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invention is directed, in general, to a process for the preparation of
taxol and other taxanes, 5 and in particular, to such a process in which
the C(7) or C(10) hydroxyl group of a taxane is selectively derivatized.
10-DAB (1), which is extracted fromihe needles of taxus baccata L., the
English yew, has becone a kg/ 10 starting material in_the. production of
taxol and THBRREFES IRR FEHEGH Oh RERIVATLARTIAN] OEnT énts.
Conversion of 10-DAB to taxol, Taxotere(r) and other taxanes having
antitunor activity requires protection or derivatization of the C(7) and
C(10) hydroxyl groups 15 foI | owed by esterification of the C(13) hydroxyl
group to BACE ' WE | INCENTHENchai n at t hat p03|t|on Rt 00 O ORS
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C(10) hydroxyl group of a taxane is selectively

derivatized.
10-DAR (1), which is extracted from the needles of

taxus baccata L., the English yew, has become a key

10 starting material in the production of taxol and
Taxotere, both of which are potent anticancer agents.
Conversion of 10-DAB to taxol, Taxotere® and other
taxanes having antitumor activity requires protection or
derivatization of the C(7) and C(10) hydroxyl groups

15 followed by esterification of the C(13) hydroxyl group to
attach an appropriate side chain at that position.
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that the relative reactivity of the four hydroxyl groups 50 10 DAB t oward

acetic anh‘x,grg,lggg n pyridineis C(7)-COH > C(10)-OH > C(13)- Co086 - oH.
Deni s, I qzéported (J. Am Chem Soc., 1988, 110, 591?)CT§(§I9&‘D7LOM/e

silylation of the C(7) hydroxyl group of 10-DAB with triethylsilyl

chloride in pyridine to give 10 7-triethylsilyl-10-deacetyl baccatin (IlI)
(2) in 85% vyield. Based upon these reports, in those processes in which
differentiation of the C(7) and C(10) “hydroxyl groups is required (e.g.,

preparation of texel1fsew 10rRABY:ekh h g g
prot ect ed (or 15 de |vaﬁ1ﬁzed rbef grlg'ts ﬁggc%h% Bgﬂfe OX)}:IgL g?gou%lﬁaxo rot ected

or derivati3Rd. CEEPL IBAPPES” VEXS bﬁﬁ?dbépﬁpeﬁélﬁe@bwrwart@aqn rf 10- DAB Wit h

triethyl silgénthhost delt o (gL at eatadt he Gl 7)pami@r owﬂ dropdp, Aeet yldhing the
C(10) hydroxp( ¢ gLoup attachi ngFg_’he si de ch in esterlfl cation oT) t he 20

C(13) hydr oxyt" gF oup,éla?‘n Ve RERFYIVEENOPL © ﬁP e W HPXVgr GHOHPSI t i s
known that Qéxlafﬁlé@mhat:/@mgrdaabeuusabﬁyldtrtid&t $n bwdeldnteo i t her the C(10)

or the C(7) S, S ica i vity pr0|defor

efficient 25 sy%?ﬂesé% aﬁ%se %?5 }H E 1\)\0§F éeﬁ’&@f ul tto ﬁave

met hods whiXePPered t (drordmef Chémenﬁoand ﬁ:ﬂﬁ@ hiLghl, y 5536l)ecteilestivet ect i on
or derivatigatyDix Déntdhe Qﬁé%(@?dhﬁﬁbéx%7 rgi’x%r B¥Yh QRS (RUDMRY OF THE

| NVENTI ON 30 Al e objects. qQ résent venti on, there ore, is the
provi si on orfrh%s’g}ﬂ c%}é%?rbii‘écég's&’nfiéf‘et ke Bi¥Faration of taxol and
ot her JICB.XaﬂB-StffEEmIgIBlPﬁIGDD Ldeadetylabhé&bt(ﬂﬂ qfrrtthe (@07)ingnYp or the
2006 O 99 TOHET PETOBORaT0BECS ABPGEges L  RAEENFERESEEE0) Lhydr oxy!
group is prtich eiﬁ-fmrmml&mDZed‘pther Ct(@) t bedCCT L ohy thyaxyhxygr oup; and
t he provi§§fgh§§ fg29e§ﬁ1£§&0}qufivﬁkgﬁggaEQéﬁn8§'taxol from
10-DAB), the C(7) hydroxyl group must be protected (or
15 derivatized) before the C(10) hydroxyl group is protected
or derivatized. For example, taxol may be prepared by
treating 10-DAB with triethylsilyl chloride to protect
the C(7) hydroxyl group, acetylating the C(10) hydroxyl
group, attaching the side chain by esterification of the
20 C(13) hydroxyl group, and, finally, removal of protecting
groups.
| It is known that taxanes having various substituents
bonded to either the C(10) or the C(7) oxygens show
anticancer activity. To provide for more efficient
25 synthesis of these materials, it would be useful to have
methods which permit more efficient and more highly
selective protection or derivatization of the C(10) and

the C(7) hydroxyl groups.

SUMMARY OF THE INVENTION _

30 Among the objects of the present invention,
therefore, is the provision of highly efficient processes
for the preparation of taxol and other taxanes through
selective derivatization of the C(7) group or the C(10)

hydroxyl group of 10-DAB and other taxanes, particularly



Briefly, therefore, the present invention is 5 directed to cape for
. the acylation of the C(10) hydroxy group of a taxane. The @#E{?E '
compri sesYP8YP0Ry a reaction nixture containing the taxanBCB/HQ%élr?OlG
acylating agent which contains | ess than one equival ent of a base for
each equi val ent of taxane, and allow ng the taxane to 10 react with the
acylating agent to forma C(10) acyl3at ed taxane. The present invention is
further directed to a process for the silylation of the C(10) hydroxy

group of (Ve v 0) ri ses
treating théD ax%%eq\?’m H?;ﬂg_%sﬁ(ﬁﬁ Caﬁg Wd%%@s?{gfo %?fét%gt%%nggpq 10)
si |yl at edoﬁ-‘aﬁﬁﬁéva?ﬁéeﬁ]r &Far |Qﬂ/é'-ﬁ'{ei éh(7)s hYﬁ’ECPFéY FFeer eRrrd Bheprocess

for conveprrld@gstll@ei 7 )c (dreaxye AUt ivat e @CYiLxyed ; hydr oxyt axane to
an acet al ket al Theafrﬁ'ﬁlp cess conprises treating.the,

10- acyl oxy- 7 hydr&dyYax Ctrr?'a IS an%Yﬁ‘n }PR hkS presence of an
aci d scat diyeictied ftor m »rEcEYs keiralthredd@katicon The qiesentio) nvention i s

further ne having the structu 0.1 R7. R99 17 R1
311111 17%(%%‘3?‘% trq%?%p Oafxaa axa{’“e téh’t? R&O%?%sc‘?-{@rh% &7 f ATRHE a netal
or conpri sege@qmmumlmrles dordragemg it osaxape ot tan dydlaxingor
together wilh Rl ioh B it & LA B ©ne equivalent of a base

for each equivalent of taxane, and allowing the taxane to
10 react with the acylating agent to form a C(10) acylated
taxane.
The present invention is further directed to a
process for the silylation of the C(10) hydroxy group of
a taxane having a C(10) hydroxy group. The process
15 comprises treating the taxane with a silylamide or a
bissilylamide to form a C(10) silylated taxane.
The present invention is further directed to a
process for converting the C(7) hydroxy group of a
l10-acyloxy-7-hydroxytaxane to an acetal or ketal. The
20 process comprises treating the 10-acyloxy-7-hydroxytaxane
with a ketalizing agent in the presence of an acid
catalyst to form a C(10) ketalized taxane.
The present invention is further directed to a
taxane having the structure: '

25

wherein
M is a metal or comprises ammonium:
R, is hydrogen, hydroxy, protected hydroxy, or

together with R,, or R, forms a carbonate;



WO 99/ 09021 14 DEC 2106 PCT/1JS98/17016 4 R2 is keto, -OT2, 8adqfcoges Or

. toget her V\,i‘tVH9?éﬂ9,°2¥orrrs a carbonate;. R4 is -OT, or acyl oxy,pcTRs98/8016
-0Si R, RKRL; 5 R9 is hydrogen, keto, -0OT9, or acyloxy; R10 is hydrogen,
keto, -0OT10, or acyloxy; R13 is hydroxy, protected hydroxy, keto, or M>;
R14 is hydrogen, -0OT14, acyloxy, or together with RL forns a carbonate; 10
R' RK, FL are independently hydrocarbfi, substituted hydrocarbyl, or

het eroaryl, provide - e if_each of R' RK and RL . are_al kyl, at

| east one of RJ, thPgénggﬁﬁ' cé?rb’ri%c gf%xgar BﬁntgfﬁﬁFgFanﬁégﬁ Ry HrMeast
four carbon® &gsReNaged 15 T2, T4, T9, T10, and T.4 are independently
hydr ogen or hydnpxysptgﬁeqh;angkggp. O her objects and features of this
invention will Ei? j n par %goarent and in part pointed out hereinafter.
DETAI LED DESCRI A FOFHRMREFERRED EMBODI MENTS 20 Anopng ot her t hi ngs,
the preSent inveRrfiim kpabbgen, thecse!l eetr,veodestyabi ﬁti on of the ((10)
hydr oxyl group f taxane wi thqut first protectin e C(7) hydroxyl
group. Stated ang’@hg‘rs \%ﬁ&/,rolgterha Pen HPEeovBFe8SYR]KY it he reactivities

previ ously reporRad ifsohytdmxy(,7)prant X5 C(APdrdydr okgtogr eypmocan be
reversed, that ig, t Vit f the C(10) hydrox roup begones
greater than thei‘rté%gthl}{/cﬁﬁj égf’ t)ré)éI?C( 7TCH%§%Xy?¥g{-’8§ékB%5eVgtgeﬁt ain
condi ti ons. fArPRoRgRaERENBEESent i nvention nay be used to 30 selectively

derivatoze a taxmpe H|gViH)Jade hYH&Qﬁ¥nQ"e91‘ﬁﬁly_ath dHoPa ¥y X Wpsdite QIS Lr's
particul ar ﬁg\éant ages.in th%etsel ective deri Vgtl z i
6

ation of taxanes Vi n
hydroxy gro T@Cy EE&’Z@ﬁ ercaryl, provided, howe =2r, if each of J

R;, Ry and R, are alkyl, at least one of R,, Ry and R,
comprises a carbon skeleton having at least four carbon
atoms; and

15 T2r Ter Ty Ty, and T,, are independently hydrogen or
hydroxy protecting group.
Other objects and features of this invention will be

in part apparent and in part pointed ocut hereinafter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Among other things, the present invention enables
the selective derivatization of the C(10) hydroxyl group
of a taxane without first protecting the C(7) hydroxyl
gfoup. Stated another way, it has been discovered that
the reactivities previously reported for the C(7) and

25 C(10) hydroxyl groups can be reversed, that is, the
reactivity of the C(10) hydroxyl group becomes greater
than the reactivity of the C(7) hydroxyl group under
certain conditions.

Although the present invention may be used to

30 selectively derivatize a taxane having a hydroxy group at

C(7) or C(10), it offers particular advantages in the

selective derivatization of taxanes having hydroxy groups



WO 99/ 09021 PCT/ US98/ 17016 5 at C(7) and C(10), i.e., 7,10 09 HyE rofosY
. taxanes. Wboggaer al , 7, 10-di hydr oxyt axanes which may be seflcelgltjé NG (Ms
derivatized in accordance with the present invention correspon&J to the
follow ng structure: GHR 10, , OH RI3 nni ,.-<, 76 RI4 R 14 RZO 5
R4 3 wherein RL is hydrogen, hydroxy, protected hydroxy, or together
with R4 or R2 forns a carbonate; 105R2 is keto, -0Or2, acyloxy, or together
with RL forns a carbonate; R4 is -0OI4 or acyl oxy; R9 is hydrogen, keto,
-OT9, or asyl 6Xy) RI& iCS18ydr dxye - priotlectdich iyt aianas - orln o x4 X' C 4
A e T
ependent | y

toget her with forms a carbopate; T2, , 19, 'and T14 are in
hydr ogen oiﬂerHYéF&%?dpr‘-Gt é@ﬁ%%‘%ﬁjﬂ“lt@w&rew inyentign - NXBX9; X2
i's hydrogesoriydpesd byl theulFdlilcwiaty anaeaiby] ,

5
3
wherein
R, is hydrogen, hydroxy, protected hydroxy, or
together with R,, or R, forms a carbonate;
10 R, is keto, -OT,, acyloxy, or together with R, forms
a carbonate;
R, is -0OT, or acyloxy;
R, is hydrogen, keto, -0T,, or acyloxy;
R,, is hydroxy, protected hydroxy, keto, or
1T Xa Xa|
5\\N/’3;%<f\
x1
15 i

R,, is hydrogen, -OT,,, acyloxy or together with R,
forms a carbonate;
T,, T,, Ty, and T,, are independently hydrogen or
hydroxy protecting group;
20 X, is -0X¢, -SX,, or -NXX,; _
X, is hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heterocaryl;
X, and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl;
25 X is -Xy9, -0Xyo, -SXy0, -NXgX;o, Or -SO0,Xy,;



or heteroaryl; X3 and X4 are independently hydrogen, hydrocar igy) pec 2006

. Substitut edV®aN8@ar byl , or heteroaryl; 25 X5 is -X10, -OX10pcTa%édizo;6

- NXBX10, or -S02X11; CVO 99/09021 0 4 DEC 2006 PCTI US98/ 17016 6 X. 15 )
hydr ocar byl , substituted hydrocarbyl, heteroaryl, hydroxy protecting group
or a functional group which increases the water solubility of the taxane
derivative; i s hydrocarbyl, substétuted hydrocarbyl het eroaryl, or
sul f hydryl prote is hydrogen, drocarbyl, or substituted
hydr ocar byl ; X9 é‘ % gﬁf‘#ﬁ"fﬁ%@é}c’t |Sr’r§°§fr30tdﬁ:e<¥0h¥@03¢%rwldr ocar byl ,
substi t ut ed hetlewsaryy) , hpdroh?tpfeaé&tlnglérbﬁphbgrQCQEHEE1055§5t'tUtEd
hydr ocar byl

hydr ocar byl .2 5§%t|§§§edlni§%%98 é%?bV?geﬁrsﬁgPQFiéFylOQSELQCFPVéne(lo)

Deri vat i zat i S IYRtE®r dance mnth t he process of the present invention, it
has beers di scover;edltshqqt dhse L) So%&ygu dxog a}g#ane can be
%ase

sel ectively a |l ated jn the 20 absence 0 pre Y in the absence
of an amluah?)%%Pa¢¥%fe?5bl?ulfhégéfbrEroéﬁFhenBagé@uBuch as pyridine,

triethyl an ne, dnqehhyhyaﬁugaﬁlchya}dyg¥5§f5 dutd e cidepresent at al
are present ;i d%%? qftlon mxture in relatively low concentrati on.

Stat ed anot her ff a base is present in the reaction mxture, the
nolar ratio of thg aﬁlma Fasind prdredaxaneytcupy eferably less than 1:1,

Acyl at i agent s Vi ch Ry Be-5eea’ 1 BropriCbErE. PRokocTsBay Bri on of the
C(10) hydrog’thﬁQﬁ}ﬁ’ a taxane include
X;; 1s hydrocarbyl, substituted hydrocarbyl,
heteroaryl, -0X,,, or -NX.X,,; and
Xy4s 1s hydrogen, hydrocarbyl, substituted
15 hydrocarbyl, or heteroaryl.

Selective C(10) Derivatization

In accordance with the process of the present
invention, it has been discovered that the C(10) hydroxyl
group of a taxane can be selectively acylated in the

20 absence of a base, preferably in the absence of an amine
base. Preferably, therefore, amine bases such as
pyridine, triethylamine, dimethylaminopyridine and 2, 6-
lutidine, if present at all, are present in the reaction
mixture in relatively low concentration. Stated another

25 way, if a base is present in the reaction mixture, the
molar ratio of the amine base to the taxane is preferably
less than 1:1, more preferably less than 10:1, and most
preferabiy less than 100:1.

' Acylating agents which may be used for the selective

30 acylation of the C({10) hydroxyl group of a taxane include
anhydrides, dicarbohates, thiodicarbonates, and
‘isocyanates. In general, the anhydrides, dicarbonates,
and thiodicarbonates correspond to structure 4 and the
isocyanates correspond to structure 5:



anhydri des, di car bonat es, thiodi carbonates, and isocyanat es8 ¥ [Pfcg@Wﬁr al ,

. the anhydr‘y‘agg 04k carbonates, and t hi odi car bonat es corresp%‘h'ﬁ”??f‘/@?‘rﬁucture
4 and the isocyanates correspond to structure 5. O 4 DEC 2006 WD 99/09021
PCT/ US98/ 17016 7 0 RJ~ R2 R3-N=C=0 4 5 wherein R is -OR, -SR, or R8;
R2is -OC (O Rb, -OC (O OR Db, -OC./(O) SR b, -OPORbR , or OS(O) 2Rb; R3
i's hydrocarbyl, 5 substituted hydrocarbyl, or heteroaryl; and Ra, Ro, R
are independently hydrocarbyl, substit ut ed hydrocarbyl, or heteroaryl.

For exanple, suitable ca{rr&gxyl ic acid anhydride acylating agents include
acetic anhydride, chlq¥ giic anhydride, propionic anhydride, benzoic 10
anhydri de, and other carbgxylic acid anhydrrdes contai ning substituted or
unsubstituted hydrocarbyl “or heteroaryl noi eti &€s; suitable dicarbonate

acyl at i ng “r et gai 1¢ udgpadi b Igrlgaar Q@n%eiog @1 ﬂzxyl - su@t&?ﬂat e,

di propyl dicarbonate, and ot her” di'car bondt es contalni'n ited or
unsubst i tut‘&F )R e arRORSR®, test e%@)lz%r Rt ilss hysireaarhyabl e i socyanate

acyl atigng AT UTEd Uted Phedwy 1 SQSY aRat BroAPFL OLARE RSOG¥ANRE ESre
cont ai ni ng substrtute unsubstrtut ed h%drocarb yl or heteroaryl

moi eti es. I'RASRATT Oll3é1| RY SRR EME: 205 Wb Hr tied | NYRERFBERYL esOT and

t hi odi car bomaie&s:axgexi aspoﬁcy*aaﬁplrtg a@@ﬁtﬁbnaycbﬁbmyﬁﬂc atifis generally
preferred _that.t.

metrical; t aLe. Iected such
that the noi' e’lﬂrlfé’ a%%%ln%aﬁgints lnc%”‘% ace'ﬁbc R’%& "(O) Rb with
Ra bei ng t hlsammcet Rb)anhpdrige | eotdpianyt aanydoide hebé)(mO)Chydr oxy
group qf  thmyaane, wihd SERCEath Ao adeqUR CakRb e {aks ANy | acyl aling

agents, en di scovere t the reaction rate nay be increased by
i ncl udi ng FPERIPIFT SUPHE I HEEFR LY | BRSHPKELFECeTHaY@BAE@RPY At PBN of the

Lew s heteroaryl moieties; suitable dicarbonate acylating
reagents include\dibenzyl dicarbonate, diallyl
dicarbonate, dipropyl dicarbonate, and other dicarbonates

15 containing substituted or unsubstituted hydrocarbyl or
hetercaryl moieties; and suitable isocyanate acylating
agents include phenyl isocyanate, and other isocyanates
containing substituted or unsubstituted hydrocarbyl or
heterocaryl moieties. In addition, although the

20 anhydrides, dicarbonates, and thiodicarbonates used as
acylating agents may be mixed, it is generally preferred
that they be symmetrical; that is, R' and R? are selected
such that the molecule is symmetrical (e.g., if R' is R?,
R? is-OC(O)RP with R® being the same as RP).

25 While the acylation of the C(10) hydroxy group of
the taxane will proceed at an adequate rate for many
acylating agents, it has been discovered that the
reaction rate may be increased by including a Lewis acid
in the reaction mixture. The concentration of the Lewis

30 acid appears not to be narrowly critical; experimental
evidence obtained to date suggests it may be present in
either a stoichiometric or a catalytic amount. In
general, Lewis acids which may be used include triflates
and halides of elements of groups IB, IIB, IIIB, IVB, VB,



30 acid appears not to be narrowly critical; experinental eviﬁence
. obtai ned t owdabRosyggests it may be present in either a stoi SREt W& or
a catalytic anmount. In general, Lew s acids which may be usé§&T/¥ROBUHES
triflates and halides of elenents of groups IB, IIB, I11B, 1VB, VB, W
99/09021 1 4 DEC 2106 PCT/US98/17016 8 VIB, VIIB, VIII, III1A 1VA

| ant hani des, and actinides of the Pergodic Table (American Chem cal
Society format). Preferred Lewis acids include zinc chloride, stannic

chloride, cHTBUMUTIRAIOIITe, I1TIR/ OTBAChL ofitHenidaBt handmaert ki ghlsogisde,

dysprosi um thjch um e, Zinc chlori de or cerium
trichlori dettlﬂs peca}{ltc?{lcf aﬂﬁ: prg%??%ﬁa%t%erf‘h‘éagﬁgéﬁﬁ?j £8EmAt) s an
anhydri de orPr(ﬁf(,&&‘r%é?%ﬂwm mhd:b\nddezusc panloeidar | grangierred when

the acyl atiegagane | S &laaeyap rSQ VSHi?e?gghhg? gheshn e

acylatiqgn'is prgf eraFIy an et herea ven suc
Al t er nati velfy 2 € cﬁ%?é?r%%#%n‘tlél%w&eetﬁed bttedbmmhoxyet hane

may be usedcrifhllox ddwpersiiy ertlomelos ekl ) cpebRILIYE. agylation is
general , however, It

carried out 10 narrowl r|t| _

preferably 8a§:r| e(gflc‘;"uﬁl P &ﬁretcgﬁ’ﬁ?ﬁ%t’i}?ee YIRS RFERE ds ﬁ@r t he

reacti on toaphydeddieator @dafnkmmﬁé y l’ﬂ:mdﬁﬁé echiz&rf@é Ppgir poses of

i [Tustrati opg 2G¥hatd, M fg%%t &l{lé/rg)l V|enga ﬁenz di car bonate, diallyl
h

di carbonate, acetic a |'or oace ea%‘?fa phen§h
i socyandt e aPECYRRa&Er-at ed in Reactl on Scherres 1 t hr ough 5 below. In this

series of reacti QhresEhARRNL e ta@ng1 &% W CAE ér?di%ve' y acylated at
the C(10) position.is 10- dglacetyl baccatin I11. e under st ood,

however , t hBESEREER Y& Lfentmesudly a$ quﬁ'slfifé)t'cﬁmflandnt hat
ot her taxanadthamingve 1§ 10bweRydr 0% KE:©OUWD 1 ddhenarat radingk i heg
dimethoxyethane may be used.

15 The temperature at which the C(10) selective
acylation is carried out is not narrowly critical. 1In
general, however, it is preferably carried out at room
temperature or higher in order for the reaction to
proceed at a sufficiently high rate.

20 For purposes of illustration, acylating reactions
involving dibenzyl dicarbonate, diallyl dicarbonate,
acetic anhydride, chloroacetic anhydride and phenyl
isocyanate are illustrated in Reaction Schemes 1 through
5 below. 1In this series of reaction schemes, the taxane

25 which is selectively acylated at the C(10) position is
l0-deacetylbaccatin III. It should be understood,
however, that these reaction schemes are merely
illustrative and that other taxanes having a C(10)
hydroxy group, in general, and other

30 7,10-dihydroxytaxanes, in particular, may be selectively
acylated with these and other acylating agents in
accordance with the present invention.



30" 7, 10- di hydr oxyt axanes, in particular, may be selectively ﬁ | ated with
. these angy 855@0@803/' ating agents in accordance with the pr(!s CiZBpent i on.

4 DEC 2006 /09021 PCT/ US98/ 17016 9 Schene 1 HO Cbz C?S’”é 8” 0y -
OHHA I 06 H5CH20C( 0) 20 H(Yl u tKi = THF, r t 98% HO Bz OBzOAcOO
Act) O Scherre2HOAIIocOOO OHO OH HdIIl Hd 111 2 HO = THF, r t

48h. 95% HO Bz0 BzO AcO 0 AcOO 5¢Schene 3 HO AcO OH OH HCA Il Ac20,
ZnCl 2, THF HAIIIl rt, 3.5 h, 93%tJO0 HOor HOBzAc20, COCl 3 ( catTHF
BzO Acr t Schemehl 96% AcO O O 4 DEC 2006 WD 99/09021 PCT/ US98/ 17016 10
Schene 4 HO Cl CHzZ0O00 C

(CgHgCH,0C(0)) ,0

THF, rt, 98%

Scheme 2

(¢]
L, e

rt, 48h, 95%

5 Scheme 3

Ac,0. ZnCl,, THF
rt, 3.5 h, 93%

or
Ac,0, CeCl, (cat),

rt, 1.5 h, 96%



CDOH HO 111 1111111 CI CH2 ¢(Cl) ,0 HO Z nClI~ THE HU ezonﬁ%ﬁi@f@ﬂﬁt n 93
ACQ Scheme 5 HO PhHNCOO 0 O - OH OH H 01111 H 01111 Ph c

" THE HO BzWQ9%990213 1, 94% BzO AcO O AcO 0 5 In another aspg&diU¥B/1iHE
present invention, the C(10) hydroxyl group of a taxane may be selectively
silylated. In general, the silylating agent is selected fromthe group
consisting of silylam des and bissi% am des. Preferred silylam des and

bi ssil yami des 10 correspond to struttures 6 and 7, respectively: 0 Il Ra
C i SI R j | RDRERF RM R o C= NSI RDRERF 6 7 wherein RD, .RE, Rr,
Rr, and Rngﬁgm%ﬁ%Ependently hydr ocar byl , substituted hydrocarbyl, or
heteroaryl. 15 Prefeg@bly, the silylating agents arg, sghected fromthe
group consi sti i (ydrocarbyl)silyl- trifluororfethyl acet ani des and
bis tri(hydroc 4 QEQ 2006 WD 99/ 09021 P&
silyltrifluygrp pdes, Wi th the hydrogard
substituted or ed al kyl or arﬁl. For ¢

pei ng
preferred

si |yl ami des and ded “ 'iFHef'Ude =N, O bi s- (tT 1)
trifluoroacetan*iﬂd%L InCi,. THF \
l FU, S n, 93% red W%
Scheme 5
HO
OH OH
HOIII Holll
PhNCO -
N CuC! ., THF
N . rt, 3 nh, 94%
AcO o}
5 In another aspect of the present invention, the

C(10) hydroxyl group of a taxane may be selectively
silylated. 1In general, the silylating agent is selected
from the group consisting of silylamides and

bissilyamides. Preferred silylamides and bissilyamides

10 correspond to structures 6 and 7, respectively:
(o)
I
R G NSI RoReRe 08! RoReRe
Ry Rg— C—=NSI RyReR,
6 7

wherein R,, Ry, Res, Rg, and Ry are independently
hydrocarbyl, substituted hydrocarbyl, or hetercaryl.

15 Preferably, the silylating agents are selected from the
group consisting of tri(hydrocarbyl)silyl-

trifluoromethylacetamides and bis tri (hydrocarbyl) -



5N0b|sgrlethylmIyI)trlquoroacetamde _ 0 4 DEC 2006
N- et hyl - WO P08¢Hy | si |yl trifluoroacetanide, and N, Obis (kcT/Us9s17016

" -butyldinethylsilyl) trif |uoroacetanide. The silylating agents may be used
either alone or in conbination with a catalytic amount of a base such as
an 10 alkali metal base. A kali netal .am des, such as |ithium am de
catalysts, in general, and lithium arret hyl di si | azi de in particular, are

preferred. iﬁéﬂf@ﬂ&r&%thpﬁ?égk qee sifiphathon geaction s preferably

an et her eal sol vent suc ur an ariatd however,
ot her sol Vei&t¥ueping étlﬁé?léldtedl mw@eya@rsmmtmly atiécxnsemr aEyd .

t h t l; ti t i S not
t enper at urmoR eﬂ&'&‘hﬁhe‘} ehél ﬂaQEfé?E@ﬁ M8 18l Bk al oy | out lg{lggn g‘é

narromy critjc however, Jit iIs carrie
greater. y ge‘f‘g%t%qv@ 6%50) t§H“§FQYFLSﬁlﬁ’éécttFéﬁéuPﬁ\?@IC\ﬁtrﬂj“me:
m 8?%(: rN,rm-tHiwshsl(t;riéethy&bmmymaﬁeﬁ.&tmgi*g?gditamjgﬁ,at ed in Reaction
ro
Schen{az( 6 %ﬁﬂdg%)gjél%wggﬁggbﬁggéﬁygg lngorggﬁg Bideye aane which is
sel ectivelY, &ibig (altelduayldhmeﬁﬁyﬂ:(sim}glpmsiiifilunroacéﬁadaaimqt yl baccat i Prelr lall y
It should be upger S enes are
Illustrative and théa%i)g??]té?g?g%{g%%gg ﬂtayt %% GSE%( %Bi?%rz%offeg?guﬁ
general , &RIRAH1GD 1‘(?)thh?d?@??lﬁ?éﬁeélmoiiﬁtpaft BEchase swoh be sl ect i vel y

30 sidoyl aterkati1 hmétesebase, ot Hekasi| wbakinanagest s suh %%qu Q@ﬂ%ﬂh\gﬁéth E%

eo o Ion et I Ona(ﬁ‘???sé?ﬁ[)fl‘zrcl E’H %ﬁ%"rﬁéogo%}é Eg{?ﬂg‘%m 1‘70%: 5h, 91 % HO BzO
BzO hexamethyldisilazide, in particular, are preferred.

The solvent for the selective silylation reaction is

preferably an ethereal solvent such as tetrahydrofuran.
15 Alternatively, however, other solvents such as ether or
dimethoxyethane may be used.

The temperature at which the C(10) selective
silylation is carried out is not narrowly critical. 1In
general, however, it is carried out at 0 °C or greater.

20 Selective C(10) silylation reactions involving
N,O-bis(trimethylsilyl)trifluorcacetamide and
N,O-bis(triethylsilyl)trifluorcacetamide are illustrated
in Reaction Schemes 6 and 7 below. In these reaction
schemes, the taxane which is selectively silylated at the

25 C(10) position is 10-deacetylbaccatin III. It should be
understood, however, that these reaction schemes are
merely illustrative and that other taxanes, having a
C(10) hydroxy group, in general, and other
7,10-dihydroxytaxanes, in particular, may be selectively

30 silylated with these and other silylating agents in

accordance with the present invention.
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After the: droxyl group of a 7,10-di hydroxytaxane h e

derivati zevgéég/}w egcri bed herein, the C(7) hydroxyl group cgﬁr g%?él‘i-’f’v be ~
protected or otherw se derivatized selectively in the presence of the
C(1) and C(13) hydroxyl groups (and a C(14) hydroxy 10 group, if present)
Sel ective C(7) Derivatization Sel ectize acylation of the C(7) hydroxyl
group of a C(10) acylated or silylated taxane can be achi eved using any
of a vari eBghefmecémon acyl ati ng agents including, 15 but not linmted to,
substituted and unsubstituted carboxylic acid derivatives, e.g.,
carboxylic acid #Hmlides, anhydrides, dicarbonates, i|isoowapates and

\ Pmpl e, the C(7) hydroxyl group O i

hageagd n 111 or 0 4 DEC 2(R WO 99
0- deacetyl HA¥atin 111 ean
i carbonatg,-oF atmsyl di car bonatg
of oethy or of prmat &~ benzyt—thl or of or it exor
acyl ating agéhty, g5 e general "fadyl &t i ok S "t he C(7) Mygrpxygraup of a
C(10) acyl ated orasel Hased taxane are nore efficient and acgorre—gel ecti ve
than are C(7) acylations of a 7,10 di hydroxy taxane such as 10-DAB, i.e.,
once the C(10) hydroxyl group has been acylated or silylated, there is a
10 significant difference in the reactivity of the remaining

Scheme 7

lOTES

CF,— C=NTES

LI HMDS (cat.)
THF, 0 "C, 15 min 95%

5 ' After the C(10) hydroxyl group of a
7,10-dihydroxytaxane has been derivatized as described
herein, the C(7) hydroxyl group can readily be protected
or otherwise derivatized selectively in the presence of
the C(1) and C(13) hydroxyl groups (and a C(14) hydroxy

10 group, 1if present).

Selective C(7) Derivatization

Selective acylation of the C(7) hydroxyl group of a
C(10) acylated or silylated taxane can be achieved using
any of a variety of common acylating agents including,
15 but not limited to, substituted and unsubstituted
carboxylic acid derivatives, e.g., carboxylic acid
halides, anhydrides, dicarbonates, isocyanates and
haloformates. For example, the C(7) hydroxyl group of
baccatin III, 1l0-acyl-l10-deacetylbaccatin III or



C(7), C(13), and C(1) hydroxyl groups (and the C(14) hydraxylpegr , I f
. present) WOlgew2ncyl ati on reactions nmay optionally be carpc smmhom t he
presence or absence of a base. 15 Exanples of selective C(7) acylation of
a taxane having an acylated or silylated C(10) hydroxy group are shown in
Reaction Schenes 8 through 11. In these reaction schenes, the taxane which
Is sel ectively acyl ated at the C(?} position is baccatin Il or 20

romevor MEE ARG PAGEA] Tadd deeyd SOOMELPeriOgk b0

however, Se Teacty enes are ratlve and t hat
t axanes haﬂhﬁg:tatw@éry aﬂ:%’lataﬂ@ mﬂlyldlrmlewbsdmax%qmt%ts @elled ot her

Subst'tuef&ﬁc ar¥or@her 4 ¢ %a@etﬂ{wltméwrscmr@@oﬁe&@@w&h Yy 25 acyl at ed

at C(7) with these and ot agents_in_accordance with the
pr esent | A RTE TR R RT CRRRERAE GO ACKIREEES ABARY- iiil,

C6H5CE2000C1 Hhg genéﬂﬂﬂ&é y Pat LR HQ 182 Oc 990 kB;@roséﬁ @:@ups\cOQ 8 0 4
D!EC 2006 VP 99/ 09Q21 P /USQ%]Q%% 14 Schene %z %
1, HQ 190 REShe e f‘z%xmﬁ,‘rwﬁ%%\e R 13BD 0 AcD 0
more selective than are C(7) acylations of a 7,10-
dihydroxy taxane such as 10-DAB, i.e., once the C(10)
hydroxyl group has been acylated or silylated, there is a
10 significant difference in the reactivity of the remaining
C(7), C(13), and C(1) hydroxyl groups (and the C(14)
hydroxyl group, if present). These acylation reactions
may optionally be carried out in the presence or absence
of a base. ' |
15 Examples of selective C(7) acylation of a taxane
having an acylated or silylated C(10) hydroxy group are
shown in Reaction Schemes 8 through 11. In these
reaction schemes, the taxane which is selectively
acylated at the C(7) position is baccatin III or
20 10-triethylsilyl-10-deacetylbaccatin III. It should be
understood, however, that these reaction schemes are
merely illustrative and that taxanes having other acyl
and silyl moieties at C(10) as well as other substituents
at other taxane ring positions may be selectively
25 acyiated at C(7) with these and other aéylating agents in

accordance with the present invention.

