; e3eT$x6T0>29Jul 2003 -21 Modified Epothilones This
appl lcation clains priority from German applications DE 199 07 588.3, filed
February 22, 1999 and 5 DE 199 30 111.5, filed July 1, 1999, i ncorporated
her ei h by ref erence in their entirety. Background of the Invention 10

Epot hi | ones are macrocyclic |actones WJMWMHW tifungal and cytotoxic
properties. Their action, as in the ca '

I s bas
stabilization of the mcrotubuli as a resuldegg@d Which espe?baﬁ"lﬂy 20%ors and
other rapidly dividing cells are inhibited. Typical 15 epothilones carry a

met hyl t hi azol yl side chain, I C, D, a 12,13-epoxide (A
B) and a proton (A, C or a rre%hy?da%g'ggp Y%&%ﬁ’(’ C-12: conpare, for
exanpl e: Revi ew Angew. Chem Z998, 110, 89-92 and 21202153 and Het erocycl es

1998, 98, 2985- 29%15&&3bicat§ar{ 1cl;Zmé p~ni’org:_g(QIom German
applications DE 199 07 588.3, filed February 22, 1999 and
5 DE 199 30 111.5, filed July 1, 1999, incorporated herein

by reference in their entirety.
Background of the Invention

10 Epothilones are macrocyclic lactones with useful
antifungal and cytotoxic properties. Their action, as in
the case of Taxol®, is based on stabilization of the
microtubuli as a result of which especially tumors and
other rapidly-dividing cells are inhibited. Typical

15 epothilones carry a methylthiazolyl side chain, a 12,13-
double bond {C, D}, a 12,13-epoxide (A, B) and a proton
(A, C) or a methyl group (B, D) on C-12; compare, for
example: Review Angew. Chem. 1998, 110, 89-92 and 2120-
2153 and Heterocycles 1998, 48, 2485-2488.
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O OH O Epothilone A R=HB) R=MRS/~r

Epothilone C, R=H D R=Me

This invention concerns a conpound having the 5 general

[OHC'~~s~/ OCH O where:

R~-s G1 SN or

t~tZz/ (.OHi s OOONO
29 July 2003 Summary of the Invention
formula | R P~~~ e\
10 P-Qis a C, C double bond or an epoxi de:
and substituted

-1

al kyl :

R Ris selected fromthe group of H, alkyl,

Go~Ci G-~

and Ggp G Ri so

Rl is selected fromthe group consisting of t5 &, & (@ PR
> o 39 duvizqos

. Gl is selected

G\
group

of H, hal ogen,

CN, al kyl

and substituted al kyl;

20 G is selected fromthe

group of H, alkyl,

and substituted al kyl;

G3 is selected fromthe group of

0, S and N21; 2

Summary of the Invention

This invention concerns a compound having the

5 general formula I

where:

10 P-Q is a C, C double bond or an epoxide;

G is

SO

R is selected from the group of H, alkyl, and

substituted alkyl;

R} is selected from the group consisting of

15

g~c! @& o6 @
sz G;z C§§ f> GY===c
! ’ ! ’ (;/6 ' G6 » . and
N G"
o
R? is \I’ :

g

G! is selected from the group of H, halogen, CN,

alkyl and substituted alkyl:;

20 Gz'is selected from the group of H, alkyl, and

substituted alkyl:

G® is selected from the group of O, S, and N2!;

-2-



29 July 2003 Gis selected fromthe group of H, alkyl, substituted al kyl,
Qzz, NzzZz3, ZZC=0, ZSOz, and optionally substituted glycosyl; GSis
selected fromthe group of halogen, N3, NCS, 5 SH CN, NC, N (Z1) 3+, and
heteroaryl: G5 is selected fromthe group of H, alkyl, substituted al kyl,
CF3, 0z5, SZS, and NzSz6: G/ is CZ' or N. Ge is selected fromthe group of
H, hal ogen, alkyl, 10 substituted al kyl, 0Z1, SZ1, NzZ1Zil: | ected
fromthe group of 0, S, -NHNH and N=N; G is Nor CZIZ 'E‘Lyl el ect ed
fromthe group of H2N, substituted 15 HZN, al kyl, substituted alkyl, aryl,

and substituted apyl,;_ Z1 d Z11 ar | dently selected from
the group H al kyF’ lssut?g e%pétd é? 9acy , alﬁ a?u%fgtl tuted acyl: ZZ is

sel ected fromudssignbed adkyk, of’ kywz Zbo &5t P10 pchral kptiomuyy

substituted @wstlggge@%%gg{pl e: Z3, 75, Z6, and Z10 are independently
selected fromthe grou , Substituted al kyl, acyl, substituted

acyl, aryl, and sfbsks tslﬁtl%ﬁteéjr §F°’“2:3’ezgi‘%“%éffe’éi”étﬁef’rol‘ﬂnrtH@rgroup of al kyl,
substituted akykn, amyJ N (gt Iatnutﬂdte':}fq&lryl,and heterocycle; Z' is selected

fromthe group of hal | k substit d al kyl, aryl, substituted
aryl, OzB, Sze, afid ﬁ\frzézggﬂéﬁd ?ﬁ(ﬁhf |§ FeP gc‘? dﬁf‘%mthe group of H,

hal ogen, al kydupssdbsted wiléslaldyl , 0235 y$2°, aardt YabAti tuted aryl: with the
proviso that whengRLdJ ¢z? 3 n29 Jul y 2003 Ga-& G- Gl, &, & and G cannot
si mul t aneously hav t he fol |l owing meanings: GL and @2 = H G = Oand G = H
or Z2C=0 where Z726=if pplectegy tem tbgr Eﬁ%‘fp of & inadeset.onlkvhcer ns a
compound havidupsgetetsd alaymulox!d,asBoCsnzizi;

G° is selected from the group of O, S, -NH-NH- and -
N=N-;

G is N or cz'%;

G!'! is selected from the group of H;N, substituted

15 HpN, alkyl, substituted alkyl, aryl, and substituted aryl;

2!, 2% 2° and 2! are independently selected from
the group H, alkyl, substituted alkyl, acyl, and
substituted acyl;

z? is selected from the group of H, alkyl,

20 substituted alkyl, aryl, substituted aryl, and
heterocycle;

z3, 25, 2% and 2!° are independently selected from
the group H, alkyl, substituted alkyl, acyl, substituted
acyl, aryl, and substituted aryl;

25 2! is selected from the group of alkyl, substituted
alkyl, aryl, substituted aryl, and heterocycle;

27 is selected from the group of H, halogen, alkyl,
substituted alkyl, aryl, substituted aryl, 0z%®, sz%, and
Nz°z®; and

30 2% is selected from the group of H, halogen, alkyl,
substituted alkyl, aryl, and substituted aryl;

with the proviso that when R! is



10 where the synbols have the follow ng neaning: P-Qis a C C double bond
or an epoxide, Ris a Hatomor a nethyl group, GL is a H atom an al kyl
group, a substituted alkyl group 15 or a halogen atom & is a Hatom an
al kyl group or a substituted al kyl group, G3 is an O atom an S atom or_an
NZI group with Z1 being a H atom an al kyl group, a substituted al kyl 20
group, an acyl group, or a substituted acyl group, and 4 |i&§ ngkgﬂ] an
al kyl group or a substituted al kyl group, an QZ2 group, p,*
Z2C=0 group, a 24S02 group or an optionally substituted glycosyl group mnth
, -4 29 July 2003 Zz being a H atom sansal kyl group, a substituted al kyl
group, an aryl group, a substituted aryl gfpup or a heterocyclic group, Z3
a Hatom an al kyl group, a substituted a | group, an 5 acyl group or a

substituted acyl group, and Z an al kyl group, a substituted al kyl group, an
aryl group, a subs@ tdted®af)? rSE'H%&r THHABFBRS N@VEr B, with the
provi so that Cﬁolmﬁungﬁmandngﬁ cannot have 10 sinultaneously the fol |l ow ng
meani ngs: a =z H t Qm_ = Oqat an 2 m or 0 wth ZZ =
al kyl group. ng? < G t he |nve§$|on congglns éggbﬁ%%ung havt general
formula I'b 15 thnﬁs SP-4/ ,,.0HOO0 off o where the synbols have the
following neaning: P-Qis a C C double bond or an epoxide, Ris a H atom or
a methyl group, 20 GL is a H atom an al kyl group, a substituted al kyl
group or a hangenFafEﬁﬁr' the invention concerns a compound having

general formula Ia

i0

where the symbols have the following meaning:

P-Q is a C,C double bond or an epoxide,

R is a H atom or a methyl group,

G' is a H atom, an alkyl group, a substituted alkyl group
15 or a halogen atom,

G? is a H atom, an alkyl group or a substituted alkyl

group,

G’ is an O atom, an S atom or an N2Z' group with

z! being a H atom, an alkyl group, a substituted alkyl
20 group, an acyl group, or a substituted acyl group, and

G' is a H atom, an alkyl group or a substituted alkyl

group,

an 02% group, an N2?2° group, a 2%C=0 group, a 2‘SO. group

or an optionally substituted glycosyl group with



& is a Hatom an alkyl group or a substituted al kyl group, and GSis a
hal ogen atom an N3 group, an NCS group, an SH 25 group, an CN group, an NC
group or a heterocyclic group. Further, the invention concerns a conpound
havi ng general formula Ila -5 29 July 2003 Rl Gfd ~ P~-QGa N",OHO
Ila p OH O where the synbols have the following neaning: P-Qis a C C

doubl e bond or an epoxide, 5 Ris a Hatomor a nethyl grogg%\ﬁﬁz@%

atom an al kyl group, a substituted al kyl group or a CF3, ulg NZSZ6
group with ZS being a H atom an al kyl group, a substituted al kyl group, an
acyl group ot: st n n atom an al kyl
group or a séb%}e’?‘t{gt Jf xﬁi aag%/(%ﬁp P@bué i é%p?@;_?&‘ eoga?kl%i N atomwith Z
bei ng a H or ghetmgen axx)lrngraﬁp.amwpbgqrmpedaazg,u.bgtrppgt@d aal kyl group, an

aryl group, ggt@r&%ﬁét&ggg 15 aryl group, or an OZe, SZ8 or NZeZ9 group
wth Z8 be| n atom an a substituted al kyl group, an acyl

roup

group or gi)s’t it Bt LRt é‘Ey‘Fl}@floﬁﬁg pdnd 7ePditHged M atloRFdP ainal kyl group,
and G8 issa bcpr g&obpl@gansabmtuaadeddwl ggtwmp agd an OZl o, 20 SZ1 or
Nz1zli gr oup, Wth e| ng aI Lou sub tituted al kyl
group, an acyl gr oupy:Lb % t| %Q%Qté%y ﬁyt}p,gron‘g)ar §¥§up, or a
substituted aer'gaoapbsf&ﬁétﬂPrWél QTPUWP Birad d‘rﬁteancml@d ggeawp, a
substituted al kyl 25 group, an acyl group, or a substituted acyl group.
Further, the invention concerns aund hgving general forrmula Ilb -6
29 July 2003%"—Wep¥%5§yﬁ%‘?§ haﬁ/e ?hé"?‘o‘il G- M8¥Ring: P-Qis a CC
doubl e basd gimerta@pousdethR fallawih@inermongs: etdnd Gfr-oupatom,

3 = 0 atom and G* = H atom or 2%°C=0 with 2% = alkyl group.

Further, the invention concerns a compound having
general formula Ib
15

where the symbols have the following meaning:
P-Q is a C,C double bond or an epoxide,
R is a H atom or a methyl group,
20 G! is a H atom, an alkyl group, a substituted alkyl group
or a halogen atom,
G* is a H atom, an alkyl group or a substituted alkyl
group, and
G® is a halogen atom, an N; group, an NCS group, an SH

25 group, an CN group, an NC group or a heterocyclic group.

Further, the invention concerns a compound having

general formula IIa



5 &G is a Hatom an al kyl group, a substituted al kyl group or a CF3, QZS,
SZS or NZSZ6 group with ZS being a H atom an al kyl group, a substituted

al kyl group, an acyl group or a substituted acyl group, and Z6 being a H
atom an al kyl group or a substituted alkyl 10 group, and & is an Oor S
atomor an -N=N- group. Furthex, the invention concerns a conpound having
general fornmula Il Goo 15 where the synbols have the follow.n neanlng
P-Qis a C C double bond or an epoxide, Ris a Hatomor a 8 @Q%Up, Gl
is an Natomor a CZ12 group with 20 Z12 being a H atom or hal ogen atom an
al kyl group, a substituted al kyl group, an aryl group, or a substituted
aryl group. 29 July 2003 Further, the invention concerns a conpound
having general fornula IV where the synbols lfave the follow ng nmeaning: 5

P-Qis a C, C double bond ortgqyepo rogen atom or a nethyl
group, and Gl1 is a HzN group, 3 ﬁEE%Lﬂgigp
substituted al kyl group, an ar m u

rou‘gH an al kyl group, a
' aryl group. 10
Further, the invention concerns an antifuggal. agent lcont ai ni ng or

consi sti ng of a conpound accordingito the i i i

optional carrier, diluent or additive. Further®ti®e invention concerns a
t herapeutic agent 15 for the treatnent of tunor di seases and grow h

di stur bances, mmtealtnengyrmolgmsv@tﬂﬁagf@hcauﬁem@@émqk according to the
i nvention, in addition tOH@QPEgtlon carri er, dlluent or additive. 20

Det ai | ed Descrff ii§aof’ ¢ eBPPDETORR iFROKLESa Li sted bel ow are
definitionssofRviar aoHSate e aSeetiyl desud, be this i nvention. These
definitions ap t 5.t he r s r h ut this
speci fication, éﬂ X eés)slgo Og\f V\%rge ﬁ %%yngs%%% ?‘Q“E atlig?‘n](c)é’sﬁ"ugi t her
i ndi vidual Iy oer @scﬁa;r t03f %°| arg"éﬂr ngepp wigh

A being a H atom, an alkyl group, a substituted alkyl

group, an acyl group or a substituted acyl group, and
10 z° being a H atom, an alkyl group or a substituted alkyl
group,
G’ is a CZ’ group or an N atom with
2! being a H or halogen atom, an alkyl group, a
substituted alkyl group, an aryl group, or a substituted
15 aryl group, or an 028, S2z% or N2%z° group with
2% being a H atom, an alkyl group, a substituted alkyl
group, an acyl group or a substituted acyl group, and
2% being a H atom or an alkyl group, and
G® is a H or a halogen atom, an alkyl group or an 0z',
20 Sz or Nz'9z}! group with
z!® being a H atom, an alkyl group, a substituted alkyl
group, an acyl group, a substituted acyl group, an aryl
group, or a substituted aryl group, and
z!! being a H atom, an alkyl group, a substituted alkyl

25 group, an acyl group, or ‘a substituted acyl group.

Further, the invention concerns a compound having

general formula IIb



29 July 2003 The term "pharnaceutically active agent” or "pharnmaceutically
active epothilone" refers to an epothilone that is pharnacologically active
in treating cancer or other diseases described herein. The term "al kyl "
refers to optionally substituted, straight or branched chain saturated

hydr ocar bon groups of 1 to 20 carbon atons, preferably 1 to 7 carbon atons.
The expression "lower alkyl" refers to optionally substitutgg alg%gxgroups
of 1 to 4 carbon atons. 10 The term "substituted al kyl" ref July al kyl
group substituted by, for exanple, one to four substituents, such as, halo,
trifluoronethyl, trifluoronethoxy, hydroxy, alkoxy, cycloal kyl oxy,

het erocycl ooxy, oxo, al kanoyl, aryloxy. al kanoyl oxy, 15 am no, al kyl am no,
aryl am no, aral kyl am no, cycl oal kyl am no, heterocycl oam no, disubstituted

am nes in which the 2cam subst i pt®neSare sel ect ed fromal kyl, aryl or
ar al kyl , aIkanoylanind}-ﬂggﬂngfggj ar al kanoyljam no, substituted

al kanoyl ami no, substi téft ed 20 aryfam n sUpstituted aral kanoyl ani no,
thiol, alkylthio, arylthio, aral i oal kyl t hi o, heterocycl ot hi o,
al kyl t hi ono, arylthiono, ﬂbalkylth%on al kyl sul fonyl, aryl sul fonyl,

ar al kyl sul fonyl, sulfonamdo (e. g. SéﬁNH&), substituted sul fonam do,
nitro, cyano, carboxy, carbanyl 25 (e. g. CONHZ), substituted carbanyl (e.
g. CONH al kyl ,wheekHthe \dymbebhlHhaueak kg | fadlondmp menphirgs there are two
substituents qnd hg Rid rogedpselRated: faoapakidel ., aryl or aralkyl),

al koxycar bonyl, aryl, substituted aryl, . guanidino and heterocycl os, such
as, indolyl, ifhitGa2ol\3tom39Tf {MALLYL Iy, thi azolyl, pyrrolidyl, pyridyl,
py[)i ni dyl gsn_d dﬁhsls Fi lgeatymer? lmk@rl g’iblﬁﬁﬁlél\/fﬁbﬁtiMeab@lﬁﬁm gempl iksI further
substituted it_w e Wkt alo P .o oxy, aryl or aralkyl. _g_
29 July 2003 THe? L(—i:F’fh 'og’fz’yl 2 g’??tgr%"}/pr dartal derived usually from an
acid by renoval® béincha Hydrowylan Ekeripbesupnel sdestdteted al®WBCO-), benzoyl

(C6HSC0-) and %@%gl §H|chnylt,,r£&g6lé§892§ab 2 hEYMgr8UpStifyut ed acyl”
E@Sél h th I

refers to a s tuted acg group_in whi ¢ e radical derived usually
from an acid iR & HoPtere 3Ry ety BTPEP QFbat FuRFtétN IR atbfl exanpl e,

al kyl, subsfitgsoed, abky!, cycloal kyl, substituted cycloal kyl, aryl,

substi tuted aQ¥I, aral kyl, .10 substitg&gg_aralkyl and heterocycle. The term
"ring systent §ef&r¥ Co°in° 1T oRhI T "SubstITHPed ring syst em cont ai ni ng
one to three rings and at | east one carbon to carbon double bond in at

| east one ring. Ex YV LH0DO; J , i mMmted 15 to,
an aryl or a partig lﬂ%? ?EFr“ﬁﬁﬁgggﬁfﬁ?géHﬂifeP§§§%F§8ﬂﬁﬁﬁg system which
may be opti ond9neralbseimueedt The term"aryl" refers to nonocyclic or
bicyclic aromatic hydrocarbon groups haying 6 to 12 carbon atons 20 in the
ring portion, such as phenyl, naphthyl, 1biphenyl and diphenyl groups, each
of which may be optionally s tituted” eYyerm"substituted aryl" refers
to an aryl group supsti@?ﬁ%mk&BL\gxérjxanpl gee to four substituents 25
such as al kyl; substituted alﬂyl, hal o | T4 upr omet hoxy, trifluoronethyl,
hydr oxy, al koxy, cycl oal kyl oxy, het &t ~al kanoyl , al kanoyl oxy,

am no, al kyl am no, aral kyl amilho, cycl i no, heterocycl oam no,

di al kyl am pp, al kanoyl ami no, thiol, alkylthio, 30 cycloalkylthio,

het erocycl ot hi o, ureido, vitro, cyano, carboxy, carboxyalkyl, carbanyl,

al koxycar bony|wheregthe| $ymeas, hawey the edovarkyearinstiyl , sul f onami do,

aryl oxy and thge.dijkea dhe ubséidonanbs ray epexide,ther -10 .

R is a H atom or a methyl group,

G!° is an N atom or a Cz'? group with

20 2!? being a H atom or halogen atom, an alkyl group, a
substituted alkyl group, an aryl group, or a substituted
aryl group.



29 July 2003 substituted by hal o, hydroxy, alkyl, alkoxy, aryl, substituted
aryl, substituted al kyl or aralkyl. The term"aral kyl" refers to an aryl
group bonded directly through an al kyl group, such as benzyl. 5 The term
"substituted al kene" and "substituted al kenyl"” refer to a noiety having a
carbon to carbon doubl e bond, which can be part of a ring system wth at

| east one substituent being a | ower al kyl or substituted | ower alkyl. O her
substituents are as defined for 10 substituted al kyl. The te2¥njulya003al kyl "
refers to a optionally substituted, saturated cyclic hydrocarbon ring
systens, preferably containing 1 to 3 rings and 3 to 7 carbons per ring

whi ch may be furthdmPrthsed tiet AnHPLiAR ENCErRY aCIoTRowE davbogyclic ring.
Exenpl ary grougsndfal wdemsylzgpropyl, cycl obutyl, cyclopentyl, cycl ohexyl,
cycl oheptyl, cyclooctyl, cyclodecyl, cyclododecyl, and adanantyl. Exenplary
substltuents i ncl ude one or nore aIkyI gr @ups as descri bed above, or one or
nore groups descri bed above 20 as aIkyI stst tuents. The terns

"het erocycl e", "heterocyclic" "hat erpcyrT o refer to an optionally
substituted, unsaturated, parti t it at ed r.dtul |y saturated, aromatic
or nonaromatic cyclic group, ﬁfﬁ%e?anpke {

5is a4 to 7 nmenbered
nonocyclic, 7 to 11 nenbered bicyc menbered tricyclic ring
system which has at |east one heteppat | east one carbon
atomcontaining ring. Each ring of the heterocyclic group containing a
het eroatom may have 1, 2 or 3 30 heteroatons selected fromnitrogen atons,
oxygen atons antezsulth@r sgikss, bafretBet Fl lorirb geanand: sul f ur het er oat ons
may al so opki opay lis Becpxidbubed wund bhaamiebepgrR) heteroatonms may al so
optionally be quaternized. -11 29 JuI 003 The heterocyclic group nay be
attached at ang Y e MY 3T b AR oA %ﬁ Bl &Y nonocyclic
het erocyclic gcBups d meN ugkeoupyra (ﬂubdtn\;ut;edpyzmr okotp, iandalyyl pyrazolyl,
oxetanyl, 5 pyr | iy |yl 1 dazo azolldlnyl
oxazol yl, oxazgfg\% 7 L"?%@%ﬁ%ﬁ(’).aﬁ? ! so gaz%)d r¥h rou%olor . thi adl azol yl ,
t hi azol i di nyl, S¢Q§ﬁ?ﬁhﬁ§él%ﬂyl FE@HMI azolidlnyl furyl, tetrahydrofuryl,

thi enyl, oxgdi azol e RéPErchdl ﬂwentpbrp%aébmé an2a9e<9ﬂi sia é?:\é' 10
2- oxoplperldlnyl 2- oxop%?rolldln g oxaze azeplngP plperldonyl

in
pyridyl, N oxoSPRAAAFPY BF rSRPPHSALRIpGT i hicGIR 5Yﬁ§??fﬁ%ﬁ9n

tetr ahydr opyr abytentiiehy alry didat biwopybamy loptt eialakyudr Dé i @lﬁyﬁémylorsul f one,
nor phol i nyl , tr%éa r@hollnyl t hi onor phol i nyl sul foxi de, 15 thi onorpholiny
sul fone, 1, 3- di %o ane and tetrahydro 1, 1-dioxothienyl, dioxanyl,

i sot hi azolidinyl, Fairthemylthet tivensihgt conceens ﬁytheamiwttw-i:aqqﬁryl and the

l'i ke. Exenpkar Yoxb't%éCE!rGatB@n%r O£ Wihb ﬂs@ﬁ?és i el eeléwtbenzot hi azol yI,
benzoxazol yl, benzothlen gU| nucl i di n U|noI|n

qui nol i nyl - I\l-oS?’r%Fé‘rbtaéFF ﬁTF’B? i b1 FHRY St’i oaﬁl ﬁo?‘%/"WPnd benzi mi dazol yl ,
benzopyr anyl , aémhﬁdlagnyb tHechaodntiyph, iochrddDNpn, tooammipithiyhal ci nnol i nyl ,
qui noxal i nyl |n QL o | , furopyridinyl (such as furo[2,3 25
c] pyridinyl, f oY or[lf 81‘1&% dlglﬁ EFﬁéﬂ:g‘y%'ur o(2, 3b] pyridinyl),

di hydr oi soi ndol yl , di hydroqui nazol i nyl (such as

3, 9-di hydr oy 9- Bm;quunsz%f@eum d2eeRs Seiviahezal vyl , benzi soxazol yl,
benzodi azi nyl, benzofurazanyl, benzot hi opyranyl, benzotrlazolyl 30
benzpyrazol yl, dlhydrobenzofuryl dlhydrobenzothlenyl
dihydrobenzothboﬂuﬁanyh; dihydrobenzothiopyranyl sulfone

di hydr obenzopyr anyl olin i sochr pnan |50|ndoI|n ht hyri di nyl ,
pht hal azi nyl , plpeﬁﬁﬁ§Fg b é?b‘?%Fnrﬁﬁﬁ %ﬁ?ﬁﬁy?uspyfﬁaopyf?dyl

qui nazol i nyl , tetdesh:ydbeqthlrsolmmt,mnhl dgirekerddfintihienroppplyytio

thi enot hi e@%"tﬁ%"téﬂﬂg Lékéhey are used throughout this specification,
unless otherwise limited in specific instances, either

individually or as part of a larger group.



Exenpl ary substituents for the ternms "heterocycle,” 5 "heterocyclic," and
"het erocycl 0" include one or nore al kyl or substituted al kyl groups as
descri bed above or one or nore groups described above as al kyl or
substituted al kyl substituents. Also included are snaller heterocycl os,
such as, epoxides and aziridines. t0O The term "al kanoyl " refers to
-C(0)-alkyl. The term "substituted al kanoyl" refers to -C(gbgﬂm§§b@yted

al kyl. The term"aroyl" refers to -C(0)-aryl. The term "substituted aroyl"
refers to -C(0)15 substituted aryl. The term"trialkylsilyl"™ refers to

-Si(alkyl)3. The term"aryl dialkylsilyl" refers +Si(alkyl)2 (aryl)
The term "diaryl ahlytein VipharedeensiedtLlyspELtA )aﬂggb (%aﬂ kyl) . The term
“heteroatons” shal |l include oxyger epotiilonahdrafiersoter®® The term "hal ogen”

or "hal 0" ref @G Gorine, chlorine, brom L odireetimp The
conmpounds of épsthillne Fh#foéﬁhplﬁf“}?ﬁ???%lrcr%qs P{csﬁ\?mqt%l al kal in’%ﬁrret al s such as
sodi um pot asggygg!ﬁry} bk hd¥ Wlsenbdsh dabkaibeden®Ef4™h netal s such as cal ci um
and magnesi um W th organic bases SuGh as dpeysd mhesybsamitneednd

tributyl amsne, wi tHSyErBi dnd ‘am no aci ds suc@roﬁgrgg Qpi ne, |ysine
and the |ike. sSughgmwldrsbeanrhsd otiidl FEHUIFTEF lc’é’karrp €, rb? exchangi ng the
carboxylic aci % Erot %,cagg 1 he¥ms Ofraifarablyaitboxyl ic@rb@ #t°FF om conpounds
of formula | ©hr ub?l W t% t he desi r,,edej_,é)rt; it apiona2By July 2003 a nedi um
in which the sakteppressional ¥ esr 215 an "ggticous nmedi um fol | oned by

evapor ati on. Ostu%grcié {$ 20891 herobips netl laso khGARPPD 3%08Se skilled in the
art. The conpounds of formyl It.ttm__g#gﬂklyynfgﬂ@rsaté @nSalkylh a variety of
organi ¢ angb i nor gafPe B&5™s=Y ¢h-salts include Ehogﬁnjorned wi t h hydrogen
chioride, hydrpgep Rubstimtederhadesut¥aIRie &%, °hydroxyet hanesul foni c
acid, sulfuric acid, acggi%ugﬁigg, heid) uenonoetdretarld, nalefic acid,
benzenesul f oni TRAGFPEFE°1 51 Genesul f oni ¢ acidcfgy¢ayg§idyg§ others (e. g.
nitrates, phosg&&ﬁk&nrobatbﬂ&!s,hYQﬁQﬁWat%&f°ﬁ¥ftrates, succi nat es, benzoates,
ascor bat es, sa!}i C%’z!-oazfy%io@m ke, |dlkahoy Buclrysexy s adka"3PH¥d by reacting a
compound of fo Fuia t hrough IV iHNSEOEQHg{Q&fﬁﬁiﬁ@UDunt of the acid in a
is medium il wainghot e kARPIAGr eRT VIR RS or in, arlgsaqgeg%s a{;@lq%ym fol | owed
by evaporation, hgogggyltamﬁo, Zmi:erm@ﬁsm’(“"i'nﬂé?“ ATt S 3 can be fornmed and
are included vvif In the term saltsuas iwseskharei sele2@ePrizgfugs and sol vates
of the conpound® BhiER S é? through |V are .also, Letd,ated herein. The
term prodrug, askysedaher e narad&pbt &@“8%mounﬁ whi'ch, upon_adm nistration
to a subject, undg&gggzlmggj Calbs€ pEMErds abkanny LABEAtyo SHRS tuged o
processes to yiaé"la a conmpound af Jf: r%b@lgmitnbl;Obngjtbll,Val)qutaigalt and/ or
sol vat e themeofaryll@mieszanﬁjqbé?l‘t“&ﬁ‘goﬁn S of for,rrulg J;e}oQRQMiL:y may forma
car boxyl at e estg,_rylr{@,iigt,yara'lihglt&aimboxyﬂaftaékéyflblrc’s Fe*conveniently formed by
esterifying any of the car g%gc{,fon%giﬂrimthm.i ellglspdieRylon the 30

di scl osed ring stFEIPEs)% Y50l vat es of the ¢ WBdge @f $@mmEml,a | through
IV are preferabhyyleudfangs. avatkoki@ESP¥Y 6 pr ogr ugs are vel | gnown in the
art. For exanpl ggb%{i Gl AGeheGidls| nvery, dEPPYQIGRYBIRY/sERT amy 29 July
2003 2) Design BF"¥rodiugs.” B BUNJERALekRgl t Q). Eheoubird (£98K);
CONH aralkyl or cases where t
nitrogen selected from alkyl, aryl or

aryl, substituted aryl,
ch as, indolyl, imidazolyl,
pyrimidyl

here are two
aryl,

substituents on the
aralkyl), alkoxycarbonyl,

guanidino and heterocyclos, su '
thiazolyl, pyrrolidyl, pyridyl,

ienyl :
30 furyl, thienyl, e substituent is

and the like.
further substituted it wil

Where noted above where th
1 be with halogen, alkyl,

alkoxy, aryl or aralkyl.



b) Methods in Enzynol ogy, K. Wdder et al. (editors), Academ c Press, Vol.
42, 309-396 5 (19B5); c) A Textbook of Drug Design and Devel opnent,
Krosgaard- Larsen and H Bundgaard (editors), Chapter 5, "Design and
Application of Prodrugs,” [13-191 (1991); 10 d) H Bundgaard, Advanced Drug
Delivery Reviews, 8, 1-38 (1992) e) H Bundgaard, J. of Pharm Sciences,

77, 285 (1988); and f) N Kakeya et al., Chem Pharm Bull 32 692 t5(
1989 ) . The conpounds of the invention may exist as nulti p|28%y26a3
geonetric, and stereoi soners. Wile the conpounds shown herein are depicted
for one optical orientation, included within the present invention are 20
all isomers and mi xThR SEIRhAWL . reksssabel UTPHiedl 2B rTved cmmedlnds of t he

i nvention are rf'r‘éﬁxoér\lmbllaslﬁyattlehbihI]gafagﬁé]th%ﬁdrzhf’ 8mp WS 43ehyd in the
treatment of a vari et%} ancers %t her pro iferative diseases

i ncl udi ng, but 378§EY1| t’obe?‘ﬁoé’ 6?‘1 89 Mg 2" RGN ABHEC™Yncl udi ng t hat
of the bl adder ,(Cbissast),. 30 col on, kidney, liver, lung, ovary pancreas,.

stomach, cervi x, thy}{eO'thﬂndsu%gi.{'tuﬂfeﬁcL%nggu?gf?m%ug Seldcsqarc nome: - 15

29 July 200§ herrat opol et1c tunors I neage, I nc I'ng | eukem a,
acut e | ynphocy®ryl| eigdenin, whdcht he yaphedt asrived aisketin, fRmcen| | ynphons,

IT-Celhl Iywpgogaglwoﬂgk ti&leasvényrmhaﬂa hy@QBx)inqgkb?&ﬂlt\éUEQ@%fQ@U?/ Cg"
ynphoma an urketts oietic tunpors of nyel oi

| i neage, incl u&?‘ﬁ‘@plaec’utaé%ﬂp s(‘f?&h‘i%ﬁ?ﬁ?ﬁéﬂﬁ&?ﬁ%ﬁ%m as and

pronyel ocyti c Isebkeitwed- ctalmeldybf arpsernaivgrbtuted gl , idx@ludi Nng

fi brosarconixa 1Q gg&g&%gd&@ﬂ%%ﬁ)rmterocci;cligr tunmors, including mel anoma,

sem nonmm, tetratocarci nona ast onm glioma: - tunors of the
central and peri phethd taemVaisgsysiten| FefEirsdragnrasptbeydldya,

neur obl ast ona, s%s&%teanplmlgSs%mmeea@ﬁmg bATRLS Rt IESQRChYRI Origin,
including fibrosarcoma, rhabdomyoscaroma, and osteosarcoma: "and - ot her

tumors, incl udPﬁgl?ﬁtaﬁBﬁacarﬁ’@Hob%rﬁ?ﬁb‘b‘P FIASRLBSRARG RBr Ak GEEEENE Mo,

Sﬁm none, thyrQudgzazlﬁeabla%ulgaﬁgcwwemsannfuheéathmagemwaaf 110D ﬁnds of ]
the inventi al so.i nhi_bi ngi.ogen t her eby _affecting the grow
of tumors and \Sﬁvaﬁ'rBlaﬁé’lt? o4t ﬁer€ aqflyt‘& é“g‘ign'if’staﬁl’fﬁgt?%l ated di sorders.
Such anti - angi bgeeasiyslpe opegt sestearl, vhic2Sagoppepndsnally ormula | through
IV will also bg,ysefilleehn the treatnment of other conditions responsive to
anti angi ogenesi s agents including, but not limted to, certain fornms of

bl i ndness rel ated tiher &EFMARIYASCRATEFF 4R MOACCYGYir PFl%lcl@éﬁém ally

inflammatory 3Qramddyd hy&odxubbn m@ugslmﬁaqss f€3bi BOSbSh AREmPSOri asi s.
Compounds qf the ‘lfnventl on. .| suclrl‘CE or, FII bi t

physi ol ogi &1 &8 YPu&ars °rrc‘)*'(%8'sis crltl?:aﬁhefne; nrbarpr?&f‘ygé\rjo g‘ﬁﬁ@ht and

honeost asi s. A@nér@mph@ngl(groums, each of which may be optionally
substituted.
The term “substituted aryl” refers to an aryl group
supstituted by, for example, one to four substituents

25 such as alkyl; substituted alkyl, halo, trifluoromethoxy,
trifluoromethyl, hydroxy, alkoxy, cycloalkyloxy,
heterocyclooxy, alkanoyl, alkanoyloxy, amino, alkylamino,
aralkylamino, cycloalkylamino, heterocycloamino, '
dialkylamino, alkanoylamino, thiol, alkylthio,

30 cycloalkylthio, heterocyclothio, ureido, nitro, cyano,
carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl,
alkylthiono, arylthiono, alkysulfonyl, sulfonamido,
aryloxy and the like. The substituent may be further

-10-



29 July 2003 apoptotic pathways contribute to the pathogenesis of a variety
of human di seases. Conpounds of fornmula |I through IV, as nodul ators of
apoptosis, will be useful in - the treatnment of a variety of human di seases
with 5 aberrations in apoptosis including, but not limted to, - cancer and
precancerous | esions, immune response rel ated di seases, viral infections,
degenerati ve di seases of the nuscul oskel etal system and kidg P S

Wt hout wis3~ing to be bound to any mechani sm or 10 nor phol gﬁ éﬁﬁg%unds
of the invention may al so be used to treat conditions other than cancer or
ot her pr oIlfersabsm&udeaa@selaloSWEr@ﬂwslms bkdtdearput are not limted
to viral |nfect ons su her pesvi ru ﬁVIFUS Epstein-Sarr virus,

Si ndbi s virus? ?Fﬁ?gtﬁgéﬁﬁ'lrﬁg 5%}P5Fan1#k¥ dPEe¥Ysuch as systemc | upus
eryt hemat osus, |nWMREtaﬂdPateukngnefatmnaphhlaryn grcegndnadied arthritis,
psoriasis, infl 0 S o] i abetes nellitus;
neurodegeneratlggagﬁéégdggéeéug%ﬁga £ﬂg|§§#kségﬂ%£§ g 20 AIDS-reIated
dement i a, Par ki nsdilres tefms Sqybst HinFedr apkgne”| anérigubschibutssi s, retinitis

pignent osa, SplR&kylMUSEEE ARk ok IfilRY yansk R %beémsn Q%geilﬂo%t' on; AlDS
nyel odyspl astl C S ghggegpﬁsgl astic anem a; ischemc injury associated

myocar di al i nf8Pets CathdeoBaF e R PUSTR ﬁyﬁjtﬁ’f‘y witBsttenosi s;
arrhyt hm a; atllasxmsmlaesmmta;:uéw|h1&-m§da|crmheer abkyohal siutueaded i ver

di seases: he hgal di e c nig nd apl astic
anem a; degegég%]ip\%e gi o%ﬁé? %btssb\!gg‘rlr%gtcsul GSKeT e%gelingysrfém such as

ost eopor osi0s FnbsIFused rﬁhkwils aspirin-sensitive rhinosinusitis; cystic

fibrosis; multipl %h%%@fn?%?cl&ld&‘iy gi 56258, o APt icARLE; pain. -17 29
July 2003 The present invention thus_provides a nmethod of treating a

subj ect, pref &P lfuﬁﬁ%aﬂ%“éﬁ"lbede%é&f%mvrﬁﬁﬂﬁ?%“ GiRY nuede®$ . t r eat ment for
any of the af @&embupnﬁﬂxtamﬂng i10R8, 3 esiiREi ahd y3 GRNGEeEar®onotpt 5
proliferative dlse ng .t f admnistering to a subject
in need ther ecgfm%f I“éa sggone t@%ﬁpgﬂsn%& SF R ot ﬂ“&aF“f%%ughCrv in an
anmount ef fiéct iceebddysi & oringx hisrempherppmisups ageinde sucltepaspyhose descri bed
bel ow may be e E}Pi&:)ﬁ%?lwéﬁ&l&B@néﬂVeB%i’&é&lCOég&%%t*ﬂet he present

nmet hod. I n the nethod esent "1 nvenfion,” such r therapeutic
agents) may béy%ﬁﬁcﬁﬂté‘ryéél%??ﬂrf £3S1e49ACH An A BYaRRW Lor f ol | owi ng t he
adm ni strati omxaﬁpltah@ @m@ua&ses Qhcltige p;rx@seﬁtmdﬁtvemkyp@rouﬁs The effective
anount of a corrp% g trge gresent |nveno| g‘ r.m ned by one of
ordi nary skilP ‘etcﬁé 57 P8Ry IMEMGdR% mfgnﬁfor&/]s 855@%’ SnBtRs for a
human of fmomaaba)mlesﬁGsttl@uem +1g/ kg/ day, which may be administered in a
single dose or inqhe.fqd .ggtg,g,éyggg,w dq@ltegbwcq«g@,dg&es such as from1
to 4 times per day. Preferably thé conpounds ar'e administered in a dosage
of less than l1Deterpeiglefayetfeh % SPngPelafsddyoulstisuted4 di vi ded doses. It

wi |l be under shond:rtahad, tpraecsmcy fsaeudgsa,| eyefularydsﬁf@meapy of dosage for
any 25 particul

ar_subje var i d and depe ugo vari ety of
factors incl udfﬂﬁattlﬁe]oﬁc‘ﬁn@lrg ato’fc g Js‘beq(ﬁ(’flPt ornﬁgﬁ'ﬂ%dil “np F’o‘g‘e t he
met abol i ¢ st aliis| a t4y tand nesbgtéd ofonacycbir,of7 thatl renpersdd, the speci es,
age. . body wel gibyegencialioneg! ifmetBl: a0t ALglil Aile Seget. the mode and
30 time of adm nistratron, rate of excretion, drug i nation, and
severity of tMBigfamascat AeAEBRNS NGRS T PP etf s’thF‘éc‘tfse £BFLAY eat ment

i ncl ude ani malgeomtBnkalificCEaR Y MRERBLIMR o&pa% eeted6dya@schumans, and
donestic -18 29 July 2003 anj nal s such as g %atsnﬁnd the |ike,
Qaﬁ e

subj ect to t hE*3fRE ﬁ’c’i‘ﬁ’ﬁea LE5PAEPR  Maph ention al so
provi des asophaetEatbns adeleonpd Sirdomoni coogeni steongs aoxyeasttome of the
conpounds  of and sulfur atoms, where the nitrogen and sulfur

heteroatoms may also optionally be oxidized and the

nitrogen hetercatoms may also optionally be quaternized.

