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PREPARATI ON OF PACLI TAXEL The present invention relates to a process for »n°
t he prepawatdzapiof t Paclitaxel. Paclitaxel is a nol ecul e pefr/em@imiogh ori gt\n
havi ng wi de spectrum antitunor activity, with the follow ng structural
formul a: The conpound, first recovered from Taxus brevifolia bark and from

ot her nat AN RE oY+ y according to a
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US- 4, 924, 011 di scl oses the sem - synt hesi s of pacli taxel usi ng

10- deacet yl baccatine Il pr ot ected at the C-7 hydroxyl with a trialkylsilyl
group and subs;&uentlgl ?cet t ed % Jt The resul.ti internedi ate_.is
sreacted with ( b ze jony X a(tesl Q¢ RoXyREHY | for_ ﬁeﬁqul%QBrPhe and

t he resul tP' ngt iduct is deprotected to give paclitaxel. WO 93106094
di scl oses *&f %ﬁ'e paration of paclitaxel by reacting a (err)-I actam
‘precursor wth i
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US 6, 020, SO7, the C 7 hydrg is pyotected with carbobenzoxy (CBZ) or with

carbo-t-butoxy (Boc), follgwed\b WO U2/ 46177 PCT/EPUL /1-408-1 2

sel ective acetylation of G ( i ®Aapparent fromliterature

that a cr uci al aspect of pac |taxe € igHto selectively prot ect
s on the dite pQccatine |1
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group is trietdodsilyl (TES), which is st ahl eounc™=a he condit | on’§59h"§ed for

the esterification of the other hydroxyls rnyol vét%on t he synt hesis, and

provi des about 85% conversion yield. Approxigately 85%yiel ds are obtai ned

when an acetyl group is subsequently 10 int ed at the C 10 position. A

novel process for the synt hesi s of pacl i taxe as now been found, which
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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,3S)-N-benzoyl-2-O-(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
B-lactam precursor with 7-O-triethylsilyl-baccatine III, 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
group (TROCQC).

According to US-5,917,062 and US 6,020,507, the C-7 hydroxyl is

protected with carbobenzoxy (CBZ) or with carbo-t-butoxy (Boc), followed by
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(10-deacetylbaccatine III skeleton). The C-7 position is the most reactive and
1s 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),

HOw

wherein R=R'=trichloroacetyl, or R'=acetyl and R 1is selected from
t-butoxycarbonyl and trichloroacetyl,
b) esterification of the hydroxyl at 13 with 3-phenyl-2-epoxypropionic

acid
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OHHO OO~CO-ONH2 OV Oi OHPCT/EPOL/1.108-4 0 HO= ~--~Op .VCOO
OH HO O O ~C ~O e) benzoyl a

tion to give the final product NH2 OOi OH 0 HO
O O ~C 90@2Q@635c NH O O of f ,, i OHHp p =0 O O5 Thet@voljiigs pr oduct
is 10-deacetyl baccatine 11l (10-DAB II1l), which is extracted fromthe
| eaves of Taxus baccata. In the first st3ep, 10-DAB Il is quantitatively

esterified at the G7 and C 10 hydroxyls. Wien R=R =trichl oroacetyl, 10-DAB
1l is reacted with trichloroacetyl chloride in nethylene chloride in the
presence of triethylam nggand of catalytic anmpunts orR WD 021 -1G177
5 PCT/EPOL/ 1-t08-1 of 4 0 e

7 hg[j{am nopyri di ne § : (
first 10-DAB Il is geF€ ; acetyl ated w t h\g€Cet\_c ant gelin the
presence of ceri LH@“" tterbiumsalts, p of ePar 20. The
resul ting baccatine It gequent Ly _pr,ot ect ed

t - but oxycar bonyl or ﬂﬂ?cEJor;a tyl S group. The
by reacting baccatineo - but oxy pyrocarbonate i ®
DMAP and et hyl di i soprop Ianln Gr, alternatively, follown
described in US 5,917, Q6 The trlchloracetyl group can troduced at
position 7 by reaction trichloroacetyl chloride in p ine. 10 In the
subsequent step (b), the hydroxyl at position 13 is esterified with

