"1 Qur reference: 12433 New International Patent Application Gesellschaft
fur Bi ot echnol ogi sche' Forschung nmbH (GBF) Tri azol o- epot hi | cmmmnmmmmmmhe
invention relates to triazol o-thiazol e anal ogues of epot hil
epot hil one B. Epothilones are macrocyclic |actones having a fungigsidal and

cytotoxic effect. There is a continuoug need for anal ogues or derivatives
havi ng conparabl e or better activity, ich can be used as fungicides or

cytostatic agents. An overview of the chenistry of epot h| I og‘mml““‘mmﬂmmm“
for exanpuereférendé.ci4adu et al. in Angew. Chem Int.

2014- 204NewThtermutiohblcratait Appéicdtiomenti on is to provide epot hi | onecedal ogues
or deri vaickyiehaft fir Bidtedtinatbgisthe Forsering mbHAGBEY di ngly rel ates to

triazol o-thiazol e anal ogues of epothilone A and epothilone B of formula 4a
or 4b: 4a- R=H Z = H i i = . = H

al kyl, aryl. heteroeryl wherein: R denotes H, CH3 Z denotes H, al kyl,
aryl, heteroaryl. -2 The triazol o-thiazole epothilones according to the
invention are very effective fungicides and highly potent cytostatic
agents having favourabl e phar macolfogrelarenstijianesi es. Al kyl denotes
straight-chain or branched C, -C6al kyl which may be (nono- or poly-)substit-
uted as desired, for exanple nethyl, ethyl, propyl, isopropyl, butyl,

i sobut yl The awventiart relatepterttigzolo-thiazole analogues of epothilone A and epothilone B.

Epothilones are macrocyclic lactones having a fungicidal and cytotoxic effect. There is a
. continuous need for analogues or derivatives having comparable or better activity, which can

be used as fungicides or cytostatic agents.

An overview of the chemistry of epothilones is given, for example, by Nicolaou et al. in
Angew. Chem. Int. Ed. 1998, Vol. 37, 2014-2045.

The problem of the invention is to provide epothilone analogues or derivatives of that kind.

The invention accordingly relates to triazolo-thiazole analogues of epothilone A and

epothilone B of formula 4a or 4b:

O

4a R =H, Z=H,alkyl, ary!, heteroary!
4b R =CH,, Z =H, alkyl, aryl. heleroary!
wherein:

R denotes H, CH,

Z denotes H, alkyl, aryl, heteroaryl.




“and hexyl. Exanples of substituents are C, -Csal koxy, C,-Coéacyl, hydroxyl
and hal ogen such as brom ne, chlorine, fluorine and iodine. Aryl denotes
nononucl ear or pol ynucl ear aromatic systens which may be (nono- or

pol y-)substituted as desired, for exanple phenyl, o-, m, p-tolyl, o-, m,
p-xylyl, benzyl, phenethyl and naphthy)o_Exanpl es of substituents are

C, - Coal kyl, C,-Csal koxy, C,-Co6acyl, hydroxyl and hal ogen such as brom ne,

chlorine, fluorine and iodine. Heteroaryl denotes nononugclear or.
pol ynucl etre tiezae-thiaznimepathiones apeerding ihthadgvention areoeey efigcive fungicides and

pol y-)su | ' oYY h&in i tic nucleus to
have one%@]}& Eétr%gt ﬁg?%g%l %q%gﬁsﬁégé@gé@é@§gm N, cgggﬁgr%@égg@rfpl es of

het eroaryl are furyl, pyranyl, pyrrolyl, imdazolyl, pyrazolyl, pyridyl

AN oo Ay AR shgiofrRiD SLArb MG, 2 BB e (rieno dkoosti

C, - Ceacyl’, ) _ ogen suc l'orine, ftluorine and
i odi ne. Tited a8desitddy forfexbrmpleamethgipethyl, propglt isopropy!, butip isobuly!, temebutyl, pentyl

triazolo-thjazo anal oguyes, o pot hj | one A thi e ' t
the | nverhPah ExaaPea Y piriientie G hade roean sl RBE LR . g
one or MYEHBHfHE, BRBHAE YRSFna Akl binkhe use of the anal ogues and of the
fungi ci dal or pharmaceutical conpositions conprising themfor conbating

fungi or for treating diseases that can be treated with cytostatic agents,

for exa ' '
Wyg%%ﬁbg%?ﬁg nUciEaFor ;?ctfgfhcg%r SRAFERE sPétefhs SMidhernay Bé (h6hd- dir owt h.