-11-~



5 formula | through 1V capable of treating cancer or other - proliferative
di seases in an anount effective therefor, and a pharnaceutically acceptable
vehicle or diluent. The conpositions of the present invention may contain
ot her therapeutic agents as descri bed bel ow, and may be t0 formnul ated, for
exanpl e, by enpl oyi ng conventional solid or Iiquid vehicles or diluents, as
wel | as pharmaceutical additives of a type appropriate to 3digy 30f
desired adm nistration (for exanple, excipients, binders, preséervatives,
stabilizers, flavors, etc.) according to 15 techniques such as those well
known in the art of pharpaceutica i QF hedeftohy accept ed
phar maceut i cé[lhepP%tﬁ‘Ji)C’é:é'.cga eg’!i;:éou%plga%g;éeng#@%éoﬁul a AI}%{ hrough 1V may be

adm ni st er ed d3y cagyors wtbabl e nmeans, for exanple, orally, 20 such as in the
formof tablets, Q%gg%ﬂ}?,, nOEEH18S RitepOUREriT goulbd ngunidey; bucal ly:
parenterally, suc ¥ y “subcut’aneous, intraveng_u§, g{éttglq%nyscul ar, or

i ntrasternal gytretidonylor PYRFLY on e gRE e 4.9"aS St'eril e i nj ectabl e
aqlﬁef)us_ or, nQ -ﬁggggﬁl@l,s?kﬂah@dﬂsylgr iﬁfﬁda&uﬁ{bﬂyﬂsi dmézéZQiéééW%ﬁ, such as by

i nhal ati on” spray; topically, such a t ofr; z&areamor ointnent; or
rectal |y suchodegofplt rfé*WXh?b?@uﬁ%S%%&%ﬁ’éis’: lirpr‘])g!dos,:i:%e upi t fornul ations
cont ai ni Ng Nopkia@%i g1, pliaradeeat yoalthiazedédppybl &s9EMTE or diluents. The
present conpounds .30 L JLor ket rd¥daeFhniISt ehbehyiln a form suitabl e
for immredi at el?%liééggfgér{m %t’eﬁgi‘e(gmr)etl _ea%shg/. | Wd%_atx [glgasg.0r extended
rel ease may bexatiaizey et baiﬂeﬁédﬁgél'oPl%eLﬁatzéBmp ar n%cpgutl cal ‘composi ti ons
conpri si ng thg_éxlo%i 29441y, 200RomyresndinydnpotardgePdryLlparticularly in
the case of e&tended rel ease, b Lhe usg, 0f geﬁi&%ﬁ 1 as subcut aneous

i npl ants or osmiiftylpuf‘rb%%PeFH@%V s&Nt " Corfpounds may al so be. admi ni st er ed

| i posomal |y. ngazi,@)g_anpyﬁmﬂdieyact@wédslﬁbmlanéét%aé‘ﬂdﬁ%pﬁfﬁf‘”'zed in a
conposition such as a bl e ps d¢hii 8Py £dny@USPEIBIEQN cont ai ni ng
about 5 to abéﬁ?raiﬁ’@rﬁégb%?};rl?r?&?'dgéﬁpaﬁ?_ a ng uy%g ory '{%élre of
conpounds of feEpRdlanylanthidmagphphiny tob‘i”@é\“?gg n%0. ot % b by wei ght 10
conpound of f(%ér.rgx!‘gr lhadflyl | suidRel 01 fi-dgotaleaenend s-eperhytepyl: They may be
conpoundedi n *&*20nvent i ohal  manner wit h,a Pﬂ)ﬁkgtggi&@u%y@gcept abl e
vehicle or carlr-i:lfewfofé')é(ﬁ"ﬁﬂerﬁll,°"t?i”1¥5jeﬁs°6rleaservat| e, stabilizer, flavor,
etc., or wt ht%iﬁ.PQﬂﬁg' teansimyl, Ehe vurpolnids asf 4 f6Kfula | through |V
can also be fornul ated .in conmposi.ti beps | idiciaddlt | ons or
suspensi ons for paFeHRHAAY sg%éﬁ]ilsc!t ggﬁéﬁsgﬁf Oﬁl to 500 ng of a
conpound of f Qjedbehiaidiydughenaoxaeplple PERPIIHERN with a physi ol ogical |y
acceptabl e_vehicle,.c¢ jer 1 f7Hvant ,quidaobimdeN-priedmsr vati ve, stabilizer,
etc., in az‘hni%“1&8§éb§{'¥9&r'm‘_*‘$§*§a| Iygd for. b . Arcepbagi Hharampsut i cal
practice. The wetmahydorispuiipel sl ad2e it hese conmpositi ons or

prgpar at idons [ en%gggg@gi,y isxuelnliihatl,abmotfabilb dr?sfa@%milln tge range

i ndi cated i s obtalnéd. 25 Exe y pasishivonsidaarodyal admi ni stration

i ncl ude suspen@?%lﬁﬁ?’chcw;ﬁggﬁ{hi%? for lggaﬂghﬁe ’é{:{pcrySt all'ine

cel lul ose for jymanoppgidylk fuabpyridnyti FuGr & B Lgi nate as a

suspendi ng agen e, ce Se-| i¥imaqsbryfwent{dnder, and sweet eners
30 or flavdri nfj}%ﬁbré'r?tlgﬁhcﬁd%s[gt Eoszpjdy\lzn !mi r:’.hw?o ihazéNGyh Mmedi at e

rel ease tabl et plpyriickingdy, cHiySrRIs? °g¥g'rrfﬁ e; cf‘er'cr ocrystal line

celj} ul ose,h di c%&&yrgsobglsp&ﬂi}ejro%aoxﬂtquhwvéépgm st ear at edand/ or |actose
and/ or other - 29 Ju 003 _execLhj , endeasazigyl enders,

di si ntegrants, bGPPd%‘?ﬂbs‘aéﬁbé’u I‘eln)ég%l sae@%g’h ?g t hose kﬁo in the art.

Mol ded t abl et s pefooiT2RHLE adndmhéPpbfr@éé%e-%"iZQHr’tafﬁll¥¥\g are exenpl ary

fornms which may be used. e £HEROS) tdimyaroberizetkigntydse f ornmul ati ng
t he present3%o Bﬁﬂ%lrsa)z%y?? %}léf&r?ibggoj Vi g ,di | dent s such asgRENi tol,

| act ose, sucr o&ﬂhgﬂdélmsnzgt@ieﬂmwlns‘?lwd§gb?rhzcc1 uée%yl n such fornul ati ons
may be high rml(g\%glfj%?%ﬁ'og,@;agypj Rin@Bl snyalchseshmoeahyd0oses (avicel) or t0
pol yet hyl ene glycols Q. Such formul ati A Syiipeebarde an exci pi ent
to ai d nucosal m&egpbw!é]ucﬁaagtmrd(f%fl’ptpgg%%ln?lhﬂ8%3 (HII‘;’%). hydr oxy
propyl nmethyl cellul ose (HPMC), sodium carboxy methyl cellul ose (SCMVO),

mal efi ¢ anhydri de copol ynmer (e.g. Gantr_elzz)_, and agents to 15 control

rel ease such as pol yacrylic copolynmer (e.” g. Carbopol 934). Lubricants,
glidants, flavors, coloring agents and stabilizers may al so be added for
ease of



fabrication and use. Exenplary conpositions far nasal aerosol or 20

i nhal ation adm nistration include solutions in saline which may contai n,

for exanple, benzyl alcohol or other suitable preservatives, absorption
pronoters to enhance bioavailability, and/or other solubilizing or

di spersing agents such as those known in the art. 25 Exenplary conpositions
for parenteral adm nistration include injectable solutions % sgig i ons
whi ch may contain, for exanple, suitable non-toxic, parenta y' @ abl e
di | uents or sol vents such as crenophor, mannitol, 1,3-butanediol, water,
Ringer's sol utj, [ S blLoyide solution, or other

sui tabl e disp I’SI n a&edgﬁﬁﬂwé’nﬂ %isn%e@r?g Ir’t’gf'agent s, including synthetic
mono- or digl f@éFFHE@’-’O%ﬁO%-HMly setenpfuriél udilngomidglacid. -21 29 July
2003 Exenpl ar khqggg@sigdyqnsaﬁ@rth@eﬁ@ adm ni stration include suppositories
whi ch may contain, _for uitaple non-irritating excipient, such

as cocoa butter, s’f}ﬁ?'?%ltairé’ng‘lﬂifééﬂ‘ﬁ% eS8 EhDrtepBf y dehgFeTus gt ycol s, which
5 are solid at“har:drdskayqttxtcenpatcat‘uwerdmtclbr qindlydé@ngheobr diczgol ve in the
rectal cavity o, re gl LBLY.L 05|t|os for _topical

adni ni strati of i {l:l %ﬁ?%s%gg?%al glk F |ggrrg Euc‘-‘r'ts %rrpﬁla{’s? |‘E>as§ i neral oil
gel l ed with ponpeehyheiregrovsy deﬂah@%d aphwe gonpbkiideorof 10 the invention

may be adni ni %t:geeﬂt&m QQH,J\/ suBstif@ntRl AOAED 28SAReAl S W th psoriasis
and as such may be formul ated as a cream or ointnent. The conpounds of the

i nvention nmay B8 éﬁ’ﬁn’?ﬁ?t‘@?%‘ﬂl"évtﬁ‘é?h AonEPYFideR FBhBFEEIdIBASW th ot her
anti-cancer and 15Ty ttairax’ £1lagenl’s ﬁ'ﬂér&re@.tmnt&l@ﬂm in the treatment
of cancer or other_pr Ilfetatl e.dis pecial |y useful axe
anti-cancer and cy'pg th| c d?lhb Lr’w"%)l néatl (a)rr’lgy\/vhéft‘frrf %ﬁe‘@é’and drug chosen
acts in a diffsgbenitutathedkpk. d| fferent phase of the cell cycle, e.g. S
phase, than 20 theﬁpé ecseergt “ QfHIH@UPQf;ez%f tEOL(’f'}H)a]ai- {.hrough 1V which exert

their effects at t hase. npl es asses of anti-cancer and
cytot oxi c agents |W&?kaé’m gil‘tbséll*éu‘iﬂﬁ it eieiess W kGIAT ng agents, such
as nitrogeys Mgabat dsuteri lsyyl,sul f onat es ni t rosour eas et hyl eni m nes, and 25
triazenes; antinetabolites, g? f 1 Iate ant go i RUI’I ne anal ogues,
and pyrim di ne anal ogU&E™ a ’t’i o Jt:sy S GERE s (&t5% e hes, bl eonyci ns,
m tonmyci n, dacti noMyeitermaharydl Atabpdisdily&hzmefess twuebi eslkyadspar agi nase:
farnesyl - prot i, Uansferase i nhi bitors; 30 hornonal agents, such as

gl ucocorti coi ds, est rogens/ anti estrogens, androgens/antiandrogens, .
progestins, and | utef fisFmng e Aot e ke IRBS FonaShiaRvAYON st s,

octreoti dezoace(taakgl) m cr ot ubul e-di sruptor

The term “heteroatoms” shall include oxygen, sulfur
and nitrogen.

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

25 The compounds of formula I through IV may form salts
with alkali metals such as sodium, potassium and lithium,
with alkaline earth metals such as calcium and magnesium,
with organic bases such as dicyclohexylamine and
tributylamine, with pyridine and amino acids such as

30 arginine, lysine and the like. Such salts can be
obtained, for example, by exchanging the carboxylic acid
protons, if they contain a carboxylic acid, from

compounds of formula I through IV with the desired ion in

-13-



-22 29 July 2003 agents, such as ecteinascidins or their anal ogs and
derivatives: mcrotubul e-stabilizing agents such as paclitaxel (Taxol),
docet axel (Taxotere), and epothilones A-F or their anal ogs or derivatives:
pl ant s derived products, such as vinca al kal oi ds, epi podophyl | ot oxi ns,

t axanes: and topoi sonerase inhibitors: prenyl-protein transferase
inhibitors; and m scel |l aneous agents such as, hydroxyurea, %Q @Egﬁéh

m t ot ane, hexanet hyl nel am ne, pl ati num coordi nation |0 conp$

cisplatin and carboplatin; and other agents used as anti-cancer and

cytotoxic agenf seatah #5 Jioh Q9leCal1d %Qeima@@g' 4 & > an I AN ;1 f actors;

i mmune nodul ators, and nonocl onal anti bodi'es. The conpoun
i nvention nmay MEA4EMbECIRaEed; by CYAPFREEPEN \)Qtﬂ’ﬁrtSaJr’:tdeam% t her apy

Represent at i vefo@ﬁaarpé@&r@fmtfw&aogé aﬁéﬁie@flnalﬂhécﬁtcer and cytotoxic agents
i ncl ude, but are ngt am ne dr ochl or di e,

limted c hl_or et
cycl ophosphani de, %Ilﬁ o‘foé‘l?ﬁﬂﬁ?ﬁ 3 Faﬁ q\ﬁ"Bﬁ’Faﬁ?/cf@mbﬂ%]tﬂsf an, carnustin,
20 | onusti ne, v&enustvmets'toépirgmm randt inaxdgapac atbcsrn bagudie, net hot rexat e,
t hi oguani ne, R ¢ 2P OPUIdeN I i adri bi n,
cyt ar abi ne, flr%c%rggu% acgfl{{ © S%&%r Eg%?agrollw ydrhgﬁiﬁtﬁg ?leaaaﬁ%\or ubi ci n,
i dar ubi ci n, blhWeRpEsH BAAEEE e MefNERARPLERNIS 2588 nonycin 25 D, safracins,

saf ranycins, %@@ﬁ%&msum&ﬁedsﬁml sdefuriVi slé:id Stalc@eic Wbl astine,
vi nor el bi ne tal‘t%? et oposi de, teni poside, gac i'taxel , tanoxi fen,

estranustine, WBftBPRRAGENEC TSy BT LSoaFifn PEMFRRARUdEON HuSSEE! i n,

| euprol i dejo ptt@lludném.sl,fodnyrmesand enatibsOlozheBd @f. Igacaﬂt;raﬂ&tserfer on,

i nterl euki ns I ar gr, i xi mab, BCG,
tretinoin, |r|p§o? I?:%';ﬁl%; grbélc eIS(Sr d}ég%g arrag'tt gg%n’e@uccua i ne - 23 29
July 2003 hydreshbatesie, asaptbaéteam grd icyhrkasopod edhe énue)any Sauchl ogs or

derivatives thgrieofarLrehakd e pEIIEHY 9fcdrpetfd dAsSesuiNGl ude, but are
not limted to paclitaxel, cisplatin, "carboplatin, 5 doxorubicin,

car i nomyci n, BEARSR M dPnan eFr‘FI“ﬁB?J]teé‘rtl ﬁ’“°‘h°é"t Rt TR&&CEd Hetthopt eri n,
mtonycin G eeHeumaICiwhibh AhR, sphi forkoiyitatesSef liORAUIQRIdus

6- mer capt opuri n i,t abi t03|ne ar abi nosi de, podophyl | otoxin or
podophyl | ot oxi ﬁs%ggl va ]io\ygcsi%syucﬁx tlop05| de, etoposide to phosphate or

t eni posi de, nel phaIxarade.rtmbrh,agwn‘eermnncf‘ilsmﬁnesalt@ﬁnosardibmae vi ndesi ne,
and | eurosi ne.c Exaimles .0F ARlibaC@NAthiANGhOtBEE LAt 9Xiseagents include
the follow ng: epothilone derivatives as found in Gernman Patent No.
4138092. 8: WOMS7EI®O86, WO 98/ 22461, WD 15 98/ 25929, WO 98/38192, WO

99/ 01129, MO 99/ 02224 rde 9 @3D¥es\V\Or HHDIB8ABounde 99/ freiida YO 99/ 27890,
WD 99/ 28324, 99/ 4%@'—3 eV§1599/5 t3§n0 t\:/\AD ?‘6/ 24318, VO, ¢ 99/ 54319, WO

99/ 65913, WO S8FB¥FEEY (PP 91967588 S RAR D G0F o485 c YT n dependent

ki nase i nhi bi trergras, fasunded rheZQMVNDc@QdeMEGCOWW #hy¢h,prugbai n
transferase in fﬂl-n%lﬂzsat‘i%nfwgdsh% 0, 93,4d1q,%ggs a&gm\ggagal 54966. The

conbi nati ons o resent 1 nvention may al'so be fornul ated or
co- adm ni st eré@“ﬁﬂ‘h’-%’c R meNRePA B AT EheRiCLs PEPRRS Pt A Gdfled for their
par ti cul ar2sus bhboerss &Sfbmadwmr&to@@hnm t ber apdAx andosd ates with the

af orenenti oned ond| tions.  For, ex e co of the invention may
be forml at ed SRATA-RJAFEF o ﬁPév%%p‘riSUs °§‘p°H§%er sr,}g%gf’fll A ?y and gastric
irritation, sutmoagh dit meyefarysa canbokylated eblfenmdiletgt arfinei cs. 30 The

above ther apeytizg, OBPESS ws 1N 2EURL AN B LALIGORBIRAL Tt doh g cOMPOLNds
of the present invention, t hdse anoun I n in the
Physi ci ans' - 28y of the carboxyllc acid functionalities found on the
30 disclosed ring structure(s). Solvates of the compounds
of formula I through IV are preferably hydrates.
Various forms of prodrugs are well known in the art.

For examples of such prodrug delivery derivatives, see:

-14-



29 July 2003 Desk Reference (PDR) or as otherw se determ ned by one of

ordinary skill in the art. 5 General Methods of Preparation (A) Epothilone
Derivatives | to Ill The present invention is directed to the preparation
of epothilone derivatives la, Ib, Ila, Ilband Ill in |0 which the hydrogen

atons of the G 21 nmethyl group have been substituted partially or
conpletely by other groups GL to Gl1. R can be a hydrogen(gg Wﬁt%ﬁb -Q a
C, C doubl e bond or an epoxide. The follow ng general formul é b ?he
epothilone 1S core including the -CH= group at position 17 (Cl17 carbon
atom) whereas fornulae la, Ib, Ila, IIb,_ and |Il refer to conpounds having

sai d epothilone c@e HaFLIBRE FEOPRMIS Hst PiNFdRREd s RAUFOA, conbi nation with
t he synbol s of these auzgeobewis(lsas)yib, Ila, Ilb, and Ill. 20 -25 29 July

2008 Ri ~Q,,H -G . S.Gsf.G- S . @ NNIlalla
e s @ 5 5 7o o8 pRamleyP B Wigaft 6 4L Ny R T AL N an
|C G1 = H, hal ogen, CNedakkys), dghdenicufeessal Kpl.54G7 309H39@l kyl |
substituted al kyl G =1Qg55, NZ1 G- = H alkyl, substituted al kyl, 0Z2,
Nzzz3, Z2C=0, Z 502, optlonally substituted glycosyl GS = hal ogen, N3, NCS,
SH CN, NC, N (21f)]+ SEERRK wif PrpggResiqn aad, D PReREt ut ed al kyl, CFA,
ozls SzS, NzSz6 G @Zosghbfd Larkkn Mhogemurﬂlgk¥fd @&&Bt&pt ed alkyl, oz,
Sz, Nz1z11

Chapter 5, “Design and Application of
Prodrugs,” 113-191 (1991);
10 d) H. Bundgaard, Advanced Drug Delivery Reviews,
8, 1-38 (1992);
e) H. Bundgaard, J. of Pharm. Sciences, 77, 285
(1988); and
£) N. Kakeya et al., Chem. Pharm. Bull., 32 692
15 (1984} .

The compounds of the invention may exist as multiple

optical, geometric, and stereocisomers. While the
compounds shown herein are depicted for one optical
orientation, included within the present invention are

20 all isomers and mixtures thereof.

Use and Utility

25 The compounds of the invention are microtubule-
stabilizing agents. They are thus useful in the
treatment of a variety of cancers and other proliferative
diseases including, but not limited to, the following:;

- carcinoma, including that of the bladder, breast,

30 colon, kidney, liver, lung, ovary, pancreas, stomach,

cervix, thyroid and skin; including squamous cell

carcinoma;

~15-



@ =0, S -NHNH, -N=N-26 29 July 2003 GL = N, CzZlz GL1 = HzN,
substituted HZN, al kyl, substituted al kyl, aryl, substituted aryl Z1 = H,

al kyl, substituted al kyl, acyl, substituted 5 acyl ZZ = H, alkyl,
substituted al kyl, aryl, substituted aryl, heterocycle Z3 = H, alkyl,
substituted al kyl, acyl, substitued acyl, aryl, substituted aryl to Z =

al kyl, substituted al kyl, aryl, substituted aryl, heterocyclg Z5 = H,

al kyl, substituted al kyl, acyl, substituted acyl, aryl, subsfq t‘\!}b’e"@oé*ryl 26
= H, alkyl, substituted al kyl, acyl, substituted 15 acyl Z° = H, hal ogen,

al kyl, substitut edyahdoboo: E¥d oSt b4 Lityﬁght?irc*yllin%%, Ypfadiggso 26 = H

al kyl, substituted al kyl, acyl, substituted acyl, Stifut ed aryl 20
Z9 = H al kyl ,1e858833 ¢ (A88e ol YRANOCHEYF  leqkBRiq t fbkle akyriphalastit al kyl |
substituted allepkemasy|a-ceubsiyripnbre, aB3Hel 1 alpphonaiPSiddouted aryl Zil = H,
al kyl , substi tut eg al kyl , _gc l}e' sugst I.tut edh2.5 ac Z12 = H, hal ogen,

al kyl , substi tWFRECHT kyA°r ?‘?ﬁ 1ng bEFRRTRe 03 © B ErEhe i nvent i on

can be prepar esirkevns 3gmpbopmounds and by the general nethods described in
the foll ow ng schepgs, . bsd i 1 S fined in the
schenes that follow orgogtgga%ﬁ 'r?éﬁkoa o%%.mg{gfgbdsjgfga%oggg%%dﬁpﬁng fromthe
unpr ot ect ed 3,3Fuky Rk \FEhapniq gryedraemius, lenkenjast erd adompotdeykbmnes A-C (1),
21hydr oxyepot hichR&gsa { 4) can be obtained fromthe N-oxides (2) the

preparation of which is described in WO 98/ 38192
- tumors of mesenchymal origin, including fibrosarcoma

10 and rhabdomyoscarcoma;
- other tumors, including melanoma, seminoma,
tetratocarcinoma, neuroblastoma and glioma;
- tumors of the central and peripheral nervous system,
including astrocytoma, neuroblastoma, glioma, and

15 schwannomas;
- tumors of mesenchymal origin, including
fibrosarcoma, rhabdomyoscaroma, and osteosarcoma; and
- other tumors, including melanoma, xenoderma
pigmentosum, keratoactanthoma, seminoma, thyroid

20 follicular cancer and teratocarcinoma.

Compounds of the invention will alsc inhibit
angiogenesis, thereby affecting the growth of tumors and
providing treatment of tumors and tumor-related
disorders. Such anti-angiogenesis properties of the

25 compounds of formula I through IV will also be useful in
the treatment of other conditions responsive to anti-
angiogenesis agents including, but not limited to,
certain forms of blindness related to retinal
vascularization, arthritis, especially inflammatory

30 arthritis, multiple sclerosis, restinosis and psoriasis.

Compounds of the invention will induce or inhibit
apoptosis, a physiological cell death process critical

for normal development and homeostasis. Alterations of

-16-



5 and incorporated herein as if set forth at length (schenme 1). The
N-oxides (2) are reacted with acid halides and bases, preferably

p-tol uenesul fonic acid halides and 2,6lutidine, to give the

21- hal oepot hil ones (3). Deoxygenation of the epoxides (4) according to
known i o nethods yields the 21-hydroxyepothilones C and D (5).
Alternatively, (4) and (5) can be obtai ned by biotransfornaééon

(21- hydroxyl ation) of epothilones A-Dwith the aid of, for dHﬁ4%903

Sor angi um cellulosum strains as described in W 98/22961 or by Actinonyces

sp. IS strai na;icﬁ:%?;laspﬂgm:arysbe&adrabE’G/tléSQ%ZE%{bg\emﬁ@ @Ee€, 1 ncorporated
by reference as | forth a engt h protected or unprotected

epot hi | one 3, 31“% (SEh}é%nlflfi e (Fo'@?élﬁﬁise \ﬂ@”@“‘iyal%%) will serve in
t he foll ow ngthmnughh&vprapawdtilarorsf of hepapensyat nmes lﬁﬁ‘ ud@fst rMctural types

- 111 -28 t)‘?eg t]:léﬁ)ém%ﬂlo%f h@%e%gane r§1m§n dise es Wi (P? O~ OHO1lal

Hal ogen 29 chene can De illustrated as
fol l ows (ah o?ﬁqltréﬁlém)tlm PeABt eBiSe I nEdidigngbehaot CHmigedugr,at  position 17

5.means that ¢dHceant echhee PlLeUL oS 1ﬂﬁﬁn@%@pbr@é0|r¥§£:e| n the
reactions as i)l ustrated 1 1n%e5§£n§ N U de ;14 =H CH OOOO
4,5 a) R ~S {isegses, vira , dégenerative diséases of the
musculoskeletal system and kidney disease.
Without wishing to be bound to any mechanism or
10 morphology, compounds of the invention may also be used
to treat conditions other than cancer or other
proliferative diseases. Such conditions include, but are
not limited to viral infections such as herpesvirus,
poxvirus, Epstein-Barr virus, Sindbis virus and
15 adenovirus; autoimmune diseases such as systemic lupus
erythematosus, immune mediated glomerulonephritis,
rheumatoid arthritis, psoriasis, inflammatory bowel
diseases and autoimmune diabetes mellitus:
neurodegenerative disorders such as Alzheimer’s disease,
20 AIDS-related dementia, Parkinson’s disease, amyotrophic
lateral sclerosis, retinitis pigmentosa, spinal muscular
atrophy and cerebellar degeneration; AIDS;
myelodysplastic syndromes; aplastic anemia; ischemic
injury associated myocardial infarctions; stroke and
25 reperfusion injury; restenosis; arrhythmia;
atherosclerosis; toxin-induced or alcohol induced liver
diseases; hematological diseases such as chronic anemia
and aplastic anemia; degenerative diseases of the
musculoskeletal system such as osteoporosis and
30 arthritis; aspirin-sensitive rhinosinusitis; cystic
fibrosis; multiple sclerosis; kidney diseases; and cancer

pain.

-17-~



6 R = Alkyl, Aryl) (substit.) A kyl-, (subset.) Aryl-sultonyl
(subst.)-dycosyl b) R-~SI N10 R = Al kyl, Acyl, XSRSS--(1I| b)--
~--~]1 NN3 X =Halogen 8 R = Alkyl) Acyl T X =N-, N=C=S) SH, CN, NC, H
~Nmt X=N3~c) HENS( N9 b) RZR-NS\ | N11 R, R2 = Alkyl, Aryl
b) a R\R ~e R-iN~S | N12 R, R, R = A kyl -30 29 July 2003

a) Conpounds 3 and 7 can be obtained from conpounds 4 or 5 b i%
activation, for exanple, with - TosHal/pyridine, followed b%gij"y%%

nucl eophilic 5 displacenent with halide anions (conpound 3) N3, N=C=S, '

O\ NG or St ani ongyb ColRRIAR0: d)eri9by Uhus BN IS 1 Glegxampl e, used to

i ntroduce N3 and Ag exanple, to introduce an 1sonrtrile group.
b) Conpound 6 ctieaséngbt afuRIGct r reéergiduntagnads 8nd kEpechpblund 8 from

conpound 3 or fufaKsT Sknecands cpesddt 0r-figmogoppound 9 by reacting the
starting conmpound wth an agent, of the formula RIHal in the presence of a

base, where Rlaf(%ﬁmﬁét{)ﬂﬁdogai’ YFoDDstSPEE LR 1 RSTCETOF| OthAR i onal | y
substi t ut eds arytolsiefatipte disepddsonaddprikbng whet sted @d gl ycosyl for the

preparation of . (6 | kyl. or .acyl . the. pr ration of conpounds
(8) or (10). I?&ngggngggﬁld%%f’sgr%%g% l\?t'vi gﬁeéggﬁfesofofdte%g f%ars | ae Rl Hal and
R2Hal (R1 and ®2 sompqyid ¢f feymula Edomgouehl IV ipexulameuntind i f conpound 9

is reacted W tlrs2@r 2peNHe@kof O h&e +ReHabeu R HAJe AR s} (Rl, RZ and R3
= al kyl). conpound 12 results. c)Conmpound 9 can be obtai ned from conpound 7

I
for X = N3 by $HOSPedeRtiiditdel et onPe Bz SBRPASCnt H tO&t APYRALAEEOH or i) or
W t h phospe nesompeugds Rive 3hel pxasedt yethb3. agin the method of the

present invention, such other therapeutic agent(s) may be
administered prior to, simultaneously with or following
the administration of the compound(s} of the present
invention.

15 The effective amount of a compound of the present
invention may be determined by one of ordinary skill in
the art, and includes exemplary dosage amounts for a
human of from about 0.05 to 200 mg/kg/day, which may be
administered in a single dose or in the form of

20 individual divided doses, such as from 1 to 4 times per
day. Preferably the compounds are administered in a
dosage of less than 100 mg/kg/day, in a single dose or in
2 to 4 divided doses. It will be understood that the
specific dose level and frequency of dosage for any

25 particular subject may be varied and will depend upon a
variety of factors including the activity of the specific
compound employed, the metabolic stability and length of
action of that compound, the species, age, body weight,
general health, sex and diet of the subject, the mode and

30 time of administration, rate of excretion, drug
combination, and severity of the particular condition.
Preferred subjects for treatment include animals, most

preferably mammalian species such as humans, and domestic

~18~



25 30 -31 29 July 2003 Schenme 3 Scheme 3 can be illustrated as follows
(an omtted epothilone core including the -CH= group at position 17 5 neans
that this part of the nol ecul e has not been involved in the reaction as
illustrated). Q., SS' HO- ~S N~/ v "OHa) ~N~b), e) ~-NQOe 1 0 off o

2 4 BOON~N~ ~ H-N~N~ ~ N 10 (P-Q=I~) 9 (PW'L.~l~ 7 ~ 80CNH S/ HH S/
N~/ ...,,OHh) ~-NI / "OHOOH OO OHO 10 (P-Q = C=0 9#&%— §?C)
a) Conrpound 2 can be obtained by reacting conpound 1 with a 09< glq i ng

agent, such as, mchioroperbenzoic 1o acid. b) and c)Conpound 4 can be

obt ai ned by rgachilBdsedHROUASEs? Whtd ) B 13K atidi@ Y 8l effecONpri si ng,
e.g. (b) (CF3 20/ 2 .6-I|étidinefollowed by (c) Me NH3 aq. -32 29 July
2003 d) ConpolARf = FERH B 8t30°985° by reacting conpound 4 with

di phenyl phosphor yrhazpmsef DPPARhdi iz adlisoyot aninde ce mthabBE ut xConmpound

9(P-Q = epoxi : ' rreduct i @n ound 7 with a
p%osphi nel,o e.%%ﬁ%lﬁlcﬁgggﬁg Rgﬁlseaaa@ ﬁecggptéﬁ%dc%%%’ew}{g% . Q = epoxi de
can be obt i nErmyyar Bddrrngh donpabiikl © ofi $¥rati B 0CDIEE NEt S:heg) Conpound 10

with P-Q = Cfrdleublgr handisaiyeleih Gaphihsimed rhyct SdUehipReH conmpound 10
with P-Q = epoxj de um%% WC16/ nBuLi . r%gomound 9(P-Q = doubl e bond) can be
obt ai ned by d¥lst 8t BRETHATEHF iy oRTRPRTEP I t1RDBSES O1CIELHBR e bond and RL =
t BUuOCO usi ng THe kcbupssiadehs cofachd gddsdht invention may contain

other therapeutic agents as described below, and may be
10 formulated, for example, by employing conventional solid
or liquid vehicles or diluents, as well as pharmaceutical
additives of a type appropriate to the mode of desired
administration (for example, excipients, binders,
preservatives, stabilizers, flavors, etc.) according to
15 techniques such as those well known in the art of
pharmaceutical formulation or called for by accepted
pharmaceutical practice.
The compounds of formula I through IV may be
administered by any suitable means, for example, orally,
20 such as in the form of tablets, capsules, granules or
powders; sublingually; bucally; parenterally, such as by
subcutaneous, intravenous, intramuscular, or intrasternal
injection or infusion techniques (e.g., as sterile
injectable aqueous or non-agqueous solutions or
25 suspensions); nasally, such as by inhalation spray;
topically, such as in the form of a cream or ointment; or
rectally such as in the form of suppositories; in dosage
unit formulations containing non-toxic, pharmaceutically
acceptable vehicles or diluents. The present compounds
30 may, for example, be administered in a form suitable for
immediate release or extended release. Immediate release
or extended release may be achieved by the use of

suitable pharmaceutical compositions comprising the

-1Q-~



-33 29 July 2003 s~eane a Scheme 4 can be illustrated as follows (aM
omtted epothilone core including the -CH= group at position 17 5 neans
this part of the nolecule has not been involved in the reaction as
illustrated). a) 4 b) d NSN7 NG~ N7 (P-4=VvV] ~?2 NG S/v/ rrOHNOO
HOT (P-Q= C=C C a)Conpound 6 can be obtained from conpound 4 by 10
acylation with p-tosylchloride/Hinig base. b)Conpound 7 w t h unchan

epoxi de can be obtained from conmpound 6 by substitution Wit 2 M|2@@>93

KCN/ 18- crown-6. c)Conmpound 7 with P-Q = C=C doubl e bond can be t5 obtai ned

;rgognufgnggggd p7resenlg COHI%OUH v Xolrd,e b¥t1cu ar Iyo:[;]n Llli?'ll nga;/é\m'om nBuli. -39

extended release, by the use of devices such as
subcutaneous implants or osmotic pumps. The present
compounds may also be administered liposomally. For

5 example, the active substance can be utilized in a
composition such as a tablet, capsule, solution or
suspension containing about 5 to about 500 mg per unit
dosage of a compount or mixture of compounds of formula I
and II or in a topical form (0.01 to 5% by weight

10 compound of formula I and II, one to five treatments per
day). They may be compounded in a conventional manner
with a physiologically acceptable vehicle or carrier,
excipient, binder, preservative, stabilizer, flavor,
etc., or with a topical carrier. The compounds of

15 formula I through IV can also be formulated in
compositions such as sterile solutions or suspensions for
parenteral administration. About 0.1 to S00 mg of a
compound of fermula I through IV may be compounded with a
physiologically acceptable vehicle, carrier, excipient,

20 binder preservative, stabilizer, etc., in a unit dosage
form as called for by accepted pharmaceutical practice.
The amount of active sustance in these compositions or
preparations is preferably such that a suitable dosage in
the range indicated is obtained.

25 Exemplary compositions for oral administration
include suspensions which may contain, for example,
microcrystalline cellulose for imparting bulk, alginic
acid or sodium alginate as a suspending agent,
methylcellulose as a viscosity enhancer, and sweeteners

30 or flavoring agents such as those known in the art; and
immediate release tablets which may contain, for example,
microcrystalline cellulose, dicalcium phosphate, starch,

magnesium stearate and/or lactose and/or other

-20-



d) Conpound 7 wi th unchanged epoxi de can be obtai ned from conpound 6 by
substitution with imdazole in presence of base, e.g. KZC03, 5 Schene 5 can
be illustrated as follows (an om tted epothilone core including the -CH=
group at position 17 neans this part of the nolecule has not been invol ved
in the reaction as illustrated). -35 29 July 2003 Schenme 5 Rr HOS R=-N S
\' V' NN10) 11 R, R =H Akyl O$ HO$ HOC N\ m 14 NCHEI? 23 RR-H5 O
SR~%$~k) ~~~) ~~ HN'- HN~NZ2a R=ORS. Rr 9 Aluly2003 vy 13
15 R = Al kyt,,Af~ryl 22b R = NRz)~, . R = H A-Yt. ~ 22c R= alkyl) ny ~

9,7, 1S Sasagetth, Qe Bl St SR, end® X 11 0T
Alkyl 21 R, ¥ud 2uppkgantsy SReh 3¢ thiokg| knosar fn 3@ art. Molded

tablets, compressed tablets or freeze-dried tablets are

exemplary forms which may be used. Exemplary

5 compositions include those formulating the present
compound(s) with fast dissolving diluents such as
mannitol, lactose, sucrose and/or cyclodextrins. Also
included in such formulations may be high molecular
weight excipients such as celluloses (avicel) or

10 polyethylene glycols (PEG). Such formulations may also
include an excipient to aid mucosal adhesion such as
hydroxy propyl cellulose (HPC), hydroxy propyl methyl
cellulose (HPMC), sodium carboxy methyl cellulose (SCMC),
maleic anhydride copolymer (e.g. Gantrez), and agents to

15 control release such as polyacrylic copolymer (e.q.
Carbopol 934). Lubricants, glidants, flavors, coloring
agents and stabilizers may also be added for ease of
fabrication and use.