3- phenyl - 2- epoxypropi onic acid, preferably with its ammbniumsalt in
toluene in the presence of dicyclohexylcarbodiinide DVAP and

p-tol uenesyl fonic ac her e obta
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or, alternatively,
10 ¢') if R'= acetyl and R = trichloroacetyl, opening of the epoxide with

sodium azide and simultaneous deprotection at the 7- position



20 acetylated at position 10 with acetic anhydride in the presence of
cerium scandiumor ytterbiumsalts, preferably CeCl3. 7H20. The resulting
compound w9 geAgeted with NaN3 in aqueous methanol in the pgagoegsni methyl
formate, in the conditions reported in Ilterature (Yamaguchi T.,
Tetrahedron Letters 39, 5575-78, 1998),4to provide the 25 corresponding
azide. Alternatively, when R = trichloroacetyl and R = acetyl (d), the
oxirane reacts with NaN3 to give the corresponding azide with deprotection
at the 7 position, corresponding to the conmpound obtained at step (c').

WO 02/-4GLl77 6 PCT/EPUL/ 1505t The azide is reduced to am e in the
subsequent step (d). eduction can be carried out w
.catal yst or w 3, deppt obt ai ned at NeCDast

carried out wt de either duction or
«subsequently o gduced_pr qduct anount s
of benzoyl chl o th@ pegsence of potassi um carbong 811 owi ng

exanples illustrate tRes nve@tl(?n in greater detail. Exanp|e | @ynt hesi s
of 7-Trichl oroacetyl -backati n 10 In a 25 m round-bo \ ffask, 0.603

g (1.03 mol, 1.0 eq) accatine 111 were dissol ved under pmgnetic
stirring in 9.7 m of dkgeApyridine at 2SC under nitrogen atfrosphere. 138 ul
(1.23 mmol, 1.23 eq) of trichloroacetyl chloride were dropped into the clear
pal e yellow solution. 30 mn after conpletion of the addition, a white pr
ecipitate fornmed, Furth 120 ,ul 07..15 mol ; 1 eq) of trlchloroacetyl
chl ori de ﬂére HFBﬁﬁEHIPﬁﬁH’?ﬁQOﬁE BPﬁBﬁngaeﬁﬂﬂgpon under the sane
conditions as above. After 20 min the solution had yellow brgun color. The
al nost conpl ete conversi on he starting baccatine IIl\wasjo SErved by
TLC (Si 02, h-heyang/ Et SA ' sl
CH2Cl 2. The resifi tiing £
saturated § i ‘ 0174
sol ution hld o IaHhger d'ug coloed). The orgamnie phéﬁé ma&«boac
under vacuum dried ovel MPS04M-Q | t ered, and the solventoAfQ

to obtain 0.612 g of a te cowi sh povvder correspondi ng\t o 740
7-trichl oroacetyl baccat i ./ having the foll ow ng spectr6sg§opi‘c
characteristics. 25 1H N 00 MHz, CDC 3): (err)ppm = 1. s, 3H, M),

1.13 (s, 3H, M), 1.86 {s=4H M), 1.97 {ddd, 1H JI = 14.4Hz, J2 = 10.3
Hz, J3 =1.9 Hz, C6 H), 2.13 (d, 3H, J= 1,2 Hz, M), 2.15 (s, 3H M), 2.30
(s, 3H Me), 2bsazeylSioano SiMe the finalpyodectss (ddd, 1 H, JI = 14.4 Hz, JI =
9.3 Hz, J3 = 7.3 Hz, O6-H), WO U2/-1GL77 7 PCT/EPU/I-tUs-1 4.04 (d, 1H,
J= 7.0 Hz, C3-H), 4.17 (dd, 1H, J, = 8.4 Hz—J2 = @&.0 Hz, C20-H), 4.34 (d,
1H, J = 8.4 Hz, C20-H), 4.86 (t, IH J = Nz, A13-H), 4.98 {dd, 1H JI =

