1 NOVEL TAXANES HAVI NG A FURYL OR THI ENYL SUBSTI TUTED SI DE- CHAIN AND
PHARMACEUTI CAL COVPCSI TI ONS CONTAI NI NG THEM BACKGROUND OF THE | NVENTI ON The
present invention is directed to novel taxanes which have utility as

antil eukem a and antitunor agents. The taxane famly of terpenes, of which
taxol is a nenber, has attracted considerable interest in both the

bi ol ogical , and chemcal arts. Taxol is a prom sing cancer

chenot herapeutic agent with a broad spectrum of antileukem c and
tunmor-inhibiting activity. Taxol has ag 2'R, 3'S configuration and the
follomdng structural fornmula: OAc la 0 C6HSCONH O Il is CHIxXx _ 1Qs "v
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BACKGROUND QF THE INVENTION
The present invention is directed to novel
taxanes which have utility as antileukemia and antitumor

L]

agents. _
The taXane family of terpenes, of which taxol
is a member, has attracced considerable interest in both
the blologlcal and chemical arts. Taxol is a promising
- cancer chemctherapeutlc agent with a broad spectrum of
L antileukemic and tumor-inhibiting activity. Taxol has a
2'R, 3'S configuration and the following structural

formula:
OAc
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CeHsCONH &\ ' oH
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o wherein Ac is acetyl. Because'Of thie promising

activity, taxol is currentlv undergOLng cllnlcal trials
in both France and the United States. o

. Colin et_el reported in U S. Patent No.
4,814,470 that taxol'derlvatlves hav1ng structural
formula (2) below, have an aetivity_significantly greater
than that of taxol (1l). | '



in both France and the United States. Colin et al. reported in U S. Patent
No. 4,814,470 that taxol derivatives having structural fornula (2) bel ow,
have an activity significantly greater than that of taxol (1). 2 OH RO O
CH3 Co-0 2°CHR 1 =0C6H5 CHR'"' OHH3 OCOCH3 OCOC6H5 (2) R
represents hydrogen or acetyl and one of R' and R111 represents hydroxy and
t he other represents tert-butoxy- carbonylam no and their stereoisoneric
forms, and m xtures thereof. The conpou of formula (2) in which R is
hydrogen, R' is hydroxy, R'' is tert-butoxycarbonylam no having the 2'R,
3'S configuration is commonly referredofo t &¢otere. Al though taxol and
taxotere are prom sing chenot herapsg e they are not universally
effective. Accordingly, a need remai R 4 al chenot herapeutic
agents. SUMVARY OF THE | NVENTI ON Anop e, obj ectsjof the present invention,
therefore, is the provision ofggigwe rivati ves

|
2']CH_R!I
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3 \ 0COCH,
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R’ represents hydrogen or acetyl and one of R’/ and R" "'
N represents hydroxy and the other represents tert-butoxy-
carbonylamino and their sterecisomeric forms, and
mixtures thereof. The compound of formula (2) in which
R’ is hydrogen, R’‘’ is hydroxy, R’’’ is
tert-butoxycarbonylamino having the 2'R, 3’S
configuration is commonly referred to as taxotere.

Although taxol and taxotere are promising

chemotherapeutic agents, they are not universally
effective. Accordingly, a need remains for additiomnal
chemotherapeutic agents.

SUMMARY OF THE INVENTION

among the objects of the present invention,

O

therefore, is the provision of novel taxane derivatives
which are valuable antileukemia and antitumor agents.

Briefly, therefore, the present invention is
directed to taxane derivatives having a C1l3 side chain
which includes a furyl or thienyl substituent. 1In 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 a Cl3 side
chain which includes a furyl or thienyl substituent. In a preferred
enbodi nent, the taxane derivative has a tricyclic or tetracyclic core and
corresponds to the fornula: 3 Rboa 18 Ro/RO X4 X3 0 ROa R7 11 a 9 19
XS\N 3 Z 11\01111 19 1s 17 R7a | fi d HX2 X\14 1z 3 Rd 4 s R4 R RSa
RR2a RA RS 14a R R4 (3) wherein X1 id -OX6, -SX' or -NX8X9; X2 is

hydr ogen, al kyl, al kenyl, alkynyl, aryl, or heteroaryl; X3 and X4. are

I ndependent |y hydrogen, al kyl, alkenyl, alkynhy}, aryl, heteroaryl, acyl or
het ero- substituted al kyl, al kenyl, alkygyly/ggyl or heteroaryl, provided,
however, that X3 and X4 _are not botlke acyl ;10 J

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

or heteroaryl;

X, and X, are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, acyl or hetero-
substituted alkyl, alkenyl, alkynyl, aryl or hetercaryl,
provided, however, that X; and X, are not both acyl;

X, 1S -COX.,,, -COOX,,, -COSX,,, -CONX,X,,,
or -S50,X;,;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
hetercaryl, hydroxy protécting group, or a functional
group which increases the water solubility of the taxane

‘ derivative;
C;) : X, is alkyl, alkenyl, alkynyl, aryl, hetercaryl,
or sulfhydryl protecting group;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or heteroaryl;

X, 1s an amino protecting group:;

X;, is alkyl, alkenyl, alkynyl, aryl,
heterocaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or heterocaryl:;

¥X,; is alkyl, alkenyl, alkynyl, aryl,
hetercaryl, -0X,,, or -NX,X,,;

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



X5 is -COX10, -COOX10, -COSX10, -CONX8X10, or -S@2X11; X6 is hydrogen,

al kyl, al kenyl, al kynyl, aryl, heteroaryl, hydroxy protecting group, or a
functional group which increases the water solubility of the taxane
derivative; J X7 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or

sul fhydryl protecting group; X8 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or heterosubstituted al kyl, alkenyl, alkynyl, aryl or
heteroaryl; X is an am no protecting -group; X10 is al kyl, al kenyl, alkynyl,
aryl, heteroaryl . or heterosubstltuted al kyl, al kenyl , aIkynyI aryl or

heteroaryl; X11 is al kfhe i Wog%rkﬁiﬁylrarﬂsﬂlkemﬂet e&]d@zﬂwlr -y, or

- NXOX14; ~ X14 oS h@)ﬁ@&%ﬁ%@fl a'h'@ﬂ'rox@'l k@&bltec%l@ywdr lor RIgdiglsroaryl; 4
R14 is hydro al'k ynyl, aryl, heteroar;ﬁ hydr oxy,

€ en
pr ot ect ed hygﬂﬁky g?ﬁ@%t%e?ZrVP?%t?ﬂ forns a carbonate Rl4a i s hydrogen

al kyl, alkenyl, al kynyR,,,atgl hydeeghat eadryyl ; aRkOnis , hydkeaen  oariaget her
W th RlOa forns an__oxo. -R10a i s hydrogen, -CCCR29, hydr oxy, or protected

hydr oxy, or nggFﬁgfoﬁfyﬁ R10 fornms an 0xo;

R,, is hydrogen or together with R,,, forms an
0OXO0;

Ri0a is hydrogen, -OCOR,,, hydroxy, or protected
hydroxy, or together with R,, forms an oxo;

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

0OX0;
{:} Ry, is hydrogen, hydroxy, protected hydroxy,
; acyloxy, or together with R, forms an oxo;

R,, is hydrogen or together with R, forms an
0X0; '

"R, is halogen, protected hydroxy, -OR,,, or
together with R,, forms an oxo;

R; is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl, hydroxy, protected hydroxy or‘together
with R,, forms an oxo;

R¢, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl, hydroxy, protected hydroxy or together
with R, forms an oxo;

(\\ R; is hydrogen or together with R,;, forms an
e ’ : - ’

oxX0;

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, together with R,, forms an oxo,
or together with R,, and the carbon atoms to which they
are attached form an oxetane ring;



RO is hydrogen or together with Rga fornms an oxo; R9a is hydrogen, hydroxy,
prot ected hydroxy, acyloxy, or together with RO forns an oxo; R a is.
hydrogen or together with R7 fornms an oxo; .R7 is hal ogen, protected
hydroxy, -OR28, or together with R7a forns an oxo; R6 is hydrogen, alkyl,
al kenyl , al kynyl, aryl, or heteroaryl hydr oxy, protected hydroxy or
together wth R6a forns an oxo; R6a is hydrogen, alkyl, alkenyl, alkynyl,
aryl, or heteroaryl, hydroxy, protect%d hydroxy or together wth R6 forns
an oxo; R is hydrogen or together with Rsa fornms an oxo; Rsa is hydrogen,

Logethar i the - R andBens S oS me T8 bl 2hEERED” aP e aEY Ached hor m an

oxs%agg ringheﬁﬁrbargydroganp t@gﬁ%@my§y10CGMQJfo:PSOﬁﬁ;bfﬁ wigh ﬁogfther

Wi a an c a | e attached form an oxet ane
féPﬁ 8hP81° ﬁ%‘iF’a rceq t@ﬁ)ﬁkr?é

ring; 5 R' dr ogen, al ken ynyl, a%y heteroaryl cyano,
hydr oxy, - or thelﬁéWY@I@%e¥% hy@EREYan 96X o’ srane or met hyl ene:

R is hydrogen, hydroxxéa Qly 1R en Rr dskdydesgenner akangt ogether with
R, forns an oxo;

R, is hydrogen, hydroxy. protected.hydroxy;

R,s is hydrogen, acyl, hydroxy protecting group
or a functional group which increases the solubility of
the taxane derivative; and

R.s, Riy, and R,, are independently hydrogen,
alkyl, alkenyl, alkynyl, monocyclic aryl or monocyclic
heterocaryl; and at least one of X,;, X, and X,, 1s furyl or
thienyl.

O

Other objects and features of this invention
will be in part apparent and in part peinted 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

(J) trimethylsilyl; “TPAP" means tetrapropylammonium
perruthenate; "DMAP' means p-dimethylamino pyridine;
"DMF* means dimethylformamide; "LDA" means lithium
diiscopropylamide; "LAH" means lithium aluminum hydride;
"Red-Al" means sodium bis(2-methoxyethoxy) aluminum
hydride; FAR means 2-chloro-1,1,2-trifluorotriethylamine;
"AIBN" means azo-(bis)-isobutyronitrile; "10-DAB" means
10-desacetylbaccatin III; protected hydroxy means -OR
wherein R is a hydroxy protecting group: sulfhydryl
protecting group" includes, but is not limited to,
hemithioacetals such as l-ethoxyethyl and methoxy-methyl,

thicesters, or thiocarbonates; "amine protecting group"”

includes, but is not limited to, carbamates, for example,



an oxo; R is hydrogen, hydroxy, protected hydroxy; Rte is hydrogen, acyl,
hydr oxy protecting group or a functional group which increases the
solubility of the taxane derivative; and R29, R30, and R,, are

i ndependent |y hydrogen, al kyl, al kenyl, alkynyl, nonocyclic aryl or
nonocyclic heteroaryl; and at |east one of X3, X4 and X10 is furyl or
thienyl. OQther objects and features of - this invention wll be in part
apparent and in part pointed out herginafter. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS As used herein "Ar" means aryl; "Ph" neans phenyl;

