A 0 00 O R

0 00/72849 Al

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

00 OO OO

(10) International Publication Number

7 December 2000 (07.12.2000) PCT WO 00/72849 A1l
(51) International Patent Classification’”>  A61K 31/517, Neve-Yacov, 97350 Jerusalem (IL). GAZIT, Aviv [IL/IL];
A61P 17/06, 35/00, CO7D 239/94 14 Nof Haim, 96190 Jerusalem (IL). LEVITZKI, Alexan-
dra [US/IL]; 11 Burla St., 93714 Jerusalem (IL).
(21) International Application Number: PCT/US00/13749
(74) Agent: FRIEDMAN, Mark, M.; ¢c/o Castorina, Anthony,
(22) International Filing Date: 19 May 2000 (19.05.2000) Suite 207, 2001 Jefferson Davis Highway, Arlington, VA
22202 (IL).
(25) Filing Language: English 21} Designated States (national): AE, AL, AM, AT, AU, AZ,
o _ BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK,
(26) Publication Language: English DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU,
(30) Priority Data: LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT,
09/322,979 1 June 1999 (01.06.1999)  US RO,RU, SD, SE, SG, S, SK, SL, TJ, TM, TR, TT, TZ, UA,

(71) Applicants (for all designated States except US): HAD-
ASIT MEDICAL RESEARCH SERVICES AND
DEVELOPMENT LTD. [IL/L]; PO. Box 12000,
91220 Jerusalem (IL). YISSUM RESEARCH DE-
VELOPMENT COMPANY OF THE HEBREW
UNIVERSITY OF JERUSALEM [IL/IL]; 46 Jabotinsky
St., 91042 Jerusalem (IL).

72)
(5)

Inventors; and

Inventors/Applicants (for US only): MISHANI, Eyal
[IL/IL]; 11 Hagilboa Street, Mevaseret Zion 90805 (IL).
BONASERA, Thomas [US/IL]; 11/5 Pines St., 91120
Jerusalem (IL). ORTU, Giuseppina [IT/IL]; 11/5 Pines
St., 91120 Jerusalem (IL). ROZEN, Yulia [1L/IL]; 412/25

UG, US, UZ, VN, YU, ZA, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ,BY, KG, KZ,MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
—  With international search report.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: NOVEL EPIDERMAL GROWTH FACTOR RECEPTOR-BINDING COMPOUNDS FOR POSITRON EMISSION TO-

MOGRAPHY

(57) Abstract: A radiolabeled compound of formula (I): is described R1 and R2 are each independently selected from the group
consisting of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy, carbalkoxy and salts thereof; and A, B, C and D are each
independently selected from the group consisting of a hydrogen and an electon withdrawing group, provided that at least one of A,

B, C and D is ['#] fluorine.



10

15

20

25

WO 00/72849

NOVEL EPIDERMAL GROWTH FACTOR RECEPTOR-BINDING
COMPOUNDS FOR POSITRON EMISSION TOMOGRAPHY
FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to novel fluorinated Positron Emission
Tomography (PET) biomarkers. and, more particularly, to a fluorinated
biomarkers for quantification of epidermal growth factor receptor tyrosine
kinase.

Positron Emission Tomography (PET), a nuclear medicine imagine
technology which allows the three-dimensional, quantitative determination
of the distribution of radioactivity within the human body, is becoming an
increasingly important tool for the measurement of physiological,
biochemical, and pharmacological function at a molecular level, both in
healthy and pathological states. PET requires the administration to the
subject of a molecule labeled with a positron-emitting nuclide (radiotracer)
such as 150, 13N, 11C, and 18F which have half-lives of 2, 10, 20, and
110 minutes, respectively.

Polypeptides such as growth factors, differentiation factors, and
hormones often mediate their pleiotropic actions by binding to and
activating cell surface receptors with an intrinsic intracellular protein
tyrosine Kinase activity. Epidermal growth factor receptor-tyrosine Kinase
(EGFR-TK) is over expressed in breast cancer and other neoplasia. A
suitable radiotracer that binds to EGFR-TK might allow, through a nuclear
medicine imaging technique such as PET, the mapping and quantification of
this receptor-kinase. This would allow the study of changes in levels of
expression of this receptor, including the monitoring of response to
hormonal or other chemotherapy, and could lead to better patient
management and differentiation in regard to therapeutic course of action.

Recently, 99MTc-labeled anti EGFR antibody was synthesized and

biodistribution and dosimetry studies were performed in humans [1, 2].
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However this labeled antibody, similar to other protein
radiopharmaceuticals, has high and prolonged retention of radioactivity in
the liver which constitutes a major problem for clinical applications.
Furthermore, these researchers found that it was difficult to obtain accurate
quantification of activity in tumors within normal organs because of varying
background activities, particularly in lung lesions where fluid and
atelectasis could not be differentiated from tumor.

EGF itself has been labeled for nuclear medicine imaging with
gamma emitting nuclides including 99mTc [3, 4] and 111In [5, 6], and the
positron-emitting nuclide 76Br [7, 8]. The biodistribution in normal rats of
the latter, [76Br]EGF (murine), was reported [8], but no other in vivo
studies in laboratory animals or humans have been reported.

4-Anilinoquinazolines have been shown to potently and selectively
inhibit EGFR-TK activity by binding reversibly to an inner membrane ATP
binding site on EGFR-TK, the prototype for such compounds being the
small-molecules PD 153035 [9] and AG 1478 [10] (see Table 1 below). A
report of a radioiodinated analog of PD 153035 including in vitro binding
studies in MDA-486 cells has been presented [11]. PD 153035 labeled with
11C in the 6,7-methoxy groups has been evaluated in rats implanted with
human neuroblastoma xenografts (SH-SYSY) but specific uptake was not
determined in a blocking study [12]. PD 153035 was also labeled with 11C
specifically in the 7-methoxy position and biodistribution experiments were
performed in normal mice, but uptake specificity could not be demonstrated
as administration of an enzyme-blocking dose of PD 153035 caused an
increase in tracer uptake in the tissues studied [13]. The same abstract
reported the labeling of the 7-(2-fluoroethoxy) PD 153035 analog with 18F,
but no biological experiments with this tracer were described. Additionally,
the 2-[18F]fluoroethyl group might be subject to a high rate of

[18FJhydrogen fluoride elimination to give the corresponding alkene ether,
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potentially resulting in high uptake of I8F in bone, giving poor in vivo
images. Further, these ultra potent (IC59 < 30 pM) inhibitors may only
measure flow or permeability surface area rather than biochemical changes
[14]. And, PD 153035 has been shown to undergo metabolism to four
compounds, two of which have been identified as the 6- and
7-monodemethylated derivatives, compounds which maintain potency for
EGFR-TK inhibition [15]. Thus labeling in the 6- or 7-alkoxy groups as
described above, would lead to radioactive metabolites that do not bind
EGFR-TK.

