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S| DE- CHAI N AND PHARMACEUTI CAL COVPCOSI TI ONS CONTAI NI NG SAME BACKGROUND OF THE
| N\VENTI ON The present invention is directed to novel taxanes mhi¢?up@%@4
utility as antil eukem a and antitunor agents. The taxane famly o
terpenes, of which taxol is a nenber, has attracted considerable interest
in both the biological and chemcal arts. Taxol is a prom sing cancer
chenot herapeutic agent with a broad spectrumof antileukem c and
tunor-inhibiting activity. Taxol has a 2'R, 3'S configuration and the
follow ng structural forrmula: 1B CGHSCONH O = DAc 12 | | ~ 11~ 3 15
Giii 1 CGHS OR2 j HH OAC\z4™ C6H5000
TAXANES HAVING ALKOXY, ALKENOXY OR ARYLOXY SUBSTITUTED
SIDE-CHAIN AND PHARMACEUTICAL COMPOSITIONS CONTAINING SAME

BACKGROUND OF THE INVENTION

The present invention is directed to novel |

taxanes which have utility as antileukamia and antiltumor

agents.

The taxane family of terpenes, of which taxol
is a member, nas attracted considerable interest 1in both
the biological and chemical arts. Taxol is a promising
cancar chemotherapeutic agent with a broad spectrum of
antileukemic and tumor-inhibiting activity. Taxol has a

2'R, 3'S configuration and the following structural

formula:
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wherein Ac is acetyl. Because of this promising

activity, taxol is currently undergoing clinical trials
in both France and the United States.

Colin et al. reported in U.S. Patent No.
4,814,470 that taxol derivatives having structural
formula (2) below, have an activity significantly greater

than that of taxol (1).
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(1) wherein Ac is acetyl. Because of this promsing activity, taxol is |
currently undergoing clinical trials in both France and the United States. |
Colin et al. reported in U S Patent No. 4,814,470 that taxol dédifGdilives
having structural fornula (2) below, have an activity significantly greater
than that of taxol (1). 2 CO0 1 2’CHRC6H5 CHR . ' . OHa OCOCH3 OCOC

5Hs (2) R represents hydrogen or acetyl and one of R' and R ' represents
hydroxy and the other represents tert-butoxy- carbonylam no and their

stereoi soneric forns, and m xtures thereof. The conmpound of formula (2) in
which R "' is hydroxy, R'' is tert-Butoxycarbonylamno having the 2'R 3'S
configuration is commonly referred to as taxotere. Although taxol and

taxotere are prom sing chenothergpegti coagemts, they are not universally

ef fective. Accordingly, a need renai '§ fprcradditional chenotherapeutic

agents. SUMVARY OF THE | NVENTI ON D]
therefore, is the provision of no e derlhvatives
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|
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R’ represents hydrogen or acetyl and on= of R’ and R’ “°
represents hydroxy and the other represents tert-butoxy-
carbonyliamino and their stereoisomeric forms, and
mixtures thereof. The compound of formula (2) in which
R’’ is hydroxy, R’‘‘ 1s tert-butoxvcarbonylamino having
the 2'R, 3'S configuraticn is commonly referred to as
taxotere.

Although taxol and taxotera are promising
chemotherapeutic agents, they are not universally
effective. Accordingly, a need remains for additional
chemotherapeutic agents.

SUMMARY OF THE INVENTION

Among the objects of the present invention,
therefore, 1s the provision of novel taxane derivatives
which are wvaluable antileukemia and antitumor agents.

Briefly, therefore, the present.invention 1s
directed to taxane derivatives having a Cl3 side chain
which includes an amino substituent. In a preferred
embodiment, the taxane derivative has a tricyclic or

tetracyclic core and corresponds to the formula:



whi ch are val uabl e antil eukem a and antitunor agents. Briefly, therefore,
the present invention is directed to taxane derivatives having dﬁﬁlmﬂhlde
chain which includes an am no substituent. In a preferred enbodinent, the
taxane derivative has a tricyclic or tetracyclic core and corresponds to
the formula: I I OF 21103 (3) wherein Xl is -0OX;, -SX-, or -NXaX ; X, is
hydr ogen, al kyl, al kenyl, al kynyl, aryl, or heteroaryl; X, and X4 are

i ndependent|y hydrogen, al kyl, alkenyl, alkynyl, aryl or heteroaryl; X5 is
- COOX10; X. is hydrogen, alkyl, alkéhyl, al kynyl, aryl, heteroaryl, hydroxy
protecting group, or a functional group which increases the water
solubility of the taxane derivative; X- i%, & kyl, al kenyl, alkynyl, aryl,
het eroaryl, or sul fhydryl protecting_g By X8 is hydrogen al kyl, al kenyl ,
al kynyl, aryl, heteroaryl, or heterogub tituted al kyl, alkenyl, alkynyl,
mylortwtaomyl;&@ﬁ50m1aﬁhogyo T ORIP; Kmls mkw al kenyl

or aryl; Rl is derggi L/drox -or together vmth R
fornms a carbonat'e 251 e/

,7a0r together with R3a
forms an oxo; Rea is hy ogen oﬁ\;ake R forns
H X, X

2 1

(3)

wherein
X, 15 -0¥X;

nt

-SX., or -NX;¥,;;

X, is hydrogen, alkyl, alkenyl, alkynvl, aryl,
or hetercaryl;

X, and X, are independently hydrogen, alkyl,
alkenyl, alkynyl, arvl or heterocaryl;

X; is -COOX,y;

X, is hvdrogen, alkvl, alkenyl, alkynyl, arvl,
heterocaryl, hydroxy protecting group, or a functional
group which increases the water solubility of ths taxane
darivative;

X- is alkyl, alkenyl, alkynyl, aryl, heteroaryl,
or sulfhydryl protecting group; ‘

X, is hvdregen, alkyl, alkenyl, alkynyl, arvl,
heteroaryl, or hetercsubstituted alkyl, alkenyl, alkynyl,
aryl or hetercaryl;

X, 1s an amino protecting group;

X,o 1s alkyl, alkenyl or aryl;

R, is hydrogen, hydroxy, protected hydroxy or
together with R,, forms a carbonate;

R, is hvdrogen, hydroxy. -OCOR,, or togsther
with R., forms an oxo;

R,, is hydrogen or taken together with R, forms

an 0oxao or;



an oxo or; 17 DEC 2004 4 R4 is hydrogen, together with R fornms an oxo,
oxirane or methylene, or together with R5a and the carbon atong; g wpy ch
they are attached form an oxetane ring; R4a is hydrogen, alkyl, Tkenyl

al kynyl, aryl, heteroaryl, cyano, hydroxy, -OCORLO, or toget her with R4
forms an oxo, oxirane or nmethylene; R5 is hydrogen or together with R forns
an oxo; Rya is hydrogen, hydroxy, protected hydroxy, acyloxy, together with
R, fornms an oxo, or together with R4 and the carbon atons to which they are
attached form an oxetane ring; R is hydrogen, alkyl, alkenyl, alkynyl,
aryl, or heteroarylg, hsdipdsogeot e:odﬁgp@tﬂwrlrm(tyhomnt fgetnbern wixd) R6a forns

an oxo; R6a |s hydr.oge al kyl, alk L, .alk aryl het er oaryl ,
hydr oxy, [?r%t 3'8‘?% ibér{ toget O% thef‘h IEQ foF”rrBadadn %&eo “RTY hydrogen
or toget herttomst mmm:tm nshay axe; aR7achsdhydrogen, okaltagen,riprot ect ed

hydroxy, -OR28, or fogeth Lth R _F i rogen, or
together with Rya foé“r“rs %nﬁgdgﬂ?&RSé isl %ydr%&g%)&jhyg%olx@ prot ec ed hydr oxy,
acyl oxy, odretagethelr. WYdn®R) fvdnexdn oREORRLO drs Jnaitdugsn Wit ofet her with

R10a for mg 40 03&9@&9%&&23!@89991&?19@%9,1 hydr oxy, or protected
R. 1s hydrogen or together with R,, forms an
0xX0;
R;, 1s hydrogen, hvdroxy., protected hvdroxy,
acvloxy, together with R; forms an oxo, or together with
R, and the carbon atocms to which they are attached form
an oxetane ring;
34
or heterocaryl, hvdroxy, protected hydroxy or together

. is hydrogen, alkyl, alkenyl, alkynyl, aryl,
with R,, forms an oxo;

Ry, 1is hvdrogen, alkyl, alkenyl., alkynyil, arvl,
or heteroaryl, hydroxy, protected hydroxy or togsasther
with R; forms an oxo;

B, 15 hydrogsn or togethsr with R,, forms an
OXC;

R,;, i1s hvdrogen, halogen, protected hydroxy,
-0OR,;, or together with R; forms an oxo;

R, is hydrogen or together with R,, forms an
OXO0; .

R,, is hydrogen, hydroxy., protected hydroxy,
acyloxy, or together with R, forms an oxo;

R,, 1s hydrogen or together with R, forms an
oX0;

Ripa 15 hydrogen, -0COR,,, hydroxy, or protected
hydroxy, or together with R, forms an oxo;

R,, is hydrogen, alkyl, alkenyl, alkynvl, aryl,
or netercaryl, hyvdroxy, protected hydroxy or togsther
with R, forms a carbonate;

R,,, is hydrogen, alkyl, alkenyl, alkynvl, aryl,

or heterocarvl;



hydr oxy, or together wth RL0 forns an oxo; R 4 is hydrogen, alk al kenyl ,
al kynyl, aryl, or heteroaryl, hydroxy, protected hydroxy or tb@éﬂhﬁﬂ& Wi th
R, forms a carbonate; Rl4a is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl; 17 DEC 2004 5 Rea i s hydrogen, acyl, hydroxy protecting gr oup
or a functional group which increases the solubility of the taxane
derivative; and RR9 , R30 , and R21 a%g I ndependent|y hydrogen, alkyl,

al kenyl , al kynyl nonacyclic aryI nocyclic heteroaryl, provided,
however, that when X_ is. t-but at Iea t one of said other X, - X. or RL -
R, has a value suchKe Hat TWﬁgéﬁ Thctareé obeﬁegfaxaﬁﬁt?EtapgfQFQHP from
that of tawoteréunCthienadbjerciup and dleaiatesaoés thhs $ovepiiony well be in
part apparent End Ln par %rnted O‘% herei nafter. DETAI LED DESCRI PTI ON OF
THE PREFER ﬁﬁéﬁﬁw%ﬁfé As USed HEtein "Ar" nmeans aryl; "Ph" neans
phenyl; "Ac" rreans arEect YR/ Ea"tdrmansret hyﬂd,ed'elﬁdermaﬂrs hyaiﬂqdamnl ess

ot herw se me buty AT BaNs Pl o "TES" ., means
triethyIS|g§FyT"T kel an %ﬁi %rnﬁonqu ﬁTﬁﬁy Hgg.@O?%?YEbrSpylannonlum
perruthenahetercwﬁPi n@amyqﬁaﬁrﬂﬁdwewﬂmrutm@nrwmam Xm"EmFt baams at

di nrethyl fo - LDA 1JJ um .di Lsopropw a means
I|th|un1aIE%?nu Sﬁ @ aq%ﬁ%&él nea%g sgdghntﬁ% W%Q ?hoxye?hoxy)

al um num ﬁy@hlEéaCFARemﬁmﬁyqpuﬁﬂ(ﬂ{)QDQ.Qﬁtﬁméluor@mfxerhvtaﬁrne " Al BN'
means azo- {RiLs) nkeselut v trile; "10-DAB" neans

Other objects and features cof this invention
will be 1n part apparent and in part pointed out
hereinafter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein "Ar" means aryl; "Ph* means
pnenyl; "Ac" means acetyl; "Et" means ethvl; "R" means
alkyl unless otherwise defined; "Bu" means butyl; "Pr"
means propyl; "TES" means triethylsilyl; *"TMS" means
trimethylsilyl; "TPAP" means tetrapropylammonium
perruthenate; "DMAP" means p-dimethylamino pyridine;
“DMF" means dimethylformamide; "LDA" means lithium
diisopropylamide; "LAH" means lithium aluminum hydride;
“Red-Al" means sodium bis{2-methoxyethoxy) aluminum
hydride; FaR means 2-chleoro-1,1,2-trifluorotriethylamine;
"AIBN" means azo-{bis})-isobutyronitrile; "10-DAB" means
10-desacetylbaccatin III; protected hydroxy means -CR
wherein R 1s a hydroxy protecting group; sulfhydryl
protecting group" includes, but is not limited to,
hemithioacetals such as l-ethoxyethyl and methoxymathyl,
thicesters, or thiocarbonates; "amine protecting group"
includes, but is not limited to, carbamates, for example,
2,2,2-trichloroethyvlcarbamate or tertbutvl-carbamate; and
"hydroxy protecting groug" includes, but is not limited
to, ethers such as methyl, t-butyl, benzyl, p-methoxy-
benzyl, p-nitrobenzyl, allyl, trityl, methoxymethyl,

methoxyethoxymethyl, ethoxyethyl, tetrahyvdropvranyl,




10- desacetyl baccatin 111; protected hydroxy neans -OR wherein Ris a

hydr oxy protecting group; sulfhydryl protecting group” includes, but is not
limted to, hemthioacetals such as 1l-ethoxyethyl and nethoxynbtbmjzmr

t hi oesters, or thiocarbonates; "am ne protecting group” includes, but is
not limted to, carbamates, for exanple, 2,2, 2- trrchloroethylcarbanate or
certbutyl -carbamate; and "hydroxy protecting group” includes, but is not
limted to, ethers such as nethyl, §-butyl benzyl, p-nmethoxy- benzyl,

p- ni trobenzyl, allyl, trityl, nethox met hy| nethoxyethoxynethyl

et hoxyet hydet nedwT/dh 6B BAGY - - lq’DﬁCEGBQL}SV%éﬁ-IlHI%y@r—WSOWhﬂS and

trial kyl sidylnRUhers spche@ger! rt FRERY §|5hYtlleEa|&ﬂér 1 dieddrySidryll et her,

di methylaryl - silyl ether, triisopro et her. an but.yl di et hyl -
silyl eth&ilvdstaiiesucht akSPRRoB i Ei&i nephapg £ gwét}IlW . mono-,

di -, and tgiijRal eacedy! éyt@@r@sSu@hl @soa@awyt da@hltqrtoaczﬂ*teyim-
trichl oroacetyl, trifluoro- acetyl.; and_carbopates incl.udi but not limted

to al kyl a&BInateRrRaVi igOFPom Bha-t 878 K FEEPBOR & Ss %% et hyl
ethyl, n-prORHoadSQPI Op¥tchhobukybryl; butykhlcirseluweyll,, and flperdyl; al ky

carbonates havrng fr si x_carhbon atonms and .suhstiftuted with one or
car bonat o= avLng L1gMone nL0,8) Xedlen atore and isuistid .o iy
2,2,2--tHdﬂﬂuun&ﬂéylhaaihgnﬁtomaobanabeslhawam@ohr@mdmﬂ)suqhsaa car bon

atonms such_a vrnyl al | cl Ikyl ar bo have fromthree to six
carbon at §HE-®ich ! gye?o%r88¥¥ g%c ¥yr 9%3% én?&&’%ﬁ}cyclohexw

and phenﬁldﬁuﬂxﬂmyan@ambpaateﬁ OpﬂkghatbbeMQﬂﬁﬂlh&MﬁRHlﬁiﬂﬂ gridig wWith
one O Mg, Qo ALEBXY. 20801 LA LHRET e U itk iy dhats and ami ne

protectrng group
halogen atoms such as 2,2,2-trichloroethoxymethyl and

2,2,2-trichlorcethyl; alkenyl! carbonates having f£rom two
to six carbon atoms such as vinyl and allyl; cycloalkyl
carbonates have from three to six carbon atoms such as
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; and
phenyl or benzyl carbonates optionally substituted on the
ring with one or more C, alkoxy, or nitro. Other
hydroxyl, sulfhydryl and amine protecting groups may Dbe
found in "Protective Groups in Organic Synthnesis" by T.
W. Greene, John Wiley and Sons, 1981.

The alkyl groups described herein, either alone
or with the various substituents defined herein are
praferably lower alkyl containing from one to six carbon
atoms in the principal chain and up to 15 carbon atoms.
They may be substituted, straight, branched chain or
cyclic and include methyl, ethyl, propyl, isopropyl,
butyl, hexyl, cvclopropyl, cyclopentyl, cyclohexyl and
the like.

