
WO 2005/030150 PCT/US2004/031816  9, 10-ALPHA,
ALPHA-OH-TAXANE ANALOGS AND METHODS FOR PRODUCTION
THEREOF Field of the Invention The present invention
generally relates to chemical compounds for use in
treating cancer patients. More particularly, the
present invention is directed to new  and useful
taxane analogs and methods for producing them.
Specifically, the  present invention relates to
9,10-a,a-OH taxane analogs, production methods and
intermediates useful in the formation thereof.
Background of the Invention Various taxane compounds
are known to exhibit anti-tumor activity. As a  result
of this activity, taxanes have received increasing
attention in the scientific and  medical community,
and are considered to be an exceptionally promising
family of  cancer chemotherapeutic agents. For
example, various taxanes such as paclitaxel  and
docetaxel have exhibited promising activity against
several different varieties of  tumors,.and further
investigations indicate that such taxanes promise a
broad range  of potent anti-leukemic and
tumor-inhibiting activity. One approach in developing
new anti-cancer drugs is the identification of
superior analogs and derivatives of biologically
active compounds. Modifications of  various portions
of a complex molecule may lead to new and better drugs
having  improved properties such as increased
biological activity, effectiveness against  cancer
cells that have developed multi-drug resistance (MDR),
fewer or less serious  side effects, improved
solubility characteristics, better therapeutic profile
and the like. In view of the promising anti-tumor
activity of the taxane family, it is desirable  to
investigate new and improved taxane analogs and
derivatives for use in cancer  treatment. One
particularly important area is the development of
drugs having  improved MDR reversal properties.
Accordingly, there is a need to provide new  taxane
compounds having improved biological activity for use
in treating cancer.  There is also a need to provide
methods for forming such compounds. Finally, there  is
a need for methods of treating patients with such
compounds for use in cancer  treatment regimens. The
present invention is directed to meeting these needs.
Summary of the Invention According to the present
invention then, new and useful chemical compounds  for
use in cancer treatment are provided having the
formulas: i 



WO 2005/030150 PCT/US2004/031816  R4  /IOI~ Ri NH O O
Rz O' = H ' R3 OH = OAc  OCOPh  and R88 Re  R4 O~ \O
O /I C  Ri NH O O  R3 OH OAc OCOPh  When reference is
made to compounds throughout this disclosure, possible
Rx groups and Px groups contemplated hereby are set
forth in the following Table 1: TABLE 1 Rx GROUPS AND
Px GROUPS CONTEMPLATED R, H, an alkyl such as an
isobutyl group or a tert-butoxyl group, olefinic such
as  a tiglyl group, aromatic such as a phenyl group,
O-alkyl, 0-olefinic, or 0- aromatic R2 H, alkyl such
as an isobutyl group, olefinic, aromatic group such as
Ph, 0- alkyl, O-olefinic, or 0-aromatic R3 hydroxyl or
OP1 R4 hydroxyl or R7000  R5 hydroxyl or R7000 R6
hydroxyl, OP2, R7COO or an ether functionality such as
an 0- methylthiomethyl or other hetero substituted
ethers 2 WO 2005/030150 PCT/US2004/031816  R7 alkyl
such as a methyl group, olefinic or aromatic 



R7000 H3C-COD >-~ p   coo  O~Mo OCP a Q r-coo Q-coo x
i c.coo ~coo Rs H, alkyl group such as a methyl or
ethyl group, olefinic or aromatic group R9 H, alkyl
group such as a methyl or ethyl group, olefinic or
aromatic or may  specifically be: % Co Rio alkyl group
such as a methyl or ethyl group III, H, alkyl group
such as a methyl or ethyl group, olefinic or aromatic
group R12 H, alkyl group such as a methyl or ethyl
group, olefinic or aromatic or may  specifically be:
irec / H'co x,CdA 466'-;  %Co ',w ncs \ R13 H, alkyl
group such as a methyl or ethyl group, olefinic or
aromatic group R14 H, alkyl group such as a methyl or
ethyl group, olefinic or aromatic or may  specifically
be: 11-1- xc c / NCO xcd` c6`s~  xco--'  B Pi hydroxyl
protecting group such as a silyl protecting group, for
example,  TBDMS or TES P2 hydroxyl protecting group
such as a silyl protecting group, for example, TES  3
WO 2005/030150 PCT/US2004/031816  P3 NH protecting
group such as carbobenzyloxy (CBZ) Specifically, Ri
may be Ph or tert-butoxyl or tiglyl, R2 may be Ph or
isobutyl,  R6 may be 0-methylthiomethyl or other
hetero substituted ethers, P1 may be a silyl
protecting group such as TBDMS or TES, and P2 may be a
silyl protecting group  such as TES. Compounds
according to the present invention may be monoacylated
at C-10, such as when R5 and Re are hydroxyl and R4 is
R7COO, where R7COO has  a formula selected from the
following structures: x3`.-c00 1coo N cOO f -coo yN I
/ coo  N / C00 zO N COO 0-000  



~.' COO o-000 N / coo / / - COO I / N co M~COO
Compounds according to the present invention may
alternately be mono-, bis-, or  tris-acylated at the
7, 9 and/or 10 positions. For example, Rs may be R7000
when  R4 and R5 are hydroxyl; R4 and Re may both be
87000 when RS is hydroxyl; or each  of R4, R5 and Re
may be R7COO; where R7COO is: _ coo coo I coo I r coo
j>-COO o2N I o coo  N CI  rcoo C I \ I - a"'000 N COO
COO coo coo  ~Yl o-coo or N i coo Additionally,
chemical compounds according to the present invention
may  have the formula: 4 WO 2005/030150
PCT/US2004/031816  R8 R9 R4 O  O RA O O  R' v O" = H =
R3 OH = OAc  OCOPh  wherein Rl through R4 are as
defined in Table 1 above and R3 and R9 are each H,
alkyl, olefinic or aromatic. Compounds according to
the present invention may be  monoacylated at C10,
such as when R4 is R7COO, where R7000 is: H3C-000 N.~
COOS  `COO ~  O~COO I \ / c~ /O I JL O'COO N / COO O /
COO N'COO  MO  ~' COO I NCOO N / COD (/ /  COO N or
M~WO  



R8 may specifically be H or methyl, and R9 may
specifically be: H- - H3C-I_ H3C'O \ 1_ COO \ H3CO \
H3CO~x  H3H3C'O  \ HjCS/N or B ,-O Compounds according
to the present invention may have an acroline acetal
group  connecting the 7,9-positions. For example,
chemical compounds of formula: 5 WO 2005/030150
PCT/US2004/031816  H R4 O o  O ~ PhAN$ O O  Ph O`= H E
OH OH OAc  OCOPh or  H Ito O OH off '_ OAc  OCOPh are
provided wherein R4 is hydroxyl or CH3COO. Another
example of the 7,9-acetal linked compounds
contemplated have the  formulas: 6 WO 20051030150
PCT/US2004/031516  H V  O O O .  O O = H O O  Off`` =
H OH OH 0  



O O O  F1 H  O O O O  OA NH 0 LO  OW H OH OH O  O O
The present invention also provides intermediates for
use in forming  compounds useful for cancer treatment,
comprising: R8  R OX" \O  R11 R12  Pa\N~ O  O HO" H
OH O OAc Rz \~/ OH OCOPh  7 WO 2005/030150
PCT/US2004/031816  Ra R9 R4 O" \O  Rift R12 pa~N3i O
111 O  R2 0 H  OH = OAc or OCOPh  wherein R2, R4, R8
and R9 are as defined in Table 1 above, P3 is a NH
protecting  group such as carbobenzyloxy (CBZ), and
R11 and R12 are as defined in Table 1  above for R8
and R9, respectively. The present invention also
provides methods for use in producing taxane  analogs
and derivates thereof for use in cancer treatment. One
method according to  the present invention comprises
providing a starting compound of formula 



0 HO 0 MH R,/I HlH O 0  Rz - OO,~ OP, OH = OAc OCOPh
and converting the starting compound into a first
taxane analog of the formula  HO PH OP2 O  RIA O O  H
R Opt OH OAc  OCOPh  wherein: R1 and R2 are each
selected from H, an alkyl group, an olefinic group, an
aromatic group, an O-alkyl group, an O-olefinic group,
or an 0- aromatic group; R7 is an alkyl group, an
olefinic group, or an aromatic group; and  8 WO
2005/030150 PCT/US2004/031816  P1 and P2 are each
hydroxyl protecting groups; The starting compound may
be oxidized to form a first intermediate compound of
the  formula O 0 OPz  OI I~ RiJ' `H }I0 / OPT OH the
OCOPh The method may further include the step of
acylating the first taxane analog at the C- 10
position to form a second taxane analog of formula ~0
R7 Q OH OPz  O R/ NH O / 



^JI.'~ O  z = _ _  OP1 OH OAc OCOPh  that may
thereafter be deprotected, thereby to form a third
taxane analog of formula:  JI0  R7 O O OH OH  O O  H
RO"'"  OH OH = OAc  OCOPh where RI, R2, R7, P1 and P2
are as defined in Table I above. The acylation step
may be accomplished using a carboxylic acid R7000H,
carboxylic acid halide  R7COX, such as an acid
chloride, or a carboxyl anhydride R7COOCOR7. When P,
and P2 are silyl protecting groups such as TES or
TBDMS, the step of deprotecting  the second taxane
analog may be accomplished in a single step using  9
WO 2005/030150 PCT/US2004/031816
tetrabutylammoniumfluoride (TBAF). Alternatively, the
step of deprotecting the  second taxane analog may
include a first step of deprotecting the second
compound  at the C-7 position thereby to form a fourth
taxane analog of formula: 0 R7 O Og OH  Ri NR O O  OP,
OH OAc OCOPh  and then deprotecting the 2'O position
of the fourth taxane analog to form a fifth  taxane
analog of formula: 0  R7 Q PH OH  O 



RI 'A NH O / \ Ix' O  OPT OH = OAc  OCOPh The first
step may be accomplished using HF-ACN, and the second
step may be  accomplished using HF-pyridine.
Alternatively, instead of acylating the first taxane
analog, it may be  deprotected at the 7-0 position to
form a sixth taxane analog of formula HO OH OH  O
R')~H p i OH H E OAc  OCOPh  Thereafter the sixth
taxane analog may be acylated at the C-7 position, the
C-9  position, or the C-10 position to form a seventh
taxane analog of formula 10 WO 2005/030150
PCT/US2004/031816  R4 R5 R6  O RI 'A NH O O  RZ H OP1
OH = OAc  OCOPh  The seventh taxane analog may be
deprotected at the 2'O position to form an eight
taxane analog of formula `O~ R5 p  RI O O  R H OH OH =
OAc  OCOPh  The acylation step of the sixth taxane
analog may be accomplished using a  carboxylic acid
R7COOH, carboxylic acid halide R7COX, such as an acid
chloride, or  



a carboxyl anhydride R7000COR7. Deprotection of the
seventh taxane analog at  the 0-2' position may be
accomplished using tetrabutylammoniumfluoride (TBAF).
Another method according to the present invention
comprises providing a  starting compound of formula HO
0 OP2  O 0  Ix~ R v '0" H  OP OH OAc  OCOPh  wherein
Rl and R2 are each selected from H, an alkyl group, an
olefinic group, an  aromatic group, an O-alkyl group,
an O-olefinic group, or an 0- aromatic group; R7 is an
alkyl group, an olefinic group, or an aromatic group;
and  P, and P2 are each hydroxyl protecting groups; 11
WO 20051030150 PCT/US2004/031516  The starting
compound may be converted into a first taxane analog
of formula 0  yl `  R' Q PH OR  IIC~ R, 0 O  RZ R3 OH
= OAc  OCOPh  wherein R, and R2 are each selected from
H, an alkyl group, an olefinic group, an  aromatic
group, an 0-alkyl group, an 0-olefinic group, and an
0- aromatic group; R3 is hydroxyl or OP1; R7 = an
alkyl group, an olefinic group, or an aromatic group;



P, is a hydroxyl protecting group. The first taxane
analog may have a formula selected from the following
structures  0 If  R7,-0 OR OH -II  ^0 OH OR  I' 0  R )
NH 0 / 1  R RzO".. OR R. 0" E  OF, OPC OH OH 6A  OCOPh
and OCOPh The first taxane analog may then be
protected as a 7,9-acetal linked analog to form  a
second taxane analog of formula 12 WO 20051030150
PCT/US2004/031816  R88 R9 R4 O/ \O  O Ri O O  RZ/ R3
OH OAc  OCOPh  which may specifically have one of the
following formulas 0 Rg R9 R1"0 D 0 Rs_ R,  Rr"I"10
Ox`b  0  R+ NH 0 fy'~ R  



