; e3eaZaNNGBRt SY6272TZsz 3 ocT zoo?  TAXANES HAVI NG ALKOXY, ALKENOXY Cﬁ
ARYLOXY SUHSTI TUTED SI DE- CHAI N AND PHARMACEUTI CAL COVPCSI TI ONS CONTAI Qe 2007
SAME BACKGROUND OF THE | NVENTI ON The present invention | to nove
t axanes which have utility as antil eukem a and anti turm m@m&f t axane
famly of terpenes, of which taxol is a nenber, has attrac erable
interest in both the biological and chemcal arts. Taxol is 4! om sing
cancer chenot herapeutic agent with a broad spectrum of antil eukem c and
tunor-inhibiting activity. Taxol has a 2R, 3'S conflgUWMI

followi ng structural fornmula: OAC ~e 0 C6H5CONH O - mmmr ’ 101111
~~ ~I11 1fi fi 765 -_0RR"'" a3 ) ~8" HOH O-A-\to~0 Cok

wherein Ac is acetyl. Because of this promising activity, taxo

currently ungesgek 0LV ERECALRbEVA SrkBNBEEN ORT ARER 0k stRG Y St at es.
Colin et algrprepemired And Biarbodwiir . dodds ArfoNdadonBxPhTHET st i ves

havi ng structural fornula (2) below, have an activity significantly greater
than that of t gé@_lﬁ}qy&,d_é%fegm2R'OOC]—ICC}OZ'CI—I-RGGH5CH—R

30 (2 R - | and one of R" and R" '
represents hydroxy and The mtéeent epnesenisnt st dbutoxgdarbonykati no and
their stereoisQ I ] s_Lh { . CO und of formula
(2) in which R naq'{éss hv;;/rglré(g; hgﬁg i(ligéfe%%gﬁ?gi%g?ﬁ%%ygg ﬁStﬁgWﬁﬁ t he
2'R, 3 S confagprtation is commonly referred to as taxotere. Although taxol

and taxotere are prom spyg @Qﬁé‘@éh%ﬁm?%fctégﬁ@hé% tB%Ywﬁ&%h”‘B% ol
uni versally effective. Accordingly) a need remalns dition al

chenot her apeuitd & FYERET  SHVRA €FCEFFE FRWEW?ERPA%DH@CFHESébjléché?tbf t he
present invendi@midlwsbdol eandschbpipadvasten ofarotelst axgrenderinygati ves
whi ch are val uable a I apd a £._@agen riefl ) t heref ore,
t he present iHentd |oér}]ié|s %%recﬁe\dg? ?éxane dtéfgl ga%?\c}%g Ravi 6 un ef3 side
chai n whi ch iamiildesemt al kosytumbkehdkybor iagyRogyvstbst i ﬂaemtl heis a2
preferred embodi menig é@&fieﬁamelgﬁraxat L¥e RB318uwkhECYEkLE Qi ietracyclic

core and corresponds to
formula:

QAc

wherein Ac 1is 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 texol derivatives having structural
formula (2) below, have an activity significantly greater
than that of taxol (1).



formula: OGOCH3 OCOC6H5 v ~ ¢ ~ 2002 3 R Ga ,e Rlo/ Rg X4 X3 0 #3'((R%
R7 ~~,9 9 X5w ,~~, W~ ,~RfaNO-I11 3 ,s s R6 X2 X1 2 3,, ~~R6a R14 ~
Rl \ RSa R R2a Rda 5 8l4a RZ R4 (3) wherein XL is -OXd, -SX-, O -NXeXo i
X= is hydrogen, alkyl, alkenyl, alkyny' , aryl, or heteroaryl; X3 and X4
are independently hydrogen) al kyl, al kenyl, al kynyl, aryl or heteroaryl; XS
i s -COOXIo ; Xo is hydrogen, al kyl, alkenyl, alkynyl, aryl, heteroaryl,
hydr oxy protecting group, or a functional group which increases the water
solubility of the taxane derivative; X, is alkyl, alkenyl, alkynyl, aryl,
het eroaryl, or sulfhydryl protecting group; Xe is hydrogen, alkyl, alkenyl,
al kynyl, aryl, heteroaryl, or hetepcgubstdtuted al kyl, alkenyl, alkynyl,
aryl or heteroaryl; X9 is an am no pr‘teoqc-o!group| Xlois aIkyI al kenyl
or aryl; Rl is hydrogen, hydroxy, - dr oxy or together mnth R1~
forms a carbonate; R is hydrogen, ~: or together with R a
forms an oxo; RZa is hydroqgn or ith R forns an oxo on 7

3 aCi LWZ R4 is hydrogen, 4 aa fofms an oxo, oxirane or
nmet hyl ene, or together with Rga- ang e ‘cafbon atons to which they are
attached form an oxetane rqng, Rda i g a ') al kenyl, al kynyl,
aryl, heteroaryl, cyaqp%—hynﬁmuy -o«n“~p,Hor pther wwth Ra fornms an

0X0, OXirane or nethylene RS is hydrogen or peggiher with RSa fornms an
oxo; Ry a is hydrogen, hydroxy, protected\hydroxy, dcyloxy, together with RS
forms an oxo, or together with RO and theogg@bgp atons to which they are -
attached form an oxetane ring; (2)

R’ represents hydrogen or acetyl and one of R’ and R’’’

represents hydroxy and the other represents tert-butoxy-

carbonylamino and their stereocisomeric forms, and

mixtures thereof. The compound of formula (2) in which

R’’ is hydroxy, R’’’ is tert-butoxycarbonylamino having

the 2'R, 3'S configuration 1is conﬁonly referred to as

taxotere.

Although taxol and taxotere 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, is the proviéion of novel taxane derivatiwves
which are valuable antileukemia and antitumor agents.

Briefly, therefore, the present.invention is
directed to taxane derivatives having a Cl3 side chain
which includes an alkoxy, alkenoxy or aryloxy substituent.
In a preferred embodiment, the taxane derivative has a

tricyclic or tetracyclic core and corresponds to the

formula:



Ro i s hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl, hydroxy3 ({7 2007
protected hydroxy or together wi th Rbd f orzns an oxo ; R6a is hydrogen,
al kyl, al kenyl) al kynyl, aryl, or heteroaryl, hydroxy, protected hydroxy or
together with R6 fornms an oxo; R, is hydrogen or together with R a forns an
ox0; R a is hydrogen, hal ogen, protected hydroxy, -ORze, or together with
R- forns an oxo; Rg is hydrogen or together wwth R~, forns an oxo; R9a is
hydr ogen, hydroxy, protected hydroxy, acyloxy, or together with RO forns an
oxo; R o is hydrogen or together with Rloa fornms an oxo; R oa is hydrogen
-0COP, , 9, hydroxy, or protected hydraxy, or together wwth Rlo forns an oxo;
R 4 is hydrogen, al kyl, alkenyl, alkynyl, aryl) or heteroaryl, hydroxy,
protected hydroxy or together with R fornsga carbonate; R14 is hydrogen,
al kyl, alkenyl, alkynyl, aryl, or heteroary~1°2 ,r o, (5(;Tci02 5 R8s
hydrogen, acyl, hydro~cy protectifng gréqg/%ﬁga functional group which

r

i ncreases the sol ubilXfw.obh the taxane Me;rand R-9, Rio) and R are
i ndependent |y hydrogen,/ a Fyl, als ; ocyclic aryl or
nonocycl i ¢ het er dary| rzom'-déd, Aovever

*'-”-13R3~1

A R-%X~0 is t-butyl at |east
one of said other X1y - X® or & Nsal sugh that the structure
of the taxane is difdergntyfromt

tereZ‘Cﬂbe obj ects and
features of this inventidn Wil inip parént _atl in part pointed out
ﬁ

I

her ei nafter. DETAI LED DESCRI P OF WHE \PREFCRRED EMBODI MENTS As used
herein "Ar" nmeans aryl; "Ph" neansl phenylR&,, mfans acetyl; "Et" neans
ethyl; "R' mean s al kyl unless ot Herasd s dehineﬂ? "Bu" neans butyl; "Pr"
means propyl; "TES' neans triethylsilyl;z"TNB" means tri @t hyl silyh; "TPAP"
means tetrapropyl anmoni um perrut henate; "DVAP' neans p-di et hyl am no
pyri di ne; wbRFEelmeans di net hyl f or mani de; "LDA" neans |ithium

dii sopropyl am de; "LA-is oegns Lskxhi we alkpum hydride; "Red-Al" neans
sodiun1bis(2-nethox_rethox¥g al um nu -0 ydri_de; FAR neans .
2-chloro-1, 1, 2-tri f1 dor ofr PEERPEERI n&L XY A BRL g alkynyl, aryl,

azo-i bi s) - bxobiettywrarizttli;l e; "10- DAB" means 10- desacetyl baccatin |11

prot ect ed hydroxy neans_: wher ei i I OXY - ctin roup;

"sul f hydryl rotectiﬁp 8?%5%* |%§Ig%@%#égg?gggynd%apéﬁ%ﬁédaggyg'
heni t hi oaced#enyduci®laymlet oyt | heper errhbxynet hyl , thioesters, or

t hi ocarbonates; "am g ngtggbkgg group” includes, but is not limted to,
carbamates, for example) 2,2,2-trichlqroethyl carbanmate or
tertbutyl-carbanate;Xénés"HyéFBQ?npréﬁéﬁﬁhnﬁqggﬁy AR, Ot i s not
limte d t aetetdvary lsudlydasoxetdyotect ittt ytoubenzyla punethoxslbenzyl)
p-ni trobenzyl ). _al byl . t.rj t V, vl t hex t

et hoxyet hyié?éogfgt w%féxr olﬁlv%(rgén%ﬁé? é}?%_d}%ﬁ%_ i§o#@%€€ﬁ%’§£9 YHE! Bkane

t et rahydr oi8Fep@tamMA:) and trial kylsilyl ethers such as trinethylsil~r

ether, triethylsilyl xether aidinet @g_lk%rrbglsli Ia)g_lkyq,-ltgle,r arfl | o onydSil yl

et her and t-butyl di net hyl si | et her; esters such as benzoyl, acetyl,
phenylacet?F,ﬁﬁiﬁ%ﬁa%y rﬁf?e%ﬁg%n%n%r??Phaloacetyl such as chl oroacetyl,

di chl oroacetyl, triclodieatetilogety,i fdlkyrlgacatkdny landh lderhanatasy i ncl udi ng
but not lim | ky, i f ne X C at ons
such as ne %ﬁ?*%%ﬂ%|z 4£;ﬁ%§%%§§§§%€?%%€?? %?%%?y|?£??§%?y|?&?25%&fy|, and
n-pentyl; & crafisfRReEsrhavi ng from one to six carbon atoms and

substituted with oneQr iBDEE RaiQQLH AR iSUCHRARup;
2,2,2-trichl oroet hoxynet nd. 2 -trichl oroet hyl; al kenyl carbonates

hyl , 2, 2
having fromtwo to sﬁk00%¥b% k&%on§1§88Hla§erﬁ¥F7and al lyl; cycioal k-~r
car bonat es have fromg,hiee hy@raigertarryair @aéonp rsitdt vsd Ghed opeopyt , .
cycl obutyl, cyclopent.yl d cl ohexyl ;. and_phenyl or benzyl carbonates
optionalIyt§ﬁ%§¥¥¥hf§ﬁj%§ﬂfhggF?ﬁgam¥Fﬁb8ﬁ3t§r nore G _6 al koxy, or nitro.
Q her hydroxyl, sul f Rdigl handdcgame yrdxtaect.i nPIPRaupsr neggbeheound in
"Protective, ;Gowps ¢H-X gani ynt hesis" by T. W G eene, John Wley and
Sons, 1981§”$%Eq§Tk§ grpﬁgsségécribed herein, either alone or with the
vari ous substituents fefihellyRepeen aretpkenecapeyiegwerl tal IRl £esMEai ni ng
fromone tQsigkL@don atons in the principal chain and up to 15 carbon
atons. They may be substituted, straight, branched chair. or cyclic and
i nclude nmethyl, ethyl, propyl, isopropyl, butyl, hexyl, cycl opropyl,
cycl opentyl, cyclohexyl and the |ike. The al kenyl groups described herein,
either alone or with the various substituents defined herein are preferably
| oner al kenyl containing fromtw to six carbon atons in the principal h
chain and up to 15 carbon atons. They may be substituted) straight or
branched chain and include ethenyl, propenyl, isopropenyl, butenyl)
i sobut enyl ) hexenyl, and the |ike. ? ~1 (~ ~1 202 7 The al kynyl groups