The alkenyl groups described herein, either
alone or with the various substituents defined herein are
preferably lower alkenyl containing from two Lo six
carbon atoms in the principal cheain and up to 15 carbon
atoms. They may be substituted, straight or branched
chain and include ethenyl, propenyl., 1sopropenyl,

butenyl, isobutenvl, hexenvl, and ths like.




found in "Protective Goups in Organic Synthesis" by T. W G eene, John

Wl ey and Sons, 1981. The al kyl groups descri bed herein, either alone

with the various substituents defined herein are preferably | ower %EE%$L
containing fromone to six carbon atons in the principal chain aAd % 15
carbon atons. They may be substituted, straight, branched chain or cyclic
and include nethyl, ethyl, propyl, isopropyl, butyl, hexyl, cyclopropyl,
cycl opentyl, cyclohexyl and the |liKRe. The al kenyl groups described herein,
either alone or with the various substituents defined herein are

preferably | ower al kenylaldgntd rjuopfs airdawt bed sierecar benteons in the
principal chain and 15 carbon y S u

strai ght 8f° BFaﬁchéH%Rbﬁgl %ﬂﬁf?%ﬁﬂ%gé etﬁeﬁnfg 5?01£§§ EQ?%%Er%ggny
butenyl, pseliatremyly, Hmweﬂndeynuitd&ndakmyﬁgjfimm:Q®©4CG Th®¥ al kynyl groups
descri bed _he ein,_.either 3|0 h S SuUlst Et went s defi ned
herein ar &3Fpref 3&%] y Yower” Q‘kl%cy&%%n%ﬁfhﬁ{%ﬁ?%% L ESOHgl i:()éncar bon
atoms in ahemﬁrlnmhay mehailre b uptteeeds %@F@b@hta@énﬁfaWﬁE§dnay be

substi t ut tr | r qg&pgﬁ, c i ngl th ynyl

but ynyl , E% ﬁt?n é%%ﬁ &W}E?ébﬁmpl h%ugnggnD¥g¥Fggpgggcrlbed

her ei n, emphgmylal@mﬁ(ﬂhamh¢k®arlous substituents, contain from6 to 15

carbon atons and Inqt %Vghﬁqxilaépb§t&$g@ni§p@nﬁLyggp akkapexy, protected

hydr oxy, hal ogen, aryl, alkenyl, acyl, acyloxy% nltrot anLno am do,
etc. Phenylones Ctrhevllf[i”r &/ 3 e & r@@%@y‘?uen §, contain’ Irom © to
carbon atoms and include phenyl. Substituents include

alkanoxy, protected hydroxy, halogen, alkyl, arvl,

1

alkenyl, acyl, acyloxy, nitro, amino, amido, erc. Phenvl

is the more preferred arvl.

The hetasroaryl moieties described herein,
sither alone or with various substituents, contain from 5
to 15 acoms and include, furvl, thienyl, pyridyl and the
like. Substituents include alkanoxy, protected hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy, nicro,
aminc, and anido.

The acyvloxy groups described hersin contailn
alkyl, alkenyl, alkynvl, aryl or hvteroaryl groups .

The substituents of the substituted alkyl
alkenyl, alkynyl, aryl, and heteroaryl groups and
moieties described herein, may be alkyl, alkenvl,
alkynyl, aryl, hstercaryl and/or may contailn nitrogsan,
oxygen, sulfur, halogens and include, for examplse, lower
alkoxy such as mechoxy, ethoxy, butoxy, halocgen such as
chloro or fluoro, nitro, amino, and keto.

In accordance with the present invention, it
has been discoverad that compounds corresponding to
seruccural formula 3 show remarkable properties, 1n
vitro, and are valuable antileukemia and antitumor
agents. Their biological activity has Dbeen determined 1in
vitro, using tubulin assays according to the method of
Parness et al., 2. Cell Bioloav, 91: 479-487 119811 and




The heteroaryl noieties described herein, either alone or with various
substituents, contain from5 to 15 atons and include, furyl, thienyl,
pyridyl and the 1like. Substituents include al kanoxy, protected hydroxy,

hal ogen, al kyl, aryl, al kenyl, acyl, acyloxy, nitro, am no, and?dﬁfdﬂﬁ The
acyl oxy groups described herein contain alkyl, alkenyl, alkynyl, aryl or
het eroaryl groups. The substituentd of the substituted al kyl, al kenyl,

al kynyl, aryl, and heteroari groups .and noieties described hereln may be
al kyl, alkeisyl cangayny®llatyneshepBFoaPyFORRALSR Lfay- T GitaH n nit rogen,

oxygen, %%#fgr dalpgensxcandahackbgdecoiar, exampl e, |ower al koxy such as
nmet hoxy, hoxy but'oxy, hal ogen such as _chloro or fl uoro, .nltro am no,

and ket o. |n accord%ﬁc%nﬁn?ﬁﬂPﬁémﬁﬂeséﬁttan@ﬁﬁ%ﬁ?t i1V et Heen-of scover ed

that comQuds GpsfespendiRE EQciStr Heiklkals bEr MHa chalrow (ermekabl e
properties, in_ vitro, and are valuabl e antil eukem.a anqagnt itunpr agents.

Thei r b|@hﬂﬂ(ﬁﬂee@¥3vFP9sﬁé§u8§éﬁ &Qtﬁﬁﬁﬂ%5glﬁ?\ﬂqgc§ FHy-tUbul i n assays

accordi ngy g dre grtbodcat inFarness e -alas. T.THGa] 118 (Hxlqaand93m479 487
11981) and 17 DEC 2004 8 human c ancer c%% |In§%; and is comparable to that
exhi bi t e® By F¥koPI&Rd tax&ﬁeﬂ? ﬁqg%ﬁm rbodi BT ST tHe pr esefi “invention,

the subsijtwants, doddeneyckbemnael ens,oR,the hadangsfot Rey isthan the C13
bt f v, COrTERPONd Lstis subat Lyencs 0 TER SR8 ®i0a 1 s hydr oxy
or acet oxyhiciorlsd R9a wogerhed fiomm sm oxEiRE isihydrdgeas R, is

acetoxy, R, is hydrogesn, R,, is benzoyloxy. and R, 1s

hydroxy. In other embodiments, the taxans has a

structure which differs from that of taxol or taxotere

with respect to the Cl3 side chain and at least one other

substituent. For example, R,, may be hydroxy, R, may be

hydroxy or -OCOR,;, whersin R,, 1s hydrogen, alkyl or

selected from the group comprising

¢ oY

and Z is alkyl, hydroxy, alkoxy, halogen, or trifliuoro-
methyl. R,, may be hvdrogen and R, may be hydrogen or
hydroxy, R,;, may be hydrogen and R, may he acetoxy or
other acyloxy or halogen, or R, and R,, may each be
hydrogen or together form an oxo.

With respect te the Cl3 side-chain, in &
praferred embodiment X, is -CH, X, 1s hydrogen, X, 1s
alkyl, alkenyl, phenyl cr heteroaryl, X is hydrogen, X;
is -CO0X.,, and X, is C3 to C8 alkyl, alkenyl or arvl and
the taxane has the 2'R, 3‘S configuration. 1In a
particularly preferred embodiment, X, 15 phenyl

isopropyl, cvclopropyl, n-butyl, t-butyl, n-butyl., t-

P

mutyl, cyclooutyl, cyclohexyl, furyl, thienyl, pyridvl c




hydroxy, RS is hydrogen, Rya and R4 and the carbons to which they are
attached forman oxetane ring, R4a is acetoxy, F. is hydrogen, R is
benzoyl oxy, and R1 is hydroxy. In other enbodi nents, the taxane has a
structure which differs fromthat of taxol or taxocere wth resngﬁ[tmt he
Cl3 side chain and at | east one other substituent. For exanple, R ray be
hydroxy, R, nmay be hydroxy or -0OCOR31 wherein R is hydrogen, alkyl or
selected fromthe group conpri si ng arPd and Z is al kyl, hydroxy, alkoxy,

hal ogen, trifluar.o hydro en and R may be hydrogen or
hydr oxy, R%Q B g ‘(f?{;r-i‘_’nyr1 tl%xyC@rO Liptd? hoyléxy or

hal ogen, OmeEhyandeIEl@'lrra)Cv&:adeﬂQmWh,yd:rﬂgerbrOrnlﬂg@\hgy FOFMHAROX0. Wth
respect to eClS Sld a r ferre od| 1is -OH X 1is
hydr ogen, 9(]“1 arl I?)FI‘ r]‘k eyt q:dhoe’ﬁ&ze dle gi; %A/ 78Ry dr ogen, X

is -COOXlOamﬁihd Keopens ya3 tm-}:ﬁB:yaJ kyﬂso-aidwwloﬁrt@d‘wlb@@ﬁl t he taxane has

the 2R, 3'S configuratjq particul arl re erred enbqdi nent, X, is
phenyl, isopropyl, Saglnd'prJ‘ocrﬁz“yqt(’alV %?W?"eﬁ Bﬁ}‘{}f sn AUtz %utb Yk yi e

cycl obutyl legytl ohexyolt X uryK, ar’rml@yl— prrhactyla orallife DRG-R004=9 the
substitute Q r_eQf S - 0 .is_, methyl, ethyl,
de2nakags the o Ha*&a ;r;]fo 0 roR TRt o

cycl opropyl, 1so- cyclo eX
3-di et hoxyt2xpEspyl-, quetan@(wa hythen aqybs nebpenrtlylat ddastylong sof but yl

or tert-butyk. ‘§E96‘J1n%a@drbﬁlé]1% &l lvgneék )%thls tert-butyl at |east one

of X1 - X9 and R, val ue such t hat structure of the taxane is
different fromthat & 1is -OX;, -5X;, or -NXX, and ¥X; is other than

nydrogen or hydroxy protecting group;

X, 15 other than hydrogen;

at least onz of X, and X, shall be other than
hyvdrogen and phenvl;

' R, 15 other than hydroxy, e.g., together wich
R, 1t forms a carbonate;

R, 1s other than benzoyloxy;

R, and R;, and the carbon atoms to which they
are attached do nct form an oxetane ring;

Ri;a 1s other than acetoxy;

R; and R,, are other than hydrogen;

R:, 1s other than hydroxy:

R, and Ry, together do not form an oxo;

R0 15 other than hydroxy; or

R,, and Ry, are other than hydrogen.

Taxanes having the general formula 3 may be
obtained by reacting a B-lactam with metai alkoxides
having the taxane tricyclic or tetracyclic nucleus and a
C-13 metallic cxlde substituent to form compounds having

a B-amido ester substituent at C-13. Thsz R-lactams have

the following structural formula:



taxotere. For exanple, when X, is t-butyl at |east one of the follow ng
conditions shall exist: X1 is -OX6, -SX7, or -NX8X9 and X6 i s other qqqgf 200¢
hydrogen or hydroxy protecting group; X, is other than hydrogen; at |east
one of X, and X. shall be other than hydrogen and phenyl; R is other than
hydroxy, e.g., together with R4 it fornms a carbonate; R 1is other than
benzoyl oxy; R4 and R5a and the carbon atons to which they are attached do
not form an oxetane ring;, R4a is othenrgthan acetoxy; R6 and R6a are other
than hydrogen; R 7 is other than hydroxy; RO and R9a together do not form
an oxo; RlOa is other than hydrgxy; or Rlﬁéand Rl4a are other than

hydr ogen. Taxanes havi ng the genefal forqﬁ+ 3 may be obtained by reacting
a S-lactamw th netal al koxi des haJﬁngzihe taxane tricyclic or tetracyclic
nucleus and a G- 13 netallic oxide sjuupbstituent to form conpounds having a
B-am do ester substituent at C X3 ——agtans have the follow ng

structural forrmula: I "I IN?UN 10 1 2 x|4 4 3 2 X
X3 Xy
wherein X, - X; are as previously above.

The R-lactams can be prepared from readily
available materials, as 1s illustrated in schemes & and B

below:

Scheme A

0
X, N
A
croo. 0
J X5 0 74




x 1 wherein X1 - XS are as previously above. The i 3-lactans can be prepared
fromreadily available materials, as is illustrated in schenes A and B

bel ow. Scheme A Cl OCH3 CH3O a X.4 'a Ac X31 b Xs. /0 H Z0 X 4 H1¥ {1200 [
E[. 200 Schene BO X X 2 IT < X 10 Et it XI OLI X SACEt h X3X4Co g L

11
Scheme B
0 Xy aci
X /
1 f e
X4 OEt _— X3 QEt
H 0
N
h N~
X, i X,
N—TMS
X3 X3

XJX_‘CO g X3 /7
e

reagents: {(a) triethylamine, CH,Cl,, 259C, 18h; (b} 4
equiv ceric ammonium nitrate, CH,CN, -100C, 10 min; ({(c)
KOH, THF, H,0, 0°C, 30 min, or pyrolidine, pyridine, 253
°C, 3h, (d4d) TESCl, pyvridine, 25 °C, 30 min or 2-methoxv-
propene toluane sulfonic acid {(cat.), THF, 09C, 2h; (e)

n-putyllithium, THF, -78 °C, 30 min; and an acvl chlorids

or chloroformate (X. = -COX,,), sulfonyl chloride (X; =
-COS8X,y) or isocyanate (X; = -CONXgX,}:; (f£) lithium
diisopropyl amide, TH¥ -78°C to -50¢C; (g) lithium
hexamethyldisilazida, THF -780C to 0oC; (n} THF, -789C to
259C, 12h.

The starting materials are readily available.
In scheme A, #-acetoxy acetyl chloride is prepared from
glycolic acid, and, in the presznce of & tertiary amnine,
1L cyclocondenses with imines preparsd from aldehydes and
p-methoxvaniline to give l-p-methoxyphenyvl-3-acyloxy-4-
arylazetidin-2-ones. The p-methoxyphenvl group can be
readily removed through oxidation with ceric ammeonium

nitrate, and the acvloxy group can bs hvdrolyzed under



NTMS X X4 reagents: (a) triethylam ne, CH2O 2, 25C, 18h; (b) 4 equiv
ceric ammoniumnitrate, CH3CN, -10C, 10 mn; (c) KOH THF, H20 OTC, 30
mn, or pyrolidine, pyridine, 25 C, 3h, (d) TESO, pyridine, 25 G;j [0 ®in
or 2-net hoxy- propene toluene sulfonic acid (cat.), THF, 0C, 2h; (e)
n-butyllithium THF, -78 C, 30 mn; and an acyl chloride or chloroformate
(X: = -COX10) , sulfonyl chloride (X5 = -COSX10) or isocyanate (Xs =

- CONX8X10) ; (if) lithium diisoprogyJ am de, THE -78C to -50C, (g) lithium
hexanet hyl di sil azide, THF -78C to 0C~ (h) THF, -78C to 25C, 12h. The
starting materials are.readily-avail.able.  _Ln schene A  a-acetox cetyl
chloridei%iiﬂ ?ﬁ?eﬁo?gbﬁfgaﬁyggpﬁélgéi P éﬁfsﬁr$§Qﬁ§ﬁﬁ%%%%éﬁlolug tertiary
am ne, i tamdydooqnoenses3whyBroriyrds apreéparsed Jirord -adrdehy delsn and

p- met hoxyani,l i.ne to gi 1- p: h Y336y -4- azet i di n- 2- ones.
The p-net%%%%% éﬁ%1 %F%ﬁ% %aﬁggg“g§g§g??YOF§§BVé q%%ﬁ%hdﬁi%iﬁﬁgtion with
ceric ammmemaredtiate, gandolhe acyloxy group can be hydrol yzed under 1) OR

a2, S Sond ARTSSERLY 110, s, xngpLsneghin bhe amil e
et hyl - a- t riethyisdrgxoxyaesestengs Sread | y Pisiesdriaw ISR yeetiicaacid. In
Schemes A angh 8o XJpk 8Pl ef epably - erdhfle Xt ny1S @ F/dr i Prot ecting
group. Protecting groups such as 2-nethoxypropyl B ("MOP"), 1-ethoxyethyl
("EE") ar @TREIEF?ed, DBt 2aVRaiiesty Obf OStHeTr SSERRTY RUTRET 1Y
groups such as the triethylsilyl group or other trialkyl
(or aryl) silyl groups may be used. As noted above,
additicnal hydroxy protecting groups and the synthesis
thereof may be found in "Protective groups in Organic
Synthesis" by T.W. Greens, Jonn Wiley & Sons, 1981.
~ The racemic fR-lactams may be resolved into the
pure enantiomers prior to protection by recrystallization
of the corresponding 2-methoxy-2-{(triflucromethyl)
pnenylacetic esters. However, the reaction described
hereinbelow in which the f-amido ester side chain 1is
attached has the adwvantage of being highly diastereo-
selective, thus permitting the use of a racemic mixture
of side chain precursor.
The alkoxides having the tricyclic or
tetracyclic taxane nucleus and a C-13 metallic oxide or
ammonium oxide substituent have the following structural

formula:

Oa

H"l
18 F"‘U/gg
1
/'__i

MO 13 13




groups such as the triethylsilyl group or other trialkyl (or aryl) silyl
groups nmay be used. As noted above, additional hydroxy protecting,grou ﬁ
and the synthesis thereof nay be found in "Protective groups in Cﬂgéﬁrﬁ b
Synt hesis" by T.W G eene, John Wley & Sons, 1981. The racem c S-|actans
may be resolved into the pure enantioners prior to protection by
recrystallization of the correspondi ng 2-nethoxy-2-(triflucronethyl)

phenyl acetic esters. However, the réaction described hereinbel ow in which
the 9-am dq ester side chain is attached has the advantage of being highly
di ast er eo-WAHI%ECt iKe,” t Rus FéEnias iH@tirudlse dff imadoomd Mnixture of side
chain precstigris Hhearmhkoxides: hayi BonkbE1l BLEYERLE 10T <dhglhatydli g, L axane
nucleus and a C- 13 netallic. oxide or _anmoni um oxi de”substituent have the
fol | owi ng St FAURAI CORRY HEFAY $7°BECI2004r28PWAdReRAIRE FANRI4A QY e as
previ ousl yneteflisnedah oM £E€OAPI S€51anpgni MM Ok ke &Mt gly-@ptionally

sel ected fro t %égro%P conpri si.ng C?oug A, Goup IIA and transition
netal s, afd ee‘rag“r | o119 2 LRI RE, DRSoF DFi LeMBAEYCHEEf ERPEBINE t he al koxi de
has the tetudeyd iand ax@neespoLieUScalHeCQEERERARES kB tl1e sSt ruct ur al
formula: MD1[ 111 wherein M R2, R4a, R7, R7a, R9, R9a, RIQ and RlOa are as
previously defined. The al koxi des can be prepared by reacting an al cohol
havi ng the taxane nucl eus and a C—13qhydroxyl group with an organonetallic
conpound in a suitable solvent. Nbst1ppe5§rably, the al cohol is a protected

wherein M, R,, R,., R,;, R;,, Ry, Ry,, Ry, and R,,, are as
previously defined.

