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Synthesis of 7-Aryloxy-chroman-2-carboxamides and their Evaluation
of NF-xB Inhibitory Activities

Eun Hwa Choi, Jae-Hwan Kwak, Youngsoo Kim, Heesoon Lee and Jae-Kyung Jung”
College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea

Abstract — Nuclear factor-kB (NF-xB) plays critical roles in physiological and pathological processes such as immune func-
tion, cellular growth, homeostasis, apoptosis, and inflammation. As part of our ongoing efforts to develop novel NF-xB inhib-
itory agents, we reported that KL-1156 (6-hydroxy-7-methoxychroman-2-carboxylic acid phenylamide) exhibited potent
inhibitory activity of NF-xB. For further structure-activity relationship, a series of 7-aryloxy-chroman-2-carboxylamide
derivatives were synthesized to explore their inhibitory activities of NF-xB.
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serine 7] $1xJell AFSHES-S E3l IkB7F fEl=aL o] 7
NF«BE o] 2-+57 A8 5= QA 3 NFxB 42153
9 AR5 niEo® slo] NF«Be| &/3-& Adllshes thekst 9
AA7E B v Qe 2 APl A= sk vk
g Fe] Awnt fEAEe] s S8 B 2957 KL-1156
547} NF«B2] aetO 2] translocation?} g2 A=
Ao Rzl HPtEY ek B A AN AT n} gl
diaryl ether 3}3t= %Al NEkBe| A4S oJAlsh= slow &
24 ek o)9} e AFE npgo® E dlMi KL-1156
olgl= A=Rt F5=A) diaryl ether 7325 =151 724

O

#H. wlo] #13)k o= ARjoAR
(A3}) 0432612635 (F2) 043-268-2732
(E-mail) orgjkjung@chungbuk.ac.kr

200

AP il R AR AFEAS A7) 8 SS9l N

«Bell 3t EdS- ERIsISIc), Wt ofuel 7 & #AIE
Ta7) el F7HEQ FEAE A 2 dAdEiT)

2 AFelA= KL-11569] 7325 fAsdA] 74 $1x19] v
g 227]E thrlato] thekst T57-29] aryl groups =shalat
&19lom, ofujo]=o]] 312 aniline® 23 o]%2] TN &£
2 #48 ¥el 3 5-dichloro- T3= 3,5-di-trifluoromethyl-aniline
& A&kt AglsGict ek HE SE A 262 A @
Al diaryl ehter coupling ¥+ F3t] T3 4= & A
07 AZIE o, oluto] = 32 7]|EL] WIS AR5l
dihydroxy acetophenone 8Z%-€ d#2] 7748 A gt

T & 0w AlEe3itk(Scheme 1).

Al
=

=3

B HiH

Ao

Al & 7171

IR(nfrared) spectrax Jasco FT/IR 4100& A}gsto] =4 s}
gow emto® vehfglith 'H NMR spectra™ Bruker
DPS3003} DPS500 Spectrometers ©]8-8to] =748}
chemical shift¥= ppm(pars per million)©.%, coupling constant
= Hz(hertz) YERH AT Column chromatography-£ silica
gel(230-400 mesh, Merk)E AF£-3}913 TLC(Thin Layer



7-oFdSA] -A2Rt 2- 7| RIEAIES] M 31 NF-«B Asiehd 201

). q
™ o 0 N
O

M = R
X: 4-Pr 2R cF,
4-Bu
4-Cl
4-Br
3,4-di-F

G by e

3:R=Cl
4:R=CF,

0 (0]
/@f‘\CH3 —— HO/©5;EN/OH —— HO/CEOj\’(OEt
HO OH o (@)

6

Scheme 1 - Retrosynthesis of 7-Aryoxy-chroman-2-carboxamide derivatives.

