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to 2-debenawglosdzsdzacet yl paclitaxel, 2 debenzoyl - 4-deacet yl PRT/USIH/27816]

pacl i taxel anal ogs thereof, and nethods for WD 99/33462 5 maki ng the sane.
BACKGROUND OF THE | NVENTI ON The natural product paclitaxel (1) (Taxol ) is
an effective antitunor drug with denonstrated clinical activity against
breast and ovarian cancer, as well as indicated activity agai nst non-snal |
cell lung cancer (24, 25). Studies of use 10 against various other cancers
show prom sing results. Recent studies have el ucidated the uni que node of
action of paclitaxel, which involves abnormal polynerization of tubulin and
‘di sruption of mtosis. Taxol was first isolated and its structure reported
by Wani, et al. (26). CH, 3 ais 3,~\o,

2-AROYL-4-ACYL PACLITAXEL (TAXOL) ANALOGS

FIELD OF INVENTION
The present invention relates to 2-debenzoyl-4-deacetyl paclitaxel, 2-
debenzoyl-4-deacetyl-2,4-diacyl paclitaxel analogs thereof, and methods for

5 making the same.

BACKGROUND OF THE INVENTION
The natural product paclitaxel (1) (Taxolo) is an effective antitumor drug
with demonstrated clinical activity against breast and ovarian cancer, as well as
indicated activity against non-small cell lung cancer (24, 25). Studies of use
10 against various other cancers show promising results. Recent studies have
elucidated 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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H 1 p%1111wl iroor ~~ae f 1° 28 June 2002 WO 991 33462 PCTNS98127916 -2 «
Taxol is found in the stembark of the western yew, Taxus bre2¥ &nea2002s
well as in wodsmageat a and T. cuspidata. Therefore, there is &Criusptzmdié
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, other 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

| arge size and conplexity of paclitaxel conpounds, the presence of nmultiple

reactive sitesn.and.the presence of st er eospeci.fic ,sit maki .

synt hesi s of ?E?"é@é%{%&lpgé‘é nsgﬁ’%g’ér‘gi??‘?(‘? Nililged ﬁg‘g’a sib_{evi’fé?lg’e‘l‘si ‘89}285 Phat
the tetracyclip pa¥amcandUe! @Msidhk. alherlBRY, iRt id £akiks nhﬂrﬂ_%hﬁ@g'o?h' ng the
antineoplastic activity of paclitaxel and anal ogs thereof, it 15 desired to
alter the ringaslitaxel.t uents without disrupting the tetracyclic nucleus in

order to devel op anfi neopl astieally agctive deriyatives of paclitaxel. The
15 conpl exity of paé?qap%%ﬁa&aﬁam@sava iy of paglgaxgland the; high demagd due to

sel ectiveky al; j i r.atl f taxol
anal ogs rét ai Hﬁ%ﬁ%ﬁ%ﬁ%@gﬁ#ﬁ%@ﬁsé} ﬁx@%éxcﬁg’c?@hg&gglgH?%g@gaaglh%gg82 nodi fi ed
at the G 1, Cpiclifaxél hdve bean soright.3 The séladivearcitybfdach xalldgéda rélanbémed a
protecting group or a hydroxyl group at the C 20 10 position (27). However,
it has been deheifdmpartagretdspotential YisCapreragentsis duaitoaseveral fagtassrinplyding

pr epared by i tications.at various fuynctiona rooups, and several

oot | gat or 5 e AER sizfand GomtBrny 4 enclifle) SBoaieRr e 8RR @ BHMBG 1 on
(1-10), at thgedetRRSidel @fd thlprdsehee afmhﬁs?stzreeg&ciﬂc%eé,l Rakiflg bydthediisr 9 and
10 positions (20-21) and at the 14-position (22), anpng others. Baccatin

111 deri\u8tiveyehlchoseanalogs difficudt.25 t he t axane core of paclitaxel) have
al so been prepared with substitutions at G2 and/or G4 (23)..ln

particul ar) anal ogsBemause ik 1cheliexed that tis terachc iaxans dS &Y repithar y et
e

foll owed by reacy a car I'C acl resence -o

June 2002 WO 9Pisdddhidd RCAndISAS HAZ Substindaitsoy thdig xysremingatle tetiadgclicic)euand
pyrol lidinopyridine (PP). Simlar chem stry has nore recent ll%/ been reported

by Georg et alin ordersogieyglpp aptincopiasticallytastive derivapiveond paslitgel nEhdase and

G ot hyl it noPRAPHE kR e sCHralsa s Rl ) ity ™
2- debenzoyl paubitauelts, can be prepared from 10 deacetyl baccatin Il by a

process involving protection at C7, oxidation at G 13, selective
debenzoyl ati on at CTix oy rdissiased preparations 9ictakel analvpgs setainingt the dracyelid ve,

i ith | [ithi ducti on,. - 13 final | i f
he G 13 &1 do ‘B puckbitd oo Fiinren oo st R L. (GRS E eV oped
by Pulicani etpobflichk, aﬁ@%erid%l@esvﬂvﬁlgaﬂ:?gcﬁxrlgg%& ZhylRbAN 2Ry SaseCaxel

and certain derivatives by electroche ucti on of docetaxel followed
by reacyl28t i onlOnpasikiddu27).| Howewear, dhbascheen demonsttatad tiat andbogs avidt ingrovead bei t
restricted, synthesis of certain 2- qu&gclitaxel anal OPS was aﬁhi eveld by
Oim et al. (SHVER§2REEErepared by '(“9%‘)%,‘:3 3 NS RFHANG T $rPUPS JOH SP w2

baccatin |11 t:q.i - j i: 1 C hed
PheCR 1D bot o MubsiBadrt KGN B adefidebdiked 100 SBpuat MU AARNSA
alb- (2'321 by t reaednmositionf (17,153- dvithd Vspositiby (56-19), abee Sedridnid pdsitieris2@ALRSSi um
t but oxI de.

and at the 14-position (22), among others. Baccatin IIT derivatives (baccatin III is
25 the taxane core of paclitaxel) have also been prepared with substitutions at C-2
and/or C-4 (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



1 Dea&et yl paclitaxel has been prepared by Neidigh et al. (11) and

i ndepeéndently by Georg et al. (12). Neidigh et al. prepared 28 June 2002
4- deacet yl puol9pBI62l by 20 treatnent of a protected paclit axRETAHPIHRBDHse
under various conditions, and also by a second nethod in which a C 13 side

chain was attached to a suitably protected 4deacetyl baccatin I1l. Ceorg et
al . prepared 4-deacetyl paclitaxel by attachnment of the C 13 side chain to a
prot ected deacetyl baccatin Il1l1. 4-Deacetyl baccatin Il was al so prepared by
Datta et al. (23) by treatment of 7-(trieghylsilyl)baccatin Il with 25

pot assi um t-but oxi de. C-4 deacet oxypaclitaxel was prepared by Chordia et

of 2 toutyl of SEEhRkPIp6d il SBERS At i dIREShInGIREY. NP tubmBRy T
or gani c- sol ubhgs magerectitly usR depirtddtiynBesrgret af. (2/556,39)wiko &seg-mxsbmﬂat-e,

formation of a xanthate at C-4, opening of the carbonate wt
‘phenyl | i t hi unbutgnideds shobase andmeacylated mahe preserre®@f IVl> 991 33462

PCT/ US98/ 279184. - it J i di f,j .C-4 | ti h b
0 270 AR RT3t N bbb B, U, e oo
LT at Cd W Nicqladl @EF) Ak Shdwh ek QL RBEAZD l;ﬁél%ﬂﬁl@@& B@Egpﬁigﬁg%‘érgtlﬁl ori de

selectively at G4 th Red-Al. Subsequent "reacyl ation
and | i thi um hdemowitactalinsiil by a geocasy inkbIVislg promctionvedCHYy axidatieatat Gg13r oup
mani pul ati ons and reacylation at _C-13 with the paclitaxel side chain (as

its [ |3 | aclt anmbdestiveslebénzpylation ad-2a formagionaf %@Xﬂliﬁdaﬁcﬁ@ﬁéﬁteéhél"@é]‘@\.;mA
4- : . . . 3),
Created ot BORUPE it R uinT RO FRACS, fis Bl o e b 100

potassiumt byidexhsig. 12 differént dovte 46 RadbbeN oy tal6idls S¥ak|dedelopedlBy Pulicani et
hut yl di met hyl si I%/I -7-triet hi;: silyl paclitaxel. This conpound was converted

to its cltlicak#8poriu wireable otpsepase 2aehenzaybidecetaxeleanddertaimpdentvatives by um t o
yield a 4 isobutyraqyl paclitaxel anal og. spite of all th rk.that has
been done on Fﬁ%%?fg‘éﬁﬁ?ﬁ;fff‘i'}ﬁé ogg%ef%%g&éﬂogﬁgﬁww ?ﬁtnm@-“é‘ﬁhﬁﬁty@&mé‘&yl
substituents, ; gpe L 3 240 atyion of
derivatives waﬁaﬂn\gglafcpgzldg'u%t iaﬁﬁgﬁ’ ?%aeétqggfl %ﬁd- %m;l?eéisgff 4@5"%&@2 %Iﬁ%lpar ation
of such deri vpidlivesl asalolssivasadehizvid bp @jimd &t dl s(%rand ogaeeal. (ha), whech
derivatives w!l |l have antineoplastic activity, |ike paclitaxel itself.

Further, becalldapeidentiyhydragsnated-hacetinil torts 2-pyriphexyleathonyhderivativgy and
anal ogs jqidep have. 0, YA ' lite J S

t hought Hjlat ggfr*gﬂééeﬁréfiva FC%S&E%%S%@?}BZ%tl:t?\g?{é%bxﬂ)\\/éﬁaltﬁgtlﬂsgaﬁg%afcr?pb oved
activity. It Datthet 410¢23)dynteammeniof d, 1 hbis(tfithyditybatatveH] déthoidtieinher ei n
will be easier to synthesize, will be nore abundant, will have greater
solubility anBWgxidg; | | have fewer side effects than paclitaxel. The

prepar ats on o o0l 398l ARk 4ehed BB B N S R e,
The 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 III. Georg et al. prepared 4-deacetylpaclitaxel by attachment of
the C-13 side chain to a protected deacetylbaccatin IIl. 4-Deacetylbaccatin III was
also prepared by Datta et al. (23) by treatment of 7-(triethylsilyl)baccatin III with
25 potassium z-butoxide. C-4 deacetoxypaclitaxel was prepared by Chordia et al. (15)
by preparation of 2-debenzoyl-4-deacety! paclitaxel by treatment of 2-1-
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.



prepatation of analogs mght result in the synthesis of compounds with .
greater potency than paclitaxel (thus reducing the need for t 28 AmexR002 "
conmpounds Wy bo/s34peri or bioavailability, or conpounds whi ch pereusasias to
synt hesi ze than paclitaxel fromreadily avail abl e sources. 1r. W

991 33462 -5 SUMVARY OF THE | NVENTI ON 28 June 2002 PCTI US98/ 27916 The
present application describes paclitaxel anal ogs which have nodified
substituents at both the G2 and G4 positions, in particular

2- debenzoyl - 2- acyl -4 deacetyl -4-acyl paclitaxel anal ogs, as well as
procedures for preparing these 5 corrpound'é,' and i ntermedi ates which can be
utilized in preparipgqgi t hese, conpQ The conpounds of the present

ds .
i nvention have ant B@fﬂlsawithén%ﬁgdﬁwa%auwoa@ haye beenyprepared byfehemt s

suffering from.gapger | RMRAL: . :mﬁi r s whi ch can
be used to tr(_gePaq' Qgﬁ’cvg?&’r(%é%é&p?g? g? &ggﬁngr%gg?aﬁen ,ﬂ?ﬁg_e%&gﬁg i taxel

anal ogs have dimftippsithliprotéctitly @olp uhd tRn de@cylatse séisctavely aanaekitepeaisd, are
nore sol ubl e, andlor have fewer side effects than paclitaxel. Conpounds of

the present ibuhsaquent r¢agylatioe usiogpeidraidoride/anddithiven bexaaediyldisilaridea: O R1 NH
OR2 C O ' | bstituted. | ;. R2 |8,

Qe 1 S BB alohu bl BHRRL MO TE AR A aBRt i 8 o e
(O Ra; R4 'v%itﬁ%h@?i@féaﬁel gide rcﬁﬁn%sﬁfé@%%(w%%gmwaim fiadda gy %E@'t ecting

group (i.e, triethyrsiloxy), ORb, a , and erein and R~

ar e i ndependexdylpachiaxelcimibgkr ditdepl gmatngpofcmackiaxel was alfo pidpwted byaBGsdrg, and
substituted aryls; R5 is selected fromthe group OH , OC(Q Rd) OC(O ORe and
OC(S) SR f: arff k(133 whe geated H?@Hﬁﬁé‘e&y&j&'ﬂr@e‘h&kéywlﬁw Withhere Rd,

Re, R T and Rg ahgs i)m&ﬂﬁﬂq—%ﬂwﬂd&glg@&é £ g-c{efngx@owﬁ-dgﬁc%%a'-t-

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 paclitaxel 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 =5 R6, 1 a 28 June 2002 ' WD 99/ 33462 PCTNS98/ 27916 -6 consi sti ng of
al kyl s, cycloal kyl s, heterocycl oal kyl s, heterocycloaryls, al k@gdune 200

al kynyl s, W02983463nd substituted aryls. As used herein, subdtGHYROE794¢ yI
means an aryl independently substituted with one to five (but preferably
one to three) groups selected from Cl_6 al kanoyl oxy, hydroxy, hal ogen, C _6
al kyl, trifluoronethyl, 5 Cl1_6 al koxy, aryl, heteroaryl, Cz_6 al kenyl, Cl1 6
al kanoyl, vitro, am no, cyano, azido, Cl1 6 al kylam no, di-Cl_6 al kyl am no,
and am do. Preferred enbodi nents of the pgesent invention include conpounds
having the fornula: O CgH~ NH O CBH5 OH 10 wherein Ar is a phenyl or
substituted pHEMM W al kyl, cycl oal kyl or an al koxy
-group. Anot her pre‘f‘g‘:)e gﬁo inewliﬁrlh(rzl udes conpounds havi ng the fornul a:

0 C6H5 C6HS OH _ TeOhtgsénCapylicacibh desopibes paclitixeDanflogs whith Hane modifrRd\\O
991 33462 PCT/ US98/ 27916 _'7 wherein Ar is a substituted phenyl and R~ is
can al kyl , sulsybstituersgiathallthe Gra andE-4pesitionsyiteparticylar gTd@Eg;zoNsZ@g)énﬂ-

herein, a substituted phenyl gro may be. al kyl , .al kenyl , al kynyl , aryl,
heter oaryl a,{%ﬁ%ﬁlﬁ%@%@@ﬁ{;ﬁtﬁﬁg,ﬁnﬁ iye ,W@&Sg% Ccedfpy ﬁ?’,prﬁ%ﬁrg‘ée‘ﬁéeand
i ncl ude, 5t or Q¥pERhds, ah@WRErmddiREY whithitad be TRABEOX Yn pRPRGNY thebd!t OXY; 5
hal ogen such as chloro or fluoro; nitro; am no; and keto.
compounds.
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:

O

L
oz,
I
O

Y
Ng

@]
xI

wherein R, is an aryl or substituted aryl; R, is an aryl or substituted aryl; Ry 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; Ry is selected from the group
OH, OC(O)R4, OC(O)OR, and OC(S)SR¢; and Ry is selected from the group H
20 and OC(O)Rg, where Ry, R, Ryand Rg are independently selected from the group



BRI EF *DESCRI PTI ON OF THE FI GURES The figures are included to nore clearly
denonstrate the nature of the invention. Figure 1 is an overvi28Wwie 2002 *
paclitaxei swabupaezand i nternedi ates and the 10 chem cal readdTdRISLHI6
converting one into another. Figure 2 shows a selection of paclitaxei

anal ogs and internedi ates and the chem cal reactions for converting one
into another. Figure 3 shows a selection of paclitaxel anal ogs and

i nternedi ates and the chem cal reactions for converting one into another.
1S DETAI LED DESCRI PTI ON OF THE | NVENTI ON Tge present invention pertains to
pacl i taxel anal ogs having nodified substituents at the C2 and C4 positions.

