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compound of formula (I) where a salt-forming group Is present. A further aspect of the invention Is related to the synthesis of

epothilone E. These compounds have Inter alia microtubuli depolymerisation inhibiting activity and are e.g. useful against
proliferative diseases.
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The invention relates to epothilone analog represented by formula (I) wherein (i) Rz is absent or oxygen; "a" can be either a single
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or double bond; "b" can be either absent or a single bond; and "c" can be either absent or a single bond, with the proviso that if R, is
oxygen then "b" and ''c" are both a single bond and "a" is a single bond; if Rz is absent then "b" and "¢" are absent and "a" is a double
bond; and if "a" is a double bond, then Ry, "b" and "c" are absent; Rj is a radical selected from the group consisting of hydrogen; lower
alkyl; ~CH=CHy, -C=CH; —-CH2F; ~CH2Cl; -CH2-OH; -CH2-0-(C)~Cg—alkyl); and —-CH2-S—(C)-Cg—alkyl); R4 and Rs are independently
selected from hydrogen, methyl or a protecting group; and R, is as defined in the specification, or a salt of a compound of formula (I)

where a salt-forming group is present. A further aspect of the invention is related to the synthesis of epothilone E. These compounds have
inter alia microtubuli depolymerisation inhibiting activity and are e.g. useful against proliferative diseases.
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Epothilone Derivatives and their Synthesis and Use

Summary of the invention
The present invention relates to epothilone analogé having side chain modifications and to

methods for producing such compounds, their use in the therapy of diseases or for the ma-
nufacture of pharmaceutical preparations for the treatment of diseases, as well as to novel

intermediates used in the synthesis of such analogs and new methods of synthesis.

Government Rights
This invention was made with government support under Grant CA 46446 awarded by the
National Institutes of Health. The U.S. government has cenrtain rights in the invention.

Background of the invention .

The epothilones (1-5) are natural substances which exhibit cytotoxicity even against paclita-
xel-resistant tumor cells by promoting the polymerization of o~ and B-tubulin subunits and
stabilizing the resulting microtubule assemblies. Epothilones displace paclitaxel (the active

principle of TAXOL™) from its microtubuli binding site and are reported to be more potent

than paclitaxel with respect to the stabilization of microtubules.

*R.., *R.,
‘“, S o,"‘ S
e B \ />"F31 2 X 13 \ />__
HOL 7 _~". AN N HOL7 i, 15 AN N 2
i“\ 1 O \\\ 1 O
6 = 6 -
0O :
oH O O oH O

R = H: epothilone C
: R = Me: epothilone D

1: R = H, R' = Me: epothilone A a
2: R = Me, R! = Me: epothilone B 5
3.R= CH,OH: epothilone &

o
L
]

What is needed are analogs of epothilone A and B that exhibit superior pharmacological
properties, especially one or more of the foliowing properties: an enhanced therapeutic
index (e.g. a larger range of cytotoxic doses against e.g. proliferative diseases without toxi-
city to normal cells), better pharmakokinetic properties, better pharmacodynamic properties,

better solubility in water, better efficiency against tumor types that are or become resistant
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to treatment with one or more other chemotherapeutics, better properties to facilitate manu-
tacture of formulations, e.g. better solubility in polar solvents, especially those comprising
water, enhanced stability, convenient manufacture of the compounds as such, improved
inhibition of proliferation at the cellular level, high levels of microtubule stabilizing effects,
and/or specific pharmacologic profiles.

Detailed descrigtion of the invention:

The present invention relates to new compounds that surprisingly have one or more of the

above-mentioned advantages.