The fungici ar armaceut nposi ti ons may conprise, besides the
act ual actdlyfsubstitgteddisatesired donaxampienphenylk or iney B-10lyi Pudht B-XYY! BRRAYpi ent s,

f exanpl.e stapil|se , hus ( d
A cr oot Eand S st s BARRIEAR 0 Al D, NGy a B Graor
tri azol o-hydr®&Phtd halogerpsies asfororaipe; thildrineefloramedcindpadife.| one B according to

the invention. -3 The preparation of the triazolo-thiazole anal ogues of
epot hil one A and epothilone B according to the invention is described

her ei nbel |Querotinl RHbteb ibnbAlidiedr or polyhudiedraicteredrotmatic systems which may be
(mono- or poly-)substituted as desired, it being possible for the aromatic nucleus to have one
or more hetero atoms selected from N, O and S. Examples of heteroaryl are furyl, pyranyl,
pyrrolyl, imidazolyl, pyrazolyl, pyridyl and indolyl. Examples of substituents are C,-Cealkyl,

C,-Cgalkoxy, C,-Csacyl, hydroxyl and halogen such as bromine, chlorine, fluorine and iodine.

The invention relates also to a method of preparing the triazolo-thiazole analogues of
epothilone A and epothilone B according to the invention and to fungicidal and
pharmaceutical compositions comprising one or more such analogues, and to the use of the
. analogues and of the fungicidal or pharmaceutical compositions comprising them for
combating fungi or for treating diseases that can be treated with cytostatic agents, for

example tumour diseases such as cancer or disorders of cell growth.

The fungicidal and pharmaceutical compositions may comprise, besides the actual active
ingredient, conventional carriers, diluents or excipients, for example stabilisers such as UV

absorbers, anti-oxidants and preservatives.

Figure 1 shows a synthesis route for preparation of the triazolo-thiazole analogues of

epothilone A and epothilone B according to the invention.



" Figure 1. The abbreviation Met denotes netal. The preparation of
C21-nodified epothilones, that is to say the al dehydes, ketones and
hydrazones of fornmulae 1, 2 and 3, respectively, is described in the
publ i shed German Patent Application DE 199 07 588 and in the published

I nternational Patent Application WO 2Q@0/ 050423 of the Applicant. In the
nmet hod according to the invention, oxidative ring closure is perfornmed on
t he hydrazone derivatives of formul ae 3a and 3b with the aid of _metal
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of a triazs hi azol e anal ogue of epothil ohe A (fornula 4a,

mg (47. 2 Fjguné ). Tiie alipweviationdet/deddtesi rdetalyde hydr azone (fornul a 3a) are
dissolved in 1.5 m of absolute dichloronethane. Three aliquots, each of
42.8 ng (472.2 pnol), of nickel peroxide are added at 15-mnute intervals,
with sti mherwe@etrammﬂczarmemﬁémé;@othﬂanes rthattthESaySthe nliehydes| ketoreb ander

Celite, rinsing with dlchloro hane. an es _are
concent r &yd@zangs effermifiaed gﬁ“ HP@:‘P?C\t)‘é‘lc] eSﬁﬁ'Be‘gmhg prllﬁl}Eg?;s &alurified
by means F%ft PpBRaiigh 'Deewﬂacsém |thé’b@éli§hediFh@érﬁéﬂdn'él Ibéteﬁt w.eat.oas 62;
col um: Nuc 100 C18 @i{;}‘ 21 x 250 Eroduct
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2.31 (dt metdimxides, BrefBaliy NiQS KelFe(GN)2leqt tstrappetafe ormogin Byposblom;le (cf7.84