9.5 Hz, J2 = 1.7 Hz, -H)ASF@S(d 1H, C2-H), , 1 H,
J~ = 10.4 Hz, IH=07. 4 \Hz, hOHG. 42 (s, R ém 2H,
5 arom), 7. H, 0 (m 2H, arom CDC13)
8ppm = 1 0. 5.5 292 8, 26.9, 32 6, ~@3. 56. 2,
68.1, 74.5, . 5,016. 5,45 7.0 A0, 86-5—=83. 9. PH129. 0y 130. 3,
| 32. 0, 134.0, 145 4, 16 K 0 169.2, 171.0, 201.09. Exanptﬁ Ii 0
synthesis of (2'R, 3' R)-7-krich 7;{®acetyl baccatine |11 ? 7;

5 The starting product is 10-deacetyl baccatine III (10-DAB III), which is

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 III is reacted with trichloroacetyl chloride in

methylene chloride in the presence of triethylamine and of catalytic amounts



10 13- (3' -phenyl -2', 3" -epoxypropi onate) 0.164 g (1.00 mol, 1 eq) of
freshly prepared 3-phenyl -2 epoxypropionic acid were dissolved at 0C in 30
m of anhwodroausirol uene. Subsequently 0.5 g (I nmol, 0. 68 peq)Er0i/14084
7-(trichloroacetyl)-baccatine 11l [7 (TCA) -baccatine I11] were added under
nitrogen atnosphere at 0C. Finally, 15 cycl ohexyl car bodi i m de (DCC, O. 21
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43. 2, 46. gI[%§ p, 56.1, S7.9, 70.9, 74.5, 74.8, 76.4, 76.7, 79.0, 80.6,
83.6, 89. &8 8, 128.7, 128.9, 129.2, 129.3, 130.2, |32. 6 133.0, 134.1,
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(2R 3R ieﬁanéa}bﬁrp@&etwgsb%azome and! by Datta et al., J. Org. Chem., 1995,
13- (3' - phenyl -2', 3" -'epoxypr opi ohat e) “wer e suspended at 25C'in 100 ml ’of 20

CH30H. 1. 2%, r"'769f P'T@féraBI}Qthfe”{WthrWe Ao Quf3Satk (rélgﬂe%mllth 2@00 eq)

of sodi um aZi de were addéd in succession. Terrperature was raised to

the progr Sﬁg.u%lehfseof 8ATHORRINVAGIEHREK. %@Heﬁ%&t@ﬂ%lnﬁﬁﬁ@{ﬂ@é@ﬁmw

12.0:2.0:0. Di sappearance of "the starting product and sinultaneous

f or matjoon ametymdara@%wsﬁﬁohay@ rwlth aceti}: 88hPMdd®.id9the? PréfsiRECHS cetivim, ver e
observed. The product having Rf 0.29 was subsequently identified as ’t he

final IOFOchﬁahdluﬁ/ﬁQir%&&rbhﬁnWaﬂ@Upief#aﬂ) ReCl; OH2ZDwas (2' R 3" R)-baccatine
[11-13-(3" -phenyl-2'", 3" -epoxypropi onate) forned as a reaction internediate.
The product havihg Iéﬁulﬁn@ Z8mpoeand his réavted WRith NANG in ¥héBlls- ifeilahd) in
the presence of methyl formate, in the conditions reported in literature
(Yamaguchi T., Tetrahedron Letters 39, 5575-78, 1998), to provide the
25  corresponding azide.
Alternatively, when R = trichloroacetyl and R' = acetyl (d), the oxirane

reacts with NaN3 to give the corresponding azide with deprotection at the 7-

position, corresponding to the compound obtained at step (c').



