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The present invention provides tricyclic compounds having 
cytostatic and cytotoxic activity in a single molecule having 
receptor tyrosine kinase(s), dihydrofolate reductase, 
thymidylate synthase and/or dihydroorotate dehydrogenase 
inhibitory activity, Which are useful as anti-angiogenic and 
anti-tumor agents. Also provided are methods of utilizing 
these inhibitors to treat tumor cells and other proliferative 
diseases and disorders. 
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TRICYCLIC COMPOUNDS HAVING 
CYTOSTATIC AND/OR CYTOTOXIC 
ACTIVITY AND METHODS OF USE 

THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to tricyclic heteroaromatic 

compounds and their methods of use and, more particularly, 
to tricyclic heteroaromatic compounds that inhibit receptor 
tyrosine kinase(s), dihydrofolate reductase, thymidylate syn 
thase and/or dihydroorotate dehydrogenase activity so as to 
exert cytostatic and cytotoxic action on tumor cells and other 
proliferative diseases and disorders. 

2. Description of the Prior Art 
The formation of new blood vessels from existing vascu 

lature is termed angiogenesis. Angiogenesis plays a crucial 
role in the growth and metastasis of solid tumors. Solid 
tumors require angiogenesis to grow beyond 1-2 mm in diam 
eter and metastasis requires the presence of blood vessels to 
allow access to the circulation and to form tumors at distal 
sites to the primary tumor. Angiogenesis and metastasis con 
tribute to the poor prognosis in patients with angiogenic solid 
tumors. Thus, agents that inhibit the angiogenic process have 
afforded new paradigms for the treatment of tumors. 

Angiogenesis primarily is a receptor-mediated process by 
growth factors that cause signal transduction, for the most 
part, by receptor tyrosine kinases (RTKs). RTKs consist of 
families of growth factor receptors such as vascular endothe 
lial growth factor receptor (VEGFR), epidermal growth fac 
tor receptor (EGFR); platelet-derived growth factor receptor 
(PDGFR) and ?broblast growth factor receptor (FGFR). 
Aberrant expression or overexpression of EGFR and 
PDGFR, both of which are directly or indirectly involved in 
angiogenesis, have been implicated in the development, pro 
gression and aggressiveness of a variety of solid tumors. 
These include head and neck cancers (Shin, D. M. et al., 
Cancer Res., 54:3153-3159, 1994), non-small cell lung can 
cer (Tateishi, M. et al., Cancer Res., 50:7077-7080, 1990; 
Gorgoulis, V. et al., Anticancer Res., 12:1183-1187, 1992), 
glial tumors (Fleming, T. P. et al., Cancer Res., 52:4550-4553, 
1992) and glioblastomas (Fleming, T. P. et al., Cancer Res., 
52:4550-4553, 1992; Maxwell, M. et al., J. Clin. Invest., 
86:131-140, 1990; Hermanson, M. et al., Cancer Res., 
52:3213-3229, 1992). 

Because RTKs are present in endothelial cells (V EGFR, 
PDGFR), tumor cells (FGFR, PDGFR) and pericytes/ smooth 
muscle cells (FGFR, PDGFR), inhibition of more than one 
RTK may provide synergistic inhibitory effects against solid 
tumors. Thus, RTKs are attractive targets for cancer chemo 
therapeutic agents. 

The importance of multiple RTK inhibition in angiogen 
esis is well recognized for the treatment of diseases such as 
cancer and macular degeneration, with multiple compounds 
in clinical use and several currently in various phases of 
clinical trials. These compounds, however, only are cyto 
static, stopping the growth of tumors by blocking the angio 
genesis pathway, and thus depriving tumors of the nutrition 
they need to grow. Hence, the antiangiogenic effect of these 
compounds does not kill tumor cells. To kill tumor cells, an 
additional cytotoxic effect is necessary. This cytotoxic effect 
can be provided by existing cancer chemotherapeutic agents. 
Thus, a variety of RTK inhibitors that are antiangiogenic and 
cytostatic have been combined with existing cancer chemo 
therapeutic agents that are cytotoxic, such as dihydrofolate 
reductase (DHFR) and thymidylate synthase (TS) inhibitors, 
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2 
in which DHFR and/or TS is the cytotoxic target. Preclinical 
and clinical trials of such combinations and other similar 
combinations have provided synergistic effects that are supe 
rior to either drug alone. 

Preclinical studies also have shown that inhibition of mul 
tiple RTKs has shown an increase in survival of mice (Sha 
heen, R. M. et al., Cancer Res., 61:1464-1468, 2001). Thus, it 
is believed that the use of RTK inhibitors along with cytotoxic 
or conventional cancer chemotherapeutic agents and/ or radia 
tion enhances the ef?cacy of overall antitumor therapy and 
prevents regrowth following cessation of therapy (Dancey, J. 
et al., Nat. Rev. Drug Discov., 2:296-313, 2003; Kerbel, R. et 
al., Nat. Rev. Cancer, 2:727-739, 2002). 
RTKs generally are transmembrane receptors consisting of 

an extracellular growth factor binding domain, a hydrophobic 
transmembrane domain, and a cytoplasmic domain. The cyto 
plasmic domain contains regulatory regions and a catalytic 
tyrosine kinase domain with a binding site for both ATP and 
substrates allowing for autophosphorylation, which is critical 
for signal transduction and angiogenesis. 