R. C,  OP OAc 0 dCOPh 6H OH Op.  and dCOPh The
sidechain of the second taxane analog may thereafter
be cleaved at the C-13  position to convert the second
taxane analog into a first intermediate compound of
formula R8 A9  R4 O/ \O O  HO" H OH OAc  OCOPh
Subsequently, the first intermediate compound may be
esterified with a second  intermediate compound of
formula 13 WO 2005/030150 PCT/US2004/031816  R11 R12
P3~N~ O  O  R2 OH thereby to form a third taxane
analog of formula R8 R9  R4 O" \O  R11 R12 P3\N)( O
O~ O" H  R2 OH = OAc  OCOPh  wherein: t2 is selected
from H, an alkyl group, an olefinic group, an aromatic
group, an  O-alkyl group, an O-olefinic group, and an
0-aromatic group; R4 is either hydroxyl or R7COO; FR7
is an alkyl group, an olefinic group, or an aromatic
group; 



R8, R9, R11, and R12 are each selected from H, an
alkyl group, an olefinic  group, or an aromatic group;
and P3 is NH protecting group. Specifically, the R9
and R12 moieties may specifically be qco~)I- F Co
Also, P3 may specifically be carbonbenzyloxy (CBZ). A
further method according to the present invention
comprises converting a  first compound of formula: 14
WO 20051030150 PCT/US2004/031816  NHz 0 Rz OH  OH  to
a second compound of formula: P3NH 0  Rz~O-R1o  OH
protecting the second compound as an N,O-acetal to
form a third compound of  formula: R11 R12  P3\1 14-I
O  /0 R2 O-R1o  and saponifying the third compound to
a fourth compound of formula:  R1~1/ R12 P3\N \ 0  O
2 OH where R2, R11, R12 and P3 are as defined in Table
1 above and R10 is an alkyl group  such as a methyl or
ethyl group. Finally, the present invention
contemplates a method of treating cancer in a
patient, comprising administering to the patient a
pharmaceutical formulation  including a selected'
concentration of a taxane and a pharmaceutically
acceptable  carrier therefor, wherein the taxane has a
formula: 



15 WO 2005/030150 PCT/US2004/031816  x4 R5 "A IL4H O
Ixf O  0)"" R3 OH OAc  OCOPh or  R8 R9 12a  p 2 =  R,
p O  W R3 OH OAc  OCOPh  and C-2' S isomers thereof
wherein Ri through R9 are as defined in Table 1 above.
These and other objects of the present invention will
become more readily  appreciated and understood from a
consideration of the following detailed  description
of the exemplary embodiments of the present invention
when taken  together with the accompanying drawings,
in which: Brief Description of the Drawings Figure 1
is a diagram of a generalized Scheme 1 for forming
9,10-a,a taxane  analogs according to the present
invention; Figure 2 is a diagram of a generalized
Scheme 2 for forming 9,10-a,a taxane  analogs
according to the present invention; Figure 3 is a
diagram of a generalized Scheme 3 for forming 9,10-a,a
taxane  analogs according to the present invention;
Figure 4 is a diagram of exemplary R7COO groups for
use in Scheme 3;  Figure 5 is a diagram of a
generalized Scheme 4 for forming mono-, bis- and
tris-acylated 9,10-a,a taxane analogs according to the
present invention; Figure 6 is a diagram of exemplary
R7COO groups for use in Scheme 4;  Figure 7 is a
diagram of a generalized Scheme 5 for forming 9,10-a,a
taxane  analogs according to the present invention;
Figure 8 is a diagram of a generalized Scheme 6 for
forming 9,10-a,a-7,9- 



acetal taxane analogs according to the present
invention; 16 WO 20051030150 PCT/US2004/031516  Figure
9 is a diagram of exemplary compounds formed according
to Scheme  6; Figure 10 is a diagram of a generalized
Scheme 7 for cleaving the sidechain  of 9,10-a,a
taxane analogs according to the present invention;
Figure 11 is a diagram of a generalized Scheme 8 for
forming a carboxylic  acid for use in attaching an
alternative taxane sidechain to 9,10-a,a taxane
analogs  according to the present invention; Figure 12
is a diagram of a generalized Scheme 9 for esterifying
the sidechain  of Figure 11 to a 13-hydroxy-9,10-a,a
taxane analog according to the present  invention;
Figure 13 is a diagram of an exemplary 2'-hydroxyl
protection of paclitaxel  according to the present
invention; Figure 14 is a diagram of an exemplary
10-deacylation of the compound  formed in Figure 13;
Figure 15 is a diagram of an exemplary 7-hydroxyl
protection of the  compound formed in Figure 14;
Figure 16 is a diagram of an exemplary 10-hydroxyl
oxidation of the  compound formed in Figure 15; Figure
17 is a diagram of an exemplary 9,10-diketo reduction
of the  compound formed in Figure 16; Figure 18 is a
diagram of an exemplary 10-acylation of the compound
formed  in Figure 17; Figure 19 is a diagram of
exemplary 7-deprotections of the compounds  formed in
Figures 17 and 18; Figure 20 is a diagram of exemplary
2'-deprotections of the compounds  formed in Figure
19; Figure 21 is a diagram of exemplary
2',7-deprotections of the compounds  formed in Figures
17 and 18; Figure 22 is a diagram of exemplary mono-,
bis- and tris-acylations of a  compound formed in
Figure 19, where R7COO may be selected from the
formulas of  Figure 6; Figure 23 is a diagram of an
exemplary 2'-protection of a compound formed in  



Figures 20 and 21; 17 WO 2005/030150 PCT/US20041031816
Figure 24 is a diagram of an exemplary
7-0-methylthiomethylation of the  compound formed in
Figure 23; Figure 25 is a diagram of an exemplary
2-deprotection of the compound  formed in Figure 24;
Figure 26 is a diagram of an exemplary
7,9-acetalization reaction of a  compound formed in
Figure 19; Figure 27 is a diagram of an exemplary
2'-deprotection of the compound  formed in Figure 26;
Figure 28 is a diagram of an exemplary
7,9-acetalization of a compound  formed in Figures 20
and 21; Figure 29 is a diagram of an exemplary
reaction for cleaving the taxane  sidechain of the
compound formed in Figure 28; Figure 30 is a diagram
of an exemplary reaction for producing an isobutyl N-
protected ester compound for use in forming an
alternative taxane sidechain  according to the present
invention; Figure 31 is a diagram of an exemplary
reaction for protecting the compound  formed in Figure
30 as an anisaldehyde acetal; Figure 32 is a diagram
of an exemplary reaction for saponifying the compound
formed in Figure 31 to a carboxylic acid; Figure 33 is
a diagram of an exemplary reaction for attaching the
sidechain  compound formed in Figure 32 to the
13-hydroxy taxane analog formed in Figure 29;  Figure
34 is a diagram of an exemplary deprotection and
acylation of the  compound formed in Figure 33; and
Figure 35 is a diagram of an exemplary
7,9-acetalization of the compound  formed in Figure
34. Detailed Description of the Invention  Paclitaxel
and docetaxel have a formula as follows: R4 0 OH  O 70
g 7  Rl NH O O  



Ph `" ' H OH OH = OAc  OCOPh  Paclitaxel: R, = Ph, R4
= AcO  18 WO 2005/030150 PCT/US2004/031516 Docetaxel
Rt= t-Butoxy, R4 = OH Of note is the top part of the
molecule as illustrated above, which may be  seen to
have a 9-keto structure and 10-R hydroxy or 10-13
acetyl stereochemistry.  The present invention
provides novel taxane analogs having a stereochemistry
at  the C-9 and C-10 OH positions of the molecule.
Generally, these compounds have  been found to exhibit
excellent inhibition of cell growth against MDR
sensitive cancer  cell lines. For example, the
9,10-a,a hydroxy taxane derivatives discussed in Table
2 exhibit favorable inhibition of cell growth in
several of the tested cell lines. TABLE 2 BIOLOGICAL
ACTIVITY DATA OF SELECTED TAXANES Cancer Type & Cell
line MDR Tubulin Agent Concentration Inhibition
Ovarian Carcinoma + Mutant Paclitaxel 5 ug/mL 55%
IA9PTX10 Ovarian Carcinoma + Mutant TPI 287 0.2 ug/mL
85%  1A9PTX10 Ovarian Carcinoma + Mutant TPI 287 0.1
ug/mL 51%  1A9PTX10 Ovarian Carcinoma + Mutant TPI 251
0.5 ug/mL 96%  1A9PTX10 Ovarian Carcinoma + Mutant TPI
251 0.25 ug/mL 93%  1A9PTX10 Breast Cancer MCF-7 +
Wild Paclitaxel 40 ug/mL 55%  NCI-AR Type Breast
Cancer MCF-7 + Wild TPI 287 0.5 ug/mL 80%  NCI-AR Type
Breast Cancer MCF-7 + Wild TPI 287 0.25 ug/mL 47%
NCI-AR Type Breast Cancer MCF-7 + Wild TPI 287 0.125
ug/mL 37%  NCI-AR Type 



Breast Cancer MCF-7 + Wild TPI 287 0.061 ug/mL 22%
NCI-AR Type Breast Cancer MCF-7 + Wild TPI 287 0.031
ug/mL 13%  NCI-AR Type Breast Cancer MCF-7 + Wild TPI
251 2.0 ug/mL 94%  NCI-AR Type Breast Cancer MCF-7 +
Wild TPI 251 1.0 ug/mL 65%  NCI-AR Type Breast Cancer
MCF-7 + Wild TPI 251 0.5 ug/mL 45%  NCI-AR Type Breast
Cancer MCF-7 + Wild TPI 285 2.0 ug/mL 85%  NCI-AR T e
Breast Cancer MCF-7 + Wild TPI 285 1.0 ug/mL 51%
NCI-AR Type 19 WO 2005/030150 PCT/US2004/031516
Breast Cancer MCF-7 + Wild TPI 285 0.5 ug/mL 41%
NCI-AR T e Neuroblastoma.SK-N-AS - Wild Paclitaxel 0.1
ug/mL 54%  T e Neuroblastoma SK-N-AS - Wild TPI 287
0.05 ug/mL 58%  T e Squamous Cell Carcinoma Wild
Paclitaxel 0.05 ug/mL 47%  FADU Type  Squamous Cell
Carcinoma Wild TPI 287 0.05 ug/mL 56%n  FADU Type
Table 2! above, identifies the compounds TPI 287, TPI
285 and TPI 251,  which were found to exhibit
excellent inhibition of cell growth against MDR
sensitive  cancer cell lines. The compounds TPI 287,
TPI 285 and TP.I 251 are discussed in  greater detail
below and have the following respective structures:
7PI287 0 U 0  O' ~NFI 0 0 ~. -~ .  OH ~Ac H H OAc 3co
h and dcoPh  



TPI 285 0 OH  U 0 0 OH 0 ` G H I H Hi 6Ac  bH H ()Ac
and dCOPh  OCOPh TPI 251 o II  0 Ph 0 H  ~'.. ph OH H
OAc  ~COPh  20 WO 2005/030150 PCT/US2004/031816  As
will become apparent from the discussion below, TPI
287 is a mixture of the  compounds identified as
Formula 31 and Formula 33, which are discussed below
with respect to Figure 35. The OR isomer of TPI 285 is
illustrated, for example, with  respect to generalized
Formula A in Figure 1 wherein R, is a tert-butoxyl
group, R2 is  an isobutyl group and R7 is acetyl.
Although not shown in Figure 1, the 2'S isomer of  TPI
285, as shown above, is also contemplated. TPI 251 is
illustrated, for example,  with respect to generalized
Formula Z in Figure 9 wherein R8 is H and R9 is
ethylene.  In addition to the compounds TPI 287, TPI
285, and TPI 251, various other 9,10-a,a  hydroxy
taxane derivatives have also exhibited significant
inhibition against various  cancer cell lines. I.
Synthesis of 9,10-a,a-hydroxy taxanes Such compounds
may be formed in a number of ways according to the
present invention. For example, as shown in Figure 1
(Scheme 1) and Figure 2  (Scheme 2), a 9,10-a,a
hydroxy taxane F may be formed directly from a
standard  taxane A or A' through various
transformations, including oxidation of a 10-hydroxy
taxane D to a 9,10-diketo taxane E and reduction to
the 9,10-a,a-hydroxy taxane F.  In the compounds shown
in Schemes 1 and 2, R, and R2 may each be H, alkyl
such  



