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.« - 2 - Bianchetti .Bracco Mnoja S.r.|. Bianchetti G useppe et al 5963 M
‘ Descrl ption of the |ndustr| al invention having title; PB/st "A PROCESS FOR
THE PREPARATI ON OF TAXAN DERI VATI VES" In the nanme of: INDENA S.p.A Seating
in: MIlan Chanber of Comrerce, Industry, Handicraft and Agricul ture of

Ml an, Nov. 28, 2000 * * * M 2000A 002553 The present invention relates to
a process for the preparation of the conpound

13- (N-Boc- ~i - sobutyl i soseri nyI ) - 14a hydroxybaccati ne I 1, 14 car bonat e,

of formnul a
di scl TR0 pat erSIGNATVREQI AT AR’/PbHiAH(’ﬂSﬂssBA 1, Paolo
p:’iffl Nvéy]%?c %8};@]12? gr eaﬂéﬂl ung, ovary, colon, pr oést‘&’?aéurekl dney

age WMMM&E&M aivee 1g "
agent H¥at i ves

oxy-1,14- carbo t e-de yl baccat| ne III derlvatlves are usually
prepaﬁé glﬁ}f& Hymey ",éi §t ?'\i.fc'u‘ t ang; Agrieylty 52‘3/0 e %baccatl ne |1

of Taxus COdC?] 5]

T
nat ur ’fH (o 8) ég%.a TENY f %\? R
wal | i : ong need f eg.A
al ter% 9k gﬁﬁ(ﬁhg sf rEFdN N cg F%ﬁ tﬁ? Wﬁ”‘offfNOVEMBER the
14( 3-3hpus Bs@pﬂ%wwpe%ﬁa%ﬁdtaé(ha@a@ £aslte ang the aindlgrpigarsy the Rrasem #ppligation, consisting

partl UY.dP0lerlditions) shertisfor the granting oBthe oBirmsatiened ipa®atacco M noja S.r. 1,

Bi anchetti G useppe et al (lI). The process herein disclosed uses as

st ar tk YARKQES NOTEOOHHEE AT TESTING OFFICERMi ch, contrary to

14~- hydroxy-baccatine |11, nay be easily recovered in |arge anounts from
Taxus baccata | eaves. Therefore, the invention relates to a process for the-
pr é paFHEi RETITIONER cor§EADOF DHEFOFRICE (1) whi cTHDAITESTINGOFFOCERW ng
st eps(sigadtuged ot ect i on feal dfehd iyl s at the 7- AOGRTKONEPONL i ons of 10
deacet yl baccati ne 111 :ofGhdiu@RE Texd® HO ".. OH HO. . (sigRtid) o H~ HOv \ OO O
/ \ O O O O wherein RaaddaRllicrafthi elacan be the sane or different, are

sel ected from hydr ogemne®, 2@ .-akkgnue semar yl , C, - Coo al kyl - or

aryl -carbonyl. trichloroacetyl, C1-C4 trialkylsilyl; preferably, when R and
R, are the sane, they are trichloroacetyl, whereas when they are different,
preferably Ris trichloroacety | and RL is acetyl, or Ris triethyl or
trimethylsilyl or BOC and R, is acetyl; b) two-step oxidation to give the
derivative oxidized to carbonyl at the 13- position and hydroxyl ated at the
14- positionn ORSORSORt OO0 OHO~~.. RO~ ROORH , HOO~ HH HO ~
H~ ~HOO~H. \ OO~\/\ O/l 0O

R



OO0OO - 4 - Bianchetti Bracco Mnoja S.r.|. Bianchetti G useppe et al c)
* carbonation of the vicinal hydroxyls at the 1- and 14- positions to give
the 1, 14-carbonate derivative: ORSORSOOO R OROHOOOH,,~ O ~yO ~
AcO- OO~ 00~/ d) reduction of the carbonyl at the 13- position: ,,
~H ,0 000 HO-,. ~OR01~. OH- 01~i OH; 0 AcO-, p OAcOOwWOII /
|/ e) rem)val of the protectlve groups at the 7 and 10- positions: 0 O
HOow OR T—Kﬁl sel ective

acet yAﬁSTBAC&f OFhTéHWHrVd%%‘i/TI(%N VYIrTcH W%B&AM’B\‘G RESCRAPTION AMMCHAIMD H o
AcO- O O O Ac0 O~ ~O - Bianchetti Bracco Mnoja S.r.l, Bianchetti
G useilgsﬁmillcétloﬂalf‘I g)MﬂQQﬁéfO@?mI?\Qgerf 14 ~i - hydr oxy- ba&dmgidate- 231142080 bonat e
111 ifatetthe derivative triethylsilylated at the 7- fuaitingdate HO~ 0 'H O O
AcOw ~0 0 O- ~ H~ O AcO O Ores

D. TITLE
“A process for the preparation of taxan derivatives”

L. ABSTRACT

A process for the preparation of the compound 13-(N-Boc-B-isobutylisoserinyl)-14B-hydroxybaccatine 111
1,14-carbonate.

M. DRAWING

One £. 20,000.- revenue stamp

Seal of the Ministry of Industry,
Trade and Handicraft

Italian Patent and Trademark Office

-



h) reaction of the compound fromstep(g) w th E4ScRRi- BB&s ZMIQOjﬁ Srl

* di met hoxyphenyl ) -4-isobutyl -1-oxazolidi ne-5-car
HO'" Ofes | ~'" QAc p + --~t-BocN O OOH. Bocl\}l?%ﬁéhéﬁlﬁ%gg%égt a]O C]~

35%% %Q@%@#@f%gg p@ﬁﬁg}fﬂpﬁéﬁg@ﬁg”' M%VLZ' L)cl)lrrpgtrjgd fromstep (h): O I
"R, 1A PROCESSHOR TRIERRI KR THOR QT AR ANDERINATIVES™ e 7 ane

10- hydroxgﬂﬁs are descrl bed by Holton et al., Tetrahedron Letters 39,
(1998) 2bsBieamgee offhe INPENA Spidctive protection of the hydroxyls of the
starting conpound deacetyl baccatl n . - 6 - Bianchetti Bracco M noja

S.r.|. BBeatidgeinti G usepfilanet al |11 is possi @iRnfbéof QomhRide, fidufey ent
reactivity. In particular, the reactivity towgﬁlmgﬁ}%%;wlgjéw atl ng or

silylating agents has been found to vary in 10) - O>C(
13)-O0+>C( 1 )-OH, therefore the groups ,at, 7- %% Afﬁﬁg
k)

sel ectively
protected while keeping the hydroxyls at 1- a urt hernore, by
changing the reaction conditions, it is possible to reverse the reactivity
order of the Rh@rRpeyert apventiohdelnges tous pIpLess fior the priephratit icdl the
substitution thereof. Exanples of reactants and reaction conditions usable

in the pcampotndnaf3-{INeBby-@-woblusyldgostPinyBRUFp-1BIdeok $Paddatichel MIT 1,14-
t heaboveci t edpublication. Sinilar selectivities areobtai ned startingfroml4

9err) - hé’ﬁ"b%%@“o?%hﬂﬁtalg [}4-carbonate. According to a preferred

enbodi nent deacetyl baccatine Il is reacted with trichloroacetyl .chloride
in-.methylene chloride in the presence of triethylamne and using

di rhst hyl am nopyri di ne (DNéP) Qn catalytic anounts. The use of the
protective trichl oroaceti cOghoups proved tq% e very advantageous in the
subsequent . oxi dati on, carbonatNHon~and 1on steps (respectively (b),

(c) and (d)). In partlcul ar the 77 10-Yi lor oacet at e derivative, which
is (5H O

OH

Compound (I), disclosed in the Italian patent application n.
MI99/A001483, is particﬁlarly active against breast,'lung, ovary, colon,

) prostate, kidney and pancreas tumors, as well as against cells resistant to
known antitumor agents, such as adriamycin, vinblastine and some Pt
derivatives. 14p-Hydroxy-1,14-carbonate-deacetylbaccatine HI derivatives are
usually prepared starting from the precursor 14[3-hydroxy-deac¢ty1baccatine

III, a natural compound obtainable in small amounts by extraction of Taxus
wallichiana leaves, as disclosed in EP 559019. There is strong need for
alternative p'rocesSes for the easy and effective preparation of 14B-hydroxy-

1,14-carbonate-deacetylbaccatine III derivatives, in particular of compounds



obtained in quantitative yields from3he startiggnsh@dUBracés NihfazSe.|and
‘ carbonated, then easily reduced at the 13- posigi 1 S| eQus
Sy ik e

deprotection of the trichloroacetic groups to give

car bonat gyd C t.ng. || The. use_of. . DVAP i n al yti mount s
provi desagb‘\glﬁgSatsr}sgg%an%tggggl#rlésrﬁﬁ ﬂ%esi r?d%tgft??%lma&ﬁﬂagibf(i%ﬁﬁ@rlS?ﬁc Biht of
Vi ews, Cﬁgsiﬁ_eri ng t hat %\(,:\%Igti ons of this substrate have up to now been
carri ed HhtWhighgygongragy towhtRhyidsogy-hascating ltlhyemay ke epeidy ngceyeredein
residual solvent. The oxidation step (b) of the hydroxyl at the 13-

posi ti onlarge aarcvirgs fruh RN megankswedi oxi de or bi smut h di oxi de or ozone
in a solvent selected from - 7 - Bianchetti Bracco Mnoja S.r.|.