Recently, VEGFR-2 and PDGFR-B, two RTKs, have been 
implicated in controlling angiogenesis at two different stages 
of the angiogenic process. In addition, inhibition of 
VEGFR-2 and PDGFR-B with two separate inhibitors, 
SU5416 and SU6668, respectively, has been shown to pro 
duce a synergistic effect in early stage as well as late stage 
pancreatic islet cancer in mouse models by attacking the 
angiogenic process at two different sites (Bergers, G. et al., J. 
Clin. Invest., 111:1287-1295, 2003; Erber; R. et al., FASEB 
J., 18:338-340, 2004). 
DHFR carries out the reduction of dihydrofolate to tetrahy 

drofolate (THF), which is utilized by serinehydroxymethyl 
transferase to produce 5,10-methylene-tetrahydrofolate 
(5,10-CH2THF). The cofactor 5,10-CH2THF serves as the 
source of the methyl group in the conversion of deoxyuridine 
monophosphate to thymidylate catalyzed by thymidylate 
synthase (TS). Both TS and DHFR inhibitors are well-estab 
lished cytotoxic agents used in cancer chemotherapy 
(Gangjee, A. et al., Curr. Pharm. Des., 2:263-280, 1996). 
Methotrexate and trimetrexate are examples of such classical 
and non-classical antifolates, respectively, and 5-?uorouracil 
and pemetrexed are examples of TS inhibitors used clinically. 
US. Pat. No. 5,679,683 discloses 4-substituted amino ben 

zothieno[3,2-d]pyrimidine and 4-substituted pyrrolo[2,3-d] 
pyrimidine inhibitors of epidermal growth factor receptor 
family of tyrosines. 

Showalter, H. D. H. et al. (J. Med. Chem., 42:5464-5474, 
1999) disclose 6,5,6-tricyclic benzothienol[3,2-d]pyrim 
idines and pyrimido[5,4-b] - and -[4,5-b] indoles as inhibitors 
of epidermal growth factor receptor tyrosine kinases. 
PCT published patent application No. WO2005/ 042500 

discloses arylindenopyridines and arylindenopyridines and 
their use as an adenosine a2a receptor antagonist. 

Gangj ee, A. et al. (Bioorganic and Medicinal Chem., 
13:5475-5491. 2005) disclose 5-substituted, 2,4-diaminofuro 
[2,3 -d] pyrimidines as multireceptor tyrosine kinase and dihy 
drofolate reductase inhibitors with antiangiogenic and anti 
tumor activity. 

In general, it is highly desirable to develop new anti-angio 
genic and anti-tumor compounds which inhibit both the for 
mation of new blood vessels as well as selectively kill tumor 
cells. There is a need, therefore, for single compounds which 
provide the desired enzyme inhibition to achieve both cyto 
static and cytotoxic activity with a high degree of selectivity 
and low toxicity. 

SUMMARY OF THE INVENTION 

The present invention meets the above need by providing 
single tricyclic compounds having cytostatic and cytotoxic 
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activity in a single molecule so that signi?cant drawbacks of 
different aspects of drug transport of two or more drugs to 
their targets, additive or synergistic toxicities of two or more 
different drugs, resistance of cancer cells to a particular drug, 
as well as the cost associated with two or more drugs, is 
circumvented. 

It is an object of the present invention to provide single 
compounds that exhibit anti-angiogenic and anti-tumor activ 
ity in tumor cells, such as, without limitation, leukemia, non 
small cell lung cancer, colon cancer, central nervous system 
cancer, melanoma, ovarian cancer, renal cancer, pro state can 
cer and breast cancer; and other proliferative diseases and 
disorders such as, without limitation, macular degeneration 
and retinopathies. 

It is a further object of the present invention to provide 
single compounds that possess both cytostatic and cytotoxic 
activity in tumor cells and other proliferative diseases and 
disorders. 

It is another object of the present invention to provide 
single compounds that possess both cytostatic and cytotoxic 
activity in tumor cells and other proliferative diseases and 
disorders by inhibiting activity against receptor tyrosine 
kinases (RTKs), dihydrofolate reductase (DHFR), thymidy 
late synthase (TS) and/or dihydroorotate dehydrogenase 
(DHODH). 

It is another object of the present invention to provide 
single compounds that possess both cytostatic and cytotoxic 
activity in tumor cells and other proliferative diseases and 
disorders to overcome pharrnacokinetic and pharmacody 
namic drawbacks of drug transport of two or more separate 
agents to their targets. 

It is another object of the present invention to provide 
single compounds that possess both cytostatic and cytotoxic 
activity in tumor cells and other proliferative diseases and 
disorders to overcome additive or synergistic combined tox 
icities of using two or more separate agents. 

It is another object of the present invention to provide 
single compounds that possess both cytostatic and cytotoxic 
activity in tumor cells and other proliferative diseases and 
disorders to lessen the resistance of cancer cells to a particular 
drug. 

It is another object of the present invention to provide 
single compounds that possess both cytostatic and cytotoxic 
activity in tumor cells and other proliferative diseases and 
disorders to overcome the cost associated with the use of two 
or more drugs. 

