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EPOTHILONE DERIVATIVES AND METHODS 
FOR MAKING AND USING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to US. Ser. 
No. ?led on the same day as the present application 
by inventors Robert Arslanian, John Carney, and Brian 
Metcalf entitled EPOTHILONE COMPOUNDS AND 
METHODS FOR MAKING AND USING THE SAME 
(Morrison & Foerster Docket No. 30062-20066.00), Which 
is incorporated herein by reference. 

BACKGROUND 

[0002] Epothilone A (R=H) and Epothilone B (R=CH3) 
are produced by Sorangium cellulosum strain So ce 90, the 
structures of Which are shoWn beloW, and Were the ?rst of 
several epothilones to be isolated and characteriZed. Ho?e et 
al., 1996, Angew. Chem. Int. Ed. Engl. 35(13/14): 1567 
1569. 

[0003] Epothilone A and epothilone B possess many of the 
advantageous properties of taXol. As a result, there is sig 
ni?cant interest in these and structurally related compounds 
as potential chemotherapeutic agents. The desoXy counter 
parts of epothilones A and B are knoWn as epothilone C 
(R=H) and epothilone D (R=CH3), and also exhibit simi 
lar anti-tumor activity but With less cytotoXicity. The struc 
tures of epothilones C and D are shoWn beloW. 

[0004] Although other naturally occurring epothilones 
have been described in the literature, these compounds are 
produced in exceedingly small amounts. For example, PCT 
publication WO 99/65913 describes 39 naturally occurring 
epothilones obtained from Sorangium cellulosum So ce 90 
of Which epothilones A, B, C, and D together account for 
approximately 98.9% of the total epothilones produced. The 
35 other naturally occurring epothilone cornpounds together 
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account for the remaining 1.1% and include epothilone C6 
(Which may also be referred to as 10, 11-dehydroepothilone 
C) and Whose structure is shoWn beloW 

[0005] Due to the increasing interest in epothilones as 
anti-cancer agents, novel derivatives of these compounds are 
needed and desired to more fully develop their therapeutic 
potential. 

SUMMARY 

[0006] The present invention relates to 16-rnernbered 
rnacrocyclic compounds. In one aspect of the present inven 
tion, 16-rnernbered rnacrocyclic compounds having a con 
jugated diene are provided. In another aspect of the present 
invention, compounds of the folloWing formula 

[0007] 
[0008] R1, R2, R3, and R5 are each independently 

hydrogen, Cl-C1O alkyl, C2-C1O alkenyl, C2-C1O 
alkynyl, aryl or alkylaryl; 

[0009] R4 is hydrogen, Cl-C1O alkyl, Cl-C1O 
hydroXyalkyl, Cl-C1O haloalkyl, aryl, —C(=O)R6, 
—C(=O)OR6, —NR6R7 Where R6 and R7 are each 
independently hydrogen, Cl-C1O aliphatic, aryl or 
alkylaryl; 

are provided Wherein: 

[0010] W is O, NR8 Where R8 is hydrogen, Cl-C1O 
alkyl, C2-C1O alkenyl, C2-C1O alkynyl, aryl or alky 
laryl; 

[0011] X is O, CH2 or a carbon-carbon double bond; 

[0012] Y is absent or a Cl-C1O alkyl, C2-C1O alkenyl, 
or C2-C1O alkynyl; and 

[0013] Ar is aryl; provided that 10,11-dehydroe 
pothilone C is eXcluded. In another aspect of the 
present invention, methods for using the inventive 
compounds are provided. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0014] The present invention relates to novel compounds 
that are useful for the treatment of cancer and other condi 
tions characterized by abnormal cellular proliferation in a 
subject in need thereof. 

[0015] De?nitions 

[0016] Statements regarding the scope of the present 
invention and de?nitions of terms used herein are listed 
beloW. The de?nitions apply to the terms as they are used 
throughout this speci?cation, unless otherWise limited in 
speci?c instances, either individually or as part of a larger 
group. 

[0017] All stereoisomers of the inventive compounds are 
included Within the scope of the invention, as pure com 
pounds as Well as mixtures thereof. Individual enantiomers, 
diastereomers, geometric isomers, and combinations and 
miXtures thereof are all encompassed by the present inven 
tion. Furthermore, some of the crystalline forms for the 
compounds may eXist as polymorphs and as such are 
included in the present invention. In addition, some of the 
compounds may form solvates With Water (i.e., hydrates) or 
common organic solvents, and such solvates are also encom 
passed Within the scope of this invention. 

[0018] Protected forms of the inventive compounds are 
included Within the scope of the present invention. Avariety 
of protecting groups are disclosed, for eXample, in T. H. 
Greene and P. G. M. Wuts, Protective Groups in Organic 
Synthesis, Third Edition, John Wiley & Sons, NeW York 
(1999), Which is incorporated herein by reference in its 
entirety. For eXample, a hydroXy protected form of the 
inventive compounds are those Where at least one of the 
hydroXyl groups is protected by a hydroXy protecting group. 
Illustrative hydroXyl protecting groups include but not lim 
ited to tetrahydropyranyl; benZyl; methylthiomethyl; eth 
ylthiomethyl; pivaloyl; phenylsulfonyl; triphenylmethyl; 
trisubstituted silyl such as trimethyl silyl, triethylsilyl, tribu 
tylsilyl, tri-isopropylsilyl, t-butyldimethylsilyl, tri-t-butylsi 
lyl, methyldiphenylsilyl, ethyldiphenylsilyl, t-butyldiphe 
nylsilyl and the like; acyl and aroyl such as acetyl, 
pivaloylbenZoyl, 4-methoXybenZoyl, 4-nitrobenZoyl and ali 
phatic acylaryl and the like. Keto groups in the inventive 
compounds may similarly be protected. 

[0019] The present invention includes Within its scope 
prodrugs of the compounds of this invention. In general, 
such prodrugs are functional derivatives of the compounds 
that are readily convertible in vivo into the required com 
pound. Thus, in the methods of treatment of the present 
invention, the term “administering” shall encompass the 
treatment of the various disorders described With the com 
pound speci?cally disclosed or With a compound Which may 
not be speci?cally disclosed, but Which converts to the 
speci?ed compound in vivo after administration to a subject 
in need thereof. Conventional procedures for the selection 
and preparation of suitable prodrug derivatives are 
described, for eXample, in “Design of Prodrugs”, H. Bund 
gaard ed., Elsevier, 1985. 

[0020] As used herein, the term “aliphatic” refers to satu 
rated and unsaturated straight chained, branched chain, 
cyclic, or polycyclic hydrocarbons that may be optionally 
substituted at one or more positions. Illustrative examples of 
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aliphatic groups include alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl, and cycloalkynyl moieties. The term “alkyl” 
refers to straight or branched chain saturated hydrocarbon 
substituent. “Alkenyl” refers to a straight or branched chain 
hydrocarbon substituent With at least one carbon-carbon 
double bond. “Alkynyl” refers to a straight or branched 
chain hydrocarbon substituent With at least one carbon 
carbon triple bound. 

[0021] The term “aryl” refers to monocyclic or polycyclic 
groups having at least one aromatic ring structure that 
optionally include one ore more heteroatoms and preferably 
include three to fourteen carbon atoms. Aryl substituents 
may optionally be substituted at one or more positions. 
Illustrative eXamples of aryl groups include but are not 
limited to: furanyl, imidaZolyl, indanyl, indenyl, indolyl, 
isooXaZolyl, isoquinolinyl, naphthyl, oXaZolyl, oXadiaZolyl, 
phenyl, pyraZinyl, pyridyl, pyrimidinyl, pyrrolyl, pyraZolyl, 
quinolyl, quinoXalyl, tetrahydronaphththyl, tetraZoyl, thiaZ 
oyl, thienyl, thiophenyl, and the like. 