Another approach to small molecules as EGFR-TK PET tracers are
4-anilinoquinazoline derivatives labeled with I18F on the aniline ring (see
reference [16]). Assuming that metabolism of PD 153035 arylfluoro
derivatives is similar to the metabolism of PD 153035 itself, in this
approach the monodemethylated derivatives would retain the radiolabel and
should maintain affinity for EGFR-TK. While the presence in the blood of
three compounds with potential to bind the target would complicate kinetic
compartmental modeling, the probability of accumulation of radioactivity in
the target would be increased. 18F’s half life, five times longer than the
half life of 11C, affords a wider time-window for PET measurements than
11C does, possibly allowing the benefit of imaging after disappearance of
blood radioactivity and washout of radiotracer nonspecific binding. Since
PD 153035 plasma levels decrease from a maximum to 2 % of the
maximum after approximately 3 hours [15], later imaging, perhaps an hour
or more postinjection (virtually impossible with 1 lC), may give a more pure
signal of EGFR-TK presence. In addition, labeling the aniline ring may
result in a more inherently metabolically stable tracer that will lead to low
nonspecific uptake of radioactivity in, e.g., bone. Additional related art is

disclosed in U.S. Pat. No. 5,710,158; EP 566226B1 and CA 2,086,968.
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There is thus a widely recognized need for, and it would be highly
advantageous to have, novel fluorinated PET biomarkers devoid of the

above limitations.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a

compound of a formulae:

wherein:

R1 and R2 are each independently selected from the group consisting
of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy, carbalkoxy
and salts thereof; and

A, B, C and D are each independently selected from the group
consisting of a hydrogen and an electron withdrawing group, provided that
at least one of A, B, C and D is an electron withdrawing group.

According to still further features in the described preferred
embodiments A and B are each a chlorine atom, C is a hydrogen atom and
D is a fluorine atom.

According to still further features in the described preferred
embodiments A is fluor atom, B and D are each a hydrogen atom, and Cis a
CF3 group.

According to still further features in the described preferred
embodiments A is a fluorine atom and B, C and D are each a hydrogen

atom.
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According to still further features in the described preferred
embodiments B is a fluorine atom and A, C and D are each a hydrogen
atom.

According to another aspect of the present invention there is

5 provided a method of inhibiting tyrosine kinase activity of epidermal growth
factor receptor comprising the step of subjecting the epidermal growth
factor receptor to the compound described above and which is further
described and its activity exemplified in the following sections.

According to yet another aspect of the present invention there is

10 provided a method of treating a patient having impaired tyrosine kinase
activity of epidermal growth factor receptor comprising the step of
administering to the patient the compound described above and which is
further described and its activity exemplified in the following sections.

According to still another aspect of the present invention there is

15 provided a radiolabeled compound of a formulae:

HN B
%@ﬁj
A
R N)

R1 and R2 are each independently selected from the group consisting

wherein:

20 of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy, carbalkoxy
and salts thereof; and

A, B, C and D are each independently selected from the group

consisting of a hydrogen and an electron withdrawing group, provided that

at least one of A, B, C and D is [1 8]ﬂuorine.
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According to further features in preferred embodiments of the
invention described below, A and B are each a chlorine atom, C is a
hydrogen atom and D is the [18}fluorine.

According to still further features in the described preferred
embodiments A is the [18]fluorine, B and D are each a hydrogen atom, and
C is a CF3 group.

According to still further features in the described preferred
embodiments A is the [18]fluorine and B, C and D are each a hydrogen
atom.

According to still further features in the described preferred
embodiments B is the [18]fluorine and A, C and D are each a hydrogen
atom.

According to further features in preferred embodiments of the
invention described below, the electron withdrawing group is selected from
the group consisting of a halogen, SO3H, NOj, CN and CF3.

According to still further features in the described preferred
embodiments the halogen is selected from the group consisting of iodine,
chlorine, bromine and fluorine.

According to yet an additional aspect of the present invention there is
provided a method of monitoring the level of epidermal growth factor
receptor within a body of a patient comprising the steps of (a) administering
to the patient the radiolabeled compound described above; and employing a
nuclear imaging technique for monitoring a distribution of the compound
within the body or within a portion thereof.

According to still further features in the described preferred
embodiments the technique is positron emission tomography.

According to still further features in the described preferred

embodiments the compounds described herein has ICsq values for

PCT/US00/13749
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inhibition of tyrosine kinase activity of epidermal growth factor receptor of
between 0.1 and 120 nM.

According to an additional aspect of the present invention there is
provided a pharmaceutical composition comprising as an active ingredient
any of the compounds described herein and a pharmaceutically acceptable
carrier.

According to a further aspect of the present invention there is

provided a method of synthesizing a compound of a general formulae:

wherein R1 and R2 are each independently selected from the group
consisting of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy,
carbalkoxy and salts thereof; and A, B, C and D are each independently
selected from the group consisting of a hydrogen and an electron
withdrawing group, provided that at least one of A, B, C and D is an
electron withdrawing group; the method comprising the step of coupling a
-6-R1, 7-R2 derivatized 4-chloroquinazoline with an aniline derivatized by
the A,B,Cand D.

According to still a further aspect of the present invention there is
provided a method of synthesizing a radiolabeled compound of a general

formulae:

HN@'B
R N
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wherein R1 and R2 are each independently selected from the group
consisting of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy,
carbalkoxy and salts thereof; and A, B, C and D are each independently
selected from the group consisting of a hydrogen and an electron
withdrawing group, provided that at least one of A, B, C and D is a
[18]fluorine; the method comprising the step of coupling a 6-R1, 7-R2
derivatized 4-chloroquinazoline with an aniline derivatized by the A, B, C
and D.

