; €3eTNNO Qdn. T6dTTTO@ 02 Septenber 2002 SYNTHESI S OF PACLI TAXEL FROM
ABACCATIN I'11° BY PROTECTI ON OF THE 7- HYDROXYL OF BACCATINJMMW"MﬁMmmu STRONG
BASE AND AN ELECTROPHI LE 5 Brief Description of the Inve sent
invention is directed to the treatnment of baccatin Il wth aieisong base
at a low tenperature followed by the addition of one or nore el ectrophiles
to provide 7-0-protected 10 baccatin II1, which canozﬁﬁ@uhﬂbgngegted into
Taxol (paclitaxel). Accordingly, the useful ness of baccatin Il as a
starting material for Taxol synthesis is denonstrated. Background of the
I nvention 15 Paclitaxel (Taxol), a diterpene taxane conmpound, is a natural
product extracted fromthe bark of thePactfic yew tree, Taxus Brevifolia.
It has been shown to have excellent antitunor activity in in vivo ani nal
nodel s, and recent studies have elucidated its uni que node of action, which
i nvol ves abnormal 20 polynerization of tubulin and disruption of mtosis

during the cell cycP¥t 3IS R PACIIFAXERERQOMBACEATEY [HhBY: r eat ment
ZT o~ efr ?Ct o yKadvanpﬁb’pE@meN OF'THE 7HYBROX¥I.GF BACCAN Iﬁlcent ! é)

-rel ated Kaposi cal studies
are replete in sci entmﬁwgﬁw&gﬁmmd by nunerous
aut hors, such as Row nsky and Donehower in The Cinical Pharmacol ogy and
Use of Antimi grotubul e Agents in Cancer Chenotherapeutics, Phamac. Ther.,
52, pp. 35-84 (1991); Spencer_and Faul ds, Paclitaxel, A Review of its
Phar macodynani ¢ and 3 0 Phar RuaskDasqription gf the Invention Ther apeut i ¢
Potential in the Tr eamrxsreeém%w@ﬁtmn@ﬁ ugx?e)ctélﬁtdﬁie)traﬂtmgwoﬁﬂ (1994);

K.C. Nicol au et St d Bi.ol 0 0 on e | nt
e 35 pp. 15 oprepdlh Pida RASnE R Rt los] Bnar iR Moy o, =
2002 - 2 J. J. Kheaddityon OMneHor puarerelectrophiledj tamirovided-0-prodeated, " Taxane

Anticancer Aggnt Soa-cc@ﬁﬁ'I@H SEhieR CAnAHE nGbY E&Ner@écﬁh&t@"’ra@@@t ed by Gunda |
Georg, Thomas C. Chen, i/va s 1 A, 31-57 Anerican

Chemi cal Soci et y,(Peglitaxels Cerdl(nﬁé%t;jhe Sﬂ%f& ‘-"GS OArlb’&E‘P(tlﬁﬁ@I Bar2bar a

Bl ayl ock, "Taxol @ar@ﬂgmmﬁm Tarsl oRgthesgdistdandnstidtatit hew Suf f ness,
pp. 379416, CRC Press, Boca Raton) FL (1995) and the references cited

t herein.
Background of the Invention
15 Paclitaxel (Taxol), a diterpene taxane compound, is a

natural product extracted from the bark of the Pacific yew tree,
Taxus Brevifolia. It has been shown to have excellent antitumor
activity in in vivo animal models, and recent studies have
elucidated its unique mode of action, which involves abnormal

20  polymerization of tubulin and disruption of mitosis during the
cell cycle. Taxol has recently been approved for the treatment of
refractory advanced ovarian cancer, breast cancer and most
recently, AIDS-related Kaposi’s Sarcoma. The results of
paclitaxel clinical studies are replete in scientific periodicals and

25 have been reviewed by numerous authors, such as Rowinsky and
Donehower in The Clinical Pharmacology and Use of
Antimicrotubule Agents in Cancer Chemotherapeutics,
Phamac. Ther., 52, pp. 35-84 (1991); Spencer and Faulds,
Paclitaxel, A Review of its Pharmacodynamic and

30 Pharmacokinetic Properties and Therapeutic Potential in the
Treatment of Cancer, Drugs, 48 (5), pp. 794-847 (1994); K.C.
Nicolau et al., Chemistry and Biology of Taxol, Angew. Chem.,
Int. Ed. Eng., 33, pp. 15-44 (1994); F. A. Holmes, A. P. Kudelka,

AR
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A sem -synt hetic anal og of paclitaxel named Taxotere 10 (docetaxel) has

‘al so been found to have good antitunor activity. The structures of Taxol
and Taxotere are shown bel ow along with the conventional nunbering system
for nol ecul es belonging to the Taxane cl ass; such nunbering systemis al so
enpl oyed in this application. OROOOCHNHO8 s 122 13 ~~ s, ~ O
~~.,. HOH 15\ OH O Bz OAc Taxol (paclitaxel): R =0PSepgmb& 20@etyl, 2
Taxotere: R = t-butoxy; R = hydrogen Wth reference to the nunbering of the
taxane, reference to a 20 particular carbon on the taxane structure shal
be indicated throughout this application by a "C nunber", which signifies
t he carbon on the taxane according to %hg above nunbering system For
exanple, "C 13" refers to the carbon at position 13 on the taxane ring as
shown above, having a sidechain coupled thereto. 25 Additionally, numerals
in bold type follow ng conpound nanes 02 Septenber 2002 - 3 and
structures refgr Jt K@M MNHS HideSUT &l efahi 44€ WIVQer@rt paclitaxel

synt heses and henes ,1- 3, her%i nbel ow The_central backbone structural unit
of paclitaxel |S2B3REANUFANCEr fgentsy éﬁﬁe%@feacehavﬁnéum@tésévﬁ%a|
structure: 5 OeHided-by-Gynda HGeBzg, Thdrhas €. allsen, VIerao Ojimd,aind n structure
to 10-deacetyl t Aol " 1Qy RABY ), [.C t xeal structure:
HC vuc but whi giﬁ %IE%S?I 'agb%%eéé%it gl elg?t%)rne%%%‘ hdgh%-?cﬁyss?) tc{egﬁpyaé Hol .
Conmer ci al phartrixc aPUup?B §nidugh sngd BarkRprasBlagdack; akexol® e avai | abl e,
'ii %s folr thg t( lS%@émrEncDApQM@éﬂi@{b”ia_éﬁitéH B@Maﬁt&@wesnffﬁ@ﬁ,@%?gscently)l
-rel ate Si~ I CORA. it s 0 shown prami sing results
in clinical st %@I%eglﬁ%ﬁ?ﬁeﬁ)%?aﬁgmﬁgﬂ%énﬁc c’??%r.en %fter‘isul t, the
demand for pacltheseial continues to escalate, and ever 20 increasing anmounts

of paclitaxel are neegdedemi-tiinfttk Na364 09 pueBtadedmaetdd TAXS@ré@sear ch and
clinical studies. Paclitaxel is extracted with difficulty and in |ow yields

for the batR ofl(ddeetazelb havialsd been( fappddeimtectoodlaktgtumdr adtévity.ug i s
| sotated Trom Ui bRk Rk e 4%l ank RIS A HESH neffiPating ©f he
with the conventional numbering system for molecules
belonging to the Taxane class; such numbering system is also

employed in this application.

W NNz

15

Taxol® (paclitaxel): R = Phenyl; R’= acetyl, 2
Taxotere®: R = t-butoxy; R’= hydrogen
With reference to the numbering of the taxane, reference to a
20 particular carbon on the taxane structure shall be indicated
throughout this application by a “C-number”, which signifies the
carbon on the taxane according to the above numbering system.
For example, “C-13” refers to the carbon at position 13 on the
taxane ring as shown above, having a sidechain coupled thereto.
25 Additionally, numerals in bold type following compound names



02 Septenber 2002 - 4 extracting adequate yields, alternative sources for
Synt hesi zi ng paclitaxel are needed. 10-DAB is currently the starting
material for the sem synthesis of paclitaxel, and nay be readily extracted
fromthe 5 needles and twi gs of the European Yew tree, Taxus baccata L.

Baccatin I11, 10-DAB and ot her taxane conpounds, do not, however, exhibit
the degree of anti-tunor activity denonstrated by paQl$émsriber290er di ngly,
the sem -synthesis of paclitaxel frombaccatin IIl, 10-DAB and ot her taxane

conpounds is of great 10 interest and inportance. The structural simlarity

of 10-DAB to taxol belies, however, the difficulty in converting 10- DAB

into taxol, and in fact renders this_conversion highly problenmatical. The

required differentiation of the sim Par’ly reactive C-7 and C 10 hydroxyl 15

functions and the selective esterification of the difficulty accessible

C- 13 hydroxyl group with the bul ky and suitably protected

\ benzoy! phenyld saserlng bRt G &bl lilfehakM o thatflor 4@ Practi ce,

can be achieved only with specific protecting groups and hLEs specially

devel oped r eRaclisaxelciyanthpsnssand Schemes d-Hrgreinkelew. . A Highly Efficient)

Egggtigﬁ! Approa_chm@c&wrurBa%%@!smietum?m%mpa&%xen@i pp\-mf59ﬁ7-5918,
: is esperification at. C is,a coupli reactjon step i ch,

al t hough tedi %%cammoﬁi ?S&IFgCP&PPEﬁhWWi ﬁ‘qﬁ&%{fﬁﬁﬁtfé“q‘é@q'on of the

hem spheriScal taxane skel eton and because of significant steric 25

hi ndrance around this position angy Pydigpgen bondi ng between the

13- hydroxyl and the 4-acetoxyl grouf q key step required in every

contenpl at ed synthesis of taxol or 0 diCal |y active derivative of taxol,
as the presence of the sidecha required for anti-tunor

