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Abstract- Six new 6-aminoguinoline derivatives with amino acid in basic side
chain were synthesized in order to modify their biological activities.

INTRODUCTION

Mdaria remains a major prevalent infectious disease of tropica and subtropical areas of the world
represents a cruciad problem in public health care. The emergence of chloroquine-resgant strains of
malaria paraste due to Plasmodium falciparum has underlined the requiRement for dternative
antimalarid agents. Structure-activity rel ationship studies have shown that it is not only 4-aminoquinoline
such as chl oroquine (1) and 8-aminoquinol ine such as primaquine (2) that posses antimalaria activity, but
a0 6-aminoquinoline derivative (3) have abroad spectrum of activity for antimalarid agents as well.
Unfortunately, it has a highly toxic effect. Introduction of 4-methyl and 5-trifluoromethylphenoxy group
in 2 modified its antimalarid activity and considerably less toxic than parent compound®® Moreover, 1
analogs with shortened side chains retained activity against chloroquine-resgant isolates of P.
falciparum.4
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The cause of chloroquine resistance remains unknown, but it is clearly associated with dterations in
membrane-asociated trangport processes resulting in a poor accumulation of drug in the infected
erythrocytes® Modification of metabolic trangportation of malaria-infected erythrocytes would provide
new rationaes for therapeutic intervention.6 The growth of asexual erythrocytic stage paraste utilized
amost amino acids for paradte protein synthesis through degradation of ingesed hemoglobin, but it
requires seven exogenoudy supplied amino acids (Ile, Met, Cys, GIn, Glu, Pro and Tyr).” Interestingly,
peptide derivatives of 2 showed both reduced toxicity and enhanced its therapeutic effects.89 In this
study, we proposed that the introduction of amino acid into basic side chain of 6-aminoquinoline
derivatives (4a-c and 5a-c) would be selective to malarid infected erythrocytes and modified its
biological activity.
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RESULTS AND DISCUSSION

The synthesis of nitrogquinoline intermediate (9), firstly, was performed with a simple microwave-
irradiated procedure on the indium(l11) chloride impregnated silica gel according to a procedure of
Ranu.10 Condensation of 5-chloro-2-methoxy-4-nitroaniline (6) with 3-penten-2-one (7)1 in domedtic
microwave oven at 600 W for 15 min resulted in Michael adduct compound (8) (Scheme 1).
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Thus, Skraup reaction was employed by a procedure of Nickell2 to produce nitroquinoline (9) (Scheme
2). Modification of 9 with nucleophilic aromati c subgtitution by the potassium sdt of 3-trifluoromethyl
phenol in the presence of a 18-crown-6-ether produced 10 in 58.6 % yield. The reduction process was
carried out simply using titanium(l11) chloride as areducing reagent. Treatment of 9 and10 in 50% acetic
acid with excess (8 mol eq) agueous TiClz solution (20%) a room temperature afforded the
corregponding amines (11) and (12) in 76.3% or 80.4% yields, respectively, without the reduction of
quinolinering to 1,4-dihydroquinoline noted by Somei.13

Subsequently, reductive amination of 11 and 12 with N-protected aminopropanal (13) in a mild condition
using sodium cyanoborohydride was carried out to yield 14 (34.1%) and 15 (94.9%), respectively. A
low yield of 14 would be attributed to a weak nucleophilicity of the amino group due to a withdrawing



effect of chlorine. The remova of phthaloyl protecting group with hydrazine hydrate produced the
primary amines (16) (79.6%) and (17) (81.9%), respectively. Findly, the amines (16 and 17) were
coupled with N-Boc amino acids (Alas Pro and Ile) using N,N-bis[2-0x0-3-
oxazolidi nyl]phosphorodiamidic chloride (BOP-CI) as a coupling reagent to produce six new amino acid
derivatives of 6-aminoquinoline compounds (4 and5) (Table 1).
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(i) AspOz/conc HCI,70°C/3 h (i) m-trifluoromethylphenol/18-crown-6-ether/EtOH-dioxane-DMF
(L:1:1vN),205°C/12 h (i) 20%TiCl 3 (8 equiv)/50% AcOH/6 or 12 h  (iv) NaBH3CN/AcOH/MeOH,
rt, overnight (v)hydrazine monohydrate/EtOH,90°C/6 h  (vi) Boc-AA/BOP-CI/Et3N/DCM

Table 1. Coupling reaction of basic side chain of 6-aminoquinoline
derivatives with Boc-amino acids.

Product R Boc-AA Yield(%)
da Cl Boc-Ala 56.7
4b Cl Boc-Pro 78.2
4c Cl Boc-lle 59.0
5a m-CF,-phenoxy Boc-Ala 52.3
5b m-CF,-phenoxy Boc-Pro 74.9
5¢c m-CF,-phenoxy Boc-lle 55.3

In summary, a simple and efficient method of reductive amination would be utilized for dkylation of
other aminoquinoline compound.