as an isobutyl group or a tert-butyl group, olefinic
such as a tigloyl group, aromatic  such as a phenyl
group, O-alkyl, O-olefinic, or O-aromatic; R7 may be
alkyl such as a  methyl group, olefinic or aromatic;
and P, and P2 may each be a hydroxyl protecting
group, such as a silyl protecting group, including
TBDMS or TES. Such a process is exemplified in Figures
13 through 17. For example, as  shown in Figure 13,
paclitaxel of Formula 1 (where RI=R27-Ph; R7--CH3 in
generalized formula A of Scheme 1) is first protected
at the 2'-hydroxyl with a  hydroxyl protecting group
such as tent-butyldimethylsilyl (TBDMS). To a 500mL
round bottom flask (RBF) equipped with a magnetic stir
bar was charged 50.Og  (58.55mmol) paclitaxel, Formula
1, 13.96g (204.8mmol, 3.5eq.) imidazole, and  26.47g
(175.7mmol, 3.Oeq.) TBDMS-Cl. The flask was placed
under a nitrogen  environment and 350mL (7mUg
paclitaxel) anhydrous N,N-dimethyl formamide  (DMF)
was charged to the flask. The reaction was stirred at
room temperature for  twenty hours, then was worked up
by diluting the reaction solution in 600mL  isopropyl
acetate (IPAc) and washing with water until the
aqueous wash reached pH  21 WO 2005/030150
PCT/US2004/031816  7, then with brine. The organic
partition was dried over magnesium sulfate, filtered
and then was evaporated to a white foam solid to yield
66.9g (93.0 area percent) of  unpurified 2'-O-TBDMS
paclitaxel product of Formula 2 (where R,=R2=Ph;
R7=CH3;  P,=TBDMS in generalized formula B of Scheme
1). This reaction is nearly  quantitative. There are
slight amounts of 2',7-bis-TBDMS, but this is not a
significant  amount. Next, as shown in Figure 14, the
10-acetyl group is removed by  hydrazinolysis. To a 1
L RBF equipped with a magnetic stir bar was charged
59.5g  2'-O-TBDMS paclitaxel of Formula 2 and 600mL
(10mUg) IPAc. The solution was  stirred to dissolve
the 2'-O-TBDMS paclitaxel, then 60mL (1mUg) hydrazine
hydrate  was charged to the flask and the reaction
stirred at room temperature for one hour.  The
reaction was worked up by diluting the reaction
solution in 1.2L IPAc and  washing first with water,
then ammonium chloride solution, then again with water
until the aqueous wash was pH 7 and lastly with brine.
The organic partition was  dried over magnesium
sulfate, filtered and evaporated to 55.8g of solid.
The solid  was redissolved in 3:1 IPAc
(1%water):heptane to a concentration 0.25g/mL total
dissolved solids (TDS) and purified on a YMC silica
column; the column eluent was  monitored for UV
absorbance. The fractions were pooled based on HPLC
analysis  



and evaporated to yield 39.3g (98.6 area percent) of
2'-O-TBDMS-10-deacetyl  paclitaxel solid of Formula 3
(where Ri=R2=Ph; P,=TBDMS in generalized formula C  of
Scheme 1). If the reaction goes too long (beyond 2h),
the product begins  epimerizing at the C-7 position.
Besides decreasing the yield by the formation of the
7-epi degradant, this impurity requires adding a
chromatographic step to remove the  impurity. As
illustrated in Figure 15, the 7-hydroxyl is now
protected with a protecting  group such as
triethylsilyl (TES). To a 500mL RBF equipped with a
magnetic stir bar  was charged 39.3g (42.46mmol)
2'-O-TBDMS-10-deacetyl paclitaxel of Formula 3  and
15.6g (127.4mmol, 3eq.) DMAP. The flask was placed
under nitrogen and  390mL (1 OmUg) anhydrous
dichloromethane (DCM) charged to the flask to dissolve
the solids followed by 14mL (84.92mmol, 2eq.) TES-CI.
The reaction was stirred at  room temperature for
three hours. The reaction was worked up by evaporating
the  reaction solution to approximately half its
starting volume and diluting it in 300mL  EtOAc and
washing with water and dilute HCI solutions until the
pH of the aqueous  wash was approximately 7, then with
brine. The organic partition was dried over  22 WO
2005/030150 PCT/US2004/031816  magnesium sulfate and
evaporated to yield 42.Og (97.7 area percent) of white
solid  of Formula 4 (where R1=R2=Ph; P1=TBDMS; Pz=TES
in generalized formula D of  Scheme 1). This reaction
is nearly quantitative, with a slight amount of
7,10-bis-TES  and excess silyl compounds in the worked
up solids, as with the 2'-TBDMS  protection step
above. Next, oxidation of the 10-hydroxyl yields a
9,10-diketo compound, as  exemplified in Figure 16. To
a 1L RBF equipped with a magnetic stir bar was
charged 41.Og (39.43mmol)
2'-O-TBDMS-7-0-TES-10-deacetyl paclitaxel of Formula
4, 2.1 g (5.92mmol, 0.15eq.) of TPAP, 13.9g
(118.3mmol, 3eq.) NMO. The flask was  placed under
nitrogen and 720mL (-20mL/g) anhydrous DCM charged to
the flask to  dissolve the solids. The reaction was
stirred at room temperature for 22hours. The  reaction
was worked up by concentrating the reaction solution
to half its volume and  then drying the reaction
contents onto 175g silica gel (EM Sciences 40-63p).
The,  taxane containing silica was placed on 30g of
clean silica gel (EM Sciences 40-6311)  and the
product eluted from the silica with 4L MTBE. The MTBE
was evaporated to  yield 37.3g (93.2 area percent)
2'-O-TBDMS-7-O-TES-9,10-diketo paclitaxel of  Formula
5 (where R1=R2=Ph; Pi=TBDMS; P2=TES in generalized
formula E of  



Scheme 1). Finally, reduction of the 9,10-diketo
taxane yields the 9,10-a,a-hydroxy  taxane, as shown
for example in Figure 17. To a 2L RBF equipped with a
magnetic  stir bar was charged 37.3g (35.9mmol)
protected 9,1 O-diketo paclitaxel of Formula 5  and
900mL (-30mUg taxane) of 3:1 EtOH/MeOH. The solution
was stirred to  dissolve the solids then the flask was
placed in an ice/water bath and the solution  was
stirred for 30 minutes. 8.ig (215.7mmol, 6eq.) of
sodium borohydride (NaBH4)  was charged to the flask
and the reaction stirred in the ice/water bath for
five hours.  The reaction was worked up by diluting
the reaction solution in 1 L IPAc and washing  with 4
x 750mL water, then with 200mL brine. The organic
partition was dried over  magnesium sulfate. The
aqueous washes were reextracted with 500mL IPAc. The
organic reextract solution was washed with 1 OOmL
brine then dried over magnesium  sulfate and combined
with the first organic partition. The IPAc solution
was  concentrated until solids began precipitating out
then heptane was added to the  solution to crystallize
the protected 9,10-a,a-OH, 9-desoxo, 10-deacetyl
paclitaxel  product of Formula 6 (where R1=R2=Ph;
P1=TBDMS; P2=TES in generalized formula  23 WO
2005/030150 PCT/US2004/031816 F of Scheme 1). The
crystallizing solution was placed in a freezer
overnight. Three  crystallizations were done on the
material, the first yielded 4.1g (95.3 area percent)
protected 9,10-a,a-OH, 9-desoxo, 10-deacetyl
paclitaxel product, the second yielded  18.3g (90.9
area percent) product, and the third yielded 2.9g
(81.7 area percent)  product. The original work on
this reaction employed flash chromatography to purify
the product. However, the crystallizations that were
performed gave similar purity,  by HPLC, to the
chromatographed material from earlier work. As
illustrated in Figure 2 (Scheme 2), the same steps as
above may be  followed-absent the hydrazinolysis
step-when the starting material is a 10- deacetyl
taxane, such as of generalized Formula A' in Figure 2.
II. 10-Acylation and 2' 7-Deprotection Next, as shown
in Figure 3 (Scheme 3), the resulting taxane of
generalized  formula F may be deprotected at the 7-
position to yield the taxane of generalized  formula H
and then deprotected at the 2'-position to yield a
taxane of the generalized  formula I. The deprotection
at the 2'- and 7-positions may be either a two-step
process or may be performed in a single step.
Alternatively, as shown in Scheme. 3, the taxane of
generalized formula F may  



be first acylated at the 10 position before
deprotecting at the 7 and 2' positions.  According to
this route, the 10 acylation of the taxane of
generalized formula F  results in the taxane of
generalized formula G, which may then be deprotected
at 7  position to yield a taxane of the generalized
formula H' and deprotected at the 2'- position to
yield a taxane of the generalized formula I'. Here
again, the deprotection  at the 7- and 2'-positions
may be either a two-step process or may be performed
in a  single step. The 1 0-acylation of the taxane of
generalized formula F may be accomplished  in a number
of manners, as exemplified in Figure 18. In
particular, the invention  contemplates the use of
either a carboxylic acid of generalized formula
R7000H, a  carboxylic acid halide such as an acid
chloride of generalized formula R7COCI, or a  carboxyl
anhydride of generalized formula R7COOCOR7. In the
compounds shown  in Scheme 3, RI, R2, R7, P, and P2
are as defined above for Schemes 1 and 2,  although it
should be appreciated that the R7COO group attached at
0-10 in Scheme  3 may be different from the R7COO
group that was removed in Scheme 1. 24 WO 2005/030150
PCT/US2004/031816  When the reagent used is a
carboxylic acid, an exemplary procedure (as shown in
Figure 18) is as follows. To a 25mL RBF equipped with
a magnetic stir bar  was charged 300mg (0.288mmol) of
2'-O-TBDMS-7-O-TES-9,10-a,a-OH, 9-desoxo,  10 deacetyl
paclitaxel of Formula 6 (where R1=R2=Ph; P1=TBDMS;
P2=TES in  generalized formula F of Scheme 3),
(0.720mmol, 2.5eq.) carboxylic acid  (CH3000H), 178mg
(0.864mmol, 3.Oeq.) of DCC, and 13mg (0.086mmol,
0.3eq.) of  4-pyrrolidinopyridine (4-Pp). The contents
of the flask were placed in a nitrogen  environment
and 10mL anhydrous DCM added to the flask. The
reactions were  stirred at room temperature for 15+
hours (all the reactions were monitored by TLC  or
HPLC for consumption of the starting material); the
reactions generally ran  overnight. The reactions were
worked up by diluting the reaction solution in 20mL
EtOAc and stirring for fifteen minutes to precipitate
dicyclohexyl urea (DCU). The  DCU was removed from the
solution by vacuum filtration and the filtrate was
washed  with water until the pH of the water washes
was approximately 7. The organic  solution was then
washed with brine and dried over sodium sulfate before
evaporating to dryness. When the reagent used is a
carboxylic acid halide, an exemplary procedure  (as
shown in Figure 18) is as follows. To a 25mL RBF,
equipped with a magnetic stir  



bar and under a nitrogen environment, was charged
300mg (0.288mmol) of 2'-O- TBDMS-7-O-TES-9,10-a,a-OH,
9-desoxo 10 deacetyl paclitaxel of Formula 6,
(0.720mmol, 2.5eq.) acid chloride (CH3OOOl), 140L
(1.008mmol, 3.5eq.) TEA,  13mg (0.086mmol, 0.3eq.)
4-Pp, and 10mL anhydrous DCM. The reactions were
stirred at room temperature for 15+ hours; reactions
generally ran overnight and  were monitored by TLC
and/or HPLC in the morning for consumption of starting
material. The reactions were worked up by diluting the
reaction solution in 20mL  EtOAc and washing with
water until the pH of the water washes was
approximately  7. The organic solution was then washed
with brine and dried over sodium sulfate  before
evaporating to dryness. When the reagent used is a
carboxyl anhydride, an exemplary procedure (as  shown
in Figure 18) is as follows. To a 25mL RBF, equipped
with a magnetic stir bar  and under a nitrogen
environment, was charged 300mg (0.288mmo1) 2'-O-TBDMS-
7-O-TES-9,10-a,a-O1-1, 9-desoxo 10 deacetyl paclitaxel
of Formula 6, (2.880mmol,  10eq.) acid anhydride
(CHsCOOCOCH3), 106mg (0.864mmol, 3eq.) DMAP, and 5mL
25 WO 2005/030150 PCT/US2004/031816  anhydrous DCM.
The reactions were stirred at room temperature for 15+
hours.  The reactions were worked up by adding 5mL
saturated sodium bicarbonate solution  to the reaction
flask and stirring for 5 minutes. The solution was
then transferred to a  seperatory funnel and organics
were extracted with 20mL EtOAc. The organic  extract
was then washed with saturated sodium bicarbonate and
water until the pH  of the water washes was
approximately 7. The organic partition was then washed
with brine and dried over sodium sulfate before
evaporating to dryness. The resulting product is the
2'-O-TBDMS-7-O-TES-9-a-OH,9-desoxo,10-epi  paclitaxel
of Formula 7 (where R,=R2=Ph; P1=TBDMS; P2=TES; R7=CH3
in  generalized formula G of Scheme 3). Figure 4 shows
numerous alternative groups  that may be used for the
F17COO group at the 10-a-position of generalized
formula  G. As would be appreciated by the ordinarily
skilled person, these acylations may be  performed for
example by substituting the appropriate carboxylic
acid R7000H,  carboxylic acid halide R7COX or carboxyl
anhydride R7COOCOR7 in the above  procedures. As
indicated above and as further illustrated in Scheme
3, taxanes of  generalized formula F or G may be
deprotected at the 2'- and 7-positions in either a
two-step process or a single step. Figures 19 through
21 show exemplary  



