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anti-neoplastic activity. Further, the compound, DOCDMAP

analogs and intermediates may be used to treat

cancer when applied in an effective amount by
means such as a pharmaceutical composition.
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Taxol i.s found in the stembark of the western yew, Taxus brevjfolia, as
well as in T. baccata and T. cuspidata. Therefore, there is a
limted natural supply of paclitaxel. Because of the
limted availability of paclitaxel and the high demand due to 5 its

efficacy against various types of cancer, qgther derivatives and anal ogs of
paclitaxel have been sought. The relative scarcity of such analogs in

relation to their inportance as potential anti-cancer agents is due
to several factors, including the large size and conpl exity of
paclitaxel conpounds, the presence of multiple reactive sites and
the presence of many stereospecific sites, nmaking synthesis of 10 even
cl ose anal ogs difficult. Because it is believed that the
tetracyclic taxane nuCRAROVIL-#ACYRPAGMTAXEL (TAXOI)ANAIOG@S! abl i shing
the antineoplastic activity of paclitaxel and anal ogs thereof, it

is desired to alter the ring substituents w thout disrupting the
tetracyclic nucglel j der to develop antineoplastically active
derivatives of [l‘ﬁ PEWNHSO% ~conplexity of paclitaxel and its

anal ogs mekes it di fiieGiikdent RiveRidiCrelat@! ty 28ddRhzoyl-4-deacdtybsdclitaxen s _
The only disclosed preparations of taxol analogs retaining the tetracyclic
t axane nucl eus debanzoyled-deasatyl-3¢fsdiacyli facktixeltanalogs thergofCand methodefor and C- 13
positions,_and deti Vt?ltpi ves having a protecting group or a hydroxyl group at
the G 203 1 S#027). However, it has been denpnstrated that

anal ogs with inproved activity can be prepared by nodifications at
various finctional groups, and several i nvestigators have prepared
pacl i taxel anaBACKGROUNDIOFR THEINVEMNIIONDN (1-10), at t he
4-position (11-15), at the 7-position (16-19), &t . the and 10 positions
(20- 21) and dihematuralprodugt paglitaxel 43) ( blsoafnﬁfeg.tw%ae O drys

derivatives ( b%@ﬁ&g‘gt{)ﬂgﬁ?h%ﬁéﬂ actiRrElf fhmrﬁe&g%%’ g&a@c‘{(@g@ al Wwefiaye al so

been prepared w uthons at

I n particul ar, jalic@Dsactiitytaginét abnpandll ¢sinluhg\candee €24,/853 p Stediesoyf wseaudhar y
et al. (1,3) using a phase-transfer catalyst to prepare

2- debenz o pacagainstaiarious other eagicers fhawiromising resplts nRepant sadies ha¥&y| i ¢ aci d

In the pres enc%lu%{dated the unique mode of action of paclitaxel, which involves abnormal

polymerization of tubulin and disruption of mitosis. Taxol was first isolated and

its structure reported by Wani, et al. (26).
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di cycl hexyrvg%rggbﬂ(‘)séiai m de (DCC) and pyrollidinopyridine (PP). Pgi—r,rﬁsf?ﬁﬁu
chem stry has nore recently been reported by Georg et al.
(2,5,6,13), who used potassiumt- but oxi de as the base and
reacylated in the presence of 1, 3- di cycl ohexyl carbodi i m de (DCC)
and NN-di net hyl am nopyri dine (DVAP). 5 Ni col aou (4,7) has shown that
2- debenzoyl pacl i taxel s can be prepared fr‘%'m 10- . deacet yl baccatin m

by a process jnvolving protection at C-7, oxidation at C 13, i
sel ective debtﬁ%’gﬁ tﬂ“?‘gﬁn the s@@%m%‘i’frfﬁ? WSSLCER YeWhel @8 brevifelio, asavelbanine

-derivative, t Qri}ggym . st Dl . ' at .13, and
finally coupl ?‘.nléacg?fa?ﬁlgl j&: b, %egﬁgfé}eel’ ﬁ%#@@?ﬁ??‘%‘?‘gﬂﬂ’%? to
2- debenzoyl tpactitaxsl.was devel oped by Pulicani et 10 al. (8), who were
able to prepare 2-debenzotll3 docet axel and certain derivatives by

e(ﬁf ¢

el ectrochem cal r cBefans linited raxaitability (of parlitaxe) and theyhigh demand due to
Butyllithi um; . ' | oride. Y anot her. al.,beit restricted,
s;n%/helsig of 0¥ g?cﬁa%-q ‘é‘g{QY&fd“g tfigts %58?’%9&0 era#gvgt&gésmg anloes0bd by g i ma
et al. (9) arghciagel IRivedeen fcuight. ThOrelative scarcity@P SikdeaHalofs 'Elgélﬂﬂﬁit Rt f? hed
en attache

baccatin Il to its 2-cycl ohexyl carbonyl derivative, and~15
the C 13 est dheiiimporganse as poteptidlanticopnees agents is dneteseyerelfactors, ipcluding

Datta et al. (250 Pyel LERLR B of s il oGl L LRSS oL Dk | it

potassiumt -

prepared by NeadiveRRited aridl the prstn@ 6t many stere{)iﬂé&ﬁ@ @ﬂgﬁy%@’ #ﬁ%?ersﬂ gt al.

(12). Neidigh et al. preparéd 4-deacetyl paclitaxel reatnment of a
prot ect d@ paciven alost amilogs diffsmltunder various conditions, and al so by

a second nmethod in, which a C..13 side_chain s attached to a suitably
protected 4- rh“ﬂl‘é*&d%?ﬁ%ﬁt‘@éh‘r@ﬂf@“@éﬁg‘aﬁmaﬂ“FleB‘P A1) portant

4-deacet yl paqggt{,@qgl Ly¥ndhiiAgR e ' ' a
protected deacetyl :fgcatl n Q;n E@%&a f(laatsgllf%%véﬁﬁa%%g%ﬁm@%ﬁ’%&{ﬁ epar ed
by Datta et atis defided toyalter émt rimmsubstituénts iwitheuhgisaupting Yeeenradyiclic mbélewd t h 25

pot assium t - Qhut oxi de.. C.-4 deacet oxypaclitaxel was prepared by Chordia et
al . (15) m°“§?§ to deyslop antggopias ﬂﬁ%ﬁ@ﬁ@dﬁl&ﬂ"d@aéﬁwﬂ%’sﬁin xel by

Tri ton 6 (an CPplexity of pacttelafld I uio mkes it MG Bletiiffhtr X0y 11
cyclic 1, 2-cantsoinenes. formati on of a xanthate at C4, openi ng of the
carbonate with phenyllithium and. deprotection.
The only disclosed preparations of taxol analogs retaining the tetracyclic
taxane nucleus are those analogs modified at the C-1, C-2, C-4, C-7 and C-13
positions, and derivatives having a protecting group or a hydroxyl group at the C-
20 10 position (27). However, it has been demonstrated that analogs with improved
activity can be prepared by modifications at various functional groups, and several
investigators have prepared paclitaxel analogs modified at the 2-position (1-10), at
the 4-position (11-15), at the 7-position (16-19), at the 9 and 10 positions (20-21)
and at the 14-position (22), among others. Baccatin III derivatives (baccatin III is
25 the taxane core of paclitaxel) have also been prepared with substitutions at C-2
and/or C4 (23).
In particular, analogs at the C-2 position have been prepared by Chaudhary
et al. (1,3) using a phase-transfer catalyst to prepare 2-debenzoylpaclitaxel

followed by reacylation with a carboxylic acid in the presence of
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Paclitaxels with nodified C4 acyl substituents have been prepared by Chen
et al. (14), who protected 7,13-di(triethylsilyl)baccatin mat CG1 with a
di rethyl silyl protecting group and then deacyl ated selectively at C4 with
Red- Al . Subsequent reacyl ation using acid chloride and lithium
hexanet hyl di sil azide 5 (LHDVS) , foll OV\_%g by protecting group

mani pul ati ons and reacylation at C 13 wi th the paclitaxel side

chain (as its B:lactam deri.vativ i el.ded .a.range..of 4s . . :

acyl pacl it axel dﬂé‘?‘ﬁ’@?‘.’”ﬁ" mide (D412 ng‘-’lﬁg@f)??fi‘kg? (6@5: %Wﬁp%%gﬂd by
Geor g . Ris Mbre febditly bdeA rbpRedesY Georg et al. ﬁ2,5,_6,13), who used potassium t-
2'-t-butyldimethylsilyl-7-triethylsilylpaclitaxel with aqueous

pot assi um t - bubutokile asdhejbase and 2eatylatatzimthe presesoeenfyl,32' -t - 10

butyl di methyl si|Jyl-7-triefhy]sil i . This conmpound Gonverted
Lo its dipgiobersirasbariaide HFFS ab M Fdimethymiitpaiton (FFAT.

phenyl i thium | - hS ﬁ%é@ﬁlc ' ?é[iﬁ} _

In spite of al m%%ée&{v\gl’@ lfhﬁgpo‘ﬁggx tge%%gon onﬂta%éelk%?%ggpa io%?m 10

pacl i t axel deacestaicogin/ill by &pRocesslinvdlviangy protechion iat CeT\t axidationvaniG<13as

been reported to date on 15 the%reparation of derivatives with nodified
substituents aselesive debenzgylation at C3; dormation of the g¥¢lict 1.dreapionatederivative,

derivatives is_desir e b it iS,: | B _
derivatives w F‘Ta%ﬁ?i'e/gﬁ%n% aﬁﬁ@%ﬁﬁ%‘t %%dugtcl?l%{l @S/ﬁéltaﬁ‘géﬂ]%@ F;&kbg{)%lgl Ofi eégl_lf:".
Further, becaugge chain. A iffdtbRUButeddR-dsbenzdyP Wxoidiabastidvbloped by [Pusibshi4t acy!
anal ogs i ndependently can have inproved activity over paclitaxel, it

i s thoughtO t haal. {8ravhvewrreable, tosprepare 2-debenzaybdocataxebpnd ogriain desvatiyas by
CREer Y bea her sibap et HlSh of SSRL 5l eaeympg, bl GAA V°
abundant, will gxplf%?aala%ﬁi&me.s Ofét%bthkxTagﬁei{ REtrithdd, sPrith€sid SP\Srtatt dacef fects

t han pacl i taxel. e preparation of anal ogs of
paclitaxel is paclitagebandogs wadlachieved bgjima esale (9)adnd\Bage etiab\(10), who
paclitaxel's clinical actiyity a limt supply.. The r.eparati on
of anal ogs ni g%ﬂdeP“ééﬁpﬁy }‘)ﬁ’xrpﬁé‘@%?m%%‘%ﬁgfo Egﬁﬁﬁﬂﬂa?‘mafwﬂé Tygtive, an
potency tHan p [ J Shaih € 29584 : -st
wth s suggbiaor i otg%gﬁags?%df or 'c%rrpouﬁ%@%%??ﬁgg?g}aggsi er to
synt hesi ze t haDatta et al. (28)dyi treatméntfof hy13-bis@riethyisilyl)badchtin Il wittepotassium #-

butoxide.

4-Deacetylpaclitaxel has been prepared by Neidigh et al. (11) and"
independently by Georg et al. (12). Neidigh et al. prepared 4-deacetylpaclitaxel by
20 treatment of a protected paclitaxel with base under various conditions, and also by
a second method in which a C-13 side chain was attached to a suitably protected 4-
deacetylbaccatin IIl. Georg et al. prepared 4-deacetylpaclitaxel by attachment of
the C-13 side chain to a protected deacetylbaccatin ITl. 4-Deacetylbaccatin III was
also prepared by Datta et al. (23) by treatment of 7-(triethylsilyl)baccatin ITI with
25 potassium z-butoxide. C-4 deacetoxypaclitaxel was prepared by Chordia et al. (15)
by preparation of 2-debenzoyl-4-deacetyl paclitaxel by treatment of 2-¢-
butyldimethylsilyl-7-triethylsilylpaclitaxel with Triton B (an organic-soluble base)
followed by formation of the cyclic 1,2-carbonate, formation of a xanthate at C-4,

opening of the carbonate with phenyllithium, and deprotection.
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SUMVARY OF THE | NVENTI ON The present application describes
pacl i taxel anal ogs which have nodified substituents at both the C2
and C4 positions, in particular 2-debenzoyl -2-acyl 4- deacetyl - 4- acyl

paclitaxel analogs, as well as procedures for preparing these 5
conpounds, and intermedi ates which can be utilized in preparing these
conpounds. The conpounds 0Pt he present invention have

o CoopLaSts & Paplita lm&amg@ﬁ%ﬂ%m?%gﬁs%%je&s°na&é?p§%m£&;he”f®£€%er' "
. dtot it |
used to treaty Sﬁgg@éa@?ﬂe@{e&w gﬂg&@gpﬁmcauﬁﬁfa&{% wiac! 1 taxe

anal ogs have 1 np vivo altivitl USe as anticancer agents, are

nor e sol ubl e diraettiylsilylprotecting\groupiaiid tiednf dbatylatel 3etestavely tB4l with Red-Al.
Compounds of the present invention_ jinclude conmpounds having the general

f or mul a: Subsequent reacylation using acid chloride and lithium hexamethyldisilazide

-l1H O

RB -3 (HDMS), fpflowed by prosecting S‘°“&HEWP@?¥“M|‘¢3CI¥?%°§ BByl or
substituted &t the Paclitaxel Bide cham! (ﬁﬁt@ﬂ-]idt&ﬁ‘deﬂ?atﬁfe? YRI1deASrankd Bﬂ4-0f H  OH,
and OC(O Ra; R4 is selected from the group consisting of H, OCH,

oXypr ot ect i ngcldp@lﬁmx(el anglogsy | Avacyb ana@gqu pacHtaxelawiab also prepar@d(b®) Georgand
'\(,:\Igﬁgsls?i 53 ogp‘?}r @ﬂ R‘@?ﬁ@’}gﬁgf&g@g{epﬁ&?@ﬁ%{ ﬂ¥§ ﬁt’lh rQ IOed fromthe
group aqueous potassium ¢-butoxide to give a 2-debenzoyl-4-deacetyl-2'--

10 - butyldimethylsilyl-7-triethylsilylpaclitaxel. This compound was converted to its
cyclic carbonate, acylated at C-4, and treated with phenyllithium to yield a 4-
isobutyroylpaclitaxel analog. '

In spite of all the work that has been done on the preparation of paclitaxel
analog with C-2 and C-4 acyl substituents, no work has been reported to date on

15 the preparation of derivatives with modified substituents at both C-2 and C-4. The
preparation of such derivatives is desirable because it is anticipated that such
derivatives will have antineoplastic activity, like paclitaxe] itself. Further, because
previous work has shown that both 2-acyl and 4-acyl analogs independently can
have improved activity over paclitaxel, it is thought that some derivatives

20 described herein will also have improved activity. It is further contemplated that
the derivatives described herein will be easier to synthesize, will be more
abundant, will have greater solubility and/or will have fewer side effects than
paclitaxel.

The preparation of analogs of paclitaxel is an important endeavor,

25 especially in view of paclitaxel's clinical activity and limited supply. The
preparation of analogs might result in the synthesis of compounds with greater
potency than paclitaxel (thus reducing the need for the drug), compounds with
superior bioavailability, or compounds which are easier to synthesize than

paclitaxel from readily available sources.



OH OC(O Rd, .0C(O) ORe and OC(S)SRf; and R6 is selected fromthe group H 20
and OC( O Rg,wolessisid. Re, Rf and Rg are independently sel ect BATABERATP6e

group WO 99/ 33462

PCT/ US98/ 2791 6 - 6-
consisting of alkyls, cycloal kyls, heterocycl oal kyls, heterocycl oaryls,

al kenyl s, al kynyls, aryls, and substituted aryls. As used herein
substituted aryl neans an ..« - aryl indepgndently substituted with one to
five (but preferably one to three) groups selected fromCl. 6

al kanoyl oxy, h W 5 , trifluoromethyl, 5 C16

al koxy, aryl, #SJ { I ﬁgﬁ@ M&QQ 6 aLkanoyl, nitro, amno, cyano,
azi do, O .6 al kyl aniie préenfhpphicatiday d6koHibés paefithxelirdfogs which have modified
Preferred enbodi nents of the present invention include conmpounds having
the formul a: substituents at both the C-2 and C-4 positions, in particular 2-debenzoyl-2-acyl-4-

C6H5 -4H .
e 18 6Cop' 6 deacetyl-4-acyl paclitaxel analogs, as well as procedures foppreparing these

OCOAr 105 %WSA‘&M ﬁxt@rrﬂ}ﬁfa'ﬂéé: witich ShPBé hﬁu&a%@ggﬁ%ing&heﬁep and R5 is

an al kyl, cycl or an al koxy group. Anot referred
enbodi ment i nckomipsurisnpounds having t he formul a:
AcO O ™ .0 ) . -

: The compounds of the present invention have anti-neoplastic activity and
may be used to treat patients suffering from cancer, or as intermediates for making
compounds which can be used to treat cancer. In a preferred embodiment, the

10 paclitaxel analogs have improved in vivo activities for use as anticancer agents, are

more soluble, and/or have fewer side effects than paclitaxel.
Compounds of the present invention include compounds having the general

formula:

2
g
I
o

pY
N

- OH

OIIIIIII
X

K nunsinnanun

wherein R, is an aryl or substituted aryl; R, is an aryl or substituted aryl; R is
15 selected from the group consisting of H, OH, and OC(O)R;; R, is selected from
the group consisting of H, OH, oxyprotecting group (i.e. triethylsiloxy), OR;, and
OC(O)R., and wherein R,, Ry, and R;, are independently selected from the group
consisting of alkyls, aryls, and substituted aryls; Rs is selected from the group
OH, OC(O)R4, OC(O)OR, and OC(S)SRg; and Rg is selected from the group H
20 and OC(O)Rg, where Ry, R., Ry and Rg are independently selected from the group



Cl SH5 0" OH . :
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wherein Ar is a substituted phenyl and R7 is an al kyl, substituted al kyl,

aryl or substituted aryl group. As used herein, a substituted phenyl
group may be al kyl, al kenyl , al kyr¥l , aryl, heteroaryl and/or may
contain nitrogen, oxygen, sulfur, “hal ogens and include, for exanple,

| ower al koxy such, as OX et.hoxy, butoxy:. .5 . halogen such as chloro
or fluoro; ni@%?“%ﬁ%f,‘yqﬁ’rﬁél c}g@ilg?s,)ﬁemrocycfégm%pemp%ﬂ YHE
-FI GURES alkvnyl 18 NadishBdinged aRvs.| A/ dgippstrate
the nature of l%yﬁlgs,ary > Inventl on.fﬁS RShSE E?%sﬁggé&iwéhan overvi ew
of pacl it axelargriadepgademly substituted witht e torfivet(bet fréferably baete tires) gaoupsons
for converti nglaone i nt o anot her. I shows a sel ection
e

Figure 2
of paclit axelsclpiad Sepin Sng alkaneyloxy, bydsexy, halagsa, C?-6 alkylctriflworameth¥act i ons

for converti 0 t ' e S ection
of pacli ?axe:t’glaﬁﬁa.l 0 fg ag%lgﬂlg{ﬁmgﬂéta&englmc l‘ﬁ%wl’ m%(? hg%n Oal%y%ggacti ons

\y?

for converti mﬁd@n@l_inml@lﬂﬂIﬁbhﬂf-Cl_ﬁ aﬂ@mnin&,ﬁﬁl 4oi@o DESCRI PTI ON OF THE

| NVENTI ON The present invention pertains to paclitaxel

anal ogs havi ng nodireferrgd embodimentsofithe present inventipn igiudergpmppupdshaviegis. The
removal of bgth.the. benzoyl group at the C-2 position of paclitaxel
and t he acet CB’F& ‘at the C4 position, and the - repl acenent of

t hese groups with other acyl groups, yields paclitaxel anal ogs

AcQ O OH

O

=

0
T
O a
I
[¢/]
mnnZ
XI
@)
0,

OIIII"I
u

OH

o woumauaIan

10 wherein Ar is a phenyl or substituted phenyl group and Rs is an alkyl, cycloalkyl
or-an alkoxy group. Another preferred embodiment includes compounds having
the formula:

o

O

T

o 3
I
(<]

P4

.

