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The Controller of Patents
The Patent Office
Mumbai. March 30, 2009

Dear Sir,

Re:  Opposition under Section 25(2) against
Patent No. 215758
Patent Application No: IN/PCT/2001/799/MUM dated 05.07.2001
Appticant: BAYER CORPORATION
Opponent: Cipla Ltd.
Our Ref; Pli273

fn connection with the aforesaid patent we submit herewith the following documents -

) Notice of Opposition on Form-7 (in duplicate) along with the prescribed fee of
Rs.6000/-

)] Written statement of opposition (in duplicate) along with Annexure 1 and
Exhibit 1, Exhibit 2 and Exhibit 3.

In accordance with Rule 57 of the Rules we are sending copies of the aforesaid
documents to the Patentee's Agent.

It is requested that in terms of Section 25(3)(a) the Ld. Controller may kindly notify the
patentee of the opposition and constitute an Opposition Board in terms of Section
25(3)(b) of the Act.

We request you to kindly take the opposition on record under intimation to us.

Yours faithfully,

Abhishek Sen : D ) 03 )1007

Of 5. MAJUMDAR & CO.
(Opponent’s Agent)

Encl: 1. Form-7
2. Full Written Statement of opposition along with the annexures.
3. Power of Attorney in our favour.
6. Prescribed fee of Rs. 6000/- (Cheque No. 106943 dated 30.03.09 drawn on
Bank of India)
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Fee: Rs. 6000.00
FORM -7

THE PATENTS ACT, 1970 69 Q2. ‘ﬂ—‘@i
Y1203 -

(39 OF 1970) u!a ey

&
THE PATENTS RULES, 2003 %/’/

NOTICE OF OPPOSITION
(See section 25 (2) and rule 55A)

We, CIPLA LTD., A COMPANY INCORPORATED UNDER THE COMPANIES
ACT, 1956, HAVING ITS REGISTERED OFFICE AT 289, BELLASIS ROAD,
MUMBAI CENTRAL, MUMBAI-400 008, an Indian Company hereby, give notice of
opposition to patent No. 215758 granted on Application No. IN/PCT/2001/799/MUM
dated July 05, 2001 published on March 28, 2008, made by BAYER CORPORATION,
1000 BAYER ROAD, PITTSBURG, PENNSYLVANIA, 15202, US.A., on the

grounds: -

a. that the invention so far as claimed in any claim of the complete specification
is obvious and clearly does not involve any inventive step, having regard to
the matter published as mentioned in clause (b) of section 25(2) or having
regard to what was used in India before the priority date of the applicant’s
claim;

b. that the subject of any claim of the complete specification is not an invention
within the meaning of this Act, or is not patentable under this Act;

c. that the patentee has failed to disclose to the Controller the information
required by section 8§ or has furnished the information which is in any material

particular was false to his knowledge.
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Qur address for service in India is
S. MAJUMDAR & CQ., 5, Harish Mukherjee Road, Calcutta - 700 025, State of West
Bengal. Phone: 0-33-4557484/4557485/4557486; Fax: 0-33-4557487/4557488

Dated this 30™ day of March 2009

PR
Abhishek Sen

Of S. MAJUMDAR & CO.
(Opponents’ Agent)

To

The Controller of Patents
The Patent Office,

At MUMBAL
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BEFORE THE CONTROLLER OF PATENTS
PATENT OFFICE,
MUMBAL

(1o

In the matter of The Patents Act, 1970 as
amended by The Patents (Amendment) Act

2005,
And

In the matter of The Patents Rules, 2003 as
amended by the Patents Amendment Rules

2006
And

IN THE MATTER of Patent No.215758
(IN/PCT/2001/799/MUM)  dated July 05,
2001 in the name of BAYER
CORPORATION, 100 BAYER ROAD,
PITTSBURG, PENNSYLVANIA, 15202,
USA,

veereene. Patentee

And
IN THE MATTER of opposition thereto by
Cipla Limited, 289, Bellasis Road, Mumbati

Central, Mumbai— 400 008.

........ Opponent



WRITTEN STATEMENT OF OPPOSITION U/S 25(2)

We, CIPLA Limited, 289, Bellasis Road, Mumbai Central, Mumbai— 400 008,
(hereinafter called ‘opponent’) make the following statement in support of the grounds of

opposition submitted by us in opposing the patent indicated in the cause title.

1. INTERESTED PERSON

1.1 The opponent is a Company incorporated under the Companies Act, 1956, and
having its principal office CIPLA Limited, 289, Bellasis Road, Mumbai Central,
Mumbai- 400 008 carrying on business, inter alia, of manufacture, research and
sale of anticancer agents.

1.2 The subject matter of the patent under opposition relates to drug substances those
are capable of inhibiting the enzyme raf kinase. The opponent is involved in the
manufacture and marketing of APl which belong to the same therapeutic category
of substances clatmed in the patent under opposition. The opponent has access to
the latest technologies relating to the manufacture of anticancer drug substances.
The opponent is involved in the area of technology to which the impugned patent
specification relates and has interest in opposing the patent. The opponent therefore
has both manufacturing and trading interest and is therefore a person interested and

thus eligible to institute the present opposition.

2. LIMITATION
2.1 The impugned application for patent No. 215758(IN/PCT/2001/799/MUM) was

made on July 05, 2001 and was accompanied by a complete specification. The grant
of the patent was notified in the Official Journal of the Patent Office dated March
28, 2008. Therefore the deadline for filing an opposition under Section 25(2) is
March 28, 2009 and the present opposition is within time.
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3.

3.1

42.

GROUNDS OF OPPOSITION

The application has been opposed on the following grounds:

a. that the invention so far as claimed in any claim of the complete specification
is obvious and clearly does not involve any inventive step, having regard to
the matter published as mentioned in clause (b} of section 25(2) or having
regard to what was used in India before the priority date of the applicant’s
claim;

b. that the subject of any claim of the complete specification is not an invention
within the meaning of this Act, or is not patentable under this Act;

c. that the patentee has failed to disclose to the Controller the information
required by section 8 or has furnished the information which is in any material

particular was false to his knowledge.

ANALYSIS OF THE PATENTEE’S SPECIFICATION NO. 215758

. Patent No. 215758 entitled “Carboxyaryl substituted diphenyl ureas” in the name of

BAYER  CORPORATION, 1000 BAYER  ROAD, PITTSBURG,
PENNSYLVANIA, 15202, US.A., was originally filed as application no.
IN/PCT/2001/799/MUM in India on 05" July 2001. The application was published
in the patent office journal dated 4™ March 2005. The grant of patent w/s 43(2) was
notified in the patent office journal dated 28™ March 2008. This patent claims three
US priorities dated 13™ January 1999, 25" February 1999 and 22™ October 1999 of
application numbers 60/115,877 , 09/257,266 and 09/425,228 respectively.

The claimed invention allegedly relates to the use of a group of carboxyaryl
substituted diphenyl ureas, which fall in the therapeutic category of anticancer (raf
mediated diseases) drugs. The compounds of the alleged invention are substituted
diphenyls derived from urea. The specific compound covered by the patent under
opposition is N-(4-chloro-3-(trifluoromethyl) phenyl)-N’~(4-(2-(-N-
methylcarbamoyl)-4-pyridyloxy) phenylurea (INN name: sorafenib) or its

pharmaceutically acceptable salts amongst others.
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4.3.

4.4.

5.2.

5.3.

54.

5.5.

5.6.

3.7

Admittedly the compounds of Formula |1 may be prepared by the use of known
chemical reactions and procedures, some from starting materials which are

commercially available.
Entry 42 {Table 4) on page 66 of the complete specification pertains to sorafenib
and the same is prepared by following the methods A2 and Cla.

ANALYSIS OF CLAIMS AND MERITS OF THE INVENTION

. The patent entitled “Carboxyaryl substituted diphenyl ureas” contains a statement

of 22 claims and for ready reference the said claims are annexed hereto as
“Annexure A”. It is stated that the claims 2 to 14 derive their dependency and
patentability directly or indirectly from claim 1.

Claim 1 of the patent is a product claim directed to compound selected from the
groups viz 4-chloro-3-(trifluoro  methyl)phenyl wurea, 4-bromo-3-(trifluoro
methyl)phenyl urea and 2-methoxy-4-chloro-5-(triflucromethyl}phenyl ureas
claming 12 compounds or a pharmaceutically acceptable salt thereof inclusive of
sorafenib which is N-(4-chloro-3-(trifluoromethyl)phenyl)-N'"-(4-(2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyl)urea.

Claim 2 provides the pharmaceutically acceptable salts of the compounds claimed
in claim 1 to be basic salts of organic acids and inorganic acids or acid salts of
organic and inorganic bases containing cations.

Claim 3 provides a pharmaceutical composition of a compound as claimed in claim
1 or a pharmaceutically acceptable salt and a physiologicaliy acceptable carrier
which therefore is a mere admixture.

Claim 4 merely claims 06 compounds already claimed in claim 1 selected from the
total 12 compounds claimed in claim 1.

Claim 5 and 6 merely repeat the same contents as claimed in claims 2 and 3 except
for the difference that these two claims derive their dependency from claim 4.

Claim 7 provides all the compounds claimed in claim land a pharmaceutically
acceptable salt thereof for the manufacture of medicines for the treatment of a

cancerous cell growth mediated by raf kinase.
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5.8.

5.9.

5.10.

5.11.

3.12.

5.13.

5.14.

5.15.

5.16.

5.17.

5.18.

5.19.

Claim 8 merely provides all the compounds included in claim 1 and a
pharmaceutically acceptable salt thereof for the manufacture of medicines for the
treatment of a carcinoma of lungs, pancreas, thyroid, bladder, colon, myeloid
leukemia or villous colon adenoma.

Claim 9 merely provides all the compounds included in claim 1 and a
pharmaceutically acceptable salt thereof for the manufacture of medicines for the
treatment of tumors.

Claim 10 is 2 mere repetition of claim 7 except for the difference that this claim
derives it dependency from claim 4.

Claim 11 and 12 are a mere repetition of claims 8 and 9 excépt for the difference
that these claims derive dependency from claim 4.

Claim 13 provides a compound N-(4-chloro-3(trifluoromethyl) phenyl)-N’-(4-(2-
(N-carbamoyl)-4-pyridyloxy) phenyl) urea as in claim 1.

Claim 14 provides a compound N-(4-chloro-3(trifluoromethyl) phenyl)-N"-(4-(2-
{(N-methylcarbamoyl)-4-pyridyloxy) phenyl) urea which is sorafenib as in claim 1.
Claim 15 provides a pharmaceutical composition of the compound that is claimed
in claim 13 or a pharmaceutically acceptable salt thereof and a physiologically
acceptable carrier.

Claim 16 provides a pharmaceutical composition of the compound that 1s claimed
in claim 14 or a pharmaceutically acceptable salt thereof and a physiologically
acceptable carrier.

Claim [7 provides a compound claimed in claim 13 and a pharmaceutically
acceptable salt thereof for the manufacture of medicines for the treatment of a
cancerous cell growth mediated by raf kinase.

Claim 18 provides a compound claimed in claim 14 and a pharmaceutically
acceptable salt thereof for the manufacture of medicines for the treatment of a
cancerous cell growth mediated by raf kinase.

Claim 19 provides pharmaceutically acceptable salt of the compounds as claimed in
claim 17 and 18.

Claim 20 specifies that a pharmaceutically acceptable salt of compound claimed in

claim 19 is a basic salt of an organic or an inorganic acid.
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5.20. Claim 21 specifies that a pharmaceutically acceptabie salt of compounds claimed in

5.21.

7.2.

claim 13 is a tosylate salt.
Claim 22 provides a pharmaceutical composition comprising a pharmaceutically

acceplable salt of claim 19, 29 or 21 and pharmaceutically acceptable carrier.

PRIOR ART
The opponent wishes to rely on the following prior art as evidence in support of the
grounds of opposition (published prior to the earliest priority date of 13.01.1999):
e US5773459 published on June 30, 1998 hereinafter referred to as Exhibit 1:
o US4904668 published on February 27, 1990 hereinafter to as Exhibit 2.

OBVIOUSNESS AND LACK OF INVENTIVE STEP

. The opponent states that Exhibit 1 teaches urea and thiourea type compounds for

the prevention and treatment of cell proliferative disorders. Particularly Exhibit 1

teaches compounds having the formulae:

It it
) N
5
X
L5

and pharmaceutically acceptable salts thereof, wherein: X is Q or S;

R, is selected from the group consisting of optionally substituted aryl, alkylaryl, and
heteroaryl

Rz are independently selected from the group consisting of hydroxy, H, alkyl,
alkoxy, CN, nitro, halo, trihalomethyl, amide, carboxamide, sulfonyl, and
sulfoxamide.

It is stated that Exhibit 2 teaches antitumor benzoyl urea compounds having an
improved absorbability through the gut. In particular Exhibit 2 teaches compounds

with the generic structure

s



7.3.

7.4.

A )
CONHCONH - O—< 2,
N
X Y Z

wherein X is a halogen atom, a nitro group or a trifluoromethyl group, provided that
when Y is a nitro group, X is a halogen atom or a nitro group, Y is a hydrogen
atom, a halogen atom, a nitro group or a trifluoromethy! group, Z, is a halogen atom
or a trifluoromethy} group, Z, is a hydrogen atom or a halogen atom, and A is a
=CH-- group or a nitrogen atom, or ......., characterized in that its average particle
size is not larger than 1 pm.

The opponent relies upon the opinion of the expert Dr. A. A. Natu annexed hereto
and referred to hereinafter as Exhibit 3.

1t is stated that the definitions provided to the substituents in the exhibits 1 and 2
which ultimately teach substituted urea derivatives with antitumor activity, make it
very evident that a person skilled in the art will be able to arrive at the structure of
sorafenib by routine trial and error methods. It is further stated that the same is
established beyond doubt by the sequential analysis of Dr. Natu in his expert
evidence to arrive at the structure of sorafenib in the light of the teachings of
Exhibit 1 and Exhibit 2. It is stated that the combined teachings of Exhibit 1 and
Exhibit 2 lead to a compound with maximum structural resemblance to sorafenib as

depicted in figure 3 of page 17 of Annexure Al.

CF,
Q
Ct o AN .
’ substituent
)I\ Y
NH NH

It is stated that a person skilled in the art will interpret that this moiety is required

Figure 3

for antitumor activity and introduce such substituents so as to maintain the said
activity. It is stated that the sorafenib allegedly claimed in the impugned patent is a
mere modification of compounds which can be clearly envisaged from the prior art

in specific Exhibit | and Exhibit 2 and thus is devoid of inventive merit.
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7.5.

7.6.

The opponent states the combined teachings of the prior art documents viz Exhibit 1
and Exhibit 2 make it evident to a person skilled in the art that compounds with the
skeletal structure of urea bearing a trifluoromethyl bearing on the N atom and a
pyridyloxy phenyl group on the N' atom will possess antitumor activity. It is stated
that a skilled researcher will obviously try to make the claimed invention in view of
the substantial structural similarity of sorafenib to the prior art compound derived
cumulatively from Exhibit 1 and Exhibit 2. It is further stated that any synthetic
organic chemist interested in medicinal chemistry, will invariably work on
physiologically active compounds of known structure so as to achieve compounds
with superior activity or atleast equivalent activity. It is stated the inventors of the
impugned patent by virtue of being skilled in the art, will try minor structural
variations to known compounds by routine techniques and test such compounds
obtained for their antitumor activity. It is stated that the alleged invention claimed
in the instant impugned patent is obvious over the combined teachings of Exhibit |
and Exhibit 2.

It is stated that the arguments in the aforesaid paragraphs 7.1 to 7.5 make it evident
that the compound sorafenib allegedly claimed in the impugned patent is obvious
and devoid of inventive merit. It is stated that a preparation of a suitable
pharmaceutically acceptable salt of sorafenib is a routine job as a part of drug
development and thus the tosylate salt of sorafenib also doe not involve any

inventive merit.

NOT AN INVENTION / NOT PATENTABLE

The opponent states that the claimed invention falls under the mischief of Section

2(1)(ja) being devoid of inventive step as according to definition of Inventive step,
the invention should be an a technical advancement over the prior art or it should
show economical significance or both and should not be obvious to a person skilled
in the art. The opponent states that the invention claimed in the patent under
opposition is neither a technical advancement nor it is giving any economic
significance, on the face of what is already known in the prior art and cited herein

above. It is stated that to claim an invention, an inventor has to show a positive
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8.2.

8.3.

10.

advancement of the relevant art and‘ in the present case no technical advancement
flows out of the various facets of the alleged invention claimed by the patentee.

The opponent states that the invention claimed in the patent under opposition is not
an invention within the meaning of Section 2(1)(j) of the Patents Act, 1970.
Therefore, the claimed invention fails to meet the definition of an invention
according to Section 2(1)(j) of the Act.

The opponent states that the composition claimed in claims 3, 6, 15, 16 and 22
contravenes the provisions of Section 3(e) of the Patents Act, 1970. It is stated that
these claims do not satisfy the definition of the term ‘composition’ since these
merely refer to an admixture of an active or its salt form and a pharmaceutically

acceptable carrier. These claims are therefore liable to be rejected on this ground.

BREACH OF SECTION 8

. The opponent states that there has been deliberate breach on the part of the patentee

to make bonafide disclosure of the prosecution history of the corresponding
applications and thereby obtained the impugned patent by suppression of material
facts. The patentee has therefore failed to comply with the provisions of Section 8

of the Act. The opponent warrants rejection on this ground also.

RELIEF SOUGHT

10.1. In the circumstances aforesaid the opponent prays for the following reliefs:

1)  revocation of the patent in toto;
2)  award cost in favour of the opponent;

3}  such other relief or reliefs as the Controller may deem appropriate.

Dated this 30™ day of March 2009.

D,
Abhishek Sen

Of S.Majumdar & Co.
Opponents’ agent
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To

The Controller of Patents
The Patent Office
Mumpbai.

Enclosures:

¢  Annexure A,

e Exhibit 1;
¢ Exhibit2;
¢ Exhibit 3.
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Rnnexurc .

WE CLAIM:

1.4 A compound selected from the group consisting of

the 4-chioro-3-(trifluoromethyljphenyl ureas:

N-{4-chloro-3-{trifluoromethyl)phenyl)-N’-(3-(2-carbamoyl-4-
pyridyloxy)phenyljurea,
N-(4-chloro-3-(trifluoromethyl)phenyl}-N"-(3-(2-(N-methylcarbamoyl}-4-
pyridyloxy)phenyljurea,
N-(4-chlore-3-(trifluoromethyl)phenyl)-N'-{(4-(2-carbamoyl)-4-
pyridyloxy)phenyljurea,
N-{4-chloro-3-(trifluoromethyl)phenyl}-N’-(4-(2-(N-methylcarbamoyl)-4-
pyridyloxy)phenyljurea and
N-(4-chloro-3-(trifluoromethyl)phenyl)-N’-(2-chloro-4-(2-N-
methylcarbamoyl}(4-pyridyloxy)phenyljurea,

the 4-bromo-3(trifluoromethyl)phenyl ureas:

N-(4-bromo-3-(trifluoromethyl)pheny)-N’-(3-(2-(N-methylcarbamoyl)-4-
pyridyloxy)phenyljurea,
N-(4-bromo-3-(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4-
pyridyloxy)phenyljurea,

N-(4-bromo-3-(trifluoromethyl) phenyl}-N’-(3-(2-(N-methylcarbamoyl)-4-
pyridylthio)phenyljurea,

N-(4-bromo-3-(trifluoromethyl)phenyl)-N '—(2—chloro—4-2—(N—
methylcarbamoyl)(4-pyridyloxy))phenyljurea, and
N-{4-bromo-3-{trifluoromethyl))phenyl}-N-(3-chloro-4-2-(N-
methylcarbamoyl){4-pyridyloxy)phenyljurea.

the 2-methoxy-4-chloro-5-(triflucromethyljphenyl ureas:

N-(2-methoxy-4-chloro-5-(trifluoromethyl) phenyl)-N’-(4-2-(N-
methylcarbamoyl)-4-pyridyloxy}phenyljurea.

93
Ko}
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2

N-(2-methoxy-4-chloro-5-(trifluoromethyl)phenyl}-N"-(2-chloro-4-(2-(N-
methylcarbarmoyl)(4-pyridyloxy))phenyljurea.
¢

or a pharmaceutically acceptable salt thereof.

2. A compound as claimed in claim 1, wherein a pharmaceutically

acceptable salt thereof selected from the group consisting of:

a) basic salts of organic acids and inorganic acids selected from the
group consisting of hydrochloric acid hydrobromic acid, sulphuric acid,
phophoric  acid, methanesulphonic acid, trifluorosulphonic acid,
benzenesulfonic acid, p-toluene sulphonic acid (tosylate salt), 1-napthalene
sulfonic acid, 2-napthalne sulfonic acid, acetic
acid, trifluoroacetic acid, malic acid, tartaric acid, citric acid, lactic Q’&&
oxalic acid, succinic acid, fumaric acid, maleic acid, benzoic acid, salicylic
acid, phenylacetic acid, and mandelic acid; and

b} acid salts of organic and inorganic bases containing cations selected
from the group consisting of alkaline cations, alkaline earth cations, the
ammonium cation, aliphatic substituted ammonium cations and aromatic

substituted ammonium cations.

3. A pharmaceutical composition comprising a compound as claimed in
claim 1 or a pharmaceutically acceptable salt thereof and a physiologically

acceptablé carrier.

4, A compound as claimed in claim 1 selected from the group consisting

of:

N-(4-chloro-3-{trifluoromethy!)phenyl)-N’-(4-(2-(N-methylcarbamoyl-
pyridyloxy)phenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyl}-N’-(4-(2-carbamoyl-4-

pyridyloxy)phenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyl)-N’-(2-chloro-4-(2- (N_ thylcarbamoyl)
(4-pyridyloxy))phenyl) urea, L e

8
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13

N-(4-bromo-3-(triflucromethyl)phenyl)-N'-{4-(2-{N-methylcarbamoyl)-4-
pyridyloxy} phenyl} urea,
N-¢-methoxy-4-chloro-5-(trifluoromethyl)phenyl)-N’-(4-{2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyl) urea,
N—[2-methoxy—4—ch10r0-5—[triﬂuoromethyl)phenyl)-N’-(2—chlor0-4-(2-(N-
methylcarbamoyl) (4-pyridyloxy)) phenyl) urea,

or a pharmaceutically acceptable salt thereof.

5. A compound as claimed in claim 4 which is a pharmaceutically

acceptable salt thereof selected from the group consisting of:

- a) basic salts of organic adds and inorganic acids selected from the
group consisting of hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric  acid, methanesulphonic acid, trifluorosulphonic acid,
benzenesulfonic acid, p-toluene sulphonic acid (tosylate salt), 1-napthalene
sulfonic acid, 2-napthalene sulfonic acid, acetic
acid, trifluoroacetic acid, malic acid, tartaric acid, citric acid, lactic acid,
oxalic acid, succinic acid, fumaric acid, maleic acid, benzoic acid, salicylic
acid,

phenylacetic acid, and mandelic acid; and

b) acid salts of organic and inorganic bases containing cations selected
from the group consisting of alkaline cations, alkaline earth cations, the
ammonium cation, aliphatic substituted ammonium cations and aromatic

substituted ammonium cations.

6. A pharmacecutical composition comprising a compound as claimed in
claim 4 or a pharmaceutically acceptable salt thereof and a physiologically

acceptable carrier.

7. A compound as claimed in claim 1 sclected from the group consisting
of:
the 4-chloro-3-(trifluoromethyl)phenyl ureas:

95
(2.2,




s

N-{4-chloro-3-{trifluoromethyl}phenyl)-N’-(3-(2-carbamoyl-4-
py§dyloxy)phenyl) urea,
N-(4-chlor0-3-(tr’iﬂuoromethyl]phenyl)—N’-(3—(2-(N-methylcarbamoy_l)'—4-
pyridyloxy) phenyl) urea,

N-(4-chloro-3-(trifluoromethyl} phenyl}-N’-(4-(2-carbamoyl-4-
pyridyloxy)phenyl) urea,
N~(4-ch10r0-3-{triﬂuorornethyl)phenyl)—N’—(4-(2—{N—methylcarbarnoyl)4-
pyridyloxy) phenyl) urea and
N-{4-chloro-3-(trifluoromethyl}phenyl}-N-(2-chloro-4-(2-(N-
methylcarbamoyl)(4-pyridyloxy))phenyl) urea, _

the 4-bromo-3(trifluoromethyl)phenyl ureas:

N-{4-bromo-3-{trifluoromethyl)phenyl)-N’-(3-(2-(N-methylcarbamoyl)-4-
pyridyloxy) phenyl) urea,
N-{4-bromo-3-(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4-
pyridyloxy) phenyl urea.
N-(4-bromo-3-(trrifluoromethyl)phenyl)-N’-(3-(2-(N-methylcarbamoyl)-4-
pyridylthio) phenyl) urea,
N-(4-bromo-3-(trifluoromethyl)phenyl)-N'-(2-chloro-4-(2-{N-
methylcarbamoyl)(4-pyridyloxy))'phenyl) urea and
N-{4-bromo-3-(trifluoromethyl)phenyl)-N’-(3-chloro-4-(2-(N-
methylcarbamoyl){4-pyridyloxy))phenyl) urea;

the 2-methoxy-4-chloro-5-(trifluoromethyl)phenyl ureas:
N-(2-methoxy-4-chloro-5-(trifluoromethylphenyl)-N’-(4-(2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyl) urea,

N-{2-methoxy-  4-chloro-5-(trifluoromethyl]  phenyl)-N’-(2-chloro-4-(2-(N-
methylcarbamoyl) (4-pyridyloxy)) phenyl) urea

or a pharmaceutically acceptable salt therecof for the manufacture of a

medicament for the treatment of a cancerous cell growth mediat%qg‘l;@ raf

AT e
4
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8. A compound as claimed in claim 1 selected from the group consisting

ofg

the 4-chloro-3-(trifluoromethyl)phenyl ureas:

N-(4-chloro-3-(triflucromethyl)phenyl)-N’-(3-(2-carbamoyl-4-
pyridyloxy)phenyl) urea,
N-(4-chloro-3-{triflucromethyljphenyl)-N’-(3-(2-(N-methylcarbamoyl}-4-
pyridyloxy) phenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyl)-N’-(4-(2-carbamoyl-4-
pyridyloxy)phenyl) urea,
N-(4-chloro-3-(trifluoromethyljphenyl)-N’-(4-(2-(N-methylcarbamoyi)-4-
pyridyloxy) phenyl) urea and
N-{4-chloro-3-(trifluoromethyl)phenyl)-N’-(2-chloro-4-(2-(N-
methylcarbamoyl){4-pyridyloxy))phenyl) urea,

the 4-bromo-3(trifluoromethyl)phenyl ureas:

N-{4-bromo-3-{trifluoromethyl)phenyl)-N’-(3-(2-(N-methylcarbamoyl}4-
pyridyloxy) phenyl) urea,
N-(4-bromo-3-(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4-
pyridyloxy) phenyl urea,
N-(4-bromo-3-(trifluoromethyl)phenyl)-N'-(3-(2-(N-methylcarbamoyl)-4-
pyridylthio) phenyl) urea,
N-{4-bromo-3-(trifluoromethyljphenyl}-N’-(2-chloro-4-(2-(N-
methylcarbamoyl)(4-pyridyloxy))phenyl) urea and
N-{4-bromo-3-(trifluoromethyl)phenyl}-N’-(3-chloro-4-(2-(N-
methylcarbamoyl)(4-pyridyloxy))phenyl) urca;

the 2-methoxy-4-chloro-5-(trifluoromethyl)phenyl ureas:

N-(2-methoxy-4-chloro-5-(trifluoromethyl}phenyl)-N’-(4-(2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyl) urea,

97
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N-(2-methoxy-4-chloro-5-(trifluoromethyl) phenyl)-N’-(2-chloro-4-(2-(N-
methylcarbamoyl) (4-pyridyloxy)) phenyl) urea

¢ - |
or a pharmaceutically acceptable salt thereof for the manufacture of a

medicament for the treatment of:

i) carcinoma of the lungs, pancreas, thyroid, bladder, colon,

i) myeloid leukemia or |

i) villous colon adenoma.