deprotections of the 2'- and 7-positions. For example,
as shown in Figure 19, the 7-0-TES group may be
removed  from Formula 6 to give Formula 8 (where
RI=R2=Ph; PI=TBDMS in generalized  formula H of Scheme
3) or from Formula 7 to give Formula 9 (where
R1=R2=Ph;  P,=TBDMS; R7=CH3 in generalized formula H'
of Scheme 3), respectively, using  acetonitrile (ACN)
and aqueous HF. To a 500mL teflon bottle equipped with
a  magnetic stir bar was charged 2.50g (2.40mmol)
2'-O-TBDMS-7-O-TES-9,10-a,a- OH, 9-desoxo, 1 Odeacetyl
paclitaxel of Formula 6 and 100mL ACN. The bottle was
placed in and ice/water bath and the solution was
stirred for 30 minutes. Next,  0.8mL of 48% HF aqueous
was added slowly to the reaction solution and the
reaction stirred in the ice/water bath for 20 minutes.
The reaction was monitored by  TLC for disappearance
of the starting material. The reaction was worked up
by  diluting the reaction solution by adding 200mL
EtOAc and quenching the acid by  adding 25mL saturated
sodium bicarbonate solution to the bottle and stirring
for 10  minutes. The solution was then transferred to
a separatory funnel and the organic  26 WO 20051030150
PCT/US2004/031816  partition was washed with water
until the pH of the water wash was approximately 7,
then was washed with brine. The organic partition was
dried over sodium sulfate  and then was evaporated to
a solid of Formula 8. This procedure was also followed
if there was an acyl group on the 10-a-hydroxyl (i.e.
Formula 7 to Formula 9 in  Figure 19 or generalized
formula G to generalized Formula H' in Scheme 3).
Next, as shown in Figure 20, the Z-0-protecting group
may be removed from  Formula 8 to give Formula 10
(where R,=R2=Ph in generalized formula I of Scheme  3)
or from Formula 9 to give Formula 11 (where R1=R2=Ph;
R7=CH3 in generalized  formula I' of Scheme 3),
respectively. To a 5OmL teflon bottle equipped with a
magnetic stir bar was charged, 500mg
2'-O-TBDMS-9,10-a,a-OH, 9-desoxo, 10- deacetyl
paclitaxel of Formula 8 (or 2'-O-TBDMS-9-(X-OH,
9-desoxo,10-epi paclitaxel  of Formula 9) and 5mL
anhydrous THE Next, 1mL HF-pyridine solution was
slowly  charged to the reaction solution. The reaction
was stirred at room temperature for 1  hour; reaction
progress was monitored by TLC and/or HPLC for
disappearance of  starting material. The reaction was
worked up by adding 1OmL EtOAc to the bottle  to
dilute the reaction solution then saturated sodium
bicarbonate was slowly added  to the bottle to
neutralize the HF. The solution was then transferred
to a separatory  funnel and the organic partition was
washed with 10 wt% sodium bicarbonate  



solution then water until the pH of the water wash was
approximately 7. Then the  organic partition was
washed with brine and then dried over sodium sulfate
before  evaporating to a solid of Formula 10 (or
Formula 11). It should be appreciated that one
ordinarily skilled in the art would understand  that
the order of the above deprotection steps may be
reversed, such that the 2'- hydroxyl protecting group
is removed first, and the 7-hydroxyl protecting group
removed second. Further, as indicated above, the 2'-
and 7-positions of either the taxanes of  the
generalized formula F or G may be deprotected in a
one-step procedure using  tetrabutylammoniumfluoride
(TBAF). Here, as shown for example in Figure 21,
Formula 6 may be deprotected directly to Formula 10,
and Formula 7 may be  deprotected directly to Formula
11. A 1 OmL RBF equipped with a magnetic stir bar  was
charged with 100mg of 2'-O-TBDMS-7-O-TES-9,10-a,a-OH,
9-desoxo 10  deacetyl paclitaxel of Formula 6 (or
2'-O-TBDMS-7-O-TES-9-a-OH-10-epi paclitaxel  of
Formula 7) and 5mL EtOAc or THF to dissolve the
taxane. Next, 100L of. 1M  27 WO 2005/030150
PCT/US2004/031816  TBAF in THE was charged to the
flask and the reaction was stirred at room
temperature for 1 hour; the reaction was monitored by
TLC and/or HPLC for  disappearance of starting
material. The reaction was worked up by washing the
reaction solution with water and then brine. The
organic partition was dried over  sodium sulfate and
evaporated to a solid of Formula 10 (or Formula 11).
This  method removes both the 2'-O-TBDMS protecting
group and the 7-0-TES protecting  group. Ill.
7,9,10-Acylation Now, as illustrated in Figure 5
(Scheme 4), the 7-, 9-, and/or 10-positions may  be
acylated with various groups R7000, such as those
shown in Figure 6. In the  compounds shown in Scheme
4, R1, R2, R7, and P1 are as defined above for
Schemes 1 and 2, although it should be appreciated
that the R7COO groups in  Scheme 4 may be different
from the R7COO group that was removed in Scheme 1.
For example, as shown in Figure 22,
2'-O-TBDMS-9,10-a,a-OH, 9 desoxo, 10  deacetyl
paclitaxel of Formula 8 (where R1=R2=Ph; P1=TBDMS in
generalized  formula H of Scheme 4) may be
mono-acylated on the 7-hydroxyl as Formula 12
(corresponding to generalized formula J of Scheme 4),
bis-acylated on the 7,10- hydroxyls as Formula 13
(corresponding to generalized formula J' of Scheme 4),



and/or tris-acylated on the 7,9,10-hydroxyls as
Formula 14 (corresponding to  generalized formula J"
of Scheme 4). It should be appreciated by the
ordinarily  skilled person that the appropriate
carboxylic acid R7COOH corresponding to the  desired
R7COO group may be substituted in the procedure below,
such as those  groups from Figure 6 or other groups as
desired. To a 5mL RBF, equipped with a  magnetic stir
bar and nitrogen purge, was charged 100mg (0.108mmol)
2'-O- TBDMS-9,10-a,a-OH, 9 desoxo, 10 deacetyl
paclitaxel of Formula 8, (0.324mmol,  3eq.) carboxylic
acid, 66.8mg (0.324mmo1, 3eq.) DCC, 6.6mg (0.054mmo1,
0.5eq.)  DMAP, and 1.5mL anhydrous DCM. The reaction
was stirred at room temperature  for 2.5 hours. The
reaction progression was monitored by TLC and/or HPLC.
If no  acyl addition was detected, an additional
charge of reagents was done to try and  start the
reaction. The reaction produces a mixture of
monoacylated, bisacylated,  and some trisacylated
products. The reaction was worked up by filtering the
reaction  solution through a 0.2m nylon acrodisc. To
the filtrate plus a 1 mL DCM wash of the  solids 100mg
of IRC-50 ion-exchange resin was added. The mixture
was stirred at  28 WO 2005/030150 PCT/US2004/031516
room temperature for 30 minutes. The mixture was
filtered again through a second  0.2m nylon acrodisc.
As further shown in Figure 22, the resulting filtrate
solution  went directly to the reaction to remove the
TBDMS from the 2'-hydroxyl using the  TBAF method,
described above to obtain formula 10 and formula 11
from formula 6  and formula 7 respectively; 150L of
the reagent was added directly to the filtrate  and
stirred at room temperature for four hours. The
work-up was the same as  described above for the
deprotection method. Compounds were purified on a
reverse phase semi-prep scale HPLC column to provide
Formula 15 (corresponding  to generalized formula K of
Scheme 4), Formula 16 (corresponding to generalized
formula K' of Scheme 4) and Formula 17 (corresponding
to generalized formula K"  of Scheme 4). IV. 7-Ether
Functionality As illustrated in Figure 7 (Scheme 5)
the 2'-hydroxyl may be protected and a  functional
group attached at the C-7 position, as shown for
example in Figures 23  through 25. In the compounds
shown in Scheme 5, R1, R2, R7, and P1 are as  defined
above for Scheme 3, and R6 is an ether functionality,
such as an 0- methylthiomethyl group or other hetero
substituted ether functionalities. Initial  attempts
to synthesize a 7-0-methylthiomethyl compound from
2'-O-TBDMS-9-a- 



OH-10-epi paclitaxel provided difficulty in that the
methylthiomethyl group was too  labile to withstand
the 2'-hydroxyl deprotection step using either the
HF-pyridine  method or the TBAF method, described
above. Accordingly, it is desirable to use a
2'-hydroxyl protecting group that can be removed under
less harsh conditions, such  as a TES protecting
group. In Figure 23, 9-a-OH-10-epi paclitaxel of
Formula 11,  which may be formed according to one of
the routes described above with respect to  Scheme 3,
is first protected as the 2'-O-TES ether of Formula 18
(where R1=R2=Ph;  P1=TES; R7=CH3 in generalized
formula L of Scheme 5). To a 25mL RBF, equipped  with
a magnetic stir bar and a nitrogen purge, was charged
1.2g (1.415mmol) 9-a- OH-10-epi paclitaxel of Formula
11, 6mL anhydrous DCM, and 6mL anhydrous  pyridine.
The flask was placed in an ice/water bath and the
solution was stirred for  15 minutes. After the
solution cooled, 0.95mL (5.659mmol, 4.Oeq.) TES-CI was
charged to the flask. The reaction was stirred in the
ice/water bath for 3 hours. The  reaction was worked
up by diluting the reaction solution in 30mL EtOAc and
washing  with water then brine. The organic partition
was dried over sodium sulfate before  29 WO
2005/030150 PCT/US2004/031816  evaporating to a solid.
The 2'-O-TES-9-a-OH-10-epi paclitaxel product of
Formula  18 was purified by flash chromatography using
an EtOAc/heptane gradient. As shown for example in
Figure 24, a methylthiomethyl group may be  attached
at the 7-0-position to give Formula 19 (where
R1=R2=Ph; P1=TES; R7=CH3;  R6=OCH2SCH3 in generalized
formula M of Scheme 5). Because the C-9 hydroxyl is
very susceptible to oxidation, it is preferred that
there are no oxidizing reagents  present in the
reaction to add the methylthiomethyl ether to the
modified taxane. A  100mL RBF was equipped with a
magnetic stir bar, a nitrogen purge, and a  condenser,
and was wrapped with aluminum foil. 850mg (0.877mmol)
2'-O-TES-9- a-OH-10-epi paclitaxel of Formula 18,
894mg (5.261 mmol, 6eq.) silver nitrate,  156mg
(1.052mmol, 1.2 eq.) 4-Pp, 5OmL anhydrous toluene, and
0.8mL  (5.701mmol, 6.5eq.) TEA were charged to the
flask. The solution was stirred to  dissolve the
solids then 441 p.L (5.261 mmol, 6.Oeq.)
chloromethylmethyl-sulfide was  charged to the flask.
The reaction was heated to 70 C. The reaction was
stirred at  70 C for 24 hours. The reaction was worked
up by filtering the reaction solution  through Celite.
The reaction flask and solids were washed with 80mL
EtOAc. The  combined filtrate was transferred to a
separatory funnel and washed with water then  dilute
ammonium chloride then dilute sodium bicarbonate then
with water until the  



pH of the water wash was approximately 7. Next the
organib partition was washed  with brine then dried
over sodium sulfate before it was concentrated to
approximately  5mL. This solution was purified by
flash chromatography using an EtOAc/heptane  gradient.
The fraction pools were evaporated to yield 0.13g of
2'-O-TES-7-O- methylthiomethyl-9-a-OH-10-epi
paclitaxel of Formula 19. The 2'-hydroxyl is then
deprotected, as shown for example in Figure 25 to
provide Formula 20 (where R1=R2=Ph; R7=CH3;
R6=OCH2SCH3 in generalized  formula N of Scheme 5). To
a 10mL RBF, equipped with a magnetic stir bar, 0.12g
(0.117mmol)
2'-O-TES-7-0-methylthiomethyl-9-a-OH-10-epi paclitaxel
of Formula 19  and 8mL ACN were charged. The flask was
placed in an ice/water bath and the  solution stirred
for 30 minutes. 233L (0.233mmol, 2eq.) of 1 N HCI was
charged to  the flask and the reaction stirred in the
ice/water bath for 45 minutes. The  methylthiomethyl
ether is fairly acid labile, and the methylthiomethyl
group may be  removed if the reaction to remove the
TES group using 1 N HCI in ACN runs too long.  The
reaction was worked up by pouring the reaction
solution into a separatory funnel  30 WO 2005/030150
PCT/US2004/031816 containing 20mL EtOAc and 30mL
saturated sodium bicarbonate solution. After
agitation the aqueous partition was removed and the
organic partition was washed  with water until the pH
of the water wash was approximately 7 then with brine.
The  organic partition was dried over sodium sulfate
then evaporated to a yellowish oil.  The product was
purified by reverse phase semi-prep scale HPLC to
yield 50mg of  7-O-methylthiomethyl-9-a-OH-10-epi
paclitaxel of Formula 20 as a white solid. V.
7,9-Acetal Linked Analogs As illustrated in Figure 8
(Scheme 6) the present invention also provides 7,9
acetal linked analogs of 9,10-a,a OH taxanes. In
particular, the 7- and 9-positions  may be linked
through a generalized -OC(R8)(R9)O- structure and the
2'-position  may be deprotected. In the compounds
shown in Scheme 6, R1, R2, R7 and P1 are  as defined
above for Scheme 3, and R8 and R9 may each be H,
alkyl, olefinic or  aromatic. Figure 9 illustrates
various 7,9-acetal linked analogs of formula Z formed
according to the method described below. Initial data
from a cytotoxicity study on  the compound where
R8=R9=H in Figure 9 suggested that there was good
activity for  the acetal. It should be appreciated
that the present invention contemplates further
variations in the substituents of such 7,9-acetal
linked analogs. For example, the R8  and R9 groups
shown in Figure 9, or others, may be substituted for
Ra and R9 in the  