Exemplary compositions for nasal aerosol or

20 inhalation administration include solutions in saline
which may contain, for example, benzyl alcohol or other
suitable preservatives, absorption promoters to enhance
biocavailability, and/or other solubilizing or dispersing
agents such as those known in the art.

25 Exemplary compositions for parenteral administration
include injectable solutions or suspensions which may
contain, for example, suitable non-toxic, parentally
acceptable diluents or solvents, such as cremophor,
mannitol, 1,3-butanediol, water, Ringer’s solution, an

30 isotonic sodium chloride solution, or other suitable
dispersing or wetting and suspending agents, including
synthetic mono- or diglycerides, and fatty acids,

including oleic acid.
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29 July 2003 a)Conpound 13 can be obtai ned by oxidation of conpound 9 or 5
with e.g. MiQZ. b)Conpound 19 can be obtained by reacting conpound 13 with
CHZNZ. 5 c)Compound 15 can be obtained by subjecting conpound 13 to a
Wttig type reaction. d)Conpound 16 can be obtained by treating conpound 13
with a reaction systemconprising CrCz and CHHal 3. e) Conpound' 17 can be
obt ai ned by reacting conpound 10 16 with BuLi and RHal (R = H al k

acyl). f)Conmpound 18 can be obtained by reacting conpound 13 &MU ‘for
18 (R =H on the C21 substituent) or Me2SCCHR for 18 (R = H alkyl),

g) Conpound 19 can be obtained by reactin ound IS I3 with RZRMgHal or
R2Li (R~ = al kyl). ﬁﬁ‘@ﬁ?ﬁ&é’nﬁoﬁ%’s&éh"% gﬁtﬁ‘? RYMIgUiSEF3FIRP conpound 19
with a . g. MGrcluj€osqpesdt@dicanhbeh obyataradihy f@Raekimgloapound 20

with R Mli al gsrutltabie(xl%jn-lr?lt%&)ng ﬁ’gﬁfﬁég@n%%%gd 22a 2 b or, 22c can be

obtained by re ng  conmpound where ® = =
hydr ogen, al kylsymthati¢ qlar:eémm@;ﬁari ZOZayol)F%tﬂﬂYMfFi)gZyanus.RZm:cmydrogen

al kyl or acyl fle coMROWIdotd2rAREnR ELAEKY byl 1 8leyf mpound 22c. 25
1) Conpound 23 car? be obt ai ﬁed ry?eac%rﬁ y gun Pc?[l i Qﬂd{a&a\l sour ce,

e.g. HCN. m) CorfissRY%e £ SR8 E.L‘?Lg/ n%‘@-té'bf%urr?éﬁaﬁ? tr*\?dﬁét‘gve am nation of
13 with HN\R RZ and Ex@pﬂ‘d&@%os%%& Rbratmblnl—adﬂunakkb’étlon37 29 July

2003 Schene 6 Sch gg Ga lggllarustrateﬁ sEjaﬁé n,omtted epothil one
core incl uding ﬁ“ﬁ—g TET SPI5ST (SR 4% B gl?ﬁfetﬁﬁ’f“et%s Part of the
nol ecul e has ncﬁelbeérmmobilwhmenhb r Factex@mpds, ittHeustmpdweds.ob S 1| H N
13 a) os *#R Nthe invention may be administered topically to treat
plagues associated with psoriasis and as such may be
formulated as a cream or ointment.
The compounds of the invention may be administered
either alone or in combination with other anti-cancer and
15 cytotoxic agents and treatments useful in the treatment
of cancer or other proliferative diseases. Especially
useful are anti-cancer and cytotoxic drug combinations
wherein the second drug chosen acts in a different manner
or different phase of the cell cycle, e.g. S phase, than
20 the present compounds of formula I through IV which exert
their effects at the G;-M phase. Examples for classes of
anti-cancer and cytotoxic agents include, but are not
limited to: alkylating agents, such as nitrogen mustards,
alkyl sulfonates, nitrosoureas, ethylenimines, and
25 triazenes; antimetabolites, such as folate antagonists,
purine analogues, and pyrimidine analogues; antibiotics,
such as anthracyclines, bleomycins, mitomycin,
dactinomycin, and plicamycin; enzymes, such as L-
asparaginase; farnesyl-protein transferase inhibitors;
30 hormonal agents, such as glucocorticoids,
estrogens/antiestrogens, androgens/antiandrogen;,
pfogestins, and luteinizing hormone-releasing hormone

anatagonists, octreotide acetate; microtubule-disruptor
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24 b) e) osos | ~,--(. MO NR--NNH2$ 28 R =H Akyl, Ayl jc)
R=H~~Ho SSR-~~1 NeEC<JR NN26R = AKkyl 291d) ROSR"'~C
|l R N2T R = Alkyl, R2 = Acyl -38 29 July 2003 a)Conpound 29 can be
obt ai ned by oxidising conpound 13 with e.g. AgzO in THF/ water (THF/ water
ratio, for exanple, 9:1). b)Conmpound 25 can be obtained by nethylati ng 5
conpound 24 with e.g. CHzNz in ethyl acetate. - c)Corrpoundz%g

obt ai ned by reaction of conpound 25 with excess R MyHal or L|(

al kyI) d) Conpound 27 can be obtai ned by acyl ating corrpound 26 with RZHaI

(Rz = acyl) iRBghhies PIsRERNEE RtetnddR38ind o3 tﬂ&:DM%Elo )gampound 28 can be
obt ai ned by first activation of the car boxy group %4 wWwth e.g. ethyl

chl or of ar mat eFREtY:ﬁrd-ﬂGsse‘E’tﬁF&tF%%ﬁ?t FB?P%LFF!“RIENHZ“:E F&“Gh ®gdr ogen, al kyl or
aryl) in THF. plEl:ft)aQ@rIprl@Q, ch&ebex@bt(&hm:bmde&ty&r ation of conpound

2B (R1 = hydro r]% 13/ NEt 3, .o 32 2003 schene 7 Schene
7 can be il s??? ll(?ngg ‘?o’]gl lé:n P45 q* ‘%)e(ftlﬁf‘l"b %5 ‘c8rd&"thel udi ng t he
- CH= group Sat dpoiied pmodycss, rmem‘s ashuingahipskpamidsof t he nol ecul e has not
been i nvol ved ¢f o dddpnl 886t d:QRs AS: dxah¥s] rAkeMpoidherase
inhibitors; prenyl-protein transferase inhibitors; and
miscellaneous agents such as, hydroxyurea, procarbazine,
mitotane, hexamethylmelamine, platinum coordination
10 complexes such as cisplatin and carboplatin; and other
agents used as anti-cancer and cytotoxic agents such as
biological response modifiers, growth factors:; immune
modulators, and monoclonal antibodies. The compounds of
the invention may also be used in conjunction with
15 radiation therapy.
Representative examples of these classes of anti-
cancer and cytotoxic agents include, but are not limited
to, mechlorethamine hydrochlordie, cyclophosphamide,
chlorambucil, melphalan, ifosfamide, busulfan, carmustin,
20 lomustine, semustine, streptozocin, thiotepa,
dacarbazine, methotrexate, thioguanine, mercaptopurine,
fludarabine, pentastatin, cladribin, cytarabine,
fluorouracil, doxorubicin hydrochloride, daunorubicin,
idarubicin, bleomycin sulfate, mitomycin C, actinomycin
25 D, safracins, saframycins, quinocarcins, discodermolides,
vincristine, vinblastine, vinorelbine tartrate,
etoposide, teniposide, paclitaxel, tamoxifen,
estramustine, estramustine phosphate sodium, flutamide,
buserelin, leuprolide, pteridines, diyneses, levamisole,
30 aflacon, interferon, interleukins, aldesleukin,
filgrastim, sargramostim, rituximab, BCG, tretinoin,

irinotecan hydrochloride, betamethosone, gemcitabine
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)§4HiqSAlk%RZm:QIkyiOSR><N20R2:AIkyI
| = H OR NRR~ HN~~ S Al kyl

,lzl\l:lizlh) NN, .SF3CN33 HXNS/~\ HRXx N36 1) R-NH S \I H R Qr?? :?3FSC
Alkyl Acyf RROS R~~-CR< N31 R = Aryl H\R- g R-\ Rx N 35 9) R- NRs S
, N38 R- = H AKkyl, Aryl RS = Al~, A- -90 29 July 2003

29 July 2003

R~1 Rk Nb) 19, 21 a) = HR
e) RRCF, RaN S ~(\ | Rx/ \N d

hydrochloride, altretamine, and topoteca and any analogs
or derivatives thereof.

preferred members of these classes include, but are
not limited to paclitaxel, cisplatin, carboplatin,

s doxorubicin, carminomycin, daunorubicin, aminopterin,
methotrexate, methopterin, mitomycin C, ecteinascidin
743, porfiromycin, 5-fluorouracil, 6-mercaptopurine,
gemcitabine, cytosine arabinoside, podophyllotoxin or
podophyllotoxin'derivatives such as etoposide, etoposide

10 phosphate or teniposide, melphalan, vinblastine,
vincristine, leurosidine, vindesine, and leurosine.

Examples of anti-cancer and other cytotoxic agents
include the following: epothilone derivatives as found in
German Patent No. 4138042.8; WO 97/19086, WO 98/22461, WO

1s 98/25929, WO 98/38192, WO 99/01124, WO 99/02224, WO
99/02514, WO 99/03848, WO 99/07692, WO 99/27890, WO
99/28324, WO 99/43653, WO 99/54330, WO 99/54318, WO
99/54319, WO 99/65913, WO 99/67252, WO 99/67253, and WO
00/00485; cyclin dependent kinase inhibitors as found in

20 WO 99/24416; and prenyl-protein transferase inhibitors as
found in WO 97/30992 and WO 98/54966.

The combinations of the present invention may also
be formulated or co-administered with other therapeutic
agents that are selected for their particular usefulness

25 in administering therapies associates with the
aforementioned conditions. For example, the compounds of
the invention may be formulated with agents to prevent
nausea, hypersensitivity, and gastric irritation, such as
antiemetics, and H; and Hz antihistaminics.

30 The above therapeutic agents, when employed in
combination with the compounds of the present invention,

may be used in those amounts indicated in the Physicians’
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a) Conpound 31 (R3 = acyl) can be obtained by reacting conpound 19 or 21
with an activated carboxylic acid derivative, e.g. RCOHal (R3 = RCO in the
presence of a base. 5 b)Conmpound 20 can be obtained by oxidising conmpound
19 (Rl = hydrogen, RZ = alkyl) with e.g. M02, c)Conpound 34 can be

obt ai ned by condensati on of conmpound 20 wth H2NR3 (R3 = hydrogen, alkyl,

aryl ORor NRRwith Rand RO = alkyl, aryl) . tO d)Corrpoundgé igé)
obt ai ned by reacting conpound 34 (R3 = alkyl, aryl) with R Y €00%) | |
(R1L and R2 = al kyl). e)Conpound 32 can be obtai ned by reacti ng conpound 20

(R- = CF3) wiithely AFNORI0S @Bﬁ') 'dx) alBerdilyisd deéémi),g@ %Hg)o%g can be

obt ai ned by subj ecting conpound to a reductive amnati npound 38
can be obtai ne@*B{nanxkpkatt g B‘Pe e?c,rﬁl ating conpound 35 with RSHal (RS =

al kyl or acyl) in the presence of a base. 20 h)Conmpound 33 can be obtai ned
by oxi dation of conpound 32 with e.g. Ag20. i) Conmpound 37 can be obtai ned
by al kyl ating or acylating conpound 36 with R3Hal (R3 = al kyl or acyl) in

t he presencé ofenpeirsls@ethekls of PPrepalkrntXBH0O3 (B) Epot hil one Derivatives |V
Further, the invention is directed to the preparation of epothilone
derlvatlves I'V having the foregoing formula 5 I'V where the synbols have the
fol | owi ng neani‘hl: Egnthilene, Derevakiy®pel HondIdr an epoxide, Ris a H atom or

a methyl group, andrrﬁllﬁiéfera HRPerdi0HPis A15EB64d ! eFe HANDARQE L an al klyl
oroup, a2 28 it BrEiRuRRo R ade Rl Dot I 1o =Y
N- Acyl epot hiol orbi&loxihde sydivgepr atust Onhef Cepbtmaﬂh@megﬁm(hdes (2) (P-Q=5
PO o e, Bk, AERCINIITBRL L B acutiEny ) bl o) oui o
i ncor por at ed G! to G!. R can be a hydrogen or methyl P-Q a C,C double
bond or an epoxide.
The following general formula shows the epothilone
15 core including the -CH= group at position 17 (Cl7 carbon
atom) whereas formulae Ia, Ib, IIa, IIb, and III refer to
compounds having said epothilone core plus one of the
substituents shown in combination with the symbols of
these compounds Ia, Ib, IIa, IIb, and III.
20
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herein by reference. RI R ~-SPLON~~ . OH6 R = A kyl, Acyl, O
(substit.) alkyl-, (substit.) aryl-Sulfonyl (substit.)-Gycosyl 0 CH O 10
Schenre 8 RI 5P~ ,OHN, se 0o 0 oNo H3 RRO-SONs ~s HsO'r ~RZ o Nalb
d Nu\~J~\ N4 RC0- S Ns -43 29 July 2003 Schenme 8 can be
illustrated as follows (an omtted epothilone core including the -CH= group
at position 17 neans that this part of the nolecul e has not geen |nvoI ved
in the reaction as illustrated). P-Q represents 5 an epoxi 489 dHly=2Q9

doubl e bond, Ris a hydrogen atomor a nethyl group. a) Conpounds 3 and 6
can be obtained by reacting conpound 2 with RISCaCl in the presence of a
base (Rl optionally substituted al kyl éor optionally substituted 10 aryl )

G‘éf%—O\, ij o

G S a? S S
GzHN}y ;.‘Hnl/ =<N']\;‘
°o"" }—G"

o iVa/b

G! = H, halogen, CN, alkyl, substituted alkyl
s G2 = H, alkyl, substituted alkyl
G =0, s, N2!

G* = H, alkyl, substituted alkyl, 0z%, N22z°, 2z%c=0,
z2's0,, optionally substituted glycosyl

G®> = halogen, N3, NCS, SH, CN, NC, N(2!),*, heteroaryl
10 G® = H, alkyl, substituted alkyl, CFi, 02%, s25, N2z52°%
G' =cz’, N
G® = H, halogen, alkyl, substituted alkyl, 02!, sz,
Nzlﬁzll
G° = 0, S, ~NH-NH-, -N=N-
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b) Conpounds 6 and |Va/b can be obtained by reacting conpound 2 with an
activated carboxylic acid derivative, e.g. carboxylic acid anhydride. c)
Compound 4 can be obtai ned by reacting conpound 15 IVa/b with a nucl eophile
NuH or Nu-. The esters 6 are useful intermedi ate products for a great
nunber of epothil ones which have been further nodified at position C 21.
For exanple, if 2 is reacted with for exanple, 20 acetic aggyﬂ[}quo a new
unexpected internedi ate conmpound IV can be found after a s I’J r c3ti on
period, whereas Iv is conpletely transfornmed to 6 after a | onger reaction
period. If the regstioR,ig®nterrupted at a proper point in,tine, IV can be
i sol ated chronat o%{lfiphi cal | 3{} as. two 25 diastereoners |Va and | Vb. Conpounds
of type IV have n&t yeti?esHPabtiHbeHeteN TAE Kt r sEPEFEUEaR Hkehr |y be
derived froméhai,r sspecitaeaoprghnl data and their subsequent reactions. For
preparative purposes_theirt, reaction. with 3 ucl.eophiles | eading to C 21
substituted epot h?zl o_ner]' giﬁf’ofsugggjé?%e%i ?r%ijpl'aﬁ(%?’ I\Td’%gti‘t(%e%xarrpl e
carbon-, nftragdn-, oxygen-, sulfur- and hal ogen-substituents. -44 29
Jul'y 2003 Exanpl eg2The,f gh koW nGp8eeddel gi%%le)égg_p,l EbSE{MRHO Il lustrate
the practice of the invention. 5 Exanple 1 nversion of Epothilone Hto
Epot hi | one F #Ylgheterogygle «_ N~ " OHi S OOOOHOOOH O (i) 1.98
g (3.90 nmol ) of Bpot M,l ebeyB wabspluoaed arklar, AEgDN sabsk dhiuvegol ved in 60 nlL
dry CHZC12. Tg_thi | utjQp. ded 0.720g nmCPBA (4.17 mmol, 1.07
equi val ents).acﬁ}ﬁ'é %rgghrsté'{b\%g%ag‘fv%\%é Eito stir at 25C for 5.5 hours. The
reacti on i xture Bas qd&Mthetbbatihues slkNaHEZSL, suibtékuvesict ed with 3x75
nL of CHC13. Jhg ongdapidciase was washed with 100 nb water followed by 70
m. of 5% Na2S0 ia%; t5 and then 70 nL brine. The organic phase was then
dried over NazSO %) THe gkt s¥etiUteprdbiydr @a¥!cHibRekte§edphed usi ng
silica gel eladyngawyih stUsbbtitddrachiCl3 to yield 0.976 g of the N-oxide

(48% as a white fLuffy solid. 2 jJ o] reseal abl e tube under Argon was
added 0.976 g of fhe I{goif‘a’él'( f.”gé‘glrﬁ%le} el oeuty ﬁ“%%t’rFEtfﬁPy CHZC12,
2,6-1utidithe d&v173 nL, 14.88 nmol, 8 equival ents) and (CF3C0)20 (1.84 ni,

13.02 mml, 7 equipval gnt gliogie Lube WagbsEaleda Jieaigd at 70C for 25
mn. The mixture was 25 al | owed, to_gool, gnd the solvent was renmoved under a

0 0
stream of ar gPStAERFeRheFYBy Rbncehtr ¥8i%n to a few nL of dark yel | ow
sol ution under vagliumi, TBEkYEacubsti tireddildyiedawyl,h sdbstitubbdH and 2. 9 nl

0 OH~ -
of 28% NH a‘?‘ccvl,mglsryl,455ubstituted aryl
20 z® = H, alkyl, substituted alkyl, acyl, substituted
acyl

2% = H, alkyl, substituted alkyl, acyl, substituted
acyl, aryl, substituted aryl
z!? = H, alkyl, substituted alkyl, acyl, substituted
25 acyl
21?2 = H, halogen, alkyl, substituted alkyl, aryl,
substituted aryl

Compounds of the invention can be prepared from
30 compounds and by the general methods described in the
following schemes 1 to 8. All substituents are as defined

in the échemes that follow or as defined above.
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29 July 2003 added. The m xture was heated to 45C for 20 mn, then cool ed
to roomtenperature. The crude product was concentrated on the rotary
evapor at or and chromat ographed using silica gel eluting with 4% MeCH in
CHC13 to yield 5 0.815 g of Epothilone F (84% . Exanple 2 Synthesis of
21-azi do- epot hil ones 7 Exanpl e:

(1S-[1R*, 3R*(E), 7R*, 1 OS*, 11R*, 12R*, 165*]j - 3-[ 210

(2- (Azi donet hyl ) - 4- t hi azol ylj [1-net hyl et henyl ] -7, 11di hydroxy298-"~l§y 28032, 16- p
ent anet hyl - 4, 17di oxabi cycl o[ 19. 1. § hept adecane-5,9-dione (R = CH3, Gl = Z
= H GS=N3informula Ib) 15 To a stirred solution of epothilone F from
Exanpl e 1 above (9557tan’§mi PR ) UNRFOSeC P, TTitdraky dR%of dPan at OC under
Argon was addecgx@mgie rr‘teri-ﬁhemdtpboagmﬁﬁydme%Zhde (160421713, 2.19 mol, 1.2

equi val ents). The_m xtur |rr d f.ar 3mn

1, 8di azabi cycl }[Y‘é.‘?f.‘ﬁp&ﬁgé ?fe nib, aﬁEQnﬁr faes

equi val ent s) Wa(.<2)ttlm pac&dedaiam pﬁewtmcm U5 alesgsilsdd une‘db a&B/G€192Af ter 2 -
hours, the I Xijie: o5 000 fnd hteqezr?(;sa@? S Theeh [ 188010 ULERe e Teact | on

m Xture was 25 eth acetate and wa '?1e 50 nL H20.
The agueous | ay‘ér V\'Hse Sxpritased2hi 2¥8 SSaﬁledet“hflh ardet h@@deﬁhén%onbl ned

or ggm c Itayerlsaaeége ﬁi’ﬁe@éféﬁ&@f pNagﬁ%_eanﬂf&?aceaid ?"‘*@Fd%'-‘“g‘*%- ‘tvfl@iggm Ige
crude nmaterl al Was chnropat ogr apnhe usi SN e uted W ~ -
29 July 2003 etityFdHtfst 5Ped Iy ﬁg‘ia%]e'z‘a?ge%‘%%&a“gﬁﬁﬁg (91% of

21azi do- epot hi [Dengyd@nagdon of dhe, epwlides e ectordiBg( &5lknown549. 3 (MHH) +:
1H NVR (30 S ; 9.63 (s,

21- H) : %%| &é%%ﬁéﬁq—tﬁ%oég }(%f }Za S 8’?%d€54’§&9°7%" "f ound

549. 2768 Exarrpl e Plopapabivelvof (41 -2adi #2)- €36t be | bsasned Branpl e:

[1S-[ 1R*, 3R* ( EbidE¥ard<eetm iﬂ-ﬂh ](anhﬂa@Sx]/iab?roh?l@f epothllones A-D

[2(Amnorrethy thi az - -rret lLeth droxy8810 12, 16-p

ent anet hyl - #df%x% 5§8 %{'1 bFad%’C%’H% igh cg ‘?ﬁ;’f”"(R =CH3, d = &
G=17 = H CBr=in Bsi deimmldauhai)o 96/1248d| ar t:yataatyrs:tm}rcés §b.ngy, was

suspended inb f S turated. Then,

15.9 ny (29‘@0 %S h%%lﬂggeﬁggéﬁﬁ% E‘EI on M?Pﬁ)ﬁsg‘%% Zéabove

di ssol ved i n arneerrareredethFSPrance aFell i8S éﬁkf@datﬁéﬁt"@rthstﬁ?l ng for 30

mnutes at room,tesPYratEted 22 hﬁtﬁro‘iﬁ&@&ﬂselpeﬂhiﬁonfel b;eqreci through Celite,

d washed with et hyl tate.. Th th
phase and i i cd*FROM gh JARACHTHETROF (10807 DR EhE GPONE T oduct was

done through P$Ge(sallventg fchiZ/€Che/prephaaniond0f1€he dehtvalives d2. 3 ngy (81%
of 21 25 amg,no n d (699 of educt is obtained. 1H NWVR (300
MHz, CDClS)rEO Eeptely ? ey&f?qH) h? 05 (s, 19-H) , 4.15 (s, 21-H2) ; HRVB
(OCI) . CZ~H~zNzG6S: [M + H+] cal cul ated 522. 2769, found S22.2772. -47 29
July 2003 Exanple 4 Syathesis of 21-am no-epothilonea 9 (alternative)
[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*j ] -3-[ 2-[ 2( Ami nonet hyl ) - 4-t hi azol yl ]
-1- et hyl et henyl ] -7, 11
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5

di hydroxy-8, 8, 10, 12, 16- pent anet hyl - 4, 17di oxabi cycl o[ 19. 1. 0] hept adecane- 5, 9-
dione To a stirred solution of 21-azido-epothilone B (Exanple 2) (1.070 g,
1.950 mmol ) in 30.0 nL 10 tetrahydrofuran under Argon was added 0.22 nL of
tri met hyl phosphine (0.163 g, 2.195 mol, 1.1 equivalents). HZO (5.5 nL) was
then added, and the m xture was allowed to stir at 25C. Afggihé&aggés, t he
azi de was conpletely consunmed and 3 nl) of 28% aqueous NH4 15
added to conplete the conversion of phosphoryl imne to am ne. After
stirring at 29G for ;1 hour the solvents were renoved under vacuum The
crude material was ghronatographed using silica gel eluted with 1%t 3N,
2.5% MeOH in CHC13 to yield 924 nmg (91% of 21-am no-epothilone 20 B, as a
white solid. M5 (ESI'): 523.3 (M+tH)' Exanple 5

[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*]]1-3-[2-[2[[[ (1, 1- D net hyl et hoxy) car
bonyl ] am no] net hyl ] -4 25

t hi azol yl ] - 1- net hyi et henyl ]g 7, 11- di hydr oxy- 8, 8, 10, 12, 16pent anet hyl -4, 17-di o
xabi cycl o[ 19. 1. O]heptadecanb-S 9di one 30 -98 29 July 2003 H HOCN To a

solution of 21-a - epot 126 ng, 0.24 mmol) in methanol (4.0 nl)
was added tri et i

A% mmol, 2 equival ents) and
di -t-butyl - dlcarbonate 5,(6 .3 mmol, 1.25 equivalents). The reaction
m xture was stirred for 2 C indicated | oss of starting material.
The reaction mxture vas Confenfrated in vacuo and chr omat ogr aphed on

silica gel with 5% MeCH |ri CHC13 as eluent to provide 164 ng (100% of

21-amino 10 epothilone B a§ a white solid. Exanple 6
[4S-[4R*, 7S*, 8R*, 9R*, 16R*(E) J] -16-[2-[2-[[[ (1, 1Di nethyleghoxy)carbonyl]anin
1

oljnmethyl]-4-thiazolyl]-1 1
57,9, 13- papt a hyl - 1ex Z) - cycl ohexade
r.of ur an (S.Qﬁ"%‘!jbgésvé (N.an
ool &0 to -78C. Undey Arg flow, WC16

met hyl - et henyl | - 488; di hydeo
(206 ny, 0.52 mmof, 2 e ahydr of ur an
bath and stirred at anbi ent|{ tenperature for 15 mn. The 788%t i on was t hen

cene- 2, 6-di one r QS

oven-dried flask gnder A gon

foll owed by n butylllthlu (Gu680 nL of 1.6 M solutionei nohexanes, |.04
mol 4 equi val ents). The rjactlon flask was renovedafronlthe -78C cooling

placed into a OC bath 25 and stirred for an additional 5 mnutes before
addi ng a sol ution of 2I-am no- epothllone B (azeotroped overnlght from
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-49 29 July 2003 equivalents) in tetrahydrofuran (1.S nL). The reaction
was mai ntained at 0OC for 45 mn. TLC showed the consunption of nobst of the
starting material. The reaction was quenched with saturated aqueous NaHCO3
(5 nm) 5 and partitioned between saturated aqueous NaHC03 (25.nlL) and

CH2C z (50 nmL). The aqueous phase was extracted three tinmes with CHzd 2.

The conbi ned organic |ayers were dried over Na2S0,, concentyated hB vacuo,
and purified by chromatography on silica gel first with 7% 2 %:HClS

lo and then by a second colum eluted with 50% ethyl acetate in hexanes to
obtain 65 nmg (91% of 21-N HOC-am noepothilone D. M5 (ESI+) : fi07. 3 (MtH)
~ MBS (ESI-) :ScBgBe 2 (M H) 15 Exanple 7

[9S-[4R*, 7S*, 8R*, 9R*, 15R*(E)]]-16-[2-[ 2- (Am norrethyl) 4t hi azol yl ] - 1- met hyl e
t henyl ] - 4, 8- dihydr 3 h (,2)-¢ cIo exadecene- 2, 6
-dione 20 At 0OC 21 %&?acénngéegﬁ]%&?%%eg ﬁ)ﬁowsd %6 OTHGEf was treat ed
with a pre-codlpethsling icore ginclodéing |tflleu0€k§acfmque atcindsipi@®H2C12 (4. On).

After 40 mgq, nreaﬁsr&?ac‘:t kR0s Wt tabk oMRAnb De ¥@I dNhh9 AdieBt tenperature, and
25 after an additjonal, 20 mnutes neat trifluoroacetic acid (0.6 nL) was

added. After SOVAIYRR 49 ABF &225h WfiCi OhAPSHEASEAL - (0.5 nL) of
trifluoroacetic acid was added. The reaction was deemed 50% conplete 1.75
hours |l ater and | ) | due -50 29
July 2003 10 was)taken up in ethy} acetate (50 nlL) and satufated aqueous
NHOH (50 mi), anfl hEXTT gt ed” w t ot acetate (3x 5@ ni). ['he conbined
organi c | ayers wer id eyl over 250, |and_t hen eha-ondkqge=aphed on silica
gel eluting 5 fifst t hyl abt fol hkoyeqd by 109 MeOH i n et hyl
acetate with 1%;r|fluoroacet5c olobtain 16.8 ng (38% of the desired
21-am no-epothil pne D as a cle g wth 95 ng of 2[- N-BOC-am no
epot hilone D. M| (ESI "): 5046 3¢MPY ©M (ESI-): 504.3 (MH' Exanples of
the synthesis of}21-acyl oxy-epothilones 6 are given in Exanples 8 to 10.
Exanpl e 8 15 Exanpl e:

[1S-[1R*,3R*(E), 7R*, 1 OS*, 11R* 16Sf]1]-7, 11D hydroxy-8, 8,10, 12-tetraneth
yl -3-[1-net hyl - 2-[ 2[ ( pent aMmﬁ hL#)] 9 th| azol yl ] et henyl] -4, 17di oxabi c
ycl 0(19. 1. 0] hept adecane- 5, 9-di one (R =H &G =0 G=22C0, ZZ =
n-Bu in fornu3a I{Q’ 20 _To a sol ut n og‘ '20 %9 E m)l) epot hi | one

A- Noxi de in 100 C12, 83 919 v | eric acid anhydri de
and 20.0 (tL (172 Iun‘k 2, 6-1ut |d re adde reaction batch was

stirred for 30 minutes 25%at 75 C, the sofvent was rem) ed and dried in
hi gh vacuum The ﬁom‘l'fﬂlkzldtw’on of tBeXeHaleenpr oducl HerARicAR usi ng
preparative HPLC (NucKsé%‘l)f‘"‘ g{‘ sbl ¥&Mb:N=EFBSENY H20 50:50) obtaining 9 ny
(409 of epothil one- E"’ET"‘\_@W'@F 1H URNE: ﬁNM-|z CDC13): 8 = 6.60 (s,

17-H), 7.14 (s, 30 194pesosyl 35 (o o1. HZ) . 3. 62 (t, 20 -H) , 1. 6-1.
7(m 3 H) , 1. 3-1. 4 (m 4-nHZ)—N31(5k) 91 (t, 5-H3). HRVE . (El)
Csi H, NGaS: cal cul ated 593. 3022, found 593.3007. -51
H.N s
1,
N
9
L
N s R! N'Rz R T Hde
- - S 1
=1, -, S,
N
10 R!=Alkyl, Acyl, 11 R R?=Alkyl, Acyl 12 R',R%R=Akyl
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29 July 2003 Exanpl 9 Exanpl e:

j1S-[1R*, 3R*(E), 7R*, 1 OS*, 11R*, 12R*, 16S*] ] -7, 11Di hydroxy-8, 8, 1D, 12-tetramet h
-3-[1- et hyl - 2-[ 2[ (napht hoyl oxy) net hyl ] - 4-t hi azol yl ] ethenyl]-9,17 5

di oxabi cycl o[ 14. 1. 0] hept adecane-5,9-dione (R=GL = GH &G =0 G = ZZC0

Z2 = Naphthyl in fornula la) Epothilone A-N-oxide, 21 ng (41 Eunol), was

di ssolved in 80 ~L CH2C12 and ZO ~L (86 N.nol) of 2, 6-luti &ge@ngg\%.o ~L

(129 Eunol) of 2-naphthoyl chloride solution (300 ng/nL of C'l

added. The reaction batch was stirred for 10 mnutes at 75 C. The crude

m xture was purified by preparative HPLC (Nucleosil 100, solvent:

t-butyl methyl ether/hexane 1:2 with 1% nethanol). The separation 15 yiel ded

8 ng (29% of epot hala:m@olﬁnas hagrhit Roydmtbe. odtdiNWR € ﬁ@ﬂd&dﬁoum?») 8 =

L A D

8.67 (s, 9'-H) TOSIHRIVBDYD@!J-)W: mlSNeQSbY[N)]aZw@abemlaltced 663. 2866, found
663.2877. Exanpl£1Qc-EaPMetn halide anlons (com ound 3) N;

[1S- (1R*, 3R*(E) TR T 05" 11R*, 12R* 165*“ roxy 5. [2 [? [[ (2- et hox
yet hoxy) acet yl d Qy] H‘Et‘ﬁf/lﬁﬂ #9ions (compound 7)’ for O NaN3 is, for

met hyl - 9-t hi azoé;yalmbeéhaméd]w thddhZet @f EﬂdifH-tgk[Ml,-ﬂorlExample, to
dloxablcyclo[14 hept ad e (R=G =@ =H & =0 G =
Z3C=0, Z3 = 3 él %ga%e%g/ E:é % ﬁu?‘%la) 2- (2- Met hoxyet hoxy) acetic
acid, 100 ~L (880 ~bhe¢npousd ﬁscam §90Pb@dr¥ed fire gempdurf UFor Phen, 137.6

EtL (880.0 7¢/N0L dmpBlind @f@oﬁre&mo%ebgnapwl (ghd @H‘)dear?cﬂ@oﬂ\ Syl 16968 Eunol )
of triethylam ne vvereadd batch was stirred -52 July 2003 for 1

hour at room t efis8y SPRPHNGY i 'Pn?g Wic&h“% Ll 6F1’%§§9p?%‘&¥?°¢‘i"?a‘f’é‘hdé%el oped.

The reaction soigdn |t08fV\@"Ee cfeamma‘mgmmt&ecbmlse@ée td¥e asbgs, nat ant was
addedtoasolutlonng g‘go etﬁﬂ-.tg'l E|n 400 ~L of 5 THF.
Then, 8.4 ny (98¢ I)can i t"ﬁi}? % Pt adagﬂl ‘and the m xture
was stirred foro@lonahly esibativwed ae@estd-tfunyel oFheppimmiafligati on of the
crude produ I r r u % sol vent :

t but yl met hy?st et r?’ S‘E%%]J;g‘iyg@sﬂ %Q%e?}tr’]%\r?gre Lagl%&? z: . l)ur]'CPQG% 5299 of
21-(3', 6' - di oxadkyiandydoyle 5BF HileoRESER FRsieN] %%lcafﬂeaun%(mml( 300 MHz,
(Z:chlllgg 83—78 ?Q\.d gSIHE;lc?orﬂﬁkgna 4.6 s §ea&-8€CH)dl€h $&atésofl—l§ija?Ql\/B ?Dglz)(sél.S

' - 1 m

C31H4~NA 0S: I\/ﬁ‘FFFT"lE%lI%HFQAt%'H“ g&ﬂ;]?d a“f’o%na %@@'1‘255§3y&\r}| ‘Exanpl e of the
synt hesi s of 21ccmp¢ham Ioepstubtsored 10 ¢apgundr® in téwmcted| i ng Exanpl e
11 20 Exanp €q 3 1 g2

[1S [1RF, 3 f E@n& Tqatag fifad Bl png) KRAL, (R Ro 38R 35 ¢ etramet h
yl - 3-[ 1- net hyl - Qll{YZJ[(mR?GPGnH FRSHeFRet hyl | - 4- t hi azol yl ] et henyl ] -9, 17di ox

abi cycl o[ 14. 1. 0] hepE?—d&ﬁﬂiﬂd599c£i Qaeoﬂ5an(n|3d fidm Gdmpodnd ¥ fbr &3== NZ1, Z1

= H G= 2ZC=0, ZZy—l)Et reguggiror;\ue g. a\zlth H; and Lindlar catalyst/EtOH

or ii) or with phosphines, e.g. PMe; followed by NH; ag.
25

30
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Triethylamne, 70 ~L (500 ~nol) was dissolved in 250 ~L of absolute THF and
then cooled to O Cwith ice 30 water. Then, 53 ~L (400 ~unol) of nethyl

chl orof ormate was added to this solution. After approximately 5 mnutes, 25
~L (334 Eunol) of propionic acid was added dropw se and -53 29 July 2003
the m xture stirred for another 10-15 m nutes. The m xture was heated to
roomtenperature and the precipitate was centrifuged off. Then, 97 uL of
the supernatant was added to a solution of 13 ng (26 Eunol) QﬂJlBY2003

2| - am no-epothilone A in 250 uL of absolute THF and 5.4 ~. L (39.0 }unol) of
triethylamne. After 20 m nutes, the crude batch was purified by
preparative TLE‘:‘(‘%’Eﬂ vent : CHZC12/ MeCH 90: 10). Thus, 11.2 ng (76% of

21- am noepot hi | one A- pr opi onanm de was obtai ned. 10 1H- NIVR 300 MHz, CDC13)

: 8 ~ 6. 57 (bs, 0 1.18 (3 H3)
. 6.29 (t, NH) : HR -ﬁ%mFE?)Czan gl—f,‘lcf‘lﬁy%‘?gbze cﬁfcﬁqﬁég’ga °§%B§e f ound
i's described i . ExamN8S+ié Lard8 gr{qalte fold-ave Rariyat S 6 are described
in DE 199 07 58% anc? 20 catrrlD re bt al ned in gener a%gféeoe%the mul ti-step
111.5, both of which are incorporated herein as set forth at length. 25
Exanpl e 12 Exanpl e:
12R*, 16S*]]-3-] -Acetyl - 25 3- Gl ydro 2- met hy

| ene- 4-t hi azo |Jo,.7 13y di hydrieady- 8, 810, 12-t4t thyl -4, 17
di oxabi cycl o[ 19.1.0 hegt ade , 9-dione, N- gxi de 30 ( For rrul'he Va and
was dissolved in 2 'th acetioe anhydride and heate® for 5 min. to 475 C. Then,
t he reacti on nmedi um was concentrated at 30 C/ 1 nbar to a vis Jus oi |l and
hexane/ net hyl -tert-butyl et her/ methanol 66:33:1); in addition to 65 ng (41
% 6 17 ng (11 %9 each of IVa and IVb were eluted. IVa: colourless oil;
1:1); IR (KBr): v 3446,, 2965, 2936, 2877 92, 1691 cm1: 1H NWR (CDC13)

a = 2.43 (dd, J 10 Qg } 7 H2a): 284N 14.B, 10.2, H2b]: 4.13 (m
14-Hb); 5.39 (dd, J 2.2, 15-H); 6.23 (sbr, 17-H); 6.95 (s, 19-H);
5.18 (s, 21-Ha); 5.71 21-Hb) ; 2.26 (Sbr, 27-H3) ; 2.12 (s, CH3QO) ;

564.2854. 15 ThpoSyritdnesfFereofinEpediid ches-OHY qumipoht 240yl onyEpot hi | ones 6
approach from QHVWeldelf‘h’éhef GFPBW%’gaﬁrblc]é’%r%"cﬁdr)esponds to DE 199 30
[1S-[1R*, 3R*(E) 8

I Vb: R = H, Gllzq-B uIy 2003 102rrg(02mm|) of corrpound2
separated on silica gel Si 60 (solvent: 5

DC: Rt = 0.66 (di cnwgmne/ rreﬂnanolﬂz"@:(\’@\'%uv (NEQ—l)_ N\ag_(é% 203 10
(13800), 267 (13200) m (S000); [a]ol S 85.1 (c = 0 C13/ MeOH
él—i);333(dJ 6.9,,3-0H): 1.86 (dt, J = 15,0, 7.8, 1915Ha)208(m
1' G NWR (CDC13) . b 73.4’( -3); 52.8 (C9); 151.5 (C—l ); 116.0 (C—‘17);

I
ﬁ—ﬁ-—
ne
o
2.

