5 FFF. NF-xB [f35 P PI3K/Ake 1E i i 151,
MR L2 Akt WG PERIL . @i Western blot,
MEHfE TPL A5, 400 Akt BERRILKF TR
B, 5 NF-xB OGN 3. AR BoB st
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a(tRXRa) & AF 14 Akt 48T,

M2, AW R TPL Af % A549/DDP 4
% 2yt 250, JLALE ] fEIE I #H] AkUNF-«xB
F3E P, MM N MDR1 Fil LRP 252 24 2 5l
(RIE, B0 g 40 A (R R B o X T0UAF 5
FE TPL fEIGIR 54057 Z9ie-& A8 F Va7 il
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Fh 2L RS A B Ak RREBHI 57 891 1t S AFETEIEN

Fdh, BRIE, REI, R G, e ET 361102)

Ml

WE: BRY XA 200 5 B BL i K B (FAAH) #7011, SEst st /730, J75% il &0 FAAH Bgdn bl A 49
EMFE MM A B AEER, x4 ZINC K48 FmiF; @it FAAH B0 F b4, sHIE AT HRF e o T
WBAT AT 53RN, A AR B AR AW 0 B A 45 M (2- B AR R STl -7-B5) s RABRAL . SRR, &R A4 5 B A& ;
Wit RSB E R RN LN R AP E)-2-Q- R AL TB A RL)- AR -2-BAR K Sl - 7-B5 (2b) 49 1Cso 1E
#9524 pmol'L™, (£)-1-2-K A A - LB )-br& b2 -2- Bt -2- AR K Sk vl -7-B5 (2g) %9 ICso 154 17.34 pmol- L™, BA %
WFerh) FAAH BEE a9 B R . &5i8 EWASH LM S B ATIRE o) I I Bh e R MBE I R M &M £ 78K, AZRA
R Y

KRR MR BER K AEEE A R A H S AL B B ikt AR MR
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Design, Synthesis and Enzyme Assay of Novel Fatty Acid Amide Hydrolase(FAAH) Inhibitors

WANG Zhongkui, LI Yanting, ZHAO Dongsheng, HAN DaXiong*(School of Pharmaceutical Science, Xiamen
University, Xiamen 361102, China)

ABSTRACT: OBJECTIVE To discover novel fatty acid amide hydrolase inhibitors and evaluate their enzymatic activity.
METHODS The pharmacophore model was based on the compounds carefully selected from the published literatures. This
model was used to screen part of ZINC Nature Products database to get a series of compounds which were used to do a
superimposition analysis of the FAAH X-ray crystal structure. Through the virtual screening and the structure-activity analysis of
the compounds published in the literatures, the hitting compound structure(2-oxygen-benzo pyran-7-ester) was selected to do the
transformation. The acylation and condensation reactions were used to get a series of novel compounds. The enzymatic activity

BEETIE: HK ARSI H (81373407): HRAEA FARBLEIE 4T H (2013101386)
fEE BN B, 5, i Tel: 18030179806 E-mail: wzk19870512@sina.com
(0592)2188681 E-mail: daxiong@xmu.edu.cn

P E BLACR 2% 2014 4 1 H 55 31 555 1 4

BIEMEE wbHE, U, ML, MR Tel

Chin J Mod Appl Pharm, 2014 January, Vol.31 No.1 -31-



was tested by LC-MS in vitro. RESULTS Compounds (+)-2-(2-phenoxy-acetylamino)-propionic acid 2-oxo-2H-chromen- 7-yl

ester (2b) (ICs095.24 umol-L™") and (+)-1-(2-phenoxy-acetyl)-pyrrolidine-2-carboxylic acid 2-oxo-2H-chromen-7-yl ester (2g)
(ICs 17.34 pmol-L™") showed good inhibition to FAAH in enzyme assay. CONCLUSION The compounds which have been
discovered are different from other FAAH inhibitors and worthy of further study as a lead compound.