[0022] The aliphatic (i.e., alkyl, alkenyl, etc.) and aryl 
moieties may be optionally substituted With one or more 
substituents, preferably from one to ?ve substituents, more 
preferably from one to three substituents, and most prefer 
ably from one to tWo substituents. The de?nition of any 
substituent or variable at a particular location in a molecule 
is independent of its de?nitions elseWhere in that molecule. 
It is understood that substituents and substitution patterns on 
the compounds of this invention can be selected by one of 
ordinary skill in the art to provide compounds that are 
chemically stable and that can be readily synthesiZed by 
techniques knoWn in the art as Well as those methods set 
forth herein. EXamples of suitable substituents include but 
are not limited to: alkyl, alkenyl, alkynyl, aryl, halo; trif 
luoromethyl; tri?uoromethoXy; hydroXy; alkoXy; 
cycloalkoXy; heterocyclooXy; oXo; alkanoyl (—C(=O) 
alkyl Which is also referred to as “acyl”)); aryloXy; alkanoy 
loXy; amino; alkylamino; arylamino; aralkylamino; 
cycloalkylamino; heterocycloamino; disubstituted amines in 
Which the tWo amino substituents are selected from alkyl, 
aryl, or aralkyl; alkanoylamino; aroylamino; aralkanoy 
lamino; substituted alkanoylamino; substituted arylamino; 
substituted aralkanoylamino; thiol; alkylthio; arylthio; 
aralkylthio; cycloalkylthio; heterocyclothio; alkylthiono; 
arylthiono; aralkylthiono; alkylsulfonyl; arylsulfonyl; 
aralkylsulfonyl; sulfonamido (e.g., SOZNHZ); substituted 
sulfonamido; nitro; cyano; carboXy; carbamyl (e.g., 
CONHZ); substituted carbamyl (e.g., —C(=O)NRR‘ Where 
R and R‘ are each independently hydrogen, alkyl, aryl, 
aralkyl and the like); alkoXycarbonyl, aryl, substituted aryl, 
guanidino, and heterocyclo such as indoyl, imidaZolyl, furyl, 
thienyl, thiaZolyl, pyrrolidyl, pyridyl, pyrimidyl and the like. 
Where applicable, the substituent may be further substituted 
such as With, alkyl, alkoXy, aryl, aralkyl, halogen, hydroXy 
and the like. 

[0023] The terms “alkylaryl” or “arylalkyl” refer to an aryl 
group With an aliphatic substituent that is bonded to the 
compound through the aliphatic group. An illustrative 
eXample of an alkylaryl or arylalkyl group is benZyl, a 
phenyl With a methyl group that is bonded to the compound 
through the methyl group (—CHZPh Where Ph is phenyl). 

[0024] The term “acyl” refers to —C(=O)R Where R is an 
aliphatic group, preferably a C1-C6 moiety. 
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[0025] The term “alkoxy” refers to —OR Wherein O is 
oxygen and R is an aliphatic group. 

[0026] The term “aminoalkyl” refers to —RNH2 Where R 
is an aliphatic moiety. 

[0027] The terms “halogen,”“halo”, or “halide” refer to 
?uorine, chlorine, bromine and iodine. 

[0028] The term “haloalkyl” refers to —RX Where R is an 
aliphatic moiety and X is one or more halogens. 

[0029] The term “hydroxyalkyl” refers to —ROH Where R 
is an aliphatic moiety. 

[0030] The term “oxo” refers to a carbonyl oxygen 

[0031] In addition to the explicit substitutions at the 
above-described groups, the inventive compounds may 
include other substitutions Where applicable. For example, 
the lactone or lactam backbone or backbone substituents 
may be additionally substituted (e.g., by replacing one of the 
hydrogens or by derivatiZing a non-hydrogen group) With 
one or more substituents such as C1-C5 aliphatic, C1-C5 
alkoxy, aryl, or a functional group. Illustrative examples of 
suitable functional groups include but are not limited to: 

acetal, alcohol, aldehyde, amide, amine, boronate, carbam 
ate, carboalkoxy, carbonate, carbodiimide, carboxylic acid, 
cyanohydrin, disul?de, enamine, ester, ether, halogen, 
hydraZide, hydraZone, imide, imido, imine, isocyanate, 
ketal, ketone, nitro, oxime, phosphine, phosphonate, phos 
phonic acid, quaternary ammonium, sulfenyl, sul?de, sul 
fone, sulfonic acid, thiol, and the like. 

[0032] The term “puri?ed” as used herein to refer to a 
compound of the present invention, means that the com 
pound is in a preparation in Which the compound forms a 
major component of the composition, such as constituting 
about 50%, about 60%, about 70%, about 80%, about 90%, 
about 95% or more by Weight of the components in the 
composition. 
[0033] The term “subject” as used herein, refers to an 
animal, preferably a mammal, Who has been the object of 
treatment, observation or experiment and most preferably a 
human Who has been the object of treatment and/or obser 
vation. 

[0034] The term “therapeutically effective amount” as 
used herein, means that amount of active compound or 
pharmaceutical agent that elicits the biological or medicinal 
response in a tissue system, animal or human that is being 
sought by a researcher, veterinarian, medical doctor or other 
clinician, Which includes alleviation of the symptoms of the 
disease or disorder being treated. 

[0035] The term “composition” is intended to encompass 
a product comprising the speci?ed ingredients in the speci 
?ed amounts, as Well as any product that results, directly or 
indirectly, from combinations of the speci?ed ingredients in 
the speci?ed amounts. 

[0036] The term “pharmaceutically acceptable salt” is a 
salt of one or more of the inventive compounds. Suitable 
pharmaceutically acceptable salts of the compounds include 
acid addition salts Which may, for example, be formed by 
mixing a solution of the compound With a solution of a 
pharmaceutically acceptable acid such as hydrochloric acid, 
sulfuric acid, fumaric acid, maleic acid, succinic acid, acetic 
acid, benZoic acid, citric acid, tartaric acid, carbonic acid or 
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phosphoric acid. Furthermore, Where the compounds of the 
invention carry an acidic moiety, suitable pharmaceutically 
acceptable salts thereof may include alkali metal salts (e.g., 
sodium or potassium salts); alkaline earth metal salts (e.g., 
calcium or magnesium salts); and salts formed With suitable 
organic ligands (e.g., ammonium, quaternary ammonium 
and amine cations formed using counteranions such as 

halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, 
alkyl sulfonate and aryl sulfonate). Illustrative examples of 
pharmaceutically acceptable salts include but are not limited 
to: acetate, adipate, alginate, ascorbate, aspartate, benZene 
sulfonate, benZoate, bicarbonate, bisulfate, bitartrate, borate, 
bromide, butyrate, calcium edetate, camphorate, camphor 
sulfonate, camsylate, carbonate, chloride, citrate, clavulan 
ate, cyclopentanepropionate, digluconate, dihydrochloride, 
dodecylsulfate, edetate, edisylate, estolate, esylate, ethane 
sulfonate, formate, fumarate, gluceptate, glucoheptonate, 
gluconate, glutamate, glycerophosphate, glycolylarsanilate, 
hemisulfate, heptanoate, hexanoate, hexylresorcinate, 
hydrabamine, hydrobromide, hydrochloride, hydroiodide, 
2-hydroxy-ethanesulfonate, hydroxynaphthoate, iodide, 
isothionate, lactate, lactobionate, laurate, lauryl sulfate, 
malate, maleate, malonate, mandelate, mesylate, methane 
sulfonate, methylsulfate, mucate, 2-naphthalenesulfonate, 
napsylate, nicotinate, nitrate, N-methylglucamine ammo 
nium salt, oleate, oxalate, pamoate (embonate), palmitate, 
pantothenate, pectinate, persulfate, 3-phenylpropionate, 
phosphate/diphosphate, picrate, pivalate, polygalacturonate, 
propionate, salicylate, stearate, sulfate, subacetate, succi 
nate, tannate, tartrate, teoclate, tosylate, triethiodide, unde 
canoate, valerate, and the like. 

[0037] The term “pharmaceutically acceptable carrier” is a 
medium that is used to prepare a desired dosage form of the 
inventive compound. Apharmaceutically acceptable carrier 
includes solvents, diluents, or other liquid vehicle; disper 
sion or suspension aids; surface active agents; isotonic 
agents; thickening or emulsifying agents, preservatives; 
solid binders; lubricants and the like. Remington’s Pharma 
ceutical Sciences, Fifteenth Edition, E. W. Martin (Mack 
Publishing Co., Easton, Pa., 1975) and Handbook of Phar 
maceutical Excipients, Third Edition, A. H. Kibbe, ed. 
(Amer. Pharmaceutical Assoc. 2000), both of Which are 
incorporated herein by reference in their entireties, disclose 
various carriers used in formulating pharmaceutical compo 
sitions and knoWn techniques for the preparation thereof. 

[0038] The term “pharmaceutically acceptable ester” is an 
ester that hydrolZyes in vivo into a compound of the present 
invention or a salt thereof. Illustrative examples of suitable 
ester groups include, for example, those derived from phar 
maceutically acceptable aliphatic carboxylic acids such as 
formates, acetates, propionates, butyrates, acrylates, and 
ethylsuccinates. 