Chromatography)+= Kieselgel 60 F,;, plate(silicagel 60, 0.25
mm 7], Merk)E AR-SISITE AFof|A ARE-SE TjFE2] Aok
S Aldrich SOl sk AlokS ARgaIglom, A7t de
gk 7-foll= 715e] deixl iR FAlsto] ARgaklt).

Ethyl 7-hydroxy-4-oxo-4H-2-chromenecarboxylate(7) —
Sodium(1.46 g, 63.7 mmol)= EtOH(50 mi)ol] 7}&}4] sodium
ethoxide €& T= % 1-(2-hydroxy-phenyl)-ethaneone (8)
(2.00 g, 13.1 mmol)¥} diethyl oxalate(5.00 g, 34.1 mmol)E 3
3] WL 243k F_F AA7)5F el refluxstSich WHES
1FsFe T, CH,CLG0 m)Z M6, §7152 23} brine
o7 AHska 74 Na,S0,2 AZAIZ v A%t 55330t
Aojx TAE ethanol(20 m)ol =011 ¢-HCI(1 mHE 7|3 &
24 h Ao wRksigict ¥g 5 GulE 7t 5%, &
ozl ks A7 A2rkE 129 (EtOAc : hexanes=1: 2)% 7
Alste] SHE 7(90.9%, 2.8 grs ATt

'"H NMR(CDCl,, 300 MHz) & 6.60(d, 1H, Ar-H J=8.7 Hz),
5.60(d, 1H, Ar-H, j=8.7Hz), 5.57(s, 1H, COCH), 5.55(s,
1H, Ar-H), 3.06(q, 2H, OCH,CH,, /=7.13 Hz), 0.03(t, 3H,
OCH,CHj;, /=7.1 Hz); IR(neat) 3648, 2698, 1566, 777 em™

7-Hydroxy-chroman-2-carboxylic acid ethyl ester(6) -

5135 7(500 mg, 2.29 mmol)S ethanol(20 m)°l] =o)L 7]
ol Pd/CE™E, 100 m@)¥} acetic acid(l m)E 2] 42 715
0}01]/\1 35 50} ST, Silica gel® ¢ 7F519] palladium

AABRIL of Mg FFHste] 3 @Y 4] WAE 6(95.2%,

450 mg)—— A3

"H NMR(CDCl,, 300 MHz) & 6.82(d, 1H, Ar-H, /=8.0 Hz),
6.42(dd, 1H, Ar-H, /=8.0, 24Hz), 629(s, 1H, Ar-H),
4.69(dd, 1H, OCHCH,CH,, /=73, 3.6Hz), 4.19(q, 2H,
OCH,CH,, /=7.1Hz), 2.66(m, 2H, OCHCH,CH,), 2.13(m,
2H, OCHCH,CH,), 1.27(t, 3H, OCH,CH,;, /=7.1Hz); IR
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(neat) 3425, 2974, 1653, 683 cm ™,
7-Hydroxy-chroman-2-carboxylic acid(5) - 385 6(1.20
g, 5.39 mmol)S H,0°l %¢]32 KOH(1.20 g, 21.6 mmol)E ¥
3 90°CollA A7 B2t AL wrlkslith 6N-HCIE-
pHE A o7 W= T EtOAC(30 mIX 3)& FE3lL, 7715
=7 brine®® MHAT SullE FSt wEsle] T4 E_zﬂ
A5 5(83.2%, 870 mg)E At
'H NMR(CDCl,, 300 MHz) & 7.63(d, 2H, Ar-H, /=85 Hz),
7.31(d, 2H, Ar-H, J=85Hz), 6.88(d, 1H, Ar-H, /=8.0 Hz),
6.45(s, 1H, Ar-H), 6.37(d, 1H, Ar-H, /=8.0 Hz), 4.58(dd, 2H,
OCHCH,CH,, /=9.8, 2.7 Hz), 2.86~2.52(m, 2H, OCHCH,CH,),
2.35~225(m, 1H, OCHCH,CH,), 2.15~2.01(m, 1H,
OCHCH,CH,); IR (neat) 3259, 2894, 804 cm™.
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Amide 3, 42| U M
Aad 5(1.0 eq)s 5 THF(10 mlyl %50]a. ED2.0 eqys ¥
T A20lA wHEIATE. Aniline(0.8 eqyS ¥l A2

