; e3ezz{~~6T 23 June 2003 M CROBI AL TRANSFORMATI ON METHOD FOR THE
PREPARATI@“ HI LONE This application clains priority from
rpQLa

- provisio |cat|on Serial No. 5 601113,437, filed Decenber 23,
1998 |n fsd herein by reference inits entirety. Field of the
| nvention The® present invention relates to a m crobiological nethod for the
"preparation of an epothilone. 10 Background of I|nvention 550 h|| are
macrol i de conpounds that find utility in the pharmaceutic
exanp es A and B having the structures: OR _.. ~ / Nb
m@@m M ~HMaJ ' Me 1 S Epothilone A R=H Epothilone B R=Me have
been t m crotubul e-stabilizing effects simlar to paclitaxe

(TAXQL) ah‘é‘“ﬁence cytotoxic activity against rapidly proliferating cells,
such as, 20 tunor cell s MICROBIAL TRANSPORMAHON MEFHOD FORar di sease, see
Bollag et al., Cancer Res , - 199S). Epot hil ones
A and B are natural anti caﬁ%gﬁﬁazmﬂgﬁoéﬁéﬁ@éﬁgﬁ%gl um cel | ul osum
that were first isolated and characterized by Hofl e et al., DE 4138042; WO

93/10121; Ange Ch d, . En 4 . 1567- 9 (1996
oo o3 & AT o T gppatias Clajgst Wty i B3 BNio Y0 H s APRGH SERLNpYy the)

total synt hesese6mwfl3@pnitikid oasbeA2HN98, Rchiprate BRéin pyiktcranbsd nbm&w 09 et
car., Angew. Chem Int. Ed. Engl., Vol. 3S, No. 23|24, 2801-2803, 1996;
Meng et al., J. Am Chom Soc.) Vol. 119, Nn. 42, 10b73-10092 (1997);
Ni col aou et al. J. Am Chem Soc., Fidldlof thelfyention 23 June 2003 34,

7974-7991 (1997) Sc¢hi nzer nt . . Eng., VYol. 36, No.
5, 523-524 (1997); gﬂﬁprﬁﬂb'"}é‘*t““%ﬁ ‘C‘a‘ei\ﬂ’gaéw.“c"g}?gﬂ“all‘?ﬁ"?"gg?i.‘h"a%‘@r‘m‘m“vO| 36,
No, 1 / 2, 166-dfa8epctifdde. PCT W98/ 25929 di scl osed the nethods for chemni cal
synt hesi s 0§0 epot hil one A, epothilone B, anal ogs of epothilone and

| ibraries of epothilone analogs. 5 The structure and production from
Sorangi um cel | ul osum DSM 6773 of EpReghuh@bEmvéatioh), E, and F was di scl osed
in W98/ 22461. Su égf the I nvention Tge Fr ent [ nvention relatestoa
net hod for obtai mmT?P Btes 16 meLoligecAmaYnaEL i fia “‘élﬁbglttret ageutial 5 ¢ er i nal
carbon posi ti onfield.NFdp akdnmptd/ brdlihilohdd & 4nd BSRRIng kHdRithirén provi des a nmet hod for

the preparation of hydroxyal kyl -bearing epg{hilones, which conpounds find
utility as antitunor agents and as startlﬁ materials in the preparation of

ot her epot hil one anal ogs. % eYi nvention provides a nethod
for the preparation of at 15 Ie g

" the following fornul a
| HOCHZ- (A )~ (Q~,-(Ai)o-E (1) where re i ndependently sel ected
fromthe group of optionally substituted

KV and al kenyl ;

15 Epothilone A =H
Epothilone B R=Me

have been found to exert microtubule-stabilizing effects similar to paclitaxel
(TAXOL®) and hence cytotoxic activity against rapidly proliferating cells, such as,

20  tumor cells or other hyperproliferative cellular disease, see Bollag ef al., Cancer Res.,
Vol. 55, No. 11, 2325-2333 (1995).

Epothilones A and B are natural anticancer agents produced by Sorangium
cellulosum that were first isolated and characterized by Hofle et al., DE 4138042; WO
93/10121; Angew. Chem. Int. Ed. Engl. Vol. 35, No13/14, 1567-1569 (1996); and J.

25 Antibiot., Vol. 49, No. 6, 560-563 (1996). Subsequently, the total syntheses of

epothilones A and B have been published by Balog et al., Angew. Chem. Int. Ed.
Engl., Vol. 35, Mo. 23/24, 2801-2803, 1996; Meng et al., J. Am. Chem. Soc., Vol.
119, No. 42, 10073-10092 (1997); Nicolaou et al., J. Am. Chem. Soc., Vol. 119, No.
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20 Qis an optionally substituted ring system containing one to three rings
and at | east one carbon to carbon double bond in at |east one ring; n) m
-and o are integers selected fromthe group consisting of zero and 1, where
~at least one of mor nor ois 1; and E is an epothilone core; 25
conprising the steps of contacting at |east one epothilone of the follow ng
“formula Il CH3-(A )~ (Qm(A)o E (Il) where A, Q A, E n, m and o are
defined as above; with a microorganism or an enzyme der|WEﬂJum%2@93on1

whi ch is capable of 30 selectively catalyzing the hydroxylation of fornula
1, and effecting said hydroxylation. -2 23 June 2003 In another

enbodi nent, the present invention provides a nethod for the preparation of
at | east one epothilone of the following formula Il1: 3z R3 (I1l1) S where Q
is selected froB, Um-@sb(lm'c)osmﬁrﬁérieng @ingd¥b ChbrRdntaBdl Eny., Vol(36, 'Ns 3, he

oot ng o i e o P ARG e BN IR 2,
and al kenyl ; Q 165-168, mptIimwwsszamalsmmdherma@dsmtmlaommem dofg one to
three rings anda rbonp to ca I’ld]l’l at .| east one
ings 15 mc SRS entiions & S loathsarbine pif ot Be SR MBI IR gy oup
consi sting OB ZBhexstradttre land Wﬁ@fc&orﬂﬁ'onh Saxahgimexliolosum DSM 878 of@pdtisilokés Wis O or

NR6; X is selec r t ng of O H OR; Mis O S, NRe,
CRgR, 0; 20 B, ahggéza%‘{% §seq'%&s‘é’3 W@%@%ﬁ@ group consisting of OR', OCOR, ~;
R - RS and R ~-R' are selected fromthe group consisting of H, alkyl,
substituted alkyl, aryl, and heterocyclo, and wherein when R and R are
al kyl they can be joi ned to form@fgﬂégﬁh&&&% is selected fromthe
grgup consi st: ng OL 1?1,«: pﬁkdﬁ%inverﬁﬂxﬁre&@&id muh@cfmadbl@yﬂmg ep3th110ne2\31tt)h] une 2083 R,
and R' are ecte om t he grou onsi sting.o sybstjtute

al kyl, tri aﬁﬁyl §SireA substiryents a %F'W"g‘ll faghon paﬂﬁo"dlhém{%“ﬁ‘f )}}P%H“TSW inVeRiiop

sel ected fromt b@wlésqu@etmrisﬂtsé;iré}gra@&n &1 hyadokpalkyl-Gddbnd dpbibtleds, athical , R'C=0,
R'OC=0 and R'SQZz; R9 and o are selected fromthe gr oup consi sting of H,

hal ogen, al kyl , c‘gltmgﬂstﬁﬂ? B@“é%f‘t“’“ﬁ?wms pRshag Fgrupe Paterials iy theprepatefiic-0  and
R'OC=0O the phabmbﬁdtmlahé%amgg;ept abl e salts thereof and any hydr at es,

sol vates, or geonetrjc, Jdcal and stereoi sonmers t
9 dne em%gc}xment of tﬁe invention provides a method Qor the preparatlon of at

15  least one epothilone of the following formula I
HO-CH,~(A,),(Q)u(Ay),-E )
where
A, and A, are independently selected from the group of optionally substituted
C,-C, alkyl and alkenyl,;
20 Q is an optionally substituted ring system containing one to three rings and at
least one carbon to carbon double bond in at least one ring;

n, m, and o are integers selected from the group consisting of zero and 1,

)
where at least one of mornor o is 1; and
E is an epothilone core;
25 comprising the steps of contacting at least one epothilone of the following

formula II
CHy-(A )y (Qn-(A)E an
where A,, Q, A,, E, n, m, and o are defined as above;
with a microorganism, or an enzyme derived therefrom, which is capable of
30 selectively catalyzing the hydroxylation of formula II, and effecting said

hydroxylation.



conprising the steps of contacting at | east one epothilone of the foll ow ng
10 formula IV: G(N) where '* Q W X, M B,, B2, and R -R' are as defined
-above; 15 GZ is the following formula VI CH3-(A )~ (Qm (A )o (VI) where A"
Q A-, n, m and o are defined as above; the pharnmaceutically acceptable
salts thereof and any hydrates, solvates, or geonetric, optical and
"stereoisoners thereof; 20 with a microorgani smor enzyne deri ved t herefrom
capabl e of selectively catalyzing the hydroxyl ation of Gz dJune 2

effecting said hydroxylation. Detail ed Description of the Invention The
present invention provides an efficient process for the preparation of 25
epot hi l ones having a term nal hydroxyal kyl or substituted hydroxyal kyl
group from epot hilones having an al kyl or substituted al kyl group at a
term nal position. Ansiothghembodiment, thg prhsentin¥O0@n prowides 4 roatewd ferthebe

hydroxyl ated, o re%rmoéwm QlondlebhAbRYr R PRIl ABRRTRY De sequentially or
si nul t aneousl y roxyl at eg | ng t resent 1 nvention. All
stereoconflguratlons of the unspeCIQ ed al centers of the conmpounds of
the fornmulae | through VI are _contgnplated in the hydroxyl ati on nmethod of
the present invention, either Xl ofe (that isli subBtantially free of other
stereoi soners) or in adm xture th other Bteregi soneric forns. In the

met hod of the present invention, the st&ggrRonf|guration of the termnal

al kyl or susbstituted al kyl gr rg epothilone is preferably
retained in the epothilone productf finilti ondsLi sted bel ow are
definitions of various terns used oto describ@ this invention. These
definitions apply to the terns as they dre uSed t hroughout this
specification, unless otherwise Iimted({h specific instances, either

i ndi vi dual l y;or as g‘% of a larger group. 15 The terns "m crobi al process”
or "mcrobial netho as used herein, denotes a process or nethod of the
present invention erﬁ)iscslcqtnglf@rrnhmromfgiamt@motir an enzyne derived therefrom
The term "hydroxylation," as used herein, denotges the formation of a

hydr oxyal kyl or substituted hydH *al kyl gro fromthe correspondi ng

al kyl or substituted al kyl grou may be~ac I.—!eved for exanple, by 20
contact with a suitable mcroorgani sm or anj enzyne. The term "epothil one, "
as used herein, denotes conpourds cont'ai ni Rg an epothilone core and a side
chain group as defi nggs fefolbwhing fRulh & M “epot hil one core,” as used herein,
denotes a noiety containing the core structure (wth the nunbering of ring
system positions used herein sh%%“z (b Pekn the slPstituents are as
defi ned herepn aboveyhered 23 June 2003 The term "side chal n group” refers
to substituent G as def| ned by ({1 rein abov rm"term nal
carbon" or "termnal '&P‘f(?tm@tng‘??ﬁ“de?‘t%'fsét"gte orp 118 BFoup ?Pétf’“ éF‘E t er mi nal
met hyl group of Cl-Ogalkustajkesylf her directly bonded to the epot h| I one 5 core
at position 15 or tg . the termn carbon or term npal a of the

si de chain group bor%@&“ﬁ‘tmﬁ% St?}?SBWtemeWysfeE’ ﬁ?ﬂﬂ‘«?%t"ﬂ%ﬂlﬁ%ﬁa’ﬁ‘ %erm

"al kyI gr oup” ihﬁdtuﬂﬁﬁrbaitiﬁ)(:hrb&tﬂdbuﬁldlbsﬁdlhutleﬂtaickmg as defined herein. The

term "phar euti cal I t| ve agent: or cally active

epot hi | onem?gef ers t a‘ﬁ’ é’ﬁt"ft‘ﬂtle bsrfgd?f‘fﬁifmﬁ' salpehqadclgfﬁ%lhfﬁmu’gaqnf‘f}méc?{ ive in
treating cancer ze‘m)arﬂrl whdiedt ldsivaasias odeseris bed herein. The term "al kyl "
refers to optionall Stl%t ed) straight or branched chain saturated
hydr ocar bon groups o carbon atons, preferably I to 7 carbon atons.
The expression "l ow@f1saéléqdd"fronﬂfxegr6u;tuonmmgoﬁ@;lHIyOlSubsti tuted al kyl groups
of 1 to 4 carbon athﬂss N #& erm"substituted alkyl" refers to an al kyl
group substituted by, >P?‘a one to four substituents, such as, hal o,
trifluoronmehyl, triH mnmmmmehaxc;/ﬁodnydrgmx:yporaisknquORe.y@CORlzkyl oxy,

het er ocycl ooxy, oxo, ka 0X al.kanoyl ox al kyl am no,
aryl am no, aralkylanlﬁg & dﬁW% FtﬁyﬁmnﬂﬁéT“¥ %P%ﬁﬁﬁgékldlsubstituted
am nes i n whi chsubbtaut2d sk, mml,emtbaetmrbayelntzmdauhereme:ttemRedtdﬂ?r_ emakkylddy, aryl or
20 aral kyl , alkangxlanlno 0 k%&nho, ar al kanoyl am no, substituted

al kanoyl ani no, SU5S19%GE% %“5?9% #i6, substituted aral kanoyl anuno, thi ol

al kyl thi o, aryl t hi 0,Rdssalledtyd fidih e gowe tansibtiaglof Hi dky! et atbetiyted gkt 0,

al kyl t hi ono, aryithiono, aralkylthiono, alkylsulfonyl, arylsulfonyl,

aral kyl sul fonyl, sul fonam do (e.g. SQZNH-), substituted sul fonam do, nitro,
cyano, carboxy, carbamyl (c.g. CONHZ), sdbstituted carbamyl 25 (e.g. CONI-|
al kyl, CONH aryl, CONH aral kyl or cases where there are two substituents on
the nitrogen selected fromal kyl, aryl or aral kyl), al koxycarbonyl, aryl,
substituted aryl, guanidino and heterocycl os, such as, indolyl,
imcla-rolyi, f~aryl. thienyl, thiazolyl, pyrrolidyl, pyridyl, pyrimdyl
and the |ike. V%ere noted above mhere the substltuent |s further
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23 June 2003 The term"ring systent refers to an optionally substituted
ring systemcontaining one to three rings and at | east one carbon to carbon

-doubl e bond in at |least one ring. Exenplary ring systens include, but are

not limted to, an aryl or a partially or fully unsaturated heterocyclic
ring system which nmay be optionally substituted. The ternt ‘aryl" refers to
nmonocyclic or bicyclic aromatic hydrocarbon groups having 6 to 12 carbon
atons in the ring portion, such as phenyl, naphthyl, blphéﬁﬂuﬂ@i$Qﬁ phenyl
groups, each of which may be optionally substituted. The term "substituted
aryl" refers to an aryl group substituted by, for exanple, one to four
substituents such as al kyl; substituted al kyl, halo, trifluoronethoxy, 10

trifluoronethyl, hydroxy, al koxy, cycloal kyl oxy, heterocycl ooxy, al kanoyl,
al kanoyl oxy, amni no, R&dauyRamieselecterd fadri (he graup consistinglobHI #knil.mnbstitwted alkyl,

het er ocycl oam n a , thiol, alkylthio,

cycl oal kyl t hi o, il l{vls%lkm(ﬁmaﬁ%”yl Lllrag%g%ﬁmll? rfo, cyano, carboxy,

car boxyal kyl , car ban&al i5 seslﬂctcdilymahetmmpl consdtikg bitHhialimlosubstitytkd dikydRg,C=0,

al kysul fonyl , g{%ﬁp@ ﬁﬁ ryloxy and the like. The substituent may be 15

further substitute y hal’o, ”hydroxy, alkyl, alkoxy, aryl, substituted
aryl, substitsut ed al Rydnd 8, amsalleugd frorT the gtosp ponsistinglok i] Halaped,elkgl, t 0 an aryl
group bonded dir 0 | kil 5 zyl. The term
"substituted aIk@%EW%daéyhggg ?Q?ﬁ?éd“gﬁ%gqptl6 8@£€%¥%%2 noi ety 20 having
a carbon to carbon dibepiaendzentdaliydecaplableantshierqobant anyf hydratds sglvstysbem Wi t h - at
| east one substlggﬁgt b gmgmﬂunskwsipx()or substituted | ower alkyl. O her
substituents ar W%?? or CSupEt féd al kyl . The term "cycl oal kyl "
refers to a opti onal doynpsisibg the sterisend] corgeating @ teadl onepbthitona péithe diblimp ri ng
systens, prqfer?b¥é q?ntaining | to 3 rings and 3 to 7 carbons per 25 ring

whi ch may be furt P used with an unsaturated C3-C, carbocyclic ring.
Exenpl ary groups include cycl opropyl utyl, cyclopentyl, cycl ohexyl,
cycl oheptyl, cyclooctyl, cyclodecyl/ cycl odo and adamantyl. Exenpl ary
substituents include one or nofe a yl groupsl as scri bed above, or one or
nore groups descri bed above as yl subst iRfue 30 The terns

