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G useppe et 'al 6425 M Description of the i ndus&ﬁ@hdtﬁv@mﬁgmeh@viajg title:
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$25°M NheQPMBAZHIMe idRREP jRedtidiohdving Mikan Seal of the Chanber of
. Commerce, Industry, Trade and Handicraft™* * * Decenber 6, 2000 - MIlan The
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activity, with the foll ow ng structural formula: vn \( ONH O *, ", H =
* @00~2*In-the npme o INDENA-Sqpa. 0 \ MB0PRAGWBAPSUNd, first recoverddrom
Taxus brevifolia bark and from ot her natural sources, can be prepared

sen - syr8datingdal | y accaviiiong to a nunber Sehl ¢ff the €hangtser dFsContpeetcen both
S]?I ent: fItC alnd pat en}Q Illot gr at uLel. ,bUS 4E Qiﬁd,%yy, te s &ﬁﬁﬁah@i%{aﬁ?mc- §ynt hesi s
of paclitaxel using - deacetyy! bagcati r e e C

hydroxyl with a trial kylsilyl group and gﬁcseyqblfgr?g}z?% c'grf/@fagt ed at C 10.
The resulting internediate is reacted with . .

(2R, 3S) - N- bEliz Bygsent mventianislytes K9 2)Rrecesielny| the peeRamaHen M addaxesul ti ng
product is deprotected to give paclitaxel. W 93/06094 discl oses the

pr epar at i orPasflitpeell ist avedlebylea ebaniurgl arigin lhast mgnwidecypestrunmianbitumor
7-O-triethylsilyl-baccatine Il1l, followed by mld acid hydrol ysis.

Accor didhyity0 vdth Phé 611 Sing PaGLIVraXRrnifapr epared starting from
10-deacetyl’baccatine Il1l1 esterified at CG7 with a

2,2,2-trichl oroet hoxycarbonyl - 3 - Bianchetti Bracco Mnoja S.r.|.

Bi anchetti G useppe et al~groyp (TROC). Accofding to US-5,917,062 and US
6, 020907, the C7 hydroi s/protected\w t h_&ar bobenzoxy (CBZ) or with

carbo-t - ), foN-owed by #Pat i on of C-10 hydroxyl .
It is i\ﬁ%@\m\\\\\\“\m& literatur e hay Otof pacl it axel

sem sy IS 1S to sel ectiwel y—p | s on the diterpen

noi ety ( 109%?eacetyl baccat £ 7 7 position is the nost
reactive and is therefore f tionalized W/l fratps which are easy to
remove subsequently. The npbst comonly usedsgrouB is triethylsilyl (TES),
which is stable under the conditions | for the esterification of the

ot her hydroxyls involved in the synthesi&, and provi des about 85%

conversion yield. Approximtely 85%yields are ohigined when an acetyl
group is suﬁ%%&ﬁ@ﬁ@&di’ﬁrﬁb& gred Trom toas rgg»ly{tq?@ngar,& ﬁB@ef?OIBrB €s for
the synthesis of paclitaxel has now been found, which provides higher final
yi el dsndgralesdurass,otherbeagveparadescropapatheticaily hacdoedingowm pmcebereof

v,

procedures described in both scientific and patent literature.

US 4,924,011 discloses the semi-synthesis of paclitaxel using
10-deacetylbaccatine III protected at the C-7 hydroxyl with a trialkylsilyl group
and subsequently acetylated at C-10. The resulting intermediate is reacted with
(2R,35)-N-benzoyl-2-0O-(1-ethoxyethyl)-3-phenyl-isoserine and the resulting
product is deprotected to give paclitaxel.

WO-93/06094 discloses the preparation of paclitaxel by reacting a 3-lactam
precursor with 7-O-triethylsilyl-baccatine 111, followed by mild acid hydrolysis.

According to US-5,476,954, paclitaxel is prepared starting from

10-deacetylbaccatine III esterified at C-7 with a 2.2,2-trichloroethoxycarbonyl



The process according to the inventioh-conpri sddianpletfiolBraosmgMinejasS.r)l. a)
protection of the hydroxyls at the 7- and 10- pdominchetts (@fuseppe et al

10- deacetyl baccatine 11l (10-DAB IIl), ROHO~..C~~1 HHO~~.(~ 11 ,OR
HO ; Hgroup HRAW.~ OHr~ OO AcO/ ~ / ~Owherein R=R =trichl oroacetyl,
or R =acetyl and Ris selected fromt-butoxycarbonyl and trichl oroacetyl,

- 4 - Bianchettl:Bracco M roj : By anc, i fa ugepbpe £t -

“‘esterificat ?‘(;ectr%ro(k)ql lghggh% §%ﬁ’§?il rl(\}vi WS@’ggghbyﬁ’Zﬁgegogyﬁrh |r(§)lr?1(i)y(l: Kei d

R O HO ~~~ @DHOOHACO O~-OROOOO,...,,., \. " OHO/ OHAO OOR . ~
w , o / PEgteptadbvth sprhahengpyy d&iBER agr WithscaborhButaxafBoed.- fdbawed dns (1
) if they are both trichloroacetyl groups, followed by selective

acet yl atleotivatacttydation afds+1tli loydrpyl.and openi ng of the epoxide with sodi um
azide (3); ago off 0 OOMH( 1) o~.,,. HO- H/ OQAc~ O~0 CAc (2) O
(3) N3 O OHIt s - apprarent froth Grbrafdr® HEtOACerialCaPhoctabf ?Mﬁé%@' Yem§- ) if

R = acetyl and R'= trichloroacetyl, opening of the epoxide with sodium

210, SRR SRR FALO, Shal S TpoBEsi e iben oy
(10-deacetylbaccatine III skeleton). The C-7 position is the most reactive and is
therefore functionalized with groups which are easy to remove subsequently. The
most commonly used group is triethylsilyl (TES), which is stable under the
conditions used for the esterification of the other hydroxyls involved in the
synthesis, and provides about 85% conversion yield. Approximately 85% yields
are obtained when an acetyl group is subsequently introduced at the C-10
position.

A novel process for the synthesis of paclitaxel has now been found, which
provides higher final yields as well as other advantages compared with the known
processes.

The process according to the invention comprises the following steps:

a) protection of the hydroxyls at the 7- and 10- positions of

10-deacetylbaccatine III (10-DAB III),

RO

HO HO e

wherein R=R'=trichloroacetyl, or R'=acetyl and R is selected from

t-butoxycarbonyl and trichloroacetyl,



.- 000\~~~,. ROOORN3 O-~0OHG4-H | ~ @Haf¥hetti~ Braed dMinefduBirilon

of the azido group to am no group N3 O 0O\\V,. \Biahchetfﬂ*Giu"s@)ﬂ)é é0Ag] O OH
HZNOHO - H~\ - O O\'~ | / OH  QAc 0 e) benzoylation to give the
final pyodugdtetificationtdf the ydroxyl dt Fiwitd 35 2 hdxepicificlaclde
starti n{_:; product is 10-deag§,t yl %accati ne | Iﬂlﬂe(lﬁ?llo-dg% Il If] whi cz IS
extracted fromthe | emges of Taxus baccata. In the first step, 10-DAB I
: d at the C7 and C- 10 hydroxyls.R

R=R =trichl oroacs BIIl is reacted with trichloroag chl ori de
in H2~ O et hyd &y jOR t he presence of .t et hyl d”ofq

catal yti c anount yl am nopyri di ne ( W rst
10-DAB |1l is sehHecté§ getyl ated wit h/& anPydr T #e presence
of cerium scandium 0}? i um salts, pre bly CeCl3MFH2@H pesul ting
baccatine 111 quedt | y - 6 - anchet ti AM“oa S.r.l.