[0039] Compounds of the Present Invention 

[0040] In one aspect of the present invention, the com 
pounds are a 16 membered macrocycle having a conjugated 
diene. The macrocycle may be a cyclic ester or lactone, a 
cyclic amide or lactam, or a cyclic thioester. 
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[0041] In another aspect of the present invention, com 
pounds of the following formula 

[0042] 
[0043] R1, R2, R3, and R5 are each independently 

hydrogen, C1-C1O alkyl, C2-C1O alkenyl, C2-C1O 
alkynyl, aryl or alkylaryl; 

[0044] R4 is hydrogen, halogen, C1-C1O alkyl, C1-C1O 
hydroXyalkyl, C1-C1O haloalkyl, aryl, —C(=O)R6, 
—C(=O)OR6, —NR6R7 Where R6 and R7 are each 
independently hydrogen, C1-C1O aliphatic, aryl or 
alkylaryl; 

[0045] W is O, NR8 Where R8 is hydrogen, C1-C1O 
alkyl, C2-C1O alkenyl, C2-C1O alkynyl, aryl or alky 
laryl; 

[0046] X is O, CH2 or a carbon-carbon double bond; 

[0047] Y is absent or a C1-C1O alkyl, C2-C1O alkenyl, 
or C2-C1O alkynyl; and 

[0048] Ar is aryl; provided that 10,11-dehydroe 
pothilone C is excluded. 

are provided Wherein: 

[0049] In one embodiment, compounds of formula I are 
provided Wherein: 

[0050] R1, R2, R3, and R5 are each independently 
hydrogen or C1-C5 alkyl; 

[0051] R4 is hydrogen, C1-C5 alkyl, CJL-C5 hydroXy 
alkyl, C1-C5 haloalkyl, —C(=O)R6, —C(=O)OR6, 
—NR6R7 Where R6 and R7 are each independently 
hydrogen or C1-C5 alkyl; 

[0052] W is O or NR8 Where R8 is hydrogen or C1-C5 
alkyl; 

[0053] X is O, CH2 or a carbon-carbon double bond; 

[0054] Y is absent or C2-C5 alkenyl; and 

[0055] Ar is a heteroaryl. 

[0056] In another embodiment, compound of formula I are 
provided Wherein: 

[0057] R1, R2, R3, and R5 are each independently 
hydrogen, methyl or ethyl; 

[0058] R4 is hydrogen, methyl, ethyl, hydroXym 
ethyl, hydroXyethyl, ?uoromethyl or ?uoroethyl; 

[0059] W is O or NH; 

[0060] X is O, CH2 or a carbon-carbon double bond; 

[0061] Y is absent or C2-C5 alkenyl; and 
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[0062] Ar is an aryl selected from the group consist 
ing of phenyl, pyridyl, pyridaZinyl, pyrimidinyl, 
pyraZinyl, furyl, thienyl, pyrrolyl, imidaZolyl, pyra 
Zolyl, thiaZolyl, oXaZolyl, quinolyl, isoquinolyl, qui 
noXalyl, indolyl, benZothiaZolyl, benZoXaZolyl, ben 
ZoimidaZolyl, and benZopyraZolyl. 

[0063] In another embodiment, compound of formula I are 
provided Wherein: 

[0064] R1, R2, R3, and R5 are each independently 
hydrogen or methyl; 

[0065] R4 is hydrogen, methyl, ethyl, or ?uorom 
ethyl; 

[0066] W is O or NH; 

[0067] X is O, CH2 or a carbon-carbon double bond; 

[0068] 
[0069] Ar is an aryl selected from the group consist 

ing of thiaZolyl, oXaZolyl, quinolyl, isoquinolyl, qui 
noXalyl, indolyl, benZothiaZolyl, benZoXaZolyl, ben 
ZoimidaZolyl, and benZopyraZolyl. 

Y is absent or C2-C3 alkenyl; and 

[0070] In another aspect of the present invention, com 
pounds of the folloWing formula 

[0071] 
00 72 W is O or NR8 Where R8 is h dro en or C -C y g 1 5 
alkyl; 

[0073] X is O, CH2 or a carbon-carbon double bond; 

[0074] R4 is hydrogen, C1-C5 alkyl, C1-C5 hydroXy 
alkyl, C1-C5 haloalkyl, —C(=O)R6, —C(=O)OR6, 
—NR6R7 Where R6 and R7 are each independently 
hydrogen or C1-C5 alkyl; and, 

[0075] R9 is aryl or R11CH=C(R1O)— Wherein R11 is 
aryl and R10 is hydrogen, halide, C1-C5 alkyl, CJL-C5 
hydroXylalkyl, or C1-C5 haloalkyl. 

are provided Wherein: 

[0076] In another embodiment, compounds of formula II 
are provided Wherein: 

[0077] W is O or NH; and, 

[0078] X is CH2 or a carbon-carbon double bond; 

[0079] R4 is hydrogen, methyl, ethyl, hydroXym 
ethyl, hydroXyethyl, ?uoromethyl or ?uoroethyl; 
and, 

[0080] R9 is a bicyclic heteroaryl or 
R11CH=C(R1O)— Wherein R11 is 2-methyl-1,3-thia 
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Zolinyl, 2-methyl-13, oXaZolinyl, 2-hydroXymethyl 
1,3-thiaZolinyl, or 2-hydroXymethyl-1,3-oXaZolinyl 
and R10 is hydrogen or methyl. 

[0081] In another embodiment, compounds of formula II 
are provided Wherein: 

[0082] W is O or NH; and, 

[0083] X is CH2 or a carbon-carbon double bond; 

[0084] R4 is hydrogen, methyl, ethyl, hydroXymethyl, 
hydroXyethyl, ?uoromethyl or ?uoroethyl; and, 

[0085] R9 is selected from the group consisting of 

O 

HO/—<\N I / 
O S 

HZN N N 

S O 

A IL A HZN N N 

O 

HO N 

N 
/ / 

and . 

\ \ 
N N 
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[0086] In another aspect of the present invention, com 
pounds of the following formulas 

III 

IV 

S 

RN 
N 

[0087] 
[0088] R1, R2, R3, and R5 are each independently 

hydrogen or C1-C5 alkyl; and, 

[0089] R4 is hydrogen, C1-C5 alkyl, C1-C5 hydroXy 
alkyl, C1-C5 haloalkyl, —C(=O)R6, —C(=O)OR6, 
—NR6R7 Where R6 and R7 are each independently 
hydrogen or C1-C5 alkyl; 

[0090] R12 is hydrogen, halide, C1-C5 alkyl, C1-C5 
hydroXyalkyl, C1-C5 haloalkyl, —(CH2)mC(=O)R6, 
—(CH2)mC(=O)OR6, —(CH2)mNR6R7 Where m is 
0, 1 or 2, and R6 an R7 are each independently 
hydrogen or C1-C5 alkyl; provided that 10,11-dehy 
droepothilone C is excluded. 

are provided Wherein: 

[0091] In one embodiment, compounds are of formulas III 
or IV Wherein 

[0092] R1, R2, R3, and R5 are each independently 
hydrogen, methyl or ethyl; 

[0093] R4 is methyl, ethyl, hydroXymethyl, ?uorom 
ethyl, hydroXyethyl, or ?uoroethyl; and, 

[0094] R12 is hydrogen, C1-C3 alkyl, CJL-C3 hydroXy 
alkyl, C1-C3 haloalkyl, —(CH2)mC(=O)R6, 
—(CH2)mC(=O)OR6, —(CH2)mNR6R7 Where m is 
0 or 1, and R6 and R7 are each independently hydro 
gen or methyl. 

[0095] In another embodiment, compounds are of formu 
las III or IV Wherein 

[0096] R1, R3, and R5 are each hydrogen; 

[0097] 
[0098] 
[0099] R12 is methyl, hydroXymethyl, ?uoromethyl, 

and aminomethyl. 

R2 is methyl; 

R4 is methyl, ethyl, or ?uoromethyl; and, 
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[0100] In another aspect of the present invention, the 
following compounds are provided: 
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-continued 

HN 

HN 
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[0101] The compounds of the present invention are cyto 
toxic agents and may be used in any suitable manner 
including but not limited to as anti-cancer agents. An illus 
trative assay for assessing the degree of cytotoXicy and 
tubulin polymerization is described in Example 1. 