EXPERIMENTAL
Méeting points were determined by Yanaco micro melting point gpparatus and are uncorrected. IR
spectra were obtained in the range 4000-500 cml on a Perkin-Elmer 1600 Series FTIR



spectrophotometer.  1H NMR spectra were recorded at 500 MHz on aV arian-Uni ty-500 instrument with
CHCI3 (7.26 ppm) as an internd standard. *C NMR spectra were recorded on a Varian-Unity-500
instrument with CDCl3 (77.2 ppm) as an interna standard. MS and HRMS spectra were measured on a
JEOL JMS AX-505 HAD spectrometer. Optical rotations were recorded on a JASCO DIP-140
instrument. Microanayses were peformed by Microandysis Center of Toyama Medicd &
Pharmaceutical University. Chromatography was performed on a silica gel column (Merck 60-N0.9385
or No.7734). The extractswere dried over NapSOy.

5-Chloro-2,4-dimethyl-8-methoxy-6-nitr oquinoline (9). A stirred mixture of 5-chloro-2-methoxy-4-
nitroaniline (6) (8.104 g, 0.040 mol), diarsenic trioxide (10.288 g, 0.052 mol), 50 mL of concentrated
hydrochl oric acid and 12 mL of water in two necked flask was warmed in oil bath a 60 °C. 3-Penten-2-
one(7) (4.7 mL, 0.048 mol) was added dropwise into reaction mixture within 20 min and refluxed at 70
°C for 3 h. The mixturewas a lowed to cool down and poured into 400 mL water. The ye low suspension
was partid ly neutrdized with 24 mL of ammonia solution (28%) to pH 3, treated with 1.75 g of activated
charcoa and filtered. The orange filtrate was adjusted to pH 6 by 24 mL of ammonia solution (28%) and
filtered to collect yellow precipitate, which was. recrygsdlized from ethanol-acetone to yield 9 (4.110 g,
38.5%), mp 248-250 °C (lit.,2 mp 240-242 °C) ; IR (KBr) 3031.3, 2973.7, 2937.6, 2846.0, 1597.7, 1530.1,
1504.1, 1334.5, 889.6 cm™; 1H NMR (CDCl3) 6 7.30 (1H, s, H-7), 7.18 (1H, s, H-3), 4.10 (3H, s, OCH3),
3.05 (3H, s, CH3), 2.76 (3H, s, CH3); 13C NMR (CDCl3) & 160.68, 155.15, 147.90, 147.94, 128.69,
125.44, 114.60, 102.59, 56.98, 25.66, 25.33; MSn/z (rel int) 267 ([M]*, 29), 265 ([M-2]*, 93).
2,4-Dimethyl-8-methoxy-6-nitr o-5-(3-trifluoromethylphenoxy)quinoline (10). To a solution of 3-
(trifluoromethyl)phenol (2.2 mL, 0.018 mol) in dried solvent mixtures of ethanol-dioxane-
dimethylformamide (1:1:1, v/v, 36 mL) containing potassium hydroxide (1.683 g, 0.030 mol) and 18-
crown-6-ether (0.793 g, 0.003 mol) was added nitroguinoline (9) (4.000 g, 0.015 mol). The mixture was
refluxed at 100-105 °C for 12 h and alowed to stand overnight at rt. The solid was filtered, washed with
cold ethanol and dried in vacuum. The orange solid was dissolved in 50 mL of chloroform and the
solution was washed with water (50 mL x 3), and dried. The solvent was evaporated to give 10 (3.449 g,
58.6%). An analytica sample was prepared via recryddlization from acetone-water as yellow solid,
mp 227 °C ; IR (KBr) 3021.1, 2927.7, 2827.6, 1600.7, 1499.4, 1448.9, 1328.2, 1132.6, 888.4 cm™; 1H
NMR (CDCl3) & 7.54 (1H, s, H-7), 7.37 (1H, t, H-5, J = 8.1 Hz), 7.30 (1H, d, H-4', J = 7.7 Hz), 7.23 (1H,
s, H-3), 7.01 (1H, s, H-2), 6.85 (1H, dd, H-6', J = 8.0, 2.1 Hz), 4.16 (3H, s, OCH3), 2.77 (3H, s, CH3),
2.66 (3H, s, CH3); 13C NMR (CDCl3) § 162.10, 158.62, 153.56, 146.47, 143.29, 139.37, 138.62, 132.83,
130.80, 127.88, 122.92, 119.83, 119.80, 118.13, 112.37, 102.73, 57.01, 25.65, 23.66; MS m/z (rd int)
392 (M*, 94); Anal. Calcd for C1gH15N204 F3: C, 58.17; H, 3.85; N, 7.14 Found: C, 58.71; H, 3.50; N,
7.22.

