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QUINAZOLINE DERIVATIVES
BACKGROUND

Anglogenesis 18 a physiological process of growing new blood vessels from
pre-existing vessels. It takes place 1n a healthy subject to heal wounds, 1.¢., restoring
blood flow to tissues after injury or insult.

Excessive anglogenesis may be triggered by certain pathological conditions
such as cancer, age-related macular degeneration, and chronic inflammatory discase.
As a result, new blood vessels feed diseased tissues and destroy normal tissues. In
cancer, new blood vessels also allow tumor cells to escape 1nto the circulation and
lodge in other organs.

Vascular endothelial growth factor (VEGF), a homodimeric glycoprotein, and
its receptors, €.g., kinase insert domain receptor (KDR), constitute an important
anglogenic pathway. Studies have shown that inhibition of KDR resulted 1n
endothelial cell apoptosis and, thus, suppression of angiogenesis. See Rubin M.
Tuder, Chest, 2000; 117: 281. KDR 1nhibitors are therefore potential candidates for

treating an anglogenesis-related disorder.

SUMMARY
This invention 18 based on the discovery that a number of quinazoline
compounds 1nhibit the activity of KDR.

One aspect of this invention relates to quinazoline compounds of the following

formula (I):
Rs  R.
Rg
A\ Re
R, X O
Ra 2 R1o
s I
R, N” R;
Rs (D),

in which each of Rl, sz R3, R4, Rs, R(,, R75 Rga R9, and RlO, independently, 1S H, halo,
nitro, amino, cyano, hydroxy, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
1
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heterocycloalkyl, heteroaryl, alkoxy, alkylthio, alkylcarbonyl, carboxy,
alkoxycarbonyl, carbonylamino, sulfonylamino, aminocarbonyl, or aminosulfonyl, or
R3 and R4, together with the carbon atoms to which they are attached, form a 4- to 7-
membered saturated, unsaturated, or aromatic ring, optionally containing 1-3 hetero
atoms sclected from N, O and S; X 15 O, S, or NR, wherein R 1s H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocycloalkyl, heteroaryl, alkylcarbonyl, alkoxycarbonyl,
aminocarbonyl, or aminosulfonyl; and Z 1s N or C-CN.

The above-described compounds may have one or more of the following
features: X 1s O, NH, or N-CH3; Ry 1s —C(O)NR Ry, cach of R, and Ry, independently,
being H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or heteroaryl, or
R, and Ry, together with the nitrogen atom, represent a 3-8 membered ring containing
1-3 heteroatoms; Rg 1s alkyl (e.g., methyl); or each of R; and R4 1s alkoxy (e.g.,
methoxy). In one subset of the above compounds each of R, and Ry, independently, 1s
H, alkyl (¢.g., methyl), or cycloalkyl (e,g, cyclopropyl).

The term “alkyl” herein refers to a straight or branched hydrocarbon,
containing 1-10 carbon atoms. Examples of alkyl groups include, but are not limited
to, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, and #-butyl. The term “alkoxy”
refers to an -O-alkyl.

The term “alkenyl” herein refers to a C,_1g straight or branched hydrocarbon,
containing one or more C=C double bonds. Examples of alkenyl groups include, but
are not limited to, vinyl, 2-propenyl, and 2-butenyl.

The term “alkynyl™ herein refers to a C,_y¢ straight or branched hydrocarbon,
containing on¢ or more C=C triple bonds. Examples of alkynyl groups include, but
are not limited to, ethynyl, 2-propynyl, and 2-butynyl.

The term “aryl” refers to a 6-carbon monocyclic, 10-carbon bicyclic, 14-
carbon tricyclic aromatic ring system wherein each ring may have 1 to 4 substituents.
Examples of aryl groups include, but are not limited to, phenyl, naphthyl, and
anthracenyl.

The term “cycloalkyl” refers to a saturated and partially unsaturated cyclic

hydrocarbon group having 3 to 12 carbons. Examples of cycloalkyl groups include,
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but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, and cyclooctyl.

The term “heteroaryl” refers to an aromatic 5-8 membered monocyclic, 8-12
membered bicyclic, or 11-14 membered tricyclic ring system having one or more
heteroatoms (such as O, N, or S). Examples of heteroaryl groups include pyridyl,
furyl, imidazolyl, benzimidazolyl, pyrimidinyl, thienyl, quinolinyl, indolyl, and
thiazolyl. The term “heteroaralkyl” refers to an alkyl group substituted with a
heteroaryl group.