"Ac" means QCQtthr'iEh %éﬂﬁy?&ﬁ!‘ba aRe @a&%rtﬁwlw%ﬁ@ewﬂ@e

def i ned,; "Bu geans E "Pr'  nmeans. ﬁ§ A ES" neans triethylsilyl;
"TMB" neans' DYEFREY hpFeFEGFing TPARY PR 1@9@Fap IEnfsH P PeRY ut henat e
" DMAP" neangaop- dtnﬁfbybaahn@spmétdyme,-—bDwEl nm&m&ydjnethylfornan1de " LDA"
means |ithium |so amde; "L t-hi m num hydri de;
"Red- Al " nmeRn&ey %2 ﬁe?ﬁ5§9§Fﬁon§ %ﬂ&%lnu#g] i de; FAR neans
2-chzgro;1 me§h®xyméqhyb}rme?hgkﬁﬁtpexymeAhBNé gﬁ@mgyeﬁzgl tetrﬁ]l

azo- (bis)-i il e - : ;
prot ect ed h@g Pé%y9£ﬁ%1 %Ffr%ﬁgg@gthgggg§gn% r%%%pg%%ieg§?%§'gﬁbup,
sul f hydryl ephreracsiay @ssowpmeﬁbmaééylbmtheg né&illgtivlad lvd, ether,

heni t hi oaceg ahse SUCh-@Bs 41 1h@%ﬁ@&hytrameoﬁ@bbgmlmmémezt higesters, or

thlOcarbonatfgut§fggmethylsf§§ingtger, esters such as benzoyl,
acetyl, phenylacetyl, formyl, mono-, di-, and
trihaloacetyl such as chloroacetyl, dichloroacetyl,

<:> trichloreoacetyl, trifluorcacetyl; and carbonates '
including but not limited to alkyl carbonates having from
one to six carbon atoms such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, t-butyl; isobutyl, and n-pentyl;
alkyl carbonates having from one to six carbon atoms and
substituted with one or more halogen atoms such as
2,2,2-trichloroethoxymethyl and 2,2,2-trichloro-ethyl;
alkenyl carbonates having from two to six carbon atoms
such as vinyl and allyl; cycloalkyl carbonates have from
three to six carbon atoms such as cyclopropyl, cyclo-
butyl, cyvclopentyl 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 be found in “Protective
Groups in Organic Synthesis" by T. W. Greene, John Wiley
and Sons, 1981.

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

The alkenyl groups described herein, either
alone or with the various substituents defined



I ncludes, but is not limted to, carbamates, for exanple, 6
2,2,2-trichloroethyl carbamate or tertbutyl-carbamace; and "hydroxy
protecting group” includes, but is not limted to, ethers such as nethyl,
t-butyl, benzyl, p-nethoxybenzyl, p-nitrobenzyl, allyl, trityl,

met hoxynet hyl , met hoxyet hoxynet hyl, ethoxyethyl, tetra- hydropyranyl,
tetrahydrot hi opyranyl, and trialkylsilyl ethers such as trinethylsilyl
ether, triethylsilyl ether, dinethylarylsilyl ether, triisopropylsilyl
ether and t-butyldinmethylsilyl ether; " esters such as benzoyl, acetyl,
phenyl acetyl, fornyl, nono-, di-,_ar r.i hal o tyl such _as .chl oroacetyl,
di chl or oacetlgl tel r%/l?%'ﬁ? o?B%c%f?F?rggg*'l ESWSEC%?%%ny&ngc’@&l’aﬁ&%ﬁges 5Mel udi ng
but not |inmtwed to sikytachobhoaates havihg promcipré thasirx agwd bun =t ons

such as met gi’ﬁ%%%b%@?ﬂéppy&'he i@ggrﬂeyguaigwcybr e iaﬁgtﬁ yl, and

n- pentyl ; ({ _ ates havin mone to §ix carbon atoms an
substi t ut ed a#d Honkeudr ephenhhl cgEPPENvHs s8€RTraFenyl, butenyl,

2,2, 2-trichl grastdoxynethyleand 2.4 2ehei chkero-ethyl; al kenyl carbonates
having fromtwo to six_carbon atons such _as vlgél End allyl;. cycloalkyl
carbonat es have from T e2l g%} xIEArBBnEE 6B LS e&§l@ycﬁﬁﬁ§%ﬁyl, cycl o-

butyl, cycl epeteylomned €y cliodbexytioasdspbenytuentbedzayh nedatzanralres
r nitro.

S her hyds oA Tov (ARG SR aHRHES pF DEEETE nGOBF 854 g 68 AT n
"Protective si® amgprpam rgesin Syme esis¢ipyl TchdnGaadnep tohdSWIley and
Sons, 1981'carbon atoms. They may be straight or branched chain and
(i} ' include ethynyl, propynyl, butynyl, isobutynyl, hexynyl,

and the like.

The aryl moieties described herein, either
alone or with various substituents, contain from 6 to 15
‘carbon atoms and include phenyl.  Substituents include
alkanoxy, protected hydroxy, halogen, alkyl, aryl,
alkenyl, acyl, acyloxy, nitro, amino, amido, etc. Phenyl
is the more preferred aryl.

The heterocaryl moieties described herein, '
either alone or with various substituents, contain from 5
to 15 atoms and include,.furyl, thienyl, pyfidyl and the
like. Substituents include alkanoxy, protected hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy., nitro,

<27 amine, and amido. ' .
| The acyloxy groups described herein contain
alkyl, alkenyl, alkynyl, aryl or hetercaryl groups.

The substituents of the substituted alkyl,
alkenyl, alkynyl, aryl, and hetercaryl groups and
moieties described herein, may be alkyl, alkenyl,
alkynyl,'aryl, hetercaryl 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



The al kyl groups described herein, either alone or with the various
substituents defined herei nabove are preferably |ower alkyl containing from
one to six carbon atons in the principal chain and up to 15 carbon atons.
They may be straight or branched chain and include nethyl, ethyl, propyl,
| sopropyl, butyl, hexyl and the |ike. The al kenyl groups described herein,
either alone or with the various substituents defined 7 hereinabove are
preferably | ower al kenyl containing féi two to six carbon atons in the
princi pal chain and up to 15 carbon "atons. They nmay be strai ght or branched
chain and i Iude hen nyl Rpeny b .1 sobut enyl
hexenyl , ant rﬁ% :q%éf qﬁ& %%ﬁ%% esc$| % %égggﬁmoelther alone or
with the vagamkﬁfﬂﬂihannuhuQiQhﬁqakxh¢ﬁﬂ%n¢¥ mbpveean edprefBrably ihower
al kynyl cont:gai n i, pal chain and
RAIAY Sh %H“:’ﬁ‘gﬂ;yl AN L4 Eﬂédﬁﬁtﬁsa 8

up to 15 e stralg t or” branche ain and _include
et hynyl , ﬁ@ﬁ?@ﬂs QﬁnﬁﬁnylJ'léﬁﬂd£¢H¥LrJﬁéxy%¥l 4748 T helPBke. aThe aryl

noi eti es d@ﬁ@:ralnb%@nf&rzeldénelltﬁ}fgs earmlexs)rcdmsé:maxéou@ gubstituents,
contain from#@6,to 15 carboq at%gs and |nclude phenyl . Substituents include

al kanoxy, aryl, alkenyl, acyl, acyl oxy,
nitro, amno, anido, ﬂﬂwbnéPMNmﬁdlménﬁfufrﬁheagreéemteﬁnaéutloﬁhetheteroaryl
moi eti es d%S%EEQ%uen reb% the cyclic nucleus of the taxane (other

than the Cl3 substituent) correspond to the substituencs

present on baccatin III or 10~-DAB. That is, R, is
N hydrogen, R,,, is hydroxy or acetoxy, R, and R;, together
form an oxo, R,, is hydrogen, R, is hydroxy, R; is
hydrogen, R;, and R, and the carbons to which they are
attached form an oxetane ring, R,, 1s acetoxy, R;, 1s
hydrogen, R2 is benzoyloxy, and R, is hydroxy and the C13
side-chain substituents (X,-X,;) are as previously
defined. Preferably, X; is -OH, X, is hydrogen, X, is
furyl or thienyl, X, is hydrogen, X; is -CQX,, or ~-COOX,
and X,, is alkyl, alkenyl, alkynyl, aryl, furyl, thienyi
or other heteroaryl and the taxane has the 2'R, 3'S
configuration. In a particularly preferred embodiment, X,
is furyl or thienyl, X, is hydrogen, X; is -COX,, or -COQX;.
and X;, is furyl or thienyl, alkyl substituted furyl or

O

i

thienyl, tert-, iso- or n-butoxy, ethoxy, iso- or n-
Propoxy, cyclohexyloxy, allyloxy, crotyloxy, 1,3-
diethoxy-2-propoxy, 2-methoxyethoxy, neopentyloxy,
PhCH,0-, -NPh,, -NHnPr, -NHPh, or -NHEt.

In other embodiments of the present invention,
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 or -OCOR,, wherein R,; is hydrogen, alkyl or
selected from the group comprising



either alone or with various substituents, contain from5 to 15 atons and

i nclude, furyl, thienyl, pyridyl and the |I|ike. Substituents include

al kanoxy, protected hydroxy, halogen, alkyl, aryl, al kenyl, acyl, acyl oxy,
nitro, C amno, and am do. The acyl oxy groups described herein contain

al kyl , al kenyl, al kynyl, aryl or heteroaryl groups. The substituents of the
substituted al kyl, al kenyl, alkynyl, aryl, and heteroaryl groups and

noi eti es described herein, may be alkg al kenyl, al kynyl, aryl, heteroaryl
and/ or may contain nitrogen, oxygen, sulfur hal ogens and i ncl ude, for
exanpl e, | ower_, al koxy such as mnet hoxy, ethoxy, but oxy, hal ogen such as
chloro or flugro, nitro, amno, and keto. In accordance with the present

i nvention, itAbhas been di seqverzed that' npounds Cor rie _Rdi ng to
structural f | a 3 shom1 ties, in 8 Vi and are

val uabl e ant kem a and turmr 2 -- 5__Their .Dlologrenl activity has
been determindd in *vitro, Using tubul i A asséys accordlng fo the nethod of
Parness at al.l, J. Cell Biollow, 91: 479-487 (1981) and hulman cancer cel
lines, and is conparable to that exhibited by taxol and taxotere. In one
enbodlnentaﬁdtﬁuaqwaﬁkyﬁ,|hmdrmxxnlalhexysubsﬂpgaemt§roﬁrﬂm§wgnﬂﬂc nucl eus
of the taxapgyptherg S ugnt e e
substituents régésent ﬁg%a%€§?§a§???9 Eh§0§tm\a§0%é 59898 1% ?2 hydr ogen,

R100 i s hydisiep:at. doet @y, TR hwverawen tatther may be acetoxv or

other acyloxy or Ry, and Ry, may be oxo, X; may be selected

from isobutenyl, isopropyl., cyclopropyl, n-butyl, t-

(:) butyl, cyclobutyl, amyl cyclohexyl, furyl, thienyl,
pyridyl or the substituted derivatives thereof, X: may be
-COX,, or -CO0X;, and X,, may be selected from furyl, '
thienyl, alkyl substituted furyl or thienyl, pyridyl,
tert-, iso- or n-butyl, ethyl, iso- or n-propyl,
cyclopropyl, cyclohexyl, allyl, crotyl, 1,3-diethoxy-2-
propyl, 2-methoxyethyl, amyl, neopentyl, PhCH,0-, -NPh,,
-NHnPr, -NHPh, and -NHEt. | '

Taxanes having the general formula 3 may be
obtained by reacting a B-lactam with metal alkoxides
having the taxane tricyclic or tetracyclic nucleus and a
C-13 metallic oxide substituent to form compounds having
a R-amido ester substituent at C-13. The R-lactams have

ﬁb the following structural formula:
X 0
5
SN
1 2
4 3
X, —-X,
XB X2
wherein X, - ¥X; are as previously above.