PCT/ EPO1/ 1- 408-4 detriment of the product having Rf = 0.22. The reaction

solution after 46 h had yell ow brown color with a white precipitate

(unreact edoN@N68)77 The reacti on was quenched after 46 h by paddtior@ysef

water, two further spots were observed, with Rf 0.38 and 0. 13 (unrecovered
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N- debenzoyl - paclitaxel were dissolved in .25 m of AcOCEt. The clear yellow
solution was added with 1.25 m of a NaHCO3 aqueous saturated solution. 7.1
5 mM (0.Gp4 vy 1.5 eq) of benzoyl chloride were droppegcirnro/ifoss

resul ting diphasic mxture, under stron%l_'rragneti c stirring. The progress of
the reaction was checked by TLC (Si 02, C13/ CH30H 9:1). After

di sappearance of the startin a.single spot_ havin

roduct I i ? Rf - =-0. 50 was
observed. 4Hé (ebB: i/on 7 ﬂzu%e‘ﬁ s4eli1 (ddd B i ReoBz, JTiel 8ridanteOpihse
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(three extd-3tt(ordl, J h8 4 b et EDY dado dt.phHs ds=we? cHar (dd-Hlef My&ish,
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mi xture of IEHACT S 2t#gs1 /26T het Hz Kehth, geim thel Mo/ 536-GHzp (631D, dndfl (A6
was added to pr ecipitate paclitaxel, having the spectroscopic
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i cycl ohoxbAloar barh Hhac- (10, G654 131020 ol . 1.0 eq)
ey oA M 108 (3 IR ena e R B - ,
cnder Wagrie e BAEYFAgSstBoR BN the progress of The reaction was
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170.3, 199.5. 20 Exanple VII' - synthesis ot (2'R 3" R)-10-deacetyl - baccati ne

1 11-13 (3" Fphenfter 2 hdursPekey/ phBRhANave) dodléd 2adTithé aiRgeR@dd WHlid asds
0.174 g (0.18 mmol, 1.0 eq) of {2'R 3" R 7, 10-bi s(TCA) - 10- DAB

| 1'1-13- (3" fiplees.| TRe . precRAMIYO ROV OR_k §lurder(® U3 pea¢lerashedSwith OfH GI30H.
,The resulting suspension was cooled to 0OC and _ 25 0.24 m (0.36 mmol, 2.0

eq) of a 1ThE ddrbiheddoeRnsc TRlctHINANWeRS @oﬁé@ﬁ?&édttbed%iﬂ%_ss.Umﬁefresﬁlﬁﬁ@
magnetic stirring. The reaction was carried out for 1 mn at O0C, during

_which 2%e stseei8iod9 bcwar Jlebhnitograpdedsby Ahslerchrbatatogighy Si0L was

warmed to roomtenperature and reacted for a further S mn, WO 02/.16177

13 PCT/ EPChéfaniddBiQAc, 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-Trichloroacetyl-

baccatine III-13-(3'-phenyl-2',3'-epoxypropionate) having the following



to conpletely dissolve the precipitate, obtaining a clear yell ow greenish
solution. The conpl ete di sappearance of the starting conpounds was checked

by TLC ( SWod24erhexane/ Et OAc, 3:2), which gave a single spet/diiigs
baseline. The reaction mxture was diluted with H20 to obtain a m|ky white

5 solution, the organi c phase was ext ract ed therefrom (3 extractions) with

AcOEt (upon addition qf the .or,gani C %%I v.ena{,) an enul sion formed which was
br oken by IESEOSGPR ‘ﬁ@@“@ﬁép § mjere PR&ARgHhi ned or gani ¢ phases were dried
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added 1 n succession. The mXxture was heated to 50C and progress of the

reaction V) QT s8EUnDaz1d et O2d ddd it HulebENG 61VE Peimpltafire. Wald rdised ThE 20

