WO 99/ 09Gg4 oBfedd2lyS98/ 17016 1 PROCESS FOR SELECTI VE DERI VAT ZATd N OF
TAXANES BACKGROUND OF THE | NVENTI ON The present invention is |rected in
general., to a process for the preparation of taxol and other taxanes, 5
and in parti cular, to such a process in which the C(7) or C(10) hydroxyl
group of a taxane is selectively derivatized. 10-DAB (1), which is
extracted fromthe needles of taxus baccata L., the English yew, has
becone a key PROCESSH tFORg SPAESTINE i DERINAPIDEDIONOOFOTAKAXNEE and Taxotere,
both of which are .potent anticancer agents. Conversion of 10-DAB to taxol,
Taxotere(r) and other taxanes having antitunor activity requires
protection or derivatization of the C(7) and C(10) hydroxyl groups 15
fol | owed ks astsdtnid Y i@k ofrierEet3) hydroxyl group to attach an
appropriafe sirde chain at that posttion. R1I00 OR7 HO111 O HO BzO AcO-O 1
R1I0 = R7 = H 2 Ha® Bregenyy Vet iep 59/ 6952EPET/ UBOSRTRTES - FAUdti | now,

strat egi e@:fdzfeééwfﬁe:peéadi@évaﬁiti@xob- aadot axal @ﬁ&'=@9%a\ﬂ@%%§3ased upon
t he observaténon of nilh et a ari. s, 81 293,

501) °t hafthe'? é?%rtfﬁfé“raeact??n‘E‘g}éBfatH’éOFSEF h?d?"g%ﬁn §rh§u§s & 10- DAB
towar d acet (il arthydtrdxde igrqys i df ne taxafk7)isObde2e€Ei®ploH > C(13)-OH >
C(1)-CH 'a%'}li%a lzb£| reported (J. Am Chem Soc., 1988, 110, 5917)
sel ective -

10-D2B (1), which is extracted from the needles of

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

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

15 followed by esterification of the C(13) hydroxyl group to

attach an appropriate side chain at that position.
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silylation of the C(7) hydroxyl group of 10-DAB with triethylsilyl
chl ori de iWOMN0P@ine to give 10 7-triethylsilyl-10-deacetyl PRGEAET)
(2) in 850 vyield. Based upon these reports, in those processes 1'n i ch
differentiation of the C(7) and C(10) hydroxyl groups is required (e.g.,
preparation of taxol from 10-DAB), the C(7) hydroxyl group nust be
protected (or 15 derivatized) before £he C(10) hydroxyl group is protected
or derivatized. For exanple, taxol may be prepared by treating 10-DAB with
triethylsilyl chfRriter ¥ pForategieke igr7)tHey drmpd ray top, oAceixd Bt i ng t he
C(10) hydroxyd taelipanalbgshiaget Bassiderhaindyesiarification of the 20
C(13) hydrcggl{igrgoewg,%fnd( f%nal Igg renoval_ of protecting grourps. It is
known t hat g;‘nes & hg' afi oft§28ubSGi-u Azt s bohbedt 8L ei2er 3018 C( 10)
or the C(7)thextygers shbativat reaneeriast iof tthe F U3l W) I |
ef ficient gﬁ]sy@_tgﬁ ¥ %%i}ﬁlf #%Hlﬁjasve

o

i h materials, jt woul d bg usef
net hods whi perm t t?r%"?;er&ef %?%Féﬁt SRRYITIFE HingM%F 15@%cks ve protection
or derivatiG&t)i oM of G HedC(AB) >afd13t ROHCHTC (hydroexy! IHOUDS oSl IJYLr i ARY OF

THE | NVENTI Q%36 AoNg. t g objegt s the jpLesent invention, therefore, is
t he provisilg\’!J of highly effig{lgﬁf E?fgéésggge'fgaot'hgs‘;wn}épa’?%ﬁ%’rv@r t axol

and ot her t 1M Righ~heef €21 | Prddervatrpa of afo D8 G(HAh gr oup or
the S10)  dwsireuils graeoglod9abiBnaad-abiiee taxgacs, partioularly WO
99/ 099%1 Pg@tlg.%%%goj;&lg g_géocgss in which th 10) hy_dr oxxl group is
protected ‘or -deritfatd ptf oreRESEkE BRFFakyar oI gr@ip iraksst he
provi si on ofied(d) ®asEdO)poterinatizedpbaxanesn Bhoefd )brc;c]}.%'s%fso::i%’ ht he 10
pesent ek e dhd gl oty 82 LORSSS, Loy Hig acll L eh ol e 110
m xture coMTAYHNHG S Feqwd®e? &mdgan mrybatbngon 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, a;taching the side chain by esterification of the
20 C(13) hydroxyl group, and, finally, removal of brotecting
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
se%ective 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 enyo@béaxane, and allow ng the taxane to 10 react vpcrt.ljl,gggﬁ., 16
acylating agent to forma C(10) acylated taxane. The presen |nven0t|on S

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 conprises
treating the taxane with a silylamde or a bissilylamde to forma C(10)
silylated taxane. The present invention is further directed to a process
f or convegt DFgaEss  GL7 )witiyain olye o€ 6Lp) ohydrok@lagybapyig- bydrexyisaxane to
an acet al (@5 5 pcess,. conprise hng. the . -

10- acyl ox?—ggfi%%?lg[ﬁggdaﬁ%ﬂéﬁtﬁéatkﬁépgl(:?zi?11 ta%g% tl gﬁgpﬁé Spgsgﬁ‘(:‘e of an
acid ~cat FPIESECT imG@( (197 k61 Q) i dedivarkasel ThEapessent invention is

further directetiledly, tehaRerdayi Nehd hBrabelet UnGenRignRIR7 1357 G
Rl4 R= R20 25 R4 wherein Mis a netal or conprises ammonium Rl is

hydr ogen, HVETEE 5ot 6t STIRF T dF DxyERBr Y 6§EEREr OFi FRREA18) R2 fornms a

car bonat e hyd@0o%y/ d¥dtib RGET/AJ908kdrfH16 THe RBrbseket @ompST3e saghrihg OF

together with R _.forns _.a carbonate;. RO is -0OTl4 or acyl oxy,
9 a Eeadtlon mixture containing tﬁe taxane ané anyacylating

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
preccess for converting the C(7) hydroxy group of a
l0-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:

Ry 4!t

25

wherein

M is a metal or comprises ammonium:

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



R7 is -0OS RvRypRieyuzd RO i s hydrogen, keto, -0OT9, or acyloxy; R10 is
hydrogen, keto, -OT10, or acyloxy; R13 is hydroxy, protected Hyd¥dR§701ket o,
or M>; R4 is hydrogen, -0OT14, acyloxy, or together with RL fornms a -
carbonate; 10 R' RK, PL are independently hydrocarbyl, substituted

hydr ocar byl , or heteroaryl, provided, dowe- er, if each of R' RK and RL
are alkyl, at least one of R3, R and RL conprises a carbon skel eton having
at |east four caRbohS Kebms; -8fg, 1&cT2oxyT4or TOgethkd wiatil B, fodke

i ndependent by cRydeeger .or hydroxy protecting group. Qher objects and
features of this_inyvention will be in part apparent and in part pointed
out herei naft er. R« DETAr PED PESTRIFFON OF THE PREFERRED EMBODI MENTS 20
Among ot her things,isheopirgemt ;i nvention enables the selective
derivatgzation of the 10§ h"x roxyl grou of a taxane w thout first
protecting the ’/)lﬁy gxyPe grEE O.St4led gHOBR¥AOXAY, it has been

di scovered that Rihe s dacidogdr eskgt®yi oogly b@pgrcl;qu»g}p;r the C(7) and 25
C(10) hydroxyl ggou reversed, that is, thé reactivity of the
C(10) hydr oxyl g?b’u%%bgggjﬁ%}ygr e"aﬁ%tre*’fﬁgnh%’ﬂéowackra\?iopy% MOhe C(7)
hydroxyl group uRdeds derdrtigercondiT,j pnacyAokough theyaprasent; dmvention
may be usedstem3dOasebegidnuely derivatize a taxane having a hydr oxy ‘group at
C(7) or C(10), it offers particular advantages in the selective

derivat? zati on ofst dands RESI AGIRPERGER N0 URSI R DHPON 22 uPET] 15984 17016

5 at C(7) angid€6dfybyll.,eor hel@xdizhydr Oxy, LAXANES. . genegal ,
7, 10- di hydr gxyt xanes whi ch ﬁg¥ ggli—)spgl e)é%(li-vel y 'de?nlg‘?/%tF?éd‘?néggeo?ﬁance
with the present® i Rfedi 8A° BOKY spBhd YR Ih&ET0I0Rang Ret oGt Ry e: OH

comprises a carbon skeleton having at least four carbon
atoms; and '
15 T 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,

DETATLED 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 inventicn 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



ROH R g&}%@@ éS t.\MC16 RI4A RR2 MO5 R4 3 wherein Rl is hydrogen,
hydr oxy, PHd hydroxy or together with R14 or R2 forHsl/HSBd¥énat e;
10 R is keto, - acyl oxy, or together with RL forns a carbonate; R4 is
-Or4 or acyl oxy; R9 i s hydrogen, keto, -0r9, or acyloxy; R13 is hydroxy,
protected hydroxy, keto, or 1O0OX4 X3 C X5/ s \4tt/ 320 HX2 X 15
R14 is hydrogen, -0Or14, acyloxy or together wwith RL f orns a carbonate;

T2, T4, T9+apd-y1l r ep n ntI Xy prqtecting
group: 20 K re OrR e B e Y s R et byl

substi t ut eﬂeﬂ?ﬂﬁ%ca%ﬂrp dl‘&ﬁ’“ﬁé?’@f%?&?aﬂes X@llafﬁfél T@Y aPe $HERGEH ly
hydrogen, hydioaatbgh, msulas:td:td&xaﬂa hymm@wy;brn@&nbeiwé&@iwn 25 X5 is

- X10, -0X10 5>S(10 \ é 1g WO 99/ 09021 PCT/ US98/ 17016 6 X6

i s hydr oca?8§F“ gSBStI Put" § ﬁ%&?%%"é’rrlg/l LIy RTBaryl, hydroxy protecting
group or a functional group which increases the water solubility of the

t axane

5
3
wherein
R, 1s hydrogen, hydroxy, protected hydroxy, or
together with R,, or R, forms a carbonate;
10 R, is keto, -0T,, acyloxy, or together with R, forms
a carbonate;
R, is -0T, or acyloxy;
R, is hydrogen, keto, -0T,, or acyloxy;
R,; is hydroxy, protected hydroxy, keto, or
|| Xg xal
\N/ )(\
X1
15 H

R,, is hydrogen, -0T,,, acyloxy or together with R,
forms a carbonate; '
T,, T,, Ty, and T,, are independently hydrogen or
hydroxy protecting group;
20 X, is -0OXs, -SX,, or -NXX,; |
¥, is hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heterocaryl;
X, and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heterocaryl;
25 X is -Xy0r -OXyos -SXys -NXgXyp, OT -80.Xu;



derivati ve;wbo¥poses hydrocarbyl, substituted hydrocarbyl, heteroaryl, or
sul fhydryl protecting group; X, is hydrogen, hydrocarbyl, or P§aB&8P8Eed
hydrocarbyl; .X9.is an am no protecting group; 10 X10 is hydrocarbyl,
substituted hydrocarbyl, or heteroaryl; X11 is hydrocarbyl, substituted
hydrocarbyl, heteroaryl, -0OX,,, or -NX Xl 4; and X14 is hydrogen,

hydr ocar byl , substituted 15 hydrocarbyl, or heteroaryl. Selective C(10)
Derivatizat on | &;atgohgadrceanidl t fsﬂlnytqoﬁ%e@fh}t,&@o@gleé@t invention, it
has been di hat hydr oxyl roup of a taxane can be

sel ecti vel ysgéc%;%t%galli'n ?)hée&e%%ﬁ%%% ‘etb?gagﬁgé‘é’, Opr 8f éLBBLF}OPAlt he absence
of an ani ne SR WhACkT digrgasenetied ovateantoeubaiesysbehtas AR ne,
triethyl am ardivae ittavl am nopyridine and 2,6- lutidine, if present at all,
are pregent in tg{e reactioon mxture in relatively |ow concentration.
Stated another 257way, WPTRFISY L s Spbesdutiad tihedramtbyon, ni xture, the
nol ar rati ohefterbaram, neobaseul ohidie,t aXab€=L81iR e%ggﬁgl,y | ess than 1:1,
nore preferably Ixes§stﬂﬁér<1)0:°1, nd nost . preferabfy I'ess than 100: 1.

Acyl ating agents ®hi ch  ray “56 Us&d ForFany lyel VetSURSE B0IkRT)/| ati on of the
C(10) hydr oyidrgcsaepydf; a taxane include anhydrides, dicarbonates,

t hi odi carbonatesy apd ;js ates. lLn.general . the anhydrides,
di carbopates, and t'ﬁi %hi gg‘%{ g’ntaot‘z%e(‘fgtl% sForfRo structure 4 and the

i socyahft es corréspdiid H¥iBeearbyl e Subs\D ©9+8Q0RYGPEINSES1 17026 7 0 RiA
R2 R - k=G=Oheterocaryl;
X1 1s hydrocarbyl, substituted hydrocarbyl,
- hetercaryl, -0X,,, or -NXJX,,; and
X« is hydrogen, hydrocarbyl, substituted
15 hydrocarbyl, or heterscaryl.

Selective C(10) Derivatization

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

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

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



4 5 wher B099RB021s -ORB, -SRa, or Ra ; R2is -OC (O Rb, -f&t09s6R, -CC
(O.SR b, -OPORbR', or -0S (O 2Rb; R3 is hydrocarbyl, 5 substituted
hydrocarbyl, or heteroaryl; and Ra, Rb, R are independently hydrocarbyl,
substituted hydrocarbyl, or heteroaryl. For exanple, suitable carboxylic
acid anhydride acyl ating agents incltude acetic anhydride, chloroacetic
anhydri de, propionic anhydride, benzoic 10 anhydride, and other carboxylic
aci d anhydrides containi®g substituted or unsubstituted hydrocarbyl or
het eroaryl noieties; suitabl e di carbonate acylating reagents

i ncl ude' di benzyl dicar Bonat®, diall yl  di catbovFteer=odi propyl di carbonate,
and ot her dicarbonates 154cont ai ni ng substituted or unsubstituted

hydrocar byl or heteroaryl noi eties; and suitable isocyarate acylating
agents i ncWhegepReRy| 1FsoPRANatsR®, and dl“heRﬂs&acy@ﬁé@)eRb C{Dﬂm)rtm?g

substi t ut edperoyBgeEbst pbakegk hydr agay ky) ,RO! Rahetser t| es. in
addition, alt hou hi‘—g&g 20 anhydrl des, di ‘car bonat es, ancf t hi od'l car bonat es

used a8 afYPSELAY 15y Ini %, Petereagsherand yRor d¥er R&dare hat

t hey be syﬁmatabegalen:tmathy@;odakmd @u@é@lﬁ@&@&tmr&@ﬁ%bat okhe
nmol ecul e i rrrretrlcal ge wi th RB being

the sane a FO3E Yy | éQ‘h Lei cﬁf‘lbm%’% ‘aﬁ}?ﬁxw 0§<‘§/lﬁroup of the
t axane wil hnpyoced& atqa]ratad@w@taemsatmémamotmyimﬁyﬂglagentS it has

been di sco .t t e. be .increased by including a
Lewi s aci d}éﬁﬁ‘gggég@%ea%%noﬁfd%%% SUr é"raq%lon%nc%rﬁ?¥%’f°r N o ex\#ﬁ‘élfew s go acid
appeat§ noenhydisédgar rrowl yowrET icealboxxpes i aeid atnhedd idese obtained to
date SUggeébﬁthEnﬁ?ﬂé he gueseied rbr %ﬂgﬁsﬁéﬁseﬁk&m&?&ég?f gacat al ytic

anount . genera Lewi s aci ds which ude” tes and
hal i des of h@ EREALY LofMYrSduis:s i Euqqa@lqlqlscanrwaw a%d@Ql-OQOZl

PCT/ US98/ 1#@462n8 sViilnc MdeB,di¥drzy 1l |d£¢a£ﬂ£mai@ﬂt@§é\1ﬁ§?§ and actini des of
dicarbonate, dipropyl dicarbonate, and other dicarbonates

15 containing substituted or unsubstituted hydrocarbyl or
hetercaryl moieties; and suitable isocyanate acylating
agents include phenyl isocyanate, and other isocyanates
containing substituted or unsubstituted hydrocarbyl or
heteroaryl 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 adegquate 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 toc be narrowly critical; experimental
evidence obtained to date suggests it may be present in
either a stoichiometric or a catalytic amount. In
general, Lewis acids which may be used include triflates
and halides of elements of groups IB, IIR, IIIR, IVR, VB,



t he Peri od:yg I@bl e (American Chem cal Society format) Preferred Lew s

aci ds i ncl JAR7¥P chl or | de, stannic chloride, ceriumtrichlrariudes:mupr ous
chloride, lanthanum5 trichloride, dysprosiumtrichloride, and ytterbium
trichloride. Zinc chloride or ceriumtrichloride is particularly preferred
when the acylating agent is an anhydrjde or dicarbonate. Cuprous chloride
is particularly preferred when the acyiating agent is an 10 isocyanate.

The sol vent r se iV | at.ion'js _preferabl n et hereal solvent
such as tetygﬁydyg?ﬁr'alr\l&%Al t%é[?'%%/(t ﬁ/‘é‘?y ?’fb‘?/%‘f’ejr?e%t h%?gs%ﬁ?éﬂ%@eéu@h as
ether or drfetRexyecdiandabdy Hameseid-ad e ¢elmeseigte sbrmbich the
C(10) sel echiveerasyl aki@a LS ; ri ] 8. O arrowy critical. In
general , homﬁie?f,i t is pref gﬁ%ﬁ ylrg'}‘?#%dé%b{] %l?fcr’%%%e’ t%ﬁ?)’é?h‘t:ure or

hi gher in ofdeP*t8F t RETFBRCEFSFRICTrdrectiritows st idridat | yaht gantat e. 20

For purposesrothlbltiger, atyeproaa it NKBacidONSand NYOL ying . di benzyl
di car bonat et:rgci:ﬁ‘ ica bgnat g aceti c anhydri d%, _n}\éﬁTbir—%g%rgti c anhydri de

| vl. .d
and phenyl |soc§78fyiéf18'ar 1PF & &P igF FERICH® - Sepleh@side ths ough 5

bel ow. In thestienleslyf prefetired sehaimme t48 Taxane a;fgéné"’”i§hahs

sel ectively. Ead g 10) .position is 10-deacetyl baccatin IIl. it
shoul d be un e?é_si?%g ,gkhg\t;\g%%?nlaﬁa‘t' théé’spefor%a&qolocff hekles are nerely

i |lustrativRaardceharlyt heefeaxadewhemyitige adlEHD)indya5eny O 0ap, in
generalo angs@tPghasl. 7, 10-di hydroxytaxanes, in particular, nmay be
selectively acylated wiwth these and ot her acylating agents in accordance
with the present TRRVERLVERt PBXoG/HEoGEL REHIMISIBIIR)LBon A Schene 1 HO CbzO

00 preferably an ethereal solvent such as tetrahydrofuran.
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. In
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
iliustrative 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.



OH-/ OHHOt 11 HCOI | | CeHsCH2OC( O)) 20 HO = THF, rt, 98% HO Bz 0
Bz O AcOM® R¥PHY Schene 2 HOAI | 0cO0 0 OH HUMH d tttPetius®i00@ HO -
THF, r t , 48h, 95%-HO Bz 0 B20 Ac 0 0 AcO0 5 Scheme 3 HO AcO 0 0 OH
OH Hdttt Ac20, ZnCl 2, THF Hdttt r t , 3-5 h. 93/. HO or HO BzO Ac20,
CoCl 3 ( cat) THF BZOACOO r t, 1..5 h, 98%AcO 0 WO 99/ 09021

PCTI US98/ 17016 10 Schene 4 HO C ICHECOOIJ LI C._ OH HO111l1l HO1111 (C |
CF, 2Cf 0§c~he‘Q,,H0- nC1l TH= HO e_o q~G- rt 5 n 93 6~00 J Scheme 5 HO
PhHNCOO = —

Cbz O

HOt
(CgHgCH,OC(0)) ,0

THF, rt, 98%

Scheme 2

HO It}

Ac,0. ZnCi,. THF RO
rt, 3.5 h, 93%

of
Ac,0, CeCl, (cat), THF

rt, 1.5 h, 9€%



Op OH1~ CHHpull Hplllt Ph NCOHO Cud THE HO "~ zZZ: BzOr t 3 h, 94%
Bz0 AcO~w0oXe@9®@! 5 In anot her aspect of the present inventp®fysdsh®ofe( 10)
hydroxyl group of a taxane nay be selectively silylated. In general, the
silylating agent is selected fromthe group consisting of silylam des and
bi ssil yam des. Preferred silylam des and bissilyam des 10 correspond to
structures 6 and 7, respectively: 0®a C i SI RDRERF OSI RORERF RM Ra
C=NSI RCRERF 6 7 wherein RD, RE, RF, Rc;, and RF, are independently

hydr ocar by$Shesti t ut ed hydrocarbyl, or heteroaryl. 15 Preferably, the
silylating agents are selected fromthe group consisting of
trl(hydrocarbyI)S|IWQ-tgifluoronethylacetanides ahd 5P t[l(hydrocarbyl)

WO 99/ 09021 PCY/US98A17016 11 silyltrifluoronethyl ace with the
hydr ocar byl i wrbstituted or unsubsti on aryl. For
exanpl e, tHe" Yl am des and bi ssi | y9ari des

N, O bi s- (tri methy | flluoreacet-anbde, 5 N, ylsilyl)trif
| uor oacet ami de, . fluorqg et m nd N, O-bis

(t-butyl di methyl skl ) @) T\ uor oacetan “de The silylading 2

either alone or in cowbMatidri-wi't A-a®chtal ytic amountcof Ya-base such as
an 10 alkali netal base. Al kali netal am des, such as lithium am de

catal ysts, in general, and Iithiun1hexanethy|disiIazide, in particular, are
preferred.

Schemea S5

PhHNCOO

Ho it

PhNCO

CuCl, THF
rt, 3 h, 94%

n

In another aspect of the present invention, the
C(10) hydroxyl group of a taxane may be selectively
silylated. 1In general, the silylating agent is selected

from the group consisting of silylamides and

bissilyamides. Preferred silylamides and bissilyamides
10 correspond to structures 6 and 7, respectively:
o
I
Rg™ ¢ NSI RpReRe 081 RoReR;
Ry Rg— C=NS! RyRgR;
6 7

wherein Ry, Rg, Ry, Rg, and Ry are independently
hydrocarbyl, substituted hydrocarbyl, or heterocaryl.

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

trifluoromethylacetamides and bis tri (hydrocarbyl) -



The sol veR{ob@peobfe sel ective silylation reaction is preferably an

et hereal solvent such as tetrahydrofuran. 15 Alternatively,Pdiovg®8arolé ot her
sol vents such as ether or dinmethoxyethane nay be used. The tenperature at
whi ch the C(10) selective silylationis carried out is not narrowy
critical. In general, however, it isjcarried out at 0 C or greater. 20
Selective C(10) silylation reactions involving

N, O bi s(tr sn@yAylsiflydgtondd uer foceinrkde , andc N, Onbi siydAdslhy)isilyl)

trifluoroagetam re illustrated, in Reaction Schenes 6 an below. In
t hese reacgllgg%%’gc egi%,élf%étjtta&%%% Fhi BRSHSsEaFBERAY 8Ly Ydi 19 @red .at t he

25 C(10) p&srt rgrmos el0-tenaqeted dacedt shlhlilbmibesshadl oikesi ynder;$eod,

however, thg @S& [Rastd o : merely.illustrative and that
ot her %axanets:}hﬁav?qng a éC({l]%)!)Sl r %(%%?%&p?‘f‘%lﬁgﬁ@?&e,taéﬁ&‘eot her

7, 10- dP hy dMoRy Paganéss 19y 1416kl wri L huprbecsesmidevel y 30 silylated with
| nvent ?Bﬁ.“ﬁgé’ ébﬁfﬁﬁgﬁ%%%}%ﬁ%lﬁ"%%%%ﬁ@%éa*éﬁh%tT_ "SI0 VB O H
Ottt | H P PESeEs ULy Hy ks l) prifiuospacetanide.B20 BzO AcO 0
AcO O Schene 7THE EESQIit iR AGdis SHnayl Hel hbedl 81t hb 531 G- NTES HO LI
HMOS ( Catcgﬁbination with a catalytic amount of a base such as an
10 alkali 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,O-bis(trimethylsilyl)trifluorcacetamide and
N,O-bis(triethylsilyl)trifluofoacetamide 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 reactien 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.



ft::: BTHF, 0" C 1 5mM n 95%Bz 0 Ac O0 Ac O0 5 After the C(10)
hydr oxyl group of a 7, 10-di hydroxytaxane has been derivatized as descri bed
herein, th&oGemyoydr oxyl group can readily be protected oqwg%%@gw@ﬁ@
derivatized 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) hydroxyl group of a C(10)
acyl ated or silylated taxane can be achieved using any of a variety of
comon acyl.atin ents including, 15 but not limted to, substituted and
unsubstitu?%%ﬁmg%ggoxylic acid derivatives, e.g., carboxylic acid halides,
anhydri des, dicarbonates, isocyanates and hal oformates. For exanple, the
C(7) hydroxyl grolp of baccatin Ill, 10-acyl-IO0-deac tyl b¥gatin 11 or WO
99/ 09021 P $ 16 13 10-tri hydrocarbyl silyl-|Oxdeacd baccatin |11
can be sel . fed with di gegpegyl dicarbonate;—d
di car borit'e} =il or oet hyl chi or of or mat e, *bé'H
gy agent . Fsngdi¥dfal , acyl ati on

anot her co
group of a

10-DAB, i.e., 10) hydroxyl group has been acyl ated™oro

silylated, there is a 10 significant difference in the reactivity of the
remaining C (7) , C(13), and C(i) hydroxyl groups (and the C(!4) hydroxyl
group, if present). These acylation reactions nmay optionally be carried
out in the presence or absence of a base. 15 Exanples of selective CM

acyl ation of a taxane
Scheme 7

lOTES HO It
CF,— C= NTES

Ll 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, if present).

Selective C(7) Derivatization

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

baccatin III, 10-acyl-10-deacsetylbaccatin III or



havi ng an gl at ed or silylated C(10) hydroxy group are shown in Reaction

Schenmes 8 In these reaction schemes, the taxarRCTHIEATHE
sel ectively acyl ated at the C. (7) position is baccatin |11 or 20
10-triethylsi |yl-10-deace-yl baccatin Il1l. It should be wunderstood,
however, that these reaction schemesare nerely illustrative and that

t axanes having other acyl and silyl noieties at C(10) as well as other
substituenis-tainpiPeEat @e.lwanpaélatcleQ%l eha iselect iMg] be25 acyl ated

at C(7) with these and_ot aentSJn ccordance w_th the
present i nvehtfbn Ve%ﬁh@ﬁg & E 53 %9 e A1 FAEPPRAYe HOE IEHIEH2000C  HA
HO CHZCl1 sdfh@Fbdiatss. E, BZQ-AQQC&IAQ'Ge&h\&Q AH IEHBE b G ST ZA 6 14
21 D, S PETEOTRYD CRoBBTRED 6OTEHbAS 0 TESOSHEE5" § 0 OH / Ohe H
Ol111 H C 111 ~I» genérali?2@cydatbvaPof the C(7) hydroxy group of a
C(10) acylated or silylated taxane are more efficient and
more selective than are C(7) acylations of a 7,10-
dihydroxy taxane such as 10-DAB, i.e., once the C(10)
hydroxyl group has been acylated or silylated, there is a
10 significant difference in the reactivity of the remaining
C(7), C(13), and C(1l) 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 ox
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 acylating agents in

accordance with the present invention.

Scheme 8

HO!1}
CqHgCH, OCOCI

CH,Cl ,, DMAP
95%




HO = 95% HO _  BzO BzO Ac® ACO 0O 5 Schene 11 TESO TESO 0 0 / OH
7=c~(>, 0C02PNB HO0111 HO I | | ~~~~/ P- NO2CaH4CH20COCI HO CHzCI 2, DVAP,
941 HO BrQ 92109021 AcO O AcO O Alternatively, the C(7) hydrox g_lmgsrgghlﬂ“gf a
C(10) acyl ated taxane derivative can be selectively protecte usi ng any
of a variety of hydroxy protecting groups, such 10 as acetal, ketal, silyl,
and renovabl e acyl protecting groups. For exanm e, the C(7) hydroxyl group
may be silylated using any of a variét4 of conmon silylating agents
i ncluding, but not limted to, WD 99/09021 PCTIUS98/17016 15 tr
(hydrocarby@ﬁﬁﬁﬁ%*ghalides and tri (hydrocarbyl) silyl triflates. The
hydr ocar byl noi eties of these conpounds may be substituted or
unsubstitute efgrably are substituted or unsubsiéduted al kyl or
aryl. For ex /he c(7) hydroxyl(group of batcatin]lIi°can be
selectlveI(%/P igog silylatingjagents such yepzyhbsil yl

. o

chl ori de," chl oride hyl si [nd e hyl
i sopropyl silyl dlné?ﬁyr\ﬁﬁenylgllyl chlo e like. 10
I n general, acyl at ed

‘f the hrydroxy—gr oup of

taxanes are norezef f iy ;% é%Te &ive t han"@ressi Ixta{i ons of a
7, 10- di hydr oxy t axame @h as 10- DAB, i.e., once the 103 Jdy oxyl group
has been acylated, there is a significant difference in the 15 reactivity
of the remaining C(7), C(13), and C(1)

Scheme 10

TESO

HOIIL
Ac,0. CH,Cl,, DMAP

95 %

HO I HO I

P-NO,CqH, CH,OCOC

CH,Cl ,, DMAP, 94%

N
<
~
o

. 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,



hydroxyl groups (and the C(14) hydroxyl group, if present) . The C(7)

silylation ido4] My be carried out under a w de range
including in the presence or absence of an am ne base. 20
selective C(7) silylation of C(10) acylated taxanes are s

of conditions,
ExBAIE/13616
hown in Reacti on

Schemes 12 through 15. In these reaction schenmes, the taxane which is

selectively silylated at the C(7) posijtg on is baccatin I

or anot her

C(10) - acyl oxy derivative of 10- 25 deacetylbaccatin Ill. It should be
under st ood, thdweweirocaddmtl )idicsel rieati Hea aﬁbeag§(ﬁyaﬁa@gyayyﬂgﬁﬁyratlve

s, Lt scmgpes il S0 LG S S

silylating agents accord

ot her
T OMROWIHD9021

PCT/ US98/ 170& b6 =Sutrsvies k2 dAcl AnGsubbitit@Skd( Bl plde@ethbiBn3sk C He' ||

HO BzO pyri difigsr ;9600dd0 B2 hgpe 13,AcO

s (Me) 2Ph H OO 1 T 1 ,ilﬁéﬁ%ﬁqﬁﬁfgwg}k%hgf &FYHo p

Bz0 Bz0> AcOh¢ AG)o hyslrssydngronm of Obaccatin III can be
selectively silylated using silylating agents

tribenzylsilyl chloride, trimethylsilyl chlori

cO 00,/ OH -
A §FaPLl%8% HO

such as
de,

triethylsilyl chloride, dimethyl isopropylsilyl chleoride,

dimethyl phenylsilyl chloride, and the like.
10 In general, silylations of the C(7) hydro

a C(10) acylated taxanes are more efficient an

Xy group of
d more

selective than are silylations of a 7,10-dihydroxy taxane

such as 10-DAB, i.e., once the C(10) hydroxyl
been acylated, there is a significant differen

15 reactivity of the remaining C{(7), C(13), and C
hydroxyl groups (and the C(14) hydroxyl group,
present). The C(7) silylation reaction may be
out under = wide range of conditions, includin
presence or absence of an amine base.