[0102] Synthetic Methods 

[0103] General principles of organic chemistry including 
functional moieties and reactivity and common protocols are 
described by for eXample in Advanced Organic Chemistry 
3rd Ed. by Jerry March (1985) Which is incorporated herein 
by reference in its entirety. In addition, it Will be appreciated 
by one of ordinary skill in the art that the synthetic methods 
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and triphenylarsine). In another embodiment, fragments A 
and B‘ (an alkyne form of fragment B) are joined together 
under Suzuki coupling reaction conditions. Fragment B‘ is 
treated With a borane such as catechol borane or 9-borabi 

cyclo[3.3.1]nonane, and then fragments B‘ and A, a palla 
dium catalyst such as (diphenylphosphineferrocenyl 
)dichloropalladium, a base such as cesium carbonate, and 
triphenylarsine are reacted together. Both methods are illus 
trated schematically by Scheme 1 Where Ar, W, Y, R1, R2, 
R3, R4, R5 are as described previously and Z is a protected 
hydroXy group or a protected amino group that is capable of 
becoming W upon deprotection and cycliZation. 

SCHEME 1 

fragment B 
Ar —Y Z 

R4 I 
fragment A 

2 Will.. 
fragment B‘ 

described herein may use a variety of protecting groups 
Whether or not they are explicitly described. A “protecting 
group” as used herein means a moiety used to block func 

tional moiety such as oXygen, sulfur, or nitrogen so that a 
reaction can be carried out selectively at another reactive site 

in a multifunctional compound. General principles including 
speci?c functional groups and their uses are described for 
eXample in T. H. Greene and P. G. M. Wuts, Protective 
Groups in Organic Synthesis, 3rd edition, John Wiley & 
Sons, NeW York (1999). 

[0104] In one aspect of the present invention, tWo frag 
ments are coupled together and subsequently cycliZed to 
form 16 membered macrocycles of the present invention. In 
one embodiment, fragments A and B are joined together 
under Heck coupling conditions (a palladium catalyst such 
as (diphenylphosphineferrocenyl)dichloropalladium; a base 
such as cesium carbonate or 9-borabicyclo[3.3.1]nonane; 

[0105] Fragment A is made using a number of methods. 
Scheme 2A illustrates one embodiment Where R5 is hydro 

gen and Z is a protected hydroXy group and Ar—Y, and R4 
are as described previously. 

SCHEME 2A 

1. EtZBOTf, IPrNEt 
—> 

2- Ar —Y— CHO 
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-continued 

%% Et3SiOTf —> 

lutidine 

/S/N o 

/S/N o 0/ \\ 
Y—Ar 

OTES 

Ar—Y OTES Ar—Y OTES 

Ph3PCH2R4I 
H 12, Bull 

NaHMDS 

o 
R4 I 

[0106] Brie?y, (2R)-N-acetyl-2,10-camphorsultam is 
treated With a dialkylboron tri?ate such as diethylborontri 
?ate and a base such as diisopropyl ethylamine and then 
reacted With Ar—Y—CHO in an OppolZer aldol condensa 
tion. The resulting alcohol is protected by reacting the 
compound With triethylsilyl tri?ate and lutidine and reduced 
to form the aldehyde. FragmentAis formed by extending the 
aldehyde in a Wittig reaction by treating the aldehyde With 
a phosphonium salt such as iodoethyltriphenylphosphonium 
iodide prepared in situ from ethyltriphenylphosphonium 
iodide. 

[0107] Scheme 2B illustrates another embodiment Where 
Ar—Y, R4 and R5 are as described previously. This method 
is preferred Where R5 is a non-hydrogen moiety. 

SCHEME 2B 

Ipc2B\/\NJ R5 
Ar —Y— CHO 

Ar —Y OH 
Et3SiOTf 
—> 

lutidine 
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-continued 

Ar —Y OTES 
1. OsO4/NMO 

2. Pb(OAc)4 

Ar —Y OTES 

I2, BuLi 
H R5 NaHMDS 

0 

Ar —Y OTES 

R5 

R4 I 

[0108] Aldehyde Ar—Y—CHO is treated With diisopi 
nocampheyl-allylborane in a BroWn asymmetric allylation. 
The resulting alcohol is protected With triethylsilyl tri?ate 
and lutidine and the alkene is oXidiZed to an aldehyde. The 
aldehyde is eXtended as in Scheme 2A in a Wittig reaction 
With a phosphonium salt such as iodoethyltriphenylphos 
phonium iodide prepared in situ from ethyltriphenylphos 
phonium iodide. 

[0109] Scheme 3 illustrates another embodiment Where Z 
is a protected amino group and Ar—Y, R4 and R5 are as 
described previously. 

SCHEME 3 

Ar —Y H Ar —Y N3 
(PhO)2PON3 
—> 

DBU 

R5 

R4 R4 I 

[0110] Brie?y, the hydroXy protected form of fragment A 
of the opposite con?guration as that described in Schemes 
2A and 2B is deprotected and treated With diphenylphos 
phoryl aZide and diaZabicycloundecene to form the aZido 
version of fragment A. 
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[0111] Fragment B Where R1 is hydrogen is prepared as [0112] A 1,1-diisopropoXy-2,2-dimethyl-3-alkanone is 
described by Scheme 4A. extended in an aldol condensation reaction. The resulting 

hydroXyl group is protected With trichloroethoXycarbonyl 
chloride, and the acetal protecting group is removed to yield 
a C3-C11 Intermediate of fragment B. This intermediate 

SCHEME 4A . . . i aldehyde is extended in another aldolreact1on and protected 

0 OiPr 1 LDA to yield fragment B. 
'—> 

2 . 

R OiPr 2' CH0 [0113] Fragment B‘ (Where R3 is hydrogen) and Where R1 
3 is hydrogen is prepared as described by Scheme 4B. 

R 

H(_) O OiPr SCHEME 4B 
E Troc—Cl _ 

I pyridine O 01p‘ 1. LDA 

O‘Pr 2 CH0 
R 

OiPI 2. //\r 

Troc 

Q o OiPr 
E TSOH Troc—Cl 

THF, H2O pyridine 
O‘Pr OiPI 

Troc O 

O LDA )k J< Troc 
_ O (I) O OiPI 
' Cp(L-DIPGF)2TiCl 5 TSOH 

; THE, H2O 

OiPr 

o 

LDA, A )< 
o Et3SiOTf 

+> 
lutidme 

C3-C11 Intermediate 

Et3SiOTf 
—> )< lutidine 

o 
Fragment B 
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-continued 

T 

| 
9 

2 

Fragment B' 

[0114] The method is similar to that described by Scheme 
4A except that the ?rst aldol reaction is performed using the 
alkynal 

CH0 

2 
instead of the alkenal 

YYCHO. R3 

[0116] Fragments B and B‘ Where R1 is a non-hydrogen is 
prepared as described by Scheme 5. 

[0115] 

SCHEME 5 

C3-C11 Intermediate 
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-continued 

Troc 

O 

k Et3SiOTf 
O —>. . 

lutidine 

Troc TES 

lBuOH 
—> 

DCC, DMAP 

[0117] The alkene and alkyne versions of the C3-CM 
Intermediate are prepared as described by Schemes 4A and 
4B respectively. The C3-CM Intermediate is treated With 
N-propionyl-benZyloXaZolidinone in an Evans aldol reac 
tion. The resulting alcohol is protected With the silyl group 
and then the benZyloXaZolidinone is hydrolyZed. Esteri?ca 
tion With With tert-butanol yields fragment B. 

[0118] FragmentsA and B can be joined together in a Heck 
coupling reaction to form a diene as shoWn by Scheme 6A. 

SCHEME 6A 

Ar —Y Z 

R4 I 
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-continued 

Ar —Y 

[0119] Alternatively, Fragments A and B‘ can be joined 
together in a Suzuki coupling reaction to form the same 
diene as shoWn by Scheme 6B. 