( (3-H)6<zu%e'sf§véviwﬁ% oy o B3R 1989 ) 270 Mo 0 (a6, 740 (15-0),

145.1 (16-C), 109.2 (17-C), 129.2 (18-C), 115.5 (19-C), 136.4 (20-C),
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24.6 mg (47.2 umol) of epothilone-A-21-aldehyde hydrazone (formula 3a) are dissolved in
1.5 ml of absolute dichloromethane. Three aliquots, each of 42.8 mg (472.2 pmol), of nickel
peroxide are added at 15-minute intervals, with stirring at room temperature. The mixture is
then filtered over Celite, rinsing with dichloromethane. The combined organic phases are
concentrated and are dried in a high vacuum. The crude product is purified by means of
preparative HPLC (mobile phase: acetonitrile / water 38:62; column: Nucleosil 100 C18

7 um, 21 x 250 mm). 12.0 mg (49 %) of product were obtained.

. The spectroscopic data are identical to epothilone A (cf. DE 4138042 C2) with the exception

of:

'H NMR (400 MHz, CDCl,): d = 2.25 (dt, 2a-H), 2.57 (dd, 2b-H), 4.63 (m, 3-H), 5.02 (dd,
3-OH), 1.68 (m, 14a-H), 2.31 (dt, 14b-H), 5.53 (d, 15-H), 6.92 (bs, 17-H), 7.06 (s, 19-H),
7.84 (s, 21-H), 1.08 (s, 22-H), 1.55 (s, 23-H); *C NMR (100 MHz, CDCl,): d = 73.0 (3-C),
54.7 (4-C), 41.4 (6-C), 71.4 (7-C), 32.0 (14-C), 74.9 (15-C), 145.1 (16-C), 109.2 (17-C),
129.2 (18-C), 115.5 (19-C), 136.4 (20-C), 124.8 (21-C), 15.9 (C-22), 23.3 (23-C), 12.7
(24-.C), 18.1 (27-C); HRMS (DCI); CsH3;N;06S: [M+NH,+] calculated 537.2747, found
537.2721.




'-4 Synthesis of a triazolo-thiazol e anal ogue of epothilone B (fornula 4b, Z
= H): 8.1 ng (15.1 pnol) of epothil one-B-21 -al dehyde hydrazone (fornmul a
3b) are dissolved in 1 nml of absolute dichloronmethane. 13.7 ng (151.4 pnol)
of nickel peroxide are added to the solution, whereupon stirring is
carried out at roomtenperature for 15 rgnhutes. The nickel peroxide is
filtered off over Celite, washing wth dichl oronethane. The conbi ned
organi ¢ phases are concentrated and are dried in a high vacuum The crude
product iSynthesisfafedriazolo-thiazete malqguepéea@thkme#ﬂeme%ﬂ& £=phase:
acetonitrile / water 40:60; colum: Nucleosil 100 C18 7 pm 21 x 250 mm),
yielding 4.7 ng (58 % of product. The spectroscopic data are identical to
epot hi | orge1 Big((d5.1 Do aBRo4HomRB-21-aldehyde hydmzpne Garmpyla 3b}-prrdRseved ivHz

CDCl 3) : = 5 (dt .. 2a- 2.5 - - H) |
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18.1 (27-Q); M (ESI'): [MrH+] = 534. The pharmacol o%| cal activity is shown

in the fohéans ofgrananitive HELSWmohilephase;iasgiopiiilaamaten 40860; columpiiNedecsili1990) o
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. The spectroscopic data are identical to epothilone B (cf. DE 4138042 C2) with the exception

of:

'H NMR (400 MHz, CDCl,): d = 2.25 (dt, 2a-H), 2.59 (dd, 2b-H), 4.69 (m, 3-H), 5.02 (dd,
3-OH), 1.76 (m, 14a-H), 2.31 (dt, 14b-H), 5.53 (d, 15-H), 6.91 (bs, 17-H), 7.06 (s, 19-H),
7.85 (s, 21-H), 1.08 (s, 22-H), 1.56 (s, 23-H); *C NMR (100 MHz, CDCl,): d = 71.3 (3-C),
54.9 (4-C), 41.0 (6-C), 72.4 (7-C), 33.1 (14-C), 75.2 (15-C), 145.3 (16-C), 108.9 (17-C),
129.2 (18-C), 115.5 (19-C), 136.5 (20-C), 124.9 (21-C), 15.7 (22-C), 23.2 (23-C), 12.0
(24-C), 18.1 (27-C); MS (ES!): [M+H*] = 634.

