06 JUN 2005 1 PROCESS FOR SELECTI VE DERI VATI ZATI ON OF TAXANES BACKGROUND OF
THE | NVENTI ON The present invention is directed, in general, to a process
for the preparation of taxol and other taxanes, 5 and in partiqﬁgggﬁkhﬁg
such a process in which the C(7) or C(10) hydroxyl group of a

selectively derivatized. 10-DAB (1), which is extracted fromthe needl es
of taxus baccata L., the English yew, has becone a key 10 starting
material in the production of taxol arld Taxotere, both of which are potent

anti cancer age r Taxo, and ot her
t axanes havi ng%tair%\’t ﬁsugomr‘ia?;#\%qo{;%(?glé&e\;@q#m%xo o#%%vati zation 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.
0O JUN 2005 2 Until now, strateoles for the preparation of taxol and taxol
analogs mer-'----J Byi%s o3RRG of Senilh et al. (C R Acad. Sci.

Pari s, 1981 z%%ht tiftate e qsatdﬁeeé@@&t%tgeﬁérare tgug
hydroxyl gro of 10 AB t owar d acetlc an r| de_in pyridine is C(7)-CH
> C(10)-OH B 1 PEER2 15 1 3RgdopER (gax%ﬂ?SChem

Soc., 1988, ah#i0 J.nSQ:hZ:)tJ.mlla&tl e S?ddl-ylaatpﬁbééstm Whigh hyle ogyh) geeup of
10, A8 4 e on ] O e RS0 L0 LR, 48,
derlvatlzed
10-DAB (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 reguires 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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yi el d. Based upon these reports, in those processes in which
differentiation of the C(7) and C(10) hydroxyl groups is required (e.qg.
preparation of taxol from 10-DAB), the C(7) hydroxyl group nupt q%
protected (or 15 derivatized) before the C(10) hydroxyl group is protected
or derivatized. For exanple, 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 uge pupno@ndstibpablivs YW itd 9t QU
known t hat taxanes h VI vafl ous g&bgtltue\r??{s %[fc?w&gc?qflo&gi a’fcﬁise C(lO)

or the C(7) P h% 1odFi waReePaged WRCR the mhﬁﬁﬁkaﬁinnrmﬁe
efficient 2Beyihlhestsabt t(lere meheri @lg. iHa2wul d e 1usef Ul dp haws

met hods whi r g ff|C|en .and more highly ‘selective protection

or derivatlgn?$%n 0 ?%%gEfiﬁ)rﬁﬁﬁ iyhEYCPf) t %fdﬁ@%ﬁ hycrml soavmsy oF

THE IN\/a\ﬂ'l@sf311)NMgthherdbgaeet$c0énh5rdrﬂﬁese.ﬁtp Riineonns therefore, is

t he provi si gay pﬁ gﬁld(ﬁé #egthiggeéﬁs ége éﬁé p eparatlon of, taxol
VE

and ot her taxanes t hrou ect | gF&up or
the C(10) HHARREAC gf@upA@f qbe@ABsQnd,oﬂﬁea t azanessipar tsedldcarlw 06 JUN

2005 3 a progespdtidhieh the @(%P)hya%segx' g%ng?EslBr Lphectady, or

rOV|S|on of C(7) or

derivatized prijar. to r oxyl
C(10) deriv F%ﬁﬁpﬁ¥ﬁ&i§;cg@i?€¥$? 1?h@¥€#€#§e Fﬁegbwésent invention is 5
direct ed to 7 tprisodnel 4ty 1 fe0 adydeé t D bhctheif( 101 1) hydnoxw gseup of a

Laxane. The yXaGesS RO |8 ' AEL0% o oL eaCT 1SN AL XLV 220LALN N0 the
whlch dlfferentlatlon of the C(7) and C(10) hydroxyl
- groups is required (e.g., preparation of 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



agent which contains | ess than one equival ent of a base for each

equi val ent of taxane, and allowi ng the taxane to 10 react with the

acyl atiing agent to forma C(10) acylated taxane. The presgmgt mﬂqgntlon S
further directed to a process for the silylation of the )J roxy
group of a taxane having a C(10) hydroxy group. The process 15 corrpri ses
treating the taxane with a silylamde or a bissilylamde to forma C(10)
silylated taxane. The present inventidn is further directed to a process

Lo asor " GebEaSt b BHUIRCE BB iAot It e Lo
10- acyl oxy-@rhgdroxgt azadepribirhta kaealli(Zi)nhysgextyli grdup prasendes of an
acid cataJ%§%V%g%égrgkaCEQ%OBﬁkﬁaab)zggragg@yaeaTQ%ﬁ%rgﬁgnt invention is

further dir aving't structure: _~to RT R13
A\14 | _ 25 mherarhefwy»sthewstfareortb@npm%@tamwmmoms s hydr ogen,

hydr oxys Proteebedanvdr aXgrofesst 282! B Wel/l Rlbr0loREHeOr car bonat e;
0 6 JUN 2005 4 R2 1s iﬁro SS acyl OX}rZ ?ﬁtaoget gr V\nteﬁdﬁqaorns a
car bonat e; hydroxy group of a taxane. he process comprises forming

a reaction mixture containing the taxane and an acylating
agent which contains less than one 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
10-acyloxy-7-hydroxytaxane to an acetal or ketal. The
20 process comprises treating the 1l0-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;



R4 is -OT4 or acyloxy; R7 is -OSiRJRKRL; 5 R9 is hydrogen, keto, -0OT9, or
acyl oxy; R10 is hydrogen, keto, -Ollol or acyloxy; R13 is hydroxy,
protected hydroxy, keto, or MO>; RI14 is hydrogen, -OT14 , adl/f oUW, 2085
together with RL forns a carbonate; 10 R' RK, RL are independently

hydr ocar byl , substituted hydrocarbyl, O{E het eroaryl, provided, howe- er,
If each of R' RK and RL are alkyl, at |gast one of R* R and RL conpri ses

a car bon skel eton ViRg | ea fo arbon atons; .and 15 T2, T4, T9,
T10, and T, 4 are i%e%gnggﬁﬁ'y E);/rdfoééﬁiaw'h)%r Seg e 44 Yy Byr 6aBmsar her
obj ects and f &atqQAX&PnFLehis invention will be in part apparent and in
part pointed out he&eggattgﬂ.O£Eg€¢}ﬁ§yDESCRIPTICN OF THE PREFERRED

EMBODI MENTS 20 Anmong ot her. _things,” the’ present invention enables the

sel ective deri vati%at?‘ﬁn'Qileh%( 10) hydroxyl group of a taxane w t hout

first proBecting tRg C§7hyhydgexyl kegbqupo-@t, aggdaeggb%?. way, it has been
di scovered that the Gggq&h%}ties reviousl¥ report ' the C(7) and 25
C(10) hydroxyl grolps Can be TEVer sTEC« habTies, OFh@cyleagti vity of the
ﬁ( 30) h?/droxyl grgﬂp; be dipede wagﬂqcémilthﬁdf@ﬁ?; Ih ket¥,0brt Be-X(7)
ydroxyl group undgr scer i tions. ough the present invention
may be used to 30 s& éc%fiﬁ\?g#{/b g‘?'i va 1|olze 3%’295&9 RAVIERF S WRFAMEER Broup at
C(7) or_CXlQ)?OFWSOPf€P§b9@ﬁﬁFGuIar advantages in the selective
der!vatizetion of Raxages HaxkBo: AYAPAXUES AP HRHMIRIOS fule A De N
C(10), i.e., ¢ éo-dlh [ OXY t axanes.  I'n !
hydrocarbyl,” or heteroaryl, provided, howe  er, if each of
R;, Ry and R, are alkyl, at least one of R;, Rg¢ and R,
comprises a carbon skeleton having at least four carbon
atoms; and
15 T2r T4s 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 out 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
group. 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




general , 7,10-di hydroxytaxanes which may be selectively derivatized in
accordance with the present invention correspond to the follomﬁng
structure: OH 5 3 wherein Rl is hydrogen, hydroxy, protectg&bhg
together with R14 or R2 forns a carbonate; 10 R2 is keto oxy or
together with RL forns a carbonate; R4 is -0OT4 or acyloxy; RO is hydrogen,
keto, -OT9, or acyloxy; R13 is hydroxy, protected hydroxy, keto, or X4 X 15
X-~3-5\Vs2" 41 HO R14 is hydr ogen, -0Or14, acyl oxy or together

with RL for art T2, T 1 den y hydr ogen
or ~hydroxy g‘rsgta(e ti %?;@uo 2]0 €=X‘l’ ? 1%*%111 %ﬁig EQ%%

hydr ogen, hgenecadby|7, 1 nskithiydn QKV&BMHHESUth¢h mthb¢e$©b¢q¢;vaByand X4
are i ndepengdgntihy tRYHDGEN 2 W BEGH DLW ieh the present invention

correspond to the following structure:

a|:I

wherein

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

10 R, is keto, -0OT,, acyloxy, or together with R, forms

a carbonate;

R, is -OT, or acyloxy;

R, is hydrogen, keto, -OT,, or acyloxy;

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

|c|) x‘y 3 |(|)
\N/ X\\O___
L X2 %y
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 -NXgX,; .
X, is hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heteroaryl;
X, and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl;
25 X, is -X,5, -OXyp, =S¥y, -NXgXy, Or -80,Xy,;



substituted hydrocarbyl, or heteroaryl; 25 XS is -X10, -0OX10, -SX10,

- NXBX10, or -S02X11; 06 JUN 2005 6 X6 is hydrocarbyl, substituted

hydr 6¢ar byl , heteroaryl, hydroxy protecting group or a fun_cblﬁog@k )godg_roup
whi ch'increases the water solubility of the taxane derivative; , 1S
hydrocarbyl, substituted hydrocarbyl, heteroaryl, or sulfhydryl protecting
group; X is hydrogen, hydrocarbyl, or substituted hydrocarbyl; X9 is an
am no protecting group;, 10 X10 is hydrocarbyl, substituted hydrocarbyl, or
heteroaryl; X11 i sXhy&® oBki‘ﬂﬁ?F?rbME)stSuhSEdthyddohlydb'plcarbbdt,tergaryl/ls ,

-OX10, or - NXh&téroan¢1Xlhyias-Jaydk : e

hydr ocar byl , or het eggakyl,.y Sel ectpglég%at?ﬁy %&ﬁ%tﬁlﬂz}?@]ﬂ#ynl%%%]ordance
with the proc8E§UBf "EhEprESERBSSSnFERt Water sHabidddy df dvertaiatmt t he

C(10) hydroxyflergvaupvef a taxane can be selectively acylated in the 20

absence a base, . pr; ly.in the ahsence of .ap am ne base. Preferably,
thereforgé, ani ne bx el'ggglji r%%ap‘iu% df ?F%F?E?ﬂyﬂ&%ﬂ@?rbﬁl' .
dinethylaninob???ﬁ@%éYéndOZ,GSuﬂﬁFVdryé,prbtpbwﬁw@ gﬁbﬁgﬂ , are p{ﬁsen55|n
the reaction mXxtyregd lye ntration, ated anot her

way, if a base is pr g'senmt};%\@% Pé' r%%%:f%%%gt uér’%, s??u%tl{;rﬂf:ﬁg ratio of the
ami ne base t oPYRECFIZRNRE/ i s preferably less than 1:1, nore preferably less
than 10:1, and nosg, iy eirerawine |Bsstdddihd Wr-dupAcyl ating agents which may
be usedf}n the S%hfcgévgydrocarbyl, substituted hydrocarbyl, or

heteroaryl;
X,, is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, -0X,;,, or -NX,X,,; and
X4 is 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) hydrokyl
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, dicarbonates, thiodicarbonates, and
isocyanates. In general, the anhydrides, dicarbonates,
and thiodicarbonates correspond to structure 4 and the
isocyanates correspond to structure 5:



30 acylation of the C(10) hydroxyl group.of a taxane include anhydrides,
di car ponat es, thiodicarbonates, and isocyanates. In general, the
anhydri’des, dicarbonates, and thiodicarbonates correspond to (58 rJunt 2008 4
and the isocyanates correspond to structure 5: 06 JUN 2005 7 0 Rl1A R-
RBN=C=0 4 5 wherein RLis -OR, -SR, or R; RRis -OC (O Rbn, -OC (O ORp
-OC (0) SR b, -OPOROR', or -0S (O 2Rb7 R is hydrocarbyl, 5 substituted
hydrocarbyl, or heteroaryl; and R, Rb, R are independently hydrocarbyl,
substituted hydrocarbyl, o het eroaryl. For exanple, suitable carboxylic
acid anhydride acylatlng ents include acetic anhydride, chloroacetic
anhydri de, propionic anWydrlde benzoi ¢ 10 anthysi= efe=o and ot her carboxylic
aci d anhydrides containing substituted or unsubs$tituted hydrocarbyl or
het eroaryl noieties; SU|tabIe di carbonate acyl ating reagents include

di benzyl di sdhexmin & disal1GR®, dFBir omaR's, Rdi pEopQF (@) BAr bod@f@) OBhd ot her

di car bonat es. dd( @t NIgHbRERbS tdt WeEsl( @y, gunsgbsité tw@poéyg,g%:gar byl or

het er oar socyanate acyl ati agents incl ude

noi et es ita
phenyl Egoc ‘QﬁﬂQS?K§F°?§EE¥ nabesh etEBﬂFEY%rnégguBstl$utéﬁ 8re

unsubsti t ut ezd-ldagdsrrm{bw nydrdsmaﬂsyahr ysubbt ¢tieed hpdeddatben, akt hough
the 20 anhydr |des far nat es sed ag acyl ating
tis

agents nmay %ﬁ%&ﬂfy oﬁeﬁﬁ? ? p?%fg?ﬁga c?ﬁ%?XYEé§ g&* éynnetrical;
that is, Rl anivRide cacelating agentst haclufie avéetal enhydsydeetrica

(€. 9., 1T Rl Rhcedtc! nffatde R ioRocbehRgat P8 SaBBHES 1 BD)

10 anhydride, and other carboxylic acid anhydrides
containing substituted or unsubstituted hydrocarbyl or
hetercaryl moieties; suitable dicarbonate acylating
reagents include dibenzyl dicarbonate, diallyl
dicarbonate, dipropyl dicarbonate, and other dicarbonates

15 containing substituted or unsubstituted hydrocarbyl or
heterocaryl 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)R® with R® being the same as R®).

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 suggeéts it may be present in
either a stoichiometric or a catalytic amount. 1In
general, Lewis acids which may be used include triflates
and halides of elements of groups IB, iIB, ITIIB, IVB, VB,



25 Wi le the acylation of the C(10) hydroxy group of the taxane wll
proceed at an adequate rate for many acylating agents, it has been

di scovéred that the reaction rate nay be increased by incl udi0) JINL280G S
acid in the reaction mxture. The concentration of the Lews 30 acid
appears not to be narrowy critical; experinental evidence obtained to
date suggests it may be present in eigher a stoichionetric or a catalytic
anount. In general, Lewis acids which may be used include triflates and

{1/?: i?)de\s/I ﬂ é!@mn\fbilbf YIonpsItida, | tBAaI 'J.hﬁ_t:hhia{@de¥]§1 a(x)z% ‘Ag@i%c.)%%sg.lov :3
, , - i des, and actinides of .the Periodic Table
( Aneri can Chéeﬂn% é?ﬁ* ﬁ%f’%?@ggg%ngg?‘énﬁf‘& g%‘?@acﬁ'«ivms?c&@itd’s fioxsiakde zi nc
chloride, sttHffiarred|bevie, ackdsuinclidhl eihdechtupides ehbemide,
| ant hanum 5 dHlicHH QY | | lschl qr.i an tterbiym
trichlorjde. Zi %\J d‘?ﬁg‘yﬁfé’g’gﬁ%}%?%bh?%?.gggsi gg%EF‘SFCUHQPItFW erred
when t he acﬁ?ﬂéﬁif%&é%ﬂ d¥sprPs Hanyeridhloride caabdngteerbipmous chl oride
i s particul adiyhlicafiie ed mhed dNEoALYL abi NGef Htt'ﬁcﬁﬂorlaﬁiigcranate.

y eF8a

SUch a5t ot PARGAFOMIGY DI Teirad | verg, CBoukkieh L SRBORSSDE VoAt ansuch a5
et her or dﬁn@wﬁ@@ﬁﬁtuyuﬁﬂqarﬂnna§@d. diprdies t ERPSF 884 £sat which the
general . hobeuer ety Hhdskaald et Ut v it PRG O datpts star e or
hrgherlpn ot88FYRBALEhe reaction to proceed at a sufficiently high rate. 20
For purposes of ThleUsidldtdn®n rACHE I J&3GH %li@i’gﬁ'\’ié‘g di benzyl
d'Carbonateprg%gkgﬁayﬂ%%a%% 2%%%1 solvent such as tetrah
ydrofuran.

Alternatively, however, other solvents such as ether or

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
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

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



acetic anhydride, chloroacetic anhydride and phenyl isocyanate are
illustrated in Reaction Schemes 2 through 5 below. In this series of
reacti-on schenes, the taxane 25 which is selectively acyl at edostJumqmgi( 10)
position is 10-deacetyl baccatin Ill. It should be understood, however,
that these reaction schenes are nerely illustrative and that other taxanes
having a C(10) hydroxy group, in general, and other 30

7, 10- di hydr oxyt axanes, in particular,shay be selectively acylated with
these and o lan2CYl @ating agents in accordance with the present invention.
06 JUN 2005 HOM Scheme 2 HO Il 5 Schenme 3 HO HO Il HO HO 9
(C8HSCH20C( 0)) 20 THE, r t , 98%Hd IIIl HCOI I | 2 THF r t , 48h,
95% Ac20, ZnCl 2, THFJHO bl - r t , 3. 5 h, 93% CbzO or®™@ AL20, CeCl 3 (
cat) , THF BzO :

HotU

(CqHgCH,0C(0)) ,0
THF, rt, 98%

Scheme 2

5 Scheme 3

Ac,0, ZnCl,, THF
rt, 3-5 h, 93%

or
Ac,0, CeCl, (cat),

rt, 1.5 h, 96%




rt, 1.5 h, 96% AcO 06 JUN 2005 10 Scheme HO HOIIl Schenme 5 HO PhHNCOO 5 In
anot her aspect of the present invention, the C(10) hydroxyl group of a
taxane .may be selectively silylated. In general, the silylatd8guems i

sel ected fromthe group consisting of silylamides and bissilyani des.
Preferred silylam des and bissilyanides 10 correspond to structures 6 and
7, respectively: 0 11 Ra G i RCRE? i OSI RORERF RH Ro C=NSI RDRERF 6
7 wherein RD, RE, RF, RG and R are ependent |y hydrocarbyl,
substituted Bydepeaybyl, or heteroaryl. 15 Preferably, the silylating
agents are séTEET?TFTron1the group consisting of tri(hydrocarbyl)silyl-
trifluoronethyl acetam ggs and bis.tri (hydrocarbyl) ? CH]LJBIOZOOS 11
silyltrifluoronethyl acqtanddes, mﬁth t he hydrocarb rfol gt yobei ng
substituted or ungubs glk or aryl For ex:

silylam des apgd,, ydg i nclude N, O-bi sg
trifluoroacetam (trleth¥IS|IyI)tn

CriICH,CC0))
ZnCt,, THF
S y $
AcO Lo Tt on. 93K Acl W=
Scheme S
HO PhHNCOO
OH OH
HO HO !
PhANCO -
A CuCl, THF Z
N tt, 3 h, 94% Bz0 §
AcO 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:

3
Ra™ € NSI RoRe R, 0SI RoReRy
Ry Rg— C=NSI RyRgRg

6 7

wherein Rp, Ry, Ry, Rg, and R, are independently
hydrocarbyl, substituted hydrocarbyl, or heteroaryl.

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



N-nethyl -N-triethylsilyltrifluoroacetam de, and

N, O-bi.s(t-butyldimethylsilyl)trifluoroacetam de. The S|Iylat|ng agents may
be used either alone or in conbination with a catalytic amoun@ 8odUNa 2888 e
such as an 10 alkali netal base. Al kali nmetal am des, such as l'ithium

am de catal ysts, in general, and |lithium hexanethyl di si | azide, in
particular, are preferred. The solventifior the selective silylation
reaction is preferably an ethereal solvent such as tetrahydrofuran. 15

Al t er nat i vel §1lvibwsi €L vogomet hydlavetnamisias) as tét fudre duydﬂodsref yet hane
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carried out is no r ow critica nera oweve

out at 0 C:o?oﬁr%%fﬁP epot IE€Fﬁ@§r€@1GPLMMémk@ﬁaNandﬁhissn&ylammﬂasr@
N, C)bls(trlnfﬁ@yﬁﬁelNl&tbhELMQEQ%EEh9Ibqq Ndtrifluorocacet

l,si | d | 1'ust rat f%actlon
gcﬁZﬁéz( rgﬁ%n¥4%%?%&%%ahgkﬁgégTVEgEghgﬁU%égﬁgﬁégalkﬁbetaxane which is
't shoul d b m""“mﬁw""t"’“emsmg’?ﬁrmﬁ??@f‘éiéf‘fi?ﬁe‘;‘?ﬁ‘%?aéfZ“ erely
e
|flﬁsfrat|vgqé% %gé08€Eg98¥§¥§hg%51ﬁ¥&5ﬁ51 efféfeﬁfﬂPéﬁy group, in
general , and ot héPhe, 5dlyiayéngxggennaenayi bepasetceliahemmldie 2ol aef i vel y
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nver N 2005 1
present I v 511 metal base Alkali metal amides, such as lithium

amide catalysts, in general, and lithium
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,0-bis(trimethylsilyl)trifluorcacetamide and
N,0-bis (triethylsilyl)trifluorocacetamide 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..



HCOIII Or M5 CF9 C= NTM5 THF. 0 'C, Sh, 91% OTES CF3- C= NTES L1 HMVDS
(cat ..) THF, 0 'C, 15 nl n 95% HUM HO'"" 5 After the C(10) hydroxyl group
of a- 7 10- di hydr oxyt axane has been derivatized as described herein, the
C(7) hydroxyl group can readily be protected or otherw se deDi6, dUN 22005
selectively in the presence of the C(1) and C(13) hydroxyl groups (and a
C(14) hydroxy 10 group, if present) . Selective C(7) Derivatization

Sel ective acylation of the C(7) hydroxy$ group of a C(10) acylated or
silylated taxane can be achieved using any of a variety of comon

acyl ati ng ageéahemenél udi ng, 15 but not limted to, substituted and
unsubstituted carboxylic acid derivatives, e.g., carboxylic acid halides,
anhydri des, dicarbaomates, isocyanates and hal of or mat es. Eggoexanple t he

C(7) hydroxyl\ groupfof,baccatin 111, 10-acyl-I0-deacet [1l or O 6
JUN 2005 13 6 | silyl-10-deacetyl baccati oH

sel ecti vehyne di benzyl di PadMBonate, di gkl hgnat e,
2,2,2-trichl ohge of or mat €5 ,-benzytus chl or of or ny her conmmon
acylatlng agent ~ra|—ﬁwﬁﬁﬁﬂ4+y++#—+he c(7) of a

C(10) acyl at ed*®y, §|I

Scheme 7

OTES
CF,— C=NTES

.

LI HMDS (cat.)
THF, 0 “C, 15 mln 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, 1f 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 dérivatives, e.g., carboxylic acid
halides, anhydrides, dicarbonates, isocyanates and
haloformates. For example, the C(7) hydroxyl group of
baccatin III, 10-acyl-10-deacetylbaccatin III or



nore selective 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 acyl at }i6 QUN 2005
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 nmay optionally be carried
out in the presence or absence of a base. 15 Exanples of selective C(7)

acyl ation of a taxane having an acylated or silylated C(10) hydroxy group'
are shown RR-REdibydaecsatiemsl iyl Hroudgraatyl rbadesein rEhEt ¢an behenes,

the taxane whiehtligels e&‘éylvﬁeyca VAOH &l 8%yl %ggﬂorﬂ&ﬁét ! gﬂ%tfy?accat' n

1l or 20 10-triethyl Silyl™-10-deacetyl baccatin I11.
under st ood, dﬁ&\ﬂé’?@?’la%a@ t%e%él?léa&qlfﬁﬁ%hjerﬁkl%%foﬁﬁ@y beng¥trative

and that ta&aaa&olﬁawa@eotdteraraﬁﬁer gt h yacmﬁtnge&%éna 10) as Well as

ot her bstituen s at ot her ta a rin Sit P cir e selectiv
acyl ate at C(7) “Wi n‘Jt:) geHf TR SR o c vmth
t he presentCanenacgﬂaﬂadunnaéi aﬁdaﬁdaxaﬁe aﬁeFﬁoﬁEleﬁfi&lémﬁ anhd!
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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 acylated at C(7) with these and other aéylating agents in

accordance with the present invention.

Scheme 8

C4HgCH,OCOCI

CH,Cl ,, DMAP
95%




5 Schene 11 Hd111l C1 CH2ClI 21 DVAP, 97% P - NO2C6HACH2000CI CH2Cl 2, DMAP
94% Hd111 HO Il TESO Alternatively, the C(7) hydroxyl group of a C(10)
acyl at ed taxane derivative can be selectively protected usi§ dvy 2805 a
vari ety of hydroxy protecting groups, such 10 as acetal, ketal, silyl, and
renmovabl e acyl protecting groups. For exanple, the C(7) hydroxyl group may
be silylated using any of a variety of common silylating agents
including, but not limted to, 0 6 JUN42005 15 tri (hydrocarbyl)silyl
hal i des and tri (hydrocarbyl)silyl triflates. The hydrocarbyl noieties of

t hese conpourgishem@yo be substituted or unsubstituted and preferably are
substituted or unsubstituted alkyl or aryl. For exanple, 5 the C(7)

hydroxyl group of Ragcatin IIl can be selectively S|Iylg1§d usi ng
silylating ags : tribenzylsilyl chloride,\trineg yI@lIyI

chloride, trig chloride, dinethyl isoprop

di met hyl phem '3e nd the Ii ke. 10 1€ PAltlioSns of
a ( at t axanes\ar e icient and
nor e selectlve A IyLatunnq of a 7, ,1Q-di hydrgk such as
10-DAB, i.e., {0) hgdﬂnxylogxmup7has beemoacylat,, there is a
S|gn|f|cant dlfféVéhcg he 15 reactivity of the renﬁFﬁlqg
and C(1)

Scheme 10

TESO

5

HO I
P -NO,C4H,CH,0COCI

CH,Cl ,, DMAP, 94%
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N
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. 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,



hydr oxyl groups (and the C(14) hydroxyl group, if present). The C(7)
silylation reaction may be carried out under a wi de range of_ conditions,
including in the presence or absence of an am ne base. 20 U s2085
selective C(7) silylation of C(10) acylated taxanes are shown in Reaction
Schemes 12 through 15. In these reaction schenmes, the taxane which is

selectively silylated at the C(7) position is baccatin Il or another
C(10) - acyl oxy derivative of 10- 25 deaggtyl baccatin Il1l. It should be
under st ood, however, that these reaction schenes are nmerely illustrative

and that otbei (hedeBearBeY)beisel aahiivrly a3d WAt gt ddddntlieses ot her
iglélatlng aggg%iﬁhggacc?ggﬁﬂcg mﬁtg_tq§ ngggnt I nvention.” O 6n £J2005
cherme 12 n3S ¥ERefarPy lymedaties S% PRRIINGS pyr |
di no, 98% (maf)b@PhSbsCitpyed dr nasudBWituved 2ehSIpdfdnably drd10, 95%
Rl Hal Tl fndddeQe8aI5Y @898 bstituted alkyl or aryl. For example,
5 the C(7) hydroxyl group of baccatin III can be
selectively silylated using silylating agents such as
tribenzylsilyl chloride, trimethylsilyl chloride,
triethylsilyl chloride, 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.



