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Abstract:

Melanoma is the most serious type of skin cancer as a malignant tumor of

melanocytes. In this work, the syntheses of a novel series of benzaminoquinoline derivatives
la~c and their antiproliferative activities against A375 human melanoma cell line were
described. All the compounds (ICs = 0.78-1.02 uM) showed superior antiproliferative activities
to Sorafenib (IC» = 558 uM) as a reference compound. These results suggested that
benzaminoquinoline derivatives have potentials as a therapeutic agent for the treatment for

melanoma.

Keywords

1. M B

AAFoR e Aad A% 2L 48w 2
ol oo} 391e) Apw olelw, AFALE oA
e A% geow 299 A
Agolth. FA ey AT 44 F 190
Fog Agstel #R) A 4 F 1918
AAsn dok & waEe BAY AW 7
% @A ldFeHen S slen, 28
s AbsIg A TatE 448 87989 S 9

rlr

()
-

T22A7 (e-mail: khyoo@kist.re kr)

benzaminoquinolines, syntheses, antiproliferative activity, melanoma cell line

& sinict & Fo g FrrE A gl
o gdgAl AFLS Gleevec (Novartis)[1],
Iressa (Astrazeneca)[2], Tarceva (Genetech)[3]
59 F4EAH  IFE  A%H Herceptin
(Genentech/Roche), Rituxan (IDEC-Biogen),
Avastin (Genentech/Roche), Erbitux (Imclone/
BMS) 59 484 A At T3 72 g
A gzt AEEEo l*f Al ol
A NS FEFozN FLA AlFo] F

& Addsta gl

o,
N

A A5l A}%E}ﬂ Qe e ofx
2 e, dAbd A7 9 E g 5 A kA
7b Ak Ao w 9144 €2 09 o

- 297 -



2 ¢85 -RAEz
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2 HolejA &3] 2Asly FUdol F2lo
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£9g W ojokxol tiylulR (Dacarbazine,
DTIC)(12,1312 RS A 5% vgte] 4X&
& AT #olr) Aol ENFL gyhuixl ¥
HR2Z20=  (Temozolomide)[14]9] Ez]o}z
(triazine)Al, 7}¥2¥ (Carmustine, BCNU), £
228 (Lomustine, CCNU) ¥ FHFA
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2. 4 ¥

2.1, 7121 ¥ Alek
B2 7]7]¥= NMR spectrometer (Bruker
Avance 400, Germany)®} LC/MS (Waters ZQ
2000 LC/MS System, USA) ¥ melting point
apparatus (MPA 100, Stanford Research
Systems, Inc., USA)E AF£35le] 43w o,
thin layer chromatography (TLC)ol:= A#l7}
A 60 GFss (025 mm, Merck Co., Germany)
2 EXFY e #EFS AE3Ath vkl
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olg3tglom ukgo o]&3 &Luje ] T

Sorafenib

Fig. 1. Structures of Benzaminoquinoline Derivatives la—c and Sorafenib.
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Baker A9l & AAGlol AM£3 ¢ NMR
f|uj= Sigma-Aldrich AF9] DMSO-ds$}
CDCE A8t em, Alzde] Aozl
A o) o] E0YE  tetramethylsilane
(TMS)E 71§22 A4 NMR €9& /&
o2 3t

2.2, AE WY

4-Chloro-8-nitroquinoline (3)

4-Chloroguinoline 2 G g, 31 mmoh&
sulfuric acid (23 ml, 0.42 moD)o} &A1 F
nitric acid (45 mL, 0.11 moDZ 0 Tolx HH
3} I Ao A 4 AL B TWAA
b yhgo] FAHYE 0 CE ¥AA2 T 1.0M
NH/OHZ ZF3AZch d#43 F 1A g ethyl
acetated &A1 HE sodium sulfate® 7
Z81 AFHEAt B FHE 08 AAS
i EHE-SE column chromatography (EtOAC
> n-Hexane = 1 : 3)& o]&3l £8 ¥ 3+
¥ 35 g9 EF Id¥YE 35 <A Yield
56.7% (84  32a); 'M-NMR (400 MHz,
CDCly): 8 759 (d, J = 6.76 Hz, 1H), 774 (t,
J = 802 Hz, 1H), 808 (d, J = 7.33 Hz, 1H),
847 (d, J = 844 Hz, 1H), 893 (d, J = 459
Hz, 1H); “C-NMR (100 MHz, CDChL): &
12294, 12433, 126.34, 12741, 12819, 14081,
143.23, 148.96, 152.00.