The pharmacological activity is shown in the following Table:

Growth test using mammalian cell cultures

Cell line Origin Triazolo derivative of

epothilone A epothilone B

IC-50 [ng/ml]
L929 Mouse (subcutaneous fat tissue) 10 1.0
K-562 Human (leukaemia) 6 0.7

U-937 Human (lymphoma) 4 0.5




"5 Preparation of 21-0O acetyl-epothilone E (5a, R = CH3): 2 pl (35.0 pnol)
of glacial acetic acid are added to a sol ution of 3 2 mg (6.2 pnol) of
triazol o- epothilone A in 250 pl of dichloronethane and stirring is carried
out overnight at room tenperature. Water is added to the reaction mxture
and extraction with ethyl acetate is catried out three tines. The conbi ned
organi ¢ phases are concentrated and are dried in a high vacuum 2.8 ng (82
%9 of 21-O acetyl-epothilone E were obtained. The spectroscopic data are
identiCa|Pl’eﬁamiﬂnfﬂﬂﬂne-a%e(yl-fepoﬂﬁloﬁbiB(%ZRC@X:HMth the exception of: 1H

214 (5, SUIORGLmabet dasiel oot A8 areceddedfo 4 g pid 174 e phuipag

152.5 (C‘ thiloAd A iR 266 18f)d|chlc3r631eﬁ13616:'aa@)stlrriﬁ§ |§ca(rﬁé@6l)t,ov§?rﬁgl'2 af fooky ), 20.9
(C2'): RI(GRA 2/ N6OH 95/5) 1 0. 45 HRVE. (EI ) C28kM JMcal cul at ed

551. 2553, temgaraiurssiVates inaddesig thy fegatisy mi @ﬁﬂﬁ&ﬁ*@acﬂon With athyt Btetate s
E-21-0- (?t:ar M%wﬁee&.ﬁ%y’m&eaﬁmn% erg@ﬁacqm%é@ére(c%acerﬁated arfd ®edfedna 7.0

ng (55.0 pno acet yl enedi car boxyli ¢ aci d nononet ester are added to
2060w | dhah wAcUSIT 2:mBSEE K3ie6e)-CopcatyliapetliBne BONeNs DBIRReA, | 1 400 pl o

di chl oronet hane. The reaction mxture is stirred overnight at room
tenperature, water is then added thereto, and extraction wth ethyl

acet at e iFhecspectrestopictdatd aeddentivakto epbthilomeahi(cfeDEa §aMZCRhwitretheaxeeption
concentrated and are dried in a high vacuum After purification by nmeans
of PLC ((SIIZCI 2/ met hanol 95/5) 3.6 ng (59 % of epothilone

E- 21- 0- ( 3k NmRN250 D ODA1) 8 28BS, FCHY 7esqt(er1wr)es34ot§; anm;plz ﬂZh(e 2'-
s ctroscom data are identical to epothil C2) with

exceptaiorc NMR (109 Mivr ¢REb): 1RE-8 (Erid) 3119 GS(C'@) 4@2 @d@ 181: 11|f1)0 (&1
( 17-H), 71630 (Se0yl 828 c-21)497d Pte- 1%,12058)«; -2'); R, (CH,Cl,/MeOH 95/5): 0.45; HRMS (El)

CH4NO,S: [M]* calculated 551.2553, found 551.2519

Preparation of epothilone E-21-O-(3'-methoxycarbonyl)propynoic acid ester (5a, R' =
CH,00C-C,): '
7.0 mg (55.0 umol) of acetylenedicarboxylic acid monomethyl ester are added to a solution
of 5.1 mg (9.8 umol) of triazolo-epothilone A in 400 pi of dichloromethane. The reaction
mixture is stirred overnight at room temperature, water is then added thereto, and extraction
with ethyl acetate is carried out three times. The combined organic phases are concentrated
and are dried in a high vacuum. After purification by means of PLC (CH,Cl,/methanol 95/5)
. 3.6 mg (59 %) of epothilone E-21-O-(3'-methoxycarbonyl)propynoic acid ester were

obtained.