T I N - e



The acyl oxy groups described herein contain alkyl, alkenyl, alkynyl,saxyk 20
or heteroaryl groups. The substituents of the substituted al kyl, al kenyl,
al kynyl, aryl, and heteroaryl groups and noi eti es descri bed herein, may be
al kyl, al kenyl, al kynyl, aryl, heteroaryl and/or may contain nitrogen,
oxygen) sul fur, hal ogens and include, for exanple, |ower al koxy such as
nmet hoxy, ethoxy, butox~r, halogen such as chloro or fluoro, nitro, am no,
and keto. In accordance with the present invention, it has been discovered
t hat conpounds corresponding to structural forrmula 3 show remarkabl e
properties, in vitro, and are valuabl%® antil eukenmi a and antitunor agents.
Their biological activity has been determned in vitro, using tubulin
assays according to the JfetlsHagferParaiEst g r avith R, CePFMBi 8loawy  91:

479- 487 11984 kagRkd or Jndcihy Tera, 702 DYFBARERNGEERCR] | dhnidn@he & Hoh
conparable to that exhibited by ta:~co:. agd ta:{otére. In one enbodi nent
of the pre§§ﬁ@siﬁ§b&%%ﬁﬁ theY sgbet #t beRRedof OFRe @By OKEECRECFERY iof t he

t axane (othgr than tirg, G138 HgbsbbéneﬂblkanreaQOQlL%ﬁum@n@ubSEgﬁugnts .
present on ccatin Il _or_ 10-DAB. That | R14 an are . r.ogen, o]
i s hydroge ,e%ﬁrggﬁysl hydH DR’ o?yglé%%Xy,—bé&gR‘a"nd Oﬁggotgc?gg‘teﬁerw%% M+an oxo,
R~ i s hydr dgems Rra o> hydrxoxgne Rori sehipdtegen, Rsa and R4 and t he carbons
to which they are attgpached t i ng, S X R is
hydrogen, Rza is benz%y{l%x%fe?r%}h%&?s ydékl(l)%f 4;?]1 %?hgggé\g%ﬁodi ment s,
the taxane%&®s a w structure which differs fromthat of taxol or taxotere
with respect to the @3 skdeyebayBnandyal-okedsiprofeeldeneifss) tuent. For
exanpl e, Rl4 be hydroxy, R, may be hydroxy or - OCOR31 wgerein R31 is
hydr ogen, BHYCr SHIRTRH (POt he T0tD TorrT si T OIETST otD . | -7
, and and 2,i saaikyhe kpdtoty ataneoxyy Wadcdgethewraté i 4t toeloadt Aytm R9a may
be hydrogegna%;e@%_ Yrﬁﬁ hydrogen or hydroxy, R, a may be hydrogen and R,
may be acet Oxy or Ot her d%yloxy or halogen ) or Rlo and Rl oa nay eac: ~ be
hydrogen or together Bodm dydnagerw thlindspexikeny t hea Be81gl deathdin, in a
preferred epodrm®Btarll | Shy&FbxX~ bSoP¥EEBECRY a¥axlS ol k¥betaldenyl ,
phenyl or heteroaryl, Xa is hydrogen, X, is - X; 0, and XI~ is C3to Ca
al kyl, al k&HH? &ea aF9F 80t RE°F axane has the 2' R 3'S configuration. In a
particul arly preferre,eibotiyaebyenX~ail&ypherylkenydoprdkyiny Iy dmdr opyl ,
n-butyl, t-hutyl) n- |, |, I vclohexyl, f |, thienyl,
pyri dyl orog EééﬁfﬁéﬁﬁfL.gi@géﬁythé¥§%§§FF¥qu§*§%§|§35£Fﬁg?§§51 XS is

- COOXI 0 an#&1xho Fss fpemgylan e¥i , cycl opropyl, iso- or n-propyl,
cyclohexyl, allyl, criotyls nsarddietdorosge-pELPyich »TeEBGNRY- ghhyl, anyl,
neopentyl) n-butyl, iso-butyl or tent-butyl. Significantly) however, whet.
X~ is tent BTyl at least one of XI - X9 and Rl - Rst has a val ue such that
t he structure of the R,axanehiysrdigkher aafl olgrom phait eaft etdahgtderesy For

exanpl e, when X5 | - at,:Least f.1h ol owi ng conditions shall
exist: X1 i?}‘-szt(%l,s E%Q&}élrar f%ﬁgﬁgiénggﬁagi %ﬁogﬁéf t han hydrogen or hydroxy
protecting group; Xz Bssigt Maidndesn murog@ether widstRenéosmsXxanand X~
shal | be otfr; than hydrogen and phenyl; Rl is other than hydrox~~, e.g

together with R14 it forns g%ﬁarbonat ; R is other th%ﬂ benzoyl oxy; R4-énd
R a and the carbon atttms*fo F@ﬁephe§y§F@X§Pt§Eﬁ§§C&§ & ‘an oxet ane
ring; Rda iaxydicher, tdrantagetbzy; wRehaRg Rivemsire&n ovker t han hydrogen; R 8 is

L e O 0% R 0N U sl AR E FoufeRd = ot
OXO0;
Rips 1s hydrogen, -OCOR,,, hydroxy, or protected
hydroxy, or together with R, forms an oxo;
R,, is hydrogen, alkyl, alkenyl, alkynvl, arvl,
or hetercaryl, hydroxy, protected hydroxy or together
with R, forms a carbonate;
R4, is hydrogen, alkyl, alkenyl, alkynyl, arvl,
or heteroaryi;



Taxanes having the general formula 3 nmay be obtained by reacting a B:T&€ET aiff
with nmetal al koxi des having the taxane tricyclic or tetracyclic nucleus and
a CG13 netallic oxide substituent to form conmpounds having a LS-am do ester
substituent at G L3. The f3-lactans have the follow ng structural fornula:

nnr ~l " ~ C~~J io0ox's~N% 3 Xg X1 X3 X2 wherein X1 - XS are as
previ ously above. The LS-lactans can be prepared fromreadily avail able
materials, as is illustrated in schemes A and B bel ow. Scheme A 0 0\ ~ _C
O X4 N+ X3 OCH3 CH30 3 N X g.iiii XOAC3 h HOcd\NX4iiii CAC3 XCH

0 5~N ~~ a ~N X4 1 X&R.1 BsXpygrxgen,' acyd ~fw,dqoyy ;protaqt Seee@sEOBr0 X~
X2l \ Ot X3X~Q0 Qe QAda group which increases the solubility of
the taxane derivative; and
Ryg, Ry, and Ry, are independently hydrogen,
alkyl, alkenyl, alkynyl, monocyclic aryl or monocyclic
heteroaryl, provided, however, that when X,, is t-butyl at
least one of said other X, - X, or R, - Ry;; has a value
such that the structure of the taxane is different from
that of taxotere.
Other objects and features of this invention
will be in part apparent and in part pointed out

hereinafter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein "Ar" means aryl; "Ph" means

phenyl; "Ac" means acetyl; "Et" means ethyl; "R" means
alkyl unless otherwise defined; "Bu' means butyl; "Pr"
means propyl; "TES®" means triethylsilyl; "TMS" means
trimethylsilyl; "TPAP" means tetrapropylammornium
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 méans 2-chloro-1,1,2-trifluorotriethylamine;
*AIBN' means azo-(bis)-isobutyronitrile; "10-DAB" means
10-desacetylbaccatin I1I; protected hydroxy means -OR
wherein R is a hydroxy protecting group; "sulfhydryl
protecting group' includes, but is not limited to,
hemithiocacetals such as 1—eﬁhoxyethyl and methoxymethyl,
thioesters, or thiocarbonates; "amine protecting group"
includes, but is not limited to, carbamates, for example,
2,2,2-trichlorxocethylcarbamate or tertbutvl-carbamate; and
"hydroxy protecting group" includes, but is not limited
to, ethers such as methyl, t-butyl, benzyl, p-methoxy-
Ibenzyl, p-nitrobenzyl, allyl, trityl, methoxymethyl,
methoxyethoxymethyl, ethoxvethyl. tetrahvdropvranvl,



--r X~0Et 2 NTMB X3 ~/ X4 HO ~N X4 X1 X3 Xz a Xg 0 \N X4 , 1 xB5X&£1 200
reagents : (a) triethylamne, CHzZC12, 25C, 18h; (b) 4 equiv ceric ammoni um
nitrate, CH-CN, -10C, 10 mn; (c) KOH, THF, HBO O-C, 30 nmin, or

pyrolidine, pyridine, 25 C, 3h, (d) TESCl, pyridine, 25 C, 30 m n or

2- met hoxypr opene toluene sulfonic acid (cat.), THF) OC, 2h; (e)
n-butyllithium THF, -78 C, 30 mn; and an acyl chloride or chlorofornate
(XS - -COXIO , sulfonyl chloride ~ (X - COSXl o) or isocyanate (XS =
-CONXeXIOQ) ; ( f ) lithiumdiisopropyl 6am de, THF -780C to -500C, (Q)

| i thium hexanethyl disilazide) THF -78C to 0C, (h) THF, -78C to 25aC, 12h.

The starti ngc%&ﬁh&@%t@ﬁ%dﬁ%@@ﬂ %@'@M@Wfﬁ%ﬁ?l 31 r§0s@£ﬁté’§y

acetyl chloride is prepared fromglycolic aci presence of a

tertiary am ﬁflmﬁtBYélsééé(ﬁd@rﬁ@sffvmttlﬂﬁi’?ﬁbﬁje%—bfjep%‘%fé‘%irf r%hﬁ“@!:@élf@@é% and
p- met hoxyani ki mg 1t @;ﬁ'e\fe kIR epPnenw + 3e eyt 0xyd 4Lyl eg el f dhi ones.