Bi anchetti G ug t al - protected at CG7 with a oxycarbonyl or

trichloroacetylk gfoup. The first can be . . introducg Ny reacting
baccatine Il with t-butoxy-pyrocarbonate in the presefice of DVAP and

et hyl di i sopropylam ne or, alternatively, follow ng the procedure descri bed
in US 6&) 9l rramsovalmbthe ptqtﬁ@m‘a@@fgmp%a%dw ¢annde O-mossdosed] hif theyi ateon 7
by reaction with trichloroacetyl chloride in pyridine. In the subsequent
step (both tdchlbysticexyl gadupsosolloardlEy issleesitverddetyddtiontdt the 10- position

3- phenyl - 2- epoxypropionic acid, preferably with its anmmoniumsalt in

Lol ueney it LRSS @i YalioARNNPRERRT3)M de,  DVEP and

p-t ol uenesu nic her eby obtal nin
(2R, 3R) - 3- phenyl - 2, 3- ep&Xy- propi oni ¢ acid baccatine II]I When both
protective groups Rand-R\ ale trichloroacetyl, the &noved usi ng
the conditigns and R | hed by Zhemgoet al ton Lett.,
1995, 36, ! 8 & all), J. og S 61.
Pref er “The Pwo. ¢t et cetyrT are removet D eqUT VAT ent s
of a m hydr oxi de. ‘I'Pi rotected ound is sel @t*\le acetyl ated
at position 10 with a ch gnhydride in the presenc ngerlcum scandi um or
ytterbiumsalts, erably CeCl3. 7H20. The result conmpound i s reacted
wi th NaN3 i n aque met hanol in the
OAc OAc
Q Ny O
) A z
— =
} OH

or, alternatively,
¢') if R'= acetyl and R = trichloroacetyl, opening of the epoxide with sodium

azide and simultaneous deprotection at the 7- position




presence of methyl formate, in the cohditions rBigochetl iBrat¢a eManajaeS.r.l.
(Yamaguchi T., Tetrahedron Letters 39, 5575-78,Bia9@Btti tGiugepype dg hhe
correspondi ng azide. Alternatively, when R = trichloroacetyl and R =
-acetyl (d), the oxirane rga&ts with NaN3 to give the correspondidg azide
. With deprotection at the posi tion, corresponding to the conpound obt ai ned

at step (c'). The aziye gwed to amne in the subsequg . The
“Teduction carmp b carrf gt RORYdr ogen on cathl yQt or be
product obta W't (e) is benzoyl ate \\I\‘h pto
gi ve pa Benzgs 7—Bmanch Br-‘acco M K&

Bi anchet useppe et aI £ carried out b&hzoi ¢ anhyd His I t her
simul taneously to r educt{ @8 ‘erg subsequently on the isol ated rg#gce

product, using stoighrgnePric anounts of benzoyl chloridg t Re presence
of potassi um car bonig The follow ng exanples illustrat@ phe invention in
greater detail. Exanple | - synthesis of 7-Tri chI oroacetyl™-baccatine Il In

a 25 ni,, round; Ito ask , 1.0 eg) of baccatine III
wer e dfi%solfl"éﬁ1 9de? {l&f fip@rgyp,tt? ﬁgnprgrgug m of dry pyridine at 25C
under nitrogen at rmsphere 138 err-1 ( 1.23 mmol , 1. 23 eg) of
trichloroacetyl chloride weA dropped into the cI ear pale yelghow sol ution.
30 min after conpletiypon of he addition, a white precipitateYforned.
Ig) of trichloroacetyl
under Hle

S | owt br own_goff

f '6|qe st afi?i e‘. A i ne—H»t
OAc, 2:3). ThA CIOI’I m xt ur
resul ting sol ufion we , ,
until pyridine had conpletely renmoved (the sol ut had no | onger bl ue
color). The organi cpflase was concentrated under vac dried over MySOM4,
filtered, and the solvent was evaporated, to obtain 0.612 g of a
whi t e- y)el | obeSZbRAMBR o RIVE BRPORd] pebdiRt 7-trichl oroacetyl -baccatine 111,
havi ng the foll owi ng spectroscopi c characteristics. 1H NWVR (400 MHz,
CDA 3): 8pp~, = 1.08 (s, 34 M), 1.13 (s, 3H M), 1.86 (s, 3H I\/E) 1.97
(ddd, 1H, J~ = 14.4 Hz, Jzy= 10.3 Hz, -1.c9Hz,CGH) ¥
1,2 Hz, Me), 2.1S (s : : ‘
14- HZ) 2..@8 (edd, ohlz I 9 \ -y 4.04

After 2.

¢ edosol uti on,

4 34 Bi anth nej'—a—i»r pe et al
(d, 1H, (t, 1H, J 1H, JI
= 9.5 Hz,7Jz = 1.7 Hz ~0S. 65 (d, 1H, 470 (dd, 1H,
JI = 10.4 Hz, J2 = 46(m2H

~ C7-H), 6.42 (s. 1H CLO-H)
aron), 7.62 (m 1H, ' 8.10 (m 2H .arom; 13C 100 MHz, CDCl 3):
8pp, = 10.8. 15.5, 2074, 20.9, 22.8, 26.9, 32.5, 38.6, %6 0, 47.2. 6.2,

68.1, 74.5,_(S.5 76.5, 77.0, 79.0, 80.5 83.7, 9. 129, 129 4 303
132.0, 134. Eﬁep@grt{pg product is 18 c?eacetyl baccatine ﬁ? (10-DAB III) which {Ls.

extracted from the leaves of Taxus baccata. In the first step, 10-DAB III is
quantitatively  esterified at the C-7 and C-10 hydroxyls. When
R=R'=trichloroacetyl, 10-DAB IIl is reacted with trichloroacetyl chloride in
methylene chloride in the presence of triethylamine and of catalytic amounts of 4-
dimethylaminopyridine (DMAP). When R # R', first 10-DAB III is selectively
acetylated with acetic anhydride in the presence of cerium, scandium, ytterbium

salts, preferably CeCl3.7H20. The resulting baccatine III is subsequently



160.8, 167.2, 169.2, 171.0, 201.9. Bfenple || BisyahetesBsaesd Minoja Sr.l.
(2R 3 R -7- Tri chl oroacetyl baccatine 111-13 Bianchetti Giuseppe et al
(3" -phenyl -2', 3" - epoxypropi onate) 0.164 g ( 1.00 nmol, 1 eq) of freshly

“pr eparmté’ctahamﬁ 72wﬁnwxybunmwar1¢o@alcd mﬂﬂheordiaas@ﬂ\gedu tTHé:ﬂr@t Séh bk of
- anhydrous tol uene. Subsequently 0.5 g ( 1 mml, 0.68 eq

PR 1) R T et
o 66 ?&ﬁ’%fp atf@) E@Hégljuj%&ﬁ ¥ a&%ﬂ@ B%H o3 Dtl//A 01% grrﬂ%ﬁ Pr@%{@g) wer e

added, in succession. The sol ution was then heat ed at 70C under nmagnetic

sti rrial@scaiwdriinﬂngiaBlﬂQM. Theheigiogicetyd grbup hanr eaotti educsasatcpoditiohl ed by
TLC (Si @2, n-hexane/ Et QAc, 3:2). The first spot, having Rf - 0.28,

COVreS'P%?%aEQORWJmcﬂ@QQ@d T?Ecﬁlbhd%ﬂﬁ@yrﬁﬁh@r The second spot, having

Rf e corresponds to 7-(TCA)-Baccatine I1l. After 3 hours, the mxture
?iyfﬁﬁeiwﬁ‘@a& REShiks "sméo ‘Fﬁ% ﬂle“’ﬁ%ﬁzéi%ﬁ it £ hﬂ%%%r"f‘%%ﬁ‘cmth

fracti concentrat ed to resultin e. (0.919 g) was
chr omsd- @&e dewxnragwmﬁﬁ@rﬁhtmé?%raﬁw Paflopts ainmen ?bvxttolyezy ng, 100
g (0.14 mml 20 % of unreacted 7- TCA- Baccatl ne |11 and 0.435 g (0. 49
mol , the %esmhcé 20R dicRloliexylcagbodiBhates oM APBaad cp-tMuenjeaul$onid acid,

