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(57) ABSTRACT 

The present invention is directed to aZiridinyl epothilone 
compounds as further described herein, and/ or pharmaceuti 
cally-acceptable salts and/or solvates thereof having the fol 
lowing Formula: 

N R6 

wherein K is ‘Oi, iSi, or iNR7i; A is 
i(CR8R9)i(CH2)miZiwherein Z is i(CHRlO)i, 
%(:O)*, %(:O)%(:O)is %3C(:O)*, 
*N(R11)C(:O)*’ 402*’ or *N(R11)SO2*; B1 is 
hydroxyl or cyano and R1 is hydrogen or B1 and R1 are 
taken together to form a double bond; R2, R3, and R5 are, 
independently, hydrogen, alkyl, substituted alkyl, aryl or 
substituted aryl; or R2 and R3 may be taken together with 
the carbon to which they are attached to form an option 
ally substituted cycloalkyl; R4 is hydrogen, alkyl, alk 
enyl, substituted alkyl, substituted alkenyl, aryl, or sub 
stituted aryl; R6 is hydrogen, alkyl or substituted alkyl; 
R7, R8, R9, R10, R11 and R12 are independently hydro 
gen, alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, heterocycloalkyl, sub 
stituted heterocycloalkyl, heteroaryl, or substituted het 
eroaryl, and R13 is aryl, substituted aryl, heteroaryl or 
substituted heteroaryl. 

10 Claims, 6 Drawing Sheets 
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AZIRIDINYL-EPOTHILONE COMPOUNDS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application claims priority to US. Provisional Patent 
Application No. 60/808,366, ?led May 25, 2006, which is 
hereby incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to aZiridinyl-epothilone ana 

logs pharmaceutical compositions comprising aZiridinyl 
epothilone analogs, and methods of using the same. 

2. Related Background Art 
Epothilones A and B are naturally-occurring compounds 

that were discovered by Ho?e et al. as isolated from fermen 
tation products of the microorganism, Sorangium cellulosum 
(see, e.g., WO 93/10121). Ho?e et al. also discovered 37 
natural epothilone variants and related compounds produced 
by Sorangium cellulosum, including epothilones C, D, E, F 
and other isomers and variants. See, e.g., US. Pat. No. 6,624, 
310. While in 1993 Ho?e et al reported on cytotoxic effects of 
Epothilones A and B, in 1995 researchers with Merck 
reported that epothilone B exerts microtubule-stabilizing 
effects similar to paclitaxel (TAXOL®) (See D. M. Bollag, 
“Epothilones, a New Class of Microtubule-Stabilizing 
Agents with a Taxol-like Mechanism of Action,” Cancer 
Research, Vol. 55 (June 1995), at pp. 2325-2333). 

Various derivatives and analogs of the naturally-occurring 
epothilones have been discovered at Bristol-Myers Squibb 
Co. Examples of epothilone analogs include the am 
epothilone B analog known as ixabepilone, 21-substituted 
analogs of epothilone B including a 21-amino analog, 2,3 
ole?nic analogs, C-3 cyano analogs, cyclopropyl analogs, 
and heterocyclic analogs including aZiridinyl-epothilone ana 
logs. See, eg US. Pat. Nos. 6,605,599; 6,262,094; 6,399, 
638; 6,498,257; 6,380,395; and 6,800,653, each ofwhich is 
incorporated herein by reference. Others have also reported 
on the discovery of other epothilone derivatives and analogs. 
See, e.g., PCT Pub. Nos. WO 99/65913, WO 98/25929; WO 
00/99/07692; WO 99/67252; WO 00/00485; WO 00/37473; 
WO 01/83800; WO 99/67253, WO 99/07692, WO 00/00485, 
WO 00/49021, WO 00/66589, WO 03/045324, WO 
04/014919, WO 04/056832, WO 03/022844; US. Pat. Nos. 
6,441,186; 6,284,781; 6,660,758; 6,380,394; 6,242,469; 
6,531,497; 6,441,186; 6,489,314; 6,589,968; 6,930,102; US 
Pat. Appl. Pub. Nos. US 2004/0072870 A1; US 2003/ 
0023082 A1; US 2004/0053910 A1; US 2004/0152708 A1, 
all of which are incorporated by reference in their entirety. 

The naturally-occurring epothilones and their analogs, like 
other microtubule-stabilizing agents, may be useful for treat 
ing proliferative diseases such as cancer, which typically 
work by killing (or arresting the growth of) tumor cells, other 
pathogenic cells, and foreign pathogens. Often, however, 
anticancer drugs attack not only tumor cells but also normal 
tissue, leading to undesired side effects. Additionally, anti 
cancer drugs typically present solubility issues such that for 
mulation and delivery of the agents can present challenges, 
leading to use of solubiliZing agents such as CREMO 
PHOR®. The cytotoxicity of some anticancer drugs and/or 
formulation ingredients has been known to cause neuropathy 
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2 
or other side effects such as hypersensitivity reactions. These 
adverse side effects highlight the need for anticancer thera 
pies that are selective for pathogenic cell populations and 
therefore result in reduced host toxicity. 

However, as discussed in WO 2004/054622 A1 scientists 
have for many years attempted to use monoclonal antibodies 
(mAbs) in targeted drug therapies for delivery of chemothera 
peutic agents to patients, but drawbacks have been encoun 
tered in terms of, inter alia, the cleavable moiety, the linkers, 
and the form of drug released in the cell. It has been reported 
that successful therapy of tumors with mAbs is limited by 
inadequate penetration of the antibody in the tumor and by the 
heterogeneous distribution of corresponding tumor-associ 
ated antigen in the tumor tissue. See, Klar et al., WO 
05/074901 (assigned to Schering AG). 
US Pat. App. Pub. No. 2005/ 0002942 discloses vitamin 

receptor binding drug delivery conjugates that are useful for 
targeted drug delivery. There is a need in the art for identify 
ing anticancer agents that could be used to make conjugates 
such as those described in US 2005/0002 942, in the interest of 
providing targeted drug delivery for cancer treatment. 

SUMMARY OF THE INVENTION 

The present invention is directed to compounds having the 
following Formula X: 

or pharmaceutically-acceptable salts and/or solvates 
thereof, wherein: 
K is ‘Oi, iSi, or iNR7i; 

B l is hydroxyl or cyano and R l is hydrogen or B l and R l are 
taken together to form a double bond; 

R2, R3, and R5 are, independently, hydrogen, alkyl, substi 
tuted alkyl, aryl or substituted aryl; or R2 and R3 may be taken 
together with the carbon to which they are attached to form an 
optionally substituted cycloalkyl; 
R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substi 

tuted alkenyl, aryl, or substituted aryl; 
R6 is hydrogen, alkyl or substituted alkyl; 
R7, R8, R9, R10, and R 1 1 are independently hydrogen, alkyl, 

substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heterocycloalkyl, substituted heterocy 
cloalkyl, heteroaryl, or substituted heteroaryl; 

R12 is H, alkyl, substituted alkyl, or halogen; 
R13 is aryl, substituted aryl, heteroaryl or substituted het 

eroaryl; and 
m is 0 to 6. 
The present invention is further directed to methods for 

treating cancer with use of compounds having the Formula X, 
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as Well as use of the compounds of Formula X in preparing 
pharmaceutical compositions With pharmaceutically accept 
able carriers for treating cancer. Compounds of Formula X 
are especially useful in preparing compositions for targeted 
drug therapies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the chemical structures, relative af?nities, and 
EC50 (nM) values against KB tumor cells of six folate con 
jugates ofepothilone analog CompoundAA (conjugate num 
ber AA.I to AA-VI). 

FIG. 2 is the chemical structures, relative af?nities, and 
EC50 (nM) values against KB tumor cells of three folate 
conjugates of epothilone analog Compound BB (conjugate 
number BB.I to BB.III). 

FIG. 3 demonstrates the fraction of surviving KB clones 
(Surviving fraction; y-axis) after treatment With increasing 
concentrations (Concentration (nM); x-axis) of Compound G 
(bars), Compound CC (triangles), Compound AA (dia 
monds), or ixabepilone (squares). 

FIG. 4 demonstrates the in vivo antitumor ef?cacy of treat 
ing KB nasopharyngeal epidermoid carcinoma xenografts in 
nude mice With Compound I (grey squares, White squares, 
grey diamonds) at various doses or ixabepilone (black bars), 
compared to no treatment (control; black circles), as a mea 
sure of (A) median tumor Weight (mg; y-axis) several days 
post tumor implant (x-axis) or (B) Weight loss (% body 
Weight change; y-axis) several days post-tumor implant 
(x-axis). 

FIG. 5 demonstrates the in vivo antitumor effects of Com 
pound J (grey squares) or ixabepilone (White squares), com 
pared to no treatment (control; black circles), against FR (—) 
M109 murine lung carcinoma as a measure of median tumor 
Weight (mg; y-axis) several days post tumor implant (x-axis). 

FIG. 6 demonstrates the in vivo antitumor effects, as a 
measure of median tumor Weight (mg; y-axis) several days 
post tumor implant (x-axis), of no treatment (control, black 
circles), treatment With Compound I alone (grey squares), 
Compound I in the presence of a folate analog, black bars), or 
treatment With Compound G (grey diamonds). 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions of Terms 
The folloWing are de?nitions of terms used in the present 

speci?cation. The initial de?nition provided for a group or 
term herein applies to that group or term throughout the 
present speci?cation individually or as part of another group, 
unless otherWise indicated. 