Scheme 8

C4HgCH,0COC!

CH,Cl ,. DMAP
95%




Schene 10 TESOTESO 00 / OH- / OAc Hd ill Hd Ill Ac20, CH2CL 2, DVAP
. HO95% HO Bzo BzO AcO 0 AcO0O 5 Schenme 11 TESO TESO OH / gE Hdi
Hd u, ~—~~woRen2CBHACH2000C1 t-'- 0 HCHzCI 2, DVAP, 9d 0%5%8;@7 ?zO»
AcO AcO 0O Alternatively, the C(7) hydroxyl group of a C(10) P

t axane derivative can be selectively protected using any of a variety of
hydr oxy protecting groups, such 10 as acetal, ketal, silyl, and renovabl e
acyl protecting groups. For exam e, ide C(7) hydroxyl group may be
silylated using any of a variety of comon silylating agents including,
but not |ing¢kemeo? 0 4 DEC 2006 WD 99/09021 PCTI US98/17016 15

tri (hydrocarbyl)silyl halides and tri(hydrocarbyl)silyl triflates. The
hydr ocar byl noi etakes of these conpounds rmay be substijfufed or
unsubstituted and eferably are substituted or ynsubstfitifed al kyl

aryl. For ex#r@ tjpe & 7) hydroxyl® group of bagcat
sel ecti vebyl 3 IA Ng sidyl tiqrﬁ;Lagents WG
chl-oride, trN\uet chl om ri e¢'hyl silyl
i sopropylsilyl€c di-retyH—phenysieyl chlo
: HO CH,Cl',, DMAP, 987% HO

or

Ac,0. CH,Cl,, DMAP

95 %

5 Scheme 11

TESO TESO

HO M
p-NO,CqH,CH,0COC

3 CH,Cl ,, DMAP, 94% 3

Acg Aca\
. Alternatively, the C(7) hydroxyl group of a C(10)
acylated taxane derivative can be selectively protected
using any of a variety of hydroxy protecting groups, such

10 as acetal, ketal, silyl, and removable acyl protecting
groups. For examle, the C(7) hydroxyl group may be
silylated using any of a variety of common silylating

agents including, but not limited to,



10 In general, silylations of the C(7) hydroxy group of a C(ﬁO)Q%?é@?t ed
_ taxanes are nore efficient and nore selective than are silylath a

7, 10- di hydr¥¥Qy98¥2bne such as 10-DAB, i.e., once the C(10) hgtusysizogr oup
has been acylated, there is a significant difference in the 15 reactivity
of the remaining C(7), C(13), and C(1) hydroxyl groups (and the C(14)

hydr oxyl group, if present). The C(ZQ silylation reaction may be carried
out under a wi de range of conditions, %ncluding in t he presence or absence

of an a”‘netPf%ﬁydggcgﬁﬁg£l§§lgﬁ ﬁ?h?%% :&K?kf dfg §%§Sﬁ¥§2hese

acyl ated taxanes” are henes hrou
reaction schEhBiatefe tARankydrPerrbyl mmu@@newepﬁ thﬁaﬂQﬂmRuundua(X7)

position ismiaceat sabgtit@ﬁeaneirh@hs%%%t%%@ﬁmdi%é@éfahat t::]eo 25

Gencet ! bacesbin: ksl beotiould be Unde suged e e e be
sel ecti vel yclselgzl(m eﬂydrcb:hylt@ESﬁpaaG phleatsnl YlIat igdgh agents in accordance
A", BB oo (0 G e e I
| di ne, 969 HEB2Yl8:lyl ACIOride, OtrSokemylsl 1x10ckdOridd,OSI ( Me) 2Ph
Hdttt H dtfiétﬁ@?&@fylclhloride, dimethyl isopropylsilyl chloride,
dimethyl phenylsilyl chloride, and the like.
10 In general, silylations of the C(7) hydroxy group of
a C(10) acylated taxanes are more efficient and more
selective than are silylations of a 7,10-dihydroxy taxane
such as 10-DAB, i.e., once the C(10) hydroxyl group has
been acylated, there is a significant difference in the
15 reactivity of the remaining C(7), C(13), and C(1)
hydroxyl groups (and the C(14) hydroxyl group, if
present). The C(7) silylation reaction may be carried
out under a wide range of conditions, including in the
presence or absence of an amine base.
20 Examples of selective C(7) silylation of C(10)
acylated taxanes are shown in Reaction Schemes 12 through
15. In these reaction schemes, the taxane which is
selectively silylated at the C(7) position is
baccatin III or another C(10)-acyloxy derivative of 10-
25 deacetylbaccatin III. It should be understood, however,
that these reaction schemes are merely illustrative and
that other taxanes may be selectively silylated with
these and other silylating agents in accordance with the
present.invention.
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_OHOSl ( Me) 2Ph Hdttt Hdtlt ~ ~~~ Me) 2PhSI O pyr | di nd 4 0B66286 _ HO
= Bz0 BZQV6(‘9§)0Q,2{\CO O 1 4 DEC 2006 WD 99/ 09021 PCTI US98/ 1384fsedkiochene
15 0 o 4~3;A0 0 OH OSl ( Me) 2 Ph H CO111 HO111 Me) 2PhSI CI HO PYr|

dl ne 96%HO Bz10 820 AcO O Aco O Alternatively, the C(7) hydroxyl group
of C(10) acylated taxanes can be selectively protected using any 5 of a
vari ety of common reagents includingl6ut not limted to, sinple acetals,
ketals and vinyl ethers, in the presence of an acid catal yst. These
reagents (S®RRBrldcetal, ketal, vinyl ether or otherwise) are referred
to herein as "ketalizing agents" and are 10 described in "Protective G oups
in Organic Synthesi@" by T. W Geene, John Wley &n Sgns, 1981. The acid
cat al yst useo 3 i [ [ Nd, Ich//"as tol uenesul fonic
acid or canp qoHd, in at |east a cafs g hywes! ( &or, exanpl e,

the C(7) H¥H

Bn,Si Cl

L

pyridine, 96%

( Me) ,PhSICI

o

pyridine, 98%

5 Scheme 14

(Me) ,PhSI Cl

o

pyridine, 95%




etal s

15 group of baccatin Il can be selectively ketalized using N2 %Ehﬁﬁ%
1
he

pr opene. ,tabl e reagents for the preparation of ac
" include nﬁv@ﬁwo\@/?ﬂ%yl et her, ethyl vinyl ether, tetrahydropyran, 9an
| i ke. Selective ketalization of the C(7) substituent of a 20 C(10)
acyl ated taxane is nore efficient and nore selective than it is-with
10-DAB, i.e., once the C(10) hydroxyl7group has been acylated, there is a
large difference in the reactivity of the remaining C(7), C(13), and C(i)

hydroxyl gr2chemeéahdl the C(14) hydroxyl 25 group, if present). An exanple
of selective formation of a C(7) ketal frombaccatin Il is illustrated in
Reaction Schenme 16. it should be understood, howeger, that this reaction 1

4 DEC 2006 MOQOH PCT/ US98/ 17016 18 schg&e/lij\z nmerely illustrative
and that oth anes nay be sel ectively ketabtrzetdowith this and ot her

ketal izing \agentsyincaccordance with the present i ion. Schene 16 AcO
AcO1~ 00 /0, Hdtll ,i,~~ HCiit CH3®—H el—)|OPtho Bz0
THF, . 2 t'he C(7)
hydr oxyl ~~gry alane f{udt ek epnprising group can
be sel ectively @ Admmgevusﬂ-?, th S ohs are not
limted to siHoyl Prolps<bear PhY 40 %l RJ* subst fPuerk s ng three carbons
or less. In genBt@l ,st\heMC(7) hydroxyl group of aB’to%g .
selectively silyl &€ with a silylating agent which™ inclu

noi ety wherein R, R and RL are
Alternatively, the C(7) hydroxyl group of C(10)

acylated taxanes can be selectively protected using any

des the -Si RIRKRL

5 of a variety of common reagents including, but not
limited to, simple acetals, ketals and vinyl ethers, in
the presence of an acid catalyst. These reagents
(whether acetal, ketal, vinyl ether or otherwise) are
referred to herein as "ketalizing agents" and are

10 described in "Protective Groups in Organic Synthesis" by
T. W. Greene, John Wiley and Sons, 1981. The acid
catalyst used may be an organic or inorganic acid, such
as toluenesulfonic acid or camphorsulfonic acid, in at
least a catalytic amount. For example, the C(7) hydroxyl

15 group of baccatin III can be selectively ketalized using
2-methoxy propene. Other suitable reagents for the
preparation of acetals and ketals include methyl vinyl
ether, ethyl vinyl ether, tetrahydropyran, and the like.

Selective ketalization of the C(7) substituent of a

20 C(10) acylated taxane is more efficient and more '
selective than it is .with 10-DAB, i.e., once the C(10)
hydroxyl group has been acylated, there is a large

- difference in the reactivity of the remaining C(7),
C(13), and C(1) hydroxyl groups (and the C(14) hydroxyl

25 group, if present).

An example of selective formation of a C(7) ketal
from baccatin III is illustrated in Reaction Scheme 16.

It should be understood, however, that this reaction



i ndependent | y substituted or unsubstituted hydrocarbyl or 15 gheber oasy! .
_provided tW&99%QR1substituents are other than hydroxyl. |nperasesimd nent -
of the present invention, if each of R, R and RL is alkyl, then at |east
one of R, Rk, and RL conprises a carbon skeleton (i.e., carbon chain or
ring(s)) having at |east four carbon %toms. Suitable 20 silylating agents

i nclude silyl halides and silyl triﬂiates, for exanple,

tri (hydrocagby i byl hge L (hydrqcatrhyl)silyl triflates. The
hydr ocar byl gsﬁﬁgt %%ugﬁ?éigfﬁ%{gggré‘ﬁ(ﬁa P%g%éﬁén%%hﬁéytﬁé‘an&?oﬂQK uted or
unsubst it utRd SR4SpEéVetybkotatézed wabbt thasedndr ovhsubiiittaltied raj kyl or
aryl. 4 DEG@efts YW 98t8982A-ECHA LR8N 7R1E85. 12 Iggefxgli% tive silylation
of the C(7) hydroxy group nay be carried out in a solvéent, such as
dimethyl formamde ("DVF") or pyridine and in the presence of an am ne
base, such &shemedagol e or pyridine. Reaction 5 Schenmes 17 - 20 illustrate
the silylation of the C(7) hydroxy group of 10-DAB in high yield by
treating 10-DAB with t-butyldinmethylsilyl chloride, tribenzylsilyl

chl oride, di AcPsogropyl silyl chloride, and di mephyi ph&nyl silyl
chloride, respectix Silylation 10 under Lhese conlii yjons/ W sur pri si ng
in view of t Dy, oBeni s, al. (J. A .,0 1988, 110,

5917) that?'se tion of S- 10- BAB' i bl e. Schene 17
HOHO OO0 HO PHsOHaiti t Bu HO I nm dazol e
HO Bz O DWF, wo t,520\h B20 ~ " 0 \
AcO o THF, -20°C AcO o
5 93%

Under appropriate conditions, the C(7) hydroxyl
group of a taxane further comprising a C(10) hydroxyl
group can be selectively silylated. Advantageously,
these silylations are not limited to silyl groups bearing

10 alkyl substituents having three carbons or less.

In general, the C(7) hydroxyl group of a taxane can
be selectively silylated with a silylating agent which
includes the -SiR;RR, moiety wherein R,;, R, and R, are
independently substituted or unsubstituted hydrocarbyl or

15 heteroaryl, provided that any substituents are other than
hydroxyl. 1In one embodiment of the present invention, if
each of R;, Ry and R, is alkyl, then at least one of R;,
Ry, and R, comprises a carbon skeleton (i.e., carbon chain
or ring(s)) having at least four carbon atoms. Suitable

20 silylating agents include silyl halides and silyl
triflates, for example, tri(hydrocarbyl)silyl halides and
tri (hydrocarbyl)silyl triflates. The hydrocarbyl
substituents of these silylating agents may be
substituted or unsubstituted and preferably are

25 substituted or unsubstituted alkyl or aryl.



1S 90xAcO O AcO 0 Scherme 18 HOHO 0 0 OH OSI (CH2C6H5) 3 Hi MELia
CGH5CH2) 3A8b 9@loedd® | DMF HO BzO rt 3 h, 91% B z 0 AcO O ACQ—:?/U§9§17@EC. 2006
" WD 99/09021 PCTIUS98/17016 20 Scherme 19 HOHOp OH OS M) 21 Pr Hdiii
Hd111 ( Me).21 Pr Si C HO pyridine HO BzO - 10 C, 3 h, 93% BzO AcO 0 AcO
O Scheme 20 HOHOp OH- / OSI (M) 2Ph H(Y 11~ Hd ~~~ ( M) 2 Ph S| C
| HO PYr | dl ne/ DVMF HO BzO -20 C, Z%, 92% B z 0 AcO O AcO 0 5 The
process of the present_invention_can also be wused to protect the C(7) and

C(10) hydroxy gr Hﬁss’%?‘eﬁtlV?lé-iéiYIer?‘&ri@)’(‘yP_ﬁx'éhé @ (7 dyfrexgnproipyl
prot ecting may dopscaByisel eati g @r ewdyewhi CBuean ke grpreyed under
different condilheds: (BfirH 7brAB0 Ttk DXY" OXY BLOURS cence of an
amine base, such as imidazole or pyridine. Reaction
5 Schemes 17 - 20 illustrate the silylation of the C(7)
hydroxy group of 10-DAB in high yield by treating 10-DAB
with t-butyldimethylsilyl chloride, tribenzylsilyl
chloride, dimethyl-isopropylsilyl chloride, and
dimethylphenylsilyl chloride, respectively. Silylation
10 under these conditions was surprising in view of the
report by Denis, et. al. (J. Am. Chem. Soc., 1988, 110,
5917) that selective formation of 7-TBS-10-DAB was not
possible.

Scheme 117

t-Bu(CH,) ,SiCl

I midazol e
DMF, rt, 20 h
90%

15

(CgHgCH,) 481 Cl

I mldazol e, DMF
rt, 3 h, 91%




10 can be separately accessed for derivatization. These reactions,
_therefore, increase the flexibility of the overall process ahd,DE€nzide a
hi gher yi eWd do@po2rany of the individual protecting reactiopstThigb@iione to
the yield obtained using currently avail abl e processes. For 15 exanpl e,
the triethylsilyl protecting group is nore readily renoved from C(10) than
Is the t-butyldinmethylsilyl protecting group fromC(7) and the

di met hyl phenyl silyl protecting groungs nore readily renoved from C(7)
than is the tF- bu‘;y: fli methylsilyl 0 4 DEC 2006 WD 99/09021 PCTI US98/ 17016
21 protecti from C(10). The preparation of 7-t-

butyl di methyl silyl-10-triethylsilyl-10-DAB and

7- di net hyl phenyl $1 yl,- 1 0-t - but yl di met hyl i sl yl P ar illustrated in
Reacti on Schem and 22. 5 Scheme 21 HO TESO 0 OrBsS OTES - / OIBS

HAlll Y #1 ] FBC=NTES HC = Li HVDS osTTHMe® ,>r10 rT. 9
B cufl b ( e 22(bg%ﬂﬁ§91& Cl 89'1'% =)2h HGIIlIIl Or
BS HO i li 2 -
pyridline
s <10 °C, 3 h, 93% s
AcO o AcO o
Scheme 20
HO
OH
HO I
( Me) ,PhSI Ci
= pyri di ne/ DMF -
Bz O N -20 °C, 2 h, 92%
AcO 0
5 The process of the present invention can also be
used to protect the C(7) and C(10) hydroxy groups of a
7,10-dihydroxytaxane with different silyl protecting
groups. By selecting groups which can be removed under
different conditions, the C(7) and C(10) hydroxy groups
10 can be separately accessed for derivatization. These

reactions, therefore, increase the flexibility of the
overall process and, enable a higher yield for many of
the individual protecting reactions relative to the yield
obtained using currently available processes. For

15 example, the triethylsilyl protecting group is more
readily removed from C(10) than is the
t-butyldimethylsilyl protecting group from C(7) and the
dimethylphenylsilyl protecting group is more readily
removed from C(7) than is the t-butyldimethylsilyl



HC BzOL HWDS Ccat.) B=GAc O THF, P.T S h. 92';; Ac0 O Th qﬁ%
di scl osed Wig§fhdg;7ey be used in .10 connection with a IargP
different taxanes obtained from natural or synthetic sourc sCWBS%?PéP)‘ére a
wi de variety of taxane internediates which may then be further
derivatized. For exanple, the nethods of the present invention may be
effectively used to protect the 15 ¢¥) and/or C(10) hydroxy functional
group prior to the coupling reaction between a C(13) side chain precursor
and a t axaR&ote SN A fEEIB)C (Qaani ddTtes trerersd e i shabh, 7and al so pri or
to the reaghitQnIi Liing g - . 1 atiye substituents at
various 20_| gg.-tl Wtrgfl%qﬂt g)?atr%g)&nuc e%i%@&ﬁ ‘yV\D 99/ 09021

PCTI US98/ 170 %‘ eftledvant Ooft -Puyyiid)imsg thy sl vl {f @DAB oarséo a
taxane mayileueaiaited Gl RaWcrabnOwEHEW Jeciiy gues. For exanple, a side
chain precursor such as an appropriately substituted Q| actam oxazoline,
5 oxazol i di ne carboxylic acid, oxazolidine carboxylic acid anhydride, or

i soser Pne 8ehewet 2de may be reacted with a tricyclic or tetracyclic taxane
having a C(13) hydroxy, netallic oxide or anmoni um oxi de substituent to
form conpounds ving a R-am do ester substituent at GEt3) as 10

descri bed, ) X i l
edi t or, § geaoRat an, FL) 1995, Chapter V,
exanpl elont A sfof  taxol f%FnSlO DAB |SH<|>.|.I
schene 23. :
used in thigsfrea
t axanes coul debg sufl
i nvention. Scheme:®

gche ne—otﬂﬁ—de—ehal n precur fo)°

\tut eg.t IH%”Péf of> Wit hqut departi
& AcO

l'bll'H-::,2p

6TBS HO
I
CF;—E:NTBS
LiHMDS (cat . ) ~
O THF, K. T € h. 92% AcO\\ o]

The methods disclosed herein may be used in

10 connection with a large number of different taxanes
obtained from natural or synthetic sources to prepare a
wide variety of taxane intermediates which may then be
further derivatized. For example, the methods of the
present invention may be efféctively used to protect the

15 C(7) and/or C(10) hydroxy functional group prior to the
coupling reaction between a C(13) side'chain precursor
and a taxane to introduce a C(13) B-amido ester side
chain, and also prior to the reactions for preparing
taxanes having alternative substituents at various

20 locations on the taxane nucleus.



00 / (1) OHAc20, CeCl J - OS ( Me) Ph HO111l r t . 1.5 W4 066/ 2805 ( 2). (
Me) 2PhSI W& 9HD@opyr | dl ne, 98% HO BzO BzO AcO O AcO O 0}?CﬂU§§h/])701|6HNDS,
Bz pyrl di ne no AcOO 95% (two stops) Ph OTES OH Bz,, f"a-, Coln H CH
HO Bz O Ac O O Taxol ( 89%over of | ) 1 4 DEC 2006 WO 99/09021

PCT/ US98/ 17016 23 The process illustrated in Reaction Scheme 23 is
significantly nore efficient than any2other currently known process, due

[ [ | Vi [ i chloride catal yzed
hcetyl ati on of TAE ATOX BRI GKyF GFblp. Bf S20° DA aRACEHESSEbSeqaot
si | yl ati ont@xanehamay Be laroigd guoupy Jheisyst hﬁsivg 2%@§1|QFQ§teEDt f O;JL
steps and Ll LQuerald W &l; B_B]%g'o henes 24 _an illustrate e
preparation of taxagj’rlieés haa\%lgige su s%lllltﬁlé%f%rg%ﬁeﬁag ?fﬁ 30 the C(7)
hydr oxyl gP&RTORTd Sk SulsIo) t wyeld okylagtamp. ofhechinépd of the current

i nvent son pravcdedifdeddyidduipr i $0ath@l dhe,stbatht uentatypebed g the
A7) hydroé%hydride, or isoserine derivative may be reacted with a
tricyclic or tetracyclic taxane having a C(13) hydroxy,
metallic oxide or ammonium oxide substituent to form
compounds having a B-amido ester substituent at C(13) as
10 described, for example, Taxol: Science and Applications,
M. Suffness, editor, CRC Press (Boca Rotan, FL) 1995,
Chapter V, pages 97-121. For example, the synthesis of
taxol from 10-DAB is illustrated in reaction scheme 23.
It should be noted that while a f-lactam and 10-DAB are
15 used in this reaction scheme, other side chain precursors
and other taxanes could be substituted therefor without
departing from the present invention.
Scheme 23

(1) Ac,0, CeCl,
rt, 1.5 h, 96% HO I

(2) (Me),PhsSICI
pyridine, 8B%

(3) LHMDS, Bz\ o
(4) HF, pyridine Nj
AcO 95% (two steps) N “
Ph OTES

Taxol (89% overall)



group can be put in place either before or after attachmen® (oBEC 12886C( 13)
si de chai wo d%9kmact i on schene 24 outlines the preparation gdrgsoshdpigne
“which has been found to be a potent chenotherapeutic radiosensitizer,
illustrating attachment of the substituent at the C(7) hydroxyl group
before introduction of the C(13) side chain. According to the 20 process
of reaction schene 7, 10-DAB is firs3 converted to 10-TES-10-DAB. The C(7)

hydr oxyl group.jis then_ converted to an .intermedi ate i m dazolide by
t?/eat ment Wit hjrgﬁrBﬁﬂﬁFsﬁi Fﬁ’lld‘éfﬁaéedaﬁ@ Rf@ GtHiay Rsdiemee 23 ridazol i de

subsequents;{gneﬁn:tantwt houe efdliatienn, t\Nahh any RN i HaZ AR 1 ?ABOhOl to

provide 7-pg |n% gggslo QAB g% }1 ;[ag”‘%fcl'floei TES_'\&;: wth a

(3Iactamto uce't esu?ec &foval  of
the TES grebpscarigpibyighdoedide) cbyaﬂyeatijmdewllaltﬂdﬁ o&nd:mgyro diome. 04

DEC 2036 Ngaggkpeo%oegreysa%/ b8lng28rz! shihetudhe QiyRacfor®Z 2 VL
TG nk% ~hy droxyl group. The synthesis proceeds in four
steps and 89% overall yield.
Reaction schemes 24 and 25 illustrate the
preparation of taxanes having substituents appended to

10 the C(7) hydroxyl group and a free C(10) hydroxyl group.
The method of the current invention provides flexibility
so that the substituent attached to the C(7) hydroxyl
group can be put in place either before or after
attachment of the C(13) side chain.

15 Reaction scheme 24 outlines the preparatibn of a
taxane which has been found to be a potent
chemotherapeutic radiosensitizer, illustrating attachment:
of the substituent at the C(7) hydroxyl group before
introduction of the C(13) side chain. According to the

20 process of reaction scheme 7, 10-DAB is first converted
to 10-TES-10-DAB. The C(7) hydroxyl group .is then
converted to an intermediate imidazolide by treatment
with carbonyl diimidazole, and the intermediate
imidazolide'subsequently reacts, without isolation, with

25 metronidazole alcohol to provide 7-metro-10-TES-10-DAB.
Coupling of 7-metro-10-TES-10-DAB with a B-lactam to

| inﬁroduce the side chain at C(13) is followed by removal
of the TES groups at C(10) and C(2’') by treatment with HF
and pyridine.



LL ~~~p L-J~~GG\ V=I1IIIG (VN mc=G 0C =1111G1110 Gu
Gm N41 E U CIA 0 4 DEC 2006 WD 99/09021 PCT/ US98/ 17016 25 Reaction
scheme 25 outlines the preparation of a taxane useful in ideppEfys
proteins which form bioconjugates with taxanes. It illustrates a protocol
for attachfW®® a substituent at the C(7) hydroxyl 5 groufT4¥$o817016

i ntroduction of the C(13) side chain24 According to the processes of
reaction schenes 7 and 11, 10-DAB is first converted to

7- p- ni trobenzyl oxycar bonyl - 10-TES-1 0O DAB. The C(13) side chain is attached
enploying a TES protected /i-lactam and the 10 p-nitrobenzyl oxycarbonyl
protecting group is then selectively renoved by treatnment w th hydrogen
and a palladiumcatal yst, producing 2',10-(bis)-TES-taxotere. The C(7)
hydroxyl group then reacts with carbonyl diimdazole and the derived
imdazolide is treated with
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151, 4-di amino butane to give a primary anine. Reaction of the primry

of the biotinanm de group at C(7). Finally, treatnment with
sol uti on WRAYWE! t he TES protecting groups at C(10) and C(
WD 99/ 09021 PCT/ US98/ 17016 26 o O -_ |- - (D z 11110 C N VVn1z Ox C LO
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Reaction scheme 25 outlines the preparation of a
taxane useful in identifying proteins which form
bioconjugates with taxanes. It illustrates a protocol
for attachment of a substituent at the C(7) hydroxyl
group after introduction of the C(13) side chain.
According to the processes of reaction schemes 7 and 11,
10-DAB is first converted to 7-p-nitrobenzyloxycarbonyl-
10-TES-10-DAB. The C(13) side chain is attached
employing a TES protected fB-lactam, and the
p-nitrobenzyloxycarbonyl protecting group is then
selectively removed by treatment with hydrogen and a
palladium catalyst, producing 2’,10-(bis)-TES-taxotere.
The C(7) hydroxyl group then reacts with carbonyl
diimidazole and the derived imidazolide is treated with
1,4-diamino butane to give a primary amine. Reaction of
the primary amine with the hydroxysuccinimide ester of
biotin completes the attachment of the biotinamide group
at C(7). Finally, treatment with HF in pyridine solution

removes the TES protecting groups at C(10) and C(2').

di ne
C 2006

~amne with the hydroxysuccinimde ester of biotin conpletes chnment
Tk



ii 0 4 DEC 2006 WD 99/09021 PCT/US98/17016 27 The protected taxane

_ derivatives or the internediates or starting materials used in the
preparation of such protected taxane derivatives can be furkhegc i fied
to provi deyvdh9sdabi er nati ve substituents 5 at various positi Q?ﬁm Lhe
taxane. Taxanes having C(2) and/or C(4) substituents other an 8f)enzoyl oxy
and acet oxy, respectively, can be prépared frombaccatin IIl, 10-DAB and
ot her taxanes as nore fully described in PCT Patent Application WO 10

94/ 01223. In general, the C(2) and C(4) acyloxy substituents are treated
with lithiumalum num hydride or another suitable reducing agent to from
hydr oxy groups at C(2) and C(4) which nmay then be reacted, for exanple,

wi th carboxylic acid halides (optionally after protection 15 of the C(2)
hydr oxy group together with the C(1) hydroxy group with a 1,2-carbonate
protecting group) to obtain the desired C(2) and C(4) deri vat| ves. Taxanes
havi ng C(7) substi tuent ot her than hﬁdroxy ahdacyl oxy as descri bed

herein can be prepargd oM 20 bacca éo- DAB\,and ot her taxanes as
nore fully deserdo®d PA Pat pl i oatl 4/ 17050. For exanpl e,
a C(7) xanthate nay stbf’ect ed t T ydridd” Zreduction to yield the
correspondi ng G4 dr o taxane. T Akt eNpati vel )7 7) fluoro-substituted
t axanes can be25 \prapa e'(ﬁoby tredatment gf C(13)-tri ethyl silyl -protected
baccatin Il with Q o‘”l 1,2-frifluokotriethylamine at room
tenperature in THE ton. Cther ybaccat)i n derivayives wth a free C(7)

simlarly. (Alternatively, 7-chloro baccatin Il can

hydr oxyl group behave )|
oW th  nettranesul fonyl chloride

be 30 prepared by trzatnent of thacgatin

and triethylam ne iy nethyl ene® chf or | de/sol utioir Tnt ai ning an excess of
triethylamne hy Ch|t—0l’| de. _ \ - '
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Taxanes having C(9) substituents other than keto can 35 beﬁdr%farm from
. baccatin Wm0 99/00021DAB and ot her taxanes as nore fully descrpdedsisn?®E€T
Patent Application WO 0 4 DEC 2006 WD 99/09021 PCT/ US98/ 17016 28
94/20088. In general, the C(9) keto substituent of the taxane is
selectively reduced to yield the corresponding C(9) (3-hydroxy derivative
with a borohydride, preferably tet rngutyl anmoni um borohydri de (Bu4NBH4) or

triacetoxy 5 bo% hydr.i de. E %9% g drox derl Jaglve can t hen be
protected at ;2’ WPERCECHEEr & PoP&&THY Tafd® he  C(9) hydr oxy
group can betacypkdietdetoblrowtagtihg mratl&mrdalsdeﬂaerd Hed ther ein for acyl ation

f th 7 | tq f .
(7) pro?eg eé g%%%)%rgr%psugélr %’%é?%kég\% %éﬁl %géiueg:gs 1Yo &3 &% group (or
ot her acyfé?(yhgrompﬁlﬁéedl grapgovidem €ET0R UtEIDEA vanGubss i tyafttoxy gr oup

to moggategfroarColl bestiBhs bREEBBY raXagledi Ng a 10-desacetyl derivative,
whi ch can be ac%l ated as described el sewhere herein. 15 Taxanes havi ng

C(10) substituerB¥eBERePaVARE Cﬁﬁdréﬁﬁl/oa”cﬂ Gy SHPSFASUEN S TRy as

descri bed baeAi Ben%ylbﬁypéﬁﬂab@étaﬁym&%s&iédt)é.v@@.%qrldé@xd Heh PCT Pat ent
Appli cati on_WD 94

/ 599 d h t t F I
t axanes habFRg2acg( ?B?m ESC% Bg |Ikgeﬁlrl% g)ﬁfgz "6]2 %%%Zrtgd( i %Xﬂasggt |eon of
10- desacet ytbrteaiafhéy deSaxdbed i @bTaPat@dty@mplma:bSiudmm at C(10) can
be pjgpar ggéggzﬁgact iTRg @ngﬁ.%(i) Rydr @@é or, f%:g(%ggt |C§Hen tuted taxane

wi th Samarium dii odi faxanes ' havi ng ot her than 25
hydr ogen nﬁybél"—ééuﬁétﬁr apsar geatrd S’tl‘a'cht |lﬁgh¢a{rrera|la1|mlﬁmm hyifeside shounds

may be, foan@@a@pl 8uidabydr exnhtied ataxane d H-dn Hyas« fgieﬁ%yaltbaccatl n
L11) vvhlch2§ en d|sc eedln%gegtract of Osa/le\gnee es EN, p 36-
37, April $2211889) C (B B&Yof-PERi LehyEEHhA%t 3@% havi ng t he

various C w2kh, c@rbé)cyl:.e @éhid hE@l@i8ks, (GpHiknally afnerCPrduscdtiamnal
group%sdeSC% Q%d %quehg%¥o§|5%r%up together with the C(1) hydroxy
group with a 1,2-carbonate protecting group) to obtain
the desired C(2) and C(4) derivatives.
Taxanes having C(7) substituents other than hydroxy
and acyloxy as described herein can be prepared from
20 baccatin III, 10-DAB, and other taxanes as more fully
described in PCT Patent Application WO 94/17050. For
example, a C(7) xanthate may be subjected to tin hydride
reduction to yield the corresponding C(7) dihydro taxane.
Alternatively, C(7) fluoro-substituted taxanes can be
25 prepared by treatment of C(13)-triethylsilyl-protected
baccatin III with 2-chloro-1,1,2-trifluorotriethylamine
at room temperature in THF solution. Other baccatin
derivatives with a free C(7) hydroxyl group behave
similarly. Alternatively, 7-chloro baccatin III can be
30 prepared by treatment of baccatin III with
methanesulfonyl chloride and triethylamine in methylene
chloride solution containing an excess of triethylamine
hydrochloride.
Taxanes having C(9) substituents other than keto can
35 be prepared from baccatin III, 10-DAB and other taxanes
as more fully described in PCT Patent Application WO



prepared by using this hydroxyl ated taxane. In addition, the hydr oxy
_group together with the C(1) hydroxy group of 10-DAB can bel ég}(ﬁpe Bd to a
1, 2- car bowatseoem10 4 DEC 2006 WO 99/09021 PCTI US98/ 17016 FRI/use¥tibed in
C&EN or it may be converted to a variety of esters or other functional
groups as otherw se described herein in connection with the C(2), C(4),
C(9) and C(10) substituents. 5 The process of the present invention thus

enabl es the preparation of taxanes ving the following structure: Ro R
99 13~ 10t 7 R13l |

R 7 1 VARA =
(1) V\,here?ﬁ?%@)o%/?co Pi g88°3 an‘Fh (S:I’(%I sk%ter?etséllbs‘:li’fl‘} lrh c|1%rogten|:\>2 o
%droxi tpt@iceﬂé efishpdilexyively lregﬁtleelr twi tylieRtY tdre I@n‘msm:raim bonat e;
is keto h
R or Cacs (3B RIBKLRLY 9l LOUSE gflet\rgat Qi ad by 15 RA 1

rogen, hal RO IS
hydr ogen, ketvabumgamwpnaéyll beOhYFL'EGd% @%Ngge)n Olket%lacm’@’ or

acyl oxy; Rbog?hyéggdglo rRdepRBYent hy 1ae (e idlatiarOrcdietither?be
st ereochem cal configuration;
protected at C(7) with a hydroxy protecting group and the
C(9) hydroxy group can be acylated following the methods
described herein for acylation of the C(7) hydroxy group.
Alternatively, reaction of 7-protected-9f-hydroxy

10 derivative with KH causes the acetate group (or other
acyloxy group) to migrate from C(10) to C(9) and the
hydroxy group to migrate from C(9) to C(10), thereby
yielding a 10-desacetyl derivative, which can be acylated
as described elsewhere herein.

15 Taxanes having C(10) substituents other than
hydroxy, acyloxy or protected hydroxy as described herein
may be prepared as more fully described in PCT Patent
Application WO 94/15599 and other literature references.
For example, taxanes having a C(10) keto substituent can

20 be prepared by oxidation of 10-desacetyl taxanes.

Taxanes which are dihydro substituted at C(10) can be
prepared by reacting a C(10) hydroxy or acyloxy
substituted taxane with samarium diiodide.