6-Amino-5-chloro-2,4-dimethyl-8-methoxyquinoline (11). To a mixture of 6-nitroquinoline (9) (2.000
g, 0.0075 mol) and 50% acetic acid (240 mL) was added 20% titanium(l11) chloride hydrochloric
solution (27.2 mL, 0.060 mal) in one portion. The solution was stirred at rt for 6 h and 6N NaOH (200
mL ) was added under ice cooling. The mixture was filtered and the precipitate was extracted with boiling



chloroform (80 mL x 10). The combined extractswere condensed to 200 mL and washed with water (100
mL x 3), brine (100 mL x 3), dried and evaporated to give crude product. The crude product was
recrysdlized from toluene to yield 11 (1.355 g, 76.3%), mp 213-215 °C; IR (KBr) 3448.0, 3418.0,
3357.4, 3327.0, 3208.2, 2932.1, 1624.3, 1500.6, 1219.2 cm™; 1H NMR (CDCl3) & 7.04 (1H, s, H-3), 6.54
(1H, s, H-7), 4.34 (2H, br s, Ar-NH»), 3.97 (3H, s, OCHg), 2.95 (3H, s, CH3), 2.63 (3H, s, CH3); 13C
NMR (CDCIl3) 6 154.85, 154.03, 142.99, 141.25, 136.43, 127.26, 126.39, 102.75, 99.62, 56.24, 25.51,
24.78;, MS m/z (rd int) 237 ([M-H]*+2, 46), 235 ([M-H]*, 100); Anal. Calcd for C12H13N20OCI: C,
60.89; H, 5.54; N, 11.84. Found: C, 61.19; H, 5.20; N, 11.72.
6-Amino-2,4-dimethyl-8-methoxy-5-(3-tr ifluoromethyl phenoxy)quinoline (12). To a mixture of 10
(2.000 g, 0.005 mol) and 50% acetic acid (240 mL) was added 20% titanium(l11) chloride hydrochloric
solution (18.5 mL, 0.041 mol) in one portion. The solution was stirred at rt for 12 h and 6N NaOH (400
mL ) was added under ice cooling. The mixture was filtered and the precipitate was extracted with boiling
chloroform (50 mL x 5). The combined extracts were condensed to 100 mL and washed with water (100
mL x 3) and brine (100 mL x 3).  The washed solvent was dried and evaporated to give crude product.
The crude product was recrysadlized from toluene to yield 12 (1.486 g, 80.4%), mp 215-218 °C; IR
(KBr) 3403.0, 3306.0, 3189.9, 2932.8, 1624.3, 1482.3, 1124.5 cm™; 1H NMR (CDCl3) § 7.33 (1H, t, H-5,
J=81Hz),7.24(1H,d, H-4,J=7.6 Hz), 7.09 (1H, s, H-2), 6.96 (1H, s, H-3), 6.88 (1H, d, H-6',J= 7.7
Hz), 6.58 (1H, s, H-7), 4.01 (3H, s, OCHg), 3.83 (2H, br s, Ar-NH»), 2.63 (3H, s, CH3), 2.52 (3H, s,
CH3); 13C NMR (CDCl3) § 162.10, 158.62, 153.56, 146.47, 143.29, 139.37, 138.62, 132.83, 130.80,
127.88, 122.92, 119.83, 119.80, 118.13, 112.37, 102.73, 57.01, 25.65, 23.66; MS m/z (rd int) 362 (M,
41); Anal.Calcd for C1gH17N202 F3: C, 62.98; H, 4.73; N, 7.73 Found: C, 63.08; H, 4.28; N, 8.03.
3-(1,3-Dioxoisoindolin-2-yl)propanal (13). A mixture of 2-buten-1-ol (6.0 mL, 0.698 mol) and p-
tol uenesulfonyl chloride (15.597 g, 0.837 mol) in dichloromethane (60 mL) was cooled in ice bath.
Triethylamine (14.5 mL, 1.046 mol) was added and the mixture was continued stirring for overnight. The
reacti on mixture was extracted with dichloromethane (30 mL x 3) and the extract was washed with satu.
K 2SOy, water, satd NaHCOg3, and brine. The solvent was dried and evaporated giving tosylate (13.648 g,
86.5%). The mixture of the tosylate (13.648 g, 0.603 mol) and potassium phthalimide (13.895 g, 0.844
mol) in dimethylformamide (80 mL) was heated a 100 °C for 6 h. After being cool ed to rt, the mixture
was dil uted with water (65 mL) and extracted with ether (80 mL x 3). The combined extract was washed
with satd K>SOy, water, satd NaHCOg3, and brine. The solvent was dried and evaporated to give 1-
phthalimido-3-butene (10.847 g, 89.4%) as alight yellow solid, 1H NMR (CDClI3) & 7.69-7.86 (4H, m,
Ar-H/Pnth), 5.77 (1H, m, CH=CHpy), 4.99-5.07 (2H, m, CH=CH>), 3.76 (2H, t, Phth-N-CH2, J = 6.8 H2),
243 (2H, dt, CHoCH>CH, J=10.3,6.8 Hz). = To astirred solution of 1-phthalimido-3-butene (1.610 g,
8 mmoal) in ag. dioxane (1:1 v/v, 64 mL) was added by potassium osmate dihydrate (0.059 g, 0.16 mmol).
Sodium periodate (1.711 g, 8 mmol) was added to the stirred solution by two portionsafter 15 min and 1
h. After being stirred for 2 h, the reaction was quenched by 10% NaS;03 in satd NaHCO3 (80 mL)
and extracted with dichloromethane (50 mL x 3).  The extracts were dried and evaporated to give a
white solid of 13, mp 116-118 °C; 1H NMR (CDCl3) & 9.81 (1H, t, CHO, J= 1.0 HZ), 7.71-7.85 (4H, m,