The present invention successfully addresses the shortcomings of the

presently known configurations by providing new biomarkers for PET.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

FIG. 1 demonstrates autophosphorylation inhibition curves for the
four fluorinated compounds according to the present invention (compounds

1-4) and two reference compounds.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of novel compounds which can be used as
epidermal growth factor receptor tyrosine kinase inhibitors. Specifically, in
their radiolabeled form, the novel compounds can be used as biomarkers for
quantification of epidermal growth factor receptor tyrosine kinase using
Positron Emission Tomography (PET).

The principles and operation of the present invention may be better
understood with reference to the drawings and accompanying descriptions.

Before explaining at least one embodiment of the invention in detail,
it is to be understood that the invention is not limited in its application to the

details of construction and the arrangement of the components set forth in
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the following description or illustrated in the drawings. The invention is
capable of other embodiments or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseology and terminology
employed herein is for the purpose of description and should not be
regarded as limiting.

According to one aspect of the present invention there is provided a

compound of a formulae:

wherein:

R1 and R2 are each independently selected from the group
consisting of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy,
carbalkoxy and salts thereof; and

A, B, C and D are each independently selected from the group
consisting of a hydrogen and an electron withdrawing group, provided that
at least one of A, B, C and D is an electron withdrawing group.

Several compounds corresponding to the above formulae where
synthesized (see Table 1 below) and their IC5( values with respect to
epidermal growth factor receptor tyrosine kinase activity ranged between
0.1 and 120 nM. The present invention is therefore directed specifically at
compounds having ICs5( values with respect to epidermal growth factor
receptor tyrosine kinase activity in the range of 0.1 - 120 nM, preferably 0.1
- 60 nM, more preferably 0.1 - 30 nM, more preferably 0.1 - 15 nM, more
preferably 0.1 - 10 nM, more preferably 0.1 - 5 nM, more preferably 0.1 - 1
nM, most preferably 0.1 - 0.5 nM, most preferably, below 0.3 nM.

PCT/US00/13749
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In one compound thus prepared and which is referred to hereinbelow
as compound 4, A and B are each a chlorine atom, C is a hydrogen atom and
D is a fluorine atom. The IC5( of compound 4 toward epidermal growth
factor receptor tyrosine kinase activity was measured to be 0.2240.18 nM.

In another compound thus prepared and which is referred to
hereinbelow as compound 3, A is fluor atom, B and D are each a hydrogen
atom, and C is a CF3 group. The IC5¢ of compound 3 toward epidermal
growth factor receptor tyrosine kinase activity was measured to be 116114
nM.

In yet another compound thus prepared and which is referred to
hereinbelow as compound 2, A is a fluorine atom and B, C and D are each a
hydrogen atom. The IC5() of compound 2 toward epidermal growth factor
receptor tyrosine kinase activity was measured to be 19.848.2 nM.

In still another compound thus prepared and which is referred to
hereinbelow as compound 1, B is a fluorine atom and A, C and D are each a
hydrogen atom. The IC5( of compound 1 toward epidermal growth factor
receptor tyrosine kinase activity was measured to be 76.143.2 nM.

The R1 and R2 in compounds 1-4 are methoxy groups. It will
however be appreciated by one ordinarily skilled in the art that compounds
having other groups such as hydrogen, alkyl, hydroxy, alkoxy, halo,
haloalkyl, carboxy, carbalkoxy and salts thereof can be readily prepared
following the protocols described below, while changing the starting
materials accordingly.

R1 and R2 selection influence the hydrophylicity of the compounds
and affects their distribution is fat. Compounds which are less likely to be
adsorbed in fat are presently preferred. Compounds having a pair of
hydroxyls are less hydrophobic and are therefore expected to be less

adsorbed in fat.

PCT/US00/13749



WO 00/72849 PCT/US00/13749

i1

The compounds described herein can be used to inhibit epidermal
growth factor receptor tyrosine kinase activity which typically results in
autophosphorylation and activation in cases of impaired activity thereof. As
such, these compounds can be used to treat cancers or other neoplasia

5 characterized by elevation in epidermal growth factor receptor tyrosine
kinase activity, due, for example, to overexpression.

As used herein the term "treat" or its equivalent term "treating"
includes substantially inhibiting, slowing or reversing the progression of a
disease, substantially ameliorating clinical symptoms of a disease or

10  substantially preventing the appearance of clinical symptoms of a disease.

According to another aspect of the present invention there is

provided a radiolabeled compound of a formulae:

) AZjB
RI)\J\\N "
R N)

R1 and R2 are each independently selected from the group consisting

15  wherein:

of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy, carbalkoxy
and salts thereof;
A, B, C and D are each independently selected from the group
20 consisting of a hydrogen and an electron withdrawing group, provided that
at least one of A, B, C and D is [18]fluorine.
Several compounds corresponding to the above formulae where
synthesized (see Table 1 below).
In one compound thus prepared and which is referred to hereinbelow
25 as [18F]compound 4, A and B are each a chlorine atom, C is a hydrogen

atom and D is the [18F]fluorine.
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In another compound thus prepared and which is referred to
hereinbelow as [3'18F]compound 3, A is the [18]fluorine, B and D are each
a hydrogen atom, and C is a CF3 group.

In yet another compound thus prepared and which is referred to
hereinbelow as [18F]compound 2, A is the [18]fluorine and B, C and D are
each a hydrogen atom.

In still another compound thus prepared and which is referred to
hereinbelow as [18F]compound 1, B is the [18]fluorine and A, C and D are
each a hydrogen atom.

For each of the compounds herein described the electron
withdrawing group can be a halogen (iodine, chlorine, bromine and
fluorine), SO3H, NO7, CN and CF3. The number, type and position of the
electron withdrawing group(s) affect the affinity, as determined, for
example, by IC5, of the compound to the receptor.

The radiolabeled compounds herein described can be used to effect a
method of monitoring the level of epidermal growth factor receptor within a
body of a patient by administering to the patient any of the radiolabeled
compound described herein; and employing a nuclear imaging technique,
e.g., positron emission tomography, for monitoring a distribution of the
compound within the body or within a portion thereof.