9. A compound as claimed in claim 1 selected from the group consisting
of:

the 4-chloro-3-({trifluoromethyljphonyl ureas:

N-(4-chloro-3-(triftuoromethyl)phenyl)-N’-{3-(2-carbamoyl-4-
pyridyloxy)phenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyl}-N’-(3-(2-(N-methylcarbamoyl)-4-
pyridyloxy) phenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyi}-N’-(4-(2-carbamoyl-4-
pyridyloxy)phenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4-
pyridyloxy) phenyl) urea and
N-(4-chloro-3-(triflucromethyl)phenyl)-N’-(2-chloro-4-(2-(N-
methylcarbamoyl)(4-pyridyloxy))phenyl) urea,

the 4-bromo-3(trifluoromethyl)phenyl ureas:

N-(4-bromo-3-(trifluoromethyl)phenyl)-N’-(3-(2-(N-methylcarbamoyl)4-
pyridyloxy) phenyl) urea,
N-(4-bromo-3-(trifluoromethyl)phenyl)-N’-{4-(2-(N-methylcarbamoyl)-4-
pyridyloxy) phenyl urea, |
N-(4-bromo-3-(trifluoromethyl)phenyl)-N-(3-(2-(N-methylcarbamoyl}-4-
pyridylthio} phenyl) urea, , |
N-{4-bromo-3-{triffuoromethyl)phenyl)-N’-(2-chloro-4-(2-(N-

methylcarbamoyl)(4-pyridyloxy))phenyl) urea-and
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N-{4-bromo-3-(trifluoromethyl)phenyl)-N’-(3-chloro-4-(2-(N-
methylcarbamoyl)(4-pyridyloxy))phenyl) urea;

¢
the 2-methoxy-4-chloro-5-(trifluoromethyl)phenyl ureas:

N-(2-methoxy-4-chloro-5-(triftuoromethyliphenyl)-N’-(4-(2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyl) urea,

N-(2-methoxy-4-chloro-5-{trifluoromethyljphenyl)-N’-(2-chloro-4-(2-(N-
methylcarbamoyl)(4-pyridyloxy)phenyl) urea,

or a pharmaceutically acceptable salt thereof for the manufacture of a

medicament for the treatment of tumors.

10. A compound as claimed in claim 4 sclected from the group consisting

of:

N-{4-chloro-3-(trifluoromethyljphenyl}-N’-(4-(2-N-methylcarbamoyl}-4-
pyridyloxyiphenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyl)-N'-(4-(2-carbamaoyl-4-
pyridyloxy)phenyl) urea,
N-{4-chloro-3-(trifluoromethyl)phenyl)-N’-(2-chloro-4-{2-(N-
methylcarbamoyl)(4-pyridyloxy))phenyl) urea, _
N-(4-bromo-3-(trifluoromethyl)phenyl)-N'-(4-(2-(N-methylcarbamoyl)-4
pyridyloxy) phenyl) urea,
N-(2-methoxy-4-chloro-5-(trifluoromethyljphenyl)-N'-(4-(2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyl) urea,
N-{2-methoxy-4-chloro-5-(trifluoromethyl)phenyl}-N-(2-chloro-4-(2-(N-
methylcarbamoyl} (4-pyridyloxy))phenyl) urea.

or a pharmaceutically acceptable salt hereof for the manufacture of a
medicament for the treatment of a cancerous cell growth mediated by raf

kinase.
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11. A compound as claimed in claim 4 selected from the group consisting

N-(4-chloro-3-(trifluoromethyl) phenyl}-N’-(4-(2-N-methylcarbamoyl)-4-
pyridyloxy)phenyl) urea,
N-(4-chloro-3-(trifluoromethyl)phenyl)-N’-(4-(2-carbamoyl-4-pyridyloxy)
phenyl) urea, '
N-{4-chloro-3-{trifluoromethyl)phanyl)-N’-(2-chloro-4-(2-(N-methylcarbamoyl)
(4-pyridyloxy))phenyl) urea,
N-(4-bromo-3-(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4
pyridyloxy}phenyljurea,
N-(2-methoxy-4-chloro-5-{trifluoromethyl)phenyl)-N’-(4-(2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyl) urea,
N-(2-methoxy-4-chloro-5-(trifluoromethyl)phenyl)-N’-(2-chloro-4-(2-(N-
methylcarbamoyl} (4-pyridyloxy)) phenyl) urea

or a pharmaceutically acceptable salt hereof for the manufacture of a

medicament for the treatment of:

i) carcinoma of the lungs, panaeas, thyroid, bladder, colon,
ii) myeloid leukemia or

fi)  villous colon adenoma.

12. A compound as claimed in claim 4 selected from the group consisting

of:

N-(4-chloro-3-(trifluoromethyljphenyl)-N’-(4-(2-N-methylcarbamoyl}-4-
pyridyloxy)phenyljurea,
N-(4-chloro-3-(trifluoromethyl)phenyl)-N’-{4-(2-carbamoyl-4-
pyridyloxy)phenyl) urea,
N-(4-chloro-3-(trifluoromethyljphenyl)-N’-(2-chloro-4-(2-(N--
methylcarbamoyl){4-pyridyloxy))phenyl} urea, |

25
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N-(4-bromo-3-(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4
pyridjrloxy]phenyl)urea,
N-§-methoxy-4-chloro-5-(triffluoromethyljphenyl)-N’-(4-(2-(N-
methylcarbamoyl)-4-pyridyloxy)phenyljurea,
N-(2-methoxy-4-chloro-5-{triflioromethyl)phenyl)-N’-(2-chloro-4-(2-(N-
methylcarbamoyl)(4-pyridyloxy))phenyl) urca

or a pharmaceutically acceptable salt hereof for the manufacture of a

medicament for the treatment of tumors.

13. A compound as claimed in claim 1 which is N-(4-chloro-3-

(trifluoromethyljphenyl}-N’-(4-{2-carbamoyl-4-pyridyloxy)phenyl) urea.

14. A compound as claimed in claim 1 which is N-(4-chloro-3-
(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4-pyridyloxy)phenyl)

urea

15. A pharmaceutical composition comprising N-{4-chloro-3-
(trifluoromethyljphenyl)-N’-(4-(2-carbamoyl-4-pyridyloxy)phenyl) urea or a
pharmaceutically acceptable salt thereof and a physiologically acceptable

carrier.

16. A pharmaceutical composition comprising N-(4-chloro-3-
(trifluoromethyl)phenyl)-N’-(4-(2-(N-methylcarbamoyl)-4-pyridyloxy} = phenyl)
urea or a pharmaceutically acceptable salt thercof and a physiologically

acceptable carrier.

17.  N-(4-chloro-3-(trifluoromethyl}phenyl)-N’-(4-(2-carbamoyl-4-

pyridyloxy) phenyl) urea,
or a pharmaceutically acceptable salt thereof for the manufacture of a

medicament for the treatment of a cancerous cell growth mediated by raf

kinase.

18. N-{4-chloro-3-(triftuoromethyl)jphenyl)-N’-(4-(2-{N-methylcarbamoyl)-4-
101 '€
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pyridyloxy)phenyl) urea or a pharmaceutical acceptable salt thereof for the
manufacture of a medicament for the treatment of a cancerous cell growth

megiated by raf kinase.
19. A pharmaceutically acceptable salt of a compound which is:

N-{4-chloro-3-(trifluoromethyl)phenyl)-N’-(4-(2-carbamoyl-4-
pyridyloxy)phenyl) urea of the formula:

or

N-{4-chloro-3-(trifluoromethyl)phenyl}-N’-(4-(2-(N-methylcarbamoyl-4-
pyridyloxy)phenyl) urea of the formula:

_CH,

CF, 0
O™
N
‘ F hlJJLrlv =z
H H

20. A pharmaceutically acceptable szait as claimed in claim 19 which is a
basic salt of an organic acid or an inorganic acid which is hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, methanesulfonic acid,
trifluoromethanesulfonic acid, benzenesulfonic acid, p-toluene sulfonic acid
(tosylate salt}, 1-napthalene sulfonic acid, 2-napthalene sulfonic acid, acetic
acid, trifluoroacetic acid, malic racid, tartaric acid, citric acid, lactic acid,
oxalic acid, succinic acid, fumaric acid, maleic acid, benzoic acid, salicylic

acid, phenylacetic acid, or mandelic acid.

21. A pharmaceutically acceptable salt which is the tosylate S‘%ltgifo

n®




N-(4-chloro-3-(trifluoromethyl)phenyl}-N'-(4-(2-carbamoyl-4-pyridyloxy)
phenyl) urea of the formula:

¢

H H or

N-(4-chloro-3-({trifluoromethyl)phenyl)-N’-(4-(2-N-methylcarbamoyl-4-
pyridyloxy)phenyl) urea of the formula:

21

22. A pharmaceutical composition comprising a pharmaceutically

acceptable salt of claim 19, 20 or 21 and pharmaceutically acceptable

carrier.

Dated this 5% day of  July, 2001. (
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UREA- AND THIOUREA-TYPE COMPOUNDS

FIELD OF THE INVENTION

The present invention relates geaerally to the field of
tyrosine kinase inhibition. More specifically, the present
invention relaics to the use of small organic molecules to
prevenl and treat cell proliferative disorders or cell differ-
entiation disorders associated with particular tyrosine
kinases by inhibiting one or more abnormat 1yrosine Kinase
aclivities.

BACKGROUND OF THE INVENTION

Cellular signal transdfuction is a fundamental mechanism
whereby external stimuli that regulate diverse cellular pro-
cesses are relayed to the interior of cells. Reviews describing
intraceHular signal transduction include Aaronson, Scierce,
254:1146-1153, 1991; Schlessinger, Trends Biochem. Sci,
13:443-447, 1988; and Ullrich and Schlessinger, Cell,
61:203-212, 1990. Onc of the key biochemical mechanisms
of signal iransduction involves the reversible phosphoryla-
tion of tyrosine residucs on proteins. The phosphorylation
state of 2 protein is modified through the reciprocal actions
of tyrosine kinases (TKs) and tyrosine phosphatases (Tps).

Tyrosine kinases can be of the receplor type (having ,

extracellular, transmembrane and intracellular domains) or
the mon-receptor type (being whoally intracellnlar). There are
19 known families of receplor tvrosine kinases including the
Her family (EGFR, Her 2, Her 3, Her 4), the insulin receptor
family (insulin receptor, IGF-IR, insulin-related receptor),
the PDGF receptor family (PDGF-Ra and f, CSF-1R, ki1,
Fik2), the Flk family (Flk-1, Fit-1, Flk-4), the FGF-receptor
family (FGF-Rs 1 through 4), the Met family (Met, Ron),
efc. There are 11 known famiolies of non-receptor type
tyrosine kinases including the Src family (src, yes, fyn, lyn,
Ick, blk, Hek, Fgr, yrk), Abl family (Abl, Arg), Zap 70 family
(Zap 70, Syk) and Jak family (Jak 1, Jak 2, Tvk 2, Jak 3).
Many of these tyrosine kinases have been found to be
involved in cellular signalling pathways leading to patho-

5

10

1

wn

genic conditions such as cancer, psoriasis, hyperimmune 4

response, etc.

Prolein tvrosine kinases play an important role in cellular
signaling pathways thal regulate the control of celi growth
and differentiation {for review, see Schlessinger & Ullrich,
1992, Neuron, $9:383-391). Aberrant expression or muta-
tions in receptor tyrosine kinases (RTKs) have been shown
to lead to either uncontrolled cell proliferation (e.g. malig-
pant fumor growth) or to defecis in key developmental
processes. In some instances, a sinple tyrosine kinase can
inhibit, or stimulate, cell proliferation depending on the
cellular environment in which il is expressed. Consequently,
the biomedical community has expended sigaificant
resources 1o discover the specific biological role of members
of the RTK family, their function in differentiation
processes, their invalvement in tumorigenesis and in other
diseases, the biochemical mechanisms underlying their sig-
nal transduction pathways activated upon ligand siimulation
and the development of novel antineoplastic drugs.

Attempis have been made 1o ideniify RTK “inhibitors”
using a variety of approaches, including the use of mutant
ligands (U.S. Pal. No. 4,966,849), solublc receptors and
antibodies (Application No. WO 94710202, Kendall &
Thomas, 1994, Proc. Nar 'l Acad. Sci 9(:10705-09; Kim, et
al., 1993, Narure 362:841-844), RNA ligands (Jellinek, et
al,, 19 Biochemistry 33.:10450-56), protein kinase C inhibi-
tors (Schuchter, et al., 1991, Cancer Res. 51:682-687);
Takano, el al., 1993, Mol Bio. Cell 4:358A; Kinsella, 20 et
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al, 1992, Exp. Celf Res. 199:56-62; Wnght, ef al,, 1992, J.
Cellular Phys. 152:448-57) and tyrosine kinase inhibitors
(WO 94/03427, WO 92/21660; WO 91/15495;, WO
94/14808; U.S. Pat. No. 5,330,992; Mariani, et al,, 1994,
Proc. Am. Assoc. Cancer Res. 25 35:2268).

Attempls have also been made to identify small molecules
which act as tyrosine kinase iohibitors. For example, bis
monocyclic, bicyclic or heterocyclic aryl compounds (PCT
WO 92/20642), vinylene-azaindole derivatives (PCT WO
94/14808) and 1 -cycloproppyl-4-pyridyl-quinciones (U.S.
Pat. No. 5,330,992) have been descobed geperally as
tyrosine kinase inhibitors. Styryl compounds (U.S. Pat. Na.
5,217,999), styryl-substituted pyridyl compounds (U.S. Pat.
No. 5,302,606), certain quinazoline derivatives (EP Appli-
cation No. 0 566 266 Al), selepindoles and selenides (PCT
WO 94/03427), tricyclic polyhydroxylic compounds (PCT
WO 92/21660) and benzylphosphonic acid compounds
(PCT WO 91/15495) have been described as compounds for
use as tyrosine kinase inhibitors for use in the treatment of
cancer.

SUMMARY OF THE INVENTION

The present invention relates 10 molecules capable of
modulating tyrosine signal transduction to prevent and treat
cell proliferative disorders or cell differentiation disorders
associated with particular tyrosine kinases by inhibiting one
or mor¢ abnormal tyrosine kinase activities.

More specifically, the invention is generally directed to
compounds having the formulae:

H H

R
X

Ras

and pharmaceutically acceptable salis thereof, wherein;

XisOQor§;

R, is selected from the group consisting of optionally
substituted aryl, alkylaryl, and heteroaryl

R,_gare independently selected from the group consisting
of hydroxy, H, alkyl, alkoxy, CN, nitro, haio,
trihalomethyl, amide, carboxamide, sulfonyl, and sul-
foxamide.

Example of preferred compounds include:

)7

BC

The present invention alse provides pharmaceutical com-
positions aznd methods for inhibiting cell proliferation or
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differentiation and related disorders. Examples of such dis-
orders include cancers, blood vessel proliferative disorders,
psoriasis, hyperimmune response and fibrotic disorders.
Examples of other disarders include the HER2 disorders,
EGF disorders, IGFR disorders, PDGFR disorders, met
disorders, SVC disorders, and KDR/FLK-1 disorders
described herein. It is to be understood that compounds
which are effective for diseases related to one RTK will also
likely be effective for diseases related to other RTK's,
especially those from the same family. Thus, for example,
compounds shown to have good effect against HerZ are
likely to also have good effect against other members of the
Her family, i.e., EGFR, Her3, and Herd.

Chermical Definitions

The [ollowing is a list of some of 1he definilions used in
the present disclosure. An “alkyl” group refers (o u saturated
aliphatic hydrocarban, including straight-chain, branched-
chain, and cyclic alkyl groups. Preferably, ihe alkyl group
has 1 to 12 carbons. More preferably, 1t is a lower alkyl of
from 1 1o 7 carbons, more preferabiy 1 to 4 carbons. The
alkyl proup may be substituted or unsubstituted. When
substituted the substituted group(s) is preferably, hydroxyl,
cyano, alkoxy, =0, =S, NO,, N{CH,},, amino, or SH.

An “alkenyl” group refers 10 an unsaturated hydrocarbon
group containing al least one carbon-carbon double bond,
including siraight-chain, branched-chain, and cyclic groups.
Preferably, the alkenyl group has 2 tv 12 carbons, More
preferably it is a lower atkenyl of from 2 Lo 7 carbons, more
preferably 2 10 4 carbons. The alkenyl group may be
substituled or unsubstituted. When substituted 1he substi-
tuted group(s) is preferably, hydroxyl, cyano, alkoxy, =0,
=8, NO,, halogen, N(CH,),, amino, or SH. An “alkynyl”
group refers to an unsaturated hydrocarbon group containing
at least one carhon-carbon tripie bond, including straight-
chain, branched-chain, and cyclic groups. Preferably, the
alkynyl group has 2 to 12 carbons. More preferably, it is a
lower alkynyl of from 2 to 7 carbons, more preferably 2 to
4 carhons. The alkynyl group may be substituted or unsub-
stiluted. When substituted, the substituted group(s) is
preferably, hydroxyl, cvamo, alkoxy, =0, =8, NO,,
N(CH,),, amino or SH.

An “alkoxy” group refers to an “—Q-alkyl” group, where
“alkyl® is defined as described above.

An “aryl” group refers to an aromatic group which has at
least one ring having a conjugated pi eleciron system and
includes carbocyclic aryl, heterocyclic aryl and biaryl
groups, all of which may be opticnally substituted.
Preferably, the aryl is a substituted ar unsubstituted phenyl
or pyridyl. Preferred aryl substitucat(s) arc halogen,
trikalomethyl, hydrexyl, SH, OH, NO,, amine, thiceiher,
cyano, alkoxy, alkyl, and amino groups.

An “alkylaryl” group refers to an alkyl (as described
above), covalently joined to an aryl group (as described
above). Preferably, the alkyl is a lower alkyl.

“Carbocyelic aryl” groups are groups wherein the ring
atoms on the aromatic ring are all carbon atoms. The carbon
atoms are opticnally substituted.

“Heteroeyclic aryl” groups are groups having from 1 to 3
heteroatoms as ring atoms in the aromatic ring and the
remainder of the rimg atoms are carbon aloms. Suitable
helernatoms include oxygen, sulfur, and nitrogen, and
include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alky!
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all
optionally substitted.

An “amide” refers ta an —C(O)}—NH—R, where R is
either alkyl, aryl, alkylaryl or hvdrogen.
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A “thioamide” refers 10 —C(3)—NH—R, where R is
either alkyl, aryl, alkylaryl or hydrogen. An “ester” refers 1o
an —C(0)y—0R’, where R' is either alkyl, aryl, or alkylarvl.

An “amine” refers 1o a —N(R"R™, where R and R™, is
independently either hydrogen, alkyl, aryl, or alkylaryl,
provided that R” and R™ are not both hydrogen.

A “thioether” refers to —S—R, where R is either alkyl,
aryl, or alkvlaryl.

A “sulfonyl” refers to —8(0),—R, where R is aryl,
C{CN)=C-aryl, CH,—CN, alkylaryl, NH-alkyl,
NH-alkylaryl, sulfonamide, or NH-aryl.

Other features and advantages of the invention will be
apparent from the following description of the preferred
embodiments thereof and from the claims.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

I. Cell Proliferative and Cell Differentiation
Disorders .

Cell proliferative and cell differentiiation disorders which
can be treated or further studied by the present invention
include any disorder associated with a tyrosine kinase sig-
nalling pathway, for examplc caocers, blood vessel prolif-
erative disorders, psoriasis, hyperimmune response and
fibrotic disorders. These disorders are not necessarily inde-
pendent. For example, fibrotic disorders may be related to,
or overlap, wilh blood vessel proliferative disorders. For
example, atherosclerosis (which is characterized herein as a
blood vessel disorder) results, in part, in the abmarmal
formation of fibrous tissuc.

Blood vessel proliferation disorders refer to angiogenic
and vasculopenic disorders generally resulting in abnonmnal
proliferation of blood vessels. The formation and spreading
of blood vessels, or vasculogenesis and angiogenesis
respeclively, play important roles in a variety of physiologi-
cal processes such as embryonic development, wound heal-
ing and organ regeneration. They also play a role in cancer
development. Examples of blood vessels disorders include
restenosis, retinopathies, and atherosclerosis.

Fibeotic disorders refer to the abnormal formation of
extracellular matrix. Examples of fibrotic disorders include
hepatic circhosis and mesangial cell proliferative disorders.
Hepatic cirrhosis (s characierized by the increase in extra-
cellular matrix constituents resulting in the formation of a
hepatic scar. Hepatic cirrhosis can cause diseases such as
cirrhosis of the liver. An incrcased extraccliular matrix
resulting in a hepatic scar can also be caused by viral
infection such as hepatitis. Lipocylcs appear to play a major
role in hepatic clirhosis.

Mesangial cell proliferative disorders refer to disorders
brought aboul by abnormal proliferation of mesangial cells.
Mesangial proliferative disorders include various human
renal diseuses, such as glomerulonephritis, diabetic
nephropathy, malignant nephrosclerosis, thrembotic
microangiopathy syndromes, transplant rejection, and glom-
erulopathies. PDGFR has been implicated in the mainte-
nance of mesangial cell proliferation. (Floege, J. et al,
Kidney International 435:47-54 (1993))

HER?2, EGFR, IGFR, PDGFR, met, src and KDR/FLK-1
driven cancers and disorders are described in detail below
and are a preferred subset of the disorders fo be treated. A
carcer cell refers to various types of malignant neoplasms,
most of which can invade surrounding tissues, and may
melasiasize to different sites, as defined by Stedman’s Medi-
cal Dictionary 25th edition {(Hensyl ed. 1990).

2.6
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A. HERZ Cell Proliferation Disorders
The HER-2 protein is a member of the class 1 receplor
tyrosine kinase (RTK) familv. Yarden and Ullrich, Anne.
Rev Biechem. 57:443, 1988; Ullrich and Schiessinger, Cell

61:203, 1990. HER-2 protein is structurally related to EGF- ¢

R, pl&(HER-3), and p1&O(HER-4). Camaway, et al., Cell
78:5, 1994; Carraway, et al, J. Biol Chem. 2069:14303,
1994, These receptors share a common molecular architec-
ture and contain two cysteine-rich regions within their
cyloplasmic domains and structurally related enzymalic
regions within their cyloplasmic domains.

Activation of HER-2 protein can be caused by different
events such as ligand-stimulated homodimerization, ligand-
stimulated hetero-dimerization and ligand-independent
bomo-dimerization, Ligand-stimulated hetero-dimerization
appears to be induced by EGF-R to form EGF-R/HER-2
complexes and by neu differentiation factor/heregulin
(NDFMRG} to form HER-2/HER-3 and/or HER2/HER-4
complexes. Wada et al,, Celf §1:1339, 1990; Slikowski et al.,
J. Biol. Chem. 269:14661, 1994; Plowman ¢l al., Nature
266:473, 1993. Ligand-dcpendent activation of HER-2 pro-
tein is thought to be mediated by neuactivating factor (NAF)
which can directly bind 10 p165(HER-2) and stimulate
cozymatic activity. Dougall et al., Oncogene 9:2109, 1994,
Samata et al,, Proc. Natl. Acad. Sci. USA 91:1711, 1994,
Ligand-independent homodimerizalion of HER-2 protein
and resulting receplor activation is facilitated by over-
expression of HER-2 protein.

HER-2 proicin substrales are acted upon by aclivaied
HER-2 complexes such as HER-2/EGF-R, HER-2/HER-2,
HER2/HER-3, and HER-2/HER-4 activated complexes. An
activated HER-2 complex acts as a phosphokinase and
phosphorylates different cytoplasmic proteins. Examples of
HER-2 substrates incluede [P, kinase and Pl4-kinase. Scott et
al.,, Journal of Biological Cheinistry 22:14300, 1991. Pro-
teins bind 10 an activaled HER-2 complex and then another
protein. For example, GRB-7 binding to a HER-2 complex
may be sufficient to initiate the GRB-7 signaling pathway
without phosphorylation. Stein ei al., EMBO Journal
13:1331, 1993.

Thus, HER-2 protein activities include: {1) phospharyla-
tion of HER-2 protein, HER-3 protein or HER-4 protein; (2)
phosphorylation of a HER-2 protein substrate; (3) interac-
tion with 2 HER-2 adapter protein; and/or (4) HER-2 protein
surface expression. Addhional HER-2 protein activities can
be identified using standard techniques. For example, a
partial agonistic manoclonal antibody recognizing HER-2
protein can be used to activate HER-2 protein and examine
sigaal transduction of HER-2 protein. Scatt et al., Journal of
Biological Chemistry 22:14300, 1991. HER2 activity can be
assayed by measuring one or more of the following activi-
ties: (1) phosphorylation of HER2; (2) phospharylation of a
HER?2 substrate; (3) activation of an HER2 adapter mol-
ccule; and (4) increased cell division. These activities can be
measured using techniques described below and known in
the arl.

HER2 driven disorders are characterized by inappropriate
or over-activity of HERZ, Inappropriate HER-2 activity
refers to either: (1) HER2 expression in cells which nor-
mally do not express HER2; (2) increased HER-2 expression
[eading to wnwanted cell proliferation such as cancer; (3)
increased HER-2 activity leading to unwanted cell
proliferation, such as cancer; andfor overactivity of HER-2.
Over-aclivity of HER? refers to either an amplification of
the gene encoding HER2 or the production of a level of
HER2 activity which can be correlated with a cell prolif-

| 36

25

35

50

60

6.

ih

6

erative disorder (ic., as the level of HER2 increases the
severity of one or more of the symptoms of the cell prolif-
erative disorder increases}). HER2 driven disorders are typi-
cally cell proliferative or differentiation disorders such as
cancers. HER2 driven disorders appear to be responsible for
a sub-population of different types of cancers. For example,
as noted above, Slamon et al,, found about 30% of breast
cancer cells to have increased HER2 gene expression. Sla-
mon et al,, also found a correlation between ber2 (c-erbB-2)
amplification and poor patient prognosis.