Ar-H/Pnth), 4.03 (2H, t, Phth-N-CHp, J = 7.3 HZ), 2.87 (2H, dt, CH,CHO, J = 7.0, 1.3 Hz). Without
further purification, 13 was used in anext reaction.
5-Chloro-2,4-dimethyl-8-methoxy-6-(4-phthalimidopropylamino)quinoline (14). A solution of
sodium cyanoborohydride (0.377 g, 6 mmol) in dried methanol (10 mL) was added to a solution of 6-
aminoquinoline (11) (0.947 g, 4 mmol), 13 (1.626 g, 8 mmoal), and acetic acid (3.603 g, 60 mmal) in
dried methanol (20 mL). After the resulting mixture was stirred &t rt for overnight, dichloromethane (30
mL) was added and the mixture was evaporated to remove solvent and acetic acid. The orange-yelow
residue was redissolved in dichloromethane (80 mL), and the solution was washed with satd NaHCO3
(60 mL x 3), and water (60 mL x 3). The solvent was dried and evaporated to give oily residue. This
residue was mixed with ddehyde (13) (1.626 g, 8 mmol), acetic acid (3.603 g, 60 mmol) and dried
methanol (20 mL). A solution of sodium cyanoborohydride (0.377 g, 6 mmol) in dried methanol (10
mL ) was added and the mixture was stirred for overnight. Dichloromethane (30 mL ) was added and the
mi xture was evaporated to leave the oily residue, which was chromatographed using silicagd (50 g) with
dichloromethane-ethyl acetate (1:5) as € uting solvent to yield 14 (0.578 g, 34.1%) as a ydlow solid, mp
207-209 °C (toluene); IR (neat) 3397.5, 2948.9, 1708.8, 1614.2, 1501.7, 1371.1, 1218.1 cm™; 1H NMR
(CDCl3) § 7.68-7.84 (4H, m, Ar-H/Phth), 7.02 (1H, s, H-3), 6.58 (1H, s, H-7), 5.10 (1H, t, Ar-NH), 4.03
(3H, s, OCHg), 3.86 (2H, t, Phth-N-CH>, J = 6.4 HZ), 3.40 (2H, m, CH2CH,NH), 2.93 (3H, s, CH3), 2.63
(38H, s, CH3), 2.06 (2H, m, CH2CH>CH>); 13C NMR (CDCl3)  168.74, 155.11, 153.48, 142.08, 134.22,
132.14, 127.30, 126.47, 123.46, 102.55, 95.93, 56.25, 41.18, 35.51, 28.54, 25.77, 24.78; MSm/z (re int)
424 ([M-H]*+2, 6), 422 ([M-H]*, 21); Anal. Calcd for Cp3H2oN303Cl: C, 65.17; H, 5.23; N, 9.91
Found: C, 65.29; H, 5.18; N, 9.49.

2,4-Dimethyl-8-methoxy-6-(4-phthalimidopr opylamino)-5-(3-trifluor omethylphenoxy)-