KEY WORDS: fatty acid amide inhibitors; computer-acid drug design; synthesis; enzyme assay

A 5 B H% /K ft I (fatty acid amide hydrolase,
FAAH)JE —Ff 4 Bt 15 5 K B T, 2B
P VF 22 LA AR iE T 1 TG 105 T A A9 IR o 43
(fatty acid amides, FAAs)II = ZAHEAL K A mE" .
WKW FAAH 25 7 205 S, 5
PO FEIE . HEAR ZE LSS 2 Pl 1 kAR R e A
HHEUINK R LT FAAH {55l EiGI7 K
RN 1 AT SR B 1 S Yo

A A, SREERI FAAH 014K K
R, ALHE o- B AL PRI I R A
FIFUEL WRAT A AR, T FAAH 45
5 N A A I A G B 1 25 R B ARLE, 3
KR FIE R R 2, AR RNKRZ, KK
PR T B 2 B2 I T RE R, DAL, BT AL A5 AL
FAAH RA R K. WALZhPIH) FAAH 3%
SR 3AR: A N-IESEEEX, —NLEIR-
HER & SRR AN & R A A s X,
Mileni %) 2000 4E 38 T OL-135 /Ny ALY
5 FAAH E& i 2hitl, feimkgimd, OL-135
(AR RIER KB HE S FAAH 458 it 5% ek 5k
Phe381. Phe432 Flgi/KPERIL Metd36. Metd95
HAHERH, Tl A mka s, [, B
T TEY Ser241 HEXL OL-135 ()35 I B S LA e
T A FAAH X A 5 T 1 AR 5t 431 I K i VE
ARSI IET FAAH @R g5f it 8s, JFRE 7k
LB 258, JREN X R T S 0 g5 Rk
Mo A RSN, FHRA K. DR .
T-REFURAGEE RIMEY).

1 #RAnAZE
1.1 X4

WRR #4540 ( E#EH); ADVANCE 11T 400
MHz 2GS 4R P %A (#5 [ Bruker); 6300 #H4
LC/MS & FBF i (Agilent 24 7]); THZ-312 %Y
& AR IR 4 (LR 2 S WA A PR A ). 43
FRPLIIRELE: BARIRIE 1800 R4S (EAR); #&
f: Discovery Studio 2.0(Accelrys A #]). Sybyl7.3
(Tripos 2 7))o
1.2 255 5

B AL A YIRTF 25 00 IR R Y T 4y
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Mral, IR R G — P A3 fEA DU
IR LEEZ(AEA, Avanti 4], flk5: D00870430);
Jifi 4 L35 5 4 (bovine serum albumin, BSA, 3K
FKAHE, 5 D00096763); 17 0 i R M hr(E
B 0 K 22 BR S A3 By s (6335 R (R [H) Tedia
nHE], fit's: WXBBI1331V),
1.3 &R L

WEEC 21 M) FAAH #0517, KM Dis-
covery Studio 2.0 3K #4 % 3D-QSAR 2534 A5 A,
BRI SHOLR 1, BRI 1,

x1 HRAHERSH
Tab 1 Parameters of pharmacophore model
B MICRE UM BFEE MIXFEE HFA
Hypo-1 0.926 1.47 106.63 112.09 2

EV4
HY_ar
)
o

HBA2

&

EV2

Bl 1 Hypo-1 2525 HI A
Fig1 The Hypo-1 pharmcophore model

N % Zinc Natural Products %4/ J4(2008.05)!"
) 93 527 NN T ARICARE . T % IR T
MZEME, BeARt 59034 °K H “ Diverse Conformation
Generation” HHRA K Z % . BiJ5RH “Ligand
Pharmacophore Mapping” #BiHURL R, #32] 1 264
Meapt,

M PDB $# 7 o T 2k FAAH 459 b A 4 14
PDB ID: 2WJ2. fifk 2WI2 & FAAH 1) 54k,
T A B, ZMIERIURBITREER G ke
A AT EREIRTS FAAH S ARBIAY . SR A K
4 Sybyl 7.3 H1 i) Surflex-dock #EEk, ¥4 1 264 ML,
G5 FAAH SR8, A 73 AN o1 I GG
P T FAAH JRECAR OL-135 (1351 2850 3 &5 ik
oy BT, WA IR T 25 1K) ZINC12896025
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(ZINC12896025 5 FAAH {44 8241 40 0 9.55,
T OL-135 5 FAAH S AN B2 IU4T 0 8.09)
VERRERZIAT s, Ao B2 LI 2.

