
US 20060189655Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0189655 A1 

Bar-Or et al. (43) Pub. Date: Aug. 24, 2006 

(54) METHYLPHENIDATE DERIVATIVES AND (52) US. Cl. ............................................................ .. 514/317 
USES OF THEM 

(76) Inventors: David Bar-Or, EngleWood, CO (US); (57) ABSTRACT 
Nagaraja R.K. Rao, Cardiff (GB) 

Correspondence Address? The present invention provides methods of using com 
FAEGRE & BENSON LLP pounds of formula I: 
PATENT DOCKETING 
2200 WELLS FARGO CENTER 
90 SOUTH 7TH STREET 
MINNEAPOLIS, MN 55402-3901 (US) R2 

I \ O/ 
(21) Appl. No.: 11/336,029 (Rl)n—| 

/ O 
(22) Filed: Jan. 20, 2006 

Related US. Application Data HN 

(60) Provisional application No. 60/663,006, ?led on Mar. 
18, 2005. Provisional application No. 60/645,778, 
?led on Jan. 20, 2005. 

Publication Classi?cation and salts and prodrugs thereof, Wherein n, R1 and R2 are 
de?ned herein. The invention also provides certain novel 

(51) Int, Cl, compounds of formula I and pharmaceutical compositions 
A61K 31/445 (2006.01) comprising them. 

2 uglml PHA 

0.5 

Nil 

Dex 

Cpd ll 50 uglml 

MP 50 uglml 

PHA 

PHA + water 

PHA + Dex 

PHA + Cpd ll 50 uglml 

PHA + Cpd ll 15 uglml 

PHA + Cpd H 5 uglml 

PHA + MP 50 uglml 

PHA + MP 15 uglml 

PHA + MP 5 uglml L-.. __' _'_ 



Patent Application Publication Aug. 24, 2006 Sheet 1 0f 7 US 2006/0189655 A1 

2 uglml PHA 

0.5 

Nil I 

Dex 

Cpd ll 50 uglml 

MP 50 uglml 

PHA 

PHA + water ‘ 

PHA + Dex _' ‘ 

PHA + Cpd ll 50 uglml 

PHA + Cpd ll 15 uglml 

PHA + Cpd H 5 uglml 

PHA + MP 50 uglml 

PHA + MP 15 uglml 

PHA + MP 5 ug/ml 

Figure 1A 

5 uglml PHA 

OD 530 nm 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

PHA .; _"_ “W1. "L 

PHA + water .,_..'_‘_; 

PHA + Dex *' 

PHA + Cpd || 50 uglml 

PHA + Cpd u 15 uglml 

PHA + Cpd ll 5 uglml 

PHA + MP 50 uglml 

,PHA + MP 15 uglml 

PHA + MP 5 uglml 

Figure 1B 



Patent Application Publication Aug. 24, 2006 Sheet 2 0f 7 US 2006/0189655 A1 

20 ug/ml PHA 

OD 530 nm 

0 0.2 0.4 0.6 0.8 1 

Nil 

PHA 

PHA + water 

PHA + Dex 

PHA + Cpd ll 50 ug/ml 

PHA + Cpd ll 15 ug/ml 

PHA + Cpd ll 5 ug/ml 

PHA + MP 50 ug/ml F M 

PHA + MP 15 ug/ml L 

PHA + MP 5 ug/ml 

Figure 1C 

OD 530 nm 

0 0.1 0.2 0.3 0.4 0.5 0.6 

MP 25 ug/ml i --~--j—~——————---_ in; 

PHA+MP25uglmI 1, ' ~ - » " " V ' 

Figure 2 



Patent Application Publication Aug. 24, 2006 Sheet 3 0f 7 US 2006/0189655 A1 

[IL13] pglml 

0 20 40 60 80 100 

Nil 

Cpd || _ 

MP _ 

10 uM Dex - 

2 ug/ml PHA — 

PHA + Cpd ll ‘ 

PHA+ - 

PHA + Dex — 

Figure 3 

[INF] pglml 
0 50 100 1 50 200 250 

PHA + Dex 

Figure 4 





Patent Application Publication Aug. 24, 2006 Sheet 5 0f 7 US 2006/0189655 A1 

[IL13] pglml 
0 10 20 3O 40 50 

Figure 6 

[TNF] pglml 
0 2o 40 so 80 100120 

Nil 

50 ug/ml Cpd ll 
15 ug/ml Cpd ll 

10 uM Dex 

5 ug/ml PHA 
PHA + 50 ug/ml Cpd ll 

PHA + 15 ug/ml Cpd H 
PHA + Dex 

Figure 7 



Patent Application Publication Aug. 24, 2006 Sheet 6 0f 7 US 2006/0189655 A1 

PBL lL-8 release 

O 100 200 300 400 500 600 

[IL-8] pg/ml 

FIGURE 8 

c-FOS activation of THP-1 cells 

200 ng/ml LF’S l 'W 

5 ug/mll Cpd ll 

15 ug/ml Cpd II 

OD 450-645 nm 

FIGURE 9A 



Patent Application Publication Aug. 24, 2006 Sheet 7 0f 7 US 2006/0189655 A1 

c-JUN and NFkappaB activation in THP-1 
cells 

Nil 4 f 

200 ng/mlLPS > 

5 ug/mIlCpd II 5 

15 ug/ml Cpd ll ‘ 

00 450-645 nm 

FIGURE 9B 



US 2006/0189655 A1 

METHYLPHENIDATE DERIVATIVES AND USES 
OF THEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of provisional 
applications Nos. 60/645,778, ?led Jan. 20, 2005, and 
60/663,006, ?led Mar. 18, 2005, the complete disclosures of 
Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to uses of methylphenidate 

derivatives. The uses include inhibiting angiogenesis and 

treating angiogenic diseases and conditions. 

BACKGROUND 

[0003] Methylphenidate is the treatment of choice for 

children and adults diagnosed With attention de?cit/hyper 

activity disorder (ADHD), including its inattentive subtype 
(formerly knoWn as attention de?cit disorder or ADD). 

Certain derivatives of methylphenidate have also been pro 

posed for the treatment of ADD (see US. Pat. No. 6,025, 

502) and for the treatment of other neurological disorders 

and conditions (see US. Pat. Nos. 5,859,249, 6,025,502 and 

6,486,177 and PCT application WO 99/36403). 

[0004] Methylphenidate is a mild central nervous stimu 

lant and is also taught for treating apathy, fatigue, cognitive 
decline, and depression in cancer patients, AIDS patients 

and other seriously ill patients. See US. Pat. Nos. 5,908,850, 

6,127,385, 6,395,752 and 6,486,177, Challman and Lipsky, 
Mayo Clin. Proc., 75:711-721 (2000) and Leonard et al., 

Hum. Psychopharmacol. Clin. Exp, 191151-180 (2004). 

[0005] 
carcinogenic, and that there is a less than expected rate of 

It has been reported that methylphenidate is not 

cancer, in rats and humans taking methylphenidate. See 

Dunnick and Hailey, Toxicology, 103:77-84 (1995), National 
Toxicology Program, Natl. Toxicol. Program Tech. Rep. Ser., 
439:1-299 (1995), Dunnick et al., Cancer LelL, 102:77-83 

(1996) and Teo et al., Mural. Res., 537:67-79 (2003). HoW 
ever, there is some evidence that methylphenidate is carci 

nogenic in mice. Dunnick and Hailey, Toxicology, 103:77-84 
(1995) and National Toxicology Program, Natl. Toxicol. 
Program Tech. Rep. Ser, 439:1-299 (1995). Further, some 
types of tumors have been reported to be decreased, While 
other types of tumors have been reported to be increased. 

See Dunnick and Hailey, Toxicology, 103:77-84 (1995), 
National Toxicology Program, Natl. Toxicol. Program Tech. 
Rep. Ser, 439: 1 -299 (1995) and Dunnick et al., Cancer LeZL, 

102:77-83 (1996). 
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SUMMARY OF THE INVENTION 

[0006] The invention provides methods of using a com 
pound of formula I 

Wherein n is an integer from 1 to 5, and each R1 is 
independently aryl, heteroaryl, alkyl, cycloalkyl, alkoxy, 
aryloxy, acyl, carboxyl, hydroxyl, halogen, amino, nitro, 
sulfo or sulfhydryl. Each alkyl can optionally be substituted 
With hydroxyl, amino or sulfhydryl. R2 is hydrogen or loWer 
alkyl. 

[0007] In a ?rst embodiment, the invention provides a 
method of inhibiting angiogenesis in an animal. The method 
comprises administering an effective amount of a compound 
of formula I, or a pharmaceutically-acceptable salt or a 
prodrug thereof, to the animal. 

[0008] In a second embodiment, the invention provides a 
method of treating an angiogenic disease or condition in an 
animal. The method comprises administering a therapeuti 
cally effective amount of a compound of formula I, or a 
pharmaceutically-acceptable salt or a prodrug thereof, to the 
animal. 

[0009] In a third embodiment, the invention provides a 
method of treating a proliferative disorder in an animal. The 
method comprises administering a therapeutically effective 
amount of a compound of formula I, or a pharmaceutically 
acceptable salt or a prodrug thereof, to the animal. 

[0010] The invention also provides a compound of for 
mula IA: 

R2 

HN 

Where 

[0011] n is an integer from 1 to 5; 

[0012] each R1 is independently a moiety of the formula 
%(O)iR8, ADR7 or iC(O)A)iR3; 

[0013] R2 is hydrogen or loWer alkyl; 
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[0014] 
[0015] 
[0016] 
[0017] The invention further provides a pharmaceutical 
composition comprising a pharmaceutically-acceptable car 
rier and a compound of formula IA: 

R3 is hydrogen, alkyl, cycloalkyl or aryl; 

R7 is aryl; and 

R8 is cycloalkyl or aryl. 