20 Examples of selective C(7) silylation of
acylated taxanes are shown in Reaction Schemes
15. 1In these reaction schemes, the taxane whi

selectively silylated at the C(7) position is

group has
ce in the
(1)
if
carried

g in the

c(10)
12 through
ch is

baccatin III or another C(10)-acyloxy derivative of 10-

25 deacetylbaccatin III. It should be understood
' that these reaction schemes are merely illustr
that other taxanes may be selectively silylate
these and other silylating agents in accordanc

present invention.

., however,
ative and
d with

e with the



00 OH/ OSI (M) 2 Ph HCO 11 (Me) 2PhS1 CI HO pyridine , 95% HO BzO
BzO AcO 0 AcO 0 WD 99/09021 PCT/US98/17016 17 Schene 15 O0 4 00 OO
OH OS' ( WO ®mm21Hd111 ,//Hd1l1 ~~ Me) 2PhS1 CI HO PYr | dlpaweudsioti® _
BzO BzO AcO O AcOO Alternatively, the C(7) hydroxyl group of C(10)
acyl ated taxanes.can be selectively protected using any 5 of a variety of
common reagents including, but not limted to, sinple acetals, ketals and
vinyl ethers, in the presence of an Wi d catal yst. These reagents
(whet her acg&%meke al, vinyl ether or otherwise) are referred to herein
as "ketali zrn'g-averr%s" and are 10 described in "Protective Goups in
Organi ¢ Synt heS|s by T. W Geene, John Wley and Sons, 1981. The acid
cat al yst used ap organic or inorganic acid, st vh As toluenesul fonic
; //c_acid, in at least a catglytie gfount. For exanple,
the C(7) *F%W ) 48] 9Hof baccatin TIT can b i fe)Ss'Kkérati zed
using 2- 0 % Ot her suitabl e redlfent : reparation of
acetal s and keTAhs_ix p et h8A:SYFhyl -
pyridine, 98%

HO!!I
( Me) ,PhSIClI

—

pyridine, 98%

5 Scheme 14

HO Homi

(Me) ,PhSI CI

pytl dine, 95%




ether, ethyl vinyl ether, tetrahydropyran, and the |like. Selective
ketalizati woedootie C(7) substituent of a 20 C(10) acyl at edptanang 11036 Nor e
efficient and nore 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 preséﬁt) An exanpl e of selective
formation og g g#?hsketal frombaccatin Ill is illustrated in Reaction
Schene 16. be understood, however, that this reaction WO

99/ 09021 PCT/ US98/ 17016 18 schenme is merely illustrative and that other

t axanes nmay be | ectively ketalized with this andjother ketali zing

agents in ac danhce with the present inventio Sghenme 16 AcO O AcO O OCH3
OH 0 CH30 HO=Ts (CAT) HO Br o0 82 O THF, 0 CAcOp Ac OO 5 93%
Under approp iate gond?tions, the C(7) hydroxy grodp of a taxane further
conprising a ] drpxyl, group can be sel ect+Vv8a i I@@qq“) Ph
Advant age.@us spl'ylations are not #a'mted groups beari ng
10 al kyl sub @ i ng (tMan eeh Badbons or =4 gral, the C(7)
hydr oxyl group<o e C el ively s = th a silylating
agent which %g¢g des 0 q&jﬁﬁﬁL§nD?§%y wher &7y ,B" d RL are

i ndependent |y subs;gﬁd‘*‘cn unsubsti tuted hydrocar byl het er oar yl
provi ded that any substituents are other than

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

(0]

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-DABR, 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



hydr oxyl . ngf)&,o?ﬂbodi ment of the present invention, if each of R' RK
and RL is al ky en at |east one of R, Rk, and RL conpri BE¥Us%HP¥on
skeleton (i.e., carbon chain or ring(s)) having at |east four carbon
atons. Suitable 20 silylating agents include silyl halides and silyl
triflates, for exanple, tri(hydrocarbyk)silyl halides and
tri(hydrocarbyl)silyl triflates. The hydrocarbyl substituents of these
silylating sgimms rm/mels,uhﬂtlldsﬁﬂtﬁe %ﬁ&%ﬁéé%?‘ﬁ % g %éﬁf% g% y are
25 subst i tuted Qn Jnsuhst) tut cital k ary] . VD997 0902 sB8F17016
19 The sel ective si ati‘on o 1'IH ’o%yaﬁ otphefelebaléainged out
in a sol venBgeikeh las afigandarice fvartrmrnlds krdddry Ofiv@ytigdhne and in the
presence of an am ne base, such as im dazole or pyridine. Reaction 5
Schenes 17 - 20 illustrate the silylation of the C(7) hydroxy group of
10-DAB i n hf§RSfS® by treating 10-DAB with t-butyl di methyl silyl
chloride, tribenzylsilyl chloride, dinethyl-isopropylsilyl chloride, and
di met hyl phenyl sily| ghloride, respectively. Silylati on 10 u der t hese

condi ti ons wa surpifi sjag in view of the repor %IH (J. Am
Chem Soc., 198¢ / 5917) that selective for fo’DP B was
not possi,bhé& X HO O [/ OH - C 7 ol |0| ~~~~~ t -
Bu(CH3) 2S1 C a HO DVF, %#° b AcO 0 90% AcO
O Schene 18 s .
S TSOH (CAT) N
] AcO o THF;3;20°C el S

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

10 - alkyl substituents having three carbons or less.

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

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

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

25 substituted or unsubstituted alkyl or aryl.



O0 ™/ o8 CHZCBHS) 3 Hdiii HDiii ~~~ CBHSCH2) 3s1 C ~i HOI m
dazol e, DNf® MH z 0rt 3 h, 91%Bz0 Ac i3 0 Ac 0 0 WO 99/ PODR498/17016
PCT/-US98/ 17016 20 Schenme 19 HOHO 00 OHGOCS ( Me) 21 Pr Hdi HCOI |

Il ( Me).ZlI Pr SI C HOPyr I dl ne HOBzO - 10 C. 3 h, 93% BzO AcO O AcO
O Schene 20 HO HO OO0 / ™ - CS (q%) 2P h H 01111 HCOi i i ,~~~ (
Me) zPhSI C = pyr | di nel BzO 20 C, 2 h, 92% Bz0O AcO O AcO

O5 Th I d t tect th
q(7) aﬁdprc?‘igfsh?é‘%'%?%%ﬁfé? o%fwf%ﬁ% 050, KSR Branect (e

silyl proteBg¥nge §rdguped Byltsellécm-ﬁglgﬁmjpsswmchscémmdsehylarmved under
di ff erent cea&mhmra%, (t"fm&FG()7)oﬁrg9¥ﬂ&9)1n hyds oxy gLOuUps. &Qxi; f an
za ereto

separately accessed for derivati lon. These reactions
i ncrease t h8 FFEXBITS 1 P01 e TBYRRAPHS proousEl &hee - erRet omi gher yi el d

for many of Scheaeisndivi-dzal INisCting £RACEi Oftaf bALEY RO &P Vi el d
hydroxy group of 10-DAB in high yield by treating 10-DAB
with t-butyldimethylsilyl chloride, tribenzylsilyl
chloride, dimethyl-isopropylsilyl chloride, and
dimethylphenylsilyl chloride, respectively. Silylation

10 under these conditions was surprising in view of the
report by Denis, et. al. (J. Am. Chem. Soc., 1988, 110,

5917) that selective formation of 7-TBS-10-DAR was not
possible.

Scheme 17

HO
OH
HOtI
t-Bu(CH,),8ilCl
I mi dazol e
N DMF, rt, 20 h
15 AcO -0 90%

(CgHgCH,) ,SI CI

Iml dazo!l e, DMF
rt, 3 h, 81%




obtained using currently avail abl e processes. For 15 exanple, the
triethylsiw/l rotecting group is nore readily renoved from C(10) than is
the t-but yWH PR} silyl protecting group from C(7) and the PCT/US98/17016

di net hyl phenyl silyl protecting group is nore readily renoved from C(7)
than is the t-butyldinethylsilyl W 99/09021 PCT/ US98/ 17016 21 protecting
group from C(10). The preparation of /:t-

butyl di net hyl si |yl -10-tri et hyl si | yl - f0- DAB and

7-di met hyl ppengmsi 1yl - 10-t-butyl dinethylislyl-1O-DAB are illustrated in
Reaction Schenes 21 and 22. 5 Schene 21 HO TCSO 0 0 OIBS pTES / OTES H
Gl /777171 Rl // CG CGIJTES /// HO =HMC S ( Cat HO- 27 C,
THF 0 C 1C 9~y B@ ACOC O Schene 22 HOTBSO (BS O II11/// CF CNT BS

te 0O HO H= (C‘&t . ) ,0 0 THF, P.T. % AHCp 0 The net hods
di scl osggh bepUSed in 10 connect]on, a0eliler:! ot
different t AN ned fweQm PRgiWial or-s gouRCes to prepare a

wi de variety g
derivati zed.“qr%rzg

ntermediates—whi-eh may

HO ! HO!H

(Me) ,PhSI CI

pyr! di ne/ DMF
-20 "C, 2 h, 92%

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



present invention nmay be effectively used to protect the 15 C(7) and/or
C(10) hydvog9/499ncti onal group prior to the coupling react ipg@mg%){\ﬁﬁ@ a
C(13) side chain precursor and a taxane to introduce a C(13) Q am do ester
side chain, and also prior to the reactions for preparing taxanes having
alternative substituents at various 20 |ocations on the taxane nucl eus. WO
99/ 09021 PCT/ US98/ 17016 22 The attaéRment of a C(13) side chain precursor
to a taxa carried out by various known techniques. For exanple,
a side cha%ﬁ:o%cé}%%rggﬁ%pn %éo%ne(“a@pr opf P&t BF§PagB&Lcnuedd 731 act am
oxazol i ne, Htoxaiiais hnbs Ty baoA txiechgdl soxgzohibdbne gagboxylic acid

anhydri de, -Ql33inRQSRFI ,&(;f i e, may, be reacted wit tricyclic or
tetracyclic taxane haé\}l%l aélé(%};lj_?;)%;%r% g:/?’igﬁ‘é'?Eng&Sgk’ﬁdéoGPAéwﬁﬁﬁ um
oxi de substiltl¥EHrated okin Reastpoundicbemesng2a grdnkdo ester substituent at
C(13) as 10 described, for exanple, Taxol: Science and Applications, M

Suffne%s, |%ditor, CRC Press (Boca Rotan, FL) 1995, Chapter V, pages
C

97-121." Fo the synthesis of taxol from10-DAB is illustrated in
reacti on schene 23. it should be noted that while a fi-lactam and 10- DAB
are 15 used in thfs geaction schene, other side chain pFegursors and ot her

t axanes co
i nventi on.
rt 1. 5H
Bz 0 AcO O

substituted therefor without depanting flromthe present
B AHPAD 0\ Op@d ( t ) Ac20 VeptPR  H CO
( 2 (I}/g)_%F’_h%_O HO pyton ; . /HO - Bz O

LIHMDS (catr )
THF, 0 °C, 10 min 95%

.OSi(Me)an
aTES HOIH|<

CF—C=NTBS

LiHMDS (cat . 3
O THF, R.T. & h 92%

S
AcO

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

20 locations on the taxane nucleus.



(3) LHVDSw®Bes/dedis HF, pyr | dl ne ffc, AcOO 95%( t wo St?;?—?%]él g;t& OTES
OHHOHHOBz 0 Ac OO Taxol (.89%overall) WO 99/09021 P 58016
23 The process il.lustrated in Reaction Scheme 23 is significantly nore
efficient than any other currently known process, due to the high yields
and selectivity of the ceriumtrichleeride catal yzed acetyl ation of the
C(10) 5 hydroxyl group of 10-DAB and the subsequent silylation of the C(7)
hydroxyl group. Thige afyFRdimsin: ppHcaeddlrh Bode Chh&pSpﬁBdu&QQﬂ“OV_Qr all

yiel d. Reaetb@mesalR§mase 24 anbE 25.], L1 st e aration of taxanes
havi ng subgtl tuents appended to OhL 2 {C'E%; hgd%{(g?() FS&‘B FhdSa free

C(10) hydr Q51 CFPORIE T Fhe %Pﬁrfb}aabfl Pﬁecé§$p§n§uchveﬁt Ron provi des

f1exibi | i t ppproptiiattetite suthalidweas atiached texhbei§hZ) hydroxyl group
can besput sz%' ggﬁngther before or gfter attachnent of the C(13) side
chai n. RESECT 3T TEn &ifE SO0t F i ABSt he*prepafarrorasboryliaxamsdnhi ch
has been feuhd'dtmdlee a:*polserﬂernhenﬁéhei-aﬁeuélﬁaaﬁaﬂbo%aétét}z@&th a

illustrati f__t ubstituent at .t 7 ydr Qxyl group
bef or e In??g%&?ﬁ%ﬁ%&# teﬁ' aél(;%ﬁ i B3 eAG; RaV #880?(?&1‘13; F ht/ﬁeomj process
of reactiofic§ehede Pxife lABaﬂEHCbmnsm opider sedsttoudfAe TES- 16-RAB. The C(7)
ydr oxyl geBHpolscENoR vieRNeTd Sl 80 a0 L ol LBOL L E LI dazglide by

a?dl i de

treat Wlthg)fa ony ||mdazo heln ernme
subse%ent??sFeé S, WOTh GRS at TaROL wi t Hcienaet andlelzapbb.eaahonbol to
provi de 7-met BafifieBES- k&iBAME, CRC Press (Boca Rotan, FL) 1995,

Chapter V, pages 97-121. For example, the synthesis of
taxol from 10-DAB is illustrated in reaction scheme 23.
It should be noted that while a f-lactam and 10-DABR are
15 used in this reaction scheme, other side chain precursors
and other taxanes could be substituted therefor without

departing from the present invention.
Scheme 23

(1) Ac,0, CeCl,

rt, 1.5 h, 968% OS!t (Me) ,Ph

HOIU

(2) ( Me) 2PhSI Ci
pyridine, 88%

ACO o)
(3) LHMDS, Bz, o
(4) HF, pyridine f::f
AcO 95% (two steps) & o :
Ph OTES

Taxol (89% overall)



. i ] - i duce the side
Couplin ro-10- TES-10-DAB with a ,6-lactamto intro _ .
chaPn a? %%E%?ﬁ?% foll owed by removal of the TES groups atP@UB/1AHE C(2')
by treatment with HF and pyridine. WO 99/09021 24 PCT/ US98/ 17016 C m o\

[ - ' 1 %W
GZJ v t111C ri NL _ Npv T 21(12 /"] ILAIl.1 v T
E)u F ~ p nP LLG L' J ~J p~V GC'23 11110 a r1 - NN C GOC-= 11110

N~Ilp mG )
_ The process illustrated in Reaction Scheme 23 is

significantly more efficient than any other currently

known process, due to the high yields and selectivity of

the cerium trichloride catalyzed acetylation of the C(10)
5 hydroxyl group of 10-DAB and the subsequent silylation of

the C(7) hydroxyl group. The synthesis proceeds in four

steps and 8%% overall yield.

Reaction schemes 24 and 25 illustrate the

preparation of taxanes having substituents appended to

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

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

20 process of reaction scheme 7, 10-DAR 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 f-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.



-~T vC G UMW 99/09021 PCT/ US98/ 17016 25 Reaction schene 25
outlines the preparation of a taxane useful in identifying proteins which
form bioconjugates with taxanes. It illustrates a protocol for attachnent.
of a substjdsgmpbzat the C(7) hydroxyl 5 group after introdug{%ir/%gs,é; ofde
C(13) side chain. According to the pypcesses of reaction schenes and 11,
10-DAB is first converted to 7-p-nitrobenzyl oxycarbonyl- 10-TES-10O DAB. The
C(13) side chain is attached enploying' a TES protected A-lactam and the 10
p-ni trobenzyl oxycar bonyl protecting group is then selectively renoved by
treatment with hydrogen and a palladium catalyst, producing
2',10-(bis)-TES-taxotere. The C(7) hydroxyl group then reacts with
carbonyl diimdazole and the derived imdazolide is treated with 15
1,4-diam no butane to give a primary am ne. Reaction of the primary am ne
wi th the hydroxysuccinimde ester of biotin conpletes the attachnment of
the biotinamde group at C(7). Finally, treatnment with HF in pyridine
solution renoves e TES protecting groups at C(10) and C(2'). WO 99/09021
PCTI US98/ 17016 6 ~=V--S! 1110 CT wmGO=~G= LOO C LLLL
u z-= < '
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C mw 00~~-JJJ O - - 111170 aa Nm~I m ~C IVm1l~ a0 -~.110 a
C~u 'oto 111l wONmM NU CJI~ W 99/09021 PCTI US98/ 17016 27 The
protect ed Wa%aspderi vatives or the internediates or startlegﬂﬁggﬁﬁhgls
used in the preparation of such protected taxane derlvatlves can be
further nodified to provide for alternative substituents 5 at varlous
positions of the taxane. Taxanes having C(2) and/or C(4) substituents other
than benzoyl oxy and acetoxy, respectiagely, can be prepared from baccatin
[11, 10-DAB and ot her taxanes as nore fully described in PCT Patent

Appl i cati on WO 1Readt bar2scheme g2heputlinks Ch2) paepaCpst)cac oy

substi t uents; a4 ge t h88f €4 fﬁtfdéhﬁbfgﬂhelngEHEhQVQ%ﬁ@% YorpnOt her suitable
reduci ng aqgnt to. from hydrox rou
ioconjugates with taxanes It illustrates a protocol

for attachment of a substituent at the C(7) hydroxyl

5 group after introduction of the C(13) side chain.
According to the processes of reaction schemes 7 and 11,
10-DAB is first converted to 7-p-nitrobenzyloxycarbonyl-
10-TES-10-DAB. The C(13) side chain is attached
employing a TES protected B-lactam, and the

10 p-nitrobenzyloxycarbonyl protecting group is then
selectively removed by treatment with hydrogen and a
palladium catalyst, producing 2’,10-(bis)-TES-taxotere.
The C(7) hydroxyl group then reacts with carbonyl’
diimidazole and the derived imidazolide is treated with

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').



C(2) and C(4) which may then be reacted, for exanple, with carboxylic acid
hal i des (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 tH&O988PR2ed C(2) and C(4) derivatives. Taxanes havi ng-fAi998/17016
substituents other than hydroxy and aggl oxy as described herein can be
prepared from 20 baccatin |11, 10-DAB, and other taxanes as nore fully
described in PCT Patent Application WD 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(7) fluoro-substituted
t axanes can be 25 prepared by treatnent of C(13)-triethylsilyl-protected

baccatin Il with 2-chloro-1,1,2-trifluorotriethylam ne at room
tenperature in THE solution. Qther baccatin derivatives with a free C(7)
hydroxyl group behave simlarly. Aternatively, F-chloro baccatin |11 can
be 30 prepared by to. nt,of baccatin |1l w &h_: et hanesul fonyl chloride

and triethylam ne i : ene chl ol utd on| co
triethylamne Hyde gt TaxaRes havi‘hg LY~ stituents other than
keto can 35 be prep g f r'ém baccati n: ™I, 10-DAB aRd ot her taxanes as
more fully desciThed RGT Pat ent  Appi i chtion WO WO/99/ 09021

pCT/ US98/ 17016 ~ 28\-92420088. . I n general ,/ the C(9) to substituent of the
taxane i s sel ecti Vg dejuiced to yneld t correspondi ng C(9) (3-hydroxy
derivative wth a1 ydride, prefferably/ tetrabutylamoni um borohydri de
(Bu4NBH4) or triacetéxy 5 borohydr{de. TKe C(9) ,Q hydraxy derivative can
then be protected aE C(7) withea Hydroxypfot eeting/group and the C(9)
hydr oxy group can bi acyl at ed fol | 6w ng ¢he met hods =\ descri bed herein for

ai ni ng an excess of

acylation of the~ hydroxy gfoup, Al ternati '\;/el y, xyeaction of
7-prot ect ed- 9(3- hydr pxy> 10 derivative w th causes(the acetate group (or
ot her E ToT = .
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acyloxy group) to migrate fromC(10) to C(9) and the hydroxy group to
mgrate fr¥ePYPRIto C(10), thereby vyielding a 10-desacetylpatardosatiiye,
whi ch can be acyl ated as described el sewhere herein. 15 Taxanes havi ng
C(10) substituents other than hydroxy, acyloxy or protected hydroxy as
described herein may be prepared as gore fully described in PCT Patent
Application WO 94/ 15599 and ot her liférature references. For exanpl e,

t axanes havi ng e 1Pkt [ e, pr red by oxidation of
10- desacet yl taxanes:",pqL Tax%ncg;%w éﬁ%ecgérref\glg igi?g ggbg?’gt uted at C(10) can
be prepar éRUSFIISEHANAT F Gyt Ingimuxyeptadeyhesy isubbeituted taxane
with samer ipsaiiisadige offaahephavdac @ @éﬁé%esbib?Fb%Eﬁ(}EsoEQ%r pehan 25

hydr ogen aI so be dglr he starting nmateria hése conpounds
may be, for Sx&ins &° fﬁfa&&l%ﬁ%‘ﬁa% a&%ea%Eﬁrﬁ\}’él%Hﬁyspgsﬁéé@éﬂwsbaccat| n
111) whi chahasradhiesss d:icﬂncnlzﬁﬁﬁd of tHe exikagek.of yew needles (C&EN, p 36-
37, April 12, 1 a.tlve f this hy yl a ed.30 taxane_having the
various C (2) , 9198%4{))8% h@ é[i,é))( @né?%r géa CiLHERES' ofFBActi onal
groups des¢hiage deatzoyd aray &nd;cad:m:ow,epmeﬁebyluawg thhsbhydr oxyI at ed

t axane. Inﬁ%gﬂ ydyoxy. gr e [ h_t he
hydr oxy gfoup of 1()fr[%%ca%éaﬁ% l{;oﬁflort%a% ?ﬂﬂ gﬁgzgggsgont‘afcgngg 99/ 09021
PCT/ CTS98/ TRFEs fuid vielaaqmidrd nimdT oPatentmdobéicahiont 88 to a variety
of eibefsﬂr/dltjl@f fuﬂﬁtgé?{@éaﬂroé&&s @ﬁzthﬁam@ dségibQ?d herein in
connection with the C(4), C(9) and (10 stituen 5 The process

of the preSHRSHIRHERG r?q%t}'sree?\%?ﬁ gEith h%-EhéB’ar é?‘PE}hnBF‘ hydzAds ®avi ng
the fol | owargtlsty untirasleRikbdicing dgeh® £ 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) dihyaro 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



B 81311111 t] gls/ Ise 7 t -. s 814 R1R 0R4 (1) wherein 10 M
conprisegvé jumor is a metal; R is hydrogen, hydroXy, p#aisestmae

hydr oxy, or ogether with R14 orr R2 forns a carbonate; R2 is keto, -OT2,
acyl oxy, or together with R forns a carbonate; 15 R is -0OTl4 or acyl oxy;
R7 is hydrogen, hal ogen, -OI" or acyloxy; RO is hydrogen, keto, -0OrI9, or
acyl oxy; R10 is hydrogen, keto, -O2®80, or acyloxy; R' R9, and R10

i ndependent|y have the al pha or beta 20 stereochemnical configuration; R13
i s hydr ox\p4 /2068Ect edIl ygensyal ketbe ®09)oket® Gubbtigiverx3 of $h&4rr/ 3' 0-

car bonat o BED o 0R L e ThbeT 90562 58 %’%%%r?%r %‘“7‘5&??‘? ﬁrﬂ%nﬁ T14
are i ndepehtfntd~hyerey efer yahyde oWy thr & deriohyrisis: prefera - SX"
or - NXBX9;¢ X2 drsia :@a@ﬂmhygapsapéﬂdesqwmut 18 Choh Y DEa& buydky - 5 or

het er OSarylléoz.zE')Shyadnrlc%(é ar%hln nglc(a ?ngeﬂy ¥’ogc%/ rd%%lva*qx/%r C)ccaaz'[ bé/h_n be
protected at C(7) with a hydroxy protecting group and the
C(9) hydroxy group can be acylated following the methods
described herein for acylation of the C(7) hydroxy group-
Alternatively, reaction of 7-protected-9f-hydroxy

10 derivative with KH causes the acetate group (or other
acyloxy group) to migrate from C(10) to C(S9) 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 vew 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
prepafed by using this hydroxylated taxane. In addition,
the C(14) hydroxy group together with the C(1) hydroxy
group of 10-DAB can be converted to a 1,2-carbonate as



substituted hydrocarbyl, or heteroaryl; X5 is -X10, -0OX10, -SX10, -NXBX10,
or -S02X11; X6 is hydrogen, hydrocarbyl, substituted hydrocarbyl, 10

het er oar yYO WR#0¥xy protecting group, or a functional gr ouRCTHHEWBH 7016
increases the water solubility of the taxane derivative; X, 1is

hydr ocar byl , substituted hydrocarbyl, heteroaryl, or sulfhydryl protecting
group; 15 XB i s hydrogen, hydrocarby£9 or substituted hydrocarbyl; X 1is
an am no protecting group; X10 is hydrocarbyl, substituted hydrocarbyl, or
het er oar yl 4 i $4h byl it rbyl, .. erparyl,

- OX10, or d?\l%(%ﬁ%éd ?(?4%%5?%5&@%%% oﬁ%ﬂ%ﬁ%@t%t%%‘eﬁy%? ocar byl ,
or het er 0a#§FETEnOBnLtERBoFURSHIBTa Y HEEPIRS et PRHRRFIVI oM, deseribsed
substituerhsrelint he texaset(eiheridhamd he(8(7)c (4 10)s) agwh & 139)
substituentsg go;res%ond to the substituents present on baccatin Il or
10- DAB. That°P§ -RTA“Ps hydrogen, R is keto, R4 is acetoxy, R is

benzoy3 oxy, andThRlpirecepdr afy.tH midwdnemockiends, chile dmashes has a 30
structure which_di rom that of_ taxol or Taxotere(r) wth respect to
the C(13) gﬁéegggg%kggﬁgkagg(Q%ﬁaQﬁﬁah%X¥ﬁ§ %%msfbfi?éﬁﬁg For exanple, R14
may be hydsexXyctRre:may be hydroxy, -000Z2 or -0OCOOZ22 wherein Z2 is

hydr ogen, hydrocarbyl, substituted hydrocarbyl, or heteroaryl and 35 Z22

i s hydrocarbyl, substituted h drocafbyl, or heteroaryl; R4 may be hydroxy,
-000Z4 or -0COQz44 wherein WO\Q9/, /1JS98/ 17016 31 Z4 is hydrogen
hydrocarbyl, substituted hydrd€arbyk, sgr' /freteroaryl and Z44 is

hydr ocar byl , substituted Riydrocar +/sON heteroaryl; R may be hydrogen,
hydr oxy, -000Z, or -QOCOQZ" whetei sl & Wydrogen, hydrocarbyl,

R

14 R

wherein
10 M comprises ammonium or is a metal;
R, is hydrogen, hydroxy, protected hydroxy, or
together with R;, or R, forms a carbonate;
R, is keto, -0T,, acyloxy, or together with R, forms
a carbonate;
15 R, is -0OT, or acyloxy;
R, is hydrogen, halogen, -0T,, or acyloxy;
R, is hydrogen, keto, -0T,, or acyloxy;
R,, is hydrogen, keto, -0T,,, or acyloxy;
R,, Ry, and R,, independently have the alpha or beta
20 stereochemical configuration;

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

(o] (o]
| X, X4
/C\‘l \\-/2' | ~
xg s r/’3;><fTT o—
H X2 Xy

Ry; is hydrogen, -0OT,,, acyloxy, or together with R,

forms a carbonate;



5 substituted hydrocarbyl, or heteroaryl and Z" is hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl, RO may be hydrogen, hydroxy,
-000Z9 orwoO@@mZP9 wherein Z. is hydrogen, hydrocarbyl, suylsidodliafs -
hydr ocar byl , or heteroaryl and Z99 is hydrogen, 10 hydrocarbyl, substituted
hydrocarbyl, or heteroaryl, and R10 may be hydrogen, hydroxy, -0OCOZ10 or

- 0C00z1010 wherein Z10 is hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heteroaryl and Z1010 is hydrogeRQ hydrocarbyl, substituted

hydr ocar byl , or he%froaryl. 15 In a preferred enbodi ment, the taxane has
the formula OPlo & OH'7H T/l Tho OO T PR Acivderendeny lywhpdepgeR10 is
acyl, sai omdpdreonprpsotgetingegsbup hree carbon atoms or two carbon atons
and a nitrogen, o§¥ngB§0 o sulfur atom Stated another way, -OP10 is
other than acétoxy. ép éfEr%5I§€K@&0 is - (CCO RA - (CO ORB, or