17 Schene 15 Hd'11 (Me) 2PhS1 C  pyr | dl no. 96% Hd111l Alternatively, the
C(7) hydroxyl group of C(10) acylated taxanes can be selectively protected
using“any 5 of a variety of common reagents including, but notgagl i tzﬁ‘og to,
sinple acetals, ketals and vinyl ethers, in the presence of an acid

catal yst. These reagents (whether acetal, ketal, vinyl ether or otherw se)
are referred to herein as "ketalizing agents” and are 10 described in
"Protective Goups in Organic Synthesiz by T. W G eene, John WIley and
Sons, 1981. The acid catalyst used may be an organic or inorganic acid,
such as tol8ehesgl 18nic acid or canphorsulfonic acid, in at |east a

catal ytic anount. For exanple, the C(7) hydroxyl 15 group of baccatin Il
reagents for aration of acetals and ketwls intluyde nmethyl vinyl
et her, ethyl ¢ lo@t r ahydropyran, and t e ~ququ%3

gubsti tuent of a ZQC;G(
efficient and (ve thangjg is with 10-\DAR : once the C(10)
hydr oxyl group ted—t here—ie o e in the
C(14) hydroxyl 28 gLoUM—bf present). An exanple of sglged e formation of
a C(7) ketal frombaccatin Il is illustrated in Reaction Schene 16. It

can be selectivelyaketalized using 2-methoxy propenecoQ her suitable

ket al i zat iy a¥edl taxane is nore
as 1 | a . a | arged dr

reactivity of fRe, SemaitRg CP7y! ¢ (18p% and C(%° Py@lro {oroups (and the

shoul d be understood, however, that this reaction 0 6 JUN 20M

Scheme 13

( Me) ,PnSICl

pyridine, 98%

5 - Scheme 14

(Me) ,PhS] ClI

pyrtlidine, 95%




18 schene is nerely illustrative and that other taxanes may be

sel ectively ketalized with this and other ketalizing agents in accordance
with:the present invention. Scheme 16 3 Hdll1 5 TsOH (CAT) TE, JURENE 939
HCO Il Under appropriate conditions, the C(7) hydroxyl group of a taxane

further conprising a C(10) hydroxyl group can be selectively silylated.
Advant ageously, these silylations areqpot limted to silyl groups bearing
10 al kyl substituents having three carbons or less. In general, the C(7)
hydr oxyl groggheinea ltsaxane can be selectively silylated with a silylating
agent which includes the -Si RIRKRL npoiety wherein RJ, RK and RL are

i ndependent |y substituted or unsubstituted hydrocarlyl or 15 heteroaryl,

provi ded t hat ysubstituents are other than hydrpxyl. In one enbodi nent
of the presen ntion, if each of R R and al kyl, then at |east
one of Rp Rk, and K| conprises a carbon skel eton (i.¢., £arbon chain or

gt four carbon atons. Sui jahle—2Q ﬁilylating agents

- 0S| ( Me) ,Ph

| flates. The
substituted or

tuted al kyl or

ring(s)) haviNn
i ncl ude silyl ge \apd e lyl triflates, fg{ \ge
tri (hydr o8 dak{'des and _tri(hydr 88ary

hydr ocar byl Sty : ﬁEEEE_SLLyLzu' "

unsubsti t ut ed @hd ]
aryl. 0 6 JUN 20@%0

Alternatively, the C(7) hydroxyl group of C(10)
acylated taxanes can be selectively protected using any
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



19 The selective silylation of the C(7) hydroxy group may be carried out
such as dinethyl formam de ("DVMF") or pyridine and in the

in a solvent,

presence of an amine base, such as imidazole or pyridine. FBEUN IS

Schenmes 17 -

20 illustrate the silylation of the C(7) hydroxy group of

10-DAB in high yield by treating 10-DAB_w th t-butyldimethylsilyl

chloride, tri

benzyl silyl chloride, mrﬁﬁhyl-isopropylsilyl chl ori de, and

di net hyl phenysshbyk ¢bl geide

condi ti ons

Chem Soc., 1R88Se312ptivedyrketadizedl withvehier matl @theh kéEng%QgE?SNFaS

not possi bl eag&abenen 1dckBraahct 3¢ SChEOE Hdn 1]

2005 IL2)0 Schene 10 H d 111 Schene: 28 |t-§ Ellﬁ (p%gfg% I5PV§FI%€:P“E)W | dl no -
0O C 3h, 93% (M) 2PhSI Cl pyr | dl ne/ DMF -20 C. 2 h, 92%

Scheme 16

10

15

20

25

1 Lvel y. _Sil ti 10 under these
S surprising |nyvﬁgaﬁgﬁgéﬁgvgr885r¥5%§|%&ﬁ%{lgégzﬁﬁs May Am

TSOH (CAT)
THF: -20-°C
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
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;, Ry and R, are
independently substituted or unsubstituted hydrocarbyl or
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 Ry,
Rc, and R, comprises a carbon skeleton (i.e., carbon chain
or ring(s)) having at least four carbon atoms. Suitable
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
substituted or unsubstituted alkyl or aryl.

1 .



Hdl 1l Hcd""l HO HO 5 The process of the present invention can also be

used .t.o protect the C(7) and C(10) hydroxy groups of a

7, 10-di hydroxyt axane with different silyl protecting groups.0 ByUNeIBct i ng
groups which can be renoved under different conditions, the C(7) and C(10)
hydr oxy groups 10 can be separately accessed for derivatization. These
reactions, therefore, increase the flexighility of the overall process and,
enabl e a higher yield for many of the individual protecting reactions
relative to the yitie sétesmiok usihglsuiosnst yelheack 2bl By@rogps§esupFor 15

exanpl e, the J yl.si) s ecting Qup._is re_readi| enoved from
C(10) than |g1ta?hg}e?dbal}l§%gdq ﬁ%‘%}ﬁ i?yf%ﬁ%‘?‘étt?‘fﬁ%’g?%u%l?‘?% 7) and the
di met hyl phenyflegimagids ot 'EME 'Ng apr qupridinerand eqditlye peemaede foHMaL( 7)
than is the trliweydlidet vl |y 0 % cti roup from
C(10). The preparation of 7-t- %)u%?%‘:i}%;hf%y )gl B{lgﬁ%” e!?%ay?%}? | - 10- DAB
and ~ 7- dPnet REFEAES 1357 1y120 d-hluskizate neheysikilation DAB tire C{7) ustrated
in Reaction hydewy Fraup o2 1 fipher® RIHQ AN Wy, TERQ MRS . Fmpal\l |
OTBS | HOW _CE3-CENTES i , e 13- 5

wit -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 17

HOt
t-Bu(CH,),SICl

I midazole
DMF, rt, 20 h
90 %

15

(CqHgCH,) 48 Cl

! ml dazol e, DMF
rt, 3 h, 91%




LIHVMDS (cat ) THF, 0 C, 10 Ri! n 950 Schene 22 HOHCIIII( Vr HOIlIl OS
Mc)2Ph HO O BS | CFC=NT85 67-,7" ~\ LiHWMDS (cat.) AcO- 0 THF, RT. 8 h.
92? TBSO The net hods di scl osed herein may be used in .10 connection with a
| ar ge” nunmber of different taxanes obtained fromnatural or dhubiNt2005
sources to prepare a w de variety of taxane internedi ates which may then
be further derivatized. For exanple, the nmethods of the present invention
may be effectively used to protect the2®B C(7) and/or C(10) hydroxy

functi onal grgug Erior to the coupling reaction between a C(13) side chain
precursor ang<g< e to introduce a C(13) Qam do ester side chain, and
al so prior to the reactions for preparing taxanes having alternative
substituents at varfious, 20 | ocations on the taxane nugpeus. 0 6 JUN 2005 22
The attachnen ‘}3) si de chain precursor axghe may be carried
out by vari oug eghpeques. For exanpl e, ai ggepmﬁgpp,such
as an appPdp 2 bbdlituted R | actam oxat¢ ZkaZol i di né
carboxylic aci; np dAhehA5' €' acid ank ' '
derivative mayyde Eeacted/ with ayridine

0 -10 °C, 3 h, 93%

HO

(Me) ,PhSICI

pyrl di ne/ DMF
-20 °C, 2 h, 82%
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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



tricyclic or tetracyclic taxane having a C(13) hydroxy, netallic oxide or
amonj um oxi de substituent to form conpounds having a Q am dg ester
substituent at C(13) as 10 described, for exanple, Taxol: ScP&EnddN 2008
Applications, M Suffness, editor, CRC Press (Boca Rotan, FL) 1995,
Chapter V, pages 97-121. For exanple, the synthesis of taxol from 10- DAB
Is illustrated in reaction schene 23. _It should be noted that while a

Q lactamand 10-DAB are 15 used in t hi%! reaction scheme, other side chain

precursors t S ul substituted therefor w thout
departing frgggggé?g%gsgﬁgﬂﬁngiﬁPigﬁggéche erPraparation o Iottecl 3 r
t . 1. 5 h. beyyldipethydpi2phsSloetripyhyl sdlydel 0982EHAnd HVDS, ( 4) HF,
pyre dl 6e Bzlg{h : ; st eps). S Iaxal. (;89%.averal | 06
JUN 2005 23 The p?gﬁgggﬁprﬁé%r %e 6'2 ngéﬁggweggﬁg&éléa 9&'%'gyﬁ%§cantly
more effici ehtl¢Rbh2BAG dRhBeactiieenSEhemesodd prdcé®s, due to the high
yields and selectivity of the ceriumtrichloride catalyzed acetyl ati on of

t he CXlg# 5 gdroxy£ group of 10-DAB and the subsequent silylation of the
C(7) hydrtox 2L The synt hesis proceeds in four steps and 89a overall
HO

yi el d.

0 TESO

?TES
CFy—CZZNTES

o

LIHMDS (cat )
THF, 0 °C, 10 m:n 95%

w

051 (M23,Ph

O i(Me),Pn
HTn 60T8S HOI
|
CF;—-C::NTBS

LiHMDS (cat.)
O THF, R.T. & h.  929% Ac

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 effectively 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) fB-amido ester side
chain, and also prior to the reactions for preparing
taxanes having alternative substituents at various

20 locations on the taxane nucleus.



Reaction schenmes 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 nmethod of the current invention provides f0éxJUN 2006y
so that the substituent attached to the C(7) hydroxyl group can be put in
pl ace either before or after attachnent of the C(13) side chain. 15
Reacti on schenme 24 outlines the prepara?t% on of a taxane which has been

found to be a pot rapetlc ose sitizer, illustrating
attachnent of thgﬂgubé‘{éime T %tCfhe € 3? hﬁaaexﬁhagﬂoaseﬁérépé to a
i nt roduct i on t@Xange gy de Sﬂﬁajlerl':édl cnutAbpovdrmaubokhbﬁnzQeEhH‘i%ﬁ%sOf

reaction schegy xahisAB d Ssid délti%gg n%’gfﬁt@% %gg‘}ll'ES- 10- DAB.” The C(7)

hydr oxyl group is then converte i AP d&Z0l i de by
t r eat ment V\na%P rCRGRAL }ﬁlﬁqﬁ%i:alz@#@Edaﬁdlameamnt eraediahe, im dazoli de

subsequest | y oxeaeldditid heirbd601 £ | W n Lcohol
provi de 7-net rh]a(% . ES- 1 0- DAB. Coup??%]% o%%gﬁ%?g%ﬁgoé%%gl AB W‘flh a
f3-1actamto® e The SQSRF ‘T derivay vy mayfbe| vewctey wibbval of

the TES gr oupsla:wcCt(lbO)orart@t@(a%}bleycttfaf%?érf@rliax)“iﬁé‘ &Fc (29 wyaigdipe 0 6
JUN 2005 24 ﬁe%aﬁilc OQI&% or ammé%ghg é;fde substituent to form
compounds having a f-amido ester substituent at C(13) as
10 described, for example, Taxol: Science and Applications,
M. Suffness, editor, CRC Press (Boca Rotan, FL) 1595,
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 B-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, CecCl,
rt, 1.5 h, 96%

(2) (Me),PhsICi
pyrldine, 98%

(3) LHMDS,

N
(4) HF, pyridine Nl i
Y,

95% (two steps) P\"'

Taxol (89% overall)



0V OC 06 JUN 2J 25 Reaction schene 25 outlines the preparation of a
taxane, useful in identifying proteins which form bioconjugates wth
taxanes. It illustrates a protocol for attachnent of a_substltwﬁnnMBZWShe
C(7) hydroxyl 5 group after introduction of the C(13) side chai n. _
According to the processes of reaction schenes 7 and 11, 10-DAB is first
converted to 7-p-nitrobenzyl oxycarbonyi3z 10-TES-10O DAB. The C(13) side
chain is attached enploying a TES protected 3-lactam and the 10

p- ni t r obenzyl oxyc@hBoRylcpsst edtllusgrglt@ldp iirs Rdwit iceletdnee! 23 resnoved by

treatnent Wi n | talyst rroduci
, 10- (bi s) - %Eghggigggpé9 QlO%e %? 1%Q ox%l 4%&%? (ﬁﬁ%%?%&%h
carbonyl di KRAPYR,BFRC8RE - tﬁéedéplﬁéé hﬁB@ayuHL@$|andrsﬁﬂaﬂtnmﬁﬂyiﬂi

1, 4- di am no théaperiamyt ¥e€cA1Bkii bRl ¥ ReaG 5 am ne
wth th coini m de stér ofae gélercli%o t":chei{%l(g'gt tttac%ﬁ)

t he bi ot E&g §¥§ Lglrngg?g)loFPﬁ% Fyd Fh@atsh@@teqmemﬁ Hlilmamuqrdque
sol uti on rmes(Vhehyﬁﬁogymtgebupg ITREPSyALhEE1Q) F%B@e_@a% Jin GRIUN215 26
0 6 JUN 20054 gg%%hg B 5gc&§%£5izagga£§rlva ves or the internedi ates or
starting materi used in r tion of such protected taxane
derivatives can bReattioheschedeti 2d &ndpesvideubetaakt epgati ve
SUbStituent%meparation 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 preparatién 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
introduce 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.



5 at various positions of the taxane. Taxanes having C(2) and/or C(4)
substituents other than benzoyl oxy and acetoxy, respectivelyyaCan be
prepared from baccatin IIl, 10-DAE and ot her taxanes as nDreO?uﬁWZW5
described in PCT Patent Applic ation WD 10 94/01223. In general, the C(2)
and C(4) acyloxy substituents are treated with |ithium alum num hydride or
anot her suitable reducing agent to fromhydroxy groups at C(2) and C(4)
whi ch may then be reacted, for exanple, with carboxylic acid halides
(optionally after protection 15 of the C(2) hydroxy group 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 CM substituents ot her
t han hydroxy and acyl oxy as described herein can be prepared from 20
baccatin 111, 10-DAB, and other taxanes as nore fully described in PCT
Pat ent Application WO 94/17050. For exanple, a C(7) xanthate may be
subjected to tin hydride reduction to yield the corresponding C(7) dihydro
taxane. Alternatively, C&?) fluoro-substituted taxanes can be 25 prepared
by treatnment of C( 37%%_r_icet hyl silyl -protected baccatin Il with
2-chloro-1, 1, Z-tﬂb rotriet hyl am ne at roomtenperature in THF
solution. O her bac in derivatives with a free CM hydroxyl group behave
simlarly. Alternatively, 7-chloro baccatin IIl can be 30 prepared by
treatment of baccatin(lll with nethanesdlfonyl chloride and triethylam ne
in methyl ene chlorid& solution containi 8y an excess of triethylan ne

hydr ochl ori de. Taxgtnrlt_a{i havi ng C(9)° ubs_t\\f’t uents other than keto can 35 be
prepared from bacca 11, 10- DAB %ot her taxanes as nore fully
described in PCT Pat effisApPhi edt i ) 6 JUN 2006
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28 94/20088. In general, the C(9) keto substituent of the taxane is

sel ectively reduced to yield the corresponding C(9) j3- hydrozg derivative
with a borohydride, preferably tetrabutylanmoni um borohydrid §B!1m\mﬂ) or
triacetoxy 5 borohydride. The C(9) g-hydroxy derivative can then be
protected at C(7) with a hydroxy protecting group and the C(9) hydroxy
group can be acylated follow ng the nethods described herein for acylation
of the C(7) hydroxy group. Alternatively, reaction of

7-prot ect ed- 9g- hydroxy 10 derivative w®h KH causes the acetate group (or

ot her acyl oxy grqu t.o mgrate fromC(10) to C(9) and the hydroxy group
to nmigrate from C%E#?Cttd"’@( fg: ,e“le’n@rselﬂ}‘t]ﬁré%iw ézrﬁp%%h%‘? yPEdRrivati ve,

vc\:(hllggl caB be taspinat exﬂ:ezfaldd&criidléefth d ie‘:lysie@@fxfbtlﬁrr@' whildh T@dzﬁﬂﬁsdhavi ng
subst i LS . r.t roxy, acylaxy or_protecte roxy as
descri bed he%’g:g%c’%ﬂ%%gspggggr é:éxa?él re&fx:uﬁ)ﬁé'”(f&l%rti%seaa iFPF?%ﬁC t ent
Appl i cati on WOro4rtsEbgeatdodt hesubistertatemte ateftdree ). hyroxyanpl e,
taxanes Bavi ggo@ C@E@erk‘?ch‘t).r%w&%tt'i%ﬁie%tf (‘tgxlréh)%/‘.g( 138 %i?e?{%%eig'}/ oxi dat i on of

10- desacetyl "t axanes. Taxanes which are ro’s at C(10) can
be prepar edABFOrEASE 1§ &he( PIPCRFSEs PLoreacion saharag thitant thkane
with samari ugodbhediige £fiFaxagesveaviedd t3 G AhisuHddMa ythaiodyan 25
hydr ogen may §I b‘iopB are& The st)art,l ng terial for these conpounds
may be, for & éﬁf%‘lsé, a ggdro beafdd3)t $i8fe chpAmyd @daRahedbacet yl baccat i n
I11) which hesplbgéngdasTagepedtientad @gxlaactamf ayewtiredl es (C&EN, p 36-
37, Apri) 12 [ I t Qi roxyl ated 30 taxane having the
-vari ousié‘,(Z)L,) é?ggbbég%wggﬁlb§§88?%&) ,glr%ngqéﬁlgyég'ouPuﬁcst iS1TaL groups
descri bed ab®eéemiyvalyorbmovpdepar sdebymestnyithi Sividmbgsoy laatdked t axane. In
addi ti on, 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

15 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').



the C(14) hydroxy group together with the C(1) hydroxy group of 10-DAB can
be converted to a 1, 2-carbonate as 0 6 JUN 2006 29 described in C&E or it
may bé.converted to a variety of esters or other functional gdoRipggN

ot herwi se described herein in connection with the C(2), C(4), C(9) an
C(10) substituents. 5 The process of the present invention thus enabl es
the preparation of taxanes having the f&1owing structure: (1) wherein 10
M conprises anmoniumor is a netal; Rl is hydrogen, hydroxy, protected
hydroxy, or together with R14 or R2 forns a carbonate; R2 is keto, -0T2,
acyl oxy, or together with RL forns a carbonate; 15 R4 is -0OT4 or acyl oxy;
R, is hydrogen, halogen, -0OI7, or acyloxy; RO is hydrogen, keto, -0OT9, or
acyloxy; R o is hydrogen, keto, -0Or10, or acyloxy; R' R9, and R10

i ndependently have the al pha or beta 20 stereochem cal configuration; R13
i s hydroxy, protected hydroxy, keto, M> or o X Xp Il 4V 3 X3. H X2 Rl14
is hydrogen, -0OT14, acyloxy, or togethet with Rtk forns a carbonate; 0 6
JUN 2005 30 °© ° z T <= :
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T2, T4, T' T9, T10 and T14 are independently hydrogen or hydroxy
protecting group; Xl is -OX6, -SX' or -NX8X9; X2 is hydrogen, hydrocarbyl,
substituted hydrocarbyl, 5 or heteroaryl; . X3 and X4 are i ndgpeuieniosy
hydr ogen, hydrocarbyl, substituted hydrocarbyl, or heteroaryl; X5 is -X10,
- OX10, -SX10, -NX8X10, or -S02X11; X6 is hydrogen, hydrocarbyl, substituted
hydrocarbyl, 10 heteroaryl, hydroxy @mmotecting group, or a functional
group which increases the water solubility of the taxane derivative; X7 is
hydrocar byl , subsTheupzdthBgtdedcarxpne deetionatdmds, car the f hydryl protecting

, 841 d L., | ; byl ; X9
group; 15 X8;jgebyduegeas B%q%%?%* mgtce%%gﬁtgsﬁfbgte%d J.n[%f:g{eﬁcar y IS

an am no protecting group; rocar stitute ydr ocar byl , or
het eroaryl ; RPeRE¥3£3CRyAE0EHEBY Prosebsert taaansy desiyahives rastrerhmar y| |

-OX10, or - NxuXdher WddiEseRydp0geByiAKdFRcaL e rnatists tgatb%%ie%eg{t%car byl
or he;e&garyé. Ln one enboglnent gf thg ErgfenP I nvention, the
subst i t utnt s2bf VERECPEXBREIESPREr OFh&Ret REXERP):, C(10) and C(13)
substituents) corresanad havihg syk$t bhdgsks C (R) esebstdf URAEEAGthdd | OF
égngﬁgiolg?t%%%n E%é%é§%§%gg§§8nﬁﬁ§8?%§rk%%%?&?ﬁé%%%§sfhgé¥5§§§eIﬁas a 30
structure mh@nhpdrﬁdefsomrbaccaaﬁnoﬁltaxmb-BABTandFether)taﬁamherS?ectREZ
iy bcé;ﬁ}d?lﬁ?fé R IS P e ke T N
hydroge 2 /01223. "In general, the C(2) and C(4) acyloxy
substituents are treated with lithium aluminum hydride or
another suitable reducing agent to from hydroxy groups at
C(2) and C(4) which may then be reacted, for example,
with carboxylic acid halides (optionally after protection
15 of the C(2) hydroxy group 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



hydr ocar byl , substituted hydrocarbyl, or heteroaryl and 35 Z22 is
hydrocarbyl, substituted hydrocarbyl, or heteroaryl; R4 nay be hydroxy

- OCQZ4; or 0000244 wherein 0 6 JUN 2005 31 Z4 is hydrogen ekocarb
substituted hydrocarbyl, or heteroaryl and Z44 is hydrocar by tuted
hydr ocar byl , or heteroaryl; R7 may be hydrogen, hydroxy, -0OCQZ7 or
- OCOoQz7. mherein Z7 is hydrogen, hydrocarbyl, 5 substituted hydrocarbyl,
ﬁr hetero?ryl and Z" is hydrogen, hyd®&®carbyl, substituted hydrocarbyl, °
eteroary be hydrogen, hydroxy r -OCQOZ99 wherein Z9 is
hydr ogen, hy%i‘ié%%g%?r Bbgﬁpﬁﬁﬁéd tllﬁ‘?drcdé’%to &Uhr?éﬂéfr%"yw 99 is
hydr ogen, 10t§¥§|ﬂié)cﬁéb#éle&ubs'éﬂ.yu'fredu&!a@r @earMeld mhmeiﬁmpdndmgi R10

may be hydro ydr gx - | O _or - 1010 i.ny, Z10 h
nyar ocar byl - CLaboR LRV RE s, GEBEPbae ity BPESIICRE £ R TR ogen,
hydr ocar byl , teubabﬁtylemmohydmobarthdrudehdEEmNEHMI«oﬂEtrnaae@mEYerred

oot : blgahpuplgenabThECC (b1 BUkalilly, Wl vARAVE hdn hidh Al sal d

acyl ri stng a east t ifSe fwo carbon atoms and
ni trogen, oxpyekecovedratuffd) wWibh ashydeexanPreseakdng QEQKpl%P@HQRﬁ t han

acet oxy. Mor ef i | ; “@ﬁ§§ fHeod® NRc
wherein RA |§(2Lbsf??§tg g?égﬁngags%gig%ggéteddeggg%% ﬂﬁﬁﬂﬁg(ﬁgé&h sai d
'nd

unsubstltute@eﬁﬁﬁ+5%§rB?FelBoﬁﬁFl§Fﬂ&a§ﬁ°Pe&§t tthQﬁ?ﬁﬁ; Rc
are 25 i ndeprbderhiyisdbyt i tehedion umsubmurceédhwq&mmuy Still nore

preferably. SALo.oHbat LN efkoL aBUORt Wiadact o @Y loniadl ¢

unsubst |S|ng
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 €(14) hydroxy group together with the C(1) hydroxy
group of 10-DAB can be converted to a 1,2-carbonate as



| east two carbon atons; and RB and Rc are independently substituted or
unsubstituted alkyl or aryl. 0 6 JUN 2005 32 In another enbodi nent of the
i nventii on, the taxane has the fornula Ha" P7 wherein P, and PI®B JuR 2005

i ndependent |y substituted or 5 unsubstituted acyl. In this enbodi nent, P7
and P10 are preferably different. Definitions As used herein, the terns
"sel ective" and "sel ective derivatization" shall nean that the desired
product is 10 preferentially formed oygr any other by-product.
Preferably, the desired product is present in a nolar ratio of at |east
9:1 rel ativegescaipedt Har ARENPERAUGH maNGe m&&@&r@&wwaﬁ&?ﬁt in a
nolar ratio oftat Ieas% 20:% relgtive to any other by-product. 15 In
addi tion, "PRECREENSToRERGE: FUBSE LN SFONES) 135S othervwismdangriped  vp-
means net hyl het&ih dmacsneekylipn Wikh' thearcs(2)somr epy, ;c ('d)Bunans(id¢y Bu"
means tert-b%ﬁ%%ti LAﬁéﬁneans acetyl; "TES' neans triethylsilyl; "TM"
nmeans trinmethylsi yF; TBS' neans Me2t-BuSi-; "CDI" means 20 carbonyl

dii m dazwl e; "BOMLhaennocseszpfotiee pnglsentDRUVentdans thus enables

di azabi cycl " - di |_ani i.dine; " LHVDS"
i azabi cycl opRgdegangara VAR o@feag%gae%' m}@yrygggf%@r@ﬁy or