Taxanes having a C(14) substituent other than

25 hydrogen may also be prepared. The starting material for
these compounds may be, for example, a hydroxylated
taxane (14-hydroxy-10-deacetylbaccatin III) which has
been discovered in an extract of yew needles (C&EN, p 36-
37, April 12, 1993). Derivatives of this hydroxylated

30 taxane having the various C(2), C(4), C(7), C(9), C(10),
c3’ and C5' functional groups described above may also be
prepared by using this hydroxylated taxane. In addition,
the C(14) hydroxy group together with the C(1) hydroxy
group of 10-DAB can be converted to a 1,2-carbonate as



R13 is hydroxy, protected hydroxy, keto, MO or ~ X4 X3 Il C4 2 XS $t;.,-
~3i'" 0- HX2 X1 R14 is hydrogen, -0OT14, acyl oxy, or together U\fﬁ_ﬁcgm forns
a carbonaRgb %@ C 2106 WD 99/09021 PCT/US98/17016 30 T2 s ,m%p, T10
and T14 are’? %Oggndently hydrogen or hydroxy protecting gir)gw, 9870165
-OX6, -SX" or -NX9X9; X2 is hydrogen, hydrocarbyl, substituted hydrocarbyl,
5 or heteroaryl; X3 and X4 are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroargh; X5 is -X10, -0OX10, -SX10, -NX8X10,
or -SM2X11; X. is hydrogen, hydrocarbyl, substituted hydrocarbyl, 10

het er oaryl deflsydridbed pITDIEEREN Ngr ¢ OUflay Mbe acbrmettofato groapivbychs

i ncreases er.s ility of the taxane _derjyvative; LS.

hydr ocar bylteg%se\llj%t(ﬁ u%qe%yéd“}%%%}%?ﬁ,f Iheriet o%l?y #hSFwéﬁ?f%%/ﬁ?ﬂbﬁ?ot ecting
group; 15 X@nesirhyidr cyamedtyibmcei byl therC §abst Cf 4t edC (AydandaCbyd) X9 is
an am no prRERGiNEHOouUp; X10 is hydrocarbyl, substituted hydrocarbyl, or
heteroaryl; 20 Xl 1 is hydrocarbyl, substituted hydrocarbyl, heteroaryl,

- OX10, Sor - NXgxI#e BUQFeSS 1kr bR rpreserocir BNt 1anpshps veRdP1asdr ocar byl |
or heteroatHe drepdye g0t Metdxhed NeaPiLSHhel PY¥EDGWORg the 25
substituents of .the taxane (other than the C(7), C(10) and C(13)

substit uent® Urzées‘pond to the substituents present on baccatin Il or
10-DAB. That is, R14 is R

10

wherein
10 M comprises ammonium or is a metal;
R, is hydrogen, hydroxy, protected hydroxy, or
together with R,, or R, forms a carbonate;
R, is keto, -0T,, acyloxy, or together with R, forms
a carbonate; '
15 R, is -0OT, or acyloxy;
R, is hydrogen, halogen, -0T,, or acyloxy;
R, is hydrogen, keto, -0T,, or acyloxy;
R,, is hydrogen, keto, -0T,,, or acyloxy;
R,, R,, and R,, independently have the alpha or beta
20 stereochemical configuration;
R,; is hydroxy, protected hydroxy, keto, MO- or

o
1T Xa Xa|
C._ 4 2! -
xg s o—
H X2 X,
;

R,, is hydrogen, -OT,,, acyloxy, or together with R,

forms a carbonate;



hydrogen, R is keto, R4 is acetoxy, R is benzoyloxy, and Rl is hydroxy.
_In other enbodinents, the taxane has a 30 structure which dlffers fromt hat
of taxol or Taxotere(r) with respect to the C(13) side chai 04 REG 2006 | east
one ot he®W@ WPt uent. For exanple, R14 may be hydroxy; RECTHSPSHHI6

hydr oxy, -00022 or -0COQZ22 wherein Z2 is hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl and 35 Z22 is hydrocarbyl,
substituted hydrocarbyl, or heterog;oyl; R4 may be hydroxy, -0CQZ4 or
-0000Z44 wherein 0 4 DEC 2006 WD 99/09021 PCTIUS98/17016 31 Z4 is

hydrogen, hydrorgr iyl twb@; |t eghpyglr ogae byhdeﬁéndéﬁwwﬁwkoaeﬁ Z44 is
hydrocarbyl ubstituted ¥drocarbyl or heteroaryl; R “~may be~hydrogen,
hydroxy, © Y- F71RHePEPHPZ, is hydrogen, hydrocarbyl, 5

substituted hydiodar b-y:bxs,or-shet ebﬁarmk nd Z77 is hydrogen, hydrocar byl ,

aors o - coodeds widifene AT %%»éﬁ TN Orar ey CabRrt LBy L

hydr ocar by®r beteee2¥varyl and 299 |s hydr ogen, 10 hydrocarbyl, substituted

hydrocar byl , oryhebgf q@r gll eny OoCQz10 or
- 0C00z1010 V\/ner ein zid is h kgeﬁﬁgygglﬁ)%g%gléub ttut eg’yhydr ocar byl ,

or hetero%ﬁ‘??thﬁ‘éltﬂolwdi-@cﬁyéb’ gefr 9&?@@3#‘!594:, substi t ut ed

hydrocarbyl, orxheater-ggryl -oth,! nsa preiqqrxed ggbogb;}e t he taxane has
t he forrruIaODO.O Ho O H'ph. ACD ( A) wher ei Plgls é sai d
P EPCHEDRhY

acyl conprisi ngattS dRETFTRe PYIHIHT YrSt i

nitragen, baygevaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative;
X, is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, or sulfhydryl protecting group;
15 X; is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;
X, is an amino protecting group;
X, is hydrocarbyl, substituted hydrocarbyl, or
heteroaryl;
20 X;; is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, -0X,,, or -NX,X.; |
X,s is hydrogen, hydrocarbyl, substituted
hydrocarbyl, or heteroaryl.
In one embodiment of the present invention, the
25 substituents of the taxane (other than the C(7), C(10)
and C(13) substituents) correspond to the substituents
present on baccatin III or 10-DAB. That is, R,, is
hydrogen, R, is keto, R, is acetoxy, R, is benzoyloxy, and
R, is hydroxy. 1In other embodiments, the taxane has a
30 structure which differs from that of taxol or Taxotere®
with respect to the C(13) side chain and at least one
other substituent. For example, R,, may be hydroxy; R,
may be hydroxy, -0COZ, or -0OCO0Z,, wherein Z, is hydrogen,
hydrocarbyl, substituted hydrocarbyl, or heteroaryl and
35 Z,, is hydrocarbyl, substituted hydrocarbyl, or
heterocaryl; R, may be hydroxy, -0C0Z, or -0C00Z,, wherein



20 or sulfur atom Stated another way, -OP10 is other than acetoxy, More
preferably, P10 is - (C=O. RA, - (C=0) ORB, or -(C=0O NRc wh&rlePRC Iimsls
substi t ut edo@prpamsubsti tuted hydrocarbyl or heteroaryl, sapdrmsssiiyeid tuted
hydrocarbyl comprising at |east two carbon atons; R and Rc are 25

| ndependent|y substituted or unsubstituted hydrocarbyl. Still nore
preferably, RAis substituted or unsubstituted alkyl or aryl, said
unsubstituted al kyl conmprising at |&ast two carbon atom; and R and Rc

are |ndependentll\§Jg substi t ted or unsubstituted alk or ar)i:r 0 4 DEC 2006
WO 99/ 0902 +PET/ UESEPF#516 hYSFORAT RN by h e BERIGHREN Y@frq YAveRT on, the

taxane haheithadaaryiulaendPA) & GRfardthibyHD §ub|sP£It~A§&iO 0 (Il) wherein
P, and P10 d nde I subst.i t.ut or 5un stitute |. Inthis
embodi nent h%'rlﬁocg %& a‘?% PRy PR é’ﬁt i g‘r}’?xyoﬂg/'used
her ei n, theQC@stOi‘seD@QZve where ihs&l,edsi Wydrdgenyahydabicarbydhal | nean
that the desiyd RIQMOydS rfsmef He dallya £9f Nk oyer jany ot her

by- product. Preferably,” the i'T'ed product 1S present’ ifia nolar ratio

of at |easthYBrPIestath WQ‘@WM%S%&U&%@IM re@REbYdbr eopreferably, is
present lnr@trayo'arrylatlro tlayabe h@@%b &% 1Hy@ xg -b@o%yogt betooz,,
by- product . 15 I.n %gltl Ph" hen means pbenzoyl; "™Bn"
means benzyiReTaiR 4eedfs iW@FI‘?}?Fn'" 4 r|?€é‘r¥§’yét hybstitgtedeans” i sopropyl :
"t Bu" and 'Hyddwcamarls, ter thdtidndaryl and Z,, is hydrogen,
10 hydrocarbyl, substituted hydrocarbyl, or hetercaryl, and
R,, may be hydrogen, hydroxy, -0C0Z,, or -0OCOO0Z,,,, wherein
Z,, is hydrogen, hydrocarbyl, substituted hydrocarbyl, or
heterocaryl and 2Z,,, is hydrogen, hydrocarbyl, substituted
hydrocarbyl, or heterocaryl.
15 In a preferred embodiment, the taxane has the

formula

(IA)

wherein P,, is acyl, said acyl comprising at least three
carbon atoms or two carbon atoms and a nitrogen, oxygen

20 or sulfur atom. Stated another way, -OP,, is other than
acetoxy. More preferably, P,, is -(C=0)R,, -(C=0)OR;, or
- (C=0)NR. wherein R, is substituted or unsubstituted
hydrocarbyl or heteroaryl, said unsubstituted hydrocarbyl
comprising at least two carbon atoms; R; and R, are

25 independently substituted or unsubstituted hydrocarbyl.
Still more preferably, R, is substituted or unsubstituted
alkyl or aryl, said unsubstituted alkyl comprising at
least two carbon atoms; and Ry and R, are independently
substituted or unsubstituted alkyl or aryl.



"Ac" means acetyl; "TES" neans triethylsilyl; "TMS' means trinethylsilyl;
"TBS" neans Melt-BuSi-; "CDI" means 20 carbonyl diim dazol ef 4" DBQMpgggreans
benzyloxynethyld "DBU' neans di azabi cycl oundecane; " DVAP" g&ﬁgﬁ 17016
p-dinethfWQﬁPH%zlpyridine; "LHVDS' or "Li HVDS' means lithi8 8/
hexanet hyl di si | azi de; "DMF" neans di net hyl formam de; 1110- DAB" mneans

10- desacetyl baccatin I'l1; "Cbz" means 25 benzyl oxycarbonyl; "All oc" neans
al I yl oxycarbonyl ; "THF" neans tetrabydrofuran; "BOC' neans
benzyl oxycar bonyl ; "PNB" means para-nitrobenzyl; "Troc" neans 2,2, 2-

trichl or oet hoxylmardooyher "é&nt¥dimeransfethyl iavehatien, 1theDEExARRE WO
99/0902{}%;@[@%@/%% 1533 "THF" neans tetrahydrofuran; "protected

hydr oxyl " ‘means - erein Pis a hydroxyl protecting group; and
"hydroxyl protecting group” includes, but is not l[imted to, acetals
having two to ten carbons, ketals hayjng two 5 to ten carbons, and ethers,
such as nethyl, t-butyl, b ot hoxybenzyl , p-nitrobenzyl, allyl,
trityl, rmethoxymethyl, nmeth yrpt byl , et hoxyethyl, nethoxy propyl,
t et rahydropyranyl, tetrahyd ayl/; and trialkylsilyl ethers such as
trinmethylsilyl ether, 10 tri athy her, dinethylarylsilyl ether,
triisopropylsilyl ether and t-©Outy ylsilyl ether; esters such

as. benzoyl, acetyl, phenylacé?&l gfﬁl nono-, di-, and trihal oacetyl
such as chl oroacetyl, dichlPo cefcd Mtioi chl oroacetyl, trifluoroacetyl;
and 15 carbonates including but'got limted teralkyl carbonates having
fromone to six carbon atons such as nethyl, “ethyl, n-propyl, isopropyl,

n-butyl, tgbityln bSOMH B, aAN0i HaPEBhiLnt B ky¥hbsat bapatiesrhavi ng from one
to six carbon atons and substituted wth one or nore haéo en 20 atons such
as 2, 252- tyRewPeF bRy ABY hyl ARdtR3S2eBPPRIRARGr o0&y N3P Bk BAT
car bonat esphagéagblyoaitderehe.si X carbon atons such as vinyl and allyl;
cycl oal kyl carbonates having fromthree to six carbon atons such as
Definitions
As used herein, the terms "selective" and "selective
derivatization" shall mean that the desired product is
10 preferentially formed over any other by-product.
Preferably, the desired product is present in a molar
ratio of at least 9:1 relative to any other by-product
and, more preferably, is present in a molar ratio of at
least 20:1 relative to any other by-product.
15 In addition, "Ph" means phenyl; "Bz" means benzoyl;
"Bn" means benzyl; "Me" means methyl; "Et" means ethyl;
"iPr" means isopropyl; "tBu" and "t-Bu" means tert-butyl;
"Ac" means acetyl; "TES" means triethylsilyl; "TMS" means
trimethylsilyl; "TBS" means Me,t-BuSi-; "CDI" means
20 carbonyl diimidazole; "BOM" means benzyloxymethyl; "DBU"
means diazabicycloundecane; "DMAP" means p-dimethylamino
pyridine; "LHMDS" or "LiHMDS" means lithium
hexamethyldisilazide; "DMF" means dimethylformamide;
"10-DAB" means 10-desacetylbaccatin III; "Cbz" means
25 benzyloxycarbonyl; "Alloc" means allyloxycarbonyl; "THF"
means tetrahydrofuran; "BOC" means benzyloxycarbonyl;
"PNB" means para-nitrobenzyl; "Troc" means 2,2,2-

trichloroethoxycarbonyl; "EtOAc" means ethyl acetate;



cycl opropyl, cyclobutyl, cyclopentyl and cycl ohexyl; and 25 phenyl or

. benzyl carbonates optionally substituted on the ring with ome, DEC r?806e C] 6
al koxy, orwo dofee21Qt her hydroxyl protecting groups nmay be f k016
"Protective Goups in Organic Synthesis”™ by T. W G eene, John ey and
Sons, 1981, and Second Edition, 1991. 30 The "hydrocarbon" and
"hydrocarbyl"” noieties described herein are organic conpounds or radicals
consi sting exclusively of the el ement3 carbon and hydrogen. These nvieties
include al kyl, alkenyl, —alkynyl, and aryl noieties. These noieties also

i ncl ude 35 aFﬁ@l,m%?R%nQFFrQKVQHQﬁPraﬁd-épypt#§W@ﬁi@ydmﬂxMMWtMGahS)14 DEC
2006 WO 99#@90Qﬁef§ﬂﬁLP598/$7Q§@ro§9l“?EBt%EQ%%ga@ﬂ@%?ﬂ fy cyclic
hydrocarbylngrﬁugs, and _include al karyl, al kenaryl” and ‘al kKynaryl .
Preferably, “YAERRY hoP EPFEStEBHpPToRP]” ihcgdes boHtalenEOtTHAMItEA gr oups
descri bed heoei acerzlprbéeingl ywoStboven abkPoneQnkaitilRg HavARLORd O Si X
carbon ato i t L Qci In_and up to 20, carbon atong. They may

be stré?gh??obggﬁcﬁgﬁgéﬁgfnggb %gg F%’aﬁacﬁnéﬁu gtﬁgghny%u§V |, propyl,

i sopropyl, Bemgyl, hexyethayybanziilkep-nihepbrayyde sdbstli,t wtredwi,t h

al i phatic e €NSkifedsly fty dhocRbRyL:hadlfiakay, T, koA A0S Higse! | bed
herein are preferabl | oner al kenyl c nta|X|ng Frq two’td si X carbon
atons in t EOBYinc?%%¥aEH§FﬂpéﬁﬂnﬁbftBeEGaéaﬂﬁéﬁhaP§N§§nYﬂeyamdy be

Etraigrt ortbianmhbﬁﬁr%nietneasi@ﬁbudasetE@a&khyléimyQE%@mbg,isoprogenylh
ut eny:. I sobut en . hexen and. t | ke. They may be substituted wt
al i phat] c 0$91%€%¥|%12§%r%%%?5ylg?ﬂﬁ?ﬁ&#@?y%ﬁéqaﬁkﬁﬁéﬁrgroups descri bed
herein are preisopidyylsdlet etkhgnyandontbriniyidimeahy el lyQ 2ithegar bon
atons in 290 h ACT pal L pyan o] n ong. _They may be
straight or %%%ﬁ%ﬁ%ﬁﬂgﬁﬁgnbgﬁgb?%e|%ﬁ§9¥§hy§§F§9%?§8§§§r?§SﬁFvﬁy|,

i sobut ynyl ,m"PRKynydi- anr¢herihgeoacetyl such as chloroacetyl,

dichloroacetyl, trichloroacetyl, trifluorocacetyl; and

15 carbonates including but not limited to alkyl carbonates
having from one to six carbon atoms such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl; isobutyl,
and n-pentyl; alkyl carbonates having from one to six
carbon atoms and substituted with one or more halogen

20 atoms such as 2,2,2-trichloroethoxymethyl and
2,2,2-trichloroethyl; alkenyl carbonates having from two
to six carbon atoms such as vinyl and allyl; cycloalkyl
carbonates having from three to six carbon atoms such as
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; and

25 phenyl or benzyl carbonates optionally substituted on the
ring with one or more C,  alkoxy, or nitro. Other
hydroxyl protecting groups may be found in "Protective
Groups in Organic Synthesis" by T. W. Greene, John Wiley
and Sons, 1981, and Second Edition, 1991.

30 The "hydrocarbon" and "hydrocarbyl" moieties
described herein are organic compounds or radicals
consisting exclusively of the elements carbon and
hydrogen. These moieties include alkyl, alkenyl,
alkynyl, and aryl moieties. These moieties also include

35 alkyl, alkenyl, alkynyl, and aryl moieties substituted



They may be substituted with aliphatic or cyclic hydrocarhbyl r&%igﬁgs. 25
., The aryl noieties described herein contain from6 to 20 car Bdn and

i ncl ude ph¥aAy$0%0They nay be hydrocarbyl substituted with tRETASPS AR
substituents defined herein. Phenyl is the nore preferred aryl. The

het eroaryl nvieties described are heterocyclic 30 conpounds or radicals
whi ch are anal ogous to aromatic conpounds or. radicals and which contain a
total of 5 to 20 atons, usually 5 o 46 ring atons, and at | east one atom

ot her than _gan : ryl . thienyl, ridyl nd_the like., The
het er oar yl “Fr%g’"l}gﬁl gsﬁm%})g%hgs%{]béslt?]f u‘f}é%lfgg Wgﬂo%%ﬁ?%gagﬁ?’f?s’ and
het er osubstincjss Ridearont byt lkgnahel eand aa braymany i ni Age§ebgblyuents with

the het er o+ He nfdid ks 2006 r VMQ 99/09024 BCTLLISI8( 44016 35 being
selected fromt hgﬁgr@t}&cony sting of nitrogen, oxygen, silicon,

phosphor ous, bork JrgTHRE ohtRed Heerdn suibet PYRERTaPIYcl ude

hydr oxy, | Qwasier allkoxly coredniasi gt feon, ofé hoXysiDut@xyon hat e@geniguch as 5
chloro or f|hlé0

FUryl o t L R b U0, FBx30 FHITES SRPHS: aPiF%nPas. The
substi t ut edenydredgtlyl burrethess clesin i bedeydkiei andr endyddecasblyy1moi et i es
hydrogen. LRalGdi 4G Bt I SR rO A Bh Do et Rt Bt 85 0bst  tut ed
with a het &@Yaimey R Hulkshitytrewivxygbhphati¢ieoncyphdsphor ous, boron,
sul funr,p or W didlegasyBtedaicaihese substituents include hydroxy; |ower
?:koxy_such aS-Ting§b§g¥ . etho&g, butgﬁ%; hal ogen such gs ghloro or
uoro; ethers; t : VP2 AT Lhed hear it TerPrakeraPyy or
thienyl; allkaroxylkeowl cmdaxyingifron tedine;sindcanbdn. adbesagy!
Cobet | tot agthd ey JLS e A5 LEPEE c2EbAET SEEnSON ROy ML O02r DT
be straight or branched chain and include ethenyl,
15 propenyl, isopropenyl, butenyl, isobutenyl, hexenyl, and
the like. They may be substituted with aliphatic or
cyclic hydrocarbyl radicals.
The alkynyl groups described herein are preferably
lower alkynyl containing from two to six carbon atoms in
20 the principal chain and up to 20 carbon atoms. They may
be straight or branched chain and include ethynyl,
propynyl, butynyl, isobutynyl, hexynyl, and the like.
They may be substituted with aliphatic or cyclic
hydrocarbyl radicals.
25 The aryl moieties described herein contain from 6 to
20 carbon atoms and include phenyl. They may be
hydrocarbyl substituted with the various substituents
defined herein. Phenyl is the more preferred aryl.
The heteroaryl moieties described are heterocyclic
30 compounds or radicals which are analogous to aromatic
compounds or radicals and which contain a total of 5 to
20 atoms, usually 5 or 6 ring atoms, and at least one
atom other than carbon, such as furyl, thienyl, pyridyl
and the like. The heterocaryl moieties may be substituted
35 with hydrocarbyl, heterosubstituted hydrocarbyl or
hetero-atom containing substituents with the hetero-atoms



heteroaryl noieties. In general, they have the fornul as -C(O%IG anz%
-0C(O G respectively, wherein Gis substituted or unsubst i% 4,PEE 2006

hydr ocar bWo,99189@d ocar byl oxy, hydrocar byl ani no, hydr ocar by |RCATUS9#7016
heteroaryl. 25 The ketal noieties described herein have the general
formula OX31 X34 - C -0x32 30 X33 wherein X31, X32, X33 and X34 are

| ndependent|ly hydrocarbyl, substit d hydrocarbyl or heteroaryl noieties.
They may be optionally substituted th the various substituents 35

defined h | I jeties _ar r r-ahl. i :}nge% or
unsubst i tﬁl?g%ﬁ]%l %%F(%FESI ﬁ(g%{nl Fh§n8§r?§£ C%fﬁl(rasé%grlagl %lfgﬁ-{)ls% i tuted or
unsubst i t UPEYIEBWeF 1L EFONE) POOSPDECORG06 Pomorg9suddRY . PERAISI8/ 17016 36

al kyl . Thegg1kgéak . noirgkkes sadditbaBaltlsy iR uBRC BYRBSXy ;S UGWeyr OF
substi tuted, sugars and i ncl uge ket al noieties x%eﬁlare from sugars or
subst i t ut eﬂl§‘a’g¥1r§u§ cASaReGRAESs e SERPRKI R ORie Rt 98K™HIS %tsy i s

i ncor per at edloboi 6tofaubarvanethbrkhe apreasaid; kevents ;oresasexs ;C(7) hydr oxy
protecting, group, then either X31.or X32 represents the taxane noiety. The
acet al noi%?{%‘ég%&?nsﬁé R&r EPAYRaPE tstﬁ’@'e g&neragp‘afn(?rxr?ﬁlaa g’OXBl

H G 0X32 X8Gyléxyhensktmox3amink32aadd axg3icar e i ndependent!|y hydrocarbyl,
substituted hydragaphuk. ot ehergaylc /il ifSecliey dBc it optional Ty

substituted with the various substituent fi ned herern other_than
hydroxyl . IreeedRetsiP hyPEPrasbydr Bogesiasayihi upae SREF Gt@subst i t ut ed
al kyl19r 2Qighkgpyheaghdoner arprebehai¥ P aripdnehirl HinEteRsedn t ut ed

including moieties in which a carbon chain atom is
substituted with a hetero atom such as nitrogen, oxygen,
silicon, phosphorous, boron, sulfur, or a halogen atom.
These substituents include hydroxy; lower alkoxy such as
15 methoxy, ethoxy, butoxy; halogen such as chloro or
fluoro; ethers; acetals; ketals; esters; heteroaryl such
as furyl or thienyl; alkanoxy; acyl; acyloxy; nitro;
amino; and amido.
The acyl moieties and the acyloxy moieties described
20 herein contain hydrocarbyl, substituted hydrocarbyl or
heteroaryl moieties. In general, they have the formulas
-C(0)G and -0C(0)G, respectively, wherein G is
substituted or unsubstituted hydrocarbyl, hydrocarbyloxy,
hydrocarbylamino, hydrocarbylthio or heteroaryl.

25 The ketal moieties described herein have the general
formula
ox3l
X34 - Cl__ox32
30 |
x33

wherein X, x3*2, X* and x* are independently hydrocarbyl,
substituted hydrocarbyl or heterocaryl moieties. They may
be optionally substituted with the various substituents
35 defined herein. The ketal moieties are preferably
substituted or unsubstituted alkyl or alkenyl, and more
preferably substituted or unsubstituted lower (C,-C,)



| ower (C1-C6) alkyl. These acetal noieties additionally may enconpass

. sugars or substitut eg sugars and ihncl udfa acet al dm)i Fti es pr@@&g@dzj)gon]
sugars or byt ed sugars such as glucose and xyl ose. V\Qte[r}” ta

noi ety ZSﬂﬁﬂ%ypor ated into a taxane of the present inven |o$1§ggz&l§a C(7)
hydr oxy protecting group, then either X31 or X32 represents the taxane

noi ety. The term "taxane" as used herein, denotes conpounds containing the
A, B and Crings (with nunbering of Bee 30 ring positions shown herein): e
13:A1S,.< 8 7. 14 C 04 DEC 2006 WD 99/09021 PCTI US98/ 17016 37 The

fol |l owi ng atkipl-es Thasestkesnd tnwsldtiemtadsiit i dbaliy endy AenSeimads ve

acyl ation gligarS(HP dupd I : - kO B 1 | Ut Jd of

10- DAB (30 xS e m%f&gatiegf TH 7r151(r]raj_ Anchidt tke‘?r%aeﬁa“t?oalréeglv\% added

di benzyl p?ggg’élrﬁélnd"trém( $HFARF OF SURDILCUER@HIZTINEGh 8. The reaction
m xture waglatosecdnal xylodet.enMigieat W et mhdty HOANdADIRAcd@s added,

and the solutio S uickly filtered through a short colu of silica
gel . 1 ThLeL%sslol ?‘c\a{l‘%écealn%mﬁg \ﬁ%’f’né’(f%ﬁetrﬁ BRI 31)2 Qhid (HETH uti on
was concenpratedtimdegroegucathepr esittreer XFheor reéi dapressnpsr theed by fl ash
col um chr r ing EtOAc: hexanes (1:1) as the eluent and dried

i n vacuo g\%%gllg' ﬁ{&f]_%ég gi ve 10-cbz-10-DAB as a colorless solid: 15 yield,
37 nmg (980) . nPRRORCEIRICMIigtYes GRqTHOER herein kve ;thed NVR (400 MHz,
CDCl13) 6 1lgdie$al3 fidrmMal7), 1.13(s, 3 H, Me1l6), 1.58(s, 1 H 1-OH),
1.71(s, 3 ﬁ, Me19), 1.89(ddd, J = 14.7, 10.9, 2.3 Hz, 1 H Héb), 2.00(d,
J = 518 Hz, 1 H 13-0H), 2.08(d, P%¥X° 1.0, 3 H 20 Me18), 2.28(s, 3 H,

4- Ac 2.30(m 2 H, Hlda, H1l4b) - ([Z.O%g(d, J =4.1 H, 1 H 7-OH), 2.58(ddd,
\] -|—

T

)
14.7, 9.6,
X33

is wherein X*, X and X** are independently hydrocarbyl,
substituted hydrocarbyl or heteroaryl moieties. They may
be optionally substituted with the various substituents
defined herein other than hydroxyl. The acetal moieties
are preferably substituted or unsubstituted alkyl or

20 alkenyl, and more preferably substituted or unsubstituted
lower (C,-C¢) alkyl. These acetal moieties additionally
may encompass sugars or substituted sugars and include
acetal moieties prepared from sugars or substituted
sugars such as glucose and xylose. When an acetal moiety

25 is incorporated into a taxane of the present invention as
a C(7) hydroxy protecting group, then either X3! or X3?
represents the taxane moiety.

The term "taxane" as used herein, denotes compounds

containing the A, B and C rings (with numbering of the

30 ring positions shown herein):




6.6 Hz, 1 H Hea), 3.88(d, J =6.9 Hz, 1 H H3), 4.19(d, J §,8 1 H,
. ), 4.3 =86 H, 1H HO0a), 4 .44 (ddd, J = 10, %%ﬁﬁl He,
1 R H7, %333’(’;02 1 H, 25 H13), 4.98(dd, J = 9.6, 2.3 Hz, 1SCH,T@I§I5)”, 5. 23(d,
J= 12,1, 1 H CHH OC(0)), 5.26(d, J = 12.1, 1 H, CHH OX(0)). 5.65(d, J =
6.9 Hz, 1 H M), 6.19(s, 1 H HI0), 7.35-7.44(m 5 H PhCH20), 7.48(dd, J
8.1, 7.6 Hz, 2 H  benzoate, m, 7380(tt, J =7.6, 1.0 Hz, 1 H benzoate

30 p), 8.11(d, J =8.1, 1.0 Hz, 2 H benzoate, 0) ppm 13C NWR (75 Mz,
CDC13) 6 9.1 (I\/bT}(elg;C)llO‘KSHQ @mmh_@s)llluagraga Neg, 1ppeBtios. 7( Mel6,
Mel7), 35.5(C(6)), 38.6(C(14)), 42.5(C(15)), 46.1(C(3)), 58.7(C(8)),
67.9(C(13)), 70.5(0OCH2Ph), 72.2, 75.0, 76.5(C(7), C(2), 35 C(20)), 79.0,
79.1 (C(1), C(10)), 80.9(C(4)), g#amR¥%)3, 9 4 DEC 2006 WD 99/ 09021
PCTI US98/ 17016 sefedBvé, adgBaBiod 28t 7a 48008, hidioRyl 1808p©CH2Ph,

benzoate), 135. 5(CL12 55.6 0 1 4(benzoat e),

171. 0( 4- Ac), 20455%3%;5‘}% Anz% 4) % 43 O% iﬁ AV, ?%QH‘%%' C, 64.62:

H 6.36G Foun@ss Gmolk) 6idn3BHFH(16mBIL. aﬁOrmmotempemalré'owasseﬂdedon of
10- DAB (30 4m, j E at ro e r dded
diallyl pyrocar%%yaggy%ggéiﬁéﬂaggi £}On$%40£eiuﬁ@§iungg Q&H%©)¥ﬁ§d?eactlon
m xture wadNst i Mhed reaatosn tiffarss weas ﬁﬁlfltﬁedl@th roRIC ERRPSAI SUTAdi cat ed

the presencg,pfofhe  desbred ﬂboﬂﬂptwé‘éoﬂgd%t haﬂareﬁstgdlat%hnqagaterl al .
Et OAc (20 nmL) . mas added, and the solution was quick eN:].Itered t hrough a

short col urfbFkLY ekt geed ?ﬂﬁougpl?cﬁhaEF 78 “mﬁsﬂ dSWtR2EBBAC (100 ni),
and the 15 SH&U§iIHbdw§eEOQQQHWE§h€d wibr Eeshdu¢ivasmplri &hddthy flash

col um chrona%%gr%pﬁ%au3|n gﬁctehexa es %ég&LegsprEP guen& nd dried
I'Ve

in vacuo to°9® nig as a“co ess solid: yield,
23 ny (670,re@ﬁ@@euwaﬁepcomﬁeﬁdubm 61a§b0¢olmma ﬂbcemetearaethBSlggzo ny

(30% . l0'@&&&8?1&5£¥§%s”¥129;'293tﬁé EQMLEQ aféd Q§t€é3ln vacuo
overnight to give 10-cbz-10-DAB as a colorless solid:

15 vield, 37 mg (98%). mp 205-206 °C; [o]g -63° (CHCl,, c =
0.41); H NMR (400 MHz, CDCl,) &6 1.11(s, 3 H, Mel?7),
1.13(s, 3 H, Mel6), 1.58(s, 1 H, 1-OH), 1.71(s, 3 H,
Mel9), 1.89{(ddd, J = 14.7, 10.9, 2.3 Hz, 1 H, Héb),
2.00(d, J = 5.1 Hz, 1 H, 13-0OH), 2.08(d, J = 1.0, 3 H,

20 Me18), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hl4a, Hl4Db),
2.43(d, J = 4.1 Hz, 1 H, 7-OH), 2.58(ddd, J = 14.7, 9.6,
6.6 Hz, 1 H, He6a), 3.88(d, J = 6.9 Hz, 1 H, H3), 4.19(d4d,
J = 8.6 Hz, 1 H, H20b), 4.31(d4, J = 8.6 Hz, 1 H, H20a),
4.44(ddd, J = 10.9, 6.6, 4.1 Hz, 1 H, H7), 4.89(m, 1 H,

25 H13), 4.98{(dd, J = 9.6, 2.3 Hz, 1 H, H5), 5.23(d4, J =
12.1, 1 H, CHH'OC(O)), 5.26{(d, J = 12.1, 1 H, CHH'OC(0)),
5.65(d, J = 6.9 Hz, 1 H, H2), 6.19(s, 1 H, H1lO0),
7.35-7.44(m, 5 H, PhCH,0), 7.48(dd, J = 8.1, 7.6 Hz, 2 H,
benzoate, m), 7.60(tt, J = 7.6, 1.0 Hz, 1 H, benzoate,

30 p) ., 8.11(6, J = 8.1, 1.0 Hz, 2 H, benzoate, o) ppm. 3C
NMR (75 MHz, CDCl,) 6 9.1(Me(19)), 15.3(Me(18)),
20.7(4-Ac), 22.3, 26.7{(Mel6, Mel7), 35.5(C(6))},
38.6(C(14)), 42.5(C(15)), 46.1(C(3)), 58.7(C(8)),
67.9(C(13)), 70.5(0OCH,Ph), 72.2, 75.0, 76.5(C(7), C(2),

35 c(20)), 79.0, 79.1 (C(1), C(10)), 80.9(C(4)), 84.5(C(5)),



c =0.53); 1H NMR (400 MHz, CDC13) 6 1.11(s, 3 H Me17), 1. %EC 20061

1.
Mel6), 1. H 1-OH), 1.69(s, 3 H  Me19), 1.87(ddd, J 7
T 2.1 ?—Iz 16‘%%@8%2)1, 2.05(d, J =5.1 Hz, 1 H 13-0H), 2. 08(cFCTjUS98/J!7‘§6 3 H,

18), 2.28(s, 3 H, 4-Ac), 2.29(m 2 H, Hlda, Hlab), 2.47(d, J = 4.2
ﬁz”? H? 7-O-|),( 2. 57(ddd, J): 14.7, 9.6, 6.7 Hz, 1 H Hea), 3. 86(d, J =
7.0 Hz, 1 H H3), 4.16(d, J = 8.4 Mg 1 H, H0b), 4.31(d, J = 8.4 Hz, 1 H,
H20a), 4.44(ddd J = 11.0, 6.7, 4.2 Hz, 1 H, H7). 4.70(br d, J = 30 5.9
Hz, 2 H, =oHCH8) 8,4160¢hy 138, 3H1331.4,9204d,8 (bcw, P8, 6, 2.1 He, 1 H,2
H5) 5 32(Hdnzda€e10 435112c|ﬂ41 i, H’l4ﬂ§§ﬂ?§%20%%;§4ég?@jd =17.2, 1.