4~ (8-Nitroquinolin-4-yl)oxyaniline (4a)

e 3 (176 mg, 08 mmob9t
4-aminophenol (93 mg, 0.85 mmol)E DMF9]
284171 ¥ potassium fert-butoxide 1.0M
solution in tetrahydrofuran (0.95 mL)E A4
A HHE] ArpAZIE 110 TR 7TA7E &9
b8 nwRA AT wego]  F AW ethyl
acetate®} AFEE FE3I FT FEF sodium
sulfate® x5 A3t g ek &
F8hed A A 8L £Hee column
chromatography (EtOAC @ n-Hexane = 1 : 2)
& o} 83ld Fg 4 A4 £ 140 mgd EAH
3R 4ad Atk Yield 59.0% (HzAA 1
A); 'H-NMR (400 MHz, CDCL): & 3.77 (s,
2H), 866 (d, J = 554 Hz, 1H), 6.78 (4, J =
882 Hz, 2H), 698 (d, J = 879 Hz, 2H), 763
(t, J = 7.16 Hz, 1H), 8.07 (dd, J = 1.37, 749

ENZE AEZ AAESY NEL Benzaminoquinoline =42 €4 3

Hz, 11D, 861 (dd, J = 1.37, 981 Hz, 1H),
879 (d, J = 525 Hz, 1H); BC-NMR (100
MHz, CDCh): § 104.80, 116.27, 122.06, 122.59,
12431, 12443, 12633, 140.95, 14474, 145.31,
148.15, 153.60, 162.79.

3-(8-Nitroquinolin—4-yloxyaniline (4b)

332 4a9 FAAAMY FLF HHE o) &
3l 23 3PS 4bE Uk Yield 23.4%
(424 =24); 'H-NMR (400 MHz,
DMSO-ds): & 545 (s, 2H), 6.39-6.43 (m, 2H),
655 (d, J = 794 Hz, 1H), 683 (d, J = 509
Hz, 1H), 7.16 (, J = 7.96 Hz, 1H), 7.79 d, J
= 826 Hz, 1H), 832 (d, J = 747 Hz, 1H),
855 (d, J = 841 Hz, 1H), 881 (d, J = 518
Hz, 1H); “C-NMR (100 MHz, DMSO-ds): §
10532, 10592, 107.13, 111.610, 121.61, 12367,
12541, 12554, 130.64, 139.81, 147.98, 151.05,
153.81, 154.32, 161.16.

4-Chloro-N-[4-{8-nitroquinolin—4-y1)-

oxyphenyll-3-(trifluoromethyl)—

benzamide (5a)

3E 4a (100 mg, 036 mmol), HOBt (58
mg, 043 mmol), EDCI (104 mg, 054 mmol)<}+
4-chloro-3-(trifluoromethylbenzoic  acid (97
mg, 043 mmol)E& DMF (0.1M, 5 mL)o] &3}
A7) & A2od TEAZ H7IA7l13 80 T2
7tg  wRkAlZE, 8ol FEET  ethyl
acetate$} saturated NaHCO:8 23 F F5
sodium sulfate® AZ&1n 3Gl L&
¢ ZFse AAL F EFESE column
chromatography (EtOAC : n-Hexane =1 : 2)
& olgdty ¥ % 5 F 125 mgd 5
38 528 AAYh Yield: 71.2% (A i),
'H-NMR (400 MHz, DMSO-ds): & 6.81 (d, J
= 52 Hz, 11, 7.39 (s, 1H,), 7.41 (s, 1H), 7.82
(t, J = 150 Hz, 1), 7.62-7.97 (m, 3H), 8.27
(dd, J = 203, 1317 Hz, 1H), 832 (dd, J =
1.21, 10.86 Hz, 1H), 842 (d, J = 1.96 Hz, 1H),
861 (dd, J = 1.33, 847 Hz, 1H), 882 (d, J =
524 Hz, 1H), 1072 (s, 1H); “C-NMR (100
MHz, DMSO-dg): & 10561, 12141, 12152,
12236, 123.78, 123.97, 12564, 12620, 127.04,
127.09, 131.94, 133.38, 133.96, 134.64, 136.73,
139.85, 147.98, 149.17, 153.80, 161,30, 163.19.
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4-Chloro-N-[3-(8—nitroquinolin-4-yl)

oxyphenyl]-3-(trifluoromethyl)-

benzamide (5b)

