62.07,53.19,52.73,47.63,42.02,
HRMS Caled for C,,H,,N,0 [M +H] " 295.1805,
found 295.180 1,

(4-(2-F AR AL ) DR IgR-1-66 (R 5% ) FH I (5d)
HER R 7 %.64% ;m. p. 84.2 ~86.2°C, 'H NMR
(400 MHz, DMSO-d,) 87.45 (dd, J=4.1, 2.1 Hz,
3H, Ar-H),7.39 ~7.36 (m,2H, Ar-H) ,7.32 (d,
J=7.4Hz, 1H, Ar-H), 7.24 (t, J=7.8 Hz, 1H,
Ar-H), 6.99 ~6.90 (m, 2H, Ar-H), 3.78 (s, 3H,
OCH,),3.63(s,2H,CH,),3. 51 (s,4H, piperazine-
H),2.43(s,4H, piperazine-H) ., C NMR (100 MHz,
DMSO-d,) & 169. 35, 157. 87, 136. 45, 131. 98,
130.43,129.91,128. 86, 128. 64, 127. 36,125. 79,
120.57,111.30,55.79,55.74,53.30,47.74 ,42.09,
HRMS Caled for C,,H,,N,0,[M +H] " ; 311.175 4,
found 311.174 9,

(4-(4-50 7R L) IR me-1-58 ) (4-380 A ) Wi
(8a) : A K K ;7= % :46% ;m. p. 114.3 ~116.7 °C,,
'"H NMR (400 MHz, DMSO-d,) & 7.46 (dd, J =
10.0, 3.8 Hz, 2H, Ar-H), 7.41 ~7.37 (m, 2H,
Ar-H), 7.34 (d, J=8.3 Hz, 2H, Ar-H), 7.31 ~
7.24 (m, 2H, Ar-H),3.59(s,2H,CH,),3.50(s,
4H, piperazine-H) , 2. 38 (s, 4H, piperazine-H)
“C NMR (100 MHz, DMSO-d,) & 168.49, 164.21,
161.76,137.37,132.76,132.72,132. 05, 131. 11,
130. 04, 129. 95, 128. 66, 115. 94, 115. 72, 61. 33,
52.87,52.77,47.74,42.20, HRMS Caled for C, H
CIFN,O0 [M +H] " 333.116 4, found 333.116 7,

(4-(4-50 KAL) IR me-1-58 ) (4-50 & ) W
(8b) : (1A By K ; ™ %.:53% ;m. p. 71.2 ~73.6 C,
'"H NMR (400 MHz,DMSO-d,) 8 7.51(d,J =8.4 Hz,
2H,Ar-H),7.43 ~7.37(m,4H, Ar-H) ,7.34(d,J =
8.4 Hz,2H,Ar-H) ,3.61(s,2,CH,),3.50(s,4H,
piperazine-H) ,2. 38 ('s,4H, piperazine-H) ,"> C NMR
(100 MHz, DMSO-d,) & 168.32, 137.37, 135.13,
134.64,132. 04,131. 12,129. 42,128. 98, 128. 66,
61.32,53.05,47.57,42.08, HRMS Caled for C, H
CLN,O [M +H]": 349.086 9, found 349.086 4,