"het erocycl e", "heterocyclic" and "heter8 "[refer to an optionally
substituted, unsaturated, partia¥ fully saturated, aromatic
or 23 June 2003 nonaromatic cycliic grjoup, [for é%anple, which is a 4 to 7
nmenber ed nonocyclic, 7 to 11 nenbe or 10 to 15 nenbered

tricyclic ring system which has at | east _one heteroatomin at |east one
carbon atomcontaining ring. Each ring of¥¥he heterocyclic group containing
a heteroat om mawhb@ve 1, 2 or 3 heteroatons selected 5 fromnitrogen atons,
oxygen atons and sul t where the nitrogen and sul fur heteroatons
may al so optionally {%’e%og’l i Biele: %ﬂ‘?d"t%ea“h‘i‘stdr"é‘&g Ne&t er oat omrs may al so
optionally bé quat ergjized follbhéghatmiaogycl i ¢ group may be attached at any
het er oat om or carbon atom Exe &y nogxcllc h ﬁerocycllc groups incl ude
pyrrolidinyl) pyrrolyl, 10 |ndo b@&hé anyl pyrazolinyl,

i mdazolyl, im dazolwivtn:ydA,, QnAga,zrm,Ian(ﬂbmyldrpﬁrmxaszabbgel,, oxazol i di nyI

i soxazol i nyl, isoxazgl dlazo t.hi.azol

i sot hi azol yl . i sot hitgez%l} f‘ﬁacﬁ“‘tcépyf e;?faglefa S‘“"F?"@“Sf"t?’r‘iYFmef‘h. e‘ﬁte%/ o

oxadi azol yl, pi gmmmqpttcalpnqbecrsmyets the@eofix Opi per azi nyl , 2-oxopi peridinyl,

2- oxopyrrolidi nyl, 2-0xaze azepin ri donyl

N- oxo- pyri dyzlq, pyr azi ﬁ'yq e Oor 1s ore ,mélé/eplve aﬂ%r%e 4 %Yetgffér]é%bggopyr anyl ,

t et r ahydr ot hi opyatalyzihg th¢ le;tdrcach}}:timmflﬂzapﬁj,l; an\elfecing ﬁame'drqxplaqndml i nyl,

t hi onor phol i nyl, thionorpholinyl sulfoxide, thionorpholinyl sulfone,

1, 3-di oxol ane and tetrahydro-1, 1-dioxothienyl, dioxanyl, isothiazolidinyl,

thietanyl, thiiranyl, triazinWLmnathknbmmuﬂﬁthammonhe i ke. Exenplary

bi cyclic heterocycli s include. .benzat hi azol yl enzoxazol
benzot hi enyl, qui nu c'ﬁ\ gfﬂ‘ﬁ Inveniion B idsA an eglmeﬂt(ﬂ“i’cﬁ%fllférl\gcogffp&'éa iGeof’
t et rahydr oi 25qu bpsuﬂhlomslhavm@mtqumﬂﬂ Ihyctry)ly,alkblem zﬁbﬂﬁutdtadm}dydxyalbﬁ REapYoany|

dol I, b h i i nyl
ndazoryl . pyrr SFOPFEApSE TR Ethﬁﬁ% g€ FePB Bt PRyl

faro[ 3, 1-b] pyridinyl] or faro[2,3 b]pyrldinyl) dlhydr0|50|ndolyl

di hydr oqui nazol i nyl (such as 3, 4-di hydro-4-o0xo-qui nazol i nyl),
benzi sot hi azol yl, 25 benzi soxazol yl, benzbdi azi nyl, benzof urazanyl,
benzot hi opyranyl, benzotriazolyl, benzpyrazolyl, dihydrobenzofuryl,
di hydr obenzot hi enyl , di hydrobenzot hi opyranyl, di hydrobenzot hi opyranyl
sul f one, di hydrobenzopyranyl, indolinyl, isochromanyl, isoindolinyl,
napht hyri di nyl, phthal azi nyl, piperonyl, purinyl, pyridopyridyl,

qui nazol i nyl, tetrahydrqu|noI|nyI t hi enof uryl, thienvpyridyl,

- ”~




23 June 2003 Exenplary substituents include one or nore al kyl groups as
descri bed above or one or nore groups described above as al kyl

- substituents. Also included are smaller heterocyclos, such as, epoxides and
aziridines. The term "al kanoyl"” refers to -C(O-alkyl. 5 The term
"substituted al kanoyl" refers to -C(O -substituted alkyl. The term "aroyl"
"refers to -C(O-aryl. The term "substituted aroyl"” refers to
-C(O)-substituted aryl. The term"trialkylsilyl™ refers t@34n€24Q3)3. The
term"aryl dialkylsilyl" refers to -Si(alkyl)2 (aryl). 10 The term "di aryl
al kylsilyl" refers to -Si(aryl)=(al kyl). The term "heteroatoms" shal I

i ncl ude oxygen, sulfur and nitrogen. The term "hal ogen” or "halo" refers to
fluorine, chlorine, bromne and iodine. The conmpounds of fornula | through
|V may form sal geothilonpymay kedivdroetad. or & misturg ef & ereny apotiplonssswy be and i t hi um
wi th al kaline e qpqug th organic
bases such as d?&{?gltﬁﬁsce a%ag%ugft@%ﬁxlggut’ﬁ@gﬁ%h%%m §Ih;i/Hrﬁﬁlkéﬁé‘lrlte and am no
aci ds such as argi nlhléstcrlewnfwr@nnﬁ af the Ulni?n@eﬁcthMH CSIGFPF of thegompeundiyefai ned,
for exanple, by i car i.C..aci i contain a
carboxylic aci dﬁ;&g@%&g&ﬂ#ﬁﬂg of gqﬁﬂﬁfdéﬂ?{eglﬁgroﬁlﬁ%ﬁtnﬁ{htfo?tleﬂ%)esi red ion in
a nmedi um i n \khi eresenhimverdibn, efihaz glopd (that isssubstantizllyAree afjethes serepeaeamyofiol | owed by
evapor at i on. ed in the
art. The corrpoun%s'ﬂg'? ‘?gdrérr@ rgt%'lrém? Gf\’r'eé@rﬁ{ﬁ?\/ﬁtﬁ %ﬁ%@@’#ﬂ%ﬁﬁn&n&% ety of
organi ¢ and i notlgatereoceutigatstionStitia temlnabalkylhmi ushetitbied slkylfgomuprefthedtirtinghy dr ogen
chl oride, hydro rom fon aci hydr oxyet hanesul foni c
acid, sulfuric gg&tg%m ¢ e(%mba)t:rleplrle {" e@orhg%cé){? caci d, malefic acid,
benzenesul foni ¢ aci d, toluenesulfonlc 25 acid and various others (e.g.
nitrates, phg splﬁheg nsbor ates, tartrates, citrates, succinates, benzoates,
ascorbates sallc I"ates and the like). Such salts are fornmed by reacting a
conpound of forrrul a Listedhbabawgire Hafinitionaef vedes vemnevsed tordssenibe tbis itvlmioacid in a
medi umin which i | I owed by
evapor ation. T?'&% dgfgl tﬁon?%p%%’ 8 e? éerrﬁl?fzi)ér)fge)J 4?? %ﬁ%tﬁwggﬁ%&hg@g&#%{ggf ormed and
are included vm tuhless othepwvisedinnited & atpsmmnm@, titheingdividuajly or aspart §flaleg@003
Prodrugs and sol,yates of the conpounds of formula | through IV axe also
contenpl ated hereih. The term prodrug, as used herein, denotes a conpound
whi ch, upon &dni ni stTla:tti:rmn “inigrobiabprogees?tor “ruin@éiagoeﬂsode'rvemedatrciommsi on by

et abol i ¢ or chemgal ﬁ@é&%pegcm%%m,ﬁﬁe&@wg%mm ool |t hr ough

IV, or a salt an vate thereo ounsof formula |
through 1V may fewmedemd Hesefibmt dhetsmethydeokdatipn,’ Fhescebqfﬁmﬂy#%@eesters are
conveni ently fOrf&ﬁQn&b’of@%%cﬁBﬁyfamylrbgsxﬁa@tﬁ(tut@é sk &ﬂ(&b@ |f‘ro?n @ei d
functionalities found on di scl osed ring ructvve Sol vates of the
conpounds of f orprAseending gkyl g Rubsttutgd elkﬁrgewefaaéwy P/2¢ ﬁYQé‘stF ex@mRlgY ous f or ms
of prodrugs z@recmtctwmgmau@nté?&rmmmereml es of such prodrug
delivery derivatives, see: a) Design of Prodrugs, H Bundgaard (editor),

El sevier (1985); b) Metteradspqthiionnssriseddigiein, fenoipp ergeounss cofiainingasi t or s)
Academ c Press, eMhilonééore AR Chdinl S8 as dé@eﬁherénT?a@t&thép&ﬁuoﬁl doge/Design
and Devel opnent, Krosgaard-Larsen and H. Bundgaard (edjtors), Chapter 5)
"Desi gn and AppPF ¥s5d hessin.siengtisgdpaiggy containing theepre stragars (yith (g numbemigigaar d,

Advanced Drug D@lh%g}@feﬁlgﬁﬁﬁbrﬁ%edh&em]shg\&)(1992) e) H Bundgaard, J. of
Pharm Sci ences, (1988); and 20 f) N Kakeya et al., Chem Pharm

Bull., 32 692 (1984). The conpounds e vention may exist as nultiple
optical, geonetric, and stereoigoneys. Wi | e the orrpounds shown herein are
depi ct ed for one optical ori entétycm incly hin the present invention
are all isomers and m xtures the&eof Ge ergl thods of Preparation 25 In

general , the hydroxyal kyl - beari ng_epothi e’ product of the invention can
be produced by culturing a mcroorgdnis ﬁ/jﬁma capabl e of selectively
hydroxylatigg a term nal carbon or blky” |nlhhe presence of a suitable

epot hi | one bstrate in an agueous Gutrifnt rfedi um cont ai ni ng sources of
assirnil abl e camhedminalicbubstituentg 8@ as dofile) hesithdveveged aer obi ¢ conditions. 30



-10 23 June 2003 Startinb Materials The ~, pot.~il oass enployed as startm-
materials fur trio present irvent:ur. ma;, be any such conpound having a
term nal carbon or term nal al kyl group capable o! undergoing the enzymatic
hydroxyl ation of th ~ present invention. The st:!raing S material, or
Substrate, can be isolated fromnatural sources, such as Sorerr~!trm

cellulostrm or they can be synthetically fornmed epotl:ilones. In a
preferred enbodi nent, the starUn~~ material is epotlli'one28JEpet2008| onC B
can be obtained fromthe ferrr:entation of SorG.~ loin cello | osum So

ce90, as d~scr;oe~! in DE 41 3S 04'?/ bz 0 93/10121. The strain has beer,
cleposited at t4e Deutsche 10 Sanmm ung von VI I :roorganmsnen (Genl an

Col l ection of M crooreanlﬁ[ﬂi (. nder. Logc
f~rmentat:on is al so described ?ﬁe%‘%r’l%ou%re\érs P Slqb‘l‘ue%&e‘w% E{%;? ht Ed
Engl ., Vol 3~, NmdiG,3rein abdve. 1 Q67 1 Q@9 i 1996). Epothl I one B COI| aI so be

obt ai ned by chem cal as_those djsclos

G Gl penr SRS By 5Pt 5 k08 el e S,
nmol a~u, h , ~t ukarhon(or lerxmﬂal'nfethvﬂ_ﬁo@’bfmhe m(ﬁﬂy either difeedy Eba@) th \hle@potlml-obe
2433 -1 a1 {1 998 “ERTVGE Chand PRI Srdas TR R L S en
m croor gani sm er’r@dotm btﬁdedtampdshﬁnpﬁ €l sninddrftogdant the mermétalkyllgeouanintlu@l enzynme or
m cr oor gani sm capahl e, o catalyzing the enzymati c hydroxyl ation
descri bed herei ngl%g ?”Ifbs@ﬁi:cﬁﬁkyl ‘%’f‘r‘?d?q’f?&ﬂygani sm or any enzyne derived

fromsaid m croor ganlﬁﬂenﬁwmaeyfeamlcmytalamem@&e’mr “bveRtuRAllymYvde any
m croorgani sm capable of selecti vﬂj&‘ﬁconverl ing the mrmnal carbon or

termnal alloy I° l‘}blﬂﬁ' THES AN FHR R H’él‘F\?‘i‘ar"&?‘:oﬁﬁﬂ?lB)é‘ﬁ“"él"kw‘m@% GUFT Z he

m croor ganl slipl , of Rreraiseh@IsscAkeddtreRl i gin Or purity, rnay be enployed in

the f", e state ur Immpbilizeti on a support such as %@ ! ysi cal adsorption
M

or entrapment Suit abl geRmCaliga reifqr%‘PIOBﬁ*ﬂ”@lbtWS“M@ B tanched ﬁ’ﬁﬁ“?)\yl at! Un

~r0C . SS U th: iavasd hﬁ%cﬁfﬁoﬂgx&%s%ﬁi Robegbdd Amd hereaenarns 7icaedidin:. ;, but
not limted to, Actirrornvcete mvcel crta, .4nl:col at~, USa, Beauveri u,

Crrrul :du, G S~Fhf(ﬁ’<lpfeé3‘°“\/l°~“@&ﬁ‘h‘,’l Ffers ‘ODP“O“E’”V subsyiuted afkykgroyns.of joA oy £ S,
JCl CcC .'(C ' U(IQBonStol@ TG, ci WU (51" /_J:m W.1,1U oi ~C LI U 7~~. (; ~~
LI.ATi()::S il mcroorgani smspeci es that are known to hydrox!ate
ternlir:al nll®l etieS The tomaubstitpgd gigr{ereionig apalisyeeup subsiste@by forCar r dr da
fujosa, and PSeuelafaeo At {8 AliBl ac; S b EH ORI DARLGHRCLAGL have
been denonstrated t ngee%tl vel Ituell;%ro cas l'afa a te: ng ?r FI h@ or a
substituted al kyhydx@naﬁk@cpdtvhlpalbﬁ@m hﬂﬁrweloonnwoalbﬁmavlmlmys @ibamomlaxyA | CC
35203 and Acti no%%@a@k@ﬂmnéﬁr"yﬁ% Sk P80 RT A 204 hind, RedrolcRhGILed
enbcdi rnent of 5 the Invention € mcroorganismis ~otrnonycete sp.
strain SC 15847 PTFﬁbsmﬁ“ﬁ:aml%mMﬁmW’@e?c%@po suGtitugnty aSEelqBBY PRyl asgloat ed
from Bristol -Jo~~ ahfidy B al§%‘yfm1r§ éQ}léme@|ala‘ﬂ\%é>@a@mnoTQﬁastR\?tEc{rAlkﬁIﬁax{]leé?’ as used
herein refers to thé acceSsion nunber of tl;e Américan Type Culture

Col | ection, 1080 3utishiutedeiamnopiupgtitutd aplsanenigminyahiok, piyldépagittiory for the
organrsmreferre 1 1this/ oSRkvl 0
deposited with t%rahﬁ'l%gkg%ogelg %gp%r%&ﬂgﬁ er kyPtlmAOﬂ; %glltgl%m'r%mkp@?%ﬂo“' ScC
denotes the desi ghabsilémyliyisnlfang!, erllsylsilonponifarmingdn (ag. S8aNH,) ofubstivgedSqui bb
culture collecti C Ga 10 pur chased
from ATCC. The tg&gogﬁﬁoéﬁﬁohg#ﬁéﬁgﬁo%} gnl\g/agrgllpgt acgpr\lgI bsthg)%ﬂﬁé bﬁﬂzl been
descri bed by ZkaZakiQONH dlkﬁeﬁﬁ)wblwa'l QONH Erbllloir caes Riere thcfc@mkm a, A . and
Terahara, A, J : 1L I i ~ 0, 6= 1 | ier,
hLP., Prauser, I-Sltfsgl{flgr(b[glgg%ne B.triy%e?l Sg%tgedﬁozgnnalgyi’.a?%? ‘( 5?}?& 3&%&& Ony?\{gl
Bacteriol ., 35, 20bs8ftedEBB@uaniditweangihctkogictoa) slugh qsun@lyhxmrcbmigamr}&ns

PTA 1043 ar o novel S ah GGG SRR BRRb PR B OB o Ry DU tHE Talect i ve

hydroxyl ati on pr ogfgshe dubstsiearit tirher sutﬁkd&xteﬂtxmd bé hraﬂi hataseaatkst. 20korf, atshese

or gani sns ar e, al so CRntean ated by the present invention, for use in the
hydr oxyl at i on® ret¥%8#descri bed herein, such as those nodified by chenical,
physi cal (for exanple, X-rays) er bi oI ogi cal means (for exanple, by

nol ecul ar biolojy techniques). Those skilled tn the art can sel ect other
ntcroor:~ani~ns fur use in tl-;e present 25 invention by use of the

foll ow ng protocol. -6
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Assay for Mcroorganism Selection: To a 25 m tlask containing 2 m of
transformati on mediumw th the sanme conposition as set forth In Exanple 1
-below, a small aliquot (approximately 0 1 mi) 30 of microbicl culture is

i nocuhted inta this flash:. The culture is inct:bated at 28C and 250 rpm on
a rotary shaker for twenty four hours To the culture is added C.2 ng of -12
©23 June 2003 an epothilone substrate and the culture is returned to the
shaker for further incubation.. At 45 and 60 hours, a 0 5294 %Q%Qﬂﬁ is
renoved and assayed for the formation of the hydr oxyal kyl - beari ng

epot hil one by the HPLC analysis tl-~at follows. The m croorgani sns found
capabl e of carrying out the inventive process are then selected 5 for
further anal ysis. Exenplary enzymes for use in the present hydroxylation
ar,: the cytochr orreTPEEB@“’tﬁtﬁﬁéﬁ?j’eﬁFfeﬁé%ewwlg%ﬁHaﬁ‘é’éﬂql@@)%ﬁ%ﬁmr om ni crobi al ,
marrmalran and p, W th