The alkoxides can be prepared by reacting an
alcohol having the taxane nucleus and a C-13 hydroxyl
group with an organometallic compound in a suitable
solvent. Most preferably, the alcohol is a procected
baccatin III, in particular, 7-O-triethylsilyl baccatin
IIT (which can be obtainad as described by Greene, et al.
in JACS 110: 5917 (1988) or by other routes) or 7,10-bis-
O-triethylsilyl baccatin III.

As reported in Greene et al., 1l0-deacetyl
baccatin III is converted to 7-O-triethylsilyl-10-

deacatyl baccatin III according to the following reaction
scheme:




baccatin Ill, in particular, 7-0-triethylsilyl baccatin 111 (which can be

obt ai ned as described by G eene, et al. in JACS 110: 5917 (1988) or by
other routes) or 7,10-bis- Otriethylsilyl baccatin Ill. As reportﬁﬂrimﬂk
G eene et al., 10-deacetyl Dbaccatin IIl is converted to i
7-0-triethylsilyl-10- deacetyl baccatin Ill according to the foll ow ng

reaction schene: 17 DEC 2004 14 OHHO - H' OH' 0 OCOCH3 OCOC5HS 1.
(C2H5) 3S' C1' CSH5N 2. CH3COC CSH5N%7 HO (4) a, RRH b, R=COCH3 Under what
is reported to be carefully optinized conditions, 10-deacetyl baccatin II
is reacted with 20 equival ent{ (CZH5) SiCl at 230C under an argon

at nosphere for 20 hours G&hthe &t of 50 nl of pyri di ne/ mol of

10- deacetyl baccatin |11 -triethylsilyl-10-deacetyl baccatin
11 (4a) as a reactlon 6% yield after purification. The

reacti on product may HE he { Iy be acetyl at ed mnth 5 equival ents of
CH3COCI and 25 nL of pyrid

OH
. OCOCH,
¥
0COCH,
1. (C,Hg)35iCI, CgHgN
2. CHLCOCY, CgHgMN
CH

HO -~

a, R=H
b, R=COCH,
Under what is reported to be carefully coptimized
conditions, l0-deacetyvl baccatin III is reacted with 20
equivalents of (C,Hg),SiCL at 230C under an argon
atmosphere for 20 hours in the presence of 50 ml of
pyridine/mmol of 10-deacetyl baccatin III to provide
7-triethylsilyl-10-deacetyl baccatin III {(4a) as a
reaction product in 84-86% yield after purification. The
reaction product may then optionally be acetylated with 5
equivalents of CH,COCl and 25 mL of pyridine/mmol of da ac
0 oC under an argon atmosphere for 48 hours to provide
86% yield of 7-O-triethylsilyl baccatin III (4Db)}.
Greena, et al. in JACS 110, 5917 at 5918 {1988).

The 7-protected baccatin III (4b) 1s reacted
with an organometallic compound such as LHMDS 1n a

solvent such as tetrahydrofuran {(THF), to form the metal




0 CC under an argon atnosphere for 48 hours to provide

7-O-triethylsilyl baccatin Il (4b)

86% yi el d of

G eene, et al. in JACS 110, 5917 at 5918

(1988). The 7-protected baccatin |11 (4b) is reacted with an organthiretlsd |ic
conmpound such as LHVDS in a solvent such as tetrahydrofuran (THF), to form
the meta! 17 DEC 2004 15 al koxide 13--0--lithium7-Otriethylsilyl baccatin

1l as shown in the follow ng reaction schene: OCOC6H5 OR Li O As shown in
the follow ng reaction schene, 13-TElithium-7-Otriethylsilyl baccatin II
reacts with a b-lactamin which X is preferably -OX6, (X6 being a hydroxy
prot ecti nglgogupk andoX.lithXure7e-Cas: qirenhyousi W1 ded ¢ aedi oI pLodisde an

i nt er medi iLn.which th -7 and. . G.2' hydroxyl groups are protected. The
protecti ngﬁg‘{;{?oﬁﬁs t:gxree ftcﬁe%“ﬁy‘(?r dleyaz%etﬁounnc?eﬁh#‘?d conditions so as not to

disturb the ester linkage or the taxane substituents. 17 DEC 2004 AcO M OHM

OTES HO PhCOO AcO n 16 X5 X3 x/ 4 Xa&rX

CH, l. ? _
10\( CH3081CC,Hg),

H3

Hy

C
LHMDS + HO---13 i
C

4COCH,
COC¢Hg

i
i
O

As shown in the following reacticn schems,
13-0-lithium-7-0-triethylsilyl baccatin III reacts with
f-lactam in which X, is preferably -0X,
and X,
defined to provide an intermediate in which the C-7 and
c-27

groups are then hydrolyzed under

(X being a
hydroxy protecting group) - X; are as previously
nydroxyl groups are protected. The protecting

mild conditions so as
not to disturb the ester linkage or the taxans

substituents.




[1] THE [2] Hr, Pyridine, CH3CN AcO Both the conversion of the al cohol to
the alkoxide and the ultinmate synthesis of the taxane derivative can take
pl ace in the same reaction vessel- Preferably, the !3-lactamis aq¢ﬁdrq%Lthe
reaction vessel after formation therein of the al koxi de. Conpounds of
formula 3 of the instant invention are useful for inhibiting tunor growth
in animals including humans and are preferably admnistered in the form of
a pharmaceutical conposition conpriggng an effective antitunor amount of
compound of the instant invention 1n conbination with a pharmaceutically
acceptable carrier or diluent. Antitunor conpositions herein may be nmade up
in any suitable ﬁr'n1@ppropriate for desired use; e.g., oral, parenteral
or topical adm_ni i on. Exanples of parenteral adm nistration are

i ntranuscul a uGFESintraperggoneal, Q§cta| and subcut aneous

admi ni stNAR| F04 17 The dilI'tPegt or earrier ingredients should not
be such as to g therapeutic ef S of the antitunor conpounds.
Sui t abl e dosaQ. ol oral use includ abl ets, dispersible powders,
granul es, capﬁﬁlﬁg, {ensi ons, sSyrups elixirs. inert diluents and
carriers for 5 tsal Nl Wde, for exanmpfex calcium carbonate, sodium
carbonate, |actose and talc. Tablets nay 41's6 contain granul ati ng and

di sintegrating agents such as starch and;al ginic acid, binding agents such

as (1) THF

t

o)

(2) HF, Pyridine, CH,CN

Both the conversion of the alcohol to the
alkoxide and the ultimate synthesis of the taxane
derivative can take place in the same reaction vessel.
Preferably, the B-lactam is added to the reaction vessel
after formation therein of the alkoxide.

Compounds of formula 3 of the instant invention
are useful for inhibiting tumor growth in animals
including humans and are preferably administered in the
form of a pharmaceutical composition comprising an
effective antitumor amount of compound of the instant
invention in combination with a pharmaceutically
acceptable carrier or diluent.

Antitumor compositions herein may be made up 1n
any sultable form appropriate for desired use; e.g.,
oral, parenteral or topical administration. Examples of
parenteral administration are intramuscular, intravenous,

intraperitoneal, rectal and subcutaneous administration.



starch, gelatin and acacia, and |ubricating agents such as nmagnesi um
stearate, stearic acid and talc. Tablets may be uncoated or nmay be coated
by unknown techni ques; e.g., to delay disintegration and absorpti n. l.n ﬁJ
di luents and carriers which may be used in capsules include, for examl
cal cium carbonate, cal cium phosphate and kaolin. Suspensions, syrups and
elixirs may contain conventional excipients, for exanple, nethyl

cel lul ose, tragacanth, sodium al gi nate; wetting agents, such as lecithin
and pol yoxyet hyl ene stearate; and preservatives, e.g., ethyl-

p- hydr oxybenzoat e. Bpsage i@ $Stidablesf oinpPasené g al sadaial soctration
i ncl ude s IutioBs, suspgpsLons, d%gfersions, emul sions andg tgg i ke. They
may al so B& AHAOF 86t fPed 51Tk 6 miGir WMLt i1e LofFatEoRposPei ons whi ch

can be dassotusdroromigeperided in sterile injectable nedium immediately
before use. They naéugggy ind%%%ggnﬂ%%g%orc dispefsin§ ﬁge té known in the
art. The water sol ubi'ti-fy 6t SU T FOT s 3 ¥ -B&Si nproved by
nodi fi cat tehletst héi6erandler Civdstbstdtarentss, Fospsnseance, water
are | ndeBERAERE LS "Ry draaes Sor YRt Uher 6 G 51 EERGPRES pr opyi ene.
-CH=CH, &a2rcygchofomexybermss and Riphemt emegmil e, ==&Hcbase, NR2R3, OR,
o, RS o A IECAMA 1R 0 N oggr or UL R S
cont ai ni ngay &6s4 contain granulating and disintegrating agents
such as starch and alginic acid, binding agents such as
starch, gelatin and acacia, and lubricating agents such
as magnesium stearate, stearic acid and talc. Tablecs
may be uncoatsd cr may be coated bv unknown tcechnigues:
g.g., to delay disintegraticn and absorpticn. Inert
diluents'and carriers which may be usad in capsules
include, for example, calcium carbonate, calcium
phosphate and kaolin. Suspensions, syrups and elixirs
may contain conventional excipisnts, for example, methyl
cellulose, tragacanth, scdium alginate; wetting agents,
such as lecithin and polvoxyethylens stearate; and
preservatives, e.g., ethyl- p-hvdroxybenzoate.
Dosage forms sultable for parenteral adminis-
tration include solutions, suspensions, dispersions,
emulsions and the like. They may also be manufactured in
the form of sterile solid compositions whnich can be
dissolved or suspended in sterile injectable medium
immediately before use. They may contain suspending or
dispersing agents known in the art.
Tne water solubility of compounds of formula
{3) may be improved by modificatcion c¢f the C2‘' and/or C7
substituents. For instance, water sclubility may be
increased 1if X, is -0X; and R, is -0OR,,, and X, and R,. ar=
independently hydrogen or -COGCOR* wherein:
G 1s ethylene, propylens, -CH=CH-, 1,2-cyclo-
hexylene, or 1,2-phenylene;
B- = OH base, NR2Y, OR°’, SR, OCH,CONR'R®, or OH;



carbons; R5 hydrogen, |lower alkyl containing | to 4 carbons, benzyl,

hydr oxyet hyl , CH2CO2H, or dinethylam noethyl; 7 R6 and R = independently
selected from |l ower alkyl containing 1 or 2 carbons or benzyl, or | End R7
together with the nitrogen atom of NR6R7 forns one of the folfBWFﬂg rings
11, 1 '1~ .1~ 1-11" 12 "-." L""-) ©Q j Sor I--, N'I-, R8 = lower alkyl
containing | or 2 carbons, or benzyl; X = halide; base NH3, (HOC2H4) 3N, N
(CH3) 3, CH3N(C2HAOH NH2 (CH2) 6NH2, N-nethyl glucam ne, NaOH or KCH The
preparation of conpounds in which X1lfr X is is set forth in Hangwitz U. S.
Pate-it 4,942,184 incorporated herein by reference. Alternatively,
solubility may be X Ris -loxbremer Xoriseshyhdi cal having the fornua

- COCX=CHX or - COX- CH¥ CHX- SR GManherei @ yX) igromideyk, or aryl and Mis
hydrogen, al kaline nmetal amdnio group as described in Kingston et al.,
U.S. Patent No. 5,089,699 EPnéorporated herein by 17 DEC 2004 19 Taxanes

having alternative Q: subgiét&gst SofBYower alkyl containing 1 to 4
carbons;

R’ = hydrogen, lower alkyl containing 1 to 4
carbons, benzyl, hydroxyethyl, CH,CC.H, <7
dimethylaminoethyl;

R® and R’ = independently salected from lower

alkyl ccontaining 1 or 2 carbons or

benzvl, or R® and R’ together wiil

-
V -

the nitrogen atom of NR°R’ forms ooz
of the following rings
v oo N
BEGISISRSy
o 5 ?
CH,
R® = lower alkyl containing 1 or 2 carbens.

or benzvl;
X® = halide;
base = NH,, (HOC,H,).N, N(CH,},, CH,N(C,H,OH .
NE, (CH,)} (NH,, N-methylglucamine, NalZ
or KOH.
The preparation of compounds in which X, or X, is -II:1.7
is set forth in Hangwitz U.S. Patent 4,942,184 whlch o=
incorporated herein by reference.
Alternatively, solubility may bz increzsszl »T2-
X, is -0X, and X; is a radical having the formual
-COCX=CHX or -COX-CHEX-CHX-S0,0-M wherein X 1s hyirizsz
alkyl or aryl and M is hydrogen, alkaline metal oI ==
ammonio group as described in Kingsteon et al., U.:.

Patent No. 5,059,599 (incorporated herein by reIscziliz




be prepared by selectively reducing the C9 keto substituent to yield the
correspondi ng C9 B-hydroxy derivative. The reducing agent is preferably a
borohydride and, nost preferably, tetrabutylamoni um borohydrldemiB 4§ﬁﬁ4)

or triacetoxy-borohydride. As illustrated in Reaction Schene 1
reaction of baccatin Il with Bu4NBH4 in nethyl ene chloride yields
9- desoxo0-913- hydroxybaccatin |11l 5. After the C7 hydroxy group is protected

with the triethylsilyl protecting group, for exanple, a suitable side chain
may be attached to 7-protected-9B--hydroxy derivative 6 as el sewhere
descri bed herein. Renoval of the remamining protecting groups thus yields
9B- hydr oxy- desoxo taX@éx@:ﬁecOhﬁeﬁqQSamydfﬂayieéraeylshbstaxaleetlsaviamg a C13
side chain. 17 DEC 2004 20 E g QACIESC | ET3N OH OTES
Pl nACO OQ?AQQ%ﬁé%ﬁ VY ySe Etﬁﬂ Hyﬁ? Ryt agoE%on 5ot ect ed- 9B- hydr oxy
derivative f:HEy: heepr ot ecy£dlw the tbrﬂesbyhsnhglCérﬂehmdmog@otectlng group
whi ch can be selectively renpved. relatlv 8 é 6§Zaﬁﬁgr%xy protecting

td

group as i I98FR¥Ht BT n ﬁcFFSHC§8Heﬁge§

borohydride and, most preferably, tetrabutylammonium-
borchydride (Bu,NBH,) or triacetoxy- borohydride.

As illustrated in Reaction Scheme 1, the
reaction of baccatin III with Bu,NBH, in methylene
chloride vyields 9-desoxo-9fB-hydroxybaccatin III 5. After
the C7 hydroxy group is protected with the triethylsilyl
protecting group, for example, a suitable side chain may
be attached to 7-protected-9f-hydroxy derivative 6 as
elsewhere described herein. Removal of the remaining
protecting groups thus vields 9R-hydroxy-desoxo taxel or
other 9B—hydroxytetracylic taxane heving a Cl3 side

chain.




further selective manipul ation of the various substituents of the taxane.