One major aspect of the invention relates to an epothilone analog compound represented

by the formula |

R;

()

wherein
the waved bond indicates that bond “a” is present either in the cis or in the trans form;

() Rz is absent or oxygen; “a” can be either a single or double bond: “b” can be either
absent or a single bond; and “c” can be either absent or a single bond, with the proviso that
if Rz is oxygen then “b” and “c” are both a single bond and “a” is a single bond; if R, is
absent then “b" and “c” are absent and “a” is a double bond; and if “a” is a double bond.
then Rz, “b” and “¢” are absent;

Rsis a radical selected from the group consisting of hydrogen; lower alkyl, especially
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyi, n-pentyl, n-hexyl; -CH=CH,:
-C=CH; -CH,F; -CH,CI; -CH,-OH; -CH,-O-(C,-Cg-alkyl), especially -CH,-O-CH,; and -CH,-S-
(C1-Ce-alkyl), especially -CH,-S-CHj;

R4 and Rs are independently selected from hydrogen, methyi or a protecting group,

preferably hydrogen; and
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R is a radical selected from the following structures:

N NR NR
R-N
Dl )4;\>— , )4@ )
NR N N N
S S S '
> J
| N/ , X‘[N/>—O-CH3 , and )(‘[ />_ NH, - or, in a broader
N

CH,OH

aspect of the invention, of the formuia

CH,F
Q b )O/ - ){(\j\
s ' o - ’ y ’
N CH,OH N N N CH,F
S |
BN
£ />—O‘CHZCH3 or
N o
N

wherein R and R’ are lower alkyl, especially methyl, or, in a broader aspect of the invention,

turthermore R’ is hydroxymethy! or fluoromethyl and R is hydrogen or methyt;

() and, it R, is lower alkyl, especially methyl, ethyl, n-propyl, ISO-propyl, n-butyl, iso-butyl,
tert-butyi, n-pentyl, n-hexyl; -CH=CH,; -C=CH; -CH,F; -CH,CI; -CH,-OH: -CH2-0-(Cy-Cs-
alkyl), especially -CH,-O-CHg; or -CH,-S-(C,-Cg-alkyl), especially -CH,-S-CH,, and the other
symbols except R, have the meanings given above, R, can ailso be a radical selected from

the following structures:
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' /
"N N N N
N N\ NT N S
S F S
)gN/>—/ , )(EN/>— N(CH;), and )<|£S/>'—S'CH3 . or, if Rs has

one of the meanings given in the definition of R; above under (ii) other than methyl, R, can

X

also be a radical of the formula

o
N

(i) and, if Ry is hydrogen, lower alkyl, especially methyl, ethyl, n-propyl, iso-propyl, n-butyl,
Iso-butyl, tert-butyl, n-pentyl, n-hexyl; -CH=CH,; -C=CH: -CH;F: -CH,CI:

-CH2-OH; -CH,-O-(C,-Cg-alkyl), especially -CH,-O-CHs: or -CH2-S-(C4-Ce-alkyl), especially -
CH,-S-CH;,

and

R2 is oxygen, “b” and “c” are each a single bond and “a” is a single bond,

then R, can also be a radical of the partial formula:

(iv) and, if R; is lower alkyl other than methyl|, especially ethyl, n-propyl, iso-propyl, n-butyl,
Iso-butyl, tert-butyl, n-pentyl, n-hexyl; or preferably is -CH=CH,: -C=CH: -CH,F; -CH,LCI: -
CH,-OH; -CH,-O-(C;-Ce-alkyl), especially -CH»-O-CHa: or -CH>-S-(C+-Cg-alkyl), especially -
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CH,-S-CHj3; and the other symbols except for Ry have the meanings given above under (i),

R; can also be a moiety of the formula

S OH
"

or a salt of a compound of the formula | where a salt-forming group is present.

A turther aspect of the invention relates to a method of synthesis of a compound of the

Q (
< S OH
HO X \ N/

formula (wherein Q is hydrogen or

\

/

HO N

The general terms used hereinbefore and hereinafter preferably have within the context of

this disclosure the following meanings, unless otherwise indicated:

The term “lower” means that the respective radical preterably has up to and including 7,

more preterably up to and inciuding 4 carbon atoms.