quinoline (15). A solution of sodium cyanoborohydride (1.005 g, 16 mmol) in dried methanol (12 mL)
was added to a solution of 6-aminoquinoline (12) (1.449 g, 4 mmol), adehyde (13) (3.252 g, 16 mmal),
and acetic acid (3.603 g, 60 mmol) in dried methanol (20 mL). The mixture was stirred at rt for overnight
and evaporated to remove solvent and acetic acid. The orange-yellow residue was redissolved with
dichloromethane (80 mL), washed with satd NaHCO3 (60 mL x 3), water (60 mL x 3), dried and
evaporated to give oily residue. The residue was chromatographed using silica ge (100 g) with
dichloromethane-ethyl acetate (1:5) as duting solvent to yield 15 (2.086 g, 94.9%) as ye low solid, mp
190-194 °C (toluene), IR (neat) 3417.5, 3018.5, 2961.5, 1710.1, 1496.0, 1218.7, 1128.4 cm™; 1H NMR
(CDCl3) 6 7.68-7.81 (4H, m, Ar-H/Pnth), 7.32 (1H, t, H-4', J = 8.1 HZ), 7.22 (1H, d, H-5, J =7.7 H2),
7.15 (1H, s, H-2), 6.94 (1H, s, H-3), 6.90 (1H, d, H-6', J= 6.4 Hz), 6.66 (1H, s, H-7), 4.52 (1H, brt, Ar-
NH, J = 6.4 Hz), 4.07 (3H, s, OCH3), 3.61 (2H, t, Phth-N-CH», J= 6.4 Hz), 3.26 (2H, g, CHoCH,NH, J
= 6.4 Hz), 2.64 (3H, s, CH3), 252 (3H, s, CH3), 1.88 (2H, m, CH2CH2CH>); 13C NMR (CDCl3)
0 168.53, 158.74, 154.15, 153.91, 140.81, 137.62, 134.13, 134.00, 132.17, 132.03, 130.50, 126.14,
123.35, 123.22, 118.82, 118.79, 118.10, 112.60, 96.15, 56.23, 40.37, 34.96, 28.45, 25.00, 22.95; MS m/z
(rd int) 549 (M*, 100); Anal. Calcd for CagH2eN304 F3: C, 65.57: H, 4.77; N, 7.65. Found: C, 65.63; H,
4.96; N, 7.43



6-(4-Aminopr opylamino)-5-chloro-2,4-dimethyl-8-methoxyquinoline (16). The title compound (16)
was prepared by hydrazinolysis of 14 according to the procedure of O'Neill .14 The mixture of 14 (0.510 g,
1.2 mmol) and ethanol (10 mL) was heated in oil bath a 80 °C. Hydrazi ne monohydrate (100%) (0.181
g, 3.6 mmol) was added and the resulting mixture was refluxed at 90 °C with vigorously sirring for 6 h.
The mixture was dlowed to cool down and filtered. The precipitate was treated with 30% potassium
hydroxide (5 mL). Thisresulting yd low sugpens on was extracted with dichloromethane (10 mL x 3).
The extract was washed with water, dried and evaporated to yield the solid, which was recrysdlized
from n-hexane-CHCI, to give 16 (0.282 g, 79.6%), mp 122-124 °C; IR (neat) 3421.7, 3284.3, 2937.3,
2860.3, 1614.7, 1501.1, 1217.1 cm™; 1H NMR (CDClI3) & 7.00 (1H, s, H-3), 6.62 (1H, s, H-7), 5.02 (1H,
br s, Ar-NH), 4.03 (3H, s, OCH3), 3.38 (2H, t, Ar-NHCH>, J = 6.4 H2), 2.93 (3H, s, CH3), 2.89 (2H, t,
CH2CH2NHp, J = 6.4 H2), 2.61 (3H, s, CH3), 1.84 (2H, m, CH2CH2CH>), 1.26 (2H, br s, NHy); 13C
NMR (CDCl3) 6 155.12, 153.67, 142.71, 142.53, 134.96, 127.29, 126.42, 102.14, 96.00, 56.25, 42.31,
40.20, 33.10, 25.79, 24.79; MSm/z (re int) 294 ([M-H]*+2, 37), 292 ([M-H]*, 96); HRMS m/z 293.1119,
(C15H20N30CI requires 293.1295).

6-(4-Aminopr opylamino)-2,4-di methyl-8-methoxy-5-(3-trifluoromethylphenoxy)quinoline (17). By
a procedure similar to that for the preparation of 16, 15 (0.659 g, 1.2 mmol) was converted with
hydrazine monohydrate (100%) (0.181 g, 3.6 mmol) to 17 (0.412 g, 81.9%), mp 123-124 °C (n-hexane-
CHCIL,); IR (neat) 3381.2, 3287.7, 2960.8, 2863.2, 1619.2, 14958, 1218.1, 1129.2 cm™; 1H NMR
(CDCl3) 6 7.32 (1H, t, H-4',J=8.1H2), 7.23 (1H, d, H-5', J=7.7 H2), 7.06 (1H, s, H-2), 6.94 (1H, s, H-
3), 6.86 (1H, d, H-6', J = 9.0 H2), 6.70 (1H, s, H-7), 4.54 (1H, br s, Ar-NH), 4.08 (3H, s, OCH3), 3.30
(2H, t, Ar-NHCHp, J = 6.4 H2), 2.69 (2H, t, CH2CHoNH2 J = 6.4 HZ), 2.63 (3H, s, CH3), 2.52 (3H, s,
CH3), 1.65 (2H, m, CH2CH>CH>), 1.16 (2H, br s, NHp); 13C NMR (CDCl3) § 158.66, 154.09, 153.71,
140.68, 138.43, 133.80, 132.12, 130.47, 126.06, 123.00, 122.74, 118.67, 118.64, 118.05, 112.24, 96.18,
56.17, 42.24, 40.16, 32.69, 24.94, 22.99; MS m/z (rd int) 418([M-H]*, 76); HRMS m/z 419.1846,
(CooH24N302 F3 requires 419.1821).