generalized formulas 0 and P of Scheme 6, and the R1,
R2, R7 and P1 groups  thereof may be further varied as
described herein. For example, as shown in Figure 26,
a compound of Formula 9 (which may be  formed as
described above with respect to Figure 19) may be
protected as a 7,9- acetal linked analog of Formula 21
(where R1=R2=Ph; P1=TBDMS; R7=CH3;  R8=R9=H in
generalized formula 0 of Scheme 6). To a 10mL RBF,
equipped with a  magnetic stir bar and nitrogen purge,
100mg (0.103mmol) 2'-O-TBDMS-9-a-OH-10- epi paclitaxel
of Formula 9, 2.5mg (0.013mmol, 0.13eq.) p-toluene
sulfonic acid, and  5mL anhydrous DCM were added. The
solution was stirred to dissolve the solids  then
CH2(OCH3)2 (0.515mmol, 5eq.) was added and the
reaction was stirred at room  temperature for 1.5
hours. Reaction progress was monitored by TLC and/or
HPLC.  The reaction was worked up by diluting the
reaction solution in 1OmL and washing  the resulting
solution with water then brine. The organic partition
was dried over  sodium sulfate and evaporated to a
solid of Formula 21. The protected product was
purified on a reverse phase semi-prep scale HPLC
before running the TBAF  31 WO 20051030150
PCT/US2004/031816  deprotection method, as shown in
Figure 27, to remove the TBDMS group to form  Formula
22 (where R1=R2=Ph; R7=CHs; R8=R9=H in generalized
formula 0 of  Scheme 6). As apparent from Scheme 6, it
should be appreciated that compounds  of generalized
formula R9R9C(OCH3)2 may be substituted in the
reaction above to  provide 7,9-acetal linked analogs
having R8 and R9 groups, such as those illustrated  in
Figure 9 or others. Vt. Replacement of Taxane
Sidechain The discussion above and the corresponding
figures illustrate various  methods of producing
9,10-a,a-OH taxanes as well as intermediate compounds
useful in the formation of those taxanes. With respect
to those 9,10-o~ a-OH taxanes  produced by those
methods, the sidechain may be cleaved therefrom so as
to attach  an alternative sidechain having different
substituents than those shown and  described.
Accordingly, Figure 10 provides a generalized Scheme 7
for cleaving the  sidechain of 9,10-a,a-OH taxane
analogs according to the present invention. The
sidechain may be replaced, for example, with a
compound of Formula 12 according  to the generalized
Scheme 9, shown in Figure 12. More particularly, as
shown in Scheme 7 and exemplified in Figures 28 and
29, a 9,10-a,a-taxane may be protected as a 7,9-acetal
linked analog, such as  



described above, and the sidechain may thereafter be
cleaved to provide a 13- hydroxyl taxane. In the
compounds shown in Scheme 7, R3 is hydroxyl or OP,;
R1,  R2, R7 and P, are as defined above for Scheme 3;
and R8 and R9 are as defined  above for Scheme 6. For
example, a compound of Formula 11 was first prepared
according to  procedures described above with respect
to Figures 18 and 21, as follows. To a  200mL RBF was
charged 5.0g (4.800mmol)
2'-O-TBDMS-7-O-TES-9,10-a,a-OH, 9  desoxo 10 deacetyl
paclitaxel (Formula 6), 1.75g (14.400mmol, 3.0 eq.)
DMAP, and  60mL anhyd. DCM to dissolve the solids. The
flask was sealed and placed under  nitrogen then the
flask was placed in an ice-water bath. Next was slowly
charged,  4.5mL (48.000mmol, 10.0 eq.) acetic
anhydride to the flask. The reaction was stirred  at 0
C, going to room temperature overnight. The reaction
was quenched after 18  hours by adding 100mL of
saturated sodium bicarbonate solution. Product was
extracted with EtOAc and washed with sodium
bicarbonate solution and with water.  The organic
partition was dried down to yield approximately 5.5g
(5.075mmol) of  32 WO 20051030150 PCT/US2004/031816
crude product of Formula 7. This crude product was
charged in a 250mL RBF with  110mL THF, under
nitrogen. Next was charged 14.2mL of 1.OM TBAF in THE
The  reaction was stirred at room temperature for 2.5
hours then was worked up by  extracting with EtOAc and
washing with water. The organic partition was
evaporated  to yield approximately 5.9g of crude
solid. The crude material was purified by flash
chromatography to yield 1.5g of purified compound of
Formula 11. As shown for example in Figure 28, the
compound of Formula 11 may be  protected as a
7,9-acetal such as with anisaldehyde dimethyl acetal
to form a  compound of Formula 23 (where R,=R2=Ph;
R3=OH; R7=CH3; R8=H; Rg=PhOMe in  generalized formula
Q of Scheme 7). To a 50mL RBF was charged 1.15g
(1.345mmo1) 9-a-OH-10-epi paclitaxel of Formula 11 and
25mL anhydrous DCM,  under nitrogen. 343L (2.017mmol,
1.5 eq.) anisaldehyde dimethyl acetal was  charged to
the flask, followed by 51 mg (0.269mmol, 0.2 eq.)
PTSA. The reaction  was stirred at room temperature
for 45 minutes then was worked up by extracting the
product with EtOAc and washing with saturated sodium
bicarbonate solution  followed by water. The organic
partition was evaporated to yield approximately 1.5g
of crude product. The crude product was purified by
flash chromatography to yield  0.72g of pure product
of Formula 23. 



Next, the sidechain is cleaved to form the compound of
Formula 24 (where  R7=CH3; Rs=H; R9=PhOMe in
generalized formula R of Scheme 7), as exemplified in
Figure 29. To a 25mL RBF was charged 720mg (0.740mmol)
7,9-anisaldehyde  acetal-10-epi paclitaxel of Formula
23 and 15mL anhyd. THF, under nitrogen. The  flask was
placed in an ice/water/ammonium chloride, -13 C bath.
Solid lithium  borohydride (29.0mg, 1.331 mmol, 1.8
eq.) was charged to the reaction flask and the
reaction stirred at -13 C for two hours before raising
the temperature to 0 C. The  reaction was worked up
after five hours fifteen minutes by diluting with
EtOAc and  washing with water and ammonium chloride
solution. The organic partition was  evaporated to
yield 650mg of crude compound but HPLC indicated that
there was  only approximately 20% product and mostly
unreacted starting material; therefore,  the reaction
was restarted by repeating the above procedure and
running the  reaction for an additional six hours. The
organic partition was evaporated to yield
approximately 660mg of crude product. The compound was
purified on a YMC silica  column to yield the compound
of Formula 24. 33 WO 2005/030150 PCT/US2004/031816
The replacement sidechain may next be formed as
illustrated in Figure 11 (Scheme 8) and shown.in
Figures 30 through 32, for example. In the compounds
shown in Scheme 8, R2 is as defined above for Schemes
1 and 2; P3 is a hydroxyl  protecting group such as a
carbobenzyloxy (CBZ) group; R10 is an alkyl group such
as a methyl or ethyl group; and R11 and R12 are
defined as for R8 and R9,  respectively, for Scheme 6
above. It should be appreciated that the R2 group
attached at C-3 in Scheme 8 may be different from the
R2 group that was on the  sidechain that was removed
in Scheme 7. Further, while the exemplary diagrams
show an isobutyl sidechain, it should be appreciated
that other groups may be  substituted for the various
substituents in the formulas of Scheme 8. As shown in
Figure 30, a carboxylic acid of Formula 25 (where
R2=CH2CH(CH3)2 in generalized formula S of Scheme 8)
is converted to an ester of  Formula 26 (where
R2-CH2CH(CH3)2; P3=CBZ; R10=methyl in generalized
formula T  of Scheme 8). To a 1 L RBF was charged
8.65g (53.69mmol) 2-R,S-hydroxy-3-S- amino-5-methyl
hexanoic acid of Formula 25, and 130mL MeOH to suspend
the  acid. The flask was then placed in an ice-water
bath and 17.6mL (241.62mmol, 4.5  eq.) thionyl
chloride (SOC12) was slowly charged to the flask. The
reaction was  stirred at 0 C for four and a half hours
then 160mL EtOAc and 100mL water was  



charged to the flask and the pH of the reaction
solution was adjusted to  approximately 8 using 3M
NaOH. Next, 16.9mL (118.1 mmol, 2.2 eq.) CBZ-CI was
charged to the flask and the pH was then readjusted to
approximately 8. The  reaction was stirred an
additional three hours before working it up by
diluting the  reaction with EtOAc, removing the
aqueous partition and washing the organic  solution
with water before evaporating it to yield
approximately 22g of crude oil. The  product was
purified by normal phase chromatography to yield 8.4g
of product of  Formula 26. As shown in Figure 31, the
compound of Formula 26 may be protected as an
N,O-anisaldehyde acetal of Formula 27 (where
R2=CH2CH(CH3)2; P3= CBZ ;  R1=methyl; R11=H; R12=PhOMe
in generalized formula U of Scheme 8). To a 10mL.  RBF
equipped with a reflux condenser was charged 250mg
(0.809mmol) 2-R,S  hydroxy-3-S-N-(Cbz)-5-methyl
hexanoyl methyl ester and 6mL toluene to dissolve  the
solid. Next was charged 15mg (0.081 mmol, 0.1 eq.)
PTSA followed by 165p.L  (0.970mmol, 1.2 eq.)
anisaldehyde dimethyl acetal. The reaction was
refluxed for  34 WO 2005/030150 PCT/US2004/031516  two
and a half hours then was quenched by washing the
reaction solution with 4mL  of saturated sodium
bicarbonate solution. The organic partition was
evaporated to  an oil then was purified by flash
chromatography to yield 218mg of product of  Formula
27. While it is preferred that the N,O-acetal
protecting the sidechain is the same  as the
7,9-acetal protecting the taxane backbone (i.e. R3=R11
and R9=R,2) so that  they may both be removed later in
a single chemical step, it should be appreciated  that
different acetal protecting groups may be used, and
separate deprotection steps  may be necessary. As
shown in Figure 32, the ester compound of Formula 27
is next saponified  to its corresponding carboxylic
acid of Formula 28 (where R2=CHZCH(CH3)2;  P3=CBZ;
R11=H; R12=PhOMe in generalized formula V of Scheme
8). To a 5mL RBF  was charged 280mg (0.656mmo1) of
3-N,2-O-anisaldehyde acetal-3-N-Cbz-5-methyl  hexanoyl
methyl ester of Formula 27 and 2.8mL EtOH to dissolve
the solid. Next  was charged a solution of 51.3mg LiOH
monohydrate in 420AL water. The reaction  was stirred
at room temperature for four hours and fifteen minutes
then was worked  up by quenching with dilute HCI to pH
1 and extracting the product into 20mL  toluene. The
organic phase was then washed with water and
evaporated to 216mg  



of acid product of Formula 28. As shown in Scheme 9,
the replacement sidechain is next coupled to the
taxane backbone. In the compounds shown in Scheme 9,
R2, R11, R12 and P3 are as  defined above for Scheme
8; R7, R8 and R9 are as defined above for Scheme 7; R1
is  as defined above for Schemes 1 and 2; and R13 and
R14 are as defined above for R9  and R9, respectively,
of Scheme 6. It should be appreciated that the R1
group in  Scheme 9 may be different from the R1 group
that was on the sidechain that was  removed in Scheme
7. Figure 33, for example, provides the coupling
reaction of Formula 24 (from  Figure 29) with Formula
28 (from Figure 32) to provide the compound of Formula
29  (where R2=CH2CH(CH3)2; P3=CBZ; R11=H; R12=PhOMe;
R7=CH3; R3=H; R9=PhOMe  in generalized formula W of
Scheme 9). To a 5mL RBF was charged 180mg  (0.255mmol)
7,9-anisaldehyde acetal, 9-desoxo 10-epi Baccatin III
(Formula 24)  and 105mg (0.510mmol, 2.0 eq.) DCC.
Toluene (2mL) was then added to dissolve  the solids.
Next, 158mg (0.383mmo1, 1.5 eq.) iso-Butyl sidechain
acid (Formula 28)  35 WO 2005/030150 PCT/US2004/031816
was dissolved in 1.0mL DCM then this solution was
charged to the reaction flask  followed by 6mg
(0.038mmol, 0.15 eq.) 4-pp. The reaction was stirred
at room  temperature for 23 hours then was quenched by
adding 11.5L acetic acid and 4L  water and stirring
for one hour. MTBE was added to the reaction flask to
precipitate  DCU and the reaction solution was
filtered to remove the precipitate. The filtrate was
slurried with activated carbon then passed across a
silica plug to remove the 4-Pp  salts. The eluent was
evaporated to a solid to yield 270.7mg of crude
coupled  product of Formula 29. As exemplified in
Figure 34, the 7,9-acetal and N,O-acetal protecting
groups  may then be removed and an N-acyl group added
to form the compounds of Formula  30 and 32 (where
R1=t-butoxyl; R2=CH2CH(CH3)2; R7=CH3 in generalized
formula X  of Scheme 9), which may be separated from
each other by liquid chromatography or  kept together
for the next step. While the same anisaldehyde group
is used at both  the 7,9-acetal and N,O-acetal in the
exemplary compound of Formula 29, such that  both
groups may be removed in a single step, it should be
appreciated that other  acetal protecting groups are
contemplated such that multiple deprotection steps may
be required. To a 10mL RBF was charged, 270mg
(0.245mmol) of 7,9-anisaldehyde
acetal-10-epi-3'-isobutyl-3',2'-N,O-anisaldehyde
acetal coupled ester of Formula 29,  