For exanple, reaction of 7,13-protected-9a-hydroxy derivative 7 wwth KH
causes the acetate group to mgrate fromCl0 to C and the hydroxy ‘g{&yp
to migrate fromC9 to C10, thereby yielding 10- desacetyl derivatl fv!é[‘&ﬂ
Protection of the C10 hydroxy group of 10-desacetyl derivative 8 with
triethylsilyl vyields derivative 9. Selective renoval of the Cl3 hydroxy
protecting group fromderivative 9 yhglds 17 DEC 2004~~~ derivative 10 to
whi ch a suitable side chain nay be attached as descri bed above. REACTI ON

SCHEME 2 | 4 M 7 OH2) KHOTESOACTESCI 0-;" x ET 3N
Ph--;\< Acgégéﬁggmkg%§$$égﬁg HOLn', 10

DAC QAc

OH

OH
HOti1s HO1e

Bu NEBH,

Y

CH,CI

HOI -

Alternatively, the Cl1l3 hydroxy group of 7-
protected-9B-hydroxy derivative 6 may be protected with
trimethylsilyl or other protecting group which can be
selectively removed relative to the C7 hydroxy protecting
group as illustrated in Reaction Scheme 2, toO enable

further selective manipulation of the varicus
substituents of the taxane. For example, reaction of
7,13-protected-9B-hydrcxy derivative 7 with KH causes the ‘
acetate group to migrate from C1l0 to C9 and the nydaroxy
group to migrate from C% to Cl0, thereby yvielding 10-
desacetyl derivative 8. Protection of the C1l0 hyvdroxy
group of 1l0-desacetyl derivative 8 witn triethylsilyl
vields derivative 9. Selective removal of the C13

nydroxy protecting grcup from derivative 9 yields



OH 8 17 DEC 2004 22 As shown in Reaction Schene 3, 10-oxo derivative 11 can
be provided by oxidation of 10- desacetyl derivative 8. Thereafter, the Cl3
hydroxy protecting group can be selectively renoved foll owed by attachment
of a side chain as described above to yield 9- acetoxy-lo-oxo-taxphnp@zmmher
9- acet oxy-10-oxotetracylic taxanes having a Cl3 side chain. Alternatively,
the CO acetate group can be selectively renoved by reduction of 10-o0xo0
derivative 11 with a reducing agent such as sanmariumdiiodide to yield

9- desoxo-1 0-oxo derivative 12 fromwiich the Cl3 hydroxy protecting group
can be selectively renoved foll owed by attachnent of a side chain as
descri bed abbweltatyvel H09tdesbxaohl 8- axdttatel side atlaen may be

S 5 o et ik SreBiTER TR6P Ten acd- 0 T\ ph A0 08 I

REACTICON SCHEME 2
QAC "0AC

OTES

HOI1a. TMSQClne-

13 TMECH, Et 4N

A

27 kH

TMEQIn.. TMSOln

TESCI

HF

pyridine

HOI14




OAc Sin 2 V TMSO' OT ES 12 Reaction Schene 4 illustrates a reaction in
whi ch 10-DAB is reduced to yield pentaol
of pent aol

13. The C7 and Cl O hydroxyl

13 can then be selectively protected with the triethyls

anot her protecting group to produce triol
be attached as descri bed above or,
nodi fication of the tetracylic substituents.
OH HO " ( )!
AM 0013 HM 14

Vif HIi'

As shown in Reacticn Scheme 3,

derivative 1l can be
desacetyl derivative
protecting group can
attachment of a side
acetoxy-10-oxo-taxol
taxanes having a C13
acetate group can be
10-oxo derivative 11

samarium diiodide to

il
14 to which a C13 sidél&héﬁm
alternatively, after further

22

10-oxo
provided by oxidation of 10-
8. Thereafter, the Cl13 hydroxy

be selectively remcved followed by
chain as described above to yield 9-
or other %9-acetoxy-l0-oxotetracylic
side chain. Alternatively, the Cce
selectively removed by reduction of
with a reducing agent such as

yvield $-desoxo-10-oxo derivative 12

from which the €13 hydroxy protecting group can be

selectively removed followed by attachment of & side

chain as described above to yield 9-desoxo-l10-oxo-taxol

or other 9-desoxo-10-

side chain.

oxotetracylic taxanes having a C13

T 11U 24 REACTI ON SCHEME 4 OH
SuU4NBH4 CH OHCHIC 1 2 HOO s XV .0 Ph-t ACO i.-u Ph



TESCI ET3N OTES Taxanes having C9 and/or Cl0 acyl oxy substituents

ot her than acetate can be prepared using 10- DAB as a starting material as
illustrated in Reaction Schene 5. Reaction of 10-DAB with triethylsilyl
chloride in pyridine yields 7-protected 10-DAB 15. The ClI O hydrpxyf( 0k
substituent of 7-protected 10-DAB 15 may then be readily acylated with any
standard acylating agent to vyield derivative 16 having a new Cl10 acyl oxy
substituent. Selective reduction of,the C9 keto substituent of derivative
16 yields 9B-hydroxy derivative 17 to which a Cl13 side chain may be
attached. Liern Niwg% @e C10 and C9 groups can be caused to mgrate as
set forth & T 2, above. 17 DEC 2004 25 REACTI ON SCHEME 5 COH

Haili OH Acylat Ing %gent HO lii 1] HF HOU'I 2) Bu4dNsH4 3] TESCI HO - H
Ph -<\ ACO 16 ]

TMSQHe

TMEOH -

12

Reaction Scheme 4 illuscrates a reacticn in
which 10-D2R is recuced to yield pentacl 13. The C7 enc
C10 hydéroxyl groups of pentacl 13 can then be selectivelv
protected with the triethylsilyl or another prctecting
group tc produce triol 14 to which a C13 side chain can
be attached &s described above cr, alternatively, after

further modification of the tetracylic substituents.



OTES Taxanes having alternative C2 and/or C4 esters can be prepared using
baccatin Il and 10-DAB as starting materials. The C2 and/or C4 e§Qqﬁ§gﬁﬁ
baccatin Il and 10-DAB can be selectively reduced to the correspondi ng

al cohol (s) using reduci ng agents such as LAH or Red-Al, and new esters can
thereafter be substituted using standard acylating agents such as

anhydri des and acid chlorides in conbination with an am ne such as
pyridine, triethylam ne, DVAP, or diisopropyl ethyl amne. Alternatively,
the C2 and/or C4 al cohols may be congerted to new C2 and/or C4 esters
through formati on of the correspondi ng al koxi de by treatnent of the al cohol
W th a OTESEhE DG 2600426 suitabl e base such as LDA foll owed by an

acyl ating agent such as an acid chloride. Baccatin IIl and 10- DAB anal ogs
having different supgtituents at C2 and/or C4 can beprepared as set forth
in Reaction Schenes §- 100 To sinplify the descyiptio 1GPAB i s used as
the starting materiat® VY should be understood, e t hat baccatin |11
derivatives_or h@" pr oduced usi ng t he fescef reactions
(except fdto’ '- bf the CIO hydr’ggéy

10- DAB wi t h bacea 5, th&ustl8Pting mat eria
baccatin Il and AQC ogs naving dr'fferent gSubs
| east one ot her i opn—for i“Hsfdmce A, 2, & &, C
be prepared ca i g Youd.any of the other reacti

and any other?XVﬁﬁgﬁka?g W thin the |evel of sﬁWTﬁﬁf%co

Q

g at Cl O and at
id C13, can then
.bed herein

O'=:

13 TESCI

HG e

Taxanes having C9 and/or Cl0 acvloxy
substituents other than acetate can be prepared using 10-
CAB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triethylsilyl chloride
in pyvridine yields 7-protected 10-D2B 15. The C10
nydroxy substituent of 7-protected 10-DAB 15 mav then be
readily acvlated with anv standard acylating agent to
yield derivative 16 having & new Cl0 acvlioxy substituent.
Selective reduction of the CY9 keto substituent cf
cerivative 16 yields Sfi-hydroxy derivative 17 to which &
Cl3 side chain mey be attached. Alternatively, the C10
and CY% groups can be caused to migrate as set forth in
Reaction Scheme 2, above.



in the art. In Reaction Schenme 6, protected 10-DAB 3 is converted to the
triol 18 with lithium alum numhydride. Triol 18 is then converted to the
corresponding C4 ester using O2COin pyridine followed by a nucllédibhilllic
agent (e.g., Gignard reagents or alkyllithiumreagents). 17 DEC 2004 27
Schene 6 OTES O ES OT ES TMbnlllI1( - -YIP _OTES 3 LAH TMS0iii i le Cl2Q0
pyricine OTES OFf ES OTES /-\ \'" P _OIES TMsO II1( It- vV f TMsO 111l R31Li or
201 9 i J Deprotonation of triol 18 with LDA followed by introduction of
an acid chloride selectively gives tHE5Cy ester. For exanple, when acetyl

chloride was used, trio? 18 was converted to 1,2 dial 4 as set forth in
Reaction SORmBIGN SCHEME 5

HOItL TESC | HOt
pyrlidgdine
Acylatling
agent
Y
CTES
HC111 13 HF HOLI

2) Bu,NBH,

3) TESCI

Taxanes having alternative (2 and/or Cé4 esters
can be prepared using baccatin III and 10-DAB as starting
materials. The C2 and/or C4 esters of baccatin III anc
10-DAB can be selectively reduced to the corresponding
alcohol (s) using reducing agents such as L2H or Red-2l,
and new esters can thereafter be substituted using
standard acvlating agents such as anhydrides and &cid
chlorides in combination with an emine such as pyridine,
triethylamine, DMiP, or diisopropyl ethyl amine.
Aliternatively, the C2 and/cr C4 zlcohols mey be convertec
to new C2 and/or C4 esters through focrmation ci the

corresponding alkoxide by treatment of the alcohcl with &




Triol 18 can also readily be converted to the 1,2 carbonate 19. Acetyl ation
of carbonate 19 under vigorous standard conditions provides carbonate 21 as
described in Reaction Schenme 8; addition of alkyllithiunms or C}ignarﬂ.

reagents to carbonate 19 provides the C2 ester having a free hydrok§lﬁbg@ﬁp

at C4 as set forth in Reaction Scheme C. | | DE[: 2004 28 Scheme 7 OT ES
TMSO I 111 18 Schene 8 OT ES TM S 011111 18 LDA R30CCCI TMsO 111 OTES C12CQ
Pyridine TMSO I Il OTES 4 OT ES AC-O DVAF OT ES TM S O Ill 2'l As set forth

in Reaction Schenme 9, other C4 substituents can be provided by reacting
carbonate 19 26

suitable base such as LDA followed by an acylating agent
such as an acid chlocride.

Baccatin IITI and 10-DAB analogs having
different substituents at C2 and/or C4 can be prepared as
set forth in Reaction Schemes 6-10. To simplify the
description, 1C-DAB is used as the starting materizl. It
should be understood, however, that baccatin III
derivatives cr analogs may be produced using the same
series of reacticns (except for the protection ci the C10
hydroxy group) by simply replacing 10-DAB with baccatin
ITI as the starting material. Derivatives of the
baccatin III and 10-DABR analogs having different
substituents at C10 and at least one other positicrn, for

instance Cl, C2, C4, C7, €9 anad Cl3, can then be prepar

¢

1]

by carrying out any of the other reactions described
herein and any others which are within the level of skill
in the art.

In Reaction Scheme 6, protected 10-DRE3 3 :is
converted to the triol 18 with lithium aluminum hyvdride.
Tricl 18 is then cenverted to the corresponding C4 ester
using Cl.CC in pyridine followed by a nucleophilic agent

(e.¢., Grignard reagents or alkyvllithium reagents).




with an acid chloride and a tertiary anine to yield I 1 DEC 20i 29
carbonate 22 which is then reacted with alkyllithiunms or Gignard reagents
to provide 10-DAB derivatives having new substituents at C2. Schene 9

TMSO 1111 181 O | di ne TMsGO i1l OTES A3Q000I pyridine CN%P;WH!$@11111

R31Li or P..MgEr TMSDI |11 OTES 22 OTES OTES OTES ri CO Alternatively,
baccatin Il may be used as a starting material and reacted as shown in
Reaction Schene 10. After being protected at C7 and Cl13, baccatin IIl is

reduced with LAE to produce 1,2,4,10 tetraol 24. Tetraol 24 is converted to
carbonate 25 using O 2CO and pyridine, and carbonate 25 is acylated at Cl10
w th an aci dsehkai ¢e and pyridine to produce carbonate 26 (as shown) or
with acetic anhydride and pyridine (not shown). Acetylation

TMSCutl
TMSOnm
LAH

C1,C0

pyridgine

TMSOtI TMSO11

Deprotonation c¢f triol 18 with LD2 followed by
introduction of an acid chlcoride selectively gives the C&
ester. For example, when acetyl chloride was used, tricl
18 was ccnverted to 1,2 diol 4 as set forth in Reaction
Scheme 7.

Tricl 18 can alsoc readily be converted to the
1,2 carbonate 18. Acetylation of carbonate 19 under
vigorcous standard conditions provides carbonate 21 as
described in Reaction Scheme 8; addition of alkyll:thiums
or Grignard reagents to carbonate 19 provides the C2
ester having a free hydroxyl group at C4 as set forth 1n

Reaction Scheme €.



of carbonate 26 under vigorous standard conditions 17 DEC 2004 30 provides

carbonate 27 which is then reacted with alkyl [lithiunms to provide the
baccatin Il derivatives having new substituents at C2 and C10. Scheén#{10
QAc H HOtIl( IxI~\/ [/ T™MOtilll 1) "ESC I , py 2) TMSC | , DWVAP

I M dazol e, DMF OAC LAH OH TMsA | |1 TWMsCl111 OH 24 Rz130001 pyrldine 1.1 OFf
2U 31 000829 2C0a29 0 TM 5 01111 TNBC]IEE I/ HO O O AcO

Scheme 7

LA
TMSQmn RqgCOC!H TMSCOIL
Scheme 8
C1,C0
TMSOme Pyridine TMSAII

TMSOini

As set forth in Reaction Scheme 2, other Cé
substituents can be provided by reacting carbcnate 139

with an acid chloride and a tertiary amine te vield



0 26 .27 R31Li V TMb011l)! OT ES OT ES 10-desacetoxy derivatives of baccatin

=-1 and 10-desoxy derivatives of ?0-DAB may be prepared b;- reacting

baccatin Il or 10-DAB O their derivatives)) wth samarium dii odide.

Reaction between the tetracyclic taxane having a Cl0 | eaving Wqﬁg AN
t

samarium dii odide my be carried cut at 0OC in a solvent such as ra-
hydr of uran. Advant ageously, the samarium diiodide selectively abstracts the
Cl10 | eaving group; Cl3 side chains and other substituents on the
tetracyclic nucleus renmain undisturbedzsThereafter, the C9 keto substituent
may be reduced to provide the correspondi ng 9- desoxo- 9B-
hydr oxy- 10- deSacbryexy G2 10xddsoxy deeivativesaas: - ot Bepyh 9¢ desgli bed

ep

herein. C7 diB¥§5ﬂa%@dr%%Qﬁ%u§? éubstitqégd}éaxanes can repar €d as set

forth in Reaction Schemes A1, 12" and °Y¥ ‘104 pgfer poat 39eREAETLAN SCHEME

11 CAc HOll 11nRgHSuUBSZituents at C2.

Scheme 9

OTES
CHCO
TMSOmu
Pyridine TMSQt11s
ﬂaGCOC|
pyridine
OMAF
TMSO0m
Rysti or TMSCHn
Ry MgEr

Alternatively, baccatin TIII may be used zas a
starting material and reacted as shown in Rezztion Scheme

1
being protected at C7 and Cl3, beccetin III is

reducel with LAH to produce 1,2,4,10 tetracl 24. Tetraol
24 iz converted to carbonate 25 using Cl.CO z=n2 pyridine,
and carrecnate 25 is acylated at Ci0 with an =c<id chloridse
2nd pyridine to produce carbonate 26 {as snzwT) Oor with
acetiz arhvdride and pyridine {(not shown). ~Tetylaticn




CH3l HO[111 OAc nBu3SnH AIBN [cat] toluene (ref lux) OAc HOIIIl | ) op

2a0~ REACTI ON SCHEME 12 QAc OH HOL1i,.( )OM \/ / HAi,,. 33 FAAa 0O
.. OHHOI I'.. MsG Et3N Et3NHCI n O QAc CAC Ph-,~ AcO 0 Ph A ol 1
7 | ?Ff 2UU4

30

provides carbonate 27 which ig then reacted with alkyl
lithiums to provide the baccatin III derivatives having
new substituents at C2 and Cl0.

Scheme 10

HQun TMSON
1) TESCLH, py
20 TMSCI, DMAP
Imidazole, DMF
LAH
TMSOI ci;Co
pyridine TME0I

R,4COC|

pyridlne




REACTI ON SCHEME 12a 34 OTES /-\ -( | _OTE5 TM S 011111 L i 011111 HOLi 111
(1] THE (2] HF, Pyridine, CH3CN off 01111 As shown in Reaction Sche n&,l@m
Baccatin Il my be converted into 7-fluoro baccatin IIl by treatne

FAR at roomtenperature in THF solution. O her baccatin derivatives with a
free C7 hydroxyl group behave simlarly. Alternatively, 7-chloro baccatin
1l can be prepared by treatnent of baccatin IIl with nmethane sulfonyl
chloride and triethylamne in nethyledé chloride solution containing an
excess of triethylamne hydro- chloride. HF, py 17 DEC 2004 35 Taxanes
havi ng C7 acyl oxy substituents can be prepared as set forth in Reaction
Schenme 12a, 7,13- pr@‘€fred 10-oxo-derivative 11 is convegt’®dzto its

i piPot ecti ng group

and replacing i '%eﬁréﬁmh as lithium The
with a Prdsmst &

the C7 protecti
to C10, migratio
acyl oxy

TMSCII
(=]
10-desacetoxy derivatives of baccatin III and
10-desoxy derivaetives of 10-DAB mey be prepared Dy
reacting baccatin III or 10-D2B (cr their derivativesg)

with samerium diicdide. Reacticn between the tetracvclic
taxane having & Cl0 leaving group and samarium diiodide
mey be carried cut at 0°C in a solvent such as tetra-
hydrofurarn. Advantageously, the samarium diicdice
selectively abstracts the C10 leaving group; Cl3 side
chains arnd other substituents on the tetracyclic nucleus
remain undisturbed. Thereafter, the CS keto substituent
may be reduced to provide the corresponding S-desoxo-9p-
hvéroxy-10-desacetyvoxy or 1l0-desoxy derivatives as
otherwise described herein.