reaction mxture after 46 h had yellow brown color wth a white precipitate
(unreact ed s8af¥3)andH2Re( JRoptess WaF ks efbRAdnt RRaPr Gfddietatisd TLICKy(SMY,! e
solid was filtered, washed with water and then with AcOEt. "The two phases

were separ @igdl;/EfGAAUROLS, m@szaovmg).qzisagﬁéﬁdn&@ beehd sEREnYIPrbdieid and
_the combi ned organi c phases were concentrated and dried over MgSO, 25

filtered arfmhiignéqlsy effrm@dne Ve aas eprodiutts tiavakgaiRy & 26.20 ainde oVt e

yel | owi sh powder. The resulting crude was purified by flash chromatography

. (Si 02, 28HClred B%@l?ﬁ/,bs%i-elabeér@ea) TheQrodidl Aavink4R; & 0K ¥ aR subs&juentl
baccatine 11 I@fS-( ‘-azido-2'- hydroxg3 3' - phenyl %flpgopi onat e). & Y
identified as the final product, whereas the product with Ry = 0.22 was
(2'R,3'R)-baccatine III-13-(3'-phenyl-2',3"-epoxypropionate) formed as a

reaction intermediate. The product having Ry = 0.29 growths in time to the



WO 02/-GLl77 15 The conpound has the same spectroscopi c PCI/EPOL/1.108.1
characteristics as the conpound obtained in Exanple I1I1. WO 02/ -4GL77 16
CLAI M5 PCWOERQs{H~0A-4 1. A process for the preparation ofpaagpifigesg! -

whi ch conprises the followi ng steps: 5 a) protection of the hydroxyls at
the 7- and 10- positions of 10-deacetyl baccatine 11l ( 10-DAB I11), OH OR
OCOHOOR ~~~ 0 ~00.0/ rei

RER =tri cHi® F%@&'@the&r I batipe B (8o hereastian folgkongitier 46 h had

t - but oxycar and tr chl qr,0ace b).esterificati hydr oxyl at
the 13- po¥s 00 brso cal Lot az@bﬁﬁﬁi@&&l%?&ﬂ&&@a& of Rt e Tles BB R O
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posi tion OphasesO\;/ePeA Cseparated?’"f%c aqueous phase Wwa¥ extracted three times with
AcOEt and the combined organic phases were concentrated and dried over
MgSO4. The mixture was filtered and the solvent was evaporated off, to obtain
10 0.335 g of a white-yellowish powder. The resulting crude was purified by
flash chromatography (SiO,, CHCly/EtOAc/MeOH 12:2:0.3), to obtain 0.279 g
(0.36 mmol; 80 %; Rg=0.22) of (2'R,3'R)-baccatine III-13-(3'-azido-2'-
hydroxy-3'-phenyl -propionate).
The compound has the following spectroscopic characteristics:
15 'H NMR (400 MHz, CDCl5): Oppm = 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, Cl14-H,),
2.24 (s, 3H, Me), 2.26 (s, 3H, Me), 2.55 (m, 2H, C6-H + C7-OH), 3.28 (d, 1H,
J = 8.4 Hz, C2'-OH), 3.77 (d, 1H, J = 7.2 Hz, C3-H), 4.15 (dd, 1H, J, = 8.2
20 Hz, J,= 0.8 Hz, C20-H), 4.28 (d, 1H, J = 8.2 Hz, C20-H), 4.41 (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'-H), 5.64 (d, 1H, J= 7.2 Hz, C2-H), 6.17 (dt, 1H, J,=7.9 Hz, J,= 1.2
Hz, C13-H), 6.30 (s, 1H, C10-H), 7.46-7.32 (m, 5H, arom), 7.46-7.32 (m, 5H,
arom), 7.50 (m, 2H, arom), 7.63 (m, 1H, arom), 8.06 (m, 2H, arom); *C NMR
25 (100 MHz, CDCls): 3y, = 9.8, 15.3, 21.1, 21.9, 22.6, 27.0, 35.6, 35.8, 43.3,
45.9, 58.8, 68.1, 72.0, 72.4, 75.1, 75.3, 75.8, 76.7, 79.4, 81.3, 84.6, 127.9,
128.9, 129.2, 129.5, 130.3, 133.4, 134.1, 1353, 142.2, 167.2, 170.5, 171.5,
203.8.
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group to amino QAc group N3 Oo off _ ~~~ Ac NH2 O off Mo '==~~~" 0O,,.
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give the final product O OAc NH2 O 0o o~ NHOOCOCHHo ~ _c¢c ~1 ~OHO0O