1
activity. Wani et al., J. Am O Y®3, pp. 2325 ( 1971).
Synt hetic net hods have been eV {g

yidi sgVosed in scientific and patent
literature. Three different routes torosynPhesizi ng paclitaxel known in the
literature are di scussed 02 Septenber 2002 - 5 hereinbelow. The first
two routes utilize 7-0-TES (triethylsilyl) baccatin Il 4, obtained from
the sel ecti veItstis|a}$<at/¢rahs1mii)arat§1e%tyua&qreﬁo d0-dencepibagratin Bl fout e of

Pacl i t axel Syttibg3AB”), whicBrh4¥ thdlcherettal strifebufs:, | m dazole 2. Aclm LHMDS

0 HO~~~~~1O' H ~ HO-~ HO @Bz OAc 3 O, DOTES 1.

but which lacks an acetate ester at the 10-position alcohol.
Commercial pharmaceutical products containing

15 paclitaxel are available, e.g. for the treatment of ovarian and
breast cancer, and most recently, AIDS-related Kaposi’s
Sarcoma. Paclitaxel has also shown promising results in
clinical studies for the treatment of other cancers. As a result,
the demand for paclitaxel continues to escalate, and ever

20 increasing amounts of paclitaxel are needed with each passing
year for continued research and clinical studies. Paclitaxel is
extracted with difficulty and in low yields for the bark of Taxus
brevifolia (approximately 1 kg. of the drug is isolated from the
bark of 3,000 T brevifolia trees). Because of the difficulty in



Bi ': Ph OTES OH _ OBz OAc 4 2. HF, Pyr, CH3CN Paclitaxel The first route,
devel oped by Professor R A Holton and 10 disclosed in U S. Pat. No.
5,274,124, which is incorporated by reference herein, reacts the |ithium
anion of 7-O-TES-baccatin Il1l 4 with a ~-lactamto introduce the required
paclitaxel am no acid sidechain at the G 13 position. The 7-O TES protected
baccatin |11l 4 can be obtained as described by G eep2 S¥ptambef 240215 Am
Chem Soc. 110, pp. 5917 (1988). 20 02 Septenber 2002 HO-~~ Second Route
of Paclitaxel Synthesis - Prior Art 4 7-0-TES-baccatin IIl 4 with

oxazol i necarboxylic acid 5 using DCC or a simlar dehydrating agent. 5 The
second route devel oped by Bristol - Meers-Squi bb and di sclosed in U S. Patent
Application Serial No. 07/995,443 and by D G 1. Kingston et al., in
Tetrahedron Letters 35, p. 4483 ( 1994), both of which are incorporated by
reference herein, couples the 10 Third Route of Paclitaxel Synthesis -
Prior Art 15 Zxtmeting oiequoteigields~alternative-soudcedfoyBynthesi@ing 6 Ph N-~O 1.
DCC, DVAP, ~ QdcRtdiket sreQudedeazol i necarboxylic acid) Paclitaxel 2a.

TFA AcOH HyO, "TEA) CH ristol, -Myers Method): .or_2b, 0.1 N HCl, 95 C
2h Hy ) 1%%%.8(% currently %’e starting ma%erlgl for the semi-

synthesis of paclitaxel, and may be readily extracted from the
5 needles and twigs of the European Yew tree, Taxus baccata L.
Baccatin III, 10-DAB and other taxane compounds, do not,
however, exhibit the degree of anti-tumor activity demonstrated
by paclitaxel. Accordingly, the semi-synthesis of paclitaxel from
baccatin III, 10-DAB and other taxane compounds is of great
10 interest and importance.

The structural similarity of 10-DAB to taxol belies,
however, the difficulty in converting 10-DAB into taxol, and in
fact renders this conversion highly problematical. The required
differentiation of the similarly reactive C-7 and C-10 hydroxyl

15 functions and the selective esterification of the difficulty
accessible C-13 hydroxyl group with the bulky and suitably
protected N-benzoylphenylisoserine (f-amido ester) sidechain of
taxol, in practice, can be achieved only with specific protecting
groups and under specially developed reaction conditions. J. N.

20 Denis et al., A Highly Efficient, Practical Approach to Natural
Taxol, J. Am. Chem. Soc. 110, pp. 5917-5918, 1988. This
esterification at C-13 is a coupling reaction step which, although
tedious due to its location within the concave region of the
hemispherical taxane skeleton and because of significant steric

25 hindrance around this position and by hydrogen bonding
between the 13-hydroxyl and the 4-acetoxyl group, is a key step
required in every contemplated synthesis of taxol or biologically
active derivative of taxol, as the presence of the sidechain at C-13
is required for anti-tumor activity. Wani et al., J. Am. Chem.

30  Soc. 93, pp. 2325 (1971).

Synthetic methods have been previously disclosed in
scientific and patent literature. Three different routes for
synthesizing paclitaxel known in the literature are discussed



(Kingston et al. Method) Ph~~~~COCH BocN' O (p-phenylisosenne) , 7 DCC
‘DMAP, toluene, 80 ~ 1. Fotirltc Acid Paclitaxel 2. BzCl, NaHC03) Et GAc, HBO
3. Zn, AcOH, MeOH A third route of synthesizing paclitaxel from 10-DAB and
whi ch couples 7-O TROC baccatin Il 6 with a protected ~i-phenylisoserine

si dechain 7, was devel oped by A Commer on et al at Rhone-Poul enc Rorer. A.
Commer on et al., Tetrahedron Letters 33, pp. 5185-G288ptekAden 200Ehi s route,
02 Septenber 2002 however, while producing a significant anmount of

Taxot ere, produces Taxol in nuch |esser yields. The use of baccatin IIl as
a starting material would significantly sinplify the sem synthesis of
paclitaxel. Baccatin 5 |1l is currentky-being synthesized by cell culture

and coul d becone available in quantities sufficient to support econom cal
and conpetitive sem synthesis. This would elimnate the need for 10-DAB in
the sem synthesis of paclitaxel. 10 Detailed Description of the Invention
It is an obj edtereinbetmv plbedirst twio eotiesmtilicep?-O/THS @rinthylsilplef ul and

ef ficient protpeehtihQIl &hebtaflid ¥R ﬂ?é&eﬁe@t{%vé’?m lati@%&lnd r om protect ed
baccatin |11 dert aé.l ve? V)@%ﬁh conprises the at aclhrrent of a paclitaxel
si dechain to t4f& %? PROf A0 aBcatin 111 15 derivatives, fol | owed by
subsequent deprotection of the protected baccatin Il derivatives. Another

obj ect of the present 4 j i . QVision of . met hods of producing
vari ous baécati nill Eé%%\%aﬂtgggk’%ﬁt‘/%ﬁ‘geﬁ)%%sé%?j rg%gup at the CG7 site
on the taxane structure, and 20 which, after attachnment of a sidechain and
subsequent depr ot ec%_"on,o yi gl ds lpfaclita_xel in signibicaht amesints. An

addi ti onal object of Nhel prPsent Fﬁi‘B timidpzpls t he pr of a sinple,
efficient, and cost pr%t‘“t? Ec’l;tmépst he senj of
paclitaxel. 25 A e present 1 nventio gg a novel

T
h
P

met hod by whi ch bq

fan be efficiently d 8 AQ @-Oprotected

baccatin |11 usdWg Sgdferz fferent protectin@d grougs.zAftier attachment of
a paclitaxel sidechain &8zt #°C 13 site, these 7- O prot®¥ ed baccatin |C

conpounds can then be easjly 3 0 converted into paclitaxeg naking baccatin

1l a valuable starting material for the sem synthesis pf paclitaxel. 02
Sept enber 2002 - 8
o, (OTES
1. i 2. HF, Pyr,
N—, CH,CN
BZ z
Ph
Y
Paclitaxel

The first route, developed by Professor R.A. Holton and
10  disclosed in U.S. Pat. No. 5,274,124, which is incorporated by
reference herein, reacts the lithium anion of 7-O-TES-baccatin
IIT 4 with a B-lactam to introduce the required paclitaxel amino
acid sidechain at the C-13 position. The 7-O-TES protected
baccatin III 4 can be obtained as described by Greene et al in /.
15  Am. Chem. Soc. 110, pp. 5917 (1988).

20



The present disclosure is broadly directed to a chem cal process for the
efficient production of paclitaxel, internediates and precursors thereof.
More specifically, the present invention is directed to the sem -synthesis
of paclitaxel by protecting the 7 5 hydroxyl of paclitaxel precursor
baccatin Il to provide 7-0O protected baccatin II1l, using strong bases,
such as lithiumtertbutoxide (Li tbuO)) ['ithium hexaogtswtgﬁmbe} agepe

(Li HMDS), potassi um hexanet hyl di silazane (KHVDS) or sodium

hexanet hyl di si|l zane (KHVDS) in DVF or simlar known 1,0 solvents such as
DVAC, NWPO, DMVEU and DWPU, and various el ectrophiles foI | owed by the
coupling of a paclitaxel sidechain at 4lBe-C-13 position and subsequent
deprotection of the C7 and replacenent of the protecting group with a
hydrogen. More particularly, the invention utilizes pr otecting groups such
as 15 benzol yl oxycar bon (CBZ) or tent-butoxycarbonyl (BOC) at the CG7
site on the taxane durigﬁf‘)@d@%’ééﬁflpﬁg litgxed Ponpledis t &ridr Aitdechai n at t he
C- 13 position. The general process described herein involves the production
of 7-O protected-baccatin Ill derivatives, such as p]ro 20 CBZ- or 7-0O BCC
baccatin I'll, the coupling of a sidechain at C13, 8 t he subsequent
deprotecti on of G 13 si dechal n beari ng 13 é)rgr ot ecf“ baccatin 111
internediate to pacl |A<@<el Agpes ti cul'a t nta 8Hbase for produci ng
7- O protected baccatin sYLitbuO an inexpe §] ase which provides a

i
2 5 good yield and !! Iy cl eaner p(rop‘,g&,gggca,b(,@h@%,useful

- el ectrophiles incluy e gemerat—formtaoOR¢30Patigaxein Ris
alkyl, aryl, RO, @ 'ﬁ- S-Qand )"(algFMﬂCQgé*r‘volﬁﬁozol benztri azol e,
N—(benzyl oxycar bUQ\/I OXWp s&ccizjhi de, “FMC‘B’%@‘I vent such as
DVF. 02 September 2002 ©%f ~'As statZEdOItI‘h}éCl?%ﬁlszyl of baccatin Il is
protected 5 10 15 20 with a conventi onal 'ﬁ‘i}%ﬂ?b‘i&?’ l}3“r"t9f“ect| ng group.