Lower alkyl can be linear or branched one or more times and has preferably up to and

Including 7, more preferably up to and including 4 carbon atoms. Preterably, lower alkyl is
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methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl or further n-pentyl or n-hexyl. -

A protecting group is preferably a standard protecting group. If one or more other functional
groups, for example carboxy, hydroxy, amino, or mercapto, are or need to be protected in a
compound of formulae |, because they should not take part in the reaction, these are such
groups as are usually used in the synthesis of peptide compounds, and also of cephalo-

sporins and penicillins, as well as nucleic acid derivatives and sugars.

The protecting groups may already be present in precursors and should protect the func-
tional groups concerned against unwanted secondary reactions, such as acylations, etheri-
fications, esterifications, oxidations, solvolysis, and similar reactions. It is a characteristic of
protecting groups that they lend themselves readily, i.e. without undesired secondary reac-
tions, to removal, typically by solvolysis, reduction, photolysis or aiso by enzyme activity, for
example under conditions analogous to physiological conditions, and that they are not pre-
sent in the end-products. The specialist knows, or can easily establish, which protecting

groups are suitable with the reactions mentioned hereinabove and hereinafter.

The protection of such functional groups by such protecting groups, the protecting groups
themselves, and their removal reactions are described for example in standard reference
works, such as J. F. W. McOmie, "Protective Groups in Organic Chemistry”, Plenum Press,
London and New York 1973, in T. W. Greene, "Protective Groups in Organic Synthesis",
Wiley, New York 1981, in "The Peptides"; Volume 3 (editors: E. Gross and J. Meienhofer),
Academic Press, London and New York 1981, in "Methoden der organischen Chemie"
(Methods of organic chemistry), Houben Weyl, 4th edition, Volume 15/l, Georg Thieme
Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jescheit, "Aminoséuren, Peptide, Proteine”
(Amino acids, peptides, proteins), Verlag Chemie, Weinheim, Deerfield Beach, and Basel
1982, and in Jochen Lehmann, "Chemie der Kohlenhydrate: Monosaccharide und Derivate"
(Chemistry of carbohydrates: monosaccharides and derivatives), Georg Thieme Verlag,

Stuttgart 1974. Especially preferred protecting groups are hydroxy protecting groups, such
as tert-butyldimethylsilyl or trityl.

Rs and Rs are preferably hydrogen.
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The waved bond starting from the carbon atom bearing R; means that bond “a” is present in
the trans- or preterably the cis-form.

Salts are especially the pharmaceutically acceptable salts of compounds of formula |.

Such salts are formed, for example, as acid addition salts, preferably with organic or inor-
ganic acids, from compounds of formula | with a basic nitrogen atom, especially the phar-
maceutically acceptable salts. Suitable inorganic acids are, for example, halogen acids,
such as hydrochioric acid, sulfuric acid, or phosphoric acid. Suitable organic acids are, for
example, carboxylic, phosphonic, sulfonic or sulfamic acids, for example acetic acid, pro-
pionic acid, octanoic acid, decanoic acid, dodecanoic acid, glycolic acid, lactic acid, fumaric
acid, succinic acid, adipic acid, pimelic acid, suberic acid, azelaic acid, malic acid, tartaric
acid, citric acid, amino acids, such as glutamic acid or aspartic acid, maleic acid, hydroxy-
maleic acid, methylmaleic acid, cyclohexanecarboxylic acid, adamantanecarboxylic acid,
benzoic acid, salicylic acid, 4-aminosalicylic acid, phthalic acid, phenylacetic acid, mandelic
acid, cinnamic acid, methane- or ethane-sulfonic acid, 2-hydroxyethanesulfonic acid, etha-
ne-1,2-disulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic acid, 1,5-naphthalene-
disultonic acid, 2-, 3- or 4-methylbenzenesulfonic acid, methylsulfuric acid, ethyisulfuric
acid, dodecylsulfuric acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-propyl-sulfa-

mic acid, or other organic protonic acids, such as ascorbic acid.

For isolation or purification purposes it is also possible to use pharmaceutically unaccept-
able salts, for example picrates or perchlorates. For therapeutic use, only pharmaceutically
acceptable salts or free compounds are employed (where applicable in the form of pharma-

ceutical preparations), and these are therefore preferred.