The term “folate-binding moiety or analog or derivative 
thereof’ as used herein means a moiety that Will bind to a 
folate-receptor protein (not a monoclonal antibody) that is 
overexpressed or preferentially expressed on cancer cells. For 
example, it is knoWn that the folate receptor (ER) is overex 
pressed in ovarian cancer cells and other cancer cells. Illus 
trative analogs and derivatives of folate are disclosed in US 
Pat. App. Pub. No. 2005/0002942 to Vlahov et al., (hereinaf 
ter “Vlahov”), incorporated herein by reference. 

The term “releasable linker” as used herein means a biva 
lent linker that includes at least one cleavable bond that can be 
broken under physiological conditions (eg a pH-labile, 
reductively-labile, acid-labile, oxidatively-labile, or enZyme 
labile bond.) It should be appreciated that such physiological 
conditions resulting in bond breaking include standard 
chemical hydrolysis reactions that occur, for example, at 
physiological pH, or as a result of compartmentaliZation into 
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4 
a cellular organelle, such as an endosome having a loWer pH 
than cytosolic pH, or as a result of reaction With a cellular 
reducing agent such as glutathione. 

It is understood that a cleavable bond can connect tWo 
adjacent atoms Within the releasable linker and/or connect 
other groups to the releasable linker such as Q and K, as 
described herein, at either or both ends of the linker. 
The terms “alkyl” and “alk” Whether alone or in combina 

tion With some other group, refer to a straight or branched 
chain alkane (hydrocarbon) radical attached at any available 
carbon atom, containing from 1 to 10 carbon atoms, prefer 
ably l to 6 carbon atoms, more preferably from 1 to 4 carbon 
atoms. Exemplary such groups include, but are not limited to 
methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, 
pentyl, hexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trim 
ethylpentyl, and the like. “LoWer alkyl” or “loWer alkylene” 
means a straight or branched chain alkyl having one to four 
carbon atoms. When a subscript is used With reference to an 
alkyl or other group, the subscript refers to the number of 
carbon atoms that the group may contain. For example, the 
term “Co_4alkyl” includes a bond and alkyl groups of l to 4 
carbon atoms, and the term “C l_4alkyl” means alkyl groups of 
l to 4 carbon atoms. 
The term “alkylene” refers to a bivalent hydrocarbon radi 

cal, as described above for “alkyl” but With tWo points of 
attachment. For example, a methylene group is a 4CH2i 
group and an ethylene group is a 4CH2iCH2i group. 
When the term alkyl is used in connection With another 

group, as in heterocycloalkyl or cycloalkylalkyl, this means 
the other identi?ed (?rst named) group is bonded directly 
through an alkyl group as de?ned above (e.g., Which may be 
branched or straight chain). Thus, the term “alkyl” is used in 
this instance to refer to an alkylene, e.g., a divalent alkyl 
group, having tWo available points of attachment. For 
example, cyclopropyl Cl_4alkyl means a cyclopropyl group 
bonded through a straight or branched chain alkylene having 
one to four carbon atoms, and hydroxyalkyl means the group 
OH bonded through a straight or branched chain alkylene 
having one to ten carbon atoms, preferably 1 to 6 carbon 
atoms, more preferably 1 to 4 carbon atoms. In the case of 
substituents, as in “substituted cycloalkylalkyl,” the alkylene 
portion of the group, besides being branched or straight chain, 
may be substituted as recited beloW for substituted alkyl 
groups and/ or the ?rst named group (e.g., cycloalkyl) may be 
substituted as recited herein for that named group (e.g., 
cycloalkyl). 

“Substituted alkyl” refers to an alkyl group substituted With 
one or more substituents, preferably 1 to 4 substituents, at any 
available point of attachment. HoWever, When an alkyl group 
is substituted With multiple halo substituents, the alkyl may 
contain as valence alloWs up to 10 substituents, more prefer 
ably up to seven substituents. Alkyl substituents may include 
one or more of the folloWing groups: halo (e.g., a single halo 
substituent or multiple halo substituents forming, in the latter 
case, groups such as a per?uoroalkyl group or an alkyl group 

bearing Cl3 or CF3), cyano, iRa, iSRa, iC(:O)Ra, 
4C(:O)ORa, iOC(:O)Ra, 4OC(:O)ORa, iNRaRb, 

(:N4CN)Ra, aryl, heterocycle, cycloalkyl, and/or het 
eroaryl, Wherein the groups Ra and Rb are independently 
selected from hydrogen, alkyl, alkenyl, cycloalkyl, heterocy 
clo, aryl, and heteroaryl, and Wherein each Ra and/or Rb in 
turn is optionally substituted With one to four groups selected 
from alkyl, alkenyl, halogen, haloalkyl, haloalkoxy, cyano, 
nitro, amino, alkylamino, aminoalkyl, hydroxy, hydroxy 
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alkyl, alkoxy, thiol, alkylthio, phenyl, benZyl, phenyloxy, 
benZyloxy, C3_7cycloalkyl, ?ve or six membered heterocyclo 
or heteroaryl, and/or a lower alkyl or lower alkenyl substi 
tuted With one to four groups selected from hydroxy, cyano, 
halogen, haloCl_4alkyl, haloCl_4alkoxy, cyano, nitro, amino, 
C l_4alkylamino, aminoCl_4alkyl, hydroxyCl_4alkyl, 
C l_4alkoxy, thiol, and/ or C l_4 alkylthio. For the avoidance of 
doubt, a “substituted loWer alkyl” means an alkyl group hav 
ing one to four carbon atoms and one to four substituents 
selected from those recited immediately above for substituted 
alkyl groups. In the case of a substituted loWer alkyl, prefer 
ably the groups Ra and Rb are selected from hydrogen, loWer 
alkyl, loWer alkenyl, C3_7cycloalkyl, phenyl, and ?ve to six 
membered monocyclic heterocyclo and/ or heteroaryl, in turn 
optionally substituted as above. 

The term “alkenyl” refers to a straight or branched chain 
hydrocarbon radical containing from 2 to 12 carbon atoms 
and at least one carbon-carbon double bond. Exemplary such 
groups include ethenyl or allyl. “Substituted alkenyl” refers 
to an alkenyl group substituted With one or more sub stituents, 
preferably 1 to 4 substituents, at any available point of attach 
ment. Exemplary substituents include alkyl, substituted alkyl, 
and those groups recited above as alkyl substituents. 

The terms “alkoxy” and “alkylthio” refer to an alkyl group 
as described above bonded through an oxygen linkage 
(40*) or a sulfur linkage (iSi), respectively. The terms 
“substituted alkoxy” and “substituted alkylthio” refer to a 
substituted alkyl group as described above bonded through an 
oxygen or sulfur linkage, respectively. A “loWer alkoxy” or a 
C1_4alkoxy is a group OR, Wherein R is loWer alkyl (alkyl of 
l to 4 carbon atoms). 

“Amino” is NH2. An alkylamino is iNRCRd Wherein at 
least one of RC and Rd is an alkyl or substituted alkyl, and the 
other of RC and Rd is selected from hydrogen, alkyl, and 
substituted alkyl. An “aminoalkyl” means an amino group 
bonded through an alkylene group (-alkylene-NHZ), and an 
alkylaminoalkyl means an alkylamino as de?ned above 
bonded through an alkylene group (-alkylene-NRCRd). 

The term “aryl” refers to cyclic, aromatic hydrocarbon 
groups Which have 1 to 3 aromatic rings, especially monocy 
clic or bicyclic groups such as phenyl or naphthyl. Aryl 
groups Which are bicyclic or tricyclic must include at least 
one fully aromatic carbocyclic ring but the other fused ring or 
rings may be aromatic or non-aromatic and may optionally 
contain heteroatoms, provided that in such cases the point of 
attachment Will be to the aromatic carbocyclic ring. Addition 
ally, When an aryl group has fused thereto a heterocyclic or 
cycloalkyl ring, the heterocyclic and/or cycloalkyl ring may 
have one or more carbonyl carbon atoms, i.e., attached via a 
double bond to an oxygen atom to de?ne a carbonyl group. 
Thus, examples of “aryl” may include Without limitation: 

|\ |\ |\ O> 
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-continued 
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I O\N/ /, andthe like. 

0 

The term “arylene” refers to a bivalent aryl radical, i.e., an 
aryl group as de?ned above having tWo points of attachment 
to tWo other groups, at any available points of attachment of 
the aryl ring. Arylene rings may also be substituted With any 
of the groups suitable for substitution on the aryl groups 
de?ned herein. 