SCHEME 6B 

Ar —Y Z 

5 
Troc TES R 

o 

\B H 4 — R I 

/ o (dpp?l’dclz 

CsCO3, Ph3As 

[0120] Compounds of the present invention that are cyclic 
lactones are made from the coupling of fragment A (Where 

Z is a protected hydroXyl group) and fragment B (or B‘) as 
illustrated by Scheme 7A. 
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SCHEME 7A 

OTES 
Troc TES 

1. Et3SiOTf 
—> 

2. HQ, MeOH 

COCl 

c1 c1 
Et3N, DMAP 

[0121] The diene product of either the Heck coupling of [0122] Compounds of the present invention that are cyclic 
fragments A and B or the Suzuki coupling of fragments A 
and B‘ is subjected to an ester exchange and then partially _ _ 
deprotected. The resulting product is lactoniZed and depro- 1S a Protected ammo group Such as N3) and fragment B (or 
tected to yield compounds corresponding to formula I Where B‘) as illustrated by Schemes 7B and 7C, 
W is O. 

lactams are made from the coupling of fragmentA(Where Z 

SCHEME 7B 

Troc TES 
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-continued 

N \ \\ 

/N 
HZN N/ N NMeZ 

\ 4< o 

NMeZ 

N | \ \\ 
/N 

N/ N 

Ar —Y 

iPrZNEt OH 

HN 

[0123] The diene product of either the Heck coupling of lactarn. Deprotection of the Troc protecting group yields 
fragments A and B or the SllZllkl COllpllIlg Of fragments A Compounds Corresponding to formula I Where W is NH_ 
and B‘ is subjected to a Staudinger reduction and the 
resulting amine is protected. The resulting product is treated [0124] Methods for making N'alkyl lactam derivatives are 
With tri?uoroacetic acid and then cycliZed to form the cyclic described by Scherne 7C. 

SCHEME 7C 

R— CHO 

OH NaBH3CN, HOAc 
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-continued 

[0125] The amino-carboXyacid is made as described by 
Scheme 7B and then subjected to reductive amination. The 
resulting product is then cycliZed and deprotected to yield 
compounds corresponding to formula I Where W is NR8. 

[0126] In another aspect of the present invention, the 
inventive compounds are made from modi?ed versions of 
fragments A and B (designated as A“ and B“) using Stille 
coupling. 

SCHEME 8 

Ar—Y Z 

R5 + 

R4 SnBu3 

fragment A" 

Troc "II‘ES 
O O O O 

7 J< (dba)3Pd2 — 
I \ _ O Ph3As, LiCl, NMP 

R3 E2 R1 

fragment B" 
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N \ \\ 

/ 
N/ N NMeZ 

\ 
o 

NMeZ 

OH N \ \\ 

/N 
N/ N iPrZNEt 

OH 

R4 R3 

/ / 
R5 

Y0,’ R1 “\\\\OH 

R8N 
R2 

0 OH 0 

-continued 

[0127] As shoWn by Scheme 8, the Stille coupling reaction 
of fragments A“ and B“ makes the same intermediate as that 
produced from the previously described Heck coupling or 
Suzuki coupling reactions. This intermediate can be cycliZed 
under conditions similar to that described by Schemes 7A, 
7B, and 7C to make the compounds of the present invention. 

[0128] Fragment A“ can be made as described by Scheme 
9 by stannylation of fragment A. 

SCHEME 9 

Ar —Y Z Ar —Y Z 

BuLi, Bu3SnCl 
| R5 _, R5 

R4 I R4 SnBu3 

[0129] Fragment B“ Where R3 is hydrogen is made by can 
be made starting With fragment B‘. 
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SCHEME 10A 
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[0130] As shown by Scheme 10A, fragment B‘ is treated 
With catechol borane in a hydroboration reaction and then 
iodinated to yield fragment B“ Where R3 is hydrogen. 

[0131] Fragment B“ Where R3 is a non-hydrogen is also 
made starting from fragment B‘ 

SCHEME 10B 

x 

[0132] As shoWn by Scheme 10B, fragment B‘ is treated 
With Zirconocene dichloride and trialkylaluminum in a 
SchWartZ reaction to yield fragment B“ Where R3 is alkyl. 

[0133] Biological Methods 

[0134] In another aspect of the present invention, a subset 
of the inventive compounds is made using biological meth 
ods. In one embodiment, 10, 11-dehydroepothilone D Whose 
structure is shoWn below 

0 

[0135] is isolated from a strain of Myxococcus xanthus, 
K111-40-1. This strain expresses the epothilone polyketide 
synthase but not an active epoK gene product so produces 
primarily epothilone D and lesser amounts of epothilone C 
and 10, 11-dehydroepothilone D. Strain K111-40-1 (PTA 
2712) Was deposited With the American Type Culture Col 
lection (“ATCC”), 10801 University Blvd., Manassas, Va., 
20110-2209 USA on Nov. 21, 2000. In another embodiment, 
10, 11-dehydroepothilone D may be isolated from M. xan 
thus strain K111-72-4.4 that expresses the epothilone 
polyketide synthase and contains an epoK gene With an 
inactivating in frame deletion. Strain K111-72-4.4 (PTA 
2713) also Was deposited With the ATCC on Nov. 21, 2000. 
Methods for fermentation of these strains, puri?cation of 10, 
11-dehydroepothilone D produced by these strains, and 
recombinant strains that make 10, 11-dehydroepothilone D 
are described in related application U.S. Ser. No. 
?led on the same day as the present application by inventors 
Robert Arslanian, John Carney and Brian Metcalf entitled 
EPOTHILONE COMPOUNDS AND METHODS FOR 
MAKING AND USING THE SAME (Morrison & Foerster 
Docket No. 30062-30031.XX). 

[0136] Recombinant techniques can be used to make sub 
set of the compounds of the present invention. These com 
pounds include those With substitutents at the C-2 and/or 
C-6 and/or C-8 and/or C-10 and/or C-14 positions that differ 
from the naturally occurring epothilones A-D. Procedures 
for making these kinds of changes in heterologous hosts 
such as Myxococcus xanthus, Steptomyces lividians, and 
Pseudomonas ?uorescens are described in US. Ser. No. 
09/443,501 ?led Nov. 19, 1999 entitled RECOMBINANT 
METHODS AND MATERIALS FOR PRODUCING 
EPOTHILONE AND EPOTHILONE DERIVATIVES 
Which is incorporated herein by reference. Among other 
things, the application provides the nucleotide sequence of 
the epothilone PKS and modi?cation enZyme genes cloned 
from Sorangium cellulosum SMP44; cosmids containing 
overlapping fragments of the epothilone PKS and modi? 
cation enZyme genes; plasmid pairs having the full comple 
ment of epoA, epoB, epoC, epoD, epoE, epoF, epoK, and 
epoL genes; and heterologous host cells for making 
epothilones and epothilone derivatives. Cosmids, pKOS35 
70.1A2 (ATCC 203782), pKOS35-70.4 (ATCC 203781), 
pKOS35-70.8A3 (ATCC 203783), and pKOS35-79.85 
(ATCC 203780); plasmid pair, pKOS039-124R (PTA-926) 
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and pKOS039-126R (PTA-927); and strain K111-32.25 
(PTA-1700) derived from Myxococcus xanthus containing 
all the epothilone genes and their promoters, have been 
deposited With the ATCC on Apr. 14, 2000. Additional 
procedures for making epothilones in Myxococcus xanthus 
are described in: US. Ser. No. 09/560,367 ?led Apr. 28, 
2000 entitled PRODUCTION OF POLYKETIDES; U.S. 
Ser. No. ?led Sep. 14, 2000 entitled PRODUCTION 
OF POLYKETIDES (Morrison & Foerster Docket No. 
30062-30031.21); U.S. Ser. No. ?led Dec. 12, 2000 
entitled PRODUCTION OF POLYKETIDES (Morrison & 
Foerster Docket No. 30062-30031.22); and US. Ser. 
No. ?led Feb. 13, 2001 entitled PRODUCTION OF 
POLYKETIDES (Morrison & Foerster Docket No. 30062 
3003123), all of Which are also incorporated herein by 
reference. Illustrative examples of compounds that may be 
made using recombinant techniques include: 2-methyl-10, 
11-dehydroepothilone C or D; 6-desmethyl-10,11-dehydroe 
pothilone C or D; 8-desmethyl-10,11-dehydroepothilone C 
or D; 10-methyl-10,11-dehydroepothilone C or D; and 
14-methyl-10,11-dehydroepothilone C or D. 

[0137] In another aspect of the present invention, biologi 
cally derived strategies are used to modify certain com 
pounds of the present invention regardless of Whether the 
compounds are made biologically or by de novo chemical 
synthesis. In one embodiment, a microbially-derived 
hydroxylase is used to hydroxylate a terminal alkane, par 
ticularly an alkyl substituent of the thiaZole moiety of the 
inventive compounds. Protocols for effectuating such a 
transformation are described for example by PCT Publica 
tion No. WO 00/39276 Which is incorporated herein in its 
entirety by reference. Example 26 describes in greater detail 
the hydroxylation of the C-20 methyl of 10,11-dehydroe 
pothilone D to 21-hydroxy-10,11-dehydroepothilone D. 
This general method can be readily adapted for making 
corresponding 21-hydroxy derivatives from other com 
pounds of the invention. 