R 4

A /
2 ZINCI12896025 5 FAAH & 1k xt 3
Fig 2 Docking result between ZINC12896025 and FAAH

Xf ZINC12896025 L FAAH (44 I %6) 42 45 1)
AT HT, KBL ZINC12896025 H AT LL R 4544
fE: 2 NABEZAFRIE(HBAT A1 HBA2). —A
T B HRFIE(RA) — AN J5 B PEBUKRFAE(HY _ar)fl
2ANHERARRL, 2 0L BA, AT 8 A
2- SRR I g -7- B R A A AT S Rk, H ARk
GG R S A sy i LR 2 A 3.

x2 HAiFfLemu s

Tab 2 The structures of target compounds

ETRS) aa E &K

2a Gly

2b L-Ala OQkNJﬁ(O 020
H (0] =

2¢ L-Val
(0]
2d L-Leu OQkN o o. 0o
SRERAOU]
(0]
2e L-Ile OQkN o 0.0
ORA RN ]
2f L-Ph P
-he o M A0 0._0
ORA RNV
i i m
2g L-Pro ©/O¢N o 0" Yo
S/
2h L-Met
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©/o\)\o“ (COCC].]-)[EC'EMF @o\)kc, o
O™ B Y
la 2a
B3 HARe ek
Fig 3 Synthesis of target compounds
1.4 5%

H AR S 0 G 18 2858 O TR 5 R SR
Bl AR ARCHAES L2 N, 33126
AL E SR AW, BrewsS 1-RERY
A A 2- S AR IR - 7-BE AT R
1.4.1  (2-FAAAE- OB AL )- R -2- AR IRl
-7-FR2a)Hl % BORA LM 1 g(6.5 mmol)#
it T SmL S HLEH, KBS TN S
1 mL(11.8 mmol), FFIIA 3 N,N- F Jt H i fi
(DMF), [V 2 h, BEZERR IRV IS . K
PR T 3 mL NEIH, IHZ®R 049 ¢
(6.5 mmol)%§fi# T+ 4 mol-L™' A MBI T,
UKt N S AR I N IR R, T-20 °C
TN 1 he JEH 1 mol-L™" (i) Eh 44 S M 42 pH
1.5, JAMAIEEhkIesk 3 R, AR BEREL 3
K, GIHAIE, IR T 5, i, %
TR TS 1a.

¥ 7-F2 3T 5 % 1.05 g(6.5 mmol), 1-(3-
AN KR )-3- &k W % L 1R #h (DMAP)
1.25 g(6.5mmol) , 4- — H 4 L it ¢ 0.09g
(0.65 mmol), ¥ T 10 mL 5L, A 1a,
A= 20 0.9 mL(6.5 mmol), W $ik 48 h 12,
SN 2 mol- L™ SRR M A pH 5, AT Eh/K
VBV 3K, IR CTRAR 3 Ik, AHFANE,
ToKBR RN T, ook, IR T, SR
FEZHTCRIMEE @ LTR OHE=2 ¢ 1 PR gL,
B AR AR 4 2a(1.42 g, WHE 61%). Mp.
101~104 “C. ESI-POS-MS(e/m): 354.3 [M+H]".
'"H-NMR(400 MHz, DMSO-d6, 8): 4.24(d,
J=5.4Hz, 2H), 4.61(s, 2H), 6.50(d, J=9.5 Hz,
1H), 6.99(m, 3H), 7.15(dd, J=8.5, 1.0 Hz, 1H),
7.26(d, J=1.0 Hz, 1H), 7.30(t, J=7.9 Hz, 3H),
7.80(d, J=8.5Hz, 1H), 8.09 (d, J=9.5Hz, 1 H),
8.72(t, J=5.4Hz, 1H).
1.4.2  (£)-2-(2- R JE S MRS & 5L )- N IR -2-4 X
ZRIFMEG-7-ER2b) I Hl % S RAE ) 2a (6%
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Jivk, JROEER A L-IN& R (6.5 mmol), 5 [ ([ {4
2b(1.04 g, W% 43%). Mp. 122~125 C . ESI-POS-
MS(e/m) : 368.4[M+H]" . Jig ) 1H [a] % =0.4
(c=5mgmL™", CHClLy), 1494 43 e 4
'H-NMR(400 MHz, DMSO-d6, &): 1.53(d,
J=6.8 Hz, 3H), 4.54(m, 2H), 4.66 (s, 2 H), 6.53(d,
J=9.5 Hz, 1H), 6.94(m, 3H), 7.17(dd, J=8.5,
2.2 Hz, 1H), 7.29(d, J=1.0 Hz, 1H), 7.36(t,
J=719 Hz, 3H), 7.80(d, J=8.5Hz, 1H), 8.19(d,
J=9.5Hz, 1H), 8.72(t, J=5.4Hz, 1H).