The p-net hox oup can be readily renoved throu ox] datjon with
ceric anmoni %Er&ﬁgt F& Liafrd 4595 %'b ¥%¢charfa%%tg£dr8?§§% ~under

7. CCa 2~~icé€v$taﬁd&ﬂr@jrlqomdjlrtdqn%famalm@rtztﬂmath%ﬁeey(pesuetmceﬂ in the
art to provi azetl di on Sc .

et hyl - a- trlth§P§P% gyﬁyaceéﬁ ﬁoaﬁe%%f1y'{}%%éék%ﬁ?gg%%gl§50T+u05%|d I n
Schenes A andcBRvX; a&dpm@a‘rmcatﬂqes AGc i Het andiydi orytpdotect kgl
group. Prot eEEkBQnQ %‘ép%a%‘i% & o r@ﬁé‘%‘&’%ﬂ?%aﬁbé@a%%mé shbgxyst hyl

("EE") are preferred, but a variety of_ ofher standard protecting groups
such as the PEFBYRy| SEAVL . gFoIRF B Jot HeTORFFRY ky | L TRMERE yvI §-BREYE 7 gr oups
may be used. jAsbneted abeve-prddivii orwikshydémOer@égcmﬂgngreﬁ@xs and the

pumieer s heLegl Ty e QL TGS SOUR! B gL g. i esT o

resol ved i nt bathgepure carsarstudadnes Pprid o - ¢rn¢hbm2@etbox@methzlysnalIlzation

o rs, SRR BR uT et (4fupr L Sue phoplcnettopol

However, the feaction descrl erein
si de chain | 50aftcREFOREs atmna it sy GENwki #RC heghyy; cvcloalkyl

dlhastereosel @@Eb&ﬁ_ﬁrﬁtb@ilﬁla@%{jmﬁ%m ngvté@hwesm GafBEENREcREXEUER @8 sSide
chain precurso e al.koxi des ving the tric ic or tetracyclic_taxane
nucl eus and §YEI9BT ﬁ€¥$I|9¥€;89ﬁ} 'dﬁ%%%?%%?%&id%nguﬁ%Fﬁ?ﬁ§%¥ ha%8“t he
foll ow ng stphenyﬂabrfmmnﬂyiF%aibnn&téEkpmﬁiqsablﬁKlﬁb$tiEHEEé ®yaths a ~\

R~~,~66 ~-n ,~-al
iul)! 13 mhgﬁgﬁl%ﬁfh cﬁﬁia are as ﬁrg%%ﬁ§ﬁ§5 cﬁ% #lned anghiﬂconprlses
anmoni um or P¥AxoMFtal SepiheidY @tde%mﬁe@ef@w%%l@@oaﬁoxe@ﬁpmxuhe G oup

| A) Goup Il Acand tlhanwdt@wﬂe&@@m@@@l D ebegabl ¥, s¢hehbisNapy Kror Ti.
Most prefera@l t he algf %Vhbs the t téacy é' t axane nucl eus and
corresponds to PRESEE U 4%%1 Hormans é%_iﬁoi %ﬁl -r at7 R7a

The alkyl groups described herein, either alone
or with the various substituents defined herein are
preferably 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 chairn or
cyclic and include methyl, ethyl, propyl, isopropyl,
butyl, hexyl, cyclopropyl, 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 to 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, isopropenyl,
butenyl, isobutenyl, hexenyl, and the like.



wherein M R~, Rda, R, Ra, R9, RO" Ro, and Rloa are as previously
defi ned. The al koxi des can be prepared by reacting an al cohol havi n%)ﬂhb? 0
t axane nucl eus and a C 13 hydroxyl group with an organonetal lic conmpound in
a suitable solvent. Most preferably, the alcohol is a protected baccatin
[11) in particular, 7-Otriethylsilyl baccatin Il (which can be obtai ned
as described by Geene, et al. in JACS 110: 5917 (1988) or by other routes)
or 7,10-bisO-triethylsilyl baccatin Ill. As reported in Geene et al.

10- deacetyl baccatin Ill is converted to 7-O-triethylsilyl- 10deacety|
baccatin 11 according to the following reaction schene: i J -~ i [
L:'O14 HO OH CH3 ~0_~~

OCOCH3 OCOCBH5 1 . ( CofB- aél%/CHg ProuééHéﬁSELléggacééfelésHﬁtéﬁfo CH3 /~
S | ( CzHSlaZrd3or HBlEhHaﬂ.e v3r§3blasr suﬂstllltu@dts QEECHEOCEREHN @rd ) a ,

R=H b , R=COCt. Unde ed car fully optimzed
condi ti ons, Pﬁe eacet[ % c‘?catz‘l ﬁ anr %I Oﬂl %@’C’D L? vall ents of

(CZHS) =Si Clcaxtbc?@cau«nmer 1antaegpmncapaﬁspherle1 fod 2@ it@ur.si iaz rttioa
presence of f@?rﬁémof Tmégt ﬁi?o%gﬁehbgéllgtggaC%%'al%%C%w b oddrdcrs provide

7-triethylsi deac baccatin a) as reaction product in
84- 860 i el diféﬁ%léralre@ri’-ﬂF HepogthYRE Ly eéZé’PPb’ﬁYénocWéﬂfWﬁy thraPuspivdnal | y
be acetyl at egb -ty 5 gAHI vakentge0f CH-COCL and 25 nL of pyridine/ m nol of

4a at 0 aC under an argon at npsphere .for 48 hogs 51 rovi de 86~ yield of
7-O-triethylsilyl bacciffneF¥L fehftigsedRecTéPes . ﬁlTAC§1 GF S917 at
5918 (1988) .alldwee 7oprwi et edrbaceatubskhikuedh), |s:oma01re¢mmr6 a 15

or ganonet al | |a(:rt§(§£rp%€€1qﬁsggg ag & |c1.= phgnglsol \é%% {_?%IQ tcrﬁ1 hydr of ur an

(THY), to f oam
13-0-lithi umW@n@WetnbeetyEdbayda‘pm | helegeshowd kivi .t rﬂ;'yr-ol | owi ng

reaction schemeen®R CGiBy 1, 020y1 065 7CH3 68, ! ahni®éShmd ddiMEB ¢t Henerzd ~
is the more preferred arvl.

The heterocaryl moieties described herein,
either alone or with various substituents, contain from S
to 15 atoms and include, furyl, thienyl, pyridyl and the
like. Substituents include alkanoxy., protected hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy, nitro,
amino, and amido.

The acyloxy groups described herein contain
alkyl, alkenyl, alkynyl, aryl or heterocaryl groups.

The substituents of the substituted alkyl,
alkenyl, alkynyl, aryl, and heterocaryl groups and
moieties described herein, may be alkyl, alkenyl,
alkynyl, aryl, heteroaryl and/or may contain nitrogen,
oxygen, sulfur, halogens and include, for example, lower
alkoxy such as methoxy, ethoxy, butoxy, halogen such as
chloro or fluoro, nitro, amino, and keto.

In accordance with the present invention, it
has been discovered that compounds corresponding to
structural formula 3 show remarkable properties, in
vitro, and are valuable antileukemia and antitumor
agents. Their biological activity has been determined in
vitro, using tubulin assays according to the method of
Parness et al., J. Cell Biologv, 91: 475-487 (1981l) ard




\'/ CH,~r ~4 OH' Hmm%THr:O?G-BO%%OSi(C[‘Z,JI-LS[YTﬁW

Li O0-- 13 ~CH3 7 OHH, 0 OCOCH3 OCOC6H5 As shown in the foll ow ng

reaction schene, 13-OClithium7-Otriethylsilyl baccatin Ill reacts with a
f~lactamin which X, is preferably -0X6, (X6 being a hydroxy protecting
group) and X, - XS are as previously defined to provide an internediate in

which the G 7 and C2' hydroxyl groups are protected. The protecting groups
are then hydrolyzed under mld conditions so as not to disturb the ester

| i nkage or the taxane substituents. 8+ vy = ];'~2 AcO 0 - ~ OTES
MD11111 ~/{// HOP h C 0O O~~~ AcO n X4 X3 0 XS~N ~ 0111| H X~\X2 [1~ THF C
27 HF, AcO"PYPRdFRECS 13 BHtho HD BotFOTRRE 2Bh6eFSi bA2bf t he al coho
to the al kexhdeiakidd tvheandl rate yuddese s of the taxane derivative can
take place in the sane react] e | . Prefer he f3-lactamis added
to the reacti on,vessg:131 a eré oor%/‘r%rﬁi&gtn ?ﬁe&é’? n&g%g?ﬂé gf“k’SQ%&@?',nkégrrpounds
of fornul asgbetithenusstettiavamlion ruelasefof the takabetilnghednmor
growt h in gﬁhﬁﬁkﬁe' @'3”?3&(}%5&%%& ﬁ%ﬁr@s&éﬁ&eﬁébkg?agﬂbe&%e@ﬁqsl n the

form of a pharmaceutica nmposi tion conprising an effective antitunor

amount of BERPEHRAOSF RAREITSt bt I i oW ekl TP i n Eombi At i B wich Rass
phar maceut beal hy daeeept,atd ¢ £arki-@rofendi kijenis APEELHIDHICARBOSKYI ONS

herei n may_be que ug in ??v_s itabl e forn1appro¥J|ate for desjred use;
Ry Rirenter 3PI6" " tGpi ZAMRt Fat 60 YERGRRes B5F Parenteral

e.g., oral
adm ni st rahydroare RAt Lamhgdulogen,i B areh®ys anidntth@perartmoresalto rectal and

subcut aneOHﬁiggthe? ra%té %té‘cﬁrxed form an oxetane ring, R, is
acetoxy, R, is hydrogen, R,, is benzoyloxy, and R, is
hydroxy. In other embodiments, the taxane 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,;; wherein R,, is hydrogen, alkyl or
selected from the group comprising

o O o LY

and Z is alkyl, hydroxy, alkoxy, halogen, or trifluoro-
methyl. Ry, may be hydrogen and R, may be hydrogen or
hydroxy, R,;, may be hydrogen and R, may be acetoxy or
other acyloxy or halcgen, or R;,, and Ry, may each ke
hydrogen or together form an oxo.

With respect to the Cl3 side-chain, in &
preferred embodiment X, is -OH, X, is hydrogen, X; is
alkyl, alkenyl, phenyl cr heteroarvl, X, i1s hydrogen, X;
is -CO0X;,, and X, 1is C3 to C8 alkyl, alkenyl or aryl and
the taxane has the 2'R, 3'S configuration. 1In a
particularly preferred embodiment, X, is phenyl,
isopropyl, cyclopropyl, n-butyl, t-butyl, n-butyl, t-
butyl, cyclobutyl, cyclohexyl, furyl, thienyl, pyridvl or