PCT/EPOL /1 QV8-4 00 ~0/ 1 2. A proce%@ as claimed in claim1, wherein
10-DAB |11l is ot ecte t the 75 O- positions with a trichl oroacetyl
group by react iR ﬁ(it‘f?T EHP@F‘&&%@?&-‘J’EHF&?)H«}P? 13%€hy| ene chloride in
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25

S"RIRIULR ‘was washed with distilled H,0O and then with a sodium chloride
saturated solution (brine). The bright yellow organic phase was dried over
MgSQ,, 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
(Si0,, CHCI13/CH3;0H 9:1), to obtain 0.074 mg (0.10 mmol; 76%) of
N-debenzoyl-paclitaxel (pale yellow powder).

'H NMR (400 MHz, CDCl3): 8,,m = 1.07 (s, 3H, Me), 1.09 (s, 3H, Me),
1.38-1.22 (bs, 2H, 20H), 1.75 (s, 3H, Me), 1.88 (s, 3H, Me), 1.90 (s, 3H, Me),
1.93 (s, 3H, Me), 2.20-1.96 (m, 6H, C14-H, + C6-H, NH, + OH), 2.52 (ddd,
1H, J;=15.7 Hz, J, = 9.5 Hz, J; = 5.9 Hz, C6-H), 3.88 (d, 1H, J = 7.2 Hz, C3-
H), 4.10 (d, 1H, J = 4.0 Hz, C20-H), 4.17 (d, 1H, J = 4.0 Hz, C20-H), 4.22 (d,
1H, J= 8.0 Hz, C2'-H), 4.26 (d, 1H, ] = 8.0 Hz, C3'-H), 4.56 (dd, 1H, J;=11.6
Hz, J, = 6.9 Hz, C7-H), 4.84 (d, 1H, J = 8.8 Hz, C5-H), 5.83 (4, 1H, J = 7.2
Hz, C2-H), 6.25 (t, 1H, J = 8.0 Hz, C13-H), 6.51 (s, 1H, C10-H), 7.20-7.00
(m, 8H, arom), 8.13 (m, 2H, arom); *C NMR (100 MHz, CDCL): §,,, =9.8,
15.2,21.1,22.0, 22.7, 27.0, 30.0, 35.4, 35.8, 43.3, 45.9, 58.7, 71.3, 72.3, 75.2,
75.8, 76.6, 79.3, 81.2, 84.6, 127.2, 128.5, 128.9, 129.0, 129.4, 130.3, 133.1,
134.1, 142.6, 167.1, 170.4, 171.5, 173.2, 203.9.



O ORv OO0 ~0 o wherein Rand R are as defined in claim1 or hydrogen.
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having the spectroscopic characteristics reported in literature.

15 Example VI - synthesis of the (2'R,3'R)-7,10-bis-trichloroacetyl-10-
deacetyl-baccatine II1-13-(3'-phenyl-2',3'-epoxypropionate)

In a 100 ml round-bottom flask 0.178 g (1.09 mmol, 1.0 eq) of freshly
prepared 3-phenyl-2-epoxypropionic acid at 0°C were dissolved in 30 ml of
anhydrous toluene. In the resulting solution, under nitrogen atmosphere and at

20 0°C, 0.663 g (0.79 mmol, 0.73 eq) of 7,10-bis-(trichloroacetyl)-10-deacetyl
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