CH2 O 6365-1 5 d Oy = 172,
10’4 5. 9%@7 %Hﬁﬁ E:%%ﬁ CEOMCLBe) O (6-26(0s, 204H7 (A1) ) PE86 7M8Qdd, J = 8. 1.

l¢@nfzoat €;, - A0 & s dECH0QE 390 0
IZC?'/ UZS§8/21§Z)1¢§é 3§at76 ;{L{D Hz)fm{l H, c:befzoate p), 813 11(d, ’539:2% 1, 1.2 Hz,
2 H, benzoate, 0) ppm J_FSC NWVR (75 MHz, CDCl13) 6 9.1 (Me (19)) , 15.3 (M
(18)) , 20.7(4-Ac), 22.3, 26.7 (MelG Mel7), 35.5(C(6)), 38 6(C(14)),

. 69.3 (
‘éi'zi&i(aﬂ?gé 461‘1(@%25’)“6”?”’?‘5 f Catgibickon 8F Tobnfe’ (oimg) )
C( 10)) R@ed) ipyTH c(S)msa at1go6m( CERPEHEEROE wak28d8edl29. 7,

VA, N 25 ) 7.5(C 12) ),
%gg ?1(0%:? 3dﬁoE;](]b‘?e;? 4(?\_??2%1{3%& 5%3%7{‘:6\1“ Cébll Acwtgofg( Z]%L}g’ }"néﬁﬁn BAnaI
Caled for EaaidBe1 5ot Yok it iy & zazomtempemm&e N
Sel ectf ve &wyl4 iton oTLG ﬁi(anyshgdiﬁayl:agéauﬂhgs?ﬁgsﬁée%gﬁt?ﬂgfa'; Iogm :
;rgrrge?glt 3?%%/\&&%%31;%%& 199 ?ha’éEFFi‘cE\ﬁﬂyﬁF?’d’én%thﬁ{}aénd ZnC12/

THE sol utBtpq ol 3P I\V[‘L)72‘€>a$r1_ad@e®68and'otheZSeuntJl&munder gb2ck1ghe reaction

M XL Ur e RS 1Y U BB 99T [ RBEE ALY Gnf OB 4 fis cINGD; L e fgact ion m xture

Et OAc
was di | uted V“ég]gel was washed with EtOAc (100 mL), and the

15 solution was concentrated. The residue was purified by
flash column chromatography using EtOAc: hexanes (1:1) as
the eluent and dried in vacuo to overnight to give
10-alloc-10-DAB as a colorless solid: yield, 23 mg (67%,
95% at the conversion of 70%). The recovered 10-DAB, 9

20 mg (30%). 10-alloc-10-DAB: mp 201-203 °C; [aly, -81° (CHC1,,
c =0.53); 'H NMR (400 MHz, CDCl,) & 1.11(s, 3 H, Mel7),
1.12(s, 3 H, Mel6), 1.60(s, 1 H, 1-OH), 1.69(s, 3 H,
MelS), 1.87(ddd, J = i4.7, 11.0, 2.1 Hz, 1 H, Héb) ,
2.05(d, 3 = 5.1 Hz, 1 H, 13-OH), 2.08(d, J = 1.2, 3 H,

25 Mel8), 2.28(s, 3 H, 4-Ac), 2.29(m, 2 H, Hl4a, H1l4b),

2.47(d, J = 4.2 Hz, 1 H, 7-0OH), 2.57(ddd, J = 14.7, 9.6,

6.7 Hz, 1 H, Heéa), 3.86(d, J = 7.0 Hz, 1 H, H3), 4.16(4d,

J = 8.4 Hz, 1 H, H20b), 4.31(d, J = 8.4 Hz, 1 H, H20a),

4.4§(ddd, J =11.0, 6.7, 4.2 Hz, 1 H, H7), 4.70(br 4, J =

5.9 Hz, 2 H, CHH'=CHCH),0), 4.90(m, 1 H, H13), 4.97(d4, J =

S

30
.6, 2.1 Hz, 1 H, H5), 5.32(dd, J = 10.4, 1.2 Hz, 1 H,
CHH'=CHCH,0), 5.42(dd, J = 17.2, 1.2 Hz, 1 H,
CHH’=CHCH,0), 5.63(d, J = 7.0 Hz, 1 H, H2), 5.98(ddt, J =

17.2, 10.4, 5.9 Hz, 1 H, CHH' =CHCH,0), 6.16(s, 1 H, H10),
35 7.48(dd, J = 8.1, 7.5 Hz, 2 H, benzoate, m), 7.60(tt, J =



20 (100 L), washed with saturated aqueous NaHCO3 sol ution 40 m_)rém%
. brine. The organic |ayer was dried over Na2S0s, concentrate educed
pressure. whhe,dogs due was purified by flash colum chrorratmgmmbmmsl ng

Et OAc: hexanes (1:1) as the eluent and dried in vacuo to give 25 baccatin
1l as a colorless solid: yield, 100 ng (930). np 237-238 C dec (ref
236- 238 Cdec) ; [a] HO -63 (CH3OH, ¢ = 0.45) (ref [a], -54, CH3OH)
NN§E4OO MHz, CDC13) 6 1.11(s, 6 H39we16, Me17), 1.61(s, 1 H 1- C]—I)
1.67(s, 3 H Mel19), 1. 87 ddd, J = 14.7, 10.9, , 1 H _Hep
2.05(d, J %-8:81mz HE/pl éﬂ;lzozt%(? '38H11n9é18)~’ B34 - 23)*14 10- Ac),
2 28(s 3 B H4- Aehzoar_ao(m Bphl; idl4avr HEAOMHZ,. 4dHcal,)J 6= 4.2 Hz, 1 H

9, 2S00 o}, oyl g g B0, 90 Tkl 1

4 47(ddd Be:710. 95.6.(Z.(64)2 BiB,. 61CH14hT), 42 .5 (OEC 51106 46A0 GDIDY021

PCT/ USQ8/ 1ZQ1 9 13 4. 9%dd, 2 1 1 H H5

5. 63(dg zg §(C4@ ? %mg(é 23%,5‘ bs %‘A %‘%’&Hé‘ﬂ’?(ﬁ? ) J§g7°8 7.8 Lz

2 H, benzoaﬁe5(§)(7)7 Qi@éid CJZQ‘)’)S 78.80, A2 HberzGRe, p), 8.11(d, J =

7.4 Hz, 2 Hp. b‘i‘@thé)ﬂ)'? 82. @) cRBM) , 13.@9NMRCﬁ-I]§Q@HMT¥O ) CDCGI8)s 6 2o 47(Me (19))

gy bl 2RO 97D o s, 7 o

., 15.6(Me 18) %89%4% 10- AC
38. 6( C( 14) 7(1 Fenﬁé’ai(%( 3)1)31 438
76.2, 76. 4(1@( z) (1C02),, 16618)(0CTMAW)),, 189..4((EBEehqatd. 9(0(4)) 84.5(C(5)),

10,1850 128, &l 203 MEhNIRte) . A O )oor KL 2621B)

10- Chl or oaéét. ¢b-; 16k DAB41T0F92u®dI utd, o 20f7 70 HDAB - 481116 ngy, 0.21 mmol) in THE
(3 nL) at roomterrperature was 15 added a mi xture of chloroacetic
anhydri de .8 g, 16.3 mmol, 78 equiv) and ZnC12/ THE solution (0.5 M 0.85

nm., 0.42 I Seéeécﬁw\?) a\?V&aleﬁ‘rlC’rfg@ FideY Rdrmied SRR EEIR%t ure was
stirred at roo erature for 5 h. The

: 1H

baccatin III. To a solution of 10-DAB (100 mg,

15 0.184 mmol) in THF (6 mL) at room temperature was added a
mixture of acetic anhydride (6.5 mL) and ZnCl,/ THF
solution (0.5 M, 726 mL, 0.368 mmol, 2 equiv) under N,.
The reaction mixture was stirred at room temperature for
4 h. Then the reaction mixture was diluted with EtOAc

20 (100 mL), washed with saturated agueous NaHCO,; solution
(40 mLx3), brine. The organic layer was dried over
Na,SO,, concentrated under reduced pressure. The residue
was purified by flash column chromatography using EtOAc:
hexanes (1:1) as the eluent and dried in vacuo to give

25 baccatin III as a colorless solid: yield, 100 mg (93%).
mp 237-238 °C dec (ref 236-238 °C dec); [al, -63° (CH,0H, c
= 0.45) (ref [o), -54°, CH,0H); *H NMR (400 MHz, CDC1l,) &
1.11(s, 6 H, Melé, Mel7), 1.61(s, 1 H, 1-OH), 1.67(s, 3
H, Mel9), 1.87(ddd, J = 14.7, 10.9, 2.1 Hz, 1 H, Héb),

30 2.05(d, J = 3.8 Hz, 1 H, 13-OH), 2.05(s, 3 H, Mel8),
2.24(s, 3 H, 10-Ac), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H,
Hl4a, H14b), 2.47(d, J = 4.2 Hz, 1 H, 7-0OH), 2.57(dd4, J
= 14.7, 9.4, 6.7 Hz, 1 H, Hé6a), 3.88(d, J = 7.0 Hz, 1 H,
H3), 4.16(d, J = 8.4 Hz, 1 H, H20b), 4.31(d, J = 8.4 Hz,

35 1 H, H20a), 4.47(ddd, J = 10.9, 6.7, 4.2 Hz, 1 H, H7),



reaction mxture was poured into a mxture of EtOAc (200 20 and

. saturated aqueous NaHCO3 solution (100 nL). The organic Ia9

separ at ed, WaA¥0t aqueous | ayer was extracted with Et QAc f@D@BWLWBW The
organi c solution was conbined, dried over Na2SO4, filtered, and
concentrated under reduced pressure. The residue was 25 purlfled by flash
col um chr omat ogr aphy usi ng Et OAc: xanes (1:1) as the eluent and dried
overnight in vacuo to give 10-chl oro-acetyl-10-DAB as a col orl ess solid:

KliveRl ?4032%‘@9((@13‘%1 Hrrm:ﬁ)l(g@%& aia?C J[a] 594065 iEi({QAC:L HC 359 45) , 1H
1.63(s, 1 B 6130@) 31769‘(sHZG hH n)é%’ga 61 %é{sdda Hy Hifih 6’7 ié(éd 2.1 He,
% H,2 ng) J 2 07(sd, 7.8 Ke 2 27y, 1béhzda3ta-l)m)2 096d,4ad, =71=2.83 h.2 Me18),

1 J Ac Hl4a,
H14b§ 2 58 dd?‘ £ 5??“%;“% )3 Ssfelday 5'1 Hé} H6gf %335?%3“3°at? 0 Hz, 1
H H3)5 4. ra(ppmo‘ﬁcmzﬁmao mzsagmgmz)l PCT/4698(19016 41 J = 8.3 Hz, 1

H H2b 7 H, - 1 4. J 3 H2 4. 44( ddd,
¢ =10_)91 _#e(me(sls)z) 2&%%%%&0%& 27. §13 o%M 6! ﬂéiv)97(2

Hz, 1 H, % 6 6 @, 3J84?C©1%>:143+7F951533>416§ liCHﬂHao) 5 7 49( dd,
g = 7. ? 7.8 Fﬂ(,c@)H,, bﬂlz@(ﬂéenm '726:1,(%5 % =76724,74.8(tk 130 NVR (75
enzoat e, en

MHz, 00013)8%”'9%%31(\1@('19‘5 2°)ﬂsf 3’(%/9??% f 26%?%2&?’ 2%4%?565;?%16,
Me17) 1035. 8(2H ), ,138.6( qm); 183 57 Giﬁr&)atéz 668218)F(11D) 46. 2(C(3)),
58. 8(C(8)), . 72,0 9 2 0)),

2670 (o)) P Sl T8 p eyt 15 el 13g A A = -ReED)

133. 9(benzé’dl4e)1(C(12?)l)18{fEX11)) 147.1(C(12)), 167. 4, 167. 7( C1CH2C( O 0,
benzoate), 171.0(4-Ac), 203.7(C(9))ppm Anal. Calcd for 15 C3, H37Cl1011.

H2O C, 58.26; H, 6.15. Found: _C, 58.26; H, 6. 07. 10- PrOplongl-lo DAB. To
a sol ution of 10LGyER %Q§°acetyl -10-DAB.”" TS a solution of

(116 mg, 0.21 mmol) in THF (3 mL) at room temperature was
15 added a mixture of chloroacetic anhydride (2.8 g, 16.3
mmol, 78 equiv) and 2nCl,/ THF solution (0.5 M, 0.85 mi,
0.42 mmol, 2 equiv) via a syringe under N,. The reaction
mixture was stirred at room temperature for 5 h. The
reaction mixture was poured into a mixture of EtOAc (200
20 mL) and saturated aqueous NaHCO; solution (100 mL). The
organic layer was separated, and the agueous layer was
extracted with EtOAc (100 mLx3). The organic solution
was combined, dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was
25 purified by flash column chromatography using EtOAc:
hexanes (1:1) as the eluent and dried overnight in vacuo
to give 10-chloro-acetyl-10-DAB as a colorless solid:
yield, 123 mg (93%). mp 231-233 °C dec; [aly -66° (EtOAc,
c = 0.45); 'H NMR (400 MHz, CDCl,) 6 1.11(s, 3 H, Mel?7),
30 1.12(s, 3 H, Mel6), 1.63(s, 1 H, 1-OH), 1.69(s, 3 H,
Mei1g8), 1.89{(ddd, J = 14.6, 10.9, 2.1 Hz, 1 H, HéDb),
2.07(d, J = 5.2 Hz, 1 H, 13-0OH), 2.09(4, 0 = 1.2, 3 H,
Mel8), 2.12(d, J = 4.5 Hz, 1 H, 7-OH), 2.29(s, 3 H,
4-Ac), 2.30(m, 2 H, Hl4a, H1l4b), 2.58{(ddd, J = 14.6, 9.7,
35 6.7 Hz, 1 H, H6a)( 3.88(d, J = 7.0 Hz, 1 H, H3), 4.16(d,



nmg, 0.086 mml) in THE (2 nL) at roomtenperature was added a m xture of

. propioni ¢ anhydride anhydride (4 n.) 20 and Znd 2/ THE sol ub kdDEC( @06 M 350
mL, . 0. 173wWome/0902A equi v) under N2. The reaction m xture wacTtvsIsreasat
room tenperature for 14 h. Then the reaction mxture was diluted with

Et OAc (150 nli), exhaustively washed with saturated aqueous NaHCO3 sol ution
(50 m.x3), brine. The 25 organic Iayer was dried over Na2SO4, concentrated
under reduced pressure The resi due®has purified by flash col um

chr omat ogr aphy gusii nes ( a i n vacuo
to give 10 pr opi %n?\g‘ B as #&fﬁ'd J]f‘}'f’eld.jf n'g (33%36
212-213 C deé;-33817,a)1 Il-lg Ma()m@,m 6d&d 0.7 8 1,0.19-1 NVRy ( 4005 Nz, CDC13) 6

LA ¢l s, SR (16 G1 PE00 s D ke

4
1-0H) , 1.6
Heb), 2. 05(*& 'J = é BH7 =179, He3- GH)H, H6( F -4 51,8 Hiz HEOH, I\/e18)

.28(s5 3 435%- AQ) = 2.30( 6. o) 5 7.5 s, be?néﬂ:adfémam) HI-ARd 3 (2 51&0' =
DEC 2006 9/ 0%021 Pg( S98/ 17016 42 4.1 H_7- (q, Z]

, FRZORLE NP 9935”% 7Jl—ﬁ 7194?_:?1'%61}}2 3.90
= 6.9 H2 H1 Id,enld@)a,teél kﬁ(diiumJ&%&mRtseve MiZz, 1c1bt:141|2®3) 4, 3}1(30(3 .
4 He, 4 m
H HL3), 95( ﬁgq)lf)z_} 9%1§’d%d‘§“e2”ﬁz)]’ '19*’1-? sré‘ﬁ Ag B?(%% 28y 5@426 1H H),
6.34(s, 1 Mﬁ17m10)35 B UB(EId, Be&= 68(@(147) Y, HA . G—l,%énzdaté atfS) V7. B1(t

J =7.49 1. QeHé(CJB')*) %J‘ez%a(tce(a)ﬁ) ]Glcgcgl M) =78 é_( Hz,
b 3) 6 8 CH3 9 2 |ve 19)),
12%??/?3?18? p3@7<7§54 &%2)22 C3<1°26 83(2207) 063(%)1:7 3% S

3&23 2(0(72))18438 (T((®)24) %L284;% 6(1@(915‘3») 136, 31§ Ci(ﬁ)c)s(%é&&(t%ﬁ))q?;) 9(C(13)),
80. 9(0(4))1%48;(%@))% 17156 é 1%’6.]35,4'%3@38?}555% ve),
132. 3( O( 11ppnzoste) 5(@(7112,)0) 4-1P67. 4(zmemzz)ar 69),) tioh0. RndV4. & YedEor
15  C,,H;;,Cl0,,. H,0: C, 58.26; H, 6.15. Found: C, 58.26; H,
6.07.

1
d,

10-Propionyl-10-DAB. To a solution of 10-DAB (47
'mg, 0.086 mmol) in THF (2 mL) at room temperature was
added a mixture of propionic anhydride anhydride (4 mL)

20 and 2ZnCl,/ THF solution (0.5 M, 350 mL, 0.173 mmol, 2
equiv) under N,. The reaction mixture was stirred at room
temperature for 14 h. Then the reaction mixture was
diluted with EtOAc (150 mL), exhaustively washed with
saturated aqueous NaHCO, solution (50 mLx3), brine. The

25 organic layer was dried over Na,SO,, concentrated under
reduced pressure. The residue was purified by flash
column chromatography using EtOAc: hexanes (1:1) as the
eluent and dried in vacuo to give 10-propionyl-10-DAB as
a white solid: yield, 48 mg (93%). mp 212-213 °C dec;

30 [a]yy -96° (CHC1l,, ¢ = 0.78);'H NMR (400 MHz, CDCl,) &
1.11(s, 6 H, Mel6, Mel?7), 1.24(t, J = 7.6 Hz, 3 H,
CH,CH,), 1.60(s, 1 H, 1-OH), 1.67(s, 3 H, Mel9), 1.87(d4dd,
J = 14.7, 10.9, 2.2 Hz, 1 H, H6b), 2.05(d, J = 5.1 Hz, 1
H, 13-OH), 2.06(d, J = 1.3 Hz, 3 H, Mel8), 2.28(s, 3 H,

35 4-Ac), 2.30(d, J = 7.5 Hz, 2 H, Hl4a, Hl4b), 2.51(d4, JT =



10-C (O O , 204.6 (C(9) ) ppm Anal. Calcd for C32H400119:4 §kC 2608. 99; H,
6. 71. Fou@b odmoo3- 81; H, 6.80. C. Selective acylation of ap&(,%@m%ﬁgroxyl

group using 20 CeCl3: General procedure: To a solution of 10

AB i n THE

(20 mL per nmmol of 10-DAB) under N2 was added CeCl3 and the appropriate

anhydride or pyrocarbonate (armunts specified in Table 1).

The reaction

mxture was stirred 25 at 25 'C andd?onitored by TLC anal ysis. Wen that
anal ysi s indicated conplete reaction (tine specified in Table 1), the
reaction nixtul wds Fdi [T0O8d /i -1 SHOAT and - ndhe® thw e&HGHrks with

saturated agqueqEadsod umsbicarenatge -ﬁq_ié,lt 1101y 'lﬂ'gea)corgalw(jdbl arbonat e
washi ngs 30 were extractegthreetlmes wi t'’h "Bt QAc; the or}a;nlc ayers were
d

conbi ned afd2dHi%ed lover ¥3ddi dmidulidt ¢ -ar§d4t heo & dHanerk

Habor at ed.

The crude pr.odud, was pur Hzgd 1 by, Haash cal we(ddd omtoa@phy.e Furt her

B S et oz BERESSRRY: RO Y SR Y

e iron .

catal yzed acyl &4.,01 &, H3DAB.ERCQ, 20,= Go® Hz,1 0 H, BEB 1 6) 34Pse y I - 1
0.11.5 0178 B fo)” SN L oy s SO M Py 0.1 20 04
5 cycl oproBy|61( 9. £726..5293 1.6 WECHRERZCERH2.0.8) 208 gl ( =€HCH20
(5) 0.11 863 81Et3OH(z5) 200, 330t VeQ)( Dol 133 MR L0s tigwd, (10) 0.7 24
10 CDCl,) & 8.8(CH,CH,), 9.2(Me(19)), 15.2(Me(18)),
20.7(4-Ac), 22.3, 26.8, 27.4(Mel6, Mel7, CH,CH,),
35.5(C(6)), 38.7(C(14)), 42.6(C(15)), 46.1(C(3)),
58.7(C(8)), 67.9(C(13)), 72.3, 75.1, 76.1, 76.5(C(7),
c(2), c(10), C(20)), 79.1(C(1)), B0.9(C(4)), 84.5(C(5)),
15 128.7, 129.7, 130.3, 133.8(benzoate), 132.3(C(11)), |
146.5(C(12)), 167.4 (benzoate), 170.9, 174.9(4-Ac,

10-C(0)0), 204.6(C(9))ppm. Anal. Calcd for CyH,0,: C,

63.99; H, 6.71. Found: C, 63.81; H, 6.80.

C. Selective acylation of a C(10) hydroxyl group using

20 CeCl,:

General procedure: To a solution of 10-DAB

in THF

(20 mL per mmol of 10-DAB) under N, was added CeCl, and

the appropriate anhydride or pyrocarbonate (amounts

specified in Table 1). The reaction mixture was

stirred

25 at 25 'C and monitored by TLC analysis. When that

analysis indicated complete reaction (time specified in

Table 1), the reaction mixture was diluted with EtOAc and

‘washed three times with saturated aqueous sodium

bicarbonate solution. The combined bicarbonate washings

30 were extracted three times with EtOAc, the organic layers

were combined and dried over sodium sulfate, and

the

solvent was evaporated. The crude product was purified

by flash column chromatography. Further purification, if

necessary, was carried out by recrystallization from

35 EtolAc/Hexane.



15 11 BnO (3) 0.7 1 98 10-butyryl-10-DAB. np 145-149 *C [gkprCS
(CHC131 C iy ddiospartH NVR (500 MHz, CDC13) 6 8.13-8.11 (2H, ( H,
" , fodry i

m . 7.51-7.48 (2H, m , 635(1H s) , 5.64 (1H, d, J
d, J 7.7Hz), 4.90 (1H n), 20 4.48 (1H n) , 4.31 (1H d, J 8. 3Hz) ,
(1H, d, J 8.3Hz), 3.91 (1H, d, J 7.0Hz), 2.60-2.42 (4H, n), 2.36-2.26

(2H, M), 2.28 (3H, s), 2.06 (3H, d, 431.0Hz), 1.88 (1H, ddd, J 1.9, 10.9,
13.0Hz) , 1.76 (2H, hex, J 7.4Hz) , 1.68 (3H, s) , 1.12 (6H s) and 1.04
(3H, t,. J 25 7.4Hz): 13C NMR (100MHz, CDC13) b 204.2, 173.9, 170.8,

167.1, 146.2 Ye 13 1 6, 84 9, 79.1, 76.5,
76.0, 75.0, 72]‘13%3 ]1 ZCQCI %@ﬁi%ﬁ%ﬁrlﬁniﬁf%o% 35.6, 30.6,

27.0, 22. 17.“ R r C33H42011:
C, 30 64.148: H, 6.89 Found(n&) 53 675 H 7.01. 14 DEC 2006 99/ 09021
PC?/ US98/ 17016 44 10+d-solb 1erAJ,A31oC,DAga] Hyg -62.4 (CHC131
c=0.075) ;[ 1H NMR (CDC13, 500M) ™ b 8.12 (2H, d, J 7.3Hz), 962 (1H m,

7.51-7. 48 , 1H, d, J
7.9Hz), 4. n?lm—l 5 mP U8 (1H _@da, Jeat. 3T16e7@hr11 9#@1)& . 31 (1H, d, J
8. 6Hz3 .18 (1H, d,me) (80} 6Hz) , 3,91 (1H d, J 7 . 3Hy) , 2. 74 (1H
pent, J 6. Hz), 2.57 (1H, n? 2.51 (1H, " d, J 43Hz) 231(1H m, 2.28
(3H, s), 06 (3H s), P? ‘®97 (1H, d 9%, 5Hz) 1290 (1H, @ad, J 2.3, 11.0,
14. 6Hz) , 1368 (3H, i8¥, (10)60 (1H sp,11.51 (3Hss), 1. 330(3H, d, J
6.7Hz), 1.6 {3H, d, J6.7f), 1.13 (3H s) and % 12 (3H,, s); 13C NMR
(100MHz, 13) 6 204. 1 177. 2, 170 6, 167.1, 146.2, 133’9, 142.1, 130.1,
129. 4, 124 6,595, 5SYRAPEPYIQHLY, 79.10-76. 5, 73085 74.9, F2.3, |68.0, 58.8,
46. 2,105 75 38 7Me3751-ﬁ-l (3¢) 1, 27.00.22.6, 20289, 19.2, 48.7, | 15.5 and
9.4; Anal. 2Q110. 5H20, C, 64.48;. H, 6. 89 Founc: C, 63.05;
H, 6. 70. -benzoyl 1203 O%Eg %54 NVR (CE)dlS : 500|\}Hz) 6
t 99
9 MeO (5) 0.1 3 98
10 tBuO (10) 0.7 24 94
15 11 BnO (3) 0.7 1 98
10-butyryl-10-DAB. mp 145-149 'C; [al,, -86.6
(CHCl,, ¢ = 1); 'H NMR (500 MHz, CDCl,) & 8.13-8.11 (2H,
m), 7.62 (1H, m), 7.51-7.48 (2H, m), 6.35 (1H, s), 5.64
(1H, 4, J 7.0Hz), 4.99 (1H, 4, J 7.7Hz), 4.90 (1H, m),
20 4.48 (1H, m), 4.31 (1H, 4, J 8.3Hz), 4.18 (1H, d, J
8.3Hz), 3.91 (1H, 4, J 7.0Hz), 2.60-2.42 (4H, m),
2.36-2.26 (2H, m), 2.28 (3H, s), 2.06 (3H, d, J 1.0Hz),
1.88 (1H, ddd, J 1.9, 10.9, 13.0Hz), 1.76 (2H, hex, J
7.4Hz), 1.68 (3H, s), 1.12 (6H, s) and 1.04 (3H, t, J
25  7.4Hz); **C NMR (100MHz, CDCl,) & 204.2, 173.9, 170.6,

167.1, 146.2, 133.7, 132.0, 130.1, 129.4, 128.6, 84.5,

88.9, 79.1, 76.5, 76.0, 75.0, 72.3, 68.0, 58.8, 46.2,

42.7, 38.7, 37.1, 36.2, 35.6, 30.6, 27.0, 22.6, 20.9,

18.4, 17.8, 15.5 and 9.4; Anal. Calcd. for C,;H,0,,: C,
30 64.48; H, 6.89 Found: C, 63.67; H, 7.01.



15-8.11 (4H, n), 7.64-7.6 (2H n), 7.52-7.48 (4H, 1), 2q%p 4@H4 s),
(1H, Hz). 5.02 (1H d, J 7.7Hz), 4.94 (1H ddd, J

, 7 a?fﬁﬁégé 4.33 (1H d, J 8.2Hz), 4.20 (1H, d, J 55?5 %99 (1H,
6. GFB) 2.62 (1H ddd, J 6.6, 9.3, 14.8), 2.55 (1H d, J 4 4Hz), 2.35

. m), 2.30 (3H, s), 2.13 (3H d, J 25 1.1Hz), 2.03 (1H d, J 4. 9H),

1 (1H ddd, J 2.2, 11.0, 13.2Hz)4al.71 (3H, s), 1.65 (1H s), 1.25 (3H

) and 1.21 (3H s) ; 13C NWR (100Mz, CDCL3) 6 204.0, 170.7, 167.1,

166.5, 146.5, 138- fsobasyﬁy1132-DA313om@ 1420°8; (029, 462129 3, 128.7,

128.5, 84, tr’cggﬁ’ % e ors)I0- g i Joped, / g@’orﬂ\ﬁg ? %o 9ud g22g0 98-

35.8, 29.7 f6r’ 0011: C
66.66: H, 6: QQZFouﬁd5€:(€8,46? H7 .B149. 46 A2BECT2006 - B0 QQHOQGQI

PCT/ US98/ 130 t t 191 PABg 1 3., 5
& 15 (2h 5 é-§ (#8, 18; JYaﬁS3ﬁ£PH0§Ybo Qli? B4 UHNBﬁ(z()iDCll o1 S(Q_wa—iz)n),

6.42 (AH, ‘§3 6 6%F%%¥v %G 0 J 1473n16 Zru}l 0§266 ¢1A2 leJ ¢ 1k), 4.9
(1H, dd, Js2eH®), % 6t&) (1K, 94, 57(8HsuE) , J3796HANH, 4d50J($H3HQdu J 7.1,

1) e ik oo, 3l SR DS Al 60

1.5Hz), 1.953¥3H, 2d31J(1Hp, mp, 8Riz28 (IHBIs(1H2. oad(am 253, 2100, 13.4Hz),

12 " 1B i g 3148 B Ry Ak PR g% °

128. 201211 968118H0,sB4. ¥; 694(6H el 9,17612 (3%7. 8) ., 7538, (28.1d.77 4, 68. 1,
58.8, 46.1g 42zy, 8826, (§15 6d 3’76071-129 9. 18 QaH15s4 aﬁé 9.32 Ana,. Cal cd.
for C33H40011: %5Ngg 64,69, §8 Found 63, 93; 61. 10.- cycl
opr opanoyl S1 7 B 109?4 ECD€?§ )5502%#&) 17¢.2g. HO(QH 18§7-3.7 3Hz),
7.62 (1H, 146J27 B3z)7, 7139. 12Fa3ot1 J1797&2)12@ 85 6%Hs,sBs.5.,65 (1H, d, J
7. 0Hz) , (1 pp J 8.2 1 4. 1H, .ddd, J 4.1, 20
6.8, 10. 8F§? %) Z% ?1F7gd5 375! 5%&74 3 1§§ FH g% 28.57Ms0d0

42, 7 .7, 35.6, 34.1, 27.0, 22.6, 20. 9 1.2, 18.7,

15.5 and 9.4; Anal. Calcd. for C,,H.,0,,@0.5H,0: C, 64.48;
H, 6.89 Found: C, 63.05; H, 6.70.

10-benzoyl-10-DAB. 'H NMR (CDCl, , S500MHz): &
.15-8.11 (4H, m), 7.64-7.6 (2H, m), 7.52-7.48 (4H, m),
.62 (1H, s), 5.7 (1H€, 4, J 7.1Hz), 5.02 (1H, 4, J
.7Hz), 4.94 (1H, m), 4.57 (1H, ddd, J 4.4, 7.1, 11.0Hz),
4.33 (1H, d, J 8.2Hz), 4.20 (1H, 4, J 8.3Hz), 3.99 (1H,
d, J 6.6Hz), 2.62 (1H, ddd, J 6.6, 9.3, 14.8), 2.55 (1H,
d, J 4.4Hz), 2.35 (2H, m), 2.30 (3H, s), 2.13 (3H, 4, J
25 1.1Hz), 2.03 (1H, 4, J 4.9Hz), 1.91 (iH, ddd4, J 2.2,
11.0, 13.2Hz), 1.71 (3H, s), 1.65 (1H, s), 1.25 (3H, s)
and 1.21 (3H, s); **C NMR (100MHz, CDCl,) & 204.0, 170.7,
167.1, 166.5, 146.5, 133.7, 133.6, 132.0, 130.1, 129.9,
129.4, 129.3, 128.7, 128.5, 84.5, 80.9, 79.1, 76.5, 75.0,
30 72.4, 68.1, 58.8, 46.3, 42.8, 38.7, 35.8, 29.7, 27.2,
22.6, 21.2, 15.6 and 9.5; Anal. Calcd. for C;;H,0,,: C,
66.66; H, 6.22 Found C, 66.46; H, 6.19.

20
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8. 1Hz), 3.90 (1H, d, J 7.0Hz), 2.56 (1H, m), 2.51 (1H d,
C(2H, ™M, 2.07 (3H, d, J 1.0Hz), 2.00 (1H, d, J 4.9Hz),
2.1, 10.8WO%/88H) 1.79 (1H, ddd, J 3.4, 7.9, 12.4Hz),

1 o) 408k Wi 3"

1. rwneww@)s 1.60

(1H, 25 s),

1.16-1.14 (2H, m,

1.13 (6H,

s) and 1.01-0.97 (2H, m ; 13C

NVR (100MHz, CDC13) 6 204.3, 175.2,

170.6, 167.1,

146. 4, 133.7, 132.0,

130.1, 129.4, 128.
46. 2, 42.7,
9.4 and 9. 1; Anql

6,
- Rl o £ o

84.5, 80.9,
38.6, 35.6, 34.0, 27.0,

719,d, 76.5, 76.0, 74.9, 72.4, 68.0, 58.8,
5, 6, 24.9, 22.6, 21.0, 15.6, 30 13.1,

64.47; H, 6.66. 94-DEC 2006

S 0d55: o (B c5te

10- Et hoxyc&rBdny2H0 DA TmiHzi4- 1520 (T 1y ~ 871 SXCHAS, (B =0n36) ;
NVR (500 Miz11C0E13) o , 1 6La A (13 |:-L) , l\@lcﬁ (1 1A, 53 1,7 '\/Eiﬁ)mzl) 38(t,

ER R - il R, Y W Pns AT

7.1 Hz,
5 J 14. 6,

70(s, H,

J520°Hz9

go&%?g- &

1H
J

I\/ElQ)

88( ddd,
ﬁﬂ

413’04)

2.10(d5 J <18,4thz J ¥ HNEI &) 502. (za{s a8, Hr 74k,ACI)Q PHBO( 8 . 3‘ZLH(1]H-I;L4a

H14b) ,
H, H6a),

10.5, 6.7,

.25
TS Heo L34,

'65(d. 1=

'?k7) J 1459&(”1 1 d*é

d Hz, ) ) d°4

i d R g ) e R0 5T 38 G

4.31(d, J 2. 8HZ)H22 B4 2 |%z£oa()2H,4n93 2 313 -3 H2H,CHBICHZ , 24, (431H(ddd J
933 qulcljso‘)\ls -8192)6 2.1 Hz,
8.2, 7.3 HZ-83 mleer%iatef 23, 7136(th {13 J‘“LZ)?' 3 618 ’4<31}s ),

7.48(4dd,  J
1 H-5benzoat e,

46.0, 58.6,

pC)DC 12)11%(8 (33, 58 %,nd1514 1z, (32I8H,s bemzo:gme mémmm cﬂ@il )Nl\d?2(17254VHZ
65.0, 67. 71%7‘230 gﬁ’é 72%'75%6%2 5r9. éss‘b 6133843'4 13’12%3 713012% 4. 130.1,

131.5, 133129.547.1%8.1755.1R1 .567.11,6 . ©0 8407 8,8 206, BHpM 79.2,

lgc:Délf‘s 6%‘84 R 5189 Eﬁel‘%ﬂ

18.0,

10- Met hoxycar
NVR (500 MHz,
H 1-0H), 12'77@(3,2039

15 C, 64.69; H,

10-cyclopropanoyl-10-DAB.
(2H, d, J 7.3Hz),
6.35 (1H,
app-d, J 8.2Hz),
10.8Hz),

8.12
t, J 7.7Hz),
(1H,
6.8,
8.1Hz), 3.90
J 4.1Hz),
d, J 4.9Hz),

20

(1H, ddd, J 3.4,
1.16-1.14
3C NMR (100MHz,
133.7,
76.0,

34.0,

9.4 and 9.1;
6.58 Found: C,

25 s),
m) ;
146.4,
79.1,
38.6,

13.1,

76.5,
35.6,
30

2.31

15 4 and 9.3;
6.58 Found C,

Calcd
6.61.

