2 8 JUL 2404 WD 01/57029 PCT/USOL /03400 |I. C7 HETERCSUBSTITUTEE% A&F? TE
TAXANES AS ANTI TUMOR AGENTS BACKGROUND OF THE | NVENTI ON The pre %9
invention is directed to novel taxanes which have exceptional utility as
antitumwoagemis. 5 The taxane famly of terpenes, of whi BATA&eEEHHN | | |
and taxol are nenbers, has been the subject of considerable interest in
both the biological and chemcal arts. Taxol itself is enployed as a
cancer chenot herapeutic agent and possesses a broad range of
tunmor-inhibiting activity. Taxol has a B'R 3'S configuration and the
follow ng structural formula: AcO CSHSCONH O Q sHS O OH OH HO BzO_ o 10
wherein Ac is acetyl. Colin et al. reported in U S. Patent 4,814,470 that
certain t aCOHETRFAISURSTITIVARR ATBTATH TRKANESS A IANTITOMMR HGENTSat er t han t hat of
taxol. One of these analogs, commonly referred to as docetaxel, has the
-following structural formula: tBuOCONH O C6H5 Ol . OH 15 OH OH HO
BzOACO 0 Al though taxol and docetaxel are useful chenotherapeutic agents,
there aBACKGRAUNORAHEWNVENTION: i veness, including limited efficacy
agai nst cert aifhe gye%%?ltﬂ{ e%%Bﬁ%Slir%\Efédt@?ﬂcﬁiei Yaﬁa‘?ne%%hi%ﬁtl'?av\é*%elptional

adm ni stered at various doses. ccordingly, a need remains fo

addi t i onafiliyresentileregreagemsagents with inproved efficacy and |ess
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tS of the present jnvention, therefore,.is the
provi si ofnefmbers, has been %he subject of gonsslt?erabienlnterest f?'\ botﬂ tFle blologlcaf and
chemical arts. Taxol itself is employed as a cancer chemotherapeutic agent and
possesses a broad range of tumor-inhibiting activity. Taxol has a 2'R, 3'S

configuration and the following structural formula:

10
wherein Ac is acetyl.

Colin et al. reported in U.S. Patent 4,814,470 that certain taxol anaiogs
have an activity significantly greater than that of taxol. One of these analogs,
commonly referred to as docetaxel, has the following structural formuia:

tBuOCONH O
CeHs™ T
OH
15

Although taxol and docetaxel are useful cﬁemotherapeutic agents, there
are limitations on their effectiveness, including limited efficacy against certain
types of cancers and toxicity to subjects when administered at various doses.

20  Accordingly, a need remains for additional chemotherapeutic agents with

improved efficacy and less toxicity.




t axanes which conpare favorably to taxol and docetaxel with respecty § 9y 004
efficacy as anti-tunor agents and with respect to toxicity. In genera P

t hese t @ AS7MopOSSess a heterosubstituted acetate subst ipiyanrfor8ieol- 7, @
hydr oxy substituent at C-10 and a range of C-3' substituents. Briefly,
therefore, the present invention is directed to the taxane conposition,
per se, to pharmaceutical conpositions conprising the taxane and a
pharmaceutically acceptable carrier, an@ to nethods of admnistration. 10
O her objects and features of this invention will be in part apparent and
in part pointed out hereinafter. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS I n one enbodi nent of the present invention, the taxanes of the
pr esent SUMRWrO%TIHESIMIEI\JﬂDHtructure (1): 15 R7 R14 HO .= R2 O QAc

1) wherein htero b tuied acetate;
(ke% 0, hydlr oxy,RWPngég‘Pcf%e& )I@Ifd %ﬁfﬂﬁ %ﬂi hleé'g ar'iS§5e<ﬂf°Yf§m‘b9 25
X. is sultakanes atic compabs fa\lmablgt taltayd!, arm doustaxelatilty rsdpe thtEBﬁﬂca@fz

cubst | (USROG aBEDNS ang Wikt EPBegidb oty T depd hBREREEE, o and

R 0 % ndgpssesatd hetesvsuhdiitutedmratate Snmsﬁtmnﬁteh,eahgdfoxymﬁstlgmrwaton 2
8J UL 2 b 0 3 In one enbodinent, R2 is an ester
(maqqggqovg?‘d)car ﬁgégjtf;@-g %9%@-8 a carbonate (RRaOC(O O ), or a
t hi ocar bar nat eBrigffy M@@-&hemtﬂﬂwﬂﬂﬂﬁdsHﬂectﬁdetolthédgmntIy

hydr ogen, cd?ﬁﬁﬁé?ﬁ@k‘ibdénsé%%atrﬁkééuh&m% s orﬁg}; Qﬁélté’xarié‘aﬁda

preferred enbodi est.er Rea 1s aryl or

het er oar &ﬁﬁrﬁ@ceﬂﬁcahbﬁﬁ%@ma% G@igh af@rﬁdﬂ 0 F@dm@'ﬁiﬁ’ ©8t er

(Rafg O O ), vmﬂre?ldbjém drfl fesBbEloftngd iSventoRSHRYd inpAt appanst 1arfdJihY(
t hi enyl orﬂgg cY h ane gartlcul arly preferred enbodinent, R2
benzoyl ox¥P inted out hereinaft

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In one embodiment of the present invention, the taxanes of the present
invention correspond to structure (1):

15

(N

wherein
20 R, is acyloxy;
R, is heterosubstituted acetate;
R, is keto, hydroxy, or acyloxy;
R,, is hydroxy;
R, is hydrido or hydroxy;
25 X, is substituted or unsubstituted alkyl, alkenyt, alkynyl, phenyl or
heterocyclo;
X5 is -COX,,, -COOX,,, or -CONHX,,;
X, is hydrocarbyl, substituted hydrocarbyl, or heterocyclo;
Ac is acetyl; and
30 R;, Ry, and R,, independently have the alpha or beta stereochemical
~ configuration.



In one enbodiment, R7 is RraC(OQ O wherein R7,, is heterosubstitutegg Jﬁﬁlﬂﬂl
nmet hyl , said heterosubstituted nethyl noiety |acking a carbon atom whic
in the beta position relative to the carbon atomof which Rais a
substit memd1/s7Dbe  het erosubstituted nethyl is covalently REHESH/36M0at | east
one heteroatom and optionally wth hydrogen, the heteroatorn being, for
exanpl e, a nitrogen, oxygen, silicon, phosphorous, boron, sulfur, or
hal ogen atom The heteroatom may, in 15 turn, be substituted with other
atons to forma heterocycl o, al koxy, al3kenoxy, al kynoxy, aryl oxy, hydroxy,
protected hydroxy, oxy, acyloxy, nitro, amno, amno, thiol, ketals,
acetals, esters or ether noiety. Exenplary R substituents include R7,000
wherein R7a is chloronethyl, hydroxynet h& met hoxynmet hyl , et hoxynet hyI or
met hyi t hi onet hybnemnmtment’. Rjis meatelnﬁ 2640dR0k @ cashemsitet he pr esent
| nventi o n@éeﬁf’eafﬂdﬂé?é SR,?G’(@QO‘J 4 o thocRirBhmaté (Res@(O)O)

era

st er eoch n"iacé'i C ur at I on he eta s:bereo %.
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e a a_carpona or a

t hi o®ar béﬁa@s@é&&aﬁ%@@ 2\h & |°%‘R£%{ é E}@"?ﬁ@gﬁéﬂ y hydrogen

hydrocar Mbocﬁ#bﬁtlmyitseah By1er QRACHOHO vdhet'eanCR'zxaé substitufe® ors an ester
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wherein the Sgﬁ%&y&ﬁgﬁé@eﬁéﬁg{p&?iygésbe%r{errgwp&.,t;ﬁs HefuBsGORTLRId 19 of

het er ocycl o, Xﬁﬁ , protected
hydriéxy, métbyh sait hetergsubstituted raaﬁhurbmomw king acqarbqaetamm wiishds In est er

and_et hely IRl hSition tfatiiBlo RO SRR M ﬁldﬁ'R 5 llistuert Bl ar y

X3 substltuents I NC e su ute

t |,
subst i t uthelieresubstiuted meatingds QQV@@"t:'Br QHE%* v Pﬂgﬁié‘éer%f’%%" stituted
to Cq r?ﬁbhénvwnth%bgé#ttﬁé r@tema%thﬁélﬁ%tft@dehﬁﬁﬁmad mmtgems oxyge:a,l ni ng

5 or 6 ri at'ons bstituted or pnsu |tu1|_ hen ary
pr ef erred"ll&@!:"»’n phesPheraNS: SOTaTL UMW, qgceunt%t@"br Eﬁé{)%g'f a&“&?‘
ItOL Opp | buwlbe chszdd tituedyith oftreyerne o forim amemmw glkcsaybaﬂ@npkv, f“[%l
i en ri ar e COXTA m or
- CO\I%X ni‘iﬁy %dg%%#? Eﬁ@féragz flatcgﬁjé(g ﬁﬁ? ) IaPke

phenyl orthmtsmtalsr avetals, estérsanmtheympiaty. e&emm%bswbsméa@@ Inﬁlelr-iede

[Jggl)jb’si i tﬁﬁ Wﬁgr%@%msudgﬁ&hgi rp‘&’égc%tut egl) Jretig ’E‘?E bt ut ed

met hyl, esthgkympthubyor e hgmethbk anched or cyclic), butyl (straight,
branfdned or CVWI'\'H% Oglg%w t éﬁé eftddimeRf %E%*e@énﬁmvbhﬁdm iarothexy|

(straight, branc or C[yl'@(y % I1) substitu tltuted C2 to C8
al kenyl ssrohodinens by nanhayedhe @ e@%tét%afﬁmﬂ'@ﬁwa M (straight,
branched gfdrably b betal&@:@bbhéﬁﬁdamc@hﬁguﬁencncﬁmﬂ nedy bapfdrce)carmﬂel angt

(strai ghtB- ?/Eilgor;ccyhgrdaf) cr)r ﬁ-acy|o . For example, when R, is acyloxy, it may be an ester
(R, C(0)0-), a carbamate (Ry,Ry,NC(O)O-), a carbonate (Ry;OC(0)0O-), ora
25  thiocarbamate (R, SC(Q)0O-) wherein Rg, and Ry, are independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or heterocyclo. If Ry is an ester (Rg,C(O)O-),

Ry, is or unsubstituted alkyl, or unsubstituted alkeny!, or unsubstituted aryt or or

unsubstituted heternaromatic. Sti -)



20 hexenyl (straight, branched or cyclic); (iii) substituted or 2.8 JUL 7004
unsubstituted C2 to C8 al kynyl such as substituted or unsubstituted

et hynyl, wiey@igyewg! (straight or branched), butynyl (strai gla-tmgym)ag@@ched)
pentynyl (straight or branched), or hexynyl (straight or branched); (iv)

substituted or unsubstituted phenyl, or (v) substituted or unsubstituted
het eroaromati ¢ such as furyl, thienyl, or pyridyl, 25 wherein the
substituent(s) is/are selected fromthe4group consisting of heterocyclo,
al koxy, al kenoxy, al kynoxy, aryl oxy, hydroxy, protected hydroxy, keto,
acyloxy, nitro, amno, amdo, thiol, ketal, acetal, ester and ether

noi eties, but not phosphorous containing noieties. In one enbodi nent of

the presq@ierey iy s@&tltbém(sﬁémé s%dtéélﬁ@ﬁﬁ‘ﬁ’:é gro céﬁélsm 6f3 1, X5is

- COx, , V\Q_IEI‘EI n QQE{ E%l erein X10 is t- Iq@gcarbonyl
and R i éflb e %Oﬁvaa*gnm RXY nljydroxy dproteste Roxymet hyl
or et hoxyketd hadyloxy) rﬁﬁ@téleﬁncﬂrﬁmdonﬁfkbl Rétal hecepak eetdr dritvethier afoietiBs, t axane
correspo;b@qogpﬁtrui%ture X5.is - QOX10 wherein X10 is phenyl or - COOX10

wher ei n OSRSIQHEFHYRTING MAISYS-i s R7ac(0Q) 0- wherein R7a is 35
acyl dxymet hyl , Exerapbargd{;substituentsirdiyde sulistiutbd o200subAfitited 57, 0R0C,

T UL Bl SRR € R PRGRERL SN i
wlhﬁg )e(l Pre itc_na:d alkynylp subsijtutachenynsubmstituted M@(oermnatm@c@ntanmg 9 rgr; ? hrlnlg Cuet
a y é‘t&#nss)gﬁa ﬁﬂ:dstg%é MIFﬁhB&htu@éd ﬁh@ﬁ?ﬂy 'E‘ié?ﬁhl’an?g ﬁg@e&( y

as phenoxyneth et erocyc n anot of the
present iSHasHE amsm@udaﬁahéttt%eﬂ peYpERefitutedsethyls PreRyl1butyb cyslopresy!,

whergp n >&yc|obmylpb9emheszyl rs(a@%rf’yi fORA! Blighy, 4hd By ﬁdgput oxycarbonyl, and R7

S e et ot ocyRXemD wgﬁgu&s@?@%ﬁ@ﬁ%ﬁé@@ﬁé SR BN E‘yeﬁ%?ggt
Ihn;/gpg 'sﬁ t wsug%ﬂitﬁsewgduhgubsmmeﬂwugyl( aucenylzph\sh?w het:ﬂiat\mmatuc :
Unsubat | X P pPEREx, sibstiefibihdiiie Chxe SRoHKs Wb CORFLEy,
thOOX , where@@ﬂl—pﬁs ) mtm?m Uunsubstitutexy C, te Gysatkylisuch awstulnﬁiauleﬂt or or
axane
vor P10 bR BABIRL 4Byt Biopoh(SIGERBIRAR E o) it
het er osub3ranched @raychg), penty éstrmghb%éam 9r exalie). sy {straightet hyl
wher ei n tﬁ}% Bﬁé&w%ﬁ@t« ﬁg@@gs%ﬁ?ea%mﬁsgssﬁtma chg% ey %maabﬁtasng of

nltrogen SIl or Qus en atons,

oro
Still moreubsH teeimqnw&s@%e enmtra@pﬁev‘r{}haﬁm Branched or Tyels),
het er 05UWtéh?ﬂ@trah@t%l@?ﬂﬁe@rormh@ybentﬁh*}l EstrHight, Drastiesd edcydlieoanong

' hes§0 nhe:n(enyl (straight, branched or cyclic), (m) substituted or unsubstituted C, to C,
alkynyl such as substituted or unsubstituted ethynyl, propynyl (straight or
branched), butynyl (straight or branched), pentynyl (straight or branched), or
hexyny! (straight or branched); (iv) substituted or unsubstituted phenyl, or (v)
substituted or unsubstituted heteroaromatic such as furyl, thienyl, or pyridyl,

25  wherein the substituent(s) is/are selected from the group consisting of
heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy, protected hydroxy,
keto, acyloxy, nitro, aming, amido, thiol, ketal, acetal, ester and ether moieties,
but not phosphorous containing moieties.

In one embodiment of the present invention, the taxane corresponds to

30  structure 1, X, is -COX,, wherein X, is phenyl or -COOX,, wherein X,q is -
butoxycarbonyl, and R, is R,,C{O)0- wherein R,, is alkoxymethyl, preferably
methoxymethyl or ethoxymethyl. In another embodiment of the present invention
the taxane corresponds to structure 1, X; is -COX,, wherein X,o is phenyl or
-COOX,, wherein X,, is t-butoxycarbonyl, and R, is R,,C(O)O- wherein R, is

35  acyloxymethyl, preferably acetoxymethyl.



one enbodi ment X3 is selected fromsubstituted or unsubstituted al I%I UL 7004
al kenyl , 25 phenyl or heterocyclo, nore preferably substituted or
unsubstituted al kenyl, phenyl or heterocyclo, still nore preferably
substit uvedierezsinsubstituted phenyl or heterocyclo, and BEX[UYSOHBI6E0
preferably heterocyclo such as furyl, thienyl or pyridyl. Wile R7a and X3
are selected fromanong these, in one enbodinent X5 is selected from - COX"
wherein X, 0 is phenyl, alkyl or heterocyclo, nore preferably 28 JUL 2001 WO
. 01157029 PCT/USO /03600 6 phenyl. Altefnatively, while R7fa and X3 are

sel ected fromanong these, in one enbodinent X is selected from-COX,
wherein X10 is phenyl, alkyl or heterocyclo, nore preferably phenyl, or X5
is - C00X10 wherein X' is alkyl referably t-b 12 nong the nor
preferred enbddiansther emb@déﬂwt@ftgﬁ@fgs@@%ﬁ}’\%%“mbé eda ’@P‘%F%e?%o%‘fsrt%ture

2in whl ?;Q@QX el lSort-eICDO béiﬁ gigs - COX,,
wher ei n [ £s %hfa(?fﬁ i1 Jhattm )Q "sﬁﬂa@ny ngh ! cycl oal kyl

9%3 Bstyt ted r
al kenyl , ioxgarBeneRei® Ry )6m‘!\‘ eraﬁ'l ’%’
U“S]ybst ;)ltddéﬁ@xgmgmﬁ 1$5r¥étgowmgwy| drt.trrylbxytdelthamduchca's plyemminemvl Iahgrﬁ?x e )
preferably nSubstituted jsobu an i
R7 i < al K&k@ EQ’@FyFoorlnﬁf‘ %Wbﬁ@%@%ﬂt olf%égﬁégérﬁﬂé\/ﬁrﬁgorfﬁ{e tg%a/(%‘eral fornul a
1I rkray 3e rtipopd s}r}{@ygth@;tmbtﬁl)qed Cﬁbxﬂé whereinnX, i$ pheByII@r “Hl an .
al koxi de aV|n t he t axa nmetal lic oxide
Subst | t uaHPerein XglRhi Q@Hﬁ%ﬁ?{h&ﬂaém& C‘S%C%ﬁ?ﬁ% i re?n s7E| stituent at C 13
(as descradyimkymemyl preferablytametarymetsyl, Iaa\ﬂe)ﬁdlSEthQOWQW} 15 fol | owed by
renmoval of the t tHptcBniafvenion fol | owi ng
st ruct ural forlrﬂJ 'gé%%{feﬂ‘r)?g %Qﬂlﬂoﬁ%&%gﬁ@?@v\heﬁel n P2 is anhydr oxy
prot &@t i rmgor;&spmlctt’twsmtafﬁl& are as previously defined and the al koxi de
has the structural formula (4): (4) wherein Mis a netal or ammoni um P10
is a hydroxy protecting group and R7 is as previously defined. The

al koxi de may be prepared fs(g 0- deacetyl bacagatin 111 by selective
protection of the C 10 hyd E']y oup and then Bsterification of the C7

hydroxyl 2 8 JUL 2004 WO 01/+4Q2 CT/ 1)553 60 7Rgroup (as described nore
fully in Holton et at. Patent AP AN, 99/ 09021) foll owed by
treatment with a metallic am d®H Derivatyés o deacetyl baccatin |11
havi ng al ternative substituents at HO = \
BZOACO O ,
(2)
wherein