C7 dihydro and other C7 substituted taxanes can
be prepared as set forth in Reacticn Schemes 11, 1Z encd

12&




substituent to C7. A wide variety of tricyclic taxanes are naturally
occurring, and through mani pul ati ons anal ogous to those descri bed herein,
an appropriate side chain can be attached to the Cl13 oxygen of theﬂew 200
substances. Alternatively, as shown in Reaction Schenme 13, 7-0- U
triethylsilyl baccatin Ill can be converted to a tricyclic taxane through
the action of trinethyloxonium tetrafluoroborate in nethylene chloride
solution. The product diol then reactsawith |ead tetraacetate to provide
the corresponding C4 ketone. 17 DEC 2004 36 REACTION SCHEME 13 OAc HO 1" H
Ch ' HOn"' OAgReeahl caydydroxyl at ed taxane (14-hydroxy- 10-

deacet yl baccafrn as been discovered in an extract of yew needl es
(C&EN, p 35-37, April 12, 1993). Derivatives of this hydroxyl ated taxane
havi ng the various C23%€4, etc_ functional graqups de't‘riobed above nmay al so
be prepared by usy i s;hydroxyl ated taxane. \In adtli ta on,/lsc he Cl4 hydroxy
group together w h

p converted to a
1, 2- car bonatt® ad o SY'wariety of

esters or other f upssas otherw se : _rein in
connection with thed CX 7, €9 —Ct0—amd Cl13 g s. The foll ow ng
exanpl es are provi'teds CHyl
Ph——< AcC pn__< AcO 0
0 0

nBu3SnH
AIBN (cat)

toluene (reflux)

HOmn




fully illustrate the invention. 3 7 EXAMPLE | 01111 (31-4) QAc Preparation
of N-debenzoyl - N-(t-butoxycarbonyl)-3'- desphenyl - 2 "' - (3 - furyl) taxol
. To a solution of 7-triethylsilyl baccatin Ill (120 ng, 0.171 mof) 2GlA 1.2
m. of THE at -45 C was added dropwi se 0.104 niL of a 1.63M sol ution of nBulLi
in hexane. After 0.5 h at -45 C, a solution of cis-1-(t-

but oxycar bonyl )-3-triethyl -silyloxy-4-(2-furyl)azetidin- 2-one (314 ng,
0.885 mmol) in 1.2 nL of THE was added> dropwi se to the mixture. The
solution was warned to C C and kept at that tenperature for 1 h before 1 nL
of a 10% sBERCTGONoSCAEME il THE was added. The mixture was partitioned
between saturated aqueous NaHCG3 and 60/40 ethyl acetate/hexane.

Evaporation of the orggpic layer gave a residue which was. purified by
filtration thro gh siJicaogel to give 182 ny of Q e apnt ai ni ng

(2R 3 95)-2 ef/hyl S|Iyl - N- debenzoyl -
but oxycar bonyl) y
the (2'5,3" B[S {i ution of 182ng?b
obt ai ned from t hé—py , actionff 11 nl of : and 0.55 nL of
pyridine at 0 C vva avded nmL of 48% aqueous HF. £The e was stirred
at 0 Cfor 3 h, tr X for 13 h, and partltlonedabet saturat ed
aqueous sodi um b ca qrg@‘te any et hyl 17 DEC 2004 38 \<ACO

af | anmount of
fhe mxture

HO- HQl1r-

MsCl
Et 4N
Et NHC!




acetate. Evaporation of the ethyl acetate solution gave 143 ng of materi al
which was purified by recrystallization to give 133.0 ng (93% of
N-debenzoyl - N (t-butoxycarbonyl)-3'-desphenyl-3'--(2-furyl) taxol AF

m p. 155-156 C, [a] 25Na-73.0 (c 0.0065, CHO 3) . 1H NWR (CDd 3, 300" M—@)J
8.11(d, J=7.1 Hz, 2H, benzoate ortho), 7.63-7.46 (m 3H, aromatic), 7.41(d,
J=1.1 Hz, 1H, furyl), 6.38-6.31(m 24, furyl), 6.30 (s, 1H H10), 6.23
(dd, J = 9.4, 9.4 Hz, 1H, H13), 5.67(d, J = 7.1 Hz, 1H, H213), 5.3(d, J=9.3
Hz, 1H, NHreE122(0, SOEMB Hee 1H, H3'), 4,95 (d, J = 9.3 Hz, in, H5), 4.71
O s, 1H H2'), 4.42 (m 1H, H7), 4.30 (d, J=8.2 Hz, 1H, H20a), 4.16(d, J
8.2 Hz, 1H, H20B), 3.82(d, J=7.1 Hz, 1H H3), 3.29(d, d=5.5 Hz, 1H,
"OH), 2.56 (g 1H,

2 a) 0 47 (d, J=3.6 Hz, 1H \/0H), 2. 3909ks, 3H, 4Ac),
2.34 (m 2H, HM 24 S’OTH 10Ac), 1. 90(m 1 » £.88 (ke s, 3H,
Me18), 1. 70 NG, £67 (s, 3H Me19) .o, it yl), 1.25
(s, 3M NECH" / —Me16) . FEXAWPLES 2- 121 edure set

forth in Exanpl'e ( for the substituents of gpreti di one and the
protected taxangfand t hg punts of the reactants) ag seri€s conpounds
wer e prepared haV| ng theysStyucture shown above in whi cb XF\XY), R2, Rra,

abl en ess oherdni se

R9,, and Rlcapaﬁ_eﬁsmcﬁ\h ®n the follow n
indicated, R is Tv1 R7a is hydroxys"R9a is keto,,;and RlOa is acetoxy.
The structures were cl)flrrred by N R~ ddobF~ 2;'fa -39 r rx -r

LiCum

{2) HF, Pyridine, CH,CN

As shown in Reaction Scheme 12, Baccatin III
may be converted into 7-fluoro baccatin III by treatment
with FAR at room temperature in THEF solution. Other
baccarin derivatives with a free C7 hydroxyl ¢group behave
cimilarly. Alternatively, 7-chloro baccatin III can be
prepared by treatment of baccatin IIT with methane
sulfonyl chloride and triethylamine in methylene chloride
solution conteining an excess of triethylamine hycre-

chloride.
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Taxanes having C7 acyloxy substituents can be
prepared as set forth in Reacticn Scheme 12a, 7,13-
protected l0-oxo-derivative 11 1s converted to its
corresponding C1l3 alkoxide by selectively removing the
C1l3 protecting group and replacing it with a metal such
as lithium. The alkcoxide is then reacted with a P-lactam
or other side chain precursor. Subsequent hydrolysis of
the C7 protecting groups causes a migration of the C7
hydroxy substituent tco Cl0, migration of the Cil0 oxo
substituent to C%, and migration of the CY acyloxy
substituent to C7. .

A wide variety of tricyclic taxanes are
naturally occurring, and through manipulations analocgcus
tc those described herein, an appropriate side chain can
pe attacnhed to the (13 oxygen of these substances.
2lternatively, as shown in Reacticon Scheme 13, 7-0-
triethylsilyl kaccatin III can be converted Lo a
tricyclic taxane through the action ¢f trimethyloxonium
tetrafluoroborace in methvlene chloride solution. The
product dicl then reacts with lead tetraacetate to

provide the corresponding C4 ketone.
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REACTION SCHEME 13

HQi- HOe

HOI.

Recently a hvdroxylated taxane (l4-hydroxy-10-
deacetylbaccatin III} has been discovered in an extract
of yvew needles (C&EN, p 36-37, 2pril 12, 1533}.
Derivatives of this hydroxylated taxane having the
various C2, C4, etc. functional groups described above
may also be prepared by using this hydroxylated taxane.
In addition, the Cl4 hydroxy grcoup together with the Cl
hydroxy group of 10-DAE can be converted to a 1,2-
carbonate as described in C&EN or it may be converted to
a variety of esters or other functionel groups as
otherwise described herein in connection with the C2, C4,
C7, C9, C10 and C13 substituents.

The following examples are provided Lo more

fully illustrate the invention.
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EXAMPLE 1

tBul N

(31-4)

Preparation of N-debenzoyl-N-{t-butoxycarbonyl)-3'-
desphenv1-2'-(3-furyl) taxol.

Tc a solution of 7-triethylsilyl baccatin III
{120 mg, 0.171 mmol) in 1.2 mL of TEF at -45 °C was added
dropwise 0.104 mL of & 1.63M soluticn of nBuLil 1in hexane.
After 0.5 h at -45 °C, a soiuticn cf cis-1-(t-
butoxycarbonyl)-3-triethyl-silyloxy-4-(2-furyl)azetidin-
2-one (314 mg, 0.885 mmol) in 1.2 mlL of THF was added
dropwise to the mixture. The solution was warmed to 0 °C
and kept at that temperature for 1 h before 1 mL of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between saturated agueous NaHCO, and 60/40
ethyl acetate/hexane. Evaporation cf the organic layer
gave a residue which was purified by filtration throuch
silica gel to give 182 mg of a mixture coﬁtaining
(2'R,3'S)-2',7-{bis)-triethylsilyl-N~debenzoyl-N-{r-
butcxycarbonyl) -3’ -desphenyl-3 -{2-furyl) taxol &nd a
very small amount of the (2'S,3'R) 1somer.

To a solution of 182 mg (0.171 mmecl) cf the
mixture obtained frcm the previous reaction in 11 ml cf
acetonitrile and 0.55 mL cf pvridine at 0 °C was added
1.7 mL of 48% agueous HF. The mixture was stirred at {
°C for 3 h, then at 25 ©C fecr 12 h, and partitioned

between saturated agueous socdium bicarbonate ana ethyl

17 [EC 2

r

I NNNNNNNNNN N O

r-,



QA Ox x x x x x r-{.-12-j>2ri-"1-;r-1-~r1l.--1 COUa - -iNO.-1WLIi

LUui L)) LiLki 1J -1 Aaaa0C)u] fl aaa .

113113JQ1rd.~.111I11f yCr-1QC

rirUCLr.i). 1 _YLiLiLiiili
Q) GOCCCCCCCC C .- - 1. - -

0:Ji)s..)1-1LiiJ2JtJiJAJLiiiLi;SC) S4%->I .0CCCCOCCOCO00r o a a

Ca>1>1>1>1> C+>>1C, >1CT

SQQQNQ QQFQCCQQQxc >1>1_

dadkh. @Hoa

L700000000000000i J 11

-1 UNU U ury) Nt U Y p Yy U |

NNri.,..l.rl.

ra.4.r-{.

ber-lor-1. ,-.1.r{.rE rk. ril1N OCHMV;gPWrw l;Zr' NP"1~" CQ-NI1d 111

acetate. Evaporation of the ethyl acetate scluticn gave

143 mg of material which was purified by

recrystallization to give 133.0 mg (93%) of N-debenzoyl-

N- (t-butoxycarkbeonyl)-3'-desphenyl-3‘-{2-furyl) taxol.

m.p.155-156 °C; [a]?®,-73.0° (c 0.0065, CHC1,).

'H NMR (CDC1l,, 300 MHz)
ortho}), 7.63-7.46 {(m,

8 8.11(d, J=7.1 Hz, 2H, benzoate

3H, aromatic), 7.41(d4d, J=1.1 Hz,

1H, furyl), 6.38-6.31(m, 2H, furyl), 6.30 (s, 1H, E1Q},

£.23 (dd, J = 9.4, 9.4
1H, H2B), 5.3(d4, J=9.3
H3'), 4,85 (d, J = 9.3
4.42 (m, 1H, H7), 4.30
= 8.2 Hz, 1H, H20B), 3
J=5.5 Hz, 1H, 2‘OH), 2
Hz, 1H, 70H), 2.3§ (s,
(s, 3H, 10Ac), 1.80(m,

1.70 (s, 1H, 1OH}, 1.67

Hz, 1H, H13), 5.67(d, J = 7.1 Hz,

Hz, 1H, NH}, 5.22(d, J=°2.§5 Hz, 1H,
Hz, 1H, HS), £4.71 (br s, 1H, H2'),
{d, J=8.2 Hz, 1H, H20c), 4.16{4, J

a3

.82(4, J=7.1 Hz, 1H, H3), 3.28(4q,
.56 (m, 1E, Héa)}, 2.47 (d, J=3.6

3H, 4ac), 2.34 (m, 2H, H14), 2.24
14, HéB)., 1.88 (br s, 3H, Mell),
{s, 3H, MelS9), 1.34(s, 9H, t-

butyl}, 1.25 (s, 3H, Mel7), 1.14(s, 3H, Mele).

EXAMPLES 2-121

Using the procedure set forth in Example 1

{except for the substituents cf azetidin-2-one and the

protected taxane and the amounts of the reactants) a

series of compounds were prepared having the structure

shown above in which X5, X,5. Rs, EKs,. Rg,, and Ry, are &s

shown in the following table. Unless otherwise

indicated, R, is benzoyl, R,;, is hvdroxy, Ry, 1s ketc, and

Rips 1S acetoxy. The structures were confirmed by NMR.




as 42
Vi GEE 20

NLn k-0 co

ri

(), 6[NtDNL-CN. U, |

.-N NN NNNrlrlr "1rhrnr,")YM1rlIP x

X w >1
_39_

NCO - C OLnuLnLI I'i
Lf1 LCNCOCC
Uuzrpro _

-7

N rl
00 1) LJ alJ a)

El WLLQ) GLC) OCO- - ~1 Or - i

Cnh Cc--1

1Ay3s TAuatya-g E-6t (Al
-*HOUd TAIng-g Z-8E Tt
1A11e 1Aang-g T-8¢€ 0T
1Adoad-t TAIni-¢ P-LE 6
TAang-u 1AIng -2 Z-LE 8
TAInq-t1 1Aang-g 1-L€ L
(TATTR)
—~— TAuatyl-¢ Z-9¢t 9
TAING-u TAuatyy-g 1-5¢€ S
TAIng-3 TAuatyis-z Z-%E 4
TAxayo 104D TAuarIyl-z T-tt £
TAyae 1Aing-¢ 1-2¢ z
iy "6y "Oly Sly ty punocdwopy ey7dwexd

T dTHVY.L

¢ HTdWVXd




>CaJNOD ONECNN NCDQ) CC alQOAA G QC> 00 >, 34ri 0

O-L
.u.-g {i

c-lr-1

O N C a7 .0

rirlrzcra OFO 00

EU-)EUW I Il

.Jr-90 a3.0YsJ. 0i

S-114 . 00L+-+. 000

17 AF¢ 200k

T PR T D I P

> >

[1lt:

00 OLJ1zz zxz eJnDOO 000000 Oo c

R
>1>>1>1>, >>1>r >, >, >1>, >>1

,ra. -~ --1-.