2 IA 
R 

I \ 0/ 
l— 

(R >. I / 
O 

HN 

or a salt or prodrug thereof, 

Where 

[0018] n is an integer from 1 to 5; 

[0019] each R1 is independently a moiety of the formula 
iC(O)iR8, i018 or iC(O)A)iR3; 

[0020] 
[0021] 
[0022] 
[0023] 

R2 is hydrogen or loWer alkyl; 

R3 is hydrogen, alkyl, cycloalkyl or aryl; 

R7 is aryl; and 

R8 is cycloalkyl or aryl. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIGS. 1A-C are graphs of OD at 530 nm for 
various additives to peripheral blood lymphocyte (PBL) 
cultures stimulated With 2 ug/ml, 5 [Lg/ml and 20 [Lg/ml 
phytohemagglutinin (PHA), respectively. 
[0025] FIG. 2 is a graph of OD at 530 nm for various 
additives to PBL cultures stimulated With 2 ug/ml PHA. 

[0026] FIG. 3 is a graph of concentration of IL-l3 for 
various additives to PBL cultures stimulated With 2 [Lg/ml 
PHA. 

[0027] FIG. 4 is a graph of concentration of IFNy for 
various additives to PBL cultures stimulated With 2 [Lg/ml 
PHA. 

[0028] FIGS. SA-B are graphs of OD at 530 nm for 
various additives to PBL cultures stimulated With 2 [Lg/ml 
and 5 [Lg/ml PHA, respectively. 

[0029] FIG. 6 is a graph of concentration of IL-l3 for 
various additives to PBL cultures stimulated With 5 [Lg/ml 
PHA. 

[0030] FIG. 7 is a graph of concentration of TNFO. for 
various additives to PBL cultures stimulated With 2 [Lg/ml 
PHA. 

[0031] FIG. 8 is a graph of concentration of IL-8 for 
various additives to PBL cultures stimulated With 2 [Lg/ml 
PHA. 
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[0032] FIGS. 9A-B are graphs of OD for various additives 
to THP-l monocyte cultures stimulated With lipopolysac 
charide (LPS). In FIG. 9B, the top dark gray bar in each 
instance is c-Jun and the bottom light gray bar is NFKB. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] In one aspect, compounds of formula I are useful in 
the practice of the present invention. 

[0034] In Formula I, n is an integer from 1 to 5. Preferably 
n is l or 2. 

[0035] Each R1, Which may be the same or different, is 
aryl, heteroaryl, alkyl, cycloalkyl, alkoxy, aryloxy, acyl, 
carboxyl, hydroxyl, halogen, amino, nitro, sulfo or sulfhy 
dryl. Each alkyl can optionally be substituted With hydroxyl, 
amino or sulfhydryl. R1 is preferably aryl, alkyl, cycloalkyl, 
alkoxy, aryloxy or acyl. More preferably R1 is aryl, alkyl or 
cycloalkyl, even more preferably aryl, most preferably phe 
nyl. 
[0036] In formula I, R2 is hydrogen or loWer alkyl. Pref 
erably, R2 is iCH3. 

[0037] In one speci?c embodiment, the compound of 
formula II is particularly useful in the present invention: 

0020113 

[0038] “Acyl” means a moiety of the formula iC(O)i 
R3, Wherein R3 is H, alkyl, cycloalkyl or aryl. 

[0039] “Amino” means a moiety of the formula iNR4R5 , 
Wherein each of R4 and R5 is independently H or loWer alkyl, 
preferably loWer alkyl. 

[0040] “Alkoxy” means a moiety of the formula ‘0R6, 
Wherein R6 is alkyl. An example of an alkoxy group is 
methoxy (4OiCH3). 
[0041] “Alkyl” means a monovalent saturated straight 
chain or branched hydrocarbon containing 1-8 carbon 



US 2006/0189655 A1 

atoms. Each alkyl may, optionally, be substituted With one or 
more amino, hydroxyl or sulfhydryl groups. 

[0042] “Aryl” means a monovalent mono-, bi- or tricyclic 
aromatic hydrocarbon moiety of 6 to 14 ring carbon atoms. 
Preferred is phenyl. 

[0043] “Aryloxy” means a moiety of the formula ‘0R7, 
Wherein R7 is aryl. An example of an alkoxy group is 
phenoxy. 
[0044] “Carboxyl” means a moiety of the formula 
iC(O)iOR3, Wherein R3 is H, alkyl, cycloalkyl or aryl. 

[0045] “Cycloalkyl” means a saturated, monovalent 
mono- or bicyclic hydrocarbon moiety of three to ten ring 
carbon atoms. Preferably the cycloalkyl contains 4-8 ring 
carbon atoms. The most preferred cycloalkyl is cyclohexyl. 

[0046] “Halogen” means chlorine, ?uorine, bromine or 
iodine. Preferred is chlorine or bromine. 

[0047] “Heteroaryl” means a monovalent monocyclic or 
bicyclic aromatic moiety of 5 to 12 ring atoms containing 
one, tWo, or three ring heteroatoms each of Which is inde 
pendently selected from N, O, and S, the remaining ring 
atoms being C. 

[0048] “Hydroxyl” means iOH. 

[0049] “LoWer alkyl” means a saturated straight-chain or 
branched hydrocarbon containing 1-4 carbon atoms. 

[0050] “Nitro” means iNOZ. 

[0051] “Sulfhydryl” means iSH. 

[0052] “Sulfo” means iSO3H. 

[0053] “Prodrug” means any compound Which releases an 
active parent drug according to formula I in vivo When such 
prodrug is administered to a mammalian subject. Prodrugs 
of a compound of formula I are prepared by modifying one 
or more functional group(s) present in the compound of 
formula I in such a Way that the modi?cation(s) may be 
cleaved in vivo to release the parent compound. Prodrugs 
include compounds of formula I Wherein a hydroxy, amino, 
or sulfhydryl group in a compound of formula I is bonded to 
any group that may be cleaved in vivo to generate the free 
hydroxyl, amino, or sulfhydryl group, respectively. 
Examples of prodrugs include, but are not limited to, esters 
(e.g., acetate, forrnate, and benZoate derivatives), carbam 
ates (e.g., N,N-dimethylaminocarbonyl) of hydroxy func 
tional groups in compounds of formula I, and the like. 

[0054] “Inhibit” or “inhibiting” is used herein to mean to 
reduce (Wholly or partially) or to prevent. 

[0055] “Treating” or “treatment” of a disease or condition 
includes: (1) preventing the disease or condition, i.e., caus 
ing the clinical symptoms of the disease or condition not to 
develop in a mammal that may be exposed to or predisposed 
to the disease or condition, but does not yet experience or 
display symptoms of the disease or condition; (2) inhibiting 
the disease or condition, i.e., arresting or reducing the 
development of the disease or condition or its clinical 
symptoms; or (3) relieving the disease or condition, i.e., 
causing regression of the disease or condition or its clinical 
symptoms, including curing the disease or condition. 

[0056] An “effective amount” means the amount of a 
compound that, When administered to an animal for treating 
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a disease or condition or for causing an effect is sufficient to 
do so. The “effective amount” can and Will most likely vary 
depending on the compound, the disease or condition and its 
severity, or the effect sought to be caused, and the age, 
Weight, etc., of the animal to be treated. 

[0057] Methods of synthesiZing the compounds of for 
mula I useful in the present invention are knoWn in the art. 
See, e.g., US. Pat. Nos. 5,859,249 and 6,025,502, PCT 
application WO 99/36403, Pan et al., Eur J. Pharmacol, 
264, 177-182 (1994), Gatley et al., Life Sci, 58, 231-239 
(1996), Deutsch et al., J. Med. Chem., 39, 1201-1209 (1996), 
Thai et al., J. Med. Chem., 41, 591-601 (1998), and Way 
ment et al., J. Neurochem, 72:1266-1274 (1999), Krim, 
Lori, Thesis (PhD. in Chemistry) (2001), University Of 
Pennsylvania, Chemistry Library Reading Room (Call No. 
QD001 2001.K92), University Micro?lms Order No. 
3031684, ISBN 0-493-44179-4, the complete disclosures of 
Which along With the references cited therein are incorpo 
rated herein by reference. 

[0058] If the compound of the present invention contains 
one or more chiral centers, the compound can be synthesiZed 
enantioselectively or a mixture of enantiomers and/ or dias 
tereomers can be prepared and separated. The resolution of 
the compounds of the present invention, their starting mate 
rials and/or the intermediates may be carried out by knoWn 
procedures, e.g., as described in the four volume compen 
dium Optical Resolution Procedures for Chemical Com 
pounds: Optical Resolution Information Center, Manhattan 
College, Riverdale, N.Y., and in Enantiomers, Racemates 
and Resolutions, Jean Jacques, Andre Collet and Samuel H. 
Wilen; John Wiley & Sons, Inc., NeW York, 1981, Which are 
incorporated herein in their entirety. Basically, the resolution 
of the compounds is based on the differences in the physical 
properties of diastereomers by attachment, either chemically 
or enZymatically, of an enantiomerically pure moiety, result 
ing in forms that are separable by fractional crystallization, 
distillation or chromatography. 

[0059] The pharmaceutically-acceptable salts of the com 
pounds of formula I may also be used in the practice of the 
invention. Pharmaceutically-acceptable salts include con 
ventional non-toxic salts, such as salts derived from inor 
ganic acids (such as hydrochloric, hydrobromic, sulfuric, 
phosphoric, nitric, and the like), organic acids (such as 
acetic, propionic, succinic, glycolic, stearic, lactic, malic, 
tartaric, citric, glutamic, aspartic, benZoic, salicylic, oxalic, 
ascorbic acid, and the like) or bases (such as the hydroxide, 
carbonate or bicarbonate of a pharmaceutically-acceptable 
metal cation or organic cations derived from N,N-dibenZyl 
ethylenediamine, D-glucosamine, or ethylenediamine). The 
salts are prepared in a conventional manner, e.g., by reacting 
the free base form of the compound With an acid. 

[0060] It is to be understood that the scope of this inven 
tion encompasses not only the use of the compounds of 
formula I themselves, but also the salts and prodrugs thereof. 
In addition, the present invention contemplates the use of the 
isomers of the compounds of formula I, and of the salts and 
prodrugs thereof, including pure isomers and various mix 
tures of isomers. 