SE 5a9 PG FLT HHE 0%
3t 23x 33E 5bE Aok Yield 97.0%
(Z4 14); 'H-NMR (400 MHz, DMSO-ds):
6689 (d, J =502 Hz 1H), 715 (d, J = 6.77
Hz, 1H), 758 (t, J = 162 Hz, 1H), 775 (d, J
= 800 Hz, 1H), 7.83-7.85 (m, 2H), 764 (d, J
= 828 Hz, 1H), 825 (d, J = 806 Hz, 1H),
8.35-8.38 (m, 2H), 860 (d, J = 847 Hz, 1H),
88 (d, J = 502 Hz, 1H), 1074 (s, 1H);
BC-NMR (100 MHz, DMSO-ds): & 106.72,
113.02, 116,78, 11831, 121.71, 12213, 124.34,
12590, 126.26, 127.00, 127.31, 12757, 131.23,
13244, 133.87, 134.26, 134.59, 14042, 141.18,
14850, 154.09, 154.31, 161.35, 163.84.

4-Chloro-N-[4-(8-aminoquinolin-4-yl)-
oxyphenyl]-3-(trifluoromethyl)-
benzamide (6a)

318HE 5a (109 mg, 0.23 mmol)$} tin(O)
chloride (250 mg, 1.1 mmol)Z ethanol (2.5
mL)el] &A1 T 308 FQF uyk- 3FIE
o} wkgo] FAHE Lol #AY FTFHA A
% ethyl acetate®} saturated NaHCO3Z
3 o3 54 sodium sulfate® 7HAZsI1
Asgrt. 8 Y SHE E9E AAG
o 26 mgd B3 FFYE 6aE AU Vield:
260% (24 1) 'H-NMR (400 MHz,
DMSO-ds): § 6.00 (s, 2H), 6.60 (d, J = 5.01
Hz, 1H), 6.95 (d, J = 7.27 Hz, 1H), 7.29-7.42
(m, 4H), 7.92-796 (m, 3H), 831 (d, J = 833
Hz, 1H), 844 (s, 1H), 855 (d, J = 502 Hz,
1H; “C-NMR (100 MHz, DMSO-ds): &
121.31, 12156, 121.77, 121.77, 122.80, 122.90,
12493, 12695, 12737, 12757, 127.64, 127.75,
132.40, 133.83, 134.42, 134.44, 13450, 13654,
139.36, 146.05, 148.09.

)
e ok

4-Chloro- N-{3-(8-aminoquinolin-4-y1)-

oxyphenyll-3—(trifluoromethyl)-

benzamide (6b)

S E 6as FAAM G TUI PP L o) &
3t E3 335 6bsE LAY Yield: 65.1%
(24 1A); 'H-NMR (400 MHz, DMSO-ds):

REM LR

8§ 669 (d, J = 880 Hz, 1H), 691-693 (m,
1H), 7.04 (d, J = 862 Hz, 1H), 7.01-7.36 (m,
2H), 751 (t, J = 167 Hz, 1H), 7.67-7.69 (m,
2H), 792 (d, J = 848 Hz, 1H), 824 (d, J =
8.37 Hz, 1H), 837 (s, 1H), 857 (d, J = 496
Hz, 1H), 1066-10.70 (m, 1H); “C-NMR (100
MHz, DMSO-ds): & 106.23, 107.29, 109.93,
112.19, 11639, 11744, 122.00, 127.54, 12759,
127.97, 131.02, 13244, 13390, 134.36, 13453,
139.44, 141.01, 14584, 14814, 15521, 160.91,
163.81, 170.81.