Oxi dat i ve Enzyn%dg{,%u kg Pu%ﬁ?ggr?edrist e °kpéa%ﬂg° Ea@&a&{??e bﬁl@ﬁgﬁ%il%l)
Enzynes may be ‘Pl‘@@in&tra‘dmp*?mrmeSysv;npllr@ludmbueixt mfabﬂﬁt%t%m@ryrbmﬂ fartighy i on

met hods, such a LG y, gel
filtration, fol tﬂyd‘}ﬁgﬁurgtfﬁd %?%292% gégﬁ %féﬁ“a%c ﬁtbogﬁgéﬁ{tﬁgaventr on
further pr ovf des t hahe @mymelé re@e{p'ahrhoeoco'fchctm@xcprlematlsudez;mbmegmups

Ml ud g, but | ReE T s a8l B Ef g Al RoPRARES) MM B E 05 ana

Acl t no~rycel espartsltdrmﬂm'l SoupsSch of viich nie§ de bytionally Sahﬁtiwdt echni ques. Where

m croorgani snms are e d 5{@ | f Ig”? i ntact
wet cells or dried ﬁ}eysﬁgﬁﬁﬂ%ﬁo%ﬁl |)zé‘é ‘%‘%&%&‘i’ dri e§y,f8f eaéle’dri ed
cell's, or in theneftofonr whstitveataswt acakil; subtiorddalkyt bab, tafuorampthored cel |'s or
cell extrac I is al so

cont enpl at et(ltlé Tﬁﬂg?{grg?h@m}%%ng%nﬁgy ﬁlgaﬁ(gﬁ)?)g hQ&%EﬁE, gt?cll‘?dg t|mzz coh, nodified
to contain a geadmnoylo:geammofadqylamn;oragkylargmo,weclmikydmnm bﬂztyqyebarmaqnabl e of

catal ysis as de i h ni SO, are
enpl oyed, the e%gl[ﬁghl%? aﬁmgd éa?y“t Brod %gﬁﬁo8£10{®1ﬁl°nle?eeés),cg&%%f’h‘{fee‘n i on may
be carried out slums:e«'queqatbow) carhaxydlisylf arbammt altwmrmrhﬁnylt #yltiooe,00r gani sm

(two-stage T er Mo Qlkgsﬂﬂorﬁy FRALLAD. BTy ol € B Uik %ﬁb bdent EF @V LD, that

is. inthe latt case t1on and hydr Tation

(singl e-stadge f@ﬂh@htlatlmtsﬁbahﬂio hydtexyx giklt alkeonry. Nﬂﬁebwuteﬁ@uixgmﬁiltsm or
enzynmes used heg@lgrgﬁp%he prepared by known neans. See, for exanple, J. C
Iiurter-Cevera, . E. Fonda, and A Belt, Chapter 1 30 "lIsolation of

Cul tures, " iVtanual Th¢ term daralkyl] wfers to pn arylogspyp borded disestly hrpugastaliell oev, edct ed
-1 23 June groflD Ruch¥s Bnzyt: Demain and N. A Sol onon, Anerican Society
for M crobiol ogy, Was hi ngton, D.C ., 3-23 (1986). The i nocul um si ze) i.e,

the amount of m crodPeEAn Ssbuimsed ke ead subssigitdslkend” 55T QFEOUFY t he react i on

m xture, isagel eﬁtngdctleoﬁblcewbmmw&rdswﬂth 4R Be BRI ARNLE SyslemhwiH 4XY| ati on of
the present invention. is preferred to obtain yields in excess of 20%

Typically, to ckrs 9"°C§H‘?5"t“ﬁ'§ bEJ‘PE)ElQ%' ally gr Eiuh%'é‘l‘ﬁddﬂ‘i"%’rag‘él EXbhsr Wgﬂu'ﬁ“ﬁnges from
1% to 20% of thﬁeﬁﬁﬁﬁﬁddq&sﬁbgﬁtwdmk Preferably, the inoculumsize is 2%
Fermentati on Medium_ 10 G owh of the m croorganjsmselected for use in the

process may be achi ébelmBycysaky refrup AQPYPnalRt Tpstitipd Rratidicy dip the use of

appropri at e nut hydedhrbstBiHgliRtenNDpreRRAbly 3bMaiiMg il & F Miigs bt ©17QMbEE
m cr oor gani sgts i.ncl ude those that provide nutrients necessary For t he
r

growt h of nitr obRgayhighapgycde fusther furesrw@ﬁam@rmrtc ERRPSYRIE HBha and 1. M
Wasi | eski, ChapEginphiy grdfe irkluBe&kcBpropal cytlobli@] dytidbentyl, cyclohexyl,

cycloheptyl, cyclooctyl, cyclodecyl, cyclododecyl, and adamantyl. Exemplary

substituents include one or more alkyl groups as described above, or one or more
groups described above as alkyl substituents.
30 The terms “heterocycle”, “heterocyclic” and “heterocyclo” refer to an

optionally substituted, unsaturated, partially saturated, or fully saturated, aromatic or

-7-



15 Fermentations,” Nutritional Requirenents of Commrercially Inportant
M croorganism edited by T. W Nagodaw t hana and G Reed, Esteekay
-‘Associ ates, Inc., MI|waukee, W, 18-45 (1998); T. L. Mller and B. W

Churchill, Chapter 10: "Substrates for Large-Scal e Fernentations,” Mnual
_of Industrial M crobiology and Bi ot echnol ogy) edited by A L. Demai n and N.
“A. Sol onpon, Anerican Society for 20 M crobi ol ogy, Washi ngtaon | 22- 136

(1986). A typical nediumfor growh includes necessary car o‘hl Q?ES
nitrogen sources, and trace el enents. Inducers may al so be added to the
medi um The terminducer as used herein, includes any conpound enhancing
formation of the desired enzymatic acti Vlt within the mcrobial cell.

Typi cal i nducer $onEomatieayche perh Grgyammie whish issd to & mebersdaronasydlicskio| ve
substrates, 25 wﬁiam@éeaﬂ&&s%hmmuhfsme}n@&edﬁth%ﬁ&h41 §t9.5rmm}ﬂﬁfama99<a“e

et hanol and acetone. Further, sone substrates, such as epot one B, may
al so be consi deroevhese@oamxmah@ép@ca@awmcswmagngmﬁmmﬁm sugars such
as glucose, fru tal,

gl ycerol star ch%@%&'chg@o?ﬁiée(ﬁ&%?n ggﬁlle%g)gg Jgﬁ(s}% le%somg |r%a(r€(11ngc%lg£tbde) SOdI um
citrate, and 3 hdrom nt@gelamrnalom@atgmw@hul&s atemsawhste thayriopesmand 8lfurand t he

i ke. Preferred I gl ucose,
fructose, sucr oshgérrogﬁl?/é@?%{lgoe%db%?g?gﬁ“dl%tmﬂhggﬂ% n hktg;(?%tglqil;nt ¥ ogen sources
may include an Nptonalis begquaternized. iThe hetenoexsli¢ grquromay beeiasbedat pnyalieterdatont
extract, yeast exih@aGto,iryptone, peptone, cottonseed meal, peanut neal,
am no acids such as SOC?I um glutamate and the |ike, sodium ni trate, ammoni um
sul fate and the |i keExemphoemeroerrlinbeieroeyylid gieups ihelugerymesdiarh pyralyfanese,
calcium co t, r hat es may
lse bo adadd rllnd'tal F?grlaml}l &QI}@ eﬁ}g &mngﬂﬁnlaﬁk@ﬁﬂﬁwoﬁ@ﬁ Hxﬁxdafﬂﬁigl

medi um enpl oyed okaplyt, hnazbl@mvénxoaambwl nwymhbltlu@elyhﬂn@wwmlnthaﬂ@ld@a/f bon or

150thiazol so lid r hi 0 1, ]
naucods modi o, P RbbF boRbalerhl s ERDELERE oA, Bty "R
Preferably the piragnyl épxwmewoﬁe%gxoefpemwl ﬁrcecsmmohdlmde?wxammys carried
out under subner, ;?% ani sns
and/ or hydro Igtg%glr}{ﬁg g}g}rl%fngpﬂﬁgwt ﬁgéxr?eé: }('Jgﬁ E wﬂr’%@ﬁ#%}?ﬁ%}?l on, the
pH of the rrekfuyumtiaéydmpéfaeylatbtlr y4lrp@mem&ttetahxd@otmgpyamwlf@teammbﬂ@yl
Lenperature is oMt ditfnofofhPtioRdCnAERIAR Rl JLRERERAL UT e 1S

28C. The aqueous ne 5 inc or a perio tine necessary to
conpl ete the bi @nd wihydioral disothisnyhskirixamil.dwttipzolidingh thetanys thiisany), qui d

chromat ography (Pl andbPloGRlhdhe fide Period of tinme needed to conplete the
transformation is twelve to smtgﬁzo hour s andhsreferably about 45 hours
after the addition oFxemplersieystiq Betesocydticeareppaiingluge bsngothipzelyl, benzexazlar v

shaker (New & ungsyothlen Cdpf%{i{chénhﬁ qluﬂaﬂm éfn%m.ynmp@n&t kef@hyRitoisba@ndi@yi300 r pm
and preferably about 250 rpmwt hr ow of i nches. Separation and

| sol ation 25 Thés°ﬂ‘§}ﬂ91’é‘xly'8ﬁ“@§‘1‘daﬁ‘§&'r P‘i’?ﬁ"%?ﬁﬂd&?"“&'&ﬂ brazqfuryly cheomerYlr om t he
fernmentation br ebiindiyicamonnyi @nﬂkalms%@maazbtyatpyﬁn@yﬁwnmmb%m@uéhcaﬁ t he

recovery of other ¢<2novvn bi oI active substances mpl es, of such

recovery means itfei2dedpyrgy!. %13 ﬁ&ﬂpypfhﬁ?ﬂi erfuels3- l?]%idé{’tyl)o‘}\hyélfﬂﬂs"ﬁ’&?lp"l‘l cation

by extraction WdﬁH}d@q\ﬁﬁ’d&Mﬂm is@ohak 3, 3Qhy8BL4-oxoUfRaRENEY, b&hs&ﬁﬁi@le and the
i treat t with a conventional 30 re f or

i ke; by pH :?5 g}sﬁt ment ; ﬁ f
exanpl e, BrsAYazglyh Rengopiaziy ergpiutazanyl, penzothippysanyl, pengstiazglyla non- i oni ¢
-15 benzpyrazolyl, dihydrobenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl,

dihydrobenzothiopyrany! sulfone, dihydrobenzopyranyl, indolinyl, isochromanyl,

isoindolinyl, naphthyridinyl, phthalazinyl, piperonyl, purinyl, pyridopyridyl,

quinazolinyl, tetrahydroquinolinyl, thienofuryl, thienopyridyl, thienothienyl, and the
30 like.



23 June 2003 adsorption resin; by treatnent with a conventional adsorbent,
for exanple, by distillation) by crystallization; or by recrystallization,
-and the |like. The extract obtained above fromthe biotransformation
reaction m xture can be further isolated and purified by gradient elution
_.col um chromat ography and anal ytical thin |layer chromatography. The
"protocol for the extraction of the product of the exanples that followis
set forth below. Gradient Elution Chromatography: All col uéhJeng 8883 ogr aphy
was carried out using a 1.5 cm (internal dianeter) 10 x 20 cmlength
Spectra/ ChromIM col umm purchased from Spectrum Medi cal I ndustries, Los
Angel es, CA. The col Bxamphag subbtitnants igghiclk ek dramoreaioh geoupsess idesexilied above

Appr oxi mately 16 0 il . ; - rchased from EM
Separ ati ons, New" J&F srgf/o)ré é/fg'zpsggﬁ?éegég&?% %g}ltsgbgti%%&mrm%p h%@égﬁ'& or toluene
and added to themldrhetarocyrla, sichng| epoxidesrand ddmididesd was al |l owed to form and
pack under 15 maximnmu r avi fl.ow. Sa S re absorbed onto the silica
gel before applying ﬁégﬁe% a?)%ag?gédefgg?%@bﬁﬁ%%ar gradi ents were forned

usi ng a Spects¥ um gr atthetaim Eubstituted allpai aties tovd(Ofhsubsingeddligd of two 500 ni
chanmbers. Anal ytical .Thin lLayer o raphy (TLC): 20 Aliquots (9 w) of
col urm fractions wer &PSEE taéc}é'?t%f%{]ﬁﬁ?gﬂgg%ygi lica Gel GHLF precoated thin

| ayer chr omat ogr aphy The @ineSubstionddeebly]”kefers tRL(Opsubdimeddrdr on t hi ckness,
purchased from Analtech, |nc. [ ing 3 p,I Mcrocaps (again,
trade nane or tradenﬁﬁ?ﬁeﬁ?qf'ﬂﬁyl%meSffmgg%(?/lg@?) di sposabl e pi pettes.
Spotted pl ates were Uhvemoreyl datkyfsilylt eferprapSitalkyl)p@ey)t anks equilibrated with

t he specified, el uant 25 Alter sprayi t he developed plates with vanillin
(99 parts 2% w v) o X o ‘%ﬁﬁ&ﬁ@i‘ﬁ-f?"gﬁ‘?t‘g@&ﬁkghyﬁat ed sulfuric acid),

t he conpounds wer e viThei@in 2Reroatokdd” galincRdh@agen) ghlfuttid naregent i [ 1ty 30 1' he
invention is a proce by whi ch,conppunds t hat .are m cr.ot ubul est abili zing
agents are produced. ﬁ%‘@&%ﬁﬂh&é{m nEFq‘ErﬁngiuPWée’ PgLroming andiodine, | i T 16
23 June 2003 the tredha@aipo@ids af femiulel thiroodh [Vameomn saichvitt dieadi njptadd | f erati ve
s et ey b RSl S % 3 SR, o,
pancreas, st titachagnesamy iwith otdayic baseks sacidassikiyclpheaxylemine amigrigigylamioe) svithel | S
carci noma; - hemat.opoietic tunmprs, of lyvnphoid || e,a. lingl udi | eukem a,
ceute | ymphocyt 1orpaepgine 4 b K smeiE N ad ERRC uSHGLBY | TERT S
T-cel | | ynphona, obldgddbreatpipbly erehangirgrihddadgkylivscill propine nftheytvantaiv acel |

| ynphoma and Bur . Ly.aphoma; - et . LS ; of: el.oj d

| i neage, i ncl udi Jr%gg’glﬁtaégghﬁoﬁj ”égxmp é‘gnldcsz o%@%ﬁl@aﬁgﬁs\%ﬁg&e‘(eﬂ Cé‘léo(?‘é'ﬁg%e&%
pronyel ocyti c | einkbivhhe salt precipitages of in me smeais ynraiumdollogied by evapdratbhng

{1 brosar comy@ndolahealy ASGALH A Biown (OhB& MR an! NC! udi g el anom,

sen noma, tetratoearel nony,
The compounds of formula I through IV form salts with a variety of organic

—t

and inorganic acids. Such salts include those formed with hydrogen chloride,
hydrogen bromide, methanesulfonic acid, hydroxyethanesulfonic acid, sulfuric acid,
acetic acid, trifluoroacetic acid, maleic acid, benzenesulfonic acid, toluenesulfonic

25 acid and various others (e.g. nitrates, phosphates, borates, tartrates, citrates,
succinates, benzoates, ascorbates, salicylates and the like). Such salts are formed by
reacting a compound of formula I through IV in an equivalent amount of the acid in a
medium in which the salt precipitates or in an aqueous medium followed by
evaporation.

30 In addition, zwitterions (“inner salts™) can be formed and are included within

the term salts as used herein.



