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LD57 = NOVEL [err]-LACTAMS, METHODS FOR THE
PREPARATI ON OF TAXANES, AND ' S| DECHAI N- BEARI NG TAXANES 5
The preseént invention relates to novel [err] - lactanms. The [err]-Ilactans
of the priesent invention oofdnd utility as internediates inppae

pr epar at i:on- of si dechai A¥beari ng taxanes #uch as taxol and taxol 10
derivatives. The present invention also relates to . novel nethods of
coupling-[err]-lactans to form such si dechai n-bearing taxanes, and to
novel sidechain- beari ng taxanes. 15 Taxanes are diterpene
conpounds “havi ng utility in the pharmaceutical field. For exanple,
taxol, a taxane having the structure: [err]

PREPARATION OF TAXANES. AND
SIDECHAIN-BEARING TAXANES

The present invention relates to novel B-
lactams. The pf-lactams of the present invention
find utility as intermediates in the preparation of
sidechain-bearing taxanes such as taxol and taxol

10 derivatives. The present invention also relates to
novel methods of coupling P-lactams to form such
sidechain-bearing taxanes, and to novel sidechain-
bearing taxanes.

15
Taxanes are diterpene compounds having
utility in the pharmaceutical field. For example,
taxol, a taxane having the structure:
20

where Ph is phenyl, Ac is acetyl and Bz is benzoyl,
has been found to be an effective anticancer agent.
ﬁaturally occurring taxanes such as taxol
25 may be found in plant materials, and have been



where Ph is phenyl, ACis acetyl and Bz is benzoyl, has been found to

be an effective anticancer agent. Natural |y occurring taxanes
such as taxol 25 may be found in plant nmaterials, and have been

LD57 _ =2 i solated therefrom &$RH taxanes
may, however, be present™i'n plant matericals=in relatively snall
anpunts so that, in the case of taxol, for exanple, | ar ge nunbers of

t he sl ow grow ng yeM/trees-forning 5 a source for the conpound nay be
required. The art (N%Enued arch for_sy

S t
i ncluding sem - syntheﬁl P&ﬁ? gh? 855r§?¥6ﬂes ma%ﬁlﬁ? UP§FI§e
occurring taxanes suclprasentxidn, phant mauﬁmlhlaslnonekafoEInIﬂmaédeparation

of synthetic, 10 phaaﬂ%ﬁﬁ!&' §8) that!s> ol lcrid3a8dSok NEdROT for example, The
present ‘i nvention proyides novel err] | act am conpounds
following fornula |;: 1§rge numbers of [tdie ;slow-growing yew trees forming

5 a source for the compound may be required. The art
has thus continued to search for synthetic,
including semi-synthetic routes for the preparation
of naturally occurring taxanes such as taxol, as
well as routes for the preparation of synthetic,

10 pharmaceutically useful analogs thereof.

The present invention provides novellﬂ—
lactam compounds of the following formula I:

15
Qi\ 1
*C
/ \ R4
R0 /
o
N
0/ \ RS
where
Rl and R2 are:
20 (1) both the same alkyl group:
(ii) together form a cycloalkyl group: '
(iii) together form a cycloalkenyl group;
or

(iv) together form a heterocyclo group;
25 R3 is alkyl; '



where - [erf] and R2 are: 20 (1) both the same al kyl group;

(i) togetther forma cycloal kyl group; - (ii1) together forma
cycl oal kenyl group; . or - (iv) tgggther forma
heterocyclo group; 25 R3 is alkyl; 57

LD57 o - 3- Ié&r] is aryl; [err] is
hydr ogen, aryl carbonyl, or al kyl oxycarbonyl, and salts thereof.
The [err]-lactans of the present invention are 5 useful as internediates in
t he preparation of gidechai.n-bearing taxanes such as taxol and taxol
derivatives. In partlculefrS &ﬁe conpounds may be coupled with a

t axane noiety to for mRheis hydabgennearykeabonydechai alkgloxycarbonyds t he
stereochemi stry ‘of taxanes nygugakheek therdde pharnaceutlcal act|V|ty, it

desirable to empl o m | nt r t d
Itfle f;SInaI t axane prodtrjqc)t Mﬁrﬁ‘%? i?é %%!%h% tgferfgeggnghhﬁﬁ? ‘r?f‘ E#%VI ©
[err]-lactans of t§e pussfull asniacéirmedidted i chebprepar&eibmidh an
asterisk in the above oiaedlifbBal shy ek MICRE! £afd] D dligne Such

a carbon center is asynmmetr |astereoners can be
formed. The [err]-I|actdgmivatives. Inppastinular,cthess ermRouRdss Mg ber

results relative 20 tocdupilidd withadsrikarnd iy BodBoARYER&tric carbon at

t he correspondi ng positjion sing epn.the latter conmpounds are
prepared, or when they? éﬁ%? PBBShSld?ﬁ 31 t axane noiety, products are
formed as a miot ur e of stPer &heostegemehemsnyTbé taxanés amaywfaffectuch a
m xture of stereoi Song! Eﬁab@u@ al ad %.ftpc' ePt 4 é'scfeé){ré % tcartl ng
mat eri als; and co |ca s separajlon a h ahl roce

—lac am interme ic prov1

the final taxane product with the stereochemistry
sought. In the f-lactams of the present invention,
15 the carbon marked with an asterisk in the above
formula I is a non-asymmetric carbon. Where such a
carbon center is asymmetric, a mixture of
diastereomers can be formed. The B-lactams of the

present invention provide superior results relative
20 to B-lactams which contain an asymmetric carbon at
the corresponding position since, when the latter
compounds are prepared, or when they are coupled
with a taxane moiety, products are formed as a
mixture of stereoconfigurations. The formation of
25 such a mixture of stereocisomers results in an
inefficient use of the starting materials, and
complicates separation and purification procedures.
The P-lactams of the formula I of the
present invention are further advantageous in terms
30 of the yield and purity of the final taxane
product. 1In particular, the P-lactams of the
present invention allow efficient conversion, and
therefore use of lesser amounts, of starting
materials, as well as simplified separation and



Ther[ere]-lactans of the formula | of the present invention are further
advantageous in terns 30 of the yield and purity of the final taxane

product. In particular, the [err]-lactans of the present invention

all ow efficient conversion, and therefore use of |esser &®dints, of

starting materials, as well as sinplified4separation and

LD57 _ -4- purification procedures, when

enpl oyed as internediates in the preparation of sidechain- beari ng

t axanes. esent |nventbpn al so rOV|c$ﬁ¥ vel 5 nethods for
using the aforenentloﬁgﬁ %é??EIQQuﬁﬁﬁﬁ? yres. w? %ﬁjﬁ Sn the

preparation -of sidechanhermedidmss iimg thex preparation hef rsidelichain-~

si dechai n- beari ng fhayed. 10 The present

i nvention is describeﬁ ?ﬁ?ﬂier as foll ows. The terns "al kyl "

or "al k", as used herein The PreSANtadNYSREign aked Hrowdssy nowedot e 15

optional ly substi t3it edethodsi £t uamngbmaachédrehemtnonedsﬁﬂﬂacaamd of

hydr ocar bon groups, preferably. h to_10.carbons jn,the nornal
chai e Exempary. " PERELETIIA & 1 che, PraREranLTRE Midehattrny
propyl ;. isopropyl, n-beayingttdxangs, amdbnhylpoﬁeﬂ qmdﬂqhaznhbnyr;ngsohexyl,

- heptyl, 4,4- di met Qy¥LREeS i epded) 2,2,4-trimethyl pentyl, nonyl ,
decyl, - undecyl , dodecnyand t% RI ke. Exenpl ary substituents may
i ncl ude one or nore of the foll ow ng groups: halo, alkoxy, alkylthio,
25 al kenyl, al kyt§l, aryl, cycloal kyl, cycl oal kenyl, hydr oxy or

protected hydroxy, carboxyl éﬁéx%%ﬁrﬁnt 1n§55¥5§ﬁ%?§T5£5941bed(¥ rFPeFan1no

al kyl car bonyl oxy, carbanoyl nono-
or . thiol (-SH). as follows.

. The terms "alkyl® or *alk", as used herein
alone or as part of another group, denote

15 optionally substituted, straight and branched chain
saturated hydrocarbon groups, preferably having 1
to 10 carbons in the normal chain. Exemplary
unsubstituted such groups include methyl, ethyl,
propyi, isopropyl, n-butyl, t-butyl, isobutyl,

20 pentyl, hexyl, isochexyl, heptyl, 4,4-
dimethylpentyl, octyl, 2,2,4-trimethylpentyl,
nonyl, decyl, undecyl, dodecyl and the like. ,
Exemplary substituents may include one or more of
the following groups: halo, alkoxy, alkylthio,

25 alkenyl, alkynyl, aryl, cycloalkyl, cycloalkenyl,
hydroxy or protected hydroxy, carboxyl .(-COOH),
alkyloxycarbonyl, alkylcarbonyloxy, carbamoyl _
(NH2-CO-), amino (-NH2), mono- or dialkylamino, or

~ thiol (-SH).

30 The terms *lower alk®" or “lower alkyl®, as
used heéerein, denote such optionally substituted
groups as described above for alkyl having 1 to 4
carbon atoms in the normal chain.



30, . The terns lower alk- or "lower alkyl", as used herein,
denot e such optionally substituted groups as described above for aIkyI
having 1 to 4 carbon atons in the nornmal chain.

LD57 - ~ -b- The terns t.Bbfioxy" or
"al kyl thio", as used herein, denote an al 8y+ group as descri bed above
bonded t hrough an oxygen Ilnkage (-O) or a sulfur |l i nkage (-S-),
respectively. The term5 "al kyl oxycarbonyl", as used herein, denotes an
alkoxy gr oup bonded t hrough a carbonyl group. The term

"al kyl carbonyl oxy", as used 'meettermﬂé'ragk@syanor “abrydnhig@eupshufadd

through a_carbonyl ngHPei\ﬂ' Ccilenote ia%h a'mylu Fou cusieaéstdﬁauahabavexygen
l'i nkage. The 10 terng nonoagqv}'gim no' f a{nong denot e gu
ami no group substitut BARE§Ad RS 8#%9?“ b€5§¥ 88s8r PEE Sbove,

respectively. link3§e (<S-+),” aldsperkiveds. usﬁnb heersi n al one or as
part of another grgup, Rt i Qpa fﬁ%ﬁﬂl gpRpuUPS as
descri bed for al kyT, a??ﬂfésfc Co aln?%ghg ongkﬁgﬁggn to_carbon

doubl e bond. Exenpahoyysmp thmﬁeﬁ tm:pua’e @r@a@orm}r group. 5| Ry
groups as described apgyg, 8licPlartoriyloRy ", a8l GHES mss:m badnobeseans

al kyl substituents. 2 al k re | one or
as part of another gréabyld%ﬁ@ﬂ%gxgﬁﬁﬁFEBFPBHI carsol 3%?& &§t hgﬁﬁoups as
described for al kyl, &Brtharturn.chnndadnthgoaghleasmxxnﬂn(iymbegeto Thebon

triple - bond. %efemeb.m Sﬁw&éﬁm%&doncwdedw [afBicP dendlkyhnor oups
as descri bed above, groups descr ﬁ!e&agFB

substituents. amln?hér?%Prﬁ“@ﬁﬁﬂqﬂﬁeﬁypy one %%éﬂ“%
as part of another gragpdegderibéd anvvernaldspectivelpstituted, saturated

gycllc hydr ocarbon ring 30 s¥ﬁ g%ﬁw iiéﬁégma gguﬁgéalﬁgkélﬁ(%f%dg ggs and

to 7 carbons per ring. such groups
i ncl ude cycl opropyl, agcpebttef, angther group, denotes such optionally

15§ substituted groups as described for alkyl, further
containing at least one carbon to carbon double
bond. Exemplary substituents include one or more
alkyl groups as described above, or one or more
groups described above as alkyl substituents.

20 The term *alkynyl®, as used herein alone or
as part of another group, denotes such opt;onally
substituted groups as described for alkyl, further
containing at least one carbon to carbon triple
bond. Exemplary substituents include one or more

25 alkyl groups as described above, or one or more
groups described above as alkyl substituents.

The term “cycloalkyl®, as used herein alone
or as part of another group, denotes optionally
substituted, saturated cyclic hydrocarbon ring

30 systems, preferably containing 1 to 3 rings and 3
to 7 carbons per ring; Exemplary unsubstituted
such groups include cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl, cyclododecyl, and adamantyl. Exemplary

or



pentyl, .cycl ohexyl, cycloheptyl, cyclooctyl, cycl odecyl, cycl ododecyl,
and adamantyl. Exenplary '

LD57 - 6- substituents include one or nore
al kyl groups as descri bed above, or one or nore groups degggfbed

above as al kyl substituents. The tegm "cycl oal kenyl ", as used
_herein 5 alone or as part of another group, denotes such optionally
substituted groups as described above for cycloal kyl, further

contai ning at |east one carbon to carbon double bond formng a
partially unsat ur ssubbtrituentBx énplude endxn monet alkyd| gueudd asne or
more al Kyl groups as desthiiid abeve, of S or mdte TRHADE’ QRS HGSE"! bed
above as al kyl substituents terns "ar “aryl™, as

used herein al one YO at?aratlk&'\l 5“9?%‘?“’@?% denot e 15 optional ly
substituted, homocyclic arondlie t@rmupeycloalksmfer, aldsyu@;@ﬂt hepefy 1 or 2

rlngs and 6 to 12 Il N n | oups

i ncl ude phenyl, bi phe%:lIa one Cogr %% ﬁ?ﬁ 8?%@5[%? f%’%&’ %ggt§§ %‘f%{l ncl ude
one or nore, prefer ablwtmlmsubﬁtimd grquns @Sodpgcrabﬁgla@wmps as
descri bed above, OfollGHH1DadRFE!, | b@&ﬁé@\&r&%ﬂxhﬁl at le@§PSnd uents.

The term "aryl carbonyl", .as used or gs part of, other
group, denotes an aryl€ az‘gmrbrt(?uﬁaﬁgc’ﬁe@%‘r‘k?%%c FOTBIRGe8 PAT

.car bonyl group. unsaturatéﬂhelngrnsEkémnlachﬁmbstluuehbetEnctudé|(ﬂ
as used herein al , 0 ti
substituted, full 31%‘53&%:%%?%3%{8%3%1% QP ) dzfrsgr%' ?@ %?oﬂ%n %gént%%l C

cyclic groups havi®¥% RAre @&?Elpénéeﬁ%?bb%tﬂhﬁ‘ﬁ%a&t allkydt one ring,
preferably nonocyclic siibdlitunite.gr oups

The terms *"ar* or *aryl®, as used herein

alone or as part of another group, denote

15 optionally substituted, homocyclic aromatic groups,
preférably containing 1 or 2 rings and 6 to 12 ring
carbons. Exemplary unsubstituted such groups
include phenyl, biphenyl, and naphthyl. Exemplary
substituents include one or more, preferably three

20 or fewer, nitro groups, alkyl groups as described
above, or groups described above as alkyl
substituents.

The term *arylcarbonyl®, as used herein

~ alone or as part of another group, denotes an aryl
25 group as described above bonded through a carbonyl
' group.

The terms "heterocyclo* or “heterocyclic*,
as used herein alone or as part of another group,
denote optionally substituted, fully saturated or

30 unsaturated, aromatic or non-aromatic cyclic groups
having at least oﬁé heterocatom in at least one
ring, preferably monocyclic or bicyclic groups
having 5 or 6 atoms in each ring. The heterocyclo
group may, for example, have 1 or 2 oxygen atoms, 1



having 5 or 6 atonms in each ring. The heterocyclo group may, for
exanpl e, have 1 or 2 oxygen atons, 1

LD57 S ' -7- or 2 sulfur atons, and/or 1 to 4
nitrogen atons in the ring. Each heterocyclo group may berbgnded

t hrough any carbon or heteroatomof the ring- 7 - system Exenplary

het erocycl o groups include the 5 follow ng: thienyl, furyl, pyrrolyl,

pyridyl, i m dazolyl, pyrrolidinyl, piperidinyl, azepinyl, " i ndol yI,
I soi ndol yl , quinol-inyl, isoquinolinyl, benzot hi azol yl, benzoxazol yl,
benzi m dazol yl , beaw Gk silfny! promgeerdiomiargl 4 ahtiregercEtans, iniQ

tetrahydropyranyl (e.Ghetdifig. athEHpMé@é‘%&yclo réﬁsnabﬁrye%aﬁéd uent s
i ncl ude one or nore aéﬁéﬁ%‘ agw s as deﬁéékgg abov one or nore
gr oups descri bed oy r?ﬂ%s?? atom of th terns
"hal ogen" or "hal 0", aaysmd 15::dempéanyalhe1mromycam gaatzpsf:.mnh_tdreerthy oup,
denote chlorin I odi e term
"taxane noiety", a§ useog' eregf %Bg'baglh%l p&?mly bn?’él ni nig} t he core
structure: [err] imidazodwilehpysrel idimek unipexydbaylubazerindd and
whi ch may contain ﬁldlﬂ'ﬁrl' Cisuaaabwm | Qiirdlinge, rh.EQqu:.noPMﬁflem

E:gﬁ'[ :?Li ng a taxane H)i? 49 bganzoxazfggagrg?ﬁgl $Otef ]‘25 conpounds
"si dechai n- beari ng tevhan;bxaﬂ;azolymseuemzninnazamVﬂoteadceamzmuakiy.
containing a taxan® tetrahydropyranyl (e.g. 4-tetrahydropyranyl).
Exemplary substituents include one or more alkyl
groups as described above, or one or more groups
described above as alkyl substituents.
The terms *halogen® or *halo*, as used
15 Therein alone or as part of another group, denote
chlorine, bromine, fluorine, and iodine.
The term *taxane moiety®", as used herein,
denotes moieties containing the core structure:

which core structure may be substituted and which
may contain ethylenic unsaturation in the ring
system thereof.
- The term "taxane®, as used herein, denotes
25 compounds containing a taxane moiety as described
above. The term "sidechain-bearing taxane"*, as
used herein, denotes compounds containing a taxane .
moiety as described above, further containing a
sidechain bonded to said moiety at C-13.
30 The term *hydroxy (or hydroxyl) protecting
group®, as used herein, denotes any group capable



noi ety as descri bed above, further containing a si dechai n bonded to

said noiety at G13. 30 The term "hydroxy (or hydroxyl) protecting
group”, as used herein, denotes any group capabl e

LD57 - 8- of protecting a frebD&Ydroxyl
group which, . subsequent to the reaction fo which it is - enployed,
may be renpved wit hout destroying the remai nder of the nolecule. Such
groups, and the 5 synthesis thereof, may be found in "Protective

G oups in Organic Synt heS| S T. W Green ohn W | e nd Sons, 1981,
or Fieser & Fieser. EﬁﬁQﬁﬂ9£¥th?dFB§?I étﬁﬁﬁ“BrU $€0§ ncl ude

met hoxymet hyl , 1- et hoxysihdequent- wot Rheyréactdibn eirhwhéthykit is

b I t hyl h .
(ot Ay opyr Ay 5, 2B HeE e A oy ng cne

t-but yl (di phenyl) si | yl remainder gfcghei mlecmhchl&wcarrsrﬁbnycaa%rshe and-
2,2,2- - trichl Orﬂeté‘ﬁﬁm@ﬁykhel‘éof may E@qmmln spkbtec@bvelsed

hereln includes gl st i (LIRS L OROC, BELge PR

herein, denotes a basewtruyeandls@nshelﬁaletqr Pikser pankser. where M s

an al kali metal such ag, litl M 32dpT proe &t iy 330LPE iAC1ude
methoxymethyl, 1—ethoxyethy1, l1-methoxy-1-

10 methylethyl, benzyloxymethyl, (P-trimethylsilyl-
ethoxy)methyl, tetrahydropyranyl, 2,2,2-tri-
chloroethoxycarbonyl, t-butyl(diphenyl)silyl,
trialkylsilyl, trichloromethoxycarbonyl, and 2,2,2-

trichloroethoxymethyl.