It is another object of the present invention to provide 
methods of administering single compounds that possess 
both cytostatic and cytotoxic activity in tumor cells and other 
proliferative diseases and disorders. 

The present invention ful?lls the above objectives by pro 
viding single compounds having a combinatorial chemo 
therapeutic potential of both cyto static and cytotoxic activity. 

In an aspect of the present invention, there is provided a 
compound of formula I: 
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4 
wherein both B and C rings may be completely or partially 

saturated or unsaturated with respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 
all ole, R2 and R3; 
X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5, wherein 

R4 and RSIlower alkyl, alkene, alkyne, and all of R1 and R2; 
R1 and/or R2IH, alkyl, a cycloalkyl having 6 or less car 

bons, alkene, alkyne, carbonyl, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl such as benzene, pyridine, biphe 
nyl, bipyridine, quinazoline, isoquinoline, alkylaryl, alkyl 
heteroaryl, substituted alkylaryl, alkylheteroaryl or a substi 
tuted or unsubstituted saturated heterocyclic having 6 or less 

atoms; 
ZIS, O, NR5, CR6R7, S%, CiS, OiCR6, CR6iO, 

NR6iC, CiNR6, CR6iNR7 or CR6R7, wherein R5, R6, 
R7:H or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 

wherein Z may be attached to the C ring at positions 5, 6, 7 
or 8 and may be the same or different and be attached to one 

or more positions on the ring; 
wherein Z may be zero and R3 may be directly attached to 

the C-ring at positions 5, 6, 7, and/or 8; 
wherein when the C-ring is saturated or partially saturated 

the substituted Z or R3 creates chirality when PIC and R6 and 
R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3IH, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl; p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienyl-L-glutamate when the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl or fused such as a quinoline or naphthyl 
including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 

In another aspect of the present invention, there is provided 
a compound of formula II: 

wherein both B and C rings may be completely or partially 
saturated or unsaturated with respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 
all ole, R2 and R3; 
X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5, wherein 

R4 and RSIlower alkyl, alkene, alkyne, and all of R1 and R2; 
R1 and/or R2IH, alkyl, a cycloalkyl having 6 or less car 

bons, alkene, alkyne, carbonyl, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl such as benzene, pyridine, biphe 
nyl, bipyridine, quinazoline, isoquinoline, alkylaryl, alkyl 
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heteroaryl, substituted alkylaryl, alkylheteroaryl or a substi 
tuted or unsubstituted saturated heterocyclic having 6 or less 

atoms; 
ZIS, O, NR5, CR6R7, S%, CiS, OiCR6, CR6iO, 

NR64C, CiNR6, CR6iNR7 or CR6R7, wherein R5, R6, 
R7:H or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 

wherein Z may be attached to the C ring at positions 5, 6, 7 
or 8 and may be the same or different and be attached to one 

or more positions on the ring; 
wherein Z may be zero and R3 may be directly attached to 

the C-ring at positions 5, 6, 7, and/or 8; 
wherein when the C-ring is saturated or partially saturated 

the substituted Z or R3 creates chirality when PIC and R6 and 
R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3IH, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl, p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienoyl-L-glutamate when the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl or fused such as a quinoline or naphthyl 
including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 

In another aspect of the present invention, there is provided 
a method of inhibiting receptor tyrosine kinase(s), dihydro 
folate reductase, thymidylate synthase and/or dihydroorotate 
dehydrogenase activity in an animal or human in need 
thereof, comprising administering to said animal or human a 
therapeutically effective amount in unit dosage form of a 
compound of formula I: 

wherein both B and C rings may be completely or partially 
saturated or unsaturated with respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 
all of R1, R2 and R3; 
X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5, wherein 

R4 and RSIlower alkyl, alkene, alkyne, and all of R1 and R2; 
R1 and/or R2IH, alkyl, a cycloalkyl having 6 or less car 

bons, alkene, alkyne, carbonyl, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl such as benzene, pyridine, biphe 
nyl, bipyridine, quinazoline, isoquinoline, alkylaryl, alkyl 
heteroaryl, substituted alkylaryl, alkylheteroaryl or a substi 
tuted or unsubstituted saturated heterocyclic having 6 or less 

atoms; 
ZIS, O, NR5, CR6R7, S%, CiS, OiCR6, CR6iO, 

NR64C, CiNR6, CR6iNR7 or CR6R7, wherein R5, R6, 
R7:H or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
wherein Z may be attached to the C ring at positions 5, 6, 7 

or 8 and may be the same or different and be attached to one 

or more positions on the ring; 
wherein Z may be zero and R3 may be directly attached to 

the C-ring at positions 5, 6, 7, and/or 8; 
wherein when the C-ring is saturated or partially saturated 

the substituted Z or R3 creates chirality when PIC and R6 and 
R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3IH, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl, p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienoyl-L-glutamate when the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl or fused such as a quinoline or naphthyl 
including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 