The term “heterocycloalkyl” refers to a nonaromatic 3-8 membered
monocyclic, 8-12 membered bicyclic, or 11-14 membered tricyclic ring system having
on¢ or more heteroatoms (such as O, N, or S). Examples of heterocycloalkyl groups
include, but are not limited to, piperazinyl, pyrrolidinyl, dioxanyl, morpholinyl, and
tetrahydrofuranyl. Heterocycloalkyl can be a saccharide ring, ¢.g., glucosyl.

Alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and
alkoxy mentioned herein include both substituted and unsubstituted moieties.
Examples of substituents include, but are not limited to, halo, hydroxyl, amino, cyano,
nitro, mercapto, alkoxycarbonyl, amido, carboxy, alkanesulfonyl, alkylcarbonyl,
carbamido, carbamyl, carboxyl, thioureido, thiocyanato, sulfonamido, alkyl, alkenyl,
alkynyl, alkyloxy, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, in which alkyl,
alkenyl, alkynyl, alkyloxy, aryl, heteroaryl cycloalkyl, and heterocycloalkyl may
further substituted.

The quinazoline compounds described above include their pharmaceutically
acceptable salts, solvate, and prodrug, if applicable.

Examples of the compounds of this invention are shown below:

o. [ o. [/
NH O
NH NH
0" N0 N G ., )
/O NN /O ~N A0 ~N
o
e N/) ~o N) o N’)
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Another aspect of this invention relates to a method of inhibiting anglogenesis
by administrating to a subject in need thercof an effective amount of a quinazoline
compound of formula (I) as described above.

Yet another aspect of this invention relates to a method of treating an
anglogenesis-related disorder (e.g., cancer, age-related macula degeneration, or
chronic inflammatory disease). The method includes administering to a subject
having an angiogenesis-related disorder an effective amount of one or more of the
quinazoline compounds of this invention. Examples of cancer include, but are not
limited to, lung cancer, colon cancer, breast cancer, ovarian cancer, prostate cancer,
stomach cancer, kidney cancer, liver cancer, brain cancer, bone cancer, and leukemia.
Examples of chronic inflammatory disorders include, but are not limited to,
inflammatory bowel discase (such as Crohn’s disease and ulcerative colitis),
rheumatoid arthritis, lupus, psoriasis, and diabetes mellitus.

Also within the scope of this invention are (1) a composition containing on¢ or
more of the quinazoline compounds described above and a pharmaceutically
acceptable carrier for use 1n treating an angiogenesis-related disorder (e.g., such
cancer or age-related macular degeneration, or chronic inflammatory disease) and (2)
use of one or more of the quinazoline compounds for the manufacture of a
medicament for treating the disorder.

The details of one or more embodiments of the invention are set forth in the
description below. Other features, objects and advantages of the invention will be

apparent from the description and from the claims.

DETAILED DESCRIPTION
The quinazoline compounds of this invention can be synthesized from
commercially available starting materials by methods well known 1n the art. For
example, as shown 1n scheme 1 below, one can couple a suitable 4-chloro-quinazoline

derivative with a benzofuran compound to obtain a compound of this invention.
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Scheme 1
Rs R,

Rs Cl Rg R, Rg N i

R4 X Rg K2CO3 O 6
Z A\ Re . Rs X

R3 N/)\R1 HX O R4 N7 R10

R> Ri1g . y /)\R

3 1
Zis N or C-CN Xis O, S, NH, or NCH; R

The compound thus obtained can be further modified at their peripheral
positions to provide other compounds of this invention.

Synthetic chemistry transformations useful 1n synthesizing desirable
quinazoline compounds are described, for example, 1n R. Larock, Comprehensive
Organic Transformations, VCH Publishers (1989); T.W. Greene and P.G.M. Wuts,
Protective Groups in Organic Synthesis, 3™ Ed., John Wiley and Sons (1999); L.
Fieser and M. Fieser, Fieser and Fieser’s Reagents for Organic Synthesis, John Wiley
and Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents for Organic
Synthesis, John Wiley and Sons (1995) and subsequent editions thereof.

Before use, the compounds can be purified by column chromatography, high
performance liquid chromatography, crystallization, or other suitable methods.

The quinazoline compounds of this invention, when contacting with KDR,
inhibit this receptor’s activity. An effective amount of one or more of these
compounds can be therefore used to inhibit angiogenesis and treat a subject having an
anglogenesis-related disorder.