AN

TAXSYOT2AD 1820y -¢ C-CF £t
1Ajuadoau 1Aang-z Z-¢F ¢e
TAl01D 1A1ng-¢ T-tF TZ
1Ay12Axoyauw-7 14103 -¢ b-2v 0¢
TAINg-T TAusTYl-Z T-1v 61
TAdoad-t TAuatyl-g T-1F 81
(1Ajusdoau)
TAUSTY3-T p-0b Li
{TAY3IaAxoysw-7)
||J/l| TAuatyl-¢ t-0F 91
oan
o {TAdoad-7
= -Axoyiatp-¢'1)
013 TAUBTYI-¢ -0y 51
013
(TA3010}
/ TAuatTyi-¢ T-0¥ vl
{TAUAINg-¢)
1lk\FEﬂHu TAuatyl-g P-6t £
“u iy e’ Oy oly % puncdwe) or1duexy



= o
: @)
@i i
(45 RLaw)

=l -

— -
mﬂ_v — H TAING -7 TAuUaTyl-7 £-8Y v
mﬂ_vl - H H TAIngq-3 TAUDINCOS T T-2L4 184

. —

- . _ i TA3Ing-1 TAURINQOST Z-1L 0F

e e - :
mUH__L - Axojaoe -0M TA3INg-3 TAu23nqost 1-0L bt
mmu e B H ooy TA3INQ-23 TAuaangoesty p-fL 8t

A —
%Uk@; — m_ H TAang-13 1fuaynqost 7-89 Lt
M -~ —_—
&H_v\_/m, — c -0l -OH TAIng-1 TAURINQOST V-0L 9¢
L = o -THDSKL TAUBINQOST £-09 5t
d1—c - O T Aus7NgoSs T -66G ve
SAT e O o ~HOU TAue .
UU)\n.a/aN - 2 TAT1® TAU93INQOST T-66 £t
\L/Um °, aﬂO\)tZ 1Adoad-1 TAUSINQOST v-89 Ze
mo o+ . oD ..
A4 1 m e .._ O. TA3uadoau TAUDINGOS T £-85 T¢
L e T m 1 . WL
LL1JN)~ ow”" TAU2D TAua3nqosT £E-FS 0t
. ) L
M\I)_>,mm"(m~_ulli. 1Aang-1 TAu@3ngosT Z-¥S 6C
e~ Pz
Jucw/ml O. o« TAINng-u TAU8INYOST 1-¥5 8¢
Lo ) - 1 4= -
= V.,N rM]mm _ ( TAUDINQOST)
JWamemac A £-15 L2
—— [ ang - -

- %m/m Omvmk Aand-4 \ A
N - 6 D ~Fa

.|C\)NNm U a)
J——c mﬁ rdafals TA3ng-u TAuaud Z-tt 9¢
”Hm oo V22, TAuAang-¢ 1Aang-g T-bb 52
.- 04A . 420D
TZTYo:s-!lCoE [4doad-z

Z oT 223 -Axoylaip-¢ 1 1Aan3 -z p-cv Ve
™M — - P = C©
- A — | ===} L
J_cQol .1 —c 'y iy Tey Yoty Oty X puncduoc) oTdwexd
- — < .-
- - A —_— O -~
i g IRCD = v

-” 1 ” rQ|OI|
™ — 7|NNN 1~
L T | r)NNI -
- 1 —_ o Z P
> QTS
JO - . 1 Dl
- HM.LWLL
< M " mt0| l r..rl.,




o .
o &
- I~
0 T
.
— = 1AozuaqoionTi-p HOG- 1A9n¢ -3 [Auayd z-99 Iy
_— TACZUBQOIO (YO~} HO- TAIng -3 TAuayd 1-99% €9
T 1AozuaqAxoyjaw-p HO - TAING-7 1Auayd bP-69 P
m,l_ [AozuaqrAyjswoIonTITa3-¢ HO- 1Aang-3 TAuayd £-59 19
. TAozuaqoao(yo-¢ HO- TAang-13 TAuayd 2-59 09
U TAozuagAyisu-¢ HO- T43nq-3 1Auayd 1-59 65
- _ T1AczuaqAxoyiau-¢ HO~ TA3ang-7 TAusyd b-v9 89
W/I HO- HO- 1A3ang-3 TAINny - £-0L LS
h - HO- HO- TAING-3 TAuB Tyl -¢ Z-oL 95
>,m HO- HO -~ 1A3ang-13 TAusyd £-L9 56
o H TAang-2 TAusyd b-TL Vs
n_bo H TA3Ing-2 TAingy-¢ £-TL £s
o° o 1t 1A3Inq-13 TAuaTyl-¢ 1-T¢L zs
MMI Axojs0e ~0OH TAang-13 TAiny-g v-69 15
© - Ax0ja0® -0H 1A3Ing-13 TAuatya-g £-69 0§
—
—. © H H TAINg-7 TAuayd v-zZL 37
|_M® H H 143ng-9 TAang-¢ £-ct By
2 H i 1Aang-1 TAuB Ty~ z-¢L LY
WIU H 039y 14A3ng-17 TAuayd C-viL gy
m@y i CRE tA3ng-3 1AuaTua-¢ T-6¢L St
Y= H 1A3ang-3 TAINg-¢ Z-69 vy
O™ H 14ang-13 TAuayd T-69 €y
‘O .—
W_ S ‘o "ty "y iy oy Y punodwos atdwuexyg
1___.1_._U e
O =
o< 4
—=0
nZ
W_nA
01
ST N




© o =
T, O~
o - =0 i
AL )
— o> —
= 1A3ng-u TAdoado124D £-95 Ve
N 5" 1AInq-31  1AdoadoraAn -6V €8
A ®© — i - e -
T ) am/El IWEE 1Adoado1oAD z-95§ Z8
ohl A S - ~THOSHL 1AdoadosT 1-09 18
NO ﬂfC.OOI 1A3uadoou T1AdoadosT 1-85 (43°]
O — o~ T1AY3=
aO;I__ ~..C Wll - Axoyaawu-¢ T1AdoxdosT Z-09 oL
..04ICN : M 1A%240T0AD 1Adoadost -85 BL
1 1 0
@Ul rCWIC 143010 TAdoadost b LS LL
.1|_O " SOU/Id TAUAING- [Adoadost P-¥5 94
Lo.mem, - HOud 1AdoxdosT £-€5 SL
\)U —— - TATT® 1AdoadosT Z-15 Ve
5 = akmll pd o 1AdoadosT 1AdoadosT p-€5 oL
lalaAwnﬁulo TAuadoad
A © u— O -1AyadW-7 1Adoxdost T1-19 CL
So«Owm ' 0O TAINg-u TAdoxdost P-06 TL
—— M o — n.m TAINg -1 1Adoadost oLy 0L
& -0 .dZ tAyao [Adoxdos 1 £-0S 69
—._ — O —_= ) _
a7 T o7 4T TAozuBATAYIBUWTP-G'E HO- 1Aanq-3 {Auayd T-VeL 89
—~ 1 @© o
- to_ — o 1A0zuaq
o~ Ao ' ©-{TAyaBwoIoNTjTI3)S1q-57¢ HO- 1A3ng-1 TAuaud b-ti L3
0 PoYl- 1AozusqrAyIBu-7 HO- TAINd-3 TAuaud ¢-83 99
— TNgo N M%ON:mﬂH>£umEouO:Auﬂwu|m HO- 143nG-13 TAuayd 1-83 59
o —_
-5 N - o — [nr._u Ty vy "oy vy oty tx punodwoy @1dwexd
P O
o




in

OCx CDhcc W O
>1
i)

wCincin a)

VI

inininin111 Inin L1121 10in ".DN-I r
Oint®”, NaC C- CQrl
> --1 .-

N Ln c'

U

i
ByU JD

a -
MY
la a0
00a00O00O0

>1
-14

) >1
.0 Qa
C.

>

>
JoO
m m ai

>1
.0
e~

>, |
ma L) 1.) alJ jj

rz U NNr 1~OIDtD]-
.- 'n a

i

Uwal a~ ai

--1 I
uO0O>0.aaf[~-0-

--F ~4
O EO

iA G,

“/, 4 ar a0 r-1

J 0+~ 1J 1) .--1J3J -J _

i - I . LJ 111

> rp, -1 --i .--1.--1
Uuuvuuuvuuvuuuuu

rir-{

00 S

44

~HDQd 1Auayd £-56 901
TATTE TAuayd p-1¥ SO1
TAdoad-t TAuayd E-19 vot
TAang-1 TAusyd v-tg €0t
[AOZUDANOAPAY - HO- TAINg-2 TAuayd t-vL ot
—THOSKHL TAXOUOTIAD £-Ls 0t
1AxayoTDAD 1Ax2yo[24AD ¢-7% 00T
TA30a1D TAX3UOTDAD £-99 66
Tyoud TAxaya12AD T-2S 86
TATT®E TAXaUoToAD 1-29 L6
1Adoad-t TAXSYOTDAD -89 96
TA3ng-1 1AxayoT2AD -8BV 56
TAIng-u TAX3YOTOAD t-8¥% PE
1A3ng-1] TAX8UOT2AD £-L¥ £6
TAYyI2 TAX2YoT0AD P-19 (43
TAINg-73 TAusdo10AD T1-19 16
TAIng-3 TAINgoT2AD £-19 06
TAINng-13 1A3ng-17 Z-19 68
-'HOoyd  TAdoado1ohd v-29 88
1ATTe {AdoadoToAD F-95 L8
TAdoxd-t 1Adoado1o0AD £-29 98
1A3nG-T TAdoadoyoAD T-€£9 58

*H Bt "y et 'Y ‘X punodwoy eTdumexyg




Z o0o® O
nvnﬂﬂflmw
IO Wu%D?
rCOI.Lk
N@»WU!
— = Q
_N4.N| S
PR
1 _O
1+1fm.l =
. T _ =20
. .0
Z_d
e 2 .
Z0
Nlm O
— o |COIO
nNN7m
Z -
OO0 N~
) NV_C
B nu_Gm
UNLaU
UhMaLm
> oS58
— = ©
D)
Uldwwm
i R m
— © —
D) _ >
- ON@
-.— O
N -~ o2
ZIMaiO
T T N—O
&
N | O\Il
1O|@C
AN— @
>||Wm
_ Lo X
—_— PVRU
ZlmUrA4
- 1 .v ..
AN.Os" O.C
.L~M S
A — S
2 — m

TAuaud
1AY3D -0I3TU-F ¢-8BZ el

TAuayd
TR3ang-13 -0I7TU-} 1-8¢ 0el
TA3usdosu 1AXayo1o2AD P-19 611

TAyl3w
TAING-73 -Ax0IpAY-¢ ¢-L9 811
TAIng-7 TAptxAd-¢ T-tL LIt
1AINg-3 1AptaAd-¢ 1-L9 911
TAIng-3 TAPTIAd-¥§ 7-99 STt
1A3ng-3 TAUBTY-¢ E-CL AN
1A3INg-13 TAing-¢ Z-€CL €11
1Ajugdoau T1Auayd 1-7F 211
TAY3eAxoyjsu-g TAuauyd T-55 11T

1Adoxd-g
-AxoyleTp-£'T TAuayd T-8¥ 011
1AXaYoT2AD TAuaud Z-Tv 60T
TA30x0 TAusayd £-5%9 801
TAuAINg-¢ TAuayd P-LY Lo1
*q "ty "y 'S punodwoy wrduexg




cca -10r-i ri >>1-Crl a.C>>1> > > 0> ~ Ori O,i -L) Li
v Li Li-i -4 11" -1'i Q a071: 7: >> .00Ur-r CLEOS7” .0.00Q.0Q
00f 14> 1 1Q 111111 Q1 i7 '")yuUuUr-1 NNOLi a-,e}F[131x]JLJ
=) 3101) ) 1r-1 rir--1 ~0~C100 .--1 rdr-i --1 .-11%}, oty .
r-1 '"--1 21140 --1 }Ar-i CoOO0OCOaXxX> > > ~-1G1C d Q NQ a)
Q wLaaa.> LI UOGG GW .0.0.0,01 1T 12111 Q@ > 1Z1aaaa
aaMC EuU a'"" aNNri "--1 r--i NrnVr-2r-{ (N L T T LT 12121111
' r NLn N[zJ Ln Nr~r"1 tONrlrgze C Lnv d Lt1V NN-~AN-AZ4
---I N 1T I'l ,- COco IONN41pr-1 -4r~COd .--1 Nrn,zr Lr LALt--
CO0O0O0O0r1 ,--f .--1 ,--1 ri gyvbp 4oV r{ r-1 NN to 46

The taxanes of the preceding examples were
evaluated in in vitrc cytotoxicity activity against human
colon carcinoma cellis HCT-116. Cytotoxicity was assessed
in HCT116 human cclon carcinoma cells by XTT
(2,3-bis(2-methoxy-4-nitrc-5-sulfophenyl) -5-

[ {(phenylamino)carbonyl] -2E-tetrazolium hydroxide) assay
(Scudierc et al, "Evaluaticon of a soluble
tetrazelium/formazan assay for cell growth and drug
sensitivity in culture using human and other tumor cell
iines", Cancer Res. 48:4827-4833, 1988). Cells were
plated at 4000 cells/well in 96 well microtiter plates

and 24 hours later drugs were added ané seriazl diluted.
The cells were incubated at 37¢C for 72 hours at which
time the tetrazolium dye, XTT, was added. 2
dehydrogenase enzvme in live cells reduces the XTT to a
form that absorbs light at 450 nm which can be
quantitated spectrophctometrically. The greater the
ahscrbance the greater the number of live cells. The
results are expressed as an ICg, wnich 1s the drug
concentration required to inhibit cell proliferaticn
(1.e. absorbance at 450 nm) tc 50% of that of untreated
control cells.

Exce@t for compounds 67-2 (Example 118), 6€-3
{Example 96), and 48-1 (Example 110), a2ll compounds had
an IC., of less than 0.1, indicating that they are
cytotoxically active. Compounds 67-2 and 66-3 were found
to have &n IC., of substantially more than 0.1 and 48-1
was found to have an IC,, of at least 0.084.



EXAMPLE 122 The taxanes of the precedi ng exanples were

evaluated in in

.Vitro cytotoxicity activity against hunman colon carcinona cells

Cytotoxicity was assessed in HCT116 human col on carci noma cells! HjﬁkTT

(2, 3-bi s(2-net hoxy-4-nitro-5-sul fophenyl) - 5-

[(phenylanino)carbonyl]-2k+tetrazo|iﬁﬁ]hydroxide) assay (Scudiero et al,
f
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48: 4827- 4833, 1988). CELAIMZere plated at 4000 cells/ well

mcrotiter plates and 24 hours |later drugs were added and seri al
The cells were incubated at 37C for 72 hours at which tine the
tetrazoliumdye, XIT, was added. A dehydrogenase enzyne in live cells
reduces the XTT to a formthat absorbs |ight at 450 nm which can be
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absor bance the greater
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eration (i.e. absorbance

at 450 nm to 50% of that of untreated control cells. Except for conpounds
67-2 (Exanple 118), 66-3 (Exanple 99), arfdo#2-1 (Exanple 110), al
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I mgli cating that they are

fo have an 1C50 of at

X nsa
4 (3)
wherein
X, is -0OX,, -5X,, or -NXX,;
X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,

.or heteroaryl;

X, and X, are independently hydrogen, glkyl,
alkenyl, alkynyl, aryl, or heterocaryl;

X, is ~COO0X,,;

Xs is hydrogen, alkyl, alkenyl, alkynyl, . aryl,
hetercaryl, hydroxy protecting group, .or a functicnal
group which increases the water solubility of the taxane
derivative;

X, is alkyl, alkenyl, alkynyl, aryl, heterocaryl,
or sulfhydryl protecting group;

' X, is hydrogen, alkyl, alkenyl, alkynyl, axryl,
heteroaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or heteroéryl;

X, is an amino protecting group;

X, is alkyl, alkenyl or aryl;

R, is hydrogen, hydroxy, protected hydroxy or
together with R,, forms a carbonate;

R, is hydrogen, hydroxy, -OCOR,, or togethexr
with R,, forms an ©xo;

-Quwere found to have an |ICs, of

Ieast




1. A taxane derivative having the formula AIO l1le Ro/ RO~ V -,Asa 01111 14
~ 96 (3) wherein X.1 is -0X6, -SX7, or -NX8X9;' X2 is hydrogen alk¥

al kenyl, al kynyl, aryl, .or heteroaryl; X and X4 are |ndependenﬁﬂy (7004
hydrogen, al kyl, alkenyl, alkynyl, aryl, or heteroaryl; X5 is -COOX10; X5

I s hydrogen, alkyl, alkenyl, alkynyl, aryI, heteroaryl, hydr oxy protecting.

group,.. or a functional group which® icreases the water solubility of the
taxane derivative; X7 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or

sul fhydryl protecting group; X is hydrogen, alkyl, alkenyl, aIkynyI, aryl,
het eroaryl, or heterosubsiituted al ky al ken Ik

heteroaryl; X9 is éﬁaaﬁﬁnEYgFBE%Et?ﬁgt6¥%ﬁpt°¥§ﬁ6e %5¥%y$2 nyI or aryl;
Rl is hyQ&pgg@, hydr oxy, protected hydroxy or together with RL, fornms a
carbonate; R2 i's hydrogen, hydroxy, - 1 Qr t gget her mnth R2a forns an
oxo; | i li(( 7~ J-szléwdm@gems (e %‘eﬁné] et Rh R forms

an Ox0; oxjirane or methylene, or together w1th R., and the carbon
atoms to which they are attached form an oxetane ring;
R,, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, cyano, hydroxy, -OCCR,,, or together with R,
forms an oxo, cxirane or methylene;
Ry is hydrogen or together with R,, forms an
OX0;
R., is hydrogen, hydroxy, protected hydroxy,
acyloxy, together with R; forms an oxo, or together with
R, and the carbon atoms to which they are attached form an
oxetane ring;
R, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heterocaryl, hydroxy, protected hydroxy or together
with R,, forms an oxc;
| R, is hydrocen, alkyl, alkenyl, alkynyl, aryl,
or hetercaryl, hydrexy, protected hydroxy or together
with R, forms an oxo;
R, is hydrogen or together with R,, forms an
OX0; '
R,, is hydrogen, halogen, protected hydroxy,
-OR.,, ©xr together with R, forms an oxo;
R, is hydrogen or together with Ry, forms an
oxo{
‘ R,, is hydrogen, hydroxy, protected hydroxy,
acyloxy, cr together with R, forms an oxo;
R,, is hydrogen or together with Ry forms an
OXO; ,
R,0s is hydrogen, -OCOR,s, hydroxy, or protected
hydroxy, or together with R, ferms an OXo;
R,, is hydrcgen, alkyl, alkenyl, alkynyl, aryl,
hetercaryl, hydroxy, protected hydroxy or together with R,

forms a carbonate;




R4 is hydrogen, together wwth R4a fornms an oxo, oxirane or nethylene, or

. together with Rya, and the carbon atons to which they are attachqd fror mifiian
oxetane ring; Rda is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl

cyano, hydroxy, -OCOR30, or together with R4 forns an oxo, cxirane or

met hyl ene; R5 is hydrogen or together with Rya forms an oxo; Rya is

hydr ogen, hydroxy, protected hydroxyi? acyl oxy, together with R forms an

oxo, or together with R4 and the carbon atons to which they are attached

forman oxetane ring; . R6 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or

het er oaryl , hydroxy, prot ected hydroxy or together wth R6a fornms an cxo;

R6a i s hydrogen, alk kenyl. ahkynyl I Qr f 043, hydroxy,
pr ot ect ed hydroxylﬁrXFohgdﬁ%%%nW|%ﬁ éﬂ fol?g?)ﬁ n ox&“yﬁf?s H%%rogen or

t oget her WwetlkrBaxyflor ns an oxo; R7a is hydrogen, hal ogen, protected hydroxy,