- (C=0 NRc wher éi:niRAhysirsgest i thutdtbaarrhyrisubsib st vk o dyiy @esE Dy by Of

heteraaryl,, ;5éf5§¥%ggtituted hydr ocar byl conprising at |east two carbon
atons; RB and R are ‘i ndependent |y substituted or unsubstituted

hydrocarbyl . i PRAndkeapeetadaprpderalys hydrsigienut dyrdmocardylist i t ut ed
al kyl or %mﬂstfﬁﬁaédnﬁ¢@§ébgyg9ﬁ,a&{yﬁegggg%g?umg at |least two carbon
y subs

atons; and RB and.R, are indepenhdent uted or unsubstituted al kyl
or aryl. WO 99/%09851 "Bor USeB)1703%0. 32NKeXanoPher S@sheodi nent of t he

invention, the Xaxsntydesgdhe Hylir8da¥byl, substituted hydrocarbyl,
10 heteroaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative;
X, is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, or sulfhydryl protecting group;
15 Xy is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;
¥, is an amino protecting group;
X0 1s hydrocarbyl, substituted hydrocarbyl, or
heterocaryl;
20 X;; is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, -0X,,, or -NX.X,;
- %,; 1is hydrogen, hydrocarbyl, substituted
hydrocarbyl, or heterocaryl.
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, -OCOZ, or -OCOOZ,, wherein Z, is hydrogen,
hydrocarbyl, substituted hydrocarbyl, or heterocaryl and
35 2,; is hydrocarbyl, substituted hydrocarbyl, or
hetercaryl; R, may be hydroxy, -0C0OZ, or -0OCO0Z,, wherein



OPIOOOP7 HCO11 HOH Ph AcOO O (Il) wherein P7 and P10 are
independeq{,bgw@d?lstitut ed or 5 unsubstituted acyl. In this enbodi nent, P7
and P10 are "preferably different. Definitions As used hergFﬁ{USP’Hémfderms
"sel ective" and "selective derivatization" shall nean that the desired
product is 10 preferentially fornmed over any other by-product. Preferably,
the desired product is present in agplar ratio of at least 9:1 relative
to any ot her by-product and, nore preferably, is present in a nolar ratio

of at |eag; 29:Hydebgthyehyarasyreyer subdHiotited nbRddradditiqn, " Ph”
means phenyl; "Bz" ans nzoyl; ."Bn" ns_benzyl; "Ne" neans nethyl;
"Et" rreansxé%:ﬁfl-g;éry'q?ﬁpd %aﬁgi@éﬂﬁ%ﬁf‘/?g??t Bﬁubﬁ’ﬁgtul:?éu" neans
tert-butyl hydracariydns catdterlercayS’; neammt Heetlyydraided ,; Bylddsxyreans
trimethyl sLhyhy "dBS.opBans MaLtaBYSi-; ;'-CDl " ns 20 .carbonyl
di i ni dazol e;” "BOM' neans EEn%I’%ﬁyﬁetzﬁyﬁ?cgggﬁgggﬁéaﬁgdm"ar oz
di azabPcycFykfgécated midaecarbyds euliretéydany hoangyzj.dise; "LHVDS' or
"Li HVDS" nmpgasobehhi Wpdrksamahy i d a2i dea "}@QFSCM or
di et hylfo&rram' ge; “10- DAB" freans _10- desacet ]? accatin 'T?II; "Cbhz" nmeans 25
benzyl oxycaFbERPRIYLA| IRecmaKe}aﬁsh?éqir?BGiycim%m;: “PIOZ; ALan§CO0Z,,
t et rahydr oivhieaain' BOG s"RaaSohen7Z Yhoayeizbel,; subRhB's yiRans
Par a-nitrogenéél . s Troc" ans 2,2,2- trichloroethgoxycarbonyl; "EtQAc"
means et hy"Y& FS‘F@’?’H\O‘%?%G/Z?% lﬁ%/%ﬂoi% hygrogen,
10 hydrocarbyl, substituted hydrocarbyl, or heterocaryl, and
Ry, may be hydrogen, hydroxy, -0C0Z,, or -0CO0Z,,, wherein
Z,, is hydrogen, hydrocarbyl, substituted hydrocarbyl, or
hetercaryl and Z,,, is hydrogen, hydrocarbyl, substituted
hydrocarbyl, or hetercaryl.
is In a preferred embodiment, the taxane has the
formula

HO

(IA)

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

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



"THF" nmeans tetrahydrofurar.; "protected hydroxyl" neans -OP wherein P is
a hydroxyl protecting group; and "hydroxyl protecting group” includes, but
is not | WRPUPO2t o, acetals having two to ten carbons, ket aCT/Usos/i0ep t wo -5

to ten carbons, and ethers, such as nethyl, t-butyl, benzyl,
p- met hoxybenzyl , p-nitrobenzyl, allyl, trityl, nethoxymnethyl,
nmet hoxyet hoxynet hyl , et hoxyet hyl Ehoxy propyl, tetrahydropyranyl,

t etrahydrot hi opyranyl; and trial kylFSilyl ethers such as trinethylsilyl
ether, 10 triethyl ' 1 S] r, riisg ropyl silyl
ether and_t- buE@?éﬁ%t%%?ﬁ?ﬂybdéﬁégﬁ?gkgggérgﬁgégﬁigg bgﬁéoy? gCety
phenylace??ﬁ P@r%ﬁ Tono-, di-, and tri hal oacetyl such as chloroacetyl,
di chl oroacetyl, trlchloroacetyl, trifluoroacetyl; and 15 carbonates
including but not limted to al kyl_garbonates having fromone to six
carbon atons such as net hyl ,'°g-propyl, isopropyl, n-butyl, t-butyl;
i sobutyl, and n-pentyl; alk) Fbofrat es haV|ng fronlone to six carbon
atons and substituted wi k@ oy £ B8fogen 20 atons such as

2,2,2-trichloroet hoxymet hyl \g L richloroethyl; al kenyl carbonates
haV| ng fromtwo to six carbogy ato @ as vinyl and allyl; cycloal kyl
carbonat es having fromthreeHeo Slg garpon atons such as cycl opropyl,

cycl obutyl, cyclopentyl andg éhek ; vand 25 phenyl or benzyl carbonates
optionally substituted on t he i AG°W th®one or more C,_6.al koxy, or nitro.

O her  hydroxyl protectlng grouBs may be foundIn "Protective Goups in
Organic Synthesis" by T. W Geene, John Wley and Sons, 1981, and Second
Edition, Y8§T21T0 PrhandhFor &4 BACRERASHYF CoaPYyituked e@T es  descri bed

hler eig ar Qn@ﬁ@@‘um\m)fgg}ﬁyd.s ortrrlé]a@hggl ém@@ﬂﬁéﬁﬁi ng egglpqu]sl V%i of I t he
el enments carhon %ﬁﬁﬁ Y Qr%h ese noi eties include al ky al keny
'e

al kynyl , se noieties also include 35 al kyl, alkenyl,
al kynyl , and aryI moi eties substituted WO 99/ 09021 PCTI US98/ 17016

Definitions
As used herein, the terms "selective" and "selective
derivatization" shall mean that the desired product is

10 preferentially formed over any other by-product.
Preferably, the desired product is present in a molar
ratio of at least 9:1 relative to any other by-product
and, more preferably, is present in a molar ratio of at
least 20:1 relative to any other by-product.

15 In addition, "Ph" means phenyl; "Bz" means benzoyl;
"Bn" means benzyl; "Me' means methyl; "Et" means ethyl;
"iPr" means isopropyl; "tBu" and "t-Bu' means tert-butyl;
"Ac" means acetyl; "TES" means triethylsilyl; "TMS" means
trimethylsilyl; "TBS" means Me,t-BuSi-; "CDI" means

20 carbonyl diimidazole; "BOM" means benzyloxymethyl; "DBU"
means diazabicycloundecane; "DMAP" means p-dimethylamino
pyridine; "LHMDS" or "LiHMDS" means lithium
hexamethyldisilazide; "DMF" means dimethylformamide;
"10-DAB" means l0-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;



.34 with other aliphatic or cyclic hydrocarbyl groups, and include al karyl,
al kenaryl kynaryl. Preferably, these noieties conprise 1 to 20

car bon ataﬁgqmgﬁeyalkyl groups described herein are preferalG/US8{Iter

al kyl containing fromone to six carbon atons in the principal chain and
up to 20 carbon atons. They may be straight, branched chain or cyclic and
i ncl ude nethyl, ethyl, propyl, isoprgpyl, butyl, hexyl and the like. They
may be substituted with aliphatic or cyclic 10 hydrocarbyl radicals. The

al kenyl grddﬁﬁ”U@@@mﬂxﬂb&mﬁhw@rGEEr@ﬁefebabkﬁctb@m@png&gqylnggagalnlng

fromtwo th§>&Hgyg1 to 1 ring chain and up to 20 carbon
atoms. They may be g?ﬁildﬂf oﬂy%rgﬁ%géarghgcﬁlEﬁdgFﬁPFUdénéthenyl 15
propenyl, i" TSRy PTReehing gxowmt ehntlubesenput a@dno&hqlmlkga They

nmay be subﬁwttgdai\mgth c adlcals The
aliyny ggps desgklbe&ﬁhgggﬁawgr25p$%¥ Eéngxg %gEgélk it @bﬁﬁ?’nlng

from t ®o £ SAFRPRR ol g rﬁtéﬁﬁ$he5%¢hné5paﬁubhébntabd;uﬁ to 20 carbon
at ons. Thexbml b@-atamc@wb%zﬁl arﬁhﬁ@-faﬁéﬂz@?d amﬁwrdetegtgg,ayl

propynyl ut ynyl
substltuteBH&X% ali gﬂat h%§¥?¥ég¥¥W%FB¥érb?FhP§HPé§V§ psthpeyar yl

noi eti es desmmwﬁedtmmnahydxnmymanﬁlDnté~i@hy890€ﬁﬁéa?r§h9ﬁs apd i ncl ude
phenyl . Th%xjg§*¥q ngr Loyl s g@stltgted §$VE51$Hévar ous substituents

defined herein 6 Tore pretert 8gc Ef&Foaryl noieties
descr tBed éFéQQQM%ﬁy%Mﬂ|Q£h%D,cmnwﬁUmﬁbaDYlsaﬁy&aéshahlch are analogous to

aromatic Qﬁﬁngﬁﬂﬁéggréfﬁyfx%é%éﬁmgﬂwl@h?ggg éﬁBnEhg?%ﬁhg? Sghrﬁan car bon,

atons, usually ring atons, and a one
such as fufA2%Ehi® 8? %6@YIEHEF?¢¥QI|Rb°nYhéCﬁ§Vénoépymyﬁmletles may

be subst i t utoeeb-35 adi-t,h anairoeaidydacdef er oseRskt uhed-Bydrecar byl or
dichloroacetyl, trichloroacetyl, trifluorcacetyl; and

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

20 atoms such as 2,2,2-trichlorosthoxymethyl 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
consisfing 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



het er o- at om cont ai ni ng substituents with the hetero-atonms WO 99/ 09021

PCT/ US98/ 3@ d&9993p bei ng sel ected fromthe group consistingpggngb&yﬁggn,
oxygen, silicon, phosphorous, boron, sulfur, and hal ogens. Thesé

substituents include hydroxy; |ower alkoxy such as nethoxy, ethoxy,

but oxy; hal ogen such as 5 chloro or fluoro; ethers; acetals; ketals;

esters; heteroaryl such as furyl or3ughi enyl; al kanoxy; acyl; acyl oxy;
nitro; am no; and am do. The substituted hydrocarbyl nvieties described
herei n ar e “iydr etdehylaliphttiios othicpcaie hybisbaubeld giBupkthaatl | east one
at om ot her ; f .+ 1 0¢clsudi noi eties_in which a carbon
chain atonﬁ%EQQgﬁﬁégﬁﬁﬁ?%%'MAtﬁgggﬁ%%eggdagggggﬁgﬁfas EFF#Sﬁ@h?yoxygen,
silicon, phEESEoMUIECEIRT rPmBHiderl bp a0hahogen atoms. These substituents

| nci ude hydr oXy THeOwSTlc kexsiarss Che 83 bBATREREXY, 2ELNBYK e PULRYY: hal Ogen
such ag chl,oro or .fluoro; ethers; acetals; ketals; esters; heteroaryl such
I

as furyl of PHTe@HEY L GCHAARING FXOBCPREXYO At¥r e2rbani Appmandnam do. The
ﬂcé' noi gt-itfh& @Irdtridne:_ '-taalcyct]mmd rmi@t+58tee%@{Eagsonfgteﬁgte! nTﬁQ?t ﬁhg |
ydrocar byl N e r.ocar . or et er oar mpi eties. Tn_géneral,

t hey have Ifbhe%#%fanléh;ts’ %]@(/r@l'@‘in%&%i‘:( @}’G‘:YFiéﬁegi‘@vép?,luqﬁeﬁﬂéilh}’é:i s
substi t ut eetdwy lungutegiy: ut byt arbytyl hyHeepgar Aydoxie 1Dydrocar by

am no, hydmQg |t Ri0 teroaryl, 25 The ketal noieties described
herein havnel%tfﬁ’remgéé}nreﬂr'alﬁ?%ﬁntﬁ{taea%%ﬁtgxg IPREEHR39T SP°X3S wherein X31,
X32, X393 amydxofFazty) nordieardent |y hydrocarbyl, substituted hydrocarbyl or
heteroaryl noi etires.a e Myrolis PLE0RaLLY AUPSitULed YLER LG, various

substi tuents . . .
ower 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 atoﬁs, 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



35 defined herein. The ketal npieties are preferably substituted or
unsubstitg{(gzgg/?'yokyl or al kenyl, and nore preferably substituted or
unsubstituted | ower (C -C8) WD 99/09021 PCTI US98/ 17016 36 SFKYP3HAKse
ketal noieties additionally nmay enconpass sugars or substituted sugars and
i nclude ketal noieties prepared fromsugars or substituted sugars such as
gl ucose and xyl ose. Wien a ketal noigsy is incorporated 5 into a taxane of
the present invention as a C(7) hydroxy protecting group, then either X31
or X32 repbesegt selitetadxamm Mmietyrotpecaneiat in®i 6ti ascdegeni bed herein

have t he | fQryn; 1 Qﬁg% H G Ox32 X33, 15 wherein X3=, X32' and
X33 are in%%%gﬁ%éntlylr%ugycg}’o%nr Y .,Og.os%%StCP?E?%d %%‘%%ar 89 or heteroaryl
moi eti es. TRPILEF - b hRRe crilssi BudRt st dhedude tiydhexyar Lowsrsubstituents
defi ned hepgikg @Q{cgt@ﬂnmﬁq{d;gq_yll edh ce [ efl r eferably
substituted, Qr x:%’tnsubs‘:t,i tuted al Kyl %r 9}0{9& ﬁg!r:\g@,)' g%\%fégreg %Pg ‘ef 3Dl y
subst i Put eFGPTIN STt Td SRt/ (TTetB}sal k§talahesstaretal noieties

addi tional hytef@ure/lc ias S S Waks]l o&rsgﬁ§g}l§,y; egllgéhggﬁ?;aggghncl ude

acetal noieties prepared fromsugars_or substituted sugars Such as gl ucose

and xyl ose2VHERYdn SdeiHl 3Ry 323 @M R3eorporated into a taxane of the
present inventi Oheasukes Gt < diydyoPaebelt hole @l OsindeBeAbElt her X31 or
denot ca. cotparnts St At BRI ARG L Rt v RRE RGBS fng of the
30 ri A powithors Siea@t Igreiatom 19chd¥ than carbon and hydrogen,
including moieties in which a carbon chain atom is
substituted with a hetero atom such as nitrogen, oxygen,
silicon, phosphorous, boron, sulfur, or a halogen atom.
These substituents include hydroxy; lower alkoxy such as
15 methoxy, ethoxy, butoxy; halcgen such as chloro or
fluoro; ethers; acetals; ketals; esters; heteroaryl such
as furyl or thienyl; alkanoxy; acyl; acyloxy; nitro;
amino; and amido.
The acyl moieties and the acyloxy moieties described
20 herein contain hydrocarbyl, substituted hydrocarbyl or
heterocaryl 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 heteroaryl. '

25 The ketal moieties described herein have the general
formula
OX:!".
X3 -Cc-0x32
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;)



1 3:A1 1 7 WD 99/09021 PCTI US98/ 17016 37 The foll owi ng exanpl es
illustrate the invention. Exanple 1 A Selective acylation of a C(10)
hydroxyl ¥%UF992]] 0- Cchz- 10- DAB. To a sol ution of 10- DAB ( 30PamUS$B/1001655
mmol) in THE (1 nmlL) at roomtenperature was added dibenzyl pyrocarbonate
(320 nmg, 1.1 mmol, 20 equiv) under N2. The reaction m xture was stirred at
roomtenperature for 24 h. EtOAc (10.nL) was added, and the sol ution was
quickly filtered through a short colufmm of silica gel. 10 The silica gel

was washedayki-ih Et©Aesc1RQr0h) & s concentrated under
reduced press%re The re5|duem\/?/?ils%dC uérglefld%% Or?afri TR i CHBIaL ogr aphy

using Et Cﬁ‘dgaﬁﬁxaﬁe§uP§t}Fu§§dt r%l%ﬂﬁﬁarﬂndandlqimct&j ket ahous etiees ni ght to

gi ve 10-chzrdPabAB dsom s0bAkkess Séﬂﬂé’cltjcé ’\\%i 98(330-13;" S

205- 206 C; C13, c.= 41) 5 N

(s, 3 H, n%g‘%ggé afg( C'f@sﬁ N@’f@ﬂ mpigty . mlnqomrsat@dH

Me19) SOl%I) shtdda Saxabd. Bf taegprks%dﬂz,lnbnu,tlldﬁp)as 2. O04)d ki ’é’(

H 13- 8 H. 2Q Mel8).,, 2. 28 3H4Ac 0m2H
Hl4a, H14bL))gOQ &gén%dqrgfug'ﬁi’eﬁze ME%’-’ 2?‘-30%’-' i3 SSDEGBEH‘C% trh&4 7

6.6 Hz, 1 FBX3BR)MOistys (d, J = 6.9 Hz, 1 H H3) , 4.19 (d, J = 8.6 Hz, 1
H H2Cb), 4.31(¢hpel , 4 44 (ddd._J=10. 9, 6.6
4 1 H, 1 H'ﬂ ﬁ?acega@ ‘I{_‘@le% HS %%)"3‘)‘3 A DGR TR 9‘%‘ 2.3 Hz, 1 H,
H5), 5.23(FEngral EQrTua H CHH oC (O) , 5.26(d, J = 12.1, 1 H, CHH OC
(O) 20 5.65(d, J =6.9 Hz, 1 H igm, 6.19(s, 1 H HL0) 7.35-7.44(m 5 H,
PhCH2O), 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 g-c-®x24(d, J = 8.1, 1.0 Hz, 2 H, benzoate,
0) ppm 13C NWR (75 Mz, CDC13) § 9.1(Me(19)), 15.3(Me(18) 20.7(4-Ac),
22.3, 26.7(Mel6, Mel7), 35.5(C(6)K> 38.6(C(14)), 42.5(0(15)), 46.1(0(3)),
58.7(C(8)),

15  wherein X**, X* and X** are independently hydrocarbyl,
substituted hydrocarbyl or heterocaryl 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 oOr substituted sugars and include
acetal moieties prepared from sugars or substituted
sugars such as glucose and xylose. When an acetal moiety

25 is incorporated into a taxane of the present invention as
a C(7) hydroxy protecting group, then either X3! or x3?
represents the taxane moiety.

The term "taxane" as used herein, denotes compounds
_ containing the A, B and C rings (with numbering of the
30 ring positions shown herein):




67. 9 (C(l(ég 70.5 (OCH2Ph) , 72.2, 75.0, 76.5 (C(7) , C(2) , 35

C(20)) 9888211 (C(1), C(10)), 80.9(C(4)), 84.5(C(5)), VECOTRERITRIS

PCTI US98/ 17016 38 128.6, 128.8, 129.7, 130.3, 131.9, 133.8(0OCH2Ph,
benzoate), 135.1(C(11)), 147.5(C(12)), 155.6(0C(O O, J.67.4(benzoate) |,
171.0(4-Ac), 204.7 (C (9)) ppm Analy, Calcd for C37H42012 1/2H2C C,

64.62; H 6.30. Found: C, 5 64.34; H, 6.31. 10-Alloc-10-DAB. To a solution

of 10-DAB (30 mgne @oqa%m%)emfﬁlé% (153 24 £ 00 tepEaL e ves added

di al 'yl pyrocarbonate ( , 40 eqU|v he reaction
m xture was stirred at roomtenperature 10 for 48 h. TLC anal ysis indicated
the presence of the desired pro¢ughpaj ng wth unreacted staring material .

Short ol ulm of SLPP e d Y Ron 5 o el bl GASHEH FFERBEL A (100 )
, and the 15 SOIll@t—ICWZ-\IHB-m.Cemdaie!leﬂfteoﬂiEGfle@-m psioidged by flash
1 vacho 1§ ogar RREMY W Rt ) G B e -ra%%%‘%ﬁ%‘éi”és]e?ﬁ Nield,
23 ny (67081be5%yat Dmx@ccaﬁh@rasna)n 330 7@D) . 1 Themmaekovad eeqd v DABnd8r20 ny
(300) . 10NL! oend O DUEK 16R_ 204203 Qas[%x gg Ll 03%3§en&=%ﬁ§% 1H NWR
1-0H), 1.68€%, 2% A BEAC 11Q371(Idddva% addedy and the 2sqalwgion ‘HaSHGb)
2 05(d, J guickikz£ilthRreB-tBough @B(ghod: =cd1¥mn o, s:@ﬁlé@lgél 2.28(s, 3
2. 57(@5) iy %ml?caggéi 14‘%‘%% o Mlﬁi‘ea‘?to%csé’(%o MLk, 73@51Hs‘:hgf)H H3),
4.16(d, JsolBitios Was kdfcdirfited uhdsd fdduded Prdsdiirel HrhkR0a) , 4
O PO, rfaﬁm@ﬂ%“@?l%‘mg poiebngdiodnagnyuding o
5.32(dd, JE£ORg:4hexapay (1:H a<CRUMeCGHGM20Y, aB8d 4 deld In=vazud, 1.2 Hz, 1
H, overnight to give 10-cbz-10-DAB as a colorless solid:
15 yield, 37 mg (98%). mp 205-206 °C; [aly, -63° (CHCl,, c =
0.41); 'H NMR (400 MHz, CDC1,) & 1.11(s, 3 H, Mel7),
1.13(s, 3 H, Mel6), 1.58(s, 1 H, 1-OH), 1.71(s, 3 H,
Mel9), 1.89(ddd, J = 14.7, 10.9, 2.3 Hz, 1 H, Héb),
2.00(d, J = 5.1 Hz, 1 H, 13-OH), 2.08(d, J = 1.0, 3 H,
20  Mel8), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hida, H14b),
2.43(d, J = 4.1 Hz, 1 H, 7-OH), 2.58(ddd, J = 14.7, 9.6,
6.6 Hz, 1 H, Héa), 3.88(d, J = 6.9 Hz, 1 H, H3), 4.19(d,
J = 8.6 Hz, 1 H, H20b), ¢.31(d, J = 8.6 Hz, 1 H, H20a),
4(ddd, J = 10.9, 6.6, 4.1 Hz, 1 H, E7), 4.89(m, 1 H,
25  H13), 4.98(dd, J = 9.6, 2.3 Hz, 1 H, PS), 5.23(d, J =
12.1, 1 H, CHH'OC(O)), 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. *3C

NMR (75 MHz, CDC1,) & 9.1(Me(19)), 15.3(Me(18)),
20.7(4~-Ac), 22.3, 26.7(Mel6, Mel7), 35.5(C(6)),
38.6(C(14)), 42.5(C(15)), 46.1(C(3)), 58.7(C(8)),

67.9(C(13)), 70.5(0OCH,Ph), 72.2, 75.0, 76.5(C(7), C(2),
35 c(20)), 79.0, 79.1 (C(1), C(10)), 80.9(C(4)), 84.5(C(5)),



CHH =CHCH20) , 5.63 (d, J = 7.0 Hz, 1 H H2) , 5.98 (ddt, J = 17.2, 10. 4,
5. 9 Hz, WO $9/09@H =CHCH2O) , 6.16 (s, 1 H, H10) , 35 7.6%5% J = 8.1,
7.5 Hz, 2 H, benzoate, nm) , 7.60 (tt, J = WD 99/09021 PCTI 86 39
7.5, 1.2. H., 1 H benzoate, p) , 8.11 (d, J = 8.1, 1.2 Hz, 2 H,
benzoate, o) ppm .13C NWR (75 MHz, CDC13) 6 9.1(Me(19)), 15.3(Me(18)),
20.7(4-Ac), 22.3, 26.7(Mel6, Mel7),385.5(C(6)), 38.6(C(14)), 42.5(C(15)),
46.1(C(3)) 8. )) .. .67.9(C(13)), 69.3( CH2=CHCH2O), 72.1, 75.0,
76-5(0(7),16?2?,' %%% 790, #901(0( 1331 10033 - 8 BOCH(RE4) ), 84.5(C(5)),
119. 6( CH2=lopEER ey &) 128.38,. 1129117, ) , 130 -3, .8 \( bepwzo .4, 131.9
S 4000 | OEE5e B ol

(C|-|2:CI-|CHZ§_%-7'C£%E,HI€23&(J§}’7, }g&($ (%%) ,) p%QSfJ? 4 4

(benzoate) 10°170.9 - Nfal9) J@pred fawall33H40012: C,
63.05; H, ©243d Feun@:Hi062. T72H)G: 604864 Bs2 Sehect i ¥6. asyhagi op of a C(10)
hydr oxyl gsoups usiznge .3ACL2: baccatin Il11. To a solution of 10-DAB (100 ny,
15 0.184 nmml) in THE (6 nL) at roomtenperature was added a m xture of
acetic anhydride (6.5 nL) and zZnCl2/ THE solution (0.5 M 726 nm., 0.368
mol , 2 equiv) L0dRIINZ-10Thageagl @n J4 J irred . at room
tenperaturg 6§.r é?\? 'The& i__h«? reatglt %onégr%%t;ifﬁle\gﬁsasl%;itfpﬁee@a%q% Et OAc 20
(100 m L), nashe@ Rt h18af B af & d™heuédu S IRHCETDeglatimn watGdded), brine.
The organididllet pmsodeirbdnaver (38828@4, 2CONGRRAN aled elﬁr?ﬂfif) rgdyced

mat 0g

pressure. yhe kgs rified by flash colum chromat rapegfusi ng
Et OAc:  hexanes (1:1) as %hgﬁjléf%‘t ‘é%ﬁ 8FtE8ef nav a¥aemt segbervaksriaccatin

111 as®a cdotoré®sh- sofle: aphdydis100digate30khe MRre2dfc23®:Crde (ref
236- 238 C dlei)red [8F 6 4 .c.. = 0.45). (ref Jal,) -54, CH3OH) ; 1H
VR (400 Nz ?Dg:l%)oglgci %%%%B‘*?fﬁ?l Héﬁre&‘:tﬁ@l(f)t?rfg’@l(T?,teflﬁ,l 1-0H),
1.67(s, 3 °12Me19Y, ") 6¥padaddgd=s 2ad7 £he0seluibnHmasl gdickeh) . 30
2.05(d, J HBdrdd, thrbughda Gbhor? 0808mnd ol VBB ged 240, 3 H 10-A0).,
2.28(s, 3 1168 Ye1 %80 (Meked with Eroac (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; laly -81° (CHCL,,
c =0.53); *H NMR (400 MHz, CDCl;) 6 1.11(s, 3 H, Mel7),
1.12(s, 3 H, Mel6), 1.60(s, 12 H, 1-OH), 1.69(s, 3 H,
Mel9), 1.87(ddd, J = 14.7, 11.0, 2.1 Hz, 1 H, Héb) ,
2.05(d, J = 5.1 Hz, 1 H, 13-CH), 2.08(d, J = 1.2, 3 H,
25 Mel8), 2.28(s, 3 H, 4-Ac), 2.29(m, 2 H, Hl4a, Hi4b),
2.47(d, J = 4.2 Hz, 1 H, 7-OH), 2.57(ddd, J = 14.7, 5.6,
6.7 Hz, 1 H, Héa), 3.86(d, J = 7.0 Hz, 1 H, H3), 4.16(d;
J = 8.4 Hz, 1 H, H20b), 4.31(d, J = 8.4 Hz, 1 H, H20a),
4.4.4(ddd, J =11.0, 6.7, 4.2 Hz, 1 H, H7), 4.70(br &, J =
>
S

30 -9 Hz, 2 H, CHH'=CHCHO), 4.90(m, 1 H, H13), 4.97(dd, J =

.6, 2.1 Hz, 1 H, H5), 5.32(d4, 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, JT =



Hl4a, Hl4b), 2. 47(d J 4 2 Hz, 1 H 7-OH), 2.57(ddd, J 14.7, 9.4, 6.7 Hz,

1 H Hea 7. 1H H3) , 4.16 (d, J = 8. H20b)
. 4.31 (23”0?9’%%9 35 1 H H2CR), 4.47(ddd, J = 10.9, %8%593}‘%

H H7), WD 99/ 09021 PCT/U898/17016 40 4.90(m 1 H, HL3), 4.99(dd, J 9.4,
2.1 Hz, 1 H H5), 5.63(d, J =7.0 Hz, 1 H H2), 6.33(s, 1 H H10), 7.48(dd,
J=7.8 7.8 Hz, 2 H benzoate, n,3¢.61(dd, J =7.8, 7.4 Hz, 1 H,
benzoate, p), 8.11(d, J = 7.4 Hz, 2 H, benzoate, 5 o)ppm 13C NVR (100 M-z,
CDC13) 6 9.4,(Ne 2 H))) 1 H,1DA{MAd8) )p) 208 91:4(@@ J1e- 6(;1,, 2226H227. O( Me16,

gglgqus%%(ﬁﬂ’} O%B%%% 376145 r@x%(%%)d@ @%3 &Zg?jﬁ(qs)),

.79.1(C(1)9). 1%—@(%2(4) )15 84(»@(@(%))», 20.108-5c) 129243 ,136. 7,(Me16,

133. 7( benzpat 1 12 0.7,
171.3( 18nAc 7?) AC %ﬁé( %())3 i §4Pﬁ 4 ]%S‘g(g}%ﬁ ?en%gaﬁs 3}rZ
sol utifon & -7t (1%76%@ ng%ﬂ |(HF2‘HQI§%OM) 73t- lnodh- toerrperat ure

vas )15 ag;cbgc_t@cm%g:@ f)f @M@E)‘Sagﬁ% @,a*ggyﬂicﬁﬁ (igalg I1623 rrm_ol) 78
equi v) an n sol_u : : : ol , equiv) via a
syringe urifer’ ﬁg 4} Phe %%&c&qgﬁr} ) m%%%r@?%f%q%fjgd a28r-Somteémder at ure for
5 h. The 13dad, arB3v &tharezoese PPULBD. 4 Nt DI A, 9 ®H L+ ECH, 06t Q410300 20 nl)
and sat urat ( The rgani c layer was
separ at edal‘l%dga{]#gloﬂcfueou:’sa I4ags/ée)(JF.l(](\r)/\liacgP e%g %dn t’OAc (100 nmix3). The
organitc sdltidh -Awls, cibihed (9 df peu. ovAnaNaZS@s:df EbtreCed, and C,
concentrated dg\d reduceds su(r:e 12lﬂ'h%[eﬁl dgeypas 25 purified by flash

col utm chronat ography usi ng exanés (1:1) as the eluent and dried
overnight in vacuo to give 10 chI oro-acetyl-10-DAB as a colorless solid:

yield, 123 ng éé&%ﬁtlvéWh%?ﬂa@E@hcbgeﬁ Ck§§§ghy§§o&§ﬁO§QounCuslgg45) , 'H
NVR (400 MHz, GIXdB): 6 H,
baccatin ITI. 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,S0,, concentrated under reduced pressure. The residue
was purified by flash column chromatography using EtOAc:
hexanes (1:1) as the eluent and dried in vacuo to give

25 baccatin III as a colorless solid: yield, 100 mg (93%).
mp 237-238 °C dec (ref 236-238 °C dec); [al, -63° (CH,OH, c
- 0.45) (ref [o), -54°, CHOH); *H NMR (400 MHz, CDCl,) &
1.11(s, 6 H, Mels, Mel7), 1.61l(s, 1 H, 1-CH), 1.67(s, 3
H, Mel9), 1.87(ddd, J = 14.7, 10.8, 2.1 Hz, 1 H, HeEb),

30 2.05(d, J = 3.8 Hz, 1 H, 13-OH), 2.05(s, 3 H, Mel8),
2.24(5; 3 H, 10-Ac), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H,
Hl4a, Hi4b), 2.47(4d, T = ¢.2 Hz, 1 E, 7-0H), 2.57(ddd, J
= 14.7, 9.4, 6.7 Hz, 1 H, Hé6a), 3.89(d, J = 7.0 Hz, 1 H,
H3), 4.16(d, J = 8.4 Hz, 1 H, H20b), 4.31(d, J = B.4 Hz,

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



30 1.12(s, 3 H, Mel6), 1.63(s, 1 H 1-OH), 1.69(s, 3 H Me19),' 1.89 (ddd,
J = 14.6 wisomeed. 1 Hz, 1 H Heb) , 2.07 (d, J = 5.2 Hz, IpcrbyudsanSih .