The spectroscopic data are identical to epothilone A (cf. DE 4138042 C2) with the exception
of:

'H NMR (400 MHz, CDCl,): 8 = 5.45 (dd, 15-H), 6.60 (17-H), 7.20 (s, 19-H), 5.49 (bs, 21-H,),
3.85 (s, 5'-H;); *C NMR (100 MHz, CDCl,): 76.5 (C-15), 138.2 (C-16), 119.5 (C-17), 153.0
(C-18), 118.8 (C-19), 161.2 (C-20), 64.2 (C-21), 151.1 (C-1"), 152.0 (C-4'), 63.6 (C-5'); R,
(CH,CI,/MeOH 95/5): 0.32; MS (DCI): [M+NH,]" = 637.



©3.85 (s, 5 -H3); 13C NWR (100 MHz, CDCI3): 76.5 (C-15), 138.2 (C16), 119.5
(G17), 153.0 (C18), 118.8 (C19), 161.2 (C20), 64.2 (C21), 151.1
(G1), 152.0 (CG4'), 53.6 (C5); R (CH2CA2/MeOH 95/5): 0.32; M5 (DC):

[ MFNH4] + = 637. -6 Photolysis of triazolo-epothilone Ato form

21-O-nethyl -epothilone A (5a, Nu-H = CH3OH): 9.7 ng (18.7 pnol) of

triazol o-epothilone A are dissolved in m of nethanol and, with cooling
(ice bath 0C), are exposed to light for four hours using a nmercury vapour

| anp  ( DPHbtolyEi€-df2hazoldepothilonerh to foro2hOrmathybeapathilonp A (Sealuitbd mi xture
| S separ at egygy means of preparative HPLC (CH3CN H20 40/60). 2.1 ng (24 %
of 21-ne epothilone A were isolated. The spectroscopic data are
identical to epothilone A (cf. DE 4138042 C2) with the exception of: 1H

NVR (300 MHz, CDCI3): S = 6.61 (bs, 7- 7. 13, 19- 4.7 21- H2),
N o\ (o oif miokd.T kst uezoluehatbonecars Klssoad it T pn pEpethang) i ity ;1 P
152.2 (G ] 19, i ifg A & vhpboar-1amp;

R ( CHZ(CI f%ﬁ"&ﬁ%éa% fb@Bi %)f;exﬁé% ?é?&fapg%ﬁuf%sgg ﬁ\’_]frf Igal (F:)SI at rgg

523. 2604 (DEMAHIPKe 225 5T solvent (5 then Fadussd Ak UG 'eAGIN Ghixture is separated by

acetyl enedj car LG 2 ' - {J i
Form t he T oS Pk Tr Gt R Bl R e e A
are di ssolevreibolate®00 pl of dichl oromethane. Over a period of four hours,
three aliquots, each of 4.3 pl (34.7 pnol), of acetyl enedi carboxylic acid
di rethyl ester are added and stirred at roomtenperature. The reaction
m xt ure iThe speBessRbpiadath arbiigEmtital taopothitgmarsatob By 138042L ) fitRILIB> exception
(&2Cl 2/ met hanol 95/5). 2.0 nmg (87 9% of cycloaddition product were

ai ned 9 The spectroscopic data are identical to epothilone A (cf. DE

4138042 GAINMRYB0G MEizEEDERS:I526.61 (bs, 17-H), 7.13 (5, 19-H), 4.71 (s, 21-H,), 3.49 (s, 1-
H,): ®C NMR (75 MHz, CDCLy): 137.5 (C-16), 120.0 (C-17), 152.2 (C-18), 117.3 (C-19),
167.8 (C-20), 71.5 (C-21), 59.1 (C-1); R, (CH,Cl,/MeOH 95/5): 0.33; HRMS (EI):
C.HyNO,S: [M]* calculated 523.2604, found 523.2609.