Th | of hot it ' | and
The acery or ctSisiobidd aBSHE BlioB P nateobiofcdls PRALIL ModiisP AEANENT | 2"
Wi th ot her acyilghfsPsylsyafid SsbsBaged ke AQAda@seid Osubbliedarl @edtsanp! at ed

to have such characteristics as inproved bioactivities, in particular,
i mproved ant i naypirsiependeady isubstiputed withone to §ive (it Ipreforablnenecto theeak gratipsie

effects than paclitaxel. In addition, the pacl]itaxel Q may he . easier
to synthesize %‘ﬁ%‘ﬁgﬁ&!“i ?aﬁéﬁ‘aﬁ?ﬂo%rlﬁ'dmngéﬂﬁg‘?n’l ~®§R§i’éﬁﬁﬁ?§° li t axel
anal ogs havi ng~ant, p ty J1 Vst he< 25 I 9 62 _g_
37003 18 DACTYUREARLAT e L alnth SR o, MAnEE
azido, C_g alkylamino, di-C;_g alkylamino, and amido.
Preferred embodiments of the present invention include compounds having

the formula;:

10 wherein Ar is a phenyl or substituted phenyl group and Ry is an alkyl, cycloalkyl
or an alkoxy group. Another preferred embodiment includes compounds having

the formula;

OH §

Ollllllll [LLERERILTN]
O ]
O
>



are provided, wherein RL is an aryl or substituted aryl; R2 is an aryl or
substituted aryl; R3 is selected fromthe group consisting of 28 Jube, 2082d
OC(O Ra; Ravdg9sdbzcted fromthe group consisting of H OH BXyYH8WI2881L6i ng
group (i.e. triethylsiloxy), ORb, and OC(O R~) and wherein Ra, Rb, and I~
are independently 5 selected fromthe group consisting of alkyls, aryls,
and substituted aryls; Rg is selected fromthe group OH OC(O Rd, OC(O ORe
and OC(S)SRf; and R6 is selected fromthe group H and OC(O) Rg, where R-,
Re, Rp and Rg are independently selected fromthe group consisting of

al kyl's, cycloal kyls, heterocycloal kyl's, heterocycloaryls, alkenyls,

| I d
aryt mbans an VPSS A RNelAeS Buch B K6 dn SR atE SulSlee i & °
preferably onguspinicsd @t 'g%@u PAs Gfddelerés, érsm@ke;ﬁpﬁédya@mdp%w bérxntypxy,
hal ogen, Cl1_6 al kyl, tri or onet hyl , Cl 6 al koxy, aryl, heteroaryl]

-al kenyl , CzZ~ alkbayioymlkynyl taryd, heteiqaoyl aog}@mmnayazmekm nttﬂoﬁnabkmeammm, dr 6
alkylam'no am do., 15 I n artlc i S delrabl t hat Rq |s C]—Iand
R3 is OC(O Cl—lgd“’g?“% and; ‘HF‘Pﬂ“er Héé‘?'?é&a]@“’teﬁé’( ONBS? @?‘ SRR bRoxy;
preferably an r Ilﬁ%%/ u ol S further preferred
that, in %/.ddl PQIBE&]’ o Oréé)'r qﬁorc?‘ %8 g‘hddi‘ is preferably an aryl
or substltuted aryI group It is even further preferred that both Rl and R2

be phenyl . RS OH R~ 28 June 2002 WO 99133462 PCT/ US98127916 g_ A
further pref eBMEFaPWJI% OFhEHE FIGURES 0+, R3 is OC(O CH3 and RS and

Cychopr opyl car bony e a6 TSR sk elentl Spmbh i % cpue of ey o

m met hoxybenzgylatyn, M azi dobenzoyl oxy, m chl orobenzoyl oxy, 5
3, 5-di chl orobenzoyl oxy, 3,5-difl uorobenzoyl oxy) and
2, 5- di met hoxybenzoHigury 1 12)m|a5envsewmf paskitaxal fratngdsand interm&bates asdkthect ed

from t he, grou consr stin f m net hyl benzoyl o m et hoxybenzoyl oxy and
m chl or o nzo&l‘%‘?&a ‘&ﬁﬁf“g‘f?ﬁsc‘?‘g’e%‘“ﬁé’t“ﬁy’i"ﬂrat“ﬂﬁ%ﬁar boxyoxy and R6 is

selected fromthe t Ie yl oxy
and m azi dobenzoyl ?x@hl Q%O%ﬂa%?ssleﬁguﬁ C{?dmfa;l pre %ﬁg lmfzﬁwl ésogrgd;@ggs of
pacl it axel haul&mcswead:tidmtfadcdmvaﬂmglmyntgranumeat the 2-position of the

B-ring and an acyl gxy gr oup or an Sal or S-aryl dithiocarboxyoxy roup at

the 4-position of &HAUE3shAYS aselsetion EQ‘PBWF‘HB“‘ 254 yntgrpgdiatessan,the
acet yl oxy. Itcllxémg’ﬁllrxte'aﬁ& rfJ) oq{vgxttﬁxg elg ntxtgaatnﬁﬁlgfa substituents on the

benzoyl oxy group be se FFom ogen) roxyl, 15 hal ogens, alkyls,
al koxys, vitro, cyano, azrdo t hi ol , aIkyI throls aryls acyl oxy,

al koxycar bonyl oxys, diatom cs, and linear triatomcs. It is further

pref erretf t haDB II@EDIEESCBIBEEN@E&@MENH@SI kyl car bonyl oxy,

aryl car bonyl oxy, stituted aryl carbonyl ox aIk |.car bo XY,

het er ocycl oal kyl calr'ijgx 6 REFSER Vet naﬂ%ﬁ@i %Hﬂﬁ% %avé‘f‘%wgéj'regup of

S-al kyl di t hi OQHsﬁﬁiéYl&de the09 lafld 'T% pfditRomb eqfh@@e&b@iﬂo?'b%ﬁi the B4z Igkotlp atand
het erocycl oal kyl, while the aryl group of S aryldithiocarboxyoxy shoul d be

sel ected f ror’rﬂpr@-r%/pqsumm@tpa'chmd anlehtyaqet)drgﬂoumataho&}—ﬁlposman wedhierein, a
bstituted ph | b | k | k K et |

andl or may. coFRMERTRNE &gg%yareﬁﬁwv- olgef e Brpimso i BBk LnalRes T or

exanpl e, dom(vh?ém%oﬁféﬁ@ﬁ%d g)éﬁeh ﬁiapﬂéhstlgyﬁé”iﬁlprmmﬂ&'&ugﬁw§ ugh as

chloro or fluoro; vitro;
particular, improved antmeoplastrc 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 :



The arfal ogs havi ng the above general formula display an inhibitory effect
on abnormal cell proliferation, and have therapeutic propertie28tuné 208ke
it possibl ewomoizseat pati ents who have pat hol ogi cal conditi orgTasysizioad ed
wi th an abnormal cell proliferation. The pathol ogi cal conditions include

t he abnor nal 28 June 2002 ' WD 99/33462 PCT/ US98127916 -10cel | ul ar
proliferation of malignant or non-malignant cells in various tissues and/or
organs, including, non-limtatively, nmuscle, bone and/or conjunctive

ti ssues; the skin, brain, lungs and sexualg organs; the |ynphatic andl or
renal system manmary cells and/or blood célls; the liver, digestive
system and pancreas; and the thyroid 5 andl or adrenal gl ands. These

pat hol ogi cal conditions can al so include psoriasis; solid tunors; ovarian,
breast, brain, prostate, colon, stomach, kidney, and/or testicular cancer;
Kar posi's sarconmm; chol angi ocarci noma; choR®car cPnorR4 neur obl ast ong;
WIlms tunor, Hodgkin's di ggase; nel anonmas; mylii el omas; chronic

1 ynphocytic | eukem as; and cute or chron|c gr anuNgey g 10 Iynphonas The
paclitaxel analogs in acco nce with particul arly useful
in the treatnment of nonR hH*s I npho : i oma, nel anoma, and
ovarian, urothelial, oesophageal : e é. The paclitaxe
anal ogs can be utilized tgy . S or reappearance,
or to treat these pathologl aI candltlons 150He paR |taxel anal ogs can be
made by t he met hods di scl osed heppi n and techni qéles fiom the conventi onal
organic chem stry repertoire. Figures 1-3) which:idepict processes by which
conpounds within the scope of the above general Rermula can be nade, are
only shown for the purpose of illustration and are not to be construed as
limting the processes to nake the conpounds by any other 20 nethods. The
present invention provides anal ogs useful as active agents in effecting an

antitunmor or antineoplastic effect in a tunor-bearing host. These anal ogs
or their phar aFaP@Yidedamhorein Re pt 2ibaey] onpubstinted aryl; dBradElon spbstituted

Formirat ons. APl Ros Rk abRiE Uil Ahamhpe Bris oiFy G&f QB RRIE K is o

present i nventséledted firo® fHei draiip @(5hs‘Mi§1F r@Haesyﬁrb&adm ﬁﬁgq%abl e
exci pi ents andl or adjuvants. Cont eng}%;t ed routes of admnistration are

par ent er al an@rl@hﬁlﬁllox}ﬁoﬁgla anhOFL(QR e pndiwherein Rys Ref andiRi atesindependentlyi | |
be obvi ous to thos rdi nary skill i.n.the art 20 WO

99/ 33462 1' CTPHIESE e graty o onsistiog of a}kP(SS & B pﬁmf?u&lsa met hod
for inhibiti ”Qeleét@&“fﬁin‘i‘ﬂte %@ﬁbﬂ“@@(@)’?ﬂea” ) RCQﬁH)UG‘(SfSRfaQﬁH R65Est ering to

a mammal i an, especially a human, tunor hbst an anti'tunor effective
amount of an aela¢ted froim ﬂteegrg@nHraﬂd OO(OR o wherR 1,0 Ry and RFgoaret reating a

vari ety of tuno t he resent n 0 ntenplated to
o e Th & Fenendeiy SPERE o e e rpsetsvstlagéa\éaﬂeke tuclgalkiliys i o an' S
Desk Referenc gﬁ%? 6 osage,
node and sche u loggﬂéh:ﬂgt;[e Fd\é??l'g% ﬂcpmﬂs ﬁ%lst’ %lg‘g%}l?t%@ﬁ%?on are
not part @@ul amiyls.r dstused hexdin, anbsnimtedi @gtlsmeaakahhqd ihdepehdendytsubstitaadcer
treatnent will 10 be able to ascertain, wthout undue eégerlnentatlon an

appropriate t Mt oREO fb‘fedbsbnﬂef%bly@&mtmths?@rarﬁ@&a%ecgﬁ HYLpé the present

i ni strat i oftepAgRl P, talogh, CoPallyl ERRGRATE, LAY, Byt ©

adm ni strati omteteﬁsa!ryma d ﬂké@leﬂgjﬁ&lkahﬂj'lf aRed, | dnfingadyanbd) nizli@tm@fgll ar, and
subcut aneous admi ni stration e doses utilized to inplenent the nethods

of the presentlkylaminp; iCyi lRikylpanigp nandogmide. those used in adnministering
paclitax taking.into. accoynt .t he n

descri bezgher ein. NP PRLIcHlaE, tx%ﬁesgrﬁg{eetbﬂ& 333}8%@&#% tal!né art will
be able to di $qhdt dRNirhBE s R @R? RGtid efét%l SanBMeY1! Jror t he
ef Fcaci ous adntnlstraglon of ﬁgheoggese t pag ?axel gna | ogs. g?% be 20
under st ood t hatkoxy@rogmskds Gather pdefpﬂadlttmg, mradﬂhwnttypbe aﬁovad& s @O(@)Rgon
the particular roduct selected, and the profile and part

char act eri st | @88 &g et Eabfeaﬂaryb%elhsw@&dew wpdégiwgnﬁf&e@e Rifferrede

t hose that ar e ective for the treatnment of disorders
caused by abng?%gﬁhg lﬁharaﬁk%g§é¥Hon The anal ogs of the present invention
can be adm ni stered as often as necessary in order 25 to obtain the desired
t herapeutic effect. Sone patients may respond rapidly to relatively high or
| ow doses, and then require mld nai ntenance or no nai ntenance dose at all.
When admi nistered via iV, the dosage nay be, for exanple, in the range of
about 20 to about 500 nglrri over 1 to 100 hours. Orally, the dosage nay be
in the range of 5-1000ngl kgl day of body weight. The actual dose used




J 28 Jurie 2002 ' WD 99/ 33462 PCTI US981 27916 -12wi || vary according to the
parti cul ar conposition fornul ated, the route of adm ni stratior28 Amg 2002
particul ar wotepidsest and type of tunor being treated. Many per/uesssz7bieat
nodi fy the action of the drug will be taken into account in determning the
dosage including age, weight, sex, diet and the physical condition of the 5
patient. The present invention also provides pharnaceutical formulations
{conpositions) containing an antitunor effective anount of the paclitaxel
anal ogs of the above general fornula in ccg*_rbi nation with one or nore
pharmaceutical ly acceptable carriers, excipients, diluents or adjuvants.

The conpositions cap_.be 10 epared in accoydance w onventional
“met hods. For exanpl"g)f“rgl?({lﬂr&;ﬁggﬁ?apag% i N \ﬁ{\gamfclgﬂs e Bé”"réa(b)éﬁ3 and
adm ni strati ofp. i t I Wi hor). Exanpl es of
formul ati ng pgélﬁd%?‘&ogg&ggbﬁ(g?i ves ltgﬁgge%%[ﬁ%gmg‘?'so found in) for
“exanpl e) United St afdy iPayeloproppkearbéniofy add RyrisiseledddH{réi(the grehpsuch

exanpl es can be followed to formul ate the ¢onpounds of this _invention. For
15 exanpl e, aRanIsnet eethexybengoyiaxy niit-321dRbSREOVERXY: &t-ARIPEADERZAYIORYhe f or m

ol uttonss " suppsaicnBRBEEodes of SR CaRaM R TIox) ML 3 HilfPaRiRdRoR "0t her

suitable fornms. They 'igIiﬁeu@d)@@axbenﬂafwmpkgﬁsestléc&dtﬂ@nftﬁé b cohsiElinge

solid conpositions, f]f)glr exanmple, freeze dried (lyophili zed?? and, if

desired, conbiheametitibeszooxyon preshoxybenroytoal |apd ae-chiprabohzoydoxny; phént s.

ohysi o ogi cal sl i i Rads SameiiiEeyoirnd iy 1 sSkFid o B 6R, such as
ropyl ene gl : ] tﬁ&ﬂr [M'q S [ LiHyect abl e

Iror\s\d!oﬁm i mrgd%/gt&(lla lsyt efore use |btr=1‘l&‘|g’gire'}iﬁte }élro g@%@%ﬂ%’#%ﬁo&ﬁ%g?@a " of

phar macel®i cal | y adcipiastidutarbyaprefezred thatethe hoalogsafhpachtaxalsave al subutedea,
dextrans) | actose, potato and nmi ze starches, magnesi um stearate, talc,
veget abl e oi | §enZayiquy gronp Akthg|2ppasition ofiths B-ring and asacyloxy group or an S-

vt . . o A . .|
v stat e, benyh OF SeudRBlochibi iy PR e g iR B AR RRYIS 1 oo o
silicic acid. thheheasiaBCadhp iPhot REQPRXA! ITOR piRticuddrBOpeittad that @Bt OXi C

auxi l i ary substances such as enul sifyi ng, 28 June 2002 WO 99| 33462
PCTNS9812791 6 subsgigransscon the henvaoxyrgroup daselectad érommbydrogen, ydraxyl.exanpl e,

ol yoor y1 v paivees atof, G Byl Fode BRIAR I ThRlr. Rl RO s
further desir ﬁ%ﬂgéﬁb&ﬂl&ﬂs?aﬁwnﬁ&ﬁrdﬁﬁdir@ﬁ@ﬁiaﬁfmi@ﬁc e i %ﬂcr??@ﬂeﬂﬂé thil’ S

further study on the effectiveness of paclitaxel derivatives agai nst cancer
and ot her di séwsanylanydgroup baselbcted front dkylcanbonylony, aficedonplosy paubsiitutede!
anal ogs. One preferred inter iate is derjved fromthe follow n

pacl i t axel angwg%'{’mqw'ﬁﬁfgg@yﬁﬁ’g’é’%&?xy e eé?qo%clom(ylcarbonyloxy, an

2 -t-butyl di mandybsirbiiyded. rrRS M Sidonh BeeldikANBhioNirbéyBk 8

di chl or onet hane: I5~ l\ij ngZ co &F%O é\/neredl %ﬁt éoaﬁg&gg&xgg&éggfot ecting
group at2@achsdeéctethéronosaikyi, @ysloftkyl, and de€rotyalvdiklyh\winite Gt agylq@rpep af S-
positions G2 and G 4) and wherein R _ and are independently sel ected

Rz
from the groupryegitiipedrpoxyoxy shoyld be selseted fiom phenyys subpguted 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



h‘eterdaryl ; R3 is hydroxy or acyloxy; Rq, is trialkylsilyl; and R7 is"
trialkylsilyl. The internediate preferably is of a structure saElurd26oR
and R2 are wbhoapb462R3 is 15 acetoxy, R4 is triethylsilyl, an@#CRUSIH27916
t-butyldinmethylsilyl. A second preferred internediate is derived fromthe
followi ng paclitaxel analog: OH = OCH OHd WD 99/3346Z -14 5 OR~- NHOR2 C
O R7 28 June 2002 PCT/ US98l 27916 wherein R 1 and R2 are independently
selected fromthe group consisting of aryl, substituted aryl or heteroaryl;
R3 is hydroxy or acyloxy;, R4 is trialkylsijhyl; and R- is trialkylsilyl. The
internedi ate preferably is of a structure such that RI and Rz are phenyl,

o o e Ny 08l B I A

2' - t-butyl di meirbatlss idchiding, dnbaimieatively] enseley borle &nd/6 botljsdtive Rizsles! el
wi th carbonyldilmdazole or triphosgene. Athird internediate is derived
fromthe fol | skinmyriiaclungsared sexual @gansthe lymphatiy andyop remal sgstemPmamnRyy H VO

0SS O it R e FR0 e SR A S T 5

e o3P P T Bl g et QBB bR hst 1 om
solid tumors; ovarian, breast, brain, prostate, colon, stomach, kidney, and/or
testicular cancer; Karposi's sarcoma; cholangiocarcinoma; choriocarcinoma;
neuroblastoma; Wilm's tumor, Hodgkin's disease; melanomas; multiple
myelomas; chronic lymphocytic leukemias; and acute or chronic granulocytic

10 lymphomas. The paclitaxel analogs in accordance with the invention are
particularly useful in the treatment of non-Hodgkin's lymphoma, multiple
myeloma, melanoma, and ovarian, urothelial, oesophageal, lung, and breast
cancers. The paclitaxel analogs can be utilized to prevent or delay the appearance
Or reappearance, or to treat these pathological conditions.

15 The paclitaxel analogs can be made by the methods disclosed herein and
techniques 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.



28 Juhe 2002 WD 991 33462 PCTI US9812791G - 15het er ocycl oal kyl s,

het erocycl oaryl s, al kenyls, alkynyls, aryls, and substituted @8ylune 2002i s
preferred tWapPY33462 i nt ermedi ate have a structure such that RPCHHE8RIY%r e
phenyl, R3 is acetoxy, Ris-triethylsilyl, and R~ is t-butyldi nethylsilyl.
The third internediate may be fornmed by reacting the second internedi ate
with a carboxylic 5 acid in the presence of DCC and DVAP. A fourth
intermediate is derived fromthe followi ng paclitaxel analog: R~ wherein R
and R2 are independently sel ected fromthg.group consisting of aryl,
substituted aryl or heteroaryl; R3 is hydroxy or acyloxy; R4 is

trial kylsilyl; R~ | d 1 vl . 4 o I .