-OR28, or together wt ther with R9a
forms an R9a is ﬁyﬁﬁﬁbgﬁf fﬁ?okfﬂﬂﬁroﬁggggaxﬁygggéggegr ggg?her with R
forms amr pxemdR O is hydrogen or together with RlOa forns an RlOa is

hydr ogen, -OCOR29, hydroxy, or protected or together with RO fornms an oxo;
R 4 is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, hydroxy,

prot ect ed hydroxngrIﬁ@geanérRmﬁEMERindﬁpﬁndea cdar boaasen, - 49

alkyl, alkenyl, alkynyl, monocyclic aryl or monocyclic
hetercaryl; and

wherein alkyl, alkenyl, alkynyl, aryl, and
hetercaryl may be substituted or unsubstituted; the
substituents of substituted alkyl, alkenyl, alkynyl,
aryl, and hetercaryl may be alkyl, alkenyl, alkynyl,
aryl, heteroaryl, halogen, lower alkoxy, nitro, amino,
keto, and optionally may contain nitrogen, oxygen, and
sulfur; and the substituents of substituted aryl and
heteroaryl additionally may be protected hydroxy, acyl,

acyloxy, and amidc;

provided, however, that

(1) when X,, is alkyl, then X, 1s not -0OX, wherein
X, is hydrogen or hydroxy protecting group;

X, is not aryl when X, is hydrogen and X, is not aryl
when X, is hydrogen;

R, is not hydroxy;

R, is not -OCOR,, wherein R, is phenyl;

R, does not together with R,, and the carbcn atoms to
which they are attached form an oxetane ring;

R,, 1s not -OCOR,, wherein R;, is methyl;

R, is not hydrogen;

R,, is not protected hydroxy or -ORg:

R,, does not together with R, form an oX0;

R, 1s not hydroxy, protected hydroxy, -OCOR,, wherein
R,, is alkyl; or

R,, is not hydrogen;

(2) when X,, is alkenyl, then X, is not -0X wherein X,

is hydrogen;



Rl4a is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl; Rte is
hydrogen, acyl, hydroxy protecting group or ; and R29, R30, and |R3E[aK#

i ndependent|y hydrogen, alkyl, alkenyl, alkynyl, nmonccyclic aryl or
monocyclic heteroaryl; and wherein al kyl, alkenyl, alkynyl, aryl, and
het eroaryl may be substltuted or unsubstltuted the substituents of
substituted al kyl, al kenyl, al kynyl, Oaryl and het eroaryl may be al kyl,
al kenyl , al kynyl aryI heteroaryl halogen | ower al koxy, nitro, am no,

ket o, and optionall [ ogen sukfHrt apdlithe
substituents ofnil bgi %(éygu %h %gtgya%% %ﬁaggﬁgﬁangg §6nay g

proteaﬂaﬁih&pnaxwwﬂﬂngen acyloxy and am do; provided, however, that (1)
when X10 is alkyﬁ t hen X§1H§(9¥ -OX, wherein X6 is hydrogen or hydroxy
protectlng group;? X ity & when X4 is hydrogen and X4 is not aryl

when X3 is hydroggmﬁ;ka:&@ﬂﬂRdehexg;nFle$snphen§ECR31 wherein R1 is

phenyl ; R4 does pot er, Wt he t t hey
are attached for]?ﬁ %é}ga & I5H ezR WJ?ts% nﬁc?ﬁ M% (\%ggélﬁngﬁoﬁgl gamet hyl ;
R6 is WEECMyﬂh@geareﬂiatashadtfpmmtanteﬁehydeoxyngr -OR28; R9. does not
together with R forn1an 0X

- 000R29 wher ei n 28 5i §°K k@FO Cl ‘ﬁllezsifeirig #;%/d%c;x g@?}ﬂ ected hydroxy.
R, is not hydrogen;
R,, is not protected hydroxy or -ORg;
R, does not together with R, form an oxo;
R,,, is not hydroxy or protected hydroxy; or
R,, 18 not hydrogen; and
(3) when X,, is phenyl, then X, is nct -0X, wherein X

is hvdrogen or hydroxy prectecting group;

X, is not phenyl when X, is hydrogen and X, is not
phenyl when X, is hydrogen;

R; is not hydroxy;

R, is not -OCOR., wherein R,, is phenvl;

R, does not together with R;, and the carbon atoms to
which they are attached form an oxetane ring;

R,, is not -OCOR,, wherein R,, is methyl;

R, is not hydrogen;

R,, is not protected hydroxy, or -ORu:

Ry, does not together with R, form an oxo;

R,,, is not hydroxy, protected hydroxy, -OCOR,, wherein .
R,s i1s methyl; or

R,, is neot hydrogen.



(2) when X10 is alkenyl, then X, is not -OX6 wherein X6 is hydrogen; | '1
GEE 2004 - 50 X3 is not aryl when X, is hydrogen and X4 is not aryl when

- X3 is hydrogen; R, is not hydroxy; R2 is not -OCOR31 wherein R3%7m$[QMﬁnyl;
R. does not together with Rya and the 'carbon atons to which they are
attached forman oxetane ring; R4a is not -OCOR30 wherein Rao is nethyl; R6
is not hydrogen; R7a is not protectéd Hydroxy or -OR28; R9 does not together
with R9a forman oxo; RlOa is not hydroxy or protected hydroxy; or Rl4 is
not .hydrogen; and (3) when X10 is phenyl, then X1 is not -OX6 wherein X6 1is
hydrogen or hydr oxy 2pr ot&ct axaneyroepi vaBive haviphenyt fhemuXa is hydrogen
and X4 is not phenyl when X, is hydrogen; Rl is not hydroxy; R2 is not
-OCOR32 wherein R31 is phenyl; R4 does nat together with Rya and the carbon
atons to which they are attached form an‘exetane ring; Rod is not -OCOR30
wherein R, is nmethyl; Rs is not, hydr.gdehy R7a is not protected hydroxy,
or -OR28; R9a does not ¥pgewbher W th f

prot ected hydroxy, yg[I§g9 wherev

277
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wherein

X, is -0X,, -SX,, or -NXX,;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or hetercaryl; '

X, and X, are independently hydrogen, alkyl,
alkeﬁyl, alkynyl, aryl, or heterocaryl;

X, is -CO0X,,;

X¢ is hydrogen, alkyl, alkenyl, alkynyl, aryl,
hetercarxyl, hydroxy protecting greoup,-.or a functional
group which increases the water solubility cof the taxane
derivative;

X, is alkyl, alkenyl, alkynyl, aryl, hetercaryl,
or sulfhydryl protecting group;

‘ Xg 1s hydrogen, alkyl, alkenyl, alkynyl, aryl, .
hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or heteroaryl;

X is an amino protecting group;

4,0 is alkyl, alkenyl or aryl;

R, i1s hydrogen, hydroxy, protected hydroxy or
together with R,, forms a carbonate;

R, is hydrogen, hydroxy, -OCOR,, or together

with R,, forms an oxo;



51 2. A taxane derivative having the fornula ~~Da F1D/~9 (3) wherein X1 is
-OX6+ -SX7, or -NX8X9;' X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or

. heteroaryl; X3 and X4 are independently hydrogen, alkyl, alkenyl]{afkyhyl,
aryl, or heteroaryl; XS is -000X10; X6 is hydrogen, alkyl, alkenyl, alkynyl,
aryl, heteroaryl, hydroxy protecting. group,' or a functional group which
i ncreases the water solubility of -t A€ t-axane derivative; X7 is alkyl,
al kenyl, al kynyl, aryl, heteroaryl, or sulfhydryl protecting group; X is
hydr ogen, al kyl, al kenyl, al kynyl, aryl, heteroaryl, or heterosubstituted
al kyl, al kenyl, alkynyl, aryl or heteroaryl; X9 is an am no protecting
group; X10 is al ky,, éKepytogenasyl taRini soggthegenithyBr okazmspr ot ect ed
hydroxy or together with R14 forns a carbonate; R2 is hydrogen, hydroxy,
-OCOR31 6 ¥§ether with Rea forns an oxo; - 52 Rga is hydrogen or taken
together with R faqfngsany@egeRd iroderdeagentit cgetfermsvam ®da forns an

e oxirane or methylene, or together with R, and the carbon
atoms to which they are attached form an oxetane ring;

R,, is hydrecgen, alkyl, zlkenyl, alkynyl, aryl,
hetercaryl, cyanc, hydroxy, -OCCR,,, ©OTF together with R,
forms an oxo, oxirane or methylene;

R, is hydrogen or teogether with R, forms an
OXO;

R, is hydrogen, hydrcxy, protected hydroxy,
acyloxy, together with R, forms an oxo, oOr together with
R, and the carbon atoms to which they are attached form an
oxetane ring; .

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heterocaryl, hydroxy, protected hydroxy or together
with R, forms an ©OXoO;

| R, is hydrogen, alkyl, zlkenvl, =alkynyl, aryl,
or hetercaryl, hydroxy, protected hydroxy or together
with R, forms an oxo;

R, is hydrogen or together with R,, forms an
oX0;

R,, is hydrogen, halogen, protected hydrexy,
-OR,,, or together with R, forms an oXo;

R, is hydrogen cr together with R,, forms an
oX0;

- R,, is hydrocen, hycdroxy, protected hydroxy,
acyloxy, or together with R, forms an oXo;

R,, is hydrogen or together with R,,, forms an

OX0;
R,;s is hydrogen, -OCORy, hydroxy, or protected

hydroxy, or together with R;, forms an oxo;
R,, is hydrecgen, alkyl, alkenyl, alkynyl, aryi,
heterocaryl, hydroxy, protected hydroxy or together with R,

forms a carbonate;




oxi rane or nethylene, or together with R5a and the carbon atons to which
they are attached form an oxetane ring; Rd4a is hydrogen, alkyl, alkenyfi, jlli
al kynyl, aryl, heteroaryl, cyano, hydroxy, -OCOR30, or together with R4
forms an oxo, oxirane or nethylene; R5 is hydrogen or together with R5a
forms an oxo; Rya is hydrogen, hydroxy, protected hydroxy, acyl oxy,
together with R forns an oxo, or-tédether with R4 and the carbon atoms to
which they are attached forman oxetane rlng R6 i s hydrogen, alkyl,

al kenyl, al kynyl, l,._.0 ar [ rotected.h dro or
toget%er mﬁ?hyRﬁa éfn%sa%yggégégk ¥ikyg ?g%éﬂy IﬁgﬁyngﬂkgﬁﬁV Xalkynyl,

aryl, orohebereaogkrylhydroxy, protected hydroxy or together wth R forns
an oxo; R, is hydrog n.aqr tg@gther mntq R7a forns an oxo;., R7a i s hydrogen,
hal ogen, protected BydréxyYITo88s, 26¢ Lo é@ﬁﬁ@#ﬂMHQ?q§cQ%HQHS%RPRXO RO is
hydr ogen or ;t egget her with Rga forns an Rga is hydrogen, hydroxy, protected
hydr oxy, or together with R forns an-cxc; R1O is hydrogen or together with
R10a forms an Rl0Oa is hydrogen, -OCOR29, hydroxy, or protected or together

with R10 forms an oRQ; R4 iandhyrdr egen,imidpdndatkepyydabkynyl . aryl,

o b oot W npy N oenPT O E0K S8 1Y HRSKYPE L RIEEDET oF hdnBEyci ™ 2
hetercaryl; and

wherein alkyl, alkenyl, alkynyl, aryl, and
hetercaryl may be substituted or unsubstituted; the
substituents of substituted alkyl, alkenyl, alkynyl,
aryl, and heterocaryl may ke alkyl, alkenyl, alkynyl,
aryl, hetercaryl, halogen, lower alkoxy, nitro, amino,
keto, and cptionally may contain nitrogen, oxygen, and
sulfur; and the substituents of substituted aryl and

heteroaryl additionally may be protected hydroxy, acyl,
acyloxy, and amido;

provided, however, that

(1) when X,, is alkyl, then X, is not -0X, wherein X,
is hydrogen or hydroxy protecting group;

X, is not hydrogen, alkyl, alkenyl, alkynyl, or aryl
when X, is hydrogen, and X, is not hydrogen, alkyl, alkenyl,
alkynyl, or aryl when X, is hydrogen;

R, is not hydrogen or hydroxy;

R, is not hydrogen, hydroxy, or -OCOR, wherein R,; is

~alkyl, alkenyl, alkynyl, monocyclic aryl or monocyclic
heteroaryl, nor together with R;, forms an oxo;

R, does not together with R, form an oxo, oxirane or
methylene, nor together with R, and the carben atoms to which
they are attached form an oxetane ring;

R., is not hydfogen, acyloxy, nor together with R,
forms an oxo, nor together R, and the carbon atoms to which they
are attached form an oxetane ring;

R, is not hydrogen;

R,, is not hydrogen , protected hydroxy, or -O0ORg;

R,, is not hydrogen, acyloxy, nor together with R,

forms an OX0;



Rl4a is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl; Re is
hydr ogen, acyl, hydroxy protecting group or ; and Reg, R30, and R31 are
i ndependent |y hydrogen, alkyl, alkenyl, alkynyl, nonocyclic aryliiqf: L
nmonocyclic heteroaryl; and wherein-aFkyl-, al kenyl, alkynyl, aryl, and
het eroaryl may be substituted or unsubstjtuted; the su$ ti uent s of
substituted al kylR,,alilcemyt, hyidky@gan. ey & HEt &t v j}lly P Be al kyl ,

| k I k |, , het ¢ I | H am
et o, SRECKE PIRHTSF ey oA N Raore e and T T U Snl The

keto, a P rogen, ' oxygen, fur; and the
subst i puenbs ooy caulstidiemshmry, mod tdmeehenr yithoiot fewas X did™
prot ect ed hydroxy, acyl, afgégﬁgé and am no, provided, however, that (1)
when X 0 is alkylﬁatﬁ%ﬁ“%ﬁ PECHBYE2 OX6 wherein X6 is hydrogen or hydroxy

protecting gr oup;(ggB e ot Rdddemylal kilen al keayhot atR¥ynypherweimrld  when
X4 is hydrogen, and X is not hydrogen, alkyl, alkenyl, alkynyl, or aryl
when Xisi 8YRyee&gden; R, is not hydrogen or hydroxy; R2 is not hydrogen,

hydroxy, or --OCgR3} “ﬂSEeEQyB3%hE% x}aigyhydabgenyhndamgynglnohoﬁﬁwyclic
aryl or monocycli ¢ Ret eroaryl, nor together with Rea forns an oxo; R4 does
not togkehek.wi shhREZOBEFAM an oxo, oxirane or nethylene, nor together with
R5a and the carbegn ggoggttgngbg@; they are attached form an oxetane ring;
Rya i s not hydrogén“ acyl oxy, nor together_wth Fﬁ forns an oxo, nor
together R4 and RaeiSaPBén -2C6Hs: tBSHTCh Fhel® B %mé?t”ached form an oxetane
ring; R, does not together with R, and the carbon atoms to

which they are attached form an oxetane ring;

R,, is not -OCOR,, wherein Ry is methyl;
R, is not hydrogen;
R., is not protected hydroxy or -OR.p;
R, does not together with R, form an oxo;
R,0s 18 not hydroxy, or protected hydroxy; or
R,, is not hydrogen; and
(3) when X,, is aryl, then X, is not -0OX wherein
X, is hydrogen or hydroxy protecting group;
X, is not hydrogen, alkyl, alkenyl, alkynyl, or aryl

when X, is hydrogen, and X4 is not hydrogen, alkyl, alkenyl, alkynyl, or aryl.when X; is
hydrogen;

R, is not hydrogen or hydroxy;
or -OCOR,, wherein R; 18

aryl, or monocyclic

R, is not hycdrogen, hydroxy,
alkyl, alkenyl, alknyl, monocyclic
heterocaryl, nor together with R, forms an o©oXo;

R, does not together with R,, form on oxec, oxlrane CXx

methylene, nor together with Ry, and the carbon atoms to which

they are attached forms an oxetane ring;
Rg, 15 not hydrogen, acyloxy, nor together with Ry

forms an oxo, nor together with R, and the carbon atoms to which -

they are attached form an oxetane ring;
R¢ is not hydrogen;
R,, is not hydrogen, protected hydroxy, O -OR.g; |
R,, 1s not hydrogen, acyloxy, nor together with R,

formes an oxo;




R6 is not hydrogen; R7a is not hydrogen , protected hydroxy, or -CR%%;-R?@.
I s not hydrogen, acyloxy, nor together wwith Re forns an oxo; - ﬁ&é uiph
not hydrogen, hydroxy, protected hydroxy, -OCOR29 wherein R,, is alkyl,

al kenyl , al kynyl, nmonocyclic aryl, or nmonocyclic heteroaryl, nor together
with RO fornms an oxo0;0: R, is not hydrogen; (2) when X10 is al kenyl, then
X, is not -OX6 wherein X, is hydrbd%%f'x3 Is not aryl when X, is hydrogen
and X, is not aryl when X is hydrogen; Rl is not hydroxy, R2 is not

- OCOR32 wherein R32 is phen R4 does .not to r_, W d the carbon
atons to which Rhgyiar 80&t éé(@ﬁé’&e E’\)’Qﬁ‘:’a‘%t %@QF rlf&dt I;?y%ao@pnot - OCOR30
mherel | ; R6 i s not hydrogen; R78 is not protected hydroxy or

Waﬁggﬁeihgg%gtogéfher with R forman oxo ﬁ“z |'s not_ hydroxy
pr ot ecied atiy-eybxy, aQ{cny_RL4 pdkyoy lhy dieteeyceid @3 ‘whef® X MO 36‘%35/‘1 then

X, s .not -OX6 Of o Y& X Yo PtEEL i Ng group; X; S
not hy%?53£ﬂar¥ ky1or Iké%qﬁ%gnq§rwﬁp oroaryl when X4 is hydrogen, and X

i s not hydrogen, RaJ kid ,ncll Keydadocert kynyl, or aryl when X3 is hydrogen; R1
i's not hydrogen or hydroxy; R2 is not hydrogen, hydr oxy, or -OCOR31 wherein
R31 is alkyl, alkenyl, alknyl, nmonocyclic aryl, or nonocyclic

3. The taxane of claim 1 wherein X, is hydrogen

and X, is iscpropyl, cyclopropyl, n-butyl, t-butyl, amyl,

cyclobutyl, cyclohexyl, furyl, thienyl or pyridyl..