Bi anchetti G useppe et al - Trichloroacetyl -Baccati ne

11 - 13eRebyPBBANAINE (2R, 3R993%HEQ§1)] o NRﬁéﬁﬁg‘{é')\ﬂ%n‘i@ﬁcifd%d&\ﬁ’u% If]P@sﬁEf OSCOIOI c

char acteri stl cs were obtained: 1

(b O 2Mehenl 438 (RBigdle %%2 kégdﬁﬁ a%g %903%090??@5%@ tﬁ@z @é ?é’ s

Me), 2.69 (ddd 1H, JI =.14.6 J3 = 92 (d
1H J kenoee smgghﬂ)condlt@@s;a)(n@ rquﬁ;ntg desqplbyeq_gy Z(ljrgngH;t al4 Tcptr@,he(ddgn 1 H,
J, =8.4 H, J2 =1.0 Hz, C20-H), 4.31 (d, 1 H J = 8.3 Hz, C20-H), 4.33

(d, 1 H.ett.,=1995, Bo, mo},thd4b97Hadm, elHl. . J74. =O£g.5(]112m.,]21995],. 80HZ761CS-H) ,
5.63 (d, 1H, J= 6.8 Hz, C-H), 5.65 (dd, 1H, JI = 10.7 Hz, JZ E = 7. 33 Hz,

aCZolh)D Pﬁ?fgl%.b?fjt thelﬁvoJﬂrlc’hlgrc%cﬁzyl 9&%#1135 ]ar1§ %ﬁoﬁ%%h t&04§%51v1§f€§£t§6nn%fSHé_ 00

(m 2H aro ( 2 1.0,
50 5. gty AW%%X 41131162 %MFC@ S Ty seledlingly doprfignéy A5
76. 4, 767 79.0, 806 83.6, 89.8, 126.8, 128.7, 128.9, 129.2, 129.3,
130. 2, position, 193with acpdicy anhydride’ imothe, prewnse of7cariimgoseandiym, oy
201. 3. Exanple Ill - Synthesis of (2'R 3" R) -Baccatine I11-13-(3"-azido-2'
hydr oxytt&'bipmesatts, ppefepatdyafeCl;1H2025 M one- necked round-bottom fl ask
equi pped with nagnetic stirrer, 0.397 g (0.45 mol, 1 eq) of (2'R,

3' R) - 7- t ri chhemrosuléing| ed@apoand e reddted 3v{tB' NpNgnyl a@igais- methanod api theat e)
wene suspended at 25C in 10.0 nf of CH30H 1.26 ml of H20, 1.26 m of

HCOOCH3 and 0. 723 5 (e 1.3 mml, 25.0. eq). of di_u dded in
suceshregrceraf TmpuB ot & By coftigisRd bk Dot Wl PRRBIEEC | on
was checked by TLC (Si G2, CHC13/ Et OAc/ MeOH, 12.0: 0 0.3). Disappearance of
t he stgr,tTﬂgﬂ}:ﬂd@@Hé{et@fﬁéﬁ& AoV b aie d99 89 ciorpHOV ke &he equEeshieg 8zKieyi ng Rf =
0.22 and 0.29, respectively, were observed. The product having Rf = - 10
- Bi anchet t Alf8raativelly] mien R = ltricldoaoadetyt andi Rseppeetel (d), thd.oX9ranas
subsequently identified as the final product, whereas the product with Rf =
0. 22 weacf{2 witi3' NMNhatc glivarehe | dortéspoddimhenide 2vitls' deppotegnivapabibiat €)-
formed as a reaction internediate. The product having R~ = 0.29 growhs in
time to t.he detrinent . .of t product h The reaction

ol ut | B ilpperoRsSRonsge b e RoBn LS BRIl UET:  breci pi t ate
(unreacted NaN3). The reaction was quenched after 46 h by addition of

wat er, two Thewamide spwdgcegite aguserindhe subsequant step (d). The reduction can

be carried out with hydrogen on catalyst or with PPh3. The product obtained at

the last step (e) is benzoylated at the amino group to give paclitaxel. Benzoylation



0..38 and 0.13 (unrecovered deconposit7 en produdiishchehe Braewm pMimojadSmill ky
white solid'was filtered, washed with water andinhehettd Giudesp .ctAaldi phasic
m xture was obtained, both phases being clear. The two phases were

-separ ag&fl be.- cﬁr%ﬂeo@ﬂ%ﬂﬂﬁeﬁf@%%mr% eRRELJih Bt 8fe dusTE S0 WeldlcA6FRSr and
- the conbi ned organi c phases were concentrated and dried over MySO-. Th

e
_m xtur e v t 35 ¢
o a vt R ayEhith e 0RaldEa SRIHERL o %ét R iR lmrbReanidhits 2

chr omat ogr aphy (Si 02, CHClB/ Et OAC/ MeOH 1 2:2:0.3), to obt ain four fractl ons:
(i) 0.b 9@2@1(%1l@edmﬂhe BEESCREED: w}a&*swlpzoanab@my baccat i ne
[11-13-(3-phenyl-2', 3" -epoxypropionate); (ii) 0.279 g (0.36 nmol; 80 %
R--0.22) of Thé'leloﬁl'iﬁ@elaanqﬁéé fleustidte e (1B/endivindio- greaterdiedxiy- 3' - phenyl
-propi onate). The conpound has the follow ng spectroscopic characteristics:

7 (s, ol MY TP G LT MR RO L 3 S5 s e
2 20 (s, 30 i PRt e, DA (Db oSt %aéﬁ% a
7.

1HJ-84HzCZ , 3.77 (d, 1H, J= 7.2 Hz, c3-,415& 1HJ~=
8.2 Hzwere dissco)lsem;y ezcmgnetm stirring int9.7 ml ®fAmzpyidinept 24°G1under 2H,
C7-H + C2'H), 4.93 (dd, 1H JI = 9.6 Hz, JZ = 2.0 H, CS-H), 4.96 (d, 1H

4.4 tarogeh atmosphelcé i38lp&1r@¢f26ttﬂm@r BQQOed\)I dlblriach%foabetyl dhlaridbalére
Guseppeet al 5.64 (d, H J =72 C2-H), 6.17 (dt, 1 H, JI:79

7 ’46 7d§(§j]p(er%r]1 "%ig 91(%3%@ ?gg%%/(e(lﬁﬂﬁﬁowg 1§nm1%'()H}rg§ ?ﬁ@r cq:fﬁpl(emorl,}?%f

2H, t 13C N 100 .\VHz, 1 21. 9 22
6, z? ggzht@ns aawﬁgt(espr%clmtete ggrcmszig,ﬁﬁ@?eé, 1%3. m,? (ﬂng,mmoa&, %75% ol75 3.

75.8, 76.7, 79.4, 81.3, 84.6, 127.9, 128.9, 129.2, 129.5, 130.3, 133.4,
134. 1, tri&ﬂoﬁoacmﬁ. ZhICﬂr&Ye m'em7dr@pell7 inte, tlrO3es¢tiah 1Bsppnsion2 dinder tbeH, C
10-H), 7.44-7.28 (m SH, atom), 7.48 (m 2H, aton), 7.63 (rn, 1H, atom,

7.99 (@Amg%on@‘it‘i’ms aéﬁ&Wft%QQOMﬁZn tl@&il%hon&?dlﬁ}fﬂow%rolﬁn cdlor2Thk,

21.7, 22 .7, 8, .7, 43 .2, .9, 57 .9, 58. 8,
(254, A3 S oy ooy ik o e 98y Wiy g 1203,
B oot BTl g 2 R RS s e e

(2'R 3" R)-7-hydroxy- baccatl ne
|11 - 13rdsBlting i sdbut2on hyak oepeaBedlpheashedomofli an@us) ,veatwratid solutexh,iwntd. 2 n
of freshly distilled CH2C1l2 and the resulting pale yellow solution was

added )S?fhﬂni’é?—ﬂaﬂ%é&x BbhpléRBN r¥bRed. @Hd s@h(tﬂ)r?@aﬂ“@d) loBgér Bfie @Bld?ﬁ’h?’