2.00 (d, J = 1.2, 3 H Ml18), 2.12(d, J = 4.5 Hz, 1 H, 7-0H), 2.29(s, 3 H,
4-Ac), 2.30 (m 2 H, Hlda, Hl4b) , 2.58 (ddd, J = 14.6, 9.7, 35 6.7 Hz, 1
Hea), 3.88(d, J = 7.0 Hz, 1 H H3), 4.16(d, WO 99/09021 PCT/ US98/ 17016
4108 .3 He LH H20b) | 427( Os, 2 H ClLCH2) , 4.31 (d, J 8.3 Hz,
1 H H20a), 44(gd§,H%—109 745H21HH7)490m1H HL3) ,
4.98(dd, J ~9%‘“? 13} 14 -9%0d, 5 g4 Y. Rl AD R ELHE) ) | 6. 41
(s, 1 H, I—11063 d5 :r 49. 0dHz, JrH? H29, & 43?HZS 21"111 t;grmoatve 4emdd 7. 61

tt, J = 7. H, t 11 = 7.9,

E)enzoate, %) ppm 1 C Nﬁ%ﬁ %a g ('9 ?\?e(czcw):) 185'. 37 (‘Me (18).)
, 20.6 (4-Be) 1 B2 aenz@aze(,l\/@% 8.NRLB), ,J 35 'B({I(Rﬁz)) 2 38, EeHAMR e,

40. 5( @ CH2 6(s 5 .. £8.0(C(13)), 72.0,

1 St e, il RGO (G )
128.8, 12917 612’3@ 38) 13328( Bdizdar e} 0 -Ar31. 82(2:(6.1):;7 OLME 1 .CM2 ), 167. 4,

ol 1(5 Csc'fﬂl_g(?%)(@(s)benzgatﬁb 141)3 %2(4r/c\,0()15|2)2 4°(lqc9(83))£ppm na al . c

| 0- Pr oni onyP: ﬁég%ﬂ?) TB8a °§5I &13| dn dR -20- BAB Q4776 Ry, 16.08E ol ) in THF.
(2 nl) at copm tewperat aneowas 7addad @) xtal e of (Hr)opigani=(@ydr i de

anhy de ) a / ution (0 5 350 0.173 ol , 2
equi v [d und%ﬁang %gg ?éai? ﬁ m-‘[LStBu glqlvélé G55k edt @L enper at ure for:
14 h. Thenléhe3(6atei dn ﬂnoﬂt Ur(amzsatdi)|, utled Wi t LBt GA(CLC(-EE:D MIac) ,
exhausti veby, washed) i, %) saturated agueous NaHOOB sol ution (50 mix3),

brine. The 25 organic ayer was dried over Na2SO41 concentrated under
reduced pressure. The residue was purified by flash colum chronat ography

using Et OAc: hexgneslblokleds t-he-ralpuentrand &iigd dh JaGun fa gi ve
10- prop|0n¥|-lomDABoa21 mmol) in THF (3 mL) at room temperature w
g. emg re was
15 added a mixture of chloroacetic anhydride (2.8 g, 16.3
mmol, 78 equiv) and 2nCl,/ THF solution (0.5 M, 0.85 miL,
0.42 mmol, 2 equiv) via a syringe ﬁnder 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 aqueous layer was
extracted with EtOAc (100 mLx3). The organic solution
was combined, dried over Na,S0,, 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:
yvield, 123 mg (93%). mp 231-233 °C dec; lalg, -66° (EtOAC,
c = 0.45); 'H NMR (400 MHz, CDCl,) & 1.11(s, 3 H, Mel7),
30 1.12(s, 3 H, Mels), 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, H6Db),
2.07(d, J = 5.2 Hz, 1 H, 13-0OH), 2.08(d4, J = 1.2, 3 H,
Mel18), 2.12(d, J = 4.5 Hz, 1 H, 7-OH), 2.29(s, 3 H,
4-Ac), 2.30(m, 2 H, Hl4a, H14b), 2.58(ddd, J = 14.6, 9.7,
35 6.7 Hz, 1 H, Héa), 3.88(d, J = 7.0 Hz, 1 H, H3), 4.16(4d,



a white solid: yield, 48 my (930). np 212-213 C dec; 30 [a] H9 -96 (CHCL31
c = 0.78)wo3bloddyR (400 Mz, CDC13) 6 1.11 (s, 6 H,  Mel6, 4 (1.
J=7.6H, 3H CGBAR) , 1.60 (s, 1 H 1-O4 , 1.67 (s, I\%]r@sgﬁ/e%%g
1.87 (ddd, J = 14.7, 10.9. 2.2 Hz, 1 H Heb), 2.05(d, J = 5.1 Hz,

13-OH), 2.06(d, J = 1.3 Hz, 3 H Me18), 2.28(s, 3 H 35 4-Ac), 2. 30(d g
7.5 Hz, 2 H, Hlda, Hl4b), 2.51(4, J 42 WD 99/09021 PCT/ US98/ 17016 42 4 .1
e, 1H 7-OH) L 2.55 (q, = 7.6 H, 2HCHSCHZ),257(ddd J = 14.7,
9.5, 6.7 Hz,=18+F F@a): .9 oBeEb)J <. 26, Gz, 12+Hg I€3I)CH24 16(dd,(d)] 3 8. 4,
0.8 He, 144 om 14431 =,8 1 H_ 8(,d , 10.9,
6.7, 5 4.1 H 1), Qdoa?m‘lf% Iazﬁifig) s ?d &1 (4 ?H% *

H, H5), 5%3(%7’0 L 9ging Ry H, 1HY3) by - 983.<334?(,st 9H7,HJ;0)1 H?z487(d!di, J =
8.1, 7.4 Hs) 2 #, sbeﬁzoate 70, Hz? 861Gt w2} =6 41 & 3 Ha, HJid) benzoate,

P) ., 1(

8. , 13C NWR (75 MHz, 10
CDC13)E;L6 8’ 84(%‘—%%14 %rvekﬁlé) fiz'g enzﬁ/&(‘-i@) O)terzg’ 7'(47@)“:*(2:2 3 =26. 8,
4212; if( é(l\/gl)gﬂ .4p1Y, BCHISCHZ) H, baﬁgsi(:ace)p . 83817EH( ) 7 4%6@{3%(6(1;%) c(2)
C (10) , (}50)5'?‘33&%@% ofi)?g{“ (M)‘%&i@(q 3611’ f5 128.7, 129.7,"

130. 3, 1339 e zbail &), 1532@@ m ), 2004645000 12)22 . 3,6 ReA(benzmat e) ,
170 9, 174,,@14, Ac3s . 8Qc@69) 0)38293(:31(49 (9)4)0 %p(@&céggl 4?%38 éagr C32H40011
cy

el ec |€;tIOI’l of a

C(lO)l%ydr‘b%(y? S?%hb'uéﬁnﬁ‘cié ) Lo CE8:- Odé-“n(é-r%l pri@cddur’s - 0o a sol ution of
10- DAB i n 7815 (€ 29) pricpen , mavhopf, £Q2AB), under(d\3 was g@fdec %:-)QB and the

appropriate, a pyrocarbgnat e (am)unts s eC|f|ed in ble 1). The
reaction &t%?éég%}ag s?%?r’éd E%‘g gt' 250G rand SmoniRSBERRYR) TLC anal ysi s.
When that 13ha8 y€i31) hdi carved (cdopl et e reemat,i s 7 .t7 (TLcepecodf bed in
benzoate),_171.0(4-Ac), 203.7(C(9))ppm. Anal. Calcd 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 (0.3 M, 350 mL, 0.173 mmol, 2
- equiv) under N,. The reaction mixture was stirred at room
temperature for 14 h. Then the reaction mixture was
diluted with EtOAc (150 mL), exhaustively washed with
saturated aqueous NaHCO, solution (50 mLx3), brine. The
25 organic layer was dried over Na,S0,, 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 @]y, -96° (CHCl,, ¢ = 0.78);’H NMR (400 MHz, CDCl,) &
1.11(s, 6 H, Mel6, Mel7), 1.24(c, J = 7.6 Hz, 3 H,
CH,CH,), 1.60(s, 1 H, 1-0OH), 1.67(s, 3 H, Mels), 1.87(ddd,
J=14.7, 10.9, 2.2 Hz, 1 H, Héb), 2.05(d, J = 5.1 Hz, 1
H, 13-0OH), 2.06(d, J = 1.3 Hz, 3 H, Mel8), 2.28(s, 3 H,
35 4-Ac), 2.30(d, J = 7.5 Hz, 2 H, Hl4a, H1l4b), 2.51(4, J



Table 1), bl}gogﬁgction m xture was diluted with Et OAc and washed three
times witWOSAS ted agueous sodi um bicarbonate sol ution. BREUEWAH0ed

bi car bonat e washi.ngs 30 were extracted three tinmes with Et OAc; the organi-c
| ayers were conbined and dried over sodiumsulfate, and the solvent was
evaporated. The crude product was puy4fied by flash colum chronatography.
Further purification, if necessary, was carried out by recrystallization

from 35 EtoAc/ Hexanex, V\@-@ﬁé ogazgmazil WUSQB/170%6, 43 ahke iy y CeCl3
T

catal yzed ac - DAB 20, CeCl 3 '10- DAB 10 Ac | - 1 0- DAB
THF, RT En:? %’@éd?eq? Tecis’e )5 7(H‘r2) Yi éfd H43) ,531%%0? 9.1 1.5 91

2 Plr (10) .3 azlomlpg Hpy g 48)1.6(141];1 45.1@(() 1404 dbngl(}%) 913 2 2 %CHCHZO -
CycCl opro

o?/ - E 92”‘ 8%% (8 09123ii CL 99%%% 41‘%8%9 d1¢ t=Bu’<9(%0)6077 24 94
15 11 BnO 43} Bz7 1 ¥ HID,-buSOymyl 1- H,0 BIDAB. aqpaldhi 149 2 G .£0!]

- 86. 6' 3 H 00 3) 5 1 , 7 62
(i m e f“ZZSI;‘) He b SR QIS s SEE) S 2 #éé?s

(1H, d, J 5. 7%39) 68 (gdH Tny, 820 4748 @EpH, 2nH, bergdogtidd, m), J 8. 3Hz)
4.18 (1H, 1,63 ( t8 3b‘|2,1-7 8 91. éltiz 1 &, 7 Hdieoa &6%) A?if‘l%d,ss (i dad,

2.36-2.26 (2 3H, 2.06 (3H d
J 1. 9, 10é 59 13: 6H§? §£‘ ebﬁg‘ﬁoaﬁ& OJ(PPMszc NMESS((SHMHZ) | 1.12 (6H,

S) anxb 1. OQD(::B;—] d 8J8(CHCH2), 9.2(Me(19)), 15.2(Me(18)),
20.7(4-Ac), 22.3, 26.8, 27.4(Mel6, Mel7, CH,CH,),
35.5(C(6)), 38.7(C(14)), 42.6(C(15)), 46.1(C(3)),
58.7(C(8)), 67.9(C(13)), 72.3, 75.1, 76.1, 76.5(C(7),
c(2), c(10), C(20)), 79.1(C(1)), BO.9(C(4)), B4.5(C(53)),

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 C,;H,0,: C,
63.99; H, 6.71. Found: C, 63.81; H, 6.80.

C. Selective acylation of a C(10) hydroxyl group using
20 CeCl,:
General procedure: To a solution of 10-DAB in THF
(20 mL per mmol of 10-DAB) under N, was added CeCl, and
the apDronrlate 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 EtOaAc 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.



25 7.4Hz); 130 NWMR (100MHz, CDC13) 5 204.2, 173.9, 170.6, 167.1, 146.2,
133.7, 133v0994®011, 129.4, 128.6, 84.5, 88.9, 79.1, 76.5, pE@m@gs/HmO
72.3, 68.0, 58.8,- 46.2, 42.7, 38.7, 37.1, 36.2, 35.6, 30.6, 27/.0, ,
20.9, 18.4, 17.8, 15.5and 9 . 4 ; Anal. Cal cd . for C33H920, 1 : C, 30
64.48; H, 6.89 Found: C, 63.67; H, 7.01. WD 99/09021 PCTI US98/17016 44
10-i sobutyryl -1 O-DAB. trip 143 'C, [4PHg -62.6' (CHCL3, c=0.075) : 1H NMR
(CDC13, 500MHz) 8.12 (2H, d, J 7.3Hz), 7.62 (IH, m), 7.51-7.48 (2H m,
6.33 (1H, s), 5.65 (1H, d, J 7.3Hz), 5.00 (1H, d, J 7.9Hz), 4.91 (1H 5

m, 4.48 (lH dﬂdblé 4.3¢CeB17, cdtal{klél ac§l§é16ﬁH°fdaolDA§ 6Hz) , 4.18
(IH, d, J 8 6Hz 3.91 (1H, d, J 7 Hz ). 4 (1H, pent, J 6.7Hz),

2.57 (1H, —T—A3T 4o¢\Tﬁ,=|=r)=z—e@%%(=3+¢,=E) , 2.06
(3H, s) . P.01 (1H d, J 5(668),0.1c061 {1H, ddd, J 2.3, 11.0, 1} 6Hz), 10 1
..68 (3H, k) , 1.60 (14,°49 T h DL I3 TS)o- Ack1 380 BH, d, J 6| 7Hz) , 1.26
(3H, d, J §.7Hz) |, 1 13 (3H s) and 1.12 (3H, s) 13C NI\/R(lOO , CDC13)

6 204.1, 1|f1~n§+ 170.6, 167 T26. 2, 1337, +—130—+—429—, 128.6,
95.5, 84.5 Y9 70 £ %9 57582 (gq) 7df1me GF)n_Weig (sx6l2, 15 42. 7,
38.7, 35.6 3& 1, 27.0ye 2306, 20.9, 1%.2, 18.7,1.35.5 and ¢9. 4; fnal . Cal cd.
for C33H42(119. 5H20: . H 6 9_Found: C. 63, 05, H_6.7p.
10- benzoy| 1OQDAB 'HCPNl\/Fﬁ?éDClS : ): 6 8°15-8.11 % nf, 7.64-7.6
(2H, m), 7]5237.48 (4HP*nj19)20 6.62 (MHl s) , 5475(1H, d,1e 7.1Hz) , 5.02
(IH d, Jf.7&z), 4.94e{ L)), 4.57 (o1, ddd, %4. 4, 7. 394 11. pHz), 4.33
(1H d, J [B. 2kE), 8. 3Hz 399(1H d, J 6.6Hz)|| 2.62 (1H,
. 9%, é" ey ’§5q i« ‘%"’*4 4rz) 2°-% 35 (2H%m) |2 .30 (3H
s) X 3013 | 3H d, J MEOy-gH (1PP-|z) , 2 ®31(1H, d, 21_34. OHz )1, 1. b1 (. H, ddd,
.2, UI.0y7 13.2kd&)-cudn,81(£8H, s), 1265 (1H, g), 1.25 (Qg and 1.21

(3H s) ; 3c NNR(loo%%g CDC13) 6 204.0, 170. 7 167.1, 166. 5 146. 5,

15

O

133. 7, 13 6, 132 7129. 91
MeO (5) 0.1 3 98
10 tBuO (10) 0.7 24 94
15 |1 Bno (3) 0.7 1 98

10-butyryl-10-DAB. mp 145-149 'C; [al,, -86.6
(CHC1,, ¢ = 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), S.64

(1, d, J 7.0Hz), 4.99 (1H, 4, J 7.7Hz), 4.90 (1H, m),
20 4.48 (1H, m), 4.31 (1H, 4, J 8.3Hz), 4.18 (1H, 4, J
8.3Hz), 3.91 (1H, d, J 7.0Hz), 2.60-2.42 (4H, m),
2.36-2.26 (2H, m), 2.28 (3H, s), 2.06 (3H, d, J 1.0Hz),
1.88 (1H, ddd, J 1.9, 10.9, 13.0Hz), 1.76 (2H, hex, J
7.4Hz), 1.68 (3H, s), 1.12 (6H, s) and 1.04 (3H, t, J
25  7.4Hz); “C NMR (100MHz, CDCl,) & 204.2, 173.9, 170.6,

167.1, 146.2, 133.7, 132.0, 130.1, 129.4, 128.6, 84.5,
88.9, 7.1, 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, 22.86, 20.9,
18.4, 17.8, 15.5 and 9.4; Anal. Calcd. for C,H,,0.,: C,
30 64.48; H, 6.89 Found: C, 63.67; H, 7.01.



129. 4, 129. 3,
58.8, 46.¥8093/499@31
Cal cd. for

128.
C35H40011: C,

7, 128.5, 84.5, 80.9, 79.1, 76.5, 75.0, 30 72.4, 68.1,
38.7, 35.8, 29.7, 27.2, 22.6, 21.2, 15. @cande®:ibis Anal .
66.66; H 6.22 Found C, 66.46; H, 6.19. WO :

99/ 09021 PCT/US98/17016 45 10-trans crotonyl-10-DAB. 'H NVR (CDC13 ,
500MHz): 6 8.13 (2H, d, J 7.1Hz), 7.62 (IH m , 751748(2H m, 7.11
(1H, m, 6.42 (1H, s), 602(1H dq44J 1.7, 15. 4Hz) 5.66 (1H, d, J

7.0Hz) , 4.99 (44l
dd, J 7.1, 10.8Hz)’
(1H, d, J (GHGQ}y)

'J 7.6Hz), 4.50 (1H,
sd‘%’%‘i}’%’% 18d’%§)8 %1‘212%45 (g« Lol 5 62 J'68)3Hz) 3(93
c 96752, ,55H(12HR m;pcz 335Q08E202H;5 B)122(28,(aH, 7 s) ,

297 (3 Aame), S (S5 2B lad §§H ) a3 3 o) lac
NVR (75|\/H’z'5 %D@%%’/) % 21 34Hz :185'1 Qp 13216 8¢ 1@7739Hz66 8. 91461&, 133. 8,

132. 35 13G)2, 4109, Gu 128d, J24. 9, g 16, 0318442, 8% 8

75.9, 75.

15. 4 and é’agfgﬁfm 681é1l 9?

63.93; H, Ziim_(lmx)nqmﬂopro@anmyi

(2H, d, Jgegy% ’23162(£7éH ,

(I'H, s)

8, 46

39u0. 47922 77 2

. 42.7. 7386, 0, 20.9, 18.0,

FOr ‘és%rﬁbd 3.95 ¢1H64d69J f.38238 Found C,

5 st i, Wi 8 1
%Eb ,_%%H ;p 8 %% (éHsz?]

24081 (1H, m

4.46 (1H, dd8, @ 4 5. 520z)6,83, 90. 8Hz) dda, 3T (z||31,, d; 8,814HgHz) ,4. 18 (IH

d, J108.1Hz)gs (35 905.(1'i7é’o

4.1hz), 2.31
(1H, ddd, &
(3H, s),
(2H,
133. 7,

1560 1€dH;Mﬁ5 EOOMHQ., 1@Dcl.1 1a4 & 22"('34 m,. 137,33

1321"06C %Wg‘

3&117 %Z 10%-%5(?3%108) A 33 ﬂﬁ(lH’ H?') 1.87

110285 iiiﬁrar%) J 16 ﬂﬁz)u HL - #ad (3, 3s4 ando] .12. 4BE), 1.68
d, 1.01-0. 97

504. 3. 175.2. 17oi%|61 LRIV

]814 5298, 912876,19576,58476,0, 74.9

2/5%42 312

72.4, 68.®BOIB. 879416 26 &2, 175. BB'& Bp.P2.34.68.87.98.85- 05.24.9, 22.6,

0usls Ga W Iy, 94 anh el A gl gd. h05, C33rgo0J1 € 64.60; H.

15.5 and 9.

H, 6.89

10

20 .62
.7Hz) ,

.33

RS o A W 0 o]

4

1.1Hz),
11.0,

and 1.21

- 167.1,
129.4,
72.4,
22.6,
66.66;

30

-benzoyl-10-DAB.
.15-8.11
(1H,

(1H, d,
4, J 6.6Hz),
d, J 4.4Hz),

13.2Hz),

166.5,
129.3,
68.1,
21.2,
H,

; Anal.
Found: C,

Calcd.
63.05; H,

for CH‘HOHOO.:Hﬁh o}
6.70.

64.48;

'H NMR (CDC1, |,
(4H, m), 7.64-7.6 (2H, m),
s), 5.7 (1H, 4, J 7.1Hz),
(1H, m), 4.57
J 8.2Hz), 4.20

S00MHz) :
7.52-7.48 (4H, m),
5.02 (1H, 4, J
(1H, ddd, J 4.4, 7.1, 11.0Hz),
(1H, d, J 8.3Hz), 3.99 (1H,
2.62 (1H, ddd, J 6.6, 9.3, 14.8), 2.55 (1H,
2.35 (2H, m), 2.30 (3H, 2.13 (3H, 4, J
(1H, d, J 4.9Hz), 1.91 ddd, J 2.2,
1.71 (3H, s), 1.65 , 1.25 (3H, s)
C NMR (100MHz," 6 204.0, 170.7,
'146.5, 133.7, 133.6, 130.1, 129.9,
128.7, 128.5, 84.5, 80.9, 79.1, 76.5, 75.0,
58.8, 46.3, 42.8, 38.7, 25.8, 29.7, 27.2,
15.6 and 9.5; Anal. Calcd. for CyH,0,: C,
6.22 Found C, 66.46; H, 6.19.

o

-

o]

4.94

s),
(iH,
(1H, s)
CcDC1,)
132.0,

2.03

(3H, s);



6.58 Found: C, 64.47; H, 6.66. WD 99/09021 PCT/ US98/ 17016 46

10- Et hoxy%@cag?oi%l 10- DAB np 214-215 C; (CHC131 C =0.35) ; 1H NVR (500 Mz,
CDC13) 6 Mel 7) , 1.14 (s, 3 H M 16) , 1.38P¢USHP/LION 1
3 H CH3CH2), 1. 59(s 1 H 1-OH), 1.70(s, 3 H Me19), 1.88(ddd, 5 J =
14.6, 10.5, 2.1 Hz, 1 H, Heb), 2.00(d, J = 5.0 Hz, 1 H 13-O0H), 2.10(d, J
= 1.4 H, 3 H MI18), 2.28(s, 3 H 4sAc) , 2.30 (m 2 H Hlda, Hl4b) ,
2.46 (d, J = 4.2 Hz, 1 H 7-OH), 2.57(ddd, J = 14.6, 9.6, 6.7 Hz, 1 H,
Hea), 3.88(d, 10~ frdnsizcrdedh 1-131)0 éAé8(lem&ébdiz 1slo* M9 ) H2Qp) ,

4.31(d, J = 8.2 4. 44(ddd, J
10.5, 6.7, ﬁi I—‘%'lch 7 1%4? 90{ n‘i2 %iig‘ HEg) 45798?d88 §2E, 9me‘> 2.1 H,
1 H H5), 751685(AHJ ™ 6.6. 47, (_:IHHs)HZ)G 621713 qu JHLOY, 2548H(zdd J =

;8))2: ;?1( 6% Hlépgrgia‘ze’{—lzmzﬁ LA‘GO% oate b) ppm lgcgﬁlk/hl 959 enzoate,

CDC13) 5% 9.@H.14.0,J 7 18Hz), 268, (12, 4dd26J77 35.40. 387.5, 42321 (38,0,
58.6, 665. 7, 2.4 Mo 91176 8q7 128.7, 129. 4,
130. 1, 131%5, @13?3 3}?2251474 ﬂ91 5}F4¢‘l Is! ngg 17o§9 %16 9 Im

10- Met hoxy dardi@ry1 2’1 bﬁ?aé-‘hp 22%Lr8-f*219 %:3{6a2r%1 (28, 1{1040232%(35,58) . 1H
Hl\/Rl(g%) M§2)7 @?@lﬁ)(ﬁ{,ll\%zgisl E?A:!éi( d%/eég) (_311413&15 J31H6 Nelgﬁziz % Izg(SHGb)l
25 2.00(d, le 1613 H} 7}133 oL- 53 16%d4H5§L 3 ﬁe H£3H3 B eid) . |

2 28(g,0 3 H3H- /m)) arﬂ:lBD(m (ZaH-l 511,4a13cha) (752H40(dpcl,F &. 1112124 1

H- H) ¥ 5573‘%?{% éﬂ’ ]ﬁfccﬁ )3’ 166618?6 148,58 5@1‘?—1&8'1‘%(%2%?0 31(d 3

30 = 8.4 HA29:5H, ¥Ba), ULUL{ddL6 0= 80.8, 6466 48Q. 81z, 79 . 2H, 7547)2,,

4.90(m 1 Mg H13)75 4 98¢ 8ld, | 368- 9, 758188 E‘é 11 Jfb 7HB}g §.65(dg J = 6.9 H,
1 H H), 6. 17(s 1 H, 108 48( J 8.2, 7.3 Hz, 2°H" enzoate m,
7.61(tt, J27.0,'20.9, , 15.4 and 9.3; Anal Cchd £0T Ca3H4o0p

15 C, 64.69; H, 6.58 Found C, €3.83; H, 6.61.

10-cyclopropanoyl-10-DAB. *H (CDCl, , S00MHz): §
8.12 (2H, 4, J 7.3Hz), 7.62 (1, t, J 7.5Hz), 7.49 (2H,
t, J 7.7Hz), 6.35 (1H, S), 5.65 (1H, 4, J 7.0Hz), 4.99
(1H, app-d4, J 8.2Hz), 4.91 (1H, m), 4.46 (14, ddd, J 4.1,

20 6.8, 10.8Hz), 4.31 (1H, 4, J 8.1Hz), 4.18 (1H, 4, J )
8.1Hz), 3.90 (1H, 4, J 7.0Hz), 2.56 (1H, m), 2.51 (1H, dg,
J 4.1Hz), 2.31 (2H, m), 2.07 (3H, 4, J 1.0Hz), 2.00 (1H,
d, J 4.%Hz), 1.87 (l1H, ddd, J 2.1, 10.8, 1l4.6Hz), 1.79
(1¥, dd4, 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, 129.4, 128.6, 84.5, 80.°
7.1, 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,0p,: C, 64.69; H,.
6.58 Found: C, 64.47; H, 6.66. ' '



7.3, 1.4 benzoate, p), 8.11(d, J =8.2, 1.4 Hz, 35 2 H, benzoate,
0) ppm 13%9 ‘F 5 MHz, CDC13) 6 9.2, WD 99/09021 PCTI USO8/TTakes %75 15. 5,
20.7, 22.4, 26.7, 35.5, 38.5, 42.4, 46.0, 55.4, 58.6, 65.0, 67.7, 72.1,
74.8, 76.4, 78.9, 79.0, 80.6., 84.4, 128.7, 129.4, 130.1, 131.4, 133.7,
147.5, 155.9, 167.1, 170.8, 204.6 ppm 5 10-tBoc-10- DAB. np 193-194 C
[a]Hg -82 (CHC131 C =0.33) ; 1H NMRY%00 N+E CDC13) 6 1 13 (s, 6 H, Mel7,

?bég%dadl ?8 (illéLé%hé rbo%&§8igHDAé6 %ﬁ%g?&s 5Ce gabwktai N@}g)
13-0t), 2. 0SBEL) © T0438) 7 éHHNMBO(ﬁ@D8NH22 zxmﬁﬁ 36H1 .4348),32530(Mm 2 H,
H14a H14b)1e1'72) 561( dots J = pi4 ﬁel@ 63E‘§§€‘Z g 15 dlj_"%% 38?13(0' leH 3.6

Hz, 1 H 7- .8 .
H20b) 5?4%"52 ] §(§9(% o, H1 F+ Oﬁéea)l 70'(5, 4@(dﬂdMe19=> 11. @8(61&33, 3 6

H, 1 B, HZJ) 4L‘9C€(,m1cn,5-l A5 HlB) 14H99ﬁdg) Jz o%;@ ir_ §‘Zo % H y

5.64(d, J H .1 0
benZ(()ate éig%ttjz? Jg) g %(S fizHz1 %Fbeg‘iiéﬁﬁe BB (sg 3131 (dd J =

7.8, 1.3 Hﬁe A2:H Deroat & ) Ppma mmbNNl?z(Zé(WzJ CDE13) y6, 9412y 15. 6,
7, 87,9, 73 ! 74.7,

20. 9, 22 4, - 8, 58.