220mg (0.8g/g coupled ester) Degussa type palladium on
carbon, and 4.1 mL THF.  In a separate vial, 99L conc.
HCI was diluted in 198L water and 1.OmL THF. This
solution was added to the reaction flask and the flask
was sealed and placed under  hydrogen. The
hydrogenation reaction was stirred for 31 hours then
was quenched  by removing the hydrogen and filtering
the catalyst from the reaction solution then  adding
molecular sieves to the reaction solution to remove
water before adding  84.5L (0.368mmol, 1.5 eq.)
t-butoxy carbonyl (t-BOC) anhydride then 684L TEA.
The reaction stirred an additional 21 hours then was
worked up by filtering the sieves  from the reaction
solution, diluting the filtrate with EtOAc and washing
with water.  The organic partition was evaporated to
approximately 370mg of oil. The oil was  purified
first by flash chromatography, then preparative TLC
(pTLC) then by a semi- prep reverse phase column to
yield 3.9mg of pure product of Formula 30 and 32.
Finally, as shown in Figure 35, an alternate
7,9-acetal may be formed if  desired to provide the
compound of Formula 31 or 33 (where R1=t-butyl;
R2=CH2CH(CH3)2; R7=CH3; R13=H; R14=CH=CH2 in
generalized formula Y of  36 WO 2005/030150
PCT/US2004/031816  Scheme 9). While an acrolein acetal
is formed in Figure 35, it should be appreciated  that
other groups may be substituted for R13 and R14 of
Scheme 9, such as those  defined for the R8 and R9
groups exemplified in Figure 9, or others. In a HPLC
vial  insert, 3.4mg (4.13pmol) of 9-a-hydroxy,
10-a-acetyl-2'-R,S-hydroxy-3'-S-isobutyl-3'-
N-t-butoxy carbonyl taxane of Formula 30 and 32 was
charged followed by 70L  DCM. Next, 12.8L of a 1 to 20
diluted acrolein dimethyl acetal in DCM (0.64L
acetal, 5.37pmol, 1.3 eq.) was charged to the insert
followed by 8.4L (0.413pmol,  0.1 eq.) of a 0.05M PTSA
solution in DCM. The reaction was lightly agitated
then sat  at room temperature. The reaction took more
additions of the acetal solution to drive  it to
completion then was worked up after a couple of days
by filtering the solution  through approximately 80mg
of basic activated alumina. The alumina was washed
with DCM then EtOAc and the fractions evaporated to
dryness. The crude  compound was purified on a normal
phase analytical column to yield 605g of  compound
(the product was an isomeric mixture) 7,9-acrolein
acetal-10-a-acetyl-2'-
R,S-hydroxy-3'-S-isobutyl-3'-N-t-butoxy carbonyl
taxane of Formulas 31 and 33,  which may be separated
by liquid chromatography. VII. Alternative Method for
Synthesizing 7,9-Acetal Linked Analogs 7,9 acetal
linked analogs of 9,10-aa OH taxanes can also be
formed directly  



from 10-deacetylbaccatin III (10-DAB), which has the
formula: AcO O OH  10 7 ,,,,H  13 O HO`O ` H =  OH =
OAc  OCOPh Using 10-DAB has an advantage since it is
much more naturally abundant, and thus  less expensive
than either of the starting compounds A or A' that are
shown and  discussed above with respect to in Figures
1 and 2. In this alternative process, 10-DAB, Formula
34, is first protected at both the  C-7 and C-10
positions to form C7,C10 di-CBZ 10-deacetylbaccatin
111, Formula 35,  according to the following reaction:
37 WO 2005/030150 PCT/US2004/031816  HO 0 OR CWO O
OCbz Cbz-CLHexU  THE  HOB OR _ OAC O' OR H OAo OCOPh
OCOPh  C2aH75Ola CtSH isOfL  MOL Wt: 594b9 Mol.
Wt:81285 Formula 34 Formula 35 C7,C10 di-CBZ
10-deacetylbaccatin III of Formula 34 (50g, 91.8mmol)
was dissolved  in THE'(2L, 40mVg) by warming to 40-C
in a warm-water bath. The solution was  cooled to
-412C in a Neslab chiller and benzylchloroformate
(46mL, 3.2eq, 293.8  mmol) was added to the stirred
chilled solution followed by further cooling to -442C.
To this solution 2.3M hexyl lithium solution (130mL,
3.3 eq, 303mmo1) was added  gradually over 45 min
while maintaining the temperature of the reaction
mixture at :5 - 39 C. Stirring continued in the Neslab
for 45 minutes at which time HPLC indicated  the
reaction had gone to completion. At 2 hr total
reaction time, the reaction was  quenched by the
addition of 1N HCI (400mL) and IPAc (1 L) and removal
from the  Neslab chiller. The reaction was allowed to
stir while warming to 10C. The layers  



were separated and the IPAc layer was washed
sequentially with H2O (500mL),  saturated NaHCO3
(200mL) and H2O (4x500mL) and then filtered through a
silica gel  pad. The filtrate was concentrated until
solids started to form. IPAc (850mL) was  added and
the mixture was heated to 60 2C to dissolve some of
the solids. To the  warm solution, heptanes (800mL)
were added and the solution was cooled in the
refrigerator and filtered. The solids collected by the
filtration were washed with  heptanes and dried under
vacuum at 452C to give 35. Next, Formula 35 was
coupled with a sidechain of Formula 36 to form
Formula 37 according to the following reaction: 38 WO
2005/030150 PCT/US2004/031516  BocHN 0 OH  CbzO 0 OCbz
OBn CbzO 0 OCbz  C N M.L Wt~3 99.46 O  Formula 36
BocHN Qo~:~OACOAc DCC, DMAP,Toluene h  OCOPh OCOP
CgsH4RO14 OBn Mol. Wt.: 812.05 or N019  MOL Wt.:1176.3
Formula 35 Formula 37 Here, the sidechain of Formula
36, (38g, 99.6 mmol) was dissolved in toluene to a
known concentration (0.09524 g/mL). This solution was
added to Formula 35  (54.0g, 66.4mmol). The solution
was heated in a warm-water bath and DMAP  (8.13g, 66.4
mmol) and DCC (25.28g, 119.6 mmol) in toluene (54OmL)
were added  to thewarm reaction mixture. While
maintaining the temperature at about 519C, the
reaction was continually stirred and sampled
periodically for HPLC. After 3 hours,  additional DCC
(13.Og) in toluene (140mL) was added. The following
morning (25.25 hr), MTBE (45OmL) was added and the
reaction  mixture was filtered through a pad of silica
gel, washed with MTBE followed by  EtOAc, and
concentrated to give 61.8g oil. The silica was washed
again with EtOAc  and the second pool was concentrated
to 5OmL and allowed to sit. The following  day the
second pool had started to crystallize. It was
filtered and the filtrate was  



washed with 1:1 heptane/IPAc and dried under vacuum at
402C to give a solid of  Formula 37. Next, Formula 37
was deprotected at both the C7 and C10 position to
give  Formula 38 according to the following reaction:
39 WO 2005/030150 PCT/US2004/031816  CbzO O OCbz -HO 0
OH -T-M BOCHNOtl HZ, Pdr- Boo HN 0 ' 0 H OAn THF,HCI
OH H OAa  0 CHOCOPh OH OCOPh  CpH67N07y OBn C6&477NO
19 Mol. Wt 787.89  Mol. Vut 1176.3 Formula 37 Formula
38 A solution of THF (300 ml-) and HCI (22 mL) was
added to a solution of Formula 37  (61.8, 52.5mmol) in
THF (15 mUg, 920 mL). The resulting solution was
flushed with  nitrogen. A catalyst (10%Pd/C with 50%
water, 99.1g) was added and the flask was  flushed
with nitrogen three times and then with hydrogen three
times. The reaction  mixture was stirred vigorously
under a hydrogen balloon for 21 hours. At this time
the reaction was sampled and HPLC indicated that 38%
by area of starting material  still remained. Water
(10 ml-) was added and stirring continued. Twenty
hours later,  HPLC indicated the same amount of
starting material still remaining. The reaction
mixture was filtered through celite and washed with
THF. It was then concentrated  to remove excess THF;
fresh catalyst (101 g) was added and the reaction
mixture  was placed back under hydrogen as before.
After another 24 hours, an intermediate  compound was
still present and still more catalyst (20 g) was
added. After another  hour, HPLC indicated that the
reaction was complete. The reaction mixture was
filtered through celite and washed through with IPAc.
The combined filtrate was  washed with NH4CI solution
(500mL), water (500mL), 5%NaHCO3 (500mL), H2O
(300mL), and brine (300mL). The organic layer was
dried, filtered, and concentrated  to give a foam of
Formula 38. Formula 38 was then converted to formula
39 according to the following  reaction: 40 WO
2005/030150 PCT/US2004/031516  HO 0 OH HO O OSIEt3 



BocHN O TESCI, DMAP, TEA BodiN O _ 8AC  OAC  OH O OH
_H 0hzc DCM  OSi O. OCOPh HOCOPh  Ct1HS,N01+
Mol.V%:7a7.69 _ CSJiayNOttSl2  Mol. VA-1016.41
Formula 38 Formula 39 Formula 38 (41.37g, 52.5mmol)
was dissolved in DCM (500mL) at room  temperature. The
solution was cloudy, possibly caused by the presence
of DCU in  the product from the. previous reaction. In
the case that the impurity was water,  Na2SO4 was
added to the solution, and the solution was filtered
through filter paper  into to a 2L flask. The solids
were collected and washed with DCM (250mL) into the
flask and the flask was covered with a septum and N2
balloon. Tea (35mL) followed  by DMAP (1.284g) and
TES-CI (-30mL, 3.5eq) were added to the solution and
stirred. Additional TES-Cl (15mL) and TEA (20mL) were
added, and after 6 hours  HPLC indicated the reaction
had gone to completion. The reaction was then quenched
by the addition of EtOH (25mL). The layers  were
separated and the organic layer was washed with
saturated NH4CI (-500mL)  and dried over Na2SO4 and
concentrated. A flash column was packed with silica
gel  and wet with 8:2 heptane/IPAc (1.5L). The solids
were dissolved in 8:2  heptane/IPAc (250mL) and
filtered to remove solids that would not dissolve.
This  solution was concentrated to - 100 mL and
applied to the column. The column was  eluted with 8:2
heptane/IPAc and fractions collected. Fractions with
product were  pooled and concentrated to give foam of
Formula 39. Formula 39 was then oxidized to form
Formula 40 according to the following  reaction: HO O
OSiEt3 O O OSEt3  BooHN O O NMO, TPAP BocHN'MO O  O,
_H OAc DCM O, OH?N OA.  OH . OSIiIEt OSiEt3 OCOPh a
OCOPh  CS1H3SNO14Si2 CS3Ha1NO14S~  Mol.Wt:1016.41
Mol.wt:1014.4 