15 The term "salt*, as used herein, includes
salts with organic and/or inorganic acids and/or
bases. -

The term "alkali metal silylamide base®", as
‘used herein, denotes a base containing the moiety:

—S1=N-§1 —

M

where M is an alkali metal such as lithium, sodium

or potassium.
25

Preferred f-lactams of the present invention
are those compounds of the formula I which are
30 crystalline compounds, rather than liquids (oils)
at ambient conditions. Such crystalline compounds
are advantageous relative to liquid compounds as
they may be more easily prepared and obtained in



Preferred [err]-lactans of the present invention are those conpounds of
the formula | which are 30 «crystalline conpounds, rather than |iquids

" (oils) at anbi ent conditions. Such crystalline conmpounds are
advant ageous relative to |iquid conpounds as they may be ubpf7e easily
prepared and obtained in . 9 - :
LD57 : -9- pure form particularly at
| arger scal es, thus facilitating their subsequent use as internediates
in the forrratlon of sidechai n-bearing taxgnes s as, taxol and taxol
derivatives. 5 Pusg; £PEMy JPRTE TR ﬁ'ryeé‘ gﬂﬁ%ﬁﬁo% cakegndhus ¢ oryl a

| are those where [errf]aca.ndltEEmgetmm Me@emammmMemddadtbsmer

| kyl oup, iall,
3nsﬁbs?ir?3t)edelsg\iglraal%yl espeC| ﬁn %&hﬁﬁ%@ﬁﬁ&&;#g %HCES IS

hydr ogen, benzoyl or @s taxopand ,Qgrlvat:lves [err]-l act ans of
the formula I may e prepar e@a%éxc@](aﬂ%} s eryed a8mpoisds JOWhe N the
fol |l owi ng React i or% Sch E for t &artl g@ of C|§ Jer rdﬂs’hachans

of the fornula I. 7mila I are tho ere

same unsubstituted lower alkyl group, especially
where Rl and R2 are both methyl; R3 is
unsubstituted lower alkyl, especially methyl:; ré is

10 phenyl; and RS is hydrogen, benzoyl or t-
butoxycarbonyl.

B-lactams of the formula I may be prepared

15 by methods such as those shown in the following
Reaction Scheme for the prepartion of cis B-lactams

of the formula I.



Reacti on Schene LD57

The starting conpounds of the formula Il nay be prepared by net hods such
as those described in our European Patent Application No. '

EP- A-552, 041, incorporated herein by reference. It is 5 partildd7arly
preferred to enploy [err]-lactans which -at@ Stereoi sonerically (that

is, enantionerically) - pure. The conpound of the fornula Il may
be converted to a conmpound of the formula | by 10 reaction of the
former, in the presence of an acid { , WM th a compound of the
formula I'll or I'V: [err] d [err] are as defined
above and [err] (1) is a group such that [err] is the sane as R2 when 20

R2 is alkyl or (ii) forms, toget#@,with R2 andeﬁﬁe atons to which [err]
s het erocycl o group

and [err] are bonded, a cycl oal ke
cont ai ni ng at | east one carbon to jcarbon dopbl e bond. Exenpl ary
conpounds of the fornmula Il'l include jt he 25 COTpounds:u?JnEthoxypropane,'
rv\
O H
(M. RS5=H
7/
A
R3O O, Rt
O"’ ‘.\
M RP=H
N
\



[err] 30 Exenpl ary conpounds of the formula IV include the conpounds:

LD57 -12- [err] A
particularly preferred nethod for obt ai ni ng a conpound gfpgse formula |
where [err] and 5 R2 are both the sane al kyhjis by contacting a

conpound of the formula 1l with a conpound of the formula IV where
[err] is as defined above and [err] is a group such that [err] is the
sanme as [err] in the presence of an acid catalyst such as an organic 10
sul fonic acid, for exarrpl e, pyridini um p t ol uene suI fonate (PPTS),

tol uene sul fonic ac hor fonr acr t hoxypropene is
preferred as thie co%%f){-dﬁ‘ ‘?‘“DPHBde 8r rﬁﬂe 08 1F Ty 68 The
af orenenti oned r eacpiepared byr eéetoabl suchSas ctbosh,r(d!aedrmedalm enperature of

fromabout [err] to E@Qﬂu [ LLwpt about [err] and at
anbi ent pr essur?al‘r he reéc%?e%ﬁ’]tr‘r@iﬂ??ééok @ | e, be conpl eted over
the course of about %‘”55%194“9!1001'9%%1 I@I}?d@r &y xederengsef elibliyp

conduct ed under 520 pareicBbphey epoéférmsd tgaemploy s lagams which

Preferred nole ratios of the conpound of th formula 111 or ILV: the
conpound of the fOrﬂﬁ?a5$¢r30150merlcally (that is, enantiomerically) -

pure.
The compound of the formula II may be
converted to a compound of the formula I by
10 reaction of the former, in the presence of an acid
catalvst, with a compound of the formula IITI or IV:

\/

an/ \

15 or
OR3

R'2—CH==C —R?

where R, R? and R3 are as defined above and R2 (i)
is a group such that R2-CHz- is the same as R? when
20 R? is alkyl or (ii) forms, together with R? and the
atoms to which R!2 and R2 are bonded, a
cvcloalkenyl group or heterocyclo group containing
at le=ast one carbon to carbon double bond.
Exemplary compounds of the formula IIT include the

25 compounds: dimethoxypropane,
OCH, OCH,
or
OCH,; OCH;
3} Exemplary compounds of the formula IV include the

compounds:



are fromabout 6:1 to about 1:1. An anmpbunt of acid I's enpl oyed which is

effective to catal yze the 25 reaction. Organi c solvents are
pref erably enpl oyed which are inert to the reaction. Particularly
preferred solvents are acetone, dinethylformam de, t et r ahyDBDf ur an,

di chl oronet hane, acetonitrile and 30 tol uene. 12nmpunts of sol vents are
preferably those where tfie rati o of conpound of the formula |

LD57 - -13- solvent is fromabout 1:5 to
about 1: 40, wei ght : vol ume. The [err]-lactamof the fornula

SO0 obt ai ned, where [err] is hydroget®s may opti nverted 5 to

a [err]-lactamof the formula I P RSis or ar YOnyl or

al kyl oxycar bonyl, with or withg prior isolati t he [err]-Iactan1
where [err] is hydr ogen, b acting the former [err]-1actam where
[err] is hydrogen with a conpound of the formula V or 10 VI: [err] 15
wher e R6 is aryl or al koxy; and X is halo, especially chloro.

The above reaction is preferalparededlarbe prefidrred mepheaeﬁof of a
Pt héiﬁyf‘?m”ﬁoéiﬂ‘d?ﬁﬁt%enz OB Efipofidoe i %3 P, o %%?eﬂla%ﬂﬁpound
of the fornula V, 3 péelbptb the sare Alkydr isi by eéntagking BOC
compound of the formula II with a compound of the
formula IV where R?® is as defined above and R!2 is
a group such that Rla-CH,- is the same as R2, in the
presence of an acid catalyst such as an organic
10 sulfonic acid, for example, pyridinium p-toluene
sulfonate (PPTS}, toluene sulfonic acid or camphor
sulfonic acid. 2-Methoxypropene is preferred as
the cdmpound of the formula IV.
The aforementioned reaction is preferably
15 conducted at a temperature of from about -30°C to
about 30°C, especially at about 0°C, and at ambient .
pressure. The reaction may, for example, be
completed over the course of about 0.5 hour to
about 10 hours, and is preferably conducted under
20 an atmosphere of inert gas such as argon.

Preferred mole ratios of the compound of the
formula III or IV: the compound of the formula II
are from about 6:1 to about 1:1. An amount of acid
is employed which is effective to catalyze the

25 reaction.

Organic solvents are preferably employed
which are inert to the reaction. Particularly
preferred solvents are acetone, dimethylformamide,
tetrahydrofuran, dichloromethane, acetonitrile and

30 toluene. amounts of solvents are preferably those
where the ratio of compound of the formula II:



anhydri de (conpound VI where R6 is t-butoxy) is 25 preferred as the
conpound of the formula VI, especially for the preparation of taxotere.
In the above reaction, it is preferred to enpl oy tenperatures of from
about [err] to about [err] especially about OC, and anbi entp$ressure.
30 The reaction may, for exanple, be conpl etedldver. t he course of about
2 hours to about 10 hours, and I's preferably conducted under an

at nosphere of i nert gas such as argon

LD57 -14- Preferred nole ratios of the
conpound of the f orgalivent ds from[abkeut |15S &» ebouhelf®Pnul a | where
[err] IS hydrogen gj&idHtOR0AQMdt 1:1 to about 5:1. Preferred nole
ratios of tertiary amne: Terrk-] &c Ofe t f e IS
hydrogen are from about 1: et@ gggﬁ%‘éﬁi&% f%%hg &O%;aér'ﬁg%ég)ﬁ/ents
are preferably enpl oyedwhere ®fi tb hydrogesn,t may bpeiorally dve demventedar|y

preferred solvents 3re ygth\g-aaecshl 6f ieiee foimAflar 2hwHeps USRS
acetonitrile, acetone, dlnEtQ%g_ f ormam de and tol uene. Anmpunts of

sol vents are pr ef eranyhrarpesy 1npEr lIDHORVCATOORY L) cWith | @ tikhaut
from about 15%to aboutpfip Hpolatdbh, obases Perlacham wheren®? nied wei ght of

| t d starti : t i |
bot bydrogen are 0 prsfdfadi By clncaceing (i leokRCEIPLIGNIE wifddd S

not hydrogen are p coupling
f.ol | owi ng. 20 R® isxawdsoger witlemp@ospoungoafidshe ofgmiuliand or t he
t axane noi ety: 10 VI:
| R6-C (0) -X V)
or .
_ RS-C(0) ~0-C(0) -RE (VI)
15 where

RS is aryl or alkoxy; and
X is halo, especially chloro.
The above reaction is preferably conducted in the
presence of a tertiary amine such as
20 diisopropyl{ethyl)amine, triethylamine and
4-dimethylaminopyridine. Benzoyl chloride is
preferred as the compound of the formula V,
especially for the preparation of taxol. BOC
anhydride (compound VI where R® is t-butoxy) is
25 preferred as the compound of the formula VI,
especially for the preparation of taxotere.

In the above reaction, it is preferred to
employ temperatures of from about -30°C to about
30°C, especially about 0°C, and ambient pressure.

30 The reaction may, for example, be completed over
the course of about 2 hours to about 10 hours, and
is preferably conducted under an atmosphere of
inert gas such as argon.



[err} 225 described above. O particular interest are t axanes

containing a taxane noiety in which the 11, 12-positions are bonded

t hrough an et hyl enic “I'inkage, .and in which the 13-position contains a
si dechai n, which taxanes are exenplified by taxol. 30 Pharnacbb®gically
active taxanes such as taxol nay- - be used- d4 antitunor agents to treat
patients LD57

suffering fromcancers such as breast ovarian colon or lung cancers,
mel anoma and | eukem a. The present ipventjon provides_a nove

nmet hod for the preparation ofpﬁﬁfé’é}?& H‘° gaF2hPs Q4 Ehfe SOPPoRBA pPF n"g}"ea
[err]-lactam of the prﬁnxmula V|omv&ﬁr|DnlacmdmwoﬁsnhedfngB&aaInwhere RS

parti.cul ar, t he pr V. [ vel d f t he
preparation of a si dec dotég& aQQ %8)‘ Q&;’@ {“1 T gﬁgg\neng ?or mul a VI |
or a salt thereof: 10 re 1e rﬁﬁé?% 123 r??rQ%ﬂfy[éPFPear RSN i ned

above, and T is s texaige rmﬁmabqndﬁérdlﬁ%qtd mya&o A3apé fyprpai d
noi ety; conpr|5|ngft e s%gg Cﬁntactlng err]-lactam of
the formula | or salt Lo esé

Organic solvents are preferably employed
which are inert to the reaction. Particularly
preferred solvents are methylene chloride,

10 tetrahydrofuran, acetonitrile, acetone, dimethyl-
formamide and toluene. Amounts of solvents are
preferably those where the starting B-lactam is

from about 15% to about 80% by weight, based on the
combined weight of solvent and starting P-lactam.

15 _ b-lactams where R5 is not hydrogen are
- preferred for use in the coupling methods described
follow1ng
20 Taxanes afe diterpene compounds .containing

the taxane moiety:

&

25 described above. Of particular interest are
taxanes éohtaining a taxane moiety in which the
11,12-positions are bonded through an ethylenic
linkage, and in which the 13-position contains a
sidechain, .which taxanes are exemplified by taxol.

30 Pharmacologically active taxanes such as taxol may
~ be used as antitumor agents to treat patients



I nvention with a taxane conpound of the follow ng formula VII'l or salt
t hereof: 20 HO T (viin) where T is as defined above,
in the presence of a coupling agent; and, optionally, converting the
group [err] of said compound of the formula VIl to hydroxyED57her eby
form ng a 25 sidechain-bearing taxane or a salt’ thereof of the

followng formula | X: [err] _ '
LD57 -16- - "~ The addition of a '
si dechai n as descri bed LN | | § Lmp I ncr eased
or nore desirable ;s)%g?rac ?&]O(ij‘afgggff\%i %‘;‘ﬁfoai ﬁ’g%ésl‘ éxg{r'\;er%ér]%bluct, or
may form a taxane prodgeiomerpung cagcerse metafiama eadydeukemia. a t axane
havi ng an i ncreased or nofige dRsdet! SnPEAE IGE PrR)itRs a nodeli vity than

the starting conpound. enpl ar t axanes, whi ¢ e, prepared by the
present method 10 for 'f‘ﬁEé“g)e%’é}r/ameoRrSPaﬁaQ%cqéisg%&gﬁi"ﬁgb ALERE

i ncl ude those conpoundtaxeres v ¢ouplingopcBnlactarpeife stheppbesent i on No.

400, 971, U. S. Patent ; 6, y b 9. s ANO. +4, éﬁi? . S.

Pat ent No. 4,814, %ﬂveﬁ:lg}] égﬁ?%@yliﬁgﬁé%nanéﬂﬁizt? at’ent No.
4,924,011, all incorpofhe Rrefant jnypntion previdasea nevel pehed (fr t o
prepare taxotere hené NSréfirdtdonOviEng SideEtidiebearing taxane of

the following formula VII or a salt thereof:

RN v
R“ . Oo—T

OCR')R?)(OR?)

10

where R1, R2, R3, R4 and RS are as defined above,
and T is a taxane moiety bonded directly at C-13 of

15 said moiety:;
_ comprising the step of contacting a fB-lactam
of the formula I or salt thereof of the present
invention with a taxane compound of the following
formula VIII or salt thereof:

20 'HO-T (VIII)
where T is as defined above, in the presence of a
coupling agent; and, optionally, converting the
group -OC(R!) (R2) (OR3) of said compound of the
formula VII to hydroxyl, thereby forming a

25 sidechain-bearing taxane or a salt thereof of the
following formula IX: '




[err] 120 or, nost preferably, taxol as the conpound of the formula I X

Exenpl ary conpounds of the fornmula VIII, havi ng the OH group bonded
directly therein at C- 13, which may be enployed in the nmethod of the 25
present invention are described in the af or epent i oned docu

I ncor porated by reference, especially in Eu?@péan Pat ent Publ i cation
No. 400, 971. Most preferably, the conpound of the ~formula VIIl is a
conmpound of "the fornmula X

LD57 -17- [err] wher e R7 is
hydr ogen, al kyl carbonyl, or a hydroxyl 5 protecting group,
especially acetyl; and [ er Thej ad@ditionaf & sideghriryas pieserihed
group; and particul giovel,Sid dn@-df i AldeNsS| W4y RABSAL dn increased or

more desirable pharmacological activity to the

5 taxane product, or may form a taxane product which
is mpre readily converted to a taxane having an
increased or more desirable pharmacological
activity than the starting compound. Exemplary
taxénes which may be prepared by the present method

10 for the preparation of a sidechain-bearing taxane
include those compounds described in European
Patent Publication No. 400,971, U.S. Patent No.
4,876,399, U.S. Patent No. 4,857,653, U.S. Patent
No. ‘47,814,470, U.S. Patent No. 4,924,012, and U.S.