76. 4, 5 %@8 2225735075éid%%3 8, 8321§ 15887 1§9Hﬁ 138:1H63%1. 8, 133.7,
147. 3, 15430881(637 3 =1%0.98 Hz05L (Hpp3 ) D. 4 Seé edf i ye= carbanmpyl atizon of a
C(10) 1bydr gewb)gr aupt (General duy f Sel % r rmyl ation
25 of the ?F{Ilg " dr 0X Bo{?é %EDABEHA so(?in 5 g? % g%?armg Hi1.1 nol
equi v) of o n‘%/ft E‘%q‘l 2 nt oP-STHE. Vvas‘laadéla,, Under HANtrogen, to a
m xture of 41(9{>D)AB (13@{ HIB,) ,0.05%8 (@®@| ) gandy Gd 5 055, Mol ) at O

o e & 585!

C.  The m xt yr Sti ree for, the tlIne |nd|cate in After
this tine ?hg re(éigg?ﬂ on 6\r/\/asq‘!l\/va{r t Fob o LhES . stiFri By has? cdht @dued for

the time i AdFc&t-@d i"n 3T&s.e 2.H, 'Ihmz&azoéj an) was. guepehed by;the addition
of SalgratﬁQ 1 H, benzoate, p), 8.11(d, J = 8.2, 1.4 Hz, 2 H,
benzoate, o) ppm; **C NMR (75 MHz, CDCl,) & 9.2, 14.0,
15.5, 20.8, 22.4, 26.7, 35.4, 38.5, 42.4, 46.0, 58.6,
65.0, €7.7, 72.2, 74.9, 76.4,-78.7, 79.0, 80.6, B84.4,
128.7, 129.4, 130.1, 131.5, 133.7,1147.5, 155.4, 167.12
20 170.8, 204.7 ppm.

lO-Methoxycarbonyl-lO—DAB. mp 218-219 °C; [aly, -83°
(CHCl,, ¢ =0.58); *H NMR (500 MHz, CDCl,) & 1.12(s, 3 H,
Mel7), 1.13(s, 3 H, Mel6), 1.59(s, 1 H, 1-OH), 1.70(s, 3
H, Mel9), 1.88(ddd, J = 14.7, 10.8, 1.8 Hz, 1 H, Héb),
25 2.00(d, J = 5.0 Hz, 1 H, 13-OH), 2.10(d, J = 1.4 Hz, 3 H,
Mel8), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hl4a, Hldb),
2.40(d, J = 4.1 Hz, 1 H, 7-OH), 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

sy

H, MeOC(O)), 4.18(d, J = 8.4 Hz, 1 H, H20b), 4.31(4, J

30

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 = 8.7, 1.8 Hz, 1 E,
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 Bz, 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,



aqueous ammoni um chl ori de solution, and the m xture was extracted three
tinmes wt S’“ﬁg@ﬁ The conbi ned organic WD 99/09021 PCT/ US98/ 17016 48

| ayers were ¥d with saturated aqueous NaHCOB sol ution, PEFUEM/HIr

sodi um sul fate, and the solvent was evaporated to yield a white solid. The
product was purified by flash colum chromat ography using 2: 1Et OAc/ hexane
as the 5 eluent. Table 2. Car bam)yl43-§,i on of 10-DAB RNCO, CuCl, THE 1 O-
DAB 1 0- Car bamayl - 10- DAB Entry R (eq) Tenp (C) Time (hr) Yield (%9 1
Et (1.1) 01%.5,880.7f 0254102% aﬂl;gls (Bl.- B 6 88 41129.8, 358Uy gl 1) 0 6.5
87 rt 0.5 Ph ) 9 hylcar barmyl O DAB. "np 221-243 ' G

[a] HS - 92. Bé c&é& 6t703’5)472 ]JH |\‘}R 4othvd,  EBCi8)7%-8: 189¢6H, d, J 15
7.1Hz) 78634(1H28n7,,1‘2%2—7134:81(2&3317)4,, ﬁ3277(1rh755,,15§.63 (1H d, 3

6.9Hz) , 5. 1H . 4 .97 (1H, . 491 (1H, . 4.50
(I H, zzldd 39% g 102§ﬁz %pg'r%)l (1H, d, J(8 3Hzrr; 4,17 ElH 3? J

8. 3Hz), 3.88(1H d J?OHz) 3.32- 3.25 (2H, m), 3.10 (1H, d, J 20 3

\7THz) 5 2. 5 6 (1bHepdad 8 o3 , 2.29
(3H, )s§ 2 09 ﬁ%HtBigdwl%sB 1H 35327 2% 8@)9 625 éﬂ%ﬂl 7' (3H,
s), 1.60 (FR-3 §§ ll%3H50‘E’ M&Z 7CBFR)) achdlilmS(aﬂ Hg)MelZAnal . Cal cd.
for C32H40MA1%),CL.462s439 i &,Bhb)Foqndss@ 61l.90; 1 For P, 7. s%s

10- but y! b 105 D -89.6' (CHC131 c¢=0.25) - 500MHz,
CDClg)yGCgﬁigﬂ%é« ?gfd?hg] 7 64 -Crn 1(3n)° 2. 3827 34?31{(23# bly Es 27
(1H, s) , 5.68 (ilHJ d5 i) 6127HZL) H, 53@@3}(LH2ﬂb80d8 JOHz) .4 42913 (H m ,

4 -4%0 Mels), 2.28(s, 3 H, 4-Ac), 2.30(m, 2 H, Hlda, H14b),
6(ddd, J = 14.9, 9.6, 6.9 Hz, 1 H, H6a), 2.68(d, J =
.6 Hz, 1 H, 7-OH), 3.88(d, J = 6.9 Hz, 1 H, H3), 4.19(d,
8.2 Hz, 1 H, H20b), 4.31(d, J = 8.2 Hz, 1 H, H20a),
46(ddd, J = 11.0, 6.9, 3.6 Hz, 1 H, H7), 4.90(m, 1 H,
15 Hi3), 4.99(dd, J = 9.6, 2.2 Hz, 1 H, H5), 5.64(d, J = 6.9

s W N
]

Hz, 1 H, H2), 6.11(s, 1 E, H10), 7.48(t, J = 7.8 Hz, 2 H,
benzoate, m), 7.60(tt, J = 7.8, 1.3 Hz, 1 H, benzoate,
p), 8.11(dd, J = 7.8, 1.3 Hz, 2 H, benzoate, o) ppm; C
NMR (75 MHz, CDCl,) 6 9.2, 15.6, 20.8, 22.4, 26.8, 27.5,

20 35.3, 38.5, 42.5, 45.9, 58.7, 67.9, 72.3, 74.7, 76.4,
78.0, 79.2, 80.8, 83.8, 84.5, 128.7, 129.4, 130.1, 131.8,
133.7, 147.3, 154.0, 167.2, 170.8, 205.0 ppm.

D. Selective carbamoylation of a C(10) hydroxyl group:
General procedure for the Selective Carbamoylation
25 of the C-10 Hydroxyl group of 10-DAB: A solution of
0.061 mmol (1.1 mol equiv) of the isoéyanate in 2 mlL of.
THF was added, under nitngeh, £o a mixture of IO-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
aqueous ammonium chloride solution, and the mixture was

extracted three times with EtOAc. The combined organic -



WO 99/ 09021 PCTI US98/ 17016 49 (1H, m), 4.31 (1H, d, J 8.5Hz), 4.19 (lH d,
J 8. 5HZ) wodedoglH d, J 6.7Hz), 3.25- 3.23 (2H, m), 3.04

(1H, ddd eof(‘ 9.7, 14.7Hz), 2.30 (IH d, J 7. 9Hz) , é@’%%ﬂ’”&)ﬁ 2.09
( 3H, s),199(IHdJ549Hz),188(1H add, J 2.5, 11,134Hz)
1.68 (3H, s) , 1.59 (1H, s) , 1.55 (2H, b) , 1.42- 1.37 (2H m , 1.11

(6H, s) and 0.95 (3H, t, J 7.6Hz) ;4énal. Calcd. for C34H44NO, : C
63. 44; H, 7.05 Found: C, .62.64 ; H 7.01 . 10 phenyl car bam)yl 10- DAB. np
178- 180 ' CaygriHeete +@XHEd (ﬂﬂ@%ht@rﬁa@éd ad, MR 400, G 8.13

2H, d, 2H, t, J 7.6H " 42 (1H,
fj 17 8Hz§§egl_§%er Sg’gi%‘%%s"rf)fajt %th% sglveny ygs %V@?or(apedb) 53 38
(1H, s) ,tS. peeldipm whitk spliid), ’Iﬁhd)&::(dcﬁﬁctap@aﬁ pdp?fgg_rg)by 93 (1H, n,

sHddg d,
457 e, (Athstlddorind: %hﬁ’“@“é%aw paf S0 gfnd B o A8 (10 ¢

J 6.5 9 aluiatSHZ) 2/33 (1H, m), 2.29 (3H, s), 2.12 (3H d, J 1.4Hz) ,
2.04 (1H, d, J51Hz) 189(1H dad, J 2.2, 11.0, 14.4Hz), 1.69 20 (3H,
s), 1.62 (1H, s), a?al%B s) and 1.13 (3H, s) 10-allyl carbanoyl-10- DAB.
np 165-170 ' C [a] r@ achergylaty ors)of 1 04D9R( 500MHz, CDCL3) 6 8. 12

(2H, d.ir_]_;___yi 7 62 {1|-| m 7 51- 7 .48 ( 6.27 (1H, =~ s) ,
5.89 (1 m 562(1Hnglo N .THz) , 5.31 (1H s), 25§T§2ﬂ(H d, J
9.8Hz) | 5.08 (IHp°-®ps, J1o7c&HZa)npy4ﬁ&Op(AlH 49 (1H

ddd, J, |3wz—6_1 ’IﬂAHﬂ 431(1Hj J 8.5Hz), 4.17 (IH, d,}}J 8.5Hz),
3.88- 3. san(tglpt rr) R 3(edB (1Hrof 7@53 5 (JH,, dd 6.7,9.8,
15. 9Hz) 230 (IH—T17; 4@33 \on:e 3 \,1 g: 36 d”’(ér%“\ 2 qg' g’ 1H, app d, J
4 .9Hz) ||, 1187 (1HE'CddHl,-l] 1.8, 101 0, 14. 0Hz7) 51 67 (3Hgas) 11 58 (1H, s)
and 1.09 (6H, s).; Anal. Calcd. for C33HAQNNOS : C, 63.15; H .58 Found:
C, 6l 7§ Ha 6.451 1499409921 PCTJ US98/ 17016 , :

88
rt 5

3 Bu (1.1) 0 6.5 87
rt _ 0.5

4 Ph (1.1) rt 3 o4

l10-ethylcarbamoyl-0-DAB. mp 241-243 °C; [o)yg -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. (1H, s),
5.63 (1H, d, J 6.9Hz), 5.01 (1H, &d, J 1.9, 9. st); 4.97
(1H, m), 4.91 (1H, m), 4.50 (1H, ddd, J 3.7, 6.5,
10.5Hz), 4.31 (1H, d, J B.3Hz), 4.17 (1H, 4, J 8.3Hz),
3.88 (1H, d, J 7.0Hz), 3.32- 3.25 (2H, m), 3.10 (1K, 4, J
20 3.7Hz), 2.56 (1H, ddd, J 6.8, 9.8, 14.8Hz), 2.31 (1H, m),
2.29 (3H, s), 2.09 (3H, s), 1.88 (1H, ddd, J 2.2, 11.0,
13.3Hz), 1.67 (3H, s), 1.60 (1K, s), 1.19 (3H, t, J
7.2Hz) and 1.10 (6K, s); Anal. Calcd. for C3.HeNO,: C,
62.43; H, 6.71 Found: C, 61.90; H, 6.77.

25 l0-butylcarbamoyl-10-DAB. [o] ng ~89.6° (CHCL,,
c=0.25); *H NMR (500MHz, CDCl,;) &6 8.12 (2H, 4, J 7. 3Hz) ,
7.61 (1H, m), 7.51- 7.45 (2H, m), 6.27 (lH, s), 5.62 (1
d, J6.7Hz), 5.00 (1H, 4, J 8.0Hz), 4.91 (1H, m), 4.49



50 E. Selective silylation of a C(10) hydroxyl

sol ution of 10-DAB (100 ng,

added N, w® bi/esoby i met hyl si |
equi v) under

(20 nL) was added, and the
silica gel. The silica gel

group: |10-TM5-10-DAB. To a

0.18 mmol ) in THE (10 nL) at 0 C was slomﬁy

yl)trifluoroacetanm de (1.0 éﬁ%ﬁ
N2. The reaction m xture was stirred at 0 C for¥g§%

solution was filtered through a short colunn of
was washed with Et OAc (100 nL), and the

10 The resi due was

sol ution was concentrated under redu€®d pressure.
purified b¥ flash .col utm chr omat ogr aphy using Et OAc:
el uent and'd

solid:

1ng'(vsR (40% yﬁjzelégm%%l(d

1.68(s,
= 4.9 H
H14b) ,

18(s, "9 "H

J =1

2 2%(9H2§ 1O'§')BA yz‘ Ogggﬁl(ddﬁz Frof Oy —ZP iy,

hexanes (1:1) as the

Ei e®)irn4 -dacudHovén nv-br& SRe)gi Ve 119- NS- 1D, DAB aBHz) phi t e
yislés 1921w (914 7 $99% G [k oy 7%6

§HC ~0. 55)
?’i‘—( T17), )

637z §.-§ %71444 239, J;H,5615J1H 1- OH) ,
3 #, 9HE19),2 2B. 19ddd) ,J 2= olA. (l_:,H 1) 1, ;2 9&%5%15}:1 &, jub),

1.97(d, J
m 2 H Hl4a,

2, 27
S311 H Hea),

E 54

4.01(d, J =)7.2.85, (1Hn, s)k3), 55 1GE], b) = 1842-!—121, i H212G), 4. 25(ddd, J

= 11. 1,
H, HL3)

3597735 'élﬁd 5. b‘s HQ; %3q,(d7, 6‘,1;127 Analy c%%d HZtC%_) H14 84(m 1

5.64(d, J S Quz: @ #3% Hh 47¢ 68, Fesng: C8 82.845 Hgz, 7208 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 b t 13C NWR (75 MHz, CDCL3) b 0.2 (Me3S) ,

9. 7( Me( 19))eni2%£(qﬁé’(€)f€§)%grfgm€é’4 Ak% -DARB). 4mD26L7fﬁ(1)\3@0 6.C; ﬁlﬁckm,)

O A ) oSG, o L0 s 74 6

78. 9(C(1)))7 6 %qi i))'3 gﬂ /3t (CJ?%') }?,Z '158%‘ ®3h. . 1%37 Hehzoat e)

137. 0(0(1|7)42139H0(@(12))7 8HB7.,4(hes-oat.a)?, (sz @04- AC)1.2 20_&{5 £C £9) )

ppm Anal . 7%&%‘5‘ fergGB7da0LeS & Y 2200 G

61.61; H 7. '
7 OHz) 5.02 (1H, app 4, J 7. 8Hz), 5.83

(1, ddd, J 3.8, 6.5, 10.5Hz), 4.33 (1H, d,
4.18 (1H, 4, J 8.3Hz), 3.91 (iH, &, J 7
d, J 4.0Hz), 2.59 (1H, &dd, J 6.5, 9.4,
(1, m), 2.29 (3H, s), 2.12 (3H, &, J 1.

,d, J 5.1Hz), 1.89 (1H, d&dd, J 2.2, 11.0,
(3H, 1.62 (1H, s), 1.15 (3H,

15

14
20

s), s)
l10-allylcarbamoyl-10-DAB.
-80.0° (CHCl,, c=0.25);
d, J 7.3Hz), 7.62 (1H, m),
s), 5.89 (1H, m), 5.62
5.19 (1H, d, J S9.8Hz), 5.08 (1H, m), 5.00
7.9Hz), 4.90 (1H, m), 4.49 (1H, ddd, J,
10.4Hz), 4.31 (1H, 4, J 8.5Hz), 4.17
3.88- 3.86 (2H, m), 3.03 (1H, 4, J 3.7Hz),
.J 6.7,-9.8, 15.9Hz), 2.30 (1H, m), 2.29
(3H, s), 2.06 ( 1H, app d, J 4.%Hz),
1.8, 11.0, 14.0Hz), 1.67 (3H, s),
(6H, s); Anal. Calcd. for
Found: C, 61.73; H, 6.45.

mp 165-170

7.51- 7.48
(1H, d, J 6.7Hz),

30 1.87

1.58
C3:H4oNOy, = C,

(1H,

SrdLA & S

(1H, m),

.0Hz),
14 .35Hz),
4Hz) ,
.4Hz),
and 1.13

ey
H NMR (500MHz, CDC1,)
(2H, m),
5.31

(1H, d, J
3.7,
(14, 4,
2.55
(3H,

€3.15;

. 25. Found: C,

4 .52
J 8.3Hz),
2.83 (1H,
2.33
2.04 (1H,
1.68
(3H, s).
-3
6 8.12
6.27
(1H,

(24,
(1H,

s),

6.1,
J B.SHz),
(1H, dd4,

s), 2.08

(1H, dad, g

s) and 1.09

H, 6.58



WD 99/ 09021 PCT/ US98/ 17016 51 10 TES-10-DAB. To a solution of 10-DAB (85
ng, 0. 16WOPAN9P2Lin ' THE (3 nL) at 0 C was slowy added N, PCT/US98/17016

O bis(triethylsilyl)trifluoroacetam de (484 nL, 1.56 wmmol, 10 equiv), and
a catal ytic anmount of Li HWDS/ THF 5 solution (1 M 5 n., 0.005 mmol),
respectively, under N2. The reactign m xture was stirred at 0 C for 5 mn.
EtOCAc (10 nL) was added, and the s Pution was filtered through a short
col um of &Sili ls el vas th EtCAc (100 nL), and
t he sol uth(s)n \/\é/aég'e%%r:fa’éantral?eoa{’oo%n ré %Xi\?égdg%?’égﬂ}egr‘?ﬁg *resi due was
purified by f&sHMEolWmPAGhr orfEe ogrephyt isih ngf EL QADABhd1anesg(l: 2) as the
el uent ang dr C vey di i asavx/nite
solid: vyiel gsl ggldﬁg &t lgtQJI)EO 4 rgd:g))tﬂf %1259 Atev}arée %ES%%Q %31 c = 0.95)
. | R 369003959 trige WASlﬂeolz ‘@Fﬁfluowmm@ M(-& OCDTL3P .6 0.68 (m 6

H  ( EH3Ch)o13Si2)o ,eqlr:LQ?Q( tund]=1~7Ng GHd I(EQ?QCQ&—) n%.%teure 1w£’§(s 3 H
Me17) 55(s, 1 H,

1 1 H,
1- C]—I)_, (15’-’% = %glg) fOI %Q&ddEtOf*C— Y AHL 1¥ap 820%2% and (ghegh) |
1 92( . Jsomt(ldflzwab I(ill*tl,eﬁéi @rowgR34 dshdre dolukd, o8 BilWBas), 2.27(s,

H H6a) ?e&(zd%%%’m ‘%l?alﬁg’%?“ﬁlﬁ%‘#h%‘gl‘g’(g ngﬁog-cs éoﬁz“ﬂdg Hanﬁgoz))Hz’ :

4. 23(ddd, thes spLagicg #ass. cbnezqntnawdmx)den 86¢dced pr8sSukde. 1 H, H20a),

rio), 5. 530 IR T PHMET W ) gty T

benzoat e, YHLNG7 B5ORG:, hpxanas Hzas 1"—1Pr13 ebepnbarnd pyied. ;m(dd J

7.9, 1.0 Hﬁcu?o |d,veti@1rl f &0 wmoiﬁ%%ﬁié Mz, (DELR) 6814 . 6.5
(TES) , 30 (19)6 b (18%L 19. 6(4-Ac 22. 4, %6 6 (Mel 6,
Mel7), 37. f(eé(de)r 338% (\E1t) ) ‘“9121"6%0 559, wn@(d@i (CHC37, ¥ O(8) ),

67. 9( C( 13)90,. 5&D.; 9‘H7BMR (Z601MHE6. THROZ), 6 6 2B,(s¢C( 0X, qeggn, 78.9(C(1)),

12 4) e 3 GLD) ol 99 D9020, PP USRI L20T6, oy e b |

Hz, 1 E, 7-OH), 1.56(s, 1 H, 1-OH), 1.68(s, 3 H, Mels),
1.79(ddd, J = 14.4, 11.1, 2.1 Hz, 1 H, Hsb), 1.87(4, J =
4.9 Hz, 1 H, 13-OH), 2.03(d, J = 1.3 Hz, 3 H, Me18),
2.27(m, 2 H, Hl4a, Hl4b), 2.28(s, 3 H, 4-Ac), 2.58(ddd, J
14.4, 9.6, 7.5 Hz, 1 H, Hé6a), 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, HE20a),
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),

20

9.7(Me(19)), 14.4(Me(18)), 19.6(4-Ac), 22.4, 26.6(Mels,
Mel7), 37.1(C(6)), 38.6(C(14)), 42.6(C(15)), 47.2(C(3)),
30 57.8(C(8)), 68.0(C(13)), 72.0, 75.1, 76.1, 76.8(C(7),

c(2), Cc(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)),
135.0(C(12)), 167.4 (benzoate), 171.0(4-Ac),
209.5(C(9))ppm. Anal. Calcd for C,H,0,,Si. 1/2H,0: C,

35 €1.42; H, 7.25. Found: C, 61.61; H, 7.12.



52 128.7, 129. 130.3, 133.7(benzoate), 137.0(C(11)), 138.8(C(12)),

167. 4( ben‘é’&a"c9@?d’1171.0(4-Ac), 209.5(C(9)) ppm Anal. Cal c@GTHSIEBHHEQO 0Si
. H2O C, 62.11; H 7.74. Found: C, 62.45; H, 7.74. 5 Exanple 2 General
Procedure for the Pr eparation of 7-silyl-10- TES-10-DAB. To a sol ution of
7-triethylsilyl-10-DAB, 7- t-butyldg gethylsuyl 10- DAB, or

7-di met hyl i sopropylsilyl- 10-DAB in THF at 0 C was sl ow y added N

O-bis(tri 10 etMngyjalmAéIUOf@aé:eg@ 5,equinv a at I
anount of LiH S/ THE so| uti on (5 no %g?%épggt ?\lcl)e%)ma Qgsdg he

reaction M hadifst i3 e o2t 0P Cfcf srsislonky ®dpe §10 nl) was added,
and the soj-wus)(rtmwmnteypﬂtfhfm&%@cébaﬁ&deol Wgw Rt shlkga gel. The 15

silica ge%_l_l shed it h Et(g& é 100 m_l and the solution was
concentra gﬁlm\g‘(% SEHYed FRBUTREA A C 1 2EPHEE Rés LHHMPEY EHFby f1 ash
col unf chseiattagmaplly Misi fignL Ft ©AZ035 hewahes fésB};c@&vBm? ehﬁeek gnd dried

i
10 05 (o3 et - (Rt TRT rr o db. 0o g IS D stk (o

yield), orl{1f @ilne was |a%trd prapy| the ystol!lﬂldpnl walaylfsﬂtyireaOEEABug%l yi el d)

7- Di t hyl | 2l
7-di gt hy?él Wsﬁdy%q%%gAgég%%}%% ’ghéogﬁi 992 TRE Yﬁsﬁff at 0 C
was added‘“ﬁi%é A K QA dﬁ‘r)et @m%ﬂfgﬁr)wlwy@nou@et aahdent83%7etd, 1.09

mol 10 ZOWIV)reCBﬂ:dadi e Sk C aﬂwnie@id&é%s@»/ Eb‘%%?la&tbg” (1 lVl 6 g
was stirre

gL, 0.006 5,{? ‘_}s?gg,atl vel% und The_ reaction m xtur

at 0 Cfor &M, ¥ %)0?’6‘-"1? orff?b?r%e?’é?ﬁ?’e RgxaBfsaddi ) onrsl 4 h.
Et OAc (10 tirle) elwesntaddell, daiell t fve satuid i onewasght| tergdvéhtﬁugh a short
colum of I 1 l~np =l S 9 wash t OAc, (100 m.), and
the sol uti goln T'\f‘—fas? 1é$grP§(§nParesatéedw%ﬁtd'erS°ll duc\éﬁegge\é\% ‘f‘% £S| BHe was
purified Bp4i128sh wggllosi@mgp@lﬂusgmmom- 0.95); IR 3690, 2958,

15 1714, 1602 cm™; !B NMR (500 MHz, CDCl,) &6 0.68(m, 6 H,
(CE,CH,),Si), 1.00(t, J =7.9, 9 H, (CH,CH,),Si), 1.08(s, 3
H, Mel7), 1.18(s, 3 H,.MelG), 1.29(d4, J = 8.4 Hz, 1 H,
7-0OH), 1.55(s, 1 H, 1-OH), 1.69(s, 3 H, Mel9), 1.79(d444,
J = 14.4, 11.0, 2.0 Bz, 1 H, H6b), 1.92(d4, J = 5.0 Hz, 1

20 H, 13-0OH), 2.03(d, J = 1.0 Hz, 3 H, Mels), 2.27(s, 3 4,
4-Ac), 2.29(m, 2 H, Hl4a, Hl4b), 2.59(ddd, J = 14.4, 9.5,
6.7 Hz, 1 H, Heéa), 4.02(d, J = 7.2 Hz, 1 H, H3), 4.18(4,
J = 8.5 Hz, 1 H, H20b), 4.23(ddd, J = 11.0, 8.4, 6.7 Hz,
1 H, H7), 4.30(d, J = 8.5 Hz, 1 H, H20a), 4.86(m, 1 H,

25 H13), 4.97(dd, J = 9.5, 2.0 Hz, 1 H, H5), 5.28(s, 1 H,
H10), 5.66(d, J =7.2 Hz, 1 H, H2), 7.47(dd, J = 7.9, 7.8

~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)),
57.8(C(8)), 67.9(C(13)), 71.9, 75.1, 76.1, 76.7(C(7),
c(2), Cc(10), C(20)), 78.89(C(1)), B1L.2(C(4)), 84.3(C(5)),



53 colum chronat ography using Et OAc: hexanes (1:2) as the eluent and
dried in vernight to give 39 ng (920 vyield) of

7- di met hy @ﬁ%ﬁ§?2||y|-|o t-butyldinetylsilyl- 10-DAB. 5 Ex&fpE%18Y ective
silylation of a C(7) hydroxyl group 7-TBS-10-DAB. To a m xture of 10-DAE
(38 nmg, 0.070 mml ), imdazole (190 ng, 2.79 mmol, 40 equiv), and
tert-butyldinmethylsilyl chloride (246 ng, 1.40 nmol, 20 10 equiv) was
added DMF (0.1 L) at roomtenperature under N2. The reaction m xture was
vi gor ous| 287, r 8@ %at9 r A . zennﬁsfﬂtmenﬁaétaﬁ h13Et@®g £29 L) was added,

and the lgu L@ fijtered through r of 5|I|ca gel. The
silica ge?%wag maé%ﬁz %fe @§§ eéﬁ% fpg é SAFEE ¢8Pufi(&r S\as

concent r abP®f - uAdeL r&ﬁﬂc%-ﬂ ﬁmeﬁgiﬁseomsme H,esi dyeewas 1pum,fiedsy flash

col um chremgegaphy: . asi ng 20% £t OAc- CH2C12 as the eluent and dried in
vacuo overni ght to give 7-TES-10-DA-B as a mhlte solid: yield, - 41 ny
(9001) . np 222-223 C [a]HO -5| (CHCL31 ¢ = 0.36) : 1H 20 NMR (400 M,
CD01356005 0.06 (2 s, GHM ;983(3 9 H M3C , 1.09 (s, 6 H,
Me16, Mel7), 1 .57 75 (s, 3 H M19), 1.87(ddd, J = 14.4,
10.6, 2.0 Hz, r”%f%#“f%%% foy -tReqPrgpayapion3ofHy-s31gdcao-J =
1.3, 3 H, THSIEY-DARS(Mo 2 Holdtdan Fiiflb’)rcﬁla%ﬁlsﬂﬁ 189DArACY .

. 46(ddd, .J H6a) 6(d, . J =56.9 Hz, 1 H H3),
162d 352 bé‘t%iﬁgme%ﬁg(ls%&b%o 3?‘“?4’( a ‘;l‘ﬁ"*é—Eyl&S?PrﬁEEYéF&lY& 31(d) J
8.3 Hz10:DAB RPOAMHF &38) dd: whs= SI;DO\ﬁlyGaddéﬁ N1 thbi&)Xtrid. 88(m 1 H,
2122)%84 ?@&ﬁglsilyﬁ t@uf%&r'é?ace]téﬁ( d;tﬁ) 35 39%&3314? %n%‘z ﬁa% E%Ehfo:temg;’
7.60(tt, §m°u171b5°f1131m@ sedioaR (B)7o8. %_D(dreSP ctgvelyl. 3 Hz ‘"2 H
benzoat e, uBHeRP, . 13@nélNReézélwhlzmx@lacﬂe3)w Brred at B ocfd 9

.7 (Me 19 14. 18 17.6 (Me3C 19. 3(4-'Ac 2 4
26. 7((w91€lnwbi tOA. (% (Mi( QQ adaed and tﬁp solutior wgs j

fll;ored through a short column of silica gel. The
15 silica gel was washed with EtOAc (100 wmlL), and the

AN

solution was concentrated under reduced pressure. The
residue was purified by flash column chromatography using
EtOAc: hexanes (1:2) as the eluent and dried in vacuo
overnight to give, respectively, 7,10-bis(triethylsilyl) -
20 10-DAB (95% yield), 7-t-butyldimethylsilyl-10-
triethylsilyl-10-DAB (98% yield), or 7-dimethyliso-
propylsilyl-10-triethylsilyl-10-DAB (94% yield) .

