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The present

invention is directed to a process for the synth

ol
and ot her WQ 993263 ¢ and tetracyclic taxanes and novel |ntern§§tﬁygimki%

t her eof .
nmenber,
cheni ca

The taxane famly of tervenes, of which taxol is a

has attracted considerable interest in both the biological and

Taxol is a prom sing cancer chenotherapeutic agent with a

br oad spectrun1of antil eukem c and tunor-inhibiting activity. Taxol has the
foll ow ng structure: Synthesis of Taxol and its derivatives. [err]
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This invention was made with Govermment support
under NIE Grant #CA 42031 awarded by the National
Instiqgéutes of Health. The United States Government has
certain rights in the invention.

BACKGROUND OF THE INVENTION

The prasent invention is directed to a process
for the synthesis of taxol and other tricyclic and
tetracyclic taxanes and novel intermediates thersof.

The taxane family of terpenes, of which taxol
is a member, has attracted considerable interest in both
the biological and chemical arts. Taxol is a promisiag
cancer chemotherapeutic agent with a broad spectrum of
antileukemic and tumor-inhibiting activity. Taxol has
the folewing'structure.

/::\\3" "~ T \

Oti1t 12 1S

: S\\"3\
OH = H &
= QAc\, -0
CgHsCQO 20

wherein Ac is acetyl.

The supply of taxol is presently being provided
by the bark from Taxus brsvifollia (Western Yew).
However, taxol is found only in minute quancities in the

bark of these slow growing evergresens. Conseguently,
chemists in recent vears have expended their energies in
trying to find a viable svnthetic route for the
preoara:icn 0f taxol. To dace, the results have nct been

entir \/ sat:z.s;ac:corv
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wherein Ac is acetyl
provi ded b

ever greens.

Consequent | y,

The supply'of taxol is

-

presently being - ¢

Lk from Taxus brevifollia (western Yew) . Howevarssangsel’
is found only In mnute quantities in the bark of these sl ow grow ng

chemi sts in recent years have expended their

energies in trying to find a viable synthetic route for the preparation of
the results have not beenzentirely satisfactory.

t axol .

-2-

To dat e,

A semi-synthetic approach to
taxol has been described by Greene, et
5917 (1988), and involves the use of a
10-deacetyl baccatin III which has ths

the preparatcion of
al. in JACS 110,
congener of taxol,
structure of

S formula II shown below:

10-deacetyl baccatin III is more readily available than
taxol since it can be obtained from the needles of Taxus
baccata. According to the method of Greene et al.,

10 lO-deaéetyl baccatin III (“"10-DAB") is converted to taxol

by attachment of the C-10 acetyl group and by attachment

15

of the C-13 R-amido ester side chain through the

esterification of the C-13 alcochol with a R-amido

carboxylic acid unit.

Denis et al. in U.S. Patent No. 4,924,011
disclose another process for preparing derivatives of

. - - @ . -
baccatin III or of lo-deaqulbaccatln III of general

formula
R-0 8] oH
VY

v

co—Q

CH—OQOH :

° QH ' H :
OCOCSHs E |
CSHS-CH—NHCOOCCCngg QCaCH,
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A sen1=synthe approach to the preparation of taxol has beﬁarﬁﬁggmggéd by

G eene, ’“3?65 JACS 110, 5917 (1988), and involves the use of a congener
of taxol, 10- deacecyl baccatin IIl which has the structure of fornula I
shown bel ow OH

[err] 3

in which R’ denotes hydrogen or acetyl. As reported, an
acid of general formula:

CCH4) ;COCONH

CgHs

in which R, is a hydroxy-protecting group, is condensed

5 with a taxane derivative of general formula:
R-0 /o GH
SARD)
HO --
| 0
OH ! H
0COCHs |
b
0COCH,

in which R, is an acetyl hydroxy-protecting group and R,
is a hydroxy-protecting group, and the protecting groups
R,, R, and, where appropriate, R, are then replaced by

10 hydrogen. _

Other semisvnthetic approaches for the
preparation of taxol and for the preparation of other
taxanes which possess tumor-inhibiting properties have
been reported in recent vears, but each of these

15 approaches requires 10-DAB or baccatin III as a starting

 material. As such, the supplv of taxol and cther taxane
derivacives remains' dependent at least to some extent

upon the collection of various parts of plants from the
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"10-deacetyl baccatin Il is nore readily available than taxol since it can
be obt ai ned frog%ﬁ e needl es of Taxus baccata. According to t&@Tﬁggm@gs€ﬁ
Greene et af© 3> “deacetyl baccatin TIT ("10-DAB") is converted to taxol by
attachnment of the C 10 acetyl group and by attachnment of the C 13 B-am do
ester side chain through the esterfication of the C 13 alcohol with a

B- am do carboxylic acid unit. Degqis et al. in U S Patent No.
4,924,011 di scl ose anot her process for preparing.derivatives of baccatin
111 or of 10 deamstorlehaocdicss Ifl tbe gonédabnf oheueéstraction of 10-DAB

and/or baccatin 1III therefrom.

;

SUMMARY OF THE INVENTION

L
Among the objects of the present invention,

5 therefore, is the provision of & process for the
synthesis of taxol and other tetracvclic taxanes; the
provision of such a process which is highly
diastereoselective; the provision of such a process which
proceeds in relatively high vield; and the provision of

10 key intermediates and processes for their preparation.
Briefly, therefore, the present invention is
directed to a process for the preparation of taxol and
other tricyclic and tetracyclic taxanes.
_ In accordance with one aspect of the present
15 invention, the process comprises reacting a compound
having .the formula

P, Ot

with BrMgN(iPr),, an aldehyvde {or kz=tone), followed byv
phosgene and an alcohol to form a compound having the

20 formula:

This Sheet Has Been Replaced
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[errf

or acetyl.

10

20

As reported, an

- 3- in which R der{é’ﬂes /hl}d'rcggnz 5(}
46 Recd PCTF'7L 17FEB1GS

5

wherein

R, is hydrogen or p*otected hydroxy; R; is
hydrogen or protected hydroxy;

R; is oxo;

Ry is hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or ~0OCOR,;;

R,. and R,y are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl or heterocaryl

Ry is hvdrogen, protected hydroxy, or oxo;

R;p is -0P,,;

Ry; is -0OP;;;

Ry; is hvdrogen, alkyl, alkenyl, alkyny
alkoxy, aryloxy, -NX3X.5, -SX,, monocyclic aryl or
monocyclic heterocaryl;

Xs 1s hydrogen, alkyl, alkenvl, alkynyl, aryl,
or heteroarvl;

X0 1s alkyl, alkenyl, alkynyl, aryl, or
heterocaryl; and

'.-l

’

P, and P,; are hydroxy protecting groups.

In accordance with another aspect of the
prnsent invention, the process comprises reacting a
compound having the formula

—
This Sheet Has Been
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Ftci d]. of general formula: 2CT/US 9@@8 350

C6H5 in which Rerr] is a

hydr oxy-protecting group, is condensed with a taxapg seri i.e of general
f or mul a: &6 ﬁec'éaé' 3y

FUHPTG 1TFEB9g

5-1
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[err] in which Rlerr] is an acetyl hydroxy-protecting group and R3 is a’
hydroxv-prg‘;oe%&g% group, and the protecting groups Rl, R amnttroésaresssy
appropri at €, are then replaced by hydrogen. Q her

sem synt heti ¢ approaches for the preparation of taxol and for the
preparation of other taxanes which possess tunor-inhibiting properties have
been reported in recent years, but each of these approaches requires 10- DAB

or baccatin ITI as_a _starting material, As such, the supply of taxoL and
ot her taxane  with lithium fetramethylpiperidide to form & compound

having the formula:

P1 3OHHI

~s

wherein
5 R, is hydrogen or protected hvdroxy;
Ry is hydrogen, alkyl, alkenyl, alkvnyl, arvl

or heterocarvl;

' Ry 1s hydrogen, protected hvdroxy, or oxo; and

. Py and Py; are hydroxy protecting. groups.
i0 " In accordance with another aspect of the

prasent invention, the process comprises reacting a
compound having the formula:

P, 501
with lithium tetramethylpiperidide and camphosulfonvl
1s oxaziridine to form a compound having the formula:

heet Has Been Replaced
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deri vat'i V?‘béﬁ?@?s dependent at |east to sone extent upon thpceaishgesisen

or variou of plants fromthe - )
remote corners of the world and the extraction of 10-DAB and/or baccatin
[11 therefrom SUMVARY OF THE | NVENTI ON Anong the objects of
the present invention, 7

wherein R, ié hydrogen, protected hydroxy, or oxo; R, is
hydrogen, alkyl, élkenyl, alkynyl, aryl or heterocaryl;
and P, and P, are hydroxy protecting groups.

S In accordance with another aspect of the

present invention, the process comprises reacting a
compound having the formula:

P 1 301HI|

with a hydride reducing agent, preferably Red-Al, to form
10 - & compound having the formula:

P, 50tm

I
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. ) . o0 =~
therefore, is the provision of a process for the synthes?yTgu %QV'ana s 3(3
other tetracyclic taxanes; the provision of such a process which is highly
di astereosel ective; the provision of such a process. which proceeds in

relatively high yield; and the provision of key i 469[:1%1(@; es; and hprbé”eg&@ 153
for their preparation. Briefly,gtherefore, the present invention )
Is directed to a process for the preparation of taxol and other tricyclic

and tetracycl i cwh@X8fRSR; is hvcrogehr) peeQedanee Wddb-gne casrmm .. the
ngiﬁrg |nvent|gnﬁ é&gqpro? (§HQ£4§fS rgacgbfg glcpqg ugg . D2 érg 't he
and ?., and P.. ar= hydroxy protecting groups.
-In accordance with another aspect of the
5 present invention, the process comprises reacting a

compound having the formula:

P, 30mn

with lithium diisopropylamide to form a compound having
the formula:

P 430

10 ;
wherein R is lower alkyl, R, is hydrogen, protected
hydroxy or R, and R, together form a carbonate, R, is
hydrogen, protected hydroxy or R, and R, together form a
carbonate, Ry is hydrogen, protected hydroxy, or oxo; and
15 P, and P,; are hydroxy protecting groups.

In accordance with another aspect of the
present invention, the process comprises reacting a
compound having the formula:

AMENDED SHZET This Sheet Has Been Replaced
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[-'er'r] vevbolosRIslsN(i Pr)[err], an al dehyde (or ketone), fol | RE(UB3A08350

phosgene and an al cohol to forma conpound having the formnul a:

5 o
9
Rig
wherein .
S R, is hydrogen, hydroxy, protected hvdroxy or
-OCOR;,, or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCCR;;, or together with R, is a carbonate;
Ry, 1s hydrogen, alkyl, hydroxy, or protected
10 hydroxy, or together with R, is a carbonate;
) " Ry 1S hydroxymethylene;
R; is -OMs, -OTs or a bromide;
R,, 1is hydrogen, protected hydroxy, or -OCOR,,,
or together with R, is a carbonate;
15 R, is hydrogen, oxo, hydroxy, protected hydroxy,
or -OCOR,;, or together with R,, or R,, is a carbonate
Rio 1s hydrogen, oxo, hydroxy, protected
hydroxy, or -OCOR,,, or together with R, is a carbonate;
-
eet Has Been Replaced
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[efr] wherein Rlerr] is hydrogen or protected ﬁ%&rbﬁyugngR;B BsS
hydr ogen or protected hydroxy; Rl err] is oxo; err]
i s hydrogen, alkyl, cyano, hydroxy, protected hydroxy, or -OCOR[err];

49 Hed'd PO L 1TFEBISS
10

P.;

3

is a hydroxy protecting group;
R:s, Rs:, Rs::, Ps;;, and R,; are independently
hvdrogen, alkyl, &lkenvl, alkvnyl, alkoxy, arvloxy,
-NX.X.., -SX.,, monocvclic aryl or monocyclic heteroarvl;
S X, is hvdrogen, alkyl, alkenyl, alkynyl, arvl,
or heterocaryl; and
X0 is alkyl, alkenyl, alkynyl, aryl, or
heteroarvl. | _
In accordance with another aspect of the
10 present invention, the process comprises reacting a
compound having the formula:

with KOtBu and (PhSe0),0 to form a compound having the
formula:

15

which rearranges in the presence of additional KOtBu,
silica gel, or other acids or bases, or with heat to a
compound having the formula:

-

ot Has Been Replaced
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Rlerr], and R err] are independently hydrogen, alkyl, al kenyT “SI k%/l CR 3 50
aryl or heteroaryl; RO is hydrogen, protected hydr oxy, or o0xo;
Rlerr] is -OP[err] Rlerr] is -OP[err]; 4o me Rlerr] i§ T::B*o
hydr ogen, al kyl, al kenyl, al kynyl, al koxy, aryloxy, NX[erf]X[err] I
-SX[err], nonocyclic aryl or nDnocycllc het eroaryl ; X[err] S

hydr ogen, al kyl, al kenyl, al kynyl, aryl, or heteroaryl; X[err] is
al kyl, al kenyl, al kynyl, aryl, or heteroary i and Plerr] and
P[err] are hydroxy protecting groups. I n accordance w th anot her
‘aspect of the present invention, the procespg corrises reacting a conmpound

havi ng the fornul a /

i

-
N

7a

wherein
R, is hydrogen, hydroxy, protected hydroxy, or
~OCOR;y, Or together with R; is a carbonate;
5 R, is hydrogen, Drotected hydroxy, or -0OCOR;.,
or together with R, or R,, is a carbonate; .
R4 1s hydrogen, alkyl, hvdroxy, protectad
hydroxy, or -OCOR,;, together with Ry 1s an oxo, or
together with R,, R,, or R; is a carbonate;
10 . . Ry is hydrogen, alkyl, alkenyl, alkvnyl, arvi,
eroaryl, or cyvano, together with R,, is an oxo,
ether with R,, or Ry i1s a carbonate, or together with R,
the carbons to which they are attached form an

o)
ct

=
1~

o

cr

Q: qQ

an
oxetane ring;

15 Ry is hydrogen, protected hydroxy, -OCOR,;,
together with R,, or R, is a carbonate, or together with
R, and the carbons to which they are attached form an
oxetane ring; ' '

R;. 1s hydrogen, halogen, protected hydroxy, or

Pi3 is a hydroxy protecting group;

Ra7+ Ryor Ry, Ry, and Ry; are independently
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, arvloxy
~NXgX:0, -S5X,;0, monocyclic aryl or monocyclic heterocaryl;

25 Xy 1s hydroden, alkyl, alkenyl, alkynvl, aryl,
heteroaryl, or heterosubstituted alkyl, alkenyl, alkvnyl,
aryl or heteroaryl; and

—_—
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X,, is alkyl, alkenyl, alkynvl, arvl,
heteroarvl, or heterosubstituted alkvl, alkenyl alkynyi,
aryl or heteroarvi.

In general, the process of the present

invention may be used to prepare taxanes having the

formula:
N
/ \ A
=B TITTICE 72
13 g
7< y
34_ s Rea
R,/
R Rs
14
® Ry Ry
(1)
wherein
R, is hydrogen, hydroxy, protected hydroxy, or
"OCOR:O;

R, is hydrogen, hydroxy, -OCOR;,, Or OXO;
R,, is hydrogen, alkyl, alkenyl, alk?nyl, aryl
heteroaryl, cyano, hydroxy, -OCOR,;, or together with R,
forms an oxo, oxirane or methylene;
Ry is hydrogen, together with R,, forms an oxo,
oxirane or methylene, or together with Rs and the carbon
atoms to which they are attached form an oxetane ring;
Rg is hydrogen, halogen, hydroxy, protected
hydroxy, -OCOR,;, 0x0, or together with R,, and the carbon
atoms to which they are attached form an oxetane ring;
Ry is hydrogen, alkyl, alkenyl, alkvnyl, arvl,
or heterocaryl, hydroxy, protected hvdroxy or together
with R,, forms an oxo;
Rg, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl, hvdroxy, protected hydroxy or together
with R, forms an oxo;
R,, is hydrogen, halogen, hydroxy, protected
hydroxy, -OCOR,,, 0x0O, Or -ORy; —
| Has Been Replaced

AMENDED SHEET ““\‘“ \m“ \“‘ \l\ \“\



7- with Iithium tetramethyl piperidide to forma compound neTs ok / 083

for mul a:

wm

46 Rec'd PCT/ =T ]JFEB}CA

12-1

R¢ is hydrogen, hydroxy, protected hydroxy,
acyloxy, or oxo;

R.¢c 1s hydrogen, -OCOR;,, hydroxy,
hvdroxy, or oxo;

Ry» 1s hydroxy, protected hydroxy, MO- or

—_—

—_—
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[errT] wherein Rlerr] is hydrogen or protected h?ﬁrToﬁsﬁa/ 683 5(‘
Rl err] is hydrogen, alkyl, alkenyl, alkynyl, aryl or heteroaryl;

Rlerr] is hydrogen, protected hydroxy, or 0Xxo; qq r-,,---------P[er T

P[err] are hydroxy protecting. groups. ’% ?m:acoor—dance ~WI1H an§A§S5
aspect of the present invention, the proggss conprises reacting a conpound
havi ng the fornul a:

R., is hydrogen, alkyl, alkenvl, alkvnvl, aryl,

or heterocarvl; _
- Ry, is hydrogen,- alkyl, alkenyl, alkynyl, aryl,
5 or heterocaryl, hydroxy, protected hydroxy or together

with R. forms a carbonate;

R;; 1s a functional group which increases the
solubility of the taxane;

R.:, Ras, Ryp, Ry, Ry, and Ry; are indezendently

10 hyvdrogen, alkyl, alkenyl, alkynyl, monocyclic aryl or
monocvclic heterocaryl;

X, is ~0X,, =SX,;,- or -NXX,:
X, is hydrogen, alkyl, alkenyl} alkynyvl, arvl,
or heteroaxyl;

15 - X; and X, are independently hydrogen, alkyl,
alkenyl, alkynyi, arvl, or heterocaryl; .

X, is -COX,5, -COOX,y, -COSX,y, -CONX¢X1q,
or -S0,X;:; '
X¢ is hydrogen, alkyl, alkenyl, alkynyl, arvl,

20 heteroaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative; '

X, is alkyl, alkenyl, alkynyl, aryl, heteroarvl,
or sulfhydryl protecting group;

25 o X 1is hydrogen, alkyl, alkenyl, alkynyl, arvl,
heteroaryl} or heterosubstituted alkyl, alkenyl, alkynyl,
arvl or heterocaryl;

Xs 1s an amino protecting group;
Xy, 1is alkyl, alkenvl, alkynvl, arvyl,

30 " heteroaryl, or heterosubstituted alkyl, alkenyl alkynyl,
aryl or heterocaryl;

X,, is alkyl, alkenyl, alkynyl, aryl,
heterocaryl, -0X,,, or -NX.X,; _,,_~f~’””’”—f”'
n Rep laced

AMENDED SHEET /T;{\ii\\\\\“\\“\\“\““\



[err]. with lithiumtetranethyl pi peridide and canphosul f onyp
forma conpound having the fornul a:
REPLACEMENT SHEET

DEC 1996 46 Rec'd FC

13-1

X:; 15 hydrogen, alkvl, alkenvl,
or heteroarvl; and

errely ] di

alkynyl, a-y".'

e e
13 e g

M comprises ammonium or is a metal.

\

\
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[err] mherein RO is hydrogen, protected hydroxy, or oxo; Rlerr], is e

hydr ogen, § ) Lkenyl al kynyl, aryl or heteroaryl; and P[Qt&hmﬁﬂﬁnso
Plerr] areWﬁ dré protecting gr oups. I'n accordance W th anot her

aspect of the
14

The present invention is additionally directed
to an intermediate for use in the presparation of a
tricyclic or tetracyclic taxane having the formula:

S wherein
R, is hvdrogen, hydroxy, protected hydroxy or
-OCOR;4, Or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;,, or together with R, is a carbonate;
10 R; is hydrogen, hvdroxy, protected hydroxy,
-OCOR,;,, Or Ox0; ' |
Ry is hydrogen, alkyl, alkenyl, élkynyl, aryl or
heterocarvl;
Ry is hyvdrogen, hvdroxv, protected hydroxy, oxo,
15 or -OCOR;,, or together with R, is a carbonate;
Ry 1s hydrogen, hydroxy, protected hydroxy,
oxo, or -OCOR,s, or together with R; is & carbonate;
R,;; is hydrogen, hydroxy, protected hydroxv,
-0COR,; or MO-;
20 Ry, Ryer Ry, Rja, Ry, and Rys are independently
hydrogen, alkyl, alkenyl, alkynvl, alkoxy, arvloxv,
-NXgX(q, —S%;, monocyclic arvl or monocvclic hetercarvl;
Xy i1s hvdrogen, alkvl, alkenvl, alkvnvl, arvl,
or hetearoaryl;
25 : X,y 15 alkyl, alkenvl, alkynvl, arvl, cr
hetercaryl; and '
M comprises ammonium or is a mecal._

Sheet Has Been Replacec
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prfesent Wo/85i8326Mm, t he process conprises reacting a corrpoundpﬂ'ﬁmsﬁffoﬁ?g
fornmul a: [err] wth a hydridg
reduci ng agent, preferably Red-Al, to forma conmpound having the fornula:

15

The present invention is further directed to an
intermediate for use in the preparation of a tricyclic or
tetracyclic taxane having the formula:

5 wherein
R, is hydrogen, hydroxy, protected hydroxy or
~OCOR;,, or together with R, is a carbonate;
' R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;,, or together with R, is a carbonate; '
.10 - Ry is hydrogen, hydroxy, protectad hydroxy,
-0OCOR,;,, Or oxo, or together with R;,, is a carbonate;
Ry 1s hydrogen, alkyl, cyano, hydroxy,
protectad hydroxy, or -OCOR,s, or together with R; or Ry is
a carbonéte; _
15 Ry and R,y are independently hvdrogen, alkyl,
alkenyl, alkynyl, aryl or heteroaryl;
Ry is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,;, or together with R, or R,, is a carbonate;
'Rm is hydrogen, hydroxy. protected hydroxy,
20 oxo, or -OCOR,y, or together with R, is a carbonate;
R,; is hydrogen, hydroxy, protected hydroxy,
-0OCOR,5 or MO-;
Ry, Rior Ryt Ry Ry, st and Ry are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
25 - aryloxy, -NXgX,,, -SX,, monocyclic aryl or monocyclic
heterocaryl;

I
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Terr]

15

20

25

WO 95/03265 PCTUS94/08350

16

¥y is hvdrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryvl:;

X, is alkyl, alkenyl, alkynyl, arvl, or
heteroaryl; and

M comprises ammonium or is a metal.

The invention is further directed to an
intermediate for use in the preparation of a tricyclic or

tetracvclic taxane having the formula:

wherein

R, is hydrogen, hydroxy, protected hvdroxy or
-0OCOR,y, ©r together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,;,, or together with R, is & carbonacte; _

R, is hydrogen, hydroxy, protected hydroxy, or
-OCOR;35;

Ry, is hydrogen, alkyl, cvano, hydroxy,
protected hydroxy, or -QCOR,;; :

—a—carberatal

R,. is hvdrogen, alkyl, alkenvyl, alkynyl, arvl
or heteroaryl;

Ry, 1s hvdrogen, hvdroxy, protected hvdroxyv, oxo,

® SN

or -OCOR,;, or together with R,, is a carbonats;

R, 1s hydrogen, hvdroxy, protected hydroxy,

oxQ, or -0COR.,, or together with R, 1s a carbonace;

T~
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wherein R is hydrogen, protected hydroxy, or oxo; P is hyd?QaHdS Glkyl 08 3 5
al kenyl, al kynyl, aryl or heteroary, and P[err] and P[err] are hydroxy -

protecting groups. I n accordance with an r.aspeet-of -they mrep gn.
present invention, the process conprises reacting gsb' "aﬁd-having sLé FElS!:
formul a: Terr]

R;; is hydrogen, hydroxy, protected hydroxy,
-OCOR;: or MO-;
Rss, Rizv Riyy Ryge Ry By:, and R;e ar

independently hvdrogen, alkyl, alkenyl, alkynyl, alkoxy,

®

5 arvioxy, -N¥X,X,,, -S¥X,,, monocyclic aryl or monocyclic

hetercarvl;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl; :

X is alkyl, alkenyvl, alkynyl, aryl, or

10 heteroaryl; and

M comprises ammonium or is a metal.

The present invention is further directed to an
intermediate for use in the preparation of a tricvclic or

tetracyclic taxane having the formula:

15

wherein

R is C, - C; alkyl,

R, is hydrogen, hydroxy, protected hydroxy or
-OCOR,,, Or together with R, is a carbonate;

20 . R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -0OCOR,;, together with R, is a carbonate, or together
with R, is a carbonate;

R,, 1is hydrogen, alkvl, hydroxy, protected
hydroxy, or -OCOR,,, or together with R, is a carbonate;

25 R,, is hydrogen, halogen, hvdroxy, protected
hydroxy, -OR,y, -OCOR,,, or together with R, is a
carbonate; I
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with I'ithiumdiisopropylamde to forma conpound having the fornul a:
[err]  whwoeismagsi s | ower alkyl, Rlerr] is hydrogen, protectBXWSAHIEI or
Rlerr] and R err] together forma carbonate, Rerr] is

18

R, is hydrogen, oxo, hydroxy, protected hydroxy,

-OR,,, or -OCOR,,;, or together with R,, or R, is a.

carbonate;
Ry is hydrogen, oxo, hydroxy, protected
5 hydroxy, =-OR,y, or -OCOR.,, oOr together with R, is &
carbonate;

Ry; 1s hydrogen, hydroxy, protected hydroxy,
-0OCOR;5 or MO-;
Rys is a functional group which incresases the
10 solubility of the taxane derivative; | '
Ry7. Rag, Rye, Ryys Ry, Ry, 2nd Ry are
independently hvdregen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXoX.9, =-SX,q, monocyclic aryl or monocyclic
heteroaryl:; '
15 _ Xs is hydrogen, alkyl, alkenyl, alkynyl, arvl,
or héteroaryl;
. Xy, is alkyl, alkenyl, alkynvl, arvl, or
hetercarvl; and
M comprises ammonium or is a metal.

20 The ianvention is further directed to an
intermediate for use in the preparation of a tricyclic or
tetracyclic taxane having the formula:

Rq3
286z
wherain
25 R, 1s hydrogen, hvdroxy, protected hydroxy or
-OCOR,q, or together with R, is a carbonate;
) —
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K ‘ < PCT/US94/08350
hydrogen?“%?ﬂ?%%?ed hydroxy or Rlerr] and R err] together forn1gn%ar onat e,

RO i s hydrogen, protected hydroxy, or oxo; and P[err] and P[err] are

hydr oxy protecting groups. I n accordance with another aspect of -
the present invention, the process conpLfses reacting a conmpound having the
formul a: - - 10 -

R, is hydrogen, hydroxy, protected hyvdroxy, oxo,
or -OCOR,,, or together with R, or R,, 1s & carbonate;

R, is hvdrogen, alkyl, hvdroxy, protected
hydroxy, or -OCOR,,, together with R,, is an oxo, or

S together with R,, R,,, or R; is a carbonate;

Ry is hydrogen, alkyl, alkenyl, alkynyl, arvl,
‘heteroaryl, or cyano, together with R,, is an oxo,
together with R,, or R is a_éérbonate, or together with R
and the carbons to which they are attached form an

10 oxetane ring;

Rs is hydrogen, hydroxy, protected hydroxy,
-OCOR,,, oxo, together with R,, or Ry, is a carbonate, or
together with R,, and the carbons to which they are
attached form an oxetane ring;

15 R;, is hydrogen, halogen, hydroxy, protected
hydroxy, -ORy;., Or -OCOR;,, or together with Ry is a
carbonate;

Ry i1s hydrogen, oxo, hydroxy, protected hydroxy,
-OR,3, Or -OCOR;;, or together with R,, or R, is a

20 carbonate;

Ry 1s hydrogen, oxo, hvdroxy, protected
hydroxy, -OR,, or -OCOR,,, or together with Ry is a
carbonate; | '

R,; is hydrogen, hydroxy, protected hydroxy,

25 ~-OCOR,s, MO- or

R,y 1s a functional group which increases the
solubility of the taxane derivative;
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[err] with DBU to forma conpound having the fornula:

[err] WO 95/03265 PCTUS94/08350

20 &

34 ) a‘ZS‘
Ry, Rag. Rygr Ryy, RH,Zand RW are independently

hydrogen, alkyl, ealkenyl, alkynyl, alkoxy; arvloxy, -
NX,X,,, -SX,q, monocvclic aryl or monocyclic heteroéryl;
X, is -0X,, -S¥;, or -NX.¥,;
5 X, 1s hydrogen, alkyl, alkenyl, alkynvl, aryl,
or heteroarvl;

0,

X, and X, are independently hydrogen, alkyl,

Y kvnyl, arxyl, or heteroarvl;
Xs iS "COXm ’ -COOXLQ ’ ‘COSXIQ ¢ "CONXSX Lo
10 or -S0.X,;;

X is hydrogen, alkyl, alkenyi,.alkynyl, arvl,

N
=
~
8
<
[
Y
=

heterocaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative; '
- 1S X, is alkyl, alkenyl, alkynyl, aryl, hetsroaryl,"
or sulfhydryl protecting group;
Xy is hydrogen, alkyl, alkenyl, alkynyl, arvl,
or hetsroaryl;
X, 1s an amino protecting group;
29 Xjo is alkyl, alkenvl, alkynvl, aryl, or
X, is alkyl, alkenyl, alkynyl, aryl,
heterocarvl, -0Xi, or -NX.X; _
. X4 is hydrogen, alkyl, alkenyl, alkynvl, arvyl,
25 or hetercarvl; and
M comprises ammonium or is a matal.
Other objects and features of this invention
will be in part apparent and in part pointed out

hereinafter.
30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
~ As used herein "Ar" means aryl; "Ph" means
phenyl; "M=" means methyl; "Et" means ethyl; "iPr" means
isopropvl; "tBu" and "t-Bu" means tert-butvl; "R" means
otherwise defined; "Ac" means acetyl;

35 "py"* means pvridine; "TES"™ means triechvlsilyl; "TMS*®
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wherein WO95/03265 Rlerr] is hydrogen, hydroxy, protected hy d PEITYyUSH4/08350

OCORJ ] ' ; R2 is

- err], or together with R err] is a carbonate; . -
hydrogen,]hydroxy, protected hydroxy, oxo, or -OCOR31, or together with
Rlerr] is a carbonate; Rlerr] ,i.s hydrogen, alkyl, hydroxy, %Lb
protected hydroxy, or together with R[eF} I's a carbonate; S

P i soctenns T S o R T B AUELT i g
A car%ona?e O.CF, ; Pﬂ)ﬁ[‘emﬁjansanygNggen, Bets vy dnexys  pcotegt ed
hydroxy, or - GEQR[ermimar h%@*tshqut‘ﬂ%geggalmewhﬁ[o%r rérlélgeca;Mgnate
Rlerr] is hydrogen, ﬁ”<échgdrgxypréggﬁecxgmM“ means benzyloxymethyl;

5 "LDA" means lithium diisopropvlamide; "LAE" means lithium
aluminum hydride; "Red-Al* means sodium bis(2-
methoxyethoxy) aluminum hydride; "Ms" means CH,S0,-;
"TASF" means tris(diethylamino)sulfonium-
difluorotrimethyvlsilicate; *"Ts" means toluenesulfonyl;

10 "TBAF" means tetrabutyl ammonium hydride; "TPAP" means
tetrapropyl -ammonium perruthenate; "DBU" means
diazabicycloundecane; "DMAP* means p-dimethylamino
pyridine; "LEMDS" means lithium hexamethyldisiiazide;_
"DMF" means dimethylformamide; "AIBN" means azo-(bis) -

15 isobutyronitrile; *“10-DAB" means lO-desaéetylbaccatin
IIT; "FAR" means_2-chloro-l,l,2-trifluorotriethylamine;
"mCPBA" means metachloroperbenzoic acid; "DDQ" means
dicyanodi;hlorqquinone; *sulfhydryl protecting group®"
includes, but is not limited to, hemithiocacetals such as

20 l-ethoxyethvl and methoxymethyl, thiocesters, or
thiocarbonates; "amine protecting group" includes, but is
not limited to, carbamaces, for example,

2,2,2- -trichloroethylcarbamate or tertbutylcarbamate;
“protected hydroxy" means -OP wherein P 'is a hydroxy

25 protecting group; and "hydroxy protecting group”
includes, but is not limited to, acetals having two to
ten carbons, ketals having two to ten carbons, ethers
such as methyl, t-butyl, benzyl, p-methoxybenzyl,
p-nitrobenzyl, allyl, trityl, methoxymethyl,

30 methoxyethoxymethyl, ethoxyethyl, tetrahydropyranvl,
tetrahydrothiopyranyl, and trialkylsilyl ethers such as
trimethylsilyl ether, triethylsilyl ether
dimethylarylsilyl ether, triisopropvlsilyl ether and
t-butyldimethylsilyl ether; estars such as benzoyl,

38 acetyl, phenylacetyl, formyl, mono-, di-, and
trihaloacetvl such as chloroacetvl, dichlorocaceryl,

This Sheet Has Been Replaced




hydroxy, or -OCOR[err], or together with Rlerr] is a carbonat

- WO 95/03265 Plerr], is a hydroxy protecting group; Fermssarnsssy
Rlerr], Rerr], Rerr], Plerr], and R err] are independently hydrogen,

al kyl, al kenyl, al kynyl, al koxy, aryloyy, -NXerr]X:, -SXerr], nonocyclic

aryl or nonocyclic heteroaryl; X2 is hydrogen, alkyl, alkenyl,
al kynyl, aryl, or heteroaryl; and X10 is al kyl, al kenyl, alkyny.,
aryl, or trichlorodéééyl, trifluoro-acetyl; and carbonates

including but noc limited to alkyl carbonates having from
one to six carbcon atoms such as mecthyvl, ethyl, n-proovl,
isopropvl, n-butvl, t-butvl; isobutyl, and n-pentvl;

S alkyl carbonates having from one to six carbon atoms and
substituted with one or mors halogen atoms such as _
2,2,2-trichloroethoxymethyl and 2,2,2-tri-chloroethyl;
alkenvl carbonates having.from two to six carbon atoms
such as vinvl and allyl; cycloalkyvl carbonates having

10 from three to six carbecn atoms such as cvclopropvl,
cvclobutyl, cycloventyl and cvclohexyl; and phenvl or
benzyl carbonates optionally substituted on the ring with
one or more C, alkoxy, or nitro. Other hydroxyl,
sulfhyvdryl and amine protecting groups may be found in

15 “"Protective Groups in Organic Synthesis® by T. W. Greene,
John Wiley and Sons, 1981.

_ The alkvl groups described herein are
preferably lower alkvl containing from one to six carbon
- atoms in the principal chain and up to 15 carbon atoms.

20 They may be straight or branched chain and include

methyl, ethyl, propvl, isopropvl, butvl, hexyl and the

like. Thev mayv be hydrocarbon or heterosubstituted with

erein, including

o

the various substituents defined

heteroalkyl, alkenyl, heceroa enyl, alkvnyl,

j—
- A

25 heteroalkynyl, aryl, heterocaryl, and heterosubstituted
heterocarvl.

The alkenvl groups described herein are
preferably lower alkenyl containing f£rom two to six
carben atoms in the principal chain and up to 15 cazbon

30 atoms. Thev mav be straight or branched chain and
include ethenyl, propenyl, isopropenvi, butenvl,
isqhucen 1, hexenvl, and the like. They may be
hydrocarbon or hsterosubstitutad with the various
substituencs dafined herein, including alkyl,

35S heteroalkyl, heteroalkenyl, alkynvl, het Y

heteroaryl, and hstcerosubstituted hatercarvl.
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' 5 PCT/US94/08350
h'eteroarWstmza I n accordance with another aspect of the present

i nvention, the process conprises reacting a conpound having the fornmula: -

0 with KkBu and (PhSeO 20 to form a conpound having the

formul a: : _ 0 23

Thé 4lkvnyl groups described herein are
preferably lower alkynvyl containing from two to six
carbon atoms in the principal chain and up to 15 carbon
atoms. They may be straight or branched chain and
5 include ethynyl, propvayl, butynyl, isobutynyl, hexyvnyl;

and the like. Thev may be hydrocarbon or
heterosubstituted with the various substituents defined
herein, including alkyl, heteroalkyl, alkenvl,
heterocalkenyl, heterocalkynyl, aryl, heterocaryl, and

10 heterosubstituted heteroarvl.

The arvl moieties described herein contain from
6 to 15 carbon atoms and include phenyl. They may be
hydro-carbbn or heterosubstituted with the various
substituents defined herein, including alkyl,

15 heteroalkyl, alkenyl, heteroalkenyl, alkynyl,
hetercalkynyl, heterocaryl, and heterosubstituted
hetercaryl. Phenyl is the more preferred arvl.

The heteroaryl moisties described herein

| contain from S to 15 atoms and include, furyl, thienyl,

20 pvridyl and the like. They may be hydrocarbon or
heterosubstituted with the variocus substituents defined
herein, including alkyl, hetercalkvl, alkenyl,
heterocalkenyl, alkynyl, heterocalkynyl, aryl, and
heterosubstituted heteroaryl.

25 i The acyl moieties described herein contain
alkyl, alkehyl, alkynyl, aryl or heterocarvl groups.

. The alkoxycarbonyloxy moieties described herein
comprise lower alkyl, alkenyl, alkynyl or aryl groups.
The hvdrocarbon substituents described herein

30 may be alkyl, alkenyl, alkynyl, or aryl, and the hetero-
substituents of the heterosubstituted alkyl, alkenyl,
alkynyl, aryl, and hetercaryl moieties described herein
contain nitrogen, oxygen, sulfur, halogens and/or one to
six carbons, and include lower alkoxy such as methoxy,

35 ethoxy, butoxy, halogen such as chloro or fluoro, and
nicro, heéeroaryl such as furvl or thienyl, alkanoxyv,
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P130- U

pp/ _ R2 /

ich .
r ear r angeswio9/e3asspr esence of additional K& Bu, silica gel, FTCHVHEF83R0; gs

or bases,

10

15

or with heat to a conpound having the fornmul a:

24

hydroxy, protected hydroxy, acvyl, acvloxy, nitro, amino,

and amido. '

An exemplary svnthesis of baccatin III or 10-
icted hersinbelow in Reaction Scheme A. The

i

DAB is dep

starting material, diol 2, can be prepared from patchino
(commonly known as B-patchouline epoxide) which is
commercially available. The patchino is first reacted
with an organo-metallic, such as lithium t-butyl followed
by oxidation with an organic peroxide, such as t-
butylperoxide in the presence of titanium
tetraisopropoxide to form a tertiary alcohol. The
tertiary alcohol is then reacted with a Lewis acid, such
as boron trifluoride at low temperatura, in the range
from 40°C to -100°9C; in the presence of an acid, such as
trifluoromethane sulfonic acid. 2 grabhical depiction of
this rsaction scheme along with an experimental writs-up
for the preparation of diol 2 can be found in U.S. Patent
No. 4,876,399.
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REPLAGCEVE#O s50Eies - J2 - PCT/USSAARED
1996 CH

R1 / p~ Pl 30 Rab -~
Ada 5 wherein Rl is hydrogen,z@ydroxy, prot ected hydroxy, or

Reaction Scheme &

OH

N
N
~

TESCI, py

4bOH

B, 10mn

2) BMDA

Q
8) NN\

c) Ci,Ca, ROH

o

\\\\h/—LDA
)

P4 50utn

7
idin
oca,R ¢

P T
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-OCOR30, or together with R is a carbonate; R, i s hydrogen, ‘
protected hy§oo#y32&sr - OCOR3:, or together with RL or R4, is apmaibhoRpkss

R4. is hydrogen, alkyl, hydroxy, protected hydroxy, or -OCOR27, together

with R4b is an oxo, or together with R2, R4b, or Rs is a carbonate;

R4b is hydrogen, alkyl, alkenyl, alkynyl, gLy het eroaryl, or cyano,

together with R, is an oxo, together with §Q4, or R5 is a carbonate, or
together with R5 and the carbons to which they are attached form an oxetane
ring; R5 is hydrogen, protected hydroxy, -OCOR37, together, with

Rda or R4db is a carbonate, or together with R4b and the carbons to which

they are attached form%l‘hmoxet ane ring; " R-, is hydrggen, hal ogen,

4, — P,3is a hydro y proEeE’ting group;
Mependently hydr ogen, )a

S PﬁOum

R27, R30, R3], R3
al kynyl , al kbaf"™"§

Qg
[ 9) LTMP

8..,0mu
13 a) Smi, P, ;01

B) Sihca gel

LTmMpP P 44Qumn

camohorsulphonyl
axaziridlne

12

RED-AL
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- NXbXO, - S¥o@s/mpésocyclic aryl or nonocyclic heteroaryl;

hydr ogen, al kyl, al kenyl, al kynyl, aryl, heteroaryl, or heterosu st??ﬁ?g%

al kyl, al kenyl, al kynyl, aryl or heteroaryl; and .-
- 13 - XO is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or

het erosubstituted al kyl, al kenyl al kynvl ,27%ryl or heteroaryl. In

general, the process of the present

EELL P 4 50mm
14
13
fL.0um
1
3 LDA P 30
1S
- 18

methaxy

propene, H+

PhsSH,
K,CO,

CH™, BAQM™MCI)
LDA, TMSC!

I ————
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|a . |‘
[ [ repare taxanes having the fornu

|[2\r/(ra]nt :Aﬁgrg? Obﬁ"/"%g‘%d tORI,O |g hydrogen, hydroxy, protected hydraussfiossse
- OCOR30;

28
B 430
mCBEA
21a
P, 400 _
MeMg8r.
22a

9
1 E€NSO,NCO, Me

—_—
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R, is hydr droxy, - OCOR3;, or o0xo; R4a IS hyd al_k
al kenyl , ﬁ@bny Xaryl het eroaryl, cyano, hydroxy, - ?8?€§%1 g

with R4b forns an 0Xx0, oxirane or nethyl ene; R4b is hydr ogen,
together with R4a fornms an oxo, oxirane or nethylene, or together with Rs
and the carbon atons to which they are atj@ched form an oxetane ring;

Rs is hydrogen, hal ogen, hydroxy, protected hydroxy, -OCOR37, oxo, or
together with R4b and the carbon atons to which they are attached form an
oxet ane ring; i s hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl, hydraxy, pratetted hydroxy or together with Réa f8FPas an oxo;
R6a i s hydrogen, | kenyl , al kynyl, aryl, or hetg = hydroxy
prot ect ed hydroxy ' wokh Rs forns an oxo;

hydr ogen, ECoL:] it eCt egshydroxy, -©ARR

25a

Ca) TMSCI, py
(b) LDA, TscCI

C(c) HF, py 0s0
4

08u

Ac,0, py., DMAP
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hydroxy, a09+%§3m§§? 0X0;

0XO0,

proteczed hvdro. xy,
MO or

or

R1

14

~ ~ ~~2 DC199%

I s hydrogen, hydroxY, protected.

R,, is hydrogen,
R, 3 i s hydroxy,

30

PRLI

a. KOt8u

b. (PhSe0),0

1) TASF

P, 50mm

- OCOR2, , P/ E94/08350

prot ected hydroxy,

if A, = 8OM Ac,0, py
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A ' LAG/!
DEC 1996
X2 x1

al kenyl ,
al kenyl ,
t oget her

10

Ew 9dfo3nddEET ) Pcrrgs%ms%éo

X X
2 1 R14 is hydrogen, alkyl, -

al kynvl, aryl, or heteroaryl; * Rl4a is hydrogen, -aIkyI
al kynyl, aryl, or hete-roaryl, hydroxy, protected hydroxy or

TASF
H,/ Pd HOm!
ifr P7=aoqfv .
37
Baccatin

1) a. LHMOS, gLactam
b. HF, pyridine
2) Hzlpd

If p7=BOM
Y

TAXOL

In Reaction Scheme A, P; is TMS, P, is MOP or BOM, P,, is
TES, P;; is TBS, and R is ethyl in compounds 6 and 7,
methyl in compounds 15, 16, and 17, Ms in compounds 24aa
and 262, and Ts in compound 26aa. Tt should be
understood, however, that Ps, P;, Py, and P,; may be other
hydroxy protecting groups and R may comprise other lower
alkyl substituents in compounds 6, 7, 15, 16 and 17.

Reaction Scheme A may be varied between
compounds 18 and 29 as set forth below in Reaction Scheme
A’, with the reactions leading to compound 18 and
following compound 29 being as set forth in Reaction
Scheme A.

——
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with RI forns a carbonate; R25 is a functional group which

i ncreases th@os /d§2&'1 ity of the taxane; R2-., R29, R30, R31, R 4
and R3, are ('nde-éfitlentiy hydrogen, alkyl, alkenyl, alkynyl, noramrysdsiozsso
aryl or nonocyclic heteroaryl; Xl is -Ox6, -SX7, or -NX8X ;

X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl; X3
and X4 are independently hydrogen, alkyl, ¢ kenyl, alkvnyl, aryl, or

het er oar yl ; Xs is -COX1L, -COOXtO -COSXO, -CONX8Xj O or -SOX,;

X6 is hydrogen, aR&gtticm k®rivdme alkynyl, aryl, heteroaryl, hydroxy
protecting group, or a functional group which increases the water
solubility of the taxane derivative; X7 is al kyl, al kenyl,

al kynyl, aryl, heteroaryl, or sa#,fhydryl protecting group; X, is
hydr ogen, al kyl, al kenyl \ al kyrgl, aryl,

CP

R, 50un

18

LCA

camphorsul'phonyl '

axaziridine

TMSCI, py

MeMg8r

—_—
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heéeroafyl or heterosubstituted al kyl, alkenyl, alkynyl, aryl or

heteroarylWo 95103265 X5 is an am no protecting group; PCT/E\@B‘/QSQSO
al kyl, al kenyl, al kynyl, aryl, heteroaryl, or heterosubstituted al kyl,
al kenyl aIkynyL, aryl or heteroaryl; Xl, is alkyl, alkenyl,

al kynyl, aryl, heteroaryl, -OXIQ, or -NX§§14;
REPLACENMENT SHEET
24 DEC 1996 - 16

P 4500 sacl,, py P 45 0u

22

-
-
-

-

OH
H

O
O

(MeQ) ,CH(CpOMeFRh)

iBu,AlH
N\ -MP 2
o methoxy
\\\\3::fene, H*
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X14 is hvdrogen,
M conpri ses annnnl_rn or is a netal
REP LAC: r FI WEr951®

DEC 1996

I nvention is additionally directed

10

al kvl , al kenyl, al kynvi., arv-, or heteroarvl; and " e

PCT/US94/08350
EET
- 17 - The present
34
a. Ci,CO, py
8. H,07
MsCl, py
ol
EINGiPr),

sls]e]
Aczo. gy, DMAF

In Reaction Scheme A’, P; is TMS or Ac, P, is
MOP or BOM, P, is TES, P,y; is TBS and P; is acetal or
kecal, preferably acetonide. It should be underscood,
howevexr, that Py, P;, Py, and P; and P;, may be cther
hydroxy protecting groups.

In general, tricyclic and tetracyclic taxanes
bearing C13 side chains may be obtained by reacting a
RB-lactam with alkoxides having the taxane tricvclic or
tetracyvclic nucleus and a C-13 metallic oxide substituent
to form compounds having a R-amido ester substituent at
C-13. The R-lactams nave the following struccural

formula:

—_—_—
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to an in

t axane hav

5
wher ei n

égé %% e for use in the preparation of a tricyclic r@Truss4resssecl i c
ﬁg 8 fornul a:

13 Re
: P2 2
R, i s hydrogen, hydrog%, protected hydroxy or -OCOR30, or

together with R, is a carbonate;

10

15

\N___é
1 2
“ 3

x4 .._.-X1

wherein X, - ¥X; are as defined above. The alkoxides

having the tricyclic or tetracyclic taxane nucleus and a
C-13 metallic oxide or ammonium oxide substituent have
the following structural formula:

18

wherein R;, Ry, Re, Res Rs, Res Rear Rsas Ry, and Ry, are as
previously defined, R;; is -OM and M comprises ammonium or
is a metal optionally selected from Group IA, IIA,
transition (including lanthanides and actinides), IIB,
ITIA IVA, VA, or VIA metals (CAS version). If M
comprises ammonium, it is preferably tetraalkylammonium
and the alkyl component of the tetraalkylammonium
substituent is preferably C, - C,, alkyl such as methyl or
butyl. Most preferably, the alkoxide has the tetracyclic
taxane nucleus and corresponds to the structural formula:

—_—

—_—
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R2 is hydrogen,

hydroxy, protected hydroxy, oxo, or -OCOR3t, or together’

wth R is a carbonate; R3 i s hydrogen, hydroxy, pr '
hydr oxy, - WOOP&8826%r oxo:; R8 is hydrogen, alkyl, gé‘?ﬁ.{sggosraso
al kynyl, ary'l or heteroaryl; R9 is hydrogen, hydroxv prot ect ed

hydr oxy, oxo,

R, iIs hydrogén,

- OCOR33, or together with RROis a carbonate;
hydr oxv, protected hydroxyg, oxo, or -OCOR 9, or together

with R is a carbonate; R, is hydrogen, hydroxy, protected

hydr oxy, - OCORS3;
I ndependent |y hydrogen, al kyl, al
-SX, O nonocyclic aryl or nonocycl
al kyl, al kenyl,
al kenyL, al kynyl,
or is a netal ..

10

15

20

25

or MO R29, R3g, R3}, R32, R3,, and R; are
vByl, ¢al koxy, aryloxy, -NX8XIO,
; Xs i s hydrogen,
X., is alkyl,
gchonprises amoni um

al kynyl, aryl, or
aryl, or heygfip

wherein M, R;, R,,, Rs;,, Ry, and R, are as previously
defined.

As set forth in Reaction Scheme A, taxcl mav be
preparad bv converting 7-protected Baccatin III 35 to the
corresponding alkoxide and reacting the alkoxide with &
B-lazctam in which X, is protected hydroxy, X, is phenyl
and ¥; is benzovl. Protecting groups such as 2-
methoxgpropyl {"MOP"), l-ethoxvethyl ("EE") are
preferfad,'but a variety of other standard proteacting
groups such as the triethylsilyl group or other trialkyl
(or arvl) silyl groups may b= used. Taxanes having
alternative side chain sunsttuents may be preparad
through the use of B-lactams which comprise the
alternative substituents.

Taxanes having alternative C9 substituents may
be prepared by selectively reducing the C9 keto
substituent of taxol, 10-DAB, Baccatin III or one of the
other intermediates disclosed herein to yield the
corresponding C9 P-hyvdroxy derivative. The reducing
agent 1s preferably a borohvdride and, most preiferably
tetrabutvlammoniumboro-hydride (Bu,NBH,) or
triacestoxyborchydride.

as 1llustrated in Reaction Scheme 1, the

-

’
reaccion of baccatin III with Bu/NBH, in mechylens

o
-
=
wn

W

n
T

D

h

chloride yields 9-desoxo-9B-hvdroxybaccatin
the C7 hydroxy group is protected with the triethvlsilvl
protecting grougp, for example, a suitable side chain may
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_18- WO 95/03265 The present inventi q. SR Rer
directed to an intermediate for use in the preparation of a tricyclic or -
tetracyclic taxane having the fornmula:

37

be attached t6 7-protected-9R-hydroxy derivative 6 as
elsewhere described herein. Removal of the remaining
protecting groups thus vields 9B-hydroxy-desoxo taxol or
other 9B-hydroxvtetracylic taxane having a Cl3 side

S chain.

REACTION SCHEME 1

QAc

HAtne HQue.

 J

HOIn:e

Alternatively, the C13 hydroxy group of 7-
protected-9f-hydroxy derivative § may be protected with
10 trimethylsilyl or other protecting group which can be
selectively removed relative to the C7 hydroxy protecting
group as illustrated in Reaction Scheme 2, to enable
further selective manipulation of the various

substituents of the taxane. For example, reaction of
B
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1 3 A p7c

8 5e=~R7b A P3 PCT/US94/08350
5/0326:

2 mhereﬂé%ép > Rl is hydrogen, hydroxy, protected hydroxy or

-OCOR30, or together with R2 is a carbonate; R2 i s hydrogen,

hydr oxv, protected hydroxy, oxo, or -OCOR31, or together with RL is a

car bonat e; R3 i s hydrogen, hydpéxy, prot ect ed hydroxy, -OCOR32,

o X0 O OOt U N0 S0 RO S vassne, g ol A L8,

or RO is a carbeoatete group to R/grane Bram ) ivulelferatedt tiye hyddogen,

al kyl, group to migrate from C9 to C10, thereby yielding 10-
desacetyl derivative 8. Protection of the Cl0 hydroxy

5 group of l0-desacetyl derivative 8 with triethvlsilyl

yields derivative 9. Selective removal of the C13
hydroxy proteacting group from derivative 9 vields
derivative 10 to which a suitable side chain may be
attached as described above.
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alkényl é@uﬁjﬁaryl or heteroaryl; RO i s hydrogen /édrox

protected hydr oXy, oxo, or -OCOR33, or together with Rib or T/YS94/08350
car bonat e; RI O i s hydrogen, hydroxy, protected hydroxy, 0X0, or
-OCOR29, or together with RO is a carbonate; R13 is hydrogen,
hydr oxv, protected hydroxy, -OCOR5s or M3g R 9, R30, R.!, Rii
R;, R. and R36_are |ndependently hydr ogen, al kyl, al kenyl, al kynyl,
al koxy, aryIoxyrgéﬁﬁggﬂcﬁ__EXEﬂé_nDnocycI|c aryl or nonocyclic heteroaryl;
| REP AC~! E. T SHEET -19 4 DEC
QAc

OH

HQit- OTES

TMSQtus.

1) TMSCI, Et,N

i

2) KkH

QTES

TMSQun.
o TMSOms.
TEsCI
A————————————
ET,N

il ﬁiium: Il

derlvatlve 11l can be provided by ox1datlon of 10-

desacetyl derlvatlve 8. Thereafter, the Cl3 hydroxv



e

X, 1s hydrogen, aIkyI, al kenyl , al kynyl, aryl, or heteroaryl; X10 <.

is alkyl, alken al kynyl, aryl, or he-eroaryl; and I.ses
annnniun1oﬂ”@§5éxﬁétal The invention is further HF%@%%%&&%% an

intermediate for use in the preparation of a tricyclic or tetracyclic
t axane having the formul a: Rio
R7b 40 Rc
protecting group can be selectively removed followed by
attachment of a side chain as described above to vield ¢9-
acetoxy-1l0-oxo-taxol or other 9-acetoxy-l0-oxotetracylic
taxanes having a Cl3 side chain. Alternatively, the C9
S ~ acetate group can be sslectively removed bv reduction of
10-oxo derivative 11 with a reducing agent such as
samarium diiodide to yield 9-desoxo-10-oxo derivative 12
from which the C13 hydroky protecting group can be
selectively removed followed by attachment of a sidé
10 chain as described above to yield 9-desoxo-10-oxo-taxol
or other 9-desoxo-l0-oxotetracylic taxanes having a C13
side chain.

REACTTON SCHEME 3

[y

OH

TMSCOtne

TPAP TMSOm..
———
TMSQte-
15 Reaction Scheme 4 illustrates a reaction in
which 10-DAB 1s rsduced to yield pentacl 13. The C7 and

&

This Sheet Has Been Replaced




Ri1 3 X s5¢5~C R 0  pCT/USS4/08350 11
i

~~R R is hydrogen, hydroxy, protected hydroxy or
-OCOR30, or together with R is a carbonate; R2 is hydrogen, T~
hydr oxy, protected hydroxy, oxo, or -OCOR31, or together with R is a
car bonat e; R3 is hydrogen, hyd¢bxy, protected hydroxy, or
- OCOR32; R7b is_hydrogen, alkyl, cyano, hydroxy, protected
hydroxy, or - CBBR3bydroxyl groupsrad penwddloden cadl iGhen hRenglechlkehyl |
aryl protected with the triethylsilyl or another protecting
group to produce triol 14 to which a Cl3 side chain can
be attached as described above or, alternatively, after

5 further modification of the tetracylic substituents.

REACTION SCHEME ¢

HO““ Holllu

QTES
HOnu. o

HQ
Ph—-<
0

14

» Ol
(/)

Taxanes having C9 and/or Cl0 acyloxy
substituents other than acetate can be prepared using 10-
10 DAB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triethylsilyl chloride
in pyridine yields 7-protected 10-DAB 15. The C1l0
hydroxy substituent of 7-protected 10-DAB 15 mav then be
readily acylated with any standard acvlating agent to

This Sheet Has Been Replaced
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or hederoaryl' RO i s hydrogen, hydroxy, protected hydroxv, 0xo0, *

or -OCOR,,, or together with R O is a carbonate; en
hydr oyv, pPV&¥BEF hydrexy, oxo, or -OCOR ,, or together with d&%u?%’&%s?%
car bonat e; REPLACEI'E. - T
SHEET 24 D. C 1996

- 20 - _ Rl z is hydrogen, hydi2oxy, protected hydro>. -,

vield derivative 16 having a new Cl0 acyloxy substituent.
Selective reduction of the C9% keto substituent of
derivative 16 vields 9f8-hvdroxy derivative 17 to which a
Cl1l3 side chain may be attached. Alternatively, the C10

5 and C9 groups can be caused to migrate as set forth in
Reaction Scheme 2, above.

REACTION SCHEME S

HOH TESC)
pyridine
Acylating
agent
Y
0COf g
QTES
HOHN 1) HF HOwH
<3) Bu NBH,
3) TESC!
Ph——<& AcQ Q
S 17
Taxanes having altsrnative C2 and/or C4 esters
10 can be prapared using baccatin III and 10-DAB as starting

materials. The C2 and/or C4 esters of baccacin III and
10-DAB can be selectively reduced to the corrasponding
alcohol(s) using reducing agents such as LAH or Red-3al,

and new esters can thereafcer be substituted using
I

STt

o

heet Has Been Replaced

T,



% Iyg}n R2S, R30, Rat R32, R33, R35, and R®CTAIS34/08350
|ndepend ? %yarogen al kyl, al kenyl, al kynyl, al koxy, arvloxy, -NXxeXl :c

- SX10, nonocyclic aryl or nonocyclic heteroaryl; X. is hydrogeny
ai kyl, al kenyl., al kynyl, aryl, or heteroaryl X,, is alkyl,

al kenyl, alkynyl, aryl, or heteroaryl; %hd M conpri ses anmoni um
or is a netal The present invention is further directed to an

i ntermedi at e fORMERFS REHE GG AIATEH BICh a5 |ARYFELeS { 2RfadGeri ¢

taxane havi ng dHie&rFididBilidi combination with an amine su&h as pyridine,
triethylamine, DMAP, or diisopropyl ethyl amine.
Alternatively, the C2 and/or C4 alcohols may be converted
5 to new C2 and/or C4 esters through formation of the
corresponding alkoxide by treatment of the alcohol with a
suitable base such as LDA followed by an acylating agent
such as an acid chloride. . _
Baccatin III and 10-DAB analogs having
10 different substituents at C2 and/or C4 can be prepared as
set forth in Reaction Schemes 6-10. To simplify the
description, 10-DAB is used as the starting material. It
should be understood, however, that baccatin III
derivatives or analogs may be produced using the same
15 series of reactions (except for the protection of the C1l0
hydroxy group) by simply replacing 10-DAB with baccatin
III as the starting material. 9-desoxo derivatives of
the baccatin III and 10-DAB analogs having different
substituents at C2 and/or C4 can then be prepared bv
20 reducing the C9 keto substituent of these analogs and
carrying out the other reactions described above.
In Reaction Scheme 6, protected 10-DAB 3 is
converted to the triol 18 with lithium aluminum hydride.
Triol 18 is then converted to the corresponding C4 ester
25 using Cl,CO in pyridine followed by a nucleophilic agent
(e.g., Grignard reagents or alkyllithium reagents) .

e —

S —
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16 2 c OR o

4a wherein Ris C - C8 al kyl, R is hydpe888e4/0
hydr oxy, pﬁﬁlgﬂﬁgﬁ’hydroxy or -OCOR, 0, or together with R, |sfa cg%Bgﬁg{e;
R2 is hydrogen, hydroxy, protected hydroxy, oxo, or -OCOR31, together with

Rl is a carbonate, or together with R4 is a carbonate; - R4. is
hydr ogen, al kyl, hydroxy, protected hydradé/, or -OCOR27, or together with
R2 is a carbonate; R, 7 is hydrogen, hal ogen, hydroxy, protected
hydroxy, -OR2., SAP@IRIAL or together with Rg is a carbonate;

TMSOUN TMSCIN

LAH

ct,C0
pyridine

TMSQuN

Deprotonation of triol 18 with LDA followed bv

S introduction of an acid chloride selectively gi

w0 Q
et
g
m
O
™

ester. For example, when acstyl chloride was u

18 was convertad to 1,2 diol 4 as set forth in Reaction

Scheme 7.

Triol 18 can also resadily be converted to the

10 1,2 carbonate 19. Acetvlat of carbonate 19 under

vigorous standard conditions provides carbonate 21 as

described in Reaction Scheme 8; addition of alkvllithiums

or Grignard r=agents to carbonats 19 providas thz C2

S

en Rep. laced
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- 21 - 265 Rlerr] is hvdrogen, oxo, hydroxy, protected hydroxv,-
-ORz, or Mé"? or together with R, or R err] is a carbonatBCT/USI4/08350
RI O is hydrogen, oxo, hydroxy, protected hydroxy, -ORer], or -OCOR ,, or
together with RO is a carbonate; R13 i s hydrogen, hydroxy,

procected hydroxv, -OCOR 5 or MO ; 45
ester having a free

- hydroxyl group at C4 as set forth in
Reaction Scheme 6.

Scheme 7

TMSOmN LOA
RigCoct TMSOII
5 Scheme 8
OTES
0
oT '
TMSOu €S cl,co
) Pyridine TMSOUN

TMSOt
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e
R2B is a functional group which increases the solubility of the taxane
‘derivative; B Rlerr], Rerr], Rerr], Rerr], Rerr]pctiésardgssearid
Rl err] are“@%ﬁ@ﬁ%ﬁﬁently hydr ogen, al kyl, al kenyl, al kynyl, al koxv,
aryl oxy, -NX8X10, -SXI O nonocyclic aryl or nonocyclic heteroaryl;
Xs is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl;
X10is al kvl, alkenyl, alkynyl, arvl, ord#éeteroarvl; and M
conprises aztunoniumor is a netal. ' . The invention is further
directed to an intermedi afe $ef feeth it Regstdear fheRe® a avheyd4c or
Eétracycllc taxapgshavi,8dcheah bW dvided by reacting carbonate 19

: with an acid chloride and a tertiary amine to yield

carbonate 22 which is then reacted with alkyllithiums or
) Grignard reagents to provide 10-DAB derivatives having

new substituents at C2.

Scheme ©

1,0
FMSQinn Pyridine TMSOH
RyqGOC!H
pyridine
DMAR
T™MSOmN
R31Li or TMSOun
R31MgEr'
Alternatively, baccatin III may be used as a
10 scarting material and resacted as shown in Reaction Scheme

e —
)

10. 2After being protected at C7 and Cl3, baccatin III is
reduced with LAY to produce 1,2,4,10 tetraol 24. Tetraol
24 is convertad to carbonate 25 using Cl,CO and pvridine,
and carbonace 25 is acylated at Cl0 with an acid chloride

e

J——
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R ‘ } 7 26a 94/0

2 RAb R¥QR5/0326%her ei n RL i s hydrogen, hydroxv, pro(t:eCP 8& dr oxy

or -OCOR30, or together with R, is a carbonate; .
47

and pyridine to produce carbonate 26 (as shown) or with
acetic anhvdride and pyridine (not shown). Acetylation
of carbonate 26 under vigorous standard conditions
provides.carbonate 27 which is then reacted with alkyl

S lithiums to provide the baccatin ITI derivatives having
new substituents at C2 and C10.

Scheme 10

s T
1) TESCI, py
2) TMSCI, OMAFR
imidazole, OMF
LAH
TMSOsi1t Cl,CO
pyﬁidine TMSOr

R,oCOCH

pyridine
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e ————— T

- 22 - R, i1s hydrogen, hydroxy, protected hydroxy, oxo, or

- OCOR, ., t &Eer wth R or R4a is a carbonate; PEAAISHSH08350
hydr ogen, ‘%§§ droxy, protected hydroxy, or -OCOR 7, together with R4b
Is an oxo, or together with R2, R4b, or Rs is a carbonate; Rdb is

hydr ogen, al kyl,  al kenyl, al kynyl, aryl, heteroaryl, or cyano, together
with Rda is an oxo, together with R4, or4Rs is a carbonate, or together
with Rs and the carbons to which they are attached form an oxetane ring;
Rs is hydrogen, hydroxy, protected hydroxy, -OCOR,, oxo,.together with R41
or R4b is a carbonate, ogcomgether with R4b and the car bons geaakd ch t hey

are attached form\an oxefane ring; R, is h
hydr oxy, protected ys ¥/ 3 ORB:5 Or - OCOR34, or toge
TMSOUN Acg0 TMSONN
OMAP

N

\ 2

// HO 0

0

26
Ry,LI
TMSOun

10-desacetoxy derivatives of baccatin III and
10-desoxy derivatives of 10-DAB may be preparsd by
reacting baccatin III or 10-DAB (or their deriwvatives)
with samarium diiodide. Reaction between the tetracyvclic

5 taxane having a Cl0 leaving group and samarium diiodide
may be carried out at 0°C in a solvent such as
tecrahydrofuran. Advantageously, the samarium diiodide
selectively abstracts the Cl0 leaving group; Cl3 side
chains and other substituents on the tetracyclic nucleus

10 remain undisturbed. Thereafter, the C9 keto subscituent
may be rsduced.to provide the corresponding 9-desoxo-9f-
hvdroxy-10-desacetyoxy or l0-desoxy derivatives as

otherwise described herein.
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carbonat R, is hydrogen, oxo, hydroxy, protected dr oxy
- %0%%5 or together with R7a or RIOis a carbonat ePgT/US94/08350

RIO |s hydr ogen, oxo, hydroxy, protected hydroxv, -OR28, or -0OCOR29, or

together with RO is a carbonate; R13 is hydrogen, hydroxy, h
protected hydroxy, -OCOR 5, MO or 49 X4
XSNH 0- _ X2 x1 R, is a
functional group which if@rdadgsirthend other C7 substituted taxanes can
be prepared as set forth in Reaction Schemes 11, 12 and
12a.
REACTION SCHEME 11
S
/
HOuI c.
SCH,
Ph—<
0
nBu,SnH
AIBN (cat)
toluene (reflux)
y
.
—_—
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solubility of the taxane derivative;

-23- Rl ergh o5 % Rlerr], Rerr],R Rerr] and R err], are
i ndependent |y hy ogen al kyl , aLkenyL, al kynyl, al kaxy, arthx%?Tigﬁgx
-SXI0, monocyclic aryl or manacyclic het.eraaryl; K1t /08330
-3X,, o0- 1XX ,;

50

REACTION SCHEME 12

HQir.
HOmn.
FAR
HOn.
MSC I HO“H.
Et N —
ET NHCI

—_—
—

_—

This Sheet Has

T



X is hydeeoan.a kyl, alLkenyt, alLkynyl, ary, or heteroaryl; PCT/US34/0835(,
and. X. are |néependentLy hydr ogen, a2.t, al-cenyl, alkynyl, a |, or

het er oar yL; XS is -COXta, -COOXO, -COSX, 3,.-CONX2XtQ or -SO X755
Xs is hydrogen, alkyl, alkenyl , a y #h ayt,, heteroaryl, hydroay
protecting group, or a functional groupg I ch increases the water

solubility f th % ivative; X7 is al ky7, alkenyl,
al kynyl , aryI-ﬁﬁg%éi§§§§¥l£§%%5§%lfthydryl protecting group; Xs

i s hydrogen, alk-y, alke nyl, al kynyl, aryl, or heteiroaryl; X9 -
i s an amino protecting group; Xla is alkyl 812I kyyl ,
aryl or heteroaryl; 1 OAC Xt, is al kyl, al kenyl, ?yl
heteroaryl, - 0X, , ; OTES X, 4 is hydr

abkemyL

aLkynyl , arm4sgomm HOuI

HF, py

Xs 0

Nt/
|
L, b,

3 X,

LiOum

c1) THF
C2) HF, Pyridine, CH3CN

-As shown in Reaction Scheme 12, Baccatin III
may be converted into 7-fluoro baccatin III by treatment
5 with FAR at room temperature in THF solution. Other
baccatin derivatives with a free C7 hydroxyl group behave
similarly. Alternatively, 7-chloro baccatin III can be
prepared by treatment of baccatin III with methane
sulfonyl chloride and triethylamine in methylene chloride
10 solution containing an excess of triethylamine

hydrochloride.
-
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-,

or heteroaryt;

and K conprises anmoniumor is a netal.

Ot her objects and features of this Invencion will be in pare apparent and
in part pownceshseast herei nafcer.  DETAI LED DESCR | PTZOr OF B PBREEBARD

EMsoDr MENTS

As used herein "ArH neans ary; " Ph" means phenyl;

"Me" nmeans nethyl; 'Et" nmeans echyl; " ior" nmear.s isopropyl; tBu" and
"t-Su" neans tert-bucyl; ". nea.ns IomerﬁglkyL unl ess ochew se defi ned;

"AC' neans acecyt; vpy" nmeans pyridine;

.10

15

TESw nmeats cries ytsityt; v I"
Taxanes having C7 acyloxy substituents can be

prepared as set forth in Reaction Scheme 12a, 7,13~
protected l0-oxo-derivative 11 1s converted to its
corresponding C13 alkoxide bv selectively rsmoving the
Cl1l3 protecting group and replacing it with a metal such
as lithium. The alkoxide is then resacted with a B-lactam
or other side chain precursor. Subseqguent hydrolysis of
the C7 protecting groups causss & migration of the C7-
hyvdroxy substituent to Cl0, migration of the Cl0 oxo
substituent to C%, and migration of the C9 acvloxy
substituent to C7.

As shown in Reaction Scheme 13, 7-0-
triethylsilyl baccatin III can be converted to a
tricyclic taxane through the action of trimethyloxonium
tetrafluoroborate in methylene chloride solution. The
product dicl then reacts with lead tetraacetate to
provide: the corrasponding C4 kstone.
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- 24 - means trimethyl-silyl; "TBS" neans Met-BuSi -; "Tf" z
"BVDA" ned¥Q IBf0RRFRi Prt; "Swern" neans (COd)i, EtN, "LTMP " m“]ﬁ%ﬂ
t ecr anmet hyl pi peri di de; "MOP" means 2-net hoxy-2-propyl; "BOM neans -~
benzyl oxynet hyl ; "LDA" neans |ithiumdiisopropylam de; "LAE" neans |ithium
al um num hydri de; "Red-Al" neans sodi um [§3s(2- net hoxyet hoxy) al um num

hydri de; "M" nmeans CHSO, -; "TASF' neans tris(diethylam no)sulfonium
dlfluorotrlnEthEEACbEthSCdEﬂS 1geans tol uenesul fonyl; NTBAF" neans
tetrabutyl annnnlun1hydr|de "TPAP" means tetrapropyl -amoni um

perrut henate; "DBU' neans di azabi cycl oundecane; "DVAP" neans

p-di met hyl am no pyridi ng,,.'LEDOS" neans |ithium hexanet hyl di gial-azi de;

"DIF'" means dinethyl f ogmamode; "1 AIBN'I neans azo-(bjs)- isybutyronitrile;
"10- DABB" neans | t/Vbaccatin [}1; "FAR' neans /
2-chloro-1,1,2-tr hyD&BEne;

Me3OBF4 HQOnue.

HOu,

O“ll

ph_< o OAc

The subprocesses of Reaction scheme A can be
applied at various stages. For example, the process for
S the conversion of compound 30 to compound 33 can be
applied to any intermediate having a hydroxyl group at C-
10 and two hydrogens at C-9, e.g., the process for
introducing C9 and Cl0 carbonyl and hydroxyl groups can
be applied to suitably protected intermediates 4 through
10 29. '
Likewise, the process for introduction of Cl
and C2 oxygen-containing functional groups (conversion of
6 to .13 in Reaction Scheme A) can be applied to any
intermediate having a C3 carbonvl group.