"cycl oal kyl s, het erg@?fﬁ%ﬁ“ﬁﬁ%{“ﬁ&ﬁ%@?&% Sgl‘r?éﬁcg% F"%‘ﬁ‘é‘ﬁ{ﬁ“g: %%“E?ﬁy?rs
aryls, and sudlghinatihg curhéry |c5mFﬁbﬁgiddhﬂ!ﬁBﬁﬁhgtt@ anﬁﬁﬁmaﬁéﬁ,)ésﬁﬁial@ Shurhat, ur e
~such that R and R- are phenyl, R3 is acetoxy, R4 is triethylsilyl, and R7
i s t-butyl di nBEnaFIbearipg hostianantimneqrraftectiye amayntd aswmmsqutg@ generateact i ng
2' -t-butyl di tq%ksi I%‘! - 2- debenzoyl - 4~- deacetyl - 7-tri et hyl silyl paclitaxel
vvithacarbog& n( in the presence of DCC and DVAP. 15 A fifth
i nternedisate may bgof Réifﬁ'@ JH?I%} BE RS | ﬁa@’&‘ﬁhlo@@@fﬂﬁ ﬁ%@iﬂ%@m‘ﬂﬁﬂr@g the
conposition: O R7 OCORs WD 99/ 3346Z -16 OR "™ "NH 1 O R2 ORS 28 June
2002 PCT/ US98échiéiplatetco de msdd in andnhef stmiar todthpeofdmciitaxels steeged from t he
group consistjing.qQf a bstituted aryl or heteroaryl; R3 s %\;droxy or

|, !
acyl oxy; R4 i Ehstsmlw‘ﬁﬁ%k B? erenqg, 49 Hdition,Medigalfacnnonticsy Pti2edPY fHEm t he

group consi st} f Cys | - .
het er ocycl oar%&g,gé)’arpgéeé(n%dgs,m% %/ﬁglf)s hizs;“fp §B%é§g¥gdb§rs%§%¥tﬁ1 el%mé'elét?% asr;e and
R~ is trial kyh&ipayticulatherestiicesdyadichtSlopiseflaned irythe arodf dahCerstdaufidid a1l

10 be able to ascertain, without undue experimentation, an appropriate treatment

protocol for administering the analogs of the present invention. Thus the analogs
will be administered via any suitable route of administration, in particular,
parenterally or orally. Parenteral administration includes intravenous,
intraperitoneal, intramuscular, and subcutaneous administration.

15 The doses utilized to implement the methods of the present invention will
be similar to those used in administering paclitaxel, taking into account the relative
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 are 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



Whereftn R and R2 are phenyl, R3 is acetoxy, R4 is triethylsilyl, and R~ is
tbutyldinethylsilyl. This internedi ate may be synthesized by r8akine®02 °

2' -t but yl di wetdwydsséal vl - 4- deacetyl - 7-t xi et hyl si |l yl paclitaxel wdrihusas2916
carboxylic acid under forcing conditions in the presence of DCC and DVAP.
Alternatively, this 10 internedi ate may be synthesized by reacting the
third internediate with Lithium hydroxide followed by a carboxylic acid
(R6COCH), DCC and DVAP. Two different nethods have been devel oped for the
synt hesi s of paclitaxel anal ogs of the de§i’2ged type. In the first nethod,
as illustrated in Figure 1, paclitaxel (1) s converted to its 15
2'-t-butyldinmethylsilyl-7-triethylsilyl derivative 2 treatnent in
successi on i DY YR AFeaRing e Pricul e ponon Jmbiae. SHERMRER! wi 1
triethylsilyl _ﬁiﬁiﬁfsh‘iﬁbﬂ)’iﬂodﬂhe"part?l‘u?a’i‘tsf{?ﬂ{ospind?tg}% o ubhor! RnrEREE" Many
carefully defined conditions (-78 to -10, CH2C1l gave the triol 3

(2- debenzoyl - 4fadesas tiay madifytthel agticthi ofithtgiiugi wijll be7taken stdnydcohtyinpdetdrimtimirg | )

as a key internediate., This 20 internedi ate has been prepared previously by
us (15) and bytheéeﬁfgge(lyslydmgaaezwets@hs%&ﬁgan% the PHY AL SOBBEOBO58I 3462
PCT/ U8981%7916%&ﬁ% dreatment of the triol 3 with a desired substituted
benzoi ¢ acid, 'such as m nmet hoxybenzoic acid, in the presence of DCC and
DVAP, yi el ded the 2Theplesetrinvaitionalsh. prbiidésshaemacbuticaindraniation ust ed
appropriately, the diacyl derivati ve'5p, where R = Ar, can be prepared in
good yi el d) Holsemppsitionypontaining an antijumer sffestiveasnayat pbibgipaclitas¢ldinplogs he
presence of nd, DMAP vi el ds the diacyl .derivative 5 in nodest.yjeld,
Phere A and FOLPE PRV ki foRyIadn EvRtmpisnosh e fE nwe PhEesraishV i ¢
acids used in td i HON rd
condi tions (di a}c&%&%%cﬁ%?érﬁﬁ%%x?gi@,ﬁ%ue%%{i gg;;w%ﬂgg (rJII:P‘ gf?f’*ﬁgg?f’?sfgﬁi’gp anal og
6. 10 | n libhe smeparddnetbamidanee witlsconventiomhl methdds.nFér exanapld,, pastialkeliaxel (1)

was converted as befo tothe trjaol,3. , This triol s, then protected as
the cyclic car %&F@‘Gé’l‘i%@?ﬁ‘ﬁ?@ @d“b‘y‘sfrF'é‘H’c YWQ"HY\@% BRI i mi dazol e or

triph . i f /
ol on_ (u's. ASreinoliaielomabibied orfor MrhabRRe BN frEGRRACRAE £ alb,
previously beefound ¢pafoeexarhplby United ShajesdacknbNoce4960,790)and Ac8144TQandf t he

carbonate 7 with a selected acyl chloride in the presence of lithium
hexanet hyl di sidushiegamples sar he fallewsd tofpamylgte dhe qompounds job it nveatigne For

t ftot di { - |34 i | i . th
iret metiod, SAmRAiRaRE SCak Sa it RO b RiwRelip HISTHRST, o'’ (e
diol 9, 20 whigblet0pilts, Powdey nitkiafks UbiHStles) UhjectaBlRSat6rag® Bedblel sORftions,
(AzCOOHI DCCI DVAP) to give the di acy] analog S. In the second nethod,

treat ment of Suppesitaaresaemilsions, disparsians deodpiewdxtand intothsrrsuiably formss) as

i I b d. I .S, P 5,399, 726) ... Ni | 4,7),
Dy o s Voo sy Hight b et i B o B Al B ey 7
descri bed the%%@%&éa&ﬁmﬁﬂmﬁﬁ 2@, FdeGiyedd 36mbiRdSkitPa@EPI 6.

Foll ow ng the p dures described above, togethér wth procedures that are
comon i r20 he pharmasanticaliys atceptableckxsipidntse dSuah sdlidicompositibng cah beved. Chem
38, pp 1482-1492 (1995), .other anal o withiﬂ t[]e scope, of tt}is i nvention
can be synt hesiES@RFUNUEE fV1 t?rﬂﬁé’@t%rhg 10lpgicalsaling, Qr 3,BiXsyFe of vgter and an

organic solvent, such as propylene glycol, 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,



TABLE%1 2- AROYL- 4- ACYL PACLI TAXEL ANALOGS Number BVS aBri ef Sanpl e

NaneTubul i n Dat aanal | PTHCTI 1GL16]1 VMAGanallP1l' R S rati 0181339pa28 Jurex2002

(P' | ~G 9+ WOPIBHER. A 101 MC- | 34- GLt 9823S2- ( m et hoxybenzoyl ) ECTAGRBIG . 96,
7, 4,4867, >

87129MC- 134- 451982442- (m nmet hoxybz) 4- cycl opr opyl CO- PT1. 324020MC- 134- 6819824
52- (m et hyl benzoyl ) - 4- Me0CO- PTO. 82. 1 4421MC- 134- 18019833b2- m azi do- 4-cycl op
ropyl CO PTMC- 134- 911 983362- m azi do- 4- cyci opr opyl CO- PT0. 082. 7. 1.128, <
1G10. 4MC- 134-1911983372- mt chl or o~-cycl opr-gpy| CO PTMC- | 34-921983372-m chl oro
-4-cycl opropyl CO- PTO. 061. 7, 1.130, <

1GIBNC 134 10GIABGEAZ Rtk A cind-aHa GRONET btk Rl orB AP R0 hifn 39200333
2- (m azi dobenzoyl - 4-Xant hyT ) PT250

+| - 0420. 01680trighaiolamine ol -poirbxy e Ple0s Mtnoftearate, glyobryh trigdlmitateant hyl ) PT2

.1+/-5.93. S0. 0QS70,0S8G3. 7210. 34M- |1 34- 2292003352- ( m et hoxybenzoyl - 4- xant hy
| ) PTS2i.- 1 ~I 8. tﬂc%é?gl.“%%}ﬁ .Sb%cﬂa.t%ﬂ{é-‘ﬁ%ﬁ-%%szoosszz- (2, 4~i f t uor obz) - 4- cycl

bs). 4oyl opr opy e Wi RIS e Baie PRI bR 0 oI, ¢
2. 4- di chl%r obyrthet waldypomthy lefiet tivehie b +df-pachtdxol AlefiVatbies @g43adt A8 andMthek34- 27

72007S02- (m Cl - benzoyl ) ~- (m Cl - benzoyl ) PT420+/ - 1401 44242724G1PI - 143- 2G12428
S52- (m Azi dob@ieapgs pnd tovfaciitate tie) formation ob wargmrs pacigaxel pnalteghy Oser y| oyl ) - 4- M
e0C0- PTPI - 1 43-2A42428G12- (.m MeOz: ben | ) 5-te BUOCO- PT..00 .. O a N.w.nl NC
O'tn L vo C NPT geegieatig gicP R4 Bond ' oliiYiogsatyitesatalte” it s s
General Met hogg mad8 bjuesctHgO? ;tRﬁT}ﬂ@@&t@ﬂ&iﬁ—mﬁﬁMdi@l;{a@ﬁﬁ}cél%ﬂ? Ibd Bons

are described in noré detail in the followi ng non 5°'1'imting exanpl es.
Cert ai n met hottsdigbBleodomethesen are general ly described in the Journal of
Organic Chem stry, 51, pp. 797-802 (1986) The term "standard wor kup" or
"usual wor kup" used herein includes extraction with a suitable sol vent
(usually ethyl acetate or nethylene chloride)) washing the extract with

wat er, drying over magnesium sulfate or S83j um g and evaporation in
vacuo. All 10 technical @gand scientif c tern} gdihegei n have the sane
nmeani ng as comonly unddf st ood by one of q¥Fdi nary
chem cal s were procurggjLLon1Aldric* Chemdcal Co and used wi t hout
further purificati oAU aNydr dDs rea ws wer el perfof med under argon
THF was dried over sodiunl Benzopfjenone WA e nonitored 15 by
TLC (silicagel, GF) and amrahyzed W { [pdh d\elbbed with vanillin
spray. 1H NMR and 13C Bhectragmere‘@btained i.n g 270 and 400 MHZ for
proton spectra and assigned pgg rily by coﬁﬁgréson chem cal shifts and
coupling constants with those“Yot7 rel at ed conpounds and by appropriate 2D
NVR t echni ques. Coupling constants are reporteQSHn Hz. 13C spectra were
assi gned

%'?

10 wherein the analog 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 R; 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, Ry is

15 acetoxy, Ry is triethylsilyl, and Ry is #-butyldimethylsilyl.

A second preferred intermediate is derived from the following paclitaxel

analog:



20 using HETCOR and DEPT spectra. 1H NMR spectra showed the presence of -
traces of ethyl acetate; paclitaxel and its derivative retain28tjape2002at e
very tight| WO%f362t cannot be renoved conpletely even on pr 8CHAEFER27916
treatment in vacuo at 38 C. Exact nmss neasurenents were perforned at the
M dwest Center for Mass Spectronetry, an NSF Regional |nstrunentation
Facility. 1 UPAC nonenclature 25 for paclitaxel derivatives is used for
title conpounds. 2'-O TERT BUTYLDI METHYLSI LYL-7 O- TRI ETHYLSI LYLPACLI TAXEL
(2}: To a stirred solution of paclitaxel .34{(270 ng, 0.316 nmml) in 2.5
anhydrous DVF, im dazole (107 ng, 1.58 nmol) and tert-butyldinmethylsilyl
28 June 2002 ' WD 99/33467? PCTI US98127916 -2achl oride {238 ng, 1.58 mmmol)
wer e added. The solution was heated at 60C for 2 hours. The m xture was
cooled to roomtenperature, and addition amounts of i mdazole (107 ng,
1.58 mmol ) and triethylsilyl chloride (1508¢, L, M. 38Raol) were added.
After stirring at roomténperature for one Mo hefj reaction m xture S was
diluted with Et OAc and hed successivel ywith W and brine. Drying of

er
the organic | ayer ov;g 04 and_evaporgdi on under reduced pressure
yi el ded crude nateridM Purl}'ﬁca on of "t crudeimat ery al by col um
chromat ogr aphy over silica gel (Bt OGAc: 2)gave
2'- O tent-butyl di et hy( gyl % e rigptyrsitfl pacifit gNL-P2) (325 my, 95 %)
as an anor phous solid haVi ng the 107t ol | ow /g c@ara@g_gristics: m p. 130-131
; IHHNVR b-0.20 (s, 3H, Si CHg),c')R9.02 (s) 3H,N\g¥CH3), 0.62 (q, J=7.8, 6H)
SicH2), 0.79 (s,9H, tBu), 0.92 (t, J=7.8, 9H, |Si CH2CH3), 1.17 (s, 3H,
C16CH3)) 1.21 (s, 3H, CI17CHg), 1.70 {s, 3H 0 9CHg), 2.02 (bs, 3H,
C- 18CH3), 2.1b (s, 3H, C 10 QAc), 2.40 (m 1H)y G 14H), 2.5S (m 1H C6H),
2.58 (s, 3H, C40Ac), 3.83 (d, J=7.0, 1H C3H), 4.19 (d) 15 J=8.3, 1H
C-20H), 4.30 (d, J=8.3, IH C20H), 4.48 (dd) J=9.4,6.6, 1H C 7H), 4.67

(9,21 g ol e gl
G100 7 10, lgins sy, o, St 4 b8

13C- NVRb- S. 86 is trigliyisilys, The imterragdiate preferably. is 4f asgurture sghgbat Rj1asOR, 23. 10,
25.49) 26.54, 35.5S .21, 43.3],. 46, 64, ..55.63,. 58.39, .71.36, .72.

T 63 74 oo, aoptigyl, ¥y Bavsiony Wpis ety a8, S sRugudimedRiant 136 o,
128. 68 128. 70 sechaf iftermédiste £n bd 8l bylddetif@: 2 b PRimet B s 2-detbaoy1-
138.26, 140.14, 166.88, 167.03, 169.28° 170.I3) 171~.38) 201.%67. fabns m z

(rel int.) 254fdeetdtyl-2-ttethylS)ylpaifaxeBvith ¢2doayidjinidiole d2yiphtSn¢.100) ;

HREABS 2 [ MeNag Hl, 1104, 4936, (CROITONDLAS 20 reoui e 1104 4937). 28

o)
R1)J\!§H o)
R : I o i H I\
2 E z z
: o O oco
ORy N/ R

|

o)

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; R, is
10 trialkylsilyl; and Ry is selected from the group consisting of alkyls, cycloalkyls,



‘WO 99/ 33462 PCT/ US98127916 -212' - O TERT BUTYLDI METHYLSI LYL-7

O TRI ETHYLSI LYL- ZDEBENZOYL- 4- DEACETYLPACLI TAXEL (3): To a sol28tdume 2002
conpound Rw@ddss4é2 O I nmol ) in anhydrous CH~C 2 was added bporysgiart hyl
ammoni um hydroxide (TritonB) 100 ~, L, 40 % w w solution in nethanol) at
-78C. The 5 reaction mxture was stirred at -78 C for 5 mnutes and the
cooling bath was renoved to allow the reaction mxture to warmto -10
(ethyl ene glycol; dry ice bath). The m xture was stirred at -10C for one
hour, and the progress of the reaction w nonitored with TLC. The TLC
anal ysis revealed first formation of nore polar 2- debenzoyl compound (Rf

(i 0.5 ot PpREReRY R e FrBEIRG affenfts. Sl B3k 0 SS0FRNL Wi Th
cold CHZQ 2 ﬂr-y‘ﬂso) It%ﬂréiéi‘%&?hﬁf’th\éﬂ 1H3n§éﬂ1at@ hdk k'@lmctﬁi’ees&hgﬁﬂ' Ignzgﬁéi/ﬂ aas

separated by washing successively wth water, dilute NaHCO3 ne) and

drying over ph$04R, Soavewryy %)lmleth}dm}yl r:mdtlb;eﬂ tﬁblmﬂdunethgaﬂﬁ aTloer thike
resi due that_ was purifi ed b TLC (silica gel, 1000 m

et hyl acet at eiftersdiatg may B fopned By gpaeg%g»gﬁecq;xd(xg@rme%te Wwith g, 0arboxstisy) ATI ON
CF 2

BUTYLDI HYE%? (8 the presenreof DG prd DMAP SNz OVL- 4- DEACETYLPACLI TAXEL (Sa):

To a m xture of Arfaumioinepmediaieds detided ﬁ'bm&hﬁlﬂolld%i;g Sﬁﬂﬂh))el aBEng(39 6 o)
0.18 20 mml ), 4-pyrrolidino pyridine ( 6rmol ) in dry tol uene