O
o

O mnee
I

OH

o LLLIRRINLARERERERZINN)



20 whi ch are contenplated to have such characteristics as inproved

bi oacti vi ti ey Jo3462 particular, inproved anti.neoplastic aCE‘IUSBQWIG

i nproved sol ubility; andl or fewer side effects than paclitaxel. In
addition, the paclitaxel analogs may be easier to synt hesi ze t han
pacl i taxel and nore abundant . In particular, paclitaxel

anal ogs having anti neopl astic activity of the 25 fornmul a: WO
99/ 33462 7

PCT/ US98/ 27916 o - 8-

OH C]_i;erein Ar is aRs4ubstituted phenyl and Ry is an alkyl, sub(gtimted z&gyl aryl or

are provided, vyaﬁgt&h@d'%}yl |SFoflp. %[sxise&hex%up%tsubbﬁtaﬁdwhyl gréup ﬁxa@fbe@f}wl o

substituted selected fromthe group consisting o
and OC(O) Ra; thn:alyl alkynyl,smylgdtemtoﬁrybmd/hemgy coptainonigogen, oFygen, lulfar,

t ect | sil
oherein Fa, | Ro baiaienkaid inchydsq s aramRle. Jowss SkbLE s gtre, EiRB; bR

From the oPoup taiReeBizpfy i Eef s YIS, RpSe AR AR Il 18 o7 o

BRIEF DESCRIPTION OF THE FIGURES

The figures are included to more clearly demonstrate the nature of the

invention.
Figure 1 is an overview of paclitaxel analogs and intermediates and the
10 chemical reactions for converting one into another.
Figure 2 shows a selection of paclitaxel analogs and intermediates and the
chemical reactions for converting one into another.
Figure 3 shows a selection of paclitaxel analogs and intermediates and the

chemical reactions for converting one into another.

15 DETAILED DESCRIPTION OF THE INVENTION
The present invention pertains to paclitaxel analogs having modified
substituents at the C2 and C4 positions. The removal of both the benzoyl group at
the C-2 position of paclitaxel and the acetyl group at the C-4 position, and the
replacement of these groups with other acyl groups, yields paclitaxel analogs
20 which are contemplated to have such characteristics as improved bioactivities, in
particular, improved antineoplastic activity; improved solubility; and/or fewer side
effects than paclitaxel. In addition, the paclitaxel analogs may be easier to
synthesize than paclitaxel and more abundant.
- In particular, paclitaxel analogs having antineoplastic activity of the
25 formula :



selected fromthe group Hand OC(O Rg, where Rd. Re, Rf and Rg are

i ndependenfyiosessdeect ed from the group consisting of alLkyls, édﬂﬁgﬁ%' s
het er ocycl oal kyl s, heterocycl oaryls, al kenyls, alkynyls, ary

substituted 10 aryls. As used herein, substituted aryl means an aryl-

i ndependently substituted with one to five (but preferably one to
three) groups selected fromCl 6 al kanoyl oxy, hydroxy, hal ogen, Cl-6
al kyl, trifluoronmethyl, Cl-6 al koxy, aryl,, het eroaryl, C2.6 al kenyl,
Cl.6 alLkanoyl, nitro, am no, cyano, azid8, Cl.6 al kyl am no, di-Cl-6
al kyl am no, and am do. 15 . In partlcul ar, it is desirable that R4
is OHand R3is OC(OCH3. It is - further deswablethat R5 is OC(ORd
-and Rd is preferably an al kyl, cycl oal kyl or al koxy group. It is
further preferred that, in addltlon to thRzabov@ Rﬁls OC( O Rg and
Rg is preferably an aryI o sSubstituted aryN . It i's even further
preferred that bot#f Rl and R2 be phg WO 99/ 33462

PCT/ US98/ 27916 - 9-

A further preferred arf¥ og |NHone0v\/ner :
R5 and R6 are sel ected fro;nﬁ%ﬂgbf/ﬂ\l; ow
i's cycl opropyl carbonyl ox IR E £
consi sting of mmet hoxybeﬁzoyl gxy, mazi dob oxdy! O’Fbé m chl or obenzoyl oxy,
5 3, 5-di chl or obenzoyl oxy, 30QHdifl uor obenzogl oxy, and

is OC(O CH3 and
1) R5

- 2, 5-di net hoxybenzoyl oxy; . 2) R5 isg nethoxycarbonyl oxy and R6
is selected fromthe group consisting oRem net hyl benzoyl oxy,
m net hoxybenzoyl oxy and m chl or obenzoyl oxy; and 3) R5is

S- et hyl di t hi ocar boxyoxy and R6 is selected fromthe group
consi sting of m et hoxybenzoyl m chl or obenzoyl oxy and m azi dobenzoyl oxy.

10 r ar | referred  hat al ogs of paclitaxel have
a substitut e?fe prowpgeé H@H’Z %%g%’;@&d;?%l‘ Sttwéte‘i %m%w ?%p%’bﬁ-“i“ﬁ"g and
an acyl oxy gL9HR Of s@l@céd from the g ﬂ%éflsf&mgc‘o?w ot %&L&’é@é@ RXYs 9roup at

the 4-positiohn of the Cring, pro ygroupls not
acet yl oxy. |seldceddaomithe group copsistingrofdd, OHaToxyﬂmtecnng gro@t(hall tuents on the

ol Ky 2, ) kS ISIRD Oty @t OBV, andipisreinghc e, ol Bt ar BASRES0ETEY 1 oxy,
g'r koxycaf bordaigitrod i £F¥lip Sonditthe! dFMRRs, ) 8! SHA didbstiched adylbMRL per

selected from the group OH, OC(O)R;y, OC(O)OR, and OC(S)SR; and R is

selected from the group H and OC(O)Rg, where Ry, R, Rgand Rg are

independently selected from the group consisting of alkyls, cycloalkyls,

heterocycloalkyls, heterocycloaryls, alkenyls, alkynyls, aryls, and substituted

10 aryls. As used herein, substituted aryl means an aryl independently substituted
with one to five (but preferably one to three) groups selected from C; ¢
alkanoyloxy, hydroxy, halogen, C, ¢ alkyl, trifluoromethyl, C,_¢ alkoxy, aryl,
heteroaryl, C, ¢ alkenyl, C; ¢ alkanoyl, nitro, amino, cyano, azido, C; ¢4
alkylamino, di-C;_g alkylamino, and amido.

15 In particular, it is desirable that R, is OH and R; is OC(O)CHj;. It is
further desirable that Ry is OC(O)R4 and Ry is preferably an alkyl, cycloalkyl or
alkoxy group. It is further preferred that, in addition to the above, Ry is OC(O)Rg
and R, is preferably an aryl or substituted aryl group. It is even further preferred
that both R; and R, be phenyl.



t he acyd oxy group be selected from al kyl carbonyl oxy, aryl carbonyl oxy,
substi tut ed wo99s334@dr Y car bonyl oxy, cycl oal kyl car bonyl oxy, PCT/US98/27916
het er ocycl oal kyl car bonyl oxy, and al koxycar bonyl oxy. The al kyl group
of S-al kyl di t hi ocarboxyoxy should be 20 selected from al kyl, cycl oal kyl,
and heterocycl oal kyl, while the aryl group of S-

aryl di t hi ocar boxyoxy shoul d be sel ected from phenyl, substituted phenyl,
and heteroaryl. As used herein, a sugstituted phenyl group may be

al kyl, al kenyl, al kynyl, aryl, heteroaryl and/or may contain

it , . sulf hal : ' £r |
D) Koxy suich e et oy tfther aeBsefmalon is paf etef Ry S°OH, X, §GCRNEH aie"

fluoro; nitro; RILAPR. AR sdi@it&d from the following corhbihatiom:0gs havi ng the above
general formula Al spldy an inhibitory effect on abnormal cell

proliferation, and hivRs isyclopeopylearponyiasyt andsRyg isaelestedfrom the group possi bl e
hbnor mal el | - rBsiHas 8 PoRPOeRDRYIoRn oo haRy PR e AP rizb ey
abnormal ce Ot d i e’’
abnor rmal 3,5—di&@o§:%x%§'ﬁﬁcy, 3,5-difluorobenzoyloxy, and 2,5—dimethoxybenzo_y1106c_y;

PCT/ US98/ 27916 10-
cel lular proliferatigyReis methogyvarbonyloxyamd Ry is gelacted freini thei group compissing

ti ssues and/ or organs, including, non-limtatiyel é mJIscI ,eﬁlg*)one
and/ or conj unct ¢fs-methylhenzoyloxy, m—methoxylge@my OX¥ am t,n-qt;!q{g CIZQY 1 OX K

organs; the |ynphati nd/ Qr . 5{% m ﬁﬂ;'] / or

bl ood cells; the li v@r,ﬁ5g{%g§eum/§hg§és/a§%m éﬂg pa %:is? sé%g%tedaﬁrg t té%tr roid 5

and/ or adrenal @miflfg of Femethbrhtazed| Aathleebenioylvxy andnn-azidobénzoylogy.
psori asi s; solid tunors; ovarian, breast, brain, prostate, ,colé)n,

st omach, KiQdney, andltds particularly preferred thas thecanalags of paglyaxgl'have a substiute
chol angi ocar ci noma; chori ' | ast =\ ,
ookt o o i e SRoYGRY, Biibcat te S @gfign of the B AR AEAGITRy afbud b ad STO"
| ynphocytic | e%‘lggq' G5S-aRGitA6MB0xYox§ BFGHD 4 tBE A1pabifion lof ¢helO-ring, YioVioemS .

The paclitaxel anal ogs 1"'n accordance  wth the invention are

particul arly usehtiheiaoyloly groupeis mehacetyloxwnIttHe pgiticnlaslyl prefemmedahatthe t i pl e
nyel oma, nel anomg, _.and ovayi an, uyotheli esophageal . | un and, br east
cancers. The patibstitygats ogfhe S@%"’X yl%"‘llﬁ"’? ?ﬁ@i‘fﬁ%@%ﬁe%ﬁyw% t he
appear anc _ J € i rﬁﬁio,&ﬁl‘éﬁ%ll&ﬁ%ﬁi@ls?ﬁé & acyloxy,
condi ti ongl.5 15 haloé’é'ns, Tﬁlgagfggﬂt?%x %’nal ogs can be made by):/1 th()a' m%lt hods

di scl osed her ei slkexytarbonyloxys,edifmoimicse and tineartttietoorics. elttis further prefemed that

chem stry repertoire. Figures 1-3,

whi ch .
the acyloxy group be selected from alkylcarbonyloxy, arylcarbonyloxy, substituted

arylcarbonyloxy, cycloalkylcarbonyloxy, heterocycloalkylcarbonyloxy, and
alkoxycarbonyloxy. The alkyl group of S-alkyldithiocarboxyoxy should be
20 selected from alkyl, cycloalkyl, and heterocycloalkyl, while the aryl group of S-
aryldithiocarboxyoxy should be selected from phenyl, subst_ituted phenyl, and
heteroaryl. As used herein, a substituted phenyl group may be alkyl, alkenyl,
alkynyl, aryl, heteroaryl and/or may contain nitrogen, oxygen, sulfur, halogens
and include, for example, lower alkoxy such as methoxy, ethoxy, butoxy; halogen
25 . such as chloro or fluoro; nitro; amino; and keto.
The analogs having the above general formula display an inhibitory effect
on abnormal cell proliferation, and have therapeutic properties that make it
possible to treat patients who have pathological conditions associated with an

abnormal cell proliferation. The pathological conditions include the abnormal



depi ct processes by which conpounds within the scope of the above general
formul a cagwde/3Rge, are only shown for the purpose of ill uptfmkestyergnd are

not to be construed as limting the processes to nake the conpounds
by any other 20 met hods. The present invention provides
anal ogs useful as active agents in effecting an antitunor or

antineopl astic effect in a tunor-bearing host. These anal ogs or
their pharamaceutically acceptable salts ﬁian be conpounded into
& nistration to cancer patients.

phar maceuti cal formul ations for a
Such fornmul ati will, 2 conprise one ot, nore of, the, active agents of
the present i gﬁﬁf PB‘Hlf?%g% H{)fnﬁgg?"&i or non-maliw %Wa‘f?ﬁ’t?@ﬁf‘?%‘&? P‘g‘ﬁm'
acceptabl e exfphise Hchuditl i 1BRkANAD, TnsHRNb onjunctive fi@ubE O
adm ni stration are parenteral and oral, though other acceptable reans of
admi ni st r at i ckinybrainphng$endsexubloorgimss ¢heolymphalinand/orstenal systent; eananary

WO 99/ 33462
PCT/ US981 279 F€lls and/or blood cells; the liver, digestive system, and pancreas; and the thyroid; -

The present | ' : r ' LRI DI | raduci ng,
or C P oSN, (alA lthal Habde " TR baiEfetbal Eddifas Can w0 ibisbdd WhorbBE ! O
especi al | y a sblidumors; ovarian{ breast, beaii,i pigsties tolan, Aovhadh Kidnegf Amiéd ve anount

of an anal og of the general fornmul a shown above. 5 For
treating a vaestigular gancer;dearposiistrarcama; shelargiocaringmassehoriorarvisamaon ar e

t | at ed _t dy i) ar to that of ' |, . g.
Physi of an o BEebstoRR Yol SRRP 0GR s Yoeht; meBiaoBmsr RELS Ga5 “T5oe °
The d agtifinasTRRRNM Y miphbSHie! 18ulniad Xhd a&its 8f tRfdniOralBcyakal 0gs of

this invention are not particularly restricted; an oncol’ogi st
skill ed19n t hymphamasi Therpastitaxelanalogs in agdordante withithe ityentiomarescer t ai n,

wi t hout undue_experj neniatign, an appropriate treatnent ., protocol for
admi ni steri nga'febr‘fgﬁﬁhé}% m et%%‘?’@é’éﬁgn' %&mﬁﬂ{?@’ mylHRle o) ogs

=0

will be adn piyeidiie dndthiorid)and Wbk, Qrb@elid, 6fsopligesll g hh® Breabt!
particul ar, parenteral ly or orally. Parentéral adm nistration
i ncl udes i nt cancersouFhe paclitaxel anajogaan ibe mtitizéd toi preventros delay the appdarance

subcut aneous admi ni stration. The doses utilized to inplenent

15 .

the methods OF '$ARBeHAUELRE 1 feat these pathplogical conditigns. s ni | ar to those used
A I i DXL
ordi nary ski kdchniques from the conventional organic chemistry repertoire. Figures 1-3, which

depict processes by which compounds within the scope of the above general

- formula can be made, are only shown for the purpose of illustration and are not to
be construed as limiting the processes to make the compounds by any other
20  methods.

. - The present invention provides analogs useful as active agents in effecting
an antitumor or antineoplastic effect in a tumor-bearing host. These analogs or
their pharamaceutically acceptable salts can be compounded into pharmaceutical
formulations for administration to cancer patients. Such formulations will

25 comprise one or more of the active agents of the present invention in combination
with pharamaceutically acceptable excipients and/or adjuvants. -Contemplated
routes of administration are parenteral and oral, though other acceptable means of

administration will be obvious to those of ordinary skill in the art.



the art :=will be able to discern suitable anti-tunor effective doses and
regi mens for woogsadeat he efficacious adm nistration of the presemuses27916
paclitaxel analogs. It will be 20 understood that such doses vary,
depending on the type of admi nistration, the parti cul ar product
selected, and the profile and particular characteristics of the

patient to be treated. The desired doses will be those that are

t herapeutically effective for the t_rqgt ment of disorders caused by
abnormal cell proliferation. The anal’ogs of the present invention

can be adm nistered often.as pecessary in.order .2 . .Obt ai n _t.he
desired therapeutic ’gﬁ? RREsent dve B%S*‘B?ﬂ}ér‘??ﬂgesraeg’ﬁm‘?a fp&ﬁlﬁﬂg,oreﬁucmg, or
relatively higheiffinh@i RGRRS codPdsihg SBmiRALIAS 1R HANTRIRLS EHRERIIP Hithan
mai nt enance ose at all .MWI'%% glgm' nllﬁlst%r ed via IV, the dogage may
be, for exanpl enmon bedring host an antitumor effective amount of an analog of the genkfal
range of about 20 to about 500 ng/rn over 1 to 100 hours. Orally, the
dosage eymula shawnRboY& nge of 5-1000nmg/ kg/ day of body wei ght. The
actual dose used ] 491’21 . .