The term “an effective amount” refers to the amount of a quinazoline
compound that 1s required to confer the intended effect in the subject. Effective
amounts may vary, as recognized by those skilled 1n the art, depending on route of
administration, excipient usage, and the possibility of co-usage with other agents.

The term ““treating” refers to administering one or more of the above-described
quinazoline compounds to a subject that has an anglogenesis-related disorder, or has a

symptom of the disorder, or has a predisposition toward the disorder, with the purpose
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to cure, heal, alleviate, relieve, alter, remedy, ameliorate, improve, or atfect the
disorder, the symptoms of the disorder, or the predisposition toward the disorder.

To practice this method, a composition having one or more of the quinazoline
compounds of this invention can be administered orally, parenterally, by inhalation
spray, or via an implanted reservoir. The term “parenteral” as used herein includes
subcutancous, 1intracutancous, intravenous, itramuscular, intraarticular, mtraarterial,
intrasynovial, intrasternal, intrathecal, intralesional and intracranial injection or
infusion techniques.

An oral composition can be any orally acceptable dosage form including, but
not limited to, tablets, capsules, emulsions and aqueous suspensions, dispersions and
solutions. Commonly used carriers for tablets include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also typically added to tablets.
For oral administration in a capsule form, useful diluents include lactose and dried
corn starch. When aqueous suspensions or emulsions are administered orally, the
active mgredient can be suspended or dissolved 1n an oily phase combined with
emulsifying or suspending agents. If desired, certain sweetening, flavoring, or
coloring agents can be added.

A sterile injectable composition (€.g., aqueous or oleaginous suspension) can
be formulated according to techniques known 1n the art using suitable dispersing or
wetting agents (such as, for example, Tween 80) and suspending agents. The sterile
injectable preparation can also be a sterile injectable solution or suspension 1n a non-
toxic parenterally acceptable diluent or solvent, for example, as a solution 1n 1,3-
butanediol. Among the acceptable vehicles and solvents that can be employed are
mannitol, water, Ringer’s solution and 1sotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium
(¢.g., synthetic mono- or di-glycerides). Fatty acids, such as oleic acid and 1ts
glyceride derivatives are useful in the preparation of 1njectables, as are natural
pharmaceutically-acceptable oils, such as olive o1l or castor o1l, especially 1n their
polyoxyethylated versions. These o1l solutions or suspensions can also contain a
long-chain alcohol diluent or dispersant, or carboxymethyl cellulose or similar

dispersing agents.
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An 1nhalation composition can be prepared according to techniques well
known 1n the art of pharmaceutical formulation and can be prepared as solutions
saline, employing benzyl alcohol or other suitable preservatives, absorption promoters
to enhance bioavailability, fluorocarbons, and/or other solubilizing or dispersing
agents known 1n the art.

A topical composition can be formulated in form of o1l, cream, lotion,
omntment and the like. Suitable carriers for the composition include vegetable or
mineral o1ls, white petrolatum (white soft paratfin), branched chain fats or oils,
animal fats and high molecular weight alcohols (greater than C12). The preferred
carriers are those 1n which the active ingredient 1s soluble. Emulsifiers, stabilizers,
humectants and antioxidants may also be included as well as agents imparting color or
fragrance, 1f desired. Additionally, transdermal penetration enhancers may be
employed 1n these topical formulations. Examples of such enhancers can be found 1n
U.S. Patents 3,989,816 and 4,444,762. Creams are preferably formulated from a
mixture of mineral o1l, self-emulsifying beeswax and water in which mixture the
active mgredient, dissolved i a small amount of an oil, such as almond oil, 1s
admixed. An example of such a cream 1s one which includes about 40 parts water,
about 20 parts beeswax, about 40 parts mineral o1l and about 1 part almond o1l.
Ointments may be formulated by mixing a solution of the active ingredient in a
vegetable oil, such as almond o1l, with warm soft paraffin and allowing the mixture to
cool. An example of such an ointment 1s one which includes about 30% by weight
almond and about 70% by weight white soft paratfin.