“Substituted aryl” refers to an aryl or arylene group as 
de?ned above substituted by one or more substituents, pref 
erably l to 4 substituents, at any point of attachment. Sub 
stituents include alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, as Well as those groups recited above as alkyl sub 
stituents. 
The term “carbocyclic” means a saturated or unsaturated 

monocyclic, bicyclic, or tricyclic ring (preferably mono- or 
bicyclic) in Which all atoms of all rings are carbon. Thus, the 
term includes cycloalkyl and aryl rings. The carbocyclic ring 
may be substituted in Which case the substituents are selected 
from those recited above for cycloalkyl and aryl groups. 
The term “cycloalkyl” refers to a fully saturated or partially 

saturated cyclic hydrocarbon group containing from 1 to 3 
rings and 3 to 7 carbon atoms per ring. Exemplary fully 
saturated cycloalkyl groups include cyclopropyl, cyclobutyl, 
cyclopentyl, and cyclohexyl. Exemplary partially saturated 
cycloalkyl groups include cyclobutenyl, cyclopentenyl, and 
cyclohexenyl. The term “cycloalkyl” includes such groups 
having a bridge of three to four carbon atoms. Additionally, 
cycloalkyl groups Which are bicyclic or tricyclic must include 
at least one fully saturated or partially saturated hydrocarbon 
ring but the other fused ring or rings may be aromatic or 
non-aromatic and may contain heteroatoms, provided that in 
such cases the point of attachment Will be to the cyclic, 
non-aromatic hydrocarbon group. Additionally, one or more 
carbon atoms of the cycloalkyl group may form a carbon-to 
oxygen double bond to de?ne a carbonyl group. Thus, 
examples of “cycloalkyl” groups may include, Without limi 
tation: 
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\ N, and the like. 
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The term “cycloalkylene” refers to a bivalent cycloalkyl 
radical, i.e., a cycloalkyl group as de?ned above having tWo 
points of attachment to tWo other groups, at any available tWo 
points of attachment of the cycloalkyl ring. 

“Substituted cycloalkyl” refers to a cycloalkyl group as 
de?ned above substituted at any available point of attachment 
With one or more substituents, preferably 1 to 4 substituents. 
Cycloalkyl substituents include alkyl, substituted alkyl, alk 
enyl, substituted alkenyl, and those groups recited above as 
alkyl substituents. 

The term “guanidinyl” means the group 

NH 

NiNH. >5, . 
Thus, a guanidinylalkyl means an alkyl group bonded to the 
guanidinyl such as a group having the formula, 

NH 

NiNH. 
Esta/“H 2 

The term “halogen” or “halo” refers to ?uorine, chlorine, 
bromine and iodine. 

The term “heteroatoms” includes oxygen, sulfur and nitro 
gen. 

The term “haloalkyl” means an alkyl having one or more 
halo substituents, including Without limitation groups such as 
iCH2F, %HF2 and %F3. 

The term “haloalkoxy” means an alkoxy group having one 
or more halo substituents. For example, “haloalkoxy” 
includes iOCF3. 
When the term “unsaturated” is used herein to refer to a 

ring or group, the ring or group may be fully unsaturated or 
partially unsaturated. 
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8 
The term “heteroaryl” refers to an aromatic group Which is 

a 4 to 7 membered monocyclic, 7 to 11 membered bicyclic, or 
10 to 15 membered tricyclic ring system, Which has at least 
one ring containing at least one heteroatom. Each ring of the 
heteroaryl group containing a heteroatom can contain one or 
tWo oxygen or sulfur atoms and/or from one to four nitrogen 
atoms, provided that the total number of heteroatoms in each 
ring is four or less and each ring has at least one carbon atom. 
The fused rings completing the bicyclic and tricyclic groups 
may contain only carbon atoms and may be saturated, par 
tially saturated, or unsaturated. The nitrogen and sulfur atoms 
may optionally be oxidiZed and the nitrogen atoms may 
optionally be quatemiZed. Heteroaryl groups Which are bicy 
clic or tricyclic must include at least one fully aromatic ring 
but the other fused ring or rings may be aromatic or non 
aromatic and may be carbocyclic, provided that in such cases 
the point of attachment Will be at any available nitrogen or 
carbon atom of an aromatic heteroatom-containing ring. 
Additionally, the de?nition of heteroaryl groups itself 
includes rings Wherein one or more of the carbon atoms is 
attached via a double bond to an oxygen atom to de?ne a 

carbonyl group (provided the heteroaryl group is aromatic) 
and also When a heteroaryl group has fused thereto a hetero 
cyclic or cycloalkyl ring, the heterocyclic and/or cycloalkyl 
ring may have one or more carbonyl groups. 

Exemplary monocyclic heteroaryl groups include pyrrolyl, 
pyraZolyl, pyraZolinyl, imidaZolyl, oxaZolyl, isoxaZolyl, thia 
Zolyl (i.e., 

thiadiaZolyl, isothiaZolyl, furanyl, thienyl, oxadiaZolyl, 
pyridyl, pyraZinyl, pyrimidinyl, pyridaZinyl, triaZinyl and the 
like. Additionally, since the de?nition of heteroaryl groups 
itself includes rings Wherein one or more of the carbon atoms 
de?nes a carbonyl group, rings such as 2,4-dihydro-[l,2,4] 
triaZol-3-one (i.e., 

O 

and the like are included. 
Exemplary bicyclic heteroaryl groups include indolyl, ben 

ZothiaZolyl, benZodioxolyl, benZoxaxolyl, benZothienyl, 
quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl, benZimi 
daZolyl, benZopyranyl, indoliZinyl, benZopyranyl, chromo 
nyl, coumarinyl, benZopyranyl, cinnolinyl, quinoxalinyl, 
indaZolyl, pyrrolopyridyl, furopyridinyl, dihydroisoindolyl, 
tetrahydroquinolinyl and the like. 

Exemplary tricyclic heteroaryl groups include carbaZolyl, 
benZidolyl, phenanthrollinyl, acridinyl, phenanthridinyl, 
xanthenyl and the like. 

The term “heteroalkylene” refers to a bivalent heteroaryl 
radical, i.e., a heteroaryl group as de?ned above having tWo 
points of attachment to tWo other groups, at any available tWo 
points of attachment of the heteroaryl ring. 

“Substituted heteroaryl” groups are heteroaryl groups as 
de?ned above substituted With one or more sub stituents, pref 
erably 1 to 4 substituents, at any available point of attachment. 
Exemplary substituents include, but are not limited to alkyl, 
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substituted alkyl, alkenyl, substituted alkenyl, as Well as those 
groups recited above as alkyl substituents. 

The terms “heterocycle”, “heterocyclic” and “heterocyclo” 
are used interchangeably and each refer to a fully saturated or 
partially unsaturated nonaromatic cyclic group, Which may 
be substituted or unsubstituted, for example, Which is a 4 to 7 
membered monocyclic, 7 to 11 membered bicyclic, or 10 to 
15 membered tricyclic ring system, Which has at least one 
heteroatom in at least one carbon atom-containing ring. Each 
ring of the heterocyclic group containing a heteroatom may 
have 1, 2 or 3 heteroatoms selected from nitrogen, oxygen, 
and sulfur atoms, Where the nitrogen and sulfur heteroatoms 
also optionally may be oxidized and the nitrogen heteroatoms 
also optionally may be quatemiZed. Preferably tWo adjacent 
heteroatoms are not simultaneously selected from oxygen 
and nitrogen. Heterocyclic groups Which are bicyclic or tri 
cyclic must include at least one non-aromatic non-carbocy 
clic ring, but the other fused ring or rings may be aromatic or 
non-aromatic and may be carbocyclic, provided that in such 
cases the point of attachment Will be at any available nitrogen 
or carbon atom of a non-aromatic heteroatom-containing 
ring. Additionally, the de?nition of heterocyclic groups itself 
includes rings Wherein one or more of the carbon atoms is 
attached via a double bond to an oxygen atom to de?ne a 
carbonyl group (provided the heterocyclic group is non-aro 
matic) and also When a heterocyclic group has fused thereto a 
further ring, such further ring may have one or more carbonyl 
groups. 

Exemplary monocyclic heterocyclic groups include pyrro 
lidinyl, imidaZolidinyl, tetrahydrofuryl, piperidinyl, piperaZi 
nyl, pyraZolidinyl, imidaZolinyl, pyrrolinyl, tetrahydropyra 
nyl, morpholinyl, thiamorpholinyl, and the like. 

“Substituted heterocycle,” “substituted heterocyclic,” and 
“substituted heterocyclo” refer to heterocycle, heterocyclic, 
or heterocyclo groups as de?ned above substituted With one 
or more substituents, preferably 1 to 4 substituents, at any 
available point of attachment. Exemplary substituents 
include alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
as Well as those groups recited above as exemplary alkyl 
substituents. 

“Hydroxy” refers to iOH. 
“Thiol” means the group iSH. 
The term “quaternary nitrogen” refers to a tetravalent posi 

tively charged nitrogen atom including, for example, the posi 
tively charged nitrogen in a tetraalkylammonium group (e.g., 
tetramethylammonium or N-methylpyridinium), the posi 
tively charged nitrogen in protonated ammonium species 
(e.g., trimethylhydroammonium or N-hydropyridinium), the 
positively charged nitrogen in amine N-oxides (e.g., N-me 
thyl-morpholine-N-oxide or pyridine-N-oxide), and the posi 
tively charged nitrogen in an N-amino-ammonium group 
(e. g. , N-aminopyridinium). 
When a functional group is termed “protected”, this means 

that the group is in modi?ed form to mitigate, especially 
preclude, undesired side reactions at the protected site. Suit 
able protecting groups for the methods and compounds 
described herein include, Without limitation, those described 
in standard textbooks, including Greene, T. W. et al., Protec 
tive Groups in Organic Synthesis, Wiley, N.Y. (1991), incor 
porated herein by reference. 