[0061] Compounds of formula I, pharmaceutically-accept 
able salts thereof or prodrugs thereof, can be used to inhibit 
angiogenesis. Angiogenesis is the process of neW blood 
vessel formation in the body. Angiogenesis is also used 
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herein to mean the same as, or to include, neovasculariZa 
tion, vasculariZation, arterialiZation and vasculogenesis. 

[0062] Compounds of formula I, pharmaceutically-accept 
able salts thereof or prodrugs thereof, can also be used to 
treat angiogenic diseases and conditions. An angiogenic 
disease or condition is a disease or condition involving, 
caused by, exacerbated by, or dependent on, angiogenesis. 
Speci?c angiogenic diseases and conditions treatable 
according to the invention include neoplastic diseases, 
hypertrophy (e.g., cardiac hypertrophy induced by thyroid 
hormone), connective tissue disorders (e.g., rheumatoid 
arthritis and atherosclerosis), psoriasis, ocular angiogenic 
diseases, cardiovascular diseases, cerebral vascular diseases, 
endometriosis, polyposis, obesity, diabetes-associated dis 
eases and hemophiliac joints. The compounds of formula I, 
pharmaceutically-acceptable salts thereof or prodrugs 
thereof, can also be used to inhibit the vasculariZation 
required for embryo implantation, thereby providing a 
method of birth control. 

[0063] The compounds of formula I, pharmaceutically 
acceptable salts thereof or prodrugs thereof, Will be particu 
larly useful for the treatment of ocular angiogenic diseases. 
Ocular angiogenic diseases include diabetic retinopathy, 
retinopathy of prematurity, macular degeneration, corneal 
graft rejection, neovascular glaucoma, retrolental ?bropla 
sias, and rubeosis. The compounds of formula I, pharma 
ceutically-acceptable salts thereof or prodrugs thereof, Will 
be especially useful for the treatment of diabetic retinopathy 
and macular degeneration. 

[0064] The compounds of formula I, pharmaceutically 
acceptable salts thereof or prodrugs thereof, Will also be 
particularly useful for the treatment of neoplastic diseases. 
Neoplastic diseases treatable With the compounds of formula 
I, pharmaceutically-acceptable salts thereof or prodrugs 
thereof, include malignant tumors (e.g., tumors of the blad 
der, brain, breast, cervix, colon, rectum, kidney, liver, lung, 
ovary, pancreas, prostate, stomach and uterus), tumor 
metastasis, and benign tumors (e.g., hemangiomas, acoustic 
neuromas, neuro?bromas, trachomas and pyrogenic granu 
lomas)). The compounds of formula I, pharmaceutically 
acceptable salts thereof or prodrugs thereof, Will be espe 
cially useful for the treatment of tumors of the brain, breast, 
colon, liver and pancreas, most especially tumors of the 
brain (e.g., glioblastomas). 

[0065] In addition to being able to inhibit angiogenesis, 
the compounds of formula I, pharmaceutically-acceptable 
salts thereof or prodrugs thereof, have been found to be able 
to inhibit the proliferation of cells, reduce the groWth of 
cancer cells, inhibit the production of cytokines, inhibit Ras 
and RAP-l, and inhibit the production of NFKB and AP-l. 
Thus, the compounds of formula I, pharmaceutically-accept 
able salts thereof or prodrugs thereof, Will also be particu 
larly useful for the treatment of a variety of proliferative 
disorders, including angiogenic diseases and conditions, 
especially neoplastic diseases (see above), and other cancers 
and other proliferative disorders. 

[0066] Cancers treatable With the compounds of formula I, 
pharmaceutically-acceptable salts thereof or prodrugs 
thereof, include carcinomas, sarcomas, lymphomas, leuke 
mias, solid tumors and hematologic malignancies. Speci?c 
cancers treatable With the compounds of formula I, phar 
maceutically-acceptable salts thereof or prodrugs thereof, 
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include brain cancers, head and neck cancers, breast cancers, 
ovarian cancers, prostate cancers, gastric cancers, colon 
cancers, pancreatic cancers, bladder cancers, thyroid can 
cers, hepatic cancers, lung cancers, bone cancers and skin 
cancers. The compounds of formula I, pharmaceutically 
acceptable salts thereof or prodrugs thereof, Will be espe 
cially useful for the treatment of brain cancers, breast 
cancers, colon cancers, liver cancers, pancreatic cancers, 
skin cancers, lymphomas and leukemias. 

[0067] Other proliferative disorders include mesangial cell 
proliferation disorders, ?brotic disorders and hyperprolif 
erative skin disorders. Mesangial cell proliferative disorders 
refer to disorders brought about by abnormal proliferation of 
mesangial cells. Mesangial cell proliferative disorders 
include renal diseases, such as glomerulonephritis, diabetic 
nephropathy, malignant nephrosclerosis, thrombotic 
microangiopathy syndromes and glomerulopathies. Fibrotic 
disorders refer to the abnormal formation of extracellular 
matrices. Examples of ?brotic disorders include hepatic 
cirrhosis, pulmonary ?brosis and atherosclerosis. Hyperpro 
liferative skin disorders include psoriasis, skin cancer and 
epidermal hyperproliferation. 

[0068] To treat an animal in need of treatment, a com 
pound of formula I, pharmaceutically-acceptable salt thereof 
or prodrug thereof, is administered to the animal. Preferably, 
the animal is a mammal, such as a rabbit, goat, dog, cat, 
horse or human. Most preferably, the animal is a human. 

[0069] Effective dosage forms, modes of administration 
and dosage amounts for the compounds of the invention may 
be determined empirically, and making such determinations 
is Within the skill of the art. It is understood by those skilled 
in the art that the dosage amount Will vary With the particular 
compound employed, the disease or condition to be treated, 
the severity of the disease or condition, the route(s) of 
administration, the rate of excretion of the compound, the 
duration of the treatment, the identify of any other active 
ingredient(s)s being administered to the animal, the age, siZe 
and species of the animal, and like factors knoWn in the 
medical and veterinary arts. In general, a suitable daily dose 
of a compound of the present invention Will be that amount 
of the compound Which is the loWest dose effective to 
produce a therapeutic effect. HoWever, the daily dosage Will 
be determined by an attending physician or veterinarian 
Within the scope of sound medical judgment. If desired, the 
effective daily dose may be administered as tWo, three, four, 
?ve, six or more sub-doses, administered separately at 
appropriate intervals throughout the day. Administration of 
the compound should be continued until an acceptable 
response is achieved. 

[0070] The compounds useful in the present invention 
(i.e., the compounds of formula I and the pharmaceutically 
acceptable salts and prodrugs thereof) may be administered 
to an animal patient for therapy by any suitable route of 
administration, including orally, nasally, rectally, vaginally, 
parenterally (e. g., intravenously, intraspinally, intraperito 
neally, subcutaneously, or intramuscularly), intracistemally, 
transdermally, intracranially, intracerebrally, and topically 
(including buccally and sublingually). The preferred routes 
of administration are orally and topically. 

[0071] While it is possible for a compound useful in the 
present invention to be administered alone, it is preferable to 
administer the compound as a pharmaceutical formulation 
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(composition). The pharmaceutical compositions useful in 
the invention comprise one or more compounds of formula 
I, or pharrnaceutically-acceptable salts or prodrugs thereof, 
as active ingredient(s) in admixture With one or more 
pharmaceutically-acceptable carriers and, optionally, With 
one or more other compounds, active ingredient(s) or other 
materials. Each carrier must be “acceptable” in the sense of 
being compatible With the other ingredients of the formu 
lation and not injurious to the animal. Pharmaceutically 
acceptable carriers are Well knoWn in the art. Regardless of 
the route of administration selected, the compounds of the 
present invention are formulated into pharmaceutically 
acceptable dosage forms by conventional methods knoWn to 
those of skill in the art. See, e.g., Reminglon’s Pharmaceu 
Zical Sciences. 

[0072] Formulations of the invention suitable for oral 
administration may be in the form of capsules, cachets, pills, 
tablets, poWders, granules or as a solution or a suspension in 
an aqueous or non-aqueous liquid, or an oil-in-Water or 

Water-in-oil liquid emulsions, or as an elixir or syrup, or as 
pastilles (using an inert base, such as gelatin and glycerin, or 
sucrose and acacia), and the like, each containing a prede 
termined amount of a compound or compounds useful in the 
present invention as an active ingredient. A compound or 
compounds useful in the present invention may also be 
administered as bolus, electuary or paste. 

[0073] In solid dosage forms for oral administration (cap 
sules, tablets, pills, dragees, poWders, granules and the like), 
the active ingredient(s) is (are) mixed With one or more 
pharmaceutically acceptable carriers, such as sodium citrate 
or dicalcium phosphate, and/or any of the following: (1) 
?llers or extenders, such as starches, lactose, sucrose, glu 
cose, mannitol, and/or silicic acid; (2) binders, such as, for 
example, carboxymethylcellulose, alginates, gelatin, poly 
vinyl pyrrolidone, sucrose and/or acacia; (3) humectants, 
such as glycerol; (4) disintegrating agents, such as agar-agar, 
calcium carbonate, potato or tapioca starch, alginic acid, 
certain silicates, and sodium carbonate; (5) solution retard 
ing agents, such as paraf?n; (6) absorption accelerators, such 
as quaternary ammonium compounds; (7) Wetting agents, 
such as, for example, cetyl alcohol and glycerol monoster 
ate; (8) absorbents, such as kaolin and bentonite clay; (9) 
lubricants, such as talc, calcium stearate, magnesium stear 
ate, solid polyethylene glycols, sodium lauryl sulfate, and 
mixtures thereof; and (10) coloring agents. In the case of 
capsules, tablets and pills, the pharmaceutical compositions 
may also comprise buffering agents. Solid compositions of 
a similar type may be employed as ?llers in soft and 
hard-?lled gelatin capsules using such excipients as lactose 
or milk sugars, as Well as high molecular Weight polyeth 
ylene glycols and the like. 

