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Abstract @ The central role of tyrosine phosphorylation in cell proliferative signaling
mechanisms provides another target for chemotherapy. The aim of this research is to develop
new quinazoline derivatives that possess the inhibitory activity for depidermal growth factor
receptor (EGFR) tyrosine kinase (TK) as protein kinase inhibitors. In this work, a series of
new 4-anilino-6-guanidino—7-methoxyquinazoline derivatives (12a-1) were synthesized by the
introduction of guanidine moiety at C-6 of quinazoline nucleus and evaluated for their EGFR
TK inhibitory activities.
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1. M E AEZe] 4ds A= W, thE Flo|u o]
=) 9Jgte] FA| = o %7}%5# N A

Elo] 21 Jlo]v|o]= (tyrosine kinase, TK) AAE EFA7A & Zio]dr o]#f st ElolZ
o] HHEx E3 A AE 4L Frd A Fheldlel = AdAlE dAxe] fHfHA &
o] ¢ (cancenE 3T FHES FAE] & Fo o dMEe AA ¢ Ao
FA Aed 2 AEFor BuEa JuHl,2] (metastasis)?] 94 & SHoz2 ALEE AL,
AVAA @Astd dwd Flolylol= 71 A < Eiﬂﬁzﬂi’ﬂ Wg kg4 7}

(protein kinase) & AT AL Zzo=w & s730] ATH3Al

= g awe Gy o]zl Flojdle] =7t A ofoF gt ZWol A TMF Floldlo] = 3K
FH A AGAA LS FHIAA A G o] 90ddie] g Ao UEHOZE o FAh

Fol AFe U ATP AR A
i _ _ (binding pocket)[5]1E& HE=Z 3th= ARAo|th
A2+ (E-mail: khyoo@klstire.kr) 901&1:]1 }_7] ] e tﬂ']xe] 7]_0] Lﬂ O]Z Xﬂ _B_H X’“ )1\1
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of /el 9lo] ATP Z3¥ Al x4 stel 3¢ Walo]l Tkl 9lal, EGFR a2 h&kAt
Q1 Alzke] ol Stk 1 o= AIE el of = AFAAE #EstH, EGFR Al
Zholdle]= ¥k oyt w2 dUHEo ojgte] AlE Al AE adH R {FEEH
ATPE Za= 3o 19 A% #EE 7Hxx T TS 2AZ Ad 20497 dHEe xAHL
7] EEHl'iroﬂ 7H%}§J *J%Efﬂ Aeigdel A7k g3 A7 AgHe] gk EGFR TK

=2
A7 1 HHA F2AES P r] WEolrh 1y AAA e YdATE HEE AYd 2 4F
90l FNE EojA o wilF gholye] o] A¢ HWed AgiIrst dEAd glom, 4
z9o] ATP A3 AelE #H3)ste 2okl A = Gefitinib[9], Erlotinib[10] ©]]¢] A A = A
E A=Y o5 4EE 73 Soldy A EGFR¥ HER-2 9#1#1¢l Lapatinib [11,12],
A4S Holy A A TAA EAo] 2 & EGFR ©]¢]¢] VEGFR TKZ %Alo] oAet=
o Qs B28S 1o 7D6474, AEE783 5% Jts]o] 1Akl A

A7F =R e
A gm Aedem el YW A= ol gt} (Table 1).
dubd ol huld Jlojulo]= As|Al el v B Ao A= Fig. 1.914 ¢t #2e] quinazoline
Ho=m wholEox 1 QUTH6-8]. of&d o ;A FAFZRE FFAsHAA C-6 A 9%
7}A] vk ATP ﬁ?} 28 E x243tete ) FAA  FE&e FEVR AMEEHE ogst
FdE FFRE0] YA HA O]ES o]-g-3k Aok guanidine’] & =3 4-anilino-6-guanidino-
ol A& TA}AAY =dst Qo 53 7-methoxyquinazoline FE=AES A &le] o]
Z% 3eke o] gt Thkgk -z ATP 24 E°l digk EGFR TK A3l &4 A @3
3 24 sREY 7 AE FUHE T Tk

A3 Az 4=8-A(epidermal  growth S
fjctor rece_pti)r, EGFR)+= ZHAEFF] RB’N\(/N“R1 H’Q\Br R, Gt G
oA st FAE G FRJAAEA, H L R, Cabhy, CHCHNCH,CH,0
- N s 1,
# EGFR SAAI7E Aoz Jdso] o J R=H, Et
Bootol A $48 FPans ngod Ba Me N

E‘r& AzAe AT J kel wdl
. % Efo] = Al Fig. 1. Quinazoline Derivatives as Targrt

TAQ oh8x Aol Molecules

Table 1. Representative EGFR TK Inhibitors as Small Molecule Compounds

B T2 B
/F‘*‘»/F
Iressa o™ TS AstraZeneca
el . N O L
Gefitinib = “’:C“ “ y (2002)
~o Sy

Tarceva SNy Genentech
Erlotinib e g .. e (2004)

)
R S
. Iz GSK
Lapatinib s S
e Me O oL (pre-reg)
o* %o )\(UJ'& |
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2. &4 ¥

2.1. 7171 & Al

224 7]7]%= NMR spectrometer (Gemini
300, Varian Co., USA) % melting point
apparatus (MPA 100, Stanford Research
Systems, Inc., USA)E Al-&3}o] =431 o,
Thin layer chromatography (TLC)ol+= A&7}
2 60 GFxs4 (0.25 mm, Merck Co., Germany)
22X e FElde o)gHgen, ~3
2]d2 ELISA plate reader (Spectramax 190,
Molecular Device Co., USA)S A}g3tict. wF
ol AFE3E AJFELS F2 Sigma-AldrichAF9]
A ol g3t orn Hhgo o] &3 fuj= ] T.
BakerAl2] A& AAglel AME3F3th NMR &
= Sigma-AldrichAte] DMSO-ds2} CDCl3=
ALt o Ajde] Aol A= &l
Yol E0]9lE= tetramethylsilane (TMS)S 7]
o2 AU NMR &0lE 7|F2o 2 3

2.2. o 4y

ook

2.2.1. 6-Amino—4-(3-bromoanilino)-7-
methoxyquinazoline®] 4

7-Chloro-4-quinazolone (2)