158.0 (G 18); BB.7 &G 19 (C-20): 1
170.2, 21.2 (acet('w-Q \.HeL o Esi - (aget g ,%’f
buf f er pH 7, pos. i RS)* z 5

0. 69 (condltlons as abovef' A 119 6

10 (P-Q = C=C) 9 (P-Q= C=C)

a)Compound 2 can be obtained by reacting compound 1
with an oxygenating agent, such as, m~chloroperbenzoic
10 acid.
b) and c)Compound 4 can be obtained by reacting
compound 2 with (b) an acylating system comprising, e.g.
(b) (CF3C0).0/2,6-lutidine followed by (c) MeOH/NH; aq.

~32-



7.8, 2,2, 15-H); 6.92 (s, 19-H); 2.23 (s, 27-H3); 2.10 (s, CH3C0); 13C NMWR
(CDC13) . 150.8 (C16); 116.5 (C17); 17.2 (C27); 170.3, 21.0 (acetyl); 30
-55 29 July 2003 Exanple 13 Exanpl e:

(1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*]] - 7, 11Di hydr oxy- 3- ( 2- [ 2- ( et hoxynet
hyl ) - 4-thi azol yl ] - 1net hyl et henyl ] -8, 8, 10, 12-tetranet hyl -4, 17 5

di oxabi cycl o[ 14. 1. 0] hept adecane-5, 9-di one (6a, R = H, Nu :Zm %%ﬁ nmg (25
unol) IVa or 1Vb (R = fromexanple 12 above were heated in anol
for 30 mn. to 75 10 C, concentrated under vacuum and separat ed by

preparative HPLC

RF (CHZC12/ MeOH) : o@g ﬁiﬂ%%ﬁ%fﬁ%n;&?gﬁ?a%%ﬁg@“é 49 (s,

21- OCHS) 15 18GINNRPhEDGEBPsPheryd 8pide (BERM)/diazabiagycleundgcene167. 8 (C20)
, DO -M5 (i-byggne:mZ = 529.2609 (m+ H+] , for CZTHAINO-S calc. 524.2604

20 Exanple 14 . .

(1S- (1R*, 3R (E), 7RI Caprpungy PLP1O =« SRFHAP) - 727 PEPRAIGKYRY 8, 10, 12, 16- pent am
et hyl - 3- ( 1s metdyictioh 24 phoenpsyietihyi g 4- phosding| | etdhemyt] - 9, 17di oxabi cycl o
[1410]hepta ne-5, 9- one2566rrg(|17urm|)of

N acet yl - mg,?%ﬂ ﬁe%’bcﬁuﬁ T%ne A N-oxi de was dissolved in 1,5 nL of

di chl or orret hane afdCompatngd1Qiwithl1?-Q rgreAie gan|Ye (ﬁbtph@?ﬂ)lb}’dl ssolved in

300 ul of di clonang! Bafiundl b &fieR0 #doed) gonkbe mxture at 75C for two
hours the sol vents were ev Eorate and t crude product l|§)ur|f| ed by _

preparative TLC ( $8FompRun Oi%f%an&ﬁcg@‘%’)l ondt \v8n1P8 ngy (309 of

21- phenoxmepem;dn@aebw redietloa%wwmpoaeasmmm-gp@ MbiExideDC13): delta =
6.59 (bs, 17% ? 4 , 4,21 (s, 21-Hz), 6.78 and 7.16 (d, d,

ar onat . %W %6’559 LlCZBH43NO~S (MrHH] cal c. 538.2839, found

538. 2832 5 ExarrplrﬁCﬂzﬁpdﬁ.\mmSI(e- = double bond) can be obtained by

(1S-[ 1R, 3R*( 1 -4 2 ( t nmet hyl ]-4-thia
zol yl ] - 1- met h§ r%ﬁi?%’? ‘Jf @é‘“ Foi‘g.s"]t]é ?dl 31% é;?edr%txgng?ﬁll 4,17 10

di oxabi cycl o[agdfoTh@qo{O&aeem sroflyospreqiac rELd B R1 CzHs) 20 ng of
conmpound 2 (R = CH3) was transfornmed with acetic anhydride into a m xture
of 6 (RL = acetyl)and IvVa is and | Vb from exanple 12 above and concentrated
under vacuumto an oil. This oil was dissolved in |00 pl ethyl nercaptane
and heated for 1 hour to 105 C. Further, the m xture was brought to dryness
under vacuum and the dried residue was separated by preparative DC (silica
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20 gel, petroleumether/ethylacetate 1:1). Yield 5 ng (25 % Rt
(petrolether/ethylacetate 1:1): 0,48 1HNWR (CDC13): b = 3.98 (s, 21-CHz):
.24, 2.60 (t, g, 21-SCZHs) (s, 21-0OCH3): DCI-Ms (i-butane): '/_ = 554. 25
Exanpl e 16

[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*] ] - 3-[ 2-[ 2( Et hoxynet hyl ) - 4-t hi azol y
] - 1- et hyl et henyl ] - 7 11d|hydroxy 8 8,10, 12-tetranethyl -4, 17 30

di oxabi cycl o[ 14. 1. O]heptadecane 5,9-dione 10 ngy (19,7 pnol) @O &fyRADBone E
were dissolved in a mxture of 100 ul of dichloronethane and 300 ul of -57
29 July 2003 dlggH%Jether and treated with 54,6 ng (236 unol) of

silver(l)- oxi de® @146 ul (590 unol) of iodoethane. After stirring over

ni ght at roon1tenperature the m xture was filtered through Celite and
evaporated to dryne ri atl n_of .the cr roduct was achi eved by
preparative TLC (so%&%ﬁ CﬁZ?:llg haho teESa%)ng gfvé‘a’B oBitEeq 83, 499 of
21- et hoxy- epot hepasié 1pne 1¢¢~1N|\/R“(14@@n{;/|—12he CDat PYrowpehtapesifibh (br, 17- H) 7
.11 (s, 19- : 7 ) q 10 2' - ~
HR- M5 (DCl) b ade] ﬁﬁ£§ P a[?Ije b )ene Holdukdnas “°t1|j§)ﬁﬁ‘& Bya st n Exarrpl o
[1S-[ 1R*, SW(E)tWeiGSM"ELfR*”i rages) - 7, 11- Di hydroxy 15

8,8, 10, 12-tetranet hyl - 3-[ 1- nethyl 2-12-[1(2, 3,4, 6tetraacetyl -al pha-gl ucosyl o
xy) met hyl ] - 4th|azolyl]etheQM ]-4, 17-di oxabi cycl o] 14. 1. O]p pt adecane5, 9- di on
e 20 b

TosQ S
[18—[1R* 3R*(E)\;LF& 0] LIRY, 12, 165*1)- 7, 14— Htetrarreth
-3-[1- et hyl - 2- (?[ ';',¢ t¥t r aaretyl - bet ¥ thyl]-4thia
zonI]ethenyI] 4,17-di oxabi 1. 0] hept adecane5, 99| A~ av~e 25
Epot hil one E (50 nyg, 98 u tetramethylurea (46 ulj 3 unol)

di ssol ved in 200 nL of4dry CHZC12, . were added tC)eﬁsuspenS|on of silver
trifluoronmethanesul fonate (101 m 393 pgpl nd powdered -58 29 July
2003 nol ecul ar sieve 4A (500 ng) in 2 dry CHzZA Z. The mpeture was
stirred under NZ atnnsphere for 1 hour at room tenperature.

(3- D-acet obr onogl ucose’(| 24y, 295 unol) . dissol ved 1;7200 ul dry CHzC12

was added. The reaction 5 re was stirred at room ure over
night, filtered through Celite and concentrated. Purificafll rever sed
phase chromat ography (CH3 HZQPQB@éQ) and subsequently stlica ‘gel

(CHzC12/ et hanol 95:5) funei shed al pha-glucoside (4.2 ng, 5% and
t3-glucoside (5.6 ng, 6% 10 as col orl ess solids.

&
OH

Nq\'<; ‘ B ﬁ
$
O OH O
7(P-Q=C=C)

a)Compound 6 can be obtained from compound 4 by
10 acylation with p-tosylchloride/Hiinig base.
b)Compound 7 with unchanged epoxide can be obtained
from compound 6 by substitution with cyanide, e.q.
KCN/18-crown-6.
c)Compound 7 with P-Q = C=C double bond can be
15 obtained from compound 7 with P-Q = epoxide by reduction
using WCl¢/nBuli.
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al pha- gl ucosi de: 1H NVR (300 MHz, CDC13): delta = 6.58 (bs, 17-H), 7.11 (s,
19-H), 4.82 (s, 21-Hz), 5.74 (d, 1'-H), 4.38 1S (ddd, 2'-H), 5.19 (t,
3'-H), 4.90 (dd, 4'-H), 3.99 (dt, 5 -H , 4. 20 (m 6 -HZ) ; DO -M (
120 eV, NHO9+) : 8 57 [MtNHg'] . beta-glucoside: 20 1H NVR (400 MHz, CDC13):
delta - 6.59 (bs, 17-H), 7.14 (s, 19-H), 4.92 (d, 21- Ha) 5.06 (d, 21- Hb),
4.69 (d, 1'-H), 5.08 (t, 2'-H), 5.20 (t, 3'-H), 5 11 (t,

5 -H), 4.13 (dd, 6'-Ha). 4.25 (dd, 6 -Hb): DCI-NS (120 eV, 2@% 26&%

[ MPFNH4A ] . 25 Exanple 18

[ 15— [ 1R*, 3R*(E), 7B cdipbund 1RwikBRIndiediglelt- épdsdiddl Bywlniax¥Bi 8ink@, 12-t et ranmet h

-3-(1-nethy cetyl | ucosyl oxy).net hyl ]-4-thiazol yl]etheny
I] 4,17 30 dléorfmbl yééunﬁlgﬁ uﬁe%?tu (?é’né'léh "%Fﬁﬁ%lé{'ﬁg b- gl ucosi de
obt ai ned aboweres4n8e af, b§58, €.9n0KICOsas di ssol ved in 50 ul DVSQO
Phosphat e-buffer (9 m, -59 29 July 2003 20mM pH=7) was added and the
reaction m xture was sonicated for 5 mnutes. Pig liver esterase (0,3 nl,
Boehr i nger’ Manni§&ébaje was2adtfed laRat catec RrRgEWEOwEofRT emétitédr additional 3

hours. The niegddeheld@s caxterﬁcdlaamgt&hé —@hb)@ﬁﬁst 8t &a1¢i41g7conbi ned
organi c extracts were concen ted Pur.i rTbcatl on by reversed phase

chr omat ogr apHFPEHIEN BZ5° 3% BAREULeng2T Jotokett nRalYrdidBsi de. 1H NMWR
(600 MHz, CDGh®) resletion asGJJﬂle@bSl;ed])? H, 10 7.15 (s, 19-H), 4.95 (d,
21-Ha), 5.19 (d, 21-Hb), 9.53 (d, 2'-H), 3.4S (dd, 2'-H), 3.57 (t, 3" -H),
3.42 (t, 4'H, 3.50(m 5 -H), 4.30 (dd, 6'-Ha), 4.98 (dd, 6'-Hb), Z. 12 (s,
acetyl-H3) . 15 The synthesis of 21-sulfonyl oxy-epothilones 6 is given in
Exanpl es 19 and 20 that follow Exanple 19 Exanpl e:

[1S-[1R*,3R*(E), 7R*, 1 Cs*, 11R*, 12R*, 16S*]]-7, 1120

D hydroxy-8, 8, 10, 12, 16- pent anet hyl - 3-[ 1- net hyl - 2- (2- (( pt ol uenesul f onyl oxy) m
ethyl]-4-thiazolyl]ethenyl]-4,17di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9-di one
(R=Me, Gl=GZ=H, G3=0, G=ZSQZ, Z=p-toluoyl in formula la) 25 To a stirred
solution of 104 ng epothilone F (199 unol, 1 equivalent) in 5 nL CHxC z at
0C under Argon -so 29 July 2003 was added 0.17 n¥

N, N- di i sopropyl et hyl am ne (993 unol, 5 equivalents) followed by 45 ng of
p-tol uenesul fonyl chloride (238 unol, 1.2 equivalents). The m xture was
stirred at 25C for 97 hours to all ow conplete consunption 5 of starting
material. The reaction was poured into 40 nh saturated agqueous NaHCO03. The
aqueous | ayer was extracted with CHzZCl12 (3x50 nL). The conbi ned organic

| ayers were dried over Na2S0O, and concentrated under vacuum The crude

mat eri al was chromat ogr aphed using 50% et hyl acetate in |0 hexanes to yield
18 ng (16% of the 21-chloro-epothilone B and 85 ng (63% of

21-tosyl oxy-epothilone B, as a clear oil. M5 (ESI+): 678.9 (MtH) +
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A reaction of epothilone A with p-toluenesulfonylchloride 15 in an

anal ogous manner led to the formation of 21 tosyl oxy-epothilone A A
reaction of epothilone A-N-oxide with p-toluenesul fonylchloride led to the
formation of a m xture of 21-tosyl oxy-epothilone A and 21-chl oroepot hil one
A whi ch were separeted by chromat ography. 20 21- Tosyl oxy epot hi | one A:

1H NWR (300 MHz, CDC13): 8 = 6.54 (bs, 17-H), 7.15 (s, Q S. 29 (s,
21-Hz) , 7.82 (d, 2, & -H , 7.34 (dm 3 ,5-H, 2.44 (s 9 July 2093

21- Chl oro-epot hilone A: 1H NWR (300 MHz, CDCl13): 8 6.59 (bs, 17 H, 7.16
(s, 19-H) , 4, 8l ( s, 21-H ) , HWS ( DO ) : CZ6H3eNGSS [M + H+]
cal cul at ed 5289"'? found 528, 2154. 30 -61 29 July 2003 Exanple 20 ,
[1S—[1R*,3R*(E),7R*,108*,11R*,12R*,1GQ*4]-?-[°-[2(Brononethyl)-4-thi azol yl ]
- 1- et hyl et henyl ] -7, 11di hydr oxy- 8, §, 10. 12-tet fanmet hyl -9, 17 5

di oxabi cycl o[ 14. 1. OJ hept adecane- 5, 9- 'd’l\_gﬁ
[1S- (1R*, 3R*(E), 7R¥, ’J\O_S<*s 1R*, 12R* {16 S* N *3-,[ 2- (5- Hr onp2- net hyl - 4-t hi azol yl
) - 1- et hyl et henyl ]-7, 113 droxy8 8,10, 2<tef{ranethyl-4,17 to

di oxabi cycl o[ 14. 1. C()’] hept adeécane- 5, 9=di od® oz g (91 unol) of epothilone A
was di ssolved in 80! BT THE in an at rmspher eo of s?@;nd cooled to

m nus 90C. 61 ul (@406 Eunol) wf tetranethylethyl end| nd 15 270 ul
(406 unol) of t-bu'?-u(\i tthi um i h"e;)xane re added.™ fter en m nutes of
stirring at m nus M0C,» ul (408 unol) laf brom s added. After 5

m nutes of stirring dshe reaction S quj:ched fth 10 nL saturated

ammoni unchl ori de sol uti on at nﬂ nus_90C. The m xture was 20 warned to room

tenperature with continued sti'Ni hg and extrlacted with ethyl acetate. The
organi c | ayer wast—#yi wi th sodi pndsujsfat e [and e®anor d to dryness.
Separ ation by pr eMHRLﬁ_ga/M (5%1&% epot hil one A and
2.1 ng (9.0% of 19-bro -epothll'_)ne IH NVR (600 , CDC13) : delta
= 6.58 (s, 17-H) 229, R1‘7° § HI vl 4wt 41 Ojs 21- H-)15. RERayNV® (DCIl)
C26HseN0Os SBr [M¥NH~ Ji Gey 589. 1916 © 96r, found 591. 1903 el Hr. -62 29
July 2003 Exarrpl Qz@]R.AnM Ayl d)

[1S-[1R*, 3R*(E), 7R*, 10S*, | | ,“iZR*,16S'}]-3-[2-[ Cy,anomet hyl ) - 4-t hi azol yl

- 1- et hyl et henyl j -4, 114i hydroxy 8, 8,10, 12, 16- pent thyl-9,17 5
di oxabi cycl o 14. 1. q-thuadecane 5,9-die NC~ (i) B ahs of a Katada
reaction epothi| on&sB- i de ij N

19 R2= Alkyl R 16 X = Halogen
Y = H, Halogen
‘ 18 R=H, Alkyi l
h)
Q S )
P S G
20 R%=Alkyl 21 R\ R?=Alkyl 17 R=H, Alkyl, Acyl

-36-



was rearranged to epothilone F. To a stirred solution of 104 ng epothil one
F (199 pnol 5, equivalents) in 5.0 nL t0 CHZCHZ at 0 C under Argon was
added 0.17 nL n, ndiisopropyl-ethyl amne (0.993 mml, 5 equival ents)

foll owed by the addition of 0.095 g of p-toluenesul fonyl chloride (23B
unol, 1.2 equivalents). The m xture was stirred at 25 C for 47 hours to

all ow conplete is consunption of starting material (SM. Th%grqa&%ﬁ:swas
then poured into 40 m. saturated aqueous NaHCO03. The aqueous T1ayer was
extracted with CHzZC12 (3x50 mL). The conbi ned organic | ayers were dried
over NaZS04 and conggRbradued Yfdeh ¥acitdindde Chidgdmmhess al was then 20
chromat ographed using 50 % ethyl acetate in hexanes to yield 18 ng of the
C21 chloride (18°™geuaAd! &F Ry¥ bt thd d&ered tosylate (63% as a clear oil.
(ii) To a stirred soldbigsunafl 184410 bSMEtaeRRAMGY eefdiRhquBBhpouhdequi val ent)
in 3.50 nL CHzZC], unﬂgr 2S’rgon at 25 C 25 was added 40 ng KCN (620 unmol, 5
equi val ents) an t 2crown-6 (124 Nmol, 1 equivalent). The m xture was
allowed to siir at 253C@nfamdlbS hoamw be citawhed byt sniejddténgt camtpongd mat er i al
was conpl etely u he. gl xt z 29 July 2003 was then directly
| oaded onto a s?‘?in%aggg tt-(I:;%I Eg}ﬁéaﬁrﬁeghﬁmto raphed using 2:1 ethyl

acet at e: hexanes as &hCeTRRWE 1 F BEPRERIRRFE &Y FRe2desi FePawndrile (61 %
[aZSa( Zg*0r7|SeSgRg@gjéghlgﬁégﬁ']ﬂbx@1%%(tem(comprising Cr?]lzl ancé C#Hala.l -1 .

- , 1S*, : anonet -9t hi azo -1-met hyl e
t henyl ] - 4, 8- di hydr ofi)/g%’?%o,g‘f‘fighﬁféhgﬁn‘é:tt%%?q%é’x59% PP EYE S RExadecene- 2, 6
-di one 10 NiAnhysindus Beti ahgdREElur(@n= (5. 81ktl) owascyllaced in an oven-dried
flask under Argon a - (8 : flo (300 ny,

0. 756 mml, 2 equi vg?ce:%?%u%\%agé)accf&eget%%tqgée%(?Iyg\gtgée)ét}rlfgﬁy#r%\é@?‘gn fol |l oned
by nbutyl it hi ub3 (WO.tb46HaA: fof 18 6(RVFERutPref3iln sHexEtasntl &1 mol , 4

equi val ents). The sbeagtdnig! @sle wasargapved fromthe -78C cooling bath and
stirred at anbient tenperature 20 for 15 m nutes. The reaction was then

pl aced into a 0C bathCamRPL; 17 7% BF %aéﬂféjﬁyoﬁﬁ?c%“ﬁi fefReSNd| n a
separate fl ask, 12ityartgapbtdr RADE @B (<721kyl).0. 135 mmol ) previously

azeot roped overni gh romtalyene in_ v r S. 1600, ins ce to 0C
and the bright greerr]?)%ﬁ%%%ngnyg arnegae‘?lbt%ggg%éatbsloéx%%fggn{@vc\’ggdadded. The
reaction was naidtwithed-a¢ MQ.for 20 m nutes. TLC showed the di sappearance
of starting materialjycihSoun@agt | Qh WaSortdeREd ey Yehdtingt ssrfRddaqueous
NaHCO03 (10 nli) and partjtioned between _satlhjr at ed aqueous NaHCO03 (20 ni) and
- 64 29 July 2909tst RyioHat el s& ML ptfHe aqueous phase was extract ed
three tinesawi th et hyktomsaindt 22a,Tie2bconitizrecarobganbtainagerys wer e washed
with water (25 nl) _.and brine t ried.gver S04 before
concentration i REVEEHS. C%“pfﬁgétl:ﬁjgjékngl?zeﬁ gﬁ’%\flgshpuﬁaf ?agg y chr omat ogr aphy
on silica gel whydr@@ cabgil ateamtle pn desrevnss (RéabbarnN &) mprd619) of
21- cyano- epot hi {zo'l-eh?drcM%niEﬁﬁ 1 021lfeyd €M Hohpd@ndEX20B] Qind3R = o
[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, T2R*, 16S*] ] - 7, 11- Di hydr oxy3-[ 2-[ 2- (1Hi mi dazo
| - 1-yI met hyl ) - 421kl 28l §FY% £REt FMROCARMRAS! - 8, 8, 10, 12, 16- pent anet hyl - 4, 17di o
xabi cycl o[ 145 1. 0] hentadmpaii- 23 Scal ®BEoHtAined by reacting compound

13 with a CN source, e.g. HCN.
n) Compounds 10 and 11 can be obtained by reductive
amination of 13 with HNR'R? and e.g. NaBHiCN, where R! and

R? = H, alkyl.
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1H To a stirred solution of 6 ng 21-tosyl oxy-epothilone B (8.9 unol, 1

equi valents) in 1.0 nL di nethyl formam de 20 under Argon was added i m dazol e
(4.8 ng, 71 unol, 8 equivalents) and K~C03 (12.3 ny, 0.0890 nmol, 10

equi val ents). The m xture was allowed to stir at 25 C for 5 hours. The

sol vent was renoved in vacuo, and the reaction m xture was chromatographed
on silica gel using 25 1% Et3N, 3% MeOH in CHC13 as eluent to afford 1.9 ng
(27% of 21-im dazoline-epothilone B, as a clear oil. M (E@J)lem 4
(MtH) * -65 29 July 2003 An exanple of the synthesis of

Epot hi | one- 20g %m%xgehydes Z3 are given in the follow ng Exanpl es 29 and
25. 5 Exanpl e anpl e:

[1S-(1R*, 3R*(E), 7TR*, | OS*, 11R*, 12R*, 16S*] ] - 3-[ 2( 2- Fornyl - 4-t hi azol yl ) -1-met h
ylethenyl]-7, 11- Si'hgﬂféir@)ﬁég Be 1:9:1152t§§5€dag§t lelonlzan omitt

di oxabi cycl o[ 14. lhept adecane- one H & ?[o in formula
I'l,b) Epot hi |%Ff‘féthE B3 SRF (1 ‘E&ﬁ%mhe w&é o‘irs"é‘BI %oP?-ﬁlt}_omﬂ of CHzCl2. At
interval s of m&ans b €St hiZ29%amy of3tKe msdkruDd HaaNganassendi oxi de was added
three tines a t tirred enperature. After 90

m nutes, the Ir]r%r?éggcése ?hgx,lyg eCt\%as Sllltlgflgélr Otfefd5 and washed w th net hanol .
The conbl ned organi c phases were evapgratgd to dryness and the crude
product was purified using preparati ve}-HQL dj (Nucl eosi| 100) sol vent:

t-butyl methyl 20 ether/hexane with 3%net ). Thus, 36 ng t62% of

epot hi | one A-20-car bal dehyde were obt ai ne H-NIVR 400 MHz, CDCl 3): delta
= 6.67 (S, 17-H), 7.53 (S, 19-H), 9.98 (d H) : HRI\/B (DCI) . CZ6H37NO-~-S:
[M+ H*] cal cul ated 508. 2369, found 508. 2?%7 25 Exanpl e 25

[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 165*] ] [ 2-(2-Fornyl 4-thiazolyl)-1-neth
yl et henyl ] -7, 11-di hydr oxy8, 8, 10, 12, 16- pent anet hyl -4, 17 30

di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- d® on S 29 JuI y 2003 H Epothilone F
(1BO ny, 344 pnol, 1 equival ents) was :Qﬁd in CHZC12 under Argon.
Manganese di oxi de (900 5 ng, 10.3 mB?, 3B i val ents) was added, and the
reaction was stirred at 25 C for 2 hoursz4Add| tional manganese di oxi de (400
ng, 4.60 nmmol, 13.4 equival ents) was ded nd the reaction was stirred for
2 hours nore. The mi xture was flljtv)ze%dthrou Celite, rinsed with 10

CHzA z, and then concentrated in 4acuo. The cru materi al was

chr omat ographed on silica ggl eluting with 50%ethyl acetate in hexanes to

provide 92 ng (51% of 21- fo>m< othilone B a§ a< orless solid. ESI-Ms:
522.3 (M+H) +

MeQ R‘-—N
25 28 R‘ = H, Alkyl, Aryl
1 c) R'=H 1 )
HO s s
m_H EY N=c—( ]y
R! N N
26 R'=Akyl 29

Jo

R%O s
RSN

R! N

27 R'=Akyl, R? = Acyl
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15 The synthesis of 21-al kylidene epothilones 15 is given in Exanple 26
which follows. Exanple 26 Exanpl e:

[1S-[1R*, 3R*(E), 7R*, 1 OS*, 11R*, 12R*, 16S*] ] - 3-[ 220

(2- Et henyl - 4-t hi azol yl ) - 1- met hyl et henyl ] - 7, 11- di hydr oxy8, 8, 10, 12-t et r anet hy
| -4, 17di oxabi cycl o[ 19. 1. 0] hept adecane-5,9-dione (R=H, G = Ge = Z = H,

G CZ informula Ila) 25 Methyl instand-ylid (Fl uka), SOGggJ I)yvgﬁ %reated
with 17 ng of nethyl phosphoni um bronm de and suspended in 5 4 g | ut e
THF. The batch was placed in an ultrasound bath for 2-3 minutes and then
stirred at room tgypgs n I [ i vel oped a -67
29 July 2003 bright ygﬁlgévecho?ég?,bét %tgggginﬁgﬁglﬁl%g%ﬁgpm se to a
sol ution of 15 #iky 30 290 $n AT/ ¥8keHe THT/vober |radioahkdsl ute THFE. After 1
hour, the batghmpas, di:hyted with water and extracted three tines with

di chl oronet hane. The 5 or i c_phase was _eyaporated and dried in high
vacuum Separ at i oﬂ)%?mWﬁgg%&é‘Rn??ﬁﬂtél ‘g%&o%g?ﬁa&dﬁﬂ preparative HPLC
(Nucl eosi | s 10éympsohe/ ¥t with Euigy| akiNbyiln etinel /dvexate. 1: 2 + 1% net hanol ) .
Thus, 1.7 ng (119 =VidWl. .z t hj. j ated. 10 1H NWR (400
MHz, CDC13): 8 = ’.‘2‘%“%%5?‘ {137/??6‘?’9%7@65&2%@1%?%&&?“6%6 (dd, 21-H) , 6.
05 (d, 1'- Hb)compgums 45 with |gxress HRkgHa D@L RILIGRIBINEEE) - [M + H

cal cul ated 506. 25dfgo 21:@&96] F0Gar588.obt2idé® By Athest igOEompound

o
21-1m no-epot hil ones ,22 is,given_.in . the follow ng anpl e. Exanple 27
Exanpl o [ 19201 RATRRE ] BRe 1) 1Rt Rre SR pE 7S s, €.
D hydr oxy48- [cMap2- ( met hoxyi m no) - 4-t hi azol yl j - 1net hyl et henyl )-8, 8,10, 12-tet
ranet hyl - 4, 17di oxabi e =5 ,9:.di ; = =H G =N\,
&S =021, Zlo = h/gpt?oﬁ%%ggéu%acfﬁa?g%ﬁ%g??ﬂ% e,fgli'%& %{&l?iﬂffnggﬁol) , and
| 13 ~L (54 Euwhsl Fagfoxy geewR imydf oddtdmeoai BRNYRI el Lasrafs/dRt{ 40 ng/ nl)
was added to ggSQbdddtenbtiZh Woth 4PNEUNGF )= epakbyémnalkyPbal dehyde in 200
~L of methanol. After stirring the reaction batch for 1 hour at room
tenperature, ¥H&)38" sBifvent was renoved and the residue taken up in ethyl
acetate. The orgas)cConplvagse asaexbe aditadnendey wWehpdrwtien ahd dried with
NazSO,. The purificat,] of_ €. 1 29 I 03 product was done
with the aid %?“pﬁlr"é%aérsgpﬁve- hgﬁffﬁ{emc é@giﬁ'gioﬁéﬁégi“%g’m: t - but yl net hyl
et her/ hexane 1:2 with 1% nethanol). Thus, 9 ng (36% (21E)- and 7 ng (27%
of (21Z )-21-(N- Met hoxyi m no)-epothilone A were obtained. 5 (21E)-isoner
1H NWVR (300 MHz, CDCl13): 8 = 6.61 (bs, 17-H), 7.12 (s, 19-H), 8.22 (s,
21-H), 9.01 (s, 1'-H3), to (212)-isonmer 1H NWMR (300 MHz, CDCl13): b = 6.65
(bs, 17-H), 7.36 (bs, 19-H), 7.86 (d, 21-H), 9.15 (s, 1'-H3). HRVS (DCl):
C ~H4oN207S: [M+ H ] cal cul ated 537. 2634, found 537.2637.
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15 Exanpl e 28

[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*]] -7, 11- Di hydr oxy8, 8, 10, 12-tetraneth
-3-[1-nmethyl -2-[2[ [ (phenyl met hyl )i m no] met hyl ] -9-t hi azol yl ] et henyl]-9, 17

20 di oxabi cycl o[ 19. 1. 0] hept adecane- 5, 9- di one Epot hi | one A-21-al dehyde (19

ng, 38 pnol) was dissolved in 1 nL dry CHZCl12. Powdered nol ecul ar sieves 4

~4.and benzylamne (9.5 ng, 91 unol) was added. The 25 reac?bcﬁal n?gé re was

stirred at roomtenperature for 95 mnutes, filtered throug Y

concentrated. Purification on silica gel (CHzC z/ methanol 95:5) gave

21benzyl i m no-e thllone A (10 ng, 95% . . 1H NWR (300 MHz, CDC13) : delta

= 6.62 (bs, 1759pem™8077.21 (s, 19- H) ( 8.46 (s, 21-H), 9.B7 (d, 1'-Hi)

- 69 29 July 2003 Exanple 29 Exanp

[1S-[ 1R, 3R*(E), 7R, | O5*, 11R*, 12| Acetyl -4-thiazolyl)-1-meth

yl et henyl ] - 7, 11- dPRYEPDxy 828, 1D, %u rarre %éléoﬁ omiteed®

di oxabi cycl o[ 14pbt8} hept axd:e'caneciﬁld@nm@we (JI&:E grol, atGpositiam 1formul a |11 b)

and 20-(21, 2 fRaxxe EM) eogmé %@ethbé (m@lathl@pasq%wﬂéé P in formula Ib)

Epot hi [ one A-21-a ng (20 urml) , was dissol ved

in 200 ~L CHZCH“’OéJ‘iE xide eoFe%ﬁt&anﬁ H-&AESF‘?F“@FP]er was added and the

m xture was stirred at roomtenperabures- After 15 minutes, the reaction

batch was evaporated and separ at ed st lpr eparative TLC (silica gel 60,

sol vent: CHzCI z/ met hanol is 95:9). us¥ ng (49% 21- acetyl-epothilone

A and 1.9 ng (19% 20-epoxyethyl-epothil one A wer e obt ai ned.

[1S-[ 1R*, 3R*(E) 7R, 10S*, 11R¥),_12R*, 168+ ¥4 - 3 [ 2- (Z\Ac;etyl9 t hi azol yl ) - 1-neth

yl et henyl ] -7, 11-di hydroxy 8; 0=H2 20 = H, Alky!

t et r anmet hyI 9, |1 7- di oxabi cycl o( 14. 1. 0] hept aaecﬂd'ﬁb 5, 9di one: 1H NVR (300 Mz,

CDC13): 8 = 6.62 (bs, 17-H), 7.45 (s, 19-H), 2.71 (s} -H3). 25 (1S [1R*,

3R (E) , 7R* 1Gs* R, 12R*,16S* 1 ] -7, % K
11Di hydroxy- 8, 8,:30, Vi ranet hyl - 3-[ 1- et hyl - 2- (ZOX|PYa; YI'n i azol yl) et he
nyl]-4, 17d| oxabi cycl o(14. 1. 0] hept adecane-5, 9-di one: 1H NWR ( 0 VHz,

CDC13): 8 = 6. 58 20bR?= mwwwog (s, 19 30 H), 4.22 (81 ﬂ-w 3.00 (m
1 -Ha). 3.23 (dd, 1' ~Hb) ~ - 70~ 29 July 2003 Exanpl e 30
[1S- (1R*, 3R*(E), 7R*, 10S*, NLR*, 12R*, 168*]] 7, 11- Di hydr oxy3- (2-[ 2- ( 2-i odoet he

nyl)-9-thiazolyl]-1# ’t‘ﬁ"yl e henyl ] 8’ j%t etramet hyl -4,17 5
e

di oxabi cycl 0(19. 1. 0] hept adecyne- 5, 9- To 26 ng (99 urml) of
hOleée s sp ded |n 1 nmL of absolute THF, 99
?l iy Pl azan in THF was tO0

e enpe

i odonet hyl tri phenyl phosphoni u
ul (49 unol) of a solution of

added. After stirming_for one mxu Awpg\? at urrd t m xture was
cooled to mnus"7$-G,<\1 ul (80 umy ) of HWPA and then, | Jtion of 20 ny
(90 unol) of epsathil 8ne 21-al dehyde in 0.2 nL of abSctut ¥ wer e added.

At the sane tenp%rzature the reaction m xture was sti rregsfor
H,N

s ) R'NR® s
) < I 1 N I
Fal \N:Ba RVgz N
33 38 R3=H,Alkyl, Acyl
RNH S I R5=NthM
37 R®= Alyl, Acyl
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15 30 m nutes and then quenched with 1 nL of saturated amoni um chl ori de
solution. After warmng to roomtenperature the reaction m xture was
extracted with ethylacetate, the organic |ayer was separated, dried with
sodi um sul fate and evaporated to dryness. Separation was 20 achi eved by
preparative HPLC to give 8,9 ng (34% of the (20Z)-iodovinyl and 2 ng (8%
of the (20E)-iodovinyl analog. E-lsonmer 25 1H NVR (600 MHz, %&}@)2 gel ta =
6.56 (s, 17-H), 7.07 (s, 19-H), 7.53 (d, 21-H), 7.39 (d, 1' -49I0%20Q3 e,
1H NVR (300 MHz, CDC13): delta = 6.63 (bs, 17-H), 30 7.21 (s, 19-H), 7.82
(dd, 21-H), 7.03 (d - 9 HR-MB ; ~H38 |enl ' al c.