[0074] A tablet may be made by compression or molding 
optionally With one or more accessory ingredients. Com 
pressed tablets may be prepared using binder (for example, 
gelatin or hydroxypropylmethyl cellulose), lubricant, inert 
diluent, preservative, disintegrant (for example, sodium 
starch glycolate or cross-linked sodium carboxymethyl cel 
lulose), surface-active or dispersing agent. Molded tablets 
may be made by molding in a suitable machine a mixture of 
the poWdered compound moistened With an inert liquid 
diluent. 

[0075] The tablets, and other solid dosage forms of the 
pharmaceutical compositions of the present invention, such 
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as dragees, capsules, pills and granules, may optionally be 
scored or prepared With coatings and shells, such as enteric 
coatings and other coatings Well knoWn in the pharmaceu 
tical-formulating art. They may also be formulated so as to 
provide sloW or controlled release of the active ingredient 
therein using, for example, hydroxypropylmethyl cellulose 
in varying proportions to provide the desired release pro?le, 
other polymer matrices, liposomes and/or microspheres. 
They may be steriliZed by, for example, ?ltration through a 
bacteria-retaining ?lter. These compositions may also 
optionally contain opacifying agents and may be of a 
composition that they release the active ingredient only, or 
preferentially, in a certain portion of the gastrointestinal 
tract, optionally, in a delayed manner. Examples of embed 
ding compositions Which can be used include polymeric 
substances and Waxes. The active ingredient can also be in 
microencapsulated form. 

[0076] Liquid dosage forms for oral administration of the 
compounds of the invention include pharmaceutically-ac 
ceptable emulsions, microemulsions, solutions, suspensions, 
syrups and elixirs. In addition to the active ingredient(s), the 
liquid dosage forms may contain inert diluents commonly 
used in the art, such as, for example, Water or other solvents, 
solubiliZing agents and emulsi?ers, such as ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethyl acetate, benZyl 
alcohol, benZyl benZoate, propylene glycol, 1,3-butylene 
glycol, oils (in particular, cottonseed, groundnut, corn, germ, 
olive, castor and sesame oils), glycerol, tetrahydrofuryl 
alcohol, polyethylene glycols and fatty acid esters of sorbi 
tan, and mixtures thereof. 

[0077] Besides inert diluents, the oral compositions can 
also include adjuvants such as Wetting agents, emulsifying 
and suspending agents, sWeetening, ?avoring, coloring, per 
fuming and preservative agents. 

[0078] Suspensions, in addition to the active com 
pound(s), may contain suspending agents as, for example, 
ethoxylated isostearyl alcohols, polyoxyethylene sorbitol 
and sorbitan esters, microcrystalline cellulose, aluminum 
metahydroxide, bentonite, agar-agar and tragacanth, and 
mixtures thereof. 

[0079] Pharmaceutical formulations for intraocular injec 
tion of a compound or compounds of the invention into the 
eyeball include solutions, emulsions, suspensions, particles, 
capsules, microspheres, liposomes, matrices, etc. See, e.g., 
U.S. Pat. No. 6,060,463, U.S. Patent Application Publication 
No. 2005/0101582, and PCT application WO 2004/043480, 
the complete disclosures of Which are incorporated herein by 
reference. For instance, a pharmaceutical formulation for 
intraocular injection may comprise one or more compounds 
of the invention in combination With one or more pharma 
ceutically-acceptable sterile isotonic aqueous or non-aque 
ous solutions, suspensions or emulsions, Which may contain 
antioxidants, buffers, suspending agents, thickening agents 
or viscosity-enhancing agents (such as a hyaluronic acid 
polymer). Examples of suitable aqueous and nonaqueous 
carriers include Water, saline (preferably 0.9%), dextrose in 
Water (preferably 5%), buffers, dimethylsulfoxide, alcohols 
and polyols (such as glycerol, propylene glycol, polyethyl 
ene glycol, and the like). These compositions may also 
contain adjuvants such as Wetting agents and emulsifying 
agents and dispersing agents. In addition, prolonged absorp 
tion of the injectable pharmaceutical form may be brought 
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about by the inclusion of agents Which delay absorption such 
as polymers and gelatin. lnjectable depot forms can be made 
by incorporating the drug into microcapsules or micro 
spheres made of biodegradable polymers such as polylac 
tide-polyglycolide. Examples of other biodegradable poly 
mers include poly(orthoesters), poly(glycolic) acid, 
poly(lactic) acid, polycaprolactone and poly(anhydrides). 
Depot injectable formulations are also prepared by entrap 
ping the drug in liposomes (composed of the usual ingre 
dients, such as dipalmitoyl phosphatidylcholine) or micro 
emulsions Which are compatible With eye tissue. Depending 
on the ratio of drug to polymer or lipid, the nature of the 
particular polymer or lipid components, the type of liposome 
employed, and Whether the microcapsules or microspheres 
are coated or uncoated, the rate of drug release from 
microcapsules, microspheres and liposomes can be con 
trolled. 

[0080] The compounds of the invention can also be 
administered surgically as an ocular implant. For instance, a 
reservoir container having a dilfusible Wall of polyvinyl 
alcohol or polyvinyl acetate and containing a compound or 
compounds of the invention can be implanted in or on the 
sclera. As another example, a compound or compounds of 
the invention can be incorporated into a polymeric matrix 
made of a polymer, such as polycaprolactone, poly(glycolic) 
acid, poly(lactic) acid, poly(anhydride), or a lipid, such as 
sebacic acid, and may be implanted on the sclera or in the 
eye. This is usually accomplished With the animal receiving 
a topical or local anesthetic and using a small incision made 
behind the cornea. The matrix is then inserted through the 
incision and sutured to the sclera. 

[0081] A preferred embodiment of the invention is local 
topical administration of the compounds of the invention to 
the eye, and a particularly preferred embodiment of the 
invention is a topical pharmaceutical composition suitable 
for application to the eye. Topical pharmaceutical compo 
sitions suitable for application to the eye include solutions, 
suspensions, dispersions, drops, gels, hydrogels and oint 
ments. See, e.g., U.S. Pat. No. 5,407,926 and PCT applica 
tions WO 2004/058289, WO 01/30337 and WO 01/68053, 
the complete disclosures of all of Which are incorporated 
herein by reference. 

[0082] Topical formulations suitable for application to the 
eye for treatment of an angiogenic disease or condition 
comprise one or more compounds of the invention in an 
aqueous or nonaqueous base. The topical formulations can 
also include absorption enhancers, permeation enhancers, 
thickening agents, viscosity enhancers, agents for adjusting 
and/or maintaining the pH, agents to adjust the osmotic 
pressure, preservatives, surfactants, buffers, salts (preferably 
sodium chloride), suspending agents, dispersing agents, 
solubiliZing agents, stabiliZers and/or tonicity agents. Topi 
cal formulations suitable for application to the eye for 
treatment of an angiogenic disease or condition Will prefer 
ably comprise an absorption or permeation enhancer to 
promote absorption or permeation of the compound or 
compounds of the invention into the eye and/or a thickening 
agent or viscosity enhancer that is capable of increasing the 
residence time of a compound or compounds of the inven 
tion in the eye. See PCT applications WO 2004/058289, WO 
01/30337 and WO 01/68053. Exemplary absorption/perme 
ation enhancers include methysulfonylmethane, alone or in 
combination With dimethylsulfoxide, carboxylic acids and 
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surfactants. Exemplary thickening agents and viscosity 
enhancers include dextrans, polyethylene glycols, polyvi 
nylpyrrolidone, polysaccharide gels, Gelrite®, cellulosic 
polymers (such as hydroxypropyl methylcellulose), car 
boxyl-containing polymers (such as polymers or copolymers 
of acrylic acid), polyvinyl alcohol and hyaluronic acid or a 
salt thereof. 

[0083] Liquid dosage forms (e.g., solutions, suspensions, 
dispersions and drops) can be prepared, for example, by 
dissolving, dispersing, suspending, etc. a compound or com 
pounds of the invention in a vehicle, such as, for example, 
Water, saline, aqueous dextrose, glycerol, ethanol and the 
like, to form a solution, dispersion or suspension. If desired, 
the pharmaceutical formulation may also contain minor 
amounts of non-toxic auxillary substances, such as Wetting 
or emulsifying agents, pH buffering agents and the like, for 
example sodium acetate, sorbitan monolaurate, triethanola 
mine sodium acetate, triethanolamine oleate, etc. 

[0084] Aqueous solutions and suspensions can include, in 
addition to a compound or compounds of the invention, 
preservatives, surfactants, buffers, salts (preferably sodium 
chloride), tonicity agents and Water. If suspensions are used, 
the particle siZes should be less than 10 pm to minimiZe eye 
irritation. If solutions or suspensions are used, the amount 
delivered to the eye should not exceed 50 pl to avoid 
excessive spillage from the eye. 

[0085] Colloidal suspensions are generally formed from 
microparticles (i.e., microspheres, nanospheres, microcap 
sules or nanocapsules, Where microspheres and nanospheres 
are generally monolithic particles of a polymer matrix in 
Which the formulation is trapped, adsorbed, or otherWise 
contained, While With microcapsules and nanocapsules the 
formulation is actually encapsulated). The upper limit for the 
siZe of these microparticles is about Sp. to about 10p. 

[0086] Ophthalmic ointments include a compound or 
compounds of the invention in an appropriate base, such as 
mineral oil, liquid lanolin, White petrolatum, a combination 
of tWo or all three of the foregoing, or polyethylene-mineral 
oil gel. A preservative may optionally be included. 

[0087] Ophthalmic gels include a compound or com 
pounds of the invention suspended in a hydrophilic base, 
such as Carpobol-940 or a combination of ethanol, Water and 
propylene glycol (e.g., in a ratio of 40:40:20). A gelling 
agent, such as hydroxylethylcellulose, hydroxypropylcellu 
lose, hydroxypropylmethylcellulose or ammoniated glycyr 
rhiZinate, is used. Apreservative and/or a tonicity agent may 
optionally be included. 