(4-(4-50 7R L) WR me-1-58 ) (3-50 &K L) W
(8¢) : Ay K ;2 %.47% ;m. p. 218.9 ~220.2 C,
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'"H NMR (400 MHz,DMSO-d,) §7.66(d,J=8.1 Hz,
2H,Ar-H),7.60 ~7.54 (m, 4H, Ar-H), 7.50 (d,
J=7.9 Hz,1H, Ar-H) ,7.42(dd,J =7.5,0.9 Hz,
1H,Ar-H) ,4.50(s,2H, piperazine-H) ,4.33 (s,2H,
piperazine-H) ,3.60(s,2H,CH, ) ,3.11(s,2H, pipera-
zine-H) ,2.68(s,2H , piperazine-H) ,"°C NMR (100 MHz,
DMSO-d, ) 6 168.08,137.37,134.87,133.92,133.75,
131.04,130. 36,129. 23,128. 88, 127. 37, 126. 14,
61.42,58.26,50.51,44.22,42.18, HRMS Calecd for
CHCLN,O [M+H]":349.0869, found 349.086 5,
(4-(4-50 % HE) WR BR-1-05 ) (2-%0 o8 5 ) BB
(8d) : ATy A ; F2 % :43% ;m. p. 184.5 ~185.9 C,
'"H NMR (400 MHz, DMSO-d,) 8 7.54 ~7.50 (m,
2H, Ar-H),7.45(dd,J =7.3,1.3 Hz,2H, Ar-H) ,
7.42(dd,J=8.9, 4.9 Hz, 2H, Ar-H), 7.38 ~7.35
(m, 2H, Ar-H), 7.33 (d, J=8.2 Hz, 2H, Ar-H),
3.65 (s, 2H, CH,), 3.52 ~3.50 (m, 2H, pipera-
zine-H) ,3.17 ~3.09 (m,2H, piperazine-H) ,2. 43 ~
2.40(m, piperazine-H) ,2.37 ~2.27(m,2H, pipera-
zine-H) ,"°C NMR (100 MHz, DMSO-d,) & 165.91,
137.36,136. 23,132. 05,131. 11, 130. 94, 129. 87,
129. 58, 128. 66, 128. 37, 128. 06, 61. 30, 53. 05,
52.45,46.71,41.55, HRMS Caled for C,(HCI,N,0O
[M+H]": 349.086 9, found 349.086 5.
(4-(4-507F 2k DR BR-1-55) (4-H1 6 28 35 ) B i
(8e): kK ; 7= % .49% ;m. p. 87.8 ~90.2 C,
'"H NMR (400 MHz, DMSO-d,) 8 7.40 ~7.36 (m,
2H, Ar-H), 7.33 (d, J=8.5Hz, 2H, Ar-H), 7.25
(q, J=8.2 Hz, 4H, Ar-H), 3.60 (s, 2H, CH,),
3.49 ~3.40 (m, 4H, piperazine-H), 2.37 ~2.34
(m,4H, piperazine-H) ,2. 33 (s,3H,CH;),"” C NMR
(100 MHz, DMSO-d,) & 169.50, 139.62, 137.40,
133.44,132.03,131. 11,129. 33, 128. 66, 127. 51,
61.36,52.90,47.70,42.25,21.36, HRMS Calcd for
C,H, CIN,O [M+H]": 329.141 5, found 329.1417,
(4-(4-50F 2k ) IR W8-1-05 ) (3-HY 3k o8 58 ) HY i
(8f) .y K 2R 51% ;m. p. 71.4 ~73.0 C,
'"H NMR (400 MHz,DMSO-d,) 8 7.39(d,J =8.3 Hz,
2H,Ar-H),7.37 ~7.31(m, 3H, Ar-H), 7.26 (d,
J=7.6Hz,1H,Ar-H),7.19 ~7.13 (m,2H, Ar-H) ,
3.61(s,2H,CH,), 3.55 ~3.41 (m, 4H, piperazine-
H),2.34(s,4H, piperazine-H) ,2.33 (s,3H,CH, ),
“C NMR (100 MHz, DMSO-d,) & 169.48, 138.26,



137.39,136.39,132. 04,131. 11,130. 51, 128. 70,
128. 65, 127. 84, 124. 35, 61. 36, 52. 74, 47. 65,
41.99,21.35, HRMS Caled for C,,H, CIN,0 [ M +
H]":329.1415, found 329.141 3,

(4-(4-507F 25 UR B&-1-55 ) (2-H1 56 5% 35 ) 1 i
(8g) :H M AR ; rER.48% ;m. p. 87.5 ~89.2 C,
'"H NMR (400 MHz, DMSO-d,) 6 7.40 ~7.37 (m,
2H, Ar-H),7.33(dd,J=8.3,1.4 Hz,2H,Ar-H) ,
7.30 ~7.20(m,3H,Ar-H) , 7.13 (d, J=7.4 Hz,
1H,Ar-H) ,3.66(s,2H,CH,),3.49 ~3.45(m,2H,
piperazine-H) , 3.15 ~3.11 (m, 2H, piperazine-H) ,
2.44 ~2.40(m,2H, piperazine-H) ,2.31 ~2.98 (m,
2H, piperazine-H ), 2. 21 (s, 3H, CH,), “C NMR
(100 MHz, DMSO-d,) & 168.90, 137.39, 136. 83,
134.08,132. 04,131. 10, 130. 62,129. 05, 128. 65,
126.25,126.09,61.34,53.30,52.69,46.73,41. 34,
19.07, HRMS Caled for C,,H,, CIN,O [M + H] ",
329.1415, found 329.1412,

(4-(4-50F 5L ) DR BR-1-Jk ) (4-FP S BE R ) HY I
(8h) : 1 G A ; 77 %:52% ;m. p. 146.4 ~147.7 °C,
'"H NMR (400 MHz,DMSO-d,) 8 7.38(d,J =8.4 Hz,
2H,Ar-H),7.34(dd,J =8.1,4.9 Hz,4H, Ar-H) ,
6.97(d,J =8.5 Hz,2H, Ar-H) ,3.78(s,3H,CH, ),
3.57(s,2H,CH, ) ,3.49(s,4H, piperazine-H) ,2.39 ~
2.35 (m, 4H, piperazine-H) ;" C NMR (100 MHz,
DMSO-dy) & 169. 33, 160. 64, 137. 41, 132. 03,
131.13, 129.48, 128.66, 128.28, 114.10, 61.37,
55.71, 52.95, 46.73, 41.34, HRMS Caled for C,,
H, CIN,O,[M +H] . 345.136 4, found 345.136 7,