2-Amino—-4-chlorobenzoic acid (1) (66.00 g,
0.38 mol)¢} formamide (357 ml, 0.9 mol)=
130 “CelA 45% &< &8st Ax e &
Ae THE F 170 °CollA 1213 &< 7Fd st
e e §AoZRE 1A AAEHES
gho}, 23] WgAIZl v WSS WA

= 100 mlE 7bg o wHks F3ke] anA
qEo] A2 Pt HEE EH s Aol
A FES AqHste] B2 AFHTE & A9
Z3%t} Yield 632 g (92.1%); mp 249-253
°C; IR (KBr) 1698, 1670, 1606, 1430, 872
em’; 'H NMR (300 MHz, DMSO-ds) &
(ppm) 12.37 (s, 1H), 8.11 (s, 1H), 8.05 (d, 1H,
J=85 Hz), 7.74 (d, 1H, J=85 Hz); “C NMR
(75 MHz, DMSO-ds) & (ppm) 160.1, 149.,
146.8, 138.8, 127.9, 126.9, 126.3, 121.4.

oK o Hob

7-Chloro-6-nitro-4-quinazolone (3)
2% g2 300 mlE WH-37]el 71sk 3 0 °C
ol A wwretE A 3EE 2 (36.12 g, 0.2 mol)&

o-TolUt =FUEd FE=A49 44 L EGFR A3 &4 3

o
RV
ol
N
)
ol
ok,
£
e
)
ol
oo
%
>
Yy
i)
(@)
S
=2
>
Ho

W 2
=X
P

d F 24AZF ngksi) 9kS A NS E
=9 &gl o5 HH3] rtete] =@
I =S AR AdE 1A
< sl Az oS Ao A4
. Yield 2324 g (51.7%); mp >300 °C;
IR (KBr) 1698, 1666, 1612, 1526, 1336,
1256cm ; 'H NMR (300 MHz, DMSO-ds) &
(ppm) 868 (s, 1H), 831 (s, 1H), 8.03 (s, 1H);
BC NMR (75 MHz, DMSO-ds) § (ppm) 160.0,
152.2, 150.3, 145.3, 131.1, 130.6, 124.9, 122.3.

2t B
1o,

)
T o

7-Methoxy-6-nitro-4-quinazolone (4)

e 3 (1126 g 005 mo)e
dimethylformamide (200 ml)oll 7}38kc}. o 7]
25 wt% sodium methoxide in methanol (34.3
mDE 7} & 60 °Cell A 3A13F &<t wRkst
s 4 3 2 300 mle 7hetel AAE 1A
ARES S3A U &Fde IN HCIE
H7tste] pH 622 AL o] u AAE 1
A eSS oyste] 22 AFHS & gk A
%3t} Yield 1067 g (965%); 281 °C (dec.);
IR (KBr) 3042, 1672, 1612, 1522, 1356,
1284cm s 'H NMR (300 MHz, DMSO-ds) §
(ppm) 850 (s, 1H), 822 (s, 1H), 7.40 (s, 1H),
403 (s, 3H); “C NMR (75 MHz, DMSO-ds)
§ (ppm) 160.2, 156.7, 153.8, 149.4, 138.9, 124.4,
115.9, 111.2, 58.0.

4-Chloro-7-methoxy—-6-nitroquinazoline

5

33E 4 (885 g, 0.04 mo)E ¥HS-7]o 7}3k
% thionyl chloride (80 ml)¢} DMF 3 ®W&2
7heke), 1213 & 9F 3FA171 $ HEFe] thionyl
chloride® #etstell Al A A, Aozl ALE
AL 200 goll AH3] 713 F ethyl acetateE
7hate] FE3TE 715 EEdte] =& 2-3
3] AF¥stn T4 sodium sulfate® 7Hz23
sodium sulfateE o3t A AS ths ethyl
acetate® YT HIG AHE ASGTES
oJ}gk & ether® of el MFHe g 244
Z3%t}. Yield 83 g (86.6%); mp 172-175 C;
IR (KBr) 3040, 1622, 1530, 1348, 1206,
1088cm; 'H NMR (300 MHz, CDCly) &
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(ppm) 9.04 (s, 1H), 862 (s, 1H), 754 (s, 1H),
413 (s, 3H); “C NMR (75 MHz, CDCly) &
(ppm) 1632, 156.7, 153.7, 142.3, 1236, 1205,
117.9, 110.0, 57.6.

4-(3-Bromoanilino)-7-methoxy—-6-

nitroquinazoline (6)

313E 5 (814 mg, 3.4 mmol)<S isopropanol
(50 mb)oll &3fA17] ¥ 3-bromo- aniline (0.83
ml. 75 mmoD)¥} I FiH& FvlF 7sta 1
AZE Bk sFA 7Y RS A7 v
Aoz YAANAA AAE DASFES o
Fale] Eo] &3]A7] T sodium cabonate®
A71E WHE UFS ethyl acetate® FE3Cl.
7155 B2 3 M3, sodium sulfate
g 9a dxe & 43 o3 ggsFech
Yield 1.27 g (quantitative); mp 218-221 °C;
IR (KBr) 3018, 1642, 1620, 1574, 1476, 1450,
1370, 1344cm’; 'H NMR (300 MHz,
DMSO-ds) 8(ppm) 10.05 (s, 1H), 9.20 (s, 1H),
866 (s, 1H), 817 (s, 1H), 7.88 (d, 1H, J=6.81
Hz), 741-734 (m, 3H), 405 (s, 3H); “C
NMR (75 MHz, DMSO-ds) & (ppm) 1584,
157.9, 155.2, 1539, 141.0, 139.3, 131.0, 127.1,
124.9, 122.5, 121.9, 121.4, 110.2, 108.6, 57.7.