R, is heterosubstituted acetate;
R,q is hydroxy;
15 X, is substituted or unsubstituted alkyl, alkenyl, alkynyl, or heterocyclo;
X is -COX,q, -COOX, or -CONHX,,; and
X,, is hydrocarbyl, substituted hydrocarbyl, or heterocyclo.
For example, in this preferred embodiment in which the taxane corresponds to
structure'(Z) R, may be R,,COO- wherein Ry, is heterosubstituted methy!, more

20  preferably heterosubstituted methyl wherein the heterosubsituents are selected
from the group consisting of nitrogen, oxygen, silicon, phosphorous, boron, sulfur,
or halogen atoms, still more preferably heterosubstituted methyl wherein the
heterosubstituent is alkoxy or acyloxy. While R, is selected from among these, in
one embodiment X, is selected from substituted or unsubstituted alkyl, alkenyl,

25  phenyl or heterocyclo, more preferably substituted or unsubstituted alkenyl,
phenyl or heterocyclo, still more preferably substituted or unsubstituted phenyl or
heterocyclo, and still more preferably heterocycio such as furyl, thienyl or pyridyi.
While R,, and X, are selected from among these, in one embodiment X, is

selected from -COX,, wherein X, is phenyl, alkyl or heterocyclo, more preferably



C(2), C(9) and C(14) and processes for their preparation are known ZiBnJl'iLhﬁl[ll.
art. 5 Taxane derivatives having acyl oxy substituents other than

benzoyl owh @ls76d02) may be prepared, for exanple, as descri %(ﬁ ot on et
al., US Patent No. 5,728,725 or Kingston et at., U S. Paten 1\Io

6, 002, 023. Taxanes having acyl oxy or hydroxy substituents at C(9) in place
of keto may be prepared, for exanple as described in Holton et al., U S
Patent No. 6,011,056 or Gunawardana et &t., U S. 10 Patent No. 5, 352, 806.
Taxanes having a beta hydroxy substituent at C(14) may be prepared from
natural |y occurring 14-hydroxy-10-deacetyl baccatin Ill. Processes for the
preparation and resolution of the (3-lactamstarting material are generally

wel | knovpheniyr Aitseriatively, WitllelR;, leaet X| AraedlcbadfréRPameng dheseSAdneed i n
Hol t on, U. Sb Pat eqmo.sﬁg%é%gfléoo@@g%t he res ttngréerggtl ric 15
mi xt ur es SPEIMENRtKsls B2 TPAL ¢ DWﬁeée'Et p ER3EBC AN Py drol ysi s
usi ng a lhgtemeyolo, anml npreferablyspherhd,dor Xois M"’aﬂh?miﬁ%‘?s’ alkylS. Pat ent
No. 5,87 t . Pat.ent i . | \er _honopgenat e as
g L A
pr ef dr r edaxanrsiCoraspondingite istrubtire 23in wibichr(i)iX; is uCDOX yhwherein X, iattetthe
C(4) posig| he | C b S; ke '
Fol | o ne TR Xele -CORGRrRR s PRI 5 FEsibed S holet s o
A t ol uenecyelorlidoalkengo phenyanhateragyrp, snaregprefesgbly sutstiiutedsirep D NEt 3
. KF" ! Q_?_is‘sub)sﬁﬁltéﬂ WobutENd phemA! ffps Highy1o8r Byidi &l fAdréreferarly) 10
PP unsggstituted isobutenyl, furyl, thienyl or pyridyl, and (iii) R, is alkoxyacetyl or
10  acyloxyacetyl.
Taxanes having the general formula 1 may be obtained may be obtained
by treatment of a B-lactam with an alkoxide having the taxane tetracyclic nucleus
and a C-13 metallic oxide substituent to form compounds having a B-amido ester
substituent at C-13 (as described more fully in Holton U.S. Patent 5,466,834),
15  followed by removal of the hydroxy protecting groups. The B-lactam has the
following structural formula (3):

O
X5 N_‘/}

At 't
X;:;‘\ (o] P>
(3)

wherein P, is a hydroxy protecting group and X, and X; are as previously defined
and the alkoxide has the structural formuta (4):

20 (4)
wherein M is a metal or ammonium, P, is a hydroxy protecting group and R; is as
previously defined.
The alkoxide may be prepared from 10-deacetylbaccatin |li by selective

protection of the C-10 hydroxyl group and then esterification of the C-7 hydroxyl



Ove (-) 12 CAN, CH3CN wherein Ac is acetyl, NEt3 is triethyl am ne, g%Nlh%ML
ceric ammoniumnitrate, and p- TsCH is p-tol uenesul fonic acid. The +

| iver resolution may be carried out, for exanple, by conbining the

enat i onav@orsB2Yactam mi xture with a beef liver suspensi BATUSAER®RPRd, for
exanpl e, by adding 20 g of frozen beef liver to a 5 blender and then addi ng
a pH 8 buffer to nake a total volune of 1 L). Conpounds of formula 1 of
the instant invention are useful for inhibiting tunor growmh in nmammal s

i ncluding humans and are preferably adnf nistered in the formof a
pharmaceuti cal conposition conprising an effective antitunor amount of a
conpound of the instant invention in conblnatlon with at | east one 10

phar maceutical | y or pharnacol ogi cal I acceptable carrier., The rier, also
known i ngroup éas daacrd?ermr@flégm neekal. a"u& \Ratept Apajicatliat WQr  di | uent,
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i nt ended mtii@f‘ﬁ’étbﬁphgg lidatidRo 06384, IHisietare@entsilineno whiohdhe
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det ey “Eﬂu&)‘at@ﬂﬂn%e%Hb\ﬁiﬁgyeﬁ&idd stherhde art (see, for exanple, J.
Nai rn, in: Rem ngton's Pharmaceutical Science (A GCennaro, ed.), I\/ack

Publ i Shl ng Co.



Easton, Pa., (1985), pp. 1492-1517, the contents of which are incorz%;@haﬁt
herein by reference). 25 The conpositions are preferably fornulate
tabl et s,woiosseozei bl e  powders, pills, capsules, gelcaps, gaRhflh ﬁﬁgzl S,
| i posonmes, granules, solutions, suspensions, emnulsions, syrups, elixirs,
troches, dragees, |ozenges, or any other dosage form which can be
adm ni stered orally. Techni ques and conpositions for making oral dosage
fornms useful in the present invention a8e described in the 30 foll ow ng
references: 7 Mddern Pharnmaceutics, Chapters 9 and 10 (Banker & Rhodes,
Editors, 1979); Lieberman et al., Pharmaceutical Dosage Forns: Tablets
(1981); and Ansel, Introduction to Pharmaceutical Dosage Forns 2nd Edition
(1976). The conp03|t|ons of the ggy ntion for oral adm nistration conprise
conmpound of the invention in a

an 35 effectlve ant i t unor Ndarount

phar maceut i y accept e cargjugre Suiftabl e carriers for solid dosage
f or s |ncI s+2 L 2%1/%@1/ 03540 AGOSTYT Ches,
and ot her ccﬁ’lventl onal Stances i ncl udi g | act atw, sucrose, O

gelatin, ca rboxymethyl c ¢ml ose, agar, mannitol, sorbitol, calcium
phosphate, cal cium carbonate, sodi um carbonate, kaol i n, alginic acid,
acacia, corn3starch, pot & o starch, sodi um s&ccharin, magnesi um cérbonate,
tragacanth, 5 mcrocrystalline cellulose, colloidal silicon dioxide,
croscarnel |l ose sodium talc, magnesium stearate, and stearic acid.
Further, suchsipls d dessame forms nay . be sihe a_ge@ or may be coatgd hy known
techni ques; e.g., to del aFdsintegration and geRt i on. The a unor
conmpounds of the present ent i are al so pref e 10 formul ated for
parent eral addenestration, e.g or ul a&aqi.vé.or i nRect,j opOvi a CANQCHgaMeNOUS,
intraarteriqal,” subcut aneous, ftec¢tal, [ nt afuscul-at—
i ntraorbital, NEht racapsul g i nfmaspl nBFSOIUhtht ragg;?t onegl,, or

t

intrasternal routes. The g ositions of the inv ron for parenteral

adm ni strati on conprise an effemt ve antitunor ano f the antitunor
conpound in a pharmaceutically ‘acceptable 15 carrier. sage forms suitable
for parenteral admnistration include solutions, suspensions, dispersions,
enul si ons or any ot hersgggage form whi ch can ? |adm ni stered parenterally.
Techni‘ques and conpositions for nmaking parenté ki dosage forns are known

in the art Sui fabl e car cSl_ers used in formulating |iquid dosgge forns for
oral or Wer trati Miﬁcl ude IPrE')' > _proptueous HN

phar rraceutl G accept abl e pol ar yent S su h as oils, ggol s, am des,
esters, t*h rs, ¥ ones, hydr oc hns ﬁs }@eof kel Il as
wat er, sarife sol utions, dextros I ut| ons ( el ect roI yte

sol utions, of)H¥hy ot her aqueous, ph#&titaceut i caI I y accept gphze liquid. 25
Sui t abl e nonaqueous, pharnmaceutically-acceptabl e polar solvents include,

wherein Ac is acetyl, NEt, is triethylamine, CAN is ceric ammonium nitrate, and p-
TsOH is p-toluenesulfonic acid. The beef liver resolution may be carried out, for
example, by combining the enatiomeric B-lactam mixture with a beef liver
suspension (prepared, for example, by adding 20 g of frozen beef liver to a
5  blender and then adding a pH 8 buffer to make a total volume of 1 L).
Compounds of formula 1 of the instant invention are useful for inhibiting

tumor growth in mammals including humans and are preferably administered in
the form of a pharmaceutical composition comprising an effective antitumor
amount of a compound of the instant invention in combination with at least one

10 pharmaceutically or pharmacolegically acceptable carrier. The carrier, also
known in the art as an excipient, vehicle, auxiliary, adjuvant, or diluent, is any
substance which is pharmaceutically inert, confers a suitable consistency or form
to the composition, and does not diminish the therapeutic efficacy of the antitumor
compounds. The carrier is "pharmaceutically or pharmacologically acceptable” if



but are not limted to, alcohols (e.g., a-glycerol formal, O-glycerol
formal, 1, 3- butyleneglycol , aliphatic or aronmatic al cohols haviznﬂgJQL- 2118

carbon atons such as nethanol, ethanol, propanol, isopropanol, butanol,
t - but anako olysmamol , octanol, anylene hydrate, benzyl al BEHEISOL/GH6YTeri n
(glycerol), glycol, hexylene glycol, 30 tetrahydrofurfuryl alcohol, |auryl

al cohol, cetyl alcohol, or stearyl alcohol, fatty acid esters of fatty

al cohol s such as pol yal kyl ene gl ycols (e.g., polypropyl ene glycol,

pol yet hyl ene gl ycol), sorbitan, sucr os€? and chol est er ol ); amdes (e.g.,

di et hyl acetam d e (DVR), benzyl benzoate DVA, dinethylformam de, N ((3
hyd roxyethyl)- lactam de, N, N -dinethyl acetam de_am des, 2-pyrrolidinone,
35 1 -net % -2-pyrrolidinone, or polyvinyl Ryrrol i done); esters (e.g.,
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' powders, pills, capsules, gelcaps, caplets, gels, liposomes, granules, solutions,
suspensions, emulsions, syrups, elixirs, troches, dragees, lozenges, or any other
dosage form which can be administered orally. Techniques and compositions for
making oral dosage forms useful in the present invention are described in the

30  following references: 7 Modern Pharmaceutics, Chapters 9 and 10 (Banker &

Rhodes, Editors, 1979); Lieberman et al., Pharmaceutical Dosage Forms: Tablets
(1981); and Ansel, Introduction to Pharmaceutical Dosage Forms 2nd Edition
(1976).
The compositions of the invention for oral administration comprise an
35 effective antitumor amount of a compound of the invention in a pharmaceutically

acceptable carrier, Suitable carriers for solid dosage forms include sugars,




ketone); aliphatic, cycloaliphatic or aromatic hydrocarbons having 28 30 2004
carbon 30 atons (e.g., benzene, cycl ohexane, dichl oronethane, di oxol anes,
hexane, n- dodecane, n-hexane, sulfol ane, tetraﬁ@qhﬁ%l sulfon
tetranetﬁg?gﬁgg%ffOX|de t ol uene, dinethyl sul f oxi de (DVSO), 0548
tetramet hyl enesul foxide); oils of mneral, vegetable, aninmal, essential or
synthetic origin (e.g., mneral oils such as aliphatic or max-based

hydr ocarbons, aromatic 35 hydrocarbons),y m xed al i phatic and aromati c based
hydr ocarbons, and refined paraffin oil, vegetable oils such as |inseed,
tung, safflower, soybean, castor, 2 8 JUL 2006 WD 01/57029 PCTI US01/ 03600
12 cottonseed, groundnut, rapeseed, coconut, palm olive, corn, corn germ

sesane, Igfchis, aﬁtﬁioﬂ@*ﬁﬁnv@hﬂoﬁéﬂ%@sﬁ@féﬂﬁél@ﬂ@la@%s@rﬂ@lc; sﬁ'd:rosér
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sol vents ftor se I n_the invention {j& well known to those of ordinary
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Pr ef erreodgstﬂ {%‘S.?ﬁe ”8’@’"(‘5’ € 3thown to stabilize the antitunor
conpounds, sucsuw@bleldmuénsalsemntforrgumaglludﬁid dbseigeeformsl fer oealfdrl ower oi |,
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emul sifie an ol
DW5) electrolyte solutlons or any other aqueous, pharmaceutically acceptable
tiquid. _
25 Suitable nonaqueous, pharmaceutically-acceptable polar solvents include,

but are not limited to, alcohols (e.g., a-glycerol formal, B-glycerol formai, 1, 3-
butylenieglycol, aliphatic or aromatic alcohols having 2-30 carbon atoms such as
methanol, ethanol, propanol, isopropanol, butanol, t-butanol, hexanol, octanol,
amylene hydrate, benzy! alcohol, glycerin (glycerol), glycol, hexylene glycal,

30 tetrahydrofurfuryl alcohol, lauryl alcohol, cetyl alcohol, or stearyl alcohol, fatty acid
esters of fatty alcohols such as polyalkylene glycols (e.g., polypropylene glycol,

- polyethylene glycol), sorbitan, sucrose and cholesterol); amides (e.g.,
dimethylacetamide (DMA), benzyl benzoate DMA, dimethylformamide, N-(B-
hydroxyethyl)-lactamide, N, N-dimethylacetamide_amides, 2-pyrrolidinone,

35 1-methyt-2-pyrrolidinone, or polyvinylpyrrolidone); esters {(e.g., 1-methyl-2-
pyrrolidinone, 2-pyrrolidinone, acetate esters such as monoacetin, diacetin, and

——— e e



Inc., Stockholm Sweden), Nutralipid @enulsion (MGw, Irvine,
California), Liposyn(r) Il 20% emul sion (a 20% fat enul sion solutizoEwUHm“l
containing 100 ng safflower oil, 100 ng soybean oil, 12 g
phosphatwdes/s7and 25 ng gl ycerin 35 per nl of sol uti on: Aggﬁﬂ% 1/03600
Laboratories, Chicago, Illinois), Liposyn(r)1112% emul si on (a 2% f at

emul si on solution containing 100 ng safflower oil, 100 ng 2 8 JUL 200/1 WO
01/57029 PCTI USO1103600 13 soybean oil, 12 ng egg phosphatides, and 25 ngy
gl ycerin per m of solution; Abbott Lé%oratories, Chicago, Illinois),
natural or synthetic glycerol derivatives containing the docosahexaenoyl
group at |evels between 25% and 100% by wei ght based on the totaI fatty
acid content (Dhasco(r) (frontNhrtek IOSCIe ces
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al cohol , 44 eoluvonhlsca@nbaﬂ gliatty acieh estersHye-, dae |cen§§esatlon prodiict of a
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- sugars, pat paknisolebcaid a9leiciaditnelaigia ar eggéﬁtag an I%o‘euy ag ¥|5
25  steroidal esters); alkyl, aryl, or cyclic ethers having 2-30 carbon atoms (e.g.,
diethyl ether, tetrahydrofuran, dimethyl isosorbide, diethylene glycol monoethy!
ether); glycofurol (tetrahydrofurfuryl alcohol polyethylene glycol ether), ketones
having 3-30 carbon atoms (e.g., acetone, methyt ethyl ketone, methyl isobuty!
ketone); aliphatic, cycloaliphatic or aromatic hydrocarbons having 4-30 carbon
30 atoms (e.g., benzene, cyclohexane, dichloromethane, dioxolanes, hexane, n-
decane, n-dodecane, n-hexane, sulfolane, tetramethylenesulfon,
tetramethylenesutfoxide, toluene, dimethylsulfoxide (DMSO), or
tetramethylenesulfoxide); oils of mineral, vegetable, animal, essential or synthetic
origin {e.g., minera! oils such as aliphatic or wax-based hydrocarbons, aromatic
35  hydrocarbons, mixed aliphatic and aromatic based hydrocarbons, and refined

paraffin oil, vegetable oils such as linseed, tung, safflower, soybean, castor,



35 starches such as nmi ze starch, wheat starch, rice starch, potato}gtig[ g
or carboxynethyl starch, cross-1linked ponV|nyI pyrrolldone agar,

al gi ni c w@assoe20a 28 JUL 20 WO 01/ 37029 PCTIUSOL /03600 14csaldo1okyeof
such as sodi um al gi nate, croscarnell ose sodi um or crospovi done),

| ubricants (e.g., silica, talc, stearic acid or salts thereof such as
magnesi um stearate, or polyethylene glycol), coating agents (e.g.,
concentrated sugar solutions includind2gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, 5 polyethylene glycol, or titanium dioxide), and
antioxidants (e.g., sodium netabisulfite, sodiumbisulfite, sodium
sulfite, dextrose, phenols, and thiophenols). 1In a preferred enbodi nent,
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Nonaqueous Solvents in Parenteral Products, JOURNAL OF PHARMACEUTICAL