A 12213 Sibeb, YelsSshalch, ol o] B8
3 6N-HCIE AME-319] pH 3~4% 27d38}31, CH,Cly(10 mIX 3)
& FZ30Ih 57152 7 brine®® AF3kaL MgSO,% 71
Z3 & 25k FFSI Foldl ke Y AwvkE Y
(EtOAc : MC : hexanes=1:1:2)Z “gAI5}%] 3(64%, 890 mg)=
A3t

7-Hydroxy-chroman-2-carboxylic (3,5-dichloro-
phenyl)-amide(3) - 'H NMR(CDCl,, 300 MHz) & 7.73(d, 2H,
ArH, J=3.0Hz), 7.18(s, 1H, Ar-H), 6.88(d, 1H, ArH, J=
45Hz), 6.45(s, 1H, Ar-H), 6.33(d, 1H, /=4.5Hz), 4.58(m,
2H, OCHCH,CH,), 2.86~2.69(m, 2H, OCHCH,CH,), 2.34~
2.21(m, 1H, OCHCH,CH,), 2.05~2.01(m, 1H, OCHCH,CH,);
IR(neat) 3262, 2921, 1673, 681 cm™.
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7-Hydroxy-chroman-2-carboxylic acid (3,5-ditrifluoro-
methyl-phenyl)-amide(4) - H NMR(CDCl;, 300 MHz) & 8.35
(s, 1H, Ar-NH), 7.69(d, 2H, Ar-H, /=18 Hz), 7.13(s, 1H, Ar-
H), 6.85(d, 1H, Ar-H, /=8.3 Hz), 4.55(dd, 2H, OCHCH,CH,,
J=9.9, 2.7Hz), 2.87~2.64(m, 2H, OCHCH,CH,), 2.39~2.26
(m, 1H, OCHCH,CH,), 2.13~1.93(m, 1H, OCHCH,CH,), IR
(neat) 3262, 2921, 1673, 681 cm™.

7-Aryloxy-chroman-2-carboxamides 1, 29| HFY $fAH

s}3+= 3(1.0 eq), boronic acid(1.5 eq), copper acetate(1.0
eq), triethyl amine(6.0 eq)= ¥l methylene chlorideo] =1
th Ak} flask )bC® S0l 4= QU flask el 18 7l
0]4] needle L2} 11 activation © 4 A molecular sieve=
A YolFdul, Aol 2547t Wk 3 filter 31341, o
Holls 7t FFsIiTh Gzl 1A AR ARvRE T
(EtOAc : hexanes=1:3~1:5% AAst] 3}E 1, 25 o
At

7-(4-Propyl-phenyloxy)-chroman-2-carboxylic acid (3,5-
dichloro-phenyl)-amide (la) - £ 63%(40 mg), 'H NMR
(CDCl;, 300 MHz) & 8.31(s, 1H, Ar-NH), 7.56(s, 1H, Ar-H,
J=17Hz), 7.15(d, 2H, Ar-H, J=8.4Hz), 7.12(s, 1H, Ar-H),
7.03(d, 1H, Ar-H, /=83 Hz), 6.95(d, 2H, Ar-H, /=8.4 Hz),
6.62(d, 1H, Ar-H, /=8.3 Hz), 6.58(s, 1H, Ar-H), 4.61(dd, 2H,
OCHCH,CH,, /=99, 2.7 Hz), 2.95~2.74(m, 2H, OCHCH,CH,),
2.53(t, 2H, Ar-CH,CH,CH,, /=74Hz), 2.53~2.44(m, 1H,
OCHCH,CH,), 2.12~1.98(m, 1H, OCHCH,CH,), 1.75~156
(m, 2H, Ar-CH,CH,CH,), 0.95(t, 3H, Ar-CH,CH,CH,, /=74
Hz); IR(neat) 3340, 2922, 1675, 1215, 1107 cm™.

