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Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used to relieve physical and mental pain, and to im-
prove patients’ quality of life. However, stomach irritation is a major side effect. Most NSAIDs inhibit cyclooxygenases
(COXs), and inhibition of COX-1 on the stomach mucous membrane is thought to be responsible for the gastric disturb-
ance. Consequently, development efforts have focused on COX-2-selective inhibitors, while COX-1-selective inhibitors
have been rather neglected. Subsequently, however, it was shown that inhibition of either COX-1 or COX-2 alone does
not induce gastric damage. Therefore, we have developed the COX-1-selective inhibitor N-(4-aminophenyl)-4-
trifluoromethylbenzamide (TFAP), which shows analgesic activity without causing gastric damage. However,
metabolism of TFAP generates a colored metabolite, resulting in red-purple coloration of urine after administration. In
addition, the analgesic activity of TFAP is weaker than that of indomethacin. Thus, we designed a series of new COX-1-
selective inhibitors, the 5-amino-2-ethoxy-N- (substituted) benzamide (ABEX) series, in order to avoid formation of the
colored metabolite by modifying the diaminopyridine skeleton. As a result of structural modification and in vitro and in
vivo testing of compounds in the ABEX series, we found a novel COX-1-selective inhibitor, 5-amino-2-ethoxy-N- (3-
trifluoromethylphenyl) benzamide (ABEX-3TF), which shows better analgesic activity than indomethacin, and does not

cause coloration of urine.
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1. FLsI(c

raFxFTF—F (COX)™D NoyTHEr &
LTHSNBIEZXTOA REFIHRIEA] (NSAIDs)
13, DAKFESRY U F L% E TR IR AT
LTA<FIHEN TS, LanL, BEFD NSAIDs
BRIERE L CTEBEEZ4 L, 4 REOLE, M
{EEHIMICEDIBICES Z & dH 5. NSAIDs &5
DK, BEHRGEEIC T OS5 DO NEE
ThsI &, T/ COX-1 3 FHREE FITHEHE MIZ
HLTWbZEMNS, COX-1HEDAIZLD &
ALNTER. S 2Dk, COX-1HEHKDII
W T o RIS H o 7=, —FH, RIERFEEN
WZHHT 5 COX-2 DEMAENHESNZI LD

LR R F B o 3R A & 7e Rt (TF700-8530 il
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AT, AAREZEE 304E2S 2 RY T LA GS04
TRELEBOZHFLIGERLEZHDTH 5.

DYl aF 272007 dFTORED
COX-2 [HEHRAKE NI SN, L Ly
5, W DONO COX-2 HFEHRIZK D LFHFERE
DIEER &R R BT U 2B HI A EFE L, 1D B
I3 COX-2 HEHICHT 2BLBHETFTLTNS, H
BREWTZ &12, COX-1, COX2 M HZHET 3 &
BEEENELCSDHDD, COX-1, COX-2 DT
Nh—hHZHETLHETRERBEEZECRNVT
EMHE I N2 AT, NSAIDs ICAH 5N 584
WIEAIX COX2HELD BT L A COX-1 HEIC
KET B L, /- COX-1 [HEIC XD /N EE
EMHEERPRE SN Y NSO RITXD,
HNHOIUT COX-1 BHEFEAYE 5 b F D 72 W S
ELTHAMIK T 7=,

BEH @ COX-1 fHZE 3 & L Tl mofezolac,!510
FR122047,17-19 SC-560 2315415, 20 SC-560 {3{A N
FHAE DN W 72 O 8 1R A 1385 1) 23, 2D mofezolac,
FR122047 IZW N &5 RS ERA N #RE SN T
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W5, 159 Lirl, 2850 COX-1 [HEEIEX ST
HENEL L Twas Z &5, COX-1 DS DsT
AN X D SRR ENAE U TW B aTREE N E 2 50
2. ZZThhbiid, I EnTFHEENERS
COX-1 HERICXD#EMIRNEFR N NIZT
COX-1 [HEIZ LD HEMBPEZRERTE D LEA,
BEfF D COX-1 HER L THEN RIS -~ T >
AR ZEZHT S COX-1 [HES TFAP ZAIH L /-2
TFAP [3EBEEZERIL, YU X, v hhTh
DEFETHHEFEMZRL, COX-1HEIZL D
FWRIRNHS M ETeo 7=, UL L7as, TFAP I
COX JEZER AL ZE SR T & 5 indomethacin K 0 %
in vitro, in vivo TOERA MW I &, F 7= TFAP
EREHG UZBICHEZERROEANREEL RS
7. I T, bHibid TFAP IZBIFT B RDE
DERZFARD=D, TFAP 25 L /=<7 A DR
EZEELL, UV AXRZT MLV KLC-MS 12 X % figtr
Zi7olz. ZFOKE, TFAP ICXDRDOHEMADEREK
LT, R#ENTX > TTFAP O 7 I RS AN YW
TN, TNCE-THELDYT7I JEY DUk
THHZETHRTDEIEZERL TS Y ZFZ
Thnbd, SIEENDROELZEEL =87
7% COX-1 [HERDAIMZHIEL, AWM EEITo K
LA, BIERERNIROZE M Z B L, indometh-
acin P\ _E @ $85% 1EH # 7R 9 5-amino-2-ethoxy-N- (3-
trifluoromethylphenyl) benzamide (ABEX-3TF) O
BIHICE S /2. ARFHTIRAEY DT ARk,
ONZ COX-1 [HEHDHFERERICIDOVWTHRNT 2.