632. 1593, found 632%‘)1(;505“5%?1%1ﬂ (gg Jl?lg;l’/)léo%’ @aggﬁgei"ﬁ By Heacts

[1S- [ 1R*, 3R* ( E)COPReUAH IO PIREL Mikh apmaqtivated qarperyddiyd 24id hi azol yl ) - 1- net
hyl et henyl | - 7, Mexdi bytlregx ¥8g 8, RDHA 2 - 1R ar®d)hYh- Oadl brsence of a

di oxabi cycl o[ 14. 1. O] hept adecane-5, 9-di one 18,5 pl (131 unol) of

di i'sopr opyl ani f&5dissolved in 0.4 nL of absolute THF was treated at ninus
10C with 70 sul (105bemmippund 20 lgahhyé |akthined iy bekdtsingAtsémgovase | 0 hour
at .0C 17 mg (2% qpnel L %%)-'ocio' tvative in 0,5 nL of absolute
as THF was addéed tr(g thggcsi% ut |'oh. A%?g%li)og’grtho%rd'stﬁr?zr'i ng at OC the

reacti on was quench@tFafiPPHNY Iy c3htbf A¥dinpddy greddrsetioe ofol uti on. The

reaction m xt ur@mpesnd0or actedi, Mkl haetémlyae&ga{,_ealk%f Leyor@apic phase
evaporated to d%pess and_ s %ar_at g%gy DI e_lgar ative HPLC. Yield 2,4 ng
(369 . 1H NMVR & OW,RcﬂSﬁ )= @Yar 20 (bs, 17-H), 7 .15 (s, 19-H)
3. 46 ( s,1021-H) :dHRrpBufd 38 cpn:bAHHEBLNGD Ry [bsddihy] cadauind52| . 2685,
and 11 are o vad B Exanerhs Uit [ GG RIHY P Sf Sl REREREDT P ones 10
[ 1S-[ 1R*, 3R* ( ERLRRY) 10S*, 11R*, 12R*, 165*]] - 7, 11- Di hydr oxy8, 8, 10, 12, 16- pent am
et hyl - 3- 1- met hy! - 2s{ RpBRES Y2 aA D eyl hed-tyhirazad il ebmsawl] - 9, 17di oxab
icyclo[ 14. 1. 0] hept agecane-5,9-djone 30 -72 29 Jul 003 To a stirred

soi ution of epdhiRomeCB2Y25R fFn{aPR™PF ARS -'08H: ibt)- in 2.0 nl CH3CN
under Argonisat 0C wascargdand 862 caM iso|dittia dned fbymetibjdcatrh@ecdnipolid N, 0. 326
5 mol, 10 equiyalents ). er ] 6 nmg NaBH3CN (0.098 mmol, 3

equi val ent s) vvaz\s6 gaoaecfe)gﬁaéﬁfe arr#%'glr%"ms allowed to stir at 0C for 30

m nutes. Acetic acid Geawonhestaddedbeirdsrined vt plkylagingler i on was

approxi mat el y Q@yiatﬁfﬁ_&ﬁm HEndT3%t i th MBBa StRFrLd 1891 addiakiopalh 2 !0 hours,
20 mL of 28% aquéous 0 aq% was added. The m xture was stirred for 5

mi nutes and t héReeRFFSEOCEAHit 298  nL et hyl acetate. The organic |ayer was
dri ed over §a2S04 antoppasdtiliced bmddtayaedion odbdatibudet mat eri al was
then chromat ographed é@i ng; & Iiéa %;I eluted with 1% !5 Et3N, 2% MeCH in
CHC13 to yiel d B hg 14 ‘% Hd " 21 Nret hyl am no- epot hil one B as a cl oudy
oil. M5 (ESI+): 537ikcqupekd 37 can be obtained by alkylating or

acylating compound 36 with R®Hal (R® = alkyl or acyl) in

the presence of a base.
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Exampl e 33 20

[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*]]1-3-[2-[ 2-[[[ 2( Di met hyl ami no) et hyl ]
am no] et hyl ] -4-thiazol yl]-1met hyl et henyl ] -7, 11-di hydr oxy- 8, 8, Z0, 12, 16- pent
anet hyl 4, 17- di oxabi cycl o[ 19. 1. 0] hept adecane-5, 9-dione 25 To a stirred
solution of epothilone B-2|-aldehyde (15 ng, 0.D29 mml) in 2.0 nL CH3CN
under Argon at 25C was added N, N-di nethyl et hyl enedi am ne fﬁéd hé%ﬂ@%ﬁ?s
nol , -73 29 July 2003 10 equivalents). After 10 mn,

(0.086 mmol, 3 equival ents) was added and the mixture was allowed to stir
at 25C for 30 min. AcOH was_then added dropwi se until the solution was

appr oxi mat el y (¥4 Broghiiqne Reriyakiyes ¥ was stirred an additional 2 hours,
20 nL of 28% aqueous NH40H, ag) was added. The mi xture was stirred for 5

m nutes and then extracted with ?5 nL ethy§l acetate. The organic |ayer was
dried over Na2S04 and concentrased under, 4 The crude material was

t hen chromat ogr aphed using 1 mh%h 1% Et 3N, 5% MeCOH in
CHC13 to yield 5.8 ng i 34% og -

21- (2- N, N- Di net hyl am noet hyl ) ahi
599.5 (M+H)' Exanple 34 15
[1S-[ 1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*M.65%19 - 38 29[ 2[ ( Di net hyl ani no) net hyl ] - 4-
t hi azol yl ]-1- nethylethenyl]? 11- di hydr oxy- 8, 8, 10, 12, 16- pent anet hyl - 4, 17di ox
abi cycl o[ 19. 1. 0] I@GQE@Q@C%@@ ﬁ‘mheﬂel@@lmc@dstbrfr@ p§9#é’zta't98n0f amine (19
ng, 0.0363 nmol) in 1, CH3CN under Argon was_added fornmal dehyde (0.04
nL of 37% aqu §PQBFth?’Ifndef)l‘fLa§f7'eﬁ1ﬁ)‘f haglng h6 af ARIOENANPEPUAY NaBH3CN
(0.1089 Mmmd , ¥ egdi¥atientsyhbolEh@dane xthe €olbowiag mddrawad to stir 20

m nut es. Acetl acid_( d m xture was stirred an

addi ti onal 40 nufes &fﬂégg%ﬂ%g’rgagflon gfgqﬁfe was applied directly to a
silica gel coIHJms an!:l start ed nimethydo EBN, dmd MeOH in - 74 29 July 2003 S
(1289;')01351;3 ° g'é(%k/gl Hgi@ r?géagfs) PlsuBde oVedi GRt Byd @7l BR £AQLNi I one B. M5
[1S-[ 1R*, 3R* ( BJLOPRY iosms}m*teldzr%“xh@]"]‘lps 3w arpt [%?Qélez%ét hoxyet hyl ) ami no
] met hyl ] - 944 hi azekythtddeiRy! @fdgnyl ] - 7, 11-di hydr oxy-8, 8, 10, 12, 16- pent anet h
yI9,17-dioxabicycI0[19.1.0]heptadecane-5,9-dione ~O O._N SN~ .. >H

a clear oil. M5 (ESI ):
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To a stirred solution of aldehyde (6.8 ng, 0.013 mmol) in 2.0 nL CH3CN

under Argon at 0C was added bis-(2net hoxyethyl)am ne (19 ~L, 0.130 nmol, ZO

equi valents). After 15 mnutes, 2.5 ng NaBH~CN (0.039 nmmol, 3 15

equi val ents) was added and the m xture was allowed to stir at OC for 30

m nutes. Acetic acid was then added dropwi se until the solution was

approximately pH 7. After the m xture was stirred an addit:‘,zgn‘gjl éoagurs,

mL of 28% aqueous NHAOH~, @~ was added. The m xture was sti r5

m nutes and then extracted with 75 nL ethyl acetate. The organic |ayer was

dried over NazSO- and conceqtrated under v crude material was

t hen chromat oéf%‘fﬁfé&"ﬁglaﬁ‘ g ePFEAPISErA L ot gaﬁjﬁTfﬁmi PR 106 MeOH i n CHCL3

to yield 5.6 ogidem/%) of the 21-(Bi s-2 25 met hoxyet hyl )am no -epothil one B,

as an oil. M5 (ESI+): 639.5 (M:H)+ -75 29 July 2003 Exanple 36

[1S-[1R*, 3R*(E), 7R, 10S*, 11R*, 12R*, 16S*] ] -7, 11- Di hydr oxy8, 8, 10, 12, 16- pent am

ethyl - 3-[ 1- net hyl T?’-e[ Erfct%tﬁé{’h?/lf ePSF*p’elP&zr%Wx)lﬁﬂ h{a)] (B=Q'% azol yI ] et henyl ]

-9,17 5 di 9xaQb§)¥iQ'ieQ[it4d kr@hb%a@aaa&m@ fo dir0peylskyapsthifsd sol ution of
under Ar gon was added

al dehyde (11

1ret hyl pi per a2 n"é‘e( ff #ﬂ' I},‘aslae%%eﬁﬁf’et?ﬁds)l and 10 NaBH3CN (4
ng, 0.0633 nmwd, 9&3/3601&2,\/a1henfs)1 tEise off whilcke iwasnaddtpewetded o stir 20

m nut es. Acet hg ig fetljg peadded dropwi se until the solution was
approximately p e mxture was stirred an additional 2 hours, 10
mL of 28% aqueous NH40H~ Q~ was added. The m xtuge was 15 extracted wi t h
CH2A z (2x75 nmL). The organic |ayer Was dried ov@r NaZSO, and concentrated
under vacuum The crude material ®& chr ored hed using silica gel
eluted with 1% Et3N, 5% MeOH in CHCI ;' dJ10. 7
21- (N- et hyl pi per azi ne) am no -epot hi | one as a2

(ESI"): 606.9 (M R n%
[1S-[ 1R*, 3R*(E), 7R*, |o% ‘;@ ,bgszﬁ*‘“h §‘1’1"V'9 [2(07
r amet hyl - 59d|oxo41 gs Y

di oxabi cycl o[ 14. 1. 0] hept adecan- 3-yl ) -1-propenyl ]-2 thiazol ecarboxylic acid
(G = QZSj10Z5schéde 8 = Oin fornula I1b) _76 29 July 2003

(1S-[1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 165*] J- 9-[ 2- (7, 11Di hydr oxy- 8, 8, 10, 12-t et
ramet hyl - 5, 9- di oxo- 9, 17di oxabi cycl o[ 14. 1. 0] hept adecan- 3-yl ) - 1- propenyl ]-2th
i azol ecarboxylic acid nmethyl ester (G & QZS, ZS = M, @ 5 =0in formila
1 b) Epothilone A-21-al dehyde, s8 0 ng ,,Q‘l nol), was dissolved in 300 ~tL
of a THF/ water m xture (9: 1)—-a(gd\ 2900 Jmg (1 99 wml) silver(l) oxide was
added. The reaction tO n:i_x.t.urefyvas sfirre 12 howys at room
tenperature. Then the gdl vent Vas re he reslq e was taken up in
et hyl acetate. Evaporatilon of the sol wentegave the unstabl e carboxylic acid
CESI-Ms: tx =13, 8 min)] '"/Z =522 (MH)'
NH40AC buffert gradi ent 10:/90 to 45:55).

e foany oil. M5
; Dghydroxy-8, 8, 10, 12-tet

whi ch was characterised
(RP-18 silica 15 gel, CH3CN (I

Preferably the organi c phase S not evaporated but washed twce with 0.1%
hydr ochl oric acid'and once with water and then reat ed with an excess of

di azomet hane. gThes.i Xt Urgg,s4as irred for 10 m es @&icod 00
temperature. Atdr Ir enoval ‘e*f—(\ﬁi&)sol vent, tl"'lﬁ< e prodtr:):‘j%s purified
by preparative HPE'C X Nucl eosi | , sol vent: o&f" yI met hyl et h&r/ hexane 1:2

wi th 1% net hanol )3 whereupon 25 ng (30% of ep | I pne A- 2%car boxylic acid
nmet hyl ester were obtained.
c)l

Nu \——(L
N

4

-43-



25 1H NWR (400 MHz, CDC13): 8 = 6.73 (bs, 17-H), 7.42 (s, 19H), 4.00 (s,
-H3), HRVMB (DCl) : CZ~H3gNQgS: [M + H+] cal cul ated 537. 2396, found
537, 2408. 30 -77 29 July 2003 Exanple 38 Biol ogical Characterization of
Epot hil one Derivatives 5 Cytostatic Activity Epothilone derivatives inhibit
the grom h of mammal cell cultures, and also of cell lines which are
resistant to other cyclostatics. 10 Gowh inhibition of transforned cells
of nouse and hunman carci noma and | eukenia cell Iines G owt hZnHePd3n of
the follow ng cell Iines was 15 neasured in mcrotiter plates: L929 (DSM

ACC 2), npuse conn |ve i ssue fi sts: K DSM ACC 158 hunan
cervi; car ci noma: - §WPA 3 Pr%tﬁ?aﬁs E?H%Sf:é?&.%ﬁﬁe )

mul ti drug-resi epazrm,loﬁé:-ébz(eAIﬁIElt@Rbglﬂ%)—,CHhugrmugoramspa&ﬁt:&demcar ci nonm;

SK- Ov-3 (ATCC HIB-. 79“&%8??%#&(:%@0&? 3«%3)%,9_8% gl lona t B 549 (DSM ACC 107),

human | ung car crnons; _ _ unen Chroni e nmyel ogenous
| eukemni a; U- 93¥nYOISKHAADT Hie regeionhpstildeyptretedinpRoRurepiseent | | i nes

wer e obt ai ngd EﬁOéBoQ§%(6ieranapc Rlubeethdia, Ok M q@:%ga&é&@ioﬂ% Cel | 25
Cultures), Hr aunschwi grw rmany, or ATCC (Anmerican Type Culture
e

Col | ection), ROCRRATY U S A Aiquots of suspended cell s(50000/ m)
were given to a seriaCompduntis oh aofd Shemi iblei bbtainedAByar@adtangt er of grow h,

we neasured th f T 1

di et hyl t hi azoF @QHE %O@tg' it\%)n?/ et Fggﬁetfr%n ?0%11? e)base By t he case of
| eukemi a cel | soPtiPaRLDY ﬁmrit“te(%ééh}’i wgeppmnﬁiéwwuwmnw after an

i ncubation perbeghyof S days. The resulting values were related to control
78 29 July 2003 cells, to |ch on}r%/_ t he. sol vent net hanol had been
added. These val ue®)wePmPaBgs (8" B PRredREd kY 4P "Yhat caused
a growt h reductompouatl 50:ith mrae:tdeatwad:aﬁ:bonyiirmiabﬁai@é\ri@zutm (percent age

3)1:“ I;/IT;’O(r)gductl gn i na)‘?bg}({aﬁg_ndgg{:ce aﬂf\ybﬁm bitor concentration). 79 29

c) Compound 4 can be obtained by reacting compound

15 IVa/b with a nucleophile NuH or Nu~.

The esters 6 are useful intermediate products for a
great number of epothilones which have been further
modified at position C-21.

For example, if 2 is reacted with for example,

20 acetic anhydride, a new unexpected intermediate compound
IV can be found after a short reaction period, whereas IV
is completely transformed to 6 after a longer reaction
period. If the reaction is interrupted at a proper ﬁoint
in time, IV can be isolated chromatocgraphically as two

25 diastereomers IVa and IVb.

Compounds of type IV have not yet been described.
The structure can clearly be derived from their
spectroscopical data and their subsequent reactions.

For preparative purposes their reaction with

30 nucleophiles leading to C-21 substituted epothilones 6 is
of special importance; Nu = for example carbon-,

nitrogen-, oxygen-, sulfur- and halogen-substituents.
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Compound =.929 1-3.1 1-vi PC- 3 91c- A-519 K-562/U-937noue cervix cervix
pror Ov-3 lung | ~uk~m af ate ovazy=Cso [ng/ nL] 21-1706081012

(K-chl oro-562)epo A [3] epo A-20-7carb-al doxi ne[ 22a] epo

A- 20- 12car b- al dehydehydr azone2l- azi do- 6epo Al 22b] 21- am no- 8930343 (U-epo A
[ 9] 937) 20-vi nyl - 3330. 911. 5 (U-epo A937)[ 15] 21- azi do- 0. 60. 50. 50. 4epo 8 [ 7
] 21-am no-0. 50. 91.51.5epo B [9] * Multiresistant cell line %0 28§3Jul y
2003 W claim 1. Conpound having the general fornula | 5 %9 IB'~~ a 16
O~~~/~s O HA | \ /OH ~a\ where: P-Qis a C, C double bond or an
epoxide: Gis |0 15 20 S S R--y ~ BranpileR i s selected fromthe group of H,
al kyl , and substi I N t om the group consisting of
alkyl . and subs G;Mgﬂgoﬁomi £ %mfémggeﬁg@{es seife AOUP Consisting of
UJ 11v110 ; G!Lll@@é!:éc‘#@dPF?%?hqehéfngan#nHOmal ogen, CN, al kyl and
substituted al kyl:

s Example 1

Conversion of Epothilone B to Epothilone F

(i) 1.98 g (3.90 mmol) of Epothilone B was placed under
Argon and dissolved in 60 mL dry CH.Cl;. To this solution
10 was added 0.720g mCPBA (4.17 mmol, 1.07 equivalents). The

mixture was allowed to stir at 25°C for 5.5 hours. The
reaction mixture was quenched with 60 mL NaHCO3; , and
extracted with 3x75 mL of CHCl,;. The organic phase was
washed with 100 mL water followed by 70 mL of 5% Na;SOj(aq

15 and then 70 mL brine. The organic phase was then dried
over Na,S0,. The crude reaction product was
chromatographed using silica gel eluting with 2% MeOH in
CHCl; to yield 0.976 g of the N-oxide (48%) as a white
fluffy solid.

20 (ii) To a resealable tube under Argon was added 0.976 g
of the N-oxide (1.86 mmol) dissolved in 35 mL dry CHzCl,,
2,6-lutidine (1.73 mL, 14.88 mmol, 8 equivalents) and
(CF3C0)20 (1.84 mL, 13.02 mmol, 7 equivalents). The tube
was sealed and heated at 70°C for 25 min. The mixture was

25 allowed to cool and the solvent was removed under a
stream of argon, followed by concentration to a few mL of
dark yellow solution under vacuum. The reaction was
diluted with 25 mL MeOH and 2.9 mL of 28% NH.OH;.q was
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R.is selected fromthe group of H, alkyl, and substituted al kyl: -81 29
July 2003 G3is sel ectedfromthegroupofO, S, and NZ1: G s sel ectedfrom

t hegroupof H, al kyl, substituted al kyl, Qz2, Nz2zZ3, ZzZC=0, ZSQZ, and

optional |l ysubstituted glycosyl:5 GSis sel ectedfromthegroupof hal ogen, N3,
NCS, SH, CN,NC, N (Z1) 3+and heteroaryl: &is sel ectedfromthegroupofH,

al kyl , substituted al kyl, CF3, QZS, SZS, andNzZSz6; Gis CZ' or N 10 GBis

sel ect edfrom t hegr oupof H, hal ogen, al kyl, substituted al kyl , @xuly 2003

SZ1, NZ1Z11: Qi s sel ectedfrom t hegroupofO, S, -NH-NH and - N=N-: Gl is N or
CzZlz 15 Gl1 is selected fromthe group of HZN, substituted HzN, alkyl,
substituted al Rgfied.aTpe maxenzAesihasted e VS C Zbr 26, mizQ, therd Z11 are

i ndependent |y sglfsd ed foam & gh AR Hrndl dVlde SEERSLEL d al kyl, acyl,
and substituted acyl: 25 Y4 iés?@s?el ect ed fromtﬁeégr o&lﬁ 0 seH, al kyl,

substituted al RgPCEndmFtedsopstier GPeRT YarYRPO LR Q- it chEGRItogrZohedZs, Ze, and
Z1 i’ire i Bdependeﬂtd wigekeacsed d1nemd heigh o Mdon alrkyhicl subsyididt ed al kyl,
acyl, substitute 5 acgy ryil d stituted aryl; Z' is selected from
t he group of abké;*g gsﬁ%sh’?%%%ﬁhslaﬁy(ls,wg?yI, substituted aryl, and
heterocycle; Z' is selected fromthe group of H, hal ogen, alkyl,
substituted al kyl) aryl, substitutedggimphe 7€, SZB, and 30 NzZ8Z9; and Z12
is selected fromthe group of H, hal ogen, alkyl, substituted al kyl, aryl,
and subst it ut eSY2ASIZPE2YIRFIFPRREBELRRS then R1L is -82 29 July 2003
c'-c' | G G, Gﬁ:x%rﬁmd [Es6 aIR'GBRS (E)NURF aAnEY I RY, T3R*€1 68413 -50}d-0Wi Ny

mear . | ngs: & - H 5 0and . G ri ¢ Zy =G za 2 alkll g=o~-~
and nth thé%rg T%"tdﬁﬁlft%qé)n 4Rghfaszoé¥1b21_Wet&ylﬁlﬁ,enéli,l\f-’:ﬁg'G cannot

si mul t aneous| ydhiagdroxiye 8¢ 8} 10wiZny6 rreanenegsylsd, avd G =H, and Gb=F. ...
Compeund accor gi digai@yeh 8 11 1 MFhLAARERA, of Bldne th 2 i, @3 S C1 /1 &

G? = H, G* = N3 in formula Ib)

0,

WOH

O OH O

15
To a stirred solution of epothilone F from Example 1
above (957 mg, 1.83 mmol) in 20.0 mL tetrahydrofuran at
0°C under Argon was added 0.47 mL diphenylphosphoryl
azide (604 mg, 2.19 mmol, 1.2 equivalents). The mixture
20 was stirred for approximately 3 min. 1,8-
diazabicyclo([5.4.0jundec~7-ene (0.27 mL, 278 mg, 1.83
mmol, 1 equivalents) was then added and the mixture was

stirred at 0°C. After 2 hours, the mixture was warmed to

25°C and stirred for 20 hours. The reaction mixture was
25 diluted with 150 mL ethyl acetate and washed with 50 mL
H;0. The aqueous layer was extracted with 35 mL ethyl
acetate. The combined organic layers were dried over
NazS0, ahd concentrated under vacuum. The crude material

was chromatographed using silica gel eluted with 50%

-46~



Ois ;H where the synbols have the following nea.”,i.*.g: P-Qis a CC
doubl e bond or an epoxida, Ris a Hatomor a nethyl groin, GL is an H
atom an al kyl group, a substituted alkyl group or a hal ogen atom G- is an
H atcm an al kyl group or a substituted al kyl g=pup, G is an Oatom an S
atcmor an NZL group wit: Z1 being an H atom an al kyl group, a substituted

al kyl group, an acyl group, o~ a substituted acyl greup, a%@ﬁ;l iﬁ %T H
atom an al kyl group, a substituted al:cyl group, an OZz g yg OR-72~
group, a Z C=0 group, a ZaSO group o-_ an opti czal |y substituted glyccsyl

grcup with ZZ being a.3,atg Bexfe ?'é&%f%r%“?ﬁ Qf%)' gf al kyl group,
a® aryl group, a su stituted aryl group a het ¢ cycl oup, 29 July
2003 Z3 an H arbdg-<metaikgie §rodp, a§l§abstq0tla¥biﬁsabk% M$r 6BHI')an acyl group

or a substituted f‘cmm‘%" 0U9¢NWQ330%23| gyél,%a §ub§tgh duped al kyl, an aryl,
yl - or e

asubstltuted ar a heterocyclic gro prbwsothat GL. G~
&3 and G cannBt . hbaRd sﬂﬁnul%‘éﬂﬁeoﬂlsﬁ/ (tshe2¥'t§11210\kﬁRH§ N ngs: Gl and G2 = H

atom G- =50 a},ang0E: G |Heal @MaRedZ860 714 | Fodra 548 kykg 9r ouP 10 3.
Conpound according to claim2, wherein G3 is an O atom g, Conpound

according to claim2, wherein G3 is a S atom 15 5. Conpound according to
claim2, wherein G3 is NZ1 g, ConpoExekpdecdrdi ng to claim 1l having general

formula Ib R 20, Mﬁ ggeﬂs_m%_sem‘e_l&ag gollowi ng neaning: p-Qis a CC

doubl e bond or”an epoxide, g1s a Hatomor a nethyl group, Gl is a H atom
an al kyl gr ouExawlﬁjbéﬂﬁtl&Réd%T (&M - T ol}F *2B1RY, 13Rhal &ffdh-3t P &2 is a H

atom an abkyl29(aMnhoRerRy19uast hiddaadlpt ket By RitBenpind 7, 34-
dihydroxy-8,8,10,12,16-pentamethyl-4,17-
dioxabicyclo[14.1.0)heptadecane~5,9-dione (R = CH;, G* =
G} =G' =32 = H, G = N2! in formula Ia)

15 Lindlar catalyst, 18.0 mg, was suspended in 500 upL
of ethanol in an H, atmosphere and was saturated. Then,
15.9 mg (29.0 pmol) of 2l-azido-epothilone B from Example
2 above, dissolved in an ethanol-methanol mixture, was
added. After stirring for 30 minutes at room temperature,

20 the suspension is filtered through Celite, and washed
with ethyl acetate. The solvent was removed from the
organic phase and dried in high vacuum. The purification
of the crude product was done through PSC (solvent:
CH;Clz/methanol 90:10), whereupon 12.3 mg (81%) of 21-

25 amino-epothilone B and 1 mg (6%) of educt is obtained.

'H-NMR (300 MHz, CDCl3); & = 6.58 (bs, 17-H), 7.05
(s, 19-H), 4.15 (s, 21~H2); HRMS (DCI); Cz7H42N20¢S: [M +
H*] calculated 522.2764, found 522.2772.
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29 July 2003 G is a halogen atom an N3 group, an NCS group, an SH group,
a CN group, an NC group or a heterocyclic group. 7. Conpound according to
claime6) wherein GSis an N~ 5 group. S. Conpound according to claim®,
wherein GS is an NCS group. 10 9. Conpound according to claim6, wherein GS
is an SH group. 10. Conpound according to claim6, wherein GSis a CN
group. 15 11. Conpound according to claim6, wherein G5 is an _NC rou8. 12.
Compound according to claim®6, wherein GSis a zo heterocycli (,2994‘83080 33.
Compound according to claim1 having general fornmula Ila Rl G.G- S G N/
i .,0HOIla OOH O 25 where the synbols have the following neaning: P-Qis
a C C doubl e bond or an epoxide, R isEX2™Rl€t4m or a nethyl group, -E5 29
July 2003 G5 i s sgmkhééisnofazl -amiyib-EfcatRlonesS 903kl dn@Eidbkyl group or a
CF3, QZS, SZS or , it h LD H.atom _an_alkyl group, a
substituted al kﬁll%fggpf?&gzﬁa\gﬁ"éﬁugggr%azﬁuﬂigﬁ]tlﬁgécﬁzéé‘gﬂ group, and 5
Z6 being a H at oAmiaemetihyy)-grtbdpzoryld -3uesthiyilat eehvallkyl 1gsoup, G is a CZ
group or an a 1 ' i en atom an al kyl group, a
substi t ut ed gl k%%%ﬁ%gé%@r'g?'g?ﬁ%g‘?a@%h subStituted to aryl group, or
an Ze, SZe or RZ8¥aPiEdp !4 -LhOreenfedaganarSHoadimneor an al kyl group, a
substituted al kyl group, an acyl group or & substituted acyl group, and Z9
being a H atom an al kyl grougnor subst iz al kyl group, and IS Ga
being a H or a hal ogen atom an“-akkyll foup, a s bséJtut ed al kyl group or
an QZ1, SZlo or Nzl Z11 group with N ™

0 OH O
To a stirred solution of 2l-azido~epothilone B
(Example 2) (1.070 g, 1.950 mmol)} in 30.0 mL
10 tetrahydrofuran under Argon was added 0.22 mL of
trimethylphosphine (0.163 g, 2.145 mmol, 1.1

equivalents). H0 (5.5 mlL) was then added, and the mixture
was allowed to stir at 25°C. After 3 hours, the azide was
completely consumed and 3 mL of 28% aqueous NH4OH(,q was

15 added to complete the conversion of phosphoryl imine to
amine., After stirring at 25°C for 1 hour the solvents were
removed under vacuum. The crude material was
chromatographed using silica gel eluted with 1%Et;N, 2.5%
MeOH in CHCl; to yield 924 mg (91%) of 2l-amino-epothilone

20 B, as a white solid. MS (ESI*): 523.3 (M+H)*

Example 5
[1S-[1R*,3R*(E),7TR*,108*,11R*, 12R*, 16S*]}~-3~-[2~[2-

[{[(1,1-Dimethylethoxy)carbonyl}amino]lmethyl]-4-
25 thiazolyl]-l-methylethenyll-7,1l1-dihydroxy~-8,8,10,12,16~
pentamethyl-4,17-dioxabicyclo[14.1.0]heptadecane~5, 9~

dione

30
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Zl1 being a H atom an al kyl group, a substituted al kyl group, an acyl

group, a substituted acyl group, an aryl 20 group, or a substituted aryl
group, and Z11 being a H atom an al kyl group, a substituted al kyl group,
an acyl group, or a substituted acyl group. 19. Conpound according to claim
1 having general 25 formula I1b G where the synbols have the foll ow ng
nmeani ng: - 86 29 July 2003 P-Qis a C, C double bond or agzgﬁﬁ |ﬂ§ Ris a
H atomor a nmethyl group, G6 is a H atom an al kyl group, 9% 2003t ed

al kyl group or a CF3, QZS, SZS or NZSZ6 group with 5 ZS being a H aton1 an
al kyl group, a substituted al kyl group, an acyl group or a substituted acyl
group, and Z6 being a H atom an al kyl group or a substituted al kyl group,
and @ is an Oor S atomor an -N=N group. 10 15. Conpound according to
claim 14, wherein Gy ig an O atom ¢f} Conpound according to claim1 having
general 15 formul a |8deNnG-~£€, wh - ol s have the foll ow ng neaning:
P-Q is a C C double bon s @uH atomor a nethyl group, zo
GL is an Natomor a CZl Z group Wit h 71 eljng a H or hal ogen atom an

al kyl group, a substituted al kyl | group, or a substituted
aryl group. 25 17. Conpound accordi g tog ctaim 16, wherein GL is an N atom

_87_ 29 July quga solution of 2l-amino-epothilone B (126 mg, 0.24

rine

mmol) in methanol (4.0 mL) was added triethylamine (67
pL, 0.48 mmol, 2 equivalents) and di-t~butyl-dicarbonate

5 (65 mg, 0.3 mmol, 1.25 equivalents). The reaction mixture
was stirred for 2 hours. TLC indicated loss of starting
material. The reaction mixture was concentrated in vacuo
and chromatographed on silica gel with 5% MeOH ir CHC1,
as eluent to provide 164 mg (100%) of 2l-amino-

10 epothilone B as a white solid.

Example 6
[48-{4R*,7S*, 8R*, 9R*,15R* (E) ] ]-16~-{2-(2-([((1,1-
Dimethylethoxy)carbonyllamino]lmethyl]-4-thiazolyl]-1~

IS methyl-ethenyl}-4,8-dihydroxy-5,5,7,9,13-pentamethyl-1-
oxa-13(Z)-cyclohexadecene-2, 6-dione
Anhydrous tetrahydrofuran (3.0 mL) was placed in an
oven-dried flask under Argon and cooled to -78°C. Under
Argon flow, WCls (206 mg, 0.52 mmol, 2 equivalents) was
20 added to the cold tetrahydrofuran followed by n-
butyllithium (0.650 mL of 1.6 M solution in hexanes, 1.04
mmol 4 equivalents). The reaction flask was removed from

the -78°C cooling bath and stirred at ambient temperature

for 15 min. The reaction was then placed into a 0°C bath
25 and stirred for an additional 5 minutes before adding a
solution of 2l-amino-epothilone B (azeotroped overnight

from toluene in vacuo to dry) (164 mg, 0.26 mmol, 1
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18. Conpound according to claim16, wherein Gl is a CZl z group. 19.
Conmpound according to claiml having general 5 forrmula IV where the synbol s
have the following meaning: P-Qis a C C double bond or an epoxide, Ris a
H atomor a nethyl group, and 10 Gl11 is an HZN group, a substituted HZN
group, an al kyl group, a substituted al kyl group, an aryl group or a
substituted aryl group. 20. Conpound selected fromthe grogﬁajon5|st|ng of :
15 [1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 165*]]-3-(2-(2

(Azi donet hyl ) - 4-thi azolyl ] -1-net hyl et henyl ]-7, 11di hydr oxy- 8, 8, 10, 12, 16- pent

anet hyl - 4, 17d|oxab| cl o[ 14. ecane-5,.9-dj one: )

(1S [ 1R*, 3R+ (EJI7RA 1553 1‘1’?2it %Ezg‘%é’%*‘ﬁ“ 32- T“(zjf 2¢he reaction

(Am nonet hyl ) - @ag hla'iznmbyhéd brrettyioet hemihn] - 71.4 Idhichydriney- 8, 8, 10, 12, 16- pent
A | | LR hRLde B BELRISEANS Y RN 'S [ 1R, 3R (B
[2[([(1,1-Di netmtetomoxyyccareb@hyﬁ]@mhn@;mahyh] a@&ous NaHCO; (5 mL)
thiazol yl]-3- nptdydagthenyhdy %euesh hydt @ated 8qdloul? g;@coa (25, mL)
pent anet hyl -9, 17-di oxabi cycl o[ 19. 1. 0] hept adecane-5, 9 8§L

2003 and CH2C12 (5 mL) The aqueous phase was extracted three
[?S— [ ﬁRI*] 72*, ﬁ&‘me%:?%l,ﬂ:ﬁ?x(ﬁ%l] ﬂ&a@h{:&ntj{lae{i[cﬁx(g(lja,rﬁadnajéﬁl eézlfg;ay)gfgr bonyl ] amhn
0) net hy t hiazo nmet t heny [ [ OXY.- - pent anet hy
) Toxe 15(7) - oA oNBSrec e el vasls ! R 8 2a by

[9S-[ 4R*, 7S*, Bﬂfrcgﬂtogswr(f)o]n] slgzc[azg[ajg first with 7% MeOH in CHClj,

(Ami nomet hyy ) - d mh@aobyu chgﬁahyél%ne@wtled%M AT 015 aRethrd: 13- pent ame

t hyl - 1- oxa- 13( Z) cycl ohexadecene- 2

[1S- (1R*, 3R* (BN m“ar*esﬂqmtaizé-” Fﬂes*‘]l]%>7°£11%)1'N BOC-amino-

Di hydr oxy- 8, 8, débth31babr reishyEsdy: Leomhyh+@y{;2Ms (ESI”): 605.3
[(pentanoyloxy?__ byl ]-4-thi azol yl ) et henyl ]-9, 17di oxabi cycl o[ | 4. 1. O] hept ade
cane-5, 9-di one, S-[1R*,3R*(E), 7R*, 1 OS*, | | R*, 12R*, 165*]) -7, 11

D hydroxy-8, 8, 10, 12-tetranet hyl - 3-[ 1- met hyl - 2-[ 215

[ (napht hoyl,pxy) net hyl ] - 9-t hi azol yl ] qg,,jgggy; I 4,17
di oxabi cycl o[ 14. 1. OLhe t adecane-5

[1S-[ 1R, 3R* ( E}4STRARF o5 * SR 9&24?1*5"‘16%*1]1]'1? 13- [2- (Aminomethyl)-4-
Di hydr oxy- 3- (Zuh%mbhyiithhﬁhyeéhﬂ#M)aeamyhmxyaﬂﬁhhﬂl5'ﬁ@BlhyI-4 t hi azol yl ]

ethenyl]-8,8,1 2-t | /. _
dioxabicyclo[1 é% E adecéné§gﬁgcéglohexadecene 2,6-dione

[1S-[ 1R*, 3R*(E), 7R* |os* 11R*, 12R*, 165*]] -
~

HzN\__<\]\)

29 July

~OH

O OH O

20
At 0°C 21-N-BOC-amino-epothilone D (98 mg, 0.16 mmol)

was treated with a pre-cooled solution of 10%
trifluorocacetic acid in CH;Cl; (4.0mL). After 40 min, the
reaction was allowed to warm to ambient temperature, and

25 after an additional 20 minutes neat trifluoroacetic acid
(0.6 mL) was added. After 50 minutes more, an
additional amount (0.5 mL} of trifluorocacetic acid was
added. The reaction was deemed 50% complete 1.75 hours

later and the solvents were removed in vacuo. The residue
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D hydroxy-8, 8, 10, | 2-tetranet hyl - 3- (1- net hyl - 2-[ 2- (( Npr opi onyl am no) net hyl ] -
4-t hi azol yl ] et henyl ] -9, 17di oxabi cycl o[ 14. 1. 0] hept adecane-5, 9-di one; 25
[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*] ] -3-(2-(3

Acetyl - 2, 3-di hydr o- 2- net hyl ene-4-t hi azol yl ) -1 net hyl et henyl ] -7, 11- di hydr oxy-
8,8,10, 12-tetranet hyl -9, 17di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one,

N-oxi de; [1S-[1R*, 3R*(E), 7R*,1 CS*, 11R*, 12R*, 165*]]-7,11 30

D hydroxy- 3-[2-[ 2- (et hoxynet hyl ) - 4-t hi azol yl ] - 1net hyl et henﬁ% J%Y@PQ@, 12-te
t ramet hyl - 4, 17dioxabicyc|o[14 1. 0) hept adecane-5, 9-di one; _89 29 July 2003
[1S-[ 1R*, 3R*(E), 7R* 11R*, 1tﬁ 165* 7.11

Di hycl r oxy- 8, 8,%A5, 3 TB 'ﬁﬁf‘aﬁ’é @Iacgtf rféph‘f}ll‘) 20 33&RbRY et hyl ) - 4- t hi az
ol yl ] et henyl] - éhqlxédusxmhdoﬂy(w@)[m 1ar0i mmraﬂmaanetﬁ ethel iRt abe

1S-[1R*, 3R*(E F\’*
E Et Lyl t h| 0) ﬁre%(ﬁ& é‘%fshl azol y%{tﬁ}’e %/4nelt%h¥ r]s ?eﬁeldtrﬁyﬁr V>?§ 8,8,10,12,1
6- pent anet hyl - 4“al$0d| énébFWCICBFQWtPGGPh@%ﬁ fteshieasg@l diluneng
[
(

(

1S-[1R", 3R BE)si 2%, 4O rJeJaB* e At aé@&*&el -f%ﬂo?.«e[de}Olo MeOH in

Ethoxyrret hyl ) -9-t hi azol éll n'eth heéy L 11di hy drox%/ 10, 12-tetram
thyl - 4, 17di ox&iP¥ycPoTH %/F “'6]: %%H? CBCeLifi dRid to obtain 15 8

1S [1R* 3R*(E)mg7R58%DS§f Mﬁ*dé@ﬁ‘edlﬁﬁ*&]xﬂlﬂB éﬂothllone D as a clear

Di hydr oxy- 8, 8, 2- h t 5

[(2.3,4 6-tet r;%cgent y} th Y;l) Cr% L:% i‘?l\h—%b ufl%é epothilone D. MS

t hi azol yI]et henyBSE-14 PﬁGdﬁokW’cydso[(Eilﬂ OfK‘bpﬂt debane 5, 9- di one;
[1S- [ 1R, 3R*0(E) 7R, O5%, | 1R*, 12R", 165*11-7,11

Di hydr oxy- 8, 8, 10, 12Ei&ﬁlfﬁﬁ3bb}"&hé3'sbﬂtmlf§y5f221[—32 loxy epothilones
((2,3,4',6- traace | -.bet.a ucoy )msthyl

t hi azol yl ] et her1§|a]’e4g’1 i10% ﬁ? (?Fo?l £ 0) hept adecane 5, 9- di one:
[1S [ 1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 165*]]- 7, 11

D hydr oxy- 8, 8, 10, 12-t et r amet hyI 3-[1g W g2-[2-((6'25
acetyl - al pha- gl ucosyl oxy) net h - 4- th| azo yI ] et hen |14, 17-di oxabicyclo[14.1
0] hept adechﬁ‘]e_%agp € on : S~ [lR R*(E), 7R*,10S*,11R*,12R*,165*]]-7,11-

[1S-[ 1R, 3R*(E)m¥,§?érb£ﬁfe BlRb, iﬁ%tlﬁ@ﬂh}y‘lzalﬂlnng %10-&34‘[,&8 10, 12, 16- pent am

thyl - 3-[ 1- net h If | h l'yl]ethenyl]-4
o ot b B RhaenaT b G ou e B L azol i et heny -
[1S-[1R*, 3R*(E)qlmapwﬁﬂ,oﬂm*;1®mtpanapeas{wpane (R =G = G? =

(Bromomet hyl ) - 4t s azqy,ylgh -1 wPRLdlY beth QoK ] i rblnuza 1a)
20
To a solution of ‘20 mg (39 pmol) epothilone A-N-
oxide in 100 pL of CH;Clz, 83.0 puL (419 pmol) of valeric
acid anhydride and 20.0 puL (172 pmol) of 2,6-lutidine
were added. The reaction batch was stirred for 30 minutes
25 at 75 °C, the solvent was removed and dried in high
vacuum. The purification of the crude product was done
using preparative HPLC (Nucleosil 100, solvent: CHiCN/H20
50:50) obtaining 9 mg (40%) of epothilone-E-21 valerate.
'H-NMR (300 MHz, CDClj); 8 = 6.60 (s, 17-H), 7.14 (s,
30 19-H), 5.35 (s, 21-Hz), 3.62 {t, 2'-Hp), 1.6-1.7 (m, 3'-
Hz), 1.3-1.4 (m, 4'-H2), 0.91 (t, 5'-H;). HRMS (EI);
CiiHyNOsS: calculated 593.3022, found 593.3007.