15 neurobl astoma and glioma; - tunors of the central and peripheral nervous
system including astrocytoma, neuroblastoma, gliom, and schwannomas; -
-tunors of nesenchymal origin, including fibrosarconma, rhabdomyoscarom, and
osteosarcoma; and 20 - other tunors, including nelanoma, xenodernma

_pi gnent osum ker at oact ant homa, sem noma, thyroid follicular cancer and

t er at oear ci noma. Conpounds produced by the invention will also inhibit

angi ogenesis, thereby affecting the growth of tunmors and pedvurg 2§03
treatnment of tunors and tunor-related disorders. Such anti-angi ogenesis
properties of the conpounds of formula | and Il 25 will also be useful in
the treatnent of other conditions responsive tqg anti-angi ggenesi s agents

i ncl udi ng, but not | WF@%“F&?IV%@N§1CH°?“B?“H§5%20"15‘}“?}13‘%‘%1 yralFRd to
retinal vascul ardog@ipiated hééih"Thetiért, praF@E ad @kd berdin) HbrRRERESHpouRS WKEH, t 1 S,

mul tiple sclerosis, restinosis and psoriasis.  Conpounds produced by the

i nvention will iYReReBNIBITLAMm o spbiethpesaqes chemicabropyrsigndy pftabalic Tel | deat h
process criti calchémicalPhedchRes t516¥ala@oRBhd 8NEmNMBRSLAIY Sor aAE SaRE T ONS  Of
apoptotic pathways contribute to the pathogenesis of a variety of human -17
23 June 2003 i sselyate theregh fiopersamsle fompends phfommulaldhrpygh I snaydermizat or s of
apoptosi s, Wil Beokial ter mdichhaht ELRHYRIRlestEl af cHAELGHY ffnedibyTBN di seases
wi th aberrations in apoptosis’including, but not limted to, ‘cancer and
precancer ous | esseAlyingjapnefiike %@%ﬁ@@d%@“‘é&“é@’e&lf@eﬁh@é@? digelqsed ringnf ect i ons,
degenerative di %&a&@é(s}b?fsada@s BUBClohpaliab 6f BimuPYShEiBh PV aRDritiiiiey di sease.
Wt hout wishing to be bound to any nechani sm or norphol ogy, conhpounds
produced by the WA®Ehti on may al so be used to treat conditions other than
cancer or otfer prol Vﬁ&@?&%@oﬁﬂr&ﬁ@%%-weﬂ%&m@ﬂ%‘&! PO exhiifits Wiy cnbUt are
not limted to viral infections such as herpesvirus, poxvirus, Epstein-Barn
virus, Sindbis Aredmug delvery deriygfivap§eer us; aut oi mrune di seases such as
system c | upus eryth t j esli : itis,
rheumatoid arthriti s@gsg%é%%_t‘mﬁf am*rxalr{a(g):rg_qu %Aéaegﬁlﬁvgggg@ and aut oi mmune
di abetes nellitus; nBuroddefhads ininzymolegys Ky W@%ﬁf%%ﬁd%s)mcz"ﬁﬁlﬁﬁm% di sease,
ACDS-rel ated dementia, Payd{ifsnn i8¢ gioggase, anyotrophic laterat sclerosis,
retinitis pignentosa, spinal nuscul ar at_roph)é and cerebel | ar degenerati on;
15 AIDS; nyelPodyspl a®ti ¢ Adshogkallrug Design and Deyglopment, KrosgaarndiL@rspingy v

associ ated nyocardial i nfRIBuhdgQRE (cdfbk)) KBaptR S, “DRAGT dol AlpPitalidh i1 Y ;
restenosis; arrhythma; atherosclerosis: toxin-induced or alcohol induced
i ver di seases; henat ol ogqr%%’gsdilé%é%léég%'ﬁch as chronic anenmi a and apl astic

aneni a; degenerativedyi seasasdgirdAfantes DelgQsitdreRliewiySs 1 S8 BYE)) as

osteoporosis and arthritis; aspirin-sensitive 20 rhinosinusitis; cystic
fibrosis; multiple s8)erd&iun WGTM&EGS%@H%W ain. The present
i n\d/enti on t lths Er ovi ges aq_rmkég@dt af cmmahM%Bal.,mbbpg?s4).ﬁr ef fer ably marmalds
and especially human in _nee treatnment for any of the aforenmentione
condi tions, especi al &9" RO Bﬁ{‘%‘f‘YféPmb'Pﬁ‘l ?xfsé?sd’t"fl%/pée WHERLREUBEUIG B0 § si ng
the step of admstr&isofmkidgWhile the Sdilfjotids shawnteeth drd@prel fobnadptitatast one
conmpound of fornmula | an [, 25, in an ampunt effective therefor, her
Cherapout | ¢ agerpienatoon duletniBio' B ABe R RGsa s R USRS R« ¢ he

i nventive conmpounds in the pres@aiersiMdtballs of Préphvatioiet hod of the present

i nvention, sych otheyr therapeutic ts) may, .be adm ni.stered.prior to,
1l ¢ aneousty wi ¢ h BrEePET BE P B e PRy SR BRI ERB SHhas) o

t he present i nvéeiprodaceddO cultueingd hipmibtpdsisia BDenayme) tapable offsplectivelypr oduced by
the present invention my be.determ ned by one of ardi.nar kill in the
art, and incl ude%’ar&}tel?%gﬁl’?m%gcﬁ%g" 9rla§(yl’ '%%‘eBﬁﬁeéc?gﬁﬁu‘ﬁﬁﬁé%ot%@k?%r a human
of from about 0.s08strhe iiR4iquephkgutritaymediviun cdntairing soercadfssingihige edbanand si ngl e
dose or in the forom of (iindi Vi du(g%emgivi d(gtd doses, such as from1l to 4 tines
per day. Prefer AP HRIE SIPESHER FEOXdHi Wi stered in a dosage of |ess than
100 ng/ kg/dayp, in a single dose or in 2 to 4 divided doses. It wll be
understood 5 that the specific dose | evel and frequency of dosage for any
particul ar subject may be varied and will depend upon a variety of factors
including the activity of the specific conpound enpl oyed, the netabolic
stability and length of action of that conpound, the species, age, body

wei ght, general health, sex and diet of tlRe subject, the node and tinme of
adm ni stration, rate of excretion, drug conbination, and severity of the 10
particular condition. Preferred subjects for treatnment include aninmals,

nost preferably manmal i an speci es such as humans, and donestic animals such
as dogs, cats and the like, subject to the aforenentioned disorders. The
present invention also provides conpounds for a pharmaceutical conposition
conprising at |east one of the conmpounds produced by the invention 1 S

o, L, o

O ES




23 June 2003 rel ease. Imedi ate rel ease or extended rel ease nmay be achi eved
by the use of suitable pharmaceutical conpositions conprising the present
~conpounds, or, particularly in the case of extended rel ease, by the use of
devi ces such as subcutaneous inplants or osnotic punps. The present
.conpounds may al so be adm nistered |iposomally. For 5 exanple, the active
subst ance can be utilized in a conposition such as a tablet, capsule,

sol ution or suspension containing about 5 to about 500 ng Edunmi200dosage
of a compound or m xture of conpounds produced by the invention or in a
topical form(0.01 to 5% by wei ght conpound, one to five treatnents per
day). They may be conpounded in a conventional manner with a
physi ol ogi cal |y acceptabl e vehicle or 10 carrier, excipient, binder,
preservative, stabilizer, flavor i Uglwn h a topical carrier. The
conpounds of the i nvention can aIsoSU"'Pbrﬁu f'dfed in conpositions such as
sterile solutions or TBdJSJpéﬂmcs)ﬂSpl«B\@ﬂ a:‘p&&!’n&iﬂtlﬁﬁ’cﬂlh mdm‘mmmtnna&mmm nAbout 0.1

to 500 ng of a cg oun ‘f by the invention na Ur ng ynqed wth a
physi ol ogi cal | y Bccept B”’“ F@F% “CArTiEr" %X ém”aeHF‘ %ﬁl?o

preservati ve, Stﬂbhﬁmm§m¢e£Wﬁmmhbﬁoﬂ&ﬂﬁhbﬁ&ﬁxd@ﬁ&@@n&ﬁﬂﬁ?ﬁSVﬁaj|ed for by
accept ed pharyaceqtlg pr agtic%. The & nount o active bstance in these
conposi tions dr BrEFAPLETTERE 18 OpFarE %FﬁagﬁsﬂmfﬁdFdéq [Y'8B"e dosage in
t he range i ndi cat-édosus:, @b&ﬁmmﬂﬁswEMﬁmﬂha&yeﬁaﬁnﬂsmklOnS for oral

adm ni stration inclu Densi o |ch may confaln'kfor exanp| e

m crocrystal | i ne cel ‘?Sflfﬂﬁgpffﬁﬁm T RS G FREEORE P o 8P B odi um
alginate as a Su&ﬁeﬂﬁhtﬁ@:d&x@&nhq ferehydroElShuak 5. casioaunv$ S €06t Yesanbancer ,

buffering agents, solubilize eten or, fl avoring agents such as
t hose known in tﬂé% Qoéﬁﬁwﬁﬁﬁgﬁ @Eﬁéfﬁ %zmzébFﬁtﬁhﬁhpgﬁm%ﬁﬁ cont ai n,

for exanpl e, 1m csmmgz;vah biigEorgRkshidh g?/ﬁ:en.amﬁadtﬁh umxm%sﬁhaﬁa,(nﬁt[ar ch,
magnesi um st ear at e r ct ose n or other exci i nders,

ext ender s, d|S|nW@8§5h?& h %@WF§ SHECEEOF 6&?§§Hf §ﬁ%ﬂj g f'ose known in
the art. Mblded Jal.etigm MDIB@WB@!S&@IBﬁhloeitﬁlwbéf-n@@z(e?")@lfHQﬁtht aklpets are
exenpl ary fornms which ma used, Exenp onp05|t|ons i ncl ude those
formul ating the ﬁ?éE%ﬁ?’%ﬁﬁﬁBbHﬁ?fQHP?ﬁsF&Qﬁ”ﬂ?%§5ﬂVﬁﬂB“ dleruiéhttstsuch as
manni tol, |actose.i»sokdhose andh oy, Neywl odext cionsisod) o kuded, y nxsuch
fornulatlons may be high nDIeQuIar Nei g t‘ex0|p|ents such as, cel | ul oses
(avicel ) 30 or p6fﬁ%t%yﬁ8hé“>‘ycﬁ §¥? ) (1% 4K SEORFILIERLS Bns ™ fay “al so

i ncl ude an exci pyewdl. & Scal, ghgnrgos@bssadhesi on such as hydroxy propyl

cellul ose (HPC), hydroxy propyl -20 23 June 2003 nethyl cellul ose (HPMO),
sodi um car boxy nethyl cellul ose (SCMC), nul efic anhydride copolyner (e.g.
Gantrez), and agents to control rﬁhQQSQusu&hm@@npeLyacryIic copolyner (e.g.
Car bopol 934). Lubriqgnts | i dants, .flavors rlng %ents %
stabilizers may al so 'Be“Ed0ed 67 " ag%“%?P ﬁ%Pt%d?FSH'bﬁ S *5VExenpl ary
conposi ti ons 26 or exgaadr rﬁ&b@@ﬂhsnﬂd’apdbﬂﬂ’tﬁlsﬂécm@dﬁv auehiizink Sieletyin@fc | Ncl ude
solutions in salh mg ¥ ont ai.n q1 np ben%y al cohol or other
sui tabl e preser va§REon d5§°6‘ BB pret Cfl P e R R e OHPY SV7ATF abi 1 i ty,
and/ or ot her soIubhbdRMﬂgmmmmdbgpﬁmsmngmagEntﬁp&umhma&nbhmsﬂxknpmn in the
art. Exenplary cpg¥05|t|ons o %gren eral ad nlstrat%on i ncl ude

i njectabl e 10 sofUt1°6i8"8 “?&58% FORY SRRCERS HEy BOREEPRT CF g% %Hﬁle
sui t abl e non- toxgmhpmaﬂﬁﬂﬁ@khyﬂ@cmepﬁﬁbﬁMGdmbqenmSmmnm&mhM@nﬁﬁuwsuch as

cr enophor, n%nnlt 1, 3but ane |oIi F lg q ution, an isotonic
sodi um chi ori‘de SbYT BRI G ﬁé?pgﬂ*fﬁﬂfg‘ﬁf‘ﬁéwgmﬁﬁhﬁﬁoﬂéﬁFF% b and
suspendi ng agent&mhbn@hmdmammﬁMﬂwﬁeibﬂmﬁﬁﬂ@ or diglycerides, and fatty
acids, including oleic a?Id 15 mﬁ sitions for rectal

adni ni stration incl ud®i& ﬁb§?%ﬂ??@% Hﬁy”tdhﬁﬁfﬁpmfﬁ?“é%anple a

sui tabl e non-i rriidvadtioR thaf¥EdeRtBNrom HeGhreaSinGQEQRALID Wt Blited &Y AtMRIb&1e,

gl yceride esters or polyethylene | ycols, which are solid at ordinary
tenperature, but APVERAE s RS e§§6f%é}Wﬁ“fﬁ@“ﬁééf&W‘ﬂHWrty to rel ease
the drug. Exempl gty ea0mOShih@DSnla0- t0RLCAl:, adm Di.gtrati an.d.pel yde a
topical carrier 20 such as Pl astibase (nlneral oil gelled mnth

pol yet hyl ene) . FoHCaReARFIEPets E1EBRIRAMARAS LSO HE rRVER TSI ey iDbe

adm nistered topically to treat plaques associated with psoriasis and as
such nmay be fornmulated as a creamor ointnent. The conpounds of the
invention may be adm nistered either aloné'-or in conbination wth other
anti-cancer and cytotoxic agents and treatnents useful in the 25 treatnent
of cancer or other proliferative diseases. Especially useful are
anti-cancer and cytotoxic drug conbi nati ons wherein the second drug chosen
acts in a dlfferent manner or dlfferent phase of the ceII cycle e.g. S

. P T T Y Y R T T Y T " M



23 June 2003 fluorouraeil, 6-nercaptopurine, gentitabine, cytosine

ar abi nosi de, podophyl | otoxin or podophyl | otoxin derivatives such as

-et oposi de, et oposi de phosphate or teniposide, nelphal an) vinblastine,
vincristine, |eurosidine, vindesine, and | eurosine. Exanples of anti-cancer
.and ot her cytotoxic agents include the follow ng: 5 epothilone derivatives
as found in German Patent No. 4138042.8; WD 97/19086, WO 98/22461, WO

98/ 25929, WD 98/38192, WD 99/02224) WD 99/ 02514, WO 99/ 03823 Jun®200B807692,
W99/ 27890, and WD 99/ 28324; cyclin dependent kinase inhibitors as found in
WO 99/ 24416; and prenyl-protein transferase inhibitors as found in WO

97/ 30992 and WO 98I54966 %?The conbi nati ons of the present invention nay
al so be for mul ab%yveHr PRBAdniHI“Gr E5°8Y 01 tREIREF AR dpdupieclagent s t hat

are sel ected f ofictddRakistAahbtingiH REn USREUIRASSscicbiadMyRiosy gk hRGmIAer api es
associ ates with the aforenentioned conditions. For exanple) the compounds

of the inventi oHONE]R WESHEESIANAPER SApthHPNS fShe AT ofs¥ aqidritoriiani S 8C

hyper sensi ti vi t yspo i gashidC shIstihih 8119847 BUC48S AN LERRE S dindRdr H  and
15 H2 antihistam nics. The above therapeutic agents, when enployed in

combi nati on %ntﬁeﬂW@“@@ﬁﬁ@ﬂﬁ@@”%ﬂwlmé“ﬁW@§énﬁ/Nﬁvéﬁiﬂﬁﬁ7pﬁﬁﬁobe used in
th t y i
ose amounts ifghmat géjsp' ﬁra‘irhg Pﬁgﬂv% @&ﬁﬁd Pﬁﬁna LGOS G %}P%?r o r > d

ot herwi se determ ned by one o Inary s I'n t e art.
Cormpounds | n a piledienr B tenbGdAndnl" ssfusadiversiprrefsremt the aeerton onmbeeplibhi | one F

i s obtained by W%?f f . th rQOr gani sm
Anycol at a autot%@%ﬁ?@g d@&%g%H%m°§ %ﬂlfg%gl ngd %&ggg éﬁt|tunnr agents
useful in the tdepaditmyrior thd 0r2¢5“$’8.ﬂ‘-1f§5ﬁ$tel Ahhdrierrsccangy. havergahiemfvak | owi ng

chem Pal stpyict E)gs?tic‘st.‘I\v%e IX'j'ggb:.);mderIflaposu nurP]ber PTA% NEFh.. tc.I"I‘l % (&Jnotes

Epot hi | one -23777237Juneé 2003 0 ~U Vi honme-<~ ~'~ =[-- ,,o0l, o
ve. h-te ~ IV ﬁhe (szizndiion glveRtollomhrdotpasisik ad pmnmﬁdteiSqmbbt@ﬁ;&rmEbdumrbodl ment
[ [ one i on of

opot il one. B w T ERE R ePBERuRR BT TG BTt o scl ss=-7
hTa-103. 1~ hile epthmk@memﬁmandsapo@hwhmmemﬁqmamhbmmﬁmdmammﬂbenselves be
used as the final praoduct . 3s .pharmaceu actlv acents t he
i nvention conteﬂﬁ?ﬁ?g% eﬁﬁ?”tﬁeh@§6%ﬁ$1@ﬁg?nﬁbdﬂ e%é ﬁe%éﬁt process
can be enpl gyedi 76-1p8a0sS) @idiechphiat, Me e Bl H. Y.ad&d] N.@.,&rﬂﬂhhHJOSleS or

derivatives or anal ous thereof | 0 the epothil one product of
the present profedsVEgRCHEcHYd’ {§9B?é§§$b t he epothil one anal ogs descri bed

in DE 199 07 538. 3, ThbBiologxhilyofurs HicfBraaSisthiVEacpRiakedopriLATC@s520f set
forth at length, or the exaggles set forth herein, mwhich epothilonc Fis

e, ~pl oyed as tH® &yuppicngpTERRSCAPS P TiAnt WP Asdp iR gucroorganisms capable of

carrying out the selective hydroxylation process. It should be understood that mutants
20 ofthese organisms are also contemplated by the present invention, for use in the
hydroxylation method described herein, such as those modified by chemical, physical
(for example, X-rays) cr biological means (for example, by molecular biology
techniques).
Those skilled 1n the art can select other microorganisms for use in the present

25  invention by use of the following protocol.