L nenet . 5 YRERAGE hR! iRERHB FlAe, 102 ShBBRSOToreHIV b ARELALE dIPtILY| e

chloride 9:1 m xtures, vigorous stirring, prefe ozonhe or
manganese di oxiﬁe iz ace{ oa'gtri.l or acetoHe. The .reaction with ozone

rapi dly FOPREUPHR ofdprmuta (o Wuchicomprisesithe ToHOWIRESIGRSn, while with NMhoR
the reaction proceeds quickly to give the derivative oxidized at the 13-
posi tion whi ch) cprotediorcol/ehedhydumylheatr dhet 7onamkdi smposftesrsafa 1l0onger
reaction yields the 13- oxidised and 14 hydroxyl ated derivative. The
subsequedéacetyibavedtinilgt ep (c) of the hydroxyls at the 1- and 14 positions
is usually effected with phosgene or in a nethylene chloride/toluene 1

m xture in the presence of ridine. Subsequently, the resulting

1, 14- car bonat e deri vatt be easily reduced at
t he correspondi ng 13-\hyd d ‘
pl'ace regiosel ectively a carppnyl at 13-,
rermai ns unchangedHOrt i

bor ohydri de in nmet hangls oy

#i  BRsodi um
yi el ds. The subsequent‘s x
the 7- and 10- po t id/e 14i - hydr oxy, 14, )
deacet yl baccatin The ditions and th actgntis Whi ch can be used in
the sel ective deprotecti o® t he hydroxyls 7 ang”10- are described in
Zheng et al., Tetrahedron Lett., 1995, 36, 2001, and in Datta et al., J.
Og. Chem, 1995, .6 7 The, sel ective acetylatjaon at the 10- position
(sCep (1)) 1 SVBSFsin b bR i Whickeean be dhn amere” AHTeRaL Arecsledediremr | um
scandium or ytterbiumsalts, preferably CeCl3. 7H20. Afterwards, the

hydr oxyl hydrogks, ©-Qasalkiybrori arypr Gi-dti edkply @i agyll atairbonyls ttephlarphcetyhe
subsequent step (h) involves the condensation between

14~- hydr@yC,7 thaskylsil ¢t C proepabls; bateat iIRieahd | RanNdrd 4ReSRhndY; Bottey? are

se-@ar bonyl at 9-

trichloroacetyl, whereas when they are different, preferably R is trichloroacetyl
and R; is acetyl, or R is triethyl or trimethylsilyl or BOC and R is acetyl;

b) two-step oxidation to give the derivative oxidized to carbonyl at the

13- position and hydrdxylated at the 14- position:




o~ o~ -}8 - Bianchetti Bracco M noladﬁ r.l. Bigpgh p a
' (2 4- di met hoxyphenyl ) - 4- |sobutyl-l-oxazolld|ne- ?Fﬁth g%ﬁgﬁ%ﬁﬁgﬁ&$pbrl
| atter is prepared as described in the Italian pa & ?6ﬁ A, Mo9/A

001483. The reaction is carried out in dry apolar organic solvents, in the
presence of a base and of a condensation agent such as
~di cycl ohexyl carbodi i m de ( Finally, in step , the triethylsilyl
group can be &en%@f@@nﬁilpﬂ quFhedelnM hyderiyde Eitnthac enilt 144 popiyrandi toe
sol ution under nitrogen, whereas the di nethoxybenzylidene group can be
renoved giventbiehl,ll érmarbbhateidbeiveyivaddi ti on of net hanol HC1 and subsequently
of NaHCOB3. The fol |l ow ng exanples illustrate the |nvent|on in greater
detail. Exanple | Preparatico
7, 10- bi strichl oroacetyl | cetylbaccatl
of trichloroacetic anhydri .
10 g of 10-deacetyl ba@eq
chloride and 42 m of p 2 :
stirring for three ho ,se untilogdnp ﬁ{
whi ch was nonitored by TL &I ca gel gﬁrhg exane/ et hyl acetate 1:1
m xture as eluent. co W|Etlgn of thg“reactdr, ® nl of nethanol were
added to destroy the chl @“oaceti ¢ anhy exXcess and then water was
added. The organi c phase was thoroughly wa with water acidified with
HCl to renove pyridine, while the residual organic phase was dried over

MpSOH4 and con entrat t ryness ynde cuum .to obtain a pale yell ow
sokid (17 g) ﬁppéﬁng§§ﬁ¥Fﬁﬁiﬁﬂ£%ﬂ§fP@ﬁ%Bﬁloroforn1has [a]D - 34
- (CHZC12 C5.8) IR (KBr) 3517, 1771, 1728, 1240. 98I, 819, 787, 675 cm'
~ - 9 - Bianchetti Bracqg;NInoja S.r.l. Bianchetti G useppe et al ~H NWR

(200N+D 8 8.11 (Bz . ' 0 H10), S.72 (m H7 H29),
5.02 (d J =8 Hz, H J =8 Hz, H 20a), 4.18
(d, J 8 Hz, H- 20k 3@R(s, 4-Ac), 2.22 (s,
- H18), 1.91 (s H 19 25 ‘ \ 7), 1.94 (m H 14a), 1.89
(m H4[i). 2d AlterQatiyge:}10 DAB 1110 QO 0. 8 Mol ) was suspended in

. i A
CH2C12 (120 m ), DvA® (uO g 1.4 mmoly égo“ O.) was added and the

1" Alternative: 4.77 n
spyied i nto a sol ution of
OBf dry nethyl ene
ﬂs kept under

pf the reaction,

m-Xture was cool ed




OC on ice bath. Then.Et 3N (10.26 m ,-¥3.6 mmvl ,BiAn&kbéti) ]ﬁg@leolmgjaagqlly f

“after, CI13COCL (4.12 m, 36.8 mml, 2 eqv.) wergi,adaeg; ¥ tdi0
streamin 5 mn. keeping terrperature bel ow 10C. After 1corrp? I:t)l?f%) et glet he

addi tion, the e r Ml i t hen
t he bath was %errfgég%t% W%%loheg)fmlgp ﬂd%g g%@??ﬁ ?E C%?tg 28? Il FoAfCr 1 1
the reaction was nonitaq C AcOEt 21n-hexane 3, Rf 10-DAB Il =
0.05. Rf4eTIYRiIpg %"tl?'ihe/ﬁﬁiiﬁ %f@'g@‘}h TARASHEeRY | = 0.26) and C13CCOCL ( 1 m,
0.5 eqv.) was added. Stlrrlng was nai nt ai ned at r.t. for 10 mn, then the
m xture was poured 1+ A beaker containing 3aQ g of triturat ed i ce,
stirring at r.t. unty Ligori um (appr ox. | After that, the aqueous
phase was separ atI_I%d_, actoad Wi th CH? 40 m). The conbi ned
organi c phases were v (’h—IN-HCl HQ 2 #eplith a NaHOO3

A " ] ' 2S04_ay e solvent was
evaporated off. Orue X I6.5 g. AfP‘(e? SLE i zation from
chloroform IR ' HNVRSH d Pa]D spectra were/Aconsistent with those of the
conmpound obt ai ned ng pyridine and tri orBacet i c anhydri de. Exanple I