The m ure was reacted at roomtenperature under magneticC stirring. After
i h c I, ) ¢iqh

start ] TYeoRERIR Dpae: o8 FAES Eﬁ%gg%gabga(vﬁnﬁ@ ?3%@ SRR Sg g,
observed The reaction was quenched by dj i ng xtu e (.of el |l ow
col or #ndrh Wﬁqlgerpirwﬁpq\ta&péate& t Oéﬂersb K?t %rQ/éi hite el ﬁw%rr@wﬁ

washed with distilled H20 and then with a sodi um chI or| de saturated

sol uti oarrgbpomding The b7itghhlorehtayl-bageatine pHise hagingr i ¢be ovallawisgs,
then filtered and the solvent was evaporated off. 0.177 g of an ochre

yel | OWS%_idtr Cgs@gﬁg,la@eé},st[@ge crude was subjected to flash chromat ography
(Si 02, C13/ to obtain 0.074 ng (0.10 nmol; ' , - 12

Bianchet t B‘ﬁ%ﬁ/{ﬁ"(ﬂ%%ﬁz, CochhaeheLly o8 ESERPAS), 23 (s, 31, Mo),
1.86 (s, 3H, Me), 1.97 (ddd, 1H, J; = 14.4 Hz, J,= 10.3 Hz, J, = 1.9 Hz, C6-H),
2.13 (d, 3H, J = 1,2 Hz, Me), 2.15 (s, 3H, Me), 2.30 (s, 3H, Me), 2.32-2.28 (m,
2H, C14-Hy), 2.68 (ddd, 1H, J, = 14.4 Hz, J,= 9.3 Hz, J; = 7.3 Hz, C6-H), 4.04

(d, 1H, J= 7.0 Hz, C3-H), 4.17 (dd, 1H, J,= 8.4 Hz, J, = 1.0 Hz, C20-H), 4.34



76% of N-debenzoyl -paclitaxel (pale?ellow poRawchettH BivRc(40indi S.r.1.
CDC13): Sppm = 1.07 (s, 3H, M), 1.09 (s, 3H, BEdnchetB8Giudpebst a2H, 20H),
1.75 (s, 3H, M), 1.88 (s, 3H, M), 1.90 (s, 3H, M), 1.93 (s, 3H M),

-2. 20 1@@1“(@*%*491@%6205}1%& B6 (NHZH’fJg‘D’;S IJ%Z5§IGdH9; 49'&(3)11' 1H 1§-=7 Hz, J2

l i.;,fcgs»%zcz%zﬁzﬁ izt S 4. R AT B
b b e, e T O B s

7 20-7.00 (m 8H, arorr) 8.13 (m 2H arom; 13C h NVR (100 Mz, CDCI3):
BPpn, %$28(m,1 §H2 aram);1 8. 122(10, 288 atpny)7 € NMIRO(1BBEMHZ3ETC 13303, <4S. 9,
S8.7, 71.3, 72.3, 7S.2, 75.8, 76.6, 79.3, 81.2, 84.6, |127.2, 128.5, 128.9,

129. 0, 14.2914.5 Iﬁp43209332218 389, 82.9. 8% .6, 43 1961712 5167@ é8. 1177145 74.53- 2,

203. 9. Exarrp e - synt hesi’s of paclltaxel I'n a r ound- bottomflask

0.031 0 [ ved in
L 25 niogt ﬁf‘&‘m‘ﬂrh%éépear y LR, Mzﬁbédﬁféf# A L e

NaHCO03 ted solution. 7.1 m (0.064 mmol, 1.5 eq) of benzoyl
chlori Hé&%@&g?&ﬁ&é 1%[5 b9k esul t i ng di phasic m xt ure, under strong

magnetic stirring. The progress of the reaction was checked by TLC (Si02,
CHC13/ CH3O0HE Rarhple IAfL Wnﬂle@ﬁp@ﬁgzﬁsmpﬂ -Theh$é eoddetd-baechitthe 1R1-98ngl e
spot having R =-0.50 was observe The reaction mxture was diluted with

AcCEt . g’qlewaﬂj}_ F‘@‘Z’%‘?f&gr ated fromthe aqueous one, which was

ext}rac ctions). The conbi ned organi c phases were

dri'ed over |Iter nd co ntrated. The,crude (0.037 g) was
i ssol ved ihT&l & | MRS Of Caf iU pyreattier - RNaR-A- SR ARG 030 g,
0. 035 mol , - 13 - Bianchetti Bracco Mnoja S r | . Bianchetti G useppe et

al 86%c1dva>seradﬂesblwedm¢dkf’c“pm dbempad|anhadedys duene Suksegpentlydsdapit
characteristics reported in literature. Exanple VI - synthesis of the
(2" R, 3nfol/ 0168 eq§otfr7 ¢t ol ety -baceaane il [PELCAY L Bgccatine 111] were
[11-13- (3" -phenyl- 3" -epoxypropionate) In a 100 mM round-bottom fl ask

0. 178ae€dd%g u%%eF“Ritr%?e 1 Oa‘?ﬁ?osgge{%r eﬁhbycprlemq@d . Hc&@ﬁﬂ%&y&aﬁﬁBéMHﬁ@?' oni ¢

acid Vwere di'ss anhydrou e resulting

solution, under nitrogen t t. 0G, 0.73 eq)
of 7, 103655 064 Figorh-BF dmmaly )3 265 et ﬁym@&pmgm (OMRe 084

[7, | 0- bi s- (TCA)-10-DAB 111] were suspended Finally

di cyclb8xmhudr Boh ieq) dad(DOajucdee@dogic deidAprSA, A 10 o).l 04maiaketthy |

am nopyridine (DVAP, 0.088 g, 0.72 mmol, 0.66 eq) and p-tol uenesul fonic

aci d (&) TwRre taddRdg, in0 skdcé®n. Thé asiitioRr a/aaddes, hemteduas eRFIOmndERe

reaction was carried out in heterogeneous phase at 70C under magnetic
stirri f [ Ofy; by TLC
()02 el AHifgihd éﬁ%geﬂﬁg%. P DEoiesh A0 HE TR IO 55 EBFRARSS Y.
0- bi s- TCA) - 10- DAB este e second spof havi f 15
corresbﬁ)b %Eyct oS10p0- '61@3‘@‘??& gﬁ)ﬁ,) 3Dé)3 ﬁﬂ?e. NSt ePP s hBRY IS Hgf rﬁxp‘}%e was
cool ed and the suspended solid was filtered. The dark yellow precipitate

vas wesiregspoinds tGHEZCTZA X-Baccatiia UH| epehiyt estsol Thie wesortl spot Hewyhgiya= ( DCU) .
The conbi ned organic fractions were concentrated and the resulting solid

was 5L(pll?CESHG%&)ﬁds&WQWWB@géﬁWIHSAQt?e-r Nhbepsaned Hige was €doled. 63 ¢

of -bi s-trichl oroacetyl - 10-deacetyl baccati ne
i 3 S%B%nﬁ%aaf@,%%@%@ PR E RS AT AR DR D) Wi

washed with CH,Cl,. The combined organic fractions were concentrated to
dryness. The resulting crude (0.919 g) was chromatographed by flash
chromatography (SiO,, n-hexane/EtOAc, 3:2). 0.100 g (0.14 mmol, 20 %) of

unreacted 7-TCA-Baccatine III and 0.435 g (0.49 mmol, 73 %) of (2'R,3'R)-7-



1.76-1.60 (m 2H, C6-H + OH), 1.81 {9- 3H, M)BiancB&ti Braseh Miinoj2.Sovk 1. 98
(m 2H, Cl4-H), 2.41 (s, 3H M), 2.69 (ddd, I1Biantheti I@idsepipe dZaF 9.3 Hz,
J3 , - 14 - Bianchetti Bracco Mnoja S.r.|. Bianchetti G useppe et al
= 7 3T1rl?chl&€ba|d):t 13B a8l DIIH3 3'phend1442,3'-€8o i88ateyl, hhvihg Jtire 4. 0

4. 14y(d 1H J = 0 Ep Cr% @§ k%p% 1H,§iJ :VB.% Hz,

’ ’ d, 1H J =76 Hz Cs-
"5, 70Hk®lé§‘"?1r§ ggﬁt%ﬂdc &éﬁgt%tbg‘?d@ Olitél '%ﬂ (_ 8 4 Hz, JZ =1. i
Cl13-H), 7.S2-7.30 7H A 1H A
7. 99H%m 2HH ANMR (?Q@Mmz%mwpp@smisn (bﬁ»pﬁH HiMﬂ) 19251%983 Ho. g, 9
22.6, 26.3, 32 5, 3S.6, 43.1, 46.7, ,55.9, 56.S, 58.0, 70.8, 74.2, 76.4,