25 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
(S8i0,, 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
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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 III-13-(3'-phenyl-2',3'-epoxypropionate) were
suspended in 3 ml of CH;OH. The resulting suspension was cooled to 0°C and
25 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,
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over MgSQ,, filtered, and the solvent was evaporated. 0.194 g of white
powder of (2'R,3'R)-10-deacetyl-baccatine III-13-(3'-phenyl-2'3'-epoxy-
10  propionate) were obtained.
'"H NMR (400 MHz, CDCl5): Sppm=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, J= 8.8 Hz, C14-H,), 2.34 (s, 3H, Me), 2.58 (ddd, 1H, Ji= 14.6 Hz, J,= 9.9
Hz, J5;= 6.9 Hz, C6-H), 3.85 (d, 1H, J= 7.3 Hz, C3-H), 3.95 (d, 1H, J= 4.4 Hz,
15 C2’-H), 4.14 (4, 1H, J= 8.4 Hz, C20-H), 4.22 (dd, 1H, J;= 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).
20 Example VIII - synthesis of (2'R,3'R)-baccatine III-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 CeCl;'7H,0 and 0.073 ml of acetic anhydride. The reaction mixture was
25 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
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1.71 (s, 3H, Me), 1.72 (d, 3H, J= 1.2 Hz, Me), 1.83 (m, 1H, C6-H), 1.95 (2H,
d, J= 8.8 Hz, C14-H,), 2.34 (s, 3H, Me), 2.58 (ddd, 1H, J1= 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, J;= 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), 5.59 (d, 1H, J= 7.3 Hz, C3-H), 5.65 (dd, 1H, J;
= 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'-phenyl -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 III 13-(3'-phenyl-2',3'-
epoxypropionate) were suspended at 25°C in 5 ml of CH3;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,, CHCIl3/EtOAc/MeOH, 12.0:2.0:0.3). The
reaction mixture after 46 h had yellow brown color with a white precipitate
(unreacted NaNj). 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 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
(Si0,, CHCI3/EtOAc/MeOH 12:2:0.3), to obtain 0.140 g of (2'R,3'R)-
baccatine III-13-(3'-azido-2'-hydroxy-3'-phenyl -propionate).
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following steps:

5 a) protection of the hydroxyls at the 7- and 10- positions of
10-deacetylbaccatine III (10-DAB III),

HQu» HO“I

wherein R=R'=trichloroacetyl, or R'=acetyl and R is selected from
10 t-butoxycarbonyl and trichloroacetyl,
b) esterification of the hydroxyl at the 13- position with 3-phenyl-2-

epoxypropionic acid

HOw O
- HO 6 LS
Oé 0750
15 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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2. A process as claimed in claim 1, wherein 10-DAB III is protected at the
7- and 10- positions with a trichloroacetyl group by reaction with
trichloroacetyl chloride in methylene chloride in the presence of triethylamine
5 and catalytic amounts of 4-dimethylaminopyridine (DMAP).

3. A process as claimed in claim 1, wherein 10-DAB III is first acetylated
at the 10- position by reaction with acetic anhydride in the presence of cerium,
scandium or ytterbium salts, and is subsequently protected at the hydroxyl at
7- with a t-butoxycarbonyl or trichloroacetyl group.

10 4. A process as claimed in claim 1, wherein the hydroxyl at 13- is
esterified with phenyl-2-epoxypropionic acid ammonium salt in toluene in the
presence of dicyclohexylcarbodiimide (DCC), DMAP and p-toluenesulfonic
acid.

5. A process as claimed in claim 1, wherein the protective groups

15 R=R'=trichloroacetyl are removed with ammonium hydroxide.

6. A process as claimed in claim 1, wherein the epoxide is opened with

NaN3j in aqueous methanol in the presence of methyl formate.

7. A process as claimed in claim 1, wherein the azide is reduced to amine

with hydrogen on catalyst or with PPh3.

20 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
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wherein R and R' are as defined in claim 1 or hydrogen.