(4-(4-50N5E) DR R -1-38 ) (2-FP S LR ) Y i
(8i) : HOy AR ;72 %K. 46% ;m. p. 209.5 ~211.4 °C,
'"H NMR (400 MHz,DMSO-d,) 6 7.60(d,J =42.2 Hz,
4H,Ar-H),7.43(t,J =7.7 Hz,1H, Ar-H) ,7. 24 (s,
1H,Ar-H),7.10(d,J =8.4 Hz,1H, Ar-H) ,7. 02 (1,
J=6.6 Hz, 1H,Ar-H) ,4.47 (s,3H,CH,) ,3. 80 (s,
2H,CH,),3.49 ~3.47(m,2H, piperazine-H ) , 3. 31 ~
2.84 (m,4H, piperazine-H) ,2. 53 ~ 2. 48 (m, 2H,
piperazine-H) ,*C NMR (100 MHz,DMSO-d, ) & 166.92,
155.40,134. 86, 133. 94, 131. 38, 129. 22,128. 93,
128.43,124. 78,121. 23, 111. 90, 58. 17, 55. 96,
51.22,50.68,43.56,43.11, HRMS Caled for C,,H,,
CIN,O,[M +H] " 345.136 4, found 345.136 1,

(4-(4-507F 45 DR B&-1-55) (2-%2 3L 58 3 ) B i
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(8§) : K A ;77 % :47% ;m. p. 180.6 ~182.1 °C,
'"H NMR (400 MHz, DMSO-d,) 8 9.74(s,1H,0H) ,
7.39~7.31(m, 4H, Ar-H), 7.20 (t, J=7.7 Hz,
1H, Ar-H), 7.08 (d, J=7.5Hz, 1H, Ar-H), 6.83
(dd, J=14.9, 7.7 Hz, 2H, Ar-H), 3.64 (s, 2H,
CH,), 3.45~3.43 (m, 4H, piperazine-H) , 2.35 ~
2.31 (m, 4H, piperazine-H) ,” C NMR (100 MHz,
DMSO-d, ) & 167.43,153.71,137.41,132.01,131.12,
130.54,128. 64,128. 53,124.38,119. 52,116. 10,
61.41,52.94,50.68,43.76,43.41, HRMS Caled for
C,H,CIN,O,[M+H] " 331.120 8, found 331.121 1,

HILd] [1,3] 4 A-5-4E (4-(4-2F &) IR
We-1-J5) IR (8k) . 1 €4 Ky oK 5 7 #£:43% ; m. p.
106.3 ~107.7 °C ,'"H NMR (400 MHz, DMSO-d,) &
7.36 (dd, J=20.5, 8.4 Hz, 4H, Ar-H), 6.92 (q,
J=7.9 Hz,3H ,Ar-H) ,6.06 (s,2H,CH,) ,3.49 (s,
4H,CH,),2.49 ~2.47(m, 2H, piperazine-H) ,2.39 ~
2.35 (m, 4H, piperazine-H) . C NMR (100 MHz,
DMSO-d,) & 168.87,148.66,147.58,137.41,132.02,
131.12,129.95,128. 65, 121. 83,108. 56, 108. 17,
101.88,61.35,52.89,50. 68,43.36,43. 11, HRMS
Caled for C,,H,,CIN,0,[M +H] *; 359.1157, found
359.116 1,
4 EYEN

i FH 5 A ) e B 9 4K A 9 (10 wmol < L71) Y
B3 RAW264.7 40 2 h J5, B % LPS
(200 ng-mL ™) #5 F I EF RAW264. 7 401 8 h,
Wi 3T RUE K RAW264.7 40 LA 1 x 10° cells- L ™
FEFT 96 fLAR , & T 37 C,5% CO, £/ T, H
Z Y 90% Fil A )5 , FHJC I 9 RPMI-1640 3% 5% 5
EE 2 h A R P Ak, RS X BT, B A
We BE R (10 pmol - L7°) W & L B YW H
RAW264.7 4 2 h J5 , W45 32 3 0 #4 7 LPS(200
ng-mL ™) B SR AL AKLEETT 8 ho MET LS AT, UK
UMM FIE W, - 80 CURTF& H. &5 X B4 . %%
TR IE 8 15 F2 JL 0% 3 RAW264.7 i1 10 h, LPS Xf
REZH i IE W 35 52 B RAW264.7 4ifig 2 h J5,
¥k £ LPS(200 ng-mL ™) 3% 55 505 3 RAW264.
7 AHE 8 ho 4 BIARHE ELISA 3% 7 & 156 ] 45 40 f |
W THF-o F1 IL-6 7KF-, A ELE 5 K.
R/ % = (X BB - SE90 248 ) /%F BRAL(E x
100% , 25 R W3 1 FIE S,
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x1 B YXT TNF-o F1 1L-6 (1) 30450 5