2. ¥ COX-1AEED Y F&a

TFAP I3BE7F D COX-1 [HEHK LR D s- b T >
2B Dy TR EAFT S, £z, TFAPI3£< D
NSAIDs {24l 9 S ML EMTIdR<, ¥ /&
EROHEMLLAEM TH L HBEHNUTH 5.

)

HoN HoN . ] —R’
7N 0 —> | N
H 4 F0R
CF3

N

TFAP parsalmide

COX-1 FHEWE 1 D& Y parsalmide 7% TFAP & A1k
WY ERERETHIENS, INHEY — RMEE
W& LT, TFAP IZKBROE DK EL TE A
NPT I /YD OMEERE L N-7 2 =
W=7 I UFIEY I R2EAMEET S
ABEX > —X&FHA1 >, &L~ (Fig. 1).
Aoy FHEETY 2/ EOM#E, YIVaFIHE, KO
N-7zZ)EEOBERIE 22 EHTET, £
FEZARTSEABEARRIHI DY RE T & 2 M CEALMED = W,

3. i COX-1HEZED in vitro AR

Bk 72 bEY O COX HEE ML, TROF v
b ZHAWTEA L /=. TFAP, parsalmide ® 7 I /
HiZ7 I REAICRLTENTN AL, SALICALE
THIEMNS, FTABEX LU —ZXD7 3 JH#D
AL, ROT7IVIAFIHEIIOWTHEET IVFIVLZE
el COX [HEE M ZFA. TOME, 73 /4
7 2 REEGITH LTS AL, 7IIVaF T HEHII R
F RN EIE COX HEEW % 5 A /- (data not
shown). =2 T, 7 /%540, 7IbaF
HIITNFRICEEL, S50, IEETM
BiTO 28T U, N-7 22 )V E 4L OE itk
AL T COX HEFEEZFMLZdDD, Bt
FAWIT X > TRIBRIENE EANRADRNZ &N
437> 7z (Table 1),

TFAP N RY 7I)IVAOAFINEEZETH I &, £
7~ mofezolac, FR122047, SC-560 72 £ 7 D COX-1
FH 22 % <> indomethacin 237 DO K A M F T A%
FTHI&EM5, ZNSOEHRELEZ N-7 2 Z)VH#
LD 3K 2FLITEAL T2 LEHITDNT COX
FHEE 2 F /- (Table2). WiNDEHEDY
BHIZPBNVWTSH, 41K DH 30T, 3D H 211
WCEBILZH T 58I H N T COX-1 HEEME
MR < IR B EMPN A 53, FTH ABEX-20Me MY

R = Me, Et, n-Pr, i-Pr
R' = CF3, Cl, Me, Et, OMe

ABEX series

Fig. 1. Chemical Structures of TFAP and Parsalmide, and Molecular Design Strategy of New COX-1 Inhibitors
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COX-1 12K LT O0.11 uM @ ICs, 2 5 % 7=
4. W COX-1HEZI(ZK(T S in vivo FHABR
Table 2 IZ/;RS N-7 2 )V ED 3L & 2 LI
U7 AaAF)VE, sook, ANFIEEET
HALEMIT @G COX-1 HEEEZ RWH L /-
ZENS, INSDILEYDONWT, iR 27
MBRICK 28 IERA 2N (Fig. 2). WIino