Oxi dation at 13- a hydr oxyl ation at 1 f 10-deacetyl baccatine 111 -
10 - Bi anchetti Bracco Mnoja S.r.|l. Bianchetti G useppe et al
7,10-bi strichloroacetate, To a solution of 10-deacetyl baccatine 111 7, |

0- bi st ri chl ordhdsestien e G sompeundrrem step (&0 with (480R)-OF Bast 2+(31%ed MOz
wer e added and t he suspension was magnetically stirred at roomtenperature
and noni dionetokypheigy ) pleisobueyini etxaeotidines-aebbagléec aehl: Rf starting
nmaterial approx. 0.31 ). After about one hour, the formation of the
13-"dehydr oderivative is conplete (TLC analysis, Rf of the

13- dehydr oderi vative ghout 0.5Q). Stirring ®as then kept for about 72
hours, during whichithe 13 dehy{ir oderi vat i was slow |y oxidized to its
14( 3- hydroxy derl 2L Rbred 0. 36) . eactl on mxture was filtered
through Celite, HO'z c@ke pepeat edl y was hed Ot‘“h et hyl acetate. The
sol vent was evap ‘5 oby col um

ol &nd heﬁ?ldig
chr omat ogr aphy o X geIB°f , el gﬁ?@o REr- et hyl acetate
7:3) to afford r’r@of t he hydrod vt|vO
143- hydroxy 13- dr oderi va |veO
13- Dehydr o- 143- hydr oxy- 10- deacet yl baccatin 111,
white powder, nmp 97C, IR (KBr disc): 3440. 178
1232, 1103, 1010. 854 cm'; r 1H NVR (200MHz,
(Bz, O, 7.49 (Bz,

i) removal of the triethylsilyl and dimethoxybenzylidene protective

l

4 'Os trichl or oacet at e:
767 | 736, 1686, 1267,
CDC13): 8 8.07 (Bz AA"), 7.60

groups from the compound from step (h):

O

t-BocN” O

The procedures for the selective protection of the 7- and 10- hydroxyls
are described by Holton et al., Tetrahedron Letters 39, (1998) 2883-2886. The

selective protection of the hydroxyls of the starting compound deacetylbaccatin



BB'), 6.52 (s, H10),. 5.92 (d, J = 6 §.Hz, HZ)BmﬁelY&n(lHra&eo Jl\/ﬁn% %

H7). 4.95 (br d, J = 8.2 H, H5), 4 37 (d, 3 Figfhche %S ap td, J
= 8.2 Hz, H 20b), 417(s HL4), 4.02 (d, J = 1) H 6)
2.2
H 19

9 (s, II(I)A‘&) go% f;? a&%t%\lelart dgtgetfeﬁt ﬁg@%%;y;t[{zl&ar&c qf tgp reac’tlvl_{_y 7 and

7tr|eth Iba catln To a OUIIOH of 7-triethylsilylbaccatin Il (
10 g) ?«’PV&%@% S yikyliting of siylafing aginin e thceniasdsonars, @ Her |

Bi anchettl G useppe et al 10 g of activated Mi02 were added and the
suspensi ord%(ﬁa@hﬁt(ﬂ(dé])#@}]s}t@(rlBéd)HPG(dJQ)J@Iﬂeﬁmeﬁirartheag’rdup@m t7orgd by
TLC (petroleum ether-ethyl acetate 6:4; Rf starting material approx. 0.25).

After abogt c2n 'B@Lbrefl;ectf\%'lg?trb%t&f whiR de¥ Oﬁgﬂgé ggg&&g& LY. YRy PRTRLEL e

(TLC anal ysi s, 13 deh oderivative a tirring was condl I’IUﬁd
for appr 1 hour s, , during . ,which .additi ). was add The
13- dehydE ﬁB‘QF%BWU%Y En%‘l“&W %CHPEe%P“cdgHPP% 1143 rﬂ%ﬁ&lg taefreiv%ﬁel ( Rf
about 0.38).. The reaction mxture was filtered through Celite and the cake
was washEdclivily erdsy) obélee ddroxyle ajofvend Wrs thawsapbowtieg tbé fdiffeden tha

resi due was purified by colum chromat ography on silica gel (40 m, el uent

pet r ol eusntesttiretiont thykedfc disainep[és D1 tenctdritorchdl 28adtbrotohdRions usable in
13-dehydroderivative, 479 ng (46% of 14-hydroxy 13-dehydroderivative and

1L, Wit
ot “BERTHEHE OB MaERO- e P B el
76 |37 69, 1244, 1230. i ; "HNWR (200MH CDC13 07 (Bz
16 3516%% %’rmA f(BECICE'BVs“eS? I@éﬁ(sobwfmz sfaging g, rgm— 614553-Hz,
H-2)492(d J—82Hz H 5), 4. 48(dd, J=10. 6Hz, H7), 4.33(d, J=8. 0
Hz, H 20alydroxybaccatinel HA-catbgdlje. 3.91, (d, J = 6.9 Hz, H3), 2.96 (d, J =
20 Hz, H14a), 2.65 (d, J = 20 Hz, H-20b), 250(m H6a), 2.23 (s, OAC),

2.19 (s, OAc Acb’orlﬁh% th- 8 ipreferd&d elnlb@d&fent""d@@eet?ﬂﬂa%cﬁﬂﬂe "1‘111% refetbd (M
TES) . 13-Dehydro 14- hydr oxy- 10- deacetyl baccatin |

(KBr) af 5o RE61 D5 H e o ﬂ?’%@l%[’%ﬁl%& &ﬁﬁ%ﬁsmﬁ( gy

CDC13 7.48 (Bz, 6.51 (s, H-10) 588
(d, J) Z hylfxnglpezg i;sgl(g ggnet?ylargl@mﬁldlpp ggpMﬁxP@ﬁn(@malyjlc_amugtsz Hz,
H7), 430(d J = 8 Hz, - 12 - Bianchetti Bracco Mnoja S.r.|.

Bi anchetThe @S@l@émbe peoteative trichloroacetic groups proved to be very advantageous
in the subsequent oxidation, carbonation and reduction steps (respectively (b),
(¢) and (d)). In particular the 7,10-bis-trichloroacetate derivative, which is
obtained in quantitative yields from the starting product, is oxidized and
carbonated, then easily reduced at the 13- position with simultaneous
deprotection of the trichloroacetic groups to give 14-hydroxy-1,14 carbonate-
deacetylbaccatine HI. The use of DMAP in catalytic amounts provides obvious
advantages from the industrial and environmental point of views, considering
that acylations of this substrate have up to now been carried out in pyridine,
which involves problems of disposing of the residual solvent.

The oxidation step (b) of the hydroxyl at the 13- position is carried out

with manganese dioxide or bismuth dioxide or ozone in a solvent selected from



5#2.02):9 ﬁ.zst( gj, J3:ég. (2sza I-l:]20b)2,.|_’|5;r.1~1>4(g_|)‘13iaﬁcﬁ'etﬁ racky i oj?- §?rh1](.d1
- J = 6. : , 3. rd, J= , 14-OH) ,p; P I )
H6a), 2.24 (s, OAc), 2.21 (s, OAc), 2.11 (s, @%é‘)gﬁeéﬁsﬁ‘%ﬁ]%e‘?‘sg 1.74,

1.56, |I. . - 1 d,H1 0.94 S). 59 | TES) . ,HRNS:
71 4. 3092g‘?eé§ﬁ%:tﬁ‘?§t Kol %%%ﬂ%d‘%%%feﬁﬁa%é’% .C@%P%?l W(‘QLEE%r badgh o
1, 14- car bonat e- 13- dehydro- 7-t es- 14 ~3-hydroxy-baccatine I11. To a solution
of phosg¥lgorpuy sgrimgoprederaddy s6thuprone on marigresss doxidaminlacemitrple. or
equiv.) and pyridine (0.56 ni, 6,8 mol, 20 mol. equiv.) in | CHC12 (2
m), a satetbhenTat rkdetlehydith-dZbiehiuapidky fornid tied Agkishtivehagaaednat tHe (124
mg, 1,17 nmol) in CH2C12 (1 M) was added dropwise in 5 mn. The m xture

ti d : or . S n enchi. e
orcess phosdasifigAT a3 ah MaOR i S ore HIGAUS h&l.y%ﬂyaﬁbd*%g?ré%i on
ith CH2Cl2. Th qani hase s washed wi.th a HCO03 saturated sol ution,
\tl)mri ne, a%ﬁrlﬁ?ti“ég ‘?’hﬁ%‘}sﬁ)a? %Wel ol B‘éﬁ?‘%é"%Qgpﬁfgﬁé“d rge¢vergdy framy the

reddi sh residue, which was purified on a short silica gel colum (about 5
m, el ueracjionenwdeumst hyhergastaalengr2jeactioaf yields tha 13y ¢eidedotind hisd-
carbonate. If the reaction is carried out using triethylamne as the base
and W t hipydroxVeedeleafidittveon, an about 1:15 mixture of 1,14-cabonate and
2-debenzoyl -1, 2 carbonate-14 benzoate is obtained.