6-Amino-4-(3-bromoanilino)-7-

methoxyquinazoline (7)

3gHE 6 (3.00 g, 8 mmol)E 8N HCI (38
mbDel 7}k ¥ wwkeYy Tin  chloride
dihydrate (542 g, 24 mmol)Z 8N HCl (18
mbel &3AAA HhE A H7igt 3 401t
AFAZITH AdE uASRES AqFste] &
600 mlo] &3|AlZ1 F sodium cabonate® pH
7V F4dol HA Z43%c} Ethyl acetate® %
3}al sodium sulfate® 7AZ3 § o33k oS
AdEHFee Yield 22 g (797%); mp
210-213 °C; IR (KBr) 3298, 3182, 1578, 1518,
1472, 1430, 1244cm™; 'H NMR (300 MHz,
DMSO-ds) 6§ (ppm) 9.35 (s, 1H), 8.40 (s, 1H),
822 (s, 1H), 7.86 (d, 1H, J=86 Hz), 7.41 (s,
1H), 7.29 (t, 1H, J=8.0, 81 Hz), 7.19 (d, 1H,
J=86 Hz), 711 (s, 1H), 537 (s, 2H), 3.96 (s,
3H); "C NMR (75 MHz, DMSO-ds) & (ppm)
155.9, 1536, 151.1, 1458, 142.8, 1394, 131.1,
125.7, 124.0, 122.0, 120.6, 111.4, 106.7, 106.2,

R RS

101.7, FABHRMS obsd m/z 345.0365 (calcd
for CisH20NgOs (1\/I+H)+ 345.0273).

2.2.2. 6-Guanidinoquinazoline Al

389 G4

4-(3-Bromoanilino)-7-methoxy-6-

(N-methylthioureido)quinazoline (9a)

3etE 7 (173 g, 5 mmol)ZE ethanol (70
mbeoll &3]A71 F  N-methyliso- thiourea
(1.71 ml, 25 mmoD)E 7}3tth. 8417t &<t 37
gt & A A sEES ofiste] 7
%3}, Yield 1.94 g (92.8%); mp 243-245 C;
IR (KBr) 3320, 2968, 1604, 1576, 1552, 1470,
1430, 1338, 1286, 1238cm 5 'H NMR (300
MHz, DMSO-ds) § (ppm) 9.70 (s, 1H), 9.16
(s, 1H), 860 (d, 2H), 821 (s, 1H), 7.90 (d,
1H, J=78 Hz), 7.75 (s, 1H), 731 (m, 3H),
395 (s, 3H), 291 (s, 3H); “C NMR (75 MHz,
DMSO-ds) § (ppm) 1827, 1587, 157.5, 155.1,
1509, 1419, 131.1, 1282, 126.3, 124.5, 122.2,
121.9, 121.0, 109.7, 107.9, 56.8, 32.2.

4-(3-Bromoanilino)-7-methoxy—6-

(N-cyclohexylthioureido)quinazoline (9b)

3stsE 7 (173 g, 5 mmol)E ethanol (70
mbell &3|A71 & N-cyclohexyl- isothiourea
(3.6 ml, 25 mmol)E 7}stt}. 8A17F FoF 3§
g 5 A" 1A sSFES st Fyd
Z3%tt}. Yield 249 g (81.4%); mp 213-215 °C;
IR (KBr) 3314, 2930, 1626, 1570, 1520, 1432,
1336, 1240cm; 'H NMR (300 MHz,
DMSO-ds) 6§ (ppm) 9.71 (s, 1H), 9.05 (s, 1H),
8.80 (s, 1H), 858 (s, 1H), 791 (t, 2H, J=10.8,
87 Hz), 730 (m, 3H), 4.16 (s, 1H), 3.98 (s,
3H), 1.94-1.23 (m, 10H); “C NMR (75 MHz,
DMSO-ds) § (ppm) 180.9, 157.9, 1575, 154.7,
150.3, 142.0, 131.0, 1288, 126.2, 1245, 121.9,
121.1, 120.8, 109.5, 107.5, 56.8, 53.2, 32.6, 25.9,
25.3.

4-(3-Bromoanilino)-7-methoxy—6-

(N-phenylthioureido)quinazoline (9c)

3stsE 7 (242 g, 7 mmol)Z ethanol (100
mloll &3]A71 % N-phenyliso- thiourea
(261 ml, 21 mmol)& 7}ste}. 1A1ZF &9t 3
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g & AdE 1A IFES oFste] 7
Z38kt}, Yield 3.16 g (94.19%); mp 202-205 °C;
IR (KBr) 3372, 3008, 1628, 1580, 1526, 1438,
1344, 1238cm; M NMR (300 MHz,
DMSO-ds) & (ppm) 9.92 (s, 1H), 9.74 (s, 1H),
945 (s, 1H), 873 (s, 1H), 859 (s, 1H), 8.22
(m, 1H), 7.90 (d, 1H), 752 (d, 2H, J=7.8 Hz),
740-726 (m, 6H), 7.15 (t, J=7.2 Hz), 4.00 (s,
3H); “C NMR (75 MHz, DMSO-ds) § (ppm)
186.1, 1634, 162.3, 159.8, 155.7, 146.7, 144.8,
135.8, 1339, 1335, 1311, 130.2, 1295, 1294,
127.2, 1266, 1259, 114.3, 112.6, 61.7.

4-(3-Bromoanilino)-7-methoxy-6-(IN-

methyl-S—-naphthylmethylisothioureido) -

quinazoline hydrobromide salt (10a)

3stE 9a (209 mg, 05 mmo)E
dimethylformamide (10 mbel &3jA121 5,
naphthylmethyl bromide (230 mg, 1 mmol)&
743k oS 24A417F EoF wykelt}. Ethyl acetate
o} E2 F&E3F 3 ethyl acetate S sodium
sulfate® 7}l 7%l Sodium sulfateZ
o313k & ethyl acetates Y SHI v
column chromatography (silica gel,
hexane/EtOAc=1:1, v/v)& 2 = A3}
Yield 167 mg (52.2%); mp 100-108 °C; IR
(KBr) 3270, 1594, 1520, 1478, 1426, 1232cm
'H NMR (300 MHz, DMSO-ds) § (ppm) 9.47
(s, 1H), 849 (s, 1H), 826 (s, 1H), 7.94 (d,
1H, J=82 Hz), 791 (m, 5H), 7.46-7.22 (m,
5H), 7.14 (s, 1H), 4.30 (s, 2H), 3.81 (s, 3H);
¥C NMR (75 MHz, DMSO-ds) 6 (ppm) 157.6,
156.7, 154.0, 153.2, 149.1, 142.4, 141.2, 1354,
1335, 132.8, 131.0, 1287, 1282, 127.8, 126.9,
126.6, 125.8, 124.0, 1219, 120.6, 114.5, 110.2,
107.2, 56.4, 35.7, 30.3.