7-Dimethylphenylsilyl-10-TBS-10-DAB. To a solution
of 7-dimethylphenylsilyl-10-DAB (35 mg, 0.052 ﬁmol) in
25 THF (2 mL) at 0 °C was added N,O-bis(t-
butyldimethylsilyl)trifluorocacetamide (337 uL, 1.09 mmol,
20 equiv), and a catalytic amount of LiHMDS/THF solution
(1 M, 6 pL, 0.006 mmol), respectively, under N,. The
reaction mixture was stirred at 0 °C for 4 h, then warmed
30 to roomttemperature 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



VIO 99/ 09 S08/17016 54 25.4 (Me3Q) , 37.4 (C(6)) , 38 )
12 7000190 0" o(3)) |, 5. 0(&(8)), b8 0(0(13)). 7, PRSI

75.0(C(7), C(2), .C(10), C(20)), 78.9(C(1)), 80.9(C(4)), 84.3(C(5)), 128.8,
129.8, 130.3, 133.8(benzoate), 5 135.7(C(11)), 141.9(C(12)),
167. 4(benzoate), 171.2(4-Ac), 210.83(C(9) ) ppm Anal. Calcd for
C35H50010Si: C, 63.80; H, 7.65. Found: C, 63.72; H 7.70. 7-Di ne
t hyl phenykcodiumr -ahg-ques. ognoaph I HES { 89 nEXOAsol bekanesf (103 2[DABs( ey, 0.099
mmol ) at @%qppel ne., L [ hylgphenyl |IyI
chl ori de (%gloe%rm, 1&1 g P”%EQE.@V Qnggm: ?gg,tbr)éacf‘%o (9 xture was
stirred a¥iedd)c abr? ?We@fmh?EEI%}YénaOsatbmwédlmﬁaty@@(iladueous
solution G@-»Dad) was added, and the solution was quickly filtered through
a short colum of 15 silica gel. The silica gel was washed with Et CAc (100
m.), and the solution was concentrated under reduced pressure. The residue
was pérified by flash colum cheesmpDgraphy using Et QAc: - CH, C12 (1:10) as
the eluent a d, 0var |n Vv cuo met hyl phenyl 20
silyl-10 DAB %%lgerd it e Bgio%%‘& h@ g!élégjm gﬂé P220 C [al Hg
-28 (CHC131 ¢ ZOIB5y10- QA:BNIVRTQMOmMureODEm)) -BbAB. 388 g37(2 s 6 H,
Me2Si) , .7 0 6
1. 73(d, JJQ:Q)BXOS ) ,I\gl\/éll% zofe g%% ggH 24810 mot 93%%8“13{ £, 4. 10.6,
25 2.1 Hz teFt %dlﬁew i yl ghborgde] (PLOIRIQH),. 402m@8Lm 22 H, Hlda,
Hl4b)p 2. %aﬁivf3¢és4a&&éd ﬁM?430(ﬂdﬂL)Jat réém4t=%o@ra§u§=Hﬁnd%rH H6a) ,
86(d J & o n? &' J =2 (%2 4.16(d, J
FzH P6h) e aiftéé’(’d 13“'-“-83 %%Vﬂigfwowb\é)s%”%‘ﬂ goem3( 10. 6,
8 Hz 1 tidmpéRatur8ifonr A4 Hh. HIBYOA4. 840dmL) was2alidda, ahdaHchdl0) |

.90(dd, S : P 37 .99 = 7.0 Hz_ 1.H. H2), 7.41,
. 53(2 m%ﬂﬁ“&ﬁéé ‘%E%f%%,t‘g}guggo? %ggrga,coéuﬁf‘ BénZd&iEe ny,
.55(tt, Fed.7.Bhe1sPlipa deH whenwashed pitrhSEGOQd, (208 810, And Hz,

15 the solution was concentrated under reduced pressure.

N~NPhOOOW

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; [o:]Hg -51° (CHCl,, ¢ = 0.36); *H

20 NMR (400 MHz, CDCl,) & 0.05, 0.06(2 s, 6 H, Me,Si),
0.83(s, 9 H, Me,C), 1.09(s, 6 H, Mel6s, Mel7), 1.57(s, 1 H,
1-CH), 1.75(s, 3 H, Mel9), 1.87(ddd, J = 14.4, 10.6, 2.0
Hz, 1 H, Héb), 2.01(d, J = 5.0 Hz, 1 H, 13-0OH), 2.09(d4, J
= 1.3, 3 H, Mel8), 2.28(m, 2 H, HEl4a, Hl4b), 2.29(s, 3 H,

25 4-Ac),_2.46(ddd, J = 14.4, 8.6, 6.7 Hz, 1 H, Hé6a),
3.96(d, J = 6.9 Hz, 1 H, H3), 4.16(d, J = 8.3 Hz, 1 H,
H20b), 4.24(d, J =2.2 Hz, 1 H, 10-0OH), 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), 4.9%6(dd, J = 9.6, 2.0 Hz, 1 H, HS),

30 5.15(4d, J = 2.0 Hz, 1 H, H10), 5.60(d,_J = 6.9 HEz, 1 H,
H2), 7.47(dd, § = 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,
CDCl,) 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(Melé, Mel?7),



35 2 H, 0 m 13C NMR (75 Mz, CDC13) 6 -1.8, 99/ 09021

PCTI usgsﬁ%s)@&"?‘% )1%)( Me2Si ), g( Me(19)), 14. 21( Me(18)), PE§ AYLAY) |

22.3, 26.7(Mel 6, Mel7), 37. 2(C(6)), 38.6(0(14)), 42.6(C(15)), -
46.7(C(3)), 58.0(C(8)), 68.0 (0(13)), 73.2, 74.7, 75.0 (C(7) , C(2) , C(10)
, C(20)) , 78.8 (C(1)) , 80.8 (C(4kx , 5 84.3(C(5)), 128.3, 128.8, 129.8,
130.2, 130.3, 133.65, 133.74 (PhSi, benzoate) , 135.4 (C( 1 1)) , 142.1
(C (12) )25.4 We5,CH( beTzdalt®)6 ) 171380(746@@)4 2104 9(¢(O)1ppm Anal. Calcd for

oimeo thyt 108 6L Te fet®)) 7 a8 ERE TS Jeidei 94 0 10 DAB (97 .

0.18 nnnf?Si%(%Vf i dihe) 1 ﬁt}oat C120D) wa3s . adadd ) di, mstchyd (csi@pngpyl si |yl

chl ori de 5(438@(@1.5 3 5172gmpl ,lzgosecgybvi ugggr g‘%nn;@%&.eﬁac“ on m xture was
was

stirred at &H Et OA He solution 15 was
qui cRl'y $3% of Jtlh?r o'ug:h‘l%l %K@H%b} ubf’of (bem@étegm 17Thé (@i-Ricda gel was

washed wizio B Q\®)() J;fﬂnn%aﬁndCaEBQ s8Lutl en cylva§100@ce?§r gbedyunder
reduced eés§ur JThe re& ,ZS: s ur|f| ed By fTash col urm chr omat ogr aphy
usi ng Et heeass (9 2§ fh uéfit to give 20

7-di rrethyllsopropyI-IODAB as awhlte solid: yield, 107 nmg (930) . np

229-230 C = 0,62 1H.. N 00 ., CDC13) 6 0.05,
0.06 (2 s. [a]J Lk’/g’}eség'i%g’%fglyi %«9 éﬁé HTB gng‘g éé(?ﬂad ) 4,
1.7, 6 HSON@QZGH) ofl PO({RABG(FE ™WR160 . %17!)1m01)5@(cs -2D PC da©Hiddad 1. 74(s,
3 HjoMel d 14 2 L 2199 (d, J = 5.
0 o1 %yﬁ%%% &, st::)( dﬂmegg‘iﬁph n}ﬁﬂ%%fﬁl‘}g%)(‘d (250 ('9 2 H,
Hida, H14b)4° g el5 33@}11211 AepdeD My ddthe Feaqian miytuse 7wak, 1 H,
26231 3 O5f thrrdd =t 32(HZ°C J:di; Hp., @tldp(cg 1JJo 1115) 3a1|1'§1sé"§9alt"=dH20b) :

H20a) ,

4. 38(dd aﬂcﬁnag“eé’u? ﬁfl”lt Oj?r(ﬂ ssﬁﬁ idqudHl?sl}d ah95(dd J=o.

2.1 Hz, Isehutidn was kiickIy=:21Pettd thtbubhO), shobt( Goldmm 63 Hz, 1
15 silica gel. The silica gel was washed with EtOAc (100

7,
H,

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; [aly, -28° (CHC1l,, ¢ = 0.27); H NMR (400 MHz,

CbCl,) 6 0.35, 0.37(2 s, 6 H, Me,Si), 1.05(s, '3 H, Mel7),

1.06(s, 3 H, Mel6), 1.54(s, 1 H, 1-OH), 1.73(d, 7 = 1.1,

3 H, Mel8), 1.76(s, 3 H, MelS), 1.%0(ddd, J = 14.4, 10.6,
25 2.1 Hz, 1 E, Héb), 1.93(8, J = 5.0 Hz, 1 H, 13-0H),

2.23(m, 2 H, Hl4a, Hl4b), 2.25(s, 3 H, 4-Ac), 2.43(ddd, J
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 Ez,

1l H, H20b), 4.28(d, J = 8.3 Hz, 1 H, H20a), 4.31(ad, J =
30 10.6, 6.8 Hz, 1 H, H7), 4.81(m, 1 H, H13), 4.84(d, J =
2.1 Hz, 1 H, H10), 4.90(dd, J = 9.6, 2.1 Hz, 1 H, H5),
5.59(d, J = 7.0 Hz, 1 H, H2), 7.41, 7.53(2 m, 5 H, C¢H:),
7.46(dd, J = 8.0, 7.5 Hz, 2 H, benzoate, m), 7.55(tt, J =
-
2

.5, 1.2 Hz, 1 H, benzoate, p), 8.09(d, J = 8.0, 1.2 Hz,
H, benzoate, o) ppm. ¥*C NMR (75 MHz, CDCl,) &6 -1.8,



, 7.47 (dd, J =8.2, 7.5 Hz, 2 H, benzoate, m , 35 7.60(tt, J = 7.5,
Hz, Iwbeokepzoate, p), 8.10(c., J WO 99/ WU9U21 PCT /USQ%/C:IF'(}]@%I%] 56
1 &
(

H2

, 1.4 Hz, 2 H, benzoate, 0) ppm 13C NVR (75 MHz, CDC13) . ,
3 (Me2si) , 9.7 (M (19)) , 14.8, 14.9 (CHsi, M (18)) , 16.4, 16.5
2CH) , 19.4 (4-Ac) , 22.4, 26.7 (Mel6, Mel1l7), 37.3(C(6)), 38.7(C(14)),
7
),

)
1.4
8.2
- 3.
(Me
42.7(C(15)), 47.0(C(3)), 5 58.0(C(8Yy, 68.0(C(13)), 73.1, 74.7, 75.0(C(7),

2 10 20)), 78.9(C(1 80. 9(C( 4 84.3(C(5 128.8, 129.8,
%0 3, %31)7%15&32%%12 e)?. @3(512(14)@% 11) 14 (4%4@)(2;(9@( 12)1§9C( Ji)@)?M:( )herzoat ) ,

171. 1( 4- A -y \Cal C, 61.61;
H 7. 530 QEO']IZ:?;QI%(C@%']L pl%nil ﬁr@(%g 7§6Ij' enzyfl5| I%C@k)cb;%) To a
m xture oft®13< ZB 062 sn'go“b(sl)) )0(¢hﬂjhko|%3(22807¢rg7 4. 11 mmol , 36

eggl \é) andobr(ClDEUlZWCS(lﬂ Yl chlor deAB64, Mg . ¢ éf‘lmTD'%%l@ )é was
added_. DMF un reaction nixture was stirred at room
terrperatuP(1 chr:q% b %%Agz(%r&n@) vies” - Biddetl - andt1hed sot 3t i ©h was
filtered ﬂEBougNPaSshorﬁenzmalwn af3ssid (carpel , e §(¢(_'£3§. gel was washed
with Et ( , dt M n C trated er reduced
pressur eoﬁ ﬁe;?ggﬁﬁgt\;\%&s plﬁﬁ'lf d%t\%l c\é\?‘ﬁg/ %8&?5? SSPPIE'Ol ch?%%‘é‘?ogr aphy,
first tinBohsFng.fhePé: lHheKehe< (16L)6hs Ehe6ekBenFousécond &4 me2ysi ng

Et OAc: CH2Ci2gas the eluent, and dried overnight in vacuo to give the

7- trlbenzyIS|IyI-IODAB as a white solid: yield, 88 ng (910). rrp 161- 163
C, IR 3690, 2928, 2890, 1712, 1600 25 cm1; [a] Hg -46 (CHC13 c = 0.46)

1H NVR (400 NHz, DERGERYy Bisdp 17ag Ve 1) , s, 1-
1.71 (d((jd S e Mf}ﬂaﬁ H%/@H%?)? 1@74als O&‘% .

2.00(d, J%8 BA% H§7 oy, 0138011)“‘0-2 GFt RIF1gine 14 2ﬂL>9 Est 3606°CI—Iz”aSl H,
Hea), 2. 1e@dod3czmétz;ylastd;nw»a)sﬂgznzﬁsloﬁl&@ Hssc( Rﬂgﬁ %n&molz 27(d, J

o it Syl St o ML L,
4168 ayi¥s HT ?aclfloél Jixfuzs yag, sty ﬁedl@’:oH)
°C for 3 . EtOAc (10 mL) was added, and the solution
15 was qulckly_fllterec 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 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,, c = 0.62); H
NMR (400 MHz, CDCl,) & 0.05, 0.06(2 s, 6 H, Me.Si),
0.70(m, 1 H, CHESi), 0.90, 0.%92(2dd, J = 7.4, 1.7, 6 H,
Me,CH), 1.08(s, 6 H, Melé, Mel7), 1.56(s, 1 H, 1-OH),
25 1.74(s, 3 H, MelS), 1.89(ddd, J = 14.4, 10.6, 2.1 Hz, 1
H, Héb), 1.99(d, J = 5.0 Hz, 1 H, 13-OH), 2.09(d, J =
1.4, 3 H, Mel8), 2.28(d, J = 7.9, 2 H, Hl4a, Hil4b),
2.29(s, 3 H, 4-Ac), 2.44(ddd, J = 14.4, 9.7, 6.7 Hz, 1 H,
Héa), 3.96(d, J = 7.3 Hz, 1 H, H3), 4.17(d, J = 8.3 Hz, 1
30 H, H20b), 4.24(d4, J 2.2 Hz, 1 E, 10-0H), 4.31(d4, J =
8.3 Hz, 1 H, E20a), 4.38(dd, J = 10.6, 6.7 Hz, 1 H, H7),
4.85(m, 1 H, H13), 4.85(dd, J = 9.7, 2.1 Hz, 1 H, HE3),
5.15(d, J = 2.2 Hz, 1 H, H10), 5.61(4, J = 7.3 Hz, 1 H,
KH2), 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, benzocate, p), 8.10(d, J =



. 4.28(d, WovyByBIHzZ, 1 H, H20a) , 4.58(dd, J = 10.9, 6.6 %mlsdgimm)
4.81(dd, J = 9.6, 2.0 Hz, 1 H H5), 4.69(m 35 1 H, HI13), 5.21 (d, .
Hz, 1 H H10), 5.61(d, J = 7.0 WO 99/ 09021 PCTI US98/ 17016 57 Hz, 1 H H2)
, 6 . 93, 7.09, 7. 20 (3in, 15 H (PhCH) -,Si) , 7.48 (dd,- J =8.1, 7.5
Hz, 2 H, benzoate , 1. 61 (tt, P& 7.5 1.3 Hz, 1 H benzoate, p),
8.10(d, benzoat 13C NMR (75 MHz, CDCL3) 6
5 9. 9( Me(‘igf g B?K/El_%lg))b SREosCE. Ace) pA‘zz‘“4 SEME VL1, ls’Hm;-l?)

23. 6(Si (0912@1:3 13)8 8B, O( (B)3 (MG i/ 0(5147)Mo A2) 77 ( (:(4159) 146956(:@@3))

e 3%@ %6%%3}% l§451fj&€é§} }544%%% %107)2(@4@11%(' 10 129. 8,

130. 3, 134eB7) 133 8B8( @mph 8. 7Uéh(zlda)t)e,) 42 IBE: &(5))()11)497 ddae(2(C(12)),

167. 45 (b 11 17@9 2 d f
CSOHS&&%%@@R%(B)) @e9 64(:'%&).3%) e 81(31‘1(:99 "P:Pg) @\gﬂ &@FG 5(7“ Exampl o

C,
4 15 Sel ebt#Qe: a€§989|0n78f9i§ ééQhﬁﬁﬁ{¥$€&@ Al 184 . 3(C(5) 128.8,
oc 7- p- N|12abenzyboxyqanbgnyub&QzBé%e'TO1%5lﬁ@@éﬂf%Cﬁ 10- al | oc- 10- DAB (33

ng, 0.053 16 mol ui v) in dichloronethane
(4 ) e S ais *&) 29532@563(%%&%”%&;& hane s (- Pc?ﬂ )8 &F (20)
p- nitrobeppml thbrotaﬂaﬂtéo@Z&anB Qsil mw! ,c2 @iu@y) nungleggN2. The
reac jon ﬁgéﬁgrecma% S brrﬁ Cfor 4 h. EtOAc (10 nL) was added, the

sol ution was qui ckly™ |Itefed P rough a short columm of silica gel. The
silica gel was washed wwth EtOAc (100 nL), and the 25 solution was

concentrated urd S he Si b | ash
B @hb%mgl@w Y& Td & s Ju 4 @g% gﬁé

col um chronato r usi ng .  Et OAc: hexanes ( dried
overni ght™¥n © g?: g‘“‘P& g 96‘1§62§I1Ieoc(-275-0p-“?ﬂrt ﬂoﬂénm@x:yc% beydv)10- DA3  as
a col or| esadsotiBenyiyeldly34 chlokQd) . (3 TnPenzyilOnsr banylbaceptin 111,
To a Stlrrgg added DMF (0.4 mL) under N,. The resaction 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, £irst 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™?; [Q]M -46° (CHCl,, c = 0.46); *H NMR (400 MHz, CDCl,) o
1.10(s, 3 H, Mel7, Mel6), 1.56(s, 1 H, 1-0OH), 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, 13-0OH), 2.07(ddd, J = 14.2, 9.6,
6.6 Hz, 1 H, Héa), 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 é, Hl4a, El4b),
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, 10-0H),
-4.28(d4, 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, H10), 5.61(d, T = 7.0



solution a{obapsyatin 111 (100 mg , 0.168 nmol) in nmethylen

N2 at roomtenperature was added 4-di nethyl am nopyridi ne (

bi car bonat e and e _organi c | ayer was sépar

I3 A

mol ) followed by addition of benzyl chloroformate (240 niL, 1.68 nmol). WO
99/ 09021 PCT/ US98/ 17016 58 The reaction mxture was stirred at room
tenperature and the progress of the&Teaction was nonitored by TLC. After
about 4 h the reaction was conplete The m xture was diluted with Et OAc (10
nL) and waBZiranBf iZbd €093, 3.88pai7adr(p fynned montRATEQYSED, nL of a

5001 Et OA =T, t t d
B T 4 L S LD,

washed with 20 #t3ocf2500 Ei dRERRERAReS P) /Tife l@o(rthl ned B ganikt.3 ayers were

washed with p;lﬁ@nzdatéd 39 pyar MISQR

d 5under r educed

oty
D s of -8 (D 28 3487505 55 oo érf‘ﬂ fe??? g, czcn?'@“&n@%s(? T3y 1?

1H NVR ( CD@23B7) 402)3 M2316CB, 0 ,d,, 369.96(dH% )2H,

7.60-6.8

(m

2 Sreons B dh &l 0L T, B ot

J=10. 6, 1H, 7469, 2587(®(71H CKRB), C(2031( ¢ (2910.,5,78LK, (d-0a) ,

4.15 (d,

J=10. 5, 1@0@8‘?14 34 5’3(9&?5?18’ lj,_ysﬁ’ )1&2761( @fsgé; ];6961) 2.30(m

20 H14's) H, 4A%

2. 08P 1529 B, 13®oRy 133 9&(ml3TH8(Sb)(CHthVQ(Sber&d;azbdD)

BH  Me18),
1.58(s,

2H,

1H,

10H), 1.141(ss. §lrt<M>lf5) 143, @%mzﬁ'ﬂ Mé‘lﬂ)g (bgdgaaw quqgf@ggiw _D ccatl n

accat in

[11. To aém) ?g 925 sol utlop of

met hyl ene PR dRger Relsd F@emcts §%uré/2Hv@s %dded
4- di met hyl a0 BRDpyE j ds ne3 ( GEOBan, C0. 5% .mmyul l, feolslowed by addition of allyl
chloroformate(54 nL, 0.51 nmol).The reaction m xture was stirred at
30 tenperature and the progress of the reaction was -foll owed

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 mlL) of

20 p-nitrobenzyl chloroformate (23 mL, 0.11 mmol, 2

under N,. The reaction mixture was stirred at 0

equiv)

°C for 4

h. EtOAc (10 mL) was added, the solution was guickly
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 1l0-alloc-7-p-nitrobenzyloxycarbonyl-10-DAB -

as a colorless solid: yield, 34 mg (92%).

30 7-Benzyloxycarbonyl baccatin III. To a stirred
C.

solution of baccatin III (100 mg ,

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) .

room



by TLC. After about 1.5 h the reaction was conplete The mxture was
diluted 58% (5 m) and was transferred to a separat\(,)vé,\é funne

cont ai ni ng of a 500 Et CAc/ Hexanes. The m xture was H@J)S9§\AIY%6
saturated 35 sodium bi carbonate and the organic | ayer was separated. WO
99/ 09021 PCT/ US98/ 17016 59 The aqueous | ayer was washed with 10 nL of 500
Et OAc/ Hexanes, the conbi ned organi cggayers were washed wth brine, dried
over MgSO4, and concentrated under reduced pressure. The crude product was

T S RN TR T N g&%ﬁf&g@lﬁ Rt DpplrachbL Epaoy 4 M P-.
a
8.12(d, thLL I)fﬁs °f5b ezd%rae‘ftl‘?nat% ‘R%n’(ﬁ?’gcgﬁbyb”éh?oat%it% 43(s,

1H, H10), abo9F( i hikhe nrteacalllq'rh)was Sc6hplet d=Thé mizxtdte ®28), 5.54

dd, J=10. § 4.97(d, J=9.6 Hz, 1H,
|(45) 4. 87(ﬁqueﬁUZw|3_lﬂ§ 4&@7( %%%m %ﬁ@aﬁélﬁr%gg%m“ 8%(% Hz, 1H,
H20a) 5 4. SPERTayogys, weJHzamta:qnmgdSOJmm Of al1BPSHBYOAQ/64(m 1H, H6a),
2.30(d, Jm@x@nHz,. ZHHMHMﬁéﬁureZWQ%(ﬁasﬁkh 6f€ﬂ’sg*&§é§:d3§%d &ﬁc) 2 15(br

s, 3H, .15 Mell% 5 Hz
Me19), 1. ?F}abfa%nd i es(%rg%wcwkiwr a9 ogapary dwefl?l)!e Exarrpl e 5

Se: ecti vealqabaalxuszaia}cﬁr ofad Ovastydd lsGIQQ\B2@0mIF mebaﬁ%QAt}’HékénegQ a

sol ution bacc I 101 . 0.172_mmp pl) at -2Q C was

added 2- MEChOXYpr- 51p%eéne W}é @%?%QWﬁﬁﬁlya%.}é‘:‘gq E§‘ H’%omﬁéﬁle y the

addi tbon ofvex MISélqyt aadaromnsendiratad emer frdurced@resdhirk N sgHaition in

THF, 43 ngéag %Qs %E%g,%e&%gh Hngeg g@t ggf]“&'ﬁ t| on._m xture was
e

stirred at ST S Pndica ed co %o suﬁptlon of
the startildg m&t e‘r915él afh% 3 hehiter nﬁ@lbﬁ th-Dde%.‘lpeal%bﬁoda&fsnas-&mes only

maj or prog@uqic=olidcet hydwei he €0. RmrMirpas, adsedmands the sph uti on was
warnmed to room
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, 14, 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(4, J=10.6,1H, H5), 4.87(m, 1H, H13),
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 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), 1.14(s, 3H, Mels),
1.09(s, 3H, Mel7).

7-Allyloxycarbonyl baccatin III. To a stirred

25 solution of baccatin III (30 mg , 0.051 mmol) in
methylene chloride (1 mlL) 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 mlL) 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.



30 tenperature, diluted wwth EtOQAc (100 nmL), washed with saturated aqueous

NaHCO3 sol ution, dried over Na2SO4, and concentrated under reduced

pressure. WREMEBI due was dried in vacuo overnight to give pkdZuss 19 0)

of crude product. Recrystallization of the crude product from 35

Et OAc/ hexanes gave 105 ng (930) of 7-MOP baccatin Il as WO 99/09021

PCTI US98/ 17016 60 a white crystal, 181-183 C; 'H NMR (500 MHz, Co6D6) 6

1.01 (s, '3 H Me1l7), 1.11(br s, 1 I-T’ 13 OH), 1.28(s, 3 H M16), 1.39,

1.78(2 s, 2 3 H 10-Ac), 1.92(s, 3

H 4-Ac), ggg (g/\l} %‘% lgﬁ’eﬁei’é)s Wz"silf(% wifhy 1%@}(19)& £0%(ddd, J = 15.0,

10.9, 2.2 EtrrﬁAcAHepcaHeIs) tRel8pdibindd= o’h%aﬁucQ 143}1&5 JwéireHJ 4b)eg 2.31(dd,
15. 6, o ) 9 MeQ dd, J = 15.0, 9.9,

He, 1 ‘lziil%ggnﬁ“’ g? c!'iét?i oyéx K‘ggﬁz i‘hﬁ ﬁéﬁ’“nﬁr (L-% updgT H13),

d, J Ee@usefppregsury. HZ@B) Crmdél(grodhc: 83 asded, ciPOagh . 78(dd,

(

19. 9, sBo#: H 1~;Lh| H7 d 9, 5.95(d, J
0 e, LRI b a8 oy, %(H‘i!oé;‘gJ G 7 s Al e o
8(d, J ® C'2[°H obeﬁwlzo%t% )Obprrle%lbw THCAMRY «czncx;sma@@om C,
63 82; H, MiBz).848.¥pudd: J€8.631E2; oH, 5 LhentaR Ieﬁﬁel-,ec&g VEn | acyl ation
of 10-sily. ce yl,210-T 10 DAB. Toastlrre sol ution 'of
10- TES- 10- %KBO‘E%@%’"ZE E 4%11‘}&' l;ﬁn é%l@Hl'orSor?Et ManéH4 0= n31&10. C under
N2 , was added| CDNAP=?36 Hg, 0H, 2H9b6 mBn g4 , (48, 5eqwi.\),7 foldowed by
addi t4®n ceti hyd,i d 14 4 I The reaction
m Xt uj?(g Wg?)gt?%rg%% 98 gfé iﬁéyﬁﬂ)s a %% fL(]g; é’ni’ﬂys’t s iffficat ed t he
conpl et e coOn&TUPL i BR- Hléﬁart‘zl AF (mat 8H,alCHZE1d ylegckei.an @5, g e was then

filtered tiy ougdh aH§bgt a SitLkC sili el was washed with
Et OAc (100 m_) a)n thfe sgl gg?%nv\gsbc%ﬁcgﬁrﬁﬂg unée(rbaz uced ‘pﬂ"essure

J =
6.7
4. 33
J =
= 7.

.2

o)

The residtie &) pufi PF &8 byHs | HER) chRoPdt (Syr a8y Ousizng 2H, His's),
2.29(s, 3H, 4Ac), 2.16(s, 3H, 10Ac), 2.15(br s, 3H,
15  Mels), 2.01(d, J=5 Hz, 130H), 1.96(m, 1H, 6b), 1.81(s,
3H, Mel9), 1.58(s, 1H, 10H), 1.15(s, 3H, Mel6), 1.02(s

3H, Mel7).

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 mlL) 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 pL, 0.004 mmol, 0.025

25 equiv) under N,. The reaction mixture was stirred at -20
°C for 3 h. TLC analysis indicated complete consumption
of the starting material and the formation of desired

product as the only major product. Triethylamine (0.5

-

mL) was added, and the solution was warmed to room

30 temperature, diluted with EtOAc (100 mL), washed with
saturated aqueous NaHCO, solution, dried over Na,S0,, 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 IIT as



Et OAc: hewag@@ 2) as the eluent and dried in vaccuo 30 overni ght to give
the 7-acetYr2P8?rES-10-DAB: yield, 65.7 ng (950) . 1H NVRPEEETE170kpH0
MHz), 6 0.60(m 6 H (CH3CH2) SSi) , 0.97 (t, J =7.9 H, 9 H (CH3CH2), Si)

, 1.05 (s, 3 H Ml7), 1.18(s, 3 H Ml6), 1.56(s, 1 H 1-OH), 1.79(s, 3
H Me19), 1.83(ddd, J = 14.5, 10.3,62.0 Hz, 135 H Heb), 1.97(m 1 H

13-0H), 2.00(s, 3 h, 7-AC), 2.07(d, WD 99/09021 PCTIUS98/17016 61 J = 1.3
Hz, 3 H, &/HvﬁiteZci’ﬁéﬁHIZ bg4ay gdldy, 3. ﬁﬂés so% Hﬁz4 £C,) %57(ddd J

145 9,5 a) (d," 3 =7 ), 4.17(d, J

1L I-EOE? gﬂ‘z? 1= %‘g’ers £ H Hz’cra@ﬁ '4 384?(%{5:1 HEHLIZ), 5
94(dd Mex6), 51. 290 &Iz7812Hs HS),HS»&Q,C@ 11H52+(1§0),1 HY. 46089, J = 10. 3,
.3 Hz, ), 65 H 47 2 benzoate, m,
.60(m 1l|l:IL78( enzogt egg ?é) }1%& %2(: :Jt_(eH 0) ppm

7- Troi‘: 10MeES) , 18- BRES, Td H. nMede o? moui@s lI)=DAlE5 cw J(mmngz, D. 061

mol ) andeI\/AEﬁngg 056 |, AQ iv) g ign c oneffigne (2 nL) was
added tri chfor o Izorig;(grBrmtJe S%Jrf{ . §% 'hqf gﬁeaw v) under N2.