Conventi onal hydroxy prot ecti ng groups are noieties which can be enpl oyed
to block or protect a hydroxy function and they are well known in the art.

Preferably, said prot eoThade@ndURhid evd|BORPLYt LAty ShEIB AR DY

nmet hods which re m{?ﬁl n.n gpgrema Peémtl to "t he remai_ni ng

mol ecul e. Exanpl‘i’é‘ ed jp /. BW&FA‘E&W&B el N 0P 82,448 i2Rd Byt oups such
as benzyl oxycar bDn@. I. Kingdtby lesial.yin T@traRedsdr Léttbto3Ral. kag8gca9®pnny! , and

tert-but oxycarbo t oups whi ch
may be use 4 are ?%Jgngpmyﬁgr% ﬂ%&ﬁc)r]@%cgggtr%f%rgﬁ?éEP&R goctir#l%?t}%
Synt hesi s", Secof® meHéldr‘al oxazelinecarhgxyag é¢1 éumng\/ﬂﬂg (1991,
John W ey & @Songy al ﬁmxlarTﬂﬁyﬁﬁﬁﬁnfgl ggentanpl es which follow illustrate the
synthesis of representative conmpounds of the instant invention and are not
to be construed as limting the invention in sphere or scope. The nethods
may be adapted to vari atThind Routeofl®ackitaxet Sgutkesint &rivedhett es and
conpounds enbraced by this invention but not specifically disclosed.
Further, variations of the nethods to peRducecéde same conpounds in
somevx/nat different fashion will also be e &nt to one skilled in the art.
The abbreviations used hergin are convesknonal 25 30 abbreviations w dely
enpl oyed in the art. Song_§f, WIFER are: /Hﬁ\et v AnaHiasatd C

aci dBzbenzoyl BOCt ert - bu bony| BOCZQdi -Tert - but yl car bonat eCBZbenzyl oxyc
ar bonyl CBZ- C benzyhQx hl or i dBCC, DMAP. toluene, 80 T

N 1. Formic Acid
N 2. BzCl, NaHCOs, EtOAc, H,0
Oz OAc 3. Zn, AcOH, MeOH

™ Paclitaxel

HOY T4

15
A third route of synthesizing paclitaxel from 10-DAB
and which couples 7-O-TROC baccatin III 6 with a protected
B-phenylisoserine sidechain 7, was developed by A. Commergon

et al at Rhone-Poulenc Rorer. A. Commercon et al.,
20 Tetrahedron Letters 33, pp. 5185-5188 (1992). This route,



02 Septenber 2002 - to DCCdicycl ohexyl carbodii m deDCUN,

'N- di cycl ohexyl ur eaDVACN,

N- di et hyl acet am deDI VI AP4- di net hyl am nopyri di ne5DMEUN,

N -di et hyl et hyl eneur eaDVFdi et hyl f or mam deDVPUN, N - di et hyl pr opyl eneur eaEt
QAcet hyl acet at ehhour s) 10i pai sopropyl al cohol KHVDSpot assi um

hexamet hyl di si | azaneLi HVDSI i t hi um hexanet hyl di si | az0228eptdmbéxi 2062

bi s(trinmethylsilyl)am deLitbud ithium

tert-but oxi del5MeCOHret hanol m nm nut esMIBEt ert - but yl net hyl

et her NaHNI DSsodi um hexanet hyl di si | azaneNMPON- et hyl - 2- pyrrol i di none2
OPhphenyl rtroomtenperaturetButertiary - 7 -

butyl TEStri et hyl si |yl THFt et rahydr of uran25TFAtri fl uoroaceti ¢ aci dTROC2, 2,
2-trichl oronet hoxycarbonyl . - Production of 7-0-anion3 0OAs a starting point
In the sem -synthesis of paclitaxelaccording the exenplary enbodi nent of

t he present i nventhoweveacwhilerprodicing a sigrnifidan amoums ofrTammterest r ong bases

to provide a?- O apjrgdusds TaPIGH Rluche@sidroReids h an el ectrophil e/ protecting
02 Septenber 2002 - 11 agent .. The F,rOﬂ ss of preparing.the 7-O anion is

illustrated in Schene 1. Hayeeofibacca ag\a-starkigg pgteqmahwapld o, 01 s O
.----a H' HO- HOsigificdntlfGidphidy the Geiisyibhesis of gachithikal-EagAtind As

illustrated in<Sc t | Ut tJ | 1 in DW
W th Ll buo at ol ogs SraershAT UBHE spofesid by B SLIRRESH B!
preferred sol vent besemernvailable inquastisies gulficient te suppentyecasemicRlE. Ot her
sol vents whi ch majandecospekiiins lsussyMhGsisNVAs NEY aindidBUhe Hadepi mer 9
is the favored cogé}ggr%bon Li_%der Iheﬁg condi tiQns,, but surprisingly only
the 7-0 anion 8 reéacts wth el EcIFORPHESISP ?\%‘ﬂﬁﬁxﬂ"tbuo is the favored
base which provides a cleaner product in significant yield, other bases

such as Li HVDgo NaHMVDS, and Khdfasieddeserijicifofth8dnventiol2 Septenber 2002 -

12 B. Producti f 7-0.Protected- fi I d Synt hesi f Paclit |
12 B Production of 7yQ:Protected Baccatin L1l and Bynihesis of Paclitaxe

useful and efficient protocol for the semi-synthesis of paclitaxel
from protected baccatin III derivatives, which comprises the
attachment of a paclitaxel sidechain to the protected baccatin III

15 derivatives, followed by subsequent deprotection of the protected
baccatin III derivatives.

Another object of the present invention is the provision of
methods of producing various baccatin III derivatives having a
protecting group at the C-7 site on the taxane structure, and

20  which, after attachment of a sidechain and subsequent
deprotection, yields paclitaxel in significant amounts.

An additional object of the present invention is the
provision of a simple, efficient, and cost effective protocol for the
semi-synthesis of paclitaxel.

25 Accordingly, the present invention encompasses a novel
method by which baccatin III can be efficiently converted to 7-O-
protected baccatin III using several different protecting groups.
After attachment of a paclitaxel sidechain at the C-13 site, these
7-O-protected baccatin III compounds can then be easily

30 converted into paclitaxel making baccatin III a valuable starting
material for the semisynthesis of paclitaxel.



Using the 7-anion 8 prepared in schene 1, 7-Oprotected 5 baccatin Il may
be prepared and an oxazoline sidechain may be esterified at C 13 according

to Schenme 2 and then converted into paclitaxel. 02 Septenber 2002 - 13
AcO O Li O HO~~~~~ _ HHO pBz OAc 8 AOOP - 0 HO~~~~~ _= HHO OAc OBz 6, P
= TRCC 10, P=CBZ 11, P=BOC 18 19 20 Schene 2 electrophile DM¥. -30 to -.10 C
AcO ~ P O HO-~~~~ _ H HO p8z QAc 6, P = TRCC 10, P=CB2 SédptBrier20d2 P =

dl et hyl phosphate 13, P = i bu00C 14, P=Ac 15, P = AdOOC 16, P = Allyl OCC 17,
P = vinyl OOC el ectrophtles = TROC-CI. CBZ-Cl (CBZZO, BOC=0)