In another aspect of the present invention, there is provided 
a method of inhibiting receptor tyrosine kinase(s), dihydro 
folate reductase, thymidylate synthase and/ or dihydroorotate 
dehydrogenase activity in an animal or human in need 
thereof, comprising administering to said animal or human a 
therapeutically effective amount in unit dosage form of a 
compound of formula II: 

wherein both B and C rings may be completely or partially 
saturated or unsaturated with respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 
all ole, R2 and R3; 
X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5, wherein 

R4 and RSIlower alkyl, alkene, alkyne, and all of R1 and R2; 
R1 and/or R2IH, alkyl, a cycloalkyl having 6 or less car 

bons, alkene, alkyne, carbonyl, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl such as benzene, pyridine, biphe 
nyl, bipyridine, quinazoline, isoquinoline, alkylaryl, alkyl 
heteroaryl, substituted alkylaryl, alkylheteroaryl or a substi 
tuted or unsubstituted saturated hetercyclic having 6 or less 
atoms; 

ZIS, O, NR5, CR6R7, S%, CiS, OiCR6, CR6iO, 
NR6iC, CiNR6, CR6iNR7 or CR6R7, wherein R5, R6, 
R7:H or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 

wherein Z may be attached to the C ring at positions 5, 6, 7 
or 8 and may be the same or different and be attached to one 
or more positions on the ring; 

wherein Z may be zero and R3 may be directly attached to 
the C-ring at positions 5, 6, 7, and/or 8; 

wherein when the C-ring is saturated or partially saturated 
the substituted Z or R3 creates chirality when PIC and R6 and 
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R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3:H, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl, p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienoyl-L-glutamate when the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl or fused such as a quinoline or naphthyl 
including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A full understanding of the invention can be gained from 
the following description of the preferred embodiments when 
read in conjunction with the accompanying drawings in 
which: 

FIG. 1 illustrates primary tumor growth of COLO-205 
metastatic human colon cancer cells implanted into the ?ank 
of athymic mice in response to DMBI (PDGFR kinase inhibi 
tor) and AAGl43-43 given at 25 mg/kg 3x weekly (M, W, F). 

FIG. 2 illustrates vascularity of COLO-205 primary tumors 
in athymic mice in response to DMBI (PDGFR kinase inhibi 
tor) and AAGl48-43 given at 25 mg/kg 3x weekly (M, W, F). 

FIG. 3 illustrates metastasis to the liver of COLO-205 cells 
implanted into athymic mice in response to DMBI (PDGFR 
kinase inhibitor) and AAGl48-43 given at 25 mg/kg 3x 
weekly (M, W, F). 

FIG. 4 is a dose-response curve of percentage growth for 
each of the cell lines shown in Table 4 of the speci?cation. 

FIG. 5 are dose response curves for each of the cancer types 
shown in Table 4 of the speci?cation. 

FIG. 6 shows mean graphs for each of the cancer types and 
corresponding cell lines shown in Table 4 of the speci?cation. 

FIGS. 7A, B illustrate tumor parameters of primary B16 
FlO tumors in athymic mice in response to drugs given at 25 
mg/kg 3x weekly (M, W, F). FIG. 7A is a graph of tumor 
volume. FIG. 7B is a bar graph of tumor growth rate. 

FIG. 8 illustrates metastasis of B l 6-F10 tumors to the lung 
in response to drugs given at 25 mg/kg 3x weekly (M, W, F). 

FIG. 9 illustrates vascularity of B l 6-F l 0 tumors in athymic 
mice in response to drugs given at 25 mg/kg 3x weekly (M, W, 
F). 

FIG. 10 shows elemental analysis for Compounds 4, 12-15 
and 19. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention provides tricyclic compounds hav 
ing cytostatic and cytotoxic activity in a single molecule 
having receptor tyrosine kinase(s) (RTK), dihydrofolate 
reductase (DHFR), thymidylate synthase (TS) and/or dihy 
droorotate dehydrogenase (DHODH) inhibitory activity and 
methods of use thereof. 

In an embodiment of the present invention, there is pro 
vided a compound of formula I: 
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wherein both B and C rings may be completely or partially 
saturated or unsaturated with respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 
all ole, R2 and R3; 
X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5, wherein 

R4 and R5:lower alkyl, alkene, alkyne, and all of R1 and R2; 
R1 and/or R2:H, alkyl, a cycloalkyl having 6 or less car 

bons, alkene, alkyne, carbonyl, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl such as benzene, pyridine, biphe 
nyl, bipyridine, quinazoline, isoquinoline, alkylaryl, alkyl 
heteroaryl, substituted alkylaryl, alkylheteroaryl or a substi 
tuted or unsubstituted saturated hetercyclic having 6 or less 

atoms; 
ZIS, O, NR5, CR6R7, S4C, CiS, OiCR6, CR6iO, 

NR6iC, CiNR6, CR6iNR7 or CR6R7, wherein R5, R6, 
R7:H or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 

wherein Z may be attached to the C ring at positions 5, 6, 7 
or 8 and may be the same or different and be attached to one 
or more positions on the ring; 

wherein Z may be zero and R3 may be directly attached to 
the C-ring at positions 5, 6, 7, and/or 8; 

wherein when the C-ring is saturated or partially saturated 
the substituted Z or R3 creates chirality when PIC and R6 and 
R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3:H, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl, p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienoyl-L-glutamate when the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl or fused such as a quinoline or naphthyl 
including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 
A preferred form of formula I is where YINH; RZIH; 