Treatment of patients suffering from a HER2 disorder is
facititated by first determining whether the cell proliferative
disorder is characterized by an overactivity of HER2. After
the disorder is identified, patients suffering from such a
disorder can be identified by apalysis of their symptoms
using procedures well known to medical dociors. Such
identified patients can then be treated as described herein.
The usc of the presen! invention lo treat breast cancer is
preferred because of the prevalence and severity of breast
cancer, Carcinoma of the breast is the most common cancer
among women and their second leading cause of cancer
death {Marshall, E., Science 259:618-621, 1993) . The
incidence of breast cancer has been increasing aver the past
several decades (Marshall, supra, and Harris, JR., et al, New
Engl. J . Med,, 327(5):319-328, 1992). In addition to breast
cancers, increased HER2 activity or gene expression has
been associated with cerfain types of blood cancers, stomach
adenocarcinomas, salivary pland adenocarcinomas,
endometrial cancers, ovarian ademacarcinomas, gastric
cancers, colorectal cancers, non-small cell lung cancer, and
glioblastomas. The methods described herein can be used to
identify the sub-populations of these different cancers which
are characterized by over-activity of HER2,

B. EGFR Disorders

Some of the featured compounds can be used to treat cell
proliferative and/or cell differentiation disorders character-
ized by inappropriate EGFR activity. “Inappropriate EGFR”
activity refers to either: (1) EGF-receptor (EGFR) expres-
sion in cells which normally do not express EGFR; (2) EGF
expression by cells which normally 3o not express EGF; (3)
increased EGF-receptor (EGFR) expression leading 1o
unwanled cell proliferation; (4) increased EGF expression
leading to unwanted cell proliferation; and/or (5} mutations
leading {o constitutive activation of EGF-recepior (EGFR)
The existence of inappropnate or abnormal EGF and EGFR
levels or activities is determined by procedures well known
in the art,

An increase in EGF activity or expression is characterized
by an increase in one or more of the activities which can
occur upon EGF ligand binding such as: (1) EGF-R dimer-
ization; (2} awto-phosphorylation of EGFR, (3} phasphory-
lation of an EGFR substrate (e.g., PLC, see Fry supra) , {(4)
activation of an adapter molecule, and/or (3) increased celi
division. These activities can be measured using techniques
described below and known in the arl. For cxample auto-
phosphorylation of EGFR can be measured as described in
the examples below using an anti-phosphotyrosine aatibody,
and increased cell division can be performed by measuring
*H-thymidine incorporation into DMNA. Preferably, the
increase in EGFR activity is characterized by an increased
amount of phosphorylated EGFR andfor DNA synthesis.

Unwanted cell proliferation and/or differentiation can
result from inappropriate EGFR activity occurring in differ-
et types of cells including cancer celis, cells surrounding a
cancer cell, and endothelial cells. Examples of disorders
characterized by inappropriate EGF activity include cancers

g WY
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identify compounds which regulate the signal trapsduction
pathway are directly applicable to the identification of
compounds which may be used to regulate the human signal
transduction pathway, and more specifically, activity related
to the KDR receptor. Chemical compounds identified as
inhibitors of KDR/FLK-1 in vitro, will be confirmed in
stitable in vivo models. Both in vivo mouse and ral animal
models have been demonstrated ta be of excellent value for
the examination of the clinical potential of agents acting on
the KDR/FLK-1 induced signal transduction pathway.

This invention is therefore direcied to compounds which
regulate, modulate and/or inhibit vasculogenesis and/or
angiogenesis by affecting the enzymatic activily of the
KDR/FLK-1 receptor and interfering with the signu! trans-
duced by KDR/FLK-1. More particularly, the present inven-
tion is directed to compounds which regulate, modulate
and/or inhibit the KDR/FLK-1 mediated signal transduction
pathway as a therapeutic approach to cure many kinds of
solid tumors, iocluding but not limited to glioblastoma,
melanoma and Kaposi's sarcoma, and ovarian, lung,
mammary, prostate, pancreatic, colon and epidermoid car-
cinoma. In addition, data suggest the administration of
compounds which inhibit the KDR/FLK1 mediated signal
transduction pathway may be used for the treatment of
hemangioma aad diabetic retinopathy.

The invention also relates 10 the inhibition of vasculo-
genesis and angiogenesis via other receplor-medialed
pathways, including the pathway comprising the highly
related fit-1 recepior. Receplor tyrosine kinase medialed
signal transduction is injtiated by extraceltular interaction
with a specific growth factor (ligand), followed by receplor
dimerization, transient stimulation of the intrinsic protein
tyrosine kinasc activity and aulophosphorylation. Binding
sitcs are thereby created for intracellular signal transduction
molecules and lead 1o the formation of complexes with a
spectrum of cytoplasmic signalling molecules that facilitate
the appropriate cellular response. (E.g., cell division, meta-
bolic effects to the extracellular microenviropment) See,
Schiessinger and Ullrich, 1992, Neuron $:1-20.

The close homology of the intracellular regions of KDR/
FLK-1 with that of the PDGF-B-Receptor (50.3%
homology) and/or the highly related fit-] receptor indicates
the induction of overlapping signal transduction pathways.
For example, for the PDGF-BReceplor, members of the src
family (Twamley et al., 1993, Proc. Natl. Acad. Sci. USA
90:7696-7700), phosphatidylinositol-3'-kinase (Hu et al,
1992, Mol Cell Biol 12:981-990), phospholipase c-y
(Kashishian & Cooper, 1993, Mol Cefl. Biol. 4:49-51),
ras-GTPasc-activating protein, (Kashishian et al, 1992,
EMBO J. 11:1373-1382), PTP-ID/syp (Kazlauskas et al.,
1993, Proc. Natl Acad. Sci. USA 90:6939-6943), Grh2
(Arvidsson et al., 1994, Moal. Cell. Biol. 14:6715-6726), and
the adapter molecules She and Nck (Nishimura et al., 1993,
Mol Cell. Biol 13:6889—-6896), have been shown 10 bind 1o
regions involving different autophosphorylation sites, See
generally, Clacsson-Welsh, 1994, prog. Growth Factor Res.
5:37-54. Thus, it is likelv that signal transduction pathways
activated by KDR/FLK-1 include the ras pathway (Rozakis
et al,, 1992, Nature 360:689-692), the PI-3'-kinase pathway
and the stc-mcediated and pley-mediated pathways. Each of
these pathways may play a critical role in the angiogenic
andfor vasculogenic effect of KDR/FLK-1 in endothelial
cells. Consequently, the present invention is also directed to
the use of the organic compounds discussed herein to
modulate angiogenesis and vasculogenesis as such pro-
cesses are controlled by these pathways.
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E. C-MET Related Disorders

The ¢-met protooncogene is a grawth factor receptor with
fyrosine Kipase activity and a suspected involvement in
hepatocarcinogenesis. C-met protein expression has been
correlated with poor to moderate differentiation of cancer
cells whereas in one study all cases have increased prolif-
crative activity, thus suggesiing an important role in the
development of hepatocellular-carcinoma see Suzuki et al,,
Hepatology 20:1231-1236, 1994.

The me1 gene is selectively expressed in several epithelial
tissues and high levels of met mRNA have been found in
liver, gastrointestinal tract, thyroid and kidoey. Normal or
increased levels of met mRNA and met protein were con-
sistenily found in [resh samples of carcinomas as well as
epithelial tumor cell lings and in thyroid carcinomas of a
specific histiolype. The amount of mel protein was found to
be increased more than 100 fold suggesting a role in growth
control of epithelial cells other than hepatocyles and sug-
gesting the increase in expression may convert growih
advantage to neoplasm cells. Renzo et al, Oncogene
6:1997-2003, 1991.

The c-met oncogene is expressed not only in liepatocytes
but also in a variety of tissues and over expression of ¢-met
is found in some cell lines and mmors. It is amplified and
overexpressed in a gastric carcinoma cell line, gtl-16 and it
has been reported that the expression of c-mel is enhanced
in colorectal, gastric and thyroid cancer. The met genc is
overcxpressed in some cascs of human leukemia and lym-
phoma. See Jucker et al. Lewkemia Res.,, 18:7-16, 1994,
Expression of the met gene was delected in patients with
Hodgkins discase, Burkitt’s, lymphoma celt line and acute
myeloid leukemia. Expression of c-met encoded HGFR in
human melonocytic neoplasms has been used to demonstrate
1he relationship to malignant (umor progressions. Natali, Br.
J. Cancer 68:746-750, 1993,

The role of c-met in human tumors is reviewed in Gior-
dano et al., Ewropean Jral. Cancer Prevention, 1:45-49,
1992. Examples of buman mmors believed to be associated
with c-met include colon cancer tumor, epithelial tumors,
gasirointestinal tumors, thyroid tumors, and others. The
expression of HGFR in human pancreatic cancer is
described in Renzo ¢t al., Cancer Res., 55:1129-1138, 1995.
The TPR/MET oncogenic rearrangement is present and
expressed in human gasiric carcinoma and precursor legion,
see Soman et al,, Proc. Natl. Acad. Sci. USA, 88:4892-4896,
1991. Tt has been reported that HGF gene deletion leads to
death knockout mice see Bioworld Today Teb. 24,1995, The
molecular characteristics of HGF-SF and its role in cell
motility and invasion is reviewed in Widner ct al., Hepato-
cyte Growth Factor Scatter Factor (HGSF) and the C MET
Receptor Editors Goldberg and Rosen, 1993.

F. PDGFR Driven Disorders

PDGFR driven disorders are described in U.S. patent
applications Ser. Nos. 08/370,574 and 08/426,789, filed Jan.
6, 1995 and Apr. 21, 1995, both of which are incorporated
herein by reference in their eatirety including any drawings.

II. Diagnostic Uses

Another use of the compounds described herein is to help
diagnose whether a disorder is driven, 1o some extent, by a
particular receptor tyrosine kinase. Some cancers may be
driven by more than one receptor tyrosine kinases. For
example, Wada et al, Oncogene 5.489—495, 1990, describes
co-expression of EGFR and HER2.

A diagnostic assay to determine whether a particular
cancer 15 driven by a specific receptor can be carried out

. -Ef_ €7y
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using the following steps: (1) culturing test cells or tissues;
(2) administering a compound which can inhibif one or more
receptor tyrosine kinase; and (3) measuring the degree of
growth inhibition of the test cells.

These steps can be carried out using standard techniques
in iight of the present disclosure. For example, standard
lechniques can be used to isolate cells or tissues and cul-
turing or in vivo. An example of an in vitro assay is a cellular
kinase assay as described below. An example of an in vivo
assay is a xenograft experiment where the cells or tissues are
implanted into another host such as a mouse.

Compounds of varying degree of sefectivity are uscful for
diagnosing the rale of a receptor tyrosine kinase. For
example, compounds which inhibit morc than one type of
receplor tyrosine kinase can be used as an initial fest
compound to determine if one of several receptor tyrosine
kinases drive the disorder. More selective compounds can
then be used to further eliminate the possible role of different
receptor tvrosine kinases in driving the disorder. Test com-
pounds should be more potent in inhibiting receptor tyrosine
kinase activity than in exerting a cylotoxic effect (e.g., an
1C,/LD4, of greater than one). 1Cs, and LDg, can be
measured by standard technigues, such as deseribed in the
present application and using an MTT assay as described by
Mossman supra, or by measuring the amount of LDH
released {Korzeniewski and Callewaerl, J. supra; Decker and
Lohmann-Matthes, supra}. The degree of 1C,,/1.Dy, of 2
compound should be taken into account in evalualing the
diagnostic assay. Geperally, the larger the ratio the more
reliable the information. Appropriate controls to take into
account Lhe possible cytoloxic effect of 4 compound, such as
treatling cells not associated with a cell proliferative disarder
(e.g., control cells) with a lest compound, can also be used
as part of the diagnostic assay.

IT1. Pharmaceutical Formulations and Modes of
Administration

The particular compound that affects the protein com-
plexes and the disorder of interest can be administered 10 a
paticnt cither by themselves, or in pharmaceutical compo-
sitions where it is mixed with suitable carriers or cxcipient
(s). lo treating a patient exhibiting a disorder of interest, a
therapeutically effective amount of a agent or agents such as
these is administered. A therapeutically effective dosc refers
to that amount of the compound that results in amelioration
of symptoms or a prolongation of survival in a patient.

Toxicity and therapeutic efficacy of such compounds can
be determined by standard pharmaceutical procedures in cell

cultures or experimental animals, e.g., for determining the -

LDy, (the dose lethal to 50% of the population) and the ED,
(the dose therapeutically effective in 50% of the population).
The dose ratio hetween toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio
LD;y/EDg,. Compounds which exhibit large therapeutic
indices are preferred. The data obtained from these cell
culture assays and animal studies can be used in formulating
a range of dosage for use in human., The dosage of such
compounds lies preferably within a range of circulating
concentrations that include the ED, with little or no tox-
icity. The dosage may vary within this range depending upon
lhe dosage form employed and the route of administratian
utilized.

Fer any compound used in the method of the invention,
the therapeutically effective dose can be estimated initially
from cell culture assays. For example, a dose can be for-
mulated in znimal models to achieve a circulating plasma
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cancentration range that includes the ICq; 25 determined in
cell culture (i.e., the concentration of the test compound
which achieves a half-maximal disruption of the protein
complex, or a half-maximal inhibition of the cellular level
and/or activity of a complex component). Such information
can be used to more accurately determine useful doses in
humans. Levels in plasma may be measured, for example, by
HPLC.

The exact formulation, route of administration and dosage
can be chosen by the individual physician in view of the
patient’s condition. (See c.g. Fingl el al,, in The Pharma-
cological Basis of Therapeutics, 1975, Ch. 1 p. 1). It should
be noted that the attending physician would know how (0
and when 1o terminate, imterrupt, or adjust administration
due to toxicity, or to ergan dysfunctions. Conversely, the
attending physiciao would also know to adjust treatmeat 10
higher levels if the clinical response were not adequate
{precluding toxicity). The magnitude of an administrated
dose in the management of the oncogenic disorder of interest
will vary with the severity of the condilion 1o be treated and
to the route of administration. ‘The severity of the condition
may, for example, be evaluated, in part, by standard prog-
nostic evaluation methods, Further, the dose and perhaps
dose frequency, will also vary according to the age, body
weight, and response of the individual patient. A program
comparable to 1bul discussed above may be used in veteri-
nary medicine.

Depending on the specific conditions being treated, such
agenis may be formulaled and administered systemically or
tocally. Technigues for formulation and administration may
be found in Remington’s Pharmaceutical Sciences, 18thed.,
Mack Publishing Co., Easlon, Pa. (1990). Suiiable routes
may include oral, rectal, (ransdermal, vaginal, transmucosal,
or intestinal administration; parcnieral delivery, including

s intramuscular, subcutaneous, intramedullary injections, as

well as inirathecal, direci intraventricular, iniravenous,
intraperitoneal, intranasal, or intraocular injections, just (o
name a few. For injection, the agents of the invention may
be formulated in agueous solutions, preferably in physi-
ologically compatible buffers such as Hanks’s solution,
Ringer’s solufion, or physiological saline buffer. For such
transmucosal administration, penetranis appropriate to the
barrier to be permeated are used in the formulation. Such
penetrants are geoeraly known in the art.

Use of pharmaceutically acceptable carriers to formulate
the compounds hercin disclosed for the practice of the
invention into dosages suitable for systemic administration
is wilhin the scope of the invention. With proper choice of
carrier and suitable manufacturing practice, the composi-
tions of the present invention, in parlicular, those formulated
as sclutions, may be administered parenteralty, such as by
intravenous injection. The compounds can be formulated
readily using pharmaceutically acceplable carriers well
krown in the arl into dosages suitable for oral admimistra-
tion. Such carriers enable the compounds of the Wnvention o
be formulated as tablets, pills, capsules, liquids, gels, syrups,
slurries, suspensions and the like, for oral ingestion by a
patient ta be treated.

Agents intended to be administered intracellularly may be
administered using technigues well known to those of ordi-
nary skill in the art. For ¢xample, such agents may be
encapsulated into liposomes, then administered as described
above. Liposomes are spherical lipid bilayers with aqueous
interiors. All molecules present in an aqueous solution at the
time of liposome formaticn are incorporated into the aque-
ous interior, The Hposomal contents are both protecied from
the external microenvironment and, because liposomes fuse
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with cell membranes, are efficiently delivered into the cell
cytoplasm. Additionally, due to their bydrophobicity, small
arganic molecules may be directly administered intracellu-
Tarly.

Pharmaceutical compositions suwitable for use in the
present invention include compositions wherein ihe active
ingredients are contained ip an effective amount to achieve
its intended purpose. Determination of the effective amounts
is well within the capability of those skilled in ihe art,
especially in light of the detailed disclosure provided herein.
In addition to the active ingredients, these pharmaceutical
compositions may contain suitable pharmaceutically accept-
able carriers comprising ¢xcipients and auxiliaries which
facilitate processing of the active compounds into prepara-
tions which can be used pharmaceutically. The preparations
formulated for oral adminjstration may be in the form of
1ablets, dragees, capsules, or solutions. The pharmaceutical
compositions of the present invention oay be manufactured
in a manner that is itsell known, ¢.g., by means of conven-
tionat mixing, dissolving, granulating, dragee-making,
levitating, emulsifying, encapsulating, eatrapping or lyo-
philizing processes.

Pharmaccutical formulations for paresteral administra-
tion include aqueous solutions of the active compounds in
water-soluble form. Additionally, suspensions of the active
compounds may be prepared as appropriate oily injection
suspensions. Suiluble lipophilic solvents or vehicles include
fatty oils such as sesame il, or synthetic fatty acid esters,
such as ethyl oleate or triglycerides, or liposomes. Aqueous
igjection suspensions May contain substances which
increase the viscosily of the suspension, such as sudium
carboxymethyl cellulose, sorbitol, or dextran. Optionally,
the suspension may also contain smtable stabilizers or
agents which increase the solubility of the compounds to
allow for the preparation of highly concentrated solutions.

Pharmacewtical preparations for oral use can be obtained
by combining the active compounds with solid excipieat,
optionally grinding a resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable excipients
are, in particular, fillers such as sugars, including lactose,
sucrose, mannitol, or sorbitol; cellulose preparations such
as, for example, maize Slarch, wheat starch, rice starch,
potato starch, gelalin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpyrrolidone
(PVP). If desired, disintegrating agents may be added, such
as the cross-linked polyvinyl pyrrolidone, agar, or alginic
acid or a salt thercof such as sodium alginate.

Dragee cores are provided with suitable coatings. For this
purpose, concentrated sugar solutions may be used, which
may oplionally conlain gum arabic, tale, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or tita-
nium dioxide, lacquer solutions, and suitable organic sol-
vents or solvent mixmres. Dycstuffs or pigments may be
added fo the tablets or dragee coatings for identification or
to characterize different combinations of active compound
doses.

Pharmaceutical preparations which can be used orally
include push-fit capsules made of gelatin, as well as soft,
sealed capsules made of gelalin and a plasticizer, such as
glycerol or sombitol. The push-fit capsules can contain the
active ingredients in admixture with filiers such as lactose,
binders such as starches, and/or lubricants such as talc or
magnesium slearate and, optionally, stzbilizers. ln sofi
capsules, the active compounds may be dissolved or sus-
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pended in suitable liquids, such as fatty oils, liquid paraffin,
or liquid polyethylene glvcols. In addition, stabilizers may
be added.

Dosage amount and interval may be adjusted individueally
1o provide plasma levels of the active moicty which are
sufficient 1o maintain the kinase modulating effects, or
minimal effective concentration (MEC). The MEC will vary
for each compound but can be estimated from in vitro data;
eg the concentration necessary to achieve a 53-%0% inhi-
bition of the kinase using the assays described berein.
Dosages pecessary 1o achieve the MEC will depend on
individual characteristics and route of admipistration.
However, HPLC assays or bioassays can be used 1o deter-
mine plasma concentrations.

Daosage intervals can also be determined using the MEC
value. Compounds should be administered using a regimen
which maintains plasma levels above the MEC for 10-90%
of the time, preferably between 30-90% and most preferably
berween 50-90%.

EXAMPLES

Examples are provided below 1o illustrate different
aspects and embodiments of the present invention. These
examples are not intended in any way to limit the disclosed
invention, Rather, they illustrate methodology by which
drugs having the disclosed formulas can be readily identified
by routine procedure 1o ensure that they have the desired
activity, and the synthesis of different compounds described
herein. Compounds within a formula claimed herein can be
screened to determine those with the most appropriate
activity prior 1o adminisiration to an animal or human. Other
compounds can also be screened to determine suitability for
use in methods of this invention.

Example X RI R2
1. O 4-Bu 3-chloro-4-
isopropylsulfonylihien-2-yl
2 Q  35-di-trifluere 3-chloro-4-isoprapyisulfonyl
methyl thien-2-y1
3 O A-trifiudro 1-(2 4-dichlorophenoxy)pyrid-
5y melhylmereapto
4, S  4-cyano 4-(piperid-1-ylsulfonyl)phenyl
5 O At-butyl 3-chloro-4-isopropylsulfonyl
thien-2-y1
[ O 4trifltore 3-chlaro-4-isopropylsulfonyl
methyl thien-2-yi
7 S 4triftuero 3-chlero-d-isopropylsulfonyl
methyl Ihien-2-y1
8 5 4(piperid-1-yl 3-chlora-4-isopropylsulfonyi
sulfonyl) thien-2-y1
9 S 4-phenylamine  3-chlorg-4-isopropylsulfonyl
sulfonyl thien-2-y1
10. $  4{piperid-1-yl 4~(4-chloraphenylsulfonyl)
sulfonyl) thien-3-yl
11, S d-trifluoro #(4-chlorephenytsalionyl)
methyl thien-3-yt
12, O 4-trifluoro S-nitrothiazol-2-yl
methyl
13, S 4-triftuore S-nilrothiazol-2-y]
methyi
14, § d4phenylamino  3-nitrethinzel-2-yl
sulfonyl
15 G dt-butyl 3-ethoxycarbonyi-4-methyl
thien-2-v4
16. S 4-trifiuoro 3-ethoxycarbonyl-4-methyl
methyl thien-2-y1
17, S  4{piperid-1-vl 3-ethoxycarbanyl-4-methyl
sulfanyl} thien-2-y]
18. O 41-butyl Z,a-dinitrothico-5-y1 ™,
19, O 41 butyl

3—c3.'nno~5-m6lho;§1‘;xrbdnyl-4—
I
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-continued
Example X Rl R2
methyllbien-2-yl

20. O 4-trifluore 3-cyano-3-methoxycarbonyl-4-

methyl methylthien-2-yl

21 §  4-phenylamino 3-cyano-5-melhoxycarbonyl-4-

sulfonyt methylthien-2-yl

z2. 5 4-tifluoro 3-methylthien-2-yl

methyl

23 5 4(piperid-i-yl 3-methyithien-2-yi

sullonyl)

24, QO  4tburyl 4-(4-chlorophenyi)-3-cyano

’ pyrrol-2-yl

5. S d-trifluora 4-(2-chlorophenyt)-3-cyana

muthyl pyrrol-2-yl

26. S  &(piperid-1.y]  4-(2-chloropheayl)-3-cyano

sulfonyl) pyrral-2-yl

27 O d-t-butyl 4-isopropylsuifonylthicn-2-yl

28. §  4-rifluore 4-isopropylsulfonylthien-2-yl

methyl

9, S 4-(piperid-1-yl 4-isopropylsulfonylthicn-2-yl

sulfonyl)

30. O 4t-buryl 44
{trifluoromethy))phenylamine
sulfonyl)thien-2-y!

. S d4-(piperid-1-y1 4

suifonyl (triffucromethyljphenylaming
sulfonyl)thien-2-yl

32 5 d-triflucro 3-aminocarbonyl-4-methylthien-

methyl 2=yl

33. 5 4(piperid-1-v1 dtrifuoromethviphenyl

sulfonyl)

34, S a(piperid-1-y] d-trifucromethylbenzyl

sulfonyl)

35. S d-uifluero 2-(Z.4-dichlorophenoxy)pyrid-

methyl 5y

EXAMPLES

Example 1 (Z1)

N-[3-Chloro-4-(isopropylsulfonyl)thien-2-yt]-N'-(4-(-
butylphenylurea
2-Aming-3-chloro-4-isopropylsulfonylthiophene (260

mg) was stirred for 4 hours with 4-t-bulylphenylisocyanate

(119 mg) in 1 mL of pyridine at 60 &oC, The pyridine was

evaporated to dryness and the residue taken up in a mixture

of ethyl acetate and 1N hydrochloric acid. The ethy] acetate
layer was washed with water, saturated sodium bicarbonate
and brine, and dried over anhydrous magnesium sulfate.

Concentration and crystallization of the residue from ethanol

and water gave 100 mg of N-[3-chloro-4-

(isopropylsulfonyl)thien-2-yl-N'-(4-(-butyl-pbenyl)urea, an

off-whitc solid.

Examplc 2(Z2)

N-[3-Chloro-4-(isopropylsulfonyl)thien-2-yl]-N'-(3,5-di-
trifluoremethylphenyljurea
3,5-Di-trifluoromethylphenylisocyanale was treated with

2-amino-3-chloro-4-isopropylselfonylthiophenc as in

Example 1 to give N{3-chlore-4-{isopropylsulfonyljthien-

2-y1]-N*-(3,5-di-triflucromethylphenyl) wrea, an off-white

solid.

Example 3 (2.3)

N-[2-(2,4-Dichlorophenoxy)pyrid-5-yt]-N'-[4-
trifivcromethylmercapto)phenyljurea
5-Amino-2-chioropyridine{643 mg)in 3 mL of chloro-

form containing 505 mg of triethylamine was stirred with

853 mg of benzyl chlorofarmate for 4 hours at 60 degrees C.

‘I'he mixture was then diluted with 20 mL of chloroform and
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washed with water, saturated sodium bicarbonate and brine,
dried over anhydrous magnesium sulfate and evaporated to
give 700 mg of 5-benzyloxycarbonylamino-2-
chloropyridine. 5-Benzyloxy carbonylamino-2-
chloropyridine (272 mg) and 163 mg of 2,4-dichiorophencl
were stirred overnight al room temperature in 1 mL of
dimethylformamide containing 138 mg of potassium car-
bonate. The reaction mixture was evaporated to dryness
under high vacuum and partitioned between ethyl acetate
and water. The ethy] acetale layer was washed with water,
saturated sodium bicarbonate and brine, dried over anhy-
drous magnesium sulfate and cvaporated. Hydrogenolysis in
methanol over palladium on carbon gave 5-amino-242 4-
dichlorophenoxy) pyridine. The 5-amino-2-(2,4-
dichlorophenoxy)pyridine was trcated with
4~(trifluoromethylmercapto)phenylisocyanate under condi-
tions similar 1o those in Example 1 to give N-J2-(2,4-
dichlorophenoxy)pyrid-5-y1}-N'-[4-trifluoromethyl
mercapto)phenyl]urea.