[0088] Hydrogels are formed by incorporation of a 
sWellable, gel-forming polymer, such as those listed above 
as thickening agents or viscosity enhancers, except that a 
formulation referred to in the art as a “hydrogel” typically 
has a higher viscosity than a formulation referred to as a 
“thickened” solution or suspension. In contrast to such 
preformed hydrogels, a formulation may also be prepared so 
to form a hydrogel in situ folloWing application to the eye. 
Such gels are liquid at room temperature but gel at higher 
temperatures (and thus are termed “thermoreversible” 
hydrogels), such as When placed in contact With body ?uids. 
Biocompatible polymers that impart this property include 
acrylic acid polymers and copolymers, N-isopropylacryla 
mide derivatives and ABA block copolymers of ethylene 
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oxide and propylene oxide (conventionally referred to as 
“poloxamers” and available under the Pluronic® tradename 
from BASF-Wayndotte). 

[0089] Preferred dispersions are liposomal, in Which case 
the formulation is enclosed Within liposomes (microscopic 
vesicles composed of alternating aqueous compartments and 
lipid bilayers). 
[0090] Eye drops can be formulated With an aqueous or 
nonaqueous base also comprising one or more dispersing 
agents, solubilizing agents or suspending agents. Drops can 
be delivered by means of a simple eye dropper-capped bottle 
or by means of a plastic bottle adapted to deliver liquid 
contents dropWise by means of a specially shaped closure. 

[0091] The compounds of the invention can also be 
applied topically by means of drug-impregnated solid carrier 
that is inserted into the eye. Drug release is generally 
effected by dissolution or bioerosion of the polymer, osmo 
sis, or combinations thereof. Several matrix-type delivery 
systems can be used. Such systems include hydrophilic soft 
contact lenses impregnated or soaked With the desired 
compound of the invention, as Well as biodegradable or 
soluble devices that need not be removed after placement in 
the eye. These soluble ocular inserts can be composed of any 
degradable substance that can be tolerated by the eye and 
that is compatible With the compound of the invention that 
is to be administered. Such substances include, but are not 
limited to, poly(vinyl alcohol), polymers and copolymers of 
polyacrylamide, ethylacrylate and vinylpyrrolidone, as Well 
as cross-linked polypeptides or polysaccharides, such as 
chitin. 

[0092] Dosage forms for the other types of topical admin 
istration (i.e., not to the eye) or for transdermal administra 
tion of compounds of the invention include poWders, sprays, 
ointments, pastes, creams, lotions, gels, solutions, patches, 
drops and inhalants. The active ingredient may be mixed 
under sterile conditions With a pharmaceutically-acceptable 
carrier, and With any buffers, or propellants Which may be 
required. The ointments, pastes, creams and gels may con 
tain, in addition to the active ingredient, excipients, such as 
animal and vegetable fats, oils, Waxes, para?ins, starch, 
tragacanth, cellulose derivatives, polyethylene glycols, sili 
cones, bentonites, silicic acid, talc and zinc oxide, or mix 
tures thereof. PoWders and sprays can contain, in addition to 
the active ingredient, excipients such as lactose, talc, silicic 
acid, aluminum hydroxide, calcium silicates and polyamide 
poWder or mixtures of these substances. Sprays can addi 
tionally contain customary propellants such as chloro?uo 
rohydrocarbons and volatile unsubstituted hydrocarbons, 
such as butane and propane. Transdermal patches have the 
added advantage of providing controlled delivery of com 
pounds of the invention to the body. Such dosage forms can 
be made by dissolving, dispersing or otherWise incorporat 
ing one or more compounds of the invention in a proper 
medium, such as an elastomeric matrix material. Absorption 
enhancers can also be used to increase the ?ux of the 
compound across the skin. The rate of such ?ux can be 
controlled by either providing a rate-controlling membrane 
or dispersing the compound in a polymer matrix or gel. 

[0093] Formulations of the pharmaceutical compositions 
for rectal or vaginal administration may be presented as a 
suppository, Which may be prepared by mixing one or more 
compounds of the invention With one or more suitable 
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nonirritating excipients or carriers comprising, for example, 
cocoa butter, polyethylene glycol, a suppository Wax or 
salicylate, and Which is solid at room temperature, but liquid 
at body temperature and, therefore, Will melt in the rectum 
or vaginal cavity and release the active compound. Formu 
lations of the present invention Which are suitable for 
vaginal administration also include pessaries, tampons, 
creams, gels, pastes, foams or spray formulations containing 
such carriers as are knoWn in the art to be appropriate. 

[0094] Pharmaceutical formulations include those suitable 
for administration by inhalation or insu?lation or for nasal or 
intraocular administration. For administration to the upper 
(nasal) or loWer respiratory tract by inhalation, the com 
pounds of the invention are conveniently delivered from an 
insuf?ator, nebulizer or a pressurized pack or other conve 
nient means of delivering an aerosol spray. Pressurized 
packs may comprise a suitable propellant such as dichlo 
rodi?uoromethane, trichloro?uoromethane, dichlorotet 
ra?uoroethane, carbon dioxide, or other suitable gas. In the 
case of a pressurized aerosol, the dosage unit may be 
determined by providing a valve to deliver a metered 
amount. 

[0095] Alternatively, for administration by inhalation or 
insuf?ation, the composition may take the form of a dry 
poWder, for example, a poWder mix of one or more com 
pounds of the invention and a suitable poWder base, such as 
lactose or starch. The poWder composition may be presented 
in unit dosage form in, for example, capsules or cartridges, 
or, e. g., gelatin or blister packs from Which the poWder may 
be administered With the aid of an inhalator, insu?lator or a 
metered-dose inhaler. 

[0096] For intranasal administration, compounds useful in 
the invention may be administered by means of nose drops 
or a liquid spray, such as by means of a plastic bottle 
atomizer or metered-dose inhaler. Liquid sprays are conve 
niently delivered from pressurized packs. Typical of atom 
izers are the Mistometer (Wintrop) and Medihaler (Riker). 

[0097] Drops, such as eye drops or nose drops, may be 
formulated With an aqueous or nonaqueous base also com 
prising one or more dispersing agents, solubilizing agents or 
suspending agents. Drops can be delivered by means of a 
simple eye dropper-capped bottle or by means of a plastic 
bottle adapted to deliver liquid contents dropWise by means 
of a specially shaped closure. 

[0098] Pharmaceutical compositions suitable for 
parenteral administrations comprise one or more compounds 
useful in the invention in combination With one or more 
pharmaceutically-acceptable sterile isotonic aqueous or non 
aqueous solutions, dispersions, suspensions or emulsions, or 
sterile poWders Which may be reconstituted into sterile 
injectable solutions or dispersions just prior to use, Which 
may contain antioxidants, buffers, solutes Which render the 
formulation isotonic With the blood of the intended recipient 
or suspending or thickening agents. 

[0099] Examples of suitable aqueous and nonaqueous 
carriers Which may be employed in the pharmaceutical 
compositions of the invention include Water, ethanol, poly 
ols (such as glycerol, propylene glycol, polyethylene glycol, 
and the like), and suitable mixtures thereof, vegetable oils, 
such as olive oil, and injectable organic esters, such as ethyl 
oleate. Proper ?uidity can be maintained, for example, by 
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the use of coating materials, such as lecithin, by the main 
tenance of the required particle siZe in the case of disper 
sions, and by the use of surfactants. 

[0100] These compositions may also contain adjuvants 
such as Wetting agents, emulsifying agents and dispersing 
agents. It may also be desirable to include isotonic agents, 
such as sugars, sodium chloride, and the like in the com 
positions. In addition, prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion 
of agents Which delay absorption such as aluminum 
monosterate and gelatin. 

[0101] In some cases, in order to prolong the effect of the 
active ingredient(s), it is desirable to sloW the absorption of 
the active ingredient(s) from subcutaneous or intramuscular 
injection. This may be accomplished by the use of a liquid 
suspension of crystalline or amorphous material having poor 
Water solubility. The rate of absorption of the active ingre 
dient(s) then depends upon its rate of dissolution Which, in 
turn, may depend upon crystal siZe and crystalline form. 
Alternatively, delayed absorption of a parenterally-admin 
istered active ingredient(s) is accomplished by dissolving or 
suspending the active ingredient(s) in an oil vehicle. 

[0102] lnjectable depot forms are made by forming 
microencapsule matrices of the active ingredient(s) in bio 
degradable polymers such as polylactide-polyglycolide. 
Depending on the ratio of active ingredient(s) to polymer, 
and the nature of the particular polymer employed, the rate 
of release of the active ingredient(s) can be controlled. 
Examples of other biodegradable polymers include poly 
(orthoesters) and poly(anhydrides). Depot injectable formu 
lations are also prepared by entrapping the active ingredi 
ent(s) in liposomes or microemulsions Which are compatible 
With body tissue. The injectable materials can be steriliZed 
for example, by ?ltration through a bacterial-retaining ?lter. 

[0103] The formulations may be presented in unit-dose or 
multi-dose sealed containers, for example, ampules and 
vials, and may be stored in a lyophiliZed condition requiring 
only the addition of the sterile liquid carrier, for example 
Water for injection, immediately prior to use. Extemporane 
ous injection solutions and suspensions may be prepared 
from sterile poWders, granules and tablets of the type 
described above. 

[0104] Additional objects, advantages, and novel features 
of this invention Will become apparent to those skilled in the 
art upon examination of the folloWing examples thereof, 
Which are not intended to be limiting. 

EXAMPLES 

Example 1 

[0105] Whole blood Was draWn from GR283, a human 
volunteer With knoWn allergies, into a glass vacutainer tube 
containing no anticoagulant. This blood Was alloWed to clot, 
and the serum Was removed by centrifugation and then heat 
inactivated by placing it in a Water bath at 56° C. for 30 
minutes. Whole blood from GR283 Was also draWn into a 
glass vacutainer tube containing heparin and used for 
peripheral blood lymphocytes (PBL) isolation as folloWs. 
Whole blood Was layered over room temperature Histo 
paque 1077 solution and centrifuged at 2000 rpm for 15 
minutes at room temperature. Cells at the plasma-Histo 
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paque interface Were then removed and Washed With culture 
medium (IMDM medium With 10% heat-inactivated GR283 
serum plus 1% penicillin/ streptomycin) at 37° C. 