PINR4; R4:H; XINH; RliH; ZIS and R3:a phenyl: 

NH2 
N\ S 

H2N4< N / 
N 
H 

Another preferred form of formula I is where YINH; 
RZIH; PICR4R5; R4:H; RSIH; XINH; Rl:a substituted 
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aryl; ZIO; and R3IH. The substitution on the aryl can be a 
halide, such as a chloride atom. A suitable ring structure is: 

Cl 

In another aspect of the present invention, there is provided 
a compound of formula II: 

wherein both B and C rings may be completely or partially 
saturated or unsaturated with respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 
all of R1, R2 and R3; 
X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5, wherein 

R4 and RSIlower alkyl, alkene, alkyne, and all of R1 and R2; 
R1 and/or R2IH, alkyl, a cycloalkyl having 6 or less car 

bons, alkene, alkyne, carbonyl, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl such as benzene, pyridine, biphe 
nyl, bipyridine, quinazoline, isoquinoline, alkylaryl, alkyl 
heteroaryl, substituted alkylaryl, alkylheteroaryl or a substi 
tuted or unsubstituted saturated hetercyclic having 6 or less 

atoms; 
ZIS, O, NR5, CR6R7, 8%, CiS, OiCR6, CR6iO, 

NR64C, CiNR6, CR6iNR7 or CR6R7, wherein R5, R6, 
R7:H or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 

wherein Z may be attached to the C ring at positions 5, 6, 7 
or 8 and may be the same or different and be attached to one 
or more positions on the ring; 

wherein Z may be zero and R3 may be directly attached to 
the C-ring at positions 5, 6, 7, and/or 8; 

wherein when the C-ring is saturated or partially saturated 
the substituted Z or R3 creates chirality when PIC and R6 and 
R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3IH, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl, p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienoyl-L-glutamate when the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl or fused such as a quinoline or naphthyl 
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10 
including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 
As used herein, the term “lower alkyl” group refers to those 

lower alkyl groups having one to about six carbon atoms, such 
as for example methyl, ethyl, propyl, butyl, pentyl, hexyl, 
cyclopropyl, cyclobutyl, cyclohexyl, cyclopropylmethyl or 
cyclobutylmethyl groups. Alkyl groups sharing one to about 
six carbon atoms are preferred. These lower alkyl groups are 
straight chain, branched chain or cyclic (alicyclic hydrocar 
bon) arrangements. The carbon atoms of these straight chain, 
branched chain or cyclic arranged alkyl groups may have one 
or more sub stituents for the hydrogens attached to the carbon 
atoms. 

As used herein, the terms “heteroalkyl” and “heteroalk 
enyl” will be used to refer to alkyl or alkene chains from one 
to about 3 atoms where one or more of the carbons has been 
replaced with nitrogen, oxygen or sulfur. Thus “heteroalkyl” 
and “heteroalkenyl” groups will include, for example, 
C4CiN, CiS, S4C, CiO, CiCiO, OiC, NiCi 
C, N4CIC and other various combinations, as will be appar 
ent to one skilled in the art. The above list is not meant to be 
exhaustive, and many combinations are contemplated as 
within the scope of the present invention. 

“Aryl” groups, as used herein, will refer to compounds 
whose molecules have an aromatic ring structure, such as the 
six-carbon ring of benzene, or multiple rings which are either 
fused or unfused, such as condensed six-carbon rings of other 
aromatic derivatives. The term “aryl” is also de?ned to 
include diaryl, triaryl and polyaryl groups, which would have 
two, three or more rings, respectively. Thus, suitable aryl 
groups would include, for example, phenyl, biphenyl, naph 
thyl, phenanthrene, anthracene groups and aryl oxyaryl 
groups. This list is not meant to be exhaustive, and any aryl 
group, as these terms are de?ned above and commonly under 
stood in the art, are within the scope of the present invention. 
The term “heteroaryl”, as used herein, will be used to refer 

to aromatic ring structures having at least one atom in the ring 
which is not carbon, such as oxygen, nitrogen or sulfur. “Het 
eroaryls” as used herein also refers to aromatic ring structures 
that are part of larger ring structures, such as two or three 
member ring systems, which may be fused or unfused, in 
which one of the rings is as described above. Thus, “het 
eroaryl” can refer to ring systems in which one or more rings 
contain a heteroatom and one or more rings do not. It will be 
understood that this list is not meant to be exhaustive, and that 
any heteroaryl group, as these terms are de?ned above and 
commonly understood in the art, are within the scope of the 
present invention. Examples include but are not limited to 
pyrroles, thiophenes, furans, imidazoles, and the like, as well 
as fused ring structures having rings of different sizes, such as 
benzofurans, indoles, purines, and the like. 