78. 6, 7@&1?, §1 B8, 5= BY.15z, 9Q) 518138, 8H MB) &01399@@1 2§,1C1429, 4
| 30. 2, 13 2.5,°134.2, 143. I606 16l ' ~ 166.3, 167.0, 1703

: ?? ?3%@%1:4 &s gj'[nlté%is( S’ro Fo%ldﬁg%)’@ zgéct-éléaacﬁtlbuInd bottor‘h'%zl ask,
i1~ 128 8 Bendng Ly Hay CEltlyhodghoht &)=y 412 uéémd%?%%cmﬂovmfm

[
The resulting suspension was cooled to 0OC and 0.24 ni nmol eq)
of a 1.47 WzNE3'-Ehudolfs(ddyl 1H i .brF 8et Hzddpppll Hméﬂ%@ﬂ{) Lﬂnabl(dsiHodg—
magnetic stirring. The reaction was carried out for 1 S mn at 0C, during

whi ch t@s gyspensiHyN4BecRITa ) Eomma@e@esm, AT9B(ddNEH, JI BeOIS KzyUs was
warnmed to room tenperaturé and reacted for further S mn to conpletely

di ssol ve t iyt aini r The
com)l ete ldga%p(ggr}%éa%gf(d Eg s’t—a %ﬁ& g?%g% bé?g\%& ! c’keéﬁg*yﬁﬁ_gn(ﬁ 02,
nhexane/ Et OAc, whi ch gave a single spot. on_th el reaction
mi xt ur e—\/7a§3&i[Z,LE&H)MQ #2 I@Qg 1#h L5t 8i8nHz, Jffklyg\ﬂﬂst 1§§h1f£§ 7. %&Zmor gani ¢
phase was extracted therefrom (3 extractions) with AcOEt (upon addition of

t he or gsHi, aroml)y6/34, (| HENOL8H)) 7.49 iter) 2 sfomps7.64 ¢kl lhyarinsd.00ng NaCl
therein). The - 15 - Bianchetti Bracco Mnoja S.r.|l. Bianchetti G useppe
et al cembiziedapsgpni’c Nmaegla@rl\amr ieDCiers, \MyS040.§,i 14. 9r@® gand.¢ he

sol vent was evapor ated. 0.194 g of white po~~~der of (

b ﬁﬁaﬁﬁ%ﬁ RN %Dﬁ%?? 56, OFTL T 0%, 7R W‘*p%op%an%%wwﬁ)
Gt 7930 80%8) 5315, Bacb b, 5.3 458 1@?@ 9 3550, a5k 0 3=

14.6 Hz, J2= 9.9 Hz, J3= 6.9 Hz, C6-H), 3.85 (d, 1H J= 7.3 Hz~ C3-H), 3.95
(d, 1H, 134.14.141&&,,162@'7;Il-;56.34.1154.1(,dl,6911.l—|1701-1,-281.4.Hz, C20-H), 4.22 (dd, 1 H,
JI=11.3 Hz, J2= 6.6 Hz, C7-H), 4.27 (d, 1 H J 8.4 Hz, C20-H), 4.31 (d, 1
H J-- 4. AFEsampR -HJ, -4S96thesisl, of H2'R;3'R)-Batizatins- HI-13-(36-agido-2'H, C

10-H), 5.59 (d, 1 H J-- 7.3 Hz, C3-H), 5.99 (dt, 1 H (d, 1 H Jl= 8.8 Hz,

J2= 1h§d%xy@2|ﬂ)en}7[3]ﬂ'b 1&%@1 7H, arom), 7.60-7.70 (m 1H arom,
7.90-8700 (m arom . Exanple VIII - Synthesis of (2'R 3'R)-baccatine

'<'2' R 3 R - 10 Akt gneeEREHRLRTRLR e ?‘MPQQ v%h TRESSHS oG o
rTH) in 3 m of dr tet rahydr of ur an was a} ng _of CeCl3~ 7H20
and oV @ (BetSaswnpl dnkghalded Rih&)r7etéeh QFPf’rﬁeﬂluBéCQﬁé“estmr lddat room

tenperature for 5 hours, during which tinme the reaction m xture becane
honogphemyllsil',T-@aﬁypropiomemdmjsuépeﬁﬂhdgt @68€rinstd.0 mhof Odt;AHbo 26  The
organi ¢ sol vent was evaporated off under vacuum and the residue was dil uted

Wi th mnds PIZO'ZP%TI*M? JfOHORSOLIHECA R (021 %s was] f Bl hafad 230 e@i? | $¥ds dNERY
vacuum punp for 18 h. The resulting product (white powder 30 ng) has t he
f ol | 0%&1818 ‘%h&r %ﬁﬁ e({\/bljs rS{ugcsessljol_l ng\x/xll&rgﬁ%g WE iS85S )50°épapnr8:€he0}§rc§gr63

of the reaction was checked by TLC (SiO,, CHCI3/EtOAc/MeOH, 12.0:2.0:0.3).

Disappearance of the starting product and simultaneous formation of two products

having Ry = 0.22 and 0.29, respectively, were observed. The product having Ry =



1.71 (s, 3H, M), 1.72 (d, 3H, J-- tI9-Hz, M) Bianstt{ nBracdp O4indja Sir.bs
(2H, - 16'- Bianchetti Bracco Mnoja S.r.|. Biamdeetit GiGeppeppe att al °
d, J-- 8.8 Hz, C 14-H2), 2.34 (s, 3H M), 2.5 8 (ddd, 1 H, JI= 14.6 Hz,

-J2= 9. (QZHZUaSJ%bs@q&ehﬁ i§éntilied 3s 8he (thal ddct' w%e?eé‘ézthe dd)uct ifloR(d, 1H,
. J-- 4.4 Hz, C2 , l4(d 1H, J--8 1 H Jl=

11.3 Hz n 1 H,
3 40H2§22we§ %f% fﬁ%gf%aém -5 gpw;z a5t ée%o%@q#b mni*%d b’y

6S (dd, I = 10,7 7. C7-H),, 6.34 (s
Cio- H)a bioggom Tafst dla;tﬂ Jfaheoﬁfodwctgﬁawnglﬁ( M %12-? EPYiHps in, tgmest@ahqm 2H,
a'romy. Exanple IX nthesis of (2'R 3" R)-baccatine I11-13-(3" -azido-2' E
hydr oxdetgmastienty the pmrilllomrlmveng IRy 3 @82niTheneeantiok e luGandftot 4G hadsk
equi pped with nmagnetic stirring, 0.17 g (0.45 mol, 1 eq) of (2R 3 R

baccatydiRyw IBroddr ESfor phRAYA “ﬂnt@pre@@@safﬂ@r@m&@(ﬂﬂé@)NélN{)e m%@%ﬁ @Tas 25C in
5mM of CH30H 0.63 m of H20, 0.23 m of COOCH3an 0.36 g (5.5

12.5 e [ at ed
12 ST R G e R EERR, e Mg FrAb R, I
| Et OAC 1 0:0.3). The reactjon m xture after 46 h, had yeIIow

br own 4%0?“%5& %WetCQV prede idscompesitinn guedretshaNde. pregipitatey mpikwas
added and thei’[{)rem pltated mlky white solid was filtered, washed with

wat er whietdodid wiashfidieOEl,. wakked woithhagies méh@ep’ainlat@dOEitheA adgpleasis phase
was extracted three tines with AcOEt and the conbi ned organi c phases were

concenhiaugs vadydoBfdifst, oyéth gn@@rwg g\NoS4 . Thd k\kgrﬁsfas@méi&esﬁﬁdrw& was

egvaporated off, to obtain O. of a white-yellow'sh powder e resulting

crude 39#‘%0{1%? a@é (\Jfgo%&gétggaﬂﬁgéa%%%a tﬂZAc%lg &t 91%(: %/rbhcl])_"ned

12: 2: 0. Cdt fife

[11-13-(3' -azi do-2' -h dr oxy-3' - - praopi onate). The conpound has the

same SPEARIONNISESE ‘Eﬁ%@r é@ﬂé?ﬁl@@‘ie@s aaé driedconpoMaSeht al hednixurs a¥ase |11 .
- ~ -_S ~- . - 17 - Bianchetti Bracco Mnoja S.r.|l. Bianchetti