The R-lactams can be prepared from readily
available materials, as is illustrated in schemes A and B

below:



forman oxo, R ais hydrogen, R is hydroxy, RS is hydrogen, Rsa and R4 and
the carbons to which they are attached forman oxetane ring, Rda is
acetoxy, Rea is hydrogen, R2 is benzoyloxy, and R is hydroxy and the C13
side-chain substituents (X1-X11) are as previously defined. Preferably, Xl
is -OHL X2 is hydrogen, X, is furyl or thienyl, X4 is hydrogen, X5 is

- COX10 or -COOX10, and X10 is al kyl, alkenyl, alkynyl, aryl, fury!, thienyl
or other heteroaryl and the taxane has the 2'R, 3'S configuration. In a
particularly preferred enbodinent, X. 18 furyl or thienyl, X4 is hydrogen
X5 is -COX10 or -COOX.c¢ and X1Cis furyl or thienyl, alkyl substituted
furyl or thi epHemet @n-, i1s0- or n-butoxy, ethoxy, iso- or n- propoxy,

cycl ohexyl oxy, al Tyl oxy, crotyloxy, 1,3- diethoxy-2-propoxy,

2- met hoxyet hoxy, neopentyloxy, PhCH O, -NPh2, -NHA®C_-NHPh, or -NHEt. In
ot her enbodi ments of9 t he presept invention, the taxane 8 Structure

which differs f60n1that of také Vge e W th?egpg g the Cl3 side
chai n and giother subgtitue or exanple, ¥ gy be  hydroxy

or -OCOR71 erein RJ1 is hydrogdn, alk

p %%LHectedfrom |—grdup
conprising 90z Zz z 9-" z , and Oand Z is alky

|, hydroxy, alkoxy,

hal ogen, or trifluoro- nethyl. R9a may be hydrogen and R9 ydr ogen or

hydr oxy, Rl10a may be hydrogen and R10 rmay be acetoxy or X QAc

b
7. X Q ~ ys 0
-

- 7,

X3 J' ///OAc

*3




ot her acyloxy or RIO and RIGa may be oxo, X, may be selected from

| sobut enyl, isopropyl, cyclopropyl, n-butyl, t- butyl, cyclobutyl, anyl

cycl ohexyl, furyl, thienyl, pyridyl or the substituted derivatives thereof,
XS may be -COX10 or -COOXI O and X10 may be selected fromfury!, thienyl,

al kyl substituted furyl or thienyl, pyridyl, tert-, iso- or n-butyl, ethyl,
I so- or n-propyl, cyclopropyl, cyclohexyl, allyl, crotyl, 1,3-diethoxy-2-
propyl, 2-nethoxyethyl, anyl, neopentyl, PhCH O, -NPh2, -NHnPr, -NHPh, and
-NHEt . Taxanes having the general fornmuha 3 nmay be obtained by reacting a

Glactamw th netal al koxides having the taxane tricyclic or tetracyclic

nucl eus and a Sd&ehid: retallic oxide substituent to form conpounds havi ng
S-am do ester substituent at C-13. The Z-lactanms have C the follow ng

structural

formula: X5"" 0 z Nr X X X3 X2 wherein X, - X5 are as

previ ously above.oThe E-lactans can be pyepared fromreadily avail able

materi al s,y

X4C N |

a

f

{ OEt —_— X

| s//illustrated in schenes ﬁ*ane B beélow 10 Schene A CH30
0

Et

x3 X3

reagents: (a) triethylamine, CH,Cl,, 25°oC, 18h; (b) 4
equiv ceric ammonium nitrate, CH,CN, -100C, 10 min; (c}
KOH, THF, H,0, 0°C, 30 min, or pyrolidine, pyridine, 25
°C, 3h, (d4) TESCl, pyridine, 25 °C, 30 min or 2-

methoxypropene toluene sulfonic acid (cat.), THF, 0°C,
2h; (e) n-butyllithium, THF, -78 °C, 30 min; and an acyl
chloride or chloroformate (X, = -COX;,,), sulfonyl chloride
(X, = ~COSX,,) or isocyanate (X; = -CONX,X,); (£) lithium

diisopropvl amide, THF -7890C to -50eC; {g) lithium
hexamethyldisilazide, THF -78°C to 0°oC; (h) THF, -78°C to
25eC, 12h.

The starting materials are readily available.
In scheme A&, O-acetoxy acetyl chloride is prepared from
glvcolic 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

a



I I CI OX3\ CCH3 N ~ XOAc 3Ib XN~O HOHO ENcd N X4 77 X4 1//11Q
AC 3 XZ 3 X2 C11 Schenme B X ~0o x, oLi X2 Ot X2 r OBt HO X X, N7M
X3X4C0 9 X 3 3 X2 X4 1 Xg 0 \N/~ X411, x3 X2 reagents: (a)

triethylamne, CH2Cl2, 25C, 18h; (b) 4 equiv ceric ammoniumnitrate, CH3CN,
-100C, 10 mn; (c) KOH THF, H201 OC, 30 mn, or pyrolidine, pyridine, 25
C, 3h, (d) TESC1l, pyridine, 25 C, 30 min or 2 nethoxypropene toluene

sul fonic acid (cat.), THF, 0C
12

standard conditions familiar to those experienced in the
art to provide 3-hydroxy-4-arylazetidin-2-ones. In
Scheme B, ethvl-o-triethylsilyloxyacetate is readily
prepared from glycelic acid.

In Schemes A and B, X, 1s preferably -0X; and X,
is a hydroxy protecting group. Protecting groups such as
2-methoxypropyl ("MOP"), l-ethoxyethyl ("EE") are
preferred, but a variety of other standard protecting
groups such as the triethylsilyl group or other trialkyl
(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 resclved 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 R-amido ester side chain is
attached has the advantage 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

N ammonium oxide substituent have the following structural

-formula:




2h; (e) n-butyllithium THF, -78 C, 30 mn; and an acyl chloride or

chloroformate (Xs = -COX10), sulfonyl chloride (X; = -COSXl,) or isocyanate
(X; = -CONXBXIo); (f) lithium diisopropyl am de, THF -78C to -50C, (Q)
l'ithium hexanethyldisilazide, THF -78C to 0C, (h) THF, -78Cto 25C, 12h.
The starting materials are readily available. 1In scheme A a-acetoxy acetyl
chloride is prepared from glycolic acid, and, in the presence of a tertiary
amne, it cyclocondenses with imnes grepared from al dehydes and

p- met hoxyaniline to give |-p- nethoxy nyl - 3-acyl oxy-4- aryl azetidi n-2-ones.’

The p-net hoxyph group_can_ be read|I removed .t hr h oxjdation with
ceri c ammont ﬁFeﬁﬁtﬁate Brd He 3RVPORV' G Pﬁgg g&ﬁlﬁg%h%@FBWLzed under 12

st andard coadmprmaesfammbﬁ&hnt@rthasa.@ﬁmﬂﬁeapszma&l%eseaet:EG prowi de

3- hydr oxy- 4 e iLn-2- Qne: ie

et hyl - (x- trf ??é“% E8§§§é§%a Gr%uﬁé%ﬂ m%gﬁﬁ%x%§%da??o%¥% §ébﬁ|c acid. In
Schenes A annelt:&].leanQ preﬂfen:ablly, OX,, #w Wa, iK @ Hydr ox¥oprot ecting
group. Prot upg U hQXypr, p %) Lhoxyet hyl
("EE") are %Eé %??359 a%3§§%39% %%%other%ﬁ%ﬁﬁéﬁ%ﬁ%&o%%%??ng groups
such as thenﬂ¢l@@ﬁyﬁ§ﬂl9Prgﬁ§99ndﬁ sohéhe Stavsaurgbri@F)riasilyl groups
may be used. As noted above, C additional hydroxy protectlng groups and the
synthesis thereof may be found in "Protective groups in organic Synthesis"
by T.W G eene, John Wley & Sons, 198mnaTh% racem c B-lactans nmay be

resol ved into the

N, MOtHI

wherein M, R,, R,,, Ry, Ry, Ra, Ry, Ry, and R,,, are as
. previously defined. _

The alkoxideé can he 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 protected
baccatin III, in particular, 7-O-triethylsilyl baccatin
III (which can be obtained as described by Greene, et zl.
in JACS 110: 5917 (1988) or by other routes) or
7,10-bis-O-triethylsilyl baccatin III.

As reported in Greene et al., l0-deacetyl

O

paccatin III is converted to 7-O-triethylisilyl-10-
deacstyl baccatin III according to the following reacticn

scheme:



pure enantioners prior to protection by recrystallization of the
correspondi ng 2-nmet hoxy-2-(trifluoronethyl) phenylacetic esters. However,
the reaction described hereinbelowin which the Qam do ester side chain is
attached has the advantage of being highly diastereo- selective, thus
permtting the use of a racemc mxture of side chain precursor. The

al koxi des having the tricyclic or tetracyclic taxane nucleus and a C 13
nmetal lic oxide or anmmoni um oxi de substituent have the follow ng structural
fornul a: Rloa Rlo/ AS Asa R7 10 1s ¥* M111 11 / is 17 Rfa 15 B 7 \1, 6
R 23 R6a R4, RAsa 2a R5 4a Rl4a R2 Rq 13 wherein R are as
previously defined and M conprg'ses qa niumor is a netal optionally
selected from the group €oympri sxin 4% up A, Goup IlA and transition

HO --

OH

1. (C,Hg)4S1CH, CgHgN

2. CHLCOCIH, CgHgN

@,

CH

HO --

{(4) a, R=H
b, R=COCH,
Under what is reported to be carefully optimized
conditions, l0-deacetyl baccatin III is reacted with 20
equivalents of (C,H;),SiCl at 23oC under an argon
o atmosphere for 20 hours in the presence of 50 ml of
pyridine/mmol of lo—deacetylybaccatin 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 4a at
0 oC under an argon atmosphere for 48 hours to proVide
86% yield of 7-0O-triethylsilyl baccatin III (4b).
Greene, et al. in JACS 110, 5917 at 5918 (1988).
The 7-protected baccatin III (4b) is reacted
with an organometallic compound such as LHMDS in a
solvent such as tetrahydrofuran (THF), to form the metal



metals, and preferably, Li, My, Na, Kor Ti. Mst preferably, the alkoxide
‘has the tetracyclic taxane nucleus .and corresponds to the struct ural
formula: 7 R OGa RQHC M Il R7a 4a whe rein M R, R4aL_R7 R7a, R' RO9a,
R10, and Rioa are as previously defined. The al koxi des. can be prepared by
reacting an al cohol having the taxane nucleus and a C 13- hydr oxyl group
with an organonetal lic conpound in a suitable solvent. Mst preferably, the.
al cohol is a protected baccatin Ill, in particular, 7-0-triethylsilyl
baccatin iii (which can be obtained as described by Gieene, et al. in JACS
110: 5917 (1988) or by other routes) or 7,10-bis-Otriethylsilyl baccatin
I11. As repankegtiide Greend iathialm-7 4D weiaediylsibatcascnathih I3Icasverted to

foaction SEREHE 14 TR G AP G Tt e YRS 13 B o

aR

17
14
E:QCHaosiCC2H533

CH,

LHMDS + HQ---13

@

,ﬁ
®

As showﬁ in the following reaction scheme)
13-0-lithium-7-0-triethylsilyl baccatin III reacts with a
RB-lactam in which X, is preferably -0X,, (X; being a
hydroxy protecting group) and X, - X, are as previouély
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 OCOCH3 (OCOCSH5 1. (C2HS)3Sid, C5HSN 2. CH 30001, C5HSN OR O CH

oSl (C2H5)3 3 10 /CHB CH7 HO- 13 CH3 4 ' HO OH OCOCH3 OCOCSHs (4) a,
R=H b, R=COCH3 Under what is reported to be carefully optim zed
~conditions, 10-deacetyl baccatin Ill is reacted with 20 equivalents of
(C2H5),Si A at 230C under an argon atnosphere for 20 hours in the presence
of 50 m of pyridine/mol of 10-deacetyl baccatin IIl to provide
7-triethylsilyl-10-deacetyl baccatin I Il (4a) as a reaction product in
84-86% yield after purification. The Ybeaction product may then optionally
be acetylated with 5 equivalents of CH COCl and 25 nL of pyridine/ nmol of
4a at 0 OC under rggn atnosphere for 48 hours to provide 86%yield of
7-0-triethylsil yn 111 (4b). Geene, et al. in JACS 110, 5917 at

5918 (1988). OTES
MO

Xg

C ‘1-] THF

(2) HF, Pyridine, CHSCN

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.