Assay for Microorganism Selection:
To a 25 ml flask contamning 2 ml of transformation medium with the same
composition as set forth in Example 1 below, a small aliquot (approximately 0 1 ml)
30 of microbial culture is inoculated into this flask., The culture is incubated at 28°C and

250 rpm on a rotary shaker for twenty four hours To the culture is added C.2 mg of



In a preferred enbodi nent of the invention) the process is used to prepare
15 cpot hil ones havi ng | ower hydroxyal kyl or | ower substituted hydroxyal kyl
~substituents. in a preferred enbodi nent of the invention, in fornulas | and
[1l, nis zero and mis 1. In a nore preferred enbodinment, in fornulas I
cand 111, nis zero, mis 1, and A is alkenyl. 20 Those sl:illed in the art
‘woul d be able to optim ze the cultur;: condaions, including inoculumsize,
t he conposition of the medium reaction conditions such a2 éunee2e@3r e,
aeration, a? tation, pH and tine, solvents used to dissolve the substrate,
and concentrations using known nethods and the general nethods of
preparation described herein. 2~ Al references cited herein with respect
to synthetic, at ‘ | Whd:£i RS h; i I ed by

ot o ance as' i far ey {Re AR FisPARRAVIES AL ACRRLELES e

fol | owi ng exanpités azd @ lphvd Yeal fligrotihempyadpadessaykd fdr thadermationyy thehe pr esent
i nvention and ne , |99 bd AR dat | on the scope or
spirit of the ﬁggggﬁ?q?hﬁgﬁf%%%ﬁ&g%gggﬁgﬁgﬂ%& T%?Féﬁgéﬁigg?ion of

Epot hi | one B t aniEfperghmiijrarfeur chpableobeagriing Snh teanidve@tive pro@ss@ondiert serisd A frozen
vial (approxi 2 ..of Anycol ata aui ot rophi ca ATCC 35203 10 was used
to inoculat§ g%éggxﬁ¥m%%§§k containing 100 m of the transformation nmedi um
The transformati on nedi um consi sted of 10 g of dextrose (Em Science,

G bbstown, NJ), 5.0.g of pol .0.g of yeast extract (Difco,
Dot roi ta ) and 3. BTG MY RO el PG bR B e T CERoBhe | ter of

dei oni zed wat erp-4s0eRpdndas k®nveygnisaoicdlhiat fedhn mirtotid enenthdlids &8 gk e | ncubat ed

at 28C and 250 rpm fqr 24 hgurs total 15 of 840 m _of the resulting

Ul ture was oot e Fh Lt G o Sty i GV g St e
substrate, wpotrblishas, IBs., New 2k WY &t fzane1 ). wasymeided.be THRd Ubt ¢ka@pas t hen
divided into forty-two 2%0 ﬁrﬁT flasks (about 20 m  culture per flask) and

i ncubat ed at 28 € FREUPEEC PR AN S vt '%Hyﬁﬁﬂo_éb@tr?ﬁ P’B?l_@ Bt epot hi | one
F in the cul t urgronasgRBR, barr@ehuby, fdiBWed bPard@lot @R thiemb TR frfieft no
addi tional production of epothilone 20 F was observed. The maxi nmum
conversion yi elieveia fypheapieidesdhot SRYBALRT AR HePraent slcctitrhydeiyieion of
epot hi | one B t g g ngglbwoﬁtedlﬁ%mtﬁé eRta RO BHC ifd1GRLd, B0 n@flimited to

[1S-[1R*, 3R*(E), /R*, 105%, 11R*, 12R*,16S*] ] - 7, 11Di hydroxy- 8, 8, 10, 12, 16- pent am
et hyl - 3-[  1bnetdrypialow @Riobigetrepdy et Fgh3 gigl Acunomycetesp strain SC 15347 PTA-

4-t hi azol yl) et h‘@@yg)] & ahle g’hmpg_cycl 0o(14. 1. 0] hept adecane- 5, 9-di one) The
above biotransforndtion reaction culture was rinsed into a four liter
beaker with dei oni z8thewarierongeispisarakmiyediiaralsahay tewerdlin thefamof | i qui d.
The rinsed reaghblel LAlb s NLARRONSHNIA XEd Widdd: hiRaldd B S0l et hyl

acetate using a nagnetic stirrer. A ours approxi mately Om of

filter aid Di cahdfoen ¢tirated sdbugers 830h ewrptied glepeelivkimsisallsy ustof rance CA)
was added aﬂjﬂ t@ﬁetﬂ:ﬁﬁﬂnh‘né@ed@r%ﬂﬁa?isvé@s? céJtJnﬁp@%ﬁﬂ 'Thg-n@st ge'llln]iag%% grgy\@ﬁ

transferred to 3 six liter separatory unne upon phas 23 June
2003 separ at i org,g- Ehdetichivero!:anjodiingdgo baner a guas oriessdpidbapkessifh enapmare organ i s
p;; ase was conc t Qe .y I NdqhQLary evaporator to give a crude
extract. The creﬁl?erﬁegfgpgg%t %ﬁasﬂﬁz‘lgﬁés% jdeégtx; 7d to colum chromat ogr aphy
using a one liter | Wiearongramérentcrofrgdnsrans cinplob@Yshaceyor® i n hexane. A
total of twenty 30 .S f ti-ons were ]l e d.  After 1'LC analysis,
fractions 10 anhdgffy e\}éornem%%%loé °&n nEel\?é%ger%?lgd%t%ni/efigﬁ ulggquﬁﬁt ‘%ﬁleepot hi | one
B. Fraction2il ~femaataswragoneatiecbotgoniym &lvd-sidgd femmpnafioreqmd éydilybmen)For Fracti ons

16 and 17 were pool ed and evapor.at.e ive ,a mxture of epothilone F and
26- hydr oxyepot HETSIE S Por o 0aL iy e heflal b b R 585
2G hydr oxyepot hijder@afbd ssgpsays forakhitident hyepatdied. (K. C. Nicol aou et al .,
The microorganisms or enzymes used herein can be prepared by known
means. See, for example, J. C. Hunter-Cevera, M. E. Fonda, and A. Belt, Chapter 1-

30 “Isolation of Cultures,” Manual of Industrial Microbiology and Biotechnology, edited




10 Tetrahedron, 54, 7127-7166 ( 1998)). The m xture of epothilcne F and
26- hydr oxyepot hil one B was purified further by col um chronmat ography using
-a one liter linear gradient of hexane to 80% ethyl acetate in hexane. A
total of forty 25 m fractions were collected. Af:er TLC anal ysis,
fractions 1-1 to 19 were pool ed and evaporated to give S5.4 tng of
“epothilone 15 P. Fractions 20 to ''~ were puol ed and evaporated to cl ue
26- hydr oxyepot hil one i3 contaninated with a small anount &8 Jé)gﬁ‘@tz"ﬁq?bne F.
Th~ latter m xture of epothilone F and 26- hydroxyepot hil one B was relined
further by colum chromatography using a 70G m gradi ent of toluene to 3~%
acetone in toluene. Atotal of twenty 3~ nml fractions were collected. TLC
anal ysi s showedp?f) 1t iRaih2AEk L1E31okfbn MWlerear SER0Y B RRLLUMIGS, epot hi | one F,
while fractions_18 througﬁ 20 contai ned pure 26-hydroxyepot hilone B. The
total yield of ®3hingangR& - B;23d38 NI at zd from the anount of epothilone F
recovered (126.4 rrghmmmrnh@n@E@y@&heoainoﬁwfmla&rgw@ﬁfem 2cdr@l§ﬁ)\;ehbh19ne B {610
nmy), was 2C. 7% 2~ E~canple 2 Biotransformation of lone 13 to

Epot hi | one r | bYelerofitkearcsen mbrrei selaptrhig a@meﬁtatlxsméthﬁ\ewmz@w vi al
(approximateky Rydid la $n6f“ﬂmetptré§9mxb0€xﬁ¥oﬁ ﬁ@spr&fzr‘iéﬂ't@obﬂ@yé@“ﬁk ﬁ&% sot0 used to

i noculate a Q0 nil containing 10G m" of the medium 1’ vegetative
medi um consi st s2@#- ?J(P“Q“bﬁo ey PutikerroERs theiroeyiue sizagnnyedwnges ), 1 C ~ of
mal t extract (Dl%Q@ZOMtﬁé)ﬂegmoMm}xnﬂé—q”r@feﬁf)lyyﬁ@ﬁgcuﬁﬁJlﬁq; 2‘%0 fce, D_e”O! t,
1~11) and | g of _, 1} June 2003 peptone (Difco, Detroit, M) in liter
of deionized water. The veget ative culture was |ncubat ed for three days at
28C on a rotary shaker operating at gaQ.rom of the resulting

cul ture was added to each of sixty-two §6‘8 rﬁ@fa “?ks contai ning the
transfor mat il®n medi Srevhiof the massoargaaismzsaiectebiopiess iint theprocess miycbevelyerdt i ve

medi um The cul bUgRseURleryiAf WAL 8lbPthe 28Gr AfibrRRe nbdldh: bRALA4 hours.

Epot hil one B (4. %6 gryéilass ved )?%6155 %b 5’% ¢ ano ? and the sol ution
was distribut ed_Apmomrhee rsqd;@tfyntbwowilnasktglcrdpra@mfsrhsaxsﬂsde\m@ethatrpewxcreet urned to
the shaker and pagihaleds rtﬂ@ th{?&é’dlal‘éélsh%gﬁmr@&*n%ﬁcra”d 250 rpm The
reaction culture was tﬁen rocesse for the recover epot hilone F. 10

| sol ati on and PNpgoﬁa\@manmdéfM Wasileski, Chapter 2: “Media Desngn for Industrial

[1S-[1R*, 3RY6E) FZrBf:m%t ?1”’ Ph&t%on%?ﬁkqu&géenldofEor]u]ngcﬂ)fﬂr %Mgrﬁ 8,10, 12, 16- pent am

et hyl - 3- [1 met droxymetnyl -t nit azor yr Jecrnenyrj-4, 17-di oxabi cycl of
14. 1. 0] hept adecé!ﬁ_ﬁmmeq b Vﬂ‘ﬁéasawmmma@% e Wyépporﬂeta%u on

culture was ri ngedMiatked Wle'i‘S k4 {1698) PR ILY MIIRP YO8 Qv RIAGHRHI, Mabler fR1 ONi zed
water to yield a g{t)irom mately four liters of I|qU| d. The ri nsed rgactl on

liquid was vigor 3‘{3&35&'#@?8@'@%}&}?%“?%‘@% industria) Migrpliolggyand af t er  one
hour of m xing, Bﬂ)ﬁH@ﬁMgﬂ’%ﬁéd&l\{?QﬂE Delntafyan@N. A $(ﬁ&ﬁonaAﬂerQa§S$cth)efor

(di atomaceogg eg{l neral s, Torrance CA) was and the

resul ting 28%m Xbige olws“@ﬁ"tg&nelacor}?%léﬁ%a%powchﬁ%le@%@re%l.te)

G efco M neral Slncl-ﬁﬂd'srnad'éﬁsﬁry%)bon sbiRed, hitrbgeats6urd@santl (re Slefeite AndRed t WENt Y
were allowed to separate. The solids

liter separatory funnel he has
were extract ed %’ﬂ%gswetaﬂdelgé%\a‘ te’é‘b%‘f“&fﬁb“séﬁf’ hereiny igpludes ap e
aqueous- acet onecdmgolifiddnfandiag f&ﬂﬁt{bﬁm thaldesled axzﬁrpwc@wvirywahm umacrbmmer and

extractedthree s, wth one liter, aliquots et hyl acet at of the
ethyl acetate 2% leﬁ?’?‘é?}f@“%é"raé“ Bgfréﬂ%g‘cgﬂﬁé‘g fsytcadp & ‘?6“’1(‘1? ! under
vacuum t o yi2el dsuzh ds @merhyllslfdxilie flimdthyl Forframidd tRoxaRS ethdnBt aB Setdae.d ont 0 6 g of
silica gel and gsuhjected to colu chr omat ogr ap (60 sjiljc 2.5 cm
ol 30 om 1 chith SyRCEPmER AR SR A sty hEPaFe on
fitting). 'The col urahrwasm&euheydmwmdhugariwahhsgh&bselmeaaé galadskecnt of hexane
to 50% acetone in hexane. A total of twen fractions were 30

col lected. Aft eMaHqsg sugrpsgpang Si@ﬁf‘og%%r“éh waﬁ*eé&ea%%fnw&f}%%"a*e ®d to

ylh eld 1.65 g epsidhin &B@teﬁodﬁﬁh@xtﬂaﬁlz&ﬂtbﬁlfkkdn@ﬁlc@i@ﬁtsﬁﬁhh@gtﬁanﬁl pl@?:%n@lﬂ at ﬁd from
t he anount 3 June 2003 epothil one F recovere 659) to the
3&”[‘?‘?@}}’%’315 el

anount of s sErelerred caiep spirees s Iuge. Pyt agpgnot limited to, glucose,

fructose, sucrose, glycerol and starch.
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g) was 33.3% Exanple 3 The foll ow ng syntheses provi de exanpl es where the
hydr oxyal kyl - beari ng product of the invention has been used as an

sintermedi ate or as the starting material to prepare other epothilone

anal ogs or derivatives. Epothilone anal ogs or derivatives prepared from

_hydr oxyal kyl - beari ng epothil ones are disclosed in DE 19907588. 3, the text

‘of which is incorporated herein as if set forth at length. 10 A Synthesis
of 23 June 2003
[1S-[1R*,3R*(E), 7R*, 1 Os*, 11R*, 12R*, 165*]] -7, 11D hydr oxy- 8, 8, 10, 12, 16- pent am
et hyl - 3-[ 1- et hyl - 2- (2- aZi donet hyl 4-t hi azol yl ) et henyl ] -4, 17- di oxabi cycl o[ 14
. 1. 0] hept adecane-5, 9-dione 15 To a stirred solution of epothilone F (957
ng, 1.828 mmol) in 20.0 m of tetrahydrofuran at 0C under_ Argon was added
0.47 m of di phenyl pN&SBMEPYresaRaY drelide auNripmine Agampigsped liguar, sagherv al ent s) .
The m xture was pghi Bé’e?g(trfa&rye@:h@k’thclt n%xﬁ@nenﬂmﬂiéﬁ@%uonseed meal, peanut meal

1, 8- Di azabi cycl o[ 5. 4. 0]undec- - ene . ny, Zp 1

equi val ent s) ~ wadmimapida gk as saﬁ@mta%amaéwﬂﬂhed@e ﬁ?@é%ﬂ@ammwwatat oC.
After two 20 hoypSihelie M xture was warned to 25C and stirred for an
additional twenty hours. The reaction mxture was diluted with 150 ml et hyl
acetate and Washed wifeef dirments ngy ingude magnpram £HAEHIGES, Falgjwn. oplalt, miskek act ed
with 35 m et hylirnaGeliahand J&&sxﬁﬂ@hlsnﬁﬁbsﬁﬂa@k@ma?alE@V@Jd@edViﬁ{rﬁ'ce%F' ed over

Nai S04 and concentrated under vacuum The crude naterial was

chr omat ogr aphed Prefarshly. grepiecthanyigqce amemntsd wit h 50% et hyl acetate in 25 hexane
to afford 913 ngy (91n@maim@&néﬁ@e@%r%qzmmmnﬁy iftfudembleqRnon€ Ol OF | €SS
oil. M5 (ESI'): 549.3 (M Synt hesi s of

[1S-[ 1R*, 3R*(E) Cmnqrwoﬁﬂwmﬂmhqewﬂﬂ~7 11D hydroxy- 8, 8, 10, 12, 16- pcnt am

ethyl -3-[ 1- ngt hyl - 2 ﬁ@feﬂéﬂ B%mlgl%%h mcludesa ueous media, particularly that which
4-thi azol yl ) et hen 17-di oxabi cycl oé (b hept adecane- 5, 9- di one To a

stirred sol uti oS crtbnrémalzq Bramplepbpmgin. fFfF@PrHY%@WTGWIWOQB@O@; ofthe 070 g,

1.950 nmol ) in %%SQ]( mvelgxonﬁs%ﬁi@lf')ﬁqnlgéeyE@Hle%@@%obﬁrcﬂgﬂnms added 0.22 m of
-28 23 June 2 g mmol , 1.1 equival ent)

03 trlrretvﬁgg osphi ne
and S.S ml of water. Forigeowih & tm@wwaga@ﬁmmé/@r ¥srayfarongaceqrdipgiothenper at ur e

for three hours.pefiPg om;gr%seaaﬁv&ﬁsmhﬁtpﬁd&fuﬁ%ammagp@mb@fi&né%ut%%/o NHAO0H-~, v
was added to conplete the conversion F [imne to am ne. After

stirring at ¥oo %?%@ewwraw;sfswm CW%@OVtéMQUfWéPC vacuum T he
crude materi al %e%ﬁgm‘g@raphed u5| ng silica gel eluting wwth 1 %¢t, N,

2.5% MeOH in CHC, yield 924 % of a white solid. In addition to
the epot hi | one anal 05129 a&H‘H’“ﬂ’é‘F‘?‘%ﬁ‘R}%‘E‘“ AERPeARY Udimenseessery tp GPMRISHF ng

conpounds can thJBi&iﬁnifBzQﬁh&m nkbxsd&r@ml lﬂélkbf&ss@@ﬂcﬁdn@@u&ﬂiﬁgk’dphﬁmcw t he
present inventiqn: 3R*{E), os*, 1 R, 12R*, 16S*

J]-7,11- Di hydro @plgalh' %pwdto&upayﬁggm? ccgnp(letq: the transformatxon is twelve to sixty