—_—

\\
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"nCPBA" nmeans netachl oroperbenzoi c acid; nDDQ' neans

di cyanodi c%(ﬁé%@ ipone; Osul f hydryl protecting group" includescTiusdd/esssqnot
limted to, Thi oacetal s such as |-ethoxyethyl and net hoxynet hyl ,

t hi oesters, or thioca-bonates; "am ne protecting group” includes, but is
not limted to, carbamates, for exanple, 2,2,2-trichloroethylcarbamate or
tertbutyl carbamate; "protected hydroxv" Afans -OP wherein P is a hydroxy

i tod To, “acetal o havi ng PaberDy ( cHie ERRSS KA ARG A1 A

car_bons,b ethFrsc?F@FyasggeuPylastﬁb@myliftfmugﬁ,%fadﬁakﬁoxyheaﬁy%,s

p- ni trobenzyl, a L trit nmet hoxynet , . Jet.hgxyet hoxynet

et hoxyet hyl , tetf4 8F0%br§ﬁ§l?et%YQgh?%?%?rﬁQﬁnnéh1rqe ?rq%ﬁ%ﬁgs?lyl

ethers such as ©€ili,meRhgksbbgktet her, triethylsilyl ether, dinmethylarylsilyl

et her, %rllsopropyI5|IyI giggr ?ﬂgfﬁfg%%ggc&ggngg%ﬁgﬂéﬂté?rg§;t%§ée£$n uch
yl', fornyl, nono-, di-,” a

as benzoyl, acetyl, phenylacet nd t1T hal oacefyt’

such as chl or oagst gremgiléRl8fodBetle conversion of 24a to 27a in
Reaction Scheme A, can be applied to a variety of

intermediatss having a C4 ‘carbonvl group.
The aldol process exemplified in the conversion
10, of S to 6 in Reaction Scheme A can be applied to any
suitably protected intermediate having a C3 carbonyl
group and a C8a hydrogen. A variety of ketones or
aldehydes can be used as a reactant in this procsess.
Formation of a cyclic carbonate from any 1,2 or
15 1,3 diocl subunit in any intermediate can be carried out
by uéing phosgene as a reactant. Carbonyl groups can be
reduced. by hydride raégents or metallic species to the
corresponding alcohols. Alcohols can be oxidized using a
varietv of oxidizing agents as exemplified in the
20 Reaction Schemes, to the corresponding carbonvl groups.
The compounds disclosed in this application
have several asymmetric carbons and may exist in
diastereomeric, racemic, or optically active forms. ALL
of these forms ars contemplated within the scope of this
25 invention. More specifically, the present invention
includes the enantiomers, diasteriomers, racemic
mixtures, and other mixtures of the compounds disclosed
herein.
The following examples illustrate the

30 invention.

I
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-25-  trichl oroacetyl, trifluoro-acetyl; and carbonates i nckg&ih@g /l?éﬁtso no
limted twoadsiskéar bonates having fromone to six carbon ato ?’n

nmet hyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl; isobutyl, and B
n-pentyl; al kyl carbonates having fromone to six carbon atons and
substituted with one or nore hal ogen atons such as

2,2,2-trichl oroethoxvmmet. hyl and 2,2, 2-tri-hl oroet hyl ; al kenyl carbonates
havi ng fromtwo to six carbon atons

EXAMPLES
REACTION SCHEME A
Triethylsilyloxy alcohol 3 . To a solution of diol 2 (3.16 g, 13.4 mmol) and DMAP (70 mg, 0.57
mmol) in CH,Cl; (65 mL) at room temperature was added triethylamine (3.7 mL, 26.6 mmol)
followed by dropwise addition of TESCI (2.7 mL, 16.1 mmol). After 1.75 h, the reaction mixture
was diluted with 150 mL of hexane, then poured into 100 mL of a saturated aqueous NaHCO,
solution and 150 mL of hexane. The organic phase was washed with two 100 mL portions of
saturated aqueous NaHCQO; solution and with 100 mL of water, dried aver anhydrous Na,SO,,
and concentrated under reduced pressure to give 4.88 g of crude u'icthylsilyloxyalcohol 3. An
analytical sample was obtained by plug filtration through a shart pad of silica gel washing with
hexane and then cluting the pure compound 3 (P, o = TES) (colorless oil) with 5% ethyl acetate in
hexane.
3 (Pyo=TES): H NMR "(300 MHz, CDCl;) § 0.61 (g, / = 7.7 Hz, 6H, TES CH,), 0.89 (s,
34, CH; 16), 096(: J =7.7 Hz, 94, TES CH,), 1.03 d, J =7.1 Hz, 3H, CH; 19), 1.07 (s,
_3H, CH; 17), 1.23 (d, J = 14.3 Hz, 1H, H2a), 1.56 (dd, J = 6.0, 6.0 Hz, 1H, H7), 1.76 (ddd,
= 5.0, 11.0, 13.7 Hz, 1H, H9), 1.90 (ddd, J = 2.2, 8.8, 15.4 Hz, 1H, H9), 1.96 (m, 1H,
Hl4da), 2.37 (m, 2H, H2[, H14f), 2.51 (ddd, J = 7.7, 7.7, 10.4 Hz, 1H, H8a), 2.94 (s, 1H,
OH-3), 4.21 (dd, J = 2.2, 5.0 Hz, 1H, H10), 5.43 (dd, J = 2.8, 2.8 Hz, 1H, H13). 13CNMR
(75 MHz, CDCl;) & (ppm) 4.8 (TES CH,), 6.7 (TES CH,), 15.02 (CH; 19), 23.0 (CH; 17),
-26.2 (CH; 18), 28.0 (CH,; 16), 33.6 (C14), 415 (C8), 442 (C2), 45.0 (C1), 45.2 (C15), 45.8
(C9), 69.6 (C11), 74;9 (C10), 96.0 (C3), 123.0 (C13), 143.7 (C12); IR (CHCl;) v 3530, 2970,

2930, 2900, 1460, 1340, 1140, 1100, 1080, 1045, 1010, 970, 915, 650 cml; MS (CI) 351
(M+1, 58), 333 (100), 219 (34).

Hydroxy Ketone 4. To a vigorously stirred solution of the crude compound 3 (P,q = TES) in
anhydrous CH,Cl, (30 mL) at 0 °C under nitrogen was added Ti (OiPr), (13.5 mL, 43.1 mmol)
followed by dropwise addition of anhydrous 2M “BuQOH in hexane (18 mlL, 36 mmol). After 45
min dimethylsulfide (15 mL) was added slowly over a period of 5 min. The solution was stirred

for 10 min at 0 °C, then 15 min at room temperature and then moved to a 55 *C bath where it was

—
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such as vinyl and allyl; cycloal kyl carbonates having fromthree to six
carbon atons such as cyclopropyl, cyclobutyl, cyclopentyl andp€Eiyoksasngyssl ;
and phenyl W&95482%y| carbonates optional |y substituted on the ring with one
or nore Cl- alkoxy, or nitro. Oher hydroxyl, sulfhydryl and am ne
protecting groups may be found in "Protective Goups in Organic Synthesis”
by T. W Geene, John Wley and Sons, 1981. ss The al kyl groups
described herein are preferably | ower alkyl containing fromone to six
carbon atons in the principal chain and up to 15 carbon atons. They may be

i gh | di r er el i
straight or t}gg@gg@ﬁ% rﬁﬂﬁeegar @garthrhas‘dm?s WEE *ay%pg & Wider RIRPH %rstsgxgeg&r?cf’%&éung

butyl, hexyl an ey may be hydrocarbon or heter tute

Wi th the varhiowsyraplas dissotveddn eyl asete{@50mhb) ardis i ofH @ was added\dropwise with
al kenyl, heteroal kenyl; al kynyl, heteroal kynyl, aryl, heteroarvl, and

het er osubst i VigRres$ SHERng: odieyFsulting mixture wihgirgsdjag e Empapnsure derchh anddhénefiledred

are pref eraly v Loysty 3 KARY bk e WoSRD SOl Shes of 100 mL of ethyl acetate,

Evaporatian of the solvent under reduced pressure afforded an qil that was filtered through a short
pad of silica gel eluting with 10% ethyl acetate in hexane to give 4.78 g of pure hydroxyketone 4
(P ¢ = TES) (colorless ail). .

4 (P, =TES): 'HNMR (300 MHz, CDCl5) § 0.58 (g, J = 7.7 Hz, 6H, TES CH,), 0.94 (¢, J =
7.7 Hz, 12H, CHj 19, TES CH,), 0.98 (s, 3H, CH; 17), 1.31 (s, 3H, CH; 16), 1.71 (dd, J =
5.0, 11.5 Hz, 1H, H2a), 1.85 (m, 3H, HI, H9B, H14B), 1.96 (s, 3H, CH; 18); 2.15(d, J =
12.1, 1H, OH-13), 2.22 (ddd, J = 4.9, 13.2, 15.9 Hz, IH, H9%), 2.56 (dddd, J = 3.8, 7.1,
13.7, 13.7 Hz, 1H, H8a), 2.75 (dd, / = 2.2, 11.0 Hz, 1H, H2f), 2.80 (ddd, / = 4.4, 7.7, 11.0
Hz, 1H, H14B), 4.10 (t, 7 = 11.0 HZ, 1H, H13B), 4.56 (d, 7 = 5.0 Hz, 1H, HI10B); 13C NMR
(75 MHz, CDCf3) d (ppm) 4.3 (TES CH,), 6.5 (TES CHj), 13.4 (CH; 18), 18.4 (CH,19),
25.8 (CH; 17), 27.1 (CH;4 16), 34.7 (C14), 38.2 (C15), 38.8 (C2), 44.0 (C8), 44.2 (C9), 47.8
(C1), 67.3 (C13), 69.7 (C10), 137.3 (C11), 138.3 (C12), 219.2 (C3); IR (CHCL) v 3550,
2960, 2880, 1660, 1460, 1410, 1240, 1200, 1160, 1140, 1080, 1050. 1000, 980, 900. 810 cmr-ly
MS (CD) 367 (M+1, 2), 349 (100),“331 (55). '

Ketone 5. To a solution of hydroxyketone 4 (P, = TES) in anhydrous pyridine (25 mL) at -23 *C
under niogen was added dropwise TBSOTT (3.2 mL, 13.9 mmol). After 5 min, the flask was
moved to an ice bath and stirred for 1.75 h. The solution was diluted with 75 mL of hexane at 0
*C and then decanted from the insoluble oil into saturated aqueous NaHCO4 solution (200 mL).
The remaining oil was extracted with three 75 mL portions of hexane. The combined organic
phases were washed with two 50 mL portions of saturated aqueous NaHCO; solution and then
with 50 mL of water, dried over anhydrous Na,SO, and concentrated under reduced pressure.
The yellowish oily residue was purified by filtration through. a short pad of silica gel eluting with

10% cthyl acetate in hexane to give 4.78 g of pure ketone 5 (P = TES, P, 5 = TBS) (94% yield
from2)."
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carbon atons in the principal chain and up to 15 carbon at onmpcrhR@¥088y be
st rai ght wex 9450386 hed chai n and i ncl ude et henyl, propenyl, isopropenyl,

but enyl ,

i sobut enyl, hexenyl, and the |ike. They may be hydrocarbon or —

het erosubstituced with the various substituéents defined herein, including
al kyl , heteroal kyl, heteroal kenyl, al kynyl, heteroal kynyl, aryl,
heteroaryl, and heterosubstitiuted heceroargyl .

24 DEC 1996 - 26 - The al kynyl groups
descri bed herein are :

5 (P, = TES, P;3 = TBS): 'H NMR (300 MHz, CDCl3) § 0.03 (s, 3H, TBS CHS), 0.05 (s,
3H, TBS CH), 0.57 (q, J = 8.2 Hz, 6H, TES CH,), 0.93 (t, / = 8.2 Hz, 9H, TES CHj), 0.93
(s, 9H, TBS t-Bu), 0.96 (d, J = 1.8 Hz, 3H, CH, 19), 1.06 (s, 3H, CH; 17), 1.33 (s, 3H, CH,4
16), 1.68 (dd, J = 5.5, 11.5 Hz, 1H, H2at), 1.84 (m, 2H, H1, H9P), 1.89 (s, 3H, CH, 18),
1.92 (dd, J = 6.0, 14.3 Hz, 1H, Hl4a), 2.21 (ddd, J = 5.5, 132, 15.4 Hz, 1H, HOq), 2.39
(ddd, J = 8.2, 10.4, 14.3 Hz, 1H, HI14B), 2.52 (ddd, J = 3.9, 7.1, 13.6 Hz, 1H, H8a), 2.66
(dd, J = 2.8, 11.5 Hz, 1H, H2p), 4.45 (dd, J = 5.5, 10.4 Hz, 1H, H13p), 4.61 (d,J = 5.0 Hz,
1H, H10B); 13C NMR § (ppm) -5.4 (TBS CH,), -4.6 (TBS CHj;), 4.3 (TES CH,), 6.5 (TES
CH,), 14.1 (CH; 18), 17.9 (TBS C(CH;)y), 19.1 (CH; 19), 25.4 (CH; 17), 25.8 (TBS
C(CH,)s), 26.8 (CH; 16), 33.5 (C14), 38.6 (C15), 39.4 (C2), 43.7 (C3), 44.4 (C9), 47.5 (C1),
67.5 (C13), 69.5 (C10), 136.8 (C11), 138.8 (C12), 213.5 (C3); IR (CHCl;) v 2950, 2900,
1680, 1460, 1420, 1395, 1365, 1250, 1200, 1110, 1080, 1000, 900, 860, 840 cm-!; MS (CI)
481 (M+1, 3), 463 (16), 349 (100), 331 (50); Anal. Caled. for C,7Hs;05Siy: C, 67.44; H,
10.90. Found: G, 67.31; H, 10.78.

Ketocarbonate 6.  To a stirred solution of diisopropylamine (0.60 mL, 4.28 mmol) in THF (11
mL.) under nitrogen at rcom temperature was added 126 mL of 2a3.1 M solution (3.89 mmol) of
.MeMgBr in ether. After 3 h, a solution of ketone 5 (P;q = TES, P 3 = TBS) (750 mg, 1.56.
mmol) in THF (3.5 mL) was added dropwise at room temperature. After 1.5 b, the reaction
mixture was cooled to.-23 *C and a solution of 4-pentenal (327 mg, 3.89 mmol) in THF (4 mL)
was added dropwise down the side of the flask. After I h, 10 mL of a saturated agueous NH,Cl
solution was added. Ater2 min, the reaction mixture was diluted with 100 mL of hexane, then
poured into 100 mL of H,O. The organic phase was washed with 100 mL of H,0 and 100 mL of
brine, and dried over anhydrous Na;SO, and concentrated under reduced pressure to give 0.92 g
of a yellow oil. Toa §olution of the crude mixture in CH,Cl, (10 mL) and pyridine (10 mL) under
nitrogen at -23 "C was added 2.3 mL of 4 M solution (9.36 mmol) of phosgene in toluene
dropwise and the reaction mixture was warmed to -10 *C. After 30 min, cthanol (3.7 mL) was
added and the rcsu!tir_1 g mixture was stirred for 30 min. The reaction mixture was then diluted with

300 mL of hexane, washed with 200 mL of a saturated aqueous NaHCO4 solution, 200 mL of a
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preferably |ower alkynvl containing fromtwo to six carbon atoms in the
Princi pal wbasm3zad up to 15 carbon atoms. They may be strai §hf 5?4’W%ched
chain and include ethynyl, propynyl, butynyl, isobutynyl, hexynyl, and the
i ke. They may be hydrocarbon or heterosubstituted with the various
substituents defined herein, including alky], heteroal kyl, alkenyl,

het er oal kenyl , heteroal kynyl, aryl, heteroatyl, and heterosubstituted

het er oaryl . The aryI noi eti es described herein contain from®6 to

b d d b
ot or osubst 10 Beatra EREQnETER Hbmlab Sh B mE ofd PR RERRHT Nats seluien
al kyl, het %QQ Wb, o@bk@@%cd %%%B@Nijyl O lakiy Eﬁﬁkenulﬁfchec{ngéxj KN EBEH o pressure to

heteroaryl het er osubstituted heteroar Phenyl 1s the nore p erred
aryl . nge 1 0Fgef heytlkwomlgdl Thei cztdeernixtiers et Gbeted draigh siltoat gal withr (0% SthiyD
15 atonms and inc)ude, fury %lenl %I’Id| and the |ike. They may be

hydr ocar borﬁcanatch’étwmagtmcu% omgiafa phge valid whish msftmwewylweby ﬁé@a gel

chromatography cluting with 2% ethyl acetate in hexanes to yield 745 mg (75 %) of ketocarbonate
6 (P;q = TES, Py3 = TBS, R = Et) as a white solid. The product was isolated as a 6:1 ratio of
conformational isomers. Tae following NMR data is for the predominant conformer.

6 (Pyq = TES, P,3 = TBS, R = Et): mp 103-104 °C; 'H NMR (500 MHz, CDCl;) § 0.08 (s,
3H, TBS CHjy), 0.08 (s, 3H, TBS CHj3), 0.56 (q, / = 7.8 Hz, 6H, TES CH,), 0.94 (t,J =78
Hz, 9H, TES CHj), 0.96 (s, SH, TBS t-Bu), 1.08 (s, 3H, CH; 17), 1.29 (m, 1H, HE), 1.38 (s,
3H, CH; 19), 1.42 (s, 3H, CH; 16), 1.66 (dd, J = 4.6, 12.5 Hz, 1H, H9a), 1.83 (s, 3H, CH,
18), 1.83 (dd, J = 4.5, 4.5 Hz, 1H, Hlda), 2.05 (m, 1H, HS), 2.06 {(dd, J = 6.4, 14.2 Hz, 1H,
HS), 2.47 (m, 2H, H9a, H6), 3.01 (dd, / = 3.7, 12.3 Hz, 1H, H14B), 4.20 (m, 2H, H2q,
H2B), 447 d, J =7.3 Hz, 1H, H13 B), 4.50 (dd, 7 = 4.6, 11.4 Hz, 1H, H108), 4.91 (dd,J =
1.83, 10.1 Hz, 1H, H20), 4.97 (dd, J = 1.8, 16.9 Hz, 1H, H20)., 3.29 (dd, 7 = 0.9, 10.1 Hz,
1H, H7), 5.73 (dddd, 7 = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); 13C NMR & (ppm) -5.3 (TBS
CHj,), -4.5 (TBS CH,;), 4.8 (TES CH,), 6.5 (TES CH;), 14.0 (CEt CHj;), 15.5 (CH; 19), 15.9
(CH; 18), 18.1 (TBS C(CH,)y), 25.8 (TBS C(CHj)s), 27.6 (CH; 17), 28.2 (CH; 16), 30.4,
30.5 (C5, C6), 34.1 (Cl14), 39.0(C15), 41.1(C2), 47.1(C1), 47.5 (C9), 55.1 (C8), 63.8
(OEt CHz2), 66.3 (C13), 68.3 (C10), 84.0 (C7), 114.8 (C20), 134.3 (C11), 138.1 (C4’), 1449
(C12), 155.7 (Ethylcarbonate C=0), 214.8 (C3); IR (CCl,) v 3000, 2950, 2900, 1770, 1700,
1490, 1390, 1280, 1140, 1100, 1030, 910, 880, 860 cmr!; MS (EI) 636 (M, 100), 593 (20), 538
(34), 409 (33}, Anal. Calcd. for C55Hg4O4Si,: C, 65.99; H, 10.13. Found: C, 65.88, H, 10.17.

Hydroxyketone 7. To a stirred solution of ketacarbanate § (P,q = TES, P,y = TBS, R = Er) (4.00
g, 6.28 mmol) in THF (65_ mL) under nirogen at -35 *C was added 50 mL of a 0.2 M solution (10
mmol) of LDA in THF down the side of the flask over a 10 min period. After 30 min, the reaction
mixture was cocled to -78 *C and 2.29 g of (R)-camphoryisulfony! oxaziridine (18 mmol) in THF

(18 mL) was added dropwisc down the side of the flask. After 30 min, the rcmiion mixture was
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her ei n' i F 5§ al kvl, heteroal kyl, alkenyl, heteroal kenyl pcaltkspansiso

heteroalkyny aryl, and heterosubstituted heteroaryl. The acyl
moi eti es described herein contain al kyl , al kenyl, al kynyl, aryl or S~
het er oaryl groups. The al koxycar bonyl oxy nvoi eties descri bed
herein conprise | ower alkyl, alkenyl, alkynyl or aryl groups. The

hydr ocar bon substituents descri bed herein %ﬂy be al kyl, al kenyl, al kynyl,
or aryl, and the hetero- substituents of the heterosubstituted al kyl,

al kenyl, al kynyl, arvl, and heteroaryl npieties described herein contain
ni t r ogen, qusagheshwith 309 ML, of fesapisatad agirars NaHEDst solusion 2ad exmaesed Wik 500 s1luatel

et ek S, 6T LG el BB AR SRR G 8 A i
brine, dried over anhydrous Na,SO, and concentrated under reduced pressure to yield 7 g of a
waxy solid. This material was purified by flash chromatography, eluting with 3% ethyl acetate in
hexanes to yield 3.50 g of hydroxyketone 7 (P, = TES, P,; = TBS, R = Er) (85%).

7 (Pyo = TES, Py3 = TBS, R = Et): !H NMR (500 MHz, CDCl,) § 0.01 (s, 3H, TBS CH,),
0.03 (s, 3H, TBS CHj), 0.50 (g, / = 7.8 Hz, 6H, TES CH,), 0.87 (t, J = 7.8 Hz, 9H, TES
CH;), 0.90 (s, 9H, TBS t-Bu), 1.03 (s, 3H, CH; 17), 1.25 (t, / = 7.0 Hz, 3H, OEt CH;), 1.35
(s, 3H, CHj; 19), 1.40 (m, 1H, H6), 1.41 (s, 3H, CH; 16), 1.66 (dd, J = 4.6, 12.8 Hz, 1H,
H9B), 1.77 (d, / = 1.4 Hz, 3H, CHj, 18), 1.83 (dd, J = 6.0, 14.7 Hz, 1H, Hl4a), 1.97 (dd, J
= 4.1, 8.5 Hz, IH, HI), 2.02 (m, 2H, H5, HS), 2.44 (dd, 7 = 11.9, 11.9 Hz, 1H, H9a), 2.75
(d, J = 10.5 Hz, 1H, OH-2), 4.14 (q, / = 14.2 Hz, 2H, OEt CH,), 4.35 (dd, J = 6.0, 8.7 Hz,
1H, H13), 442 (dd, J = 4.6, 11.0 Hz, 1H, H10), 4.49 (dd, J = 4.1, 10.1 Hz, 1H, H2), 4.86
(dd, J = 1.8, 10.3 Hz, 1H, H20), 4.92 (dd, J = 1.8, 16.9 Hz, 1H, H20), 5.23 (dd, J = 1.4,
10.1 Hz, 1H, H7), 5.67 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); !3CNMR & (ppm) -5.3
(TBS CHj), -4.5 (TBS CHj), 4.7 (TES CH,), 6.5 (TES CH,), 14.0 (OEt CHj;), 15.0 (CH,4
19), 16.0 (CH; 18), 18.0 (TBS C(CH;)s), 25.8 (TBS C(CHj)y), 27.5, 27.8 (CH; 17), 28.1
(CH; 16), 30.4, 305 (CS, C§), 36.9 (C15), 47.3 (C9), 54.5 (C1), 54.7 (C8), 639 (OEx
CH,), 66.2 (C13), 67.8 (C10), 70.3 (C2), 83.6 (C7), 114.9 (C20), 135.4(C11), 137.9 (C4"),
144.5 (C12), 155.6 (Ethylcarbonate C=0Q), 217.8 (C3); IR (CCl,) v 3600, 2950, 2900, 1750,
1700, 1660, 1470, 1400, 1370, 1240, 1080, 1050, 1000, 840, 680 cm-l; MS (CI) 653 (M+1, 8),
564 (100), 431 (69), 389 (67).

Hydroxycarbonate 8. To a vigorously stirred solﬁtion of hydroxyketone 7 (Pyq = TES, Py3 =
TBS, R = Et) (2.69 g, 4.12 fnmol) in toluene (117 ml) under nitrogen at -78 *C was added
dropwise down the side of the flask 85 mL of a 0.97 M soludon (82.4 mmol) of RedAl in toluene.
After 6 h at -78 "C, the solution was allowed to gradually warmm to room temperature over a period
of 6 h. The mixtre was recooled to -10 *C and 125 .mL of a 2 M soludon (250 mmol) of acetic

acid in THF was added dropwise down the side of the flask. The cloudy mixture was stirred 10
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- 27 - 2 hydroxy, protected hydroxy, acvl, acyloxy, nitro,

am no, and {p %(a An exenpl ary synthesis of baccati npttiosesogiély
DAB i s depicté %erel nbel ow i n Reaction Schenme A The starting nmaterial,

diol 2, can be prepared from patchino (comonly known as B-patchouline
epoxi de) which is commercially available. The patchino is first reacted

Wi th an organo-netallic, such as lithiumt-Rggtyl foll owed by oxidation with
an organi c peroxide, such as t- butyl peroxide in the presence of titanium
tetrai sopropoxide to forma tertiary alcohol. The tertiary al cohol is then

reacted with a (,ng,}pro%m%q,'“g 128050 FS0BU adetdrd th4REanECarlndsRY L RIS FHalaSiacd s

t he range
| aqueous NaHCO; solution. The aqueous phase was exmracted with four 500 mL portions of ethy

acetate and the combined organic ph?ses were washed with brine, dried over anhydrous Na,S0,
and concentrated under reduced pressure to yield 2.29 g of 2,3,7-triol as 2 white solid. This
material was used without further purification.

To a vigorously stirred solution of wiol (2.2:9 g, 3.93 mmol) in CH,Cl, (157 mL) and pyridine
(15.7 mL) under niwogen at -78 *C was quickly added 7.6 mL of 2 3.0 M solution (23 mmol) of
phosgene in toluene. The solution was allowed to warm to room temperature over a pericd of 1 h
then poured into 250 mL of ethyl acetate, washed with two 125 mL pon:iéns of a saturated aqueous
NaHCO; solution and 100 mL brine, dried over anhydrous Na,SO, and conccnu'satg% \Cx:xger
reduced pressure to yield 2.52 g yellow oil. This material was filtered through a 2 mc}Zpad of
silica gel with 50% ethyl acetate in hexanes and concenwation under reduced pressure yielded 2.39
g (95% from 7) of hydroxy carbonate 8 (P, = TES, P4 =TBS) as a white solid.

8 (Po=TES, I;u =TBS): mp 155 - 157 °C; 'H NMR (500 MHz, CDCl;) & 0.09 (s, 3H, TBS
-CH;), 0.10 (s, 3H, TBS CHj), 0.59 (q, 7 = 8.2 Hz, 6H, TES CH,), 0.96 (t, / = 8.2 Hz, 9H
TES CHj), 0.97 (s, 9H, TBS t-Bu), 1.11 (s, 3H, CH; 19), 1.14 (s, 3H, CH; 17), 1.30 (s, 3H,
CH; 16), 1.3% (dd, J = 4.1, 13.3 Hz, 1H, H9B), 1.65 (m, 2H, H6, HE), 1.99 (dd, / = 6.4,
15.1 Hz, 1H, Hl4a), 2.01 (d, 7 = .9 Hz, 3H, CH; 18), 2.04 (d, / = 3.7 Hz, 1H, HI), 2.11
(ddd, J = 7.8, 15.6, 15.6 Hz, 1H, HS), 2.28 (ddd, I = 9.6, 9.6, 14.2 Hz, 1H, H14p), 2.34
(dd, J = 12.4, 13.3 Hz, 1H, H9B), 2.41 (m, 1H, HS), 3.87 (dd, J = 0.9, 10.5 Hz, 1H, HD),
3.95 (d, J = 3.7 Hz, 1H, H2), 4.59 (dd, J = 3.7, 11.4 Hz, 1H, H10B), 4.40 (s, 1H, H3), 4.55
(dd, J =6.4, 8.7 Hz, 1H, H13), 5.03 (d, / = 10.5 Hz, IH, H20), 5.07 (dd, J = 1.5, 17.0 Hz,
1H, H20), 5.77 (m, 1H, H4); 13C NMR 8 (ppm) -5.4 (TBS CH;), -4.4 (TBS CHj), 4.8 (TES
CH,), 6.5 (TES CHj), 15.5 (CH; 18), 17.9 (TBS C(CHj);)., 18.2 (CH; 19), 25.6 (TBS
C(CHi)), 25.9 (CH;3 16), 27.5 (CH; 17), 28.3 (C6), 28.4 (CS), 29.8 (C14), 30.8 (Cl15),
36.5 (C8), 36.8 (C9), 37.3, 50.8 (Cl), 66.6 (C10), 67.8 (C13), 70.5 (C2), 91.9 (C3), 91.9
(C7), 116.3 (C20), 133.7 (C11), 137.9 (C4"), 142.6 (C12), 148.0 (cyclic carbonate C=0); IR
(CCl) v 3450, 2950, 2870, 1750, 1460, 1380, 1350, 1220, 1120, 1080, 1040, 980, 900, 820,
710 !y MS (CI) 625 (M+1-H,0, 6), 551 (11), 477 (100), 459 (12), 43SWnd.
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from 400Cwe 9s088C, in the presence of an acid, such as tr-f |REIGMEO0RINe
sul fonic acid. A graphical depiction of this reaction schene along with an
experinmental wite-up for the preparation of diol 2 can be found in U S '~

Pat ent No. 4, 876, 399. 2&631 Reacti on Schene A

Caled. for C33H004Si5: C, 64.92; H, 9.90; Found: C, 65.13; H, 9.28.

Ketocarbonate 9. To a vigorously s‘tirr:d soludon of dimethylsulfoxide (2.41 mL, 34 mimol) in

CH,Cl, (57 mL) under nitrogen at -78 *C was added 8.5 mL of 2 2.0 M solution (17.0 mmol) of

oxalyl chloride in CH,Cl,. After 10 min, a solution of hyroxycarbonate 8 (P, = TES, P4 =

TBS) (3.45 g, 5.67 mmol) in 16 mL CHzélz was added dropwise down the side of the flask.

After 30 min at -78 °C, wiethylamine (6.8 mL, 49 mmol) was added and the mixture was warmed

to room temperature. The mixture was diluted with 200 mL hexanes, washed with two 75 mL

portions of a saturated aqueous NaHCO; solution and brine, dried over anhydrous Na;80, and

concentrated Cu_ixdc: ::t\i)uccd pressure to yield 3.45 g of a yellow sclxd This material was fi Itered

.though a 1 mch[pad of silica gel with 10% ethyl acetate in hexanes and then recrystallized from

hexanes to yield 2.62 g of ketocarbonate 9 as white crystals. The mother liquor was purified by

silica gel chromatography, cluting with 10% ethyl acetate in hexanes and then recrystallization from

hexanes to yield an additional 0.58 g of ketocarbonate 9 (P4 = TES, Py = TBS) (total yield: 3.20
g, 93%).

9 (P,q = TES, P;3;=TBS): mp 140.0- 1415 'C; !'H NMR (500 MHz, CDCl3) 3 Q.11 (s, 3H,

TBS CHy), 0.12 (s, 3H, TBS CH,), 0.60 (g, / = 7.8 Hz, 6H, TES CH,p), 0.96 (t, J = 7.8 Hz,

9H, TES CHj), 0.98 (s, 9H, TBS t-Bu), 1.06 (s, 3H, CH; 19), 1.17 (s, 6H, CHj 16, CH3 19),'
1.42 (dd, ] =37, 142 Hz, 1H, H98), 1.63 (m, 2H, H6, H6), 2.12 (m, 1H, HYS), 238 d,J =
0.9 Hz, 3H, CH; 18), 247 (dd, J = 11.4,. 13.3 Hz, 1H, H9%), 2.65 (d, J = 8.2, 1H, HI), 3.94
(dd, /7 = 1.4, 10.4 Hz, 1H, H7), 4.44 (dd, 7 = 3.7, 11.4 Hz, 1H, H10), 4.49 (s, 1H, H3), 4.64
(dd, J = 6.9, 7.8 Hz, 1H, H13), 5.04 (dd, / = 1.4, 11.9 Hz, 1H, H20), 5.07 (dd, / = 1.8, 174
Hz, IH, H20), 5.76 (m, 1H, H4); 13C NMR 3 (ppm) -5.4 (TBS CH,), -4.5 (TBS CH,), 4.8
(TES CH,), 6.5 (TES CHj), 15.7 (CH; 18), 17.8 (CH4 19), 17.9 (TBS C(CHj)5), 25.5 (TBS
C(CH3)3), 28.2 (CH; 16), 28.3 (CH, 17), 28.3 (C6), 29.6 (C5), 30.4 (C14), 37.7 (C15),
38.0 (C8, C9), 62.1 (Cl)'., 66.5 (C10), 67.5(C13), 91.3 (C3), 91.5(C7), 116.4 (C20),
132.8 (C11), 137.0 (C4"), 145.4 (C12), 146.6 (cyclic carbonate C=Q), 206.8 (C2); IR (CCly)
1 2930, 2860, 1760, 1670, 1450, 1380, 1340, 1240, 1180, 1170, 1120, 1090, 1060, 1044, 980,
890, 860, 820, 700, 650 cm-!; MS (CI) 607 (M+1, 6), 549 w (45);

Sheet Has Been Replaced

SR | 11111



[err] [err]
WO 95/03265 PCT/US94/08350

62

Anal. Calcd. for C34H3304Si5: C, 63.30; H, 9.63; Found: C, 65.23; H, 9.66.

2-Keto-3-Hydroxy-Lactone 10. To a stirred solution of 3,7cyclic carbonate 9 (P4 = TES, Pi5
= TBS) (2.246 g, 3.70 mmol) in THF (9 mL) was added 19.4 mL of 0.2 M LTMP (3.88 mmol} in
THF dropwise down the sides of the flask at -25 *C. The reaction mixture was allowed to warm 1o
-10 °C over the course of 30 min. Tiuc cold reaction mixture was poured into 100 mL of 10%
aqueous acetic acid and exmacted with 100 mL of 10 % ethyl acetate in hexanes. The organic
phase was washed with 50 mL of a saturated aquco@s NaHCO; solution and 50 mL of Erine.
The combined aqueous phases were extracted with two 20 mL portions of 10% ethyl acetate in
hexanes. The ox’iganic phases were combined, dried over anhydrous Na,SO, and conceatrated
under reduced p:ssmc to give 2.4 g of a yellow oil. This material was purified by silica gel
chmmatogrn;ﬁhy, eluting with 3% then 10% ethyl acetare in hexanes to yield 2.033 g (90%) of the
hydroxy lactone 10 (P;q = TES, P53 = TBS) as a foamy solid and 0.207 g (7.2%) of the 3-
carbamate. _
10 (P;g=TES, P;5=TBS): 'H NMR (500 MHz, CDCl,) § 0.12 (s, 3H, TBS CH,), 0.14 (s,
3H, TBS CH,), 0.61 (g, / = 7.8 Hz, 6H, TES CH,), 0.92 (s, 9H, TBS t-Bu), 0.97 (t, J = 7.8
Hz, 9H, TES CH;), 1.11 (s, 3H, CH4 17), 1.22 (s, 3H, CH; 19), 1.27 (s, 3H, CH, 16), 1.32
(dd, J =3.2, 13.3 Hz, IH, H9B), 1.64 (ddd, / = 2.3, 6.9, 9.2 Hz, 1H, H6), 2.07 (m, 2H, HS,
HS), 2.17 (m, 1H, Hl4a), 2.33 (m, 1H, HS), 2.65 (m, 2H, H14p, H1), 2.74 (dd, J = 12.4,
12.4 Hz, 1H, H9a), 3.92 (dd, / = 2.8, 11.5 Hz, 1H, H7), 4.47 (dd, J = 3.2, 11.0 Hz, 1H,
H10), 4.55 (dd, J = 2.8, 9.6 Hz, 1H, H13), 5.02 (d, / = 10.1 Hz, 1H, H20), 5.07 (dd, / =
1.4, 16.9 Hz, 1H, H20), 5.81 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); 3CNMR & (ppm)
-5.2 (TBS CH;), -4.5 (TBS CH,), 4.8 (TES CH,), 6.6 (TES CH4), 16.4 (CH; 18), 17.9 (TBS
C(CH;)3), 24.2 (CHj 19), 25.7 (TBS C(CH;);), 26.9 (CH; 16), 30.1 (CH; 17), 30.4 (C3),
32.7 (C6), 32.9 (C14), 39.1(Cl153), 40.6 (C9), 48.1(C8), 62.0(Cl), 67.3 (Cl10), 67.6
(C13), 87.9(C3), 91.1 (C7) 115.8 (C20), 137.7(C11), 138.5 (C4"), 143.0 (C12), 173.5
(C4), 207.6 (C2); IR (CCly) v 3500, 2970, 2900, 1780, 1700, 1480, 1360, 1260, 1210, 1160,
1070, 1010, 910, 890, 840 cm-T; MS (EI) 606 (M, 100), 549 (69), 474 (27), 431 (65), 417(40);
Anal. Caled. for Cy3H550¢Siy: C, 65.30; H, 9.63; Found: C, 65.38; H,9.64. —
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Keto Lactone 11. To the 2-keto-3-hydroxylactone 10 (P,q = TES, P53 = TBS) (1.10 g, 1.83

mmol) was added a 0.1 M solution of Sml, in THF (82 mL, 8.2 mmol). The resulting dark blue

solution was stirred at room temperature under N, for 4h. After cooling to O °C an ethereal

solution of HC! (0.66M; 4.2 mL, 2.77 mmol) was added; after 5 min the flask was opened to the

air and the reaction mixture was diluted wixfx 200 mL of cold ethy! acetate, then poured into 50 mL

of ice cold 0.2N aqueous HCl. The organic phase was separated and washed with 50 mL of a 5%

aqueous citric acid solution, two 50 mi. portions of a saturated aqueous NaHCO; solution and 50

mL of brine, dried over anhydrous Na;SO, and concentrated under reduced pressure. The

resulting material was dissolved in 100 mL of hexanes, then silica gel ( 230-400 mesh; 4.3 g) was

added and the r{xxégx& v)ms vigorously stirred at room temperature for 65 min before filtering

through a 1 inchlpnd of silica gel eluting with 300 mL of 20% ethy! acetate in hexanes. The
solvent was evaporated under reduced pressure and the residue was purified by silica gel

chmmatograph}, eluting with 10% ethyl acetate in hexanes to yield 822 mg (77%) of the cis-
ketolactone 11 and 164 mg (15%) of the corresponding rrans isomer.

To a solution of the trans-2-ketolactone (611 mg, 1.03 mmol) stirred in 10 mL. of THF under
nitrogen at 0 "C was added down the side of the flask 6.8 mL of a 0.6 M solurion (4.1 mmol) of t-
BuOK in THF. The resulting solution was stirred for 1.5 h then 10 mL of a 10% acetic acid
solution in THF was added down the side of the flask. After stirring for 5 min the mixture was
diluted with 200 mL of hexanes and poured into 100 mL of a saturated aqueous NatHCO; solution.
The organic layer was washed with water and brine then dried over anhydrous Na,SO4 and
concentrated under reduced pressure to yield 613 mg of pale brown oil. The oil was dissolved in
10 mL of hexanes and silica gel (3.0 g) was added. The mixture was stirred vigorously for 15 min
then filtered through a 1/2( ;xﬁtgf silica gel with 20% ethyl acetate in hexanes. Concenmation of
the filtrate under reduced pressure yielded 576 mg of pale yellow oil. This material was purified
by silica gel chromartography, eluting with 10% then 20% cthyl acetate in hexanes to yield 472 mg
(77%) of pure cis-2-ketolactone 11 (P4 = TES, P;3 = TBS), 84 mg (13%) 6f pure frans isomer

and 24 mg of a 6:1 mixture of cis:rans isomers.

11 (P,g=TES, P;3 = TBS): mp =86.5-88.0°C; 'HNMR (500 MHz, CDCl) & 0.05 (s, 3H,
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TBS CHj,), 0.07 (s, 3H, TBS CHj), 0.54 (q, J = 7.8 Hz, 6H, TES CH,), 0.84 (s, 9H, TBS t-
B;x), 0.90 (1, /= 7.8 Hz, 9H, TES CH,), 1.03 (s, 3H, CH; 17), 1.11 (s, 3H, CH; 16), 1.15 (s,
3H, CH; 19), 1.35 (dddd, / = 4.6, 4.6, 7.3, 14.2 Hz, 1H, H6), 1.43 (dd, /= 3.7, 12.8 Hz, IH,
H98.,), 1.67 (dddd, J = 3.2, 7.3, 10.1, 13.7 Hz, 1H, H6), 1.83 (dd, J = 4.6, 16.0 Hz, 1H,
Hlda), 2.03 (m, 1H, H5), 2.07 (d, /= 1.4 Hz, 3H, CH; 18), 2.25 (m, 1H, HS), 2.30 (dd, J =
11.9, 12.3 Hz, 1H, H9a), 2.45 (d, /= 8.2 Hz 1H, H1), 2.58 (ddd, /7 = 8.7, 9.2, 16.0 Hz, 1H,
H14B), 3.93 (dd, J = 2.8, 11.4 Hz, 1H H7p), 4.03 (s, 1H, H3a), 4.37 (dd, J = 3.7, 11.0 Hz,
1H, H10B), 4.46 (ddd, J = 1.4, 4.6, 9.2 Hz, 1H, H13B), 4.96 (dd, J = 1.4, 10.1 Hz, 1H, H20),
5.01 (dd, J = 1.4, 17.4 Hz, 1H, H20), 5.73 (dddd, J = 6.4, 7.3, 10.5, 16.9 Hz, 1H, Hd); 13C
NMR & (ppm) -5.3 (TBS CH;), -4.6 (TBS CHj), 4.5 (TES CH,), 6.5 (TES CHjy), 15.0 (CH, _
18), 18.0 (TBS C(CHs)), 25.7 (TBS C(CHs)4), 28.9 (CHj 19), 29.2 (CH; 16), 25.8 (C5),
29.9 (CH; 17), 30.3 (C8), 32.8 (C14), 38.5 (C15), 44.2 (C8), 44.9 (C9), 60.6 (C3), 61.2
(C1), 66.9 (C10), 67.8 (C13), 91.9 (C7), 115.7(C20), 137.7(C11), 138.5 (C47), 1424
(C12), 174.7 (C4§, 204.3 (C2); IR (CCly) v 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180,
1070, 1060, 1000, 830 cm-l; MS (CI) 591 (M+1, 5), 523 (6), 459(100), 441 (5); Anal. Caled.
for C35H43045i,: C, 66.07; H, 9.89; Found: C, 66.97; H, 9.91.

1-Hydroxy-2-Keto-Lactone 12. To 34.2 mi. of a stirred 0.2 M soluton (6.84 mmol) of LTMP in
THF under nizrogen at -10 “C was added a solution of ketolactone 11 (P4 = TES, P,; = TBS)
(1.008 g, 1.71 mmol) in 10 mL of THF dropwise down the side of the flask. After 0.5 h, the
reaction mixture was cooled to -40 *C and a solution of (t)-camphorsulfohyl oxaziridine (1.96 g,
8.55 mmol) in THF (10 mL) was added dropwise down the side of the flask. Alfter 20 min, .thc
reaction mixture was cooled to -78 *C, diluted with 200 mL of hexanes and rapidly poured into
250 mL of a vigorously stirred saturated aqueous NH,Cl solution. The aqucous phase was
extracted with two 30 mL portions of hexane and the combined organic phase were dried over
anhydrous Na,SO, and concemrated under reduced pressure to givc 1.4 g of a waxy solid. This
material was chrﬁ;'natogmphcd (CH,Cl; followed by hexanes increasing to 10% ethyl acetate in
hexanes) to give 0.882 g of hydroxyketolactone 12 (P4 = TES, P53 = TBS) (85%) as a white

solid, 0.083 g of the corresponding frans-hydroxyketolactone (8 %) as a solid, and 31 mg of
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returned ketolactone 11 (3 %).

12 (Pyo=TES, P13 =TBS): mp 124-126 °C; IH NMR (C¢Ds) & (ppm) 0.09 (s, 3H, CH; in
TBDMS), 0.17 (s, 3H, CHj; in TBDMS), 0.62 (q, / = 7.78 Hz, 6H CHj’s in TES), 1.03 (t, J
=7.78, 9H CHj’s in TES), 1.05 (s, 3H, CH;19), 1.13 (s, 9H, t-Bu in TBS), 1.20 (s, 3H,
CH;317), 1.39 (m, IH, H6), 142 (s, 3H, CH;16), 1.44 (dd, /= 0.92, 13.28 Hz, 111, HOp),
1.98 (dd, J = 9.61, 12.82 Hz, 1H, H14p), 2.05 (n, 1H, I1I5), 2.06 (broad, 1H, OHl, D20
exchangabie), 2.25 (m, 11, HG), 2.27 (d, J = 0.91 Hz, 3H, CH;18), 2.29 (m, 1H, HS), 2.41
(dd, /= 10.98, 13.28 Hz, 1H, H9%«a), 2.56 (dd, J = 3.21, 12.82 Hz, 1H, l114a), 3.83 (dd, J =
2.75, 11.90 Hz, 1H, H7), 4.04 (s, 1H, H3), 4.47 (dd, J = 0.92, 10.98 Hz. 1H, H10), 4.60
(ddq, /=091, 3.2, 9.61 Hz, 1H, H13), 5.11 (br d, J = 10.53 Hz, IH H20), 5.18 (br d, J =
17.40 Hz, 1H, H20), 5.77 (m, 1H, H4); 13C NMR (CDCl,) 5 (ppm) -3.4 (TBS CH,), 4.7
(TBS CHj), 4.5 (TES CH,), 6.5 (TES CH,), 15.5 (CH4 18), 17.9 (TBS C(CH,)s), 22.5 (CH;,
19}, 25.7 (TBS C(CH,)3), 263 (CHy 16), 29.8 (CH; 17), 29.8 (CS), 30.4 (C6), 39.6 (C14),
41.3 (C15), 44.5 (C9), 45;0 (C8), 58.1 (C3), 66.5 (C10), 68.2 (C13), 83.0 (C1), 91.7 (CD),
115.7 (C20), 137.0 (C11), 137.6 (C4"), 145.5 (C12), 175.0 (C4), 202.4 (C2); IR (CCl) v
3500, 3000, 1780, 1720, 1100 cm-1; MS (CI) 607 (M+1, 10), 589 (56), 475 (100), 457 (61);
Anal. Caled for Cy4Hs304Si5: C, 65.30; H, 9.63. Found: C, 65.19; H, 9.60.

1,2-Dihydroxy-trans-lactone 13. To a stirred 1.23 M solution of Red-Al (4.6 mmol, 5.6 mmol) in
THF under nitrogen at -78 "C was quickly added 2 solution of cis-hydroxyketone 12 (P, = TES,
Py3 = TBS) (342 mg, 0.563 mmol) in THF (25 mL). After {.5 h, 25 mL of 2 15 % aqueous
NaOH solution was ad&cd dropwise directly to the rezction mixture. The reaction mixwre was
vigorously stirred at room temperature for 3 h ana was en poured into 100 mL of H,0 and
extracted with two 100 mL portions of ether. The organic phases were combined and washed
with 100 mL of H,0 and 100 mL of brine, dried over anhydrous Na,SO, and concentrated under
reduced pressure to give 0.35 g of a pale yellow solid. This material was purified by silica gel
chromatography eluting with 10% ether in hexanes followed by 25% ethyl acetate in hexanes to
yield 290 mg mrans-diol 13 as colorless needles, 14.5 mg (4.2 %) of trans-hydroxyketone, and 20

mg of a mixture of cis-diol and unknown byproducts. To a solution of the mixture containing cis-
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diol in THF (1 mL) under nitrogen at room temperatre was added 0.5 mL a 30% aqueous solution
of NaOH. After 2.5 h, the reaction mixture was poured into 30 mL of H,O and exmacted with 30
mL of ether. The organic phase was washed with 30 mL of H,0 and 30 mL of brine, dried over

anhydrous Na;SOy and concentrated under reduced pressure to give 0.02 g of a yellow solid,

| which was purified by silica gel chromatography eludng with 5% ethyl acztate in hexanes (0 yield

an additional 12 mg (total yield: 302 mg, 88%) of rans-diol 13 (P, = TES, P53 = TBS).

13 (Pyo=TES, P;;=TBS): mp 127-128°C, 'HNMR (500 MHz, CDCl3) § 0.09 (s, 3H, TBS
CHs), 0.11 (s, 3H, TBS CH,), 0.60 (q, / = 8.1 Hz, 6H, TES CH,), 0.87 (s, 9H, TBS t-Bu),
0.96 (t, / = 8.1 Hz, 9H, TES CH;) 1.13 (s, 3H, CH; 17), 1.23 (s, 3H, CH; 16), 1.31 (s, 3H,
CH; 19), 1.42 (dd, J = 3.7, 12.8. I:;tz, 1H, H9B), 1.46 (ddd, J = 4.8, 8.8, 11.4 Hz, 1H, HE),
1.74 (dddd, / =3.3, 7.3, 9.9, 12.4 Hz, 1H, H6), 1.99 (d, J = 1.5 Hz, 3H, CH; 18), 2.10 (m,
1H, HS), 2.21 (dd, J = 3.7, 5.4 Hz, 1H, Hl4da), 226 (m, 3H, HS, H9«a, H14B), 2.92 (d,J =
7.7 Hz, 1H, H3), 3.84 (dd, / = 2.2, 7.7 Hz, 1H, H2), 3.85 (s, IH, OH1), 3.97 (dd, / = 29,
11.4 Hz, 1H, 1;17), 4.47 (dd, J = 3.7, 11.4 Hz, 2H, HI3, HlO) 5.01 (dd, J = 1.8, 12.2 H,
1H, H20), 5.07 (dd, J = 1.7, 17.0 Hz, 1H, H20), 5.78 (dddd, J = 7.3, 7.3, 10.1, 16.5 Hz, 1H,
H4), 6.837 (d, / = 2.9 Hz, 1H, OH2), 13C NMR (CDCl;) 3 (ppm) -5.31, -4.59, 4.79, 6.55,
16.60, 17.68, 21.24, 24.70, 25.62, 28.50, 29.52, 30.05, 40.20, 40.41, 44.18, 45.18, 45.60,
66.62, 69.25, 71.32, 88.91, 116.09, 136.96, 138.63, 139.93, 180.10, IR (CHCl4) v 3050,
1730, 1460, 1350 cm-!, MS (EI) 608 (M, 13), 590 (26), 267 (100), Anal. Caled. for
C33HgOgSig: C, 65.08; H, 9.92. Found C, 65.06; H, 9.98.

Carbonate 14. To a stirred solution of diol 13 (P4 = TES, P;3 = TBS) (1.00 g, 1.64 mmol) in
CH,C(l, (58 mL) and pyridine (5.8 mL) under nirogen at -78 *C was added dropwise 8.2 mL of 2
M solution (16.4 mmol) of phosgene in toluene. Then the reaction mixure was warmed to -23 °C
and stirred for 30 miﬁ. To the resulring mixtwre, 50 mL of a saturated aqueous NaHCO; solution
was added. After warming to room temperature for 10 min, the reaction mixture was extracted
with 200 mL of 10% ethyt acetate in hcxanés. The organic phase was washed with 100 mL of a
10 % aqueous CuSQO, solution, two 200 mL portions of a saturated aqueous NaHCO; solution and

brine, dried over anhydrous Na,SO, and concenrated under reduced pressurc to g:vc l.Llgofa
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(7.62 cn)
pale yellow solid. This material was filtered through a 3 inch[pad of silica gel with 15% ethyl

acetate in hexanes to yield 1.045 g (100%) of carbonate 14 (Po = TES, P;; = TBS) as a white
solid. _ '

14 (P,q =TES, P;3 =TBS): mp 146-147 °C, 'H NMR (500 MHz, CDCl3) 5 0.11 (s, 3H, TBS
CH,;), Q.12 (s, 3H, TBS CH,;), 0.61 (g, / = 7.8 Hz, 6H, TES CH,), 0.88 (s, 9H, TBS t-Bu),
0.96 (t, / = 7.8 Hz, SH TES CHj), 1.20 (s, 3H, CH; 17), 1.30 (s, 3H, CH;j 16), 1.32 (s, 3H,
CHj 19), 1.40 (ddd, /= 2.7, 4.5, 9.2 Hz, 1H, Hf), 1.44 (d, J = 3.7, 13.3 Hz, 1H, HIB), 1.71
(dddd, J= 2.7, 6.9, 9.6, 12.8 Hz, 1H, H6), 2.11 (ddd, J = 7.8, 15.3, 15.3 Hz, 1H, HS5), 2.29
(dd, J = 3.2, 15.6 Hz, 1H, Hl4a), 2.31 (m, 2H, H5, Hoa), 2.59 (dd, J = 9.2, 15.6 Hz, 1H,
H148), 2.99 (d, /= 7.3 Hz, lH, H3a), 4.02 (dd, /= 2.7, 11.4 Hz, 1H, H7B), 4.38 (dd, J =
3.7, 11.0 Hz, 1H, HI0B), 4.47 (4, J = 7.3 Hz, 1H, H2p), 4.57 (dd, J = 2.1, 9.2 Hz, 1H,
H13B), 5.02 (dd, J = 1.4, 10.1 Hz, 1H, H20), 5.06 (dd, J = 1.4, 16.9 Hz, 1H, H20), 5.77
(dddd, 7 = 6.9, 6.9, 10.1, 17.0 Hz, 1H, H4), !3CNMR (CDCl4) 3 (ppm) -5.37, -4.60, 4.75,
6.51, 17.02, 17.60, 21.24, 24.64, 25.55, 27.36, 29.50, 30.11, 37.56, 39.96, 42.89, 43.75,
45.39, 66.54, 68.29, 87.37, 90.05, 116.15, 136.54, 136.94, 144.93, 153.32, 169.89, IR
(CHCl3) v 3070, 1800 cm-1, MS (EI) 634 (M, 12), 577 (100), Anal. Calcd. for C34H5g07Sis:
C, 64.31; H, 9.21. Found C, 64.41; H, 9.22.

Ketoester 15. To a stirred solution of lactone 14 (P|y = TES, P,3 = TBS) (1.05g, 1.65 mmol) in
mczhariol (70 mL) under nigogen at -78 *C was added a samratéd solution of ozone in methylene
chlorigic (50 miL,, 4Q mL then 8 mL) until no more starting material remained by TLC analysis.
Triethylamine (4.8 mL) and wrimethylphosphite (3.1 mL) were added sequentially to the resulting
mixture at -78 “C. After stirring 5 min, the solution was warmed to 0 *C and stirred for 2 h. The
resulting solution was poured into 250 mL of a saturated aqueous NaHCQ5 solution and extacted
with three 200 mL portions of CH,Cl,. The combined organic layers were washed with 150 mL
of a saturated NnHCO:, solution, dried over anhydrous Na,SO, and concentrated under reduced

. witRou X
pressure to give 1.10 g of the aldehyde as a colorless oil. This material was uschfurthcr

purification. .
To a strred solution of the aldehyde (1.10 g) in t-butanol (30.8 mL), acetone (10.3 mL) and 8 mL
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of a 1.25 M (10 mmol) aqueous KH; PO, solution at 0 *C was added 113 mL ofa I M (11.3
mumol) aqueous KMnO ,; solution over the course of 2 min. The renction mixture was stirred at ¢
"C for 30 min, poured into 200 mL of a 10% aqueous Na,S,04 solutmn and extracted with three
200 mL pardons of ethyl acetate. The combined organic layers were washed with 50 mL of water,
dried over anhydrous Na,SO, and concenmrated under reduced pressure. To a stirred solution of
the oily residue in ether (30 mL) at room temperature was added an cthereal solution of CH,N, (20
mL). The solution was conc:nuntfg_ gxgc:“ r;:duc:d pressure to give 1.15 g of a colorless oil. This
material was filtered through a 2. inchlpad of silica gel with 40% ethyl acetate in hexanes and
concentration under reduced pressure yielded 1.01 g (91%) of lactone ester 15 (P1o=TES,Py3=
TBS, R = Me).

15 (Pyg=TES, P53 =TBS, R =Me): 'H NMR (500 MHz, CEDCIg) §0.12 (s, 3H, TBS CH,),
0.12 (s, 3H, TBS CH;), 0.60 (q, / = 8.1 Hz, 6H, TES CH,), 0.88 (s, 5H, TBS t-Bu), 0.96 (,
J= 8.1 Hz, 9H,; TES CH,), 1.21 (s, 3H, CHy), 1.30 (s, 3H, CH;), 1.33 (s, 3H, CH,), 1.51
(dd, J = 3.7, 13.2 Hz, 1H, H9B), 1.53 (m, IH, H6), 2.06 (d, / = 1.1 Hz, 3H, CH, 18), 2.07
(ddd, J = 2.9, 7.7, 21.6 Hz, 1H, H6), 2.29 (dd, J = 3.7, 15.8 Hz, 1H, Hldq), 2.31 (dd, J =
13.2, 13.2 Hz, 1H, H9a), 2.46 (ddd, J =77, 16.3, 24.5 Hz, 1H, HS), 2.53 (ddd, J = 5.5, 7.7,
16.8 Hz, 1H, H5), 2.60 (dd. /= 9.2, 15.8 Hz, 1H, H14B), 2.99 (d, / = 7.3 Hz, 1H, H3a), 3.68
(s, 3H, CO,Me), 4.09 (dd, /= 2.6, 12.1 Hz, 1H, Hp), 4.39 (dd, /= 3.7, 11.0 Hz, 1H, H108),
4.47 (d, J = 7.3 Hz, IH, H2f), 4.59 (dd, J = 1.8, 9.2 Hz, 1H, H13B); Anal. Calcd. for
C54H50sSiy: C, 61.22; H, 8.77. Found C, 61.30; H, 8.79.

Enol ester 1 6. 'i'o a stirred solution of lactone ester 15 (P = TES, P;3 = TBS, R = Me) (1.0l g,
1.51 mmol) in THF (24.5 mL) at -78 *C was added siowly a 19.4 mL of a2 0.2 M solution (3.88
mmol) of LDA in THF down the side of the flask over the course of 3 min. After stirring 35 min,
10 mL of a 33% solution of acedc acid in THF was quickly added. After 5 min, the mixture was
poured into 150 mL of a saturated aqueous NaHCOj5 solution and exmacted with three 200 mL
portions of CHCI;. The combined organic phases were dried over anhydrous Na,SQ4 and
concentrated under reduced pressure to give (.02 g of crude enol ester 16 (Pig = TES, P53 =

TBS, R = Me) as a colorless oil. Approximately 3% of unreacted ester lactonc 1 5 was snll present

This Sheet Has Been Replaced

i

SUBSTITUTE SHEET (RIIt F o5 | lIIlI



-————————

\ PCT/USH4/08350
LOA,  TMS@io 95103265 REPLACEMENT SHEET >

63

but this material was used without further purification. .

16 (P,g=TES, P;3 = TBS, R = Me): 'H NMR (300 MHz, CDCl;) §.0.09 (s, 3H, TBS CH,),
0.10 (s, 3 ‘;H TBS CHj3), 0.61 (q. 6H, TES CHy), 0.87 (s, 9K, TBS t-Bu), 0.96 (t, / = 8.0 Hg,
TES CHy), 1.08 (s, 3H, CHj), 1.21 (s, 3H, CHy), 1.33 (S, 3H, CHj), 1.61 (d, J= 4.3 Hz, 1H,
OH-7), 1.89 (dd, /= 4.3, 13.9 Hz, 1H, H%«), 1.95 (dd, J = 11.2, 11.2 Hz, 1H, HIB), 2.01 (d,
J=1.1 Hz, 3H, CH; 18), 2.22 (ddd, J = 2.7,: 10.7, 15.5 Hz, 1H, HSB). 2.45 (dd, J = 4.8, 15.5
Hz, 1H, Hé6a), 2.54 (dd, /= 9.1, 15.0 Hz, 1H, H14B), 2.86 (dd, J = 3.7, 15.0 Hz, 1H, Hl4a),
3.07 (s, 1H, H3), 3.40 (ddd, J = 4.8, 4.8, 9.6 Hz, 1H, H7a), 3.75 (s, 3H, CO,Me ), 4.39
(dd, J = 4.3, 11.2 Hz, IH, HI10f), 4.60 (d, /= 4.3, 11.2 Hz, 1H, H20), 4.67 (dd.J= 2.1, 9.1
Hz, 1H, H13B), 12.24 (s, 1H, OH4).

Enol ester 1 7. To a stirred solution of crude enol ester 16 (P1o=TES, P;3=TBS, R = Me) (1.02
- g inTHF (13 mL) and 2-methoxypropene (13 mL) under z;iu'cgcn at 0 °C was added 0.48 mL of
a 0.1 M solurion (0.048 mmol) of p-toluenesuifonic acid in THF. The mixture was stirred at 0 °C
for 10 min and then triethylamine (0.66 mlL.) was added. Thc mixture was concsntrated under
- reduced pressure and purified by silica ze‘ chromatoaranhy, eluting with 7.5% ethyl acetate in
' hexanes i increasing to 30% ethyl acetate in hexanes to axcld 938 mg enol ester 17 (Py = MOP, P,
=TES, P53 = 'I'BS R =Me) (84% from 15) and 30 mg (3%) of recovered lactone ester 15.
17 (P; =MOP, Pyg = TES, P;3 = TBS, R = Me): mp 95-97 °C, 1H NMR (300 MHz, CDCl;) ]
0.08 (s, 3H, TBS CH,), 0.10 (s, 3H, TBS CHj), 0.59 (q, / = 7.7 Hz, 6H, TES CH,), 0.87 (s,
9'H._ TBS t-Bu), 0.95 (t, J = 7.7 Hz, 9H, TES CHjy), 1.10 (s, 3H, CH;), 1.19 (s, 3H, CHy),
1.30 (s, 3H, CH;), 1.34 (s, 3H, MQP CH;), 1.37 (s, 3H, MOP CHj;), 1.84 (m, 2H, H%,
H9B), 1.98 (s, 3H, CH; 18), 2.17 (ddd, /= 2.8, 10.4, 15.9 Hz, 1H, H6B), 2.52, (dd, J = 9.3,
15.4 Hz, H, H14p), 2.63 (dd, J = 4.4, 15.9 Hz, 1H, H6a), 2.88 (dd, / = 3.8, 15.4 Hz, IH,
Hlda), 3.06 (s, 1H, H3a), 3.26 (s, 3H, MOP OMe), 3.37 (dd, / = 4.4, 10.4 Hz, 1H, H7a),
3.72 (s, 3H, CO,Me). 4.36 (dd, J = 6.0, 9.3 Hz, IH. H10B), 4.57 (d, / = 2.2 Hz, 1H, H2p),
4.67 (dd, /= 2.8, 9.3 Hz, 1H, H13B), 12.24 (s, 1H, OH4).

Enol-ester 17-(P; = TES). Td'a solution of the enol ester 1 6 (P, = TES, P, 5 = TBS, R = Me) (9
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mg, 0.0137 mmole) and DMAP (3.5 mg, 0.0286 mmale) in pyridine (0.6 mL) at 0 °C was added

triethyisilyl chloride (0.025 mL, 0.14 mmole). The solution was stirred at room temperature for

16 h, diluted with ethyl acetate (10 mL), poured into a saturated aqueous sedium bicarbonate

soluton (20 mL.) and extracted with 2‘0% ethyl acetate/hexane (20 ml x 3). The combined organic
layer was dried over anhydrous NaSQ,, fiitered and conceatrated to yield 25 mg of crude 17.

Column chromatography (10% cthyl acetate/ hexane) provided 10 mg (95%) of pure'enol ester 17
(Py = Pyg = TES, Py3 = TBS, R = Me).

17 (P; =Py = TES, P;3 = TBS, R = Me): 'H NMR (300 MHz, CDCl5) 8 0.08 (s, 3H, TBS
CHy), 0.10 (s, 3H, TBS CHj), 0.59 (q, J = 8.1 Hz, 12H, TES CH, ), 0.87 (s, 9H, TBS t-Bu),
0.95 (t, /=17.7 Hz, 18H, TES CHj,), 1.05 (s, 3H, CH;), 1.19 (s, 3H, CHj), 1.30 (s, 3H, CHjy),
1.84 (m, 2H, H9¢, HIRB), 1.98 (s, 3H, Cﬁ3 18), 2.17 (ddd, J = 2.8, 10.4, 15.9 Hz, 1H, Héf),
2.31 (dd, J = 4.4, 15.9 Hz, 1H, Hée), 2.52, (dd, J = 9.3, 15.4 Hz, 1H, H14f), 2.85 (dd, .I =
3.3, 15.4 Hz, 1H, Hl4a), 3.03 (br s, 1H, H3aw), 3.34 (dd, J = 5.0, 10.4 Hz, IH, H7a), 3.75
(s. 3H, CO,Me OMe), 4.36.(dd, J=15.0, 10.4 Hz, 1H, H10f), 4.58 (d, J=27 Hz, 1H, H2B),
4.66 (br d, J = 11.0 Hz, 1H, H13B), 12.22 (s, 1H, OH4).

Ketone 18. To a stirred solution of enol ester 17 (P; =MOP, P = TES, P3 = TBS, R = Me)
(963 mg, 1.3 mmol) in DMF (30 mL) under nitrogen at room temperature was added solid
potz;ssium thiophcno;cidc (250 mg, 1.69 mmol) followed by thiophenol (0.4 mL, 3.9 mmol). The
solution was warmed to 86 °C for 3.5 hours. The solution was allowed to cool to room
temperature then was poured directly into 250 mL of a saturated aqueous NaHCO, solution and
extracted with three 150 mL portions of 30% ethyl acetate in hexanes. The combined organic
phases were then filtered through a chgc;z,slﬁg gel pad and subsequently concentrated under
reduced pressure to yield 1.29 g of crude product. This material was purified by radial
chromatography, eluting with 15% then 20% and ﬁnally 25% ethyl acetate in hexanes to yield 763
mg (86%) of ketone 18 (P; = MOP, P, o = TES, P, = TBS).

18 (P, =MOP, P4 = TES, P;; = TBS): 'H NMR (300 MHz, CDCl,) 3 0.10 (s, 3H, TBS
CHs), 0.14 (s, 3H, TBS CH,), 0.58 (q, / = 8.2 Hz, 6H, TES CH,). 0.94 (s, 9H, TBS 1-Bu),
0.95 (1, / = 8.2 Hz, 9H, TES CHy), 1.22 (s, 3H, CH,; 19), 1.30 (s. 3H, CH; 17), 1.32 (s, 6H,
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MOP CH,), 1.33 (s, 3H, CH; 16), 1.80 (m, 1H, HS), 1.81 (dd, J = 3.8, 3.8 Hz, 1H, HO),
1.98 (m, 1H, HS), 1.99 (d, J = 1.1 Hz, 3H, CH, 18), 2.21 (m, 1H, H6p), 2.29 (dd, J = 10.4,
12.1 Hz, 1H, H9q), 2.43 (dd, J =9.3, 15.4 Hz, 1H, Hlda), 2.53 (m, 1H, H6a), 2.63 (dd, 7
= 5.0, 15.4 Hz, 1H, HI14B), 2.70 (d, J = 5.0 Hz, 1H, H3), 3.20 (s, 3H, MOP OMe), 3.39 (dd,
J = 6.1, 10.4 Hz, 1H, H7), 4.34 (dd, J = 3.9, 104 Hz, 18, HI10), 4.55 (d, J = 5.5 Hz, 1H,
H2), 4.73 (dd, J = 5.3, 7.7 Hz, 1H, H13). Anal. Caled. for C16Hg408Siy: C, 63.49; H, 9.47.
Found C, 63.56; H, 9.53.

18 (P;=P,¢=TES, P;3 =TBS): 'H NMR (300 MHz, CDCl,) 8 0.10 (s, 3H, TBS CH,), 0.14

(s, 3H, TBS CH;), 0.47-0.63 (m, 12H, TES CH,), 0.90-0.99 (m, 27H, TBS t-Bu, TES CH,),

1.22 (s, 3H, CHj), 1.25 (s, 3H, CHy), 1.33 (s, 3H, CH;), 1.75 (dt, J = 11.6, 1.6 Hz, 1H),
1.85 (d, / = 3.3 Hz, 1H), 1.90 (1, J = 3.9 Hz, 1H), 1.97 (t, / = 8.1 Hz, 1H), 2.00 (s, 3H,
CH,), 2.30 (m, 1H), 2.39-2.60 (m, 3H), 2.65 (m, 1H), 3.35 (dd, J = 9.6, 7.8 Hz, 1H, H7a),
4.35 (dd, J =10.8, 3.3 Hz, 1H, H10p), 4.57 (d, 7 = 5.1 Hz, 1H, H2B), 4.72 (m, 1H, H13p).

Ketone 18 (P,=BOM). To a stirred solution of ketone 18 (P; = MOP, P4 = TES, P,3 =TBS)
(293 mg, 0.43 mmol) in THF (28.6 mL) and methanol (9.5 mL) under nitrogen at room
temperature was added dropwise 0.20 mL of a 0.1 M solution of PPTS in CH,Cl, (0.02 mmol).
The reaction mixture was stirred for 3 h, poured into 100 mL of a saturated aqueous NaHCO,
solution and extracted with two 100 mL portions of ethyl acetate. The combined organic phases
were washed with brine, dried over anhydrous Na;SO, and concentrated under reduced pressure
to yield 274 mg of the hydroxy ketone 18 (P;=H) as a colorless oil. This material was used
without further purification.

18 (P;=H, P,¢=TES, P35 =TBS): mp 75-77 "C, 'H NMR (500 MHz, CDCl3) & 0.10 (s, 3H,
TBS CHj), 0.13 (s, 3H, TBS CH;), 0.61 (q, / = 8.2 Hz, 6H, TES CH,), 0.93 (s, 9H, TBS t-
Bu), 0.95 (t, / = 7.7 Hz, 9H, TES CH,), 1.19 (s, 3H, CH; 19), 1.22 (s, 3H, CH; 17), 1.35 (s,
3H, CH; 16), 1.84 (dd, J = 13.7, 4.1 Hz, 1H, H9a), 1.88 (m, 2H, H9B, OHT7), 1.92 (m, 1H,
H6B), 2.05 (d, / = 1.4 Hz, 3H, CHy 18), 2.10 (m, 1H, H6a), 2.36 (dddd, J =1.4, 4.1, 9.9,
14.4 Hz, 1H, H5a), 2.47 (dd, J = 8.9, 15.4 Hz, 1H, H14B), 2.51 (m, 1H, H58), 2.54 (dd, J
= 4.8, 15.4 Hz, 1H, H14p), 2.86 (d, J = 5.5 Hz, 1H, H3), 3.59 (ddd, J = 4.5, 6.2, 11.3 Hz,
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1H, H7), 4.38 (dd, / = 4.1, 9.1 Hz, 1H, HI10), 4.56 (d,J = 5.5 Hz, 1H, H2), 4.69 (ddd, J
=1.4, 4.8, 9.3 Hz 1H, HI3). Anal. Calcd. for C3,Hs40,5i,x.5H,0: C, 62.19; H, 9.30. Found
C, 62.16; H, 9.22. |

To a stirred solution of hydroxy ketone 18 (P;=H) (179 mg, 0.29 mmol) in CH;Cl, (9.5 mL),
diisopropylethylamine (1.49 mL, 8.6 mmof) and tetrabutylammonium iodide (253 mg, 0.69 mmol)
under nitrogen was added dropwise benzyloxymethylichloride (0.42 mL, 2.86 mmol). The reaction
mixture was brought to reflux for 32 h, cooled to room temperature, poured into 100 mL of 2
saturated aqueous NaHCO, solution and extracted with two 100 mi. portions of 50% ethyl acetate
in hexanes. The combined organic phases were washed with brine, dried over anhydrous Na,SQ,
and concenmated under reduced pressure to yield 249 mg of the hydroxy ketone as a yellowish oil.
This material was purified by silica gel chromatography to yield 196 mg (92%) of ketone 18
(P;=BOM, P, = TES, P,5 = TBS) as a colodless ail.

18 (P,=BOM, P, = TES, P5 = TBS): 'H NMR (500 MHz, CDCl3) & 0.10 (s, 3H, TBS CH,),
0.13 (s, 3H, TBS-CH;,), 0.59 (q,J =7.7 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.94 (,
J =17.7 Hz, 94, TES CHy), 1.22 (s, 3H, CH; 17),.1.31 (s, 3H, CHj 19), 1.33 (s, 3H, CH; .
16), 1.87 (dd, J = 12.1‘, 3.8 Hz, 1H, HY«), 1.98 (d, J = 1.4 Hz, 3H, CH, 18), 1.99 (m, 2H,
Hé6P, HOB), 2.21 (m, 1H, Hba), 2.34 (dd, J = 10.4, 12.1 Hz, 1H, H5a), 2.43 (dd, J = 9.3,
15.4 Hz, 1H, Hl4a), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, 1H, H58), 2.62 (dd, J = 5.0, 15.4
Hz, 1H, H14B), 2.74 (d, J = 5.0 Hz, 1H, H3), 3.38 (dd, J = 6.6, 11 Hz, 1H, H7), 4.38 (dd, J
= 3.8, 10.4 Hz, 1H, H10), 4.56 (d, J = 5.0 Hz, 1H, H2), 4.58 (d, J =11.5 Hz 1H, CH,Ph),
4.64 (d, J =11.5 Hz 1H, CH,Ph), 4.68 (m, 2H, HI3, OCH,0), 4.82 (d, J =7.2 Hz 1H,
QCH,0), 7.31 (m, 5H, Ph).