The reactidh! ﬁr g \9\/55 st i’r PediZat ébmfilélﬁ)er & Lﬁ'b(%:ncﬁ tthe M&f bgr ess of

the reacts oms\(\aadrmm LonsdobynggC; anal wed s 1 b Alger, & pdya TLE anal ysi s
i ndi cated_a rrg io géﬁ gl sap erance of |0-TES 10 DAB and the formation
uct’a he ry

of the pfo sgottls MEcHand - 359 )Y via® - hdtked, and the
sol utd on wal, qHROL)Y Hi. I4tLeédeth I&r @ugh e, ghort Hadann of 7sidd cas g£| The

silica gel, h 2 t c uti.on, was
concent ra{Led uner%rqédgcgld ﬂ7gég§r e9(71%(1)ef reS| caid]gg\/\gg %&h'f |]eg'[ flash
chr omat ogiaphy>u8frig, EFCACY - @HEI@J.Z Y E1H2)as &1 (=] uerH, &b )dr i ed in vacuo

over ni ght 5t ve T ESt, 1 DAl te d, 49 25
over! ght 71 %5% 3 ZI‘M_i?@ﬁzéQtzé Q;g Beaz%(%whém%gizpﬂ% yd)%&o 00 (tﬁg :
=7. 9, 9 peng EHz)O SPpm;  Ang; (§al§q—| f%i—‘zgqu 1220( &, §3MB2MeE6), 1.56(s,

1 H14-0Hy,0d4.84¢5und:H c, 63.72; H, 7.07.

N~ A~

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 O °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), 6 0.60(m, 6 H,
(CH,CH,),Si), 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, 1-0H),
1.79(s, 3 H, Mel9), 1.83(ddad, J = 14.5, 10.3, 2.0 Hz, 1
H, H6b), 1.97(m, 1 H, 13-0OH), 2.00(s, 3 h, 7-Ac), 2.07(d4,

W
m



2.01(ddd, J = 14.4, 10.5, 2.0 Hz,

Me19), 1.96(d, J = 4.9 Hz, 1 H, 13-OH),

1 H, Heb d, 3 =1.2, 3H 30 Mei8), 2.29(m 2 H HlAdyysihbims

2. 39(s, éﬁr?_'gg/%%g 2.68(ddd, J = 14.4,°9.5, 7.3 Hz, 1 H Hea), 4. 0s(d, J
4

=1 9.
= 6.7 Hz, 1 H, H3 18(d, J = 8.5 Hz, 1 H H2Oh), 4.32(d., J = 8.5 Hz,
1 H HOa), 443(d 'J = 11.9 H, 1 H CHH'OC(O)), 4.86(m | H, HL3),
4.95(dd, J = 9.3, 2.0 Hz, 35 1 H HB), 4.98(d, J = 11.9 Hz, 1 H,

CHH OC(0)), 5.33(s, 1 WO 99/09021. PCT/US98/17016 62 H, H10) , '5.37 (dd,
J = 10.5,J7=31H¢ Ha, H3 H7)Mel$)672(-86 (h,=2 6,7 HiAa,1 HI4BR) 2 . 2946(dd, J =

7.9, 7.3 2 bepzaat m . . 6Q(tt, 2 benzoat e,
559 6T . Sethe) peRzesi@aat) o L ggntzﬁoatgés_ 7.3 b 21, hdd),

trobenzyl’é)x?ééﬂﬁbo‘ﬁw= TGDTES-&G BABH3To # - 1 & ruer =of® RﬂJTZES-llG1 DAB (40 ny,
0.061 moispognd Mf(ﬁ72J g .0 @k, Moy, Hrgui \4) gan(ndr i ghl arform (2 ni)
was added g nltrobenz¥ chi_or of or mat e (r}@g} r‘r%0 61 mol , 10 equi v) under
N2. The réadtil8f/ n¥xtuPewad & Fred & m 10 %% r?perjatpur &d t he
progress gt 4sh|adreact=| QI0 .\33S 7. momlztoaed-z by—17'ISL,Csars$| WBi ST After B, min, TLC

anal ysi's ed al,ompgt ¢o te di apperan 10-,TEsS- 10- DAB and t he
formation o" ﬁg product as%t rTIy r?aj‘dr |dot 6%“55“{ hanc%s’ (10 nmL) was

added, anbonheaSGI,up)onBWas't(qiu dkl=y 81.® fH4 .t & 6 tderAApten shompmol uim of
silica gel. The silica gel was washed with Et QAc (100 nL), and the

sol ution was concentrated under reduced pressure. The residue was purified
by flash chrondt8grapty i Elak: ToHACEL Xt )0 Ta gl § HES ARTRABind dri ed
in vaguO QUer Rigghb 3@t %rrgﬂ\oe afrdD-OMAE openZyd OWC@rbmm/l-llcb TPy DAB as a

white solid: yield, 48. 9501) 1H NMR (50 6 0.60(m 6 H,
(CH3CH2) 33 FlChé°§9(‘\et Janr?‘? HYFTHE ,OIEL‘??J%‘?%% 3 H Ml17),
1.19(s, 3cHloMete)matk 56(s,nil, Hz 11820Hmo 11, BB(aquﬂfHumﬁﬁ)Nz 1. 9¥eddd, J =
?5:111::23: %‘%ﬁ%ﬁﬁé’fgjnl’%%%{a@gb 1 o) (agc -oom%ngng#raél# s He 2 09(d,
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-DAR as a white solid: yield, 49 mg
25 (57%); '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(d4, J = 4.9 Hz, 1 H, 13-0OH), 2.01(ddd, J =
14.4, 10.5, 2.0 Hz, 1 H, Héb), 2.08(d4, J = 1.2, 3 H,
30 Mel18), 2.29(m, 2 H, Hl4a, Hl4b), 2.29(s, 3 H, 4-Ac),
2.68(ddd, J = 14.4, 9.5, 7.3 Hz, 1 H, Héa), 4.08(d, J =
6.7 Hz, 1 H, H3), 4.18(d, J = 8.5 Hz, 1 H, H20b), 4.32(d,
J = 8.5 Hz, 1 H, H20a), 4.43(d, 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(d4, J = 11.9 Hz, 1 H, CHH'OC(O)), 5.33(s, 1



HL4b), 2.29(s, 3 H 4-Ac), 2.65(ddd, J = 14.3, 9.3, 7.3 Hz, 1 H Hea),
4.08(d, J =7.0H, 1 H H3), 4.18(d, J = 8.6 Hz, 1 H H0b), 4.31(d, J =
8.6 Hz, wolsob@eR), 30 4.86(m, 1 H, H13), 4.95(dd, J = 9. 3cTRAISsM16l H, .
H5), 5.06(d, J = 13.4 Hz, 1 H CHH OC (O) , 5-31(d, J = 13.4 Hz, 1 H,
CHH OC(0O)), 5.33(s, 1 H HL0), 5.36(dd, J = 10.4, 7.3 Hz, 1 H H7),
5.66(d, J = 7.0 Hz, 1 H, H2) V\D 99 09021 PCT/ US98/ 17016 63 7.48(dd,.J =
7.4, 7.3 Hz, 2 H, benzoate, M, = 8.9 Hz 2 H NO2CB6H4) , 7.59

(t t, J = q /- 2 be o e 2(.dd = 7.4 2_Hz, 2 H,
benzoat e, &’ 10)1 3?5 égi = Qé %z %HNO ) %bm5§7 ‘} =
7- Cbz- 10- EFESS—H@, DABH THZa nﬂxﬂar(ddof J16- T)ES 107 DABIz (49 ®wp, 0.061 nmol) and
DVAP (440 zo§t§4 7 .89 ¢ t: ql:}l V) | y 2cm oroj(};mgl%Z m_g was sl ow y

X1

added four equaT a quot of "bénzyl chI dro ‘or net'e 64 mol , 60
equiv) vik)a 8ytiAgdinJda=10- ﬁh,nll ﬁt dzval2 dhdéremode duipoma period of 40
mn. The reaction mxture was then  stirred at roomtenperature and the
progress of the reacti was nonitored by TLC analysis. After 2 h, TLC
anal ySi s i ndi cAtBaNAFAE néé’ﬂﬁi"é’t’—'éréﬁoé’éﬁp'elr%%'offo BABTESTA R DAB and t he

f or mat i onmokttbhe pfodoctrEss1vheat5 (@nl ¥ngTRjo0rossPQimo Met e odMAA O () was

added, and th ol utkon S oured in acetate (100 n), washed
with a sa?‘araﬁeg?aquég‘uslﬁgﬁ&gé V4P ‘%ﬁ’ qL_rQO; { rféL W2 sol uti on was
dri ed overdfag@Sp4initupbenzyat ehlamlomae:ehjc(elcﬁlpnmg;,sm e61 Tl esidlue was
purified S chro r n sthe

el uent Qéug%?egnla%rvgﬁugafﬁgrﬁgﬁytég ng_gégl?% %%LFO%A % a

whi t €9sol FémP9FéFHre4§nﬁgtPQSB}-”OSerSNM:? (t8690 m&ctlmaz; 6 0.62(m 6 H,

( CH3CH2) ﬁghltorgd9ﬁ§ EL@ aﬁa@ s2sH, Afgéﬂjiﬁ ég%) TLé—éqg §SF1 Mel7),
1 20(s, 3 1-0H), 1.61(s 91 (ddd J

= 14.3, iédsca’ée “‘OftHC E@BFtchQ@(acPDlean% SPIHZ:LO'lT‘hG ?}3@4) 2.10(d,
J = 1.2, 3nB thelBprm2tddnnmof2the Hié4Buct 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 raduced 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%); *E NMR (500 MHz, CDC1,)
& 0.60(m, 6 H, (CH,CH,),Si), 0.95(t, J =7.9, 9 H,
(CH,CH,),Si), 1.08(s,.3 H, Mel7), 1.19(s, 3 H, Mels),
1.55(s, 1 H, 1-CH), 1.83(s, 3 H, Mel9), 1.53(ddd, J =

25 14.3, 10.4, 2.2 Hz, 1 H, Héb), 1.96(d4d, J = 4.9 Hz, 1 H,
13-0OH), 2.09(d4, J = 1.2, 3 H, MelB8), 2.29{(m, 2 H, Hl4a,
Hl4b), 2.29(s, 3 H, 4-Ac), 2.65(dad, J = 14.3, 9.3, 7.3
Hz, 1 H, Hé6éa), 4.08(d, J = 7.0 Hz, 1 H, H3), 4.18(d4, J =
8.6 Hz, 1 H, H20b), 4.31(d, J = 8.6 Hz, 1 H, H20a),

30 4.86(m, 1 H, H13), 4.95(dd, J0 = 9.3, 2.2 Hz, 1 H, HS5),
5.06(d, J = 13.4 Hz, 1 H, CHH'OC(0O)), 5.31(4, JT = 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 E, H2),



HL4b), 2.28(s, 3 H, 4- Ac), 2.64(ddd, J = 14.3, 9.5, 7.3 Hz, 1 H Hea),
4.08(d, J Hz H H3), 4.17(d, J = 30 8.5 Hz, 1 H,_H20h), 4-30(d,
J=28.5 H‘zmg%mﬁquzoa) 4.86(m 1 H H13), 4.95(dd, J = 9.7 533:[ 1 H,
H5),. 5.01(d, J = 12.2 Hz, 1 H CHH O0(0)), 5.24(d. J = 12.2 Hz, 1 H,
CHH OC(O)), 5.34(s, 1 H HL0), 5.37(dd, J = WD 99/09021 PCTI US98/ 17016 64
10.5, 7.3 Hz, 1 H H7), 5.65(d, J =63.0 Hz, 1 H H), 7.32-7.37(m 5 H,
PhCH20), 7.47(dd, J = 8.3, 7.3 Hz, 2 H, benzoate, n, 7.59(tt, J = 7.3,
1.3 Hz, 17H485édzoﬂe 7.8, 7.8 ¥z (d H) bnﬂzostel mB,Hz,52 (8, benzoate, 0)

ppm QWB QZ, Zgie%d& % y7|$ PJ‘CO SO|%’[?% flgljg(:cat|n 111 (30

thyllsopropyIS|IyI baccatl a stlrred
my, O.051PAARBPREEN Wi &i- rle? qcn B 7 -4t D.Z Emde? N, bemasaadded

chl or odi ng hyl .38 (isopr apy .9 e £ k60 yb,c &.0 I%TDI) The reaction
mxture was stirred at that terrperatu're and ihépprogress of the reaction

was nonitored by TLC. After about 1.5 h the reaction was conpl ete. Ethyl
acetase (5 ml) mmwmamm utd 08 weschFansfeipedsE0:g-pgparatory

15. funnel, ,cont ai | of [ Hexanes. The_ mi xture was
washed wi t(ﬁgsatgurgt m&% r%a%%mt g%\%dngt he- of gBRPL. | 80er was
separ at ed.8°¢hevaqu@owsryl aydronweormext2 acLEdwaM;t@l&ﬁlﬁaﬁﬁc@OioETrmC/ Hexanes

i or | e, AR Pad S0uel S0, LNt PR DRRT r bieedl Bpredchite. The cor ude

pr oduct \AﬂE‘Oéas§@d em-‘r-di)gh’l@ %mrlmllnaa g0 -wmbh uint eovgl vendar9Ngy (970)

f t 240X & 13) ... 1HNWVR
(COCLS, SOGMEE L 6 8100, 128, 410 31 o- Dencoarey. oy Boxyisg Wg" chen

(m 3H, ben#BAFERS &t IEOM HSTRATE B1%R) (JHI=yna LPYAFFEB) O the
4.95(d, J=4eQbe it Ma)s m&%dﬁa&%wlﬁlc,aﬂa%ﬂg J=ABcdr62 8y, HepdH HI),

?I.lHSOI(-Ig)J iniéélrﬁljsTﬁH%é%ﬁtnd 4‘rr€oét cgmglggo d%yagg(e)ggncél 15(d J=1.2 he,
10-TES-10-DAB and the formation of the product as the

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

20 chromatography using EtOAc: CH,Cl, (1:10) as the eluent

~ and dried in vacuo overnight to give 7-CBz-10-TES-10-DARB
as a white solid: yield, 45 mg (93%); *H NMR (500 MHz,
CDCl,) & 0.62(m, 6 H, (CH,CH,),Si), 0.87(t, J =7.9, 9 H,
(CH,CH,),81i), 1.07(s, 3 H, Mel7), 1.20(s, 3 H, Meils),

25 1.55(s, 1 H, 1-0OH), 1.81(s, 3 H, Mel9), 1.%1(ddd, J =
4.3, 10.5, 2.1 Hz, 1 H, Héb), 1.96(d, J = 4.9 Hz, 1 H,
13-0OH), 2.10(d4, J = 1.2, 3 H, Mel8), 2.28(m, 2 H, Hi4a,
Hl4b), 2.28(s, 3 H, 4-Ac), 2.64(ddd, J = 14.3, 9.5, 7.3
Hz, 1 H, Hea), 4.08(d4d, J = 7.0 Hz, 1 H, H3), 4.17(4d, J =

30 8.5 Hz, 1 H, H20b), 4.30(d, J = 8.5 Hi; 1 H, H20a),
4.86(m, 1 H, H13), 4.95(dd, J = 9.5, 2.1 Hz, 1 H, H5),
5.01(d, J = 12.2 Hz, 1 H, CHH'OC(0O)), 5.24(d, J = 12.2
Hz, 1 H, CHH’OC(O)), 5.34(s, 1 H, H10), 5.37(dd, J =



2.23(m 2H, H14's), 2.28(s, 3H, 4Ac), 2.18(br s, 3H, M 30 18), 2.17(s, 3H,

| OAc), 2.Wd(ddp9ehs5. 0 Hz, 13 OH), 1.86(m 1H, 6b), 1.69(s, %&dg\ﬁl]r%}”
1.61(s, 1H, 10H) ., 1.20(s, 3H MlI6), 1.05(s, 3H, Me1l7), O. (U 1 Hz,
6H,i-pr), 0 .73 (m 1H, i-pr) , 0.09(s, 6H M2Si). WD 99/09021

PCT/ US98/ 17016 65 7-dine thyl phenylsilyl baccatin I.T.T. To a stirred
solution of baccatin IIl (20 ng, 0.684 mol) in THE (1.25 nL) at -10 C
under N. , was added chl orodi net hyphenyl - silane (68 uL, 0.41 mmol),

fol | owed bY-addi’t-BoFzoef 15 Hpy M nes (5037 3.1.0mRt) .1 The BeAction rri xture

was stiryedoaty thal, tgn@prq&m@ndﬁ he RILITLSS f of th7e3 actlg_p Eth I
y

noni t or ed, by TLC. After about orfe Hour the reactlo ‘was ¢
acetate (BSREP2H&s Fdded - =e?n‘d3tthejs=ollut3onlv\th5rahslﬁerbenlzd:@ta,separ atory

funnel 10pgonBanni(ag,30 =l gofs S0P6FtiAC ékj@xaggﬁzo;}?g ngj)xv\% was washed
with saturated sodi um bi carbonate and the of gani c ayer Separated. The

aqueous | ayer was extracted wth 10 nL of 50% Et OAc/ Hexanes and the
conbifed organic |ayers Were vvaa&mi;lva tth saturated sodiumchloride, dried
15 over MgSO' co i d educe essure, The_ crude product was
passed t hrough a%horc{&s‘? it ﬁef‘ @B ﬁgng 52G¥¢a192P8By (9899 of a white
solid mp. 210~ ﬁl@eGbYF@S]OZ‘aDD}SBsBI}BI cbd BcOHBSn CHO13)Td H NMR ££8€13, 500

M) 6 8. 8 7.62 20, BH._benzoat
phe)ny|) gégqué’n i Héf,%la%:lgh ( B g ‘ZF ’g‘)r‘gh i RVAIeE) | 4. 81

(m 1H, H1%§ -6 E‘L)l6a(~d8 Frnder ¥ 9 MAsIRAdRd chiaflimE iz, 1H, H20a) ,

4. 14 4d, alsSp5oles:.lHneH3Q@0 1&..855( b2 JmoD) Hz odd é‘%} idn34(m 1H,
H3). 2 26gd J=8 & 5). 224 3H AR S (s, 3H 10Ac)

H
, .02 ?‘t&reJWi‘stq%% Y gyhat jteppgratune 5ar+@ they oBoFyesy. 77(m
lH 6b) , df?ﬁ@s rabicii b9) wasln’fa;ﬁw.:(t&;reld'io Orc. 1A§t9=:§5abc§.|d: Med6) . 1.05

(s, 3H, 6 Si), 5(s Si 7-di nme
t hyl pheny SI I yFaFglpfA‘lo%%(%nﬁd 8. 31 eethte NF5 mTz was

added and the solution was transfnrred to a separatory
15 funnel containing 50 wl of a 50% EtOAc /Hexanes. The
mixture was washed with saturated sodium bicarbonate and
the organic layer was separated. The 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 MgS0O,, 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;[d]2% -58.6° ¢ (0.009, CHC1,) . *HNMR
(CDC1,,500MHzZ), & 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.le,lH,H25);
4.95(d,J=4.9Hz,1H,H5), 4.84(m,1H,6H13), 4.44(dd,J0=10.4,6.8
Hz,1H,H7), 4.30(d,3=8.3 Hz,1H,H20a), 4.14 (d, J=8.3 Hz,
- 1H,H20b), 4.15(d, J=7.2 Hz, 1H, E3), 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(d4, 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, Mel7), 0.87(d, J=7.1 Hz, 6H,i-pr),
0.73(m,1H,i-pr), 0.0S8(s, 6H, Me2Si).



30 stirred solution of 10-propionyl-10DAB (0.200 g, 0.333 nmmol) in THE
(12 m) aWO9M9®! was added chl orodi net hyl - phenyl sil ane (®cGa89gt7016. 00
nmol ) followed by pyridine dropw se (2.48 nL, 30.64 mmol). The reaction
was stirred for 90 mnutes. Ethyl acetate (20 nL) was added and the 35
solution transferred to a separatory_funnel containing WO 99/09021

PCT/ US98/ 17016 66 100 nL of 506 EtOAc/ Hexanes The m xture was washed with

‘saturated sodi ym SLgan eparated. The aqueous
| ayer was extrgctdtelh 1’{391 &gﬁ%&ijﬁexﬁggﬁ ?irﬁ) aica h&“toh8f ned or gani c
5 extract §owashen @t Panmania érd[Isobﬂlenghl@r%Ife mool Bdin OVEF Na2SeH,

concentra;ngql bR vague: Jieeknide spld d Wass dhen- rrhjﬁlggoﬁlgﬁ}hlflash col um

chromat ogr a usi ng 500 Et OAc/'hexane as el uent to

7-di net hyﬁﬁﬁéﬁ‘yl §|6|8y|u110 0 -Briofimshiyl - 100 Phpved. mza@dl*gwy @8 a solid. 'H
NVR 16 (Cﬁgiadlaéo M‘EIZO) mL 6301 3o 0. 45 ﬁ@e Srnﬁctli MeRSkdure 1w9§ (s, 3 H
Nbl?) g( é CH3CHg% (s, 3 H MW16), 1.60(s, 1 H,

, Tred gr r&g‘ﬁ% DFéiad‘iiH-’e nd ‘iﬁe?rq@r%sszoo e 1 H, Heb),
:2% gg(m lllrzactao@l;zv,asdmﬁﬁ(mra’ﬂi Hhy Mxl8) , RE2df nabautd, %ﬂéa%uﬁléﬁiz 222% ?2
a R

dq, J = 1§e§£t%%§ ﬁ(?% %ﬂﬁ‘i’loﬁfmz)m%‘%fs%‘fﬁta%e ‘517&3 ) pgas 1a‘TlPe 4. 14(d,
J = 8.0 Hepdlthke H@O@ﬁlon4WEqcnrahsférfb&t:o1akse¢aﬁaﬁorﬂ ﬂﬂﬁﬂdl J = 10.0,

T g7 o S SO e s e R sy 1 4
7.55-7. 57&25ﬁ°d5mthpr?§t)urare4%(ﬁﬁ :zmm b*mm@e apd thgtpmamcm

benzoate, 1p er8w&@(@Pph*aﬁé&) Hhe Zadiie HEHZO &1 Qisp@ﬂ%rac

7- Di met hyl?\’p gné si |yl :'Losﬂgl rO})anecar bon I- 25 10- DAB. To a sol ution of
10- cycl op¥dpanelarto I§A§E‘ BEFFYTS 1289 bt ) CPRPFRES (25933 Cwer e
added wi t Aaystrisr meng p\;erslrchd]eu(t:}l Ssady) randd t edi whl Oh 06+ 1t hydiried
phenyLsil ane (hfolh: cAhcTHRkL:ah 1hdeC e Nl re . The

- -

crude product was passed through a short silica gel
column to give 24.1 mg (98%) of a white solid m.p.
210-213°C; [@]®, -56.3.5° ¢ (0.005, CHCl,) *H NMR (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,H5), 4.81(m,1H,H13), 4.46 (4&d,J=10.6,
6.9 Hz,1H,H7), 4.21(d,J=8.5 Hz,1H, H20a), 4.14 (4, J=8.5
Hz, 1H, H20b), 3.85(d, J=6.9 Hz, 1H, H3), 2.34(m, 1H,

_ Hea), 2.26(d, J=8 Hz, 2H, Hl4's), 2.24 (s, 3H, 4Ac),

25 2.15(s, 3H, 10Ac), 2.02(br d, J=1 Hz,3H, Me 18), 1.93(d,
J=5 Hz, 1H,13CH), 1.77(m, 1H, 6b),=1l72(s, 3H,Me219),
1.59(s, 1H, 1OH), 1.20(s, 3H, Mel6), 1.05(s, 3H, Mel7),
0.446 (s, 3H, Me Si), 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 separato funnel containin
) ry g



sat . The m xture was extracted wth Et QAc

sol uti on |rred till the reaction conpleted. Then 30 quenched wth
St

RCXMssBAO0IL) .

The corrbl ned organlc | ayers were washed with brine (2 x. 10 nL), dried an
filtered. Concentration of the filtrate in vacuo and followed by flash

chr omat ogr aphy (hexane: Et OAc, 4:1) gave 35

7- Di net hyl - phenyl si |l yl -10- cycl opr.opane- car bonyl -1 O DAB WD 99/ 09021

PCT/ US98/ 1801a1, &% 6.0.32, 0.43
(2 s, 6H MefSue) (%1%69%%}\1 /oo " ﬂ\@’é%}cyc %%r%%?\z‘?d ¥igh(s., 3
H Mel7), SEERFAS dsﬁ‘?“%’é‘néalcaﬁ‘bm%te amqi thel OFganidilsyed H, 1- OH),

IIIAFO““H

. 78(ddd, séparbkted. 1@rrfa a%ujeo"_ué"zla 1H1w$@béxt:.2a élécﬁnw_ﬁtll;' 13-OH), 2.05(d,
= 1.5 4 g Hl4a, H14b
34(dddH§3 ‘%fﬁ‘ z{'}'/’b ©55. ¢ %"%(E“L)l% ) zd Jrganyco ﬁz 1 H) H3) .

e s o et S T B,
H5) , ongg'Z g %H‘L’ %ﬂtﬁa ggﬂ %’"‘ﬁ%(s TH”kFr‘il&E)solqzdswa?o 36,

7.55-7. 57%berxnpugl|ﬁle|dhm)th £.146{rmc 2 urin dieramet &grabhy S 5(3,,

b t yx : t 5 le 8
7 po Nt ?0%52?‘:?&9‘%3”&%5 TG B T ﬁmﬁa}#"{ﬁ%yaf@ ;

10- al | oc- Qrﬁp bér?z%hé'xﬁ@ar?—l‘}@mg,- 9BG-) DA (a%élsqsfg,d 0. &48wmmol ) at room
terrpm atUI(EDwa§, asloledMER) THE 60but i Qn4g12rrg) gf uf or,lg%o)acl:g 6%? m., 0.48

ealui v

'fBIIowed

nmol , n tyl.amne (47 n, O.
by t he ad%ftl %gﬁ) gdg()gléhg)j g LYnc?eIHZNZ3 'ﬁne Cffz@éle)u oh- M k$ur® Has stirred

at room tMepér at dr.& Of(er, 0 8, h-d&)QAQ (7RO s1L)z was mdded, Ll

solutlon
T{] %‘5 silica

gel was' vaafed i th b e g%o B hndfitle” SAE orf i it r ot o

under redéck8 ( 5ne§sﬁreM°‘Fﬁ

|29§|7du.re \Ra gl , pili4fa editap)f | ashpcod umm

chropmt ognapAy a¥$i,N@ .34 (ddd, J = 14.5, 5.5, 7.0 Hz, 1 H, Héa)
2.42, 2.49(2dq, J = 16.5, 7.5 Hz, 6 H, CH,CH,), 3.87(d, J

7.5 Hz, 1 H, H3), 4.14(4, J = 8.0 Hz, 1 H, E20b),
4.27(d, J = 8.0 Hz, 1 H, E20a), 4.47(dd, J = 10.0,

7.0
Hz, 1 H, H7), 4.82(m, 1 HE, E13), 4.85(dd, J = 9.5,

20 Hz, 1 H, H5), 5.64(4, J = 7.5 Hz, 1 H, H2), 6.44(s, 1 H,
H10), 7.32-7.36, 7.35-7.57(2 m, S E, PhSi), 7.46(m, 2 H
benzoate, m), 7.59(m, 1 E, benzoate, p), 8.10(d, J = 8.0
Hz, 2 H, benzoate, o) ppm.

7-Dimethy1phenylsilyl-lo-qyclqpropanecarbonyl-

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 mlL) 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

followed by flash chromatography (hexane:EtOAc, ¢

and

:1) gave

35 7—Dimethyl-phenylsilyl—lo-cyclopropane—carbonyl—lo-DAB

d

J
1



Et OAc: hexanes 9&1 2) as the eluent and dried in vacuo to give

7- p- ni t r oBEAYIBXY car bonyl - 10- DAB as a col orl ess 30 solid: yE&{F?% %%y

(939 . [a) -38 (CHC131 c = 0.48) ; 'H NWR (400 MHz, CDC13) 6 1.06(s, 3 H,

Me16), 1.09(s, 3 H,  Me17), 1.55(s. 1 H 1-OH), 1.86(s, 3 H Me19),

2.01(ddd, J = 14.4, 10.7, 2.0 Hz, 1.4, H6b), 2.03(d, J = 5.1 Hz, 1 H,

13-OH), 2.09(d, J = 1.3, 3 H M18), 2.28(m 2 H, 35 Hl4a, Hl4b), 2.30(s, 3
1

H 4-Ac), ?eﬁg(ﬂgd’-iocriﬂf 4y ﬁMﬁi (@9&9/ 09@81Mﬁ97/ US98/ iZOlﬁ 48827.3 Hz,
H Hea), 3.89(d, 0- Oy | J = 1A 1),

4.20(d, J = 8 4HHzMez_SH %2%) 14094(a 13 3 8. EPHEI fYﬁlqu‘@Q)Yl 4.88(m 1
o '(%f’ﬁ £.95(dd, 3057 9e97)2.9 12 (o, B I*H5)Me56)1,9g6 7315, 18, Iiso 1 57H3 CrH
1 H HI). !éék8§ 1374501, *qu{'HlJO) 8@%‘54(0‘? J(~‘9649 W51 % 1),

7. 48(dd, JHz, 8. %, Heb)Hz2.24Hm, banzso,at:es o), 7252%0d, JI= 817:; RzH 3
NO2C5H4) | 327 (L 5 20

1.3 He, )2 By g&ﬁ%até 28)(5' 53, 4H‘§*—) 557939“ %%2@%&% 8Hf%€3c NI\/R (75
MHz, CDC13}.841648,( W =( 18).%,, 9145 & (MHZ18) )E, Ii@an(43/s&7( 22J2- 26 4

Vel 6, Mel7 3. , )%, 1 3)
(56 5(C(8) )J’ b, ’?‘% %53 "3?’)88 ;3‘71(5%11 )%1 Z: f(}g Q)H 41@"25“(15 76. 8(C(7)
C(2), O(10¥, =CB28) Hz,78. & CEROa) . Bk Céft(4 )=, 1083 6bcf5h3, 1281, 128. 4,
128. 91 11303 , 13383 (o, OHZPh NG p, 4 beszaal e, 1§559(§(11m 14@, 4., 143.0

i “, NS%&% CERD) o T84 2 L00(Q Ay 167, 7 (engodte) 1711

C- 10 Hydr oxylz26f7.380- DAB2usi 18y themcad allyt PesDy(C17 . eeamti BnH, A sol ution of

butyric an drlod%e(OngS n;ﬂ:gg(d n T B%ngagi% \C/;Exf agdz_?gég upder gagni trogen

at nospher e, “£8°% 5ol i'd ‘mi xtur e of 1 mol ) "and DyCl13
(1.3 ng, 1@®znol2 %, wherlZbIduAB) .oTHePResul ting suspension was stirred at room

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 P4 (PPh,), under N,. The
reaction mixture was stirred at room temperature for 0.5
h. EtOAc (10 mL) was added, and the solution was gquickly
filtered through a short column of silica gel. The

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

30 solid: yield, 28 mg (93%). [al, -38° (CHCl;, c = 0.48); H
NMR (400 MHz, CDCl,) & 1.06(s, 3 H, Melé6), 1.09(s, 3 H,
Mel7), 1.55(s, 1 H, 1-OH), 1.86(s, 3 H, Mel9), 2.01(ddd,
J = 14.4, 10.7, 2.0 Hz, 1 H, Héb), 2.03(4, J = 5.1 Hz, 1
H, 13-0OH), 2.09(d, J = 1.3, 3 H, Mel8), 2.28(m, 2 H,

35 Hl4a, H1l4b), 2.30(s, 3 H, 4-Ac), 2.62{(ddd, J = 14.4, 9.5,



tenperature until judged conplete by TLC (2:1 EtQAc/Hexane). The reaction
was di | ut™8 MR Et OAc and washed three tinmes w th satur atPed/PEsBICT36
solution. The 30.conbi ned bi carbonate washi ngs were extracted three tinmes
wi th Et OAc, these conbined organics were dried (Na2SO4) and the sol vent
evaporated. The crude product was ng%I turated with hexanes and the not her

| i quors decanted WO 99/09021 PCT/ US98/ 17016 69 away. Crystallization from

Et OAc/ hexangsyuyi ehdgd 1@ )but3yr8]9 dOgAB gje(pt gal, 'It_:lgt ﬁﬁ?fégol ated fromthe

CeCl3 catal sed reaction. el ective tion of the
C- 10 Hydr&xPF (8F J16- BAB Hﬁ:nd— tHwe‘Bdt,aI%/tzQ: &bGl3reattiinn: 1AHsoI ution of

butyric .anhydride 55 ) 4 RsTH ed
ni t)r/ogen at my)sg:ggg ;i(;'éio gm;fglal)é} %zxt ELr (eI-iJ‘o?rgzld()g))[5A\Igia Z?grg * 15 Eg?ﬁml) and

YbC13 (1.%-A8§, d-wrt 21® HrDABH, HR r 5l (0g %LfspbhsBonlwas
stirred aH,r GaEY OCeOper, atuns (@t id o tadageﬂ conp| ety bye (4O

Et OAc/ Hex n reactian ute Et OAC d vvashed three tines
with sat ura?)sé 1ﬁ-la gtgl lc,l}t'l on'sj %fé 7§d' b7 c:} 'natir e=washi Hgs were
extract edlt Hr ed10) rre§ €% (@i, t ¥ B GAG, these HOorHR ned7 osgodd csgwer e dried
(Na2S%4) gard Hhe ﬁ | vent; e gd. fhe produc s, friturated

9l vent: eyahol Al £ ;&dga P H’Zﬁ 5

w th hexanes and the ﬁer I quors 'deca{nte ation from
Et OAc/ hexHReSsHyi el defll 191'- th ¥r 750 DAB Hdentli ¢kl }:tanztdaa:teA sol ated fromthe

CeClBo 20gcabakysed=r @agti ana Iy View ofbér{%ﬁg)vgo ) | tg Wil qbesseen that
the several objects of f he |nvegt|on are achi eve varlous changes

coul d be Raude Pnfrh¥Cbdké PEBPOS MMhs % Mt Q%bartlﬁng fromthe scope
of the 25oi.Buewi(Lon),it4is (M arwed tihats @ ladmt tes QPOI‘E@I@@%!L@ the above

descripti An 19? QtBeEQCeits?q as, IJ (.55 463“ ve42an4d(cpot n 4616 l:'|'>?1ct(l3§] sense.