3'-N-(Né-Boc-al anyl)-6-(4-aminopr opylamino)-5-chloro-2,4-dimethyl-8-methoxyquinoline (4a). A
mi xture of 16 (0.102 g, 0.34 mmoal), Boc-Ala (0.099 g, 0.52 mmoal), triethylamine (0.088 g, 0.87 mmal)
and dichloromethane (3 mL) was cooled in ice bath for 10 min and then BOP-CI (0.132 g, 0.52 mmol)
was added. After being stirred for 1hat 0-5°C and 6 h at rt, the mixture was washed with water (10 mL
x 3), dried and evaporated to give syrupy residue. The residue was chromatographed using silica gel and
1% methanol in chl oroform as & uting solvent to yield 4a as an oil (0.091 g, 56.7%); [a]26-0p -13.37 ° (c
1.255, CHClI3); IR (neat) 3430.0, 3018.1, 2979.4, 1672.5, 1615.8, 1500.5, 1215.7 cm™; 1H NMR (CDCl3)
0 7.03 (1H, s, H-3),6.60 (1H,s, H-7), 6.53 (1H, br s, NH-Boc), 5.02 (1H, br s, Ar-NH), 4.96 (1H, t,
CO(CH)CH3,J=5.6 HZ), 4.14 (1H, br t, CHoNHCO, J= 6.8 Hz), 4.04 (3H, s, OCH3), 3.42 (2H, m, Ala
NHCHy), 3.67 (2H, m, Ar-NHCH>), 2.95 (3H, s, CH3), 2.63 (3H, s, CH3), 1.88 (2H, m, CH2CH>CH)),
1.41 (9H, s, t-Bu), 1.36 (3H, d, CO(CH)CH3, J = 7.3 Hz); 13C NMR (CDCl3) § 173.31, 155.77, 155.04,
153.40, 142.70, 142.28, 134.88, 127.29, 126.42, 102.44, 96.00, 56.22, 50.36, 41.22, 37.04, 29.71, 28.41,
25.74, 24.67, 18.46; MS m/z (rel int) 465 ([M-H]*+2, 32), 463 ([M-H]*, 86); HRMS m/z 464.2175,
(Co3H33N404Cl requires 464.2190).