XS\ "O/N X3 X~ Xz X1 ~r : .. 1 17 The diluent or carrier fhg#édﬂgkts
shoul d not be such as to dimnish the therapeutic efzects of the
antitu.~nor conpounds . Suitable dosage forns for oral use include tablets,
di spersi bl e powders, granul es) capsul es, suspensions) syrups, and elixirs.
Inert diluents and carriers for tablets include, for exanple, calcium
carbonate, sodium carbonate, |actose and talc. Tablets may al so contain
granul ating and di sintegrating agents such as starch and al gi nic acid,
bi ndi ng agents such as starch, gelatin and acacia, and |ubricating agents
such as magnesi um stearate, stearic’acid and talc. Tablets may be uncoated
or may be coated by unknown technkﬁgggéfe.gé,igo_d@®nw dingli Htedgat i on and
absor pti ame | aewst i huedt 3N&N8BICarHTers whi th may be used, i rsapsyl es
i ncl ude, forhefangkﬁylgak cusbeapdnat &> -c&Fci'u rﬁﬁﬁ?ﬁhare and, kaol in.
Suspensid%%? Sytups and e XIS Qqnb@b@yqqn@aMéuhﬂﬁy?ﬁ&ﬁ%ﬁents, for
exanpl e) ablpyl csPEilose, tFagAcanth, sodi m al gi Nat &, Metting agents,
such as le?n%tlhi ge@@,@n@@lyoxyéidtwllené-sﬁ‘é’é’r% 9%an ‘preser‘va&]ié‘\vtesj_, £ 0.,
ethyl - p-fiydroxybenzoat e.. .Dosage, f ofdweat t atien f¥y JFarséiterat ~
admi ni stration incl O T on ,'suspgpsiq¥%,ad@§p§ésgaaﬁ,tbaulSh@ns and
the like. ;They mme asaxbe Hanahéctured:i e A
conposi ti ons which ca gﬁ%cﬁ§§§$geﬂsoﬁiSﬂep%m@eérPW 5P8ri Pes i njectable
medi um | MEEEHRBSF b2t of e use. Thex Yy COnd ai hstispeandi hga o @n8petsing
agents knowkdtetde aFor FrReRater Eéﬁléglkg%aqf conpounds of fornula (3)
may be inprove if Leatkenont shalt2e for C7 substijtuents,. For
i nstance, W& egog%?ﬂgﬁ?jty y be.incpeasgd,if aX8 i¥s 1OXETARY R™'s - ORze,
and X6 and R 2 are iﬁdéﬁ%nﬁgﬁfly%hydrqgen or. - COGCOR~ wherein: Gis
et hyl ene, g&gp%gﬁﬁeor-ﬁyéehxy Pﬁpiév6ﬂﬁﬁéﬁffgﬁﬁ, or 1,2-phenylene; R - CH
base, NR -R~, , S ,igqgﬁggngﬁan Bydebgen;A 3 1 ~~ ~~'~? 1B R - -
hydrogen or nmethyl; Rz =°(CH)" N%%l)?ag ) " NRR RBX¥: othet £523; Ra -
hydrogen or |ower allad le®Raidfishd ‘o carbons; R5 = hydrogen, |ower alkyl
ccntaining. 1 to 4 c yl, hydroxyethyl, CH COH, c. .
di met hyl ant¥GeR" aak%parbz%er%zn;_z i ndependentdy, welect ebdeonFy Ve al kyl
containing 1 or 2 carbords Eéfﬁﬁhfgi, of Rs and R"' together ~~ c the
ni trogen a%gf19{ NRRmsf ar carbenatesf the following rings i i i UUNNC-
C~ S N CH3 'Ré ="| ower_alkyl clc_ig al jd Mpdn ooy oxcar be~~, or benzyl; Xe =
halide; * base. = NHS?Z:ﬁééL N NgCH3£~bo§*€@6§sH&6HwhiNHBt@@ﬂh) 6NH~ )
N- net hyl gl ucam ne) thoramﬁ}ﬁnTﬁEdpF 5a?af|on of .compounds in whi ch X; or
X~is ~~_ -is seg LQrLR 4B Haugwdom En SxeRafént 49942, 184 w ~ _~°
=i ncor por at 84<h@ &§7h by reference. Altefnaidmely, solubility may be
increa=e.' ~--xl is -ORsa gé% 5 a radi cal ha¥$Q&6. formula - COCX=CHX or
- COX- CHX- CHX- 500- M whet,eendXREs afr%ﬂ_tneraltl?ﬁn or aryl and Mis hydrogen,
al kaline metal c= _. Sgnnpéoogﬁgyptggndngﬁrbbfd in Kingston et al., L._
Patent No. 5, 059, 6997¢i ncor por at es herei r€sem~an. &x0

Rf and Rea together Ad A resem~an r

Ryoa %S other than hydroxy:

R,, and Ry, are other than hydrogen.

be
Taxanes having the general formgla 3 may

reacting a B-lactam with metal alkoxides
g r tetracyclic nucleus and &

e formof sterile solid

or

obtained b .
having the taxane gricyclic ©

e substituent to form compounds havingd

c-13 metallic oxid The B-lactams have

a R-amido estex substituent at c-13.

the following structural formula:



] ~ i~ ) ~ ~ ~i 19 Taxanes having alternative C9 substituents may %‘ 207
prepared by selectrvely reducing the C9 keto substituent to yield the PULH I
correspondi ng C9 (3-hydroxy derivative. The reducing agent is preferably a
bor ohydri de and) nost preferably) tetrabutyl amTnoni unborohydri de i BuaNBHs)

or triacetoxy-borohydride . As illustrated in Reaction Schene 1, the
reaction of baccatin Il with BugNBHa in nethy, | ene chloride yields
9- desoxo- 9( 3- hydroxybaccatin Il 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-9i 3-hydraxy derivative 6 as el sewhere
described herein. Renmpval of the remaining protecting groups thus yields

9f S- hydr oxy- desoxo taxol or other 9<~3 hydr /Ay@etracycl i c taxane having a

C13 si de chain. 70 o~ A W 0 REACTIO\T SCHEME 1 AC 0 ~
OH HO i | ~ 9u4NBH4 H CHZCl z Ph~ ACO 0\ Ac, HOi~,. Hd Ph--C AcO ~~0 TESCI
ET3N OH CAC OH - OTES HAO ~I | ~ H Ph AGG 0 ~~0 6 Alternatively, the C13

hydr oxr group of 7protected-9p- hycﬁoxy

e\r,\,lfjvatﬁ\/e 6 may be protected with
trimethylsilyl or other protecting groyp

y ch can be selectively renmoved

relative to the C7 hydroxy protecting gPoups illustrated in Reaction
Schene 2, to enabl e further sel ecti ve mani pul ati on of t he vari ous
substituents ane.,, For exarrpl e, .reactio

7, 13- prot ect e?lV Hox~ Jefrvafity® = F W ’H cé’ﬁ’sees the acetate group to

mgrate from Cl10 to 09 ahldetﬁelhydamsycgnobre o epiagedt € fammesgiily C10,
t hereby yi el ding i Oaﬂfﬁe%gyérgsigvaagv s n%ette.—%tt' <yeﬁn i9f stégrengso Dydrohy

group of 10-desace derivative 8 wthtriethylsil yi el derivative 9.
Sel ecti ve remﬁ)?a]ro"b‘f the C13 hydroxy protecting group fromderivative 9
yields H vy ' ,1 1 , 4 LuUL 21 derivative 10 to which a suitable side
chain may be astcthaeenhedAas descri bed above.

LCneme A

CH40

0
X, N
0 ol a
\“/ cro, s 0
e 3 OCH, N—
oOAc

X3
Jb
X c H 0 H 0
5
N \ N
N— e N—t cd N—2
D e tars
X3 1 X3 . X3 2
QAc
3 %2 3 X3 3



RE CTI ON SCHEME 2 CAC OAC OH OH OTES - OTES HOi ~~ TMBO I ~~ ,,, .~ ., 5 ~h T anne
1) T™MsCl, Et3N Pn~ AcO O PhH O cO~\"~O HO 0 ~~0 6 7 2) KH OTES CH OAC & v
OTES ° OIES TMsQti ~~ TMsO i ~~ TESCI ET N O ~ PhH OACO~~0 3 PhH ACO "~0 9 8
HF pyridine OTES QAc OTES HOi~~ .,,.~I H O ~ ph ACO~~0 ~0 r' o, ~~.,

i | ~ 12 22 As shown in Reaction Schene 3, 10-oxo derivative 11 can be

provi ded by oxidation of 1l0desacetyl derivative 8. Thereafter, the C13

hydr oxy protecting group can be selectively renoved foll owed by at t achnment
of a side chain as described above to yijgl d 9acet oxy- 10- oxo-taxol or other
9- acet oxy-10- oxotetracyol i c taxanes having a Cl3 side chain. Alternatively,
the C9 acet at esgitap ®an be sel ectively renoved by reduction of 10-oxo
derivative Z1 with a reducing agent such as samariumdiiodide to yield

9- desoxo- 10- oxo derivative 12 fromwhich the Cl13 hydroxy protecting gxoup
can be selectively renoved followed by attachgent of a side chain as

descri bed @b 0 yield -desoxo-1(-oxo-taxol)/ or oTher
- desoxo-10- tetracycllc t axanes havi ng 2~CA3 _si dg chai n. v.Ct I~ L~az
23 REACTI ON*SCNE1RE*3 OH OAc ORC - |OTES®2 ~ OFES TNBQ I1~. '~ T PA P
TMbO~1". ,.,.~i H Ph---\~AcO 0 Ph~|AcO~ "0 \\0 0 8|~ 5ml 2 G- OT/ES
TMBO~1~~. '~i H SN—
X X,
N—TMS X3 XZ
X 43X, C0 g X y—{/
X, Je
X
S\N //O
x4 1
X3 X

reagents: (a) triethylamine, CH,Cl,, 25¢C, 18h; (b) 4
equiv ceric ammonium nitrate, CH,CN, -100C, 10 min; (c¢)
KOH, THF, H.,O0, 0¢C, 30 min, or pyrolidine, pyridine, 25
°C, 3h, (d) TESCl, pyridine, 25 ©°C, 30 min or 2-methoxy-
propene toluene sulfonic acid (cat.), THF, 0oC, 2h; (e)
n-butyllithium, THF, -78 ©°C, 30 min; and an acyl chloride
or chloroformate (X; = -COX;,), sulfonyl chloride (X; =
-COSX,,) or isocyanate (X; = -CONXgX,,): (f) lithium
diisopropyl amide, THF -780C to -500C; (g) lithium
hexamethyldisilazide, THF -78°C to 0°C; (h) THF, -78¢C to
250C, 12h.

The starting materials are readily available.
In scheme A, «-acetoxy acetyl chloride is prepared from
glycolic acid, and, in the presence of a tertiary amine,
it cyclocondenses with imines prepared from aldehydes and
p-methoxyaniline to give l-p-methoxyphenyl-3-acyloxy-4-
arylazetidin-2-ones. The p-methoxyphenyl group can be
readily removed through oxidation with ceric ammonium

nitrate, and the acyloxy group can be hydrolyzed under



~0 Ph~ AcO 0 ~~0 'l 2 Fceaction Schene a illustrates a reaction in which

10-DAB is refiuced to yield pentaol 13. The C7 and Cl10 hydroxyl groupss@f 730}

pentaol 13 can then be selectively protected with the triethylsilyl or
anot her protecting group to produce triol 14 to which a C13 side chain can
be attached as described above or, alternatively, after further

nodi fi cation of thetetracyclic substituents. n;, ~, r',nwviij~1..1
i. :. 11 24 REACTIO~1 SCHEME 4 OHQH O OH - ~ OH- OHHGi ~ HOi i
Bu4NAHA H CHzCI2 HO ~~:. 0 Ph~ ACO 0"Ph~ ACO 0 TESCI ET3N OTES OH - OTES

HOi~ .., .il H<%§§9?H§&P 0.\\0 Taxanes_ having C9 and/or. C10 cylox
subst i t uents- 3t t et at e TN b p Spégg&ehﬁﬁﬁfPRﬁﬂﬁfis 3 Eﬁﬁrting
materi al aszd lustgadeie B Readt ben- Schepd a3 etRedct-0omés 10-DAB wit h
triethylsilyl chloride.in pyridine yields 7-protected 10-DAB.15. The Cl10
hydr oxy su ﬁqmﬁwﬁ'cﬁthiiﬁ%ﬁ%ﬁi%ﬁh%g§ i§18§9%%g§ﬁ&ﬁ1%ﬁaF%%ﬁiﬁ¥ acyl at ed
W th any stangsrbdcitat iglyaegkit toigield derivative 16 having a new C10
acyl oxy substituent. Selgective reductkign gf e ) ubstj t uent .of
derivative 16 yiel ds %g%ﬂp%iyﬁd%ﬁjvgfi \% ’tlg Po’?g\%ﬁ?%%’li’ &%ﬁsﬁa@ &kai n
may be attdehed hAliesnairotedgtingegBiOpand PEOteaupsy canoles causkdatso
m grate as.set forth in. Reaction, Schen vy ~hon J 25
REACT N SRrifios FEpbagntl oF M -?Egﬁﬁéﬁggﬁfl.(, B FRAIIT L viii
~~i i pyri dprefd@redOnn <0 e Phet WO 0oPherAsOamdary \RXO PRyt 8@ng agent
OCOR29 - N ' : Te j ; H4 HO
0O ST RS AT e AGD e A OAt0 TR 1 s

OH" ) ~ \VNO0 \\O
(or aryl) silyl groups may be used. As noted above,

additional hydroxy protecting groups and the synthesis
thereof may be found in "Protective Groups in Organic
Synthesis® by T.W. Greene, John Wiley & Sons, 1981.