1,3-Dipolar cycloaddition of acetylenedicarboxylic acid dimethyl ester and triazolo-
epothilone A to form the pyrazole derivative 6a:
1.8 mg (3.5 pymol) of triazolo-epothilone A are dissolved in 200 pl of dichloromethane. Over a
period of four hours, three aliquots, each of 4.3 pl (34.7 pmol), of acetylenedicarboxylic acid
dimethy! ester are added and stirred at room temperature. The reaction mixture is

. concentrated slightly and separated by means of PLC (CH,Cl,/methanol 95/5). 2.0 mg

(87 %) of cycloaddition product were obtained.

The spectroscopic data are identical to epothilone A (cf. DE 4138042 C2) with the exception
of:

'H NMR (400 MHz, CDCl,): & = 5.49 (dd, 15-H), 6.63 (bs, 17-H), 7.29 (s, 19-H), 3.97 (s, 4™
H,), 3.95 (s, 6'-Hj); R; (CH,Cl,/MeOH 95/5): 0.17; HRMS (DCI): C3,H43N30+0S: [M+H]*
calculated 662.2742, found 662.2778.



of: 1H NMR (400 MHz, CDCI3): S = 5.49 (dd, 15-H), 6.63 (bs, 17-H), 7.29 (s,
19-H), 3.97 (s, 4'- H3), 3.95 (s, 6'-H3); Rf (CH2Cl 2/ MeOH 95/5): 0.17; HRMS
(DCl): C32H43N3010S: [M+H + cal cul ated 662. 2742, found 662.2778. -7 Patent
claimse 0 1. Triazol o-thiazol e anal ogues of epothilone A and epothilone B

of fornula 4a or 4b: 4a R=H Z = H alkyl, aryl, heteroaryl 4b R CH3, Z

= H alkyl. aryl, heteroaryl' wherein: denotes H or CH3 Z denotes H,
al kyl, aryl or heteroaryl. 2. Triazol o-thiazol e anal ogues of epothilone A
and epot hil one B according to clai mBatenttelgimén: al kyl denotes

straight-chain or branched C, -C6al kyl, which nmay be (nono- or
poly-)substituted as desired, and/or aryl denotes nononucl ear or

pol ynucl epr armiaabiochiaysie analoguds cffepothjioleA (anmd epothilone P @f formnslabét ortdlt ed as
desired, and/or heteroaryl denotes nononucl ear or pol ynucl ear

het eroaromati ¢ systens, which may be @®MOno- or poly-)substituted as
desired. 3. Triazol o-thiazol e anal 0gues of epothilone A and epothilone B

according to claim 2, vvlaeret U

N\/

4a R =H, Z=H, alkyl, ary!, heleroaryl
’ 4b R = CH,, Z = H, alkyl. aryl, heteroaryl’

wherein:
R denotes H or CH,
Z denotes H, alkyl, aryl or heteroaryl.

2. Triazolo-thiazole analogues of epothilone A and epothilone B according to claim 1,

wherein:

alkyl denotes straight-chain or branched C;-Cgalkyl, which may be (mono- or

. poly-)substituted as desired, and/or

aryl denotes mononuclear or polynuclear aromatic systems, which may be (mono- or

poly-)substituted as desired, and/or

heteroary! denotes mononuclear or polynuclear heteroaromatic systems, which may be

(mono- or poly-)substituted as desired.