Example 4 (Z4)

N-(4-Cyanophenyl)-N'-[4-[{piperid-1-yl}sulfonyl]phenyl]

thiourca

4-Chlorosulfonylphenylisothiocyanate (233 mg) was
sticred with 85 mg of piperidine and 115 mg of
N-ethylmorpholine in 1 mL of chloroform at 0 degrees C for
two bours. The mixture was diluted into 10 mL of ice cold
chloroform and washed with ice cold waler, saturaled
sodium bicarbonate, 1N hvdrochloric acid and brine, dried
over anhydrovs magnesium sulfate and concentrated (v
dryness. The residue was trealed with 118 mg of
4-aminobenzonitrile as in Example 1 to give N-(4-
cvanophenyl)-N'-[4-[(piperid-1-v¥])sulfonyl]phenyl]
thiourea, an off-white sclid.

The following examples were prepared in a mamner
similar to that of Example I.

Example 3
N-{4-1-Butylphenvt}-N'-[3.chloro-4-(isopropylsulfonyl)
thien-2-yljurea.
Example 6
N-[3-chloro-4-(isopropylsulfonyl)thien-2-y1]-N'-(4.
trifluoromethylphenyl)urea.
Example 7
N-[3-Chlcro-4-(isopropylsulfonyl)thien-2-y1]-N'-4-
triflucramethylphenyl)thiourca.
Example 8
N-[3-Chloro-4-(isopropylsulfonyl)thien-2-y1]-N'-[4-
{piperid-1-yI}sulfonylphenylthicurea.
Example 9
N-[3-Chloro-4-(isopropylsulfonyl)ihien-2-y1]-N'-[4-
phenylaminosulfonylphenyl]thiourca.
Example 10
N-{4-(4-Chlorophenylsulfonyl)thien-3-vI]-N'{4-(piperid-1-
vl)sulieoylphenyl]thiourea.
Example 11

N-[4-(4-Chlorophenylsulfonyl)thien-3-yl}-N"-(4-
trifluoromethylphenylithicurea.

4|
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Example 12

N-(5-Nitrothiazol-2-y1)-N'-(4-trifluoromethylphenyljurea.

Example 13
N-(5-Nitrothiazol-2-y1)-N'-(4-trifleoromethylphenyl)
thicurea.
Examplc 14
N-{5-Nitrothiazel-2-y1)-N'-[4-(phenylaminosulfonyl)
phenyljthiourea.
Lxample 15
N-(4-1-Butylphenyl)-N'-(3-ethoxycarbonyl-4-methylthiea-
2-ylyurea.
Example 16
N-(3-Ethoxycarbonyl-4-methylthien-2-y1)-N'-(4-
trifluoromethylphenytithiourea.
Example 17
N-{3-Ethoxycarbonyl-4-methylthien-2-y1)-N{4-[(piperid-
1-ylsulfonyljphenyl]thiourea.
Example 18
N-(4-1-Butyiphenyl)-N'-(2,4-dinitrothien-5-yljurea
Example 19
N-{4-1-Butylpheny]}-N'-{3-cyano-5-methoxycarbonyl-4-
methylthien-2-ylurea.
Example 20
N-(3-Cyano-5-methoxycarbonyl-4-methylthien-2-yl)-N'-(4-
trifluoromethylphenyljurea.
Example 21
N-(3-Cyano-3-methoxycarbonyl-4-methylthien-2-yhN'-[4-
(phenylaminosulfonyl)phenyl Jthiourea.

Example 22

N-(3-Methylthien-2-y1)-N'-{4-trifluoromethylphenyl)
4

thiourea.

Example 23
N-(3-Methylthien-2-y1)-N'-{4-[(piperid-1-y)sulfonyi]
phenyljthiourca.
Example 24
N-(4-t-Butylphenyl)-N*{4-(4-chlorophenyi)-3-cyanopycrol-
2-yljurea.
Example 25
N-[4-(4-Chlorophenyl)-3-cyanotpyrrol-2-yi]-N'-(4-
trifluoromethylphenyljurca.
Example 26
N-[4-(4-Chlorophenyl)-3-cyanopyrrol-2-yIJ-N'-[4-[
{piperid-1-ylsulfonylJphenyljthiourea.
Example 27

N-(4-t-Butylphenyl}-N'-[4-(isopropylsulfonyl)thien-2-y1]
urea.

1492,

15

20

30

40

50

55

60

65

18
Example 28

N-[4-(Isopropylsutfony!)ihien-2-yl}-N'-4-
trifluoromethylphenylthiourea.

Example 29

N{4-(Isopropylsulfonyl)thien-2-y1}-N'-[4{(piperid-1 -y
sulfonyllphenyljthiourea.

Example 30

N-(4-t-Butylphenyl)-N'-[4-[4-(triluoromethyl)
phenylaminosulfonylJthien-2-y1]urea.

Example 31
N-[4-[(Piperid-1-yl)sulfanyl]phenyl]-N'-[4-[4-
{trifiuoromethyl)phenylaminosulfony!Jthien-2-y1]
thiourea.

Example 32

N-(3-Aminacarbonyl-4-methylthien-2-yl)-N'-(4-
trifluoromethylphenyl)thiourea.

Example 33

N-{4-[(Piperid-1-yl)sulfonyl]phenyl]-N*-4-
triflucromethyipbenylithiourea.

Example 34

N-[4-[(Piperid-1-yD)sulfonyl]lphenyl]-N'-[4-(4-
triflucromethylbenzyl Jthiourea.

Example 35

N-[2-(2,4-dichlorophenoxy)pyrid-5-y1]-N'-(4-
trifluoromethylphenyl)thiourea.

Receptor tyrosine kinases can be uscd as initial test
compounds to determine if one of several receptor tyrosine
kinases drive the disorder, More selective compounds can
thea be used to further eliminate the possible role of different
receplor lyrosing kinases in driving the disorder. ‘lest com-
pounds should be more potent in inhibiting receptor tyrosine
kinase activily than in exering a cytotoxic effect (e.g., an
1C5p/LDy, of greater than one). As noted sbove, ICy, and
LDg, can be measured by standard technigues, such as

s described in the present application and using an MTT assay

as described by Mossman supra, or by measuring the amount
of LDH released (Korzeniewski and Callewaert, J. supra;
Decker and Lohmann-Matthes, supra). The degree of 1Cg,/
LDy, of a compound should be taken into account in
evaluating the diagnostic assay. Generally, the larger the
ratio the more reliable the information. Appropriate controls
to take inlo account the possible cytotoxic effect of a
compound, such as treating cells not associated with a cell
proliferative disorder {e.g., contrel cells) with a test
compound, ¢an ajso be used as part of the diagnostic assay.

The following examples illustrate the ability of the exem-
plary compounds (o inhibit receptor tyrosine kinases, such
as HER2 and/or EGFR. The following target cells were used
for cellular kinase assays: NIH3T3 clone C7 (Honegger et
al., supra) engintered to over-express human EGF receptor;
NIH3T3 cclis engineered to over-cxpress a chimeric recop-
tor containing the EGFR cxtraccllular domain and the HER2
intracellular kinase domain; the human mammary carci-
noma line B1474 (AUCC HTB2) expressing HER2; and the
human glicblastoma line U1242 that expresses PDGFR-
beta. Growth assays were carried out usipg human mam-
mary epithelial SKBR3 (ATCC H’;‘Bifg} (SKBR3 cells
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over-express HER2), SKOV3 (ATCC HTB77) human ova-
rian cancer cell line (SKOV3 cells also over-express HER2),
A431 cells (Ad31 cells over-express EGFR) MCF7 human
breast carcinoma cells, MCF7 cells overexpressing the
HER2 kinase (MCF7-HER2), NIH3T3 cells, and NIH3T3
cells overexpressing the HER2 kinase (3T3-HER2.

The assay procedures described below were used to
generate the dala in the 1ables showing the effectiveness of
the compounds of the present invention.

GROUP II ELISA TYPE ASSAYS
EXAMPLE 1

EGFR Whole Cell Kinase Assay

EGFR kinase activity (EGFR-3T3 assay) in whole cells
was measured as described below;

Malterials & Reagens

1) EGF Ligand: stock concentration=16.5 uM; EGF 201,
TOYOBO, Co., Lid. Japan.

2) 05-101 (UBI) (a monoclonal antibody recogniziag an
EGFR extracellular domain).

3) And-Phosphotyosine antibody (polyclonal) (made
according to Fendley ct al., Cancer Research 50
1550-1558, 19%0).

4) TAGO antibody: Goat anti-rabbit IgG horse radish
peroxidase conjugate, TAGO, Inc., Burlingame, Calif.

5) TBST buffer:

Tris-HCI, pH 7.2, 50 nivt
NaCl, 130 mM,
Triton X-100 10.1%
&) HNTG 5X slock:
HEPES 1M
NeCl 0EM
Glycerol 50%
Tritor X-100 1.0%
Ty ABTS stock:
Citric Acid 100 mM
NoHPO, 250 mM
HCl, conc. 4.0 pH
ABTS* 0.5 mgfm!

=(2,2-azinobis(3-ethylbenzihiazotinesulfonic acid). Keep salution in dark at
4° C. until use.

8) Stock reagents of;

EDTA 100 mM; pH 7.0

N1, VO, 0.5 M

Na PQ 0.2 M
Pracedure

I. Pre-coat ELISA Plate

A. Coat ELISA plates (Corning, 96 well, Cat. #25805-96)
with 05-101 antibody at 0.5 ug per well in PBS, 150 11
final volume/well, and siore overnight ai 49C. Coated
plates are good for up to 10 days when stored al 47C.

B. On day of use, remove coating buffer and replacc with
blocking buffer (5% Carnation Instant NonFat Dry
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Milk in PBS). Ipcubate the plate, shaking, at room
temperature (ahout 239 to 258C) for 30 minutes, Just
priar to use, remave blocking buffer and wash plate 4
times with TBST buffer.

[1. Sceding Cells

A. EGFR/C7 cell line (Honegger, et al., supra) can be
used for this assay.

B. Choose dishes having 80-90% confluence for the
experiment,

Trypsinize cells and stop reaction by adding 10% CS
DMEM medium. Suspend cells in DMEM medivm {10%
CS DMEM medium) and centrifuge once at 1000 rpm, and
once at room lemperature for 5 minutes.

C. Resuspend cells in seeding medium (DMEM, (0.5%
bovine serum), and count the cells using trypan blue.
Viability above 90% is acceptable. Seed cells in
DMEM medium (0.5% bovine serum} at a density of
10,000 cells per well, 100 g per well, in a 96 well
microtiter plate. Incubate seeded cells in 5% CO, at
372C for ahout 40 hours.

III. Assay Procedures.

A. Check seeded cells for contamination using an inverted
microscope, Dilute drug stock (10 mg/mi in DMSO0)
1:10 in DMEM medium, then transfer 5 ¢ to a lest well
for a final drug dilution of 1:200 and a fipal DMSO
concentration of 1%.

Control wells receive DMSO alone. Incubate in 5% CO,

at 37° C. for one hour.

B. Prepare EGF ligand: dilute stock EGF in DMEM so
that upon transfer of 10 ul dilute EGF (1:12 dilution),
25 oM final concentration is attained.

C. Prepare fresh HNTG suficient for 100 4l per well; and

place on ice.
HNTG*; 18 ml
HNTG stock (5x) 2.0 ml
milli-Q .0 73md
EDTA, (300 mM, pH 7.0) 0.5 ml
Nay, VO, (0.5 M) 0.1 ml
0.1 ml

Na PO, (0.2 M)

D. After two hours incubation with drug, add prepared
EGF ligand to ceBls, 10 g per well, to yield a final
conceatration of 25 nM. Control wells receive DMEM
alome. Incubate, shaking, a1 rcom temperature, for 5
minutes.

E. Remove drug, EGFE, and DMEM. Wash cetls twice with
PBS. Transfer HNTG* to cells, 100 pl per well. Place
on fce for 3 minutes. Meanwhile, remove blacking
buffer from other ELISA plate and wash with TBST as
described above.

F. With a pipette tip securely fitted to a micropipettor,
serape cells from plate and homogenize cell material by
repeatedly aspiraling and dispensing (he HNTG* lysis
buffer. Transfer lysate 10 a coated, blocked, and washed
ELISA plate, Incubate shaking at room temperature for
ane hour.

G. Remove lysate and wash 4 times with TBST. Transfer
freshly diluted anti-Ptyr antibody 1o ELISA plate a1 100
4l per well, Incubate shaking at room temperature for
30 minutes in the presence of the anti-Piyr antiscrum
(1:3000 dilution in TBST).

H. Remave the anti-Plyr antibody and wash 4 times with
TBST. Transfer the freshly diluted TAGO 30 anti-rabbit
Tz G antibody (anti-rabbil IgG antibody: 1:3000 dilution
in TBST) to the ELISA plate at 100 ul per well.
Incubate shaking at room temperature for 30 minutes.
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I. Remove detection antibody and wash 4 times with
TBST. Transfer freshly prepared ABTS/H,0, solution
to ELISA plate, 100 @l per well. Incubate al room
temperature for 20 minutes. ABTSH,0, solution: 1.2
#1 30% H,0, in 10 ml ABTS stock.

1. Stop reaction by adding 50 #1 SN H,S0O, (optional), and
determine O.D. at 410 nm.

K. The maximal phosphotyrosine signal is determined by
subiracting the value of the negative controls from the
positive controls. The percent inhibition of phosphoty-
rosine contenl for extract-containing wells is then
caleulated, after subtraction of the negative conirols.

EXAMPLE 2

EGFR-HER2 Chimeric Recetor

HER?2 kinase activity (EGFR-3T3) in whole cells was
measured as described below:
Materials & Reagents

The materials and regeants are identical to these used in
cxample 1, the EGFR whole ccll kinase assay.

Procedure
1. Pre-coat ELISA Plate

A. Coat ELISA plates (Corning, 96 well, Cat. #25805-96) 2

with 05-101 antibody at 0.5 g per well in PBS, 100 ul
final volume/well, and store overnight at 4C. Coated
plates are good for up to 10 days when stored at 4° C.

B. On day of use, remove coating buffer and replace with
100 4 blocking buffer (5% Carnation Instant Non-Fat
Dry Milk in PBS). Incubate the plate, shaking, at room
temperature (about 232C 1o 259C) for 30 minutes. Just
prior to use, remove blocking buffer and wash plate 4
times with TBST buffer.

Il. Seeding Cells

A. Ap NTH3T3 cell line overexpressing a chimeric recep-
tor containing the EGIR extracellular domain and
extracellular HER2 kinase domain can be used for this
assay.

B. Choose dishes having 80-90% confluence for the
experiment. Trypsinize cells and stop reaction by add-
ing 10% fetal bovine serum. Suspend cells in DMEM
medivm (10% CS DMEM medium) and centrifuge
onice at 1500 rpm, at room temperature for 5 minutes.

C. Resuspend cells in seeding medium (DMEM, 0.5%
bovine serum) , and count the cells using trypan blue.
Viability above 90% is acceptable. Seed cells in
DMEM medium (0.5% bovine serum) at a density of
10,000 cells per well, 100 ut per well, in a 96 well
microtiler plate. Incubale secded cells in 5% CO, at
37 for about 40 hours.

III. Assay Procedurcs

A. Check seeded cells for contamination using an inverted
microscope, Dilute drug stock (10 mg/ml in DMSQO)
1:10 in DMEM medivm, then transfer 5 1 to a TBST
well for a final drug dilution of 1:200 and a final DMSO
cancentration of 1%. Control wells receive DMSQ
alone. Incubate in 5% CO, at 37° C. for two hours.

B. Prepare EGF ligand: dilute stock EGF in DMEM so
that wpon transfer of 10 gl dilute EGF (1:12 dilution),
100 oM final concentration is attained.

C. Prepare fresh HNTG* sufficient for 100 ul per well;
and place on ice.
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milli-Q H,0 73 ml
EDTA, 100 mM, pH 7.0 0.5 ml
Na, V0, 0.5 M 0.1 ml
Na,PO;, 0.2 M 01ml

D. After 120 minutes incubation with drug, add prepared
SGF ligand to cells, 10 4l per well, 10 a final concen-
tration of 100 oM. Coatrol wells receive DMEM alone.
Incubate, shaking, at room temperature, for 5 minutes.

E. Remove drug, EGF, and DMEM. Wash cells twice with
PBS. Traosfer HNTG* 1o cells, 100 ul per well. Place
on ice for 5 minues. Meanwhile, remove blocking
buffer from other ELISA plate and wash with TBST as
described above.

F. With a pipelle tip securely fitted to a micropipettor,
scrape cells from plate and bomogenize cell material by
repeatedly aspirating and dispensing the HNTG*® lysis
buffer. Transfer lysate 10 a coated, blocked, and washed
ELISAplate. Incubate shaking at room temperature for
ane hour.

G. Remove lysate anil wash 4 times with TBST. Transfer
freshly diluted anti-Ptyr antibody to ELISA plate at 100
A per well. Incubate shaking a1 room temperature for
30 minutes in the presence of the anti-Plyr antiseum
(1:300¢ dilution in TBST).

H. Remove the anti-Ptyr antibody and wash 4 times with
TBST. Transfer the freshly diluled TAGO anti-rabbit
1gG antibody {anti-rabbit IgG antibody: 1:3000 dilutian
in TBST) to the ELISA plate at 100 ul per well.
Incubate shaking at room temperature for 30 minutes.

I. Remove detection antibody and wash 4 times with
TBST. Transfer freshly prepared ABTS/H,0, solution
(ABTSMH,O, solution: 1.0 @l 30% H,0, in 10 ml
ABTS stock) to ELISA plate, 100 ¢ per well. Incubate
shaking at room temperature for 20 minutes.

1. Stop reaction by adding 50 ul SN H,S0, (optional), and
determine (.13, at 410 om.

K. The maximal phosphotyrosine signal is determined by
sublracting the value of the negative controls from the
positive controls. The percent inhibition of phosphoty-
rosine content for extract-containing wells is then
calculated, after subtraction of the nepative controls.

EXAMPLE 3

HER2-ELISA

HER2-D3T474 assays measuring whole cell IIER2 activity
was carried out as described below:

Materials & Reagents

1. The cell line used in this assay is BT-474 (ATCC
HBT20), 2 human breast tumor cell line which
expresses high levels of HER2 kinase.

2. BT-474 is grown in an incubator with 5% CQ, at 37°
C. The growth media is RPMI+10% FBS+GMS-G
(Gibco supplement)+Glulamine.

3. A monoclonal anti-HERZ antibody is used in ELISA.

4. D-PBS:

10 ml
2.0 ml

HNTG™:
IINTG stock
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0.20 g 10 (GIECO, 310-4190AT)

2.16 gil:
20
g &Y
I
4{"-‘{."“ L
-
-4

LI
-

5‘&)’



5,773,459

23
~continued
KOl 0.20 g1
NaCl 8.00 g/l pH 7.2

5. Blocking Buffer: TBST plus 5% Milk (Carnation
Instant Non-Fat Dry Milk).

6. TBST bufter;
Tris-HCI 50 mM pH 7.2 {HCY, 10 N)
NaCl 150 mM
Triton X-100 1%

*Stock solution of TES (10X) is preparcd, and Triton
X-100 s added to the buffer during dilution.

7. HNTG buffer:

HEPES 20 mM; pH 7.2 (HCI, 1 N)
NaCll 15¢ mM

Glyeerol 10%

Triton X-100 0.2%

*Stock solution (5x) is prepared and kept in 4° C.

8. EDTA-HCI: 0.5M pH 7.0 (10N HCL) as 500X stock.

9. Na,VO,: 0.5M as 100X stock is kept al -80° C. as
aliquots.

10. Na,P.0;: 0.2M as 100X stock.

11. Polyelonal antiserum anti-phosphotyrosine.

12, Goal anti-rabbil IgG, horse raddish peroxidase (PODY)
conjugale, Tago (Cat. No. 4520; Lot No. 1802): Tage,
Inc., Butlingame, Calif.

13. ABTS solution:

Citric acid 100 mM,
Wa, PO, 250 mM; pH 4.0 (1 N HCI)
ABTS 0.5 mg/ml

* ABTS: 2.2'-azinobis{3-ethylbenztbiazolinesulfonic
acid)

*ABTS solution should be kept in the dark at 40C. The
solution should be discarded when it rums green.

14. Hydrogen Peroxide: 30% solution is kept in dark and

4°C.

Proccdure

All the following steps are at room temperature and
aseptically performed, unless stated otherwise. All ELISA

plate washing is by rinsing with distilled waler three times -

and once with TRST.

1. Cell Seeding

{2) Grow BT474 cells in lissue culture dishes (10 em,
Corning 25020-100) fo 80-90% confluence 2nd callect
using Trypsin-EDTA (0.25%, GIBCO).

{(b) Resuspend the cells in fresh medium and transfer to
96-well tissue culture plates (Corning, 25806-96) at
about 25,000-50,000 cells/well (100 gdfwell). Tncubate
the cells in 5% CO, at 37° C. overnight.

2. ELISA Plate Coating and Blocking

(2) Coat the ELISA plaie (Coming 25805-96) with anti
HER2 antibody at 0.5 gg/well in 150 ul PBS overnight
at 49C, and scal with parafilm. The antibody coated
plates can be used up to 2 weeks, when stored at 4° C,

(b) On the day of use, remove the coating solution, replace
with 200 z1 of Blocking Buffer, shake the plate, and
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thea remove the blocking buffer and wash the plate just
before adding lysate.

3, Assay Procedures

(a) TBST the drugs in serum-free condition. Before
adding drugs, the old media

(b) Dilute drug stock (in 1009% DMS0) 1:10 with RPMI,
and transler 10 pljwell of this solution to the cells to
achieve a final deug DMSO concentration at 1%. locu-
bate the cells in 5% CO, at 37° C.

(c) Prepare fresh cell lysis buffer (HNTG*)

HNTG 2ml
EDTA 0.2 ml
NayVO, 0.1 ml
Na 20, 0.1 ml
t,0 73 mi
HNTG* 10 ml

() After drug preincubation for two hours remove all the
solution from the plate, transfer HNTG* 100 glfwell to
the cells, and shake for 10 minutes.

(e} Use a 12-chanuel pipette to scrape the cells from the
plate, and homogenize the lysate by repeat aspiration
and dispensing. Transfer all the lysate to the ELISA
plate and shake for 1 hour.

{f) Remove the lysate, wash the plate, add anti-pTyr
(1:3,000 with TBST) 100 ul/well, and shake for 30
minuies.

{g) Remove aati-pTyr, wash the plate, add goat anti-rabbit
IgG conjupated antibody (1:5,000 with TBST) 100
alfwell, and shake for 30 minutes.

{h) Remove anti-rabbit 1gG antibody, wash the plate, and
add fresh ABTS/H,O, (1.2 ¢l 30% H.Q, in 10 ml
ABTS) 100 ul/well to the plate to start color
development, which usually takes 20 minutes.

(1) Measure QD 410 oM, Dynatec MR5000.
CXAMPLE 4
PDGEF-R Cellular Assay

The PDGF cellular kinase assay was carfed oul as
follows: cells are lysed in (.2M Hepes, 0.15M NaCl, 10%
ViV glycerol, 0.04% Triton X-100, 5 mM EDTA, 5 mM Na+
vanadate and 2 mM Na+ pyrophosphate; cell lysales are then
added to an ELISA plate coated with an anti-PDGF recepior
antibody (Genzyme); ELISA plates are coated at D.5 pg of
antibody/well in 150 41 of PBS for 18 hours at 4° C. prior
to the addition of the lysate; the lysate is incubated in the
coated plates for 1 hour and then washed four times in TBST
(35 mM Tris-HCl pH 7.0, 0.15M NaCl, 0.1% Triton X100);
anti-phosphotyrosine antibody (100 ¢4 in PBS) is added and
the mixture is incubated for 30 minutes at room temperature;
the wells were then washed four times in TBST, a secondary
antibody conjugated 10 POD (TAGO) is added 10 each well,
and the treated well are incubated for 30 minutes at room
temperature; the wells are then washed four times in TBST,
ABTS/T1, 0, solution is added to each well and the wells are
ircubated for two minutes; absorbance is then measured at
410 nm.

EXAMPLE 5

Cellular IGF-1 Receptor ELISA (Version I)

U1242 MG cells were plated in 96-well plales at a
concentration of 5x10* cellsAvell in cultured media contain-
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ing 0.5% FBS. The cells were incubated for 24 hours. The
cells were then treated with a particular compound for 2
hours followed by the addition of 100 ng/ml PDGF-BB and
incubation for 10 minutes.

Cells were lysed in 0.2M Hepes, 0.15M NaCi, 10% V/V
glycerol, 0.04% Triton X-100, 5 mM EDTA, 5 mM Na+
vanadate and 2 mM Na+ pyrophosphate. Cell lysates were
then added to an ELISA plate coated with an anti-PDGF
receptor antibody (Genzyme). ELISA plates were coated at
0.5 ug of antibodyAwell in 150 pd of PBS for 18 hours at 4°
C. prior to the addition of the lysaie.

The lysate was incubated in the coated plates for 1 hour
and then washed four times in TBST (35 mM Tris-HCl pH
7.0, 0.15M NaCl, 0.1% Triton X-100). Anti-
phosphotyrosine antibody (100 ¢l in PBS) was added and
the mixture was incubated for 30 mioules at room tempera-
ture. The wells were then washed four times in TBST, a
secondary antibody conjugated to POD (TAGO) was added
to each well, and the treated well were incubated for 30
minutes at room temperature. The wells were then washed
four times in TBST, ABTS/H,0, solution was added to each
well and the wells were incubated for two minutes. Absor-
bance was then mcasured at 410 nm.

MATERIALS AND REAGENTS

(1). The cell line used in this assay is 3T3/IGF-1R, a cell
line which overexpresses IGF-1 Receplor.

(2). 3T3/IGF-1 R is grown in an (ncubator with 5% CO2
at 37° C. The growth media is DMEM+10% FBS (heat
inactivated)+2 mM L-Glwtamine.

(3). For ELISA plate coating, the anti-IGF-1 R antibody
named 17-69 is used, Antibodics are purified by the Enzy-
mology Lab, SUGEN, Inc.