13- Dehydr o- 144 WA .S catin Ll1, 1 14-carbonate, ite -
povvder?/ np lg’g&m(/sgl;b%ﬁu%ltzédr?%éﬁ%S¥{?bgg)7§§ “{?‘ﬁh(ylgé?’fﬁﬁloa& BE beBdnkt1834,
1734, 1709,. 1373, 124@,2 25, 1088, 1057 cm~; IH NMR (200 MH CDC13): -~3
7.9 ( BzPQAUPNS 28 gigup ,e%qtef}.m@hmﬂsgm pr ig. smqtBylepe1dhlorideftolyane J
6.3 Hz, H2), 4.90 (d, J = 8.2 Hz, H5), 4.78 (s, H14), 4.44 (dd, J
- 13 - Bnaxisinetin ith@maesamck! ofopyridine. ISubBequuatibt, tthe Gesigeipgel &t -@rbbateH
4.34 (d, J =8 Hz, H20a), 4.19 (d, J = 8.2 Hz, H20b), 3.80 (d, J = ;3.9
Hz, H3 7 i , 132 i q ; )

) derdv&Pvd '&hn"ﬂieﬁ%isglgs?r%cﬁlzc(gﬁ( o) 132 pééitich t(ﬁgﬁ;‘ﬁ i%ﬁ %88{6360!?8”1] %’FES),

.92 (m H6a), 1.72, s, -H16° K17 a

0.56 (m e 140, I | gul ated f.or 0O1L3S1.74Q. 2864) .

13- Dehydlr%'ﬁ@( %@%‘&f}g’&g@gﬁﬂ @311 $f‘“qfefﬁl-%lé?u‘lbtgﬁg?g’?a%?etgéoifgwlc‘féYé%ﬁc
[a] DZzS - 2.5 (CHzZClz, C 0.4) IR (KBr) 3539, 183|, 1736, 1240, 1088, 1068,
1057, 100% @f&)@{lyl At R Vhide the catemyl: atd-7ramainsanshanged. Shis Raction
C),7.50(Bz, BB ), 6.39(s, H 10), 6. 14(d, J=6.9 Hz, H-2), 4. 98(d, J=8.2 Hz, H5 ),
4.80 (s,isH nwd)allyt. 4Girfidd, dut WOitH I(;Eodihlfr?) ,bo‘%oBy&ri(idj H12=élgetziénoﬁ éﬁ;i),
4.24 (d, J = 8.2 Hz, H20b), 3.80 (d, J =6.9 Hz, H3), 2. m a),
2.30 (s, tetrabutylammonium borohydride and provides high yields. The subsequent

\‘

10.
7),

step (e) consists in deprotecting the hydroxyls at the 7- and 10- positions to

I give 14B-hydroxy-1,14-carbonate deacetylbaccatin III. The conditions and the
reactants which can be used in the selective deprotection of the hydroxyls at 7-
and 10- are described in Zheng et al., Tetrahedron Lett., 1995, 36, 2001, and in
Datta et al., J. Org. Chem., 1995, 60. 761.

The selective acetylation at the 10- position (step (f)) is carried out with
acetic anhydride in the presence of cerium, scandium, or ytterbium salts,
preferably CeCl;.7H,0. Afterwards, the hydroxyl at the 7- position is protected
by silylation (step (g)). The subsequent step (h) involves the condensation

between 14B-hydroxy-7-Tes-1,14-carbonate-baccatine 1II and (4S,5R)-N-Boc-2-



OAc), 2.20 (s, OAc), -2.15 (s, H18),-8-90 (m Hi8adhetli. Bacdo 3Mmd)ya2§ r(IS,
" H 16, H 17 and H19), HRMS: 626. 2005 (cal cul at qﬁaheﬁetﬁgﬁr@g &999)

Exanpl e V Preparation of 1,14-carbonate-7-Otriethyls accatl ne I1l. To

a sol uti 1 i I

1, 14-car dng{ nge?%(g)%‘h?p 4%%@8?“@2%5; d?ll}aér]lge%s(a éé&ﬁi%éﬁéfj ?gb%u?ttfirols

was added in s poré After 30 mn, the reaction m xture was added
wi th sat REERRERF Rpytescri Qgrladhédt ahpatery [appbisatps N MIRRA WOH 88y iThe and
‘dried over NazSO4 The sol vent was evaporated off and the residue was

puri f i edreagtionl isrmardhd evdtioglrapipolen osgdriic aobednts ainothie presbnceblita basewi t h
hexane-ethyl acetate 8:2) to afford 35 ng of the 13a-hydroxy derivative and

9 nmg of iheolad c(d’rrdféﬂﬁlzit%ﬂag@ﬁﬂ MRt e\/sedlciiéﬁiﬂ‘e‘ygg[é%t’woanﬁﬁd@gmd@ j.lyl baccatin
11 1,14-carbonate [a~D2s 5 (CH2d z R (KBr) 3054,” 1819, 1736,

i S e e, 0 il WL ) R W (o

Bi anchet ti useppe et al (Bz, 1) 6.47 (s, H-10) 6 12 (d, J = 6.9 Hz,
H2), 5_1@}@1&‘ pHug flporids g rqgetqqnn e/pyridine solution under nitrogen, whereas
13), 4. 98(brd, J=9Hz, H5), 4. 83(d, J=SHz, H 14) , 4. 50(dd, J=10. 7 Hz, H7), 4.34
(d, J = mekwimbtlﬂﬁ@ben@yﬁder(d,grdup rHbe He@Obdd 3. Reethglend shorRidby H 3),
2.56 (m H6a), 2.34 (s, OAc), 222(3 OAc), 1.78 (m H6-~3), .35 (s, H

18), 7 ; 90 TES 0.62
TE)S) 14E|§dd|-l|311<(zl)?1 %(fyﬂeﬁ?ﬂgtﬁgﬁ%&s Leﬁﬂgadg::}g? ?{r(\:e@ﬁ | (rr} 4- ca? bonat e. (m

Anor phous, 2 CHZCl 6 R (KBr.) 3630. 182 734. 1603,
1375, |262, T‘égi?o%‘?’in EB%‘PE%% Lr@f%qms Vé’@dtm‘étﬁéfé‘)ef%%&m (Bz AN ),
7.63 (Bz, C), 7.48 (Bz, BB), 6.44 (s, H10), 6.12 (d, J = 7.2 H, H2),
4.90 (br d, JExamplel H5 ), 4.81 (d, J = 8 Hz, H14), 4.48 (br, J =8,
H13 ), 4.50 (dd, J = 10. 7 Hz, H7), 4. 41 (d, J 8 Hz, H20a), 4.31 (d, J
= 8 Hz, H 200Prepdr&ifor df7JIO:bYStﬁclrl?0r0irbé’c)/1-1@-&5%2168113/1]5‘&&%)1%31?2 (s, OAc),
2.26 (s, H18), 2.21 (s, OAc), 1.80 (m H6[i), 1.72, 1.43,1.27 (s, -H 16,
H- 17 and H 19)st AG; t?lat(l . TES), 0.6l (m TES). Exanple VI Preparation of
13-deh~dro-1 210- bi strichl oroacetyl baccatine Il 1,14-carbonate.
A sol ution of 0- 1 trichl qQroace ccatine |11
(200 ng) in @%@fﬁ(’ég l}qué% eééd%‘ﬁ“?/dﬁ &ﬁ%idn@og DoV %*P ﬁo@ fe (20%
intoluene, 3.6 nm, 20 equiv.) and pyridine S 1.12 m, 20 equiv.) in CH2C12
solution of 10 g of 10-deacetylbaccatine I11 (18.4 mmoles) in 125 ml of dry

methylene chloride and 42 ml of pyridine. The reaction mixture was kept under
stirring for three hours or otherwise until completion of the reaction,vwhich was
\ monitored by TLC on silica gel using a n-hexane/ethyl acetate 1:1 mixture as
eluent. Upon completion of the reaction, 5 ml of methanol were added to
destroy the trichloroacetic anhydride excess and then wdter was added. The
organic phase was thoroughly washed with water acidified with HCI to remove
pyridine, while the residual organic phas'e was dried over MgSO, and
concentrated to dryness under vacuum, to obtain a pale yellow sdlid (17 g)
which after ~  crystallization from chloroform has:
[a]p - 34° (CH2Cl§ C5.8) IR (KBr) 3517, 1771, 1728, 1240. 981, 819, 787, 675

cm";