PCT/ US98/ 27916 For trean\qg a%%ér’y ors, the analogs of the present 1nvent10n_aI5_

W Il vary accorgbnfeinplfted bebeasdd il @inree R10ifrito Ohnt o patlitated dseetddg. rout e of
adm ni stration, and the particular site, host and Eﬁépe of tunor being
treated. Many Physician's RBesloReferemge, 4fthiiBdjtian, Medical diconemicRep 68291995, | The

taken into accaount in deter,nni .. the dosage i.ncluding a wei ght,
ex. ot “and. (IR RGE 4B SERRALEY of adapinisaioh 678 Fogis ot thitnion e
The present i nugRbhRituh§reftiorddss omwlddqﬁ|mé 25t /98 catdeP BRatment will
(conpositions) containing an antitunor effective anmount of the paclitaxel
anal ogs 10 beaible tocasatmtain, withentaindfie experbmaéntationyrbin appropriatei ttdatroend or
nore pharnaceuti cal | . . acceptable carriers, excipients, djluents or
] uvant s, The REGIBURIOF AdinisteRte e Apalogs G Blsetrat FvEREo Tl df PRFLOsS
conventional M&p#HQHSaanfifister &P VRl o0 sﬁﬁﬁhi: ke of administration, fPpdRbghed or
parenteral adm nistration i n polygthoxylated castor ol

(Crenmophor O). [parentdraly of ofallymiPaxentexal pdminid¢tentieh includbsrintratenoes t hereof are
al so faqund in, for, exanpl (f Unjted States Patent Nos. 4,960, 790 and
4,814, 470, and Intraperitonea], dptramuseylag sand.subgutapequs ARUNISEALION: | at e t he
conpounds 4@f this inﬁ%ir]ﬁ' 1524 td Jmplentel I geRs"
formul a m'lght be fornu a%sg%u?ln%?ﬁé%glrm 0 Iﬁeth8‘({15'[' gﬁ'ﬁépg%se%ﬁhﬁs, goﬁﬁer
m xtures, capsWbeasimilamiocthbsthises in adminigerisgd pavlieaxeh taking ivito account the relative

supposi tories, enulsions, dispersions, food prem x, and in other suitable
fOr Ns. activity of the analogs described herein. It is expected that one of ordinary skill in

the art will be able to discern suitable anti-tumor effective doses and regimens for
the efficacious administration of the present paclitaxel analogs. It will be

20 understood that such doses vary, depending on the type of administration, the
particular product selected, and the profile and particular characteristics of the
patient to be treated. The desired doses will be those that afe therapeutically
effective for the treatment of disorders caused by abnormal cell proliferation. The
analogs of the present invention can be administered as often as necessary in order

25 to obtain the desired therapeutic effect. Some patients may respond rapidly to
relatively high or low doses, and then require mild maintenance or no maintenance
dose at all. When administered via IV, the dosage may be, for example, in the
range of about 20 to about 500 mg/m2 over 1 to 100 hours. Orally, the dosage
may be in the range of 5-1000mg/kg/day of body weight. The actual dose used



They m ght al so be manufactured in the formof sterile solid conmpositiaons,
for wooomsise2 freeze dried (lyophilized) and, if desi peyseghped
wi th other 20 pharmaceutical ly acceptabl e excipients. Such solid
conposi tions can be reconstituted with sterile water, physiol ogical
saline, or a mxture of water and an organi ¢ sol vent, such as
propyl ene glycol, ethanol, and the |ike, or some other sterile

i nj ectabl e nedlun1|nned|ately before use j;n parenteral adm nistration.
Typi cal of pharnmaceutically acceptable calFfiers are, for exanple, manitol,

AMTEN AP RAE SRIEb
‘cel l'ul ose, pohahitistvakibi) 4ridl the PARicular site, hosPﬁidCﬂyH@bPﬁih}i&r‘tfé @Jt&i/l Mahgat e

i sopropyl nyristate, benzyl benzoate, sodium carbonate, gelati
pot assi um car fastoxs that siodifyithe atiod. ofﬂmdmgavﬂtdleaukémmto account indepminihg on
may al so cont&en ‘nont.o uﬁ auxi | i ary substances such_ as emul SIf%I n

WO 99/ 33462 dosage including age, weight, sex, diet and the physical condition o

PCT/ US98/279 16, tient _ -13-
preservi ng, ttlng agents, and the like as for exanple, sorbitan

monol aur at e, - Thé pres¢rtdnvention ako Prevides, phafhaceyticd] fyinfil@tigienost ear at e,
glyceryl tripalnmtate, di octyl sodium sul fosuccinate, and the |ike.

It is further COPPPFEONY coptainingan antiumor effertive ameuntorf tpapaqltt@mb pnalegs ogs

for 5 fur e aclitax deri v.at.ives

agai nst cancettrﬁhr‘gél(alﬁJ“ﬁ]%engﬂﬂEﬁ‘;}‘?m&I Ins‘go%b\és aﬁ}’ﬁ;mﬁ) 5 O el?-?r{nﬁ‘é“}{lfi‘?l tion of
various pacl idcesthblecairiegs; exCipéents, diluentd bLhdjtvaws. Imh@édsmﬁéseﬁcﬁlslcanwl ved
from the follow ng_ paclitaxel anal og, which can be made by reacting

- t- buth} di nrepared it gecordanee withycoavenyiopalansthedse | Fasi exanaple, paetitsxel is in
d' chl or onret hat%?mulated for parenteral administration in polyethoxylated castor oil

(Cremophor®). Examples of formulating paclitaxel or derivatives thereof are also
found in, for example, United States Patent Nos. 4,960,790 and 4,814,470, and
such examples can be followed to formulate the compounds of this invention. For

15 example, analogs of the general formula might be formulated in the form of
tablets, pills, powder mixtures, capsules, injectables, storage stable solutions,
suppositories, emulsions, dispersions, food premix, and in other suitable forms.
They might also be manufactured in the form of sterile solid compositions, for
example, freeze dried (lyophilized) and, if desired, combined with other

20 . pharmaceutically acceptable excipients. Such solid compositions can be
reconstituted with sterile water, physiological saline, or a mixture of water and an
‘organic solvent, such as propylene giycol, ethanol, and the '.like,' or some other
sterile injectable medium immediately before use in parenteral administration.

Typical of pharmaceutically acceptable carriers are, for example, manitol,

25 urea, dextrans, lactose, potato and maize starches, magnesium stearate, talc,
vegetable oils, polyalkylene glycols, ethyl cellulose, poly(vinylpyrrolidone),
calcium carbonate, ethyl oleate, isopropyl myristate, benzyl benzoate, sodium
carbonate, gelatin, potassium carbonate, silicic acid. The pharmaceutical

preparation may also contain nontoxic auxiliary substances such as emulsifying,
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wherein the anal og has a protecting group at each of the positions C2' and
C7 and having OH groups at positions C-2 and C4, and wherein R and
R2 are i ndependently sel ected fromthe group consisting of aryl,
substituted aryl and heteroaryl; R3igs hydroxy or acyloxy;, R4 is
trialkylsilyl; and R7 is trialkylsilyl. The intermedi ate preferably

2O BTt ol the R o ng s IR Sham, vk mordiii ). 4

- preferred i nt erff@tandlfmine dkéitd \pmwxryemyldne ni@iobtewatug ghyetyl tripiinitate,
anal og: WO 99/ 33462
PCT/ US98/ 27916 dioctyl sodium sulfosuccinate, and the like. : -14-

(C))o 6 H It is further desirable t%,;fgrmulatg ‘intermediates of paclitaxel analogs for
5 further study on the effectiveness of paclitaxel derivatives against cancer and other
diseases and to facilitate the formation of various paclitaxel analogs. One
preferred intermediate is derived from the following paclitaxel analog, which can

be made by reacting 2'--butyldimethylsilyl-7-triethylsilylpaclitaxel with Triton B

in dichloromethane:
R3 O ORy
0] _
R1)kr;n—| o)
A : N\ O
R2 H 0 . _§_ B
H OH : OH
ORy :
OH

10 wherein the anaiog has a protecting group at each of the positions C-2' and C-7
and having OH groups at positions C-2 and C-4, and wherein Ry and R, are
independently selected from the group consisting of aryl, substituted aryl and
heteroaryl; Ry is hydroxy or acyloxy; Ry is trialkylsilyl; and Ry is trialkylsilyl.
The intermediate preferably is of a structure such that R, and R, are phenyl, R; is

15 acetoxy, R, is triethylsilyl, and R; is z-butyldimethylsilyl.

A second preferred intermediate is derived from the following paclitaxel

- analog:



0 wherein RL and R2 are independently selected fromthe group
consi st i Nnowefeo354kb , substituted aryl or heteroaryl; ﬂ%%”b ghRY§ls0Xy or
acyloxy; R4 is trialkylsilyl; and R7 is trialkylsilyl. The

intermedi ate preferably is of a structure such that RL and R2 are
phenyl, R3 is acetoxy, R4 is triethylsilyl, and R7 is t-butyldinmethylsilyl.
The 5 second internedi ate can be fornmed by reacting :

2' -t-butyl dinmethylsilyl-2-debenzoyl - 4

4-deacetyl -7-triethylsilylpaclitaxel w t']n “car bonyl di i m dazol e or

tri phosgene. Athird internediate is derived fromthe follow ng
paclitaxel anal og: ' o 0 - RX) NH O
- OO0 OCOR% . S OR7 0
0 wherein R1 and R2 are indepen®atly © | eQiRed fromthe group
consi sting of aryl, O substituted arylyor /hqtefoaryl; R3-is hydroxy or
acyloxy; R4 is trialkylfilyl; R7 is 10 ; A and R5 is selected
fromthe group consistj of al kyl WO 99/ 33462
PCT/ US98/ 27916 = Ry NH O -15-
- ~ 2 B o
R2 H (o) z H
O O OH
Y
(0]

wherein R, and R, are independently selected from the group consisting of aryl,
substituted aryl or heteroaryl; R is hydroxy or acyloxy; R, is trialkylsilyl; and R,
is trialkylsilyl. The intermediate preferably is of a structure such that R; and R,
are phenyl, Rs is acetoxy, R, is triethylsilyl, and Ry is t-butyldimethylsilyl. The
5 second intermediate can be formed by reacting 2'-#-butyldimethylsilyl-2-debenzoyl-
4-deacetyl-7-triethylsilylpaclitaxel with carbonyldiimidazole or triphosgene.
- A third intermediate is derived from the following paclitaxel analog:

wherein R, and R, are independently selected from the group consisting of aryl,
substituted aryl or heteroaryl; Ry is hydroxy or acyloxy; R, is trialkylsilyl; Ry is
10 trialkylsilyl; and Ry is selected from the group consisting of alkyls, cycloalkyls,



het erocycl oal kyl s, heterocycloaryls, alkenyls, alkynyls, aryls, and
substituted woogmaa@ryls. It is preferred that the internedi atpeTiass2®ie
structure such that RN and R2 are phenyl, R3 i's acetoxy, R4 is
triethylsilyl, and R7 is t-butyldinmethylsilyl. The third

I nternmedi ate nmay be fornmed by reacting the second internediate with a

carboxylic 5 acid in the presence of DCC and DVAP. A fourth
intermediate is derived fromthe follow ng_ %acl i taxel anal og:

00 RLIINH O

6coPs hﬁ?@?@ftﬁowlwtﬁs%@rmu%wdﬁrﬁwy& AP PENIRIR g1 oup
consi sting of Iﬁ is prefen%dttﬁiﬂ thé“ixﬁé’m?éd)ﬁte ﬁﬁvé‘&&t?&&:%khch ﬁt % ahy %Q&é! or:
acyloxy; R4 is |aI yl'si| trial kylsilyl;

sel ected from eplie;tyls R3ayaba:tai)k,3R§1,s meﬁlytsdyyahdal7hy k—butyldimethylsxlyl The third
het er ocycl oaryl s al kenyl s, ybstityted,

al_k and
i ntermediate  intermediaterragybe ;0%99 by @Pqtﬁtsttb? gecond Antemedigte Wi P&rbawglc
phenyl, R3sis r lsilyl, and R7 is
t- butyI di rret hyl %ﬁﬂ‘f%‘e Eeéeh& ?felr)(r;g | at]gﬁrf'{eg be synt hesi zed by
reacting A fourth intermediate is derived from the following paclitaxel analog:
2' -t-butyldimethylsilyl-2-debenzoyl 4-deacetyl-7-triethylsilyl paclitaxel
with a carboxylic acid (R6COOH) in the presence of DCC and DVAP. 15
A fifth internediate may be forned from theRpacl ig axgR,anal og conpound

havi ng the conposition: o) WO 99/ 3346¥%
PCT/ US98/ 27916 /[k -16
R1 NH O
= < ] o
R2 - i H
OH: OH
ORy 5
OCORs

wherein R; and R, are independently selected from the group consisting of aryl,
substituted aryl or heteroaryl; R, is hydroxy or acyloxy; R, is trialkylsilyl; Ry is
trialkylsilyl; and R is selected from alkyls, cycloalkyls, heterocycloalkyls,

10 heterocycloaryls, alkenyls, alkynyls, aryls, and substituted aryls. The intermediate
preferably has a structure such that R; and R, are phenyl, R; is acetoxy, R, is
triethylsilyl, and R4 is z~butyldimethylsilyl. This intermediate may be synthesized
by reacting 2'-z-butyldimethyisilyl-2-debenzoyl-4-deacetyl-7-triethylsilylpaclitaxel
with a carboxylic acid (R¢gCOOH) in the presence of DCC and DMAP.

15 A fifth intermediate may be formed from the paclitaxel analog compound

having the composition:



t~~JH 03 O~~~~~~~

- wo 6C0,

000R6 99BM\%h—lerel n Rl and R2 are independently sel ect egT?LrE%mPhs
group consisting of aryl, substituted aryl or heteroaryl; R3 is
hydr oxy or acyl oxy; R4 is trialcylsilyl; R5 and R6 are

I ndependently selected fromthe group consisting of al kyls, cycloal kyl s,
het er ocycl oal kyl s, heterocycl oaryls, al kenyls, alkynyls, aryls, and
substituted 5 aryls; and R7 is trial kR silyl. The internediate
preferably is of the structure = wherein RI and R2 are phenyl, R3 is
acetoxy, R4 is triethylsilyl, and R7 is t- butyl di met hyl silyl. This
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acid (R6COOH), DCC and DVAP. o

forci ng caghdi tions in the gresexn DCC and DNVAP.

with a carboxylic
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ed by a carboxylic
et hods have been

devel oped for the synthesi R paclit el X of the desired
type. In the first ma thod, as i 1QHsi r atxCioRg Figure 1,
paclitaxel (1) is converted to i 15
2'-t-butyldinethylsilyl-7-triethylsilyl derivat |(y§ by treatnment in
succession with t-butyldinmethylsilyl chlori dé/ i mi dazol e and then
with triethylsilyl chloride/pyridine. Treatnent of 2 with Triton B

under carefully defined conditions

triol

20
(13).

(-780 to -10, CH2d 2) gave

3 (2-debenzoyl 4- deacetyl -2' -t -
but yl di met hy| whergin-R and R4 hrel indépendentlyi selexet)fraan tie geovp cohsistimpdifaig, This

i nt er ned at e has _been re reV| ousl by us (15) and by Georg
]bstlmte(q aryl or%etegoargla R3dis ydroxy or a>c/y101¥y, Ry 1s tnalkylsﬂyl %5

10

15

20

Rg are independently selected from the group consisting of alkyls, cycloalkyls,
heterocycloalkyls, heterocycloaryls, alkenyls, alkynyls, aryls, and substituted
aryls; and R, is trialkylsilyl. The intermediate preferably is of the structure
wherein R, and R, are phenyl, Ry is acetoxy, Ry is triethylsilyl, and Ry is ¢-
butyldimethylsilyl. This intermediate may be syntheéized by reacting 2'-#-
butyldimethylsilyl-4-deacetyl-7-triethylsilylpaclitaxel with a carboxylic acid under
forcing conditions in the presence of DCC and DMAP. Alternatively, this
intermediate may be synthesized by reacting the third intermediate with lithium
hydroxide followed by:a carboxylic acid (RgCOOH), DCC and DMAP.

- Two different methods have been developed for the synthesis of paclitaxel
analogs of the desired t&pe.

In the first method, as illustrated in Figure 1, paclitaxel (1) is converted to its
2'-t-butyldimethylsilyl-7-triethylsilyl derivative 2 by treatment in succession with
t-butyldimethylsilyl chloride/imidazole and then with triethylsilyl
chloride/pyridine. Treatment of 2 with Triton B under carefully defined conditions
(-78° to -10°, CH,Cl,) gave the triol 3 (2-debenzoyl-4-deacetyl-2'-z-
butyldimethylsilyl-7¥triet11ylsilylpaclitaxel) as a key intermediate. This
intermediate has been prepared previously by us (15) and by Georg (13).

t he
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Treatment of the triol 3 with a desired substituted benroic acid, such as
m met hoxybenzoic acid, in the presence of DCC and DVAP, yiel ded the 2-acyl
derivative 4. If the conditions are adjusted appropriately, the diacyl

derivative 5, where R = Ar, can be prepared in good yield. However,
treatment of 4 with 5 excess carboxylicqpcid in the presence of DCC and
DVAP yi el ds the diacyl derivative 5 1n nodest yield, where Ar and R

o haependent Y. SSLERAbFns wiot 3 WABEASRR Bl BRI e Bg U5
condi tions (dil ki @ettokybinzbic/aid, ifl thepresence of DOChAIEDMAR, fichied thdaakylt axel
anal og 6. 10 I'n ¥he second nmethod, as also illustrated in Figure 1,

paclitaxel (1) dersvative 4. Ifdchecanditiohsase bdjfisted approptiately;, ithe digcyl terivative )
was then protected the cyclic . carbonate derivative 7 hy treatnent
W carbonyl - dMRReRR 761, GEt bt Prameteddn £00d yield. Heptaver, eatBem Al AVER
related ty ha : t : 399, 726)
and by N co aougﬁfggﬁ}b%%ﬁﬂgﬁg% (??éf Eﬁé;s&g?gsi %&W%Peﬁlﬁmﬁ rﬂéépglr%g@ 15

by us (15) and teri¥aived inimgdest yield, where Ar Ang Redre dndepbndently celebtablet e 7 Wit h
a selected acyl chloride in the presence l'ithium

f
hexanet hyl di si | Geheddingancthe wérbﬁxxlewci%&segdn@e tHp acylatiendiePsoul d be

h i - Jd. . i . h
forse o0 O ot nod R Ealdiers fder igifdra Rt Rt T o B | 0

yield the diol %I&Gmedidéjrlcﬂht:ﬁtaﬂélchnhﬁ;gam” at ed under our standard
condi ti ons (ArCOOH DCC/ DVAP) to qi ve the diacyl analog 5. In the
!

second netHbd, trednthesecond methodhassalse Hipstrated iin Figure 1, padlitaxgb k) wasnvert ed
it di tl to 5 ' by .Hol t U S _Pat ent .
5. 309, 796)" by WATERES PaOYS to'ise WL Tylbriphus ek profeetd b e crgyc
Deprotecti on of cib@fat® HENVANE |7Ybydﬁ§éiﬁlbﬂlte:sgiltflx @ﬁ!&oﬂ}lﬂiiﬂﬁﬂaidl@oﬂ&ﬁihb?ebn& 4- 25

di acyl paclitaxel anal og 6. ow ng the procedures scri bed
above, toget her Cyelidcarbomatehnfesrelatetd type bave been prepamerbby Heltoh€UaS.tPatenich as

058 S rarSnba R ey Nt 5 e Cars iyt b
synt hesi zeg SUﬁPué‘?lé)Qﬂ&%yF@éb‘f@ (13). t he tabl e bel ow.

Acylation of the carbonate 7 with a selected acyl chloride in the presence of
lithium hexamethyldisilazide gave the 4-acyl analog 8. This analog could be
converted to the diprotected 2-acyl-4-acylpaclitaxel § in two ways. In the first
method, 8 was hydrolysed by lithium hydroxide in THF/H,0 to yield the diol 9,

20 which could be acylated under our standard conditions (ArCOOH/DCC/DMAP) to
give the diacyl analog 5. In the second method, treatment of 8 with an aryllithium
reagent converted it directly to 5, as previously observed by. Holton (U.S. Patent
5,399,726), by Nicolaou (4,7), by ourselves (15), and by Georg (13).
Deprotection of S as previously described then yielded the desired 2,4-

25 diacylpaclitaxel analog 6.

Following the procedures described above, together with procedures that are
common in the art, such as those described in Klein et al., J. Med. Chem., 38, pp
1482-1492 (1995), other analogs within the scope of this invention can be

synthesized, such as those shown in the table below. -
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6 General Methods.

Specific reaction conditions are described in more detail in the following non-
5 limiting examples. Certain methods used herein are generally described in the
Journal of Organic Chemistry, 51, pp. 797-802 (1986) The term “standard
workup” or “usual workup” used herein includes extraction with a suitable solvent
(usually ethyl acetate or methylene chloride), washing the extract with water,
drying over magnesium sulfate or sodium sulfate, and evaporation in vacuo. All
10 technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art.