! 1 L}

56.5(C(8)), 67.9, 68B.3(C(13), OCH,Ph-NC,-p), 74.7, 75.2,

15 76.8(C(7), C(2), C(10), C(20)), 78.8(C(1)), 80.4(C(4)),
83.6(C(5)), 124.1, 128.4, 128.9, 130.3, 133.9
(OCH,Ph-NO,-p, benzoate), 135.0(C(11l)), 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-D2B

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

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

triturated with hexanes and the mother liquors decanted



WO 99/ 09021 PCT/US98/17016 LLOYD WSE 70 CLAIMS: 1. A process for the
acyl at i onwefogmedaf 10) hydroxy group of a taxane, the procesgTASPAiteGsE NY
treating the taxane with an acylating agent in a reaction mxture
containing |less than one equivalent of a 5 base for each equival ent of
taxane to forma C(10) acylated taxane. 2. The process of claimi wherein
the taxane has C(7) and C(10) hydreRy groups and the acyl ati ng agent
selectively reacts with the C(10)_ hydroxy group. 3. The_process of claiml
wher ei n t R¥aYax af€Y StEalct iR tlimh G aBYPAE Agxanent Yislreddelcet vl

baccatin puthr141oHDARrRass 1 i fhd: Webeatedherbaxane bael,the
structure:. R o R9 R7 9 0 ,e RlL 311111 ({ 17 3 e Cs ' e )~4 R4 R=R2
0 R4 whERPHYSSR I5%8%ydbgen, hydroxy, protected hydroxy, or toget her
wth R4 or R fornms a carbonate; R is keto, -0OTI2, acyloxy, or together
"wWwth R fornms a carbonate; R4 Exgﬁpig‘ioor acyl oxy;
5 Selective Esterification of the C-10 Hydroxyl of
10-DAB using the catalytic YbCl, reaction: A solution of
butyric anhydride (0.55 mmol) in THF (1.32 ml) was added,
under a nitrogen atmosphere, to a solid mixture of 10-DAB
(30 mg, 0.055 mmol) and ¥bCl, (1.3 mg, 10 mol.% wrt
10 10-DAB). The resulting suspension was stirred at room
temperature until judged complete by TLC (2:1
EtOAc/Hexane). The reaction was diluted with EtOAc and
washed three times with saturated NaHCO, solution. The
combined bicarbonate washings were extracted three times
15 with EtOAc, these combined organics were dried (Na,SO,)
and the solvent evaporated. The crude product was
riturated with hexanes and the mother liquors decanted
away. Crystallization from EtOAc/hexanes yielded 10-
butyrl-10-DAB identical to that isolated from the CeCll,
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 i1s intended that all matter contained in
the above description be interpreted as illustrative and

not in a limiting sense.



10 R, is hydrogen, hal ogen, -0OT1, -000Z" or -OCOQZ7; RO is hydrogen, keto,
-CT9, -0092P%08821. 0cooz9; RI10 is hydroxy ; R13 is hydroxy,P@r/osesied
'nydrexy, keto, or WD 99/09021 PCT/US98/]17016 LLOYD WSE 71 to X4 XS ||
C4 X2 XSp-r{ 21Rl4i s hvdrogen, -0T14, acyl oxy, or todéPNBMWIGEth R
forms a carbonate; T2, T4, T7, T9 a % T14 are independently hydrogen or
hydr oxy protecting group; X2 is -0OX6, -SX" or -NX8X9; X, is hydrogen
hydrocarb%h,zjﬁgstituted hydrocarbyl, - or heteroaryl; X3 and. X4 are
i ndepende roogen, hydrocarbyl, substituted hydrocarbyl, or
heteroaryl; X5 is -X10, -OX10+ -SX10, -NX8X, 0, or -S2X, 1; X6 is
hydrocarbyl, subst i uesbdwalr psar byk . o chebenaar Wr YAngxvppLOLECting group
u ity

or a functional roup whi ch increases e water so [ of fHe taxane
derivati v&F°RP i%fgt‘?ydfad‘éaoﬁ%ylFh§uE§?F?§§e§0ﬁ\y>Grri§G'—:§19byl ,  heteroaryl, or
sul fhydryl prottestdigigrone; t 4eahe SwiVHr 98€RNKELRcARBYL: 9F Substituted
hydr ocar b ;aﬁiéﬁ;ﬁukg%ﬁ no_protecting groug; X10 1§ hydrocar byl ,
subst it ut 60 Hydrocar 51T OrCOReR 37 yLSSK1EDAE Y 68HEBpLensupst iat ut ed
hydr o&ar bjpase HetreregalylequiddDenorof NX8Xd4e X9 ficsmhydregen, hydrocar byl ,
substi t ut gdvihvdrocarbyls - or heteroaryl; and

2. The process of claim 1 wherein the taxane has
C(7) and C(10) hydroxy groups and the acylating agent
selectively reacts with the C(10) hydroxy group.

3. The process of claim 1 wherein the taxane
reacted with the acylating agent is 10-deacetyl baccatin
III. '

wherein
‘5 R, is hydrogen, hydroxy, protected hydroxy, or
together with R,, or R, forms a carbonate;
"R, is keto, -0OT,, acyloxy, or together with R, forms
a carbonate; ' | -
R, 1s -OT, or acyloxy;
10 R, 1s hydrogen, halogen, -0T,, -0COZ,, or -0COOZ,;
R, 1s hydrogen, keto, -OT,, -0COZ,, or -0CO0Z,;
R0 is hydroxy;

R, is hydroxy, protected hydrexy, keto, or



Z7 and Z9 lependent | y hydrogen, hydrocarbyl, substituted
hydrocarbf!Ofgﬂﬁﬁéteroaryl 5. The process of claim 4 wher ei RCRIUS% 1 Hy@r oxy
or together with R15 or R2 forns a carbonate; R2 is -0CQZ2, -0OCOQZ2, or
together with R fornms a carbonate WO 99/ 09021 PCT/U898/1701GL0[QMWBEMVSE
72 R4 is -OCQZ4; R9 is hydrogen.or kejp; R13 is hydroxy, protected hydroxy,
or x | 1 xv2 &4 3 x55 0 Hx2 X1 10 R14 is hydrogen, hydroxy, protected
hydroxy, or together with R forns a carbonate; Xl is -OX6 or -NXeX9; X

i s hydrogen, hydrocarbyl, or s stktutgg crydrocarbyl 15 X. and X4 are

i ndependent | y hydr ogen, hydroc;?bxl‘x(sdbi i tuted hydrocarbyl, or
heteroaryl; X5 is -X10, -o0xxg =7 50 o ADC X7 s K-S a hydroxyprotecting group;
Xe is hydrogen, hydrocarbyl, or sdbs&l uted 20 hydrocarbyl; X9 is an am no
protecting group; X10 is hydrocarUVI, ?substituted hydrocarbyl, or
heteroaryl; and Z. and Z4 are independently hydrocarbyl, substituted 25

hydr ocar byl , OFE%?IQ§Q@&&£QQQH Th@TproQ§§§ 6§vC|@an%ﬁ herein, EQe acyl ati ng
agent is sglecte fron1the group consi sting of’ anhy des, dlcargonates,
t hi odi car bbftaf"€s

T,, T4, T;» Ty and T,, are independently hydrogen or
hydroxy protecting grour; '

X, is -0X¢, -SX,, or -NXX,;

X, 1s hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heteroaryl-

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

Xs is -Xy0, -0Xyo, -SXy,, -NXgX,,, or -S0,X.,;

X; is hydrocarbyl, substituted hydrocarbyl,
heterocaryl, hydroxy protecting group or a functional
group which increases the water solubility of che taxane
derivativef

X, is hydrocarbyl, substituted hydrocarbyl,
hetercaryl, or sulfhydryl protecting group;

Xy is hydrogen, hYdrocarbyl, or substituted
hydrocarbyl; '

X, 1s an amino prdtecting group;

X, is hydrocarbyl, substituted hydrocarbyl, or
heteroaryl; |

X,, is hydrocarbyl, substituted hydrocarbyl,
heteroaryl, -0X,,, or -NX,X.,;

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

Z7 and Zg are independently hydrogen, hydrocarbyl,

substituted hydrocarbyl, or heterocarvl.

5. The process of claim 4 wherein

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

R, is. -0C0OZ,, -0CO0Z,, or together with R, forms &

carbonate;



i socyanates. The process of claim6 wherein the reaction mxture

cont ai ns ‘5‘1.980??‘31 acid. WD 99/09021 PCT/ US98/ 17016 LLOYD WPSE/USI®IBI6 The

process of claim?7 wherein the taxane reacted with the acyl ent is
istgtle:

10-deacetyl baccatin 111. 9. The process of claim1l wherein ction
m xture contains a Lewis acid. 10. The process of claim9 wherein the
taxane reacted wth the acylating agent is 10-deacetyl baccatin [11. 11.
The process of;glggnL@c@Qereln the taxane has the structure: RIO R9 10
R, R1311111 t7 /{ teMC'~y 9t0 77 R4 RLRRp R4 wherein 5 Rl is

hydr ogen, hyer&y SpRYEEessd Rydk®sP: or together with RL, or R forms a

carbonate; R ir, ki Ghyd€BRy, as¥be¥¥t c@r niagekher owi th Rl forms _a
carbonate; R4 is -OT4 or acyloxy; 10 R i35 hydfogen, hal ogen, -OT.,, -000Z"

or -OCOQZ,; R9 is hydrogen, keto, -0r9, -0CQzZ9, or -0COQZ9; R10 is
hydroxy ; R13 is hydroxy, protﬁcted hxdrgxy, ket o, or

3
\N/s?(”\ o—
L XJ X,
10 R), is hydrogen, hydroxy, protected hydroxy, or
together with R, forms a carbonate;
X, is -0X; or -NX.X,;
X, is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;
15 X; and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl;
Xs is -X,5, -0OX;,, Or -NXgX,,;
X is a hydroxy protecting group;
¥; is hydrogen, hydrocarbyl, or substituted
20 hydrocarbyl;
X9 is an amino protecting group;
X0 is hydrocarbyl, substituted hydrocarbyl, or |
heterocaryl; and
Z, and Z, are independently hydrocarbyl, sﬁbstituted
25 hydrocarbyl, or heterocaryl.

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

isocyanates.

7. The process of claim 6 wherein the reaction
mixture contains a Lewis acid.



to X4 X3 C4 X2 XSK3I O HX2 XL W 99/09021 PCT/ US98/ 17016 LLOYD
WSE 74 med9opmodzydrogen, -OT14, acyl oxv, or together w th BlrfQki% 8
carbonate; T2 , T4 , T7 , T 9 and T14 are independently hydroggﬂggme
hvdroxv protecting group; X1 is -0X6, -SX 7, or -NXDX9; X2 is ogen,

hydr ocar byl , substituted hydrocarbyl, or heteroarvl; X3 and X4 are

i ndependent |y hydrogen, hydrocarbyl, 73 substituted hydrocarbyl, or
heteroarvl; X5 is -X10, -0X10, -SXlO - NX8X10, or -SO2X11; X6 is
hydrocar byl , sulfstit @rﬁvﬁ¥%béﬁbfﬂalﬂhéiéﬂvﬁﬁ®4n ¢@@r©&&a@¢otectlng group
or a funct'reaaltedgmmm wihleC 2 dylGItaaRe s ddit Wl ef o iy he_t axane
derlvatlve %7 i's hydrocarbylyuéubgﬁftuted hydroci?%ﬁ?é %é?%%%%r?P

sul f hydryl protectlng group; X8 is hydrogen, hydrocarbyl, or substltuted
hydrocarbyl; X9 is an anlno protectlng group, XlO i s hvdrocarbvl,
substituted hydioca I eteraq drocarb substltuted
hydr ocar byl , hetergg%y Eﬁ% © 6% %1 Epﬁuﬁﬁ%%ﬁﬁpnhydrocarbyl
substltuteﬂleV§ﬁo§§Pb@PnSoﬁ h@M@ﬁoamyH, and Z7 and Z9 are independently
hydr ogen hydrocarbyl, substituted hydrocarbyl, or heteroarvl. 12. The

process of cIa|n111 mhereln
10 e process of claim 9 wherein the taxane

reacted with the acylating agent is 10-deacetyl baccatin
III.

11. The process of claim 9 wherein the taxane has
the structure:

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

R, is keto, -0OT,, acyloxy, or together with R, forms
a carbonate;

R, is -0T, or acyloxy;

10 R, is hydrogen, halogen, -0OT,, -0C0Z,, or -0C00Z,;
R, is hydrogen, keto, -0T,, -0COZ,, or -0CO0Z,;
R;, is hydroxy;

R;; 1s hydroxy, protected hydroxy, keto, or



R is hydroxy or together with R14 or R2 forns a carbonate; R, is -0CQz2,
-0C00zZ2, WO 9dgeather with R, fornms a carbonate; R4 is - OCORLTRISABIG

hydrogen or ketc; R13 is hydroxy, protected hydroxy, or WO 9%%%%&%
PCT/ US98/ 17016 LLOYD WSE 75 OIl Il X4 X. C4'/x X5 5 3/'0- §§ X1 10
R14 is hydrogen, hydroxy, protected hAydroxy, or together wth R fornms a
carbonate; X, is -OX6 or -NX8X9; X 1% hydr ogen, hydrocarbyl, or
substituted hydrogcarfyls; X, X4_are_independent |y _hydr.ogen,

hydr ocar byl , gbsf?tﬁ?éaoﬁ%}’ocar 341 ,ab}f'“ﬁ}éyérgér yF?‘Xé'i— gl%%lgl - OX10,
or -NX8X1GFoxxss i GRhYEnRake;protecting group; X8 is hydrogen, hydrocarbyl,
or substitutedp 20hydgocasbyl s X9 is,.an; aRL0A RLALECt | o X10 s
hydr ocar b}/ﬁllr_" suBfst i t‘ﬁt ed hy’dro%ar'B}"/I ,‘(“)r'ﬁﬁ'e'trg%rnoa'ryl—,‘\’t gﬁ%%f%gﬁc?24 are

i ndependeMMSF IR IBCREDYF L1RSuBsPPut ed 25 hydrocarbyl, or heteroaryl. 13.

The process of x¢laism-Smherein the. Lewig .acid is selected fromthe group
consisting of the halides or 'triflate§ of the Goup IB, 1B, I1IB, VB,
VS, VIIB, VIII % FPARYGFRIG Tt MERT 962 BRY L ac SRSEé telefeiygirocarbyl,

or heteroaryl;

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

X is -Xy0, -O0Xye, -SXy0, -NXeXy,, OF -S0.,X.,;

X¢ is hydrocarbyl, substituted hyvdrocarbyl,
heteroaryl, hydroxy protecting group or a functional
group which increases the water solubility of the taxane
derivative;

X, is hydrocarbyl, substituted hydrocarbyl,
heterocaryl, or sulfhydryl protecting group;

X, is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;

X, is an amino protecting group;

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

X,, is hydrocarbyl,'substituted'hydrocarbyl,
hetercaryl, -OXm,-or -NX X, _

Xy, is hydrogen, hydrocarbyl, substituted
hydrocarbyl,'o: heterocaryl; and

Z+ and Zgafe independently hydrogen, hydrocarbyl.

substituted hydrocarbyl, or heterocaryl.

12. The process of claim 11 wherein

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

R, is -0CCZ,, -0OCO0Z,, or together with R, forms a
.carbonate;

R, is -0COZ,;

R, is hydrogen or ketc;

R,; 1s hydroxy, protected hydroxy, or



.14. The process of claim 13 wherein the Lewis acid is selected fromthe
group conswstdongo@f zinc chloride, stannic chloride, ceriumtrichloride,
cuprous chloride, |anthanumtrichloride, dysprosiumtrichl JGTES%AYS
ytterbiumtrichloride. LLOYD WSE 76 15. The process of clai mloyh@fg n
the C(10) acylated taxane conprises.a C(7) hydroxy group and the process
additionally conprises treating the @10) acylated taxane wth a
silylating agent to silylate the C(7) hydroxy group. 5 16. The process of
claim15 wherein the C(10) acylated taxane is baccatin Ill. 17. The
process of claim1l wherein theﬁC(J)Q axylﬁt ed 10 taxane conprises a C(7)
hydr oxy group and the process o@d-i tXonal conprises treating the C(10)
acyl ated taxane wth an acw/af'i ng ayep tocacyl ate the C(7) hydroxy group.
18. The process of claim 17 wherein the & 10) acylated 15 taxane is _
baccatin Ill. 19. The process of claim1l wherein the C(10) acylated taxane
conprises a C(13) hydroxy, netallic oxide, or ammonium oxide substituent
and tR€ process faddit ikrddgerD bpdpokgesprbeesten Biaeskeri byi ng the C(10)

acyl at ed t axanpahdW Jiteatd ngothe %g)rb%ﬁ I aet_ed taxane with a side chain
precursor selected fromthe group consSisti r%g ‘of p-lactans, oxazolines,

oxazol i di ne car B%xf;Fi Coéci%,'%&é%ol idine carboxylic acid anhydrides, and
i soserine derivati veshydbogln, Thoapeeee$s10f ¢l B3 V\\% ein the taxane
has the structure:; Bs o RS | 00 R R inu‘te p A yr YTR14 R R2 R4
15 X, and X, are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heterocaryl;
¥y 1s =Xy, -0Xy,, Or -N¥X,,;
X¢ is a hydroxy protecting group;
¥, is hydrogen, hydrocarbyl, or substituted
20 hydrocarbyl;
Xy 1s an amino protecting group;
X)0 1s hydrocarbyl, substituted hydrocarbyl, or
heterocaryl; and
Z, and Z, are independently hydrocarbyl, substituted
25 hydrocarbyl, or heteroaryl.

13. The process of claim 9 wherein the Lewis acid
is selec;ed from the group consisting of the halides or
triflates of the Group IB, IIB, IIIB, IVB, VB, VIIB,
VIII, IIIA, IVA, lanthanide and actinide elements.

14. The process of claim 13 wherein the Lewis acid
is selected from the group consisting of zinc chloride,
stannic chloride, cerium trichloride, cuprous chloride,
lanthanum trichloride, dysprosium trichloride and

5 ytterbium trichloride.



LLOYD WSE 77 wherein Mis.a netal or conprises ammonium Rl is hydrogen
hydr oxy, protected hydroxy, or together wwth R14 or R2 forns a gﬁ@?g@gge;
5 R2 is keto, -OTI2r acyloxy, or together with RL fornms a carboh is
-OT4 or acyloxy; R7 is -0OSi RIRKRL; R9 is hydrogen, keto, -OT9, or acyloxy;
10 R10 is hydrogen, keto, -OT1G or acylboxy; R13 is hydroxy, protected

hydr oxy, keto, MO or 1 X4 X~ii x5N. ?2 1 -, 0- 6 HX? X1 15 Rl4 is
hydr ogen, -OT14¥5 ad@h%momm ogEthezimi t hwidreinrgbeaccaopoaayeat &I, RK
RL are mct:efendenté%3 drocar % su&stltuted 20 h drocarbyl or
het er oar yl ;**pt'0vi tt ever: RELROBY gFﬁuPRRDQnH RLPEPEEBF Kyl , at

| east one éﬂdf@lOﬁﬁ@Eﬁ“h&ﬂpﬁEﬁ@%'@ﬁ@a@tﬁ roQ8 ék@b?tQByDQY%Qgﬁg%aﬁgaSt four

carbon atoms; and T2, T4, T9, Ti0 and T14 are independent rogen or
25 hydr oxy" Briotaecti gl ajr bip: adent sto Gl pkat aXBXe: CX2) i Byﬁydxxx)g@mup.
hydrocarbyl, or substituted hydrocarbyl; LLOYD WSE 78 X3 and X4 are
independently hydr ogen, hydrocar byl , substituted hydr ocar byl , or
heteroaryl; X5 16. -X,prd@dds of <NXBX105 X6eisia byEr oxyoproteciisg
group;

taxane 1s baccatin III.

17. The process of claim 1 wherein the C(10) acylated
10 taxane comprises a C(7) hydroxy group and the process
additionally comprises treating the C(10) acylated taxane

with an acylating agent to acylate the C(7) hydroxy group.

18. The process of claim 17 wherein the C(10) acylated

15 taxane 1is baccatin III.

19. The process of claim 1 wherein the C(10) acylated
taxane comprises a C(13) hydroxy, metallic oxide, or
ammonium oxide substituent and the process additionally

20 comprises the step of esterifying the C(10) acylated taxane
by treating the C(10) acylated taxane with a side chain
precursor selected from the group consisting of p-lactams,
oxazolines, oxazolidine carboxylic acids, oxazolidine
carboxylic acid anhydrides, and isoserine derivatives.

25

20. The process of claim 15, wherein the taxane has

the structure:

By




5 X8 is hydrogen, hydrocarbyl, or substituted hydrocarbyl; X9 is an am no
protecting group; X10 is hydrocarbyl, substituted hydrocarbyl, or
heteroaryl. 10 21. The process of claim 20 wherein Rl is hydroxy

together with R14 or R2 forns a carbonate; R2 is -0OCQZ2r _OC&@VAI}SE
together with R fornms a 15 carbonate;7R4 is -0OCQOZ4; RO is hydrogen or
keto; R13 is hydroxy, protected hydroxy, or 4~r 3 XS HX? X, 20 R14 is
hydr ogen, Wyerexy, protected hydroxy, or together with RL fornms a
carbonate; X, -'s.-0OX6 or -NX8X9; 25 X2 is hydrogen, hydrocarbyl, or
substituted hydrbtaf bYFrak3°andoRBT4FESi ABBEEAYEAL | y hydr ogen,

hydrocarbyl, smpstd tHifae rg,rqg_ﬁggyi , beteroarylq is. -X10, -0X10, or
- NXBX10; LLOYD W SE % XG(?éi/s a ydro&yo%rr‘ot ectclg')ng %r%%%,/’ X8 is hydr ogen,
hydr ocar byFo9®Engubsi tuRkead orhydr eambyk; cX@bbsaar;am no protecting group;
5 X10 i.s hydrocarhy], stituted hydrocarhbyl, or . hetergaryl; and Z2 and
. Zq are ndependlgzn'?ﬁgy }?1ey r'ocaér#yl ,acé%lﬂ?é{tyi’t Lﬂ%c}o%ﬁfoéﬁ’ ,F?io[foﬁ@tselaoaryl .
carbonate;

Ry is -OT4 or acyloxy;

R7 iS _OSiRJRKRL,'

Ry 1s hydrogen, keto, -0Ts, or acyloxy;
10 Rip is hydrogen, keto, -0T;;, or acyloxy;

Ri3 1s hydroxy, protected hydroxy, keto, MO- or

(o] Q
I xayxa |
/,C\4'/‘~.2' ~
KIS o
Ho Xs X,

.
’

15

Ris is hydrogen, -OTy4, acyloxy, or together with R;
forms a carbonate; |
Rs, Rk, Ry are independently hydrocarbyl, substituted
20  hydrocarbyl, or heteroaryl, provided, however, if each of
Ry, Rx and Ry are alkyl, at least one of Rj;, Rgx and Ry
comprises a carbon skeleton having at least four carbon
atoms; and
TZ{ T4, Te, Tio and Ty are independently hydrogen or
25 hydroxy protecting group;
X: 1s -0Xg or -NXgXg;
X2 is hydrogen, hydrocarbyl, or substituted

hydrocarbyl;



10 22. The process of claim 17, wherein the taxane has RIO R9 p ,tt ~7
813111113 g 10y let at 1 814 R n2 0 R the structure: whereg| v ’S% a
nmetal or conprises ammonium Rl is hydrogen, hydroxy, protected h's)'g)r(i@
.15 together with Rl4 or R2 forns a carbonate; R2 is keto, -OT2r acyl oxy, or
together with RL fornms a carbonate; Ry’8is -OT4 or acyloxy; R7 is acyloxy;
20 RO is hydrogen, keto, -0OT9, or acyloxy; R10 is hydrogen, keto, -OT10r

or acyl oxy; R13is dmpdraxyreptotieptedehydyoxydriketen, ofydvdcardyhd is
hydr ogen, 14, ac ony or together with R, forns a carbonate; 25 T2,

T4, TO, TIOARH 4% %r%y Hefedendent Py RGHRBERRYSF  hydroxy protecti ng group
LLOYD W SE 80 whereitx él) ~apen Bl |_§]thq)r oxy, R2 is benzoyloxy, R4 is
acetoxy, RO is Keto, i s acetoxy or prot ected hydroxy, and R13 is
hydroxy, R7 is %4 Her at MI’&G@t eaptedt Ing Zreupchl or oet hoxycar bonyl oxy or

s benzoyl oxy, 1% TR RO R b RIOTE S S ar o acetoxy, R
i's other thairecetioxy; 2, 2, 2-
X9 is an amino protecting group;
X10 1s hydrocarbyl, substituted hydrocarbyl, or
heteroaryl.
10
21. The process of claim 20 wherein
R; i1s hydroxy or together with Ry; or R, forms a
carbonate; '
R; is -0CO0Z,;, -0CO0Z;, or together with R, forms a
15 carbonate;
Ry is —-0CO0Zy;
Rs is hydrogen or keto:;

Ri3 is hydroxy, protected hydroxy, or

(o]
/0\4/\/\ |
T R e
20
Ris is hydrogen, hydroxy, protected hydroxy, or
together with Ry forms a carbonate;
Xj_ is —OX5 or —NXngi
25 X2 1s hydrogen, hydrocarbyl, or substituted

hydrocarbyl;
X3 and X; are independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or heteroaryl:;

Xs 1is -Xi0, —O0Xip, or -NXgXjp;



trichl or oet hoxycar bonyl oxy. 10
LLOYD WISE
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Xe¢ 1s a hydroxy protecting group;
Xg is hydrogen, hydrocarbyl, or substituted
hydrocarbyl;
Xg is an amiho protecting group:;
5 X10 is hydrocarbyl, substituted hydrocarbyl, or
heteroaryl; and
Z; and Zg are independently hydrocarbyl, substituted

hydrocarbyl, or heteroaryl.

10 22. The process of claim 17, wherein the taxane has

\‘l
"'::"{ b 10 R7

\ B
Ry gt {; A 16
14

the structure:
wherein
M is a metal or comprises ammonium:
Ry is hydrogen, hydroxy, protected hydroxy, or
15 together with Ryy or R, forms a carbonate; _
R» is keto, -0OTz, acyloxy, or together with R; forms a
carbonate;
R; 1s -0T4 or acyloxy;
R, is acyloxy;
20 Ry 1s hydrogen, keto, -OTs, or acyloxy;
Rig is hydrogen, keto, -0Ty, or acyloxy;
Ri3 is hydroxy, protected hydroxy, keto, or MO-;
Ris 1s hydrogen, -OTi4, acyloxy, or together with R,
forms a carbonate:;
25 T2, Ta, Tg, Tio and Ty, are independently hydrogen or

hydroxy protecting group



10
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wherein (1) when R; 1is hydroxy, R, is benzoyloxy, Rs is
acetoxy/ Ry is keto, Ry is acetoxy or protected hydroxy,
and Ri3 is hydroxy, R; is other than acetoxy, 2,2,2¥
trichloroethoxycarbonyloxy or 2-(2-
trichloromethylpropoxy)carbonyloxy, and (2) when Ry is
hydroxy, Rz is benzoyloxy, Ry is acetoxy, Rs is keto and Rio
and R;3 are acetoxy, Ry is other than acetoxy, 2,2,2-

trichloroethoxycarbonyloxy.