1.43  (£)-3-FH-2-Q- KA - OB I E IL)- T
QAT IR -7-HR Qo) % SALEY) 2a
H 2% v, TSR L-8 82(6.5 mmol), 51
R AR A 2¢(1.43 g, WK 55%). Mp. 97~
101 ‘C. ESI-POS- MS(e/m) 396.4[M+H]" . Jig 61
[a]=—0.2(c=5 mg'mL™", CHCl3), th&Wh oM
itk . "H-NMR(400 MHz, DMSO-d6, §): 1.02 (d,
J=6.7 Hz, 6H), 2.31(dq, J=13.5, 6.7 Hz, 1H),
4.46(dd, J=7.4, 6.4Hz, 1H), 4.67(d, J=2.5Hz,
2H), 6.50(d, J=9.7 Hz, 1H), 6.92~6.98(m, 3H),
7.11(dd, J=8.5, 2.2Hz, 1H), 7.21(d, J=2.0 Hz,
1H), 7.28(dt, J=8.9, 7.2 Hz, 2H), 7.80(d, J=8.5 Hz,
1H), 8.09(d, J=9.5 Hz, 1H), 8.60(d, J=7.5 Hz, 1H).
1.4.4  ()-4-FHE-2-2 AL O WL 5 - R R
Q-SRI IER-T-BR QA MIHI % S RAAY 2a
(R T, JUBE L-E 2 1R(6.5 mmol), 145 ¢4 [i]
1A 2d(1.24 g, WK 46%). Mp. 105~108 ‘C. ESI-
POS-MS(e/m): 410.4[M+H]". Ji# Yt {f [a]2=—0.2
(c=5mgmL™", CHCly), f&& %4 43 e 4
'H-NMR(400 MHz, DMSO-d6, &): 0.91(d,
J=6.2 Hz, 3H), 0.9(d, J=6.2 Hz, 3H), 1.63~1.78
(m, 2H), 1.81~1.89(m, 1H), 4.55~4.61(m, 1 H),
4.62(d, J=2.0Hz, 2H), 6.50(d, J=9.5 Hz, 1H),
6.92~7.00(m, 3H), 7.10(dd, J=8.4, 2.1 Hz, 1H),
7.21(d, J=2.0Hz, 1H), 7.28(dt, J=1.0, 3.4 Hz,
2H), 7.79(d, J=8.5 Hz, 1H), 8.08(d, J=9.5 Hz,
1H), 8.74(d, J=7.2Hz, 1H).

1.4.5 (F)-3-FH-2-Q- A& I - 4 B L = I - )R
2- A AR-2H-F I L -7-BRe) Il 5% SIS
Y o2a W& T, BEECRA LR R A R
(6.5 mmol), 75k 2e(1.43 g, WK 53%).
Mp. 113~115 C . ESI-POS-MS(e/m): 410.4[M+H] .
et [0]3=+2.2(c=5 mg:mL™', CHCly), L&
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T MY EfR . "H-NMR(400 MHz, DMSO-d6, §):
0.92(td, J=7.4, 1.76 Hz, 3H), 1.00(dd, J=6.7,
3.01 Hz, 3H), 1.18~1.35(m, 1H), 1.38~1.62(m,
1H), 2.00~2.20(m, 1H), 4.50(t, J=7.0 Hz, 1H),
4.65~4.72(m, 3H), 6.50(d, J=9.5 Hz, 1H), 6.92~6.98
(m, 3H), 7.11(ddd, J=9.6, 8.34, 2.1 Hz, 1H),
7.21(dd, J=14.5, 22 Hz, 1H), 7.27 (dd, J=8.6,
7.4 Hz, 2H), 7.79(dd, J=8.5, 1.00 Hz, 1H), 8.09
(d, J=9.5 Hz, 1H), 8.56(dd, J=1.0, 1.0 Hz, 1H).
1.4.6  (£)-2-(2- K Fk- LWL FHE H HL)-3- KL N TR
2-FARE I -7-BR 2O & S BALEY) 2a
(4% 3%, JEORER ] L-2E N & R (6.5 mmol), 75
OB AR [ 4K 2£00.90 g, WHE 31%). Mp.
222~225 ‘C . ESI-POS-MS(e/m): 444 4[M+H]". JiE
At [a]=+0.5 (c= 5 mg'mL™", CHCL), &N
SR JEAR . "TH-NMR (400 MHz, DMSO-d6, §): 2.21
(d, J=6.8 Hz, 2H), 4.54(m, 2H), 4.61(s, 2H) 6.50(d,
J=9.5 Hz, 1H), 6.99(m, 3H), 7.15(dd, J=8.5,
3.4 Hz, 1H), 7.21(m, 4H), 7.33(m, 6H), 7.73(d,
J=8.53 Hz, 1H), 8.01(d, J=9.5Hz, 1H), 8.69(t,
J=5.4Hz, 1H).