4-Chloro-N-[4-(8-benzamidoquinolin—

4-yl)oxyphenyl]l-3-(triftuoromethyl)-

benzamide (1a)

332 6a (200 mg, 0.045 mmol), HOBt
(7.3 mg, 0.054 mmol), EDCI (12.8 mg, 0.067
mmol)¢} benzoic acid (6.6 mg, 0.054 mmol)E
DMF (0.1M, 1 mL)o] &3jAz1 F &24A
TEAE A7IAN7l5 80 T2 719 avbAl#Hh
kg0l ZZA%EW ethyl acetate$} saturated
NaHCO:2 &% & 79 sodium sulfate®
Axstn A3 H T column chromatography
(EtOAC : n-Hexane = 1 : 2)& o|&3ld &
2, 34 ¥ 151 mg9 53 3}FE lag ¥
t}h. Yield: 61.4% (Z4 zA); 'H-NMR (400
MHz, DMSO-ds): & 676 (d, J = 5.17 Hz,
1H), 7.37 (d, J = 894 Hz, 1H), 7.62-7.73 (m,
4H), 7.94-796 (m, 3H), 8.04-8.07 (m, 3H),
8.28-831 (m 1H), 842 (s, 1H), 877 (d, J =
520 Hz, 1H), 882 (d, J = 7.55 Hz, 1H), 10.70
(s, 1H); BC-NMR (100 MHz, DMSO-d,): &
10558, 116.19, 11756, 12097, 121.85, 122.84,
127.00, 127.23, 127.48, 129.53, 132.43, 132.65,
133.86, 134.47, 134.87, 13699, 140.28, 150.05,
150.64, 162.16, 163.63, 164.95.

4-Chloro-N-{3-(8-benzamidoquinolin—

4-yDoxyphenyll-3—(trifluoromethyl)~

benzamide (1b)

338 1a9 AN} 5L WHE o) &
ato] 22 33E 1bE Ath Yield 30.0%
(34 314); 'H-NMR (400 MHz, DMSO-dy):
5 685 (d, J = 513 Hz, 1H), 712 (d, J = 805
Hz, 1H), 752-773 (m, TH), 7.79 (s, 1H), 7.92
(d, J = 836Hz, 1H), 8.02-8.10 (m, 2H), 8.53
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(d, J = 852 Hz, 1H), 836 (s, 1H), 879-882
(m, 2H), 1069 (s, 2H); “C-NMR (100 MHz,
DMSO-ds): & 10590, 11239, 11566, 116.24,
11721, 11752, 12064, 12679, 12695, 12701,
127.86, 12854, 129.06, 130.71, 131.97, 132.20,
13341, 13382, 134.09, 134.35 139.90, 140.63,
150.23, 154.04, 154.34, 161.18, 163.36, 164.52.

tert-Butyl-4-methyl-3-(8—nitroquinolin

-4-yl)oxyphenylcarbamate (7)

SHE 4ad] GO} BUT ES o]
st BA e 78 AUt Yield 677%
(84 314); 'H-NMR (400 MHz, CDCh): &
148 (s, 9H), 2.08 (s, 3H), 654 (d, J = 517
Hz, 1H), 6.78 (s, 1H), 7.10 (d, J = 824 Hz,
1H), 724 (d, J = 828 Hz, 1H), 744 (s, 1H),
765 (t, J = 765 Hz, 1H), 808 (d, J = 7.46
Hz, 1H), 862 (d, J = 843 Hz, 1H), 877 (d, J
= 515 Hz, 1H); PC-NMR (100 MHz, CDCl):
8 1521, 2827, 80.87, 10457, 111.76, 116.44,
12222, 124.39, 124.46, 12463, 126.26, 132.10,
13830, 140.92, 14809, 151.60, 15262, 15362,
161.25.

tert—Butyl-3-(8-aminoquinolin-4-yl)oxy

~4-methylphenylcarbamate (8)

3H8E 7 (263 mg, 0.06 mmol)& methanol
015 mLyel &8z F, 5% palladium
charcoal (285 mg, 0013 mmol$ 73t} &
2 FAE AHEEY] AR Fol Aol nyt
AMAG vhgo] FAE ¥ celite® B3] on}