Also included within the scope of the present invention are 
alicyclic groups, as that term is understood in the art, and 
heterocyclic groups. As used herein, the term “heterocyclic 
group” will refer to non-aromatic cyclic substituents in which 
one or more members of the ring is not carbon, for example 
oxygen, sulfur or nitrogen. 
The terms “alkylaryl” (or “alkaryl”) or “alkylheteroaryl” 

as used herein will refer to groups having an alkyl moiety 
attached to an aryl or heteroaryl ring. The alkyl moiety is 
preferably a straight, branched or cyclic alkyl group having 
one to about six carbon atoms. This alkyl moiety may also 
contain oxygen, nitrogen or sulfur atoms, and can therefore 
be an alkoxy group. The aryl or heteroaryl moiety of the 
alkylan group is a substituted or unsubstituted aryl or het 
eroaryl group, as these terms are described above. As used 
herein, the terms “alkylaryl” or “alkylheteroaryl” will also be 
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used to refer to arylalkyl groups or heteroarylalkyl groups, as 
those terms are understood in the art, and will denote attach 
ment of such a substituent at either the alkyl or the aryl portion 
of the group. Thus, for example, a benzyl group would be 
embraced by the term “alkylaryl”. 

Any of the cyclic substituents described above, such as the 
aryl, heteroaryl, alkylaryl, alkylheteroaryl, alicyclic, or het 
erocyclic groups are optionally substituted with one or more 

substituents as listed above. In the case of more than one 

substituent, the substituents are independently selected. 
“Alkoxy groups” and “alkyl groups” include straight or 
branched chains having up to about six members. “Halogen” 
refers to chlorine, bromine, iodine and ?uorine. “Aryl and 
heteroaryl groups” are as described above. When a carboxylic 

acid is a substituent, it will be appreciated that the moiety 
represents an acid such as benzoic acid. 

“Acyl” refers to an organic acid group in which the OH is 

replaced by some other substituent, and is generally desig 
nated as RCOiwhere R is a C1_6 alkyl, C2_6 alkenyl, or C2_6 
alkynyl straight or branched chain group. 

As used herein, the terms “aroyl” or “heteroaroyl”, such as 
when used within the term p-aroyl-L-glutamate, refers to 
benzoyl, napthoyl, thiophenoyl, furophenoyl, pyrroyl, and 
any other “aroyl” or “heteroaroyl” as these terms would be 
understood by one skilled in the art. “Aroyl” and “het 
eroaroyl” are generally de?ned in the art as an aromatic or 

heteroaromatic compound having a carbonyl moiety. 
“Glutamate” will be understood as representing both the ester 

form (glutamate) and the acid form (glutamic acid). 

It will appreciated by those skilled in the art that a general 
formula depicting compounds having side chains with adja 
cent carbons having a double bond will result in both cis and 
trans isomers as possible structures. Both the cis and trans 

isomers, and mixtures thereof, of any such compound within 
the broad general formula described in formulas l and II are 

contemplated as being within the present invention. 

A preferred form of formula II is where YINH; RZIH; 
PICR4R5; R4IH; RSIH; XINH; erphenyl; ZIO; and 
R3IH: 

In another embodiment of the present invention, there is 
provided a method of inhibiting receptor tyrosine kinase(s), 
dihydrofolate reductase, thymidylate synthase and/or dihy 
droorotate dehydrogenase activity in an animal or human in 

need thereof, comprising administering to said animal or 
human a therapeutically effective amount in unit do sage form 
of a compound of formula I: 
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wherein both B and C rings may be completely or partially 
saturated or unsaturated with respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 

all ole, R2 and R3; 

X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5, wherein 
R4 and RSIlower alkyl, alkene, alkyne, and all of R1 and R2; 

R1 and/or R2IH, alkyl, a cycloalkyl having 6 or less car 
bons, alkene, alkyne, carbonyl, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl such as benzene, pyridine, biphe 
nyl, bipyridine, quinazoline, isoquinoline, alkylaryl, alkyl 
heteroaryl, substituted alkylaryl, alkylheteroaryl or a substi 
tuted or unsubstituted saturated heterocyclic having 6 or less 

atoms; 

ZIS, O, NR5, CR6R7, 8%, CiS, OiCR6, CR6iO, 
NR6iC, CiNR6, CR6iNR7 or CR6R7, wherein R5, R6, 
R7IH or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 

wherein Z may be attached to the C ring at positions 5, 6, 7 
or 8 and may be the same or different and be attached to one 

or more positions on the ring; 

wherein Z may be zero and R3 may be directly attached to 
the C-ring at positions 5, 6, 7, and/or 8; 

wherein when the C-ring is saturated or partially saturated 
the substituted Z or R3 creates chirality when PIC and R6 and 
R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3IH, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl, p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienoyl-L-glutamate when the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl or fused such as a quinoline or naphthyl 
including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 

Proliferative diseases and/ or disorders that may be treated 

according to the methods of the present invention include, 
without limitation, leukemia, non-small cell lung cancer, 
colon cancer, central nervous system cancer, melanoma, ova 

rian cancer, renal cancer, prostate cancer, breast cancer; 
macular degeneration and retinopathies. 