;jrret hxt/) | - 2- I(22[o|n pmehmméfa;gbmamt yfourk-afrér tRzZ4aliyiby &ttﬁﬁﬂysjn}ate4TﬂJmécﬁxm

I oxabi cycl o[l 4 I adecane one, E

os*, 11R*, 12R*, 1655}"1"])" 14 HOLRy ﬂ%‘r‘@v’ g“‘é 6‘%‘2“&‘%‘{1}‘%\%?@ 35“[““3 it 150

1- net hyl - 2-( 2. n-t@muramayd! pdierablyabiy bstdpintwitzahlbowlof 2inkiesy| | - 4, 17

di oxabi cycl o[ | 4. 1. 0] hept adecane-5,9-dione; [1 S-[ 1 R*,3R*(E),7R*, | Os*, |
1 R, 12R*, 16S*]]-7, 11- D hydroxy-8, 8,10, 12 20 tetranet hyl - 3-[

1- met hyl - 2- (2- chl or onet hyl - 4- t hi azoiSepamtimemnd Isoldticdh/ di oxabi cycl o[ 14. |

Ri)? QSpRE 1a(i g(é : e: g: ii_ ?ﬁ%ﬂ?&@yg?%ig;@%@ éalé)oé Zeg\/ercld frg)nsl*theji;tl:'rmentation

tetranet hyl - 3-[ lamtlsbmdnvam@% means daedrdgtdmmdontyhisedzfot thit Jeedvasrof btherkndwh

o 3????5%‘35 o) g ARRARTSRBNGR BrfrudotsleR fecpyeny mesgs incladey b gre gt

t et ranet hyl - 3-[ limitedey, hylhncﬂa and pﬁxmcﬁimy layttacdontwithazohwehtjombiselvedt|sueh | 7

di oxabi cycl o[ 14. 1. t adec . 9-di one; (B),7R*, 1
oS *, 11 R+, 12R* ai%‘g;‘*aﬁp ate/gnd en'% dﬂ“g%?!)“@“eg‘ b ‘“'(f‘ﬁ“ef‘é‘t"{"h‘h‘éinﬁ‘i}‘f‘°'?‘

1- et hyl - 2. (30 hyekin for 8intpyed, byt trdakrheat @ity dn) ida@nytibn ékclahgefsin or a non-ionic

di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9-di one. -29
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23 June 2003 Exanple 4 Characterization of Epothilone F Epothilone F of
this invention was identified by NVMR spectroscopy and has the foll ow ng
~characteristics: 5 10 Description: Wiite crystalline solid Melting point:
141 - 143C Mol ecul ar Fornul a: Cz, Ha, NO S Mol ecul ar Weight: 523 NVR (Observed
_Chem cal Shifts Solvent CDCl 3 (7.24, 77.0) Bruker DRX-500: proton 500.13

"MHz, carbon 125.76 MHz 15PositionProton Pattern C 131--- ---170.522.45
nB89.1922.30 m--34.12 d, J~. 373.00204--- ---S2.955 12 Joms3003
md3. 1073. 68 nv4. 3181. b3 nB6. 4125Positi onProton Pattern C-1391. 35
nm81. 22101. 37 nB2. 20111. 63 nB0. ?430111. 37 m--12--- ---31.34 -30 23 June
2003 132. 72nbl. 54141. 99nB1. 99141. 86m - - 155. 36775
16------ 137.72176. 52s119. 5018------ 152.17197.03s1 | 6.9220------ 170. 2010

214.83s62. 01221. 3b@w3m5e@3@yggezqusenayneeuwmﬂﬁeoee43%80@EQQQWd)
J=6.6517.111 S 2 S 23 June 2003
@Juu%ﬁa?i%y %g%ﬂ@@&e#gn c’;{)s%t?o% dnid he | uié u

Clains W claim arati1on o | east one epothil one
of the 5 follow ng f%mtaﬂmbﬁ@ewwﬁ@*)lﬁw(b@rnm(mat@nlﬂfaﬂ)ommemCmbﬂand Az

are i ndependent | ?ﬁnﬁe%s%%ﬁeﬁ‘%cfﬁurﬁ@& E’h%acﬁ{ PR Coﬁ%l grg % a.gl%ﬁél tuted C--C~

al kyl and al ken IS an o y substitut stem cont ai ni ng
one to three ¥i ng@lyamutfmt layee slyomaiegraphar Bloaprotocot for the nxtd!emml Oét}bomduqtn at

| east one ring; m%xwﬁﬂ? tgat%]Blepg ﬂ;%%cﬁ@l ected fromthe group consisting

of zero and 1, ere AP Teast nor ois 1, and Eis an

epot hil one core; 15 corrprl Si ng the steps of contacting at |east one
epot hil one of th aII CH-(A )~ (Qm(Az)a-E (11) where
A, Q A E Er{ g (5'°aremd'eq‘| P]h as above; with a mcroorganism or an
enzyne derived ther efklb:miummmmatograplarpwslcmiedo@ﬁhi@d letém (intepalclireeter)zi ng t he

hydr oxyl at i og, of g? oxgﬁ%}#%de& f,rh?r chlupﬁgarchaféheffoms e%ru”U'Nfgdwal and

effecting sald hy erefn nis zero
and mis 1. 25 3Inddstries et hogelof CAl Bhevolimmtves elumy packesl fored experinend, and Az

is aikenyl. 4. Th f h|| formula |
is epothilone F aﬁ"d‘r’r’g‘é‘?g'yégét ﬁ“ﬁo e](g#v?@ r}ﬁ?q%esg Cha eﬁﬁﬁo%fg[B 30 5.
The net hod of cl S¢pavationsiiavelerseysanaelsintried mdlsgramosmhowexsrsloemhsde indeddethe group

ngSi sting of , -IOWenc%m1naSlnMo%9l ﬁ'le%bd &rgla(l:low tgl?o%ln d?%EHXa%F' a, Candida,

15 maximum gravity flow. Samples were absorbed onto the silica gel before applying to
the packed column. Linear gradients were formed using a Spectrum gradient elution

apparatus which consisted of two 500 m! chambers.

Analytical Thin Layer Chromatography (TLC):

20 Aliquots (9 pl) of column fractions were spotted to Uniplate Silica Gel GHLF
precoated thin layer chromatography plates (scored, 10 x 20 cm, 250 micron
thickness, purchased from Analtech, Inc., Newark, DE) using 3 pl Microcaps (again,
trade name or trademark or the name of a type?) disposable pipettes. Spotted plates
were developed in filter paper lined tanks equilibrated with the specified eluants.

25  After spraying the developed plates with vanillin (99 parts 2% (w/v) vanillin/ethanol
— 1 part concentrated sulfuric acid), the compounds were visualized with gentle

heating.

Use and Utility
30 The invention is a process by which compounds that are microtubule~

stabilizing agents are produced. The compounds, and thus the process, are useful in

-16~



23 June 2003 Gl bertella, ~~'ocard~a, Pseudononcrs, Saccharopal vspara,

Saccharot rix a:.d Streptonyces. 6, The nethod of claim| wherein said

m croorganismis selected fromthe group 5 consisting of, ~nmycol ata

aut otrophi ca, | 3eaztveria basiana, Candi da rugo, sa, and Pseudononas puti da.

7. The method of claim5 wherein said mcroorganismis selected fiomthe

group consisting of.4nycol ata autotrophica ATCC 35" '03 arid Acononycete

Sn.strain SC 10 158-17 PTA-1043. 8. The nmethod of clainv, W@8dwe26a3 d

m croorgani smis Actnonvcele S~,straln SC 15347 PTA-1043. 15 9. The net: | od

of claim1l wherein said enzynme is d~:ived froma m croorgani sm sel ected

fromthe group consisting of Actrnorrrycete, Anvcol ata. Antycol at opsi s,

~3eauveria, Ccndida, Glbertella, rVocardi a, Pseudonoras,

Sacchar onol yspor e regmerti af oyanety of eaneersind epeoirylderstive siieases inchedingsrbutineld of

claim1 wherein ﬁtﬂitéﬁt@riﬁeyfﬁﬁo\hﬁ .derived froma mcroorgani smsel ected from

the group consisting of Amyco ata aut ot rophi ca ATCC 35203 and

Act i nomycet esp. st r ai rarS@omagurjudpphat oftBe bladder, figest, yelpmdifinef, livdrdime, 1 wher ei n

a pharmaceuti cal [ g thereof

Gsed 10 treat a hunk PR SO e ko bl Ml 12 The

met hod of cl af m dargigprenaei n t he epot hi | one product der| ved therefromis

hlrther reacted to p ﬂl?]f” i: ot hil one. 30
- 23 June 2003 1§Eﬁ$‘ 1&#89%05%? a@n&g&mﬁg@g%@%hé%& i | one product

used to pr epal&'@phocmhtallewumwaqut%lyrhshoabitw\}@km&tﬂwdlUmplmaﬂae%ttéld fromthe

1D nyar oxy Pl Tt Bl Foggitng ohnph Fﬁ%‘;}@%@b B0 oty

hi azol yl ) et heBylkq:tssAymﬂwdlaoxabl cycl o[ 14.1.0] heptadecane-5,9-dione; [1
1

o)
:

S[1 R, 3R (R, 7R, 1 x

8 8 10, 1 2 1 6 pen i ane th%&fltb%ojrinc iurﬂo%%ﬁn?y@% Jlke%grn%gclgl%aQthﬁd chronic

4-t hi azol yI ) et hemyﬂi)sezimmwﬂwmxa@d@wmyelpmc1P-U®f]nhe5pt adecane 5,9-dione [I S|

LR R(E, TR G dninchfl o il sl ey~ . 8, 10, 12 10

1- et hyl - 2- ( 2- n- peldomyeseirgerdiomet hyl - 4-t hi azol yl ) et henyl ] -4, 17di oxabi cycl o[

14.1. 0] hept adecape- 5 efj{ fHafs; leucilménél;:no%ka’ s’%ﬁ*n()@i t tB’tcocarln g§§ 11

R', 12R", 165°] |- 7, 11- D hydr oxy- tetramethyl -3 -1

1- net hyl - 2- (25n- p@mbhlﬁfgylhalmgi@me:t hyl - 4-t hi azol yl ) et henyl] 4, 17di oxabi cycl of

14. 1. 0] hept adecane-

[1S-[1R*, 3R (E), 7R*, 1‘%%‘95% i"galrlz*a“dl‘%?g e e o e ey "6 5 O™

t et r anet hyI 3-[ &ﬁuﬁé’!ahﬁthgh()@a,@mwwmm%-4 t hi azol yl ) et henyl ] -4, 17

di oxabi cycl o[ 14. 1. O] h@f?&@gﬁﬁé&ﬁ %Qr}ﬁ‘cludﬁn ]ﬁbgs:[rcolnaF?hagﬂoB* os{cﬁ-)umz R, 1 G5

* 11 R, 12R*,16S * ]]-7,11- D hydr oxy- fz t et r anet hyl - §

1- et hyl - 2- ( 2- ar’ri"}‘i‘d’lsr\é?wpmﬁ-aﬂﬁl azolyl )ethenyl]-4,1720

di oxabi cycl opd4. 1. O] Qﬂﬁiﬁ%&aﬂ@uﬁnggméh&ﬂﬁ xenodbrn®r figrenBsudR* (E), 7R ) 1 OS5

* 11 R*, 12R*, 16S _* 11- Di hydr oxy- 10, 12 tetramet hyl - 3- [

1-net hyl - 2- (2- az F%manétpma S?‘ﬁ‘f‘?ﬂ‘b rfyr%fomm qancgr apg teratocarcinoma.

di Oxab| CyCl o[ 14. 1. 0] hﬁﬁm Q@Gg@@uo'édgyﬂb REitioR Rl dish iskitlidlanRogenttid, BerebR", |

os*, , 12R*, 16S* 1]1-7,11 h droxg 10, 12 2S tetranet hyl - 3-

1- rret hyI 2 (2- hy "65{%1‘@? wwth&ffwaszaa 9‘!")”5t"ﬁé’ﬁ‘§”l“j’m&f‘f‘?ﬂ'iséﬁdatﬁf“&&/‘i?}a&fi 14.1.0] he

pt adecane- 5, 9- di me&derslésucwamgia@lenémprbﬁmlcpbﬁwoaipbmas@fffoﬁtuld 1eagtl one

hydr oxyal kyI - bear llpaqsoepot

be useI}ul in the treatment of other conditions responsive to anti-angiogenesis

is
gr
*]
4-

agents including, but not limited to, certain forms of blindness related to retinal
vascularization, arthritis, especially inflammatory arthritis, multiple sclerosis,
restinosis and psoriasis.
Compounds produced by the invention will induce or inhibit apoptosis, a
30 physiological cell death process critical for normal development and homeostasis.

Alterations of apoptotic pathways contribute to the pathogenesis of a variety of human

-17-



of the followwng formula Il1: -34 23 June 2003 (I1l) where Qis selected
fromthe group consisting of R M Rs ,.r ~af,.. , G is the follow ng
formula VHOCH-(A )~ (Qm(Az)o (V) where A and AZ are independently
selected fromthe group of optionally substituted 10 C -C, al kyl and

al kenyl; Qis an optionally substituted ring systemcontaining one to three
rings and at |east one carbon to carbon double bond in at |east one ring;

n, m and o are integers independently selected fromthe gr2ppure®pedsdti ng
of zero and 1, where at |least one of mor nor ois 1; 15 Wis O or NRG;, X
is selected fromthe group consisting of O H OR; Mis O S, NRg, CRgR o;
B, and Bz are selected fromthe group consisting of OR', OCOR z; R - R5 and
R z R' are selected fromthe group consisting of H, alkyl, 20 substituted
al kyl, aryl, anddhetsex Soypbunds efiformmadrasd H, awln@dulﬁtprsaﬁzboRZsiamﬁlesyﬂxl t hey can
be joined to form sel ect ed consi sting of
1-1, alkyl, and su sf’g#’m?n?a}( aEetPRQf}ﬁmangﬁeaﬁf‘s wétrh eages"g}ms %’o?t?ésmthe group
consi st i ng of H, nalddyxlg blsudnshmltbdntoeﬂnm &ndl prechricerabddydicns, IuyihmneaJedpyﬁsell aryisiiyl,
and di al kyl aryIS| Re .is selected fro he group
Gonsi St1ng of  H TSP T ey R B i e, 'R
and R o are sél efaﬁdalddxfe[y(dmhe group consi sting of H, hal ogen al kyl ,
substituted al kyl, ar het dr ox R 6C=0 oC= 5 the
phar maceut i cal |y acceptadf 3"5 'éfﬁ oybetbﬂ'gpgéfnya{ﬁ%hw %WP&S@%" °‘§‘?ﬁ°\‘}‘é es, or

geonetric, opti catodaded b the ireentda My slsd bearsabbd trcﬂmﬁmﬂtioﬁs cntjpruhﬁc@t:eps of

contacting at leasgt o ot hi |l on f the fo W, n V. G 10 where
() °Q W X M o e heestSudh conifons dieh Mt P P8 1 Y

fol |l owi ng fornul axfééhox@ﬂuc}(a&hbmeSQ@sm&cﬁrosaEdlen)Balﬁ!mfSirﬁbI@\ irédand\z, n, m and
o are defi nec&0 ove t he pharpaceut i calg ﬁ‘ | e salts thereof and
any hydrates, sola was; 3(51}0"5'8‘3}?&5?“}5&5 SugfhRsisYmic fig S§fy BBISSEYYS her eof ;

Wi th a microor gagie8igle® glopidiyoaepheley, théadatblhaﬁmtrsmmpahlaamﬁiorﬁwmt ively
catal yzing the hydroxylatian o to and effecti ng,.sa dr oxyl ati on.
20 15 “The mot holleOrsePa R Ur R mElie ORI GIoN G 1 11 &
epot hi |l one F and Afhkicheep Gikdakd, AIMES- ﬁfateﬂraémﬂna, HaNirisen’ edishde] dndydaopilic idteral The
LML ]s'c erms? ;e%imrt]is ng}ngntgsg spma] muscu]ar atrc]fphy and cerebellar degeneration;
15 AIDS; myelodysplastic syndromes; aplastic anemia; ischemic injury associated
myocardial infarctions; stroke and 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 arthritis; aspirin-sensitive
20  rhinosinusitis; cystic fibrosis; multiple sclerosis; kidney diseases; and cancer pain.

The present invention thus provides a method of treating a subject, preferably
mammals and especially humans, in need of treatment for any of the aforementioned
conditions, especially cancer or other proliferative diseases, comprising the step of
administering to a subject in need thereof of at least one compound of formula I and II

25  in an amount effective therefor. Other therapeutic agents such as those described
below may be employed with the inventive compounds in the present method. In 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.