25  SCIENCES, Vol. 52, No. 10, pp. 917-927 (1963).

. Preferred solvents include those known to stabilize the antitumor
compounds, such as oils rich in triglycerides, for example, safflower oil, soybean
oil or mixtures thereof, and alkyleneoxy modified fatty acid esters such as
polyoxyl 40 hydrogenated castor oil and polyoxyethylated castor oiis (e.g.,

30 Cremophor® EL solution or Cremophor® RH 40 solution). Commercially
available triglycerides include Intralipid® emulsified soybean oil (Kabi-Pharmacia
inc., Stockholm, Sweden), Nutralipid ® emulsion (McGaw, Irvine, California),
Liposyn® Hl 20% emuilsion (a 20% fat emulsion solution containing 100 mg
safflower oil, 100 mg soybean oil, 12 mg egg phosphatides, and 25 mg glycerin
35 per ml of solution; Abbott Laboratories, Chicago, lllinois), Liposyn® Il 2% -

emulsion (a 2% fat emulsion solution containing 100 mg safflower oil, 100 mg
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the compogyt polyoxyethylehe e e¥ ELURERVEO Y. BtHPLARYare,GBEn2HAY),
microbial preservatives (e.g., benzyl alcohol, phenol, m-cresol, chlorobutanol,
sorbic acid, thimerosal and paraben), agents for adjusting pH or buffering agents
(e.g., acids, bases, sodium acetate, sorbitan monolaurate), agents for adjusting
25  osmolarity {e.g., glycerin), thickeners (e.g., aluminum monostearate, stearic acid,

. cetyl alcohal, stearyl alcohol, guar gum, methyl cellulose, hydroxypropylcellulose,
tristearin, cetyl wax esters, polyethylene glycol), colorants, dyes, flow aids,
non-volatile silicones (e.g., cyclomethicone), clays (e.g., bentonites), adhesives,
bulking agents, flavorings, sweeteners, adsorbents, fillers {e.qg., sugars such as

30 lactose, sucrose, mannitol, or sorbitol, celiulose, or calcium phosphate), diluents
(e.g., water, saline, electrolyte solutions), binders (e.g., starches such as maize
starch, wheat starch, rice starch, or potato starch, gelatin, gum tragaca nth, methyl
celiulose, hydroxypropy! methyicellulose, sodium carboxymethyl cellulose,
polyvinylpyrrolidone, sugars, polymers, acacia), disintegrating agents (e.g.,

35  starches such as maize starch, wheat starch, rice starch, potato starch, or

carboxymethy! starch, cross-inked polyvinyl pyrrolidone, agar, alginic acid or a
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patient. phedgiehtUepeiithg, for example, upon the patient's physiologicat condition,
whether the purpose of the administration is therapeutic or prophytactic, and other
factors known to and assessable by a skilled practitioner.
25 Dosage and regimens for the administration of the pharmaceutical
compositions of the invention can be readily determined by those with ordinary
skill in treating cancer. It is understood that the dosage of the antitumor
compounds will be dependent upon the age, sex, heaith, and weight of the
recipient, kind of concurrent treatment, if any, frequency of treatment, and the
30 nature of the effect desired. For any mode of administration, the actual amount of
antitumor compound delivered, as well as the dosing schedule necessary fo
achieve the advantageous effects described herein, will also depend, in part, on
such factors as the bioavailability of the antitumor compound, the disorder being
treated, the desired therapeutic dose, and other factors that will be apparent to
35 those of skill in the art. The dose administered to an animal, particularly a human,
in the context of the present invention should be sufficient to effect the desired
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about 60 to about 350 mg/m?. However, the dosage may vary depending on the
dosing schedule which can be adjusted as necessary to achieve the desired
therapeutic effect. It should be noted that the ranges of effective doses provided
herain are not intended to limit the invention and represent preferred dose
25  ranges. The most preferred dosage will be tailored to the individual subject, as is
understood and determinable by one of ordinary skill in the art without undue
experimentation.
The concentration of the antitumor compound in a liquid pharmaceutical
composition is preferably between about 0.01 mg and about 10 mg per ml of the
30  composition, more preferably between about 0.1 mg and about 7 mg per mi, even
more preferably between about 0.5 mg and about 5 mg per mi, and most
preferably between about 1.5 mg and about 4 mg per ml. Relatively low
concentrations are generally preferred because the antitumor compound is most
soluble in the solution at low concentrations. The concentration of the antitumor
35 compound in a sofid pharmaceutical composition for oral administration is
preferably between about 5 weight % and about 50 weight %, based on the total
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administration.

25 Emuilsions for parenteral administration can be prepared by dissolving an
antitumor compound in any pharmaceutically acceptable solvent capable of
dissolving the compound (e.g., ethanol or methylene chloride) to form a solution.
An appropriate volume of a carrier which is an emulsion, such as Liposyn® |l or
Liposyn® lIl emuision, is added to the solution while stirring to form a

30 pharmaceutically acceptable emulsion for parenteral administration to a patient. If
desired, such emuisions can be formulated to contain a minimal amount of, or to
be free of, ethanol or Cremophor® solution, which are known in the art to cause
adverse physiological effects when administered at certain concentrations in
parenteral formulations.

35 Solutions for parenteral administration can be prepared by dissolving an

antitumor compound in any pharmaceutically acceptable solvent capable of
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As used herein, "Ac" neans acetyl; "Bz" nmeans benzoyl; "Et" neans ethyl;

"“Me" nmeans nethyl; "Ph" nmeans phenyl; "iPr" means isopropyl; "tBu" and
"t-Bu" nPefinitioast -butyl ; "R' means |lower al kyl unless otherw se defined;
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20  alkynaryl. Unless otherwise indicated, these moieties preferably comprise 1 to 20

carbon atoms.

The “substituted hydrocarbyl” moieties described herein are hydrocarbyl
moieties which are substituted with at least one atom other than carbon, including
moieties in which a carbon chain atom is substituted with a hetero atom such as

25  nitrogen, oxygen, silicon, phosphorous, boron, suifur, or a halogen atom. These
substituents include halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy,
hydroxy, protected hydroxy, keto, acyl, acyloxy, nitro, amino, amido, nitro, cyano,
thiol, ketals, acetals, esters and ethers.

The term “heteroatom” shall mean atoms other than carbon and hydrogen.

30 The “heterosubstituted methyl” moieties described herein are methyl
groups in which the carbon atom is covalently bonded to at least one heteroatom
and optionally with hydrogen, the heteroatom being, for example, a nitrogen,
oxygen, silicon, phosphorous, boron, sulfur, or halogen atom. The heteroatom
may, in turn, be substituted with other atoms to form a heterocyclo, alkoxy,



anyl oxycar bonyl ; "2-FuCO' neans 2-furyl carbonyl; 2 ThCO' neans 2-
t hi enyl carbonyl; "3-ThCO' neans 3-thienyl carbonyl; 2 PyCO' neans 2ZB JUL 2004

pyri dyl cwomnybzs " 3-PyCO' means 3-pyridyl carbonyl ; " 4- Py@@i/useaussed-

pyri dyl car bonyl ; "CAHTCO' means but enyl carbonyl; "t C3H5CO' nmeans trans 20
propenyl carbonyl ; "Et OCO' nmeans et hoxycarbonyl; "ibueCO' nmeans

| sobut enyt car bonyl ; "i BuCO' neans isobutyl carbonyl; "iBuOCO' neans

i sobut oxycar bonyl ; "1Pr000" neans isoprl%yl oxycar bonyt; "nPrOCO' nmeans n-

propyl oxycar bonyl ; "nPrCO'" neans n-propyl carbonyl, "i bue"” means isobutenyl;
"THF" neans tetrahydrofuran; "DMAP' neans 4-di methyl am no pyridine; and 25
"LHVDS" neans |ithium hexanet hyl disilazanide. .The foll ow ng exanpl es

i |1 ust r atalkemexy, @lkyndxyn antoanilydraxy, protected hydroxy, oxy, acyloxy, nitro,

10- deacer . RIS Kehs LIS SHBSAIANET haibfr, 'Y )
N- debenzoyi - N-The{ aa{a @sa.ybﬁmueﬁﬁcemte'awmtmescnb(eﬂmrﬂn prepacgtate

?‘;t goxy %@ﬁgggﬁ l«lﬁﬁ:lﬁ’%&b%ﬂﬁ&ﬁ@%f&h @83’?2?%2% H&é&iﬁﬁ'%‘l%ﬁ%tSBSX0|)

and t%e Les: net@reatqm@@ Aptionaily with t@?@ﬁ%@%@dﬁs hatgeat «am&elagnf%m@mlw at ex

bal | 00ns)a Hgl 2l c8AnaNR, BhEBHRARUCBHRY UGS dbgd oy TLC o
e react, | ce e exgne sence O
the react g {Som SO turh B SHEMERTHAS Sl ﬁﬁ@?‘éﬁmaa haferoBidids " s

g) and t@kﬁﬁylalbem@e))@ﬂ(ymmy ayloxy, hdrexiyy prateeted feydrdkg, mgricplestyet hy|

- dcbenzdyt r%b@#‘?V%%ﬁﬂﬂﬁ§93<§f%§r@ﬁé’?%§reét%9¥ PuRlreRay. 10 O Ve, The

desph@nyl - 3' - (Bniessyvtheavis¢ mdmhdxﬂr@albyb@pupsﬂbsnahedthﬂremmre
trinethyl elfé(rjap fl’é%leraaﬁ (?IWH difing 3t rﬂl_oﬂgjtg eq%ﬁtg% w}it@Es"}ﬁ%Q dringiday used

h
In;| Exicgrm? angt um&Bﬁaaybomg% f Th9v )‘nazy be straightias:Branched chain or
propyl) - %&e%ﬂ%btu&rhétﬁweéthw ﬁrd .@l ‘H?.le”ﬁe a‘ththenmaJ) in 4 n
10 anhydrous pyr| di ne at 0 mro] ) under a
nitrogen at m)éﬂ thepvisg;i @gvgf’@?au §“)§| Hpg%? §€ heEeiRA€acet yl
C]t"t ot5 geh;ﬁr%ﬁe Ioi:vé}ﬂ&k?ﬁw |cbntaTrt,|ﬁg (froint: | tﬁﬁ t@@ght&:a?b@ﬁ RYdme e tind pnhemahe)
after showed, no.st.ar eHLed
(i corwat By U816 oflcrchidhalihE oy maboh St khrt and8o4 haltor eqct f on
at 0 CC (cydfic\amiceinchatengtheayl, pdufehyll isdpropeaykebatenyl, isebatedyl hexeolyl, 48%
aqueous hgﬁl& FTL |c acid and the cooling bath was renoved. The reaction

a

was stirrted roomtenperature for 8.0 h and then diluted with 60 nL of
et hyl acetate dniessweibeadiseiindicatedothe alkynygroups sesafbed hereipdres f ol | oned

by 1 n1_
NéZS%% i conw]trate %Hﬁtd\‘ﬂﬁ%fromﬁw@rt&%i‘dutﬂ CaftiGHh aﬁﬁs%tl@pﬂﬁ@ibal

yel | ow soffhiain@ndcup ja <0 pswb@n atpros; ﬁhﬁagﬁn Y b GHa : Oroagirﬁn@w? ng""g%“é‘ 11
et hyl acejnai@lensthgng), prepydiyy,ubddyl NiobiB§ R/, diexdhyl, and the like.
The terms "aryl" or "ar" as used herein alone or as part of another group
denote optionally substituted homocyclic aromatic groups, preferably monocyclic

25  or bicyclic groups containing from 6 to 12 carbons in the ring portion, such as
phenyl, biphenyl, naphthyl, substituted phenyl, substituted biphenyl or substituted
naphthyl. Phenyl and substituted phenyl are the more preferred aryl.

The terms "halogen” or "halo" as used herein alone or as part of another
group refer to chlorine, bromine, fluorine, and icdine.

30 The terms "heterocyclo" or "heterocyclic™ as used herein alone or as part of
another group denote optionally substituted, fully saturated or unsaturated,
monocyclic or bicyclic, aromatic or nonaromatic groups having at least one
heteroatom in at least one ring, and preferably 5 or 6 atoms in each ring. The
heterocyclo group preferably has 1 or 2 oxygen atoms, 1 or 2 sulfur atoms, and/or

35 1 to 4 nitrogen atoms in the ring, and may be bonded to the remainder of the

molecule through a carbon or heteroatom. Exemplary heterocyclo include



debenzoyl - N-t eat - anyl oxycar bonyl - 3' - desphenyl -3' - (2-furyl)-10- deacet -

et hoxyacetyl taxol | np_166-167 C 1H NVR (CDOI3) '8.12 (m 2H), 7.62 &4 200
H, 7.46-7.51(m 2H), 7.40 (m1 H), 6.39(dd, J=3.1,1.5 Hz, 1 H, 6.25 (d,
J=3. 1 HzwoB1Hy(2925 6.21(dd, J=8.8, 8.7 Hz,1 H), 5.67(1 H)PCE/‘ESQI/(’%“Q H),
5.26-5.38(m 3H), 4.98(m 1 H), 4.76(m 1 H), 4.36 (d, J=9.3 Hz, 1 H),

4.21 (d, J=9.3 Hz, 1 H), 4.09(d, J=7.6 Hz, 1 H), 3.99 (m 3H), 3.42 (s,
3H), 3.30 (d, J= 5.5 Hz, 1H), 2.55-2.60f 1H) 2.43 (s, 3H),
2.20-2.38(m 2H), 1.98 (s, 3H),1.96-1.98 1 H, 1.84 (bs, 3H),

1.62-1.68(m 2H), 1.36(s, 3H), 1.34(s, 3H) 1.23(s, 3H), 1.10(s, 3H),
0.81(t, J=8.2Hz, 3H); Anal. Calcd. 30 for C4, H57NOL7: C, 61.15; H, 6.50.

- Exanp) elsraapmatisa aich s b, BiRaY BUddopEziobutelh eyl EliRTiel "o
zgg; ghagts&qgé l wnbislﬁlﬁsgr{dﬁx@ [i®. O xézplary substitueptsipaiuzle dre os endresofdhe :
subst i tuefﬁ‘ﬂgwlr@ggl"tquﬂ Sed™ d% gﬂ@ypuﬁﬁgmuﬁ%d ﬁg&o@gw nglg'%n)& BE?—E ?‘B (13)
égmlﬁs 20 2raf uf@?@ﬁ\gacﬂﬂﬂxwﬂv&oﬂyowmmmﬂwndw ,X8HDxy, halogen, amido, |
Sotei Buccwid lﬂ“i/{? AabohiBL st cas s ngﬁfk@%ﬁbm

6353t AmOCO- 2- fmhgltmmuhﬂermatmlzsadthnmmor as part of another

i R B i o

5616t BuOdmetzreatom Phakleast apgsingappdprofer @@ms in each ring. The
5811t C3H$
3261 B q%%ﬁélﬁwét%@pr@%‘rﬁw Z}r%ﬂgﬂi‘%ﬁs 1 or 2 sulfur atoms,

and/or 1 to 4 nitrogen atoms in the ring, and may be bonded to the remainder of
the molecule through a carbon or heteroatom. Exemplary heteroaromatics
include furyt, thienyl, pyridyl, oxazolyl, pyrrolyl, indolyl, quinoclinyl, or isoquinoiiny!
and the like. Exemplary substituents inciude one or more of the following groups:
hydrocarbyl, substituted hydrocarbyl, keto, hydroxy, protected hydroxy, acyl,

15 acyloxy, alkoxy, alkenoxy, alkynoxy, aryloxy, halogen, amido, amino, nitro, cyana,
thiol, ketals, acetals, esters and ethers.

The term "acyl," as used herein alone or as part of another group, denotes
the moiety formed by removal of the hydroxyl group from the group --COGH of an
organic carboxylic acid, e.g., RC(O)-, wherein R is R', R'0-, R'R*N-, or R'S-, R' is

20  hydrocarbyl, heterosubstituted hydrocarbyl, or heterocyclo and R?is hydrogen,
hydrocarbyl or substituted hydrocarbyl.

The term "acyloxy," as used herein alone or as part of another group,
denotes an acyl group as described above bonded through an oxygen linkage
(-0-), e.g., RC(0)O- wherein R is as defined in connection with the term “acyl.”

25 Unless otherwise indicated, the alkoxycarbonyloxy moieties described
herein comprise lower hydrocarbon or substituted hydrocarbon or substituted
hydrocarbon moieties.

Unless otherwise indicated, the carbamoyloxy moieties described herein
are derivatives of carbamic acid in which one or both of the amine hydrogens is

30  optionally replaced by a hydrocarbyl, substituted hydrocarby! or heterocyclo
moiety.