15 Ppatent No. 4,924,011, all incorporated herein by
reference. It is preferred to prepare taxotere
having the following structure:

gl

20 or, most preferably, taxol as the compound of the
formula IX. -

Exemplary compounds of the formula VIII,
having the OH group bonded directly therein at
c¥13, which may be employed in the method of the

25 present invention are described in the
aforementioned documents incorporatéd by reference,
especially in European Patent Publication No.
400,971. Most preferably, the compound of the
formula VIII is a compound of the formula X:



1l suchias 7-0-triethylsilyl baccatin Il or 7-0-trimethylsilyl

baccatin IIl. 7-0-triethylsilyl 10 baccatin IIl nmay, for exanple, be
obtained from - 10-deacetyl baccatin IIl as described by Denis et

al., J. Am Chem Soc., 11Q 5917 (1988), i ncor por at ed hengsn by
reference. 7-0-Triethylsilyl baccatin |1+ 1B preferably prepared by the
nmet hods 15 of the Exanples herein. For exanple, ultimately, where R7
i s hydrogen, conpound (X) nmay be acylated . in situ before sidechain
coupl i ng. The coupling agent enployed in the nethod of t he
present invention nmay be any agent facilitating 20 coupling to formthe

si dechai n- beari ng taxane of the formul@grVI | ,oexgual ified by tertiary

am nes - such as triethyl am ne, diisopr®yl (/£ am ne, pyri di ne,
N-net hyl im dazole, and 4- - di met hyl am gOpyry 8 (DVAP), and netallic
bases 25 allowing formation of a C 2 al k§xi deYon t (3 t axane of
the formula VIII such as lithium dm de J(LDA), unsubstituted
| ower al kyl | i t hi um conmpoundsHOYr- [ o,

LD57 - 18- : N2 @Qrably, the
coupling agent of the present mnet hod oM ancﬁgkaéAgnetal silylam de base
or a sterically hindered al kali netal am de base. - Exenpl ary such bases
are those of the fornuwheXe: 5 [err] wher e [err] and

[err] are trialkylsilykgsz fgcﬁigygagq1 Q&kylcgrb%@%ﬁ té¥y§ p&%h t he

nitrogen atomto which 10 form a hetefocyclo
group; and Mis an aIREPFe¢ﬁ&QQ greyen gsperial limacesailunasd

R8 is hydrogen or a hydroxyl protecting group;
and particularly is a 7-O-trialkylsilyl baccatin
IIT such as 7-0O-triethylsilyl baccatin III or
7-0-trimethylsilyl baccatin III. 7-O-triethylsilyl
10 baccatin III may, for example, be obtained from
10-deacetyl baccatin III as described by Denis et
al., J. Am. Chem. Soc., 110, 5917 (1988),
incorporated herein by reference. 7-0O-Triethylsilyl
baccatin III is preferably prepared by the methods
15 of the Examples herein. For example, ultimately,
where R’ is hydrogen, compound (X) may be.acylated
in situ before sidechain coupling.
The coupling agent employed in the method of
the p:esent invention may be any agent facilitating
20 ‘coupling to form the sidechain-bearing taxane of
the formula VII, exemplified by tertiary amines
such as triethyl amine, diisopropyl(ethyl)amine,
pyridine, N-methyl imidazole, and 4-
dimethylaminopyridine (DMAP), and metallic bases
25 allowing formation of a C-13 metal alkoxide on the
taxane of the formula VIII such as lithium
diisopropylamide (LDA), unsubstituted lower alkyl
lithium compounds, or phenyllithium.



pot assi um Preferred bases, particularly alkali metal 15
silylam de bases of the fornmula X, are those soluble in the reaction
medi um enpl oyed, and are nost preferabl y an al kali netal hexanet hyl
disilazide (RO and [err] are trinethylsilyl and Mis sodiLPR7 | i t hi um or
pot assium), especially lithium20 hexanethyl@8stlazide (LHVDS).
"Sterically hindered al kali netal am de bases"” include those bases
containing the group -N(M- where Mis as defined above and which are
substantially the sanme as, terl cal l,y hi ndered than lithium 25
hexamet hyl di & azi de in the ESGEFFABLG: She Gouplifig agent of Fhee C 13

hydr oxyl group-cont ai @irﬁgehaxneehod iz @palkal iEmevpl asilylamiden Hase

hi ndered such bases ngkgf‘&é‘%g?'ﬂix{ﬂ%tr%' % H%Qé’é |onec# q'h%eéls amat al

al kal'i netal dicycl ohexyla

or enen
bases, especi al | y Exemplany deugh seases atmetbﬁégeﬂf- the Hiarmula XJre
advant ageous in thgt they are not strongly nucl eophilic, so that
degradation of the taxane R amN~=R10

LD57 19- starting material of the -
formula VIl is mnimzed or |mnat@g,) and in that they provide a
hi gh yield (preferably, greater than or equal to about 90% and

purity (preferably gr @R€&E than or equal 5 to about 98% of taxane
product. The present rR9 andveRhligre fwﬂdledYIBﬁlede&yalé@IM wierein a

br ovi di ng & <i dechai n al' o 15%8 e i, Sl ookt PR CF SRR T it o

to the 10 [err]-1 &8tans of thheyreseriboﬂdadantﬁm avxhet:emcmlo graupkal i

metal silylanm de basej gy a sterically hi nder ed netal am de base is
enpl oyed as a coupli ng agent for said cou The above
coupl i ng nethod of th |5Pe§§n§1)$51+ ekl o SUC ﬂFeHFQb’P‘? AR &F at a.
t enperature - potassium.

Preferred bases, particularly alkali metal

1§ silylamide bases of the formula XI, are those

| soluble in the reaction medium employed, and are
most preferably an alkali metal hexamethyl
disilazide (R? and R10 are trimethylsilyl and M is
sodium, lithium or potassium), especially lithium

20 hexamethyldisilazide (LHMDS). "Sterically hindered
alkali metal amide bases" include those bases
containing the group -N(M)- where M is as defined
above and which are substantially the same as, or
more, sterically hindered than lithium

25 hexamethyldisilazide in the coupling of a B-~lactam
to the C-13 hydroxyl group-containing taxane
compound. Exemplary sterically hindered such bases
include alkali metal tetramethyl piperidides and
alkali metal dicyclohexylamides.

30 The aforementioned alkali metal bases,
especially silylamide bases of the present method,
are advantageous in that they are not strongly
nucleophilic, so that degradation of the taxane



of from about [err] to about [err] especially from about [err] to about
[err] and at anbi ent pressure. The reaction may, for exanple, be

conpl eted over t he course of about one-half hour to about four 20
hours, and is preferably conducted under an inert at nosphBP87such as
argon. Preferred nole ratios of taddne starting conpound of
the formula VIII: [err]-lactam are those greater than about 1:1.6, nost
preferably from25 about 1:1 to about 1:1.3, especially about 1:1. 2.

kbt metal base,  suct et etedinh e HIE L, ViR 08 pA IR g

about = 1:1.5, espe@lalekllmmttedl and igothat they Qrgamde aohigimt s are
preferably enpl oyed r¥reraBey! bPe: é&r&eﬁi beneq&’aitta asdty
preferred sol vents are etra dr of ur an §‘ t ol uene. and et

Amount s of sol vents ar PUELK| JPFRD erdFeaker; 5hag oF %‘i‘éﬁfltl ng

t axane ‘to about 98%) of taxane product. The présbnt

-20- of the f orﬂ;w& \{t gpg&égkvspéviéeg rofﬁ?@%@t H%E}S%:’R about

1:5, preferably 1:2.5 7 wel g the pr esent
i nvention further taxane ofs theyformubat VI tis coupdefiowithramng a 5
si dechai n- beari ng taxmnﬁbwﬁ-ﬂaemapb&hdmg aplideshhiy aony<€riicw the

group [err] to hydr oxy!| '. These optionall, e_converted

to a hydroxyl gr oup 'or"gggﬁgﬂ% 1im &Fah ‘Bt‘l"r}e? hydr oxy!
protecting groups, sucﬁrlﬁtmst néséhenpmeenemmpet-ywheyemualabl e
means, - such as byl_f l%.cgne‘ﬁ”aﬁhsi‘ﬂygﬁhgde fﬂs{’iﬁ’“&' gt ?Ecall%' norgani ¢

acid such as HO or ani c as ace IC acid and the

li ke. Pr ef Jmeyreddeveﬁ:éieéméﬁ base oif pIPdoved as13 eupldng ure
of from about -30C to fjunt fRCsaid coupling.

The above coupling method of the present

1S invention is preferably conducted at a temperature
of from about -70°C to about 25°C, especially from
about -30°C to about 0°C, and at ambient pressure.
The reaction may, for example, be completed over
the course of about one-half hour to about four

20 hours, and'is preferably conducted under an inert
atmosphere such as argon.

Preferred mole ratios of taxane starting
compound of the formula VIII: P-lactam are those
greater than about 1:1.6, most preferably from

25 about 1:1 to about 1:1.3, especially about 1:1.2.
Preferred mole ratios of taxane starting compoﬁnd
of the formula VIII: alkali metal base, such as
silylamide base, are from about 1:1.1 to about
1:1.5, especially about 1:1.1.

30 - Organic solvents are preferably employed
which are inert to the reaction. Particularly
preferred solvents are tetrahydrofuran (THF),
toluene and ether. Amounts of solvents are
preferably those where the ratio of starting taxane



especialty at about 0 to [err] and at amnbient: pressure. The reaction

may, for exanple, be conpl eted over the course of about 2 hours to
.about 72 hours, and is preferably conducted under an 20 inert '

at nosphere such as argon. Preferred nole ratios ofLBETd for
deprotection: taxane are fromabout 1:1 to ab@Q@t- . 20:1 (vol une: weight).
Organi c solvents are preferably enployed which are inert to the 25
reaction. Particularly preferred soI vents are an

et hanol / t et r ahydr of ur an m xt acetonitril acetone and water.
Amounts of solvents ar®f & bVF:Fh'i%es%Y&“é' L Retrem ARy Y:loFoabout

1:10 to about 1:50, pradmmalll:$,lpséferably f2.3] weighe:veDuened sol vent,
welght:volume  (especial | yind Gk ABAGE & AR LnBBEk s0n HEEL €T).

LD57 sent
al so provides the GRMRZisesd e SHBBRQURRE |ty tﬂ’&xatﬂéstbﬁntmm a Vil

and salts thereof (Sescéldlﬁﬂxahﬁr-ﬁbarzng taxane ofene! fbfmﬁ@fﬁlam
ultimately prepared as 5 the a dechai n- peari_ng t axane i/ 2r;re g?gs of the
present invention. Ta@t’r?é’?l ¥ FPBYSTENg ridie group, 3QpiR:) ?ﬁ/ d ct®ng a
7-0-trial kylsilyl bacdadnoxyl. Theseuglouss may- bpcédhyliy lyé dmneatted |11,

gs( ELh?ret hox{/olr i rre? h;//lI HJ[%OXWQQ?GV‘?%&?Q az e‘fjegl)“gl%néPy&lm}ﬁﬁ%eouﬂy

[err]-1lactam preferalYAEh r?ti’lﬁé' prdsewck protestiag grRups. el asd |yl ani de
base. The tri aohylc&rds\d ony th@dedxaié Modety, BN Bhet XY meand)’ @uRH NMEY

deprotection et not B, EHREecE BLER R Auka SREoSEamR Ry Gt axel
inorganic acid such as HCl or HF, or organic acids
such as acetic acid and the like.
‘Preferably, deprotection is conducted at a

15 temperature of from about -30°C to about 60°C,
especially at about 0 to 25°C, and at ambient
pressure. The reaction may, for example, be
completed over the course of about 2 hours to about
72 hours, and is preferably conducted under an

20 inert atmosphere such as argon. |

Preferred mole ratios of acid for

deprotection: taxane are from about 1l:1 to about
20:1 (volume:weight). Organic solvents are
preferably employed which are inert to the

25 reaction. Particularly preferred solvents are an
ethanol/tetrahydrofuran mixture or acetonitrile,
acetone and water. Amounts of solvents are
preferably those where the taxane is from about
1:10 to about 1:50, preferably 1:30, ratio of

30 taxane: combined'solvent,.weight:volume
(especially, tetrahydrofuran/ethanol and
HCl/water). '



Salts orssol vates such as hydrates of reactants or products may be

enpl oyed or prepared 20 as appropriate in any of the nethods of the present
i nventi on. As can be appreciated, the [err]-lactans and

t axanes described herein may be present in nore t han one gpeweoi soneric
form All stereoisoners of 25 the conpounds dexlcr- bed herein are

cont enpl at ed, either alone (i.e., substantially free of other

i somers), or in adm xture with other selected (e.g. - as a racemate) or
all other stereoisoners. It is preferred that these conpounds be -
substantially 30 free of ot hefhe mnesent dnyentionenksn innewides! the pure.

Preferred stereoconfi ghéwdi %‘ﬁéﬁhatlhebearlﬁBnP&% gt khe fESHIHié‘ yIgre
t hose where the

-22- groups [errindRpkts Shereot; fegrribed herﬁﬂﬁbltlon that i s,
[err] parti culBaxol \ilsc preferabdypoliidharfelyhereparydioas 5

has the same absol e sfereQfQdigubabrPHg8akdife by the methods of the
present invention. Taxol may be prepared, for
example, by contacting a 7-O-trialkylsilyl baccatin
III such as 7-O-triethylsilyl baccatin III, as the
formula VIII compound, with (3R-cis)-1-benzoyl-

10 3-(l-methoxy-l-methylethoxy)-4-phenyl-2-azetidi-
none, as the PB-lactam, preferably in the presence
of an alkali metal silylamide base. The
triethylsilyloxy and l-methoxy-l-methylethoxy
groups may be converted to hydroxyl groups

15 subsequent to sidechain formation, by deprotection

' methods such as those described above, to form
taxol.

Salts or solvates such as hydrates of
reactants or products may be employed or prepared

20 as appropriate in any of the methods of the present
invention.

As can be appreciated, the f-lactams and
taxanes described herein may be present in more
than one stereoisomeric form. All stereoisomers of

25 the compounds described herein are contemplated,
either alone (i.e., substantially free of other
isomers), or in admixture with other selected (e.g.
as a racemate) or all other stereoisomers. It is
preferred that these compounds be substantially

30 free of other isomers, that is, enantiomerically
pure. _

Preferred stereoconfigurations of the
compounds of the formula I are those where the



conpounds (3R-ci s) - 1- benzoyl - 3- ( 1- met hoxy- 1- net hyl -

et hoxy) - 4- phenyl - 2- azet i di none. Preferred stereoconfigurations of
the C 13 si dechai ns of the conmpounds of the formulae VII and 10 | X
correspond to the stereoconfiguration of the af or enent i onellb%7 s
[err]-lactanms, that is, [err B2 = which sidechains have the
sane absol ute 15 stereoconfiguration as that of taxol.

LD57 -23 - The present invention is

further described by the follow ng eﬁﬁggggs which are illustrative only,
.and are in no way int &HRPS GOGIRIY (R opandiRY are i he eisins.

position, that is,
Rz\ / |
/N R*
R0 o@,_

_ ’b-----ﬂ
0 \Rs
particularly where the compound of the formgla I
5 has the same absolute stereoconfiguration as the
compound (3R-cis)-l-benzoyl-3-(l1-methoxy-l-methyl-
ethoxy) -4-phenyl-2-azetidinone.
Preferred stereoconfigurations of the C-13

sidéchains of the compounds of the formulae VII and

10 IX correspond to the stereoconfiguration of the
aforementioned cis P-lactams, that is,

RNH O

R O-T
OCR")(R})(OR?)

and
R® %JH o

R*” Y o-T
| OH
which sidechains have the same absolute
15 stereoconfiguration as that of taxol.



LD57: 3 - 24- Example 1

Preparation of (3R-cis)- 3-(1-N@thoxy-1- ' nmet hyl et hoxy) -4

- 2phenyl - 2- azet i di none [err] The title conpound was
prepared by enzymatic 10 hydronS|s of racem c LD57

3- acet yl oxy- 4- phenyl - 2- azet i - di none (see @3s- Application Serial No.
07/ 822, 015, filed January 15, 1992 by Patel et al.) to form

(3R-ci s) - 3-acetyl oxy-4-phenyl - 2-azet i di none, foll owed by hydrol ysis

d senE'ngéﬁEigh(¥§ uréger described

by the following examples which are illustrative
only, and are in no way intended to limit the scope
of the instant claims.

.using base to formthe 15 opt,h_i:eal



[err] -
-25-

LD57

"The product of step (a) above (8.49 g, 52.0 nmol )

was added to a dry 500 m 3-necked fl ask (dried in a [err] oven for -12

hours and equi pped

with a magnetic stirbar and a digital & noneter),

5 purged with argon, and dissolved in acetore2¢360 m, freshly opened
bottle of HPLC grade acetone; w %[err] (K:F.) <0.001). The yell ow sh
sol uti on was cooled to O (internal tenperature was [err]

2- Met hoxypropene (15.0 m, 156 nmol) (wt. g)leﬁrlllo (K. F.) <0.001) was

added dropwi se over a period of - 30 se
rose to [err] during theragdraid

|nternal tenperature

G 02 . AS i B\ : -
resulting-solution was stirr L~ SYQ0 LOuUL S : re the
addi ti on of pyridiniuntp-toluene ona .2 ol )

(Wt. % [err] (K F.) 0.001). After stirring at 0OC for 30 n nut es,

TLC (thin | ayer ch50na&99rap 2R-8 3 P-Dhied ) e
anal ysi s (S|I|ca geI “sol vent : et hyl acetate 20 stain:

conplete. (TLC

phosphonol ybdi ¢ aci d/ et hanol ) of the crude react on reveal ed a spot for

the product (Rf =

The solution was conbined with ethyl acetate
aqueous [err] (200 m), and 25 [ err]ofl00 rﬂ) I Mo

Af ter shaki ng the mixture and separ %.ing t he'l ay
fraction was extracted with ethyl acetat

0.50) and no starting naterig = 0.31)).

), saturated
ratory funnel.
t he aqueous

00 m ). The conbi ned

organi c fractions were washed with sgturated aqueous Nad (200 m),
dried over 30 [err] filtered, and conceftratedjon a rotovap to gi ve an

off-white solid. Al

10

15

20

concentrations on

The title compound was prepared by enzymatic
hydrolysis of racemic 3-acetyloxy-4-phenyl-2-azeti-
dinone (see U.S. Application Serial No. 07/822,015,
filed January 15, 1992 by Patel et al.) to form
(3R-cis) -3-acetyloxy-4-phenyl-2-azetidinone,
followed by hydrolysis using base to form the
optically active title compound.