G usepﬂnl&aemﬂ &id e/ dVBent was pvapesated off, ttb@bpaiapaB ad igof afwipiaetyietlaxdkh whi ch
conprises the following ' steps: a) protection of the hydroxyls at the 7-

and 1Gyow@&i.t Taes réfuldidpde ywhaceatifieg bl! flashOcRASBn ~~
HO ~ qJOO R HO o H E ~ulHOgHaﬁQO(%ACO OﬁA‘g% 1OGI \I'zlvscils§ \?v ~0 lai/g)r @;e{gn?oa’

a0 ﬁ.%@a@%@%ﬁw@ﬁ?f%g%ﬁ Triolan @ edh ﬁﬁéﬁhﬁéﬁiﬁ ‘?*’99"%@*5?3% p°§2.b§’.”¥'n
"A“Ct@,hﬁ ‘%; ﬁa\yb ﬁ%paf (2D Eof &?Srba%cgﬁ}lg IHOIB~ ~(3Opheny?2 -epoxyproplonate) _(;z)_ T
0.279 g (0.36 mmol; 80 %; Rf=0.22) of (2'R,3'R)-baccatine III-13-(3'-azido-2'-
hydroxy-3'-phenyl -propionate).
The compound has the following spectroscopic characteristics:
'H NMR (400 MHz, CDCls): 8,p = 1.14 (s, 3H, Me), 1.25 (bs, 4H, Me +
OH), 1.67 (s, 3H, Me), 1.87 (ddd, 1H, J; = 13.9 Hz, J; = 11.1 Hz, J; = 2.5 Hz,
C6-H), 1.93 (d, 3H,J = 0.8 Hz, Me), 2.08 (d, 2H, J = 8.8 Hz, C14-H,), 2.24
(s, 3H, Me), 2.26 (s, 3H, Me), 2.55 (m, QH, C6-H + C7-OH), 3.28 (d, IH, J =
8.4 Hz, C2'-OH), 3.77 (4, 1H, J = 7.2 Hz, C3-H), 4.15 (dd, 1H, J,= 8.2 Hz, J
= 0.8 Hz, C20-H), 4.28 (d, 1H, J = 8.2 Hz, C20-H), 441 (m, 2H, C7-H + C2'-

H), 4.93 (dd, 1H, J; = 9.6 Hz, J;= 2.0 Hz, C5-H), 4.96 (d, 1H, J = 4.4 Hz, C3"-



c) renoval of the protective groups-at -7 and 1Bigncheiti j Braggey Minoigay-hl.

trichl oroacetyl groups, followed by selective Bé@i%h%‘tli Griusgppenet 1d-

position (2) and opening of the epoxide with sodium azide (3); 19 -

Bi anchefy i cpogMmo7a § ). 6B h iy, G e/at 13 HRT 30 \

- 0,,,,, fﬁ)’ ) &:?ﬁ’ ’)HOJACSQOﬁ(ZRtg g),gfi_ga@bmt, Jl ,p\?vqu%'ljf OF Acp ~O (2) OAc
OO0 -- = TN r, @l ternativ a4 7R =@cetyl,and R =

oy o bt dwkb?ﬁg‘ﬂ?vdéf?'ﬁé @02l TRt 7o 10 B gty

-20r " v 4. A process as clainmed in claiml|, wherein the,hydroxyl at 13- is

est eri 1.5 (mi,t2Hpheom), 2.63pony pHopirom)c 8269 dmadibnptamar € NMRA(108ne i n

the presence of dicycl ohexyl carbodiimde (DCC), DVAP and p-tol uenesul fonic

acid. MHE, TDCEYS &sn e aigngd. 3, rlhiai2hd,, 2v6e g0y 356, 3508,43 i3y et5g9,0ups
R=R =trichl oroacetyl are renmoved wi th anmmoni um hydr oxi de. 6. A process as

L haroe 8, 8RR, .0 9ACL Y81 IS S9N 9, 9B B W 6RNETion prmigous

met han heé presence of  methyl rocess as claimed in

claiml, wherein the azi | S uc 0 I.ne. W L h dr o 0 at al yst or
with Plﬂﬁﬁ-zﬂlsh\-%r f?c(égs 1%3-%% ééfrgd li%%-il éggzl,lé%ér eli%?--{)eg‘zgél’ ;(q%oép at the
| ast step is carried out with benzoic. anhydride either sinultaneously to
reduct i@I3-¢f), 5uP3 ggudidi,l ¢16+H),h244sDREt (@0, 6] wEreth)prieddidm W tHh apemyoy|
chloride in the presence of potassiumcarbonate. 9. As reaction

int er redpat@s, 1HNerbRY) 99NGC 2RROMES); RC AMRQ 0 MHz, CDCLy): 8,pm

=9.7,15.3, 21.1, 21.7, 22.7, 26.8, 29.9, 35.7, 43.2, 45.9, 55.9, 57.9, 58.8, 71.1,
72.4, 75.1, 75.7, 76.5, 79.3, 81.1, 84.6, 126.8, 128.7, 128.8, 129.3, 129.4,

130.2, 132.6, 133.1, 134.0, 142.3, 166.2, 167.1, 170.0, 171.5, 203.8

Example IV - Synthesis of N-debenzoyl-paclitaxel

In a 25 ml two-necked round-bottom flask, 0.102 g (0.13 mmol, 1.0 eq) of
(2'R,3'R)-7-hydroxy-baccatine IH-13-(3'-azido-2'-hydroxy-3'-phenyl-propionate)
were dissolved in 5.2 ml of freshly distilled CH,Cl, and the resuiting pale yellow
solution was added with H,O (0.05 ml), then with 0.071 g (0.26 mmol, 2.0 eq) of

PPh;. The mixture was reacted at room temperature under magnetic stirring. After

—

16 h the reaction was checked by TLC (SiO,, CHCI;/CH30H 9:1). The starting
product (R=0.61) had disappeared and a spot with R=0.19 was observed. The
reaction was quenched by diluting the mixture (of pale yellow color with white
precipitate) with CHCl;. Afterwards, the mixture was washed with distilled H,O
and then with a sodium chloride saturated solution (brine). The bright yellow
organic phase was dried over MgSQy, then filtered and the solvent was evaporated
off. 0.177 g of an ochre yellow oil were obtained. The crude was subjected to

flash chromatography (SiO,, CHCI3/CH;0H 9:1), to obtain 0.074 mg (0.10 mmol;



O ~-O wherein R and R are as definedlZbove or Bupdclogen BrkdanMibeeelidr 6,

2000 OR The Agent (Banff Paol o) of Bianchetti B iaachetv ®ijugefpe .dt. al

(Sl ghature) .A@. A3n. An

A5 AY76004). off W2 bRy RpASBiak¥n (p A3 eliody e g Zﬁ\f)ﬁ =
% Flfég (ef2% 2111 ><xx£x88 <é%7<pggg776F“

(## 22229287] | 11121 | 255>>3%<35>5<7] 7| || |]

b 2SS B T 6 3 S P CE 200es AR iy Al A Ml oL

><0|8|8°| <x<>°> ????? °>9999>>9|>7x> p$9|o X??X??22~~X9?2~2?2?2727227278<| ~?27727?

|9>>9~>; Pd7 gxﬁHXQ&deoQbﬁ&piH?hpdp§L26§b96£nuiﬂir€H4997|9|

|7| 777777>7<~7<>77<77X77 7>>7>77777>~~0 ~?<?~ <7>77<<777<77|>7|>| |77<><><|7

hh( h#. #CE?H)88<8‘8<66’<FH97>9|="7"2<H ~’>>§megl H”gyl ? Sfﬁ”%i’é’m {.hz?l >>>77

222222?2~202~] x~<~~<>~=55| x| 3] 7[> PL P X<XXX| x]’<|'<?| 2<| <x<
G f?ﬁ%%éz@ﬁf ug i"’il&,""iéiéi@ @gm i
|