3. Triazolo-thiazole analogues of epothilone A and epothilone B according to claim 2,
wherein:



“al kyl denotes nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, pentyl or hexyl, optionally substituted by C, -Csal koxy,

C, - Cbacyl, hydroxyl or hal ogen, especially Br, d, F or |, and/or aryl
denotes phenyl, o-, m, p-tolyl, o-, m, p-xylyl, benzyl, phenethyl or
napht hyl , optionally substituted by leﬁﬁalkyl C, - Csal koxy, C, -C6acyl,
hydr oxyl or halogen espeC|aIIy Br, , F or I, and/or heteroaryl denotes

furyl, pyra pyrr ol i m dazol o] ,
(r)]pltlonal jadkyl é&n@é@ﬁ methy e(;y m%aﬂO}gmpvPéuwé&a%HM% @&Lﬁﬁ'&t}/‘ qﬁ%‘r oxyl or
al ogen,
triazol o- ? ﬁ@g@ébiﬁg ogi?os d;?lk%}%'bfé h|C430Cr¥£ X&gaﬂg)pggtglﬁlglégﬁbgaggc%roﬂj|an to
one of tloel,@ndedi ng cl ai ns, wherein oxidative ring closure is perforned on
a hydrazone derivative of epothi | one A or epothilone B of formula 3a or
3b: RO 3a R=H Z=H alkyl, aryl, heteroaryl 3b R = CH3, Z = H alkyl,
aryl, hetagyl dangtes phemgia, M- FrIYE carre-, asylybitenayl, phenethybertnapsthylioptionaly ai d
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phar maceut |, Gald/oronposi ti on conprising or consisting of one or nore
triazolo- thiazol e anal ogues of epothilone A or epothilone B according to
one of clainms 1 to 3 toget her with a pharmaceutically acceptable carrier,

di | uent QeipssRictRles fur&d lé?%n?lf p?frélflll iﬁii@éz@’ryll lpyazolyt pgidyl opindolf, optiariatly | one

A or epot h| | oné B accor

to one claims 1 t t I
conposi t |suhst&uicd|bm¢n§saldsylc apaﬁ"@’anCt'Peﬁi’M hbdrpwgpalogégggggggg%ngf gr ::Ig?s

(bcel I %;va h.

4, A method of preparing triazolo-thiazole analogues of epothilone A or epothilone B
according to one of the preceding claims, wherein oxidative ring closure is performed on a

hydrazone derivative of epothilone A or epothilone B of formula 3a or 3b:

3a R = H, Z = H, alkyl, aryl, heteroary!
3b R = CH, Z =H, alkyl, aryl, heteroaryl
. wherein R and Z are as defined hereinbefore, with the aid of metal oxides, Ky[Fe(CN)¢], lead

tetraacetate or sodium hypochloride.
5. A method according to claim 4, wherein the metal oxide is NiO,.

6. A pharmaceutical composition comprising or consisting of one or more triazolo-
thiazole analogues of epothilone A or epothilone B according to one of claims 1 to 3 together

with a pharmaceutically acceptable carrier, diluent or excipient.

7. Use of a triazolo-thiazole analogue of epothilone A or epothilone B according to one
of claims 1 to 3 or of a pharmaceutical composition according to claim 6 in treating tumour

diseases and disorders of cell growth.




-9 9 0 8 Use according to claim7, wherein the tunmour disease i s cancer.
9. A fungicidal conposition conprising or consisting of one or nore
triazol o-thiazol e analogues of epothilone A or epothilone B according to
one of clains 1 to 3 together with a carrier, diluent or excipient that is
acceptable for fungicides. 10. A nethod pof preparing C 21 esters of

epot hil one A and/or epothilone B, wherein triazolo-epothilone A and/or
triazol o-epothilone B (Figure 2, Illustration B) is/are reacted wth a
car boxyl i c 8aci d Usk acoondingeo Rlalto@-wheieinthe tanoyr disesse ig ¢angeB) wi t h renoval
of nitrogen to forma C 21 ester of epothilone A and/or epothilone B and
the product(s) of +the reaction is/are recovered, wherein R denotes H,

a: kyl, al kenyl , Asfulkyioibl conipdsition cotnptising ar gonsistifig ofomeediadreattazniathiazoled
ca|m10 wherein in the formula R t he radi cal |, or
het er oar yl aﬁé@%%drc}?pqu&”?rﬁ‘éﬂieﬁﬁg"% EPBF?TS'"93° 8?%\9&?'?‘”15112“ é%ﬂﬁtth %th
accor di N el LAt onbielpfirt tiah i AeebROBbAURGIEEEY! the radical R