(0. 3nL) was added

2- debenzoyl - 4-deacetyl - 4-acyl -2' -t en- but Ry- 7- t @i eml silylpaclitaxel (9)
(20.0 ng, 0.02mmo1l). The rrbxture was stirrgd at grdom tenperature for 10
hours. TLC anal ysi s indi cafjed for mation o 2 onpounds, both of which
were non polar (Rf O.Sn,? as ceUps2 arting material (Rf
0.3). The reaction 25 ktur ot hen t OAc hexane (1:1,
lOrL) and filtered through at ad : hite. This pad was
further washed wi th Et OAcRg at é oncentrated on a rotary
evaporator to give a crude pr O%J%A FurtheP"burl fci)Hatl on using preparative
TLC (silica gel; 500m hexane: c; 2:1) gavé the less polar spot as the
2,4-di - (mchl orobenzoyl ) - paclitaxel derivativeC&Rs | a 28 June 2002 ' WO
991 33462 PCT/ US98127916 -22 (6.0 ng, 23 %) and the nore pol ar spot as
2-(mchl orobenzoyl }-2'-Otert butyldinmethylsilyl-7-O=triethylsilypaclitaxel

12.5 54

5 (i ol or on RO JRuAtgdR. ae jpdependsryty slegtod fog s FigrR cpygistins of aryl
O-triethyl Si CH3
o 6(r) i g (é, SIJ },:d;).sm,@@%i l_?ryﬁéﬁeil& G_?Ztéxﬁa%ﬂ B; %Slﬁglzg toxjiéa loﬂycﬂ@)xs tx@alﬁgl@ﬁyl 315')15 i CH3) ,
Si CH2CHB) .  1tripdkylsilyl3and Ry xsmmp@}i frqmzﬂcyés cy lkms hmycloall@&( s,

ey 0, o7 hfteroyoigay s, Sisnuil RS, a4t SRSEeg vy, T wiwjneﬁsa%as "
J=6.0, IH 0 te] C- 20H),
36,0, 1 H. ot 16 Rt i TRyl DM il Wyl e R 201
1H C SH), 5tribﬂx}{lsi)yl,laxﬁlm7 1s]t|-butﬂdﬁh§thyl§11}91 Titis jnterediatd Bidy, beﬁsyﬂ&lesizeld 1H

C3 6. H, . 66 Al ,
S 24 b 1rps Racging 3 buty Wimethpisitk) 2xebansoy hiase Tugieityisiipaciaahl 5 vh

503 128181“‘%2%5*’4’%9 A RO pifefth ot BoCOma VA, 560 51 06,

87.55, 16.83, WKfiftAMtedredisid may be formed from the paclitaxel analog compound

having the composition:



128.34 ) 128 .57 ) 128. 81, 130.01, 130.36, 130.68, 131. 80) 133. 47, ,
134. 66, 134. 71 ) 136.00, 138. $7, 139.24, 166.21, 167. 80, 16284unel200220,
202.25. 1 Hnyaywh3saa NVR spect rum of PCT/US98/27916
2- (m Chl orobenzoyl ) - 4- (m chl or benzoyl )-20-tert-butyl di net hyl
Silyl-7-Otriethylsilylpaclitaxel (Sa}: 1H NWVR b-0.11 (s, 3H, 20 Si CH3))
0.03 (s) 3H, SicH3), 0.62 (q, J =7. 8, 6H SiCH2), 0. 84 {s) 9H, tBu))
0.93 (t, J=7.8, 9H, SiCHCHg), 1.1S (s, 3H) CI16CH3), 1.23 (s, 3H C17CH3),
1.74 (s, 3H, C 19CH3), 1.89 (bs) 3H, C18CH3), 1.95 (m 1H) C6H), 2.2I
(dd) 1H, C 14 OAc), 2.41 (dd, 1H, C 14H), 256 (m 1H C6H, 2.92 (d, 1H,
C2'H, 4.10(d, 1H C3H, 4.32 {d, J=8.3, 1H, C 20H), 4.46 (d) J=8.3, 25
1H) C-20H), 4.62 (dd, J=9.4,6.6) 1H C7H, 4.91 (d, J=2.1) 1H, C3' -H),
4.97 (dd, J=8.8, 1H) C-SH), 5.78 {d) J=7.0) R C-QH) om 87 (bt, 1H)
C-13H), 6.51 (s, 1 H C10H),06.79 (d, J = 3" NH), 6.98 (d, 2H,
ArH), 7. 30-7. 66 (m 11H, Ar ) 8.13 (dt, ArH), 8.17 (dt,
2H) ArH)) 8.21 (dt, 2H, Ar 3C-NWVR b P7, 6.75) 10.16)
14.07, 18.13, 20.83, 21.8% -~NH 28 jung ¢6Z PCT/ US981279i 6
-2325.59, 26.44, 35.70, 37.20, 71.99, 72.72,

. v : : '27.20, 127.65,
127. 81 128. 23 128. 43, 128 64, 129, 57 129. 82§)HlSO ZlCOQO. 24, 131. 40,
131.61, 131.89, 133.30) 133.70, 1%4R14, 134.22, 134.78, 134.99, 138.05,
140.73, 5 164.47, 165.62, 166.97, 169.22, 172. 43, 3R 2. 2' - TERT
BUTYLDI METHYLSI LYL- 4- DEACETYL- 2- DEBENZOYL- 7 TRI ETT ~YLSI LYI r PACLI TAXEL
1, 2- CARBONATE (' 7}: Conpound 3 (93.5 ng, 0.1 mmol)) was dissolved in dry
CH2C12 (0.3mL) and pyridine (0.3m.). To IO this solution triphosgene (45.0
ng, 0.15 nmmol) was added and the mi xture was stirred at roomtenperature

for 4 hours . vwhereinREL AR, Biexindegendastly sttt frommatle widup dobbiStideofdigll, Washed
with 0.1 N HC 1, water and brine. The organic layer was dried over 12504

and concentr at@bsm@éﬁwbvdmovﬁ'bs%ylsélygm)@i Qfeacélleib’ uBe ipirisdiodsilyl:nRe andhs

e

962. 4( 8 904 Mt
oy 4(51)2 (CSI @e@%&ﬁ%’a{s fl%géd?%oéoa}gﬁ(Zlﬁe\.%léoﬁkﬁrﬁ'%o)arylﬁﬂzrﬁ%ﬂﬁléd[ H) +

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 synthesized by reacting 2'-1-
butyldimethylsilyl-4-deacetyl-7-triethylsilylpaclitaxel with a carboxylic acid under
forcing conditions in the presence of DCC and DMAP. Alternatively, this
10 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 type.
In the first method, as illustrated in Figure 1, paclitaxel (1) is converted to its
15 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-triethylsilylpaclitaxel) as a key intermediate. This
20 intermediate has been prepared previously by us (15) and by Georg (13).



2' - TERT BUTYLDI METHYLSI LYL- 7- TRI ETHYLSILYL -4 20 ACYLPACLI TAXEL

1, 2- CARBONATE DERI VATIVES (8) : To a Gaoled ( 78 C ) acetone, 28dyné 2602

sol uti on ofwooapsad 7 (32.0 ng, 0.033 mml) in freshly di stiPCTASIHEANAr ous
THF (0.5nL) was added lithium hexamet hyl disilam de ( 0.125 nmol) via
syringe under argon. The m xture was stirred at -78 Cfor 1S mnutes. The
respective el ectrophile (acid chloride or chloroformate, 0.250 nmol) was 25
added via syringe and the m xture was further stirred for 15 mnutes at -78
C. Then the reaction mxture was allowed 46 warmto OC and diluted with

Et OAc (5nL) and quenched with water. The organic |ayer was then washed with

di LHC (1N), dil. . J : i i¢ lLayer was
"separ at (ed!\l) dried %ﬁ%fﬁ@%ﬁlghgr@%ég‘r?#tulreétsgéétumaﬁg-rmrﬁzeogég%g ’ %‘f%‘s ure to
yield the crugemetifbx3Berroneaci®OA the pfeséifRe 3843€C Rd DMAY, FT3d& hépigtluct .
The crude product thus obtained was purified using PTLC (silica get, 500m

et hyl acet at e: Idexisatixe, 4.1 If3he conditiensiare adjysied appsopt@E!IV.0W diacyl derivative 5,

D VETHYL S| LYL VASTRRETH VL8P PSRRI HhE008 YIS niR¥puFe: rtyient of 4 with

4- Deacet yk-2' - - ' : [ de b1 ' oAy :

2-car bonatse (_ﬁ(&gsgs%émd %@%@ggﬁr#%%eyzﬂggbgﬁggﬁgydkfﬁgééegﬁ%}a |lsti 'l ed
dry THF (0. Smiderivasidai Siin tapdest gtizld, Grieravhr aiid 25 Areniiiépendestlyostietabdd r oom
tenperature, followed by carbon disulfide (0.2 nL, excess). After stirring

Y . . . A
for 5 m nut es dapendingon thercapnxy i acids upgs; inythe reQAeatiorpstapsa, excess) was

added and stirre t 1o t ..he .re I C eted in 1
hour. The m xt ur336958{356‘%{’ggeﬁéﬁ?ﬁ%m&ogﬁﬁm\%giﬁg‘geWhorf#?} BEI At er and
brine. The or g the\ieicyVpalibRePami®ds. dri ed over sodium sul fate and
evaporated. The crude product thus obtained was further purified with

prepar at Qe TLC (Inxb@6econd methdde agelse illusgrated intHigiuradepatlgaxdidkawes) to

i el d anorphous solid 8a,(77. . %,..FABMS mz (rel int. M-H|] + Z052
170 1000 15p5mistied as percig o haatiof S ujsAap! wagdien mpclehg BT HE, Nt +
1052. 4120 ( CSghinahbd Iedvheive £y irefitnehP with £8fohy! SEA{dhb &b o@'fr(igﬁd gﬁ/&?
BUTYLDI METH YLSI LYL- 7- TRI ETHYLSI LYL- 420 ACYLPA&LI TAXEL 1, 2- ng TE

DERI VATI VES { &yclit Tatbbhaitd di-Frelatdd e haverbeenuprepartd bydidlionl @J.Sofmennd 8

(60.0 ng, mml)_and LiOH {20.0 mmol) in weé THF (0.5 nL) 2 or 3 drops
of water) wasJs19% 40 apd byd\aﬁvlﬁl&%&k GheCarbonage 3 hgy preyioushinbeesnreRareth e

reactionypy T i.ndicat f tion of alowRf (0.3) spot. The m xture
was then_lgi I u'ltbgals\rxnilé%&l‘:iﬁ%&ggﬁﬁé?@gamter The organic |ayer was separated,
washed with brinescydqibreofaR©earbeshté 7 witteh eledtedt gcyid CRIbHIE -in Iohe prlek&irt bpn Of

t he crude product by preparative TLC afforded the starting conpound

(15. 5ng, 25% lidfHum hezampibyklisilszide saveithetfeacyd apalag 8y | Thie ppaleg cowddeas a

0 2 0, R SR SO L
SILYL-7- TRI ETirhégid; SLahyldtaied ty ﬁ%ﬁﬁﬁ%%%ﬁ%l(iﬁﬂmm éh 'y?ztg tlgé'ﬁol YATER A

m xture of the title conmpound 8a (60.0 , ) and L nmy) ol )
in wet TEE (0which coudd be agylated padarfounatapdirdwasditions (ArCGOR/DASYRMAP) to

tenperature for 2-3 hours. Mopitoring the reaction by TLC indicated.the
formation of &Vedhf ﬁfact’{ﬁn\?}og;%oi“. the|$EC %P‘ifﬁ%‘f’v\%%at?‘ Y"Efgéﬂ ARy ‘ﬂ“EPOAc
and 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 5 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.



wat er.” The organic |ayer was separated, washed with brine, and evaporated
to yield crude product. Purification of the crude product by p2&denen2a2:
TLC af f or desotwbe3@2debenZzOyl - 4- (S- et hyl xant hyl ) derivative 9aTASISRTBH ar
band (52.4 10 ngy, 89% . GENERAL PROCEDURE FOR AROYLATI ON OF

2- DEBENZOYL- 4DEACETYL- 4- ACYLPACLI TAXEL ANALCGS (5 and Sa): A substituted
benzoic acid (O lmmol) was taken in dry toluene (0.2nlL). To this solution
DCC 15 (20.6 ng, 0.1 mol) and 4-pyrrolidino pyridine ( 1.0 rng, 0.006mmmovl)
were added. The mixture was stirred at roog-tenperature for 5 mnutes. To
this mxture a

2- debenzoyl - 4- deacetyl -4-acyl -2' -tert-butyl-7-triethylsilyl paclitaxel
analog (9) ( 10.0 0.0l nmmol) was_added. The reaction mxture was

stirred either at room g¢npPpRYt 4l entrr. hehtgds; aij ghag hgdt 60 | umtill
the starting 20 conpdund|vas donguned |( TLC fanal¥lsEs)= uenet pElly #- I{6hduris) .
The reaction m xturg sdiruted Wit hi{Et PAG ( and flilferled|throlgh a
pad of silica gel aptcehttep—tHis—pad—wasif fret-ti—E-GAe
(lom). The EtOAc f|&ifrafje hag concentraled o % ¢ |eVpBdrator] to dive
crude product. Furthdr pyrifidatiory uging gre Ve Tl-@(sili Ca {gelt;
500m hexane: Et OAc; 2:1£Tga 2 5 sulfPst t Yt eq
benzoyl - 2' -t en- but y[=7=171 FsTtyjpagt a?ﬂef SStand—Sa—tegpettitjvel y
(60-90%vyield). 2Bglud 82 0 9o B34p% |PET 7816 | E4GEENERAL
PROCEDURE FOR DEPROTEQTI O [OF |SI LYl SiROUPS |OF /AT FES [ 51 By
METI i ANOLI HCL: 3
2- Debenzoyl - 2- ar oyl Alde -A:r\\))[-’)'- nﬁf-‘nlf\jjl.7- rilethylisi| vl
paclitaxel S (0.QQ5| ot di sql xed feesnl eparedgret harjol { ¢ |HCI
(5 %, v/v) soluttpon, [Thd ur e st r‘;ri%g%td!ig” Em“t enger at yr e
for 45-60 n‘inuteg TE& m was%ﬁut w th |Et PAd (10 InL) apd jwaghgd
with dil. NaHCO3 0] Etli o er|ard 1 The jorganic|l el was dr| eq
over sodium sul f & e[ard= tT g S de RrogyCt—fur tre
purification was ¢af Eiled 1% hg |pE i p e & g v Horbgenous
product 6 (70-900) & 1 RAL A E FOR {DEPRQTECTIJON| OF SI{LYL
GROUPS OF DERI VAﬁVES (5 HF PYRI Toj a {sol utfi op of
2- debenzoyl - 27ar ¢yl 4—4ea 4 ,anﬁh‘,ﬂl.ﬂ, dardat g s (01045
mml) in dry ﬂ-lF@O.Q m_] adpeq H di pe fat { rgom t gnper af urfe. { THe
exot hermi c re8ttion| &ixt 1% was |th r gd jaf | r qom tnpérat une forl 2
hours. The reg&t Fon| &ixd s di lfut @E@CM@ an@w@hgﬁl{w th df!.
NaHC03, dil. Hd nidéfi@ ripel T jan| & {l 2y dr| was lsepag pt 4d, | drfi ed
over Na2S04, and{evipgra yield ¢ af-eH -3t Her pu--fH-cht-Hon
by PTLC afforded 2-deljen - aj oyl - 1 bt y| - 4- (B et “ﬁ:l xamt hiyl )
paclitaxel anal og$ ] 20 2 t Ent el gl E £
BUTYLDI METHYLSI L¥ - [7- @ TREETEY 1S LYL- zayvL-|4- PEAGET A 44 BVETHGYeARBON
YL) - PACLI TAXEL: Jol yGloR|ad | & | & , AR EHEHEBEEE
2'-Oten-butyl di methyl|si | @ |- Z{ @ | gilesd yl | Z{d@b&rzBY IS 48eatleBy|3 p et h
oxycarbonyl ) - pacK¥tjaxgql 133-§ rﬁ)orget'g (55D §u3 g 48] oB) INIISTER {1
m.) and water (0.1 jma), LiZE429| By, 2P.H4EMD 'v@sssdﬁe%aﬁd$ti:;ﬁr;éd&1t
roomtenperature forsi. ugs.s TEe 9 Eei/da” t&<§r Jp ZInSHTAS (—El@ m.),
washed with water and té B, 2ardl drli & ® $o§iu§r Ul Bt SThb| BdsE pde
obtained after conclegtra|iddnsed| BYrE|izdshs PEIG [ S| %4 jodl ) 18005 -8

. . g Fdisl Bl @ 1 9l Bl <] A< (9] ] & ] 4
Et OAc : hexane, 2:3)stlos{@NES$he| E| & El 21 ElEl Bl il Sl Sl ELEl &l &
2' - O-tent-butyl di meft Byl 8| Nl & 7-G i e i1y &7 &| 29 dumd 206D BPF33462
PCTI US98/ 2' 7916 - 27| debepzayl {4-Hdedce (met Hoxycdrbonyl ) {pakcl ijt akel
(9b) (20 ng, 59 %yj elld basedjonfthe eryl off 16 Mg Winrleag¢ted 4t aftijng
conpound) and 2’ o| 813131818 & AEEIEIEFI R EEIRIE
-O tertbutyl di met hy] gillF| 27- ) t%| &ty B @42 h2dyE { &£|d8ack! ¥l|-DpS|i t ax
el (6ng). 1H NVR & =027 ST SHi~— ST SR T TO 54T 080Tt g 9. 79
) el S L Ll b 8 Y] St
m : S, o1 8& 1 3. M < 2. D8 =(ss | 3% -3 PR14S R
1H) 2. 12 (s) 3H), 3.25 G2 ml 3HE| 2448 5 2§a§ (I U &FEA IS =
4.28 Hz, 1H), 3.30 : IHE)_%.&Q g'c,zl 8. 85| B Bl =3 86 XpE|3H) £|3
.92 - 3.95 (m 1H), & 37 - Z 2T (m H), 4.52 (d = 1.37 Hz,” 1H)) 4. 65
(d, J =9.46 Hz, 1H), 4.70 (d) J = 9.61 Hz, 1H), 4.98 (d,