30 The effective amount of a compound produced by the present invention may

be determined by one of ordinary skill in the art, and includes exemplary dosage
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25 17. The nethod of claim 14 wherein n is zero, mis 1, and AZ is al kenyl.
- 36 23 June 2003 18. The nethod of claim 14 wherein said m croor~~anism
‘i's selected fromthe group consisting of Acti nornycete. . 4nycoi at a,

~|l mycol at ocra, Beauveria, C ard:ca~:. Glbertella, Nocardia, Pseudononas,
_Sacchnropol yspora, Saccharoth,ix aad 5 Streptonyces. 19. The net hod of
‘claim 14 wherein said microor~ansrn is selected fromthe group consisting
of fl mycol ata atrtotrophica, Beatrveria ba.sicrna, Candi da23t4yes4903 and
Pseudonronas putlda. 10 20. The method of claim 14 wherein said

m croorganismis selected fromthe group consisting of.~nycolnta

aut ot rophi ca ATCC 35203 and ~rrrmmy~w E sp.strain SC 15847 PTA-1043. 15
21. The nmethod of claim 14, wherein said mcroorganismis ~~w-r~rrtoc~ue
sp. strai a SC 153dduni3ée dlddian oPRom dhoat trét ta@H0 mb/kgHa, whitdlmwhisr ern sai d net hod
conprises a biotransformati.on under. subnmer ged. agr.obi. onditions in an
aqueous nedi um a‘%@'“‘ﬁ@fed”\‘h%m%‘:t 84°df 8? 1’%}‘” &Y ﬁfeﬂ%gsgf,aucg@aiglas nedi um
cont ai ns car bon 1as4ltimes pepds N Preferablyethé Congiowaip pre @dminBterd yn phdsagedfiled=4. A

net hod for the d | ation of a termn | kK roup. of. .an epothil one 25
using a microor %ﬁ@ﬁ@{?yﬁaymﬂ@gw@lepﬁﬁ%& .t°2§.“x‘1fﬂg°%ﬁh8ﬂ BSndersigomh 24

V\/?er ein saidsr. tﬂa%égfeﬁ}lﬂﬂcﬁm&vﬂ afefreptrg ofdcﬁfgeff&angﬁdﬂwalaﬁﬁﬂﬂﬁbtsgdyﬂﬁ

of Actirrornycete, Arnycol ata, ~1 ntycoia . si s, .Beauveria, , Candr.da,
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example, be administered in a form suitable for immediate release or extended
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hormonal agents, such as glucocorticoids, estrogens/antiestrogens,

5  androgens/antiandrogens, progestins, and luteinizing hormone-releasing hormone
anatagonists, octreotide acetate; microtubule-disruptor agents, such as ecteinascidins
or their analogs and derivatives; microtubule-stabilizing agents such as paclitaxel
(Taxol®), docetaxel (Taxotere®); plant-derived products, such as vinca alkaloids,
epipodophyllotoxins, taxanes; and topoisomerase inhibitors; prenyl-protein

10 transferase inhibitors; and miscellaneous agents such as, hydroxyurea, procarbazine,
mitotane, hexamethylmelamine, platinum coordination 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 hydrochloride, cyclophosphamide,
chlorambucil, melphalan, ifosfamide, busulfan, carmustin, lomustine, semustine,
streptozocin, thiotepa, dacarbazine, methotrexate, thioguanine, mercaptopurine,

20 fludarabine, pentastatin, cladribin, cytarabine, fluorouracil, doxorubicin
hydrochloride, daunorubicin, idarubicin, bleomycin sulfate, mitomycin C,
actinomycin D, safracins, saframycins, quinocarcins, discodermolides, vincristine,
vinblastine, vinorelbine tartrate, etoposide, teniposide, paclitaxel, tamoxifen,
estramustine, estramustine phosphate sodium, flutamide, buserelin, leuprolide,

25  pteridines, diyneses, levamisole, aflacon, interferon, interleukins, aldesleukin,
filgrastim, sargramostim, rituximab, BCG, tretinoin, irinotecan hydrochloride,
betamethosone, gemcitabine hydrochloride, altretamine, and topoteca and any analogs
or derivatives thereof.

Preferred members of these classes include, but are not limited to paclitaxel,

30  cisplatin, carboplatin, doxorubicin, carminomycin, daunorubicin, aminopterin,

methotrexate, methopterin, mitomycin C, ecteinascidin 743, porfiromycin, 5-

222



| 109%&' ()-S109%&' ()-! 10%& ()-gM ~bkdEj @, 3l
$10%&' () - Ly#nml0%&' () - 10%& ()-yY10%&' ()-10%& ()- Y10%&' ()-k
~ZaBj _@,3S/ S10%& ()-gl -'10%& ()-,, 109%& ()-*10%& ()-3@yl0%& ()-!yS&
10%& () - SEEACDEF} aVK@, 3 10 10 10Y@LO%& ()-)sy; 10%&' () - |
.810%&' ()-! @910%& ()-!
T@910%& () - FSrA<VK@'! f YI09%&' ()-s!fY10%& ()-sfY10%& ()-s!l 109%& (E-Bﬂ
109%&' ()-g "109%&' ()-r aE:/ 10 10 f/ 10%& ()-s; 10%& ()-1 23 June 2003
7109%& ()-Ss6109%& ()-!fYL0%& ()-sfYL0%& ()-s o |!!"#oM+ !310% o;
0& ()-,1310% ' & ()-,!310%-& ()-,!310% o' 0& ()-,!310%#& ()-,1"10% o0& ()-
10#W&( (((((}rg\=31098"10% & ()- 10'0 10'o

10' 0Y<10% o0& () »310% a& () -, ! 63109 h] h& () -, ! #310%J0oJo& () -, ()\))*V**dEg\ =3
10(y§ | 10% g (Qﬂm/glgac?;‘%_-gﬂlc %g/pq;.lgne(, ¢ 1%61&}%, g‘ytﬁlgesarqém(())m&, pcgd)ophyql?)to?u% or g

10‘%:5) & ( ) - gllO% &b((()d))pﬂyl’ﬂﬁtbﬂih derivaﬁi?és ﬁh%oi&k?%e;&ipés)de&hosphate or teniposide,
FLO% & () .- - BelPbey Lot oFaid Jarbieeyipdeine subipwoging. () - #10% & () -3
3" Slog/g g ()- : : ﬂv%g%}i/xgnﬁl}g_ ogiaxltf:-éfﬁﬁ}g%;%?ﬁ&:i?%@g(ﬁg%ﬁ&fﬁ&idg Mrefollowing:
) 109 & () 0141 PPVHIea e emis S Gerbifsipiio. 4 i Bl 97 3086, WO
98/22461, WO 98/25929, WO 98/38192, WO 99/02224, WO 99/02514, WO
99/03848, WO 99/07692, W099/27890, and WO 99/28324; cyclin dependent kinase
inhibitors as found in WO 99/24416; and prenyl-protein transferase inhibitors as
found in WO 97/30992 and WO 98/54966.

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

15  H, antihistaminics.

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’ Desk Reference (PDR) or as otherwise determined by one of ordinary
skill in the art.

20

Preferred Compounds

In a preferred embodiment of the present invention, epothilone F is obtained

by the fermentation of epothilone B with the microorganism Amycolata autotrophica

ATCC 35203. Epothilone B and F are antitumor agents useful in the treatment of

25  cancers in humans and have the following chemical structures:

Epothilone B
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Epothilone F
In another preferred embodiment of the invention, epothilone F is obtained by

the fermentation of epothilone B with the microorganism Actinomycere sp.strain

SC15847 PTA-1043.

w

While epothilore B and epothilone F can in and of themselves be used as the
final end product, i.e. as pharmaceutically active agents, the invention contemplates
that the epothilone product of the present process can be employed to prepare other
pharmaceutically active epothilones, or derivatives or analogs thereof. For example,

10 the epothilone product of the present process can be used to prepare the epothilone
analogs described in DE 199 07 588.3, the text of which is incorporated herein as if
set forth at length, or the examples set forth herein, 1n which epcthilone F 1s employed
as the starting material or intermediate.

In a preferred embodiment of the invention, the process is used to prepare

15  cpothilones having lower hydroxyalkyl or lower substituted hydroxvalkyl
substituents.

In a preferred embodiment of the invention, in formulas [ and I11, n is zero and
mis 1. In a more preferred embodiment, in formulas I and 111, n is zero, m is 1, and
A, is alkenyl.

20 Those skilled in the art would be able to optimize the culture conditions,
including inoculum size, the composition of the medium, reaction conditions such as
temperature, acration, agitation, pH and time, solvents used to dissolve the substrate,
and concentrations using known methods and the general methods of preparation
described herein.

25 All references cited herein with respect to synthetic, preparative and analytic

procedures are incorporated by reference as if set forth at length herein.
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invention and should not be construed as being a limitation on the scope or spirit of

the instant invention.

5 Example 1
Biotransformation of Epothilone B to Epothilone F

Microorganism and Culture Conditions
A frozen vial (approximately 2 ml) of Amycolata autotrophica ATCC 35203
10 was used to inoculate a 500 ml flask containing 100 ml of the transformation medium.
The transformation medium consisted of 10 g of dextrose (Em Science, Gibbstown,
NI), 5.0 g of polypeptone, 3.0 g of yeast extract (Difco, Detroit, MI) and 3.0 g of malt
extract (Difco, Detroit, MI) in one liter of deionized water. Ten flasks were
inoculated and the cultures were incubated at 28°C and 250 rpm for 24 hours. A total
15  of 840 ml of the resulting culture was combined in a two liter flask, to which 610 mg
of the substrate, epothilone B, in 25 ml ethanol was added. The culture was then
divided into forty-two 250 ml flasks (about 20 mi culture per flask) and incubated at
28°C and 250 rpm. The conversion of epothilone B to epothilone F in the culture was
monitored by HPLC to determine the time that no additional production of epothilone
20  F was observed. The maximum conversion yield was obtained at around 45 hours

after the addition of epothilone B to the culture.

Isolation and Purification of [1S-[1IR*,3R*(E),7R*,108*,11R*,12R*,16S*]]-7,11-
Dihydroxy-8,8,10,12,16-pentamethyl-3-[1-methyl-2-(2-hydroxymethyl-
25  4-thiazolyl)ethenyl}-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione)

The above biotransformation reaction culture was rinsed into a four liter
beaker with deionized water to yield approximately two liters of liquid. The rinsed
reaction liquid was vigorously mixed with two liters of ethyl acetate using a magnetic
stirrer. After two hours approximately 500 mi of filter aid Dicalite (diatomaceous

30  earth, Grefco Minerals, Torrance CA) was added and the resulting mixture was

filtered. The filtrate was transferred to a six liter separatory funnel and upon phase

25
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separation, the lower aqueous layer was discaided. The upper organic phase was
concentrated to dryness in a rotary evaperator to give a crude extract,

The crude extract was then subjected to column chromatography using a one
liter linear gradient of hexane to 50% acetone in hexane. A total of twenty 50 ml

S fractions were collected. After TLC analysis, fractions 10 and 11 were pooled and
evaporated to yield 88 mg of epothilone B. Fraction 15 was evaporated to yield 71
mg of epcthilone F. Fractions 16 and 17 were pooled and evaporated to give a
mixture of epothilone I and 26-hydroxyepothilone B (130.3 mg). The total synthesis
of 26-hydroxyepothilone B has previously been reported (K. C. Nicolaou et al,,
10 Tetrahedron, 54, 7127-7166 (1998)).

The mixture of epothilone F and 26-hydroxyepothilone B was purified further
by column chromatography using a one liter inear gradient of hexane to 80% ethyl
acetate in hexane. A total of forty 25 ml fractions were collected. Afier TLC
analysis, fractions 14 to 19 were pooled and evaporated to give 55.4 mg of epothilone

15 T. Fractions 20 to 25 were pooled and evaporated to give 26-hydroxyepothilone B
contaminated with a small amount of epothilone F.

The latter mixture of epothilone F and 26-hydroxyepothilone B was refined
further by column chromatography using a 700 m! gradient of toluene to 35% acetone
in toluene. A total of twenty 35 ml fractions were collected. TLC analysis showed

20 that fractions 14 and 15 contained pure epothilone F, while fractions 18 through 20
contained pure 26-hydroxyepothilone B. The total yield of epothilone T, calculated
from the amount of epothilone F recovered (126.4 mg) to the amount of starting

substrate, epothilone B (610 mg), was 20.7%.

25 Example 2
Biotransformation of Epothilone B to Epothilone I

Microorganism and Culturing Conditions
A frozen vial (approximately 2 ml) of Actnonycele gp girain PTA-1043 was
30 used to inoculate a 500 m! flask contaiming 100 m! of the medium The vegetative
medium consists of 20 g of dextrose (EM Science, Gibbstown, NJ), 10 g of malt

extract (Difco, Detroit, MI), 10 g of yeast extract (Difce, Detroit, M) and 1g of

7
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peptone (Difco, Detroit, MI) in liter of deionized water. The vegetative culture was
incubated for three days at 28°C on a rotary shaker operating at 250 rpm. One ml of
the resulting culture was added to each of sixty-two 500 ml flasks containing the
transformation medium which has the same composition as the vegetative medium.

5  The cultures were incubated at 28°C and 250 rpm for 24 hours, Epothilone B (4.96 g)
was dissolved in 155 ml of ethanol and the solution was distributed to the sixty-two
flasks. The flasks were then returned to the shaker and incubated for an additional 43

hours at 28°C and 250 rpm. The reaction culture was then processed for the recovery

of epothilone F.

10
Isolation and Purification of [1S-[1R*,3R*(E),7R*,10S*,11R* ,12R*,168*]]-7,11-
Dihydroxy-8,8,10,12,16-pentamethyl-3-[1-methyl-2-(2-hydroxymethyl-
4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione)

15 The above biotransformation reaction culture was rinsed into a ten liter

polypropylene bucket with deionized water to yield approximately four liters of
liquid. The rinsed reaction liquid was vigorously stirred with four liters of ethyl
acetate. After one hour of mixing, approximately one liter of filter aid Dicalite
(diatomaceous earth, Grefco Minerals, Torrance CA) was added and the resulting

20  mixture was filtered onto a bed of filter aid (Dicalite, Grefco Minerals, Torrance CA).
The filtrate was transferred to a twenty liter separatory funnel and the phases were
allowed to separate. The solids were extracted once with four liters of acetone and
filtered. The aqueous-acetone filtrate was concentrated to approximately one liter and
extracted three times with one liter aliquots of ethyl acetate. All of the ethyl acetate

25  extracts were pooled and concentrated to dryness under vacuum to yield 6.7 g of
residue. This residue was pre-absorbed onto 6 g of silica gel and subjected to column
chromatography (60 g silica gel, 2.5 cm i.d. x 30 cm length Spectra/Chrom column
fitted with an adjustable end fitting). The column was eluted with a two liter linear
gradient of hexane to 50% acetone in hexane. A total of twenty 100 ml fractions were

30  collected. After TLC, fractions 13 to 20 were pooled and evaporated to yield 1.65 g

epothilone F. The total yield of epothilone F, calculated from the amount of

.27
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Example 3

5 The following syntheses provide examples where the hydroxyalkyl-bearing
product of the invention has been used as an intermediate or as the starting material to
prepare other epothilone analogs or derivatives. Epothilone analogs or derivatives
prepared from hydroxyalkyl-bearing epothilones are disclosed in DE 19907588.3, the

text of which is incorporated herein as if set forth at length.

10
A, Synthesis of [1S-[1R*,3R*(E),7R*,108*,11R*,12R*,165*]]-7,11-
Dihydroxy-8,8,10,12,16-pentamethyl-3-[1-methyl-2-(2-azidomethyl-
4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0}heptadecane-5,9-dione

15 To a stirred solution of epothilone F (957 mg, 1.828 mmol) in 20.0 ml of

tetrahydrofuran at 0°C under Argon was added 0.47 ml of diphenylphosphoryl azide
(604 mg, 2.194 mmol, 1.2 equivalents). The mixture was stirred for about three
minutes, 1,8-Diazabicyclo[5.4.0Jundec-7-ene (0.27 ml, 278 mg, 1.828 mmol, 1
equivalents) was then added and the resulting mixture was stirred at 0°C. After two

20  hours, the mixture was warmed to 25°C and stirred for an additional twenty hours.
The reaction mixture was diluted with 150 ml ethyl acetate and washed with 50 ml of
water. The aqueous layer was extracted with 35 ml ethyl acetate. The combined
organic layers were dried over Na,SO, and concentrated under vacuum. The crude
material was chromatographed using silica gel eluted with 50% ethyl acetate in

25  hexane to afford 913 mg (91%) of 21-azido-epothilone B, as a clear, colorless oil.

MS (ESI'): 549.3 (M+H)"

B. Synthesis of [1S-[1IR*,3R*(E),7R*,10S*,11R*,12R*,165*]]-7,11-
Dihydroxy-8,8,10,12,16-pentamethyl-3-(1-methyl-2-(2-aminomethyl-
30  d4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione

To a stirred solution of the azide product (from section A above) (1.070 g,

1.950 mmol) in 30.0 ml of tetrahydrofuran under Argon was added 0.22 ml of

-28-
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mixture was allowed to stir at room temperature for three hours, The azide was
completely consumed and 3 m! of 28% NH,OH,,,, was added to complete the
conversion of phosphorylimine to amine. After stirring at room for one hour the

5  solvent(s) was removed under vacuum. The crude material was chromatographed
using silica gel eluting with 1%Et,N, 2.5% MeOH in CHC], to yield 924 mg (91%) of

a white solid.

In addition to the epothilone analogs and derivatives named above, the
10  following compounds can be made from the hydroxylalkyl-bearing epothilones of the

present invention:

[1S-[1R*3R*(E),7R*,10S8*,11R*,12R*,165*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methy!-2-(2-n-propionylaminomethyl-4-thiazolyl)ethenyl]-4,17-

15  dioxabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,165*]}-7,11-Dihydroxy-8,8,10,12-
tetramethy!-3-[1-methyl-2-(2-n-pentancylaminomethyl-4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[IR*,3R*(E),7R*,10S*,11R*,12R*,165*%]]-7,11-Dihydroxy-8,8,10,12-

20  tetramethyl-3-[1-methyl-2-(2-chloromethyl-4-thiazolyl)ethenyl}-4,17-
dioxabicyclo[14.1.0}heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,165*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-aminomethyl-4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione.