4-(3-Bromoanilino)-7-methoxy-6-(IN-

cyclohexyl-S—-naphthylmethylisothio-

ureido)quinazoline hydrobromide salt

(10b)

gE 9 (97 mg, 05 mmoDE
dimethylformamide (3 mbDeol &£3|A)71
naphthylmethyl bromide (173 mg, 0.75 mmol)
5 7he o 2442 E< wwksiol. Ethyl

6-TorH =T EY F=A9 4 % EGFR A8 &4 5

acetate®} EZ FE3 F, ethyl acetate 0l
sodium sulfateg 7}ste] 7x3th Sodium
sulfateE o33+ & ethyl acetate® 7 =H
3 TS column chromatography (silica gel,
hexane/EtOAc=1:1, v/v)=& & 2 A 3}
Yield 110 mg (88.5%); mp 144-149 °C; IR
(KBr) 3284, 2928, 1594, 1520, 1480, 1424,
1230cm ; '"H NMR (300 MHz, DMSO-ds) &
(ppm) 9.46 (s, 1H), 849 (s, 1H), 8.24(s, 1H),
794 (d, 1H, J=81 Hz), 7.83-7.69 (m, 5H),
747-722 (m, 5H), 711 (s, 1H), 6.71 (d, 1H,
J=76 Hz), 428 (s, 2H), 377 (s, 3H),
196-1.17 (m, 11H); “C NMR (75 MHz,
DMSO-ds) & (ppm) 156.8, 156.0, 152.4, 151.3,
148.3, 141.7, 1406, 135.1, 132.7, 132.0, 130.2,
1279, 1275, 1274, 127.1, 126.2, 1258, 125.1,
123.3, 121.1, 119.9, 113.6, 109.5, 106.4, 55.7,
51.3, 35.2, 32.1, 254, 24.8.

4-(3-Bromoanilino)-7-methoxy-6-(N-

phenyl-S-naphthylmethylisothioureido) -

quinazoline hydrobromide salt (10c)

3stE 9a (144 mg, 03 mmo)=
dimethylformamide (5 mlol] &3(A F
naphthylmethyl bromide (138 mg, 0.6 mmol)
E 7 v 2443 S<2F uRket) Ethyl
acetate®} EZ FE3 F, ethyl acetate Ol
sodium sulfateg 7}ste] 7x3th Sodium
sulfateE o33 & ethyl acetate® 7 =+
3 TS column chromatography (silica gel,
hexane/EtOAc=1:1, v/v)=& & 2 A3}
Yield 97 mg (46.9%); mp 159-162 °C; IR
(KBr) 3054, 1614, 1584, 1526, 1472, 1428,
1234, 1130cm; 'H NMR (300 MHz,
DMSO-ds) 6§ (ppm) 9.46 (s, 1H), 9.22 (s, 1H),
852 (s, 1H), 823 (t, 1H), 793 (d, 1H, J=8.1
Hz), 7.82-767 (m, 7TH), 742-726 (m, 7H),
716 (s, 1H), 7.01 (t, 1H, J=7.8, 7.2 Hz), 4.39
(s, 2H), 3.79 (s, 3H); “C NMR (75 MHyz,
DMSO-ds) & (ppm) 157.0, 153.6, 150.8, 149.5,
1424, 1414, 1405, 135.8, 133.6, 132.9, 131.1,
129.3, 1289, 128.3, 1279, 1278, 127.1, 126.7,
126.0, 124.2, 1236, 122.1, 121.2, 120.7, 114.1,
110.3, 107.5.
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4-(3-Bromoanilino)-6-(N-ethyl-N’-

methylguanidino)-7-methoxyquinazoline

(12a)

33HE 10a (128 mg, 0.2 mmol)E ethanol
G mDoll €3|A171 & ethylamine 70% solution
(49 ul, 0.6 mo)< 713k vt 2¢ Hot 373
o Sws] RESAZ U SR F ethyl
acetate®} &= FE3 v}, ethyl acetateol
sodium sulfate® 7}sle] 7 ZSt) Sodium
sulfate® 73k & ethyl acetate=S 7t =
3 t}e column chromatography (silica gel,
CH.ClyMeOH=9:1. v/v)Z &8 = Ao
Yield 52 mg (58.14%); mp 200-202 °C; IR
(KBr) 3224, 1650, 1502, 1474, 1430, 1390,
1340, 1244cm’; 'H NMR (300 MHz,
DMSO-ds) & (ppm) 943 (s, 1H), 848 (s, 1H),
833 (s, 1H), 797 (d, 1H, J=7.8Hz), 7.75 (s,
1H), 731 (, 1H, J=7.8Hz), 722 (d, 1H,
J=81Hz), 712 (s, 1H), 530 (s, 1H), 522 (s,
1H), 3.86 (s, 3H), 3.13 (m, 2H), 2.66 (s, 3H),
1.09 (t, 3H) ;C NMR (75 MHz, DMSO-ds) &
(ppm) 1589, 156.3, 153.1, 153.3, 148.2, 1426,
1425, 130.9, 1256, 1239, 121.9, 1204, 114.8,
110.8, 107.2, 56.2, 36.6, 29.1, 16.0.