Alternate Embodiments of the Invention 

The present invention comprises compounds having the 
folloWing Formula X, as set forth in the Summary of Inven 
tion. 
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10 
The present invention comprises compounds having the 

stereospeci?c form according to Formula X‘ 

including pharmaceutically-acceptable salts and/ or sol 
vates thereof, Wherein, 
K is 40*, iSi, or iNR7i; 

B 1 is hydroxyl or cyano and R 1 is hydrogen or B 1 and R 1 are 

taken together to form a double bond; 
R2, R3, and R5 are, independently, hydrogen, alkyl, substi 

tuted alkyl, aryl or substituted aryl; or R2 and R3 may be taken 
together With the carbon to Which they are attached to form an 
optionally substituted cycloalkyl; 
R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substi 

tuted alkenyl, aryl, or substituted aryl; 
R6 is hydrogen, alkyl or substituted alkyl; 
R7, R8, R9, R10, and R l l are independently hydrogen, alkyl, 

substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heterocycloalkyl, substituted heterocy 
cloalkyl, heteroaryl, or substituted heteroaryl; 

R12 is H, alkyl, substituted alkyl, or halogen; 
R13 is aryl, substituted aryl, heteroaryl or substituted het 

eroaryl; and 
m is 0 to 6. 

In another embodiment, compounds of the invention have 
the Formula X 

or the stereospeci?c Formula X', above, including pharma 
ceutically acceptable salts and/or solvates thereof, Wherein 
K is 40*; 
A is C2_4 alkylene; 
B1 is iOH; 
R2, R3, R4 and R5 are, independently, hydrogen or loWer 

alkyl; 
R6 is hydrogen or methyl; 
R12 is H, alkyl, substituted alkyl, or halogen; and 
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R13 is an optionally substituted 5 or 6 membered het 
eroaryl. 

In another embodiment, compounds of the invention have 
the Formula X or X', as de?ned above, including pharmaceu 
tically acceptable salts and/or solvates thereof, Wherein 
K is iOi; 
A is C2_4 alkylene; 

R2, R3, R4 and R5 are, independently, hydrogen or loWer 
alkyl; 

R6 is hydrogen; 
R12 is H, alkyl, substituted alkyl, or halogen; and 
R13 is an optionally substituted 5 or 6 membered het 

eroaryl. 
In another embodiment, compounds of the invention have 

the Formula X or X', as de?ned above, including pharmaceu 
tically acceptable salts and/or solvates thereof, Wherein 
K is iOi; 
A is C2_4 alkylene; 

R2, R3, R4 and R5 are, independently, hydrogen or loWer 
alkyl; 

R6 is hydrogen or methyl; 
R12 is H, alkyl, substituted alkyl, or halogen; and 
R13 is an optionally substituted thiaZolyl, pyridyl, or 

oXaZolyl. 
In another embodiment, compounds are provided having 

the formula Xa, 

Xa 

CH3 

including pharmaceutically-acceptable salts and/or sol 
vates thereof, Wherein, 
K is iOi, iSi, or iNR7i; 
A is i(CR8R9)i(CH2)m-Z- Wherein Z is i(CHRlO)i, 

R6 is hydrogen or methyl; 
R8, R9, R10, and R1 1 are independently hydrogen, alkyl, or 

substituted alkyl, 
R12 is H, alkyl, substituted alkyl, or halogen; and 
R13 is aryl, substituted aryl, heteroaryl or substituted het 

eroaryl; and 
m is 0 to 6. 

In another embodiment of the invention, compounds of 
formula Xa, including compounds of formula Xa' having the 
stereospeci?c form Xa', corresponding to the stereochemistry 
shoWn for X', are provided. 

In another embodiment, compounds are provided having 
the formula Xa, or Xa', immediately above, Wherein K is 
iOi and R1 3 is optionally substituted thiaZolyl, pyridyl, or 
oXaZolyl, and the remaining groups are as de?ned above. 

In another embodiment, compounds are provided having 
the formula Xa, or Xa', above, Wherein K is iOi; A is 

12 
C2_4alkylene; R6 is hydrogen or methyl; R1 2 is H, loWer alkyl, 
or halogen; and R13 is optionally-substituted thiaZolyl, 
pyridyl, or oXaZolyl. 
A compound of the invention may also have the formula 

5 Xb 

CH3 

20 
including pharmaceutically-acceptable salts and/or sol 

vates thereof, Wherein R6 is hydrogen or methyl. 
In another embodiment, a compound of the invention has 

the formula Xb, Wherein R6 is hydrogen. 
In another embodiment, a compound of the invention may 

have the stereospeci?c formula Xb' 

30 R6 

N 

40 

including pharmaceutically-acceptable salts and/or solvates 
thereof, Wherein R6 is hydrogen or methyl. 

In another embodiment, a compound of the invention has 
the formula Xb', Wherein R6 is hydrogen. 

According to one embodiment of the present invention, 
methods are provided for treating cancer, e.g., a folate-recep 
tor associated condition, comprising treating a patient With a 
therapeutically effective amount of a compound having the 
folloWing Formula X: 
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or a pharmaceutically-acceptable salt and/or solvate 
thereof, Wherein: 
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K is iOi, iSi, or NR7i; 

B l is hydroxyl or cyano and R l is hydrogen or B l and R l are 

taken together to form a double bond; 
R2, R3, and R5 are, independently, hydrogen, alkyl, substi 

tuted alkyl, aryl or substituted aryl; or R2 and R3 may be taken 
together With the carbon to Which they are attached to form an 
optionally substituted cycloalkyl; 

R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substi 
tuted alkenyl, aryl, or substituted aryl; 

R6 is hydrogen, alkyl or substituted alkyl; 
R7, R8, R9, R10, and R1 1 are independently hydrogen, alkyl, 

substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heterocycloalkyl, substituted heterocy 
cloalkyl, heteroaryl, or substituted heteroaryl; 

R12 is H, alkyl, substituted alkyl, or halogen; 
R13 is aryl, substituted aryl, heteroaryl or substituted het 

eroaryl; and 
m is 0 to 6. 
In one embodiment, the method comprises treating a 

patient With a therapeutically effective amount of a com 
pound having the stereospeci?c Formula X', 

X, 

including pharmaceutically-acceptable salts and/or sol 
vates thereof, Wherein, Wherein K, A, B 1 R1, R2, R3, R4, R5, 
R6, R7, R8, R9, R10, R1 1 R12, R13, and m are as de?ned above 
for compounds of Formula X. 

In another embodiment, the method comprises treating a 
patient With a therapeutically effective amount of a com 
pound having the formula X, including formula X', as 
described above, including pharmaceutically acceptable salts 
and/ or solvates thereof, Wherein 
K is iOi; 
A is C2_4 alkylene; 

R2, R3, R4 and R5 are, independently, hydrogen or loWer 
alkyl; 

R6 is hydrogen or methyl; 
R7, R8, R9, R10, and R1 1 are independently hydrogen, alkyl, 

substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heterocycloalkyl, substituted heterocy 
cloalkyl, heteroaryl, or substituted heteroaryl; 

R12 is H, alkyl, substituted alkyl, or halogen; and 
R13 is an optionally substituted 5 or 6 membered het 

eroaryl. 
In another embodiment, the method comprises treating a 

patient With a therapeutically effective amount of a com 
pound having the formula X, or X', as described above, 
including pharmaceutically acceptable salts and/or solvates 
thereof, Wherein 
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K is 40*; 
A is C2_4 alkylene; 
B1 is iOH; 
R2, R3, R4 and R5 are, independently, hydrogen or loWer 

alkyl; 
R6 is hydrogen; 
R7, R8, R9, R10, and R l l are independently hydrogen, alkyl, 

substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heterocycloalkyl, substituted heterocy 
cloalkyl, heteroaryl, or substituted heteroaryl; 

R12 is H, alkyl, substituted alkyl, or halogen; and 
R13 is an optionally substituted 5 or 6 membered het 

eroaryl. 
In another embodiment, the method comprises treating a 

patient With a therapeutically effective amount of a com 
pound having the formula X, or X', as described above, 
including pharmaceutically acceptable salts and/or solvates 
thereof, Wherein 
K is 40*; 
A is C2_4 alkylene; 
B1 is iOH; 
R2, R3, R4 and R5 are, independently, hydrogen or loWer 

alkyl; 
R6 is hydrogen or methyl; 
R7, R8, R9, R10, and R 1 1 are independently hydrogen, alkyl, 

substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heterocycloalkyl, substituted heterocy 
cloalkyl, heteroaryl, or substituted heteroaryl; 

R12 is H, alkyl, substituted alkyl, or halogen; and 
R13 is an optionally substituted thiaZolyl, pyridyl, or 

oXaZolyl. 
A method of the invention may also comprise treating a 

patient in need of such treatment With a therapeutically effec 
tive amount of a compound having the formula Xa, above, or 
the stereo speci?c form Xa', including pharmaceutically-ac 
ceptable salts and/or solvates thereof, Wherein, K is 40*, 
iSi, or iNR7i; A is i(CR8R9)i(CH2)m-Z- Wherein Z 
is *(CHRIOP, %(:0)< %(:0)%(:0)< 
4OC(:O)*> *N(R11)C(:O)*: isO2is or *N(R11) 
802*; R6 is hydrogen or methyl; R8 and R9 are indepen 
dently hydrogen, alkyl, or substituted alkyl, R12 is H, alkyl, 
substituted alkyl, or halogen; R13 is aryl, substituted aryl, 
heteroaryl or substituted heteroaryl; and m is 0 to 6. 
A method of the invention may also comprise treating a 

patient in need of such treatment a therapeutically effective 
amount of a compound having the formula Xb or Xb', above, 
Wherein R6 is hydrogen or methyl. In yet another embodi 
ment, the method comprises treating the patient With a com 
pound of formula Xb or Xb', Wherein R6 is hydrogen. 