3'-N-(N&-Boc-prolyl)-6-(4-aminopropylamino)-5-chlor o-2,4-dimethyl-8-methoxyquinoline (4b). By
means of a procedure similar to that for the preparation of 4a, 16 (0.100 g, 0.34 mmol)was converted
with a mixture of Boc-Pro (0.114 g, 0.53 mmol), BOP-C| (0.112 g, 0.44 mmol), and tri ethylamine (0.098
g, 0.97 mmol) in dichloromethane (3 mL) to 4b (0.130 g, 78.2%) as an oil; [a]?>2p -39.90 ° (c 0.915,
CHCI3); IR (neat) 3423.9, 3333.5, 2977.5, 1679.2, 1615.4, 1507.2, 1217.1 cm™; 1H NMR (CDCl3) & 7.00
(1H, s, H-3), 6.58 (1H, s, H-7), 4.92 (1H, br s, Ar-NH), 4.24 (1H, br s, CO(CH)N/Pro), 4.01 (3H, s,
OCH3), 3.56 (2H, br s, CHoN(CH)/Pro), 3.32-3.35 (4H, m, CH,CH>CH)»), 2.92 (3H, s, CH3), 2.60 (3H, d,
CH3, J=1.7 H2), 2.31 (2H, br s, (CH)CH2CH2/Pro), 2.14 (2H, br s, CH>CH2>CH2/Pro), 1.86 (2H, m,
CH2CH2CHpy), 1.42 (9H, s, t-Bu); 13C NMR (CDCl3) § 155.05, 153.37, 142.56, 142.28, 134.97, 127.24,
126.34, 95.96, 80.62, 61.38, 60.14, 56.21, 47.29, 41.23, 36.86, 29.74, 28.48, 25.70, 24.70; MS m/z (rel
int) 491 ((M-H]*+2, 10), 489 ([M-H]*, 24); HRMS m/z 490.2338, (C25H35N404Cl requires 490.2347).
3'-N-(N &-Boc-isol eu cyl)-6-(4-aminopropylami no)-5-c hl or o- 2,4-di methyl -8-met hoxyquinolin e (4c).
By means of aprocedure similar to that for the preparation of 4a, 16 (0.125 g, 0.42 mmol) was converted
with amixture of Boc-1l e (0.153 g, 0.63 mmol), and BOP-CI (0.162 g, 0.63 mmol) , and tri ethyl amine
(0.107 g, 1.06 mmol) in dichloromethane (3 mL) to 4c (0.127 g, 59.0%) as an oil; [a]26-2p -6.64 ° (c
0.765, CHCI=3); Ir (neat) 3431.4, 3336.2, 3031.1. 2971.3, 1661.8, 1616.0, 1503.0, 1216.6 cm™; IH NMR
(CDCl3) & 7.00 (1H, s, H-3), 6.57 (1H, s, H-7), 6.51 (1H, br t, NH-Boc, J = 5.6 Hz), 5.12 (1H, br d, Ar-
NH, J=85H2), 4.91 (1H, t, CO(CH)CH», J=5.5H2), 4.01 (3H, s, OCHg), 3.89 (1H, dd, CH3(CH)CH>,
J=85,6.8Hz), 3.40 (2H, q, lle-NHCH>, J= 6.4 HZ), 3.34 (2H, g, Ar-NHCH>, J = 6.4 Hz), 2.92 (3H, s,
CH3), 2.60 (3H, s, CH3), 1.86 (2H, m, CH>CH>CH>), 1.40 (9H, s, t-Bu), 1.08 (2H, qd, (CH)CH>CH3, J =
7.7, 3.9 HZz), 0.90 (3H, d, CH3(CH)CHy, J= 6.9 HZ), 0.86 (3H, t, (CH)CHxCH3, J = 7.7 H2); 13C NMR
(CDCl3) & 172.33, 156.08, 155.11, 153.47, 142.57, 142.22, 135.05, 127.28, 126.41, 102.49, 95.94, 59.68,
56.22, 41.35, 37.08, 37.04, 29.75, 28.42, 25.72, 24.90, 24.75, 15.78, 11.46; MS m/z (rel int) 507 ([M-
H]*+2, 9), 505 ([M-H]*, 25); HRM S myz 506.2669, (CosH39N404Cl requires 506.2660).
3'-N-(Né-Boc-alanyl)-6-(4-aminopr opylamino)-2,4-dimethyl-8-methoxy-5-(3-trifluor omethyl-
phenoxy)quinoline (5a). By means of aprocedure similar to that for the preparation of 4a, 17 (0.210 g,
0.50 mmol) was converted with a mixture of Boc-Ala (0.142 g, 0.75 mmal), BOP-CI (0.191 g, 0.75
mmol), and triethylamine (0.126 g, 1.25 mmol) in dichloromethane (4 mL) to gave 5a (0.154 g, 52.3%)
asan ail; [a]253p -10.17 ° (c 0.950, CHCI3); IR (neat) 3427.6, 3334.7, 2977.4, 1701.3, 1664.6, 1619.2,
1498.2, 1219.9, 1129.6 cm™; 1H NMR (CDCl3)  7.31 (1H, t, H-4, J= 8.1 Hz), 7.22 (1H, d, H-5, J= 7.7
Hz), 7.08 (1H, s, H-2), 6.93 (1H, s, H-3), 6.86 (1H, d, H-6', J= 7.3 HZ), 6.66 (1H, s, H-7), 6.50 (1H, br s,
NH-Boc), 5.03 (1H, br s, Ar-NH), 4.40 (1H, s, CO(CH)CH3), 4.05 (3H, d, OCHg, J =1.7 Hz), 4.03 (1H,
br s, CHoNHCO), 3.22 (2H, g, AlaNHCH>, J= 6.4 Hz), 3.16 (2H, q, Ar-NHCH>, J = 6.4 HZ), 2.63 (3H,
d, CH3, J= 1.7 Hz), 2.50 (3H, s, CH3), 1.67 (2H, m, CHoCH>CH>), 1.36 (9H, d, t-Bu, J= 1.7 Hz), 1.27
(3H, d, CO(CH)CH3, J= 6.6 Hz); 13C NMR (CDCl3) 8 173.15, 158.70, 155.71, 154.00, 153.83, 141.19,
138.10, 133.60, 132.18, 130.53, 125.76, 123.19, 122.78, 118.84, 118.81, 118.13, 112.43, 96.40, 56.25,
50.22, 40.61, 36.63, 29.75, 28.34, 24.79, 23.02, 18.33; MS nvz (rd int) 589 ([M-H]*, 17); HRMS nvz
590.2682, (C3gH37N405F3 requires 590.2716).