1.4.7  (F)-1-(2-FK5 F- LW IL)-IE g e -2- 1R 1R -2-
SEACHETFIENE-7-HE2e) I Hl & SIS 2a (1)
#5770, JERER ] L-I &R (6.5 mmol), 3
4k 2g(2.02 g, WHE 78%). Mp. 179~183 C.
ESI-POS-MS(e/m) : 394.3[M+H] . JE ¢ 18 [a] %
=—0.9(c=5 mg'mL™", CHCl3), &1 4 S gtk .
'H-NMR(400 MHz, DMSO-d6, §): 1.91~2.20(m,
4H), 3.63~3.76 (m, 1H), 4.57 (dd, J=8.5, 5.0 Hz,
1H), 4.66(s, 2H), 6.49(d, J=9.5 Hz, 1H), 6.91~6.93
(m, 3H), 7.20(d, J=2.2 Hz, 1H), 7.27(s, 1H),
7.28~7.32(m, 2H), 7.78(d, J=8.5 Hz, 1H), 8.08 (d,
J=9.7 Hz, 1H).

1.4.8 (+)-4-FEmibidE-2-- KA IE- LW A )
TRR-2-FAACR I -7-BR % SRS
) 2a ()1 T785, JEORER A L-B2 2 #2(6.5 mmol),
3 A E AR 2h(1.52 g, B 64%).Mp. 107~109°C .
ESI-POS-MS(e/m): 428 .3[M+H]". iie Yt [a]2=—0.2
', CHCL), b &9 A1 e 4k .
"H-NMR(400 MHz, DMSO-d6, §): 2.07(s, 4H),
2.11~2.27(m, 3H), 2.54~2.65(m, 2H), 4.63(d,
J=1.7 Hz, 2H), 4.67~4.74(m, 1H), 6.50(d, J=9.7 Hz,
1H), 6.95~7.00(m, 3H), 7.12(dd, J=8.4, 2.1 Hz,
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1H), 7.24(d, J=2.2Hz, 1H), 7.26~7.31(m, 2H),
7.79(d, J=8.5Hz, 1H), 8.08(d, J=9.5Hz, 1H),
8.80(d, J=7.5Hz, 1H).
1.5 PRAIEGE

SR FH BT FH 10 7 YR A D E A A & 0 A A4 Ak
XF FAAH BIH0HEPE

FAAH i 52 )% : il 50 mmol- L™ =% F LA
S BElG TR Eh 2 v (pH 7.4)5 0.05%4: L3 1 2%
F: 1 mmol-L™ ff] AEA JEE4; 100 umol-L™" H#54k
AW DMSO %W; 1 pg-ul™" FAAH BRI . 1K
UM ERIR T2y rh, N 37 CHEEIRIR
FE 5N 30 min &, I 200 uL & 1 nmol-L™!
R IWTIR(17 = O)E Ay A b fr) Y o & s i)

FAAH [R7KAE P~ 0 45 1 WA (i 43
ZORBAX Eclipse XDB-Ci5 (4.6 mmX50 mm,
1.8 mm); FHRLORFFAE 40 C; #EFERE S pl; dish
HA: K(E 0.25%BE R A1 5 mmol- L™ B 4%), W
ZAT B: FFEE(E 0.25%HE R AT 5 mmol- L™ B 1R4L)
Ji# 0.6 mL-min~', 95% B ¥EM 4 min; T4 ESI
BURGTU; TA0N Nos WL 350 °C; 77 137.9 kPa;
FUH RS 50~400. X FAAH 7K fift =446 4 0
IR [M-H] m/z=303 BT & &4 0T .