Another embodiment of the invention comprises use of any 
of the compounds described above (including compounds of 
formula X, Xa, Xa', Xb, and/or Xb', Wherein the groups K, A, 
B1 R1: R2: R3: R4: R5: R6: R7: R8: R9: R10: R11 R12: and R13 
may be selected as recited above), in making pharmaceutical 
compositions for treating cancer in patients, particularly, for 
use in making pharmaceutical compositions containing con 
jugated compounds for targeted drug delivery to tumors that 
over-express or preferentially express the folate receptor. 

Another embodiment of the invention comprises treating a 
patient in need of such treatment With a therapeutically effec 
tive amount of a compound having the formulas X, Xa, Xa', 
Xb, and/or Xb' (Wherein the groups K, A, B 1 R1, R2, R3, R4, 
R5, R6, R7, R8, R9, R10, R11 R12, and R13 may be selected as 
recited above), Wherein the treatment occurs at the tumor site, 
having been released at the tumor site. In this embodiment, a 
conjugated compound is delivered to the tumor site, and then 
the compound of formulae X, Xa, Xa', Xb, or Xb', as de?ned 
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above, is released at the tumor site and treats the patient at the 
tumor site. It is therefore understood herein, Whenever the 
term “treatment” is used With reference to treating a patient, 
that this encompasses treatment at the tumor site, hoWever 
delivered, e.g., via a conjugated compound. 

The use of an agent to upregulate the level of folate receptor 
(ER) may be effective to increase the FR expression in certain 
cancer cells or tumor types to enhance the advantages 
obtained upon administering the compounds of the invention 
to patients, and/or to enhance the various diseases or tumor 
types that may be treated With the folate receptor binding 
compounds according to the invention. The expression of 
folate receptor in certain cancers may be upregulated by the 
administration of a folate receptor inducer, Which selectively 
increases the level of folate receptor in the cancer cells, thus 
enhancing the effectiveness a folate receptor targeted therapy. 
For example, estrogen receptor positive (ER+) breast cancers 
express loW levels of folate receptors. Treatment With a folate 
receptor inducer, such tamoxifen, an estrogen antagonist, is 
knoWn to upregulate the expression of folate receptors in ER+ 
breast cancers, increasing the ER+ breast cancer cells suscep 
tibility to treatment With a folate receptor targeted therapy. 
One aspect of the invention provides a method of treating 

cancer or a proliferative disease in a patient, comprising 
optionally administering to a patient an effective amount of at 
least one folate receptor inducer, and treating the patient With 
an effective amount of at least one compound according to 
formula X. The folate receptor inducer may be administered 
before, during, or after the patient is treated With the com 
pound according to formula X. In one embodiment, the folate 
receptor inducer is administered prior to treatment With the 
compound of formula X. An effective amount of the folate 
receptor inducer refers to an amount that upregulates the 
folate receptor in the desired cells such that the treatment With 
the compound is therapeutically effective. 

Examples of folate receptor inducers for the upregulation 
of folate receptor 0t (FRot) include: estrogen receptor antago 
nists such as tamoxifen; progesterone receptor agonists such 
as progestin; androgen receptor agonists such as testosterone 
and dihydroxytestosterone, and glucocorticoid receptor ago 
nists such as dexamethasone. 

Examples of folate receptor inducers for the upregulation 
of folate receptor [3 (FRB) include: retinoic acid receptor 
agonists such as all-trans retinoic acid (ATRA), tetramethyl 
napthalenyl propenyl benZoic acid (TTNPB), 9-cis retinoic 
acid (9-cis RA), CD33336, LG101093, and CD2781. 

In one embodiment, a method of treating cancer or a pro 
liferative disease in a patient in need thereof is provided, 
comprising administering an effective amount of at least one 
folate receptor inducer and also treating the patient With at 
least one compound according to formula X; Wherein said 
folate receptor inducer upregulates folate receptor 0t. Prefer 
ably, said cancer or proliferative disease is selected from 
breast cancer, such as ER+ breast cancer, and ovarian cancer. 

In one embodiment of the present invention, a method of 
treating cancer or a proliferative disease in a patient in need 
thereof is provided, comprising administering an effective 
amount of at least one folate receptor inducer and adminis 
tering an effective amount of at least one compound accord 
ing to formula X; Wherein said folate receptor inducer 
upregulates folate receptor [3. Preferably, said cancer or pro 
liferative disease is selected from leukemia, and more pref 
erably from acute myelogenous leukemia (AML) and chronic 
myelogenous leukemia (CML). 

In a further embodiment, a method of treating cancer or a 
proliferative disease in a patient in need thereof is provided, 
comprising administering an effective amount of at least one 
folate receptor inducer, administering at least one histone 
deacetylase inhibitor, and treating the patient With an effec 
tive amount of at least one compound according to formula X. 
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An example of a histone deacetylase inhibitor is tricho statinA 
(TSA). U.S. Patent Application Publication No. 2003/ 
0170299 Al, WO 2004/082463, Kelly, K. M., B. G. Rowan, 
and M. Ratnam, Cancer Research 63, 2820-2828 (2003), 
Wang, Zheng, Behm, and Ratnam, Blood, 96:3529-3536 
(2000). 
The compounds of the present invention may form salts or 

solvates Which are also Within the scope of this invention. 
Reference to a compound of the formula Qi) herein is under 
stood to include reference to salts and solvates thereof, race 
mates, diastereomers, and enantiomers thereof, unless other 
Wise indicated. The term “salt(s)”, as employed herein, 
denotes acidic and/orbasic salts formed With inorganic and/or 
organic acids and bases. In addition, When a compound of 
formula (X) contains both a basic moiety, such as but not 
limited to a pyridinyl imidaZolyl, amine or guanidinyl and an 
acidic moiety such as but not limited to a carboxylic acid, 
ZWitterions may be formed and are included Within the term 
“salt(s)” as used herein. Pharmaceutically acceptable (i.e., 
non-toxic, physiologically acceptable) salts are preferred, 
although other salts are also useful, e.g., in isolation or puri 
?cation steps Which may be employed during preparation. 
Salts of the compounds of the formula Qi) may be formed, for 
example, by reacting a compound of formula (X) With an 
amount of acid or base, such as an equivalent amount, in a 
medium such as one in Which the salt precipitates or in an 
aqueous medium folloWed by lyophiliZation. 
The compounds of formula (X) that contain a basic moiety, 

such as but not limited to an amine, a guanidinyl group, or a 
pyridyl or imidaZolyl ring, may form salts With a variety of 
organic and inorganic acids. Exemplary acid addition salts 
include acetates (such as those formed With acetic acid or 
trihaloacetic acid, for example, tri?uoroacetic acid), adipates, 
alginates, ascorbates, aspartates, benZoates, benZene 
sulfonates, bisulfates, borates, butyrates, citrates, camphor 
ates, camphorsulfonates, cyclopentanepropionates, diglu 
conates, dodecylsulfates, ethanesulfonates, fumarates, 
glucoheptanoates, glycerophosphates, hemisulfates, hep 
tanoates, hexanoates, hydrochlorides, hydrobromides, 
hydroiodides, hydroxyethanesulfonates (e.g., 2-hydroxy 
ethanesulfonates), lactates, maleates, methanesulfonates, 
naphthalenesulfonates (e.g., 2-naphthalenesulfonates), nico 
tinates, nitrates, oxalates, pectinates, persulfates, phenylpro 
pionates (e.g., 3-phenylpropionates), phosphates, picrates, 
pivalates, propionates, salicylates, succinates, sulfates (such 
as those formed With sulfuric acid), sulfonates (such as those 
mentioned herein), tartrates, thiocyanates, toluenesulfonates 
such as tosylates, undecanoates, and the like. 
The compounds of formula (X) that contain an acidic moi 

ety, such as but not limited to a carboxylic acid, may form 
salts With a variety of organic and inorganic bases. Exemplary 
basic salts include ammonium salts; alkali metal salts such as 
sodium, lithiium, and potassium salts; alkaline earth metal 
salts such as calcium and magnesium salts; salts With organic 
bases (for example, organic amines) such as benZathines, 
dicyclohexylamines, hydrabamines (formed With N,N-bis 
(dehydroabietyl)ethylenediamine), N-methyl-D-glucam 
ines, N-methyl-D-glycamides, t-butyl amines; and salts With 
amino acids such as arginine, lysine, and the like. Basic 
nitrogen-containing groups may be quatemiZed With agents 
such as loWer alkyl halides (e.g. methyl, ethyl, propyl, and 
butyl chlorides, bromides, and iodides), dialkyl sulfates (e.g. 
dimethyl, diethyl, dibutyl, and diamyl sulfates), long chain 
halides (e.g. decyl, lauryl, myristyl, and stearyl chlorides, 
bromides, and iodides), aralkyl halides (e.g. benZyl and phen 
ethyl bromides), and others. 