4-(3-Bromoanilino)-6-(N-diethyl-N’-

methylguanidino)-7-methoxyquinazoline

(12b)

3}3tE 10a (128 mg, 0.2 mmol)E ethanol
(5 mhol| €827l & diethylamine (62 ul, 0.6
mo)< 7hek o 29 EQt EFFS. SRS
HESAI v AdSH $ ethyl acetate®} &
2 F&3 Uvg, ethyl acetated] sodium
sulfate® 7}l 7%l Sodium sulfateZ
o7 & ethyl acetated S T SHSF th
column chromatography (silica gel,
CH:ClyMeOH=9:1. v/v)& &g 2 Ao}
Yield 64 mg (70.33%); mp 190-193 °C; IR
(KBr) 3330, 2974, 1592, 1520, 1478, 1432cm
'H NMR (300 MHz, DMSO-ds) § (ppm) 9.37
(s, 1H), 8.44 (s, 1H), 831 (s, 1H), 7.97 (d,
1H, J=72Hz), 766 (s, 1H), 7.23 (m, 2H), 7.09
(s. 1H), 556 (s, 1H), 397 (s, 3H), 3.24 (q,
6H), 2045 (s, 3H), 1.08 (t, 4H); BC NMR (75
MHz, DMSO-ds) & (ppm) 158.0, 156.1, 151.8,
147.2, 143.7, 1427, 130.9, 1255, 1239, 121.9,

R RS

120.5, 111.7, 110.9, 106.6, 56.3, 31.2, 14.1.

4-(3-Bromoanilino)-6-(N-cyclohexyl-

N’-methylguanidino)-7-methoxyquina-

zoline (12c¢)

335 10a (128 mg, 0.2 mmol)E ethanol
(5 mhell €3]A171 T cyclohexylamine (69 pl,
0.6 mol)& 7hgk oh& 2¢ F<F FFSH FE
3] HEEAIZ TS AYSHF T ethyl acetates}
E2 F53 ©L, ethyl acetateo] sodium
sulfateE 7}8te] 1 x$t}h. Sodium sulfateE
o] 735 & ethyl acetatexS #Y =73 oS
column chromatography (silica gel,
CHyClyMeOH=9:1. v/v)Z &8 2 AAs}.
Yield 60 mg (61.86%); mp 227-230 °C; IR
(KBr) 3302, 2930, 1622, 1568, 1522, 1480,
1424, 1232cm™;  'H NMR (300 MHz,
DMSO-ds) 6 (ppm) 9.44 (s, 1H), 848 (s, 1H),
832 (s, 1H), 797 (d, 1H, J=7.8Hz), 7.76 (s,
1H), 7.31 (t, 3H), 7.22 (d, 1HO, 7.12 (s, 1H),
5.3 (s, 1H), 4.89 (d, 1H), 3.86 (s, 3H), 2.64 (s,
3H), 1.92-154 (m, 5H), 1.26-1.09 (m, 5H); ®C
NMR (75 MHz, DMSO-ds) & (ppm) 158.0,
155.6, 151.8, 151.6, 1475, 141.9, 1415, 130.3,
1249, 1231, 121.2, 119.7, 114.1, 110.1, 106.5,
55.5, 49.6, 33.1, 285, 25.4, 25.0.

4-(3-Bromoanilino)—-6—-(/N-ethylmorpholine

—-N’-methylguanidino)-7-methoxy -

quinazoline (12d)

3}3tE 10a (128 mg, 0.2 mmol)E ethanol
(5 mbel  &8A%7l % 4-(2-amino-ethyl)
morpholine (79 ul, 0.6 moD)& 7}3F t}g 2¢
Bt BRIty T8 RESAIZ O AYER
T ethyl acetate®} &2 F&3 1S, ethyl
acetate®l sodium sulfateE 7}ste] AZx3Hc)
Sodium sulfate® ] %3t & ethyl acetates &
74t ZH3% S column chromatography
(silica gel, CH:Cly/MeOH=9:1. v/v)& &g 2
AA s} Yield 70 mg (68.0%); mp 122-125
°C; IR (KBr) 3318, 2950, 1620, 1520, 1488,
1428, 1240, 1118m 5 'H NMR (300 MHz,
CDCl3) 6§ (ppm) 863 (s, 1H), 812 (s, 1H),
773 (m, 1H), 757 (s, 1H), 7.28-7.22 (m, 4H),
393 (s, 3H), 3.67 (t, 4H), 3.30 (t, 2H), 2.88
(s, 3H), 251 (m, 6H); “C NMR (75 MHyz,
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CDCls) & (ppm) 1583, 156.3, 154.4, 1536,
148.8, 140.9, 130.2, 1265, 124.3, 122.6, 120.0,
115.2, 110.5, 107.6, 67.3, 589, 56.2, 53.6, 39.3,
28.7.

4-(3-Bromoanilino)-6-(N-ethyl-N’-

cyclohexylguanidino)-7-methoxyquina-

zoline (12e)

3}gHE 10b (141 mg, 0.2 mmol)Z ethanol
(5 mboll &3fA1%1 ¥ ethylamine (49 ul, 0.6
moD< 7hek o 29 EQt EFFdt. SE3
WS A7 oS 75 5 ethyl acetate$t =
2 F&3 Uvg, ethyl acetated] sodium
sulfateE 7vste] A Z3kT) Sodium  sulfateE
o] 3}3F & ethyl acetate®2 #Y 73 v
column chromatography (silica gel,
CH:ClyMeOH=9:1. v/v)2 &2 %2 AA s}
Yield 53 mg (5354%); mp 130-132 °C; IR
(KBr) 2932, 1620, 1520, 1478, 1426, 1236cm '
'H NMR (300 MHz, DMSO-ds) § (ppm) 9.46
(s, 1H), 848 (s, 1H), 833 (s, 1H), 7.98 (d,
1H, J=75Hz), 7.74 (s, 1H), 7.32 (t, 1H), 7.23
(d, 1H), 712 (s, 1H), 52 (s, 1H), 4.88 (d,
1H), 3.87 (s, 3H), 3.19 (m, 2H), 1.91-1.03 (m,
15H); C NMR (75 MHz, DMSO-ds) & (ppm)
56.3, 41.2, 36.8, 33.9, 26.2, 14.9.