25 [1S-[1R* 3R*(E),7R*,108*,11R* 12R* 165*1}-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-azidomethyl-4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione; and

[IS-[IR*,3R*(E),7R*,10S*,11R*,12R*,165*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-hydroxymethyl-4-thiazolyl)ethenyl]-4,17-

30  dioxabicyclo[14.1.0Jheptadecane-5,9-dione.

-29-
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Example 4
Characterization of Epothilone F

Epothilone F of this invention was identified by NMR spectroscopy and has

the following characteristics:

’ Description: White crystalline solid
Melting point: 141-143C
Molecular Formula: C,,H,,NO,S
Molecular Weight: 523
10
NMR: Observed Chemical Shifts
Solvent CDCI3 (7.24, 77.0)
Bruker DRX-500: proton 500.13 MHz, carbon 125.76 MHz
15  Position Proton Pattern C-13
1 -— - 170.5
2 245 m 39.19
2 2.30 m -—
3 4,12 d,J=9.3 73.00
20 4 - -— 52.95
5 n- —— 170.20
6 3.21 m 43.10
7 3.68 m 74.31
8 1.63 m 36.41
25
Position Proton Pattern C-13
9 1.35 m 31.22
10 1.37 m 32.20
11 1.63 m 30.74
30 1t 1.37 m -
12 —- - 31.34
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13 2.72 m 61.54
14 1.99 m 31.99
14 1.86 m -
15 5.36 m 77
5 16 - - 137.72
17 6.52 s 119.50
18 --- - 152.17
19 7.03 5 116.92
20 — -— 170.20
10 21 4.83 s 62.01
22 1.30 s 22.50
23 0.99 s 2136
24 1.08 d, J=6.90 13.80
25 0.92 d, J=6.65 17.11
15 26 1.20 s 22.74
27 2.00 s 15.74
3-OH 3.98 s -
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Claims

We claim:
1. A method for the preparation of at least one epothilone of the
5  following formulal
HO-CHp+(A )y-(Q)n-(A2)E @
where
A, and A, are independently selected from the group of optionally substituted
C,-C, alkyl and alkenyl;
10 Q is an optionally substituted ring system containing one to three rings and at‘
least one carbon to carbon double bond in at least one ring;
n, m, and o are integers selected from the group consisting of zero and 1,
where at leastoneof mornorois I; and
E is an epothilone core;
15 comprising the steps of contacting at least one epothilone of the foliowing
formula II
CH;-(A )y~ (Qn(Az)eE 1
where A, Q, A,, E, n, m, and o are defined as above;
with a microorganism, or an enzyme derived therefrom, which is capable of
20  selectively catalyzing the hydroxylation of a compound of formula II to one of

formula I, and effecting said hydroxylation.

2. The method of claim 1 wherein n is zero and mis 1.
25 3. The method of claim 1 wherein n is zero, mis 1, and A, is alkenyl.
4, The method of claim | wherein said epothilone of formula I is epothilone F

and said epothilone of formula II is epothilone B.

30 5. The method of claim 1 wherein said microorganism is selected from the group

consisting of Acunomycete , Amycolata, Amycolatopsis, Beauveria, Candida,
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Giibertella, Nocardia, Pseudomonas, Saccharopolyspora, Saccharothrix and

Streptomyces.

6. The method of claim 1 wherein said microorganism is selected from the group
5  consisting of Amycolata autotrophica, Beauveria basiana, Candida rugosa, and

Pseudomonas putida.

7. The method of claim 5 wherein said microorganism is selected from the group
consisting of dmycolata autotrophica ATCC 35203 and Actinomycete  sp strain SC
10 15847 PTA-1043.

8. The method of claim7, wherein said microorganism is Acunomveete sp strain

SC 15847 PTA-1043.

1s 9. The method of claim 1 wherein said enzyme is derived from a microorganism
selected from the group consisting of Acttnomycete, Amycolata. Amycolatopsis,
Beauveria, Candida, Gilbertella, Nocardia, Pseudomonas, Saccharopolyspora,

Saccharothrix and Streptomyces.
20 10.  The method of claim 1 wherein said enzyme is derived from a microorganism
selected from the group consisting of Amycolata autotrophica ATCC 35203 and

Actinomycete sp.strain SC 15847 PTA-1043.

11.  The method of claim 1 wherein a pharmaceutically active epothilone or

(]
wn

derivative or analog thereof used to treat a mammal is ultimately prepared by said

method.

12.  The method of claim 1 wherein the epothilone product derived therefrom is

turther reacted to prepare another pharmaceutically active ¢pothilone.
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13. The method of claim 1 wherein the epothilone product is used to prepare a

pharmaceutically active epothilone selected from the group consisting of:

[1S-[1R*,3R*(E),7R*,108*,11R*,12R*,165*]]-7,11-Dihydroxy-

8,8,10,12,16-pentamethyl-3-[ 1 -methyl-2-(2-azidomethyl-

5 4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione;

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

8.,8,10,12,16-pentamethyl-3-[1-methyl-2-(2-aminomethyl-

4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione
[IS-[IR*,3R*(E),7R*,10S*,1 1R*,12R*,165*]]-7,11-Dihydroxy-8,8,10,12-

10 tetramethyl-3-[1-methyl-2-(2-n-propionylaminomethyl-4-thiazolyl)ethenyl]-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-[1-methyl-2-(2-n-pentanoylaminomethyl-4-thiazolyl)ethenyl]-4,17-

dioxabicyclo[14.1.0]heptadecane-5,9-dione;

15 [I1S-[IR* 3R*(E),7R*,10S8*,11R*12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-chloromethyl-4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione;

[1S8-[1R*,3R*(E),7R*,10S8*,11R*,12R*,165*]}-7,11-Dihydroxy-8,8,10,12~
tetramethyl-3-[1-methyl-2-(2-aminomethyl-4-thiazolyl)ethenyl]-4,17-

20  dioxabicyclo[14.1.0]heptadecane-5,9-dione.

[IS-[IR*,3R*(E),7R*,108*,11R*,12R*,165*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-{1-methyl-2-(2-azidomethyl-4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione; and

[1S-[1IR*3R*(E),7R*,10S*,11R* 12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-

25  tetramethyl-3-[1-methyl-2-(2-hydroxymethyl-4-thiazolyl)ethenyl]-4,17-

dioxabicyclo[14.1.0]heptadecane-5,9-dione.

14, A method for the preparation of at least one hydroxyalkyl-bearing epothilone

of the following formula I1I:
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where

Q is selected from the group consisting of

Mo Rs s
5 K‘\f
~ and Pl ;

G, is the following formula V
HO-CHyp-(A)(Q)n(Ar)e ™)
where

A, and A, are independently selected from the group of optionally substituted

10 C,-C, alkyl and alkenyl;

Q is an optionally substituted ring system containing one to three rings and at

least one carbon to carbon double bond in at least one ring;

n, m, and o are integers independently selected from the group consisting of

zero and I, where at least oneof mornorois 1;

15

W is O or NRg;

X is selected from the group consisting of O; H, OR,;

Mis O, S, NRy, CR,R,s;

B, and B, are selected from the group consisting of OR,,, OCOR,;;
R,- R, and R,,-R, are selected from the group consisting of H, alkyl,

20  substituted alkyl, aryl, and heterocyclo, and wherein when R, and R, are alkyl they

can be joined to form a cycloalkyl;

R, is selected from the group consisting of H, alkyl, and substituted alkyl;
R, and R,, are selected from the group consisting of H, alkyl, substituted alkyl,

trialkylsilyl, alkyldiarylsilyl, and dialkylarylsilyl;
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1010##1098& () - 1098& () - 109B& ()- 1098& ()- #3q 7109B& ()- "~ <NA4
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1010##1098& () - 109B& () - #3q 71098& ()- " 1098& ()- 109B& ()- #(* _?NA4
"1010##1098&' () - 1098& () - 1098& ()- " #3q 71098& ()- 1098& ()- *./05678Er eX7
101 F"10%&' ()-101010 s; mLO%&' ()-1098& ()- #3q 7109B& () - E3Puned03101
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F10%& ()-On|[:eX7 101 610%& ()- Lf2m0%& ()-z S/ 10%& ()-
LS, z10%& ()- , S#,109%&' ()- c

R; is selected from the group consisting of H, alkyl, substituted alkyl, R,,C=0,

R,,0C=0 and R,,;SO,;
R, and R, are selected from the group consisting of H, halogen, alkyl,
substituted alkyl, aryl, heterocyclo, hydroxy, R (C=0, and R,,0C=0;
5 the pharmaceutically acceptable salts thereof and any hydrates, solvates, or
geometric, optical and stereoisomers thereof; .

comprising the steps of contacting at least one epothilone of the following

formula IV:

Q
G, B,
R4
Ri. R
W.
R,
o] B, X
10 Iwv)
where

Q, W, X, M, B,, B,, and R,-R,, are as defined above;
G, is the following formula VI
CH;~(A )y (Q)u(A), (VD
15 where A, Q, A,, n, m, and o are defined as above;
the pharmaceutically acceptable salts thereof and any hydrates, solvates, or
geometric, optical and stereoisomers thereof;
with a microorganism or enzyme derived therefrom capable of selectively

catalyzing the hydroxylation of G, to G,, and effecting said hydroxylation.

20
15.  The method of claim 14 wherein said epothilone of formula III is epothilone F
and said epothilone of formula IV is epothilone B.
16.  The method of claim 14 wherein n is zero and m is 1.

25

17.  The method of claim 14 wherein n is zero, m is 1, and A, is alkenyl.
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20

30

18. The method of claim 14 wherein said microorganism is selectad from the
group consisting ofActinomycete, 4mycolata, Amycolatopsis, Beauveric, Candid..
Gilbertella, Nocardia, Pseudomonas, Saccharopolyspora, Saccharothrix and

Streptomyces.

19,  The method of claim 14 wherein said microorganistm is selected from the
group consisting of Amycolata autotrophica, Beauveria basiana, Candida rugosa,

and Pseudomonas putida.

20.  The method of claim 14 whereln said microorganism is selected from the
group consisting of Amycolata autotrophica ATCC 35203 and Acunomycete sp strain

SC 15847 PTA-1043.

21. The method of claim 14, wherein said microorganism is Acrmomycete sp.strain

SC 15847 PTA-1043.

22, The methed of claim 14 wherein said method comprises a biotransformation

under submerged aerobic conditions in an aqueous medium.

23.  The method of claim 15, wherein said aqueous medium contains carbon and

nitrogen nutrients at approximately pH 5-8.

24. A mcthod for the hydroxylation of a terminal alky! group of an epothilone

using a microorganism or a mutant thereof.

25.  The method of claim 24 wherein said microorganism is selected from the
group consisting of Actinomycete, Amycolata, Amycolatopsis, Beauveria, Candida,
Gilbertella, Nocardia, Pseudomonas, Saccharopolyspora, Succharothrix and

Streptomyces.

109 A & ()- #S&MO0% M & ()-SkvU4 10 971096qsé& () -



10 |-10%qsé& ()- -10%sMs& ()- F3MLO%g&' ()-F 73MLO%R?& ()-F -10%sqs& () -
F-10%sqs& ()-}t=U{Z8vU4 10 'Y @.10%A A & ()-@F

“S3(10%& ()-S!'S3(10%s& ()-S S3(10%& ()-S SY'10%& ()- @

SY"10%qs& () - @QUW 356] [ >14 10sqgsYL: 10%sqgs& ()-- y; nl0%qs& ()- @

. 10%9& ()-@T @.10%' ()-@ @.10%& ()-@T _@.10% & ()- @78E4bA4 10sqgsY
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10%s9s& ()- | "10%qgs& ()- y 10%qgs& ()- 10%sqgs& ()-6 Q[:A4 10sq
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m0%sqsé& () - | B410Fyw&h¢daf clapnpq wheygn said microorganism is selccted from the
group consisting of Amycolata autotrophica, Beauveriu basiuna, Candida rugosa,

and Pseudomonas putida.

5 27 The method of claim 24 wherein said microorganism is selected from the
g
group consisting of Amycolata autotrophica ATCC 35203 and Actinomycete sp. strain

SC 15847 PTA-1043.

28.  The method of claim 24 wherein said microorganism is Actinomycete sp.stram

10 SC 15847 PTA-1045.

29. A method for the preparation of at least one hydroxyalkyl-bearing epothilone
from an epothilone having a terminal alkyl group using a microorganism or an
enzyme derived thersfrom which comprises the steps of.

15 a. fermenting a microorganism or an enzyme derived therefrom
cultured on a medium in the presence of an epothilone having a terminal alkyl group,

b. isolating the resulting hydroxyalky!l-bearing epothilone product.

30. The method as recited in claim 30, wherein said microorganism is Amycolaia

20 aurotrophica ATCC 352035.

31.  The method as recited in claim 30, wherein said microorganism is

Actinomycete sp.strain SC 15347 PTA-1043.

25 32. The method of claim 14 wherein said enzyme 1s derived from a
microorganism selected from the group consisting of Actinomycete, Amycolata,
Amycolatopsis, Beauveria, Candida, Gilbertelia, Nocardia, Pseudomonas,

Saccharopolyspora, Saccharothrix and Streptomyces.



10 3%rl0%& ()-f  109& ()-- 109%& ()-q 3109%&' ()- 109%& ()-

,t109& ()-AD9):|[:zY8 10 710%& ()- 210%&' ()- /10%& ()-q 3.10%& ()-

) 310%& ()-S F(10%&' ()-: ?@BOVU4 1 c PS109%& ()- “10%& ()-f ~109%& ()-
Y'10%& ()-101010 &9<Z109%&' ()-&x|[:vU4 1 ¢ 10%& ()- 10%& ()- 10%& ()-g
109%& ()- “109%& ()- 10%& ()-)E|[:-410c 9; mlO%& ()-  010%&' ()- /10%&'()
109%& ()-g '109%& ()- &10%& ()-"SbA410c  10%& ()-- fS10%& % 109%& ()-f
S109%&' ()- "10%& ()-1010SK|[:A410c "10%&' ()- MLOY& ()- wﬁem/&'() g
109& ()- yl09%&' ()-KH [:A410c  +10%&' ()- ) 109%& ()- (10%&'() &f 10%& () -
9%40%&' ()- #10%& ()-]*V|[:A410c F 3410%& ()- 3 210%&' ()- 1Z109%& ()-

/ 109%: ()- 3 .109%& ()- ,GLO% ()-V !.|obUA10 3"10%& ()-101010 9<nilO%& ()- F
810%& () - 371(23{/5& (rhe m@tMla{rﬁ 14 Mnirglngwé&vme is Qr%&d(n)o 109%& () -

LS10%& ()- 109 ()- & 10%& ()- Y S109%& ()-;[[: " 109%& () -

10%& () - LSlO%JC(Oymmsrlmwi)fmm e TOUREO )<t 3&<ﬁw%&' 7(9 worNorrahTCE Headi ng

13] c" "Headi ng ¥3}C hd A—le,@gj}l(gg s,§§1391 SC Heaedbng.43] c" "Heading 53] c¢" "Heading
63] c" "Headi ng 73] c" "Headi ng 83]c" "Heading 93]c"A "Default Paragraph

Font E% 7f @QZbksd{}ul 7TK7u7A "$&(*,.02468: <>@DFHILNPRTVXZ\ ~" bdf hj I n

S 34. The method of claim 14 wherein a pharmaceuticaliy active epothilone or
derivative or analog thereof used to treat a mammal 1s ult:mately prepared by said

method.

35. The method of claim 14 wherein the epothilone product derived therefrom is

10 further reacted to prepare another pharmaceutically active epothilone.

36. The method of claim 14, wherein the epotiulone product is used to prepare a
pharmaceutically active epothilone selected from the group consisting of.

[1S-[IR*,3R*(E),7R*,10S* 11R*,12R*,16S*]]-7,1 1-Dihydroxy-

15 8,8,10,12,16-pentamethyl-3-{1-methyl-2-(2-azidomethy!-
4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[IR*3R*(E),7R*,10S* 11R* 12R*,165*]]-7,1 I-Dihydroxy-
8,8,10,12,16-pentamethyl-3-[1-methyl-2-(2-aminomethyl-
4-thiazolylethenyl]-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione

20 [1S-[IR*3R*(E),7R*,105*,11R* 12R*,165*]}-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methy-2-(2-n-propionylamincmethy!-4-thiazolyDethenyl}-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1IR*,3R*(E),7R*,105*,11R*,12R*,1658*]]-7,1 |-Dihydroxy-8,8,10,12-
tetramethyl-3-[ 1-methyl-2-(2-n-pentanoylaminomethyl-4-thiazolyl)etheny!]-4,17-

25  dioxabicyclo[14.1.0)heptadecane-5,5-dione,

[LS-[IR*,3R*(E),7R*,10S*, 1 1R*,12R*,168¥]}-7,1 [-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methy!-2-(2-chloromethyl-4-thiazolvl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[IR*IR*E),TR* 10S* LIR* 12R* 165*]1.7,1 |-Dihydroxy-8,8.10,12-

30 tetramethyl-3-[l-methyl-2-(2-aminomethyi-d-thiazotyl)ethenyl]-4,17-

dioxabicyclo[14.1.0}heptadecane-5.9-dione.
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tetramethyl-3-[1-methyl-2- (2-azldomethyl -4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione; and
[1S-[IR*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
5  tetramethyl-3-[1-methyl-2-(2-hydroxymethyl-4-thiazolyl)ethenyl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione.