In view of the close relationship between the novel compounds in free form and those in the
torm of their salts, including those salts that can be used as intermediates, for example in
the purification or identification of the novel compounds, any reference to the free com-
pounds hereinbefore and hereinafter is to be understood as referring also to the correspon-

ding salts, as appropriate and expedient.

The term “about” in connection with numerical values, e.g. “about 2-fold molar excess” or

the like, is preferably intended to mean that the given numerical value may deviate from the
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given number by up to = 10%, more preferably by up to + 3 %; most preferably, the

numerical value is exactly as given.

In a preferred embodiment of the invention, the compounds of formula | as described under

S OH
(iv) above ( with Ry = l /> ) are excluded from the scope of the invention.
N

Also, a group of compounds of the formula | without a compound of the formulae | wherein

CH,OH

CH,OH
X N e
R, is a moiety of any one of the formulae , ,
> 2
N N
CH,F
){(j\ /Kv(% )OCH?F )m
S , / ' - g _~ ’
N CH,OH N N N CH,F

> A
| /> O-CH,CH; o . is preferred (the remaining symbols having
N ~
N

the meanings defined for a compound of the formula ).

Especially preferred is either a free compound of the formula |, or a salt thereof.

Bioactivity: The compound(s) of the invention can be used for the treatment of a prolifera-
tive disease, especially a cancer, like cancers of the lung, especially non-small lung cell
lung carcinoma, of the prostate, of the intestine, e.g. colorectal cancers, epidermoid tumors
such as head and/or neck tumors, or breast cancer, or other cancers like cancers of the

bladder, pancreas or brain or melanoma, including especially the treatment of cancers that
are multidrug-resistant (e.g. due to the expression of p-glycoprotein = P-gp) and/or re-
tractory to treatment with paclitaxel (e.g. in the form of TAXOL).
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Biological Evaluation:

The ability of the compounds of the present invention to block the depolymerization of mi-
crotubuli can be shown by the following assay:

Microtubule assays are carried out following literature procedures and evaluate synthesized
compounds for their ability to form and stabilize microtubules. Cytotoxicity studies are car-

ried out as well.

The compounds of formula | are tested for their action on tubulin assembly using purified
tubulin with an assay developed to amplify differences between compounds more active
than Taxol. Compounds of the formula | are found to have a high level of cytotoxic and
tubulin polymerization activity, as compared to Epothilones A and B. (Lin et al. Cancer
Chemother. Pharmacol. 38, 136-140 (1996); Rogan et al. Science 244, 994-996 (1984)).

Filtration Colorimetric Assay

Microtubule protein (0.25 ml of 1 mg/ml) is placed into an assay tube and 2.5 ul of the test
compound are added. The sample is mixed and incubated at 37 °C for 30 min. Sample (150

ui) is transterred to a well in a 96-well Millipore Multiscreen Durapore hydrophilic 0.22 um

pore size filtration plate which has previously been washed with 200 ul of MEM buffer under
vacuum. The well is then washed with 200 ul of MEM buffer. To stain the trapped protein on
the plate, 50 ul amido black solution [0.1% naphthol blue black (Sigma)/45% methanol/ 10%
acetic acid] are added to the filter for 2 min; then the vacuum is reapplied. Two additions of
200 pl amido black destain solution (90% methanol/2% acetic acid) are added to remove
unbound dye. The signal is quantitated by the method of Schaffner and Weissmann et al.
Anal. Biochem., 56: 502-514, 1973 as follows: 200 ul of elution solution (25 mM NaOH-0.05
mm EDTA-50% ethanol) are added to the well and the solution is mixed with a pipette after

5 min. Following a 10-min incubation at room temperature, 150 pl of the elution solution are

transferred to the well of a 96-well plate and the absorbance is measured on a Molecular

Devices Microplate Reader.