A carrier 1n a pharmaceutical composition must be “acceptable” i the sense
that 1t 1S compatible with active ingredients of the formulation (and preferably,
capable of stabilizing 1t) and not deleterious to the subject to be treated. For example,
solubilizing agents, such as cyclodextrins (which form specific, more soluble
complexes with one or more of active quinazoline compounds of the extract), can be
utilized as pharmaceutical excipients for delivery of the active ingredients. Examples

of other carriers include colloidal silicon dioxide, magnesium stearate, cellulose,

sodium lauryl sulfate, and D&C Yellow # 10.
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Suitable in vitro assays can be used to preliminarily evaluate the efficacy of
the above-described quinazoline compounds 1n inhibiting the activity of KDR or
inhibiting the activity of VEGF. The compounds can further be examined for 1ts
ctficacy 1n treating an angiogenesis-related disorder by in vivo assays. For example,
the compounds can be administered to an animal (¢.g., a mouse model) having cancer
and 1ts therapeutic effects are then accessed. Based on the results, an appropriate
dosage range and administration route can also be determined.

Without further elaboration, it is believed that the above description has
adequately enabled the present invention. The following specific examples are,
therefore, to be construed as merely 1llustrative, and not limitative of the remainder of

the disclosure 1n any way whatsoever.

Example 1: Synthesis of 6-(6,7-dimethoxyquinazolin-4-yloxy)-N,2-

dimethylbenzofuran-3-carboxamide:

I NH KoCO
O N+ § 23 _ 5
O N HO O N,)

~0

To a solution of 4-chloro-6,7-dimethoxyquinazoline (1 equiv.) in 2ml CH3CN
were added 6-hydroxy-N,2-dimethylbenzofuran-3-carboxamide (1 equiv.) and
K,COs (1.5 equiv.). The mixture was refluxed under stirring for 10 hr. After the
solvent was evaporated, the residue was washed with water, dried over MgSQOy,
filtered, concentrated, and purified by column chromatography to give the title

compound 1n a yield of 85%.

'HNMR (DMSO-ds, 400MHz) &: 2.49 (s, 3H), 2.81 (d, J=8.4 Hz, 3H,10),
3.97 (s, 3H), 3.98 (s, 3H), 7.24 (dd, J=2.0, 8.4 Hz, 1H), 7.38 (s, 1H), 7.58 (s, IH), 7.61
(d, J=2.0 Hz, 1H), 7.79 (d, J=8.4 Hz, 1H), 7.96 (m, 1H), 8.52 (s, 1H).

MS(m/e): 394.1 (M+1).
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Example 2: Synthesis of 6-(6,7-dimethoxyquinazolin-4-ylamino)-N,2-
dimethylbenzofuran-3-carboxamide

This compound was prepared 1n a manner similar to that described in Example

5 'HNMR (DMSO-ds, 400MHz) dppm: 2.74 (s, 3H), 2.83 (d, J=8.4 Hz, 3H),
3.95 (s, 3H), 3.98 (s,3H), 7.20 (s, 1H), 7.60 (dd, J=8.4, 2.0 HZ, 1H), 7.75 (d, J=8.4
HZ,1H), 7.89 (s, 2H), 8.22 (d, J=2 Hz, 1H), 8.50 (s, 1H), 9.65 (s, 1H).

MS(m/e): 393.15 (M+1).

10  Example 3: Synthesis of N-(2-(diethylamino)ethyl)-6-(6,7-dimethoxyquinazolin-4-

yloxy)-2-methylbenzofuran-3-carboxamide

This compound was prepared in a manner similar to that described in Example

15 'HNMR (DMSO-dg, 400 MHz): 8.54 (s, 1H), 7.85 (bs, 1H), 7.84-7.83 (d, J =
2.8 Hz, 1H), 7.66 (s, 1H), 7.60 (s, 1H), 7.41 (s, 1H), 7.29-7.27 (d, J= 8.0 Hz, 1H),
4.00 (d, J= 2.8 Hz, 6H), 2.67 (s, 3H), 2.64-2.51 (m, 8H), 1.02 (bs, 6H).
MS (m/e). 479.5 (M+1).

10
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Example 4: Synthesis of N-cyclopropyl-6-(6,7-dimethoxyquinazolin-4-yloxy)-2-

methylbenzofuran-3-carboxamide

NH
N\
O O
~ 2

This compound was prepared 1n a manner stmilar to that described 1n Example

'HNMR (DMSO-dg, 400 MHz): 8.53 (s, 1H), 8.22 (s, 1H), 7.72-7.70 (d, J =
8.8 Hz, 2H ), 7.63-7.61 (d,J= 8.0 Hz, 1H), 7.41 (s, 1H), 7.26-7.24 (d, J = 8.0 Hz,
10 1H), 4.00((d, J = 2.8 Hz, 6H), 2.88 (bs, 1H), 2.61 (s, 3H), 0.74-0.73 (d, J = 5.6 Hz,
2H), 0.63 (bs, 2H).
MS (m/e). 420.4 (M+1).