Solvates of the compounds of the invention are also con 
templated herein. Solvates of the compounds of formula (X) 
include, for example, hydrates. 



US RE42,930 E 
17 

All stereoisomers of the present compounds (for example, 
those Which may exist due to asymmetric carbons on various 
substituents), including enantiomeric forms and diastereo 
meric forms, are contemplated Within the scope of this inven 
tion. Thus, for example, each reference to compounds of 
Formula X, is intended to encompass compounds of Formula 
X'. Individual stereoisomers of the compounds of the inven 
tion may, for example, be substantially free of other isomers 
(e.g., as a pure or substantially pure optical isomer having a 
speci?ed activity), or may be admixed, for example, as race 
mates or With all other, or other selected, stereoisomers. The 
chiral centers of the present invention may have the S or R 
con?guration as de?ned by the IUPAC 1974 Recommenda 
tions. Racemic forms can be resolved by physical methods, 
such as, for example, fractional crystallization, separation or 
crystallization of diastereomeric derivatives, or separation by 
chiral column chromatography. Individual optical isomers 
can be obtained from stereospeci?c processes, Wherein start 
ing materials and/or intermediates are selected having a ste 
reochemistry corresponding With that desired for the end 
products, and the stereochemistry is maintained throughout 
the reactions, and/or the isomers can be obtained from race 
mates by any suitable method, including Without limitation, 
conventional methods, such as, for example, salt formation 
With an optically active acid folloWed by crystallization. 

All con?gurational isomers of the compounds of the 
present invention are contemplated, either in admixture, or in 
pure or substantially pure form. As can be appreciated, the 
preferred con?guration can be a function of the particular 
compound and the activity desired. Con?gurational isomers 
may be prepared by the processes described herein, Which 
may be stereoselective. In other Words, a desired stereochem 
istry for the ?nal compounds can be achieved by using start 
ing materials having the corresponding desired stereochem 
istry, and then maintaining the stereoselectivity throughout 
the process of preparation. Alternatively, the compounds may 
be prepared as racemates or diastereomers, and then the 
desired stereochemistry may be achieved via separation of 
con?gurational isomers Which can be achieved by any suit 
able method knoWn in the ?eld, e.g., such as column chroma 
tography. 

Throughout the speci?cation, groups and substituents 
thereof may be chosen to provide stable moieties and com 
pounds useful as pharmaceutically-acceptable compounds 
and/ or intermediate compounds useful in making pharmaceu 
tically-acceptable compounds. One skilled in the ?eld Will 
appreciate suitable selections for variables to achieve stable 
compounds. 

Embodiments indicated herein as exemplary or preferred 
are intended to be illustrative and not limiting. 

Other embodiments of the invention Will be apparent to one 
skilled in the ?eld such as, for example, considering combi 
nations of the embodiments referenced above, and are con 
templated as covered Within the scope of the invention herein. 
Utility 
One of the proteins that is over-expres sed or preferentially 

expressed in certain cancer cells is the folate receptor. Folic 
acid is required for DNA synthesis, and certain human tumor 
cells are knoWn to over-express folate-binding proteins. For 
example, both Campbell et al., “Folate Binding Protein is a 
Marker for Ovarian Cancer,” Cancer Research, Vol. 51 (Oct. 
1, 1991), at pp. 5329-38, and Coney et al., “Cloning of a 
Tumor-Associated Antigen: MOv18 and MOv19 Antibodies 
Recognize Folate-binding Protein,” Cancer Research, Vol. 51 
(Nov. 15, 1991), at pp. 6125-31, report that folate-binding 
proteins are markers for ovarian cancer. Folate-receptor over 
expression is also knoWn for other cancers such as, for 
example, skin, renal, breast, lung, colon, nose, throat, mam 
mary gland, and brain cancers, as Well as other cancers ref 
erenced herein. 

20 

25 

30 

35 

40 

45 

50 

55 

65 

18 
The compounds of the present invention are useful and can 

be delivered as epothilone-derived microtubule-stabilizing 
agents to tumors that express a folate receptor. They are useful 
in the treatment of a variety of cancers and other proliferative 
diseases, particularly those cancers characterized by cancer 
cells or tumors that express the folate receptor. The term 
“folate-receptor associated condition” as used herein com 
prises diseases or disorders characterized by expression of the 
folate receptor, or in other Words, those diseases or disorders 
that can be diagnosed or treated based on the level of expres 
sion of the folate receptor in diseased tissue as compared With 
normal tissue. Compounds of the present invention are useful 
for forming conjugates. For example, compounds of the 
invention may be used to form the folloWing conjugated 
compound of the formula I: 

Wherein: 

V is folate, or an analog or derivative thereof; 

Q is O, S, or NR7; 
M is a releasable linker; 

K is O, S, or NR7a; 

B 1 is hydroxyl or cyano and R 1 is hydrogen or B 1 and R 1 are 
taken together to form a double bond; 

R2, R3, and R5 are, independently, hydrogen, alkyl, substi 
tuted alkyl, aryl or substituted aryl; or R2 and R3 may be taken 
together With the carbon to Which they are attached to form an 
optionally substituted cycloalkyl; 
R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substi 

tuted alkenyl, aryl, or substituted aryl; 
R6 is hydrogen, alkyl or substituted alkyl; 
R70, R7, R8, R9, R10, and R1 1 are independently hydrogen, 

alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
aryl, substituted aryl, heterocycloalkyl, substituted heterocy 
cloalkyl, heteroaryl, or substituted heteroaryl; 

R12 is H, alkyl, substituted alkyl, or halogen; 
R13 is aryl, substituted aryl, heteroaryl or substituted het 

eroaryl; 
m is 0 to 6; 

T has the formula: 

17 

0 R16 

N N CO R H 2 15 
4 

R14 
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wherein 

Rl4 at each occurrence is, independently, hydrogen, alkyl, 1b 
substituted alkyl, aryl, substituted aryl, arylalkyl, substituted R16 R17 
arylalkyl, cycloalkyl, substituted cycloalkyl, cycloalkylalkyl, 5 O Q_M\ 
substituted cycloalkylalkyl, heteroaryl, heteroarylalkyl, sub- g 0/‘ R 
stituted heteroarylalkyl, substituted heteroaryl, heterocy- V ‘1 HN COZRIS N 6 

cloalkyl, or substituted heterocycloalkyl; R14 S 

q is l to 10; and 10 \:N I / OH 
R15, R16 and R17 are independently hydrogen, alkyl, sub 

stituted alkyl, or cycloalkyl. 

As another nonlimiting example, compounds of the inven 
tion may be used to form the following conjugated compound 15 
of the formula la: Wherein 

V is a folate-receptor binding moiety; 
R is H or loWer alkyl; 

Ia Q is O, S, or NR7; 
20 M is a releasable linker having the folloWing formula: 

R31 R32 0 

OH S 
25 0 

R18 R19 ’ 

R24 0 R33 

30 S 
Or 

R25 R26 

Wherein V is a folate-receptor binding moiety. For S \/ 
~ \ 

example,Vmay have the following formula: I _ preferably 

35 / O COZH R27 R28 0 

O 
0 R23 g S 

W O 40 f3 HN | \ If E \/\o 
k / R22 , 

R20 N X R21 

R14 at each occurrence is, independently, hydrogen, alkyl, 
45 substituted alkyl, aryl, substituted aryl, arylalkyl, substituted 

arylalkyl, cycloalkyl, substituted cycloalkyl, cycloalkylalkyl, 
R20 iS hydrogen, aminO Or lOWer alkyl; substituted cycloalkylalkyl, heteroaryl, heteroarylalkyl, sub 
R21 is hydrogen’ lower alkyl’ or forms a cycloalkyl group stituted heteroarylalkyl, substituted heteroaryl, heterocy 

With R _ cloalkyl, or subst1tuted heterocycloalkyl; and is preferably a 
23’ 50 group selected from H, methyl, guanidinylpropyl,i(CH2)1_2 

R22 is hydrogen, loWer alkyl, loWer alkenyl, or loWer alky- ‘COZH, iCHZiSH’ ‘CHZ‘OH, imidazolyl (methyl), 
nyl; and aminobutyl, and iCH(OH)iCH3; and is more preferably a 

C1 to C3 alkyl substituted With one of 4C(:O)iOH or 
iNHiC(:NH)iNH2; 

55 q is l to 10; preferably 1 to 5; 
R15, R16 and R17 are independently hydrogen, loWer alkyl 

COZH or substituted loWer alkyl; and 
R18: R19, R31, R32, R33, R24, R25, R26: R27, R28 and R29 are 

each, independently, H, loWer alkyl, substituted loWer alkyl, 

0 . 