4-(3-Bromoanilino)-6-(N-diethyl-N’-

cyclohexylguanidino)-7-methoxyquina-

zoline (12f)

3}gHE 10b (141 mg, 0.2 mmol)Z ethanol
(5 mhel|l &322 & diethylamine (62 ul, 0.6
mol)& 7}gt thE 2 EoF FFooh FEI
HES A7l o2 A4S HF $ ethyl acetates} &
2 F&3 v, ethyl acetated] sodium
sulfateE 7vste] A Z3T) Sodium  sulfateE
o] 37}3F & ethyl acetate®S #Y 73 e
column chromatography (silica gel,
CH:ClyMeOH=9:1. v/v)2 &2 %2 AA s}
Yield 50 mg (476%); mp 127-130 °C; IR
(KBr) 3176, 2934, 1622, 1570, 1522, 1476,
1428, 1242, 1140cm ™H NMR (300 MHz,
DMSO-ds) 6§ (ppm) 9.38 (s, 1H), 8.44 (s, 1H),
830 (s, 1H), 7.96 (d, 1H, J=8.2Hz), 7.69 (s,
1H), 728 (t, 1H, J=8.0), 719 (d, 1H,
J=79Hz), 511 (d, 1H), 3.83 (s, 3H), 3.17 (m,

e-Toh e eFAUED FEA ] T

2 EGFR A& &4 7

5H), 1.71-0.93 (m, 18H); “C NMR (75 MHz,
DMSO-ds) § (ppm) 1580, 156.3, 155.0, 152.1,
1477, 1435, 142.8, 131.1, 1257, 124.0, 122.0,
1124, 1109, 1069, 56.3, 52.3, 43.2, 33.9, 26.0,
25.8, 14.1.

4-(3-Bromoanilino)-6-(N-cyclohexyl-

N’-cyclohexylguanidino)-7-methoxy—

quinazoline (12g)

3% 10b (141 mg, 0.2 mmol)E ethanol
(5 mhell &3AIZ F ¢
0.6 mol)S 7}3F g 2d 501- g3l =8
3] HEEAIZ TS AYSF T ethyl acetates}
E2 FE3% U, ethyl acetated] sodium
sulfate® 7}8}e] A X3} Sodium sulfate=
oJ1}st 3 ethyl acetatesS Y =73 e
column chromatography (silica gel,
CHyCly/MeOH=9:1. v/v)Z &8 2 AAs}.
Yield 74 mg (67.27%); mp 225-227 °C; IR
(KBr) 3302, 2928, 2852, 1616, 1566, 1526,
1486, 1424, 1230, 1146cm s '"H NMR (300
MHz, DMSO-ds) § (ppm) 9.42 (s, 1H), 846
(s, 1H), 830 (s, 1H), 795 (d, 1H, J=7.8Hz),
7.73 (s, 1H), 7.28 (t, 1H, J=8.0Hz), 7.19 (d,
1H, J=7.6Hz), 7.09 (s, 1H), 4.84 (d, 2H), 3.83
(s, 3H), 1.85-1.49 (m, 10H), 1.14 (m, 10H);
¥C NMR (75 MHz, DMSO-ds) § (ppm) 157.8,
1555, 151.6, 1504, 1474, 141.9, 1415, 130.2,
124.8, 123.1, 121.2, 119.7, 113.8, 110.1, 1064,
55.4, 49.5, 33.1, 25.4, 24.9.

yclohexylamine (69 pl,

4-(3-Bromoanilino)-6—-(/N-ethylmorpholine

-N’-cyclohexylguanidino)-7-

methoxyquinazoline (12h)

33tE 10b (141 mg, 0.2 mmol)E ethanol
G mbel S AI2 T 4-(2-amino-
ethyl)morpholine (79 ul, 0.6 mol)< 7}3F U
249 EF Sty FES 4
>HF T ethyl acetate®} &2 FE3 v
ethyl acetated] sodium sulfateE 7}ste] Ax
sttl, Sodium  sulfateE® o33k & ethyl
acetatex S #AY THI U
chromatography (silica gel, CHzCly/MeOH=9:1.
v/vz 28 % AAg Yield 80 mg
(68.38%); mp 125-127 °C; IR (KBr) 3330,
2930, 2850, 1622, 1520, 1478, 1424, 1234,
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1118cm ™, '"H NMR (300 MHz, CDCl) &
(ppm) 858 (s, 1H), 8.13 (s, 1H), 7.94-7.86 (m,
2H), 4.65 (s, 2H), 3.89 (s, 3H), 3.65 (t, 4H),
347 (s, 1H), 330 (t, 2H), 247 (m, 6H),
201-1.90 (m, 4H), 168-156 (m, 3H),
125-1.05 (m, 5H) ;”C NMR (75 MHz,
DMSO-ds) § (ppm) 157.9, 156.4, 153.4, 1525,
1487, 1409, 139.1, 1299, 126.0, 124.2, 122.3,
1199, 116.1, 110.6, 107.2, 66.9, 58.0, 55.7, 53.4,
50.6, 386, 34.1, 255, 25.0.

4-(3-Bromoanilino)-6-(N-ethyl-N’-

phenylguanidino)-7-methoxyquinazoline

(121)

3}sHE 10c (140 mg, 0.2 mmol)= ethanol
(5 mhell &3fA1Z1 F ethyl amine (49 ul, 0.6
mo)< 7he o5 1d 5t SFsh S8 vt
SAZ S #AEF F ethyl acetate?} B2
FZ3 U, ethyl acetated] sodium sulfates
7}vate] Azx3FT} Sodium sulfateE o 3 %
ethyl acetate®<S #¢¢ SHFF ©a column
chromatography (silica gel, CH:Clo/MeOH=9:1.
vv2 28 2 AGAgrE Yield 78 mg
(7959%); mp 210-212 C; IR (KBr) 3254,
2972, 1632, 1586, 1520, 1478, 1424, 1230,
1144cm™; '"H NMR (300 MHz, DMSO-ds) &
(ppm) 9.46 (s, 1H), 848 (s, 1H), 831 (s, 1H),
797-784 (m, 3H), 7.34-7.10 (m, 7H), 6.83 (t,
1H), 582 (s, 1H), 3.85 (s, 3H), 3.19 (t, 2H),
L11 (t, 3H); "C NMR (75 MHz, DMSO-ds) &
(ppm) 157.9, 1564, 152.3, 150.1, 148.2, 1425,
131.0, 129.0, 1256, 1239, 121.9, 1215, 120.5,
114.1, 110.6, 107.1, 56.3, 37.2, 15.8; FABHRMS
m/z Caled for CoHoBrNgO (M+H)" 491.1196,
Found 491.1187.

o Ul

4-(3-Bromoanilino)-6-(N-diethyl-N"-

phenylguanidino)-7-methoxyquinazoline

(123)