~51~-



-90 29 July 2003

di hydroxy-H, 8, 10, 12-tetranet hyl -9, 17di oxabi cycl o(19. 1. 0] hept adecane-5, 9-di o
ne:

[1S- (1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*]] - 3- [ 2- ( SBr ono- 2- net hyl - 9-t hi azol yl
)-1-met hyl ethenyl]-7,11 5

di hydroxy-8, 8, 10, 12-tetranet hyl -4, 17di oxabi cycl o[ 14. 1. 0] hept gdecane-5, 9-di o
ne; [1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 165*]]-3-[2-[ 2 9 July 2003
(Cyanonet hyl ) -9-t hi azol yl ] - 1- net hyl et henyl ] - 7, 11di hydr oxy- 8, 8, 10, 12, 16- pent
anet hyl -4,17 t0 di oxabi cycl o[ 19. 1. 0] hept adecane-5, 9-di one; [ 4S [9R*, 7S*,
8R*, 9R*, 15R* (E) ] ]-16- [2- [2 Example S

(Cyanoret hyl ) - 9xtdbiazoliy bkl rik+ekhie et Re sl 41 8diwdr pxew15.-5, 139, 13- pent ane
thyI-1-oxa-13(Z)c%§lohexa ecen§-2,6-dione; ti

[ 1S-[ 1 R*, 3R* ( EPh¥e=orysR 411R 14 et reBe Ry L2 -1 A TRt 6%y %3 (2- [ 2- (1H i ni dazo
| - 1-yl met hyl ) - 9{ hdprecholyybid)rmeebny] -dt-hehyidlyd) 8t Hehyl2 -4 frpent anet hyl -9, 17di o
xabi cycl o[ 19. 1, t 45, 9- di e s c el o o2 L

108 [k C5r (e Rt rRERe e 2 i dieane-s. riape,gr = o = o7

For myl - 4- t hi az8 y&') =10ned*hy| BEreny4’] = Napbthy hyidr g8yl I8) 12-t et r amet hyl - 9,
17 di oxabi cycl o[ 19. 1. 0] hept adecane- 5, 9- di one;

[15-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 165* ]-3-%2-(2

For nyl - 4-t hi azol yi JEPPrheleRd &t Neeride. 724 madil A ety - 2#as dissolved

12 0710 LA RN A s ol one
Et henyl - 9- tihi agal ¢4l X1t inmpl ptde Ry hhpifchblddeidadridey 8o Bitidn123acet r anet hyl - 9
i i;— ?gRgl §§?§¥wkﬁgﬂzﬁggﬂ§gg§§%§;ﬁ -grffllfgag%yb(frtg)tgy‘-’%s- [sf-i[rﬁg? met hoxyi m
no) - 9-t hi azol yEpr 110 giinutey a3u7§/° 200the crude mixture was purified by
met hyl et henyl | 8@ b1 4¢- fidicr gt vk 14, doidi Q¥ ekl Cchobd@1hePhipepPt adecane- 5,
9-di one; ether/hexane 1:2 with 1% methanol). The separation
15 yielded 8 mg (29%) of epothilone E-21 naphthoylate.
'H-NMR (400 MHz, CDCli):; & = 6.64 (s, 17-H), 7.19 (s,
19-H), 5.67 (s, 21-Hz), 8.09 (dd, 3'-H), 7.%6 (d, 4'-H),
7.89 (dd, 5'-H), 7.89 (dd, 6'-H), 7.58 (m, 7'-H), 7.58
(m, 8'-H), 8.67 (s, 9'-H); HRMS (DCI): Ci;H4sNOs3S: [(M*]
20 calculated 663.2866, found 663.2877.

Example 10
Example: [1S-([1R*,3R*(E),7R*,10S*,611R*,12R*,165*]]-7,11-
Dihydroxy=-3-[2-[2-{[ (2-methoxyethoxy) acetyloxy]methyl] -1~

25 methyl-4-thiazolyl]ethenyl}-8,8,10,12-tetramethyl-4,17-
2

dioxabicyclo[14.1.0lheptadecane-5,9~dione (R = G! = G
H, G = 0, G' = 2%=0, 2% = 3',6'~dioxahexyl in formula Ia)

2~ (2~-Methoxyethoxy) acetic acid, 100 pL (880 pmol),
30 is dissolved in 1.6 mL of THF. Then, 137.6 uL (880.0
umol) of 2,4,6-trichlorobenzoyl chloride and 135 uL (968

pmol) of triethylamine were added. The batch was stirred
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[1S-[1R*, 3R*(E), 7R*, 1 Os*, 11R*, 12R*, 165*] ] - 7, 11Di hydr oxy- 8, 8, 10, 12-tetranet h
-3-[1-nethyl -2-12[[ (phenyl net hyl )i m no] net hyl ] -4-thi azolyl]ethenyl]-9, 17d

i oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one;

[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 165*]]-3-[2-( 2

Acetyl -4-thiazol yl)-1-nethyl ethenyl]-7, 11-di hydroxy8, 8, 10, 12-t et r anet hyl -

17 1o di oxabicycl o(14. 1. 0] hept adecane-5, 9-di one: 29 Julv 2003

(1S-(1RrR*,3R*(E), 7R*, |1 OS*, 11R*, 12R*, 165*]]-7, 11 y

D hydroxy-8, 8, 10, 12 tetranet hyl - 3-[ 1- net hyl - 2- (2oxi ranyl - 4-t hi azol yl ) et heny

I[154[ i?R*dgg bi cy o§ 14. 1. Ogle tade?(l:%g]dSkQ di ?uch a5colorless

Di hydr oxy- 3- ﬁﬁec(lzu(:ate G:tiatyeﬂ.hleqmyl Fhe- ztemcaioxhysic]lutlon was

thylethenyl]-B,8, 10, 12-t 4, 17di bi I 410htd - 5,
et 56 LB LR e g g o e

Et hynyl - 9- t hiemaliyh) of -782hbBY [ £ hasy) ]of?eﬂ:&trcﬁlﬂbylér@xyrs 4&0191,1& t et ramet hyl - 4
, 17di oxabi cyclo(14.1.0 heptadecane 5, 9-
[|S- [ 1R*, S8R THY. 7Ren| 4 PgRE46 el 1ﬁ*]:l}mqthyﬂ.am1nopyr1d1ne was

Di hydr OXy 8, 8dddd Ladlﬁ'rep(aﬁkﬁﬂfﬁ WIS &irh@f&ly'mzm{.g@@s at room

((rmet hyl am no%met h% % %‘hl azol Let hen l.h 17d

di oxabi cycl of YL 26} eeptT aee"é’hl 15aBLQf) Shethe crude product was

[1S-[ 1R*, 3R*(&)s EREpUGSDrEpREsUAR: HABS*(NpeBoqsa1[ 200 ( S(iBieret hyl ani no) et hyl |

am no] rret hyl J)T;lylhlg %glégh]ef},?@ftﬁ% 81 qn}élk] Jtrlja%ogi hyﬂ_[l%xy-lg,.ﬁ, 10, 12, 16- pent

anet hyl 30 4 icyc ept adecane-
[ 1S- (1R* IBR*E) (52%)  aD L -A3R+6 rzipz@xalm':]aposl)[-@ppzhllone E were
[ (Di et hyl anlg@])anggghyl ]-4-thiazolyl]-1-nethyl ethenyl] -92 29 July 2003

7, 11-di hydroxy-8, 8, 10, 12, 16- pent anet hyI -4, 17di oxabi c%/cl o[ 14. 1. 0] hept adecane
-5, 9-di one: IHNMR (300 MHz, CDCl,): = 6.60 (bs, 17-H), 7.16

(1S-[1R*, 3R*(§) . 1795”&? 1053% 21lB* 2R, 1681%&](93 b2-§3[,[ Bi $4 2myeshoxyet hyl ) am no
] met hyl ]-9-thi azol

net hyl et henyf3+731 o‘l"hyﬂlr Ty 838716512 182\ ifMRet P5A'4, 17- di oxabi cycl o( 14.
1. 0] hept aslecangnioQsdi prer’] [cbIchliTed3B2 ¢ B)99BR* fAi 626R291RR*, 165*]] -7, 11
D hydroxy-8, 8, 10, 12, 16- pent anet hyl - 3-[ 1- net hyl - 2-[ 2-[ (9n®et hyl - 1- pi per azi nyl
)met hyl ] -4-thiazolyl]ethenyl]-9,1710

di oxabi cycl o( 19. EHOPmmmeéaH@ Symthfisdfeof 2l-acylamino-

[1S [1R", 3R LfJorionk 0 1R51dehRin 16 bt foidl kdmdddludr 0xy- 8, 8, 10, 12- L et
ranet hyl -5, 9- di oxo- 9, 17d|oxa i cycl o[ 14. 1. 0] hept adecan- 3-yl ) - 1- propenyl ] -2t h

i azol ecarboxylic acid; 15
(1S-[ 1R* 28R* (E) , 7R*, IOS* 11R*, 12Rexabp3e] 11 9- [ 2( 7, 11- Di hydr oxy- 8, 8, 10, 12-t et

hyl -5, 9zd I +0 e I]1-2th
Dol LR s ok DL aee s ol pr omeny ) -2

i azol ecar boxy1< tef an the {) accept abl e
salts, sol veﬁisymyz%:ﬂwy&rré?'efsettrh%@tﬁl -[1-methyl-2-[2-[(N-

propionylamino)methyl)-4-thiazolyllethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5, 9-dione
25 (R=H, G* = G* = H, G = Nz}, 2! = H, G' = 2%c=0, 2% = Et

in formula Ia)

Triethylamine, 70 uL (500 pmol) was dissolved in 250
pL of absolute THF and then cooled to 0 °C with ice
30 water. Then, 53 uL (400 umol) of methyl chloroformate was

added to this solution. After approximately 5 minutes, 25

pL (334 pmol) of propionic acid was added dropwise and
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21. Method for the preparation of a conpound having formula 9,
corresponding to general fornmula la, wherein GL and & ar H atons, G is
NZ1, and 21 and Gare Hatons, 25 R1 H2N, ~ P~ ~.(~~N,,OH O 0 off o P-Q
si~R~H CH -93 29 July 2003 wherein a conpound having fornula 9 or 5
HORHOS/ N/ "OHO O off o Ois first activated and subsequently

subjected to a 5 nucl eophilic displacenent to obtain a conp INg
fmmﬂa?RIXM1~H0/,iHNsOOGﬂOpGMDR:H#MM@%L

N=C=S, SH, CN, NC 10 wherein the resulting conpound having formula 7 is
reduced to fofyg %QQHPQWrQ@M'M %M:al%qwn}. feke 0 pnbreC o Gt -G

where ... is a CGC single bond with an epoxi de rldge R = a hydrogen
atom or a netmﬁﬂtugﬁoﬁ@sEﬁﬁftﬂd—t?&?oom temperature and the

precipitate was centrifuged off. Then, 47 pL of the
supernatant was added to a solution of 13 mg (26 umol} of
$ 2l-amino-epothilone A in 250 uL of absolute THF and 5.4

HL (39.0 pmol) of triethylamine. After 20 minutes, the
crude batch was purified by preparative TLC (solvent:
CH,Cl1,/MeOH 90:10). Thus, 11.2 mg (76%) of 2l-amino-
epothilone A-propionamide was obtained.

10 'H-NMR (300 MHz, CDCl3): & = 6.57 (bs, 17-H), 7.07
(s, 19-H), 2.28 (q, 2'-Hz), 1.18 (3'-Hi), 6.29 (t, NH});
HR-MS (EI): CyoHyN209S: calculated 564.2869, found
564.2854.

15 The Synthesis of Epothilones IV and of 21-
Acyloxyepcthilones 6 is described in Examples 12 to 18
that follow.

Derivatives 6 are described in DE 199 07 588.3 and
20 can be obtained in general from the multi-step approach
from 2, while the following process corresponds to DE 199
30 111.5, both of which are incorporated herein as set
forth at length.

25 Example 12
Example: [1S-[(1R*,3R*(E),7R*,10S8*,11R*,12R*,16S8*]]}-3~-[2~
{3-Acetyl-2,3-dihydro-2-methylene~4-thiazolyl) -1- .
methylethenyl]-?,11—dihydro§y-8,8,10,12-tetramethyl-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione, N-oxide

30 (Formulae IVa and IVb: R = H, G = CH;)
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_99_ 29 July 2003 22. Method according to claim 21, wherein (i) the
activation is carried out with TosHal (Hal = Cl, Br or 1) and pyridine and
t he nucl eophilic displacenment with NaN3 5 or (ii) that activation and

nucl eophi lic displacenent are ' carried out wi th di azabi cycl oundecene (DSU)
and di phenyl phosphoryl azide (DPPA). 23. Method according to claim 21,
wherein the reduction 10 is carried out (i) as a hydrogenats@gn, wédqj he aid
of a Lindlar catalyst or (ii) with a phosphi ne. 24. A pharmaceu

conposi tion which conprises as active ingredient an anpunt of at |east one

conmpound 15 sel ec fr he ,ou con5| S of a c und_ of the general
fornul a accordi ng‘{f‘gm gmnél og‘ cOnpound o # %1 ﬁu?lassl"gng‘gdé’r ding to claim

2, a cpnpoundeoacémmnayﬁblfm:@@ﬂdhmeﬁof@taﬁ mi6, @ Fénpourntenf fornmula Ila
according t0gLapM dd.on msefmpwaq eéncfeqmé@d 'a'tbaél%fi%%m £h0, 20 clai m 14,

a conpound of ormula I'l'l according to claim 16, a conpound of formula IV
accor di ng t o VéE&EPYE 10 lagBd S REFAHEE At SEAL Y Hdcebt&Rbl(gokudnt: t her eof , and
one or norse mbawamtmyqatéyt-am@p&amremeamﬁcﬂrse EBxQhpignts or dil uent s

s active | ngFauF i o CABnt 'of) of ToRat Lbnd) CBMpb dRat e (s an

anti-cancer dVbcyent ®iutedgent. 34 26. A pharmaceutical conposition of

claim 25 wherein f %tlbugf&geroﬁr I-_@(TRQt_oxj Geagent is selected fromthe
group consi sting - 29 July 2

(1S-[ 1R 3R*((E}cbwr%sha&9¢@eti‘2ml 196?5’5}1 QY | HMePBl APmalbFleth ¢l - 4- t hi azol yl J
E;l 1rrgit Eyl Rt gqnybbgﬁ Yl hystraogy,- 318,nk0,(5804)6; pen2aret byl x 4.c1£di oxabi cycl o[ 1
epta

[1S-[1R*, 3R*?’E§ne 5%9% THER 113k e &FRyLigy 5. f4f6, 2965, 2936,

( Ami nomet hy| 128271 hi 220l YD1 lomibt HyHeMREADE]s)7 : 13 By i3 obad, 878« 10, 12, 16- pent

anet hyl -4, 17di,oxab. 4. t adegan 9..di.0one; _
[1S-[ 1R, 3R*?I§}§7F§CWSJS?L%1R*21 5(15]2@@1%%*(161] fof M B
[[[(1 1- Di ety ét%x(ﬂ:cdrbo%ﬁ /] &nPo] AeBhylqt ovht dfely| 7-81- At hyl et henyl J-

, 11-di hygdr oxuy 8, 8, g0, (an 1@.th aISE§§]y(|d-d4 J;?— di @xaplzqygl_r,q()],-4612§)] hept adecane

- 5 9d 1, 115
Di et hlyfgt?hogéﬂ’EarbBﬁVI 1 Qn?rho srre?ﬁy'p] 3 i Sa% fll'l]'a)l 6231 2abk, |
met hyI et hen;zll]-m!}) B8-zlidey dsoxy -5 -8;)7, @ 13 paenlcamm hyPedra-(€8¢12) - cycl ohexade

cone-2 O dhones L4 38s) {5 iR 0RCR): hub.o 16t
158. 0 (c-18); 88B.7 (C- 19), 166 9 (C 20), 107.2 (C-21);

20 20.7 (C-22); 170.2, 21.2 (acetyl); HPLC/ESI-MS
{acetonitrile/0.02 M ammonium acetate buffer pH 7, pos.
ions): m/z 569 [M + NH,").

IVb: colourless oil; DC : Re = 0.69 (conditions as
above); f[a)p® = 119.6 (c = 1.1; CHC1l3/MeOH 1:1); 'H-NMR

25 (CDCl;):1.90 (m, 14-Ha); 2.09 (m, 14-Hb); 5.42 (dd, J =
7.8, 2,2, 15-H):; 6.92 (s, 19-H); 2.23 (s, 27-Hj); 2.10 (s,
CH;CO); 3C-NMR (CDClj) : 150.8 (C-16); 116.5 (C-17); 17.2
(C-27); 170.3, 21.0 (acetyl);

30

~55=



24 di hydroxy-5,5,7,9,13-pentanet hyl - 1- oxa- 13(Z) cycl ohexadecene- 2, 6- di one;

[1S-[1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 16S*]]-7, 11

D hydroxy- 8, 8, 10, 12-t et ranet hyl - 3-[ 1- net hyl - 2- (2( ( pent anoyl oxy) met hyl ] -4-th

i azol yl Jethenyl]-4,17 25 di oxabi cycl o[ 14. Z. 0] hept adecane- 5, 9-di one;

[1S- (1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 16S*]]-7, 11

D hydr oxy- 8, 8, 10, 12-tetranet hyl - 3- (1- net hyl - 2-[ 2[ ( napht hoyl %cx) nmethyl ]-4-th

i azol yi ] et henyl ] -4, 17 di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di &hdulyR§03

[1S- (1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 16S*]]-7, 11

D hydroxy-3-(2-(2-[((2-nmet hoxyet hoxy) acetyl oxy] met hyl J- 1net hyl - 4-t hi azol yl ]

et henyl ]-B, 8, 10, 12-tetranet hyl -4, 17 i Egcl o[ 19. 1. 0] hept adecane- 5, 9-di on

e: -96 29 JukyanpQ@3 [1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,165*]]-7,11-

[ 182))[ I[ ]iR* rrgf\,:]( F?)jzhy%*rbx% []21%’- %Ehb&?r?et“yl? 4111:%. ¥9fy‘1)5¥'1§’ 8,10, 12-tetraneth
(2 ( ( Npr opi onwmn@ymwﬁ}em RateringmseblerdylT= 4, 17di oxabi cycl o[ 14. 1. 0]

hept adecanes 5, glcgdagri@ycﬁo ilhsl[dﬂkepggéééhez?9;@§ne 1%, 42Ry, gg"1]1-3-(2-(3

Acetyl - 2, 3-di hydr o- 2- et hyl ene-4-t hi azol yl ) - 1met hyl et henyl ]-'7, 11- di hydr oxy-

B, 8, 10, 12- t et ranc?'ft"PlK/I -4, 1 7di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one,

N-oxi de; [1S-[1R*, 3R*(E) TR, 1 OS*, | | R*, 12R*, 168*]] 7,1110

Di hydroxy-3-[2-[2 th hyl )4 4-t hiazol yl

met hyl et henyl ] - 8, 89'?‘3 ?(Zgéef:}nof tIP{aI oL (X J from example 12

di oxabi cycl of ldb@eoyheptmésdne%l oL di omethanol for 30 min. to 75

[1S-[ 1R, 3'%( Be, 7RonkEfX rakEB u Jﬁoég*v;aﬁanl Lad. §e|para ed by

Di hydr oxy- 8, 8, 10, 12, 16- pent anet h &pl met hy tf215

( phenoxynet hyl ly:ezpaffﬁFa\z%ﬂ%ﬂLFef%rwp]C C'i’?%hoéxh)bl cycl o[ 14. 1. 0] hept adecane- 5,

9-di one: (IS- (ymdBEz*SEhg 7(3’9 40S*, 11R*, | 2R*, 165*]]-3-[2-[ 2

[ (Et hyl t hi 0) rreéﬂfy'gz] /%‘fdd'ﬁ g % ]-1-net hyI et henyl ]-7,11di hydroxy-8, 8, 10, 12,1

6- pent anet hyl a clo[l4.1.0] hept adecane-5, 9- di one;

[1S- (I R, 3R*( EﬁH,-MﬂR (OIS N1 R =12RM, J(SS*q]]-CHz)( 23[29 (s, 21~0CH3);

Et hoxynet hyl
f:li hydrgx - }’ )rlsé ﬁféﬂ ta(g:t%rbgsr%t% -n%z? %725 oxabl C cI g)cllzi)i JO? hept adecane 5,9-dio
ne: 25 (I s-[1F$0)3RD(:E7M$Rﬂ Pe)s*neﬂh* =153 2685y +7H11|r for

Di hydr oxy- 8, 8, d0n, N0 sethacetdyl aéoa 1- mret hyl -2-(2[ (2, 3, 4, 6-tetraacetyl - al pha
- gl ucosyl oxy) net hyl ] - 4t hi azol yl ] et henyl ] -4, 17- di oxabi cycl o[ 14. 1. 0] hept adeca
ne 5, 9-di one:

20 Example 14
{1§-{1R*, 3R*(E), 7R*,108*,11R*,12R*,168*]]1-7,11-Dihydroxy-
8,8,10,12,16-pentamethyl-3-[{1-methyl-2-[2~
(phenoxymethyl)-4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5, 9-dione

25

6,6 mg (11,7 pmol) of N-acetyl-2l-methylene-

epothilone A N-oxide was dissolved in 1,5 mL of
dichloromethane and treated with 11.1 mg (120 pmol) of
phenol dissolved in 300 pl of dichloromethane. After

30 stirring the mixture at 75°C for two hours the solvents
were evaporated and the crude product purified by
preparative TLC (solvent: CH,Cl,/methanol 95:5) to give
1,8 mg (30%) of 21-phenoxy~epothilone B.
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30

[1S-[1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 16S*]] -7, 11D hydr oxy-8, 8, 10, 12-tetraneth
yl-3-[I-methyl-2-(2((2',3,9",6" -tetraacetyl -beta-glucosyl oxy)nmethyl]-4
_97_ 29 July 2003

t hi azol yl ] et henyl ] -4, 17-di oxabi cycl o[ 14. 1. 0] hept adecane5, 9- di one:

[1S-[1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 165*]] -7, 11D hydr oxy-8, 8, 10, 12-tetraneth
yl -3-[1-nethyl -2-[2-[(6' 5 29 July 2003
acetyl - al pha- gl ucosyl oxy) net hyl ] -9-thi azol yl ) et henyl ]9, 17- di oxabi cycl o[ 14. 1
. 0] hept adecane-5, 9-di one: [1S-[1R*, 3R*(E), 7R*, |1 OS*, 11R*, 12R*, 16S*]]-7, 11

Di hydr oxy- 8, 8, 10, I'#-NBR &4 et HSACL3) { Hedba ryl6- 29 [ bS], ( pToiuewesdl f onyl oxy) m

ethyl]-4-thiazql yidahhenybl-&,121L8,), 6.78 und 7.16 (4, d
dioxabicyclo[ﬁ4.1.0]ﬁeptadecane- 2 gi one, (d, a, aromat.

59
[1S-[ 1R*, 3R* ( B) ; 7HE-MHIDCT) RC2atapl0n§ s SMHH  B.Gpde( $38.2839, found
(Brononet hyl ) s4stdaszol yl ] - 1- net hyl et henyl ] -7, 11di hydr oxy-8, 8, 10, 12-tetrane
t hyl - 4, 17di_oxabi cycl o(14. 1. 0] hept adecane- S, 9-di one: 1S
[LS—[lFF,Bﬁ*(E),?F?,1OS*,11FF,12FF,168*]]-3-[2-(58ronn-2-nethy|-4-thiazo|y|
) - 1-met hyl et henyl ] -7, 11di hydr oxy- 8, Ekaifld A5t et r anet hyl - 4, 17di oxabi cycl o( 14.
1. 0] hept adecanes; ;di QREr1p+ 3Ip* * N , * 173 (9=
[IS—[lR*,SW(E??%%‘lO@’@,. The o et 134 Bl AR 188 * 113~ (2
( Cyanoret hyl ) {4-{ FHERGItpE P ety hyt didengl i 71 1mekbiy ek eyl 8, 10, 12, 16- pent
R 2 G M M
( Cyanonet hiI ) S40¥ 3RS |‘1(‘514--#é?gﬁij{a&e%éﬂﬁﬁ'?&?’s‘"?s‘8' R = CHy, R
di hydr oxy-5, 5=7¢Hs13- pent anet hyl - 1- oxa- 13( Z) cycl ohexadecene- 2, 6- di one;
[1S-(1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 165*]]-7,11
Di hydroxy-3-(2-[2-(1kkinidazol-l-ylnethyl)-g-thiazolzl]
1- met hyl et henyl | - 828, D cf2caroyBAt Antd RyFHsd, Ya3@ransformed with

112 St el e sy g o 18- scecyons 1
For nyl - 4-t Hi af%iﬂywé TEREt ﬁg}?f@%lﬁeﬁéi ﬂJQW?l%QCgiCES}W?t?@Smde% July 2003
8, B, 10, 12-t et vanethylo &nldili @habi aiicwaf 1disboDydtedhatie® ane- 5, 9- di one:

ethylmercaptane and heated for 1 hour to 105 °C. Further,
the mixture was brought to dryness under vacuum and the
dried residue was separated by preparative DC (silica
20 gel, petroleum ether/ethylacetate 1:1). Yield 5 mg (25
%)
Rt (petrolether/ethylacetate 1:1): 0.48
'H-NMR (CDCl;3): & = 3.98 (s, 21-CHz); 1.24, 2.60 (t, q,
21-SCzHs) (s, 21-OCHj3); DCI-MS (i-butane): ™/, = 554.
25
Example 16
[1S~[1R*,3R*(E), 7TR*,108*,11R¥, 12R*,165*)]-3-[2-[2~
(Ethoxymethyl)~-4-thiazolyl]-1-methylethenyl]-7,11~-
dihydroxy-8,8,10,12-tetramethyl~4,17-
30 dioxabicyclo{l4.1.0)heptadecane-5,9-dione

10 mg (19,7 pmol) of epothilone E were dissolved in
a mixture of 100 pl of dichloromethane and 300 pl of
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[1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*] ] - 3- (2- ( 2For nyl - 4-t hi azol yl ) - 1- met h
yl et henyl ] -7, 11-di hydroxy8, 8, 10, 12, 16- pent anet hyl -4, 17

di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one;

(1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 165*]]-3-[ 2- (2

Et henyl - 4-t hi azol yl ) - 1- net hyl et henyl ] -7, 11- di hydr oxy8, 8, 10, 12-t et r anet hyl -

, 17 10 di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one;

[1S-[1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 165*]]-7, 11 29 July 2003

Di hydr oxy-3-[2-[ 2- (met hoxyi m no) - 9-t hi azol yl ] - 1net hyl et henyl ] - 8, B, 10, 12-t et
ramet hyl -9, 17di oxabi cycl o[ 19. 1. 0] hept adecane- 5, 9-di one: 15

[1S-[ 1R, 3R*(E)d1"éIRﬁy1£BTer1$EH t]r%Rted.GS’E]a]sﬂ eling (236 pmol) of

Di hyd 8, 8, 1Q,,12- h t hyl th
)t i ol yi TRy F oS el 3ot € I o4 e el PR ) e
[18—[1R* 3R ( E)ALERE, aes*nmwvexznigmasq fogn (t2mp@pfrure the mixture

Acetyl - 4-1 hi azglal hiTM%FJJb%WLh% dra ULpdeoxyB 8 §0ydesd et ramet hyl -

17di oxabi cycl o[ 14. 1 hept adecane- 5 di one:
[1S-[ 1R*, 3R E)PU?Rlewmliﬁe*thszfu%sf quct pps achieved by
Di hydr oxy- 8, 8, Jpﬁ,eiozraewarret hydol3ehd: maidlY ) merHaA32 95:5) to give

i oxabt cycl o 168, BFnEbadlch &5 ehaprappeshitone A.
[1S- (1R*, 3R*(E), 7R* H-@SR 140Q* ME2R'CDCE 5% ] ]:leJZtaSI_1=D6h§QIr(my 37-§2- [ 2- (2- i odoet h

) - 4-t hi azol, t t | 58 g t t by 4y 1
glngxzibl CyC: g[zi4y ﬁe :mda? hery ]( 2% 43,1 3.6t [ame 17; 3Q,

adecane- -
[1S- (1R*, 3RM( E)2'THY) :10‘%**4&1@6112@%@?}7?] B14iH) (?EtChyh%J@B@m azol yl ) - 1- net
hyl et henyl ] -7, Jbudihysls @eg2: 99 29 July 2003 ,
8,8,10,12-tetranethy|-4,17dioxabicycl0[14.1.0]heptadecane-5,9-dione;
(1S-[1R*,3R*(E), 7R*, 1 OS*, | 1R*, 12R*, 1 6S*]] -7, 11Di hydr oxy- 8, 8, 10, 12, 16- pent am
et hyl -3-[ 1-met hyl - 2-[ 25 [(nethylaniﬁb#nyiénﬂﬂ 4-t hi azolyl ] et henyl ]-9, 17

di oxabi cycl of 1 .
(!Lg¥?1LRSngSE Eﬁl%ﬁlggét@q?&%z%‘?@lg‘ég 123“(21 L‘y 3 B HE R Emi no) et hyl ]
ami no] et hyls] - é&.tﬁhiaz&ﬂe}iriﬁﬁ#’ﬁ}ré‘tHenyf—l})ll?'?ri & d8x§=B, 8, 10, 12, 16- pent
amet hyl 10 4, |7tec.“r9§ %ﬁ%lhc@g %RLL ¢=5- 9- di one:

[1S-[1 R, 3R*(E), -

[ (Di met hyl ani n&)'ﬁ’réi‘ﬁ}zi’}l%h‘?w‘dz‘évir?]dlfx {%\gﬂl@ﬂﬁén’yﬂl’r*egiaﬁwar oxy-8, 8, 10,
12, 16- pent anet Ipjlo-4idneli oxabi cycl o[ 19. 1. 0] hept adecane-5, 9-di onet 15
[1S—[1R* 3R*(E), 7R*, 10S*, 11R*, 12R*, 165*]1-3-[2-[2[[Bi s(2

-nethoxyethyl)anlno]nethyl]-9 t hi azol yl]-1net hyl et henyl ] -7, 11-di hydr oxy- 8, 8
, 10, 12, 16- p¥nt abSthyRY, IR7-(8) o%?é'bﬂ@%dldﬁml%ﬂ’t)]lﬁéblWeéén@l@’%mne

B!ﬁ-glR* 35*%%&()3%0%%@ etit.ir@t,h:&z%vﬂla-?eh]lylszl-'[ZZF(ZZ’[ (34', 4;h6’| Lo .

ydr oxy- 8, e nmet hyl - 1- pi per azi ny

) net hyl ] - 4- t hi aFf&FﬁPf%'f‘ﬁ'eﬁ?ﬁ "G %?EIYJOCS(Z%Q)T“EVPYJ‘J['@ 1. 0] hept adecane- 5, 9- di one
(1S [ 1R, 3R*(tﬂi):.aZRiylmhgtisﬂJR"-412F¥*dJ.'bﬁSb}<]:yc9-0[[24 1.0lheptadecane~

(7,11- D hydr oxye % g e 12-tetranmet hyl - 5, 9- di oxo-9, 1725

dioxabicyclo[li f eptadecan 3-yl)-1-propenyl]-2thiazol ecarboxylic acid:
[1S-[1R*, 3R*(E), 7R*, | OS*, 11R*, 12R*, 165*] ] - o(.z

OAc S
AV
AcO N
AcO °
OAc

o] OH O
25 Epothilone E (50 mg, 98 pmol) and tetramethylurea

(46 pl, 383 pmol) dissolved in 200 mL of dry CH.Cl,, -
were added toc a suspension of silver
trifluoromethanesulfonate (101 m, 393 pmol) and powdered
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(7,11- D hydroxy-8, 8, 10, 12-tetranet hyl -5, 9- di oxo- 4, 17di oxabi cycl 0(19. 1. 0] hep
t adecan- 3-yl )-1-propenyl]-2 30 thiazol ecarboxylic acid nethyl ester and the
pharmaceutically acceptable salts, solvents and hydrates thereof. -100 29
July 2003 27. Use of a pharmaceutical conposition according to claim24 for
treating cancer or other proliferative diseases. s 28. Use of a
phar maceuti cal conposition according to claim?24 for inhibitin
angi ogenesi s. 29. Use of a pharmaceutical conposition accorcﬁZQ;“ﬂM2@D§in124
for inducing apoptosis. 10 30. Use of a pharnaceutical conposition for
treating cancer_aqr other pro %?hlv dIS ases according to claim27
si mul t aneous| y %58 %%ﬁ?egFI§A oﬁﬁe Ther afElitHChyeAbe usef ul for
t he treat nent afixtaneerasoistibreast hedepmal aferspheve fhrsaares: a-tlQélom A3?. A

. Aa. AL AN A(. D@§§
A@L A3 AYNR. AR rtoneBsatyte i tp%m’ﬂﬂll“ﬁ\?e R2AK A% BN ar . A
R AL. A. A3u. A@ . Hirsspalveg wggoga\m Ae:y,&:HZClz was added. The reaction
aR A@ A, . A?. A9 kel el fas 'Q(:lﬂed At fodm /@anﬁtara%%ré}’o&&{ AR AN. A, A Au. A
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(i) By means of a Katada reaction epothilone B-N oxide
was rearranged to epothilone F. To a stirred solution of
104 mg epothilone F (199 pmol 5, equivalents) in 5.0 mL
10 CH,CH; at 0 °C under Argon was added 0.17 mL n,n-
diisopropyl-ethyl amine (0.993 mmol, 5 equivalents)
followed by the addition of 0.045 g of p-toluenesulfonyl
chloride (238 pmol, 1.2 egquivalents). The mixture was
stirred at 25 °C for 47 hours to allow complete
15 consumption of starting material (SM). The mixture was
then poured into 40 mL saturated aqueocus NaHCO;. The
agueous layer was extracted with CH;Cl: (3x50 mL). The
combined organic layers were dried over Na;S04 and
concentrated under vacuum. The crude material was then
20 chromatographed using 50 % ethyl acetate in hexanes to
yield 18 mg of the C21 chloride (16 %) and 85 mg of the
desired tosylate (63%) as a clear oil.
{ii) To a stirred solution of 84 mg SM from above (124
pmol, 1 equivalent) in 3.50 mL CH.Cl, under Argon at 25 °C
25 was added 40 mg KCN (620 pmol, 5 equivalents) and 33 mg
18-crown-6 (124 umol, 1 equivalent). The mixture was
allowed to stir at 25 °C for 15 hours, at which time the

starting material was completely consumed. The mixture
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TII111}AB7F! 10Htomatographed using 2:1 ethyl acetate:hexanes as an
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Example 22
(4S-[4R*,78*,8R*, 9R*,15R*(E) ]]~16-[2-[2-(Cyanomethyl)-4-
thiazolyl]-l-methylethenyl]-4,8-dihydroxy-5,5,7,9,13-
pentamethyl-1l-oxa-13(2)-cyclohexadecene-2, 6~dione

NC S -
\:N]\)Ih" . \\O H
o)

O OH O

10

Anhydrous tetrahydrofuran (5.0 mL) was placed in an

oven-dried flask under Argon and cooled to -78°C. Under

15 Argon flow, WCls (300 mg, 0.756 mmol, 2 equivalents) was
added to the cold tetrahydrofuran followed by n-
butyllithium (0.946 mL of 1.6 M solution in hexanes, 1.51
mmol, 4 equivalents). The reaction flask was removed from
the -78°C cooling bath and stirred at ambient tempeiature

20 for 15 minutes. The reaction was then placed into a 0°C
bath and stirred for an additional 5 minutes. In a
separate flask, 2l-cyano-epothilone B (72 mg, 0.135 mmol)
previously azeotroped overnight from toluene in vacuo to
dry was cooled in ice to 0°C and the bright green tungsten

25 reagent solution (2.12 mL) was added. The reaction was
maintained at 0°C for 20 minutes. TLC showed the
disappearance of starting material. The reaction was
gquenched with saturated aqueous NaHCO; (10 mL) and

partitioned between saturated aqueous NaHCO3; (20 mL) and

-4~



104] 104] 9%& ((((((zodY:! 1,#T109%& ()- 10H 10H
1OHLOY10%4& () - !> #10%HH& ()- . ! #10%HH& ()- .!< #10%<<& ()-

:I()]_S’u:/;’;g‘ZXGdY:!!\!1OWZ&I()"!#

. ! --1 (1 0/R,! - ! N 1 ' N
26?\(:!'{(\!()10%(-10/&() 110928 ()--!,2Z ! 109% ()--!Dz! 109 ()--,, -h../>/z
C()--1, 1109 () -- ! 109%Z&! () --! ! 109 @@ ()--! (! 100& () -- LE’ -

[ QD B FI S 081 11 L 1007 & ()-t - bL” 1098388€ ()-t- 1 L 169eMBeR%5 | 51

0% & ()- 10Z 10Z
1029100/<z&'() $1: 12A3455y\W6~\ : | | " L" 1098b8b&" ()-t-!L"10% / &'()-t-'b‘ L" 109 *

& ()-t-1"L"10% I b "18
L' 10%@X @& (thz%gggggf_ ﬁ gf‘h% g/%?e u_s_?réase was qxtr?_ . .
(yﬁiufo,)\ 10t lGhréleOttﬂin@%@qh) e‘pgy\pgicetate The cgmisljr-lgd/egérg)anl; 3510%& ()--F"sS10
< - " 3s10% --13s S 0, 1
S 109 ()- ORI T e e o (o L T
8y"10% & ()asdlvezomszﬂ (9ves.- “@f@@/&eﬁ’re f)(/?“fﬁnyra 164”5 vacuo.
}8&9}%/«5;' %) B§3€>8£{1’at@{g8eﬁladl~wy J;@mmc( pyschiatate§dry(9n s- | N y" 10%& () - s-
0%&}/()_ ij_oulﬁlﬁca ge Y w8V o) aShyl ~Y e d O (D &8s @@ BE BBl BnBzBzodY: ! " S1
\1(0?10%&' () - ! wo10684%)& ) - BLHCYpnooeRARRitynes P Mg ESFs &5%9 .3 _ BCCDYEE! F+GnU3d
N (
|IVIlO%&'()-S-f"?)IVI].O%&'()-S-!.IIVI].O%t&' -s-104 R, . .
gg%ég%QE-Z$<HHIIIII)IZOdY:!"TlO%&T()- g% iOl oI MLOY&: () -5-1IMIOYE () - s-HI ML
'{o)-! p | MLOY& () -s-!| MLOYEx@gkpLe 123] MLOY& ()-s-)IhllelJJ" NS
0% () - & $0 ‘ . eJJ)" Ksdy: !
T 0 B L) ) MR OA: S DR b8 | LB Dinflidi@iese ()-8 KKL(
3-[2-[2-(1H- lmldazol 1 ylmethyl -4- thlazolyl] -1-
methylethenyl) - -8,8,10,12,16-pentamethyl-4,17-
dioxabicyclo[14.l.O]heptadecane—S,9-dione

15

To a stirred solution of 6 mg 21-tosyloxy-epothilone
B (8.9 pmol, 1 eguivalents) in 1.0 mL dimethylformamide
20 under Argon was added imidazole (4.8 mg, 71 pmol, 8
equivalents) and KzCOj; (12.3 mg, 0.0890 mmol, 10
equivalents). The mixture was allowed to stir at 25 °C for
5 hours. The solvent was removed in vacuo, and the
reaction mixture was chromatographed on silica gel using
25 1% Et3N, 3% MeOH in CHCly as eluent to afford 1.4 mg
(27%) of 21-imidazoline-epothilone B, as a clear oil. MS

(ESI*): 574.4 (M+H)*
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Example: (13-(1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]}-3-[2~-
(2-Formyl-4-thiazolyl)-l-methylethenyl]}-7,11-dihydroxy-

8,8,10,12-tetramethyl-4,17-

dioxabicyclo[14.1.0)heptadecane-5,9~dione (G® = H, G’ = O

10 in formula IIb)

Epothilone E, 58 mg (114 pmol), was dissolved in 1

mL of CHzCl,. At intervals of 10 minutes, 295 mg (3.4

15

20

25

30

mmol) of manganese dioxide was added three times and the
mixture stirred at room temperature. After 40 minutes,
the manganese dioxide was filtered off and washed with
methanol. The combined organic phases were evaporated to
dryness and the crude product was purified using
preparative HPLC (Nucleosil 100, solvent: t-butylmethyl
ether/hexane with 3% methanol). Thus, 36 mg (62%) of
epothilone A-20-carbaldehyde were obtained.