10 J'= 7.78 Hz, IH), 5.70 (d) J = 9.3l Hz, 1H)) 6. 18 (dd, 3 = 8.7, 8.24
Hz) 1H), 6.35 (s, 1H), 7.09 (d, J = 9.46 Hz) iH) 7.29 - 7.S28J9yneB2802 7. 72
(d, J = 7WOr9sBs462H); 13 C NVR 8, -5.78, -5.25, 5.23, 6.71RCT1/0S988291614. 2 |
, 18. |4, 20. 81, 21.12, 25.42, 2S.48, 26.26, 35.41, 37.24, 42.92, 46.73,
55.41, 55.87, 58.09, 71.46, 72.05, 73.75, 74.96, 75.14, 77.78) 78.03,
83.66, 84.26, 126.22, 126.62, 15 Z26.91, 126.99, 127.93 ( 128.49, 128.59,
128.83, 131.86, 134.17) 143.20, 138.4l, 139.72, 152.91, 167.56)

| 69. 24, 171. SI, 202.27; HRFABMS: niz [I\/HrHl 994. 4822 (C52H~bNO014Si 2 requires
994.4802). 2'-Otent Bl TTYLDI METHYLSI LYL-7- O TRI ETHYLSI LYL- 220

DEBENZOYL- Z- EWENZOYL) 4- DEACETYL- 4 ( METHOXYCARBONYL) - PACLI TAXEL
(Sb): To a mXxture of the

2' - O tertbut MATBERIALS ANDIMETEODSt hyl sil yl - 2- debenzoyl 4- deacetyl 4- (et
hoxycar bonyl ) pacl i taxel (10 ng, 0.01 mml), m azi dobenzoic acid (16 nyg,
0.09 mmol ) abtiengrpt Msthadsnopyri dine (1.0 ng) was added tol uene (0.8 ni) and
the reaction m

! t f 4 d
e et N Xl e 22 IR S S RS A5 W "

-0 but | b |
2, O 5o DUt il AT, YeerlinARIANR) e By “‘*%H"EW R
(s, 3H), -0.238un0a8l oj&lﬁ)g)znil‘ G'Qemzs@y 31, pp 7874892 (1988) (Fhe Bt ,“sandardO. 94 (m
9H), 1.15 (s) 3H), 3H)) 1. 66 - 1.68 28 June 2002 ' WD 99/ 33462

PCTI US98/ 279%arkupg (Qﬁ)“uml qukvn pacd hepgin incledes extracsjgm with gguitable g@vqrrh 1H),

2. 06 3 7 .52 -
2.5 Efn 1t|)|)<“s§a'$§ ‘ﬁ&‘lgcfga% %"L‘Ep‘i"ﬂé"“% Cﬂé"%mﬁ?g@“t‘ﬁ‘gﬁ?ﬁg&#?f m(‘ﬁ&‘ = 8 85
Hz, 1H, 4. 33?'6 O\Jcrgn esfam shitfale ok sbdium $ulthte, (38d .evdp oraﬁmﬁﬁ} va@uéGAIﬂZ I H),
4.67 (d, J I'H), 5.10 5 (d, J=7.63 Hz, o 1(d, J =7.02 He,
| H), 16. 77 (dt)ecu:n&lgmmscmylﬁqmmsalsecbherem Imye @Mamf: meazmsglas OIMIBORLy, 1H)

6. 46 | 7.21- 7.52 10H), 7.73- 7.78
(d, J(E 7. ?7“4%‘ @?ﬁégy?%ﬂf?ﬁ‘g“%}y“‘%'l “1H). 130( VR ED _5.21, -5.25)

% 71, 35 44, 12‘&%“*@@%“%@%“@%5%A@@S‘i‘%ﬁ% Aypaiged2, 4323
83.17, 83.97witEaM: fiftherl@difittion 2\ W AnhyR6uHGacticd wede pafarnied, urdes. 57,

Z28.73, 130.25, z31.70, 133.65) 134.30, 140.43, 140.89, 152.56, 166. 10,
166. 91, 169, 38001 AHKWas dijed gyer sqdimmibensophenqngr 1411 repctionsswere meuifored f or

Coor &%&E%%%?s%%ﬁ&gﬁd AR Y VR AR S aBaHY B T

(6b) To a sgir OH NKR and °C spectra were obtained in CDCl; at 270 and 400 MHZ for
2'-Oten-butyl rret hél sil yI 7-O-trijet hyI silyl-2- debenzoyl -2-(3-azido
benzoyl ) - 4- d@rammec a pped pERBOLE Drizearily by somparisan of ghepiicad shifis epd m"rDI) in

m xture was SUPie Foafit Hinbe ot hted obobil 389 Bipronidfi SEAGMIEL.
then di | ut edievhrifuds! @Psupling Cofi¥tants ek MipoRiedind Hor 6§lg|§bdctm wéreQisdipierl sodi um

bi carbonate) dilute HCl, water and finally brine. The organic |ayer was
dri e@0over s@ﬂﬂ&ﬂﬁﬂ@&t@dmﬁvmat &l ypesird showeaé ther présencs ofvhi ch was

D Heberaou] - 53GES 5 RHIgh Aveitig: BackinReLiit s datvetiut FesfibieSnmiasetats very dishtiy o
(6b, 6.3 rrg)arﬁasu (S i N\%mnpm&wem pionada Bl a7 (>

3H), 1.8S (s,

2.35-2.57 (m;8°413—1) Echt&ﬁasSdneaéuren@n&Qwéﬂz ,peﬂfbbmedSat?tHe @ﬁd%ﬂ)Cenﬂera’ér Mh,ss J ~
6.86 Hz, 1H)) 4.20 (d, J.=.8.39 Hz, 1H)) 4.34 - 4,4 4 .47 - 4.79
(m | H), 4 9 Womﬁgf% a0 S Regiopgl Iﬂ%f%@ewf%iloﬂfwhfy 11‘(Jﬁt\)C2 Regenclatels (4, J =

oA el g oy W ) 0 7279 S 20
751(m 10H) 757(d J=763Hz 2H)) 7.70 (d, J:702Hz, 2H), 7.82 -

7.83 (m 1H), &‘ - To79 bz, LM HREABME. miz [Mels oLl 3343
(CA~H51Ng, mg‘-oeszR egU@wLw@gEwaLm@mTRIETHYLS LYLPACLITAXEL

PDEACETYL 4 RETHIOA ERRRE R CPREPIEY R T (S0 14 dypalfad e ")~

2' -O-tertbut I i k! i PR et tyl-4-(met
hoxycar bonyl ?Agﬁﬂgmsg}f (ﬁﬁllqahl)fdg(tm (g] MO )231% 3-di net hyl g@%&ﬁl c acid

(10 ng, 0.1 mol) 10 and pyrrolidi nopyr|d| ne (1 O ng) in toluene (0.8 n)
was stirred at roomtenperature for 24 hours and purified by PTLC (silica
gel, 1000 ~cM Et OAc hexane, 3:7) to yield
2'-Otent-butyldinmethylsilyl-7-Otriethylsilyl-2-debenzoyl -2(3, 3-di net hyl ac
ryl oyi)-4-deacetyl -4- (nmet hoxycar bonyl ) -paclitaxel (Sc, 7.0 nmg, 95 % based
on the recovery. of 2 ny unr eact ed startl ng corrpound) 1H NVR S, 15 0. 35

~ ™ ~ NS ~ N~ ~ NS




28 June 2002 WD 99/ 33462 PCTI US98/ 27916 - 30was added HF-pyridine {0:2 niL) .
ina Teflon vial. The reaction mxture was stirred at room t enBedwe260Z Or
2 hours. Afwer99ddral wor kup the residue obtai ned was puri fi e®#CiosusPFEB1€ 500
~cM 55 % Et CAcl hexane) to give 2-debenzoyl-2-(3,3 dinethyl

acryl oyl ) - 4-deacetyl - 4- (et hoxycar bonyl ) -paclitaxel (6c, 3 . 9 ng, 98 %) .
5 1IH NWR b, 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 (m 1H), 1.95 (d, J 1.07 Hz, 3H), 2.19
(s, 3H, 2.23 (s, 3H, 226-234(m2|—1)20244(dJ 4.27 Hz, 1H), 2.50
- 2.58 (m 1H), 3.58 (d, J = 4.27 Hz, 3.70 (d, 671Hz|H) 3.78

15, %) 74" % hloride @38 ufi 158 mbidh) ?é&esadqﬂé‘?" fﬁ&"‘ﬁ%@%ﬂlﬁgd S RE 1y
5.46 (d, J 62 Hdurkiz Thé hﬂlxtu& %s Q:ﬁeledkﬁ roo'fn tebnplesaturt, andadifitibital aﬂdd).mts@f 15

(m 1H), 623(5 1H), 5 (d) J = 9.77 H, 7.30- 7.55 (m 8H), 7.77
(d, J = 7.02 med@a)e (lgmmmsi mimol] Mrwtlw&slyssmgrxq@éllﬁodzlt,ol 3¢a8aBlNG g,

848.3493). 15 2 tent \BUTYLDI NETHYLS) LYL 7- O TR ETHYLSI LYL- 2- DEBENZOYL
- 4- DEACETYL- 4-% %BTC‘)&?’ %fk(ﬁ“ﬁd(lw Sefor 116 ROlTR BHGAFRACHIQIL UIX TS

stirre solutl \ i

triet hg)l sil yI Lenzo&ﬁpg‘gﬁg& hﬁ%‘{utﬁﬁ’gw wnggggerrggcri]gtnge( éjorymf of . 083
mrol ), DMVAP (lﬁe nwanid“iaﬁdrlmleﬁ N#,SOgahd buipytation ambem@tucet Pessor: yicldsd rmDI )
was 20 added and the mixture was stirred at roomtenperature for 6 hours.

It was dil ut efryge ma@ﬂzbllzure&@tm)of shracruge materiah by GfHM al eTHasagraphy over

brine. The orggni.c i porated to
yi el d crude p%aléﬁ?(ﬁe W@%gég’pﬁ% gagéZ ?%WW&@%EYJ%W Et'OAcl hexane,
3:7) to give Znet@PlIsﬁSffaachtaxel (2) (325 mg, 95%) as an amorphous solid havmg the

butyl di net hyl sily triethylsilyl=-2-debenzoyl -4-deacetyl-4-(tert25

but oxyifar bony | fpHoainigi charaeteristics: enpbd3Q:i 217 34 )NMR &4,2098, 3H) SiClHH)NMRO28,

58 i BB GRS 0 9 L a0
2056 (dd) S@_ gﬁﬁ[z%p aiﬁg(s%% @1&5‘35; 12525 (3%15‘&517cﬁ§f1 6?1‘1 ]3?_ 5. 80

Hz, IH)) 4. 37 19CHA12.08dps, BH; c-mem_,,mmalemzmagwﬁzwLmacanmﬁ -31
7.48, 7.17 H

(m
(
7.

2H), 5. 08’2(5@(% LHggsﬁjmz'z5?81qu%rgcggom %827 Ptle-lﬁy3H>a 19 e e
U b Sy R4, 1 cUthn, B8l g0 m (O o @3 e Ml o 720 -

6.71, 10.16, TH)34. 675(d17-981 12}0 @%‘HXO‘ IR [b I 08, OB, 6FH)28.69(d, I=7(8)

3810 41.39, 43.5 Z ) 55.29, 69.19, 71.71, 7518 7S. 83, 80. 90,
81.4S, 83.81 186 .G2H)gS. 797(dd,112=69@22 1 3H, 6<3'H26.267bt, 138 O43H)10845%s, 1. 17)

201" 50, rre B 1O E0idy 48 s e Minhead T s iR o7 74 s> soee)

10 2'-O tert BCOR/sOl SBRING HINDBL orthéH)] 3. BBT¢dHL $LI18Y3, 1 4, DENCET Az bHB6H); BUTOXY-
CARBONYL) - PACLLTAXEL ('Sd) AND 2' - O teent

Bl 1TY120| METHYLSCtNMR? {i&&ﬂ -5 28YE 7. 6L 731 A04L1D14 RAEET YL 2A.86e21.50, 23.10,
BUTOXYCARBONYL)s [\ e! 55555, G791, 43312 48764, Sb%63( 38301 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 (C55HoNO ,SipNa requires 1104.4937).



15 .sof uti on of

2'-Oten-butyldinethylsilyl-7-Otriethylsilyl-2-debenzoyi - 4- de8chine 2002
(tert-but oXlyO9aBHERY| ) - paclitaxel |, 2-carbonate (15 ng, 0. 01RCHHE827NEs
added under argon a hexane sol ution of phenyllithium (1.6 M 78 ~/L) 0.14
mol ). The solution was stirred at -78C for 20 mn and OC for 5 min. Then
it was poured on a mxture of EtOAc (10 nL) and dilute HOJ (0.1 N, 2 nL).
After standard 20 workup, the residue was purified on PTLC (5Q0 tcM

Et OAc/ hexane, 3:7) to give two products: .3i.
2'-Oten-butyldinethylsilyl-7-Otriethylsilyl-4-deacetyl-4-(tertbutoxycarbo

I litaxel
Igy )O!tog(r:ltl bﬁ?yl (?.negehzﬁ?s;qu %WWT%%I% _ngE-lé?(-L géX%t%/l 4-(tent-buto

Xy car bonyl) - MBENZW%EAGBH‘WPAQL‘I@AWW nTlo 2@oludibin MFComBound2 30
(s, 3H)) -0.04 0.89 - 0.98

, 3H), 0.52 - 0.58 25 6
(m 9H), 1. 22(U§),S-4$45')mmlkm aqukiydrops C&h@gwegggctﬂd)benulsmetb;? FMponNY2 (s,

3H), 1.82 - 1.9 ) o 4 (d, J =
o 1h. gl (TrhonE’ 10841200 % by Sghiion if yidfidrofac 578eC 3188 (o5 14
‘71 ?g (9 J = ?eaQﬁox'l"ﬁnxtﬁw wa§st7r?bd’at57§‘£t (‘695 ﬁﬁﬁutcs‘Saﬁdzthé 'Eboﬂx@ batﬁ vﬁk (2 2 }:?]e
2002 ' i/\o 99| Mdﬂd:’ﬁllbﬂ%é ﬂ:ﬁ@m(ﬁlﬂﬂ&&b‘:to%@rm&-(16°((e1hyl&ne:g13'c612di-jz1ce2l-l)
Co d Se: H NVR: -0.32 55 - 0.61 5]
0. ggm(JQ 95) ) L@hbg@ he gligtare was é‘ﬂ)fed‘i‘ 5@ 5 for @}ﬁbhouiv a@zt%egrogpas Oflth@(“:;n (s,H)

360 (a9 < EAbon el pirraaTYLE ) The TG iyl fhyenfed Href drmpgh B 1)

2H), 4.64 (s, nibrd polr 98iebehzod! compotiid KRT 0.8)) thatifufther cén@fted o ndiolar®-12 (m
1H), 7.12 (d, J = 900Hz)1H) 7.28 - 7.61 (m 11H), 7.78 (d) J = 7.02 Hz)
2H), 4004 (d, dgbenzqylfﬁzdmetybpgmpound (Rf 0.5). After compleuon of the reaction, the

> 20, tent - but IARHEUAONES i epid ¢l 4T gt Aibnsné@ P SmERL I L
but oxycar bonylrhe B?%Sﬁct By&! waifsng‘égalﬁteﬁ H%vas@u%%c “E§§ivkly' Witk Wacet Hildgee 1 ML) was

added HF-Pyri di ne Tefl on vial. The reaction m xture was
stirred at rob&aimg)mdahmnee ahddryingoverdNa,& erCmaﬂraumwkldpr redueed esi due

A doacel yl 4. RS B S F@E?@i@%ﬁnﬁ%ﬁ@v{e@fﬁ@& iR pebdofo i e b,

(1sl4ll(l§ i"%dfet_}ly?aéetﬁt% he?tliﬁes 3. 3?10 fri% d &J?Qgp@uﬁd@l(gbﬁ @%5%%m731|(_|)s, :23H)48 %6,74‘]

= 3.97 He, 250-254(m1H) 3.73 (s, 1H) 381(dJ 6.41 Hz,
1H), 3.92 (d, d._J = 33 1
4H210 (d, J(— é%@‘fi@ﬂ% 0F4{'|)8é TZEBT QIM%HF&S'I@ Z‘Orl {mlH))H) 5. 70

(& " L M ' om o fi-LpEACk T e P B B O, 22,

Hz, 2H). HRFABKurddZmBibratbehdoit 6.6% El 0.4 6fhmofySOT (4916 ey, OFB!. 3625})
25 10, 4- DI - DEACETYL- 4- (t ert - BUTOXYCA PACLI TAXEL (6e): o a sol ution
of 20 mmol), 4-pyrrolidino pyridine (1.0 mg, 0.006mmol) in dry toluene (0.3mL) was

2' -O-tent-but | sily, ie |Si di, - C I t buto
xycar bonyi ) - pgci(? {?;Ié@/“%% 4—%eai%:)g£ - lg%gemmll’% H}YP g’ﬁf@ F"L«% lné é
added HF-pyri gig®.dXaflolyl IThe rimittuI@WaQ Brintecht mlshﬁeh@ep;m@rfoms hohR, VBISC
stiffed at r oom t enper at ur e hours. After usual workup) the residue
obt ai ned was analysis indicated formatlon 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)-paclitaxel derivative 5a