Ketone 222 (P5=TMS). To a vigorously stirred solution of ketone 18 (P4=BOM, P, = TES,
Py3 = TBS) (315 mg, 0.42 mmol) in THF (10.5 mL), triethylamine (0.88 mL, 6.3 mmol) and
trimethylsilyl chloride (0.53 mL, 4.2 mmol) under nirogen at -78 *C was added dropwise down
the side of the flask 1.35 mL of a 0.5 M solution (0.68 mmol) of LDA in THF, After 25 min, 2
. mL of a saturated aqueous NaHCO+ solution was added. The reaction mixture was diluted with

150 mL. of hexanes and washed with 20 mL of a sarurated aquecus NaHCO5 solution and brine,
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dried over anhydrous Na,SO, an& concentated under reduced pressure. -'I‘nc resulting oil was

filtered through celite with hexanes and the filtrate was concentrated under reduced pressure to give

338 mg (99%) of the TMS enal ether 21a (P,=BOM, P;o = TES, P13 = TBS, Py = TMS) as a

colorless oil. To a vigorously stirred soluton of TMS enol ether 21a (P;=BOM, Pg=TES, P 13

= TBS, Py = TMS) (224 mg, 0.274 mmol) in hexanes (2.8 mL) under nirogen at room

temperature was added dropwise 14.9 mL of a 0.02 M, solution (0.30 mmol) of MCPBA in

hexanes. After 5 h, 2 mL of a saturated aqueous NaHCO; solution and 2 mL. of 2 10% aqueons
Na;5,0; solution were added. The reaction mixture was diluted with 150 mL of ethy! acetate and

washed with 20 mL of a saturated aqueous NaHCO, solution, 20 mL of a 10% aqueous Na, 5,0,

solution, 20 mL of a saturated aqueous NaHCO solution and brine, dried over anhydrous

Na, SO, and concentrated under reduced pressure to give 231 mg of the crude material as 2
colorless oil. Thxs material was used without further purification, or, alternatively, was purified by

flash chromatography on silica gel to give 168 mg (74%) of 222 (P;=BOM, Pio=TES, P|3=
TBS, Ps = TMS) along with a mixture (15%) of 21a and 1 8 which could be recycled.

22a (P;=BOM, Pjo = TES, P;3 = TBS, P; = TMS): mp 50.5-52 °C, 'H NMR (500 MHz,
CDCl3) 8 0.10 (s, 3H, TBS CH,), 0.13 (s, 9H, T™MS CHy), 0.14 (s, 3H, TBS CHj3), 0.59 (q, J
=8.2 Hz, 6H, TES CH;), 0.94 (s, 9H, TBS t-Bu), 0.94 (t, J = 8.2 Hz, 9H, TES CH,), 1.24 (s,
3H, CH, i’/‘), 1.32 (s, 3H, CH; 19), 1.33 (s, 3H, CH; 16), 1.82 (dd, J = 11.3, 13.7 Hz, 1H,
H9a), 1.95 (d, / = 1.4 Hz, 3H, CH; 18), 1.98 (dd, J = 3.4, 13.7 Hz, 1H, HIP), 2.16 (ddd, J
= 6.2, 7.2, 13.3 Hz, 1H, Hba), 2.40 (dt, / =114, 13.3 Hz, 60), 2.43 (dd, J =9.2, 15.2 Hz,
1H, H14p), 2.63 (dd, J = 5.5, 15.2 Hz, 1H, Hlda), 2.74 (d, 7 = 5.5 Hz, 1H, H3a), 3.40 (dd,
J =12, 10.6 Hz, 1H, H7a),4.36 (dd, J = 3.4, 11.3 Hz, 1H, HI0B), 4.40 (dd, / = 6.2, 12.0
Hz, 1H, H5a), 4.54 (d, / = 5,5 Hz, LH, H2p), 4.57 (d, J =117 Hz 1H, CH,Ph), 4.64 (d, J
=11.7 Hz 1H, CH,Ph), 4.68 (d, 7 =7.0 Hz 1H, OCHQO) 4.74 (m, 1H, H13), 478 (d, / =7.0

Hz, 1H, OCH,;0), 7.31 (m, SH, Ph). Anal. Calcd. for C43H7,04Sk: C, 63.19; H, 8.88. Found
C, 63.19; H, 8.92.

Ketone 222 (Ps = H). To a vigorously stirred solution of crude 22a (P, = BOM, Po=TES, P;
= TBS, Ps = TMS) (231 mg, 0.274 mmol) in acetonitile (7 mL) at 0°C was added dropwise 7 mbL
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of a 1:10:10 (by volume) mixture of 48% aqueous HF:pyridine:acetonitrile . After stirring for 20

min, 2 mL of a saturated aqueous NaHCO; solution was added. The reaction mixture was diluted
with 150 mL of ethyl acetate and washed with 30 mL of a saturated aqueous NaHCO, solution and
brine, dried over anhydrous Na; SOy and concenmrated under reduced pressure to give 223 mg of
the crude alcohol as a colorless oil. This material was purified by silica gel chromatography to yield
155 mg (74%) of ketone 22a (P; = BOM, Po = TES, Py3 = TBS, P = H), 15 mg (7%) of the
5B-hydroxy ketone and 33 mg (14% recoverable mat:nal) of a 1:1 mixture of TMS enol ether 21a
and ketone 18, | .

22a (P, =BOM, P|q = TES, P;3 = TBS, Ps =H): 'HNMR (500 MHz, CDCl;) 3 0.10 (s, 3H,
TBS CH3), 0.14 (s, 3H, TBS CHj), 0.59 (q, J = 8.2 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS -
Bu), 0.94 (1, /= 8.2 Hz, 9H, TES CHj;), 1.23 (s, 3H, CH; 19), 1.32 (5, 3H, CH; 17), 1.33 (s,
3H, CH, 16), 1.83 (dd, J = 11.0, 13.7 Hz, 1H, H6B), 1.97 (d, / = 1.4 Hz, 3H, H183), 2.01 (dd,
J =32, 13.7 Hz, 1H, H9P), 2.11.(ddd, /= 5.5, 7.7, 13.7 Hz, 1H, H6a), 2.47 (d&, /=87
15.4 Hz, 1H, H14B), 2.57 (m, 2H, Hl4q, HYa), 2.88 (d, /= 5.5 Hz, 1H, H3a), 3.39 (dd, J =
7.7, 11.0 Hz, 1H, H7w), 3.41 (d, /= 3.3 Hz, 1H, OH-5), 4.38 (m, 2H, H5f, HI10), 4.55(d, J
= 5.5 Hz, 1H, H2), 4.57 (d, J =11.5 Hz 1H, CH,Ph), 4.62 (d, J=11.5 Hz 1H, CH,Ph), 4.72
(m, 2H, H13B, OCH,0), 4.80 (d, J/ =7.1 Hz 1H, OCH,0), 7.31 (m, 5H, Ph). ”

Ketone 222 (Ps=TMS) from ketone 22a (Ps=H). To a vigorously stirred solution of 5-hydroxy-
4-ketone 22a (P; = BOM, P, = TES, P;5 = TBS, P5 = H) (51 mg, 0.067 mmol) in CH,C], (2.2
mL) and triethylamine (0.14 mL, 1.0 mmol) under nitrogen at 0 *C was added
trimethylsilylchloride (0.041 mL, 0.34 mmol). After 0.5 h, the reaction mixture was quenched
with 5 mL of a saturated aqueous NaHCO; solution and exmracted with 150 mL hexanes. The
organic phasc was washed with 50 mL of a saturated aqueous NaHICO4 solution and brine, dried
over anhydrous Na,SO, and concentrated under reduced pressure to give 56 ng[a colorless oil.

This material was filtered through silica ge! and the filtrate was concentrated under reduced

pressure to ylcld 54 mg (96 %) of ketone 22a (P; = BOM, P4 = TES, P13 =TBS, P; = TMS).

Alcohol 23a. To a stirred solution of ketone 22a (Py = BOM, P, =TES, P53 = TBS, P; = TMS)
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(18.9 mg, 0.023 mmol) in CH,Cl; (4 mL) under nizogen at -65 “C was addcd dropwise a 0.073

mL of a 3.1 M solution of MeMgBr in ether (0.23 mmol). The reaction mixture was allowed to

warm to -43 *C, stirred for 16.5 h and then quenched with 0.13 mL of a 2.0M solution of AcOH
in THF (0.25 mmol) and then poured into a stirring mixture of 50 mL of a saturated aqueous

NaHCO3 solution and 50 mL of ethyl acetate. The aqueous phase was extracted with 50 mL ethy}

acetate. The combined organic phases were washed with brine, dried over anhydrous Na,SO, and
concentrated uhdcr reduced pressure 10 yield 20.5 mg of a calorless oil. This material was purified
by silica gel chromatography to yield 18.4 mg (95%) of alcohol 23a (P; = BOM, P, = TES, Pi3
=TBS, Ps = TMS) as a colorless oil. ,

23a (P;=BOM, P\ = TES, P;3 = TBS, Ps = TMS): 'H NMR (500 MHz, CDCl;} §0.09 (s,
9H, TMS), 0.11 (s, 3H, TBS CHjy), 0.12 (s, 3H, TBS CH;), 0.56 {q, / = 7.9 Hz, 6H, TES
CH,), 0.92 (t, / =7.9 Hz, SH, TES CHjy), 0.93 (s, 9H, TBS t-Bu), 1.25 (s, 3H, CH; 17), 1.28
(s, 3H, CH, 19), 1.33 (s, 3H, CH; 20), 1.34 (s, 3H, CH; 16), 1.74 (ddd, J = 3.8, 4.1, 13.0
Hz, 1H, H6a), 1.99 (d, J = 1.4 Hz, 3H, H18), 2.01 (dd, J = 11.3, 13.0 Hz, 1H, H9%«), 2.06
(m, 2H, H3, H9p), 2.13 (ddd, J = 1.7, 12.3, 13.0 Hz, 1H, H6B), 2.37 (dd, J = 5.5, 15.0 Hz,
1H, Hi4a), 2.54 (dd, / = 9.2, 15.0 Hz, 1H, H14p), 2.96 (s, 1H, OH-4), 3.51 (dd, J = 1.7,
4.1 Hz, 1H, H5), 3.73 (dd, J = 3.8, 12.3 Hz, 1H, H7q), 432 (dd, / = 4.1, 11.3 Hz, 1H,
H10B), 4.64 (s, 2H, CH,Ph), 4.72 (d, / = 6.8 Hz, 1H, OCH,0), 4.80 (m, 3H, H2, H13,
GCH,0), 7.31 (m, 5H, Ph). Anal. Caled. for Cy4H,405Si;: C, 63.42; H, 9.19. Found C, 63.40;
H, 9.15.

Hydroxy olefin 24a. To a refluxing solution of alcohol 232 (P;=BOM, P,q = TES, P4 = TBS,
Ps = TMS) (46.7 mg, 0.055 mmol) in toluene (1.1 mL) was added 1.1 mL of a 0.1M solution of
Burgess reagent in toluene ( 0.11 mmol). The mixture was refluxed for 20 min then cooled to
room temperature, diluted with ethyl acetate, washed with a sarurated solution of NaHCO; and
brine, dried over anhydrous Na,SO, and filtered. Concentration of the filtrate under vacuum
yiclded 46 mg of crude olefin. This material was used without further purificadon.

To a stirred solution of this crude olefin (46 mg, 0.055 mmol) in acztonirrile (2.5 mL) at 0 °C was

added 2.5 mL of a 1:10:10 (by volume) mixture of 48% aqueous HF : pyridine : acetonimile. The
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mixture was stirred at 0 °C for 20 min, quenched with a saturated solution of NaHCO; and
extracted twice with ethyl acetate. The combined organic phases were washed with brine, dried
over anhydrous Na;30, and filtered. Concentration of the filtrate under vacuum yielded 48 mg of
a colorless oil which was purified by silica gel chromatography to yield 25.9 mg (62%) of
hydroxy olefin 24a (P; = BOM, P,¢ = TES, P, = TBS, R = H) as well as 2.1 mg of unreacted
alcohol 23a (4%).

24a (P;=BOM, P o= TES, P 3= TBS, R = H): mp 66-68 "C 'H NMR (500 MHz, CDC},) §
0.12 (s, 3H, TBS CHjy), 0.13 (s, 3H, TBS CHjy), 0.59 (g, / = 7.9 Hz, 6H, TES CH,), 0.94 (¢,
J =17.9 Hz, SH, TES CHjy), 0.95 (s, 9H, TBS -Bu), 1.18 (s, 3H, CH; 19), 1.23 (s, 3H, CH,
17, 1.35 (s, 3H, CH;4 16), 1.73 (d, 1H, J = 3.4 Hz, OH5), 1.83 (dd, J = 9.9, 10.5.Hz, 1H,
H9a), 1.91 (ddd, J = 7.2, 7.5, 13.4 Hz, 1H, Héa), 1.97 (dd, J = 3.8, 9.9 Hz, 1H, HIB), 2.03
(d, f= 1.4 Hz, 3H, 18), 2.14 (ddd, J = 9.6, 9.6, 13.4 Hz, 1H, H6PB) 2.35 (dd, /= 5.1, 15.4 Hz,
1H, Hl4a), 2.50 (dd, J=9.6, 15.4 Hz, 1H, H14), 3.03 (d, / = 5.8 Hz, 1H, H3a), 3.44 (dd,
J=135, 9.6, Hz, 1H, H7a), 4.38 (m, 2H, H10, H5), 4.54 (d, /= 5.8 Hz, 1H, H2), 4.58 (d, J
=11.6 Hz, 1H, CH;,Ph), 4.62 (d, J=11.6 Hz, 1H, CH,Ph), 4.73 (d, J =7.0 Hz, 1H, OCH,0),
4.75 (m, 1H, H13), 4.79 (d, J =7.0 Hz, 1H, 0CH,0), 5.00 (s, 1H, H20E}, 5.18 (s, 1H, H20Z),
7.31 (m, 5H, Ph). Anal. Caled. for C41H404S1,x0.5H,0: C, 65.47; H, 8.98. Found C, 65.63;
H, 8.97.

Allyl mesyiate 24aa. Toa stirred solution of allyl alcohol 2da (P; = BOM, P g = TES, P53 =
TBS, R = H) (11.5 mg, 0.0154 mmol) in pyridine (0.6 mL) under nitrogen at 0 "C was added
dropwise methanesulfonyl chloride (0.02 mL, 0.258 mmol). After 45 min, a saturated aqueous
NaHCOj5 solution (0.05 mL) was added. The mixture was stirred for 10 min, poured into 20 mL
of a saturated aqueous NaHCO; solution and extracted with 40% ethyl acetate/hexane (20 mL x
3). The combined organic phase was dried over anhydrous Na,SO, and concentrated under
reduced pressure to give 13 mg of 24aa (P; =BOM, Py = TES, P;3 = TBS, R = Ms) as a
colorless oil. This material was used without further purificadon.

24aa (P;=BOM, P =TES, P ;3 = TBS, R = Ms): 'H NMR (300 MHz, CDCl,); § 0.12 (s,
3H, TBS CHj3), 8 0.13 (s, 3H, TBS CHj), 0.58 (q, / = 7.9 Hz, 6H, TES CH,), 0.93 (s, OH,
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TBS t-Bu), 0.94 (t, /= 7.9 Hz, 9H, TES CHj), 1.23 (s, 3H, CH; 17), 1.22 (5, 3H, CH, 19),
'1.34 (s, 3H, CH; 16), 1.80 (br t, J =13 Hz, 1H, H9a), 1.98 (m, 1H, H6), 1.79 (ddd, /= 2.2,
5.5, 15.1 Hz, 1H, Hi4a), 2.01 (d, :/= 1.1 Hz, 1H, CH;18), 2.06 (dd, / = 3.3, 13.7 Hz, 1H,
H98), 2.01 (br s, 3H, CH3 18), 2.22-2.32 (m, 3H, Hl4q, Hba, HEB), 2.54 (dd, J = 9.9, 154
Hz, 1H, H14f), 3.02 (s, 3H, 0SO,CH,), 3.05 (d, J = 6.0 Hz, 1H, H3a), 3.45(t, / = 8.5 He,
1H, Ha), 437 (dd, 7=3.6, 11.0 Hz, 18, H10B), 4.57 (d, /= 6.0 Hz, 1H, H2B), 4.59 (q, 21,
PhCH,O), 4.69 (d, J = 7.1 Hz, 1H, OCH,0), 474 (m, 1H, HI3p), 4.76 (d, J = 7.1 Hz, 1K,
OCH,0), 5.03 (br t, J = 8.5 Hz, 1H, H5B), 5.09 (br s, 1H, H20), 5.24 (br s, 1H, H20), 7.35
(m, 5H, Ph). | '

Triol 25a. To a stirred solution of allyl alcohol 24a (P; = BOM, P, = TES, P;3 =TBS,R =H)

(45 mg, 0.0606 mmol) in a mixture of pyridine (0.32 mL) and ether (3.2 mL) under nizogen at 0

*C was added a 0.157 M solution of OsQ, in THF (0.42 mi, 0.066 mmole). After 12hat0°C,
NaHS 05 (530 mg), pyridine (0.3 mL), THF (2 mL) and water (3 mL) were added. The mixtmure

was vigorously stirred at room temperature for 14 h, poured into 50 mL of a saturated aqueous

NaHCO3 solution and exmracted with ethyl acetate (40 ml. x 3). The combined orga.nic.phasc was

dried over anhydrous Na,SO, and concentrated under reduced pressure to give 60 mg of a pale

yellow oil, which was column chromatographed (30% ethyl acetate/hexane) to yicl-ci 34.3 mg (73

%) of wiol 252 (P;=BOM, P 4 = TES, P,; = TBS).

25a (P, = BOM, P,y = TES, P;3 = TBS): 'H NMR (500 MHz, CDCly); §0.11 (s, 6H, TBS

CHy), 0.60 (ddd, / = 9.0 Hz, 6H, TES CH,), 0.79 (s, 3H, CHz 19), 0.93 (s, 9H, TBS t-Bu),
0.94 (dd, 7= 9.0 Hz, 9H, TES CHy), 1.22 (s, 3H, CH;3 17), 1.35 (s, 3H, CH; 16), 1.64 (dd, J/ =
5.6, 16.4 Hz, 1H, H9B), 1.70 (m, 1H, HEB), 2.22 (dd, J = 2.7, 16.8 Hz, 1H, H%a), 2.23 (d, J
= 0.7 Hz, 3H, CH5 18),, 2.36 (dd, J = 9.2, 15.0 Hz, 1H, H14f), 2.45 (m, 1H, Héa), 2.96 (s,
1H, OHS5), 3.21 (dd, 6.9, 15.0 Hz, 1H, Hl4a), 3.42 (d, /= 5.0 Hz, 1H, H3), 3.53 (m, 1H,
H20), 3.38 (s, 1H, OH4), 3.70 (t, J = 3.0 Hz, 1H, H5(3), 4.04 (br d, 7 = 11 Hz, 1H, H20),
4.06 (dd, J = 11.5, 5.0 Hz, 1H, H7w), 4.48 (d, J = 5.0 Hz, 1H, H2B), 4.49 (d, / = 12.0 Hz,
1H, PhCH,0), 4.53 (br s, 1H, HIOB), 4.71 (m, 1H, HI3B), 4.72 (d, / = 12.0 Hz, IH,
PhCH,0), 4.85 (d. / = 6.8 Hz, lH, OCH,0), 4.98 (d, / = 6.8 Hz, 1H, OCH,0), 7.34 (m, 5H,
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Ph). Anal. Caled. for C41Hg30,0Sis: C, 63.36; H, 8.82. Found C, 63.19; H, 8.75.

Diol rﬁcsylate 26a. To a stirred solution of allyl mesylate 24aa (P; = BOM, P4 = TES, Py =
TBS, R = Ms) (5 mg, 0.0064 mmol) in a mixture of pyridine (0.4 mL) and THF (0.4 mL) under
nitrogen at room temperature was added a Q. 157 M solution of OsQ, in THF (0.06 mL). After7
h, NaHSO; (150 mg) and water (0.2 mL) wcﬁ: added. The mixwre was vigorously stirred for 14
h, poured into 20 mi of 2 saturated aqueous NaHCO4 soludon and extracted with ethyl acerate 20
mL x 3). The combined organic phase was dried over anhydrous Na,SO, and concentrated under
reduced pressure to give 6 mg of a pale yellow oil. The oil was column chromatographed (40%
ethyl acetate/hexane) to yield 2.7 mg (50%) of diol mesylate 26a (P, = BOM, P,q = TES, P,3 =
TBS, R = Ms).
26a (P;=BOM, P; =TES, P;3 = TBS, R = Ms): 'H NMR (500 MHz, CDCL); §0.14 (s; 6H,
TBS CHj), 0.58 (ddd, J = 8.0 Hz, 6H, TES CH,), 0.89 (s, 3H, CHj 19), 0.93 (s, 9H, TBS t-
Bu), 0.94 (dd, J = 8.0 Hz, SH, TES CHy), 1.31 (s, 3H, CH;17), 1.37 (s, 3H, CH, 16), 1.76
(dd, J = 5.5, 15.1, 1Hz, H9p), 1.95 (m, 1H, H6B), 2.23 (d, J= 0.7 Hz, 3H, CHj 18), 2.25
(dd, / = 4.8, 15.1 Hz, 1H, H9%a), 2.39 (dd, /= 9.2, 15.1 Hz, 1H, H14p), 2.45 (m, IH, H6a),
2.39 (dd, 6.8, 15.1 Hz, 1H, Hl4a), 3.05 (d, J = 3.4 Hz, IH, H3a), 3.06 (s, 3H, OSO,CHjy),
3.35 (s, 1H, OH4), 3.52 (m, 1H, H20), 3.92 (dd, J = 4.5, 11.6 Hz, 1H, H7a), 4.13 (dd, J = |
1.0, 11.3 Hz, 1H, H20), 4.46 (br d, J= 4.5 Hz, 1H, H10), 4.52 (d, /= 3.4 Hz, 1H, H2), 4.54
(d, / = 12.0 Hz, 1H, PhCH,0), 4.70 (d, J = 12.0 Hz, 1H, PhCH,0), 4.83 (d, /= 6.9 Hz, 1H,
OCH,0), 4.84 (m, 1H, H5B), 4.92 (m, 1H, H13f), 4.93 d, J = 6.9 Hz, 1H, OCH,0), 7.34
(m, 5H, Ph).

Diol tosylate 26aa. To a stirred solution of triol 25a (P; = BOM, P,q = TES, P,5 = TBS) (37
mg, 0.0476 mmole) in CH,Cl; (0.4 mL) under nitrogen at -78 *C was added triethylamine (0.25
ml.) followed by trimethylchlorosilane (0.075 mL). The solution was stirred at -78 *C for 1 h,
poured into 20 mL of a saturated aqueous NaHCO; solution and extracted with chloroform (30 mL
x 3). The combined organic phase was dried over anhydrous Na,SQ,, and concentrated under

reduced pressure to give 38.2 mg of a colorless oil. This oil was dissolved in THF (0.5 mL) and
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cooled to -78 °C. To this solution was added a 0.2 M solution of LDA in THF (0.9 mL, 0.18§
mmole). After 20 min at -78°C, p-toluenesulifonyl chloride (35 mg, 0.183 mmole) was added.
After stirring at -35 °C for 3 b, MeOH (0.2 mL) and diethylamine (0.3 mL) were added. The
solution was sdrred at -35 *C for 30 min and poured into 30 mL of a saturated aqueous NaHCO,
solution and extracted with chioroform (40 mL x 3). The combined organic phases were dried
over anhydrous Na; SOy, and concentrated under reduced pressure to give 58 mg of a colorless oil.
The oil was dissolved in acetonitrile (3.6 mL) and pyri&inc (3.6 mL). To this solution at 0 "C was
added 48 % aqueous solution of HF (0.36 mL). The solution was stirred at 0 °C for 15 min,
poured into-30 mL of a saturated aqueous NaHCO, solution and extracted with chloroform (40
mL x 3). The combined organic phase was dried over anhydrous N2,S0y, and concentrated under
reduced pressure to give 56 mg of crude diol tosylate 26aa. Column chromatography (40%
ethylacetate/hexane) yielded 34 mg (80 %) diol tosylate 26aa (P; = BOM, Po = TES, P,5 = TBS,
R=Ts).
26aa (P; =BOM, P, =TES, P;3 = TBS, R = Ts). 'H NMR (300 MHz, CDCl;); § 0.18 (s,
6H, TBS CHj), 0.58 (d, / = 12.5 Hz, 6H, TES CHy), 0.82 (5, 3H, CHgz 19), 0.94 (dd, 7 =13.0
Hz, 9H, TES CH3), 0.97 (s, 9H, TBS t-Bu), 1.28 (s, 3H, CH; 17), 1.34 (s, 3H, CH, 16), 1.67
(dd, J = 16.5, 4.4 Hz, 1H, HIf), 1.80 (m, 1H, H6B), 2.13 (dd, /= 16.5, 4.4 Hz, 1H, H9a),
2.18 (m, 1H, H6a), 2.24 (s, 3H, CH; 18), 2.33 (s, 3H, CH;Ph), 2.42 (dd, J = 14.8, 9.3 Hz,
IH, .H14ﬁ), 2.90 (m, 1H, Hlda), 2.93 (br s, 1H, OH4), 3.08 (br d, J = 3.3 Hz,. 1H, H3a),
3.38 (brt, J=11.0 Hz, 1H, H7), 3.87 (m, 1H, H20), 4.09 (br d, J = 9.9 Hz, 1H, H20), 4.52
(d, J = 3.3 Hz, 1H, H2p), 4.45 (br d, J = 4.4 Hz, 1H, HI0B), 4.46 (d, J = 12.1 Hz, 1H,
PhCH,0), 4.59 (d, / = 12.1 Hz, 1H, PhCH;0), 4.66 (brt, / = 3.8 Hz, 1H, H5B), 4.75 d, /=
7.1 Hz, 1H, OCH;0), 4.83 (d, / = 7.1 Hz, 1H, OCH,0), 4.89 (br dd, / = 7.7, 6.6 Hz, lH,
~ HI3B), 7.14 (d, /= 8.2 Hz, 2H, SO,Ph), 7.34 (m, SH, OCH,Ph), 7.75 (d, / = 8.2 Hz, 2H,
..SO2Ph).

Oxetane 27a from diol mesylate 26a.  To a stirred solution of diol mesylate 262 (P; = BOM, Pyq
= TES, P;5 =TBS, R = Ms) (2.7 mg) in oluene (0.4 mL) under nicogen at room temperature was

added diisopropyl ethylamine (0.008 mL). The solution was refluxed for 3.5 h, cooled to room
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temperature, poured into 20 mL of a saturated aqueous NaHCO; solution and exmracted with ethyi
acetate (20 mL x 3). The combined organic phase was dried over anhydrous Na,S80,, and
concentrated under reduced pressure to give 3 mg of a pale yellow oil. The oil was column
" chromatographed (30% ethyl acetate/hexane) to vield 1 mg (42%) of oxetane 27a.
272 (P;=BOM, P, = TES, P;4 = TBS): 'H NMR (500 MHz, CDCl,); §0.10 (s, 6H, TBS
CHj3), 0.59 (dd, J = 8.0 Hz, 6H, TES CHz),' 0.92 (s, 9H, TBS t-Bu), 0.94 (dd, J = 8.0 Hz, 9H,
TES CHjy), 1.20 (s, 3H, CH; 17), 1.26 (s, 3H, CH; 19), 1.32 (s, 3H, CH; 16), 1.93 (dd, J =
11.3, 13.4 Hz, 1H, H9a), 1.98 (d, J = 1.4 Hz, 3H, CHj 18), 2.06 (dd, J = 6.0, 18.6 Hz, 1H,
H6B), 2.11 (dd, J = 4.5, 13.4 Hz, 1H, HOP), 2.14 (d, J= 5.5 Hz, 1H, H3x), 2.41 (dd, J =
9.2, 15.1 Hz, 1H, H14(), 2.43 (m, 1H, Héa), 2.54 (s, IH, OH4), 2.76 (dd, J = 5.2, 15.1 Hz,
Hlda), 3.21 (dd, /= 3.4, 13.0 Hz, 1H, H7a), 4.36 (d, J = 8.6 Hz, 1H, H20a), 4.37 (dd, J =
4.1, 11.3 Hz, 1H, H10B), 4.40 (br d, / = 8.2 Hz, 1H, H5a), 4.60 (d, / = 5.5 Hz, 1H, H2§),
4.61 (d, J = 12.6 Hz, 1H, PhCH,0), 4.67 (m, 1H, HI3p), 4.69 (d, J = 12.6 Hz, 1H,
PhCH,0), 4.75 (d, /= 7.5 Hz, 1H, OCH,0), 4.86 (d, /= 7.5 Hz, 1H, OCH,0), 491 (dd, J=
0.7, 8.6 Hz, 1H, H20B), 7.34 (m, SH, Ph). Anal. Calcd. for C,;HqcOpSiy: C, 64.87; H, 8.76.
Found C, 64.61; H, 8.73. |

Oxetane 27a from diol tosylate 262aa. Td a stirred solution of diol tosylate 26aa (P; = BOM, P,
= TES, By3 = TBS, R = Ts) (33 mg, 0.0354 mmole) in toluene (3.3 mL) under nigogen at room
temperature was added DBU (0.11 mL, 0.73 mmole). The solution was heated at 80 °C for 10
min, then the temperature was increased up to 110 *C during a 40 min period, maintained at 110 °C
for 30 more min and cooled to room temperature. The solution was filtered through a short pad of
silica gel using 30% ethyl acetate/hexane as eluent. The filtrate was concentrated to give 25 mg of
crude 27a, which was column chromatographed (30% ethyl acetate/hexane) to yir;ld 2l mg (78 %)
of oxetane 27a (P;=BOM, P;q = TES, P|3 = TBS).

Oxetane 29. To a stirred solution of oxetane 27a (P; = BOM, P, = TES, P,; = TBS) (21 mg,
0.0276 mmiloe) and dimethylaminopyridine (3.4 mg, 0.0278 mmole) in pyridine (110 L., 1.37

mmole) under nirogen at room temperature was added acetic anhydride (26 pL, 0.276 mmole).

This Sheet Has Been Replaced

A

SUBSTITUTE SHEFT (RULE 26



[err]

PCTUS94/08350

WO 95/03265 [err]

81

The solution was stirred for 25h, diluted with ethyl acetate, poured into 20 mL of saturated

aqueous NaHCO- solution and extracted with ethyl acetate (20 mL x 3). The combined organic

phases were dried over anhydrous Na, SO, and concentrated under reduced pressure to give 26 mg

of a pale yellow oil, which was column chromatographed (25% ethyl acetate/hexane) to yield 16

mg (72%) of oxetane 29 (P; =BOM, P o = TES, P35 = TBS).

29 (P; = BOM, Pyq = TES, P,3 = TBS): 'H NMR (500 MHz, CDCl3); & 0.10 (s, 3H, TBS

CH,;), 0.12 (s, 3H, TBS CHj), 0.56 (q, 6H, TES CH,), 0.92 (t, 9H, TES CH;), 0.94 (s, 9H,
TBS t-Bu), 1.35 (s, 3H, CH, 16), 1.30 (s, 3H, CH; 17), 1.29 (s, 3H, CH; 19), 1.96 (br t, J =
13.0 Hz, 1H, H9), 1.98 (d, / = 1.4 Hz, 3H, CH; 18), 2.02 (dd, /= 7.5, 13.0, 1H, H9B), 2.07
(dr, 7 = 8.0, 13.0 Hz, 1H, H6), 2.13(s, 3H, OAc), 2.24 (dd, /= 3.4, 15.0 Hz, 1H, Hlda),
2.40 (dd, /= 8.6, 15.0 Hz, 1H, H14B), 2.51 (ddd, J= 4.1, 9.2, 15.0 Hz, 1H, Hb6a), 2.63 (d,

J = 6.5 Hz, 1H, H3a), 3.69 (dd, J= 4.1, 13.0 Hz, H7a), 4.35 (dd, J= 3.4, 11.3 Hz, 1H,
H108), 4.64 (m, 4H, PhCH,0, H28, H50a), 4.75 (d, J/ = 7.2 Hz, 1H, OCH,0), 4.76 (br d, J
= 9.2 Hz, 1H, H20), 4.83 (d, /= 7.2 Hz, 1H, OCH,0), 4.85 (brd, /= 9.2 Hz, 1H, H20), 4.88
(brt, J = 8.2 Hz, 1H, HI3p), 7.35 (m, SH, Ph).

Benzoate 30. To a stirred solution of oxetane 29 (P;=BOM, P, = TES, P,; = TBS) (6 mg,
-0.0075 mmol) in THF (0.5 mL) under nitrogen at -78 "C was added a 0.3M solution of
phenyilithium in ether (44 ul, 0.013 mmol). The solution was stirred at -78 "C for 15 min and
quenched with a 10% solution of acetic acid in THF. The solution was diluted with ethyl acetate,
poured into 20 mL of a saturated aqueous NaHCQ; solution and extracted with ethyl acetate (20
mL x 3). The combined organic phases were dried over anhydrous Na,SO, and concentrated
under reduced pressure to give 8 mg of a pale yellow oil. The oil was column chromatographed
(25% ethyl acetate/hexane) to yield 6.2 mg (94%) of benzoate 30 (P; =BOM, P;; = TBS,R =
TES).

30 (P, =BOM, P,; =TBS, R =TES): 'H NMR (500 MHz, CDCl,); § 0.09 (s, 3H, TBS CH,),
0.14 (s, 3H, TBS CH;), 0.60 (ddd, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.96 (t, 6H, TES
CH;), 1.23 (s, 3H, CHy 17), 1.38 (s, 3H. CH; 19), 1.46 (s, 3H, CH; 16), 1.69 (s, 1H, OH),
1.97 (ddd, /= 14.5, 10.0, 3.1 Hz, IH, H6B), 2.05 (dd, J = 16.1, 5.1 Hz, 1H, HIR), 2.09 (dd.
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J=15.1, 6.2 Hz, 1H, H14B), 2.13 (s, 3H, CHy 18), 2.22 (dd, /= 15.1, 8.2 Hz, 1H, Hl4q),
223 (dd, /= 15.0, 8.5 Hz, 1H, H9B), 2.24 (s, 1H, OAc 4), 2.38 (dd, J = 16.1, 4.1 Hz, 1H,
HOa), 2.67 (m, 1H, Hba), 3.40 (d, /= 6.2 Hz, 1H, H3a), 3.99 (dd, J = 10.1, 6.8 Hz, 1H,
H7a), 420 (d. J= 8.2 Hz, 1H, H20B), 4.29 (d, / = 8.2 Hz, 1H, H20a), 4.49 (d,/ = 12.0 Hz,
1H, PhCH,0), 4.63 (br t, 1H, H10p), 4.74 (d.J = 12.0 Hz, 1H, PhCH,0), 4.92 (d, 7= 6.9 Hz,
1H, OCH;0), 4.91-4.95 (m, 2H, H13p & H5a), 5.01(d, J = 6.9 Hz, 1H, OCH,0), 3.66 (d, J =
6.2 Hz, 1H, H2B), 7.28 (m, 1H, PhCH,), 7.35 (m, 4H, PhCH,), 7.48 (m, 2H, PhCOO -m),
7.59 (m, 1H, PhCOO0 -p), 8.11 (m, 2H, PhCO0-0).

Alcohol 31. To a solution of benzoate 30 (P; = BOM, P,; = TBS, R = TES) (6.2 mg, 0.007
mmol) in 2 mL of THF was added 0.1 mlL of a 0.1 M solution of TBAF in THF. The mixture was
stirred for 2 h at 25 °C under nitrogen. The reaction mixture was diluted with 10 mL of ethyl
acetate, then poured into 10 ml of a saturated aqueous NaHCO, solution. The organic phase was
washed with 10 mL of a saturated aqueous NaHCO, solution, c‘iricd over anhydrous Na;SO, and
concentrated under reduced pressure to give 4.5 mg (93%) of alcohol 31 (P;=BOM, P; = TBS,
R =H).
31(P;=BOM,P,;=TBS,R=H): mp 213-216 *C 'H NMR (500 MHz, CDCl3); & 0.10 (s, 3H,
TBS CHj), 0.15 (s, 3H, TBS CHj), 0.94 (s, 9H, TBS t-Bu), 1.26 (s, 3H, CH;317), 1.39 (s,
3H, CH; 19), 145 (s, 3H, CH; 16), 1.68 (s, 1H, OHI), 1.89 (ddd, J = 14.5, 10.0, 2.5 Hz, 1H,
H6pB), 2.10 (dd, J = 13.0. 9.0 Hz, 1H, H14p), 2.15 (dd, 7 = 15.0, 8.0 Hz, 1H, Hl4a), 2.18 (s,
3H, CH3 18), 2.23°(dd, /= 15.0, 8.5 Hz, 1H, H9B), 2.26 (s, 1H, OAc 4), 2.40 (dd, J = 15.0,
3.5 Hz, 1H, H%a), 2.68 (m, lH, Héa), 2.90 (br s, 1H, OH10), 3.54 (d, / = 6.0 Hz, 1H,
| H3a), 4.16 (d, /= 8.0 Hz, 1H, H20f), 4.23 (dd, /= 10.0, 7.0 Hz, 1H, H7a), 4.30 (d, /= 8.0
Hz, 1H, H20x), 4.68 (dd,/= 15 Hz, 2H, PhCH,0), 4.78 (m, 1H, H10f), 4.87 (d, J = 6.5 Hz,
1H, OCHZO). 4.95 (t, /= 2.0 Hz, 1H, H20«), 4.92 (d, /= 7.0 Hz, 1H, OCH,0), 4.93 (brd, J
= 2.0 Hz, 1H, H13B), 4.96 (brd, J = 6.5 Hz, 1H, H5a), 4.97 (d, J = 6.5 Hz, 1H, QCH,0),
5.68 (d, /= 6.0 Hz, 1H, H2pB), 7.28 (m, 1H, PhCH,0), 7.35 (m, 4H, PhCH,0), 7.40 (m, 2H,
PhCOO-m), 7.59 (m, 1H, PhCOOQ-p), 8.13 (m, 2H, PhCOO-0). Anal. Caled. for
C43H5¢,OIOSI$:0.5H20: C, 66.72; H, 7.94. Found C, 66.75; H, 7.96.
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Alcohol 3 1 through Alcohol 30a. To a stirred solution of oxetane 29 (P; = BOM, P ¢ = TES,
P;; = TBS) (16 mg, 0.02 mmole) in acetonimile (0.33 mL) at 0 "C was added 2 4% solution of
HF-pyridine complex in acetonitrile (0.8 mL). The solution was stirred at O °C for 11 b, diluted
with ethyl acetate, poured into 20 mL of a saturated agueous NaHCO; solution and exuacted with
CHCI; (30 mL x 3).- The cémbincd organic phases were dried over anhydrous Na,S0, and
concentated under reduced pressure to give 13.5 mg (0.0196 mmole) of 30a as an oil. This ail
was dissolved in THF (1 mL) and cooled to -78 “C. To this solution at -78 "C was added a 0.285
M solution of phenyilithium in THF (0.144 ml, 2.1 eq.). After 10 min, the solution was poured
into 20 mL of saturated aqueous NaHCO4 solution and CHCl5 (30 mL x 3). The combined
organic phase was dried over anhydrous Na,SO4 and concentrated under reduced pressure to give
16 mg of a pale yellow oil, which was crystalized to yield 12.7 mg (85%) of benzoate 31 (P, =
BOM, P;3= 'I_'BS, R = H).

Ketone 32. To a solution of benzoate 31 (P; = BOM, P 5 = TBS, R = H) (18 mg, 0.235 mmole)
and 4-methylmarpholine N-oxide (18 mg, 0.154 mmole) in CH,Cl, (2.6 mL) at room temperature
was added tetrapropylammonium perruthenate (6 mg, 0.017 mmole). The solution wa§ stirred at
room temperature for 15 min and filtered through silica gel with 30 % ethyl acetate/hexane. The
filtrate was concentrated under reduced pressure to yield ketobenzoate 32 (P; = BOM, P53 = TBS)
(18 mg, 100%). |

32 (P, =MOP, P,3 = TBS): 'H NMR (300 MHz, CDCl;) § 0.12 (s, 3H, TBS CH,), 0.16 (s,
3H, TBS CHj), 0.94 (s, 9H, TBS t-Bu), 1.25 (s, 3H, CH; ), 1.42 (s, 3H, CH; ), 1.44 (s, 6H,
MOP CH,), 1.49 (s, 3H, CHj ), 1.75 (s, 1H, OH1), 1.76 (m, 1H, H6), 1.83 (s, 3H, CH; 18),
2.21(dd, J =7, 15 Hz, IH, Hl14), 2.25 (s, 3H, OAc), 2.29 (dd, J = 8, 15 Hz, 1H, Hl14), 2.61
(d, J =16 Hz, 1H, H9), 2.74 (ddd, J =8, 9, 17 Hz, IH, H6), 3.19 (s, 3H, MOP OCH,), 3.20
(d, / =6 Hz, I1H, H3e), 3.32 (d, / = 16 Hz, 1H, H9), 3.78 (dd, J = 8, 10 Hz, 1H, H7), 4.15
(d, / = 8 Hz, 1H, H20), 4.34 (d, / = 8 Hz, 1H, H20), 4.89 (d. J =9 Hz, 1H, HS), 5.04 (m,
1H, H13), 5.90 (d, J = 6 Hz, 1H, H2), 7.50 (m, 2H, PhCOO -m), 7.62 (m, 1H, PhCQO -p),
8.24 (m, 2H, PhCQO -o).

32 (P;=TES, P;3=TBS): 'HNMR (300 MHz, CDCl;) § 0.12 (s, 3H, TBS CH,), 0.16 (s,
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3H, TBS CH,), 0.65 (q, J = 8 Hz, 3H, TES CH,), 0.66 (g, / =8 Hz, 3H, TES CH;), 0.94 (s,
9H, TBS t-Bu), 1.00 (t, / = 8 Hz, 3H, TES CH,), 1.24(s, 3K, CHs ), 1.38 (s, 3H, CH, ), 1.49
s, 3H, CHy ), L.75 (s, 1H, OH1), 1.80 (m, 1H, H6), 1.81 (s, 3H, CH, 18), 2.20 (dd, J = 9,
15 Hz, 1H, H14), 226 (5, 3H, OAc CHy), 2.29 (dd, J = 8, 15 Hz, 1H, H14), 2.48 (ddd, J = 3,
9, 17 Hz, 1H, H6), 2.58 (d, J = 17 Hz, 1H,H9), 3.15 (d, J =6 Hz, 1H, H3a), 336 (d, J = 17
Hz, 1H, H9), 3.79 (dd. J =7, 9 Hz, 1H, H7), 4.14 (d, J = 8 Hz, 1H, H20), 4.33 (d, J =8 Hz,
1H, H20), 4.90 (d, 7 = 9 Hz, 1H, H5), 5.04 (m, 1H, H13), 5.90 (d, / = 6 Hz, 1H, H2), 7.49
(m, 2H, PACOO -m), 7.61 (m, 1H, PhCOO -p), 8.13 (m, 2H, PACOO -0).

32 (P;=BOM, P;3 = TBS): 'H NMR (500 MHz, CDCly); § 0:16 (s, 3, TBS CHj), 0.18 (s,
3H, TBS CH,), 0.94 (s, 9H, TBS t-Bu), 1.26 ( s, 3H, CH; 17), 1.47 (s, 3H, CH, 19), 1.52 (s,
3H, CH; 16), 1.76 (s, 1H, OH1), 1.83 (4, 3H,J = 0.5 Hz, CH3 18), 1.89 (ddd, J = 15.0, 9.5,
1.5 Hz, 1H, H6p), 221 (dd, J = 15.0, 9.0 Hz, 1H, H14B), 2.26 (s, 1H, OAc 4), 2.29 (dd, J =
15.0, 8.0 Hz, 1H, Hl4w), 2.72 (m, 1H, Héa), 2.75 (d, /= 16 Hz, 1H, Ha), 3.18 (d, J= 6.5
Hz, 1H, H3a), 3.26 (d, /=-16.5 Hz, H9a), 3.65 (dd, /= 9.0, 7.5 Hz, 1H, H7a), 4.15 (4, J=
7.5 Hz, 1H, H20B), 4.34 (d, / = 7.5 Hz, 1H, H200), 4.61 (d,/ = 12.0 Hz, 1H, PhCH,0), 4.72
(d, J = 12.0 Hz, 1H, PhCH,0), 4.81 (d, J = 7.0 Hz, 1H, OCH,0), 4.92 (d, J = 7.0 Hz, 1H,
OCH,0), 4.93 (br d, J = 6.5 Hz, 1H, H5a), 5.05 (brt,J = 6.5 Hz, 1H, H13B), 5.91 (d, J = 6.0
Hz, 1H, H2B), 7.28 (m, 1H, PhCH,0), 7.35 (m, 4H, PhCH,0), 7.50 (m, 2H, PhCOQ -m),
7.62 (m, 1H, PhCOO -p), 8.13 (m, 2H, PhCOO -0)

Hydroxyketone 33. To a THF (1.3 mL) solution of 32 (P; =BOM, P,; =TBS) (16.2 mg, 0.02
mmol) at -78 *C was added 4 equivalents of a 0.24M ¢ -BuOK solution in THF (0.33 mL, 0.08
mmol.). The solution was warmed to -20 "C for 40 min and then briefly warmed to 0°C before
being cannulated into a 0°C THF (1.3 mL) suspension of benzeneseleninic anhydride (57 mg, Q.16
mmol.). The reaction was stirred for 40 min. at 0 *C before being diluted with 20 mL of ethyl
acetate and poured into 50 mL of aqueous saturated NaHCO5. The organic layer was then washed
ﬁth 50 mi of aqueous saturated Na,3,0; followed by 50 mL of aqueous saturated NaHCO;.
The organic layer was then dred with Nn-zSO;. filtered and evaporated to give 18.8 mg of the

hydroxyketone as an oil. To a THF (1.3 mL) solution of the crude hydroxyketone (18.8 mg) was
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added 0.33 mL of a 0.24M solution of ¢-BuQK (0;08 mmol) at -78 °C. The reaction was stirred
20 min. and then 0.25 mL of a 0.8M AcOH/THF solution was added at -78 *C and stirred 5 min.
The mixture was diluted with 20 mL of ethyl acetate and was poured into 50 mL of aqueous
saturated NaHCO,. The organic layer was then dried with Na,SOy, filtered and evaporated to give
18.6 mg of a yellow solid which was then plug filtered through silica gel with 2% ethyl
acetate/hexanes followed by 30% cthyl acetate/hexanes to give 15.9 mgof 33 (P;=BOM, P;; =
TBS) (96% yield).

33 (P, = BOM, P;5 = TBS): m.p.: 234-236°C, 'H NMR (500 MHz, CDCl;) 8 0.13 (s, 3H,
TBS CHj), 0.15 (s, 3H, TBS CHj), 0.95 (s, 9H, TBS t—Bu), 1.11 (s, 3H, CH, 16), 1.18 (s,
3H, CH; 17), 1.59 (s, 1H, OHI), 1.82 (5, 3H, CH; 18), 1.89 (ddd, 7= 2.1, 12.4, 14.4 Hz, 1H,
H6B), 1.97 (d, /= 2.0 Hz, 3H, CH; 18), 2.14 (dd, J = 8.6, 15.4 Hz, 1H, H14B), 2.21 (d&, J=
8.9, 15.4 Hz, IH, Hl4a), 2.29 (s, 3H, Ac), 2.70 (ddd, /= 6.5, 9.6, 14.4 Hz, 1H, Héa), 3.93
(d, J = 6.9 Hz, 1H, H3a), 4.17 (d, 7 = 8.6 Hz, 1H, H20f), 4.28 (d, J = 2.4 Hz, 1H, OH10j),
4.31 (dd, J = 6.5;‘_ 12.4 Hz, 1H, H7a), 4.32 (d, /= 8.6 Hz, 1H, H20a), 4.45 (d, / = 12.2 Hz,
1H, PhCH,0), 4.60 (d, /= 12.2 Hz, 1H, PhCH;0), 4.60 (d, /= 7.3 Hz, 1H, OQCH,0), 4.73 (d,
J =173 Hz, 1H, OCH,0), 4.97 (dd, J = 2.1, 9.6 Hz, 1H, H5a), 5.01 (ddd, J = 2.0, 8.6, 8.9
Hz, 1H, HI13B), 5.35 (d, /= 2.4 Hz. 1H, H10a), 5.64 (d, 7 = 6.9 Hz, 1H, H2p), 7.3 (m, 5H,
PhCH,), 7.49 (i1, / = 1.7, 7.9 Hz, 2H, PhCOO -m), 7.61 (11, J = 1.7, 7.6 Hz, 1H, PhCOO -p),
8.10 (dd, J = 1.2, 7.9 Hz, PhCOO -0). |

33 (P, =MOP, P,; = TBS): 1H NMR (300 MHz, CDCl,) 6 0.13 (s, 3H, TBS CH,), 0.15 (s,
3H, TBS CHj3), 0.95 (s, 9H, TBS t-Bu), 1.00 (s, 3H, CH; 16), 1.09 (s, 3H, CH3 17), 1.23 (s,
3H, MOP CH,), 1.37 (s, 3H, MOP CH,), 1.58 (s, 1H, OH1), 1.79 (s, 3H, CH; 19), 1.90 (ddd,
J = 2.6, 8.8, 13.7 Hz, 1H, H6P), 2.04 (s, 3H, CH; 18), 2.13 (dd, / = 8.8, 15.5 Hz, 1H,
H14p), 2.22 (dd, / = 8.8, 15.5 Hz, 1H, Hlda), 2.29 (s, 3H, OAc), 2.79 (ddd, 6.3, 9.9, 14.8
Hz, 1H, Héa), 3.17 (s, 3H, MOP OCH3), 3.90 (d, J =7.1 Hz, |H, H3a), 4.16 (d, J = 8.2 Hz,
1H, H20a), 4.25 (d, / = 2.2 Hz, 1H, OH4), 4.32 (d, / = 8.8 Hz, 1H, H20PB), 4.41 (dd, 7 =
6.6, 11.0 Hz, 1H, H7a), 4.94 (dd, /7 = 2.2, 9.9 Hz, 1H, H5a), 5.03 (ddd, J = 1.1, 8.2, 8.8
Hz, IH, HI3p), 5.20(d, / = 6.2 Hz, 1H, H10a), 5.60 (d, / =7.2 Hz, |H, H2pB), 748 (¢, J =
7.7 Hz, 2H, PhCOQ-m), 7.61 (t, J = 7.7 Hz, IH, PhCOQ -p), 8.10 (d, / = 7.1 Hz, 2H,
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structural Pﬁms.a:

Acciate 34. To a pyridine (0.1 mL) solution of 33 (P; = BOM, P;3 = TBS) (15.9 mg..0.02
mmol) and DMAP (1.2 mg, 0.01 mmol) at room temperature was added acetic anhydride (38 ul.,
0.4 mmot) and the reaction stirred 19 h. The mixture was then diluted with 20 mL of ethyl acetate
and poured into 50 mL of aqueous sanurated NQHCO;;. The organic layer was dried with Na,SQ,,
filtered and evaporated to give 18.1 mg of crude product. The material was plug filtered through
silica gel with 20% ethyl acetate/hexanes to give 16.8 mg of 34 (P; = BOM, P;; = TBS) (100%
yield).

34 (P;=BOM, P;3 =TBS): !HNMR (500 MHz, CDCl,) § 0.14 (s, 3H, TBS Me), 0 16 (s, 3H,
TBS Me), 0.95 (s, 9H, TBS t-Bu), 1.17 (s, 3H, CH; 17), 1.18 (s, 3H, CH; 16), 1.63 (s, 1H,
OH1), 1.76 (s, 3H, CH; 19), 1.99 (ddd, J = 2.1, 10.5, 14.7 Hz, 1H, HGB), 2.04 (d, /= 1.0 Hz,
3H, CHj 18), 2.17 (dd, J = 8.6, 15.1 Hz, 1H, H14p), 2.19 (s, 3H, AcO10), 2.24 (dd, J = 8.6,
15.1 Hz, 1H, Hl4a), 2.28 (s, 3H, AcO4), 2.88 (ddd, / = 6.5, 9.8, 14.7 Hz, 1H, Hba), 3.87 d,
J=17.0 Hz, 1H, H3a), 4.15 (d, J = 8.2 Hz, 1H, H20B), 4.24 (dd, J = 6.5, 10.6 Hz, 1H, Hia),
4.31 (d, J = 8.2 Hz, 1H, H20«x), 4.44 (d, J = 12.0 Hz, 1H, PhCH,0), 4.68 (d, J = 12.0 Hz,
1H, PhCH,0), 4.85 (s, 2H, OCH,0), 4.95 (dd, / = 2.1, 9.8 Hz, 1H, H5a), 5.65(d, /=70
Hz, 1H, H2B), 6.39 (s, 1H, H10a), 7.30 (m, 5H, PhCH,), 7.49 (ut, J = 1.4, 8.2 Hz, 2H,
PhCOO -m), 7.61 (tt, /= 1.4, 7.2 Hz, 1H, PhCQO -p), 8.05 (dd, J = 1.2, 8.2 Hz, IH, PhCOQ
-0), IR (CHCl3) v 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379, 1250, 1100, 1020, 860
anl,

34 (P;=P|;=TES): 'H NMR (300 MHz, CDCl;) § 0.57 (q, / = 7.7 Hz, 6H, TES CH,), 0.67
(q, J =7.7 Hz, TES CH,), 0.92 (t, J =7.7 Hz, 9H, TES CHjy), 1.01 (t, J = 7.7 Hz, 9H, TES -
CH,), L.11 (s, 3H, CH; 17), 1.19 (s, 3H, CH;4 '19), 1.61 (s, 1H, OH1), 1.67 (s, 3H, CH; 16),
1.86 (ddd, J = 2.2, 10.4, 14.3 Hz, 1H, H6B), 2.11 (d, J = 1.1 Hz, 3H, CH; 18), 2.12 (m, 1H,
H14B), 2.17 (s, 3H, OAcl0), 2.23 (dd, / = 7.6, 14.9 Hz, 1H. Hl4a), 2.28 (s, 3H, QAcq),
2.51 (ddd, J = 6.9, 9.6, 14.3 Hz, 1H, H6a), 3.82(d, J =7.2 Hz, 1H, H3x), 4.14 (d, J = 8.3
Hz, 1H, H20B), 4.30 (d, J = 8.3 Hz, 1H, H20a), 4.48 (dd, J = 6.6, 10.4 Hz, 1H, H7w), 4.92
(dd, J = 7.7, 8.8 Hz, 1H, H5q), 4.96 (d, / =8.2 Hz, 1H, HI13B), 5.63 (d, J = 6.6 Hz, 1H,
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H2a), 6.47 (s, 1H, H10a), 7.47 (t, J = 7.1 Hz, 2H, PhCOO -m), 7.60 (¢, / = 7.1 Hz, PhCOO
-p), 8.10 (d, 7 = 7.1 Hz, PhC0OO0 -0).

Diol 35. A soludon of 34 (P; = BOM, P, = TBS) (16.3 mg, 0.0199 mmol) in THF (0.5 mL)
was added to cris(diemylamino)sulfoniumdiﬂqorouimcthylsilica:c (TASF) (37 mg, 0.134 mmale)
at room temperature under nirogen aunosphérc. The soluton was stirred for 40 min, diluted with
ethyl acetate, poured into 20 mL of a saturated aqueous NaHCO4 solution and extacted with
CHCl;3 (30 mL x 3). The combined organic phase was dried over anhydrous Na,SO, and
concenmated under reduced pressure (o give 16 mg of a pale yellow oil, which was filtered through
a pad of silica gel using 70 % ethyl acetate/hexane as eluent. The filtrate was concentrated to yield
13.5 mg (94 %) of 7-BOM BII (3 5). ' |
35 (P;=BOM) mp. 224-225°C, 'H NMR (500 MHz, CDCly), 8 1.08 (s, 3H, CH,4 17), 1.18 (s,
3H, CHj; 16), 1.61 (s, 1H, OHI), 1.77 (5, 3H, CH; 19), 1.99 (ddd, J = 2, 10.5, 14.5 Hz, 1H,
H6B), 2.02(d, J - 5 Hz, 1H, OH13), 2.10 (d, J = 1.5 Hz, 3H, CH, 18), 2.20 (s, 3H, Ac0),
2.28 (s, 3H, AcQ), 2.27-2.29 (m, 2H, H14), 2.89 (ddd, J =7, 10, 16.5 Hz, 1H, Héa), 3.94 (d,
J=7Hz, 1H, H3), 4.16 (dd, J = 1, 8.5 Hz, 1H, H20p), 4.24 (dd, /= 6.5, 10.5 Hz, 1H, H7),
4.31 (d, /= 8 Hz, IH, H20a), 4.45 (d, /= 12.0 Hz, 1H, OCH,Ph), 4.67 (d, / = 12.0 Hz, 1H,
OCH;Ph), 4.84 (d, /= 5 Hz, 1H, OCH,0), 4.86 (d, 7 = 5 Hz, 1H, OCH,0), 4.87 (m, 1H,
HI3B), 4.95 (dd, J = 2.0, 9.5 Hz, 1H, H5a), 5.63 (d, J = 7 Hz, 1H, H2B), 6.40 (s, 1H,
HI10a), 7.30 (m, SH, PhCH,), 7.48 (m, 2H, PhCOO -m), 7.61 (m, 1H, PhCOQ -p), 8.10 (2H,
~.m, PhCOO -0). 13C NMR (CDCl;) 5 (ppm) 10.3, 14.9, 20.0, 20.7, 22.4, 26.6, 35.3, 38.4,
- 42.7, 47.2, 57.4, 67.8, 69.9, 74.6, 75.8, 76.4, 78.7, 80.3, 80.3, 80.9, 84.4, 96.7, 127.7,
127.9, 128.5, 128.8, 129.6, 130.3, 132.4, 133.8, 138.0, 144.4, 167.3, 169.8, 171.0, 203.0.
IR (CHCl3) v 1720, 1460 cm-l. Anal. Caled. for C49H40:4: C, 66.28; H, 6.56. Found C,
66.09; H, 6.59.

7-BOM-Taxol. To a solution of 7-BOM baccatin 111 (3 5) (13.2 mg, 0.018 mmol) in 0.25 mL of
THF at -45 C was added dropwise 21 uL of a 1.03 M solutiaon of lithium bis(aimethylsilyl)amide
in THF. After th at -45 'C, a solution of (S)-cis-1-benzoyl-3-miethylsilyloxy-4-azetidin-2-one (15
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wherein M R2, R4[err] Rerr], Rerr], and Rerr] are as pre%ﬁ#ﬁ/o&so S
defined. WO95/03265 As set forth in Reaction Schene A taxol nay be prepared

by converting 7-protected Baccatin IIl 35 to the correspondi ng al koxi de amd
reacting the al koxide with a B-lactamin which Xerr] is protected hydroxy,
X[err] is phenyl and Xs is benzoyl. Protecting groups such as 2-

met hoxypropyl ("MOP'), |-ethoxvethyl (" EE"|)§ are preferred, but a variety of
ot her standard protecting groups such as t 8 triethylsilyl group or other
trialkyl (or aryl) silyl groups nay be used. Taxanes having alternative

o1 de chai n Subolid aten b ProRRESr Ao a LS woe o Lol aplamm ui o
C5ouD Ry B o R oL Y DU ST 1 Sl cort o
| nt er medi atEF #asalded Thehfikirwispaytidngd bétwesiDsata e Bglicogs NEHECOR A 83% ethyl
derivative. The reducing
acetate / hexane. Evaporation of the organic layer gave a residue which was purified by filtration
through silica gel to give 20.2 mg of crude (2'3,3'5)-2’-tricthylsilyl-?-BOM taxol. _
To a solurion of 20.2 mg (0.018 mmol) of (2'R,3'S)-2'-triethylsilyl-7-BOM taxol in 0.8 mL of
acetonitrile and 0.3 mL of pyridine at 0 "C was added 0.10 mL of 48% aqueous HF. The mixture
was stirred at 0 C for 1 hand then partitioned between saturated aqueous sodium bicarbonate and
ethyl acetate. Evaporation of the ethyl acetate solution gave 17.7 mg of material which was
purified by flash chromatography to give 15.4 mg (86%) of 7-BOM-taxol.
7-BOM-Taxol: m.p 169-172 'C, !H NMR (CDCl4, 300 MHz) 3§ 8.11 (d, J = 7.1 Hz,2H,
benzoate ortho), 7.76 (d, J=7.1 Hz,1H, benzamide ortho ), 7.61-7.26 (m, 11 H, aromatic),
7.06(d, J = 8.8 Hz, 1H, NH), 6.33 (s, IH, HI0), 6.17 (dd, J = 8.8, 8.8 Hz, lH, H13), 5.79
(dd, J = 8.8, 2.2 Hz, 1H, H3", 5.67 (d, J = 6.6 Hz, 1H, H2b), 4.91 (d, J=8.8 Hz1H, HS),
;.87-4.77(m, 3H, H2', OCH2Ph),4.67(d, J=12 Hz, OCH20) 4.43(d, J=12 Hz, OCH20), 4.30
(d, J= 8.2 Hz, 1H, H20a), 4.19 (d, / = 8.2 Hz, IH, H20b), 4.15 (m, 1H, H7), 3.70 (d, / = 6.6
Hz, 1H, H3), 3.61 (d, /= 2.5 Hz, 1K, 2'0OH), 2.85 (m, 1H, H6a), 2.35 (s, 3H, 4Ac), 2.30 (m,
2H, H14), 2.19 (s, 3H, 10Ac), 2.05 (m, IH, H6b), 1.78 (br s, 6H, Mel18,Me19), 1.72 (s, IH,
10H), 1.19 (br 5, 6H, Mel6, Mel17). Anal. Caled. for C535H590,5x0.5H,0: C, 67.20; H, 6.15.
Found C, 67.08; H, 6.16.

Taxol. To a suspension of 10% I"d on carbon (50 mg) in ethanol (0.6 mL) saturated with
hydrogen at room temperature was added a soluton of 7-BOM-taxol (14.4 mg, 0.0148 mmol) in
ethanol (0.2 mL x 4). The reaction mixture was refluxed for 45 min under hydrogen and then
filtered through silica gel eluting with ethyl acetate. The solvent was evaporated under reduced
pressure to give 11.9 mg of taxol (94%) as colorless needles, which exhibited spectra identical
with an authentic sample of taxol.

Taxol: mp. 210-212°C, 'H NMR (500 MHz, CDCl;) § 1.15 (s,3H, CH; 16), 1.24 (s, 3H,
CH, 17), 1.68 (s, 3H, CH4 19), 1.75 (s, IH, OH1), 1.79 (s, 3H, CH, 18), 1.90 (ddd, J= 14.6,
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refera %rr% a borohydride and, nost preferably, PCT/US94/08350
or o- hnydri de (Bu4NBH4) or triacetoxyborohydride.

As illustrated in Reaction Schenme 1, the reaction of baccatin IIl with
Bu4NBH4 i n net hyl ene chl oride yields 9-desoxo-90-hydroxybaccacin Il 5.
After the C7 Hydroxy group is protected with the triethylsilyl protecting

group, for exanple, a suitable side chain ma&/
40 8

11.0, 2.3 Hz, 1 H, H6B), 2.26 (s, 3H, AcO10), 2.33 (dd, J =15.4, 8.9 Hz, 1H, H14p), 2.38
(dd, 7 =154, 8.9 Hz, 1H, Hlda), 2.41 (s, 3H, AcO4), 2.46 (d, J =4.1 Hz, 1H, OHT), 2.57
(ddd, 7=10.0,14.6,65 Hz, 1H, H6a), 3.54 (d, J=5.0 Hz, 1H, OH2"), 3.82 (d.J=6.9 Hz, 1H,
Hi), 4.22 (d, J=8.5 Hz, 1 H, H20a), 4.32 (d, J=8.5 Hz, | H, H20B), 4.42 (ddd, J=11.0,
6.5, 4.1 Hz, | H, HTa), 4.81 (dd, J= 5.0, 2.5 Hz, | H, H2"), 4.96 (dd, /=100, 2.3 Hz, 1H,
HSq), 5.69 (d, J=69 Hz, | H, H2P), 5.81 (dd, J=8.7, 2.5 Hz, 1 H, H3"), 6.25 (dd, I=3.9,
8.9 Hz, 1 H, HI3B), 6.29 (s, 1H, H 100x), 6.98 (d, J = 8.7 Hz, 1H, NH),7.37 (m, 1H, PhCON
-p), 7.46 (m, 9 H, Ph 3'; PhCOO 2' -m, PACON -m), 7.62 (m, 1H, PhCOO -p), 7.76 (br d, J
=8.7 Hz, 1H, PhCON -0), 8.16 (br d, J=7.3 Hz, 1 H, PhCOO -0). IR (CHCl3) v 1730, 1650

o,

10-Deacertyl baccadn I (3 6). To a mixmure of ketone 3 3 (P; = MQOP, Pl 3 =TES) (2.2 mg, 0. 003
mmol) in pyridine (30 pL, 0.36 mmotl) and acetoniwile (20 uL) at 0 *C was added 48% aqueous
HF (12 11,032 ;nmol) and the solution was then warmed to room temperature and sﬁrr:d for 36
hours. The mixture was then diluted with 2 mL of ethyl acetate and poured in to a separatory
funnel containing 30 mL of agueous saturated Na,CO4 and 20 mL ethyl acetate. The aqueous
layer was extracted twice with 20 mL of ethy! acetate and the organic layers were combined, dried
with Na2,S0,, filtered, and concentrated to give 2.7 mg of a yellow oil. The material was éuriﬁcd
by plug silica gel column chromatography by eluting with a 50% ethy! acetate/hexanes mixrure
followed by ethyl acetate to give 1.5 mg of 3 6, which exhibited spectra identical with an authentic
sample of 10-DAB.

Baccatin I (37). To a mixmure of ketone 34 (P; = MOP) (2.1 mg, 0.003 mmol) in pyridine (30
pL, 0.36 mmol) and acetonitile (20 uL) ac 0 °C was added 48% aqueous HF (12 pL, 0.32 mmol)
and the solution was then warmed to room temperature and stirred for 36 hours. The mixture was
then diluted with 2 mL of ethyl acetate and poured in to 2 separatory funael containing 30 mL of
aqueous saturated Na;CO; and 20 mL cthyl acetate. The aqueous layer was exmracted twice with
20 mL of ethyl acetate and the organic layers were combined, dried with Na,SQy, filtered, and

concentrated o give 2.7.mg of a yellow oil. The material was purified by plug silica gel column
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be atcached to 7-protecced-9B-hydraxy derivative 6 as el sewhere descri bed
herei n. Repg9ahsRE the rentaining procecting groups thus yi ef§F/USI4/08350

90- hydr oxy- desoxo eaxoL or other 90-hydroxvtetractlic taxane having a C 3™
si de chai n. [err]

90

chromatography by eluting with an ethyl acetate/hexanes mixture to give 1.7 mg of 37, which

" exhibited spectra identical with an authentic sample of baccatin III.

| REACTION SCHEME A’
Hydroxyketone 19. To a'vigorously stirred-solution of kctoxjc 18 (P;=MOP) (181 mg, 0.265
mmol) in THF (2.2 mL) under nitrogen at -78 *C was added dropwise down the side of the flask
2.13 mL of 2 0.2 M solution (0.426 mmol) of LDA in THF. After 10 min, a solution of 116 mg of
(S)-camphorsulfonyloxaziridine (116 mg, 0.396 mmol) in 1.5 mL THF was added dropwise
down the side of the flask. The reaction mixture was cooled to 40 *C and, after stirring 1 h, 2
mL of a saturated aqueous NaHCOj solution was added. The reaction mixture was diluted with 50
mL of 30% ethyl acetate in hexanes and washed with 20 mL of a saturated aqueous NatHCO,
solution and brine, dried over anhydrous Na,SO, and concentrated under reduced pressure. The
resulting oil was filtered through silica gel with 30% ethyl acetate in hexanes and concentrated to
give 210 mg of a colorless oil. This material was purified by radial chromatography, eluting with
25% cthyl acetate in hexanes to yield 150 mg (81%) 5B-hydroxyketone 19 as a white solid, 15 mg
(8%) returned starting ketone 18 and 10 mg (5%) of the corresponding Sc-hydroxyketone.
19 (P;=MOP): 'H NMR (500 MHz, CDCl,) & 0.08 (s, 3H, TBS CH,), 0.12 (s, 3H. TBS CHjy),
0.62 (q, J = 8.2 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Buj. 0.96 (t, J = 8.2 Hz, 9H, TES
CH;), 1.05 (s, 3H, CH4 19), 1.19 (s, 3H, CH; 17), 1.33 (s, 3H, CH; 16), 1.35 (s, 3H, MOP
CH,), 1.43 (s, 3H, MOP CH;), 1.67 (dd, J = 5.0, 14.7 Hz, 1H, H9B), 1.87 (m, 1H, HEP),
2.12 (dd, J = 4.1, 15.1 Hz, 1H, Hlda), 2.14 (d, / = 1.4 Hz, 3H, CH; 18), 2.23 (dd, / = 7.3,
14.7 Hz, 1H, H%), 2.55 (dd, /= 9.2, 15.1 Hz, IH, H14B), 2.76 (ddd, /= 3.7, 7.3, 13.7 Hz,
H, H6a), 3.22 (s, 3H, MOP OCH,), 3.24 (d, /= 4.1 Hz, 1H, OHS), 3.28 (d, /= 6.0 Hz, 1H,
H3a), 3.83 (dd, 7 = 3.7, 9.2 Hz, 1H, H7a), 4.06 (ddd, J= 4.1, 7.3, 7.3 Hz, 1H, H5a), 4.46
(dd, 7= 5.0, 7.3 Hz, 1H, B10B), 4.53 (d, / = 6.0 Hz, 1H, H2[3), 4.63 (dd, J = 2.8, 9.2 Hz, IH,
H13B).

Ketone 20. Toa \;igorcusly stirred solution of 5-hydroxy-4-ketone 19 (P,=MOP) (420 mg,
0.602 mmol) in CH,Cl, (20 mL) and triethyiamine (1.18 mL, 8.5 mmol) under nirogen at O °C
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6 s natively, the C13 hydroxy group of 7- proteBCEASHKIEIFUr oxy
derivati v‘éf"e“‘?(?ggébe protected with

9l

was added mimethylsilyichloride (0.40 mL, 3.3 mmol). After 0.5 h, the reaction mixture was
quenched with 5 mlL of a saturated aqueous NaHCO; solution and exmracted with 50 mL CHCL,,
The organic phase was washed with.brine, dried aver anhydrous Na2,S0, and concentrated under
reduced pressure to give 453 mg (98%) of ketone 20 as a colorless oil. This material was used
without further purification.

20 (P;=MOP): !H NMR (500 MHz, CDCI;) 8 0.11 (s, 6H, TBS CHj), 0.12 (s, 9H, T™MS
CH,), 0.59 (g, J/ = 7.8 Hz, 6H, TES CHy), 0.94 (5, 9H, TBS t-Bu), 0.96 (t, / = 7.8 Hz, 9H,
TES CHy), 1.23 (s, 3H, CHy 17), 1.32 (s, 3H, CH; 19), 1.33 (s, SH, MOP CHj;), 1.35 (s, 3H,
CH; 16), 1.37 (s, 3H, MOP CH,), 1.86 (m, 3H, H6pB, H9¢, H9f). 2.05 (d, / = 1.4 Hz, 3H,
CH; 18), 243 (d, J = 3.7 Hz, 1H, HI4[3).- 245 (d,J =4.6 Hz, 1H, .H14a), 2.59 (ddd, J = -
6.0, 8.2, 14.2 Hz, 1H, Héa), 2.84 (d, / = 6.0 Hz, 1H, H3a), 3.21 (s, 3H, MOP OMe), 3.51
(dd, J = 6.0, 11.0 Hz, 1H, H7«), 3.94 (dd, J = 4.1, 8.2 Hz, 1H, H5a), 4.38 (dd, J = 5.0, 8.7
Hz, 1H, H108), 4.54 (d, / = 6.0 Hz, 1H, H2B), 4.74 (dd, J = 6.4, 6.4 Hz, 1H, H13p).

Diol 21. To a stirred solution of ketane 2 § (P;=MOP) (453 mg, 0.588 mmol) in THF (23 mL)
under nitrogea at -78 "C was added dropwise 1.95 mL of a 3 M solution of MeMgBr in cther
(5.85 mmot). The reaction mixture was stirred for 5.5 h, poured into 100 mL of a saturated
aqueous NaHCO; solution and exwmacted with thres 100 mL portions of CHCl;. The combined
organic phases were dried over anhydrous N2,S0O, and concentrated under reduced pressure to
yield 453 mg of the hydroxy mrimethylsilyl ether as a colorless oil. This material was used without -
further purification.
To a stirred solution of the trimethylsilyl ether (453 mg) in pyridine (8 mL) and acézonitrilf:: (8 mL)
at 0 "C was added 0.3 mL of a 43% aqueous HF solution. After stirring 20 min, the resulting
mixture was poured into 100 mL of a saturated aqueous NaFICO5 solution and exmracted with three
150 mL portions of CHCl;. The combined organic layers were dried over anhydrous Na, SOy and
concenaated under reduced pressure to yield 422 mg of diol 2 1. This matcri:;:iscd without
further purification.
21 (P;=MOP): 'H NMR (300 MHz, CDCl,) § 0.08 (s. 3H. TBS CH,), 0.10 (s, 3H, TBS CH,).
0.56 (q, / = 7.7 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Bu), 0.93 (t, / = 7.7 Hz, 9H, TES

This Sheet Has Been Replaced

IIII SUBSTITUTE SHEET (RULE 26)



- —
trinmethylsilyl or other protecting group which can be sel ectively renpved

relative to the C7 hydroxy protecting group as illustrated iPCTRIS4/08350
Scherme 2,WOP583%Bl e further sel ective mani pul ati on of the various

e

subscituents of the taxane. For exanple. reaction of

- 41 -

7, 13-urocect ed- 9B- hydroxy derivative 7 with KH causes the acetate

group to mgrate fromCl0 to C9 and the hydroxv group to mgrate fromC9 to
Cl10, thereby yielding 10-
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CH,), 1.16 (s, 3H, CH, 17), 1.25 (s, 3H, CH, 16), 1.29 (s, 3H, CHy 19), 131 (s, 3H, CH,
20, 1.38 (s, 3H, MOP CH,), 1.46 (s, 3, MOP CH,), 1.81 (4, / = 3.8 Hz, 1H, Hia), 1.86
(d, J =9.9 Hz, 1H, HOP), 1.90 (dd, J = 6.1, 8.3 Hz, 1H, H9w), 1.96 (s, 3H, CH, 18), 2.12
(ddd, J = 3.3, 3.3, 10.4 Hz, 1H, Héa), 2.30 (m, 1H, H6P), 2.42 (dd, J = 3.9, 15.4 Hz, 1H,
Hlda), 2.61 (dd, J = 9.3, 15.4 Hz, 1H, HI4p), 2.81 (s, 1H, OH4), 3.04 (m, 1H, OHS), 3.40
(dd, J =139, 15.8 Hz, 1H, Hla), 4.28 (dd, J = 6.6, 8.2 Hz, 1H, HI0B), 4.62 (dd, 7 = 1.6,
7.8 Hz, 1H, HI3p), 4.66 (d, J = 3.8, 1H, H26).