Example 5: Synthesis of 6-(6,7-bis(2-methoxyethoxy)quinazolin-4-yloxy)-N,2-

15  dimethylbenzofuran-3-carboxamide

o. [/
NH
N\
O O
O
O ~

This compound was prepared following the procedure described in Example 1.

MS(m/e). 482.2 (M+1).

20  Example 6: Inhibition of KDR kinase activity

Inhibition of KDR kinase activity by test compounds was assessed using a Z,'-

LYTE™ Tyrl Peptide assay kit (Invitrogen, Carlsbad, CA, U.S.A., Cat. PV3190).

11
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The assay was performed according to the procedures recommended by the

manufacturer.

Briefly, each test compound in DMSO (10 mM) was diluted to 1:4 with
distilled water containing 8% DMSO. The solution was placed 1n a test well and three
control wells (C1, C2, and C3) at 2.5 ul/well 1in a black 384-well plate (Thermo
labsystems, Cambridge, U K., Cat. 7805). The Z'-LYTE™ Tyrl peptide, a coumarin-
fluorescein double-labeled peptide substrate, was mixed with a KDR catalytic domain
(Invitrogen, Cat. PV3660). 5 ul of the kinase/peptide mixture was added to each of
the test, C1, and C2 wells, but not C3 (final concentration: 0.3 ug/ml of Kinase, 2 uM
of peptide). 5 ul of phosphor-Tyrl peptide was added to the C3 well. 2.5 ul of 40

uM ATP was added to the test and C2 wells and 2.5 ul of 1.33 X kinase buffer
(1xbufter: 50 mM HEPES, pH7.5, 0.01% Bryj-35, 5 mM MgCl,, 5 mM MnCl,, and 1
mM EGTA) was added to the C1 and C3 wells. The plate was briefly spun at 1000
rpm to allow the solutions to be well mixed at the bottom of the wells and then sealed
and shaken at 250 rpm and 25°C for 1 hour.

A development reagent was diluted to 1:128 following the mstructions
provided by the manufacturer. 5 ul of the diluted development reagent was added to

cach well. The plate was spun at 1000 rpm to allow the solutions to be well mixed at

the bottom of the wells, and then sealed and shaken at 250 rpm and 25°C for 1 hour.
5 ul of a stop reagent was added to each well. The plate was spun at 1000 rpm

and then sealed at 250 rpm and 25°C for 2 minutes. The fluorescein emission of the
solution at cach well was measured by a VictorTM3 micro-plate reader at Excitation
400 nm/Emission 445 nm and 520 nm. The emission ratio and phosphorylation

(“Phos.”) percentage were calculated by the following equations:

Coumarin Emission (445 nm)
Emission Ratio =
Fluorescein Emission (520 nm)

(Emission Ratio x FlOO%) — CIOO%
%Phosphorylation = 1 —

(Coo — Cro0%) + [Emission Ratio x (F100% — F0%)]

12



10

15

20

CA 02723148 2010-10-28

WO 2009/137797 PCT/US2009/043347

where Ciggo, = Average Coumarin emission signal of the 100% Phos. Control
Coo, = Average Coumarimn emission signal of the 0% Phos. Control
F1000 = Average fluorescein emission signal of the 100% Phos. Control
Foo, = Average fluorescein emission signal of the 0% Phos. Control
The mhibition ratio was calculated as follows:
Inhibition% = (Phos. in C2 well — Phos. in test well)/ (Phos. in C2 well)
x100%
ICso (concentration required to inhibit KDR kinase activity by 50%) values were
calculated based inhibition ratios thus obtained.
The result showed that Compounds 1-5 inhibited the activity of KDR. The
tested compounds had 1Csy values ranging from 0.001 to 10 uM.

OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined 1n any
combination. Each feature disclosed 1n this specification may be replaced by an
alternative feature serving the same, equivalent, or stmilar purpose. Thus, unless
expressly stated otherwise, each feature disclosed 1s only an example of a generic
serics of equivalent or similar features.

From the above description, one skilled in the art can easily ascertain the
essential characteristics of the present invention, and without departing from the spirit
and scope thereof, can make various changes and modifications of the invention to
adapt 1t to various usages and conditions. For example, compounds structurally
analogous to the compounds of this invention can be made and used to practice this

invention. Thus, other embodiments are also within the claims.