7-(4-Butyl-phenyloxy)-chroman-2-carboxylic acid (3,5-
dichloro-phenyl)-amide(1b) - =& 61%(40 mg), 'H NMR
(CDCl,, 300 MHz) & 8.30(s, 1H, Ar-NH), 7.56(d, 2H, Ar-H,
J=85Hz), 7.15(d, 2H, Ar-H, /=8.6 Hz), 7.11(s, 1H, Ar-H),
7.02(d, 1H, Ar-H, J=82Hz), 6.94(d, 2H, ArH, J=86Hz),
6.62(d, 1H, Ar-H, /=8.2 Hz), 6.57(s, 1H, Ar-H), 4.85(dd, 2H,
OCHCH,CH,, /=99, 2.7 Hz), 2.94~2.73(m, 2H, OCHCH,CH,),
2.60(t, 2H, Ar-CH,CH,CH,CH,, J=7.7Hz), 2.54~2.44(m,
1H, OCHCH,CH,), 2.11~1.98(m, 1H, OCHCH,CH,), 1.65~
153(m, 2H, Ar-CH,CH,CH,CH,), 143~130(m, 2H, Ar-
CH,CH,CH,CH,), 094¢t, 3H, Ar-CH,CH,CH,CH, J=69
Hz); IR(neat) 3391, 2950, 1702, 1106, 1087 cm™.

7-(4-Chloro-phenyloxy)-chroman-2-carboxylic acid (3,5-
dichloro-phenyl)-amide(1c) — & 56%(35mg), 'H NMR
(CDCl,, 300 MHz) & 8.30(s, 1H, Ar-NH), 7.56(d, 2H, Ar-H,
J=8.7Hz), 7.30(d, 2H, Ar-H, /=6.7 Hz), 7.25(s, 2H, Ar-H),

7.16(d, 1H, Ar-H, /=6.7Hz), 6.76(d, 1H, Ar-H, /=6.7 Hz),
6.62(d, 1H, Ar-H, /=6.7Hz), 6.57(s, 1H, Ar-H), 4.61(dd,
2H, OCHCH,CH,, /=10.0, 2.7Hz), 2.95~2.75(m, 2H,
OCHCH,CH,), 2.58~2.46(m, 1H, OCHCH,CH,), 2.18~1.98
(m, 1H, OCHCH,CH,); IR(neat) 3349, 2922, 1675, 1145,
1011 cm™,

7-(4-Bromo-phenyloxy)-chroman-2-carboxylic acid (3,5-
dichloro-phenyl)-amide(1d) - =&: 58%(40 mg), 'H NMR
(CDCl;, 300 MHz) & 8.31(s, 1H, Ar-NH), 7.55(d, 2H, Ar-H,
J=7.1Hz), 7.45(d, 2H, Ar-H, /=6.8 Hz), 7.13(s, 1H, Ar-H),
7.06(d, 1H, Ar-H, j=83Hz), 6.91(d, 2H, Ar-H, /=68
Hz), 6.62(d, 1H, Ar-H, /=83 Hz), 6.59(s, 1H, Ar-H), 4.59
(dd, 2H, OCHCH,CH,, /=10.0, 2.8 Hz), 2.96~2.77(m, 2H,
OCHCH,CH,), 2.55~2.46(m, 1H, OCHCH,CH,), 2.12~1.99
(m, 1H, OCHCH,CH,); IR(neat) 3343, 2922, 1674, 1215,
1009 cm ™.