Anal
€3.93; H,

H
t,

(cbcl, ,
7.62 J 7.5Hz),
s), 5.65
4.91 (1H, m),
4.31 (1H, d, J 8.1Hz), 4.18
(1H, 4, J 7.0Hz), 2.56 (1H,
(2H, m), 2.07 (3H, 4, J 1.
1.87 (1H, dd4d, J 2.1, 10.8,
7.9, 12.4Hz), 1.68 (3H,
(2H, m), 1.13 (6H, s)
CcDCl,) & 204.3,
130.1, 125.4,
72.4, 68.0, 58.8,
25.6, 24.9, 22.6,
Calcd. for C;3H,0;,:
6.66.

(1H,

4.46 (1H,

m) ,

s),

175.2,
132.0, 128.6,
74.9,
27.0,
Anal.

64.47; H,

&2, GRREE0 B

b

500MHzZ) :
(1H, 4, J 7.0Hz),

(1H,
2.51
OHz) ,
14.6Hz),
1.60
and 1.01-0.97
170.6,
84.5,
46.2,
21.0,
c,

77.2,
1H
1

2T Cy3H 04, :

6
(2H,
4.99
ddd, J 4.1,

d, J
(1H,
2.00

7.49

a,
(1H,
1.79
(1H,
(2H,
167.1,
80.9,
42.7,
15.6,

64.69; H,



H' Mel9), 1.88(ddd, J = 14.7, 10.8, 1.8 Hz, 115, Hgb)28(2 . 99( éﬂ?s 5.0
Hz, 1 H, .10(d, J = 1.4 Hz, 3 H M S

2.30(m 21‘?4?@5}11'305? HL4b), 2.40(d, J = 4.1 Hz, 1 H, 7- EE%‘}’ RVEES
14.7, 9.7, 6.6 Hz, 1 H Hea), 3.87(d, J = 6.9 Hz, 1H H3)3 8(s, 3 H
McOC(0)), 4. 18(d, J=84H, 1H Hzob), 4.31(d, J 30 = 8.4 H, 1 H,
H20a), 4.44(ddd, J = 10.8, 6.6, 4.1 g 1 H H7), 4.90(m 1 H, HL3).
4.98(dd, J = 9.7, 1.8 Hz, 1 H, H5), 5.65(d, J = 6.9 Hz, 1 H, H), 6 17(s

1 H, H10) 7.4819; Eghexgcarb@nBlep DAH, bapzaau9218)°c7 6l Lt -8pe= 7. 3

Lt v, 3 ko o gk 41y ppolie el 15,2088 Dlaigate, o

ppm 13C NVR (7 CDC13 US98/ 17016
47 15.5, 23%€L7hp L. i%sv 33% sMe3§) 5 14384t,48. 6 753 Hz, B38H6. 65.0. 67.7,

72.1, 74. E;cﬁ@:Hé) 78. 99é39 9, 1i;€730160H)8414,70](%8 2 H12?”§§{?)%89DA§ o (s 41193 100
33.7, 14 “Hels.

%:; [a]l% 8";’ %@1 Jé’l "‘Zo 33} 8Zile\ﬁ\I/R ’(*688 NFI200¢9C1§) 6510152(31 6 H,
Mel7, Meldd,, 1;1314@{)5,, D.H(dBuD = 1. 58(156 iH, ﬂqe@bi),, i 68(s, 3 HH Mel9)
1.88(ddd, J 514

13- C](-l) o] d&) ng_ %Olzfgwg% ?136 K)éig%? 2%%?28 UH- 4 ic&‘z 136<m 2 H,

Hl4a, H14b)7-OB) 567 RiH(ddd = 34= 914966, 9669 627 Hzbl, 1HBa)Hea)68(d, J = 3 6

obb) 4 S0 e b2 He 1t BT atakp i S0t B2 ete 6 1 4

i(d,. J
H H7)1° é%?(qﬁ 1 4H 11@9441%)- 51 Boiad, 1 JH= @2@a>2 2.pR:413B(mpBR, HS, 64(d, J
= 6.9 Hz, CiIHH}}Q)4 £4 1dd48, 3 H, 1bl18), 57748@t2 @z— 1 ﬁ Hg7y2 H, benzoate,

, 7.60(tt = 1 zoate (dd J = 7 8, 1.3 Hz,
g)H bengoate 0“3 pp fglé_’z'l\ll\é %’!%Q tD%i@ % é Bz, 15 B BBle, 22.4,
26.8, 27.55 25038‘5 3 B&H R2.5, H5.82) 586 7176§ 91 H2. 31074 7.,486a84, 78 0,

8. 12 13 33 47. 3 54. 0,
12722 8273 8835%5 34%53!%2 27 H; genzo&ég %h) . §0(t% ;.Z, 1.}

1 H, benzoate, p), 8.11(d, J = 8.2, 1.4 Hz, 2 H,
benzoate, o) ppm; **C NMR (75 MHz, CDCl,) & 9.2, 14.0,
15.5, 20.8, 22.4, 26.7, 35.4, 38.5, 42.4, 46.0, 58.6,
65.0, 67.7, 72.2, 74.9, 76.4, 78.7, 79.0, 80.6, 84.4,
128.7, 129.4, 130.1, 131.5, 133.7, 147.5, 155.4, 167.1,
20 170.8, 204.7 ppm.

10-Methoxycarbonyl-10-DAB. mp 218-21% °C; [a]yy -83°
(CHC1l,, ¢ =0.58); 'H NMR (500 MHz, CDCl,) & 1.12(s, 3 H,
Mel7), 1.13(s, 3 H, Mel6), 1.59(s, 1 H, 1-OH), 1.70(s, 3
H, Mel9), 1.88(ddd, J = 14.7, 10.8, 1.8 Hz, 1 H, Héb),

25 2.00(d, J = 5.0 Hz, 1 H, 13-0H), 2.10(d, J = 1.4 Hz, 3 H,
Mel8), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hl4a, H14b),
2.40(d, J = 4.1 Hz, 1 H, 7-OH), 2.57(ddd, J = 14.7, 9.7,
6.6 Hz, 1 H, Hea), 3.87(d, J = 6.9 Hz, 1 H, H3), 3.88(s,
3 H, MeOC(0O)), 4.18(d, J = 8.4 Hz, 1 H, H20b), 4.31(d, J

8.4 Hz, 1 H, H20a), 4.44(ddd, J = 10.8, 6.6, 4.1 Hz, 1
H, H7), 4.90(m, 1 H, H13), 4.98(dd, J = 9.7, 1.8 Hz, 1 H,
H5), 5.65(d, J = 6.9 Hz, 1 H, H2), 6.17(s, 1 H, H10),
7.48(t, J = 8.2, 7.3 Hz, 2 H, benzoate, m), 7.61(tt, J =
7.3, 1.4 Hz, 1 H, benzoate, p), 8.11(d, J = 8.2, 1.4 Hz,
35 2 H, benzoate, o) ppm; *C NMR (75 MHz, CDCl,) & 5.2,

30



D.” Sel ective carbanoyl ation of a C(10) hydroxyl group: General procedure
_ for the Selective Carbanoylation 25 of the C-10 Hydroxyl grb#®ESf208%- DAB:
A sol uti oW@99/@9061 nmol (1.1 nol equiv) of the isocyanate RGT/RSHIUTGF THE
was added, under nitrogen, to a mxture of 10-DAB (30 ng, 0.055 mmol) and
Cull (5.5 ng, 0.055 mmol) at 0 'C. The m xture. was stirred for the tine
indicated in Table 30 2. After this t,}'me the reaction was warned to 25 'C
and stirring was continued for the ¥ ne indicated in Table 2. The

reacti on ue hgd 9 he .addi t i.@n of tur at u ni um
chl ori de 2%$ﬂ?fo%?'ahd ?H%’nﬁ%ﬂ&?e3%ag' é%?ggcﬁggq%hﬁggﬁgi%%gng?th Et QAc.
The comnbi n28-6r ghhi €. 064~ 7DEE22006 74W8,99/60902 17 82CT/ USHSY 1 B0, 48 | ayers

were washegawyt h138t 4y ated aguaalys 1NakigeB ssolig on, 147 ied uerg sodi um
sul fate, and_the sglvent was evaporated to yield a white solid. The

product was®putiftéfd-By £P4sk ®™umn chromat ogr aphy using 2:1 Et OAc/ hexane
as the 5 eluent. Table 2. Carbanoyl ation of 10-DAB RNCO CuCl, THE 1 O-

e 18 6 Dbyt B8 Th (o Pyl T i 99 (0,
87 rt 0.5=2.PR)(1'H)NMR $500 MHD, el Qardanmdy3 (<€ DABI, nfel?1- 243 ' C,
TN TR L T e R e e 2 L T
6.9Hz), 5.91 VeHP) ddl-§8499d,9T6Fz)L4-2.,921.OLH2 1) Hz 4 9H,(HEd)I) , 4.50
(1H, ddd, 2.897(4,635= s51@. BEz) 1 4,313C8H) ,d2 bBBHD = 4 W7 HAH3 g4, J
8'3FE20 Mel8), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hl4a, H14b),
2.56(ddd, J = 14.9, 9.6, 6.9 Hz, 1 H, Héa), 2.68(d, J =
3.6 Hz, 1 H, 7-OH), 3.88(d, J = 6.9 Hz, 1 H, H3), 4.19(4,
J = 8.2 Hz, 1 H, H20b), 4.31(d, J = 8.2 Hz, 1 H, H20a),
4.46(ddd, J = 11.0, 6.9, 3.6 Hz, 1 H, H7), 4.90(m, 1 H,
15  H13), 4.99(dd, J = 9.6, 2.2 Hz, 1 H, H5), 5.64(d, J = 6.9
Hz, 1 H, H2), 6.11(s, 1 H, H10), 7.48(t, J = 7.8 Hz, 2 H,
benzoate, m), 7.60(tt, J = 7.8, 1.3 Hz, 1 H, benzoate,
p), 8.11(dd, J = 7.8, 1.3 Hz, 2 H, benzoate, o) ppm; C
NMR (75 MHz, CDCl,) & 9.2, 15.6, 20.9, 22.4, 26.8, 27.5,
20 35.3, 38.5, 42.5, 45.9, 58.7, 67.9, 72.3, 74.7, 76.4,
78.0, 79.2, 80.8, 83.8, 84.5, 128.7, 129.4, 130.1, 131.8,
133.7, 147.3, 154.0, 167.2, 170.8, 205.0 ppm.

D. Selective carbamoylation of a C(10) hydroxyl group:
General procedure for the Selective Carbamoylation
25 of the C-10 Hydroxyl group of 10-DAB: A solution of
0.061 mmol (1.1 mol equiv) of the isocyanate in 2 mL of
THF was added, under nitrogen, to a mixture of 10-DAB (30
mg, 0.055 mmol) and CuCl (5.5 mg, 0.055 mmol) at 0 °C.
The mixture was stirred for the time indicated in Table
30 2. After this time the reaction was warmed to 25 °*C and
stirring was continued for the time indicated in Table 2.
The reaction was quenched by the addition of saturated
agueous ammonium chloride solution, and the mixture was
extracted three times with EtOAc. The combined organic



3.88 (1H, d, J 7.0Hz), 3.32- 3.25 (2H, m, 3.10 (1H, d, J gq 01}72@ 2.56
. (1H, ddd, J 6.8, 9.8, 14.8Hz) , 2.31 (1H, m , 2.29 (3H, (3H, s),
1. 88 (1Hwalskdse2r 2.2, 11.0, 13.3Hz), 1.67 (3H, s), 1.60 (ﬂd—t/u§9)sn7d1619 (3H,
t, J 7.2Hz) and 1.10 (6H, s) ; Anal. Calcd. for C32H40NO11l: C, 62.43; H,
6.71 Found: C, 61.90; H, 6.77. 25 10-butyl carbanoyl -10-DAB. [a]H9 -89.6'
(CHC131 ¢=0.25) ; 1H NWR (500MHz, CDC13) 6 8.12 (2H, d, J 7.3Hz) 7.61
(1H, m, 7.51- 7.45 (2H, m, 6.27 (4§, s) 5 64 (1H, d, J 6.7Hz) , 5.00

1H, d, J.8..0Hz) . 4.91 (1 4.49 0 4 DEC 2006 WD 99/ 09021
I(DCTI US98/ ig‘éff% gt’ﬁr(elﬁa?éey zf”%‘ (%&urdat%d FEIEFUS MRy |golptipry, 5hy) .
3.89 (1H, daied evEhz)SOBIWH-s\BL2% A, 2I-zb,nctr)t;he8 sﬂéll\(é:H; wds evapdridél ddd, J

6.7, 9.7, 14 , 9 09 (3H, s),

1.99 (1H t& v{ELY, - %@%%%H Td‘aed F!%‘zdi"% Tz‘)izﬁé) Y1.68 (3H,

s), 1.59 Hshs):olynss FlEremanogTERY Us B (24, E‘K)OAQ/naxang@Has s¢hand 0. 95
(3H, &, Jelu@He) : Anal. Calcd. for C39HI94NOL1: C, 63.44; H, 7.05 Found:
C, 62.64; H, 7.01. 10- phenyl car banmoyl1- 10- DAB. np 178-180 'C; [a]Hg 10
-93.0' (CHC131 ¢=0.5) ; 1H NVR(400Hz, CDC13) 6 8.13 (2H, d, J 6.9Hz), 7.63
(1H, t, J 7.4Hz), 7Table?H. carbaho@tion’ oF2 Aoldasd, J 7.8Hz), 7.36- 7.32
(2H, m, 7.12 (1H, t, J 7.4Hz), 6.87 (1H b), 6.38 (1H s), 5.66 (1H d, J
7 . OHz 5.0Z (1M, app d, J/.ﬁ@Wﬁs(lH, ddd, J
3.8, 6. dl_‘zlg 5Hz), 0.4 33 R840, cdctJ BF3Hy) c.A.]ﬁ.§y|( H. d. J 8.3Hz]], 3.91 (1H,
d, J 7.0Hz), 2.83 (1H, d, J40Hz) 259(1H, ddd, j’85 94 14. 5Hz) ,
2.33 (1R 7 ZQAJH ) A VA AR T2 04—, J 5. 1Hz),
1.89 (1H EF;BW] 2 199b 4T$Fl£) (°13 69'12@e(s<|hr>s) Yie (?J—I, s), 1.15
(3H, s) jand 4.13 (34 i y 10-al | yj car banoyl 71(%— DAB. np é@S 170" C, (x)Hg
-80.0' (fcHC131 c=0.25) lH NMVR(50QvHz, CDC13) 6 8.12 (2 , I 7.3H2),
7.62 &ér m, 7.51- 7. 48 (2H, m, 6.27 (1H, Ss)’ 5. 89 (1|g8 m, b.62 (1H, d,

J 6.7 5.81 (1fllyL (1.1)
rt 0.5
3 Bu (1.1) 0 6.5 87
rt 0.5
4 Ph (1.1) rt 3 e4

10-ethylcarbamoyl-0-DAB. mp 241-243 °C; [al,, -92.0°
(CHCl,, c¢=0.5); 'H NMR (400MHz, CDCl,) 6 8.13 (2H, 4, J
15 7.1Hz), 7.63 (1H, m), 7.52-7.48 (2H, m), 6.27 (1H, s),
5.63 (1H, 4, J 6.9Hz), 5.01 (1H, 44, J 1.9, 9.6Hz), 4.97
(1H, m), 4.91 (1H, m), 4.50 (1lH, ddd4, J 3.7, 6.5,
10.5Hz), 4.31 (1H, d, J 8.3Hz), 4.17 (1H, 4, J 8.3Hz),
3.88 (1H, 4, J 7.0Hz), 3.32- 3.25 (2H, m), 3.10 (1H, 4, J
20 3.7Hz), 2.56 (1H, ddd, J 6.8, 9.8, 14.8Hz), 2.31 (1H, m),
2.29 (3H, s), 2.09 (3H, s), 1.88 (1H, ddd, J 2.2, 11.0,
13.3Hz), 1.67 (3H, s), 1.60 (1H, s), 1.19 (3H, t, J
7.2Hz) and 1.10 (6H, s); Anal. Calcd. for C,;H,NO,,: C,
62.43; H, 6.71 Found: C, 61.90; H, 6.77.

25 10-butylcarbamoyl-10-DAB. [al,, -89.6° (CHC1,,
c=0.25); *H NMR (500MHz, CDCl,) & 8.12 (2H, 4, J 7.3Hz),
7.61 (1H, m), 7.51- 7.45 (2H, m), 6.27 (1H, s), 5.64 (1H,
d, J6.7Hz), 5.00 (1H, 4, J 8.0Hz), 4.91 (1H, m), 4.49



25 5.19 (1H, d, J 9.8Hz), 5.08 (1H, n), 5.00 (1H, d, J 7.9Hz), 4.90 (1H,

. M, 4.49 (1H, ddd, J, 3.7, 6.1, 10.4Hz), 4.31 (1H, d, Jsggz 7(1H
d, J 8.5Hz), 3.88- 3.86 (2H, m, 3.03 (1H, d, J 3. 7Hz) PE%

6.7, 9.8, WO.99462021 2. 30 (1H, n), 2.29 (3H, s), 2.08 30 (3H, PG)‘/USQS/DJ@IG( 1H
~app d, J 4 .9Hz) , 1.87 (1H, ddd, J 1.8, 11.0, 14.0Hz), 1.67 (3H, s), 1.58
(1H, s) and 1.09 (6H, s) ; Anal. Calcd. for C33H40NQ,,: C, 63.15; H, 6.58
Found: C, 61.73; H 6.45. 0 4 DEC Zogg WD 99/ 09021 PCTI US98/ 17016 50 E.
Sel ective silylati on of a C(lO) hydr yl group: 10-TVM5-10-DAB. To a

| uti f T mL | owl
nggdI Kln Oébls(tl’l met ylsﬁylg’trlf uoroate%l_f'?(é%h% ?ﬁ% g g:lﬁwgs S O y

equi v) undér- 8. (Hhe ealt§ offiFi xtUr25wad. 23t (2Hedmht B. 034f®1H5 ), Et OAC

(20 L) vas akdechy ansha ey 80 uts of, vap. itk £120s gy a ghort col umn of
silica gel silica was washed with Et OAc 21 and the

sol ution wds Ltflcert 12 e I'{rncﬁe)r' red¥it e Br eSsurk: 290( e @estue was
purifi&d by fQHazs)h, col aem( 1y aidd ography, usimg £ Owz) hexages (§#; 1) as the

el uent and over |ve TI\/S— 0-DAB as a whlte
solid: vyie d %10?] (1‘&?9‘1&8) r%lgsg” 8‘1)9 %ﬁim‘éi ct-1$ . 55) ;
1H NMR (4od6sz s>cm1c8)0 0. (13}1,(31; ATH] . 6\%)81 )Ana]15 ClaDcﬁcﬁs £8rH, |ve| 7)
1.16(s, 3 3%6d44d 7 8.

1. 68Es, 3 "b’*%ﬁgﬁ & ég(éﬁd 3 76°ij"°%‘ g%)ﬁz‘l %‘G(S’ﬂé‘o r 97(d J
= 4.9 Hz, 1 H 13-0H), 2.03(d, J = 1.3 Hz, 3H Me18), 227(m2H Hl4a,

HL4b), 2.28(s, Sld-l,plélen‘)el)cazaaa‘:}%fﬂdloﬂpiﬁ ré;ﬁlﬁ’?a-%@@ 7|—(20 ]“gi ;5(333) 5

Z 01(10 ’ 6973 %)‘qugilc% 'HE= 4H3’6¥’8|%49°HZB @Dﬂ%g 15 18- ¥Dok3H, . 84(m 1
H H13) 4ng(daﬂz3 7 %36, ( mlzﬁz T 17 REE) 7. 51 2748, d, Hy H18%z) 5. 64(d, J
- Zsb(ztl",z’ﬁ:.'fi% 321)}& ;d,47o( deed I 7829 L2 B, 4P P.effo?{l?,’
7.4Hz), 6.87 (1H, b), 6.38 (1H, s), 5.66 (1H, d, J
7.0Hz), 5.02 (1H, app d, J 7.8Hz), 5.93 (1H, m), 4.52
15  (1H, ddd, J 3.8, 6.5, 10.S5Hz), 4.33 (1H, d, J 8.3Hz),
4.18 (1H, d, J 8.3Hz), 3.91 (1H, d, J 7.0Hz), 2.83 (1H,
d, J 4.0Hz), 2.59 (1H, ddd, J 6.5, 9.4, 14.SHz), 2.33
(1H, m), 2.29 (3H, s), 2.12 (3H, d, J 1.4Hz), 2.04 (1H,
d, J 5.1Hz), 1.89 (1H, ddd, J 2.2, 11.0, 14.4Hz), 1.69
20 (3H, s), 1.62 (1H, s), 1.15 (3H, s) and 1.13 (3H, s).

l10-allylcarbamoyl-10-DAB. mp 165-170 °C; (o] g

-80.0° (CHCl,, ¢=0.25); *H NMR(500MHz, CDCl,) & 8.12 (2H,
d, J 7.3Hz), 7.62 (1H, m), 7.51- 7.48 (2H, m), 6.27 (1H,
s), 5.89 (1H, m), 5.62 (1H, d, J 6.7Hz), 5.31 (1H, s),

25 5.19 (1H, 4, J 9.8Hz), 5.08 (1H, m), 5.00 (1H, 4, J
7.9Hz), 4.90 (1H, m), 4.49 (1H, dd&d4, J, 3.7, 6.1,
10.4Hz), 4.31 (1H, 4, J 8.5Hz), 4.17 (1H, 4, J 8.5Hz),
3.88- 3.86 (2H, m), 3.03 (1H, 4, J 3.7Hz), 2.55 (1H, 444,
J 6.7, 9.8, 15.9Hz), 2.30 (1H, m), 2.29 (3H, s), 2.08

30 (3H, s), 2.06 ( 1H, app d, J 4.9Hz), 1.87 (1H, dd4d, J
1.8, 11.0, 14.0Hz), 1.67 (3H, s), 1.58 (1H, s) and 1.09
(6H, s); Anal. Calcd. for C,;;H,NO,,: C, 63.15; H, 6.58
Found: C, 61.73; H, 6.45.



HZ, 1 H, benzoate, p), 8.11(dd, J =8.2, 1.2 Hz, 2 H, benzo OjgePPM
13C NWR (75 Mz, CDC13) 6 0.2 (Me3S) . 9. 7(Me(19)), 14. 4(

19. 6(4- ACYO 998941 o5 6(Me16, Mel7), 37.1(C(6)), 38.6(C(14F%) ’UE ’é?’é( 15)),
47.2(C(3)). 30 57..8(C(8)), 68.0(C(13)), 72.0, 75.1, 76.1, 76.8(

C(2), O(10), C(20)), 78.9(C(1)) , 81.2(C(4)), 84.3(C(5)), 128. 8 130 3,
133. 7(benzoate), 137.0(C(11)), 1395@Q(C(12)), 167.4(benzoate), 171.0(4-Ac),
209.5 (C (9)) ppm Anal. Calcd for C32H44010Si . 1/2H20: C, 35 61.42; H,

7. 25O Fogmﬂo @eﬁécﬁﬂveﬁz1fy12t19?4og|5§ 2Q96) WRa284930gLRpk/ US98/ 17?56 )
51 10-TES-1 ion_of 1 in THE m.
at 0 C was sloﬁfL %%eﬁah#2bc>ng(?rF8E §P|9EQEP.P%§OHQQE@P5h1de (484 ni,
1.56 mnﬂQ Iﬁ)mmpﬂw);naﬁHFa(tatmLytat QMMMWasﬁslmwmﬁE%dHEdSNsolutlon (1
M 5 mi, e (LeRClon nixture was
stirred at 0 PPPi&etﬁﬁf@gﬁ%&Y@}%in§g§éc§€a é§§d rla?d‘“?’ﬁe sgfutlon was
filtered tHRRLghl0 £GRbY! eofarnNpf <ihe ceeagtiomheixtureawgel was washed

with Et OA\Cstf:ﬂ-QQed”-ét @Mt thsy SOIHIL (thk?é CRNGRIDY r@et@daé@eandgﬁdr@ﬁémed
pressure. ﬁ resi due was Eurlfled flash colu chr onat ogr.aphy usi ng
Et OAc: hex3Redtian Hagstit %r%@uEHFOHQH 8r FBATFNCRALER Géeﬁﬁﬂdﬁ@ to give

the 10-TEpe10- Eﬂﬁbaslhlm@|gelswhsdwasheadw198 BgOABS (A0 ML) ,23%Hd235 C

SRS ICORES SE S8 T MR O
H, (Q]-QB(]—lZ;‘heargsz.dQe W8s (pursfied Malf).asm ¢elsmn3cHromat®graph9(d, J =
?444H211101ﬁ"12n% @A‘ilHﬁé{%ﬁ : ?Qi_éc?é% tﬂ’etsggﬁﬁélé §n51'\/%|1_:‘%)e51331 79,(dgd03(<Jj )
J = 1.0 HVagu@ OYgumighy. 2?(91\’3 TYSAZP -DAB2GENR Z’hlllteHF@éldHl4b)
2.59( ddd, 91e1<14 703 %@, (96%Y. Hap isb*rlb@aéc 41dp(d. 7d°:(c?1c21?HZc 1 H H3),
R R e e
15 1.06(s, 3 H, Mel7), 1.16(s, 3 H, Melé) 1.31(d, J = 8.6
Hz, 1 H, 7-0OH), 1.56(s, 1 H, 1-OH), 1.68(S, 3 H, Mel9),
1.79(ddd, J = 14.4, 11.1, 2.1 Hz, 1 H, Héb), 1.97(d, J =
4.9 Hz, 1 H, 13-OH), 2.03(d, J = 1.3 Hz, 3 H, Mels),
2.27(m, 2 H, Hl4a, Hl4b), 2.28(s, 3 H, 4-Ac), 2.58(ddd, J
14.4, 9.6, 7.5 Hz, 1 H, Héa), 4.01(d, J = 7.2 Hz, 1 H,
H3), 4.16(d, J = 8.2 Hz, 1 H, H20b), 4.25(ddd, J = 11.1,
8.6, 7.5 Hz, 1 H, H7), 4.30(d, J = 8.2 Hz, 1 H, H20a),
4.84(m, 1 H, H13), 4.97(dd, J = 9.6, 2.1 Hz, 1 H, HS5),
5.27(s, 1 H, H10), 5.64(d, 3 = 7.2 Hz, 1 H, H2), 7.47(44,
25 Jd = 8.2, 7.5 Hz, 2 H, benzoate, m), 7.60(tt, J = 7.5, 1.2
Hz, 1 H, benzoate, p), 8.11(dd, J = 8.2, 1.2 Hz, 2 H,
benzoate, o) ppm. **C NMR (75 MHz, CDCl,}) 6 0.2 (Me,S),

20

9.7(Me(19)), 14.4(Me(18)), 19.6(4-Ac), 22.4, 26.6(Mels,

Mel7), 37.1(C(6)), 38.6(C(14)), 42.6(C(15)), 47.2(C(3)),
30 57.8(C(8)), 68.0(C(13)), 72.0, 75.1, 76.1, 76.8(C(7),

c(2), c(10), Cc(20)), 78.9(C(1)), 81.2(C(4)), B84.3(C(5)),

128.8, 130.3, 133.7(benzoate), 137.0(C(11)),

139.0(C(12)), 167.4 (benzoate), 171.0(4-Ac),

209.5(C(9))ppm. Anal. Caled for C,;,H,0,,Si. 1/2H,0: C,
35 61.42; H, 7.25. Found: C, 61.61; H, 7.12.



25 H13), 4.97(dd, J = 9.5, 2.0 Hz, 1 H, H5), 5.28(s, 1 H, (H8k¢- Jesb6(d, J
. =7.2 Hz, vwohdoobtdy, 7.47(dd, J = 7.9, 7.9 Hz, 2 H benzoat ¢cridses/{70pO(tt, J

=7.9, 1.0 Hz, 1 H  benzoate, p), 8.11(dd, J = 7.9, 1.0 Hz, 2 H, benzoate,

0) ppm 13C NWMR (75 MHz, CDC13) 6 4. 9, 6. 5 (TES) , 30 9.7 (M (19)) , 14

'3 (Me (18)) , 19.6(4-Ac), 22.4, 26.6 (Mels, Mel7). 37.1(C(6)),
38.6(C(14)) 42. 6(C(15)) 47.3(C(3%}, 57.9(C(8)), 67.9(C(13)). 71.9,

75.1, 76..1, 76 7( 10 20 78.9 1)), 81.2(C(4

84.3(Q(5)), fbﬁq C/gc@)99’%9@)2@12(@7%}%9%#1#9(1%552852997(012)9)9

i‘;’? 8(41i&m7c(1?8m2rg?ﬁ}&‘) , (33 P(&K 1d) 0 wa@%%&iﬂ%?ddeodélﬁfsll( beaggat g) 62. 11
or i

H 7.74. %&ﬁ?d(g %é}?)iﬁi Pmt?r%ﬂiu%r@%%?‘alﬁeezlﬁ_@ ProcR8ure for the

Preparat i conaf, 71—(‘5|équw)0 dikcB- 4 Oc R y i aamoluint i of DiHMDS/THF

7-tri et hyl s

7-di Im;%t hglsl%slopér opyI glo\ﬁ?/l - 1@' %yé(% Wi ¥ L%L?v% ‘?Q\Wy aldg

0-bi s(tri Tiee ateaatsioyInixterecraacetryed 5 eqlf vigr dndnin cat%ﬂ%cr c

amount of d5idiVRY s seddadd onak® vmd Q&luéféﬁeﬁsgvgkytergadgﬁrda nthe

reaction mxture was, stirr dat 0 C for 15 Et OAc m.) was added,
and the s& U ERIUTH 195 SH 158 A/h- a E%rFlébFarm%fwgﬁwea g8 . The 15

silica gelwias rwesed(vo ¢ hnE OAend 106 nédluandnthas g6htéhobaved
concentrat ed, under red ced pressur S|due was ggr if.ied by flash

col uh? chrBttoreptHy us?r% S‘ﬁ@carlh%x%%%% £9: ¥5SaBUt he*8FuB¥t and dri ed
in vacuo ﬁi\ﬂﬁmlcghlumm chvenatespaphy vies ing 7EL0ALE: shexanehyl(3i: Ryl ps20

10-DAB (950 Y Blel Jsd Bt yk b rothuloi LybedOant st byl 8l Lyk-1 O DaB (9815

yield), or yl1so- prop O-triet | O- DAB (9411 yield).
7- Di net hy|1pﬂre?§ﬁsWWABloasrBS- 1mBsolr-bda xe@htivoﬁiB Bg (95 %).

7-di met hylzojmr:adwlcyhel:o DAB . 3% 9w (clcDH2 9. 99y ; 2R Bod 2 mga at 0 C
was added N, O- bi s
1714, 2 cm ; H NMR (500 MHz, CDCl,) &6 0.68(m, 6 H,
(CH,CH,),Si), 1.00(t, J =7.9, 9 H, (CH,CH,),Si), 1.08(s, 3
H, Mel7), 1.19(s, 3 H, Mel6), 1.29(d, J = 8.4 Hz, 1 H,
7-OH), 1.55(s, 1 H, 1-OH), 1.69(s, 3 H, Mel9), 1.79(ddd,
J = 14.4, 11.0, 2.0 Hz, 1 H, H6b), 1.92(d, J = 5.0 Hz, 1
20 H, 13-0H), 2.03(d, J = 1.0 Hz, 3 H, Mei8), 2.27(s, 3 H,
4-Ac), 2.29(m, 2 H, Hl4a, Higb), 2.59(ddd, J = 14.4, 9.5,
6.7 Hz, 1 H, Héa), 4.02(d, J = 7.2 Hz, 1 H, H3), 4.18(4d,
J = 8.5 Hz, 1 H, H20b), 4.23(ddd, J = 11.0, 8.4, 6.7 Hz,
1 H, H7), 4.30(d, J = 8.5 Hz, 1 H, H20a), 4.86(m, 1 H,
25  H13), 4.97(dd, J = 9.5, 2.0 Hz, 1 H, H5), 5.28(s, 1 H,
H10),.5.66(d, J =7.2 Hz, 1 H, H2), 7.47(d4, J = 7.9, 7.9
Hz, 2 H, benzoate, m), 7.59(tt, J =7.9, 1.0 Hz, 1 H,
benzoate, p), 8.11(dd, J = 7.9, 1.0 Hz, 2 H, benzoate,
o)ppm. **C NMR (75 MHz, CDCl;) & 4.9, 6.5(TES),

30 9.7(Me(19)), 14.3(Me(18)), 19.6(4-Ac), 22.4, 26.6(Mels,
Mel7), 37.1(C(6)), 38.6(C(14)), 42.6(C(15)), 47.3(C(3)),
57.%(C(8)), 67.9(C(13)), 71.9, 75.1, 76.1, 76.7(C(7),

c(2), Cc(10), C(20)), 78.9(C(1)), 81.2(C(4)), 84.3(C(5)),



butyl di met hyl silyl)trifluoroacetanide (337 AL, 1.09 mml, 20 equiv), and a
. catalytic anmount of Li HVDS/ THF solution (1 M 6 L, 0.006 WwoDEC 2006 .
respect i W0 990%9nder N2. The reaction mixture was stirred ptT@s®/fo6 4 h,
then warned 30 to roomtenperature for an additional 4 h. EtOQAc (10 nl)

was added, and the solution was filtered through a short colum of silica
gel. The silica gel was washed with__EtQAc (100 nL), and the sol ution was
concentrated under reduced pressura.2 The residue was purified by flash 14

DEC 2006 / P 8/.1/ 53 colu o] t aphy using Et OAc:
hexanes (f?é%'glgsql%%g']g’e%%drﬂt%g’anl 38'}?&%6??10?75%{]2 %Qirg?éﬁgl?g'gi ve 39 ny
(920 vyi el3g .&(CAIdR Inet WA DHefbdrsidatie)] P-17hut 4 dhokt yRebl gl(c (4D) DAB. 5
Exanpl e 3 egliMe < td fi;a ) roxyl ~group .,7- IBS,10- DA13. To
a mxtur ep??l'lé%{[%}B %%ﬂé%ﬁ%f‘oc%}l%ggﬁl’. iri?/’hsdagbl 89(('1)30 Ir?gj-1;2§‘7"9 mmol , 40
equi v), af@®uiPer Crhift344f méthyl-s14yl chloride (210 nmy, 1.40 nmmol, 20 10
equi v) was added DMF (0.1 nlL) at room tenperature under N2. The reaction

m xture was vigorously stirred at rogm tenperature for 24 h. EtOAc (20 nl)
was added, and the sol ution wa@"ﬁn}l”t%ﬁe"d t hrough a short columm of silica
gel . The silic&eaymralasPyesdttrani fdr Bt RACPL@Orationand 25sihelsebuti on was

concentra und ed I _lesidu ur L fi by flash
col um chtrz?r%"a;igp%%'y ulﬁoggénggﬁmgbﬁ:gg&ﬁ%%éye}%ﬁ%fuéhtbgﬁd %ri ed in
vacuo ové&riugt dicnefiigel A TS U0-0MB aar a7 whinetkyl isopyopylsilyl-ny (900)
. P 222- 33 fap i@ THEF -l  GRClAls Csfo@léﬁaldde&'h?ool‘%’f?s%g@-w, CDC13) 6
0.05, 0.06 (2.s,..6 H M2Si) , 0.83 (_s 9 H  Me30) 1.0 is,.G H Me16,
Me17)0, 1e5Hpdsidy}) tnlidycrcpeafamide S \eqeiv) 1. I dadcagatytica, 10. 6,
2.0 Hz, Brduntbh)f [AHMESYTHF sdtidn Is Hnoﬂag)q*)re£5@8{:ﬂveﬂy,= 1.3, 3 H
2/212) ’ 926%%23@.}‘ ﬁzH 1lflhéaﬁ§§%%9£h 21820 %e Yt st Y &8 (fdodrd’ISJ -
min. EtOAc (10 mL) was added, and the solutior. was
filtered through a short column of silica gel. The
15 silica gel was washed with EtOAc (100 mL), and the
solution was concentrated under reduced pressure. The
residue was purified by flash column chromatography using
EtOAc: hexanes (1:2) as the eluent and dried in vacuo
overnight to give, respectively, 7,10-bis(triethylsilyl)-
20 10-DAB (95% yield), 7-t-butyldimethylsilyl-10-
triethylsilyl-10-DAB (98% yield), or 7-dimethyliso-
propylsilyl-10-triethylsilyl-10-DAB (94% yield).