Any of the compounds described herein, both the non-labeled and the
radiolabeled compounds, can be formulated into a pharmaceutical
composition which can be used for treatment of a disease or for nuclear
imaging. Such a composition includes as an active ingredient any of the
compounds, both radiolabeled or non-labeled, described herein and a
pharmaceutically acceptable carrier.

Thus, for therapeutic or prophylactic treatment of diseases, disorders
or medical conditions, or for nuclear imaging the compounds of the present

invention can be formulated in a pharmaceutical composition, which may

PCT/US00/13749
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include thickeners, carriers, buffers, diluents, surface active agents,
preservatives, and the like, all as well known 1n the art. Pharmaceutical
compositions may also include one or more active ingredients, such as, but
not limited to, anti inflammatory agents, anti microbial agents, anesthetics
and the like in addition to the compounds described herein.

The pharmaceutical composition may be administered in either one
or more of ways depending on whether local or systemic treatment or
administration is of choice, and on the area to be treated or diagnosed.
Administration may be done topically (including ophtalmically, vaginally,
rectally, intranasally), orally, by inhalation, or parenterally, for example by
intravenous drip or intraperitoneal, subcutaneous, intramuscular or
intravenous injection.

Formulations for topical administration may include but are not
limited to lotions, ointments, gels, creams, suppositories, drops, liquids,
sprays and powders. Conventional pharmaceutical carriers, aqueous,
powder or oily bases, thickeners and the like may be necessary or desirable.

Compositions for oral administration include powders or granules,
suspensions or solutions in water or non-aqueous media, sachets, capsules
or tablets. Thickeners, diluents, flavorings, dispersing aids, emulsifiers or
binders may be desirable.

Formulations for parenteral administration may include, but are not
limited to, sterile solutions which may also contain buffers, diluents and
other suitable additives. Slow release compositions are envisaged for
treatment.

Nuclear imaging dosing depend on the affinity of the compound to
its receptor, the isotope employed and the specific activity of labeling.
Persons ordinarily skilled in the art can easily determine optimum nuclear

imaging dosages and dosing methodology.



10

15

20

25

WO 00/72849

14

Treatment dosing is dependent on severity and responsiveness of the
condition to be treated, but will normally be one or more doses per day, with
course of treatment lasting from several days to several months or until a
cure is effected or a diminution of disease state is achieved. Persons
ordinarily skilled in the art can easily determine optimum dosages, dosing
methodologies and repetition rates.

Additional objects, advantages, and novel features of the present
invention will become apparent to one ordinarily skilled in the art upon
examination of the following examples, which are not intended to be
limiting. Additionally, each of the various embodiments and aspects of the
present invention as delineated hereinabove and as claimed in the claims
section below finds experimental support in the following examples.

EXAMPLES

Reference is now made to the following examples, which together
with the above descriptions, illustrate the invention in a non limiting
fashion.

Materials and Experimental Methods

4-Amino-6,7-dimethoxyquinazoline (AG  1477) [18] and
3-fluoro-5-trifluoromethylaniline [17] were prepared according to published
methods. All other chemicals were purchased from Sigma Chemical Co.
(St.  Louis, MO), Fisher Scientific (Pittsburgh, PA), Aldrich Co.
(Milwaukee, WI) or Carlo Erba. Chemicals were used as supplied, except
DMSO which was stored over activated molecular sieves for at least one
day prior to use. Microwave heating was performed in a conventional even
(BR 740XL, Brother) operating at 500 W (full power). Mass spectroscopy
was performed in EI mode on an LKB 2091 gas chromatograph-mass
spectrometer at the Hadassah-Hebrew University mass spectroscopy facility.

IH-NMR spectra were obtained on a Bruker AMX 400 MHz, using

PCT/US00/13749
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tetramethylsilane as internal standard. Elemental analysis was performed at
the Hebrew University microanalysis laboratory.

[18F|Fluoride ion was produced by the 180(p, m)!18F nuclear
reaction on ~350 ul enriched [180]water (97 % isotopic purity, Rotem,
Israel) as a target in the Hadassah-Hebrew University IBA 18/9 cyclotron
(Belgium). Reactive organic [18F]fluoride ion was prepared by adding
10-50 pL irradiated target water to Kryptofix@.2.2 (10 mg, 27 pl) and
K»CO3 (1 mg) in water-acetonitrile. Azeotropic removal of water with
acetonitrile was achieved by heating under a stream of nitrogen. The dried
Kryptofix@.2.2 - potassium [18F]fluoride was then dissolved in 300 1L
anhydrous DMSO for use in radiolabeling.

HPLC was performed on a Varian 9012Q pump, a Varian 9050
variable wavelength UV detector operating at 254 nm, and a Bioscan
Flow-Count radioactivity detector with a Nal crystal. Labeled compounds
were purified on a normal phase system using a silica column (5 pm, 250 x
10 mm, Primesphere, Phenomenex) and the following mobile phase system:
hexane-dichloromethane-methanol, 50:48:2; at 10 minutes, gradient to
35:60:5 over 30 minutes; 5 mL/minutes. Eluent fractions (2.5 ml) were
collected on a fraction collector (FC205, Gilson). Analysis of formulated
radiotracers was performed on a reversed phase system using a C18 column
(5 um, 250 x 4.6 mm, Econosil, Alltech) and the following mobile phase
system: water-methanol, 20:80; 1 ml/minutes.

Radiotracer formulation was performed as follows: Selected
semi-preparative eluent fractions were transferred to a glass flask and the
solution was concentrated in vacuo to dryness. The residue was dissolved
in 0.5 ml EtOH and 0.5 ml isotonic saline. The solution was filtered
through an EtOH-wetted Millex-FG filter (0.2 um, Millipore), and another 4
ml saline was used to rinse the flask and filter, providing a 5 ml, 10 %

EtOH, 90 % saline formulation.
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Synthesis of 4-[(4-Fluorophenyl)amino]-6,7-dimethoxyquinazoline
(compound 1):

4-Chloro-6,7-dimethoxyquinazoline (50 mg, 0.22 mmol) and
4-fluoroaniline (21 L, 0.22 mmol) were placed in a dry two-neck flask and
a condenser was adjusted. DMF (6 mL) was added and the mixture was
heated to 130 °C for 30 minutes. After cooling the precipitate was filtered
washed with EtOH and dried in a vacuum oven (50 °C). The product was
obtained as the hydrochloride salt in 94 % yield (70 mg). IH NMR
[((CD3)7SO) & 9.47(s, 1H), 8.42(s, 1H), 7.8(s, 1H), 7.77(m,2H), 7.23(m,
2H), 7.17(s, 1H), 3.94(s, 3H), 3.91(s, 3H). MS, m/e: 300 (M"), 299
[(M-H)*]. Anal. Calcd. for C1gH5FCIN3O2: C, 57.14; H, 4.46; N, 12.50.
Found: C, 57.16; H, 4.49; N, 12.38.