[0106] The compound of formula H (see above) and 
methylphenidate (both obtained from Dr. J elfrey D. Winkler, 
University of Pennsylvania, Philadelphia, Pa.) in culture 
medium Were added to Wells of a 96-Well plate to give ?nal 
concentrations of 5 ug/ml, 15 ug/ml and 50 ug/ml of the 
compound of formula II and of methylphenidate. Sterile 18 
M9 Water, the solvent for the compound of formula II, and 
dexamethasone (obtained from Sigma) (?nal concentration 
of 10 ug/ml in Water) Were used as controls. Then, GR283’s 
PBL in culture medium Were added to the Wells to give a 
?nal concentration of 150,000 cells per Well, and the plates 
Were incubated at 37° C., 5% CO2 for 24 hours. After this 
incubation, phytohemagglutinin (PHA) in culture medium 
Was added to give ?nal concentrations of 2 ug/ml, 5 ug/ml 
or 20 ug/ml, ?nal total volume of 200 ul/Well, and the cells 
Were incubated for an additional 72 hours at 37° C., 5% 
CO2. All cultures Were performed in triplicate. 

[0107] At the end of this incubation, cell clumping Was 
examined by photographing representative Wells With a 
digital camera mounted to an inverted microscope. The 
compound of formula II reduced the amount of cell clump 
ing induced by 5 ug/ml PHA in a dose-dependent manner. 
The compound of formula II attenuated cell clumping, 
presumably, as a result of decreased expression of cellular 
adhesion molecules on the surfaces of the cells. 

[0108] Cell proliferation Was assayed by adding 20 pl of 
Promega cell titer solution to each Well and incubating the 
plate for an additional 4 hours. Promega cell titer solution is 
a solution containing a tetraZolium dye that is reduced by 
living cells to a formaZan dye, and this reduction is propor 
tional to the number of living cells present in the Well. After 
the 4-hour incubation, the optical density (OD) at 530 nm of 
each Well Was measured. The OD at 530 nm for blank Wells 
containing no cells Was subtracted from the OD of the 
experimental Wells. The results of the proliferation assays 
are presented in FIGS. 1A-C. As can be seen from FIGS. 
1A-C, the compound of formula II (Cpd. H) and dexam 
ethasone (Dex) signi?cantly inhibited the proliferation of 
PBL stimulated With PHA in a dose-dependent manner. 
Methylphenidate (MP) shoWed a signi?cant effect at its 
highest dose and the loWest PHA dose. OtherWise, methy 
phenidate did not signi?cantly reduce the proliferation of the 
PHA-stimulated PBL. 

Example 2 

[0109] Whole blood Was draWn from GR467, a human 
volunteer With knoWn allergies, and processed as described 
in Example 1 to give heat-inactivated serum and PBL. The 
compound of formula II and methylphenidate in culture 
medium (made using heat-inactivated GR467 serum) Were 
added to Wells of a 96-Well plate to give ?nal concentrations 
of 5 ug/ml, 15 ug/ml and 25 ug/ml of the compound of 
formula II and 15 ug/ml methylphendiate. Water and dex 
amethasone (?nal concentration of 10 uM) Were used as 
controls. Then, GR467’ s PBL in culture medium Were added 
to the Wells to give a ?nal concentration of 150,000 cells per 
Well, and the plates Were incubated at 37° C., 5% CO2 for 24 
hours. After this incubation, PHA Was added to give a ?nal 
concentration of 2 ug/ml, ?nal total volume of 200 ul/Well, 
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and the cells Were incubated for an additional 72 hours at 37° 
C., 5% CO2. All cultures Were performed in triplicate. 

[0110] At the end of this incubation, cell proliferation Was 
determined as described in Example 1. The results are 
presented in FIG. 2. As can be seen from FIG. 2, the 
compound of formula II (Cpd II) and dexamethasone (Dex) 
signi?cantly inhibited the proliferation of PBL, both 
unstimulated and stimulated With PHA, Whereas meth 
ylphenidate did not. 

[0111] The release of cytokines by the PBL Was also 
measured by culturing the PBL in 1 ml tubes, at 1.3><106 
cells per ml, With 15 pg/ml of the compound of formula II, 
15 pg/ml methylphenidate or 10 pM dexamethasone at 37° 
C., 5% CO2 for 24 hours. After this incubation, PHA Was 
added to give a ?nal concentration of 2 pg/ml, and the cells 
Were incubated for an additional 96 hours at 37° C., 5% 
CO2. All cultures Were performed in triplicate. Cells Were 
then removed by centrifugation at 1000 rpm for 10 minutes, 
and the culture medium collected. 

[0112] IL-13 is made by activated TH2 cells, and IL-13’s 
primary targets are B-cells and monocytes. IL-13 stimulates 
humoral immune responses, and it has been implicated in the 
pathogenesis of asthma. IL-13 is secreted by lymphoma cell 
lines and may be an autocrine groWth factor. IL-13 is also 
expressed in pancreatic cancer. HoWever, IL-13 has also 
been reported to inhibit the groWth of other types of tumors, 
such as gliomas and renal cell carcinomas 

[0113] IFNY is a proin?ammatory cytokine made by acti 
vated T-cells and other cells. IFNY can activate neutrophils, 
endothelial cells and macrophages, as Well as cause an 
increase in MHC molecule expression. IFNY drives the 
cell-mediated immune response. IFNY plays an important 
role in the immune-mediated rejection of established 
tumors. IFNY has antiproliferative effects on some tumors, 
can have apoptotic effects on others, can induce the produc 
tion of angiostatic chemokines and enhances the immuno 
genicity of tumor cells. 

[0114] Release of IL-13 and interferon gamma (IFNY) into 
the culture medium Was measured by ELISA. To perform 
the ELISA, matched pairs of antibodies against human 
IL-13 and IFNY Were purchased from Pierce Biotechnology 
and Biosource, respectively. ELISA strip Well plates Were 
coated With 10 pg/ml of antibody (in phosphate-buffered 
saline (PBS)) to IL-13 and 4 pg/ml of antibody to IFNY (in 
PBS) overnight at room temperature. The plates Were then 
blocked using a 4% BSA solution in PBS for one hour, 
folloWed by the addition of 50 pl of experimental culture 
medium per Well in duplicate. The plates Were incubated at 
room temperature for one hour and then Washed using 50 
mM Tris pH 8.0 With 0.1% TWeen 20. Then, solutions of 400 
ng/ml biotinylated second antibody to IL-13 and 500 ng/ml 
biotinylated second antibody to IFNY Were made in blocking 
buffer, and 100 pl Were added per Well. The plates Were 
incubated for 1 hour and Washed again. A 1:8000 dilution of 
Strepavidin HRP (Pierce Biotechnology) conjugate Was 
made in blocking buffer, and 100 pl Were added to the Wells 
and incubation continued for 30 minutes. A ?nal Wash step 
Was performed, after Which 100 pl Pierce Biotechnology 
TMB substrate Were added to each Well. Color Was devel 
oped for 30 minutes and stopped by adding 100 pl 0.18 N 
H2SO4. OD Was determined using microplate reader With a 
450 nM ?lter. 
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[0115] The results for IL-13 are shoWn in FIG. 3. As can 
be seen, the compound of formula II (Cpd. II) and dexam 
ethasone (Dex) signi?cantly inhibited IL-13 release induced 
by PHA. Methylphenidate (MP) did not inhibit the release of 
IL-13. Indeed, methylphenidate increased the release of 
IL-13 by the PHA-stimulated cells. 

[0116] The results for IFNY are shoWn in FIG. 4. As can 
be seen, the compound of formula II (Cpd. II) and dexam 
ethasone (Dex) signi?cantly inhibited IFNY release in both 
unstimulated cells and in cells stimulated With PHA. Meth 
ylphenidate (MP) had some effect on the release of IFNY by 
unstimulated cells, but did not signi?cantly suppress the 
release of IFNY from cells stimulated With PHA. Indeed, 
methylphenidate increased the release of IFNY by the PHA 
stimulated cells. 

Example 3 

[0117] Whole blood Was draWn from GR191, a normal 
human volunteer, and processed as described in Example 1 
to give heat-inactivated serum and PBL. The compound of 
formula II and methylphenidate in culture medium (made 
using heat-inactivated GR191 serum) Were added to Wells of 
a 96-Well plate to give ?nal concentrations of 5 pg/ml, 15 
pg/ml, 25 pg/ml and 50 pg/ml of the compound of formula 
II and 50 pg/ml methylphendiate. Water, mouse nerve 
groWth factor (Upstate Biotechnology, Inc) (NGF) (?nal 
concentration of 250 ng/ml) and dexamethasone (?nal con 
centration of 10 pM) Were used as controls. Then, GR191’s 
PBL in culture medium Were added to the Wells to give a 
?nal concentration of 150,000 cells per Well, and the plates 
Were incubated at 37° C., 5% CO2 for 24 hours. After this 
incubation, PHA Was added to give ?nal concentrations of 2 
pg/ml and 5 pg/ml, ?nal total volume of 200 pl/Well, and the 
cells Were incubated for an additional 72 hours at 37° C., 5% 
CO2. All cultures Were performed in triplicate. 

[0118] At the end of this incubation, cell proliferation Was 
determined as described in Example 1. The results are 
presented in FIGS. 5A-B. As can be seen from FIGS. 5A-B, 
the compound of formula II (Cpd. II) and dexamethasone 
(Dex) signi?cantly inhibited the proliferation of PBL, both 
unstimulated and stimulated With PHA, Whereas meth 
ylphenidate (MP) did not. 

[0119] The release of cytokines by the PBL Was also 
measured by culturing the PBL in 1 ml tubes, at 1><106 cells 
per ml, With 15 pg/ml and 50 pg/ml of the compound of 
formula II or 10 pM dexamethasone at 37° C., 5% CO2 for 
24 hours. After this incubation, PHA Was added to give a 
?nal concentration of 5 pg/ml, and the cells Were incubated 
for an additional 72 hours at 37° C., 5% CO2. All cultures 
Were performed in triplicate. Cells Were then removed by 
centrifugation at 1000 rpm for 10 minutes. 