(b) =cig)-3-(1-Methoxy-1- =

CHj >(CH3
H300 Q
'.s
N
o -



rotovap were conducted wth a bath tenperature of [err]

LD57 _ -26-" The crude product was
di ssol ved in ethyl acetate (200 m) and neutral activated charcoal (2
g) was added. The m xture was boiled gently for 5 m nut esLD&@ol ed to
roomtenperature, and suction 5 filtered throd#§h-a pad of Celite. Renova
of the sol vent on a rotovap as above, foll owed by exposure to high
vacuum (-1 -mm Hg for 45 m nutes) gave 11.9 of an off-white solid. The

solid was dissolved in boj.ling ethyl acetate, (,75.m ), and_boiling
hexanes 10 (400 m) were the’#‘eaé%@?“!cﬁ Sg fFeRofd) (ﬂp:?.‘)e 'I‘%e‘lg g:.re¢ufting
cl oudy sol ution was alhmkd was addedt bo a' dryw@0Q enipSrakcked flask

Crystallization began ytiid i ' r_abh utj.qn ved
fromthe heat sour g&é{ﬂgtlenrl astlazr??izlc 2%1‘;%% af:éggmlize?r%ﬁgrggt t%d?g ?%Qf%éé? 5
mnutes, the nixture \WktR 1A magmeticysEirbar and) a ddgital thernomererls. The

crystals were filtd&redurpshedth argohl dnd Wiridulvedcehaheebsnanesod3 x 100
m) on a suction filte d dried u&(’jer
0,

hi uum (,- 0. 15 nm Hg
for 20 hours) to give &% /PPERedRoGle tqq{]l %8&8@? aeeheRe vt e
needl es. The Haét H&- Fl.) q9dr 0bk. c dtheeyeddowdsbnsalution stas/ap as

above, exposed to hi gh-ygdiied ob gﬁmmﬂ é%ﬂi\%#&igﬁn?%s t hen
6 mmo

crystallized from ethy, acet at e es to ql 129 of smal |
25  of f-white crystal 2 fetHAXYRIOPENE, Eﬁﬂc‘f.mkw yg’f' 1 ¥ on was

performed in a sirg0l ar (KEFVIE<0.0013swabaadded drvpniiisiesbveroa. pdbfodadf d was
m) were added in -5 o ARG TR Fradl &emnerditurd Fog® FRT%2 0
Crystal lization began duming &he pddpbion cof i drpathoxypropenet enPeeat ure. The
mxture was all owed tar&haltdng sodliti6A A& "Pef il atf @°cleorhs  mimedt
[err] for 16 s s 3tns . :
_ before the addition of pyridinium p-toluene
15 sulfonate (PPTS) (1.3 g, 5.2 mmol) (wt. % H20
(K.F.) = 0.001). After stirring at 0°C for 30
minutes, TLC (thin layer chromatography) analysis
revealed that the reaction was complete. (TLC
analysis (silica gel, solvent: ethyl acetate,
20 stain: phosphomolybdic acid/ethanol) of the crude
reaction revealed a spot for the product (Rg =
0.50) and no starting material (Re¢ = 0.31)).
The solution was combined with ethyl acetate
(250 ml), saturated aqueous NaHCO3 (200 ml), and
25 H20 (100 ml) in a separatory funnel. After shaking
'the_ mixture and separating the layers, the aqueous
fraction was extracted with ethyl acetate (3 x 100
ml).. The combined orgénic fractions were washed
with saturated aqueous NaCl (200 ml), dried over
30 NazS0O4, filtered, and conc_entrated on a rotovap to
give an off—white solid. All concentrations on the
rotovap were conducted with a bath temperature of
35°c.



hours. The crystals were filtered, washed with 3 x

LD57 -27- 25 m 1:19 ethyl

acet at e/ hexanes on a suction “filter, and dried under high vacuum (-0. 2
mm Hg) for 24 hours). For title product: 5 Elemental &% ysis 1%

[err] Cal cd. = Found C- 26 - 66.36 66. 30 H
7. 28 7.40 10 N © 5.95 6. 04 H20 (KF) 0.00 0. 00

mp. 136 - [err] [err] + [err] (C 1.0, [err] [err] + [err] (c 1.0,

[err] 15 TLC K 0.47 (sil] ca et h acet a sua d by
phosphonol ybdi ¢ amd/ethanolT cfide $id ahqﬁrgﬁﬁréfgﬁﬂlﬁﬁgvln eth.ﬁ

(3R-ci s)-3-(1- Met hoxyatetdbe (200 ml) regtdhylentiralyhediyated |charapeaili dR2none

e g R broonteh OF | 35 habaagta X Sukcure A88Y0{Hn ;ﬁ&tl}ﬁépgﬁgl too

havi ng a browni sh col I"ame-d
nL 25 flask (the fl amnuégsm%@il% & FOPm SeERerafura) and SPCtiRB was

equi pped with a magneigigtetedbeliréigh & pad @fgckalicéhermameyAr bf ane
di ssolved in di met hyl f or mam de % Hgo %Kﬁé:é%‘l’ = osu(z)"eOS)'
The-reddi sh br own o) SPLSRAEBRAGLPTD 25 Sbeve] Earidyed Hv,
t enperature was [ err] to highMeataany pt-clp emre Hg5 300 Aﬂ,miﬁuhesﬁﬂqavwaila&ded
dropw se over a peri o¢g0bn2ofF M HSe (dd16.d.N heAkolid was dissolved in
boiling ethyl acetate (75 ml), and boiling hexanes
10 (400 ml) were then added in 50 ml portions. The
resulting cloudy solution was allowed to cool to
room temperature. Crystallization began within ~1
minute after the solution was removed from the heat
source. After standing at room temperature for 45
15 minutes, the mixture was chilled in a 4°C cold room
for 15 hours. The crystals were filtered, washed
with 1:19 ethyl acetate/hexanes (3 x 100 ml) on a
suction filter, and dried under high vacuum (~0.15
mm Hg for 20 hours) to give 9.55 g (78%) of the
20 title product as off-white needles.

The mother liquor was concentrated on a
rotovap as above, e*posed to high vacuum (~1 mm Hg
for 0.5 h.), and was then crystallized from ethyl
acetate/hexanes to give 1.48 g (12%) of small

. 25 off-white crystals of the title product. (The
crystallization was performed in a similar manner
as that for the first crop. The solid was
dissolved in 5 ml of boiling ethyl acetate, and
boiling hexanes (~40 ml) were added in ~5 ml

30 portions until a few crystals appeared.
Crystallization began immediately upon cooling to
room temperature. The mixture was allowed to stand
at room temperature for 1.5 h., then at 4°C for 16
hours. The crystals were filtered, washed with 3 x



tenperature rose to [err] during the addition of 2- met hoxypr opene),
and the resulting solution was

LD57 . - 28- stirred at [err] for 5 mnutes
before the addition of pyri di ni um p-tol uene sul fonate (PPL8574.6 g,

18. 4 mmol ). Approximately 5 m nutes aftetr 27he PPTS addition, the
reaction tenperature reached a 5 maxi num of 4.8C The sol ution becane
lighter in color as the reaction progressed. After stirring at
[err] for 1 h. TLC analysis reveal ed _that the reacti on was,conpl ete.

(TLC anal ysis (silica gel™l 1:1%athud: acetalye/hewmnas onsgasHction
phosphonol ybdi ¢ 10 aci giedtévnadnd driad ahdgyohigiarddduuangdobat mmeng)

ethyl acetate and [err] _re e spot for the product ([err] = 0.51)
and no starting materi k?r(gqszoudrs% ‘0. 33)). The sol ution was -

diluted with a 3:1 et hibr 1&6itketrnaduesxanes nmi xture (600 nL) and washed

W th hal f - sat urqit eg) ahegss Arflllsigo@R) ML) . During the [err] wash,
nost of the col ored irrpu&it ggs extracted into the agueous phase.
However, the organic ’g?r{'éi 3 emai ned a reddi sh-brown col or. The 20
aqueous fracti on was extracted widdlcg.hyl Fenrdat e (2 x 150 nL). The
conbi ned organic fracti 0Qs were ge 3\@asheg6m§6h H20 (500 nmL) (TLC anal ysis
of the H20 wash showéd ‘'no | oss "0f the product to the aqueous

| ayer), saturated aqueouB Nad (2002%L), dgi-é@ over 25 [err] filtered, and
concentrated on a f{tovag to ®.98& an ogfgphite solid. All -

concentrations on the o] ap e con ed with a bath tenperature of
40C. The solid was di ssoV@édh%ﬁ bc?yylﬁlhng etﬂyﬁs acetate (180 nL), and

hexanes (250 nL) were mhpn B®6addEI7In -20 nl portions until a few crystals
appeared. The resultingap3puti®mongs neopvedcijpom t he heat source and

alloved to cool to roofs, .. ,93.3° (¢ 1.0, CHCls)
15 TLC: Re = 0.47 (silica gel, ethyl acetate)
visualized by phosphomolybdic acid/ethanol.

The title product of step (a) of Example 1
above (30.1 g, 184 mmol, having a brownish color)
was added to a flame-dried, argon-purged 500 mL
25 - flask (the flask was dried in a 120°C oven for ~12
h. and was equipped with a magnetic stirbar and a
digital thermometer), and dissolved in
dimethylformamide (300 mL, wt. § H20 (K. F.) =
0.05). The reddish-brown solution was copled to
30 0°C. The internal temperature was 2°C.
2-Methoxypropene (53.0 mL, 553 mmol) was added
dropwise over a period of 2 minutes (the internal
temperature rose to ~2°C during the addition of 2-
methoxypropene) , and the resulting solution was



tenperature. Extensive crystallization began within -1 mnute after the
sol ution was renoved _ .

LD57 - - 29- fromthe heat source. After
standi ng at room tenperature for 1 h, the mxture was chigpsd in a
[err] cold roomfor 17 h. The crystals were- 28 #iltered, washed with 1:19
ethyl acetate/hexanes (3 5 x 150 nL) on a suction fllter and dried under
hi gh vacuum (-0.5 mmHg for 22 h.) to give 32.6 g (75.4% of the
‘title product as fluffy white needl es. The not her |iquor was
concentrated on a 10 stdgaedpabtsO¥hdnr, Saminusest hefoxe ythe addiddion of

ethyl acetat el hexanes gyt idiguf. Bocaldere SiLtehate (pers) idle gy oal as
fluffy white crystals IaII atj on_was p ina simlar
nmanner as that for'"“PHg flf\g elgzﬁ’ %&lwtﬁﬁsaéﬁerﬁ%o?% in 25 L
of 'boiling ethyl acetadditdnd, theheaameism( teédperaturecreaickssll ian -5 nlL
portions until = 53 klsaliSbel 3, aRpCantl SGiNpish! bedlhd" i;éim

was a11nl owed

i mmedi atel y upon cooling to room enper ature
to stand at roomtenp r @spbhefxgactipn progressed. fo%qur stirmiang

Crytstfll /shwere filtar ?dc E?ﬁlffch N %nmireesnke&eaéﬂe@tm& the (0.6
acet at e/ hexanes on a suctiqn filter vacuum (- 0.
nm Hg) for 16 h. (Yiel rgaction gﬁ%cmﬁf&ﬁ ensﬂ?‘gl aﬁﬂ&’?ﬁsk%%lca ge ‘e

rr]
Cal cd. Found @olvent: cétRYl acalAte) stain:H phosphomdlyikiic 7.20
?9110 N 5185 acid7efBanol) of & laliiobe BaPPitiondd BerweedM P-

ethyl acetate and H20 revealed a spot for the
product (Rg = 0.51) and no starting material (Rf =
0.33)).
The solution was diluted with a 3:1 ethyl
15 acetate/hexanes mixture (600 mL) and washed with
half-saturated aqueous NaHCO3 (500 mL). During the
NaHCO3 wash, most of the colored impurity was
extracted into the aqueous phase. However, the
organic phase remained a reddish-brown color. The
20 aqueous fraction was extracted with ethyl acetate
(2 x 150 mL). The combined organic fractions were
washed with H20 (500 mL) (TLC analysis of the H20
wash showed no loss of the product to the aqueous
layer), saturated aqﬁeous NaCl (200 mL), dried over
25 NazS0O4, filtered, and concentrated on a rotovap to
give an off-white solid. All concentrations on the
rotovap were conducted with a bath temperature of
40°C. The solid was dissolved in boiling ethyl
acetate (180 mL), and hexanes (250 mL) were then
30 added in ~20 mL portions until a few crystals
appeared. The resulting solution was removed from
the heat source and allowed to cool to room
temperature. Extensive crystallization began
within ~1 minute after the solution was removed



[errf + Ferr] (c 1.0, [err] [err] + [err] (c 1.0, [err]
D57 - :

-30 TLC. Rf = 0.47 (silica gel,
et hyl acetate) vi sual i zed by phosphonol ybdi ¢ aci d/ et hanol .
The follow ng alternative procedures were enpl oyed to prepps® the title
product: 5 (1) A mxture of the<i28 e product of step (a)
of Exanple 1 (79.7 ng, 0.488 mmol es), di net hoxy propane (0.3 m, 2.44
nmol ), PPTS (about 12 nmg, 0.049 nmol) and dinmethyl formam de (2 nm)

under argon were sti rréd for 3 hours at about_[err] 10 and then for 24

hours at about [err] fhsiieat soupgea; f-erStapdingt al Tpem et hyl
ace';]at e and vvgr ke&empéxiﬁdurbecow l'hhl?tlﬁ% nﬁb&t}dreawababﬁill\géhﬁﬂﬁ »
with 0.5 saturated aqu r q actl.on tracted with 2x5
et hyl acetate; conbi ne@_@{?’lgr géﬂ‘lﬁcﬂ?ér?gj?t i%‘nst‘ﬂvl\%r ecr%gg%ga YFi% Ixiom :
wat er , 10 m sat urbilderedicvashedHoieh liri%etdydr aferate/hexdnes eided

and concentrated) 50 Gpt¥§( M2l bi ¥8ction YE£Ite:0f ARROHYEES  yilieL hitps 2@
1:1.7 mxture of starting terial apnd the title product ‘%determned 20
by TLC anal ysis). vacuum (c'g’?S mmTHE £0% |22 ft-dd§O: IhXe Bt %i%ed by
adding the title produfi5.ofs)siofpthe) tbtlé&prgduct] as £1082ySwhiget 0 an
oven-dried 5 m flask, & l%%d wth argon, diluted with

di et hyl f or mam de (1.§‘r#§ and 25 cooled to [err] Dinethoxy propane (0.18
g) was added, followed byhermeother kiguormiwas slandeptrated on &tirred at

[err] for 5 hours,jgandeavtveadf add aBdvaboxsd was (CHed Eryacra®ited from
starting material to tigtl

. t). 30 . T titl
product was obtai ned B hﬁ' a&&&%ﬁg%ﬁéﬁﬂ? rﬂ"‘ﬁ'(ﬁjc,at8 %gsl‘%‘b{% ‘%# %&ml e
1 (89.4 ny) to an Yitdee phodacr asgbluffy gdiite asiystals.di®lsel ved in

acetone (3.5 nl) and Wﬂltﬂzuﬁ%}x was performed in a similar manner

as that for the first crop. The solid was

15 dissolved in 25 mL of boiling ethyl acetate, and
hexanes (~60 mL) were added in ~5 mL portions until
a few crystals appeared. Crystallization began
immediately upon cooling to room temperature. The
mixture was allowed to stand at room temperature

20 for 1 h, then at 4°C for 14 h. The crystals were
filtered, washed with 3 x 100 mL 1:19 ethyl
acetate/hexanes on a suction filter, and dried
under high vacuum (~0.6 mm Hg) for 16 h. (Yield =

90%).
25 Elemental Analysis (%)
C13H17NO3
Calcd. Found
c 66.36  66.40
H 7.28 7.20
30 N 5.95 5.68
H20 (KF) 0.00 0.00
m.p. = 141°C

[a)2p: +6.5° (c 1.0, CHClj3)
[0)22365: +95.0° (c 1.0, CHCl3)



D net hoxy propane (0.17 g) was added, followed by

LD57 - 31- "PPTS (14 ng). The sol ution was
stirred at [err] for 3 hours, transferred to a [err] cold roomfor 24
hours, and worked up to yield the title product in about aLB5?2:1
starting material to title product to 5 inporBfy-ratio.

[err] The title product of step (b) of Exanple 1 above (8.69
g, 36.9 mpl) was added to a dry 250 nmL 15 3-necked flask (dried in a 120C

e ot o) o gea G REBEOSKE 1P BRT SeBvh LREGel 75T i,
[err] (K F) <0.05). visualdzedpyy (phdephondlyddic- ReilFethandD. nL, 40.6
The following alternative procedures were
employed to prepare the title product: '
5 (1) A mixture of the title product of
step (a) of Example 1 (79.7 mg, 0.488 mmoles),
dimethdxy propane (0.3 ml, 2.44 mmol), PPTS (about

12 mg, 0.049 mmol) and dimethylformamide (2 ml)
under argon were stirred for 3 hours at about 0°C

10 and then for 24 hours at about 4°C. The product
obtained was extracted with ethyl acetate and
worked up (diluted with 10 ml ethyl acetate, washed
with 0.5 saturated aqueous NaHCO3; aqueous fraction
extracted with 2x5 ml ethyl acetate; combined

15 organic fractions were washed with 1x10 ml water,
10 ml saturated agqueous NaHCO3, dried over Na2S04,
filtered and concentrated) to obtain quantitive
yield of products, which was a 1:1.7 mixture of
starting material and the title product (determined

20 by TLC analysis). _ '

(2) The title product was obtained by
adding the title product of step (a) of Example 1
(92.5'mg) to an oven-dried 5 ml flask, purged with
argon, diluted with dimethylformamide (1.5 ml) and

25 cooled to 0°C. Dimethoxy propane (0.18 g) was
added, followed by PPTS (14 mg). The solution was
stirred at 0°C for 5 hours, and worked up as above
(yielding about 1:1.1 starting material to title
product) .

30 (3) The title product was obtained by
adding the title product of step (a) of Example 1
(89.4 mg) to an flame-dried, argon-purged flask,
dissolved in acetone (3.5 ml) and cooled to 0°C.