(2 n1) .The m xture was stirred at r-9- for 1 Biahbiedttit Ima@we}s/ﬁngjlaoggqne

" was quenched with a NaHCO3 saturated sol ution (Bjabhettil M ulk S
extracted with CHZC12, the organl c portion was washed wt fﬁkﬁ@@fi

i LGN oga BRI s,
Chr ot offhable) 1928 B Ret TEREE N He AR Pkl S RN P BB oy

(89% of the carbonate. | 3- Deh dro- 14 ~3-hydroxy-7, |
0- bi stri 20dordob8 édyl %&&iﬁtﬂ{%)bl)l #.02, (4 JcartbHnatle3), W\BQQS@MONB@Z %@I id.
IR (KBr) 1834, 1771, | 73 5, | 709, 1232, 1103, 10l0, 854 cm~ 'H NVR (200

MHz, CDOH3 0 7 By, -

Ve 59)28)(31936153(@; 1A2\5)and1@@7(@1411(§)H ?7?@865%%1HE¥9§ 393@1“” "

J—82ﬁ<zlﬁlj|-20b)477(s H-14)402(dJ 6.7 Hz, H3), 2 .71 (m H
29 OAc), 1.96 (s, H18), 1.27 - 1.01 (m H 16, H 17, H 19).

Exanple VII Prap [atl on of 14 ~-hydroxy-10-deacet ~l baccatine 111
1, 14- car bonaté\__&ﬁﬂl.@ﬁll’l.@@t n of

13- dehydr o- 14i - - hydr oxy- 7, 10- bi stri chl oroace. tyl -baccatine 111

1, 14- car bonat BO{[3AB i) (1t dye 81388 nrhol \waais casipeddé® iACCON A1 108t fhignd
soli'd NaBH4 (44 ng) was added thereto in 5 mn The m xture was stirfed a

r.t. for I 0, and
concent rgt}‘g‘gPanj@]n%oﬁd@\%@g&fm&ltﬁgﬁ? Q%Eﬁfmfé Vl/niFs) é%ﬁgﬂf 10y tered
t hr ough ite. t ed Wi t sat ur at ed

sohut i on dmdil(fe agb f&%%@ﬂ @Ir'}%él\g’& ’V)gig aﬁﬂ)\’l\gt*’é@ dmmedigéelyesi due
(4. '5: 1 mxture of C 13 epinmers) was purified by chromat ography on a

silica gditels&tlab ¢le(dibatmhStabanmobe egv) yetwaddddndd@saitnegar strbeml3 ~i
epiner and 5 5 ng of the 13a epiner (88%total) of the deprotected

car bonatia. 5 1. 114¢eﬁmgrtempeicﬁ)tud€&iwéw| herT anifiee dom l%tﬂaﬂ SRERORaHRIon NI te
anor phous solid. IR (KBr): 3520 , 1834, 1709, % 1103, 1010, 854

| (ég‘r ; GW’\{?&&%’ V%_AZ %t%]d%} Sti?rmg l'g%?_é%éf_]f‘%n) 12 ,( endthe) bath, gv%s( Bz,

H 20b) , nchetti Bracco Bi anchetti G useppe et al
4.85 (mfeﬁlci‘sﬁ)‘?‘, al&‘? fse (QIXtPre) s S&lrtfgl ebf ttf%rJl b d\fgend h theyyeactiampwag, J =
6.7 Hz, _ |

monitored by TLC (AcOEt 2/n-hexane 3, Rf 10-DAB III = 0.05, Rf 7,10-

bistrichlorbacetyl -10-DAB III = 0.26) and CI;CCOCI (1 ml, 0.5 eqv.) was
added. Stirring was maintained at r.t. for 10 min, then the mixture was poured
into a beaker containing 160 g of triturated ice, stirring at r.t. until equilibrium
(approx. lh). After that, the aqueous phase was separated aﬁd extracted with
CH,Cl; (3 x 40 ml). The combined organic phases were washed with IN HCI
(20 ml), then with a NaHCOj; saturated solution (20 ml), dried over Na,SO, and
the solvent was evaporated off. Crude weight: 16.5 g. After crystallization from
chloroform, IR, 'H-NMR and [a]p spectra were consistent with those of the
compound obtained using pyridine and trichloroacetic anhydride.

Example I1

Oxidation at 13- and hydroxylation at 14- of 10-deacetylbaccatine III



H3), 2.71 (m H6),.2.29 (s, OAc), 11(®6 (s, "“I@iﬁh@h@lﬂzﬁrac@o Oﬂ’hﬁ

" H 17, H19). 13a-143-Hydroxy-10-deacetyl baccat i igankthé V\hlte |
am)rphous solid. IR (KBr) 3520 (C]—I) | 834, 1709, n123 14%8@%&?%?0 854

em' ' 51%9[9 3): 8 =8.03 (Bz AN ), 760(Bz O, 750(Bz

BB'), 6. (d, J 67Hz H2), 4.95 (br d, J 8.2 Hz,

H 20b), 4.80( 7 14), 42(brt J=8.0 Hz, H7) 402(dJ 67Hz

H3), 2.7 ( ?th Zgj(ﬁ(}g-e%yl apcaigne gH hlﬂgg’lstrlclgqroacptm (@rg) B 16,

H 17, H19). Exarrpl e VITI Pr eparation of 13 ~N-Boc ~ -isobutylserin~)-14

i ~h~ roxgdsasitele 140 1ml), 301 4- oﬁrabtimateel MiOa veereuiddud ahd the suspension

143- hydr oxy- 10- deacet yl baccatin Il |, 14-carbonate (126 ng) in m of dry

tetrahy u f anhy e were
dwak gﬁ{%neﬂc’él@g rr&e G8- 1762%9 ?}Qﬂp@ra%& Mnd nﬁﬁﬁfdrgg mlg/ dﬂré

added. The r ion nTxture was kept u stirring at room erature for

5 h, dur h ur, honogeneous f.ice
wer e add@&qr(ﬁg‘é& ﬁﬂ“egt“ftﬁ?/fﬁﬁ ?a(g? %(% I&I'ﬁga ﬁpéamaée'g%ll 9@%0%%§évg/'a it ed
of f under, vacuum and the residue was diluted with 5 M of HZO The forned
preci pi t @ tware hour e they fasaatien ef e sdvtehydrodarivaive isThempdetel (The
product (white powder, 135 ng) has the follow ng characteristics: 1H NWR

(400 MHzandTGis2Rf dthe B -UeRpdrddetivalise dtolf 0a30), tikving @a@@hérﬁkeﬂi‘r :ﬂ&)
'2.04 (s, H18), 2.22 (s, OAC), 2.29 (s, OAc), 3.89 (d, J = 0.