Acetate 22, To a stirred solution of diol 2 1 (P;=MOP) (470 mg, b.66 mmo}) in pyridine (12 mL)

under nitrogen at room temperature was added acetic anhydride (4.5 mL). After 11 b, the reaction

mixture was diluted with 50 mL of CHCl;, then poured into 50 mL of saturated aqueous sodium

bicarbonate solution. The aqueous phase was extacted with CHCl; then the combined extracts

were washed with brine, dried with Na,SO, and filtered. Concentration of the filrate under

vacuum yielded 470 mg (94% from 2 0) of crude material which was pure acetate 22 by IH NMR
and TL.C analysis.

22 (Ps=Ac, P;=MOP): 'H NMR (500MHz, CDCl;) 5 0.10 (s, 3H, TBS CHy), 0.13 (s, 3H,
TBS CH;), 0.59 (q, / = 7.8 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.95 (t, / = 7.8 He,
9H, TES CHj), 1.18 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 16), 1.32 (s, 3H, CH; 19), 1.33 (s,
6H, CH, 20, MOP CH,), 1.41 (s, 3H, MOP CH3), 1.91 (d, /= 3.4 Hz, 1H, H3a), 1.94 (m,
2H, HY, H9), 2.00 (d, /= 1.5“Hz, 3H, CH; 18), 2.06 (ddd, J = 3.9, 3.9, 11.7 Hz, 1H, Héa),
2.10 (s, 3H, OAc), 2.14 (dd, J = 11.7, 239 Hz, 1H, H6B), 2.38 (dd, J = 3.9, 15.1 Hz, 1H,
Hl4a), 2.63 (dd, J = 9.3, 15.1 Hz, 1H, H140), 2.78 (d, /= 1.5 Hz, 1H, OH4), 3.20 (s, 3H,
OMe CH;), 3.38 (dd, /= 3.9, 11.7 Hz, 1H, H7a), 4.30 (dd, J = 4.9, 10.3 Hz, 1H, H10f), 4.50
(ddd, J = 1.5, 3.9, 12.2 Hz, 1H, H5q), 4.64 (dd, J = 1.5, 1.5 Hz, 1H, H130), 4.66 (d, J = 3.4
Hz, 1H, H2B).

Olefin 23. To a stirred solution of alcohol 22 (Ps=Ac, P;=MOP) (26 mg, 0.034 mmol) in
CH,Cl, (1.48 mL) and pyridine (0.37 mL) under nizrogen at 10 *C was added SOCI,(0.037 mL,

5.1 mmol) over a period of three minutes. The mixwre was warmed to room temperature and
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desacetyl derivative 8. Protection of the C1O hydroxy group of 10-desacevyl
derivative 8 with triethytsityl—yieldsderivative 9. Selective renoval of
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stirred for 2.3 h then diluted with CHCl; and poured into saturated aqueous sodium bicarbonate
solution. The aqueous phase was extracted with CHCl, and the combined extracts were washed
with brine, dried over anhydrous Na;SOy4 and filtered. Concentration of the filtrate under vacuum
yiclded 24 mg of crude material which was purified by silica gel chromatography to give 13 mg
(52%) of a 4:1 mixture of 7-MOQOP-exo;endo cyi:lic olefins and 6 mg (27%) of a 4:1 mixture of 7-
hydroxy-exo;endo cyclic olefins.

23 (Ps=Ac, P;=MOP): 'H NMR (500 MHz, CDCl,) § 0.10 (s, 3H, TBS CHj), 0.12 (s, 3H,
TBS CHj3), 0.59 (q, J=7.9, 6H, TES CH,), 0.93 (s, 9H, TBS t-Bu), 0.96 (t, /= 7.9, 9H, TES
CH,), 1.21 (s, 3H, CH; 17), 1.30 (s, 3H, CHj 19), 1.32 (s, 3H, MOP CHj), 1.34 (s, 3H, MOP
CHj), 1.37 (s, 3H, CH; 16), 1.72 (m, 2H, H6B, HIP), 1.89 (dd, J = 3.8, 13.4 Hz, 1H, HIP),
2.03 (d, J = 1.37 Hz, 3H, CHj 18), 2.05 (s, 3H, OAc CH;), 2.33 (dd, J = 5.1, 15.4 Hz, 1H,
Hlda), 2.47 (m, 2H, Hé6a, H148), 3.06 (d, J = 5.8 Hz, 1H, H3a}, 3.20 (s, 3H, MOP OMe),
3.38 (dd, J = 6.9, 11.0 Hz, 1H, H7a), 4.37 (dd, J = 3.3, 11.0 Hz, 1H, H10B), 4.53 (d, J = 5.8
Hz, 1H, H2), 4.74 (m, 1H, H13p), 5.15 (s, 1H, H20E), 5.21 d, 7 = 1.37 Hz, 1H, H202),
5.36 (d, J= 9.3 Hz, 1H, H3a).

Diol 24. To a stirred solution of a 4:1 mixture of the exo,endocyclic olefins 23 (Ps=Ac,
P,=MOP) (249 mg, 0.337 mmol) in pyridine (4.6 mL) under nitrogen at 0 *C was added 5.35 mL
of 2 0.157 M solution (0.368 mmol) of OsO, in THF. After 1 h, NaHSO5 was added along with
6.2 mL of water and the mixture was stirred for 1 h at room temperature. The mixture was then
diluted with ethyl ac;:tate and poured into saturated aqueous sodium bicarbonate. The aqueous
layer was extracted with ethyl acetate and the combined extracts were washed with brine, dried
over anhydrous Na,SO4 and concentrated under reduced pressure to yield 281 mg of crude
material which was purified by silica gel chromatography, eluting with 50% ethyl acetate/hexane to
yield 190 mg (73%) of pure diol 24 and 48 mg (19%) of the enol acetate.

24 (Ps=Ac, P,=MOP): 'H NMR (500 MHz, CDCly) § 0.10 (s, 3H, TBS CH,), 0.11 (s, 3H,
TBS CHjy), 0.60 (dq, /= 1.5, 7.8 Hz, 6H, TES CH,), 0.87 (s, 3H, CH; 19), 0.93 (s, 9H, TBS
t-Bu), 0.95 (t, J = 7.8 Hz, 9H, TES CHj), 1.20 (s, 3H, CH; 17), 1.31 (s, 3H, CH; 16), 1.33 (s,
3H, MOP CH,), 1.47 (s, 3H, MOP CH;)1.54 (dd, J = 12.3, 25.0 Hz, 1H, H6P), 1.63 (dd, J =
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5.5, 15.1 Hz, 1H, H9B), 2.05 (s, 3H, OAc), 2.15 (s, 3H, CH, 18), 2.26 (m, 2H, H9a, OH20)
2.37 (dd, J = 9.2, 14.7 Hz, 1H, H14f), 2.46 (ddd, J = 4.8, 4.8, 13.4 Hz, 1H, Héc), 2.69 (d, J
= 4.5 Hz, 1H, H3a), 3.18 (s, 3H, MOP CHj;), 3.28 (dd, J = 3.8, 14.7 Hz, 1H, Hl4a), 3.76
(dd, J = 4.0, 11.6 Hz, 1H, H7a), 3.84 (m, 2H, H20, H20), 3.95 (s, 1H, OH4), 4.42 (dd, J =
51,58 Hz,. 1H, H10B), 4.44 (d, J= 4.1 Hz, 1H, H2p), 4.63 (dd, J = 4.1, 12.3 Hz, 1H, H5a),
4.67 (dd, /= 4.1, 9.2 Hz, 1H, HI13p).

24 (P,=BOM): 'H NMR (300 MHz, CDCl;) 3 0.9 (s, 3H, TBS CHj), 0.10 (s, 3H, TBS CHjy),
0.58 (q, J =7.9Hz, 2H, TES CH,), 0.83 (s, 3H, CH; 19), 0.9Z (s, 9H, TBS t-Bu), 0.93(t, J =
7.9 Hz, TES CHj), 1.20 (s, 3H, CH;y 17), 1.33 (s, 3H, CH; 16), 1.58 (q, J = 13.2Hz, 1H,
H6B), 1.71 (dd, J = 10.4, 5.5 Hz, HIB), 2.04(s, 3H, OAc), 2.17 ( br s, 3H, CH; 18), 2.20 (dd,
J = 104, 3.8 Hz, 1H, H9a), 2.35 (dd, J = 14.8, 9.1 Hz, 1H, H14B), 2.43 (dt, /= 13.2, 5.0
Hz, 1H, Béa), 2.80 (d, J = 4.6 Hz, 1H, H3a), 3.31 (dd, J = 4.4, 14.8 Hz, 1H, Hl4a), 3.71
(dd, 7 = 4.9, 13.0 Hz, 1H, H7a), 3.83 (m, 2H, H20), 3.98(s, 1H, OH1), 4.46(d, J = 4.8 Hz,
1H, H2B), 4.48 (m, 1H, H108), 4.51(d, J = 12.1 Hz, 1H, PhCH;0), 4.64 (dd, J = 13.2, 5.0
Hz, 1H, H5a), 4.66 (m, 1H, H13B), 4.70 (d, J = 12.1 Hz, 1H, PhCH,0), 4.83 (d, /= 7.1 Hz,
1H, OCH,0), 4.94 (d, /=7.1 Hz, 1H, OCH,0), 7.33(m, 5H, Ph).

94

Triol 25. To a stirred solution of acetoxydiol 24 (Ps=Ac, P;=MOP) (26.5 mg, 0.035 mmol) in
anhydrous methanol (0.9 mL) at -5 *C under nitrogen was added 0.060 mL of a 0.166 M (0.01
mmol) methanolic'éoluﬁon of sodium methoxide. After 2.5 h, the reaction mixture was diluted
with 10 mL of ethyl acetate, then poured into 10 mL of 2 saturated aqueous NaHCO; solution.
The organic phase was washed with 10 mL of a saturated aqueous NaHCO5 solution, dried over
anhydrous Na,SO,4 and concentrated under reduced pressure to give 25 mg of pure triol 25
(100%).

25 (P;=MOP): 'H NMR (500 MHz, CDCl3) 8 0.10 (s, 3H, TBS CH,), 0.11 (s, 3H, TBS CH,),
0.60 (q, J = 8.06 Hz, 6H, TES CH,), 0.87 (s, 3H, CH; 19), 0.94 (s, 9H, TBS t-Bu), 0.95 (t, J
= 8.1 Hz, 9H, TES CHj), 1.19 (s, 3H, CH, 17), 1.31 (s, 3H, CHj 16), 1.33 (s, 3H, MOP
CH;), 1.47 (s, 3H, MOP CH,), 1.59 (dd, J = 11.7, 11.7 HZ, 1H, H6B), 1.62 (dd, J= 5.5, 16.1
HZ, 1H, H9B), 2.11 (d, J = 0.7 Hz, 3H, CH, 18), 2.24 (dd, J = 5.5, 16.1 Hz, 1H, H9«), 2.38
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(dd, J=9.5, 15.0 Hz, 1H, H14p), 2.45 (ddd, /= 4.4, 4.4, 13.6 Hz, 1H, H6a), 2.60 (d, /= 4.4
Hz, 1H, H3 d), 3.21 (s, 3H, MOP OMe), 3.25 (dd, J = 4.4, 15.0 Hz, 1H, Hl4a), 3.52 (dd, /=
4.4, 12.8 Hz, 1H, H7a), 3.72 (dd,"/ = 4.4, 11.4 Hz, 1H, H5a), 3.79 (s, 1H, OH4), 3.86 (d, J
= 11.0, 1H, H20), 3.93 (d, /= 11.4 Hz, 1H, H20), 442 (dd, /= 5.1, 5.1 Hz, 1H, HI0B), 4.45
(d, J=4.4 Hz, 1H, H2f), 4.66 (dd, / = 4.0, 9.2 Hz, 1H, HI13B).
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p-Methoxybenzylidene acetal 25b:  To a solution of the diol 24 (Ps=Ac, P;=BOM) (6.5 mg,
0.0079 mmol) and anisaldehyde dimethyl acetal (0.013 mi, 0.076 mmol)} stirred in CH,Cl; was
added a solution of p-toluenesulfonic acid (0.002 ml, 0.1M in THF, 0.0002 mmol). The rcsulti:ig
solution was stirred at room temperature for 15 min then triethylamine (0.1 mi) was added and
stirring was continued for 10 min. The mixture was rinsed into 30% ethyl acetate in hexanes (15
mi) then the aqueous phase was extracted with 30% ethyl acetate in hexanes (2 x 5 ml): The
combined extracts were washed with brine, dried over Na,SO;, and filtered. Concentration of the
filtrate under vacuum yielded 12 mg of colorless oil which was purified by silica gel
chromatography to yield 6.9 mg (96%) of p-methoxybenzylidene acetal 25b as a 5:1 mixture of
diasteromers.
25b (Ps=Ac, P;=BOM, major diasteromer): 'H NMR (500 MHz, CDCl;) § -0.05 (s, 3H, TBS
CHj), 0.07 (s, 3H, TBS CHjy), 0.60 (g, J = 7.9Hz, 2H, TES CH,), 0.78 (s, 3H, CH; 19) 0.82
(s, 9H, TBS t-Bu), 0.95(t, /=7.9 Hz, TES CHy), 1.25 (s, 3H, CH; 17), 1.37 (s, 3H, CH; 16),
1.58 (m, H6P), 1.70 (dd, J = 16.8,5.8 Hz, HIB), 1.74 (s, 3H, OAc), 2.26 (s, 3H, CH, 18),
2.28 (dd, /= 16.8, 1.4 Hz, 1H, HO9a), 2.38 (dd, J/ = 15.1, 9.7 Hz, 1H, H14p), 2.57 (dt, J =
5.1, 9.9 Hz, 1H, Héa) 3.10 (dd, J = 5.1, 14.7 Hz, 1H, Hlda), 3.11 (d, / = 4.8 Hz, 1H,
H3a), 3.79 (s, 3H, OCH,), 3.84 (dd, / = 5.0, 11.5 Hz, 1H, H7w), 4.15 (d, / = 8.2 Hz, lH,
H20), 4.20 (d, / = 8.2 Hz, 1H, H20), 4.48(d, / = 12.0 Hz, 1H, OCH,Ph), 4.55 (d, J = 4.8 Hz,
~1H, H2f), 4.57 (m, 1H, HI0B), 4.71 (d, J = 12.0 Hz, 1H, OCH,Ph), 4.73 (m, 1H, H13B),
4.78 (dd, /= 12.4, 4.9 Hz, 1H, Hja), 4.84 (d, / = 6.7 Hz, 1H, OCH,0), 4.99 (d, J = 6.7 Hz,
1H, OCH,0), 6.05 (s, 1H, acetal CH), 6.80 (d, J = 7.5 Hz, 2H, p-MeQPh -0), 7.27-7.36 (m,
7H, p-MeOPh -m and Ph). '
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Acetonide 26b. To a solution of the p-methoxybenzylidene acetal 25b (Ps=Ac, P;=BOM) (11.5
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- mg, 0.012 mmol) in 0.4 mL of toluene stirred at 0 *C was added a solution of diisobutylaluminum
hydride (0.082 ml, 2.0M in roluene, 0.12 mmol). The resulting solution was stirred fbr 3.5 hthen
methanol (0.1 ml) was added. The mixture was diluted with ethyi acetate (5 mi) and stirred with
saturated aqueous sodium porassium tartrate for 1.5 hours. The aqueous phase was separated and
extracted with ethyl acetate (2 x 10 mi) then the combined extracts were washed with brine and
dried with Na,5Q,. Filrration followed by concentration of the filtrate under vacuum yieided 12
mg of crude material ghnt was puﬁﬁcd by silica gel chromatography (30% ethyl acetate in hexanes
cluent) to yield 4.7 mg of a mixwre of formate acetals, 1.1 mg of 4-MPM-1,2,5,20-tetraol, and
3.2 mg of a mixture of formate p-methoxybenzyl ethers.

The mixmre of formate acetals was dissolved in methanol (0.1 mi) and 3% aqueous NH,OH was
added. The cloudy mixture was stirred at room temperature for 30 min then rinsed into ethyi
acetate over samrated aqueous NaHCQ,. The aqueous phase was extracted with ethyl acetate (2 x
10 ml) and the combined extracts we;rc washed with brine, dried over Na,SO,, and filtered.
Concentration of the filtrate under vacuum yielded a mixture of p-methoxybenzylidene acetals. Th‘e
mixture of acetals was dissolved in toluene (0.4 mi) and the solution was cooled to 0 *C then 2
solution of diisobutylaluminum hydride (0.02 mi, 2.0M in toluene, 0.08 mmol) was added. The
resulting solution was stirred for 3.5 hours then methanol (0.1 ml) was added. The mixture was
diluted with ethyl acetate (5 ml) and stirred with saturated aqueous sodium potassium tartrate for
1.5 hours. The aqucéus phase was separated and exmracted with ethyl acetate (2 x 10 ml) and the
combined extracts were washed with brine and dried over Na,SO4. Filtration followed by
concentration of the filtrate under vacuum yielded 4.5 mg of crude material that was purified by
silica gel éhroma;ography (30% ethyl acetate in hexanes eluent) to yield 2.8 mg of 4-MPM-
1,2,5,20-tetraol.

The mixmure of formate p-methoxybenzy! ethers was dissolved in methanol (0.1ml) and 3%
aqueous NH4OH (0.1ml) was added. The cloudy mixmure was stirred at room temperature for 30

minutes then rinsed into ethyl acetate over saturated aqueous NaHCO;. ’fhe aqueous phase was

extracted with ethyl acetate (2 x 10ml) and the combined extracts were washed with brine, dried

FalElalassie et DL ol oI U



43 -
of

" poaseshizeg group can be selectively renpved fol | oned BGTARS48#TBNt
a side chai n as—described—above—to0 yield 9 acetoxy-10-axo-caxol or

ot her 0-acetoxy-| O oxocet. acvclic taxanes having a Cl13 side chain.
M -ernativelLy, the Cghl&SlEbtdiaeB@thmace‘can be selectively renoved by reduction

of 10-axo derlvatlve
yi el d 9-desoxo-10- oxo

group can be sel ectively renpv

I ng agent such as sanmariumdiiodide to
from which the Cl13 hydroxy procecting
owed 13;7/ attachment of a side chain as

descri bed above to yield 9-desoxo- 10 oxo-taxol or other
9- desoxo-| gvcar aq br ?CtYac }' t&red. a)((_‘%rrzlgcsntxgggn oPthe fi tlrz:x)’tcsuln & vcagx?um yielded 4.8mg of crude

material which was purified by silica ge! chromatography to yield 3.2mg of 4-MPM-1,2,5,20-
tetraol. Total combined yield of 4-MBM-1,2,5,20-tetraol: 68% from 25b. |
4-MPM-1,2,520-tetracl : 1H NMR (500 MHz, CDCly) § 0.13 (s, 3, TBS CH,), 0.06 (s, 3H,
TBS CH,), 0.60 (q, / = 8.0Hz, 2H, TES CH,), 0.89 (s, 9H, TBS t-Bu), 0.95(t, J = 8.0 Hz,
TES CH;), 0.97 (s, 3H, CH; 19), 1.22 (s, 3H, CH; 17), 1.30 (s, 3H, CHj 16), 1.83 (dd, J =
16.8,5.8 Hz, H9a), 1.91 (q, J = 12.4 Hz, 1H, H6B), 2.12 (m, 2H, H9a and 14), 2.18 (s, 3H,
CHj, 18), 2.55 (m, 2H, H14p and 6a), 2.79 (d, J = 5.3 Hz, 1H, H3a), 2.95 (d, J = 3.0 Hz, 1H,
OH3), 3.54 (m, 1H, OH2Q), 3.66(dd, / = 10.3, 5.3 Hz, 1H, H2B), 3.81 (s, 3H, OCH;), 3.85
(dd, J = 5.2, 11.6 Hz, 1H, H7a), 391 (dt, J= 5.9, 12.4, 1H, I:ISG), 4,18 (s, 1H, OHI), 4.13
(d, J = 13 Hz, 1H, H20), 4.20 (dd, / = 7.22, 12.9 Hz, |H, H20), 4.47 (d, J = 11.8 Hz, 1H,
CCH,Ph), 4.58 (m, 1H, H10B), 4.79 (d, J = 11.8 Hz, 1H, OCH,Ph), 4.85 (m, 1H, H13p),
4.87 (d, J = 6.8 Hz, 1H, OCH,0), 5.01 (d, /= 10.6 Hz, 1H, MPM CHy), 5.10 (d, /= 6.8 Hz,
1H, OCH,0), S.i 1(d, /= 10.6 Hz, 1H, MPM CH,), 5.49(d, J= 10.5 Hz, 1H, OH2), 6.87 (d,

.J=38.7 Hz, 2H), 7.30 (d, / = 8.7 Hz, 2H, p-MeQPh -0), 7.27-7.36 (m, 5H, p-MeOPh -m and Ph

CH,).

To a solution of the 4-MPM-1,2,5,20-terraol (2.0 mg, 0.0023 mmol) stirred in 0.2 ml of CH,Cl,
and 0.02 ml of 2,2-dimethoxypropane at 0 °C was added a solution of p-toluenesuifonic acid
(0.002 mi, 0.IM in THF, 0.0002 mmol). The resuiting solution was stirred for 20 min then
triethylamnine (0.1 ml) was added aad stirring was continued for 10 min. The mixture was rinsed
into ethyl acetate (10 mi) over saturated aqueous NaHCO; then the aqueous phase was extracted
with ethyl acetate (2 x 5 ml). The combined extracts were washed with brine, dried with Na,SQ,,
and filtered. Concentration of the filtrate under vacuum yielded 2.1 mg of crude material which
was purified by silica gel chromatography to yield 1.1 mg of acetonide 26b.

26b (P590=C(CHj),;, P;=BOM): 'H NMR (500 MHz, CDCl;) &~ 0.073 (s, 3H, TBS CHjy),
0.008 (s, 3H, TBS CHj), 0.60 (q, /= 7.9Hz, 6H, TES CH,), 0.79 (s, 9H, TBS t-Bu), 0.95(,
J=7.9 Hz, 9H, TES CHy), 1.10 (s, 3H, CH; 19), 1.25 (s, 3H, CH;4 17), 1.34 (s, 3H, CH; 16),
1.41 (s, 3H, CH, acctonide), 1.46 (s, 3H, CH, accronide), 1.88 (dd, / = 16.7,5.5 Hz, H9§),
2.08 (dd, /= 14.3, 9.2 Hz, 1H, H14f), 2.17 (s, 3H, CH; 18), 2.21(dd, J = 17.1, 1.7 Hz. 1H,
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HOa), 2.42 (dd, J = 14.3,7.2 Hz, 1H, Hl4a), 2.61 (d, J = 5.1 Hz, 1H, Hia), 2.62 (m, 1H,
H6B), 3.71 (dd, J = 11.3, 5.1Hz, 1H, H2B), 3.75 (dd, J = 5.0, 11.3 Hz, 1H, H7a), 3.80 (s,
3H, OCHy), 3.99 (dd, J =12.0, 6.2 Hz, 1H, H5e), 401 (d, J = 14.2 Hz, 1H, H20), 4.17 (s,
1H, OHI), 4.4 (d, J = 14.2 Hz, 1H, H20), 4.47 (4, J = 11.6 Hz, 1H, OCH,Ph), 4.58 (m, 1H,
H10B), 4.80 (d, J = 11.6 Hz, 1H, OCH,Ph), 4.84(d, J = 11.3 Hz, 1H, OH2), 4.85 (m, 1H,
H13p), 4.88 (d, / = 10.3 Hz, 1H, OCH,0), 4.89 (d, J = 6.8 Hz, 1H, MPM CH,), 5.00 (d, J =
10.3.Hz, 1H, OCH,Ph), 5.10 (d, J = 6.8 Hz, 1H, MPM CH,), 6.85 (d, J = 8.9 Hz, 2H, p-
MOPh -0), 7.27 (d, / = 8.9 Hz, 2H, p-MeOPh -m), 7.27-7.36 (m, 5H, PhCHj).
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Diolcarbonate 27b: To a solution of the diol 26b (P555=C(CHs),, 'P7=BOM) (I.lmg)in 0.2 mL
of CH,Cl; and 0.02 mL of pyridine stirred at -78 °C was added a solution of phosgene (0.010
mL, 2M in toluene, 0.02 mmol). The resulting solution was stirred at -78 *C for 10 min then
warmed to 0 °C for 3 h. The mixture was diluted with 30% ethyl acetate in hexanes (5 mL) then
poured into 30% ethyl acetate in hexanes (10 mL) over saturated aqueous NaHCO3. The aqueous
phase was extracted with 30% ethyl acetate in hexanes (2 x 5 mL) then the combined extracts were
washed with brine, dried with Na,SOy, and filtered. Concentration of the filtrate under vacuum
yiclded 1.3mg of crude material. Purification by silica gel chromatography yielded 0.9 mg of pure
1,2-cyclic carbonate.

To a solution of the carbonate stirred in 0.1 ml of THF and 0.05 mL of methanol was added a
solution of pyridinium tosylate (0.005 mi, 0.1M in CH2C1§). The mixture was stirred at room
tempcn;mrc for 24 h and partitioned between saturated sodium bicarbonate and ethyl acetate. The
cthyl acetate layer was dried over sodium sulfate and evaporated to give 0.9 mg of diol 27b.

27b (P;=BOM): 'H NMR (500 MHz, CDCl;) §-0.24 (s, 3H, TBS CH,), -0.038 (s, 3H, TBS
CH;), 0.58 (q, J = 8.1Hz, 6H, TES CH,), 0.84 (s, 9H, TBS t-Bu), 0.93(t, / = 8.1 Hz, 9H, TES
CH,),1.14 (s, 3H, CH; 19), 1.19 (s, 3H, CH; 17), 1.34 (s, 3H, CH; 16), 1.88 (brd, /=17
Hz, H9f), 2.00 (br q, / = 12 Hz, 1H, Hé6B), 2.08 (d, / = 1.4 Hz, BH, CHj; 18), 2.2 (m, 2H,
H9a and 14f), 2.35 (brs, 1H, H3w), 2.39 (dt, / = 4.8, 13 Hz, Héax), 2.74 (br s, 1H, 20 OH),
2.87 (dd, J = 15.1 ,5.1 Hz, 1H, Hl4a), 3.71 (dd, J = 11.3, 5.1Hz, 1H, H2B), 3.58 (br s, 2H,
H7a and 20 OH), 3.78 (s, 3H, OCHj;), 3.78 (brm, 1H, H5), 4.37 (dd, J = 13.0, 5.8 Hz, 1H,
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H20), 4.39 (dd, J = 4.8, 5.8 Hz, 1H, H10p), 4.47 (m, 2H, H20 and 2p), 4.59 (4, /= 11.6 Hz,
1H, OCH,Ph), 4.63 (br m, 1H, H13B), 4.71 (d, J = 11.6 Hz, 1H, OCH,Ph), 4.88 (d, J = 7.2
Hz, 1H, OCH,0),4.91 (d, J = 7.2 Hz, 1H, OCH,0), 4.93 (m, 2H, MPM CH,), 6.84 (d, / = 8.6
Hz, 2H, p-MeOPh -0), 7.23 (d, J = 8.6 Hz, 2H, p-MeOPh -m), 7.27-7.36 (m, 5H, Ph CH,).

99

Mesylate 28b. To a stirred solution of diol 27-b (0.9 mg) in pyridine (0.6 mL) under niogen at
0° C was added dropwise methanesulfonyl chloride (0.02 mL). After 12 h, a saturated aqueous
NaHCO; solution (0.05 mL) was added. The mixture was strirred for 10 min, poured into 20 mL
of a saturated aqueous NaHCO; solution and extracted with 40% ethyl acetate/hexane (20 mL x 3).
The combined organic phase was dried over anhydrous Na,SO, z;nd concentrated under reduced

pressure to give 1 mg of 28b as a colorless oil.

Oxetane 29. To a stirred solution of mesylate 28b (1 mg) in toluene (0.4 mL) under nirogen at
room temperature v-vas added diisopropyl ethylamine (0.008 mL). The solution was refluxed for
3.5.h, cooled to room temperature, poured into 20 mL of a saturared aqueous NaHCO, solution
and extracted with ethyl acetate (20 mL x 3). The combined organic phase was dried over
anhydrous Na,SQy, and concentrared under reduced pressure to give 1.5 mg of a pale yellow oil.

The oil was column chromatographed (30% ethyl acstate/hexane) to yield 1 mg of MPM oxetane.

- This material was dissolved in 1 mL of methylene chioride, 0.1 mL of 0.1 M phosphate buffer and

1 mg of DDQ were added, and the mixture was stirred at ambient temperature for 2h. The mixture
was poured into 20 mL of a saturated aqueous NaHCO; solution and extracted with ethyl acctate
(20 mL x 3). The combined organic phase was dried over anhydrous Na,SO,, and concentrated
under reduced pressure to give 1.0 mg of an oil. To a stirred solution of this material (1 mg) and
dimethyl aminopyridine (1.5 mg) in pyridine (10 pL) under nirogen at room temperature was
added acetic anhydride (S pL). The soiution was stirred for 15 h, diluted with ethyl acerate,
poured into 20 mL of a 10% aqueous CuSOy, solution and extracted with ethyl acetate (20 mL x 3).
The combined organic phase was washed with a saturated aqueous NaHCO solution, dried over
anhydrous Na,SO, and concentrated under reduced pressure to give 2 mg of a pale yellow oil.

The oil was column chromatographed (25% ethyl acetate/hexane) to yield 0.6 mg of oxetane 29.
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In ¥iew of the above, it will be seen that the
several objects of the invention are achieved.
As various changes could be made in the above
compositions without departing from the scope of the
5 invention, it is intended that all matter contained in
the above description be interpreted as illustrative and
not in a limiting sense.
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1. 2n intermediate for use in the preparation

of a‘tricyclic or tetracyclic taxane having the formulea:

wherein
5 R, is hydrogen, hydroxy, protected hydroxy or
~OCOR,,, Or together with R, 1s a carbonate;
R, 1s hydrogen, hvdroxy, protected hydroxy, oxo,
) or -OCORw, Or together with R, is a carbonate '
R; is hydrogen, hydroxy, protected hydroxy,
10 -0COR;,, or oxo;
Ry is hydrogen, alkyl, alkenyi, alkynvl, aryl or
heterocarvl;
Ry is hydrogen, hydroxy, protectsd hydroxy, oxo,
or -OCOR;;, or together with R,, is a carbonats;
15 Ry is hydrogen, hydroxy, protected hydroxy,
0X0, or -OCOR,y, or together with Ry 1s a carbonate;
R,; 1s hydrogen, hYdroxy, protected hydroxy,
~OCOR,;s or MO-;
Ry, Ryo, Ry, Ry;, Ry, and Rys ars independently
20 hydrogen, alkyi, alkenyl, alkyvnyl, alkoxy, arvlioxy,
~NX3X,,, -SX;;, monocyclic arvl or monocyclic heterocarvi;
X, is'hydrogen, alkyl, alkenyl, alkynyl, arvl,
or heteroarvi;
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i n Reaction Sche [ f 10-DAB with tri-ethylsilyl chloride.kq-,
pyridine yields 7 AB 15. The Cl O M{dFiexy -substituent lof i ;3]995
7-protected 10-DAB 15 may then be readi hysacyl ated with any scandard
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acyl ating agent to
X:: 1s alkvl, alkenyl, alkynvl, arvl, or

P - - 1 - 3
neteroaryl; and

2. An intermediate for use in the preparaticn
oI a tricyclic or tetracyclic taxane having the fermula:

wherein
5 -R; is hydrogen, hydroxy, protected hydroxy or
-OCOR;;, or together with R; is a carbonate;
R, is hyvdrogen, hydroxy, protected hydroxy, oxo,
Cr -OCOR;;, or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy,
10 ~OCOR;;, or oxo, or together with R,y is a carbonate;
Ry, 1s hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or -OCOR,,, or together with R, or R, is
& carbonate;
R,. and R,y are independently hydrogen, alkyl,
15 alkenyl, alkynyl, aryl or heterocarvl;
Ry is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;;, or together with Rn Or Ry is a carbonate;
Ry is hvdrogen, hydroxy, protected hydroxy,
OX0, or -OCOR,y, or together with R; is a carbonate;
20 R,; is hydrogen, hydroxy, protected hydroxy,
-OCOR35 or MO-;
Ras. Rior Ry Ry, Ry, Ry and Ry are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,

AMENDED SHEET IR NI



vield derivative 16 havi ng a new ClO acyl oxy substi tug&Tﬂ&&é{/\QS } 50

reduction of the CO keto substituent of derivative 16 yields 9B- hydroxy

derivative 17 to which a G 3 side chain may be Régf& At ternat B’:ﬁ%
C10O and C9 groups can be caused to mgrate as H M‘ Reaot | 5
2, above. . OH
102-1
aryloxy, -NX.X.., -SXZ.., monocvclic eéryl or monocyclic
25 heteroarvl;
X¥; is hycdrogen, alkyl, alkenyl, alkvnyl, aryl,
or heteroaryl;
This Sheet Ha,
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103

X., is alkvl, alkenyll alkynyl, aIYl, or

F]
Y o

neteroaryl; and

<D

M COIHDI' ses ammonium Or is a met al.

(#9)

3. An intermediate for use in the preparation
of a tricyclic or tetracvclic taxane having the formula:

wherein
5 R, is hydrogen, hydroxy, protected hydroxy or
' -OCOR;., or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, oOXo,
or -OCOR,., or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxXy, or
10 -OCOR;: ; '
Ry, is hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or -OCORy4:
R,. is hvdrogen, alkyl, alkenyl, alkynyl, aryl
or heterocaryl;
15 ' R, is hydrogen, hydroxy, protected hydroxy, OXxo,
or -OCOR;;, or together with R,, is a carbonate;
R,, is hydrogen, hydroxy, protected hydroxy,
oxo, or -OCOR,,, or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy.
20 -OCOR,g; or MO-;

HII\III I\Il\l ||||I \\I\| |\ \Ill
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Taxanes hggi gxgpasdst er nati ve C2 and/or C4 @&ers can be prepar REUYFIHP8IS0

baccatin I'Il'l" and 10-DAB as starting matet@als. The C2 and/or C4 esters of
baccatin |1l and 10-DAB can be sel ectively reduced to the corresponding

al cohol (s) using reduci ng agents such as LAH or Red-Al, and new esters can
thereafter be substituted using - 46

standard acyl ati ng agents such as anhydrides and acid
RZ" R}Or R}U. R37r R;:a R;r, and R-}e are lndepenc.ent""

hyérogen, aikyl, alkenyl, aikyzyl, alkoxy, aryloxy, -
NX, X0, -SXj0. Monocyclic aryl or monocyclic hetervaryl;
25 X, is hydrogen, alkyl, alkenyl, alkymvl, aryl, cc
hetercaryl;
X, is alkyl, alkenyl, alkynyl, aryl, cr hetercaryl;
and M comprises ammonium or is a metal. '

Y

4. An intermediats for use in the preparation of a
tricyclic or tetracyclic taxane having the formula:

This Sheet Has Been R

0N

whersin
S R is C, - Cy alkyl,
R, is hydrogen, hydroxy, protected hydroxy oz
-QCOR,, Or together with R. is a carbonate;
R; is hydrogen, hydrcxy. rrotected hydroxy, oxo, or
~-OCOR,;, together with R, is a carbonate, or together with
10 Rw 1s a carbonate;
Ra 1s nydrogen, alkyl, hydrexy, protected hycéroxy.
or -QCOR,;, or together with R, is a carkonate;
R:, 1s hydroé'en, halogen, hydroxy, protected hydroxy,
-CR,3, or =-0OCOR;,, or together with R, is a carbonate;

is Ry, is hydrogsn, oxo, hydroxy, pretacted hydroxy,
-OR,q, or -0OCOF,,, or together with R,; or R.,, is a
. carbonate:;

awenoen seeet wrmcie o (T E) A LA



c-hl oridés I n conbination with an am ne su as pyridine, tri %,’S\ | B0
DVAP, or WQi95@3365pyl et hyl ani ne. Alterna?ig\?ely, the C2 and/g# g%;:%hol S

may be converted to new C2 and/or C4 esteﬁ@’through formati on of the
correspondi ng al koxi de by treatnment of the alcohol with a suitable base
such as LDA followed by an acyl ati ng agent such as an acid chloride.
Baccatin Il and 10- DAB anal ogs having different substituents at C2 and/or

C4 can be prepared ag set Lgrth in Reacti 82 6: 10. .10, S | fy the
description, 10-DAB T¥ ﬂlsegg'ﬁggﬁg' s?%%t i ﬁgd%%gﬁa’i&% "é%-qlt]‘?l&gg%y‘
under st ood, howe@Rfs, blat-CB8Bmat A FPEedbervuttireds drs eahataysonaysbe

producsd using the sgane;seni8soghbnl CRGHEORS, (X6ERELEQT Y BLRE-O epEbAN, Of
the Cl 61hydroxy group}’ tJ)'y s%nplog ?eplgci n§§10§DAB W th b%ccgtTn II@IE:bg;é'the
starting materi@fF.M3-gesoxo derivatives of the baccatin Il and 10- DAB

anal ogs havi ng di f f ergnt ssabFuntueshalagredpantdien (dceaaskbennxbe prepared
by reducing thesé:i Eg#o substjtuent of these analé)gs and carrying out the
r '

. he »a han!
ot her reactions bEY BbpovRS tax3ate qerivatlv
Ry7, Ragr Rigr Ray, Ryzr Ry, 2nd R;s are independently

25 hydrogen, alkyl, alkenyl, -alkynyl, alkoxy, aryloxy, -
NX,X.o, —SXy, monocyclic aryl or monocyclic heterocaryl:
. X, 1s hydrogern, alkyl, alkenyl, alkynyl, aryl, or
hetercaryl;
X., is alkyl, alkenyl, alkynyl, aryl, cr heterocaryl:
30 and M comprises ammonium or is a metal.

5. an intermediate for use in the preparation of a
tricyclic or tetracyclic taxane having the formula:

R 7a
This Sheet Hag Been Replaced
AN T
wherein
S R, is hydrcgen, hydroxy., protected hydroxy cr

-OCOR,,, Or together with R, is a carbonate;
R, 1s hydrcgen, hydrcxy, protectad hydroxy, oxc, or
-0OCOR;,, Or together with R, or R, is a carbonate;
P.. is hydrogen, alkyl, hydroxy, protected hydrexy,
10 or -CCOR,,, together with R, 1s an oxe, cr tocether with

!

R,, R4, Or Ry is a carbornate;

AMENDED SHEET (ARTICLE 19)



I n Reaction Schene 6, protected 10-DAB 3 is converted)gmﬁﬁ Qi aIG§83\APtQ :
| it hi um al uniThis Shebnkths BéaReplacedal 18 is then conve .Lhe-ppLLe§ R
C4 ester usi nﬂ*lﬂ“ﬂ“"}l“l(lml dine followed by a &ﬁeﬁm IHc: idgent, . ?E 3*&981995

Gignard reag t hi um reagents). Schene 6

'
4

R,. is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryvl, or cvano, together with R,, is an oxo,

together with R,, or R is & carboqa“e or together witch

?)

15 and the carbons to which they are attached form an
oxetane ring;
R: 1s hydrogen, hydroxy., protected hydroxy,
-OCOR;-, oxo, together with R,, or R,. is a carbonate, or
together with R,, and the carbons to which they are
20 attached form an oxetane ring;
R., is hydrogen, halogen, hydroxy, protected
hydroxy, -OR;;, or -OCOR;,, or together with Ry is a

carbonate;
R, is hydrogen, oxo, hydroxy, protected hydroxy.
25 -OR,3, or -OCOR,;;, or together with R,, or R,, is a
carbonate; '

R,y is hydrogen, oxo, hvdroxy, protected
hydroxy, -OR,;s, or -OCOR,,, or. together with Ry is a
carbonate; '
30 R;; is hydrogen, hydroxy, protected hvdroxy,
-OCOR,;, MO- or

" Rys is a functional group which increases the
solubility of the taxane derivative;

35 Ra7, Ragr Rior Ry Ry, Ry Ry, and Ry, are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX,,, -SX,,, monocyclic aryl or monocyclic
heteroaryl; ' '

X; is ~-0X;, -SX;, or -NXgX,;

40 X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,

or heteroaryl;

N ) )



XTHSeL /08350
46 Recd PCT=TC. 17FEB 1535

106-1
X; and X, are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, or heteroaryl;

}‘:E iS "COX:G, 'COOXIC., -COSXIG, -CONX.EX-_W
Qor -~ SO:X:.: :

}—

This Sheet Has Been Rep

[T
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or ES [err] 20 PCT/US94/88550
DeprotonaYvoo?f’Wﬁstrl ol 18 with LDA foll o‘\i\%é by introduction of an acid
chloride selectively gives the C4 ester. r exanpl e, when acetyl chloride
was used, trial 18 was converted to 1,2 diol 4 as set forth in Reaction

Schene 7. Triol 18 can also readily be converted to the 1,2
carbonate 19. Acetylation of carbonate 19 under
or -SC.X,:;:

X, is hydrogen, alkyl, alxenyl, alkynyl. arvyl,
hetercaryl, hydroxy protecting group, ¢r & functional
43 group waich increases the water ssluzility of the taxane
derivative;
X, is alkyl, alkenyl, alkynyl, aryl, hetsroaryl, cr
sul fhydryl protecting group;
X, is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
5C heteroaryl; )
X, is an amino prctecting group;
X,; is alkyl, alkenyl, alkynyl, aryl, or heteroazyl;
Xy is aikyl, alkanyl, alkynyl aryl, hetercaryl,
-QZ0., T -NXgX,,: )
535 . X,, is hydrogen, alky., alkenyl, alkynyl, aryl, or
heterocaryl; and
M comprises armonium or is a metal.

§. A process for the preparation ¢f an intermediate
useful in the synthesis of a tricyclic or tetracyclic
taxane comprising reacting a compcound having the formula

This Sheet Has Been Rep
[T
5 -with BrMgN(i®r),, an aldshyde (or ketone), followed bv

prcsgene and an alcohol te form a ceompoundé having the
Zormula:

AMENDED SHEET (ARTICLE 1)
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Schene. 5 WA o al kicyl | [1hi umeor GliBnard reagents to ENOSANRSD, O]
provi des tne C2 48 ﬂg ester having a free hydroxyl
group at C4 as set forth in Reaction Schene 6.
TN
whereain

10 R, is hydrogen or protected hydroxy; R, is hydrogen

or protected hydroxy; ' |

Ry is oxc;

Rn, i3 hydrogen, alkyl, cyano, hydroxy., protected
hydrexy, or -QCOR,;

15 R,. and R;s; are independently hydrogen. alkyi,
alkenyl, alkymyl, aryl or hetercaryl;

R, is hydrogen, protected hvdroxy, ©r oOXc;
Ry is -OP;s;
Ry is -OPyy; :

20 Ky is hydrogern, alkyl, alkernyl, alkynyl, alkoxy,
aryloxy, -NX.,X,,, -SZ.,,, monocyclic aryl or monocyclic
hetercaryl; | '

X, is hydrogen, alkyl., alkenyl, alkynyl, aryl, or
hetaroaryl; | |

25 Xy is alkyl, alkenyl, alkymyl, aryl, or heteroazrvi;

and

Py 2nd P.; are hydroxy protecting groups.

7. A process for the preparation of an intermediate
useful irn the synthesis of a tricyclic or tetracycl:ic
taxane comprising reacting a corgound having the formula

AMENDED SHEET (ARTICLE 18)
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Scheme:7 o JES l6® ES PCT/US94/08350

This Sheet Has Been Rep

[T

P 130HH|

5 with lithium tetramethylpiperidide to form a cempound
haviang the formula:

P, ;0unt
wherein
R, is hydrogen or protected hydroxy:
ic Rye 1s hydrogen, alkyl, alkenyl, alkynyl, aryl er
heterocaryl;

Ry 1is hydroge.., protected hydroxy, or oxo; and
Py and P;; are hydroxy protecting groups.

8. A process for the preparation of an intermediate
15 useful in the synthesis of a tricyclic or tetracyclic

taxane comprising reacting a compound having the formula:

AMENDED SHEET (ARTICLE 19)

—
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WO 95/03265 no ' PCT/US94/08350

This Sheet Has Been Replaced

(N0

P, 5Quu

with lithium tetramethylpiperidide and camphecsulfonyl
oxaziridine tc form a compound having the formula:

9% g

P ;01N

20

~.

wherein R is hydrogen, protected hydroxy, Or oxo; R, is

hydrogen, alkyl, alkenvl, alkymyl, azyl or hetercaryl;
and ¥, and P.; are hydroxy protecting groups.

3. A prccess for the preparation of an intermediate
useful in the synthesis of a tricyclic or te=racyclic

=" P9

taxane comprising reacting a compcund having the formula:

AMENDED SHEET (ARTICLE 19)

L

I



49" - As set forth in Reactlon Schene 9, other

subst i t uegpSosaBBse provi ded by reacting 8Brbonate 19 W tWTéVIS%&QFO
chloride and a tertiary anmine to yield 129car bonate 22 which is then
reacted with al kyllithiunms or Gignard reagents to. provide 10- DAB

derivatives having new substituents at C2. Schene 9

This Sheet Has Been Re plac

[T

=]

.5 with a hydride reducing agent to form a compound having
the formula:

wherein Ry, is hydrogen, protected hydroxy, -©= 0x0o; R.. is
hydrogen, alkyl, alkenyl, alkynyl, arvl c¢r heteroaryl:
10 and ?,, and Py, are hydroxy protecting gzoups.

16. A process for the preparation of an
intermediate useful in the synthesis ¢f a tricycliz or

tetracyclic taxane comprising reacting a compound having
the forrmla:

AMENDED SHEET (ARTICLE 19)
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This Sheet Has Been Replaced

1T

P, 30

with lithium diisopropylamide to form a compound having
the formula:

p1301IIII

~e

wherein R is lower alkyl, R, is h?drogen, pro&ected
hydroxy or R, and R, together form a carbonate, R, is
hydrogen, protected hydroxy or R, and R, together form a
carpbonate, R, is hydrogen, protected hydroxy, or oxo; and

P, and P, are hydroxy - protecting groups.

11. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or

tetracyclic taxane comprising reacting a compound having
the formula:

A O RN A

AMENDED SMETT



[Jer?:]'_ ] Al ternatively, baccat i- n.l1l may be used %E a
starti ngwoeesed and reacted as shown i nlReacti on” Schene THISIA083IN

being protected at C7 and C13, baccatin 14377is reduced with LAHto

produce 1.2,4,10 tetraol 24. Tetraol 24 is converted to carbonate 25

usi ng C CO and pyr-idi ne, and car-bonate 25 is acylated™at ClOw th an

acid chloride | This Sheet Has Been Replaced
[T

4b Rap S

5

with DBU te form a compound having the formula:

Riq
Rg
wherein .
R, is nydrogen, hydrcxy, protected hydroxy or

12 -OCOR,,, ©r together with R, is a carkonate;

R, is hydrogen, hydroxy, protected hydroxy., oxo, or
~-OCOR;,, ©r -ogether with R, i5 a carbonate;
R, 1s hydrogen, alkyl, hydrcxy. cor protected
hydroxy, oY together with R, is a carbonate;
15 R, is hydroxymethylene:;
Rs is -OMs, -OTs or a bremide;
Ry, i1s bydrogen, protected hydroxy, or -COCOR,,, or
togecther with R, is a c<arbonate;
Ry, is hydrcgen, oxc, hydroxy, protected hydroxy. or
20 -CCOR,,, or together with K,, cr R.. is a carbonate;
R,» 1s hydrogen, oxo, hvdroxy, protected hydroxv, or
-QCOR,,, ©r together with X, is a carbonate;
P;; 15 a hydroxy protecting grour:

AMENDED SHEET (ARTICLE 19) e

I



and pyridine to z){{;roduce carbonate 26 (as sh@%n) or with acej Mﬂi de
and pyri VeS8 shown). Acetyl ation bonate 26 under Vi gorous -
standard conditions provi des carbonate 2¥8hich is then reacted with

al kyl lithiunms to provide the baccatin Il derivatives having new
substituents at C2 and C10. Schene 10 OQAc

R;s, Raci Ru_ R;;, and R;, are indépendently hydrogen,
25 alkyl, alkenyl, alkynyl, alkoxy, aryioxy, -NX,X,., -8Z.,
menecyclic arvl or monocyclic hetersaryl:
¥, is hydrogen, alkyl, alkenyl, alkynyl, aryl, oz
heterocaryl; and
X;s 15 alkyl, alkeryl, alkynyl, aryl, or hetezoaxzyl.

12. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or
tetracyclic taxane comprising reacting a compound having
the formula: '

a
P40
C R
Rap Rag S
5
with KCt3u and (PhSe0)},0 to form a reaction product having
the formula:
R?a
This Sheet Has Been Replaced
R
n“b n4a s
and exposiag the reaction product to additional KOtBu,
13 silica gel, or other acids or bases, ¢r to heat to

AMENDED SHEET (ARTICLE 19)
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T4

115

rearrange thé& ¥eaction product to a compound having the

formula:
'I'h,1s,lS|Tet Has Been Replaced
wherein .
15 R, is hydrogen, hydroxy., protected hydroxy, or

-OCOR,,, ©Or together with R, is a carbonate;

R, is hydrogen, protected hydroxy, or -OCOR;,,
or together with R; or R,, is & carbonate;

'R,, is hydrogen, alkyl, hydroxy, protected

20 hydroxy,-or ¥OCORn, together with R,, is an oxo, or
together with R,, Ry, Or R; is a carbonate;

Ry is hydrogen, alkvl, alkenvl, alkynyl, aryl,
hetercaryl, or cyano, together with R,, is an oxo,
together with R,, or R; is a carbonate, or together with Rg

25 ' and the carbons to which they are attached form an
oxetane ring;

R; is hydrogen, protected hydroxy, -OCOR;,,
together with R,, or R,, is a carbonate, or together with
R, and the carbons to which they are attached form an

30 oxetane ring;

R,, 1s hydrogen, halogen, protected hydroxy, or
-OCOR,,;

P, is a hydroxy protecting group;

Ry: Ryp, Ryys Ry, and'Ry are independently

35 hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, -
NXgX;0, ~-SX,0, monocyclic aryl or monocyclic heteroéryl;

Xy is hydrogen, alkyl, alkenyl, alkynyl, aryl,

hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,

aryl or heteroaryl; and e "
ARG L R




[err] [err] -
WO 95/03265 W

1307

PCT/US94/08350

X,- is a;iicyi, alkenyl, alkynyl, a'i‘?l, heteroaryl, or
40 hetercsubstituted alkyl. alkenyl alkynyl, aryl or
hetercazyl. :

This Sheet Has Been Replaced
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1 24 DEC 1996

Synthesis of Taxol and its derivatives.

This invention was made with Government support
under NIH Grant #CA 42031 awarded by the National
Institutes ©f Health. The United States Government has
certain rights in the invention.

BACKGROUND OF THE INVENTION
The present invention is directed to a process
the synthesis of taxol and other tricyclic and

h

L

o)
tetracyclic taxanes and novel intermediates theresof.

The taxane family of terpenes, of which taxol
is a member, has attracted considerable interest in both
the biological and chemical arts. Taxol is a promising
cancer chemotherapeutic agent with -a broad spectrum of
antileukemic and tumor-inhibiting activity. Taxol has
the following structure:

CeHs

wherein Ac is acetyl.
The supply of taxol is presently being provided
by the bark from Taxus brevifollis (Western Yew).

-
o—

However, taxol is found only in minute quantities in the

bark of these slow growing evergresens. Conseguently, -

5]

chemists in recent vears have expended their energies in
trying to find a viable synthetic route for the
preparation of taxol. To date, the results have not been

entirely satisfactory.



52 24 DEC 1996 C7 di hydro an
substituted taxanes can be prepared as set forth in Reac
and 12a. REACTI ON SCHEME 11

A semi-svnthetic approach to the
taxol has been described by Greene, et al.

j BERLACERENT SntET
i pr—Sctremes—tt 1

24 DEC 1996

preparacion of
in JACS 110

5917 (1988), and involves the use of & congener of taxol,

10-deacetyl baccatin III which has ths structure of

formula IT shown below:

HOII

10-deacetyl baccatin III is more readily available than

taxol since it can be obtained from the needles of Taxus
baccata. According to the method of Greene et al.,
lo-deaéetyl baccatin III ("10-DAB") is converted to taxol
by attachment of the C-10 acetyl group and by attachment
of the C-13 R-amido ester side chain through the

esterification of the C-13 alcohol with a
carboxylic acid unit.
Denis et al. in U.S. Patent No.

R-amido

4,924,011

disclose another process for preparing derivatives of

baccatin III or of 10-deacetylbaccatinIII
formula

co—0Q

CH—QOH
° aH

QCaCgHy !
C4Hg—— CH—NHCOQCC CH4) 4 0COCH,

of general

- CVv2
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24 DEC 1996

in which R’ denotes hydrogen or acetyl. As reported, an
acid of genéral formula:

CCH4) ;COCONH
CgHs

in which R, is a hyvdroxy-protecting group, is condensed
with a2 taxane derivative of general formula: '

R-0 o OH

4

'S ARD)
HO --

QH ' H

0COCgHs |
OCOCH,

in which R, is an acetyl hydroxy-protecting group and R,
is a hydroxy-protecting group, and the protecting groups
R,, R, and, where appropriate, R, are then replaced by
hydrogen. ' '
Other semisynthetic approaches for the
preparation of taxol and for the preparation of other
taxanes which possess tumor-inhibiting properties have
been reported in recent years, but each of these
approaches raquires 10-DAB or baccatin III as a starting
material. As such, the supplv of taxol and cther taxane
derivatives remains dependent at least to some extent

upon the collection of various parts of plants from the



53

REACTI ON SCHEME 12 CQOAc . REPLAGCEMENT SHEET

24 DEC 1996

remote corners of the world and the extraction of 10-DAB

and/or baccatin III therefrom.

SUMMARY OF THE INVENTION

Among the objects of the present invention,
therefore, is the provision of a process for the .
svnthesis of taxol and other tetracyclic taxanes; the
provision of such a process which is highly
diastereoselective; the provision of such a process which
proceeds in relatively high vield; and the provision of
key intermediates and processes for their preparation.

Briefly, therefore, the present invention is
directed to a process for the preparation of taxol and

other tricyclic and tetracyclic taxanes.

In accordance with one aspect of the present
invention, the process comprises reacting a compound
having .the formula

P130HHI

with BrMgN(iPr),, an aldehyde (or ketone), followed bv
phosgene and an alcohol to form a2 compound having the

formula:



OAC

OAC

REPLACEMENT SHEET

24 DEC 1996

wherein

R, is hydrogen or protected hydroxv; R; is
hydrogen or protected hyvdroxy; )

R; is oxo;

R;y, is hydrogen, alkyl, cvano, hydroxv,
protected hydroxy, or -OCOR,;;

R,. and R;; are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl or heterocarvyl;

Ry is hydrogen, protected hydroxy, or oxo;

R;p is -OPy,;

R13 iS "OPI:.,'

alkoxy, aryloxy, -NXgX,;,, -SX,,, monocyclic aryl or
monocyclic heteroaryl;

X; is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heterocaryl; _

X0 is alkyl, alkenyl, alkynyl, aryl, or
heterocaryl; and

P, and P,;; are hydroxy protecting groups.

) In accordance with another aspect of the

present invention, the process comprises reacting a
compound having the formula "
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REPLACEMENT SHET |

LZ 4 DEC 19967

with lithium tetramethylpiperidide to form a compound

" having the formula:

P1 EOIIIII

-

wherein _
R, is hydrogen or protected hyvdroxy;
R,. is hydrogen, alkyl, alkenvl, alkyvnyl, aryl
or heterocaryl;
' R, is hydrogen, protected hydroxy, or oxo; an
P, and P,; are hydroxy protecting.groups..
In accordance with another aspect of the
prasent invention, the process comprises reacting a

compound having the formula:

p130HIII

with lithium tetramethylpiperidide and camphosulfonyl
oxaziridine to form a compound having the formula:



[err] -As shown in Reaction Schene 12, Baccatin Ij| REPeACERENT SHEET
converted into 7-f luoro baccatin Il by treatnent with FAR gt—rToom
tenperature in THF solution. other baccatin derivatives witthja fr 7
~hydr oxyl group behave 5490%('919%

wherein R, is hydrogen, protected hydroxy, or oxo; R,. is
hydrogen, alkyl, alkenyl, alkynyl, aryl or heterocaryl;
and P, and P, are hydroxy protecting groups.

In accordance with another aspect of the
present invention, the process comprises reacting a
compound having the formula:

Fl1 30””!

with a hydride reducing agent, preferably Red-2Al, to form
& compound having the formula:

p130“|l|




simlarly. Alternatively, 7-chloro baccatin Il can be preék?éﬁfiMENT SHEET

treatnent of baccatin IIl wth nmethane sul fonyl chloride |arfd TTTethytam
in methyl ene chloride solution containing an excess of tri gt
hydrochi ori de. 55 AR S96
[err] Taxanes having C7 acyPoxy substituen{ste

as set forth in Reaction Schene 12a, 7, 13-

an—he _prepar ed

wherein R, is hydrogen, protectsd hyvdroxy., Cr

hvdrogen, alkvl, alkenyl, alkynvl, aryl or hetercarvl;

and- F.. and P.., arse hydroxy protecting groups.

In accordance with another aspect of the

present invention, the process comprises reacting a

compound having the formula:

wwth lichium diisopropylamide to form a compound having

the formula:

p

r

wherein R is lower alkyl, R, is hydrogen, prctected
hydroxy or R, and R, together form a carbonate, R, is
hvdrogen, protected hydroxy'or R, and R, together form a
carbonate, R, is hydrogen, protected hydroxy, or oxo; and

P,, and P,; are hydroxy protecting groups.

In accordance with another aspect of the

present invention, the process comprises reacting a

compound having the formula:




protected 10-oxo-derivative 11 is converted to its corresponding C13

~al koxi de by selectively renoving the C13 protecting group
with a netal such as lithium The al koxide is then reacted
or other side chain precursor. Subsequent hydrolysis of th
groups causes a migration of the C7 hydr@P®y -substituent to

of the Cl0 oxo substituent to C9, and migration of the C9 pcyl oxy

substituent to C7. As shown in Reaction Scheme A ANV E
triethylsilyl baccatin Il can be converted to a tricyclig laxang_ggégggﬂ___
the action of trimethyl oxoniumtetrafluorofforeate in methyl ene chlori |

solution. The product diol then reqcts with | eaddetraacetat
t he correspondi ng C4 ket one.

with DBU te form a compound having the formul

Rag

whereain

ARERALERENS e

002 gigcaiggn |

/7 protectin

e to provide

a:

R, is hydrogen, hydroxy, protected hydroxy or

-OCOR;,, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxo,

or -OCOR,;, or together with R, is a carbonate
R,, is hydrogen, alkyl, hydroxy, or
hydroxy, or together with R, is a carbonate;
) " Ry 1is hydroxymethylene;
R; is -OMs, -OTs or a bromide;
R,, is hydrogen, protected hydroxy,
or together with Ry is a carbonate;

.
’

protected

or -OCOR,,,

R, is hydrogen, oxo, hydroxy, protected hydroxy,

or -OCOR;;, or together with R,, or R,, is a carbonate;

R, is hydrogen, oxo, hydroxy, protected

hydroxy, or -OCOR,,, or together with R, is a

carbonate;
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P,y is a hvdroxy protecting group;

Rsg, R3e. Ry, P33, and Ry, are independently
hvdrogen, alkyl, &lkenvl, alkynyl, alkoxy., arvloxv,
-NX.X.-, -5X,., monocvclic aryl or monocyclic heteroarvl;

X: is hvdrogen, alkyl, alkenyl, elkynyl, arvl,
or heterocaryl; and

X0 1s alkyl, alkenyl, alkynyl, aryl, or
heterocarvl.

In accordance with another aspect of the
present invention, the process comprises reacting a
compound having the formula:

with KOtBu and (PhSe0),0 to form a compound having the
formula:

which rearranges in the presence of additional KOtBu,
silica gel, or other acids or bases, or with heat to a
compound having the formula:



[err] OAc

[err] | "REPLAGEMENT SHEET

-2 - 24 DEC 1996

2 A

Rap R4a S

wherein

R, is hydrogen, hydroxy. protected hydroxy, or
-OCOR;,, or together with R, is a carbonate;

R, is hydrogen, protected hyvdroxy, or -OCOR,.,
or together with R, or R,, is a carbonate;

R,, is hydrogen, alkyl, hvdroxy, protectead
hydroxy, or -OCOR,,, together with R, is an oxo, or
together with R,, R, Or R: is a carbonate;

R,, is hydrogen, alkyl, alkenyl, alkvnyl, arvil,
heteroaryl, or cyano, together with R,, is an oxo,
together with R,, or R; is a carbonate, or together with Rs
and the carbons to which they are attached form an
oxXetane ring;

Rs; is hydrogen, protected hydroxy, -OCOR;;,
together with R,, or R,, is a carbonate, or together with
R,, and the carbons to which they are attached form an
oxetane ring;

R;, is hvdrogen, halogen, protected hydroxy, or
-OCORy, ; '

) P, is a hydroxy protecting group;

Ry7. Ry, Ry Ry, and Ry, are'independently
hydrogen, alkyvl, alkenyl, alkynyl, alkoxy, arvloxy.
-NX.X,o, -SX,0, monocyclic aryl or monocyclic heteroaryl;

Xs 1s hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or heteroaryl; and



The subprocesses-of Reaction schene A can be applied at vari
exanpl e, the process for the conversion of conmpound 30 to c(

be applied to any internedi ate having a hydroxyl group at C and two
hydrogens at C-9, e.g., the process for introducing C9 and CJO caghq)m 10961
hydr oxyl groups can be applied to suitabfly protected internedidtes

t hr ough Li kewi se, the process for introduction of ¢1 amt—Tc2

n%s%%%%ﬂﬁ%‘m

oxygen-cont ai ni ng functional groups (conversion of 6 to 13 i Reaction
Schenme A) can be applledxto any |nterned|ate havi ng a C3 carbonyl group.

.-4

jo 15 alkyl, alkenyl, alkynvl, axv

heteroaryl, or heterosubstituted alkwyl, alkenyl alkynyi

arvl or heterocarvi.

In general, the process of the present

invention may be used to prepare taxanes having the

formula:
18 R‘IG- Rg
\ R
R 3mu{ 72
6/<g5
N 4 IS Rsa
R‘14.
s
14
® Ry R
. (1)
wherein
R, is hydrogen, hydroxy, protected hydroxy, or
~OCOR;; ' :

R, is hydrogen, hydroxy, -OCOR,;, Or OXO;
R, is hvdrogen, alkyl, alkenyl, alkvnyl, aryl,
heteroaryl, cvano, hydroxy, -OCOR,;, or together with R,

forms an oxo, oxirane or methylene;

_ Ry is hydrogen, together with R,, forms an oxo,
oxirane or methylene, or together with Rg and the carbon
atoms to which they are attached form an oxetane ring;

R; is hydrogen, halogen, hydroxy, protected
hydroxy, -OCOR;,, oxo, or together with R,, and the carbon
atoms to which they are attached form an oxetane ring;

R; is hydrogen, alkyl, alkenyl, alkynvl, arvl,
or heteroaryl, hydroxy, protected hvdroxy or together

with R, forms an oxo;

R¢, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl, hydroxy, protected hydroxy or together

with R, forms an oxo;

R,, 1s hydrogen, halogen, hydroxy, protected

hydroxy, -OCOR,,, 0x0, or -ORy;




57 Simlarly, the process for introducing C and]g&thg,i —
groups as exenplified in Reaction Schenes 6 through 10 ca be;ﬁbﬁﬁféﬁ SHEET
any intermediate having a C, C2 carbonate. Al sb,{the process™

form ng the.oxetane ring, as exenpliLied. in the conversio f22ﬂ95t0“§2a
Reaction Scheme A, can be applied to a-vadi ety of interngdifates havi a

car bonyl group. The al dol process exenplified ijn the }
of 5to 6 in Reaction Scheme A can be apolied to any suit rot ect ed
i nternedi ate having a C3 carbonyl I

Ry is hydrogen, hydroxy, protected hydroxy,
acyloxy, or oxo;

Rjc is hydrogen, -OCOR,,, hydroxs, proteczed
hvdroxy, or oxo; |

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



group and a C8a hydrogen. A variety of ketones or al dehydes can be used as
a reactant in this process. "Formation of a cyclic_carbonate from
any 1,2 or 1,3 diol subunit in any intermnmedi ate can be carriggcgggﬂb%Hg ‘ﬁE
" phosgene as a reactant. Carbonyl groups can be reduced, py.hydiide re t

or netallic species to the correspondihglsotl'cohol s. Al coh IE can be oxidifzgd

using a variety of oxidizing agents as exenplified in the Re2¢ DBEG ©98e
to the correspondi ng carbonyl groups. The co unds di scl osed (i n
this application have several asymretric capbons and may] exi st In '
di astereoneric, racemc, or opticaKlyy act4vg forms. Al llof these forns are
contenplated within the scope of this\gnvenilion. Mre specifically, the
present invention includes the gnauTo rgsteriomers, racemc

m xtures, and other mixtures of the cg s di scl osed herein.

The follow ng exanples illustrate t heXiznverfti on.

R;, is hydrogen, alkyl, alkenyvl, alkynyl, aryl,
or heteroaryl;

- Ry4s 15 hvdrogen, -alkyl, alkenyl, alkynyl, aryl,
or heteroarvyl, hydroxy, protected hydroxy or together
with R, forms a carbonate;

R,s is a functional group which increases the
solubility of the taxane;

Rjy:, Ras, Ry, Ry Ry, and R,y; are indezendently
hyvdrogen, alkyl, alkenyl, alkynyl, monocyclic aryl or
monocyclic heteroaryl;

| X, is -OX,, -5X;, or -NX.X,;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl;

X, and X, are independently hydrogen, alkyl,
alkenyl, alkynyl, arvl, or heterocaryl: _

X. is ~COX,,, =-COOX,, -COSXy, -CONX¢Xio,
or -S50,%,:;

X¢ is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative; _

X; is alkyl, alkenyl, alkynyl, aryl, heteroaryvl,
or sulfhydryl protecting group;

’ X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
arvl or heteroaryl;

¥; is an amino protecting group;

X,, is alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or heterosubstituted alkyl, alkenyl alkynyl,
arvyl or heteroaryl; _

' X,; is alkyl, alkenyl, alkynyl, aryl,
heteroaryl, -0X;,, or -NX.X,,;



58 EXAVPLES REPLACEMENT SHEET
REACTI ON SCHEME A Triethylsilyloxy alcohol 3. To a sol ut{ofrof—drot—2—(=2; 1
g, 13.4 mmol) and DVAP (70 ng, 0.57 mml) in CH2A 2 (65 pL %t%@gw
tenperature was added triethylamne (3.7 mL, 26.6 mol){fpl 0 }996
dropwi se addition of TESCI (2.7 nL, 16.-14%nol). After 1.[75th~the reactijon
~mxture was diluted with 150 nL of hexane, then poured ipto 100 niL of a
sat urat ed agueous NaHCO3 sol ution and 150 m L of hexane. ~The orgatt+e—phas
was washed with two 100 niL portions of saturated aqueous NaHCO3 sol ution
and with 100 rnL of water,xgrigdnoMebganhydn ) »18NG sgoNCANt rat e
under reduced pressure to l:{ve 4. 38 ggof c?&g&gqt rl\l?%'?\h%‘l‘lsli'l %‘g\Xyal‘c’oh‘:o‘l'v .
An anal ytical sanpl eV\%ﬁo%%fai &by plug filtration through a short pad of
silica gel washing with hexatemgnséeamabydis bheipupengeapound 3 (P o =
TES) (colorless oil) with 5%ethyl acetate in

Q)




hexane. 3 (Pla =TES): IH NVR (300 MHz, CDC13) 8 0.61 (q, |JREFIACEX Hzﬂ ﬁﬁ:gr
TES CH2), 0.89 (s, 3H, CE3 16), 0.96 (t, J = 7.7 Hz, 9H |TES-€H3)+—2-03—d

J=7.1 Hz, 3H CH3 19), 1.07 (s, 3H, CH3 17), 1.23 (d, J # 14. LH
Hea), 1.56 (dd, J = 6.0, 6.0 Hz, 1H, H7), 1.76 (ddd, | =5 ]24305512‘5;7

Hz, |H H9), 1.90 (ddd, | = 2.2, 8.8, I5.3 Mz, 1H H9), 1.96 (m 1H -Hl4f)
2.37 (m 2H H23, H140), 2.51 (ddd, | = 7.7, 7.7, 10.4 Hf, |H Hsa), 2.94
(s, IH O+3), 4.21 (dd, |.= 2.2, 5.0 Hz, |1, H10), 5.43 =

Hz, 1H, H13). 13C NMR (75 Mz, CDCI3) 8 (ppm 4.8 (TES CH2), 6.7 (TES CH3),
15.02 (CK3 19), 23 0 (CHEnd 7y res6t 2 fedi 18 1 28 di{IBndbly 8Br&ct&dd),
41.5 (C8), 44.2 (C2), égérSZg:ISl) 8 a3}%!596§C1I) 74.9
(C1lO), 96.0 (CS8¥P, a&zé“eem §atg430% ¥x9 3% "t‘?(%iéﬁ’- w2330~ 2970, 2930,
2900, 1460, 1348ictdidc 3100=t#860cliO4baxdd ha®ily ©ié, £6&Gutanr 1; MS (Cl)
351 (Mm+1l, 58), 333 (100), 219 (34). Hydr oxy Ketone 4. To a vigorously
stirred solution of the crude conpound 3 (Plo = TES) in anhydrous CH2Cl 2
(30 mL) at O C under nitrogen was added TTR&%]Pr)4 (13.5 m, 43.1 snnol)
foll owed by dropw se addition of aghydrous P t BuOOH i n hexane (18 nL, 36
nrnol). After 45 mn dinethyl sul fidg ded slowy over a period
of 5 mn. The solution was stirred f 0 mn .t 0 *C, then 15 mn at room
t enperature and then noved t@1%

wherein

R, is hydrogen, hydroxy, protected hydroxy or
~-0COR;,, or together with R, is a carbonate;

R, i1s hvdrogen, hydroxy, protected hydroxy, oxo,
or -OCan, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protectad hydroxv,
-0COR;,, ©Or 0Ox0;

Ry is hvdrogen, alkyl, alkenvl, élkynyl, aryl or
heteroaryl;

Ry is hydrogen, hydroxy, protected hydroxv, oxo,
or -0OCOR,,, or together with R,, is a carbonate;

Ryo is hydrogen, hydroxy, protected hydroxyv,
oxo, or -0OCOR,;, or together with R, is a carbonate;

R;3 is hydrogen, hydroxy, protected hvdroxy,
-OCOR,s or MO-; '

Rys. Ryor Ry, Rja, Ry, and Ry; are independently
hydrogen, alkvl, alkenyl, alkynvl, alkoxy, arvlioxy,
-NXgXiq, =S¥y, monocyclic arvl or monocvclic heteroaryl;

Xs 1s hyvdrogen, alkyvl, alkenyl, alkynvl, a=vl,
or heteroarvl;

X, is alkyl, alkenyl, alkvnvl, arvl, or
hetercaryl; and

M comprises ammonium or is a mecal.