13
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WHAT IS CLAIMED IS:

1. A compound of the following formula:

Rs R,
Rg
N\ Re
R, X O
R3 2, R1o
s A
R, N R;

in which

cach of R, R, R3, Ry, Rs, Rg, R7 Rg Ro, and R, independently, 1s H, halo,
nitro, amino, cyano, hydroxy, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, heteroaryl, alkoxy, alkylthio, alkylcarbonyl, carboxy,
alkoxycarbonyl, carbonylamino, sulfonylamino, aminocarbonyl, or aminosulfonyl, or
R; and R4, together with the carbon atoms to which they are attached, form a 4- to 7-
membered saturated, unsaturated, or aromatic ring, optionally containing 1-3 hetero
atoms selected from N, O and S;

X 18 O, S, or NR, wherein R 1s H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, heteroaryl, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, or

aminosulfonyl; and

Z. 18 N or C-CN.

2. The compound of claim 1, wherein Z 1s N.

3. The compound of claim 1, wherein X 1s O, NH, or N-CHz.

4. The compound of claim 2, wherein Ry 1s —C(O)NR Ry, each of R, and Ry,
independently, being H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or

14
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heteroaryl, or R, and Ry, together with the nitrogen atom to which they are attached,
represent a 3-8 membered ring contaming 1-3 heteroatoms.
5. The compound of claim 4, wherein each of R, and Ry, independently, 1s H,

alkyl, or cycloalkyl.

| 6. The compound of claim 5, wherein Rg 1s alkyl.
7. The compound of claim 6, wherein Rg 18 methyl.
10 8. The compound of claim 6, wherein X 1s O, NH, or N-CHj..
9. The compound of claim 2, wherein Rg 18 alkyl.
10. The compound of claim 9, wherein Rg 1s methyl.
15

11. The compound of claim 2, wherein each of R3 and R4 15 alkoxy.

12. The compound of claim 11, wherein R 1s -C(O)NR,R;, cach of R, and
Ry, independently, being H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,
20  or heteroaryl, or R, and Ry, together with the nitrogen atom to which they are

attached, represent a 3-8 membered ring containing 1-3 heteroatoms.

13. The compound of claim 12, wherein each of R, and Ry, independently, 1s

H, alkyl, or cycloalkyl.

25
14. The compound of claim 13, wherein R, 1s H and Ry, 18 methyl.
15. The compound of claim 14, wherein Rg 15 alkyl.

30 16. The compound of claim 13, wherein X 1s O, NH, or N-CHs.

15
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17.  The compound of claim 13, wherein each of R; and R4 18 methoxy.

18. The compound of claim 1, wherein Z 1s C-CN.

5 19. The compound of claim 18, wherein R7 1s -C(O)NR R, cach of R, and
Ry, independently, being H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,
or heteroaryl, or R, and Ry, together with the nitrogen atom to which they are

attached, represent a 3-8 membered ring containing 1-3 heteroatoms.

10 20. The compound of claim 19, wherein each of R, and Ry, independently, 1s

H, alkyl, or cycloalkyl.

21. The compound of claim 20, wherein Rg 1s alkyl.

15 22. The compound of claim 1, wherein the compound 1s:
o. [/ o. ./
NH NH O NZ
; \ J@r§
0 O HN & o o
/O NN /O ~N /'o NN
0 N') ~o N') ~o N/)

o N/) e Ve I NA ,
20
o. I
o. / NH 0O »’
NH NH
fos s ; \
0O O O Q O 0 o
~0 N/) ~o N7 ~0 N')
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~0 N’) e N’; e N'A ,
o. [/ o. [/
= N/H NH NH
A\ A\ A\
O O N O S O
L AL See |
O H
O H N
\ \
A\ A\
O O
N CN
~N7 ¢ S ~N7 VW =
H O Z \ ® v
5 N : N :
O H

23. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

10
24. A method of treating an anglogenesis-related disorder comprising
administering to a subject in need therecof an effective amount of a compound of claim
1.
15 25. The method of claim 22, wherein the angilogenesis-related disorder 18

cancer, age-related macula degeneration, or chronic inflammatory disease.

17
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26. A method of inhibiting the epidermal growth factor receptor activity

comprising contacting the receptor with an effective amount of a compound of claim

1.

13
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