C:; - 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 cbmprising 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.



The 7-protected baccatin Il (4b) is reacted wth an organonetallic
conpound such as LHHDS in a solvent such as tetrahydrofuran (THF), to form
the netal 15 alkoxide 13-OClithium7-Otriethylsilyl baccatin Il as shown
in the follow ng reaction schene: OR CH3 0 CH30SI CC2H5)3 LHMOS HO --93 CH3
'CH7 OH4 HO OCOCH3 OCOC6H5 THE OR CH3 0 1CH30S CC2H5)3 L10 --- 13
CH3 -CH3 7 OHHO OCOCH3 ~-~ OCOC5H5 As shown in the follow ng reaction
schene, 13-Olithium7-0-triethylsily4 baccatin Ill reacts with a Q/lactam
in which X, is preferably -0X6, (X6 belng a

The diluent or carrier ingredients should noc

be such as to diminish the therapeutic effects of the
antitumer compounds.

Suicable dosage forms for oral use incliude
tablets, dispersible powders, grahules, capsules,
suspensions, syrups, and elixirs. Inert diluents and
carriers for tablets include, for example, calcium
carbonate, sodium carbonate, lactose and talc. Tablets
may also 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. Tablets
may be uncoated or may be coated by unknown techniques;
e.g., to delay disintegration and absorption. Inert
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

N administration include solutions, suspensions,

<;) dispersions, emulsions and the like. They may also be
manufactured in the form of sterile solid ccmpositions
which can be dissolved or suspended in sterile injectable
medium immediateiy befora 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 of the C2‘ and/or C7
substituents. For instance, water sdlubility may be
increased if X, is -0X; and R; is -OR,,, and X, and R,, are
independently hydrogen or -COGCOR! wherein:

G i1s ethylene, propvlene, -CH=CH-, 1,2-cyclo-
hexylene, or 1,2-phenylene;

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



hydr oxy protecting group) and X2 - X5 are as previously defined to provide
“an internediate in which the CG7 and C-2' hydroxyl groups are protected.
The protecting groups are then hydrolyzed under mld conditions so as not
to disturb the ester |inkage or the taxane substituents. 16 AcO 0 OT ES
MD11111 ~~/ X5\ ,0 N HO = PhO0O0O AcO 0 X3 X4 XZ X1 C D THE C2) HF,
Pyridine, CH3GN ACO X 4 X3 0t X5" OH N 01111 H X1 X2 HO PhCBoth the
conversion of the alcohol to the al koxede and the ultinmate synthesis of the
taxane derivative can take place in the sane reaction vessel. Preferably,
the LS-lactamis added R’ =t fydregemn ar wesdall; after formation therein of

the al koxi de. Conpoundszof. f@gMulgRsd7 of -t r@f%gﬁiﬁﬁﬁﬂ}@yent ion are useful
nc |

for inhibiting tunor growth in-ahinals i ng humans and are preferably
adninistered in the n =1¢to 3;

R* = hydrogen or lower alkyl containing 1 to 4
carbons;

R® = hydrogen, lower alkyl containing 1 to 4
carbons, benzyl, hydroxyethyl, CH,COH, or
dimethylamincethyl; _ '

R® and R’ = independently selected from lower

alkyl containing 1 or 2 carbons or
benzyl, or R® and R’ together with

_<:> the nitrogen atom of NR°R’ forms one
of the following rings

sislelolien

Hj

Z ——

|
N

o—2Z

R?® = lower alkyl containing 1 or 2 carbons,
or benzyl;
X® = halide;
o base = NH,, (HOGC,H,),N, N(CH,),, CH,N(C,H,0H),,
e NH, (CH,) (NH,, N-methylglucamine, NaOH,
or KOH.

The preparation of compounds in which X, or X, is -COGCOR?
is set forth in Hangwitz U.S. Patent 4,942,184 which is
incorporated herein by reference.

Alternatively, solubility may be increased when
X, is -0X%; and X, is - a radical having the formula
-COCX=CHX or -COX-CHX-CHX-S0,0-M wherein X is hydrogen,
alkyl or aryl and M is hydrogen, alkaline metal or an
ammonio group as described in Kingston et al., U.S.
Patent No. 5,059,699 (incorporated herein by reference).



formof a pharmaceutical conposition conprising an effective antitunor
anmount of conpound of the instant invention in conbination with a
pharmaceutically acceptable carrier or diluent. Antitunor conpositions
herein may be nmade up in any suitable formappropriate for desired use;
e.g., oral, parenteral or topical adm nistration. Exanples of parenteral
adm nistration are intranuscul ar, intravenous, intraperitoneal, rectal and
subcut aneous adm nistration. 17 The diluent or carrier ingredients should
not be such as to dimnish the therapeutic effects of the antitunor
conpounds. Suitable dosage forns for oral use include tablets, dispersible
powders, granul es, ca@suﬁesﬁ hsuspgnsﬂﬁngnasywwp§9 AvbSH i 0UeTER S My t

dilvents ang. §Ehheea LOr sbabLet9eh pCkUdee: by AR Goucal ci um car bonate,

sodi um car b act os ablets al so contain granul ating
and di si nt egeast hguagents ysaéﬁ EEESFQFéﬁsﬁﬁ&dépg'ﬁ%:ﬁﬂﬁ%P*Q#%dlng agent s

such as st@eeiva@pbali nm@dra@a@mg a&dntUQEI F&@f@ra&g@ntas such as
Tabl ets, may be uncoated or may

e coat od CHSTHRAGHAT Cafl UeSt DESGSTaBbY dofay “ARH MGG U and
absor ption. bézﬂﬂﬂ}kdrﬂdé ueBh NE 0 ear treasemwhmpr@einm in capsul es
Suspensi ons, syrups. At b AFTEat BR TR CREar B InTENE Endl S pi ents, T or
exanple,|ﬂx¢th1@mhiﬁlbsecat1agﬁt§nWhthsBd@ﬁﬁhaMmJmﬁuhthn&|ng agent s,
chloride yields 9-desoxo-9P-hydroxybaccatin III 5. After
the C7 hydroxy group is protected with the triethvlsilyl
(:) protecting group, for example, a suitable side chain may
be attached to 7-protected-98-hydroxy derivative 6 as
elsewhere described herein. Removal of the remaining
protecting groups thus yvields 98-hydroxy-desoxo taxol cor
other 9B-hydroxytetracylic taxane having a C13 side
c¢hain.

O



such as lecithin and pol yoxyet hyl ene stearate; and preservatives, e.g.,

et hyl - p-hydroxybenzoate. Dosage forns suitable for parenteral

adm ni stration include solutions, suspensions, dispersions, emulsions and
the Iike. They may also be nmanufactured in the formof sterile solid
conpositions which can be dissolved or suspended in sterile injectable

medi um i mmedi ately before use. They nmay contain suspending or dispersing
agents known in the art. The water solubility of compounds of fornula (3)
may be inproved by nodification of thé0C2' and/or C7 substituents. For

i nstance, water solubility may be increased if X, is -OX6 and R, is -OR2,
and X6 and RRESGTION GEHEMBaht |y hydrogen or -COGCOR wherein: Gis

et hyl ene, propylene, -CH=CH, 1, 2-cyclo- hexylene, or 1,2-phenylene; R = CH
base, NRZR, OR, SRAc OCH, CONRR, or OH, 18 R2 = hydrogerft nethyl; R3 =
(CH2) NRBR7 o N&FBR RBXa; n =1to 3; R = h °Tower al kyl
containing 1t 2 , g2 = hydrogen, |ower alKk Mhipng gl to 4
carbons, henzy o ‘ |, CH2CO2H, or di mebhy > 5 and R =
i ndependent |y | over, ngd kyl containing X
benzyl, or R6 Br Wit >

CH,CI,

Alternatively, the Cl3 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, to enable
further selective manipulation of the various
substituents of the taxane. For example, reaction of
7,13-protected-9f-hydroxy derivative 7 with KH causes the
acetate group to migrate from Cl0 to C9% and the hvdroxy
group to migrate from C9 to C1l0, thereby vielding 10-
desacetyl derivative 8. Protection of the Cl0 hydroxy
groﬂp of l0-desacetyl derivative 8 with triethylsilyl

-yields derivative 9. Selective removal of the Cl3
hydroxy protecting group from derivative 9 yields



the nitrogen atom of NR6R7 forns one of the follow ng rings OCODCSDCNJ 1
CH3 | ower alkyl containing 1 or 2 carbons, RB = or benzyl; Xe = halide;
base = NH3, (HOC2H4) 3N, N(CH3) 3, CH3N (C2H4OH) 2, NH2(CH2)6NH2,

N- net hyl gl ucam ne, NaCH, or KOH. The preparation of conpounds in which X1
or X2 is -COGCORL is set forth in Hangwitz U S. Patent 4,942,184 which is

i ncorporated herein by reference. Alternatively, solubility may be increased
when X1 is -OX6 and X6 is a radical having the formula -COCX=CHX or

- COX- CHX- CHX- 5020- M wherein X is hydrogen, alkyl or aryl and Mis hydrogen,
al kaline metal or an ammonio group as described in Kingston et al., US.
Pat ent No. 5,08691889iyend8r por whédhher eiui tiap reefsgrdh cg)ainignalalxanes havi ng
alternative bt uenks red by selectively reducing the C9
keto substi tc%té%%plt%%aylggl g'fﬁgxg%rer gg:%g%di ng C9 p-hydroxy derivative. The
reduci ng agent is preferably a borohydride and, nost preferably,

t et rabut yl anmoni um bor ohydri de (Bu; NBH4) or triacetoxy-borohydride. As
illustrated in Reaction Schene 1, the



reaction of baccatin Il with Bu4NBH4 in nethylene chloride yields

9- desoxo- 9p- hydr oxybaccatin Il S. After the C7 hydroxy group is protected
with the triethylsilyl protecting group, for exanple, a suitable side chain
may be attached to 7-protected-96-hydroxy derivative 6 as el sewhere

descri bed herein. Renoval of the remmining protecting groups thus yields
96- hydr oxy-desoxo taxol or other 9p-hydroxytetracylic taxane having a C13
side chain. 20 REACTION SCHEME 1 QAc2@AC H OH HOi HOw 8u4N8H4 H CH2C12
HO %C tC~c ph~P 050 TESCI ET 3N QAc OH OTES HCu,,. H - ~ Ph-~(
Ac 0 0 6 Ageagetowedguedmez C13 hydroxy group of 7-