A preferred form of formula I is where YINH; RZIH; 
PINR4; R4IH; XINH; RIIH; ZIS and R3:a phenyl: 
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Another preferred form of formula I is Where YINH; 
RZIH; PICR4R5; R4IH; RSIH; XINH; Rl:a substituted 
aryl; ZIO; and R3IH. The substitution on the aryl can be a 
halide, such as a chloride atom. A suitable ring structure is: 

C1 

In another embodiment of the present invention, there is 
provided a method of inhibiting receptor tyrosine kinase(s), 
dihydrofolate reductase, thymidylate synthase and/or dihy 
droorotate dehydrogenase activity in an animal or human in 
need thereof, comprising administering to said animal or 
human a therapeutically effective amount in unit do sage form 
of a compound of formula II: 

Wherein both B and C rings may be completely or partially 
saturated or unsaturated With respect to bond 4b-8a, 5-6 and 
7-8; the C ring may have an N or substituted N depending on 
the saturation level of the C ring, and the substitution may be 
all of R1, R2 and R3; 
X and/orYIN, NH, O, S, C; PINR4, O, S, CR4R5,W11€I‘€111 

R4 and RSIlower alkyl, alkene, alkyne, and all of R1 and R2; 
R1 and/or R2IH, alkyl, a cycloalkyl having 6 or less car 

bons, alkene, alkyne, carbonyl, carbonyl, aryl, heteroaryl, 
substituted aryl, substituted heteroaryl such as benzene, pyri 
dine, biphenyl, bipyridine, quinazoline, isoquinoline, alky 
laryl, alkylheteroaryl, substituted alkylaryl, alkylheteroaryl 
or a substituted or unsubstituted saturated heterocyclic hav 
ing 6 or less atoms; 

ZIS, O, NR5, CR6R7, 8%, CiS, OiCR6, CR6iO, 
NR64C, CiNR6; CR6iNR7 or CR6R7, Wherein R5, R6, 
R7:H or a lower alkyl, alkene, alkyne or cycloalkyl having 6 
or less C atoms; 
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14 
Wherein Z may be attached to the C ring at positions 5, 6, 7 

or 8 and may be the same or different and be attached to one 

or more positions on the ring; 

Wherein Z may be zero and R3 may be directly attached to 
the C-ring at positions 5, 6, 7, and/or 8; 

Wherein When the C-ring is saturated or partially saturated 
the substituted Z or R3 creates chirality When PIC and R6 and 
R7 are different, then all stereoisomers thereof both separately 
and as racemic and/or diastereoisomeric mixtures are 

included; 
R3IH, alkyl, cycloalkyl, aryl, heteroaryl, substituted aryl, 

substituted heteroaryl, alkylaryl, alkylheteroaryl and substi 
tuted saturated or unsaturated alkylheteroaryl and alkylhet 
erocyclic, alkylaryl, p-, m-, o-benzoyl-L-glutamate or 2,5-, 
2,4-thienoyl-L-glutamate When the benzene and thiophene 
ring may or may not have additional substitutions such as F, 
mono-, bi- and tricyclic aryl, heteroaryl or combinations 
thereof, ring substitutions such as biphenyl, bipyridyl or a 
phenyl-pyridyl etc. or fused such as a quinoline or naphthyl 

including substituted systems such as a 2-chloro,4-biphenyl 
and tricyclic and substituted tricyclic systems. 
A preferred form of formula II is Where YINH; RZIH; 

PICR4R5; R4IH; RSIH; XINH; erphenyl; ZIO; and 
R3IH: 

As used herein, the term “patient” means adult members of 
the animal kingdom, including, but not limited to, human 
beings. 
As used herein, the term “therapeutically effective 

amount” refers to that amount of any of the present com 
pounds required to bring about a desired effect in a patient. 
The desired effect Will vary depending on the illness being 
treated. For example, the desired effect may be reducing 
tumor size, destroying cancerous cells, preventing metastasis 
or reducing symptoms associated With the various other dis 
eases listed above and contemplated as being Within the treat 
ment methods of the present invention. On its most basic 
level, a therapeutically effective amount is that amount 
needed to inhibit the activity of receptor tyrosine kinase(s) 
generally and/or dihydrofolate reductase and/or thymidylate 
synthase and/or dihydroorotate dehydrogenase. Any amount 
of inhibition Will yield a bene?t to a patient and is therefore 
Within the scope of the invention. 

It is especially advantageous to formulate parenteral com 
positions in dosage unit form for ease of administration and 
uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the 
patients being treated, each unit containing a predetermined 
quantity or effective amount of a tricyclic compound to pro 
duce the desired effect in association With a pharmaceutical 
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carrier. The speci?cation for the dosage unit forms of the 
invention are dictated by and directly dependent on the par 
ticular compound and the particular effect to be achieved. 
Compounds containing formula I or formula II can be 

administered to an animal or human via various routes includ 

ing parenterally, orally or intraperitoneally. Parenteral admin 
istration includes the following routes: intravenous; intra 
muscular; interstitial, intraarterial; subcutaneous; 
intraocular; intracranial; intraventricular; intrasynovial; tran 
sepithelial, including transdermal, pulmonary via inhalation, 
ophthalmic, sublingual and buccal; topical, including dermal, 
ocular, rectal, or nasal inhalation via insuf?ation or nebuliza 
tion. 
Compounds containing formula I or formula II that are 

orally administered can be enclosed in hard or soft shell 
gelatin capsules, or compressed into tablets. Compounds also 
can be incorporated with an excipient and used in the form of 
ingestible tablets, buccal tablets, troches, capsules, sachets, 
lozenges, elixirs, suspensions, syrups, wafers and the like. 
Compounds containing formula I or formula II can be in the 
form of a powder or granule, a solution or suspension in an 

aqueous liquid or non-aqueous liquid, or in an oil-in-water 
emulsion. 