Wherein W and X are independently CH or nitrogen; 

R23 is hydrogen or forms a cycloalkyl With R21. Preferably, 
V is 

60 cycloalkyl, or substituted cycloalkyl, or any of R18 and R19; 
R31 and R32; R19 and R31; R33 and R24; R25 and R26; R24 and 
R25; or R27 and R28 may be taken together to form a 
cycloalkyl. 
Compounds of the present invention are especially useful 

65 for forming conjugated compounds, including pharmaceuti 
Compounds of the present invention can be conjugated to cally acceptable salts and solvates thereof, having the folloW 

form compounds having the folloWing Formula lb: ing formula: 

0 

o N 
H 

N 
HN \ N 

A l H \ / 
HZN N N 
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o co2H 

o 

N 
HN \ N I H 
k / 

HZN N N 

22 

HZNY 
NH 

NH 

0 

N N 
N N \ 
H H 

o o 

co2H 

o 

S i S/ \/\O O 
o 

N 

s 
N COZH 

oH 
co2H N / 

o 

0 0H 0 

30 

For any bivalent group listed herein, such as i(CR8R9)i 
(CH2)m-Z-, that is capable of insertion into compounds of 
Formula I, 

the insertion should be made from left to right. For 
example, in the following situation Where A is de?ned as 
i(CR8R9)i(CH2)m-Z-, the methylene group is attached to 
K, and the Z group is attached to the nitrogen of the aZiridinyl 
ring, as folloWs: 
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As a non-limiting example, such folate-receptor associated 
cancers include ovarian cancer and cancers of the skin, breast, 
lung, colon, nose, throat, mammary gland, liver, kidney, 
spleen, and/or brain; mesotheliomas, pituitary adenoma, cer 
vical cancer, renal cell carcinoma or other renal cancer, chor 
oid plexus carcinoma, and epithelial tumors (See, Asok, Ant 
ony, “Folate Receptors: Re?ections on a Personal Odyssey 
and a Perspective on Unfolding Truth,” Advanced Drug 
Delivery RevieWs 56 (2004) at 1059-66). 

Additionally, use of an antiestrogen (such as tamoxifen, 
lCl 182, 780), may be effective to increase the FR expression 
in certain cancer cells or tumor types to enhance the advan 
tages obtained upon administering the compounds of the 
invention to patients, and/or to enhance the various diseases 
or tumor types that may be treated With the compounds 
according to the invention. 

For example, the diseases that may be treated With the 
compounds of this invention, and/or upon a combination 
therapy comprising the compounds of this invention in com 
bination With an antiestrogen, may further include, Without 
limitation, the folloWing 

carcinomas including those listed above and/or that of the 
bladder, pancreas, stomach, thyroid, and prostate; 

hematopoietic tumors of lymphoid lineage, including leu 
kemias such as acute lymphocytic leukemia and acute 
lymphoblastic leukemia, and lymphomas, such as B-cell 
lymphoma, T-cell lymphoma, Hodgkins lymphoma, 
non-Hodgkins lymphoma, hairy cell lymphoma, and 
Burkitts lymphoma; 

hematopoietic tumors of myeloid lineage, including acute 
and chronic myelogenous leukemias and promyelocytic 
leukemia; 

tumors of the central and peripheral nervous system, 
including astrocytoma, neuroblastoma, glioma, and 
schWannomas; 

tumors of mesenchymal origin, including ?brosarcoma, 
rhabdomyosarcoma, and osteosarcoma; and 
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other tumors, including melanoma, xeroderma pigmento 
sum, seminoma, keratoacanthoma, thyroid follicular 
cancer, and teratocarcinoma. 

The compounds of the present invention are useful for 
treating patients Who have been previously treated for cancer, 
as Well as those Who have not previously been treated for 
cancer. The methods and compositions of this invention can 
be used in ?rst-line and second-line cancer treatments. Fur 
thermore, the compounds of formula Qi) may be useful for 
treating refractory or resistant cancers. 

The compounds of the present invention may also be useful 
in treatment of other conditions responsive to microtubule 
stabilizing agents delivered via the folate receptor, including 
but not limited to, arthritis, especially in?ammatory arthritis 
and other in?ammatory conditions mediated by activated 
macrophages, and central nervous system disorders such as 
AlZheimer’s disease. 

Furthermore, patients being treatment With the compounds 
of the present invention may receive a combination of treat 
ments, for example, With other anti-cancer and cytotoxic 
agents or other treatments useful in the treatment of cancer or 
other proliferative diseases. In treating cancer, a combination 
of compounds of the instant invention and one or more addi 
tional agents and/or other treatments may be advantageous. 
The second agent may have the same or different mechanism 
of action than the compounds of formula (X). Especially 
useful are anti-cancer and cytotoxic drug combinations 
Wherein the second drug chosen acts in a different manner or 
different phase of the cell cycle than the active drug moiety of 
the present compounds of the present invention. 

Examples of classes of anti-cancer and cytotoxic agents 
include, but are not limited to, alkylating agents, such as 
nitrogen mustards, alkyl sulfonates, nitrosoureas, ethylen 
imines, and triaZenes; antimetabolites, such as folate antago 
nists, purine analogues, and pyrimidine analogues; antibiot 
ics or antibodies, such as monoclonal antibodies; enZymes; 
famesyl-protein transferase inhibitors; hormonal agents, 
such as glucocorticoids, estrogens/antiestrogens, androgens/ 
antiandrogens, progestins, and luteiniZing hormone-releas 
ing anatagonists; microtubule-disruptor agents, such as ect 
einascidins or their analogs and derivatives; microtubule 
stabiliZing agents; plant-derived products, such as vinca 
alkaloids, epipodophyllotoxins, and taxanes; topoisomerase 
inhibitors; prenyl-protein transferase inhibitors; platinum 
coordination complexes; kinase inhibitors including multiki 
nase inhibitors and/or inhibitors of Src kinase or Src/abl; 
signal transduction inhibitors; and other agents used as anti 
cancer and cytotoxic agents such as biological response 
modi?ers, groWth factors, and immune modulators. The com 
pounds of formula X may also be used in conjunction With 
radiation therapy. 

Further examples of anticancer agents that may be used in 
combination With the compounds of the invention include Src 
kinase inhibitors, 'N-(2-Chloro-6-methylphenyl)-2-[[6-[4 
(2-hydroxyethyl)- 1 -piperaZinyl] -2-methyl-4 -pyrimidinyl] 
amino]-5-thiaZolecarboxamide, and other compounds 
described in U.S. Pat. No. 6,596,746 and U.S. patent appli 
cation Ser. No. 11/051,208, ?led Feb. 4, 2005, incorporated 
herein by reference; ixabepilone, an aZa-epothilone B analog, 
and/or other epothilone analogs described in U.S. Pat. Nos. 
6,605,599; 6,262,094; 6,288,237; 6,291,684; 6,359,140; 
6,365,749; 6,380,395; 6,399,638; 6,498,257; 6,518,421; 
6,576,651; 6,593,115; 6,613,912; 6,624,310, US Appl. Pub. 
No. 2003/0060623, published March 2003; German Patent 
No. 41380428; WO 97/19086, WO 98/22461, WO 
98/25929, WO 98/38192, WO 99/01124, WO 99/02224, WO 
99/02514, WO 99/03848, WO 99/07692, WO 99/27890, W0 
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99/28324, WO 99/43653, WO 99/54330, WO 99/54318, WO 
99/54319, WO 99/65913, WO 99/67252, WO 99/67253, WO 
00/00485, US Pat. Appl. Pub. Nos. 2004/0053910 and 2004/ 
0152708; cyclin dependent kinase inhibitors found in WO 
99/24416 (see also U.S. Pat. No. 6,040,321); prenyl-protein 
transferase inhibitors found in WO 97/30992 and WO 
98/54966; farnesyl protein transferase agents described in 
U.S. Pat. No. 6,011,029; CTLA-4 antibodies described in 
PCT publication no. WO01/ 14424, and/or a CTLA-4 anti 
body described in PCT publication no. WO 00/37504 such as, 
for example, the antibody knoWn as CP-675206 (ticil 
imunab), or ORENCIA®; MDX-010; vin?unine (JavlorTM), 
and Erbitux (cetuximab). 

Other agents potentially useful in combination With com 
pounds of the present invention may include paclitaxel 
(TAXOL®), docetaxel (TAXOTERE®) miscellaneous 
agents such as, hydroxyurea, procarbaZine, mitotane, hexam 
ethylmelamine, cisplatin and carboplatin; Avastin; and Her 
ceptin. 
The pharmaceutical compositions prepared according to 

the present invention can also be formulated or co-adminis 
tered With other therapeutic agents that are selected for their 
particular usefulness in administering therapies associated 
With the aforementioned conditions. For example, the phar 
maceutical compositions may be formulated With agents to 
prevent nausea, hypersensitivity and gastric irritation, such as 
antiemetics, and H 1 and H2 antihistaminics. 
The above other therapeutic agents, When employed in 

combination With the compounds of the present invention, 
can be used, for example, in those amounts indicated in the 
Physicians’ Desk Reference (PDR) or as otherWise deter 
mined by one of ordinary skill in the art. 
One embodiment of the invention comprises use of the 

present invention compounds in preparing pharmaceutical 
compositions for treatment of cancer, particularly for use in 
preparing pharmaceutical compositions for use in targeted 
drug delivery to tumors that overexpress or preferentially 
express the folate receptor. The pharmaceutical compositions 
of the present invention can be administered for any of the 
uses described herein by any suitable means, for example, 
parenterally, such as by subcutaneous, intravenous, intramus 
cular, or intrastemal injection or infusion techniques (e. g., as 
sterile injectable aqueous or non-aqueous solutions or sus 
pensions), and/or in dosage unit formulations containing non 
toxic, pharmaceutically acceptable vehicles or diluents. The 
pharmaceutical compositions can, for example, be adminis 
tered in a form suitable for immediate release or extended 
release. Immediate release or extended release can be 
achieved by the use of suitable pharmaceutical compositions 
comprising the present compounds, or, particularly in the 
case of extended release, by the use of devices such as sub 
cutaneous implants or osmotic pumps. 