Synthesis of 4-[(3-Fluorophenyl)amino]-6,7-dimethoxyquinazoline
(compound 2):

Employing the same method wused for compound 1,
4-chloro-6,7-dimethoxyquinazoline (113 mg, 0.5 mmol) and 3-fluoroaniline
(48 1L, 0.5 mmol) afforded compound 2 as the hydrochloride salt in 98 %
yield (166 mg). IH NMR [((CD3)2S0) & 11.59(s, 1H), 8.85(s, 1H), 8.43(s,
1H), 7.7(m, 1H), 7.6(m,1H), 7.5(m, 1H), 7.4(s, 1H), 7.1(s, 1H), 4.1(s, 3H),
3.96(s, 3H). MS, m/e: 300 (M"), 299 [(M-H)*]. Anal. Calcd. for
C16H15FCIN3O): C, 57.14; H, 4.46; N, 12.50. Found: C, 57.09; H, 4.53;
N, 12.49.

Synthesis of
4-[(3-Fluoro-5-trifluoromethylphenyl)amino]-6,7-dimethoxyquinazoline
(compund 3):

4-Chloro-6,7-dimethoxyquinazoline (113.5 mg, 0.5 mmol) and
3-fluoro-5-trifluoromethylaniline [17] (93 mg, 0.52 mmol) were placed in a
dry two-neck flask and a condenser was adjusted. EtOH (8 mL) was added

and the mixture was refluxed for 60 minutes. After cooling the precipitate
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was filtered washed with EtOH and dried in a vacuum oven (50 °C). The
product was obtained as the hydrochloride salt in 78 % Yield (159.5 mg).
TH NMR [((CD3)7S0) & 8.71(s, 1H), 8.09(m, 1H), 7.64(s, 1H), 7.3(bs, 1H),
7.1(m,1H), 7.0(m, 1H), 4.05(s, 3H), 3.90(s, 3H). MS, /e: 368 (M™). Anal.
Calcd. for C17H14F4CIN3O2: C, 50.49; H, 3.46; N, 10.39. Found: C,
50.47; H, 3.59; N, 10.34.

Synthesis of 3,4-Dichloro-6-fluoroaniline (compound 8):

3.4-Dichloro-6-fluoronitrobenzene (compound 9, 474 mg) in 9:1
EtOH-water (7 mL) was added dropwise to a refluxing mixture of 500 pL
hydrazine hydrate, 60 mg Raney€ Nickel in 7 mL Ethanol-water 9:1. After
the addition was completed, reflux was maintained for additional 25
minutes. After cooling to room temperature, the mixture was filtered and
the solvent evaporated. Purification by silica flesh column chromatography
gave 192.5 mg of pure compound 8. 1H NMR [(CDCl3) 6 7.1(d, J = 11 Hz,
1H), 6.8(d, J = 11 Hz, 1H). MS, m/e: 179 ({M-H]™).

Synthesis of
4-[(3,4-Dichloro-6-fluorophenyl)amino]-6,7-dimethoxyquinazoline
(compound 4):

4-Chloro-6,7-dimethoxyquinazoline (128.3 mg, 0.56 mmol) and
3,4-dichloro-6-fluoroaniline (compound 8, 88.5 mg, 0.49 mmol) were
placed in a dry two-neck flask and a condenser was adjusted. iPrOH (6 mL)
was added and the mixture heated to 85 °C and treated with 5 pL. of HCI
(conc.). Reflux was maintained for 30 minutes. After cooling the
precipitate was filtered washed with EtOH and dried in a vacuum oven (50 °
C). The product was obtained as the hydrochloride salt in 84 % Yield
(167.5 mg). 1H NMR [(CDCl3) § 8.91(d, J = 8Hz, 1H), 8.7(s, 1H), 7.29(d,
J = 10Hz, 1H), 7.28(s, 1H), 6.9(s, 1H), 4.04(s, 3H), 4.02(s, 3H). MS, m/e:
369 (M™). Anal. Calcd. for C;gH|3FCI3N305: C, 47.4; H, 3.21; N, 10.4.
Found: C, 47.65; H, 3.21; N, 10.08.

PCT/US00/13749
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Autophosphorylation Inhibition Experiments:

EGFR-TK source: As a source of EGFR-TK, A431 human
epidermoid carcinoma cell lysate was used. A431 cells were grown in
DMEM containing 10 % fetal calf serum and antibiotics (penicillin and
streptomycin). After several days, the cells were removed from the flasks
by incubation at 37 °C with PBS/1 mM EDTA buffer for 1 hour. The pellet
obtained with centrifugation of the cell suspension (600 g x 5 minutes at
room temperature) was then resuspended in lysis buffer (0.02 M Hepes pH
7.4, 0.125 M NaCl, 1 % Triton X-100, 10 % glycerol) and left in ice for 10
minutes. Cell lysate was obtained with a further centrifugation (10,000
rpm x 10 minutes at 4 °C), and the supernatant was collected and frozen at
-70°C in aliquots.

ELISA assay: EGFR-TK autophosphorylation IC50 values were
obtained by means an ELISA assay. All the following incubations were
performed at room temperature and with constant shaking. After each step
the plate was washed with water (5x) and TBST buffer (1x). The final
volume for each well was 150 pl. A Coming 96 well ELISA plate was
coated with monoclonal anti EGFR antibody m108 (Sugen Inc.) diluted in
PBS (pH 8.2), and kept overnight at 4C°.

After removing the unbound m108, the plate was washed and PBS

containing 5 % milk (1 % fat) was added for the blocking (25 minutes).
One aliquot of A431 cell lysate was thawed and added to the plate. The
amount of lysate was defined according to a previous test performed
without inhibitors for the definition of the best ratio between the amount of
m108 and the amount of EGFR-TK in the A431 cell lysate.