'H-NMR (400 MHz, CDCli): delta = 6.67 (S, 17-H), 7.53
(S, 19-H), 9.98 (d, 21-H); HRMS (DCI): CzeH3sNO;S: [M + H']
calculated 508.2369, found 508.2367.

Example 25
(18~[1R*,3R* (E), 7R*,10S*,11R*, 12R*,16S5*] -3~ [2~(2-Formyl-
4~thiazolyl)-l-methylethenyl]-7, 11-dihydroxy-
8,8,10,12,16-pentamethyl-4,17-
dioxabicyclo[14.1.0)heptadecane~5, 9-dione
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Epothilone F (180 mg, 344 pmol, 1 equivalents) was

dissolved in CH.Cl; under Argon. Manganese dioxide (900

S mg, 10.3 mmol, 30 equivalents) was added, and the
reaction was stirred at 25 °C for 2 hours. Additional
manganese dioxide (400 mg, 4.60 mmol, 13.4 equivalents)
was added and the reaction was stirred for 2 hours more.
The mixture was filtered through éelite, rinsed with

10 CH.Cl,;, and then concentrated in vacuo. The crude material
was chromatographed on silica gel eluting with 50% ethyl
acetate in hexanes to provide 92 mg (51%) of 21-formyl-
epothilone B as a colorless solid. ESI-MS: 522.3 (M+H)"

15 The synthesis of 2l-alkylidene epothilones 15 is

given in Example 26 which follows.

Example 26
Example: [1S-([1R*,3R*(E),7R*,10S*,11R*,12R*,165%]]-3~[2~
20 (2-Ethenyl-4-thiazolyl)-l-methylethenyl]-7,11-dihydroxy-
8,8,10,12-tetramethyl-4,17-
dioxabicyclo[14.1.0)heptadecane-5,9~dione (R = H, G°® = G*®
= 2" =H, G' =C2’ in formula IIa)

25 Methyl instand-ylid (Fluka), 50 mg, was treated with
17 mg of methylphosphonium bromide and suspended in 500
ML absolute THF. The batch was placed in an ultrasound
bath for 2-3 minutes and then stirred at room

temperature. When the reaction solution had developed a
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5

10

15

20

25

30

organic phase was evaporated and dried in high wvacuum.
Separation of the crude mixture was done through
preparative HPLC (Nucleosil 100, solvent: t-butylmethyl
ether/hexane 1:2 + 1% methanol). Thus, 1.7 mg (11%) of
20~vinyl~epothilone A was isolated.

!H-NMR (400 MHz, CDCl3): & = 6.59 (bs, 17-H), (7.04)

(s, 19-H), 6.86 {(dd, 21-H), 6.05 (d, 1'~-Hb), 5.55 (d, 1'-

Ha); HRMS (DCI): Cz7H3sNOgS: [M + H'] calculated 506.257s,
found 506.2589.

The synthesis of 2l1-Imino-epothilones 22 is given in

the following Example.

Example 27
Example: [1S-[1R*,3R*(E),7R*,108*,11R*,12R*,16S*]}-7,11~
Dihydroxy-3-{2-{2-(methoxyimino)-4-thiazolyl]-1-
methylethenyl}-8,8,10,12-tetramethyl-4,17-
dioxabicyclo(14.1.0lheptadecane-5,9~dione (R = G® = H, G’
= N, G® = 02!, 2! = Me in formula IIa)

Pyridine, 10 pL (124 pmol), and 113 pL (54 pmol) of
O-methylhydroxyammonium chloride solution (40 mg/mL) was
added to a solution of 25 mg (49 pmol) epothilone A~21-
aldehyde in 200 pL of methanol. After stirring the
reaction batch for 1 hour at room temperature, the
solvent was removed and the residue taken up in ethyl
acetate. The organic phase was extracted once with water

and dried with Na;S0O4. The purification of the crude

-8 -
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(Nucleosil 100, solvent: t-butylmethyl ether/hexane 1:2
with 1% methanol). Thus, 9 mg (36%) (21E)- and 7 mg (27%)
of (212 )-21-(N~-Methoxyimino)-epothilone A were obtained.

(21E) -isomer

!H-NMR (300 MHz, CDCli): & = 6.61 (bs, 17-H), 7.12
(s, 19-H), 8.22 (s, 21-H), 4.01 (s, 1'-Hs),

10 (212) -isomer

'H-NMR (300 MHz, CDCl3): & = 6.65 (bs, 17-H), 7.36
(bs, 19-H), 7.86 (d, 21-H}, 4.15 (s, 1'-H,}.
HRMS (DCI): Cz9H4oN20:8: [M + H'] calculated 537.2634,
found 537.2637.
15
Example 28
[1S-[1R*,3R*(E), 7R*,10S*,11R*, 12R*,165*]]-7,11-Dihydroxy-
8,8,10,12-tetramethyl~3-{l-methyl-2-(2-
([ {(phenylmethyl)imino]methyl)-4-thiazolyl]ethenyl]-4,17-
20 dioxabicyclo[14.1.0]heptadecane-5, 9-dione

Epothilone A-2l1l-aldehyde (19 mg, 38 pmol) was
dissolved in 1 mL dry CH,Cl,. Powdered molecular siéves 4
A .and benzylamine (4.5 mg, 41 pmol) was added. The
25 reaction mixture was stirred at room temperature for 45
minutes, filtered through Celite and concentrated.
Purification on silica gel (CH:Cl/methanol 95:5) gave 21-
benzylimino~-epothilone A (10 mg, 45%).
'4-NMR (300 MHz, CDCl3): delta = 6.62 (bs, 17-H),
30 7.21 (s, 19-H), B.46 (s, 21-H), 4.87 (d, 1'-Ha).

-69-



10H 10H' 109%4& ()-0" 10%4& ()-F3 10%4& ()- 10%4& ()- CzX6zoP !!nD

10983& ()-!° T 109& ()-!°
“10%me& ()-! Z109%& () -1 bl0%& () - 9109%&Z& () - CFOz[ 9z0P

111q0110% ()- SF. 109&Zx& ()-!'M S &10% ()-! S &10%JsUs& ()- S

&109%Z. & ()-!"110%u& ()-Of p}[<zoP !'!!1" Y 100Z& ()-!0@ T10%m& ()-! NO@
T109ZZ& ()-! @ T10%KuK& () - @ T109%Z& () - 110%Z& ()-}[<zoP

1111 Y1109Z& ()-! 00l YI109%&' ()-1Y1100@& ()-"1.310%&& ()-' & 10945%4ly 2098+ 1094

]& ()-s' ?DEFGT}rg\= 11 #f 109" ()- 10Z 10Z

10Z9109Z& ()-!zY. 109kKk& ()-Y. 100Z& (Exhiplel@9 & ()- TdzX6g\ =

11 #109%x& () -

! N - * * * * * * * - -
4100008 () - 1 ZEX RN &1 0) D OB 05k B 105 A e R 1 1458 () - dauj @
I @S10963&' () - (2¢fpcayl-4-thiazolyl)-1-methylethenyl]-7,11-dihydroxy-
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5 dioxabicyclo[14.1.0)heptadecane~5,9-dione (G®

Me, G°=0

in formula IIb) and 20-(21,22-epoxyethyl)-epothilone A

(G'=H, G?,G*=CH;~0 in formula Ib)

Epothilone A-2l-aldehyde (Example 28), 10 mg (20

10 pmol), was dissolved in 200 uL CH;Cl;, an excess of

diazomethane in ether was added and the mixture was

stirred at room temperature. After 15 minutes, the

reaction batch was evaporated and separated using

preparative TLC (silica gel 60, solvent:

CH,Clz;/methanol

15 95:5). Thus, 4.5 mg (44%) 21- acetyl-epothilone A and 1.9

mg (19%) 20-epoxyethyl-epothilone A were obtained.

{1S-[1R*,3R*(E},7R*,10S*,11R*, 12R*,165*]]1~3~[2~(2~-Acetyl~
4-thiazolyl)~1-methylethenyl]-7,11-dihydroxy-8,8,10,12-
20 tetramethyl-4,17-dioxabicyclo(14.1.0)heptadecane~5, 9-

dione:

lH-NMR (300 MHz, CDClj3): & = 6.62 (bs,

(s, 19-H), 2.71 (s, 1'-H3).

25 [1S~-[1R*, 3R*(E),7R*,10S*,11R*,12R*,168*]])-7,11-
Dihydroxy~-8,8,10,12-tetramethyl-3-[1-methyl-2-(2~-

oxiranyl-4-thiazolyl)ethenyl])-4,17-~

dioxabicyclo{14.1.0)heptadecane-5, 9-dicne:

7.45

14-NMR (300 MHz, CDCli): & = 6.58 (bs, 17-H), 7.09 (s, 19-

30 H), 4.22 (t, 21-B), 3.00 (m, 1'-Ha), 3.23 (dd,

-70-
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[1S-[1R*, 3R* (E), 7R*, 10S*,11R*, 12R*,165*]] -7, 11-Dihydroxy-
3-[{2-[2-(2-iodoethenyl})-4~-thiazolyl]~1-methylethenyl] -
8,8,10,12-tetramethyl-4,17-

5 dioxabicyclo{14.1.0)heptadecane-5,9-dione

To 26 mg (49 pmol) of iodomethyltriphenylphosphonium
iodide suspended in 1 mL of absolute THF, 49 pl (49 pmol)
of a solution of sodium hexamethyldisilazan in THF was

10 added. After stirring for one minute at room temperature
the mixture was cooled to minus 78°C, 14 pl (80 pmol) of
HMPA and then a solution of 20 mg (40 pmol) of epothilone
A 21-aldehyde in 0.2 mL of absolute THF were added. At
the same temperature the reaction mixture was stirred for

15 30 minutes and then quenched with 1 mL of saturated
ammonium chloride solution. After warming to room
temperature the reaction mixture was extracted with
ethylacetate, the organic layer was separated, dried with
sodium sulfate and evaporated to dryness. Separation was

20 achieved by preparative HPLC to give 8,4 mg (34%) of the
(202) -iodovinyl and 2 mg (8%) of the (20E)-iodovinyl

analog.

E-Isomer
25 14-NMR (600 MHz, CDClj): delta = 6.56 (s, 17-H), 7.07
(s, 19-H), 7.53 (d, 21-H), 7.39 (d, 1'-H);

Z-Isomer
l14_NMR (300 MHz, CDClj): delta = 6.63 (bs, 17-H),
30 7.21 (s, 19-H), 7.82 (dd, 21-H), 7.03 (d, 1'-Hz); HR-MS
(DCI): Cp7H3gNOgSI, [M+H'] calc. 632.1543, found 632.1593.
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0% ()-/ 2YpWBb@'! 10%h& ()-1 10%h& ()-1= 10% & ()-! 1OYBEE !
109 ()-! 10%& ()-,zodY: ! ,#T10% & ()- 0 O+ 12956 2003

Example 31
{1s-[1R*,3R*(E),7R*,10S*,11R*, 12R*,16S*])]-3-[2-(2~
Ethynyl-4-thiazolyl)-l-methylethenyl]-7,11~dihydroxy-
8,8,10,12-tetramethyl-4,17~

5§ dioxabicyclo[l4.1.0)heptadecane~5, 9~dione

18,5 pl (131 pmol) of diisopropylamine dissolved in
0.4 mL of absolute THF was treated at minus 10°C with 70
pl (105 pmol) of n-buthyllithium in hexane. After one
10 hour at 0°C 17 mg (27 pmol) of (202)-iodovinyl derivative
in 0,5 mL of absolute as THF was added to the solution.
After one hour stirring at 0°C the reaction was quenched
with 2 mL saturated ammoniumchloride solution. The
reaction mixture was extracted with ethylacetate, the
15 organic phase evaporated to dryness and separated by
preparative HPLC. Yield 2,4 mg (36%).
lH-NMR (400 MHz, CDCl3): delta = 6.60 (bs, 17-H),
7.15 (s, 19-H), 3.46 (s, 21-H); HR-MS (DCI): Cz7H37NOs¢S,
[M+NH,*] calc. 521.2685, found 521.2696.

20
Examples of the synthesis of 2l-alkylamino-
epothilones 10 and 11 are given in Examples 32 to 36 that
follow.

25 Example 32
{1S-[1R*,3R*(E), 7R*,10S*, 11R¥,12R*,165*]]1~7,11-Dihydroxy~
8,8,10,12,16-pentamethyl-3-[l-methyl-2-{2~
[ (methylamino)methyl]-4-thiazolyl]lethenyl]-4,17-
dioxabicyclo{1l4.1.0)heptadecane-5,9~dione
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10 10 10L910%&' ()-!3 109 ()-! 109R22& ()-! 109 ()-, ZzdBdY: !

110% - & ()-f1l0% & ()-3 MO% & ()-L10% & () - 10%4 & ()-s 10% & ()-Hh}[9dY:
11~3 "10%/e/& ()-!,10%& ()-@ @0% & ()-

109%& ()-'r109%R& ()-'z2"10% /& ()- hch:; yws-:

10/910% & ()-!6k MLO% /& ()-y!; MOW]"]1& ()-y!# MO0% /

[& ()-y! MIO%K& ()-y #MLO% & ()-y; <=JS"'gE:

10/ 9! dYs10%=1=& ()- ! U 3" 109%x& ()-! U3  10%x& ()-10%& ()-"&3duly 2003 10/
10/ "/ 8ASWMUGE:

10/) 3109 ()-!!109%°P& ()-!$!109& ()-!L109%& ()-s!109%& ()-s!#Ys109%&' ()- z[<1l:
1 10&910%& ()-1110%& ()-!1110%& ()-1110% & ()-!121109%& ()-!)310%& ()-4xngE:

To a stirred solution of epothilone B-2l-aldehyde

(17 mg, 0.033 mmol) in 2.0 mL CH3CN under Argon at 0°C was
added a 2.0M solution of methylamine (0.16 mL, 0.326
5 mmol, 10 equivalents ). After 15 min, 6 mg NaBH3CN (0.098

mmol, 3 equivalents) was added and the mixture was

allowed to stir at 0°C for 30 minutes. Acetic acid was
then added dropwise until the solution was approximately
pH 7. After the mixture was stirred an additional 2

10 hours, 20 mL of 28% aqueous NH;OH(aqy was added. The
mixture was stirred for 5 minutes and then extracted with
75 mL ethyl acetate. The organic layer was dried over
Na,;S0s and concentrated under vacuum. The crude material
was then chromatographed using silica gel eluted with 1%

1S EtiN, 2% MeOH in CHCl; to yield 8 mg (47%) of the 21-N-~
methylamino-epothilone B as a cloudy oil. MS (ESI*):
537.4 (M+H)'

Example 33
20 [1sS-{1R*,3R*(E),7R*,10S8*,11R*, 12R*,16S*]}-3-[2-[2-[[[2-
(Dimethylamino)ethyljamino]methyl]-4-thiazolyl]~1-
methylethenyl}-7,1l-dihydroxy-5,8,10,12,16-pentamethyl~
4,17-dioxabicyclo[l4.1.0]heptadecane-5, 9~dione

\N,

25
To a stirred solution of epothilone B-2l-aldehyde

(15 mg, 0.029 mmol) in 2.0 mL CHsCN under Argon at 25°C
was added N,N-dimethylethylenediamine (31 uL, 0.288 mmol,
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1 10!x @F"10988& ()- !  @F"109%& ()- !Xx@ F"1098C8C& () -

(T109& ()- Y"S109& ()- 10 10ng}~SH=1 10 10 10

10F9109& ()- fs109%& ()-!kfs109%& ()- 3109 ()-!| @F'10%<& ()- U[9SH=1

10! f 109Z9%Z%&. ()-! f10%&' ()-!L f1008N& ()-!Pf10%0J& ()- 109%& ()- @S10%& () -
WU3SH=1 ! D\3 S10%[& ()-!3 S109% ()-!3 S10% ()-!6f10%& ()-!VPf10%=& ()-!
f1098S& ()~ 7LUXFI WX6SH=1 11 . 10%c& ()-F . 10%& ()-FI3 Ya0%y [} &ohhs!: 3
040%CCs ()-! 3

10 equivalents). After 10 min, 5 mg NaBH;CN (0.086 mmol, 3

equivalents) was added and the mixture was allowed to

stir at 25°C for 30 min. AcOH was then added dropwise
until the solution was approximately pH 7. After the

S mixture was stirred an additional 2 hours, 20 mL of 28%
aqueous NH4OH(aqy) was added. The mixture was stirred for 5
minutes and then extracted with 75 mL ethyl acetate. The
organic layer was dried over Na,SO,; and concentrated under
vacuum. The crude material was then chromatographed using

10 silica gel eluted with 1% Et3;N, 5% MeOH in CHCl; to yield
5.8 mg (34%) of the 21-(2-N,N-Dimethylaminoethyl)amino-
epothilone B as a clear oil. MS (ESI'): 594.5 (M+H)"

Example 34
15 [1S-[1R*,3R*(E),7R*,10S8*,11R*,12R*,16S*]]-3-[2-[2~
[ (Dimethylamino)methyl]-4-thiazolyl]}-1l-methylethenyl]-
7,11-dihydroxy-8,8,10,12,16-pentamethyl-4,17~
dioxabicyclo[1l4.1.0)heptadecane-5, 9-dione

O OH O

20
To a stirred solution of amine (19 mg, 0.0363 mmol)

in 1.0 mL CHiCN under Argon was added formaldehyde (0.04
mL of 37% aqueous solution, 0.1817 mmol, 5 equivalents)
and 7 mg NaBH3;CN (0.1089 mmol, 3 equivalents). The mixture

25 was allowed to stir 20 minutes. Acetic acid (1 drop) was
added and the mixture was stirred an additional 40
minutes. The crude reaction mixture was applied directly
to a silica gel column and eluted with 1% EtsN, 1% MeOH in
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S10%& ()-!

"3 S109%Ké& ()-i}[<SHel

111 109 ()- G 2109KK& ()-m " 2109 ()-m 210% & () - m &3(z10%f =f & () - &3(z10%

& ()-zX6SH=1 !ImF.10%-& ()-f! F.10% ;& ()-f!

F. 1098B& ()-f! Y#f 109& ()-#f 109& ()-!1109%& ()-G 4~\:1

111 : 109%E& ()-M P: 1098B& ()-M L10YBB& ()- S#S109B& ()- 10 10

10L910%! ()-8t AWUB-\:1 |":10% ( (& ()-M :10% & ()-M " : 10%&

B& ()-M  :109%EE& ()-M : 109%EE& ()- MAFGH Vtb@ ! ! 109%& () - -

S109& ()-sf109%& ()-F"S10%& ()- 10B 10B 10B9109®& ()- ?daE:/ 10

10y109& ()--  9109& ()-!1109% ()- @Q10% ()-,L10% ()-,Ls 109 ()-<m "rP1l/
@O0%i & ()-'U @O0%x& ()-!. @O0% ()-910%& ()-"SL0%& ()-

9109& ()-1°

5

10

15

20

25

CHCl; to yield 2.5 mg (12%) of 21-N,N-dimethylamino -
epothilone B. MS (ESI"): 551.4 (M+H)'

Example 35
{15~ [1R*, 3R* (E) ,7R*,10S*,11R*,12R*,168*%] ] =3-[2-[2~
[[Bis (2-methoxyethyl)amino]methyl]-4-thiazolyl}-1-
methylethenyl}-7,11-dihydroxy-8,8,10,12, 16-pentamethyl-
4,17-dioxabicyclo(14.1.0]heptadecane-5, 9-dione

To a stirred solution of aldehyde (6.8 mg, 0.013
mmol) in 2.0 mL CHiCN under Argon at 0°C was added bis-(2-

methoxyethyl)amine (1% uL, 0.130 mmol, 10 equivalents).
After 15 minutes, 2.5 mg NaBH;CN (0.039 mmol, 3
equivalents) was added and the mixture was allowed to
stir at 0°C for 30 minutes. Acetic acid was then added
dropwise until the solution was approximately pH 7. After
the mixture was stirred an additional 2 hours, 10 mL of
28% aqueous NH4OH(aqy was added. The mixture was stirred
for 5 minutes and then extracted with 75 mL ethyl
acetate. The organic layer was dried over Na,SO, and
concentrated under vacuum. The crude material was then
chromatographed using silica gel eluted with 1% Et;N, 1%
MeOH in CHCl; to yield 5.6 mg (67%) of the 21-(Bis-2-
methoxyethyl)amino -epothilone B, as an oil. MS (ESI'):
639.5 (M+H)*
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10" &OP| wU61/ 3109&' ()-!10%qqq& ()-!10%m&' ()-!~10%& ()-! 10%KvK& ()-! S10%
K K& ()-wu3l/ !6 L+Gl0%& ()-M 6PL+GLO%& ()-Mp ! 10%=& ()-!! 109K ()-!!
109MVE ()-!T! 109 ! & ()-wU31/ I\ 1*'10% ~)~& ()- !\I*" 10%u& ()-
LI* 109& ()- !0l * 109NV& ()- !l * 10%@8% ()- ! &+109NN& ()- {peF
I\ *' 109%@#S10%4| & ()- 10 10
103L$109%& () - OLSIO0%& () - &910%& () - | x* 10YEE& () - MwUnU3peF
| k: 109558 () -+ {: 109#4& ()-+1]: 109 H & () -+ {° 100448 ()-49 July 203 M & () -
+! y: 10%gDg& () - +UV' zX6peF

11090 D & () -+ 10%Q& () -+ :10%9, 2, & () -+ : 10%& () -+ ": 10%9| 2| & () - +
I{ C109& ()-+ ,-./<r~ = 6
11w mL0%p& ()- @9 109K& ()-19" 10588 CF-1"@0% & ()- 104] 104
104| &910%1| & ([)18~\E\LB*~.3£*(E:) 7R*,10S*,11R*, 12R*, 165*]] -7,11-Dihydroxy-
;2- ()100d/?/z([§IP(E) 8, alQWiz&l(slpér}é%%QQc/ﬁw(-)s' by SodQHA U8 & L) I b QY& () - 1 ys10%

ﬁlperaZLnyl)methyl] 4-thiazolyl)ethenyl]-4,17-

5 dioxabicyclo([1l4.1.0]heptadecane~5, 9-dione

C OH O
To a stirred solution of aldehyde (11 mg, 0.0211

mmol) in 1.0 mL CH3CN under Argon was added 1-
methylpiperazine (21 mg, 0.2109 mmol, 10 equivalents) and

10 NaBH3CN (4 mg, 0.0633 mmol, 3 equivalents). The mixture
was allowed to stir 20 minutes. Acetic acid was then
added dropwise until the solution was approximately pH 7.
After the mixture was stirred an additional 2 hours, 10
mL of 28% aqueous NH4OHiq was added. The mixture was

15 extracted with CH»Cl; (2x75 mL). The organic layer was
dried over Na,SO4 and concentrated under vacuum. The crude
material was then chromatographed using silica gel eluted
with 1% Et;N, 5% MeOH in CHCl; to yield 10.7 mg (B84%) of
the 21-(N-methylpiperazine)amino -epothilone B, as a

20 white foamy oil. MS (ESI*): 606.4 (M+H)"

Example 37
Example: [15-{1R*,3R*(E),7R*,10S*,11R*, 12R*,168*]]~4-[2~
(7,11-Dihydroxy-8,8,10,12~-tetramethyl-5,9-dioxo-4,17~
25 dioxabicyclo{14.1.0}heptadecan-3-yl)-1l-propenyl]-2~
thiazolecarboxylic acid (G® = 02% 2® = H, G® = 0 in
formula IIb)
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10/ 10/ Fy810% & () -!

1#10% / & ()-9010% & ()-! :10% /& ()-!*":10% /& () -k <PE !

I L10%m®& ()-'!'5L10% [& ()-' y10%m&' ()-!yl0%& ()-10%m& ()- #S10%r& () -

I ZX9PE:

1 9910%m& ()-!-109%x& ()-s!-10%1}& ()-s! #10%s& ()-M y#10%x& () - M 10%r& ()

-CA ! 5310%F& ()-"10%& ()-s!10% (& ()-s"gl0% & ()- 10m1 3o|m 0

> 10%r8: () - $wWXMB7 | 10( 10( 10(810% & ()-! S&I0%& ()- ! Seao¥&£o03. |

S&10% (& ()- !310% (& ()-\zX9MB7 !

Ty 109 () - (ly: 109 ()-'U z109%K+k+& () -! z109%&' ()-!

z10% xt x& () - L$TL09& ()-2a?MB7 ! | @LO%& ()-Y 9%40%& ()-Y

$109%& ()-!fO! SMEURKIRY 3R (ELOWE, (DS, 19ROUREK~) 169184 4-t2-101,Y1-

/R’ - /R - /R 1 /R _ /R -

109 () -) 9910%, (4 SOIPE (91> QI0YE ()i o, ERI0%&, ()5
dioxabicyclo[l4.1.0]heptadecan-3-yl)-1-propenyl]-2-
thiazolecarboxylic acid methyl ester (G® = 025, 2° = Me, G°

5 = Q in formula IIb)

Epothilone A-21-aldehyde, 8.0 mg (16 umol), was
dissoclved in 300 pL of a THF/water mixture (9:1) and 24.0

mg {194 pmol) silver(I) oxide was added. The reaction

10 mixture was stirred for 12 hours at room temperature.
Then the solvent was removed and the residue was taken up
in ethyl acetate. Evaporation of the solvent gave the
unstable carboxylic acid which was characterised by
HPLC/ESI-MS: t; = 13.8 min; ™/, = 522 (M-H)~ (RP-18 silica

15 gel, CH3;CN (10mM NH,;OAc buffer gradient 10:90 to 45:55).
Preferably the organic phase was not evaporated but
washed twice with 0.1% hydrochloric acid and once with
water and then treated with an excess of diazomethane.
The mixture was stirred for 10 minutes at room

20 temperature. After removal of the solvent, the crude
product was purified by preparative HPLC (Nucleosil 100,
solvent: t-butylmethyl ether/hexane 1:2 with 1%
methanol), whereupon 2.5 mg (30%) of epothilone A-21-

carboxylic acid methyl ester were obtained.

25
H-NMR (400 MHz, CDClj3): & = 6.73 (bs, 17-H), 7.42 (s, 19-
H), 4.00 (s, 1'-H3), HRMS (DCI): Cy7H3gNOgS: (M + H']
calculated 537.2396, found 537,2408.

30
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" @109%& ()-~MdE7 | 107 1s10% #& ()-1q 1s10% ;& ()- 'kl s10% ;& ()-!AL0% & ()-
"S10% & ()- 10 102 WX6E7 !1c1"10% (& ()-[/10% & ()-!YS 109KX&' ()-!VYS
10% & ()-! "YS 10%\& ()-!YS 10%a& ()- b@!'!! MIO% Q Q& ()-"SL0%& ()- 10°
10° 10'm 10% & ()-:810% & ()-! c1"10% {.{& ()-58! zX6b@

|1 109& ()-! u*" 109%& ()-S) 10%& () -! ‘
@O0% i & ()-1 MO0%i& ()-!h MO%IN& ()-!&)*+8; eC

11 *1y10%m& () -, YLO%R' ()-f#S10% ()- 10 10 10@1 10%& () - 8189y 29%wxeec
119 96 10%& ()- 100& ()-1" 109%& ()-!# 10% # #& ()-!~

L 10%' ()- @1 y10%c& ()-nO7<=>?LV{\ = I 1 10%| & ()-#S10%| & ()- 10 10
109109%&' ()-19 9% 10%& ()-!1 9 % 109%& ()-V]' 2z[9{\= I

109368 () - 10%408&’ () - ! fyample 38

10% | : | & ()-1109%] 0| & () -, f 21094587 FF=FY® £81004 | & () - 2T7)~?{\ =

Biological Characterization of Epothilone Derivatives

5 Cytostatic Activity
Epothilone derivatives inhibit the growth of mammal
cell cultures, and also of cell lines which are resistant

to other cyclostatics.

10 Growth inhibition of transformed cells of mouse and human

carcinoma and leukemia cell lines

Growth inhibition of the following «cell 1lines was
15 measured in microtiter plates: L929 (DSM ACC 2), mouse
connective tissue fibroblasts; KB-3.,1 (DSM ACC 158),
human cervix carcinoma; KB-V1 (DSM ACC 149), human cervix
carcinoma, multidrug-resistant; PC~3 (ATCC CRL 1435),
human prostate adenocarcinoma; SK-QOV-3 (ATCC HTB-77),
20 human ovary adenocarcinoma; A-549 (DSM ACC 107), human
lung carcinoma; K-562 (ATCC CCL-243), human chronic
myelogenous leukemia; U-937 {DSM ACC 5), human
histiocytic lymphoma. The cell lines were obtained from
DSM (German Collection of Microorganisms und Cell
25 Cultures), Braunschweig, Germany, or ATCC (American Type
Culture Collection), Rockville, MD, U.S.A.
Aliquots of suspended cells(50000/ml) were given to a
serial dilution of the inhibiteor. As a parameter of
growth, we measured the reduction of MTT 3-[4,5-
30 dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide)
or, in the <case of leukemia cells, that of WST-1
(Boehringer Mannheim, Germany) after an incubation period

of 5 days. The resulting values were related to control
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111610%1] & ()-410%1] & ()- 310%1] & ()- 1
109 & ()-! ' 1090D& ()-!' 1094 4| & ()-7<=>?L(E_= !!111
fF" 1098 ()- & ~fF"10%&' ()- & 10%&' ()-S"S10%&' ()- 104| 104

104] @10%4| & ()-, h}[< = 11 s$109%& ()-! s$L0%& ()-S$L0%& ()-!yy

GLOY& ()-- 109%& ()-!T0%& ()-T }rg\= !!!#S10%0& ()- 10 10

1089109& ()-!L3&L0%& ()-!0~f &03"109& ()-zL- 109& ()-{$a?g\= 4111

L @OYO0% ()- |, @O%OOR ()- | 10%0% () - 8310908 () - 10908 () -2DIZ0P3. 2 x90\ =
1+ 109E& ()-!+ 109008 ()-+ 109& ()-!# y# 1096 O-0& ()- ! y# 109W& ()- ! 10%0O
O ()-t*~\: [113{ "10%FnF& ()-T& "10%/NV& ()- T& " 109N () - T&#S10% & () -

100 100 100910%0% () - +YwUs-\ :
1210% & () -!0 &ei%, | € (YhiER! pnlyl OHeC &b JerE&hdt HakdUnhad (Hechlbdded.

S10%: () - SHSLOWET) ATt T (650 B0REr (1 N rr. (PRaeqnfgpfion
that caused a growth reduction of 50 %) were derived from

inhibition curves (percentage of MTT reduction in

5 dependence of inhibitor concentration).
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& ()- 19%:10%& ()-! 10%& ()-Y 10% & ()-Y ! 10%& ()-Y !10%& ()-Y +f}rg\=
11$S10% & ()- 10Z 10Z 10ZL9m 109%&Z& ()-!,110% (& ()- !, ! 10% () -

S, U109 ()- mEX6g\= 101, 10%r& ()-t!& 109\ & ()-!10%\& ()-! 10% X

X& ()- 10% & ()-!p"10%\ & ()-0m 1}~ <g\=

111, 10%\ & ()-sl +10% & ()-  9'y10% & ()- 9' y10%: ()-! 1, 10%GG& ()-t!$ 1, 10%
W& ()-t 2789:G'~ = 11113 910%JU& () - #S10% U& () - 29 July 2003

Compound L1929 KB-3.1 | Xe-vir | PC-3 SK- A-549 K~562/U-937
mouse cervix cervix pzos- ov=-3 lung leukenia
tate ovary

ICsp [ng/mL]

21~ 170 | 60 8 10 12 (K-
chloro- 562)
epo A (3]

epo A-20- 7
carb-
aldoxime
{22a)

epo A-20- 12
carb-
aldehyde

hydrazone

2l~-azido- 6
epo A
[22b]

2l-amino-~ 8 4 30 3 4 3 (U-
epo A (9] 937)

20-vinyl- 3 3 3 0.4 1 1.5 (U-
epo A 937)
(15]

2l-azido~- GC.é 0.5 0.5 0.4
epo B (7]

21~-amino- 0.5 0.4 1.5 1.5
epo B [9]

* Multiresistant cell line
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10\ 10\ 10\910% & ()-!s510%\ & ()- @ 10%& ()-s"y

910%JU&" ()-!910%U+U& ()-!3 910% U U& ()-!{ 3 910°f & ()-'c’ 3

9109%& () - 6=BxY=2=

10 U, 1 10% U& ()-sS910% U& () -

2" 10%&' ()-!162"' 10%4CC& ()-! -10%JU& ()-'! -10% C C& ()- #2u. gE=
1°10% U U8 ()-!v109%& ()- 10% U& ()-Z ! 10%JU& ()-Z

\ 6WU3~ = | SL10%UE () - M

10 U

29 July 2003

We claim:

1.

10

15

Compound having the general formula I

where:
P-Q is a C, C double bond or an epoxide;

G is

0. <3

R is selected from the group of H, alkyl, and
substituted alkyl;

R! is selected from the group consisting of

BNy =P

s b
G ,and Gl

G~

R? is

"/NTG"

G! is selected from the group of H, halogen, CN,

alkyl and substituted alkyl:;

G?* is selected from the group of H, alkyl, and

20 substituted alkyl;
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>& ()-"1,&10%JU& ()- Y'10% & ()-!# Y'10%0U0U& ()- Y'10% & ()-s~\: 10

| A 3MLOY&' ()-!m 3MLO% ! & ()-!3MLO% (& ()-Y"S10% & ()- 10 U 10 U 10 US9910%
U& ()-itzX9~\: 10 910% & ()-!y&4 10%& ()-g3s310% & ()-! !10% (& ()-!