Dimethoxy propane (0.17 g) was added, followed by



20 mrol ) (WM. % [err] (K F.) = 0.016) was added over a peri od of 30

seconds and then 4-di net hyl am no- pyridine (0.90 g, 7.4 mol) (wt. %
[err] (K F.) <0. 05) was added in one portion. The resulting sol ution
was cooled to [err] (the internal 25 tenperature was neasurggsat [err] and
benzoyl chloride (4.70 nL, 40.6 muvl) wag Lhen added dr opwi se over
a period of 7 mnutes. The |nternal

LD57 - 32- tenperature rose to [err]
during the addition. A slightly cloudy solution was obtained after the

?ddiii$ﬂ’ wh:ch beC@m&saAQheﬂé)ye'THE?éﬁuﬂﬁidﬁiﬁ?& stigwﬁanaatbvdiqyi at e
err e solution t hen sticre err or.1. t jch tinme

anal ysi s showed the\geg'gEFFOn Fans 3’6’6 |tec{ J(? 14 r%?fgl%\gy(si lica gel,
soléent et hyl acetabarsr gn&tﬁbﬁke@hmﬁFﬁ?ﬂyﬂé%?ﬂdheaﬁhdh@tbﬁﬂaﬁét :xtge
crude reaction reve a,spo e_produgt and no
starting materi al (ﬂ%og% 45) )E étaéklﬁ méﬁﬁf%ﬁ% &%F%ﬁt%ﬁspﬁ??ﬁ %dt?mth
[err] (150 nﬁ),iwmywequrahlgaturated aqueous [err] and the t wo

| ayers were separated. The aqueous | ayer was extracted with [err] (75
m.). The conbi ned 15 organic |ayers were masgﬁd yﬁth 5. 7% aqueous [err]

(300 m.; measured pH of 5. 7@6aqueous [er = 4 25 [err] 0 05; mneasured
pH of the resulting Faisien tIR-O1 € Beriang

m.), dried over [err]

give an off-white foam Al f

conducted with 40 bat h tenperature of [err] The crude product was

di ssolved in ethyl acetate (150 ¢ ang neut r al \\lvated charcoal (2
g) was added. The resulting 25 m xt ﬁés boi |l ed M for 5 mnutes,
cooled to roomtenperature, angd Syction- frlter: bugh a pad of

Celite. The solution was consr"!:h&@bl y “vgSS

Ho

The title product of step (b) of Example 1
above (8.69 g, 36.9 mmol) was added to a dry 250 mL
15 3-necked flask (dried in a 120°C oven for 24 hours
and equipped with a magnetic stirbar and a digital
thermometer), purged with argon and dissolved in
CH2Clz (90 mL) (wt. % H20 (K.F) <0.05).
Diisopropyl{ethyl)amine (i-PraNEt, 7.10 mL, 40.6
20 mmol) (wt. % H0 (K.F.) = 0.016) was added over a
period of 30 seconds and then 4-dimethylamino-
pyridine (0.90 g, 7.4 mmol) (wt. % H0 (K.F.)
<0.05) was added in one portion. The resulting
- solution was cooled to 0°C (the internal
25 'temperature was measured at 1°C) and benzoyl
chloride (4.70 mL, 40.6 mmol) was then added
dropwise over a period of 7 minutes. The internal



col ored than before the charcoal treatnent. Renmoval of the solvent on a
rotovap as above, 30 followed by trituration of the resulting foamwth
hexanes (50 nL) gave a slurry of the solid product. The slurry
was concentrated on a rotovap as above and exposed to vaclPhv(-2 nm Hg
for 15 mnutes) to give 12.2 g of an off=wWd te solid. The

LD57 -33- solid was dissolved in hot ethyl
acetate (7 nmL) and hot hexanes (-45 nL) were added in -2 nL portions.

This crystallization was conducted carefull é oi g hayi ng t he
product oil out. The r BERHPeTRfpLe c"l%?df"s@l% %%S‘S’ﬁﬁ ditisBed #rom t he

heat source. Aftersaidkvlyrcldudy gblaefbnngas olrdted afceysthe was
added and crystalli zat égﬁlpia&@nm éilll B camelg gl@a}kt 3@1&%&&% oi}&gi%ﬁlt room

tenperature, the UFE Was placed rna [EerT ours
10 The crystals were VPR $¢4-1t1é1rf&i at®SGed The rsqalurjon wagt khen
acet at e/ hexanes (3 & 58tityedrata GICt fon 1. 5 H, ldtewhighdt iime eT.@inder hi gh

vacuum (-0.2-mm Hg for 16 9, 23 73 79 t he
product as of f-white cPPRI%FLS %?é’%‘?o%’ﬁ&r rP?ﬁEb‘Pn ﬁ’r‘fs eaddf 'H‘ nal
product (by TLC anal ysasalysis (sxlm&ee&ndsolw&xa&tﬂml acgtatel i zed.

El enental Anal ysis (/()stain[e%ﬂdfé,ﬂ&(gl bdic acld{\?tha%lqd £ Eﬂanér‘%@i?’

70.41  70.14
[err] (KF) 0.53 peaction reygaledoa. spae Sar ?QﬁwﬁrQﬂufér#Pf(c 1.0,
[err] TLC. Rf 10 0. 686151 dnd sncgtaretihygl macettde)(Re = 0.49al) zed by

phosphonol ybdi ¢ aci d/ethanol .qpe go1ytion was diluted with CHaClz (150
mL), washed with saturated aqueous NaHCO3, and the
two layers were separated. The aqueous layer was
extracted with CHzClz (75 mL). The combined

15 organicilayers were washed with 5.7% aqueous
NaH2PO4 (300 mL; measured pH of 5.7% aqueous NaH2PO4
= 4.25 + 0.05; measured pH of the resulting washing
= 5.57 £ 0.05), saturated agueous NaCl (100 mL),
dried over NazSO4, filtered, and concentrated on a

20 rotovap to give an off-white foam. all
concentrations on the rotovap were conducted with a
bath temperature of 35°C. The crude product was
dissolved in ethyl acetate (150 mL) and neutral
activated charcoal (2 g) was added. The resulting

25 mixture was boiled gently for 5 minutes, cooled to
room temperature, and suction-filtered through a
pad of Celite. The solution was considerably less
colored than before the charcoal treatment.

Removal of the solvent on a rotovap as above,

30 followed by trituration of the resulting foam with

hexanes (50 mL) gave a slurry of the solid product.
The slurry was concentrated on a rotovap as

above and exposed to vacuum (~2 mm Hg for 15

minutes) to give 12.2 g of an off-white solid. The



[err]t 3 LD57

- 34- 5.6.9.10.11.12. 12a. 12h-dodecahvdro-4-triethyl -

silyl oxy-11- hydroxy-4a. 8.13.13-tetranethyl-5-

0x0- 7, 11- met hano- 1H cycl odecar[ 3, 4] benz rl. 2-bl oxet- 5 LD57 [err]

As used herein,

Ac is acetyl, Bz is benzoyl 4®3amd TES is triethylsilyl.

10

15

solid was dissolved in hot ethyl acetéte (7 mL) and
hot hexanes (~45 mL) were added in ~2 mL portions.
This crystallization was conducted carefully to
avoid having the product oil out. The resulting
cloudy solution was then removed from the heat
source. After a few minutes of cooling, a seed
crystal was added and crystallization began within
10 minutes. After 1 hour at room temperature, the
mixture was placed in a 4 °C cold room for 4 hours.
The crystals were then filtered, washed with 1:19
ethyl acetate/hexanes (3 x 50 mL) on a suction
filter, and dried under high vacuum (~0.2 mm Hg for
16 hours) to give 9.23 g (73.7%) of the title
product as off-white crystals. The mother liquor
contained additional product (by TLC analysis), but
a second crop was not crystallized.
Elemental Analysis (%)

C20H21NO4 « H20

Calcd. Found

o 70.41 70.14
H 6.26 6.10
N 4.11 4.13
Hz0 (KF) 0.53 0.55

m.p. 89 - 94°C
[0]?2p: +173.1° (c 1.0, CHCl3)
TLC: Re = 0.58 (silica gel, ethyl acetate)

visualized by phosphomolybdic acid/ethanol.



[err]: 4 10- Desacetyl baccatin 11l (27.4 g, 50. 3 nmol )

(armount not corrected for inpurities neasured (twce) as: H20: 1.0%
(1.57%, [err] 1.49% (1.6%, ethyl acetate: 0.1% (0.09%, hexane
(0.03%) and ' ' LD57 LD57

- 35 - 4- di met hyl ami nopyridine (2.62-9g3424.4 mmol) (wt. % H20
(KF.) =0.09) were added to a flane-dried, argon purged 1 L 3-necked
flask (equipped with a mechani cal stirrer and a digital thernometer)
and 5 were dissolved i y di ne ‘ : @6[err]

(KF.) =<0.01). [err]
and the resulting

tenperature of the rea > I ng
the addition of [err] ) Y1 an f m —0
[err] (K.F.) = 0.08) was added dropmn§5¥bnﬂﬁhﬂtn1nutes and t he
resul ting solutionsmas stirred at [err] for 5 mnutes before the

dropwi se addition of ngt 15Z151§tgxlsilﬁl 5H!oride [err] 18.6 m, 111

~ As used herein, Ac is acetyl, Bz is benzoyl
10 and TES is triethylsilyl.

(i) 12aR-(2ac,4B.68.9a.118.12a,12a0. 12bg) 1~

15 ' - - =5-0x0-

H O

H H
: -
HO OBz OAc

ld-Desacetylbaccatin IIT (27.4 g, 50. 3
mmol) (amount not corrected for impurities measured
{twice) as: H20: 1.0% (1.57%), CH3OH: 1.49% (1.6%),

ethyl acetate: 0.1% (0.09%), hexane (0.03%)) and



t he absence

d R = 0.60). _ The cold mi d. 1L
Bnd vashed wi th [or 1 Yo purogh) I'irEdkeq g8k EEhSheg on e

separated and

layers were washedsw tfpre Zﬂ‘b@%@@&sm dry dimet

LD57

0

of 5. 7% aqueous

NaH2PH4 washi ngs

m),

required to

i medi ately and the mX

f or

1

hour .

of st &0 My .Fad exi Gl 0PNdrerizowdded 66Nyl Llawwidfi®d,

mrol ). The addition of Et3Si C was conducted over a period of 10

m nutes and the tenperature of the reaction did not rise above [err]
The reaction becanme very cloudy during the addition of Et3SiC. 20 The
resulting mxture was stirred at ~-50C for 1 hour and wasrLps$en al | oned
.to stand (w t hout stirring) in a [err] frd8zer for 22 hours. (A
separate experinent showed that stirring the reaction at [err] for 8
hours resulted in -60% 25 - conversion.) The m xture was then renoved from
-t he freezer and warrred to &err] (TLC anal ysis of the m xt ure

(sol vent: ethyl acet at&dimekhy ammOWbE‘b\mﬁ‘r[éyﬁal g+ aél d4 kbl fwheeal ed

30 the

ext meshagivailhsEitrer (@8D aridigithd t:hatrmml:er) amxdgani ¢

1 ormam
ot % H2Q0 (R 9501 nnt gz&f X é T

22 ml)

asured pH

Fbi Bed

= 5. #zQ elxr}? P. 9520. 00 fwazataddedcand t:hacpemﬂxmvbd (250
sat ur at ed aqueoush “(E%E?A??lﬂu"n seci:o%\i%d @82 f| I

concentrat ed
conducted with a wat ertmaﬁiéﬁseﬁﬁt the xgaction sodptipn rese| from 23°C

sem -solid was funpherced2sed dun:tg/ tﬂi@ow&mbﬁ bfgbni@wum( ~1 mm Hg for
20 10 mnutes) to g|

t hen di ssolved in [err] 1@%6'@)'1%{“ ne ( at%saglg‘llld lgl ['8??}) mg‘(r'tg‘(rj%og{

di ssol e Ft.Ne=s0L.08) wasl ddded dropwisé over rmirites
sol ution was reduced tog 13Q Foslll fnd SOUFR o' YasCokikabhi 281 L8 i o

on aro concentrations on th ro'tov

Hexands n(lmem befere thiidropwisehaddikien of neat
15 triethylsilyl chloride (Et3sicl, 18.6 ml, 111

ed and
were -

ﬁduct was

om t enperature

mmol). The addition of Et3SiCl was conducted over
a period of 10 minutes and the temperature of the
reaction did not rise above -50°C. The reaction

became very cloudy during the addition of Et3SicCl.

20 The resuiting mixture was stirred at ~-50°C for 1

hour and was then allowed to stand (without
stirring) in a -48°C freezer for 22 hours. (A
gseparate experiment showed that stirring the
reaction at -48°C for 8 hours resulted in ~60%

25 conversion.) The mixture was then removed from the
freezer and warmed to ~-10°C. (TLC analysis of the

mixture (solvent: ethyl acetate, stain:

phosphomolybdic acid/ethancl) revealed the absence
of starting material and showed a single spot for
30 the product (Rf = 0.60).) The cold mixture was
combined with EtOAc (1L) and washed with H20 (890
ml). The resulting aqueous layer was separated and

extracted with EtOAc (250 ml). The combined
organic layers were washed with 5.7% aqueous



was gently swirled. The m xture was allowed to stand in a 4C cold room
for 16.5 hours. The solid 20 was filtered, washed with 1:9 [err]/hexanes (3
X 250 m) on a suction filter, and dried under high - vacuum (-0.2 mm
Hg for 42 hours) to give 26.1 g (79% of the title productpgy a white
powder. The not her |iquor was concentrated6édnr” a rotovap and the 25
residue was crystallized from[err] to give 4.5 g (149 of the title
product as white crystals. Recrystal lization was conducted in the sanme
manner as with the first crop of product: the solid was di ssol ved
in [err] (100 mi) witHSaH2B4at@ny 25@ ®b) (mrasusiedrBHOPEL hel$ caanedusy

ol uti on vas 1 educed tiasppoq % Ul 30720 (08 DuiasuPes bl bEZehd GohSHE
within 5 - mnutes Xt u was al room
tenperature for 1 hourgrﬁﬂﬂﬁ ﬁs ings ¥ %% }) gaﬁ"ﬁ?""?ﬁﬁ%@ The
crystals were fil tereohqwm.fsedlamlt 250 ml1), sat:urat:ed aqueous NaCl (250
LD57 1 1 Lhgx m)
on a suction fil ter ml) rﬁfl ri eg ga?S% g#l\%g%%&% %Hg g@ﬁéerlﬂ_ét%ﬁ:e@p
hours.). The 1H NMR ofOR 13 SQ5Qy@Puas (Addneoreentrations pn Lher ForpyaBDf t he

first crop of product.yére conduct'éhewieﬁbanﬁﬂté/ﬂ' PBAtH emplPatPeCoPPS Was

93% (uncorrected) nt a
Gled. “Found 10° € 35°.)53 88 resulling “sénisdoria wag girther griga

[err] 0.00 0.00 by ewposii@ to2A2@Gh(vacoup.(~1 mm fHgr £br-20err] (c 1.0,
Lﬁ(r);]phéﬁol ;It;(cj:l chaC| d/ e’ﬁﬁ“{%é)l b Q?lee E&_Cﬁc& ﬁ, er_na :tégg%?%gedure was
enpl oyed as f ol | oyg¥ude product was then dissolved in CH2Clz (400 ml)
(heating in a 35°C water bath was required to
dissolve the solid) and the volume of the resulting
solution was reduced to ~150 ml on a rotovap.
15 Crystallization started immediately and the mixture
was allowed to stand at room temperéture for 1
hour. Hexanes (100 ml) were added and the mixture
was gently swirled. The mixture was allowed to
stand in a 4°C cold room for 16.5 hours. The solid
20 was filtered, washed with 1:9 CH2Cls/hexanes (3 x
250 ml) on a suction filter, and dried undgr high
vacuum (~0.2 mm Hg for 42 hours) to give 26.1 g
(79%) of the title product as a white powder. The
mother liquor was concentrated on a rotovap and the
25 residue was crystallized from CHaCl; to give 4.5 g
(14%) of the title product as white crystals.
Recrystallization was conducted in the same manner
as with the first crop of product: the solid was
dissolved in CH2Clz (100 ml) without heating and
30 the volume of the resulting solution was reduced to
~7 ml on a rotovap. Crystallization began within 5
minutes. The mixture was allowed to stand at room
temperature for 1 hour, then in a 4°C cold room for .
42 hours. The crystals were filtered, washed with



In a:+flame-dried 250 m 3-necked flask 20 equi pped wth an argon inlet was
pl aced 10-des- - acetyl -baccatin Il (5.44 g, 10 nmol, having a wat er
content of 1.56 wt. % and a net hanol content of 1L..6 w %,

4- di met hyl am nopyridine (0.49 g, 4 mrol ) and N, N-di net hyl fL@Stam de (24
m, dried over 25 4A nol ecul ar sieve). The 34 xture was stirred at
roomtenperature until honobgeneous. Di chl or omet hane (50 m, HPLC grade,
used wit hout purification) was added and the tenperature was '

| owered to -50C. Triethylamne (2.9 m, 21 |) .30 was added dropwi se over
a 5 ninute period, fol P-c')a/egﬂzcu/%’?xt’?ﬁ?t f‘ﬂ/lg]i?%"@ﬁl R @eSpStaoRy gf:?‘%ﬁ’?nml )
over a 10 minute pghdodriddeuntett Wigh\eacalm ONedl 3 awstandor 18at [err]
for @ period of 21 houpg, gl vt i wel%or endl Slop®VBY' s86RLELE) 708 175
- 38- reacti on watheol tNMFedhyhel Civst ngrap @% paoduct.el uent: Rf for

the starting materigl = 0.56, s med r = -
vi sual i zation.) Thes31 aqueoﬁglél%mme/gsvggégr gtggg&éer_lﬁqeogt%rrao%egg\%ﬁ 5%&\5

ethyl acetate (50 n x (YRCORFRCERYani c | ayers were conbi ned and washed
wi th 5% aqueous pot assElémentaplmsilyaiie ramo basic (50 m x 2) (pH of 5%