di et hyl chl or ophosphat e i sobutyl chl orophormate) acetyhnt dazol e adamant yl
tluoroformate, allyl chloroformate, vinyl chloroformate Ph> ~/ O S7H ~P/h
~~~(0 5 DCC. DVAP toluene 1. Zn, aceuc acrd

The present disclosure is broadly directed to a chemical
process for the efficient production of paclitaxel, intermediates
and precursors thereof. More specifically, the present invention
is directed to the semi-synthesis of paclitaxel by protecting the 7-

5  hydroxyl of paclitaxel precursor baccatin III to provide 7-O-
protected baccatin III, using strong bases, such as lithium tert-
butoxide (LitbuO), lithium hexamethyldisilazane (LIHMDS),
potassium hexamethyldisilazane (KHMDS) or sodium
hexamethyldisilzane (KHMDS) in DMF or similar known

10 solvents such as DMAC, NMPO, DMEU and DMPU, and various
electrophiles followed by the coupling of a paclitaxel sidechain at
the C-13 position and subsequent deprotection of the C-7 and
replacement of the protecting group with a hydrogen. More
particularly, the invention utilizes protecting groups such as

15 benzolyloxycarbonyl (CBZ) or tert-butoxycarbonyl (BOC) at the C-7
site on the taxane during the coupling of the paclitaxel sidechain
at the C-13 position.

The general process described herein involves the
production of 7-O-protected-baccatin III derivatives, such as 7-O-

20 CBZ- or 7-0O-BOC baccatin III, the coupling of a sidechain at C-
13, and the subsequent deprotection of C-13 sidechain bearing
7-O-protected-baccatin III intermediate to paclitaxel. A
particularly advantageous base for producing 7-O-protected
baccatin III is LitbuQO, an inexpensive base which provides a

25 good yield and a significantly cleaner product. Other useful
electrophiles include those of the general formula

0]
AP
30 wherein R is alkyl, aryl, R'O-, or R’,N-, RS, and X is halogen,
imadozoyl, benztriazole, N-(benzyloxycarboxyloxy) succinimide,
OR’, or -O0COR in a solvent such as DMF.



2. TFA, acettc acrd) water 3. TEA Il . Hz, Pd/C 2. TFA acetic acrd, water
‘3. TEA 1. formic acrd 2. TFA, acetic acrd, water 3 TEA paclitaxel As
illustrated in Schenme 2, addition of a protecting 5 group P, which is
advant ageously delivered by el ectrophiles such as, for exanple, TROC- O,
CBz- C1, CBzZ20, BOC-Cd or BOC20, results in the formation of the

correspondi ng 7- O TROCpr ot ect ed, 7-0- CBZ- pr ot ect ed GnSeptetitRE@0020t ect ed
baccatin Il AcOOP/ P~.: 30/~0V,, 3 H3 HO Bz 0Ac Ph O 18, P = TROC
19, P=CBZ 20, P=BOC 02 Septenber 2002 - 14 derivatives 6, 10 and 11,
respectively. This reaction is rapid and gives little 7, 13-bis protected
by-product. Qher protecting groups, €.9. acyl halides, dialkylphosphates
and carbonates, such as diethyl chl orophosphate, isobutylchloroformate 5

(1 bu00C), acetate (Ac) adamantyl fluoroformate (AdOOC), allyl chloroformte
(Al'lylooC), vinyl chloroformate vinyl 00C), acetylim dazole and TROC-CO and
al so work well in thdsfaata, itbéﬂd{yd}ﬂ@lpdsﬂik&iahﬁd IBh&cpitotectdgr i vatives 12,
13, 14,15, 16 1 8 fo as acetate,
with 10 the usvg@g ‘%Zlocnev?h}g% hggéﬁ%é&é% noégpcﬁlq 65’59@61%?;})% ected baccatin
derivatives 6 hyﬂaoxsaﬁaotﬂtmg BROehEatS rrmef&es whintoeat be@mrieyed sxel

si dechai n, i npledkugng rd/t'bétha E@@r AFuRMNiOR R theg £6 Ml@ kﬁefvhe@pondl ng
7- O prot ec dégﬁls sgp r| ng roducts 18, 20 15 These
r

pacl i t axel b ri B ETOURS 2h BcBRclitaxel 2 by
. renoval of thé)ewe@wedtlacmemlgo@whmh bgs%tmnaragppmmwds and by acid

hydr ol ysi s of t 0 ge. 2 0 C.
Pr oducti on of #Q%L%thh:@t&& Catﬂ?%?qcfl?cﬂ'e F]lgf le"'s%lcgfestr) Pacl it axel
Ther ef rom - AreafH¥reTOVabla hedtoxy mroteqting @é&% §U¢hStthene 3,

7- O Prot ect ed- bamymyaaﬂﬂohydetﬁevmlsﬂgzﬁ 0.2, mtrlﬂﬂdroblhomsﬂafr@@ accordi ng

the steps,jll Schene LV be coupled wth
BMOP 24 ih b |'téb§ﬁ‘£)?ev\ﬁ% %mglcar qné’tl’i ??88%&%% gjﬁg ﬁgﬁgl%ﬁreeat ed with acid to
produce 7- O prrovtesting w@lpswelxleh maybarusedsareifpungd maﬁhap@r hkse

paclitaxel pr e‘p,l()ggh%e&j,ou 2:in ag.@ S yhg,sl;n@fn Sggorgpguergyed to paclitaxel 2

asi d hydr o ys.ﬁm@ﬁow?a‘?p@%%%él%ﬁi : °“E’<§a§f¥ Pitaiiay Fuon Silaied>r 2
Sons, Inc.)

15 The specific examples which follow illustrate the
synthesis of representative compounds of the instant invention
and are not to be construed as limiting the invention in sphere or
scope. The methods may be adapted to variations in order to
produce intermediates and compounds embraced by this

20 invention but not specifically disclosed. Further, variations of
the methods to produce the same compounds in somewhat
different fashion will also be evident to one skilled in the art.

The abbreviations used herein are conventional
abbreviations widely employed in the art. Some of which are:

25
Ac acetyl
AcOH acetic acid
Bz benzoyl

30 BOC tert-butoxycarbonyl
BOC,0 di-tert-butylcarbonate
CBZ benzyloxycarbonyl

CBZ-Cl benzyloxycarbonyl chloride



02 Septenber 2002 - 15 Schenme 3 O ~, Ae~O Ph AcO O P AcO OP 24 O-Bz BzNH

LitbuO~ O/' 3: HO~~~~~ Hp _-
"CAc OAz OAc 2, TFA, aceuc aced Ohl
2Z,P=CBzZ 11, P = BOC 23, P = BCC 21 Zn,
Et OH paclitaxel 23 TFA) aceuc acid 5 It

H~ O THF. -SSto 0 ~, 3h Ph~_ 0~~,. ~O OBz
6, P = TROC 21, P = TROC 10, P=CBz
acetic acid. MeOH Z2 1070 Pd/C.

is believed that one of ordinary

skill in the art can, using the above description pgpfQaptetber poozesses

di scl osed and prepare the full

scope of the internmedi ates and conpounds of

the present invention. The foll ow ng exanples further exenplify the general
procedure for the preparation procedures inherent in 10 the synthesis of
paclitaxel from Baccatin IIl. Fa~anple 1 Synthesis of 7-O Acyl-Baccatin |1l

15 derivatives fi om Baccatin |11

Baccatin IlIl 1 is dissolved in DM. The

resulting solution is cooled to -40 C, and LiHVDS (1 Msolution in THF) is
02 Septenber 2002 - 16 added. After 5 mnutes, the appropriate

el ectrophile is addedDCIhe reaction is stdi¢ychétyleftbodiinaidd extra base or

el ectrophile is addethdUdri ve the reacti

\?)nhrt_(?. c%‘rggl etf on. The reaction is
then quenched with acétic acid and poured’in ¢§YNCTEE "MA® MIBE 5 sol ution

is washed 3 tines wt

PMAGer, the organi &V bydimethylaretemidat ed, and t he

resulting residue i s phgapchromat ogr aphed.g@MgEtHyIhhfiAoFfid{RE hyl acetate /
7

hexanes) or cgystal i éigpbo give the t

procedur e,

11 (6) Using the gen

- O TROC- baccatin

;Eﬁtﬁgg})’%gwg%%éﬁ?“‘@.ﬁG mmol ) was

reacted with Li HVDS (DME nL, 2.0 eq) andliffe®RylBorfdintde, 1.2 eq) in 2 nl)

of DMF to produce 80

fl% of 7-015 T
chromat ography. b. 7-0O CBZ-baccatin |11
mmol ) was di ssol ved i Bt@A¢L of

A TR 587y, 0 a8

ethyl acetate

h hour(s)
10 ipa isopropyl alcohol
KHMDS potassium hexamethyldisilazane
LiHMDS lithium hexamethyldisilazine or .
lithium bis(trimethylsilyl)amide
LitbuO lithium tert-butoxide
15 MeOH methanol
min minutes
MTBE tert-butylmethyl ether
NaHMDS sodium hexamethyldisilazane
NMPO N-methyl-2-pyrrolidinone
20 Ph pheny!l
rt room temperature
tBu tertiary butyl
TES triethylsilyl
THF tetrahydrofuran
25 TFA trifluoroacetic acid
TROC 2, 2, 2-trichloromethoxycarbonyl
Production of 7-O-anion
30 As a starting point in the semi-synthesis of paclitaxel

according the exemplary embodiment of the present invention,

baccatin III is reacted with one or more strong bases to provide a
7-O-anion suitable for reaction with an electrophile/protecting



20 anhydrous DMF. The solution was cooled to -40 C and 150 nol % of Li HVDS
(1 Min THF , 0.64 nL) was added slowy over 1 mn. After 5 mn. CBZ20 (150
nol 9% 0. 185 g) was added as a solution in DM (0.5 nL), and the reaction
was allowed to stir at -35 to -30 C. Extra base was added after 40 mn.
(0.1 nL), '"and 25 CBZ20 (40 ng) at one hour. After 3 hours, 1.5 nL of
acetic acid was added and the reaction m xture was 0R8epiember2002 of MIBE.