"Li HMDS" nmeans |Tthrum hexaneth Isilaz
di met hyl f or nBR¥BEEUX®10- DAB" neans 10- desacetyl baccatin I11; "Cbz" means 25
benzyl oxycar bonyl; "Al'loc" neans allyfoxycarbonyl; "THF" neans
t et rahydrof uran; "BOC' neans bepzyl oxytar gonyl ;  "PNB" neans
par a- ni trobenzyl; "Troc" neans :Z 2. q c'hlnor oet hoxycar bonyl ; "Et CAc"
10 7

nmeans et hyl acetate;

4 (I)

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 -0T, or acyloxy;
R, is hydrogen, halogen, -0OT,, or acyloxy;
Ry is hydrogen, keto, -0T,, or acyloxy;
R, is hydrogen, keto, -0T,,, or acyloxy;
R,, Ry, and R;, independently have the alpha or beta
20 stereochemical configuration;
R,;; is hydroxy, protected hydroxy, keto, MO- or

(o)
L
P SATUZDN
Xs 5 r/a 1! o_—
WoOXS X,

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

forms a carbonate;



0 6 JUN 2005 33 "THF" neans tetrahydrofuran; "protected hydroxyl" neans
-OP mhereln P is a hydroxyl protecting group; and "hydroxyl protecting

gr oup™: “includes, but is not limted to, acetals having two t gm ?ﬂfons
ketal s "having two 5 to ten carbons, and ethers, such as nethy Hu
benzyl, p-nmethoxybenzyl, p- n|trobenzyl, allyl, trityl, nethoxynethyl
nethoxyethoxynethyl, ethoxyethyl, nmet hoxy propyl, tetrahydropyranyl,

t et r ahydr ot hi opyranyl ; and trialkylsi#él et hers such as trinethylsilyl
ether, 10 triethylsilyl ether dinethy rylsilyl ether, triisopropylsilyl

ether and t-butyl & mephylsi | ether sters sy cet
phenyl acetyl, fornyl ,V no )il &‘, 8 ?H %al oA C{] %&Zgy }(%q?l %/lr&etyl
dlchloroacet?F hﬁﬂ?@ﬁWbBiﬁRﬁ%ﬂlnqrQHQWRwoacetyl and 15 car bonat es

i ncl udi ng but notxglﬂstedxfo a@#yl Qarggpgtes having fromone to six
carbon atons such_as | sopr.opyl -butyl, t-butyl;

i sobutyl, and n- 5@n%§lgyéF??F“ca%HéﬁﬁFéEbHXV|ﬁ&bﬁﬁéﬁPﬁﬁé hydgiocardatlhon

at omrs anf subst heteedawytlh one or nore hal ogen 20 atons such as
2,2,2-trichl oroet t yI 2, 2:-trichlorpeth en cal bonat es
havi ng from two 4%?% chr é%ﬁ?%ﬂﬁﬂ?%%;QN$%9 %hml $§?gaﬁ?¥ toal kyl
car bonat es havbﬁgltubﬁﬂthwdgqnanbyi camb@mu@nmu&yﬁuch as cycl opropyl,

cycl obutyl, cycl ogen_{gl }@nd cygl ohexyl ; a 5p yl benzyl car bonat es
optionally substituted on'the i'ng \M“[h gﬁ{%&r’ Qﬁn Sazf‘nm koxy, or nitro.

O her  hydr oxyl pFof@%th@Fﬁgéﬁpshhéyo%@rhbhndsuhstﬁtutedthyérOGaubgi in

O gani ci®ynt hesesdabyl]. h%ras@e otdeBBnW kbuBNd SeNFunki8bnaAnd Second
Edition, 1991. 30 The dr oc rbgﬁ and ' %2 o€§? {I nD;LIetlesn escri bed

herein are of§3RPc” 6ﬁBoéH&§ 8FeFablhalate solubility Of the taxane

derivative;
X; is hydrocarbyl, substituted hydrocarbyl,
hetercaryl, or sulfhydryl protecting group;
15 X, is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;
X, is an amino protecting group;
X0 is hydrocarbyl, substituted hydrocarbyl, or
heterocaryl;
20 X1 is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, -0X,,, or -NXX,;
X,; 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, -0C0Z, or -OCOQZ,, 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



consi sting exclusively of the elenents carbon and hydrogen. These nvieties
i nclude al kyl, al kenyl, alkynyl, and aryl noieties. These noieties al so

i ncl tde 35 al kyl, alkenyl, alkynyl, and aryl noieties substit@bgﬂﬂﬁ @ JUN
2005 34 with other aliphatic or cyclic hydrocarbyl groups, an ? ae
al karyl, al kenaryl and al kynaryl. Preferably, these noieties conprise 1 to
20 carbon atons. The al kyl groups described herein are preferably 5 |ower
al kyl containing fromone to six carbgi atons in the principal chain and
up to 20 carbon atons. They may be straight, branched chain or cyclic and

I ncl ude met hyl . ro i pyl tayl fqgg like. They
may be subs%t ut eggl\%*tE ﬁeg]’i Wgtr Fgggg&gyclspgy%d'*#tg%%dby rfag(}ﬁc'alégz.e The

al kenyl gr ol eesaribandhebei hs drydpperebrbl ysubshkEubPRenyl cont ai ni ng
fromtwo to3jdcdif atBhd e rdd8, Pr ifCi Hehdiva rdfbrip Ky ke ar bon

at ons. Theyh::‘r}a be straiﬁ)%ht or, rbrria),'ﬁ(:hed ,Er?%i%‘g andly:angl gide et}ﬁie yI}',€ 15
propenyl, i s eRYl ~OhPP&ny Wheredtuentf, PHEXCAGR, BXFT/ENike. They
mlsli beI SUbStédb%tﬁd:u/\ﬁédld}@rr]dwﬁ_ 1y 10F oﬁ:%&ﬁéi%zl'dsalwlbcmd)yil*:,,r adicals. The

al kynyl groups, descri hed. herei.n .are_ prefer Wer nyl._.cont ai ni ng
from two to%@?ogaﬁrboﬁ‘bé‘%’ﬁ?ﬁa’fwl’zog% ’pﬁ’ﬁ?%%%{p@fé)lé%%?n %d %’Jf) to 20 carbon
at onms. They henerdaerislt r &ghayobebhgdebgenchaydrany i r€ldQ% erhyR¥EPOZ,,
propynyl, b s, I-SObUt I Xy e Iohke.r may be

substi t ut edwvl(nyetq%/elé’l izps?hggi %{‘g’éﬁft’@ggri gyhﬁf?rgg‘c rlp'ylslur%% ilé:a s. 25 The aryl

noi eti es dederidussdainilel rPE IR EGTPFHEM BE 0%55 205 CRYBEAI&Rons and i ncl ude

phenyl 1 gTheyJibe-b,draess btlu s siydré esh Wyl h dhehyeetoasysybahat uent s
R,, may be hydrogen, hydroxy, -0C0Z,, or -0C00Z,,,, Wherein
Z,, is hydrogen, hydrocarbyl, substituted hydrocarbyl, or
heteroaryl and Z,,, 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)ORy, or
- (C=0)NR, wherein R, is substituted or unsubstituted
hydrocarbyl or heterdaryl, said unsubstituted hydrocarbyl
comprising at least two carbon atoms; Rg 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.



defined herein. Phenyl is the nore preferred aryl. The heteroaryl noieties
descr.i bed are heterocyclic 30 conpounds or radicals which are anal ogous to
arondti c conpounds or radicals and which contain a total of 5)6QUN22005
atons, usually 5 or 6 ring atom and at | east one atom other than carbon,
such as furyl, thienyl, pyridyl and the |like. The heteroaryl noieties my
be substituted 35 with hydrocarbyl, heterosubstituted hydrocarbyl or

het er o- at om cont ai ni ng substituents wggh the hetero-atons C 8 JUN 2005 35
bei ng selected fromthe group consisting of nitrogen, oxygen, silicon,
phosphor ous, ormm anﬂﬁhsr eattbd ined g e . t Hebevanbsdnt uehe starahede

hydr oxy; |o I as net hoxy, ethoxy, butoxy; hal ogen such as 5
chloro or f oro et ers acetals ketals; esters; heteroaryl such as
furyl or thienyl; alkanoxy, acyl; acyloxy; nitro; am no; and am do. The

@i, bed herein are hydrocarbyl noieties

dasjoone atom ot her than carbon and

cgs,bon chain atomis substituted

&n,” silicon, phosphor ous, boron,
ent s |nclude hydr oxy; | ower

; hal ogen such as chloro or

substituted hydrocarbyl noi eti es de
whi ch are substituted 10 witR
hydr ogen, including noieties
with a hetero atom such asxatit
sul fur, or a halogen atom The
al koxy such as 15 net hoxy, ethdxys
fluoro; ethers; acetals; ketal*s‘o e%teL*, eteroaryl such as furyl or

t hi enyl ; al kanoxy; acyl; acyl Nkt 60d—@ni no; and ani do. The acyl

noi eties and the acyloxy noi eti eSgdescri bed 20 rein contain hydrocarbyl,
substituted hydrocarbyl or heteroaryl nnletles n general, they have the

formulas - (LOVEiaNe, - DG akeSReDERldentRERIMEG dited or

5 unsubstituted acyl. In this embodiment, P, and P,, are

preferably different.

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-DABR" means 1l0-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;




substituted or unsubstituted hydrocarbyl, hydrocarbyl oxy,

hydr ocar byl am no, hydrocarbylthio or heteroaryl. 25 The ketal noieties
described herein have the general formula OX31 X34-c - OB8 JR0S3
wherein X31, X32, X33 and X34 are independently hydrocarbyl, substituted
hydr ocar byl or heteroaryl noieties. They may be optionally substituted
Wi th the various substituents 35 defined herein. The ketal nvieties are
preferably substituted or unsubstituted al kyl or'alkenyl, and nore
preferably substituted or unsubstituted |ower (C -C6) 0 6 JUN 2005 36

al kyl . These kERt medresiestodlydropakhy ; MY rRRERHRAS hydH i@/ 1S Means
Leties prepared fromsugars or

substituted s r nd. I ncl ude_ketal no

substit ut ed sﬁ%%r@%%hﬂglg ot u%gg%gﬁﬂﬁyinSQEgc\M@H JTRYPH| A ety i s

i ncor por at ed "HBydroxyla praoteet iig t geopp eseat ludeent buﬁ as adk( ﬂ)irrf].)(:@dOXYTh
rotecting gr , [ 3 r. X32_represents t axane noiety. e

gc.et al noi etiéé}-isj’pdaeéscrl %c}g%girrﬁn c?ivttzag(t ﬁan géﬁg’P&F'f%Fﬁﬁllé VR two

H- C- 0X32 X33 U% GAereatPoEd, e’ etheirx33sack asdepehstent kybuggriqcar byl

substituted AR Windindepsioary) gohetkesenlley DRYy1DeconLlAnaAllY

ents define b A

substituted with the various substitu herei h~ 6t hér an
hydroxyl . Th& Xym ki diethoxyethoxymethyl, ethoxyethyl, methoxy

propyl, tetrahydropyranyl, tetrahydrothiopyranyl; and
trialkylsilyl ethers such as trimethylsilyl ether,

10 triethylsilyl ether, dimethylarylsilyl ether,
triisopropylsilyl ether and t-butyldimethylsilyl ether;
esters such as benzoyl, acetyl, phenylacetyl, formyl,
‘mono-, di-, and trihaloacetyl 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 héving 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



are preferably substituted or unsubstituted al kyl or 20 al kenyl, and nore
preferably substituted or unsubstituted |ower (Cl-C6) alkyl. These acetal
noi eti:es additionally may enconpass sugars or substituted su@s JURNAEQS

i nclude acetal noieties prepared fromsugars or substituted sugars such
as glucose and xylose. Wen an acetal noiety 25 is incorporated into a
taxane of the present invention as a C(7) hydroxy protectlng group, t hen
either X31 or X32 represents the taxar’® noiety. The term"taxane" as used
herei n, denotes_,conpounds ntaining the A B _and Crings (wth nunbering

of the 30 ri'FPods ?BngléﬁgﬁﬁlﬂePél Y01@C6hX@N°266@Y§7gﬂﬂypﬁoHaﬁﬂ ng
exanpl es |||wsruccmcéetabkanymntabnengxycrph@dla&\kyﬁehsgqtlV@:%@élr%bwn of a

C(10) hydr oxy, qut on of 10-DAB (30 ng, 5

0. 055 mmol ) |épéﬁﬁgq?il%%gegbéoégﬁg%gnﬁeggtai éoﬁdﬁ 8™%di benzyl

pyrocar bonat e (320Tkg), alkylngodupg0degaripedntiereihl?aréheredaetbdy m xture
was stirred atoyomit e&aﬁyéfmﬁﬁgugﬁém onE! PACs %gﬁ O}a t%H\Qe‘I and the

sol ution was .quick]y | tered ort co |ca ge 10 The
silica gel WG RHAE PR D Theim m@oumyo aAdceneonsakameon Khey may

concent r at ed bmcarrdfw@ﬁdbﬁémaechﬁﬁ o&eégéyfc%ﬁdpﬂhbflheé R)éth'yg
col unm chr omat as the eluent and”dried

phy_usi Et QAc exanes
in vacuo <mnﬁ¢#k;; ﬁ%) ﬁfPQﬁﬁPKg EEBtXQ %6Y%r?€§5t§8Iﬂak315 yi el d,
37 ng (98% Twmm ﬁ#b$ﬁ]we@3WiﬂﬂCé.31pEat‘lcOoﬂlb:ycllU NMR (400 MHz,

(11%?)3 qg?lH%ﬁ?E‘lIi%Y%’E‘?%%i&a e 73 o, g/mg)é I%|.258(1$H 1Hgb)l Ol'2)00(d
J =5 o lkenypB(groups 436¢r3beﬂ herein are preferably
lower alkenyl containing from two to six carbon atoms in
the principal chain and up to 20 carbon atoms. They may
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 heteroaryl moieties may be substituted

35 with hydrocarbyl, heterosubstituted hydrocarbyl or
hetero-atom containing substituents with the hetero-atoms



20 Mel18), 2.28(s, 3 H, 4-Ac), 2.30(m 2 H Hld4a, Hl4b), 2.43(d, J = 4.
Hz, 1.H 7-OH), 2.58(ddd, J = 14.7, 9.6, 6.6 Hz, 1 H, Hea), 3.88(d, J
6.9 Hz;" 1 H H3), 4.19(d, J =8.6 Hz, 1 H H20b), 4.31(d, D6 JBNE.
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(d, J = 12.1, 1 H CHH OC (0) ) ,
5.26 (d, J = 12. 1, 1 H, CHH'OC(O)) . 5.65(d, J = 6.9 He, 1 H H2),
6.19(s, 1 H, H10) 7. 35 7. 44(m 5 H, ¥hCcHO0) , 7 .48 (dd, J = 8. 1, 7.6 Hz,
2 H benzoat ?i %5 1.0 Hz H, benzoat e, 30 p), 8.11(d,
J=28.1, 1. 30%“ g S¢feqk o’éF@m B?epsﬁpumeonﬁrwte?ls oz NiGHCERR.6 9. 1 (Me
g é%%dlg) %i?@%rﬁl%%%lcoﬁg %ﬁésﬁﬁbrogg ?bo%@n;(wamuﬂvgl(a?d 35.5(C(6)),

( OCH2Ph) 7*234‘%’9 %e%?dé}%gg’z‘?f’g§5(lg°@éf) hydﬁg%f %wa-r(qu)

% éOé ) 80 93(1(3(}4}))851.1814 5@0@5?@:@ 6e§mtsixgzooausaxgz28ha,1cﬂgz& &u(cf%)&)g Lo 6

e C , .
(aC (0) ) h%"é%" E%’geanzBoa 8{1‘%95(4%%%21 2&%%&37)%& dal . Ccal cd
for C37H420ieteyoapnt suc 4362quV16030thli@uMdh glkabogy ;34cyH; 6. 31.

10- Alloc- 10-LABo Q})eh§@%gt|9ﬁlgg 1Qngm§mg§g mg, 0.055 mol) |n THE (1 nl)
at roon1tenperature was_added i al [y[ pyrocarbonate (366 mL 2 mol, 40

equi v) under N2. hﬁmﬁ?%%i%?%%eﬂ1?Y@F@cﬂﬁgYétWPFGHlQF ﬁééﬁFﬂbﬁﬁerature 10
for 48 h. TiKewsnial yste hydiceselyl htopeeseBcehotht ee gepistedupeaduct al ong

w th unreacted ,st ri terial add nd the sol ution
was quﬁéﬁlydaﬁqtéhe o%%% %F%ﬂo?%ﬁ%5 ggﬁ %amg?Pcﬁng Py% TRES si | i ca gel
was washed wvindiugiony ridbet g, imndhibk a5caobati ohahasatomcéstrated. The
residue was Qddi QALY with a hetero atom such as nitrogen, oxygen,
silicon, phosphorous, boron, sulfur, or a halogen atom.

N VI

H,

These substituents include hydroxy; lower alkoxy such as
15 methoxy, ethoxy, butoxy; halogen such as chlorc or
fluoro; ethers; acetals; ketals; esters; heterocaryl 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. 1In general, they have the formulas
-C(0)G and -0C(0)G, respectively, wherein G is
substituted or unsubstituted hydrocarbyl, hydrocarbyloxy,
hydrocarbylamino, hydrocarbylthio or heterocaryl.

25 The ketal moieties described herein have the general
formula
ox»
X34 - Cl_ox32
30 |
X33

wherein X, X%, X® and X* are independently hydrocarbyl,
substituted hydrocarbyl or heteroaryl 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;)



fl ash col um chromat ography using Et OAc: hexanes (1:1) as the eluent and
dried in vacuo to overnight to give 10-alloc-1O DA13 as a colorless solid:
yiel'd; 23 ng (67k, 9501 at the conversion of 70k). The rec Qﬂﬁﬂzﬁg DAB,.9
20 ng (300) . 10-alloc-20-DAB: np 201-203 C, [al $g -81 (CH 53) ;
1H NVR (400 MHz, CDC13) 6 1.11 (s, 3 H Me1l7) , 1.12(s, 3 H M16),

1.60(s, 1 H 1-OH), 1. 69(3, 3 H M19), 1.87(ddd, J = 14.7, 11.0, 2.1 Hz,
1 H Héb), 205(d J 5.1 Hz, 1 H 13604, 2.08(d, J = 1.2, 3H, 25 _
Mei B), 2. 28(s 4- Ac) 2. 29(m 2 H, Hlda, Hl4b), 2.47(d, J 4.2 Hz, 1
H 7-OH), 37{%1 d Thesesketad. 0ied ik saddl thorddd )y hys Q(rd;ombasg 0 He,

0 H 1 H, H20a)
} FL Zﬁ%ddg éﬁégrs ox= s%b@t@%ut@d sd?%?y nd*i g%%aﬁ)‘%fta -in?§§ F Hz, 2

H, CHH =CH %}?areﬁ §6€Fﬁ Sygprs HJE‘B)SUMCQIQJ@@d Sugark Guch haz, 1 H H5),
5. 32(dd J glicdse lafdHryldsk. —@nghd a‘@é’@'é@o)no’lfiy é(sdg, é:éarpo at:e'd1

CHH 2%5 5.63(d 7.0 Hz i 7. 2
10 4 5. s9 n%% 265‘;% Brf§€§t }.nMenFﬁe’P as3® r(zva(@dfdz:bw 8.1,
7.5 Hz, 2 Hp:b@tﬂ@faieg grouf, 66heh, elthe® GUUN 200539 dadhed ddiz, 1 H,

benzoate e ( = 8.1, 1.2 Hz, 2 H benzoate, o) ppm 13C NWR (75
MHz, CDC13) 6 'ﬁfg %5 15. 3( Me( 18)) 20. 7(4-Ac), 22.3, 26.7(Me1s6,

Mel7), 35.5(C(6 Th%sae 1aygienPes( @LsBY ) bedbhatEha) havs 58e7(C(8) ),
67-920(13) §gce(ne)ﬁx)9a13 £o§§{?f940420) , 72.1, 75.0, 76.5(C(7), C(2), C(20)),
79.0, 79 1(C(1), C(10)), 80.9 (C(4)) . 84.5 (C(5)) , 119.6 (CH2ZCHCH2O) .
128.8, 29.7, "130.3, 133. 8 (benzo %Ce) , 131.4, 131.9(CH2=CHCH20O, C(11)),
147.5(C(12)). 155 .4 (OC (0) 0) , 4..(benzoate) , 10 170.9(4-Ac), 204.7
(C (9)) ppm Anal. Calcd for c33|4i0‘f)1§ C, 63.05; H 6.41. Found: C,
62.77; H, 6.48. 3

15 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 elther 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):




B. Selective acylation of a C(10) hydroxyl group using ZnCl2 : baccatin
[1l. To a solution of 10-DAB (100 ng, 15 0.184 mol) in THEtﬁgaﬁh) room
t enpetiature was added a m xture of acetic anhydride (6.5 ni @H&lZ/
THE solution (0.5 M 726 nL, 0.368 mmol, 2 equiv) under N2. The reaction
m xture was stirred at roon1tenperature for 4 h. Then the reaction m xture
was diluted with Et OAc 20 (100 ), ed with saturated aqueous NaHCC3
solution (40 nix3), brine. The organl | ayer was dried over Na2SO4,

concent 1 at od undesy eflieedBRESSULEy J0CsE SRLduG  NeRPUC AN, (] 2

col um chronatograp y usin éxanées thée 'elUent "and dried

I n vacuo to give 25 baccatin IIl as a colorless solid: yield, 100 ng (93%.
np 237-238 C dec (ref 236-238 C deglampid@liHo - 63 (CH3OH, ¢ = 0.45) (ref
(a],, -54, CH3 1H NVR (400 MHz 13) 6 11(s, .6 H Me16, Me17),
1.61(s, 1 HAlo&%ieq}B‘?(—‘sacxlaFMweeﬁ)a @‘é?édhé{drewlmr’;’umo 9 2.1 He,
1H, H6b) 30 2. 0p¢dcpd-zo3p@BkHz, Td &, séSuE&%n 3£020spa8 HaoMell), 2. 24(8

3 H, 10 Hida, H14b 4

1 10400) 0202800 Hondel) 1o 20200, 200, MR, uﬁ@é)‘va% aé@‘%& ) -
7.0 Ft 1 F1d1b€@zyﬂ-nﬁxd¢aﬁbcn8td %BZOImg, H2Qbpmod, 320deqm1w)8udex 351
H H20 4.47(ddd, 7 J
[ or20, 4T ddhe Lea ol ot Gl o Hhod e D8y HBRRO0R0.
1 H H2), 6.B3(s241hH BAOhC, (Y04BLHdwas jaddedg, andgthe, splptisenseste, n).