~ The racemic B-lactams may be resolved into the
pure enantiomers prior to protection by recrystallization
of the corresponding 2-methoxy-2-({trifluoromethyl)
phenylacetic esters. However, the reaction described
hereinbelow in which the Rf-amido ester side chain is
attached has the advantage of being highly diastereo-
selective, thus permittigg 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:

Riga

0




. 1 il

baccatin Il and 10-DAB as starting materials. The C2 and/or C4 esters
baccatin Il and 10-DAB can be selectively reduced to the correspondi ng

al cohol (s) using reduci ng agents such as LP~i or Red-Al, and new esters can
thereafter be substituted using standard acyl ati ng agents such as

anhydri des and acid chlorides in conbination with an am ne such as
pyridine, triethylamne, DM nP, or diisopropyl ethyl am ne. Alternatively,
the C2 and/or C4 al cohols may be converter to new C2 and/or C4 esters

t hrough formation oL the correspondﬂﬁb al koxi de by treatnent of the al cohol
witha ~~i "~ r,_ i i;~1"1. ~i™"i é% 26 suitable base guch as LDA
fol | oned byPahekRylati ngiagdts AfPER/ s Fehtoff dd"dBccatin 111 and
10- DAB anatogsrhaws ngmaofif emebt sgbat met@nt pati cGa 1dnd/sar] « AN Jrmm

prepared as, se rth_in_ Reactian Sch s 6-10. . Tq sinplify t.he
descriptioﬁ?glég%) T oEsatae @ﬁ@ugtggﬁiﬁﬁo%ﬁt&#%aﬁﬂaﬂtﬁﬁhﬁﬂkf?ﬁa

under st oodnebhakeveandt paefbaesbayi nLLl | Mder Neat Kves: Gl .andasfs may be

pr oduced j 1 a er r ti-Qr for, rotection of
t he C10 h?%%%gihgg%%bgggé é?ﬁ%r3E§e§?§05%6H§§@S§ \M% éﬂiﬁﬁﬁi#ﬁn||l as the
starting nAEEtFef. aler FOEFPFESNEF tRe th&c S&Tus tma laf@EMLBAB anal ogs
having different substituents at Cl0 and at | east one other position, for
instance Cl) C2, C4, C/7, C9 and Cl13, can then be prepared by carrying out
any of the other reactions describedrgreigl and any others which are within
the level of skill in the art\ In RedctighsSchene 6, protected 10-DAB 3 is

Taxanes having alternative C2 and/or C4 esters can be prepared using'}vng.qmy
o)

converted to the triol 18 with h n?ﬁ#n1hydride. Triol 18 is then
converted to the corresp qging 3 i Ng gnzco in pyridine foll owed by
a nucl eophilic agent (e.qﬁfy”e 3 ¢t or al kyl 1ithiumreagents).
~n ;| i.~"!, i li~L 27 Schene“6-{ 0 OTES TMS01111 OTES ~~i

TMSO 1111 LAH HO HO Ph~0ACO~\ 0 HO B H OO0 Cl2C0 pyri C ne OTES OTES
00 OTES -- ~ OTES TMSOI 11 ,~ T i or HO_ HR3~-MgyBr 0 R3i~ HO O

Q HO~ 0 \\0 2 0 '.1 9 Deprotonation 2o g 18 with LDA followed by

introduction of an acid chloride selectf¥ely gives the C4 ester. For

exanpl e, when acetyl chloride was used, tricl 18 was converted to 1,2 diol

4 as set forth in ﬁ@aﬁtion Schenme 7. Triaql 18 can alsg readily be converted
e

to the 1, 2¥R&FBbRa 9. Beet§athen B Farbdhat €238 HrdefI§i §Br ous

standard_cpndbibuakyp@eﬁ@deﬁ.carbonate 21 as described in Reaction Schgne
o Lm0 ot ELLOLATe S LORCL CoaAEin by Saplin ooy ces
Scheme 6. alcohol having the: takaSeh OPESEPESEOICOA~CFES- OSSO 1111
, ~R3aCOC | JMBGEH | Wi tn~HR Y¥rghRole¥H1Qic dan@oundHDR3aDGGS3chere
BOTESOTESU) 7 TESCLg00 CTESTUROLILEL | Coi SN ROr IR0 JH 0 0
= H '

baccatin III, in particular, 7-O-triethylsilyl baccatin

III (which can be obtained 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-
deacetyl baccatin III according to the following reaction

scheme:



~0 "~ HOO/~ HOO 1g'l 8AC20DVA~POTESOOTESTMSA I11i0 0 "~ ~
~ACO0021Assetforth in Reaction Schene) ot:zerCsubstituentscanbe pravi degdbiy)
reacti ngcarbonat el9i dhloride and atertiary anmine to yieldwith an acc 29
carbonate 22 which is then reacted with alkyllithiums or Gignard reagents
to provide 10-DAB derivatives having new substituer~ts at C2. Schene 9 OTES

OTES 0 0 OTES A zcO T™MsA I I1 T ii,~~ pyr I df ne TMBAIIIl ~~/ OTES ~~i a _
HO; HOH~~0- HHO~0~O0MH 0~~~~ 0 R,~COC | pyridine MAP OTES
OTES 0 0 - ~ OTES - ~ OTES TnISAIlii ~~ R3~~ i or TMSAOIIl i HO v H~R
MyBr 0 R3~C00 \~~~ 31 i-i R3~C00 0 O-n dCOO~ 0 2~ 22 Alternatively,
baccatin Il may be used as a starting material and reacted as shown in
Re~~tion Scherme Y being protecteg at 0Cigand C13, bc.=satin IIIl is _C~_
reduced ~:ith LAH to produfe 4 tH; ptraol 24. Tetraol 24 ;s cc::verted

to carbonate 25 using C1, CO):
Cl0 with an ~~id chl orjde..d
sho:.-n) or with =cet_c an:

Ad ca='~~nate 25 |s acylated at
to produce carbonate 26 (as

s i dine (not shown). rcetylation
c~= ~enate 26 under vigorous Stgnmdard: CO‘.~—é.I0nS -nr, | "~,~r .~7
~~~ 1 11 30 provides carbonagg 27 Wi cNTs then reacted wi th al kyl
lithiums to provide the baccatin lill @%9Gratives having new substituents at
C2 and Cl10. Schene 10 OAc OAC O OOCOC - ~ OIES HO1111 TMSO 1112 iiii i i
1] TESC) py i HO = H 2] TMsCl, QOVAP

1. (ChHg)3SICl, CgHgN

2. CHZCOC!, CgHgN

(4) a, R=H
b, R=COCH,

Under what 1s reported to be carefully optimized
conditions, 1l0-deacetyl baccatin III is reacted with 20
equivalents of (C,Hg),SiCl at 239C 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% vield after purification. The
reaction product may then optionally be acetylated with 5
equivalents of CH,COCl and 25 mL of pyridine/mmol of 4a at
0 oC under an argon atmosphere for 48 hours to provide
86% yield of 7-O-triethylsilyl baccatin III (4b).
Greene, et al. in JACS 110, 5917 at 5918 (1988).

The 7-protected baccatin III (4b) 1s reacted
with an organometallic compound such as LHMDS in a
solvent such as tetrahydrofuran (THF), to form the metal



Ph~o cO\ O I m dazo I e, DM Ph~ AcO-\\ 0 ~~0 \\0O LAHOH 0 OH 0 - OTE ﬁpﬁ77mt

TM8AIIl ClI CO- ~ OTES ~~i, pyr i di ne TMSOIII . iiii 0 _~ _H\W

0 = HHO~ 0 HO HO~~~~ 0 25 . 24 R29CCOC | pyrldl ne ~7 - r ~ ~ ~ ~ 5~
~~~~,~2 31 OCOR29 OCOR29 0 0 - ~ OTES - OTES TMsAill Ac20 TMsO Itl , OVAP
~0Hv ~0O Hv~HO~ 0~ Ac0~0 26 ~27 RB~Lt OCORZS 0 - OTES TMsA I | |
iii OH R3,~~ AcO \\0 10-desacetoxy derivatives of baccatin I _| and

10- desoxy derivatives of 10-DAB may be prepared b~, reacting baccatin |1l or

10-DAB (or their derivatives) ~,aith samariumdiiodi de. Reaction between
the tetracyclic taxane having a C10 | éaving group and samari um di i odi de may
be carried out at OC in a solvent such as tetrahydrofurar~. Advantageously,
the samari uradFPodielel sePest Fhery-abet FaceshvAs1CYd Ibegrand rgriddp;asC13 si de
chains and ogrk@wnsyrszt_héueeno@mngh@eaetz&aﬁygl:h%m@ucl eus remain

undi sturbed. Thereafter) the C9 keto substituent nmay be reduced to provide
the correspondi ng 9-desoxo-9phydr oxy-. 10- desacet oxy or 10-desoxy
derivatives as otherw se describqgihere ﬂ.dC7 di hydro and ot her C7
substituted taxanes ca:: be prepaked aslset; forth in Reaction Schenmes 11)
13 and 12a. 3 (~CG i~~2 32 REACT, S?ﬁ?FNEprltzﬁﬁg OACO0OO05 _/

LHMDS + HQO-~-13

3

As shown in the following reaction scheme,
13-0-lithium~7-0O-triethylsilyl baccatin III reacts with a
B-lactam in which X, is preferably -~-0X;, (X being a
hydroxy protecting group) and X, - X; are as previously
defined to provide an intermediate in which the C-7 and
C-2' hydroxyl groups are protected. The protecting
groups are then hydrolyzed under mild conditions so as
not to disturb the ester linkage or the taxane

substituents.



OH 'SCH HO Il NaH HOIT1 , 3 iii CS2iiii HO~~ CHB1 HOH\~ 0 H\~_
Ph~ AcO- 0 Ph~ AcO- 0 \\0 ~~0 n8u3SnH AI BN (cats tol uene (reflux~ OACH!w §J

HOltIl HOO H ~ Ph~ ACO- 0 , 1 3~~~1~~7 33 REACTI A ~1 SCHEME 12 OAc 0 OH

HOi~~. .,,~~ H_ 0 Ph~ AcO 0 OACO F HOi~~. FAR~~ H _ 0 Ph~ ACO- 0
\WW0 OACOACO0 0 - ~OH- ~C HOi~~ HOi~~. MSCI Et3NH _~~ Et3NHO H O ~
0 Ph~ AcO 0 ph~ AcO 0 ~~0\\O ' r-, r !.1 nl.~ei L L 34 RERCTIO "t
SCHEME 12a 0 QAc 0 QAC
16
X s 0

‘\N__447
N

3 Xy X2x1

C1) THF

(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 R-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 in
any suitable form appropriate for desired use; e.g.,
oral, parenteral or topical administration. Examples of
parenteral administration are intramuscular, intravenous,

intraperitoneal, rectal and subcutaneous administration.