7-Dimethylphenylsilyl-10-TBS-10-DAB. To a solution
of 7-dimethylphenylsilyl-10-DAB (35 mg, 0.052 ﬁmol) in
25 THF (2 mL) at 0 °C was added N,O-bis(t-
butyldimethylsilyl)trifluorocacetamide (337 uL, 1.09 mmol,
20 equiv), and a catalytic amount of LiHMDS/THF solution
(L M, 6 uL, 0.006 mmol), respectively, under N,. The
reaction mixture was stirred at 0 °C for 4 h, then warmed
30 to room temperature for an additional 4 h. EtOAc (10 mL)
was added, and the solution was filtered through a short
column of silica gel. The silica gel was washed with
EtOAc (100 mL), and the solution was concentrated under

reduced pressure. The residue was purified by flash



3.96(d, J =6.9 Hz, 1 H H3), 4.16(d, J = 8.3 Hz, 1 H  H() PEa.Bge(d, J

. =2.2 Hz, WOBR/NOIR1IOH), 4.31(d, J = 8.3 Hz, 1 H H0a), 4.3BCUYSIY171610. 6,
6.7 Hz, 1 H H7), 4.88(m 1 H HL3), 4.96(dd, J = 9.6, 2.0 Hz, 1 H, H5),
30 5.15(d, J = 2.0 Hz, 1 H H0), 5.60(d, J =6.9 Hz, 1 H H2), 7.47(dd, J
= 8.1, 7.5 Hz, 2 H, benzoate, 60(tt, J = 7.5, 1.3 Hz, 1 H benzoate,

p), 8.10(d, J = 81, 1.3 Hz, 2 H éénzoate 0) ppm 13C NMR (75 MHz,

(v39 ] 8“1%&31*%%4%%% eidfo) Btanpt i doplta %m% 09051
PCT/ US98/ FAsus1t 5N i eBT) vacyy avexpbyht  t38g¥vecBI4ny (93%. 7(C(15))

47.0 3l 2) ,
C(lo)(,c(cgzloe)lc@S c?fé’gﬂc?ﬁé(ﬂeltsh}ﬁﬁp@eﬁgéf’i}l 1(,? t but??l&:.mggy?%%%ﬁ-lzgcé )
130.3, 13 I%Z’H%ﬂzoat e) , 5 135.7(C(11)), 141.9(C(12)), 167.4(benzoate),

171.2(4-Ac), 210.8 (C(9) ) ppm Anal. Calcd for C35Hs0010Si: C, 63.80; H,

7. 65. 5Found: C, 63.72; H 7.70. E(7}2Di get %I phenyl silyl-10o-DAB. To a THE (3
m.) Solution of 10-DAB (54 ny, |) at -20 C was added 10 pyri dine

(0.6 mb), di rr@cdigﬁqm‘ie'rwlssiilmﬂlamrbrdﬁea (@60 rydzexpl ngmodyp 15 equi v) under
N2. The reacti op_fp&l S irr 20, o c (10 m.) and
saturat ed NaHgﬁfBﬂg(uié%ﬁ%X%ol u':tfclgo% r?%dgﬁr 9 Clé gﬁédhgaﬁh fhe solution

was qui ckiQ G7Q tepk) + hrbidpzelehot 0 c‘bﬂlun% 0% TI‘Boév | £eacgeiv) Thandi | i ca
gel vas_washiesl 41 Fiond 1001y Tlom @ndad heo 0l s on wosmeoncentr at ed

upder, o couced s erod et o) s PULb L ol B esh columy

over ni ght N.n va‘d:neo rie@cgiive hldatrtn:teh waphenydoru =iy ydeixFdi\Bitasreomhi t e
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1.06(s, 3 s9lwei®w) was sziktened thropgh g, SB@Et go umnlof 8ilicRe18),
1.76(s, 3 dd1 Melfe diPO{ddth Jas H4sHea1Pifn EtOACc (200 mL), and

15 the solution was concentrated under reduced pressure.

The residue was purified by flash column chromatography
using 10% EtOAc-CH,Cl, as the eluent and dried in vacuo
overnight to give 7-TBS-10-DAB as a white solid: yield,
41 mg (90%). mp 222-223 °C; [al, -51° (CHCl,, ¢ = 0.36); 'H

20 NMR (400 MHz, CDCl,) & 0.05, 0.06(2 s, 6 H, Me,Si),
0.83(s, 9 H, Me,C), 1.09(s, 6 H, Mel6, Mel7), 1.57(s, 1 H,
1-OH), 1.75(s, 3 H, Mel9), 1.87(ddd, J = 14.4, 10.6, 2.0
Hz, 1 H, Héb), 2.01(d, J = 5.0 Hz, 1 H, 13-0OH), 2.09(4, J
= 1.3, 3 H, Mel8), 2.28{(m, 2 H, Hl4a, H1l4b), 2.29(s, 3 H,

25 4-Ac), 2.46(ddd, J = 14.4, 9.6, 6.7 Hz, 1 H, Hea),

3.96(d, J = 6.9 Hz, 1 H, H3), 4.16(d, J = 8.3 Hz, 1 H,
H20b), 4.24(d, J =2.2 Hz, 1 H, 10-OH), 4.31(d, J = 8.3
Hz, 1 H, H20a), 4.38(dd, J = 10.6, 6.7 Hz, 1 H, H7),

4.88(m, 1 H, H13), 4.96{(dd, J = 9.6, 2.0 Hz, 1 H, HS),

30 5.15(d, J = 2.0 Hz, 1 H, Hi0), 5.60(d,_J = 6.9 Hz, 1 H,
H2), 7.47(dd, J = 8.1, 7.5 Hz, 2 H, benzoate, m),
7.60(tt, J = 7.5, 1.3 Hz, 1 H, benzoate, p), 8.10(d, J =
8.1, 1.3 Hz, 2 H, benzoate, o) ppm. **C NMR (75 MHz,

CcDC1l,) & -5.8, -3.8(Me,Si), 9.7(Me(19)), 14.8(Me(18)),

35 17.6 (Me,C), 19.3(4-Ac), 22.4, 26.7(Mels, Mel7),



25 2.1 Hz, 1 H, H6b), 1.93(d, J = 5.0 Hz,.| H 13-OH), 2.2B8¢mE22 Hlda,
. Hl4b), 2. %B(s9@1H, 4-Ac). 2 .43 (ddd, J = 14.4, 9.6, 6. spazf,usgs,ﬁmﬁaa)
3.86(d, J = 7.0 Hz, 1 H_ H3), 4.10(d, J =2.1 Hz, 1 H, 10-OH), 4. 16(d, J =
8.3 Hz, 1 H, H20b), 4.28(d, J = 8.3 e, 1 H H20a), 4.31(dd, J = 30 10 6,
6.8 Hz. 1 H, H7), 4.81(m 1 H H13). 4.84(d, J = 2.1 Hz, 1 H, HI0),
4.90(dd, J = 9.6, 2.1 Hz, 1 H, H5)54559(d, J:7 0 H, 1H H) , 7.41,
7.53 (2 5,H H5) d,_J 0 7.5 Hz H benzoate n,
7.55(tt, g5 lye) ) awk??ff b%%z%&% 4, 82 3(‘8‘ 3)3.8.0, 1.2 Hz, 35 2

H benzoa#d, 0df (Bpin S8.C (KNR)( 75 6bHp, (CTRED3), &3.1.,8.740 7 DEC 2006 WO
99/ 09021 / f17 5 14 .4 (Me
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42.6(C( 158% 3 (8457{ C 3PP, 858 180CE3) 13068., 0@-6(313)()ben?3>82,e)74 7, 75.0 (C(7) ,
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e 5 .

128.8, 129. 130.3, 133.6 133.74 énzoat 4 (C(
11)) , E&Q E 9\ 1ppmy Anaimcééra‘énf@at &)sHs1FuSHE 4CACH3 - 820. B¢ C(9) ) ppm
Anal . Cal gdesf.oFoaBdHI601681 721/ &H26: 76, 64.61; H, 6.89. Found: C, 64.72;

H, 6.81. 10 7-Dinethylisopropylsilyl -10 -DAB. To a solution of 10-DAB (97
ng, 0.18 nmmmol) in pyridine (1 nL) at -10 C was added

di met hyl i sopr ogyPsineyhydphenydeid¥30 101 DAB.57 Tonmal THF2((3eaqili)v) under N2.
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15 silica gel. The silica gel was washed with EtOAc (100

mL), and the solution was concentrated under reduced
pressure. The residue was purified by flash column
chromatography using EtOAc: CH,Cl, (1:10) as the eluent
and dried overnight in vacuo to give 7-dimethylphenyl-

20 silyl-10-DAB as a white solid: yield, 62 mg (92%). mp
215-220 °C; [Oz]Hg -28° (CHCl,, ¢ = 0.27); *H NMR (400 MHz,
CcpCl,) 6 0.35, 0.37(2 s, 6 H, Me,Si), 1.05(s, 3 H, Mel7),
1.06(s, 3 H, Mel6), 1.54(s, 1 H, 1-OH), 1.73(d, J = 1.1,
3 H, Mel8), 1.76(s, 3 H, MelS), 1.90(ddd, J = 14.4, 10.6,

25 2.1 Hz, 1 H, H6b), 1.93(d, J = 5.0 Hz, 1 H, 13-0OH),
2.23(m, 2 H, Hl4a, Hl4b), 2.25(s, 3 H, 4-Ac), 2.43(ddd, J

l14.4, 9.6, 6.8 Hz, 1 H, He6a), 3.86(d, J = 7.0 Hz, 1 H,
H3), 4.10(d, J =2.1 Hz, 1 H, 10-OH), 4.16(d, J = 8.3 Hz,
1 H, H20b), 4.28(d, J = 8.3 Hz, 1 H, H20a), 4.31(dd, J =

30 10.6, 6.8 Hz, 1 H, H7), 4.81(m, 1 H, H13), 4.84(d, J =

2.1 Hz, 1 H, H10), 4.90(dd, 0 = 9.6, 2.1 Hz, 1 H, HS),

5.59(8, § = 7.0 Hz, 1 H, H2), 7.41, 7.53(2 m, 5 H, CeHe) ,

7.46(dd, J = 8.0, 7.5 Hz, 2 H, benzoate, m), 7.55(tt, J =

7

2

.5, 1.2 Hz, 1 H, benzoate, p), 8.09(d, J = 8.0, 1.2 Hz,

35 H, benzoate, o) ppm. ¥*C NMR (75 MHz, CDCl,) &6 -1.8,



Me2CH), 1.09(s, 6 H, Mel6, Me1l7), 1.56(s, 1
. Me19), 1.89(ddd, J = 14.4, 10.6, 2.1 Hz, 1
H 413-OH) WOM90H, J = 1.4, 3 H Mel18), 2.2
.29(s, 3 H, 4-Ac), 2.44(ddd, J = 14.4, 9.7,
7.3Hz,1H,H3),4.17(dJ 83Hzl H H20b) , 4.24 (d, J =
Hz, 1 H, 10-OH) , 4.31 (d, 8.3 1 H H20a), 4.38(dd, J = 10.86,
Hz, 1 H, H7), 4.85(m 1H H13§ 495(dd J=09.7 2.1H, 1H H),

( J_2 i)l 1981610G \Hz (dd, J =
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ppm Anal .16€hl&ddnzo3a HASDTISL(4 HE) , Q16196Q{9H ppm60Anal0 Ealad: C,

61. 30; H, ridaenzy yln10PAB, .Tg a tu 10- D 2 ny,
0.11 mmol )f7°‘3gc” ‘Zgrﬁesq(z djﬁb 45 116%3 % 83}3?\/) FEuflh: 1 bé%z??éi 'yl
chloride B6# #L- 1.14 mol, 10 equiv) was added DI\/F (0.4 m.) under N2.
The reaction m xture was 15 stirred at roomtenperature for 3 h. EtOAc (30
m.) was added,_and thg zol utio s.filtered through a short caolum of
silidd gel. The HHMeERY FS%EO wi £ A-PEEoACTP 13505 Y E1GRdE he

sol uti on vis-TABICEIN rag £do ungletimo Y )edlis efy pi @554l €1 ﬁrlb)e sestdoecovagagpurified
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dried overzﬁgﬁquxwpvgg@grtﬁzgia@e reactlon mixture was stirred at
-10 °C for 3 h. EtOAc (10 mL) was added, and the solution
15 was quickly filtered through a short column of silica
gel. The silica gel was washed with EtOAc (150 mL), and
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the solution was concentrated under reduced pressure.
The residue was purified by flash column chromatography
using EtOAc: hexanes (1:2) as the eluent to give

20 | 7-dimethylisopropyl-10-DAB as a white solid: yield, 107
mg (93%). mp 229-230 °C; [al,, -56° (CHCl,, ¢ = 0.62); H
NMR (400 MHz, CDCl,) & 0.05, 0.06(2 s, 6 H, Me,Si),
0.70(m, 1 H, CHSi), 0.90, 0.92(2 dd, J = 7.4, 1.7, 6 H,
Me,CH), 1.09(s, 6 H, Mel6, Mel7), 1.56(s, 1 H, 1-OH),

25 1.74(s, 3 H, Mel9), 1.89(ddd, J = 14.4, 10.6, 2.1 Hz, 1
H, H6b), 1.99(d, J = 5.0 Hz, 1 H, 13-0OH), 2.09(d, J =
1.4, 3 H, Mels), 2.28(d, J = 7.9, 2 H, Hl4a, Hl4b),
2.29(s, 3 H, 4-Ac), 2.44(ddd, J = 14.4, 9.7, 6.7 Hz, 1 H,
H6a), 3.96(d, J = 7.3 Hz, 1 H, H3), 4.17(d, J = 8.3 Hz, 1

30 H, H20b), 4.24(d, J = 2.2 Hz, 1 H, 10-OH), 4.31(4, J =
8.3 Hz, 1 H, H20a), 4.38(dd, J = 10.6, 6.7 Hz, 1 H, H7),
4.85(m, 1 H, H13), 4.95(dd, J = 9.7, 2.1 Hz, 1 H, H5),
' 5.15(d, J = 2.2 Hz, 1 H, H10), 5.61(d, J = 7.3 Hz, 1 H,
H2), 7.47(dd, J = 8.2, 7.5 Hz, 2 H, benzoate, m),

35 7.60(tt, J = 7.5, 1.4 Hz, 1 H, benzoate, p), 8.10{(d, J'=



the 7-tribenzylsilyl-10-DAB as a white solid: yield, 88 nqu(L 2006rp

. 161-163 CYYRYEdo, 2928, 2890, 1712, 1600 25 cm1; (a)Hy AYEHIUE ¢ =
0.46) : 1H NWVR (400 MHz, CDC13) 6 1.10(s, 3 H Me17, Mel6), 1.56(s, 1 H,
1-OH), 1.71(ddd, J = 14.2, 10.9, 2.0 Hz, 1 H, Heb), 1.74(s, 3 H M19),
2.00(d, J =5.1 Hz, 1 H 13-0OH), 2.6%(ddd, J = 14.2, 9.6, 6.6 Hz, 1 H,
Hea), 2.10(d, J = 1.2, 3 H, Me18), 2.12(s, 6 30 H, (PhCH2) 3Si) , 2.27 (d,
J = 7. 5 Hz2,21H4 H4a,2 Hl4Menzox &7(s), Forkd, ¥eAmyR 3799%Hz,J = 7.0 Hz, 1

H H3), 4 dy :J_7 8.5_ . H20 : J.72.2 Hz, .10- OH) ,
4. 28(21, cbRySL Elz,qigl'-l, Egﬁsélﬁ',et%?gs(%?(@eﬁﬁg?g,1%:8' %,‘%CEFIH?),OH)
4.81(dd, Mef£i®)gd, L& 4z, 161 HMa4SH) ,4189¢@me-38)1 1B2.41L3)26 .5 MEXE, J = 2.2
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142. 20C( 1XpPmndr6 L4 §eifzodt.e)7 .351.70. 9(4- Ac), 210.8 (C (9)) ppm Anal.

Cal cd for C50H56010Si . 1/2H20: C, 70.32; H, 6.73. Found: C, 70.11; H,

6.57. Exanple 4 15 Sel ectjve &gyl ation of _|0-acyl -10- DAB

10- Al | oc- 7- p- Nit Tk Yo R RAR- DAES ardnixtyy s Qf el G1PAB (62

10- al | oc- gy, DAB 1233y, ) ,0.106%amaile  exsio DMAP 4 (10. wmay, 6 16quiv), 3 equi v)
in dichlor )4 <, qat Was d a djchlor t e_solution (1
m.) of 20 a%[aﬁitt{}?(rg%%z%]l@lclmlorc&qoo%nlﬁ % ?gggrﬂ?’ 8:’.'1 in"?rrgnf’ 2 eq?ﬁsll\l/}vS under
N2. The r e&st iasiead AME el Ovdls mi)i ryredemtNO CTher rg#action mixture was

15 stirred at room temperature for 3 h. EtOAc (30 mL) was
added, and the solution was filtered through a short
column of silica gel. The silica gel was washed with
EtOAc (150 mL), and the solution was concentrated under
reduced pressure. The residue was purified twice by

20 flash column chromatography, first time using EtOAc:
hexanes (1:2) as the eluent, second time using EtOAc:
CH,Cl, as the eluent, and dried overnight in vacuo to give
the 7-tribenzylsilyl-10-DAB as a white solid: yield, 88
mg (91%). mp 161-163 °C; IR 3690, 2928, 2890, 1712, 1600

25 cm™?; [oz]Hg -46° (CHC1l,, c = 0.46); *H NMR (400 MHz, CDCl,) &
1.10(s, 3 H, Mel7, Mel6), 1.56(s, 1 H, 1-0H), 1.71(ddd, J
= 14.2, 10.9, 2.0 Hz, 1 H, Hé6b), 1.74(s, 3 H, Mel9),
2.00(d, Jd = 5.1 Hz, 1 H, 13-0OH), 2.07{(ddd, J = 14.2, 9.6,
6.6 Hz, 1 H, H6a), 2.10(d, J = 1.2, 3 H, Mel8), 2.12(s, 6

30 H, (PhCH,),Si), 2.27(d, J = 7.5 Hz, 2 H, Hl4a, H14b),
2.27(s, 3 H, 4-Ac), 3.99(d, J = 7.0 Hz, 1 H, H3), 4.16(d,
J = 8.5 Hz, 1 H, H20b), 4.18(d, J =2.2 Hz, 1 H, 10-0OH),
4.28(d, J = 8.5 Hz, 1 H, H20a), 4.58(dd, J = 10.9, 6.6
Hz, 1 H, H7), 4.81(dd, 0 = 9.6, 2.0 Hz, 1 H, H5), 4.89(m,

35 1 H, H13), 5.21(d, J = 2.2 Hz, 1 H, H10), 5.61(d, T = 7.0



h. EtOAc (10 nlL) was added, the sol ution was quickly filtergedptfrapegh

. a.short covOo¥RIsilica gel. The silica gel was washed w PhT/EIISQMUO(()lOO
m.); and the 25 solution was concentrated under reduced pressure. The
residue was purified by flash colum chromatography using EtQAc: hexanes
(1:2) as the eluent and dried overnight in vacuo to give

10-al Il oc- 7- p-ni trobenzyl oxycar bonyl --10-DAB as a colorless solid: yield, 34

929 . Bgnz Xygaghonyl Jhaccatin .l | ! | ution of
ggC((:at |/()n Iﬁ? (}Og Mb? 1%3 0 ? |§ t2orbhf/r\ e&g’ogﬂl oﬁt”sfbééf ﬁ%é N2 at room
t enperat ur @- \‘A/ﬁédéddéd ﬂ dis m§{t ﬁylHam Bopyr ib@ma(tZEMHﬁg 1.&8(tholJ < ol | owed

by addi ti gnsof jbengyl @hhorgfearz@s%k% ( {2;}0 L1 ol P8 ylg .4 O £ DRE 2006 WO
99/ 09021 PCTI U898/ 17016~ 58 The reacti on'mi xture 'was stl rre at room
t enper at ur @ SndPePREApRogPes PR { Ire NMBactioMRks R Porded by TLC. After

ﬁilz;)ut ;:-;jt h phe(mea?w%g wsoqu;egz@w T|1t© @im]g-w& }"@@ dﬂ'{]i Wed wé%lfsnft Of% (égo/
and wa nsferg a, se Q unne ai nj ng of a ()
Et OAc/ @S%@g Eé Xt g’ﬁ W%%Lgd(%\ﬁ%t)ﬁ 'satur - a?@ %o)di um bi car bonat e
and the organi7dCl{agel , was . @dﬁdBaﬁedssdeC(@Qerwse Joalyeriadas, vieshed yvlth 20
mL of 50% & C cl/ I7nggr(1 %&Tﬁqzzon@(%ﬂt’rat 2? adl %erss ucr)g washed with

brine, drie 0o conce der ‘bressure. The
crude prod88t 8\A/§é4béss 4-LHESBYMN . al2hodt 38U tléegl&/,e 1219151,ng (95% of a

whi t | 48 . 1IH NWR
(&%@0463235) 245~ 34 5333[@]9 238, BQ@ﬁCH%g%?;at]%}?zoa%Qé

benzc, at e, BAP; 5@216 211&')(%‘]“?1@ CI-(I}@w '5163(-4 (bpagogitg) , {10 F?Z%mA@ 56
(dd, J=10. 627028k (4H) bBh. inia(dd:aléalﬁoi tgo}q, bizsi2HL/2B: &, 97(d,

Y30 0 L bl ST ol 4pBled VO, PO, 418 (0
20 H14's), 2.29(s, 3H, 4Ac), 2.18(s 3H, I OAc), 2.15(br s, 3H, Me18),
2.08(d, J=5.2 Hz, 130H), 1.94(n]E;§bp§Q)4
15 Selective acylation of 10-acyl-10-DAB
10-Alloc-7-p-Nitrobenzyloxycarbonyl-10-DAB. To a
mixture of 10-alloc-10-DABR (33 mg, 0.053 mmol) and DMAP
(15.3 mg, 0.16 mmol, 3 equiv) in dichloromethane (4 mL)
at 0 °C was added a dichloromethane solution (1 mL) of
20 p-nitrobenzyl chloroformate (23 mL, 0.11 mmol, 2 equiv)
under N,. The reaction mixture was stirred at 0 °C for 4
h. EtOAc (10 mL) was added, the solution was quickly
filtered through a short column of silica gel. The
silica gel was washed with EtOAc (100 mL), and the
25 solution was concentrated under reduced pressure. The
residue was purified by flash column chromatography using
EtOAc: hexanes (1:2) as the eluent and dried overnight in
vacuo to give 10-alloc-7-p-nitrobenzyloxycarbonyl-10-DAB
as a colorless solid: yield, 34 mg (92%).

30 7-Benzyloxycarbonyl baccatin III.. To a stirred
solution of baccatin III (100 mg , 0.168 mmol) in
methylene chloride under N, at room temperature was added
4-dimethylaminopyridine (204 mg, 1.68 mmol) followed by
addition of benzyl chloroformate (240 mL, 1.68 mmol).



1.°79(s, 3H, Mel9), 1.58(s, 1H, 10H), 1.14(s, 3H, M16) 1.09(s, 3H Me17).

_ 7-Al'l yl oxycarbonyl baccatin IIl. To a stirred 25 solution b#D ﬁﬁcggﬁln 11
(30 ng , WPhewol) in nethylene chloride (1 nL) under NPcatusveOTII6
tenperature, was added 4-di et hyl am nopyridine (62.3 ng, 0.51 mmol)

foll owed by addition of allyl chloroformate(54 ni, 0.51 nmol).The reaction
m xture was stirred at room 30 tenperature and the progress of the reaction
was followed by TLC. After about 158 h the reaction was conplete The

m xture was diluted by EfOAc (5 nmL) and was transferred to a separatory
funnel co SRS SPM M HF LU S 095 Bt Bt F RS aRBsTOTRet ATREEFE RS2 MEshed Wit h
sat ur at ed thb atires i cfr bedat€a @bohheasr gani coragepywasCcseprtaeed. 0-4

DEC 2006 9/ 090 [ US98/ 17016 59 aver was washed with
oM of SHBUIEOAL TRS et 1ol E e RERl E g ot R e e e W ih
brine, dridddiunest WHSO/EtGRd Cbhcehl randdwaaderanséeuced peessure. The
cr ude rOf%é&S MRS AASEELn LT Hﬂ? bt E% KL 1 mg (9701) of
a whi tsg sol i 'm 1p’azssg %34 ¢ f% ’[53 g g % CH013€;1H NVR ( CDC13,
500 MHz) P@@qezs(d Thg. Bixpureiyas- Wﬁéhﬁéat’é}h saeeréta@ fpqliumpy
benzoateﬁbf%égﬂéha@é*ahﬁoﬂhe5o§ éﬁlclth Etwa§|§¥birat5d64(ﬂhe3 =7. 0 Hz,
1H, H2b), 54 (dd, J=10. F%ﬁ% EZ éEbAfzé al |
4.97(d, J%ﬂ%e%s Y‘T%)W S4‘“’%57 YH‘C )“‘L4° ﬁ% %1‘?9?5!’ 4.31(d,
J=8.5 HZT%H4cdﬂﬁmﬁed4oi§éd;cJr8y5rslhbrb99b$hed 9V2¢H, bdie, dritld H3),
2 64( H. H 3 4A 2.16(s,
1@«:) d‘ée‘(lsg}% &sf %E? cioé‘gcﬁg’l‘%a %ho‘i‘f%ér ?%dﬁég%%ﬁﬁﬂf 96?%%16 1H, 6b),
1 81(5 i§¢udﬂ¥EH0dQC58W§S R%BsidkﬁthUgb(é SBPFtNEQG¥Wn1t929$Ve 3H,
Mel7) . Exaipd engp @é@?tbfeakﬁﬁﬁtézaéwa Al p10226¥ba 30cDAB) 2Q 7-ddFsdbaccatin
[1l1. To a sol utl on of baccath
c (€C=0.007, CHCI,). H NMR (CDbCl,, 400 MHz) & 8.10(d,
J=9.6 Hz,2H, o-benzoate),7.60-6.8 (m, 8H, benzoate,Bn),
15 6.45(s, 1H, H10), 5.63(d, J=6.9 Hz, 1H, H2b), 5.56
(d4,J=10.6,7.2 Hz,1H H7), 5.56(dd, J=18.5,12.0 Hz, 2H,
Bn), 4.97(d, J=10.6,1H, HS5), 4.87(m, 1H, H13),
4.31(d,J=10.5, 1H, H20a), 4.15 (d, J=10.5, 1H, H20Db),
4.02(d, J=6.9, 1H, H3), 2.61(m, 1H, H6a), 2.30(m, 2H,
20 Hi4's), 2.29(s, 3H, 4Ac), 2.18(s, 3H, 10Ac), 2.15(br s,
3H, Mel8), 2.08(d, J=5.2 Hz, 130H), 1:94(m, 1H, 6b),
1.79(s, 3H,Mel9), 1.58(s, 1H, 1OH), 1.14(s, 3H, Mels),
1.09(s, 3H, Mel7).

7-Allyloxycarbonyl baccatin III. To a stirred

25 solution of baccatin III (30 mg , 0.051 mmol) in
methylene chloride (1 mL) under N, at room temperature,
was added 4-dimethylaminopyridine (62.3 mg, 0.51 mmol)
followed by addition of allyl chloroformate(54 mL, 0.51
mmol) .The reaction mixture was stirred at room

30 temperature and the progress of the reaction was followed
by TLC. After about 1.5 h the reaction was complete The
mixture was diluted by EtOAc (5 mL) and was transferred
to a separatory funnel containing 50 mL of a 50%
EtOAc/Hexanes. The mixture was washed with saturated

35 sodium bicarbonate and the organic layer was separated.



(101 ng, 0.172 nmmol) in THE (8 nlL) at -20 C was added 2- met hoxypropene
. (0.66 nL, 6.89 mmvl, 40 equiv), followed by the addition of g c[%@ahﬁ%c
anount of Rﬁ# &)ﬁﬁulfonic acid (0.1 Msolution in THF, 43 L, 6 4 |,
0.025 25 eq %e; der N2. The reaction mixture was stirred HCTPYIPIfor 3
h. TLC anal ysis indicated conplete consunption of the starting materi al
and the formation of desired product as the only major product.
Triethylamne (0.5 nl) was added, agg the solution was warned to room 30
tenperature, diluted with Et OAc (100 nlL), washed wi'th saturated aqueous

NaHCCB sol Wheomquitdiad lowesr NaSQhsidll weRcentfated spder reduced
pressure. ;jm%p‘rce/g due was ,.dried.in vacuo overnight to give 112 ng (990) of
u

crude pro C/REGASTH |FRTTP dte] HRrSR e (YRR tWeFenvashed
Et OAc/ hexames hydra nE)5 dpi €D 3B)e 0 MNP dnal eahicenkatass AnfiddEC 2006 WO
99/ 09021 PCL/4/52 0 a-white crystal 181- 183 C, 1H NVR (500 Mz,
c6D6) 6 1%’1 Sf%{ %’%g’ﬁ%’%n %ﬁrburc{és/,l’?ﬁ‘g%iml?aﬁ?% (é?r%“ 13 )\gl 6),
1.39, P 78It FHUMACOGIVE GRS, mg H 97150 a WHB{s,s38LH dlp Ac),
1.92(s, 3 Haghohe) °c210965, -8 H 5 WE18), (s, 2.14(ddd, J =
150, 109, 5.7, bzl B H6b).. 2.1%/;_93%'\]%1:{&%5). 6@5&?&#8%1%, *4Pab) |
2.31(dd, JME%50%8 220G I=F R HnaPH., ooRenzante) ME0)66-3.45(Hud, J =
15.;), 9.9, 351,7b|dzu,zolaﬂé,) Hea3 4 ,086d, g;]lc;) , 75 e, 111484,, 3113&, él%ﬂwzol) H,
H13), 4.33(d,,J = 8.3 Hz, 10 1 H. H0b). 4 41(d, J = 8.3 Hz, 1 H a),
4. 78(dd, (5:‘641(61.'9%‘?.'?2%2,' fJPH }ﬁﬁ%,' Eg%dé‘éé{f%l%r.%ﬁz‘?zﬂ?ﬂzlﬁa H  H5),
5.95(d0 J H77.,05H28 (In,H2HL)ext6. 20y 1)L, H . H1Q, J=k 16(ua, BiH udenzoate, m
p), 8.28(dyg $77mS: ; H, at nal , dfo 5H46012:
C 63 82, H %ng7_gﬁxﬂz I%%r%d: 4C%3§87?’H?e57£%%ﬁaé}m%@% SLT%c?cia ve
acyl ati on &7 16Hsi By0210- BAB 7 (A AdetdyS 1 OLHES200)DAR. . Olb( &, sT+Treed sol ution
of  10- TES1i0Q- BAB, (85 6Mm,0.1898 yEo! ) j_rgdjw’hlﬂreqrget@neb}(ﬂ H14's),

2.29(s, 3H, 4Ac), 2.16(s, 3H, 10Ac), 2.15(br s, 3H,

15 Mel8), 2.01(d, J=5 Hz, 130H), 1.96(m, 1H, 6b), 1.81(s,
3H, Mel9), 1.58(s, 1H, 10H), 1.15(s, 3H, MelG)., 1.02 (s,
3H, Mel?7).

Example 5
Selective ketalization of 10-acyl-10-DAB

20 7-MOP baccatin III. To a solution of baccatin III
(101 mg, 0.172 mmol) in THF (8 mL) at -20 °C was added 2-
methoxypropene (0.66 mL, 6.89 mmol, 40 equiv), followed
by the addition of a catalytic amount of toluenesulfonic
acid (0.1 M solution in THF, 43 uL, 0.004 mmol, 0.025

25 equiv) under N,. The reaction mixture was stirred at -20
°C for 3 h. TLC analysis indicated complete consumption
of the starting material and the formation of desired
product as the only major product. Triethylamine (0.5
mL) was added, and the solution was warmed to room

30 temperature, diluted with EtOAc (100 mL), washed with
saturated aqueous NaHCO, solution, dried over Na,SO,, and
concentrated under reduced pressure. The residue was
dried in vacuo overnight to give 112 mg (99%) of crude
product. Recrystallization of the crude product from

35 EtOAc/hexanes gave 105 mg (93%) of 7-MOP baccatin III as



20 M) at 0 C under N2, was added DVAP (36 ng, 0.296 nmol, 84 FRQUR00E,

. foll oned G @ddhati on of acetic anhydride (14 m, O0.148 ’I‘fl}S*)@/l‘Rﬂ?‘“ V).
The reaction mxture was stirred at 0 Cfor 4.5 hrs and the TLC anal ysi s

indi cated the conplete consunption of starting material. The reaction 25
m xture was then filtered through a short pad of silica gel, the silica

gel was washed with EtOAc (100 nlL) &fd the solutionwas concentrated under
reduced pressure. The residue was purifi ed by flash chromatography using
Et OAc: hex@n®&ite Dryffalne ma dedk -t Wi 68 NMRv4E6000 M3 0P ¢ht to gi ve

the 7- acetlylmlquEglp PRB7)Y qd]zl@§£'7s rﬁgfigilsnom iR I\M?(gCQQl 400
M) , 6 (CH3CHR 9 H, (CHSCHZ)

3! (m %ﬁﬁ 43¢ §2 (t, J 7.9

3Si) | 6’§ (53 339 el 2 £ d“%c°%16)521(s56(1s H:11H°1?