7.61(dd, J ﬁﬁiﬁmkf 4f1fgerédFEhP@RigaéeshB¥t 8oldfd, of 51iléaH§e12 H,
benzoate, 5 o) pm 13C:gi 100

15. 6( M3(1L8) )Th ?05393(14:%9 owa%)wa%ze% Wﬁhofﬁme <%§7TL '33%1(6&1@))
38.6(C(14)) ,sdutf{sf M3 , cdficdf €M ed under reduced pressure. The

residue was purified by flash column chromatography using
EtOAc: hexanes (1:1) as the eluent and dried in vacuo
overnight to give 10-cbz-10-DAB as a colorless solid:

15 yield, 37 mg (98%). mp 205-206 °C; [ct]gg -63° (CHC1l,, c =
0.41); 'H NMR (400 MHz, CDCl,) &6 1.11(s, 3 H, Mel?7),
1.13(s, 3 H, Mels6), 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, Heb),
2.00(d, J = 5.1 Hz, 1 H, 13-0OH), 2.08(d, J = 1.0, 3 H,

20 Mel8), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hld4a, Hl4b),
2.43(d, J = 4.1 Hz, 1 H, 7-0OH), 2.58(ddd, T = 14.7, 9.6,
6.6 Hz, 1 H, Hea), 3.88(d, J = 6.9 Hz, 1 H, H3), 4.19(d,
J = 8.6 Hz, 1 H, H20b), 4.31(d, 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(d, J =
12.1, 1 H, CHH'OC(0)), 5.26(d, J = 12.1, 1 H, CHH’OC(O)),
5.65(d, J = 6.9 Hz, 1 H, H2), 6.19(s, 1 H, H10),
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(d, J = 8.1, 1.0 Hz, 2 H, benzoate, o) ppm. C
NMR (75 MHz, CDCl,) & 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(0CH,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)),



58.8(C(8)), 68.0(C(13)), 72.3, 75.0, 76.2, 76.4(C(7), C(2), C(10), C(20)),

80.9(C(4)), 84.5(C(5)), 10 128.6, 129.4, 130. 1, |
Igslg(cégm)zoat e, (%2? 2)( C(11)), 146.3(C(12)), 167.1(benzoat 8)8 JUNQIE,

3 - -10-DAB. To a sol ution
.3(10-Ac, 4-Ac), 204.1(C(9) )ppm 10-Chloroacetyl
ézllngAB (116 n;, 0.21 mml) in THE (3 nL) at roomtenperature was 15 and
added a m xture of chloroacetic anhydrigle (2.8 g, 16.3 mml, 78 equiv)
Znd 2/ THE solution (0.5 M 0.85 nL, 0.42 mml, 2 equiv) via a syringe

under N2. The2& cfact12®.8ni xeare, wvasossirigd at ﬁ_g?ryg(%?% Bgrgofgir_)SaEd

The reacti %ﬁéd@&l\%ﬁcgﬁsg%é fg}]i {‘ggbﬁ‘ﬁg‘;&m) ?Or 45Ri- € (0§60 Ohas
22;;: a gg, a _”e({fﬁg:%%)_ | 8Bk . - ek racted(ioh) BhiAC padg. nix3). The
organi c sol Wdled fAS CoN] bﬂ@dﬂ%ﬁ%ﬁf&g?ﬁéﬁgﬂmb.sggeg@wize@,by ¢l ash

3
ce ressureé. _
concent%ate%é$§g§;6%$Qﬂéq%ngtCmc: hexanes (1:1) as the eluent and dried

colum chro . ,and drie
overnight in vacuo to give 10-chloro-acetyl-10-DAB as a col orl A

- - : = 0.45) ;
A (100 e oM B T e g o b _wachg, 1 8o, 1
H 1-OH), 10698, mgol) iveTUF, (1 §A(ddd oo Wedbeddb dre Zad A_%%i%) i
2120, 0 Lok 1y PR See; g nny 4 nay, i i uedenia
ai4b§, 2. 58’(’dﬂd,Tl'5é Tqackion mixgsre. waszstirkedHaa) ro%m8§€g\i7oe%gFu§e02HzH’ 1
N aD) o4, 1008.40 B IMR0GRat)el =Rl dieg] e ROt/ SO0 S 2 B
ClCH2) 4.31 gir%d 5, 8.3 He, 1°H HD0a) 4 44(GHPIFEEE @ A
H H7), 4.9 %n] FPrg&ng 2198gdyith ungepctedl sHarihdHmaterial.
EtOAc (20 mL) was added, and the solution was quickly
filtered through a short column of silica gel. The
silica 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; [a]g, -81° (CHC1,,
¢ =0.53); 'H NMR (400 MHz, CDC1,) 6 1.11(s, 3 H, Mel?7),
1.12(s, 3 H, Mels), 1.60(s, 1 H, 1-OH), 1.69(s, 3 H,
Mel9), 1.87(ddd, J = 14.7, 11.0, 2.1 Hz, 1 H, Heb),
2.05(d, 0 = 5.1 Hz, 1 H, 13-0H), 2.08(d, J =1.2, 3 H,
25 Mel8), 2.28(s, 3 H, 4-Ac), 2.29(m, 2 H, Hl4a, H14b),
2.47(d, J = 4.2 Hz, 1 H, 7-OH), 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(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 &8, J =
5.9 Hz, 2 H, CHH'=CHCH,0), 4.90(m, 1 H,  H13), 4.97(dd, J =
9.6, 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 =

30



H5) , 5.64 (d, J =7. 0 Hz, 1 H H2) , 6.41 (s, 1 H HIO) , 5 7.49(dd, J =
7.9, 7.4 Hz, 2 H benzoate, m, 7.61(tt, J = 7.4, 1.3 Hz, 1 H benzoate,
p), 8:11(d, J = 7.9, 1.3 Hz, 2 H benzoate, o) ppm 13C NNFgﬁ?\jg

CDC13) 6 9.3(Me(19)), 15.3(Me(18)), 20.6(4-Ac), 22.3, 26.7(Melob, 17),
35.8(C(6)), 38.6(C(14)) , 40.5 (C1CH2) , 42-6(C(15) ) , 10 46.2(C(3) ),
58.8 (C(8)) , 68.0(C(13)), 72.0, 75.0, 75.9(C(7), C(2), C(10) , C(20)),
79.0(C(1)), 80.9(C(4)), 84.4(C(5)), B28.8, 129.7, 130.3, 133.9(benzoate),
131. 8(C(1 )), 147.1 (C (12)) , 167.4, 167. 7 (C1CH2C(0) 0O, benzoate),

171. 0(4-Ac) ,7293 l?2(E€9)1)BpnbeAnabteCap¢d '780111](51 CILEACHO1n. .. Hae, C

58.26; H, 6.45 Fggzgoage . 58) 2Bt 13C6|N?1 |7$H 3:8( 1.305DAB. To a

)
8)
)
1

sol ution of 10- DAl room t enperature

was added & nt K@ik &9 bl pggp3éﬂﬁélﬁhhydﬁpdé (4nAgdri @2 X4 RS)- 7Xdedfd Zn. C12/
THE sol uti onvd D75, l\&53§®c'(7t))9 ii%mhm? gguk\V (drder, M2 1Tl F)eaction
or

T xtire 405 S TERRR), (A9 GETRELS' RS el e T

saturated aqueonsCNaHCG3(8p) uCi20) {50791.&3) 79bni(adl)The @%)or,gani c | ayer

was dried oy, cQpcC e re resi due
was purifi edéa%yé\lﬁg‘gﬁ) 'c%?ﬂ%qégg ?gg ééﬁf} d@fﬁgzcét'oiéig he!xg?:s 'F’l 1) as
the eluent B3 3ried3id(benzoate) gi Y2118, pLdpi @N@HziOHm@,aSZ(JaL)vW te
solid: vyiel d 96 (CHCl131 ¢ =
0. 78) b Ndh}lf‘?jt%g@ﬁﬂgﬁp o Zé@cféiﬁf T8, 3?@%3%0‘2%2 1.24(t, J =
Hz, 3 HO cHIGHD)O 4 1Aeb( 5204 T C {2 bippmy 637‘{@1 3Cﬂlcﬁef@)r CLEBRdEdC, J
14.7 10.9, @& 4%, 11 #4H6MouRa05€(, 63.775. &, He, 4k, H 13-OH), 2.06(d, J
= 1.3 Hz, 3 H M18), 2.28(s, 3 H, 35 4-Ac), 2.30(d, J = 7.5 Hz, 2 H, Hl4a,
H14b), 2.51(d, J =
B. Selective acylation of a C(10) hydroxyl group using
ZnCl,:

7.6

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,SsO,, 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); [oz]Hg -63° (CH,;0H, c
= 0.45) (ref [al, -54°, CH,0H); 'H NMR (400 MHz, CDCl,) &
1.11(s, 6 H, Mel6, Mel7), 1.61(s, 1 H, 1-OH), 1.67(s, 3
H, Me19), 1.87(ddd, J = 14.7, 10.9, 2.1 Hz, 1 H, H6b),

30 2.05(d, J = 3.8 Hz, 1 H, 13-OH), 2.05(s, 3 H, Mels),
2.24(s, 3 H, 10-Ac), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H,
Hl4a, Hi4b), 2.47{(d4, J = 4.2 Hz, 1 H, 7-OH), 2.57(ddd, J
= 14.7, 9.4, 6.7 Hz, 1 H, Héa), 3.8%(d, J = 7.0 Hz, 1 H,
H3), 4.16(d, J = 8.4 Hz, 1 H, H20b), 4.31(d, T = 8.4 Hz,

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



0 8 JUN 2005 42 4.1 Hz, 1 H 7-OH), 2.55(q, J = 7.6 Hz, 2 H CH3CH2),
2.57(ddd, J = 14.7, 9.5, 6.7 Hz, 1 H Hea), 3.90(d, J = 6.9 Hz, 1 H H3),
4.16(dd, J = 8.4, 0.8 Hz, 1 H H2), 4.31(d, J = 8.4 Hz, UN@%& ),
4.48(ddd, J = 10.9, 6.7, 5 4.1 Hz, 1 H H7), 4.90(m 1 H, Y4999 (dd, J
9.5, 2.2 H, 1H H) , 563 (d, J =6.9H, 1 H H), 6.34 (s, 1 H,
H10), 7.48(dd, J =8.1, 7.4 Hz, 2 H bggzoate, m, 7.61(tt, J =7.4, 1.3
Hz, 1 H benzoate, p), 8.11(dd, J = 8.3, 1.3 Hz, 2 H, benzoate, 0) ppm
13C NMVR (75 wao(ano €07} 3116 )8. & GHBEL) ,J9=29(Me( 129):) HAS. 12(%(11@)

20. 7(4- Ac) , -2 1 35.5

38. 7EC(18) 5§éf‘ ‘fgf) 0, 1?%(%!) I¥E])5867' di]ég)%)% 4843, 75 1,

Ig. i’287$' 5(1<2:(I797= 7&:@2) 7 .6( Ba),, (2g(£20)k$e,nz&t%C(I%)},) 7&;)1&(&:(@));7&4 5{Q(5)),
Z0

167. 4( benzoalf?e 30 gen%§§t§( 4%2\0’ aat%' <(%0)2"70) C'(Z(j)qéll%z C"l?'g) %e%%ngg ehal

Cal cd f ot C39H4§@11 C §MR o(3.090:MHZ , & F@uﬁd4(®e(63 81; H 6.80. C

Sel ective acytati 0 er_rup | g 3: r al
e bectur o Ti(;tazme@b)& Ced )9(@%0 >:Lo 9\&) zlts g 272Q> @feci(j% lrvi“@mo PR under

(20
N2 was added3€’Je (551& ?ﬁeséﬁdrld‘ﬁr)lrat‘*@ a?n‘f?y@-rﬁ)de drs Wr%@dr)bonate (amount s
specified insgable(8)),Tbe.oqaqwizn ,nm7et, larema,sa Stigred 752.51 @ (85 ' C and

it d by, i t d t
ronitorod bic THC, 26851 e 059, (AL y @AMl S NPt RATHRL B feacty on
and wekshed 128eé, tLABs4w LAOsat uldBed (@@mﬂ@aﬁ:eﬁodlm Ohicdariianat e _
sol uti on. Thfaﬁ@oﬁ"?t'@fg)?' C%?O&%%n%%'&'e'}gsl rael %Q:t -}%)t,' Mes

t
W th Et OAc e’ or gani'c Wer e combi‘né and P e3 (over
sul fate, an®9%el( (9))Ppm

l0-Chloroacetyl-10-DAB. To a solution of 10-DAB
(116 mg, 0.21 mmol) in THF (3 mL) at room temperature was
15 added a mixture of chlorocacetic anhydride (2.8 g, 16.3
mmol, 78 equiv) and ZnCl,/ THF solution (0.5 M, 0.85 mL,
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 agueous NaHCO, solution (100 mL). The
organic layer was separated, and the agqueous 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 1.11l(s, 3 H, Mel?7),
30 1.12(s, 3 H, Mel6), 1.63(s, 1 H, 1-OH), 1.69(s, 3 H,
Mel9), 1.89(ddd, J = 14.6, 10.9, 2.1 Hz, 1 H, Héb),
2.07(d, J = 5.2 Hz, 1 H, 13-0OH), 2.09(d, J = 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, Hl4b), 2.58(ddd, J = 14.6, 9.7,
35 6.7 Hz, 1 H, Hé6a), 3.88(d, J = 7.0 Hz, 1 H, H3), 4.16(d,



sol vent was evaporated. The crude product was purified by flash colum
chromat ography. Further purification, if necessary, was carried out by
recrystal lization from 35 EtoAc/ Hexane. 0 6 JUN 2005 43 Tabl 86 1JUNC2008.3
catal'yzed acylation of 10-DAB 1 0- DAB 5 10 15 ( RCO 20, c.cl 3 THF, RT
10- Aeyl - 10-DAB Entry R (e q) Ced 3 (eq) Tine (hr) Yield (%9 1 M (10) 0.1
1.591 2 Pr (10) 0.1 3 100 3 iPr (10) 0.1 4.5 100 4 Ph (10) 0.1 21 94 5
cycl opropyl (10) 0.1 20.5 94 6 MeCH=CH1(10) 0.1 20 91 7 CH2=CHCH20O (5)
0.119 8 EO %g) 0.1 399 9 MO (5) 0.1 3 98 10 tBuO (10) 0.7 24 94

11 BnO (3) 097=188 Hrbuk yyIH200)DAB: . 2P (bd5s 14D HC, clajfg -8&16(d, (LHC131
c =1) ; "H NV (56 Mz yCEh) 6 8. 1 £2H, , 4.B82 15, :
7.51-7.48 (2 g%, 6.35 (1H, s)) 5f%44§z€?é'd§ J %gg%&)?'ZfQé’ 1&??d} J
7.7vz), 4. 905187 m ¢ AP Pud FrHEIR) , 4.238(4dH T = 9.8, 3B} Hz4 18H(1H,

d, J 8.3Hz)H53.,95.68Hd,d,J & 77..QHH)z, & 69; A2, (1@, 123642096 (2H ),
2.28 (3H5 8) 7 250043 A7 3 10k, 2 u, benzoate, m), 7.61(tt, T =
7.4, 1.3 Hz, 1 H, benzoate, p), 8.11(d, J = 7.9, 1.3 Hz,
2 H, benzoate, o) ppm. *»C NMR (75 MHz, CDCl,) &
9.3 (Me(19)})), 15.3(Me(18)), 20.6(4-Ac), 22.3, 26.7(Mels,
Mel7), 35.8(C(6)), 38.6(C(14)), 40.5(CLlCH,), 42.6(C(15)),
10 46.2(C(3)), s8.8(C(8)), €8.0(C(13)), 72.0, 75.0,
75.9(C(7), c(2), C(10), C(20)), 79.0(C(1)), 80.9(C(4)),
84.4(C(5)), 128.8, 129.7, 130.3, 133.9(benzoate),
131.8(C(11)), 147.1(C(12)), 167.4, 167.7(ClCH,C(0)O,
benzoate), 171.0(4-Ac), 203.7(C(9))ppm. Anal. Caled for
15  C,,H,,Cl0,,. H,0: C, 58.26; H, 6.15. Found: C, 58.26; H,
6.07.

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 agueous NaHCO,; solution (50 mLx3), brine. The

25 organic layer was dried over Na,S0O,, 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]Hg -96° (CHC1l,, ¢ = 0.78) ;*H NMR (400 MHz, CDCl1,) &
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(ddad,
J = 14.7, 10.9, 2.2 Hz, 1 H, Hé6b), 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(d4, J = 7.5 Hz, 2 H, Hlda, Hld4b), 2.51(d, J =



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 NVR (100MHz, CDC13) 6

204.2;-173.9, 170.6, 167.1, 146.2, 133'.7, 132.0, 130.1, 1294, J@Nzg@g
84.5, ~88.9, 79.1, 76.5, 76.0, 75.0, 72.3, 68.0, 58.8, 46.2, 7,
37.1, 36.2, 35.6, 30.6, 27.0, 22.6, 20.9, 18.4, 17.8, 155and94 Anal .
Calcd. for C33H42011: C, 30 64.48; H 48.89 Found: C, 63.67; H_7.01. 06
JUN 2005 44 10-isobutyryl-10-DAB. np 143 'C, (a]Hg -62.6' (CHC13, C0.075);
1H NVR (CDC1%, 156tvHA) H, ¢ -©H)2 (2485 7, T =7.BH)Hz 7. B2 ( 16H,08,) ,7. 51- 7. 48

6.3 3, 55 1H, 7 org) |
2251 ?)1H 5 E)SWCIA??)'( iH ((:‘Ildid(.? ) % ‘]66777%_%’1 JUH"'E') 0‘9@15{)3'1 %19#?‘& g 8 6Hz) |
8

4.18 (1H, d, Hgu ¢t e §8) (14, 1d3 dﬁ:7J3I=fz)3 4(;2 078 (I*ﬂa-i@ qgglmé;;zon),?gzéd
2. 5 7 (1H, a).3,1(3, 57 1. adHz) 1418HEp023- 3 )
(3H, s)( 2.0} 4 ﬁ] %ﬁHz dp(go 1H3 ‘ddd, st das’ 14 6€|z¥
1.68 (3H s) -1 2, & 2.9 & Hlf)334(93ﬂ4d@ G FHz) |
1.26 (3H, d 2J26Hz7HL) H, B513 63163 (sl), ang g 91312( 3H, H;)Hz)lsggorg@%g Z/Hz
CDC13) 6 204y1, 2 7 1 ,
128. 6) 95. 5, ?&67 86 égq*?g 1&6763851’ é 8 Hzy é z’7zjb§= nzgats 5@ 8, 46.2,
15 42.7, 38.7; Gééte: d4=7.427103 H2,61 HO. benzoaZe,l$)7, 8. mﬁicg,gd%g: 4H
Anal . Cal cd sfo] €33H42 1330H5HEQ 5 t§4 3 63
6.70. 105 benzgud-16;10 22y I\/Enz s goﬁﬁ/ﬁz%{ S URSIELY ,
7. 64- 7 I-ﬁ %# &G CHy %)2(P2®(’69B)2 (F9; 24¥e (88Y) (1H, d J 7 1Hz) ,
5. 02 (1H d 20. 7747&), 2294, (16l 8p) 27445Me§téH Médd @:H4cré4> J7616H§)1 OHE) -
4.33 (1H, 0 ,
430 (L dad Bty 4800 (dtaf) o8 BB sH) bl &)

58.7(C(8}), 67 9(c(13)), 72.3, 75.1, 76.1, 76.5(C(7),

c(2), Cc(10), C(20)), 79.1(C(1)), 80.9(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 Cy,H,On: 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 agqueous 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 EtoAc/Hexane.



d, J4 .4Hz) , 2.35 (2H, m , 2.30 (3H, s) , 2.13 (3H, d, J 25 1.1Hz), 2.03
(1H d,.J 4.9Hz), 1.91 (1H, ddd, J 2.2, 11.0, 13.2Hz), 1.71 (3H, s), 1.65
(1H, - s) 1.25 (3H, s) and 1.21 (3H, s) ; 13C NMR (100MHz, CDCg3) %Zzgﬁ 0,
170.7, 167.1, 166.5, 146.5, 133.7, 133.6, 132.0, 130.1, 129. 9 'i
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 . Cal cd.
for C35H400L,: C, 66.66; H, 6.22 Foun#3C, 66.46; H 6.19. 0 6 JUN 2005 45
10-trans crotonyl -1 0O DAB. 1H NWR (CDC13 , 500MHz) : 6 8.13 (2H, d, J
7.1Hz) , 7.62 (IH, n) , 7.51-7.48 (2H, m , 7.11 (1H m), 6.42 (1H s),
6.02 (IH dg, J TahldSl 4AH29Cl, Taialyiddd (heyllatibir)of Mo-XAH 1H, dd, J 2.
0, 9.6Hz) , 4.91 5 (1H, t, J 7.6Hz), 4.50 (1H, dd, J 7.1, 10.8Hz), 4.31
(1H, d, J § . d, J 8.3rZ), 3.93 (IN, d, J 1.7 2.61-2.55
(2H, m, 2.33-2. 31 (2H m, JA.RER)¢8Hcecs), 2.07 (3H, d, J 1.5Hz),} 1.95 (3H,
dd, J 1. 6, ||6. 8Hz) , - 99‘3(1|—JS 'd%g J 2730 Adv!0,701848Hz), 1.68 |(3H, s),
AL

1.15 10 (3H, s) and 1.14 (3H C NMR (75MHz, CDC13) 6 212.4 181.0,
170.8, 167. 9 338 1323 130 1.9,
116.0, 84.7, ce I 8, 46.1,

42.7, 3&6, 35.16, 27.0,Me2(01c9 18.0, 1504 and 9. %.sAnal . Casxd.
C33H40011: 115 G 64.69; g4 (£,)58 Found c% 63.93; H, 6.61. .,
10- cycl opr oflanoy! - 10- DAB. iH (cbc13 , 5 OJ]\/Hz) ; 6 8.12 (2|31 7.3Hz)
7.62 (1H, t | J%.5Hz), ¥adPbH t, J 9¥Hz), 6.95 (lH s)1°°5 64 (1H, d, J

7.0Hz), 4. 99 (41H app- h 1@. 2Hz) , 4.8h (1H, mz23 4 .46 (4, ddd, J 4. 1,

20 6.8, 10. §Hz), 4.31 415 1H 18 (1H J .90 (1H,
d, J 7.0Hz), 2 56 (%jl—’i’% "g 5‘%? ) °Ai 4. gHzf dsz 31 (2ll-?uzm) , 2.0(7 (3H,
d, J 1.%Hz) J| 250 (1 HMecH=CH (10)

7 CH,=CHCH,0 (5) 0.1 1 96
8 EtO (5) 0.1 3 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, d, J 7.7Hz), 4.90 (1H, m),
20 4.48 (1H, m), 4.31 (1H, d, J 8.3Hz), 4.18 (1H, 4, J
.3Hz), 3.91 (1H, 4, J 7.0Hz), 2.60-2.42 (4H, m),
.36-2.26 (2H, m), 2.28 (3H, s), 2.06 (3H, 4, J 1.0Hz),
.88 (1H, ddd, 70 1.9, 10.9, 13.0Hz), 1.76 (2H, hex, J
.4Hz), 1.68 (3H, s), 1.12 (6H, s) .and 1.04 (3H, t, J
.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 Cy;H,,0,,: C,
30 64.48; H, 6.89 Found: C, 63.67; H, 7.01.

N g PN o

25



d, J 4.9Hz), 1.87 (1H, ddd, J 2.1, 10.8, 14.6Hz), 1.79 (1H, ddd, J 3 .4,
7.9, 12.4Hz) , 1.68 (3H, s) , 1.60 (1H, 25 s), 1.16-1.14 (2H, m), 1.13 (6H,
s) and 1.01-0.97 (2H, n) ; 13C NMR (100MHz, CDC13) 6 204. 3, 0 §75uN 2008 70. 6,
167.1, 146.4, 133.7, 132.0, 130.1, 129.4, 128.6, 84.5, 80.9, 79.1, 76.5,
76.0, 74.9, 72.4, 68.0, 58.8, 46.2, 42.7, 38.6, 35.6, 34.0, 27.0, 25.6,
24.9, 22.6, 21.0, 15.6, 30 13.1, 9.4 gaud 9.1; Anal. Calcd. for C33H40011:
C, 64.69; H 6.58 Found: C, 64.47; H, 6.66. 0 6 .SUN 2Mb 46

10- Et hoxycarbonyllaelm&tymyzﬂlemc hp] 149 &1 [(;,QZHCl%z &+=0.35) ; 1H

CHEG Mel 6), 1.38(t, J
hch (1528 iy 1?34':2’;6 %’7ﬁs S WH(C%Q:}D 5do %Z g B 1reiel, ¢, 8§((ddd
5J = 14. 6, ARHE) 2.1 6%, (J.J.HHm)I—le') S52-D048, (IHF @) 0 512331(114,, gs oH) ,
alig(d J4851@15H(Zm3d4 Mﬂ@nzﬁ 25‘304?0 §1"§7 %4 B\C% 9;?1_7[ L 3% '?1511*146

H, HZSa)% %8(04 48 - 16{'94%01 17|4 3H3)e - % 13;d0Ha) 8. 21Ht;LH1 8, 20 H20b)

4.31(d, J =eB.audy, 414 HZDa)d 47 23- g};z’S)S(rrg ng(lHCl-g?CHg-)z gﬂéggddg 1JH;

H13
in5 Hg)7 é?é(d“% E"eé"b 1L 6 7%%() 6. 3 ém)l - $10f1Hy. dg(dd, J =
8.2, 7.3 Hz4 2H£),b@1§dat@H,m) 7%.(K8tt(,3H] -s)7 3R2. d54(j;5 Hg) , 12H01benzoate

ey 118 $19 307 BB, 550, G S0 BTai RN oo

65.0, 9.7 1788 (3% §).76..40 7(aH7, $19. Q,. 5810 RHBAY, 1.1DB. 731412& 47 130.1,
131.5, 133. %, 74%7.,51.3%85.4u,167. & ¢ 39,3701 {8& psﬂm 3
10- Met hoxycarbony é#&GD(AB ni 218 219% [a') %’3 , c :6.%8) ; 1H
NVR (500 M CDélj 1,) 204.1, 177.2, 170 6, 167.1,

146 2, 133.7, 132. l 130 l, 129.4, 128.6, 95.5, 84.5,

80.9, 79.1, 76.5, 75.8, 74.9, 72.3, €68.0, 58.8, 46.2,

15 42.7, 38.7, 35.6, 34.1, 27.0, 22.6, 20.9, 19.2, 18.7,
15.5 and 9.4; Anal. Caled. for C,,H,,0,,00.5H,0: C, 64.48;
H, 6.89 Found: C, 63.05; H, 6.70.

10-benzoyl-10-DAB. ‘H NMR (CDCl, , 500MHz): &

8.15-8.11 (4H, m), 7.64-7.6 (2H, m), 7.52-7.48 (4H, m),

20 6.62 (1H, s), 5.7 (1H, d, J 7.1Hz), 5.02 (1H, d, J
7.7Hz), 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, d, 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, d, J

25 1.1Hz), 2.03 (1H, d, J 4.9Hz), 1.91 (1H, ddd, 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.



Mel7) , 1.13 (s, 3 H M16), 1.59(s, 1 H 1-OH, 1.70(s, 3 H Mel9),

1.88(ddd, J = 14.7, 10.8, 1.8 Hz, | H, Heb), 25 2.00(d, J = 5.0 Hz, 1 H,

13-OF), 2.10(d, J = 1.4 Hz, 3 H  Me18), 2.28(s, 3 H, 4- Ac) 02 3@(?0 2 H,

Hl4a,” H14b), 2.40(d, J = 4.1 Hz, 1 H 7-OH, 2.57(ddd, J = 14.7 3 6.6

Hz, 1 H, Hea), 3.87(d, J = 6.9 Hz, 1 H, H3), 3.88(s, 3 H MOXO),

.18(d, J = 8.4 Hz, 1 H, H20b 4.31(d, J 30 = 8.4 Hz, 1 H, H20a),

. 4-4(ddd, J = 10 8 6.6, 4.1 Hz, 1 H45H7), 4.90(m 1 H, H13), 4.98(dd, J
9.7, 1,8 Hz, Ho), 5.65(d, J =69 H, 1 H H), 6.17(s, 1 H HIO),

7.48(t, J = 8 2 71% tpans eroterybal @-DAP. 7T'HIMR , (QDEL, 7. B00MHE)Hz,6 1 H,

benzoat e, )881.311(21-1 Jd 1.8’21142)4 W46§5(2HH penaoggeq Qb 5@&1 H3C NWVR

75 MHz, CDCL3).,.6 JUN, 2005 47, 15,5, 2 ! 38.5,

212 4, 46.0, &137?141 ‘%ég ‘65 0‘1\£ 8“; She 16 9%3 Hyg z' '1'78197r7@504H80 6,

84.4, 128.7, SLEF A1H30i1,J1B1HE) 138,99 14, 5dd155. 9. 0, 167511%17@ %ﬁ ﬁlﬁ/g 6
5 1 Q t BogL0-DA 3- 8

(500 W%CD‘M 2 ey 5 AR ey d 1350 Beal s oty Mgl

1H 1-0H), B.6HS. 3312)H 4\/91199)(1& 88( ddlds . IHZ) 143 9931119 a,20Hz, 1 H,

Heb), 1. 99 5. Me18

2.2%3(3 3 H(d7 ﬂ{cz Zoiiles 15{“) Hﬂ%ﬁj 3ok I%bld’““z 252" é}g ).