- 59 - heat ed under reflux for 8h. The solvents were eVapbatwiT gneEr

reduced pressure. the resulting thick syrup was di ssqgl ied i~ ethyt—
acetate (850 nL) and 3.5 nL O H20 was added dropw s 't? véfﬁn@gg
stirring. The resulting m xture was stirred at room tierpe ét h
and then filtered through a pad of Celrté8which was furthgr washed

wth two portions of 100nL of ethyl acetate. Evaporation ¢f the sol vent
under reduced presure afforded an oil that was filtered throughashott—pad
of silica gel eluting eith 10% ethyl acetate in hexane to give 4.78g
of pure hydroxYketone THe/ PY¥PFERE] 2REENLLER| d8r FuFshen Fdirected to an

intermediate for use in the preparation of a tricvclic or

tetracyclic taxane having the formula:

wherein

R, is hydrogen, hydroxy, protected hydroxy or
-OCOR;y, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;;, or together with R, is a carbonate; '

R; is hydrogen, hydroxy, protected hydroxy,
-OCOR;;, or oxo, or together with R,, is a carbonate;

Ry, is hydrogen, alkyl, cyvano, hydroxy,

rotecteq hydroxy, or -OCOR,, or together with R, or Ry, is
& carbonate;

'o

R;. and R,;; are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl or heterocaryl;

Ry is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,]f or ‘together with R,, or R;,, is a carbonate;

R0 is hydrogen, hydroxy, protected hydroxy,
0x0, or -OCOR,, or together with R, is a carbonate;

R;; is hydrogen, hydroxy, protected hydroxy,
-OCOR,; or MO-; '

Rass Ryo. Riys Ry Ry; Ry @nd Ry are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXsX,,, -SX,,, monocyclic arvl or monocyclic
hetercaryl;




4 (Plerr] =TES): H NUR(300 taMz CDCI3) a0i.8 (q, |= 7.7ﬁHzFrf
1

0.94 (,.3= 7.7 Hz, 12E} CH3 19, E CH3), a.98 (t, 3H CH
CE3 16), 1.71 (ddl= 5.0, 11.5 Hz, IE, EM), 1.85 Cm 3H
1.96 (s, 311 CH3 18); 2.15 (d, J= 12.1, 1H OH 13), 2.2]
13.2, 15.9 Hz,. 11H H9a), 2.56 (dddd, - 938, 7.1, 13.7
H8a), 2.75 (dd, I= .2, 11.0 Hz IH H2,1), 2.30 (ddd, 1

Hz, . -F, H140), 4.10 (t,. J=11.0 Hz, 1H, 1131), 4.56 (d

t=—FE=S--Cl-H, )
VACEMEMT SHEET3H

l_.lg_,......T.. 3
P4 1EG e
e 7 11

J= 5.0Hz I H F

d
1
par

L

01); 13C NnR (75 MEz. CD13) 8 (ppm) 4.3 (ES Cm-), 6.5 (

S O3y T3 (€E3

18), 18.4 (CH3 19), 25. &,(LGthidyoeged, laIGES, kel ,7 4yl 3822y (C1C).

38.8 (C2), 44.0 (C8), 44.2 (C9), 47.8 (Cl), 67.3 (Cl13),
(CII),( 12%8.8 (Ct?l(élggff@?‘fy%dg);)ll? (CHCI(S))u 3550,(2962),

69.7 (ClO, 137.3
2880, 1660, 1460,

1410, 1240, 1200, 1160, X]146, 21680, BSEnyL100elkysyl.dedyi8i®wrtri; M
(a) 367 (M1,.2), 1(1%9 , 331 (55): Ketone S. To a sol ution of
qé%jﬁdégg"E h.

hydr oxyket one

i n anhydrous pyridine (25 nm) at .23 I C under

ni uogen was added dr opwisECFBSEFRS( SMPORLUM) 39l fmB| PetAft.er 5 nmin, the
flask was noved to an ice bath and stirred for 1.75 h. The sol ution was
diluted with 75 nL of hg,xane at 0.C and then decanted fromthe insoluble
oil into saturated aquecte RAMERS1OBI &fi SHTEBEE RLTSCHRE FOn&ning oil was
extracted wi t hddurerdiatcel fper useninothkeyarearibeonontii aed rdgaliiec pirases

wer e vashed wild) 100 50 T ROCLI 09190, S8V Bk ggueous

wherein

Nr aHCO3 sol uti on

R, is hvdrogen, hydroxy, protected hvdroxy or

-0COR,y, oOr together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxo,

or -OCOR,,;, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, or

"OCOR:Z H

Ry, is hydrogen, alkyl, cvano, hydroxy,

protected hydroxy, or -OCOR,;;

Ry is hydrogen, alkyl, alkenvl, alkynyl, arvl

or heteroaryl;

R, is hydrogen, hyvdroxy, protected hvdroxy, oxo,

or -OCOR,,, or together with R,, is & carbonate;

R,, is hydrogen, hvdroxy, protected hydroxy,

oxo, or =-0OCOR,,, or together with R, is a carbonate;



with 50 nL of water, dried over anhydrous NaSO4 and concErﬂgpqtngk\ggg{pﬂ%ﬁcET
reduced prcssure. The yellow sh oily residue was purifiep Pyt £-at 4
through a short pad of silica gel cluting with 10@6ethy| a,etate in hgga
to give 4.78 g of pure kcetone S (PLO= JES, P 1 3 = TEY (9 %9::&199& |
2). 60 (Plerr] %EC
Plerr] = TBS): [err]H NWR (300 MHz, CDCI3) o 0.03 (s, 3H, TBS 013), O. 05
(s, 3H, TBS CH3), 0.57 (q, J 8.2 Hz, 6H, TES CH2), 0.98—(++—J-=8 2 Hz
9H, TES CH3), 0.93 (s, 9H, TBS t-Bu), 0. 96 {(d, I =1.8 Hz, 3H  CH3 19)
1.06 (s, 3H OH3 17), 1.B8 @§ 1“3’9*0@431 hydroxy, protected hydroxy,
-OCOR,5 or MO-~;

Ras: Rses Pats Rype Ryy. Ryg, @nd Ry are

independently hvdrogen, alkyl, alkenyl, alkynyl, alkoxy,

k
arvloxy, -NX.X,.. -S¥,,, monocyclic aryl or mornocyclic
hetercaryl;

X, is hydrogen, alkyl, alkenvl, alkynvl, arvl,
or hsteroaryl;

X, o is alkyl, alkenvl, alkynyl, aryl, or
heteroaryl; and

M comprises ammonium or is a metal.

The present invention is further directed to an.
intermediate for use in the preparation of a tricyclic or
tetracyclic taxane having the formula:

wherein

R is C, - C4 alkyl,

R, is hydrogen, hydroky, protected hydroxy or
-0OCOR,,, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,;, together with R, is a carbonate, or together
with R, is a carbonate;

R,, is hydrogen, alkyl, hydroxy, protected
hydroxy, or -OCOR,;,, or together with R, is a carbonate;

R,, is hydrogen, halogen, hvdroxy, protected
hydroxy, =-OR,3, -OCOR;;, or together with Ry, is a
carbonate;



16), 1.68 (dd, J = 5.5, 11.5 Hz, 1H, H2a), 1.84 (m 2H, *ﬂﬁEPE@@Q AEMT. 8BETs,
3H, CH3 18), 1.92 (dd, J = 6.0, 14.3 Hz, 1H, Hlda), 2.21 J
13.2, 15.4 Hz, 1H, H9a), 2.39 (ddd, J = 8.2, 10.4, 14.3 |Hg, , ,
= {2 %?i§§%§w§é, | H
T

2.52 (ddd, J = 3.9, 7.1, 13.6 Hz, 1H, H8a), 2.66 (dd, | .
MPB), 4.45 (dd, | = 5.5, 10.4 Hz, I|H FHI3L(y, 4.61 (d, 1| &=
HLOP); 13C NVR 6 (ppn) -5.4 (TBS CE3), -4.6 (TBS CH3) 4.3 (
(TES CH3), 14.1 (CH3 18), 17.9 (TBS C(CH3)3), 19 1 TOT 2524

17), 25.8 (TBS C(CH3) 3), 3_16), 33. 5 ClS

41.7 (C8), 44.4 (C9), 47.F 6&1&9538?e§ (Eiﬁ) %?%(1250 i%%éé 5&91 &V
138.8 (C12), 21—331'-5,3(G@;-@@%,@%Oiﬁ)cogeméﬂ,wmom d68R,, 146@, 1420, 1395,
1365, 1250, 1200,, .».1080, 1000, 900, 860, 840 cm1; M5 (Cl) 481 (M1,
3), 463 (16), 349 (100)' 331 (50); Anal. Calcd. for C27H52Q8Si 2: C, 67.44;
H 10.90. Found: C, 67. 3% HS lwdmpgen Kasvatlysirae .6 DrREecsrd rred
solution of diigeary| ambgrle, (dr 6bddr,, 4 &8 gggg A (r1L Nl under
nitrogen at room terH)erat uqflg was ad%aé%gl $ oﬁzhéa ?YaanRsol utll%n (3.89
mol ) of cazb

R;; is hydrogen, hydroxy, procected hydroxy,
-OCOR;s or MO-;

Rys is a functional group which increases the
solubility of the taxane derivative; '

Razs Ragr Ryos Ryys Ry, Ry, and Ry are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX,q, =-SX,0, monocyclic aryl or monocvclic
heterocaryl; . ’

- X3 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or héteroaryl; '

X0 is alkyl, alkenyl, alkynyl, arvl, or
heterocaryvl; and

M comprises ammonium or is a metal.

The invention is further directed to an
intermediate for use in the preparation of a tricyclic or
tetracyclic taxane having the formula:

13

26a

2
R“-b qd.a R

5

wherain
R, 1s hydrogen, hydroxy, protected hydroxy or
-OCOR,,, oOr together with R, is a carbonate;



MeMgBr in ether. After 3 h, a solution of ketone 5 (PlIO =j TES AP 23 SFES)
(750 ng, 1.56 mml) in THEF (3.5 nL) was added dropw se aj foom :
tenperature. After 1.5 h, the reaction mxture was coole o] -ég '%b%nd a
solution of 4-pentenal (327 ng, 3.89 mml) in THF (4 rril Z“a &4 :
dropwi se down the side of the flask. AFt@R F h, 10 mL of " turated
aqueous NH4d1l solution was added. Ater 2 mn, the reaction m xture was
diluted with 100 nmL of hexane, then poured into 100 niL of , -
phase was washed with 180 f9lh@érsEonandydPOxpl ptobeicited MHLEhed OX8!
anhydrous Na2SO4 and concentrated under reduced_pressure to give 0.92 g of
a yell ow oi | . °Fo~5E8rut P5n L6 ?nWﬁﬁ?rﬁmPEr@H|+?}@Cﬁ§r?%ﬁaﬁﬁj and
pyridine (10 rntlL) undeR,hiilsr bg@rcRjen, 23R 1Gkyias Hedlesiky?, SppbrettédM sol ution
(9.36 mmol) OL EEO%?GHG igohghuen dro mﬁse.qﬁgfihe.reaction m xture was
warned to - 10¥er9Kfr ePT30 rpt B )R wadS adle §281d The :
resul'ting m xtogethas wikchr Bd, fRy,, 36rnRp. id| dhecaelachaoe;m xt ure was t hen
diluted with 300 nmrL of shexan ﬂ@ﬁn - wiqth, 200 f,a ted eous
NaHCO8 sol ution, 200 i Rt )% By 5, Vﬁl)@—"l' aﬂl_e‘%’l' S2kPh81SY 294
REPLACEMENT ShiEEgroaryl, or cyvano, together with R,, is an oxo,

together with R,, or R; 1s a carbonate, or together with R,
and the carbons to which they are attached form an

oxetane ring;

Rs; is hydrogen, hydroxy, protected hydroxy,
-OCOR,,, oxo,.together with R,, or Ry, is a carbonate, or
together with R,, and the carbons to which they are
attached form an oxetane ring;

Rs;, is hydrogen, halogen, hydroxy, protected
hydroxy, -OR;, or -OCOR,,, or together with R, is a .
carbonate;

- Ry is hydrogen, oxo, hydroxy, protected hvdroxy,

-OR,3, or -OCOR;;, or together with R,, or R, is a
carbonate;

Ry 1s hydrogen, oxo, hyvdroxy, protected
hydroxy, -OR,;, or -OCOR,s, or together with R, is a
carbonate;

R;; is hydrogen, hydroxy, protected hydroxy,
-OCOR,;, MO- or

R;s is a functional group which increases the
solubility of the taxane derivative;



61 10 % aqueous CuSO4 sol ution, 200 nL of H20, 200 ni df REPEARFEATeSHEET
aqueous NaHCOB sol ution and 200 nL of brine, dried over gniydrous—Na2S64y

and concent at ed under reduced pressure to give 1.05 g of {a %% %ﬂgigbgg
The crude m xture was filtered through silica gel with 10%ethyl elip
hexanes to give 965 ng of a white solid W# ch was furthe i)-u-r—m—ed_.hy.__
silica gel chromatography eluting with 2% et hyl acetate n hexanes to yield
745 mg (75 % of ketocarbonate 6 (PIG = TES, P13 = TBS, R —'E“) TS et
solid. The productRmasRissoRaf,e®R;as R, H: R, ahigoRYf axceoq_er{ at_1 i somers.

The following NVR data is for_the_predom nant conf or mer . YIES, P13
= TBS, R = Et):hK@regsenioalkyl . e ARRRY 5002 MRy IoDekke 0. '-’68’3(%?“’&—1' TBS

()

CH3) 0.08 (s, ﬁkLXJBS-%) m@né@véﬂcha*yf &hﬁon&'ﬁcﬂ%s Kd®drodndd, (t, J
= 7.8 Hz, 9H, TES CHB) 96 (s OH gg B %}Hgs (s, 3H OB 17) 1.29
(m 1H, He), 1.38 (s, O T8%e- 17387y T 16), 1.66 (dd, | = 4.8,

12.5 Hz, IH H9a), 1. 83 (K3 iﬁﬁhwafbgﬂn” &lkga, (ddkehy;,4a5kyﬁy5,HéxyuH,

Hl4a), 2.05 (m Lkhefﬁao 96 (dd, I = 6.4, 14.2 Hz, 1H, H5), 2.47 (in, 2H,

Hoa, He), 3.01 Tad ST =°3%1712 3 Hz, IH,_ HL40), 4.20 (m 2H Hea, -
X, and X, are naepenaent1y throgeq, alkyl,

alkenyl, alkvayl, arvl, or heteroarvl;

Xs is -COX,y, -CO0X,,, -COSX,p, -CONXeX,o.
or -S0.X,,; .
X; is hydrogen, alkyl, alkenyl, alkvanyl, arvl,
heteroaryl, hyvdroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative;

X; is alkyl, alkenyl, alkynyl, aryl, heterocaryl,
or sulfhydryl protecting group;

. X, is hydrogen, alkyl, alkenyl, alkynyl, arvl,

or heteroaryl;

X, is an amino protecting group;

X0 is alkyl, alkenvl, alkvnyvl, arvl, or
heterocarvl;

X, is alkyl, alkenyl, alkynvl, arvl,
heterocaryvl, -0X;,,., or -NX.X,,;

X,y is hydrogen, alkyl, alkenyl, alkvnvl, arvl,
or heteroarvl; and

M comprises ammonium or is a metal.

Other objects and features of this invention
will be in part apparent and in part pointed out

hereinafcer
ETATLED DESCRIPTION OF THE PREFERE] ED EMBODIMENTS
As used herein "Ar" means arvyl; "Ph" means
phenyl; "Me" means methyl; "Et" means ethyl; "iPr* means

isopropyl; "tBu" and "t-Bu" means tert-butvl; "R" means
lower alkyl unless otherwise defined; "Ac" means acetyl;

“pv" means pvridine; "TES" means triethvlsilvl; "TMS*

This Sheet Has Been Replaced

i

i



H23), 4.47 (d, J = 7.3 Hz, |H HI13p), 4.50 (dd, J = 4.6, 11.A:HACCMENT SHE.cr
H103), 4.91 (dd,J = 1.83, 10.1 Hz, 1H H0), 4.97 (dd, J ¥ J}=8;~%67
1H, H20), 5.29 (dd, | = 0.9, 10.1 Hz, 1H, H7), 5.73 (dddd, |J 1&9;)%@8
10.5, 16.9 Hz, 1H, H4): 13C NMR 0 (ppn) -5.3 (TBS CH3), -4.5 L 961
(TES CH2), 6.5 (TES CE3), 14.0 (GEt CE3)2415.5 (CH3 19), 1§. (CH3 18)
18.1 (TBS -C(CH3)3), 25.8 (TBS C(5CH3)3), 27.6 (CH3 17), 29 2 (CH3 16),

(Y

30.4, 30.5 (C5, C6), 34.1 (C14), 39.0 (C15), 41.1 (), Mo

(C9), 55.1 (C%)ean@B t8-1r(eGEIv10£_)L 5. Sri$il Peards. t@e(tcmwa 84. Or£Clheands. 8
(C20) 134. 8 (G 138, 144, C12), 155.7 (EtQ*%cargggg%e Cc=0,

214.8 (C3): | RSO I%Pﬂ%*e d“%%%osﬂé%b*’rm??o‘iw 8FFHo,Me 2+ 1280,
1140, 1100, 1@RQN;910TMB8OmeEAQ ammhnMSc(eEh:)an@&&v(Mlpw)qw@s (2OP: 538

34 409 (33 Anal cd, f 65.99; Found: C,
gSS. 238 H, (10 ans I%y_&}cg%( t'o%sp .-%’Aa@& rg%a $DI lﬁ?‘i 01118?‘9’&‘9’[%&3? ‘bonat e
6 (Plo = TES, "m = MEBRs R ItHEtym (di Dfogroly Rinide} ) " LAHTHRe@®S rilie hinder

nitrogen at - é&%w% m‘?é)é .0 rgei\ﬁgoég&&g'&%%g(gml) of LDA in

T1F down t he Si over a 0 mn period 30 mn, the
reaction n1xtmﬁ§hmﬁyaﬁnﬂxxit&»umznumamwﬁ21@@.g Mﬁ“(m§ananﬁﬁb$9isulfonyl

oxaziridine (1&gl Jndadhsfris (diethylamino) sulfonium-
difluorotrimethylsilicate; *Ts* means toluenesulfonyl;
"TBAF" means tetrabutyl ammonium hydride; "TPAP" means
tetrapropyl-ammonium perruthenate; "DBU" means
diazabicycloundecane; "DMAP* means p-dimethylamino
pyridine; "LHMDS" means lithium hexamethyldisilazide;
"DMF" means dimethylformamide; "AIBN" means azo-(bis)-
isobutyronitrile; "10-DAB" means l0-desacetylbaccatin
III; "FAR" means 2-chloro-1l,1,2-trifluocrotriethylamine;
"mCPBA" means metachloroperbenzoic acid; "DDQ" means
dicyanodichloroquinone; “sulfhvdryl protecting group®
includes, but is not limited to, hemithiocacetals such as
l-ethoxyethyl and methoxymethyl, thiocesters, or
thiocarbonates; “"amine protecting group" includes, but is
not limited to, carbamates, for example,
2,2,2-trichloroethylcarbamate or tertbutylcarbamate;
"protected hydroxy" means -OP wherein P is a hvdroxv
protecting group; and "hydroxy protecting group"
includes, but is not limited to, acetals having two to
ten carbons, ketals having two to ten carbons, ethers
such as methyl, t-butyl, benzvl, p-methoxvbenzyl,
p-nitrobenzyl, allyl, trityl, methoxymethyl,
methoxyethoxymethyl, ethoxyethyl, tetrahydropyranyl,
tétrahydrothiopyranyl, and trialkylsilyl ethers such as
trimethylsilyl ether, triethylsilyl ether,
dimethylarylsilyl ether, triisopropvlsilyl ether and
t-butyldimethylsilyl ether; estars such as benzoyl,
acetyl, phenylacetyl, formyl, mono-, di-, and
trihaloacetyl such as chloroacetvyl, dichloroacetvl,



(18 nmL.) was added dropw se down the S|de of the flask Af
reacti on m xture was

REPLACEMENT SHEET

guenched with 300 nL of a saturated aqueous NaHCO3 sol uti
with 500 nL and then 150 nlL of 25% ethyl2&cetate in hexan
organi ¢ phases were washed with brine, dried over anhydrd

t oBRCIANT SREET

62
ol a2d4 RkQa1906d
es. The conbi ne

us Na2sH4 and

concentrat ed under reduced pressure to yield 7 g of a waxy

solid. _This

0
Rcetate i n et RrRaAtY 5. S0 P A BTt O FRPrsrhs s -
TBS, R = Et) (8%2ucing buc non llm.ted to alkyl carbonates having from
one to six carbon atoms such as methy;, ethyl, n-propvl,
isopropyl, n-butvl, t-butvl; isobutyl, and n-pentyvl:
alkyl carbonates having from one to six carbon atoms and

substituted with one or more halogen atoms such as
2,2,2-trichloroethoxymethyl and 2,2,2-tri-chloroethyl;
alkenvl carbonates having from two to six carbon atoms

such as vinvl and allyl; cycloalkyl carbonates having

from three to six carbon atoms such as cvclopropyl,

cvclobutyl, cyclopentyl and cvclohexvl; and
benzyvl carbonates optionally substituted on

phenyvl or

the ring with

one or more C, ; alkoxy, or nitro. Other hydroxyl,

sulfhvdryl and amine protecting groups may be found in

M"Protective Groups in Organic Synthesis" by
John Wiley and Somns, 1981.
The alkyl groups described herein

T. W. Greene,

are

preferably lower alkyl containing from one to six carbon

atoms in the principal chain and up to 15 carbon atoms.

They may be straight or branched chain and include

methyl, ethyl, propvl, isopropyl, butvl, hexyl and the

like. Thev may be hydrocarbon or heterosubstituted with

the various substituents defined herein, including

heteroalkyl, alksnyl, heterocalkenvl, alkyvnyl,

hetercalkvnyl, aryl, heterocarvl, and heterosubstituted

hetercaryl.

The alkenyl groups described herein are

preferably lower alkenyl containing from two to six

carbon atoms in the principal chain and up to 15 carbon

atoms. They mayv be straight or branched chain and

include ethenyl, propenvl, isopropenyvl, butenvl,

isobutenyl, hexenvl, and the like. They may be

hydrocarbon or hsterosubstituted with the various

substituents defined herein, including alky

u
heteroalkyl, heterocalkenyl, alkynyvl, hetercalkynyl, aryl,

heteroaryl, and heterosubstituted hesterocarvl.




7 (Plo = TES, P13 = TBS, R = Et): |H NVR (500 M4z, CDCL3)
TBS CH3), 0.03 (s, 3H, TBS CH3), 0.50 (q, | = 7.8 Hz, 6H
(t, | =7.8 Hz, 9H, TES CH3), 0.90 (s, 9H, TBS t-Bu), 1.03/(
1.25 (t, J = 7.0 Hz, 3H, Ot CH3), 1.35 (s, 3H CH3 19),
1.41 (s, 3H, CH3 16), 1.66 (dd, J = 4.6, 2628 Hz, 1H, HOJ
1.4 Hz, 3H, CH3 18), 1.83 (dd, | = 6.0, 14.7 Hz, 1H, Hlda)=
4.1, 85 Hz, IH H), 202 (m 2H H5, H5), 2.44 (dd, J = 11.9, 1L

|H Ha), 2.75 (d, J = 10T§eFKlkbﬁthEr%Lns4dééc%gbe& heL@f%}i%eZFl CEt
CH2), 4.35 (dd, J = 7 6, 11.0 Hz, IH,
HO. 4.49 (dd. Paeﬁeaafiiv1b°VIEF|zal}<EnVﬂ42)=°n4ase’psdfrgm_tros LA EB Hz, 1H,
H20), 4.92 (dd,carbod. Scoid. :QnFEhelﬂrJ.HZ:QbaﬁcﬁélﬁdﬁndJ up A 15 Gedrln | H
H7), 5.67 (dddd, | 5, 16. Eﬁ [err].C NVR [err]
(ppm) -5.3 (TBS %rr]’?he"4m§’(*?essé|-@)’—gh& ?r(*PESn of chajn ERdR), 14.0
(CEt CH3), 15. GirfdXddd 9%chity D, (S£8p¥ayl, 18ulyhyBS %GH&); y125 HexohBa1 |

CQQH3) 3),  27. 17),.28. 1 1 C5, - CB), 36.9
(C S)? 117. 3 (<:95;‘?‘¥5’§31“45C¥%< )5E§9Y(E§}C’!4%§3%dfeﬁﬁr€ﬁ§) OLgs. 2 (C 1%) 67.8
(0. 70.3 (Cmeu%asﬁiléﬂ‘?it;uﬂéd 9itE2@he izamé(;elsﬂmsd&ﬁe@ldsczaéﬁﬁéé. 5
(910" 1556 (nignr et 1ty 1 U B L tt00, 2050
cm,; Ms () (hﬁi%mma;kégyl56heteﬁ6ﬁlk¥ﬁylc69;yl38§a¢&ibaryl and

dr oxycar bonat - i S ) S0l Siron Sf Drdoxyketone 7
Py dr oxy car bonatgeder i1 60¢ 8 Y 8ERES

The aryl moieties described herein contain from
6 to 15 carbon atoms and include phenyl. They mayv be .
hydro-carbon or heterosubstituted with the wvarious
substituents defined herein, including alkyl,

- heteroalkyl, alkenyl, heteroalkenyl, alkynyl,
hetercalkynyl, heteroaryl, and heterosubstituted
hetercaryl. Phenyl is the more preferred arvl.

The heterocaryl moieties described herein
contain from 5 to 15 atoms and include, furyl, thienyl,
pvridyl and the like. They mav be hydrocarbon or
heterosubstituted with the various substituents defined
herein, including alkyl, heterocalkvl, alkenyl,
heteroalkenyl, alkynyl, hetercalkynyl, aryl, and
heterosubstituted heteroaryl.

The acyl moieties described herein contain
alkyl, alkeﬁyl, alkynyl, aryl or heteroarvl groups.

. The alkoxycarbonyloxy moieties described herein
comprise lower alkyl, alkenyl, alkynyl or aryl groups.

The hydrocarbon substituents described herein
may be alkyl, alkenyl, alkynyl, or aryl, and the hetero-
substituents of the heterosubstituted alkyl, alkenyl,
alkynyl, aryl, and heterocaryl moieties described herein
contain nitrogen, oxyvgen, sulfur, halogens and/or one to
six carbons, and include lower alkoxy such as methoxy,
ethoxy, bqtoxy, halogen such as chloro or fluoro, and
nitro, heterocaryl such as furvl or thienyl, alkanoxyv,



TBS, R=Et) (2.69 g, 4.12 mmol) in toluene (117 nliL) undeT I TI.O0E [ =
'C was added dropwi se down the side of the flask 85 nL o fg%%@@?%% sgqégﬁc
(82.4 mnol) of RedAl in toluene. After 6 h at -78 'C, thel sol ution was
allowed to gradually warmto roomtenperature over a perjod of4 Bl 1998e
m xture was recooled to - 10 'C and 125 @7 6f a 2 M sol ufipn (250 mmol) |of
acetic acid in THF was added dropw se down the side of the-ftask—The

cl oudy m xture was stirred 10 _
F O 2 OCT 1999 63

C?5606 32 i hydi fosh e oot eaarkd iy ARE0 Movdf, 20340 cedvhy Inidomt atanine,
hexanes and washed %4é§ | L of a saturated auecous NaHCO3 sol ution. 1lhe

aqueous phase s E%tThed with four 500 nL oartions of et hy
' An exemplary svnthesis of baccatin III or 10-

DAB is depicted hersinbelow in Reaction Scheme A. The
starting material, diol 2, can be prespared from patchino
(commonly known as B-patchouline epoxide) which is
commercially available. - The patchino is first reacted
with an organo-metallic, such as lithium t-butyl followed
by oxidation with an organic peroxide, such as t-
butvlperoxide in the presence of titanium
tetraisopropoxide to form a terctiary alcohol. The
tertiary alcohol is then reacted with a Lewis acid, such
as boron trifluoride at low temperaturs, in the range
from 40°C to -100°C; in the prssence of an acid, such as
rifluoromethane sulfonic acid. 2 graphical depiction of

ct

his reaction scheme along with an experimental wri

L

c
or the preparation of diol 2 can be found in U.S. Patent
No. 4,876,399.

Hh

2



acetae and the conbi ned organi c phases were washed with l.ne, _dried over
anhydnous NaS04 and concennased under reduced pressure (ﬂﬂWﬁCqu@@QQFPF
2,3,7-riol as a white solid. Tnis material was used wi t}h fother
purification. To a vigorously stirred sol ution of trial ag . 93 nmol})
in CH2Cl 2 (157 rnL) and pyriaine (15.7 @8 =under nitrode 40 %C 199654
quickly added 7.6 nL of a 3.0 Msolution (23 mmtl) of ghdsgene in tolugc.
The soluton was allowed to warmto noomtenperature ovenj a perlod of
then pouned intog 250, bk o% ggggleacetate washed with t +25—A-portiqns
of a satrated a tion and 100 nL brine, dried over
anhydrous Na2SO4 and concen; ated under reduced preu to yield 2.52 g
CB#aq

yellow oi L This was fpﬁtered through a 2 inch (5
silica gel with 50(

reduced pres e g (99%3%tm By of hydr oxylgs 3

(R =TES, P*ne s5Tid. 8 (P = 5 B~ 7
C. 1H NNM (504 %5 0.09 (s. 3H TES -CE3), S C|3),
0.59 (a, | = SNy

9b§32) 0:96 (r 1 = 8.2
(s, 9H TBS t-Bu), 1.11 (s, CE3 19), 1.14 (s, 3H OB 17), 38 (s 3E
CR3 16), 139 (dd, |ﬁ§ 4.1, 13.3 Hz, 1W H9j3), 1.65 (ma2H| H6, H6) 1.99

(dd, | = 6.4, 15.1 |H, Hl4a), 2.01 (d, | = .9 Hz, 3H T@Bwn:ngybdg
| =3.7 Hz, 1H, H), 2.11 (ddd, 1 = 7.8, 15.6, 15.6 Hz, XL 228 (ddd,
| =9.6, 9.6, 14.2 Hz, IH Hl4 A), 2.34 (dd, |1 = 12.4. 13¥3 FE | H MLOP),
2.41 (rn, IH HS), 3.87 (dd, | = 0.9, 10.5 Hz, 1H, H7), 3.95 (d. | = 3.7

Hz, IF, RZ), 4.59 (dd, | @3 7, 11.4 Hz, |H HQ3), 4.40
4. 55 .

HOm

a) BMOA

0
By 145\\v/’\\:§’

c) C1,CO, ROH

9P4q :
- — ton
i P
13 Y, N eampharsuiphanyl 1301
oxazrridine
0co,R




(dd, f = 6.4, 8.7 Hz, 1H H 13), 5.03 (d, | = 10.5 Hz, 1, H20),_5.07 (dd,
= 1.5, 17.0 Hz, IH, MO), 5.77 (m |H H4); 13C NVR 8 (pp ’

-4.4 (TES CH3), 4.8 (TES CEH), 6.5 MIES CE3), 15.5 (CH3 18).
CCE3)3), 18.2 (Cl1 19), 25.6 (TBS CCh3)), 25.9 (CE3 16).
28.3 (0B). 28.4 (CS), 29.8 (Cl4), 30.8-(@°%). 36.5 (CS),
50.8 (Cl), 66.6 (Cl1O), 67.8 (C13), 70.5 (C), 91.9 (C3), 9 .
(C20), 133.7 (C} 1). 137.9 (C4'), 142.6 (Cl2), 148.0 (cyc|ic carbon
C=0: IR (CCl4) u 3450, 2950. 2870. 1750. 1460. 1380. 1350

1080. 1040, 980. 900. 820, 710 cm'; vS (Cl) 625 (M4l+-HzO 6), 551 (
477 (100). 459 (12), 433 (8), 344 (90); Anal. '
REKC : op | 64
0 2 OCT 1999 z

't 606376~

L T & Swern P 4 0mm
L. -

3) LTuMP

a) Smlz P,,Omu

B} Silica gel

)

P130um . § LTMP P130nm

camphorsulphony!
oxazliridlne

11
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Cal cd. for C33H 6006Si 2: C, 64.92; H, 9.90; Found: C, 65.13; H 9.88.
Ket ocarbonate 9. To a vigorously stirred solution of di rretlﬁggsu’r-f—e*t-de\
(2.41 nl, 34 mmtl) in CE2a2 (57 nlL) under ninrogen at -78 GRlACEMBNT SHEPT
m. of a 2.0 Msolution (17.0 mm ) of oxalyl chloride in CHLQX. ATE 0
mn, a soluion of hydroxy arbonate 8 (P13 -TES, P = TBS)
nmmol) in 16 mM. CH, was added dropw se down the side of jthe
30 minat -78 T, yiathyfamne (6.8 nL, 49 mmtl) was added jand X1 U
was warmed to roamtenperaure. The m xture was diluted wi th 200 mL ‘
hexanes, washed with two 75 nL pardons of a sa *ra-.ed agueous NIHCOHS—
solution and brine, dried over anhydrous Na.SO4 and concenrated under
reduced prsr to yield 3.45: g of a yellow solid. This marer-ia_was filtered
.hough a | i- padyof si _E_I t9geL with 10% ethyl acetatc in hexa gp"’and t he
ae_to yielg~2.52 g of keroc; bona ali t e
crystals. Thg 5)% puri fied by silicapge C ‘ *—f_
cuizng with 19% e Shanes an@'s¥en &=ysal %Y 3
yi el d an addi i onal

C nav9<(Pet—F=hSP3= TS) (t
93%. 9 (F =TM5, P@3

STES) 140:0 - 141.5 'C, 1H N . _&DC13)
50.11 (s, 3H, TES c?:u, .
TES CER), 0.96 (t, {/=7.8

(s., 3H TES CH3), 0.60 (dg .
Hz, 9K TES CH3), -0.98 (s, 9H, -TBS t-Bl, 1.06

(s, 3H CH3 19), 1.97 (b, ofH.ne@H3 16, CE3 19),
RAOH

LDA -

CDZR
methoxy
propene, H+

PhSH,
P130um chca 9130um

18

CH®, BOMCI)
LDA, TMSCI



1.42 (dd, | =3.7, 14.2 Wz, IH MPj) 1.63 (m 21H H6, He), 2.12 (m LE,
| =

HS), 2.38 (d, 0.9 e, 31, CH3 18), 2.47 (dW | = 11.4—33—3—tz
Me9), 2.65 (d, | = 8.2, 1H H), 3.94 (dd, | z 1.4, 10.4 HBEPILAQEWN)T SHlEEZM
(dd, 1 = 3.7, 11.4 Hz, 1HL, 110), 4.49 (s, 1H H3), 4.64 (@ .8

|
Hz, 1H, H13), 5.04 (dd, .r 1.4, 1 1.9~ HBL FEK H20), S. Q7 |(
17.4 Hz, tH, H20), 5.76 (m IH H4); 13C NMR 5 (ppm) -5[4 %ﬁ@% 9&6 415
(TBS CH3), 4.8 MES CH2), 6.5 (TES CH3), 15.7 (CH3 18), 17. -8—(-GE3-—1-9}——-14.9
(TBS S(CH3)3), 25.5 (TBS CHE3)3), 28.2 (CH3 16), 28.3 (¢H3 17), 28.3 (C8)
29.6 (CS), 30.4 (Cl4), 37.7 (Cls), 38.0 (Ca, C9), 62.1 (THy— 665 (Cro;
67.5 (C13), 9t.3 (C3), &5 (C7). 116.4 (C20), 132.8 (4 1), 137.0 (C4'),
145. 4 (C12), 146\¢ (cyé ic carbonate C=0), 206.8 (C2); AR (CCd#)'®u 2930,
2860, 1760, 1670, A 80, 4340, 1240, 1180, 1170, 11%0, +63Q, 1060,

” bP, 550 cm 1; M5 () 607 o My 10,0

475 (100), 431 ( nChEA
REPLACEMENT S&! EEP . .
24 DEC 199 265 ]
21a 2
oe
0// dr 0// / :

Et3NSO,NCO, Me



Anal . Calcd. for C33HKj 06Si 2: C, 65.30; H £ 9.63; Found: C, 65.23; H 9.66.
.2- Kct 0- 3- Hydr oxy- Lactone 10. To a stirred solution of 3, f= : e -
9 (Pl a=TES, P13 = TBS) (2.246 g, 3.70 mmol ) in Trl ( ALACEWBN B ole
19.4 m. of 0.2 MLTMP (3.88 mmmol ) in THF dropw se down thef sidesof—the
flask at -25 ' C Trhe reaction mixture wa® al | owed to tg4 Dég 19§ over
the course of 30.mn. Tnc cold reaction m xture was pourfed i nt0o"t80 L Jof
10% aqueous acetic acid and extacted with 100 niL of 10 i
hexanes. 7The organic phase was washed with 50nL of- a gaturated aqueous
NaHCO3 sol ution and 5001 of brine. The conbi ned aqueous phases—were
extracted with two 20nL g tions of 10% ethyl acetate in hexangs. The
organi ¢ phases weng conbi§1e1c?, dri ed over anhydrous Na2SQ4 and gontlent r at ed
under reduced pressureto~give 2.4g of a yellow oil. Thi ~al
purified by silica aogfogP8phy, eluting with 5%
acetate in 8 083g (90P40f the hyarBY
TES, P13 = TBS) as ‘s \ antd 0. 2079 (7.2% of the

252

Ca) TMSC!, py
Cb) LDA, TsCI
Ce) HF, py 050

ogu

Ac,0. py. DMAP




3500, 2970, 2900, 1780, \lIDOH

// AcO

oP

carbarnate. 10 (PIO = TES, P1 = TBS): IH NVR (500 MHz, CDCL3) .5.0.12 (s,
3H, TBS CH3), 0.14 (s, 3H, TBS CEH), 0.61 (q, J = 7.8 HY, H@wAggmm m@r
0.92 (s, 9H, TBS t-Bu), 0.97 (t, J = 7.8 Hz, 9H TES C}L) $—4+~f-5-——3H— CHB
17), 1.22 (s, 3H, CH3 19), 1.27 (s, 3H, CH3 16), 1.32 (ld 3.13
Hz, 1H, HOP), 1.64 (ddd, J = 2.3, 6.9, -933 FHz, |H, H6), 07%6nPEEHP9é

H5), 2.17 (m |H Hl4a), 2.33 (Im |IH ES, 2.65 (m 2H, H p. H), 274
(dd, J = 12.4, 12.4 Hz, 1H H9a), 3.92 (dd, J = 2.8, 145 Hz, IH H7),
4.47 (dd, J = 3.2, 11.0 Hz, 1H  HL0), 4.55 (dd, | = 2. Bbirprmdrb—ta3y,
5.02 (d, J = 10.1 Hz, 1I, H2®), 5.07 (dd, J = 1.4, 16.9 Hz od H20), 5.81
(dddd, J = 6.9, 6.9, E 1H, H4): 13C NMR

CH3), -4.5 (BS CH3), 18- 6 (TES I 3), 17.9
(TBS _C(CH3) 3), p240d ¥ (TBS CH3L3) g 307 1
(CH3 17), 30.4 (&%), {9 ( Y 48. 1
(C8), 62.0 (A), 67.3 % C13), 87.9 (c3) - (C20),
137.7 (Cl1), 13838a(CA' p, F4F 2), 173.5 (C4),.207. @ (& ccl4) U

1360, 1260, ,1330, 11@90

7 2. KOt8u
P 150t
b. (PhSe0),0
33
1) TASF

2) H,/Pd
it P, = BOM




1070, 1010, 910, 890. 840 cml; MS (El) 606 (f, 100). 549 (69), 474 (27),

431 (65), 417(40); Anal. Calcd. for C33H5806Si 1: C, 65.30; H 9.63; Found:
C. 65.38; H, 9.64. | :‘-.‘ff.’.!'ffléﬂeﬁ
REPLACEMENT SHEET '

| 6 24 DEC 1996 Ket o Lactone 11.- B4 t-he 2- ket o- 3- hydr ox @l 0EG499% O
(P10 = TES, P13 = TBS) (1.10 g, 1.83 mml) was added a O. sol ution of
SmM, in THF (82 nL. 8.2 mmol ). The resultingcdark blue so]utTon wWas
stirred at roomterocn-ature under N, for 4h. After cooling_to O C an

ethereal solution of HC (0.66M 4.2 nL, 2.77 mmol) was added; after 5 mn
the flask was opened to AcQ

TASF
Hy/ Pd HOum
I f F7=EOM
37
Baccatin

1) a. LHMOS, glLactam
b. HF, pyridine

2) H,/Pd
if P,=BOM

TAXOL

In Reaction Scheme A, P, is TMS, P, is MOP or BOM, P,, is
TES, P,; is TBS, and R is ethyl in compounds 6 and 7,
‘methyl in compounds 15, 16, and 17, Ms in compounds 24aa
and 26a, and Ts in compound 26aa. It should be
understood, however, that P;, P,, P,,, and P,; may be other
hydroxy protecting groups and R may comprise other lower
alkyl substituents in compounds 6, 7, 15, 16 and 17.

Reaction Scheme A may be varied between
compounds 18 and 29 as set forth below in Reaction Scheme
A’, with the reactions leading to compound 18 and
following compound 29 being as set forth in Reaction
Scheme A.



air and the reaction mxture was diluted with 200 nL of cold ethyl ace:tte,
then poured into 50 rnL of ice cold 0.2N aqueous ECI. The organi c phase
was separated and washed with 50 nL of a 5% aqueous ci
two 50 nL portions of a saturated aqueous NaHCO3 sol uti o
brine, dried over anhydrous NalSO4 and-céfcéentrated unde .
The resulting mate:ial was dissolved in 100 nL of hexanjes I
( 230-400 nesh; 4.3 g) was added and the m xture was vilg t
roomtenperature for 65 mn before filtering through
pad of silica gelReggtion Sehemkx00M of 20% et hyl acet at
sol vent was evaporat ed under reduced pressure and the residue was purified
by silica gel chromatography, eluting with 10% et hyl acetate in hexanes to
yield 822ng (77% of the cis-kefbkactone 11 and 164ng (15% of the
correspondi ng trans i sone\. a solution of the anxs-2-ketolactone (611
ng, 1.03 nmmol) stirred i n/IC . ]f Trdpunder nitrogen at 0 'C was added
down the side of the,fohiag 3L O 0.6 M solution (4.1 mmol) of t- BulX
in TEF. The resulting sol red for 1.5 h then 10 nL of a 10%
acetic acid solution in THF /s _@u the side of the flask. After -
stirring for 5 min the mxtQrezwas - -
18 | .0 H

/Y 0
0
LOA
camphorsulphonyl
oxaziridine
TMSCI, py

MeMgBr




diluted with 200 nL of hexanes and poured into 100 nL of a _saturated
aqueous NaHCO3 sol ution. The organic |ayer was washed w tjh T T
then dried over anhydrous .Na2SO4 and concentrated under Pﬁgﬁﬁi'g@&eg%ﬁe
to yield 615 ng of pale brown oil. The oil was dissolved}in 10 nL of [
hexanes and silica gel (3.0 g) was added3€Tie nixture wag §ti2440EC 1994 |
vigorously for 15 mn then filtered through a 1/2 inc 1.27cm plug f)f
silica gel with 20% et hyl acetate in hexanes. Concentration of The
filtrate under reduced pressure yielded 576ng of pale yeblaw Qil. This
material was purified by silica gel chromatography, eluting wwth 10% t hen
20% et hyl acetate in BBxanes to yield 472ng (77% of pure 0P 4q

ci s-2-ketol actone\11 (P¥o = TES, PU3 = TBS), 84ny (13% \of purze trans

i somer and 24ny 1 % wm, of cis:trans isoners. 1180 =NJES, op13
= TBS): np £.8@M ?

Os0o,

iBuzAlH

methoxy

\\\\Eiifene, H*



67 TBS CH3),
0.84 (s, 9H, TBS t- Bu), 0.90 (t, J =7.8 Hz, 9H, TES CH3)

0.07 (s, 3H, TBS CH3), 0.54 (g, J = 7.8 Hz, 6H, TES CH2),

8 e
OB 17), 1.11 (s, 3H OH3 16), 1.15 (s, 3H, ai3 19), 1.35/( e BT phgET
4.6, 7.3, 14.2 Hz, 1H, H6), 1.43 (dd, J = 3.7, 12.8 Hz, 1H | H9j,), 1.67

(dddd, J = 3.2, 7.3, 10.1, 13.7 Hz, IH B@): 1.83 (dd, J
I|H, Hl4c), 2.03 (m 1H, H5), 2.07 (d, J= 1.4 Hz, 3H, CH3

. @4 DELO199%,
B), 2.25 (m

AL

H1

1
HS), 2.30 (dd, J= 11.9, 12.3 Hz, 1E, H9a), 2.45 (d, J= 8 2 FETH —HT"

2.58 (ddd, J

=87, 9.2, 16.0 Hz, 1H H14P), 3.93 (dd, =28, 11.4 Hz,

IH H7,), 4.03 (s, 1H, H3a), 4.37 (dd, J = 3.7, 11.0 Hz, 1H HIOP), 4.46
1.4, 4

(ddd, J=

Hz, 1H, H4);

278

pd

4, 4.6, 9.2 Hz, 1E HI33). 4.96 (dd,J= 1.4, 10.1 Hz, 1H, H20),

5.01 (dd, J = 1.4, 17 dohg, 1H H0), 5.73 (dddd, J = 6.4, ge3, 10.5 16
130\ NWR 5-(ppn) -5 3 (TBS CH3), -4.6 (' S G

CH2), 6.5 (TES CH) (

9 (O3 19) 0uRS

, 18.0 (TBS f(CH3)3
(ESZ? é P 43010

B 1 3OIINI
EtN(1Pr),

onaQ 2g
Aczo.py,DMAP

In Reaction Scheme A’', P; is TMS or Ac, P, is
MOP or BOM, P, is TES, P,; is TBS and P; is acetal or
ketal, preferably acetonide. It should be understood,
however, that P;, P;, P,, and P,; and P;, may be other
hydroxy protecting groups.

In general, tricyclic and testracyclic taxanes
bearing C13 side chains may be obtained by reacting a
g-lactam with alkoxides having the taxane tricyclic or
tetracyclic nucleus and a C-13 metallic oxide substituent
to form compounds having a R-amido ester substituent at
C-13. The B-lactams have the following structural
formula:

.9




29.9 (CH3 17), 30.3 (CB), 32.8 (Cl4), 38.5 (CIS), 44.2 (CS), 44.9 (C9),
1.2 (Cl), 66.9 (O, 67.8 (CL3), 91.9 (C7), 115.7 (C20), 137.7

60.6 (C3), 6
(Cl1), 138.5
2899, 1780,
(Cl) 591 (M
C33H305Si 2:
1- Hydr oxy- 2-

(C4'), 142.4 (Cl2), 174.7 (C4), 204.8 (c2) L R-(CCl4) ' u 2975,

1705, 1460, 1355, 1260, 1180, 1070, 1060, OBEP&KEHUENT SHEED

1, 5), 523 (6), 459(100); 381-(5); Anal. | gd—For
C, 66.07; H 9.89; Found: C, 66.97; H 9.91, :
Ket o-Lactone 12. To 34.2 nL of a stirred 0.2 M &)‘i‘&}ﬁ%ﬂﬁ%

mmol ) of LTMP in TEF under nitrogen at -10 C was added jol.ution of

ket ol act one

dropwi se down the side of the flask.
cooled to -40 *C and a solution of ()tc

8.55 mmol) i

After 20 mn,

of hexanes a
saturated aq
50 niL portio
anhydr ous Na
waxy solid.

B4

11 (P10 = TES, P13 = (1.

0.5 h, ther

n THF (10 nm.) was addé&d
the reaction m xture
nd rapidly poured into 259 nm of a vigorously stirred

s,down the side of the fl ask.

g, 1.71 mmpl) in 10 nL of THEF
! . -

po)

_phorsulfonyl oxaziridine (1.96 g,

cdpled to -78 C, diluted with 200 nL

ueous NH4AC1l sol ution. The aqucous phase was extracted with two

rvmen‘emm{ne Hgdaraeasodbefnpddoabaniec plidese aﬂ&@cme‘md over

A Py a7 VLo ChY ot 55 SonLa. PO e For s Ty R Bines

|ncreas|ng1x£ﬂ1@@@g¢gﬂl@gxggg@g|¢r ammonlum oxide substltuent have

the following structural formula:

18
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2

/ 7&
R4 gl 3

Hsa

wherein R;, R;, R, R, Rs, Rg: Reas Ryas Ry, and Ry are as
previously defined, R,; is -OM and M comprises ammonium or
is a metal optionally selected from Group IA, IIA,
transition (including lanthanides and actinides), IZIB,
IIIA IVA, VA, or VIA metals (CAS version). If M
comprises ammonium, it is preferably tetraalkylammonium
and the alkyl component of the tetraalkylammonium
substituent is -preferably C, - C,, alkyl such as methyl or
butyl. Most preferably, the alkoxide has the tetracyclic
taxane nucleus and corresponds to the structural formula:



hexanes) to give 0.882 g of hydroxyketol actone 12 (Plo
(85% as a white solid, 0.083 g of the correspondi ng
rrans- hydr oxyket ol actone (8 % as a solid, and 31 ng of
REPLACEMENT SHEET

~~~~2 4 DEC 1996 -39 -

: returned ketol actone 11 (3 % 12 (P10 = TES, P13
'C 1H NI\/R(CGDG) 8 (ppm 0.09 (s, 3H, CH3 in TBDWS),
TBDMB), 0.62 (g, i = 7.78 1z, 6H CH12's in TES), 1.03 (
CH3's in TES), 1.05 (s, 3H, C11319), 1.131%§, ?% t - Bu
3H, CH317), 1.39 (m 1H, 116), Y.42 (s, |31l 1316)

7a

13.28 11z, 1UL. HIP3),

MOnIn

= TES, P13 = TBS)

REPLACEMENT_SﬂfET
i 66

={ TBS 4 merpl
o} 1f (s, @%Q
ty J =7

1BS), 1.20 (s,
1. 44 (dd T =092

I3|

wherein M, R,, R,,, Rs,,, Ry, and R, are as previously

defined.
As set forth in Reaction Scheme

A, taxcl mav be

prepared bv converting 7-protected Baccatin III 35 to the

corresponding alkoxide and reacting the alkoxide with a

p-lactam in which X, is protected hydroxy, X, is phenvl

and X; is benzoyl. Protecting groups such as 2-

methoxvn*oon ("MOP"}, l-ethoxvethyl ("EE

" arn

preferred, but a variety of other standard protecting

- groups such as the triethylsilyl group or other trialkyl
(or aryl) silyl groups may be used. Taxanes having
alternative side chain Substitutes may be prepared
;hrough the use of B-lactams which comprise the
alternative substituents.

Taxanes having alternative C9 substituents may
be prepared by selectively reducing the C9 keto
substituent of taxol, 10-DAB, Baccatin III or one of the
other intermediates disclosed herein to yield the
corresponding C9 B-hydroxy derivative. The reducing
agent is preferably a borohydride and, most preferably
tetrabutylammoniumboro-hydride (Bu,NBH,) or
triacetoxvborohydride.

As illustrated in Reaction Scheme 1, the
reaction of baccatin III with Bu/NBH, in methylene
chloride yields S-dssoxo-9B-hvdroxybaccatin III 5. After
the C7 hydroxy group is protected with the triethvlsilyl
protecting group, for example, a suitable side chain mayv



1.98 :(dd, J =9.61, 12.82 Hz, 1H, 1114p)3), 2.05 (in, 1H, 1R§91A@,QQT SHFET
(broad, IH 0111, D20 exchangable), 2.25 (m 111, HG, 2.237 é;:n F—=0:6%

Hz, 3FI, CH318), 2.29 (m I|H 115), 2.41 (dd, J= 10.98, 13.

2.56 (dd, J = 3.21, 12.82 Hz, |H, I|l14a), 3.83 (dd, J = 247 M%%Eﬂ?gg 1H,
H7), 4.04 (s, |E, 113), 4.47 (dd, J = 0.95, "10.98 Hz. |H |HNO. 4.60 (ddg/
J=10.91, 8.21, 9.61 Hz, 1H HI3), 511 (br d, J =10.53 Hl IH 1120), 5.18

(br d, J = 17.40 Hz, 1H, El20), 577(m |H, 114); 13C NVR—--CBSE3)y—6—tppm

5.4 (TBS 0113), N 5
(CE13 18). 17 ?%3% %E%%ﬁ 9%4%%555%(%%55% 56% 3 (an
16), 29. ewherg (@)cr:@@m eT@in .39 P@zr(osm 02111'-133(05@)3

(C9), 45 0 (CS) =L 9 QC

115. 7 (C20), Ty prRtetiny gfg’glp% HR v ) ¥ vifdd | fei)S wef-4 Q&‘? tahotlor
(C2); IR(CCU) etéw 9 Bztygirorys® *F%lclmaé?ﬁ Ilachqt 587 5aReL, 10)
589 (56), 475 (E3Rkn. 457 (61); Anal. Calcd for C33H5g06Si 2: C, 65.30; H,
9.63. Found: C. 65.19; H, 9.60. 1, 2- Di hydroxy-crans-1| actone 13. To a
stirred 1.23 Msolution of Red-Al (4.6 nmmol, 5.6 mml) in TEIF under
nitrogen at -78REEBOTION]BCEEME ddded a sol ution of cis-hydroxyketone 1 2
(PIO = TES, P13 = TBS) (342 ng, 0.563 nmmol) in TRF (25 nL!. After i.5 h, 25
m. of a 15 % aqueous Nagkksol uti on was added dropw se directlygia@ the
reaction m xture\ The r®actioon m xture was vigorously skirred 3

tenperature for 3 W mhen poured into 1LX) niL of ¥ : tracted
wth two 100HgL >l . The organic phases angdfan@H
washed b HOe: g

Bu4NBH4

CH,CI,

HOIe
This Sheet Has Been Repl

L i

Al;ernatively, the C1l3 hydroxy group of 7-
protected-9B-hydroxy derivative 6 may be protected with
trimethylsilyl or other protecting group which can be
selectively removed relative to the C7 hvdroxy protecting
group as illustrated in Reaction Scheme 2, to enable
further selective manipulation of the various
substituents of the taxane. For example, reaction of



with 100 nL of H20 and 100 rnL of brine, dried over anhyd q%$L
concentrated under reduced pressure to give 0.35 g of a p

e e
This material was purified by silica gel chronatography ¢

ing with 1
ether in hexanes followed by 25% et hyl acetate in hexaned tfo 9ne@gc ﬁg?
irans-diol 13 as colorless needles, 14-5%kg-(4.2 % of trans- ~9£2¢%¥$ﬁﬁT
and 20 ng of a m xture of cis-diol and unknown byproduct$. To a SO
the m xture containing cis-
69 diol in THF (1 nmL) under nitrogen at roomtenperature was adde
m. a 30% aqueou$, $dkutboacobdNaPHhydtory QeBivetive TeatthoKEncataee ohs

oured into 30 d t th The ani c
b R e e e R e R

phase was washe bri ne,
group to migrate from C9 to C10, herebv VLelulng 10~

desacetyl derivative 8. Protection of the Cl0 hydroxy
group of 1l0-desacetyl derivative 8 with triethylsilyl
vields derivative 9. Selective removal of the C13
hvdroxy protecting group from derivative 9 vields
derivative 10 to which a suitable side chain may be
attached as described above.



anhydrous Na2SO4 and concentrated under reduced pressure to give 0.02 g of
a yellow solid, which was purified by silica gel chronmatogr pﬁ nyg)
RECEMENT arer

with 5% ethyl acetate in hexanes to yield an additional 12 fy
302 ng, 88% of wans-diol 13 (PtO = TES, P13 = TBS).
TBS): np 127-128-C, |H NMR (500 MHz, CBC%#2) -a 0.09 (s, 3H, |IBS ?Egp“k%
(s, 3H, TBS CH3), 0.60 (g, J = 8.1 Hz, 6H, TES CH2), 9H,

t-Bu), 0.96 (t, J = 8.1 Hz, 9H, TES CH3) 1.13 (s, 3H, CH3 17) 1-23~ts+——3H
12.8 Hz,{1H, H913), 1.46

CH3 16), 1.31 REACTEON GEBEME) 2 1.42 (dd, J = 3.7,

(ddd, J = 4.8, 8.8, 11.4 Hz, IH He), 1.74 (dddd, J
Hz, 1H H6), 1.99 (d, J = QA HE 3H CH3 18), 2.10 (m

J = 3.7, 5.4 Hz, |H\Hl4a)
Hz, 1H, H3), 3.84 (dg
(dd, J = 2.9, 1lndusg,
5.01 (dd, J = 1.8, 12
5.78 (dddd, J = 7.3, 7.8
OH2), 13C NMR (CDC13) M8 (B
21.24, 24.70, 25.62,,.28.50 A
45.60, 66.62, 69.25, "TT: 32, 88.91, 116.09, 136.96
| R (CHC13) u 3050, 1730° 1460, 1350 cm', M5 (El)
267 (100), Anal. Calcd. fdp C33HB006Si 2: C, 65. 08
H, 9.98.

U6 (m 3H, ES5, Hoa,

p0), 5.07 (dd, J

- TMSOume- TMSOlsse

HF
pyridine

HOt1n.

13 (PLp E TES, P13 =

0.87 (F,

3.3, 7.3, 9.9, TIZ™7&

Die H5) 2.21 (dd,
89 (d, 3 =77

Odlbes 3. 97

Tofediz, |H H2), 3.95(S, W
.47 (dd, J =nas07u--., H2HLI3, HO),

z, 1H H20),

BJHWSQH454¢5 6.8 2.9 Hz, IH
31 I 59 4. 79 6.8% 36 a
30. 05, 40. 20, 49341 %4518

3 139. 93 180. 10,

608 M .13), 590 (26),
H/ 9.92. Found C, 65.06;

2) KH

As shown in Reaction Scheme 3, l0-oxo.

derivative 11 can be provided by oxidation of 10-

desacetyl derivative 8. Thereafter,

the C13 hydroxy



Carbonate 14. To a stirred solution of diol 13 (PLO = TE ' R Hﬁ§ 09
g, 1.64 mol) in CEH2C2 (58 nlL) and pyridine (5.8 rnL) undec |q£rbdenm§$T
-78 C was added dropwise 8.2 nL of 2 Msolution (16.4 | Y of phosgene in
tol uene. Then the reaction mxure was warnmed to -23 C and $ti24eEQS q99430
mn. To the resulting mxture, 50 rnL of 43saturated aqu¢olis NaHCO sol ut{ op
was added. After warmng to roomtenperature for 10 mn, jt he TeactTon
m xture was extracted with 200 nL of 10% et hyl acetate in_hexanes. TIhe
organi ¢ phase was washed w th 100 of % agueQus CuS o] uggon
200 nL porti onsPEPCSCSHRUHBE &k "}?&s%ﬁgﬁé%é gufleglﬁvgﬁid |’]1ir? %Y
over anhydr ous MNazz&erand T @ncams a:trxaimradenesedmbed pheysure tyaeg.ld/@—l 1
g of a

acetoxyv-l0-oxo-taxcl or other 9—acetoxy-lo-oxdg%tracylic
taxanes having a Cl3 side chain. 2lternatively, the C9
acetate group can be selectively removed by reduction of
10-oxo derivative 11l with a reducing agent such as
samarium diiodide to yield %-desoxo-10-oxo derivative 12
from which the Cl3 hydroxy protecting group can be
selectively removed followed by attachment of a sidé
chain as described above to yield 9-desoxo-10-oxo-taxol
or other 9-desoxo-l0-oxotetracvlic taxanes having a C13
side chain.

REACTION SCHEME 3

OH

TMSQle
TRAR TMSOle

TMS0u.

This Sheet Has Been Replac

[T

Ph——-< AcG

12

Reaction Scheme 4 illustrates a reaction in
which 10-DAB is ra=duced to yield pentacl 13. The C7 and



pale yellow solid. This material was filtered through a 3 iﬂEE’hAQE?‘nﬁECBMFEiac
of silica gel with 15% et hyl acetate in hexanes to yiel
carbonate 14 (P10 = TES, P13 = TBS)as a white solid.

P13=TBS): np 146-147 'C, |HNVR(500 MHz, CDC13) 8 0.11 (s,
0.12 (s, 3H TBS CH3), 0.61 (g, | - 7. g 4 sH, TES CH2) | G-
t-Bu), 0.96 (t, | = 7.8 Hz, 9H TES CH3), 1.20 (s, 3H ¢H3 17) 1, 30 (s
3H, CH3 16), 1.32 (s, 3H, CH3 19), 1.40 (ddd, 1= 2.7, 475792 Hz7—1tH;

Tg)é ﬁ'z44| ﬂd’ ﬁ‘éf ngdirmydldos*%ues ﬁ%%ﬁ@hﬁ ¢ “dgﬂgn hé")?s *2‘%1%‘%1366’ J

3. 2 15. 6 rdd-d;cd-ﬂdla&:.tli . Ge (EridthyE6ilvapr anagh(ecrdpnbtecg:.zlg 15. 6

i “1‘@% o Produde [5fch 14 e Wil eR 2 TSGR R ST I

H2 B), 4.57 (dsk aktachdd &s Megcribed abogp) ors. siteg@atively .4 adted Hy,

1H, H20), daidd, 9, 6.9,

10.1, 17.0 Hsz‘g’&q‘?M)mmﬁlerr‘f%@i\f?)hF%&Dﬁfe ? %acg(l %E 5 -5, 317':]‘1ﬂ&60 4. 75,
6.51, 17.02, 17.60, 21.24, 24.64, 25.55, 27.36, 29.50, 30.11, 37.56, 39.96,
42.89, 43.75, F@A@gm@aswsgzg 87.37, 90.05, 116.15, 136.54, 136.94,

144.93, 153.32,169.89, TR (CHCl[err]) u 3070, 1800 cnierr]. M5 (El) 634
(M 12), 577 (100), Anal. Calcd. for Cerr]Herr]derr]Serr]: C 64.31; ,
9.21. Found C, 64.41; H0H9.20. QH

HOun HOle
Bu, NBH,
CH,CI,
OTES
OTES
HQin.
e
heet Has Been Replaced HO 65 \
H“‘l“ \“l“ “\‘ m \“\ : Fh—< Ac 0\\ 0
o]
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Taxanes having C9 and/or Cl0 acyloxy
substituents other than acetate can be prepared using 10-
DAB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triethylsilyl chloride
in pyridine yields 7-protected 10-DAB 15. The C10
hydroxy substituent of 7-protected 10-DAB 15 may then be
readily acylated with anv standard acylating agent to



Ketoester 15. To a stirred solution of |actone 14 (P10 = P1-3—-=_TRS)

(1.05g, 1.65 rnmol) in nmethanol (70 nl) under nitrogen mﬁ%AC@MMﬁBQ&EQEd

a saturated solution of ozone in nethylene chloride (50 |ny, 40 AT tneu~q

m.) until no nore starting material remained by TLC anaIyS|sz4d%§g,w96 j
he

Trierhylamine (4.8 nL) and trlnethylpho§§hrte (3.1 L) jwgre“a
sequentially to the resultlng m xture at -78 'C. After gti+r+rRg-5-1n
solution was warnmed to O 'C and stirred for 2 h. The resulting solution
was poured into 250 mL of a saturated aqueous NaHCC3 sol ution and ext-act-ed
with three 200 pieldoderbwatbye CHROavimhea cwaiFlell aTyanyt $uyeFitvene.
washed with 1504 aeé GeSALELAL £0n NaHCGRe SO3 utd ., sﬁé@&@aﬁ gnhydr ous

Na2S®™4 and concen rated under reduced pressure to give g of the
al dehyde as a c8PBELVREEVS 16 %?%Gm?‘éﬂlﬁqlr%é %%‘F{%u&”%?t‘ﬁf&éﬁm a

purification. Teja sté&ereda sl ti{ Obe OdttHen&d derymezfrﬂarmv@izy; nthe botanol

(30.8 m), acetggg é&0g303$% ggg §en%aused to migrate as set forth in

h

Reaction Scheme 2, above.

REACTION SCHEME S

OH

HOun TESCI
pyridlne
P.h—ﬁ Q
o]
Acylating
agent
v
HOM1 1) HF HOun

2] Bu NBH,

3) TESCH

Taxanes having alternative C2 and/cr C4 esters
can be preparsd using baccatin III and 10-DAR as starting
materials. The C2 and/or C4 esters cf baccatin III and
10-DAB can be selectively reduced to the corresponding
alcohol(s) using rsducing agents such as LAH or Red-al,

and new esters can thereafter be substituted using



71 of a 1.25 M (10 mmol) aqueous KH2PO4 sol ution at 0{'" [@gdcd 443,
mL of al M(11.3 nmmrol) aqueous KMhO4 sol ution over thejc Of ND SHERT
The reaction mxture was stirred at 0 "C for 30 min, poufefl into 200 nt"pf

a 10% aqueous NaS203 sol ution and extracted with three 2D0 n124)9 ?@3
ethyl acetate. The conbined organic | ayef§ were washed wt o tbr
dried over anhydrous Na2SO4 and concentrated under reducled pr
stirred solution of the oily residue in _cthcr (30 nmL) at oon1tenperature
was added an ethereal solution of CHZN2 (20 mlL). The sol ution was
concentrat ed usdendaedugeylptisguagenbsgsuehlasbaghyfiradas @rdessciodl. This
material was fpL]{ Lhggu 1 of_s | ég/

acetate in hexghe§£§§ C%chQTs %?%%gﬂn gghré uéegﬁgrgﬁgﬁﬁt§%hp cﬁﬁgﬁgbl g
(91 % of IactbneebBYb&m;5&(PQM3P w&sdzpsggrapvi'BsthRL ax@)ne 15 (PIO =
TES, P13 = TESmBernbEl yolyl NRe( 8000 or 1A cBHOIL ooty KU1

cdiireftEa .
0.12 (s, 3H TBS CH3 6H TES G H2), 0. 88 (s 9H, TBS
t-Bu), 0.96 (t&° new c2 ana/or C4 esters through formation of th :

corresponding alkoxide by treatment of the alcohol with a
suitable base such as LDA followed by an acylating agent '
such as an acid chloride.

Baccatin III and 10-DABR analogs having
different substituents at C2 and/or C4 can be preparad as
_set forth in Reaction Schemes 6-10. To simplify the
description, 10-DAB is used as the starting material. It
should be understood, however, that baccatin III
derivatives or analogs may be produced using the same
series of reactions (except for the protection of the Cl1l0
‘hydroxy group) by simply replacing 1l0-DAB with baccatin

II as the starting material. 9-desoxo derivatives of
the baccatin III and 10-D2AB analogs having different
substituents at C2 and/or C4 can then be prepared by
reducing the C9 keto substituent of these analogs and
carrying out the other reactions described above.

In Reaction Scheme 6, protected 10-DAB 3 is
converted to the triol 18 with lithium aluminum hydride.
Triol 18 is then converted to the cotresponding C4 ester
using Cl,CO in pyridine followed by a nucleophilic agent
(e.g., Grignard reagents or alkyllithium reagents).



J =8.1Hz, 9H TES CE3), 1.21 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.33 (s,
3H, CH3), 1.51 (dd, J =3.7, 13.2 Hz, IH H9,), 1.53 (m J1H_H6), 206(d
| = 1.1 Hz, 3H, CH3 18), 2.07 (ddd, | =2.9, 7.7, 21.6 HZ
(dd, J = 3.7, 15.8 Hz, 1H, Hlda), 2.31 (dd, J = 13.2, 13.
.46 (ddd, J = 7.7, 16.8, 24.5 Hz, 1H, -H4Y, -2.53 (ddd, J
.Hz, 1H, H5), 2.60 (dd, J = 9.2, 15. 8 Hz, 1H, Hl4,[err]),
Hz, 1H, H3a), 3.68 (s, 3H, CJerr] M), 4.09 (dd, 2.6
4.39 (dd, J = 3.7, 11.0 Hz, 1H HIOB), 4.47 (d, J = 7.3
(dd, J = 1.8, 9.gkH¥me 14, HlSB) Anal . Calcd. for —
Cerr]Herr]Jerr]rSerr]: C 61.22; H 8.77. Found C, 61. 30; H 8.79.
Enol ester 1 6. To a stirred solution of |actone ester 15 (PIO = TES, P13 =
TBS, R= M) (1.01 g, 9783 mmol) in THF (24.5 nL) at -78 'Cwas0 ded
slowy a 19.4 nL M solution (3.88 mmol) of LDA i t he
side of the flas ogrgse of 3 mn. After stirrinyg 10rnL
Zcid in THF was qwcklyM%%de._A :
of a sasurated aqueods RANCO3

rtloan—CHU't‘e?r] The corrif

phases were dried oera- H

N

reduced pressurepﬁ | A 1 ag of crude ‘enol ester 16 (P[errb]o =
Plerr] TBS, R = MY, as acolorless oil. -Approxi mately 3% of W e2et-€d
ester Iactone 15 was stijl pr esent 18

Cl,co
pyridine

TMSOnu TMSOHNn

Aq,Li or

A4 MgBr

Deprotonation of triol 18 with LDA followed by
introduction.of an acid chloride selectively gives the C4
ester. For example, when acetyl chloride was used, triol
18 was converted to 1,2 diol 4 as set forth in Reaction
Scheme 7.

Triol 18 can also readilv be convertced to the
1,2 carbonats 19. Acetv1atlon of carbonace 19 under
vigorous standard conditions provides carbonate 21 as
described in Reaction Scheme 8; addition of alkvllithiums

or Grignard reagents to carbonate 19 provides thes C2



72 but this material was used without further purificati
TES, P13 = TBS, R = Me): IH NVR (300 MHz, CDC13) 8 0.09 (§
0.10 (s, 3H, TBS CH3), 0.61 (g, 6H, TES CH2), 0.87 (s, gH
(c, J =8.0H, TESOB), 1.08 (s, 3H OB, 1.21 (s, 3H
3H, CH3), 1.61 (d, J= 4.3 Hz, 1H, o477, 4889 (dd, J= 4.3,
Hoa), 1.95 (dd, 1= 11.2, 11.2 Hz, 1H H9 3), 2.01 (d, 1=[1.T
18), 2.22 (ddd, J= 2.7, 10.7, 15.5 Hz, 1H, H60), 2.45 (dd, |
Hz, IH Hea), 2.54 (dd J= 9.1, 15.0 Hz, 1H, H1403), 2.86 (dd IR A v
Hz, 1H, Hl4a), 3. . 1H, H3a 3.40 (ddd, J = 4.8, 4.8, 9.6 Hz, 1H,
H7ac), 3.75 (s, e§ﬁ$~c%a|\‘/élf5g 34 tpq qwdroxvd group AtC4 136 FBO) fortboipd,
J= 4.3, 11.2 HzRebidcidtP)schen? gdd, J= 2.1, 9.1 Hz, 1E HI33), 12.24 (s,
1IN, OH4).

Scheme 7

LDA

TMSQmn R3qCOCH TMSOuI

Ci,co
Byridine

T™MSOuu




Enol estr 17. To a stirred solution of crude enol ester J6pE
TBS, R= M) (1.02 g) in THF (13 nL) and 2-net hoxypr opengq
nitrogen at 0 C was added 0.48 nL of a 0.1 Msolution (0.J]048 nnDI) of
p-tol uenesul fonic acid in THF. TMe m xture was stirred af Zﬁf&ﬁPJ%EWH
and then triethylaniine (0.66 nL) was addé@d.” The ni xture|was_concentrat egl
under reduced pressure and purified by silica gel chromafography, elutTng
with 7.5%ethyl acetate in hexanes increasing to 30@6eth l—acutate |n
hexanes to yield 938 ng enol ester 17 (P7 = MOP, PIO = TES, P. 1 3 = TBS, R
= Me) (84%from1 5) and230 smg (fgeza:homrseév'émnlaet‘ewé 8st ekher, Cf? (P7 =
MOP, Pl ( = TES,_ P13 ) 5rBPi 8549y Credbk MYR €£3080MHEe GBC13) 8
0.08 (s, 3H T%%#é')“%%f g M%Hprm? g g,hcr gw 7.7 Hz, 6H, TES
CH3), 0.87 (s, wWdigh BBSacigy) -@rese( gndja= t?"vlFE“ %ln?Eé"u-lé)El% 10 (s,
3H, CH3), 1.19 LS o%lé,c«ﬂd@ ml.:.&ol(ss::natﬂ 6B} e 1w34h( a1 kSH1 iMBR UG pr 1. 37

122’0, 10,4, S5ignare iReieq Eoves g0 obSegtiyetivR kg 15

2.63 (dd, J = hev s\btikauentld ald6ca)., 2.88 (dd J = 3.8, 15.4 Hz,
Hl4a), 3.06 (s, |IH H3a), 3.26 (s, 3H MOP Ow), 3.37 (dd, J = 4.4, 10.4
Hz, [H Hra), 3.72 (s, 3H, CO)M), 4.36 (dd, J = 6.0, 9.3 Hz, |H, HILO0, B),
4.57 (d, J = 2.Héme |H, H2P), 4.67 (dd, 1= 2.8, 9.3 Hz, -1H, H 13p), 12.24
(s, IH OH#4). Enol ester 17 (P7 = TES). To a solution of the enol ester 1
6 (PIG=TES, P13 = TBS, R = Me) (9

Py

QTES
Ci,Co
Pyridine TMSOt1I
R4qCOC!
pyridine
DMAP
u _
TuSamn Ry Li or TMSOI
A,4Mg8r

Mlternatively, baccatin III may be used as a
starting material and reacted as shown in Reaction Scheme
10. After being protected at C7 and C13, baccatin III is
reduced.with AH to produce 1,2,4,10 tetraol 24. Tetraol
24 is converted to carbonate 25 using Cl,CO and pyridine,
and carbonate 25 is acvlated at C10 with an acid chloride



73 ny,
m.) at 0 C was added triethylsilyl

solution was stirred at

0.0137 mmol e) and DOVAP (3.5 nyg,

roomtenperature for

0. 0286 mmol e) iffi
chloride (0.025 nm., 0]1
16 h, diluted

acetate (10 mL), poured into a saturated aqueous sodi um Bi
solution (20 n.) and exnacted with 20% et Byl -acet at e/ hexan
The conbi ned organic |ayer was dried over anhydrous NaSO{f,

concentrated to yield 25 ng of crude 17. Col umm chromat ogrphy (10% et hyl

PR AT

wi th ethyl

¢arbAEE 1996
b (20 ML x 3)

T tTered—and

Pi3 o TS R = Bt L hsaite aplRatlas ReE bl Gt Sho

MHz. CDCl3) 8 G@is, amdtyddR® and pvridine (not shown).
of carbonate 26 under vigorous standard conditions
provides carbonate 27 which is then reacted with alkyl
lithiums to provide the baccatin III derivatives having
new substituents at C2 and C10.

Scheme 10

Acetylation

LAH

HOum TMSOmn
1) TESC), py
2) TMSCl, DMAB
Imidazole, DMF Bh ;
TMSOIN cl 2C0

R,oCOCI

pyridine




CH3), 0.10 (s, 3H, TBS CH3), 0.59 (g, J= 8.1 Hz, 12H, TES2.). Q.87 (s,
OH. TBS t-Bu), 0.95 (t, 1=.7.7 Hz, t8H, TES CH3), 1.05 ( ,REPLAF@#)\TW

(s, 3H, CH3), 1.30 (s, 3H, CH3), 1.84 (m 2H H9a, HOP), 1.w tor—s,
18), 2.17 (ddd, J= 2.8, 10.4, 15.9 Hz, IH_ H6 A), 2.31 (dd, 4.4, 15.
Hz, 1H, Heéa), 2.52, (dd, | 9.3, 15.4 HPL I H, H143), 2.85 (&405&13968
15.4 Hz, 11 H, Hlda), 3.03(br s, |H H3a), 3.34 (dd, | =|510, 10.4 Hz, IH,
H7a), 3.75 (s. 3H, COLMe Owt), 4.36 (dd, J= 5.0, 10.4 Hz IH, HI OP), 4.58
H

(d, J= 2.7 Hz, |H H20), 4.66 (br d, J= 11.0 Hz, |H HI3'Br—22.22 (s |

o) . Kt one 18. To -.éé red soluton of end ester 17 (P7,7z,NOP, P10 =
TES, P13 = TBS, \R ng, 1.3 mmol) in DVF (30 n) 8e?9n|trogen at
room t enper at ur e\was -ad solid potassiumthi ophenoXxjd : ﬂg, 1.69

PDEA nde.03. 9 nnDLP The bas,OW&Smed t o
86 C for 3CHY i on iq,l | oned tASBY) oM Yeofer at ur e
then was poured 0 250 -of a saturated .-.~ou§ aFl Q03
sol ution and extacgfed=W ree 150 nL portions of 303 ‘ glate in
hexanes. The COﬁbIHL/ ST [
(5.08cm silica ge /padda
pressure to yield £ 29g _of crude product. This nmateri aly was urlfled by
radi al chronatrography,zbfhtlng with 15 %then 20 % and fi éfﬂ& 25 % et hyl
acetate in hexanes to yield 763ng (86% of ketone 18 (P7 = MOP, P10 = TES,

P, = TBS).

Ry Ll

T™MSOuN

l10-desacetoxy derivatives of baccatin III and
10-desoxy derivatives of 10-DAB may be prepared by
reacting baccatin III or 10-DAB (or their derivatives)
with samarium diiodide. Reaction between the tetracvclic
taxane having a Cl0 leaving group and samarium diiodide
may be carried out at 0°C in a solvent such as
tetrahydrofuran. Advantageously, the samarium diiodide
selectively abstracts the Cl0 leaving group; C1l3 side
chains and other substituents on the tetracyclic nucleus
remain undisturbed. Thereafter, the C9 keto substituent
may be reduced.to provide the corrssponding 9-desoxo-9fB-
hydroxy-l10-desacetyoxy or l0-desoxy derivatives as
otherwise described herein.

I

—

heet Has Been Replaced

T



18 (P7 = MOP, P10 = TES, P13 = TBS): 'H NMR (300 MHz, 3y—6—6—+0—f-5——3H,
TBS CH3), 0.14 (s, 3H, TBS CH3), 0.58 (g, J = 8.2 Hz, pHEPLAGEMEN) SHBED4

(s, 91., TBS t-Bu), 0.95 (t, J = 8.2 Hz, 9H, TES CH3),| 272 (3 "3H "TCF
19), 1.30 (s, 3H, CH3 17), 1.32 (s, 6H,

REPLACEMENT SHEET 52 24 DEC 1996

2 4 DEC 1996 7 4 —MoP—-GH3)—1. 33

(s, 3H CH3 16), 1.80 (m I|H H5), 181(dd J =3.8 [B.8H, IH H),
1.98 (m 1H H5), 1.99 (d 1 3H, CH3_18) TH—H6P) 29
(dd, J = 10.4, 12.1 Hz, %H, ‘Jiﬁéié{)é a&@@&@eﬁc—’" Fu 5’51‘-25'—%4-% t%ﬁnﬂMﬁ?n
2.53 (m 1H, Fﬁéabreﬁaﬁad(dd s¢t= for®h 1% Rederibr ddberdas ﬂl7olﬁdan& =
5.0 Hz, IH H3), 3,20 (s, 3H MOP OMe), 3.39 (dd, J = 6.1, 10.4 Hz, IH,
H7), 4. 34 (dd,>32= 3.9, 10.4 Hz, 1H H10), 4.55 (d, J = 5.5 Hz, 1H,

REACTION SCHEME 11

HOH

nBuaan
AIBN (Ccat)

toluene (reflux)

HO




H2), 4.73 (dd, J = 5.3, 7.7 Hz, |H HI3). Anal. Calcd. for C36H64(ySi 2: C,
63.49; H 9.47. Found C, 63.56; H 9.55. 18 (P7= P10 = 3—= =
1H NWVR (300 MHz, CDC13) 8 0.10 (s, 3H, TBS CH3), 0.14 (S, ﬁﬁ}"—ﬂf%‘?&%ﬁsﬁf;m T
0.47-0.63 (m 12H, TES CH2), 0.90-0.99 (m 27H, TBS t-Bu,]j U:B')““'”I“‘ZT
(s, 3E, CH3), 1.25 (s, 3H, CH3), 1.33 (s°33H, CHB) 1. 75( ].qu 1.6
Hz, IH, 1.85 (d, J = 3.3 Hz, 1H), 1.90 (t, J 3.9 Hz, JH),?L QE% 9 3
8.1 Hz, 1H), 2.00 (s, 3H, CH3), 2.30 (m 1H), 2.39-2.60( ]
1H), 3.35 (dd, J 9.6, 7.8 Hz, 1H, Hra), 4.35 (dd, J =1Q. 8, 33Hz 1H,
HI Op), 4.57 (d, gEAc@TéNHgC e Hef3), 4.72 (m 1H, HL33). ~Retone 18
(P7=BOM). To a sfirred sofution or ketone 1 8 (P7 = MOP, PO = TES, PI 3 =
TBS) (293 ng, 0.43 mmol) iIHF (28.6 nl) and nethanol (9.5 H%): under

nitrogen at roomtenperatufe was added dropw se 0.20 of ay0. 1M sol ution
of PPTS in CH2CI 2 (0.¥ rON// The reaction mxture way L or 3 h,
poured into 100 mm" ' Q ueous NaHCO3 soI ut pr a€t ed

with two 100 niL port
washed with brine, dr

reduced pressure to Yig : f the hydroxy ketone a
colorless oil. This mater ﬁal sed wi thout further puri fgcatl
Ph AcO

HQO1e.
MsClI

ETgN
EtsNHCI




18 (P7=H, PIO = TES, P13 = TBS): np 75-77 C, | H NVR (500 fHz—CDCL3) 8 0. 10
(s, 3H TBS CH3), 0.13 (s, 3H, TBS CH3), 0.61 (g, J = 8.2 erPmefﬁESSml‘@,
0.93 (s, 9H, TBS t- Bu), 0.95 (t, J = 7.7 Hz, 9H, TES CHY), s .j
CH3 19), 1.22 (s, 3H, CH3 17), 1.35 (s, 3H, CH3 16), 1.84 dd2J-13

4.1 HZ, |H Hoa), 1.88 (m 2H H9 P, OHA% 1.92 (m I H He®) 2308189 5!
1.4 Hz, 3H, CH3 18), 2.10 (m 1H, Hécc), 2.36 (dddd, J =] 4.1_.9.9 144

Hz, 1H H5a), ReAdTIOW,SOHEMB. 82a15.4 Hz, |H, Hldp), 2.51 (m 1H H5P), |
2.54 (dd, J =T‘H_—'_ =5 4 . 1A H140), 2.86 td, J = 5.5 Hr—tH—H3}-—3.59 |

N

(ddd, J = 4.5, 6.2, 11.3gHz, 0
REPLACEMENT SHEET 75 0ad H, H7),
4.38 (dd, J = 4.1, : HLO), 4.56 (d, J 5.5 M 469
(ddd, J =1. .k > Anal . Cal cd. 5 G SHO> C,
62.19: H, 94%6'" H 9.4, Hofil :

LHMDS

LiOum

0
N
N

3 X4 Xz x1
Ph—< -
0 C1) THF

(2) HF, Pyridine, CH:,'CN

N Oonii

-As shown in Reaction Scheme 12, Baccatin III
may be converted into 7-fluoro baccatin III by treatment
with FAR at room temperature in THF solution. Other
.baccatin derivatives with a free C7 hydroxyl group behave
similarly. Alternatively, 7-chloro baccatin III can be
prepared by treatment of baccatin III with methane
sulfonyl chloride and triethylamine in methylene chloride
solution containing an excess of triethylamine
hydrochloride:



To a stirred solution of hydroxy ketone 18 (P7=H) (179 ng...0.29 nmol) in
CH2C12 (9.5 nL), diiscpropylethylamne (1.49 nL, 8.6 mnyl Regyr EiiE —
t etrabutyl ammoni um i odi de (253 ng, 0.69 mml) under nitnpg ;agaéﬁfET
dr opwi se benzyl oxymet hyl chl oride (0.42 n, 2.86 mml). Thefreaction m Xtpr
was brought to reflux for 32 h, cooled t &5 oom tenperatufe 2otiDEe: i]gryT‘Eo
nm. of a samrated aqueous NaHCCB sol ution and exmacted th two 100
portions of 50% ethyl acetate in hexanes. The conbi ned i
washed with brine, dried over anhydrous Na2SO4 and conc
reduced pressure to yield 249 ng of the hydroxy ketone as a yellow s
This material was puri f"?QxQzYe@l’xé\‘anscﬂGi? Qi'&'\ﬁl L&ﬁ@itttfér}’dse'ééri% ng
(92% of ketone 18 (P7=BOM PIO = TE "TBS). as a col orless oil
(P7=BOM Pl 0 Bregeyep 3 segpigrely HNW%@G@W“W#% .40 (s, 3H,
TBS CH3), O. 13pf§t;e6¢'édTB$-<§3EB-)meﬁn5&J(\€h 1 —157 cbri%*c%b eES eH2), 0.94
(s, 9H, TBS t-Bu), 0.94 (t

1, 22- 3H CH3
17),.1.31 (s, IR é%% ?Js’“’é’ri?e%i% eC*f §?71"( d‘if-’“%‘;m‘iz”—ff, 3.8
Hz, 1H Hoa) , dl:D&::(axi;edt:;nq grotp Sid @ aBng ]:Lt994.(t1h 2hetdl, ﬁxcH\;@P),
2.21 1H, . =
9.3, (12]4 Hz, 1%)114[4‘3%“( dg%é a&d’%}&ﬁ“e ‘5“‘515”1%"1 %@%&%ﬁ%% 62
(dd, J = 5.0, U5 acher gide Hamazqz} PREGUESGE . J Sfc.teaagu@t tdrelysis. @8 (dd,
6. 6 11 Hzgnd 7 Wﬂoté’c@ﬁnéd@rou]%i s chibe 51% 4n"|'g'%at]1|b'n( %floahe 4p6 (d, J

| =

= 5.0 Hz, 1H, I#a d CH , =11.5 Hz 1H,
G i2Ph), 4.68 R¥ATOR ?&‘Egs t%%lzo (du'-{r-#OZI o7 fll‘ile ééozcsxo 7.31 (m
5H, Ph). substituent to C9, and migration of the C9 acyloxy

substituent to C7.

As shown in Reaction Scheme 13, 7-0-
triethylsilyl baccatin III can be converted to a
tricyclic taxane through the action of trimethvloxonium
tetrafluoroborate in methylene chloride solution. The
product diol then reacts with lead tetraacetate to
provide: the corresponding C4 kestone.



Ket one 22a (Ps =TM5) .- To a vigorously stirred solution of ketone 18
(P7=BOM PIO = TES, P13 = TBS) (315 ng, 0.42 mmol) in THF {3+6-5-11l)
triethyl am ne (0 88 niL, 6 3 mol) and trinmethylsilyl chl rHEBIEEMQQTWngr
4.2 mmol) under nitrogen at -78 C was added dropwi se down t jre~
flask 1.35 ml, of a 0.5 Msolution (0.68 #ml) of LDA in HE %ﬁ 25 mn
2 nmL of a saturated aqueous NaHCO3 sol ution was added. Th

was dil uted mntﬁriégF@ﬁLseggggxages and washed with 20 n a qaturateq
agueous NaHCOB )
76 I dried over‘anhyd+eus—_____

Na2SO4 and concentratedoggder reduced pressure. Tne resultlnngiI was
C

HOMH1e» HO11see

Y

HOI11se

The subprocesses.of Reaction scheme A can be
applied at various stages. For example, the process for
the conversion of compound 30 to compound 33 can be
anplled to any intermediate having a hydroxyl group at C-
10 and two hydrogens at C-9, e.g., the process for
introducing €9 and C10 carbonyl and'hydroxyl grdups can
be applied to suitably protected intermediates 4 through
29.

Likewise, the process for introduction of C1
and C2 oxygen-containing functional groups (conversion of
6 to .13 in Reaction Scheme A) can be applied to any
intermediate having a C3 carbonyl group.



filtered through celite with hexanes and the filtrate was
under reduced pressure to give 338 ng (99% of the TM5 eno
(P7=BOM P 10 = TES, P 13 = TBS, P4 = TM5) as a col orl ess
vigorcusly stirred solution of TM5 enol ether 2la (P7=BOM
TBS, P4 = TMB) (224 ng, 0.274 mmol) in hé&anes (2.8 nl) un

Oi

 ARRLACEHERT STeeT |

cet her ~2Ta—-

i

de

TTrtregen-al j
room tenperature was added dropwi se 14.9 nmL of a 0.02 M dolution (0.30
mnol ) of MCPBA in hexanes. After 5 h, 2 nL of a saturated aqueoUs
e h
Aot Wi ¢

and  Was

oLt o a2 T a3, MAAMAR BRSOl an et

reaction mxture was di [Puf'e e

1623p9§§,“@§3

20 nL of a sat4 @yl Fywewss 2NaEREBPidFLetiokn Re2ption Scheweagbeous
Na2S203 sol ut Q.o 28 @2%1‘&@&%55@&@& 80USRYS; NeklhBa soL 4t 1901 ad,br i ne,

dri ed over anhydrous

231 ng of the 'UGE_EEF@PE&Feas a colorless oil. This material was used
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of 5 to 6 in Reaction Scheme A can be applied to any

suitably protected intermediate having a C3 carbonyl

group and a C8a hydrogen. A variety of ketones or

aldehydes can be used as a reactant in this process.

Formation of a cyclic carbonate from any 1,2 or

1,3 diol subunit in any intermediate can be carried out

by uSing phosgene as a reactant. Carbonyl groups can be

reduced. by hydride reagents or metallic species to the

corresponding alcohols. Alcohols can be oxidized using a

variety of oxidizing agents as exempiified in the

Reaction Schemes, to the corresponding carbonvl groups.

The compounds disclosed in this application

have several asvmmetric carbons and may exist in

diastersomeric, racemic, or optically active forms. 2all

of these forms are contemplated within the scope of this

invention. More specifically, the present invention

includes the enantiomers, diasteriomers, racemic

mixtures, and other mixtures of the compounds disclosed

herein.

The following examples illustrate the

invention.
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3H, CH3 17), 1.32 (s, 3H, CH3 19), 1.
11.3, 13.7 Hz, 1H, H9a), 1.95 (d, J
3.4, 13.7 Hz, 1H, HOP), 2.16 (ddd, |
(dt, | =11.4, 13.3 Hz, 6 P), 2.43 (dd, J =9.2, 15.2 H,

(dd, J = 5.5, 15.2 Hz, 1H, Hl4c), 2.74 (d’>8J 5.5 Hz, 1
J =7.2, 10.6 Hz, IH, H7a),4.36 (dd, J = 3.4, 11.3 Hz, IH

f =6.2, 12.0 Hz, 1H H5a), 4.54 (d, l.z , IH H20
Hz 1H, CH2Ph), 4.64 (d, J =11.7 Hz 1H, 4.68 (d, O = ,
OCH2O), 4.74 (m 1H, H13), 4.78 (dREACTIONSCEEMES OCH20), W“_,

Ph). Anal. Calcd. for C43H720Si3: C, 63.19; H, 8.88. Found C, 63.19; H,
8. 92. Ket Trirthylstiglogygcahol - Tro seluvionof dioksd (3.56 £+ 1Betimmeill anddAMAP (36 mige 0322

acetoni (1 1800 EFaG L sa%ianm%wﬁ%m 5 SpoqricthyBiad 87t .6 mmon

followed by dropwise addition of TESCI (2.7 mL, 16.1 mmol). After 1.75 h, the reaction mixmre -

was diluted with 150 mL of hexane, then poured into 100 mL of a saturated aqueous NaHCO,
solution and 150 mL of hexane. The organic phase was washed with two 100 mL portions of
saturated aqueous NaHCO; solution and with 100 mL of water, dried over anhydrous Na,SO,,
and concentrated under reduced pressure to give 4.88 g of crude triethylsilyloxyalcohol 3. An
analytical sample was obtained by plug filtratios through a shart pad of silica gel washing with
hexane and then cluting the pure compound 3 (P, = TES) (colorless oil) with 5% ethyl acetate in
hexane.
3 (P, = TES): 'H NMR (300 MHz, CDCl,) § 0.61 (g, / = 7.7 Hz, 6H, TES CH,), 0.89 (s,
3H, -CH3 16), 0.96 (t, J = 7.7 Hz, 9H, TES CHj), 1.03 (d, J = 7.1 Hz, 3H, CH; 19), 1.07 (s,
_3H,CH; 17), 1.23 (d, J = 14.3 Hz, 1H, H21), 1.56 (dd, J = 6.0; 6.0 Hz, 1H, H7), 1.76 (ddd,
J =35.0, 11.0, 13.7 Hz, 1H, H9), 1.90 (ddd, J = 2.2, 8.8, 15.4 Hz, 1H, H9), 1.96 (m, 1H,
Hlda), 2.37 (m, 2H, H2f, H14B), 2.51 (ddd, J = 7.7, 7.7, 10.4 Hz, 1H, H8a), 2.94 (s, 1H,
OH-3), 4.21:(dd, J = 2.2, 5.0 Hz, 1H, H10), 5.43 (dd, J = 2.8, 2.8 Hz,. 1H, H13). 13CNMR
(75 MHz, CDCl;) & (ppm) 4.8 (TES CH,), 6.7 (TES CH,), 15.02 (CH; 19), 23.0 (CH, 17),
-26.2 (CH; 18), 28.9 (CHj 16), 33.6 (C14), 41.5 (C8), 44.2 (C2), 45.0 (C1), 45.2 (C15), 45.8
(C9), 69.6 (C11), 74.9 (C10), 96.0 (C3), 123.0 .(C13), 143.7 (C12); IR (CHCl3) v 3530, 2970,
2930, 2900, 1460, 1340, 1140, 1100, 1080, 1045, 1010, 970, 915, 650 cml; MS (CI) 35'1
(M+1, 58), 333 (100), 219 (34).

Hydroxy Ketone 4. To a vigorously stirred solution of the crude compound 3 (P,, = TES) in
anhydrous CH,Cl, (30 mL) at 0 °C under nitrogen was added Ti (OiPr); (13.5 mL, 43.1 mmol)
followed by dropwise addition of anhydrous 2M *BuOOH in hexane (18 mL, 36 mmol). After 45
min dimethylsulfide (15 mL) was added slowly over a period of 5 min. The solution was stirred

for 10 min at 0 °C, then 15 min at room temperature and then moved 10 2 55 °C bath where it was
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HF: pyridinc:ncetonitrilc . After stirring for 20 mn, 2 fnlif of
aqueous NaHCO3 sol uti on was added. The reaction m xture s {did 4tDEC 1994
150 nL of ethyl acetate and washed with 30 nL of a saturafed_aqueous NaHC

of a 1:10:10 (by volume) m xture of 48% aqueous
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solution and brine, dried over anhydrgys_NaSO4 and concepaated under
reduced pressure to give 223 ng of the“Crude al cohol as a“~eeterless.oil.

This material was purified by silica gel chromatography to yield 155 ng

(3

(74% of ket hemedifeer ®flux-fdB@h| Thg Golverrgre pyaporatefinmdergducedipresise.ny (799 of

t he

mxture of THE BT EaRRs pron s (olyh! i 5 R BASRSG mFoRI 3 Sl B0 -7

was added dropwise with vigorous stirring. The resulting mixture was stirred at
room temperature for 1h and then filtered through a pad of Celite which was further
washed with two portions of 100mL of ethyl acetate. Evaporation of the solvent
under reduced presure afforded an oil that was filtered through a short pad of silica
gel eluting eith 10% ethyl acetate in hexane to give 4.78g of pure hydrowyketone
4 (P,,=TES) (colourless oil).

4 (Pq=TES): 'HNMR (300 MHz, CDCl5) 5 0.58 (q, J = 7.7 Hz, 6H, TES CH,), 0.94 (t, /=
7.7 Hz, 12H, CHj; 19, TES CHy), 0.98 (s, 3H, CHj 17), 1.31 (s, 3H, CH; 16), 1.71 (dd, J =
5.0, 11.5 Hz, 1H, H2c), 1.85 (m, 3H, HI, H9B, H14B), 1.96 (s, 3H, CH, 18); 2.15 (d, J =
12.1, 1H, OH-13), 2.22 (ddd, J = 4.9, 13.2, 15.9 Hz, 1H, H9«), 2.56 (dddd, J = 3.8, 7.1,
13.7, 13.7 Hz, 1H, H8a), 2.75 (dd, / = 2.2, 11.0 Hz, 1H, H2f), 2.80 (ddd, J = 4.4, 7.7, 11.0
Hz, 1H, H14B), 4.10 (t, J = 11.0 HZ, 1H, HI3p), 4.56 (d, J = 5.0 Hz, 1H, H10B); 13C NMR
(75 MHz, CDCL;) § (ppm) 4.3 (TES CHy), 6.5 (TES CH,), 13.4 (CH; 18), 18.4 (CH,19),
25.8 (CHj 17), 27.1 (CHj 16), 34.7 (C14), 38.2 (C15), 38.8 (C2), 44.0 (C8), 44.2 (C9), 47.8
(C1), 67.3 (C13), 69.7 (C10), 137.3 (C11), 138.8 (C12), 219.2 (C3); IR (CHCl;) v 3550,
2960, 2880, 1660, 1460, 1410, 1240, 1200, 1160, 1140, 1080, 1050, 1000, 980; 900, 810 cm-!:
MS (CI) 367 (M+1, 2), 349 (100), 331 (55,

Ketone 5. To a solution of hydroxyketone 4 (P, = TES) in anhydrous pyridine (25 mL) at-23 *C
under niogen was added dropwise TBSOTS (3.2 mL, 13.9 mmol). After 5 min, the flask was
moved to an ice bath and stirred for 1.75 h. The solution was diluted with 75 mL of hexane at 0
*C and then decanted from the insoluble oil into saturated aqueous NaHCO; solution (200 th).
The remaining oil was extracted with three 75 mL portions of hexane. The combined organic
phases were washed with two 50 mL portions of saturated aqueous NaHCO, solution and then
with 50 mL of water, dried over anhydrous Na,SO, and concentrated under reduced pressure.
The yellowish aily residue was purified by filtration through a short pad of silica gel eluting with
10% cthyl acetate in hexane to give 4.78 g of purc ketone § (P = TES, P35 = TBS) (94% yicld
from 2).
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22a (P7 = BOM P10 = TES, P3 = TBS, P5 = H): 1H NVR (500. REBLACEMENB)SHEED. fo
(s, 3H TBS CH3), 0.14 (s, 3H, TBS CH3), 0.59 (q, J = $.% FHz, 6H ~TES
CH2), 0.94 (s, 9H, TBS t- Bu), 0.94 (t, J = 8.2 Hz, 9H, Tzszc_g@g 1,9976315
3H, CH3 19), 1.32 (s, 3H, CH3 17), 1'33+és’ 3H, CH3 16],]1.8 (“ch,J= 1. b,
0 H18), 2.01 (dfl, =823~z

13.7 Hz, 1H, He0), 1.97 (d,J= 1.4 Hz, 3
IH, HO ), 2.11 (ddd, J= 5.5, 7.7, 13.7 Hz, 1IH, Hea), 2|47 (dd, J= 8.7,
15.4 Hz, |H, HL143), 2.57 (m 2H, H 4a, H9a), 2.88 (d, 1= 5.5 W, TH H3ar,

25059, 5 g e B o o ) el

(0 1Ly 1 AR TS Cp057 g 8 B GHMES Gl dodi £15 8 el oS cirh, B

ket one 22 (RFETBSTEBa), 0i9§dodis 1.8 Hz, BHeGHs 4B 1i06n(so3H5CHYdTOXY33 (s, 3H, CH

4- ket one22a (P7=BOM _P10=TES, P3 =TBS, P5 =H) (51 , .0.067 rnmol) in CH2C 2

(2.2 nl) 68 468 Edny| Erindnbl- 6121 AHnH209, b34fm ;Hu%gef‘mrﬁ)t A $§els. dH. €H:d8),

was added | gs (44 7 = 6.0, 14.3 He, 1H, Hlda), 221 (ddd, J = 5.5, 13.2, 15.4 Hz, 1H, H9a), 2.39
(ddd, J = 8.2, 10.4, 14.3 Hz, 1H, H14B), 2.52 (ddd, J = 3.9, 7.1, 13.6 Hz, 1H, Haa), 2.66
(dd, J = 2.8, 11.5 Hz, 1H, H2), 4.45 (dd, J = 5.5, 10.4 Hz, 1H, H138), 4.61 (d, J = 5.0 Hz,
1H, H10B); !3C NMR 3 (ppm) -5.4 (TBS CHj), -4.6 (TBS CHj), 4.3 (TES CH,), 6.5 (TES
CH,), 14.1 (CHy 18), 17.9 (TBS C(CH,);), 19.1 (CHy 19), 25.4 (CH; 17), 25.8 (TBS
C(CH,)y), 26.8 (CHj 16), 33.5 (C14), 38.6 (C15), 39.4 (C2), 43.7 (C8), 44.4 (C9), 47.5 (C1),
67.5 (C13), 69.5 (C10), 136.8 (C11), 138.8 (C12), 213.5 (C3); ‘IR (CHCl3) v 2950, 2900,
1680, 1460, 1420, 1395, 1365, 1250, 1200, 1110, 1080, 1000, 900, 860, 840 cm-%; MS (CI)
481 (M+1, 3), 463 (16), 349 (100), 331 (50); Anal. Calcd. for CoHs,OsSiy: C, 67.44; H,
10.90. Found: C, 67.31; H, 10.78. '

Ketocarbonate 6. To a stirred solution of diisopropylamine (0.60 mL., 4.28 mmol) in THF (11
nﬂ..) under nitrogen at room temperature was added 1.26 mL of 2 3.1 M solution (3.89 mmol) of
.MeMgBr in ether. After 3 h, a solution of ketone 5 (P,q = TES, P35 = TBS) (750 mg, 1.56
mmol) in THF (3.5 mL) was added dropwise at room temperature. After 1.5 t}, the reaction
mixture was cooled to.-23 "C and a solution of 4-pentenal (327 mg, 3.89 mmol) in THF (4 mL)
was added dropwise down the side of the flask. After 1 h, 10 mL of a saturated aqueous NH,Cl
solution was added. Ater 2 min, the reaction mixture was diluted with 100 mL of hexane, then
pourcd.imo 100 mL of H,O. The organic phase was washed with 100 mL of H,0 and 100 mL of
brine, and dried over anhydrous Na,SO, and concentrated under reduced pressure to give 0.92 g
of a yellow oil. To a solution of the crude mixture in CH,Cl, (10 mL) and pyridine (10 mL) under
nitrogen at -23 "C was added 2.3 mL of 4 M solution (9.36 mmol) of phosgene in toluene
dropwise and the reaction mixture was warmed to -10 *C. After 30 min, ethanol (3.7 mL) was
added and the rcsultix_xg mixture was stirred for 30 min. The reaction mixture was then diluted with

300 mL of hexane, washed with 200 mL of a saturated aqueous NaHCO5 solution, 200 mL of a



timethylsilylchloride (0.041 nL, 0.34 mmol ). After 0.5]h 1EQE IdHERT
m xture was quenched wth 5 nL of a saturated aqueous E?IJ%SE@E@E% o ahd

extracted with 150 m. hexancs. The organi c phase was yag$hed with 50 nt pf
a saturated aqueous NaHCO3 sol ution and brine, dried oyel &h\E(mI9&Na
and concentrated under reduced pressure & give 56ny of col orl ess oi
This material was filtered through silica gel and the filtrate was
concentrat ed under reduced pressure to yield 54ng (96%.0of ketone 22a (P
BOV P10 = S < ohB h ol | '

ket one 22al§§‘73qg§§%\?séﬁ eﬂgEél'nl':‘S',bﬁl)g:ﬂ" ét*l%%ﬂ%-ﬂ%éﬁ. ?f%-hgg?étéidqﬁﬂ:&g ﬁzﬁ-ﬁ@@i wmﬂ’fn
RL. A ' ALVEIRT208HRE B! brine, dried over anhydrous Na,SO, and concentrated under reduced pressure to
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give 1.05 g of a yellow solid. The crude mixture was filtered through silica gel with 10% ethyi
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acetate in hexanes to give 965 mg .of a white solid which was further purified by silica gel
chromatography cluting with 2% ethyl aceate in hexanes to yield 745 mg (75 %) of ketocarbonate
6 (P;q = TES, P53 = TBS, R = E) as a white solid. The product was isolated as a 6:1 ratio of
conformational isomers. The following NMR data is for the predominant conformer.

6 (P;q = TES, P;; = TBS, R = Et): mp 103-104 °C; 'H NMR (500 MHz, CDCl;) 5 0.08 (s,
3H, TBS CH,), 0.08 (s, 3H, TBS CHj3), 0.56 (q, J = 7.8 Hz, 6H, TES CH;), 0.94 (t,J =7.8
Hz, 9H, TES CHj), 0.96 (s, 9H, TBS t-Bu), 1.08 (s, 3H, CH4 17), 1.29 (m, 1H, H6), 1.38 (s,
3H, CH; 19), 1.42 (s, 3H, CH; 16), 1.66 (dd, J = 4.6, 12.5 Hz, 1H, H9a), 1.83 (s, 3H, CH,
18), 1.85 (dd, J = 4.5, 4.5 Hz, 1H, Hl4a), 2.05 (m, 1H, HS), 2.06 (dd, J = 6.4, 14.2 Hz, 1H,
HS5), 2.47 (m, 2H, H9a, H6), 3.01 (dd, J = 3.7, 12.3 Hz, 1H, H14B), 4.20 (m, 2H, H2a,
H2B), 4.47 (d, / = 7.3 Hz, 1H, H13B), 4.50 (dd, J = 4.6, 11.4 Hz, 1H, H108), 491 (dd,J =
1.83, 10.1 Hz, 1H, H20), 4.97 (dd, J = 1.8, 16.9 Hz, 1H, H20), 5.29 (dd, J = 0.9, 10.1 Bz,
1H, H7), 5.73 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); 13C NMR & (ppm) -5.3 (TBS
CH,), -4.5 (TBS CH,), 4.8 (TES CH,), 6.5 (TES CH;j), 14.0 (OEt CH,), 15.5 (CH, 19), 15.9
(CH, 18), 18.1 (TBS C(CHj3);), 25.8 (TBS C(CHj)), 27.6 (CH; 17), 28.2 (CH; 16), 30.4,
30.5 (C5, €6), 34.1 (C14), 39.0 (C15), 41..1 (C2), 47.1(C1), 47.5 (C9), 55.1 (C8), 63.8
(OEt CH2), 66.3 (C13), 68.3 (C10), 84.0 (CT7), 114.8 (C20), 134.8 (C11), 138.1 (C4"), 1449
(C12), 155.7 (Ethylcarbonate C=0), 214.8 (C3); IR (CCl,) v 3000, 2950, 2900, 1770, 1700,
1490, 1390, 1280, 1140, 1100, 1030, 910, 880, 860 cmr!; MS (EI) 636 (M, 100), 593 (20), 538
(34), 409 (33); Anal. Calcd. for C35Hg,404Si,: C, 65.99; H, 10.13. Found: C, 65.88, H, 10.17.

Hydroxyketone 7. Toa stirred solutiop of ketocarbonate 6 (P,q = TES, P;; = TBS, R = Et) (4.00
g, 6.28 mmol) in THF (65 mL) under nirogen at -35 *C was added 50 mL of a Q.l M solution (10
mmol) of LDA in THF down the side of the flask over a 10 min period. After 30 min, the reaction
mixture was cooled to -78 "C and 2.29 g of (R)-camphorylsulfonyl oxaziridine (10 mmol) in THF
(18 mL) was added dropwise down the side of the flask. After 30 mfn, the reaction

mixture was



(18.9 ny, 0.023 mml) in CH2Cl2 (4 mL) under nitogen at {6BERCARBMENHJREET

dropw se a

reaction mxture was allowed to wann to -48 C, stirred for 1?% ng.sth
quenched with 0.13 mL of a 2. OM solution of AcOH in THF ¢0}2 "‘1%51

then poured into a stirring mxture of 5620 of a saturafe
solution and 50 nL of ethyl acetate. The aqueous phase was extracted with

0.073 nL of a 3.1 Msolution of MeMyBr in ether [(0.23 mol). gh

and

D

50 m L ethyl acet ate. The conbi ned organi c phases were WasShed Wi th brine,

dried over
yield 20.5
chronatogr
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TBS CH3),

0.12 (s, 3H, TBS CH3)
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= 9.2, 15. @.03z(s, 3F, TBSAQH,), 2.504q( ¢, = Tt§ HEH6K) TES .CH,)( 087 (I J—-178Hz 9H, TES

CH,), 0.90 (s, 9H, TBS t-Bu), 1.03 (s, 3H, CH; 17), 1.25 (t, J = 7.0 Hz, 3H, OEt CH,), 1.35
(s, 3H, CH; 19), 1.40 (m, 1H, H6), 1.41 (s, 3H, CH; 16), 1.66 (dd, J = 4.6, 12.8 Hz, 1H,
H9B), 1.77 (d, / = 1.4 Hz, 3H, CHj 18), 1.83 (dd, J = 6.0, 14.7 Hz, 1H, Hl4a), 1.97 (dd, J
=4.1, 8.5 Hz, 1H, HI), 2.02 (m, 2H, HS, .HS), 2.44 (dd, J = 11.9, 11.9 Hz, 1H, H9a), 2.75
(d, J = 10.5 Hz, 1H, OH-2), 4.14 (q, / = 14.2 Hz, 2H, OEt CH,), 4.35 (dd, J = 6.0, 8.7 Hz,
1H, H13), 4.42 (dd, J = 4.6, 11.0 Hz, 1H, H10), 4.49 (dd, J =4.1, 10.1 Hz, 1H, H2), 4.86
(dd, J = 1.8, 10.3 Hz, 1H, H20), 4.92 (dd, J = 1.8, 16.9 Hz, 1H, H20), 5.23 (dd, J = 1.4,
10.1 Hz, 1H, H7), 5.67 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); !'3C NMR & (ppm) -5.3
(TBS CHj), -4.5 (TBS CHj), 4.7 (TES CH,), 6.5 (TES CH,), 14.0 (OEt CH,), 15.0 (CH,
19), 16.0 (CH; 18), 18.0 (TBS C(CH;)5), 25.8 (TBS C(CH,3)4), 27.5, 27.8 (CH; 17), 28.1
(CH; 16), 30.4, 30.5 (C5, C6), 36.9 (C15), 47.3 (C9), 54.5 (C1), 54.7 (C8), 63.9 (OEt
CH,), 66.2 (C13), 67.8 (C10), 70.3 (C2), 83.6 (C7), 114.9 (C20), 135.4(C11), 137.9 (C4"),
144.5 (C12), 155.6 (Ethylcarbonate C=0), 217.8 (C3); IR (CCI,,).U 3600, 2950, 2900, 1750,
1700, 1660, 1470, 1400 1370, 1240, 1080, 1050, 1000, 840, 680 crmrl; MS (CI) 653 (M+1, 8),
564 (100), 431 (69), 389 (67)

Hydroxycarbonate 8. To a vigorously stirred solution of hydroxyketone 7 (Pyq = TES, Py3 =
TBS, R = Ef) (2.69 g, 4.12 mmol) in toluene (117 mL) under nitrogen at -78 °C was added
dropwise down the side of the flask 85 mL of a 0.97 M solution (82.4 mmol) of RedAl in toluene.
After 6 h at -78 °C, the solution was allowed to gradually warm to room temperature over a period
of 6 h. The mixture was recooled to -10 °C and 125 mL of a 2 M solution (250 mmol) of acetic

acid in THF was added dropwise down the side of the flask. The cloudy mixture was sdrred 10



4.1 Hz, 1H, H5), 3.73 (dd, | = 3.8, 12.3 Hz, |H Hra), 4
11.3 Hz, 1H H10,3), 4.64 (s, 2H, CH2Ph), 4.72 (d, J = 6
4.80 (m 3H, H2, H13, OCH20), 7.31 (m 5H, Ph). Anal. Ca
C44H76CSi 3: C, 63.42; H, 9.19. Found C, 63.40; H, 9.15.

To arefl uxi ngsol uti onof al cohol 2. 3a (P7= B0M PIO= TES, P
(46.7 nmg, 0.055 nmmol) in toluene (1.1 n.) was added 1.1

sol ution of Burgess reagent in toluene ( 0.11 Inmol). Thg

refluxed for 20 mn then cooled to roomtenperature, dil
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material was used without further purification.

To a vigorously stirred solution of triol (2.2§ g, 3.93 mmol) in CH,Cl, (157 mL) and pyridine
(15.7 mL) under nitrogen at -78 *C was quickly added 7.6 mL of a 3.0 M solution (2-3 mmol) of
phosgene in toluene. The solution was allowed to warm w room temperature over a pericd of 1 h
then poured into 250 mL of ethyl acetate, washed with two 125 mL portions of a saturated aqueous
NaHCO; solution and 100 mL brine, dried over anhydrous Na,SO, and conc:nagfg% z‘ifgcr
reduced pressure to yield 2.52 g yellow oil. This material was filtered through a 2 inc}{pad of
silica gel with 50% ethyl acetate in hexanes and concentration under reduced pressure yielded 2.39
g (§5% from 7) of hydroxy carbonate 8 (P, = TES, P;; = TBS) as a white solid.

8 (P,o=TES, 1513 =TBS): mp 155-157°C; 'H NMR (500 MHz, CDCl,3) § 0.09 (s, 3H, TBS
-CH,;), 0.10 (s, 3H, TBS CHj), 0.59 (g, J = 8.2 Hz, 6H, .TES CH,), 0.96 (t, / = 8.2 Hz, 9H,
TES CH,), 0.97 (s, 9H, TBS t-Bu), 1.11 (5, 3H, CH; 19), L.14 (s, 3H, CH; 17), 1.30 (s, 3H,
CH; 16), 1.39 (dd, J = 4.1, 13.3 Hz, 1H, HIf), 1.65 (m, 2H, H6, HE), 1.99 (dd, J = 6.4,
15.1 Hz, 1H, Hl4a), 2.01 (d, / =.9 Hz, 3H, CH; 18), 2.04 (d, / = 3.7 Hz, 1H, H1), 2.11
(ddd, J =7.8, 15.6, 15.6 Hz, 1H, H5), 2.28 (ddd, ] = 9.6, 9.6, 14.2 Hz, 1H, H14p), 2.34
(dd, / = 12.4, 13.3 Hz, 1H, H9p), 2.41 (m, 1H, HS), 3.87 (dd, J = 0.9, 10.5 Hz, 1H, HY),
3.95(d, J =3.7 Hz, 1H, H2), 4.59 (dd, J = 3.7, 11.4 Hz, 1H, H10B), 4.40 (s, 1H, H3), 4.55
(dd,J = 6.4, 8.7 Hz, 1H, H13), 5.03 (d, / = 10.5 Hz, 1H, H20), 5.07 (dd, 7 = 1.5, 17.0 Hz,
1H, H20), 5.77 (m, 1H, H4); 13C NMR 5 (ppm) -5.4 (TBS CH,), -4.4 (TBS CH,), 4.8 (TES
CH,), 6.5 (TES CHj), 15.5 (CH; 18), 17.9 (TBS C(CH,);), 18.2 (CH, 19), 25.6 (TBS
C(CHs3)), 25.9 (CH; 16), 27.5 (CH; 17), 28.3 (C6), 28.4 (CS), 29.8 (C14), 30.8 (C15),
36.5 (C8), 36.8 (C9), 37.3, 50.8 (CI), 66.6 (C10), 67.8 (C13), 70.5 (C2), 91.9 (C3), 91.9
(C7), 116.3 (C20), 133.7 (C11), 137.9 (C4"), 142.6 (Cl?.). 148.0 (cyclic carbonate C=0); IR
(CCly) v 3450, 2950, 2870, 1750, 1460, 1380, 1350, 1220, 1120, 1080, 1040, 980, 900, 820,
710 cm-l; MS (CI) 625 (M+1-H,0, 6), 551 (11), 477 (100), 459 (12), 433 (8), 344 (90); Anal.
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stirred at 0 C for 20 mn, quenched wth a saturated sol ut
exracted twice with ethyl acetate. The conbi ned organi c ph
with brine, dried over anhydrous Na2SO4 and filtered- Conc
filtrate under vacuumyielded 48 ng of a®%ol orl ess oil whi
by silica gel chromatography to yield 25.9 ng (62% of hy ro‘xy—e-l—eLL.n_ZA__j
(P7 = BOM PI( = TES, P13 = TBS, R = H) as well as 2.1 ng {jof unreaced

al cohol 23a (4% . 24a (P7 = BOM P 10 = TES, P13 = TBS, R = A TIp—66—68-C

1H NVR (500 3 T 3H, TBS CH3
0.59 (q,( | L3 fqﬁg%ﬂgoﬁgésclcé%bi B0 (F%“ )958#@ égﬁ | ES CHB), ) o5
(s, 9H TBS t-Bu), 1.18 (s, 3H OH3 19), 1.23 (s, 3H CE3'17), 1.35'(s, 3H

CH3 16), 1.73 (d, IH | = 3.4 Hz, OH5), 1.83 (dd, J = 9.9, 10.5 Hz, 1H,
Hoa), 1. 91 I(mbouatﬂ? To am@roqskv stirad solupipn efdijmethylarfoxits, (241 -miz. B, mpol) in

Hz, 1H, 2 18 4
oo i o GO o el et ol e 8 b i e sl 42 A3 dffroniudn dtaor,
Hz, 1H, HleQuyI ehiic(id. CHTLp. &fié?— aolaEn ﬁ%ﬁ)uon f%&@éub&m@ 858= ?-61-51;!21:13 N
H7z), 4.38 (m 2H, H10, Hb5): 4 (d

TBS) (3.45 g, 5.67 mmol) i ln 16 mL CH-,Clz was addcd dropwxsc down the side of the flask.
After 30 min at -78 °C, tncthylnnnnc_ (6.8 mL, 49 mmol) was added and the mixture was warmed

oﬂERifACEﬁEm HEey
S T e**washed[

T2 B

to room temperature. The mixmwre was diluted with 200 mL hexanes, washed with two 75 mL
portions of a saturated aqueous NaHCO; solutic;n and brine, dried over a_nhydmus Na,;80, and
concentrated u_:x%r:f eri:guccd pressure to yield 3.45 g of a yellow .splid. This material was filtered
thoughal inch[pad of silica gel with 10% ethyl acetate in hexanes and then recrystallized from
hexanes to yield 2.62 g of ketocarbonate 9 as white crystals. The mother liquor was purified by
silica gel chromatography, eluting with 10% ethyl acetate in hexanes and then recrystallization from
hexanes to yield an additional 0.58 g of ketocarbonate 9 (P4 = TES, P;3 = TBS) (total yield: 3.20
g, 93%). :
9 (Pyo =TES, P;3=TBS): mp 140.0- 1415 °C; !H NMR (500 MHz, CDCl;) 30.11 (s, 3H,
TBS CHjy), 0.12 (s, 3H, TBS CHJ), 0.60 (g, J = 7.8 Hz, 6H, TES CH,), 0.96 (t, /] = 7.8 Hz,
9H, TES CH3), 0.98 (s, 9H, TBS t-Bu), 1.06 (s, 3H, CH; 19), 1.17 (s, 6H, CH; 16, CH; 19),
142 (dd, ] =3.7, 14.2 Hz, 1H, H9B), 1.63 (m, 2H, H6, H6), 2.12 (m, 1H, H5),2.38 d,J =
0.9 Hz, 3H, CH; 18), 2.47 (dd, J = 11.4, 13.3 Hz, 1H, H9), 2.65 (d, J = 8.2, 1H, HI), 3.94
(dd,J = 1.4, 10.4 Hz, 1H, H7), 4.44 (dd, 7 = 3.7, 11.4 Hz, 1H, H10), 4.49 (s, 1H, H3), 4.64
(dd, J = 6.9, 7.8 Hz, 1H, H13), 5.04 (dd, J = 1.4, 11.9 Hz, 1H, H20), 5.07 (dd, J = 1.8, 17.4
Hz, IH, H20), 5.76 (m, 1H, H4); 13C NMR § (ppm) -5.4 (TBS CH,), -4.5 (TBS CH,), 4.8
(TES CH3), 6.5 (TES CHj), 15.7 (CH; 18), 17.8 (CH; 19), 17.9 (TBS C(CHs)3), 25.5 (TBS
C(CH3);), 28.2 (CH; 16), 28.3 (CH; 17), 28.3 (C6), 29.6 (C5), 30.4 (C14), 37.7 (C15),
38.0 (C8, C9), 62.1 (Cl) 66.5 (C10), 67.5(C13), 91.3(C3), 91.5(C7), 116.4 (C20),
132.8 (C11), 137.0(C4"), 145.4 (C12), 146.6 (cyclic carbonate C=0), 206.8 (C2); IR (CCly)
v 2930, 2860, 1760, 1670, 1450, 1380, 1340, 1240, 1180, 1170, 1120, 1090, 1060, 1040, 980,
890, 860, 820, 700, 650 cm-1; MS (CI) 607 (M+1, 6), 549 (11), 475 (100), 431 (4), 347 (45);
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=11.6 Hz, IH CH 2Ph), 4.62 (d, 1=11.6 Hz, 11, CE2Ph), 4. 73 Hgp GJE-
IH OCH2O, 4.75 (m IH HL3), 4.79 (d, J-=7.0 Hz, 1H, 2 @)

H20E), 5.18 (s, IH H0Zz), 7.31 (m 5H, Ph). Anal. Calcd. {fgr
C41H660S1- 2x0. 5H20: C, 65.47; H, 8.98. Found C, 65.63; H, |8]9724 DEC 11994
mesyl ate 24aa. To a stirred solution of allyl alcohol 24aj(B7_= BOM Plo
TES, P13 = TBS, R=H) (I 1.5 ng, 0.0154 mmol) in pyridin
nitrogen at 0 C was added dropw se net hanesul fonyl chlori

ol ) - A Al RaliTor &, SRLYLALCS AMIPRS AAELER. pokibion §@605 nL) was '

added. The m xture was h, poured’ into 20 mL of a saturated
aqueous NaHCO3 sol ution and extracted with 40% et hyl acet at e/ hexane (20 nL
x 3). The conbi ned organi c phase was dried over anhydrous Na2SO4 and

concent r at 8cKaerddiydraddeisienp ils st @ stimedysolusion 3f Ad-<yFlioembonas,? LPpow TES1 8=

TES, P13 = = s _a.colorl ess 0il. . Thj erd ' ut
further pufitl%%ea{t%izg%g{%.ﬂg%m(opfn L:ID rﬁ(ﬁﬂ"%ﬁl"&“éd@'% @%w@gﬁ%“%’f@?fﬂm
(300 Mz, CRFlIEdwiS dbwlihé Sidesit thelfBisk GH35 " CBThe fededon, miktdre WaSal{did, to afB to
(g, I =7.9 Hz, 6H, TES CH2), 0.93 (s, 9H, .

-10 “C over the course of 30 min. The cold reaction mixture was poured into 100 mL of 10%

aqueous acstic acid and exmacted with 100 mL of 10 % ethyl acetate in hexanes. The organic
phase was washed with 50mL of a saturated aqueous NaHCO, solution and 50mL of brine. The
combined aqueous phases weré extracted with two 20mL portions of 10% ethyl acetate in

" hexanes. The organic phases were combined, dried over anhydrous Na,SO, and concentrated
under reduced pressure to give 2.4g of a yellow oil. This material was purified by silica gel
chromatography, eluting with 5% then 10% ethyl acetate in hexanes to yield 2.033g (90%) of
the hydroxy lactone 10 (P,, = TES, P,; = TBS) as a foamy solid and 0.207g (7.2%) of the 3-

carbarnate.

10 (Pyq =TES, P;3="TBS): 'H NMR (500 MHz, CDCl;) § 0.12 (s, 3H, TBS CH3), 0.14 (s,

3H, TBS CH;), 0.6! (q, / =7.8 Hz, 6H, TES CH,), 0.92 (s, 9H, TBS t-Bu), 0.97 (1, / = 7.8

Hz, 9H, TES CHj), 1.11 (s, 3H, CH4 17), 1.22 (s, 3H, CH; 19), 1.27 (s, 3H, CH; 16), 1.32

(dd, 7 = 3.2, 13.3 Hz, 1H, HOp), 1.64 (ddd, / = 2.3, 6.9, 9.2 Hz, 1H, H6), 2.07 (m, 2H, HE,
HS5), 2.17 (m, 1H, Hilda), 2.33 (m, 1H, HS), 2.65 (m, 2H, Hi4p, H1), 2.74 (dd, J = 12.4,

12.4 Hz, 1H, H9a), 3.92 (dd, J = 2.8, 11.5 Hz, 1H, H7), 4.47 (dd, J = 3.2, 11.0 Hz, 1H,
H10), 4.55 (dd, 7 = 2.8, 9.6 Hz, 1H, H13), 5.02 (d, J = 10.1 Hz, 1H, H20), 5.07 (dd, J =
1.4, 16.9 Hz, 1H, H20), 5.81 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, IH, H4); 13CNMR 8§ (ppm)
-3.2 (TBS CH,), -4.5 (TBS CHjy), 4.8 (TES CH,), 6.6 (TES CH;), 16.4 (CH4 18), 17.9 (TBS

C(CH3)s), 24.2 (CH;y 19), 25.7 (TBS C(CHj)5). 26.9 (CH; 16), 30.1 (CH, 17), 30.4 (CS),
32.7 (C6), 32.9 (C14), 39.1(C15), 40.6 (C9), 48.1 (C8), 62.0 (Cl), 67.3 (C10), 67.6
(C13), 87.9 (C3), 9L.1(C7), 115.8 (C20), 137.7(C11), 138.5 (C4"), 143.0 (C12), 173.5
(C4), 207.6 (C2); IR (CCly) v 3500, 2970, 2900, 1780, 17C0, 1480, 1360, 1260, 1210, 1160,
1070, 1010, 910, 890, 840 cm-f; MS (EI) 606 (M, 10Q), 549 (69), 474 (27), 431 (63), 417(40);
Anal. Caled. for C33H;304Si5: C, 65.30; H, 9.63; Found: C, 65.38; H, 9.64.



80 TBS t-Bu), 0.94 (t, J = 7.9 Hz, 9H, TES CH3), 1.23 ( s, 3H, CHerr]
17), 1.12 (s, 3H, CHerr] 19), 1.34 (s, 3H CH3 16), 1.80 (br t, 1=13 Hz,

IH, Hoa), 1.98 (m 1H, H6), 1.79 (ddd, J = 2.2, 5.5, 15. TH—HE4a)-
2.01 (d, J= 1.1 Hz, 1H, CH318), 2.06 (dd, | = 3.3, 13.7 E%E%SE%ET,SFEEM
(br s, 3H, CH3 18), 2.22-2.32 (m 3H, Hldg, Hea, H60), 2|5f (dd, J= 979,
15.4 Hz, IH, HL4P), 3.02 (s, 3H, OSCRCH3).°3.05 (d, J = p. EZ“DEH’JQS?:&)’
3.45 (t, J = 8.5 Hz, 1H H7[err]), 4.37 (dd, J=3.6, 11.0| Hz, 1H, H10BP,
4.57 (d, J= 6.0 Hz, 1H, H2 B), 4.59 (q, 2H, PhCHerr]O, {4 BItt—t—=—ivd
Hz, 1H, OCHerr]O), 4.74 (m IH HI30, 4.76 (d, J = 7.1 Hz, 1E OCH20),

5.03 (br t, J =8.5 Hz, IH H53), 5.09 (br s, IH H0), 5.24 (br s IH
H20), 7.35 fIp, Lﬁé}oncpﬁ).' To the 2-keto-3-hydroxylactone 10 (P g = TES, P,5 = TBS) (1.10 g, 1.83 -

mmal) was added a 0.1 M solution of Smnl, in THF (82 mL, 8.2 mmal). The resulting dark blue
solution was stirred at room temperature under Ny for 4h. After cooling to 0 °C an ethereal
soludon of HCI (0.66M; 4.2 mL, 2.77 mmol) was added; after 5 min the flask was opened to thc.
air and the reaction mixrure was diluted wi:ﬁ 200 mL of cold ethyt acstate, thcﬁ poured into 50 mL
of ice cold 0.2N aqueous HCI..Tnc organic phase was separated and washed with 50 mL of 2 5%
agueous ciic acid solution, two 50 mL portions of a saturated aqueous NaHCO; solution and 50
mL of brine, dried over anhydrous Na,SO, and concentrated under reduced pressure. The
resulting material was dissolved in 100 mL of hexanes, then silica gel (230-400 mesh; 4.3 g) was
added and the mixture was vigorously stirred at room temperature for 65 min before filtesing
through a 1 inch (2.54 cm) pad of silica gel eluting with 300mL of 20% ethyl acetate in
hexanes. The solvent was evaporated under reduced pressure and the residue was purified by _
silica gel chromatography, eluting with 10% ethyl acetate in hexanes to yield 822mg (77%) of
the cis-ketolactone 11 and 164mg (15%) of the corresponding trans isonier.
To a solution of the zrans-2-ketolactone (611 mg, 1.03 mmol) stirred in 10 mL c;f THF under
nitrogen at 0 *C was added down the side of the flask 6.8 mL of a 0.6 M soluton (4.1 mmol) of t-
BuOK in THF. The resulting solution was stirred for 1.5 h then 10 mL of a 10% acetic acid
solution in THF was added down the side of the flask. After stirring for 5 min the mixture was
diluted with 200 mL of hexanes and poured into 100 mL of 2 samrated aqueous NaHCO; solution.
. The organic layer was washed with water and brine then dried over anhydrous.Na,SO, and
cancentrated under reduced pressure to yield 615 mg of pale brown oil. The oil was dissolved in
10 mL of hexanes and silica gel (3.0 g) was added. The mixture was stirred vigorously for 15 min

then filtered through 2 1/2 inch (1.27cm) plug of silica gel with 20% ethyl acetate in hexanes.
Concentration of the filtrate under reduced pressure yielded 576mg of pale yellow oil. This
material was purified by silica gel chromatography, eluting with 10% then 20% ethyl acetate
in hexanes to yield 472mg (77%) of pure cis-2-ketolactone 11 (P, = TES, P,; = TBS), 84mg

(13%) of pure trans isomer and 24mg of a 6:1 mixture of cis:trans isomers.

11 (Pyo=TES, P13 =TBS): mp=86.5-88.0"C; 'HNMR (500 MHz, CDCl;) § 0.05 (s, 3H,



P13 = TBS, R=H) (45 ng, 0.0606 nmol) in a m xture of pyrirdrne
and ether (3.2 nL) under nitrogen at 0 *C was added a 0. L5Y EEBI ution o
oS4 in THF (0Q.42 nlL, 0.066 mmle). After 12 h at 0 *C '{ Na

pyridine (0.3 nL), THF (2 nL) and water €3 nL) were added.lThe mxture s
vigorously stirred at roomtenperature for 14 h, poured |nto 50 nL of a
saturat ed aqueous NaHCO3 sol ution and extracted with ethyt—acetate—{40_10d

The cozgsf}ﬁ.ggobw { SHABICCHER 084 Rl Javes nﬁfmﬁmcﬂﬁﬁ NOH, TBS t-

concentrat uced pressire to give 60 of ow Oi | ,
whi ch was ®a), 0890 (mhk%irﬁt}bgﬂﬁpm T4 &8 Hyl 3&.0@H§1t1é)’ Helxla(ﬁe}Ht 631'§a|1él).dl B33

D18 P13, Choh 15\ 400 ﬁé‘ﬁ%@&%ﬁ g, L Bl O 0 s ciap Mo gb
(e ) = R eSS 9%? &4 *ﬂ*lﬁ?@”é@a Bad 1%671pgaR

3H, CH3 16314&) 62403(@ IH]H5j, 207 {&§ A= tig HiSH Q) 181 225 () 1HL HHS) R, ) (dd2J 22
(dd, J = 1H, Hocc), 2.23 (d, 7 Hz, 3H CH318).. 2.36
(dd, J = 9129. 153 Giz-2H, BPp),2 @4&4)#2825-12(&1-1 B, 6% tddd. 2 =0%7( 8.2, 160 KribH,

32,699 02 30t itk YR et s 5 S, A e R A
o ol Hi0 446k 9,14, 5 6o e, SR HIBG) M 56 B = i 0. e, LiE RS
4.71 (m | 601 HA&T) = 14’ 124k 19, ﬂzni mwdddaw avma'zm) 10.8, BSO (Ht, 1H,H4: 838z,

th 009 ik 98(pr(:m) 5.3 (TBS CH. Y. -4.6 (TBS T CH3), 4's Eres ?:hz) §.5 (TES CHy), 15.0 (CH,
18), 18.0 (TBS C(CH,)s), 25.7 (TBS C(CH,),), 28.9 (CH; 19), 29.2 (CH; 16), 29.8 (C5),
29.9 (CH, 17), 30.3 (C6), 32.8 (C14), 38.5 (C15), 44.2 (C8), 44.9 (C9), 60.6 (C3), 61.2
(C1), 66.9 (C10), 67.8 (C13), 91.9 (C7), 115.7(C20), 137.7.(C11), 138.5 (C4"), 142.4
(C12), 174.7 (C4), 204.8 (C2); IR (CCl,) v 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180,
1070, 1060, 1000, 830 cml; MS (CI) 591 (M+1, 5), 523 (6), 459(100), 441 (5); Anal. Calcd.

for C33H5304Siy: C, 66.07; H, 9.89; Found: C, 66.97; H, 9.91.

Tniol 25a. To a stirred solution of allyi alcohol 24a (P] REIB_@EEMEM;& grgmg{

1-Hydroxy-2-Keto-Lactone 12. To 34.2 mL of a stired 0.2 M solution (6.84 mmol) of LTMP in
THF under nitrogen at -10 *C was added a solution of ketolactone 11 (P4 = TES, P;3 = TBS)
(1.008 g, 1.71 mmol) in 10 mL of THF dropwise down the side of the flask. After 0.5 h, the
reaction mixture was cooled to -40 °C and a solution of (+)-camphorsulfonyl oxaziridine (1.96 g,
8.55 mmol) in THF (10 mL) was added dropwise down the side of the flask. After 20 min, the
reaction mixture was cooled to -78 *C, diluted with 200 mL of hexanes and rapidly poured into
250 mL of a vigorously stirred saturated aqueous NH4Cl solution. The agueous phase was
extracted with two 50 mL portions of hexane and the combined organic phase were dried over
anhydrous Na,SO, and concetrated under reduced pressure to give 1.4 g of a waxy solid. This
material was chn;matographcd (CH,Cl, followed by hexanes increasing to 10% cthyl acetate in
hexanes) to give 0.882 g of hydroxyketolactone 12 (P, = TES, P53 = TBS) (85%) as a white

solid, 0.083 g of the corresponding mans-hydroxyketolactone (8 %) as a solid, and 31 mg of



81 Ph). Anal. Calcd. for C41H68010Si2: C, 63.36; H 8 > ~30;
H, 8.75. Dial mesylate 26a. To a stirred solution of &l RERLAGERGNBISHEER A
(P7 =BOM P10 =TES, PI3 =TBS, R= M) (5 nmig, 0.0064[Tmory—Tm=a
m xture of pyridine (0.4 m) and THF (0.4 nlL) under nitygoge

BN B

O

tenperature was added a 0.157 M sol utioné®f 0OS04 in THF](
h, NaHSO3 (150 ng) and water (0.2 nt) were added. The
vigorously stirred for 14 h, poured into 20 nL of a sat
NaHCO3 sol ution, and ext rlg&?c; with ethyl acetate (20 niL
or gani ¢ ph&SEnghielicng ?Janhydr ous Na2SO4 and concentrated under

Lﬁ?gﬁg?og: ggﬁ%g(:%;?i?\@:m: Ap R4PEE O/ el MMRIEDH'E (Rich) 8BS (§IHINTH, in
TBDMS), 0.17 (s, 3H, CH; in TBDMS), 0.62 (q, / = 7.78 Hz, 6H CH,'’s in TES), 1.03 (¢, J
=7.78, 9H CHj's in TES), 1.05 (s, 3H, CI19), 1.13 (s, 9H, t-Bu in TBS), 1.20 (s, 3H,
CH;17), 1.39 (m, 1H, H6), 1.42 (s, 3II, CH,416), 1.44 (dd, / = 0.92, 13.28 Hz, 1Ii, H9{3), '
1.98 (dd, J = 9.61, 12.82 Hz, 1H, H14), 2.05 (un, 1H, II5), 2.06 (broad, 1H, OHI, D20
exchangable), 2.25 (m, 1H, HG), 2.27 (d, J = 0.91 Hz, 3H, CH418), 2.29 (m, 1H, HS5), 2.41
(dd, /= 10.98, 13.28 Hz, 1H, H9%a), 2.56 (dd, J = 3.21, 12.82 Hz, 1H, 1114a), 3.83 (dd, J =
2.75, 11.90 Hz, 1H, H7), 4.04 (s, 1H, H3), 4.47 (dd, J = 0.92, 10.98 Hz. 1H, HI10), 4.60
(ddg, /= 0.91, 3.21, 9.61 Hz, 1H, H13), 5.11 (br d, J = 10.53 Hz, lH H20), 5.18 (brd, J =
17.40 Hz, 1H, H20), 5.77 (m, lH, H4); 13C NMR (CDCl;) 5 (ppm) -5.4 (TBS CH,), 4.7
(TBS CHj), 4.5 (TES CH;), 6.5 (TES CHj), 15.5 (CH; 18), 17.9 (TBS C(CHj)3), 22.5 (CH;
19), 25.7 (TBS C(CH,);). 26.3 (CH; 16), 29.8 (CH; 17), 29.8 (C5), 30.4 (C6), 39.6 (C14),
41.3 (C15), 44.5 (C9), 45.0 (CB), 58.1 (C3), 66.5 (C10), 68.2 (C13), 83.0 (Cl), 91.7 (C7),
115.7 (C20), 137.0 (C11), 137.6 (C4"), 145.5 (C12), 175.0 (C4), 202.4 (C2); IR (CCl) v
3500, 3000, 1780, 1720, 1100 cm-Y; MS (CI) 607 (M+1, 10), 589 (56), 475 (100), 457 (61);
Anal. Caled for C34H30,Si;: C, 65.30; H, 9.63. Found: C, 65.19; H, 9.60. '

D
—

xt
rated aqueous

1,2-Dihydroxy-trans-lactone 13. To a stirred 1.23 M solution of Red-Al (4.6 mmol, 5.6 mmol) in
THEF under nitrogen at -78 *C was quickly added a solution of cis-hydroxyketone 12 (P, = TES,
P53 =TBS) 342 mg, 0.563 mmol) in THF (25 mL). After i.5 h, 25 mL of 2 15 % aqueous
NaOH solution was added dropwise directly to the reaction mixmre. The reaction mixure was
vigorously stirred at room remperature for 3 h ana was men poured into 1) mL of ,0 and
extracted with two 100 mL portions of ether The organic phases were combined and washed
with 100 mL of H,O and 100 mL of brine, dried over anhydrous Na,SO4 and concentrated under
reduced pressure to give 0.35 g of a pale yellow solid. This material was purified by silica gel
chromatography cluting with 10% ether in hexanes followed by 25% ethyl acetate in hexanes to
yield 290 mg frans-diol 13 as colorless needles, 14.5 mg (4.2 %) of trans-hydroxyketone, and 20

mg of a mixmre of cis-diol and unknown byproducts. To a solution of the mixmre containing cis-
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| ution of "triral 25a (P7 = BOM PI 0 = TES, P 13 = TBS) (37 ny,
wajchiwas @R Yyosilicange) chumenarograiphy dyéng with 5%8!**}'@%@: anes © yield
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aqueous Nai(e, soigbi pyy 27dsexinhaghads t M NMRIMNML(EOCH) S 0081s, 3E RS

conbi ned o
under

rgan phase ried over anhydrous Na2SO4, concent r at ed
CH,), 0.11 (s, 3H, TBS CHj;), 0.60 (q, / = 8.1 Hz, 6H, TES CH,), 0.87 (s, 9H, TBS t-Bu),

0.96 (t, / = 8.1 Hz, 9H, TES CHj) 1.13 (s, 3H, CH, 17), 1.23 (s, 3H, CH, 16), 1.31 (s, 3H,
CH; 19), 1.42 (dd, 7 = 3.7, 12.8 Hz, 1H, HOB), 1.46 (ddd, J = 4.8, 8.8, 11.4 Hz, IH, He),
1.74 (dddd, J = 3.3, 7.3, 9.9, 12.4 Hz, IH, H6), 1.99 (d, J = 1.5 Hz, 3H, CH; 18), .10 (m,
{H, HS), 221 (dd, J = 3.7, 5.4 Hz, 1H, Hl4a), 226 (m, 3H, HS, HOq, H14B), 2.92 (4, J =
7.7 Hz, 1H, H3), 3.84 (dd, J = 2.2, 7.7 Hz, 1H, H2), 3.85 (s, 1H, OH1), 3.97 (dd, J = 2.9,
11.4 Hz, 1H, H7), 4.47 (dd, J = 3.7, 11.4 Hz, 2H, HI3, H10), 5.01 (dd, J = 1.8, 12.2 Hz,
1H, H20), 5.07 (dd, J = 1.7, 17.0 Hz, 1H, H20), 5.78 (dddd, J = 7.3, 7.3, 10.1, 16.5 Hz, 1H,
H4), 6.87 (d, J = 2.9 Hz, 1H, OH2), !3C NMR (CDCl;) & (ppm) -5.31, -4.59, 4.79, 6.55,
16.60, 17.68, 21.24, 24.70, 25.62, 28.50, 29.52, 30.05, 40.20, 40.41, 44.18, 45.18, 45.60,
66.62, 69.25, 71.32, 83.91, 116.09, 136.96, 138.63, 139.93, 180.10, IR (CHCl5) v 3050,
1730, 1460, 1350 cm-l, MS (EI) 608 (M, .13), 590 (26), 267 (100), Anal. Calcd. for
C33Hgn0gSio: C. 65.08; H, 9.92. Found C, 65.06; H, 9.98.

Carbonate 14. To a stirred solution of diol 13 (P, = TES, P53 = TBS) (1.00 g, 1.64 mmol) in
CH,Cl, (58 mL) and pyridine (5.8 mL) under nirogen at -78 “C was added dropwise 8.2 mL of 2
M solution (16.4 mmol) of phosgene in toluene. Then the reaction mixure was warmed to -23 *C
and stirred for 30 min. To the resulting mixwure, 50 mL of a saturated aqueous NaHCOj; solution
was added. After warming to room temperature for 10 min, the reaction mixture was extracted
with 200 mL of 10% ethyl acetate in hexanes. The organic phase was washed with 100 mL of a
10 % aqueous CuSQ, solution, two 200 mL portions of a saturated aqueous NaHCO; solution and

brine, dried aver anhydrous Na,SQ, and concentrated under reduced pressure to give 1.1 gofa



reduced pressure to give 38.2 ng of a colorless oil. T ingLAcde'sﬁggﬂ yed
in THF (0.5 nL) and
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L cooled to -78 '"C. To this solution wgg added a 0.2 M|sol ution of LIDA}in
THF (0.9 nm., 0.18 mmle). After 20 min at -78C, p-tolu nesul fonyl chloride
(35 ng, 0.183 mml e) vvas added After stirring at -35 '"‘Cfor.3 - h —MOHLD. 2
m.) and di et hyl am ne m.) were added. Tc solution was stirred at -35 'C

for 30 nin BHEYEioW wkd; H'PE erﬂ_‘”éﬁ fikeredithiqugh a @ ineudotizsmiarceiilicaigat Wish and
extracted wWid% &y QL iimédBeso yield)1-0450]1 U MNBFboREEARI @, PRAPES MEere

dried over anhydrous Na2SO4, and ‘concentrated ‘'under reduced pressure to
gi ve 58 ny &BSkas adthisepalils oi 1. The oil was dissolved in acetonitrile (3.6
m) and pyridine (3.6 m). To this solution at 0 C was added 48 % aqueous

sol ution ofyghp (0788 Pl 7RSS 38'1461139 -LOtHIMIR % ACcBAY 5 .21 W %m, Tas
CH;), 0.12 (s, 3H, TBS CH,), 0.61 (q, J = 7.8 Hz, 6H, TES CH,), 0.88 (s, 9H, TBS t-ﬁ_u), |
0.96 (1, / = 7.8 Hz, 9H TES CHj), 1.20 (S..3H, CH; 17), 1.30 (s, 3H, CH; 16), 1.32 (s, 3H,
CH; 19), 1.40 (ddd, /= 2.7, 4.5, 9.2 Hz, 1H, H6), 1.44 (d, J = 3.7, 13.3 Hz, 1H, HOR), 1.71
(dddd, 7= 2.7, 6.9, 9.6, 12.8 Hz, 1H, H6), 2.11 (ddd, J = 7.8, 15.3, 15.3 Hz, IH, H5), 2.29
(dd, J =32, 15.6 Hz, 1H, Hi4a), 2.31 (m, 2H, HS, HSa), 2.59 (dd, J = 9.2, 15.6 Hz, 1H,
"HI4B), 2.99 (d, J = 7.3 Hz, 1H, H3a), 4.02 (dd, / = 2.7, 11.4 Hz, 1H, H7p), 4.38 (dd, J =
3.7, 11.0 Hz, 1H, HI0B), 4.47 (d, J = 7.3 Hz, 1H, H2B), 4.57 (dd, J = 2.1, 9.2 Hz, 1H,
H130), 5.02 (dd, J = 1.4, 10.1 Hz, 1H, H20), 5.06 {(dd, J = 1.4, 16.9 Hz, 1H, H20), 5.77
(dddd, J = 69, 69, 10.1, 17.0 Hz, 1H, H4), 13CNMR (CDCl;) 3 (ppm) -5.37, -4.60, 4.75,
6.51, 17.02, 17.60, 21.24, 24.64, 25.55, 27.36, 29.50, 30.11, 37.56, 39.96, 42.89, 43.75,
45.39, 66.54, 68.29, 87.37, 90.05, 116.15, 136.54, 136.94, 144.93, 153.32, 169.89, IR
(CHCl3) v 3070, 1800 cm-1, MS (EI) 634 (M, 12), 577 (100), Anal. Calcd. for C34HsgO;Sin:
C, 64.31; H, 9.21. Found C, 64.41; H, 9.22.

Ketoester 15. To a stirred solution of lactone 14 (P)p=TES, P,3 = TBS) (1.05g, 1.65 mmol) in
methanol (70 mL) under nirogen at -78 *C was added a saturated solution of ozone in methylene
chloridc (50 mL., 4(? mL then & mL) until no more starting material remained by TLC analysis.
Tricthylamine (4.8 mL) and wimethylphosphite (3.1 mL) were added sequentially to the resulting
mixture at -78 “C. After stirring 5 min, the solution was warmed to 0 °C and stirred for 2 h. The
resulting solution was poured into 250 mL of a saturated aqueous NaHCO solution and extacted
with three 200 mL portions of CH,Cl;. The combined organic layers were washed with 150 mL
of a saturated NaHCO; solution, dried over anhydrous Na,SO, and concentrated under reduced

Pressure to give 1.10 g of the aldehyde as a colorless oil. This material was used

without further purification,

To a stirred solution of the aldehyde (1.10 g) in t-butanol (30.8 mL), acetone (10.3 mL) and 8 mL



14

poured into 30 nL of a saturated aqueous NaHCO3 sol udon ampeMg’m
chloroform (40 nL x 3). The conbi ned organi ¢ phase was (qri
Na2SO4, and concent ated under reduced pressure to give 936 Ing of crude difol
tosyl ate 26an. Col utm chromat ography (40% et hyl acet at e/, hgxa&é)D&caW&d 34
my (80 % diol tosylate 26aa (P7 = BOM PiI0 = TES, P13 'BS, R=Ts). 264a
(P7 = BOM PIO = TES, P13 = TBS, R = Ts). |IH NWR (300 CDC13); 5 U118
(s, 6H, TBS CH3), 0.58 (d, J = 12.5 Hz, 6H, TES CH2), O! (s—3H_CH3 19
0.94 (dd, J=13.0 Hz, 9H, TES CE3), 0.97 (s, 9H, TBS t-Bu), 1.28 (s, 3H, CH3
17), 1.34 (%a 1%1@1'@:&&&) aéue.@ﬁs (Idd,Pol, soluia@n 21 0 4CdvasZaddid il 1. BBt alt 18109(1231
1H, H6,B), 2.13 (dd, J= : H9a), 2.18 (m 1H H6a),

3H, CH3 18)mmﬂ) 8Richus, KMHD4 @EBI%I‘) Qvep thtzto(ldd of I min.1ThSreaidh i turk Was Istirta) at 0

3 (0 ikl el e T e e imipegedtin £
1H, Hng(? gx‘i; u%?mfng of éthﬂzac'?tné *I'lﬂ cohibin ?OQ%?"ECSI 4:25&?:’ %flééd wﬁﬁzlSél \'tgzuf wat:.’r,

Hle) 4. 46 PheH 20

PhCH20), 4 dfied 6ver ahhydinus N&,80kiand toficehimmed) undér rT’cBuc(ﬂd,prckEurZ To Hzstimiett sol b 89 -
4.83 (d, J = 7.1 Hz, 1H OCHZO%489(brdd J=7.7, 6.6 Hz, 1H, H130),
7.14 (d, J the qglyzesique ipether&Emby) at room AcmperansrwanGidedRy ctherezisolusion of EHgNR (2,

2H, SQ2Ph) mL). The solution was conc..ntmtsg under r)cduc-d pressure to give 1.15 g of a colorless oil. This
OF con

material was filtered through a 2 mch[pad of silica gel with 40% ethyl acetate in hexanes and

conceneration under reduced pressure yielded 1.01 g (91%) of lactone ester 15 (P = TES, P 13=
TBS, R = Me).

15 (Pyg=TES, P;3="TBS, R = Me): 'H NMR (500 MHz, CDCl) 5 0.12 (s, 3H, TBS CH,),
0.12 (s, 3H, TBS CHjy), 0.60 (q, / = 8.1 Hz, 6H, TES CH,), 0.88 (s, 9H, TBS t-Bu), 0.96 (t,
J= 8.1 Hz, 9H,__ TES CHj), 1.21 (s, 3H, CHj), 1.30 (s, 3H, CH;), 1.33 (s, 3H, CH,), 1.51
(dd, J = 3.7, 13.2 Hz, 1H, HIB), 1.53 (m, 1H, H6), 2.06 (d, J = 1.1 Hz, 3H, CH, 18), 2.07
(ddd, J = 2.9, 7.7, 21.6 Hz, 1H, H6),l 2.29 (dd, J = 3.7, 15.8 Hz, 1H, Hl4a), 2.31 (dd, J =
13.2, 13.2 Hz, 1H, H9a), 2.46 (ddd, J = 7.7, 16.8, 24.5 Hz, 1H, HS), 2.53 (ddd, J = 5.5, 7.7,
16.8 Hz, 1H, H5), 2.60 (dd, /= 9.2, 15.8 Hz, 1H, H14p), 2.99 (d, J = 7.3 Hz, 1H, H3a), 3.68
(s, 3H, CO;Me), 4.09 (dd, J = 2.6, 12.1 Hz, 1H, H7B), 4.39 (dd, J = 3.7, 11.0 Hz, 1H, H10p),
4.47 (d, /= 7.3 Hz, 1H, H2p), 4.59 (dd, J = 1.8, 9.2 Hz, 1H, H13B); Anal. Calcd. for
C;4H530gS1;: C, 61.22; H, 8.77. Found C, 61.30; H, 8.79.

Eno! ester 16. To a strred.solution of lactone ester 15 (P;q = TES, P;3 = TBS, R = Me) (1.01 g,
1.51 mmol) in THP'(24.5 mL) at -78 *C was added slowly a 19.4 mL of a 0.2 M solution (3.88
mmol) of LDA in THF down the side of the flask over the course of 3 min. After stirring 35 min,
10 mL of a 33% solution of acedc acid in THF was quickly added. After 5 min, the mixture was
poured into 150 mL of a saturated aqueous NaHCO; solution and exmracted with three 200 mL
portions of CHCl;. The combined orgﬁnic phases were dried over anhydrous Na,SO, and
concentrated under reduced pressure to give 1.02 g of crude enotl ester 16 (P, = TES, Py; =

TBS, R = Me) as a colorless oil. Approximately 3% of unreacted ester lactone 15 was still present
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Oxetane 27a fromdiol nesylate 26a. To a stirred sol uti gn-of—drot—Tesytat
26a (P7 = BOM P10 =.TES, P13 = TBS, R = Ms) (2.7 mg) ih B%?%EE@E{JB.SHEH)
under nitrogen at roomtenperature was added dii sopropyl éthylamne (0.pPOB
m.). The solution was refluxed for 3.5 h, cooled to roopn| 2 EC 1996
REPLACEMENT SHEET 72 : %i?

! 2 4 DEC 1996 tenperature, poured into 20 nL of @& Saturated—acguebu
NaHCO3 sol u don and extrcted with ethyl acetate (20 nL 3). The conbi ned
organi ¢ phase was dried over anhydrous Na2SO4, and concentraited under

reduced prggShisthatePiaDivastused Whduk fukth@PpRificatidnow oi | . The oil was col um
chr omat ogaphed (30% et hyl acetate/ hexane) to yield | 429% of oxetane

27a. 27a (B§ P, POVESPPQ; = TBSSR +Me)="HR8YR (300 Mk, 588 \-8.09dnC8) TB§ CH 0

a0 G10ds 3 LG B0y, B 15 i, o) el K 86’ s I v,
TES CHj), 1.08 (s, 3H, CHy), 1.21 (s, 3H, CH,), 1.33 (S, 3H, CHy), 1.61 (d, /= 4.3 Hz, 1H,
OH-7), 1.89 (dd, J = 4.3, 13.9 Hz, 1H, H9a), 1.95 (dd, J = 11.2, 11.2 Hz, 1H, H9B), 2.01 (d,
J= 1.1 Hz, 3H, CHj, 18), 2.22 (ddd, /= 2.7, 10.7, 15.5 Hz, 1H, H6B), 2.45 (dd, J = 4.3, 15.5
Hz, 1H, H6a), 2.54 (dd, J = 9.1, 15.0 Hz, 1H, H14p), 2.86 (dd, J = 3.7, 15.0 Hz, 1H, Hl4a),
3.07 (s, 1H, H3a), 3.40 (ddd, J = 4.8, 4.8, 9.6 Hz, 1H, H7a), 3.75 (s, 3H, CO,Me ), 4.39
(dd,J = 4.3, 11.2 Hz, 1H, H10B), 4.60 (d, J = 4.3, 11.2 Hz, 1H, H2B), 4.67 (dd, J = 2.1, 9.1
Hz, 1H, H13B), 12.24 (s, 1H, OH4).

vl

. Enol ester 17. To a stirred solution of crude enol ester 16 (P, = TES, P53 = TBS, R = Me) (1.02
g) in THF (13 mL) and 2-methoxypropene (13 mL) under r;in'ogcn at 0 °C was added 0.48 mL of
a 0.1 M solution (0.048 mmol) of p-toluenesulfonic acid in THF. The mixture was strred at Q *C

~ for 10 min and then miethylamine (0.66 ml.) was added. The mixture was concentrated under
reduced pressure and purified by silica gel chromatography, eluting with 7.5% ethyl acetate in

' hexanes increasing to 30% ethyl acatate ix; hexanes to yiél& 938 mgenol ester 17 (P = MOP, Py,
= TES, P;3 =TBS, R = Me) (84% from 1 5) and 30 mg (3%) of rccovercd lactone ester 15.
17 (P; =MOP, P4 = TES, P|; = TBS, R = Me): mp 95-97 °C, 'H NMR (300 MHz, CDCl,) 5
0.08 (s, 3H, TBS CH3), 0.10 (s, 3H, TBS CH,), 0.59 (q, / = 7.7 Hz, 6H, TES CH;), 0.87 (s,
9H, TBS t-Bu), 0.95 (t; J = 7.7 Hz, 9H, TES CH,), 1.10 (s, 3H, CHj), 1.19 (s, 3H, CHj),
1.30 (s, 3H, CH;), 1.34 (s, 3H, MOP CH,;), 1.37 (s, 3H, MOP CHj), 1.84 (m, 2H, H9a;
H9B), 1.98 (s, 3H, CH; 18), 2.17 (ddd, /= 2.8, 10.4, 15.9 Hz, 1H, H6B), 2.52, (dd, J = 9.3,
15.4 Hz, IH, H14p), 2.63 (dd, J = 4.4, 15.9 Hz, 1H, Héa), 2.88 (dd, J = 3.8, 15.4 Hz, 1H,
Hl4a), 3.06 (s, 1H, H3a), 3.26 (s, 3H, MOP OMe), 3.37 (dd, J = 4.4, 10.4 Hz, 1H, H7a),
3.72 (s, 3H, CO,Me), 4.36 (dd, J = 6.0, 9.3 Hz, IH, HI0B), 4.57 (d, /= 2.2 Hz 1H, H2f),
4.67 (dd, /= 2.8, 9.3 Hz, 1H, H13B), 12.24 (s, 1H, OH4).

Enol ester 17 (P; = TES). To a solution of the enol ester 1 6 (Pyq = TES, P53 = TBS, R = Me) (9
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t tenperature i ncreade to 110 "C during a
i Cdlemn ebkoatatagtphy (10% ndxsthca:nt:.éhmanc)qmmdubl Cendg l(iﬁ%mfrpurc cnol ester 17

dengPiacat el inihe R Mluent. The 111t rate aas concentrated to
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:CHj), 0.10 (s, 3H, TBS CH,), 0.59 (q, J = 8.1 Hz, 12H, TES CH, ), 0.87 (s, 9H, TBS t-Bu),
0.95 (t, J = 7.7 Hz, 18H, TES CHj), 1.05 (s, 3H, CHy), 119 (s, 3H, CHy), 1.30 (s, 3H, CH,),
1.84 (m, 2H, H9«, HOB), 1.98 (s, 3H, CH; 18), 2.17 (ddd, J = 2.8, 10.4, 15.9 Hz, 1H, H6R),
231 (dd, 7 = 4.4, 15.9 Hz, 1H, Héa), 2.52, (dd, J = 9.3, 15.4 Hz, 1H, H14B), 2.85 (dd, 7 =
3.8, 15.4 Hz, 1H, Hl4a), 3.03 (br s, 1H, H3a), 3.34 (dd, 7 = 5.0, 10.4 Hz, 1H, HT), 3.75
(s. 3H, CO;Me OMe), 4.36 (dd, /= 5.0, 10.4 Hz, 1H, HI0B), 4.58 (d, /= 2.7 Hz, IH, H2p),
4.66 (br d, J = 11.0 Hz, 1H, H13p), 12.22 (s, 1H, OH4).

Ketone 18. To a stirred solution of enal ester 17 (P; = MOP, P 0= TES, P53 =TBS, R = Me)
(96? mg, 1.3 mmol) in DMF (30 mL) under nitrogen at room temperature was added Solid
potassium thiophcno;idc (250 mg, 1.69 mmol) followed by thiophenol (0.4 mL, 3.9 mmol). The
solution was warmed to 86 *C for 3.5 hours. The solution was allowed to cool to room
temperature then Wwas poured directly into 250 mlL of a saturated aqueous NaHCO; soluton and
extracted with three 150 mL portions of 30% ethyl acetate in hexanes. The combined organic
phases were then ﬁltered tﬂrough a2 inch (5.08cm) silica gel pad and subsequently concentrated

under reduced pressure to yield 1.29g of crude product. This material was purified by radial

chromatrography, eluting with 15% then 20% and finally 25% ethyl acetate in hexanes to yield
763mg (86%) of ketone 18 (P, = MOP, P,y = TES, P,, = TBS).

18 (P; =MOP, Pyq = TES, Py; = TBS): 'H NMR (300 MHz, CDCl;) § 0.10 (s, 3H, TBS
CHjy), 0.14 (s, 3H, TBS CH;), 0.58 (g, J = 8.2 Hz, 6H, TES CHj,), 0.94 (s, 9H, TBS t-Bu),
0.95 (t, / = 8.2 Hz, 9H, TES CH;), 1.22 (s, 3H, CH, 19), 1.30 (s, 3H, CH,4 17), 1.32 (s, 6H,



Oxctane 29. To a stirred solution of oxetane 27a (P7 = B@WLMWE:NTT%ETPJB
= TBS) (21 ng, 0.0276 mml oc) and di nmet hyl am nopyridinc |(3.4 ng, 0.0278

mole) in pyridine (110 IL, 1.37 mmolc) under nitrogen {at} r atiure
was added acetic anhydride (26 gL, 0.276 mmol e). 29"DEE™9%
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11. The solution was stirred for 25h, diluted with ethyl acetate,

poured int q3p cf%,)of 3% a& L%rat@m agyenst (e HgoRss of gt (&n) /ands. %X%rsag%eiia‘%b)

ethyl acetate (2 hé conbi ned organi’'c phases were’ dri over
anhydr ous NaZ8S(H, ﬁhd‘lﬁohﬁ@rﬂdxémhlﬁm@H Gty d2 Bi éss UHe HGB)gR 26 (26, - 10.4,

12.1 Hz, 1H, H9a), 2.43 (dd, J =9.3, 15.4 Hz, 1H, Hl4da), 2.53 (m, 1H, H6a), 2.63 (dd, 7
= 5.0, 15.4 Hz, 1H, H14B), 2.70 (d, J = 5.0 Hz, IH, H3), 3.20 (s, 3H, MOP OMe), 3.39 (dd,
J =6.1, 10.4 Hz, 1H, H7), 4.34 (dd, / = 3.9, 10.4 Hz, 1H, H10), 4.55 (d, J = 5.5 Hz, 1H,
H2), 4.73 (dd, J = 5.3, 7.7 Hz, 1H, H13). Anal. Calcd. fér C36Heg4O3Sis: C, 63.49; H, 9.47.
Found C, 63.56; H, 9.55.

18 (P;=P,o=TES, P,;3=TBS): !H NMR (300 MHz, CDC13) 3 0.10 (s, 3H, TBS CH,), 0.14
(s, 3H, TBS CH3), 0.47-0.63 (m, 12H, TES CH,), 0.90-0.99 (m, 27H, TBS t-Bu, TES CH,),
1.22 (s, 3H, CHy), 1.25 (s, 3H, CH;), 1.33 (s, 3H, CH,), 1.75 (dt, J = 11.6, 1.6 Hz, 1H),
1.85 (d, J = 3.3 Hz, 1H), 1.90 (t, J = 3.9 Hz, 1H), 1.97 (t, J = 8.1 Hz, 1H), 2.00 (s, 3H,
CH;), 2.30 (m, 1H), 2.39-2.60 (m, 3H), 2.65 (m, 1H), 3.35 (dd, J = 9.6, 7.8 Hz, 1H, H7a),
4.35 (dd, / =10.8, 3.3 Hz, 1H, HI10B), 4.57 (d, J = 5.1 Hz, 1H, H2B), 4.72 (m, 1H, H13p).

Ketone 18 (P,=BOM). To a stirred solution of ketone 18 (P; = MOP, P,, = TES, P, = TBS)
(293 mg, 0.43 mmol) in THF (28.6 mL) and methanol (9.5 mL) under nitrogen at room
temperature was added dropwisé 0.20 mL of a 0.1 M solution of PPTS in CH,Cl; (0.02 mmol).
The reaction mixture was stirred for 3 h, poured into 100 mL of a saturated aqueous NaHCO;
solution and extracted with two 100 ml. portions of ethyl acetate. The combined organic phases
were washed with brine, dried over anhydrous Na;SOy4 and concentrated under reduced pressure
to yield 274 mg of the hydroxy ketone 18 (P;=H) as a colorless oil. This material was used
without further purification.

18 (Ps=H, P,¢=TES, P;3 =TBS): mp 75-77 °C, 'H NMR (500 MHz, CDCl;) § 0.10 (s, 3H,
TBS CHs), 0.13 (s, 3H, TBS CH,3), 0.61 (q, / = 8.2 Hz, 6H, TES CH,), 0.93 (s, 9H, TBS t-
Bu), 0.95 (t, / = 7.7 Hz, 9H, TES CH3), 1.19 (s, 3H, CH; 19), 1.22 (s, 3H, CH; 17), 1.35 (s,
3H, CH; 16), 1.84 (dd, J = 13.7, 4.1 Hz, 1H, H9«), 1.88 (m, 2H, H9B, OH7), 1.92 (m, 1H,
H6B), 2.05 (d, J = 1.4 Hz, 3H, CH; 18), 2.10 (m, 1H, Héa), 2.36 (dddd, J =1.4, 4.1, 9.9,
14.4 Hz, 1H, H5a), 2.47 (dd, J = 8.9, 15.4 Hz, 1H, H14B), 2.51 (m, 1H, H5B), 2.54 (dd, J
= 4.8, 15.4 Hz, 1H, H14f), 2.86 (d, J = 5.5 Hz, 1H, H3), 3.59 (ddd, J = 4.5, 6.2, 11.3 Hz,



of a pale yellow oil, which was col urm chromat ogr aphed (2bRESLACENMENT SHEET
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(d, J= 1.4 Hz, 3H, CH3 18), 2.02 (dd, J= 7.5, 13.0, 1H HO3), .07 (utr—
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in hexanes. The combined organic phases were washed with brine, dried over anhydrous Na,SO,

and concenmated under reduced pressure to yield 249 mg of the hydroxy ketone as a yellowish oil.
This material was purified by silica gel chromatogriphy to yield 196 mg (92%) of ketone 18
(P;=BOM, P,y = TES, P;3 = TBS) as a colorless oil.

18 (P,=BOM, P, = TES, P; = TBS): 'H NMR (500 MHz, CDCl3) 8 0.10 (s, 3H, TBS CH,),
0.13 (s, 3H, TBS CH,3), 0.59 (q,J = 7.7 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.94 (t,
J =17.7 Hz, 9H, TES CH,), 1.22 (s, 3H, CH4 17),.1.31 (s, 3H, CHj3 19), 1.33 (s, 3H, CH,
16), 1.87 (dd, J = 12.1, 3.8 Hz, 1H, H9a), 1.98 (d, J = 1.4 Hz, 3H, CH, 18), 1.99 (m, 2;1,
H6B, H9B), 2.21 (m, 1H, Héa), 2.34 (dd, J = 10.4, 12.1 Hz, 1H, H5a), 2.43 (dd, J = 9.3,
15.4 Hz, IH, Hl4a), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, 1H, H5B), 2.62 (dd, J = 5.0, 15.4
Hz, 1H, H14B), 2.74 (d, J = 5.0 Hz, 1H, H3), 3.38 (dd, / = 6.6, 11 Hz, 1H, H7), 4.38 (dd, J
= 3.8, 10.4 Hz, 1H, HI0), 4.56 (d, J = 5.0 Hz, 1H, H2), 4.58 (d, J =11.5 Hz 1H, CH,Ph),
4.64 (d, J =11.5 Hz 1H, CH,Ph), 4.68 (m, 2H, H13, OCH,0), 4.82 (d, J =7.2 Hz 1H,
CCH,;0), 7.31 (m, 5H, Ph).

Ketone 22a (Ps=TMS). To a vigorously stirred solution of ketone 18 (P;=BOM, P,q = TES,
Py3 = TBS) (315 mg, 0.42 mmol) in THF (10.5 mL), triethylamine (0.88 .rnI.., 6.3 mmol) and
trimethylsilyl chloride (0.53 mL, 4.2 mmol) under nirrogen at -78 *C was added dropwise down
the side of the flask 1.35 mL of a 0.5 M solution (0.68 mmol) of LDA in THE. After 25 min, 2
mL of a saturated aqueous NaHCO; solution was added. The reaction mixture was diluted with

150 mL of hexanes and washed with 20 mL of a saturated aqueous NaHCO; solution and brine, -



concentrated under reduced pressure to give 8 ng of a pale )
oi | was col unm chromat ographed (25% et hyl acetatm hexan to yield 6.2 b
(94% of benzoate 30 (P7 = BOM P 13 = TBS, R = TES). 30 (|P724 BEM 199! I3
TBS, R= TES): | H NMR (500 M1-1z, cDC13¥; 8 0.09 (s, 3H! TBS CH3), O.14
(t
CH

mL x 3). The conbined organi c phases were dried over an %%’@aﬁfgﬁ’f%ﬂ
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(s, 3H TBS CH3), 0.60 (ddd, 6H, TES CH ), 0.94 (s, 9H [TBST-BUT 0 9%
6H. TES CH3), 1.23 ( s, 3H, CH3 17), 1.38 (s, 3H, CH3 1d)._1.46 (s. 3H,
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4 EC 196  fiiered through celite with hexanes and the filorate was concenated under fedbbadlpresSurd tdtve
1H, H14,B), 2.13 (S, 3H CH3 18), 2.22 (dd, J = 15.1, 8.2 Hz, 1H, Hl4da),
2.23 (dd, 338 t5.(29%)Bof3heTMS1¢40! EiOKY 212 (R4BOM, Bbi= TS Byp,= 2BIgPg lTMS) as a
16.1, 4.1 lc_:gi’orlésk oil. To a vigorously strred soluton of TMS enol ether 21a (P;=BOM, P, =TES, P |,
= TBS, P, = TMS) (224 mg, 0.274 mmol) in hexanes (2.8 mL) under nirogen at room
temperature was added dropwise 14.9 mL of 2 0.02 M solution (0.30 mmol) of MCPBA in
hexanes. After 5 h, 2 mL of a saturated aqueous NaHCO; solution and 2 mL of 2 10% aqueous
Na,S, 0, solution were added. The reaction mixmure was diluted with 150 mL of ethyl acetate and
washed with 20 mL of a saturated aqueous NaHCO, solution, 20 mL of 2 10% aqueous Na,§,0;
solution, 20 mL of a saturated aqueous NaHCO; solution and brine, dried over anhydrous
Na,80, and concenrrated under reduced pressure to give 231_ mg of the crude material as a
colorless oil. This material was used without further purification, or, alternatively, was purified by
flash 'chmman;)graphy on silica gel to give 168 mg (74%) of 22a (PﬁBOM. P1g=TES, Pj3 =
TBS, P5 =TMS) along with a mixmure (15%) of 212 and 1 8 which could be recycled.
22a (P;=BOM, P{q = TES, P;3 = TBS, P5 = TMS): mp 50.5-52 °C, 'H NMR (500 MHz,
CDCL,) 8 0.10 s, 3H, TBS CH,), 0.13 (s, 9H, TMS CHj3), 0.14 (s, 3H, TBS CHs), 0.59 (q, /
= 8.2 Hz, 6H, TES CH,;), 0.94 (s, 9H, TBS t-Bu), 0.94 (1, J = 8.2 Hz, 9H, TES CH,), 1.24 (s,
3H, CH, i?), 1.32 (s, 3H, CH; 19), 1.33 (s, 3H, CH; 16), 1.82 (dd, J = 11.3, 13.7 Hz, 1H,
H9a), 1.95 (d, / = 1.4 Hz, 3H, CH, 18), 1.98 (dd, / = 3.4, 13.7 Hz, 1H, H9f), 2.16 (ddd, J
= 6.2, 7.2, 13.3 Hz, 1H, H6a), 2.40 (dt, J =11.4, 13.3 Hz, 6f), 2.43 (dd, J =9.2, 15.2 Hz,
1H, H14B), 2.63 (dd, J = 5.5, 15.2 Hz, 1H, Hl4a), 2.74 (d, J = 5.5 Hz, 1H, H3«a), 3.40 (dd,
J =72, 10.6 Hz, 1H, H7a),4.36 (dd, J = 3.4, 11.3 Hz, 1H, HIOB), 4.40 (dd, J =6.2,12.0
Hz, 1H, H5a), 4.54 (d, J = 5,5 Hz, IH, H2p), 4.57 (d, J=117 Hz 1H, CH,Ph), 4.64 (d, J
=11.7 Hz IH, CH,Ph), 4.68 (d, J =7.0 Hz 1H, OCH,0), 4.74 (m, 1H, H13), 4.78 (d, J =7.0
Hz, 1H, OCH,0), 7.31 (m, 5H, Ph). Anal. Caled. for C43H;5,04Si5: C, 63.19; H, 8.88. Found
C, 63.19; H, 8.92. '

Ketone 222 (P = H). To a vigorously stirred solution of crude 22a (P; = BOM, P, = TES, P35
= TBS, Ps = TMS) (231 mg, 0.274 mmol) in acctonirile (7 mL) at 0°C was added dropwise 7 mL



pr

6.8 Hz, IH Hra), 4.20 (d, 1= 8.2 Hz, 1H, H201), 4.29 ((q,
H2GCa), 4.49 (d,J = 12.0 Hz, IH PhCH20), 4.63 (br t, 1H, Igé 4 74 (d
12.0 Hz, |H PhCH2O), 4.92 (d, J= 6.9-Hz, 1H, OCH20), 4]9 PR
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22a (P; =BOM, P,¢ = TES, P;3 = TBS, Ps = H): 'H NMR (500 MHz, CDCly) 5 0.10 (s, 3H,
TBS CH,), 0.14 (s, 3H, TBS CH3), 0.59 (q, / = 8.2 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-
Bu), 0.94 (¢, / = 8.2 Hz, 9H, TES CH;), 1.23 (s, 3H, CHj 19), 1.32 (s, 3H, CH; 17), 1.33 (s,
3H, CH, 16), 1.83 (dd, / = 11.0, 13.7 Hz, 1H, H6B), 1.97 (d, /= 1.4 Hz, 3H, HIS), 2.01 (dd,
J=32, 13.7 Hz, 1H, H9B), 2.11 (ddd, /= 5.5, 7.7, 13.7 Hz, 1H, H6a), 2.47 (dd, J = 8.7,
15.4 Hz, 1H, H14B), 2.57 (m, 2H, Hl4e, H9a), 2.88 (d, /= 5.5 Hz, 1H, H3a), 3.39 (dd, J =
7.7, 11.0 Hz, 1H, H7a), 3.41 (d, J = 3.3 Hz, 1H, OH-5), 4.38 (m, 2H, H5B, H10), 4.55 (d, J
= 5.5 Hz, 1H, H2p), 4.57 (d, J =11.5 Hz 1H, CH,Ph), 4.62 (d, /=115 Hz IH, CH,Ph), 4.72
(m, 2H, H13B, OCH,0), 4.80 (d, 7 =7.1 Hz 1H, OCH,0), 7.31 (m, 5H, Ph). "

Ketone 222 (Ps=TMS) from ketone 222 (Ps=H). To a vigorously stirred solution of 5-hydroxy-
d-ketone 222 (P, = BOM, P,y = TES, Py3 = TBS, P5 =H) (51 mg, 0.067 mmol) in CH,Cl; (2.2
mL) and triethylamine (0.14 mL, 1.0 mmol) under nitrogen at 0 °C was added
trimethylsilyichloride (0.041 mL, 0.34 mmol). After 0.5 h, the reaction mixture was quenched
with 5 mL of a sawrated aqueous NaHCO; solution and extracted with 150 mL hexanes. The

organic phase was washed with 50 mL of a saturated aqueous NaHCO, solution and brine, dried
over anhydrous Na,SO, and concentrated under reduced pressure to give 56mg of a colorless
oil. This material was filtered through silica gel and the filtrate was concentrated under reduced
pressure to yield 54mg (96%) of ketone 22a (P, = BOM, P,, = TES, P; = TBS, P; =
TMS)

Alcohol 23a. To a stirred soludon of ketone 22a (P = BOM, P,q = TES, P|3 = TBS, Ps = TMS)
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added a 4% N@HOO} edlutith and 50 mL of ethyl acetate. The aqueous phase was extracted with 50 mL ethyl

acetate. The combined organic phases were washed with brine, dried over anhydrous Na,SQ, and
concentrated under reduced pressure to yield 20.5 mg of a colorless oil. This material was purified
by silica gel chromatography to yield 18.4 mg (95%) of alcohol 23a (P; = BOM, P4 = TES, P4
= TBS, Ps = TMS) as a coloriess oil. ,

23a (P;=BOM, Pyg = TES, P;5 = TBS, Ps = TMS): 'H NMR (500 MHz, CDCl;) 80.09 (s,
9H, TMS), 0.11 (s, 3H, TBS CHj), 0.12 (s, 3H, TBS CH;), 0.56 (g, / =79 Hz, 6H, TES
CH,), 0.92 (t, / = 7.9 Hz, 9H, TES CHs), 0.93 (s, 9H, TBS t-Bu), 1.25 (s, 3H, CH, 17), 1.28
(s, 3H, CH; 19), 1.33 (s, 3H, CH, 20), 1.34 (s, 3H, CH, 16), 1.74 (ddd, 7 = 3.8, 4.1, 13.0
Hz, 1H, H6a), 1.99 (d, / = 1.4 Hz, 3H, H18), 2.01 (dd, J = 11.3, 13.0 Hz, 1H, H%a), 2.06
(m, 2H, H3, H9B), 2.13 (ddd, J/ = 1.7, 12.3, 13.0 He, 1H, H6P), 2.37 (dd. J = 5.5, 15.0 Hz,
1H, Hida), 2.54 (dd, / = 9.2, 15.0 Hz, 1H, H14p), 2.96 (s, 1H, OH-4), 3.51 (dd, J = 1.7,
4.1 Hz, 1H, HS), 3.73 (dd, J = 3.8, 12.3 Hz, 1H, Hla), 4.32 (dd, / = 4.1, 11.3 Hz, 1H,
HI108), 4.64 (s, 2H, CH,Ph), 4.72 (d, / = 6.8 Hz, 1H, OCH,0), 4.80 (m, 3H, H2, HI3,
CCH,0), 7.31 (m, 5H, Ph). Anal. Calcd. for Cy,H,40Si5: C, 63.42; H, 9.19. Found C, 63.40;
H, 9.15.

Hydroxy olefin 24a. To a refluxing solution of alcohot 23a (P;=BOM, P, = TES, P,; = TBS,
Ps = TMS) (46.7 mg, 0.055 mmol) in toluene (1.1 mL) was added 1.1 mL of a 0.1M solution of
Burgess reagent in toluene ( 0.11 mmol). Thc. mixture was refluxed for 20 min then cooled to
room temperature, diluted with ethyl acetate, washed with a saturated solution of NaHCO, and
brine, dried over anhydrous Na,SO, and filtered. Concentration of the filtrate under vacuum
yicided 46 mg of crude olefin. This material was used without further purification.

Toa st;'rrcd soludon of this crﬁdc olefin (46 mg, 0.055 mmol) in acetonitile (2.5 mi) at 0 °C was

added 2.5 mL of a 1:10:10 (by volume) mixture of 48% aqueous HF : pyridine : acetonimile. The
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aqueous NaHCO3 sol ution and extracted with CHC13 (30 nL |x |3). The conbi ned
organi ¢ phases. were dried over anhydrous NaSO4 and concentjr &2 4dDEG 996
reduced pressure to give 13.5 ng (0.01967fnplc) of 30a 4sf{an oil. This ¢il
was dissolved in TH (1 nL) and cooled to -78 'C. To thig solutron at -78 €
was added a 0.285 M solution of phenyllithiumin TIAF (@144 ni.. 2.1 eq.)
After 10 min, the solution was poured into 20 nL of saturated aqueous

NaHCOB sol wtikmre sasi st & @ 30 fonR0mis) quenbkedowithh 2 sewratedy solpdop R NaHLY,; and

dried over anhydrous 2S04 and cqpcentrated under reduced pressyre.to,give
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t enperature was added terpropyl anmoni um perrut henate (6 , 0.017 nmol e).
 The sol ut i dpdmay okfin 2dedPat B%Mm"tgaﬁﬁﬁﬁal?w = TBS¢ RPSH)ﬁng&GS il mg oé ynreacted

t hrough siljc | with 30 %ethyl acetate/ hexane. The filtate was
concentr at é&"gﬂ‘ggf‘(% uced pressure to yield . ketobenzoate 3 2 (P7 = BOM P

13 = TBS) Gif @Y= BOP,, = TES, P,; = TBS, R = H): mp 66-68 "C 'H NMR (500 MHz, CDCl;) 5
0.12 (s, 3H, TBS CHs), 0.13 (s, 3H, TBS CHj), 0.59 (q, /= 7.9 Hz, 6H, TES CH,), 0.9 (:,
J =179 Hz, 9H, TES CH,), 0.95 (s, 9H, TBS t-Bu), 1.18 (s, 3H, CH; 19), 1.23 (s, 3H, CH,
17), 1.35 (s, 3H, CH; 16), 1.73 (d, 1H, J = 3.4 Hz, OHS), 1.83 (dd, J = 9.9, 10.5 Hz, 1H,
H9a), 1.91 (ddd, J = 7.2, 7.5, 13.4 Hz, 1H, Héa), 1.97 (dd, J = 3.8, 9.9 Hz, 1H, H9B), 2.03
(d, /= 1.4 Hz, 3H, 18), 2.14 (ddd, J = 9.6, 9.6, 13.4 Hz, 1H, H6B) 2.35 (dd, J = 5.1, 15.4 Hz,
1H, H14a), 2.50 (dd, 7=9.6, 15.4 Hz, 1H, HI4B), 3.03 (d, /= 5.8 Hz, 15, H3a), 3.4 (dd,
J=17.5, 9.6, Hz, 1H, H7a), 4.38 (m, 2H, K10, H5), 4.54 (d, /= 5.8 Hz, 1H, H2), 4.58 (d, J
=11.6 Hz, 1H, CH,Ph), 4.62 (d, J=11.6 Hz, 1H, CH,Ph), 4.73 (d, J =7.0 Hz, 1H, OCH,0),
475 (m, 1H, HI3), 4.79'(d, 7 =7.0 Hz, 1H, OCH,0), 5.00 (s, 1H, H20E), 5.18 (s, 1H, H202),
7.31 (m, SH, Ph). Anal. Calcd. for C;Hgs05Si;x0.5H,0: C, 65.47; H, 8.98. Found C, 65.63;
H, 8.97.

Allyl mesylate 24aa. .To a stirred solution of allyl alcohol 24a (P; = BOM, Py = TES, P53 =
TBS, R = H) (11.5 mg, 0.0154 mmol) in pyridine (0.6 mL) under nitrogen at 0 °C was added
dropwise methanesulfonyl chloride (0.02 ml, 0.258 mmol). After 45 min, a saturated aqueous
NaHCO4 solution (0.05 mL) was added. The mixture was stirred for 10 min, poured into 20 mL
of a saturated aqueous NaHCO; solution and extracted with 40% ethyl acetate/hexane (20 mL x
3). The combined organic phase was dried over anhydrous Na,SO, and concentrated under
reduced pressure to give 13 mg of 24aa (P; = BOM, Py = TES, P;3 = TBS, R = Ms) as a
colorless oil. This material was used without further purification.

24aa (P, = BOM, P4 = TES, P,5 = TBS, R = Ms): 'H NMR (300 MHz, CDCl,); § 0.12 (s,
3H, TBS CH3), & 0.13 (s, 3H, TBS CHj), 0.58 (q, / = 7.9 Hz, 6H, TES CH,), 0.93 (s, 9H,



32 (P7 = MOP, P13 =TBS): 'H NMR (300 MHz, CDCl13) 8 0.12 (s IBSCHS)
0.16 (s, 3H, TBS CH3), 0.94 (s, 9H, TBS t-Bu), 1.25 (s, vi EMEﬁE.&t@’EIs
3H, CH3 ), 1.44 (s, 6H MOP CH3), 1.49 (s, 3H CH3 ), 1.¥5/(s, IH OHI),
1.76 (I, 1H He), 1.83 (s, 3H, CH3 18), 2.21 (dd, J = 7,{1b 3240;_@1 4) 1
2.25 (s, 3H OAc), 2.29 (dd, J =8, 15 H8O 1H H14), 2.6f [d, J = 16

1H, H9), 2.74 (ddd, J =8, 9, 17 Hz, 1H H6), 3.19 (s, 3H, Nu-’u,riS) 310
(d, J =6 Hz, 1H Hc), 3.32 (d, J =16 Hz,- 1H H9), 3.78.(dd_J = 8, 10
Hz, 1H, H7), 4.15 (d, J = 8 Hz, 1H, H20), 4.34 (d, J = 8 Hz, 1H H20) 4789

(d, J =9 Hgsdbu), H@M (t5fQ4' S(le mmmg 519.0((sd3HJCH3H7HZI 22 k¢, H)CHﬂQO
(m 2H PhCOO -m, COO_-p)

(P7=TES, PU34TESHH, Cﬁumm(lsﬁb(\hqﬁ 65&31151' EEHOHQS) (55% ém, 11118%‘5&34&79 (@ﬁdld %22,

REP AC L 43Ns PN B B, 201 (@, 7= 11 Bz, 1H, CH;18), 2.06 (4g, 7 = 3.3, 137 Hz, 1,

H9B), 2.01 (br s, 3H, CH3 18), 2.22-2.32 (m, 3H, H14ca, Hba, H6B), 2.54 (dd, /= 9.9, 15.4
Hz, 1H, H14p), 3.02 (s, 3H, 0SO,CH;), 3.05 (d, J = 6.0 Hz, 1H, H3a), 3.45 (t, J = 8.5 Hg,
1H, H7w), 4.37 (dd, J=3.6, 11.0 Hz, 1H, m'oﬁ), 4.57 (d, J = 6.0 Hz, 1H, H2B), 4.59 (q, 2H,
PhCH,0), 4.69 (d, J = 7.1 Hz, 1H, OCH,0), 4.74 (m, 1H, H13p), 4.76 (d, / = 7.1 Hz, 1H,
OCH,0), 5.03 (br t, J = 8.5 Hz, 1H, H5B), 5.09 (br s, 1H, H20), 5.24 (br s, 1H, H20), 7.35
(m, SH, Ph).

%:u .
Q-;;r

Trol 25a. To a strred solution of allyi alcohol 24a (P; = BOM, P, = TES, P;3 =TBS,R =H)
(45 mg, 0.0606 mmol) in 2 mixtwure of pyridine (0.32 mL) and ether (3.2 mL) under nizrogen at 0
*C was added 2 0.157 M solution of 0sQ, in THF (0.42 mL, 0.066 mmole). After 12hat0°C,
NaHSO, (530 mg), pyridine (0.3 mL), THF (2 mL) and water (3 mL) were added. The mixture
was vigorously stirred at room temperature for 14 h, poured into 50 mL of 2 saturated aqueous
NaHCO3 solution and extracted with ethyl acetate (40 mL x 3). The combined orga.nic'phasc was
dried over anhydrous Na,SO, and concentrated under reduced pressure to give 60 mg of a pale
yellow oil, which was column chromatographed (30% ethyl acetate/hexane) to yicI& 343 mg (73
%) of wiol 25a (P;=BOM, P,q=TES, P,; = TBS).

25a (P, = BOM, P, = TES, P;, = TBS): H NMR (500 MHz, CDCl3); 6 0.11 (s, 6H, TBS
CH;), 0.60 (ddd, J = 9.0 Hz, 6H, TES CH,), 0.79 (s, 3H, CHz 19), 0.93 (s, 9H, TBS t-Bu),
0.94 (dd, /= 9.0 Hz, 9H, TES CHj), 1.22 (s, 3H, CH; 17), 1.35 (s, 3H, CH; 16), 1.64 (dd, /=
5.6, 16.4 Hz, 1H, HIB), 1.70 (m, 1H, HEB), 2.22 (dd, J = 2.7, 16.8 Hz, 1H, HO%a), 2.23(d, J
= 0.7 Hz, 3H, CH4 18),, 2.36 (dd, J = 9.2, 15.0 Hz, 1H, H14f), 2.45 (m, 1H, Hba), 2.96 (s,
1H, OHS), 3.21 (dd, 6.9, 15.0 Hz, 1H, Hl4a), 3.42 (d, /= 5.0 Hz, 1H, H3a), 3.53 (m, 1H,
H20), 3.38 (s, 1H, OH4), 3.70 (1, / = 3.0 Hz, 1H, H5B), 4.04 (br d, J = 11 Hz, 1H, H20),
4.06 (dd, J = 11.5, 5.0 Hz, 1H, H7a), 4.48 (d, / = 5.0 Hz, 1H, H2B), 4.49 (d, / = 12.0 Hz,
1H, PhCH,0), 4.53 (br s, 1H, HI10B), 4.71 (m, 1H, H13B), 4.72 (d, J = 12.0 Hz, 1H,
PhCH,0), 4.85 (d, /= 6.8 Hz, 1H, OCH,0), 4.98 (d, / = 6.8 Hz, 1H, OCH,0), 7.34 (m, 5H,



3H, TBS CE3), 0.65 (q, J = 8 Hz, 3H, TES CH3), 0.66 (q,

CH3), 0.94 (s, 9H, TBS t-Bu), 1.00 (t, J = 8 Hz, 3H, TE ﬁf&“%%’@%“’é@s
CH3 ), 1.38 (s, 3H CH3 ), 1.49 (s, 3H OB ), 1.75 (s, tH o), 1.80 (Jm
1H, H6), 1.81 (s, 3H, CH3 18), 2.20 (dd, | = 9, 15 Hz, 1H| H24) DER. BO6(9,
3H, OAC CHB), 2.29 (dd, | = 8, 15 Hz, 1HBI1H 14), 2.48 (ddd, J = 8 i1 |
I—|z,1H,H6)258(d J:17HzIH Ho). 3.15 (d, J = 6§ Hr—TH—Hsa—=. 36
(d. J = 17 Hz, 1H, 3.79 (dd, J =7, 9 Hz, |H H7),|4.14 (d, J = 8 HZ,

12 S ol i BIosb BN el £

PhCOO -p), 8.13 (m 21H, PhCOO -a). 3 2 (P7 = BOM P13 = TBS): 1H NVR (500
Mz, CDC13); 8.0:16 ts, 3H, TBS CH3), 0.18 (s, 3H, TBS CH3), 094(s 9H,

TBS {-Bu), moxzﬁesyias 263H, T@HSundd?s)o,lutfbnéFalbﬂ ,mc?.ﬂatc(]*ﬁnl@, 30!92 H,5.= BES
16), 1.76

9.5, 1.5 Hz(Tﬁsl M@éfg mg, Q%g%@ml) 1&31152&!@,“ @.mmriﬁl,c (Q#l,mi—h {ﬁg?(ééjﬂel; ung!e:

5 9, S i B i R oy
H9a), 3.65( F’ﬁHSQ); (9503mg)7an51 Ytger (8.2 mity4dere a&hc35Tﬁéirm£mre7wé rodstly sdiddiTbr 14
4.34 (d, J= 7. H20ac), 4.61 (d,J= 12.0 , I'H, PhCH20, 4.72 (d, |

= 12 0 Hz, hlpqurmmazm)ml- of 8J§a(uchtcdhqmois OaHEO, Sbtunmma@mm d;hyUacuatE (@0
1, L 89 el 4 i o
Iikl;' chp)hq | 2Qdycdd Ex@ssﬁf@ to%ive §REdPa p'?ﬂc yello$2it{ Aine b wzfs)h:gmm &)ronﬁm%?‘apﬁga (405
ethyl acetate/hexane) to yield 2.7 mg (50%) of diol mesylate 26a (P-, =BOM, Py = TES, Pj3 =
TBS, R = Ms).
26a (P;=BOM, P;g = TES, P;3=TBS, R = Ms): 'H NMR (500 MHz, CDCLy); §0.14 (s, 6H,
TBS CH:,), 0.58 (ddd, J = 8.0 Hz, 6H, TES CH,), 0.89 (s, 3H, CH3 19), 0.93 (s, 9H, TBS -
Bu), 0.94 (dd, J = 8.0 Hz, 9H, TES CHy), 1.31 (s, 3K, CH; 17), 1.37 (s, 3H, CH; 16), 1.76
(dd, J = 5.5, 15.1, 1Hz, H9P), 1.95 (m, 1H, H6B), 2.23 (d, 7= 0.7 Hz, 3H, CHj 18), 2.25
{dd, J = 4.8, 15.1 Hz, 1H, HYa), 2.39 (dd, J = 9.2, 15.1 Hz, 1H, H148), 2.45 (m, 1H, H6a),
2.89 (dd, 6.8, 15.1 Hz, 1H, Hl4a), 3.05 (d, J = 3.4 Hz, 1H, H3a), 3.06 (s, 3H, 0S0,CH,),
3.35 (s, 1H, OH4), 3.52 (m, 1H, H20), 3.92 (dd, J = 4.5, 11.6 Hz, 1H, H7a), 4.13 (dd, J =
1.0, 11.3 Hz, 1H, H20), 4.46 (br d, J= 4.5 Hz, 1H, H10), 4.52 (d, /= 3.4 Hz, 1H, H2), 4.54
(d, / = 12.0 Hz, 1H, PhCH,0), 4.70 (d, J = 12.0 Hz, 1H, PhCH,0), 4.83 (d, /= 6.9 Hz, 1H,
OCH,0), 4.84 (m, 1H, HSp), 4.92 (m, 1H, HI3p), 4.93 (d, J = 6.9 Hz, 1H,'0CH,0), 7.34
(m, SH, Ph).

Diol tosylate 26aa. To a stirred solution of triol 25a (P; = BOM, P, = TES, P,; = TBS) (37
mg, 0.0476 mmole) in CH,Cl; (0.4 mL) under nitrogen at -78 *C was added tricthylamine (0.25
mL) followed by trimethylchlorosilane (0.075 mL). The solution was stirred at -78 °C for 1 h,
poured into 20 mL of a saturated aqueous NaHCOj solution and extracted with chloroform (30 mL
x 3). The combined organic phase was dried over anhydrous Na,SO,, and concentrated under

reduced pressure to give 38.2 mg of a colorless oil. This oil was dissolved in THF (0.5 mL) and



Hydr oxyketone 3 3. To a THF (1.3 nL) solution of 32 (P7 + RERIACEMENE SHEEY
(16.2 ng, 0.02 mol ) at -78 'C was added 4 equi val ents of 024N = BUTK
solution in THF (0.33 rnL, 0.08 nmol.). The sol ution was vvélrggcﬁ.q;}.lég '

for 40 min and then briefly warned to OC before being cangnyl Tt (?a
T1F (1.3 nlL) suspension of benzenesel eni M%& anhydride (57 r -
The reaction was stirred for 40 min. at O 'C before being diluted with 20
mmL of ethyl acetate and poured into 50 nmL of aqueous sat - The

organic la i : SE : tiuh ALAAHE
fol | oned b¥8§63\?ﬁs_ fé@&ﬁ?@‘ggglgg?%r g?g%ﬁ@@ﬁ@ﬁ@g?ﬁﬁf?? lﬁayer @gg‘ﬁf‘hoehg
dried w thned&OAfiéd 10 mirest -a8'C, puakenatifonyl @hpidde (3B g, 0083 minBR) was added.
hydroxyketone as an oil. To a THF (1.3 nl) solution of the crude
hydr oxyket éier §tirging appS Kafpr 3 h, MeOH (0.2 mL) and diethylamine (0.3 mL) were added. The

ZRE PlbégEg/gggolgi\clmEgaE strred at -35 “C for 30 min and poured into 30 mL of a gyurated aqueous NaHCO,

solution and exmacted with chloroform (40 mL x 3). The combined organic phases were dried
over anhydrous Na; SOy, and concentrated un@lcr reduced pressure to give 58 mg of a colorless oil.
The oil was dissolved in acetonitrile (3.6 mL) and pyri&inc (3.6 mL). To this solution at 0 °C was
added 48 % aqueous solution of HF (0.36 mL). The solution was stirred at 0 *C for 13 min,
poured into'30 mL of a saturated aqueous NaHCO; solution and extracted with chloroform (40
mL x 3). The combined organic phase was dried over anhydrous Na,SO,, and concentrated under
reduced pressure to give 56 mg of crude diol tosylate 26aa. Column chromatography (40%
ethylacetate/hexane) yielded 34 mg (30 %) diol tosylate 26aa (P;=BOM, P, = TES, P,; = TBS,
R=Ts).
26aa (P;=BOM, P, =TES, P,3 = TBS, R =Ts). 'H NMR (300 MHz, CDClL,); § 0.18 (s,
6H, TBS CH,), 0.58 (d, J = 12.5 Hz, 6H, TES CHy), 0.82 (s, 3H, CH3 19), 0.94 (dd, 7 =13.0
Hz, 9H, TES CHj;), 0.97 (s, 9H, TBS t-Bu), 1.28 (s, 3H, CH; 17), 1.34 (s, 3H, CH; 16), 1.67
(dd, J = 16.5, 4.4 Hz, 1H, H9B), 1.80 (m, 1H, H6B), 2.13 (dd, J = 16.5, 4.4 Hz, 1H, H9a),
~2.18 (m, 1H, H6a), 2.24 (s, 3H, CHj 18), 2.33 (s, 3H, CH,Ph), 2.42 (dd, J = 14.8, 9.3 Hz,
1H, H14f), 2.90 (m, 1H, Hl4da), 2.93 (br s, 1H, OH4), 3.08 (br d, J = 3.3 Hz, 1H, H3a),
3.38 (brt, J=11.0 Hz, 1H, H7«), 3.87 (m, lI-i, H20), 4.09 (br d, /= 9.9 Hz, 1H, H20), 4.52
(d, / = 3.3 Hz, 1H, H2p), 4.45 (br d, J = 4.4 Hz, 1H, HIOB), 4.46 (d, J = 12.1 Hz, 1H,
PhCH,0), 4.59 (d, / = 12.1 Hz, 1H, PhCH,0), 4.66 (br ¢, J = 3.8 Hz, 1H, H5B), 4.75 (d, J =
7.1 Hz, 1H, OCH,;0). 4.83 (d, / = 7.1 Hz, 1H, OCH,0), 4.89 (br dd, J = 7.7, 6.6 Hz, 1H,
H13f), 7.14 (d, J = 8.2 Hz, 2H, SO,Ph), 7.34 (m, 5H, OCH,Ph), 7.75 (d, J = 8.2 Hz, 2H,
SO4Ph).

Oxewne 27a from diol mesylate 26a.  To a stirred solution of diol mesylate 262 (P, = BOM, Pio
=TES, P;3 =TBS, R = Ms) (2.7 mg) in toluene (0.4 mL) under nirogen at room temperature was

added diisopropy! ethylamine (0.008 mL). The solution was refluxed for 3.5 h, cooled to room



added 0.33 nL of a 0.24M sol ution of t-BuOK (0.08 mmol) ,4& The
reaction was stirred 20 mn. and then 0.25 mL of a 0.§M W §HEH
was added at -78 'C and stirred 5 min. The m xture was [difluted wth 20
of ethyl acetate and was poured into 50 nL of aqueous datjatz4 M% Th
organi ¢ layer was then dried with Na2 SO83 filtered ang lvaporate Ji ye
18.6 ng of a yellow solid which was then plug filtered{throughsritea—ge
with 2% et hyl acetare/ hexanes followed by 30% et hyl acerate/hcxanes to gifve
15.9 nmg of 33 (P7 = BOM, P3 = TBS) (96% yi el dé 33 (P7 .= BOM PI3 ="TBS):

mp.: 234- mc@mrs,momuqte@@ mi-of 2 ganiraigy agneguy §aliGO, sﬂuum@mmc@wn@c@sl

G 17), 1 e L e et Segaic ghate e g gVt NS0, it

14. 4 Hz, |
A "?fg“’g S g% B polod 6l e 1 v iy

2.70 (ddd, Eﬁromaﬁgﬂphcﬁ % tmylﬂacbmc/hcbdann%&aymlda @@(@@)@ﬁoﬁ:ﬁxcaﬂa IH H3a) |
76l 137 Bp BN b TS, Bpr £ B 1 MM (500 Mtz GET ) BAb10 &, Gt TBS
A o R e TEs K g 687 6. TRYUES) g G55 f&d%éﬂ

He, I H H5en=.sc5H911 fzdgé; 3, €H§ %, 826, (s,%tg)éﬂ%I%)Hgsd(g H, EE916)91.99 1l /=

Hz. 1H, H Ga),
11.3, 13 4 Hz, IH H9a), 1.98 (d J- 1.4 Hz, 3H, CHy 18), 2.06 (dd, J = 6.0, 18.6 Hz, 1H,

H6B), 2.11 (dd, J = 4.5, 13.4 Hz; 1H, HIB), 2.14 (d, /= 5.5 Hz, 1H, H3a), 2.41 (dd, J =
9.2, 15.1 Hz, 1H, H148), 2.43 (m, 1H, H6a), 2.54 (s, 1H, OH#), 2.76 (dd, J = 5.2, 15.1 Hz,
Hl4a), 3.21 (dd, J= 3.4, 13.0 Hz, 1H, H7a), 4.36 (d, / = 8.6 Hz, 1H, H20a), 4.37 (dd, J =
4.1, 11.3 Hz, 1H, HI0B), 4.40 (br d, J = 8.2 Hz, 1H, H5a), 4.60 (d, J = 5.5 Hz, 1H, H2B),
4.61 (d, J = 12.6 Hz, 1H, PhCH,0), 4.67 (m, 1H, H13p), 4.69 (d, J = 12.6 Hz, 1H,
PhCHle), 475 (d, J= 7.5 Hz, 1H, OCH,0), 4.86 (d, /= 7.5 Hz, 1H, OCH,0), 491 (dd, J =

0.7, 8.6 Hz, 1H, H20B), 7.34 (m, SH, Ph). Anal. Calcd. for C4;Hgs09Si;: C, 64.87; H, 8.76.
Found C, 64.61; H, 8.78.

Oxetane 27a from diol tosylate 26aa. To a stirred solution of diol tosylate 26aa (P;=BOM, P,
= TES, Py3 = TBS, R = Ts) (33 mg, 0.0354 mmole) in toluene (3.3 mL}) under nitrogen at room
temperature was added DBU (0.11 mL, 0.73 mmole). The solution was heated at 80 °C for 10
min, then the temperature was increased up to 110 “C during a 40 min period, maintained at 110 °C
for 30 more min and cooled to room temperature. The solutdon was filtered through a short pad of
silica gel uSing 30% ethyl acetate/hexane as efuent. The filtrate was concentrated to give 25 mg of

crude 273, which was column chromatographed (30% ethyl acetate/hexane) to yield 21 mg (78 %)
of oxetane 27a (P;=BOM, P, = TES, P, = TBS).

Oxetane 29. To a stirred solution of oxetane 27a (P; = BOM, P =TES, P,3 = TBS) (21 mg,
0.0276 mmioe) and dimethylaminopyridine (3.4 mg, 0.0278 mmole) in pyridine (110 L, 1.37

mmole) under nirogen at room temperature was added acetic anhydride (26 uL., 0.276 mmole).



EhCHE2), 7.49 (tt, | = 1.7, 7.9 Hz, 2E, PhCOO -m), 7.61 ({tREBLACEMFRT °7HE@
Hz, I'H PhCOO -p), 8.10 (dd, J—12 7.9 Hz, PhCOO -0). == MR,

= TBS): IH NMR (300 MHz, CDCI3) 5 0.13 (s, 3H, TBS CH3), 0. LSﬁ éi‘; TBS
CH3), 0.95 (s, 9H, TBS t-Bu), 1.00 (s, 34, CH3 16), 1.09 {s D 7%
1.23 (s, 3H, MOP CH3), 1.37 (s, 3H I\/LPéHS) 1.58 (s, 1H, ~aHl), 179(5
3H, CH3 19), 1.90 (ddd, J =26, 88, 13.7 Hz, IH H63), .04 (s, 3H CI—|3
18), 2.13 (dd, J 8.8, 15.5 Hz, IH, Hl4p), 2.22 (dd, J =
Hl4a), 2. 3H, OAC 7 , 6

3H, ?\/L’P ﬁgsdlgx%w?s st rfcd foxﬁf{a,l_@ﬂitfrﬂwﬁpé?hﬁ aczlllaLEBp%_%ed jl“b @ xgj_l%fs S%U'q’ag:%
H20a), 4. 2{%&5{,5 NaHC G, ?olﬁlon drid exEPited with 3dhy( E'c..talc 200m8 xH 9. ThilcomBihed orghntbl

(dd, J = 11.0 HzZ, 1H, Hrax), 4.94 (dd, = 2.2, 9.9 Hz, 1H, Hsa), 5.03
(ddd, J = ;ihaﬁr,s v&r&dn@icﬂlcfm';hvdtdus Hl;&pruﬂcﬁ@ca@dmcdunchrﬁuMPIIthm @; 26 51g60
d J=17.2 14, H20), .7.48 J=7.7 H t,

(7 7 Hz, | H:f am;&xgﬂpmoxl glhiqy Y3, co gumn thgmp@gragh:d (..5% czhy acg?afc/hcxanc) go yxcld 16

mg (72%) of oxetane 29 (P, = BOM, P,q = TES, P,5 = TBS).
29 (P, = BOM, P,g = TES, P53 = TBS): 'H NMR (500 MHz, CDCL); & 0.10 (s, 3H, TBS
CH,), 0.12 (s, 3H, TBS CHjy), 0.56 (q, 6H, TES CHy), 0.92 (t, 9H, TES CHy), 0.94 (s, 9H,
TBS +-Bu), 1.35 (s, 3H, CH;, 16), 1.30 (s, 3H, CH, 17), 1.29 (s, 3H, CH; 19), 1.96 (br t, J =
13.0 Hz, 1H, H9a), 1.98 (d, /= 1.4 Hz, 3H, CHy 18), 2.02 (dd, J = 7.5, 13.0, 1H, H9p), 2.07
(d, J = 8.0, 13.0 Hz, 1H, H6B), 2.13(s, 3H, OAc), 2.24 (dd, J= 3.4, 15.0 Hz, 1H, Hl4a),
240 (dd, /= 8.6, 15.0 Hz, 1H, H14B), 2.51 (ddd, /= 4.1, 9.2, 15.0 Hz, 1H, Héa), 2.63 (4,
'J= 6.5 Hz, 1H, Hia), 3.69 (dd, J = 4.1, 13.0 Hz, H7a), 435 (dd, J= 3.4, 113 Hz, 1H,
HI10B), 4.64 (m, 4H, PhCH,0, H2B, HS), 475 (d, / = 7.2 Hz, 1H, OCH,0), 4.76 (br d, J
= 9.2 Hz, 1H, H20), 4.83 (d, /= 7.2 Hz, 1H, OCH,0), 4.85 (br d, J = 9.2 Hz, 1H, H20), 4.88
(brt, J = 8.2 Hz, 1H, HI13g), 7.35 (m, SH, Ph).

Benzoate 30. To a stirred solution of oxetane 29 (P;=BOM, P4 = TES, P; = TBS) (6 mg,
'0.00'75 mmol) in THF (0.5 mL) under nitrogen at -78 *C was added a 0.3M solution of
phenyilithium in ether (44 pL, 0.013 mmol). The solution was stirred at -78 °C for'15. min and
quenched with a 10% solution of acetic acid in THF. The solution was diluted with ethyl acetate,
poured into 20 mL of a saturated aqueous NaHCO; solution and extracted with ethyl acetate (20
mL x 3). The combined organic phases were dried over anhydrous Na;SO,4 and concenwated
under reduced pressure to give 8 mg of a pale yellow oil. ﬁc oil was column chromatographed
(25% ethyl acetate/hexane) to yicld 6.2 mg (94%) of benzoate 30 (P;=BOM, P;; =TBS,R =
TES). _

30 (P;=BOM, P,5; =TBS, R = TES): 'H NMR (500 MHz, CDCl;); 8 0.09 (s, 3H, TBS CHj,),
0.14 (s, 3H, TBS CH,), 0.60 (ddd. 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.96 (t, 6H, TES
CH,), 1.23 (s, 3H, CH; 17), 1.38 (s, 3H, CH, 19), 1.46 (s, 3H, CH, 16), 1.69 (s, 1H, OH1),
1.97 (ddd, J = 14.5, 10.0, 3.1 Hz, 1H, H6P), 2.05 (dd, J = 16.1, 5.1 Hz, 1H, HIB), 2.09 (dd,
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24 DEC 19961 PhCOG- 0) . Acetate 34. To a pyridine (0.J1{lInmL) sol utionjof
33 (P7 = BOM P13 = TBS) (15.9 ng, 0.02 mmol) and DVAP (1.}2 24,DEG Ogogmol )
at roam tenperature was added acetic anhydride (38 pL, ¢.4 mmol) and th
reaction stirred 19 h. The m xture was t#en diluted with 20 niL ot ethyt
acetate and poured into 50 nL of aqueous saturated NaH The_organic
| ayer was dried with Na2SO4, filtered and evaporated to give 18.1 of

crude proddet 15.5h&2 fz ¢Hi B148n2. B (g 38, IGRy &8), 2R20d8nhT =i 1 .ba&%éﬁz.vﬁﬁim |

et hyl acet atel hexanes .t jve. 16 f 3 P7, = Pl3 = : %
oo ) SatoB e Ba4: Bk LIR30 fiiblas 4h B8 [ T 8T A By 1
0.16 (s, 3 19 s BSg b-184) 1, ( . CGHR047)e 1 3.1
(s 05t ool Bol 18 HoghSs.a0i, TESga B mdd), (oo (d, Ldoles My a,
2.1, 10.6, HY4),74.20r(d, Y, 8136HO) 1HZ2HOAR Y, d,29)(d-J & 812 Hz, 1HIHH20H]3, 4.89 (d,J.=12.0 @ik,
J =8.6, 15.1 Hz, 1H H143), 2.19 SS 3H ACOlOZi, 2. 24édd J = 8.6,

. 1H, PhCH,0), 4.63 (br ¢, 1H, H10B), 4.74 (4.7 = 12.0 Hz, {H, PhCH,0), 4.92 (d, /= 6.9 Hz,
1H, OCH,0), 4.91-4.95 (m, 2H, H13B & H5a), 5.01(d, J = 6.9 Hz, 1H, OCH;0), 3.66 (d, J =
6.2 Hz, 1H, H28), 7.28 (m, 1H, PhCH,), 7.35 (m, 4H, PhCH,), 7.48 (m, 2H, PhCOO -m),

7.59 (m, 1H, PhCOO0 -p), 8.11 (m, 2H, PhCOO0-0).

A1%4

Alcohol 31. To a solution of benzoate 30 (P; = BOM, P,3 = TBS, R = TES) (6.2 mg, 0.007
mmol) in 2 mL of THF was added 0.1 mL of a 0.1 M solution of TBAF in THF. The mixture was
stirred for 2 h at 25 °C under nitrogen. The reaction mixture was diluted with 10 mL of ethyl
acetate, then poured into 10 mL of a saturated aqueous NaHCO, solution. The organic phase was
washed with 10 mL of a saturated aqueous NaHCO, solution, r:iricd over anhydrous Na;SO4 and
concentrated under reduced pressure to give 4.5 mg (93%) of alcohol 31 (P;=BOM, P,;=TBS,
R =H). |
31(P;=BOM,P,; =TBS, R = H): fnp 213-216 "C 'H NMR (500 MHz, CDCl;); 3 0.10 (s, 3H,
TBS CH3), 0.15 (s, 3H, TBS CH3), 0.94 (s, 9H, TBS t-Bu), 1.26 (s, 3H, CH; 17), 1.39 (s,
3H, CH;3 19), 1.45 (s, _3H, CHj; 16), 1.68 (s, 1H, OH1), 1.89 (ddd, J = 14.5, 10.0, 2.5 Hz, 1H,
H6B), 2.10 (dd, /= 15.0, 9.0 Hz, 1H, H14p), 2.15 (dd, / = 15.6, 8.0 Hz, 1H, Hl4a), 2.18 (s,
3H, CH4 18), 2.23'(dd, /= 15.0, 8.5 Hz, 1H, H9B), 2.26 (s, 1H, OAc 4), 2.40 (dd, J = 15.0,
3.5 Hz, 1H, H9«a), 2.68 (m, 1H, H6a), 2.90 (br s, 1H, OH10), 3.54 (d, / = 6.0 Hz, 1H,

| H3a), 4.16 (d, J= 8.0 Hz, 1H, H20pB), 4.23 (dd, /= 10.0, 7.0 Hz, 1H, H7a), 4.30 (d, /= 8.0
Hz, 1H, H20c), 4.68 (dd.J = 15 Hz, 2H, PhCH,0), 4.78 (m, 1H, HI10B), 4.87 (d, J = 6.5 Hz,
1H, OCH,0), 4.95 (t, /= 2.0 Hz, 1H, H20«), 4.92 (d, /= 7.0 Hz, 1H, OCH,0), 4.93 (brd, J
= 2.0 Hz, 1H, HI3B), 4.96 (br d, J = 6.5 Hz, IH, H5x), 4.97 (d, J = 6.5 Hz, 1H, OCH,0),
5.68 (d, /= 6.0 Hz, 1H, H2p), 7.28 (m, 1H, PhCH,0), 7.35 (m, 4H, PhCH,0), 7.40 (m, 2H,
PhCOO-m), 7.59 (m, 1H, PhCOQ-p), 8.13 (m, 2H, PhCOOQ-0). Anal. Calcd. for
Cq3H40010Six0.5H,0: C, 66.72; H, 7.94. Found C, 66.75; H, 7.96.



: 1
15.1 Hz, 1H, Hldcl), 2.28 (s, 3H, AcO4), 2.88 (ddd, J= 6., RE AOEHENT WET
1H Hea), 3.87 (d, J= 7.0 Hz. 1H H3ca). 4.15 (d, J= 8.2 [ 1H H20,B).
4.24 (dd, J= 6.5, 10.6 Hz, 1H, H7a), 4.31 (d, J = 8.2 Hz, | 1H 2RQOC 19964
(d. J = 12.0 Hz, 1H, PhCIJ20). 4.68 (d, | = 12.0 Hz, 1H PhGHO, 485 (s
>H OOH20), 4.95 (dd, J = 2.1 9.8 Hz, 18§ H5 a), 5 65 (d| =70 Fz IR
H20), 6.39 (s, 1H H Ca), 7.30 (m 5H PhCH2), 7.49 (tt, § = 1.4. 8.2 tz.

85 o ARl g Aleiakppds) T fsdifg ol §8§€g§&7‘§)”92§’87 PP o TEs”
1460, 1379 ]-25@5) %I:Botg% @@QQM&QQn Resonigite (RI-RLY=EBSC wad‘hdﬂl‘da a(tﬁ@QoNHén of

cDC13) 5 0. 87 , 6H, TES CH), 0.67 (q, J = 7.7 H, TES CH2),
0.92 (t, JHF-p?nﬁmHz:meld'c 1ﬂ'E®t®l*K3i}t; (@18 o) The solution was-girrediat 0TESoB f, difutad)

55 1o Sk ek 350 byl e
T 10 Fhf o B okt g s goinnianyt s o

Hea), 3. 82cdném=hzca uhder xleauccarﬂ;cski&e)m gie 14 5(ualg (010156 8nrokdy pf Bbia alsi28 1:)1 ms'sau
-(d, | 3 Hz, 1H, H2Ca), 4.48 (dd, J = 6.6, 10.4 Hz, H7a), 4. 92
| = 7. 7, SW& cﬁl:qolv_bél in HEE)(1 rn‘i.)ga@d(cgolc@ to—-78 °C. e thx;pplupgrg@) 78 Caa @gdcha Q.2 3'5 6
e, 1R M solution of phenyilithium in THF (0.144 mL, 2.1 eq.). After 10 min, the solution was poured
into 20 mL of saturated aqueous NaHCO4 solution and CHCl3 (30 mL x 3). The combined
organic phasc was dried over anhydrous Na,SO, and concentrated under reduced pressure to give
' 16 mg of a pale yellow oil, which was crystalized to yield 12.7 mg (85%) of benzoate 31 (P; =

BOM, P,; = TBS, R = H).

Ketone 32. To a soludon of benzoate 31 (P, =BOM, P, =TBS, R = H) (18 mg, 0.235 mmole)

and 4-methylmorpholine N-oxide (18 mg, 0.154 mmole) in CH,Cl, (2.6 mL) at room temperature

was added temrapropylammonium perruthenate (6 mg, 0.017 mmole). The solution was stirred at

room temperature for 15 min and filtered through silica gel with 30 % cthyl acstate/hexane. The

filtrate was concenmated under reduced pressure to yield ketobenzoate 32 (P, =BOM, P (3 = TBS)
(18 mg, 100%). '

32 (P, =MOP, P,; = TBS): 'H NMR (300 MHz, CDCl;) 6 0.12 (s, 3H, TBS CH,), 0.16 (s,

3H, TBS CHj), 0.94 (s, 9H, TBS t-Bu), 1.25 (s, 3H, CH; ), 1.42 (s, 3H, CHj ), 1.44 (s, 6H,
MOP CH,), 1.49 (s, 3H, CH;), 1.75 (s, 1H, OH1), 1.76 (m, 1H, H6), 1.83 (s, 3H, CHj 18),
2.21(dd, J =7, 15 Hz, 1H, H14), 2.25 (s, 3H, OAc), 2.29 (dd, J = 8, 15 Hz, 1H, H14), 2.61
(d, J =16 Hz, 1H, H9), 2.74 (ddd, J =8, 9, 17 Hz, 1H, H6), 3.19 (s, 3H, MOP OCH,), 3.20
(d, J = 6 Hz, 1H, H3e), 3.32 (d, / =16 Hz, 1H, H9), 3.78 (dd, J = 8, 10 Hz, 1H, H7), 4.15
(a, J =8 Hz, 1H, H20), 4.34 (d, J = 8 Hz, 1H, H20), 4.89 (d, / =9 Hz, 1H, H5), 5.04 (m,
1H, H13), 590 (d, J = 6 Hz, 1H, H2), 7.50 (m, 2H, PhCOO -m), 7.62 (m, 1H, PhCOO -p),
8.24 (m, 2H, PhCOO -o0). ' |

32 (P;=TES, P;;3 =TBS): 'HNMR (300 MHz, CDCl4) 3 0.12 (s, 3H, TBS CH;), 0.16 (s,
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i H2a), 6.47 (s, 1H, H Ca), 7.47 (t, | = 7.1 Hz, 2H Fh 4BEC 9% (t
Di ol

J = 7.1 Hz, PhCOO -p), 8.10 (d, J = 7.1 Hz, PhCOO - o) . 35. A
sol ution of 34 (P7 = BOM P13 = TBS) (16837 my, 0.0199 mmpl) in THF (0.5 nL
was added to tris(diethylam no)sul foni undi i | uor ot ri net hy beidicate—{TASE) !
(37 mg, 0.134 nmole) at roomtenperature under nitrogen atnosphere. The

T of o satt IRSHeg A6 @'Y R8N JH, TESCHLL D& YT 20010 B TR ORE) g0

3). The cogHjTBS tBulanlic(tohass HepSHATES CHb)el.24(s) 34 CHs ),Na25 Q! 3é-thH3 ) 1. 9
(s, 3H, CHy ), 1.75 (s, 1H, OH1), 1.80 (m, 1H, H6), 1.81 (s, 3H, CH; 18), 2.20 (dd, J =9,
15 Hz, 1H, H14), 2.26 (s, 3H, OAc CHy), 2.29 (dd, 7 =8, 15 Hz, 1H, H14), 2.48 (ddd, J = 8,
9, 17 Hz, 1H, H6), 2.58 (d, J = 17 Hz, 1H,H9), 3.15 (d, J = 6 Hz, 1H, H3a), 3.36 (d, J = 17
Hz, 1H, H9), 3.79 (dd, J =7, 9 Hz, 1H, HT), 4.14 (d, J = 8 Hz, 1H, H20), 4.33 (d, J = § Hz,
1H, H20), 490 (d, 7 =9 Hz, 1H, HS), 5.04 (m, 1H, H13), 5.90 (d, J = 6 Hz, 1H, H2), 7.49
(m, 2H, PhCOO -m), 7.61 (m, 1H, PhCOO -p), 8.13 (m, 2H, PhCOO -0). |
32 (P;=BOM, P;; = TBS): !'H NMR (500 MHz, CDCly); § 0:16 (s, 3H, TBS CHy), 0.18 (s,
3H, TBS CH3), 0.94 (s, 9H, TBS t-Bu), 1.26 ( s, 3H, CH; 17), 1.47 (s, 3H, CH; 19), 1.52 (s,
3H, CH, 16), 1.76 (s, 1H, OH1), 1.83 (d, 3HJ = 0.5 Hz, CH3 18), 1.89 (ddd, J = 15., 9.5,
1.5 Hz, 1H, H6p), 2.21 (dd, J = 15.0, 9.0 Hz, 1H, H14p), 2.26 (s, 1H, OAc 4), 2.29 (dd, J =
15.0, 8.0 Hz, 1H, Hl4), 2.72 (m, 1H, Héa), 2.75 (d, J= 16 Hz, 1H, Hoa), 3.18 (d, /= 6.5
Hz, 1H, H3a), 3.26 (d, J = 16.5 Hz, H9a), 3.65 (dd, /= 9.0, 7.5 Hz, 1H, H7a), 4.15 (d, J=
7.5 Hz, 1H, H20B), 4.34 (d, J = 7.5 Hz, 1H, H20c), 4.61 (d,J = 12.0 Hz, 1H, PhCH,0), 4.72
(d, J = 12.0 Bz, 1H, PhCH,0), 4.81 (4, J = 7.0 Hz, 1H, OCH,0), 4.92 (d, J = 7.0 Hz, 1H,
OCH,0), 4.93 (br d, J = 6.5 Hz, 1H, H5), 5.05 (brt,/ = 6.5 Hz, 1H, H13B), 5.91 (d, /= 6.0
Hz, 1H, H2B), 7.28 (m, 1H, PhCH,0), 7.35 (m, 4H, PhCH,0), 7.50 (m, 2H, PhCOO -m),
7.62 (m, 1H, PhCOO -p), 8.13 (m, 2H, PhCOO -0)

Hydroxyketone 33. To a THF (1.3 mL) solution of 32 (P; = BOM, P,5 =TBS) (16.2 mg, 0.02
mmol) at -78 *C was added 4 equivalents of a 0.24M ¢ -BuOK solution in THF (0.33 mL, 0.08
mmol.). The solution was warmed to -20 *C for 40 min and then briefly warmed to 0°C before
being cannulated into a 0°C THF (1.3 mL) suspension of benzeneseieninic anhydride (57 mg, 0.16
mmol.). The reaction was stirred for 40 min. at 0 *C before being diluted with 20 mL of ethyl
acetate and poured into 50 mL of aqueous saturated NaHCO;. The organic layer was then washed
With 50 mL of aqueous saturated Na,S;0; followed by 50 mL of aqucoﬁs saturated NaHCO,.
The organic layer was shc'n dried with Na,SO,, filtcrcd.nnd evaporated to give 18.8 mg of the

hydroxyketone as an oil. To a THF (1.3 mL) solution of the crude hydroxyketone (18.8 mg) was



concentrated under reduced pressure to give 16 ng of a {alREPYATAMANTOSHEET
which was filtered through a pad of silica gel using 70 % BE—
aceat e/ hexanc as cluent. The filtrate was concentrated t
% of 7-BOMBIII (3 5). 35 (P7=BOM np. 224-225 C, 1H N\
5 1.08 (s, 3H CH3 17), 1.18 (s, 3H, CHBE&6), 1.61 (s, 1H 3
3H, CH3 19), 1.99 ( ddd, J = 2, 10.5, 14.5 Hz, 1H H63), 2.02(d, J = 5 Hz,
|, OH13), 2.10 (d, J = 1.5 Hz, 3H, CH3 18), 2.20 (s, 3H ACO 228 (s 3H,

200, 2 2T T e Moty Sl Hx 0. o T BB e
f=8.5, 10%? i an& Hzcn"(b?ij mﬂ O?Ja dﬂM Agc_t')fﬁ"['l# oﬂubbn ngﬁadcd‘h 4"f_8 (@and]snnjca S%Efﬁz

1H, OCH,P
OCH20), 4. 86e @dxmﬂc wadbdilined &H',h mrl?.ﬁ)t ctMyl&E::@mand H(asl-ﬂsb&]:@ gnm 595:11@ dd aqu]:ous

52%3 (m szppm‘eq?éﬁ?g@ap e rapais veppeciies gysd wipbsRe. et Bhemrpmiedss i
6.5, 35, 3 P9 o I N FoHE “ﬁ‘é%ﬂﬁf’?’%'éo@%”gg g Sgita 1 s 3%, by

80. 3, 80. 3aceie/Roxafick. f8lloVéd by 3098 éthyl acethit/heRaned &5gibe 19.2nBof IR IPH= B, B
132. 4. 133.8, 138.0, 144.4, 167.3, 169.8, 171.0, 203.0. IR (CHCL13) i U 1‘7320,

1460 cM w. TRSh(96%CHEId. for C39H46012: C, 66.28: H, 6.56. Found C,
33 (P; = BOM, P;5 = TBS): m.p.: 234-236'C, 'H NMR (500 MHz, CDCl;) § 0.13 (s, 3H,
TBS CH;), 0.15 (s, 3H, TBS CH3), 0.95 (s, 9H, TBS t-Bu), 1.11 (s, 3H, CH; 16), 1.18 (s,
3H, CH; 17), 1.59 (s, 1H, OHIL), 1.82 (s, 3H, CH, 18), 1.89 (ddd, /= 2.1, 12.4, 14.4 Hz, 1H,
H6B), 1.97 (d, J = 2.0 Hz, 3H, CH; 18), 2.14 (dd, J = 8.6, 15.4 Hz, 1H, H14p), 2.21 (dd, J =
8.9, 15.4 Hz, 1H, Hlda), 2.29 (5, 3H, Ac), 2.70 (ddd, J = 6.5, 9.6, 14.4 Hz, IH, Héa), 3.93
(d, J = 6.9 Hz, 1H, H3a), 4.17 (d, J = 8.6 Hz, 1H, H20B), 4.28 (d, J = 2.4 Hz, IH, OHI0p),
4.31(dd, J = 6.5,12.4 Hz, 1H, Hla), 432 (d, /= 8.6 Hz, 1H, H20q), 4.45 (d, J = 12.2 Hz,
1H, PhCH,0), 4.60 (d, / = 12.2 Hz, 1H, PhCH,0), 4.60 (d, J = 7.3 Hz, 1H, OCH,0), 4.73 (d,
J =173 Hz, 1H, OCH,0), 4.97 (dd, J = 2.1, 9.6 Hz, IH, H5a), 5.01 (ddd, J = 2.0, 8.6, 8.9
Hz, 1H, H13p), 5.35 (d, J = 2.4 Hz. 1H, H10a), 5.64 (d, J = 6.9 Hz, 1H, H2B), 7.3 (m, 5H,
PhCH,), 7.49 (u, J = 1.7, 7.9 Hz, 2H, PhCOOQ -m), 7.61 (11, J = 1.7, 7.6 Hz, 1H, PhCOO -p),
8.10 (dd, J = 1.2, 7.9 Hz, PhCOO -0). |
33 (P, =MOP, P|; = TBS): 'H NMR (300 MHz, CDCl;) § 0.13 (s, 3H, TBS CH,), 0.15 (s,
3H, TBS CHjy), 0.95 (s, 9H, TBS t-Bu), 1.00 (s, 3H, CH, 16), 1.09 (s, 3H, CH; 17), 1.23 (s,
3H, MOP CH), 1.37 (s, 3H, MOP CHj), 1.58 (s, 1H, OH1), 1.79 (s, 3H, CH; 19), 1.90 (ddd,
= 2.6, 8.8, 13.7 Hz, 1H, H6PB), 2.04 (s, 3H, CH, 18), 2.13 (dd, J = 8.8, 15.5 Hz, 1H,
H14B), 2.22 (dd, / = 8.8, 15.5 Hz, 1H, Hlda), 2.29 (s, 3H, OAc), 2.79 (ddd, 6.3, 9.9, 14.8
Hz, 1H, Héa), 3.17 (s, 3H, MOP OCH,), 3.90 (d, / = 7.1 Hz, IH, H3a), 4.16 (d, J = 8.2 Hz,
1H, H20@), 4.25 (d, J = 2.2 Hz, 1H, OH4), 432 (d, / = 8.8 Hz, 1H, H20p), 4.41 (dd, J =
6.6, 11.0 Hz, 1H, H7a), 4.94 (dd, J = 2.2, 9.9 Hz, 1H, H5a), 5.03 (ddd, / = 1.1, 8.2, 8.8
Hz, 1H, H13p), 5.20 (d, / = 6.2 Hz, 1H, H10a), 5.60 (d, / = 7.2 Hz, 1H, H2pB), 7.48 (1, J =
7.7 Hz, 2H, PhCOO-m), 7.61 (. / = 7.7 Hz, IH, PhCOO -p), 8.10 (d, / = 7.1 Hz, 2H,




66.09; H, 6.59. 7-BOM - Taxol. To a solution of 7-BOM bacgcatin IIl (3 5)

(13.2 ng, 0.018 nmol) in 0.25 nL of TEF at -45 C was addgedpih ' '

of a 1.03 Msolution of lithiumbis(crinmecthylsilyl )am' de joﬁgﬂmﬁﬁ;@ﬁa’h
-45 C. a solution of

(S) cis-1-benzoyl-3-trierhylsilyloxy-4-aZ%idin-2-one (1p | 24 DEC 1996
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0. 039 mmwg t@g 25 mL of THF was added dropwi se to thel m xture. The

sol uti on wadCH&#ed to 0 C and kept at that tenperature $or—1_h bhefore 0.2

m. of a 10% solution of AcOHin THn was added. The m xture was partitioned

bet ween saturated aqueous NaHC@ and 60% et hyl

Acetate 34. To a pyridine (0.1 ml.) solution of 33 (P; = BOM, P,3 = TBS) (15.9 mg, 0 02
mmol) and DMAP (1.2 mg, 0.01 mmol) at room temperature was added acetic anhydride (38 pL,

0.4 mmol) and the reaction stirred 19 h. The mixture was then diluted with 20 mL of ethyl acetate
and poured into 50 mL of aqueous samrated NaHCO;. The organic layer was dried with Na,SO,,
filtered and evaporated to give 18.1 mg of crude product. The material was plug filtered through
silica gel with 20% cthyl acetate/hexanes to give 16.8 mg of 34 (P; = BOM, P,; = TBS) (100%
yield). . :

- 34 (P;=BOM, P;; = TBS): 'H NMR (500 MHz, CDCly) & 0.14 (s, 3H, TBS Me), 0.16 (s, 3H,

- TBS Me), 0.95 (s, OH, TBS t-Bu), 1.17 (s, 3H, CH, 17), 1.18.(s, 3H, CH, 16), 1.63 (s, 1H,
OHL), 1.76 (s, 3H, CHj 19), 1.99 (ddd, J = 2.1, 10.6, 14.7 Hz, 1H, H6P), 2.04 (4, J = 1.0 Hz,
3H, CH, 18), 2.17_ (dd, J = 8.6, 15.1 Hz, 1H, B14B), 2.19 (s, 3H, Ac010), 2.24 (dd, J = 8.6,
15.1 Hz, 1K, Hl4a), 2.28 (s, 3H, AcO4), 2.88 (ddd, J = 6.5, 9.8, 14.7 Hz, 1H, Héa), 3.87 (d,
J=17.0 Hz, 1H, H3a), 4.15 (4, J = 8.2 Hz, 1H, H20B), 4.24 (dd, J = 6.5, 10.6 Hz, 1H, H7¢a),
4.31 (d, /= 8.2 Hz, 1H, H200), 4.44 (d, J = 12.0 Hz, 1H, PhCH,0), 4.68 (d,' J =12.0 Hz,
1H, PhCH;0), 4.85 (s, 2H, OCH,0), 4.95 (dd, J = 2.1, 9.8 Hz, 1H, H5a), 5.65(d, J=7.0
Hz, 1H, H2B), 6.39 (s, 1H, H10a), 7.30 (m, 5H, PhCH,), 7.49 (it, J = 1.4, 8.2 Hz, 2H,
PhCOOQ -m), 7.61 (tt, /= 1.4, 7.2 Hz, 1H, PhCOO -p), 8.05 (dd, J = 1.2, 8.2 Hz, 1H, PhCOOQ

--0), IR (CHCl;) v 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379, 1250, 1100, 1020, 860
aml,

- 34 (P;=P3=TES): 'H NMR (300 MHz, CDCl;) § 0.57 (q, / = 7.7 Hz, 6H, TES CH,), 0.67
(q, / =7.7 Hz, TES CH,), 0.92 (1, J = 7.7 Hz, 9H, TES CHjy), 1.01 (t, / = 7.7 Hz, 9H, TES
CH,), L.11 (s, 3H, CH; 17), 1.19 (s, 3H, CH; 19), 1.61 (s, 1H, OH1), 1.67 (s, 3H, CH; 16),
1.86 (ddd, J = 2.2, 10.4, 14.3 Hz, 1H, HEB), 2.11 (d, J = 1.1 Hz, 3H, CH; 18), 2.12 (m, 1H,
H14p), 2.17 (s, 3H, OAcl0), 2.23 (dd, J = 7.6, 14.9 Hz, 1H. Hl4 @), 2.28 (s, 3H, OAc4),
2.51 (ddd, J = 6.9, 9.6, 14.3 Hz, 1H, Hé6a), 3.82 (d, / = 7.2 Hz, 1H, H3), 4.14 (d, J = 8.3
Hz, 1H, H208), 4.30 (d, / = 8.3 Hz, 1H, H20a), 4.48 (dd, J = 6.6, 10.4 Hz, 1H, H’lcc), 4.92
(dd, J =7.7, 8.8 Hz, 1H, H5a), 496 (d, J. = 8.2 Hz, 1H, H13pB), 5.63 (d, J = 6.6 Hz, 1H,



acetate | hexane. Evaporation of the organic |ayer gave 3 i
purified by filtration through silica gel to give 20.2 gﬁ;@ﬁgm %E\pa

(2'R 3 9S)-2"-tiethylsilyl-7-BOMtaxol. To a solution of {29.2 ng (0.018
mml) of (22R 3 S)-2'-triethylsilyl-7-BOMtaxol in 0.8 f@qugmlw%le
and 0.3 nL of pyridine at 0 C was added ®010 nt of 48% aqué¢ous HF. The

m xture was stirred at O Cfor | h and then partitioned be urated
aqueous sodi um bi carbonate and ethyl acetate. Evaporatiofp_of the ethyl

acetate solutio Y% te r d . by,f.l.as
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169- 172 C, fé EB/IE% 11'?}212. 58.11 (d, J = 7.1 Hz,2H, benzoate
orr ho), WI |'H,” benzami de ortho ), 7.61-7.26 (m 11 H,
aromatic) 7.06(d, J = 8.8 Hz, 1H, NH) 6 33 (s 1H, H10), 6.17 (dd, | =

8.8, 8.8 Hz, 11HHl3Zll 5.79 (dd, J |H B0, 5. 87 (d ) = 6.6
Hz, 1H, H2Biol 34.9A 50 n0&£é3s (Pe= ]ﬂ@MHB); MNMG $m3n0f§ﬁ9 mgol) in (0.5 mL)

h
e Ll e el 15 & ALk
Hz, 1H H3) (ro&n%éﬁatué'unacéxfggm %Hmsﬁn&!) T‘n@sd?@ﬂ&%as%ﬁmﬂ"@&)% min3@ili&d wﬁfi‘
4Ac), 2.30 2H," H14 2.19 , 311, 1 QAc) .05 (m 1H, H6b), 1.78 (br

s, 6H, Mel &hpdceiate, 1pdifted sto 268imL i:&-l)samﬂntd:gac(xmnus NaHKD4 miﬂléqn ikl Ftactéhwith

Cal cd. for C5SH59015x0. 5H2Q: C, 67.20; H, 6.15. Found C 67. g; H,. 6_16.
CHCl; (30 mL x 3). The combined organic phase was dried over anhydrous Na2504 and
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concenmated under reduced pressure to give 16 mg of a pale yellow oil, which was filtered through
3 pé.d of silica gel using 70 % ethyl acetate/hexane as eluent. The filtrate was concentrated to yield
13.5 mg (94 %) of 7-BOM BIII 3 5).
35 (P,=BOM) mp. 224-225 °C, 'H NMR (500 MHz, CDCl;), 8 1.08 (s, 3H, CH; 17), 1.18 (s,
3H, CH; 16), 1.61 (s, 1H, OH1), 1.77 (s, 3H, CH; 19), 1.99 (ddd, J = 2, 10.5, 14.5 Hz, 1H,
H6B), 2.02(d, J - 5 Hz, 1H, OH13), 2.10 (d, J = 1.5 Hz, 3H, CH; 18), 2.20 (s, 3H, AcO),
2.28 (s, 3H, AcQ), 2.27-2.29 (m, 2H, H14), 2.89 (ddd, J = 7, 10, 16.5 Hz, 1H, Héa), 3.94 (d,
J =17 Hz, 1H, H3), 4.16 (dd, J = 1, 8.5 Hz, 1H, H20B), 4.24 (dd, /= 6.5, 10.5 Hz, 1H, HT),
431 (d, /=8 Hz, IH, H20a), 4.45 (d, /= 12.0 Hz, 1H, OCH,Ph), 4.67 (d, / = 12.0 Hz, 1H,
OCH,Ph), 4.84 (d, /= 5 Hz, 1H, OCH;0), 4.86 (d, J = 5 Hz, 1H, OCH,0), 4.87 (m, 1H,
H13p), 4.95 (dd, J = 2.0, 9.5 Hz, 1H, H5a), 5.63 (d, J = 7 Hz, 1H, H2p), 6.40 (s, 1H,
H10a), 7.30 (m, 5H, PhCH5), 7.48 (m, 2H, PhCOO -m), 7.61 (m, 1H, PhCOO -p), 8.10 (2H,
m, PhCOO -0). !3C NMR (CDCl3) & (ppm) 10.3, 14.9, 20.0, 20.7, 22.4, 26.6, 35.3, 38.4,
- 42.7, 47.2, 57.4, 67.8, 699, 74.6, 75.8, 76.4, 78.7, 80.3, 80.3, 80.9, 84.4, 96.7, 127.7,
127.9, 128.5, 128.8, 129.6, 130.3, 132.4, 133.8, 138.0, 144.4, 167.3, 169.8, 171.0, 203.0.
IR (CHClI3) v 1720, 1460 cm-!. Anal. Calcd. for C39H460;4: C, 66.28; H, 6.56. Found C,
66.09; H, 6.59.

7-BOM-Taxol. To a solution of 7-BOM baccatin II1 (3 5) (13.2 mg, 0.018 mmol) in 0.25 mL of
THF at -45 C was added dropwise 21 pL of a 1.03 M solution of lithium bis(rimethylsilyl)amide
in THF. After lh at -45 C, a solution of (S)-cis-1-benzoyl-3-miethyisilyloxy-4-azetidin-2-one (15



Taxol . To a suspension of 10% Pd on carbon (50 ng) in ethd nBEP @E@W)QHFET
saturated with hydrogen at roomtenperature was added a s¢l ytion or ‘7“8‘7
Ovttaxol (14.4 ng, 0.0 148 nmol) in ethanol (0.2 nL x 4). IThe o ﬁ#ﬁ
m xture was refluxed for 45 mn under hydrogen and then fi ered %1
silica gel eluting with ethyl acetate. Tht solvent was evap
reduced pressure to give 11.9 ng of taxol (94% as colorlgss needles, which
exhi bi ted spectra identical with an authentic sanple of taxol. Taxotr——np:

17). 1. o6 (ue Y TP s i S0 TRy i Bro B Bl S Solun o/

(ddd, J= 14yfmed 100 C and kept at that temperature for 1 h before 0.2 mL of a 10% solution of AcOH in
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acetate / hexane. Evaporation of the organic layer gave a residue which was purified by filoration
through silica gel to give 20.2 mg of crude (2'R,3'S)-2"-riethylsilyl-7-BOM taxol.

To a solution of 20.2 mg (0.018 mmol) of (2'R,3'S)-2"-triethyisilyl-7-BOM taxol in 0.8 mL of
acetonitrile and 0.3 mL of pyridine at 0 'C was added 0.10 mL of 48% aqueous HF. The mixture
was stirred at 0 "C for 1 k and then partitioned between saturated aqueous sodium bicarbonate and
ethyl acetate. Evaporation of the ethyl acetate solution gave 17.7 mg of material which was
purified by flash chromatography o give 15.4 mg (86%) of 7-BOM-taxol.

7-BOM-Taxol: m.p 169-172 ‘c, lHNMR (CDCl4, 300 MHz) § 8.11 (d, J = 7.1 Hz,2H,
benzoate ortho), 7.76 (d, J=7.1 Hz,1H, benzamide ortho ), 7.61-7.26 (m, 11 H, aromatic),
7.06(d, J = 8.8 Hz, 1H, NH), 6.33 (s, 1H, H10), 6.17 (dd, J = 8.8, 8.8 Hz, 1H, H13), 5.79
(dd, J = 8.8, 2.2 Hz, 1H, H3"), 5.67 (d, J = 6.6 Hz, 1H, H2b), 4.‘.91 (d, J=8.8 Hz,1H, HS),
11.87-4.77(m, 3H, H2, OCH2Ph)4.67(d, J=12 Hz, OCH20) 4.43(d, J=12 Hz, OCH20), 4.30
(d, /= 8.2 Hz, 1H, H20a), 4.19 (d, / = 8.2 Hz, 1H, H20b), 4.15 (m, 1H, H7), 3.70 d,J=6.6
Hz, 1H, H3), 3.61 (d, /= 2.5 Hz, 1H, 2'0OH), 2.85 (m, 1H, Héa), 2.35 (s, 3H, 4Ac), 2.30 (m,
2H, H14), 2.19 (s, 3H, 10Ac), 2.05 (m, 1H, H6b), 1.78 (br s, 6H, Mel8,Mel9), 1.72 (s, IH,
10H), 1.19 (br s, 6H, Mel16, Me17). Anal. Calcd. for C55Hs90,5x0.5H,0: C, 67.20; H, 6.15.
Found C, 67.08; H, 6.16.

Taxol. To a suspension of 10% Pd on carbon (50 mg) in ethanol (0.6 mL) saturated with
hydrogen at room temperature was added a solution of 7-BOM-taxol (14.4 mg, 0.0148 mmol) in
ecthanol (0.2 mL x 4). The reaction mixture was refluxed for 45 min under hy_drogcn and then
filtered through silica gel eluting with ethyl acetate. The solvent was evaporated under reduced
pressure to give 11.9 mg of taxol (94%) as coloriess needles, which exhibited spectra identical
with an authentic sample of taxol.

Taxol: mp. 210-212-°C, 'H NMR (500 MHz, CDCl4) & 1.15 (s,3H, CH; 16), 1.24 (s, 3H,
CH, 17), 1.68 (s, 3H, CH, 19), 1.75 (s, 1H, OH1), 1.79 (s, 3H, CH, 18), 1.90 (ddd, J= 14.6,




110, 2.3 Hz, | H H60), 2.26 (s, 3H 'AcOL0), 2.33 (dd, D=REPLACEMENT BHEFLH,
HL40), 2.38 (dd, J-15.4, 8.9 Hz, IR Hlda), 2.41 (s, 3H PCOP—2-46—(d
(141 I OHT), 2,57 (ddd, 9= 10.0,14.6,6.5 He. IH HoR) 5 8 %ﬁ i
J=5.0 Hz, 1H "OH2'), 3.82 (d,J=6.9 Hz, 1H, H3a), 4. 72 (d p=8%D by,
H20a), 4.32 (d, 1= 8.5 Hz, 1 H, H200). 4932 (ddd, J= 11.p, L6541 ko |1
H H7 a), 4.81 ( dd, J= 5.0, 2.5 Hz, 1 H, H2'), 4.96 (dd, 1=10.0, 2.3 Hz,
IH, H5a), 5.69 (d, J =6.9 Hz, 1 H, H2 ). 5.81 (dd, J=8.%—2-5+Hr—it—H
H3'), 6. 25 ¢dd; 51538 S0 11309,
P05 St by e, Hae ¢ I MGG 2.9, @F, 1215 Ae S HECTH) HIGRDS, 48!
M PhOON (g9, / 158 LM HE, AR, 298], (5733,6;\@04) dL46 (cL o . ll-IzH..,ll-H OHOYe 57
-a), 8.16 (br d; J=7. CHCL3) u_1730. 1650 Or-

| G Deacet yl(dddaéedﬂionl“rﬁ Qé Ié? mi’ &{@FWM@J &b- O@F.»oﬁ"e QH3")( pB2LdpFs. 9 Iﬁz 3H-

TES) (2.2 0 r I it
50 ot % PR 4R Ra TR 500 05 40 81 £ 30 T, b0t e vl U LS
was then Wﬁgﬁ&q ue 1 HO'HMWDSI Qladr e=anl 254 Hzed H, H2'$64.00 s 7 T1060,N. 3 tHL 1S
then diluted wth 2 nL of ethyl acetate -and poured In to a separatory
Hsa), 5.69 (d, /=6.9 Hz, | H, H2pB), 5.81 (dd, /=8.7, 2.5 Hz, 1 H, H3"), 6.25 (dd, /=8.9,
2.9 Hz, 1 H, H13B), 6.29 (5, 1H, H 10c), 6.98 (d, J= 8.7 Hz, 1H, NH),7.37 (m, IH, PhCON
-p), 7.46 (m, 9 H, Ph 3, PhCOQ 2’ -m, PhACON -m), 7.62 (m, 1H, PhCOO -p), 7.76 (br d, J
=8.7 Hz, 1H, PhCON -0), 8.16 (br d, /=7.3 Hz, 1 H, PhCOO -0). IR (CHCl3) v 1730, 1650

anl,

10-Deacetyl baccatin Il (36). To a mixture of ketone 33 (P; =MOP, P, 3 = TES) (2.2 mg, 0.003
mmol) in pyridine (30 uL, 0.36 mmol) and acetonitrile (20 pL) at 0 *C was added 48% aqueous
.I-lF (12 pL, 0.32 :mmol) and the solution was then warmed to room temperature and stirred for 36
hours. The mixture was then diluted with 2 mL of ethyl acetate and poured in to a separatory
funnel containing 30 mL of aqueous saturated Na,CO4 and 20 mL ethyl acetate. The aqueous
layer was exmacted twice with 20 mL of ethyl acetate and the organic layers were combined, dried
with Na,SOy, filtered, and concentrated to give 2.7 mg .of a yellow oil. The material was purified
by plug silica gel column chromatography by eluting with a 50% ethy! acetate/hexanes mixture
followed by ethyl acetate to give 1.5 mg of 3 6, which exhibited spectra identical with an authendc
sample of 10-DAB.

Baccatin III (37). To a mixture of ketone 3 4 (P = MOP) (2.1 mg, 0.003 mmol) in pyridine (30
L, 0.36 mmol) and acetonimile (20 pL) at 0 “C was added 48% aqueous HF (12 pL, 0.32 mmol)
and the solution was then warmed to room tcrhpcramr: and stirred for 36 hours. The mixture was
then diluted with 2 mL of ethyl acetate and poured in to a separatory funnel containing 30 mL of
aqueous saturated Na,;CO5 and 20 mL cthyl acetate. The aqueous layer was exmracted twice with
20 mL of ethyl acetate and the organic layers were combined, dried with Na,SO,, filtered, and

concentrated to give 2.7:mg of a yellow oil. The material was purified by plug silica gel column
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mmol) in THF (2.2 mL) under nirogen at -78 *C was added dropwise down the side of the flask

2.13 mL of a 0.2 M solution (0.426 mmol) of LDA in THF. After 10 min, a solution of 116 mg of

(S)-camphorsulfonyloxaziridine (116 mg, 0.396 mmol) in 1.5 mL THF was added dropwise

down the side of the flask. The reaction mixture was cooled to =40 °C and, after stirring 1 h, 2

mL of a saurated aqueous NaHCO; solution was added. The reaction mixrure was diluted with 50
mL of 30% ethyl acetate in hexanes and washed with 20 mL of a saturated aqueous NaHCO,
soluti_on and brine, dried over anhydrous Na,SO, and concentrated under reduced pressure. The
resulting oil was filtered through silica gel with 30% ethyl acetate in hexanes and concentrated to
give 210 mg of a colorless oil. This material was purified by radial chromatography, eluting with
25% ethyl acetate in hexanes to yield 150 mg (81%) 5B-hydroxyketone 19 as a white solid, 15 mg
(8%) returned staning ketone 18 and 10 mg (5%) of the corresponding 5a~hyﬁroxykct6nc.

19 (P,=MOP): 'H NMR (500 MHz, CDCl,) § 0.08 (s, 3H, TBS CHj;), 0.12 (s, 3H. TBS CH,),
0.62 (g, / = 8.2 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Bu), 0.96 (t, J = 8.2 Hz, 9H, TES
CHy), 1.05 (s, 3H, CH; 19), 1.19 (s, 3H, CH,4 17), 1.33 (s, 3H, CH; 16), 1.35 (s, 3H, MOP
CH,), 1.43 (s, 3H, MOP CHy), 1.67 (dd, J = 5.0, 14.7 Hz, 1H, H9B), 1.87 (m, 1H, H6B),
2.12 (dd, J = 4.1, 15.1 Hz, 1H, Hl4a), 2.14 (d, J = 1.4 Hz, 3H, CH4 18), 2.23 (dd, J = 7.3,
14.7 Hz, 1H, H9a), 2.55 (dd, /= 9.2, 15.1 Hz, 1H, H14p), 2.76 (ddd, J = 3.7, 7.3, 13.7 Hz,
1H, Héa), 3.22 (s, 3H, MOP OCHj), 3.24 (d, J = 4.1 Hz, 1H, OHS), 3.28 (d, J = 6.0 Hz, 1H,
H3a), 3.83 (dd, J = 3.7, 9.2 Hz, 1H, H7a), 4.06 (ddd, J = 4.1, 7.3, 7.3 Hz, 1H, H5a), 4.46

(dd, 7 = 5.0, 7.3 Hz, 1H, H10B), 4.53 (d, /= 6.0 Hz, 1H, H2B),463(dd.l 2.8, 9.2 Hz, 1H,
H13p). -

Ketone 20. To a vigorously stirred solution of 5-hydroxy-4-ketone 19 (P,=MOP) (420 mg,
0.602 mmol) in CH;Cl; (20 mL) and triethylamine (1.18 mL, 8.5 mmol) under nitrogen at O °C
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A" Hydroxyketone 1 9. To a vigorously stirred solution off ketone 18
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added dropwi se down the side of the flask. e reaction m xture was cool éd

to -40 ' C Hredgrgaxiic phasswas ivasher with.brine, dried over anhydrous Na;SO,4 and concentrated under
reduced pressure to give 453 mg (98%) of ketone 20 as a colorless oil. This material was used
without further purificaton.
20 (P,=MOP): !H NMR (500 MHz, CDCl;) & 0.11 (s, 6H, TBS CHj), 0.12 (s, 9H, TMS
CHs), 0.59 (q, / = 7.8 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.96 (t, / = 7.8 Hz, 9H,
"TES CH,), 1.23 (s, 3H, CH; 17), 1.32 (s, 3H, CH; 19), 1.33 (s, 3H, MOP CHj), 1.35 (s, 3H,
CH, 16), 1.37 (s, 3H, MOP CH,;), 1.86 (m, 3H, H6B, H9«, H9B), 2.05 (d, / = 1.4 Hz, 3H,
CH; 18),.2.43 (d, J = 3.7 Hz, 1H, H14B), 2.45 (d, / = 4.6 Hz, 1H, Hl4a), 2.59 (ddd, J =
6.0, 8.2, 14.2 Hz, 1H, Héa), 2.84 (d, J = 6.0 Hz, 1H, H3a), 3.21 (s, 3H, MOP OMe), 3.51

(dd, 7 = 6.0, 11.0 Hz, 1H, H7«), 3.94 (dd, J = 4.1, 8.2 Hz, 1H, H5a), 4.38 (dd, J = 5.0, 8.7
Hz, IH,- H10B), 4.54 (d, J = 6.0 Hz, 1H, H2B), 4.74 (dd, J = 6.4, 6.4 Hz, 1H, H13f).

Diof 21. To a stirred solution of ketone 2 0 (P;=MOP) (453 mg, 0.588 mmol) in THF (23 mL)
under nitrogen at -78 "C was added dropwise 1.95 mL of a 3 M solution of MeMgBr in ether
(5.85 mmol). The reaction mixture was stirred for 5.5 h, poured into 100 mL of a saturated
aqueous NaHCO; solution and exmacted with thfc: 100 mL portions of CHCl;. The combined
organic phases were dried over anhydrous Na,SO, and concentrated under reduced pressure to
yield 453 mg of the hydroxy timethylsilyl ether as a colorless oil. This material was used without
further purification.

To a stirred solution of the trimethylsilyl ether (453 mg) in pyridine (8 mL) and acczoniuih.: (83 mL)
at 0 °C was added 0.8 mL of a 48% aqueous HF solution. After §tirring 20 min, the resulting
mixture was poured into 100 mL of a saturated aqueous NaFICO, solution and extracted with three
150 mL portions of CHCl4. The combined organic layers were dried over anhydrous Na,SO, and
concentrated under reduced pressure to yield 422 mg of diol 2 1. This material was used
without further purification .

21 (P;=MOP): 1H NMR (300 MHz, CDCl,) § 0.08 (s, 3H, TBS CH,4), 0.10 (s, 3H, TBS CH,),
0.56 (q, J - 7.7 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Bu), 0.93 (1, / = 7.7 Hz, 9H, TES
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1H, H7a) ua&ammsm; 4«661(d, 7.8 3.8, .18, B2B)1H, H5 a), 4. 46 (dd J = 5.0, 7 3
Hz, 1H, H101), 4.53 (d, 3 = 6.0 Hz, IH H20), 4.63 (dd, J = 2.8, 9.2 Hz,
1H, H3P). Ketone 20. To a vi gorously stirred sol utlon of

S-hydroxy- 2461 28° 13 shifréd Wlon SE2ffo1 T (P,=MOP) (470 mg, 0.66 mmol) in pyridine (12 mL)

under nitrogen at room temperature was added acetic anhydride (4.5 mL). After 11 h, the reaction

mixture was diluted with 50 mi. of CHCl;, then poured into 50 mi of saturated aqueous sodium

bicarbonate solution. The aqueous phase was exmacted with CHCl; then the combined extracts
were washed with brine, dried with Na;SO, and filtered. Concentration of the filtrate under
vacuum yielded 470 mg (94% from 2 0) of crude material which was pure acetate 22 by 14 NMR
and TL.C analysis.

22 (Ps=Ac, P;=MOP): 'H NMR (500MHz, CDCl,) & 0.10 (s, 3H, TBS CHj), 0.13 (s, 3H,
TBS CHj), 0.59 (q, J = 7.8 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.95 (t, J = 7.8 Hz,
9H, TES CHjy), 1.18 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 16), 1.32 (s, 3H, CH; 19), 1.33 (s,
6H, CH; 20, MOP CH,), 1.41 (s, 3H, MOP CH,), 1.91 (d, /= 3.4 Hz, 1H, H3a), 1.94 (m,
28, H9, H9), 2.00 (d, J = 1.5 Hz, 3H, CH; 18), 2.06 (ddd, J = 3.9, 3.9, 11.7 Hz, 1H, Héa),
2.10 (s, 3H, OAc), 2.14 (dd, J = 11.7, 23.9 Hz, 1H, H6B), 2.38 (dd, J = 3.9, 15.1 Hz, 1H,
Hl4a), 2.63 (dd, J = 9.3, 15.1 Hz, 1H, H14B), 2.78 (d, /= 1.5 Hz, 1H, OH4), 3.20 (s, 3H,
OMe CHj;), 3.38 (dd, / = 3.9, 11.7 Hz, 1H, H7a), 4.30 (dd, J = 4.9, 10.3 Hz, 1H, H10B), 4.50
(ddd, J = 1.5, 3. 9 12.2 Hz, 1H, H5a), 4.64 (dd, / = 1.5, 1.5 Hz, 1H, H13B). 4.66 (d, J = 34
Hz, 1H, HZB)

Olefin 23. To a stirred solution of alcohol 22 (Ps=Ac, P7=MOP) (26 mg, 0.034 mmol) in
CH,(l, (1.48 mL) and pyridine (0.37 mL) under nicrogen at 10 *C was added SOCl,(0.037 mL,

3.1 mmol) over a period of three minutes. The mixwre was warmed to room temperature and



0.602 mmol) in CH2C12 (20 nL) and Iricthylamne (1.18
nitrogen at 0 'C
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timerhyisilylchloride (0.40 nL, 3.3 nnnl?§ After 0.5 h,
m xture was quenched with 5 nL of a saturated agueous
extracted with 50 nL CHCL3. The organi c phase was washed with. brine, dried
over anhydsumesl fda23Mthamdileioh @é&ht@gﬂadansdrmsrcdriwuwmtw gpeouesadoumy bicarbobBe
ng (98% of keto 2 0 as col orl ess oil .S materi al s used wthout

further puf9iptQn Thgaquecsts PhzseKAsoRIacted Nk (Holy aflshe qorpbinnd oxmgcts weps washe
TBS CH3), Qri:ix%riﬁa’dri%wovy\ﬁhydrous Na3SOy and filtered. Concentration of the filtrate under vacuum

yielded 24 mg of crude material which was purified by silica gel chromatography to give 13 mg

pap DEAAHY6

reaction

~and

(52%) of a 4:1 mixture of 7-MOP-exo;endo cyclic olefins and 6 mg (27%) of a 4:1 mixture of 7-
hydroxy-exo;endo cyclic olefins. '

23 (Ps=Ac, P;=MOP): 'H NMR (500 MHz, CDCl5) 8 0.10 (s, 3H, TBS CH3), 0.12 (s, 3H,
TBS CHj3), 0.59 (q, /= 7.9, 6H, TES CH,), 0.93 (s, 9H, TBS t-Bu), 0.96 (t, /= 7.9, 9H, TES
CHj), 1.21 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 19), 1.32 (s, 3H, MOP CHs), 1.34 (s, 3H, MOP
CHj), 1.37 (s, 3H, CH;3 16), 1.72 (m, 2H, H6B, HOB), 1.89 (dd, J = 3.8, 13.4 Hz, 1H, H9B),
2.03 (d, J = 1.37 Hz, 3H, CH; 18), 2.05 (s, 3H, OAc CHj), 2.33 (dd, J = 5.1, 15.4 Hz, 1H,
Hl4a), 2.47 (m, 2H, Héa, H14p), 3.06 (d, J = 5.8 Hz, 1H, H3a), 3.20 (s, 3H, MOP OMe),
3.38(dd, /= 6.9, 11.0 Hz, 1H, H7a), 4.37 (dd, J = 3.3, 11.0 Hz, 1H, H10B), 4.53 d,J = 5.8
Hz, 1H, H28), 4.74 (m, 1H, H13B), 5.15 (s, 1H, H20E), 5.21 (d, J = 1.37 Hz, 1H, H20Z),
5.36 (d, J = 9.3 Hz, 1H, H5a). '

Diol 24. To a stirred solution of a 4:1 mixture of the exo,endocyclic olefins 23 (Ps=Ac,
P,=MOP) (249 mg, 0.337 mmol) in pyridine (4.6 mL) under nitrogen at 0 *C was added 2.35 mL
of 2 0.157 M solution (0.368 mmol) of OsO, in THF. After 1 h, NaHSO3 was added along with
6.2 mL of water and 'thc mixture was stirred for 1 h at room temperature. The mixture was then
diluted with ethyl acetate and poured_ into saturated aqueous sodium bicarbonate. The aqueous
layer was extracted with ethyl acetate and the combined extracts were washed with brine, dried
over anhydrous Na,S0O4 and concentrated under reduced pressure to yield 281 mg of crude
material which was purified by silica gel chromatography, eluting with 50% ethyl acetate/hexane to
yield 190 mg (73%) of pure diol 24 and 48 mg (19%) of the enol acetate.

24 (Ps=Ac, P;=MOP): 'H NMR (500 MHz, CDCl3) § 0.10 (s, 3H, TBS CH,), 0.11 (s, 3H,
TBS CHy), 0.60 (dq, J = 1.5, 7.8 Hz, 6H, TES CH,), 0.87 (s, 3H, CH; 19), 0.93 (s, 9H, TBS
t-Bu), 0.95 (t, /= 7.8 Hz, 9H, TES CH;), 1.20 (s, 3H, CHj, 17), 1.31 (s, 3H, CH, 16), 1.33 (s,
3H, MOP CH;), 1.47 (s; 3H, MOP CH;)1.54 (dd, J = 12.3, 25.0 Hz, 1H, H6p), 1.63 (dd, J =



CH3), 0.59 (g, | = 7.8 Hz, 6H, TES CH2), 0.94 (s, 9H,
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9H, TES CH3), 1.23 (s, 3H, CH3 17), 1.32 (s,

H9,B), 2.05 (d, J = 1.4 Hz, 3H, CE3 18), 2.4
45 (d, J = 4.6 Hz, |H Hlda), 2759 (ddd, J = 6.0, 8.2, 14.2 Hy,
2.84 (d, J =6.0H, 1H H3a), 3.21(s 3H, OVEY, 37517 (dd: J
1.0 Hz, 1H, H7a), 3.94 (dd, | = 4.1, 8.2 Hz, LH_H5a), 4.38 (dd, |
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'To a stirred solUtion of kéfonhe 2'0
(ZZBHLdegl -CD 23,884 'herIlH |H|1413NF). 46 @idd] J =hBled.8nl3.4dgeN K HE6R 2:60 (das
pW|se1 M sol uti on of MeMyBr in ether 85 nmol ).
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waﬁ@aargqnl 92 He, 4H, rﬂm)sol ution of the tinmethylsilyl ether (453
ridine (8 rnL) and acetonltrlle (Oébm_ at 0 C was added 0.8 nl. of
SAD;+BOM)! JH NMR £00dviHz: CPEl) § 02(saBH, TBSCHad0-10 fsy 3H, TBS CH3),

0.58 (g, J =7.9Hz, 2H, TES CH,), 0.83 (s, 3H, CH, 19), 0.9Z (s, 9H, TBS t-Bu), 0.93¢;, J =
7.9 Hz, TES CH), 1.20 (s, 3H, CH, 17), 1.33 (s, 3H, CH, 16), 1.58 (g, J = 13.2Hz, 1H,
H6P), 171 (dd, J = 10.4, 5.5 Hz, HOP), 2.04(s, 3H, OAc), 2.17 ( br s, 3H, CH, 18), 2.20 (dd,
J =104, 3.8 Hz, 1H, H9a), 2.35 (dd, J = 14.8, 9.1 Hz, 1H, H14B), 243 (dt, J= 132, 5.0
Hz, 1H, H6a), 2.80 (d, 7 = 4.6 Hz, 1H, H3c), 331 (dd, J = 4.4, 14.8 Hz, 1H, Hl4a), 3.71
(d, J = 4.9, 13.0 Hz, 1H, H7a), 3.83 (m, 2H, H20), 3.98(s, 1H, OHI), 4.46(d, J = 4.8 Hz,
1H, H2p), 4.48 (m, 1H, H10B), 4.51(d, J = 12.1 Hz, 1H, PhCH,0), 4.64 (dd, J = 13.2, 5.0
Hz, 1H, H5a), 4.66 (m, 1H, H13B), 4.70 (d, /= 12.1 Hz, 1H, PhCH,0), 4.83 (d, /= 7.1 Hz,
1H, OCH,0), 4.94 (d, J =7.1 Hz, 1H, OCH,0), 7.33(m, 5H, Ph).

Triol 25. To a stirred solution of acetoxydiol 24 (Ps=Ac, P;=MOP) (26.5 mg, 0.035 mmol) in
anhydrous methanol (0.9 mL) at -5 °C under nitrogen was added 0.060 mL of a 0.166 M (0.01
mmol) methanolic ‘solution of sodium methoxide. After 2.5 h, the reaction mixture was diluted
with 10 mL of ethyl acetate, then -pourcd into 10 mL of a saturated aqueous NaHCO; solution.
The organic phase was washed with 10 mL of a saturated aqueous NaHCO, solution, dried over
anhydrous Na,SO, and concentrated under reduced pressure to give 25 mg of pure triol 25
(100%).

25 (P,=MOP): 1H NMR (500 MHz, CDCl3) 5 0.10 (s, 3H, TBS CHj), 0.11 (s, 3H, TBS CH,),
0.60 (q, J = 8.06 Hz, 6H, TES CH,), 0.87 (s, 3H, CH; 19), 0.94 (s, 9H, TBS t-Bu), 0.95 (¢, J
= 8.1 Hz, 9H, TES CH,), 1.19 (s, 3H, CH, 17), 1.31 (s, 3H, CH3-16), 1.33 (s, 3H, MOP
CH;), 1.47 (s, 3H, MOP CH,;), 1.59 (dd, /= 11.7, 11.7 BZ, 1H, H6B), 1.62 (dd, J = 5.5, 16.1
HZ, 1H, H9p), 2.11 (d, J = 0.7 Hz, 3H, CH; 18), 2.24 (dd, J = 5.5, 16.1 Hz, 1H, HOa), 2.38



m xture was poured into 100 nL of a saturated agueous NaREPBAGEMEMT SHEENC
extracted with three 150 rnL portions of CHCI 3. The conpijred~organrt—1t3yqrs
were dried over anhydrous Na2SO4 and concentrated underj ried ce& Erﬁﬁgure to
yield 422 mg of diol 2 1. This material was used wtho f ué ik _ '
purification. 21 (P7=MOP): 1H NWR (300 ®fz, CDC13) 50.{08.(s,.3H _TBS.CH3),
0.10 (s, 3H TBS CH3), 0.56 (g, | = 7.7 Hz, 6H, TES CE2), 0.90 (s, 9H, TBS
t-Bu), 0.93 (t, J = 7.7 Hz, 9H, TES -
REPLACENENR4SHERS, 15.0 Hz, 1H, H14B), 2.45 (ddd, J = 4.4, 4.4, 13.6 Hz, 1H, Héa), 2.60 (d, /=44
24 DEC 199 95 CES?, 1.16 és,
3H, CH3 17Mz, IH,ZEBd)s3.23Hs, IEHMOP) OMe). 2329 (dd, 3K 4.6H5-Q $iz, 1H, Fil4cg, 3.5 (ddeis

20), 1.38 , 3H MR CE3),. 1. , 3H 1 T 8 vq 1

ok}, 1. aohAat2h Ha oot 382 Giboh= 44 god i, 1% B 570 18 DY g,/

1.96 (s, 3Hy; 6H5u 80, 3.95%d, J = 11.4 Hz, 1H, H20), 442 (dd, J = 5.1, 5.1 Hz, 1H, HI0B), 445
(4, J = 4.4 Hz, 1H, H2B), 4.66 (4d, J = 4.0, 9.2 Hz, 1H, HI3p).

p-Methoxybenzylidene acetal 25b: Toa solution of the diol 24 (Ps=Ac, P;=BOM) (6.5 mg,
0.0079 mmol) and anisaldehyde dimethyl acetal (0.013 ml, 0.076 mmol) stirred in CH,Cl; was
added a solution of p-toluenesulfonic acid (0.002 mi, 0.1M in THF, 0.0002 mmol). The resulting
solution was stirred at room temperature for 15 min then tricthylamine (0.1 ml) was added and
sﬁrﬁng was continued for 10 min. The mixture was rinsed into 30% ethyl acetate in hcxan.es (15
ml) then the aqueous phase was extracted with 30% cthyl acetate in hexanes (2 x 5 mi). The
combined extracts were washed with brine, dried over Na; SOy, and filtered. Concentration of the .
filtrate under vacuum yiclded 12 mg of colorless oil which was purified by silica gel

chromatography to yield 6.9 mg (96%) of p-mcthovacnzylidcnc acetal 25b as a 5:1 mixture pf

diastereomers .

diastereome

25b (Ps=Ac, P;=BOM, major  p ¥ 'HNMR .(500 MHz, CDCl;) 3 -0.05 (s, 3H, TBS
CH;), 0.07 (s, 3H, TBS CH;), 0.60 (q, /= 7.9_Hi, 2H, TES CH,), 0.78 (s, 3H, CH; 19) 0.82
(s, 9K, TBS t-Bu), 0.95(t, /= 7.9 Hz, TES CHy), 1.25 s, 3H, CH, 17), 1.37 (s, 3H, CH; 16),
1.58 (m, H6B), 1.70 (&d, J = 16.8,5.8 Hz, H9P), 1.74 (s, 3H, OAc), 2.26 (s, 3H, CH; 18),
2.28 (dd, J = 16.8, 1.4 Hz, 1H, H9), 2.38 (dd, J = 15.1, 9.7 Hz, 1H, H14p), 2.57 (dt, J =
5.1, 9.9 Hz, 1H, Hba) 3;10 (dd, J = 5.1, 14.7 Hz, 1H, Hl4a), 3.11 (d, J = 4.8 Hz, 1H,
H3a), 3.79 (s, 3H, OCH,), 3.84 (dd, J = 5.0, 11.5 Hz, 1H, H7a), 4.15 (d, J = 8.2 Hz, 1H,
H20), 4.20 (d, J = 8.2 Hz, 1H, H20), 4.48(d, J = 12.0 Hz, 1H, OCH,Ph), 4.55 (d, J = 4.8 Hz,
IH, HZB), 4.57 (m, 1H, HI0B), 4.71 (d, J = 12.0 Hz, 1H, OCH,Ph), 4.73 (m, IH, H13p),
4.78 (dd, J = 12.4, 4.9 Hz, 1H, H5a), 4.84 (d, J = 6.7 Hz, 1H, OCH;0), 4.99 (d, /= 6.7 Hz,
1H, OCH,0), 6.05 (s, 1H, acetal CH), 6.80 (d, J = 7.5 Hz, 2H, p-MeORh -0), 7.27-7.36 (m,
7H, p-MeOPh -m and Ph).
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dried with Na,SO,. Filtration followed by concentration of the filtrate under vacuum yielded 12

mg of crude material ghat was purified by silica gel chromatography (30% ethyl acetate in hexanes

eluent) to yield 4.7 mg of a mixwmre of formate aceals, 1.1 mg of 4-MPM-1,2,5,20-tetraol, and

3.2 mg of a mixture of formate p-methoxybenzyl ethers.

The mixwre of formate acetals was dissolved in methanol (0.1 _ml) and 3% aqueous NH,OH was

added. The cloudy mixture was stirred at room temperature for 30 min then rinsed into ethyi

acetate over saturated aqueous NaHCO;. The aqueous phase was extracted with ethyl acetate (2 x
10 ml) and the combined extracts were washed with brine, dried over Na,SQ,, and filtered.

Concentration of the filtrate under vacuum yielded 2 mixture of p-methoxybenzylidene acetals. Thc
mixture of acetals was dissolved in toluene (0.4 ml) and the solution was cooled to 0 *C then a
solution of diisobutylaluminum hydride (0.02 mi, 2.0M in toluene, 0.08 mmol) was added. The
resulting solution was stirred for 3.5 hours then methanol (0.1 ml) was added. The mixture was
diluted with ethyl acetate (5 ml) and stirred with saturated aqueous sodium potassium tartrate for
1.5 hours. The aqucéus phase was separated and extracted with ethyl acetate (2 x 10 mi) and the
combined extracts were washed with brine and dried over Na;SO,. Filtration followed by
concentration of the filtrate under vacuum yielded 4.5 mg of crude material that was purified by
silica gel chromatography (30% ethyl acetate in hexanes eluent) to yield 2.8 mg of 4-MPM-
1,2,5,20-tetraol.

The mixture of formate p-methoxybenzyl ethers was dissolved in methanol (0.1ml) and 3%
aqueous NH,OH (0.1ml) was added. Tﬁc cloudy mixture was stirred at room temperature for 30
minutes then rinsed into ethyl acetate over saturated aqueous NaHCO,. The aqueous phase was

extracted with ethyl acetate (2 x 10ml) and the combined extracts were washed with brine, dried



2P, H9, H9), 2.00 (d, | = 1.5 Hz, 3H, CH3 18), 2.06 (ddf Frs FTrs, 7
Hz, I|H Hea), 2.10 (s, 3H, OQAc), 2.14 (dd, J = 11.7, 23. 9§§@me5"‘!{|6§1§5+

2.38 (dd, I =3.9, 15.1 Hz, 1H, Hl4a), 2.63 (dd, J = 9.38,{.15.1 Hz, IH,
H14p), 2.78 (d, J= 1.5 Hz, |H, OH4), 3.20 (s, 3H Owe CE3), 234:%_(((199(?1
3.9, 11.7 Hz, IH, Hra), 4.30 (dd,J= 4.91080.3 Hz, IH HIO{), 4.50 (ddd.!
1.5, 3.9, 12.2 Hz, |H H5 a), 4.64 (dd, | = 1.5, 1.5 Hz} 'H~"HI33), 4.66 :
(d, J = 3.4 Hz, |IH H2P). Oefin 23. To a stirred solution of alcohoi 2
2 (Ps=Ac, P7=MOP) (26 ng, 0.034 nmml) in CH2CH2 (1.48 nlL) and pyridine

(0.37 nlL) ovetd¥aS0yr agkhltered. 1 Con@niratiomdiithd fIBOEE 2ader0aTuurh yicldet fifimig)of cnale

a period of three mnutes. . T m. xt ur s warncd to,rogmte rature _and
REIF;L ACENVENTR : ythh was punﬁcg%y sifica gcq. cmmnxogrnphy to yield 3.2mg gPS-V[PMJ.Z@@lﬂ-
~~~~2 4 DEferd@%%oul combined yield of &-MBM-1,2.5,20-tetraol: 68% from 25b.