3}etE 10c (140 mg, 0.2 mmol)E ethanol
(6 mbhell &A1 F chethyl amine (62 pl,
0.6 mol)& 7}3 E]r% 50} 33t S8
3] WESAIZ U A5 F F ethyl acetatet
B2 FEIT U, ethyl acetateol] sodium
sulfateE 7}ste] 71z23%t}. Sodium sulfateE
oJ1}el & ethyl acetatedS ¢ =73 v

R RS

column chromatography (silica gel,
CH:ClyMeOH=9:1. v/v)2 &8 9 AA s}
Yield 54 mg (51.9%); mp 168-169 °C; IR
(KBr) 2974, 1574, 1478, 1426, 1240cm’; 'H
NMR (300 MHz, DMSO-ds) § (ppm) 9.44 (s,
1H), 843 (s, 1H), 794 (d, 1H, J=85), 7.85
(s, 1H), 7.34-7.21 (m, 2H), 7.09-6.98 (m, 3H),
6.87 (d, 2H), 6.72 (t, 1H), 3.69 (s, 3H), 1.15
(t, 6H); “C NMR (75 MHz, DMSO-ds) §
(ppm) 157.2, 156.5, 152.8, 152.3, 1484, 1424,
131.0, 129.1, 125.8, 124.0, 121.9, 121.5, 120.6,
119.0, 1149, 1103, 1069, 56.3, 43.1, 13.9;
FABHRMS m/z Calcd for CgHzsBrNgO
(M+H)" 519.1509, Found 519.1497.

4-(3-Bromoanilino)-6-(N-cyclohexyl-

N’-phenylguanidino)-7-methoxyquina-

zoline (12k)

3}3tE 10c (140 mg, 0.2 mmol)E ethanol
(5 mbell &a]A1%1 & cyclohexyl amine (69 n
, 0.6 mo)& 718 T 1¥45¢ S/ 5
23] BgA7 v S $ ethyl acetate
9} B2 FE3 1S, ethyl acetate] sodium
sulfate® 7Fste] A x@ o} Sodium sulfated

o]3}st 3 ethyl acetate®S Y S73 v
column chromatography (silica gel,

CH.ClyMeOH=9:1. v/v)2 g %2 AA|3}
Yield 86 mg (7890%); mp 195-196 °C; IR
(KBr) 3262, 3058, 2930, 2852, 1622, 1588,
1526, 1478, 1426, 1228, 1140cm“; 'H NMR
(300 MHz, DMSO-ds) § (ppm) 9.43 (s, 1H),
846 (s, 1H), 829 (s, 1H), 794 (d, 1H,
J=80Hz), 7.83 (s, 1H), 7.32-7.07 (m, 7H), 6.79
(s, 1H), 3.80 (s, 3H), 356 (s, 1H), 1.96-1.51
(m, 5H), 1.17 (m, 5H); “C NMR (75 MHz,
DMSO-ds) § (ppm) 157.0, 1558, 151.9, 1488,
1476, 141.8, 130.3, 1283, 1250, 123.2, 121.2,
1209, 1198, 1137, 1099, 1064, 55.7, 50.2,
32.8, 253, 24.8; FABHRMS m/z Calcd for
CosHyBrNsO  (M+H)'  545.1665, Found
545.1680.

4-(3-Bromoanilino)-6-(/N-ethylmorpholine
-N’-phenylguanidino)-7-methoxy—
quinazoline (121)

3}3E 10c (140 mg, 0.2 mmol)E ethanol
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G mbel &8zl & 4-(2-amino-
ethyl)morpholine (79 ul, 0.6 mol)& 7}3 t}&
145 gFsoh S8 vheAz o 3
i $ ethyl acetate®} &2 FE3 U,
ethyl acetate®] sodium sulfateE 7}3}e] A%
3}, Sodium o#st $ ethyl
acetatesS Y  FTHIT ©E column
chromatography (silica gel, CH:Clo/MeOH=9:1.
vvR 28 2 AGATE Yield 74 mg
(64.35%); mp 118-120 °C; IR (KBr) 3256,
2058, 1630, 1590, 1520, 1428, 1236, 1116cm %
'"H NMR (300 MHz, DMSO-ds) § (ppm) 9.43
(s, 1H), 847 (s, 1H), 828 (s, 1H), 791 (m,
2H), 7.34-7.11 (m, 7H), 6.86 (t, 1H), 56 (s,
1H), 3.83 (s, 3H), 3.23 (s, 4H), 2.49-2.24 (m,
8H); C NMR (75 MHz, DMSO-ds) & (ppm)
157.3, 155.8, 152.1, 1495, 1478, 141.8, 130.4,
1284, 125.1, 123.3, 121.3, 120.4, 119.9, 1138,
109.9, 106.6, 66.2, 575, 558 53.2, 386;
FABHRMS m/z Caled for CyHsBrN;Os
(M+H)" 576.1723, Found 576.1718.

sulfate®

2.2.3. EGFR Tyrosine Kinase A3 &4
Al g

Hk8-2 20 plolA o]Fo] How EGFR

kinase® Promega (U.S.A)olA T3 AAH

2z EGFR Z4E W& 9 01 units AHE3)

o] o]Folxtt 7148 Promega (U.S.A.)olA

Tgk wpo]e®lo] RAEojx QlE  tyrosine

1 2
HN/©\Br
H2N O N vi 02N
-~
J
MeO N MeO
7

o-TolUt =FUEA FE2A9 44 L EGFR A3 &4 9

kinase® 712 22 50 uM o] &3}tk ATPE=
50 pMeo] o]&Eor p32-gamma-ATP=
02 pCiZt AHEE 9t wkS 8998 Tris-HCI
20 mM (pH 75)& Ax¥ o] ¥rg-o 1087+ 30
°CollAl AL o 10 ple] 30% 2AAFgAS
Hrpgto gy FAFJY. o] wrgEe 12§
ol o g =¥¥ PVDF Yo ~¥X¥3 5 20
mM Tris-HCl (pH 80), 02N NaClellA] =2k
g R 247 o)A MHS & 7t weE
A& sl 4 BAS (Kodak)E ©]
A=t