Exemplary compositions for parenteral administration 
include injectable solutions or suspensions Which can con 
tain, for example, suitable non-toxic, parenterally acceptable 
diluents or solvents, such as mannitol, 1,3-butanediol, Water, 
Ringer’s solution, an isotonic sodium chloride solution (0.9% 
Sodium Chloride Injection [Normal Saline] or 5% Dextrose 
Injection), or other suitable dispersing or Wetting and sus 
pending agents, including synthetic mono- or diglycerides, 
and fatty acids. Pharmaceutically acceptable compositions 
and/or methods of administering compounds of the invention 
may include use of cosolvents including, but not limited to 
ethanol, N,N dimethylacetamide, propylene glycol, glycerol 
and polyethylene glycols, e.g., polyethylene glycol 300 and/ 
or polyethylene glycol 400, may comprise use of surfactants 
(pharmaceutically-acceptable surface active agent that may 
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be used to increase a compound’s spreading or Wetting prop 
erties by reducing its surface tension), including Without limi 
tation, CREMOPHOR®, SOLUTOL HS15®, polysorbate 
80, polysorbate 20, poloxamer, pyrrolidones such as N-alky 
lpyrrolidone (e.g., N-methylpyrrolidone) and/or polyvi 
nylpyrrolidone; may also comprise use of one or more “buff 
ers” (e.g., an ingredient Which imparts an ability to resist 
change in the effective acidity or alkalinity of a medium upon 
the addition of increments of an acid or base), including, 
Without limitation, sodium phosphate, sodium citrate, dietha 
nolamine, triethanolamine, L-arginine, L-lysine, L-histidine, 
L-alanine, glycine, sodium carbonate, tromethamine (a/k/a 
tris[hydroxymethyl]aminomethane or Tris), and/ or mixtures 
thereof. 

The effective amount of the compound of the present 
invention can be determined by one of ordinary skill in the art, 
and includes exemplary dosage amounts for an adult human 
of from about 0.01-10 mg/kg of body Weight of active com 
pound per day, Which can be administered in a single dose or 
in the form of individual divided doses, such as from 1 to 4 
times per day. A preferred range includes a dosage of about 
0.02 to 5 mg/kg of body Weight, With a range of about 0.05 
03, being most preferred. It Will be understood that the spe 
ci?c dose level and frequency of dosage for any particular 
subject can be varied and Will depend upon a variety of factors 
including the activity of the speci?c compound employed, the 
metabolic stability and length of action of that compound, the 
species, age, body Weight, general health, sex and diet of the 
subject, the mode and time of administration, rate of excre 
tion, drug combination, and severity of the particular condi 
tion. Preferred subjects for treatment include animals, most 
preferably mammalian species such as humans, and domestic 
animals such as dogs, cats and the like, subject to microtu 
bule-stabiliZation associated conditions. 
Compounds of the present invention, such as compounds 

disclosed in one or more of the folloWing examples, have been 
tested in one or more of the assays described beloW and/or 

assays knoWn in the ?eld, and demonstrate a measurable level 
of activity as microtubule stabiliZing agents. 
Assays 
Clonogenic Cell Survival Assay 

Cancer cells Were seeded at 3.0E+05 cells in a T75 ?ask 
With 10 ml of RPMI1640 media, free of folic acid, and con 
taining 10% fetal bovine serum and 25 mM HEPES. Cells 
Were groWn in a 370 C. incubator containing 5% CO2 for 2 
days. On day 2, supernatants Were removed from the ?asks, 
and the ?asks Were divided into 2 groups. One group of cells 
Were incubated With 5 ml of media containing 100 M of folic 
acid (Sigma) for 30 minutes and the others Were groWn in 5 ml 
of media Without added folic acid. Cells Were then treated 
With 20 nM of epothilone, epothilone analog, conjugated 
epothilone, or conjugated epothilone analog for one hour. At 
the end of the incubation, the drugs Were removed from the 
?asks and the cells Were Washed With PBS buffer 3><. After 
Washing, 5 ml of complete media Were added into each ?ask, 
and the cell Was groWn in the CO2 incubator for 23 hours. The 
next morning, the cells Were removed from the ?asks by 
trypsiniZation, cell numbers Were determined, and then cells 
Were plated in a 6 Well plates. Ten days after plating, colonies 
Were stained With crystal violet and counted. The surviving 
fractions Were determined. 
In Vitro MTS Proliferation/Cytotoxicity Assay 

In vitro cytotoxicity Was assessed in tumor cells using a 
tetraZolium-based colorimetric assay Which takes advantage 
of the metabolic conversion of MTS (3-(4,5-dimethylthiaZol 
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26 
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphenyl)-2H-tet 
raZolium, inner salt) to a reduced form that absorbs light at 
492 nm. Cells Were seeded 24 hr prior to addition of the 
epothilone, epothilone analog, conjugated epothilone, or con 
jugated epothilone analog. Following a 72 hour incubation at 
370 C. With serially diluted compound, MTS, in combination 
With the electron coupling agent phenaZine metho sulfate, Was 
added to the cells. The incubation Was continued for 3 hours, 
then the absorbency of the medium at 492 nm Was measured 
With a spectrophotometer to obtain the number of surviving 
cells relative to control populations. The results are expressed 
as median cytotoxic concentrations (IC5O values). 
Folate Receptor Assay 

All sample preparation procedures used for the FR assay 
Were performed at 40 C. Tissue samples Were homogeniZed in 
homogenization buffer (10 mM Tris, pH 8.0, 0.02 mg/ml each 
of leupeptin and aprotinin; 1 ml buffer/ 50 mg tissue) using a 
PoWerGen 125 homogeniZer. Large debris Was removed by 
mild centrifugation (3000><g for 15 min). Membrane pellets 
Were then collected by centrifugation at 40,000><g for 60 min 
and resuspended in solubiliZation buffer (50 mM Tris, pH 7.4, 
150 mM NaCl, 25 mM n-octyl-[3-D-glucopyranoside, 5 mM 
EDTA, and 0.02% sodium aZide). Insoluble material Was 
removed by a second 40,000><g 60 min centrifugation, and the 
total protein concentration of the supernatants Was deter 
mined by the bicinchoninic acid (BCA) method (Pierce 
Chemical). Each sample Was then diluted to 0.25 mg/ml in 
solubiliZation buffer, and 100 pl Was placed inside each of tWo 
Microcon-30 microconcentrators (30,000-MW cutoff, Milli 
pore). Samples Were then centrifuged at 14,000><g for 10 min 
at room temperature to pass all of the liquid through the 
membrane, as Well as to retain the solubiliZed FRs on the 
surface of the microconcentrator’s membrane. All subse 
quent centrifugation steps Were performed using these same 
parameters. Then 55 pl of 30 mM acetate buffer (pH 3.0) Was 
added to each microconcentrator, folloWed by a centrifuga 
tion step. Next, 55 pl of phosphate buffered saline (PBS) Was 
dispensed into each microconcentrator, folloWed by another 
centrifugation. Then 50 pl of [3H]folic acid binding reagent 
(120 nM [3H]folic acid (Amersham) in 10 mM Na2PO4, 1.8 
mM KH2PO4, pH 7.4, containing 500 mM NaCl, 2.7 mM 
KCl, and 25 mM n-octyl-[3-D-glucopyranoside) or 50 pl of a 
competing reagent (binding reagent plus 120 pM unlabeled 
folic acid) Was added to the appropriate concentrators. Fol 
loWing a 20-min incubation at room temperature, the concen 
trators Were Washed/centrifuged three times With 75 pl 50 
mM n-octyl-[3-D-glucopyranoside, 0.7 M NaCl in PBS, pH 
7.4. After the ?nal Wash, the retentates containing the solubi 
liZed FRs Were recovered from the membrane surface of the 
microconcentrators by tWo rinses With 100 pl of PBS contain 
ing 4% Triton X-100. The samples Were then counted in a 
liquid scintillation counter (Packard Bioscience). Counts per 
minute (cpm) values Were converted to picomoles of FR 
based on the cpm of a knoWn standard, and the ?nal results 
Were normaliZed With respect to the sample protein content. 
Animals and Tumors 

Female CD2F1 mice (Harlan Sprague-DaWley Inc., 20-22 
g) maintained in a controlled environment and provided With 
Water and food ad libitum Were used in these studies. The 
murine FROt(-) Madison 109 (M109) lung carcinoma (Marks 
et al., 1977) and the FR-expressing (FROt(+)) 98M109 variant 
Were used to evaluate the ef?cacy of the epothilone, 
epothilone analog (e.g., epothilone derivative), folate 
epothilone conjugate, or folate-epothilone analog conjugate. 
In addition, the human head and neck epidermoid carcinoma 
KB groWn in nude mice Was also used for this purpose. 








