QAcC

OTES
TMSOune-

1) TMSC!, EtyN

(:> | 2} KH

TMSOHhn-
TESCI

} pyridine

£
5

HCH




prot ect ed- 9p- hydroxy derivative 6 may be protected with trinethylsilyl or
ot her protecting group which can be selectively renoved relative to the C7
hydroxy protecting group as illustrated in Reaction Schene 2, to enable
further selective manipul ation of the various substituents of the taxane.
For exanple, reaction of 7,13-protected-9p-hydroxy derivative 7 with KH
causes the acetate group to mgrate fromCl0 to C9 and the hydroxy group
to mgrate fromC9 to C10, thereby yigbding 10- desacetyl derivative 8.
Protection of the Cl0 hydroxy group 10-desacetyl derivative 8 with

triethylsilyl vyields rl v al C13 hydroxy
protecting group from gr%ggvﬁngQRE§gkggh §§h3§§?§ét93ic§ to which a
sui t abl e S|d@eth%ﬁMAmGylbecaatbachéﬁvagedebyrpbéda&bGVE<3ﬁ%9ﬂ3TlCN SCHEME 2

OAC OAC TESICIEES. - 0u0e TV 0 9 . TMBRLroB 220t ACRC1 it Q- - PhACO O

00 6 ) 2) KH OIES _ .
protectlng group can be selectively removed followed by

atcachment of a side chain as described above to vield &-
acetoxy-l0-oxo-taxol or other 9-acetoxy~-l0-oxotetracylic
taxanes having a Cl3 side chain. Alternatively, the C8%
acetate group can be selectively removed by reduction of
10-oxo derivative 11 with a reducing agent such as
samarium diiodide to yield 9-desoxo-10-oxo derivatcive 12
(:j from which the C1l3 hydroxy protecting group can be
selectively removed followed by attachment of a side
chain as described above to vield 9-désoxo-10—oxo-caxol
or other 9-desoxo-l0-oxotetracylic taxanes having a Cl3

side chain.

®

St



OTES - TES TMsOw TMSAi' TESCI QOACtc~0 H = ~ri ET 3N Phi( /ACO Ph <
\00O9 HF 1 pyridine OIES OIES HCQu,- Hte, Ph~ 0 10 23 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 renmoved followed by attachnent of a side chain as described
above to yield 9- acetoxy-|0-oxo-taxol or other 9-acetoxy-|0-oxotetracylic
taxanes having a Cl3 side chain. Alterpatively, the CO acetate group can be
sel ectively renoved by reduction of 10-oxo derivative 11 with a reducing
agent such agepasemsni geueMmieodi de to yield 9-desoxo-10-oxo derivative 12 0
from whi ch the CI3 hydroxy protecting group can be selectively renoved

foll owed by attachment el a side

TMSCitn.

TMSOltn:.

12

Reaction Scheme 4 illustrates a reaction in
(C> which 10-DAB is reduced to yield pentaol 13. The C7 and
Cl0 hydroxyl groups of pentaol 13 can then be selectively
protected with the triethylsilyl or another protecting
group to produce triol 14 to which a €13 side chain can
be attached as described above or, alternatively, after
further modification of the tetracylic substituents.



chain as described above to yield 9-desoxo-|0-oxo-taxol or other

9- desoxo-1 0-oxotetracylic taxanes having a Cl13 side chain. 24 REACTION
SCHEME 3 OH 0 OTES TwMs01l,- OTES ~ TPAP TWMbOlu AAC OAc ~ Oph 0 --~< Ac
0O 0o0o8115m2 0 OTES TMSON' HO Ph AcO- 0 0 12 Reaction Schene 4
Illustrates a reaction in C which 10-DAB 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 cad®

REACTION SCHEME 4

MOt HQlne.
[JK"‘\\I
HOIn.
14
- Taxanes having C9 and/or C10 acyloxy

substituents other than acetate can be prepared using 10-
DAB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triethylsilyl chloride
in pyridine yields 7-protected 10-DAB 15. The C10
hydroxy substituent cf 7-protected 10-DAB 15 may then be
readily acylated with any standard acylating agent to
yvield derivative 16 having a new Cl0 acyloxy substituent.
Selective reduction of the C9 keto substituent of
derivative 16 yvields 9R-hydroxy derivative 17 to which a
Cl3 side chain may be attached. Alternatively, the C10
and C9 groups can be caused to migrate as set forth in

Reaction Scheme 2, above.



be attached as described above or, alternatively, after further

nodi fication of the tetracylic substituents. 25 REACTION SCHEME 4 OH OH OH
OH How How Bu4N8H4 ~~i tACO OH H CH2ClZ H Ph~ Ph~ AcO 0 0 0 1 3 TESC
ET 3 N OIES OTES How.. H ';to P hl4 C' Taxanes having C9 and/or C10
acyloxy J substituents other 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
C10 hydroxy substituent of 7-protecﬁ¥ﬂ 10-DAB 15 may then be readily

acylated wth an t andard gcylating agent to vyield derivative 16 having a
new C10 acyﬂ%&%ziggegggggﬁkr

TESC! HOun
pyridine

HOrn

Y

™
_/

L Acylatling
agent

HOlu

Taxanes having alternative C2 and/or C4 esters

O

can be prepared using baccatin III and 10-DAB-as starting
materials. The C2 and/cor C4'esters of baccatin III and
10~-DAB can be selectively reduced to the corresponding
alcoheol(s) using reducing agents such as LAH or Red-Al,
and new esters can thereafter be substituted using
standard acylating agents such as anhydrides and acid
chlorides in combination with an amine such as pyridine,
triethylamine, DMAP, or diisopropyl ethyl amine.
Alternatively, the C2 and/or C4 alcohols may be converted
to new CZ2 and/or C4 esters through formation of the
corresponding alkoxide by treatment of the alcohol with a



Sel ective reduction of the CO keto substituent of derivative 16 yields

99- hydroxy derivative 17 to which a C13 side chain nmay be attached.
Alternatively, the Cl10 and C9 groups can be caused to mgrate as set forth
in Reaction Schenme 2, above. 26 REACTION SCHEME S OH OH >r\-4'", OCH Ol S
HC m TESLI HOm p too ~~~~ pyrldline HO H HO PhACO 0 PhO O 15 Acyl ati ng
agent OCOR29 OCOA29 OH p OTES - / OTES HO m 1) HF HOQun 2) Qu4NSH4 HO H 3)
TESCI HOp Ph--- ACOO Ph~ AcO- 0 0 O 17 16 Taxanes having alternative C2
and/or C4 esters C can be prepared u8¥ng baccatin IIl and 10- DAB as
starting materials. The C2 and/or C4 esters of baccatin_IIl and 10-DAB can

be sel ecti v&M}tREAGC &GS SUR & rld¥p oirthi Fyredl Bondt (85Y 43 FABYr 8888Fng
agents suchsaghlLAd ah BedAlchioride.

Baccatin III 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, 1l0-DABR is used as the starting material. It
should be understood, hnowever, that baccacin III
derivatives or analogs may be produced using the same
series of reactions (except for the protection of the C10
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 Cl, C2, C4, C7, C9 and C13, 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).



and new esters can thereafter be substituted using standard acyl ating
agents such as anhydrides and acid chlorides in conbination with an am ne
such as pyridine, triethylamne, DVAP, or diisopropyl ethyl. amne.
Alternatively, the C2 and/or C4 al cohols nmay be converted .  to new C2 and/or
C4 esters through formation of the corresponding al koxi de by treatment of
the alcohol with a 27 suitable base such as LDP. followed by an acyl ating
agent such as an acid chloride. Baccatin IIl and 10- DAB anal ogs havi ng
different substituents at C2 and/or CA&2&an be prepared as set forth in
Reaction Schenes 6-10. To sinplify the description, 10-DAB is used as the
starting mat cheime 166 shoul d be understood, however, that baccatin |11
derivatives or anal ogs nmay be produced using the sane series of reactions
(except for the protection of the CIO hydroxy group) by sinply replacing
10-DAB wi th baccatlﬁTEEIII as the starting material. Derivatjves of the

baccatin 111 anal ogs having different substituengs at ClO0 and at
| east one oth begs instance d, C2, C4, C7 can then
be prepamsdund Put any of the ot her reﬁf&dﬁ% HérSei n
and any ot her v thin theah evel of ski i H Reaction
Schene 6, prote 3 is—Tonverted—To the triol—38 hi um
alunlnun1hydr|d@ ; 8 is then converted to the cogdespod C4 ester
usi ng ClZ(X)IﬂLJQ%(hQ@ﬁe Obl owed by a nucl eophilic agent ®3
0

3 18

(:> Ci,C0

pyridine

TMSOMI TMSOun
Ryqli or
‘931Mg8r
H31—<
a
(;j 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, triol
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. Acestylation 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 6.



(e.g., Gignard reagents or alkyllithiumreagents). G 28 Schenme 6 OTES O
OTES OTES TMSOmi tc~0o OTES LAHH O PhHOHO O O 8 18 c¢12cO pyrl di me
OTES OTES TES - / OTES TM01111 TMh01111 R3iL i or Am/0 R31MgBr O H 1,
HO O O 20 19 Deprotonation of trial 18 with LDA foll owed by introduction
of an acid chloride selectively gives the C4 ester. For exanple, when
acetyl chloride was used, trial 18 was converted to 1,2 dial 4 as set forth

in Reaction Schene 7. 29
Scheme 7
GTES
LDA
TMSCNII n3GCOC| TMSOINI
Y
P Scheme 8
OTES
S C1,Co0
MSOtn
Pyridine TMSOtI

TMSOuN

As set forth in Reaction Scheme 9, other C4
substituents can be provided by reacting carbonate 19
with an acid chloride and a cerciary amine to yield



Tri al

18 can also readily be converted to the 1,2 carbonate 19. Acetyl

of carbonate 19 under vigorous standard conditions provides carbonate
descri bed in Reaction Schene 8; addition of alkyllithiums or Gignard
reagents to carbonate 19 provides the C2 ester having a free hydroxyl
at C4 as set forth in Reaction Schenme 6. 29 Schene 7 OTES 0 OIES LOA - /
OfES° T M S 011111 tn'C OTES @@000C1 TM5s G nl HO HO H HO 830000 CO 18
Schene 8 OTES OTES OTES C12C0 OTE~ TMsOnnl Pyridine TMsSOQlIl HOHOHDO
tG O /%HO~\" O 18 0 19 AC20 DVAP &ES 0 OTES

TN,
L

TMSOIni

TM30thn

‘carbonate 22 which is then reacted with alkyllithiums or
Grignard reagents to provide 10-DAR derivatives having

new substicuents at C2.