The terms "hydroxy! protecting group” and “hydroxy protecting group” as
used herein denote a group capable of protecting a free hydroxyl group
(“protected hydroxyl") which, subsequent to the reaction for which protection is

35  employed, may be removed without disturbing the remainder of the molecule. A
variety of protecting groups for the hydroxyt group and the synthesis thereof may



WO 01/ 57029 PCTIUSOL /03600 23 Examle 3 Follow ng the processes defg(rjjpm@é
el sewhere herein, the follow ng specific taxanes having structural

1 may bewwrjapased, wherein R7 is as previously defined, iphg ;mogmerei n
R7 ig R7aCO0-and R7a is heterosubstituted nmethyl. In one ?eh#go{l nent, R7a

I's chioronethyl, hydroxynethyl, nethoxynethyl, ethoxynethyl,

phenoxynethyly ace?oxyn%thyl, or nethylthionethyl. x5 10 15 20 t Bu00O

t BuOCO t BuOCO i tBu000 tBuOCO t BuOCO t BIoCO t Bu00O t BuOCO L. tBuCCO t BuOCO
t BuOCO t Bu0OOO benzoyl benzoyl benzoyl benzoyl X3 2-furyl 3-furyl 2-thienyl
3-thienyl 2-pyridyl 3-pyridyl 4-pyridyl isobutenyl isopropyl cyclopropyl
cycl obut yl :

be found in "Protective Groups in Organic Synthesis" by T. W. Greene, John

Wiley and Sons, 1981, or Fieser & Fieser. Exemplary hydroxyl protecting groups
include methoxymethyl, 1-ethoxyethyl!, benzyloxymethyi,
(.beta.-trimethyisilylethoxy)methyl, tetrahydropyranyl,
5  2,22-trichloroethoxycarbonyi, t-butyl(diphenyl)silyl, trialkylsilyl,

trichloromethoxycarbony! and 2,2,2-trichioroethoxymethyi.

As used herein, “Ac” means acetyl; “Bz” means benzoyl, “Et” means ethyl;
“Me” means methyl; “Ph” means pheny!; “iPr” means isopropyl; “tBu” and “t-Bu”
means tert-butyl; “R" means lower alkyl unless otherwise defined: ‘py” means

10 pyridine or pyridyl; “TES" means triethylsityl: “TMS" means trimethylsilyl; "LAH"
means lithium aluminum hydride; “10-DAB" means 10-desacetylbaccatin 1™
“amine protecting group” includes, but is not limited to, carbamates, for example,
2,2,2-trichloroethylcarbamate or tertbutylcarbamate; “protected hydroxy” means -
OP wherein P is a hydroxy protecting group; "PhCQO” means phenylcarbonyt;

15 “BuOCO” and “Boc” mean tert-butoxycarbonyl; “tAmOCO” means tert-
amyloxycarbonyl; “2-FuCO" means 2-furylcarbonyl; “2-ThCO” means 2-
thienylcarbonyl; “3-ThCO” means 3-thienylcarbonyl; “2-PyCO” means 2-
pyridylcarbonyl; “3-PyCO” means 3-pyridylcarbonyl; “4-PyCO” means 4-
pyridylcarbonyt; “C,H,CO" means butenylcarbonyt; “tC,H.CO” means trans-

20 propenylcarbonyl; “EtOCO” means ethoxycarbony!; “ibueCO” means
isobutenylcarbony!; “iBuCO” means isobutylcarbonyl; “iBuOCO” means
isobutoxycarbonyl; “iPrOCO” means isopropyloxycarbony!; “nPrOCO" means n-
propyloxycarbonyl; “nPrCO" means n-propylcarbonyl,“ibue” means isobutenyl;
“THF" means tetrahydrofuran; “DMAP" means 4-dimethylamino pyridine; and

25 “LHMDS” means lithium hexamethyl disilazanide.

The following examples illustrate the invention.

Example 1

N-Debenzoyl-N-tert-amyloxycarbonyl-3’-desphenyl-3’-(2-furyl)-
10-deacetyl-7-methoxyacetyl taxol (6226)

30  Toasolutionof N-debenzoyl-N-fert-amyloxycarbonyl-3'-desphenyl-3'-(2-furyl)-2'-(2-

methoxy-2-propyl)-7-benzyloxycarbonyi-10-deacetyl-10-trimethylsilyt taxol (2.50 g,

2.292 mmol) in 50 mL of ethyl acetate was added 10% Pd-C (500 mg) and the
mixture stirred at ambient temperature under a H, atmosphere (latex balloons) for



cycl opentyl phenyl 2-furyl 3-furyl 2-thienyl 3-thienyl R7 R7a000 R7
R7a000 R7aCOO R7a000 R7a000 R7dCOO R7a000 R7aCOO R7a000 R7a000 R?aO@@SBL 200k
R7aC00 R7aC00 R7aCOO R7aCOO R7a000 L -1 benzoyl 2-pyridyl R7aCO0 -- 2b 2 8
J UL 2006 0w&¥09/ 57029 PCT/ USOL/ 03600 24 5 10 15 20 25 30PCT/US01/03609

benzoyl 3- pyr | dyl R7aCOO - benzoyl 4-pyri dyl R7, 000 benzoyl i sobut enyl R, a000
benzoyl i sopropyl R7aCOO- benzoyl cycl opr opyl R7aC00- benzoyl cycl obut yl R7aCO0O

21

45 minutes. TLC of the reaction {silica gel, 1:1 ethyl acetate:hexane) showed the
presence of only the product. The mixture was then filtered through a celite bed (5
g) and the celite washed with 25 mL of ethyl acetate. The combined ethyl acetate
fraction was concentrated under reduced pressure to give, the N-debenzoyl-N-tert-

5  amyloxycarbonyl-3'-desphenyl-3'-(2-furyl)-2'-(2-methoxy-2-pro pyl)-10-deacetyl-10-
trimethylsilyl taxol as a white soiid 2.10 g (96%) which was directly used in the next
step.

To a solution of N-debenzoyi-N-tert-amyloxycarbonyl-3'-desphenyl-3'-(2-furyl)-2'~(2-
methoxy-2-propyl)-10-deacetyl-10-trimethylsilyl taxol (400 mg, 0.41 8 mmol)in4 mL

10 anhydrous pyridine at 0 °C was added DMAP (20 mg, 0.16 mmol) under a nitrogen
atmosphere. To this mixture was added drop wise methoxyacetyl chioride (96 mL,
1.045 mmol). TLC (silica gel, 2:3 ethyl acetate:hexane) after 3 h showed no starting
material. The reaction was cooled to 0 °C (ice-water bath) and quenched by adding
80 mL of water.

15  To the reaction at 0 °C (ice-water bath) was added 4 mL of acetonitrile and 2 mL of
48% aqueous hydrofluoric acid and the cooling bath was removed. The reaction was
stirred at room temperature for 8.0 h and then diluted with 60 mL of ethyl acetate and
washed with 2x10 mL of saturated aqueous NaHCO, followed by 15 mL of saturated
aqueous NaCl. The organic layer was dried over Na,SO, and concentrated under

20  reduced pressure to give 365 mg of a yellow solid which was purified by flash-
chromatography (silica gel, 1:1 ethyl acetate:hexane) to give 325 mg (88%) of N-
debenzoyl-N~tert-amyloxycarbonyI~3'-desphenyI-3'-(2-furyl)—10-deacetyl-'/-
methoxyacetyl taxol: mp 166-167 °C; "H NMR (CDCl,) 8.12 (m, 2H), 7.62(m, 1H),
7.46-7.51(m, 2H), 7.40 (m, 1H), 6.39(dd, J=3.1, 1.5 Hz, 1H), 6.25 (d, J=3.1 Hz, 1H),

25  6.21(dd, J=8.8, 8.7 Hz, 1H), 5.67(1H), 5.58 (m, 1H), 5.26-5.38(m, 3H), 4.98(m, 1H),
4.76(m, 1H), 4.36 (d, J=9.3 Hz, 1H), 4.21 (d, J=9.3 Hz, 1H), 4.09(d, J=7.6 Hz, 1H),
3.99 (m, 3H), 3.42 (s, 3H), 3.30 (d, J= 5.5 Hz, 1H), 2.55-2.60(m, 1H), 2.43 (s, 3H),
2.20-2.38(m,2H), 1.98 (s, 3H), 1.96-1.98 (m, tH), 1.84 (bs, 3H), 1.62-1 .68(m, 2H),
1.36(s, 3H), 1.34(s, 3H), 1.23(s, 3H), 1.10(s, 3H), 0.81(t, J=8.2Hz, 3H); Anal. Calcd.

30 for CHs,NO,;: C, 61.15; H, 6.50. Found: C, 61.01; H, 6.57.
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2- FUCO- 3- furyl R7a000- 2- FUCO- 2-t hi enyl R7a000- 2- FUCO- 3-t hi enyl R7, 00

2- FuCO- 2wayo1/sig39R7a000- 2- FUCO- 3- pyri dyl R7a000 2- FuCO- 4- pywicraysdoRas6d0-

2- FUCGO-i sobut enyl R7aCOO- 2- FUCO-i sopr opyl RTaCOO 2- FuCO- cycl opr opyl R7aCOO-

2- FUCO- cycl obut yl R7a000 2- FUCO- cycl opent yl R7a000- 2- FuCO phenyl R7aCQ0-

2- ThCO 2- furyl R7dCOO- 2- ThCO 3-furyl R7a000- 2- ThCO 2-t hi-enyl R7a000-

2- ThCO 3- t hi enyl R7a000- 2- ThCO 2- pyri dyBR7a000 2- ThCO 3- pyri dyl R7aCO0O-

2- ThCO- 4- pyri dyl R7a000- 2- ThCO-i sobut enyl R7aCOO- 2- ThCO-i sopr opyl R7a000-

2- ThCO cycl opropyi RTaCOO 28 JUL 2004 WO 01!57029 25 5 2 ThCO 2 ThCO 2-T

Chi 2 2-PyCO 2-PyCO cycl obutyl cycl opent?/l phenyl 2-furyl 3-furyl 10 15 20
Example 2

" The procedures described in Example 1 were repeated, but other suitably
protected B-lactams were substituted for the B-lactam of Example 1 o prepare the
series of compounds having structural formula (13) and the combinations of

5  substituents identified in the following table

(13)
Compound | X, X, R,
5544 tbueCO- 2-furyl AcOACO-
5474 ibueCO- -2-furyl MeOACcO-
10 5555 ibueCO- 2-furyl PhOACcO-
5999 ibueCO- 2-furyl MeOAcO-
6353 tAMOCO- 2-furyl ACOACO-
6226 1 tAmOCO- 2-furyl MeOAcO-
5622 tBuOCO- 2-furyl AcOAcO-
15 | 5515 tBuOCO- 2-furyl | EtoAcO-
5445 tBuOCO- 2-furyl MeOAcO-
5600 tBuOCO- 2-furyl MeSAcO-
5616 tBuOCO- 2-furyt PhOACO-
5835 tC,HsCO- 2-furyl MeOACcC-
20 5811 tC,H-CO- 2-furyl PhOACcO-
5819 C,H,CO- 2-fury! PhOACcO-
6326 tBuOCO- 2-furyl MeOACcO-




- PyCO 2- PyCO 2- PyCO 2- PyCO 2- PyCO 2- PyCO 2- PyCO 2- PyCO 2- PyCO
Py CO 3-. PyCO 3-PyCO 3-PyCO 3-PyCO 3-PyCO 3-
PyCO 3- PyCO 2-t hi enyl

3-

2
PyCO 3- PyCO 3
PyCO 3- PyCO 3-
pyri dywoimahemeny|
furyl

3-furyl

CO 3- Py

2-t hi enyl

3-t hi enyl

2-pyridyl

23

Example 3

_ 3-thi enyl
i sopropyl cycl opropyl cycl obutyl cycPEE&ROYP368henyl

3- pyridyl

2- pyridyl

2-
7,640 11

3- pyridyl

Following the processes described elsewhere herein, the following specific
taxanes having structural formula 1 may be prepared, wherein R; is as previously
defined, including wherein R; is R;,COO- and R, is heterosubstituted methyl. Inone

10

15

20

L

embodiment, R,, is chloromethyl, hydroxymethyl, methoxymethy!, ethoxymethyl,
phenoxymethyl, acetoxymethyl, or methylthiomethyl.

Xs X, R,
tBuOCO- 2-furyl R,,CO0-
tBuOCO- 3-furyl R,,CO0-
tBuOCO- 2-thienyl R,,COO0-
tBuOCO- 3-thienyl R,.COO-
{BuOCO- 2-pyridyt R,,COO0-
tBuOCO- 3-pyridyl R,,CO0-
tBuOCO- 4-pyridyl R;,COO0-
tBuOCO- isobuteny} R,,COO0-
tBuOCO- isopropyl R,,CO0-
tBuOCO- cyclopropyl R,,CO0-
tBuOCO- cyclobutyl R,,CO0-
tBuOCO- cyclopentyl R,,COO0-
tBuOCO- phenyl R,,CO0-
benzoyl 2-furyl R,,CO0-
benzoyl 3-furyl R,,COO0-
benzoyl 2-thienyl R,,CO0-
benzoyl 3-thienyl R,.COO0-
" | benzoyl | 2-pyridyl | RrzCOO-




4- pyridyl isobutenyl

4- PyCO 2-fury!

RyaC00 R{ad

10

15

20

25

30

| sopr opyl

cycl opropyl

cycl obut yl

PCTI US01/ 03600 R7a000 R78COO0 R7a000 R7aCOO R7a000

cycl opentyl

pheg

SN

Y200 FImSHEIRCCD a0 Fan0d ancd anco a0 aCHRinile
R7a000 .R7a000 R7a000 R7aCOO R7a000- 3-furyl 4-PyCO :
24
benzoyl 3-pyridy! R;,COO0-
benzoyl 4-pyridyl R,,.COO-
benzoyi isohutenyl R;,.CO0-
benzoyl isopropyl R,,COO0-
benzoyl cyclopropyt R,,CO0-
benzoy! cyclobutyi R,;,CO0-
benzoyl cyclopentyl R,;,COO-
benzoyl phenyl R,,COO-
2-FuCoO- 2-furyl R,,COO-
2-FuCO- 3-furyl R;,COO-
2-FuCoO- 2-thienyl R,;,COO0-
2-FuCO- 3-thienyl R;,COO-
2-FuCO- 2-pyridyl R;,COO-
2-FuCO- 3-pyridyl R,,COO0-
2-FuCoO- 4-pyridyl R,,C0OO0-
2-FuCO- isobutenyl R;,COO-
2-FuCoO- isopropyl R;,COO0-
2-FuCO- cyclopropyl R;,CO0-
2-FuCO- cyclobutyl R,,COO-
2-FuCoO- cyclopentyl R,.COO-
2-FuCO- phenyl R,,COO-
2-ThCO- 2-furyl R;,CO0-
2-ThCO- 3-furyl R;,COO-
2-ThCO- 2-thienyl R,,CO0-
2-ThCO- 3-thienyl R,,COO-
2-ThCO- 2-pyridyl R,.COO-
2-ThCO- 3-pyridyl R,,CO0C-
2-ThCO- 4-pyridyl R,,COO0-
2-ThCO- iscbutenyl R,,COO-
2-ThCO- isopropyl ‘R,,CO0-
| 2-ThCoO- cyciopropy! R,,COOC-
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4- PyCO 2-t hi enyl R7aCOO 4- PyCO 3-t hi enyl R7a000- 4- PyCO 2- pyri dyl R7aCOO

4- PyCO 3- pyri dyl R7a000- 4-PyCO 4-pyri dyl R7a000- 4-PyCO i sobut enyl R7aCOO
4- PyCO- | waxwr1spy29R7a000 4- PyCO-cycl opr opyl R7a000- 4- Py CO- c\WETAHRMAPGR? 000
4- PyCO cycl opent yl R7a000- 4- PyCO phenyl R7aCOO- C4AH7CO- 2-fury) R7, 000
CAH/CO- 3- furyl R7a000 C4AH7CO- 2-t hi enyl R7a000- CAH7CO- 3-t hi enyl R7a000-
CAH7CO 2- pyri dyl R7a000- CAH7CO 3- pyndyl R7, 000 CAH7CO- 4- pyri dyl R7a000-
CAH7CO- i sobut enyl R7a000- C4H7CO-i sopropy? R71COO- CAH7CO- cycl opr opyl R7aCOO-
C4H7CO- cycl obut yl R7aCOO- C4AH7CO- cycl opent yl R7, 000 4- PyCO- phenyl R7, 000

Et OCO- 2- f uryl R7a000 Et OCO 3-fury) R7aCOO Et OCO 2-t hi enyl R7a000-

Et OCO- 3-t hi enyi R7, 000 Et OCO- 2-pyridyl R7aCOO Et OCO- 3- pyri dyl R7a000- Ft

4-pyridyll 9. Thco- cyclobutyl R,,COO-
2-ThCO- cyclopentyl R,,COO-
2-ThCO- phenyl R;,COO-
2-PyCO- 2-furyl R;,CO0-

5 2-PyCO- 3-furyl R,,CO0-
2-PyCO- 2-thieny! R,.COOQ-
2-PyCO- 3-thieny! R,,COO-
2-PyCO- - 2-pyridy! R,;,CO0-
2-PyCO- 3-pyridyl R,,COO-

10 2-PyCO- 4-pyridyl R;.CO0-
2-PyCO- isobutenyl R,,CO0-
2-PyCO- isopropyl R;,COO0-
2-PyCO- cyclopropyl R,,COO-
2-PyCO- cyclobutyi R;,CO0-

15 2-PyCO- cyclopentyl R,,COO-
2-PyCO- phenyl R,,COC-
3-PyCO- 2-furyl R,,COO-
3-PyCO- 3-furyl R,,.CO0-
3-PyCO- 2-thienyi R;,COO0-

20 3-PyCO- 3-thienyl R;,COO-
3-PyCO- ) 2-pyridyl R,,CO0-
3-PyCO- 3-pyridyl R,,CO0-
3-PyCO- 4-pyridy! R,.COO-
3-PyCO- isobutenyl R,,CO0-