[0120] The supernatants Were collected, and the concen 
trations of IL-13 and tumor necrosis factor alpha (TNFot) in 
the supernatants Were measured by ELISA. The IL-13 
ELISA Was performed as described in Example 2. The 
results are presented in FIG. 6. As can be seen in FIG. 6, the 
compound of formula II (Cpd. II) and dexamethasone (Dex) 
signi?cantly inhibited the release of IL-13 from the PHA 
stimulated PBL. 

[0121] TNFO. is a proin?ammatory cytokine made by 
activated T-cells and other cells. TNFO. causes endothelial 
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cells to express adhesion molecules and may play a role in 
the recruitment of immune cells to the sites of in?ammation. 
TNFO. has been detected in multiple solid and hemotologic 
malignancies. A number of different intracellular signals are 
induced by TNFot, including signals for both cells survival 
through NFKB and AP-1 and cell death through caspase 
activation. NFKB is a key regulator of cell survival and 
promoter of carcinogenesis in multiple tumor types. 

[0122] The TNFO. ELISA Was performed as described in 
Example 2 using matched pair antibodies from Pierce 
Endogen (2 ug/ml for the coating antibody and 250 ng/ml for 
the second antibody). The results are presented in FIG. 7. As 
can be seen in FIG. 7, the compound of formula II (Cpd. II) 
and dexamethasone (Dex) signi?cantly inhibited the release 
of TNFO. from PHA-stimulated PBL. 

[0123] The cells Were further analyZed by How cytometry. 
Annexin Was used to determine populations of dead or dying 
cells. Anti-CD69 antibody Was used to establish the level of 
cellular activation. Antibody to T-cell receptor (X6 (TCR) 
Was also used. Recombinant Annexin 5 (PE and FITC 
conjugates) and the antibodies Were all purchase from 
Caltag (Burlingham, Calif.) and used folloWing the manu 
facturer’s recommendations. The folloWing results Were 
observed. 

Cell Death: 

[0124] Annexin staining of TCR-positive cells increased 
from 7.3% (background) to 45% and 23% With 50 ug/ml and 
15 ug/ml of the compound of formula II, respectively, 
signifying an increase in cell death in the T-cell population. 
Stimulation With PHA at 5 ug/ml increased the annexin 
staining of TCR-positive cells to 67%. This indicates that 
PHA can also induce cell death in the T-cell population. Cell 
death decreased slightly as a result of treatment With PHA 
plus 15 ug/ml of the compound of formula II (62% of the 
TCR-positive cells stained for annexin With PHA and IMM 
0001 versus 67% With PHA alone). PHA plus 50 ug/ml of 
the compound of formula II caused 87% cell death in the 
TCR-positive subset of cells as seen by annexin staining. 
These results shoW that the higher 50 ug/ml concentration of 
the compound of formula II caused signi?cant death of 
T-cells, Whereas the loWer 15 ug/ml concentration did not. 
Dexamethasone rescued the PHA-induced increase in 
annexin staining of TCR-positive cells (decreased from 84% 
to 48%), demonstrating that the control compound is Work 
ing properly. 
Activation Of T-Cells: 

[0125] CD69+TCR staining (activated T cells) Was not 
detected in any of the controls (nil, compound of formula II 
alone and dexamethasone alone). PHA increased CD69+ 
TCR staining to 84%. Only PHA caused T-cell activation as 
detectable by increased CD 69 staining. CD69+TCR stain 
ing of PHA-stimulated cells dropped from 84% to 54% With 
50 ug/ml of the compound of formula II and to 64% With 15 
ug/ml of the compound of formula II. Dexamethasone Was 
less effective than the compound of formula II at reducing 
the CD69+TCR staining of PHA-stimulated cells. Thus, the 
compound of formula II is more effective at decreasing 
T-cell activation than dexamethasone, a potent anti-in?am 
matory. 

Example 4 
[0126] Whole blood Was draWn from GR-192, a normal 
human volunteer, and processed as described in Example 1 

Aug. 24, 2006 

to give heat-inactivated serum and PBL. Then, GR-192’s 
PBL Were cultured in 1 ml tubes, at 1.3><106 cells per ml, 
With 15 ug/ml of the compound of formula II (in culture 
medium made using 10% heat-inactivated GR-192 serum) 
or 10 uM dexamethasone, at 370 C., 5% CO2 for 24 hours. 
After this incubation, PHA Was added to give a ?nal 
concentration of 2 ug/ml, and the cells Were incubated for an 
additional 96 hours at 370 C., 5% CO2. All cultures Were 
performed in triplicate. Cells Were then removed by cen 
trifugation at 1000 rpm for 10 minutes, and the culture 
medium collected. 

[0127] Release of IL-8 into the culture medium Was mea 
sured by ELISA. IL-8 is a pro-in?ammatory cytokine and a 
potent chemoattractant and activator of neutrophils. It has 
also been reported to be a chemoattractant and activator of 
T-lymphocytes and eosinophils. IL-8 is produced by 
immune cells (including lymphocytes, neutrophils, mono 
cytes and macrophages), ?broblasts and epithelial cells. IL-8 
has potent angiogenic activity. 

[0128] To perform the ELISA, matched pairs of antibodies 
against human IL-8 Were purchased from Pierce Biotech 
nology and Biosource, respectively. ELISA strip Well plates 
Were coated With 2 ug/ml of antibody to IL-8 (in phosphate 
bu?fered saline (PBS)) overnight at room temperature. The 
plates Were then blocked using a 4% BSA solution in PBS 
for one hour, folloWed by the addition of 50 ul of experi 
mental culture medium per Well in duplicate. The plates 
Were incubated at room temperature for one hour and then 
Washed using 50 mM Tris pH 8.0 With 0.1% TWeen 20. 
Then, solutions of 100 ng/ml biotinylated second antibody 
to IL-8 Were made in blocking buffer, and 100 pl Were added 
per Well. The plates Were incubated for 1 hour and Washed 
again. A 1:8000 dilution of Strepavidin HRP (Pierce Bio 
technology) conjugate Was made in blocking buffer, and 100 
pl Were added to the Wells and incubation continued for 30 
minutes. A ?nal Wash step Was performed, after Which 100 
pl Pierce Biotechnology TMB substrate Were added to each 
Well. Color Was developed for 30 minutes and stopped by 
adding 100 pl 0.18 N H2SO4. OD Was determined using 
microplate reader With a 450 nm ?lter. 

[0129] The results are shoWn in FIG. 8. As can be seen, 
the compound of formula II (Cpd. II) and dexamethasone 
(Dex) signi?cantly inhibited IL-8 release induced by PHA. 

[0130] A CD4-positive human T-lymphocyte cell line 
(TRiPS), Which Was isolated from an in?uenza-immunized 
donor and is speci?c for hemagglutinin peptide 307-319, 
Was stimulated for passage using approximately 4><105 cells 
on day 18-20 after a previous stimulation. Cells Were 
Washed once in cold Iscove’s Modi?ed Dulbecco Minimal 
Essential Medium (IMDM, Sigma) plus 10% fetal bovine 
serum (FBS; American Type Culture Collection (ATCC)) 
and resuspended in 1.0 ml cold IMDM medium containing 
a 1:500 dilution of anti-CD3 monoclonal antibody OKT3 
(prepared from mouse ascites ?uid). Cells Were incubated 
With antibody for 30 minutes on ice, then Washed With cold 
medium without FBS and combined With approximately 
2><10 4000R-irradiated normal human donor peripheral 
blood leukocytes (PBL), as feeder cells, in medium plus 50 
U/ml human IL-2 @(enometrix). Cultures Were expanded by 
the addition of fresh IMDM medium with PBS plus IL-2 on 
day 3. Day of culture is measured from the day of stimula 
tion With OKT3. Cells can be used for experiments starting 
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on day 7 (at maximum proliferation), typically on day 14 
(most sensitive to re-stimulation) and up until day 21 
(resting cells approaching senescence). 

[0131] Activation experiments were performed by with 
drawing an aliquot of cells and washing twice with warmed 
(37° C.) IMDM. For each speci?c assay, 2><105 viable cells 
were pre-incubated in a total volume of 0.9 ml warmed 
IMDM medium containing 15 ug/ml of the compound of 
formula II or 10 uM dexamethasone for 15 minutes at 37° C. 
An aliquot of 2><105 CD3/CD28 Dynabeads (Dynal), as 
activating stimulus, in 0.1 ml warmed IMDM was then 
added, and the cultures incubated 24 hours at 37° C. 
Supematants of the cell cultures were harvested after pel 
leting the cells by centrifugation. 

[0132] Cytokine content was assayed by speci?c IL-8 
ELISA as described above. It was found that the compound 
of formula II had no effect on IL-8 production by the TRiPS 
cell line. 

Example 5 

[0133] THP-1 is a monocyte cell line obtained from 
American Type Culture Collection (ATCC) (catalog no. 
TIB-202). THP-1 cells were placed in medium (RPMI 
containing 10% FCS and 8 ng/ml monothioglycerol 
(obtained from Sigma)) at a concentration of 250,000 cells 
per ml and incubated with 15 ug/ml of compound of formula 
II or 10 uM dexamethasone for one hour at 37° C. and 5% 

CO2. After 1 hour, lipopolysaccharide (LPS) (obtained from 
Sigma) was added to the cultures to give a ?nal concentra 
tion of 200 ng/ml, and the cells were then incubated for an 
additional 4 hours or for an additional 24 hours. After the 

incubation, the cells were centrifuged, and the supematants 
were collected. The concentrations of IL-8 and TNFO. in the 
supematants were determined by ELISA. 

[0134] The concentrations of IL-8 in the supematants were 
determined by ELISA performed as described in Example 4. 
The results are presented in Table 1 below. As can be seen 
in Table 1, the compound of formula II (Cpd. II) and 
dexamethasone (Dex) signi?cantly inhibited the release of 
IL-8 from the LPS-stimulated monocytes. 