Cytotoxicity experiments with 1A9, 1A9PTX10 (o-tubulin mutant), and 1A9PTX22 (o-tubulin
mutant) cell lines can reveal the cytotoxic activity of the compounds of formula I. Like the

naturally occurring epothilones 1 and 2, compounds of the formula | show significant activity
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against the altered a-tubulin-expressing cell lines 1ASPTX10 and 1A9PTX22. For
compounds of the formuia |, the preferred IC50 values (concentration where half-maximal

growth inhibition of tumor cells is found in comparison with a control without added inhibitor
of the formula 1) can lie in the range of 1 to 1000 nM, preferably from 1 to 200 nM.

The ability of the compounds of the present invention to inhibit tumor growth can be shown
by the following assays with the following cell lines:

Colorimetric Cytotoxicity Assay for Anticancer-Drug Screening

The colorimetric cytotoxicity assay used is adapted from Skehan et al (Journal of National
Cancer Inst82:1107-1112, 19901). The procedure provides a rapid, sensitive, and inex-
pensive method for measuring the cellular protein content of adherent and suspension cul-
tures In 96-well microtiter plates. The method is suitable for the National Cancer Institute’s

disease-oriented in vitro anticancer-drug discovery screen.

In particular, cultures fixed with trichloroacetic acid are stained for 30 minutes with 0.4%
(wt/vol) sulfornodamine B (SRB) dissolved in 1% acetic acid. Unbound dye Is removed by
four washes with 1% acetic acid, and protein-bound dye is extracted with 10 mM unbuffered
Tris base {tris (hydroxymethyl) aminomethane] for determination of optical density in a
computer-interfaced, 96-well microtiter plate reader. The SRB assay results are linear with
the number of cells and with values for cellular protein measured by both the Lowry and
Bradford assays at densities ranging from sparse subconfluence to multilayered supracon-

fluence. The signal-to-noise ratio at 564 nm is approximately 1.5 with 1,000 cells per well.

The SRB assay provides a calorimetric end point that is nondestructive, indefinitely stable,
and visible to the naked eye. It provides a sensitive measure of drug-induced cytotoxicity.
SRB fiuoresces strongly with laser excitation at 488 nm and can be measured quantitatively
at the single-cell level by static fluorescence cytometry (Skehan et al (Journal of National
Cancer Inst 82:1107-1112, 19901)).

Alternatively, the efficiency of the compounds of the formula | as inhibitors of microtubuli

depolymerisation can be demonstrated as follows:
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Stock solutions of the test compounds are made in DMSO and stored at -20 °C. Microtubuli-
protein is obtained from pig brain by two cycles of temperature dependent depolymerisa-
tion/polymerisation, as described (see Weingarten et al., Biochemistry 1974; 13: 5§529-37).
Working stock solutions of microtubule protein (meaning tubulin plus microtubuli-associated
proteins) are stored at -70 °C. The degree of the microtubuli protein polymerisation induced

by a test compound is measured essentially as known from the literature (see Lin et al.,

Cancer Chem. Pharm. 1996; 38:136-140). In short, 5 ul stock solution of the test compound

are pre-mixed in the twenty-fold of the desired final concentration with 45 ul of water at
room temperature, and the mixture is then placed on ice. An aliquot of the working stock
solution of pig brain microtubuli protein is thawed quickly and then diluted to 2 mg/ml with
ice-cold 2 x MEM buffer (200 ml MES, 2 mM EGTA, 2 mM MgCl,, pH 6.7) (MES = 2-motr-
pholinoethanesultonic acid, EGTA = ethylenglycol-bis-(2(2-aminoethyl)-tetraacetic acid).
The polymerisation reaction is then started by the addition of each time 50 ul diluted micro-
tubuli-protein to the test compound, followed by incubation of the sample in a water bath
with room temperature. Then the reaction mixtures are placed in an Eppendorf microcen-
trifuge and incubated for additional 15 min at room temperature. The samples are then
centrifuged for 20 min at 14 000 rpm at room temperature for separating polymerized from
non-polymerized microtubuli protein. As indirect measure for the tubulin-polymerisation the
protein concentration of the supernatant (which contains the rest of the un-polymerised,
soluble microtubuli protein) is determined according to the Lowry method (DC Assay Kit,
Bio-Rad Laboratories, Hercules, CA), and the optical density (OD) of the color reaction is
determined at 750 nm with a spectrometer (SpectraMax 340, Molecular Devices, Sunny-

vale, CA). The differences in the OD’s between samples treated with a test compound and
vehicle-treated controls are compared with those of test incubations which contain 25 uM