After 25 minutes, seven different concentrations of each inhibitor
were added, and for each case one well was left as a control. All inhibitors
were diluted in TBS/DMSO and the final concentration of DMSO was 0.05

% in each well (including the controls).
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After 25 minutes, and without washing the plate, ATP/MnCly
solution was added in each well. The final concentration was 3 uM ATP/5
mM MnCly. In this step the temperature was kept at 26 °C and the plate
was under constant shaking. The incubation with ATP/MnCly was for 5
minutes.

Then, to stop the phosphorylation reaction, EDTA was added (pH 8,
final concentration in each well 20 mM) and after 1 minute all the plate was
washed.

Afterward, polyclonal anti-phosphotyrosine serum (Sugen, Inc.) was
added (dilution of antibody in TBST containing 5 % milk). The incubation
was for 45 minutes.

For the colorimetric detection of phosphotyrosine in EGFR-TK,
TAGO anti-rabbit peroxidase conjugate antibody (Sugen, Inc.) was added in
TBST/5 % milk solution (45 minutes).

After washing, the colorimetric reaction was performed by adding
ABTS/HyO) in citrate-phosphate buffer. After 5-10 minutes the plate was
read on Dynaytec MR 5000 ELISA reader at 405 nm.

The analysis of the data was performed with “Regression” software.

Since the exact concentrations of m108 in the stock solution and
EGFR-TK in the cell lysate were unknown, an experiment was performed to
determine the optimal dilution of m108 stock and lysate. Stock m108
(approx. 0.2-0.5 pg/pl) was diluted 1:400, 1:600, 1:800 and 1:1000 with
PBS, while A431 cell lysate was diluted 1:2, 1:4, 1:6, 1:8, and 1:10. At the
end of the experiment, the chosen dilutions of m108 and A431 cell lysate
were those in which optical densities were around 1.2-1.4 and 0.09-0.1 for
the control group (performed with the same dilutions of m108 and lysate but

without adding ATP for the phosphorylation reaction).

PCT/US00/13749
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Synthesis of
4-[(4-[1 8F|Fluorophenyl)amino]-6,7-dimethoxyquinazoline (/18F]

compound 1):

The Kryptofix®@.2.2 - potassium [18F]fluoride — DMSO solution
described above was added to 2-3 mg 1,4-dinitrobenzene in a screw-top test
tube (8 mL, Corning). The tube was capped, shaken and heated in a
microwave for 3.5 minutes. After cooling in an ambient water bath, the vial
contents were diluted with 10 mL water and loaded onto an activated
(EtOH) and equilibrated (water) C18 Sep-Pak (classic, short body, Waters).
The cartridge was washed with water (10 mL) and the desired intermediate,
4-[18F]fluoro-1-nitrobenzene, was eluted with EtOH (2 mL) into a small
glass test tube. The reduction vessel was prepared by adding to a
flat-bottomed glass vial (25 mL), sequentially, a few borosilicate glass
beads, 100 pl 4:1 EtOH-water, 250 pL Raney@ Nickel slurry, and 60 uL
hydrazine monohydrate. After capping with a septum-equipped screw cap
(vented with a large diameter needle) the vial was shaken and placed in a 40
°C heating block. The ethanolic 4-[18F]fluoro-1-nitrobenzene solution was
diluted with 0.5 mL water and added slowly to the reduction vessel. After 5
minutes, the vessel was cooled in an ambient water bath, and the vial
content was filtered through a 0.45 um filter (Puradisc, polypropylene,
Whatman) into another flat-bottomed 25 mL vial. To the filtered solution
were added 8 mL water and 10 mL ether and by capping and inverting
several times to mix, the reduction product, 4-[18F]fluoroaniline, was
extracted into the ether layer. An 8 mL screw-top test tube was charged
with 4-5 mg AG 1477 and 300 L 2-propanol. The ethereal radioaniline
solution was added to the tube by passing it through MgSOy4 (2 g) and a
new 0.45 um filter. The ether was removed under He, while warming the
tube in an ambient water bath. Concentrated HCI (1 pl) was added and the

capped tube was heated in a 110 °C oil bath for 15 minutes. After cooling
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the tube in ambient water, the acid was neutralized and the free base
liberated with the addition of 50 yL. 5 M NaOH. Dichloromethane (0.3 mL)
and hexane (0.3 mL) were added to the tube and the solution was filtered
through a 0.2 pm filter (Acrodisc, nylon. Gelman) and injected onto the
semi-preparative normal phase HPLC system described. [18F])compound 1
eluted with a tg of 33.7 minutes and was formulated as described with a
yield of 11 % from potassium [18F]fluoride. The formulation was then
analyzed by reversed phase HPLC (tg = 8.76 minutes; chemical purity = 89
%; radiochemical purity > 95 %). At formulation, [18F]compund 1 had a
specific radioactivity of 363 Ci/mmol (13 GBg/umol).

Synthesis of
4-13-/ 18F '|Fluoro-5-trifluoromethylphenyl)amino]-6,7-dimethoxyquinazo
line (3 ’-ISF Jcompound 3):

The general procedure was similar to that used to synthesize
[ Fjcompound 1 déscribed above, with the following exceptions: In place
of 1,4-dinitrobenzene, 2-3 mg 3,5-dinitrobenzotrifluoride was used in the
reaction with [18F]fluoride ion to provide
3-[18F]fluoro-5-nitrobenzotrifluoride; in place of a liquid-liquid extraction
following the reduction step, a second C18 Sep-Pak extraction was used,
and elution of 3-[18F]fluoro-5-trifluoromethylaniline was achieved with 2
ml ether. Normal phase semi-preparative HPLC (tg = 36.4 minutes)
provided ([3'-18F]compound 3). Formulated ([3'—18F]compund 3) (7 %
overall yield) was analyzed by reversed phase HPLC (tg = 11.6 minutes)
indicating >95 % radiochemical purity, >95 % chemical purity and~460
Ci/mmol (17 GBg/pmol) specific radioactivity at formulation.