Y8 June 2002 WD 991 33462 PCT/ US98127916 -33 purified by PTLC (500 ,.uM 55 %
Et OAc/ hexane) to give 10, 4-di deacetyl -4-( tertbutoxycarbonyl)29dohé 2002
(4.1 ng, 8WOMY33462H NVR b, 1.11 (s, 3H)) 1.20 (s, 3H), 1.5Pctfresesddie 1.71
(s, 3H), 1.68 - 1.89 (m 2H), 2.39 (s, 3H), 2.39 (d, J = 9.00 Hz, 2H)) 2.52
- 2.59 (m 1H), 3.90 (d, J = 3.35 Hz, 1H), 3.92 (d, J = 6.72 5 Hz, 1H),
4.13 (m IH, 4.17 (d, J = 1.68 Hz, 1H), 4.2b (d, J = 9.46 Hz, 1H), 4.78 -
4.80 (dd, J = 2.59) 3.51 Hz, 1H), 4.96 (d, J = ?.78 Hz, 1H), 5.17 (d, J =
1.83 Hz, 1H), 5.71 (d, J = 6.71 Hz, 1H), 83(d)J 9.00 Hz, 1H), b.06 -
6.09 (dd, J—702 8.70 Hz) 1H)) 7.25 - “7°S1 (m 10H), 760(dd) J = 7.47,

Lo ) 0nntam e 38nEourt i b RSl Biogt 2 o ton

Bl | TYLDI METHY] ZVETHOXY- BENZOYL 4- DE
ACETYL- 4- (ter?‘ng @Qﬂ EiHEéAt il %@Eﬁghg@\s%gasdr ?//E THE (1.5 ni) )

solution I5 of H NMR of 2- (m—chlorobenzoyl)-4~deacetyl -2'-O-tert-butyldimethylsilyl-7-

' - -b l si | b -
§e3§2§ o1 - a- (1 Pl slaiizg,—%éa?wk% i ol ORI, TE076. 80 6309, Ok acdea
nbutyl 1 oni um0de PR, SEHER, DG RATBIE O (s T5 R S SR T8, ) '

The sol ution (/yasfﬁtQ-rm:cHgatlz’B?(@ 31| C2070HY),ans8@C3HO C-DCH L), 2450 @,
standard 20 worl cu the Tesi due was purified on PTLC (500 =~c
Et QAc/ hexane, 1B;@H)02di6bs.1 35, 61'@&11‘&3)52 19 (s, 3H, C-10 Oac), 2.30(dd, 1H, C-

7174 dencet yi P CE a2 By A Tiie o TAH SRR TR 0 5HIOE Fhased o
the recovery wflsﬁmmrmsmrﬂﬂcmnl m.czsqarmasryi)m 1(':12@&6 4%6 @9%139.2(s) 3H)
-0.03 (s, 31, '0.89 (m 6H) " 0-82 (s, ) § T =5k

1.22 18, 3H), 1111 5397'&)) 49 (s, IH7C-4 @H)34D91 (ﬂdgl—z 127@41@;]0511))5 20(0&. (s)

?1!_%?1 ﬁzlgl 3 46%‘@%@@3 9158t 301505 s 6 6 iy &S 6 48%515359(9{] %H)
6. 44 §§) |E)|) léﬂii’l%#g 3.6 @03}431)’7*%756(;&98’&?% 884?1)“"52%%1@82?02 v |

WO 991 33462 P(Ef/ US984HY:9 G-NMR d -5. 86 -5.51, 5.27, 6.75, 9.84, 16.10, 18.27, 18.90,
- 34Z- DEBENZOYL - Z- ( m METHOXYBENZOVYL) - -DEACETYL-4- (tert Bt JTOXY

CARBONYL) - PACE)- 92X 5@62'5 477198863 él i B0 51058,55.89,58.91, 71.57, 72.63,

butyl nmet hyI I I zoyl ) - 4-dea
cetyl % (tent é%‘b?( ggr ?1@/%@;(7? ,ﬁ@%‘é‘;}zg% {fgn%gn@%o@é)&m) in dry

THF (1 nm) S mwdﬁzz;dsﬁ&msm dzo®1( @3@361-130.68,2131€80,0183v4 Al 134 g#e reaction
m xture was stirred at roomterrperature for 1 hour. After usual workup t he

resi due obt ai FH7hak36500.i 1388, B9t ¢66.20016TUR0, B .47.E410R0.P0RA%) to give

2-deb | - 2- |
Cer t-but oxyear bonyiAact NIRGPepin e} 3G hldfabgnzoy i ameetlgroenzay 2 51y
i gg 551 gzi) (%&eﬂ%&ﬁdm%‘tﬂyl sﬁyﬁﬁ d-&letlg}ﬁxlyl ac?x@ax@F(Sagl'BH N—IQRlé %gll((§ 3_’IJIH)

Hz, 289, 2.538iCI;)56.03rs, 3BI-|)Sl(ZH 80(6d QJI=7R&, _’6H I-&CHQH)O 83 (8(9H LadBuj, = 3. 81
%, 10,5 S A Bl . St B e W 002
Hz, 17CH3), 1.74 (s, 3H, C- 19CHy), 1.89 (bs, 3H, C-18CH3s), 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, C-2'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, J]=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-5H), 5.78 (d, ]=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); 1:"C-NMR 8 -5.31, -4.90, 5.27, 6.75, 10.16, 14.07, 18.13, 20.83, 21.80,



1 H, 5.:68 (d, J =7.02 Hz, | |
(m 1 H, 6.24 15 (s, 1H), 7.05 ( J =9.00 Hz, 1H), 7.12 - 28 Jané 2002 H),
7.29 - 7.5%qey338¢d), 7.64 (d, J = 7.02 Hz, 2H), 7.74 (d, J PCA/QP8E2II62H) .
HRFABVS: mlz [ MPH] + 942. 3912 (cal cd for CS~H60NO16, 942.3912). WO

99| 33462 -35 REFERENCES 28 June 2002 PCT/US98/27916 (1) Chaudhary, A G ;
Gharpure, M M; Rnoldi, J. M; Chordia, M D.; Qunatilaka, A A L. ;

H, 5.82 (d, J =1 1. 14 H, 1 H, 6. 16
d,
7

Kingston, DD G |I. ; Gover, S. ; Lin, C M ; Hanmel, E , 5 Unexpect ed| y
Faci |l e Hydrolysis of the 2-Benzoate Groupz:pj PACLI TAXEL and Synt hesi s of
Anal ogs with Increased Activities, J. Am Chem Soc. , 1994, i 16)

4097- 4098. t

Hepperle) M 2251361-#@ ad %ﬁ@ﬁﬁ%ﬁ?ﬂ%sﬁ6g‘fﬁgfé ﬁé{tze’réagr%ﬂy?lz '%ngﬁ%zg

Eval uation of 74\Rz| P8.6bUT& 6 ASPREH) 82.62,08M49 01262861 137120, Q27 &5t ¥27.B10Org. &
Med. Chem Lett. 1995) 5) 115- 118. (13 Grover) S, Rnmoldi, J. M;

Mblinero, A R82ThiAsHhrIRS. 64, 129,57kl A%8R0R30.25, 130.24, 131.4GatBLIE. |

D fferenti & FLLES" i TR B4R AL TAEOR) ST ThSPRAE b s B0 o

| dentigicati o{k4047 aldjygprl%tgwqélj’azgl '1?@!9' sdegpvative, Biochem stry) 1995,

34, 3927-3934. 20 °(4) N’'col aot, K Renaud, 1. ; Nanternet, P. G
Coul adouros, E. A . ; Guy, R K Wa3| dlo, W Chem cal Synt hesis and
Bi ol ogi cal EvaI uat i on of Am_ Chem _ Soc 1995, 117,

2409- 2420. (54~ EEBM gBU'éYlLDWTH‘@SRqYLﬂoBEACﬂT@ﬂ-BEB@?&“ QYL-Ea) bor g,
L. Park) i ' TRIETHYLSILYL-PACLITAXEL 1,2-CARBONATE (7): Compound 3 (93.5
mg, 0.1 mmol)) was dissolved in dry CH,C1, (0.3mL) and pyridine (0.3mL). To
10 this solution triphosgene (45.0 mg, 0.15 mmol) was added and the mixture was
stirred at room temperature for 4 hours. The reaction mixture was then diluted
with CH,Cl1, and washed with 0.1 N HC1, water and brine. The organic layer
was dried over Na,SO, and concentrated under reduced pressure to give a crude
product that was purified by PTLC (silica gel, 1000 m, ethylacetate:hexanes, 1:3)
15 to yield compound 7 (51.7 mg, 83%). FABMS m/z (rel int.) [M+H]+ 962.4(8),
904(3), 621(2), 400(90), 354(75), 105 (100); HRFABMS m/z [M +H]+ 962.4512
(C5iH7{NO;5i,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
(I1N), dil.NaHCO;, water, and finally brine. The organic layer was separated,

dried over Na,S0O,, and concentrated under reduced pressure to yield the crude
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separated, dried over sodium sulfate and evaporated. The crude product thus

obtained was further purified with preparative TLC (1000 ., 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 +I-I]+ 1052.4120 (C53H73NO48,8i, 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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afforded the 2-debenzoyl-4-(S-methylxanthyl) derivative 9a as a polar band (52.4
mg, 89%).

GENERAL PROCEDURE FOR AROYLATION OF 2-DEBENZOYL-4-
DEACETYL-4-ACYLPACLITAXEL ANALOGS (5 and 5a): A substituted
benzoic acid (0. 1mmol) was taken in dry toluene (0.2mL). To this solution DCC
(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
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; 500m, hexane:EtOAc; 2:1) gave 2-
substituted benzoyl-2'-rerr-butyl-7-triethylsilypaclitaxel analogs 5 and Sa
respectively (60-90% yield).
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group and RS is s€ om the group consistin an acyl oxy group an
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acetyloxy. 2. The analog of claim1l, wherein said substituents _on the
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triatomcs. J7pHpgyrnal og of claiml, wherein said acyl OXy group is
selected from 1S the group consisting of al kyl carbonyl oxy, aryl carbonyl oxy,
substi@ut ed aryl carbonyl oxy, cycl oal kyl car bonyl oxy,

heterocycl oal kyl (38 KL BROCEDORE FORBHBROVIHLEN OF SILYL GROUPS OF

DERIVATIVES (5a) BY HF/PYRIDINE: To a solution of 2-debenzoyl-2-aroyl-
4-deacetyl-4- (S-methylxanthyl) derivatives 5a (0.005 mmol) in dry THF (0.5 mL)

was added HF/pyridine 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. HCI and finally brine.
The organic layer was separated, dried over Na,SOy, 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'-O-tert-BUTYLDIMETHYLSILYL-7-O-TRIETHYLSILYL-2-
DEBENZOYL-4-DEACETYL-4-(METHOXYCARBONYL)-PACLITAXEL:
To a solution of 2'-O-tert-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-terz-butyldimethylsilyl-7-O-triethylsilyl-2-
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OH'-" - Ks Rg 28 June 2002 WD 99l 33462 PCT/ US98/ 27916 -40 4. The anal ogs
of claim1, wherein the alkyl group of said S-alkyl dithiocarb2&yany 2002up
i s sel ect NOMWBMLhe group consisting of al kyl) cycl oal kyl , PEFYS9I8/27916

het erocycl oal kyl . 5 5. The analog of claim1, wherein the aryl group of
said S-aryl dithi ocarboxyoxy group is selected fromthe group consisting of
phenyl, substituted phenyl, and heteroaryl. 6. An antineopl astic conpound,
or a pharmaceutically acceptable salt 10 thereof, conprising the general
formula: 0 R~ RZ Rs wherein RL is an arypy.or substituted aryl; R2 is an
aryl or substituted aryl; R3 is selected fromthe group consisting of H)

(?)jyp?(r;? ecc:Jtcl( % grou 1-%—%6&%{}& 4 @ﬁ%@%mﬁﬁp%amm@%ﬁwﬁé wher ei n

Ra, Rb, and Basemmthendmendﬂms mgamk@ctcddtafmmg"mdlhﬁolglﬂwm 150cersi sting of
al kyls, aryls, and substltuted a&% g{yl s selected fromthe group OH)
OC( O) Rd, OC( bpodimeayleityl-3Gstrethylsty s debenzesl-dcdeagety - paalitars] (g Hand

CEXOT: o, Bl A0 e AT R0 E A AT 9 0

AP SR A S R L e b e eizacil (03 | Bassampousd -of
1.95 (m. 1H), 2.04 (5, 3H) 2.08 -2.14 (m IH) 212 s, 3H) 2.25 -2.29 (m,
1H), 2.45 - 2.53 (m, 1H), 3.24 (d, J = 4.28 Hz, 1H), 3.30 s, 1H), 3.52(d, J =
6.86 Hz, 1H), 3.86 (s, 3H), 3.92 - 3.95 (m, 1H), 4.37 - 4.41 (m, 1H), 4.52 (d, J
= 1.37 Hz, 1H), 4.65 (d, ] = 9.46 Hz, 1H), 4.70 (d, J = 9.61 Hz, 1H), 4.98 (d,

10 J = 7.78 Hz, 1H), 5.70 (d, J = 9.31 Hz, 1H), 6.18 (dd, J = 8.7, 8.24 Hz, 1H),
6.35 (s, 1H), 7.09 (d, J = 9.46 Hz, 1H), 7.29 - 7.52 (m, 8H), 7.72 (d, J = 7.17
Hz, 2H); '° C NMR: 8, -5.78, -5.25, 5.23, 6.71, 10.32, 14.21, 18.14, 20.81,
21.12, 25.42, 25.48, 26.26, 35.41, 37.24, 42.92, 46.73, 55.41, 55.87, 58.09,
71.46, 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: HREABMS: m/z
[M+H]" 994.4822 (CsyH6NO; 4Siy requires 994.4802).

2'-0-tert-BUTYLDIMETHYLSILYL-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-ferr-butyldimethylsilyl-7-O-
triethylsilyl-2-debenzoyl-2-(3-azidobenzoyl)-4-deacetyl-4-(methoxycarbonyl)-
paclitaxel (9.0 mg, 79%). 1H NMR: 8, -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



'8. The compound of claim7, wherein Rg is O(ORd . 28 June 2002 -

PCTI US98127916 9. The corrpound of claim8 wherein Rd is sel ec8atlirfer 2002t he
group conswexgosgdeaf al kyl, cycl oal kyl and ai koxy. 5 10. The poangmoset$16f
claim8, wherein R6 is QI(O)Rg. 11. The conpound of claim 10 wherein Rg is
an aryl or substituted aryl. 1012. The conpound of claim7, wherein R and
R2 are both phenyl. 13. The conpound of claim12) wherein RS is

cycl opropyl car bonyl oxy. 14. The conpound of claim 13, wherein R6 is
selected fromthe group 15 consi sting of_ ?azi dobenzoyl oxy,

m nmet hoxybenzoyl oxy, m chl or obenzoyl oxy, 5-di chl or obenzoyl oxy,

oo m 12 Cwhdrs DRl T nath L LG pihy £ 8T8 °’1¥9h%5éé%§p§ﬂﬁ8f£#’“2?a?%
15) wherein 617 gmSeHSCH .89 (4,3, LIBR-A PHUEn COAF I B52 09, 3 (mn, lH), 3 94(

m met hyl benzoyl ozxy) m met hoxybenzoyl oxy, and” mchl or obenzoyl 6 i? The
conpound of ck&.87 HZ) 1¥hes .68 fs,R5I), 4. B—&btﬂwl&i% lhizodHr),bM?cﬁd,yJ 825 HB. The

o ot howybensdDt 49 EABObcn 7ol Bhxg-Doaa Tadk Sty Sz C?ﬁiafah”g !
compr i ng ance T Ae 06 aebanl! o ‘e’ %%aZAIP‘Qaf‘ DR 3

phar maceut i calé6. EO(ﬂmsf | i hd cmmﬁﬂzsllm, 61J46<1f;;fHd) I7@9 edyduat9.81 HAaHy, conpound
of claim6. 21. Use of an effective anbunt of the analog of claim1 in the

manuf act ure of2k Wedi@adBH), %.43- 1.784di ha Zdﬁcﬂ% SHO7TR ([dud =k 7&Hzef f ecti ve

anmopunt of th 0 feC tofor
reating candd: 3. NN 0.c3 s 2onad 10EPo P aBnS aRu2 el AL B 88ect  ng
group at eacheofy tjsessoqszl 13, 4393C48.712139 .44, Bsam 58%1 ng, s@'mroauns ot
positions G2 and C4) 15 wherein said analog has the formuial! R3O OR4 O
10 75.10, 75.25, 78 53, 83.17, 83.97, 120.45, 124.00, 126.49, 126.56, 126. 93
127.79, 128.57, 128.73, 130.25, 131.70, 133.65, 134.30, 140.43, 140.89,
152.56, 166.10, 166.91, 169.25, 171.51, 201.47. HRFABMS:m/z [M+H]+

15 2-DEBENZOYL-2-(3-AZIDOBENZOYL)-4-DEACETYL-4-(METHOXY-
CARBONYL)-PACLITAXEL (6b): To a solution of 2'-O-terr-butyldimethylsilyl-
7-O-triethylsilyl-2-debenzoyl-2-(3-azido benzoyl)-4-deacetyl-4-(methoxycarbony!)-
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 evaporated to yield crude product, which was
purified by PTLC (500 uM, 55% EtOAc/Hexane) to give 2-debenzoyl-2-(3-
azidobenzoyl)-4-deacetyl-4-(methoxycarbonyl)-paclitaxel (6b, 6.3 mg, 98%) lH

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, ] = 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, ] = 7.17 Hz,
1H), 5.80 (d, J = 8.85 Hz, 1H), 6.18 - 6.22 (dd, J = 7.78, 9.00 Hz, 1H), 6.27



R.'NHOt ,,, ,... HORZ Q, OH=DHOR- OH wherein RL and R2 are
I ndependently selected fromthe group consisting of aryl, sul2stJunet2092aryl

and het er ogoyb/33488 is hydroxy or acyloxy; R4 is trialkylsilyptraismhksie is
triallrylsilyl. 28 June 2002 WD 99/ 33462 PCT/US981279t6 -43 24. An