[err] in [err] was 4.2 aturated sodi umchloride (50 m X
1), brine (50 M x 1), drlégysgéﬁséodi um 10 sul fate and concentrated in

vacuo to give crude titl Cakehuct Foundsolid (7.45 g). The crude

mat eri al was di ssojgyedein 75 g8 . g hot g3, 43di chl oronet hane and: the total

vol unme was reduced to 30 rqe&éf/.heati ng to begin crystallization. It was
15 set aside at roomtgnperatu or 2 HoliPs and [err] for 16 hours.
The crystals were filtBFéH2@N B 00 buckk@@ funnel, washed with cold 10%

di chl or onet hane in hex?gggf)%?egﬂ 4390 (Helch pi..p vacuo to afford 5.38 g
o _

of titl.e product. The 1281 _53.|6gu?<r:sl%1' éA@cih;)ngs were concentrated in

15 TLC: Rg = 0.60 (silica gel, EtOAc); visualized by
phosphomolybdic acid/ethanol.
An alternative procedure was employed as
follows:
In a flame-dried 250 ml 3-necked flask
20 equipped with an argon inlet was placed 10-des-
acetyl-baccatin III (5.44 g, 10 mmol, having a
water content of 1.56 wt. % and a methanol content
of 1.6 wt %), 4-dimethylaminopyridine (0.49 g, 4
mmol) and N,N-dimethylformamide (24 ml, dried over
25 4A molecular sieve). The mixture was stirred at
room temperature until homogeneous.
Dichloromethane (50 ml, HPLC grade, used without
purification) was added and the temperature was
lowered to -50°C. Triethylamine (2.9 ml, 21 mmol)
30 was added dropwise over a 5 minute period, followed
by triethylsilylchloride (3.4 ml, 20 mmol) over a
10 minute period. The mixture was allowed to stand
at -48°C for a period of 21 hours, diluted with 200
ml of ethyl acetate and 175 ml of water. (The



vacuo'’ and* the solid residue was crystallized by dissolving in 8 m of

di chl or onet hane. Fol | ow ng t he above crystallization procedure, 0.72 g
of the’ product was obtained as a second crop. The 25 conbi ned yield of
the title product - 7-TES- 10-desacetyl baccatin Ill, as a wipsg solid,
mp. [err] was 6.10 g (93%. El enental Ana3§sis (% [err] 30

Cal cd. Found C 63. 80 63. 76 H - 7.65 7. 66

np: 239 - [err] [err] -53.7 (C 1.0, [err]

LD57 ' ] -39 - TLC. Rf = 0.53 gfilica gel , 50%
Et OAc in hexane); UV TeaghipbiRs, mondtorsd; BK. THf using gROAC as

[err] eluent: R¢ for the starting material = 0.56, Rf¢ for
' the product = 0.83; UV and PMA visualization.) The
aqueous layer was separated and extracted with
5 ethyl acetate (50 ml x 1). The organic layers were
combined and washed with 5% aqueous potassium
phosphate mono basic (50 ml x 2) (pH of 5% KH2PO4
in Hy0 was 4.3), half-saturated sodium chloride (50
ml x 1), brine (50 ml x 1), dried over sodium
10 sulfate and concentrated in vacuo to give crude
title product as a solid (7.45 g). The crude
material was dissolved in 75 ml of hot
dichloromethane and the total volume was reduced to
30 ml1 by heating to begin crystallization. It was
15 set aside at room temperature for 2 hours and 4°C
for 16 hours. The crystals were filtered on a
buchner funnel, washed with cold 10%
dichloromethane in hexane (25 ml) and dried in
vacuo to afford 5.38 g of title product. The
20 mother liquors and washings were concentrated in
vacuo and the s0lid residue was crystallized by
dissolving in 8 ml of dichloromethane. Following
the above crystallization procedure, 0.72 g of the
product was obtained as a second crop. The
25 combined yield of the title product
7-TES-10-desacetyl baccatin III, as a white solid,
m.p. 238-240°C was 6.10 g (93%).
Elemental Analysis (%)

C3sHg0010Si
30 Calcd. Found
c - 63.80 63.76

H 7.65 7.66
mp: 239 - 242°C '
[@lp: -53.7 (c 1.0, CHCl3)



7- O TES- 20- desacet yl baccatin |11 prepared in step (i) above (21.4 g,
32.4 mmol ) was added to a 15 flanme-dried, argon purged 1L 3-necked fl ask

(equi pped with a mechanical stirrer and a digital t her noneter) and

di ssolved in THF (350 m, freshly distilled from sodi um beggphenone) .
The resulting .solution was cooled to -70€. 38 solution of n- 20
butyllithium(n-BuLi, 14.6 ml of a 2.56 M solution I n hexanes, 37.3
mol , titrated in triplicate with di phenyl acetic acid in THF at [err]
was added dropwi se over a period of 23 mnutes. The t enper at ure of

the reaction did not riT€ 2Rt 5pBve3 [ FiYicaugedqSPEERRRS tirohexages)iid¥Vver e
formed upon the additi gihdofpMA- Biklhadpgatich Notlwr = g@ppgar to dissolve at

-70C. The resulting m xture was stirred at [err] for 20 m nutes and was
t hen warmed to [err}_(A cl ear honpgeneous sol ution was
LD57 ii) - 8422, 4. 42060 A2l 2 err]

After stirring at g -48C fog
mol , distilled (137 - [err]
use) was added dropw se 5 ove#f
did not rise above -45C duri ng
stirred at [err] for 20 m,n
sol ution was diluted wi'th*e

saturated aqueous [err] (250 S - gl loxet-x ated. The
agueous | ayer was 19 extractgd._gl fré (200 m). The

conbi ned organic | ayers were washed wth saturate aqueous Nadl, dried
over Na2S™4, filtered, and 15 concentrateg tovap. (Al
concentrations on the rotovap were corftfitged tH33%§bter bat h

_ 7-O-TES-10-desacety1baccatin III prepared in
. step (i) above (21.4 g, 32.4 mmol) was added to a
15 flame-dried, argon purged 1L 3-necked flask
- {equipped with a mechanical stirrer and a digital
thermometer) and dissolved in THF (350 ml, freshly
distilled from sodium/benzophenone). The resulting
solution was cooled to -70°C. A solution of n-

20 hutyllithium (n-BuLi, 14.6 ml of a 2.56 M solution
in hexanes, 37.3 mmol, titrated in triplicate with
diphenylacetic acid in THF at 0°C) was added
.dropwise over a period of 23 minutes. The
temperature of the reaction did not rise

25 above -68°C during the addition. Solids were
formed upon the addition of n-BuLi and did not
appear to dissolve at -70°C. The resulting mixture
was stirred at -70°C for 20 minutes and was then
warmed to -48°C. (A clear homogeneous solution was



to high vacuum (-1.5 mmHg for 1/2 hour) gave 24.7 g of a white solid.
The crude product was 20 dissolved in [err] (300 m) and the volune of the
resulting solution was.reduced.to -70 mM on a rotovap. Cr talllzatlon
began within one mnute. The m xture was aJ ] owed to stand 7t oom
tenperature for 45 mnutes, and then in a [e'rr4 cold 25 roomfor 18 hours.
The crystals were filtered, washed with 1:9 [err]/hexanes (3 x 100 nml)
on a suction filter, and dried under high vacuum (-0.2 nm Hg for 19

hours) to give 20.9 g Qgﬁagr@doﬁ\,%érp%armu\b’ kbe- %“EMCJ[ q‘.’%efzj Q@lg@khg at

needl es. The not her rated on ova
resi due was crystalli ze&afﬁ? offY &/2] hRuxanaset e anh)g;r\,a@q; (82 6gmiz. 49y of

t hedt i : I 3 product f a|S| Shmbll, distdiled criast gl aaalfé.vgﬁ asldm)Z%hld@(& ‘8’?\5

conduct ed as ollo was. di.,ssol ved in [er ,

it 1) an’s oS HEes AUl pEREOLUSS) b Shded Homsisn 1,
-5 m on the rotovap. AVBEr?srhM&g;;. afThe temperavumercf whe reactiénhour,

no crystal s had for )- 448 €4, 'ﬁdﬂﬁj tio 5 and
solution was swrl ed. gggewcr %als v\v/te!}e\éeé ebﬂétd‘:as%tll’.%laglre #ﬁe

m xture was all owed toresuéﬁm %ﬂl‘-lffd(ﬂ% Magps &FEF@ #'br"’.@ S £66r 20nor e
crystals forned) and t RgAut@saand@riterc @td OPOOFDF 01 Hour. ITher $oldbgon

11ter, and dried ELSSVME%%C&km%fﬁgllés{z#}%eﬁ%%beﬁq“oﬁég ' or
The conbi ned yi el d1or wikh SﬁkﬂﬁﬁQﬁﬁ;ﬂﬂﬁﬁous NH4@Y, (250 md:) .289d therr]
(deconp.) 15 [err] [euai,efgdeﬁe sIéiJarﬂated TLéhe R &Js37la§1%'r| was gel, 1:9
acetone/ferr];  visugilzed & AT Egéﬁcé‘ckz"& W3
combined organic layers were washed with saturated
aQueous NaCl, dried over NazS04, filtered, and
15 concentrated on a rotovap. (All concentrations on
the-rotovap were conducted with a water bath
temperature of 35°C.) Exposure of the semi-solid
to high vacuum (~1.5 mm Hg for 1/2 hour) gave 24.7
g of a white solid. The crude product was
20 dissolved in CH2Cl2 (300 ml) and the volume of the-
resulting solution was reduced to ~70 ml on a
rOtbvap. Crystallization began within one minute.
The mixture was allowed to stand at room
témperature for 45 minutes, and then in a 4°C cold
25 room for 18 hours. The crystals were filtered,
washed with 1:9 CHzCls/hexanes (3 x 100 ml) on a
suction filter, and dried under high vacuum (-~0.2
mm Hg for 19 hours) to give 20.9 g (92.0%) of the
title product as fine white needles. The mother
30 liquor was concentrated on a rotovap and the
residue was crystallized from CH;Clz/hexanes to
give 0.82 g (3.6%) of the title product as small
white crystals. Crystallization was conducted as
follows: The residue was dissolved in CH2Clz (10



[err} -« ' LD57

-42- As used herein, Ph is phenyl, MOP is .

1- net hoxy-1-net hyl ethyl, and THF is tetrahydro- furan. 5 To-a
sol ution of the conpound prepared in step (a) above (50.00Dg7 71.33
mmol) in THF (freshly distilled from sodi 4h and benzophenone, 125
m) at -50C (the cooling was applied only after the conpound - was

conpl etely dissolved in THF) 10 was added dropw se with vigorous stirring
11 thium hexanet hyl di sil azide (LHVDS, 55.1 m, 1.36 Min , THF, 74.90
mmol ; the reagent was Biiranddhg velume Q?SQQE;ﬂﬁﬁﬁhQ%ﬁgtSﬁé“tlon was

p-tosyl hydrazone) overr@d@séd @b ~5 ml on the rotovap. After standing at
room temperature for 1/2 hour, no crystals had ‘
formed. Hexanes (5 ml) were added in 1 ml portions
5§ and solution was swirled. A few crystals were
present by this time. The mixture was allowed to
stand at room temperature for 1/2 hour (more
crystals formed) and then in a 4°C cold room for 18
hours. The crystals were filtered, washed with 1:9
10 CHaCla/hexanes on a suction filter, and dried under
high vacuum (~0.15 mm Hg for 21 hours).
The combined yield for the two crops was
95.6%. ' |
mp: 218 - 219°C (decomp.)
15 [a)22p: -78.4° (c 1.0, CHCla)
TLC: Re = 0.37 (silica gel, 1:9 acetone/CH2Cl2);
visualized by phosphomolybdic acid/ethanol.

() = * Bs* =




of 20 mnutes, so that the internal tenperature did 15 not rise above [err]

After the addition the reaction mxture was warned to [err] and stirred
at that tenperature for 5 m nutes. A freshly prepared

sol ution of the conpound prepared as the title product of LBXAnple 3 20
(" Conpound 3") (27.85 g, 82.03 mpl) in THF (%3 m) was added dropw se
to the reaction m xture over a period of 7 mnutes. No significant

exot her m was observed. - The flask contai ni ng Conpound 3 was washed
with 5 mM of THF and the washing transferred 25 to the reaction m xture.
The resulting solution was brought to OC by replacing the dry-ice bath

with an ice-water bath and stAs usedf berein., Ph aidsliphenydl BOPnisiutes. The
reaction was nonitor et -metHdky Lk Cnelhy FYEUPE, eppl hkC Sci ence
B Pomacr Rl BRE Tus! b Pefanid

30 RP-18 [err] using acetonitril e/ water S e for the
title product was 0.31EU%&%- 7-TES-taxol (that is, the structure of

taxol in whi ch St he 7- posiTid ansbydedan! ofyrihe dompbaptapedpared in

LD57 = 43+ 2t R TES-O ). 0. for

7- TES- baccatin 111 0. 45}'-,9% o(ra) abo&% %?Jh%o §,' g16§3 ﬁo% 18 %&Erhe reaction
was quenched with a pHfreshlypdasphiied biramersodiamiand benzopkendnewedi at el y
by 5 saturated [err] (% ul) at Lsges fird/cRLangvas afbi¥la dpipite
(Et OAc, 600 m) and the I%%V\ere se ar%{iﬁﬁ. Ihe orggfl C Iar}/er was
dried over anhydr GtFE compeyund Was, Gempiscety diggolyed in THE), (o
give the crude titlle waslackie@3drspwisaswithlGrigorbasystioringllithiulhe
solid was dissol ved i : ﬁ’%}id e s {1 J)_ were
added dr opwi se atr}% e Fé?’?’&@%%%égg u(rﬂe. esg'iaggys¥é%€i'£da90n

m xture was set asi de BF s ddm90 mmelppehetrpagens: washsitsaredanitdvol i ng

precipitation 15 occu Bdiphendliretond pssylhydraabfef 06¥eF & period
' . of 20 minutes, so that the internal temperature did
15 not rise above -48°C. After the addition the
reaction mixture was warmed to -35°C and stirred at
that temperature for S minutes.
A freshly prepared solution of the compound
prepared as the title product of Example 3
20 ("Compound 3*) (27.85 g, 82.03 mmol) in THF (35 ml)
was added dropwise to the reaction mixture over a
period of 7 minutes. No significant exotherm was
 observed. The flask containing Compound 3 was
washed with 5 ml of THF and the washing transferred
25 to the reaction mixture. The resulting solution
was brought to 0°C by replacing the dry-ice bath
with an ice-water bath and stirred for an
additional 90 minutes. The reaction was monitored
by TLC on reverse phase silica gel (EM Science
30 RP-18 WF2548) using acetonitrile/water (70/30) as
eluent. R¢ for the title product was 0.31, for
7-TES-taxol (that is, the structure of taxol in
which the 7-posi£ion hydroxyl group is replaced



hours. The sol
hexanes/ Et OAc,
on the suc
overnight to g
7- TES- baccatin
corrected

id was filtered and washed with a cold m xtur
5/1 (2 x 80 m). The resulting white crystal

e of
s were dried

tion filter for 1 hour, and then in vacuo (-0.6 20 nm Hg)
ive 67.37 g of the title product (91% basedLDB7
L11; [err] NWR showed 0.4 @ -of Et QAc which gave a

yield of 87% wth an effective honogeneity index

99.25% (95. 73%title product and 3.52% 25 7-TES-taxol).

not her | i quor
The resi due

and the washi ngs were conbi ned and evapor at ed

was di e VEEP 107 I Ot & OBRT (2T B basc@tiax ZRESO
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The
to dryness.

(40 forp)

wer e added dropwi se atcdysoursf I3yx Ot.é8perature. 30 After cooling to room
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fol | owed b
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7 hours i n o e deacETeC vl SIBRASTRR ' U By

or 1 hour,
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filtration, dried on aPhosphase tufifer (50 mhl, tfekldwed domeddevely gt (0.7
d 5 saturated NaHCO3 (150 ml). It was diluted with .LD57

nm Hg) to vyiel
-44- 6.
96.6% (92. 6% t
Analysis (9% 5
65. 44 65. 49
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H of
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[ er r$eparatdedd)AC The organic layerCalasddrikdusder C
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forr)  eninydrous’ Negsge, £4fheed andcopeancrpred
acet oYR®Y? |0 \@iver theocpede (rithe priadusti ¢82.3

0; 1.47
d%lf%vmse
g) as a An

alternative procegwb e pole tyaw&?naai.onfrﬂé s&lid waldOdigsblii-edhyh 9&%&/!
oyed by {iSac (200" Al hestanes 11593 Ware' LadSy™d N

taxol was enpl
situ as

dropwise at the reflux temperature. The

crystallization mixture was set aside at room
temperature for 2 hodrs (upon cooling precipitation
1§ occurred rapidly), and then in a cold room for 7
hours. The solid was filtered and washed with a
cold mixture of hexanes/EtOAc, 5/1 (2 x 80 ml).
The resulting white crystals were dried on the
suction filter for 1 hour, and then in vacuo (~0.6
20 mm Hg) overnight to give 67.37 g of the title
product (91% based on 7-TES-baccatin III; 1H NMR
showed 0.4 mol of EtOAc which gave a corrected

vield of 87%) with an effective homogeneity

index

(HI) of 99.25% (95.73% title product and 3.52%

25 7-TES-taxol).