25 3-PyCO- isopropyl R,,COO-
3-PyCO- cyclopropyl R,,COO-
3-PyCO- cyclobutyl | Ry;,CO0-
3-PyCO- cyclopentyl R,,COO-
3-PyCO- phenyl R;,COO0-

30 4-PyCO- 2-furyl R,,COO-

4-PyCO- | 3-furyt R,,COO-




R7aCOO 28 JUL 1041 WD 01/57029 PCTI1JSOL /03600 27 5 10 15 20 25
Et OCO- i sobut enyl R7aC0OO - Et OCO-i sopropyl R7a000 Et OCO- cycl opropyi R7
Et OCO cyg R7a000- Et OCO- cycl opentyl R7a000 Et OCO- phe

i bueCO 2-@’9 ‘%dooo- i bueCO- 3-f ury! RTaCOO- | bueCO- 2- t hi eny};}rgﬁgg%m
I bueCO- 3-t hi enyI R71000- i bueCO 2-pyri dyl R7a000- i bueCO 3-pyri dyl R7a000-

| bueCO- 4- pyri dyl R7a000- i bueCO i sobut enyl R7, 000 i bueCO-i sopr opyl R7a000

i bueCO- cycl opr opyl R7a000 i bueCO cycl obuzg/l R7a000- i bueCO cycl opent yl R71CO0
I bueCO phenyl R7aCOO- i BUuCO- 2- f uryl R7a000- i BuCO 3-f uryl R7a000

i BUuCO- 2- t hi enyl R7a000 i BuCO- 3-t hi enyl R7aCOO- i BuCO- 2- pyri dyl R7a000-

| BUuCO 3- pyri dyl R7aC00- i BuCO 4- pyri dyl R7, 000 | BUCO-I sobut enyI R?aOOO

JUL 700k

| BuCO | oA BRERFyl R7a000 ] et T IR EsGe T
4-PyCO- 3-thienyl R,,COO-
4-PyCO- 2-pyridy! R,,COO-
4-PyCO- 3-pyridyt R,,COO0-

5 4-PyCO- 4-pyridyl R,.CO0-
4-PyCO- isobutenyl R;,COO-
4-PyCO- isopropyl R,,CO0O-
4-PyCO- cyclopropyt R,,COO0-
4-PyCO- cyclobutyl R;,COO0-

10 4-PyCO- cyclopentyi R;,CO0-
4-PyCO- phenyl R;,COO0-
C,H,CO- 2-fury! R;,CO0-
CH,CO- 3-furyl R,,COO-
C,H,CO- 2-thienyl R,.COO-

15 C,H,CO- 3-thienyl R,,COO0-
C,H,CO- 2-pyridyl R,,COO-
C,H,CO- 3-pyridyl R,,COO0-
C,H,CO- 4-pyridyl R,,COO0-
CH,CO- | isobutenyl R,,COO0-

20 | C,H,CO- isopropyl R,,COO-
C,H,CO- cyclopropyi R,.COO0-
C,H,CO- cyclobuty! R,,COO-
C.H,CO- cyclopentyl R,.COO-
4-PyCO- phenyl R,.CO0-

25 EtOCO- 2-furyl R;,COO-
EtOCO- 3-furyl R,,COO-
EtOCO- 2-thienyl R;,COO0-
EtOCO- 3-thienyl R;,CO0-
EtOCO- 2-pyridyl R,,COO0O-

30 EtOCO- 3-pyridyl R,,CO0O-

| EtoCo- | 4-pyridy! R,,COO-
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| BuCO phenyl R7a000- i BuOCO 2-furyl R7aCOO - i BuOCO 3-furyl R7 COO

i BUOCO- 2-t hi enyl R7a000- i Bu00O- 3-t hi enyl R7a000- i Bu000- 2- pyri dyl R7, COO-

i BuOCO- 3WpPyi5@29R7a000- i Bu00O- 4- pyri dyl R7a000- i Bu000- i s #&T{EHNORPHCOO-

| BUOCO-i sopr opyl R7aC00- i Bu00O- cycl opr opyl R7, COO- i BuOCO- cycl obut yl R7, COO-
I BuOCO- cycl opent yl R7, COO- i BUuOCO phenyl R7; 000 i Pr OCO 2-f uryl R7aCOO-

i Pr0O00-3-fu ryl R7,000 i PrOCO 2-t hi enyl 000 i Pr000- 3-t hi enyl R7a000-

| Pr OCO- 2- pyri dyl R7aCOO i Pr000- 3- pyri dyl R7aCOO i Pr000- 4- pyri dyl R7a000-

I Pr OCO-i sobut enyl R7a000- i PrOCO-i sopropyl R7aCOO- 1Pr OCO- cycl opr opyl R7d000-
I Pr OCO- cycl obut yl R7a000- i PrOCO cycl opent yl R7a000- i Pr000- phenyl R7, 000

nPr OCO- 2- f ur vl R7a000- nPr000-3-furyl R7a000- nPr000-2-thi enyl R a000- _nPrOCO-

3-thienyll OO0 2 8 j ul y2004 | iscbutenyl R;,COO-
EtOCO- isopropyl R,,COO0-
EtOCO- cyclopropyl R,,CO0-
EtOCO- cyclobutyl R,,COO0-

5 EtOCO- cyclopentyl R,,C0O0-
EtOCO- phenyl R,,COO0-
ibueCO- 2-furyl R,,C0O0-
ibueCO- 3-furyt R;,COO-
ibueCO- 2-thienyl R,,CO0-

10 ibueCO- 3-thienyl R,,C0O0-
ibueCO- 2-pyridyl R,.COO-
ibueCO- 3-pyridyl R,.CO0O-
ibueCO- 4-pyridyl R,,COO0-
ibueCO- isobutenyl R,,COO0-

15 ibueCO- isopropyl R,,COO0-
ibueCO- cyclopropyl R;,CO0-
ibueCO- cyciobutyt R,,COO-
ibueCO- cyclopentyl R,,CO0-
ibueCO- phenyl R,,COO-

20 iBuCO- 2-furyl R,;,CQO-
iBuCO- 3-furyl R,;,CO0-
iBuCO- 2-thienyl R;,COO-
iBuCO- 3-thienyl R,.COO0-
iBuCO- 2-pyridyl R,.,COO0O-

25 iBuCO- 3-pyridyl R,,COO-
iBuCO- 4-pyridyl R,,CO0-
iBuCO- isobutenyl R;.CQO-
iBuCO- iscpropy! R,,COO0O-
iBuCO- cyclopropyl R;,CO0-

30 iBuCO-- cyclobutyl R;,CQ0-

iBuCO- cyclopentyl B ‘RTaCOO- “J




WD 01/57029 29 5 10 15 20 PCTI USCOL/ 03600 nPr OCO- 2- pyri dyl R7a000-
nPr OCO- 3- pyri dyl R7d000- nPr OCO- 4- pyri dyl R7aCOO- nPr 000-i sobut enyl R7aCO0

nPr OCO- i wom1spy1oR7a000- nPr OCO- cycl opr opyl R7dCQ0- nPr OCO gyghedaubidoiR7a000-
nPr OCO- cycl opent yl R7, 000 nPr OCO phenyl R7aCOO- nPr CO 2- f uryl R7a000

nPr CO 3-furyl R7a000- nPr CO 2-t hi enyl R7aCOO- nPr CO- 3-t hi enyl R78000-

nPr CO 2- pyri dyl R7a000- nPr CO 3- pyri dyl R7, 000 nPr CO 4-pyri dyl R7a000

nPr CO-i sobut enyl R7a000 nPr CO-i sopr opyl R#8000- nPr CO- cycl opr opyl R7aCOO-

nPr CO- cycl obut yl R7a000 nPr CO- cycl opent yl R7a000 nPr CO phenyl R7, 000 Exanple 4
Fol | owmi ng the processes described in Exanple | and el sewhere herein, the

25 follow ng specific taxanes having structural formula 15 may be prepared,
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sertes " ABHET b+ &) _ro as] APM ansty detined | PHGORLng Whereln &Y i s
R7. 000- vi/rig[,eja;‘oR?a is a hetg stituted nethyl Rplcqg(y) | acki ng a carfbon
at om whi +Ss——HhRe—hetaposttttor—retattvre—to—+hp—ecarben—atomof—whtgh
R7a is a|9BU@G®uent. The het er%%lﬁﬂstltut ed 7 8 J|BL£Q084 WO 01/ 57029
i 11 con, |AUERRY us, boran.  |4ANGID! ar hal agen ol BECOPhe hater gat amjmay.
intugn, [qguexeLituted with. Pt ienyl R7.COO-
iBuOCO- 2-pyridyl R,,COO-
iBuOCO- 3-pyridyl R;,CO0-
iBuOCO- 4-pyridyi R,.COO-
iBuOCO- isobutenyl R,;.COO-
10 iBuOCO- isopropyl R,,CO0O-
iBuOCO- cyclopropyl R;.CO0O-
iBuOCO- cyclobutyl R;,COO-
iBuQCO- cyclopentyl R,,CO0-
iBuOCO- phenyl R;.,CO0O-
15 iPrOCO- 2-furyl R,,COO0-
iPrOCO- 3-furyl R,,CO0O-
iPrOCO- 2-thienyl R,,COO-
iPrOCQO- 3-thienyl R;,CO0O-
iPrOCO- 2-pyridyl R;,CO0-
20 iPrOCO- 3-pyridyl R,,COO-
iPrOCO- 4-pyridyl R,,CO0-
iPrOCO- isobuteny! R,.COO-
iPrOCO- isopropyl R;,COO0O-
iPrOCO- cyclopropyl R,;,.COO0-
25 iPrOCO- cyclobutyl R,,COO-
iPrOCO- cyclopentyl R,,CO0-
iPrOCO- phenyl R,.COO-
nPrOCO- 2-furyl R,,COO-
nPrOCO- 3-furyl R,,COO0O-
30 nPrOCO- 2-thieny! R;,COO-
| nPrOCO- 3thienyl " | R,,cO0- ]
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Example 4
Following the processes described in Example 1 and elsewhere herein, the

following specific taxanes having structural formula 15 may be prepared, wherein Ryq
is hydroxy and R, in each of the series (that is, each of series "A" through “K") is as
previously defined, including wherein R; is R, COO- wherein R,, is a
heterosubstituted methy! moiety lacking a carbon atom which is in the beta position
relative to the carbon atom of which Ry, is a substituent. The heterosubstituted

mafhvii is cnvalently hnnr-lnrl in ot laact nna

KAl b Wl i I | sl Wi
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10 15 (15) SeriesX5X3R7R2ROR74 Al - 000X10het er ocycl oR7. 000- CBH5000- Oplé 0
A2- COX10het er ocycl oR7. 000- CBH5000- OH A3- CONHX, Chet er ocycl oR73000- C8 % Z)[H
A4- 000X1Qepéiapal | yR7. 000- CBH5000- OH substituted C2 to C Pﬁﬂiﬁ?@mmswo

A5- COX700pt 1 onal | yR73000- CBH5COO- OH substituted C. to C al ky

A6- CONHX100pt i onal | yR7. 000- CBH5000- OH substituted C2 to C al kyl

A7- C00X10opt i onal | yR7aC00- CBH5000- OH substituted C2 to C al kenyl

A8- COXf Qopt i onal | y878000- COHSCOO- OH subg8f@ituted C2 to C. al kenyl

A9- CONHXI Copt i onal | yR7, , 000- CBH5000- OH substituted C2 to CB al kenyl

Al D- COOX100pt i onal | yR7. 000- CBH5COO- OH substituted C. to Cg al kynyl

Al | - COX, Ooptional | yR7. 000CBH5000- OH substituted C. to C al kynyl

Al12- CONHXtHadsteadb nyiiding Oldr ERampleOetitrogbr f dxygendsiliZon pHSS phbkyus, bord) _
01/ 57029 G VPRLILAE0%:13. Ld RehoaldiindyH £1RCKE! SIRLRRRR TR B2
atoms to form a heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy, protected
hydroxy, oxy, acyloxy, nitro, amino, amido, thiol, ketals, acetals, esters or ether
5 moiety. Exemplary R, substituents include R,,COO- wherein R,, is hydrogen,
methyl, chloromethyl, hydroxymethyl, methoxymethyl, ethoxymethyl, phenoxymethyl,
acetoxymethyl, acyloxymethyl, or methylthiomethyl.
In the “A" series of compounds, X,, is as otherwise as defined herein.
Preferably, heterocyclo is substituted or unsubstitued furyl, thienyl, or pyridyl, X, is
10  substituted or unsubstitued furyl, thienyl, pyridyl, pheny!, or lower alkyl (e.g., tert-
butyl), and R, and R,,; each have the beta stereochemical configuration.
in the “B” series of compounds, X,, and R,, are as otherwise as defined
herein. Preferably, heterocyclo is preferably substituted or unsubstitued furyl,
thienyt, or pyridyl, X, is preferably substituted or unsubstitued furyl, thienyl, pyridyl,
15 phenyl, or lower alkyl (e.g., tert-butyl), R,, is preferably substituted or unsubstitued
furyl, thienyl, pyridyl, phenyl, or lower alkyl, and R, and R,, each have the beta
stereochemical configuration.
In the “C" series of compounds, X,, and Ry, are as otherwise as defined
herein. Preferably, heterocyclo is preferably substituted or unsubstitued furyl,
20  thienyl, or pyridyl, X,, is preferably substituted or unsubstitued furyl, thienyl, pyridyl,
phenyl, or lower alkyl (e.qg., tert-butyl}, R, is preferably substituted or unsubstitued
furyl, thienyl, pyridyl, phenyl, or lower alkyl, and R;, R, and R,, each have the beta
stereochemical configuration.
In the “D” and “E” series of compounds, X,, is as otherwise as defined herein.
25  Preferably, heterocyclo is preferably substituted or unsubstitued furyl, thienyl, or
pyridyl, X,, is preferably substituted or unsubstitued furyl, thienyl, pyridyl, phenyi, or
lower alkyl (e.g., tert-butyl), and R;, R; (series D only) and R,, each have the beta
stereochemical configuration.
In the “F" series of compounds, X,,, R;, and R, are as otherwise as defined
30 herein. Preferably, hetero'cyclo is preferably substituted or unsubstitued furyl,
thienyl, or pyridyl, X,, is preferably substituted or unsubstitued furyl, thienyl, pyridyl,
phenyl, or lower alkyl {e.g., tert-butyl), R,, is preferably substituted or unsubstitued
furyl, thienyl, pyridyl, phenyl, or lower alkyl, and R,, R, and R,, each have the beta
stereochemical configuration.
35 In the “G" series of compounds, X,, and R,, are as otherwise as defined

herein. Preferably, heterocyclo is preferably substituted or unsubstitued furyl,



B3 - CONHX, 9 heterocycl oR, aC00- R2aC00- OH B4 - COOX, a 28 Jul 7004
opti onal | yR7aCOO- R2000- OH substituted C2 to C. al kyl B5 -COX o

opt i onal myRye$3eEd R2, , 000- OH substituted C2 to Ca al kyl B6 pca@ddt/03600
optional | yR7. 000- R2. 000- OH substi tuted to C. al kyl B7 -COOX a

opti onal | yR7a000- R2. 000- OH substi t uted to C8 al kenyl B8 -COX10

opti onal | yR7a000- R2. 000- OH substi tuted to C. al kenyl B9 - CONHX, o
optional | yR, a000- R2a000- OH substi t ut ed to Ce al kenyl B10 - COOX10
optional | yR78000- R2aCOO- OH substi t ut ed to C. al kynyl Bl1l -COX o

optional | yR7aC00- R2. 000- OH substi t ut ed to C. alkynyl B12 -CONHX, O

opti onal | yR7aC00- R2a000- OH substi tuted to C. al kynyl d -COOX a

het er ocycl oR7. 000- C6H5COO- R9, 000-H C2 - COX, (R

het er ocycl oR78C00- CBH5000- R&pOH C3 CONHX B} Rg
het er ocycl oR7a000- CSFBOOOM - 5O0)
opt i onal | yR78COO C6H5COO 00G- H s

opt i onal | yR7aC00- CBH5COO- ROaCOQ+HH subst ‘
10 C6 - CONHXI O C7 - COOX1a

SQQVABA

Rig HO =
Ro = (@]
OAc
(15)
Series | X, X, R, R, R, R,
5 A1 -CO0OX,; | heterocyclo R,,CO0- CH,CO0- | O H
A2 -COX,, heterocyclo R,,COO- CeHsCOO- | O H
A3 -CONHX,, | heterocyclo R,,CO0- CH;COO- | O H
A4 -COOX,, | optionally R;,CO0- C;H;COO- | O H
substituted C,
to C; alkyl
A5 -COX,, optionally R,,CO0- C,H,COO- | O H
substituted C,
to C; alkyl
10 A6 -CONHX,, | optionally R,,COO- CgH;,COO- | O H
substituted C, :
to C, alkyl '
A7 -CO0OX,, | optionally R,,CO0- CeH;COO- | O H
substituted C,
to C; alkenyl
A8 ~COX;0 optionally R,,CO0- CgHs;COO- |1 O H
substituted C,
to C, alkenyi
A9 -CONHX,, | optionally R,,COO- C,H,CO0- | O H
substituted C,
to C, alkenyl
A10 -CO0OX,, | optionally R,,CO0O- CsH;CO0O- | O H
substituted C,
to C, alkynyl
15 A11 -COX,q optionally R,,CO0- CgHCOO- | O H
substituted C,
to C, alkynyl
A12 -CONHX,, | optionally R,,COO0O- CgHCOO- | O H
substituted C,
to C, alkynyl




C8 -COX, 0 C9 - CONHXI O C10 -COOX18 011 -COX10 C12 - CONHXI O D1 COOXl? Eﬁﬁ” |
-COX,a D3 -CONHXI O D4 -000X10 D5 -COX, fl D6 -CONHX,0 D7 -000X, 0 opt g y[]
substituted C2 to C alkyl optionally substituted C2 to C al kenyl

opti onalwpoismestituted C2 to C. al kenyl optionally sub?ﬁﬂ@@é’@ﬁ@ to C8
al kenyl optionally substituted C2 to C alkynyl optionally substituted
C. to C8 alkynyl optionally substituted C. to C alkynyl heterocyclo

het er ocycl o heterocyclo optionally sub% ituted C2 to C. alkyl optionally
substituted C2 to C alkyl