denot es C2-C8al kenyl or C2-C8al kynyl, the nultiple bond being in any

desired position. 13. A photolytic nethod wherein triazol o-epothilone A or

triazol o-epgt hi l0RetHGqcP rezahh%etfﬁegt&sm@&hw&fe% éﬁwsh@pow%ﬁsrscwheie.@

nucl eophil e "'and the resultin roduc ecovered (Figure 2, Tllustration
O . 14. 1, ¥idiojsetpathilopelfoantton triazelevrpotbilanetB (Riguse & &lp@tfaﬂoncmes/aredeacted

triazol o- e%t"lhé J:a?ggx)ﬁc gd o?gag Eﬁﬁgc%gﬁ rg'ZpﬁlhetPat@ch) ﬂ'g H94 fn a

manner known per S€ W stem or d system
and t he heitrogepnds fmm@CLZlaekﬂendf@pomﬂmand/or emihllcme Bamxbtherpmﬁt(cﬂsgofre 2,

\II‘;JZT Lagln IgecD pcéﬁ@/&%«# E%:ng %havrvhe Fg%%(rj\é)tte!s ,a%:/ rken)ﬂ IkynyFla%}I rcpr 14,

heteroaryl.

11. A method according to claim 10, wherein in the formula R'COOH the radical R' as

alkyl, aryl or heteroaryl has one of the meanings according to claim 2.

12. A method according to claim 10, wherein in the formula R'COOH the radical R'

denotes C,-Cgzalkenyl or C,-Cgalkynyl, the multiple bond being in any desired position.

13. A photolytic method wherein triazolo-epothilone A or triazolo-epothilone B is
subjected to photolysis in the presence of a nucleophile and the resulting product is

. recovered (Figure 2, lllustration C).

14, 1,3-Dipolar cycloaddition wherein triazolo-epothilone A or triazolo-epothilone B is
subjected to 1,3-dipolar cycloaddition in a manner known per se with a double bonded
system or a triple bonded system and the heterocyclic cycloaddition product formed is

recovered (Figure 2, lllustration D).

15. 1,3-Dipolar cycloaddition according to claim 14, wherein an acetylenecarboxylic
acid ester, especially an acetylenedicarboxylic acid diester, is used as triple bonded
system.

16. 1,3-Dipolar cycloaddition according to claim 14 or 15, wherein
the cycloaddition is carried out in accordance with B. Eistert et



~acid ester, especially an-acetyl enedi carboxylic acid diester, is used as
triple bonded system 16. 1, 3-Dipolar cycloaddition according to claim 14
or 15, wherein the cycloaddition is carried out in accordance with B.
Eistert et -10 a!. in Houben-Wyl, Stickstoff-Verbindungen | / Teil 4,
Di.azover bi ndungen, pages 482-894, Thieqyg:Verlag, Stuttgart 1968. 17. Use
of a product of a nethod or cycloaddition according to one of clains 10 to

16 as a cytotoxic active substance. 18. Use of a product of a nethod or
cycl oaddat IroroukaroiVayin §tiekstasinéerbindengand Ted 4 Q'azeverhmdﬁng%\heﬁs% 2:8% ysi s.

19. Use % Héé\/aﬁ%ltgof 531 ghod according to claim13 in bi ochem cal

anal ysi s, especi ot oaffinity labelling. 20. Product obtainable
according to a net hod or cycI oaddition according to one of clains 10 to

16. 17. Use of a product of a method or cycloaddition according to one of claims 10 to 16 as

a cytotoxic active substance.

18. Use of a product of a method or cycloaddition according to one of claims 10 to 16 in

biochemical analysis.

19. Use of the photolytic method according to claim 13 in biochemical analysis, especially
. for photoaffinity labelling.

20. Product obtainable according to a method or cycloaddition according to one of claims
10 to 16.