3'-N-(N#-Boc-prolyl)-6-(4-aminopr opylamino)-2,4-dimethyl-8-methoxy-5-(3-trifluor omethyl-
phenoxy)quinoline (5b). By means of aprocedure similar to that for the preparation of 4a, 17 (0.192 g,
0.46 mmol) was converted with a mixture of Boc-Pro (0.148 g, 0.69 mmol), BOP-CI (0.175 g, 0.69
mmol), and triethylamine (0.116 g, 1.14 mmol) in dichloromethane (4 mL) to 5b (0.211 g, 74.9%) as an
oil; [a]2>1p -29.74 ° (¢ 1.380, CHCI3); IR (neat) 3426.2, 3332.9, 2977.7, 1679.0, 1619.4, 1496.0, 1218.4,
1128.1 cm™; IH NMR (CDCl3) & 7.32 (1H, t, H-4', J= 8.1 Hz), 7.22 (1H, d, H-5', J = 7.7 HZ), 7.09 (1H,
s, H2), 6.94 (1H, s, H-3), 6.88 (1H, s, H-6'), 6.67 (1H, s, H-7), 4.38 (1H, brt, Ar-NH, J = 6.0 H2), 4.16
(IH, br s, CO(CH)N/Pro), 4.08 (3H, s, OCH3), 3.35 (2H, br s, CHo>N(CH)/Po), 3.18-3.25 (4H, m,
CH>CH2CHy), 2.63 (3H, s, CH3), 2.51 (3H, s, CH3), 1.83 (2H, br s, CH>CH2>CH2/Pro), 1.68 (2H, m,
CH2CH2CH?>), 1.39 (9H, s, t-Bu); 13C NMR (CDClI3) § 158.69, 154.04, 153.78, 140.97, 138.01, 133.73,
132.12, 130.49, 125.70, 123.15, 122.77, 118.76, 118.73, 118.12, 112.39, 96.29, 80.48, 59.98, 56.24,
47.22, 40.54, 36.46, 29.66, 28.40, 24.87, 22.98; MSm/z (rd int) 615 ([M-H]*, 19); HRMS m/z 616.2881,
(C32H39N405F3 requires 616.2873).

3'-N-(N#-Boc-isoleucyl)-6-(4-aminopr opylamino)-2,4-dimethyl-8-methoxy-5-(3-trifluor omethyl-
phenoxy)quinoline (5¢). By means of a procedure similar to that for the preparation of 4a, 17 (0.210 g,
0.50 mmal) was converted with a mixture of Boc-l1e (0.180 g, 0.75 mmol), BOP-CI (0.191 g, 0.75 mmal),
and triethylamine (0.127 g, 1.25 mmol) in dichloromethane (4 mL) to 5c¢ (0.175 g, 55.3%) as an ail;
[a]?52p -8.54 ° (c 0.955, CHCI3); IR (neat) 3433.2, 3333.6, 2969.5, 2876.6, 1696.9, 1661.0, 1499.4,
1219.7,1129.9 cm™; IH NMR (CDClI3) 6 7.30 (1H, t, H-4, J= 8.1 HZ), 7.21 (1H, d, H-5', J= 8.1 H2),
7.08 (1H, s, H-2), 6.92 (1H, d, H-3, J= 2.6 HZ), 6.86 (1H, d, H-6', J= 6.0 H2), 6.65 (1H, d, H-7, J=2.1
Hz), 6.30 (1H, br d, NH-Boc, J= 5.5 Hz), 5.01 (1H, br s, Ar-NH), 4.38 (1H, t, CO(CH)CHa, J = 6.4 H2),
4.05 (3H, d, OCHg, J = 3.0 Hz), 4.00 (1H, br s, CH,NHCO), 3.80 (1H, t, CH3(CH)CH», J = 8.6 H2),
3.15-3.21 (4H, m, CH>CH>CHy), 2.61 (3H, d, CH3z, J= 3.0 HZ), 2.50 (3H, d, CH3, J= 2.6 HZ2), 1.66 (2H,
t, CHo,CH2CHo, J = 6.4 H2), 1.36-1.40 (9H, m, t-Bu), 1.04 (2H, m, (CH)CH2CH3), 0.82-0.87 (6H, t,
CH3(CH)CHCH3 J = 7.7 Hz); 13C NMR (CDCl3) & 172.17, 158.74, 156.02, 154.13, 153.90, 140.86,
137.96, 133.94, 132.15, 130.49, 125.79, 123.17, 122.78, 118.78, 118.75, 118.12, 112.43, 96.26, 59.55,
56.22, 40.60, 36.98, 36.55, 29.77, 28.34, 24.94, 24.83, 22.98, 15.65, 11.41; MSnvVz (rd int) 632 ([M-H]*,
65); HRMS my/z 632.3162, (C32H39N405F3 requires 632.3186).
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