Scheme §

QTES

C1,C0

Pyridine TMSOUI
R44COCI
pyridine
OMAP

Ry,LT or TMSOHN

R4 MgBr

Alternatively, baccatin III may be used as a
starting material and reacted as shown in Reaction Scheme
10. After being protected at C7 and C13, baccatin III is
reduced with LAH to produce 1,2,4,10 tetraol 24. Tetraol
24 is converted to carbonace 25 using Cl,CO and pyridine,
and carbonate 25 is acylated at Cl0 with an acid chloride
and pyridine to produce carbonate 26 (as shown) or with
acetic anhydride and pyridine (not shown). Acetylation
of carbonate 26 under vigorous standard conditions

ation
21 as

gr oup
4



TM 501111 tr40 AO 21 As set forth in Reaction Schene 9, other C4
substituents can be provided by reacting carbonate 19 wth an acid chloride
and a tertiary amne to yield 30 carbonate 22 which is then reacted with

al kyll'ithiums or Gignard reagents to provide 10-DAB derivatives having

new substituents at C2. Schene 9 OTES OTES OTES Cl =Co OTES TMSON* Pyri di ne
TVS01111 tOO0O HOOH ///1 OHO O 18 O j19 P3a000l pyridine OVAP OTES OTES
0O OTES OTES TMSOG:m R L i or TMSOm HO = HR MgBr 0 a 831000 3 CO ~
R30C00 0 O 31 ' .

provides carbonate 27 which is then reacted with alkyl
lithiums to provide the baccatin III derivatives having
new substicuents at C2 and C10.

Scheme 10

HOrte TMSQInn

1) TESCI, py

23 TMSC!, OMAP
Imidazole, DMF

LAH

TES
TMS0HN ci,Co

R,4COCI
pyridine



0 30C00 23 22 Alternatively, baccatin Il may be used as a starting

mat eri al and reacted as shown in Reaction Schenme 10. After being protected
at C7 and C13, baccatin I1l is reduced with LAH to produce 1,2,4,10 tetraol
24. Tetraoi. 24 is converted to carbonate 25 using O 3CO and pyridine, and
carbonate 25 is acylated at C10 with an acid chloride and pyridine to
produce carbonate 26 (as shown) or with acetic anhydride and pyridi ne (not
shown). Acetylation of carbonate 26 undger vigorous standard conditions 31
provi des carbonate 27 which is then reacted with alkyl [lithiuns to provide
the baccatin |11 i %ges having new substituents at C2 and Cl10. Schene
10 OAc CAc H i49 TMSCimi IDTE S C I, py HO 2QPRBECI, QVAP HO H

tCCO I m(dazo CbMFO,Ph~CPhACOOOjAH o1 OOH TMBSO m
Cl12CO - OTES p ' e0MEM § 01111 HH O/ tHny/ -8 OTES '
TMSOtI C2 TMSOITI
OMAPF
\ \s
/ o / AcC 0
0 0
26 27
R31L!
/L\\
»

TMSOIH




aHO 0 25 24 R29CCOCI pyridine 32 OCOR29 OCOR29 0 0O OTES OTES TMsO m Ac 20
s Ili ///i O MAPOHOH HOO/ AcO 0 0 26 ¢ 27 R31Li C OCOR29 O
OTE5 TM5 0111 HO=H 0R31 ACO 0 33 10-desacetoxy derivatives of

baccatin |1l and 10-desoxy derivatives of 10-DAB nay be prepared by
reacting baccatin Il or 10-DAB (or their derivatives) wth samarium
di i odi de. Reaction between the tetracyclic

33 .

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 C10 leaving group and samarium diiodide
may be carried out at 0°C in a solvent such as
tetrahydrofuran. Advantageously, the samarium diiodide
gelectively abstracts the C10 leawving 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 S-desoxo-98-

QM} hydroxy-10-desacetyoxy or 10-desoxy derivatives as
otherwise described herein.



t axane having a Cl0 | eaving group and samarium dii odide my be carried out
at 0C in a solvent such as tetrahydrofuran. Advantageously, the samarium
diiodide selectively abstracts the Cl O I|eaving group; Cl13 side chains and
ot her substituents on the tetracyclic nucleus remain undisturbed.
Thereafter, the CO keto substituent nmay be reduced to provide the
correspondi ng 9-desoxo-9% \ % hydroxy-1|0-desacetyoxy or 10-desoxy derivatives
as otherw se described herein. 34 REACTION SCHEME 12 OQAc CAc OH PAR HH
tc~0 %50 P h--\C ph~\\0 0 OAC OAC CB#¥CI HOU M5 C 1 Et3N Et3NHCI 0
AceCo phAcOd O 0 0 35 REACTION SCHEME 12a 0 0 OoAC | OAC OYES OYES™
TVM5011111 HORERLCLION SCHEME 12

HCI HQihs
FAR
pn-—<s
o
9
L]
HQie. H .
MsCi o
Et 4N o
EtaNHCl
Ph—w§: Ph—q§:
0 o
N



i PY~~ HOS HO Ph~ ACO0O 1h ACOO O 11 \0 LHMOS OAc OYES X5~ 0

LiOnn1 N Ho + 010 O X3 Xg Xz X, Ph~ AcO O CD THE C2) HF, Pyridine.,
CH3CN OH X5\ Il Ac X4 X3 0tz NH X XZ0 As shown in Reaction Schene 12,
Baccatin Il may be converted into 7-fluoro baccatin Il by treatment wth
FAR at roomtenperature in THE solution. O her baccatin derivatives wth a
free C7 hydroxyl group behave simlarly. Alternatively, 7-chloro baccatin
1l can be prepared by treatnent of b¥3catin [l with nmethane sulfonyl

chl ori de and trletHélan1ne in 36 methylene chloride solution containing an
excess ACTION SCHEME l12a

TMSOIt1 HONt

LHMDS

Lioin

(1) THF
(2) HF, Pyridine, CH4CN

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 hydroxyl group behave
gimilarly. Alternatively, 7-chloro baccatin III can be
prepared by treatment of baccatin III with methane
sulfonyl chloride and triethylamine in



triethylam ne hydro-chloride. , Awde variety of tricyclic taxanes are
natural ly occurring, and through mani pul ati ons anal ogous to those descri bed
herein, an appropriate side chain can be attached to the Cl3 oxygen of

t hese substances. Alternatively, as shown in Reaction Schenme 13, 7-0-
triethylsilyl baccatin Ill can be converted to a tricyclic taxane through
the action of trinethyloxonium tetrafluoroborate in nethylene chloride
solution. The product diol then reacts with |lead tetraacetate to provide

t he correspondi ng C4 ket one. REACTI & SCHEME 13 OAc OAc OTES OTES HOw. .

Me308F4 HQu -- =~ Pbt 0Ac QA 0 OIES
Hom - 1 0 TAEReR SRR rp L oBt B BTG 18R e GPoRarAnEd SFatare L Hydr oxy- | 0

deacet yl bacceetimyldmhjnbasydeencdiscodered in an extract
A wide variety of tricyclic taxanes are

naturally occurring, and through manipulations analogous
to those described herein, an appropriate side chain can
be attached to the Cl3 oxygen of these substances.
Alternatively, as shown in Reaction Scheme 13, 7-0-
triethylsilyl baccatin III can be converted to a
tricyclic taxane through the action of trimethyloxonium
tetrafluocroborate in methylene chloride solution. The
product diol then reacts with lead tetraacetate to

provide the corresponding C4 ketone.

REACTION SCHEME 13

HOe MQSOBF“ HOItu,

4

HOHn.

Recently a hydroxylated taxane {l4-hydroxy-10-
deacetylbaccatin III) has been discovered in an excract
of vew needles (C&EN, p 36-37, april 12, 1993).




of yew needles (C&EN, p 36-37, April 12, 1993). 37 Derivatives of this
hydr oxyl at ed taxane having the various C2, C4, etc. functional groups
descri bed above may al so be prepared by using this hydroxylated taxane. In
addition, the Cl4 hydroxy group together with the d hydroxy group of
10- DAB can be converted to a 1,2- carbonate as described in C&N or it may
be converted to a variety of esters or other functional groups as
ot herwi se described herein in connection with the C2, ¢4, C7, C9, C O and
Cl3 substituents. 38 The follow ng eX@nples are provided to nore fully
illustrate the invention. EXAMPLE 1 NOZ QAc O = ff N,_ 01111 HOH 00 t~-
H O Ph 0 AcBemVELevDs mriepdrst it an afetnzdP0 & [2VEBROFHP- 3 -
desphenyl - 3'vad-chist rcepheny/ Jed@XHunctional groups described above

may also be prepared by using this hydroxylated taxane.

In addition, the Cl4 hydroxy group together with the C1

hydfoxy group of 10-DAB 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, Cl0 and Cl3 substituents.



To a solution of 7-triethylsilyl baccatin IIl (200 ng, 0.286 nmol) in 2 nL
of THE at -45 oC was added dropwise 0.174 nL of a 1.63M solution of nBuL
in hexane. After 0.5 h at -45 oC, a solution of cis-1-(furoyl)-3-
triethylsilyl oxy-4-(4-nitrophenyl)azetidin-2-one (596 ny, 1.43 mol) in 2
m. of THE was added dropwise to the mxture. The solution was warned to O
oC and kept at that tenperature for 1 h before 1 nL of a 10% sol ution of
AcOH in THE was added. The m xture was3®artitioned between saturated
aqueous NaHCO3 and 60/40 et hyl acetate/ hexane. Evaporation of the organic

| ayer gave a residue Wh?cﬁoaé§wéﬂgiﬁﬁémpéﬁsfﬁF?rﬁFP@ﬁdﬁﬁrGGgﬁmgﬁiica gel
to give 320 10 almustuaeeCORbakRBAL(2nR 3'S)-

2", 7-(bis)triethylsilyl-Ndebenzoyl-N(furoyl)-3" 39
desphenyl - 3' - (4-nitrophenyl) taxol and a small anobunt of the (2'S, 3R
isomer. To a solution of 320 ng (Oz2B8@pnBEDL) of the m xture obtained from
the previous reaction in 18 nL of acetonitrile and 0.93 nL of pyridine at O
cc was added 2.8 nL of 48% aqueous HF. The mi xture was stirred at 0 cc for
3 h, then at 25 cc for 13 h, ang,partitioned between saturated aqueous

sodi um bi carbonate and ethyl acetate. Evaporation of the ethyl acetate

solution gave 254 ng of materjal which was purified by flash
chr omat ogr aphy to give 187 @

N- debenzoyl - N-
(furoyl)-3 -desphenyl -3' -(4- ophenyl) caxol, which was recrystallized
from net hanol /water. mp. 184-1

49, 006, CHC13)

» ’ N
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)
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(26-4)

Preparation of N-debenzoyl-N-{(2-furoyl)}-37-
desphenyl-3’- (4-nitrophenyl) taxol.
To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at ~45 oC was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
_(“; After 0.5 h at -45 oC, a solution of cis-1-(furoyl)-3-
triethylsilyloxy-4-{4-nitrophenyl)azetidin-2-one (596 mg,
1.43 mmol) in 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% sclution of
AcOH in THF was added. The mixture was partitioned
between saturated agueous NaHCO, and 60/40 ethyl
acetate/hexane. Evaporation of the organic layer gave a
residue which was purified by filtration through silica
gel to give 320 mg of a mixture containing (2'R,3’S)-
2’,7-(bis)triethylsilyl-N-debenzoyl-N- {furoyl})-3’-



"H NMR (CDC13, 300 MHz) 5 8.26 (d, J =8.79 Hz, 2H, Ar-NO2)1 8.12 (d, J=7.2
Hz, 2H, benzoate orthd), 7.68 (d, J=8.8 Hz 2H, benzam de ortho), 7.7-7.47
(m 6 H aromatic), 7.3 (d, J = 9.3 Hz, 1H NH), 7.02(d, J=3.3 Hz, 1H,
furyl), 6.48(dd, J=3.3 Hz, 1.65 Hz, 1H, furyl), 6.27 (s, 1H Hz, H10), 6.26
(dd, J = 8.5, 85 Hz, 1H, H13), 5.87 (dd, J =8.8, 1.65 1iz, 1H H3"), 5.65
(d, J= 6.6 Hz, 1H H213), 4.93 (d, J =8.2 Hz, 1H H5), 4.79 (dd, J = 2.7,
1.4 Hz, 1H, H2'), 4.38 (m 1H, H7), 4.29 (d, J = 8.4 Hz, 1H H20a), 4. 18
(d, J = 8.4 FE 1H H2013) 3.97 (d, 39=3.3 Hz, 1H 2°OH), 3.79 (d, J = 6.6