- OTES - OTES TMSOLII1l ,/~ HF py HOLIIT [/~ ' [/~ HO ~ HO O v~ 0 WS:Rh 1 oy

ACO 0 ph~ ACOO 1 1 \\0 LHVDS 0 OAC OTES X5~ L i 011111 HO | | X3 X~ X2 X“ 2607
ph~ ACO0 ~ 1~ THF ~2~ HF, Pyridine, CH3BCN OH Xi X3 0 0 X5~ ~ ~ - ~ OQAC N ~
~Q1l1l // HX~ X2 HO PhCOO ~~~ AGO 0 As shown in Reaction Schene 12,

Baccatir. 11l may be converted into 7-fluoro baccatin Il by treatment with

FP.R at roomtenperature in THF solution. OQther baccacin derivatives with a
free C7 hydroxyl group behave simlarly. Alternatively, 7-chloro baccatin

1l can be prepared by treatnent of baccatin Il w th nmethane sul fonyl
chloride and triethylam ne in nethyledd chloride solution containing an
excess of triethylam ne hydrochloride. a "1 1 ;iJ~ 35 Taxanes havi ng

C7 acyl ox~ substltuent@héaﬁlbéeptepar§§r39°§e@nﬂ§ﬁﬁhenﬁSRééGﬂﬂéhIEﬁhene

12a, 7, 13prgiected, 105 oxg-dent yaLivendlehgrgaauel bedska ks fronispondi ng
C13 al koxi de by selectively removing the CI3 protecting group and replacing

it with a el SYePr aSOTPPRREA The al koxide is then reacted with a

~-lactam or other sidesghehbleresyeger foshbseguentahydsel Ysics wid he C7
protecting rqﬁgs causes a nlgiatlon of the Cr Eﬁgrox stituent to C10,

mgration of-% XOPEEBSE T EURAYIES S5 TARY gr&%PSH 6 'the C9 acyl oxy
substi tuent §ms§§hs£omsdesvanbetyanﬁ eligyekic Taranesidmuenta wmal |y

oceurri ng. - andLhcougb, ol pul ot or.5,,80al adaus. Lot hose desqr bed herein,

an approprla € SI arn_can ac ed en o t hese
subst ances. Gﬁth@m@ﬁ¢ve$9dlé@ §ﬁéhnnaﬁeReééFFéﬁeSéhénéaiE 7-liestshyl si |y

baccatin |11 &%P@o C@@M@aaﬁdgtanalaﬁh%%ha ElaéilHEeeraQ‘igm@ theras i on of
trlnethyloxonl u: ~n tetraf| uorqgborate in nethy|l ene chloride solutlon The

pr oduct d|m5%¢ﬁwﬁ?e%E?§cﬂn?ﬁdl%é@lPéFré&&éﬁapéngbnﬁréﬁgﬁ§%tﬁ?c
correspondi g LAcket@ookatrin, and &catiarnNand~1C0bricaténg3ag¥nAGTISANHSCHEMVE

13 HO- AC(%é)ﬁgbné§9Lﬁ~ tearate, stearic acid and talc. Tablets
may be uncoated or may be coated by unknown techniques;
e.g., to delay disintegration and absorption. Inext
diluents and carriers which may be used in capsules
include, for example, calcium carbonate, calcium
phosphate and kaolin. Suspensions, syrups and elixirs
may contain conventional excipients, for example, methyl
cellulose, tragacanth, sodium alginate; wetting agents,
such as lecithin and polyoxyethylene stearate; and
preservatives, e.g., ethyl- p-hydroxybenzoate.

Dosage forms suitable for parenteral adminis-
tration include solutions, suspensions, dispersions,
emulsions and the like. They may also be manufactured in
the form of sterile solid compositions which can be
dissolved or suspended in sterile injectable medium
immediately before use. They may contain suspending or
dispersing agents known in the art.

The water solubility of compounds of formula
(3) may be improved by modification cf the C2‘ and/or C7
substituents. For instance, water solubility may be
increased 1f X, is -0X, and R, is -OR,, and X; and R,, are
independently hydrogen or -COGCOR' wherein:

G is ethylene, propylene, -CH=CH-, 1,2-cyclo-
hexylene, or 1,2-phenylene;

R' = OH base, NR?R’, OR!, SR, OCH,CONR'R®*, or OH;



OTES Me30AF~ ACO - ~ OTES HGi~ "'~ H_ .. 0 ~., Ph~ HOOAc ~~O0 HO
Pb~0AC-4 CAC 0 -\ ~ ~~/ OTES HOm~ / "i HO ph~ 0 QAc ~~0 Recently aj3ar1 o
hydr oxyl at ed t axane (14-hydroxy-10deacetyl baccatin I11) has been di scovered
in an extract of yew needles (C&N, p 30-37) April 12, 1993). Derivatives
of this hydroxyl ated taxane having the various C2, C4, etc. functional
groups descri bed above may al so be prepared by using this hydroxyl at ed
taxane. In addition, the Cl4 hydroxy group together with the Cl hydrox-~r
group of 10-DAB can be converted to X 1, 2carbonate as described in C&EN or
it may be converted to a variety of esters or other functional groups as

ot herwi se descri bed Hereily §5PXOnRE T8N Wi h the 2, C~, C7, C, Cl0 and
C13 substituents. The fol {cowynggrexampl egHal evprRME ged to nore fully
illustrate the invention. M3 Iti i ~~~2"37 c-rTn,rnr ~ ~ 0 0 t8uO~N -
01111 H OH OAC 1 0 O?Ph=\10tAC®: (31-4) Preparation of

N-debenzoyl - N- (t - butpxycanhpnyd on oLesphenyaiyi( dohtMinidaxdlto To a
solution of 7-triethylsilyl baccatin Ill (120 ng, 0.171 nmol) in 1.2 nL of
THF at -45 C was added dr®®%WPSBS0. 104 L of a 1.63M sol ution of nBuLi in
hexane.( ther 0.5bh ;@ﬁlt)f %&ogaehﬁflmﬁdelﬁ alkyl co]ptailning 1 to 4 (

ci s-1-(tbutoxycarbonyl)-3-trjethyl:si oxy-4: (2-fur azet.i di n2- 314
my, 0.885 mmol) in 1.2 mc%rb?ﬁﬁ'm/&§“§c¥f&ed¥‘a’rdo‘§)%>’see %%Rthgkﬁéj%%zur?}eme
solution was warned to 0 €iaetdhkéephiaettmtl t enperature for 1 h before 1 ni
of a 10% sol uti on of_ A iy THE ] e Jd-t i oned

bet ween sat ur at ed aqlﬁeo(}augsé @H@“ﬁ?%%@?%@é?gté hexf}ﬁ%.é'
Evaporation of the organic |ayer2g&yd &Esiiduenmht chr was CpaticrEed by
filtraticn through silica gel topgh¥e1183MRé0End W XtBLR Gt aiiNg

(2R 3'5)-2",7-(bis)-triethylsilyl-N-debenzoyl-N-(tbutoxycarbonyl)-3 -desph
enyl -3'-(2-furyl) taxol and a ve%’esﬁél roégrﬁiﬁrﬁt%% ?ﬁeﬁ?‘z‘%@,%:ﬁ;’s isoner. To
a solution of 182 ngy (0.171 nmol pfothtehdalibavureg abimagaed from t he previ ous
reaction in 11 nL of acetonitrile and 0.55 nL of pyridine at 0 C was added
1.7 nL of 4896aquequs HF. . The m xture maf stirred af O Cfor 3 r., then at
25 C for 13 h, and,partitdpned bé}meen turated aqgieous sodi um bi carbonat e

i slsloleite)

Ha

00—z

R® = lower alkyl containing 1 or 2 carboens,
or benzyl;
X® = halide;
base = NH,, (HOC,H,);N, N(CH,),, CH;N(C,H,CH .
NH, (CH,) (NH,, N-methylglucamine, NzlXZ
or KOH.
The preparation of compounds in which X, or X, is -II3J1%°
is set forth in Haugwitz U.S. Patent 4,942,184 which ==
incorporated herein by reference.
Alternatively, solubility may be incresssi =2
X, is ~0X; and X; is a radical having the formula

alkyl or aryl and M is hydrogen, alkaline metal cr ==
ammonio group as described in Kingston et al., U.:.
Patent No. 5,059,699 (incorporatec herein by reler:z:



I3 GCT i:!~? 38 acetate. Evaporation of the ethyl acetate solution gave 143
ng of material which was purified by recrystallization to give 133.0 b1 402
(93% of N-debenzoyl N-(t-butoxycarbonyl)-3'-desphenyl-3"-(2-fuzyl) taxol.
m p. 155-156 C;, [a] 25Na-73.0 (c 0.006S, CHCl1~) . 1H NMJt (CDCl~, 300 MHz) 8
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 2H, furyl), 6.30 (s) 1H HL0),
6.23 (dd) J = 9.4, 9.4 Hz, 1H) HI13)g 5.67(d, J = 7.1 Hz, 1H H2p), 5.3(d,
J=9.3 Hz, 1H, NH)) 5.22(d, J=9.9 Hz, 1H, H3'), 4,95 (d, J = 9.3 Hz, 1H
HB), 4.71 (br s, lhpod2ide Aa$24 M1 dbknb¥)yetc0 fbs didnhtiz mddh H20a),
4.16(d, J - 8.2 m&al‘fgnﬁ’zoﬁ,,séjsz(d, RE AT 2 v i e e 29(%&,;%:5.5 e,
1H, 2' OHpe 2m®y1Rd by $HBbeftiveky radugzngethe, CPHkerdH) , 2.39 (s, 3H,
4Ac) , 2 - Jvie?d- e (SordEeph@Ach) £ b f6~i), 1.88 (br
s, 3H wﬁﬁg)?,(trglt.fg%”i?élﬁelorsz,e1.%:5 (5 3H; X 9)%?}’34(5’,“}4%, thutyl),
1.25 (s, deMiwBling . 1. T4 st edpLing| 8FeNEXARPRESIRIERIWG ng t he procedure
set foftﬂokf&?@@ﬂﬁt j @%&?;&ﬁ@@é HPE £ £ g SYDS LRt wamis yafar@i&ii ghn- 2- one and
cte

the prote axane and e_anounts of the reactanfs)_a series of
conpoundboneny dictrar BB AR hgOE hB X $EFRELHYE PORGMY BBbR@: i n which X,) Xl o,
Rz, R a, R9a, and Rl9aj BI€s@sasé@WMni Rebbeibal kewWen@ t1ablwne Unl ess

ot herwi se indicated, R~ is benzoyl,, i dr.oxy, R9a is keto) and Rl oa
is aceto%??C?WQQHQﬁK??ﬁ%%t%%r%lidﬁ$Ezﬁgaiﬁngﬂﬁ me%&%%%?% Compound X, x1o0
R oa RsacRiarRldel3 391 ds 19- dOsdxd54P-Bt696xgbaccatin III 5. After
1740-41841-11941- 22042-42143-12243- - - . .