)+*45 *8(;8HZ C5-H), 5.83 (d IH J= 72Hz C2-H), 6.25 (t, 1H J = 8.0 Hz, C13—
(#. #. ?| ~~?2>5<IXXXXXX?2XX]| | >>?p>XX]| | ~| <?2<X?2X<X??X?p?~ 7||<>7>7>>|||7~>>7|x|8|<

<>>?p? HRXKS5E26, H°€19>H§>8W?W(’xﬁ |IP2RR BN I(rh, 2H | Aon)s|'4@?>>>~| <x

<x§xx| ~999909 >>9><<999><9<9<|||99 ~9999||>|< >>9<| 999959x99> ||>9>>99>><

SESiSFW‘?JibWH’i’JZ@D@ For o%lgéixxiiiéé;orL%i%é@Sé”ﬁZﬁé 2522765

?>~7~7?| ?? ?2?20?7?7>>~<>" ~ ||7 ~?~>??2?20>XX?X>~ 7787<7 ?2< |>1>><> ???????>
>~222| 73| x2409972x?| 2~| ~| 2] ~| 2] <[ | 2| | | | ~| ~2~?>~2>2~2| | | 2<p?2222?| 222222222
2~ ???????? 5?5 | ???22227555>~5555555~>~>~~~>>>7~??7?7y: e<&<45 &<C

~———

PAPPPQNVVI~DP~V~>~ >|> >~>~~~~|~~~?????????>77><<

<|<9<5ééé<<@§3guﬂf| $W§§h§?§ffa’égqa§f%< <<<|<||97 22272 | <<>?7x?| | >?>22778
| X?X~X?| X?S8| | ?| 2<>>222p?p272p??p?>?2>>3> é T T x8<?x ~X>7X<7X877XX7XXX7XXX7
2x2x<xx| x 2xBk>3x pQx 0y | coun <botiem 2 tlaskx godgh > & (D)4 L|¥&W@b9$ %P Blo<| | 27

7|7||<~>77 ~?>~>>?>~>~> ||>7777 7777~~~7777|7|~~>X7>>777777 7>7>77|7>|X><<7<<

<<| x<>RedebarzeybpacHinal 2Rere- xR oPled>th 712920 D A2V SR e 2] ¢drxy abtawx | >22)
~~2277>: @45 vC

§,#-} 7;* - ?&ﬁﬁ%ﬁ?&a& 24323 Wit 1 29 rA<cRE NATR U, 2230k 22RR AR santiphe ol kii<<> : T
}‘7}7(7@ 084 ol Tl & {,%""”’ggcﬁé’ahwémrgggg wtsl h2 1M aRRagR? 7?22?

PP??7?7

99( 9#. #. 9999999~ <9<99<<9< xx<x£ 288378 ~8><>] 7P PP <><><
x<x<~<g113‘€ 594 H] emsi ) g’P}W@ t ~BP e>€rsI(P t~h|ef;rcaﬁlgg élp&] 'ﬁfj| | 0g>>

PP?X?>>S>~?~ 7|7|7 > ?8>??????????????<??< <<<8<| p|c||>||>>7<<7777<7<><>|7<

| 22<] <b5?>T[1>¢{Sh&’bx@mbgf@b;l&@?@ﬁé")ﬁ@xd«x@pp@?ﬁm@é?oﬁ%@ta?qmg|preduet;aooo>oo

8><<<°ﬁﬁéﬁ§§8&%ﬁ&6ﬁ%¥Rgﬂ%36Rﬁ&?ob&ﬁ%%a°1%%%%%%85&ﬁﬂﬁ&ﬁh?vh%~&ﬁh@ﬁ¥®ﬁh>~~°>>

P>~P>P??~~?~~??p~7?> P2V>?5SX~XX~X~X?2?XXPXXPXXX?22XXXX 2XXXXXXXX2??~??2?7>7

aatas B @3'1‘5 RIS fissy B8 2FRIRS o 9B E AU Q0P ISR, BV p o

?|xxxxx&& 07?< 7x>7|>7|>7 |7>~||>~7>7l77>75§E;7 P?222~~~>?2X 22X ?" ogg$~> 80p87xx
XX<X?<& é@é@g&%&k e X Eaeiions) sombiged ongan|e; prases, Bax| 22x
<?<<<<9<<||||~>|>°x>|x|>xx|>xx9~~xx°°>>|xx&xxxxx99xxx088?????????????>9 ~?7>>

2>7>72@rigf ma%%%fﬂmdmsmmmsm

??????ﬁ?3°Tﬂ?%?%%%%ruf<$H%€%%aB P%ﬁﬂﬂ”%ﬁ@n&fﬁéﬁ&ﬁ@ﬁ@%ﬂza °@1X?¥Xﬁﬁﬁ%<XX<X<
>| <<~>| <~~~| ?~-><?| | >?2777> ||°>>?xx~x88>8>x<x<x<<°<| D &cFc445 FcC

A4(A#. #. 22p??27?727°| ?22?2?2XXX?>S>S????55555?7555555555>~~~| | | ~~~~~ LT >]?] ?2?] <<
<?<?<LKKL>>>???>????207~7<<?<<<?<| ?2xX0?7?872<?| ~??7?| ?88XXXXX]| | | <~<8>X>| X~~<~>>>>
>>99999p99p99||9 |7>87777C77 |p~9p9 7>x~787~~>7<<>><><||||7>>7>>>>~~~~|p7 2

P~ NN N NN S L N N oSl NN NS S - Y. Y. Y. Y. Y. YY.YyS



010%&' ()-.#10%& ()-y, z#10%&' () - oP~_@l@r109& () BigechettigBryccosIianga(yr.l.
1 109&' ()- 10 10 109g#109%& ()- U Bianchetti Giuseppe et al
CaB~ @ SH10%& ()-S #109& () - SH109& ()- 9SH109%&' ()- !S3 #109%&' ()-9S 10%& () -

"1{ dB3699)WAMAEE BB O ISHUTL ORARQ 1he sPOAELCbpS: characteristi
0% (g () B 00 | & ()-8} Lotone () racteristes

.yf/10% f,109%&' ()-!,9" %d0%& =>?@sh];!!, $109%4H& () -
>1/0 10 géé’g‘)étefi%%ﬁ@“%%lom ()(29 |f82#10% Y(?& ()- 9|f82?¢1]0%& ()-9}[9N]; 0
Igzé(?/&/?c g&(g}ﬂxl il 1Q/f&-( )Si’lllt e\nglOO/ % ngéﬂg()ﬂ Iils-t/li‘j(cghl(oroacetyl 10-

, #1098 ()-I&& #10988& () - & 10%& é')-IOflofVa& ()-11)0f 109 0) 0& ()-1! Nf 109N
N ()-deaqgw}@h]c,c@tjn@ml@)-(ib}asphenyl- 3'-epoxypropionate)

1094 ()-!i &10% i & ()-S!"&10%&' ()-S' " &10%H& ()-S!' 0, , #10% i & () - 37ENak~zX9h
];. 10%4& (Jn a' 06003 r&uhil-Edtfda%8adk (21 A0V AY (mal, $LOVEqY JofzFedRB& () - ~
PugY7! 10%\ & ()- 10FF 10FF

L A ARt R SR SR gy o 7 @
anhydrous toluene. In the resulting solution, under nitrogen atmosphere and at
0°C, 0.663 g (0.79 mmol, 0.73 eq) of 7,10-bis-(trichloroacetyl)-10-deacety!
baccatine III  [7,10-bis-(TCA)-10-DAB III] were suspended. Finally
dicyclohexylcarbodiimide (DCC, 0.224 g, 1.09 mmol, 1.0 eq), 4-dimethyl-
aminopyridine (DMAP, 0.088 g, 0.72 mmol, 0.66 eq) and p-toluenesulfonic acid
(p-TSA, 0.19 g, 0.11 mmol, 0.1 eq) were added, in succession. The reaction was
carried out in heterogeneous phase at 70°C under magnetic stirring and nitrogen
flow. The progress of the reaction was checked by TLC (SiO,, n-hexane/EtOAc,
3:2). The first spot having Ry = 0.28 corresponds to 7,10-bis-(TCA)-10-DAB III
epoxy ester. The second spot having R¢ = 0.15 corresponds to 7,10-bis-(TCA)-10-
DAB III. After 3 hours the mixture was cooled and the suspended solid was
filtered. The dark yellow precipitate was washed with CH,Cl,: the residual white
solid was dicylohexylurea (DCU). The combined organic fractions were
concentrated and the resulting solid was subjected to flash chromatography (SiO,,
n-hexane/EtOAc, 3:2). 0.63 g of (2'R,3'R)-7,10-bis-trichloroacetyl-10-deacetyl-
baccatine II[-13-3'-phenyl-2',3'-epoxypropionate were obtained.