Formula 39 Formula 40  41 WO 2005/030150
PCT/US2004/031816  Here, solid Na2SO4 was added to a
solution of Formula 39 (24.45g, 24.0 mmol) and
4-methyl morpholine N-oxide (10.1g, 84 mmol) in DCM
(340mL) to assure that the  reaction was dry. The
mixture was stirred for 1 hour and then filtered
through 24 cm  fluted filter paper into a 2L 3-N round
bottom flask. The Na2SO4 solids were washed  with DCM
(100mL) into the flask. Molecular sieves (6.1g,
15wt%/g ) were added to  the solution and stirring was
begun. TPAP (1.38g) was added and the reaction was
allowed to stir under a N2 blanket. Samples were taken
periodically for HPLC.  Additional TPAP (0.62g) was
added after 2 hours and again (0.8g) after 15 hours..
The reaction mixture was applied to a pad of silica
gel (86g), wet with 8:2  heptane/IPAc and eluted with
IPAc. The fractions were collected, pooled and
concentrated to an oil. 4-Methyl morpholine N-oxide
(5.0g) and DCM (1 OOmL) were  added and stirred.
Na2SO4 (139) was added to the mixture and it was
filtered  through filter paper. The Na2SO4 solids were
washed with DCM (45mL) and  molecular sieves (5g) and
TPAP (1.03g) were added. After 45 minutes, more TPAP
(1.05g) was added. A pad of silica gel was prepared
and wet with 80:20  Heptane/IPAc. The reaction mixture
was applied to the pad and eluted with IPAc.
Fractions were collected and those. fractions
containing product were pooled and  concentrated to
give an oil product of Formula 40. Next, Formula 40
was reduced according to the following reaction to
form  Formula 41. 0 o OSiEt3 HO OH OSiEt3  Both N O `~
NaBHa BotNN H OAc EtOH, McOH O, H F. H O,M  OSiEt3 OH
OCOPh OSiEt3 ocorm  CS-l8 4Oi lSi2 Cd437NO1t$i2
Mol.wt_ 1014.4 Mol. Wt.: 1018.43 Formula 40 Formula 41
NaBH4 (365mg, 6 eq) was added to a stirred solution of
Formula 40 (1.6g) in  EtOH (19mL) and MeOH (6.5mL)
cooled in an ice-water bath. After 1 hour, the
reaction mixture was removed from the ice-water bath
and at 2 hours, the reaction  was sampled for HPLC,
which indicated the reaction had gone to completion.
The  reaction mixture was cooled in an ice-water bath
and a solution of NH4OAc in MeOH  



42 WO 2005/030150 PCT/US2004/031816  (15mL) was added
followed by the addition of IPAc (50mL) and H2O
(20mL). it was  mixed and separated. The organic layer
was washed with water (2OmL) and brine  (10mL), a
second time with water (15mL) and brine (10mL), and
then.twice with  water (2x15mL). It was dried over
Na2SO4 and placed in the freezer overnight. The
following morning a sample was taken for HPLC and the
reaction was dried and the  organic layer was
concentrated on the rotovap. It was placed in the
vacuum oven to  give a foam product of Formula 41.
Formula 41 was next acylated to form Formula 42
according to the following  reaction: HD OH OSiE13 AcO
OH OSIEt  BocHN O BocHN O ~~~' __- O  O H OAc AozO,
TEA OS,Et3 OH OCOPh O OH. DAc  DMAP.DCM OSE-b OCOPh
Moell. .Wt Wt.: NO1 1018.43 MoL Wt: l. WL: 015S~1
1060.48  Formula 41 Formula 42 TEA (5.8mL, 41.5mmol),
Ac20 (2.62mL, 27.7mmol) and DMAP (724mg, 5.5mmol)
were added to a solution of Formula 41 (14.1g.
13.84mmol)) in DCM (5OmL). The  reaction was stirred
and sampled for HPLC periodically. After 18.5 hours,
additional  TEA (1.5mL) and Ac2O (1 mL) were added. At
19 hours, HPLC indicated the reaction  had gone to
completion. The reaction mixture was diluted with IPAc
(300mL) and  poured into 5%HaHCO3 (100ml). It was then
stirred, separated, and the organic  layer was washed
with water (100mL), saturated NH4CI (2x100mL), water
(3x5OmL)  and brine (50mL) and then filtered through
Na2SO4. The mixture was concentrated  to give a foam
product of Formula 42. Next, Formula 42 was converted
to a compound of Formula 43 according to  the
following reaction: 43 WO 2005/030150
PCT/US2004/031816  AcO OH OSiEt3 Ac0 OH OH  



BocHN 0 CSA BocHN 0 .N  OSE23O HO OP6Ac h McOH, DCM OH
HOCOPh  CMH8gNO15Sb CaaH81NO15  Mol. W.: 1060A6 Mot
Wt:831.94 Formula 42 Formula 43 A quantity of Formula
42 (3.0g, 2.829mmo1) was weighed into a 1 OOmL flask.
Next,  DCM (24mL) followed by MeOH (6mL) were added to
the flask at room temperature.  Stirring of the
mixture began under N2 and CSA (0.0394g, 0.17mmol) was
added.  After 4 hours LCMS indicated the product had
formed. 5%NaHCO3 (15mL) was  added to the reaction
mixture; it was shaken vigorously and then added to a
separatory funnel. The reaction flask was rinsed into
the separatory funnel with  5%NaHCO3 (25mL) and,
thereafter, the reaction mixture was shaken and the
layers  were separated. The organic layer was washed
with brine, dried over Na2SO4, and  concentrated. MTBE
(3x25mL) was added and the reaction mixture was
concentrated to dryness after each addition to finally
give 3.7068g foam. The foam  was dissolved in MTBE (I
OmL) and stirred. Heptane (5OmL) was slowly added to
the  reaction solution and solids began to form
immediately. The solids were vacuum  filtered and
rinsed with heptane (720mL). The solids were collected
and dried in a  vacuum oven at 402C to give Formula
43. Formula 43 was then converted to Formula 44 in the
following reaction:  A.cO OH OH AcO 0 O  BocHN 0 0
CSA, DCM BocHN 0 0 H ; H OAc -- CH(OMe)2 O. OH : H OAc
,J~~~JJJ~~~~ OH OCOPh .~ OH OCOPh  C43H81 N015 C SHa3N
O15 Mal. Wt.: 631.94 MoL wt.: 869.99  Formula 43
Formula 44 A solution of Formula 43 (2.1 g, 2.52mmol)
in DCM (10.5mL) was stirred at  room temperature.
Next, 3,3-dimethoxy-1-propene (2.03g, 17.7mmol)
followed by  44 WO 2005/030150 PCT/US2004/031816  GSA
(0.035g, 0.15mmol) were added to the solution. After
the solution was stirred  for 3.5 hours, LCMS
indicated the reaction had gone to completion. The
reaction  was diluted with DCM (25mL) and added to a
separatory funnel with 55mL  



5%NaHCO3 solution. The layers were separated and the
aqueous layer was washed  with DCM (25mL). The two
organic layers were combined, washed with brine, dried
over Na2SO4 and concentrated. A flash chromatography
column was packed with  silica gel and wet with 50:50
MTBE/heptane (100omL). The reaction mixture was
dissolved in MTBE (10mL), loaded on the column and
eluted with 50:50  MTBE/heptane. The fractions were
collected, pooled, concentrated and dried in a  vacuum
oven at 50 C to give product of Formula 44. IX.
Alternate Sidechain Coupling Reaction As illustrated
above in the second reaction step of the alternative
process of  forming 7,9 acetal linked analogs of
9,10-aa OH taxanes, the C7,C10 di-CBZ 10-
deacetylbaccatin III of Formula 35 was coupled with a
sidechain of Formula 36 to  form Formula 37. The
present invention further contemplates the coupling of
an  alternative sidechain to Formula 35. The
alternative sidechain of Formula 45 that is
contemplated has the following structure: BocHN 0  01
F  OBn  Formula 45 Formula 45 may be formed from the
structure of Formula 36 (above) according to  the
following reaction: BocHN O OH DAST BocHN O  OBn F
C20H31N06 D(jM OBn O  Mol. Wt.: 381.46 Formula 36
Formula 45  45 - WO 2005/030150 PCT/US2004/031816
Here, the BOM-acid, Formula 36, (3.8g, -10.Ommol) was
dissolved in DCM (30mL),  stirred and cooled in an
ice-water bath at 0 C under N2. DCM (2mL) and diethyl
sulfur trifluoride (1.575g, 20.0 mmol) were both added
to this solution and the  reaction was stirred for 4
hours. The temperature increased to about 109C. LCMS
indicated the reaction had gone to completion. H2O
(5OmL) and DCM (50mL) were  



added and the reaction mixture was transferred to a
separatory funnel. The layers  were separated and the
organic layer was washed with H2O (5OmL) and brine
(5OmL), dried over Na2SO4 and concentrated yielding
product of Formula 45. Next, Formula 35 was coupled
with a sidechain of formula 45 resulting in  product
of Formula 46 according to the following reaction:
BocHN~ O f n F CbzO 0 OCbz  CbzO 0 OCbz IOBn Formula
45 86cHN 0 O  H_  OAS FI DMAP 0 OccPh  HO H = Toluene
OCOPh Olin ~-~~,,  C45H2BO 4 Mol. W.:1176.3
Mol.Vvl.:81285 Formula 35 Formula 46 Here, Formula 35
(0.2g, 0.246mmo1) and DMAP (0.5g, 4.1 mmol) were
weighed into  a pear shaped flame-dried flask purged
with N2. An oven-dried reflux condenser,  purged with
N2, was placed on top of the flask and it was put in
an oil bath heated to  752C. The BOM acyl fluoride,
Formula 45 (0.5g, 1.31mmol), in toluene (1mL) was
added to the flask and the temperature increased to
859C. Stirring continued under  N2 for 5.5 hour to
give product of Formula 46. Accordingly, the present
invention has been described with some degree of
particularity directed to the exemplary embodiments of
the present invention. It  should be appreciated,
though, that the present invention is defined by the
following  claims construed in light of the prior art
so that modifications or changes may be  made to the
exemplary embodiments of the present invention without
departing from  the inventive concepts contained
herein. 46 We claim: 1. A compound having the formula:
I:4 R5 R6  O R H 0  



z1O`O  R OjH= R3 OH OAc  OCOPh  wherein: RI and R2 are
each selected from H, an alkyl group, an olefinic
group, an aromatic group, an O-alkyl  group, an
O-olefinic group, or an 0-aromatic group; R3 is
hydroxyl or OPI; R4 and R5 are each hydroxyl or R7COO;
R6 is hydroxyl, OP2, R7COO, or an ether functionality;
R7 is an alkyl group, an olefinic group, or an
aromatic group;  PI and P2 are each hydroxyl
protecting groups; and wherein RI and R2 are not both
Ph when  R3 is OPI; R4 is a hydroxyl; R5 is a
hydroxyl; and  R6 is OP2. 2. The compound of claim 1
wherein RI is an isobutyl group or a tert-butoxyl
group.  3. The compound of claim 1 wherein RI is a
tiglyl group. 4. The compound of claim I wherein Rl is
a phenyl group. 5. The compound of claim I wherein R2
is an isobutyl group.  6. The compound of claim 1
wherein R2 is a phenyl group. 7. The compound of claim
I wherein R6 is an 0-methylthiomethyl or a hetero
substituted ether.  8. The compound of claim 1 wherein
Pl and P2 are selected from TBDMS and TES. 0  47 9.
The compound of claim 1 wherein the compound is
selected from the formulae:  O A HQ R7 pg OP2 0 OH OH
OI~  g I}I NH O O RI ' NH O / 0  R2~ 0" H RZ = O` H
OP1 OH OAc OP1 OH OAc  OCOPh OCOPh  O 



HQ OH OH  R~ Q OH OH 0 0  /IIA R NH O OH  R; ay p O  R
O R2 = 0, OH OH OAc  OP1 OH = OAc = OCOPh  OCOPh ;0`
R' Q OH OH  /0 Rj NH O / ` = H =  R 2 OH OH = OAc
OCOPh 10. The compound of claim 1 wherein the compound
has the formula  O x R O OH OH  O R'A NH O O  R O = H
OP, OH = OAc  OCOPh  wherein RI is t-BOC; R2 is an
isobutyl group; R7 is CH3; and P1 is a hydroxyl
protecting group.  11. A compound having the formula:
R8 R9  R4 O" \O RI NH IOI / O  Rz" O`~ = H 



R3 OH = OAc  OCOPh  wherein: 48 0 R1 and R2 are each
selected from H, an alkyl group, an olefinic group, an
aromatic group, an O-alkyl  group, an O-olefinic
group, or an O-aromatic group; R3 is hydroxyl or OPI;
R4 is hydroxyl or R7COO, where R7 is an alkyl group,
an olefinic group, or an aromatic group;  R8 and R9
are each selected from H, an alkyl group, an olefinic
group, or an aromatic group; and  Pl is a hydroxyl
protecting group. 12. The compound of claim 11 wherein
R4 is R7COO and wherein R7COO is selected from the
group  consisting of. COO ON O  H3 C coo N` i coo coo
coo  ci Ci / \ N.  ~O C00 N / coo O \ N / COO coo  0,
COO COO o-000 N / c00 / / - C00 N coo Mi000 13. The
compound of claim 11 wherein R3 is a hydroxyl group,
R8 is H or CH3, and R9 is selected from  the group
consisting of: C  H3 \ H 4 CO Cr R-()\ 14. The
compound of claim 11 wherein the compound is selected
from the formulae: H H  OANH 0 0 *oNHo O  0\1 = H =
0\'v = H OH OHO\ OH OH0O O O O 0 0  and 1i 15. The
compound of claim 11 that is: 