2] Ui enyFE3- bt RIS 1ERRGR (5 dRof s ToC Ry BigPerge trietnylsilyl

Et O 1, 3-dretleotis wopyp) for example, a suitable side chain mayv

2-thi eny %Q(:%‘a’@%é’&?xﬁ’@t'hyﬁ%}@té@éé&ybéﬂﬁ BeBLyl He-tiRianwd - prapy! 2-t hi enyl |
-butyl 2-Turyl 2- met hoxyet hyl 2-fur lcrotéé -furylgfogggt | 2- Curyl cycl ohexyl 0
-, a c---,eléewh%rﬁﬁ%%b%%%dhﬁr g1 RFEORRS. ORf & §PEHRING. 4 25 44-1
26 33-2 Rrobeciizd 2 A S1t132s 331 8DA359 86h§Arde3H ekbrdd 92x68-&xr59-2 54-3
58-3 58-4, 59-1 J39-12,6053, 70¢ 8268241 24t 4x2Qel 12132572 L4168
2-fury|1?§ggfe€%%£§¥2-%$%pylZ?fgfyﬂ3-bu?ynﬁlPheﬁégn%bﬁ?glfi<%ﬁyl(isobutenyl
)i sobut eBlpRARbuUt yI | sobut enyl i - but yl i sobut enyl et hyl i sobut enyl neopent yl i sobut
enyl i -propylisobutenyl allylisobutenyl PhCHz-i sobut enyl TMSCHz- i sobut enyl t - but

yl i sobut enyl t-butylisobutenylt-butylisobutenylt-butylisobutenylt-butylisobu
tenylt-butyl 2-thienylt-butyl HOQI



Keto 1t0 Hti HOH acetoxy ti HN,,5 vs NC- U 92 Exanple Conmpound XJ (Xid%);

Ro~R R, R
4369- 1phenyl t-butyl 11 9469-22-furylt-butylil 4575-12-thienylt-butyl keto
HA4674- 3phenyl t - but yl ket o

HA772-22-tl ~ienyl t-butyl fl 4872-32-furylt-butylli4972-4phenylt-butyl H5069- 32
-thienylt-butyl HO-5169-42-furylt-butyl 1i 0-5271-12-t hi enyl t-butyl 5371-32-fur
yl t-butyl 5471- 4phenyl t - but yl 5567- 3phenyl t - but yl -
- OH5670- 22-t hi enyl t-butyl -OH - OH5770- 3 Ofurylt-butyI-CH

- OH5864- 4phenyl t - but yl - O i 5965- 1phenyl T -butyl - O i 6065- 2phenyl t - but yl - OH6165
- 3phenyl t - buﬁyLC§&0N6%§§Eﬁphqpylt but yl - OH6366- 1phenyl t - but yl - OH6466- 2pheny
lt-butyl-Qti~H 1 11 _acetoxy acetoxy H Hti 3-nethoxybenzoyl 3-methybenzoyl
3-chl orobenzoyl 3-trifl uoromethyl benzoyl 4-methoxybenzoyl 4schlorobenzoyl
4-fl uorobenzoyl a N -J.Gd C- N Exanpl eConpoundX~¥l oRl o. ﬁi,OH

R ,, R=6568- 1ph&nyl t -t yA/- 03i 2-tri fl uor onet hyl benzoyl\6668- efyl t-butyl -

- 2- met hyl benzoy X3- 4pNepyl pHbut yl - OH3, 5-bi s(triflu , 20y|6874-
1phenyl t - BiR >, di ny | benzoyl 6950- 3i sopr opyt et ) offr opyl t - bu
tyl 7150- 4i sopr op -bﬁt 51- | i Bogtidhby| 2- et hyl - pr opk opr opyl i so

c '3-3rsqgroperhCH27654 4i so nyl 7757-
4|sopropylcrotyl’85&§2ls~- pyl c§ftdOheexyl 7960- 2i sopr op et hyl 8058
-1|sopropylne§pent§4 -\Li_ Sgpr opyl TM5CHz- 8256- 2cyc| P 19- 1cycl o
propyl t-butyl 4 cyc opropyl n-butyl AWCJ G~ --1T"T i c ~r i ~~ vV
- " HJ~1 dTi CuaqdE- SS9®- CT~TTpT~Cuai i dV- TVSOTT~Cdozd- rEyluan TVVOCT~anq zT~Cu
aydY- A Tl C~ng- aT~Cuac~dZ-VLZO G- ZHISW | . T~a~[ oTa~aE- LSTO

6T~TTpT~a~l oTa~0T- Z9L6T~Cdo~d-i Ti CxayoTor Cob- gvV96T~Canq-i T. To~CoZ-8>i S
6T. Cang- aTUxauoTo~Co- 8V56Ti C~ng- ~T~CxauoTo~i oE- G i E6TAqaaT. {xaub] a~Ca5- | SZ6
T~C-ng- aT~CauadoTo~CoT- T9T6T~ang- aT~anqoTo~Ca- | 906T~~ng- aT~anq- aZ- T968- Zi i J
qdT~Cdo~doTo~CoV- Z988T~TTpT~Cdo. zdoTo~CoV- 9SL8TAdO. zd- i ~Cdo doTal Ca- Z998T~
Cang- TT~Cdo. zdoTo~Col -E9S8 " .' ~C~LII~Cl.CrU | ~I.

HOh

Alternatively, the Cl3 hydroxy group of 7-
protected-9fB-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, to enable
further selective manipulation of the various
substituents of the taxane. For example, reaction of
7,13-protected-9B-hydroxy derivative 7 with KH causes the
acetate group to migrate from Cl0 to C9 and the hydroxy
group to migrate from C9 to Cl0, thereby yielding 10-
desacetyl derivative 8. Protection of the Cl0 hydroxy
group of l0-desacetyl derivative 8 with triethylsilyl
vields derivative 9. Selective removal of the C13
hydroxy protecting grour from derivative 9 yields



210

~ 0TX Tg punodno~ aZdTUexg Exanple Conmpound X, Xia Rio. R9. R7. Rz »ililll
10747- 4phenyl 3- but ynyl 10855- 2phenyl cr ot yl 10942- 2phenyl cycl ohexyl 11048- 1phen
yl 1, 3-di et hoxy- 2- propyl 11155- 1phenyl 2- met hoxyet hyl 11242- 1phenyl neopent yl 113
73-23-furylt-butyl 11973-33-thi enyl t-butyl 11566-49-pyridylt-butyl 11667-12- py
ridylt-butyl 11773-13-pyridylt-butyl 11867-23- hydroxy-t-butyl met hyl 11961-4cyc
| ohexyl neopentyl 12028-Z4-ni tro-t-butyl phenyl 12128- 24-ni tr o- et hyl phenyl a m
~a .--, ~> r .~ ;~(;~r"'~~2 46 EXP. MPLE | 22 The taxanes of the preceding
exanples were evaluated in in vitro cytotoxicity activity against human
colon carcinoma cells HCT-116. CytotoxiLdity was assessed in HCT116 hunan
colon carcinonma cells by XTT _ _ . .

(2, 3- bi s(2- mei®BXY241Vipt £8- 5oswhiephar gHELBPLgheayicamdd caBoma |- 2H-tetra
zol i um hydr oxi de) -Rsgays( eudi-ehegetnake " Eval uation of a sol uble
tetrazoliunf formazan assay for cell growh and drug sensitivity in culture
usi ng human and other tunor cell lines", Cancer Res. 48:4827-4833, 1988).
Cells were plrtecradn4808cmel bs/well in 96 well microtiter plates and 24
hours | ater drugs were aggfled and serial diluted. The celds were incubated
at 37C for 72 hourg at |chOB|ne the tetrazoliumdye, XT, G#as added. A
dehydr ogenase enzyne hg reduces the XTT )e-8

light at 450 npyw Ptated speghsan
greater the absor b
are expressed as an
cell proliferation (HC RQr b L ¢
control cells. Except £.8 goypounds 67-2 (Exanpl e 118) 066: (Bxampl e 99),
and 48-1 (Exanple oI ﬁffi oripounds had an | CSo P8 85% h .
indicating that they ar® cytotoxically active. Conpounds 67-2 and 66 3 were
found to have an I Csa ofE§ubstant|aIIy nore than 0.3 and|48-1 was found to
have an |1 CSo of at |east "0.084. Ja~t LiU-47 WHAT Ik§+®wM IS 1. A
f3-lactam having the fornula: x5~r~/ o012 n 3 Xg X~ X3 erein X1 i s
-OX6 , -SX~, or -NX8X9 ; X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl; X3 and X4 are independently hydrogen, alkyl, yal kenyl, al kynyl,
aryl or heteroaryl; XSi s - COOXIo X6 is hydrogen, alkyl, alkenyl,

al kynyl , aryl, heteroaryMﬁEﬁ¥gzoxy protecting graoup; QH

QAC

QTES

TMSQtine TMSOte

TESCI

pyridine

HOtue




X., is alkyl, alkenyl) alkynyl, aryl, heteroaryl, or sulfhydryl protecxlng 2009
group; Xe is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl; X9 i*s’ an
am no protecting group; and Xlo is al kenyl or aryl. 2. The /3- | act am of
claiml1l wherein Xlo is allyl, crotyl, or benzyl. 3. The f3-lactam of claim
1 mherein X1 is -Ox6, and X6 is hydroxy protecting group. G.) li.r ! L~u

(, -48 4. The ,Qlactamof claim1 wherein Xl is -0OX6; X2 is hydrogen
or aI kyl; and X6 is hydroxy protectjng group. 5. The ,Qlactamof claim1l
wherein X1 is - OX6; X2 i s hydrogen or alkyl; X3 is hydrogen X4 is al kyl,
aryl or heteroaryl; ydro Clle up; lo is allyl,
crotyl, or benzyl. *A\SV% géc?é%%gélﬁn% gg’:][gjr ]l@}%ég(N ~~ . 1243 X4
X~ X3 X2 dmﬂr\eatm\)@. 15 e@X6be- BXPVided- NX838§9<1d>aZ-J|<m hyﬁrb@)en al kyl ,
al kenyl, al kyn a t gr oaryl h Qﬁﬂ3 alkenyl
al kynyl dai)%/é/trg% @%%\éggﬁt}% X3 srrg‘FE %%te * eo Q}fero XSi s -
COOXl o X@naidqaﬂm@e@roapkybn hbkeﬁﬁhctawhﬂwywemﬂwﬁd fmib@uaﬁybv hydroxy
protecti I s.a n
sul f hydr;%%t%ro eE‘cI%thn%]f ar o%lﬂﬂa Cﬁ%éﬁ )% d%%‘&%ﬂﬁ(d 351(]:5! Y?(re]ﬁ QQFéyny aryl,
het er oar )alcetxgcy-slmmh@Xpiopécplthgrgﬁoﬁﬁﬂm 10~30X0f¢2t¥a’¢y<:4191c)(l 0is
al kyl feghakmg %f%' N %@ drsn et byl e£ﬁ¥|c9
cyclopropyPg|%§yﬂ%¥§ﬂgkgong gq? 1¥ 1, 3d|ethok§ éy
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or other 9-desoxo-10-o0xotetracyclic taxanes hav1ng a Cl13
side chain.
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Reaction Scheme 4 illustrates a reactiodn in
which 10-D2B is reduced to yield pentaol 13. The C7 and
C10 hydroxyl groups of pentaol 13 can then be selectively
protected with the triethylsilyl or another protecting
group to produce triol 14 to which a C13 side chain can
be attached as described above or, alternatively, after
further modification of the tetracyclic substituents.
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vield derivative 16 having a new Cl0 acyloxy substituent.
Selective reduction of the C9 keto substituent of
derivative 16 yields 9R-hydroxy derivative 17 to which a
Cl3 side chain may be attached. Alternatively, the Cl1l0
and C9 groups can be caused to migrate as set forth in
Reaction Scheme 2, above.
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hydroxy group) by simply replacing 10-DAB with baccatin
III as the starting material. Derivatives of the
baccatin III and 10-DAB analogs having different
substituents at Cl0 and at least one other position, for
instance Cl1, C2, C4, C7, C9 and Cl3, can then be prepared
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-DAB 3 is
converted to the triol 18 with lithium aluminum hydride.
Triol 18 is then converted to the corresponding C4 ester
using Cl,CO in pyridine followed by a nucleophilic agent

(e.g., Grignard reagents or alkyllithium reagents).
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Deprotonation of triol 18 with LDA followed by
introduction of an acid chloride selectively gives the C4
ester. For example, when acetyl chloride was used, tricl
18 was converted to 1,2 diol 4 as set forth in Reaction
Scheme 7.