'H NMR (400 MHz, CDCl3): 8ppu=1.12 (s, 3H, Me), 1.14 (s, 3H, Me),
1.76-1.69 (m, 2H, C6-H + OH), 1.81 (s, 3H, Me), 1.88 (s, 3H, Me), 2.04-1.98

(m, 2H, C14-H), 2.41 (s, 3H, Me), 2.69 (ddd, 1H, J; = 14.5 Hz, J,=9.3 Hz, J;
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0%& (L« RE)@a.05, ( Lo%{u&l1(=)84 Hoe/; = 1.0Hz, C13-H), 7.52-7.30 (m, 7H,
ArH), 6.39 (s, 1H, C10-H) , 7.45 (m, 1H, ArH) 7.99 (m, 2H, ArH); '>*C NMR
(100 MHz, CDCly): 8,pm = 10.9, 15.1, 20.8, 22.6, 26.3, 32.5, 35.6, 43.1, 46.7,

559, 56.5, 58.0, 70.8, 74.2, 76.4, 78.6, 78.9, 80.5, 83.5, 89.5, 89.6, 126.8,

128.8, 129.0, 129.1, 129.4, 130.2, 131.5, 132.5, 134.2, 143.3, 160.6, 161.1,
166.3, 167.0, 170.3, 199.5.

Example VII - Synthesis of (2'R,3'R)-10-deacetyl-baccatine I1I-13-(3'-phenyl-
2',3'-epoxypropionate)

In a 25 ml round-bottom flask, 0.174 g (0.18 mmol, 1.0 eq) of (2'R,3'R)-
7,10-bis(TCA)-10-DAB 1II-13-(3'-phenyl-2',3"-epoxypropionate) were suspended
in 3 ml of CH3;0H. The resulting suspension was cooled to 0°C and 0.24 ml (0.36
mmol, 2.0 eq) of a 1.57 M NH; aqueous solution were dropped therein, under
strong magnetic stirring. The reaction was carried out for 15 min at 0°C, during
which the suspension became yellow-greenish. After that, the mixture was
warmed to room temperature and reacted for a further 5 min, to completely
dissolve the precipitate, obtaining a clear yellow-greenish solution. The complete
disappearance of the starting compounds was checked by TLC (SiO,, n-
hexane/EtOAc, 3:2), which gave a single spot on the baseline. The reaction
mixture was diluted with H,O to obtain a milky white solution, the organic phase
was extracted therefrom (3 extractions) with AcOEt (upon addition of the organic

solvent, an emulsion formed which was broken by dissolving NaCl therein). The
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'"H NMR (400 MHz, CDCls): 8,,m=1.05 (s, 3H, Me), 1.09 (s, 3H, Me),
1.71 (s, 3H, Me), 1.72 (d, 3H, J= 1.2 Hz, Me), 1.83 (m, 1H, C6-H), 1.95 (2H,
d, /= 8.8 Hz, C14-Hy), 2.34 (s, 3H, Me), 2.58 (ddd, 1H, Ji= 14.6 Hz, J,= 9.9
Hz, J»= 6.9 Hz, C6-H), 3.85 (d, 1H, J= 7.3 Hz, C3-H), 3.95 (d, 1H, J= 4.4 Hz,
C2’-H), 4.14 (4, 1H, J= 8.4 Hz, C20-H), 4.22 (dd, 1H, /;= 11.3 Hz, J/,= 6.6 Hz,
C7-H), 4.27 (d, 1H, J= 8.4 Hz, C20-H), 4.31 (d, 1H, J= 4.4 Hz, C3’-H), 4.95
(d, 1H, J= 8.8 Hz, C5-H), 5.16 (s, 1H, C10-H), 5.59 (d, 1H, J= 7.3 Hz, C3-H),
5.99 (dt, 1H, (d, 1H, J;= 8.8 Hz, J,= 1.2 Hz, C7-H), 7.30-7.50 (m, 7H, arom),
7.60-7.70 (m, 1H, arom), 7.90-8.00 (m, 2H, arom).

Example VIII - Synthesis of (2'R,3'R)-baccatine 111-13-(3'-phenyl-2',3'-
epoxypropionate)

A solution of (2'R 3'R)-10-deacetyl-baccatine III-13-(3'-phenyl-2',3'-
epoxypropionate) (138 mg) in 3 ml of dry tetrahydrofuran was added with 7.3 mg
of CeCl3-7H,0 and 0.073 ml of acetic anhydride. The reaction mixture was stirred
at room temperature for 5 hours, during which time the reaction mixture became
homogeneous. 1 g of ice was added, keeping under stirring for 1 hour. The
organic solvent was evaporated off under vacuum and the residue was diluted
with 5 ml of H,O. The formed precipitate was filtered and dried under vacuum
pump for 18 h. The resulting product (white powder, 130 mg) has the following

characteristics:
'H NMR (400 MHz, CDCls): 8pu=1.05 (s, 3H, Me), 1.09 (s, 3H, Me),

171 (s, 3H, Me), 1.72 (d, 3H, J= 1.2 Hz, Me), 1.83 (m, 1H, C6-H), 1.95 (2H,
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10.7 Hz, J, = 7.33 Hz, C7-H), 6.34 (s, 1H, C10-H), 7.30-7.50 (m, 7H, arom),
7.60-7.70 (m, 1H, arom), 7.90-8.00 (m, 2H, arom).
Example IX - Synthesis of (2'R,3'R)-baccatine III-13-(3'-azido-2'-
hydroxy-3'-pheny! -propionate.
In a 25 ml one-necked round-bottom flask equipped with magnetic stirring, 0.17 g
(0.45 mmol, 1 eq) of (2'R,3'R) baccatine Il 13-(3'-phenyl-2',3'-epoxypropionate) were
suspended at 25°C in 5 ml of CH;0H. 0.63 ml of H,0, 0.23 ml of HCOOCH; and 0.36 g
(5.5 mmol, 12.5 eq) of sodium azide were added in succession. The mixture was heated to
50°C and the progress of the reaction was checked by TLC (SiO,, CHCI;/EtOAc/MeOH,
12.0:2.0:0.3). The reaction mixture after 46 h had yellow brown color with a white
precipitate (unreacted NaN;). H;O (10 ml) was added and the precipitated milky white
solid was filtered, washed with water and then with AcOEt. The two phases were
separated, the aqueous phase was extracted three times with AcOEt and the combined
organic phases were concentrated and dried over anhydrous MgSO,, filtered and the
solvent was evaporated off, to obtain 0.20 g of a white-yellowish powder. The resulting
crude was purified by flash chromatography (S10,, CHCI/EtOAc/MeOH 12:2:0.3), to
obtain 0.140 g of (2'R, 3'R)-baccatine II1-13-(3'-azido-2"-hydroxy-3'-phenyl -propionate).
The compound has the same spectroscopic characteristics as the compound

obtained in Example III.
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wherein R=R'=trichloroacetyl, or R'=acetyl and R is selected from
t-butoxycarbonyl and trichloroacetyl,
b) esterification of the hydroxyl at the 13- position with 3-phenyl-2-
epoxypropionic acid

RO R1O

HO

c) removal of the protective groups at 7 and 10 (1) if they are both

trichloroacetyl groups, followed by selective acetylation at the 10- position (2)

and opening of the epoxide with sodium azide (3);
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or, alternati vely,

¢') ifR'= acetyl and R =
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8. A process as claimed in claim 1, wherein benzoylation at the last step is
carried out with benzoic anhydride either simultaneously to reduction or
subsequently on the isolated reduced product with benzoyl chloride in the

presence of potassium carbonate.

9. As reaction intermediates, the following compounds:

R1O

wherein R and R' are as defined above or hydrogen.
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