The organic | ayer was washed with 3 x 15 nL of water, and then concentrated
to an oil. The product was crystallized from bl TBE/ heptane to give 228 ny
of 7-0O CBZ-baccatin IIl, 3 0 82% NWR 8 8.0-7.2(m10 H), 6.35 (s, 1H), 5.64
(d, 1H J =6.8), 5.47 (dd, 1H J = 7.2,710.8), 5.12 (dd, 2H, J = 12 2,
21.2), 4.88 (d, 1H J = 8.6), 02 Septenber 2002 1~ _4.76 (t, 1H J =
8.1), 4.03 (d, 1H, J =7.2), 3.93 (d, 1H J = 7.2)) 2.652,40 (m 1H),
2.30-1.70(m 5H), 2,20 (s, 3H), 2.10 (s, 3H), 2.00 (s, 3H) 1.70 (s, 3H))
1.10 (s 3H), O. %a@ént 3fthe fro€ess of-pPeBa¥inBateat-Onadibh i6 illdsdrabéd 1y t he

gener al procedur§ bacgctzl nlll (2.076 g, 54 mol) was reacted with Li HVDS
(5.6 ni, 15eq)§h 0 (1.36 g 1.5eq) in 24 nL of DM to produce 1.6 g
(759 of 7-O-BOC 10 baccatin Il after silica gel chromatography. NVR b

8.00-2.30 (m 5H), 6.43 (s, 1H), 5.55gflembH J = 7.2), 5.30 (dd, 1H J =
6.8, 10.4), 4.85 (d, 1H, J = 8.6), 4.75 (t, 1H J = 8.1), 4.20 (d, 1H, J =
8.6), 4.07 (P 1H J = 7. 3)3 3.89 (d, 1H) J = 6.8) 2.60-2. 48 (m 1H),
2,21-2.00 (m 3H), D4 2.10 (s, 3H), 2.05 (s 3R), 9% 1.90-1.78
(m 1H), 1.68 (s, .o (m 1H), 1.36 (s, ‘ 3H), 0.97
(s, 3H). d. ?-Odi -bakdBiQn 111 (12 y e general
procedure, baccatin ¥» 0. 2pgyor was rep »HVDS (0.52
m., 2 eq.) and chlor., ny! fh@spRate (45 ~tL, 1. ’ DVF to
produce 110 ngy (589§ o Cied &Ahy! phosphoryl - battat i nH(DI f@\e silica gel
chromat ography. 25 e. 7- O Gbut oxycar bonyl - baccatin |11 g) Usi ng t he

general procedure, baccatiln 111 (0.150 g, 9 mol ) was réacted with
Li HVMDS (0.52 nL, 2 eq) and 0 isobut of ormat e (66 LQ 2 eq) in2m

of DMF to produce 153A¢R(87% Qof 7- but oxycar bony| A#&cc B 11 after
silica gel chromatograp Sept enber 2002 - la . S fo | - baccatin
11 (14) 5 Li HVDS ¥ M Ik, 1 nmmol) was added g te to a
stirred sol ution of (70‘0_n—g"TT9’,mml) d DVF at

-45 C under argon. AR efd 5: mrg a sol ution of aceg%{\\l qef ol
2.4 mol) in dryHBI\/F (I‘Q‘a@éi) 2as added in one minute ano sﬁBirpﬁg was
continued for 3 10 mn. The reaction was slowy warnmed from-45 Cto -35 C
over 5 nin and held for 10 min between -35 C and -33 C . HPPC

As illustrated in Scheme 1, treatment of a solution of

baccatin III 1 in DMF with LitbuO at low temperature produces

10  the 7-O-anion 8. DMF is the preferred solvent, as the reaction is
slow in the commonly used THF. Other solvents which may be
used include DMAC, NMPO, DMEU and DMPU. The epimer 9
is the favored configuration under these conditions, but
surprisingly only the 7-O anion 8 reacts with electrophile.

15  Although LitbuO is the favored base which provides a cleaner
product in significant yield, other bases such as LIHMDS,
NaHMDS, and KHMDS may also be used.



i ndi cated the absence of starting material. The reaction was quenched with
‘AcOH (100 p.L) and diluted with 15 nL of MIBE, which was then washed with
water (5 x 10 nL) and evaporated to 15 give a while solid (772 ng). This
solid was dissolved in 3 nL of toluene at 65 C, to which heptane ( 12 nli)
was added. The resulting slurry was stirred at 65 Cto 29 Cfor 45 mn and
at roomtenperature for 45 min to give 7-O acetyl - G2 Septemibérd 2AE@B2 ny) as
a crystalline material in 77.6%vyield. 20 g.

7- O adamant yl oxycar bonyl - baccatin 1l (15) Using the general procedure,
baccatin Il (0.150 g, 0.26 mvol) was reacted with LiHVDS (0.52 nL, 2 eq)
and adamantyl 25 fluoroformate (101 rg,12-eq) in 2 nL of DVF to produce 120
ng (64% of 7-0O adamantyl oxycarbonyl -baccatin Il after silica gel

chromat ography. h. 7-0Oallyl oxycarbonyl -baccatin Il (16) 30 Using the
general procedure, baccatin Ill (0.200 g, 0.34 mmpl) _was [eacted with

Li HVDS (0. 68 nLB-2 eq) éﬂﬁ’dlcauopwfc%pogbqteﬁﬁ?étéamgnp@ a&laz‘g&’@%ﬁswn 2 mL of
DMF to produce 120 Ogf BeflitakbEThd®éf2om 19 ng g(65% of

7- O al | yl oxycar bonyl -baccatin Il after silica gel chromatography. i.

7- O-vi nyl oxycar bonyl -baccatin 111 (17) 5 Using the general procedure,
baccatin 111 (0.116 g, UsingthenfrainjomBpreparddeith soheme 1,HVOSpt@estedi, 1 eq)

and vinyl chkor gbottl ¢11(Ray belprebare@%hd &h xolid¥silOcHYiIAAHES bed MU J
(61% of 7-Ovinylo cartgan | - baccatin I af%er égbl i ca gel %O

chr omat ogr aphy. eﬁwﬁ%dea ar lpﬂéee%ﬁeglef ARESART iCAGVESES dRthe to
7-acyl -baccati nphklitddli vati ve Conpounds 15 The 7- O acyl -baccatin |11
conpound is added to dry toluene. DCC, DMAP and oxazoline carboxylic acid 5
are added and the reaction mxture is stirred at rt until HPLC determ nes
that no starting material remains. The reaction is quenched 20 with AcCH,
diluted with EtQAc, and filtered to renove DCU. The organic solution is
washed with 10% KH2PO~, 10% NaHCO03, and water, concentrated, and the
desired product is isolated by crystallization or silica gel

chr omat ogr aphy. 25 a. 7-0O TROC- 13- O oxazol i noyl baccatin Il (18) Fall ow ng
t he general procedure, ?-0O TROC-baccatin IlIl 6 (80 ng, 0.105 mmoi) was
conbi ned with oxazoline



3 0 carboxylic acid 5 (34 ng, 0.126 nmmol), DVAP ( 15 ng, 0.126 mml) and
'DCC (26 ng ).126 mmol) in toluene (2 nL) to produce

7- 0- TROC- 13- O oxazol i noyl baccatin Il (82 nmg 77% after chronatography
(hexane / Et OAc 5:2). 02 Septenber 2002 - 20 b.

7- O CBZ- 13- O oxazol i noyl baccatin Il (19) Follow ng the general procedure,
7- O CBZ-baccatin |1l 5 10 (262.2 ng, 0.36 mmol) was0Z Sebteraben®00dR oxazol i ne

carboxylic acid 5 (117 ng, 0.44 mol), DVAP (47.2 ng, 0.39 muvol) and DCC
(113 ng, 0.55 mmol) in toluene (5nL) to produce

7- O- CBZ13- O oxazol i noyl baccatin Il (295 ng, 83.610) after chromatography
(hexane / EtQAc 65:35). 10 c. 7-0O BOC— 13307 oxazol i noyl baccatin 11 (20)
Fol Il owi ng the general procedure, 7-0O BOC-baccatin Ill 11 (0.5 g, 0.73 mmol)

was conbi ned wi th oxazoline carboxylic 15 acid 5 (234 ng, 0.88 nmol), DVAP
(94.3 ng, 0.77 mmol) and DCC (190.7 nsl S‘Qmml) in toluene (5.1 nL) to
produce 7-0O BOC 13- Ooxag,ol noyI bacca }ﬁ rInfal (641 ny, 94(50) after

ol al cohol . 20 sanple 3 & ask s of Paclitaxel
Prectisstls a. Paclita @ 7- 0O CBZ-13-0
Q) - DAE St Metchod
7- O CBZ- 13- Ooxazqal»' baicatl nlll 19 (100 ng, fQwher ) 's di ssolved in
a solution of TFA (50 ~Lysz RAOH (1.05 .~ and water (*6 QE@SO’N’L) Thi s
m xture was stirred at rt8for eﬁctgphgcsoﬂyﬁtél cgBQ Starti ngprakeci al was
detected. the solution was quesrsziesonbld os(pﬁa ng)m:mcmt er (0.21 nl)
and stirred for 3 mn. CH2C12 10!1‘0'1%1_ h&weie vty lgpda " #Cadded and
stirnng continued for 3 mn. H gﬁg’"‘\ﬁéf‘é‘/'g‘@f? F"a‘t‘ed2 X toﬁg“ﬂ\'ﬁ er 02
Sept enber 2002 - 21 |ayer was extract ed with CHzCl ~ (Em& he conbi ned
organic |l ayers were washed with Water (2 x 5 nl), concerPt:rﬁalDed to 1.5 nL
and treated with TEA ( 193 ~tL). After an hour at rt, %%%I on mixture
was quenched with concentrated kgSO (0.162 5 nL) in vvater""( 44 m) and
extracted with CH2C12 (10 nl). ThESrgani c phase was washed with water (2 x
5 mL), dried over NaZSO %pd evipor¥ted to give pure 7- GdlBZ-pgecl i t axel 22
( 102.3 ng, 1009 . 7’3 pacl it axeP is then converted tg axel by

hydrol ysis of thi (65 ng, 50. 08 Mol ) was car ' Q using TFA
(38.1 uL, 0,5 mmol) NS mOCC- BYP wat ef ( . 75 BPol | oned
by TEA ( 146.2 pudy f ;LH h‘=OAt 0 prowiwe pure ’\)YO HO & Bac
0Bz ¢ 2z
S, O
6,P = TROC Ph 18,P = TROC
10,P = CBZ 19,P = CBZ
11,P = BOC 20,P =BOC
1. Zn, acetic acid
2. TFA, acetic acid, water
18 3. TEA
1. H, P&C
2. TFA, aceuc acid, water .
19 3. TEA paclitaxel
1. formuc acid
2. TFA, acetic acid, water
20 3 TEA

As illustrated in Scheme 2, addition of a protecting
5  group P, which is advantageously delivered by electrophiles such
as, for example, TROC-Cl, CBZ-Cl, CBZ,0, BOC-Cl or BOC,0,
results in the formation of the corresponding 7-O-TROC-
protected, 7-0O-CBZ-protected and 7-O-BOC-protected baccatin III



paclitaxel (66,1 ng) in 99.5%vyield. b. Paclitaxel from 7-0 CBZ-13-0 15