Triol 18 can also readily be converted to the
1,2 carbonate 19. Acetylation of carbonate 19 under
vigorous standard conditions provides carbonate 21 as
described in Reaction Scheme 8; addition of alkyllithiums
or Grignard reagents to carbonate 19 provides the C2
ester having a free hydroxyl group at C4 as set forth in

Reaction Scheme €.
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As set forth in Reaction Scheme 2, other C4

substituents can be provided by reacting carbonate 13

with an acid chloride and a tertiary amine to vield
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carbonate 22 which is then reacted with alkyllithiums or
Graignard reagents to provide 10-DAB derivatives having

new substituents at C2.

Scheme 9
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Alternatively, baccatin III may be used as a
starting material and reacted as shown in Rezction Scheme
10 ter being protected at C7 and Cl3, beaccatin III is
reduceld with LAH to produce 1,2,4,10 tetracZ 24. Tetraol
24 1s converted to carbonate 25 using Cl,CO0 znd pyridine,
carzcnate 25 1is acylated at Cl0 with an zcid chloride
vridine to produce carbonate 26 (as shzcwn) or with
acec:c annhydride and pyridine (not shown). 2Zcetylation

oI cartenate 26 under vigorous standard conZf:izions
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10-desacetoxy derivatives of baccatin III and
10-desoxy derivatives of 10-DAB may be prepared by
reacting baccatin III or 10-DAB (or their derivatives)
with samarium diiodide. Reaction between the tetracyclic
taxane having a Cl1l0 leaving group and samarium diiodide
may be carried out at 0°C in a solvent such as tetra-
hydrofuran. Advantageously, the samarium diiodide
selectively abstracts the Cl0 leaving group; Cl3 side
chains and other substituents on the tetracyclic nucleus
remain undisturbed. Thereafter, the C9 keto substituent
may be reduced to provide the corresponding 9-desoxo-9B-
hydroxy-10-desacetoxy or 1l0-desoxy derivatives as
otherwise described herein.

C7 dihydro and other C7 substituted taxanes can
be prepared as set forth in Reaction Schemes 11, 12 and

12a.
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As shown in Reaction Scheme 12, Baccatin III
may be converted into 7-fluorc baccatin III by treatment
with FAR at room temperature in THF solution. Other
baccatin derivatives with a free C7 hvdroxyl group behave
similarly. Alternatively, 7-chloroc baccatin III can be
prepared by treatment of baccatin III with methane
sulfonyl chloride and triethylamine in methylene chloride
solution containing an excess of triethylamine hydro-
chloride.
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REACTION SCHEME 13

HO HQin

HO1e

Recently a hydroxyvlated taxane (l4-hydroxy-10-
deacetylbaccatin III) has been discovered in an extract
of yew needles (C&EN, p 36-37, April 12, 1983).
Derivatives of this hydroxylated taxane having the
various C2, C4, etc. functiocnal groups described above
may also be prepared by using this hydroxylated taxane.
In addition, the Cl4 hydroxy group together with the C1
hydroxy group of 10-DABR 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 functional groups as

otherwise described herein in connection with the C2, C4,

C7, C9, Cl10 and C13 substituents.
The following examples are provided to more
fully illustrate the invention.
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Preparation of N-debenzoyl-N- (t-butoxyvcarbonyl)-3'-
desphenyl-2'-(3~furyl) taxol.

To 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 a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-1-{t-
butoxycarbonyl)-3-triethyl-silyloxy-4-(2-furyl)azetidin-
2-one (314 mg, 0.885 mmol) in 1.2 mL 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 beﬁween saturated agueous NaHCO, and 60/40
ethyl acetate/hexane. Evaporation of the organic layer
gave a residue which was purified by filtraticn through
silica gel to give 182 mg of a mixture coﬁtaining
(2'R,3'S)-2',7-(bis)-triethylsilyl-N-debenzoyl-N-(t~
butoxycarbonyl) -3’ -desphenyl-3’-(2-furyl) taxol and a
very small amount of the (2'S,3'R) isomer.

To a solution of 182 mg (0.171 mmol) of the
mixture obtained from the previous reaction in 11 mbL of
acetonitrile and 0.55 mL of pvridine at 0 °C was added
1.7 mL of 48% agqueous HF. The mixture was stirred at 0
°C for 3 h, then at 25 °C for 13 h, and partitioned

e e ueous sodium bicarbor i ethyl
between saturated aque d bicarbonate and ethyl
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10% #-& ()- 3 10%#-& ()- ,MO0%#- & ()-Z|[: b4 , 1098"3& ()-G
, 1098" 3&' () -dzetatddN \Rrdpokdtion of the ethyl acetate solution gave
143 mg of material which was purified by
recrystallization to give 133.0 mg (93%) of N-debenzoyl-

N-(t-butoxycarbonyl)-3’'-desphenyl-3'~(2-furyl) taxol.
m.p.155-156 °C; [a]?,,-73.0° (c 0.0065, CHCl,).

'H NMR (CDCl,, 300 MHz) & 8.11(d, J=7.1 Hz, 2H, benzoate
ortho), 7.63-7.46 {(m, 3H, aromatic), 7.41(d4, J=1.1 Hz,
1H, furyl), 6.38-6.31(m, 2H, furyl), 6.30 (s, 1lH, H10)},
6.23 (dd, J = 9.4, 9.4 Hz, 1H, H13), 5.67(d, J = 7.1 Hz,
1H, H2P), 5.3(4, J=9.3 Ez, 1H, NE), 5.22(d4, J=9.9 Hz, 1H,
H3’), 4,95 (d, J = 9.3 Hz, 1H, H3), 4.71 (br s, 1H, H2'},
4.42 (m, 1H, H7), 4.30 (4, J=8.2 Hz, 1lH, H20Qa), 4.16(d4, J
= 8.2 Hz, 1H, H20B), 3.82(4, J=7.1 Hz, 1H, H3), 3.29(d,
J=5.5 Hz, 1H, 2‘'OH), 2.56 (m, 1H, Hea), 2.47 (4, J=3.6
Hz, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.34 (m, 2H, H14), 2.24
(s, 3H, 10Ac), 1.90(m, 1H, H6P), 1.88 (br s, 3H, Meld),
1.70 (s, 1H, 1OH), 1.67 (s, 3H, Mel9), 1.34(s, 9H, t-
butyl), 1.25 (s, 3H, Mel7), 1l.14(s, 3H, Mel6).

EXAMPLES 2-121

Using the procedure set forth in Example 1
(except for the substituents of 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 X,, X,,, R;, Rs., Ry,, and Ry, are as
shown in the following table. Unless otherwise
indicated, R, is benzoyl, R,, is hydroxy, Ry, 1s keto, and

Riga 1S acetoxy. The structures were confirmed by NMR.
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EXAMPLE 122

The taxanes of the preceding examples were

evaluated in in vitro cytotoxicity activity against human
colon carcinoma cells HCT-116. Cytotoxicity was assessed
in HCT1l6é human colon carcinoma cells by XTT
(2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-

[ (phenylamino)carbonyl] -2H-tetrazolium hydroxide) assay
(Scudiero et al, "Evaluation of a soluble
tetrazolium/formazan assay for cell growth and drug
sensitivity in culture using human and other tumor cell
lines", 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 and serial diluted.
The cells were incubated at 37oC for 72 hours at which
time the tetrazolium dye, XTT, was added. A
dehydrogenase enzyme in live cells reduces the XTT to a
form that absorbs light at 450 nm which can be
quantitated spectrophotometrically. The greater the
absorbance the greater the number of live cells. The
results are expressed as an ICs;, which is the drug
concentration required to inhibit cell proliferation
(i.e. absorbance at 450 nm) to 50% of that of untreated
control cells.

Except for compounds 67-2 (Example 118), 66-3
{Example 99), and 48-1 (Example 110), all 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 an IC., of substantially more than 0.1 and 48-1
was found to have an IC;, of at least 0.084.
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WHAT I CLAIM IS:

1. A f3-lactam having the formula:

wherein

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

X, 1s hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heterocaryl;

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

X, is -COOX,.;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, hydroxy protecting group;

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

X; is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl;

X, 18 an amino protecting group; and

X,, 1s alkenyl or aryl.

2. The fB-lactam of claim 1 wherein X,, is allyl,
crotyl, or benzyl.

3. The fB-lactam of claim 1 wherein X, is -0X,, and X,
is hydroxy protecting group.

7
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4. The B-lactam of claim 1 wherein X, is -0X,; X, is

hydrogen or alkyl; and X, is hydroxy protecting group.

5. The B-lactam of claim 1 wherein X, is -0X,; X, is

hydrogen or alkyl; X, is hydrogen; X, is alkyl, aryl or

heterocaryl; X, is hydroxy protecting group; and X,, is allyl,

crotyl, or benzyl.

6. A f8-lactam having the formula:

wherein
X, is -0X,, -SX,,

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl, or

heterocaryl;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl or

heteroaryl;

X, is alkyl, alkynyl, or heteroaryl;

X, is -COOX,,;

Xs is hydrogen, alkyl, alkenyl, alkynyl, aryl,

heterocaryl, hydroxy protecting group;

X, is alkyl, alkenyl, alkynyl, aryl, heterocaryl, or

sulfhydryl protecting group;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,

heterocaryl;

X, is an amino protecting group; and
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X, 1is alkyl.

12. The B-lactam of claim 11 wherein X,, is methyl,
ethyl, cyclopropyl, iso- or n-propyl, cyclohexyl, 1,3-
diethoxy-2-propyl, 2-methoxy-ethyl, amyl, neopentyl, n-
butyl, iso-butyl or tert-butyl.

13. The B-lactam of claim 11 wherein X, is hydrogen or
alkyl.

14. The fB-lactam of claim 11 wherein X, is hydrogen or
alkyl; X, is hydrogen; X, is alkyl, alkenyl, aryl or
heteroaryl; and X,, is methyl, ethyl, cyclopropyl, iso- or
n-propyl, cyclohexyl, 1,3-diethoxy-2-propyl, 2-methoxy-
ethyl, amyl, neopentyl, n-butyl, iso-butyl or tert-butyl.

15. A fRB-lactam having the formula:

wherein
X, is -0X,, -SX,, or -NX,X,;
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X, is -COO0X,,;
X¢ is hydrogen, alkyl, alkenyl, alkynyl, aryl,

hetercaryl, hydroxy protecting group:;

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

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heterocaryl;

X, 1s an amino protecting group; and
X0 is alkyl.

16. The B-lactam of claim 15 wherein X,, is methyl,
ethyl, cyclopropyl, iso- or n-propyl, cyclohexyl, 1,3-
diethoxy-2-propyl, 2-methoxy-ethyl, amyl, neopentyl, n-
butyl, iso-butyl or tert-butyl.

17. The B-lactam of claim 15 wherein X, is -0X,, and X
is hydroxy protecting group.

18. The B-lactam of claim 15 wherein X; is -0X,; X; is
hydrogen; X, is alkyl, alkenyl, aryl or' heteroaryl; X, is
hydroxy protecting group; and X, is methyl, ethyl,
cyclopropyl, iso- or n-propyl, cyclohexyl, 1,3-diethoxy-2-
propyl, 2-methoxy-ethyl, amyl, neopentyl, n-butyl, iso-butyl
or tert-butyl.