B1 -COOX,, [heterocycle | R;,,COO- R,,COO-
B2 -COX,q heterocyclo R,,CO0- R,.COO-
B3 -CONHX,, | heterocyclo R,,COO0O- R,,C00-

B4 -COOX,, | optionally R,,COO- R,,CO0-
substituted C,
to C, alkyl

.5 BS -COX,e optionally R,,C00- R,,COO- 0 H
substituted C, '
to C, alkyl

B6 -CONHX,, | optionally R,,CO0- R,.,COO- o) H
substituted C,
to C; alkyl

B7 -COOX,, { optionally R;,CO0- R,.,COO- o) H
substituted C,
to C, alkenyl

B8 -COX,o optionally R;.COO- R,,CO0- 0 H
substituted C,
to C, alkenyl

B9 -CONHX,, | optionally R,,.COO- R,,CO0C- 0 H
substituted C,
to C, alkenyl

10 B10 -COOX,, { optionally R,,CO0- R,.COO- |O H
substituted C,
to C; alkynyl

B11 -COX, optionally R,.COO- R,,CO0- O H
substituted C,
to C, alkynyl

B12 -CONHX,, | optionally R,,CO0- R,,CO0- 0 H
substituted C,
to C; alkynyl

C1 -CO0OX,, | heterocyclo R,,COO- C,H;CO0- [ R,,COO-
c2 -COX,o heterocyclo R;,COO- C,H,COO0- | R,,COO-
15 C3 -CONHX,, | heterocyclo R,,CO0O- C,H;COO- | R,,COO-
C4 -CO0X,, | optionaliy R,,C00- CeHCOO- | R,,CO0-
substituted C,
to C; alkyl

C5 -COX, optionally R,,COO- C,HsCOO- | R;,,COO- |H
substituted C,
to C; alkyl

OI0|0|0
I|IT|XT|X

T|ITlT| T




optionally substituted C2 to C. alkyl optionally substituted C2 tof ditL 2004
al kenyl 15 D8 -COX, 0 optionally substituted C2 to C alkenyl D9 -CONHX p
optionalégmz)égﬁgi tuted C. to C. alkenyl 20 JUL700i PCTI UpEthR360%084
R7aCOO - R9aCO0- H R7a000C6H5000- ReaCOO- H R7aCO0- C6H5COO- R9aCOO- H
R7aCO0O C6H5000- RaaCOO- H R7aCOO- C6H5000- * 9a000H R7aCO0- C6H5000- R9a000- H
R7a000- C6H5000- " saCOO- H R7aCOO C6H5000- OHH R7a000C6H5000- OHH

R7a000- C6H5CO0- OHH R7a000- C6H5CO0- OHH R3# 000G 6H5000- OHH R7a000- C6H5CO0- OHH
R7a, COO- C6H5000- OHH R7. 000- C6H5COO- OHH R7, 000C5H5000-1 OHH 28 JUL 7111 WO
01/ 57029 PCTI USOL/ 03600 35 5 10 15 D10- COOX, oopti onal | yR73000- C6H5000-

OHH substituted C2 to C al kynyl

C6 -CONHX,, | opfionally R,,CCO- C,H,COO- | R;,,COO- |H
substituted C,
to C, alkyl

c7 -CO0OX,, | optionally R;,CO0- CH;CCO- | R, COO- |H
substituted C,
to C, alkeny!

C8 -COX,, - | optionally R;,CO0- CH,CO0- | R,,COO- | H
substituted C,
to C; alkenyl

C9 -CONHX,, | optionally R;,CO0- CH,CO0- | R,COO- |H
substituted C,
to C, alkenyl

5 C10 -COOX,, | optionaily R,,COO0- CH,COO- { R,,COO- [H
substituted C,
to C; alkynyl

C11 -COX,, opticnally R,,CO0- C,H;CO0- |R,CO0O- |H
‘substituted C,
to C, alkynyl

c12 -CONHX,, [ optionally R;.CO0- CHsCOO- | R,,COO- [H
substituted C,
to C, alkynyl

D1 -COOX,, | heterocyclo R;,.COO0O- C,H,COO- | OH
D2 -COX,, heterocyclo R,,COO0- CsH,CO0O- |OH
10 D3 -CONHX,, 1 heterocyclo R,,CO0- C,HsCOO- | OH

D4 -COOX,, | opfionally R,,CO0- C,H,COO- | OH
substituted C,
to C; alkyl

D5 -COX, optionally R,,CO0O- CgH;COO- | OH H
substituted C,
to C, alkyl

D6 -CONHX,, | optionally R,,CO0O- CH;,COO- | OH H
, substituted C,
to C, alkyl

D7 -COOX,, | optionally R,,CO0O- CgH;CO0O- | OH H
substituted G,
to C, alkenyl

15 D8 -COX,0 optionally R;.CO0- CsH,COO- | OH H
substituted C,
to C, alkeny!

Do -CONHX,, | optionally R;,COO- C,H,CO0O- | OH H
substituted C..

l J l to C, alkenyl_‘ J I |
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D11- COX10opti onal | yR7aCOO- C6H5000- OHH substituted C2 to C. al kynyl ?8 JUL 200
D12- CONHX, aopt i onal | yR7aC00- CBH5000- OHH substituted C2 to C. al kyny '
El - COOX, ohet er ocycl oR7aCOO- C6H5000- OCH

E2- COX, olvetmaseaz¢cl oR7a000- CBH5000- 0OH PCT/US01/03600

E3- CONHX, ahet er ocycl oR71000- C6H5000- OOH

E4- COOX10o0pti onal | yR7. 000- C6H5000- OCH substituted C2 to C8 al kyl

E5- COX, aopti onal | yR7, 000C8H5000- 0OH substituted C2 to C. al kyl

E6- CONHX, aopt i onal | yR7aCOO- C5H5000- OOH $ubstituted C2 to C al kyl

E7- COOX, popt i onal | yR7aCOO- CSHSCOO- OOH substituted C2 to C. al kenyl

E8- COX, aopt i onal | yR7aCOO- C6H5000- OOH substituted C2 to C. al kenyl

E9- CONHX, popt i onal | yR7aCOO- C6H5000- 00 substituted C2 tndc al kenyl
E10- COOX, I orfaldoR¢. O OOH| sulsdot ut pat do- d8oH! kynyl| H
El | - COX, 3 - m%m substi t ut Edem(‘:%:to d al kynyl
E12- CONHX d)egﬂﬁm -00H substitphted C2 tg C8 al kynyl
FI - COOX, g P\:_’\?,CUCQNSG( 1283204 WO 101/ 57029
PCT/ USQL/ 6-COX,o opticnally R,;,CO0- C,H.,COO- { OH H
substituted C,
to C; alkynyl
D12 -CONHX,, | optionally R,,COO0- C,H,COO- | OH H
substituted C,
to C, alkynyl
E1 -CO0OX,, | heterocycio R,,COO- C,H,CO0- | O OH
5 E2 -COX,, heterocyclo R;.COO0- CH,CO0O- | O OH
E3 -CONHX,, | heterocyclo R;,CO0- C,H;C00- | O OH
E4 -COOX,, | optionally R,,COO0O- CgH;COO- | O OH
substituted C,
to C, alkyl
E5 -COX,q optionally R;,CO0- CgH;,COC- | O OH
substituted C,
to C, alkyl
E6 -CONHX,, | optionally R,,CO0- CHs;COO- | O OH
substituted C,
to C, alkyl
10 E7 -COOX,, | optionally R,,CQO0- C,Hs;COO- | O OH
substituted C,
to C, alkenyl
E8 -COX,o optionally R,,CO0- C,H,CO0- | O OH
: substituted C,
to C, alkenyt
E9 -CONHX,, | optionally R,,COO0- CH;COO0- | O OH
substituted C,
to C, alkenyl
E10 -COOX,;, | optionally R;,CO0- C,H;,CO0- | O OH
substituted C,
to C, alkynyl
E11 -COX,, optionally R;,CO0- CH;CO0- | O OH
substituted C,
to C, alkynyl
15 E12 -CONHX,, | optionally R,,CO0- CgH,CO0- O OH
| substituted C,
to C, alkyny!
F1 -COOX,, | heterocyclo R,,COO0- R,,CO0- R, CO0- |H

| F2 | -COX;; | heterocyclo | R;,COO- | R..,COO- | Re.COO- 1H |




10 15 F3- CONHX, Ohet er ocycl oR7a000R22000-R, H ,
F4- COOXt oopt i onal | yR7a000- R2a000- R9aCOO-H substituted C2 to CB al kyl

F5- COX10@/ptai1smadsl yR7a000- R2aCOO- R9. 000- H substituted C
F6- CONHX, oopti onal | yR7. 000R2. 000- R9. 000-H substituted C2 to

. COO

28 JUL 2004

t @c@ms%hlﬁ@oo
C. al kyl

F7- C00X, oopti onal | yR7. 000R2. 000- R9. 000- H substituted C2 to C. al kenyl
F8- COX, oopti onal | yR73C00- R2. 000- R9. 000-H substituted C2 to C al kenyl
F9- CONHX, oopt i onal | yR7. 000. R2. 000- R9. 003 H substituted C2 to C. al kenyl

F10- COOX, oopt i onal | yR7aC00- R2000- R9. 000- H substituted C

to Ce aikynyl

F11- COX, ooptional | yR7. 000. R2aCOO- R2aCOO- H substituted C2 to C. al kynyl
F12- CONHX, oopti onal | yR7a000- R2. 000R9. 000 H substltut ed C to Ce al kynyl

A - COOX; ¢
G3- CONHX e
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ut ed

F5

-COX,,

optionally
substituted C,
to C, alkyl

R,,COO-

F6

-CONHX,,

optionally
substituted C,
to C, alkyl

RTaCOO‘

RZECOO-

R,,COO-

F7

-COOX“)

optionally
substituted C,
to C; alkenyi

R,,COO-

R,,COO-

R,,COO-

F8

-COX,,

optionally
substituted C,
to C; alkeny!

R,,COO-

R,,COO-

R,,COO-

F9

-CONHX,,

optionally
substituted C,
to C, alkenyl

RTaCOO"

R,,COO-

R,,COO-

F10

-COOX,,

optionally
substituted C,
to C, alkynyl

R,,COO-

R,,COO-

R,,COO-

F11

-COX,,

optionally
substituted C,
to C; alkyny!

R,,COO-

R,,COO-

R,,COO-

10

F12

-CONHX,,

optionally
substituted C,
to C; alkynyl

RfaCOO"

RZECOO-

R,,COO-

G1

-COO0X,,

heterocyclo

R?ECOO‘,

RZECOO-

OH

G2

-COX,,

heterocyclo

R,,COO-

R,,COO-

OH

G3

-CONHX,,

heterocyclo

R,,COO-

R,,COO-

OH

G4

-CO0X,,

optionally
substituted C,
to C; alky!

R,,COO-

R,,COO-

OH
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G5

"Coxm

optionally
substituted C,
to C, alkyl

R,,COO-

R,,COO-

OH

G6

-CONHX,,

optionaity
substituted C,
to C; alkyt

R,,CO0-

R,,COO-

OH




substituted C2 to C. alkyl 5 10 15 WD 01/57029 G7 G8 G9 GIO Gl1 GI2 He,
H3 HA H5 - COOX, 0 - OOXi 0 - CONHX10 - COOX, 0 - COXi 0 - CONHX1Q - COOX, 0 -c&gd“ 0
“ CONHX, 0 - COOX14 - COX10 H6 - CONHX10 H7 - COOX10 H8 - COX10 H9 - CONHX10 H10
-COOXi 0 WiRr016ve2% y  substituted C2 to C8 al kenyl OptIOI’la|PF)T VP ut ed

C. to C al kenyl optionally substituted C2

10

15

37

G7

-CO0X,q

optionally
substituted C,
to C, alkenyl

R,,C0O-

RzaCOO'

OH

G8

'COX1D

optionally
substituted C,
to C; alkenyl

R,,COO-

R,,COO-

OH

Ge

-CONHX,,

optionally
substituted C,
to C, alkeny!

R,,COO-

R,,COO-

OH

G10

-COOX,,

optionally
substituted C,
to C; alkynyl

R,,COO-

R,,COO-

OoH

G11

-COX4

optionally
substituted C,
to C, alkynyl

R,,COO-

R,,COO-

OH

G12

-CONHX,,

optionally
substituted C,
to C, alkynyl

RTaCDO'

R,,COO-

OH

H1

-COOX,,

heterocyclo

RTaCO O -

CBHSCO O‘

CH

OH

H2

-COXyq

heterocyclo

R,,COO-

C4HsCOO0-

OH

OH

H3

~CONHX,,

heterocyclo

R,,COO-

CeHsCOO"

OoH

OH

H4

-COOX,,

optionally
substituted C,
to C, alkyl

R,,COO-

C4HsCOO-

OH

OH

HS5

"'COX1 1)

optionally
substituted C,
to C, alkyl

R,,COO-

C4HCOO-

OH

OH

H6

'CON HX1D

optionally
substituted C,
to C; alkyl

R,,COO-

CHsCOO0-

OH

OH

H7

optionally
substituted C,
to C; alkeny!

R,,COO-

C4H5COO-

OH

OH

H8

-COX,,

optionally
substituted C,
to C, alkenyl

RTECOO-

C4HsCOO0-

OH

CH

HS

-CONHX1D

optionally
substituted C,
to C, alkenyl

R,,COO-

CaHsCOO‘

OH

OH

H10

“COOX“)

optionally
substituted C.

| to €, alkynyl *

R,,COO-

C,H,COO-

OH

OH




to C. alkenyl optionally substituted C. to C alkynyl optionally 28 Jut 2001
substituted C2 to C alkynyl optionally substituted C2 to C alkynyl

het er ocywba1/3@d2er ocycl o heterocycl o optionally substitutedr@301/0m0€. al kyl
optionally substituted C2 to C. alkyl optionally substituted C2 to Ca

al kyl optionally substituted C2 to C alkenyl optionally substituted C2
to C. alkenyl optionally substituted C2. to C38 al kenyl optionally
substituted C. to C8 al kynyl 28 JUL20043%$CTI USOL/ 03600 37 R7a000RZa000- OHH
R7a000- R2a000- OHH R7aCO0O- R2a000- OHH R7a000- R2a000- OHH R7a000R2aCOO- OHH

H11 -COX,o optionally R;,CO0O- CH,COO- | OH OH
substituted C,
to G, alkynyi

MH12 -CONHX,, | optionally R,,C00- C.H,COO- | OH OH
substituted C,
fo C; alkynyl

I -COOX,, | heterocycio R,,COO0- R,,COO-
2 -COX,, heterocyclo R;,,CO0- | R,,COO-
5 13 | -CONHX,, | heterocyclo R,,CO0- R2.CO0-

14 -COO0OX,, | optionally R,.COO- R,,CCO-
substituted C,
to C; alkyl

15 -COX,, optionally R,,COO0- R,,CO0- O OH
substituted C,
to C, alkyl

16 -CONHX,, { optionally R,,COO0- R,,COO- O OH
substituted C,
to C, alky!

7 -COOX,, | optionally R;,CO0- | R,,CO0- o} OH
substituted C,
to C, alkenyl

10 18 -COX,o optionally R;,CO0- R,,COO- 0 OH
substituted C,
to G, alkenyl

19 -CONHX,, { optionally R;COO- R,,C0O0- o) OH
substituted C,
to C, alkenyl

110 -COOX,, [ optionally R,.COO- R,,CO0- o) CH
substituted C,
to C, alkynyl

111 -COX,o optionally R;,CO0- R,,CO0- ) OH
: substituted C,
to C, alkynyl

112 -CONHX,, { optionally R,,CO0O- R,,CO0- O OH
substituted C, -
to C, alkynyl

15 J1 -COOX,, | heterocyclo R;,COO0- R,,CO0- OH OH
J2 -COX,, | heterocyclo R,,COO- [R,CO0- |[OH OH
J3 -CONHX,, | heterocyclo R,,C00- R,,COO- OH OH

OH
OH
OH
OH |

0]0|0]0




R7aC0O0O- R2a000- OHH R7a000- CeH5000- OHOH R7a000C6H5000- OHOH
R7aC00- C8, H5000- OHOH R7a000C6H5000- OHI OH R7a000- C8H5CO0- OHI OH
R7a000- C8H5000- OHOH R7a000- C6H5000- OHOH R7aCO0- C6H5000- OHOH
R7a000CaMBCUSFIZMHOH R7. 000- C6H5CO0- OHOH 2 8 J UL  2DOL WO BEEAIp8Ye3600
PCT/ USO / 03600 38 5 10 15 H11- COX, oopt i onal | yR7a000- C6H5CO0- OHOH

substituted C2 to Cg al kynyl
substituted C2 to C. al kynyl

12- 00X, Ohet er ocycl oR7. 000- R2aC00- OOH 13="CONHX, ahet er ocycl oR73000- R2a000- 0CH

11- COOX, o

14- COOXI Copt i onal | yR7. 000- R2a000- OCH substituted C2 to C5 al kyl
15- COX, oopti onal | yR7aCOO- R2. 000- OOH substituted C2 to CB al kyl
16- CONHX, aoptional | yR7a

-R 000-0CH

ubhstitute

2 8 JuL 2006

H12- CONHX, oopt i onal | yR7aCOO C6H5000- OHCH
erocycl oR7a000- R23C00- OCH

17- COOXI Qat i onal.t;xd@?x1

| 8- COX10¢

pti onal

0
| yR7. 00

0CH
b&fGed@] S|
to C, alkyl

RYITDOL ut
ibst i t ut ed

el,,CD3-0
C. to C

C2 ta_Cs al l(yl

Lol kenyl
al kenyl

OH

J5

“'COX"J

optionally
substituted C,
to C, alkyl

RTECO O‘

R,.COO-

OH

OH

Jé

-CONHX,,

optionally
substituted C,
to C, alkyl

RraCOO"

R,,CO0-

-OH

OH

-COO0X,,

optionally
substituted C,
to C, alkenyl

R,,COO-

R,,COO-

OH

OoH

‘Cox-lo

optionally
substituted C,
to C,; alkenyl

RTaCOO'

R,,COO-

OH

OH

Jg

-CONHX,4,

optionally
substituted C,
to C, alkenyl

R,,COO-

RzaCOO'

OH

OH

J10

-COO0X,,

optionally
substituted C,
to C, alkyny!