oxazol i noyl baccatin Il (19) - Alternate Mthod

7- O CBZ- 13- O oxazol i noyl baccatin Il 19 ( 120 ng, 0.12 nmol) in EtOH (20
m.) was hydrogenated with 10% Pd/C (20ng) 2 0 and Hz (30 psi) to provide
13- O oxazol i noyl -baccatin Il (99.6 ng), in 96.3!'0 yield. Hydrolysis of

this conmpound (65 ng, 0.08 nmmmol) was carried out usQ0R®eptEmbeB200R. L, 0,5
mml ), AcOH (0.8 nL), and water (0.203 nL) for 5 h followed by TEA (146.2
~L) for 1 h to provide pure paclitaxel (66.1 ng) in 99.5%yield. 25 c.
Paclitaxel from 7-0O BOC- 13- 0O oxazolinoyl baccatin Il (20) - First Method A
solution of 7-0 BOC- 13- 0O oxazol i noyl baccatin 111 20 (100ng) 0.11 nmol ) and
water (0.3 m) in AcOH (2.36 mM) was stirred at 75 C. The reaction m xture
after 20 h was diluted with 3 0 nethylene chloride ( 15 m) and washed with
water (3 x 5ml). The organic phase was conentrated and purified over a
silica gel 02dsripetivee 6, 200md 1 borespedtivglhe Tarereactian 1(53~ap)d amdf ur ni sh
paclitaxel (63 @Cg)es'lﬁtfizg? 1f@-bf1's‘§ir9tec€led lls"}a idcﬁ@éebthéia'ﬁh?tegh

oxazol i noyl baccatin |11 acetic aC|d (0.472

Tri f I
m, 6.13 mol) RERHFRE: %ﬁ)@%}%%ﬁagf"é{yﬁpgf’ﬁi‘}éa carbonates,
7- O BOC- 13- oxazeluchagl dbmhgltchtbrbphos(;ﬂ&@e,mgpbﬁty%h]mmﬂo)marte CHzCI Z (18 m)

and water (27 m@écgoé)%%%”@%z%td%{fneant"t‘?fjﬂﬁ&cff&e:ﬂaEeO{]A&@O@) A one 10

materi al was detected NaQAc 10
sol ution and thé kﬂfﬁ@é’@%@r@b&@%t gHy 'Fh@rﬁé‘ilm?‘f@n\émd’h@@rq de phases

con} ;ai nz}g 2' %Aﬁ&yﬁﬂ}d@ézeld 4k TROOAR dricealsedvowld WellBA the( 1.8 m, 1ﬁ g
ol ) . ter at,.r oom.t eaction quenc e
with diulted H2§?ﬂ“3‘i &Qrfrz 6% {e géﬁ%cfagﬁa V(%fvaesr}reﬂdﬁté}f ?gr ar ation was
washed with wat @and(P7.x Simpiﬁesmﬂe)”s aan atspalyroformead, tsuch afsomwafsomm whi ch on
crystal | zat on ¢ ol PADB 1R aaalfeorw%qtlzanﬁgsﬁpewgg gl phaBRidD)

85.2%vyield formc aci was a
2-0- BOCpacl i t axé&erivasiyesd, 1@, el %W)th.qataaolﬂ% k agarote ﬁaclmesek esul ting

sol ution was st isidexthagh, ifr fdduénd eitDOA andmma@hw@fedmnet ure 20 was

diluted with rreth ene _ghl o 40 S vmth t 10 m).
Evaporation of t ﬂé%?&ﬁﬁi%’ hagéétﬁﬁvgié %val} lpl arie Cts ééyst allized
fromIPA to furdi®%np80!itaxel (284.7 ng) in 63. 3%y| eId C. Paclltaxel
from 7- 0-BOgs13- O 25 OXF%Z&L;I piRktbat ¢ré dtﬁ‘séllsllézﬁand-m’ ﬁlg. et hod

7- O BOC- 13- O oxazol i bacc in, Ll 450 was treated
with TFA (0.273C08vE e W?%& gy %%ﬁfﬁpepr%%t‘%&?%w at room
t enperat ure for by érdinhtyowethbds, Bnd b{yla@d hyldrolgsibofitiel protented. 5 h to give
paclitaxel (310 f@dcHdInbs P hdnPliviktheaf ter crystallization from I PA.

20 C. Production of 7-O-Protected Baccatin III and Synthesis
of Paclitaxel Therefrom - Alternative Synthesis

As illustrated in Scheme 3, 7-O-Protected-Baccatin III

derivatives 6, 10, and 11, prepared according the steps illustrated

25  in Scheme 2, may alternatively be coupled with BMOP 24 in
LitbuO which is esterified at C-13 and then treated with acid to
produce 7-O-protected paclitaxel precursors 21, 22, and 23. These
paclitaxel precursors 21, 22, and 23, may then be converted to
paclitaxel 2 by removal of the 7-O-protecting groups by ordinary

30 methods, and by acid hydrolysis of the protected sidechain to
phenylisoserine.



02 Septenber 2002 - 23 F~anple 4 CGeneral Procedure for Coupling BMOP
Sidechain to 7-Oaryl -baccatin conpounds 5 A solution of 7-0O acyl -baccatin
[1l in THF at -55 Cis treated with LiHNIDS (1Min THF). A solution of BMOP
in THF is added and the reaction is stirred at 0 C for 3h. Water is added
to quench the reaction, and the mxture is poured into Et OAc. The organic
layer is washed with water and brine, dried over 10(QRR&§PMbaI2002
concentrated. The resulting product is re-dissolved with AcCH and treated
with TFA. The reaction is quenched with ag. NaOAc, diluted with CHzZCl~, and
washed with water, 10% NaHCO-, and brine. The organic layer is then dried
over Na2S04, and purified by silica gel ¢chromatography to deliver 7-015
protected paclitaxel. a. 7-0O TROC-paclitaxel (21) Follow ng the general

procedure, 7-0O TROC-baccatin 20 Il 6 (158.4 ng) 0.21 mmol) in 4.6 nL of
THF was reacted with BMOP 24 (137 ng, 0.40 nmol) and Li HVDS (0.25 ni, 0.25
mol ) to produce 139.5 ng 139.5 ng 79%dfenys B- TROC- baccatin I[11. b.

Paclitaxel from 7-0O TROC-paclitaxel (21) 25 7-0O TROC-paclitaxel 21 ( 130
ng, 0.13 nmmol) was reacted with Zn dust ( 150 ng, 2.29 mmol) in AcOH MeCH (
1:1, 5 n) at 60 Cfor 2,5 h. The ye&esjopsnixture was cogled apd filtered

and the organic sol vquP ~a F’evaporat ed. eyfesulting residuelpds 3 0
purified by colum ch aphy to vyj pacl laiNaer : n 81. 9%
yi el d. 02 Sept enbe 24 CLipuol- O CBZ- pacli t D u:, ng the
general procedure, Y o CB -%camW*( P ] D 22 'hiD in 2 nL

of THF was react &8 wi t@ Ed\/(PAc24 (9FA7 2c88)d0- 28 n’m)bw and L| “HIBS C("O 24 ni,
0.24 mmol)) to produce 139.5 ng 61% of 7-O CBZ-paclitaxel. d. Paclltaxel
from 7- O CBZ- pacl i taxelmij OC10 7-0- CBZ- pacl i taxel 22 (115 mol )
was hydrogenated (30 pgy pH OCZO ng of 10% Pd/C in 20 nL of g_.,b,s e et hanol
for 3 h. The reaction m'xture was washed with 10 nL of CH2C12. The combi ned
filtrates were concentrated and 15 chronat ographed to give paclitaxel 73.4

ng, 78.1% e. Paclitaxel Directly from7-0O BOC-baccatin IIl (11) through
7- O- BOC- pacl i taxel (23) 202Fol | ow Agactiheidgendr al procedure,
7-O-BOC-baccatin Il 11 (125 ng, 0.18 nmmol;) in 2.5 nL of THF was reacted

with BMOP 24 (125 ng, 0.37 mmol) and Li HVDS (0.22 nL 0.22 mmol) to produce
crude 7- O BCOC-paclitaxel, which was not isolated, but further reacted with

TFA (60 p.L, 0.78 mml) ancd2water (0%, E:0H paclitaxel
23 TFA, acetic acid
5 It is believed that one of ordinary skill in the art can,

using the above description perform the processes disclosed and
prepare the full scope of the intermediates and compounds of the
present invention. The following examples further exemplify the
general procedure for the preparation procedures inherent in

10  the synthesis of paclitaxel from Baccatin III.

Example 1
Synthesis of 7-0-Acyl-Baccatin ITI
15 derivatives from Baccatin ITI

Baccatin III 1 is dissolved in DMF. The resulting
solution is cooled to -40 °C, and LiHMDS (1 M solution in THF) is



25 mL) in AcOH (1.25 nL) for 51 h to produce 57.4 ng (55.2 9% of
paclitaxel. 02 Septenber 2002 - 25 Cains | Caim 5 1. A process for
preparing paclitaxel by converting baccatin IIl into 7-0acyl-protected
baccatin 111 in good yield and high quality with an electrophilic
protecting group of the fornula O R* X 10 with a strong base in a sol vent
of the general formula, R CONR 2 wherein R is alkyl02®&agptemBef200&R 2N-, or
RS; R is C _g alkyl, C $ alkenyl, benzyl, or trichloroethyl; and X is
hal ogen, i m dazoyl, benztriazole, N-(benzyloxycarboxyloxy) succinimde) 15
OR) or -OOCOR. 2. A process of claim1l, wherein said solvent is selected
fromthe group consisiting of DMF, DMAC, 146\MPO) DMEU, and DMPU. 20 3. A
process of claim2, wherein said solvent is DMF. 4. A process of claiml,
wherein said strong base has the general fornula RO M) wherein Ris
al kyl or aryl) and Mis a nmetal selected fromthe gtéoup consi sting of

C

lithium sodi um adfed28fisstoagunutes, she Apprerwate Jecteophile is added.ei n sai d
strong base is s@heakactidn (stilredgito8p *Oyanidsdtrgbade bt ElWBFophilt hyiO, KHVDS,
and NaHMDS; and taggeigl ée.nt tl}S DI\/Ft Bg 6. Ak_gr ocm of clai m .o, wherein
sai d strong base?FS°LI Y BURE° "7 TRRHP YL &S EOBP R nt A° TRATEPR 1T YERd
el ectrophi l'i ¢ pr quenthadgwithmaneticsacsd lhedtpoired omto MTBEoUPhe BIEBEt i ng of
CBz- O CBZ205  CRgI Az s RS t3ReB at BOHOor JE o
di et hyl chl or ophosphate,1 iaobud?i1 %ﬁfc%}gﬁvﬁété, .906% egf%errrblesr 2002 - 26
acetyl i ni dazol e, CARCAREFANGA, ARASASITSEHEERE refidye iL MY of or mate, and vi nyl