8t0] 59% palladium charcoal& #AA&t ik o
B 7o . =23 k=3 column

chromatography (EtOAC @ n-Hexane = 1 : 2)
& ol&3te] ¥ 9 3+ £ 16 mge HF
§}°L 8% AUt Yield: 73.0% (ZA 11%));
TH-NMR (400 MHz, CDClz): 6 1.49 (s, 9H),
210 (s, 3H), 498 (s, 2H), 639 (d, J = 506
Hz, 1H), 649 (s, 1H), 684 (4, J = 747 Hz
1), 714 (d, J = 830 Hz, 1H), 722 d, J =
822 Hz, 1H), 7.36 (t, J = 7.65 Hz, 1H), 768
d, J = 821 Hz, 1H), 849 (d, J = 507 Hz,
1H); “C-NMR (100 MHz, CDCl): & 1531,
2833, 80.79, 103.68, 110.03, 110.87, 112.06,
11588, 12157, 125,02, 126.77, 13190, 137.83,
139.81, 143.75, 148.15, 152.50, 152.58, 161.34.

HEZN Aasy MEL Benzaminoquinoline +T 42 $4 5

tert-Butyl-3-(8-benzamidoquinolin—-4-

yl)oxy—-4-methylphenylcarbamate (9)

338 1a9 FAIA Y U PP E ol &
3o} 2 R 95 Al Yield: 674%
(314 1) 'H-NMR (400 MHz, DMSO-ds):
5 143 (s, 9H), 2.03 (s, 3H), 658 (d, J = 5.2
Hz, 1H), 7.31 (s, 1H), 740 (s, 1H), 7.60-7.73
(m, 4H), 803 (d, J = 68 Hz, 1H), 807 (dd, J
= 108, 844 Hz, 1H), 873 (d J = 52 Hz, 1H),
8.80 (dd, J = 096, 7.68 Hz, 1H), 953 (s, 1H),
1069 (s, 1H); PC-NMR (100 MHz,
DMSO-ds): & 1473, 2304, 7930, 10441,
11560, 117.16, 120.17, 122.81, 126.80, 126.98,
129.04, 131.84, 132.16, 134.38, 139.32, 139.80,
150.28, 151.44, 152.64, 160.88, 164.52.

4-Methyl-3-(benzamidoquinolin-4-y1)-

oxyaniline (10)

#3829 (122 mg, 026 mmoD& CH:Lly /
TFA (1 @ Dol £3AZ 5, A2alA 1A
ot wukAlZTh ¥hgo] F25W 1M NaOH
2 23 A7 Dichloromethane® &% &
B B4 godium sulfate® AF& 1 o3 F
4ofE 7+h ERete AAsA 83 mgo EH
332 108 29 Yield 914% (=34 =

#); 'H-NMR (400 MHz, DMSO-ds): & 1.92
(s, 3H), 520 (s, 2H), 639 (d, J = 213 Hz,
1H), 650 (dd, J = 2.16, 813 Hz, 1H), 6.60 (d,
J =516 Hz, 1H), 704 (d, J = 816 Hz, 1H),
761-7.71 (m, 4H), 802-8.07 (m, 3H), 873 (d,
J = 5.18 Hz, 1H), 880 (dd, J = 1.06, 7.68 Hz,
1H); PC-NMR (100 MHz, DMSO-ds: &
1492, 104.84, 10677, 11272, 11605, 116.20,
117.60, 12074, 127.12, 12746, 12956, 13251,
132,69, 13448, 134.84, 140.26, 149.19, 150.77,
15252, 161.64, 165.07.

o o

i

l

it}

4-Chloro~N-[3~(8-benzamidoguinolin-

4-yDoxy-4-methylphenyl}-3-

{trifluoromethyl)benzamide (1c)

BEE 5a9l AN T WYL o &
slo] 3 e 1cE 4k Yied 44.0%
(34 24); 'H-NMR (400 MHz, DMSO-dy):
5 213 (s, 3H), 667 (d, J = 516 Hz, 1H), 7.44
(d, J = 836 Hz, 1H), 760~7.74 (m, TH), 791
(d, J = 844 Hz, 1H), 8.02-8.04 (m, 2H), 810
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(d, J = 844 Hz, 1H), 823 (d, J = 836 Hz,
1H), 836 (s, 1H), 876 (d, J = 516 Hz, 1H),
880 (d, J = 764 Hz, 1H), 1064 (s, 1H), 10.69
(s, 1H); PC-NMR (100 MHz, DMSO-ds): &
1547, 100.84, 10517, 11356, 11612, 117.72,
11854, 120.75, 121.72, 124.44, 12576, 12697,
127.39, 12750, 129.20, 129.55, 132.44, 13268,
13383, 134.33, 13449, 13459, 134.85, 138.82,
140.34, 150.76, 151.93, 161.31, 163.63, 165.01.