R.-IraCOO'

R,,COO-

CH

OH

J11

-COX,q

optionally
substituted C,
to C, atkynyl

R,,COO-

R,,COO-

OH

OH

J12

-CONHX,,

optionally
substituted C,
to C; alkynyl

RTaCOO'

R,,COO-

OH

OH

10 K1

-COOX,,

heterocyclo

RTaCOO"

R,,COO-

R,,COO-

OH

-COXqo

heterocyclo

R,,COO-

R,,COO-

R, COO-

OH

K3

-CONHX,,

heterocyclo

R,,COO-

R,,COO-

R,,COO-

OH

K4

‘COOXﬂ)

optionally
substituted C,
to C, alkyl

R,,COO-

R,.COO-

R, COO-

CH

K5

'COX1U

optionally
substituted C,
to C, alkyl

R,,COO-

R,,COO-

R,,COO-

OH

15 K&

-CONHX,,

optionally
substituted C,
to C, alkyl

RTECOO'

RZECOO"

R,,CO0-

OH

-COOX,,

optionally
substituted C. _
, to C, alkenyl

R,,COO-

R,,COO-

R,,COO-

OH




110- COOXI Qopt i onal | yR73C00- R2. 000-0CH substituted C2 to C al kynyl
|11 -COX\Wekhisea! | YR73000- R2. 000- 00H substituted C2 to Ce patrkysoyhssoo

112- CONHX, aopt i onal | yR7a000R21000- 0OH substituted C2 to C. al kynyl
J3- CONHX, ohet er ocycl oR7a000- R2aCOO- OHOH 5 10 15 WD 01/57029 J4 - COOX, o

K4 -COOX,a optionally substituted C. to Cs alkyl K5 -COX, a optionally
Substituted to Ca alkyl -COXto

K8 -COXyo optionally R;,CO0- R,.COO0- Ry, COO- | OH
substituted C,
to C, alkenyi

K9 -CONHX,, | optionally R;,CO0- R,,COO0O- Ry, COO- | OH
substituted C,
to C; alkenyl

K10 -CO0OX,, | optionally R;,C00- R,,CO0- Ry ,COO- | OH
substituted C,
to C, alkynyl ,

K11 -COX,o optionally R,,CO0- R,,CO0O- R,,CO0- | OH
substituted C,
to C, alkynyl

K12 ~CONHX,, | optionally R;,CO0- R,,CO0- R, CO0O- | OH
substituted C,
to C, alkynyl

Example 5

In Vitro cytotoxicity measured by the cell colony formation assay

Four hundred cells (HCT116) were plated in 60 mm Petri dishes containing
2.7 mL of medium (modified McCoy’s 5a medium containing 10% fetal bovine serum
and 100 units/mL peniciliin and 100 g/mL streptomycin). The cells were incubated
in a CO2 incubator at 37 °C for 5 h for attachment to the bottom of Petridishes. The
compounds identified in Example 2 were made up fresh in medium at ten times the
final concentration, and then 0.3 mlL of this stock solution was added to the 2.7 mL
of medium in the dish. The cells were then incubated with drugs for 72 h at 37 ° C.
At the end of incubation the drug-containing media were decanted, the dishes were
rinsed with 4 mL of Hank's Balance Salt Solution (HBSS), 5 mL of fresh medium was
added, and the dishes were returned to the incubator for colony formation. The cell
colonies were counted using a colony counter after incubation for 7 days. Cell
survival was calculated and the values of D50 (the drug concentration producing
50% inhibition of colony formation) were determined for each tested compound.

19- CONHX, f | opt i onal I yR7aCOO- R2a000- 0OH substituted C. to C al kenyl 2§ jy 2004

J1- COOXI Chet er ocycl oR73000- R2aCOO- OHOH J2- COX1, het er ocycl oR7, 000R2. 000- OHOH

optionally substituted C2 to C8 alkyl4Q®@5 J6 J7 J8 J9 J10 J11 J12 K1 K2 K3



- CONHX, a - COOXi 0 -COX, 0 -CONHX, 0 -COOXi 0o -COX, 0 -CONHXi 0o -COOXi a - VR 7004
-CONHX, a optionally substituted C2 to C alkyl optionally substituted C.
to C. alkyl optionally substituted C. to C8 al kenyl optj 1600
substit WAVER o . al kenyl optional ly substituted C #éiﬁ$%y%1ﬂeny|
optionally substituted C2 to C. alkynyl optionally substituted C2 to Cs

al kynyl optionally substituted C2 to C alkynyl heterocyclo heterocyclo
heterocycl o K6 -CONHXi a optionally subgtituted C2 to CB al kyl K7 -COOXi a

Compound IN VITRO
ID 50 (nm) HCT116

taxol 2.1
docetaxel 0.6

5544 <1

5 5474 <1
5555 <1

5999 1 <1

6353 <1

6226 <1

10 5622 <1
5515 <1

5445 <1

5600 <1

5616 <1

15 5835 <1
5811 | <1

5919 <1

6326 <1




optionally substituted CI1 to C8 al kenyi 2 8 JUL 2004 PCT/US01/ 0360
R7aC00- R2a000- OHOH R7a000- R2a000- OHOH R7aCOO- R2a000- OHOH R7a000 8 JuL 2004
R2aCO0- OHOH R7a000- R2aCOO- OHOH R7aCOO- R2a000- OHOH R7a000- R2aCOO- OHCOH
R78C00- R~000- OHOH R7a000- R2a000- OHOH R7a000 R2aCOO- R9;, 0000H R7a000
R2a000- R9aCOO- OH R7a000- R2a000R9a000- OH R7aCOO- R2aCOO- 892000- OH R7aCOO-
R2a000R9. 000- OH R7. 000 R2aCO0- R9aC00- OH R7a000- R2a000- ROaCOO-i OH 28 JUL
2016 WO 01/57029 40 5 PCTIUSOL/ 03600 42

K8- COX, f | opti onal | yR7a000- R2a000- R9aCOO- OH substituted C. to C al kenyl
K9- CONHX, oopt i onal | yR73CO0- R2. 000- R9. 000- OH substituted C2 to C al kenyl
K10- COOXt Qopt i onal | yR7a000R2aCO0- R9. 000- OH substituted C2 to C8 al kynyl
K11- COX, ogmingnal | yR7, aO00R2, 000- R9, 000- OH substituted C. to C al kynyl
K12- CONHX, oopt 1 onal | yR7aCOO R2aCOO- R9a000- OH substituted C2 to CB al kynyl

1. A taxane having the formula:

wherein
R, is acyloxy;
R; is acyloxyacetyloxy;
R, is keto, hydroxy, or acyioxy;
R,, is hydroxy;
R,, is hydrido or hydroxy,
X, is substituted or unsubstituted alkyl, alkenyl, a!kynyl phenyl or heterocyclo;
Xg is -COX,,, -COOX,q, or -CONHX,; -
X0 is hydrocarbyl, substituted hydrocarbyl, or heterocyclo; and
Ac is acetyl.

2. The taxane of claim 1 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C, alkyl, C, - C, alkenyl, or C, - C; alkynyl,

3. The taxane of claim 1 wherein X, is -COX,; and X,, is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, C, - C, alkyl, C, - C, alkenyl, or C, - C; alkynyl, or X; is -COOX,, and Xy, is
substituted or unsubstituted C, - C, alkyl, C, - C; alkenyl, or C, - C, alkynyl.

4, The taxane of claim 1 wherein X, is -COX,; and X,, is phenyl, or X is
-COOX10 and X-m iS t‘butyl.

5. The taxane of claim 1 wherein R, is hydrido.

B. The taxane of claim 5 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C; alkyl, C, - C, alkenyl, or C, - C, alkynyl.




Exanple 5 In Vitro cytotoxicity measured by the cell col ony format ZdniHsMy
Four hundred cells (HCT1 16) were plated in 60 mm Petri di shes containing
2.7 mL of medium (nodified McCoy's 5a nedium contai ning 10% fetal bovine
serum 10 and 108 unitsfnL penicillin and 100 g/ nL streptonycin). The cells
were incubated in a C02 incubator at 37 Cfor 5 h for attachnent to the
bottom of Petri dishes. The conpounds identified in Exanple 2 were made up
fresh in nmediumat ten times the final goncentration, and then 0.3 niL of
this stock solution was added to the 2.% m. of nmediumin the dish. The
cells were then incubated with drugs for 72 h at 37 C. 15 At the end of

I ncubation the drug-containing nedia were decanted, the dishes were rinsed
with 4 mL of Hank's Bal ance Salt Solution (HBSS), 5 nL of fresh nedi um was
added, and the dishes were returned to the incubator for colony formation.
The cell col ofi es Viectaxanstofelaisi Hgvierem Xpis @OXpandidteis substinded on f or

concent  abrebilest BrgfTo ZB EhE e, P e o Rire o

?et er m negyfidyl, €361C} alkyled:-zecﬁgnilgmblll, ar €, 3@, akwayl\an {is5C60X gamd Sis
03600 41 . 4 | HCT116
0 2.10.6 <§32‘iqﬁ%%f§p gégégég‘g@ag%%eﬁﬂ@‘gﬂ%g'g&%ﬂ‘gngh}g@éé%?%g%835

8.  The taxane of claim 5 wherein X, is -COX,, and X,, is phenyl, or X, is
-COOX,,and X, is t-butyl. ‘

9. The taxane of claim 5 wherein X, is phenyl.
10.  The taxane of claim 1 wherein R, is benzoyloxy.

11.  Thetaxane of claim 10 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C, alkyl, C, - C, alkenyl, or C, - Cg alkynyl.

12.  The taxane of claim 10 wherein X; is ~COX,, and Xy, is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridy!, 3-pyridyl, 4-
pyridyl, C, - C; alkyl, C, - C, alkenyl, or C, - C, alkynyl or X; is -COO0X,, and Xy, is
substituted or unsubstituted C, - C; alkyi, C, - Cy alkenyl, or C, - Cy alkynyl.

13.  The taxane of claim 10 wherein X; is -COX,, and X,q is phenyl, or X,
is -COOX,, and X, is t-butyl.

14.  The taxane of claim 10 wherein X; is phenyl.
15.  The taxane of claim 1 wherein R,, is hydrido and R, is keto.

16. Thetaxane of claim 15 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, C, - Cy alkyl, C, - C, alkenyl, or C, - C, alkynyl.

17.  The taxane of claim 15 wherein X, is -COX;, and Xy, is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, C, - Cy alkyl, C, - C, alkenyl, or C, - C alkynyl or X, is -COOX4q and X, is
substituted or unsubstituted C, - C, alkyl, C, - C, alkenyl, or C, - Cg alkynyl.
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1. A taxane having the fornmula: X5NH O X3 OOH RI4HOR O 2 OAc wherein

R2 is acyloxy; R7 is acyl oxyacetyloxy; RO is keto, hydroxy, or acyl oxy;

R10 is hydroxy; IR14 is hydrido or hydroxy; X3 is substituted or
unsubstituted al kyl, al kenyl, al kynyl, phenyl or heterocyclo; X5 is

- COX14, -COOXla, or -CONHX,0; X10 is hydrocarbyl, substituted hydrocarbyl,
or heterocyclo; and Ac is acetyl. 2. Thg taxane of claim| wherein X3 is
2-furyl, 3-fury!, 2-thienyl, 3-thienyl, " 2-pyridyl, 3-pyridyl, 4-pyridyl,
Cl - C alkyl, € -C alkenyl, or C2 - C5 alkynyl. 3. The taxane of claim1l
wherein X5 is -COX10 and X10 is substituted or unsubstituted phenyl, 2

furyl, 3-furyl,,2-th - thi - I gy =pyridyl, 4- ridyly, C,
N i 1E s R tAnS GEBY 15 R Ky -COREARE X LA et
i s substiis dCODXy, andsXfds t-butyd C1- C5 alkyl, C2 - Cs alkenyl, or C2 - C3
al kynyl . 4. The taxane of claiml wherein X is -COXi, and X10 is phenyl,

or X51is
19.  The taxane of claim 15 wherein X, is phenyl, and X, is -COX,, wherein

X0 is phenyl, or X; is -COOX,, wherein X,, is t-butyl,
20.  The taxane of claim 1 wherein R, is benzoyloxy and R is keto.

21.  Thetaxane of claim 20 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C; alkyl, C, - C; alkenyl, or C, - C, alkynyl.

22.  The taxane of claim 20 wherein X; is -COX,, and X,, is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, C, - C; alkyl, C, - C; alkenyl, or C, - C; alkynyt or X is -COOX,, and X,, is
substituted or unsubstituted C, - C, alkyl, C, - C; alkenyl, or C, - C; alkynyl.

23.  The taxane of claim 20 wherein X; is -COX,, and X,, is phenyl, or X;
is -COOX,, and X, is t-butyl.

24.  The taxane of claim 20 wherein X, is phenyl, and X is -COX,, wherein
Xig Is phenyl, or X, is -COOX,, wherein X,, is t-butyl.

25.  The taxane of claim 1 wherein R,, is hydrido and R, is benzoyloxy.

26.  Thetaxane of claim 25 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C; alkyl, C, - G, alkenyl, or C, - C, alkynyl.

27.  The taxane of claim 25 wherein X, is -COX,, and X, is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, C, - C; atkyl, C, - C, alkenyl, or C, - C4 alkynyl or X; is -COOX,, and X, is
substituted or unsubstituted C, - C; alkyl, C, - C4 alkenyl, or C, - C; alkynyl.

28.  The taxane of claim 25 wherein X, is -COX,, and X,q is phenyl, or Xg
is -COOX,; and X,, is t-butyl.



. claim1 wherei

-COOX1lq and X10 is t -butyl. 5. The taxane of claiml| wherein R14 i 38§ Jul 2004
hydri do. 6. The taxane of claim5 wherein X is 2 furyl, 3-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, Cl- C alkyl, C2 -
C$ al kenyl, or C2 - Ce alkynyl. 28 JUL200 43 7. The taxane of claim5
wherein X5 is -COX74 and X, 0 is substituted or unsubstituted phenyl,
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4- pyridyl,
C - C alkyl, C - C alkenyl, or -4§e al kynyl or X5 is -COOX1,, and
X10 is substituted or unsubstituted C ™ C8 alkyl, C2 - C. alkenyl, or C2
- C. alkynyl. 8. The taxane of claim5 wherein X5 is -COX,,, and X10 is
phenyl, or X5 is -000X" and X" is t-butyl. 9 The taxane of claimb
wherein X3 is phenyl. 10. The taxane of cl| vvhe ein R2 i | oxy.
11. The taxaneg CWQBMQJ‘%@F[ENZQSV“%@W u‘ﬁ;ﬂ Sy, ﬁﬁﬂ%s'szép%? 8%"9'"

3thienyl,x. 2sBheh V'orX31§¥CObﬂ(wvﬂwé?r§m)d0||st-@utyl C8 alkyl, C2 - C8 alkenyl,
or €2 - 8%l kyny The taxXane of claim 10 wherein X5 is -COX" and XlO

is substituted or unsubstltuted phenyl , 2- furyI 3-furyl, 2-thienyl,

34hi enyl, 2-pygndy! Thé-taxahef cldim mwhesdin Ry, is Hydridbk R, is ®2to, dhd RyKsny! ,
c2 - ;P%nlv‘@éf or X5 is -000X" and X10 is substituted or unsubstltuted

or
. C - C C. alkenyl, or C2 - C alkynyl. 13. The taxane of claim
10 wherein X. is -COX" and X10 is phenyl, or X5 is -000X10 and X10 is

t-butyl. 14. ta » e of
T o, B it SoBial 3 oo R 2 Ak

wher ei n X2-piysidgl, ﬁupymdylaz—fpynglyl -t alkiyl C,3-Galsanyl, or-€, pfialigynyt

3-pyrjdyl, 4-pyridyl, C - C alkyl, C2 - C8 aI kenyl or C - C aI kynyt .

17. The taxane of claim 15 wherein X5 IS - X14 i substlt

unsubsti t ut ed §BenyITh923Kﬁﬁ?I°fC@'mmhe@'ﬂlﬁséﬁy@ )@b ﬁPGﬁSAh Is Subsiity taapr

grm;(rl ?g'Qnéubéii{uie@ybheﬁyl 2-fary laldm uit gﬁtme ub st tl 2@5 ridd), 3@ynaﬁ(t<>4nyl
- C8 al keRyid Y'o& crb 5%91 k;ffay@ keny, 9[182 Qiy‘i %E?a wo"i""‘:@l '%n 15

wher ei n @bﬁnu@tlﬂumub@ﬁhﬁediiph@palkyl.(ﬂﬁ@ aikenyp@@xlp@mlkwyﬂ ist
-butyl. 19. The taxane of claim15 wherein X. is phenyl, and X. is -COX10

wherein X10 is phenyl, or X5 is -COOX, O wherein X40 is t-butyl. 20. The
taxane of clai 681 wdrediaxare ofslﬂ:m%yﬂhergm)ﬁgﬂs@ﬁ)xml@wbxmz& prenyl, 8%ane

of claim g0 yI 3-furyl, 2-thienyl, 3-thienyl,
2- pyrldyl%g@yrl"ﬂgpa{%( FE'tzﬁl"clity C - & aI kyl, C2 - C8 al kenyl, or C2 - C8

al kynyl . 22. The taxane of claim20 wherein X is -COX10 and X10 is
substituted or 34ins Wm&aﬁe@f ex%ﬁﬁxdo wﬁeﬁelaﬁ X, mé@ﬁm 27 l‘shgz@% gherein

3-thienyl 2- pyr| I pyrl yl,
al kenyl , &#o '@23 henyl, '%I'I)Zq/'ﬁypcﬁ W h%'%¥rt&bdﬁd' X10 is
35. The taxane of claim 30 wherein X; is -COOX,, and X, is t-butyl.