I ntermedi ate of claim23 wherein Rl and RZ are phenyl, R3 is acetoxy, R4 is
triethylsilyl, and R~ is t-butyldinmethylsilyl. 25. A nethod of making the
first paclitaxel analog conpound of claimb5 23, conprising reacting
2'-t-butyldinmethylsilyl-7-triethylsilyl r_)fg,_l itaxel with Triton B in

di chl oronet hane. 26. A second paclitaxel™anal og conpound consisting of a

ol aim 23 b di il @ SoiHckp . kT 7@3?%@?%%@? 5 TREHEor i o
O Rl R2 27. [ ' [ 1 26
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tT. butyl di mMESREABMSy n/z [1M4-Z$}+ A1 18843 (C oH 55Y/0 faeqaireg911H8330)1 er nedi at e of
claim 27, conprising reacting
2' -t-butyl dinmethylsilyl-2-debenzoyl - 4-deacetyl -7-triethylsilylpaclitaxel

M4 28 June. 200 AP LTS - o R YL V2P oo
consi sti ng ODHERENZOYIYL-(33LPINETHYE- LERYICOYEJADEAITVRX4! anal og
conmpound of claim 26, wherein the third paclitaxel anal og conpound has the
fol | owi ng f of MEEBHOXYCARBONYL)-PACLIT L (5¢): A mixture of the 2'-O-fert-
butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-4-deacetyl-4-(methoxycarbonyl)-
paclitaxel (9b, 10 mg, 0.01 mmol), 3,3-dimethylacrylic acid (10 mg, 0.1 mmol)
10 and pyrrolidinopyridine (1.0 mg) in toluene (0.8 mL) was stirred at room
temperature for 24 hours and purified by PTLC (silica gel, 1000 M, EtOAc
hexane, 3:7) to yield 2'-O-terz-butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-2-
(3,3-dimethylacryloyl)-4-deacetyl-4-(methoxycarbonyl)-paclitaxel (5¢c, 7.0 mg,
95% based on the recovery of 2 mg unreacted starting compound). 'H NMR: 5, -
15 0.35 (s, 3H), -0.04 (s, 3H), 0.52 - 0.62 (m, 6H), 0.78 (s, 9H), 0.87 -0.93 (m,
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, ] = 8.39
20 Hz, 1H), 4.65(d, ] = 1.68 Hz, 1H), 5.03 (d, J = 7.62 Hz, 1H), 548 (d, I=
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 C57Hg,NO;5Si,,
1076.5223).
25
2-DEBENZOYL-2-(3,3-DIMETHYL-ACRYLOYL)-4-DEACETYL-4-
(METHYL CARBONATE)-PACLITAXEL (6¢): To a solution of 2'-O-tert-
butyldimethylsilyl-7-O-triethylsily}-2-debenzoyl-2-(3,3-dimethyl-acryloyl)-4-
deacetyl-4-(methoxycarbonyl)-paclitaxel (6.0 mg, 0.005 mmol) in dry THF (1 mL)



"'OR~-'"NH O R2 O R7 OCORs wherein RS is selected fromthe group consisting of
al kyl s, cycloal kyls, S heterocycloal kyls) heterocycloaryls, Bklame|2002 -

al kynyl s, wowbs3d4é6and substituted aryls. 30. An internedi at epof/usésa7etd r d
pacl i taxel anal og conpound of claim?29 wherein R~ and R2 are phenyl, R3 is
acetoxy, R4 is triethylsiiyl, and R~ is 1O t-butyldinethylsilyl. 31. A

nmet hod of synthesizing the internediate of a third paclitaxel anal og
conmpound: R~ OR7 R31 0 CORE oVo O r 28 June 2002 WO 99/ 33462

PCT/ US98/ 27916 -45wherein R and RZ are _i3p_dependent ly selected fromthe
group consisting of aryl, substituted aryl or heteroaryl; R3 is hydroxy or

| . R4 is trd i]wel : ' | . t | St f
A iyrs) cyel ool HisPlides (3R R B0l DR B ™ ©
al kynyl's, ar %tisred @i dosiH Réhpdratubsifor ) ours. 2AGeRisuabworlkip tht Kodidel obtained

conprising reacting the internediate of claim27 with a carboxylic acid in
t he presence wis mediedrhy PRL® (S0P uMA 55GuEtQAphekanehtoegiva Palebenzophd 3,3

consi st ng oL BaasHl ! Phertedlate, ol LB SLulRel 5 mg" 8449

5 lH NMR: 9, 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 (m, 1H), 1.95 (d, J = 1.07 Hz, 3H), 2.19 (s, 3H), 2.23
(s, 3H), 2.26 - 2.34 (m, 2H), 2.44 (d, ] = 4.27 Hz, 1H), 2.50 - 2.58 (m, 1H),
3.58(d,J =4.27Hz, 1H), 3.70(d, J = 6.71 Hz, 1H), 3.78 (s, 3H), 4.20d, ] =
8.24 Hz, 1H), 4.34 (m, 1H), 4.51 (d, J = 8.85 Hz, 1H), 4.74-4.76 (dd, ] =

10 2.29, 2.13 Hz, 1H), 4.99(d, ] = 7.79 Hz, 1H), 5.46 (4, = 6.71 Hz, 1H), 5.71
(s, 1H), 5.78 (d, ] = 8.85 Hz, 1H), 6.15 (m, 1H), 6.23 (s, 1H), 6.95(d, J = 9.77
Hz, 1H), 7.30- 7.55 (m, 8H), 7.77 (d, ] = 7.02 Hz, 1H). HRFABMS: m/z
[M+H]" 848.3501 (calcd for C,5Hs,NO, s, 848.3493).

15 2'-O-tert-BUTYLDIMETHYLSILYL-7-O-TRIETHYLSILYL-2-DEBENZOYL
-4-DEACETYL-4-(tert-BUTOXY-CARBONYL)-PACLITAXEL 1,2-
CARBONATE (8c): To a stirred solution of 2'-O-rert-butyldimethylsilyl-7-O-
triethylsilyl-2-debenzoyl-4-deacetyl-paclitaxel 1,2-carbonate (80 mg, 0.083 mmol),
DMAP (15 mg) in CH,Cl, di-ferr-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 uM, EtOAc/hexane, 3:7) to give 2'-O-rert-
butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-4-deacetyl-4-(zert-

25 butoxycarbonyl)-paclitaxel 1,2-carbonate (8¢, 82 mg, 93%). 'H NMR: 9, -0.41
(s, 3H), -0.03 (s, 3H), 0.55 - 0.60 (m, 6H), 0.79 (s, 9H), 0.90 (t, J = 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,J =



10 fourth ‘paclitaxel analog conpound has the following formula: OR- NH O
R2 OR7 wherein Rfi is selected fromthe group consisting of 28l 2002
cycl oal kyl 0 8¥¥3d¢%cycl oal kyl s, heterocycl oaryls, al kenyl s, BSTKYSH§{RE16
aryls, and substituted aryls. 15 33. An interrredi ate of the fourth
pacl i taxel anal og conpound of claim 32, wherein R and R, are phenyl, R3
Is acetoxy, R4 is triethylsiiyl, and R~ is t-butyldinmethylsilyl) OH = CH
OCORs WD 991 33462 -46 28 June 2002 PCT/US98/27916 34.. A method of
synt hesi zing the internedi ate of claim 3331-conprising reacting

'-t-butyl di nethyl silyl-2-debenzoyl - 4-deacetyl -7-triethylsilyl paclitaxel
.vw th a carboxyldgs AT iz REGOMI0 i 1156 (&1, Ir29206,65.96 HRCCHNA. 7OMY77 En35. A

fifth paclitaxel anal og conpound consisting of a diprotected pacli t axel

anal og with tﬁH),cfbﬁﬁé@,ll |=08\ SSGR-1NHIGRE, OR7 SvibeHai BHR16.2hd 6R3 @ddel =

.independently_sele sti u I tut aryl
or heteroaryl? 8. 4R& f‘éﬁ gﬁg;%,hgﬁs g‘é’@l' @ <8RIZ'1 rﬂrﬁ%ﬂ %Ysﬁl ?ir 955!% #SBRG are
i ndependent |y %ql(gcﬁe.dﬁ(ymt g). g8 e I’bSI §t89n95 Pi gall?y&-s, 1:(?(%0?5 kyls, 10

het er ocycl oal yI S et erocycl oar'yl s (cényl's) aryl's

substi futed aty.98; 2@.58, %712525 45a25:§5528 y0,.32.78, 38. 10 41 39, 43.51, 55.29,

60.08, 69.19, 71.71, 75.18, 75.83, 80.90, 81.45, 83.81, 86.78. 89.97, 126.82,
127.05, 127.47, 128.24, 128.73, 131.17, 131.66, 134.40, 138.22, 143.76,
151.18, 152.40, 166.83, 169.02, 171.70, 201.90; HRFABMS: m/z [M+H]+

1062.5079 (calcd for CsgHgyNO,5Si, 1062.5066).

10
2'-O-tert-BUTYLDIMETHYLSILYL-7-O-TRIETHYLSILYL-4-DEACETYL-
4-(tert-BUTOXY- CARBONYL)-PACLITAXEL (5d) AND 2'-O-tert-
BUTYLDIMETHYLSILYL-7-O-TRIETHYLSILYL-10,4-DI-DEACETYL-4-
(tert-BUTOXYCARBONYL)-PACLITAXEL (Se): To a dry THF (1.5 mL)

15 solution of 2'-O-tert-butyldimethylsilyl-7-O-triethylsilyl-2-debenzoyl-4-deacetyl-4-

(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 uL, 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 HCI (0.1 N, 2 mL). After standard

20 workup, the residue was purified on PTLC (500 pM, EtOAc/hexane, 3:7) to give
two products: 2'-O-terz-butyldimethylsilyl-7-O-triethylsilyl-4-deacetyl-4-(zert-
butoxycarbonyl)-paclitaxel (5d, 6.1 mg, 38%) and 2'-O-tert-butyldimethylsilyl-7-
O-triethylsilyl-10,4-di-deacetyl-4-(tert-butoxy carbonyl)-paclitaxel (Se, 6.8 mg,
44%). Compound 5d: lH NMR: 6, -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, J = 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



36. The internediate of claim35 wherein R and R2 are phenyl) R3 irs™ -
acetoxy, R4 is triethylsilyl, and R~ is t-butyldi nmethylsilyl.283ud2002
nmet hod of WMIRd42zi ng the internmediate of claim 36, conpri SCAFIVYAN6 ng
2'-t-butyldinmethylsilyl-4-deacetyl-7-triethylsilylpaclitaxel with a
carboxylic acid under forcing conditions in the presence of DCC and DVAP.
v~. vt~ OCORs WO 991 33462 28 June 2002 rcTltrs9snmdt6 -4738. A second

met hod of synthesizing a fifth paclitaxel anal og conpound consisting of a
di protected paclitaxel analog with the cogposition: R3 OR4 OR "NH O 9
..., R20,,,, H_OOHOCORg OR7 OCOR6 wherein Rl and R2 are phenyl, R3 is

acet oxy, R4 ig.,tojet i lyLl, ' el Y&SE romthe
group consi st?rzl’gﬁ%)lf’ %Pﬁﬁsﬂ cﬁ'?ﬁ%ﬁ@@%ﬁ{é@?@c%%ﬁ% gj%ise%l_f)

het er ocycl oar@0d,(s a3Hxy$5- 0.8/1kyn\dH), 087V SOHR IS8 w097 (ot $H),ar.08 &, and R~
I's t-butyl di nethyl si%l 3}éi:lolggzreiépsi ng reacting the internmediate of claim 29

with 1ithi um3hrbx alddr(Bod)i k7@ it 4 AR, 2 1D 3Md

har meut oot 53 A AEARCARE 80 RO 1 2 1 A RSN G el s @
. AS. A9S. A" f . AF4 A3. (s -24\1/1i &M&- AN2498 % JA=- T8\, AH)AL .76 - 4.80 Xn, 2H),

A Af.AH AF@ Al @ AFA@ Al , . AQGE. A, AFU@ 'A. AYhS. AR A@ AI'N. A, . A. ASE™. AYI
.A3Y . A A AE 6.A24fn, Y43 (d, J = 9.00 Hz, 1H), 7.28 - 7.61 (m, 11H), 7.78 (4, J =

7.02 Hz, 2H), 8.04 (d, J = 7.02 Hz, 2H).

4-DEACETYL-4-(tert-BUTOXYCARBONYL)-PACLITAXEL (6d): To a

10 solution of 2'-O-tert-butyldimethylsilyl-7-O-triethylsilyl-4-deacetyl-4-(tert-
butoxycarbonyl)-paclitaxel (8d, 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 stirred at
room temperature for 2 hours. After usual workup, the residue obtained was
purified by PTLC (500 uM, 55% EtOAc/hexane) to give 4-deacetyl-4-( tert-

15 butoxycarbonyl)-paclitaxel (4.3 mg, 89%). 1H NMR: §, 1.14 (s, 3H), 1.23 (s,
3H), 1.51 (s, 9H), 1.61 (s, 3H), 1.73 (s, 3H), 1.74 (s, 1H), 1.84 - 1.90 (m, 2H),
2.24 (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 (4, 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, ] = 7.32
Hz, 2H), 8.04 (d, ] = 7.17 Hz, 2H). HRFABMS: m/z 934.3648 [M-f—Na]+
(calcd for CsqHs7NO{5Na, 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 (5e, 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
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}xsnhc”Yid_Z] U ]ca] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] caV] ca] ca]28ajure] 2002] ca] c
a] ca] ca] cayboapssal ca] ca] caV] ca] ca] ca] ca] ca PCT/US98/27916
F\i'9<, +8X>1#&),{vql gb] Xi d_Z] U] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
caD80] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] caV]ca]ca]ca]lcaV]ca ,p
+0dqu#kzupke [ Vi d_Z] ] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]c
a UV] cal] ca] ca] cal] ca] caD0] ca] ca]cal]ca]ca]calcaljca nR, >@HK 0 5
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cal] ca] ca] ca] ca] cal] cal] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca
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aJcaJca]calc

5kl covorone oxpoReRrRciymOn )b ifon -0

])))) Hexxxwxxmss _ ]cf'fﬁ:-a] ca] ca] ca]
ca] ca] ca] ca] dayldinvahylsilydF}-Oatiedytsilyb2ldebddzonl-2-éhanthoriteatadPsllkaatyla] cal ¢

aJcaJ ca] ca

118&)121 M [/ 14-§term-butaxysarbonylipaclitaye] (3fn P § med0:006meseph in dry THFcH ®mh) ca] ca] ¢

<ol o] LGk SNl PRl i L A el ool ol
% E g ) Sg}g:’g fsbirredi -2t rosHr terdftiatiée fok -1thodt 0 %ftéE vistal WdrKup Sihe rehdid%6buiinéd - L10%
was purified by PTLC (500 uM, 55% EtOAc/hexane) to give 2-debenzoyl-2-(imn-
methoxybenzoyl)-4-deacetyl-4-( rerz-butoxycarbonyl)-paclitaxel (6f, 4.1 mg, 64 %).
'H NMR: 8, 1.14 (s, 3H), 1.26 (s, 3H), 1.47 (s, 9H), 1.68 (s, 3H), 1.76 (s, 3H),
10 1.83 (s, 1H), 1.86 - 1.94 (m, 1H), 2.24 (s, 3H), 2.36 - 2.44 (m, 2H), 2.48 (d, J =
3.97 Hz, 2H), 2.53 - 2.58 (m, 1H), 3.78 (d, ] = 7.17 Hz, 1H), 3.80 (d, ] = 3.81
Hz, 1H), 3.87 (s, 3H), 4.21 (d, J = 9.16 Hz, 1H), 4.38 (m, 1H), 441 (d,J =
8.24 Hz, 1H), 4.80 - 4.81 (dd, J = 2.29, 2.44 Hz, 1H), 4.96 (d, J = 7.48 Hz,
1H), 5.68 (d, J = 7.02 Hz,1IH), 5.82 (d, J = 11.14 Hz, 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 - 7.53 (m, SH),
7.64 (d,J = 7.02 Hz, 2H), 7.74 (d, J = 7.02 Hz, 2H). HRFABMS: m/z
[M+H] " 942.3912 (calcd for C5HggNO; g, 942.3912).



‘U ()-'18=}[ 9!, S10%JUE ()-!4) 10%A UA U& () - &9&GL0% U& () - 9%G10% U& ()-!L
10%0U& ()-ZL  10% U U& ()-Z=EHR\ ]~ dzl ~P13( 10%#& ()- 10UU 28Ukiné®00RP
yF. m 10%E5 69/3:080% U&' () -!q, S10%~& ()-!, SI0%UE ()-dg<F pCT/US98/27916
WUBAPL! " 109% / & ()-"! "10% /& ()-!LSH10%& ()-! LS#10%0& ()-! &L S#10%
& ()-1#,10%/& ()- -
ZX6MPLI | 610% / & ()-Z!'S, "10% ()-s!'S, " 10% / & ()-S% 10% & ()- ! % 109%92& ()-!"1
0% ()-' rSLIL"10% /& ()- @L0%& ()-3! yP@10% & ()-3! @10% /& ()- 310%& () -
10// 10/T
10/ / C3zX9r S11 99' @10% & ()-199' @10% / &T3-199' @10%00% ()-!1 Ls#10% / & () -
| Ls#10%&' ()
L"10% & () - 4REFERENCESoe ()_11 (" 3" 10902028 ()- ! y#@IO0%I& () - 3510%G& () - S
10/ 10/
10/ 9410% & () - 4mdE~\: ! 11 & 10%6&’ () - 310968 () - & ! 10958 () -f 10%& () -, 10%& (
) - 10%3¢ () - Hi( Y ECahllhah @ 1 4Bhdrpure’; MOMEER(eld§ IOMEE THordia, M. D;
109 () -F 109G ()2 109" () - 22 dE=\ |11 &I3TQEE (J - 110968, ()
Gunatilaka, A. A. Kingston, D. G. Grover .; Lin, C. M. Hamel, E.,
5 Unexpectedly Facile Hydrolysis of the 2-Benzoate Group of PACLITAXEL and
Synthesis of Analogs with Increased Activities, J. Am. Chem. Soc., 1994, 116,

4097-4098.