All chemicals were procured from Aldrich Chemical Company and used
without further purification. AU anhydrous reactions were performed under
argon. THF was dried over sodium/benzophenone. All reactions were monitored

15 by TLC (silicagel, GF) and analyzed with UV light and developed with vanillin
spray. 'H NMR and C spectra were obtained in CDCl; at 270 and 400 MHZ for
proton spectra and assigned primarily by comparison of chemical shifts and
coupling constants with those of related compounds and by appropriate 2D NMR
techniques. Coupling constants are reported in Hz. Be spectra were assigned

20 using HETCOR and DEPT spectra. 'H NMR spectra showed the presence of
traces of ethyl acetate; paclitaxel and its derivative retain ethylacetate very tightly,
and it cannot be removed completely even on prolonged treatment in vacuo at
38°C. Exact mass measurements were performed at the Midwest Center for Mass
Spectrometry, an NSF Regional Instrumentation Facility. JTUPAC nomenclature

25 for paclitaxel derivatives is used for title compounds.

2'-0-TERT-BUTYLDIMETHYLSILYL-7-O-TRIETHYLSILYLPACLITAXEL
(2): To a stirred solution of paclitaxel 1 (270 mg, 0.316 mmol) in 2.5mL
anhydrous DMF, imidazole (107 mg, 1.58 mmol) and ferz-butyldimethylsilyl
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EXAMPLES MATERI ALS AND METHODS: General Met hods.
Specific reaction conditions are described in nore detail in the follow ng
non- 5 limting exanples. Certain nethods used herein are generally
described in the Journal of Organic Chemstry, 51, pp. 797-802
(1986) The term "standard vvorkgﬁ" or "usual workup" used herein

i ncludes extraction with a suitable sol vént (usual l'y et hyl

d”yt ng over  ARTAE 36 s a0 DRere it s sotatinvas ReRLAHE9RC; Forvacuo.
Al 10 tzeﬁ&ﬂf.;%‘he%ﬁﬁuﬁ&%ﬂ&éﬁé&t&%&ﬂﬁtﬁ@&nﬂ?! Ordéhdaﬁi’o%af %ﬁﬁﬁ?@f

meani ng as comon nder st o ne o Inary s n the
art. imidazole (167 ng; 1658 maiol) asdrteiethy ity cilloride(T5AN s, 11634 by cal
Conpany and used w thout further purification. AU anhydrous

reactions werveerpagdes: A fler stireing at room tempegatuys for que-hays s thgreaction ywixture

(ot Chgel 5 B (o FEGRE uh? Bacgl ic RS WAl it ane byins DY o o
spray. | H NVidh@oiganit Gaypep vty Naymmt&vgﬁmdoﬂ indePrbdicad presSlrd Jitlddd0 MHZ for

proton spectra and assigned primarily conparison of chem cal shifts and
coupl i ng consrudeimatgrialn Rurification ofﬁkamé yatiallhyocolamnl chxonzgtegraghyi estee 2D

sN g/eRct'r a wer esg’égﬁgﬂéﬂbi%@e%&%l’ .i{igé\%‘i'tl‘—énfftﬁs %éﬁ@;qeﬁég‘i‘sti@g‘z T g'z . I ﬁSEI:NR
spectra showggeth Sil%lgs‘aﬁ&&f(’a‘)f(szs mg, 95%) ab Eﬁ‘ﬁﬁﬁrﬁﬂou%&i’dllmgﬁﬁﬁﬁ:e?

paclitaxel and i rivative retarn et yll acetate very t Yy,
and %0 cannotfoltewing characteristins! st 130e18d(1; thNMR 560190 ¢s, t3HE8iCkR), -0r02vacuo at

Spectromet 1y O SR NGE HRbGA . 1By e RRAED o TP48SF, H90), P Nofdc at ur e

25 fo =it def tvatd es$ed o&ut it omrtgs :
2 O TERT- BT SIS SRRk, 1107 o) 38, VERCHt 1P G288 RO, £3): 1o
a stirred soll9CHgh 202 (izsc BHi, £«#8CH3), 2716 y3HOC3NM50Ach®.40 (n, 2HSG:14H),

anhycrous OV of o 1T o SOLGTS1L A1 51 40 e gl

15 J=8.3, 1H, C-20H), 4.30 (d, J=8.3, 1H, C-20H), 4.48 (dd, J=9.4,6.6, 1H, C-
7TH), 4.67 (d, J=2.1, 1H, C-2'H), 4.94 (bd, J=8.8, 1H, C-5H), 5.69 (d, J=7.0,
1H, C-2H), 5.74 (dd, J=9.0,2.1, 1H, C-3'H), 6.26 (bt, 1H, C-13H), 6.45 (s, 1H,
C-10H), 7.10 (d, J=8.9, 1H, C-3'NH), 7.30-7.60 (m, 11H, ArH), 7.74 (dd,
J=8.5,1.5,2H, C-3'NBz orthoH), 8.13 (dd, J=8.5,1.4, 2H, C-2-OBz orthoH);

20 Be.NMR 8:5.86, -5.20, 5.27, 6.73, 10.11, 14.24, 18.11, 20.85, 21.50, 23.10,
25.49, 26.54, 35.55, 37.21, 43.31, 46.64, 55.63, 58.39, 71.36, 72.19, 74.92,
74.95, 75.10, 76.55, 78.82, 81.17, 84.22, 126.40, 126.97, 127.92, 128.68,
128.70, 128.71, 129.19, 130.20, 131.76, 133.60, 133.66, 134.03, 138.26,
140.14, 166.88, 167.03, 169.28, 170.13, 171.38, 201.67; fabms m/z (rel int.)

25 IM+H] T 1104 (5), 705 (3), 422 (40), 354 (12), 105 (100); HRFABMS m/z
[M+Na-H]" 1104.4936 (C5gHgNO, 4Si,Na requires 1104.4937).
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chloride (238 ng, 1.58 mml) were added. The solution was heated at 600C
for 2 hours. The m xture was cooled to roomtenperature, and
addi tional anounts of i m dazole (107 ng, 1.58 mmmol) and
triethylsilyl chloride (150 FL, 1.34 mmol) were added. After
stirring at roomtenperature for one hour,‘j?e reaction mxture 5

was diluted with Et OAc and washed successi y with water and brine. Drying

of e U lgmﬁp&%%ﬁ WS ngler reduced
pressure yiel dejé‘| “O°TERY: c?ju nateri a ZUI’I Ication o he crude

material by col DEBENZOIYELWCETWACLITAXEL 3)siTo aaomﬁbn of compound 2
(Et CAc: hexanes, 1:2) gave 2'-Otert- butﬁll di met hyl si |yl -

triethylsilyl patilD >£b1mm)) inznbydrgus OH,(), was edrhsnaﬂﬁugetbﬂmnnmunhg t he

i), 0. 02 roxde CHRRET 1D S, B wht Sppy in ool a8 AT 7o

(s, 9H, tgsu) 0. R4ctidn umZreSWasstmedat-78°(?l$r§nﬂﬂ%é§"§ﬂith&c&ﬁlﬂf%aﬂ3%s
C-16CH3). 1.21 (s, 3H G 1.70 2.02

(bs, 3H, C 180—&)nov2d i® aliow tliH—teaﬂldkﬂnﬁmne toEJatﬁl tbl -10° (dthylénel dlykol; dry ice
2.55 (in, 1H C— 6I—9 2.58 (s, 3H 6 C 400\é J=7.0, 1H C 35?1 4.19
(d, 15 1The wixtarg wasstiseed af -1 G for ormoue e progress(af,

3 e S é.“5 acton, s monidli it BLC{ o TEC mgiils (v psfssHogbilflor |

1H, CG3'H, 6. %of@ola@de&ﬁ&ﬁco@ﬂﬁd (Rf 0.8}, that further conv@rtéﬂd) nonpold? 2¢d,
J=8.9, 1H, CG3 NH), 7.30-7.60 (in 1H ArH), 4 (dd
J=8.5, 118 oH dchengoyl-drdeaestyl cwmn(l&ﬁf 0538 Psftex czpmptqtnon@fzhmzcm,

21 50, 23,10, ktote sk GflneRig Sl CHCl, LAy 400 @ﬁéﬂ%@ﬁﬁfgﬁéﬁ%ﬁ%%

58.39, 71. 36, 7'?he18ngaﬂﬂ:1 r was segarated by4wahing Sucdddsivély- with water Sdilut81. 17,
84.22, 126.40, 126 127.92, 128.68 128. 70, 128. 71 129. 19,

130. 20, 131. 76, NaHEOs(and smesaud deyingaver mS0;, Concentration under teducers6. 88,

1T 7202 il AR EH8 il Tom, (L

53?5?452 §104. 4983Ry1ateetbrnehidbd 3 3N i:@mo&ﬁp%uﬁ&@%é% 65%).
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AROYLATION OF 2'-0-TERT-BUTYLDIMETHYLSILYL-7-O-
TRIETHYLSILYL-2-DEBENZOYL-4-DEACETYLPACLITAXEL (5a): To a
mixture of m-chlorobenzoic acid (26.6 mg, 0.16 mmol), DCC (39.6 mg, 0.18

20 mmol), 4-pyrrolidino pyridine (1.0 mg, 0.006mmol) in dry toluene (0.3mL) was

added 2-debenzoyl-4-deacetyl-4-acyl-2'-tert-butyl-7-triethylsilylpaclitaxel (9) (20.0

mg, 0.02mmol). The mixture was stirred at room temperature for 10 hours. TLC
analysis indicated formation of two new compounds, both of which were non polar
(Rf 0.5 and 0.4) as compared to the starting material (Rf 0.3). The reaction

25 mixture was then diluted with EtOAc hexane (1:1, 10mL) and filtered through a
pad of silica gel and celite. This pad was further washed with EtOAc (2 mL).
The filtrate was concentrated on a rotary evaporator to give a crude product.
Further purification using preparative TLC (silica gel; 500m, hexane:EtOAc; 2:1)
gave the less polar spot as the 2,4-di—(m-chlorobenzoyl)-ﬁaclitaxel derivative 5a



-21- 2' - O TERT- BUTYLDVDETHYLSI LYL- 7- 0- TRI ETHYLSI LYL- 2-. .
DEBENZOYL - 4y®beidad2YLPACLI TAXEL (3): To a sol ution of conpouRgrgisessaters
(110.4, 0. Immol) in anhydrous CH2O 2 was added benzyltrimethyl amoni um
hydroxi de (TritonB, 100 AL, 40% w w solution in nethanol) at -78C. The 5
reaction mixture was stirred at -780C for 5 minutes and the cool ing bath
was renoved to allow the reaction mxture to warmto -10

(ethyl ene glycol; dry ice bath)22 The m xture was stirred at -1 QC
for one hour, and the progress of the ™ reaction was nonitored with

TLC. The TLC Si ed fir t formagion_ of _ . nore pol ar

2- debenzoyl @gﬂ@ﬁ@fmg%m"fm arfm"fﬂ%é'%ﬁgf’?%"y@ 2nfifst-ar 2- 10
-debenzoyl - 4- d WM on of the reaction,

t he &%9%%’% I\}a(/as di| ute Qb’?%dmﬁ{ei ﬁ&—gggs?%&)q and quenched W|th
5mL 0. 1IN HCl. H NMR of‘m&n—ohbwhenzd)d)féﬂemql%ﬁmm BityldimedpRilyio7-

| { | b d dr
NoSor Gonoe ftrxaww@n?{m&'saxﬁfe&ab&o 23 <s SH, 1 SICHa 076, 3B siChg), Gk r ast tue
t hat
et ﬁyl \Q%Zt g?(ral{%léxanes @%22) (;/?% d cb 3513“ 215—07§ %B S%CSI%CHQ 1.06

AROYLATI ON OH(s23HOCTEBTHE) IR dyBIHCt.Sll a71 88(s, 3H, C- 19CH3),200 (m,
TRI ETHYLSI L1YL- 2- DEBENZOYL - 4- DEACETYLPACLI TAXEL (5a):

m xture of m HhiGPBbehibibs, 3H. £-18CHg), 219 G, 3H, MPaC)DGGQ(@, ¥ing; 0.18 20
mIoL) . A-PYTTRishdbng @ik 8], 2.5 (i, 18, WHEP)D 45 fo, ¥Y6.bOIHCRSEY- 3T

was

2- debenzoyl - 4, d@@ﬁeml c47lacaﬁh(:2201q)er412§)(& Y873 LTI oo b serackLyaxel (9)
(20.0 mml ). The mixture was stirred at room tenperature
for 1¥ hours. 1H'L©2'H), 4 82 (s, 1Eh {4 O8),i4:9M @y $e-2f b7 111G IC-6H) 1 MOr(ew

Compar ad o e Bt Wt Crativr & i e Tom, 6 06, U LD A48 . fﬂ Gixture

was then dil uicy, ws(h(tE!QéQ) hﬁ‘qﬁ(ﬁl) ( %:3b.7. B@g&h Aﬁﬁ é'lh&ﬁsr 99, ¢ g2
pad of silica gel’ and glte hi's pad was rther’ washed w't AC (2
m) . (dt, Tk, AllH)traﬁJ-éIMBsﬁ So8tg et ab 2T, 6175 98, d6y10518[2T, asmo to give

L g, g S RIS o
tg S,egéhsézd' ( a3y, ors0ie M3 B!, J7s B¢ iy 20X 81.08£87 35 1265833%26.99, 127.93,
PCT/ US98/ 2791@8.34, 128.57, 128.81, 130.01, 130.36, 130.68, 131.80, 133.47, 134.66,
134.71, 136.00, 138.87, 139.24, 166.21, 167.80, 169.47, 170.20, 202.25.
'H and *C NMR spectrum of 2-(m-Chlorobenzoyl)-4-(m-chlorbenzoyl)-2-
O-tert-butyldimethyl silyl-7-O-triethylsilylpaclitaxel (5a): 1H—NMR 6-0.11 (s, 3H,
20~ SiCHj), 0.03 (s, 3H, SiCHy), 0.62 (q, J=7.8, 6H, SiCH,), 0.84 (s, 9H, Bu),
0.93 (t, J="7.8, 9H, SiCH,CHy), 1.15 (s, 3H, C-16CHy), 1.23 (s, 3H, C-
17CH,), 1.74 (s, 3H, C- 19CHy), 1.89 (bs, 3H, C-18CHy), 1.95 (m, 1H, C-6H),
2.21 (dd, 1H, C-14 OAc), 2.41 (dd, 1H, C-14H), 2.56 (m, 1H, C-6H), 2.92 (d,
1H, C2'H), 4.10(d, 1H, C-3H), 4.32 (d, J=8.3, 1H, C-20H), 4.46 (d, ]=8.3,
25 1H, C-20H), 4.62 (dd, 1=9.4,6.6, 1H, C-7H), 4.91 (d, J=2.1, 1H, C-3"-H), 4.97
(dd, J=8.8, 1H, C-SH), 5.78 (d, J=7.0, 1H, C-2H), 5.87 (bt, 1H, C-13H), 6.51
(s, 1H, C-10H), 6.79 (d, J=8.9, 1H, C-3'NH), 6.98 (d, 2H, ArH), 7.30-7.66 (m,
11H, ArH), 8.13 (dt, J=8.5,1.4, 2H, ArH), 8.17 (dt, 2H, ArH), 8.21 (dt, 2H,
ArH); >C-NMR 6 -5.31, 4.90, 5.27, 6.75, 10.16, 14.07, 18.13, 20.83, 21.80,



-22- . . (6.0 ng, 23 %9 and the nore polar spot as

2- (m chl or obevazedysslez2' - O-tert - PCT/US98/27916
butyl di nethyl silyl-7-Otriethylsilypaclitaxel (12.5 ng, 54%.

H NVR of 2-(mchl orobenzoyl)-4deacetyl-2'-Otert-butyl di methylsilyl-7-
O-triethylsilyl-paclitaxel (4a): 8-0.23 (s, 3H, SiCH3), 0.07(s, 3H, SiCH3),

0.60 5 (g, J=7.8, 6H, SiGH2), 0.83 (s,9H, tBu), 0.93 (t, J=7.8, 9H,
Si CH2CH3), 1. 06 (s, 3H C 1GCH;’§3 1.23 (s, 3H C 17CH3),
1.58(s, 3H, C 19CH3), 2.00 (m H C6H), 2.16 (bs, 3H C 18CH3),

2.19 (5, 3t CADs005) 40 290 98120143 84, 46.61. 55,47, SEHEII.9, B ATl G OH).

C-7H and C- 20H)74.47,2%.61, 76168, 18651&8262282!'-&9 1&6581) (1(17 20-122651027 81 1H,
C2H, 4.82 (s, 1H G4 OH), %
J=6.0, 1H, C 2H)28.33,028(43,, 12&64 &9 m;u%s@slé@aal 180, 24c1§130 131463, (s 1H,

T A, 8 10 13089, 18350, 13 70 e A oL AU zs L3S gelog gy (B

6.75, 9.84, 16. {4} 47863762 11%69!7 169.22, 172.43, 2982, 25.52, 27.47, 35. 08
37.51, 43.02, 51.58, 55.03, '57, 72.63, 15 74.34, 75.32,

75.52, 75.60, 77.20, 81.06, 87 55 126 83, 126.99, 127.93,

128. 34, 128.57, 128.81

134,71, 136,002 186KE ui%&&imﬁ&@r% SEackiES obiovY ¢

1

2- (m Chl orobenz%RP)EW(Lmﬁh r enzoy|§ E E@MbNAEE (7) C%Iﬂ‘rt’g/ungsrrgt:;hsyl

silyl-7-0-trietiy J6I1|mhi©§)¢|\ﬂa‘samblvéc5&idryEHQN%&ML}aﬁ&pyﬂﬁneZ@fimL) To
SiCH3), 0.03 (s, 3H, SiCH3), 0.62 (g, J=7.8 Si CH) 084 9H t Bu),
0.93 (t10J=7. g, thip:sohuti ene (4550 mg, 0319 mmoljpwapadded apd ther

IR UTRERY. tw'3<3&5?°m3 ctpbrptye 07,4 By e Seakiigh phistute ks W‘%
( d, th €15,C1), and wdthéd with.0. CABHIC1, aie? afid brlie8 The otghni

4.46 (d, J=8.3, 25 1H, G 20H), 4.62 (dd, J=9.4,6.6, 1H, C—7H) 4. 91
(d J=2.1, 1H, wasdri¢d ovet N#pSO, and concengrau:d under sdumq PrEssgrg) t to givera cpyi

(. 3505, i Eosia i BPTC (iictedlonng. ppeedlincadt gl

ArH), 8{43 (dt,
o t?); %5}:_ Nﬁ/Rt 8to%r51@1§1%oﬂnp6un@'7'(sﬁ'7'ﬂg, @3%)7 PABM@HVZ ﬁ*éi‘i)m )glelH] Zrt0962 2¢B),

21. 80, 904 (362 H(23 34MR90), 354(75), 105 (100) HRFABMS m/z [M+H] " 962.4512

PCTI US98/ 27916
(C5;H7{NO,3Si,Na requires 961.4464).

2’-TERT-BUTYLDIMETHYLSILYL-7-TRIETHYLSILYL -4-

20 ACYLPACLITAXEL 1,2-CARBONATE DERIVATIVES (8) : To a cooled (-
78° C, acetone, dry ice) solution of compound 7 (32.0 mg, 0.033 mmol) in freshly
distilled anhydrous THF (0.5mL) was added lithium hexamethyldisilamide ( 0.125
mmol) via syringe under argon. The mixture was stirred at -78°C for 15 minutes.
The respective electrophile (acid chloride or chloroformate, 0.250 mmol) was

25 added via syringe and the mixture was further stirred for 15 minutes at -78°C.
Then the reaction mixture was allowed to warm to 0°C and diluted with EtOAc
(5mL) and quenched with water. The organic layer was then washed with dil. HCI
(1N), dil. NaHCO,, water, and finally brine. The organic layer was separated,

dried over Na,SO,, and concentrated under reduced pressure to yield the crude



- 23- 25.59, 26.44, 35.70, 37.20, 43.44, 46.61, 55.47, 58.42,.