Hz, 1 H, Hea)s &, (3H=d3 % 1EHz) 1 1 72%DH|3H 3. (dJ 3. &,669814@)

H3) , 4 19(d, 1.B9= (8,;2 kg, l 3.2 H2,0Q):L 04, 3ilf duug) = B.8g Hezyl H "'20@35

Z 46(dd§°2 H;(:ﬂ:% = dmd 33644l(_§H'J 2)'ie.’d g NﬁRg%ﬂ”Hﬂz)CD@ 15 2‘314 ) Lad
1-110), 7.48Q81. @,—177088Hz 167 4, Jlfeﬁlﬂ),atmsm,, B0} 1133.7, 7180.3. 3 H, 1
H benzoate, 1) 5,810K(%d, 1h15o7- uel-d Ha. 2 thy DENZORLE, 93.5’,‘0”’77.19,0
75.9, 75.1, 72.4, €8.1, 58.8, 46.1, 42.7, 38.6, 35.6,
27.0, 20.9, 18.0, 15.4 and 9.3; Anal. Calcd. for C;,H,0,,:
15 C, 64.69; H, 6.58 Found C, 63.93; H, 6.61.
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10-cyclopropanoyl-10-DAB. 'H (CDCl, , 500MHz): &
8.12 (2H, d, J 7.3Hz), 7.62 (1H, t, J 7.5Hz), 7.49 (2H,
t, J 7.7Hz), 6.35 (1H, s), 5.65 (1H, 4, J 7.0Hz), 4.99
(1, app-d, J 8.2Hz), 4.91 (1H, m), 4.46 (1H, ddd, J 4.1,

20 6.8, 10.8Hz), 4.31 (1H, d, J 8.1Hz), 4.18 (1H, 4, J
8.1Hz), 3.90 (1H, 4, J 7.0Hz), 2.56 (1H, m), 2.51 (1H, d,
J 4.1Hz), 2.31 (2H, m), 2.07 (3H, 4, J 1.0Hz), 2.00 (1H,
d, J 4.9Hz), 1.87 (1H, d4ddd, J 2.1, 10.8, 14.6Hz), 1.79
(lH, ddd, J 3.4, 7.9, 12.4Hz), 1.68 (3H, s), 1.60 (1H,

25 s), 1.16-1.14 (2H, m), 1.13 (6H, s) and 1.01-0.97 (2H,
m); *®C NMR (100MHz, CDCl,) & 204.3, 175.2, 170.6, 167.1,
146.4, 133.7, 132.0, 130.1, 1295.4, 128.6, 84.5, 80.9,
79.1, 76.5, 76.0, 74.9, 72.4, 68.0, 58.8, 46.2, 42.7,
38.6, 35.6, 34.0, 27.0, 25.6, 24.9, 22.6, 21.0, 15.6,

30 13.1, 9.4 and 9.1; Anal. Calcd. for C;;H,,0,,: C, 64.69; H,
6.58 Found: C, 64.47; H, 6.66.



NVR (75 MHz, CDC13) 6 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, 80'8’0Eg\ﬁﬂb84'5’
128.7,+ 129.4, 130.1, 131.8, 133.7, 147.3, 154.0, 167.2, 17078, ) ppm
D. Sel ective carbanoylation of a C(10) hydroxyl group: General procedure
for the Sel ective Carbanoylation 25 of the C 10 Hydroxyl group of 10-DAB: A
solution of 0.061 mml (1.1 nol equiv)eedf the isocyanate in 2 nL of THE
was added, under nitrogen, to a m xture of 10-DAB (30 ng, 0.055 mmol) and
cud (5.5 ng, 0.058Y pxyeagbogyl-The DABXt Uume BAS -5 Ped i:&I,gt he1bi me
indicated in (k3@ Zo Affyer ithivpgt i t reacti-on rmed_tg 25 'C
and stirrin E%gﬁt% Ped)forﬁtﬁgRtﬁﬁgoin Fda?g}JP% $§Er£9é$' ?hg'
reaction masqg%@ﬁ%h ¥ g $he’ dddi ¥edh) of LsaBUEat §d= Jqaedss AnkpNi um

chl oride sol @H,;0H;) and. $8és i Xt Hy e1was) , ext Faqked 3t iy eglyighes wigt C.
The conbisne%rgajlrg g 0 JLUN %00(5%48 I:Zt ers %%é was ’e?’evjx'/igtrfﬁ s}aitstf?(é%égA
aqueous NaH SOl Ut 'on, " driedt over Lofdi WHERUI f At 80 (dndJt ReSs Bl Hant 1was
evaporated #o WidelQH)a hit®(doldd= The pzpduct, was1Byri bigd by &l gsh

o s e A0 0 2% R WEEAF, Bk BTd0carny fugi HoOAB Ho
Entry R (eq) "TORE (& ST (R hrd) =~ikd o5 (%.4d, B6.71H2) O H, 5ué8),rt 0.5 2
allyl (1.1) 0.688%, 7 = 6.9 Hz, 1 H, H3), 4.18(d, J = 8.2 Hz, 1 H,
10 H20b), 4.31(d, J = 8.2 Hz, 1 H, H20a), 4.23-4.33(m, 2 H,
CH;CHp) , 4.44(ddd, J = 10.5, 6.7, 4.2 Hz, 1 H, H7),
4.90(m, 1 H, H13), 4.98(dd, J = 9.6, 2.1 Hz, 1 H, HS),
5.65(d, J = 6.9 Hz, 1 H, H2), 6.17(s, 1 H, H10), 7.48(dd,
J = 8.2, 7.3 Hz, 2 H, benzoate, m), 7.60(tt, J = 7.3, 1.4
15 Hz, 1 H, benzoate, p), 8.11(d, J = 8.2, 1.4 Hz, 2 H,
benzoate, o) ppm; *C NMR (75 MHz, CDC1l,) & .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 218-219 °C; (o) y, -83°
(CHCl,, ¢ =0.58); 'H NMR (500 MHz, €DCl,) & 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, H6b),

25 2.00(d, J = 5.0 Hz, 1 H, 13-OH), 2.10(d, J = 1.4 Hz, 3 H,
Mel8), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hl4a, Hl4b),
2.40(d, J = 4.1 Hz, 1 H, 7-CH), 2.57(ddd, J = 14.7, 9.7,
6.6 Hz, 1 H, Héa), 3.87(d, J = 6.9 Hz, 1 H, H3), 3.88(s,
3 H, MeOC(0)), 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,;) & 9.2,

30



rt 0.5 3 Bu (1.1) 06.587 rt 0.54 Ph (1.1) rt 3 04

10- et.hyl car banoyl - O-DAB. np 241-243 'C; [a]Hg -92.0'" (CHC131 c¢=0.5) ; 'H
NVR (400MHz, CDC13) 6 8.13 (2H, d, J 15 7. 1Hz) , 7.63 (1H, 01®) JUN.2008- 7. 48
(2H, m, 6.27 (1H, S), 5.63 (1H d, J 6.9Hz) , 5.01 (1H, dd, J 1. 9, 9.
6Hz) , 4.97 (1H m, 4.91 (1H, m, 4.50 (1H, ddd, J 3.7, 6.5, 10 . SHz) ,

4.31 (1H, d, J 8 . 3Hz) , 4.17 (1H, d,4d.,] 8 . 3Hz) , 3.88 (1H d, J 7. OHz)
, 3. 32-3.25(2H n , 3. 10 (1H d J 20 3.7Hz), 2.56 (1H, ddd, J
6.8, 9.8, 14 . 29«(3H, 88 1H
6.8 9.8 1§F§) 26 3 éiH4 ”)zs 95(% 3%)05 2120% (%'élo% 553?_? (

7.2Hz) and 12 %o (aﬁﬁ %) Aﬁal C§Pc84 ﬁor7é32Hgdﬁofm 76, °:6§QM§ H 6 71
Found: C, 6184904 H.26.77. 125, 40- babyhcanbamay 1150 BAB147als, H5155899 6’

( CHC131 c= n‘% 0 CDC13) 6 8.12 (2H, d, J'7.3Mz) ' 7.61
(1H, m, 45%';% 02 %/HZP‘“MH s), 5.64 (1H, d, J 6.7Hz), 5.00
(1H, d, J80Hz) 4.91 (1H, ), 4.49 0 6 JUN 2005 49(1H m, 4.31 (1H, d,

J 8.5Hz), 4.19 (1 5 89.(1 7THz) o - 3,23 (2H
o a8 (ih 3;?-”’ gog s Fo 2Py o 25T Iog sc?  fataly Sboe (58, Pe?] 5
7. 9Hz) 2. 26Q3H) 5)'H M Q-‘sw Mz, CIOL, 011 1d11]($ zs Oz Mel7 88 (1H, ddd,

2,25, 1L Onafetren 48 (68 634 coho) 1 895618, 9 1, 1SRl 21 W (sl 427 137

(2H, , éﬁ#9 s) and 8%
CB4H94N011 24 8% (@8d Fog na 1t 9621340,142-2. Bz, 1 H, H6b),
10- phenylcamhannyi ID:DAB 0 NPz 178- HSOlBCbegthgala -93= 01 4CHel33 ¢=0.5) ;

T NNRAOCHE 1Y) £ B 1% (M athey ) 5360k, & 85 s, Lindif 47) 0 750

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), 4.32(d, 0 = 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 H1i3), 4.99(dd, J = 9.6, 2.2 Hz, 1 H, HS5), 5.64(d, J = 6.9
Hz, 1 H, H2), 6.11(s, 1 H, H1l0), 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,) 6 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, 6.4,
78.0, 7.2, 80.8, 83.8, B4.5, 128.7, 129.4, 130.1, 1l31.8,
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
agqueous ammonium chloride solution, and the mixture was
extracted three times with EtOAc. The combined organic



(1H, b), 6.38 (1H s), 5.66 (1H, d, J OHz), 5.02 (1H, app d, J 7.8Hz),

5.93:(1H m, 4.52 15 (1H ddd, J 3.8, 5, 10.5Hz), 4.33 (1616 SN 908 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, 14.5Hz), 2.33 (1H, m, 2.29 (3H, s), 2.12 (3H, d, J

1.4Hz), 2.04 (1H, d, J 5.1Hz), 1.89 élH, ddd, J 2.2, 11.0, 14.4Hz), 1.69
20 (3H, s), 1.62 (1H, s), 1.15 (3H, s#¥8and 1.13 (3H, s) .
10-al Iyl car - 10- DAB. 65-170 'C, (aJHg -80.0" (CHCl13, c=0.25) ; 1H
NNR(500M4Z,H%%¥§) %’%ri TATRE WiEh saturgyed agrequs NaYCOy Siluth o, (2H,
2 10 o0 Ay e o5 i ol he BVERL e Svidirabl %

. 5 t , )2 , . , . , . 5 ,
4.49 (1H, d%§, Y?e 3.7, wg‘l%?e %cgi.lﬁ?z), .ﬁr(‘i{{‘i%t d’as) Bastpiedpy7 (1H, d, J
8.5Hz), 3.882s3 gelumm hromtegrEtHy disihg. 27 )Et CAS hdAdhe dgld, thd 6. 7,
9.8, 1559Hz$)1udn8Q (1H, m, 2.29 (3H, s), 2.08 30 (3H, s), 2.06 ( 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 C33H40NOL1l: C, 63.15; H, 6.58
Found: C, 61.73; H 6Té4ble Q.6cdtBarB02a%90E oEEhBCH silylation of a
C(10) hydroxyl group: 10-TMsS-10-DAB. To a solution of 10-DAB (100 ng, 0.18
mmol) in —at U C Was St owy—atreet i

T at
O bi s(trinethylsil yl) tnpfLigroacet.amvde (1.0 m, 3.7 5 mmol, 20 |equiv)
under N2. [The reaction mixture was stirred at "0"C'rdf 84*Rh. Et OAc [[20 nl)

ol tin

was added, and the  solurrom was fittered—througir—a—shor+—eoturr{pf silica
gel . The amwmpﬂmb (ToOemilhy) andidle &9l Ution was

7.42 (1H, d, J 7.8Hz), 7.36- 7.32 (2H, m, 7.12 (1H t, J 7.4Hz), 6.87
7.
6.

concentratied ynder regucgd jaressur ey 7.5 88
rt 0.5

10 2 allyl (1.1) 0 6 88
rt 0.5

3 Bu (1.1) 0 6.5 87
rt 0.5

4 ‘Ph (1.1) rt 3 04

l10-ethylcarbamoyl-0-DAB. mp 241-243 °‘C; (e]yy -92.0°
(CHCl;, ©=0.5); 'H NMR (400MHz, CDCl,) & 8.13 (2H, d, J
15 7.1Hz), 7.63 (1H, m), 7.52-7.48 (2H, m), 6.27 (1H, s),
5.63 (1H, d, J 6.9Hz), 5.01 (LH, dd, J 1.9, 9.6Hz), 4.97
(1H, m), 4.91 (1H, m), 4.50 (lH{ ddd, J 3.7, 6.5,
10.5Hz), 4.31 (1H, 4, J 8.3Hz), 4.17 (1H, d, J 8.3Hz),
3.88 (1H, d, J 7.0Hz), 3.32- 3.25 (2H, m), 3.10 (1H, d, 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 C3,H(NO,,: C,
62.43; H, 6.71 Found: C, 61.90; H, 6.77.

25 10-butylcarbamoyl-10-DAB. (aly, -89.6° (CHCL,,
c=0.25); *H NMR (500MHz, CDCl;) & 8.12 (2H, d, J 7.3Hz),
7.61 (1H, m), 7.51- 7.45 (2H, m), 6.27 {(1H, s), 5.64 (1H,
d, J 6.7Hz), 5.00 (1H, 4, J 8.0Hz), 4.91 (1H, m), 4.49



10 The residue was purified by flash colum chromat ography using EtOAc:
hexanes (1:1) as the eluent and dried in vacuo overnight to give

10- TM5: 10-DAB as a white solid: vyield, 103 ng (910) . 13&9 gﬁ 0@ [ a] Hg
-70 (CHC131 C =0.55) ; 1H NWR (400 MHz, CDC13) 6 0 18 (s I\;e Si) , 15
1.06(s, 3 H M1l7), 1.16(s, 3 H Ml6), 1.31(d, J = 8.6 Hz 1 H 7- G—l)
1.56(s, 1 H 1-OH), 1.68(s, 3 H M19), 1.79(ddd, J = 14.4, 11.1, 2.1 Hz,
1 H Heb), 1.97(d, J = 4.9 Hz, 1 H 13-OH), 2.03(d, J = 1.3 Hz, 3 H,

Me18), 2.27(m 2 H, Hlda, Hl4b), 2.28¢F8 3 H, 4 Ac) 2.58(ddd, J 20 =
), 4.16(d, J =

14. 4, 9. 6 7 , 4.01 J = 7.2 H3
8.2 Hz, ﬁzo’b m)14H§5{gdle ‘9 (1‘? §: 5H§y 4718 #&H 19W, JHB). SHz. 30(d J =
8.2 Hz, 1 H 342%)(1}*4 @4 (6 17HH;)H13)254 9788d 21, =m§, 63,841 (Mg, WH H5),
5.27(s, 1 H, 6 Iy 772 D 25 J =8.2/ 7.5
Hz, (2 H, ben 2;1@ (ﬁi 4&&& tt ?J —é_"zivs ll;ﬁ %—12 Z §§<(qg§nzaatg, p),
8.11(dd, J = 8%2? )1' @ , Shen2o@®e(38) shm 113€ KMR, (25 WHz, CDCL3) 6
0.2 (Me3S) , 4 %Vz()ME(Jlibe (1k8, 4:(&@( 18)2., 191@(61 A%Q y 4, 23;%3?16

Me17), 37.1(Q 6))s <. Bl 1845) 6%2%15')))7 > Rk o(8)),
68.0(C(13)), e ot @) 1 ‘t:i(‘z)l 1635, 0p20) ), 11

13700 1) s @S)a’ndf D) st Lol 1L OLag) - 205.5(0(9) )
enzoate c

ppm Anal . Cgfc}%%?%*rl(ggél—ﬁ%lﬁé . 1?2@1%0 ognd: 3§16f 254 iHH.7 P91 Found: C

61.61; H 7.12. 0 6 JUN 2005 51 10- TES—lO DAB To a solution of 10-DAB (85

0.16 I
ggbl s(t em ) Iglo)%é l)lorgrl'az)rell%tméta n}ijald%dl Ci 1E)a]e‘qw v) and
a catal PI c a FIP{L LB & HE & s%l b%PQHZMCISClH) 5080(153 nfeH ) ,d

respectivelyJ énd&z)N27.63 (1H, t, J 7.4Hz), 7.51 (2H, t, J 7.6Hz),

7.42 (1H, 4, 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 (1, 4, 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, 10.5Hz), 4.33 (1H, 4, J 8.3Hz),
4.18 (1H, d, J 8.3Hz), 3.91 (lH, 4, J 7.0Hz), 2.83 (1H,
d, J 4.0Hz), 2.59 (1H, ddd, J 6.5, 9.4, 14.5Hz), 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).

10-allylcarbamoyl-10-DAB. mp 165-170 °C; (o] 4

-80.0' (CHCl,, c=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, d, J
7.9Hz), 4.90 (1H, m), 4.49 (1H, ddd4, 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, d4dd,
J 6.7, 9.8, 15.9Hz), 2.30 (1H, m), 2.29 (3H, s), 2.08

30 (3H, s), 2.06 ( 1K, 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. Caled. for C,H,NO,,: C, 63.15; H, 6.58
Found: C, 61.73; H, 6.45,.



The reaction mxture was stirred at 0O Cfor 5 mn. EtQAc (10 nL) was
added,. and the solution was filtered through a short columm of silica gel.
The 'silica gel was washed with EtOAc (100 ni), and the sol utgpry ﬁ/a
concentrated 10 under reduced pressure. The residue was purlfle %Iash
col um chromat ogr aphy using Et OAc: hexanes (1:2) as the eluent and dried
in vacuo overnight to give the 10-TESg30-DAB as a white solid: yield, 98
ng (95 %. nmp 234-235 Cdec; ( J -69 (CHC131 ¢ = 0.95) ; IR 3690, 2958, 15

1733 t16g2 gﬁgl ;ﬁﬂdﬂﬁiﬁéﬂﬁll#%?t£lxﬂéﬁ & @(ﬁ@)(ﬂ}d@ok1$0 52) 3Si)
= | ’
Nh16§ 1.29(d, J 10 éﬁ%EEF%%H? 'F%}% fﬁﬁﬁ%n Qf 101D (1906963 5 H,
Me19), 1.79(@dd8 mnol)l4md, THEL. (1,0 &) Hztl% a4 gd?;)slml%(éh%eleNS (2) gzg( 1
20 H, 13- B S m
H, H14aCHL14%3gﬁQqﬁggﬁﬁyh%}ﬂﬁaﬁf%#?%F g?F é ‘figLB&) %oz(d J =
2 Hz, % H TASL, zolwlvwﬂcﬁusmz Thig, rlaz@n)lomms(tdmh was 11.0, 8.4,
Z)?Héd % ﬁst'ﬂrh‘eddfa:ﬁo(od°Cchr855hHZ’Eéic Fd%%a}nLH 6,%@( 56%(3; %?a_ ;@HZ
H,(H2) 7_&?3&&'1051 wag llfege Ferghnte, umw'gg(si:liga 7.9,
.0 Hz, 1 H, gellenz@akesif)kicad gkl %s J»Jarsh7ec9 wilk 1) BonL g)at &nd

175 e 16)) Wfégg%mgf’cp’%% TR e e @N’gﬁguss 5(C(14))
42.6 (CL@15)The zgs3dae3yps pﬁ?l&@@@Bby-ﬂIAéﬂ<ddﬂﬁ®n dHriFaH ﬁ% ? L
38N7(28<%? 5, 135hg Fiogbs Hegdhks 3% b8 bnd sl dnq Hasse! 2
138. 8(C(12) ) Va£s?. QVFE§hSB§téP 91Y¢11©czwwbpo zm@zaaxa»whlqgnmowmai Cal cd
for C35H50019521d12003Cng6491%) .Hmp7184-191 °C; [al,, -70° (CHCL,, c
=0.55); 'H NMR (400 MHz, CDCl,) & 0.18(s, 9 H, Me,Si),
15 1.06(s, 3 H, Mel7), 1.16(s, 3 H, Mel6), 1.31(d, J = 8.6
Hz, 1 H, 7-OH), 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, H6b), 1.97(d, J =
4.9 Hz, 1 H, 13-OH), 2.03(d, J = 1.3 Hz, 3 H, Mel8),
2.27(m, 2 H, Hl4a, H14b), 2.28(s, 3 H, 4-Ac), 2.58(ddd, J
20 = 14.4, 9.6, 7.5 Hz, 1 H, H6a), 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, HS),
5.27(s, 1 H, H10), 5.64(d, J = 7.2 Hz, 1 H, H2), 7.47(dd,
25 J =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;) & 0.2 (Me,S),
9.7(Me(19)), 14.4(Me(18)), 19.6(4-Ac), 22.4, 26.6(Mel6,
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), 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)),
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.

I—‘H-hCD\II\)



Found: C, 62.45; H, 7.74. 5 Exanple 2 Ceneral Procedure for the Preparation
of 7-silyl-10- TES=10-DAB. To a solution of 7-triethylsilyl-1o-DAB, 7-

t - but yl di met hyl si |yl -10-DAB, or 7-di nmethylisopropylsilyl- 10- DABJUM 2005F at
0 Cwas slowy added N, O0-bis(tri 10 ethylsilyl)trifluoroacetam de (5
equiv), and a catalytic anmount of LiHWVDS/ THF solution (5 nol o),
respectively, wunder N2. The reaction sixture was stirred at 0 C for 15
mn. EtOAc (10 nL) was added, and the solution was filtered through a
short col umm of siIIOi-GESngO.-DHJBa 1%csid isccdt.gﬁlon/varsf VEGITERE W8 $ 1y OA¢. {400
m.), and the ut;i.0 cent rated uc ressure. The
resi due was mﬂra?" E'lcri1 &'HFWB(% Q.gofa[}moac SP&EP{yaﬁ% ﬁ %S;Et QAc: hexanes
(1:2) as the ebélér(f:raﬁ@h&ﬂlséd}/ild t\za(ﬁl@or@a@emagmdet 0(4;ﬂ4/enL,r espeeti vely,

7, 10-bi s(trighbyl sibyk u%Q)lOa%Ba( %%31a&>ytql<ﬂ)almollgt buit ! it Py si 1 y1 -1 0-

trlethyl ilyl %O DAB yi el d),
propyl SI§ -58- PFF@Ph&I’-sNI'yIS F‘&JDRBO@%WléI d)reSPECthG‘-er under N,.

7-([11 et Ey: phh'Ehyl Sehyﬁlﬂ:iéﬁ EﬁBﬁtzhgeDABs EQJ.QT%@' @l @ °cOkor 5 min. S

7-di met hyl p ' yl, B.(35 THF at

was added N, g%u §‘H utygﬁeﬁm ﬁ‘i?ggitlh;?l i“r“-ll&é)r &ééetzf?hﬁ %f’sza#{ouglh 09
mmol, 20 eqai shprandoiumat alfy'su.d.maogaﬂ. of ThieH¥RY/itd gl WdwadHed 6 L,
0. 006 mml),w{@ﬁpgebAéel(%Souaﬂgr QI% Ing Eﬁgttl f%g’r Mt ul u(r?g]c[vva ﬁ%{tér ed EE O(g\c

C for 4 h, then war (‘)om &Bera ure an a
(10 )10 nasiB@eEdredNaethBre6FUrron Bas tesidued wasr qugh & eshanyt coI umm

of silica geflaghec§lﬁM§acH§bm$@§g%@§H dywihh EtOAG (H@&dﬂ& @and t e

sol uti on was_concentrat ed ug reduced predsure, The residue was purified
by flash 0(?%%»?? ent and dri in vacuo overnight to give the

10-TES-10-DAB as a white solid: yield, 98 mg (95 %). mp
234-235 °C dec; [al, -69° (CHCl,, ¢ = 0.95); IR 3690, 2958,

15 1714, 1602 cm™; *H NMR (500 MHz, CDCl,) & 0.68(m, 6 H,
(CH,CH,),S8i), 1.00(t, J =7.9, 9 H, (CH,CH,),8i), 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-OH), 2.03(d, J = 1.0 Hz, 3 H, Mel8), 2.27(s, 3 H,
4-Ac), 2.29(m, 2 H, Hl4a, Hl4b), 2.59(ddd, J = 14.4, 9.5,
6.7 Hz, 1 H, Hé6a), 4.02(d, J = 7.2 Hz, 1 H, H3), 4.18(d,
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, HS), 5.28(s, 1 H,
H10), 5.66(d, J =7.2 Hz, 1 H, H2), 7.47(dd, 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)),
57.9(C(8)), 67.9(C{13)), 71.9, 75.1, 76.1, 76.7(C(7),
c(2), C(10), C(20)), 78.9(C(1)), 81.2(C(4)), 84.3(C(5B)),



m col utm chr omat ogr aphy using Et OAc: hexanes (1:2) as the eluent and dried
I n vacuo overnight to give 39 ng (92% vyield) of 6 Ju .