1.79(s, 31H78I\(m.9%3 H,. 8ﬁ)(d»d:d,, h 265,31, 3-a:)0, Hz,0d(8p :HHHGb) 1. 97(m

1 H, 0 , A .07 4. 20, 9/ 0902

PCTI U 98%&1% 22 &, 133%??%,' n%b%s‘ﬁ {,)ddf.'gg’(c M gél-f V\(I—}!llgglaé rgn%),

2.29(s, Hzh, 14HACHSW 52(.ddddd, T 14, 135 @. 3. 4.8z HA H, H146k), 4.06(d, J

= 7.0 Hz, 51 3H(ddB) g 4 2E &, H.D &122 1}H4b)"'2®)97ﬁ§,31§% M&o B 2 Hez, 1

H, H20a), 484(m 1 H 13) 5%, . H, Hé? 5.29(s

1 H HL0) 315 866d I F 158 3979'3 7 Hz {1 7)) HeRls(4:08(& WO Hz, 1 H,

H2) 7. 47(7mo 2, 1b6m20@t) 4rT)T24 (fa, ?81 TmEShlloli DAgﬁmfrpﬁde JIO% 8833434(1 J=28.0
(0] OcC- - 0 a ﬂlX (0]

e g odelE0tGn ) ST oo d0 e 10,800 @ dbie of o equiv)

i n dichl on@mst ha&ng (H& m:L) HNaS-I?a)ddeﬂ 9T (&bl ar cethyd, zht ceof axreafe (24 ni,

0. 184 nmol, V)4 under 1 rgagtdon e ed at room

t enper ature én%qtyﬁe(d p;bggr gsNZod? t He P?eg%: |ondnm'2af§'sy‘lffon¥\?%’r Zf't(di%{/ TLC

anal ysis. 71.354M.e3 31,5 benzpaCeanaty s, ihd&kaEt ed a nbs? Boanpd e

di sapper amfes, 20fa t10- U:_)Sgikﬁf ;DAB And de-d of dpatd, of QL the RROGYCt s the only
maj or spot Met hanol vvas added 631nd the *s6l ution was qui ckly

filtédPed t'hP8ugh Fé"m 7.

_ Example 6
Selective acylation of 10-silyl-10-DAB
- 7-Acetyl-10-TES-10-DAB. To a stirred solution of
10-TES-10-DAB (65 mg, 0.098 mmol) in dichloromethane (4
20 ml) at 0 °C under N,, was added DMAP (36 mg, 0.296 mmol, 3
equiv), followed by addition of acetic anhydride (14 mlL,
0.148 mmol, 1.5 equiv). The reaction mixture was stirred
at 0 °C for 4.5 hrs and the TLC analysis indicated the
complete consumption of starting material. The reaction
25 mixture was then filtered through a short pad of silica
gel, the silica gel was washed with EtOAc (100 mL) and
the solutionwas concentrated under reduced pressure. The
residue was purified by flash chromatography using
EtOAc:hexanes (1:2) as the eluent and dried in vaccuo
30 overnight to give the 7-acetyl-10-TES-10-DAB: yield, 65.7
mg (95%). H NMR (CDCl,, 400 MHz), & 0.60(m, 6 H,
(CH,CH,),8i), 0.97(t, J = 7.9 Hz, 9 H, (CH,CH,),Si), 1.05(s,
3 H, Mel7), 1.18(s, 3 H, Mels6), 1.56(s, 1 H, 1-OH),
1.79(s, 3 H, Mel9), 1.83(ddd, J = 14.5, 10.3, 2.0 Hz, 1
35 H, H6b), 1.97(m, 1 H, 13-OH), 2.00(s, 3 h, 7-Ac), 2.07(4,



short colum of silica gel. The silica gel was washed 20 wifh Et QAc_ (100

. m), and the solution was concentrated under reduced press ¢ DECTPES 1 esi due
was. puri fwado/mep21 f | ash chromat ogr aphy using Et OAc: CH2C12 RAF/Y$PB/I13416t he

el uent and dried in vacuo overnight to give 7-Troc-10-TES- 10-DAB as a

white solid: yield, 49 ng 25 (970-0; 1H NWR (500 MHz, CDC13) 6 0.61(m 6 H,

(CH3CH2) 3Si) , 0.99 (t, J =7. 9, H (CH3CH2) 3Si) , 1.08 (s, 3 H, I\/e17)

, L 20(5 3 H M16), 1.56(s, 1 H "1-0OH), 1.84(s, 3 H M19), 1.96(d, J =

4.9 Hz, H 35 1( , 510 5, H, e 2.08(d,
_ %iﬂ%la? % g’g?e ' HzﬁTA 2 %Méj)ﬁa SRaph L2, ?%SAc) 2 .68

(ddd J -31H 44-B¢ck, 2- §7H|zldd1 H, =HBA) 5.4908(d.7 -3 Hz,e 7HHzH€f M, H3),

4.18(d, Jy= o§(5 Hg, 14Ho H%Ob)l H4 ﬁ%@d, 4 ~17 B. T Hzg.b Hz,HI0, 4.43(d, J
= 11.9 Hz, 1 CHH Q&(0

m 13 (dd, J = 2.0 Hz,
35 1 H HBRODY, 98(&1(91'—3)& 8- ﬂzHg 2&%{)@)) 98 &gy 3 Hy 3‘1§)DEC 2006
CVO 99/ 099234 REE/ US98/ $7616 2 .62 14, tﬂm),, 1#5.)376dd9 (k,= 11@1 JS5HID)3 Hz, 1 H,
H7), 5.67(d, 1 H ( 7 , :
benzoat e, nfsu}?dt‘.so?tf' % -3'7|#33 %1)2 ;2%8' q&! ’benzoa(%l HZE? %12(_’(dd, J =
7.9, 1.2 kzH,2HB),bBn#0divg, 20H,ppenzbate, m), 7.60(m, 1 H

7-p-Nitro ycakbo TES_ 1 B> 1% 3, W8 0f h0plas- 10- DAB
(40 nmg, ggg%wa% E) ra;yDl\%&lg%( 75’8 %, @8\ 621 mol’, 10 equi v) indry chlorform
(2 nL) was added p nltrobenzyl chl or of or mat e (131 ng, 0.61 nmol, 10

equi v) under N2._rThe -reaciguy gupeslr e MRS Stixtuatt alf naomeED 1emes at ur e
and the p

i, 190G A4 550 i e APRDAE ol e i Spdlice 1 SO:ES. T0- pap
and the thﬁmtlic(hﬂo@bntdtmapreod(Lmhnla_sualwaﬁdqd | ioth lspotethwet hanol (10 nl)
ur ISR BRSO (A7 s (UGS, | G510 s st ol o
sol ution wescrdmne MEAENENE IWRkerstrigtesh d reagreempgrature and t

progress of the reaction was monitored by TLC analy51s.

15 After 0.5 h, TLC analysis indicated almost complete
disapperance of 10-TES-10-DAB and the formation of the
product as the only major spot. Methanol (5 mL) was
added, and the solution was quickly filtered through a
short column of silica gel. The silica gel was washed

20 with EtOAc (100 mL), and the solution was concentrated
under reduced pressure. The residue was purified by
flash chromatography using EtOAc: CH,Cl, (1:10) as the
eluent and dried in vacuo overnight to give
7-Troc-10-TES- 10-DABR as a white solid: yield, 49 mg

25 (97%); *H NMR (500 MHz, CDCl,;) 6 0.61(m, 6 H, (CH,;CH,),Si),
0.99(t, J =7.9, 9 H, (CH,CH,),8i), 1.08(s, 3 H, Mel?7),
1.20(s, 3 H, Mel6), 1.56(s, 1 H, 1-0H), 1.84(s, 3 H,
Mel9), 1.96(d, J = 4.9 Hz, 1 H, 13-0H), 2.01(ddd, J =
14.4, 10.5, 2.0 Hz, 1 H, Hé6b), 2.08(4, g = 1.2, 3 H,

30 Mels), 2.29(m, 2 H, Hl4a, H14b), 2.29(s, 3 H, 4-Ac),
2.68(ddd, J = 14.4, 9.5, 7.3 Hz, 1 H, Héa), 4.08(d4, J =
6.7 Hz, 1 H, H3), 4.18(d, J = 8.5 Hz, 1 H, H20b), 4.32(d,
J = 8.5 Hz, 1 H, H20a), 4.43(4, J = 11.9 Hz, 1 H,
CHH'OC(0)), 4.86(m, 1 H, H13), 4.95(dd, J = 9.3, 2.0 Hz;

35 1 H, HS5), 4.98(d, J = 11.9 Hz, 1 H, CHH’OC(O)}, 5.33(s, 1



resi due was purified by flash chromat ography using Et OAc: CHZC12 (1:10) as
. the eluent and dried in vacuo overnight 20 to give 0 4 DEC 2006

7-p- Nltrobe | gxycar bonyl - 10- TES- 10-DAB as a white solid
(95% ; ° r?/?éx"%bo MHz, CDC13) 6 0.60 (m 6 H, (CH3CH2) 35’”—}(}‘%@”&%"’8
=7. 9, 9 H (CHSCHZ) 38|) , 1.08 (s, 3 H Me1l7) , 1.19 (s, 3 H M1l6) ,
1.55(s, 1 H 1-OH), 1.83(s, 3 H M19), 1.93(ddd, J = 25 14.3, 10.4, 2.2
Hz, 1 H Heb), 1.96(d, J = 4.9 Hz, éd2H 13-CH), 2.09(d, J = 1.2, 3 H
Me18), 2.29(m 2 H, Hld4a, H4b), 2.29(s, 3 H, 4-Ac), 2.65(ddd, J = 14.3,
.3, 7.3 HHzH10)H, 5H65)(dd4 08kd10l55 1.8 Bz, 1 H, HB)),, £ IB(H, W= 8.6 Hz,

H H20b 1 6 203) ,g 3 H, HL3), 4.95(dd,
5. Zﬁg (§ﬁ] i 7Hi§égiél 7= 134312%%"]%%@(@3 5.31Ed, J
13 4 HbenzOBIteCI—IH)(KIUO)G)O £t5. I3 9.3 HB-2 M) 1 B 3LqIRRtY = 10. 4,

P, by (800G~ 3.3, 720 2Hesz 1 4 Hdandb DEG 2006, WO 99/ 09021
CT/ usgslf 016 63 7.48(dd, 325 S T benzoate m, 7.53(d, J =

8. 9 Hz, 2 H NO2C6H4) , 7.59 (t t 3 = 7.3, 1.2 Hz, 1 H  benzoate, p),
8.12(dd, J = 774p- Naz:ﬁdzben&ﬁ,o:d@@mﬁzgd - rzs@-ma-mm J To&9 Hz, 2 H,
NO2C6H4) 5 7- ok D (40 ny,
0. 061 mmF‘?EHEeDﬁEg%‘(%%EEné ?AE?N% ’688 >iEEHqu C% %)%? orm (2
m.) was skgw P .&addetclourl0 W)ammmy oth dserfgpm ch? dFTe)f dll’%te (4x130 m.,
3.64 ol ari gg %qwl\t)ro\ﬂéh 15 WH1RE:d b 8nalis M1k 1 S V@l e undtes1 N2180 duri ng

a period o The redaction mxture was then stlrred at room
t enper at urEUANd UREIST dr esShEf reREt 1pga FEFREHTRa Y30 Fitidred BF HIe™

a][lal :!L%)' 'SI'Egét“ %Eg%uliﬁedﬂr@ t?i&a| g&‘éé‘!a?l&%ttﬂﬁb éﬂaéwﬁl@@mﬁi@ae di Isa|0|06r<’vmce
0 - and the for tlono e product e only maj or
spot. Met ARRIICOFES MY ﬁa% 1%nd If’%ﬁa s{)ffpdﬁrb’na%é %%?Jf}ésdl‘f'nto et hyl -
acetat e (Lo irkkediasihmesst wdnipl&@atdﬁrsa&mcb:a&qmwf Na®HCUBS sbf ubABn, H20,
and brine.,  4The SQl i an $pg Ardkd SVEE N 2RO h £ NG EPT H 24 &8 ¥pder

Methanol (10 mL) was added, and the solution was quickly

NIl @2 ©

15 filtered through a short column of silica gel. The
silica gel was washed with EtOAc (100 mL), and the
solution was concentrated under reduced pressure. The
residue was purified by flash chromatography using EtOAc:
CH,Cl, (1:10) as the eluent and dried in vacuo overnight

20 to give 7-p-Nitrobenzyloxycarbonyl-10-TES-10-DAB as a
white solid: yield, 48.3 mg (95%); 'H NMR (500 MHz, CDCl,)
5 0.60(m, 6 H, (CH,CH,),Si), 0.95(t, J =7.9, 9 H,
(CH,CH,),Si), 1.08(s, 3 H, Mel7), 1.19(s, 3 H, Mels),
1.55(s, 1 H, 1-OH), 1.83(s, 3 H, Mel9), 1.93(ddd, J =

25 14.3, 10.4, 2.2 Hz, 1 H, Héb), 1.96(d4, J = 4.9 Hz, 1 H,
13-0OH), 2.09(d, J = 1.2, 3 H, Mel8), 2.29{(m, 2 H, Hl4a,
Hi14b), 2.29(s, 3 H, 4-Ac), 2.65(ddd, J = 14.3, 9.3, 7.3
Hz, 1 H, H6a), 4.08(d, J = 7.0 Hz, 1 H, H3), 4.18(4, J =
8.6 Hz, 1 H, H20b), 4.31(d, J = 8.6 Hz, 1 H, H20a),

30 4.86{(m, 1 H, H13), 4.95(dd, J = 9.3, 2.2 Hz, 1 H, H5),
5.06(d, J = 13.4 Hz, 1 H, CHH’'0OC(0)), 5.31(d4d, J = 13.4
Hz, 1 H, CHH’OC(0O)), 5.33(s, 1 H, H10), 5.36(dd, J =
i0.4, 7.3 Hz, 1 H, H7), 5.66(d, §J = 7.0 Hz, 1 H, H2),



reduced pressure. The residue was purified by flash 20 chromat ogra&hy usi ng
., EtOAc: CH2C12 (1:10) as the eluent and dried in vacuo over "gﬂ C tZ06gi ve

7- CBz- 10- MHS99/0DAB as a white solid: yield, 45 ng (930); Adt/DBR/(76G0 MHz,
CDC13) 6 0 .62 (m 6 H (CH3CH2) 3Si) , 0.97 (t, J =7. 9, 9 H (CH3CH2)
3Si) , 1.07(s, 3 H Me17), 1.20(s, 3 H Me16), 25 1.55(s, 1 H 1-OH),
1.81(s, 3 H Me19), 1.91(ddd, J = 14.3, 10.5, 2.1 Hz, 1 H, Heb), 1.96(d, J
= 4.9 Hz, 1 H 13-0H),.2.10(d, J =%2.2, 3 H M18), 2.28(m 2 H, Hl4a,
H14b), 2. 28( H, -4- Ac) 64(ddd, . J.= 14.3, 9.5, 7.3_ Hz, .1 H Hea),
4.08(d, 3272"58 bg%,Jl_ﬁ?"}-B)z?'%Ll%(d? ’j'zge%bb%.t%'HE’, 1712388y, =4.30(d, J
= 8.5 Hz, 8. HH#R02)H, NGEH) 1 H5HIN, &.95(ds, T.2 8925,12H]1 Hz, 1 H,
H5), 5.0 =12 , H )), 5.24(d = , 1 H,

CHH GI(O))]‘:,(&E%% % ‘??Hrgkh%ﬁ%s%?(%% 1.2 820 B2 BooRtRalRb6s booot

PCTI US98/ 1900168 - $4(d 0. &, =78 39 Hiz, 12 Hi, HNP.CHp) afpred, J = 7. O Hz, 1 H H2)
, 7.32-7.37(m 5 H, PhCH2O), 7.47(dd, J = 8.3, 7.3 Hz, 2 H, benzoate, m,
7.59(tt, J =7.3, .3%OHZ 1 H benzoate p =8.3,.1.3 Hz, 2

: , 8.12 (dd, J =_8. 3,
H berzoate, 0)’p EXEfpf &-FARg| e@?i@e’“ii‘\'—‘%‘ét PEN18r TEF- A0y PAR0- DAB
7-di net hyl {sopigpyd s0éy| mbecasand bMAP To4a ®y|raeds smablti eo’ of baccatin
11 (30 0 i ridine 0.6, nL) at-QC.under, N2 was added
chl or odi gg%%%‘l‘g% %g%%%pél}f%{ﬁr%n%rl?lég ‘ﬂg) ‘f[%f)Zs?'rﬁ%:FY. a%ﬁgglr 588{% on
m xture wesTwl rakilqaet tdhtberapkr abloeofndmate (£BBOsHL, 0B .EHe reaction
was nmoni t qreoh bye JLlqu i eri 2boulyli pohint Beq peachi OB+ WRsa80RLE S N, E hyl

f ngh
acetate (5 nL) was added and the_sol%tl on was trans?erred to a separatory

15 f ukthel FHHRT Nt NBeSECH1CHI4G BOB- Bt The rergbhes. MKFEUTR| ¥REr EDRAS washed
wi th sat ursd eer&@0atiN-bbk af Hppeterapd ahBetRE 0BRbErkaxeprwagesepar ated. The

aqueous layer was extracted wi 10 of 5011 Et [ Hex nes %Ec(i: t he

combi ned AN LR AYAT SPaRt COVERNEH BIrneSaTUf dfed BOAFANE B
analysis indicated almost complete disapperance of
10-TES-10-DAB and the formation of the product as the

15 only major spot. Methanol (10 mL) was added, and the
solution was poured into ethyl acetate (100 mL), washed
with a saturated agqueous NaHCO, solution, H,0, and brine.
The solution was dried over Na,S0,, concentrated under
reduced pressure. The residue was purified by flash

20 chromatography using EtOAc: CH,Cl, (1:10) as the eluent
and dried in vacuo overnight to give 7-CBz-10-TES-10-DAB
as a white solid: yield, 45 mg (93%); 'H NMR (500 MHz,
cbcl,) & 0.62(m, 6 H, (CH,CH,),Si), 0.97(t, J =7.9, 9 H,
(CH,CH,),8i), 1.07(s, 3 H, Mel7), 1.20(s, 3 H, Mels),

25 1.55(s, 1 H, 1-OH), 1.81(s, 3 H, Mel9), 1.91(ddd, J =
14.3, 10.5, 2.1 Hz, 1 H, H6b), 1.96(d, J = 4.9 Hz, 1 H,
13-0OH), 2.10(4, J = 1.2, 3 H, Mel8), 2.28(m, 2 H, Hl4a,
Hil4b), 2.28(s, 3 H, 4-Ac), 2.64(ddd, J = 14.3, 9.5, 7.3
Hz, 1 H, H6a), 4.08(d, J = 7.0 Hz, 1 H, H3), 4.17(4, J =

30 8.5 Hz, 1 H, H20b), 4.30(d, J = 8.5 Hz, 1 H, H20a),
4.86(m, 1 H, H13), 4.95(dd, J = 9.5, 2.1 Hz, 1 H, HS5),
5.01(d, J = 12.2 Hz, 1 H, CHH'OC(0)), 5.24(d, J = 12.2
Hz, 1 H, CHH’OC(0O)), 5.34(s, 1 H, H10), 5.37(dd4, J =



20 chloride, dried over MySO4, concentrated under reduced pressure. The

. crude product was passed through a short silica gel colum &&60§Cv280833. 9 ny
(970) of wawsezlsolid m P. 204-207 C, [a] 2% -58.6 C (0.Ff3seHEl8)
1IHNVR (CDC13, 500MHz), 6 8.10(d, J=8.4Hz, 2H, o- benzoate), 7.60-7.20 25

(m 3H, benzoate), 6.4 (s, 1H H10), 5.64(d,J=7.1Hz, 1H, H2b),

4.95(d, J=4.9Hz, 1H, H5), 4.84(m 1H, H13), 4.44(dd,J=10.4,6.8 Hz, 1H, H7),
4.30(d, J=8.3 Hz, 1H, H20a), 4.14 (d, 828.3 Hz, 1H H20b), 4.15(d, J=7.2 Hz,

1H, H3), 2.4 m., LH. H6a), ( H14's), 2.28(s, 3H,_4Ac), 2.18(br
s, 3H, Neafo%(l's)",'%z."rﬁ(?? %H,Z’{%&%;ggi%u%,-Jls.goﬁﬁz,il’g'&B‘,A' 1.86(m 1H,
6b), 1.69(s323H -MJ1®),, 51.151(BLCHIE)1L0H). 4 7UG)(sT = FH3IeIBR, He, 0% #, 3H,
Mel17), O. =7. 1yHz, lepry . T 1H, 4, - 9(s, 6H,
Me2Si ) .  Blithoatel, W3 65 beobi? perd 8’?1%%%'%3‘7%’%%%%%%1 phenyl si  yl
baccatin P.. 8Fd2dki 't ul B sbi vt i brHdf bakcabenzeate (20) nppmo. 034 mml ) in
THE (1.25 nlL) at -10 C under N2 , was added chl or odi net hyphenyl - sil ane
(68 ulL, 0.41 mmol), followed by addition of 5 pyridine (250 niL, 3.1 mmol).

The r8action mixture was stirrdoFaPeat tenperature and the progress of
the reaction wasSselextbvedsbyyIh€ioAf ber 18bautyione-hagr the reaction was

conpl ete. Ethyl, 5 was_add and_the | utj, on s, transferred

to a separat ory? ?ﬁﬁ%[h%&%l %C%P}r#o }r’ﬂfsnlg )égdbnic%‘?tﬁﬁlréfmc'f? I—%Vx\%nlezé’?e he

m xture w&elukdsivedfniarantiin aI B 0dingn be c@fbomaek) aiml pyweidimani

| ayer vas @eRakdlede Be ameor s ay Sladamidd rael Stbaiiidih, A0 . of SO
she

Et CAc/ Hexanes and _t he conbi ned organic |ayers were wa dwth saturated
sodi &fh chP&OPFEPYdSERPEs GWah WysS4, 0% dreeht r at Blee irrRFt ¥@Rluced pressure.

The crudeipitediecwvasasHiassat dHrouwah tembordcsidi £8d sk );9:.%@:&%&0 give
24.1 ng (9 e6.3.5c(o.005,

GHCLa) - HORE CBEPS L B3R oL s b7 JCh (Lot 3P Behrbnd o
7.627. 25( mhe2@elldt ilven waat esombibetye ), Bkl (Scdthtd0)5 oL Bdwdsl, J=6. OHz,

added and the solution was transferred to a separatory

15 funnel containing 50 wL of a 50% EtOAc /Hexanes. The
mixture was washed with saturated sodium bicarbonate and
the organic layer was separated. The aqueous layer was
extracted with 10 mL of 50% EtOAc/Hexanes and the
combined organic layers were washed with saturated sodium

20 chloride, dried over MgSO,, concentrated under reduced
pressure. The crude product was passed through a short
silica gel column to give 33.9 mg (97%) of a white solid
m.p. 204-207 °C; [«x]?%, -58.6° ¢ (0.009, CHC1,) . 'HNMR
(CDC1l,,500MHz), 6 8.10(d,J=8.4Hz,2H, o-benzoate), 7.60-7.20

25 (m,3H,benzoate), 6.4 (s,1H,H10), 5.64(d,J=7.1Hz,1H,H2b),
4.95(d,J=4.9Hz,1H,H5), 4.84(m,1H,H13), 4.44(dd,J=10.4,6.8
Hz,1H,H7), 4.30(4,J=8.3 Hz,1H,H20a), 4.14 (d, J=8.3 Hz,
1H,HB20b), 4.15(d, J=7.2 Hz, 1H, H3), 2.49(m, 1H, Héa),
2.23(m, 2H, Hl4’‘s), 2.28(s, 3H, 4Ac), 2.18(br s, 3H, Me

30 18), 2.17(s, 3H, 10Ac), 2.01(d, J=5.0 Hz, 13 OH), 1.86(m,
1H, 6b), 1.69(s, 3H,MelS), 1.61(s, 1H,10H), 1.20(s,
3H,Mel6), 1.05(s, 3H, Mel7), 0.87(d, J=7.1 Hz, 6H,i-pr),
0.73(m,1H, i-pr), 0.09(s, 6H, Me2Si).



1H, H2b), 4.84(m 1H H5), 4.81(m 1H, H13), 4.46 (dd, J=10.6, -g Q&? H7)
4.21(d,J=8.5 %H H20a), 4.14 (d, J=8.5 Hz, 1H, H20b), 3 4 ?ﬁmlg
X Ac)
20

1H . HB), Yo Hea), 2.26(d, J=8 Hz, 2H, H14's), 2.24&

25 2.15(s, 3H |O°\C) 2.02(br d, J=1 Hz,3H, Me 18), 1.93(d, J:5 Hz,

1H, 130H), 1.77(m 1H, 6b), 1.72(s, 3H Mel9), 1.59(s, 1H . 10H), 1.20(s,
3H, Mel1l6), 1.05(s, 3H, Mel1l7), O0.44ges, 3H, Me Si), 0.335(s, 3H, M Si).
7-di met hyl phenyl si | yl - 10- propi onyl - 10-DAB. To a 30 stirred solution of
10- pr opi onyl - | O {2fBne ¢By 20Benyy] i B3B bavok}rinnITHE (']I:él aL$tarred0 C, was

dded chl 6 0] f

Syl’ledl (r:le Ogc?(r)lg‘lpgv?ésrgyc%g Q%gﬁ#%of‘%ﬁ gm% $§ q’heoé%arg \l/v%seisdf‘ 5gyfor

m nut es. Elhylatacet&fe paoem_l)lz Wagvmldie@d%mdcmher%lm@¢th¢WYlansferred to
a_separ at quyn unngls oont ab i nthfot DEEo 2000 Y5, 99499020 PEF/ USIB) 17016 66

100 nmL of 509% Et OAc/ Hexanes. The m Xture was washed with saturated sodi um
bi car BonatRyY Eriti el H? §aRt ¢ :faJye‘T““o%bpar'ﬁbédre%’él‘aﬁu@bﬁ%urayﬁﬁswas

extract ed s {hredbQUEL €HEL FEé(rﬁ’gE'@ﬁatf@;@e ”h%daﬂﬂetbﬁogﬁgbhnéﬂ @heam c 5
extracts washed, with saturated %il um hI or ried ove

concent r atPI P VANRS HRRI LY %IT A%Fﬁﬁn orFfPRE Fggsh col um
chr omat ogrsgeye i nga $08ombt ¥/ helxahmlaacetaleet (5 omD) veas added

7-di met hy 4 a i ' H
R s Ak e )
Me17)30 1. 28gntaining 30 HaL Gf HOCHRCPRY /Hexanes,; 3The mistsye waGO(s "1 H
1-0H), 1. 7x/?a(s§1'aeci3 ‘Htﬁ/eégiurétgé(Qgélum‘]brcgébénaé@ Ona2tfeHBrganklc. HED) ,
2.04(m 1 H 13-OH), ed Mel8), 2.27(m 2 H, Hl4a, Hl4b), 2.25(s,
3 15 H, 4- mer ?%%(%%Ha*et 14 "Bh69asue?ue teyey VPSHGé}raCEeﬂz 2.49(2
dg, J = 16vich A0 iz, 0f b GEBOAR)HeRafdedand tHeScbmbiell offanié. 14(d, J
= 8.0 Hz, H20b 2.7 J. = 8.0 Hz H_ .H20a 4 dd J 10 0,
e ATl L L M R )
15 over MgSO4, concentrated under reduced pressure. The
crude product was passed through a short silica gel
column to give 24.1 mg (98%) of a white solid m.p.
210-213°C; [¢]*, -56.3.5° ¢ (0.005, CHCl,) 'H NMR (CDC1,,
500 MHz) & 8.35(d, J=8.5 Hz,2H, o-benzoate), 7.627.25(m,
20 8H, benzoate, phenyl), 6.42 (s,1H,H10), 5.64 (d4,J=6.9Hz,
1H,H2b), 4.84(m,lH,H5), 4.81(m,1H,H13), 4.46 (dd,J=10.6,
6.9 Hz,1H,H7), 4.21(d,J=8.5 Hz,1H, H20a), 4.14 (d, J=8.5
Hz, 1H, H20b), 3.85(d, J=6.9 Hz, 1H, H3), 2.34(m, 1H,
H6a), 2.26(d, J=8 Hz, 2H, Hl4's), 2.24(s, 3H, 4Ac),
25 2.15(s, 3H, 10Ac), 2.02(br 4, J=1 Hz,3H, Me 18), 1.93(d,
J=5 Hz, 1H,130H), 1.77(m, 1H, 6b), 1.72(s, 3H,Mel9),
1.59(s, 1H, 10H), 1.20(s, 3H, Mel6), 1.05(s, 3H, Mel?),

0.446 (s, 3H, Me S8i), 0.335(s, 3H, Me Si).

7-dimethylphenylsilyl-10-propionyl-10-DAB. To a
30 stirred solution of 10-propionyl-10-DAB (0.200 g, 0.333
mmol) in THF (12 mL) at -10°C, was added chlorodimethyl-
phenylsilane (0.668 mL, 4.00 mmol) followed by pyridine
dropwise (2.48 mL, 30.64 mmol). The reaction was stirred
for 90 minutes. Ethyl acetate (20 mlL) was added and the

35 solution transferred to a separatory funnel containing



20 Hz,
. 7.32-7.
H, benz

1 H H5), 5.64(d, J = 7.5 Hz, 1 H H2), 6.44(s, 1 H ghl§s

2006

36wo9psyodr 57(2 m S H PhSi), 7.46(m 2 H, benzoa%gr 81 0]§9(m 1

oate, p), 8.10(d, J = 8.0 Hz, 2 H benzoate, 0) ppm

t hyl phenyl si |l yl - 10- cycl opr opanecar bonyl 25 10-DAB. To a solutlon
opr opanecar bonyl - 10- DA13 (680 ng, 1.1 mml) in THE (25 nL) were
added with stirring pyridine (3.5 ®k) and then chl or odi net hyl -
ilane (1.8 nL, 11 mml) at - 10 *C under N2- The solution was
stirred tid90 tHe ¢£a29% JREQAmfHexanes ThePhOmiwenrhesdasi washatl. whiaHOB ( 20

e @aﬁw&a@sso&%&rﬁ%&%@'r%ﬁ&@%ﬁ? B nf?Qngl- Jag conbi ned

10-cycl
phenyl s

m.). Th
organi c
Concent
chronat

99/09

1. 07(s
1-OH),
2.05(d,
H14b)

4. 4??(%

9.5, 2.
7.32-7.
H, benz
7-p-N

r shed with brine and fi
reﬂ%%%? e f17E rREPRS VIRYRY WRS ¢§F¥éﬂbﬁdbylthash

ogm(ﬁmn@émﬁﬂ(ao datl) Ql@detﬁé comblned organ

of

| t ered.

:96%%%%51 %9‘96“?9/%81%%‘8? g‘%‘?l BiER Af@%‘&%fségofmw 6

0.32, o 43>~(ezr Na,Se, H, cm&t)raeeelmlveeuol 1Th8 BruBeHsotyal o:al:c,opyl)

13735(edﬂv?4%1€%%“ﬁz%1? sy, ikSa Cogted®y Reihe ‘108 1a'ay.
JELOAg/ arse 3% QBIDIt o e B dmetl)phenPhéiny2- Hp - Hlda,

2 csidshy - 10 Tt (0. B2 2 Bl 45 Todhal 2 B8Y1q3 84 fun? =

7.0 Hz,
H20a) ,

'5508 *?”*Hi i A 3?_0 |q7)45 (2. §2(rﬁ H1 MeFi}) 140856dd3 J =
1 B-lz Mely) , H5)20 & ,65( d 2. 51—7203‘|2H IchicH:R) 162Mé3 3lgH H10),

SOpebe S M Sy B ) 1 HAPLI S DRI, g 7 S

tr é’b@nzly‘l Oxy et fonyd - & He DAB.H THED THE . 6olmit i DrH [ 11 BEPH D]

10-al | oc- & penid ropq,g,zweqwcarzbwaml 10-1PAB1{ 34 & 410y 048 ﬁ@%) at room

te eraturevva
P 15 H

20

25

30

35

' Aé% 2.34(ddd, J = 14.5, 9.5, 7.0 Hz, 1 H, Héa),
2.42, 2.49(2 dq, J = 16.5, 7.5 Hz, 6 H, CH,CH,), 3.87(4,
= 7.5 Hz, 1 H, H3), 4.14(d, J = 8.0 Hz, 1 H, H20b),
4.27(d, J = 8.0 Hz, 1 H, H20a), 4.47(dd4, J = 10.0, 7.0
Hz, 1 H, H7), 4.82(m, 1 H, H13), 4.85(dd, J = 9.5, 2.0

J

Hz, 1 H, H5), 5.64(d, J = 7.5 Hz, 1 H, H2), 6.44(s, 1 H,
H10), 7.32-7.36, 7.55-7.57(2 m, 5 H, PhSi), 7.46(m, 2 H,

benzoate, m), 7.59(m, 1 H, benzoate, p), 8.10(d, J = 8.
Hz, 2 H, benzoate, o) ppm.