71.99, 72. %o 9553482, 74.87, 75.61, 76.61, 78.65, 327RRes/B81619:
126.80, 127.20, 127.65, 127.81, . 128.23, 128.43, 128.64, 129.57,
129.82, 130.21, 130.24, 131.40, 131.61, 131.89, 133.30, 133.70,
134.14, 134.22, 134.78, 134.99, 138.05, 140.73, 5 164. 47, 165. 62,

166. 97, 169.22, 172.43, 201.62.
2' - TERT- BUTYLDI METHYLSI LYL- 4- DEACETYL- 2- DEBENZOYL- 7-
TRI ETHYLSI LYL- PACLI TAXEL 1, 2- CARBONATE (7)" Conpound 3 (93.5

: L Mg,
hi's' S0l Ut 3’,‘2‘5@ b3 R e e s Qbratc gy Pt SRR RIS SURRER i e

Vs then i) e AacaE ARSI  SRRORARIDROR WL veter ana’

brine. The organic |ayer : - was dried over Na2SO4 and- concentr at ed
under reduced ressure to give a crude roduct that was purified
by PTLC(siIi{' %ME Qaﬂ&lg to yield

THYIXANE
SSZF g;@ d6ZlE ??Iﬁ!f‘ WJ%WW%#K%# ?’?ﬁmyégg 4512

( C51H7j NOL3Si (8ia 4-Peabetyd2 Wbﬂt?ﬁﬁﬂlethglsﬂvﬂ-tnethylsﬂylpachtaxel 1,2-carbonate
2' - TERT- BUTYLDI METHYLSI LYL RI ETHYL L -4- CYLPACLI TAXEL

1, 2- CARBONATHE7D(8Q. Qnig) ,\1=8825smmol)owas dissslved ip freshly distilled drg THE (Gafrelpne, dry
' | uti freshl
i St T ed. anRrin SYGHee (o air, P-4n0inalfaves 2o ap rorhsrBeRbAe: lowed de

0.125 by cafbBH disifide f0/2 'n'il%ee)éé&‘!?r A¥ep eeihmyrsr mneﬁfegat(@gggt irred at

-78C for 15 m nut es. he respective electrophile chl ori de
or chl®r of or rtemperaue, 3oethylobodided . LML, excess) waklatied iand stirredgteroand t he
m xture was further stifred for 15 m Then the

reaction m xt'CHRRCIGRLE 5 ﬁ@&“%wﬁ&mﬂlﬁstﬂg@jrr@“&. %BF@HXWT Wag-fiyed
5mL d
(5m) an qU%&{‘Efb)(‘éml%lﬁ& wit il ﬁrcﬂaﬁhﬁran Y Bfind!? ‘r"rpé BM pﬁhe » gam .

?:ai/erHC\lNas sepepaiatedl drled over sodmnirsul:fdtvgac;ngﬁevm&ién ’mmd:rmerprednct divzd under
reduced press |!l){a?ne:[dow ] f?mgel:[ It]uen erduv(vjl%h preparative TLC (1000 4, silicagel, 1:3
15 ethylacetate: hexanes) to yield amorphous solid 8a (77.4mg, 90%). FABMS m/z
(rel int.) [M+H]+ 1052 (7), 1022 (15), 514 (4), 400 (20), 354 (75), 105 (100);

HRFABMS m/z [M+H] " 1052.4120 (C53H73NO3S,Si, requires 1052.4062).

REACTION OF 2'-TERT-BUTYLDIMETHYLSILYL-7-TRIETHYLSILYL-4-

20 ACYLPACLITAXEL 1,2-CARBONATE DERIVATIVES (8) WITH
LIOH/THF, WATER: A mixture of the title compound 8 (60.0 mg, mmol) and
LiOH (20.0 mmg, mmol) in wet THF (0.5 mL, 2 or 3 drops of water) was stirred
at room temerature for 2-3 hours. Monitoring the reaction by TLC indicated the
formation of a low Rf (0.3) spot. The mixture was then diluted with EtOAc and

25 water. The organic layer was separated, washed with brine, and evaporated to
yield crude product. Purification of the crude product by preparative TLC
afforded the starting compound (15.5mg, 25%) as a non polar band and the 2-
debenzoyl derivative 9 as a polar band (38.0mg, 70%).
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product. The crude product thus obt ai ned was purifi ied usi ng PTLC (silica
gel, 500m et hyl acet at e: hexanes, 1:3) to yield conmpounds 8
(80-909% . 4- DEACETYL-4- (S NETHYLXANTHYL) - 2'-TERT-BUTYL- 5

DI METHYLSI LYL- 7- TRI ETHYLSI LYLPACLI TAXEL 1, 2- CARBONATE (8a):
4-Deacetyl -2' -teri-butyldinethylsilyl-7-trigthylsilylpaclitaxel

1, 2- car bonat e (7) (80.0ng , 0.08 mmol ) was di ssolved in freshl y

distilled d Ty ]
V\:a: liddgd a'[y O%ﬁﬁ%)é}%réﬂ%wq@ C*g%/ cm& su (0 2

nL, excess). AfsmmemSEmmmAKEmm QRRBONAH@WWVITH
met hyl iodide ( 0.1 i, excess% was added and stirred at room

t errﬁer ature. '(;'HeIQHéEI{HBnh et b Apmixteng ertheltéﬂmmmpmﬂdhsa 60 mgwaled) and ed

| Et OA |, T
separat od. dr1 dui &0 Bsimanmmal) AR 63l 86 3 oGS & Waler Ewﬁ%ﬁ{edtwﬁﬁs
obt ai nedg vas f %frﬂ&h t f)%nfahﬁé £0¥ 3-8 HBLAP %hit&‘?n e ré%c?ﬁﬂ g}S L?#}dltgﬁgtﬂhg *

15 et hyl acetat e: “hexanes) to vyi e anor ous
FABMS nl z formatidn ef a l(m RY ((]! B)sfot+ TheGixtuzg was @d dilfigd with EtQAcc,and00
(20), 354 (75), 105 (100) HRFABMS ni Z [ MFH|.+ 1052. 4120

( C53H73N013S25i Watekq ?85232!5512)’%08&8) separated, washed Withhrine.caudcgvaporated to

2' - TERT- BUTYLDI - AXEL

. CARBONATE. BRI pbtindss Rptfialitbt the ctidetpcuceby niGfabVeTLE 0.
the title conpaffidél (heQ-debebizoyl (S} methglixanthyl) derivative®d 4s20pélaiband (521001 )
in wet THF (0.5 rnL, 2 or 3 drops of water) was stirred at room

temerat@e for mg38%hrs. Nonitori ng the reaction by TLC indicated the
formation of a low Rf (0.3) spot. The m xture was then diluted with EtOAc
and 25 wat e€r. The organic | ayer was separated, washed wth brine,

and evapor at ed GENERAL PROCEDUREFORAROWCTIOROF RLDRBENZOVLI4ie crude
product by preparative TLC afforded the starting conpound
(15.5my, 25% DEACERYLA-ACYHRACEATAXEL ANALOGS (5 andiZ#)e Azsupstitutad vat i ve
9 as a pol ar b% nzcglc ac1(c)irfg lmmo/ﬁ was taken in dry toluene (0.2mL). To this solution DCC
15 (20.6 mg, 0.1 mmol) and 4-pyrrolidino pyridine (1.0 mg, 0.006mmol) were
added. The mixture was stirred at room temperature for 5 minutes. To this
mixture a 2-debenzoyl-4-deacetyl-4-acyl-2'-tert-butyl-7-triethylsilylpaclitaxel
analog (9) (10.0 mg, 0.01 mmol) was added. The reaction mixture was stirred
either at room temperature or heated on an oil bath at 60° until the starting
20 compound was consumed (TLC analysis, generally 4-16hours). The reaction
mixture was diluted with EtOAc (10mL) and filtered through a pad of silica gel
and celite. This pad was further washed with EtOAc (10mL). The EtOAc filtrate
was concentrated on a rotary evaporator to give crude product. Further
purification using preparative TLC (silica gel; S00m, hexane:EtOAc; 2:1) gave 2-
25 substituted benzoyl-2'-terz-butyl-7-triethylsilypaclitaxel analogs 5 and Sa.
respectively (60-90% yield).
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REACTI ON OF 4- (S METHYLXANTHYL) - 2' - TERT- BUTYLDI METHYL PCTUSORTSTS

SI LYL-7- TRI ETHYLSI LYLPACLI TAXEL 1, 2. CARBONATE (8a) W TH LI OH
THF, WATER: A mi xture of the title conpound 8a (60.0 ng, mml) and

LiCH (20.0 mmg, mmol) in wet THP (0.5 nL, 2 or 3 drops of water) was
stirred 5 at roomtenperature for,_2-3 hours. Monitoring the
reaction by TLC indicated the '%r mation of a low Rf (0.3) spot.

ayer was selPNEREAL BrotEbufik kom Witrdtimc o Qlaax“f{sfren?»%%s"b el d
i fordod i ho DEEYATISES GTBY MEHANGERRT ATl IR bana

(52.4 10 acyl-2'grert@ifiyl-7-triethylsilyl paclitsXgdNEROI00BRREDW dRsRvARGY EredHiN OF
2- DEBENZOYL - 4- DEACETYL - 4- ACYLPACLI TAXEL ANALOGS (5 and 5a A
substituted Prepared methaaolcHE £3% ¢ v{v) solution| Themixtuse was kwtdtlytmgﬂtuene

N T T

m XE ure was sﬁn,)renﬂdwﬁhed Q4 dik "NGHEO4 B1uitidh, Wattr aHd Bfine.T ThE B ganic layer
m Xture a

2- debenzoy| - 2agslsiedoyer spdiwy |su1iate and consentyated ta give chudegirbdugh.a Furtherx el

anal og (9) ( reaction m xture was stlrred
e ther ot r e Wi gy ogtalifl fteprave, FECS 2ive omagenons modia 6
starting 20 70-90%)conpound was consuned (TLC anal ysis, generally
4-16hours). The reaction m xture was diluted with Et OAc (10m)
and fi0 tered through a pad of silica gel and celite. This pad was

concont r a ed CHNIERAY EROCEIIREoR PEEROTECTION Bisman, aroupdr

puri fi cat i onDERINAPICRS | )ﬂdﬁﬁ%\eﬁ&ﬁmia T84 solm@ds DEERRToyTIANGy1-2 1)

gave 2- 25 subst i1 tut
benzoyl - 2" -t drdeatetylyt--(3-methyliximthyl) denreatives Sx €0.005 ainaa]y icbdrgTHS#0.5 mL)

ectivel 60- 90% WO 99/ 33462
Ir:)g_sr;) usos/ 27%3}% c? ¥/ pyrlﬂme at room temperature. The exothermic reaction mixture

15 was then stirred at room temperature for 2 hours. The reaction mixture was
diluted with EtOAc and washed with dil. NaHCO;, dil. HC! and finally brine.
The organic layer was separated, dried over Na,SO,, and evaporated to yield
crude material. Further purification by PTLC afforded 2-debenzoyl-2-aroyl-4-
deacetyl-4-(S-methylxanthyl) paclitaxel analogs 6a.

20 '

~ 2'-0-tert-BUTYLDIMETHYLSILYL-7-O-TRIETHYLSILYL-2-

DEBENZOYL-4~DEACETYL—4-(METHOXYCARBONYL)-PACLITAXEL:
To a solution of 2'-O-fert-butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-4-
deacetyl-4-(methoxycarbonyl)-paclitaxel 1,2-carbonate (8b) (50 mg, 0.49 mmol) in

25 THF (1 mL) and water (0.1 mL), LiOH (20 mg, 0.64 mmol) was added and
stirred at room temperature for 1.5 hours. The mixture was taken up in EtOAc
(10 mL), washed with water and brine, and dried over sodium sulfate. The
residue obtained after concentration was purified by PTLC (silica gel, 1000 uM,
EtOAc : hexane, 2:3) to furnish 2'-O-tert-butyldimethylsilyl-7-O-triethylsilyl-2-



- 26- . GENERAL PROCEDURE FOR DEPROTECTI ON OF SILYL GROUPS OF
DERI VATI VESW@);g,&%@/ETHANO_/ HCL: 2- Debenzoyl - 2- ar oyl - 4- deacet PCT/S98/27916
acyl-2'-tert-butyl-7-triethylsilyl paclitaxel 5 (0.005 mmwol) was dissol ved
in freshly prepared nethanolic HC (5 % v/v) solution. The

m xture was kept stirring at 5 room tenperature for 45-60 m nutes.
The m xture was diluted with EtQAc (10 m.) and washed with dil.
NaHCO8 sol ution, water and brine. The orgagyc |ayer was dried
over sodium sulfate and concentrated to give crude product. Further

P bauct 6 O aEbeii2byt Eledly1 4 senbtyeaoRY hotRplitel PG TRE IS
DEPROTECTI ON OGas%hlo‘ﬂJthai@éV&yC& 15m unreacte@EErtsﬂQ' bbﬁﬁodtﬂahndBZ'-H:teFNRl DI NE:

To a solution of debenz%a -aroy 4- deacetyl - 4-

(S- et hyl xant hpntyldimethydsil sosaetpnlsxm#wd?hﬁnyoylrﬂ ewefmpat(lwl 653513)

15 0000 as AR BY G STREEAHDF 0, SPGB ST €, ?"éa%"t.xéﬁre

m xt Ureswas 0.96 (m, QI-H' h\0B3qE, IM), fl @@Aemp@l 29ashe? (i 1H), diss (sNaHECBB6d | .
HC and flnaIIy brin he organic | ayer was separated dried
over Na2SO4, aricBSe&n.plﬁ)at%@H (so3§i)ew8 2.14 (m, 1H},r &2 (svéddBs 235 - 20Ptmer

Geaceryi- (s NOGAZart By 5 aéaff?%i@‘)f’ L 42R00l g 390 6. 10,3527 -
A 5“&%%?&#@3& Wb%\ﬁé{:&rl 437 - 4.41 (m, 1H), 452 @, ]

sol ution of 2' ~=€}1t3‘:‘7erbmy,I41657m Hyi=s9. I4§le7 18) 4J7Bt(dyJ s 9;&1 -Bz dHlbb#zQﬁl(d 4-

el o A i b 0K 2 o
was added and 1HI)| Ebg&&ef'—ﬁé 46‘1&’?1(}9”92{9“%5 é{? gl-l\% f}?ﬁ d'$= *1?

m xture was takesﬁ ’cer an

brine, and dri ¢g, Q¥Bf %GCNM’R :Y|-578e-5.25,65.23, 6 71, 10 32;3!54 am,emmazmsm af t er
concentration was purified PTLC g5| lica ge :

hexane, 2:3) t @112 a5«R,25 4©,t26{25b§ %ldﬁﬁ@éhﬁwmﬁﬁ éﬁﬁhéﬁﬁ% 38. 994 -2-

WO 99/ 33462
PCT/ US98/ 27916 ! 1-46, 72.05, 73.75, 74.96, 75.14, 77.78, 78.03, 83.66, 84.26, 126.22, 126.62,
15 .126.91, 126.99, 127.93, 128.49, 128.59, 128.83, 131.86, 134.17, 143.20,
' - 138.41, 139.72, 152.91, 167.56, 169.24,171.51, 202.27; HRFABMS: m/z

IM+H]" 994.4822 (C5,HcNO, 4Si, requires 994.4802).

2'-O-tert-BUTYLDIMETHYLSIL YL-7-O-TRIETHYLSILYL-2-

20 DEBENZOYL-2-(3-AZIDO BENZOYL)-4-DEACETYL-4-
(METHOXYCARBONYL)-PACLITAXEL (5b): To a mixture of the 2'-O-tert-
butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-4-deacetyl-4-(methoxycarbonyl)-
paclitaxel (10 mg, 0.01 mmol), m-azidobenzoic acid (16 mg, 0.09 mmol) and
pyrrolidinopyridine (1.0 mg) was added toluene (0.8 mL) and the reaction mixture

25 was stirred at room temperature for 24 hours and purified by PTLC (silica gel,
1000.uM, EtOAc-hexane, 2:3) to yield 2'-O-fert-butyldimethylsilyl-7-O-
triethylsilyl-2-debenzoyl-2-(3-azidobenzoyl)-4-deacetyl-4-(methoxycarbonyl)-
paclitaxel (9.0 mg, 79%). 1 NMR: 3, -0.30 (s, 3H), -0.03 (s, 3H), 0.54 - 0.61

~ (m, 6H), 0.78 (s, 9H), 0.91-0.94 (m, 9H), 1.15 (s, 3H), 1.22 (s, 3H), 1.66 - 1.68



-27- debenzoyl - 4- deacet y1- 4- (et hoxycar bonyl ) - pacl i t axel (9b)
(20 g, - 59% ¢ beiade2 based on the recovery of 15 ng Yp4RRGEPD16
starting conpound) and 2'-O-tert-
butyldirnethylsilyl-7-Otriethylsilyl-2-debenzoyl -4-deacetyl -paclitaxel
(6rmg). 1H NVR: 8, -0.27 (s, 3H), -0.06 (s, 3H), 0.54-0.60 (m,
6H), 0.79 (s, 9H), 0.89 - 5 0.96 (m9H), 1.03 (s, 3H), 1.09 (s,
3H, 1.22 - 1.27 (mlIH, 1.85 (s, 3H), 1.86 - . 1.95 (m, 1H), 2.04
(s, 3H, 2.08-2.14(m 1H), 2.12 (s, 3™, 2.25 - 2.29 (m | H)

245 - 253 (e 8070 Bt 33 e 0 B 1ok 10 s 6 e 2 O ) 5
$0 e 1y 247500 457 G, 9.8 44 ), TR A% o5l 118, 3044 ) =

6.18 (dd, J ==86. 87}& AM)H2.0315) 3H), 4.21 (d, J =B.85Hes 1H),H.37 (d,¥98.04 Hz] = 9. 46
Hz, 1H), 7.29 - 2 (m sr%, 7.72 (d, J = 7.17 He oK), 13 C
NVR. 8, -5. 781H),5¥?35 #82dd, 5=79.8716.56Hz,11H); 4.671d, I &~ 168 Hz, 1H), 5.10

55 00,5 @I 1.7 18 1 gl g e m= 476, 415 B0

84.26, 126. 22-,6 24Gab -—1‘594 9 161%5 1%;61435(89&1) 7209 @B J 1238318z, 18§ 59,

128.83, 131.86, 134.17, : 8.41, 139.72, 152.91, '167. 56,
169. 24, 171. 517.2202.52 T, HRHAM 78 (d,J =17. 17 Hz, BED]} 7.939d, §827.78 Hz,
( C52H76NOL4

oot ot - BT HETIVIERS G (325 FE- 7 AG0Ry 1440, 111, 20.84, 21.09, 25.48,

DEBENZOYL 2- ( 3¢50, X3, SENGOM. )ab- SFAGET Y1554, 56.47, 5825 70. 86 72.03, 75 01,
( METHOXYCARBONYL)'- PACLI ' TAXEL (Sb): To a mxturé of the 2'-Otert-

b:J; yl 80 met hy|Z. lQ'I’75725}’18|r53et83y17s|8|3397 ZZﬂéﬁeﬂ124190,412ﬁeé£te112ﬁ1564-1@&198h0xycar bon
y pacl.i e ) 1), ' ' |d (16 ,
(()Oog rm;)l) 3n@7-?9 12T835>S, 1%%378 E?Qi?gro&]l ﬂgoy:?'é @Tlg%hg;P‘&géé)la&?g@t ol(uengg

m.) an tq e t
for 24 hours ?r%?d;)aﬁgfllogg6gb>fp¥él_%2g§1|’7lll %la 285@8 ARFABHS: %{7058 #\/l peratire
Et OAc- hexane, 11393061 ¢catedfoit CgHQyN 4, £Sibut 439c5086).hy| si | yl -

trlethyIS||yI 2- debenzoyl - 2- ( 3- a2|d enzoyl ) - 4- deacetyl - 4 (nethoxycarbonyl)
paclitaxel (9.0 ng, 9% 1IH NVMR 8, -0.30 (s, 3H), -0.03 (s,

o0 54, % blmepovy. 1 SAgipEuOY s SRRl perhOxe - 1 15

PCT/ US98/ 279 IGARBONYL)-PACLITAXEL (6b): To a solution of 2'-O-rert-butyldimethylsilyl-
7—0-triethylsilyl-2-debenzoyl—2-(3-azido benzoyl)-4-deacetyl-4-(methoxycarbonyl)-
paclitaxel (8.0 mg, 0.007 mmol) in dry THF was added HF-pyridine (0.2 mL) in a
Teflon vial. The reaction mixture was stirred at room temperature for 2 hours.