Table 1. Substituent Effects at the Para Position of N-phenyl
Rings on COX-inhibitory Activities

o R
HoN

N
H
OEt
ICso (um)
Compound R’

COX-1 COX-2
indomethacin 0.089£0.028 43+1.6
TFAP 3.2£0.9 235+25
parsalmide 3.1£0.6 117+9
ABEX-4CF; CF, 1.6+0.2 >100
ABEX-4Cl Cl 1.8+0.4 >100
ABEX-H H 0.80+0.26 >100
ABEX-4Me Me 1.0+0.1 >100
ABEX-4Et Et 1.1£0.1 >100
ABEX-4iPr i-Pr 2.3+0.3 >100
ABEX-40H OH 2.7%0.1 >100
ABEX-4OMe OMe 2.1+0.8 >100

fb&# & H 30 mg/kg D H[AH% 512 B W THEFEEM
MBASLNBEMITH D, B TH COX-1 HETEMEN
indomethacin IZ LS %5 ABEX-20Me |Z indometh-
acin L FIEFOEREANA SN, BHIRENT &
12, COX-1 [HZE#E M 2 indomethacin 1Z L X T 10
fZF2EE 550y ABEX-3TF |2 indomethacin % # 2 % #4
JIERMNED 5Nz,

ABEX-3TF |3, TFAP TR 72> RD#H M
BRDIEMNo . £, Ty hERAWEEBEED

Table 2. Substituent Effects at Meta or Ortho Position of N-
phenyl Rings on COX-inhibitory Activities

o Mg
HoN N P 3
H 2
OEt
ICso (um)
Compound R’

COX-1 COX-2
indomethacin 0.089£0.028 43+1.6
TFAP 3.2£0.9 235+25
parsalmide 3.1+0.6 117+9
ABEX-3TF 3-CF; 1.0+0.0 >100
ABEX-2TF 2-CF; 0.46+0.03 >100
ABEX-3Cl 3-Cl 0.19+0.05 >100
ABEX-2Cl 2-Cl 0.15+0.05 >100
ABEX-30Me  3-OMe 1.3£0.2 >100
ABEX-20Me  2-OMe 0.11+0.02 >100

Data shown are the mean+S.E.M. (n=3).
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Data shown are the mean+S.E.M. (n=3).

0

vehicle indo parsal ABEX ABEX ABEX ABEX ABEX ABEX

methacin mide S3TF  2TF 3CI 2Cl -30Me -20Me

Fig. 2. Analgesic Effect on Acetic Acid-induced Writhing Test in Mice
Gray and black bars indicate number of writhes at 10 and 30 mg/kg, respectively. Each compound was orally administered. Data shown are the average of the
total number of writhes+S.E.M. (n=8/group). The following indicates significantly different from the vehicle: (*)p<0.05; (**)p<0.01.
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ERBRIZBWTH, 10mg/kg @ indomethacin Z # 1
BHLZTy ML WEEREEZAEL 24,
ABEX-3TF |3 100 mg/kg D5 TH HkEE
ERIIBNT ENHERI N, TS ORRKD,
ABEX-3TF |3 indomethacin P _E D #mIEM 2R~ L
DD, HEEEKROROECZE LSS I L0
Moz, AMEEWE, RMRERD S SINETES
NHZEHEFOT, HHEREREHENEE L Tk

MTHsEEOND.
5. ¥&8

INET, COX-1PHEIZ NSAIDs I2 &% H ik
EOHHFAELTEZLNTWERED, [EH) &3
NTEZ. LhLRAs, COX-1 HEMEMZRL
IS5 H kR E S < B WEEE EH 2R 9 ABEX-
3TF QAT L 7= 2 &3, COX-1 [HEMNET
1372<, ©UABBEER < $#ERIEEZRTIEAN
BRAESY —7 ) FTHBHIEEHDOTRLEZEBDE
EATWS, [RARY AE Y > DI/ EEEMGITE
AlZ COX-1 2R EMEL TNWD Z &, F/- COX-1
B I I D < I A HEE T K 2 P ATE D
WMEINTNDEZ ENDH, Y COX-1 FHEHKITHE
S Al D A7 S 3 LI /IR SR S AR FT LAY AU
HELTHBHIFRFTES, AMERREDEEAS &,
COX-113AIFES =7y hELTHNMEFT AL D.

HEE AMRZETORHLD, BBEERRIC
CHNTRNZRSRSRFOHFEHEEL, K
KIELA T RIFFEE DT 2 ITHE BB L £7.
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