7-(3,4-Di-fluoro-phenyloxy)-chroman-2-carboxylic  acid
(3,5-dichloro-phenyl)-amide(le) - +&: 63%(40mg), 'H
NMR(CDCl;, 300 MHz) & 8.29(s, 1H, Ar-NH), 7.58(d, 2H,
Ar-H, /=85 Hz), 7.25~7.13(m, 2H, Ar-H), 7.08(d, 1H, Ar-H,
J=85Hz), 691~6.82(m, 1H, Ar-H), 6.78~6.75(m, 1H,
Ar-H), 6.61(d, 1H, Ar-H, /=82Hz), 6.59(s, 1H, Ar-H),
4.61(dd, 2H, OCHCH,CH,, J=9.9, 24Hz), 2.97~2.71(m,
2H, OCHCH,CH,), 2.54~2.44(m, 1H, OCHCH,CH,), 2.13~
2.00(m, 1H, OCHCH,CH,); IR(neat) 3351, 2971, 1681, 1159,
1070 cm™.

7-(4-Propyl-phenyloxy)-chroman-2-carboxylic acid (3,5-
ditrifluoromethyl-phenyl)-amide(2a) - =&:  84%(75 mg),
'"H NMR(CDCl,, 300 MHz) & 8.12(s, 1H, Ar-NH), 7.57(s,
1H, Ar-H), 7.17(d, 2H, Ar-H, /=69 Hz), 7.12(d, 2H, Ar-H,
J=2.7Hz), 7.04~6.95m, 4H, Ar-H), 6.60~6.57(m, 2H,
Ar-H), 4.65~4.57(m, 2H, OCHCH,CH,), 2.97~2.77(m,
2H, OCHCH,CH,), 2.58(t, 2H, Ar-CH,CH,CH,, J=7.0
Hz), 2.54~2.48(m, 1H, OCHCH,CH,), 2.12~1.99(m, 1H,
OCHCH,CH,), 1.17~159(m, 2H, Ar-CH,CH,CHj), 0.96(t,
3H, Ar-CH,CH,CH,, /=8.1Hz); IR(neat) 3322, 2964, 1677,
1136, 1014 cm™.

7-(4-Butyl-phenyloxy)-chroman-2-carboxylic acid (3,5-
ditrifluoromethyl-phenyl)-amide(2b) - =&:  93%(60 mg),
'"H NMR(CDCl,, 300 MHz) & 8.12(s, 1H, Ar-NH), 7.18~7.10
(m, 3H, Ar-H), 7.05~6.79(m, 5H, Ar-H), 6.66~6.51(m, 2H,
Ar-H), 4.65~4.57(m, 2H, OCHCH,CH,), 2.95~2.71(m, 2H,
OCHCH,CH,) 2.63~2.58(t, 2H, Ar-CH,CH,CH,CH;, /=
76 Hz), 2.56~2.50(m, 1H, OCHCH,CH,), 2.17~1.95(m,
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1H, OCHCH,CH,), 1.65~1.50(m, 2H, Ar-CH,CH,CH,CH,),
143~1.16 (m, 2H, Ar-CH,CH,CH,CH,), 0.94(t, 3H, Ar-
CH,CH,CH,CH,, J=7.6Hz); IR(neat) 3317, 2930, 1676,
1138, 1013 cm™

7-(4-chloro-phenyloxy)-chroman-2-carhoxylic acid (3,5-
ditrifluoromethyl-phenyl)-amide(2c) — 49%(30 mg),
"H NMR(CDCl,, 300 MHz) & 8.12(s, 1H, Ar-CONH), 7.33~
7.28(m, 3H, Ar-H), 6.99~6.88(m, 3H, Ar-H), 6.84(d, 2H, Ar-
H, /=6.1Hz), 6.62~6.58(m, 2H, Ar-H), 4.66~4.58(m, 2H,
OCHCH,CH,), 2.99~2.81(m, 2H, OCHCH,CH,), 2.55~2.50
(m, 1H, OCHCH,CH,), 2.15~2.05(m, 1H, OCHCH,CH,); IR
(neat) 3390, 2924, 1687, 1138, 1089 cm™.