M. 1H, HB) 1H, Hea), 2.4(m, 1H_ 7QH), 2. 38IS 3H, 4Ac), .2. 27
(m 2H, H14§959h%?V%s3 3144 ~POAEPPOENSS ) (P XeH qqﬁna nghl RBPURS 8F  Me18),
1.78 (s, 1HndOH: sl36§ (ssomlr Me19), 1.21 (s, 3H, Me17), 1.13(s, 3H,

Mel1l6). 40 EXAMPLE 2 lll / HOHHO =H
Ph--% 00 AcO O ., %?Js?naofLHElBPoE’edgrz?E@t Nfo_l%ﬂr?olrﬁn%xan%fe_ie (except

for the subsixtuesatsboiinzédt fdom 2henerandotise resamuindrs 0f ifenkealtants) a
series of ngggﬁggérﬁféeand 0.93 mL of pyridine at 0 oC was added
2.8 mL of 48% agqueous HF. The mixture was stirred at 0
oC for 3 h, then at 25 oC for 13 h, and partiticned
between saturated aqueous sodium bicarbonate and ethyl
acetate. Evaporation of the ethyl acetate soluticn gave
254 mg of material which was purified by flash
O chromatography to give 187 mg (74%)N-debenzoyl-N-
{furoyl) -3’ -desphenyl-3’'-{4-nitrophenyl) ctaxcl, which was
recrystallized from methanol/water.

m.p.184-185 eC; [a]*%,-60.0° {(c 0.006, CHCl,).

'§ NMR (CDCl,, 300 MEz) & 8.26 (d, J = 8.79 Hz, 2H,
Ar-NO,), 8.12 (4, J=7.2 Hz, 2H, benzoate crtho), 7.68 (d,
J=8.8 Hz 2H, benzamide orcho), 7.7-7.47 (m, 6 H,
aromatic), 7.3 (d, J = §.3 Hz, 1H, NH), 7.02(d, J=3.3 Hz,
1H, furvyl), 6.48(dd, J=3.3 Hz, 1.65 Hz, 1H, furvl), 6.27
(s, 1H Hz, H10), 6.26 (dd, J = 8.5, 8.5 Hz, 1H, E13),
5.87 (dd, J = 8.8, 1.65 Hz, 1H, H3‘), 5.65 (d, J. = 6.6

{_  Hz, 1H, H2B), 4.93 (4, J = 8.2 Hz, 1H, H5), 4.79 (dd, J =
2.7, 1.4 Hz, 1H, H2'), 4.38 (m, 1H, H7), 4.29 (&, J = 8.4
Hz, 1H, H20«a), 4.18 (d, J = 8.4 Hz, 1H, H20P), 3.97 (4,
J=3.3 Hz, 1H, 2'OH), 3.79 (d, J = 6.6 Hz, 1H, H3), 2.5
(m, 1H, H6a), 2.4(m, 1H, 70H), 2.38 (s, 3H, 4Ac), 2.27
(m, 2H, H14), 2.22 (s, 3H, 10Ac), 1.88 (m, 1H, Hs&B), 1.81
(br s, 3H, MelB8), 1.78 (s, 1H, 1CH), 1.88 (s, 3H, Mel9),
1.21 (s, 3H, Mel7), 1.13(s, 3H, Mel6). ' '



prepared having the structure shown above in which X, and X10 are as shown
inthe follow ng table. The structures were confirmed by NVR TABLE 1
Exanpl e Conmpound # X3 Xs 2 30-2 phenyl 2-furoyl 3 31-1 phenyl 2-thienoyl 4
31-4 2-furyl t-butoxycarbonyl 5 32-1 2-fuxyl ethoxycarbonyl 6 33-1

2-thi enyl cycl ohexyl oxycarbonyl 7 34-2 2-thienyl t-butoxycarbonyl 8 34-3
2-thienyl 2-thienoyl 9 34-4 2-thienyl 2-furoyl 10 35-1 2-thienyl

n- but oxycarbonyl 11 35-2 2-thienyl allyloxycarbonyl 12 35-4 2-thienyl

di et hylcarbanyl 41 Exanple Compound #0X, XS 13 36-3 2-furyl 4-nethyl benzoyl
14 37-1 2-furyl isobutox_ycarbon¥l 33- 2-furyl butoxycarbonyl 16 37-3
2-furyl diethylcarbanyl 17 37-4—§5¥éE§F—F§épropoxycarbonyl 18 38-1 2-furyl
al I yl oxycarbonyl 19 38-2 2-furyl benzyl oxycarbonyl 20 38-3 2-furyl

di phenyl carbanyl 21 39-3 2-thienyl ethoxycarbgayl 22 39-4 2-thienyl

3-but ynyl oxycar bonyl 23 40x] 2-tChi enyh crotylPxyaar bonyl

X CH
5
\\N ot Qi
| =
H OH
ph—« § o
0 AcO
‘\‘
Cyf Using the procedure set forth in Example 1

{except for the substituents of azetidin-2-one and the
amounts of the reactants) a series of compounds were
prepared having the structure shown above in which X; and
X,, are as shown in the following table. The structures

were confirmed by NMR.

TABLE 1
Example Compound # X, : ' X
2 30-2 " phenyl 2-furovi
3 31-1 phenyl 2-thienocyl
o 4 31-4 2-furyl t-butoxycarbonyl
- 5 32-1 2-furyl ethoxycarbonyl
6 33-1 2-thienyl cyclohexyloxycarbonyl
7 34-2 2-thienyl t-butoxycarbonyl
8 34-3 2-thienyl 2-thienoyl
9 34-4 2-thienyl 2-furoyl
10 35-1 2-thienyl n—buéoxycarbonyl
11 35-2 2-thienyl allyloxycarbonyl

12 35-4 2-thienyl diethylcarbamyl



24 40-2 2-thienyl 1, 3-diethoxy-2 propoxycarbonyl 25 40-3 2-thienyl

nmet hoxyet hoxycar bonyl 26 40-4 2-thienyl neopentyl oxycarbonyl 27 41-1
2-thi enyl isopropoxycarbonyl 28 41-2 2-thienyl isobutoxycarbonyl 29 42-3
2-furyl 2-thienylcarbonyl 30 42-4 2-furyl 2-methoxyethoxy carbonyl 31 43-1
2-furyl crotyl oxycarbonyl 32 43-2 2-furyl neopentyl oxycarbonyl 33 43-3
2-furyl cycl ohexyl oxycarbonyl 34 43-4 2-furyl 1, 3-di et hoxy-2

propyl oxycar bonyl 35 44-1 2-furyl 3-butynyloxycarbonyl 36 44-2 2-furyl

N- net hyl - N- phenyl car banoyl 42 Exa#dpl e Conpound # X3 XS 37 44-3 2-furyl

N, N-di met h_vl car banoyl 38 44-4 2-furyl 4-norpholinocarbonyl 39 45-1
2-furyl 2XE@mRie 40 Geeung jtyl N%- propyl carbarbyl 41 46-3 2-furyl

N- phenyl car hanoyl 42 406-4 2-thienyl N—phenylcarbaggige 43 47-1 2-thienyl

N- n- pr opy!| carbanoyl EXANVPLE 44 The unds of “PRE 8dPHg exanpl es were
in in vitrqépytotoxiQJQ&Eﬂni\ntécgﬁggfst hun?QoﬁSLScharbonyl
15 _ 37-2 2-furvl butoxycarbonvi
16 37-3 2-furyl diethylcarbamyl
17 37-4 2-furyl isopropaxycarbonyvl
18 38-1 2-furyl allyvloxycarbonyl
~ 19 38-2 2-furyl benzyloxycarbonyl
o 20 38-3 2-furyl diphenylcarbamyl
21 39-3 2-thienyl ethoxycarbonyl
22 39-4 2-thienyl 3-butvnyloxycarbonyl
23 40-1 2-thienyl crotyloxycarbonyl
24 40-2 2-thienyl 1,3-diethoxy-2-
propoxycarbonyl
25 40-3 é-thienyl methoxvethoxycarbonyl
26 40-4 2-thienyl neopentyloxycarbonyl
27 41-1 2-thienyl isopropoxycarbonyl
. 28 41-2 2-thienyl isobutoxycarbonyl
L 29 42-3 2-furyl 2-thienylcarbonyl
"30 42-4 2-furyl 2-methoxyethoxy-
carbonyl
31 43-1 2-furyl crotyloxycarbonyl
32- 43-2 2-furyl necpentyloxycarbonyl
33 43-3 2—fﬁryl cyclohexyloxycarbonyl
34 43-4 2-furyl 1,3-diethoxy-2-
propyloxycarbonyl
35 44-1 2-furyl 3-butynyloxycarbonyl
36 44-2 2-furyl N-methyl-N-phenyl-

carbamoyl



carcinoma cells HCT-116 and HCT- 116/ VM46. The HCT116/VM cells are cells

t hat have been sel ected for teniposide resistance and express the nmultidrug
resi stance phenotype, including resistance to taxol. Cytotoxicity was
assessed in HCT116 and HCT VM46 human col on carcinoma cells by XTT
(2..3-Dbis(2-nmet hoxy-4-nitro-5-sul fophenyl) - - 7

5-[ (phenyl am no) car bonyl ] - 2Ht et razol i um hydroxi de) assay (Scudiero et al,
"Eval uation of .a soluble tetrazolium formazan assay for cell growh and
drug sensitivity in culture using hugmn and other tunor cell |ines", Cancer
Res. 48:4827-4833, 1988). Cells were plated at 4000 cells/well in 96 well
mcrotiter phampleandcdmpbeawas # | aterx,drugs were agded and serial diluted.
The cells were incubated at 370C for 72 hours at which tine the
tetrazoliumdgg, XTT, wdg-addded. A2d€hygrlogenased ehziimesthwnldavieanedls
reduces the XTT to a formthat absorbs [light at 450 nm which can be
quantitated spéctro- phd#edetrical Ryfukyd great eér-mdmlabsordadceonhe great er
the nunber of live cells. The results are expressed as an IC50 which is the
drug concentrdfion requitbed to inRi-diurydel | prd-fusterti on (i.e. absorbance
at 450 nm to 43 50%of that of untreated control cells. The results are
presented in ¥8ble 2 and®afe conpared ¥y lcaxol Ahd-REBRMEFELIBNEt nunber s

i ndi cate greater activit%. TABLE 2 | Cso _HCT HCT. Exanple Co oqu 116 VM46
41 46~-3 2-turvyl N-phenylcarbamoy

42 46-4 2-thienyl N-phenyvicarbamoyl
o~ 43 : 47-1 2-thienyl N-n-propylcarbamoyl
o/

EXAMPLE 44

The compounds of the preceding examples were in
in vitro cytotoxicity activity against human colon
carcinoma cells HCT-116 and HCT-116/VM46. The HCT11l6/VM
cells are cells that have been selected for teniposide
resistance and express the multidrug resistance
phenotype, including resistance to taxol. Cytotoxicity
was assessed in HCT116 and HCT VM46 human colon carcinéma
cells by XTT (2,3-bis(2-methoxy-4-nitro-5S-sulfophenyl)-
S-[ (phenylaminolcarbonyl] -2H-tetrazeolium hydroxide) assay

" {Scudiero et al, "Evaluation of a soluble tetrazolium/

(}1 - formazan assay forgcell 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 379C 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 guantitated spectro-
photometrically. The greater the absorbance the greater
the number of live cells. The results are expressed as
an IC¢, which is the drug concentration required to
inhibit cell proliferation (i.e. absorbance at 45C¢ nm) to



1 26-4 .002 .883 2 30-2 .003 .300 3 31-1 .002 .202 4 31-4 .001 .004 5
32-1 .001 .032 6 33-1 .001 <.017 - 7 34-2 .001 <.018 8 34-3 .001 .042 .001
<.023 9 34-4 .001 .051 .001 .034 10 35-1 .001 <.025 .002 .016 11 35-2
.004 .022 12 35-4 .019 .581 13 36-3 .006 .150 14 37-1 .004 .022 .001 .033
<.001 .018 15 37-2 .005 <.021 .001 .030 .001 .021 16 37-3 .016 1.10 17
37-4 .005 <.015 .004 .008 .001 .008 18 38-1 .002 <.031 19 38-2 .003 .062

20 38-3 >.078 >7.8 a3

50% of that of untreated ccntrol cells. The results are
presented in Table 2 and are compared to caxol and
taxotere. Lower numbers indicate greater activity.