(2) Georg, G. L.; Harriman, G. C. B.; Ali, S. M.; Datta, A.; Hepperle, M.;

10 Himes, R. H., Synthesis of 2-0-Heteroaroyl Taxanes: Evaluation of Microtubule
Assembly Promotion and Cytotoxicity, Bioorg. & Med. Chem. Lett., 1995, 5,
115-118.

(3) Grover, S.; Rimoldi, J. M.; Molinero, A. A.; Chaudhary, A. G.; Kingston,

15 D. G. I.; Hamel, E., Differential Effects of Paclitaxel (Taxol) Analogs Modified at
Positions C-2, C-7, and C-3' on Tubulin Polymerization and Polymer
Stabilization: Identification of a Hyperactive Paclitaxel Derivative, Biochemistry,
1995, 34, 3927-3934.

20 (4) Nicolaou, K. C.; Renaud, 1.; Nantermet, P. G.; Couladouros, E. A.; Guy,
R. K.; Wrasidlo, W. Chemical Synthesis and Biological Evaluation of C-2
Taxoids, J. Am. Chem. Soc., 1995, 117, 2409-2420.

(5) Georg, G. L; Ali, S. M.; Boge, T. C.; Datta, A.; Falborg, L.; Park, H.;
25 Mejillano, M.; Himes, R. H., Synthesis of Biologically Active 2-Benzoyl
Paclitaxel Analogs, Bioorg. & Med. Chem. Lett., 1995, 5, 259-264.

(6) Georg, G. 1.; Boge, T. C.; Park, H.; Himes, R. H., Paclitaxel and
Docetaxel Photoaffinity Labels, Bioorg. & Med. Chem. Lett., 1995, 5, 615-620.



010938& ()-3. 10%C& ()- , mO%& ()-*m 10%3& ()- -@A B CHT X q bC.lI'l 10%
U& ()-f 10% U& ()- Y&L0% U& ()-Y10% U& ()- 10G 10G 10GAs10%G82% Jufe 2002 -

*Ix!] aBbh'doAap U& () - @ 0% U& ()-10% U& ()- 10% U&' () - &ip@Youd8staond S# 10%
U U& ()-!"i""#LH##JEDCI 11 - 10% U& ()-sz10% U& () - #10% U& ()-10% U& () - Y@ 10%
U& () - F10% U& () - #HHH#SVS~ @CI I F1 "10% U& ()- /10% U& ()-"' 10%

-36-

(7) Nicolaou, K. C.; Couladouros, E. A.; Nantermet, P. G.; Renaud, J.; Guy,
R. K.; Wrasidlo, W., Synthesis of C-2 Taxol Analogs, Angew. Chem. Int. Ed.
Engl., 1994, 33, 1581-1583.

5 (8) Pulicani, J.-P.; Bezard, D.; Bourzat, J.-D.; Bouchard, H.; Zucco, M.;
Deprez, D.; Commercon, A., Direct Access to 2-Debenzoyl Taxoids by
Electrochemistry, Synthesis of 2-Modified Docetaxel Analogs, Tetrahedron Lett. ,
1994, 35, 9717-9720.

10 (9) Ojimd, I.; Duclos, O.; Zucco, M.; Lavelle, F., Synthesis and Structure-
Activity Relationships of New Antitumor Taxoids, Effects of Cyclohexyl
Substitution at the C-3' and/or C-2 of Taxotere (Docetaxel), J. Med. Chem., 1994,
37, 2602-2608.

15 (10) Boge, T. C.; Himes, R. H.; Vander Velde, D. G.; Georg, G. 1., The Effect
of the Aromatic Rings of Taxol on Biological Activity and Solution Conformation:
Synthesis and Evaluation of Saturated Taxol and Taxotere Analogs, J. Med.
Chem., 1994, 37, 3337-3343.

20 (11) Neidigh, K. A.; Gharpure, M. M.; Rimoldi, J. M.; Kingston, D. G. L.;
Jiang, Y. Q.; Hamel, E., Synthesis and Biological Evaluation of 4-
Deacetylpaclitaxel, Tetrahedron Lett., 1994, 35, 6839-6842.

(12) Datta, A.; Jayasinghe, L. R.; Georg, G. I, 4-Deacetyltaxol and 10-Acetyl-4-
25 deacetyltaxotere: Synthesis and Biological Evaluation, J. Med. Chem., 1994, 37,
4258-4260.



“Ug (V-1 (a"109BUSUE () - "10% % & () - MLO% U& () - V$Y8Aa8888NI \ =! | @

| (109%*& () - 31ON>N>1ON>N>1ON>N>! Af ( LO9>N>& () -fs! 10% U& () - Yo8-dGRe R60Z ) - 32
10% U& () wihRs3462M ~ (a(wWU3i \ =! | x@0988& () -! n@O0% ()-! @ IPCTosdarsis - 3! cn@
| (L0%QHQE ()-3'h@1 (10% (& ()-3!" @

| (109 ()-3a(()))))aEi\=!! x@O0% 109 ()-3z109%& ()-!i. 109%& ()-*10% ()-(
109& ()-L' Z2'109%& ()- ).)0O)@FP OH ) g{mQ !, "10%m& ()-t 10 10

10! AL10%& () -1 ~4L10%>&’ () - & &109N& ()-) 11 109NN ()-q))*i***+aB_Q!,
"109010%m& () -f 10%m& ()-9S 10%T& () - 910%%& () - OLmMLO%m& ()-! |

"109&' () -t -+ +i +++3, g, dE Q’l

LonasO (BRI QIIRITE (0 B 0 RS Ll ) Lotk )

10%r& () - - E. H. SekthetCQ énd ¢ T %nd )A ?ali@%&”lﬁ)col Q*hél“@x" vitthesHd
10%1& ()-9. " 10068 () - Of , 109%7& ()-//1/111/11] 1031 109%& ()-! @LOY& () -

109 () - 10%& 4 £-4 Sobstinged Toxdl6Anteom Tejrahedran 124096 35, 8931-8934.
"10L9%G0% ()-LS10% ()- Y' 10% ()- L 109 ()-#10% & ()-f!
#100& () - f X2224S44NSE @, "10°6 109 (). 4Y10%& ()- &3 109 (

) -
101117 109 (b REE +SoHRE D A1 Bod Tt ot . - R Aifoh . A7 10

55+667y 8OWU3Fivit! Synilic3 6% Novel Paél#tiﬂ&’ﬂ“ akdh) ' Analdghé MAETie] at thefGALDSMLI¢N, /.
Cf#100& () -1 2109 )-9: > ; <=7>8>} <. 4

10! L410%&: ()O18s, Shems.s90%, 5015660582 () - 9$- #109%& () - ! 9$- #109%& () - 3" L0%&' (

) - 8>9>: >d>?@A{ A*?4 10!s! 109%& ()-!s! 109& ()-f#109%& ()-! ~e

f#109& ()-!f#10% ()- 10 10{ AABB D, DbE}"<?4

10! 109 Z [.109%& () - bEF
FFFIS:g-loP4 10@5@6%3%#%%4 Cﬁ@ﬂhwg& 4 )Gi@'&g%z%wcsgm‘@ v)a; ()-

10 Hamel, E., Synthesis and onloglcal Evaluation of 4-Deacetoxypaclitaxel,
Tetrahedron Lett., 1994, 35, 6843-6846.

(16) Chen, S.-H.; Kant, J.; Mamber, S.W.; Roth, G.P.; Wei, J.-M.; Marshall,
D.; Vyas, D. M.; Farina, V., Taxol Structure-Activity Relationships: Synthesis

15 and Biological Evaluation of Taxol Analogs Modified at C-7, Bioorg. Med. Chem.
Lert., 1994, 4, 2223-2228.

(17) Magri, N. F.; Kingston, D. G. 1., Modified Taxols. 2. Oxidation Products
of Taxol, J. Org. Chem., 1986, 51, 797-802.

20
(18) Mellado, W.; Magri, N. F.; Kingston, D. G. I.; Garcia-Arenas, R.; Orr, G.
A.; Horwitz, S. B., Preparation and Biological Activity of Taxol Acetates,
Biochem. Biophys. Res. Commun., 1984, 124, 329-335 .

25 (19) Deutsch, H. M.; Glinski, J. A.; Hernandez, M.; Haugwitz, R. D ;

Narayanan, V. L.; Suffness, M.; Zalkow, L. H., Synthesis of Congeners and
Prodrugs. 3. Water-Soluble Prodrugs of Taxol with Potent Antitumor Activity, J.
Med. Chem., 1989, 32, 788-792.



10 10 10!'s@"109%&' ()-H 11J" KgLL} [ <P4
L0#@H109%Z& () - ! #@10%ZZ& () - &s" 10%ZE& () - ! &s" 109BB& () - &@#10‘2@&11(1), 203@10%3
P& ()-L NRQ30a3d4 10#@109% YcSH10%&' () - 3MLO%GE' () - 10hh PaiThuses27916

10hh! @ @10%h& ()-y! @ @10%"& ()-yOQQ RRST}[ <P4 10" 10%G

& ()-1"10%/ & ()- SH10%4G&' () -! SH109B" 3" & () - SH109%5&" () - ! ]

SH10980OB0& () - TXUWI Xj XkXI XnXzl AP1 1° 109%3& ()- 10KSKS 10KSKS

10KSKS! 3! 10%KSKS& () -1 1109468 ()- ! #" 10%KK& () - ! #" 10%BB& () - nXXX5YbYYZ} A2 P1
1‘"10%3&'() Flocy@&() & 109G&' ()-9z10%G% ()- '{P, "10%-& ()-!,

"1096G& ()-Z [[[r[ \\aB*P1

1" &f /109 9 * ] ! 0 0
L s{% i R R 00 et 20 T LA\
10! C3SH#10%&' {).- 9 (vyad 1%
10! CISHLOYE () RIS L) OPSAEE I B4 1BYCR okl RLAHEHR fproach to

Functionalize the C-10 Position of 10-Deacetylbaccatin III. Synthesis and

Biological Properties of Novel C-10 Taxol Analogs, Tetrahedron Lett., 1994, 35,

5 5543-5546.

(21) Klein, L. L.; Yeung, C. M.; Li, L.; Plattner, I. J., Synthesis of 9-
Deoxotaxane Analogs, Tetrahedron Lett., 1994, 35, 4707-4710.

10 (22) Ojima, .; Park, Y. H.; Sun, C.-M.; Fenoglio, I.; Appendino, G.; Pera, P.;
Bernacki, R. J., Structure-Activity Relationships of New Taxoids Derived from
14p-Hydroxy-10-deacetylbaccatin IIl, J. Med. Chem., 1994, 37, 1408-1410.

(23) Datta, A.; Jayasinghe, L. R.; Georg, G. 1., Internal Nucleophile Assisted
15 Selective Deesterification Studies on Baccatin III, Synthesis of 2-Debenzoyl- and
4-Deacetylbaccatin III Analogs, J. Org. Chem., 1994, 59, 4689-4690.

(24) Taxol: A Unique Antineoplastic Agent With Significant Activity in an
Advanced Ovarian Epithelial Neoplasms, Ann. Intern. Med, 1989, 111, 273-279.

20
(25) Phase II Trial of Taxol, an Active Drug in the Treatment of Metastatic
Breast Cancer, J. Natl. Cancer Inst., 1991, 83, 1797-1805.
(26) Wani, et al., Plant Anti-Tumor Agents. VI. The Isolation and Structure of
25 Taxol. A Novel Anti-Leukemic and Anti-Tumor Agent From Taxus Brevifolia, J.

Am. Chem. Soc., 1971, 93, 2325.

(27) Rearrangement Reactions of Taxanes: Structural Modifications of 10-
Deacetylbaccatin 11, Tetrahedron, 1992, 48, 6965-6974.



.

10%vmv& () -"s10%& () - S10%r& () - &10%r&' () -] a?vVH. 1 !l *10%s& ()-!
*10%n-m~-&' () -s910%& () - (10%r& ()- Yo%z10%r& ()-L9@ 10%r&' () - 28 JGhe 206 dB4:
1 10! | @O 99y3332%1&' () -) " 910%& ()- ~7F10%r& ()- L96 10%mPqTyus98/27916

I'H 10%m& () - SaaaOaaaObbaB: 1 1010%& ()- - 10%& ()- L, 10%& ()- !'[
,4"10%e& ()-"!,4"10%& ()- 10 10bbbbCcccdEB: 1 10% 109&' ()- #mlO%& () -
F'109&' ()- 109%& ()- 10%&' ()-Ss10%& ()-c?dzeeeeegFB: 1 10 n@ 0%

;& ()-F10%& ()-411: 109 ()-/9! 10%&' ()-y( 109 ()-9 S#H109& () -eeeeeeeffuVid
11 ASF 0% () - nF mLO%T& () - mMlO%I& () -4gL0%T& () - 10PMPA

CLAIMS

1. An antineoplastic analog of paclitaxel, or a pharmaceutically

acceptable salt thereof, comprising the formula:

/-\)J\ o : ] ©
CgH ; (o} A
&8 OHi Rs
OH
Re
5 wherein Rg 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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chlorobenzoyloxy.

17.  The compound of claim 10, wherein R is S-methyldithiocarboxyoxy.
25
18.  The compound of claim 17, wherein Ry is selected from the group

consisting of m-methoxybenzoyl, m-chlorobenzoyloxy, and m-azidobenzoyloxy.
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5 compound of claim 6.

21. Use of an effective amount of the analog of claim 1 in the manufacture of

a medicament for treating cancer.

10 22, Use of an effective amount of the compound of claim 6 in the
manufacture of a medicament for treating cancer.

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 C-4,

15 wherein said analog has the formula:
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wherein R; and R, are independently selected from the group consisting of aryl,
substituted aryl and heteroaryl; Rs is hydroxy or acyloxy; Ry is trialkylsilyl; and
Ry is trialkylsilyl.
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24.  Anintermediate of claim 23 wherein Ry and R, are phenyl, R; is
acetoxy, R, is triethylsilyl, and R is -butyldimethyIsilyl.

25. A method of making the first paclitaxel analog compound of claim
5 23, comprising reacting 2'-t-butyldimethylsilyl-7-triethylsilylpaclitaxel with Triton

B in dichloromethane.

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

15 28. A method of synthesizing the intermediate of claim 27, comprising
reacting 2'-t-butyldimethylsilyl-2-debenzoyl-4-deacetyl-7-triethylsilylpaclitaxel

with carbonyldiimidazole or triphosgene.



Y 3110w?& ()-  @O0%?& ()-F  10%?& ()- F| [ NA41010x?10x?10x? e
+1 549" 10U ?2& ()- 3&310%?& ()- 110%?& ()- p *,#10% x? & ()28Tune 2002

T 109?28 Wo oW 3444741010 9#10%& ()- 910%& ()- 3 10%& () PCOisOseRI§) -

8 Y0%& ()-g x$ & 0% #& ()-gnR$| [: NA41010 Ps%0%R&' ()-& sYW0W=& ()-&

“9$10% & ()-F fE 9%$10% > & ()-F psF10% > & ()- @s410%& ()--$; HK

| obU410 #@10%&' ()-10>10>10> 2Z10%& ()-m . m0%& ()- s%0% <c & ()-&

kl sO40%& ()-& 5 j117"|[:bUs10 ~ &3"10%& ()- 10%& ()- #10%& ()-4 <

#109%& ()-4 E "10%& ()- 0i "10%& ()-z"};" 2" H##|  >bU410

i KF$21096<6& ()-Fz10%6 >% & ()-3 X 35410586 >% & ()-Y DS, 10%& ()-Y $

10%8&' ()- 10%&.() - #H#f##tH#vUA10 "310%& () 109%:& ()-' . 109%& ()-
10%.=& () - F10810§§08 r9$§‘1"6%?8}“(33“-’ m%wwpﬁmw% %%@‘(‘ﬁl Y @10% y<
& ()-Y 9s10%;fertmediftédPfe second paclitaxel analog compound of claim 26, wherein the

third paclitaxel analog compound has the following formula:
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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, Rj is acetoxy, Ry is triethylsilyl, and Ry is
10 t-butyldimethylsilyl.

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

compound:
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selected from the group consisting of alkyls, cycloalkyls, heterocycloalkyls,
heterocycloaryls, alkenyls, alkynyls, aryls, and substituted aryls; and Ry is

5 trialkylsilyl, comprising reacting the intermediate of claim 27 with a carboxylic
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:

wherein Rg is selected from the group consisting of alkyls, cycloalkyls,
heterocycloalkyls, heterocycloaryls, alkenyls, alkynyls, aryls, and substituted

aryls.

15 33.  An intermediate of the fourth paclitaxel analog compound of claim
32, wherein R; and R, are phenyl, Rj is acetoxy, R, is triethylsilyl, and R is
t-butyldimethylsilyl.
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5 35. A fifth paclitaxel analog compound consisting of a diprotected

paclitaxel analog with the composition:
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wherein R and R, are independently selected from the group consisting of aryl,
substituted aryl or heteroaryl; R4 is hydroxy or acyloxy; Ry is trialkylsilyl; R and
R are independently selected from the group consisting of alkyls, cycloalkyls,

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

aryls; and R, is trialkylsilyl.

36. The intermediate of claim 35 wherein Ry and R, are phenyl, Ry is
acetoxy, Ry is triethylsilyl, and Ry is ¢-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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wherein R; and R, are phenyl, Ry is acetoxy, R, is triethylsilyl, Rs and Ry are
independently selected from the group consisting of alkyls, cycloalkyls,

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

10 39.

pharmaceutically acceptable salt thereof.

An antineoplastic pcalitaxel analog as shown in Table 1, or a