[0135] The TNFO. ELISA was performed as described in 
Example 2. The results are presented in Table 2 below. As 
can be seen in Table 2, the compound of formula II (Cpd. II) 
and dexamethasone (Dex) signi?cantly inhibited the release 
of TNFO. from the LPS-stimulated monocytes. 

TABLE 1 

Time Of Mean IL-8 
Sample Incubation Concentration (pg/ml) % Inhibition 

Control (no additives) 4 hours 75.96 1 12.73 N/A 
LPS 4 hours 2844.60 1 180.55 N/A 
LPS + Cpd II 4 hours 2185.00 1 78.30 23% 
LPS + Dex 4 hours 2102.18 1 52.20 26% 

Control (no additives) 24 hours 46.09 1 22.42 N/A 
LPS 24 hours 6653.20 1 193.18 N/A 
LPS + Cpd II 24 hours 4490.20 1 264.46 33% 
LPS + Dex 24 hours 2300.00 1 283.41 66% 
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[0136] 

TABLE 2 

Time Of Mean TNFot 
Sample Incubation Concentration (pgml) % Inhibition 

Control (no additives) 24 hours 1.415 r 1.464 N/A 
LPS 24 hours 138.655 1 0.601 N/A 
LPS + Cpd II 24 hours 65.370 1 0.891 53% 
LPS + Dex 24 hours 94.759 1 8.755 32% 

Example 6 

[0137] The Jurkat T-lymphocyte leukemia cell line was 
obtained from American Type Culture Collection (ATCC), 
Rockville, Md. (catalog no. TIB-152). Jurkat cells, at 1><105 
cells/ml, were cultured at 37° C. and 5% CO2 in IMDM 
medium (ATCC) with 10% FCS for 72 hours with 7.5 ug/ml 
or 15 ug/ml of the compound of formula II (Cpd II). 
Following the incubation, the cells were washed with Hepes 
buffered saline, split into three equal volumes, and then 
incubated with 5 uM ethidium bromide dimer-1 (ETH-D1) 
(obtained from Molecular Probes) and 5 uM calcein AM 
solution (obtained from Promega) for one hour at 37° C. and 
5% CO2 in 96-well culture plates to assay for cell viability. 
The ?uorescence in each well was measured using a plate 
reader at excitation/ emission 485/530 nm and 530/645 nm. Rela 
tive percentage of dead to live cells was calculated by 
dividing ETH-Dl ?uorescence by calcein AM ?uorescence. 
The results are shown in Table 3 below. 

TABLE 3 

Sample Relative Percentage Dead/Live 

Control (no additives) 
7.5 ugml Cpd II 
15 ugml Cpd II 

20.85% 1 1.42% 

16.74% 1 2.15% 

40.79% 1 1.81% 

Example 7 

[0138] Passage 4 (i.e., four cell population doublings) 
human umbilical vein endothelial cells (HUVECs), human 
source lot number 9713 (obtained from ATCC) in 1 ml of 
endothelial growth medium-2 (EGM-2) (obtained from 
Cambrex) were mixed with 30 pg of the compound of 
formula II (Cpd II) in endothelial basal medium-2 (EBM-2) 
(Cambrex) or 30 pg methylphenidate (MP) in EBM-2. Water 
(vehicle for the two test compounds) was used as a control, 
and the PI3 kinase inhibitor, LY 294002 (Sigma), at 50 uM, 
was included as a positive control. Then, the cells were 
seeded at 10,000 cells/well into the wells of a plate con 
tained in a tube formation assay kit obtained from BD 
Biosciences, Rockville, Md. The wells of the plate contained 
an extracellular matrix protein gel. Fetal calf serum (FCS) 
(ATCC) was added to a ?nal concentration of 5% to initiate 
tube formation. Then, the plates were incubated for 18 hours 
at 37° C. and 5% CO2. Following the incubation, the plates 
were photographed with a digital camera attached to an 
inverted microscope (Olympus IMT-2 set at a phase contrast 
(PC) of 10). 
[0139] When endothelial cells are cultured on extracellu 
lar matrix protein gels in the presence of angiogenic signals, 
they arrange themselves into structures loosely resembling 
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capillary blood vessels. To establish the basal tube formation 
for this assay, cells were treated with the same amount of 
water as present in the solutions of Cpd H and MP. This 
treatment produced a lattice of endothelial cell structures 
with multiple branch points. Treatment with Cpd H and LY 
294002 reduced the amount of branching and cellular inter 
action in the wells, leaving the cells in isolated clusters. MP 
had no observable effect on the ability of the endothelial 
cells to organize into structures resembling capillary blood 
vessels. These data indicate that Cpd H, but not MP, inter 
feres with this step of angiogenesis. 

Example 8 

[0140] Passage 4 HUVECs, lot number 9713, in either 
EGM-2 plus 50 ng/ml vascular endothelial growth factor 
(VEGF) (obtained from Sigma) or in EGM-2 complete 
medium (containing 2% FCS, hydrocortisone, human ?bro 
blast growth factor B, VEGF, recombinant insulin-like 
growth factor-1, ascorbate, human epithelial growth factor, 
gentamycin and heparin) (obtained from Cambrex) were put 
into the wells of a 96-well tissue culture plate at 5,000 
cells/well. The following additives were added to the cells: 
water (vehicle control); 5 ug/ml of the compound of formula 
II (Cpd H); 15 ug/ml Cpd H; or 30 ug/ml of Cpd H. After 48 
hours of culture at 370 C. and 5% CO2, cell proliferation was 
evaluated by the Promega cell titer assay as described in 
Example 1, except that the plates were incubated for only 2 
hours after addition of the Promega cell titer reagent. 

[0141] The results are shown in Table 4 below. As can be 
seen from Table 4, Cpd H reduced the number of cells 
detected in the wells in a dose-dependent manner. The 
reductions seen with 15 ug/ml Cpd H and 30 ug/ml Cpd H 
were statistically signi?cant. Since wells with no growth 
factors were not included, it is not possible to determine if 
the reductions in cell numbers seen with Cpd H are due to 
inhibition of proliferation or a cytotoxic e?fect. 
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and the supernatants were aspirated. The cells were recon 
stituted in fresh medium and counted. Then, 4 ml of the cell 
suspension in medium containing at 1.22><106 cells/ml were 
mixed with an additional 1 ml of medium. Next, 0.5 ml/well 
of the resulting cell suspension was added to wells in a 
24-well culture plate (about 500,000 cells/well). The cells 
were treated as indicated in Table 5 below and incubated for 
24 hours at 370 C., with or without 5% CO2_The supema 
tants were removed from the wells and centrifuged to 
remove debris. Next, the supernatants were analyZed for 
erythropoietin (EPO) production. EPO was measured by 
ELISA using a kit obtained from R & D Systems, Minne 
apolis, Minn. (catalog no. DE900) following the manufac 
turer’s instructions. 

[0143] The results are shown in Table 5 below. As can be 
seen from Table 5, Cpd ll signi?cantly inhibited the release 
of EPO from the HepG2 cells. A decrease in EPO would 
have an inhibitory effect on angiogenesis. A viability assay 
was not performed, but the morphology of the cells appeared 
normal based on microscopic analysis. 

TABLE 5 

p value versus 

Treatment Mean Units/ml EPO hypoxia alone 

Control (no treatment) 74.90 1 2.65 N/A 
Hypoxia (5% CO2) 108.39 1 2.81 N/A 
Hypoxia + 15 pgml Cpd II 71.60 1 2.01 0.005 
Hypoxia + 25 pM LY 294002 52.99 1 1.04 0.016 

Example 10 

[0144] Passage 4 HUVECs, lot number 9713, were put 
into the wells of a 48-well tissue culture plate at 20,000 
cells/well in 500 pl of EGM-2 complete medium (but 
without serum or ascorbate) supplemented with lTSS (insu 

p value (versus 
Mean OD at 530 nm vehicle control) 

TABLE 4 

Sample Medium 

Control (no additives) EGM-2 + VEGF 0.141 r 0.004 
Vehicle control (water added) EGM-2 + VEGF 0.224 r 0.011 
5 pgml Cpd II EGM-2 + VEGF 0.189 r 0.014 
15 pg/ml Cpd II EGM-2 + VEGF 0.132 r 0.022 
30 pg/ml Cpd II EGM-2 + VEGF 0.046 r 0.012 
Control (no additives) EGM-2 + growth factors 0.243 r 0.002 
Vehicle control (water added) EGM-2 + growth factors 0.299 r 0.011 
5 pgml Cpd II EGM-2 + growth factors 0.271 r 0.022 
15 pg/ml Cpd H EGM-2 + growth factors 0.239 r 0.019 
30 pg/ml Cpd H EGM-2 + growth factors 0.066 r 0.003 

N/A 
N/A 

0.0324 
0.0069 
0.0003 
N/A 
N/A 

0.1131 
0.0283 
0.0001 

Example 9 

[0142] HepG2 is a human hepatic cancer cell line, which 
was obtained from ATCC. HepG2 cells were grown to 
con?uence in 25 cm2 ?asks in IMDM medium containing 
10% FCS. Then, the cells were trypsiniZed as follows. The 
medium in each ?ask was aspirated and replaced with 5 ml 
of 0.025% trypsin/EDTA (Cambrex). The cells were moni 
tored on a microscope until they no longer adhered to the 
?asks. Then, 5 ml of trypsin neutraliZing solution (TNS) 
(Cambrex) were added to each ?ask to stop the reaction. The 
cell suspension was centrifuged at 1000 rpm for 10 minutes, 

lin, transferrin and sodium selenite) (obtained from Sigma). 
Also, passage 4 HUVECs, human source lot number 7016 
(obtained from ATCC), were put into the wells of a 48-well 
tissue culture plate at 20,000 cells/well in 500 pl of EGM-2 
complete medium (but without serum or ascorbate) supple 
mented with ITSS. The following additives were added to 
the cells: water (vehicle control) and 15 ug/ml of the 
compound of formula II (Cpd H). After incubation for 1 hour 
at 370 C. and 5% CO2, LPS was added to give a ?nal 
concentration of 200 ng/ml, and the cells were incubated 
overnight at 370 C. and 5% CO2. After this incubation, the 