The tablets, troches, pills, capsules and the like also can 
contain, for example, a binder, such as gum tragacanth, aca 
cia, corn starch; gelating excipients, such as dicalcium phos 
phate; a disintegrating agent, such as corn starch, potato 
starch, alginic acid and the like; a lubricant, such as magne 
sium stearate; a sweetening agent, such as sucrose, lactose or 
saccharin; or a ?avoring agent. When the dosage unit form is 
a capsule, it can contain, in addition to the materials described 
above, a liquid carrier. Various other materials can be present 
as coatings or to otherwise modify the physical form of the 
dosage unit. For example, tablets, pills, or capsules can be 
coated with shellac, sugar or both. A syrup or elixir can 
contain the active compound, sucrose as a sweetening agent, 
methyl and propylparabens as preservatives, a dye and ?a 
voring. Any material used in preparing any dosage unit form 
should be pharmaceutically pure and substantially non-toxic. 
Additionally, the compounds of formula I or formula II can be 
incorporated into sustained-release preparations and formu 
lations. 

The compounds of formula I or formula II can be admin 
istered to the central nervous system, parenterally or intrap 
eritoneally. Solutions of the compound as a free base or a 

pharmaceutically acceptable salt can be prepared in water 
mixed with a suitable surfactant, such as hydroxypropylcel 
lulose. Dispersions also can be prepared in glycerol, liquid 
polyethylene glycols and mixtures thereof, and in oils. Under 
ordinary conditions of storage and use, these preparations can 
contain a preservative and/or antioxidants to prevent the 
growth of microorganisms or chemical degeneration. 

The pharmaceutical forms suitable for injectable use 
include, without limitation, sterile aqueous solutions or dis 
persions and sterile powders for the extemporaneous prepa 
ration of sterile injectable solutions or dispersions. In all 
cases, the form must be sterile and must be ?uid to the extent 
that easy syringability exists. It can be stable under the con 
ditions of manufacture and storage and must be preserved 
against the contaminating action of microorganisms, such as 
bacteria and fungi. The carrier can be a solvent or dispersion 
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16 
medium which contains, for example, water, ethanol, polyol 
(such as propylene glycol and liquid polyethylene glycol), 
suitable mixtures thereof, or vegetable oils. The proper ?u 
idity can be maintained, for example, by the use of a coating, 
such as lecithin, by the maintenance of the required particle 
size (in the case of a dispersion) and by the use of surfactants. 
The prevention of the action of microorganisms can be 
brought about by various antibacterial and anti-fungal agents, 
for example, parabens, chlorobutanol, phenol, sorbic acid, 
thimerosal, and the like. In many cases, it will be preferable to 
include isotonic agents, for example, sugars or sodium chlo 
ride. 

Sterile injectable solutions are prepared by incorporating 
the compound of formula I or formula II in the required 
amount in the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by ?l 
tered sterilization. Generally, dispersions are prepared by 
incorporating the sterilized compound of formula I or for 
mula II into a sterile vehicle that contains the basic dispersion 
medium and any of the other ingredients from those enumer 
ated above. In the case of sterile powders for the preparation 
of sterile injectable solutions, the preferred methods of prepa 
ration are vacuum drying and freeze drying. 

Pharmaceutical compositions which are suitable for 
administration to the nose and buccal cavity include, without 
limitation, self-propelling and spray formulations, such as 
aerosol, atomizers and nebulizers. 
The therapeutic compounds of formula I and formula II can 

be administered to an animal or human alone or in combina 

tion with pharmaceutically acceptable carriers or as pharma 
ceutically acceptable salts, the proportion of which is deter 
mined by the solubility and chemical nature of the compound, 
chosen route of administration and standard pharmaceutical 
practice. 
The compounds of the present invention are distinguished 

from prior art compounds in that the inventive compounds 
disclosed herein have substituents on the C-ring which are 

either halogens such as chloro, bromo, iodo and ?uoro; 
L-glutamate-bearing side chains; aryl (directly connected); or 
one atom linked aryl of the type: thioaryl; aminoaryl; oxoaryl; 
carboaryl; compounds in which the C-ring is partially substi 
tuted; compounds of the type in which the B-ring is cyclo 
pentane; compounds in which the substituents on the B-ring 
are either aryl or methyl aryl (e. g., benzyl). 
The present invention is more particularly described in the 

following non-limiting examples, which are intended to be 
illustrative only, as numerous modi?cations and variations 
therein will be apparent to those skilled in the art. 

EXAMPLES 

Example 1 

Compounds Derived from Compound of Formula I 

l.AAGl48-43 Ef?cacy in an Animal Model of Cancer 
Single compounds which possess both antiangiogenic, i.e., 

cytostatic, activity and cytotoxic activity were designed, syn 
thesized and evaluated. COLO-205 metastatic human colon 
cancer cells were implanted in mice. AAG-l48-43 was 

administered to the mice at a dose of 25 mg/kg three times a 


