chlorof ormate.  chromatographed over silica gel (ethylacetate / hexanes) or

crystallized to give the title compound

10 a. 7-O-TROC-baccatin III (6)

Using the general procedure, baccatin III (0.150 g, 0.26
mmol) was reacted with LIHMDS (0.52 mL, 2.0 eq) and TROC-Cl
(43 uL, 1.2 eq) in 2 mL) of DMF to produce 80 mg (41% of 7-O-
15 TROC baccatin III after silica gel chromatography.

b. 7-0-CBZ-baccatin III (10)

Baccatin III (0.25 g. 0.43 mmol) was dissolved in 4 mL of
20 anhydrous DMF. The solution was cooled to -40 °C and 150 mol
% of LIHMDS (1 M in THF , 0.64 mL) was added slowly over 1
min. After 5 min. CBZ,0 (150 mol %,0.185 g) was added as a
solution in DMF (0.5 mL), and the reaction was allowed to stir at
-35 to -30 °C. Extra base was added after 40 min. (0.1 mL), and
25 CBZ,0 (40 mg) at one hour. After 3 hours, 1.5 mL of acetic acid
was added and the reaction mixture was poured in 25 mL of
MTBE. The organic layer was washed with 3 x 15 mL of water,
and then concentrated to an oil. The product was crystallized
from MTBE/heptane to give 228 mg of 7-O-CBZ-baccatin III,
30 82%.
NMR § 8.0-7.2(m,10 H), 6.35 (s, 1H), 5.54 (d, 1H, J = 6.8), 5.47 (dd,
1H, J =17.2,10.8),5.12(dd, 2H, J = 12.2, 21.2), 4.88 (4, 1H, J = 8.6),



8. A process for synthesizing paclitaxel of the fornula: 5 10 0 ~NH O, -~/
~ov,~\ (( OHO O\ HO=H~O0 OO CH3 conprising the steps of; a. treating

a solution of baccatin Ill having the formula N~ nv ~Bz OAc with a strong
base in a solvent; b. adding an electrophile to the solution to forma
7-O protected 15 baccatin Ill derivative having the formula w HO~~~,,~ H HO

pBz 02 Septenber 2002 - 27 c. reacting the 7-00gramember28b2atin 111
derivative with a protected paclitaxel sidechain in a solvent) such that
said sidechain is coupled with said 7-O protected baccatin II1l derivative
at the C 13 position; and d. deprotecting said protected paclitaxel
sidechain and renoving 5 said 7-O protecting group to form paclitaxel. 9.
The process of claim8, wherein said sollVent is DMF. 10. The process of
claim8, wherein said strong base is selected fromthe 10 group consisting
of LitbuQ, LiHVDS, KHMVDS, and NaHVDS. 11. The process of claim8, wherein

sai d el ectrophil g~} i f 0 igti of -Cl) CBzZzZG,
B benstri apny £ 7R3 IH. FEAN UL O YO 218 >8§%§L<§h£$29 SHR IR
chlorof ormat e, a&&Pym,dHag80e) 7 bkbi $12018, 3Hy G 1 6 AHDE2.08 | v

chi orof ormat e, ard3M)nylroedlzeof aoneien, 430 (Jhegprocess of claim8, wherein
said protected paclitaxel sidechain is attached to the C 13 hydroxyl of

said 7-O protected baccatin II1l derivative using a dehydrating agent. 20
5 c. 7-0-BOC-baccatin III (11)

Using the general procedure, baccatin III (2.076 g, 54
mmol) was reacted with LIHMDS (5.6 mL, 1.5 eq) and BOC,0
(1.36 g 1.5 eq) in 24 mL of DMF to produce 1.6 g (75%) of 7-O-BOC-
10  Dbaccatin IIT after silica gel chromatography.
NMR 5 8.00-7.30 (m, 5H), 6.43 (s, 1H), 5.55 (d, 1H,J = 7.2), 5.30
(dd, 1H, J = 6.8, 10.4),4.85(d, 1H, J = 8.6), 4.75 (t, 1H, J = 8.1), 4.20 _
(d,1H,J =8.6),4.07(d, 1H,J =7.3),3.89 (4, 1H, J = 6.8) 2.60-2.48
(m, 1H), 2,21-2.00 (m, 3H), 2.18 (s, 3H), 2.10 (s, 3H), 2.05 (s, 3H),
15  1.90-1.78 (m, 1H), 1.68 (s, 3H), 1.60-1.50 (m, 1H), 1.36 (s, 9H), 1.05
(s, 3H), 0.97 (s, 3H).

d. 7-O-diethylphosphoryl-baccatin IIT (12)

20 Using the general procedure, baccatin III (0.150 g, 0.26
mmol) was reacted with LIHMDS (0.52 mL, 2 eq.) and
chlorodiethylphosphate (45 uL, 1.2 eq) in 2 mL of DMF to produce
110 mg (59%) of 7-O-diethylphosphoryl-baccatin 1II after silica
gel chromatography.

25

e. 7-O-isobutoxycarbonyl-baccatin III (13)

Using the general procedure, baccatin III (0.150 g, 0.26
mmol) was reacted with LIHMDS (0.52 mL, 2 eq) and
30 isobutylchloroformate (66 uL, 2 eq) in 2 ml of DMF to produce
153 g (87%) of 7-O-isobutoxycarbonyl-baccatin III after silica gel
chromatography.



13. The process of claim 12, wherein said dehydrating agent is DCC. 14. The
process of claim 12, wherein said dehydrating agent is toluene with DCC and
DVAP. 25 15. The process of claim8, wherein said protected paclitaxel
sidechain is attached to the C 13 hydroxyl of said 7-O protected baccatin
1l derivative using a strong base. 30 16. The process of claim 15, wherein
said strong base is LitbuO or butyllithium 17. The)ZSeptessberf20)2ai m 8,
wherein said step of deprotecting said protected sidechain and renoving
said 7-O-protecting group fromsaid 7-0O 35 protected baccatin I

derivative is performed by acid hydrolysis. 02 Septenber 2002 - 28 18.
The process of claim8, wherein said pagitaxel sidechainis a

~3phenyl i soserine sidechain. 19. A paclitaxel derivative of the fornmula: 5
0 O O-ORX~ HO~ , HO ~Bz QAc wherein, Ris alkyl or aryl; 10 X is hal ogen)
silyl, alkoxy, thin or amno; and nis an integer from1l to 3; wth the
proviso that when Ris alkyl, X is not halogen. .Al.A A9. A &2. A3&% Af! & AL,
& . A A Ay& A9l
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(64%) of 7-O-adamantyloxycarbonyl-baccatin III after silica gel
chromatography.

h. 7-O-allyloxycarbonyl-baccatin III (16)
30
Using the general procedure, baccatin III (0.200 g, 0.34

mmol) was reacted with LIHMDS (0.68 mL, 2 eq) and
allylchloroformate (45 pL, 1.25 eq) in 2 mL of DMF to produce 120
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Following the general procedure, 7-O-TROC-baccatin
III 6 (80 mg, 0.105 mmoi) was combined with oxazoline
30 carboxylic acid 5 (34 mg, 0.126 mmol), DMAP (15 mg, 0.126
mmol) and DCC (26 mg ).126 mmol) in toluene (2 mL) to produce
7-0-TROC-13-0-0xazolinoylbaccatin III (82 mg 77%) after
chromatography (hexane / EtOAc 5:2).
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Following the general procedure, 7-O-CBZ-baccatin III
10 (262.2 mg, 0.36 mmol) was combined with oxazoline carboxylic
acid 5 (117 mg, 0.44 mmol), DMAP (47.2 mg, 0.39 mmol) and
DCC (113 mg, 0.55 mmol) in toluene (5mL) to produce 7-O-CBZ-
13-O-oxazolinoylbaccatin III (295 mg, 83.6%) after
chromatography (hexane / EtOAc 65:35).

c. 7-0-BOC-13-0-0xazolinoylbaccatin III (20)

' e H$$gEC

Following the general procedure, 7-O-BOC-baccatin III

11 (0.5 g, 0.73 mmol) was combined with oxazoline carboxylic
acid 5 (234 mg, 0.88 mmol), DMAP (94.3 mg, 0.77 mmol) and
DCC (190.7 mg, 0.93 mmol) in toluene (5.1 mL) to produce 7-O-
BOC-13-0-oxazolinoylbaccatin III (641 mg, 94%) after
crystallization from isopropyl alcohol.

Example 3
Synthesis of Paclitaxel from 7-O-Protected Paclitaxel Precursors

a. Paclitaxel from 7-0-CBZ-13-O-
oxazolinoylbaccatin III (19) - First Method

7-0-CBZ-13-0-oxazolinoylbaccatin III 19 (100 mg, 0.1
mmol) was dissolved in a solution of TFA (50 uL), AcOH (1.05
} and water (0.268 mL). This mixture was stirred at rt for 5 h
until no starting material was detected. the solution was
quenched with NaOAc (59 mg) in water (0.21 mL) and stirred for
3 min. CH,Cl, (10 mL) and water (3 mL) were added and stirring
continued for 3 min. The phases were separated and the water
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layer was extracted with CH,Cl, (5 mL). The combined organic
layers were washed with water (2 x 5 mL), concentrated to 1.5
mL and treated with TEA (193 nL). After an hour at rt, the
reaction mixture was quenched with concentrated H,SO, (0.162
5 mL) in water (1.444 mL) and extracted with CH,Cl, (10 mL). The

organic phase was washed with water (2 x 5 mL), dried over
Na,SO,, and evaporated to give pure 7-O-CBZ-paclitaxel 22 (102.3
mg, 100%). 7-O-CBZ-paclitaxel is then converted to paclitaxel by
hydrolysis of this compound (65 mg, 0.08 mmol) was carried out

10 using TFA (38.1 uL, 0,5 mmol), AcOH (0.8 mL), and water (0.203
mL) for 5 h followed by TEA (146.2 pL) for 1 h to provide pure
paclitaxel (66.1 mg) in 99.5% yield.