7-di et hyl phenyl silyl-10-t-butyldinetylsilyl- 10-DAB. 5 Exanpﬂb YUNI086 ¢ i ve
silylation of a C(7) hydroxyl group 7-TBS-10-DAB. To a mi xture of 10-DAB
(38 mg, 0.070 nmol), imdazole (190 ny, 2.79 mmol, 40 equiv), and
tert-butyldimethylsilyl chloride (Zloéﬁg 1 40 nnDI 20 10 equiv) was
added DMF (0.1 L) at roomtenperatur nder N2. TheckeacébogLn1xturedgaz
vigorously s red rqo egpe for Et QAC was added,
ang t he gol%%léoﬁ nggflg g?édg{’)hggé &Wtegm dry -f %fH)c gel . The
silica gel V\h%BV\&é‘ﬁébﬁWthIEﬂC)MbeBQOaMa)),, armd. .15 4t-e)sol 249 cm(@v@g;)

concentrate degngeduegd-gr essu Jhe. residu i fJ flash
col um chro?r% 0 raphy u3|ﬁg 1 /oEigﬁ‘ @5—32 dj ecE'h Ebe‘IIOﬂ"L llIanzll %‘?md in
vacuo overnf ‘ﬁ‘g di “gi ¢e-45TB%. 18- PAB as a whlte solid: yield, 41 ng

(90-15). np 222 223 C, [a]HS -51 (CHC13, ¢ = 0.36) ; 1H 20 NMR (400 MHz,

CDC13) 6 0.05, 0.06 (2's, 6 H Me2Si o 83 (s, 9 H M3C , 1.09 (s, 6 H,
Me1l6, MEL7) , 1.57 (s, 1 H  1- OHEX&4mBEes2 3 H Me19), 1.87(ddd, J = 14. 4,
10.6, 2.0 Hz, 1 G&nédnl, PEOﬁéddrleéiﬁtﬁeHPre%aHatl%nG@f 7?-sqgl(yq’-l‘b-
C

2. 45(ddd. 5“91%41%3@6 Torh 00 PR BE Bk Is T d0pds) - 1)
4.16(d, J =tekptyldimethylephyl- 4o 22%3, or=17- élmghﬁleob&o@y)lésé?yal(dH J
= 8. ° m )
- 8.3 Hz, hdipARQa) THF I dfl. o3 wad sfow@g %H%E((idN 02 ey HLO) |

5122)(d%°?6(—%3{}§%1—§z‘lyﬁ|—?n Or%%e/f{%falc)ig {5gequiy) 5 ppd 2 Hatbémrzoate m,
7.60(tt, J =maunt b3 IHAMOS HHbesEDet fonPXs Bol0¢f, JeSpectively,
under N,. The reaction mixture was stirred at 0 °C for 15
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 mmol) in
25 THF (2 mL) at 0 °C was added N,O-bis(t-
butyldimethylsilyl)trifluoroacetamide (337 uL, 1.09 mmol,
20 equiv}, and a catalytic amount of LiHMDS/THF solution
(1 M, 6 puL, 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



8.1, 1.3 Hz, 2 H, benzoate, 0) ppm 13C NWR (75 Mz, OCDC13) 6 -5.8, -3 .8
(Me2si) , 9. 7 (Me (19)) , 14.8 (Me (18)) , 35 17.6(Me3C), 19.3(4-Ac),
22.4,26. 7(Mel6, Mel7), 0 6 JUN 2196 54 25.4 (Me3C) , 37.4 (@& JoN)Z5 ,
38.7 C( 14)) , 42.7(C(15) ), 47.0(C(3)), 58.0(C(8)), 68.0(C(13)), 73.1,
74.7, 75. 0(C(7) c(2), C(10), C(20)), .78.9(C(1)), 80.9(C(4)), 84.3(C(9)),

128.8, 129.8, 130.3, 133.8(benzoate), 8 135.7(C(11)), 141.9(C(12)), 167.4

3,
.53, g0 oMb itilanedteby F5ihe) mbBR: Rlkancd! 71,57 2SR B
7- Di met hyl pledmersi |and Ideiwd. iTovaciboy8rnight sobugior 86 4f- DAB%( 54 ny,
0. 099 mol a1 A0 I Iyl
chi ori de (23855 & JS UM h A A R L Do R Ty h IR VAR e r ¢ s
stirred at l@OD@-E‘-or 2 h. EtOAc (10 nL) and saturated NaHCO3 aqueous
solution (0.5 nL) was added, and the solution was quickly filtered through

a short colum of 15 silica gel. The silica gel was washed wth Et OAc (100
m.), and the sol ution was concent rEf&P3mder reduced pressure. The residue

was purified by sklastice mymﬁmtmr@@wwmw&@c% &RC12 (1:10) as
{53

th I t d ht t | 20
iyl 10 DaB as & ITECHIR A3 aee (oboyd-H 51 830" [a) 1y

-28 (CHC13, 0g 0700 M) AHMNVMR S MEQ mEDCA3]9 6mBoBs, 40. 83¢2vE, &nH,
1025, 51 BperA i 85 b fladblgle doEsegmila B
25 2.11Pg, quWHabv)as BIdRG DMF =(&. D ), .3t Hoam- tefperatpne nynder Hi4a,
H14b), 2.25fg, 3The #elekio’. ﬂm@ﬁc‘ﬁ@&e das=vh ‘@o‘l'ou%l Fei&ddn ak Bodba)
g§6|(_g J _tem%el}lzatulreror 10}‘StdAc 20 mIL_F was ad&edg_g.nd tlle(d ) =
solution was filtered through a short column of silica
gel. The silica gel was washed with EtOAc (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, MeyC), 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, H6b), 2.01(d, J = 5.0 Hz, 1 H, 13-OH), 2.09(d, J
= 1.3, 3 H, Mels), 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, Héa),
3.96(d, J = 6.9 Hz, 1 H, H3), 4.16(d, J = 8.3 Hz, 1 H,
H20b), 4.24(4, J =2.2 Hz, 1 H, 10-0OH), 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, H10), 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,
CcDCl,) 6 -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(Mel6, Mel7),



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, HLO0), 4.90(dd, J =
9.6,2.1 H, 1 H HS), 559 (d J=7 0H, 1LH H),6 7.41,00J98 BB m 5
H O6H5) , 7.46(dd, J = 8.0, 7.5 Hz, 2 H, benzoate, m, 7.55(tt, J = 7.5,
1.2 Hz, 1 H benzoate, p), 8.09(d, J —5 .0, 1.2 Hz, 35 2 H benzoate, 0)
ppm 13C NVR (75 MHz, CDC13) 6 -1.8, JUN 2005 55 -1. 1(%?'))’
9.8(Me(19)), 2%44 QME& 8) 3y AC

37.2(C(6)), A( i,% *3?@%& %a f{éc%&()gy )“%N‘a’éyés '8)) , 68.0
(C(13) ), 3472 (#4357 <ﬁ)>>'6(62> 0 @@®),) (Z0)), 78.8(C(1)),

80.8(C(4)), 5584.(3(645) o (2328. 28, 9. N

133, (7% PISE, g e 3% (gz 1(3% 4(@( 10%9)) Cs‘fz?%%uﬁ?ﬁ? &?1’ R IEER TN g)

171. 0( 4- Ac), ? y) g An @al 30 for 1GFIHUGEEatd) 2H20: C,
hyli Sopr opyb sl ﬁf'“”‘““}’ié e a Saladn e EBBRS) o T 3By i
t a.,solutiaon. o

py¥|h?ﬁ2r?gy%3? %(c%?b BPfls Q&degaéF%eﬁﬁylFéébﬁ&p§F$|FylGéhﬁ@n|ﬂé (580
nL, 3.57 nmoV;6520Feyndv) Cundar. 7%2. HThg.m@action m xture was stirred at
-10 Cfor 3 h. EtOQAc (10 nL) was added, and the solution 15 was quickly

filtered through a short columm of S|I|ca gel. The silica gel was washed
with Et OAc (150 nfyPimgghvipiesmleiilyd -wls DédnceMor at @@FUNGemIneduced

pressure. THELLESOAUSEWRS - DﬂB'RE@deY 5'@@@ ﬁﬂkﬁﬁ“aﬁhf%%abeg&QBthgg | ng as

: 2 h t ot 20 met hyl'i sopr opyl
o unt 1 Aoy e ARy To5 RhEl (830sthviphenilssdye chapmige SERCREAL ¢ o
0.62) : 1H NV (#0601 MHe5 éﬁﬁlﬁ) finf8e 5N, 0. Oﬁhézréacéléh e2Shtes wal- 70(n]
1 H CHSi) é%f%%%g %@(2ig Qﬁﬁzzh ]'EEOAC (10 m f}gnd saturgted

Mel6, Me 17)
NaHCOaaqueous solutlon (0.5 mL) was added, and the

solution was quickly filtered through a short column of
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
219-220 °C; [el,y -28° (CHCl,, ¢ = 0.27); 'H NMR (400 MHz,
CDCl;) 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(4, J = 1.1,
H, Mel8), 1.76(s, 3 H, Mel9), 1.90(ddd, J = 14.4, 10.6,
.1 Hz, 1 H, Heb), 1.93(d, J = 5.0 Hz, 1 H, 13-0H),
.23(m, 2 H, Hl4a, H14b), 2.25(s, 3 H, 4-Ac), 2.43(ddd, Jg
14.4, 9.6, 6.8 Hz, 1 H, Hea), 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(84, J = 9.6, 2.1 Hz, 1 H, HS5),
5.59(d, J = 7.0 Hz, 1 H, H2), 7.41, 7.53(2 m, 5 H, CHH,),
7.46(dd, J = 8.0, 7.5 Hz, 2 H, benzoate, m), 7.55(tt, J =
7.5, 1.2 Hz, 1 H, benzoate, p), 8.09(d, J = 8.0, 1.2 Hz,
35 2 H, benzoate, o) ppm. *C NMR (75 MHz, CDCl,) & -1.8,

w

25

NN



25 1.74(s, 3 H Me19), 1.89(ddd, J = 14.4, 10.6, 2.1 Hz, 1 H, Heb),
1.99(d, J = 5.0 Hz, 1 H 13-OH), 2.09(d, J = 1.4, 3 H M18), 0% 78(dy =
7.9,7:2 H, Hlda, Hl4b), 2.29(s, 3 H, 4-Ac), 2.44(ddd, J = 14.49CJuN 28057
Hz, 1 H, Hea), 3.96(d, J = 7.3 Hz, 1 H H3), 4.17(d, J = 8.3 Hz, 1 30 H,
H2b), 4.24(d, J = 2.2 Hz, 1 H, 10- C}D 4.31(d, J = 8.3 Hz, 1 H, H20a),
4.38(dd, J = 10.6, 6.7 Hz, 1 H H7), 4.85(m 1 H, HL3), 4.95(dd, J = 9.7,
2.1 Hz, 1 H, H5), 5. 15(d J = 2.2 Hz55 H HO), 5. 61(d J=7.3H, 1H
J =

H2), 7.47(dd, b 7.5, 1.4

Hz? 1 H, f)enzoa%gM 321) 8. %0{@” f 5 o gln"lefﬁ?\l %6@)5)6 g+, 4%2@?& %2H3'

benzoat e, 0)2@pﬁ1MQB€;hNEa075 BFz2 (CCPLL3) 38.64C61439 3, . Zz(wﬁgs%Fi)AQ 7 (Me
19)) , 14.84.1 S 5 c)

b2 L) 26. 7 (i%lg(@(%éﬁ |583§Q§§éf%))683§ é(&%iﬁ))ggbgc}%érZS)) 47.0(C(3)),

5 58.0(C(8))7568(@(T 13F)2) 73C11074. @(205) 0( TB7H,(CCLR), 8Q(BOE(4C)(20)) ,

196, 10011 ) o 23, QLB 1570 L6741 BentBat & 1MZ1 100e7 230 BEG(0))

ppm Anal . CGa¥d’4 7 %34%%8@)19%&3 ) B35t (6118)) / HL4Z. G(QCUZQ))Found C,
61.30; H, 7. ﬁ@ﬂ @¥Hémb@aZ¥b$liyi @@4£¥¥% T918. DI E(YY Ppph. 1AnEAB €82 cany,

0.11 nmol ), 36_equi vy and trlbenzyIS|IyI
chloride (3 Z@ﬁéw Jgg%bé érU?D s §ddéd éwFFeﬁné &AderR iN2.
The reactioﬁdm&laﬂre was 15 stirred at roomtenperature for 3 h. Et OAc (30
m.) was added, and the solution was filtered through a short colum of
silica gel. The silica gel was washed with EtQAc (150 nL), and the

sol uti 3% was conckrRime ey lihdepropybetikil- pPeBaBr e. TTha sotitienvas
purified twiceing 207 lwgh eolsmnsly ofRtggraive {1irsl) thpe-ysi o JOAC

added dimethylisopropylsilyl chloride (580 mL, 3.57 mmol,
20 equiv) under N,. The reaction 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 mlL), and
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,) 6 0.05, 0.06(2 s, 6 H, Me,Si),
0.70(m, 1 H, CHSi), 0.90, 0.92(2 dd, 0 = 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-OH), 2.08(d, J =
1.4, 3 H, Mel18), 2.28(d, J = 7.9, 2 H, Hl4a, H1l4b),
2.29(s, 3 H, 4-Ac), 2.44(ddd, J = 14.4, 8.7, 6.7 Hz, 1 H,
Héa), 3.96(4d, 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(d, 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, HS5),
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(4, J =



hexanes (1:2) as the eluent, second tinme using EtOAc: CH2Cl2 as the
eluent, and dried overnight in vacuo to give the 7-tribenzyl sygylynlOnsAB
as a White solid: yield, 88 ng (9111) . np 161-163 C |R 3690, 2928,
2890," 1712, 1600 25 cm'l; [CY)HS -46 (CHC131 c = 0.46) ; 1H NWR (400 Mz,
CDC13) 6 1.10(s, 3 H, Mel17, Me16), 1s5%6(s, 1 H 1-0OH), 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 FE 1
H 13-OH), 3..@7%( dddt He=2H.2 béhzﬁ:;at@ GoHzppr . H’d—lﬁmﬁa (2751®1i-;i J = 1

aby, 2 2908k R SIS S RS T e Fha s

= 8.

Hz, 1 H, H2¥9)(183) JeS(JdS 4J: ﬂzs 5 (¥e,CH)H, 1804CH4)-Ac)4, mda 26, B(Metz, 1 T
7) :

207 o] 3RO, 0 Oy g Bt LBl g

351 H13
6 JUN 2% HﬁC(fM #é% @(@ 7. 08 - 1, zme,?m?&souec((/phom;a)as.) ,

7.48(dd, J e(&ol,, c @0, ZBHS(MZ)qateBOr@‘C(?‘*ﬁ)l'(tM BEGD PR IAE R

t
ﬂﬁﬁﬂi"%&f? 6 %]38’ (91’ Né(sfg))(%%‘t?({%(qa%%s lgggzﬁ?hg) 22.4, 26.7(Mel s,
Mel7), 23. 613 o«cmman)) ,3)167 aab&(rﬁ(cﬁ)t)e) ,3&7;:2 619 (14497Ac)0 , 4216(63@59 C (10)
"2 C (2o)) 2P0 B Ca@%g"@mjf;«a aitr i ye. 193765 19 %(%ézs
129. 1, 190" 1P9uBd:186. 1 -393. 8, ¥3258(Si (CH2Ph) 3, benzoate),. 135. 5(C(11)),

142. 2(CX12)) 167. 4 (benzoate) 170. 9(4- Ac) 210.8 (C (9)) ppm Anal .
Cal cd for C50H56 70.32; H 6.73. Found: C, 70.11; H,

S], H2
6.57. Exanple 4 ?19“§é|bé?€tzﬂ’§élgé’}r&t0 GHBf RR foyiltupnept 10-DAB (62
10- Al oc- 7-pgNi 0t dDbenmploxydaidarplel G-2eMB.mglo 4 11 mmol, 36 equiv)

and tribenzylsilyl chloride (364 mg, 1.14 mmol, 10 equiv)

3
5
H

o

was added DMF (0.4 mL) under N,. The reaction 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?; [aly -46° (CHCl,, c = 0.46); *H NMR (400 MHz, CDCl,) 6
1.10(s, 3 H, Mel7, Mel6), 1.56(s, 1 H, 1-OH), 1.71(ddd, J
= 14.2, 10.9, 2.0 Hz, 1 H, Héb), 1.74(s, 3 H, Mel9),
2.00(d, J = 5.1 Hz, 1 H, 13-OH), 2.07(ddd, J = 14.2, 9.6,
6.6 Hz, 1 H, Hea), 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, Hl4b),
2.27(s, 3 H, 4-Ac), 3.99(d, J = 7.0 Hz, 1 H, H3), 4.16(4,
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, J = 9.6, 2.0 Hz, 1 H, HS5), 4.89(m,
35 1 H, H13), 5.21(d, J = 2.2 Hz, 1 H, HlO), 5.61(d, J = 7.0



m xture of 10-alloc-10ODAB (33 ng, 0.053 mmol) and DVAP (19.3 ng, O0.16
mol , .3 equiv) in dichloronethane (4 nL)' at 0 C was added a

di chl'or omet hane solution (1 nL) of 20 p-nitrobenzyl chl oroforrT@Ee lﬁ%%@ﬁt
0.11 mmol, 2 equiv) wunder N2. The reaction m xture was stirre a“l for

4 h. EtOAc (10 nL) was added, the solution was quickly filtered through
a.short colum of. si Iica gel . The sil3ta gel was washed with Et QAc (100

m.), and the 25 g) V\% ongent r at ed pder reduced ressure The
resi due was Bﬁl‘l ? #1 &1 2col’ut rcArSfetodtaphy Hisi CH)@Bd? » hexanes

(13 2|)|as t7he7el48édt; aadI =dBi.ad ouver MZQBQD,E&D be&mb:aﬁe?) g;:;)ve 7. 61(tt J Td a4
al |l oc-7- psnitr n oyr es 0 i eld,
ng (92% . 3077g8egzgl (%I% cg'r % baccgt’l III 1?)0(: g:{l rrszuf siot%tlléfﬁn of
baccatin III2(§00bﬁ920398169)mm) tie l\fh'ﬁthm.‘enﬁ-lz:hlmcrli,é dnder N2 at room
t enper atgire yas (ﬁgqlgg?ﬂ an@t([qgl(glgy nopﬁgl gl(geszé042r§g 21 %686'?:%%\#5]: ol | oned

by addition of benz oro or mat 8 mml 005 58

The reacti onM@t% ur%gmé§ S FH R Atr r3(§or%(tce(rﬁdérrat3tﬁr-e7 4t he progress of

the reactionspas (gUDs} predsbx (L) ) Af Ber o (alrayt) 46*8 to*k% A0t | Oy WAS
conpl ete The é(tu was transferred to

a 5 separ ato % fu?}ﬁé&@éﬂ h?gé 6%79 fca(gggf’/ol t7@i(%/(C(l-\éxafnes The

mxture was &@s&iéd(n X h satmr(at(su)sodzmnsbl gcashgnatesamsd ties .arganic |ayer

was sepgy at The ugou ayer s hOrrLfSO%
Et OAc/ Hexangfs129 éFhej'%]n% ngagogga#@ gg\?\g’? serPechéeﬁ?)h’ brine, dried

10 over MyS435 ehéC Ebhtknt 428 (GhER}) re@ﬁ@ed (beogsate) , THFO c9r(L¢d-equr,oduct

was passed U ouglc poBhoph, CRhMI E:ngavﬁorléf’x-i”%b @M:beémowte sol i d

i3, 4
mp. 13?3 248, G (@), 25] 7360 Boulal & {CDC1'3, 400 MHz)

Example 4
15 Selective acylation of 10-acyl-10-DAB
10-Alloc-7-p-Nitrobenzyloxycarbonyl-10-DAB. To a

mixture of 10-alloc-10-DAB (33 mg, 0.053 mmol) and DMAP
(19.3 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, 24 mg (92%).

30 7-Benzyloxycarbonyl baccatin III.I 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).



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 (dd,J=10.6,7.2 Hz, 1H H7) 5 SZM%dd
J=18.5,12.0 Hz, 2H, Bn), 4.97(d, J=10.6,1H, H5), 4.87(m 1H, 3
4.31(d, J=10.5, 1H, H20a), 4.15 (d, J=10.5, 1H .H20b), 4.02(d, J=6.9, 1H,
H3), 2.61(m 1H, H6a), 2.30(m 2H, 20 H14's), 2.29(s, 3H 4Ac), 2.18(s, 3H,
| OAc), 2.15(br s, 3H, Me18), 2. 08(d =5.2 Hz, 130H), 1.94(m 1H, 6b),
1.79(s, 3H Mel9), 1.58(s, 1H 10H) 1° 4(s, 3H, Me1l6), 1.09(s, 3H, Me17).
7- Al Iyl oxyc o] a To, a stirr 25 solution_of baccatin |11
(30 y b BB R Ear PR Hithnyien o o R S P B S T o
terrperaturethevmgoad'm @fdltm melsanti impywaslimen (62redd gy TLOL nabtér
fol |l oned by gdditi hop_ théalxle)élctqlgrprwoafé)r eﬁ %"%;ﬂ e %8l aml)g The reaction
e

m xture was stirred room 30 tenperat ur progress Of° the reaction

was fol l oméllﬁyeﬂeslt}ef EOCMpdd0 Ml padevaedaarsifskeedoiplate The
m xtur eswasSaplauhedrlyy iR ConfHa)i ! mii‘\%v: it Q:I’foaersf@ﬂ EdGhd/ Sseparatory

funnel contginin 50% Et QAc/ Hexa e m xtur washed with

saturated 38% §8§F gjh@am&rrrélfg &F MRS é‘fﬁtei ISARE %a%des?ﬁér Wed. 0 6

JUN 2005 59b1'harhqued:as alr@yehev\@a-g\mltecna/yetmw% rﬁepzfra&ﬂi& EtT®%c/ Hexanes,

t he conbi ne [ h brj S and
8BL4aY" §alRYCLA MELE MBS AL, i d il fp(;% I S OB IMROY

concentrate e pressure e cru uct was passe hrough

a 5 short cﬁhanﬁomblgﬁviemamﬁeg leyEd)s ofexze ms&@%mrdu pine 23ied C;

(a] 250y -6loves MQS@l £h@1§5nééhekgﬁé&DGQQer5QQdu3tE)p§e§sﬁ%@d 5@ 3 Hz,
2H, o--benzoat 3H benzoate), 6.43(s,. 1H, H10), 5.97(m

5 (m
1H, int. al FW& PEO HE& W§S7Pésﬁf thrqusly @ short @@L & giyey, 1H,
115 mg (95%) of a white solid m.p. 245-248°C; [@]?*, -60.5°

¢ (C=0.007, CHCl,). 'H NMR (CDCl,, 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
(dd,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, HS), 4.87(m, 1H, H13),
4.31(d,J=10.5, 1H, H20a), 4.15 (4, J=10.5, 1H, H20Db),
4.02(d, J=6.9, 1H, H3), 2.61(m, 1H, H6a), 2.30(m, 2H,

20 Hl4’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, 10H), 1l.1l4(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.



10 H7), 5.28(m 2H, ext. allyl), 4.97(d, J=9.6 Hz, 1H, H5), 4.87(m 1H,
H13) ,-. 4. 67(m 2H, CH2allyl), 4.31(d, J=8.5 Hz, 1H H20a), 4.17(d, J=8. 5
1H, H20b) 4.02(d, J=7.0, 1H, H3), 2.64(m 1H Heéa), 2. 30&% éﬂm ,
H14's), 2.29(s, 3H 4Ac), 2.16(s, 3H |1CQAc), 2.15(br s, 1' 8),
2.01(d, J=5 Hz, 130H), 1.96(m 1H, 6b), 1.81(s, 3H, M19), 1.58(s, 1H,
IOH), 1.15(s, 3H Ml 6), 1.02(s, 3H M17). Exanple 5 Sel ective
ketalization of 10-acyl-10-DAB 20 7- Mg baccatin Il1l. To a solution of
baccatin Il (101 ng, 0.172 mmol) in THE (8 nL) at -20 C was added 2-

met hoxypr opefiee (BESows , 1 Hy88 w??lwagﬁegquilgh 1g)ok1ALOWFdsol%y theTagdi Eli?,ORLOf
a catalytic ue u nic ,acid solution in

0. 004 n%nl %?qﬁﬁyﬁﬁgiﬁﬁ%v t[}?gd%?m e41,8TF8 &Fl6ﬁyﬁF§tHP€ew&§s§@ﬁrred at
-20 C for ¥ith 'h_lt}faﬁmI@Sl%d|¢I‘denawgslo,p,ormtdat®omwm¢¢@nurr1]@értlhe
starting nmat r n e p uct _as on maj or
productg Trﬁ%ddﬁigﬁgkéiﬁ?fé naﬁﬂg CP&%% Q%E St ﬁe SBFEFI t&ﬁ rffed to
room 30 % em%i’%%/tur"é’ Lﬂ’i‘rF W hre BE Dy ( 100% mLpf aawhétewsbhidsat prat ed
aqueous NlaHm-QCﬂleCQr[a]d*l egi10¥er Na2g4, @ﬁq ) CORCRNR' q&g%i ndej, r educed

ressure. 4)8 ed in vacuo ‘overnight to give (990) of
(F:)rude produ Eeg’ gﬁ\/\g% |:ga4 ibMiof e ercbenprabett 7r6AT3545 (m,
Et OAc/ hexanddl ,gbenzteE aly (039 (of TH MIPLDRECRI 9 (th) | 185 Onb. JHM?Q% 60 a

w1 - UIE G T R 8 R o (5 6 Phdisy -4 bt (2 s, 6

H Me288), H782(§-28 (M, REGHext.l aAdesl) 3 4 9104 AcJ=9 16 9% S1H3 HE) 4- Ac)
2.09(s, 3 H4 57%18)14{,%11%05 B P, 2t % 5150520, 22
Hz, 1H, H20a), 4.17(d4d, J=8.5, 1H, H20b), 4.02(d4, J=7.0,
1H, H3), 2.64(m, 1H, Héa), 2.30(d, J=8.0 Hz, 2H, Hl4'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, 1O0H), 1.15(s, 3H, Mel6), 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
mL3 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



Hz, 1 H Heb), 2.18(dd, J = 15.6, 9.4 Hz, 1 H, Hl4b), 2.31(dd, J = 15.86,

7.0 Hz, 1 H H14b), 2.97(s, 3 H MO, 3.15(ddd, J = 15.0, 9.9, 6.7 Hz, 1
H H6a), 4.08(d, J = 7.0 Hz, 1 H, H3), 4.24(m 1 H, HI3), 4.336l.Jult 2083
Hz, 10 1 H, H20b), 4.41(d, J = 8.3 Hz, 1 H, Hz20a), 4.78(dd, J = 10.9, 6.7
Hz, 1 H H7), 4.97(dd, J =9.9, 2.2 Hz, 1 H ), 595(d J=70H, 1H
H2), 6.79(s, 1 H H10), 7.15(m 3 H, doenzoate m p) 8.28(d, J = 8.0 Hz,

| d 5H46012 63.82. H 15 7.04.
Found: G, G, Py 6}, EEPRLATE ‘3?5?%5 SUEHRSS 505 | 4EDBrMEE . 18501 91 - 10- DAB
7- Acetyl - 1011fE15 b®, DABH, TMeR7ht | L 20 (bel gt i mnHQflsl@HTEsing[péBdgGg{ B!K/AP
I | t e
(()329?71;?1% %éﬁ%cf e u?%) % %ovvédhgéa/éoeeddqt Gn%?%f [\gc%tljc & Bhydride (14
‘L, 0.148 ‘mifiisa. 3% Iéqu?-Q/ AGhe le%@t(sen3rrﬂxt%erCMSZSDBr(sem #, 0 Cfor

4.5 hrs andaazhaa JLE Bes ys3 ) ndb £ edztﬁmd&&?”pgew Iﬁ.ftBZ‘rJe ?ﬁ[‘og%h .

t l, T e 0 5 mxture was t
imt' Bgd e;:ﬁal%a !963%{ af‘rﬁlea E‘?‘% ch YelSwhs HethBa. wit B, EHOAB) (100 nl) and
the sol uti @wﬁds(dcd)nﬁérﬁ 8 &4, unmaergdycgg mﬁ?‘pprg 9:ﬂog geﬁ;dgﬁg\;\gfuem
urified b fl5a(§ﬁ t.agrap C:hexane
gnd dried |n vaccuo Or%vfe?ndlag%#j ?/e f?:‘f‘acgf f 6 9% 109 DAB: yi el d,
65.7 ng (956) Hz.1H NVRHUDCH3, 2400, MHZ, BLD). ,604(373(6 Hr. =(€802) 3Si) .