20 The mixture was then diluted with EtOAc (10 mL) and washed thoroughly with
dilute sodium bicarbonate, dilute HCI, water and finally brine. The organic layer
was dried over sodium sulfate and eflapoiated to yield crude product, which was
purified by PTLC (500 pM, 55% EtOAc/Hexane) to give 2-debenzoyl-2-(3-
azidobenzoyl)-4-deacetyl-4-(methoxycarbonyl)-paclitaxel (6b, 6.3 mg, 98 %) 'H

25 NMR: §, 1.14 (s, 3H), 1.24 (s, 3H), 1.67 (s, 3H), 1.85 (s, 3H), 1.88 (s, 1H),
1.89 - 1.93 (m, 1H), 2.24 (s, 3H), 2.35-2.57 (m, 4H), 3.57 (d, J = 4.89 Hz, 1H),
3.77 (s, 3H), 3.84 (d, ] = 6.86 Hz, 1H), 4.20 (d, J = 8.39 Hz, 1H), 4.34 - 4.41
(m, 2H), 4.47 - 4.79 (m, 1H), 4.99 (d, J = 9.00 Hz, 1H), 5.69(d, J = 7.17 Hz,
1H), 5.80 (d, T = 8.85 Hz, 1H), 6.18 - 6.22 (dd, J = 7.78, 9.00 Hz, 1H), 6.27



-28- . . (m 1H), 1.70 (s, 3H)), 1.81 (s, 3H, 1.89 - 1.96 (m |H),

2.06 (s, 3Hwodokise 2.17 (in, 1H), 2.17 (s, 3H), 2c3aso@Mie (m
IH), 2.52-- 2.55 (m 1H), 3.94 (d, J " = 6.87 Hz, 1H), 4.03 (s,
3H), 4.21 (d, J = 8.85 Hz, 1H), 4.37 (d, J 8.24 Hz, 1H), 4.43 -

4.48 (dd, J = 6.87, 6.56 Hz, 1H), 4.67 (d, J = 1.68 Hz, 1H), 5.10 5

(d, J=7.63 Hz, 1H), 5.71 (d, J = 7.02 Hz, 1H), 5.77 (d, J = 9.76 Hz, 1H),
6. 20 - 6.24 (dd, J = 7.94, 9.16 g, 1H), 6,46 (s, 1H), 7.09 (d, J
= 9.31 Hz, 1H) 7.21- 7.52 (m 16W), 7.73- 7.78 (d, J = 7.17 Hz, -

3H), 7.92 (d, J =77 ] L
551" 5. 25, 4o BB 17 90 g 1), 726 0,51 g, 1D 73, S HE
26.50, 35.58, 32%,1;}6704@. 3% 74&1};;215%.7432_5_6834@,@@4@_1%,7.7QM§JHL

75.01, 10 5,25, 78.53, ¥3.17, 83 120.745, '124.00, 126. 49,
126.56, 126. 93 HRFABMS: m/zIM+H), 911533 3,(CiA5 N30, 4 sduires 9183353@), 133. 65,
134. 30, 140.43, 140. 89, 152.56, 166.10, 166.91, 169.25, 171.51,
201. 47. HRFABNB: nf z [ M+H] + _ 1139. 5061 (cal cd for C59H79N4015Si 2,

1139.5080). . 15 -Pil;‘fﬁﬁm\*ﬂ?‘?ﬁ |?gaﬁ%@m“g [YL- 4- ( METHOXY-
CARBONYL -PACLIJZSFB(ETF :To a solu |o’g%o 2" - tert-%uty I met hyl silyl -
7-O-tri et hyl si IDEBENZO¥D2(3,3-DIMEFHYICACRYLOYL)-4-DEACETYL-4-

benzoyl ) - 4- deacet yl - 4- (net hoxycar bon I}‘- pacl it axel 5'8. 0 no,
0007 ot ) n CHETHOR VG RBRYLOPACLYBAREL: (5o Mpixeyic 3t the 20/ et | on
vial. The react] ot ur. ' ty, L 00m. r . 20
The mi xture m?uﬁﬂwe@ﬁﬂfyém@%%[sggkfff IRy l—%@\?ggﬁe ‘{‘ﬁ‘%"r"gﬁ%ﬁ%ﬁw th
di | ute sodi um KjaeKak&9bE10 fig), 001 inbl), 3e3-Gimethyladryliebtid (90 i 0. Thenely gani ¢
| ayer was dried over sodium sulfate and evaporated to yield crude

pr oduct10 whi ch andpyrrolidinopyridipe (1.0irag) ipytoluene (. 8 0d-), wad stEesh atTo®MB/ Hexane)
to give 2-deben

azi dobenzoyl ) - Jéﬁé%fééféfoﬁu(%?ﬁ%@éﬁﬁ%w PTG stlica ggl- 1080 M, %%c 98%

| H 25 NVR heRanel 317 t6 ield U)o-ﬂerﬂﬁuc{:}‘aim&h?lsi%l-ﬁb-{rmﬁhbya-zlde%ém’ 1-23H) ,
1.88 (s, 1H), 1789 - 1.93 (m 1H), 2.24 (s, 3H), 2.35-2.57 (m
4H), 3.57 (d, J33-dinftthyixryloy)-4-deacetyl-4-(methoxycarbonybHpacligaxgh(Scd7.Qmg, 6. 86

479 (W 1ty B3ubused op the ssioueRRof ding uneeasisd prting compaundly H Rt £
é.H)2’7 5.8 (d, b.%&ég,?ggio&&@, 3H; %2~ 62 %m( 6, 6.78 (d, 9P, 098PD.4F m1H) .
PCTI US98/ 27916 9H), 1.14 (s, 3H), 1.18 (s, 3H), 1.25 (s, 3H), 1.67 (s, 3H), 1.89 (s, 3H), 1.97 (d,
J = 0.92 Hz, 3H), 2.02 (d, J = 0.92 Hz, 3H), 1.91- 2.22 (m, 3H), 2.16 (s, 3H),
2.19 (s, 3H), 2.52- 2.55 (m, 1H), 3.78 (d, J = 6.72 Hz, 1H), 4.00 (s, 3H), 4.22
d, J = 8.85 Hz, 1H), 4.39 - 4.43 (dd, J = 6.86, 6.72 Hz, 1H), 4.52 (d,J = 8.39
20 Hz, 1H), 4.65 (d, ] = 1.68 Hz, 1H), 5.03 (d, J = 7.62 Hz, 1H), 5.48 (d, =
6.72 Hz, 1H), 5.67 - 5.70 (m, 2H), 6.20 - 6.25 (dd, J = 9.46, 9.76 Hz, 1H), 6.43
(s, 1H), 7.13 (d, J = 8.70 Hz, 1H), 7.27- 7.55 (m, 8H), 7.78 (d, J = 6.92 Hz,
1H). HRFABMS: m/z [M+H]" 1076.5206 (calcd for Cs7Hg,NO sSi,,

1076.5223).

25
2-DEBENZOYL-2-(3,3-DIMETHYL-ACRYLOYL)-4-DEACETYL-4-
(METHYL CARBONATE)-PACLITAXEL (6c¢): To a solution of 2'-O-tert-
butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-2-(3,3-dimethyl-acryloyl)-4-
deacetyl-4-(methoxycarbonyl)-paclitaxel (6.0 mg, 0.005 mmol) in dry THF (1 mL)



- 29- (s lH), 6.87 (d, J = 9.01 Hz, 1H), 7.24 - 7.51 (m 10H),

7.57 (d, Jyogds 2H), 7.70 (d, J = 7.02 Hz, 2bmséaBRig 7- 83
(m 1H), vg J = 7.79 Hz, 1H). HRFABVS: il z %I\/Hrﬂﬁ + 911. 3343
(CA7HS51 015 reqw res 911. 3350). 5 2'-Oter

- BUTYLDI METHYLSI LYL- 7- O- TRI ETHYLSI LYL- 2-

DEBENZOYL- 2- ( 3, 3- DI METHYL- ACRYLOYL) - 4- DEACETYL- 4-

( METHOXYCARBONYL) - PACLI TAXEL (5c): A m xt e of the 2'-Otert-

butyl dinmethylsilyl-7-Otriethylsilyl- venzoyl 4- deacet yl - 4- (et hoxycar bon

| it | 3, 3- t hyl [ i i d
{12) my, 0.1 3‘%9 -%yném <9377rpﬂ? mﬁsé% Y’&* %Ih? Ieaﬁg%rr}%l & WiSieno ?SI 8
i Lérgtgff@‘* 3500 spmopapyge for FHATS. X AHAE usfll ikl et Ghthba °¢ DY
2' -O-tert - but whaslj ﬂi&ﬁétybﬁl’ll‘ﬂ? (BO®uM,; Sﬂ%I)EtGAbﬂiexﬁreglO@gﬁéaydebénzoyl-}@ 3-

(3, 3-di met hyl acryl oyl ) - 4- deacet yl - 4- (et hoxycar bonyl ) - pacl i t axel g%Sc 7.0
ng, w@g ﬁé@ﬁmﬂ@@%&mmwowmmlw &, 3:2mg A

g, it oty 0 18, M B 7

aZH) 3&{) 252(3 1(%31)(s 31}1}671 2&1%@)(%11}@91(95((131“'): 107Hz (311) 2.19 (s(3H) zﬂ{)zs 0.92
2.19 (s, 3H), (szamrzzssa 34(m12H), 244761, J o= 4;2'&1@ v, 350 12)58 @n,0H)s. 3H),

fLLH)22 4.52 (d, 3§§%8’]§94§8% jiil §@(dih§ig 512%43‘&493’ 86, gg),rézo?%?f? 03

d, J = 7.62 70
(2H) 6 o0 Gﬁggrgﬂébm 4‘9&(&9‘1}1}) 451 d,J= Igl)s%ﬁzﬂ;)mzb 456Q&d 15H)1 (m13

(d, J1& 8.70 2429, 243 Hz, IH) 4795&1 (Jm= BV Hz7 113, 3.46 (d, J==6692Hﬂz 1H),57
Love. boomy o 1 3%, 7 2R 88HEY 1457638 ) 16 BEE, o5 @, v = 9.77

2- DEBENZOYL- 3
R R BT R 3 4 PNy, AT T

but yl di met hy| B HH]-"7848.8501e(chled for §)sHiyNEQ6.848/3493)( 3, 3- di net hyl - acryl oyl ) -
4- deacetyl - 4- (rret hoxycar bonyl ) - pacl i taxel (6.0 ng, 0.005 mmol)

in dry THE (1 nl) WO 99/ 33462
PCT/ Up98/ 27918 __ters BUTYLDIMETHYLSILYL-7-O-TRIETHYLSILYL-2-DEBENZOYL

-4-DEACETYL-4-(tert-BUTOXY-CARBONYL)-PACLITAXEL 1,2-
-CARBONATE (8c): To a stirred solution of 2'-O-tert-butyldimethylsityl-7-O-
triethylsilyl-2-debenzoyl-4-deacetyl-paclitaxel 1,2-carbonate (80 mg, 0.083 mmol),
DMAP (15 mg) in CH,Cl, di-tert-butyldicarbonate (180 mg, 0.83 mmol) was

20 added and the mixture was stirred at room temperature for 6 hours. It was diluted

- with CH,Cl, (20 mL) and washed throughly with water and brine. The organic

layer was dried over sodium sulfate and evaporated to yield'crude product, which
was purified by PTLC (1000 zpM, EtOAc/hexane, 3:7) to give 2'-O-tert-
butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-4-deacetyl-4-(tert-

25 butoxycarbonyl)-paclitaiel 1,2-carbonate (8c, 82 mg, 93%). H NMR: 6, -0.41
(s, 3H), -0.03 (s, 3H), 0.55 - 0.60 (m, 6H), 0.79 (s, 9H), 0.90 (t, ] = 8.24 Hz,
9H), 1.22 (s, 3H), 1.31 (s, 3H), 1.53 (s, 9H), 1.76 (s, 3H), 1.81 - 2.00 (m, 1H),
2.03 (s, 3H), 2.15 (s, 3H), 2.35 - 2.41 (m, 1H), 2.50 - 2.56 (dd, J = 9.31, 9.46
Hz, 1H), 2.62 - 2.69 (m, 1H), 3.54 (d, J = 5.80 Hz, 1H), 4.37-4.41 (dd, ) =



© -30- : . was added HF-pyridine (0.2 nmL) in a Teflon vial. The

reacti on m Xy /39463 stirred-at room tenperature f@®CTASNR1I36
After usual workup the residue obtained was purified by PTLC
(500 i M 55 % Et OAc/ hexane) to give 2-debenzoyl -2- (3, 3- di et hyl

acryl oyl ) - 4-deacetyl - 4- (et hoxycar bonyl ) - paclitaxel (6c, 3.9 ng, 98%. 5
HNW & 1.10 (s, 3H), 1.21 (s, 3H), 1.63 (s, 3H), 1.79 (d, J = 1.22 Hz,
3H), 1.83 (s, 3H,.1.86 - 1.89 (40, IH),1.95 (d, J = 1.07 Hz,
3H), 2.19 (s, 3H), 223 (s, 3H), 226-2'34(in 2H), 2.44 (d,

iH): 43250?6 1?) 485 %ﬁ% 1@?«)‘{ 5 ?ﬁ@d 15 2% % ‘f)ﬁé%ﬁgﬁs ST,

Hz, 1H) 4.34 (m% J.SH)s gﬂﬁé §.85 HE m‘g 5%9@,1%314{241H) 62716-6cza(dd J:—10
2.29, 2.13 Hz,

i' 71 6 05 (d. 8.4, 8;12!4)Hz 51H’)3 G(‘tﬁ (sJ 1H)8795 (lil.% 99731 Iézg,lld'l)(, 723 1?1)55 (31,;%31)(5_
7,02 b, 10 I—F?ﬁl\%iﬁz‘n??zm 18 o NHR; 8,88 958 Tl .16, 1530, =

CA5H54N04 5, 848 72, 25.45, 25.55, 28.70, 32.78, 38.10, 41. 39 43.51, 55.29,
2- owm%wvm%ﬁ%ﬁ%ﬂ% 7-O-TRI'ETHYLSI LYL- 2- DEBENZOY

- 4- DEACETYL- 4- (6208,- G3UTE)M: TAREONL75. 83,(B0.900&L43, §3.81, 86 78. 89.9CARBGANTE

rr iyttt yi - ARoIAT A28 de 428730 151 11 el 66, LAAL I3k 2 1606wy, 0. 083
ol ), 12501%%5& ggls 063” 1@‘%?&79'70%61“ oL AIBRAS: %W+mso ny,

0.83 mmol ) was m'xture was stirred room

tenperature for10&208079caltd foveG %lsbNOqngx 1062.5066) i t h CHZCI 2 (20 nL) and
washed throughly with water an rine. The organic | ayer was

dried o¥r sodium sulfate and evaporated to yield crude product whi ch

was purified by, FILC

but yl di met hyl si? §HWWW@eﬁgw - eace 4%{5 bt 5

but oxycar bonyl )mﬂnmmlcm Imcm'rAm«mrcsd)m 2%)%@ 8 -0.41
(s, 3H), -0.03 (s, 0.55 - 79 090 J =
8.24 Hz, BUT MIMEHEYLSILMWOHBIE%'HYW 1 % (s,
3H), 1.81 - 2.0 15

241 (in 1ty GerkBUTORECARRONYLIBACEITAXEL (o To's dr‘vi&ﬂ%ﬁ A3,

529 9;33 5 ggs 1H)  Sycifhidufof 2-G-181- %Qtyh@meﬁbilsnyfa736-menﬂy1§ﬁy1(ﬂdebeﬁzoy144eacety1-4- WO
PCT/ US98/ 27916 (tert-butoxy-carbonyl)-paclitaxel 1,2-carbonate (15 mg, 0.014 mmol) was added

-under argon a hexane solution of phenyllithium (1.6 M, 78 gL, 0.14 mmol). The

solution was stirred at -78°C.for 20 min and 0°C for 5 min. Then it was poured
on a mixture of EtOAc (10 mL) and dilute HC! (0.1 N, 2 mL). After standard

20 workup, the residue was purified on PTLC (500 xM, EtOAc/hexane, 3:7) to give -
two products: 2'-O-tert-butyldimethylsilyl-7-O-triethylsilyl-4-deacetyl-4-(tert-
butoxycarbonyl)-paclitaxel (5d, 6.1 mg, 38%) and 2'-O-teﬂ-butyldimethylsilylﬂ-
O-triethylsilyl-10,4-di-deacetyl-4-(terz-butoxy carbonyl)-paclitaxel (Se, 6.8 mg,
44%). Compound 5d: 1H NMR: &, -0.30 (s, 3H), -0.04 (s, 3H), 0.52 - 0.58 (m,

25 6H), 0.88 (s, 9H), 0.89 - 0.98 (m, 9H), 1.22 (s, 3H), 1.24 (s, 3H), 1.59 (s, 9H),
1.61 (s, 3H), 1.72 (s, 3H), 1.82 - 1.92 (m, 2H), 2.23 (s, 3H), 2.51 - 2.53 (m,
2H), 3.84 (d, ] = 6.40 Hz, 1H), 4.21 (d, J = 8.55 Hz, 1H), 4.35 - 4.42 (m, 2H),
4.68 (m, 1H), 4.98 (d, J = 7.02 Hz, 1H), 5.73 - 5.79 (m, 2H), 6.12 (m, 1H),
6.41 (s, 1H), 7.13 (d, J = 9.00 Hz, 1H), 7.23 - 7.58 (m, 1H), 7.78 (d, J = 7.02



-31- 7.48, 7.17 Hz, 1H), 4.50 - 4.56 (dd, J = 9.00, 5.96 Hz,.