36. Thetaxane of claim 35 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, cycloalkyl, alkenyl, or phenyl.

37. The taxane of claim 35 wherein X, is furyl or thienyl.

38. The taxane of claim 35 wherein X, is cycloalkyl.

39. The taxane of claim 1 wherein Ry is R7;2COO- and Rza is a
heterosubstituted methyl group wherein the heteroatom may be substituted to

form an acyloxy.



substiituted or unsubstituted C, - C8 alkyl, C - C8 al kenyl, or -Zﬁ
al kynyl . 23. The taxane of claim 20 wherein X5 is -COX1lp and X10 is “p WyZU,m
or X5 is -COOX10 and X10 is t-butyl. 24. The taxane of claim 20 wherein X3
is phenyl, and X5 is -COX10 wherein X10 is phenyl, or X is -COOX10
wherein X, 0 is t-butyl. 25. The taxane of claim | wherein R14 is hydrido
.and R2 is benzoyl oxy. 26. The taxane of claim25 wherein X3 is 2-fury!,
3-furyl, 2-thienyl, 3-thienyl, 2-pyrid$p, 3-pyridyl, 4-pyridyl, C. - C
al kyl, C2 - C8 alkenyl, or C2 - C8 alkynyl. 27. The taxane of claim 25
wherein X is -COX10 and X10 is substituted or wunsubstituted phenyl,
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4- pyridyl,
C, - C alkyl, C2 - C8 alkenyl, or C2 - C8 alkynyl or X5 is -COOX10 and X70
is substituted or unsubstituted Cl1- C8 alkyl, C2 - C8 alkenyl, or C2 - C
al kynyl . 28. The taxane of claim25 wherein X5 is -COX10 and X14 is phenyl,
or X. is -COOX10 and XiO is t-butyl. 2 8 JUL ?200d 45 29. The taxane of
cl ai m 25 wherejfy X3 Al ; i $5 - COX1, wherein X10 is phenyl, or .
X is -COOXlO,u er eﬂﬂfiﬁ)}é%@?}sﬂvgn%‘%fénﬁ%a The taxane of claim1 wherein R14
is hydrido, RO is keto, and R2 is benzoylo
wherein X3 is 2-furyl, 3-f rNI -t hi enyl,
3-pyridyl, 4-pyridyl, Cl- -e'ﬂk , C2
32. The taxane of claim R i
unsubstituted phenyl, 2-fU¥yl ,iS-fuﬁN‘,
3-pyridyl, 4- pyridyl, C, - csOH kyl , 3 yl, or C - C8 al kynyl
or X5 is -COOX10 and X' is substitutedd@r ugnsuigs{tuted C, - C8 alkyl, G2
- C alkenyl, or C2 - C. alkynyl. 33. TheBZQ%%? of Ccl ai m 30 wherein X5 is
-COX10 and X10 is phenyl, or X5 1is -COOX10 a X10 is t-butyl. 34. The
taxane.of claim 30 wherein X3 is phenyl, and X5 is -COX,0 wherein X10 is
phenyl, or X5 is -COOX10 wherein X10 is t-butyl. 35. The taxane of claim 30
wherein X5 is ROCEX..cond: Xi0 is t-butyl. 36. The taxane of claim 35
wherein X is 27fury?, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl,
3-pyrPdyl, 4- pPo MYdTQWI oal kyl , al kenyl, or phenyl. 37. The taxane of
cl ai m 35 wher e} is)@xﬂstitdtaaﬂruﬂsubﬂitaf@dalk@?alkahﬂ,élaygw,e of cbahaneaﬁccrawei n
X3 is cycloal ky/J . 3(3 Thﬁ@ﬁ Rne of .alaign 1 wherein R7 is R7.000 and R7,,
is 3 heterosuffsfs fePXe @ 10gPbB ®in the heteroatom may be
substituted toX,fsrigydrocatyl, supstifited hydrocdrbygeordbetédocytivaarehe having t he
formula R7 1S Rralfdiarosubstituted methyl, said heterosubstituted methyl moiety lacking

10  a carbon atom which is in the beta position relative to the carbon of which R, is a

substituent.

. 31. The taxane of claim 30
thienyl, 2-pyridyl,

al kenyl, or _C2 - C alkynyl.
R7X, 0 is substituted or
3-thienyl, 2-pyridyl,

41.  Thetaxane of claim 40 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, |
2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C, alkyl, C, - C; alkenyl, or C, - C, alkynyl.

42. The taxane of claim 41 wherein X; is -COX,, and X,, is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, C, - Cq alkyl, C, - C, atkenyl, or C, - C, alkynyl, or X; is -COOX,, and X, is
substituted or unsubstituted C, - C, alkyl, C, - C; alkenyl, or C, - C; alkynyl.

43. The taxane of claim 41 wherein R; is R7,COO- and Ry, is a
heterosubstituted methyl group wherein the heteroatom may be substituted to
form a heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy, protected
hydroxy, oxy, acyloxy, nitro, amino, amido, thiol, ketal, acetal, ester or ether,
and Xs is -COXjo wherein X, is phenyl, or X5 is -COOXsp wherein Xqp is t-
butyl.



5 R10 is hydroxy; X3 is substituted or unsubstituted al kyl, al kenyl,

al kynyl, or heterocyclo; X5 is -COX,,, -COOX,,, or -CONHX, ,; X, , iZx8 JuL 2004
hydr ocar byl , substituted hydrocarbyl, or heterocyclo; and R7a is

het erosubstituted nmethyl, said heterosubstituted nethyl noiety |acking 10
a carbon atomwhich is in the beta position relative to the carbon of which
R,. is a substituent. 41. The taxane of claim40 wherein X. is 2-furyl,
3-furyl, 2-thienyl, 3-thienyl, ? 2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C
alkyl, C2 - C. alkenyt, or C2 - C. alky#¥l. 42. The taxane of claim41l
wherein X5 is -COX,, and X" is substituted or unsubstituted phenyl,

2 foY' 3-furgd,, 2Zridit@mHe oBcldimeay|whareity RAigl R;,COP:ighd R/4-ispyridyl,

C, : 0 and
XlO IS &ﬁgértqsygztétate@r "@k’ﬁ%%‘&’ g{heeé?e‘ﬁ hgl@@é% m%ébé(%eb&'ﬂukeny or C2
- C8 al kyfagrh ana@koxhealkenitye anfloxy, d1yidrany, waeylexy qster er ethgd@nd Xnéf R7a i s a
heterosubﬁo)wt\mbrﬁmhi |swh%hP| , ORS¢ rc@tueq@e.trerr@iﬂbomsmuutye substituted to
forma heterocyclo OXY, kenoxy, al kynoxy, aryloxy, hydroxy, protected
hydr oxy, oxy, acyloxy, nitro, am no, am do, thiol, ketal, acetal, ester or
ether, and X#4.s -TiExtaxauecbicainid1iwheieimyRy, isoR7e@00s anchBia ds vher ei n

X10 is t hegHFdé'ubsﬁtu?Ed] HletfPdtody whbreifilthe thibtéroatdth reaypbestibstfitseta R7 is

" R7aCOO

IS a_Jheterosu stl I r.
et er oat R HOBRIVIBRI BAMO Mt Xa S aP ek MR oGRS PehYoRy,
. hydroxy, Xcigl-630Xeswberein Xag isdrhutgnd X5 is - COX10 wherein X10 is phenyl,
or X5 is -COOX10 wherein X10 |s t-butyl. 45. The taxane of claim41l wherein

R7 |s R7a000 and R7 Qasu t ut.ed, net groun,wWherein ,t

het er bat om may? ge 3@&?2‘3? %ﬁ%&?‘aﬁ%W&HJHyI o &} pﬁ%@’ﬂbg@% and
X5 is -CQXl@%KQ@amﬁ)G,plsthmlenyl or X5 is -COOX10 wherein X10 is
t-butyl. 46. The taxane of clai m41 wherein X5 is -COX10 and X10 is phenyl,
or X6 is -COOX,0and X,,) is t-but 47. The taxane of claim40 wherein
X3 is furyl or4f¥hi eFrylle.taxaneDhe!am&wherem%n&fmvl anthienyl. X. is -COX10 and
X10 is substituted or wunsubstituted phenyl, 2-fury!,- 3-furyl, 2-thienyl,
3-thienyl, 2-pyrid 4- pyridyl al k

d ,, Q2 -
al kenyl, or C248. Cy-rii‘lel@mlr‘é %Fla)(““l?sWhQK%Xi@ '%r@%?@aﬂg&ﬂs'ﬁb%{qspﬁ%%r
unsubst i tuﬁﬁsb&tute %héh%}"&fu@?l 3- la|2kt¥i’6ﬁyl arth%w Q}imuwrwbyndﬁ, 4The

oo LR £ Co Sl B * Colshers i e SIORVE R B i 30 Ry o

cycl oal kysubstitutether hiasubstitwted @, a-uD% SleyNiB3-eC nalkBnyls of OPXG, alkghyk14 i s
substituted or wunsubstituted phen 2-furyl, 3-furyl, 2-thi enyl
3-thienyl, 2-pyridyl, 3-pyridyl, 4- pyrldyl C, - C alk |, C2 -
al kenyl, or C249. C8Tddekbjau§me aﬁrclansx%wr@wxxseaﬁdmmam Xy I8 phenyl or Xg

is -COOX,, and X,, is t-butyl.
50. The taxane of claim 41 wherein X, is cycloalkyl.

- 51, Thetaxane of cl.aim 50 wherein X; is -COX,, and X,q is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, C, - C; alkyl, C, - C, alkenyl, or C, - C; alkynyl, or X; is -COOX,, and X, is
substituted or unsubstituted C, - C; alkyl, C, - C, alkenyl, or C, - C, alkynyl.

52.  The taxane of claim 50 wherein X, is -COX,, and X, is phenyl, or X;
is -COOX,, and X,q is t-butyl.

53.  The taxane of claim 41 wherein X, is isobutenyl.



substituted or unsubstituted C, - C alkyl, C2 - C8 alkenyl, or C . C

al kynyl . 52. The taxane of claim50 wherein X5 is -COX70 and X10 isZ%HHhIIIBI
or X5 is -000X10 and X10 is t-butyl. 53. The taxane of claim41l wherein X3
i-s isobutenyl. 28 JUL2004 48 54. The taxane of claim53 wherein X. is
-COX,, and X,, is substituted or unsubstituted phenyl, 2-furyl, 3-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3- pyrld%l 4- pyridyl, C - C8 alkyl, C2 -
C. alkenyl, or C - C alkynyl, or X COOX" and X10 is substituted or
unsubstituted C, - C alkyl, C - C alkenyl, or C - C alkynyl. 55. . The
taxane of claim53 wherein X5 is -COX,, and X,, is phenyl, or X5 is -COOX"
and X" ist -butyl. 56. The taxane of claim40 wherein R7 is

al koxyacet yl oxypdor Hog taxaneeftgaiox§3 wirreinhé isaCané, ,@mdcX piisnsbsiitbtedon X3

is f I I I h

wner ot n  MELBEHgRE MY 2 008K 0y, RUTEAN. ol 2P il 57
2-furyl, ¥ridyyIC, Cg alkyhyd, - @ealmaayllypr 2 ;S?ygra kymyl, Qrziyﬁrﬁ,@ X43 aRg valia |

C - C aldgpkiitudd or Gnsabiiiied COL CC%IIIgIQ: Iéménfyl B &p- Cs atlyRAX, . and X
is substituted-or unsubstituted' C j yF Al kgnyl or C2 - C
al kynyl. ' 59. The taxane of clainb7 wherein X5 |s -COX and XlO i s phenyl,

or X. is -COO%s andTH@@aX@éoﬂ%léM%%er@hﬁ RXATOX aﬁdiatl T & Xy X
is cycloal, ky(l6 06%« nggj[(t ax f claim60 vvh)eqf ein X QJ 0&85@?1%“}; i)sos
subst i t ut 49769 & 10t‘§| henyl, 2-furyl, 3- furyl 2-thienyl,

3-thienyl, 2-pyridyl, 3-pyri dyI 4- pyridyl, C, - C aI kyl, C2 - C

al kenyl, or C256.C. 'Iéhekytayane oof Xfaiirs 4(1)010]')@reand?7X isi alkozyamtyltmyed or
unsubstituc;c@ xg]a aI kyl, C2 - C. alkenyl, or C - C alkynyl. 62. The

t axane of clai %% rei NnX is -COX10 and X" is phenyl, or X5 is -COOX10

and X10 is t -butyl. 63. The taxane of claim56 wherein X3 is furyl or
thienyl. 2 8 JW@7.700hettaxane offolaired8 mwheréincKaisrfufa, thiermyd,i pyrbdyl,iaikyl,cox, :

and X' is & %I"%]ﬁut ed or unsubstituted phenyl, 2-furyl, 3-furyl,

2-thi enyl, i‘enyl, 2-pyridyl, 3- pyridyl, 4- pyridyl, C - C8 alkyl, C -
C8 al kenyl or C2 al kynyl . 00 X, subst d or
unsubstituted &8.- d@%@ﬁy enyfla'"&TéYh?éﬁ‘ﬂ C@?m Qﬁd giolé Es ‘%‘&CF

t axane of (gisabstitdedsh em 2(5u ,,24méngﬂ 3-th|énja|h62= ndydr 3¥pyrldy$ 4-

furyl o SHENICr S ,yé; éﬂkgﬁﬁhéféf G2k Bt 1 3rORK, Bhdofln
wher ei n Xsubistituted wr yinsubatitutedeCy aCyratkydf Cot G lalmwm@i ﬂCxalkymyl

substituted or unsubstituted furyl, and X is -COX" wherein X" is phenyl,

or X5 is -000X"_ wherein X10 is t-.but¥l. . . .
59.  The taxane of claim57 wherein X; is -COX,, and X;, is phenyl, or X;

iS "COOX1O and X1o iS t-bUtYL
60. The taxane of claim 56 wherein X, is cycloalkyl. R
'61.  The taxane of claim 60 wherein X, is -COXy, and Xy is substituted or
unsubstituted phenyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyt, C, - C; alkyl, C, - C; alkenyl, or C, - C; alkynyl, or X is -COOX;, and Xy, is
substituted or unsubstituted C, - C, alkyl, C, - C; alkenyl, or C, - C; atkynyl.

62. The taxane of claim 60 wherein X; is -COX,, and X,, is phenyl, or X,
iS 'COOX10 and X10 iS t"butyl.

63.  The taxane of claim 56 wherein X; is furyl or thienyl.




68. The taxane of claim40 wherein X3 is substituted or unsubstitutdd Jul 2004
thienyl, and X. is -COX" wherein X' is phenyl, or X5 is -000X" wherein X O
is t- butyl. 69. The taxane of claim40 wherein X3 is isobutenyl, and X is
-COX,, and X10 is phenyl, or X5 is -000X" and X,,) is t-butyl. 70. The
taxane of claim40 wherein X is alkyl, and X. is - COX, g and X" is

phenyl, or X is -COOX, and X,, is t-butyl. 71. The taxane of claim40
wherein X3 is furyl or thienyl, X5 is -CO0OX, and X, Q is t-butyl. 72. The
t axane of claim40 wherein X is isobut éﬁyl or cycloalkyl, X5 is -COOX a
and X10 is t-butyl. 73. A conposition for oral adm nistration conprising
the taxane of claiml and at |east one pharmaceutically acceptable
carrier. 74. The conposition of claim73 wherein_X3 is 2-furyl, 3-furyl,

2-thienyl, 3- PAi enylihe ExgpeiciglaimBdyivessin Xqs pGXiy Rndc, is subsitled orco -

C. al kenyhsybielitated pRERYINYZ-furyi i), F-tHichpat Bl pRewtayl, 3-pyridyi, 4-
pyridyl, C, - C, alkyl, C, - C; alkenyl, or C, - C; alkynyl, or X is -COOX,; and X, is
substituted or unsubstituted C, - C, alkyl, C, - C; alkenyl, or C, - C; alkynyl.

65.  The taxane of claim 63 wherein X, is -COX,, and Xy, is phenyl, or X
is -COOX,, and X,, is t-butyl.

! 66. The taxane of claim 40 wherein X, is furyl or thienyl, and X; is -COX,,
wherein X, is phenyl, or X; is -COOX,, wherein X, is t-butyl.

67. The taxane of claim 40 wherein X, is substituted or unsubstituted furyl,
and X, is -COX,, wherein X,; is phenyl, or X; is -COOX,, wherein X,, is t-butyl.

68. The taxane of claim 40 wherein X, is substituted or unsubstituted
thienyl, and X, is -COX,, wherein X,, is phenyl, or X, is -COOX,, wherein X,, is t-
butyl.

69. The taxane of claim 40 wherein X is isobutenyl, and X; is -COX,, and
X, is phenyl, or X; is -COOX,, and X,, is t-butyl.

70.  The taxane of claim 40 wherein X, is alkyl, and X is -COX,y and X is
phenyl, or X, is -COOX,;, and X,, is t-butyl.

71. The taxane of claim 40 wherein X, is furyl or thienyl, Xs is
-CO0OX 9 and Xy is t-butyl.

72.  The taxane of claim 40 wherein X, is isobutenyl or cycloalkyl, X; is
-CO0OX,, and X, is t-butyl.

73.© A composition for oral administration comprising the taxane of claim 1
and at least one pharmaceutically acceptable carrier.

74.  The composition of claim 73 wherein X, is 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, C, - C; alkyl, C, - C, alkenyl, C, - Cg alkynyl,
phenyl or substituted phenyl.