7-(4-Bromo-phenyloxy)-chroman-2-carboxylic acid (3,5-
ditrifluoromethyl-phenyl)-amide(2d) - 5=:  42%(40 mg),
'"H NMR(CDCl,, 300MHz) & 8.58(s, 1H, Ar-NH), 7.62(d,
2H, Ar-H, J=8.1 Hz), 7.59~7.40(m, 3H, Ar-H), 6.96~6.90(m,
3H, Ar-H), 6.65~6.63(m, 2H, Ar-H), 4.66~4.57(m, 2H,
OCHCH,CH,), 2.99~2.80(m, 2H, OCHCH,CH,), 2.56~2.50
(m, 1H, OCHCH,CH,), 2.14~1.99(m, 1H, OCHCH,CH,); IR
(neat) 3338, 2923, 1674, 1106, 1010 cm™.

7-(3,4-Di-fluoro-phenyloxy)-chroman-2-carboxylic  acid
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ok
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7-Aryloxy-chroman-2-carboxylic
A @, 2o &y

2,4-Dihyrdoxy acetophenone 85 =W EdZ AlE-3}¢]
diethyl oxalate sodlum ethoxide ¥ 9A+S ARg3lo] sI3tE 7
= 91%2] Ao, A 715 sfelld PACHME AHE-
e @%6)0 50}01 Sy §Ffw S D& T AU Ester
6= KOHZ 2R3 7leitslks &3l acid 55 83%2] +&% ¢
glow ol"dA Aol acid 59| EDCS} anilines 714 1L
amidation W55 X3A|A amides AT O ShgHe
3, 4° Cu(OAc),2t Et;N I} thest 5572] boronic acids 714
31 diaryl ether coupling'®'V& A|Eato] HE EA55HEQ 1,
AS- 4= 3t Scheme 2).

—= T

acid phenylamide #=

2=
s'=|-A-I£| I:x" | NF«B x.IgH;I-M
PE FEAE SollA sleE 1a-1be] NF«B A3l &=
ol x 7] 93l LPS(lipopolysaccharide)S *] 2] 3+ RAW 264.7
cellolA] 100 uMelA el ANEA 2 1C,, kS Z431ITH Table

Table I - Inhibitory effect on LPS-induced NF-xB transcriptional

(3,5-ditrifluoromethyl-phenyl)-amide(2e) - =& 89%(55 mg), activity
'"H NMR(CDCl;, 300MHz) & 8.29(s, 1H, Ar-NH), 7.59(m, Compound X, %inhibition at 100 WM 1Cyy (uM)
2H, Ar-H), 7.15~7.06(m, 3H, Ar-H), 6.91~6.82(m, 1H, Ar- KL-1156 83.0+17.0 439
H), 6.78~6.75(m, 1H, Ar-H), 6.64~6.55(m, 2H, Ar-H), 4.67~ 1a 4-propyl 345+0.6 >100
4.58(m, 2H, OCHCH,CH,), 3.00~2.75(m, 2H, OCHCH,CH,), 1b 4-butyl >100 >100
1c 4-chloro 65.7+2.3 76.3
2.56~2.51(m, 1H, OCHCH2CH2), 2.15~2.00(m, 1H, 1d 4-br0m0 405+3.8 >100
OCHCH,CH,); TR(neat) 3392, 2930, 1687, 1156, 1112 cm™., le 3 4-difluoro >100 54.7
0 (0]
1) Diethyl Oxalate
OEt Acetic acid
HO OH 2)HCl HO o 959%
8 91% 7 ©
H.0 EDC
HO (¢ OFt KOH HO 0 OH aniline , THF
o) 0
6 83% 5 60 - 64%
Boronic acid X: 4-Pr
Cu(OAc), O\ 4-Bu
EtsN 4-Cl
4-Br
3:R= CI CH2Cl R=C 3,4-di-F
4:R=CF; 42 - 93% = CF;

Scheme 2 — Synthesis of 7-aryloxy-chroman-2-carboxylic acid phenylamide derivatives.
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