(4). D-PBS:
RHIPO4 0.20 g/l {GIBCO, 310-4190AT)
KZHPO4 216 g
KCl 0.20 g
NaCl 800 g, pH 7.2

(5). Blocking Buffer: TBST plus 5% Milk (Carnation
Instani Nono-Fat Dry Milk)

(6). TBST buffer: Tris-HC1 50 mM NaCl 150 mM pH 7.2
(HCl, 10N) Triten X-100 0.1% *. Stock solution of TRS
(10X) is prepared, and Triton X-1(0N) is added to the buffer
during dilution,

(6). HNTG buffer: HEPES 20 mM NaCl 150 mM pll 7.2
(HC, 1N) Giycerol 10% Triton X-100 0.2 *. Stock solution
(5X) is prepared and kept at 4° C.

(7} EDTA.HCI: 05M pH 7.0 (NaOH) as 100X stock.

(8). Na3vO4; 0.5M as 100X stock and aliquots are kept
in -80° C.

(9). NadP207: 0.2M as 100X stock.

(10). Insulin-like growth factor-1 from Promega (Cat#
GS111).

(11). Polyclonal antiserum Amti-phosphotyrosine:

(12). Goai anti-rabbit IgG, POD conjugate (detection
antibody), Tago (Cat. No. 4520; Lot No, 1802): Tago, Inc.,
Burlingame, Calif.

{13). ABTS solution: Citric acid 100 mM Na2HPO4 250
mM pH 4.0 (IN HCl) ABTS 05 mg/ml * ABTS: 2.2
azinobis{3-ethyibenzthiazolinesulfonic acid) *. ABTS solu-
tion should be kept in dark and 4° C. The solution should be
discarded when it turns green.
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(14). Hydrogen Peroxide: 30% solution is kept in the dark
and at 4° C.

V. PROCEDURE

Al the following steps are conducted at room temperaure
unless it is specifically indicated, All ELISA plate washings
are performed by rinsing the plate with tap water three times,
followed by one TBST rinse. Pat plate dry wilh paper
towels.

1. Cell Seeding

(). The cells, grown in tissue culture dish (10 cm,
Cormning 25020-100) to 80-90% confluence, are harvested
with Trypsin-EDTA (0.25%, 0.5 m/D-100, GIBCO).

(2). Resuspend the cells in fresh DMEM+10% FBS+2
mM L-Glutamine, and transfer to 96-weli tissue culture
plate (Corning, 25806-96) at 20,000 cells/well (100 ul/well).
Incubate for 1 day then replace medium to serum-frec
medium (90Al) and incubate in 5% CO2 and 37° C. over-
night.

2. ELISA Plate Coating and Blocking

{1). Coat the ELISA plate {Corping 25805-96) with Anti-
IGF-1 R Antibody at 8.5 ugfwell in 100 ul PBS at least 2
hours.

(2). Remove the coating solution, and replace with 100 ul
Blocking Buffer, and shake for 30 minutes. Remove the
blacking buffer and wash the plate just before adding lysate.

3. Assay Procedures

(1). The drugs are tested in serum-free condition.

(2). Dilute drug stock (in 100% DMSO) 1:10 with DMEM
in 96-well poly-propylenc plate, and transfer 10 ul/well of
this solution to the cells to achieve final drug dilution 1:100,
and final DMSO concentration of 1.0%. Incubate the cells in
5% €02 at 37° C for 2 hours.

(3). Prepare fresh cell lysis buffer (HNTG HNTG 2 ml
EDTA 0.1 ml Na3v04 0.1 ml Maq4P207 0.1 mt H20 7.3 ml
HNTG* 10 ml.

(4). After dreg incubation for two hours, transfer 10
ulfwell of 200 nM IGF-1 Ligand in PBS to the cells (Final
Conc=20 nM), and incubate at 5% CO2 a1 37° C. for 10
minutes.

(5). Remove media and add 100 uliwell HNTG* and
shake for 10 minutes. Look at cells under microscope to see
if they are adequately lysed.

(6). Use a 12-channel pipetie lo scrape the cells from the
plate, and homogenize the lysate by repeat aspiration and
dispense. Transfer all the lysate to the antibody coated
ELISA plate [V.2.(2)], and shake for 1 hour.

(7). Remove the lysate, wash the plate, transfer anti-pTyr
(1:3,000 with TBST) 100 ulfwell, and shake for 30 minutes.

(7). Remove anti-pTyr, wash the plate, ransfer detection
antibody (1:3,000 with TBST) 100 ul/well, and shake for 30
minutes.

{8). Remove detection antibody, wash the plate, and
transfer fresh ABTS/H202 (1.2 ul H202 to 10 ml ABTS)
100 ulfwell to the plate to start color development.

(9). Measure OD (410 nm) in Dynatec MRS000, which is
connected 10 Ingres.

EXAMPLE 4

Cellular Insulin Receptor ELISA (Version 1)
The following protocol describes the cebifline, reagents
and pracedures used lo measure phosphiotyrosine level on
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Insulin Receptor, which indicates Insulin Receptor tyrosine
kinase activity.

MATERIALS AND REAGENTS

(1). The cell line used in this assay is H25 {ATCC #CRL
8017), an NIH3T3 cell line which overexpresses Insulin
Receptor.

(2). H25 cells are grown in an incubator with 5% CO?2 at
37° C. The growth media is DMEM+10% FBS (heat
inactivated)+2 mM [-Glutamine.

{3). For ELISA plate coating, the monoclonal anti-1R
antibody named BRE is used. Aatibodies are purified by the
Enzymology Lab, SUGEN, Inc.

(4). D-PBS: KH2PO4 0.20 g1 (GIBCO, 310-4190AT)
K2HPO4 2.16 g/1 KC1 (020 g/l NaCl 8.00 g/ pH 7.2.

(5). Blocking Buffer: TBST plus 5% Miik (Carnation
Instant Non-Fat Dry Milk)

(6). TBST buffer: Tris-HCl 50 mM NaCl 150 mM pH 7.2
(HCl, 10N} Triton X-100 0.1%. *. Stock solution of TBS
(10X) is prepared, and Triton X-100 is added 1o the buffer
during dilution.

(6). HNTG buffer: HEPES 20 mM NaCl 150 mM pH 7.2
(HCl, 1IN} Glycerol 10% Triton X-100 0.2% *. Siock
solution (5X) is prepared and kept at 4° C.

(7). EDTAHCL 0.5M pH 7.0 (NaOH) as 100X stock.

(8). Na3VO04: 0.5M as 100X siock and aliquots are kept
in -80° C.

(9). Na4P207: 0.2M as 100X stock,

(10). Insulin from GIBCO BRI (Cat# 18125039).

(11). Polycional antiserum Anti-phosphotyrosine: rabbit
sera generated by Enzymology Lab., SUGEN Inc.

(12). Goat anti-rabbit IgG, POD conjugate (detection
antibady}, Tago (Cat. No. 4520; Lot No. 1802): Tago, Inc.,
Burlingame, Calit.

(13). ABTS solution: Citric acid 100 mM NaZHPO4 250
mM pH 4.0 (IN HCI) ABTS 0.5 mg/ml *. ABTS: 2.2-
azinobis(3-ethylbenzthiazolinesulfonic acid) *, AB1S solu-
tion should be kept in dark and 4° C. The solution should be
discarded when it turns green.

(14). Hydrogen Peroxide: 30% solution is kept in the dark
and at 4° C.

TV. PROCEDURE

Al the following steps are conducted at ronm temperature
unless it 1s specifically indicated. All ELISA plate washings
are performed by rinsing the plate with tap water three times,
followed by ome TBST rinse. Pat plate dry with paper
towels.

1. Cell Sceding

(1). The cells, grown in tissue culture dish (10 cm,
Corming 25020-100) to 80-90% confluence, are harvested
with Trypsin-EDTA (0.25%, 0.5 mi/D-100, GIBCO).

(2). Resuspend the cells in fresh DMEM+10% FBS+2
mM L-Glutamine, and transfer to 96-well tissue culture
plate (Corning, 25806-96) at 20,000 cellsfwell (100 ul/well).
Incubate for 1 day then replace medium 10 0.01% serum
medium (9%ul) and incubate in 5% CO2 and 37° C. over-
night.

2. ELISA Plate Coating and Blocking

(1). Coat the ELISA plate (Corning 25805-96) with Anti-
IR Antibody at 0.5 ug/well in 100 ul PBS at least 2 hours.

(2). Remove the coating solution, and replace with 100 ul
Blocking Buffer, and shake for 30 minutes. Remove the
blocking buffer and wash the plate just before adding lysate.
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3. Assay Procedures

(1). The drugs are tested in serum-free condition.

(2). Dilute drug stock (in 100% DMS0) 1:10 with DMEM
in 96-well poly-propylene plate, and transfer 10 wliwell of
this solution 1o the cells to achieve final drug dilution 1:100,
and final DMSO concentration of 1.0%. Incubate the cells in
5% COZ2 at 37° C. for 2 hours.

(3). Prepare fresh cell lysis buffer (HNTG*) HNTG 2 ml
EDTA 0.1 ml Na3V04 0.1 ml Na4P207 0.1 ml H20 7.3 ml
HNTG* 10 ml

(4). After drug incubation for two hours, transfer 10
ulfwell of 1 #M Tusulin in PBS 1o the cells (Finul Conc=100
M), and incubate at 5% CO2 at 37° C. for 10 minutes.

(5). Remove media and add 100ul/well HNTG* and shake
for 10 minutes. Look at cells under microscope to see if they
are adequately lysed.

(6). Use a 12-channel pipetic 10 scrape the cells from the
plate, and homogenize the Iysate by repeat aspiration and
dispense. Transfer all the lysate to the antibody coated
ELISA plate [V.2.(2)], and shake for 1 hour.

(7). Remove the lysate, wash the plate, transfer anti-pTyr
(1:3,000 with TBST} 100 ul/well, and shake for 30 minuics.

(8). Remove anti-pTyr, wash the plate, transfer detection
antibody (1:3,000 with TBST) 100 ul/well, and shake for 30
minutes.

(9). Remove detection antibady, wash the plate, and
transfer fresh ABTS/H202 (1.2 ul H202 10 10 ml ABTS)
100 ul/well 1o the plate to start color development.

(10). Measure OD (410 nM) in Dyoaiec MR5000.

EXAMPLE 7

ELISA Assay to Measurc Kinase Aclivity of FLK-1
Receptor in FLK-1/NIH Cells

An ELISA assay was conducted to measure the kinase
activity of the FLK-] receptor and mare specifically, the
inhibition or activiation of protein 1yrosine kinase activity on
the FLK-1 receptor.

6.1. Materials And Methods

Materials. The following reagents and supplies were used:

a. Corning 96-well ELISA plates (Corning Catalog No.

25805-96);

b. Cappel Goat anti-rabbit IgG {calalog na. 55641);

c. PBS {(Gibca Catalog No. 450-1300EB);

d. ‘TBSW Buffer (50 mM Tris (pH 7.2)m 150 mM NaCl

and 0.1% Tween-20);

¢. Ethanolaminc stock (10% cthanolamine (pH 7.0),

stored at 4° C);
£. HNTG buffer (20 mM HEPES buffer (pI 7.5), 15 OmM
NaCl, 0.2% Triton X-10Q, and 10% Glycerol);

g. EDTA (0.5M (pH 7.0) as a IOOX stock);

h. Sodium Ortho Vapadate (0.5M as a 100X stock)

i. Sodium pyro phosphate (0.2M as a 100X stock);

j- NUNC 96 well V bottom polypropylene plates { Applied
Scientific Catalog No. AS-72092);

k. NIH3T3C7#3 Cells (FILK-1 infected cells);

1. DMEM with 1X high glucose L Gulatamine (catalog

Na. 11965-050);

m. FBS, Gibeo {catalog no. 16000-028);

0. L-glutamine, Gibeo (catalog no. 25030-016);

0. VEGF, PepraTech, Inc. (catalog no.100-20) (kept as 1

ug/100 vl stock in Milli-Q dH,O and stored at -20° C.;
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p- Affinity purified anti-flk-I antisernm, Enzymology Lab,
Sugen, Inc,;

g. UB40 monoclonal amiibody specific for
phophotyrosine, Enzymology Lab, Sugen, Inc.;

r. EIA grade Goat anti-mouse IgG-POD (BioRad catalog
no. 172-1011)

8. 2,2-azino-bis(3-ethylbenz-thiazoline-6-sulfonic acid
{ABTS) solution (100 mM citric acid {anhydrous), 250
mM Na,HPO, (pH 4.0), 0.5 mg/ml ABTS (Sigma
catalog no. A-1888)), solution should be stored in dark
at 4° C. until ready for use;

t . H,0, (30% solution) (Fisher catalog no. 11325),

u. ABTS/H,0, (15 ml ABTS solution, 2 ul H,0,) pre-
parcd 5 minutes before use and left at room tempera-
ture;

v. 0.2M HCI stock in H,0;

w. dimethylsulfoxide (100%) (Sigma Catalog No.
D-8418) ; and

y. Teypsin-EDTA (Gibco BRL Catalog No. 23200-049)
Protocol. The [ollowing protocol was used to conduct the
ELISA Assav:

1. Coat Corning 96-well elisa plates with 1.0 ug per well
Cappel Anti-rabbit IgG antibody ia 0.1M Na2CO3 pH 9.6.
Bring final volume to 150 ul per well. Coat plates overnight
at 4° C. Plates can be kept up to two weeks when stored at
4° C.

2. Grow cells in 30 ml of Growth media (DMEM. 2.0 mM
L-Glutamine, 10% FBS) until confluent in 150cm tissue
culture dishes at 379C, 5% CQ,.

3. Harvest cells by tyrpsination and seed in Corning
25850 polystyrene 96-well roundbottom cell plates, 25.000
cellsiwell in 200 uL of growth media.

4. Grow cells at least one day at 37° C., 5% CO,,.

5. Wash cells with D-PBS IX.

6. Add 200 ulAvell of starvation media (DMEM, 2.0 mM
1-Glutamine, 0.1% FBS). Incubate overnight at 37° C., 5%
CO,.

7. Dilute Compound 1:20 in polyproplyene 96 well plates
using starvation media. Dilute dimethylsulfoxide 1:20 for
use in control wells.

8. Remove starvation media from 94 well cell culture
plaies and add 162 ul of {resh starvation media Lo each well.

9. Add 18 ul of 1:20 diluted Compound dilution {from
step #7) to each well plus the 1:20 dimethylsulfoxide
dilutivn to the conirol wells (+/- VEGF), [or 4 final dilution
of 1:200 afier cell stimulalion. Final dimethylsulfoxide is
0.5%. Incubate the plate at 37° C., 5% CO, for two houss.

10. Remove unbound antibody from Elisa plates by
inverting plate to remove liquid. Wash 3 times with TBSW+
0.5% Ethanolamine, pH 7.0. Pat the plate on a paper towel
to remove excess liquid and bubbles.

11. Block plates with TBSW+0.5% Ethanolamine, pH
7.0. 150 ul per well. Incubate plate thity minutes while
shaking on a microtiter plate shaker.

12. Wash plate 3 times as described in step 10.

13. Add 0.5 ug/well affinity purified anti-flk-1 polyclonal
rabbit antiserum. Bring final volume to 150 ul/well with
TBSW+0.5% Ethanolamine pH 7.0. Incubate plate for thiny
minutes while shaking.

i4. Add 180 ml starvation medium to the cells and
stimulate cells with 20 ul/well 10.0 mM Sodium Ortha
Vanadate and 500 ng/mt VEGF (resuiting in a final concen-
tration of 1.0 mM Sodium Ortho Vanadate and 50 ng/ml
VEGF per well) for eight minutes at 37° C, 5% CO..
Negative control wells receive only starvation medium.

15. After eight minutes, media are removed from the cells
and washed one time with 200 ul/well PBS.
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16. Lyse cells in 150 ulvell HNTG while shaking at room
temperature for five minutes. HNTG formulation includes
sodium ortho vanadate, sodium pyro phosphate and EDTA.

17. Wash Blisa plate three times as described in step 10.

18. Transfer cell lysates from the cell plate 1o elisa plate
and incubate while shaking for two hours. To transfer cefl
lysate pipette up and down while scrapping the wells.

19. Wash plate three times as described in step 10.

20. Incubate Elisa plate with 0.02 ug/well UB40 in
TBSW+05% ethanolamine. Bring final volume to 150
ulfwell. Incubate while shaking for 30 minutes.

21. Wash plalc three times as described in step 10.

22. Incubate clisa plate with 1:10,000 diluted EIA grade
Goat anti-mouse 1gG conjugated horseradish peroxidase in
TBSW+0.5% ethanolamine, pH 7.0. Bring final volume io
150 ul/well, Incubate while shaking for thirty minutes.

23. Wash plale as described in step 10,

24. Add 100 ul of ABTS/H202 solution to well. Incubate
ten mineles while shaking.

25. Add 100 vl of 0.2M MCTh for (.1M MCL final to stop
the color development reaction. Shake 1 minute at room
temperature. Remove bubbles with slow stream of air and
read the ELISA plate in an ELISA plate reader at 410 nm.

GROUP III-IN VITRO CELL GROWTH
ASSAYS

EXAMPLE 8

Sulforhodamine B (SRB) Assay for Adherent Cells

Sulforhodamine B assays for measuring effects of TBST
compounds on cell growth were based on procedures
described by Skchan ct al. J. Natl. Cancer Inst. 82:1107,
1990 incorporated herein by reference in its entirety, includ-
ing any drawings. Unless otherwise stated the assays were
carried out aseptically as follows:

Material & Methods

(1) Sulforhodamine B Sigma Catalog $-9012 Working
solution: (4% Sulforhodamine B=4 gram/liter 1%
Acetic Acid.

(2) Trichloroscetic Acid (TCA)—Fisher Catalog #A322
Working, solution: 10% TCA=100 gram TCA+1 liter
H,0.

(3) Acetic Acid, Glacial- Fisher Catalog A38 Working
solution; 1 Acetic Acid=10 ml Acetic Acid+990 m]
H,0.

{(4) Tris, crystallized free basc—Fisher Catalog SBP152
Working solution: 10 mM tris=1.211 gram Trizma
base/liter H,0.

Procedure

(1) Aspirate growth media from 96 well plate containing
control cells or cell treated with compounds, rinse wells
2 or 3 times with PBS and layer 200 gl cold 100 TCA
onlo each well. Fix cells for 60 minutes at 4° C,

{(2) Discard TCA and rinse wells 5 times with distilled
H,0. Dry plate upside down on paper towel.

(3) Stain fixed cells for 10 minntes with 100 ¢ 0.4% SRB
per well.

(4) Pour off SRB solution and rinse wells 5 times with 1%
acetic acid,

(3) Dry plate upside down on paper towel.

(6) After wells are completely dry, solubilize dye with 100
4l 10 mM Tris base per well for 5-10 minutes on titer
plate shaker. .

(7) Read optical density at dual wave_leﬂ(g-'l‘h mode 570 om
and 630 nm on Dynatech ELISAMlate reader, Model
MR 5000. e
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EXAMPLE 9

Soft Aqar Assay Protocol

The soft agar assay is well known in the art as a method
for measuring the effects of substances on cell growth.
Unless otherwise stated the soft agar assays were carried out
as follows:

Material & Reagents

(1) A Water bath set at 39° C. and another water bath a1
arc

(2) 2X assay medium is comprised ol 2X Dulbecco’s
5Modified Eagle’s Medium (DMEM) (Gibco Cat. #
CA400-4ANQ3) sepplemented by the following:
20% Fetal Bovine Serum (FBS) 2 mM Sodium Pyru-

vate 4 mM Glut amine
20 mM HEPES
Non-essential Amino Acids (1:50 from }00x stock)

(3) 1X assay medium made of IX DMEM supplemented
with 10% FBS, 1 mM sodium pyruvate, 2 mM
glmamine, 10 mM HEPES, non-essential amino acid
(1:100 from 100x stock)

{4) 1.6% SeaPlague Agarose in avloclave boitle

(5) Sterile 35 mm Corning plates (FMC Bioproducts Cat.
#50102)

{6) Sterile 5 ml glass pipets (individually wrapped)

{7} Sterile 15 ml and 50 ml conical ventrifuge tubes

(8) Pipels and sterile tips

(9) Sterile microcentrifuge tubes

(10) Cells in T75 flasks: SKOV-3 (ACTT HTR77)

(11) 0.25% Trypsin solution (Gibco #25200-015)

Procedure for making the base layer:

(2) Have all the media warmed up in the 37° C. water
bath.

(b) To make 1X of assay medivm +0.8% agar: make a 1:2
(volivol) dilution of melted agar (cooled to 39° C),
with 2X assay medium.

{c) Keep all media with agar warm in the 39° C. water
bath when not in use.

{d) Drispense 1 ml of 1X assay medium +0.8% agar into
dishes and gently swirl plate to form a uniform base
layer. Bubbles should be avoided.

(¢) Refriperate base layers to solidify (about 20 minutes).
Base layers can be stored overnight ia the refrigerator.

Procedure for collecting cells:

{a) Toke out one flask per cell line from the incubator;
aspirate off medium; wash once with PBS and aspirate
off; add 3 m! of trypsin solution.

(b} After all cells dissociate from the flask, add 3 ml of 1X
assay media (o Inhibil trypsin aclivity. Pipet the cells up
and down, then transfer the suspension inlo a 15 mi
fube.

{c) Determine the concentration of cells using a Coulter
counter, and the viability by trypan blue exclusion.
(d) Take cut the appropriate volume needed 10 seed 3300
viable cells per plate and dilute it 10 1.5 ml with 1X

assay medium.

Procedure for making the upper 0.4% agarose layer:

(a) Add TBST compounds at twice the desired final assay
coancentration; +1.5 ml of cell suspension in 1X assay
medium 10% FBS; +1.5 mlof 1 X assay medium +0.8%
agarose: *Total=3.0 ml 1X media 10% FBS +04%
agarase with 3300 viable cells/ml, with and without
TBST compounds.
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*{Made by 1:2 dilition of 2X media wilh 1.6% agar for the base layer
proccdure above.)

{b) Plate 1 m] of the Assay Mix onto the | ml base layer.
The duplicates arc plated from the 3 ml voleme.

(¢} Incubate the dishes for 2-3 weeks o a 100%
humidified, 10% CO, incubator.

(d) Colonies that are 60 microns and larger are scored
positive.

EXAMPLE 10

MCF-7 SRB Growth Assay

MCF-7 cells are seeded al 2000 cells/ well in a 96-weil
flat batiom plate in normal growth media, which was 10%
FBS/RPMI supplemeated with 2 mM Glutamine. The plate
of cells is incubated for ahout 24 hours at 37° C. after which
it receives an equal volume of compound dilution per well
making the total volume per well 200 gl The compound is
prepared at 2 times the desired highest final concentration
and serially diluted in the normal growth media in a 96-well
round bottom plate and then transferred 1o plate of ceils.
DMSO serves as the veclor control up {o 0.2% as final
concentration. The cells are then iocubated at 37° C. i a
humidified 5% COQ, incubator.

Four days following dosing of compound, the media is 15
discarded and 200 gl/well of ice-cold 10% TCA
{Trichloroacetic Acid) is added to fix cells. After 60 minutes
at4° C,, the TCA is discarded and the plate is rinsed 5 times
with water. The plate is then air-dried and 100 ul/well of
(.4% SRB (Sulforhodamine B from Sigma) 20 in 1% Acetic
Acid is added o stain cells for 10 minuwies 2t room tem-
perature. The SRB is discarded and the plate is rinsed 5
times with 1% Acetic Acid. After the plate is completely
dried, 100 ul/well of 10 mM Tris-base is added (o solubilize
the dye. After 5 to 10 minutes, the plate is read on a
Dynatech ELISA Plate Reader at dual wavelengths at 570
am and 630 nm.

EXAMPLE 11
MCF-7/HER-2 SRB Growth Assay

The protocol is basically the same as that above (for the
MCF-7 Growth Assay) except that immediately before the
30 compound is added, the normal growth media is removed
and 0.5% FBS/RPMI supplemented with 2 mM Glutamine
is added onto the cells. The compound is also prepared in
Ihis 0.5% serum media. The plate of cells is incubated for
four days and developed as usual.

EXAMPLE 12

3T3 Growth Assay

The 3T3 growth assay was carried out as follows:

Materials and Reagents

(1} Dulbecco’s Modified Eagle Medium (D-MEM),
Gibco 511965-050;

(2) Calf serum, Gibeo 16170-029;

(3) Trypsin-EDTA, Gibco 25200-056,

{4) Fetal Bovine Serum Certified, Gibeo 16000-028;

(5) Dulbecco’ S Phosphate-Buffered Saline (D-PBS), 10
Gibeo 14190-029;

(6) Sulforhodamine B (SRB), Sigma 5-9012 0.4% SRB in
1% acetic acid,;

(7) 10 mM Tris-base, Fisher BP152-5;
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(8) 10% TCA, Trichroloacetic acid, Fisher A322-500,

() 96-well flat bottom plate (sterile), Corning 08-757-
155;

(10) 100 m] reagen! reservoir 9 (sterile), Matrix Tech-
nologies Corporation, 8086;

(11) Sterile pipet tips, Fisher 21-197-8E;

(12) 50 mi sterile TBST tubes, Fisher 05-539-6.

Cell Lines

NIH3T3C7 cells in 10% CS+2 mM GLN DMEM

HERZ2C7 cells in 2% FBS+2 mM GLN DMEM

Procedures

(1) HER2CT (enginecrcd to cxpress HERZ) and
NIH3T3C7 (as the control) cells are used for this assay.
NIH3T3C7 celis are sceded at 2500 cellsfwell, 10
uliwell in 10% CS+2 mM GLN DMEM, in a 96 well
plate; HER2C7 cells are seeded at 6000 cells/well, 100
dliwell in 2% FBS+2 mM GLN DMEM, in a 96 well
plate. Cells are incubated at 37° C., 5% CO, overnight
to allow for cell alachment to the plate;

{2) The TBST compound is added to the cells at day 2.
The compounds are prepared in the appropriate growth
medium (10% CS+2 mM) GLN DMEM for NIH3T3C7
cells; 2% FBS+2 mM GLN DMEM for HER2C7 cells)
in a 96 well plale, and serially diluted. A total of 100
#lpwell medium of the diluted compounds is added into
the cells. The total volume of each well is 200 pd.
Quadruplicates (wells) and 11 concentration points are
applied 1o each compound tested.

(3) After the cells are treated with the compound for 4
days, the cells are washed with PBS and fixed with 200
pliwell ice-cold 10% TCA for ane hour at 0°-5° C.
condition.

(4) Remove TCA and rinse wells 5 times with deionized
water. Dry plates upside down with paper towels. Stain
cells with 0.4% SRB at 100 gl well {or 10 minutes.

(5) Pour off SRB and rinse plate 5 times with 1% acetic
acid, Dry plate completely.

(6) Solubilize the dye with 10 mM Tris-base at 100 liwell
for 10 minutes on a shaker.

(7) Read the plate at dual wavclengihs at 570 nm and 630
om on Dynatech Elisa plate reader.