The mother liquor and the washings were
combined and evaporated to dryness. The residue

was dissolved in hot EtOAc (25 ml) and hexanes (40
ml) were added dropwise at the reflux temperature.
After cooling to room temperature the mixture was
set aside at room temperature for 1 hour, followed
by 7 hours in the cold r¢om, The solid was
collected by filtration.'dfied on a suction filter
and then in vacuo overnight (0.7 mm Hg) to yield



foll ows: « 7- O TES- 10- desacet yl baccatin 1l (1.5177 mol ) was
dissolved in 3.5 mM of dry 20 tetrahydrofuran and cooled to -65 to [err]
Li t hi um hexanet hyl di si | azi de (LHVDS) was added dropwi se (0.5
equi val ents) and the m xture stirred for 20 m nutes. Acetlibd7anhydri de
(0.5 equival ents) was then added and the 44irrjng was continued for 25
the sanme period of tinme. The deprotection/acyl ati on procedure was
repeath t hree times (total 1.5 equivalents LHVDS and 2.0

equi val ents acetic anhydride). Precipitatiaqn occured during anion
formati on (reaction nifx08r@ é@*)t?ﬁcﬁhﬁu&fﬁleaﬁa°9ﬁﬁtﬁW&ﬁQHQQ\ﬁﬁ%eﬁéﬁﬁﬁd up
to [err] for 5 .m mrt oF. 96.6% (92.6% dltlewppodacol amd 4. @4 err] and

further treatment .d W i{h LHVDS, coupling with Conmpound 3 was
conducted directly (by &%gm%gggg% re

LD57 Elemental-Agalysis (¥descri bed above in sfép (b)).
Yield: 851 ny (55% teom ;005 SESs 19 dasoaet vl baccatin 111,

Calcd. Found

C _ 65.44 65.49
H 7.14 7.44
N 1.30 1.47

10 m.p. 153 - 155°C
[a]p: -59.6 (c 1, CHClj3)
TLC: Rf = 0.31 Reverse Phase HPTLC,
acetonitrile/water, 70:30, UV visualization.
An alternative procedure for the prepaiation
15 of 2'-MOP-7-triethylsilyl taxol was employed by the
coupling of 7-O-TES baccatin III formed in situ as
follows:
7-0~-TES-10-desacetylbaccatin III (1.5177
mmol) was dissolved in 3.5 ml of dry
20° tetrahydrofuran and cooled to -65 to -70°C.
Lithium hexamethyldisilazide (LHMDS) was added
dropwiée (0.5 equivalents) and the mixture stirred
for 20 minutes. Acetic anhydride (0.5 equivalents)
was then added and the stirring was continued for
25 the same period of time. The
deprotection/acylation procedure was repeated three
times (total 1.5 equivalents LHMDS and 2.0
equivalents acetic anhydride). Precipitation
occured during anion formation (reaction mixture
30 thickened), and the mixture was warmed up to 0°C
for 5 minutes.
Following cooling to -50°C and further
treatment dropwise with LHMDS, coupling with
compound 3 was conducted directly (by the procedure



Terr} : To a solution of 7-TES-baccatin Ill (5.00 g,

7.13 mmol) in THF (freshly distilled from sodi um and benzophenone, 12.5
m) at -50C (cooling was 20 applied only after the conmpound was conpletely
.di ssolved in THF) was added dropwi se with vigorous stirriB@PALHVDS (7.85
m, 1.0 Min THF, 7.85 nmmol), over a peri 8 of about 17 minutes, so
that the I nternal tenperature did not rise above [err] 25 Cdose to the
end of the addition a precipitate was formed, which nade stirring :
difficult. An additional 1.5 m of THF was added in_order to al | ow
efficient stirring. THIeSCZAbERoALAYS iR SEAR (D)) . n¥heldr i8Rl 9 (858 and
stirred at that from 7-0-TES-10-desacetylbaccatin III. LD57

- 46. - tenmperature for 10 mnutes. The resulting cloudy sol ution
at [err] was cooled back to [err] and then transferred dropwi se to a

sol ution of the azeti di none, Cbnpoundiﬁimﬂkﬁﬁb, 8. 92 nnDI) in THF 5
(2.5 mM) via a can@gul a. > alra AR s [ Ra@i4B . 4aB1E8 9 f
[err] during the addit]

10 - -11- -4a, - -5
9-yl ester
(o
Ph—“(
NH O
Ph ;
OMOP | S

15 Ho OBz OAc

To a solution of 7-TES-baccatin III (5.00 g,
7.13 mmol) in THF (freshly distilled from sodium
and benzophenone, 12.5 ml) at -50°C (cooling was

20 applied only after the compound was completely
dissolved in THF) was added dropwise with vigorous
stirring LHMDS (7.85 ml, 1.0 M in THF, 7.85 mmol),
over a period of about 17 minutes, so that the
internal temperature did not rise above -48°C.

25 Close to the end of the addition a precipitate was
formed, which made stirring difficult. An
additional 1.5 ml of THF was added in order to
allow efficient stirring. The reaction mixture was
then warmed to -35°C and stirred at that



took:7 m«nutes. The flask and the cannula were washed with THF (0.5 m)

and t he washi ng was transferred to the reaction. At the end of the 10
addition, the resulting solution was brought to [err] repl aci ng the
dry-ice bath with an ice-water bath and stjrred for an adéFglonal 75

m nutes. The reaction was nonitored by TLA®IT reverse phase silica
gel (EM Science RP-18 [err] using 15 acetonitrile/water (70/30) as eluent.
Rf for the titIe product was 0’31 for 7-TES-taxol 0.41, for

7- TES-baccatin 111 | H7
phosphate buffer (12 ngfmp?ﬁ?ﬁ:%v%af %dlyngﬁﬁf'é %%%%&qug% 5 (30
m). It was diluted wsohutlonam@ covasi ;oolwi bagk o \wd2eCsapdr elheny,
and the  aqueous | ay@angKéFrAéd Qﬂ-dﬁ#ﬂ%eEEQAQ édfutidn oBiene combined
organic layers were dried oyer anhydrous f ered

concentrated in vacuo £88€ ?'%bn%e o e3¢ f téaosg'oodjc# Qj? T a tan
solid. It was dssscwvsoknlh vid EEtdahnulal n'rheaminmemm was kégem )
e e ot o oonPw o8 X pellietf! 114, and SRS Adiithg Ui SRadtigH, VOALCE]

asi de at room erature for e co room 30
for 2 hours. The soI|§°QBs7fmiQQ#Q§} aﬁ@emééﬁéh and Qﬁ%l?i&“@éﬁdwﬁfﬁture of

hexanes/ Et OAc, 5/ 1 (2 Wadfled with )rHH Tdoe smllmeéndlm@rwa(shﬁa gasef fective

HI 52. 4) and the washings (0 32 effective HI 4
col l ected separately ah§® gg?egé p reaction. ©%nd end of°the
LD57 10 addition, 4t7he resulumgulspnugmmwas doxaaghits tee 0&C

dried on the suction 0 &
Hg) over ni- ght to g| ve gySS g 0? %e tlﬁr@“&%é bﬂ@lq &mpwl\&cwtér mm

d % b d
7-TES-baccatin I11) w PRtBnaRdfeeinxed foy ar&? agé:‘%"/?’(%%&/o"&?’ﬁltéggr oBlet
and 3.3% 7- TES- t axOlrpactiof! v micHivdreldy BySTL&)on reverse phase

silica gel (EM Science RP-18 WF2s54s) using
15 acetonitrile/water (707/30) as eluent. R¢ for the
title product was 0.31, for 7-TES-taxol 0.41, for
7-TES-baccatin III 0.47.
The reaction was quenched with a pH 7
phosphate buffer (12 ml1), followed immediately by
20 saturated NaHCO3 (30 ml). It was diluted with
EtOAc (100 ml), the layers were separated, and the
aqueous layer extracted with EtOAc (10 ml). The
combined organic layers were dried over anhydrous
Na;SO4, filtered and concentrated in vacuo to give
25 the crude title product (9.13 g) as a tan solid.
It was dissolved in hot EtOAc (20 ml) and hexanes
(13 ml) were added dropwise at the reflux
temperature. The solution was set aside at room
temperature for 36 hours, and then in the cold room
30 for 2 hours. The solid was filtered and washed
with a cold mixture of hexanes/EtOAc, 5/1 (2 x 10
ml). (The mother ligquor (1.52 g, effective HI
52.4) and the washings (0.32 g, effective HI 53.4)
were colléected separately and set aside.) The



Cal cd. Found 10 C 65. 81 65. 47 H 7.07 7.12 N

1.35 ° 1.64 mp. 153 - [err] [err] -59.6 (C 1, [err] 15 TLC R =
0. 31 Reverse Phase HPTLC, acetonitrile/water, 70:30, UV visualization.
[err] LD5%D37 |

- 48- To a solution of the titl®e4raduct of

resulting white crystals were dried on the suction

filter for 20 minutes, and then in vacuo (~0.5 mm

Hg) overnight to give 6.59 g of the title product

(89% based on 7-TES-baccatin III) with an effective
5 HI of 99.3% (96.0% title product and 3.3% .

7-TES-taxol).

Elemental Analysis (%)

Cs57H73NO15S1
Calcd. Found
10 c 65.81 65.47
H 7.07 7.12
N -~ 1.35 1.64

m.p. 153 - 155°C
[alp: -59.6 (c 1, CHCl3)

1§ TLC: Re = 0.31 Reverse Phase HPTLC,
acetonitrile/water, 70:30, UV visualization.




Exanpl e 5 above (" Conpound 5", 5.0 g, 4.81 mmol; H 99. 3% i ncl udi ng
Compound 5, H 96.0 and 7-TES-taxol, H 3.3) in ethanol (EtOH, 100 nli)
and 5 THF (80 nmL) at O [err] (Conpound 5 was dissolved in Et OH THF
before cooling to [err] using an ice bath) was added prec&®5dd [err]
1.5 N HO (aqueous, aq) dropwi se with vigo"r%us stirring over a period
of 12 m nutes. The cl oudi ness that appeared during the 10 addition of
1.5 N HC di sappeared inst ant I y The resulting clear solution was

stirred at [err] for 15 e t gr.e t ] 9.5 hrs. HPLC
anal ysis of an aliquot (3 [e h%nq‘llqﬁ% %cf)l gl&% tgg/é prfo%éjgé 65% H20
| i near gradient for 26Exampiesd m 1(5C0['\99ulldl$'heaﬁ Qraadide Bl mpply HI

m nutes; 35%/[err]/65%g, 3%[ﬁ{é‘]]ud1§ﬁ0&hbguﬁars7 Bt N9g Qﬁ)an%t this point
i ndi cated t he presence_ of taxo % and a_pol ar

inpurity (0.3% along WTHE-t 'hél ﬁ‘l ﬁérlf‘nﬁﬁ???‘?]ese(gtﬂ’i"ge FBQCF'an apdlxt ur e
was 20 diluted with eTHyI (80 atlsk et Bt GBC (C@MPfoutd Swas diseadked wnth col d

(about [err] (500 m ag ﬁza&m beé’o%gr&g)on\%s bNEecRniTyabIed HAER] the

pH of the aqueous was ned aqueou
| ayer was extract ed 25W3W|@ i aeeeqopledo (rEC)  Inife NoHgdni(@augpuss %\E}e

conbi ned and washed W&i‘ob&ié@ v(:.Q.'QQvfIbbrodBI 8flirring &jvdr W0@ediodl bEt £2ed
‘and concentrated to give :ﬁ‘ x0l,.as a |tt:e sol i ddgé‘b? g PLC HI.
97.7% . 1t was dissol v@ﬂn‘i"ﬁei‘s eofcmgﬁﬁﬁ 2 (mrﬁ 3panbhe (1PA)
(1:5.8) and dilutetDw addition ef |1 (51N4Hﬁ.‘ll) dbsappeared \naxsmanglwlarmel to
e arhorr] 00 @ YELELL hY Wreal G1fRUbH HlaSRLILIED 3B o géi-%?d in

a hexane at nosphere (t ner o tion of cru e taxol
in MeOH | PA/[err] was m:.nutes and stored at 4 °C for 19.5 hrs.

LD57 analysis of -atDaliquot (3l pcehenyl aﬁmtdwénmhar jb%
e ner having hexangg,cy, ¢ Hib) 1iRedr CPRELbRY Yo 28! miAQERE ETPEFE! U ©)

15 CH3CN linear gradient for 7 minutes; 35% CH3CN/65%
H20 isocratic for 7 minutes) at this point
indicated the presence of taxol (98.6%), 7-TES
taxol (0.6%) and a polar impurity (0.3%) along with
other minor impurities. The reaction mixture was

20 diluted with ethyl acetate (EtOAc, 200 mL) and
washed with cold (about 5°C) NaHCO3 (500 mL and 2 x
200 mL). Washing was continued until the pH of the
aqueous washings was -~8.5.

The combined aqueous layer was extracted

25 with EtOAc (2x100 mL). The organic layers were
combined and washed with brine (300 mL), dried
(Na2s04., 100 'g),, filtered and concentrated to give
crude taxol as a white solid (4.44 g; HPLC HI
97.7%). It was dissolved in 25 mL of methanol

30 (MeOH)/isopropanol (IPA) (1:5.8) and diluted with
H20 (1.4 mL) by gentle warming (warmed to ~40 to
45°C on a water bath). The resulting solution was
stored in a hexane atmosphere (the container having
the solution of crude taxol in MeOH/IPA/H20 was |



room:tenperature for 16 hrs. The white crystalline (visual exam nation
under a mcroscope) solid was 5 filtered, washed with cold (5 [err] hexane

(25 ) and dried under high vacuumto give 3.8 g (93.0% of taxol
with HPLC H 99.0% The nother |iquor and t he washi ngs werw®57
concentrated under reduced pressure to grw9 0-28 g (7.0% of a faint
yellow 10 solid (HPLC H 80.6% which was set aside for - further:
processing at a later tine. El emrental Analysis (% [err] 1.0
[err] Cal cd. Found 15 C 64.74 64.71 H
6.13 6. 48 N placed in gnpother jarger contajger having7hexane g(

mp. 211 - [err] 20 [qpolmipli® 4 Clbseldeeybtem adlfsomRitemperdture) at
MeOH: AcOEt : Hexane; O

.6:4.0:5.4; WV .and Vi syal i zat.i_aon. 25, ; -
Preparati on of Taxol room éemperar.r.g:ea %rng('\)/ﬁ§%t hﬁ%é&ﬁ& Icéygéiﬁ?éfﬂ?ng a
sol uti on of Conpound 5 (g2sualreXaniriastiionl wnlder-a microsasipe)28ogidiwag nmol )
in acetonitrile (80 n Wol! ( [ d
dr opwi se 48% aq%egsé_lggﬁ?gf %ﬁqécéj e‘l‘;}?g ?%Ilf)Hi ﬁg‘f’mﬁe&%\?\gfqggeg‘w
mnute period. The int 8Pfafiriefpidan hdaly yaguim to Giyedq 8 & AP3dl*) ng the
addi tijon].c The cl ear sobit takol witHALY HIABI4CkW tTmeltmordieraliquotoand
period o

" 50- 24 hrs. Th&hFe‘é’%?tu‘%'%F"\‘/vé"serr?or‘ﬁ"f‘SF’e‘E’%‘geﬁﬁt’ger reduced®’
. : pressure to give 0.28 g (7.0%) of a faint yellow
10 solid (HPLC HI 80.6%) which was set aside for
further processing at a later time.
Elemental Analysis (%)
C47Hs51NO14 » 1.0 H20
Calcd. Found

15 c 64.74  64.71
H 6.13 6.48
N 1.61 1.57
KF (H0)  2.07 1.90

m.p. 211 - 213°C

20 [a]p: -51.5 (c 1, CHClj3)

"~ TLC: Re = 0.22; MeOH:ACOEt:Hexane; 0.6:4.0:5.4;
UV and PMA Visualization.

Example 7
25 Er.ena:a:.inn__oj_zaml

To a 2 L polyethylene bottle containing a
solution of Compound 5 (2°'-MOP-7-triethylsilyl-
taxol, 20 g, 19.1 mmol) in acetonitrile (800 ml)

30 and pyridine (48 ml) at 0°C was added dropwise 48%
aqueous hydrofluoric acid (HF) (104 ml) over a 60
minute period. The internal temperature did not
exceed 5°C during the addition. The clear solution
was held at 4°C without agitation for a period of



(Waters, Nova-Pak Phenyl, 3.9 x 150 mm col ummn; absorption: 227 nm flow

rate: 2 m/mn) Chr omat ogr aphy condition: 5 0-26 mn, 35%/[err]/65%
[err] to 100% CH3CN, I|inear gradient, 26-28 mn, 100% CH3CN to 35%
[err]/65% [err] linear gradient, 28-35 mn, 35% CH3CN 65%.P&7r ]

i socratic Rt: 13.73 for 7-TES-taxol 10 50 6.65 for Taxol Rt: 4.96
for 10-desacetyl -t axol After 19 hrs of reaction, 0.36% of 7-TES-
taxol remained in this mxture. After 24 hrs, 7- TES-t axol and

10- desacet yl -t axol wer ot present 15 ur| nde 1<0. 04% in the
reaction m xture. %Q"éﬂ ut%lﬁ't?n tf’%ﬂ ﬁ?l t H¥FCacetate (1

L) -and washed with 1N Hght€890 Ndva-Pak Phaayl, BQ)r)bl:uS@qunebumni ayer was

extracted with ethyl ggferat e%‘ba nm ¥1dw- él'tl_"@ (yg‘@_r}hgngayers were 20

conbi ned and washed Wlt quedus so I car bonat e sol ution
(800 m x 5), brine (36orematography) C°§F1F-Eél°%ﬁ/er SOdI umsul fate, filtered

anfl | cr:]oncentrate? to-msmﬂ,gm CHEChPE5% R3O0 Wa/ADOKALHBCN, 1Dsedr Wmhte
solid. The HPLC H for 0 The
yield is uncor rect%}agglgﬁéjElezestrre tgtllg1 n%ﬁeilaés% %% 354 g??‘?’g{e 3 [err]
Cal cd. Found 30 (H20, linesar :garadlean.sa -35 miny 35% CH3CH/§%% H205.99
N 1.60 2. 08g0cratid €r 'l 2.67- 2.00 mp. 207.5 - [err]
(w/ deconp) _ LD57
-51- [err] -52. %t( Cl'i_',7% éﬁqx] 7-TES-taxol .

' 10 Rt: 6.65 for Taxol

Rt: 4.96 for 10-desacetyl-taxol
After 19 hrs of reaction, 0.36% of 7-TES-
taxol remained in this mixture. After 24 hrs, 7-
TES-taxol and 10-desacetyl-taxol were not present
15 (impurity index II<0.04%) in the reaction mixture.