4. fThe taxane of claim 1 wherein X, is
hydrogen, X, is isopropyl, cyclopropyl, n-butyl, t-butyl,
amyl, cyclobutyl, cyclohexyl, furyl, thienyl, pyridyl or
the substitu;ed_aﬁaiqgs thereof, and X, is methyl, ethyl,
iso- or n-prepyl, cycloprepyl, cyclchexyl, allyl, crotyl,
1,3-diethexy-2-propyl, 2-methcxyethyl, amyl, necpentyl,

n-butyl, iso-butyl or tert-butyl.

5, The taxane of claim 1 wherein X, is
hydrogen, X; is phenyl, isopropyl. cyclopropyl, n-butyl,
t-butyl, amyl, cyclobutyl, cyclohexyl, furyl, pyridyl,
thienyl or the substituted analogs thereof, and X,, is
methyl, ethyl, iso- or n-propyl, cyclopropyl, cyclohexyl,
allyl, crotyl, 1,3-diethoxy-2-propyl, 2-methoxyethyl,
amyl, neopentyl, n-butyl, or iso- butyl.

6. The taxane of claim 1 wherein

X, is -OX,, -8X,, or -NXgX, and X, is other than
hydrogen or hydroxy protecting group;

X, is other than hydrogen;

zt least one of X, and X, is cther than hydrogen
and phenyl;

R, is other than hydroxy;

R, is other than benzoyloxy;

R, and R,, and the carbon atoms to which they

are attached do not form an oxetane ring;




het eroaryl, nor together with R2a forns an oxo; R4 does not togethﬁg $ttm%
Rda form on oxo, oxirane or nethylene, nor together with R5a and hg 4 on

“atons to which

hydr ogen,

and the carbon atons to which
not hydrogen;

hydr ogen,
hydr ogen,

al kenyl, al kynyl, nondtyclic aryl

wherein X4 is hydrogen d, X3 .i.S, I,.sopr |, cyclo
amyl, cycl obutyl, c?}él %ﬁﬁ & tP%re)FI%,eprt %Ocye t (fr%rﬂ{/)

they are attached forns an oxetane ring; R5a is not

acyl oxy, nor together with R5 forns an oxo, nor together with R

they are attached forman oxetane ring; R6 is
R7a is not hydrogen,- priotect ed hydroxy, or -OR .,; R9a is not

acyl oxy, nor together with R, forns an oxo; - 55 Rl0a is not

hydroxy, protecte r -CEFPQQ wherein R29 is al kyl,
Gehyd ?%%? foh 3§¥ ¢ heteroaryl, nor together

with R10 forns an ox&s 8ndRR4 iesenattHepdrdgen hydkogie; t axane of claim1

i

exyf?

ropyl, n-butyl, t-butyl,
rAUW%C 4 ©he taxane of

claim1l wherein X4 i &, ydl Ryen,avé dthdisai0pHyd€ygdopr opyl , n-butyl,
thienyl, pyridyl or the

ethyl, iso- or n-propyl,

t-butyl,

anyl, cyclobutyl, cyclohexyl, furyl,

substituted anal ogs thereof, and X10 is nethyl,

cycl opropyl,

cycl ohekyl , Talel yaxatreotddr,ival, idredicst hDQAR-Pr4ein R.

2- met hexyet Byhyva pentyl,,. n-butyl . isq:putyl or tent-butyl. 5. The
t axane of clai¥1?8é%grg$§ %ﬁ ¥% h%gﬁ?ﬁﬁeﬁ? X§8P€Mp% 218 Sopropyl ,

cycl opr opyFydrcgesy| alkylbeorykelampled dyahmhiteylgraye] abexydsifyryl
thienyl or the substituted anal ogs thereof, and X10 is

P Y e LY

and Z is alkyl, hydrocxy, alkoxy, halogen, or

pyridyl,

trifluoromethyl.

8. The taxane derivative of claim 1 wherein R,
together with R, and the carbons to which they are

attached form an oxetane ring, R,, is hydrogen and R, is

hydroxy or -OCCR,, wherein R,; is hydrogen, alkyl or

selected from the group comprising

o o Lo

and Z is alkyl, hydroxy, alkoxy, halcgen, or

trifluoromethyl. -

9. The taxane derivative of claim 1 wherein R,

is hydrogen and R,, is hydrogen or acetoxy.

10. The taxane derivative of claim 1 wherein R,

is hydrogen and R,, is hydrogen, hydroxy or acetoxy.



met hyl, ethyl, iso- or n-propyl, cyclopropyl, cyclohexyl, allyl, crotyl,
1, 3-di et hoxy- 2-propyl, 2-nethcxyethyl, anyl, neopentyl, n-butyl, jemr il

i so-butyl. 6. The taxane of claiml1l wherein X3. is -OX6, -SX7, or -NX8X9 and

X6 is other than hydrogen or hydroxy protecting group; X2 is other than
hydrogen; at |east one of x3 and X4 ks _other than hydrogen and phenyl; Rl
is other than hydroxy; R2 is other ?han benzoyl oxy; R4 and R5a and the
carbon atons to which they are attached do net forman oxetane ring; | "I
% 2004 - 56 Rda is.other .than _acetoxy;. R6 and a_are ot her than hydrogen;
R) and Roa toget her dd notTHD AR b=t % Gnde KAAA Ar EPSERER 1 han
hydrogen. R,, The Hypkesgetlest viedgachot withnR], vheres nafPexoi andyRripogen and
R2 i s hydroxy,or, - OCOR31 wher.ein RS%ki drogen, alkyl or sel.ected from
the group cONPRIEIAFETandERHET ¥ ﬁlpa P 0K HaI oY or
trifluoromehlyl hy@rclie drakane et vative of claim 1l wherein R4 together
with Rya and the carbons to which they are ~attached form an oxetane ring,
R2a is hydrogen and R2 is hydroxy or -OCOR31 wherein R31 is hydrogen, alkyl
or selected fromthe2grow iU i dososd kidn diydlehxy, al koxy,
hal ogen, or trLquo%pnetgyl. ) , .

contains the taxane derivative of claim 1 and cone or mere

pharmacolegically acceptable, inert or physioclogically

active diluents or adjuvants.




9. The taxane derivative of claiml wherein R is hydrogen and R7a is
hydr ogen or acetoxy. 10. The taxane derivative of claim1l wherein R 1is
hydrogen and Rga is hydrogen, hydroxy or acetoxy. - 57 11. The tax axamne,n;
derivative of claim1 wherein R10 . sgwydrogen or together with R10a"fofirs
an oxo and Rios is hydrogen, together with RlOa forns an oxo or is other
t han hydroxy and acetoxy. 12. A pharmaceutical conposition which contains
t he taxane derivativegsof gl [ r o] |y
acceptable, inert or phys%b%ggé?éﬂ%%fggﬁéﬁmﬁfﬁ%vgﬂ?sggg g ?h@g%ts - 58
13. A taxane derivative having the formula (3) wherein Xl is -OX6, -SX7, or
-NX8X9; X2 is hydrogen, alkyl, alkenyl, akkynyl, aryl, or heteroaryl; X3
and X. are independentl|y hydrogen, aI&yh/g aIkenyI al kynyl, aryl, or
heteroaryl; X5 is - COOX%Q;y X@ IS ﬁWdro , alkenyl , al kynyl, aryl,
g &

X7 is al kyl, alkenyl,

het eroaryl , hydrox r ot
alkynyl,yaryly hetgrga ;gF mﬁﬁ{ hy r 8ting group; X8 is hydrogen
al kyl , al kenyl , alkynyh yl Bgrosubstituted al kyl,
al kenyl , al kynyl, aryl- o%zﬁetero 2 . Pge

n"“ nia

HEa Riz Rs
14¢ R2 H_' (3)
wherein

X, is -OX,, -SX,, or -NXgX,;
¥, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl;
~X; and X, are independently hydrogen, alkyl,
alkenyl, alkynyl, zryl, or hetercaryl; '
X, is -COOX,,;
X¢ is hydrogen, alkyl, alkenyl, alkynyl, aryl,
hetercaryl, hydroxy protecting group, or ; and

X, is alkyl, alkenyl, alkynyl, aryl, heterocaryl,
or sulfhydryl protecting group;
. 'Xs is hydrogen, alkyl, zlkenyl, alkynyl, aryl,
hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
a;yl-bf heteroaryl;
' X, is an amino protecting group;

Xy, is alkenyl or aryl;




X9 is an amno protecting group; X10 is alkenyl or aryl; 17 DEC 2004 - 59

R, is hydrogen, hydroxy, protected hydroxy or together wth.
carbonate; R2 is hydrogen, hydroxy, -OCOR31 or together wth Reé ﬁgfﬁﬁﬁan
0x0; an oxo; Rea is hydrogen or taken together with R forns R28 is

hydr ogen, aryl, hydroxy protecting group or a functional group which

i ncreases the solubility of the taxate derivative; and R29, R30, and R 1

are i ndependently hydrogen al kyl, aIkenyI al kynyl, monocyclic aryl or
alkenyl aIkynyI aryl, and

monocyclic heteroary ; ;ang g@ P%
het er oar yl % ge substitutd ur‘isu |°1"l¥t'eE qwt%dﬁdﬁq}@ht@ of
subst i t ut ei°gFEPRT &Pkéhihg ﬁﬂmmmya caﬁbwmat@pd het eroaryl may be al kyl,

al kenyl, al kynyl, af h | ogen, | ower al koxy, nitro, am no,
keto, and og %onally §5c§%§%§§ é'tpgaeﬁ Yoxy§ERR:amE tgdther and t he

substltueﬁY fRau §ﬁ$ﬁbﬁ§dcaﬂy1 and heteroaryl additionally may be

pr ot ect ed hydroxy, aﬁél 19§¥ and a provi ded, however, that (1)
when X19 is al kyl, g N6t ’bﬁPQ@@‘i‘% Myﬂhoﬁﬁrfcmméwdroxy

protecti nfFyYrotd: ,, X3 is not aryl mhen X4 is hydrogen and X. is not aryl
when X3 is hydrogen; Rl is not hydroxy; R2 is not -OCOR31 wherein R31 is

phenyl ; Ry 1s hydrogen, acyl, hydroxy protecting group

or a functiocnal group which increases the sclubility cof
the taxane derivative; and

Rys: Ry, and R,; are independently hydrogen,
alkyl, alkenyl, alkynyl, monocyclic aryl or monocyclie
heterocaryl; and

wherein alkyl, alkenyl, alkynyl, aryl, and
hetercaryl may be substituted or unsubstituted; the
substituents cof substituted alkyl, alkenyl, alkynyl,
aryl, and hetercaryl may be alkyl, alkenyl, alkynyl,
aryl, heteroaryl, halogen, lower alkoxy, nitro, aminc,
keto, and optionally may contain nitrogen, oxygen, and
sulfur; and the substituents of substituted aryl and
heteroaryl additionally may be protected hydroiy, acyl,
acyloxy, and amido.

provided, however, that

(1) when X,, is alkyl, then X, is not -0X, wherein
X, is hydrogen or hydroxy protecting group; ,

X, is not aryl when X, is hydrogen and X, is not aryl
when X, is hydrogen;

R, is not hydroxy;

R; is not -OCOR;, wherein R,, is phenyl;

R, does not together with R,, and the carbon atoms to
which they are attached form an oxetane ring;

R, is not -OCOR,, wherein R,, is methyl;

R¢ 1s not hydrogen;

R;, is not protected hydroxy or -OR,;;

Ry, does not together with R, form an oxo;

Ripa 18 not hydroxy, protected hydroxy, -OCOR,, wherein
R,, is alkyl; or




R does not together with R . and the carbon atons to which they are
attached form an oxetane ring; R29 R9a is not -OCOR30 wherein R30 is nethyl;
R6 is not hydrogen; R7, is not protected hydroxy or -OR28; R9a dqq qu@m
together with R forman oxo; R10 is not hydroxy, protected hydroxj] - 9
wherein is alkyl; or 17 DE(' 7004 - % R14 is not hydrogen; (2) when X ,
is al kenyl, then X1 is not -OX6 whér&n "x6 is hydrogen; X. is not aryl when
X4 is hydrogen and X9 is not aryl when X3 is hydrogen; Rl is not hydroxy;
R2 is not -OCOR31 _wherein R3, is phenyl; R does not together with Rya and
the carbon atoms Re: WhiRadt th¥§egenatt ached form an oxetane ring: Rda is

not - COCOR30 wher eip R%%ehsxneﬁﬁyblkeﬁgl'St%%EQQVQEQQ§ﬂ: B2 bﬁﬁ?gan &otected

hydr oxy . or -CR,,, R does ndt togethe a'forman oxo; ¢ not
hydr oxy18r hpfseeened hydroxy, or R14 is not hydrogen; and (3) when'-X10 is

aroup; X3 1S not Bhetyi “sheR X 2Ryt o W o S ot hetl en X3 i s
hydr ogerheRr, anl%dWY®¥@@©&y R2 is not -OCOR31 wherein R, is phenyl:

R, is not hydroxy;

R, is not -OCCR;, wherein R,, is phenyl;

R, does not together with R,, and the carbon atoms to
which they are attached form an oxetane ring;

Rs» is not -OCOR,, wherein R,, is methyl;

R, is not hydrogen;

R,, 18 not protected hydroxy or -OR,;

R, does not together with R,, form an oxo;

Rye» 15 not hydroxy or protected hydroxy; or

R,y is not hydrogen; and

(3) when'X,, is phenyl, then X, is not -0OX, wherein X,
is hydrogen or hydroxy protecting group;

¥, is not phenyl when X, is hydrogen and X, is not
phenyl when X; is hydrogen;

R, is nct hydroxy;

R, is not -OCOR,, wherein R,, ig phenyl;

R, dces not together with R, and the carbon atoms to
which they are attached form an oxetane ring;

R,, is not -0OCOR,, wherein R,, is methyl;

R¢ is not hydrogen;

R,, is not protected hydroxy, or -ORy;

ia

R,, does not together with R, form an oxo;

R,,, is not hydroxy, protected hydroxy, -OCOR,, wherein
R,; 1s methyl; or

R,; is not hydrogen.




R4 does not together wwth R5a and the carbon atons to which they are
.attached forman oxetane ring; R4a is not -OCOR3, wherein Rao is nethyl; R6
is not hydrogen; R7a is not protected hydroxy, or -OR28; R9a does not
together with R forman oxo; RlOa is not hydroxy, protected hydrf»ﬁ

-OCOR29 wherein R29 is nethyl; or R14 is not hydrogen. 17 OR 7N %Clmﬂll'he
taxane of claim 13 wherein X1 is -0oX8l ~Sx7 or -NX8X9, and X. is other than

hydr ogen* or hydroxy protecting group; X2 is other than hydrogen; at |east
one of X3 and X4 is other than hydrogen and phenyl; Rl is hydroxy or

together with R14 forns anearbpnal e, Lspothe han_benzoyl oxy; R4 and R5a
and the carbon aton}‘f t.o which they aglaﬁaﬁegh%ﬁ)eﬁgt form an oxet ane
*h

ring; Rda is other 4ha¥ abdsoxyS¥R6 cand KA, azed At hers tdanehwkagen; R7a is

ot her t hauydrydreox \ir B8, @il 4ot t forman oxo; RlO0a is other
t han hydroxy; or R 4@%;@ RI4& are otJqu'gr'j‘l'I ?‘ﬁ%l%g)hydr ogen. ' :
X, 1s other than hydrogen;

at least one of X, and ¥, is other than hydrogen
and phenyl;

R, is hydroxy or together with Ry, forms a
carbonate; '

R, is other than benzoyloxy;

R, and R, and the carbon atoms to which they
are attached do not form an oxetane ring;

R,a 18 cother than acetoxy;

R¢ and R,, are other than hydrogen;

R,, 1s other than hydroxy;

R, and R,, together do not form an oOXT;

Risa is other than hydroxy; or

R,, and R,,, are other than hydrogen.