[0138] In another embodiment, Epo K, a P450 epoxidase 
that performs the epoxidation reaction in host cells that 
naturally produce epothilones or another epoxylase may be 
used to make 12, 13-epoxy versions of the compounds of the 
present invention. A general method for using EpoK for 
epoxidation is described by Example 5 of PCT publication 
WO 00/31247 Which is incorporated herein by reference. 
Example 27 describes in greater detail the epoxidation of 
10,11-dehydroepothilone D to 10,11-dehydroepothilone B, 
the general method Which can be readily adapted for making 
corresponding 12,13-epoxide derivatives from other com 
pounds of the invention. 

[0139] Alternatively, the epoxidation reaction can occur 
by contacting an epothilone compound containing a double 
bond at a position that corresponds to the bond betWeen 
carbon-12 and carbon 13 to a culture of cells that expresses 
a functional Epo K. Such cells include the myxobacterium 
Sorangium cellulosum. In particularly preferred embodi 
ments, the Sorangium cellulosum expresses Epo K but does 
not contain a functional epothilone polyketide synthase 
(“PKS”) gene. Such strains may be made by mutagenesis 
Where one or more mutations in the epothilone PKS gene 
render it inoperative. Such mutants can occur naturally 
(Which may be found by screening) or can be directed using 
either mutagens such as chemicals or irradation or by 
genetic manipulation. A particularly effective strategy for 
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making strains With an inoperative epothilone PKS is 
homologous recombination as described by PCT publication 
WO 00/31247. 

[0140] Formulation 

[0141] A composition of the present invention generally 
comprises an inventive compound and a pharmaceutically 
acceptable carrier. The inventive compound may be free 
form or Where appropriate as pharmaceutically acceptable 
derivatives such as prodrugs, and salts and esters of the 
inventive compound. 

[0142] The composition may be in any suitable form such 
as solid, semisolid, or liquid form. See Pharmaceutical 
Dosage Forms and Drug Delivery Systems, 5th edition, 
Lippicott Williams & Wilkins (1991) Which is incorporated 
herein by reference. In general, the pharmaceutical prepa 
ration Will contain one or more of the compounds of the 
invention as an active ingredient in admixture With an 
organic or inorganic carrier or excipient suitable for exter 
nal, enteral, or parenteral application. The active ingredient 
may be compounded, for example, With the usual non-toxic, 
pharmaceutically acceptable carriers for tablets, pellets, cap 
sules, suppositories, pessaries, solutions, emulsions, suspen 
sions, and any other form suitable for use. The carriers that 
can be used include Water, glucose, lactose, gum acacia, 
gelatin, mannitol, starch paste, magnesium trisilicate, talc, 
corn starch, keratin, colloidal silica, potato starch, urea, and 
other carriers suitable for use in manufacturing preparations, 
in solid, semi-solid, or liqui?ed form. In addition, auxiliary 
stabilizing, thickening, and coloring agents and perfumes 
may be used. 

[0143] In one embodiment, the compositions containing 
an inventive compound are Cremophor®-free. Cremophor® 
(BASF Aktiengesellschaft) is a polyethoxylated castor oil 
Which is typically used as a surfactant in formulating loW 
soluble drugs. HoWever, because Cremophor® can case 
allergic reactions in a subject, compositions that minimiZe or 
eliminate Cremophor® are preferred. Formulations of 
epothilone Aor B that eliminate Cremophor® are described 
for example by PCT Publication WO 99/39694 Which is 
incorporated herein by reference and may be adapted for use 
With the inventive compounds. 

[0144] Where applicable, the inventive compounds may 
be formulated as microcapsules and nanoparticles. General 
protocols are described for example, by Microcapsules and 
Nanoparticles in Medicine and Pharmacy by Max DonbroW, 
ed., CRC Press (1992) and by US. Pat. Nos. 5,510,118; 
5,534,270; and 5,662,883 Which are all incorporated herein 
by reference. By increasing the ratio of surface area to 
volume, these formulations alloW for the oral delivery of 
compounds that Would not otherWise be amenable to oral 
delivery. 

[0145] The inventive compounds may also be formulated 
using other methods that have been previously used for loW 
solubility drugs. For example, the compounds may form 
emulsions With vitamin E or a PEGylated derivative thereof 
as described by WO 98/30205 and 00/71163Which are 
incorporated herein by reference. Typically, the inventive 
compound is dissolved in an aqueous solution containing 
ethanol (preferably less than 1% W/v). Vitamin E or a 
PEGylated-vitamin E is added. The ethanol is then removed 
to form a pre-emulsion that can be formulated for intrave 
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nous or oral routes of administration. Another strategy 
involves encapsulating the inventive compounds in lipo 
somes. Methods for forming liposomes as drug delivery 
vehicles are Well knoWn in the art. Suitable protocols include 
those described by US. Pat. Nos. 5,683,715; 5,415,869, and 
5,424,073 Which are incorporated herein by reference relat 
ing to another relatively loW solubility cancer drug taxol and 
by PCT Publication WO 01/10412 Which is incorporated 
herein by reference relating to epothilone B. Of the various 
lipids that may be used, particularly preferred lipids for 
making epothilone-encapsulated liposomes include phos 
phatidylcholine and polyethyleneglycol-derivitiZed distearyl 
phosphatidylethanolamine. Example 28 provides an illustra 
tive protocol for making liposomes containing 10, 11-dehy 
droepothilone D, the general method Which can be readily 
adapted to make liposomes containing other compounds of 
the present invention. 

[0146] Yet another method involves formulating the 
inventive compounds using polymers such as polymers such 
as biopolymers or biocompatible (synthetic or naturally 
occurring) polymers. Biocompatible polymers can be cat 
egoriZed as biodegradable and non-biodegradable. Biode 
gradable polymers degrade in vivo as a function of chemical 
composition, method of manufacture, and implant structure. 
Illustrative examples of synthetic polymers include polyan 
hydrides, polyhydroxyacids such as polylactic acid, polyg 
lycolic acids and copolymers thereof, polyesters polyamides 
polyorthoesters and some polyphosphaZenes. Illustrative 
examples of naturally occurring polymers include proteins 
and polysaccharides such as collagen, hyaluronic acid, albu 
min, and gelatin. 

[0147] Another method involves conjugating the com 
pounds of the present invention to a polymer that enhances 
aqueous solubility. Examples of suitable polymers include 
polyethylene glycol, poly-(d-glutamic acid), poly-(1 
glutamic acid), poly-(1-glutamic acid), poly-(d-aspartic 
acid), poly-(1-aspartic acid), poly-(1-aspartic acid) and 
copolymers thereof. Polyglutamic acids having molecular 
Weights betWeen about 5,000 to about 100,000 are preferred, 
With molecular Weights betWeen about 20,000 and 80,000 
being more preferred and With molecular Weights betWeen 
about 30,000 and 60,000 being most preferred. The polymer 
is conjugated via an ester linkage to one or more hydroxyls 
of an inventive epothilone using a protocol as essentially 
described by US. Pat. No. 5,977,163 Which is incorporated 
herein by reference, and by Example 29. Preferred conju 
gation sites include the hydroxyl off carbon-21 in the case of 
21-hydroxy-derivatives of the present invention. Other con 
jugation sites include the hydroxyl off carbon 3 and the 
hydroxyl off carbon 7. 

[0148] In another method, the inventive compounds are 
conjugated to a monoclonal antibody. This strategy alloWs 
the targeting of the inventive compounds to speci?c targets. 
General protocols for the design and use of conjugated 
antibodies are described in Monoclonal Antibody-Based 
Therapy of Cancer by Michael L. Grossbard, ed. (1998) 
Which is incorporated herein by reference. 

[0149] The amount of active ingredient that may be com 
bined With the carrier materials to produce a single dosage 
form Will vary depending upon the subject treated and the 
particular mode of administration. For example, a formula 
tion for intravenous use comprises an amount of the inven 
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tive compound ranging from about 1 mg/mL to about 25 
mg/mL, preferably from about 5 mg/mL to 15 mg/mL, and 
more preferably about 10 mg/mL. Intravenous formulations 
are typically diluted betWeen about 2 fold and about 30 fold 
With normal saline or 5% dextrose solution prior to use. 