R4 O 0  0 Ph/ r 0 O  Ph O" = H OH OH = OAc  OCOPh  0
49 wherein R4 is hydroxyl or CH3COO. 16. A method for
preparing taxane analogs and derivatives thereof,
comprising:  (A) providing a starting compound of the
formula HO 0 OP2  /OIL O  RI NH 00 o = H R OPi OH =
OAc  OCOPh  wherein: Rl and R2 are each selected from
H, an alkyl group, an olefinic group, an aromatic
group, an O-alkyl  group, an O-olefinic group, or an
0-aromatic group; Pl and P2 are each hydroxyl
protecting groups; and (B) converting the starting
compound into a first taxane analog of the formula  HO
OH OP2 /0  Rl NH 0II R 20= H OPq OH = OAc  OCOPh  17.
The method of claim 16 including the step of oxidizing
the starting compound to form a first  intermediate
compound of formula O O 0 OP2  R / NH 0 



RZ p" OP1 OH = OAc  OCOPh  18. The method of claim 16
including the step of acylating the first taxane
analog at the C-10 position to  form a second taxane
analog of formula 0l~  R "jo OH OP2  'A 0 RINH 0
R7O`=  pp1 OH OAc OCOPh  19. The method of claim 18
including the step of deprotecting the 2'-O position
and the 7-0 position of  the second taxane analog to
form a third taxane analog of formula 50  0 R "JIO PH
OH  O R H 0 O  Rp ' O`= H OH OH = OAc  OCOPh  20. The
method of claim 18 including the step of deprotecting
the 7-0 position of the second taxane  analog to form
a fourth taxane analog of formula O x R O OH OH  O
RI'A NH 0 0  R O" H  OP1 OH = OAc OCOPh  21. The
method of claim 16 including the step of deprotecting
the 2'-O position and the 7-0 position of  



the first taxane analog to form a fifth taxane analog
of formula HO OH OH  O R1'A NH 0 RZ O`= H OH OH = OAc
OCOPh  22. The method of claim 16 including the step
of deprotecting the 7-0 position of the first taxane
analog  to form a sixth taxane analog of formula HO pH
off  RI' NH 0I R ` o = H OPi OH = OAc  OCOPh  23. The
method of claim 22 including the step of acylating the
sixth taxane analog at the C-7 position,  the C-9
position, or the C10 position to form a seventh taxane
analog of formula 0  51 O IR5 R6  /L R1 NH O O  H Rz -
O" OPI OH = OAc  OCOPh  24. The method of claim 23
including the step of deprotecting the 2'O-position of
the seventh taxane  analog to form an eighth taxane
analog of formula R4 R R6  = O  RI'A NH 0 O  RZ H OH
OH = OAc  



OCOPh  25. A method for preparing taxane analogs and
derivatives thereof, comprising: (A) providing a
starting compound of the formula O HO O OP2  RI/ NH O
O  Rz O = H = OPI OH OAc  OCOPh  wherein: RI and R2
are each selected from H, an alkyl group, an olefinic
group, an aromatic group, an O-alkyl  group, an
O-olefinic group, or an 0-aromatic group; and PI and
P2 are each hydroxyl protecting groups; (B) converting
the starting compound into a first taxane analog of
the formula  0  R~ 9 OH OH RI NH 0II O  R2 R3 OH = OAc
OCOPh  wherein RI and R2 are each selected from H, an
alkyl group, an olefinic group, an aromatic group, an
O-alkyl  group, an O-olefinic group, and an 0-aromatic
group; R3 is hydroxyl or OPI; 0  52 R7 = an alkyl
group, an olefinic group, or an aromatic group; and
Pi is a hydroxyl protecting group. 26. The method of
claim 25 wherein the first taxane analog has a formula
selected from  0 0  R 70 OH OH R 70 OH OH  R' NH IOC
RI NH 0 R H - RZO` OP1 OH OAc OH OH OAc  OCOPh and
OCOPh 



27. The method of claim 25 including the step of
protecting the first taxane analog as a 7,9-acetal
linked  analog to form a second taxane analog of
formula Rg R9  R4 OXO  O R'A NH 0 O  RZO" = H R3 OH =
OAc  OCOPh  28. The method of claim 27 wherein the
second taxane analog is a formula selected from 00
R8`x/R9 O RR9  R7 O O~ \O R7-kQ OX" `O  /IOI~ /IOI~ RI
NH 00 O RIANH 00I O  OPi OH = OAc OH OH = OAc  OCOPh
and OCOPh 29. The method of claim 27 including the
step of cleaving the side chain of the second taxane
analog at  the C-13 position to convert the second
taxane analog into a first intermediate compound of
formula R8 R9 R4 OX O  HO`" H OH = OAc  OCOPh
wherein: R4 is hydroxyl or R7COO, where R7 is an alkyl
group, an olefinic group, or an aromatic group; and
53 0 R8 and R9 are each selected from H, an alkyl
group, an olefinic group, or an aromatic group. 30.
The method of claim 29 including the step of
esterifying the first intermediate compound with a
second intermediate compound of formula R11 /R12
P3%N0  10 Rz OH  



to form a third taxane analog of formula R8 R9  Rq O"
0  Ri' ,Riz P3, N O Rz O" = H H = OAc  OCOPh  wherein:
R2 is selected from H, an alkyl group, an olefinic
group, an aromatic group, an O-alkyl group, an 0-
olefinic group, and an 0-aromatic group; R4 is either
hydroxyl or R7COO, and R7 is an alkyl group, an
olefinic group, or an aromatic group;  R8, R9, RI I,
and R12 are each selected from H, an alkyl group, an
olefinic group, or an aromatic  group; and P3 is an NH
protecting group. 31. The method of claim 30 wherein
R9 and R12 are each selected from  qCO-01- 32. The
method of claim 30 wherein P3 is carbobenzyloxy (CBZ).
33. A compound comprising the formulae: R8 R9  I R4 RS
R4 0 0 ~O  I26 'OI RI NH 0II RI NH 0II  O  H = R = O`H
R R3 OH OAc R3 OH = OAc  OCOPh or OCOPh  and C-2' S
isomers thereof wherein R1 through R9 are as defined
in the Table: 54 0 R1 H, an alkyl group, olefinic
group, aromatic group, O-alkyl, O-olefinic, or 0-
aromatic R2 H, alkyl, olefinic, aromatic group,
O-alkyl, O-olefinic, or 0-aromatic  R3 hydroxyl or OP1



R4 hydroxyl or R7COO  R5 hydroxyl or R7COO R6
hydroxyl, OP2, R7COO or an ether functionality or
hetero substituted ethers  R7 alkyl group, olefinic or
aromatic group R7COO H'`, -COO N` Coo ON O COO COO >
_Coo COO  L^l CI y O Coo C1 0  i~ zo /I I~ JJLL O`COO
N / COO ~O \ N / COO N'COO  COO x-coo N / COO / / COO
/ N or M/COO R3 H, alkyl group, olefinic or aromatic
group; R9 H, alkyl group, olefinic or aromatic or is
selected from the group consisting of:  H& - H3c i +-
Hcq H3Ccf ' W6`'4  f4c H,co {  H3cS)',  B1-/Q P1
hydroxyl protecting group; P2 hydroxyl protecting
group; and  P3 NH protecting group; 34. The compound
of claim 33, wherein R6 is R7COO when R4 and R5 are
hydroxyl. 35. The compound of claim 33, wherein R4 and
R6 are both R7COO when R5 is hydroxyl.  36. The
compound of claim 33 wherein each of R4, R5 and R6 is
R7COO; where R7COO is:  55 0 coo coo I / coo
,,,-,-,,COO >-coo O2N coo  N CI O  I  Cl COO CI/-'COO
/ N a COO COO COO COO  YCOO or N \/ Coa 37. The
compound of claim 33, wherein R5 and R6 are hydroxyl
and R4 is R7COO, where R7COO has a  



formula selected from the group consisting of: H3C,coo
/N.% Coo COO O,N coo  coo ci  20'N000 \ o- N / coo ~0
\ N / COO N, 000  C00 C00 \ ; Coo  o- _ \ I~COO COO N
/ COO [(:::[::::L COO / N or o /~~  38. The compound
of claim 33, wherein: R8 is methyl or ethyl; and  R9
is methyl or ethyl. 39. A method of inhibiting cell
growth against multi-drug resistance (MDR) sensitive
cancer lines, the  method comprising administering an
effective amount of a taxane derivative selected from
the compound of  any one of claims 33-38. 40. The
method of claim 39, wherein the effective amount of
the taxane derivative is in a concentration  of about
0.05 ug/mL to 40 ug/mL. 41. A method of treating
cancer in a patient, comprising administering to the
patient a pharmaceutical  formulation comprising a
taxane derivative and a pharmaceutically acceptable
carrier, wherein the taxane  derivative is selected
from the compound of any one of claims 33-38. 42. A
method of treating cancer in a patient, comprising
administering to the patient a pharmaceutical
formulation comprising a taxane derivative and a
pharmaceutically acceptable carrier, wherein the
taxane  derivative has a formula: R8 Rg  R4 OXO  R1 NH
0 R210~= H R3 OH = OAc  OCOPh  wherein: 56 0 R1 is
selected from the group consisting of H, isobutyl,
tert-butoxyl, tiglyl, phenyl, O-alkyl, 0- 



olefinic, or O-aromatic group; R2 is selected from the
group consisting of H, isobutyl, olefinic, Ph,
O-alkyl, O-olefinic, or 0- aromatic group; R3 is
selected from the group consisting of hydroxyl or OP1,
where OP1 is -OTBDMS or -OTES;  R4 is hydroxyl or
R7COO, where R7 is a methyl group, olefinic or
aromatic group; R8 is selected from the group
consisting of H, methyl or ethyl, an olefinic or
aromatic group; and R9 is selected from the group
consisting of H, methyl, ethyl, an olefinic or
aromatic group, or  selected from the group consisting
of: C  C 40- go 43. The method of claim 41, wherein
the taxane derivative is selected from the compound of
the  formulae: / H H  O O O O  7OtO H O O  H OH O OH
OH O V O O O  Rd O O Ph" MI O O  Ph O\Vo` H OH OH =
OAc  OCOPh  R4 is -OH or CH3COO 44. The method of any
one of claims 39 to 43, wherein the cancer is selected
from the group consisting  of ovarian carcinoma,
breast cancer, neuroblastoma and squamous cell
carcinoma. 45. The method of claim 44, wherein the
compound is effective against cancer cells that have
developed  multi-drug resistance (MDR), and where the
compound provides fewer or less serious side effects,
improved  solubility characteristics and better
therapeutic profile. 46. A process for preparing a
taxane derivative of the formula below, the process
comprising:  57 0 CBzO 0 OCBz  



BmHN 0 O  O OH = OAc  OBn OCOPh  a) preparing an acyl
fluoride of the formula BmHHNN 0  ~~\ v F  of  OBn b)
coupling a 13-hydroxy taxane derivative with the acyl
fluoride  CBzO 0 OCBz BocHN 0 Coupling Reaction  O + F
H OI  OH = OAc OBn  OCOPh c) and isolating the taxane
derivative. 47. The process of claim 46, wherein the
acyl fluoride is prepared by fluorination of the
corresponding  acid with DAST: BocHN 0 BocHN 0  DAST
H F O1 DCM OBn OBn  48. The process of claim 46,
wherein the coupling reaction is performed using DMAP
and toluene.  49. A compound of formula R8 R9  R4 p/
\O O  HO, H OH = OAc  OCOPh  



wherein: R4 is hydroxyl or R,7COO, where R7 is an
alkyl group, an olefinic group, or an aromatic group;
and  R8 and R9 are each selected from H, an alkyl
group, an olefinic group, or an aromatic group. 50.
The compound of claim 49, wherein: 58 0 R4 is R7COO,
where R7 is an alkyl group, an olefinic group, or an
aromatic group;  Rs is H; and R9 is an alkyl group, an
olefinic group, or an aromatic group.  51. The
compound of claim 50, wherein: R4 is R7COO, where R7
is an alkyl group, an olefinic group, or an aromatic
group;  R8 is H; and R9 is selected from the group
consisting of F~C  f3C0  HjCSJ\ 52. The compound of
claim 50, wherein: R4 is R7COO, where R7 is an alkyl
group;  RS is H; and R9 is vinyl. 59 0 