2H), 4.75 weoolhada 2H), 5.08 (d, J = 8.55 Hz, lppiRedPofd. J =
-9.31 Hzj IH), 6.21 - 6.25 (dd, J = 8.4, 8.24 Hz, I'H), 6.46 (s,
IH), 7.01 (d, J = 9.31 Hz, JH), 7.23 - 7.55 (m 8H), 7.81 (d, J =

7.02 Hz, 1H). 13C N\R 8, -5.89, -5.16, 5.19, 6.71, 10.16, 15.30, 5
17.98, 20.59, 20.72, 25.45, 25.55, 28.70, 32.78, 38.10, 41.39, 43.51,
55. 29, 60. 08, 69.19, 71,71, 75.8, 75.83, 80.90, 81.45, 83.81,
86.78. 89.97, 126.82, 127.05, TZ7.47, 128.24, 128.73, 131.17,

13166, 154. 40, 180 80 &P i g, 2. Combonid s IPRMAD 5 80 5% 0%

. C56H8ONOL5S] 2 22A0G635 - - _097. 1
2'-Otert- BUT?(%R?\/E%E@S%%SLYQ'E%% -(8’9{ &r gﬁgﬁ\’f’sﬁ)\’(ﬂ' % DRAGTy ). 1.08 G,
4- (t er t - BUTOXYH),CARBABLYBH), AAST (sT AR 1733, 35D 1270 O1 192r(tn, 2H), 2.21 (s, 3H),
BUTYLDI METHYLSI LYL7- O TR ETHYLSI LYL- 10, 4- DI - DEACETYL- 4-
(t er t - BUTOXYCARBONYDS (padH), BadE(d, Jsz)0. 7% Blzg 1H) 44 264¢d J =59 .40)Hz, 5 H), 4.32

sol uti gn of : : — ; _ :

2~ 0 13rt - but y AP AL O & A 98 (4 15748 Ho BTG AT Ay - 4.
(tert-but oxy-e6dekpanyH); pagl@s hxed.0d, Bz, Ad)p Jre8t 7.6 1 fma1HY),. D18 (dI0L) was
added under _ar %%n a_hexane sol ution of phenyllithium (1.6 M 78
AL, 0.14 rnnoff2 HxaH), 8.04 (d, J 3102t eMas stirred at -78C for 20 nin and
OC for 5 mn. Then it was poured _ on a mxture of EtOAc (10 niL)
and dilute HCO (0.1 N, 2 nL). After standard 20 wor kup, the residue

was purified mﬂcm&éﬁMBﬁmcm)@AenlmgL (6d): Toa tWO
products: 2'-O-tert-butyl |nettR/IS|IyI-7-Otr|ethyIS|IyI4-deacetyI-4-(tert-
but ox¥@ar bonysoutipmeofi ' x-edrz-betyldisethylsilyl- 3 @Ariesyidsilyl-4-deacetyl-4-(zert-
2'-Otert-butyldi nethyl silyl-7- .

O-triethylsil ‘9%?§P°é¥6@é§86¥%1|(5%-?-11 8 0,00%mipodingiry FHE (Lmlp wase| ( se,

6.8 nyg, added HF P ridik® Y@.Q%%) 1 TR, Phe reletitth mfoturdWas stitref4t (S
3H), 0.52 - 0.58 (m 25 H, 0.88 (s, 9H, 0.89 - 0.98 (m 9H), 1.22
(s, 3H), 1.24ropm tefiperatire $6r 2 bourd HAfter usual workuy, théd résiduefHyainetl was (s, 3H),

b2 % (el i s R nantd e ey i ©
60 157 1 ool 43 mg s S0 107, £23, (1 11
7.02 3H), 1.5Ms99HR3UG62 (s, 3H), 1.73 (s, 3H), 1.74 (s, 1H), 1.84 - 1.90 (m, 2H),
PCT/ US98/ 279126324 (s, 3H), 2.39-2.43 (m, 1H), 2.48 (d, J = 3.97 Hz, 1H), 2.50 - 2.54 (m,
'1H), 3.73 (s, 1H), 3.81 (d, J = 6.41 Hz, 1H), 3.92 (d, J = 3.82 Hz, 1H), 4.21
(d, J = 8.55 Hz, 1H), 4.33 (m, 1H), 4.40 (d, J = 8.55 Hz, 1H), 4.80 (m, 1H),
20 - 498 (d,J = 6.71 Hz, 1H),5.70(d,J = 7.13 Hz, 1H), 5.83 (d, J = 6.71 Hz,
"~ 1H), 6.11 - 6.14 (m, 1H), 6.24 (s, 1H), 7.15-7.62 (m, 11H), 7.79(d, J = 7.32
Hz, 2H), 8.04 (d, ] = 7.17 Hz, 2H). HRFABMS: m/z 934.3648 [M+Na]+

(caled for CsgHg;NO, sNa, 934.3625).

25 10,4-DI-DEACETYL-4-(tert-BUTOXYCARBONYL)- PACLITAXEL (6¢e): To
a solution of 2'-O-tert-butyldimethylsilyl-7-O-triethylsilyl-4,10-di-deacetyl-4-(tert-
butoxycarbonyl)-paclitaxel (Se, 6.1 mg, 0.005 mmol) in dry THF (1 mL) was
added HF-pyridine (0.4 mL) in a Teflon vial. The reaction mixture was stiffed at

room temperature for 2 hours. After usual workup, the residue obtained was



- 32- . Hz, 2H), 8.06 (d, J = 7.02 Hz, 2H). Conmpound Se: 11H NWVR

8, -0.32 (s, wwgfssm 0.04 (s, 3H)j 0.55 - 0.61 (m GGI/USISINIE S,
9H), 0.88 - 0.97 (m 9H), 1.08 (s, 3H), 1. 12 (s, 3H), 1.57 (s,
OH), 1.71 (s, 3H), 1.70 - 1.92 (m 2H), 2.21 (s, 3H), 2.53 -

2.58 (m 2H), 3.90 (d, J = 6.72 Hz, 1H), 4.26 (d, J = 9.40 Hz, 1H), 4.32 5

- 4.45 (m 2H), 4.64 (s, 1H), 4.98 (d, J = 7.48 Hz, 1H), 4.76 - 4.80 (m
2H) , 6.12 (m 1M, 7.12 (d, J :@,oo Hz, 1H), 7.28 - 7.61 (m
11H), 7.78 (d, J = 7.02 Hz, 8.04 (d, J =7.02 Hz, 2H).

4- DEACETYL-4- (terte .
of 2'-Otert- M‘W‘ﬁ@?ﬁ Sl W&%%sz é;ééal?e%%deacequfu(?@ rror
but oxycar bonyl )bxitéﬁ&dai‘lﬁﬁl) ;ia'éﬁtaxa @. g, 85%05 kau 6, dry GHEHY, . mxs was

added HF- Pyri di ne in a Teflon vial. The reaction mxture

stirred at 3H), 1.52 és;rﬂH)eriﬂérCat 3H) k.68 -1. W,ﬁﬂhﬁt%‘?(sﬁﬁéi 2®8r(ﬂub" t he

£t onc) nevane) |t SO0 e a2 3R 1H, 29040, P4 3 MR 3 0 @, v = 6.72

2‘;,; oxyca bonyl) aﬁ}) )f?l(m 4}:@‘ m7§§9f/é= 1%BIH%VF1H_)84%(&4£|§=&9 feg%{z, 1H§e3 (s,
(ﬂ ’ 2;0 . 2 54 78 -24.80 (dds J 312.59,23. SDHz 2H<}344961(d,11—|)= 79848 ’(kH) 5.9 6, §7—Hz

R 568 (d S Pmamy 570, vl st 2, U, S8 . 3,25 605 pn e Bos
(300850 (g 2 ooy, 5. 15 gL .1 & P

1H), 6. 11 - 6 111Him79ta Jéﬂazﬁz 2H‘)|)803(315J—-7(122H£,raH) 1HR,FA7BMS ) =

7.32 2H), 8.04 g I—& HRFABI\/S m z 934. 3648
[ M-Na] i 10 [M+fﬂca8'ZQi36%$ @@@rﬁgvﬂa‘al&@“)ﬂsﬁ §799 25
10, 4- DI - DEACETYL- 4- (t ei t - BUTOXYCARBONYL) - PACLI TAXEL (6e): To a

solution of 2'-Otert-butyldimethylsilyl-7-Otriethylsilyl-

10- di - deacet yl - #MMBWEDMETMW@WEMS{BW—Z-’( Se, 6.1 ng,
0.005 mml) in dry THF (1 nL) was added HF-pyridine (0.4 nL) in a

Teflon vial . ThBW-%(mWWN@W-*DEA ETYLr4{extt enper at ur e
for 2 hours. Al bR oRYEARBORL)-PRBIITAXHE &! 4'o"Cay"FAF (1.5 mL) solution

15  of 2'-O-tert-butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-1,2-carbonate-4-
deacetyl-4-(tert-butoxy carbonyl)-paclitaxel (15 mg, 0.014 mmol) was added under
argon a THF solution of m-methoxyphenyllithium [prepared from 1.6 M n-
butyllithium (90 L, 0.14 mmol) and m-bromoanisole (17 uL, 0.14 mmol)]. The
solution was stirred at -78°C for 20 min and 0°C for 5 min. After standard

20 workup, the residue was purified on PTLC (500 xM, EtOAc/hexaﬁe, 3:7) to give
two products 2'-O-tert-butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-2-(m-
methoxybenzoy'l)-4-deacetyl—4—(tert-butoxycarbonyl)-pac-litakel (8.0 mg, 90%,
based on the recovery of 7 mg unreacted staring compound). H NMR: 6, -0.30
(s, 3H), -0.03 (s, 3H), 0.51 - 0.59 (m, 6H), 0.82 (s, 9H), 0.95 -0.99 (m, 9H),

25 1.22 (s, 3H), 1.59 (s, 9H), 1.71 (s, 3H), 1.91 - 2.04 (m, 1H), 2.03 (s, 3H), 2.19 -
2.24 (m, 1H), 2.21 (s, 3H), 2.48 - 2.52 (m, 2H), 3.81 (d, J = 7.18 Hz, 1H), 3.93
(s, 3H), 4.22 (d, J = 9.16 Hz, 1H), 4.42 - 4.56 (m, 2H), 4.64 (s, 1H), 4.98 d, ]
= 7.48 Hz, 1H), 5.72 - 5.78 (m, 2H), 6.16 (m, 1H), 6.44 (s, 1H), 7.11 - 7.52 (m,
10H), 7.71 - 7.78 (m, 4H).
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purified by PTLC (500 | zM 55% Et OAc/ hexane) to give 10, 4- drdeacety?% (

tert-

but oxycar bonyl ) - paclltaxel (4.1 ng, 85%. HNWR 8, 1.11 (s 3H), 1.20 (s,
3H), 1.52 (s, 9H), 1.71 (s, 3H), 1.68 - 189(m‘, 2H), 2.39 (s, 3H), 2.39
(d, J = 9.00 Hz, 2H), 2.52 - 39 (m 1H), 3.90 (d, J = 3.35 Hz,
1H), 392(d J=6.72 5 H, 1H)73%.13 (m 1H), 4.17 (d, J = 1.68

?Zir,l D i 2 DERENZOYL - GEMETHOXYRENZOXLY 4 DBACETYL 4o, g5 o
Y 317(82"%‘”5‘(%%“’*@’ PACETUXER 602104 sbfwioigk o+ 0-R-_ 5 09

7.78 Hz, butyldxmdth?lsﬂ}?l-ﬁ9—t¢léthylkﬂyl-l—déﬁeﬂzléyl—?—(ﬁlrm&h&@béﬂz gll)-zf-déac@@lHZ,
2H). HRFABMB: niz 10 + 870.3698 (calcd for CA8HS
870. 3700) . 4-(teﬂ-butoxycybonylb-mlltwfrﬁfbﬁ VEmepD-806 vamol) @ ¢m EHEVL 9Ly L - 2-

UTOxY CArBoN Y TRER P AR (4 2 i et ial e wasicogpipogvats o

2'-Otert- bUtS!irth@&bbﬂlfiélhpﬁratﬁrﬁbEflllﬁithATteh‘kﬁkua?WﬂﬁP@‘thé/fesﬂdug obifanat e- 4-
deacetyl -4-(tert-butoxy car bgﬂ}/m}’gaclltaxel (15 nmg, 4 mmol ) was added

under was pirified by PITIFC 5% E@Adhhm))toeglye Efdebenmy[ Pmpar ed
f 1.6 M | b |
(7™ a0, 1 meshgpybpnzopkaiceld (B mipiyiroqid petey (6 4 e 888020 i n

and OC for 5 e r urified
e Phog ELRMR Sor1a@rmtey d A0, 31D, 1 ‘Mb‘m 1168 28, 176 W31,

2' - O-1@rt - but8H{(sydiDy I 861-y1.94 () iﬂ)éMKsBml 2Z6débé41tmy2H).’,2{48(d I=
t hoxyb -4-d - 4- t-but b - it | . (8. 90%
based on-t o T3t H7e B ch-4 - At Gheltlh B TR g LoBo tily T36 (. tve 3 8. 30
, 3H), -0. , (<0 8 Q 99
oy, o O T D, SR G 42848 ) L1k 160 56 38, HHD, 4 313 12, 0 LT
1H), 2. 03 (s 8.24HHz, 2H),94.80 - 4.81 (dd, } =2229, @M4Hti)1H)2.4296 (& J 81148 Hz48 - 2.52

=7, 18 s, , 3 4,22 J =
(9m16 He, 1H) 1jf’z2( SQSS 4] 5% lﬁélll;ﬁ? 3. %ﬁl?d( d =14 Ezegﬁ{ d53 Y%(m: 165, 6.5 2
7 48 f#., 1H 51&‘{%270755(913 4[?07641% ﬁ) 17&}1'“7 5, 18049 .295:7.55Xm, 6131 - 7.52
7.64 d, J = 7.02 Hz, 2H), 7.74 (d, J = 7.02 Hz, 2H). HRFABMS: m/z
[M-+H]" 942.3912 (caled for CsHggNO, ¢, 942.3912).
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2- DEBENZOYL- 2- (m I\/ETHOXYBENZOYL) 4- DEACETYL- 4- (tert- BUTOXY
CARBONYL) - PACLI TAXEL (6f): To a solution of 2'-Otert-

butyl di nethylsilyl-7-Otriethylsilyl-2-debenzoyl - 2- (m net hoxybenzoyl ) - 4- dea

cetyl - 4-(tert-butoxycarbonyl)-paclitaxel (Sf, 8.0 ng, 0.006
mmol) in dry THF (1 nL) 5 was addedsHF-pyridine (0.2 nl) in a
Teflon vial. The reaction m xture was stirred at roomtenperature

for 1 hour. t kup, the residue obtained was purified
by PTLC (500 ttﬁpggﬁg%cl hexane) to give 2-debenzoyl-2-(m

nmet hoxybenzoyl ) - 4- deacetyl -4-( tert-but oxycar bonyl) pacl it axel (6f 4.1 ny,
64%) . 1H NVR 8, 1.14 (s, 3H), 26 (s, H} 1.47 (s, : 1 68

(s, 3H), 1.76 ((51) 3Ehaudhﬁry A.G.; Ghaamr(:st Rimok, M;gﬁhqmaM) 2.

256 (I in’6 orintals XL Kilgbiln o5t srer, 3.y W il B, 53'

M BT hgoledby Pyt o el hendadioiai dACTITED o an& 5

Hz, 189nthesistst Asthlogh with' IftPedsed AktifyitieS, B2, dChe}n =Sotl, 199411 16,1H)

6.16 (m 1H), 6.24 15 (s, 1H), 7.05 (d, J = 9.00 Hz, 1H), 7.12 - 7.15

(m 1H), 7.29 -4087599%8m 9H), 7.64 (d, J = 7.02 Hz, 2H), 7.74 (d,
= 7.02 Hz, 2H). HRFABMS: niz _ [ MEH] + 942. 3912 (cal cd for

c 5H60NOL6, 942.3912). WO 99/ 33462

PCT/ US98/ 27916 (2) Georg, G. I.; Harriman, G. C. B.; Ali, S. M.; Datta, A.; Hepperle, M3-
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5 wherein R is a substituted benzoyloxy group and R is selected from the group

consisting of an acyloxy group, an S-alkyl and S-aryldithiocarboxyoxy group,

wherein the acyloxy group is not acetyloxy.

2. The analog of claim 1, wherein said substituents on the benzoyloxy
10 group are independently selected from the group consisting of hydrogen, hydroxyl,
- halogens, alkyls, alkoxys, nitro, cyano, azido, thiol, alkyl thiols, acyls, acyloxy,

alkoxycarbonyloxys, diatomics, and linear triatomics.

3. The analog of claim 1, wherein said acyloxy group is selected from
15 the group consisting of alkylcarbonyloxy, arylcarbonyloxy, substituted
arylcarbonyloxy, cycloalkylcarbonyloxy, heterocycloalkylcarbonyloxy, and
alkoxycarbonyloxy.
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anti neopl asti c anal og of pacli taxél, “or" a phar maceut i cal | y
acceptabl e salt thereof, conprising the for mul a:

0 CBH5 -40

OH _

5
V\/nerelnR6|sasbst| t ed be on S tedfromthe
group nsi sw’ ‘8 &fﬁ g‘ﬁ&"&?v&?ﬁﬂﬁ
.S-aryl dithiocar t
g a@@idﬂiﬁ)‘c&ﬁ%x% group 1§|_ ﬁelectw‘%ﬁi fhely m’mﬁﬁv%er Ay fup1,i s no

acet yl oxy. anal og of “cl "said
substi tuent s oyclodikylp amd hetexmcyclodikyl. group are independently selected
fromthe group consisting of hydrogen, hydroxyl,. hal ogens,

al kyl s, al koxys, nitro, cyano, azido, thiol, alkyl thiols, acyls, acyl oxy,

al koxygar bonyl oxys, di §40%h£45g ofOirh 1" #BEreld the B grdup of said
S-aryldithiocarboxyoxy group is selected from the group consisting of phenyl,
substituted phenyl, and heteroaryl.

6. An antineoplastic compound, or a pharmaceutically acceptable salt

10 thereof, comprising the general formula:

wherein R, is an aryl or substituted aryl; R, is an aryl or substituted aryl; Ry is
selected from the group consisting of H, OH, and OC(O)R,, R, is selected from
the group consisting of H, OH, oxyprotecting group (i.e. triethylsiloxy), ORy,, and
OC(O)R_, and wherein R,, Ry, and R, are independently selected from the group
15 consisting of alkyls, aryls, and substituted aryls; Rs is selected from the group
OH, OC(O)R4, OC(O)OR,, and OC(S)SRy; and Ry is selected from the group H
and OC(O)Rg, where Ry, R, Rgand Rg are independently selected from the group
consisting of alkyls, cycloalkyls, heterocycloalkyls, heterocycloaryls, alkenyls,
alkynyls, aryls, and substituted aryls.
20
7. The compound of claim 6, wherein R, is OH and R4 is OC(O)CHj.