Synthesis of
4-[i (3,4-Dichloro-6—[18F 'Ifluorophenyl)amino]-6,7-dimethoxyquinazoline
([1 8F Jcompound 4):
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The general procedure was similar to that used to synthesize
[18F]compund 3 described above, with the following exceptions: In place
of 3,5-dinitrobenzotrifluoride, 2-3 mg 1,2-dichloro-4,5-dinitrobenzene was
used in the reaction with [l8F]fluoride ion to provide
1,-dichloro-4-[ 1 8F]fluoro-5-nitrobenzene. Normal phase semi-preparative
HPLC (tg = 31.7 minutes) provided ([18F)compund 4). Formulated
([18F]compound 4) (4 % overall yield) was analyzed by reversed phase
HPLC (tg = 9.1 minutes) indicating >95 % radiochemical purity, ~90 %
chemical purity and 430 Ci/mmol (16 GBq/pmol) specific radioactivity.

Experimental Results
In a search for 18F-labeled EGFR-TK PET tracers, four compounds,

1
1 — 4, were prepared as candidates for future  F-labeling (Table 1).

Table 1

Structures and inhibition concentrations

Compound  Substitution (ring position) Autophosphorylation ~ ICsq
nM*
A(3) B@) CG) D)
1 H F H H 76.1 £3.2 (3)
2 F H H H 19.8£8.2(2)
3 F H CF3 H 116 + 14 (2)
4 Cl Cl H F 0.22+0.18 (3)
PD 153035 Br H H H 0.174 £0.012 (2)
AG 1478 Cl H H H 0.79 +£0.26 (7)
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*All values shown were determined using an identical method presented as

average * SEM with the number of replicate analyses indicated in parentheses.
All  four  compounds were prepared by  coupling

4-chloro-6,7-dimethoxyquinazoline ~with the corresponding aniline

5 derivative in DMF, EtOH or acidic iPrOH (Scheme 1).

Scheme 1

Cl
i X

! R =7
M NN X  DMForEtOHoriPrOH

N |
M . - ’J

After 30-60 minutes reflux, the final products were obtained as the

10 hydrochloride salts in approximately 80-90 % yield. In the case of
compound 3 3-fluoro-5-trifluoromethyl-nitrobenzene (compund 5) was
initially prepared by reacting the dinitro derivative (compound 6) with
potassium fluoride and Kryptofix®.2.2 as phase transfer catalyst in
DMSO solution (Scheme 2) [17].

15

Scheme 2

Fa F3
KF/Kryptofix, DMSO NO
NO; 1hr reflux 2

NO, F

-4
I

Synthon (compound 5) was then reduced in ethanolic solution of
20 hydrazine  hydrate and RaneyC nickel to  furnish  the
3-fluoro-5-trifluoromethyl-aniline (compound 7) in 70 % overall yield

(Scheme 3) [17].
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Scheme 3
D. D.
Hydrazine hydrate, Raney Nickel HaN B
O2N B EtOH:water 9:1, reflux 2
A A
5; A=CF3, B=H, C=F, D=H 7, A=CF3, B=H, C=F, D=H
9: A=Cl, B=Cl, C=H, D=F 8; A=Cl, B=Cl, C=H, D=F

Compound 4 was chosen based on the high inhibition activity of
3’-chlorine-containing AG 1478 and because of the symmetrical nature of
the starting material to be used in the radiosynthesis,
1,2-dichloro-4,5-dinitrobenzene, which would facilitate the incorporation of
I8¢, The aniline derivative (compound 8) was obtained from the
corresponding nitrobenzene (compound 9) after reduction under the same
conditions as described above (Scheme 3).

EGFR-TK autophosphorylation IC5( values were measured for the
four fluorinated compounds in order to determine their potential as PET
tracers. The method employed an ELISA assay based on an anti-EGFR
antibody. Plots of example inhibition curves are shown in Figure 1 and the
results are summarized in Table 1 above. For compound 1, substitution of a
fluorine atom at the para position on the aniline ring resulted in a moderate
(relative to PD 153035 or AG 1478) IC5¢ of 76 nM. When the fluorine
atom was placed at the meta position the biological activity increased and
IC5¢ of 19.8 nM was measured for compound 2. However, this value is
higher by two orders of magnitude than the values for AG 1478 and PD
153035 where a heavier halogen such as chlorine or bromine is bonded to
the meta position of the aniline ring. It is known that substitution of
trifluoromethyl group on aryl moiety in biologically active compounds in
most cases enhances the biological activity. However, in this particular case
the IC5( measured for compound 3, which contains the trifluoromethyl

group at the 5 position in addition to the fluorine atom at the meta position,
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was higher than that of compound 2 (116 nM). Based on the
autophosphorylation ICs( values, compound 4 was found to be the most
potent inhibitor with an IC5( of 0.22 nM, reflecting the importance of the
chlorine atom at the meta position. The addition of a chlorine atom at the
para position and fluorine at the 6 position contribute to the potency of
compound 4 and resulted in an IC5( value which is lower than the one
obtained for AG 1478.

Each of compounds 1, 2, 3 and 4 was prepared according to Scheme
4, following the same synthetic strategy used to make the non-labeled
compounds.

Scheme 4 _ .
OZN@ ['8F]Fluoride ion OzN—@ Raney " nickel -
tG ~ ‘Bf! Hydrazine hydrate

ci
MEO)O./LN N
HZNQ MeO NJ o Meoﬂqu}ﬂr: /
18F P
MeO N
An aryl dinitro derivative was reacted with organic [18F]fluoride ion

in DMSO to give the corresponding aryl [18F]fluoronitro derivative in
estimated yields of 30 % (compound 2) or 60-80 % (compounds 1 and 3-4).
A conventional microwave oven was used to heat the reaction mixture.
Following C18 solid phase extraction, the nitro residue was reduced to an
amino residue in Raney€ nickel at 40 °C. The moderate temperature and
short reaction time (5 minutes) were critical, as higher temperatures and
longer times resulted in apparent over reduction of the [18F]fluoroaniline
and loss of radioactivity on the Raney€ nickel.  The resuiting
[18F]fluoroaniline was then isolated by filtration and either C18 solid phase
or ether-water liquid-liquid extraction (yields for compounds 1 and 3-4
averaged about 75 %, lower yields were obtained for compound 2). The

final reaction mixture was prepared by adding the dried ethereal
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radioaniline solution to an iPrOH solution of
4-chloro-6,7-dimethoxyquinazoline. The ether was removed by evaporation
in a stream of helium gas at room temperature. Performing the ether
evaporation in the presence of iPrOH was critical, as evaporation of the
ether-radioaniline solution alone either in vacuo (using a rotary evaporator)
or under helium gas either with or without heating, resulted in significant or
complete co-volatilization of the radioaniline. After acidifying the reaction
mixture, the reaction proceeded to the final labeled tracers, [18F]compound
1, [18F]compound 2, [3"-18F]compound 3 and [18F]compund 4, in overall
non-decay-corrected yields of about 1 % for compound 2 and 4-12 % for
compounds 1 and 3-4 (from potassium [18F]fluoride and based on the final,
formulated product). The entire process was completed within ~120-150
minutes of radionuclide production. In all cases, the products were
radiochemically pure. The chemical purity of each formulation, measured
by HPLC at 254 nm, remained high at 89 % to >95 %. Specific
radioactivity averages, measured at formulation, ranged 363-460 Ci/mmol
(13-17 GBq/umol).