b. Paclitaxel from 7-O-CBZ-13-O-
15 oxazolinoylbaccatin III (19) - Alternate
Method

7-0-CBZ-13-0-oxazolinoylbaccatin III 19 (120 mg, 0.12
mmol) in EtOH (20 mL) was hydrogenated with 10% Pd/C (20mg)
20 and H, (30 psi) to provide 13-O-oxazolinoyl-baccatin III (99.6 mg),
in 96.3% yield. Hydrolysis of this compound (65 mg, 0.08 mmol)
was carried out using TFA (38.1 pL, 0,5 mmol), AcOH (0.8 mL),
and water (0.203 mL) for 5 h followed by TEA (146.2 uL) for 1 h to
provide pure paclitaxel (66.1 mg) in 99.5% yield.

25 c. Paclitaxel from 7-O-BOC-13-O
oxazolinoylbaccatin III (20) - First Method

A solution of 7-0-BOC-13-0O-oxazolinoylbaccatin III 20
(100mg, 0.11 mmol) and water (0.3 ml) in AcOH (2.36 ml) was
stirred at 75 °C. The reaction mixture after 20 h was diluted with
30 methylene chloride (15 ml) and washed with water (3 x 5ml).
The organic phase was conentrated and purified over a silica gel
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phases contained 2-OBz-7-BOC-paclitaxel, was treated with TEA .
(1.8 ml, 12.9 mmol). After 23 h at room temperature, the reaction
mixture was quenched with diulted H,SO, at 15 °C. The organic
phase obtained after separation was washed with water (2 x 10

15 ml) and evaporated to a foamy solid, which on crystallization
from IPA-hexane afforded 7-O-BOC-paclitaxel (782 mg) in 85.2%
yield. Cold formic acid (99%, 5 ml, 10 °C) was added to 7-O-BOC-
paclitaxel (500 mg, 0.52 mmol) in a flask at 7 °C and the resulting
solution was stirred at 7-10 °C for 45 min. The reaction mixture

20 was diluted with methylene chloride (40 ml) and washed with
water 4 x 10 ml). Evaporation of the organic phase gave a foamy

solid, which was crystallized from IPA to furnish paclitaxel
(284.7 mg) in 63.3% yield.

c. Paclitaxel from 7-0O-BOC-13-0O-
25 oxazolinoylbaccatin III (20) - Third Method

7-0-BOC-13-0-oxazolinoylbaccatin III 20 (450 mg, 0.54
mmol) was treated with TFA (0.273, 3.54 mmol), AcOH (5.71 ml)
and water (1.048 ml) at room temperature for 7 h followed by TEA
(1.01 ml, 7.25 mmol) for 0.5 h to give paclitaxel (310 mg) in 64.7%
30 yield after crystallization from IPA.
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5 A solution of 7-O-acyl-baccatin III in THF at -55 °C is
treated with LIHMDS (1M in THF). A solution of BMOP in THF
is added and the reaction is stirred at 0 °C for 3h. Water is added
to quench the reaction, and the mixture is poured into EtOAc.
The organic layer is washed with water and brine, dried over

10 Na,SO,, and concentrated. The resulting product is re-dissolved
with AcOH and treated with TFA. The reaction is quenched
with aq. NaOAc, diluted with CH,Cl,, and washed with water,
10% NaHCO,, and brine. The organic layer is then dried over

Na,SO,, and purified by silica gel chromatography to deliver 7-O-
15 protected paclitaxel.

a. 7-O-TROC-paclitaxel (21)

Following the general procedure, 7-O-TROC-baccatin
20 III 6 (158.4 mg, 0.21 mmol) in 4.6 mL of THF was reacted with
BMOP 24 (137 mg, 0.40 mmol) and LIHMDS (0.25 mL, 0.25 mmol)
to produce 139.5 mg 139.5 mg 79% of 7-O-TROC-baccatin III.

b. Paclitaxel from 7-O-TROC-paclitaxel (21)
25
7-0-TROC-paclitaxel 21 (130 mg, 0.13 mmol) was reacted
with Zn dust (150 mg, 2.29 mmol) in AcOH-MeOH (1:1, 5 mL) at
60 °C for 2.5 h. The reaction mixture was cooled and filtered and
the organic solvent was evaporated. The resulting residue was
30 purified by column chromatography to yield paclitaxel (88.3 mg)
in 81.9% yield. '
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c. 7-O-CBZ-paclitaxel (22)

Following the general procedure, 7-0O-CBZ-baccatin III
5 10 (156.5 mg, 0.22 mmol) in 2 mL of THF was reacted with BMOP
24 (94.7 mg, 0.28 mmol) and LiHMDS (0.24 mL, 0.24 mmol)) to
produce 139.5 mg 61% of 7-O-CBZ-paclitaxel.

d. Paclitaxel from 7-O-CBZ-paclitaxel (22)
10
7-0-CBZ-paclitaxel 22 (115 mg, 0.12 mmol) was
hydrogenated (30 psi H,, 20 mg of 10% Pd/C in 20 mL of absolute
ethanol for 3 h. The reaction mixture was washed with 10 mL of
CH,Cl,. The combined filtrates were concentrated and
15 chromatographed to give paclitaxel 73.4 mg, 78.1%.

e. Paclitaxel Directly from 7-O-BOC-baccatin
ITI (11) through 7-O-BOC-paclitaxel (23)

20 Following the general procedure, 7-O-BOC-baccatin III
11 (125 mg, 0.18 mmol;) in 2.5 mL of THF was reacted with
BMOP 24 (125 mg, 0.37 mmol) and LIHMDS (0.22 mL 0.22 mmol)
to produce crude 7-O-BOC-paclitaxel, which was not isolated, but
further reacted with TFA (60 pL, 0.78 mmol) and water (0.316

25 mL)in AcOH (1.25 mL) for 51 h to produce 57.4 mg (55.2 %) of
paclitaxel.
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acyl-protected baccatin 11l in good yield and high quality with an electrophilic

protecting group of the formula

0
R)l\x
10 with a strong base in a solvent of the general formuia, R-CONR,
wherein
Ris alkyl, aryl, R'O-, R',N-, or RS;
R' is C,¢ alkyl, C,, alkenyl, benzyl, or trichloroethyl; and

X is halogen, imidazoyl, benztriazole, N-(benzyloxycarboxyloxy) succinimide,
15 OR’, or-OOCOR.

2. A process of claim 1, wherein said solvent is selected from the group
consisiting of DMF, DMAC, NMPO, DMEU, and DMPU.

20 3. A process of claim 2, wherein said solvent is DMF.

4, A process of claim 1, wherein said strong base has the general formula
R-O"M*, wherein R is alkyl or aryl,

and M is a metal selected from the group consisting of lithium, sodium, and
25 potassium.

5. A process of claim 1, wherein said strong base
is selected from the group consisting of LIHMDS, LitbuO, KHMDS, and
NaHMDS; and the solvent is DMF.,

30

6. A process of claim 5, wherein said strong base is LitbuO.

7. A process of claim 1, wherein said electrophilic protecting group is
selected from the group consisting of CBZ-Cl, CBZ,0, CBZ-benztriazole,
35 BOC-Cl, BOC,0, TROC-CI diethylchlorophosphate, isobutyl chioroformate,
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comprising the steps of;
a. treating a solution of baccatin ill having the formula

10

with a strong base in a solvent;
b. adding an electrophile to the solution to form a 7-O-protected

15 baccatin Il derivative having the formuia
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10.  The process of claim 8, wherein said strong base is selected from the

10  group consisting of LitbuQ, LIHMDS, KHMDS, and NaHMDS.

11.  The process of claim 8, wherein said electrophile is selected from the

group consisting of CBZ-Cl, CBZ,0, CBZ-benztriazole, BOC-CI, BOC,0,

diethylchlorophosphate, isobutyl chloroformate, acetylimidazole, adamantyl
15 fluoroformate, ally! chloroformate, and vinyl chloroformate.

12.  The process of claim 8, wherein said protected paclitaxel sidechain is
attached to the C-13 hydroxyl of said 7-O-protected baccatin Il derivative
using a dehydrating agent.

20
13.  The process of claim 12, wherein said dehydrating agent is DCC.
14.  The process of claim 12, wherein said dehydrating agent is toluene
with DCC and DMAP.

25

15.  The process of claim 8, wherein said protected paclitaxel sidechain is
attached to the C-13 hydroxyl of said 7-O-protected baccatin lil derivative
using a strong base.

30 16. The process of claim 15, wherein said strong base is LitbuO or
butyllithium.

17.  The process of claim 8, wherein said step of deprotecting said
protected sidechain and removing said 7-O-protecting group from said 7-O-
35 protected baccatin 1ll derivative is performed by acid hydrolysis.
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18. The process of claim 8, wherein said paclitaxel sidechain is a -
phenylisoserine sidechain.

19. A paclitaxel derivative of the formuia:

5
wherein,
R is alkyl or aryl;
10 X is halogen, silyl, alkoxy, thio or amino; and

n is an integer from 1 to 3;
with the proviso that when R is alkyl, X is not halogen.