[0150] Methods to Treat Cancer 

[0151] In one aspect of the present invention, the inventive 
compounds are used to treat cancer. In one embodiment, the 
compounds of the present invention are used to treat cancers 
of the head and neck Which include tumors of the head, neck, 
nasal cavity, paranasal sinuses, nasopharynx, oral cavity, 
oropharynx, larynx, hypopharynx, salivary glands, and 
paragangliomas. In another embodiment, the compounds of 
the present invention are used to treat cancers of the liver 
and biliary tree, particularly hepatocellular carcinoma. In 
another embodiment, the compounds of the present inven 
tion are used to treat intestinal cancers, particularly colorec 
tal cancer. In another embodiment, the compounds of the 
present invention are used to treat ovarian cancer. In another 
embodiment, the compounds of the present invention are 
used to treat small cell and non-small cell lung cancer. In 
another embodiment, the compounds of the present inven 
tion are used to treat breast cancer. In another embodiment, 
the compounds of the present invention are used to treat 
sarcomas Which includes ?brosarcoma, malignant ?brous 
histiocytoma, embryonal rhabdomysocarcoma, leiomysosa 
rcoma, neuro?brosarcoma, osteosarcoma, synovial sarcoma, 
liposarcoma, and alveolar soft part sarcoma. In another 
embodiment, the compounds of the present invention are 
used to treat neoplasms of the central nervous systems, 
particularly brain cancer. In another embodiment, the com 
pounds of the present invention are used to treat lymphomas 
Which include Hodgkin’s lymphoma, lymphoplasmacytoid 
lymphoma, follicular lymphoma, mucosa-associated lym 
phoid tissue lymphoma, mantle cell lymphoma, B-lineage 
large cell lymphoma, Burkitt’s lymphoma, and T-cell ana 
plastic large cell lymphoma. 

[0152] The method comprises administering a therapeuti 
cally effective amount of an inventive compound to a subject 
suffering from cancer. The method may be repeated as 
necessary either to contain (i.e. prevent further groWth) or to 
eliminate the cancer. Clinically, practice of the method Will 
result in a reduction in the siZe or number of the cancerous 
groWth and/or a reduction in associated symptoms (Where 
applicable). Pathologically, practice of the method Will 
produce at least one of the folloWing: inhibition of cancer 
cell proliferation, reduction in the siZe of the cancer or 
tumor, prevention of further metastasis, and inhibition of 
tumor angiogenesis. 

[0153] The compounds and compositions of the present 
invention can be used in combination therapies. In other 
Words, the inventive compounds and compositions can be 
administered concurrently With, prior to, or subsequent to 
one or more other desired therapeutic or medical procedures. 
The particular combination of therapies and procedures in 
the combination regimen Will take into account compatibil 
ity of the therapies and/or procedures and the desired 
therapeutic effect to be achieved. 

[0154] In one embodiment, the compounds and composi 
tions of the present invention are used in combination With 
another anti-cancer agent or procedure. Illustrative examples 
of other anti-cancer agents include but are not limited to: 
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alkylating drugs such as mechlorethamine, chlorambucil, 
Cyclophosphamide, Melphalan, Ifosfamide; (ii) antimetabo 
lites such as methotrexate; (iii) microtubule stabilizing 
agents such as vinblastin, paclitaxel, docetaxel, and disco 
dermolide; (iv) angiogenesis inhibitors; (v) and cytotoxic 
antibiotics such as doxorubicon (adriamycin), bleomycin, 
and mitomycin. Illustrative examples of other anti-cancer 
procedures include: surgery; (ii) radiotherapy; and (iii) 
photodynamic therapy. 

[0155] In another embodiment, the compounds and com 
positions of the present invention are used in combination 
With an agent or procedure to mitigate potential side effects 
from the inventive compound or composition such as diar 
rhea, nausea and vomiting. Diarrhea may be treated With 
antidiarrheal agents such as opioids (e.g. codeine, diphe 
noxylate, difenoxin, and loeramide), bismuth subsalicylate, 
and octreotide. Nausea and vomiting may be treated With 
antiemetic agents such as dexamethasone, metoclopramide, 
diphenyhydramine, loraZepam, ondansetron, prochlorpera 
Zine, thiethylperaZine, and dronabinol. For those composi 
tions that includes polyethoxylated castor oil such as Cre 
mopho®, pretreatment With corticosteroids such as 
dexamethasone and methylprednisolone and/or H1 antago 
nists such as diphenylhydramine HCl and/or H2 antagonists 
may be used to mitigate anaphylaxis. Illustrative formula 
tions for intravenous use and pretreatment regiments are 
described by Examples 30 and 31 respectively. 

[0156] Methods of Treating of Non-cancer, Cellular 
Hyperproliferative Disorders 

[0157] In another aspect of the present invention, the 
inventive compounds are used to treat non-cancer disorders 
that are characteriZed by cellular hyperproliferation. In one 
embodiment, the compounds of the present invention are 
used to treat psoriasis, a condition characteriZed by the 
cellular hyperproliferation of keratinocytes Which builds up 
on the skin to form elevated, scaly lesions. The method 
comprises administering a therapeutically effective amount 
of an inventive compound to a subject suffering from 
psoriasis. The method may be repeated as necessary either to 
decrease the number or severity of lesions or to eliminate the 
lesions. Clinically, practice of the method Will result in a 
reduction in the siZe or number of skin lesions, diminution 
of cutaneous symptoms (pain, burning and bleeding of the 
affected skin) and/or a reduction in associated symptoms 
(e.g., joint redness, heat, sWelling, diarrhea, abdominal 
pain). Pathologically, practice of the method Will result in at 
least one of the folloWing: inhibition of keratinocyte prolif 
eration, reduction of skin in?ammation (for example, by 
impacting on: attraction and groWth factors, antigen presen 
tation, production of reactive oxygen species and matrix 
metalloproteinases), and inhibition of dermal angiogenesis. 

[0158] In another embodiment, the compounds of the 
present invention are used to treat multiple sclerosis, a 
condition characteriZed by progressive demyelination in the 
brain. Although the exact mechanisms involved in the loss 
of myelin are not understood, there is an increase in astro 
cyte proliferation and accumulation in the areas of myelin 
destruction. At these sites, there is macrophage-like activity 
and increased protease activity Which is at least partially 
responsible for degradation of the myelin sheath. The 
method comprises administering a therapeutically effective 
amount of an inventive compound to a subject suffering 
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from multiple sclerosis. The method may be repeated as 
necessary to inhibit astrocyte proliferation and/or lessen the 
severity of the loss of motor function and/or prevent or 
attenuate chronic progression of the disease. Clinically, 
practice of the method Will result in in improvement in 
visual symptoms (visual loss, diplopia), gait disorders 
(Weakness, axial instability, sensory loss, spasticity, hyper 
re?exia, loss of dexterity), upper extremity dysfunction 
(Weakness, spasticity, sensory loss), bladder dysfunction 
(urgency, incontinence, hesitancy, incomplete emptying), 
depression, emotional lability, and cognitive impairment. 
Pathologically, practice of the method Will result in the 
reduction of one or more of the folloWing, such as myelin 
loss, breakdoWn of the blood-brain barrier, perivascular 
in?ltration of mononuclear cells, immunologic abnormali 
ties, gliotic scar formation and astrocyte proliferation, met 
alloproteinase production, and impaired conduction veloc 
ity. 
[0159] In another embodiment, the compounds of the 
present invention are used to treat rheumatoid arthritis, a 
multisystem chronic, relapsing, in?ammatory disease that 
sometimes leads to destruction and ankyiosis of affected 
joints. Rheumatoid arthritis is characteriZed by a marked 
thickening of the synovial membrane Which forms villous 
projections that extend into the joint space, multilayering of 
the synoviocyte lining (synoviocyte proliferation), in?ltra 
tion of the synovial membrane With White blood cells 
(macrophages, lymphocytes, plasma cells, and lymphoid 
follicles; called an “in?ammatory synovitis”), and deposi 
tion of ?brin With cellular necrosis Within the synovium. The 
tissue formed as a result of this process is called pannus and, 
eventually the pannus groWs to ?ll the joint space. The 
pannus develops an extensive netWork of neW blood vessels 
through the process of angiogenesis that is essential to the 
evolution of the synovitis. Release of digestive enZymes 
(matrix metalloproteinases (e.g., collagenase, stromelysin)) 
and other mediators of the in?ammatory process (e.g., 
hydrogen peroxide, superoxides, lysosomal enZymes, and 
products of arachadonic acid metabolism) from the cells of 
the pannus tissue leads to the progressive destruction of the 
cartilage tissue. The pannus invades the articular cartilage 
leading to erosions and fragmentation of the cartilage tissue. 
Eventually there is erosion of the subchondral bone With 
?brous ankylosis and ultimately bony ankylosis, of the 
involved joint. 
[0160] The method comprises administering a therapeuti 
cally effective amount of an inventive compound to a subject 
suffering from rheumatoid arthritis. The method may be 
repeated as necessary to accomplish to inhibit synoviocyte 
proliferation and/or lessen the severity of the loss of move 
ment of the affected joints and/or prevent or attenuate 
chronic progression of the disease. Clinically, practice of the 
present invention Will result in one or more of the folloWing: 
(i) decrease in the severity of symptoms (pain, sWelling and 
tenderness of affected joints; morning stiffness, Weakness, 
fatigue, anorexia, Weight loss); (ii) decrease in the severity 
of clinical signs of the disease (thickening of the joint 
capsule, synovial hypertrophy, joint effusion, soft tissue 
contractures, decreased range of motion, ankylosis and ?xed 
joint deformity); (iii) decrease in the extra-articular mani 
festations of the disease (rheumatic nodules, vasculitis, 
pulmonary nodules, interstitial ?brosis, pericarditis, epis 
cleritis, iritis, Felty’s syndrome, osteoporosis); (iv) increase 
in the frequency and duration of disease remission/ symp 
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tom-free periods; (v) prevention of ?xed impairment and 
disability; and/or (vi) prevention/attenuation of chronic pro 
gression of the disease. Pathologically, practice of the 
present invention Will produce at least one of the following: 
(i) decrease in the in?ammatory response; (ii) disruption of 
the activity of in?ammatory cytokines (such as IL-I, TNFa, 
FGF, VEGF); (iii) inhibition of synoviocyte proliferation; 
(iv) inhibition of matrix metalloproteinase activity, and/or 
(v) inhibition of angiogenesis. 