4-MPM-1,2,5,20-tetraol : 'H NMR (500 MHz, CDCl;) 3 0.13 (s, 3H, TBS CHj), 0.06 (s, 3H,
TBS CH;), 0.60 (q, / = 8.0Hz, 2H, TES CH,), 0.89 (s, 9H, TBS t-Bu), 0.95(t, J = 8.0 Hz,
TES CH,), 0.97 (s, 3H, CH; 19), 1.22 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 16), 1.83 (dd, J =
16.8,5.8 Hz, H9a), 1.91 (q, J = 12.4 Hz, IH, HEB), 2.12 (m, 2H, H9a and 14f), 2.18 (s, 3H,
CH, 18), 2.55 (m, 2H, H14p and 6a), 2.79 (d, J = 5.3 Hz, 1H, H3a), 2.95 (d, /= 3.0 Hz, 1H,
OHS5), 3.54 (m, 1H, OH20), 3.66(dd, J = 10.3, 5.3 Hz, 1H, H2B), 3.81 (s, 3H, OCH;), 3.85
(dd, J = 5.2, 11.6 Hz, 1H, H7a), 3.91 (dt, /= 5.9, 12.4, 1H, ﬁSa), 4.18 (s, 1H, OHI), 4.13
(d, J = 13 Hz, 1H, H20), 4.20 (dd, J = 7.22, 12.9 Hz, 1H, H20), 4.47 (d, J = 11.8 Hz, 1H,
OCH,Ph), 4.58 (m, 1H, H10B), 4.79 (d, J = 11.8 Hz, 1H, OCH,Ph), 4.85 (m, 1H, HI3p),
4.87 (d, /= 6.8 Hz, 1H, OCH,0), 5.01 (d, J = 10.6 Hz, 1H, MPM CH,), 5.10 (d, J = 6.8 Hz,
1H, OCH,0), 5.11(d, J = 10.6 Hz, 1H, MPM CH,), 5.49(d, /= 10.5 Hz, 1H, OH2), 6.87 (d,
J=8.7 Hz, 2H), 7.30 (d, J = 8.7 Hz, 2H, p-Mg;.Oﬂ -0), 7.27-7.36 (m, 5H, p-MeOPh -m and Ph
CHy). |
To a solution of the 4-MPM-1,2,5,20-tetraol (2.0 mg, 0.0023 mmot) stirred in 0.2 ml of CH,Cl,
and 0.02 mi of 2,2-dimethoxypropane at 0 *C was added a solution of p-toluenesulfonic acid
(0.002 ml, 0.1M in THF, 0.0002 mmol). The resulting solution was stirred for 20 min then
triethylamine (0.1 ml) was added and stirring was continued for 10 min. The mixture was ﬁhscd
into ethyl acetate (10 ml) over saturated aqueous NaHCO, then the aqueous phase was extracted
with ethyl acetate (2 x 5 ml). The combined extracts were washed with brine, dried with Na,SQ,,
and filtered. Concentration of the filtrate under vacuum yielded 2.1 mg of crude material which
was purified by silica gel chromatography to yield 1.1 mg of acetonide 26b.
26b (Psz9=C(CH;);, P;=BOM): 'H NMR (500 MHz, CDCl;) 8- 0.073 (s, 3H, TBS CHjy),
0.008 (s, 3H, TBS CH;), 0.60 (q, /= 7.9Hz, 6H, TES CH,), 0.79 (s, 9H, TBS t-Bu), 0.95(t,
J =179 Hz, 9H, TES CHjy), 1.10 (s, 3H, CH, 19), 1.25 (s, 3H, CH3 17), 1.34 (s, 3H, CH, 16),
1.41 (s, 3H, CHj4 aceronide), 1.46 (s, 3H, CH; aceronide), 1.88 (dd, J = 16.7,5.5 Hz, H9p),
- 2.08 (dd, /= 14.3, 9.2 Hz, 1H, H14p), 2.17 (s, 3H, CH; 18), 2.21(dd, J = 17.1, 1.7 Hz. 1H,
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of the filtrate under vacuumyiel ded 24184 of crude natefi al Wi th—was
purified by silica gel chromatography to give 13 ng (52%_0of a 4:1 mxture
of 7-MOP-exo;endo cyclic olefins and 6 ng (27% of a 4:1 mxture of 7-