0,97 8o Jagl %) O 4led(@FBAR) S L U5 (hrogP Hy HEHI): 3. 18(s 3
10.3, 2.0 |l|£ %1 §57HH2HGH-) Ha77)(:m‘1 19T—|(d<1.3m 920900252 Bzh, 17HAC)

2.07(d, O EsJUNsZ@@acﬁlJJ-ﬂoB}tﬂ,, Bl dML8)s. 2o 26(M g2, Hyybilda, Hl4b),
2:29(S, 7.15(m, 3 H, benzoate, m, p), 8.28(d, J = 8.0 Hz, 2 H,
' benzoate, o) ppm; Anal. Calcd for CisHy0,,: C, 63.82; H,
15 7.04. Found: C, 63.72; H, 7.07.

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 mL,
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,) ,81i), 0.97(t, J = 7.9 Hz, 9 H, (CH,CH,),Si), 1.05(s,
3 H, Mel7), 1.18(s, 3 H, Mel6), 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, Héb), 1.97(m, 1 H, 13-OH), 2.00(s, 3 h, 7-Ac), 2.07(d,



3 H 4-Ac), 2.57(ddd, J = 14.5, 9.5, 7.3 Hz, 1 H Hea), 4.06(d, J =7.0
||:I|§0 )1 H4 E‘f’& 4.117(d, J): 8.2 Hz, 1 H H20b), 4.31(d, J = 8.2 Hz, 1 H,

a m H,H13,5494(dd,J:95 2.0 Hz, 1 H, 6 JuN2 , 1
H, H0), 5.46(dd, J = 10.3, 7.3 Hz, 1 H, H7), 5.65(d, J = ?50 Hz, Q{EH,
H2), 7.47(m 2 H, benzoate, n) 7.60(m 1 H, benzoate, p), 8.11(d, J = 8.0

Hz, 2 H benzoate, o) ppm 7-Troc-10- JES 20-DAB. To a m xture of
10- TES- 10-DAB 10 (40 ng, 0.061 rrm)l) nd DVAP (72 ng, 0.61 nmmol, 10 equi V)

i n di chl oronet hgn 2 ) trjchl or h I 4
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filtered thyo &, gharty col sigl ipca ) . 5T J hed
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d&ddu Was"-opL?rll fi-ed Hey ¥ IFs H Chr %@’arﬂay u 1 Ft OAc:
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3 H Mel9), 1.9 , 1 ,
2.0 Hz, 1 L HGb?(- %fc%s cffl dpdP0-pis, ngcgloé n%%stﬁﬁ(éjq%g(ﬂo %Eé_ﬁldﬁﬁii >
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H14b) , 10. 29((40 Bdh, 040A&d) mmoz“e@ﬂﬂ%@ MAP (72 g, @ 51 Jomp SOER
g g8|(_g i alnggg.cﬁlorbn?téiﬂe ¢ ®0dwab adidd Hxichldrd@fiyl 4.32(d, J =
H13), 4. 95( &ax o\}‘%?fogn@t%( (@4H£nL 110 %.8'22 mmolH’ 3 %_ci‘{l_&i%( Q)r}der4'1§6( Mk H
reaction mixture was stirred at room temperature and the
progress of the reaction was monitored by TLC analysis.
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-DAB as a white solid: yield, 49 mg
25 (97%); *H NMR (500 MHz, CDCl,) & 0.61(m, 6 H, (CH,;CH,),Si),
0.99(t, J =7.9, 9 H, (CH,CH,),Si), 1.08(s, 3 H, Mel7),
1.20(s, 3 H, Mel6), 1.56(s, 1 H, 1-OH), 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, H6b), 2.08(d, J = 1.2, 3 H,
30 Mel8), 2.29(m, 2 H, Hl4a, Hidb), 2.29(s, 3 H, 4-Ac),
2.68(ddd, J = 14.4, 9.5, 7.3 Hz, 1 H, Hea), 4.08(d4d, J =
6.7 Hz, 1 H, H3), 4.18(d, J = 8.5 Hz, 1 H, H20b), 4.32(4d,
J = 8.5 Hz, 1 H, H20a), 4.43(4, J = 11.9 Hz, 1 H,
CHH'OC(O)), 4.86(m, 1 H, H13), 4,95(dd, J = 9.3, 2.0 Hz,
35 1 H, H5), 4.98(d, J = 11.9 Hz, 1 H, CHH'OC(O)), 5.33(s, 1



35 1 H, H5), 4.98(d, J
62 H,. HL0), 5.37(dd, J

, CHH OC(O), 5.33(s, 1 0 6 JUN 200

.3 H H7), 5.67(d, J = 67Hz, 1
H2) - 7. 48(dd, J = 7.9, : H, oate, m , 7.60(tt, =7.3 1.2
Hz, 1 H benzoate, p), 8.11(dd, J = , 1.2 Hz, 2 H, benzoa@@ JUN 218
7-p- Ni trobenzyl oxycar bonyl - 10- TES-10-DAB. To a m xture of 10-TES- 10- DAB
(40 ng, 0.061 mml) and DVAP (72" ng, 0.61 mmol, 10 equiv) in dry chlorform
(2 nL) was added p-nitrobenzyl chi ofdf ormate (131 ng, 0.61 nmol, 10

equi v) under N2. The reaction m xture was stirred at _room 10" terrperature
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and the formation of the product as the only major spot.
Methanol (10 mL) was added, and the solution was quickly

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, CDCIl,)
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, Mel§),
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, HéEDb), 1.96(d, J = 4.9 Hz, 1 H,
13-0H), 2.09(d, J = 1.2, 3 H, Mel8), 2.29{(m, 2 H, Hl4a,
H14b), 2.29(s, 3 H, 4-Ac), 2.65(ddd, J = 14.3, 9.3, 7.3
Hz, 1 H, Héa), 4.08(d, J = 7.0 Hz, 1 H, H3), 4.18(d4d, 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(dd4, J = 9.3, 2.2 Hz, 1 H, HS),
5.06(d, J = 13.4 Hz, 1 H, CHH'OC(0)), 5.31(d, J = 13.4
Hz, 1 H, CHH’OC(0O)), 5.33(s, 1 H, H10), 5.36(dd, J =
10.4, 7.3 Hz, 1 H, H7), 5.66(d, J = 7.0 Hz, 1 H, H2),



5.06(d, J =13.4 Hz, 1 H CHH OC(O), 5.31(d, J =13.4 Hz, 1 H CHH OC(O)
, 5.33 (s, 1 H, H10) , 5.36 (dd, J = 10.4, 7.3 Hz, 1 H, H7) 5.66(d, J =
7.0 Hz, 1 H H2), 0 6 JUN 2005 63 7.48(dd, J = 7.4, 7.3 ‘@ﬁl—@ﬁs’ﬂ

m, 7.53(d, J = 8. 9 Hz, 2 H N0206H4),759(ttJ—73

benzoate, p), 8.12(dd, J = 7.4, 1.2 Hz, 2 H benzoate, o0) , 8.23 (d, J =
8.9 Hz, 2 H NO2C6H4) ppm 5 7-Cbz-10- TES- 10-DAB. To a m xture of

10- TES- 10- DAB (40 ng, 0.061 mmol) and®DVAP (440 nmg, 3.64 nmmol, 60 8equiv)

in dry chlor s slow y added f ur ual all uot of benzyl
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conpl et e di sapped andédof I 208 TESHZ(- DAB, awozcsme)fppmatl on of the product as
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poured into ethyl acetate (100 i} washed wth a saturated aqueous NaHCO3
sol ution® H20, and-6PFné0-TFHel§oPaBionTeas dikeurevef N&23B8- ldomdeht r at ed
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55, 1 H“‘"%%%% S0 Y28 aygi, Y g ns bl Inpirda Bhen 85 |
1 H HeW, OG(ng J penigdHpf 40HPinil3- Ohle, reatbidn Mixture, wasHthemls)
2.28(m 2 H1sﬂ'i]:41?ed ﬂ@%om%gﬁﬁéraguye ﬁné‘clhe p@é@g@gs o£=thd- 3, 9.5, 7 3
reaction was monitored by TLC analysis. After 2 h, TLC
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 mlL), washed
with a saturated aqueous NaHCO, solution, H,0, and brine.
The solution was dried over Na,SO,, 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,
cDCl,) 6 0.62(m, 6 H, (CH,CH,),Si), 0.97(t, J =7.5, 9 H,
(CH,CH,),81), 1.07(s, 3 H, Mel7), 1.20(s, 3 H, Melé),
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,
13-0H), 2.1Q(d, J=1.2, 3 H, Mel8), 2.28{(m, 2 H, Hlaa,
H14b), 2.28(s, 3 H, 4-Ac), 2.64(ddd, J = 14.3, 9.5, 7.3
Hz, 1 H, He6a), 4.08(d, J = 7.0 Hz, 1 H, H3), 4.17(d, 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, HS),
5.01(d, J = 12.2 Hz, 1 H, CHH'OC(0)), 5.24(d, J = 12.2
Hz, 1 H, CHH’OC(O)), 5.34(s, 1 H, H10), 5.37(dd, J =



Hz, 1 H Hea), 4.08(d, J = 7.0 Hz, 1 H H3), 4.17(d, J = 30 8.5 Hz, 1 H,
H2b), 4.30(d, J = 6.5 Hz, 1 H H0a), 4.86(m 1 H HL3), 4.95(dd, J =.9.5,
2.1°Hz, 1 H HS), 5.01(d, J =12.2 Hz, 1 H CRH OC (0)) , 5.206cUNI 2085
12.2 Hz, 1 H CHH OC(O), 5.34(s, 1 H H10), 5.37(dd, J = 0 6 JUN 2005 64
10.5, 7.3 Hz, 1 H H7), 5.65(d, J =7.0 Hz, 1 H H2), 7.32-7.37(m 5 H,
PhCH2O , 7.47 (dd, J =8.3, 7.3 Hz ZGE, benzoate, nm), 7.59(tt, J = 7.3,
1.3 Hz, 1 H, benzoate, p), 8.12(dd, J°%2 8.3, 1.3 Hz, 2 H, benzoate, 0)

ppm 5 Exanpig.g,Sel gciivessiy yl i 0 -acyl -J10; DAB
7-di et hyl i sopggPyl st %ﬁz b%c?ét . {Ecglso‘]"g X i‘rr’c}ad"?@?uﬁrcﬁﬁ' df2baccatin
111 (30 ng, 0:8817mBIM/i & PyriRhGHO) (0764 (Hdat D@ @nder N2 Hzwa ayded

chl or odi met hyén26ateoprppyhssloane ( HQ ul,3 1.02 mpl )y }Iheo%x??cﬁétl_é),n .
mperature and the progress o e reaction

m xt ure was s}ir eg ?é thgt t%

was noni t or e’ bySTEE B ¢ Br =alfodt: -5 Wzt He HedkentRrtifs Jomprte. Et hyl
acetate (5 nL) was added and the solution was transferred to a separatory
15 funn containing 50 nL of a 50Q_Et OAc [Hexanes. The m xture.was washed
wi th saturated sodi um bi carbonat e gﬁ&mp ﬁe7organic | ayer was separated. The
aqueous | ayer was. Sedecddived sdiliylatliond of bHOoa&y DAL Hexmnes and t he
conbi ned organic 14851, 4S d 1 um,20 chl oride
dried over I\/gSO91{7%ﬁ%gﬁﬁ?g?g?ﬁg’gﬁl@fé%&ce(flg%}rt’gls%3‘&?‘ Tﬁlzé:’ carlf(fénﬁ:r uct
was passed tIRBeGHOR ShoPRccatincd Igel(38omgm O-® S wmcd3. dmpy@iiineof a
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(m 3H, blg’nzoa’tge‘i’l‘,’r%%fv’(’gfi‘%ﬁ Hiblf_l,é §E64%d93:*71?“ 1H T yreaction

mixture was stirred at that temperature and the progress
of the reaction was monitored by TLC. After about 1.5 h
the reaction was complete. Ethyl acetate (5 mL) was
added and the solution was transferred to a separatory
15 funnel containing 50 mL of a 50% EtOAc /Hexanes. The
mixture was washed with saturated sodium bicarbonate and
the organic layer was separated. The agueous 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; [«¢]?%, -58.6° ¢ (0.009, CHCl,). HNMR
(CDC1,,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,HS), 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, J=8.3 Hz,
1H,H20b), 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,Mel9), 1.61(s, 1H,10H), 1.20(s,
3H,Mel6), 1.05(s, 3H, Mel?7), 0.87(d, J=7.1 Hz, 6H,i-pr),
0.73(m,1H,i-pr), 0.09(s, 6H, Me2Si).



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, H20b), 4. 15(d gM

1H, H8), 2. 49(m 1H, H6a), 2.23(m 2H, Hl4's), 2.28(s, 3H, 4Ac9 g{ﬁ%
s, 3H M 30 18), 2.17(s, 3H, | QAc), 2.01(d, J=5.0 Hz, 13 OH), 1.86(m 1H,
6b), 1.69(s, 3H Me19), 1.61(s, 1H, 10H), 1.20(s, 3H Mel6), 1.05(s, 3H,
Mel17), 0.87(d, J=7.1 Hz, 6H, i-pr) , @s73(m1Hi-pr), 0.09(s, 6H M2Si).
0 6 JUN 2005 65 7 -dine thyl phenylsilyl baccatin Ill. To a stirred

sol ution of baccat?i -kl ilmd t {3 Apheny & 341 paddatin THET (1.25 ankginted10 C

der N2 , h I 6 0,4 :
:‘ng F(r)vved by a ?gg?g‘ o?l gocsdral %WS%Q%SI eor%(ﬁ)lrsmo el?(laglg?iok)%'%‘?xture
was stirredmd) efatlOetPerrdaen éqzamdwalsea@d@@@.oafodlhr@thmﬁﬂ}dw was
moni t or ed bysI&QneAf(gggéﬁbOLg ﬁﬂgﬁgzqﬁqr the 5V?&ftﬂgﬁsr%d@§tf&qp gte. Ethyl

acetate 5 nl) “was d the sol'dtion was tr erred to a separatory
f unnel coﬁvailﬁlllﬁ& 3@5A ™ 50% mMRA /H@%@w@@awrmmm@rws washed

Wi th saturat 8 i $odiuabittRIth aRApR ratdi dd ey ] prdDds VoS separ at ed. The
aqueous | ayer was,extracted m___of 5&@ EtOA /Hexanes and t

combi ned or gARREE1PTy ¥AS m%@%g’mqw sattht@e d PR MPHT ,edri ed
15 over MySO#éacatoantnat edmplédee .r ed@tind rzrmxree (STheL) crasleaddediuct was

dth Il I 24 1 89 vvh t
Bor 1 m . ag- 5 RE bR SE 8, BN Y Bkl Ry g Eoca,
500 MHz}06 8c@Btdining. 30HMIPKE éol%erEz:@@tce)/HeRm‘s 25(The mmrebm@ate

2“39{1@ 1H6H‘11§a‘5ﬁ2a2'%’5% ) :sa%%tgg Y‘L'b@l%lz’bﬁéﬁ% x 2e1?ad'gtfl #’@ THC Hooa) |

4.14 (d, J=8! syenzwastemeﬁ)te 3. 8B5he, amEaraAavey Wi e&trr%(trﬁ 1H,
with 10 mL of 50% EtOAc/Hexanes and the combined organic

layers were washed with saturated sodium chloride, dried

15 over MgSO,, 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—2135C;{a]“D-55.3.5° c (0.005, CHCl,) H NMR (CDCl,,
500 MHz) 6 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 (d,J=6.9Hz,
1H,H2b), 4.84(m,1H,HS), 4.81(m,1H,H13), 4.46 (dd4,J=10.6,
6.9 Hz,1H,H7), 4.21(d4,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, 1O0H), 1.20(s, 3H, Mels), 1.05(s, 3H, Mel7),
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 mL) was added and the
35 solution transferred to a separatory funnel containing



H6a), 2.26(d, J=8 Hz, 2H, H14's), 2.24(s, 3H, 4Ac), 25 2.15(s, 3H, | QAc),
2.02¢br d, J=1 Hz,3H, Me 18), 1.93(d, J=5 Hz, 1H, 130H), 1. 7783 1H, 6b),
1.72(s, 3H Mel1l9), 1.59(s, 1H, 10H), 1.20(s, 3H Mei6), 1.05( JEN 200517) ,
0.446(s, 3H, Me Si), 0.335(s, 3H M Si).

7-di net hyl phenyl si |l yl -10- propi onyl - 20- AB To a 30 stirred solution of
10- propi onyl -1 OG- DAB. (0.200 g, 0.333 in THE (12 nL) at -10'C, was

Pyridine Grop Se (2208 B ASGELE: Bt Ao e, o

m nutes. EtHFFureEe téoézgmnb)-cmboaa@edaaddt&ﬂaedi‘:gasnlwthaqzrefcransferred to
a separ atoryeﬁgﬁgggdconq-ﬁénhagegug \igg 8256%& crbge fwll"_f:%/" Et OAc/ Hexanes.
I Car bon

The m xture_was vvasR saturate ateé and the organic
| ayer sepa?%t%HOA? @eﬁa{}%ﬁuéwa&%’? ﬂﬁ§ ERer gembd nfik PTIBOYEL OAc/ Hexanes

(30 n)s anoé:td:\facagbwagde@r@@ﬂmsétaﬁ&aat §o%§ﬂe@h‘ﬂ'otr|1d§at laféf»lte%ﬂ sodi um
chloride, dried Na2SO41 concentrated in vacuo. The ¢ru solid was

then purifi®F '}I?P 1as ORGP 2L /Portdk FGCHhy JQ%@W Sl MRscane as
el uent to dgilven 7pdiieiag| phehyr sakyl cémumﬁrenramaltobea,_aﬁﬁ @iz 2sg>° 99% as

1 08(s, 5 WORRAByReToty S0elThe §vestadullhiBnety Toidly1 25y

Mel16), 1. G(H%OpqowlilmABl(Q'z%Z 8, o9k 185, alsaaé.ddd H NMR 14. 5, 10 0
ﬁlga%&ib;‘c‘*@p“ 52}OOAMH%H 4° A &O??f (cfd?(se 12{4%%38) 1 %’52(7%& 1
Hea) , 43t é" 'é (& 1% 3, 755HHz 3HH CEEEMR) 1-328%0d3 H, = 7.
Hz, 1 H HY)e14). ,14.'(d60(]s, 8.1, FtToH)HlHiﬂJé, 34H27£4@|199] =1870 (Hag 1 H
Ezgf"%, g’ gﬁ(dd’lé W%, 2% &%, 45 &y, %84, 1 W—I H1§)OH) 85 (dd
2.05(s, 3 H, Mel8), 2.27(m, 2 H, Hl4a, H14b), 2.25(s, 3
15 H, 4-Ac), 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(d, J
7.5 Hz, 1 H, H3), 4.14(d, J = 8.0 Hz, 1 H, H20b),
4.27(d, T = 8.0 Hz, 1 H, H20a), 4.47(dd, J = 10.0, 7.0
Hz, 1 H, H7), 4.82(m, 1 H, H13), 4.85(dd, J = 9.5, 2.0
20 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, JT = 8.0
Hz, 2 H, benzoate, o) ppm.

7-Dimethylphenylsilyl-10-cyclopropanecarbonyl-

25 10-DAB. To a solution of 10-cyclopropanecarbonyl-10-DAB
(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

30 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

35 7-Dimethyl-phenylsilyl-10-cyclopropane-carbonyl-10-DAB



20 Hz, 1 H, HS), 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 = 8.0 Hz, 2 H benzoate, o) ppm 78BiJON 2005

t hyl phenyl sil yl - 10- cycl opr opanecar bonyl 25 10-DAB. To a sol ution of

| 0- cycl opropanecar bonyl -10-DAB (680 ng, 1.1 mmol) in THE (25 i) were
added with stirring pyridine (3.5 nL) and then chlorodi net hyl -
phenylsilane (1.8 nL, 11 mvl) at - 17 C under N2. The solution was

stirred till the react I ted. Th 30
r) | The' i xt976 Te ~b80% ot T MR (EPOAe. (555 1850 ) O 2 chribs hea -

organic | aygr sg vegJ em&gﬁﬂed ovdih, brjee, (2. mlﬁ) Wl)5s Hiiedcdogropilyered.
Concentrati on of  the f \Y; f d.byf)
ohyo ( %9) })3320 a§5 Rleheyed by flashy o

chr omat ogr a ﬁ%xa%e
7- Di net hyl - pmgng]sliyV4K§ cycHopnepHme dar/isdeyd-, 10- BAB40 46 JONS520@5 167 (816

ng, --1 % 13, ) -
%01, 1.0, an > m e RSBty B < EAT G 1F B0 5y
Mel16), 1. 73(}5.:,, Mel8) Me20R4 (3, 73(E, #-AC)1- @H)%(m 78( #dd Hlfaz Hi4hk) 110. 5,

g %4(5 Hé 5 "5 u@@ab g 04im41 b, 51350H) 122 956, uéay ,1358#4,35 B Mel18),

Hz, 1 H Hea); 03“%3:7(%5 HJ i) 7, 6?-151(3? ﬂHl-ﬁ% Hzlgﬁd%%m%_)zlélz%sl‘g%S o
E%)b)4 gZ(ZErSn(Ji,— §.7 827 ZiZH (lthaHZOa)Asékd%(ldd do= 5],0657 ®lz7 HzH,1 H 10
7.0 Hz.1 Hﬁzo 4%}2}1‘3‘3 i dﬁﬁig) 4253yt 376 5k 2 §7%”Z' el ﬂ %hé)
7. 46(m 2 HHS)bﬁnioaséd n;r =7759(He,11HH, béﬁiﬁoaﬁe‘l‘ld)s g :HO(éHlOJ =8 . 0
Hz, 2 H benzopie, 9} PRM5s1H B%38Phe 8 1, phsi), 7.46(m, 2 H,

benzoate, m), 7.59(m, 1 H, benzoate, p), 8.10(d, J = 8.0

Hz, 2 H, benzoate, o) ppm.