1 1098 ()-!3f310% (& ()- @A

29 July 2003

G is selected from the group of O, S, and Nz!;

G is selected from the group of H, alkyl,
substituted alkyl, 02%, Nz%23, 2%Cc=0, 2°S0;, and optionally
substituted glycosyl:

s G° is selected from the group of halogen, Ni, NCS,
SH, CN, NC, N(2!);" and heteroaryl;

G° is selected from the group of H, alkyl,
substituted alkyl, CF3;, 0Z%, Sz° and N2°2%;

G’ is ¢z’ or N;

10 G® is selected from the group of H, halogen, alkyl,
substituted alkyl, 02!, sz!?, Nzloz!%;

G’ is selected from the group of O, S, -NH-NH- and -

G!* is N or cz'%

15 G!! is selected from the group of H;N, substituted

HoN, alkyl, substituted alkyl, aryl, and substituted aryl;

2!, 2%, 2° and 2! are independently selected from
the group H, alkyl, substituted alkyl, acyl, and
substituted acyl:;

20 2? is selected from the group of H, alkyl,
substituted alkyl, aryl, substituted aryl, and
heterocycle;

23, 2% 2% and 2! are independently selected from
the group H, alkyl, substituted alkyl, acyl, substituted

25 acyl, aryl, and substituted aryl;

z! is selected from the group of alkyl, substituted
alkyl, aryl, substituted aryl, and heterocycle;

2’ is selected from the group of H, halogen, alkyl,
substituted alkyl, aryl, substituted aryl, 0z%, sz%®, and

30 N2%2°% and

2!? is selected from the group of H, halogen, alkyl,
substituted alkyl, aryl, and substituted aryl:;
with the proviso that when R! is
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10! " 109BB& () -!109BB& ()- s109B& ()-"T109B&' ()- 10( 10( 10()10% & ()-z[9cA
10! @109BB& ()-, @&10%

& ()-,10%C& ()-9! 1098BB& ()-9'109BB& ()-9! 1098BB& ()- BEJKLMaVK@ 10! 10B
10B 10Bs9109B& () - S&3109B& ()-!'3 .1098B& ()-A L-(109B& ()-,,109B& ()-M

z! } " <VK@

10! T uMLOWVE' () - T10%Z&' ()-! T109%CC& () - -109%Z: & ()- " !-10%&k éé Jl:||" %%%Z& ()-z
" #MBR$S$TSUSbSzodY: 10! #@0%& ()- 10Z 10Z y

10Z810%& ()-!'1IMLO%&R ()- ! MLO%[& ()-"! ~MOWNVE ()- b$$%8) % R <dY:

10!'! "s "10%~& ()-P's "10% ()-P1O%& (3;-_IC_,

G"Z
1
1 A A3
G, G°, G and G' cannot s:multanecusly have the
following meanings:

1 . .
G'and G = #, G’ =0 and G' = H cr 23C=0 wnara 2° =

alkyl group
and witth the proviso that when R' is
GS
G"h |
G
G', G, and G’ cannot simultaneously have the following meanings:
G' and G*=H, and G’=F.

z. Compecund according to ciaim 1 having general forrmula
Ia

where the symbols have the following mesaning:

E~-Q is a C,C double bond or an epoxide,

R is a2 H atom or a methyl groug,

G! is an H atom, an &alkyl group, a substituted alkyl group
or & halogen atom,

G? is an H atcm, an alkyl group or a substitutad alkyl
gIoup,

G is an O atom, an S atom or an Nz! grcup with

z' being an H atem, an alkyl group, a substituted alkyl
group, an acyl group, or a substituted acyl group, and

G' is an H atom, an alkyl group, a substituted alkyl
group, an 02? group, an N2?2? group, a 2°C=0 group, a Z'50:
group or an opticnally substituted glycasyl group with

2? being a ¥ atom, an alkyl group, a substituted alkyl
group, an aryl group, a substituted aryl group or a

heterocyclic group,



100/&'()_rn‘ '100/67‘&'(
10TL0%: () - 9 ()-M -10%)& ()- M .

10 ()-P)))) N K P1hbE ()P s M s

Q ()-1y) 10% ! & () - QrSt+, -/. [z[ <K 10,2 10%&'()_931300/?“&'()- 10%

T0%& ()2 1 109& "1 109%h& () - M NI 10%& () - Ms100 )

. ! - Yo h&'

h& ()-0s1v112x3 g) S@loo/@‘ ()@10 h 10 h 10 h9 &(') //” béOb@ 1ote
1 b9 : 10%AAL ()-} H<b@ 10910%G ()-1a9": 10% ()810:%;9'h 109%PP&! (8?

23 an H atom, an alkyl group, 2 substituted alkyl groups
an acyl group oI a substituted acyl group, and
24 an alkyl, 8 substituted alkyl, an aryl, a substituted

aryl or & heterocyclic group:

5
with the proviso that G, G? G and G! cannot have
simultaneously the following meanings: Gt and G* = H atom,
Gg? = 0 atom and g' = H atom or 2°C=0 with 2?2 = alkyl group.
0 3. Compound according to claim 2, wherein G' is an O
atom.
4. Compound according to claim 2, wherein G* is a S
atom.
15
5. Compound according to claim 2. wherein G is NZ'.
6. Compound according to claim 1 having general formula
Ib
¢ S P
Gz% 1\/‘\/‘
at N e
b
20

where the symbols have the following meaning:

p-Q is a C.C double bond or an epoxide,

R is a H atom oOf a methyl group,

Gg! is a H atom, an alkyl group, & substituted alkyl group

25 or a halogen atom,

G? is a H atom, an alkyl group or 2 substituted alkyl

group: and
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1 109%@&' () - 10%@& () -}333333344cA 10! y10%p&' ()-y1l0% & ()-!f
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10*10% & ()-!1°10%t& ()-S! " 10% QG Q& ()-S! " 10% Yf Y& ()-S! p10%k& ()-S!y10%

“& ()-7(8U3z8[ 8\ 8] 8j 8l 8~_@ 103 " 10%@&' ()-y#glou@' ()- 10  10°

10°810% & ()- ", 10% & ()- !, 10%y& ()- 18899:$;/;zX6~_@ 10!

&S109%& ()-!3"10%& ()--18° 10%&' ()- 1100V& ()- " fsZ10%@& ()-! pfsZ10%& ()-/:

<'=,==/=0=1=>=uj _@ 10! "@0%& ()- 10@ 10@ 10@ 29 July 2003
10%@&' () -, 910%@& ()-!9L0"10%y& ()-!  &S10%@& () - >=! >?2?20@ BAWMI3j @

11 10%<& () -!

G* is a halogen atom, an Nj group, an NCS group, an SH

group, a CN group, an NC group or a heterocyclic group.

7. Compound according to claim 6, wherein G® is an N

5 group.

8. Compound according to claim 6, wherein G’ is an NCS

group.

10 9. Compound according to claim 6, wherein G° is an SH

group.

10. Compound according to claim 6, wherein G° is a CN
group.

15
11. Compound according to claim 6, wherein G°® is an NC

group.

12. Compound according to claim 6, wherein G® is a

20 heterocyclic group.

13. Compound according to claim 1 having general

formula IIa

G“

25 where the symbols have the following meaning:
P-Q is a C,C double bond or an epoxide,

R is a H atom or a methyl group,
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1 1094.L&" ()-!310%<& ()--!$39810%<& ()-!q 39810%\ & ()-!398&10%<& () - 3AAFBB
BBBBCzodY: !#T10% & ()- 10< 10<
10<| S810%& ()-!" S/ 10%<<& ()-s! S/ 10%EE& ()-s! *10%<<& () - CCCCND*DDa?dY:
11yY 109% (& ()-y10% & ()-!N &10% (& ()-S 10% & ()-MLO% & () - 3
10% & () - DEEEEUFDGM<dY: P &F"10% (5 (& ()-! QK
&F"109%41&' ()-y10%&' ()- " !'y10% (& ()- y10% & ()-Y 10%& ()-%\:
1182109 ()-'h & 10%& ()-f#S10% & ()- 10( 10( 10(810% & ()- 1> Y
&"10% F F& ()-ZHHZI , JJ KLKWU3~\: Y109 ()-! 109 ()-! "~ @0%bb& () -
l @0%b& ()- 'q@0%t& ()- 'Z &10%& () - LKKLLLLLLL}rg\ =
G® is a H atom, an alkyl group, a substituted alkyl group
or a CFs, 02°, S2° or Nz°z® group with
z° being a H atom, an alkyl group, a substituted alkyl
group, an acyl group or a substituted acyl group, and
5 2% being a H atom, an alkyl group or a substituted alkyl
group,
G! is a €2’ group or an N atom with
2’ being a H or halogen atom, an alkyl group, a
substituted alkyl group, an aryl group, or a substituted
10 aryl group, or an 0z%®, s52® or N2%2° group with
28 being an H atom or an alkyl group, a substituted alkyl
group, an acyl group or a substituted acyl group, and
2% being a H atom, an alkyl group or a substituted alkyl
group, and
15 G® being a H or a halogen atom, an alkyl group, a
substituted alkyl group or an 02'°%, sS2!° or N2!°z!! group
with
71% being a H atom, an alkyl group, a substituted alkyl
group, an acyl group, a substituted acyl group, an aryl
20 group, or a substituted aryl group, and
2! peing a H atom, an alkyl group, a substituted alkyl

group, an acyl group, or a substituted acyl group.

14. Compound according to claim 1 having general

25 formula IIb

where the symbols have the following meaning:
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10% - & () - LXMVIN) OzPPzX6g\ = |1 F109OnC& () - S!
“F10%h& ()-s! F10%U& ()-s! aF109%ZZ& ()-s  z10%g& ()- !
2109 ()-" P5Q QQRRRRRz[ PE: !! 10g 10g 10g910%gé& ()-!@ S/ - 109%H& () -

qS/ - 1098 () - s! D9* 109KK&' ()- 9* 10%gg& () - R&RRRSTT} [ 9PE:
111)°910% " & ()-g!. 910% ()-g't910% # #& ()-g' Y 10%Gh& ()-MY

109& () - M' SL09G& () - TUUMWzZ[ <PE: 29 July 2003
111, s910%G& () -1 710%6G& () - !+ 109%ME ()-M k% 10%GGE ()-L$10%GE ()-!b 910% O
& ()-gVWMWWWKY > 1111n

T9"109B5& ()-!'nm 9"109%5& ()-!|19"10%CC&' () -#S10%& ()- 10G 10G 10GL

P-Q is a C,C double bond or an epoxide,
R is a H atom or a methyl group,
G® is a H atom, an alkyl group, a substituted alkyl group
or a CF3, 02%, S2% or N2°2% group with

5 2° being a H atom, an alkyl group, a substituted alkyl
group, an acyl group or a substituted acyl group, and
z° being a H atom, an alkyl group or a substituted alkyl
group, and

G® is an O or § atom or an -N=N- group.

10
15. Compound according to claim 14, wherein G* is an O
atom.
16. Compound according to claim 1 having general

15 formula III

S \ -2
szc— <\ w
NN

0

WOH

where the symbols have the following meaning:
P-Q is a C,C double bond or an epoxide,
R is a H atom or a methyl group,
20 G! is an N atom or a CZ!? group with
z!?2 being a H or halogen atom, an alkyl group, a

substituted alkyl group, an aryl group, or a substituted

aryl group.

25 17. Compound according to claim 16, wherein G!° is an N

atom.
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“$10% h & ()-9'n ~9"109%5& ()-[[[[[[D\\]cA !!Im:10%% ()-G

1:10%e& ()-G mlO%r& ()-- @S10%r& ()- 10 10 10S3+10%&' ()-n {~"H K_, “azX6cA
17 *10% i & ()- 'p*10% " & ()- )10%m& ()-!310%[& ()-M

3109%00&' ()-M ": 10%/V& () - G aaaaaa&a( ataeF

11" *10109%&' () - FMLOY& () - #@L0%&' ()- 10m 10m 10m@F

10%r&’ () - 8910%1& () - +aa*bebgbDc}c{Y: eF 1! 109%& ()-!u 29 July 2003
10%y& ()-!y s10%&n&n& () -

S1090S0& ()-!s10%& ()-Sgl0%& ()--}c_doeeeeeeez"SH=

18. Compound according to claim 16, wherein G!° is a cz!?
group.
19. Compound according to claim 1 having general

5 formula IV

where the symbols have the following meaning:
P-Q is a C,C double bond or an epoxide,
R is a H atom or a methyl group, and
10 G is an H,N group, a substituted H;N group, an alkyl
group, a substituted alkyl group, an aryl group or a

substituted aryl group.

20. Compound selected from the group consisting of:
15 [1S-[1R*,3R*(E), 7R*,1058*,11R*,12R*,16S*]]1-3-[2~[2~
(Azidomethyl)-4-thiazolyl]-1-methylethenyl]-7,11-
dihydroxy~8,8,10,12,16-pentamethyl-4,17~
dioxabicyclo[14.1.0)heptadecane-5, 9~dione;
(1S~ [1R*,3R* (E),7R*,10S*,11R*,612R*,616S*]]-3-[2~[2~-
20 (Aminomethyl)-4-thiazolyl]l-1l-methylethenyl]-7,11-
dihydroxy-8,8,10,12,16-pentamethyl-4,17-
dioxabicyclo[14.1.0)heptadecane-5,9-dione;
[1S-{1R*,3R*(E),7R*,108*,11R*, 12R*,1658*]]-3-[2-[2~
[([[(1,1-Dimethylethoxy)carbonyl]amino]methyl}-4-
25 thiazolyl]-l-methylethenyl}-7,1ll-dihydroxy-8,8,10,12,16-
pentamethyl-4,17-dioxabicyclo[14.1.0)heptadecane-5, 9~

dione;
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10yL: 109& ()-Y3: 109& ()-! SL' m' 109Kl Kl & ()- 1> SL' i 10983& ()-! SL' nt 10983& ()

-eexff=gVhsi }[9SH= I11#F: 109 O O& ()- !  F: 1000A%Q& ()-! F: 10%& ()-
10% & ()-!1 10%008 ()-"gl0%8 ()-siiiNjjjjz[?4= ! 1009
10908 () -1 910%08 ()-!, ‘-le%BB&f()-'-le%DO& ()-!
2109%88& ()- F: 109%&' ()-jjj]j k2l KnkndB= !
100 * 31098&& ()-Islo%&'()-I~310%&'()-I@ﬂO%&'()-L!SlO%&'()- £8duly 2003
100XnZooooooop}rg\= ! 100 #T10%l| & ()- 10 10
10Y3: 109&' ()-F310%&' ()-! 3109%& ()-!" 310%&' () - ppLpbppFqqg}[9g\= !

| F" ) ! - | ) 0, | ) 0, ! - 0 ! - - | - oL’ - -
10! F* 109448 ()~ 19800 | & £ b7k sbO%eb & (s (194 () 15 10981 & () 109 () --q

rsstt=uwxeg\ =
Dimethylethoxy)carbonyl]aminolmethyl]-4-thiazolyl]-1-

methyl-ethenyl]-4,8-dihydroxy-5,5,7,9,13-pentamethyl-1-~
oxa-~13(2)-cyclohexadecene-2, 6-dione;

5 [(45~[4R*,7S*,BR*,9R*,15R*(E) 1] -16~[2-[2-
(Aminomethyl)~4-thiazolyl]~1-methylethenyl]-4,8-
dihydroxy-5,5,7,9,13~pentamethyl-1l-oxa-13(2)-
cyclohexadecene-2, 6-dicne;

[1S-{1R*, 3R*(E},7R*,108*,11R*, 12R*,165*]]-7, 11~

10 Dihydroxy-8,8,10,12-tetramethyl-3-[1l-methyl-2-[2~
[ (pentanoyloxy)methyl]-4-thiazolyl}ethenyl]=-4,17~
dioxabicyclo[14.1.0]heptadecane~5, 9~-dione;

{1s-{1rR*, 3R*(E),7R*,10S*,11R*, 12R*,1658*]]-7,11-
Dihydroxy-8,8,10,12-tetramethyl-3-[1l-methyl-2-[2~

15 { (naphthoyloxy)methyl]-4-thiazolyl]ethenyl)-4,17-
dioxabicyclo(14.1.0)heptadecane-5, 9-dione;

[1S-(1R*,3R*(E}, 7TR*,108*,11R*,12R*,168*]}-7,11-
Dihydroxy-3-[2-[2~[[ (2-methoxyethoxy)acetyloxylmethyl] -1~
methyl-4-thiazolyl]lethenyl}-8,8,10,12-tetramethyl-4,17-

20 dioxabicyclo([l4.1.0]lheptadecane-5,9-dione;

[{1s-[1R*, 3R*(E),7R*,10S*,11R*,12R*,168*]]~7,11~-
Dihydroxy-8,8,10,12-tetramethyl-3-({l-methyl-2-[2-[ (N-
propionylamino)methyl)-4-thiazolyl)ethenyl]}-4,17- .
dioxabicyclo{14.1.0]heptadecane~5, 9-dione;

25 {18-[1R*,3R*(E},7R*,10S*,11R*,12R*, 16S*]))~3-(2~ (3~
Acetyl-2,3-dihydro-2-methylene-~4-thiazolyl)-1-
methylethenyl]-7,11~-dihydroxy-8,8,10,12-tetramethyl~4,617-
dioxabicyclo[14.1.0Jheptadecane-5, 9-dione, N-oxide:

[(1S-[1R*, 3R*(E),7R*,10S*,11R*, 12R*,165*]]-7,11~

30 Dihydroxy~3-[2-[2-{methoxymethyl)-4-thiazolyl]}-1-
methylethenyl]-8,8,10,12~tetramethyl-4,17~
dioxabicyclo[14.1.0]heptadecane-5, 9-dione;
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y109%&' () - #) W w+w, Wi s V*<ERF (B) ,TRY 1004, Q L R¥,,1@RT}165%]1-7, 11~

y10%: () - #y 10%&, (L B¥ g 09%, 4 ; 19 L QY d D anfbr RYERVTI NGB G M !
(phenoxymethyl)-4-thiazolyllethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane~5, 9-dione;

5 {1s~-[1R*,3R*(E), 7R*,10S*,11R*,12R*,16S8*]])-3-[2-[2-
[(Ethylthio)methyl}l-4-thiazolyl}l~l-methylethenyl]-7,11-
dihydroxy-8,8,10,12,16~pentamethyl-4,17-
dioxabicyclo[l4.1.0]heptadecane-5,9-dione;

{1S5-[1R*,3R*(E),7R*,108*,11R*,12R*,165*})-3-{2-[2~

10 (Ethoxymethyl)-4-thiazolyl]-1-methylethenyl]-7,11-
dihydroxy-8,8,10,12~tetramethyl-4,17-
dioxabicyclo[14.1.0]heptadecane-5, 9-dione;

{1S-[1R*,3R*(E),7R*,108*,11R*,12R*,165*)]}-7,11~-
Dihydroxy-6,8,10,12-tetramethyl-3-{l-methyl-2-{2-

15 {(2,3,4,6-tetraacetyl-alpha-glucosyloxy)methyl] -4~
thiazolyllethenyl]-~4,17-dioxabicyclo[14.1.0}heptadecane~
5,9-dione;

{1S-{1R*,3R*(E)},7R*,10S8*,11R*,12R*,165*]]1-7,11-
Dihydroxy-8,8,10,12-tetramethyl-3-[1-methyl-2~-(2-

200 [(27,37,4’,6'-tetraacetyl-beta~glucosyloxy)methyl]-4-
thiazolyl]lethenyl])-4,17-dioxabicyclo[l4.1.0)heptadecane~-
5,9-dione;

{1S-[1R*,3R*(E),7R*,10S8*,11R*,12R*,165*]]1-7,11~
Dihydroxy-8,8,10,12-tetramethyl~3-[1l-methyl-2-{2-[(6'~

25 acetyl-alpha-glucosyloxy)methyl)-4-thiazolyl]lethenyl)-

4,17-dioxabicyclo{14.1.0)heptadecane-5, 9~-dione;
[1S-[1R*,3R*(E),7R*,10S8*,11R*,12R*,16S*]]1~-7,11~

Dihydroxy-8,8,10,12, 16~pentamethyl-3-[1l-methyl-2-(2-{(p-

toluenesulfonyloxy)methyl}-4~-thiazolyl)lethenyl]-4,17-

30 dioxabicyclo[14.1.0]heptadecane-5,9-dione;

{15~ (1R*, 3R*(E),7R*,10S*,11R*,12R*,168*] ] -3-(2- (2~
(Bromomethyl)-4~thiazolyl)-1-methylethenyl}-7,11-
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Dihydroxy-3-[2-[2- (methoxyimino)-4-thiazolyl)-1-
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methylethenyl]-8,8,10,12-tetramethyl-4,17-

dioxabicyclo{14.1.0)heptadecane-5, 9-dione;
(1s-[1R*,3R* (E),7R*,10S*,11R*,12R*,16S*]]-7,11~-

Dihydroxy-8,8,10,12-tetramethyl-3-{l-methyl-2-(2-

5 ([ (phenylmethyl) imino]methyl]-4-thiazolyl]ethenyl]-4,17-

dioxabicyclo(l4.1.0]lheptadecane-5, 9-dione;

[1S-[1R*,3R*(E),7R*,10S*,11R*, 12R*,165*]]1-3-[2-(2~
Acetyl-4-thiazolyl)-l-methylethenyl}-7,1l1-dihydroxy-
8,8,10,12~tetramethyl-4,17~

10 dioxabicyclo{14.1.0]heptadecane-5, 9-dione;

{1s-{1R*,3R*(E), 7R*,10S*,11R*, 12R*,16S*]}-7,11-
Dihydroxy-8,8,10,12-tetramethyl=-3~[l-methyl-2-(2-
oxiranyl—4-thiazolyl)ethenyl]-4,17;
dioxabicyclo[14.1.0)heptadecane-5, 9-dione;

15 [1S-[1R*,3R*(E),7R*,108*,11R*, 12R*,165*]]-7,11~
Dihydroxy=-3-[2-[2-(2-iodoethenyl)~4-thiazolyl] -1~
methylethenyl)-8,8,10,12-tetramethyl-4,17-
dioxabicyclo[14.1.0])heptadecane-5, 9-dione;

[1s-[1R*,3R*(E}),7R*,10S*,11R*,12R*,16S*]}-3-[2~(2-

20 Ethynyl-4-thiazolyl)-l-methylethenyl}-7,11l-dihydroxy~
8,8,10,12-tetramethyl-4,17~
dioxabicyclo(14.1.0]heptadecane-5, 9-dione;

(1S-(1R*,3R* (E),7R*,108*,11R*,12R*,168*]1~-7,11~-
Dihydroxy-8,8,10,12,16-pentamethyl-3-[1-methyl-2-[2-

25 { (methylamino)methyl]-4-thiazolyllethenyl}-4,17-
dioxabicyclo[14.1.0])heptadecane-5, S-dione;

{1s-[1R*,3R*(E),TR*,10S*,11R*,12R*,165*))-3-[2-(2~
[[[2-(Dimethylamino)ethyl}amino}lmethyl}-4-thiazolyl)-1-
methylethenyl])-7,11-dihydroxy-8,8,10,12,16~-pentamethyl-

30 4,17-dioxabicyclo[14.1.0jheptadecane-5,9-dione;

[1S~{1R*,3R*(E),7R*,108*,11R*, 12R*,16S8*] ] -3-[2-[2-
[ (Dimethylamino)methyl]-4-thiazolyl]-l-methylethenyl]-
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7,11~dihydroxy-8,8,10,12, 16-pentamethyl-4,17-
dioxabicyclo[14.1.0)heptadecane-~5,9-dione;

) {18-{1R*,3R*(E),7R*,108*,11R*,12R*,168*]]-3~[2-{2~
{[Bis (2-methoxyethyl)amino)methyl]l-4~thiazolyl]l~1-

s methylethenyl}-7,11-dihydroxy-8,8,10,12,16-pentamethyl-

4,17~dioxabicyclo[14.1.0])heptadecane-5, 5-dione;
{15-[1R*,3R*(E), 7R*,108*,11R*,12R*,165*]]-7,11~

Dihydroxy-8,8,10,12,16~pentamethyl-3~(1l-methyl-2-(2-( (4-

methyl~l-~piperazinyl)methyl])-~4-thiazolyllethenyl]-4,17~

10 dioxabicyclo[l4.1.0}heptadecane-5,9-dione;

{15-[{1R*,3R*(E), 7R*,108*,11R*,12R*,165*]]1-4-({2~
{7,11-Dihydroxy-8,8,10,12-tetramethyl-5, 9-dioxo-4,17-
dioxabicyclo(14.1.0]heptadecan-3-yl)~-1-propenyl]-2-
thiazolecarboxylic acid;

15 {1S-[1R*,3R*(E),7R*,108*,11R*,12R*,165*]]~-4~[2~
(7,11-Dihydroxy-8,8,10,12-tetramethyl-5, 9-dioxo-4,17-
dioxabicyclo[14.1.0)heptadecan-3-yl)~l~propenyl]-2-
thiazolecarboxylic acid methyl ester
and the pharmaceutically acceptable salts, solvents and

20 hydrates thereof.

21. Method for the preparaticn of a compound having
formula 9, corresponding to general formula Ia, wherein G*
and G2 ar H atoms, G® is Nz!, and 2! and G' are H atoms,

25

P=—Q= .i'l. .

R=H, CHy
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is first activated and subsequently subjected to a
5 nucleophilic displacement to obtain a compound having

formula 7

(o] OH O
7 X =N, N=C=S, SH, CN, NC

10 wherein the resulting compound having formula 7 is
reduced to
form a compound having formula 9, where
P~Q = CH=C or CH...C, where ... is a C~C single bond with
an epoxide O bridge,

15 R = a hydrogen atom or a methyl group and
X = Nj.
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23. Method according to claim 21, wherein the reduction

10 1is carried out (i) as a hydrogenation with the aid of a

Lindlar catalyst or (ii) with a phosphine.

24, A pharmaceutical composition which comprises as
active ingredient an amount of at least one compound

15 selected from the group consisting of a compound of the
general formula according to claim 1, a compound of
formula Ia according to claim 2, a compound of formula Ib
according to claim 6, a compound of formula IIa according
to claim 13, a compound of formula IIb acccording to

20 claim 14, a compound of formula III according to claim
16, a compound of formula IV according to claim 19 and a
pharmaceutically acceptable salt thereof, and one or more
pharmaceutically acceptable carriers, excipients or
diluents thereof.

25
25. A pharmaceutical composition of claim 24 which
comprises as active ingredient an amount of at least one

compound which is an anti-cancer or cytotoxic agent.
30 26. A pharmaceutical composition of claim 25 wherein

the anti-cancer or cytotoxic agent is selected from the

group consisting of
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% ()- s 310W&A@no@ﬂ?@ﬂmmm@w&‘“(e)thyl&henyl1 7 11
dihydroxy-8,8,10,12,16-pentamethyl-~4,17~
dioxabicyclo[14.1.0}heptadecane-5, 8~dione;

(1s-[1R*,3R*(E},7TR*,10S*,11R*, 12R*, 168*]}]~-3-[2~[2-

10 {{[(1,1-Dimethylethoxy)carbonyllamino]methyl]-4-
thiazolyl]-l-methylethenyl)-7,11-dihydroxy-8,8,10,12,16-
pentamethyl-4,17-dioxabicyclo[14.1.0)heptadecane-5, 9-
dione;

{45-[4R*,75*,8R*, 9R*,15R*(E)]]-16-[2-(2-([([ (1,1~

15 Dimethylethoxy)carbonyllamino]methyl]-4~thiazolyl]-1-
methyl-ethenyl}-4,8-dihydroxy-5,5,7,9,13-pentamethyl-1- .
oxa-13(Z)~cyclohexadecene~2, 6~dione;

(4S~{4R*,75*,8R*,9R*, 15R*(E}]]-16~-[2-[2~
(Aminomethyl)-4-thiazolyl]-l-methylethenyl]l-4, 8~

20 dihydroxy-5,5,7,9,13-pentamethyl-1-oxa~-13(2)-

cyclohexadecene-2, 6~dione;
{1S-[1R*,3R*(E),7R*,108*,11R*, 12R*,16S*)]1-7, 11~
Dihydroxy-8,8,10,12~tetramethyl-3~[1l-methyl-2-{2-
{ (pentanoyloxy)methyli-4~thiazolyl]}ethenyl]-4,17-
25 dioxabicyclo[14.1.0}heptadecane-~5,9-dione:;
[18~[1R*,3R*(E)},7R*,108*,11R*,612R*,165*]])-7,11~-
Dihydroxy~-8,8,10,12-tetramethyl-3-{l-methyl-2-[2~
[ (naphthoyloxy)methyl]-4-thiazolyl]ethenyl]-4,17-
dioxabicyclo[1l4.1.0]heptadecane-5, 9-dione;

30 [1S-[1R*,3R*(E),TR*,108*,611R*, 12R*,165*]]-7,11~
Dihydroxy-3-(2-(2~-[[(2~-methoxyethoxy)acetyloxy]methyl] -1~
methyl-d-thiazolyl)ethenyl]-8,8,10,12-tetramethyl-4,17~
dioxabicyclo[14.1.0]heptadecane-5, 9~dione;
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propionylamino)methyl]l-4~-thiazolyllethenyl]-4,17-
dioxabicyclo[14.1.0)heptadecane-5, S~dione;

5 {1s-{1R*,3R*(E),7R*,10S*,11R*,12R*,165*%]]~3~[2- (3~
Acetyl~2,3-dihydro-2-methylene-4-thiazolyl)-1-
methylethenyl}-7,11-dihydroxy-8,8,10,12-tetramethyl-4,17-
dioxabicyclo[14.1.0}heptadecane-5,%-dione, N-oxide;

{1s-[1R*,3R*(E),7R*,108*,11R*,12R*,168*]1]1-7,11~

10 Dihydroxy=-3-[2-{2-(methoxymethyl)-4-thiazolyl)-1-
methylethenyl]-8,8,10,12-tetramethyl-4,17~
dioxabicyclo[14.1.0)heptadecane-5, 9-dione;

[{15-[1R*,3R*(E),7R*,1058*,11R*,12R*,168*]]-7,11~
Dihydroxy-8,8,10,12,16~pentamethyl-3-{1-methyl-2-[2-

15 (phenoxymethyl)-4-thiazolyl]ethenyl]-4,17-

dioxabicycle[14.1.0)heptadecane~-5, 9~dicne;
{1s-{1R*,3R*(E),7R*,108*,11R*,12R*,168*}]1-3-(2-[2~

[ (Ethylthio)methyl}-4-thiazolyl]-l~methylethenyl]}-7,11~

dihydroxy-8,8,10,12, 16~-pentamethyl-4,17-

20 dioxabicyclol[l4.1.0}heptadecane-5,9-dione;

[1S-[1R*,3R*(E},7R*,10S*,11R*,12R*,165*]])-3~(2- (2~
(Ethoxymethyl)-4-thiazolyl] -l1-methylethenyl)-7,11-~
dihydroxy-8,8,10,12-tetramethyl-4,17-~
dioxabicyclo[14.1.0)heptadecane-5,9-dione:;

25 (1s-[1R*,3R*(E),TR*,10S*,11R*,12R*,165*]]-7,11~
Pihydroxy-8,8,10,12-tetramethyl-3-(1-methyl-2-(2-
{(2,3,4,6-tetraacetyl-alpha~glucosyloxy)methyl]-4-
thiazolyllethenyl]-4,17-dioxabicyclo[14.1.0]heptadecane-
5,9-dione;

30 [1S-[1R*,3R*(E),7R*,108*,11R*, 12R*,165*}]-7,11-
Dihydroxy-8,8,10,12-tetramethyl-3-{1-methyl-2-[2-

((27,3",4',6' -tetraacetyl-beta~glucosyloxy)methyl]-4-
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Dihydroxy-8,8,10,12,16~pentamethyl-3-[1-methyl-2-[2~-[ (p-
toluenesulfonyloxy)methyl}-4-thiazolyl)ethenyl]-4,17~

10 dioxabicyclo(l14.1.0}heptadecane-5,9-dione;

[15-{1R*,3R*(E),7R*,105*%,11R*, 12R*, 16S*]]~-3~[2-[2~
(Bromomethyl)-4-thiazolyl]l-l-methylethenyl}-7,11-
dihydroxy-8,8,10,12-tetramethyl-4,17-
dioxabicyclo{14.1.0)heptadecane-5, 9-dione;

15 {1s-[1R*,3R* (E}, TR*,108*,11R*, 12R*,168*] ) -3-[2~(5-
Bromo-2-methyl-4~thiazolyl)-l-methylethenyl}-7,11-
dihydroxy-8,8,10,12~-tetramethyl-4,17-
dioxabicycle[14.1.0)heptadecane-5, 9~dione;

(1Ss-[1R*,3R*(E), 7R*,10S*,11R*,12R*, 168*]]-3-[2~(2~

20 (Cyanomethyl)-4-thiazolyl]}-l-methylethenyl]}-7,11-
dihydroxy-8,8,10,12, 16-pentamethyl-4,17-
dioxabicyclo[14.1.0)}heptadecane-5,9-dione;

[4S-[4R*,7S*,8R*, 9R*,15R*(E}) }1]~-16-[2~[2~
(Cyanomethyl)-4-thiazolyl]-l-methylethenyl]}-4, 8~

25 dihydroxy-5,5,7,9,13-pentamethyl-l-oxa-13(2)~-

cyclohexadecene-2, 6-dione;
[15-~[1R*,3R*{E),7R*,10S8*,11R*,12R*,165*]1~7,11~

Dihydroxy-3-{2-[2~(1H-imidaz0l-1~ylmethyl)-4-thiazolyl]-

l-methylethenyl}-8,8,10,12,16-pentamethyl~4,17-

30 dioxabicyclo(l14.1.0]heptadecane-5,9~-dione;

[15-[1R*,3R*(E),7R*,108*,11R*,12R*,165*] ] ~3-[2-(2~
Formyl-4-thiazolyl)~1l-methylethenyl]-7,11-dihydroxy-
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" HBUR () * +, - . FXIRI4560M8%HZz0lyl) ~1-methylethenyl] -7, 11 -dihydroxy-

<=>? @A\BCDEFGHI g/gl@f@ﬂ&\é\%q A def ghi j kl mopqr st uvwxyz{| } ~
I HEUR () *+, - 7] 789 Hclyia A0

<=> @\BCDEFGHI xﬁﬂm@mmkﬁ{“ﬂpkad%&?@GéPg%‘cﬁlRP%opqrstuvwxyz{|}~
P HSUR' () *+, - /0123456[7ﬂ9',,3R*(E) 7R* 10S*,11R*, 12R*, 165*]] 3 (2~ (2~

<=>?@\BCDEFG_" W%azo -met‘:hyq qg rgykillj I§| Pin ztol'z%myz{ i

| "HEUR () *+ -
%:igngDEF,CH @,@W@@&WMI\-]‘i’}yabcdef ghi j kl mopgr st uvwxyz{| } ~
10 dioxabicyclo[14.1l.0]lheptadecane-5,9~dione;

{1S-[1R*,3R*(E),7R*,108*,11R*,12R*,168%]]~7, 11~
Dihydroxy-3-[2-([2-(methoxyimino}-4-thiazolyl]-1-
methylethenyl]-8,8,10,12~tetramethyl-4, 17~
dioxabicyclo[14.1.0]heptadecane-5, 9-dicne;

15 [1S-[1R*,3R*(E),7R*,108*,11R*,12R*,165*)])-7,11-
Dihydroxy-8,8,10,12-tetramethyl-3-[l-methyl-2-[2-
[{ (phenylmethyl)iminolmethyl]-4-thiazolyl]lethenyl]-4,17-
dioxabicyclo(l4.1.0}heptadecane~5, 9-dione;

{18-[1R*, 3R*(E), 7R*,10S*,11R*, 12R*,16S8*]]-3- (2~ (2~

20 Acetyl-4-thiazolyl)-l-methylethenyl}-7,1l-dihydroxy-
8,8,10,12-tetramethyl-4,17-
dioxabicycle(14.1.0]heptadecane-~5, 9-dione;

[15-[1R*,3R*(E),7R*,1OS*,11R*,12R*,16$*]]—7,11;
Dipydroxy-e,S,10,12—tetramethyl—3-[1—methyl-2-(2-

25 oxiranyl-4-thiazolyl)ethenyl}-4,17-
dioxabicyclo[14.1.0)heptadecane-5,9-dione;

[1s-[1R*, 3R* (E),7R*,10S*,11R*,6 12R*,165*)]-7,11~
Dihydroxy=-3-{2-[2-(2-iodoethenyl)-4-thiazolyl]-1~-
methylethenyl]-8,8,10,12-tetramethyl-4,17-

30 dioxabicyclo{14.1.0]heptadecane-5,9~-dione;

{15-{1R*, 3R*(E),7R*,10S8*,11R*,12R*,165*]]1~3-[2- (2~

Ethynyl-4-thiazolyl)-l-methylethenyl]-7,1l-dihydroxy-
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{1s-{1R*,3R*(E),7R*,108*,11R*,12R*,165*]]1-7,11-
Dihydroxy-8,8,10,12, 16-pentamethyl-3-[l-methyl-2-[2-

5 [ (methylamino)methyl]-4-thiazolyl)ethenyl]-4,17-

dioxabicyclo[1l4.1.0)}heptadecane-5, 9~dicne;
[1S-[1R¥,3R*(E),7R*,108*%,11R*,12R*,16S5*])]}-3~-[2~[2~-

[[[2-(Dimethylamino)ethyl)aminojmethyl]-4-thiazolyl]~-1-

methylethenyl]-7,11-dihydroxy-8,8,10,12, 16~pentamethyl-

10 4,17~-dioxabicyclo{l14.1.0)heptadecane-5,9~-dione;

{1S-[1R*,3R*(E),7R*,10S8*, 11R*,12R*,168*]]-3-[2-[2~-
[{Dimethylamino)methyl]-4~thiazolyl]-l-methylethenyl]-
7,11-dihydroxy-§,8,10,12,16-pentamethyl-4,17-
dioxabicyclo[14.1.0]heptadecane~5, 9-dione;

15 {15-[1R*,3R*(E}, 7R*,10S*, 11R*, 12R*, 16S*])])=3~[2~[2~
[[Bis (2-methoxyethyl)amino]methyl] -4-thiazolyl}-1~
methylethenyl]-7,11-dihydroxy-8,8,10,12,16-pentamethyl~
4,17~-dioxabicyclo{14.1.0]heptadecane-5, 9~dione;

{18-{1R*, 3R*(E), 7R*,108*,11R*, 12R*, 168*}]~7, 11~

20 Dihydroxy-8,8,10,12,16-pentamethyl~3~{l-methyl-2-{2-[ (4

methyl-l-piperazinyl)methyl]l-4-thiazolyllethenyl]l-4,17-

dioxabicyclo{l14.1l.0]lheptadecane~5, 9~dione;

[1S-[1R*, 3R*{E),TR*,105*,11R*,12R*,16S*]} ) -4~ [2~

{7,11-Dihydroxy-8,8,10,12~tetramethyl-5, 9-dioxo~4, 17~
25 dioxabicyclo[14.1.0}heptadecan-3-yl)-l-propenyl]}-2-
thiazolecarboxylic acid;

(1S-(1R*,3R*(E), 7R*,10S*,11R*, 12R*,168*] |-4-{2-
{(7,11-Dihydroxy-8,8,10,12-tetramethyl~5, 9-dioxo-4,17-
dioxabicyclo(14.1l.0}heptadecan-3~yl)~l-propenyl}-2-

30 thiazolecarboxylic acid methyl ester
and the pharmaceutically acceptable salts, solvents and

hydrates thereof.
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27. Use of
claim 24 for

diseases.

28. Use of

claim 24 for

29. Use of

claim 24 for

30. Use of
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a pharmaceutical composition according to

treating cancer or other proliferative

a pharmaceutical composition according to

inhibiting angiogenesis.

a pharmaceutical composition according to

inducing apoptosis.

a pharmaceutical composition for treating

cancer or other proliferative diseases according to claim

27 simultaneously or sequentially with another

therapeutic agent useful for the treatment of cancer or

other proliferative diseases.
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