ORI ZAG I ITVE: FAAH W LAE4L AEA /KR
PR A DURIR, ININEIFE, XA N 52
FIFNH] . AT AN, R
AR 7 A AR A DU R VA 1 = s e I N3]
FUJG TR K A8 A 10 A 2B DU 6 1R 0 (1) = JiE
I 0 N0 550 67 5 A A= DU 95 R 1) = B L Sk A i
B A FAAH AL ABA SN 0] %
2 #ERE5E

HAREL A IAEWRE K 100 pmol-L™" itk
AN >50% 1k &4 2b F 2g ()21 H0dm bk
BE(ICso)fH W3 3.

£33 ALEMIKRE KN 100 pmol- L™ Bty 30 4 &=
Tab 3 Inhibition rate of compounds in 100 pmol-L™"

&Y I/ % ICse/pumol-L™
2a 43.14 -
2b 54.93 95.24
2¢ 15.03 -
2d 48.26 -
2e 13.94 -
2f 24.74 -
2g 85.28 17.34
2h 28.95 -

P E BLACR 2% 2014 4 1 H 55 31 555 1 4

AR VAL B 2 R RS, R
T HRB 5 S A ) R D R K A R . SRS
gh R 25 AR I -7- R AT A i B
FAAH Mg E. (659 2b F 2g 11 1Cso 53 s
T 9524 pmol-L™' 1 17.34 pmol-L™', HAR 52
(] FAAH 0% #)(OL-135, 1Cs5=0.025 pumol-L™)!'¥
b, SRR —E 20, HE T DE N Sk
HWit ATt — S saE ik, B RILEH
B R G B PE IR FAAH 1451 701 24 52 JE A
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Clinical Study on the Effects of Salvianolate Injection on the Levels of Serum 8-isoPG, 1L-18 and IL-1p
in Acute Exacerbated Chronic Obstructive Pulmonary Disease Patients

HUANG Meijianl, CHEN Wenlinz(I.The Third People’s Hospital of Hangzhou, Hangzhou 310009, China; 2.Zhejiang
Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To investigate the effect of Salvianolate injection on the levels of serum 8-isoPG, IL-18 and IL-1f
in acute exacerbated chronic obstructive pulmonary disease(AECOPD) patients. METHODS Sixty patients with AECOPD
were randomly assigned to the treatment group and the control group. Routine therapies were given to patients in the control
group, while 200 mg Salvianolate injection was given to those in the treatment group by intravenous dripping, once daily for
total 14 days. The changes of 8-isoPG, IL-18, IL-1f, the pulmonary functions and CAT scores were evaluated before and after
treatment, which was compared with those of 30 healthy controls. RESULTS There were no significant differences in the value
of 8-isoPG, IL-18, IL-1B, FEV1/FVC and FEV1% before treatment between two group(P>0.05). Compared with the control
group, the levels of serum 8-isoPG, IL-18, IL-1f and CAT scores in patient with AECOPD were increased significantly(P<0.01).
The levels of serum 8-isoPG, IL-18, IL-1B and CAT scores after treatment was significantly lower than that before
treatment(P<0.01); the levels of 8-isoPG, IL-18, IL-1p and CAT scores decreased more significantly in the salvianolate group
after treatment(P<0.05). The FEV1% and FEV1/FVC were significantly improved after treatment in two groups(£<0.01). There
were no significant differences between two group in the levels of FEV1% and FEVI/FVC after treatment (P>0.05).
CONCLUSION Salvianolate injection can reduce the levels of 8-isoPG, IL-18 and IL-1f and improve the clinical symptoms in
AECOPD patients, probably by inhibiting inflammatory reaction and reducing the oxidative stress.
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