-964( aéablol_tﬁtla% h%hlrscéf?}??)ng évh%gh (e lé‘zd'e}&_dﬁslet}'@g@ e"é‘ISAf% (x)ﬁ' '%g%_z[zed 77 (d,

8 (d i anchetti. Br 0 Bi anchetti QG us ppe et aI
O to e P Ry apnackvalyS Righat The)ihe sgactic uxiure was fahed by
.07 (d J = 8Hz, Bz). 143-Hydroxybaccatine II1l 1, 14-carbonate (130 ng) was
di ssol ve@rpnglmu(ﬂe.le&enmdothmalq@ was mejeaodiyNwashbg | Wwith dethyl ece®io? Tile) was
added. Triethylchlorosilane (0.042 m) was added to the solution under

strong s¢dlvehnowat eoapovieePeodf Uikd i thel fosidite WaXt WiRiff@&P bherobgmped
into 10 mM of H20 under strong stirring. The suspension was |left at 4C for

(5, Sed(BERTRyh SRSl GEAdoThe e blofleith fiior 3 RIS ) s
i1 Exampechgord 14° 'g‘i(%mmﬁ%%&@%fwéériiaﬁvs@éﬂésﬁpgfgto e TAhyde iy o
14i - hydr oxy- 7- Tes-1, 14- car bonat e

13- dehydroderxvatlve

OOI[IL-A

13-Dehydro-14f-hydroxy-10-deacetylbaccatin III, 7,10-bis trichloroacetate:
white powder, mp 97°C; IR (KBr disc): 3440. 1780. 1767, 1736, 1686, 1267,
1232, 1103, 1010. 854 cm’";

'H-NMR (200MHz, CDCl3): & 8.07 (Bz AA"), 7.60 (Bz, C), 7.49 (Bz,
BB'), 6.52 (s, H-10), 5.92 (d, J = 6.7 Hz, H-2), 5.70 (br t, ] = 8.0 Hz, H-7), 4.95
(brd, J = 8.2 Hz, H-5), 4.37 (d, ] = 8.2 Hz, H-20a), 4.31 (d, ] = 8.2 Hz, H-20b),
4.17 (s, H14), 4.02 (d, ] = 6.7 Hz, H-3), 2.71 (m, H-6), 2.29 (s, OAc), 2.17 (s,
OAc), 1.96 (s, H-18), 1.27, 1.01 (s, H-16, H-17 and H-19).

Example I1I

Oxidation at 13- and hydroxylation at 14- of 7-triethvlsilylbaccatin III.

‘To a solution of 7-triethylsilylbaccatin III (1.0 g) in acetonitrile (10 ml),



baccatine 111 were placed together wiftjh 300 M Baindhc@Pr Besdds MNndjR! siene;
- then 10 g of

(4S, SR) - N- Boc- 2- (2, 4- di net hoxyphenyl ) - 4-i sobut ﬁl?llgl})?gzal}l?ﬁpr}jee- gt c%llr boxylic

acid, 2 of N-di net.h i nopyridin and 9.5 g of .
droyel ontkot i Bt RRIMRAFR aBRS 4 iht, SR RsEnd e mpenelisaliact  on
m xture was refluxed for 3 h, then cooled and the precipitated ureic
product StHEed effove@n kemperatiieqasds mositoradshiedl WCt hpetraksHop Xthar-gihitled
solution to renove the unreacted acid, then with diluted hydrochloric acid

to renovaeMAR 4t Rehstagin § matchiaNabpbsk.t @ 258 upifi@lridhout DhBoargdormapbase was
concentrated to dryness to obtain 41.5 g of product which can be used as

such in 6ihet1§é'b.sleﬁkl§ﬁ$r%1§§($ﬁ’ivailﬂf§9 st h&%g%fﬁ%@g%@ggﬁm egfedign two

steps, by renoving es and then 2, nza yde. 40 g of

t he compoynd re di.ssolved in_100.m of an acetonjtrile/pyrigdi m xture
(80: 100, CeRgePTryAUEE AnaRh A9 S uind W e JFEY Bobepfin 8Bt th' 13
m of pyridiniumfluoride - 18 - Bianchetti Bracco Mnoja S.r.|.

Bi anchetdurig vdupheadditianaldvaQ.«fl0 gnwes added r The 18 edelpdirhderinatisomasi on
was poured into 2 1 of water and the product was filtered and dried under

vacuum b1y estidigedves it 3aplivattokd §&ivatied (RELABORNE 38N ThiedRarfidnt hi s
sol ution was” kept .under strong stifring at 0C and added with 40 m of 0.6N

t hanol ti ' f Std L1 LR th
i 1 utoa T SuS iFER BPalh i e MES, hE e iR wIE U S8 depse- "

| uti dj ysti Hto 6-7. Th i h; trated, t
Zﬁ’%ﬁeéé’”gh% oluchedy e RRETHRY sPH: FNSethd HEMARECI e PHBTERC bih #OTEd 1 o
obtain 16 g of

13- ( N- Bochreimdtegiaphyl s cslecd gyl (40U 4nk; eyderdxydinaeatn athet-clylcacdtatea? 8)havi ng
the foll ow ng physico-chem cal and spectroscopi cal characteristics:

For mul a:1oGaffot®h 108 MsReCilic YHideRyERYEISTvatiNR], t4790; (46%; 499 flabbeosdi-
Chem cal shifts (pp IH-NMR in 13 solution (200 MHz) H Pam

i ol i o TP S il 3100 (07, 2.9 52
6.9) 14 4.84- 1d3- Géh%f)dr%%-%figt?l-y?si%yqb%égazti-nsIII. White powder, mp 168°C [a]p®
-35 (CH,Cl,, C 0.67) IR (KBr) 3488, 1726, 1711, 1676, 1373, 1269, 1244,
1230. 1105 cm’™; "H-NMR (200MH CDCls): § 8.07 (Bz AA"), 7.60 (Bz, C),
7.49 (Bz, BB'"), 6.59 (s, H-10), 5.69 (d, ] = 6.9 Hz, H-2),4.92 (d, J = 8.2 Hz, H-
| 5), 4.48 (dd, J = 10.6 Hz, H-7), 4.33 (d, ] = 8.0 Hz, H-20a), 4.12 (d, J = 8.0 Hz,
| H-20b), 3.91, (d, J = 6.9 Hz, H-3), 2.96 (d, J = 20 Hz, H-14a), 2.65 (d, J = 20
Hz, H-20b), 2.50 (m, H-6a), 2.23 (s, OAc), 2.19 (s, OAc + H-18), 1.67, 1.28,
1.19 (s, H-16, H-17 and H-19), 0.19 (m, TES).
13-Dehydro-14f-hydroxy-10-deacetylbaccatin III, 7,10-bis trichloroacetate:
white powder, mp 153°C [OL]D25 + 20 (CH,Cl,, C 0.75) IR (KBr) 3431, 1723,
1692, 1371, 1269, 1242, 1223, 1096 cm™'; "H-NMR (500 MH CDCl,): & 8.06
(Bz AA'), 7.60 (Bz, C), 7.48 (Bz, BB'), 6.51 (s, H-10), 5.88 (d, J = 6.9 Hz, H-

2), 4.90 (d, J = 8.2 Hz, H-5), 4.47 (dd, J = 10.6 7 Hz, H-7), 4.30 (d, ] = 8 Hz,
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19 - Bi het t.i ja Sr.l. Bi hetti G useppe et al Table 2:
Chen cal P o3, $H0HPrB0 NRH1Zn €65 S8pusi bro50> 308rmablybahsnpd (s

mul tiplicityC ppm multiplicity9201. 8-s85 8.2-s1'| 72.6-s3'S

1. 2- d4- COXH21TD (&- 624, B-1d10s, BEAGHB 1 A8y, J156RD, 3-BR- COBNII6XR Bs,541-88, 9-t _C
=0 (Boc)|55.8-s634.9-t _C=0 (carbonate) 151.4-s(d-13)3C

Boc27. 7- LEH 3 1R 1975 S0t §sh; 91652 AEYR) ARNPOCY $4: ook QrRuGtRP2- O-

10- OCO(J—&ﬁZO. 2:-0187. 7.-.s5 -d480. 0-s6' 22. 7-9269. 0-d7' 21. 6- q2075. 5-t 1814. 6-
g2' 73. 3- r9%?7§f]5 é?&glzﬁgﬁgﬁgﬁ)zoyl 127.5-s1074. 3-do- benzoyl 129. 5-d1374. 1- dm be
nzoyl | 28. 6-d1479. 1- dp- benzoyl | 33. 7-d Mass spectra: (NH3, DEPICl, positive
ions): (mz) EB3enipleNi¥-) +], 832 [( MNH4- (CH3)30) +], 772 [ ( MNH4- BocNHz) +]
(NH3, DEP/ClI, negative ions): (mz) 871 (M), 260 (side chain) Infrared

spect r um ( KBr Praglatation 03624 cadidihte-234khydRb3-tcd-326-hylF62y-bhdOfinel IPR6.
1366, 1238, 1 165, 1072, 723 cm~ WV spectrum (MeOH): 23T, 276 and 284 nm