TABLE 2
ICs

HCT HCT

Example Compound 116 VM46

1 26-4 .002 .883

2 30-2 .003 .300

3 31-1 .002 .202

4 31-4 .001 .004

/\ 5 32-1 .001 .032
W 6 33-1 .001 <.017
7 34-2 .001 <.018

8 34-3 .001 .042

.001 <.023

9 34-4 .001 .051

_ .001 .034

19 35-1 .001 <.025

.002 .016

11 - 35-2 .004 .022
12 35-4 .019 .581

i3 36-3 .006 .150

14 37-1 .004 .022

.001 .033

<.001 .018

15 37-2 .005 <.021

.001 .030

.001 .021

' 16 37-3 .016 1.10
(j\ . _ 17 37-4 - .005 <.015
~ .004 .008
©.001 .008

18 38-1 .002 <.031

19 38-2 .003 .062

20 38-3 >.078 >7.8

21 39-3 .001 .019

22 39-4 .002 .163

23 40-1 .001 011

24 40-2 , .030 .597

25 40-3 .006 .251

26 40-4 .022 .09¢0

27 41-1 .001 .008

28 41-2 .002 .023

29 42-3 .002 .034

30 42-4 .002 .216

31 43-1 .001 .010

32 ' 43-2 001 .00¢9

33 43-3 001 .009



21 39-3 .001 .019 22 39-4 .002 .163 23 40-1 .001 .011 24 40-2 .030 .597
25 40-3 .006 .251 26 40-4 .022 .090 27 41-1 .001 .008 28 41-2 .002 .023
29 42-3 .002 .034 30 42-4 .002 .216 31 43-1 .001 .010 32 43-2 .001 .009
33 43-3 .001 .009 44 TABLE 2 CONTINUED | G50 HCT HCT Exanpl e Cbnpound 116
VMA6 34 43 4 .005 .432 35 44-1 .001 .175 36 44-2 .018 .785 37 44-3 .010
2.11 38 44-4 .020 3.60 39 45-1 .001 .041 40 46-2 .013 .781 41 46-3 .008
831 42 46-4 .005 .902 43 47-1 .008 .810 taxol .004 .536
44

TABLE 2 CONTINUED

ICs0

HCT HCT
Example Compound 116 vM46

34 43-4 .005 .432

35 44-1 .001 .175

36 44-2 .018 .785

37 44-3 .010 2.11

38 44-4 .020 3.60

3¢ 45-1 .001 - . 041
40 46-2 .013 .781

41 46-3 .008 .831

42 46-4 .005 .902

. 43 47-1 .008 .810
\/ > taxol .004 .536
' .002 .313
taxotere .007 .246

.003 .189

. EXAMPLES 45-57 o

Using the procedures set forth in Example 'l
(except for the substituents of azetidin-2-one and the
protected taxane and the amounts of the reactﬁnts) a
series of.coﬁpoundsﬂwere prepared having the following
structure in which X;, X, Ry, Rh,'R%, and R,,, are as
shownt in Table 3. Unless otherwise indicated, R, is
benzoyl, R,;, is hydroxy, R, is keto, and R,,, 1s acetoxy.
The structures were confirmed by NMR.



.002 .313 taxotere .007 .246 .003 .189 EXAMPLES 45-57 Using the procedures
set forth in Exanple 1 (except for the substituents of azetidin-2-one and
the protected taxane and the anmounts of the reactants) a series of
conpounds were prepared having the followng structure in which X3, X O
R2, R 8, R9a, and Rl0a are as shown in Table 3. Unless otherw se indicated,
R, is benzoyl, R a is hydroxy, R9a is keto, and RIQ, is acer-oxy. The
structures were confirmed by NVMR 45 ax 0 O L L NN pUUssromzz
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t axanes of the Exanples 45-57 were 45

EXAMPLE 58

The taxanes of the Examples 45-57 were
evaluated using the procedures set forth in Example 44.
All compounds had an IC;, of less than 0.1, indicating
that they are cytotoxically active.

In view of the above, it will be seen that the
several objects of the invention are achieved.

As wvarious changes could be made in the above
compositions without departing from the scope of the

(:) invention, it is intended that all matter contained in
the above description be interpreted as illustrative and
not in a limiting sense.



eval uated using the procedures set forth in Exanple 44. Al conpounds had
an 1Cc of less than 0.1, indicating that they are cytotoxically active. In
view of the above, it will be seen that the several objects of the
invention aré achi eved. As various changes could be nmade in the above
conpositions w thout departing fromthe scope of the invention, it is
intended that all matter contained in the above description be interpreted
as illustrative and not in alimting sense. 47 WHAT | CLAIMIS I. A
a-lactamcorresponding to the formula: Xg~N z a 2 X4 X1 x 3 XZ wherein
Xl is -OX5, -SX' or -NX1XS; X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl; X3 and X, are independently hydrogen, alkyl, alkenyl,

al kynyl, aryl, heteroaryl, acyl or h€terosubstituted alkyl, alkenyl,

al kynyl, aryl or heteroaryl, provided, however, that X, and X, are not both
acyl; XSis - P , S_-CCNXBXICZ or -S2Xli; X6 is hydrogen, alkyl,
al kenyl , al kynyT5 ; ' ' :

1. A B-lactam ¢orresponding to the formula:

X iy /0
N z/

3
1 Xﬁ r-.-“-'..;(1

Xy R

wherein
%, is -0X;, -8X%,, oxr -NXX;;
X, ig hydrogen, alkyl, alkenyl, alkynyl, aryl, or
" heteroaryl;

Xy and X, are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl, heteroaryl, acyl or heterosubstituted
alkyl, alkenyl, alkynyl, aryl or hetercaryl, provided,
however, that X, and X, are not both acyl; '

. X is -CO0X,,, -COSX,,, -CONXXio/
or =50, : : _

X is hydrogen, alkyl, alkenyl} alkynyl, aryl,
heteroaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative; ' ,

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

¥, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or hetervarvl;

¥, 1l an amino protecting gfoup;b' _

X, i3 alkyl, alkenyl, alkynyl, aryl, heteroaryl, or
hetercsubstituted alkyl, alkenyl alk?nyl; aryl or
hetercaryl;



“heteroaryl, hydroxy protecting group; or a functional group which increases
the water solubility of the taxane derivative; X 1is alkyl, alkenyl,

al kynyl, aryl, heteroaryl, or sulfhydryl protecting group; X, is hydrogen,
al kyl , al kenyl, alkynyl, aryl, heteroaryl, or heterosubstituted al kyl, _
al kenyl, al kynyl, aryl or heteroaryl; X is an amno protecting group; X10
is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterosubstituted al kyl,
al kenyl al kynyl, aryl or heteroaryl; 48 X11 is alkyl, alkenyl, alkynyl,
aryl, hetero-aryl, -Ox.., or -NX X 4; X1, is hydrogen, alkyl, alkenyl,

al kynyl, aryl, or hetercaryl; and at |east one of X3, X, andX30 is furyl or
thienyl, 2. The p-lactamof claim1l wherein X, is -OX, and X6 is hydroxy -
protecting group. 3. The 0-1actam of *¢laim 1 wherein XL is -OX,, and X6 is

triethylsilyl, 1-ethoxye |, or .. 2, 2,2-1.r] chloroetho hyl .. 4. The
p-1lactam of claim nV\hér%?}%Y]Xl a’ll}sf‘e@&&al}&m g %5’6%'03%/&%%%? %Wyl ; and X is

hydr oxy protecPing groulXXs; The p-lactamof claim1 wherein X1 is -OX6; X,
is hydrogen or alkyl ; i dr , an 11 STk Xy aP{otecting group.
f s et age, Mk sy et

6. The (3-1actam of rogen.
hetercaryl; and

at least ome of X,, X, and X,, is furyl or thienyl,

2. The f-lactam of Flaim 1 wherein X, is -0X,, and y
X, is hydrexy protecting group.

3. The f-lactam of claim 1 wherein X, is -0X;, and
X, 18 triethylsilyl, l-ethoxyethyl or
"2,2,2-trichloroethoexymethyl.

4, The B-lactam of claim 1 wherein X, is -0X;; X, is
hydregen or alkyl; and X, is hydroxy protecting group.

5. The g-lactam of claim 1 wherein X, is -CX;; X; i=
hydrogen or alkyl; X, is hydwogen; and X, is hydroxy
protecting group. : '

6. The B-lactam of claim 1 wherein X, is hydrogen,

7. The B-lactam of claim 1 wherein X, and X; are
independently selected from hydrogen and alkyl.

g. The B-lactam of claim 1 wherein X, is -0X,; X; is
. selected from hydrogen and alkyl; X, is hydrogen: X, is
furyl or thienyl; X; is -CO0X;q, or -CONX X, X¢ 13



7. The p-lactamof claim1l wherein X. and X3 are independently sel ected
from hydrogen and al kyl. 8, The P-lactamof claim| wherein X1 is -0OX6; X
is selected fromhydrogen and al kyl; X, is hydrogen; X4 is furyl or
thienyl; X is -COOXIO or -CONXOXIO; X6 is 49 hydroxy protecting group;
and X. and X10 are as defined in claim1. 9. The p-lactamof claim1
wherein X, is al kenyl, alkynyl, aryl, heteroaryl or hydroxy protecting
group. 10. *The p-lactamof claim1 wherein X is alkenyl, alkynyl, aryl,
or heteroaryl. 11. The (i-lactamof claiml wherein X is hydrogen, ;alkyl,
al kenyl , al kynyl, aryl, or heteroaryl; and X is alkyl, alkynyl, or
het eroaryl . ' ' a9

hydroxy protecting group; and X%, and X,, are as defined in

‘claim L.

9, The B-lactam of claim 1 wherein X, is alkenyl,
alkynyl, aryl, hetervaryl or hydroxy protecting group.

10.  ‘The f-lactam of claim 1 wherein X, is alkKenyl,
alkynyl, aryl, or hetercaryl.

i1, The ﬁ-lactam'of‘claimll wherein X, is hydrogen,
calkyl, alkenyl, alkynyl, axryl, or hetersaryl; and ¥, is
alkyl, alkynyl, or hetercaryl.