EXAMPLE 13

HUV-EC-C Flk-1 assay

The HUV-EC-C Flk-1 assay can be performed as follows:

DAY 0

1. Wash and trypsinize HUV-EC-C cells (buman umbili-
cal vein endothelial cells, American Type Culture Collec-
tion; catalogue no. 1730-CRL). Wash with Dulbecco’s
phosphate-buffered saline (D-PBS; cbtained from Gibco
BRL; catalogue no. 14190-029) 2 times at about 1 ml/10
cm? of tissue culture flask. Trypsinize with 0.05% trypsin-
EDTA in non-enzymatic cell dissociation solution (Sigma
Chemical Company; catalogue no. C-1544). The 0.05%
irypsin was made by diluting 0.25% trypsinl mM EDTA
{Gibco; catalogue no. 25200-049) in the cell dissociation
solution. Trypsinize with about 1 ml/25-30 ¢m? of tissue
culture fask for about 5 minutes at 37° C. After cells bave
detached from the flask, add an cqual volume of D-PBS and
transfer {0 a 50 mi sterile centrifuge tube (Fisher Scicntific;
catalogue no. 05-539-6).

2. Wash the cells with about 35 ml D-PBS in the 50 ml
sterile centrifuge ube by adding the D-PBS, centrifuge for
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10 minutes at approximately 200xg, aspirate the
supernatant, and resuspend with 35 ml D-PBS. Repeat the
wash two more times, resuspend the cells in about 1 ml assay
medium/15 cm® of tissue culture Rask. Assay medium
consists of F12K medium (Gibco BRL; catalogue no.
21127-014)+0.5% beal-inactivated fetal bovine serum.
Count the cells with a Coulter Counter*®(Coulter
Electronics, Inc.) and add assay medium to the cells to
obtain a concentration of 0.8-1.0x10% cells/ml.

3. Add cells 1o 96-well flat-bottom plates at 100 ulfwell or
0.8-10.x10" cells/well; incubate ~24 h at 37° C., 5% CO,.

DAY 1

1. Make up two-fold drug tilrations in separate 96-well
plates, generally 50 uM on down to 0 uM. Use the same
assay medium as mentioned in day O, step 2 above. Titra-
tions are made by adding 120 ul/well of drug at 200 uM (4X
the final well concentration) 10 the top well of a particular
plate column, Since the stock drug concentration is 10 mM
and in 100% DMSO, the 200 uM drug concentration is 0.5%
DMSQ. Therefore, dilueat made up of 0.5% DMSO in assay
medium (F12K+0.5% fetal bovine serum) is used as diluent
for the drug titrations in order to dilute the drug but keep the
DMSQ concentration constant. Add this diluent to the
remaining wells in the column at 60 ul/well. take 60 ul from
the 120 ul of 200 uM drug dilution in the top well of the
colurmn and mix with the 60 ul in the sccond well of the
column. Take 60 ul from this well 2nd mix with the 60 ul in
the third well of the column, and so on until two-fold
titrations arc completed. When the nexi-to-the-last well is
mixed, take 60 ul of the 120 ul in this well and discard i1.
Leave the last well with 60 ul of DMS0O/media diluent as a
noo-drug-containing control. Make 9 columns of titrated
drug, enough for iriplicate wells each for 1) vascular endot-
helial growik factor (VEGF; ablained from Pepro Tech Inc.,
catalogue no. 100-20), 2} endothelial cell prowth factor
(ECGF; also known as acidic fibroblast growth factor, or
aFGF; obtained from Boehringer Mannheim Biochemica,
catalogue no. 1439 600), and assay media control. ECGF
comes as a preparation with sodium heparnin.

2. Transfer 50 uliwell of the drug dilutions to the 96-well
assay plates containing the 0.8-1.0x10" cells/100 ulfwell of
the HUV-EC-C cells fram day 0 and incubate ~2 h at 37° C,,
5% CO,.

3. In triplicate, add 50 uliwell of 80 ug/ml VEGF, 20
ng/ml ECGF, or media control 10 each drug condition. As
wiih the drugs, the growth factor concentrations are 4X the
desired final concentration. Use the assay media from day 0
siep 2 to make the concentrations of growih factors. Incubate
~24 b at 37° C,, 5% CO,. Each well will have 50 ul drug
dilution, 50 vl gmwth factor or media, and 100 ul cells, =200
ulfwell total. Thus the 4X concentrations of drugs and
growth factors become 1X once everything has been added
to the wells.

DAY 2

1. Add *H-thymidine {Amersham; catalogue no. TRK-
686) at 1 uCifwell (10 ui/well of 100 uCi/ml solution made
up in RPMI media+10% heat-inactivated fetal bovire
serum) and incubate ~24 h at 37° C, 3% CO,. Note:
*H-thymidige is made up in RPMI media because all of the
other applications for which we usc the *H-thymidine
involve cxperiments done in RPMI, The media difference at
this step is probably nol sigpificant. RPMI was obtained
from Gibco BRL, calalolgue-yéJIS'JS-USl.

DAY 3 1%
e
1. Freeze‘pla[es_;gve}mght at 20° C,
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DAY 4
1. Thaw plates and harvest with a 96-well plate harvester
{Tomtec Harvester 96°) onto filler mats (Wallac; catalogue
no. 1205-401); read counts on a Wallac Betaplaie™ liquid
scintillation counter.

EXAMPLE 14
IGF-1 Receplor Growth Assay

Screen 11

Cell lines: 3T3/IGF-1 R (10% FBS/2 mM glutamine/
DMEM) NIH 3T3 ¢7 (10% calf serum/2 mM glutamine/
DMEM) NOTE: NIH 3T3 cells (and cells derived from
them) should never be allowed to become confluent because
this increases the chance of spontaneous transformation. If
they show signs of being transformed (morphological
changes, piling up, moving into clumps), throw them away
and thaw a fresh batch.

Materials: 10% FBS/2 mM glutamine/DMEM 0.5%
FBS/2 mM glutamine/DMEM 10% calf serum/2 mM
glutamine/DMEM 1GE-1, 5 #M in sterile PBS (Promega/
Fisher cat. #G5111) DMSO, tissue culture grade (Sigma cal.
#D 2650) Hits from screen 11, 100 mM in DMSQ 96-well
plates, flat and round bottom 8 channel pipetior and sterile
lips sterile reagent reservoirs sterile tubes (1.5 or 15 ml)

Methods (carry all steps out under asceptic conditions
urtil fixing the cells for the SRB assay):

Day 0: Cell Plating—Trypsinize and count 3T3/IGF-1R
and NIH 3T3 ¢7 cells. Dilute in growth media 10 2000

cells/200 gl and seed flat botiom 96-well plates with 200 ~

uliwell, one plate for two compounds for each cell line.

Day 1. Compound preparation—Add DMSO 1o each
compound to make 100 mM stock solutions. If a compound
docs not go into solution with vortexing, add extra DMSO
to make 50 mM or less, as required.

Aliquot each compound 10 3—4 sierile screw cap tubes and
store at -20° C. After thawing, make sure the compound has
gone complelely back into solution. Throw away after 3
[reeze/thaws.

IT3AGF-1R cells—For each 96-well plate, make 15 ml of
10 oM IGF-1/0.5% FBS/2 mM gluamine/DMEM (30 nl of
5 uM IGF-1/15 ml).

Aliquot 1.5 ml 10 nM IGF-1/0.5% FBS to a sterile tube
for cach compound o be tested (the first time a compound
is tested, use a 15 mi rube in case it is necessary to add extra
medium 10 get it into solution).

Add 3 gl of 100 mM stock of cach compound to a tube so
200 M final. Shake or voricx until it goes into solution. If

it s necessary to add additional medium, note the final -

concenlratior.

For the DMSO control, prepare 0.5 mi/plate of 0.2%
DMS0/10 oM IGF-1/0.5% FBS (2 ul DMSO/ml).

For every two compounds, aliquot 130 x4l 10 oM IGF-1/
0.5% FBS to wells in columns 2-11 of a 96-well round
bottom plate.

Add 260 ¢l of each compound o [our wells in column 12,

Do 2-fold dilutions (130 gd) from columns 12 to 3 on each
plate (column 2 will be for the untreated control), mixing
thoroughly.

Remove medium from 3T3/1GF-1 R cells, one plate at a
lime.

Transfer 120 gl from each well on a compound diluticn
plate to the corresponding well of cells.

Add 120 gl .2% DMS0/10 nM IGF-1/0.5% FBS to four
wells in column 1.
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Add 120 4 0.5% FBS (without IGF-1) 1o other four wells
in column 1 for negative control.

NIH 3T3 ¢7 cells—Carry out the same steps as for
ITHIGF-1 R cells except use 10% calf serum instead of
(.5% FBS and do not inchude IGF-1.

Day 4: Refeed—Repeat steps above, adding exactly the
same IGF-1 and compound concentration to each well as
before.

Day 6: Analysis of cells—Laook at wells with the highest
concentrations for each compound o make sure it has not
precipitated. I so, mark wells and do not use for daia
calcufations.

Also scan plites 10 make sure none of the wells are
contamipnated. If so, mark wells and do not use for data
caleulations.

Detection—Follow the sieps for fixing and siaining
described in the SOP for SRB Assays.

Whenever: Datla analysis—Find aversges and standard
deviatipps for each set of four ODs.

Using wells in column 2 (treated with IGF-1 but not
compound) as 100%, calculate percent of control for each
concentration of compound.

Determine the fold difference between the IGF-1-treated
and untreated cells. It should be 2-3-fold.

Determine the percent of control for 0.2% DMSO. If it is
less than 95%, do not use the highest compound concentra-
tion to calculate the ICg, value.

Use a curve fit method 1o graph percent of control vs.
log(molar concentration) and determine the IC,,.

GROUP [V—IN VIVO
EXAMPLE 15
VEGF pellet model

Basic Procedures

Theory—VEGF packaged into a time-—release pellet and
implanted subcutaneously on the abdomen of nude mice.
This implant induces a ‘reddening’ response and subsequent
swelling around the pellet. The objective of these studies is
lo implant Flk-1 inhibitors in methylcellulose near the
VEGF pellet in an attempt to inhibit the ‘reddening’
response and subsequent swelling.

Materjals—

VEGF—human., recombinant, lyophilized (Peprotech,
Inc., Princeton Business Park, G2; P.O. box 275, Rocky Hill,
N.J. 08553)

VEGT Packaged into 21 day release pelets by Innovative
Research of America, using patented matrix driven delivery
system, Pellets packaged a1 .20, 0.21, or2.1 uvg VEGF/
pellet. These doses approximate 10 and 100 ng/day releass
of VEGF. (Innovative Research of America, 3361 Executive
Parkway, P.O. box 2746, Toledo, Ohic 43606)
Methyicellulose
Waler {sterile)

Methancl

Appropriate drugs/inhibilors
10 cm culture plates
parafilm

Methods—

VEGF purchased from Peprotech and sent to Innovative
Research for Custom Pellet preparation.

Methyleellulose prepared at 1.5% (w/v) in sterile waler

Drugs solublized in methanol {usual concentration range=
10 1o 20 mg/ml}

42
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Place sterile parafilm in sterile 10 cm plates

150 ul of drug in methanal added te 1.35 ml of 1.5%
methylcellulose and mixedivoriexed thoroughly.

25 ul aliguots of homogenate placed on parafilm and dried
into discs.

Mice (6-10 wk. Balb/C athymic nu/ou, female) anesthe-
tized via isoflurane ighalation. VEGF pellets and methyl-
celluloge discs implanted subcutaneously on the abdomen,

Mice scored at 24 hours and 48 hours for reddening and
swelling response.

Experimental Design

N=4 animals/group

Controls—VEGE pellet+drug placebo VEGF placebo+
drug pellet

The examples provided herein describe experiments that
indicate the compounds of the present invention are usefu!
in inhibiting certain in vitro activities of receptors and other
signalling molecules associated with cell proliferative and
cell differentiation disorders. Animal model systems can
also be used to further measure the therapeutic effect of a
componnd. Examples of suitable animal models include
subcutaneous xenograft model and in situ mammary fat pad
model. Another suitable animal model described herein is
the VEGF pellet modei.

EXAMPLE 16
Xenoraft Model

The ability of human tumors to grow as xenografts in 10 -

athymic mice {e.g., Balb/c, nu/ou) provides a useful in vivo
model for stedying the biological response to therapics for
humart tumors. Since the first successful xenotransplantation
of burnan turnors into athymic mice by Rygaard and Povisen
(Rygaard, J. and Povisen, C.Q., Acta Pathol. Microbial.
Scand., 77:758-760, 1969.), many different human tumor
celt lines {(e.g., mammary, lung, genilourinary,
gastrointestinal, head and neck, glioblastoma, bone, and
malignant melanomas) have been transplanted and success-
{ully grown in aude mice. Human mammary wmor cell
lines, including MCF-7, ZR75-1, and MDA-MB-231, have
been established as subcntaneous xenografts in nude mice
(Warri, AM,, et al, Int, J. Cancer, 49:616-623,1991;
Ozzelle, L. and Sordat, M., Eur, J. Cancer, 16:553-559,
1980; Osbome, C. K., et al, Cancer 25 Res., 45:584-590,
1985, Seibert, K., et al, Cancer Res., 43:2223-2239, 1983),

To siudy the effect of anli-tumor drug candidates on
HER?2 cxpressing tumors, the tumor cells shounld be able to
grow in the absence of supplemental estrogen. Many mam-

mary cell lines are dependent on estrogen for in vivo growth

in nude mice {Osbome et al, supra), however, exogenous
estrogen suppresses her2 expression in nude mice (Warri et
al, supra, Dati, C,, et al, Oncogene, 5:1001-1006, 1990) .
For example, in the presence of estrogen, MCF-7, ZR-75-1,
and T47D cells grow well o vivo, but express very low
levels of HERZ (Warti et al., supra, Dati, C., et al, Oncogene,
5:1001-1006).

The following 1ype of xenograft protocol can be used: (1)
implant tumor cells (subcutanecusly) into the hindflank of
five- to six-week-old fernale Baib/c nu/ou athymic mice; (2}
admigister the anti-tumor compound; (3) measure tumor
growth by measuring tumor volume. The tumors can also be
analyzed for the presence of a receplor, such as HER2, EGF
or PDGF, by Western and immunohistochemical analyses.
Using techniques known in the art, one skilled in the arl can
vary the above procedures, for example through the use of
different treatment regimes.
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EXAMPLE 17

Mammary Fat Pad Model

The mammary fat pad model is particularly useful for
measuring the efficacy of compounds which inhibit HER2,
because of the role HER2 plays in breast cancer. By implant-
ing tumor cells directly imlo the location of interest, in situ
models more accurately reflect the biology of tumor devel-
opment than do subcutaneous models. Human mammary
cell lings, including MCF-7, have been growa in the maw-
mary fal pad of athymic mice (Shafie, 8. M. and Grantham,
F. H., 1. Natl, Cancer Instit., 67:51-56, 1981; Gottardis, M.
M., el al, 1. Sreroid Biochem., 30:311-314, (1988). For
example the following procedure can be used: (1) MDA-
MB-231 and MOF-7 cells transfected with her2 are
implanted at various conecntrations into the axillary mam-
mary fat pads of female athymic mice; (2) the compound is
administered: and (3) tumor growth is measured at various
time points, The tumors can also be analyzed for the
presence of a receptor such as HER2, by Western and
immunohistochemical analyses. Using techniques known in
the art, one skilled in the art can vary the above procedures,
for example through the use of different treatment regimes.

EXAMPLE 18
Toxicity

Therapeutic compounds should be mare potent in inhib-
iling receptor tyrosine kinase activily than in exerting a
evtotoxic effect. A measure of the effectiveness and cell
toxicity of a compound can be obtained by determining the
therapeutic index: 1C;o/L.Dg,. ICg,, the dosc required io
achicve 50% inhibition, can be measured using standard
techniques such as those described herein. LDy, the dosage
which results in 50% toxicity, can also be measured by
standard tcchniques, such as uvsing an MTT assay as
described by Massman J. [mmueol. Methods 65:55-63
(1983}, by measuring the amouni of LDH released
(Korzeaiewski and Callewaert, J, inmimunol, Methods 64:313
(1983}, Decker and Lohmann-Matthes, J. Immunol. Meih-
oads 115:61 (1988), or by measuring the lethal dose in animal
models. Compounds with a large therapeutic index are
preferred. The therapeulic index should be greater than 2,
preferably at least 10, more preferably at least 50

In addition to measuring tumor growth to achieve a
compound range which can safely be administered to a
patient in the animal models, plasma balf-life and biodistri-
hution of the drug and metabolites in plasma, mmors, and
major organs can be determined to facilitate 1he selection of
drugs most appropriate for the inhibition of a disorder. Such
measurements ¢an be carried out, for example, using HPLC
analysis. Compounds thai show potent inhibitory activity in
the screening assays, but have poor pharmacokinetic
characteristics, can be oplimized by altering the chemical
structure agd retesting. In this regard, compounds displaying
good pharmacokinetic characieristics can be used as model.

Toxicity studies can also be carricd out by measuring the
blood ccll composition. For example, toxicity studies can be
carried out as follows: (1) the compound is administered {0
mice (an untreated control mouse shauld also be used); (2)
blood samples are periodically ob d via the tail vein
from one mouse i each lreatm&n?ujroup, and 3) the samples
are analyzed for red apg!_wh}w blood
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TABLE 1
ELISA DATA
Com- HERZ - HER2- FLK-1-
pound #  IGF-1R IR EGFR  PDGFR  (IT474)  (3TDH (Cell} FLK-2
Z3 16.5 »100  68.5 =100 99 >100
72 »>100 »>100 »30 3z 317 =100
1 >100 »100  >100 >50 11.8 10.3 1 >100
Za >100 >100 >100 9.3 =200
TABLE 2
GROWTH DATA
ITIIGF ITYHE MCI7-
-1R- 3TYHIGF 3T3/ME  R2 HER2 MCF7 HUV- HUV
Com- 0.5% -1R-10% R2 10% 0.5% 0% EC.C/] EC.C
pound# FBS FBS 2% FBS FBS FBS FBS VEGF aFGF
23 (] 18 035 18 02 2 ot nt
z2 [} 20 0.6 18 0.3 1 ol nt
Z1 nt nt 1.0 15 0.8 5 2.9 30
74 nt nt 1 3 nt ot
25

Whal is claimed:

1. A method for treating a cell proliferative or cell
differentiation disorder by inhibiting a tyrosine kinase asso-
ciated with said disorder, wherein said disorder is selected
from the group coonsisting of a cancer, restenosis,
retinopathy, psoriasis, hyperimmune response, hepatic
cirrhosis, a mesangial cell proliferative disorder, a HER2
disorder, an EGFR disorder, an IGFR disorder, a PDGFR
disorder, a met disorder, a Src disorder, and ¢ KDR/Flk-1
disorder, comprising the siep of administering a therapeuti-
cally effective amount of a compound of the [ormula

1-! H
N
X

Rag

or a pharmaceutically acceplable sall thereof 1o 4 patient in
need ol such treatment, wherein;
X is oxygen or sulfur
R, is selected from the group consisting of optionally
substituted aryl, atkvlary!, and heteroaryl and
R._g are independently selected rom the group consisting,
of hydroxy, hydrogen, alkyl, alkoxy, cyano, aitro, halo
trihalomethyl, amide, carboxamide, sulfonyl, and sul-
foxamide.
2. A comnpound selected from the group consisting of
N-[3-Chloro-4-(isopropylsulfonyl)ihien-2-y1]-N'-(4-t-
butylphenylurea,
N-[3-Chloro-4-(isopropylsulfonylithien-2-y1]-N'-(3,5-di-
trifluoromethylphenylurea,
N-[2-{2,4-Dichlorophenoxy)pyrid-5-yl]-N'-[4-
trifluoromethylmercapto)phenyl Jurea,
N-(4-Cyanophenyl}-N'-[4-[(piperid-1-yl)sulfoayl]phenyl]
thiourca,
N-(4-t-Butylphenyl)-N'-[ 3-chloro-4-(isopropylsulfanyl)
thien-2-y1jurea,
N-[3-chloro-4-(isopropylsulfonyl)thicn-2-yl]-N'-(4-
trifluoromethylphenyljurea,
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N-[3-Chloro-4-(isopropylsulfonyl)thien-2-y1}-N*-4-
triflvoromethylphenyl)thiourea,
N-[3-Chlaro-4-(isopropylsulfonylyihien-2-¥1]-N'-[4-
(piperid-1-yl)sulfonylphenyi]thiourea,
N-[3-Chloro-4-(isopropylsuifonyl)thien-2-y[]-N'-[4-
phenylaminosulfonylphenyljthiourea,
N-[4-(4-Chlorephenylsulfonythien-3-y1]-N'-[4-(piperid-1-
vl)sulfonylphenyl]thiourea,
N-[4-(4-Chlorophenyisulfonyl)thien-3-y1}-N'-(4-
trifluoromethylphenyl)thiourca,
N-(5-Nitrothiazol-2-y1)-N'-(4-triflucromethylphenyljurca,
N- (5-Nitrothjazol-2-yl)-N'-(4-trifluoromethylphenyl)
ihiourea,
N-(5-Nitrothiazal-2-y1)-N'-[4-(phenylaminosulfonyl)
phenyljthiourea,
N-(4-t-Butylphenyl)-N'-(3-ethoxycarbonyl-4-methylthien-
2-ylurea,
N-(3-Ethoxycarbonyl-4-methylihien-2-yl)-N'-(4-
triflroromethylphenyl)thiourea,
N-{3-Ethoxycarbonyl-4-methylthien-2-yl)-N'-[4-[(piperid-
I-yIjsulfonyl pheny{Jthiourea,
N-{4-t-Butylphenvl)-N'{(2,4-dinitrothien-5-yljurea,
N-(4-t-Butylphenyl)-N'-(3-cyano-3-methoxycarbonyl-4-
methylthien-2-vl)urea,
N-{3-Cyann-5-methoxycarbonyl-4-methylihien-2-yI)-N'-(4-
trifluoromethylphenyljurea,
N-{3-Cyano-5-methoxycarbonyl-4-methylthien- 2-y)N'-[4-
{phenylaminosalfonyl)phenyl]ihiourca,
N-(3-Methylthien-2-yi}-N'-(4-triflucromethyiphenyl}
thiourea,
N-(3-Methylthien-2-y1)-N'-[4-[(piperid-1-yl)sulfonyl]
phenyl]thiourea,
N-{(4-t-Butylphenyl)-N'-[4-(4-chlorophenyl)-3-cyanopyrrol -
2-yllurea,
N-{4-(4-Chlorophenyl)-3-cyanotpyrrol-2-y1]-N'-(4-
rrifluoromethylphenyljurca,
N-[{4-{4-Chlorophcayl)-3-cyanopyrrol-2-y1]-N'-[4-{
(piperid-1-yl)sulfonylJphenyl]thivurea,
N-(4-t-Butylphenyl)-N'-[4-(isopropylsulfonyl)thien-2-y1]
urea,
N-[4-(lsopropylsulfonvi)thien-2-¥1]-N'-4-
trifluoromethylphenylJthiourea,

1573



L5

5,773,459

41
N-[4-(Isopropyisulfonyl)thien-2-y1]-N"-{4-[(piperid-1-y1)
sulfonyl]phenylJthiourea,
N-(4-1-Butylphenyl)-N'-[4-{4-(trifluoTromethyl)
phenviaminosulfonythien-2-yTlurea,
N-[4-[(Piperid-1-y])sulfonyl]phenylt]-N"-[4-[4-

(trifluoromethyl)phenylaminosulfonyljthien-2-y1]

thicurea,
N-(3-Aminocarbonyl-4-methylthien-2-y1)-N'-(4-

rifluoromethylphenyljthiourea,
N-[4-[(Piperid-1-yl)sulfonyljphenyl]-N'-4-
triflucromethyiphenyl)thiourca,
N-[4-[(Pipcrid-1-yl)sulfonyl]phenyl]-N'-{4-(4-
trifluoromethylbenzyl Jthiourca,
N-[2-(2,4-dichlorophenoxy)pyrid-5-y1]-N'-(4-
triffuoromethylphenyljthiourea.

3. A pharmaceutical composition comprising a compound
of claim 2 and a pharmaceutically acceptable carrier.

4. 'T'he method of claim 1, the compound of claim 2, or the
composition of claim 3, wherein said compound is N{3-
Chloro-4-(isopropylsulfonyl)thien-2-y1]-N'-(4-t-
butylphenyl)urea.

5. The method of claim 1, the compound of claim 2, or the
composition of claim 3, wherein said compound is N-{3-
Chloro-4-(isopropylsulfonylthien-2-yi]-N'-(3,5-di-
triffuoromethylphenyljurea.

6. The method of claim 1, the compound of claim 2, or the
camposition of claim 3, wherein said compaund is N-[2-(2,
4-Dichlorophenoxy)pyrid-5-yl]-N'-[4-
trifluoromethylmercapto)phenyllurea.

7. The method of claim 1, the compound of claim 2, or the
composition of claim 3, wherein said compound is N-(4-
Cyanophenyl)-N'-[4-[(piperid- l-yD)sulfonyl]phenyl]
thiourea.

8. The method of claim 1, the compound of claim 2, or the

composition of claim 3, wherein said compound is selecied 3

from the group consisting ¢f:
N-(4-1-Butylphenyl)-N'-[3-chloro-4-{isopropylsulfonyl)
thien-2-ylJurea;
N-[3-chloro-4-(isopropylsulfonyl)thicn-2-y1]-N'-(4-
irifluoromethylphenyljurea;
N-[3-Chloro-4-(isopropylsulfonyDthien-2-y1]-N'-4-
trifluoromethylphenyl)ihiovrea;
N-[3-Chloro-4-(isopropylsulfoayl)thien-2-yt]-N'-{4-

(piperid-1-yljsulfonylpheny!Jthiourea.

9, The method of claim 1, the compound of claim 2, or the
compusition of claim 3, wherein said compound is selected
from the group consisting of:
N-[3-Chloro-4-(isopropylsulfonylythien-2-y1]-N'-[4-

phenylaminosulfonylpheny!]thioures;

N-[4-(4-Chlorophenylsul fonyDthien-3-yl]-N'{4-(piperid-1- s

ylsulfonylphenyljthiourea;
N-[4-(4-Chlorophenylsulfonyl)thien-3-y1}-N'-(4-

trifleoromethylphenyl)thiourea,
N-(5-Nitrothiazol-2-yl)}-N'-(#-trifluoromethylphenyljurea;
N-(5-Nitrothiazol-2-y1)-N'-{4-triflucromethylphenyl)

thiourea; and
N-(5-Nitrothiazol-2-y1)-N'-[4-(phenylaminosulfonyl)

phenyl]thiourea.