-E~00 at 231 = : N nmi= . 094, - at. 2 nm =, 12. 182
' 1 -20 CLAI ms?asrj?g‘gtéﬁ?io%?ggsc%é"lﬁzggjga .(r)f |%l Qéiﬁaga@?qr} I 'ﬁ’i&%‘b"e 3 al A
rocess for t prepar at.iQqn of the conpounds 13- (N Boc- ~i i )
Esobutyl?’é’&%’erf%ﬂ‘?l-' 1SUIKy Gk PYAIing Rﬁéué] mpl, 0,8 amenely Athieol. Fquivd il a (|
000 ~NHOO O OHOHp'00H ~) O- A0 p ~0 y which conprises: a)
prot ect i 6hl6il,; {henlhyasolutian af 13 ehydrenid pibydpoyiTitoieshydsilbaccatin I11
deacetyl baccatine Ill: OHOHO'" CHHO; H -' O~/ \ ~00~ ORS 0 HO-~~ OR

'HO/ ~ Q1R240n€, 1,17 mmol) in CH,Cl, (1 ml) was added dropwise in 5 min. The

mixture was stirred at room temperature for 1 hour, subsequently quenching the
excess phosgene by addition of a NaHCO; saturated solution and extraction
with CH,Cl,. The organic phase was washed with a NaHCOj; saturated solution,
brine, and dried (Na,SO,). The solvent was evaporated off to yield a reddish
~residue, which was purified on a short silica gel column (about 5 ml, eluent
hexane/ethyl acetate 8:2) to afford 118 mg (92%) of the carbonate. If the
reaction is carried out using triethylamine as the base and without inverse
addition, an about 1:15 mixture of 1,14-cabonate and 2-debenzoyl-1,2-
carbonate-14 benzoate is obtained.
13-Dehydro-14p-hydroxy-7 -triethylsilylbaccatin III  1,14-carbonate.
White powder, mp 153°C [OL]D25 + 23 (CH,Cl,, C 0.75) IR (KBr) No. of OH
band 1834, 1734, 1709, 1373, 1242, 1225, 1088, 1057 cm™'; "H-NMR (200 MH
CDCl;): B 7.99 (Bz AA"), 7.60 (Bz, C), 7.48 (Bz, BB'), 6.51 (s, H-10), 6.12 (d,

J=6.9 Hz, H-2), 4.90 (d, ] = 8.2 Hz, H-5), 4.78 (s, H-14), 4.44 (dd, J = 10.7



~wherein R and R-, which can be the same-or diffBiaaciettiaBras®) eRfifsal B¢M
' hydrogen, C -Cto alkyl or aryl, Ci-Cio alkylgiaabh&iy!GitdtHeaydt: al

trichloroacetyl, C-C4 trial ky: sinI;1 b) two-step oxidation to gi vg t[leth

14 posi o AR L8 I FROIR WD ?%?%’0%593%@ S%oI 00
- ~ ~ .- 21.- B ti ' | 5 g O

‘gi {an\chgg ?19%%)5%8&2-59/(8%, Ig)ﬁcgaﬂb%%éﬁai cbfi-ﬁﬁisﬁb@{qaa&?@&&ﬁf J58%he 1.

‘and 14- positions to give the 1,14-carbonate derivative: ORS ORS O0 0 OR O

OR HO 0 (mHH-60), b70, 1BY; 1026 (s, A¢A O H- W ad H-193)0.08dugt TER),00.56hen,
carbonyl at the 13- position: ORS ORS 0O O0 ORHO" OR~ 10 OAcO OO AcO L

0 ~O ~ ~PElS)i HRANS ey 313 5ef (chli@il MeatBe id F40t . 7- and 10-
positions: 8 HO' OR HO., . éﬁ O jtrggp H 3¥%4%B§\§8 O ~2§6?§r sel ective

6=t on oL iy o eGP S 0P G B e 0“0
the’! LRI RO AR Y IR B oa, WG o
AcO O OAc O HO ~ OlTes O~ i OMH,.
1068, 1057, 1024 cm™'; 'H-NMR (200 MH CDCl5): § 7.98 (Bz AA'), 7.61 (Bz,
C), 7.50 (Bz, BB'), 6.39 (s, H-10), 6.14 (d, ] = 6.9 Hz, H-2), 4.98 (d, ] = 8.2
Hz, H-5), 4.80 (s, H-14), 4.43 (dd, J = 10.7 Hz, H-7), 4.35 (d, J = 8 Hz, H-20a),
4.24 (d,J - 8. Hz, H-20b), 3.80 (d, J = 6.9 Hz, H-3), 2.50 (m, H-6), 2.30 (s,
OAc), 2.20 (s, OAc), 2.15 (s, H-18), 1.90 (m, H-6B), 1.74, 1.34, 1.25 (s, H-16,
H-17 and H-19), HRMS: 626.2005 (calculated for C53H;40, 626.1999).

Example V

Preparation of 1,14-carbonate-7-O-triethylsilyl baccatine III.

To a solution of 13-dehydro-14B-hydroxy-7-triethylsilylbaccatin III
1,14-carbonate (50 mg) in methanol (5 ml), an excess NaBH, (about 20 mg)
‘was added in small portions. After 30 min, the reaction mixture was added with
saturated NH,Cl, extracted with ethyl acetate, washed with brine and dried over
NaySOy4. The solvent was evaporated off and the residue was ;“)uriﬁed by
column chromatography on silica gel (about 5 ml, elution with hexane-ethyl
acetate 8:2) to afford 35 mg of the 13a-hydroxy derivative and 9 mg of the
13B3-hydroxy derivatjve.

14B-Hydroxy-7-triethylsily1baccétin III I,14-carbonate [a]p® -35
(CH,Cl,, C 0.60) IR (KBr) 3054, 1819, 1736, 1603, 1371, 1261, 1238, 1090.

1069, cm™; 'H-NMR (200 MH CDCly): 8 8.06 (Bz AA"), 7.65 (Bz, C), 7:50
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& @ s' (Jl o~yt oi d_YU] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caJ ca] ca] ¢

a ca] cal ¢3¥52li959] 48k cakeal Gakoavheal GehenvatlSod NP EDEIY:% 8.01 (B2

AA'), 7.63 (Bz, C), 7.48 (Bz, BB'), 6.44 (s, H-10), 6.12 (d, J = 7.2 Hz, H-2),

4.90 (br d, J = 9 Hz, H-5), 4.81 (d, ] = 8 Hz, H-14), 4.48 (br, ] = 8, H-13), 4.50
(dd, J = 10. 7 Hgz, H-7), 4.41 (d, ] = 8 Hz, H-20a), 4.31 (d, J = 8 Hz, H-20b),
- 3.68 (d, ] = 7.2 Hz, H-3), 2.60 (m, H-6a), 2.32 (s, OAc), 2.26 (s, H-18), 2.21

(s, OAc), 1.80 (m, H-6p), 1.72, 1.43, 1.27 (s, -H-16, H-17 and H-19), 0.93 (m,

TES), 0.61 (m, TES). |

Exzimple VI

Preparation of 13-dehydro-14p3-hydroxy-7,10-bistrichloroacetyl-baccatine 111

1.14-carbonate.

A solution of 13-dehydro-14p-hydroxy-7,10-bistrichloroacetyl-baccatine

I1I (200 mg) in CH,Cl, (2 ml) was added in 5 min to a solution of phosgene
(20% in toluene, 3.6 ml, 20 equiv.) and pyridine (1.12 ml, 20 equiv.) in CH,Cl,
(2 ml). The mixture was stirred at r.t. for 1 h, then the excess phosgene was
quenched with a NaHCOj saturated solution (3 ml). The mixture was extracted

| with CH,Cl,, the organic portion was washed with a NaHCO, saturated
solution, then with é NaCl saturated solution and dried over Na,SO,. The

solvent was evaporated off and the residue was purified by column
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mg of the 13a epimer (88% total) of the deprotected carbonate.

13a-14B-Hydroxy-10-deacetylbaccatine 1[I 1,14-carbonate. =~ White
amorphous solid. IR (KBr): 3520 (OH), 1834, 1709, 1232, 1103, 1010, 854 cm™.
'H-NMR (200 MHz, CDCL): & = 8.03 (Bz AA"), 7.60 (Bz, C), 7.50 (Bz,

BB'), 6.27 (s, H-10), 5.92 (d, J = 6.7 Hz, H-2), 4.95 (br d, ] = 8.2 Hz, H-20b),
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13a-14B-Hydroxy-10-deacetylbaccatine  III  1,14-carbonate. = White
amorphous solid. IR (KBr): 3520 (OH), 1834, 1709, 1232, 1103, 1010, 854 em™
'H-NMR (200 MHz, CDCl5): 8 = 8.03 (Bz AA"), 7.60 (Bz, C), 7.50 (Bz,
BB'), 6.27 (s, H-10), 5.92 (d, J = 6.7 Hz, H-2), 4.95 (br d, J = 8.2 Hz, H-20b),
4.80 (m, H-13), 4.77 (s, H-14), 4.42 (br t, ] = 8.0 Hz, H-7), 4.02 (d, J = 6.7 Hz,
H-3), 2.71 (m, H-6), 2.29 (s, OAc), 1.96 (s, H-18), 1.27 - 1.01 (m, H-16, H-17,
H-19).