7-Dimethylphenylsilyl-10-cyclopropanecarbonyl-

10-DAB. To a solution of 10-cyclopropanecarbonyl-10-DAR

(680 mg, 1.1 mmol) in THF (25 mL) were added with
stirring pyridine (3.5 mL) and then chlorodimethyl-
phenylsilane (1.8 mL, 11 mmol) at -10 °C under N,. The
solution was stirred till the reaction completed. Then
quenched with sat. NaHCO, (20 mL). The mixture was

extracted with EtOAc (2 x 250 mL). The combined organic

layers were washed with brine (2 x 10 mL), dried and

filtered. Concentration of the filtrate in vacuo and

followed by flash chromatography (hexane:EtOAc, 4:1) gave

7-Dimethyl-phenylsilyl-10-cyclopropane-carbonyl-10-DAB

1

1



a THE solution (1 nL) of formc acid (19 n, 0.48 mmol, %%and
. butyl am ne ééz”oﬁﬂz’ 0.48 mmol, 10 equiv), followed by the a(?lf,-}?ﬁsggh Gfl(, Pd
(PPh3) 4 The reaction mxture was stirred at roomtenperature
for 0.5 h. Et OAc (10 nL) was added, and the solution was quickly filtered

through a short colum of silica gel. The 25 silica gel was washed with
Et OAc (100 nL), and the solution was7concentrated under reduced pressure.
The residue was purified by flash colum chromat ography usi ng Et OAc:
hexanes (1:(8)16amgt,hele£mi9nt HndMR i @@DbGIn,va00QoMHae) ,gibv@ .32, 0.43(2

7-p-nitrob 519+ DA -t 3 28
(555 Dap el HyRsgly; 0 510, 30 2 SR B B Sy et 06cs, 3
H Me16), 1. @9((§, 3 H, M@IIW)) 11%15( 4 1 ¥ MeX$), i:88(s, %IH Me19),

5301(0'0'0' 87& 3)14 141741& 7 4 Zi{ 0 Hzpy)l, *r@bciddZ @3£d14J4— PolsHz2.1 H,

VB18 >8( 14b). 2,30(s, 3
H 4- A(,5) 3252 (o &, Hﬁm :14? 45 b“ 1 B. 41%>E@m'”zoo% gloggz e, s
chgth%Glipl@ael@a 1.8 ZHZ(s;L j_IHJ;%%iACB 89(2164(rd =22HQ Hr4al H411D:?)4(d, ]
4 =
84t 1K %142‘6%% bgs(]nliig‘ﬁ - %1? 7 lizgsj(d%‘z yéally %F@g% H? 1 H HB),

5.19(d, J . 1:81& I 5 HHORH OO9)g, 5.268d2 Hz= 13H3, HZOH) CHE 6XE0) ) |

5.36(dd, J ; 3 7 d, 1J_= H, 1 H0

S Cea(d 1L BRI %ﬁa’*&gd‘%s‘*% 3T B oace

m . 71532(dH7J) 48872(“2r H HNOPXBH4) 485 (84, (¥t= 9 L 7251 Hzg fpHi
genéoatzeH ml\?oz X0, é’s(lcﬁ),(Obl%C? 8. 11%7%)1314!-!21422 He . bemzoaneH Omigf)%(d J =
. m )

14. 6( Me( 18)%- 320 4%~ AY:)SSQ"Q (26ma 6 %QE‘ c%% 38.7(C(14)),
42. 4(0(15) Joerffo(dy 3), 7569 Gm(OI.BM) beﬁi’o@pe68pB(C@l3)3 (d, OCH2PR- R02- p) |
74.7, 15 76, 8 0) , C(20)) , 78.8 (C(1)) , 80.4(C(4

., 83. 6(0(%3 %gﬁ (bcé‘%%a ‘213 gg"]“iéo 3C( 132%)9 (OCHZI(DEE N%))Z-p, benggglt )e§
135.0(C(11)), 142.4, 143.0

15 Example 8

7-p-Nitrobenzyloxycarbonyl-10-DAB. To a THF

solution (1 mL) of 10-alloc-7-p-nitrobenzyloxycarbonyl-
10-DAB (34 mg, 0.048 mmol) at room temperature was added
a THF solution (1 mL) of formic acid (19 mL, 0.48 mmol,

20 10 equiv) and butylamine (47 mL, 0.48 mmol, 10 equiv),
followed by the addition of Pd(PPh,), under N,. The
reaction mixture was stirred at room'temperature for 0.5
h. EtOAc (10 mL) was added, and the solution was quickly
filtered through a short column of silica gel. The

25 silica gel was washed with EtOAc (100 mL), and the
solution was concentrated under reduced pressure. The
residue was purified by flash column chromatography using
EtOAc: hexanes (1:2) as the eluent and dried in vacuo to
give 7-p-nitrobenzyloxycarbonyl-10-DAB as a colorless

30 solid: yield, 28 mg (93%). [al, -38° (CHCl;, c = 0.48); *H
NMR (400 MHz, CDCl;) 6 1.06(s, 3 H, Melé6), 1.09(s, 3 H,
Mel7), 1.55{(s, 1 H, 1-OH), 1.86(s, 3 H, Mel9), 2.01(ddd,
J = 14.4, 10.7, 2.0 Hz, 1 H, H6b), 2.03(d4, J = 5.1 Hz, 1
H, 13-OH), 2.09(d, J = 1.3, 3 H, Mel8), 2.28(m, 2 H,

35 Hl4a, Hl4b), 2.30(s, 3 H, 4-Ac), 2.62(dad, J = 14.4, 9.5,



(OCH2Ph- NO2-p, C (12)) , 154.2 (OC (O O , 167.3 (benzoate)g, pec 2006

L 171.1(4 6(C(9))ppm 20 Exanple 9 Sel ective Esteri t the
C 10 Hydf%x)osf?o;ql 10-DAB using the catalytic DyCl3 reacti oﬁcq‘%\’gsggpboﬂ on o
butyric anhydride (0.55 mmol) in THE (1.32 m) was added, wunder a nltrogen
at nosphere, to a solid mxture of 10-DAB 25 (30 ng, 0.055 mmol) and DyCl3
(1.3 ng, 10 nol.% wt 10-DAB). The ggsulting suspension was stirred at room
tenperature until judged conplete by TLC (2:1 .EtOAc/Hexane). The reaction
was di | ut §d 3nHzh Bt GAc Hew) , viasse(Ht kT ee 208z i 1 HHsatr@Epd NaHCO3

sol ution. cpbin c n e racte hree tines
with Et OAC rbeahgis)e conbi ﬁ%ﬁorggﬁ?c? ?&g% \Aﬁla ‘§ ﬁl%hdgtﬁé sol vent
evapor at ed20the & «ide(br ol t8 whsHz 4 13 tI‘Lur d‘l%@aw th- B@kmnes HndHLBE, not her

| quors dacant e, 1A DEC 2005, o UG 99/ 490245 PCTS USHRA 17916 1 §9;avay.
Crystallization frO{n St OAc/ hexanes yi el ded 10- butéX - 10 DAB identical to
that Psol &redHH G (N 12 (RarhiF setr $eabtd ontH k) 10 5 Selective
Esterificdat. |3cm(|d1f the- ?&@MIDM aof H,1Q-'I’DAB 5IS4 OQA | hﬂ? capabytk¢ Y%CI) 3
reaction A olgitdon tylc ri THE (1.32 was
added, undel'? a}ﬁndl)tros’gesn4 rm‘j'tsp'hef’flgg“i{j as 1|Ig25)mmT?% CECF EDAB (30 nmg,
0. 055 nMmol§). land’ VoI (2.18, negndgatml . w't. 5..2)((.10 DAB) 8 . 7I'he2rHsuI ting

suspensi oRyaVesSy St i Ir @4 @l rQem A r at nt ég% j ete by TLC
(2:1 FEt OAc/’Héxa 2 ne). Th(e reactlonmg’ |Iliqltrjzteeti‘l H C vvashed t hree

timedOwit sleﬁﬁjf'at o NaHoos! sbIHR i oh HfTrRen%%*‘éﬁne@l bi %a?%é@até #ashi ngs

were extracted 1 it ead,cies Bpow the BMEAC(74 hese, cop@lned orgam CsS were
dried (Na2S % Q])dgthe sol ant ev porat ed, The crude. product was
d it AshExH her1?1‘hﬁ%r%cbec%1‘?’lt%d 2qudyMels,

triturate les e e
Crystal | i 2@1n f3om & @) hexaue&e el dedt 404 (C(15)), 46.5(C(3)),
56.5(C(8)), 67.9, 68.3(C(13), OCH,Ph-NO,-p), 74.7, 75.2,
15 76.8(C(7), C(2), C(10), C(20)), 78.8(C(1)), 80.4(C(4)),
'~ 83.6(C(5)), 124.1, 128.4, 128.9, 130.3, 133.9
(OCH,Ph-NO,-p, benzoate), 135.0(C(11)), 142.4, 143.0

(OCH,Ph-NO,-p, C(12)), 154.2(0C(0)0O), 167.3 (benzoate),
171.1(4-Ac), 211.6(C(9))ppm. '

20 ' Example 9
Selective Esterification of the C-10 Hydroxyl of

10-DAB using the catalytic DyCl, reaction: A solution of
butyric anhydride (0.55 mmol) in THP (1.32 ml) was added,
under a nitrogen atmosphere, to a solid mixture of 10-DAR

25 (30 mg, 0.055 mmol) and DyCl, (1.3 mg, 10 mol.% wrt
10-DAB). The resulting suspension was stirred at room
temperature until judged complete by TLC (2:1
EtOAc/Hexane). The reaction was diluted with EtOAc and
washed three times with saturated NaHCO, solution. The

30 combined bicarbonate washings were extracted three times
with EtOAc, these combined organics were dried (Na,SO,)
and the solvent evaporated. The crude product was

triturated with hexanes and the mother liquors decanted



butyrl-1O-DAB identical to that isolated fromthe CeCl3 200 d
_reaction. In view of the above, it wll be seen that the sevepe¢2ﬂ§1ects
of the i nWeme¥WB2lar e achi eved. As various changes coul d be HdeS®B17¢he
above conpositions w thout departing fromthe scope of the 25 invention,
it is intended that all matter contained in the above description be
Interpreted as illustrative and no%g nalimting sense. 0-4 DEC 2006 WO
99/ 09021 PCTIU898/17016 70 CLAIMS: ""1. A process for the acylation of a

Caxane Wi 1B S e O R B e T e e o ng | 55 th
ion_m xt.ure con
one equi vab‘éﬁ‘x’rbf %‘D%Bbbgén\;b?aéaﬁﬁ éaétv&ISQPlf"tSfi F&)?ﬁ‘nétn[e %Fg:am :Ssé(ao?n

acyl ated taxpneysdd FBacpiegess of claim 1l wherein the taxane has C(7) and
C(10) hydroxy groups and the acyl ating agent selectively reacts with the
C(10) hydroxy group. 3. The process of claim1l wherein the taxane reacted
with the acylating agent is 10- Geaagthd Ihccatin 111. 4. The process of

claim & wher el nebhe taxangsRas: £10e It dfitie BLARMaitnll oM A T 13, €

10-DAB using the catalytic YbCl, reaction: A solution of
butyric anhydride (0.55 mmol) in THF (1.32 ml) was added,

under a nitrogen atmosphere, to a solid mixture of 10-DAB
(30 mg, 0.055 mmol) and YbCl, (1.3 mg, 10 mol.% wrt
10 10-DAB) . The resulting suspension was stirred at room
temperature until judged complete by TLC (2:1
EtOAc/Hexane). The reaction was diluted with EtOAc and
washed three times with saturated NaHCO, solution. The
combined bicarbonate washings were extracted three times
15 with EtOAc, these combined organics were dried (Na,SO,)
and the solvent evaporated. The crude product was
triturated with hexanes and the mother liguors decanted
away. Crystallization from EtOAc/hexanes yielded 10-
butyrl-10-DABR identical to that isolated from the CeCl,
20 catalysed reaction.
In view of the above, it will be seen that the
several objects of the invention are achieved.
As various changes could be made in the above
compositions without departing from the scope of the
25 invention, it is intended that all matter contained in
the above description be interpreted as illustrative and

not in a limiting sense.



44 R4 wherein 5 Rl is hydrogen, hydroxy, protected hydroxy 0 (0pEC t2008et her

.wth R14 o rms a carbonate; R2 is keto, -0T2, acyl ox
gv?%?tﬂforns a carbonate; R4 is -0OT4 or acyl oxy;P(i%{J%?f/li7%16

t oget her. w
hydr ogen, hal ogen,
- 0CQz9, or -0COQZ9;

-0r7, -0CQz7, or -0COZ,; R9 is hydrogen, keto, -0T9,
R10 is hydroxy; R13 is hydroxy, protected hydroxy,

keto, or 0 4 DEC 2006 WD 99/09021 P@T/US98/17016 71 X C 4W- . to X4 X
/5 0- 5x 2 HX2 Xt Rl4 is hydrogen, -OT,,, acyloxy, or together with R

forms a cachemate;
hydroxy protecting

T2, T4, T" T9 and T14 are independently hydrogen or
group; X1 is -OX6, -SX7, or -NX8X9; X2 is hydrogen,

hydr ocar byl , substituted hydrocarbyl, or heteroaryl; X, and. X4 are
i ndependent | y hydr dyeProegag ofarbyhe asubstivot ef lay @ (@dar byldroxy

het er oar ylgra{® i SF -

hydr ocar byl , substi

or a functional **%f

aoébxaﬁggothésgigceé@Xgé%gri%ﬁn@502X1l; X6 is
t uyt ed hydrocarbyl, heteroaryl, “hydroxy protecting group
wWhHrehtFREREaYeEht AR REYEAtIBSUBIEREY 18f 3t he t axane

derivati vereagtien hyikeoeps bdd:ntﬁ!ﬂhﬁh%t uted bydnoeaebylquivhebaroaifyla or

sul f hyéjr ylbapsreotfaoc}i
acylated

2.
C(7) and

é%kﬁrggﬁivg ehtso

taxane.

ydrogen, hydrocarbyl, jor substituted

The process of claim 1 wherein the taxane has

C(10) hydroxy groups and the acylating agent

selectively reacts with the C(10) hydroxy group.

3.

The process of claim 1 wherein the taxane |

reacted with the acylating agent is 10-deacetyl baccatin

ITT.

4,

the struc

The process of claim 1 wherein the taxane has

ture:

wherein :
5 R, is hydrogen, hydroxy, protected hydroxy, or
together w-ith'R14 or R, forms a carbonate;.

‘R, is keto, —OTZ,'acylbxy, or:together.with R, forms

a carbonate;

R, is -0OT, or acyloxy;

10 R, is hydrogen, halogen, -0oT,, -0C0Z,, or -0OCO0Z,;
R, is hydrogen, keto, -0T,, -0C0OZ,, or -0CO0QZ,;
R,, is hydroxy:

R,, is hydroxy, protected hydroxy, keto, or



hydrocarbyl; X9 is an amino protecting group; X10 is hydrocafyDEC 200

., substitut edOY@PHdarbyl, or heteroaryl; X11 is hydrocarbyl ,PSUHSE 7 ised
hydrocarbyl, heteroaryl, -0OX10, or -NX X14; X19 is hydrogen, hydrocarbyl,
substituted hydrocarbyl,.or heteroaryl; and Z7 and Z9 are independently
hydrogen, hydrocarbyl, substituted Bydrocarbyl, or heteroaryl. 5. The
process of claim4 wherein RL is hydroxy or together with R14 or R2 forns a
carbonate; R2 is -0CQZz2, -0OCOQZ2, or together with R fornms a carbonate; 0O
4 DEC 2006 WD 99/09021 PCTI U#98/,17016 32 R4 is -0OCOz4; RO is hydrogen or
keto; R13.is hydroxy, protect e@ hydioxy? [gr 110 X4 X3 X CAW- 3 2 5 5 0- H
X2 XI 10 R14 is hydrogen, hydfoxy,~psotetteg-hydroxy, or together with Rl
forms a carbonate; Xl is -OXb or -lN)glg 9,2 is hydrogen, hydrocarbyl, or
substituted hydrocarbyl; is X3 afd X aré independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or heterobaryl; X5 is -X10, -0OX10, or

-shli)(gi(il'?ht >e<g 'goﬁﬁ%i% gegabﬂﬁgﬁpttaﬂmgrguwo%@,' SURAGR Rydnecar byl or
forms a carbonate;

T,y Ty Ty, Ty and T,, are independently hydrogen or
hydroxy protecting group;

‘X, is -0X¢, -SX,, or -NX,X,;

X; is hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heterocaryl; .

X, ahd.X4 are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl;

Xs is -Xy, -OXy5, -SXy5, -NXgXy,, Or -SO0,X,,;

X; 1s hydrocarbyl, substituted hydrocarbyl,
heterocaryl, hydroxy protecting group or a functional
group which increases the water solubility of che taxane
derivative;' '

X, is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, or sulfhydryl protecting grdup;

X; is hydrogen, hYdrocarbyl, or substituted
hydrocarbyl; '

¥ is an amino protecting group;

X0 1is hydrocafbyl, substituted hydrocarbyl, or
heteroaryl; |

| X,; is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, -0X,,, oxr -NXgX.,;

_ X,, is hydrogen, hydrocarbyl, substituted
hydrocarbyl, .or heteroaryl; and

Z7 and Zg are independently hydrogen, hydrocarbyl,

substituted hydrocarbyl, or heteroaryl.

5. The process of claim 4 wherein.

R, is hydroxy or together with R,, or R, forms a
carbonate;

R, is -0CO0Z,, -0C0O0Z,, or together with R, forms a

carbonate;



X9 is an am no protecting group; _X10 is hydrocarbyl, substig Upee 2006
., hydrocar byg ofifog2iN€t €r0aryl; and Z2 and Z4 are independent Iﬁ&.ﬁﬂy 5/9.%§§byl ,
substituted 25 2hydrocar byl, or heteroaryl. 6. The process of claim )
wherein the acylating agent is selected fromthe group consisting of
anhydri des, dicarbonates, thiodicarbonates, and isocyanates. 7. The
process of claim6 wherein the reactizon mxture contains a Lewis acid. 0 4
DEC 2006 WO 99/09021 PCTIUS98/17016 73 8. The process of claim7 wherein
the taxane reaktad wiQPPZhe acyl ating agent is 10-deacetyl baccatin I111.

9. The process pf idd & goqg}gr&' kddig, reaction mxture contains a Lew s
acid. 10. The pr’ocess}g% claim9 v%er’ei n the taxane reacted with the

acyl ati ng agentRissifohydzesty| pratested hydroxyi. oFhe process of claim9
wherein the taxane has the structure: RROR 10 1 R RiXIII1l 1J A 161'C
lee ~-C 4e RIAR=1R2O0O R4 wherein 5 Rl is hydrogen, hydroxy,

prot ected hydroxy, or togeth wth Rl40r R2 forms a carbonate; R2 is
keto, -OT2, acyloxy, or together  w¥h I321||forms

K e

D S &
10 R, is hydrogen, hydroxy, protected hydroxy, or
together with R, forms a carbonate;
X, is -0OX; or -NX;X,;
X, is hydrogen, hydrocarbyl, or substituted
hydrccarbyl;
15 X, and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl;
Xs is -X,0, -0X,,, Or -NXX,o;
X, is a hydroxy protecting group;
X, is hydrogen, hydrocarbyl, or substituted
20 hydrocarbyl;
X, 1s an amino protecting group;
X0 is hydrocarbyl, substituted hydrocarbyl, or |
hetercaryl; and '
Z, and Z, are independently hydrocarbyl, substituted
25 hydrocarbyl, or heteroaryl.

6. The process of claim 1 wherein the acylating
agent is selected from the group consisting of
anhydrides, dicarbonates, thiodicarbonates, and

isocyanates.

7. The process of claim 6 wherein the reaction

mixture contains a Lewis acid.



a ‘carbonate; R4 is -OT4 or acyloxy; 10 R is hydrogen hal oggn.pecOMs - 000"

. or - OCOOZy, s hydrogen, keto, -0T9, - (III%?%I

hydroxy RlSmygﬁﬁ§droxy, prot ected hydroxy, keto 11 X é”§%37@%2 XS 5
\ 3/' 0- HX2 X1 0 4 DEC 2006 WD 99/ 09021 PCTIU898/17016 74 R14 is
hydr ogen, -Or14, acyloxy, or together with R, fornms a carbonate; T2, T4,
T7, T. and T14 are independently hydmzogen or hydroxy protecting group; X1
is -OX6, -SX7, or -NX8X9; X2 is hydrogen, hydrocarbyl, substituted
hydrocar byl , o8.heTbeorrgtesx3cfindlxXidmar ewhadependent kyxhydr ogen,

0o Mg UM L s P PRRLAY) o NELESRN el B A L0

heteroaryIII%ydroxy protecting group or a functlonal group whi ch increases
the water solubility of the taxane derivative; X7 is hydrocarbyl,
substituted hydrocarﬁgl heteroaryl, . or sulfhydryl protecting group; X8 is
hydr ogen, hydr o2ar by F°§%%§t?§u?%ﬂlmh§dVB€§F59lthR9rF§c5h°§n1no
protecti ngnigtoupe XdBtasndyaroeaiHyhcigubstituted hydrocarbyl, or
het eroaryl; X11 is hydrocarbyl, substituted hydrocarbyl, heteroaryl,
- OX10, or -NX, X14; X14 is hydrogen, hydrocarbyl, substituted

10. The process of claim 9 wherein the taxane

reacted with the acylating agent is 10-deacetyl baccatin
III.

11. .The process of claim 9 wherein the taxane has
the structure:

R‘l:!

wherein
5 R, is hydrogen, hydroxy, protected hydroxy, or
together with R,, or R, forms a carbonate;
R, is keto, -OT,, acyloxy, or together with R, forms
a carbonate;
R, is -0T, or acyloxy;
10 R, is hydrogen, halogen, -0T,, -0C0Z,, or -0COO0Z,;
R, is hydrogen, keto, -0T,, -0C0OZ,, or -0COO0Z,;
R, is hydroxy;
R,; is hydroxy, protected hydroxy, keto, or



hydrocarbyl, or heteroaryl; and Z7 and Z9 are independently [wqurEegm

. hydrocarb tituted hydrocarbyl or heteroaryl_ 12. T of
claim1l 5 %rgge/lﬁ%w 1 is hydroxy or together with Rl4 or R2 f%%ﬁuggﬁ%ﬁ6

carbonate; R2 is -0CQz2, -0OCOQZ2, or together with RL forns a carbonate;
R4 is -OCQZ4; RO is hydrogen or keto; R13 is hydroxy, protected hydroxy, or
14 DEC 2006 WD 99/09021 PCTI US98/ 17946 75 I XuXl 4 3 11 C 4" 2 XS 53/

0- HX2 Xt 10 R14 is hydrogen, hydroxy, protected hydroxy, or toget her
with Rl forns aRgarllsomadgoodni s-C6 arylNX8X9crXtogs tingdr ogerh R

hydr ocar byk ﬂg guga%b@rﬁt&%@ hydrocar byl ; 15 X3 and X4 are mdependently
hydr ogen, rocar substi t ut ed hydrocar byl , or heteroaryl X5 is -X10,
- OX10, or NX8X1@;: i §ra BydrelyTar 6FecENEGEGTERRT LB h\édrr%ﬁ%g%

hydr ocar byl q@bx§uBsbibtachg 28-diyglr ocarbyl; X9 is an am no protecting
group; X10 |s hédrocarb |, substltut ed hydrocar byl, or heteroaryl; and Z2

and Z. are independgent? whycﬁ%catoﬁyl NZgfibstituted 25 hydrocarbyl, or
heteroaryl. 13.xThes pipeesgenf ahargcdrwhar eishyste thawd aedtbcashbge) ect ed
fromthe group consisting of the halides or triflates of the Goup IB,

11B, I11B,°FVBE-UBO2W I B,
X, and X, are indéependently hydrogen, hydrocarbyl,

substituted hydrocarbyl, or heterocaryl;

Xs is =Xyo, -O0Xye, -SXy0, -NXgX;0, Or -SO0,Xs;;

X¢ is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, hydroxy protecting group or a functiocnal
group which increases the water solubility of the taxane
derivative;

X, is hydrocarbyl, substituted hydrocarbyl,
heterocaryl, or sulfhydryl protecting group;

X, is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;

X, 1s an amino protecting group;

X;, is hydrocarbyl, substituted hydrocarbyl, or
heterocaryl;

Xy, is hydrocarbyl,'substituted-hydrocarbyl,
heﬁeroaryl, -0X,,, Or -NX.X,,; _

- Xy, 1is hydrogen, hydrocarbyl, substituted
hydrocarbyl, or heteroary ; and

Z; and Zg are 1ndependently hydrogen, hydrocarbyl

substituted hydrocarbyl, or heteroaryl.

12. The process of claim 11 wherein

R, is hydroxy or together with R, or R, forms a
carbonate;

R, is -0C0Z,, -0CO0Z,, or together with R, forms a
carbonate;

R, 1s -0COZ;;

R, is hydrogen or keto;

R,; is hydroxy, protected hydroxy, or



VI'L'L, TI1A 1VA lanthanide and actinide elenments. 14. The process of claim
. 13 wherein the Lewis acid is selected fromthe group consi st.‘h@EﬁfZUEG nc
chloride, Wa¥MIM chloride, ceriumtrichloride, cuprous chlpeminkes/i7016

| anthanum trichloride, dysprosiumtrichloride and 5 ytterbiumtrichloride.
14 DEC 2006 76 15. The process of claim1l wherein the C(10) acyl ated

t axane conprises a C(7) hydroxy group_and the process additionally
conprises treating the C(10) acylated”taxane wth a silylating agent to
silylate the C(7) hydroxy group. 5 16. The process of claim15 wherein the
C(10) acylated taxane is baccai IIIX 14. The process of claim1 wherein
the C(10) acylated 10 taxane ébnp_r‘i\§,e53d|0(7) hydr oxy group and the '
process additionally conprise .\‘t\f,,eat-i g &-C(10) acylated taxane with an
acyl ating agent to acylate the C(7) hydroxy group. 18. The process of claim
17 wherein the C(10) acyl ated 15 H aX%ane %its baccatin Ill. 19. The process
of claim1 wherein the C(10) acylated taxane conprises a C(13) hydroxy,

nmet al liic oxi de, ®r ; i Xi ti n h rocess additionally
20 conpri ses the}@%tle%.n%?@iég%gffggﬁggg}?é %:’(’@8%‘338% gygagf‘%’(aﬁé‘ by treating
the C(10) FSARRRY tabdhRwiEorms i gardoaiate ;precur sor sel ected fromthe
group consi stingk,0fi sp~bactans. nx@Kazol i nes, oxazolidine carboxylic acids,
oxazol i di ne car)%)ox%]l %‘C aci d anhydri des, and isoserine derijvatives. 25 20.

The process of claith IESTRAE e HYRE EZRYle Pf SURREGWEest ure: 10 R R13 A
+, e XwRoRXHZCO R4

15 X; and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or hetercaryl;
Xs 1s -X;,, -0X,,, Or -NX,X,0;
X¢ is a hydroxy protecting group;
X3 is hydrogen, hydrocarbyl, or substituted
20 hydrocarbyl;
Xy is an amino protecting group;
X0 is hydrocarbyl, substituted hydrocarbyl, or
heterocaryl; and
Z, and Z, are'independently hydrocarbyl, substituted
25 hydrocarbyl, or heteroaryl.

13. The process of claim 9 wherein the Lewis acid
is selected from the group consisting of the halides or
triflates of the Group IB, IIB, IIIB, IVB, VB, VIIB,
VIII, IIIA, IVA, lanthanide and actinide elements.

14. The process of claim 13 wherein the Lewis acid
is selected from the grdup consisting of zinc chloride,
stannic chloride, cerium trichloride, cuprous chloride,
lanthanum trichloride, dysprosium trichloride and

5 ytterbium trichloride.



0-4 DEC 2006 77 wherein Mis a metal or conprises ammonium Rl is

. hydrogen, hydroxy, protected hydroxy, or together with Rl4 “'M Becfes a
carbonate; 5 R2 is keto, -Or2r acyloxy, or together with RL fornms a
carbonate; R4 is -OT4 or acyloxy; R7 is -0S RIRKRL; RO is hydrogen, keto,
-Or9, or acyloxy; 10 R10 is hydrogen, kgeto, -OI10, or acyloxy; RI3 is
hydr oxy, protected hydroxy keto, MO or X4 Xc 4 ~Z X6 59° 0 H X2 x, ;

h R bonat
R0, R, RL re PadeRBRIBACTS Syl oEAPOYI L SUBEEILuERE 50 Ry SERF R, or

het er oaryl tapnaei dedprhewsvear C (7 agdhoaf gBdupRKnanthLpabeeabkyl at
| east one of RJ, RK_and RL conprises a, carbon skeleton havi ng at Ieast four

car bon atéﬁgltéﬁaa*éy FAMP¥YSeP1 ARG IFY4EReC ﬁ@épéﬁdéﬁ??? R¢drB§en or

25 hydroxy wprat gckiing1gEeH ,aéénltstoog@l?natélxg%g cX3 Iﬁymé@!&ggsgou?(.
hydr ocar byl , or substitute hydr ocar byl ] i 6 78 X3 and X4 are

|ndepedﬂently hydr ogen, hydrocar byl , substltuted hydrocarbyl or

heteroaryl; X5 hg - ¥4Q 57 0%88s QF AXBXIQ: MRel2:f Xdr8>5¥o'5”8¥;§$£ic28
group;

taxane 1s baccatin IIT.

17. The process of claim 1 wherein the C(10) acylated
10 taxane comprises a C(7) hydroxy group and the process
additionally comprises treating the C(10) acylated taxane

with an acylating agent to acylate the C(7) hydroxy group.

18. The process of claim 17 wherein the C(10) acylated

15 taxane is baccatin III.

19. The process of claim 1 wherein the C(10) acylated
taxane comprises a C(13) hydroxy, metallic oxide, or
ammonium oxide substituent and the process additionally

20 comprises the step of esterifying the C(10) acylated taxane
by treating the C(10) acylated taxane with a side chain
precursor selected from the group consisting of p-lactams,
oxazolines, oxazolidine carboxylic acids, oxazolidine
carboxylic acid anhydrides, and isoserine derivatives.

25

20. The process of claim 15, wherein thé taxane has

the structure:

B, U a0 A ¢
1
N1
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5°X8 is hydrogen, hydrocarbyl, or substituted hydrocarbyl; X9 is an am no
. protecting group; X10 is hydrocarbyl, substituted hydrocarbyl,

heteroaryl. 10 21. The process of claim?20 wherein Rl is hydtﬂ&&%rzms
together with R14 or R2 forms a carbonate; R2 is -0CQOz2, -0COQZ2, or
together with RL forms a 15 carbonate;;R4 is -0OCOZ4; R9 is hydrogen or
keto; R13 is hydroxy, protected hydroxy, or Il xAx.10s 5~ ~ x o0- HXx;
X, 20 Rl14 iwﬁe%dhogen, hydr oxy, protected hydroxy, or together with Rl
forms a carbonate; XL is -OX6 or -NX8X9; 25 X2 is hydr ogen, hydrocarbyl, or
substituted hydraeaebykraX3candoXgrasesi agpandent |y hydrogen,

hydr ocar byl , substituted hydrocarbyl, or heteroaryl; X5 is -X10, -OX10, or
-NXBX10; 0 4 DEE! 2096"YFP K6 i sh¥IFHY 0xBE Pr ot erd i Mg ®P0Up; ©X8 i s hydr ogen,
hydrocar byk og@Ehgybgt thuked o MYdr @6aKBYL; XPpba®B;anmi no protecting group;
5 X10 is hydrocarbyl, substituted hydrocarbyl, or heteroaryl; and Z2 and
Z4 are 3 ndependBatly ksl ocadTuyl ,2cilestyi,t wired odeytdreac aritiyl Riofoheteroaryl .

carbonate;
Ry is -0T4 or acyloxy:;
Rs 1is -O0SiRjRxRy; .
Ry is hydrogen, keto, -0Ty, or acyloxy;
10 Rip is hydrogen, keto, -0T;q, or acyloxy;
Ri3 is hydroxy, protected hydroxy, keto, MO- or

le] Q
I X4 Xs |
c._ ¢ 2
xa/s \IN/S ] \0_
H X Xy

15

Ri4 is hydrogen, -0Ti4, acyloxy, or together with R;
forms a carbonate;
Rs; Rk, Ry are independently hydrocarbyl, substituted
20 hydrocarbyl, or heteroaryl, provided, however, if each of
Ry, Rk and Ry, are alkyl, at least one of R;, Rx and Rg
comprises a carbon skeleton having at least four carbon
atoms; and
T2, T4, Ty, Ti0o and T;4 are independently hydrogen or
25 hydroxy protecting group;
X1 1s -0Xg or -NXgXg;
X; is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;



10 22. The process of claim17, wherein the taxane has Ro R .0 R?
: R13111U ,a Aa RoR nz )OO0 R4 the structure: wherein M&iispec rpegsal or
conprises ammonium Rl is hydrogen, hydroxy, protected hydroxy, or 15
together with Rl4 or R2 forns a carbonate; R2 is keto, -OT2r acyl oxy, or
together with RL forns a carbonate; R4,ds -OT4 or acyloxy; R7 is acyloxy;
20 R9 is hydrogen, keto -0r9, or acyloxy; R10 is hydrogen, keto, -OT10r
or acyl oxy; R13 S ket o, R14 is

ox ofecte dr
hydr ogen, OT19r3a%@ 9% é%%?ﬂ%fr&%?h%ﬂ%r095WHsh§q§§Fﬁﬁﬁﬁ9€ 25 T2,
T4, T9, Tlguasdlfmﬂeareyumdepeagentby hydeegery0r hydroxy protecting group
0 4 DEC 2006 80 wherein (1) when RL is hydroxy, R2 is benzoyloxy, R4 is
acetoxy, Rg is Ketbs Tﬁﬂ@rlsoéaat6¥y'@P%§rmtected hydroxy, and R13 is
hydroxy, R7 is @ihgesr 1hary 55 chloroethoxycarbonyloxy or
2-(2 5 trichloro%ethylg?époxy car r cF(Z) when Rl is hydroxy, R2
is benZoyl oxy, R4 is Eudmmg@@,Fﬁydﬁp¢ambykuubfﬂihbsmutw%ﬁ&iare acet oxy, R7
i s other tgag acetgxxh 2,2,2- trichloroethoxycarbonyl oxy. 10
ydrocarbyl;
X9 1s an amino protecting group;
X10 is hydrocarbyl, substituted hydrocarbyl, or
heteroaryl.
10
21. The process of claim 20 wherein
R; is hydroxy or together with Rj; or Ry, forms a
carbonate;
R, is -0C0OZ,, -0C0O0Z;, or together with R; forms a
15 carbonate;
R4 is —OCOZ4,'
Ry is hydrogen or keto;

Ri13 is hydroxy, protected hydroxy, or

i xa

xs~ c\“n/' ;7<<\ o—

o
|

20
Ri; is hydrogen, hydroxy, protected hydroxy, or
together with R; forms a carbonate;
X1 is -0Xg or —-NXgXg;
25 X, 1s hydrogen, hydrocarbyl, or substituted

hydrocarbyl;

X3 and X4 are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl;

X5 is —Xjig, —-O0Xig, or -NXgXio;



-
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X¢ 1s a hydroxy protecting group:;

Xg is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;

X9 1s an amino protecting group;

5 X190 1s hydrocarbyl, substituted hydrocarbyl, or

heterocaryl; and

Z, and Z, are independently hydrocarbyl, substituted
hydrocarbyl, or heterocaryl.

10 22. The process of claim 17, wherein the taxane has

S

R‘alllll ia A

the structure:
wherein
M is a metal or comprises ammonium:
R; is hydrogen, hydroxy, protected hydroxy, or
15 together with Riy or R, forms a carbonate;
R, is keto, -0T,, acyloxy, or together with R; forms a
carbonate;
Ry is -0T4 or acyloxy;
R; is acyloxy;
20 Ry is hydrogen, keto, -0Ty, or acyloxy:
Rip is hydrogen, keto, -0T;9, or acyloxy:
Ri3 is hydroxy, protected hydroxy, keto, or MO-;
Ris4 is hydrogen, -0T;4, acyloxy, or together with R;
forms a carbonate;
25 T2, Ta, T9, Ti0o and Ti4 are independently hydrogen or
hydroxy protecting group



10
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wherein (1) when R; is hydroxy, R; is benzoyloxy, R4 is
acetoxy, Rg is keto, Rjg 1s acetoxy or protected hydroxy,
and Rj3z 1s hydroxy, Ry is other than acetoxy, 2,2,2-
trichloroethoxycarbonyloxy or 2-(2-
trichloromethylpropoxy)carbonyloxy, and (2) when R; is
hydroxy, R; is benzoyloxy, Ry is acetoxy, Rg is keto and Rig
and R;3z are acetoxy, Ry 1s other than acetoxy, 2,2,2-

trichloroethoxycarbonyloxy.