3. d=t % 1@

2 dFdANeg #HF O E5EF g§Ed
6-benzaminoquinoline =4 1la-b: Scheme
1A} o] AP HARE T3 A3

%52 24 4-chloroquinoline 3gE (2)8
sulfuric acid EA3tA] nitric acid®} ¥HEA
#A A 4-chloro-8-nitroquinoline 3}¥E (3)&
A stH 5], 3%E 3% 4-aminophenol 2
3-aminophenol¥ t-BuOK &#3to4 DMFE&
Suf2 ARRSt WEGAIAA A FTAA
p-oriented ¥ m-oriented quinolinyloxy 3}%
T 4a % 45 A7 FAFACD6]. FHE

5a,bt 33FE 4ab9t 4-chloro-3-trifluoro-
methylbenzoic  acid2 %8  N-hydroxy-
benzotriazole (HOBW), 1-ethyl-3-(3-

x
S S =
L~ i oN_HA Ho”
H

2

@ﬁt@—"r@[

5a: p-Ph
5b: m-Ph

e¥E oW cLies

1a: p-Ph
1b: m-Ph

Scheme 1. Reagents and reaction conditions:

(i) HNO;, HSOq,

HEh R

dimethylaminopropyl) carbodiimide (EDCI) %2
triethylamine &A1}l A amide couplingS %

ato} FARHALR0T], 01X FFE 5abd

nitro7] &  stannous  chloride®  ©]£3}9
ethanol oA &9 w3AAM amine 335
6a,bE TAsIgth ololMd FIFE  6a,b%}

benzoic acidE 33E 5ab FAANAY 4%
g A A BHEAAA HF EHE 3
el p-oriented % m-oriented
6-benzaminoquinoline %3] 1a,bE #4334
=3

gH FFHog AFY FHE AFI 4
sted R71AQ methyl 717t EHEHF 5F
313E2 1cx= Scheme 290A¢} o] AHY
AR2E AAA §Adsa.

Z92482 A 4-chloro-8-nitroquinoline 33
E (3)7 Boc-protected methylaminophenol &
t-BuOK #A3loi4 DMFE £W2 AMgsto
-2 Al A A 6-nitroquinolinyloxy 382 72 &
Astgd. dod FFE 7Y nitro7|E 5%
palladium charcoal® ©]-€3l%] methanol ol
A B wgAAAN 84 FUAY
6-aminoquinolinyloxy 3% 8% TAISIHTH
Benzamide 3}3E 9+ 3§¥E 8% benzoic
acid® H-E amide coupling2 E3le $ASH
o olo}A tirflucroactic acidg ©}-&3td
H3H amine 3FE 10& 4y X 53

HO,C CF3
NH, N O \©:
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- 302 -



Vol. 26, No. 3 (2009) EAZE QX FA AN aE NE2L Benzaminoquinoline S =2 ¥4 7

j@\ NTS j@\ NS \/@ : “COH
HO NHBoc | i 7
3 e, O2N Y NHBog ~——— TN 7o NHBOG et
i i
7 8

N

N
O NHBoc r———

o]

9

ps
O

g
°© Cl

1c

|-xc>2c\(>ct=3
Ry
B OBE :
O\'{N # (8] NH, amemn————-
O v
10

Scheme 2. Reagents and reaction conditions: () 'BuOK, DMF, 110 °C, 7 h; (i) 5% Pd/C, Hy,
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Table 1. Antiproliferative Activity of Benzaminoquinoline Derivatives la-c.

Compds Orientation R ICs (uM)
la p-Ph H 030 + 0.03
1b m-Ph H 0.78 = 0.0b
1c m-Ph CH; 1.03 £ 0.02
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