3. The anal.og of claim1, whem oup is selected from 15

t he group cogwg si3zpg of al kyI car Eﬂlm onyl oxy, SulPEIViiSIsRI16
aryl car bonyl oxy, cycl oal kyl car bo m ']H}' Q oakaI car bonyl oxy, and
I I

al koxycar bonyl oxy. WO 99/°33462n I
11112 11 11 PCT/ US98127916 -

*C L M S .- 40-

4. The anal ogs of claim1l, wherein the g}ti(yl group of said

S- al kyl di t hi ocar boxyoxy group is selected fromthe group consisting of

‘?’Lléy!anal og of cl al Cl OM¥8PW%W§¢§§%?%%§&SQ%PGO CEO)R" >

S-aryl dithi ocar boxyoxy group is selected fromthe group consisting of
phenyl , substituted phenyl, and heteroaryl. 6.
An anti neopl astic cBnpouite cmpqunﬁm&mmmmﬁdassdwﬁbﬁens@mgroum

}?ger eog EZWD” Slnggstl;lg%f gﬁ(yfrcycloaﬁcyimanciﬁjl alkoxy. 0

RI*KNH 50 H
RS
10.  The compound of claim 8, wherein Rq is OC(O)R,.

11.  The compound of claim 10 wherein Rg is an aryl or substituted aryl.

10 12.  The compound of claim 7, wherein Ry and R, are both phenyl.

13.  The compound of claim 12, wherein R is cyclopropylcarbonyloxy.
14.  The compound of claim 13, wherein Ry is selected from the group

15 consisting of m-azidobenzoyloxy, m-methoxybenzoyloxy, m-chlorobenzoyloxy,

3,5-dichlorobenzoyloxy, 3,5-difluorobenzoyloxy, and 2,5-dimethoxybenzoyloxy.
15.  The compound of claim 12, wherein R is methoxycarbonyloxy.

20 16.  The compound of claim 15, wherein Ry is selected from the group
consisting of m-methylbenzoylozxy, m-methoxybenzoyloxy, and m-
chlorobenzoyloxy.

17.  The compound of claim 10, wherein Ry is S-methyldithiocarboxyoxy.

25

18.  The compound of claim 17, wherein Rg is selected from the group

consisting of m-methoxybenzoyl, m-chlorobenzoyloxy, and m-azidobenzoyloxy.



OH R6 .
wher ei n Rlwioomasar y| o substituﬂmlﬁ mlm‘m \Emn aryl or petypsdsirsieed
aryl; R3 is sel ected f sisting of H OH and
OC(O)Ra R4 is selected from oup consisting of H OH,
oxyprotecting group (i.e. triethylsil oxy) CRb, and OC(OR,, and

wherein Ra, Rb, and R are independently selected fromthe group 15
consisting of alkyls, aryls, and substi t ed aryls; RS is selected fromthe

gr oup OH, OC(ORd, OC(OORe a OC‘(S)SRf and R6 is selected
fromthe group H and where Rd, Re, and R
i ndependent |y sel ¥t edfbaracsuth Mpgsmon, compns;ggﬁglesfg{:gbe yno tl@ﬂ?
- cycl oal kyl s, ﬁfngﬁl kyl s, heterocycloaryls, alkenyls,
al kynyl s, y*}ﬁld’gf 3 substituted aryls. 20 7. The
conpound of claim6, wherein R4 is OH and R3 is OC(O) CH3.
W99/ 33462 Pf1iJ11111. 111 111PCT/ US98/ 27916
41- 20. QA phanq%u%hﬁ@wmlteﬁn comnriping an.gifqctive amgupiofdthy O) Rd.
5 compound of claim 6.

21. A method for treating cancer, comprising administering an effective

amount of the analog of claim 1.

10 22. A method of treating cancer comprising administering an effective

amount of the compound of claim 6.

23. A first paclitaxel analog compound having a protecting group at each
of the positions C-2' and C-7 and having OH groups at positions C-2 and C4,

15 wherein said analog has the formula:

wherein R; and R, are independently selected from the group consisting of aryl,
substituted aryl and heteroaryl; R4 is hydroxy or acyloxy; R, is trialkylsilyl; and
R is trialkylsilyl.



9. -The conpound of cl aim8 wheret+n—Rd-is-selected fromthe group

consi sting o{wgdokaghs2 cycl oal kyl koxy. 5 PCI(1JS98/2T936
conpound of claim8, wherein R6 ﬁﬂ , "M"ML 11. The
conpound of claim 10 wherein Rg'i I stituted aryl. 10

12. The conpound of claim7, wherein RL and R2 are both phenyl . '
13. The conpound of claim 12, wherein R5 is cycl opropyl car bonyl oxy.

14. The conpound of claim 13, wherein R6_j$ selected fromthe group 15
consi sting of mazidobenzoyl oxy, m methoxybenzoyl oxy, m chl orobenzoyl oxy,
3, 5-di chl or obenzoyl v Rtk ORURERY 1. Ra i
2, 5-di net hoxybenzoy%X‘y. in m Eb!ig_fe iﬁ?ﬂexeﬁ%ba%%R gﬁen‘c)ih%l?’ ’cl3dlism 12,
wherein RS is “Eéei‘%g& rib @xieth: 1, an®R,, is t-butyldimethylsilfl.  The compound of

cl ai m 15, wherein :lg sel ec?ggyf rom t7he gr oup consi sting of

m net hyl benzoyl ozxy, m net hoxybenzoyl oxy, and m

cbl or obenzoyl oxy. 17. The ¢ und, of ' erein
R5 is S nethyl dithi &dar boxPEippd of making the ﬁfgpacﬁ‘g%fé‘?m% c?ﬁlg%hgan%gﬁlﬁ of
claim 175 wher ebf) RBndrkinetaetn? LA nuyldiRetdyRIIP-7-tricthylsilylpachidies with Tritbn

m nmet hoxybenzoy?,’ mc}t{?scl)l?%benzoyl oxWand n%laiz!?ldobenz%ylyogy. WO
99/ 33462 B in dichloromethape! 1  fI . | roox PCT/ US98/ 27916

26. A second paclitaxel analog compound consisting of a cyclic carbonate
intermediate of the first paclitaxel analog compound of claim 23, wherein the

10 second paclitaxel analog compound has the formula:

27.  An intermediate of the second paclitaxel analog of claim 26, wherein
R, and R, are phenyl, Rj is acetoxy, Ry is triethylsilyl, and Ry is #-
butyldimethylsilyl.

15 28. A method of synthesizing the intermediate of claim 27, comprising
reacting 2'-z-butyldimethylsilyl-2-debenzoyl-4-deacetyl-7-triethylsilylpaclitaxel

with carbonyldiimidazole or triphosgene.



42- 19. A pharmaceutical conposition, conprising an.
effective F®oyraaf the anal og of claim 1. PCT/US9827916 20-
A pharnmaceutical conposition conprising an effective anount of t%e 5
conmpound of claim®6. 21. A nmet hod Tor treating—cancer,

conprising adm nistering an effective anoun f
claim 1. 10 22. A nmethod of treati ng?"ﬂ'ﬂgﬂmﬂﬂﬁﬂi&uﬂg
adm ni stering an effective _ anoupt of the conpourd © 0.

23. A first paclitaxel anal og conpound™having a protecting group at each

of the positions -2 and. C-7 and_ having OH groups, at itions C2 and
CA4, 15 whét-ei ngstg’rrg Pafliipxg] apalog £ampewnd cansisting of the 4-acy

' %?7 intermediate of the seconpaciitike? analog compound of claim 26, wherein 2
wher ei n Rl anthid@daslimxelrmelogrodapohind has the felibwing foriduda:gr oup consi sting of

aryl, substituted aryl and heteroaryl; R3 is hydroxy or acyl oxy;
R4 is trialkylsilyl; and R7 is trialkylsilyl.
0
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wherein Ry is selected from the group consisting of alkyls, cycloalkyls,
5 heterocycloalkyls, heterocycloaryls, alkenyls, alkynyls, aryls, and substituted
aryls.

30.  An intermediate of the third paclitaxel analog compound of claim 29
wherein R, and R, are phenyl, R, is acetoxy, R, is triethylsilyl, and Ry is
10 t-butyldimethylsilyl.

31. A method of synthesizing the intermediate of a third paclitaxel analog

- compound:




WO 99/ 33462 . Tl ~ 111111 11111

PCT/ US98/ 27 9%Wé 99/33462 PCT/US98/2B16
24. An intermediate of claim 23 wherein RL and R are—phengLL —R3- s——
acetoxy, R4 is triethylsilyl, and R7 is t-butyldi nethyl si

25. A method of making the first paclitaxel anal og co i‘ Ilu ﬂll El'
23, conprising reacting 2'-t-butyldiinethylsilyl-7-tri et I

with Triton B in dichl oronet hane.45.
second paclitaxel anal og conpound consisting of a cycllc carbonate

{Egerl(r)redl ae Ofs‘gié%% Rh%dgg%%fnﬁﬁ% glgt?orrpound ?%} ormjsal?g OY‘QFyiPi "

8 substituted aryl é# heteroatNl-l'_R%lsQlydroxy or acyloxy, Ry i 1? trialkylsilyl; R i$2
R7
0 selected from the grpuppopsipting ef alkyls, ¢veloatiols hetgsaeyclealiyds, anal og

of claim 26, rein d ar.e nyl ... | | S, acet gx R4 is

triethylsilyl Wﬁeﬁ Of_:gcl?zgyisz .alkeny%, %ﬁtwl& %Eﬁ'l’éﬁ@?%l alryls, i‘%&ﬁ7 ¥s _

28. A gethod @Yyl Sinfirivéng fectiny (BE HREHACHEate bf Elafth 274¥ith & EMok$lid1d
acid in the presence of DCC and DMAP.

32. A fourth paclitaxel analog compound consisting of the 2-acyl
intermediate of the first paclitaxel analog compound of claim 23, wherein the

10 fourth paclitaxel analog compound has the following formula:

@)
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wherein Ry is selected from the group consisting of alkyls, cydoalkyls,
heterocycloalkyls, heterocycloaryls, alkenyls, alkynyls, aryls, and substituted

aryls.

15 33.  An intermediate of the fourth paclitaxel analog compound of claim
32, wherein Ry and R, are phenyl, Rj is acetoxy, R, is triethylsilyl, and R, is
t-butyldimethylsilyl.



reacting

2' -t-butylg ng 4silyl-2-debenzoyl - 4-deacetyl - 7-tri et hmlﬂdﬂmimaxel
with car bonyl

St | [ ]111) et

11111 ~11 111 111 DIl 11 11 s Athird paclitaxel
anal og conpound consi sting of the 4-acyl I nternmedi ate of the
second paclitaxel. anal og conpound of cl %m 26, wherein the

'E)hl rd paclitaxel anal og conpound has the tollow ng fornul a:

0 0 OCOP, 34. A metholﬁ otj\siynthesmmg the interpgediate of claim 33, comprising

| @@&ﬁx By OiRol 18- dgAcRHA- oo | kyl's,
cycl oal kyl s, B H) er ocﬁﬁ% S’ eterocycl oar&iy ﬁg’ﬁ?g’rﬁ?l S,

al kynyl's, ar ywith a embosyliesacid (Rﬁm)on) in the presengd of DCC and DMAP. 30. An

i ntermedi ate of the third paclitaxel analog conpound of claim 29
wherein Rl and R2 are phenyl R3 i s acetoxy, R4 i's triethylsilyl and R7 is

syt héki o1 g he Pt oA B egtigyel amplog cqmpgund ofbising At FRigh6ch

conpound: paclitaxel analog with the composition:

2
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Z
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A
N

o wimn
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wherein R, and R, are independently selected from the group consisting of aryl,
substituted aryl or heteroaryl; R is hydroxy or acyloxy; R is trialkylsilyl; R5 and
Ry are independently selected from the group consisting of alkyls, cycloalkyls,

10 heterocycloalkyls, heterocycloaryls, alkenyls, alkynyls, aryls, and substituted
aryls; and Ry is trialkylsilyl.

36. The intermediate of claim 35 wherein R; and R, are phenyl, Rj is
acetoxy, Ry is triethylsilyl, and Ry is z-butyldimethylsilyl.
15 '
37. A method of synthesizing the intermediate of claim 36, comprising
reacting 2'-t-butyldimethylsilyl-4-deacetyl-7-triethylsilylpaclitaxel with a
carboxylic acid under forcing conditions in the presence of DCC and DMAP.
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OR7 wo 99/3346/2 o T PCT/US98/27916

0 ' WD 99/ 33462 -+ —

P Usag) 27916 A O O

wherein Rl and R2 are independently selected fromthe *group cohsi -sti ng of
aryl, substituted aryl or heterogfyl; R3 is hydroxy or acyl oxy;
R4 is trialkylsilyl; RS is sel ected fromthe group consisting of

oo ovet oot TS et 8 A5l BREH hsynpesip g I AREBLAP o
trial kylsilyl, Eﬁﬁ&ﬁhgioﬁgdiﬁﬁﬁécieﬂ%abﬁﬁxél%ﬂ@.é%ﬂﬁ dginﬁ%i’oﬁl 27 with a
an .

carboxylic acidin the presence o
32. A fourth paclitaxel anal og compound consisting of the 2-acyl
I nternmedi ate of the first paclitaxel analog&§onpqynd.@& claim 23, wherein
the 10 fourth paclitqgel anal og compodnd Hag ghe foll ow ng formula:
0 /JL\
/\)k 5 N o
R2 H o OH i H o
: i OC
OR7 g Rs
OCORg

wherein R, and R, are phenyl, R5 is acetoxy, R, is triethylsilyl, R5 and R¢ are
independently selected from the group consisting of alkyls, cycloalkyls,

5 heterocycloalkyls, heterocycloaryls, alkenyls, alkynyls, aryls, and substituted
aryls, and R; is z-butyldimethylsilyl, comprising reacting the intermediate of claim
29 with lithium hydroxide followed by a carboxylic acid (R¢gCOOH), DCC and
DMAP.

10 39.  An antineoplastic pcalitaxel analog as shown in Table 1, or a
pharmaceutically acceptable salt thereof.



NH O ' OR7

OCOPS wherein R6 is selected fromthe group consisting of

al kyl's, cycl oal kyl s, " heterocycl oal kyl s, “heterocycl oaryl s,

al kenyl s, al KW@PPB3M62ryl s, and substituted - aryls. liéT/US”’Z"m
33. An internediate of the fourth paclitaxel anal og conpound of claim
32, wherein RL and R2 are phenyl, R3 is acetoxy, R4 is triethylsilyl, and
R7 is t-butyl di methyl silyl. WO 99/ 33462
- PCTI US98/ 27916 1/3 . _ | ~ ~~H
["lc 1L 1111 111 11 1!

- 46- 34. A net hod of synthesizing the internedi ate of
claim 33, conprising reacting

2' -t-butyl di methylsilyl-2-debenzoyl - 4- deacetyl -7-triethyl silylpaclitaxel
wi'th a carboxylic acid (R6COOH) in the presence of DCC and DVAP. 5

35. A fifth paclitaxel anal og conpound consisting of a diprotected _
paclitaxel analog with the conposition: 0

Triton 8

-78° to AT
CH,Cly
1.R, R=H :
" 2.R=S'BuMe,, R'=SIEts ArCOOH/ Tgm
DCC/DMAP
o
JOL OSiEYy
CeHs” “nH O
b
CgHs Y H
OHi{ OH
bsiauMe, . (i)com
As Ar=m-CgH,Cl
Ry
By i
CeHs” NH O —
CeHg™ ) i H '
osiBuMe, OH{ OR,
5 R RyCOO
8a Ry = Ry = m-CgHyCl, Rg= Ac
§b Ry = m-CgHaNz, Ra = COOMe, Ra=Ac
§¢ Ry = MeC=CH, Rz = COOMe, R3=Ac
" 63 Ry = Ph, Ra=BU'OCO, Ry=Ac LIOHTHEM,0
5e Ry = Ph, Ry=Bu'0OCO, Ry=H ArCOOH/
5 Ry = m-CgHsOMe, R = Bu'OCO, Ry= Ac DCG/OMAP
o S oH o OSIEt,
csHsJL)Nii GsHsJLI;IH 0
¥ i
CSHS H H csHs
5 OH oHi
OH OR éSi'BuMez OH OR
6 ArCO0
€a Ry = Ry = mCgHCl, Ry = Ac 9a R = CSSMe

6bRy = mCHNg, Rp=COOMe, Ry=Ac . bR =CoOMe

- @eRy= MesC=CH, Rp= COOMe, Rg=Ac

SIRIEAST RIGURE 1

6f Ry = m-CgH4OMe, Rp=Bu'OCO, Ry= Ac Scheme
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OCOFo5 WO 99/33462 OR7 PCT/US98/27916

OCOR6 wherein R1L and R2 are independently selected fromthe

group consisting of aryl, substituted aryl or heteroaryl; R3 is
hydroxy or acyloxy; R4 is trialkylsilyl; R5 and R6 are

i ndependently sel ected fromthe groupzﬁgnsisting of al kyls, cycloal kyls, 10
het er ocycl oal kyl s, heterocycl oaryls, alkenyls, alkynyls, aryls, and
substituted aryls; and R7 is trialkylsilyl. 36.
The internediate of claim35 wherein Rl and R2 are phenyl, R3 is

acetoxy, R4 is triethylsilyl, and R7 is t-butyldinethylsilyl. 15

37. A nmet hod of synthesizing the internmediate of claim 36, conprising
reacting 2'-t-butyldi nmethylsilyl-4-deacetyl-7-triethylsilylpaclitaxel wth
a carboxylic acid under forcing conditions in the presence of
DCC and DIVAP. WD 99/ 33462 _

PCT/ US98/ 27916 -47-
38. A second net hod of synthesizing a fifth paclltaxel anal og conpound

consisting of a diprotected paclitaxel analog w th the conposition:
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m-CgH4Cl

4a Ar

2. R=5i'BuMe,, R'=SiEt,

1.R,RsH




LS acet oxy,
and
10

conpri sing

29 with |ithium hydroxide

DCC and

anal og as shown in Table 1,

pharmaceutically acceptable salt thereof.

DIVAP.
or a

iﬁtgﬁmaémkl y
aryl s,

R err]

cycl oal kyl s,
al kynyl s,

are phenyl,
are
al kenyl s,

and Rlerr]

and R err]
and R7 is t-butyldinethylsilyl,

Rlerr]

selected fromthe group consisting of alkyls,

het er ocycl oal kyl s,

substi t ut ed

het er ocycl oaryl s,
aryl s,

wherein R err]

IS wbloghibsilyl,

foll owed by a carboxylic acid (R err] COOH),
An anti neopl astic pcalitaxel

reacting the internediate of claim 33
39.

Rl err]

[err]

¢ HANDIA

2 awYyoss
oy =%4 '000,n8 =% 'eNOYHEOW =Y J9
H=%H'000n8 =2 ‘ud ='y o9
oy =%4'000,n8 =% ‘ud ='d P9
=%y 'eN00D =% 'HO=0%N = ‘d 99
s - o< Y 'oNO0D =% ‘NYHOW ='H q9
oﬁwo& = m um oy =%y ‘|OPHOD-W = %y =ty g

"
A _HD
/__\/\

dviNQ/00a oV =8y ‘000G = ‘SNOYHO-W = 'Y g
/HOOOVY H=64°000E =21 Ud ='H e§
OHISHLHON oy =84 '000,ng =% ‘ud = ‘4 pPg
v =8y ‘900D =24 ‘HO=0%W = ‘U 9%
ngOOD = 4 98 %

.os_ooo Has -mm ‘ON00D =% ‘SNYHEO-W ='uqs
9 SNSSO =Y e oy =8y 10PHEOW =2y = Y eg

vr Zapngyt C

s....O/_—\/\mIoO

O HN meU

Y

o