Epothilon B (positive controls). The degree of polymerisation that is induced by a test
compound is expressed relatively to the positive controls (100 %). By comparison of several
concentrations the EC50 (concentration where 50 % of the maximal polymerisation is

found) can be determined. For compounds of the formula | the EC50 lies preferably in the

range of 1 to 200, preterably 1 to 50 uM. The induction of tubulin polymerisation of test

compound of the formula | in 5 uM concentration as perentage in comparison to 25 uM

epothilone B preferably lies in the range of 50 to 100%, especially 80 to 100%.

The efficiency against tumor cells can also be shown in the following way:

TN R ale R I MM B b A L e e s U st Tttt At aal et e Al S bt PO i BT B A s £ i e o . et e O R g ot Rt Ty id Lotaddd B £ it diiided 1EN SRE CTAC | L AT B I A Ll S (P p oy e e mle e



CA 02334342 2000-12-05

WO 99/67252 PCT/EP99/04287
-12 -

Stock solutions of the test compound of formula | 10 mM) in DMSO are prepared and stored
at -20 °C. Human KB-31 and (multidrug-resistant, P-gp 170 overexpressing) KB-8511
epidermoid carcinoma cells are from Dr. M. Baker, Roswell Park Memorial Institute (Buffalo,
NY, USA) (for description see also Akiyvama et al., Somat. Cell. Mol. Genetics 11, 117-126
(1985) und Fojo A., et al., Cancer Res. 45, 3002-3007 (1 985) - KB-31 und KB-8511 both
are derivatives of the KB-cell line (American Type Culture Collection) and are human
epidermoid carcinoma cells. KB-31 cells can be cultivated in mono-layers using calf serum
(M.A. Bioproducts), L-glutamine (Flow), penicillin (50 Units/ml) und streptomycin (50 ug/ml
(Flow); they then grow with a doubling rate of about 22 hours, and the relative efficiency of
plating them out lies at about 60 %. KB-8511 is a variant derived from the KB-31 cell line
which has been obtained by treatment cycles with colchicine, and it shows an about 40-fold
relative resistance against colchicin in comparison to KB-31 cells). The celis are incubated
at 37 °C in an incubator with 5 % v/v CO, and at 80 % relative atmospheric humidity in MEM
Alpha-medium which contains ribonucleosides und desoxyribonucleosides (Gibco BRL),
complemented with 10 IU Penicillin, 10 ug/ml Streptomycin and 5 % fetal calf serum. The
cells are spread in an amount of 1.5 x 10° cells/well in 96-well-microtiter plates and
incubated overnight. Serial dilutions of the test compounds in culture medium are added at
day 1. The plates are then incubated for an additional period of four days, after which the
cells are fixed using 3.3% v/v glutaraldehyde washed with water and finally stained with
0,05 % w/v methylen blue. After washing again, the stain is eluted with 3 % HCI and the
optical density at 665 nm is measured with a SpectraMax 340 (Molecular Devices,
Sunnyvale, CA). IC50-values are determined by mathematically fitting the data to curves
using the SoftPro2.0 program (Molecular Devices, Sunnyvale, CA) and the formula '

[(OD treated) - (OD start)}/[(OD control) - (OD start)] x 100.

The IC50 is defined as the concentration of a test compound at the end of the incubation
period that leads to 50 % of the number of cells in comparison to controls without test
compound (concentration at halfmaximal inhibition of cell growth). Compounds of the
tormula | preferably show here and IC50 in the range from 0.1 x 10 ° to 500 x 10 M,
preferably between 0.1 and 60 nM.