10. The method of claim 1, the compound of claim 2, or
the composition of claim 3, wherein said compound is
selected from the group copsisting of:
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N-(4-t-Butylphenyl)-N'-(3-ethoxycarbonyl-4-methylthien-
2-yhurea;
N-(3-Ethoxycarbonyl-4-methylthien-2-yI)-N'-(4-
irifluoromethylphenyl)thiourea;
N-(3-Ethoxycarbonyl-4-methylthien-2-yl)-N'-[4-[ (piperid-
1-yl)sulfonylJpheny!Jthiourea;
N-(4-t-Butylphenyl}-N'-(2,4-dinitrothien-5-ylurea;
N-(4-t-Butylphenyl)-N'-(3-cyano-5-methoxycarbonyl-4-
methylthien-2-ylurea,
N-{(3-Cyano-5-methoxycarbonyl-4-methylthien-2-y1)-N'-(4-
tdfluoromethylphenylurea;
N-(3-Cyano-5-methoxycarboayl-4-methylthien-2-v1)N'-[4-

(phenylaminosulfonyl)phenylthioures; and
N-(3-Mcthylthien-2-y1)-N'-(4-trifluoromethylphenyl)

thiourea.

11. The method of claim 1, the compound of claim 2, or
the composition of claim 3, wherein said compound is
selected from the group consisting of;
N-(3-Methylthien-2-y1)-N'-[4-[(piperid-1-yDsulfonyl]

phenylJihioures;
N-{4-i-Bulylphenyl)-N"-[4-(4<hlorophenyl)-3-cyanopyrrol-

2-yljurea;
N-[4-(4-Chlorophenyl)-3-cyanotpyrrol-2-yl]-N'-(4-

triffuoromethyiphenyljures;
N-[4-(4-Chlorophenyl)-3-cyvanopyrrol-2-yi}-N'-[4-[

(piperid-1-yDsulfonyl Jphenyl]thiourea;
N-(4-1-Butylphenyl}-N'{ 4-(isopropylsulfonyl)thicn-2-yl]

urea; and
MN-[4-(Isopropylsulfonyl)thien-2-y}]-N'-4-

trifluoramethylphenyl]thiourca.

12. The metbod of claim 1, the compound of claim 2, or
the composition of claim 3, wherein said compound is
selected from the group consisting of:
N-[4-(Isopropylsulfonyl)thien-2-yl]-N'-[4-[(piperid-1-y1)

sulfonyllphenyllthiourea;
N-(4-t-Butylphenyl)-N'-[4-[4-(trifluoromethyl)

phenytaminosulfonyl]thien-2-yljurca;
N-[4-[(Piperid-1-yl)sulfonyl]phenyl]-N'-[4.[4-

(triluoromethyl)pbenylaminosulienyljthicn-2-yl)

thiourea;
N-(3-Aminccarbonyl-4-methylthien-2-y1)}-N'-(4-

trifluoromethylphenyljthiourea;
N-[4-[(Piperid-1-yl)sulfonyl]phenyl]-N'-4-
tiifluoromethylphenyl)thiourea;
N-[4-[(Piperid-1-yl)sulfonyl]phenyl])-N'-[4-{4-
trifluoromethylbenzyl ihiourea; and
N-[2-(2,4-dichlorophenoxy)pyrid-5-yl]-N'-(4-
triflucromethylphenyl)thiourea.

13. The method of claim I, wherein said disorder is a
Cancer.

14. The method of claim 1, wherein said disorder is a
HER?2 disorder.

15. The method of claim 1, wherein said disorder is an
EGFR disorder.

16. The methoed of claim 1, whereia said disorder is an
IGFR disorder.

17. The method of claim 1, wherein said disorder is a
FDGFR disorder.

18. The method of claim 1, wherein said disorder is a
KDR/Flk-1 disorder.
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(57 ABSTRACT
A benzoyl urea compound having the formula:

A @
CONHCONH o—{ \ Z
: N =
X Y Z

wherein X is a halogen atom, a nitro group or a triflug-
romethyl group, provided that when Y is a nitro group,
X is a halogen atom or a nitro group, Y is a hydrogen
atom, a halogen atom, a nitro group or 2 triflucromethyl
group, Z, is 4 halogen atom or a trifluoromethyl group,
Z; is a hydrogen atom or a halogen atom, and A is a
=CH-— group or a nitrogen atom, or the formula:

A

X CONHCONH

Xz Y

wherein each of X1 is X; is a hydrogen atom, a halogen
atom or a nitro group, provided that when Y is a nitro
group, X is a hydrogen atom, Y is a hydrogen atom, &
halogen atom, a nitro group or a trifluoromethyl group,
and Z is a hydrogen atom, a halogen atom or a trifluoro-
methy] group, characterized in that its average particle
size is not Jarger than I pm.

9 Claims, No Drawings
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1
BENZOYL UREA COMPOUND

The present invention relates to a benzoyl urea com-
pound represented by the following formula I or II
(hereinafter referred to as a benzoyl urea compound (I)
or (II)) with its average particle size being not larger
than | pm. More particuiarly, the present invention
relates to an antitumour benzoyl urea compound having
the formula:

A @O '
CONHCONH o._<f \ Z
. N =
X Y Z:

wherein X is a halogen atom, a nitro group or a trifluo-
romethy! group, provided that when Y is a nitro group,
X is a halogen atom or a nitro group, Y is a hydrogen
atom, a halogen atom, a nitro group or a triflucromethyl
group, Z1 is a halogen atom or a triflucromethyl group,
Z; is a hydrogen atom or a halogen atom, and A is a
=CH.-- graug or 2 nitrogen atam, at the formula:

(Imn
X CONHCONH oﬂz
N=N
Xa Y

wherein each of X1 and X3 is a hydrogen atom, 2 halo-
gen atom or a nitro gyoup, provided that when Yisa
nitro group, X is 2 hydrogen atom, Y is 2 hydrogen
atom, & halogen atom, 4 nitro group or a trifluoromethyl
group, and Z is a hydrogen atom, a halogen atom or &
trifluoromethyi group, having an improved absorbabil-
ity through the gut.

The benzoy! urea compound (I) or (I1) is substantially
known to have excellent antitumour activities (Japanese
Unexamined Patent Publications No. 109721/1982, No.
167071986, No. 33176/1986, No. 93163/1986, No.
5959/1987 and No. 116566/1987). However, this com-
pound is hardly soluble in water, and its absorbablity
through e.g. the gut is poor. Therefore, in order to
obtain adequate antitumour activities, it is necessary to
increase the dose, whereby there is a possible danger of
adverse effects due to the excessive admistration.

It is an object of the present invention to provide a
benzoyl urea compound (I) or (II) having an improved
absorbability through the gut.

The present inventors have conducted extensive re-
search with an aim to improve the absorbability of the
benzoyl urez compound (I) or (IT) through the gut, and
as a result, have found it possible to increase the absorb-
ability of the benzoyl urea compound (I) or (II) through
the gut by adjusting the average particle size of the
benzoyl urea compound (I) or (II) to a level of not
larger than 1 pum. The present invention has been ac-
complished on the basis of this discovery.

Namely, the present invention provides a benzoyl
urea compound having the formula:
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: A o
CONHCONH 0—<' \ 2
N =
X Y Z;

wherein X is & halogen atom, a niteg graup or a trifluo-
romethyl group, provided that when Y is a nitro group,
X is a halogen atom or a nitro group, Y is a hydrogen
atorn, a halogen atom, a nitro group or a trifluoromethyl
group, Z1 is a halogen atom or a triflucromethyl group,
Z3 is a hydrogen atom or a balogen atom, and Aisa
=CH— group or 2 nitrogen atom, or the formula:

an
Xt CONHCONH O—ﬂ— z
. N=N
X3 Y ‘

wherein each of X; and X is a hydrogen atom, a halo-
gen atom ©r a nitro group, provided that when Y is a
aites growz, X i 2 hydoogen stem, Y is 2 hydoogen
atom, a halogen atom, a nitro group or a trifluoromethy!
group, and Z is a hydrogen atom, a halogen atom or a
trifluoromethyl group, characterized in that its average
particle size is not larger than 1 pum.

Now, the present invention will be described in detail
with reference to the preferred embodiments.

In this specification, the halogen atom is preferably a
chlorine atom or a bromine atom.

The foliowing compounds may be mentioned as typi-
cal examples of the benzoyl urea compound (I) or (IT).

{Compound Mo. 1}

/' e,

N o=

CONHCONH

Cl

(Compound No. 2)

— N
-~ CONHCONH- 0-<' }I
N =
[87) Cl
{Compound No. 3)
\ N
CONHCONH 0—< :>‘Br
N =
. cl .

N
NCp
{Compound No. 4)
CONHCONH: O@ B
N =
NG cl-
r .

¥ ol
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-continued
{Compound No. 5)

N
CONHCONH 0—< }Cl
N =
CF3

NG,

0

{Compound No. 6)

N
O—< }Cl
N =
NO;

{Compound No. 7)

oA Yo

N=N

CONHCONH

10

NO;

CONHCONH

O

NO; Ci

{Compound No. 8}

o-ﬂ— Br

N=N

CONHCONH

.

NOz Cl

(Compound No. %)

N=N

CONHCONH:

e

Ct Cl

{Compound No. 10)

N=N

CONHCONH

I

NO Cl

~

(Compound No. 11)

CONHCONH oﬂ CF3
N=N
<l

The benzoyl urea compound (T) or (II) is substantially
a known compound, and it may be prepared by a
method disclosed in e.g. Japanese Unexamined Patent
Publication No. 105721/1982, No. 1670/1986, No.
33176/1986, No. 93163/1986, No. 227572/1986, No.
5959/1987, No. 116566/1987 or No. 135463/1987 or by
a similar method.

In the present invention, the benzoyl urea compound
is in the form of fine particles having an average particle
size of not larger than 1 pm, preferably from 0.2 to 1
pm, more preferably from 0.3 to 0.8 pm. If the average
particle size exceeds 1 pm, the absorbability through
the gut tends to deteriorate.

The benzoyl urea compound having the specified
particle size of the present invention can be prepared,
for instance, by pulverizing the benzoyl urea compound
(D) or (ID) in an aqueous solution containing a dispersant
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such as a nonionic surfactant. There is no particular
restriction as to the nonionic surfactant to be used for
this purpose. Any noénionic surfactant may be employed
so long as it is useful as an additive for pharmaceuticals.
Its HLB value (Hydrophile-Lipophile Balance) is pref-
erably at least 3. Specific examples of such nonionic
surfactants include polyoxyethylene hardened caster oil
20, polyoxyethylene hardened caster oil 40, polyoxyeth-
ylene hardened caster oil 60, polyoxyethylene hardened
caster oil 100, polysorbate 60, polysorbate 65, polysor-
bate 80, polyoxyethylene polyoxypropylene giycol, a
sucrose fatty acid ester, a glycerol fatty acid ester, a
sorbitan fatty acid ester, a propylene glycol fatty acid
ester, a polygiycerol fatty acid ester, a polyoxyethylene
sorbitan fatty acid ester, a polyoxyethylene sorbitol
fatty acid ester, a polyoxyethylene glycerol fatty acid
ester, a polyethylene glycol fatty acid ester and a poly-
oxyethylene castor oil.

The pulverization is preferably conducted by wet
pulverization. The wet pulverization is a method
wherein the material to be pulverized is rotated or
shaken together with beads (particularly glass beads) in
a solution containing the dispersant. A machine such as
Dyno-mill (KDL-model, manufactured by Willy A.
Bachofen Company) may be employed for this purpose.
The concentration of the benzoyl urea compound in the
aqueous solution during the pulverization, is from 1 to
70 w/v%, preferably from 20 to-50 w/v%. Particularly
when the pulverization is conducted in a wet pulveriza-
tion system by using Dyno-mill, the concentration of
the benzoyi urea compound in the aqueous solution is
preferably within the above range. The concentration
of the nonionic surfactant as a dispersant is usually from
1 to 30 w/v%, preferably from 2 to 20 w/v%. The glass
beads empioyed usually have a size of from 0.1 to 1.5
mm in diameter, preferably from 0.25 to 0.5 mm in
diameter, The pulverization time is usually from 5 min-
utes to 1 hour, preferably from 30 minutes to 1 hour.
After the completion of the wet pulverization, glass
beads will be removed by sieving, and if necessary addi-
tives such as a sweetening agent or a perfume may be
added thereto. If mecessary, the composition is then
subjected to autoclave sterilization or to filtration for
the removal of bacteria, to obtain the benzoyl urea
compound dispersed in water (which will be referred to
as a liquid composition).

Further, the benzoyl ures compound of the present
invention may be formed into a dry formulation, if nec-
essary. The dry formulation may be prepared by freeze-
drying the above liquid composition by a usual method,
preferably afier an addition of a suitable amount of a
disintegrator. As such a disintegrator, saccharides, sacc-
haride alcohols, silicic anhydride or a nonionic surfac-
tant (the same as mentioned above) may be employed.
Particularly preferred is a nonicnic surfactant. The
saccharides as a disintegrator include a monosaccharide
such as glucose or fructose, a disaccharide such as su-
crose, maltose or lactose and a polysaccharide such as
starch, dextrin or cellulose. The saccharide alcohols
include, for example, xylitol, mannitol and sorbitol.

The silicic anhydride as the disintegrator is preferably
a light anhydrous silicic acid.

The nonionic surfactant as the disintegrator is prefer-
ably those exemplified above as a dispersant, more pref-
erably a sucrose fatty acid ester or a polyoxyethylene
polyoxypropylene glycol. The nonionic surfactant can
be used both as the dispersant and as the disintegrator,
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5
preferably used differently as each of them. For in-
stance, in the case of using polyglycerol fatty acid ester
(e.g. decaglycerol monolaurate) or polyoxyethylene
hardened caster oil {e.g. polyoxyethylene hardened
caster oil 60) as the dispersant, a sucrose fatty acid ester
is preferably used as the disintegrator.

The amount of disintegrator is added preferably in an
amount of from 1 to 90 w/v%, more preferably from 20
to 70 w/v%.

Thus, it is possible to obtain a formulation having
excellent granularity as a dry formulation and having
excellent dispersibility in water.

In the preparation of the present invention, the ratio
of the benzoyl urea compound to be dispersant and the
disintegrator is, for instance, the benzoyl urea com-
pound:the dispersant:the disintegrator=1-70:1-30:1-90
by weight, preferably 20-50:2-20:10-70 by weight.

The benzoyl urea compound of the present invention
can be formulated into other pharmaceutical formula-
tions by conventional methods. As such pharmaceutical
formulations, oral formulations such as powders, fine
particles, granules, capsules, tablets and liquid drugs
may be mentioned.

Such formulations may be prepared by removing
water from the above-mentioned liquid composition by
heat drying, freeze drying, centrifugal separation, mem-
brane filtration, etc., and then following a conventional
method for formulation by using or without using con-
ventional pharmaceutical additives.

The benzoyl urea compound having the specified
particle size of the present invention may usually orally
be administered to mammals (e,g. human beings, horses,
cattles, dogs, mice, rats, etc.). The dose varies depend-
ing upon the diseases condition, the sex, the body
weight, the formulation, etc. However, for instance,
when the benzoyl urea compound of the present inven-
tion is orally administered against human malignant
lymphoma or lung cancer, the benzoyl urea compound
is administered in a daily dose of from 5 to 100 mg/kg
to an adult in one to three times per week.

With the benzoyl urea compound having the speci-
fied particle size of the invention, the absorption
through the gut is remarkably improved, and the stabil-
ity of the particles in a liquid state is excellent.

By using the benzoyl urea compound having the
specified particle size according to the present inven-
tion, it is possible to reduce the dose of the benzoyl urea
compound and thus to reduce the side effects or the pain
to the the patient when it is administered to the patient.

TEST EXAMPLE 1 (Formulation Conditions)

(1) Type of the benzoyl urea compound

Compound No. 3, No. 5 or No. 6 (4 w/v%]) as the
benzoyl urea compound and polyoxyethylene hardened
caster oil 60 (HCO-50, manufactured by Nikko Chemi-
cal K.K., 10 w/v%) as a dispersant were suspended in
water, and after an addition of glass beads (from { to 1.4
mm in diameter) in an amount of the same volume,
subjected to rotary puiverization by Dyno-mill for 20
minutes. The average particle size of the benzoyl urea
compound thus obtained was measured and shown in
Tabie 1.

TABLE 1
Sample*! Particle size {um)
Compound No. 3 0.43
Compound No. § 113
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TABLE l-continued

Particle size (um)
0.72

Sample*?
Compound No. é
*!Benzoyl urea compound

The average particle size was measured in such 2
manner that the benzoyl urea compound was diluted to
a concentratjon of 20 pg/ml and the average particle
size was measured by a light scattering method {Auto-
sizer, Model 700, manuvfactured by Maruburn Com-
pany) (the same applies hereinafter).

{2) Type of the dispersant

Compound No. 3 (4 w/v%) and the following disper-
sant (10 w/v%) were suspended in water, and after an
addition of glass beads (from 1 to 1.4 mm in diameter) in
an amount of the same volume, subjected to rotary
pulverization by Dyno-mill for 45 minutes. As the dis-
persant, polyoxyethylene hardened caster oil 60 (HCO-
60, manufactured by Nikko Chemical K.X.), polyoxy-
ethylene (160) polyoxypropylene (30) glycol (F68, man-
ufactured by Asahi Denka Kogyo K.K.), a decaglyc-
eral fatty acid ester (Decagly.ester, Nikke Chemical
K.K.} or polysolbate 80 (Tween 80, manufactured by

Nakarai Kagakn K.X.) was employed.
TABLE 2
Dispersant Particle size {um)
HCO-60 09
Fo58 0.9
Decagly.ester 0.6
Tween 30 0.6

(3) Concentration of the benzoyl urea compound

Compound No. 3 (from 10 to 40 w/v%), HCO-60 (5
w/v%) as a dispersant and glass beads (from 1 to 1.5
mm in diameter) were subjected to rotary pulverization
by Dyno-mill for pulverization time of 30 minutes,
Then, the average particle size of the benzoyl urea

compound was measured.
TABLE 3
Sample (w/v %) Particle size (pm)
10 0.56
20 0.50
40 0.46

(4} Concentration of the dispersant

Compound No. 3 (20 w/v%), HCO-60 (from 2.5 to
10 w/v%) as the dispersant and giass beads (from 1 1o
1.5 mm in diameter) were subjected to rotary pulveriza-
tion by Dyno-mill for a pulverization time of 30 min-
utes. Then, the average particle size of the benzoyl urea

compound was measured.
TABLE 4
Dispersant (w/v %) Panicle size (pm)
25 0.54
§ 0.50
10 0.43
(5) Size of beads

Compound No. 3'(40 w/v9), HCO-60 (5 w/v%) as
the dispersant and glass beads {,@hree types having a
diameter of from 0.25 to 0.5,-from 0.5 to 0.75 and from
I to 1.5 mm, respectivelf) Yvere subjected to rotary
pulverization by Dyng-mill for a pulverization time of
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30 minutes. Then, the average particle size of the ben-
zoyl urea compeound was measured.

8
TABLE 3

Particle size
TABLE 3 {(pm) AUC (0-24 hr) {ug/ml. hr.)
Dismeter of beads 5 0.31 116 =23
{mm in diameter) Particle size (pm) 0.66 1040 £ 1.6
0.25-0.5 0.30 1.5 81 %12
0.5-0.75 0.3 L5 69 =14
1-15 0.46

10

(6) Pulverization time

Compound No. 3 (40 w/v%), HCO-60 (5 w/v%) as
the dispersant and glass beads (from 0.25 to 0.5 mm in
diameter), were subjected to rotary pulverization by 15
Dyno-mill for a pulverization time of from 10 to 60
minutes. Then, the average particle size of the benzoyl
urea compound was measured.

TABLE 6

Pulverization time 20

{minutes) Particle size (pm)
10 0.38
20 0.33
30 0.29
40 0.27 25
50 0.26
60 0.26
TEST EXAMPLE 2 30

The stability of particles in the liquid composition of
the benzoyl urea compound was investigated.

Namely, 4 wet pulverization formulation comprising
compound No. 3 (40 w/v%} and HCO-60 (10 w/v%)
was stored at room temperature, whereby the stability
of the particles was investigated. The results are shown
in Table 7.

TABLE 7

Storage duration

(months) Particle size {(pm)
[¢] 0.7
1 a8
3 1.3

45

TEST EXAMPLE 3

Each of four wet pulverized formulations having
different particle sizes [composition: Compound No. 3
(40 w/v9%) and HCO-60 (10 w/v%)]) was forcibly
orally administered by an oral sonde to 2 group of 5
Wister male rats (body weight: 200 g) starved for 18
hours (dose: 50 mg/5 ml/kg). Then, blood (0.3 ml) was
periodicaily sampled with heparin from the jugular
vein. :

The blood thus abtained was subjected to separation
of the plasma and removal of proteins by using acetoni-
trile, and then Compound No. 3 was quantitatively
analyzed by a high speed liquid chromatography using
a reversed phase column (Nova Pak Cig, 3, 3.9 mm in
diameter X 150 mm, Nihon Waters), and the curve of
the concentration in blood was prepared.

From the curve of the concentration in blood, the
area below the curve was obtained by using a trapezoid
formula and presented as AUC (Arez Under the
Curve). -

50

65

EXAMPLE 1

Compound No. 3 (20 g) was suspended in 50 ml of a
5 w/v% HCO-60 aqueous solution, and the suspension
was wet pulverized (3000 rpm for 45 minutes) by Dyno-
mill by using 50 g of glass beads (from 0.25 to 0.3 mm in
diameter). After the completion of the pulverization,
glass beads were removed by sieving, to obtain a wet
pulverized formulation of Compound No. 3.

The wet puiverized formulation thus obtained was
sterilized in an autoclave to obtaiz a liguid formulation
of a final form. The average particle size of Compound
No. 3 in this liquid formulation was 0.68 um. Instead of
the sterilization in an autoclave, it is possible to employ
filtration to remove bacteria. If necessary, a sweetening
agent, a perfume, etc. may be added.

EXAMPLE 2

To 50 ml of the liquid formulation obtained in Exam-
ple 1, 20 g of a sucrose fatty acid ester (P1670, manufac-
tured by Mitsubishi Chemical Industries, Ltd.) was
added. The mixture was freezed with dry ice-methanol
and then subjected to vacuum drying for 24 hours 10
remove water, The solid thus obtained was filled in
capsules to obtain capsule drugs.

EXAMPLE 3

Compound No. 3 (15 g) was suspended in 50 mi of a
5 w/v% decaglycerol monolaurate {Decagline | L,
manufactured by Nikko Chemical K.K.) agueous solu-
tion, and the suspension was wet pulverized (3000 rpm
for 45 minutes) by Dyno-mill by using 50 g of giass
beads (from 0.25 to 0.5 mm in diameter). After the com-
pletion of the pulverization, glass beads were removed
by sieving, to obtain a wet pulverized formulation of
Compound No. 3.

The wet pulverized formulation thus obtained was
sterilized in an autoclave to obtain a liquid formulation
of 2 final form. The average particle size of Compound
No. 3 in this liquid formulation was 0.75 pm. Instead of
the sterilization in an autoclave, it is possible to employ
filtration to remove bacteria. If necessary, a sweetening
agent, a perfume, etc. may be added.

EXAMPLE 4

To 50 ml of the liquid formulation obtained in Exam-
ple 3, 30 g of a sucrose fatty acid ester (P1670, manufac-
tured by Mitsubishi Chemical Industries, Ltd.} was
added. The mixture was freezed with dry ice-methanol
and then subjected to vacuum drying for 24 hours to
remove water. The solid thus obtained was filled in
capsules to obtain capsule drugs.

We claim:

1. A benzoyl urea compound have the formula:
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QWNHCONHQ O—<A \ Z4

2

wherein X is 2 halogen atom, a nitro group or a trifluo-
romethyl group, provided that whea Y is a nitro group,
X is a halogen atom or a nitro group, Y is a hydrogen
atom, a halogen atom, a nitro group or a trifluoromethy!
group, Z, is a halogen atom or a trifluoromethyl group,
Z; is a hydrogen atom or 2 halogen atom, and A is a
nitrogen atom, characterized in that its average particle
size is not larger than 1 um.

2. The benzoy! urea compound according to claim 1,
which is N-(2-nitrobenzoyi)-N'-[3-chloro4-(5-bromo-2-
pyrimidinyloxy)phenyijurea.

3. The benzoyl urea compound according to claim 1,
of which an average particle size is within a range of
from 0.2 to 1 um.

4. An antitumor composition comprising an effective
amount of the benzoyl urea compound according to
claim 1, which is suspended in an aqueous solution con-
taining & dispersant. '
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5, The benzoyl urea compound according to claim 1,
which is prepared by pulverization in an aqueous solu-
tion containing a nonionic surfactant as'a dispersant.

6. The benzoy! urea compound according to claim 5,
wherein the nonionic surfactant as a dispersant has at
least 3 HLB value.

7. The benzoyl urea compound according to claim §,
wherein the nonionic surfactant as a dispersant is at least
one selected from the group consisting of polyoxyethyl-
ene hardened caster oil 20, polyoxyethylene hardened
caster oil 40, polyoxyethylene bardened caster oil 60,
polyoxyethylene hardened caster oil 100, polysorbate
60, polysorbate 65, polysorbate 80, polyoxyethylene
polyoxypropylene glycol, a sucrose fatty acid ester, a
glycerol fatty acid ester, a sorbitan fatty acid ester, a
propyiene glycol fatty acid ester, a polyglycerol fatty
acid ester, a polyoxyethylene sorbitan fatty acid ester, a
polyoxyethylene sorbitol fatiy acid ester, a polyoxyeth-
ylene glycerol fatty acid ester, a polyethylene glycol
fatty acid ester and a polyoxyethylene caster oil.

8. An antitumor composition comprising an effective
amount of the benzoyl urea compound according to
claim 1, which is in the form of a freeze-dried formula-
tion.

9. An antitumor composition comprising an effective
amount of the benzoyl urea compound according to
claim 1, which is in the form of a freeze-dried formula-
tion after an addition of a suitable amount of a disinte-
grator.
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ii“} e IN THE MATTER of Patent No.215758

;‘f;i;w"' o (In/PCT/2001/799/MUM) dated July 05,
2001 in the name of BAYER
CORPORATION, 100 BAYER ROAD,
PITTSBURG, PENNSYLVANIA, 15202,
US.A.,

......... Patentee

And

IN THE MATTER of opposition thereto by
Cipla Limited, 289, Bellasis Road, Mumbai
Central, Mumbai- 400 008.

........ Opponent

AFFIDAVIT

I, ARVIND ANANT NATU working for gain at National Chemical Laboratory, Pune

solemnly affirm and declare as under:

1. I have been working as a Scientist in NCL since 1978 after finishing my Ph.D.
degree from the University of Pune and post-doctoral fellowship at the Technical
University of Berlin, Germany, for two years, where | worked on natural products

and characterized more than 90 new compounds.

2. After rejoining NCL, ] was mainly engaged in the asymmetric induction using
alkaloids as catalyst, where besides finding out new catalysts for various
reactions, I developed new NMR methods for determination of optical yields.
Application of phase transfer catalyst in various organic reactions for better

selectivity and yields was another field explored by me. Several industrial
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chemicals are now produced using these procedures. Besides that, I developed

process for drugs and drug intermediates which are practiced in industry today.