[0161] In another embodiment, the compounds of the 
present invention are used to threat atherosclerosis and/or 
restenosis, particularly in patients Whose blockages may be 
treated With an endovascular stent. Atheroschlerosis is a 
chronic vascular injury in Which some of the normal vas 
cular smooth muscle cells (“VSMC”) in the artery Wall, 
Which ordinarily control vascular tone regulating blood ?oW, 
change their nature and develop “cancer-like” behavior. 
These VSMC become abnormally proliferative, secreting 
substances (groWth factors, tissue-degradation enZymes and 
other proteins) Which enable them to invade and spread into 
the inner vessel lining, blocking blood ?oW and making that 
vessel abnormally susceptible to being completely blocked 
by local blood clotting. Restenosis, the recurrence of steno 
sis or artery stricture after corrective procedures, is an 
accelerated form of atherosclerosis. 

[0162] The method comprises coating a therapeutically 
effective amount of an inventive compound on a stent and 
delivering the stent to the diseased artery in a subject 
suffering from atherosclerosis. Methods for coating a stent 
With a compound are described for example by US. Pat. 
Nos. 6,156,373 and 6,120,847. Clinically, practice of the 
present invention Will result in one or more of the folloWing: 
(i) increased arterial blood ?oW; (ii) decrease in the severity 
of clinical signs of the disease; (iii) decrease in the rate of 
restenosis; or (iv) prevention/attenuation of the chronic 
progression of atherosclerosis. Pathologically, practice of 
the present invention Will produce at least one of the 
folloWing at the site of stent implantation: decrease in the 
in?ammatory response, (ii) inhibition of VSMC secretion of 
matrix metalloproteinases; (iii) inhibition of smooth muscle 
cell accumulation; and (iv) inhibition of VSMC phenotypic 
differentiation. 

[0163] Dosage Levels 

[0164] In one embodiment, dosage levels that are admin 
istered to a subject suffering from cancer or a non-cancer 
disorder characteriZed by cellular proliferation are of the 
order from about 1 mg/m2 to about 200 mg/m2 Which may 
be administered as a bolus (in any suitable route of admin 
istration) or a continuous infusion (eg 1 hour, 3 hours, 6 
hours, 24 hours, 48 hours or 72 hours) every Week, every 
tWo Weeks, or every three Weeks as needed. It Will be 
understood, hoWever, that the speci?c dose level for any 
particular patient depends on a variety of factors. These 
factors include the activity of the speci?c compound 
employed; the age, body Weight, general health, sex, and 
diet of the subject; the time and route of administration and 
the rate of excretion of the drug; Whether a drug combination 
is employed in the treatment; and the severity of the con 
dition being treated. 

[0165] In another embodiment, the dosage levels are from 
about 10 mg/m2 to about 150 mg/m2, preferably from about 
10 to about 75 mg/m2 and more preferably from about 15 
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mg/m2 to about 50 mg/m2 once every three Weeks as needed 
and as tolerated. In another embodiment, the dosage levels 
are from about 1 mg to about 150 mg/m2, preferably from 
about 10 mg/m2 to about 75 mg/m2 and more preferably 
from about 25 mg/m2 to about 50 mg/m2 once every tWo 
Weeks as needed and as tolerated. In another embodiment, 
the dosage levels are from about 1 mg/m2 to about 100 
mg/m2, preferably from about 5 mg/m2 to about 50 Mg/m2 
and more preferably from about 10 Mg/m2 to about 25 
mg/m once every Week as needed and as tolerated. In 
another embodiment, the dosage levels are from about 0.1 to 
about225 mg/m2, preferably from about 0.5 to about 15 
mg/m and more preferably from about 1 mg/m2 to about 10 
mg/m2 once daily as needed and tolerated. 

[0166] A detailed description of the invention having been 
provided above, the folloWing examples are given for the 
purpose of illustrating the present invention and shall not be 
construed as being a limitation on the scope of the invention 
or claims. 

EXAMPLE 1 

[0167] Biological Activity 
[0168] 10,11-Dehydroepothilone D Was screened for anti 
cancer activity in four different human tumor cell lines using 
sulforhodamine B (SRB) assay. 10,11-dehydroepothilone D 
shoWs groWth inhibitory effect on all four cell lines With 
ICSOs ranging from 28 nM to 40 nM. The mechanism of 
action Was determined by a cell-based tubulin polymeriZa 
tion assay Which revealed that the compound promotes 
tubulin polymeriZation. Human cancer cell lines MCF-7 
(breast), NCI/ADR-Res (breast, MDR), SF-268 (glioma), 
NCI-H460 (lung) Were obtained from National Cancer Insti 
tute. The cells Were maintained in a 5% CO2-humidi?ed 
atmosphere at 37 degree in RPMI 1640 medium (Life 
Technology) supplemented With 10% fetal bovine serum 
(Hyclone) and 2 mM L-glutamine. 

[0169] Cytotoxicity of 10, 11-dehydroepothilone D Was 
determined by SRB assay (Skehan et al., J. Natl. Cancer 
Inst. 82: 1107-1112 (1990) Which is incorporated herein by 
reference). Cultured cells Were trypsiniZed, counted and 
diluted to the folloWing concentrations per 100 pl With 
groWth medium: MCF-7, 5000; NCI/ADR-Res, 7500; NCI 
H460, 5000; and, SF-268, 7500. The cells Were seeded at 
100 nl/Well in 96-well microtiter plates. TWenty hours later, 
100 pl of 10, 11-dehydroepothilone D (ranging from 1000 
nM to 0.001 nM diluted in groWth medium) Were added to 
each Well. After incubation With the compound for 3 days, 
the cells Were ?xed With 100 pl of 10% trichloric acid 
(“TCA”) at 4 degree for 1 hour, and stained With 0.2% 
SRB/1% acetic acid at room temperature for 20 minutes. 
The unbound dye Was rinsed aWay With 1% acetic acid, and 
the bound SRB Was then extracted by 200 pl of 10 mM Tris 
base. The amount of bound dye Was determined by OD 515 
nm, Which correlates With the total cellular protein contents. 
The data Were then analyZed using Kaleida Graph program 
and the ICSO’s calculated. Epothione D that Was chemically 
synthesiZed Was tested in parallel for comparison. 

[0170] For tubulin polymeriZation assay, MCF-7 cells 
Were groWn to con?uency in 35 mm-culture dishes and 
treated With 1 nM of either 10, 11-dehydroepothilone D or 
epothilone D for 0, 1 or 2 hours at 37 degree (Giannakakou 
et al.,]. Biol. Chem. 271:17118-17125 (1997);Int. J. Cancer 


























