0%/ % T ER
et iy
THF-a 1L-6 THF-«a 1L-6
1 40.72 £3.72 44.92 £3.22 8c 9.74 £0.92 6.33 £0.66
3a 8.45 +£1.03 4.01 £0.31 8d 7.45 0.4 8.57 £0.17
3b 24.22 £2.68 36.93 £2.72 8e 17.73 £0.51 9.94 +0.96
3c 16.11 £0.51 21.36 £1.9 8f 15.49 £0.54 8.81 £0.35
3d 39.7+1.4 42.45 +£3.68 8g 18.59 £1.07 28.05 £2.17
5b 25.82 +£0.53 12.59 £0.65 8h 8.57+0.3 8.53+£1.26
Sc 13.17 £0.88 21.86 +1.35 8i 9.75 +0.37 10.54 £1.03
5d 6.8 +0.57 4.6 £0.33 8j 37.9+1.41 29.85+1.13
8a 12.51 £0.73 6.29 +0.23 8k 13.24 £0.54 18.07 £1.32
8b 21.16 £1.33 24.3 +£0.97

TNF-o Fl IL-6 40 I 4E F , PEAN bt R 06 . LA
SACA Y 1 AR N B R I 5 R A P A 10 wmol -
LMk BE R AF TNF-o 1 IL-6 (312, 45 &0, B
HIEWPRIEERCT R T A, A
3d FHHE 5 1 HITHY TNF-o FIL-6 1055035 P .
5 SFERE
KX Autodock 4.2 5T LAY 3d Al
5d 78 p38a MAPK i k{37 5 (9 %F #2275 :%, 7¢ PDB
B 2 bR 30 B B Y 2K 11454 : p38a MAPK ( PDB
code: 2QD9) " SR N B A K 1 A AT b
P DA S AR e ) A S SOX A L R T i
B 5 HirfbE&Wt THF-o Fil IL-6 3] 15 7% KE 40 A, ¥ Genetic Algorithm 5735, 1% 158
WK 100, HoAh Z B F5 BRI . SR PyMOL 2 i
KL A P LPS 55 RAW264. 7 41 g 43 XHZ A, 4 R LA 6,

V7)) THF-u

50

| LEU-167

A 3d 5 p38a MAPK JE (L AL 407 23 B A0 ) 5d 15 p38a MAPK IR PEA A0 945 4 7 X5
LT 5 < e 3 A o 5 0 B A5 £ 6 JE 2 S AT T 5 € 2 B S A T4 1)
6 LAY 3d, 5d 5 p38a MAPK i {7 s 9 45 & X

XSGR RY LAY 3d M Sd Mg SRR A AR SRR SE R BOAT RLE A i Lys-53, Leu-104,
BRI LA 3% 07 05 p38a MAPK (PR s 2 Thr-106 45 G 1 1R 5% 2 41 A A 5 7K 111 42 5 JHL Tt i o

560
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AENS 5 BCRE X Y 220 FE R 5% 3 Met-109, Gly-110 JE 1§,
REEMEEAE . AN A 3d IR 2L - H
IR 2 R LR 7% 3 Ala-51, Leu-108 , Leu-167 & i
ot B -Be HAH B AEHT (WL SA) .

5] it

FHELEAL A %) 3b 5 5b,3¢ 5 5¢,3d 5 5d iX 3
HALA Y THF-o B IL-6 300835 ¥, AT LA 36 B 7 UR
W b g | AHY 8 52 B 6% 52 T b & W 19 Bt 28 0 5 kot
PR IR RER L I EE S Ala-51, Leu-108
SRR ILIY B S - B A HAE A B TR A 5 T
PEOL B ES 6 o B2, X — A AN TR A
XTSRRI EY . m B, fE 2 EUE BT IR %
FIAHEER DR S Gt R G G
15 8a~k [ THF-o F1 TL-6 # i 35 4 , 7T LA B G
WTEARBE M A B 5] A 45 i1 35 P 8 2 g 1 3
M2 AR G BT R TG o 25 b ik, 7E R
BRI TAY S p38a MAPK I P4 i/ A1
BIGE A X HERIR B 151 A X S Ak A PR Bt
RIGHERA —~ENSHME,
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