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 mlL), 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%). (o] g -38° (CHCl,, c = 0.48); H
NMR (400 MHz, CDCl,) & 1.06(s, 3 H, Mel6), 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, Héb), 2.03(d, J = 5.1 Hz, 1
H, 13-OH), 2.09(d, J = 1.3, 3 H, Mels), 2.28(m, 2 H,

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



7 -p-N trobenzyl oxycarbonyl -10 -DAB. To a THE solution (1 mL) of

10- al-l oc- 7- p- ni trobenzyl oxycar bonyl - 10- DAE (34 ng, 0.048 nmol) at room
tenperature was added a THE sol ution (1 m) of formc acid § QInk

mmol, 20 10 equiv) and butylam ne (47 nL, 0.48 mml, 10 equiV) gp omed
by the addition of Pd (PPh,) 4 under N2 . The reaction mxture was stirred
at roomtenperature for 0.5 h. EtQOAc 0 nL) was added, and the solution
was quickly filtered through a short colum of silica gel. The 25 silica

gel was washedzwybh Et §ACHEAP0 gL§9(anthhez b%thnF¥g§h Qﬂﬁentrated

under reduced 8r§ sure The 'residie Wwas puri
chr omat ogr aphy°8sPng” £t ©a2: HRexands H3) 2)4a§0ﬁﬁe é]ﬁe@t4aﬁ¢,dﬂléﬂ in vacuo

to give 7- mmobrpqunzyl(axysaébgnxlHéO PAB, 2828a90! arlaass 39 $p! ighsyiel d,
28 ng (93% 4&?% gC€C1 c.= 0.48)": 114" 'NVR (400 M+ 3’) &

1.06(s, 3 H, %“'1“7 D9 3. Heppd /¥, H5¥5(5-19(H, o 6H)13 ]3:8@(5 3 H,
Me19), & 01(XIdACHHIOS(AN) 4,51067d, 250=Hz3 .4, Hy H@b):HH2o@3(od) J = 5. 1

H, 13- J = 1 8),. 2. 28 Hlda, Hl4
2 30(50_% sto%jd T 65807 b7 %l 1gHg 53 6% 50603805 %8 %3&2 1H
Hea), 3.89(dt H, 120b. rﬁ 61(@4, qo-os+)$ Kz, 08 Hd, H2)7 G. gsmd;i 1JH H3)

L2000 I B4 es Hatls KeOhnedasddny) 7 Botato 1 B 720R, 4 08(m 1
oC( 0)) “?%z(csﬁe? (d- Jl 43 Jd F 715H1<§H roc%d)l) bensoaseddp)a = 10. 7,

7.3 Hz.tol H8H70(d5 204 dg . 1, =1 23 Oy, 2 B thehibhced. 6f((a. 36340, 9 0, L H
%)2%&?8,(% 61’ (%t‘g ﬁvql:ﬁg“zplp 23%& b?“inl%o? Sl a SDCi 7810 8.10(d, J
8.1, 1.3 Hz,1® HMberat e}4 0§ Mé%(JZEBX)dh U9~ (8-Xc) 2 BR. BD2@6H4)(M|&pm 13C
N'VR(75 Mz MdP13)3 8.2 (c(6)), 38.7(C(14)), 42.4(C(15)), 46.5(C(3)),
56.5(Cc(8)), 67.9, 68.3(C(13), OCH,Ph-NO,-p), 74.7, 75.2,
is 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)0), 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 THF (1.32 ml) was added,
under a nitrogen atmosphere, to a solid mixture of 10-DAB

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 compléte 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,S0,)
and the solvent evaporated. The crude product was
triturated with hexanes and the mother liquors decanted



10. 5(Me(19)), 14.6(Me(18)), 19.4(4-Ac), 22.2, 26.4(Mel6, Mel7),
33.2(((6)), 38.7(C(14)), 42.4(C(15)), 46.5(C(3)), 56.5(C(8)), 67.9,

68. 3(¢(13), OCH2Ph-N02-p), 74.7, 75.2, 15 76.8(C(7), C(2), 1 N 20)),
78.8(C(1)), 80.4(C(4)), 83.6(C(5)), 124.1, 128.4, 128.9, 1 ‘@ ?% 9
(OCH2Ph- NO2- p, benzoate), 135.0(C(11)), 142.4, 143.0 (OCH2Ph-NO2-p,
C(12)), 154 .2 (GC (0) O , 167 .3 (be oate) , 171.1(4-Ac), 211.6 (C(9)
) ppm 20 Exanpl e 9 Selective Esterifi ca%| on of the C-b Hydroxyl of 10-DAB

using the ealabyt!ccRyCiinsastlon shorpluidsaly eyl Ypiy dobysg i de (0. 5°

mml) in THE nit'rogen at

m xt ure of 1buDXX\Bl 28-D38 Agengigss rﬁ@olt)haetnd-wﬁc’( 1f%grPrg§r§ %é)}zao/osa/lr![d
10- DAB) . The, ggggggbagrggggqggl.on was stirred at room tenperature until

j udged conpl ete TLC (2:1 EtOAc/ Hexane). The reaction was diluted with
Et OAc and washed three tinmes with saturated NaHCO3 sol ution. The 30

conbi ned bi carbonat e washi ngs WereEzeaﬁpsneth three tines wth EtOAc, these

conbi ned organlcs re dr and

crude pr Sduct was® zf"tg': t\ﬁrt’%otﬁl’l”)@)?alnoé?s aﬂfpﬁ th%yéfg %)res d-er(rzlgnt ed
0 6 JUN 2005 l@gDa\BayaSJ.ﬁlgystﬂml Iqazmllycm.d ritbﬁ‘-Et @aeLttdearies Py S oppof
DU O DeBukdRat GBhyldaalid amihe @GP mPAtabysatied,

reacti on. ctive’ sterl |cat|on of the C 10 ro&<
10- DAB usi ngulnkiercat allyriogevh @ERosPA@T N tA %o?%ﬂt%%ﬁ“’dftu’f)%r%‘g t dr| de

(0.55 mmol ) (aoTH§ (3, 385homs saagoundes agh Loogen & mmsphere, 1o

solid m xture of 055

wWrt 10 10- . The resm‘itlng suspen lgloarpdwaYsts 3 I(ré§ Qp rc}cg)mm)l
temperature until judged complete by TLC (2:1
EtOAc/Hexane) . The reaction was diluted with EtOAc and

washed three times with saturated NaHCO3 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 liquors decanted
away. Crystallization from EtOAc/hexanes yielded 10-
butyrl-10-DAB 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.



10 10-DAB). The resulting suspension was stirred at room tenperature until

judged conplete by TLC (2:1 EtOAc/ Hexane). The reaction was
Et OAc and washed three tines with saturated NaHCO3 sol uti on.

bi car bonat e washi ngs were extracted three tinmes 15 with Et Cﬁc,s

diluted with
The conbi ned
W, 2406

conbi ned organics were dried (Na2SO4) and the solvent evaporated. The
crude product was triturated with hexanes and the nother |iquors decanted
away. Crystallization from Et OAc/ hexangs yi el ded. 10- butyrl -1 O DAB
identical to that isolated fromthe CeCl3 20 catalysed reaction. In view
of the abgmgmusit Will be seen that the several objects of the invention

are achieved. As various changes could be nade in the above
wi t hout departing fromthe scope of the 25 invention, i's

conposi tions
i nt ended t hat

all mattet-contai ned prctdwsah‘:‘com tlescsip g_gp_lgﬁ I R¥

I 11 ust raté:‘.‘&uﬁ ? sense? Jl HNIt %OOSQC@AI%%Yl .
process for the sifyla on o %ﬁeﬁﬁd?’B%?rlﬁFBEpté’feaéﬂt%(m t he
process ¢ bApARe | Wit réatsu.ﬂgl’ah'e.det o@re WiEHidyPahiBamtde v a

bi ssi |yl ani ) té’.tiﬁ[%téd 9}1 silylated taxane. 2. The process of claim1

wherein the silyldm

ISSI|y| am de corresponds to structures 6 or 7,

respectively: I~ Ra-C 1161 RORERF RH 6 i S| RDRERF
2. The process of claim 1 wherein the silylamide
or bissi'.lyl;mide corresponds to structures 6 or 7,
respectively: |
7
Rg™ G fis! a,,nea, DS1 RoReRy
Ry Rg— C= NS{ RpRgR;
6 7

wherein Ry, Rg, Ry, Rg, and R, are independently

hyd:r.:bcarb}fl, ‘substituted hydrocarbyl, or heterocaryl.

3. : The process of claim 2 wherein the taxane is

treated with the silylamide or bissilylamide in the

presence of an alkali metal base catalyst.

4, The process of claim 2 wherein the taxane is

treated with the silylamide or bissilylamide in the

presence of a catalyst selected from the group consisting

of lithium amide catalysts.

3. The process of claim 1 wherein the silylamide
or bissilylamide is selected from the group consisting of
tri (hydrocarbyl)silyl-trifluoromethylacetamides and bis
tri (hydrocarbyl) -silyltrifluoromethylacetamides, with the
hydrocarbyl mo:.ety being substituted or unsubstituted

"alkyl or aryl..



Rd- C=NSI RORERF 7 wherein R, RE, RF, Rr, and RH are independently

hydr ocar byl , substituted hydrocarbyl, or heteroaryl. 3. The progcess of claim
2. wherein the taxane is treated with the silylanide or bisd® W08 in
the presence of an alkali nmetal base catalyst. 4. The process of claim?2
wherein the taxane is treated with the silylamde or bissilylamde in the
presence of a catalyst selected fromthe group consisting of.li.thium

am de catal ysts. 5. The process of claim1l wherein the silylamde - or
bissilylam de is selected fromthe group consisting of

tri (hydrocargyl)silyl qigd fﬂ}@é@g@t ﬁl“ aggﬁ_ﬂlm: fle hae\%%mrﬂ N_ée Gng;lcpr)ocar byl

tri(hydroca[bilé-sieltdzltrifluororret_yla am des,
noi ety bei n§*s¥BEtiedtaxage wapreiseat adC () khydaoxgr Wroupd ahd) Y2005 71

6. The procpgsceksthadith oMers} %é#ﬂgﬁ%ég)trg%x@%ﬁgg ggq{gsecorrpri ses a

C(7) hydroxy,grou nd the process ona ating the
C(10) sil y¥%¥¥£atg§%aﬁé"%i% vt g a2 cyigaiiegt agenacybateylhee €he?. )
hydroxy grawp7) Thydkexp g@@&%‘of claiml1l wherein the taxane treated with
the silylam de or.bissilylamde is 10- deacetyl baccatin IIl and the
process additionally conprises treating the C(10) silylated taxane with an

acyl ating agent to acyhat proless( 0f oy lgr‘%’é‘reéq {he %{"83&35 of claim
i .-wherei ntt 18 { axane ﬂag thels ructure: whereln ., .1's_hydrogen,
hydroxy, pro a5 e ¥Ro 91e §ilylamide or.,blss:.lylamlde is 10~

deacetyl baccatin III and the process additionally

comprises treating the C(10) silylated taxane with an

acylating agent to acylate the 6(7) hydroxy group. .

8. The process of claim 1 ‘wherein the taxane has
the structure:

Ry R,

wherein )

R, is hydrogen, hydroxy, protected hydroxy, or
together with Ry, or R, forms a carbonate;

R, is keto, -OT,, acyloxy or together with R, forms a
carbonate; .-

R, is -OT‘,' or acyloxy;

R, is hydrogen, halogen, -0T,, or acyloxy;

Ry is hydrogen, keto, -OT,, or acyloxy;

Ryo is hydroxy; '

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



together with R14 or R2 forns a carbonate; Rz is keto, -OI" acyl oxy or
together with R= forns a carbonate; R4 is -0OI4 or acyl oxy R7 is hydrogen
hal ogen, -OT7,' or acyloxy; R9 is hydrogen, keto, - ac%l ouﬁ/

S hydroxy, R13 is hydroxy, protected hydroxy, keto, or ﬂﬂ5
/A X21' s Xs H Xz X, 0 6 JUN 20057 2 R34 is hydrogen OT14 acyl oxy, or
together with-R, forms a carbonate;“T2, T4, T7, T9, and T14 are

i ndependent |y hydrogen or "hydroxy protecting group; X1 is -0X6, -SX' or

hsi(gi(gar ;(IZ I?(Bh droj%lrléh"g%%gég;%im'wbsutUt'g?P h%%@?%y\“tﬁsﬁbstutut ed
hydrocar byForeis aetcardindte X5 is -X30, -OX30, -SX10, -NXax34, or - S02X31;
aroup of s funciportt Hrod: wAlEn T d TR e Y SBYREP Oty B
t he. t axanehydebikyvaprotectAngs. gzhzmppcar byl , substituted hydrocarbyl,
X, is -0X,, -8X;, or =-NX,X,;
X; is hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heteroaryl;
X; and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heterocaryl;
Xs is -X,o, -O0Xyo, =S5X;0, -NXgXyp, '
oxr -S0,X;y¢ :
X, is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, hydroxy protecting group or a functional
group which increases the water solub:.l:.ty of the taxane
| der:.vat::.ve, oo
X, is hydrocarbyl, substituted hydrocarbyl
heterocaryl, or sulfhydryl protecting group;
X, is hydrogen, hydrocarbyl, or substituted
hydrocarbyl i :
X, is an amino protecting group;
_ X, is hydrocarbyl, substltuted hydrocarbyl,'or
heterdaryl;.
X,, is hydrocarbyl, substituted hydrocarbyl,
“heteroaryl, -0X,,, or -NX,X,,; and
Xy, is hycircgen,.hydrocarbyl,‘ substituted
hydro.c-arbyl, or heteroaryl.

9. The process of claim 8 ‘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, is -0C0Z,;

R, is hydrogen or keto;

Ry; is hydroxy, protected hydréxy, or



heteroaryl, or sulfhydryl protecting group; X8 is hydrogen, hydrocarbyl, or
substituted hydrocarbyl; X9. is an am no protecting group; X 0 4
hydr ocar byl , substituted hydrocarbyl, or heteroaryl;. X31 is. h%@rJUN 2005
carbyl, substituted hydrocarbyl, heteroaryl, -OX10, or -NX3X14; and X14 is
hydr ogen, hydrocarbyl substituted hydrocarbyl, or.heteroaryl. 9. The
process of claim$8 V\/nereln Rl is ggdroxy or together with R14 or R2 forns
a carbonate; R2 is -0CQZ2, - or together with RL forns a
carbonate; R4 is -0OCQOZ4; R9 is hydrogen or keto; R13 is hydroxy, protected
hydroxy, or 0 6 JUN 2005 73 R14 is hydrogen hydr oxy, protected hydroxy, or
together with RL forns a carbonate; |s -OX6 or -NX8X9; .X2- is hydrogen,
hydr ocar byl , or substituted. chqu ocar>p ., and. X4 are independently
hydr ogen, hydrocarbyl, subst i %arbyl or heteroaryl; X5 is, -Xto
"o0Xao 1 or --NXeXio X6 is g ng group; Xe is hydrogen,
hydr ocar byl , or substitute hyd ocar 9 is an am no protecting group;
X10 is hydrocarbyl., substituted hﬁyd?‘@car’ﬁyl , . or

4

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

X, is -0X; or -NX,X,;

Xy is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;

X, and X; are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaxyl; '

X is."xzo: ~0X30, OF ~NXX;07.

X; is a hydroxy protecting group,

X, is hydrogen, hydrocarbyl, or substituted
hydrocaxbyl;

X; is an amino protecting group;

X;o is hydrocarbyl, substituted hydrocarbyl, or
heterocaryl; and

' Z, and Z; are independently hydrocarbyl, substituted.

hydrocarbyl, or heteroaryl.



heteroaryl; and Z2 and Z, are independently hydrocarbyl, substituted

hydr ocarbyl, or heteroaryl. 0 6 JUN 2005 74 10. A process for,gonverting
the C(7) hydroxy group of a 10-acyl oxy-9-o0xo-7- hydroxytaxan Eo’%n@@et al -
or ketal, the process conprising treating the 10-acyl oxy-9-o0xo0-7-

hydr oxyt axane with a ketalizing agent in the presence of an acid catal yst
to forma C(7) ketalized taxane. 11. dhe process of claim.10 wherein the
C(10) substituent of the 10-acyl oxy 9- oxo-7-hydroxytaxane is acetoxy. 12.
A process for converting the C7 hydroxy group of a taxane to an acetal or

ketal, t proces i agent
in the pir](Zsence ongmgaéc@éE%g{ea; ?st?‘g%cﬁr @&WW Egtlgl a{ﬁgfo%g't%{)(}go% t he

t axane hydongtakinge otansceial er kelstieﬁmpmoce@icwmpﬂslﬂg aesting thydowyloqutmq-ed
hydr oxy r together with Rl14 fornms a carbgnate; R2 is keto, -0OrI2,
acyl oxy hygqoxmét@%w wlqewhﬁpgfasﬁwnéhwemapéan aad cptalystipsorrgia Iy | oxy: R7
is hydr QUM @Qta#&ghydrogen keto, -OT9, or acyloxy; R10 is acyloxy; R13 is
hydroxy, prote hydr oxy, keto, or 0 6 JUN 2005 75 R14 is hydrogen, -QrT4,
acyl oxy, or together with Rl forns a carbonate; T2, T4, and T14 are

|ndependently hydrggen or hydr.oxy protectin roup;, T9 iIs hydraoxy
prot ect itlg group; %% pirgces@%cqamg Whegein m&@g) substityenhofithy ac)ﬂ?’ébf*%ar byl ,

substi t eteroaryl; X3 and X4 are independently
hydr ogegi hyrg’r OC@&%{aTRé(isacg{ocht ut ed hydr ocarbyl, or heteroaryl; X5 is -X10,

- 0X10, -SX10, NX8X10

12, A process for converting the C7 hydroxy group of a taxane to an acetal or
ketal, the process comprising treating the taxane with a ketalizing agent in the presence of an

acid catalyst to form a C(7) ketalized taxane, the taxane having the structure:

R13

wherein

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 -OT,, or acyloxy;

R, is hydroxy;

R, is hydrogen, keto, -OT, or acyloxy;

Ryois acyloxy;

R, is hydroxy, protecfed hydroxy, keto, or



or -S02X11; X6 is hydrocarbyl, substituted hydrocarbyl, heteroaryl, hydroxy
protecting group or a functional group which increases the water
solubility of the taxane derivative; X7 is hydrocarbyl, substituted
hydrocarbyl, heteroaryl, or sulfhydryl protecting group; X. i86hJuN 3n,
hydr ocar byl , or substituted hydrocarbyl; X9 is an am no protecting group;
XIO is hydrocarbyl, substituted hy r50carbyl, or heteroaryl; Xl | is
hydrocar byl , substituted hydrocarbyl”, heteroaryl, -OXIO or -NX$X14; and

X14 is hydrogen, hydrocarbyl, substituted hydrocarbyl, or heteroaryl. 13.
roxy or together with R14 or R2

The process of claim12 wher ePn R, |sxhy?
. forns a carbonate; R2 is - 2 &%i?\or together with RI forns a

carbonate; R4 is -0CQzZ4; )F@’a S ot Oro—ket o; R13 is hydroxy, protected
hydroxy, or 76 o 0 6 JUN 2005 R14 ig/hygrogen, hydroxy, protected hydroxy,
or together with RL forns a car ondte; Xl is . OX6 or -NX8X9; X2 is

hydr ogen, hydrocarbyl, or substituted hydrocarbyl X3 and X4 are

oerendently R gt Afifsed WOSBBHGor BN HLER, RBLOCARM G 07, o

X8 is hydr Oge“Tz,ﬂYd‘thIE}I hﬁhndepén&nﬂ?fhyﬁt&geﬁ obHgdres bEb’cEcung)é%ﬁﬁ an am no
protecting group; X110 is dr ocar by substitut ed hydrocarbyl,

heteroaryl; ankbip] Zd@ﬁMPT%QCt%ESTP%ependent |y hydrocar byl , subst | t ut ed
hydr ocar byl , O, is -OX,, -SX;, or -NX,Xo;
X, is hydrogen, hydrocarbyl, substituted hydrocarbyl, or heteroaryl,
X, and X, are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, |
or heteroaryl; _
Xs is -X 0, ~0X 0, ~SXy00 “NXXyp,
or -SO,X, 3
X is hydrocarbyl, substituted hydrocarbyl, heteroaryl, hydroxy protecting
group or a finctional group which increases the water solubility of the taxane
derivative;
X, is hydrocarbyl, substituted hydrocarbyl, heteroaryl, or sulfthydryl
protecting group;
X is hydrogen, hydrocarbyl, or substituted hydrocarbyl;
X, is an amino protecting group;
X0 1s hydrocarbyl, substituted hydrocarbyl, or heteroaryl;
X, 1s hydrocarbyl, substituted hydrocarbyl, heteroaryl, -OX,,, or -NX;X,,; and
X4 is hydrogen, hydrocarbyl, substituted hydrocarbyl, or heteroaryl.

13. The process of claim 12 wherein
R, is hydroxy or together with R,, or R, forms a carbonate;
R, is -OCQZ,, -OCO0Z,, or together with R, forms a carbonate;
R, is-0OCOZ,; '
R, is hydrogen or keto;
R, is hydroxy, protected hydroxy, or



heteroaryl. 14. The process of claim 10 wherein the acid catalyst is an
inorgani c acid. 15. The process of -claim .10 wherein the ketalizing agent
has the formula 0X31 X3i-C0X32 33 wherein X3', X32, X' and X34 are

i ndependent | y hydr ocar byl , substitutfzg hydr ocar byI or heter 8 yUN BB, The
process of claim 10 wherein the ketalizing agent has the fornula 0 8 JUN
2005 77 wherein X3 1, X32 and X13 are independently hydrocarbyl,

substituted hydrocarbyl or het % T The process of claim 10 wherein
the ketalizing agent is a vinyl etheé{ A taxane having the structure:
wherein Mis a netal or conpfi |sc\s unmt oR- i s hydrogen, hydroxy,

prot ect ed- hydroxy, or together th,< xor R, -forms a. carbonate;* R
is. keto, -0T2, acyl oxy, or togetHer “with RI..forms a carbonate; R4. i s
7 Or4 or, acyloxy. R7 is -OSiRIRXRr,; RO is hydrogen keto, --0T9, .or

acyl oxy; R 3 is fRX § Ryfdro &fﬂ&%kﬁ%&@ﬁég{eﬂ)ﬁﬁrﬁﬁto@tﬁn wthl:%l%ll | $ hydr ogen,

-0r3. 4, acyl oxy or toge hér” wi t a’’car Ry are
mdependentqw nadocar byl , substituted hydrocarbyl, or heteroaryl

provi ded, howev RJ, R and. R are alkyl, at |east one of
RJ, R, and Re%b}'?’pbp@ hlgﬁé)&\'bon skel eton having at |east four carbon
atons; and X, is hydrogen, hydrocarbyl, or substituted hydrocarbyl;

X, and X, are independently hydrogen, hydrocarbyl, substituted hydrocarbyl
or heteroaryl;

X is =X g, 0K, 0F -NX X, 3

X is a hydroxy protecting group;

X, is hydrogen, hydrocarbyl, or substituted hydrocarbyl;

Xg is an amino protecting group;

X0 is hydrocarbyl, substituted hydrocarbyl, or heteroaryl; and

Z, and Z, are independently hydrocarbyl, substituted hydrocarbyl, or
heteroaryl.

14, The process of claim 10 wherein the acid catalyst is an inorganic acid.

15. The process of claim 10 wherein the ketalizing agent has the formula
ox®-

X3J_cq0x32

L,

wherein X*!, X%, X* and X are independently hydrocarbyl, substituted hydrocarbyl
or heteroaryl.

16. The process of claim 10 wherein the ketalizing agent has the formula

OX:H

|
H-C-0X*

L,



T21-'T4. T9, T,0, and Ti4 are independently hydrogen or hydroxy.protecting
group; RIOis -OT,o, T,0 is Si RDRZRF; and RD, are independently

hydrocarbyl, substituted hydrocarbyl, or heteroaryl. 0 6 JUN 28Qfyy 7%%9 A
t axane having the structure: wherein Mis a netal or conprises amon

R1 is hydrogen, hydroxy, protected hydr , or together with R14 or

fornms a carbonate; R., is ket o, OTC agﬁ/oxy or together with RS forms a
carbonate; R4 is cyI oxY,; is acyloxy RO i s hydro en keto
-0T9, or acyl ox‘g}’he é‘}iﬂg e 1&#%%@'&1)111&'&{00%115& sebtitues pbyl ot her

t han acet oxy; Kla‘?&é ioxy groups of R7 and R, are different; P13 R14 is
hydr oxy, protecte %droxy keto, or MO; is hydrogen, OT14 acyl oxy, or
together with forns a carbonate; and T2, T4, T' T,, and T14 are

I ndependent |y rogen or oxy ot ectl ng qroup. 2Q. A taxane havi ng
t he structure: g |H’i°°eﬁ?$/f§ EgSgephibhvian etiers JUN 2005

79 R, is hydrogen, hydroxy, protected hydroxy, or

18, A taxane having the structure:

wherein

M is a metal or comprises ammoniut: _

R, ds hydrogen, h.ydroxy, protected: hydroxy, or
together with Ry, or R; forms a. carbonate; _

Ry is keto, «0T,, acyloxy, or together- w:.th R, forms
a carbonate ;

Ry is 50T, or 'acyloxy;
.R7 is "OSiRJRxRL"
Ry is hydrogen,; keto, -OT,, .or acyloxy;

R;; is hydro;‘cy, protected hydroxy, keto, or MO-;

Ry is hydrogen, -0T,,, acyloxy, or together with R,
forms a carbonate;

Ry, Re, Ry, axe a.ndependently hydirocarbyl, substituted
hydrocarbyl, or hetercaryl, provided, however, if each of
Ry Ry and R, are alkyl, at least one of Ry, Ry and R,
comprises a carbon skeleton hava.ng at least four carbon
atoms; and

Tar Ter Tye Ty, and Ty, are independently hydrogen or
hydroxy protecting group;

‘Ryo 45 ~OTy, Ty is SiRGRRy, and |
Rm Rg,. 'Ry are :Lndependently hyarocarbyl, substltuted
hydrocarbyl, or heteroaryl



together wwith R4 or R2 forns a carbonate; R2 is keto, -0T2, acyloxy, or
together with R, forns a carbonate; R4 is -OT4 ol acyloxy; R7 is

hydr ogen, hal ogen, hydroxy, or acyloxy; R3 is hydrogen, ketO’OBCZ ?m@r.
acyloxy; RO is -0OS RaRF, RF; R13 is hydroxy, protected hydroxy, k QQL r
M>; Rx4 is hydrogen, -OTl.,, or togethéd with RL forns a carbonate; RD,
RE, RF are independently hydrocarbyl, substituted hydrocarbyl, or
heteroaryl; and T2, T4, T9 and T.,4 are independently hydrogen or hydroxy

protecting ?roup.
9. A taxane having the structure:

F{IO

Ry

\

1¢

R, s A 1 17
13 \.“ /’.<“
1 : C 7
14 - -~
Ri Rz £\/O

wherein

Mis a metal or comprises ammonium:

Iy 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;

R, is acyloxy ;i

R, is hydrogen, keto, -OT,, or acyloxy;

R;y is acyloxy, provided that the acyl moiety is
other than acetoxy;

the acyloxy groups of R, and R,, are different;

R;; is hydroxy, protected hydroxy, keto, or MO-;

Ry, is hydrogen, -0OT,,, acyloxy, or together with R,
forms a carbonate; and

Ty, T4, Ty, Ty, and T,, are independently hydrogen oxr
hydroxy protecting group.

20. A taxane having the structure:

wherein _
M is a2 metal or comprises ammonium:
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R, is hydrogen, hydroxy, protected hydroxy, ox
together Wlth Ry or Ry forms a carbonate;
R, is keto, -0T,, acyloxy, or together with R, forms

a carbonate;
R, is -0T, ox acyloxy;
R, is hydrogen, halogen, hydroxy, or acyloxy;
Ry is hydrogen, keto, -OT,, or. acyloxy;
Rio is -0SiR,R.R.; .
Ri3 is hydroxy, protected hydroxy, keto, or MO-;
R;y is hydrogen, -OT,; or together with .’R1 forms a

carbonate;
Rp, Rz, Ry are :.ndebendently hydrocarbyl, substituted

hydrocarbyl, or heteroaryl; and

Ty, Ty, 'I‘, and T,, are a.ndeoendent'ly hyc'f‘ogen or

hydroxy protecting group.