Example VIII

Preparation of 13-(N-Boc-B-isobutylserinyl)-14p-hydroxybaccatine III

1.14-carbonate.

To a solution of 14B-hydroxy-10-deacetylbaccatin III 1,14-carbonate (126
mg) in 3 ml of dry tetrahydrofuran, 7.5 mg of CeCl;.7H,0 and 0.078 ml of acetic
anhydride were added. The reaction mixture was kept under stirring at room

,} temperature for 5 h. during which the reaction mixture became homogeneous.
1.5 g of ice were added, keeping stirring for 1 h. The organic solvent was
evapofated off under vacuum and the residue was diluted with 5 ml of H,O. The
formed precipitate was filtered and dried by suct_ion for 18 h. The resulting
product (white powder, 135 mg) has the following characteristics:

'H-NMR (400 MHz, CDCL,). 8,5 = 1.25, 1.11 (s, H-16 and H-17), 1.66
(s, H-19), 2.04 (s, H-18), 2.22 '(s, OAc), 2.29 (s, IOAc), 3.89 (d, J = 0.9 Hz, H-
3),4.06 (d, ] =7 Hz, C20b), 4.20 (d, J = 7 Hz, H20a), 4.41 (m, H-7)v., 4.77 (d,J

=4 Hz, H-14), 4.85 (br d, ] = 4 Hz, H-13), 4.97 (br d, ] = 8 Hz, H-5), 5.8 (d, J
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room temperature in 1 h. The mixture was then poured into 10 ml of H,O under
strong stirring. The suspension was left at 4°C for 18 h and the formed white
precipitate was filtered off and washed with H,O (5 ml), then with hexane (2 x 3
ml). The resulting white solid (150 mg) has the same spectroscopical
characteristics as thdse of the compound prepared in Example V.

Ih a 11 round-bottom flask, 20 g of 14B-hydroxy-7-Tes-1,14-carbonate-
baccatine I1I were placed together with 300 ml of rigorously dry toluene; then
10 g of (4S,5R)-N-Boc-2-(2,4-dimethoxyphenyl)-4-isobutyl-1-oxazolidine-5-
carboxylic acid, 2 g of N,N-dimethylaminopyridine (DMAP) and 9.5 g of
dicyclohexylcarbodiimide (DCC) dissolved in CH,Cl, were added. The reaction
mixture was refluxed for 3 h, then cooled and the precipitated ureic product
was removed. Mother liquors were washed with a NaHCO; saturated solution
to remove the unreacted acid, then with diluted hydrochloric acid to remove
DMAP, then again with NaHCO; to neutrality. The organic phase was
concentrated to dryness to obtain 41.5 g of product Which can be used as such
in the subsequent step.

40 g of this compound were deprotected in two steps, by removing first
Tes and then 2,4-dimethoxybenzaldehyde. 40 g of the compound were
dissolved in 100 ml of an acetonitrile/pyridine mixture (80:100) under nitrogen

and the mixture is cooled to 0°C, then added with 13 ml of pyridinium fluoride
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The residue was dissolved in 60 ml of methylene chloride and this
solution was kept under strong stirring at 0°C and added with 40 ml of 0.6N
methanol HCI. The reaction mixture was left under stirring for 2 hr, then
diluted with 150 ml of methylene chloride and agitated with a NaHCO,
solution, adjusting pH to 6-7. The organic phase was concentrated to dryness
and the residue was crystallized from acetone hexane and dried to obtain 16 g
of 13-(N-Boc-B-isobutylisoserinyl)-14B-hydroxybaccatine-1,14-carbonate
having the following physico-chemical and spectroscopical characteristics:

Formula: C4Hs7NOy,

Aspect: white powder.

Melting point: 245°C.

Table 1: Chemical shifts (ppm) '"H-NMR in CDCl; solution (200 MHz)

H Ppm, multiplicity (Hz) H ___Ppm, multiplicity (Hz)
2 6.09-d(7.8) 2' 4.30-dd (6.4; 3.2)
3 3.68-d(7.4) 3 4.08-m
. 5 491-dd (9.7;2.5) 4'a 1.21-m
| 60 2.52-ddd (14.8: 9.8; 6.9) 4'b 1.43-m
68 1.86-m 5' 1.65-m
7 4.37-m 6' 0.96-d (6.3)
10 6.25-s 7 0.95-d (6.3)
13 6.44-d (broad, 6.9) 4-OCOCH;3 2.40-s
14 4.84-d (6.9) 10-OCOCH,3 2.22-s
16 1.25-s ' Boc 1.35-s
17 1.32-s o-benzoyl 8.01-m
18 1.87-d (1.6) m-benzoyl 7.46-m
19 1.69-s p-benzoyl 7.58-m
20 4.27-d (8.4) 3'-NH 4.72-d (9.0)

20B 4.20-d (8.4)
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10 9 %& ()- 710% - 95z10% & 953nt 109 &
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10% & ( 021 005 & ()- 10 1d5*%+p+++| a1 10% & () -
0/(10%&(-(3(@@%&() 1413)%&() 0%&(4) 109% & () - é99-t---5 | [: A=10'
, &"109% &CED (BD0% & (35-8-5 34.9-¢
C=O0 (carbonate) 151.4-s (_QH3)3C Boc 27.7-q
12 139.4-s 17 25.5-q
11 133.1-s 16 22.6-q
(Me);C(Boc) 80.0-s 4-OCOCH; 22.0-q
5 83.8-d 10-OCOCH; 20.2-q
1 87.7-s 5' 24.3-d
; 4 80.0-s ‘ 6' 22.7-q
) 2 69.0-d 7 21.6-q
20 75.5- 18 14.6-q
2' 73.3-d 19 9.8-q
7 71.2-d g-benzoyl 127.5-s
10 74.3-d o-benzoyl 129.5-d
13 74.1-d m-benzoyl 128.6-d
14 79.1-d p-benzoyl -133.7-d

Mass spectra: (NH;, DEP/CI, positive ions): (m/z) 889 [(MNH,)"], 832
[(MNH,4-(CH3);C)'], 772 [(MNH,-BocNH,)']
(NH;, DEP/CI, negative ions): (m/z) 871 (M~), 260 (side chain)

Infrared spectrum (KBr pellet): 3521, 3321, 2971, 2953, 1826, 1762,

ey

1706, 1526, 1366, 1238, 1165, 1072, 723 cm™*
UV spectrum (MeOH): 231, 276 and 284 nm;
-Eio, at 231 nm = 180.99

-Ee, at 276 nm = 14.094

-Ejo, at 284 nm = 12.182
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- which comprises:

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

deacetylbaccatine III:

\;herein R and R;, which can be the same or different, are selected from
hydrogen, C,-C,, alkyl or aryl, C,-C,q alkyl- or aryl-carbonyl, trichloroacetyl,
Ci-Cy triélkylsilyl;

| b) two-step oxidation to give the derivative oxidized to carbonyl at the 13-

position and hydroxylated at the 14- position:
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e) removal of the protective groups at the 7- and 10- positions:
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h) reaction of the compound from step (g) with (4S,5R)-N-Boc-2-(2,4-

dimethoxyphenyl)-4-isobutyl-1-oxazolidine-5-carboxylic acid:

S

i) removal of the triethylsilyl and dimethoxybenzylidene protective groups

from the compound from step (h):

2. A process as claimed in claim 1, wherein R = R; = trichloroacetyl.
3. A process as claimed in claim 1, wherein R and R, are different and R is
trichloroacetyl and R, acetyl, or R is triethyl or trimethylsilyl and R; is acetyl.

4, A process as claimed in claim 1, wherein the protection step (a) of the
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removed in methylene chloride solvent by addition of methanol HCI ‘and

subsequently of NaHCO;.
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