Thus, a method was developed for the synthesis of fluorinated
EFGR-TK ATP-site inhibitors. Three were found to be of moderate
potency and one, compound 4, was a very potent EGFR-TK
autophosphorylation inhibitor. The four compounds, including highly
potent compound 4, were successfully radiolabeled with 18F in yields
suitable for further use as biological tracers. These compounds can
therefore be used to measure differences in EGFR-TK expression and ATP
binding site fractional occupancy in vitro and in vivo and be used as PET
tracers in, for example, cancer diagnosis, staging and therapy protocol
selection, e.g., in predicting which patients would benefit from
EGF-directed therapeutic approaches such as those based on anti-EGF
antibodies, EGF-directed fusion toxins, or EGFR-TK inhibitors.
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Although the invention has been described in conjunction with
specific embodiments thereof, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art.
Accordingly, it is intended to embrace all such alternatives, modifications
and variations that fall within the spirit and broad scope of the appended

claims.
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WHAT IS CLAIMED IS:
1. A compound of a formulae:
HN@*B
R Ny
A
R N)
wherein:

R1 and R2 are each independently selected from the group consisting
of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy, carbalkoxy
and salts thereof; and

A, B, C and D are each independently selected from the group
consisting of a hydrogen and an electron withdrawing group, provided that

at least one of A, B, C and D is an electron withdrawing group.

2. The compound of claim 1, wherein said electron withdrawing
group is selected from the group consisting of a halogen, NH», SO3H, NO>,
CN and CF3.

3. The compound of claim 2, wherein said halogen is selected

from the group consisting of iodine, chlorine, bromine and fluorine.

4. The compound of claim 1, wherein A and B are each a

chlorine atom, C is a hydrogen atom and D is a fluorine atom.

5. The compound of claim 1, wherein A is fluor atom, B and D

are each a hydrogen atom, and C is a CF3 group.
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6. The compound of claim 1, wherein A is a fluorine atom and

B, C and D are each a hydrogen atom.

7. The compound of claim 1, wherein B is a fluorine atom and

A, C and D are each a hydrogen atom.

8. The compound of claim 1, having an IC5( value for inhibition
of tyrosine kinase activity of epidermal growth factor receptor between 0.1

and 120 nM.

9. A pharmaceutical composition comprising as an active
ingredient the compound of claim 1 and a pharmaceutically acceptable

carrier.

10. A method of inhibiting tyrosine kinase activity of epidermal
growth factor receptor comprising the step of subjecting said epidermal
growth factor receptor to the compound of claim 1.

11. A method of treating a patient having impaired tyrosine kinase
activity of epidermal growth factor receptor comprising the step of

administering to the patient the compound of claim 1.

12. A radiolabeled compound of a formulae:

wherein:
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R1 and R2 are each independently selected from the group
consisting of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy,
carbalkoxy and salts thereof; and

A, B, C and D are each independently selected from the group
consisting of a hydrogen and an electron withdrawing group, provided that

at least one of A, B, C and D is [18]fluorine.

13.  The compound of claim 12, wherein said electron
withdrawing group is selected from the group consisting of a halogen,

SO3H, NOp, CN and CF3.

14.  The compound of claim 13, wherein said halogen is selected

from the group consisting of iodine, chlorine, bromine and fluorine.

15. The compound of claim 12, wherein A and B are each a

chlorine atom, C is a hydrogen atom and D is said [18]fluorine.

16.  The compound of claim 12, wherein A is said [18)fluorine, B

and D are each a hydrogen atom, and C is a CF3 group.

17. The compound of claim 12, wherein A is said [18]fluorine

and B, C and D are each a hydrogen atom.

18.  The compound of claim 12, wherein B is said [18)fluorine and

A, C and D are each a hydrogen atom.

19. The compound of claim 12, having an ICs5q value for
inhibition of tyrosine kinase activity of epidermal growth factor receptor of

between 0.1 and 120 nM.
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20. A pharmaceutical composition comprising as an active
ingredient the compound of claim 12 and a pharmaceutically acceptable

carrier.

21. A method of monitoring the level of epidermal growth factor
receptor within a body of a patient comprising the steps of:
(a) administering to the patient the compound of claim 12;
(b) employing a positron emmision tomography for monitoring a
distribution of the compound within the body or within a

portion thereof.

22. A method of synthesizing a compound of a general formulae:

) kjiB
R N

A
R N)

wherein R1 and R2 are each independently selected from the group
consisting of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy,
carbalkoxy and salts thereof; and A, B, C and D are each independently
selected from the group consisting of a hydrogen and an electron
withdrawing group, provided that at least one of A, B, C and D is an
electron withdrawing group; the method comprising the step of coupling a

6-R1, 7-R2 derivatized 4-chloroquinazoline with an aniline derivatized by

said A, B, C and D.

23. A method of synthesizing a compound of a formula:



WO 00/72849 PCT/US00/13749

B
R \2

R N
wherein R1 and R2 are each independently selected from the group
consisting of hydrogen, alkyl, hydroxy, alkoxy, halo, haloalkyl, carboxy,
carbalkoxy and salts thereof; and A, B, C and D are each independently
selected from the group consisting of a hydrogen and an electron
withdrawing group, provided that at least one of A, B, C and D is a
[18]fluorine; the method comprising the step of coupling a 6-R1, 7-R2
substituted 4-chloroquinazoline with an aniline derivatized by said A, B, C

and D.
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