3. #at ¥ nF

2 dAge @@ FAQYL 6-amino—4-
(3-bromoanilino)-7-methoxyquinazoline (7)<
Scheme 19149} & dd9 WkES& F3lod
343819 eF. 2- Amino—4-chlorobenzoic acid (1)
E ZWER o] quinazoline ringe FAS
93le]  formamide®t aL-2olA  HFEA| A A
7-chloro-4-quinazolone (2)< 343k %[13],
HySO4 3l Al KNOsE AR&she] 6W 3 79 £
X o Z+Z} nitration® regioisomerE <& the
acetic acid BFellAl AAAste] 61 Ao vk
nitration®d  I3}E  3S  EsA U4l
7-Chloro-6-nitro-4-quinazolone (3)2] 7H ¢

b= sodium methoxide = ] }s}of
OH OH
OaN SN i OaN SN
P P
Cl N MeO
3 4

MeO N

Scheme1. Reagents and reaction conditions: (i) HCONHy, 130-170 °C (92.1%); (ii) KNO3, HySOy, rt (51.7%);
(ili) NaOCH3, DMF (96.5%); (iv) SOCI,, cat. DMF, reflux (86.6%); (v) 3-bromoaniline, IPA, reflux (quantitative);

(vi) 8N HCI, SnCly-2H,0 (79.7%)
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10 A5 - olojdt B e et
7-methoxy—-6-nitro-4-quinazolone (4)2 %A de 10a-cE FAsATE oA FAH
sl /@ s N /@
R, Y Ry HN Br Z Ry HN Br
N=C=S, i HN SN i HN SN
7 @ — ) e ) -Her
~Z ~Z
MeO N MeO N
8a: Ri=Me 9a: Ry=Me (93%) 10a: Ry=Me (53%)
8b: Ry=CqH1q 9b: Ry=CgH11(81%) 10b: Ry=CgH11 (89%)
8c: Ry=CgHs 9¢: Ry=CgHs (94%) 10c: Ry=CeHs (47%)

11a: Ry=Et, Ry=H
Ro | 11b: Ry=Rs=Et

NH | 446 Ry=CgHyq, Re=H
Ra 11d: Ry=CgHs, R3=H

12a: Ry=Me, R,=Et, Rg=H R /@\
12b: Ry=Me, Ry=R3=Et N__N.
! 273 R Y7 Ry HN Br

12c: R1=Me, Ry=CgH44, R3=H

12d: Ry=Me, Ry;=CH,CH,N(CH,CHj),0, Rs=H HN N
12e: R1=CGH11, R2=Et, R3=H /)
12f: R1=C6H11, R2=R3=Et MeO' N

129 R1=R2=C6H11, R3=H

12h: R1=C6H11, R2=CH2CH2N(CH20H2)20, R3=H
12i: R1=CGH5, R2=Et, R3=H

12] R1=C6H5, R2=R3=Et

12k: R1=CGH5, R2=C6H11, R3=H

121: R1=C6H5, R2=CHQCH2N(CH20H2)ZO, R3=H

Scheme 2. Reagents and reaction conditions: (i) EtOH, reflux; (ii) naphthylmethylbromide, DMF, rt; (i) EtOH, reflux, 2days.

3 3 nucleophile®A] 9] aniline 3132 7}9] Wt
&8s o7l flsked hydroxy71E SOCLel
o3} chlorine”] & H3A|A 332 5= 348t

H
AtH15]. ©lo1A, 3-bromoaniline® 3}3& 55
WS AIAXN 4" X9l aniline”] 7} X gk¥

4-(3-bromoanilino)-7-methoxy-6-
nitroquinazoline (6)& A3+ F[15], A =7
ol SnCly + 2H00ll 98] 6 $1%1¢] nitro7]
& amino’|Z  F[AAA YA FHAQ
6-amino-4-(3-bromoanilino)-7-
methoxyquinazoline (7)< 333l tH16].
Quinazoline®] 6¥ $ X9 guanidine side
chaing 7M1= #HF 5452 12a-12 &7
2 wgARd oA FAASATH (Scheme
2). R =ZHA 77  N-substituted
isothiocyanateE WHSAIAA urea 33HE 9a-c
& =2 FE2 ¥4 T o6H fHA
guanidine side chain =%2 $1% N-alkylation
S Q&3] 7] 93k 9a-ct naphthylmethyl
bromideE WHSAIA WHgAo] & ol&7|7t =

10a-c¢} ethyl-, diethyl-, cyclohexylamine™}
7+ aliphatic amineE )Y chain length7} 71
4~(2-aminoethyl)morphorine@}2]  N-alkylation
WS Fste] 69 91Xl guanidineo] =YH
12a-19] T 54 ES FAdstA

% 2014 8F o] B AFolA AT LY
HAFE 545 4-anilino-6-guanidino-7-
methoxyquinazoline F% 4 (12a-1)Eol ths}o]
EGFR E}o]24] Flolvle]= A3 A4S Ald
St A3 dizEAd Hlste] Azxe % AR
5 e AT

4. 4 E

B Aqte A= quinazoline nucleus®] C-6 9
o Y3 guanidine”’]E =3 LdH9
4-anilino-6-guanidino—7-methoxyquinazoline
FEA (12a-DES 2 wewAE AA a
A FA 6-amino—4-(3-bromoanilino)-7-
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-t = UEd FEA 4 2 EGFR A& &4 11

Table 2. EGFR TK Inhibitory Activity of 6-Guanidinoquinazoline Derivatives

Compounds 9 inhibition Compounds 9% inhibition®

12a 9.2 12h 22.7

12b 27.1 12i 30.3

12¢ 21,7 123 28.8

12d 22.1 12k 217.6

12e 289 121 26.0

12f 314 Tyrophostin up to 99.0
12g 28.0

dat 100 pM concentration.

methoxyquinazoline (7)& Y8 &Astitt F
T BHEE ﬂJ—SM EGFR E}e]24] 7ol
o]z A3aeT ]aa A -7 % A
stov ATP A=
EHow 3 Aﬂif EGFR Efo] 221 Fho]y|

1°Hxﬂ ﬁﬁ?#«l 2 AA 2 Al

7I-AI. I

o AFE FIAYNEATL A BDHA
Qo ATH Aoz FAHYon ofd A}
=y,

o
o
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