Comparable testing can also be made with other tumor cell lines, such as A459 (lung;
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ATCC CCL 185), NCIH460 (lung), Colo 205 (colon; ATCC No. CCL 222) (HCT-15 (colon;
ATCC CCL 225 - ATCC = American Type Culture Collection (Rockville, MD, USA)), HCT-
116 (colon), Du145 (prostate; ATCC No. HTB 81; see also Cancer Res. 37, 4049-58
[1978]), PC-3M (prostate - hormone-insensitive derivative obtained from Dr. |.J. Fidler (MD
Anderson Cancer Center, Houston, TX, USA) and derived from PC-3 that is a cell line
available from ATCC (ATCC CRL 1435)), MCF-7 (breast; ATCC HTB 22) or MCF-7/ADR
(breast, multidrug resistant; for description see Blobe G.C.et al., J. Biol. Chem. (1983), 658-
664, the cell line is highly resistant (360- to 2400-fold) to doxorubicin and Vinca alkaloids
compared over MDR-7 “wild type” cells)), where similar results are obtained as with KB-31
and KB-8511 cells. Compounds of the formula | preferably show here and IC50 in the range
from 0.1 x 10 ®° to 500 x 10 *M, preferably between 0.1 and 60 nM.

Based on these properties, the compounds of the formula | (meaining also salts thereof) are
appropriate for the treatment of proliferative diseases, such as especially tumor diseases,
including also metastasis where present, for example of solid tumors, such as lung tumor,
breast tumor, colorectal cancer, prostate cancer, melanoma, brain tumor, pancreas tumor,
head-and-neck tumor, bladder cancer, neuroblastoma, pharyngeal tumor, or also of proli-
terative diseases of blood cells, such as leukaemia; or further for the treatment of other dis-

eases that respond to treatment with microtubuli depolymerisation inhibitors, such as pso-

riasis. The compounds of formula |, or salts thereof, are also appropriate for covering medi-

cal implants (useful in prophylaxis of restenosis) (see WO 99/16416, priority Sept. 29, 1997).

The in vivo activity of a compound of the invention can be demonstrated with the following

animal model:

Female or male BALB/c nu/nu (nude) mice are kept under sterile conditions (10 to 12 mice
per Type lll cage) with free access to food and water. Mice weigh between 20 and 25 grams
at the time of tumor implantation. Tumors are established by subcutaneous injection of cells
(minimum 2 x 10° cells in 100 pl PBS or medium) in carrier mice (4-8 mice per cell line). The
resulting tumors are serially passaged for a minimum of three consecutive transplantations
prior to start of treatment. Tumor fragments (approx. 25 mg) are impianted s.c. into the left
“flank of animals with a 13-gauge trocar needle while the mice are exposed to Forene

(Abbott, Switzeriand) anesthesia.
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Tumor growth and body weights are monitored once or twice weekly. All treatments are ad-
ministered intravenously (i.v.) and are initiated when a mean tumor volume of approximately
100 to 250 mm” is attained, depending upon the tumor type. Tumor volumes are determi-
ned using the formula (L x D x nt)/6 (see Cancer Chemother. Pharmacol. 24:148-1 54,
[1989]). Treatments with epothilones of the formula | vary the dose and the frequency of
administration. Comparator agents are administered according to previously determined
optimal treatment regimens. In addition to presenting changes in tu-mor volumes over the
course of treatment, antitumor activity is expressed as T/C% (meah iIncrease of tumor
volumes of treated animals divided by the mean increase of tumor volu-mes of controt
animals multiplied by 100). Tumor regression (%) represents the smallest mean tumor
volume compared to the mean tumor volume at the start of treatment, accor-ding to the
tormula Regression (%) = (1 -Vend/Vstart) x 100 (Vend = final mean tumor volume, Vstart =

mean tumor volume at the start of treatment.

With this model, the inhibitory effect of a compound of the invention on growth e.q. of

tumors derived from the following cell lines can be tested:

Human colorectal adenocarcinoma cell<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>