Later, I switched to Bioorganic Chemistry. I have established state-of-art facility
for the synthesis of medified oligonucleotides and peptides for the first time in the
' country, which now caters to the needs of most of leading hospitals. I was
involved in the development of several DNA based diagnostic methods for
genetic disorders, viruses, etc. Use of fluorescent oligonucleotides for diagnosis
was a major breakthrough in this field. This method is now in practice in two
hospitals for the diagnosis of Thalessimia. Recently, 1 have used combinatorial
chemistry for the synthesis of an anti-inflammatory drug, besides the synthesis of

natural products and new heterocycles.

3. I am a faculty member in the Department of Biotechnology, University of Pune,
and am responsible for designing and teaching a course of macromolecular
biopolymers. [ am a member of several professional bodies and delivered lectures
in number of Symposia. | am a technical consultant to four American/Indian
companies. | have visited Germany, Switzerland, Poland, Russia, UK and several
other countries and delivered invited lectures in the various Universities abroad.
Details of my qualifications and various experiences in the field of medicinal

chemistry are outlined in the below table:

Name : | Dr. Arvind Anant Natu

Designation & Institution : | Professor Emeritus

Indian Institute of Science ,Education and

research

600 ,NCL Innovation Park

Homi Bhabha road

Pune 411008

Telephone: +91-20-25898023 Ext 119
+91-20-25898021
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' ." Fax No.  +9(-20-25898022 j

www.ilserpune.ac.in

Academic Qualifications : | PROVIDED BELOW
Degree University | Year Class
(A) B.Sc. Poona 1967 I (Hons.)
M.Sc. Poona 1969 I
Ph.D. Poona 1976 -
(B) | Diploma in German Language Poona 1981 | 3™ in the University

4,

My research experience includes research conducted by me at the following
universities, which are NCL Pune, Technical University Berlin, Bielefeld
University, Institute of Biomedical Science/ Pharmacia Upsala, Shemyakin
Institute of Bioorganic Chemistry Moscow and Institute of Molecular Biology,

Poland. The detailed chronologies of the research carried out by me are as

hereunder:
1969~ | Synthesis of number of terpenoid and steroidal derivatives using modern
74 synthetic reactions and reagents. Elucidation of stereOChemistr}; using mainly
PMR as a tool.
1974- | Modification of waxes, extraction of Colchicine on industrial scale. Project
76 identification. Project planning, costing and standardization of a veterinary
drug ‘Quinapyramine’ which involves ten step syntheses. This is the first
injectable vaccine developed at NCL.
1976- | Isolation and structure determination of biologically important compounds and
78 their synthesis. Use of special techniques in spectroscopy such as Lanthenide
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- ~ - | shifts, NOE, double resonance “C-NMR, WH-90, PMR chemical ionisation,
A * | mass spectrometry, etc. I have isolated and determined the structures of about

60-70 compounds, out of which 30 were new (at the end — Technical

University, Berlin).

1979- | Synthesis and structure determination (using modern techniques such as
82 ESCA) of various types of homogeneous catalysts derived from alkaloids and
metal complexes. Their use in various reactions for optical induction.
Synthesis of enantiomerically pure sulphur compounds and amino alcohols.
Apptlication of these catalysts to the synthesis of drugs. Determination of
plausible reaction mechanism for optical induction. Determination of

enantiomeric excess using PMR techniques.

1982- | Standardization of the new process for the preparation of chioramphenicol,
87 involving mainly asymmetric induction. Use of PTC technique for optical

induction in various reactions. Enzymatic and swing resolution of the amino

acids or amino diols.

1987 Synthesis of bio active compounds ,Asymmetric synthesis, Synthesis and
onward | structural studies of oligonucleotides /peptides (solid phase/solution phase
S synthesis ), PCR based diagnostics;

Combinatorial techniques in Drug discovery;

Natural Product Processing;

High Throughput Screening;

Synthesis of Novel antifungals;

In charge of Chem bio resource center

5. A brief summary of my post-doctoral research experience carried out in foreign

countries is brought out in the below table:

1976-78 | Institute of Organic Chemistry Isolation and synthesis of natural products
Technical University, Berlin

W.Germany (Prof.F.Bohlmann)
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,!9527 :', Institute of Organic Chemistry Phase transfer catalysed organic reaction
, <" | Bielefeld University, Bielefeld
- ol W.Germany (Prof.E.V.Dehlmon)
1990 Institute of Biomedical Science/ Solid phase automatic DNA synthesis
Pharmacia, Upsala, Sweden
1993 Shemyakin Institute of Bioorganic Synthesis of natural and modified
Chemistry, Moscow, USSR monomers for oligonucleotides and their
(Prof.V.A Effimov) incorporation Synthesis of peptides; use of

DNA  diagnostics  oligonucleotides,
combinatorial chemistry for building of

Libraries for new drugs.

1997 Institute of Molecular Biology, | Large scale synthesis of modified DNA
Poland for therapeutics

(Prof.G.Stec)

Awards/Fellowships:

® Hon. Advisor to German Academic Exchange Service

o Labdhi RDE Life time achievement award (Rs. 1,00, 000 )
o Junior & Senior Research Fellowship of CSIR, New Delhi
e Visiting Scientist at Bielefeld University, Germany

s Shemyakin Institute of Bioorganic Chemistry, USSR

o Institute for Macromolecular Chemistry, Poland

Teaching Experience:

All teaching experience at post graduate and graduate levels. I am involved in
faculty positions at various institutes for last 10-15 years, besides my NCL

research activities.

- Course on Biopolymers (design, teaching and evaluatien)...M.Sc.
Biotechnology, University of Pune. \t;-_"',r:.' ’ ‘_"'». . 3" ,.«:."\‘f*.‘
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/“; - Staff Development Courses for Post-graduate Teachers at Mumbai, Pune,
- " -~ 3 . . .
- Shivaji, Nanded Universities, National Defence Academy, Pharmacy Colleges
& Hospitals.

Facilities-in-Charge:

- Established a total drug discovery unique facility comprising of
combinatorial chemistry, processing of high throughput screening
(Combinatorial Chemistry Bio-Resource Center).

- Established and running a full-fledged facility for the synthesis of
normal and modified oligonucleotides and peptides catering to the
needs of major hospitals/labs in the country.

- In-charge of analytical facility (Organic), responsible for NMR, GC,
LC, FPLC, UV, Fluorescence Spectrophotometer, MPLC, Amino Acid

Analyser, etc.

Memberships:

1. Founder Member of Indian Society of Bioorganic Chemists
Founder member Of Indian peptide society

Society of Biological Chemistry

Associated Referee of ICUMSA

Referee for two international journals

Members of the National Committee on GLP

Member of the Research Society of H.N. Hospital, Mumbai.

el T T R

Convener of Bureau of Indian standards ( DIN in Germany )
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* 25 years of research experience in synthetic Organic chemistry,
bioorganic chemistry, combinatorial chemistry and drug discovery in

NCL;

e Consultant to Indian and Internationa]l pharmaceutical companies

(mainly in strategic planning, project monitoring, vendor /site audits/
qualification, synthesis, IPR, regulatory affairs, impurity profiles,
polymorphs etc.);

o Last five years mainly involved in S¢tting up unique “state of the art

“Combi Chem — Bio Center in NCL;

e Trained in India, Germany and other Eyropean countries;

o Teaching experience of 15 years mostly at post graduate and graduate
levels (Organic and bio organic chemistry),

¢ Can speak, read, and write German;_

* Recently (1st May 2007 onwards) joined Indian Institute of Science,

Education and research.

List of Publications:

1. Partial synthesis of protoprimulogenin; A.A.Naty and C.R.Narayanan, Current
Science, 42, 403 (1973);

2. Synthesis of some bridged triterpene ethers, A A Natu and C.R.Narayanan,
J.0rg.Chem. 30, 2689 (1974);

3. Triterpene acids from Indian clove buds, A A Natu and C.R.Narayanan,
Phytochemistry, i3, 1999 (1974);
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. Terpen-derivative aus Senocio Arten, F.Bohlmann, K.H.Knoll, C.Zdero,
P.K .Mahanta, M.Grenz, A.Suwita, D.Ehlers, Le Van Ngo, W.R.Abraham and
A.A Natu, Phytochemistry, 16, 965 (1977);

5. Neue sesquiterpenlakton und andere Inhalstoffe aus, Vertretern der
Eucatorium gruppe, F.Bohlmann, P.K.Mahanta, A.Suwita, A.A Natu, Zdero,
W.Dorner, D.Ehlers and M.Grenz, Phytochemistry, 16, 1973 (1977);

6. Uber weiters-longipinen-derivative aus composition, F.Bohlmann, A.Suwita,

A.A Natu, H.Czerson and A.Suwita Chemische Berichte, 110, 3572 (1977);

7. New germacronolides from isocarpha species, F.Bohlmann, P.K.Mahanta,

A.A Natu, R M .King and H.Robinson, Phytochemistry, 17, 471 (1978);

8. Neue diterpene und germacronolide aus mikania arten, F.Bohlmann,

A.A Natu and P.K.Mahanta Phytochemistry, 17, 483 (1978);

9. New sesquiterpene lactones from inula species F.Bohlmann, A.A.Natu,

R.C.Rastogi, J.Jackupovic and P.K.Mahanta, Phytochemistry, 17, 1165
(1978);

10. Weitere Bisabolen derivative und andero inhaltstoffe aus Sudafrikanischen
senecio arten, F.Bohlmann, C.Zdero and A.A Natu, Phytochemistry, 17, 1757
(1978);

11. Thymolderivative aus neurolaena arten, F.Bohimann, A.A Natu and K.Kerr,

Phytochemistry, 18, 489 (1979);

12. Optical Induction Part-1V. Optical induction by using homogeneous catalyst,
R.R.Ahuja, A.A.Natu and V.N.Gogte, Tet. Lett. 21, 4743 (1980);
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. Optical Induction Part-111, Some mechanistic studies on the reaction between
thiophenol and unsaturated ketone using quinine/quinidine catalyst,
R.R.Ahuja, S.1.Bhole, N.N.Bhongle, V.N.Gogte and A.A Natu, Ind.J.Cﬁem.

, vt 21B, 299 (1982),

14, Optical Induction Part-V. Michael addition of thiophenol to benzalacetone
catalysed by quinine and quinidine derivatives, N.N.Bhongle, V.N.Gogte and
A.A Natu, Ind.J.Chem. 21B, 304 (1982);

15. Prenylated flavonoids and Teprosia purpurea seeds, B.Sinha, A.A Natu and
D.D.Nanavati, Phytochemistry, 21, 1468 (1982);

16. Oxidative coupling reactions under PTC conditions, V.N.Gogte, A.A Natu
and V.S.Pandit, Tetrahedron Letters, 21, 4131 (1983);

17. Determination of enantiomeric excess using C-NMR  spectroscopy,

V.N.Gogte, A.A.Natu and V.S.Pandit, Org.Mag.Resonance, 22, 624 (1984),

18. Alkylation of ethyl-nitroacetate under PRC conditions, V.S.Pore and
A.A Natu, Synthetic Communications, 17, 1421 (1987);

19. Enantioselective synthesis of R & S phenyl alanine, V.N.Gogte, J.Kenya and
A.ANatu, Chemistry & Industry, London, 243 (1986),

20. Optical Induction Part-VIII, Addition of htiophenol to Mannich bases using
cinchona alkaloids, Synthetic Communications (1987)/1988;

21. Optical Induction Part-VIII, Opening of phenyl oxiranes with different amino

nucleophiles, V.N.Gogte, A.A.Natu and V.S.Pandit, Ind.J.Chem. 25B, 603
(1986);
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22. Structure of 4R(+)-1-benzyl-N-dichloroacetyl 1,3-oxazolidine, V.G.Puranik,
S.S.Tawale, T.N.Guru Row, V.AKumar and A.ANatu, Acta
Crystallographica (1986);

23. Chlorocarboxylation of polyethylene, Part-1I, $.G.Joshi and A.A Natu,
Angewandte Makromolecular Chemie, 143, 115 (1986);

24. Chlorocarboxylation of polyethylene, Part-I, S.G.Joshi and A.A.Natu,
Angewandte Makromolecular Chemie, 143, 99 (1986);

25. Chlorocarboxylation of polymers, IUPAC International Conference on

Modified Polymer Short Lectures, 91 {1988);

26. A non-phosgene route for the synthesis of sym. N,N’-diethyldiphenyl-urea,
N.R.Ayyangar, U.R.Kalkote, A.R.Choudhary and A.A.Natu, Chemistry &
Industry, 599 (1988);

27. A simple and economical method for the alkylation of benzanilide,
N.R.Ayyangar, U.R.Kalkote, A.R.Choudhary and A.A.Natu, Synthetic
Communications, 18, 2011 (1988);

28. Facile synthesis of substituted N-monoalkylaromatic amines using PTC
conditions, U.R.Kalkote, A.R.Choudhary, A.ANatu, R..Lahoti and
N.R.Ayyangar, Synthetic Communications, 21, 1889-1900 (1991);

29. Phase transfer catalyzed N-monoalkylation of aminoanthraquinones,
U.R.Kalkote, A.R.Choudhary, A.ANatu and N.R Ayyangar, Synthetic

Communications, 21, 1129-1135 (1991};

30. Detection of Bovine herpes virus by polymerase chain reaction, Indian

Veterinary Congress, Bangalore (1992);
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31.

32.

33.

34.

35.

36.

37.

38.

39.

Synthesis and application of fluorescent nucleotides, V" National Bioorganic

Symposium, Kolhapur (1995);

Detection of genetic diseases by PCR, Indo-German Symposium in Organic

Chemistry, Hyderabad (1996);

PCR based test for the detection of virus in India, Indian Scientific &

Research Letters, 2(2), 148-150 (1994),

5-Aminocarboxyfluorescein-2°-dU oligonucleotides Nucleosides/

Nucleotides, 00 (1997);

Psoriasia a retrovial link, Australian Journal of ..., R.B.Gadgil, M.H.Gharpure
and A.A.Natu, Presentation at 19™ World Congress of Dermatology, Sydney,
2002, (1997);

Dental plague: an unlikely reservoir of Helicobacter pylori, A.H.Kamat,

P.R.Mehta and A.ANatu, Int.]. of Gastroentrology, 17, 138 (1998);

Chemoselcctive carbon-carbon coupling of organocuprates with (Bromo-
methyl) methyl maleic anhydride: Synthesis of chaetomellic acid A,

A.M.Deshpande, A.A Natu and N.P.Argade, J.Org.Chem. 63, 9557 (1998);

Synthesis and screening of a combinatorial library of naphthalene substituted
chalcones: Inhibitors of leukotriene B A.M.Deshpande, N.P.Argade and
A.A.Natu, Bioorganic & Medicinal Chemistry, 7(6), 1237 (1999);

Chemo- and regioselective nucleophilic reactions of (Bromomethyl) methyl
maleic anhydride. Synthesis of o.-quinoxalinyl- and «-benzothiazinyl acrylic
acid, A.M.Dcshpande, A.ANatu and N.P.Argade, Heterocycles, 51, 0000
(1999);
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- 40. Biocontrol of root infecting pathogenic fungus, chitin metabolism inhibitors,

M. v. Deshpande and A. A. Natu, Journal of Biocontrols ,15(2) ,157 (2001);

'41. Facile synthesis of () 2,3-disubstituted maleic anhydride segment .A. M
Deshpande, N. P. Argade, A. A. Natu , Synthesis, 5, 702, ( 2001);

weee

42. A new strategy for the synthesis of furan-3 4 dicarboxylic acid Deshpande, N.
P. Argade, A. A. Natu , Synthesis (2002);

43. Expedient synthesis of 1,2,3-triazole-fused tetracyclic compounds by
intramolecular Huisgen (‘click”) reactions on carbohydrate-derived azido-
alkynes, Srinivas Hotha,* Ramakrishna 1. Anegundi and Arvind A. Natu,
Tetrahedron Letters 46 (2005) 4585-4588;

44, "Diversity oriented synthesis of 1,2.3-triazole and 1,2,3,4- tetrazole-fused
glycosides and nucleosides by an intramolecular 1,3- dipolar cycloaddition

reaction", J. Comb. Chem (000 2007).

To be communicated:

1. Enzymatic resolution of amino acids using subtisiline;

2. Backbone rearrangement of  3B-4f-diacetoxy-Sa-6-epoxy-
cholestane;

3. On the configuration of Echinocystic acid diacetate lactone;

4. Reversal of backbond rearrangements in steroids;

5. Detection of unusual mutation in thallesimia; and

6. PCR detection of Psorasis.
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. Major scientific areas of interest:

- Bioorganic Chemistry
- Synthesis of Oligonucleotides/Peptides
- Synthetic Organic Chemistry

- Drug Discovery & Process Development

6. I have been given a copy of Patent specification of granted Indian Patent No.
215758 and copies of US Patent No.5773459 published on June 30, 1998 referred
to as Exhibit 1 and US Patent No.4904668 published on February 27, 1990
referred to as Exhibit 2. | have been particularly asked to study and appreciate the
invention disclosed and claimed in the Patent specification of granted Indian Patent
No. 215758 on the face of the state of art namely Exhibits 1 and 2 and any other
document known to me which is published prior to January 13, 1999 and to
thereafter assess whether the invention claimed in the Indian Patent No. 215758
presents any technical advancement which is unobvious in nature. More
particularly I have asked to give my opinion with reference to the compound with
the INN name sorafenib or pharmaceutically acceptable salts thereof in particular

the tosylate salt of sorafenib.

7. I say that sorafenib is a compound with the [UPAC name N-(4-chloro-3-
(triflucromethyl)phenyl)-N'-(4-(2-(N-methylcarbamoyl)-4-pyridyloxy)phenyl)jurea

and structurally represented as shown below.

CFy 0

ReSSeavay
N’J\N N
H H

8. While sorafenib or a pharmaceutically acceptable sait thereof is claimed in claim |
of the patent, the compound specifically in the form of its tosylate is claimed in

claim 20. I have carefully gone through the patent specification of Patent No.

215758 as also exhibits land 2. [ have understood the invention clain e_d“?%ngéhtm
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- No. 215758 as also the teachings contained in Exhibits 1 and 2. I say that in view

of my qualifications, experience and knowledge in the field of Organic and
Medicinal Chemistry I am competent to carry out the assessment as to whether the
invention claimed in Patent No. 215758, in particular sorafenib or sorafenib
tosylate present any technical advancement, which is unobvious in nature having
regard to the teachings contained in Exhibits 1 and 2 and other documents known

to me. Accordingly I am competent to depose this affidavit as an expert.

. I say that that Exhibit 1 relates to urea and thiourea type compounds for the

prevention and treatment of cell proliferative disorders. Particularly Exhibit 1

discloses compounds having the formulae:

1 i
NN
/ [ \Tr' \'5{5
X

/

(33
and pharmaceutically acceptable salts thereof, wherein: X is O or S;
R; is selected from the group consisting of optionally substituted aryl, alkylaryl,
and heteroaryl '
Ry are independently selected from the group consisting of hydroxy, H, alkyi,
alkoxy, CN, nitro, halo, trihalomethyl, amide, carboxamide, sulfonyl, and
sulfoxamide.
I say that that column 2 (lines 43 to 46) clearly discloses that the phenyl ring can
contain independently Ry including halo and trihalomethyl groups. This has a
clear similarity to the structure of sorafenib in the phenyl ring fragment of the
same. [ say that the above thus leads us to compound with the partial structure as
shown:

CF

Cl
o

bstituent
)J\ ~ su
NH NH

Figure 1

13

66




£+

. ';; column 2 lines 41, 42 and column 3 lines 44 to 52 disclose that R1 is an

.* optionally substituted aryl group which is preferably a phenyl group. I say that

this drives to a compound with the partial structure:

CF,
Cl
O
)J\ substituent
NH NH

11.1 say that that Figure 2 depicts a compound with the maximum structural

Figure 2

resemblance to sorafenib that is allegedly claimed in the patent under opposition.
I say that this comparison makes it very clear that Exhibit 1 discloses an essential
structural feature that is required for a molecule to function as a kinase inhibitor
1.e. the preferable presence of the triflucromethyl phenyl ring on the N-atom of
urea and the presence of the substituted phenyl group on the N* atom of the urea. I
say that a urea derivative the substitutions as defined above on the N atom and N’

atom of urea is capable of functioning as an anticancer agent.

12. 1 say that the specific pyridyloxy phenyl substitution on the N' atom of urea is
motivated by the teachings of Exhibit 2. Exhibit 2, which refers to US4904668,
discloses antitumor benzoyl urea compounds having an improved absorbability

through the gut. In particular Exhibit 2 discloses compounds with the Jepef

A
OCONHCONH. o—< -2,
N
X Y Z3

wherein X is a halogen atom, a nitro group or a trifluoromethyl group, provaes

structure

that when Y is a nitro group, X is a halogen atom or a nitro group, Y is a
hydrogen atom, a halogen atom, a nitro group or a trifluoromethy! group, Z, is a

halogen atom or a trifluoromethyl group, 7. is a hydrogen atom or a halogen
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atom, and A is a =CH-- group or a nitrogen atom, or ....... , characterized in that

its average particle size is not larger than | pm.

. 1 say that specific compounds that satisfy the above definition of formula I are

disclosed in columns 2 and 3 of Exhibit 2. [ say that compound no 1, 4 bear a
substituted pyridyloxy phenyl group on the N’ atom of the parent urea. ] say that
Exhibit 2 further discloses in column 5 lines 42 to 50 “With the benzoyl urea
compound having the specified particle size of the invention, the absorption
through the gut is remarkably improved, and the stability of the particles in a
liguid state is excellent.

By using the benzoyl urea compound having the specified particle size according
to the present invention, it is possible to reduce the dose of the benzoyl urea
compound and thus to reduce the side effects or the pain to the patient when if is
administered to the patient.”

I say that the teachings of Exhibit 2 make it evident that urea compounds bearing
a pyridyloxy phenyl group on one of the N atoms exhibit excellent stability and

also marked antitumor effects.

14. 1 say that from the combined disclosure of Exhibit 1 and Exhibit 2, a compound

with the following partial structure may be readily arrived at:

c

F3
cl o X
0 | substituent
)L =N
NH NH

1 say that a person skilled in the art reading Exhibit 1 in conjunction with Exhibit

Figure 3.

2 will clearly predict that urea derivatives wherein one of the N atom bears a
trifluoromethyl phenyl substituent and the other N atom bears a pyridyloxy
phenyl substituent (as shown in Figure 3) will have the potential to exhibit
antitumor properties. | say that the inventors of the patent under opposition being
persons skilled in the art have merely combined the teachings of Exhibit 1 and
70T

o \b_

Exhibit 2 to prepare the desired molecule i.e. sorafenib.
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af:%‘:%; 15“‘I‘ say that while none of Exhibit 1 and Exhibit 2 do not explicitly disclose
"y 7. sorafenib, nonetheless provide more than sufficient motivation and expectation of
a’i o ” success since the combined teachings of these documents are directed towards

16.

18
\S -

compounds which bear maximum structural proximity to sorafenib. [ say that
these documents viz Exhibit 1 and Exhibit 2 disclose urea derivatives and suitable
substitutions on either of the N atoms of urea, the various combinations of which
will lead to new compounds, which will also possess potent antitumor activity. 1
say that both Exhibit 1 and Exhibit 2 bring to light the fact that substituted urea
compounds are capable of exhibiting antitumor activity. Also these documents
individually teach that presence of certain substituents on the N and N’ atom of
urea is preferred for pronounced activity. | say that Exhibit 1 discloses that a
trifluoromethyl group is preferred whereas Exhibit 2 discloses that a pyridyloxy
phenyl group is preferred. 1 say that sorafenib which is also a urea derivative
bearing a trifluoromethyl group on the N atom and a pyridyloxy phenyl group on
the N’ atom of urea, claimed in the impugned patent in my opinion is obvious and
devoid of inventive merit since the same flows from the combined teachings of
Exhibit 1 and Exhibit 2. | say that every new substitution cannot be rewarded with
a patent unless there is a genuine and enforceable devetlopment. In this case it was
always worthwhile to study the efficacy of the different substituents in the present
case and the inventors arrived at the claimed compound by substituting
trifluoromethy! group for the N atom and a pyridyloxy phenyl group for the N’
atom of urea which the patentee clearly has done and the compound of the
impugned patent arrived at by trial and error method. 1 say that there was no
guarantee flowing from Exhibit 1 and Exhibit 2 as to the specific attributes of the
compound of the patent but the substitution was clearly motivated and thus

obvious to try.

Turning to the tosylate salt of sorafenib I say that preparation of a suitable
pharmaceutically acceptable salt of sorafenib is a routine job as a part of drug
development thus the tosylate salt of sorafenib also cannot involve any inventive

merit.
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}T.._ .2~ 17. The statements made herein are true to my knowledge.

Declared at Mumbai this 26™ day of March 2009

-

Dr. ARVIND ANANT NATU
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g GENERAL POWER OF ATTORNEY
- In the matter of The Patents Act, 1970 as
§ amended by The Patents (Amendment) Act of )
1999 and 2002, and The Patents Amendment
Act, 2005,
' And
. In the matter of The Patents Rules, 2003 as
¢ amended by The Patents {Amendment) Rules of
2005, -
' And
' In the matter of CIPLA LIMITED, Mumbai
Central, Mumbai 400 008, India
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We, the abovenamed CIPLA LIMITED do heteby retain, constitute and appoint S. MAJUMDAR,
M. MAJUMDAR, DR. SANCHITA GANGULI, RAJU KUMAR, ABHISHEK SEN,
ASHWINI SANDU, AMIT CHAKRABORTY, A, MUKHERJEE, SONALI
BHOKARIKAR, POONAM KOLHE representatives of the Firm of S. MAJUMDAR & C0., 5,

Harish Mukherjee Road, Calcutta - 700 025, India, all of Indian nationality, jointly and severally
to be our Agents and Attorneys for the purpose of all acts under the Patents Act, 1970 (as amended
by the Patents {Amendment) Act, 2005 or as may be amended hereafter) for all matters in_
which the name of the said firm of $§ MAJUMDAR & CO., appears in the address for service i
the respective matters and we authorize any of them to sign our name and on our behalf on all -
applications and other papers and writings and do such acts, as may be necessary or expedient and
lastly we request that all official communications now or hereafter relating to the same may be
addressed to them at their office in Calcutta and that they be recognized as our authorized Agents
in all proceedings incidental thereto. Cipla Ltd. retains the power to revoke this Power of Attorney

at any time at its own discretion.
We authorize them to appoint agents, advocates and attorneys on Cipla's expressed consent. We

hereby confirm all actions, if any, already taken by them in this matter. This Power of Attomey
supercedes all previous Powers of Attorney given in favour of said firm of S. MAJUMDAR & CO.

CIPLA LIMITED

Dated this 23" day of June 2006.