- The solution was then diluted with ethyl acetate (1
L) and washed with 1IN HCl (800 ml x 2). The
combined aqueous layer was extracted with ethyl
acetate (400 ml x 1). The organic layers were

20 combined and washed with saturated aqueous sodium
bicarbonate solution (800 ml x 5), brine (300 ml x
1), dried over sodium sulfate, filtered and
concentrated to give 17.46 g (~100%) of crude taxol
as a white solid. The HPLC HI for the crude taxol
25 obtained above was 98.7%. The yield is
uncorrected.
Elemental Analysis (%)
C47H51NO14 » 1.3 H20
| Calcd. Found

3 ¢ 64.34  64.32
H 6.16 5.99
N 1.60 2.00
KF (H20)  2.67 2.00

m.p. 207.5 - 212°C (w/decomp)



TLC. -:Rf = 0.22; Silica gel; MOH AcCEt: Hexane; 0.6:4.0:5.4; UV and PMVA

Vi sual i zati on. [err] To a solution of 2'-MOP-7-TES-taxol
(Conpound 5, 5.0 g, 4.81 mmol, H 99.2% (including 10 2'-MOP-7-TES-taxol,
H 95.7) in ethanol (EtOH, 50 m) and THF (40 m ) at [errLD§¥Vce bath,

2' - MOP- 7- TES-t axol was di ssol ved in Et OH THF 13df or e cooling to [err]
was added precooled [err] 1.5 N HO (aq., 50 m) dropwi se with vigorous
stirring 15 over a period of 40 m nutes. The cloudi ness that appear ed
during the addition of 1.5 N HC di sappeared instantly. The resulting
cl ear sol uti on was(@lp:r r8@.%at (¢ eks [CH@3)1 hour and stored at [err]
for 22 hours. A white I hout ,400 noy reclnltated at
this stage. (In prOce'glgé'_ CkfaﬁPﬁczgha?gg:&g%eldnb{aelb?gﬁgéngﬁg)%% hour s
[err] Phenyl BD cof ufrid ;0 :35%: UM3andcB¥d [Eigyaliizagdon. gradient for 26
m nut es; 100% CH3CN-|i near gradi ent for 7 mnutes; 35%/[err]/65%

H20-isocratic for 7. 25 mnutes) at this pgint jndjcated the presence of
taxol (97.2%, 7-Té§ taxol (0.2%, 10-desag§§@?igfg taxol (0.7% wth other
mnor inpurities.) The reaction nkxeparation ofl Faxdlwi th Et OAc (200 nl)
and washed with cold (-5C) NaHCO3 (400 ml and 2 x 30 200 m). (The pH of
t he aqueous washi ngs shoul d preferably be -%ﬁ%(¥mere not, washing is

preferably continued until tIRo soduchen efs3) ~MES-¢8%Bkned aqueous
layer was extracted w {dodgiddi@ 5, 5(8 ¥, 80.81 Jmmollle HI 99NRE | 2yETSAiNRS €

cofbi ned and 10 2'-MOP-7-TES-taxol, HI 95.7) in ethanol (EtOH, 5Y
ml) and THF (40 ml) at 0°C (ice bath,
2'-MOP-7-TES-taxol was dissolved in EtOH/THF before
cooling to 0°C) was added precooled (~5°C) 1.5 N
HC1l (aq.. 50 ml) dropwise with vigorous stirring
15 over a period of 40 minutes. The cloudiness that
appeared during the addition of 1.5 N HCl
disappeared instantly. The resulting clear
"solution was stirred at -2°C for 1 hour and stored
at 4°C for 22 hours. A white solid about 100-200
20  mg (taxol) precipitated at this stage. (In process
HPLC analysis of an aliquot after 20 hours (3
Phenyl BD column); 35% CH3CN/65% H20-linear
gradient for 26 minutes; 100% CH3CN-linear gradient
for 7 minutes; 35% CH3CN/65% Ha0-isocratic for 7
25 minutes) at this point indicated the presence of
taxol (97.2%), 7-TES taxol (0.2%), 10-desacetyl
taxol (0.7%) with other minor impurities.) The
reaction mixture was diluted with EtOAc (200 ml)
and washed with cold (~5°C) NaHCO3 (400 ml and 2 x
30 200 ml). (The pH of the équeous washings should
preferably be ~8.5 (where not, washing is
preferably continued until the pH reaches 8.5)).
The combined aqueous layer was extracted with EtOAc
(2 x 80 ml). The organic layers were combined and



washed wisth brine (200 m ), dried [err] 100 g), filtered and
concentrated to give crude taxol as a white solid (4.2 g; H 97.9%. It
was di ssolved in 31 m of EtOH heptane (6:4) and diluted with [err] 5
(0.15 m) by gentle warmng (warmed to -30-[err] on a wat 8pSBat h). The
resul ti ng honogenous cl ear sol ution was st3@ ed at 4C for about 20
hours. The white crystal line (visual exam nation under a

m croscope) solid was filtered, washed with cold 10 [err] heptane (20 m)
and dried under high vacuu . L0 i ve 2 (90..6% ,of taxol wth Hi
98.6% The not her ¥ rW%.%Fﬂ&emégﬂﬁzdgg’-orFq’&&éééPiﬁa%?m&O\% 9under
reduced pressure gave f£ilgrédard conéenfrated tihigiveorrafgstakdl zfs iDn

(di ssol ved in EtOH heptane (P.5:0. 3, 6 and Jerr 20 rr d
stored at [err] fg"fh%')e goulrlg ér% §édé¥ hgeﬂsae%c)dnd Ic[fr ES'SLO%’I?\A%{’f‘éeA il
crystalline (visual ex¥himhtobEtQH/Bepsaneciosbtopnd dilused with Ha g;

4.0% H 92.0%. s Eementgl) Aalgenicdel %rﬁ@ng[gﬁéﬂmed to ~30-35°Cf-
Found C 62.7 62.35 6, 2 6. 43 N
1.56 1.94 25 H20 @ watey path). ,The resulting higmogepgpp|clear g

rot.: [err] = -52.3 (csdlution lwas stbred BRE 4°0.fa2; abohtc20ghdburs. The

NeOH: Et OAC: Hex, 0. $h i GnfbeatYsard (Ml m@dﬁﬁ dflgerPkC H 1

98. 6%
A [err]-lactam of the BFFRAFIRE)S GoAdfdawas filtered, washed with cold

10 (5°C) heptane (20 ml) and dried under high vacuum
to give 3.72 g (90.6%) of taxol with HI 98.6%. The
mother liquour and the washings on concentration
under reduced pressure gave crude taxol (0.45 g)
which on crystallization (dissolved in EtOH/heptane .

15 (0.5:0.3, 4.6 ml) and H20 (20 pul) and stored at 4°
for 20 hours) yielded the second crop of white
crystalline (visual examination under a microscope)
solid (0.18 g; 4.0%; HI 92.0%).

Elemental Analysis (%)

20 C47Ns51NO14¢2.55 H20

Calc. Found

c 62.73 62.35

H 6.28 6.43

N 1.56 1.94

25 HO0 5.11 4.91

mp = 207 - 208°C
Opt. rot.: [@lp = -52.3° (¢ 1, CHCl3)
TLC: Reg = 0.22; silica gel; MeOH:EtOAc:Hex,
0.6:4.0:5.4; UV and PMA visualization
30 HPLC: HI = 98.6%



*C ___,__[_e —_— wher e Rl and R2 are:

L]T oup; (i) together forma
cycl oal K (iii) together forma cyclumgkenyl

group; N“I“nmmlm‘mm‘ - 83 - (iv) t oget her form a
heterocycfo gr oup;” RB |s al kyl ; R4 is aryl; R5

I s hydrogen, arylcarbonyl, or alkyloxycarb or such a
[err]-lactamin salt form Eié;ﬂé Aferr]-lactamof claim1l
which is crystalline at anbient conditions. 3.

A ferr]-lactamof claiml or 2 which is substantially free of

other isonmers and in which .
A B-lactam of the following formula

I:
R2
>C
4
{
: ®
’/,' N '
O/ \Rs
where
Rl and R? are: _
(i) both the same alkyl group:;
(ii) together form a cycloalkyl group:;
(iii) together form a cycloalkenyl group;
or
(iv) together form a heterocyclo group;
R3 is alkyl:
R4 is aryl;

RS is hydrogen, arylcarbonyl, or alkyloxycarbonyl,

or such a f-lactam in salt form.

2. A B-lactam of claim 1 which is

crystalline at ambient conditions.

3. A PB-lactam of claim 1 or 2 which is

substantially free of other isomers'and in which

\P'\



the groups [err] and R4 are in the cis position relative to each

ot her. g A [err]-lactamof claiml where [err] and

[err] ane unsubstituted | ower al kyl group,

R3 is unsubsHIIl mﬂm!ng ﬁlﬂ R4 is phenyl and [EP37 is

hydr ogen, benz Ntoxycarbonyl 5. A [err]-lactam
of claim3 mhlch Is (3R

ci s)-3-(1-net hoxy- 1- et hyl et hoxy) - 4- phenyl-2- azet i di none.

6. Aferr]-lactamof claim3 mhlcr% 3R-—3 4 . .

ci s) - 1- benzoyl - 3- ( 1- m&eoGFORPRer G (B (OR*) and R® are in the cis

phenyl - 2- azeti di none. p051tlon relative &©o eadh [othek-| actam of claim 3 which

is (3R ci s)-1-t-butoxycarbonyl-3-(1-methoxy- 1-
met hyl et hoxy) - 4- phenyl - 2 azetldlnone t hod f or
the preparation of a 4.si dechaPnlankan of Féﬁ&ﬂelowhﬁﬁ% Bb)andiRdy
formul a VT Qrenoth' chi®64Ré un ubsﬁuu&-_e_-arho alieyl g%%fpe
Rl and R2 are: 3 % e sane al y J)
(ii) together form &cy& YRERDE tﬁ%ﬁ&ﬂ "ower alkyl. is phery1, ana

RS is hydrogen, benzoyl or t-butoxycarbonyl.

5. A B-lactam of claim 3 which is (3R-
cis)-3-(1l-methoxy-1l-methylethoxy)-4-phenyl-2-
azetidinone.

6. A B-lactam of claim 3 which is (3R-

cis)-1-benzoyl-3-(l-methoxy-l-methylethoxy)-4-
phenyl-2-azetidinone.

7. A B-lactam of claim 3 which is (3R-
cis)-1-t-butoxycarbonyl-3- (l-methoxy-1-
methylethoxy)-4-phenyl-2-azetidinone.

8. A method for the preparation of a
sidechain-bearing taxane of the following formula
VII or a salt thereof:

RN (VID
R‘ . O=T
OCR)RY)(ORY
where
Rl and R2 are:
(1) both the same alkyl group:;

(ii) together form a cycloalkyl group:;



(Tii)s 't{ﬁﬁ%h@+—#eFﬁ+a—ﬁyeioalkenyl group; or (1v)
together forma g oup; R3 is alkyl; R4 is aryl; R5 is hydrogen,
aryl car borH“I“H mﬁiﬁm rbonyl and T is a taxane noi ety bonded directly
at C 13 of conpri si ng_}aﬁt he step of coRP&%ting a
[err]-lactan1of the follomnng fornula | or t™ t her eof: [err]

where [err] and R5 are as defined above, wth a taxane conpound of the
following formula VIIl or a salt thereof: [err] where T is as defined

above, in the presence of a cg¥ |ng §§5§Hﬁenv@%rﬁgg gﬁ@i$3¥kéﬁywnagbugg t he

group [err] of said conmpound F'OX
{iv) together form a heterocyclo group;

R3 is alkyl; '
R¢ is aryl; : .
RO is hydrogen, arylcarbonyl, or alkyloxycarbonyl:

and -

T is a taxane moiety bonded directly at C-13 of
said moiety:;
comprising the step of contacting a P-lactam

of the following formula I or a salt thereof:

O‘ | N\Rs

where R1, R2, R3, R4 and RS are as defined above,
with a taxane compound of the following formula
VIII or a salt thereof:

HO-T (VIII)

where T is as defined above,

in the presence of a coupling agent; and
optionally, converting the group -OC(R1)(R2) (OR3)
of said compound of the formula VII to hydroxyl,



thereby formng a éi dechai n-bearing taxane or a salt thereof of the
follomﬁng formula-X—"" [err] where R4, R5 and T are as defined

e nethod of claim@8, wherein the taxangnef the
for rruI aum“g“mﬁlﬂ“}‘w of the following farmgl a X [err] where
Bz is b eetyl; R7 is hydrogen, alkylcarbonyl, or a hydroxyl
protectlhg roup; and R8 is hydrogen or a hydroxyl protecting group.

thereby forming a sidechain-bearing taxane or a
salt thereof of the following formula IX:

Ro°nt O

x)
R4 Oo—T

OH

where R4, RS and T are as defined above.

9. The method of claim 8, wherein the
taxane of the formula VIII is a taxane of the
following formula X:

oR’ 0 op?

HO -

where

Bz is benzoyl:

Ac is acetyl;

rR7 is hydrogen, alkylcarbonyl, or a hydroxyl
protecting group; and

R® is hydrogen or a hydroxyl protecting group.

10. The method of claim 9, wherein said
taxane of the formula X is a 7-O—trialkylsilyi
baccatin III.

11. The method of claim 8. 9 or 10 wherein said
coupling agent is an alkali metal silylamide base

or a sterically hindered alkali metal amide base.



The*nethﬁd GL—CLaLm 9, wherein said taxane of the formula Xis a

7 C>tr|a || baccatln L1, 11. The nethod of claim8, 9 or 10
~wher ei n @m MIﬁ nt is an alkali nmetal silylam de ba%%7or
sterlcal Iﬁ net al am de base. L

The net hod Of &latm 11, wherein said 37 - coupling agent has the
followngforrmla Xl: [err] ) where . RO and R10 are
trial kylsilyl, cycloal kyl, or together with the nitrogen
atomto which _ t hey are bonded, form a heterocycl o group;
and Mis an alkali netal. 13. The met hod of
claim 12, wherein said 12. cThel hethadest ¢laiam kil kafhenedmalsaid
hexanet hyl exget hod of claim
13, wherein said C&lﬁiiﬁ% %?nt h?s t E!ex"':ac’r%e by ngéldfsﬂ “}F’\deﬁfs I|th| um

hexanet hyl di sil azi de.
R9 ___N__Rlo

I XD
M

where

R? and R10 are trialkylsilyl, cycloalkyl, or
together with the nitrogen atom to which
they are bonded, form a heterocyclo group;

and

M is an alkali metal.

13. The method of claim 12, wherein said

coupling agent is an alkali metal hexamethyl
disilazide.
14. The method of claim 13, wherein said

alkali metal hexamethyl disilazide is lithium
hexamethyl disilazide. '

15. The method of claim 9, or any of claims
10-14 when dependent thereon. further comprising deprotection
of one or mors hygroxyl groups on the taxane moiety of the

sidechain-bearing taxane formed.

16. The method of claim 15, wherein an
acid is employed for said deprotection.

17. The method of any one of claims 8-16, wherein R!
and R2 are both the same unsubstituted lower alkyl

group, R3 is unsubstituted lower alkyl, R4 is
phenyl, and R2 is benzoyl or t-butoxycarbonyl.



15. « &he nmethod of claim9, or any of clains 10- 14 when

dependent thereon, further conprising deprotection of one or nore
hydr oxyl groups on the taxane noiety of the si dechai n- beari ng

t axane forned. 16. The met hod of clai m 15P5%herei n an
acid. |s~eﬁpioy’ﬂ’Tor sai d deprot ecti on. - 58 - 17. The net hod
of any o ﬂ 16, wherein [err] and R2 are both the sane
unsubs ﬁ‘\%{“w “ | group, R3 is unsubstituted | ower alkyl,
R4 is pmenyl ,* and i s bepzoyl xycarbonyl . .

LD57 Pe! S "W her °§8°P f’!&@f whegein: hEObf
claim 17, wherein taxdé prepared i s prepared.

19. The met hod of claim 17, wherein taxotere i s prepared.
20. A si dechai n-bearing taxane of th follomnng formul a
VIl or a salt thereof: 19. [ er Mhe Rethod of claim Wiler ¥herein

taxotere is prepared.

20. A sidechain-bearing taxane of the
following formula VII or a salt thereof:

RN (VI
m‘xx2)<on’)
where
Rl and R2 are:
(i) both the same alkyl group;
(ii) together form a cycloalkyl group:;
(iii) together form a cycloalkenyl group:;
or
(iv) together form a heterocyclo group:;
R3 is alkyl; |
R4 is aryl;
RS is hydrogen, arylcarbonyl, or alkyloxycarbonyl;
and

T is a taxane moiety bonded directly at C-13 of
said moiety.

21. A compound of claim 20, wherein Rl
and R2 are both the same unsubstituted lower
alkyl group, R3 is unsubstituted lower alkyl, R4 is
- phenyl, and RS is benzoyl or t-butoxycarbonyl.



[err] andferrt—are— (1) both the same al kyl
together forma cycl oal kyl group;

?lr:):J)p ﬂg!“ Ir" w’ , ycl oal keﬁyl group; - or
(iv) m ﬁ Mﬂ, eterocycl o group; R3 i skRIkyl ;

R4 is aryl; [err] is hydrogen~ @Pyrcarbonyl, or
al kyl oxycar bonyl ; : and T is a taxane noiety
bonded directly at C 13 of sai d noiety.

21. A conpound of clai m 20, 2\ﬁ(ner EIR l:grﬁﬁclunq °ﬂ claim 20%&9&@saie bot h

t he sanme unsubstituted | ower group;

unsubstituted | ower al MAP-7Rgriethylsilyl taxol. phenyl, and [err] is
benzoyl or t-butoxycarbonyl. 22. A corrpound of claim
20 which is 2'- MOP-7-triethylsilyl taxol for the
preparation of a taxane beari ﬁé ‘a si BeBothof forcthe pESHﬁF?E?’% ‘?’ﬂea step of
contacting a taxane beafameabb;dmgyé gideghdimnaedcall C-démprridirgy the
[err]-lactam capabl e of n q?y %: i re

al kali metal silylam de sglforg @é?ré % nd%rEEErrgt 3‘2 dglbase

group bonde at th a actam capa
forming said s:Ldecha:m. in the presence of an
alkali metal silylamide base or a sterically
hindered metal amide base.

r,
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Wt - . S ABSTRACT
NQEEL_ﬂ:LACIAMSL_MEIHQDS_EQB_IHE
- PREPARATION OF TAXANES, AND

SIDECHAIN-BEARING TAXANES

Novel P-lactams finding utility as
intermediates in the preparation of sidechain-
bearing taxanes such as taxol and taxol

‘derivatives. The present invention also relates to
novel methods of coupling B-lactams to form such

sidechain-bearing taxanes, and to novel sidechain-
~ bearing taxanes. '