hyd d = JLHzNIR, 3/62 (m, 1H,
C){/)CIr g;w;gw%)(wzéedlﬁ qh@ﬁ)ﬁﬂﬂz ¥ (}Mczsﬁ’éam’és zl\l Hm (m

6H, TES CH26B),03.98 (dds J DHII.3TBIHz, BE), Hm).%?@ dd, = iﬂb}lgl-ﬁz.T&S H;F-B) 3 &O &1
e éﬂsf“?’ H Pl 3 @B?fé;o 6335 4B, 00 par oy 1424k i Haph w”g
Gy, o 33 Faty 4440 £ Suian Bpiuuf/pihy 43738 BB Rt OCH, PR 4 48)

5 06 (0. ) FOR.B80 (0, 11 HS@H:. 3H2@C(E prﬁmsa@?ﬂ/als azsaH(mn)stas@n JH.
11. 0 Hz, 21 37 . | H, H1O0P Cé
Hz, |IH, Hzmm. 88 (dn/ 2 3H1230)H o;:awx 5,891(H|.JH2¢)E)HLQ ﬁvﬂm z);SaDOS(ﬂ Af

1R H202). 3438, (T, dcm,Buy £%0 &7 =88k, 11, MPM CHy), 6.85 (@, 7= 8.9 Hz, 21, p-
MeOPh -0), 7.27 (d, J = 8.9 Hz, 2H, p-MeOPY -m), 7.27-7.36 (m, SH, PhCH,).

Dioicarbonate 27b: To 4 solution of the diol 26b (P520=C(CHj);, Py=BOM) (1.1 mg) in 0.2 mL
of CH,Cl; and 0.02 mL of pyridine stirred at -78 "C was added a solution of phosgene (0.010
mL, 2M in toluene, 0.02 mmol). The resuiting solution was stirred at -78 °C for 10 min then
warmed to 0 °C for 3 h. The mixture wéﬁ diluted with 30% ethyl acetate in hexanes (§ mL) then
poured into 30% ethy! acetate in hexanes (10 mL) over saturated aqueous NaHCO;. The agueous
phase was extracted with 30% ethyl acetate in hexanes (2 x 5 mL) then the combined extracts were
washed with brine, dried with Na,;SOy, and filtered. Concentration of the filtrate under vacuum
yielded 1.3mg of crude material. Purification by silica gel chromatography yielded 0.9 mg of pure
1,2-cyclic carboﬁate.

To a solution of the carbonate stirred in 0.1 mi of THF and 0.05 mL of methanol was added a
solunon of pyndxmum tosylate (0.005 mi, 0.1M in CH,Cl;). The mixture was stirred at room
tcmpcmturc for 24 h and pantitioned between saturated sodium bicarbonate and ethyt acetate. The
cthyl acetate layer was dn;d over scdium sulfate and evaporated to give 0.9 mg of diol 27b.

27b (P;=BOM): 'H NMR (500 MHz, CDCl,) &~ 0.24 (s, 3H, TBS CHj), -0.038 (s, 3H, TBS
CH,), 0.58 (g, /= 8.1Hz, 6H, TES CH,), 0.84 (s, 9H, TBS t-Bu), 0.93(t, J = 8.1 Hz, 9H, TES
CH;),1.14 (s, 3H, CH; 19), 1.19 (s, 3H, CH; 17), 1.34 (s, 3H, CH; 16), 1.88 (brd, J =17
Hz, H9B), 2.00 (br q, 7 = 12 Hz, 1H, H6B), 2.08 (d, J = 1.4 Hz, 3H, CHj 18), 2.2 (m, 2H,
H9c and 148), 2.35 (br s, 1H, H3w), 2.39 (dt, J = 4.8, 13 Hz, Héxx), 2.74 (br s, 1H, 20 OH),
2.8;7 (dd, J = 15.1 ,5.1 Hz, 1H, Hl4a), 3.71 (dd, J = 11.3, 5.1Hz, 1H, H2p), 3.58 (br s, 2H,
H7a and 20 OH), 3.78 (s, 3H, OCH,), 3.78 (br m, 1H, H5a), 4.37 (dd, J = 13.0, 5.8 Hz, 1H,



Diol 24. To a stirred solution of a 4:1 mxture of the e<oREPL#§gMgM§HEET
ol efins 23 (P5=Ac, P7=MOP) (249 ng, 0.337 mmnol) in pyriding (4.6 nlL) unTr
tfh

nitrogen at 0 *C was added 2.35 nL of a 0.157 M solution {0} 3238 pEel 49

s in THF. After 1 h, NaHSO3 was added along with 6.2 nlL jof water an

m xture was stirred for 1 h at roomtenp@Rature. The mi xtjure was them——
diluted with ethyl acetate and poured into saturated aquéneus..sg_@ um

bi carbonate. The aqueous |ayer was extracted with ethyl acetate and tHé&™ ,
conmbi ned exphpal® (@ar £ =\agheg MY, tik, F10P, 4.87 (AR2IRVER0 and 20,0459 NB25 1 HHz,
concentrated under reduced pressure to yield 281 of crude material which
was purifi ¢H, OCHPh).ceb3éir mhiBnHi 3B}, abhly(d dl=ztl. 53? ilfh @CBBRKA.88 (d, /=72

coet ol R S ot % PRALSEL 8] R AN 4T L ns
] TS S g 138 FH 9 (ko TR T,

TES CHS) 1.20 (s, 3H, CHS 17), 1.31 (s, 3H, OB 16) 1.33 (s, 3H, MoP
CH3), 1.47 (s, 3H, MOP CH3)1.54 (dd, J = 12.3, 25.0 Hz, 1H,_H6P), 1.63 (dd,
J= Mcsylatc 28b. To a stirred solution of diol 27b (0.9 mg) in pyndmc (0.6 mL) under nirogen at

REPLACEMENG s added dropwise methanesulfony! chloride (0.02 mL). After 12 h, a saturated agueous

NaHCO, solution (0.05 mL) was added. The mixture was stirred for 10 min, poured into 20 mL
of a saturated aqueous NaHCO; solution and extracted with 40% ethyl acetate/hexane (20 mL x 3).
"The combined organic phase was dried over anhydrous Na,SO,4 and concentrated under reduced

pressure to give 1 mg of 28b as a colorless ail.

Oxetane 29. To a stirred solution of mesylate 28b (1 mg) in toluene (0.4 mL) under nicrogen at
room temperature was added diisopropyl ethylamine (0.008 mL). The solution was refluxed for
3.5 h, cooled to room temperature, poured into 20 mL of a saturated aqueous NaHCO, solution
and exmacted with ethyl acetate (20 mL x 3). The combined organic phase was dried over
anhydrous Na,SO;, and concentrated under reduced pressure to givc- 1.5 mg of a pale yellow oil.
The oil was column chromatographed (30% ethyl acstate/hexane) to yield 1 mg of MPM oxetane.
This material was dissolved in I mL of methylene chloride, 0.1 mL of 0.1 M phosphate buffer and
1 mg of DDQ were added, and the mixture was stirred at ambient temperature for 2h. The mixture
was poured into 20 mL of a saturated aqueous NaHCO; solution and extracted with ethyl acetate
(20 mL x 3). The combined organic phase was dried over anhydrous Na,SO,, and concentrated
under reduced pressure (0 givc 1.0 mg of an oil. To a stirred solution of this material (1 mg) and
dimethyl aminopyridine (1.5 mg) in pyridine (10 pL) under niu'ogén at room temperature was
added acetic anhydride (5 pl). The solution was stirred for 15 h, diluted with cthyl acetate,
poured into 20 mL of a 10% aqueous CuSO, solution and c:ﬁuactcd with ethyl acetate (20 mL x 3).
The combined organic phase was washed with a saturated aqueous NaHCOj5 solution, dried over
anhydrous Na,SO, and concentrated under reduced pressure to give 2 mg of a pale yellow oil.

The oil was column chromatographed (25% ethyl acetate/hexane) to yield 0.6 mg of oxetane 29.
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0 . 5.5 15.1 Hz, 1H H93), 2.05 (s, 3H, OAc), 2.15 RE%CEMTMET
2.26 (in, 2H H9a, OH20) 2.37 (dd, J = 9.2, 14.7 Hz, |H {HL4p), 2.46 (

J =4.8 4.8 13.4 Hz, 1H, Hea), 2.69 (d, J = 4.5 Hz, 1H 2)405{:1@99@
3H, MOP CH3), 3.28 (dd, J= 3.8, 14.7 Hz, 98 Hi4a), 3.76 : . 6
Hz. 1H, H7a), 3.84 (m 2H, H20, H20), 3.95 (s, 1H OH4), 4A2 (da =51,
5.8 Hz, |H HI0), 4.44 (d,J= 4.1 Hz, IH H20), 4.63 (dd,li= 4.1, 12.3 Hz

1H, H5a), 4.67 (dd, J= 4.1, 9.2 Hz, 1H, HL30). 24 (P7=BOM |H NMR (300 M,
CDA3) 0.9 (s, 3H T1S @EBVied L (the HhoWBS iBHYilD. B8 §qen) tharobne

2HL HIESngzwgvgéagoofglécﬁ*%d{ébﬁ iferdSion hrd Henifita 0 O3t I

13.2Hz, IH, H6,), 1.71 (@@, variols zqhaazfestqouagd Be ®add(in 8he Gboye

148,751 b, TECCREITL oy MBS Foraroiny Trod tnglSeene 33 BBY )

4.6 Hz, 1H, HS&PveBtQS?n(dét Js-iptended gshat, al, M@y Gofitafded in-
ﬁg; Olﬂz H%E) Hgﬁ}isag%%lg@sﬁ% )tﬂ%pgsbl(?"pgé’ipﬁ%d%)’fﬁﬁuég(égﬁgﬂ)e ad,

(dd, | = 13.2, P8toipya LAmifdmg sers®(m 1H, HI3P), 4.70 (d, J= 12.1 Hz,

IH, PhGiL20), 4.83 (d, J= 7.1 Hz, 1H, OCH20), 4.94 (d, J=7.1 Hz, 1H, 0OC20),
7.33(m SH, Ph).

_4>.<_‘.|| N Gl

©



Tri ol To—=astiTd 50| ation of acetoxydiol 24 (P5=Ac, P7=MOP) (26.5 ng,
0. 035 nnDI) i eeyﬁr % nol (0.9 nL) at -5 *C under_nitrogen was
added 0. 060 .01 nmmol ) net hanol i ¢ soll uREEIACEMEND HHEET
met hoxi de. Aft reaction m xture was dilu -a--3+0~At-E—pf
et hyl acetate, nto 10 nL oflQ saturated

solution. The organlc phase was washed with 10 niL of

NaHC03 sol ution, dried over anhydrous Na2SO4 and conc
pressure to glcgﬁg[ mgof pure triol 25 (100%. 25 (P
Mt, CDC13) 10°(s, 3H TBS OHB), 0.11 (s, 3H, TBS 0 L
8. 06 Hz, 6H, TES CH2) 0.87 (s, 3H, CH3 19), 0.94 (s, 9H TBS t-Bu), 0.95
gtégl(- 83h Hz, 9H, TES CHY) ihdOdedisdte 48 dge,id. 8&?(@{“&?&&3{846)

: S, 3 =

1H, H6Q), 6’%%%%-&? °(1‘6°1"=‘H"z“‘-"i?4*1% ‘%“afie ﬂé’(h“ﬁgﬁ“é’ FoRFu 1‘3%4 CH3
18), 224(dd J 5.5, 16.1 Hz, 1H, H9a), 2.38

REPLACENMENT SHEET

ebus
[ e&dlced
DO

whereain

R, is hvdérogen, hydroxy, protected hydroxy or
-OCOR,,, or together with R, is a carbonate;

R, 1s hydrqgen, hyvdroxy, protected hydroxv, oxo,
or -OCOR;;, or together with R, is a carbonate; '

R; is hydrogen, hydroxy, protected hydroxy,
~-OCOR,;, Or OXo;

Ry is hydrogen, alkyl, alkenyi, alkynyl, arvl or
heceroarvl;

Ry 1s hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,;, or together with R,, is a carbonate;

Ry, is hvdrogen, hydroxy, protected hydroxv,
oxo, or -0OCOR,s, or together with R, is a carbonate;

R,; is hydrogen, hydroxy, protected hydroxy,
-OCOR;s or MO-;

Ry, Ryo. Ry, Ry, Ry, and Ry; are independently
hydrogen, alkyl, alkenyl, alkvnvl, alkoxy, arvloxy,
-NX;X,0, =-SX;,, monocyclic aryl or monocyclic heteroarvi;

Xs is hydrogen, alkyl, alkenvl, alkynyl, azvl,
or hetercarvl;

* [ L M S *
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=4.4,4.4, 13.6 Hz, 1H Hea),| 4. 60 (d, J=4.4
ICK@) 3.25 (dd, J= 4.4, 15.0|Hj, 24,DEQ48%
Vi

2 4 DEC 1996 .
15.0 Hz, |H, HL{BYsSher Uk pesldd,
Hz, 1H, H3a), 3.2 %,

3.52 (dd, J= 4.4, H7c), 3.72 (dd,1J = 4.4, 11.4 Hz, |H, H5
a), 3.79 (s, IH, ; J = 11.0¥0%H, H20), 3.93 (d, T= II.ZFC,

| H, H20), 4. 42 (dd, 1= 5. 1, 5.1 Hz, 1H, H110), 4.45 (d, J=14.4 Hz, H HP)
4.66 (dd, J= 4.0, 9.2 H& o | 5 &&313) a‘kﬁnylNbﬁhkwaenzyhﬁdeneoacetaI 25b:
To a sol ution-@f Lhe dijal Z4; (P5=Ac, P7=BOM (6.5 ng, 0.0079 nmol) and

ani sal dehyde di nect hyl acet al (0.0 13 m, 0.076 mmol ) stirred in CH2Cl 2 was
added a sol ution of p- t61dbﬁ@%iﬁ#%ﬁl%m@@TﬁdTOOQOQSnE mgre-Min THF, 0.0002
nmol ). The resulting solution was stirred at roomtenperature for 15 mn
then triethylamne (0.1 m) was added and stirring was continued for 10
mn. The m xture was rinsed into 30% ethyl acetate in hexanes (15 n1) then
t he aqueous phase was eXIraq{.—edlﬂuéﬂngg%@éhybragggatlg |tm,eh

m ). The conbi ned ext.racts. were washed W4 brine, dried over 2804 and
filtered. Con&éntr %ﬁ¥9ﬁ Her tetracyc 1c taxane having the fcrmula:

wherein

.R; is hydrogen, hydroxy, protected hydroxy or
-OCOR;;, or together with R. is a carbonate;

R; is hydrogen, hydroxy, protected hydroxy, oXo,
cr -OCOR;,;, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy,
-OCOR.,, ©Or oxo, or together with R,;, is a carbonate;

Rsy is hydrogen, éikyl, cyano, hydroxy,
protected hydroxy, or -OCOR;;, or together with R, or Ry is
a carbonate;

'Rn and R,y are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl or heterocaryl;

Ry, is hydrogen, hydroxy, protected hydroxy, oxo,
or —OCOén, or together with R,, or R;,, is a carbonate;

Ry; is hydrogen, hydroxy, protected hydroxv,
OX0, or -OCOR,, or together with Ry, is a carbonate;

Ry» is hydrogen, hydroxy, protected hydroxy,
~-OCOR,; or MO-;

‘Ras. Rjor R3y, Rja. Ry, Rys @and R, are
independently hydrogen, alle, alkenyl, alkynyl alkoxy,




filtrate under vacuumyielded 12 ng of colorless oil whic A? hE &teu B
silica gel chronat agi SRbMaS Bei REIKZD- 9 MO (96% of p- et hpxyhel &

acetal 25b as a 5:1 tereorrers

di ast ereoner 25b (Pj HMJI“I lﬁ'a ): 1H NVR (50Q4Vblgc ﬁ?ﬁl 3
8 -0.05 (s, 3H TBS : 3H, TBS CH3), 0.60 ((q,

TES CH2), 0.78 (s, 3H, Cl13 19) 0.82 (s, 9H, TBS t-Bu), 0.95(t J— 79—z
TES CH3). 1.25 (s, 3H CH3 17), 1.37 (s, 3H CH3 16), 1.8 _H6p), 1.70
(dd, J = 16.8,5.8 Hz, H90), 1.74 (s, 3H OAc), 2.26 (s, 3H CH3 18),

dd, J = 16.8, hvwdaw AHN 8 15. 1, 140
(2.57 (dt, J 1 9.9 'z, ‘fﬁa’) H6-(2:S)183 S@g?aé"‘? yd %Mcﬁio%ylﬂ ‘H)14a)
3.11 (d, | _— @ﬁ%ﬁ’-rqaﬁvﬂsc) 3.79 (s, 3H, OCHR), 3 84 (dd, I =5.0, 115
Mz, 1M, H7a), 4.15 (d, J %818 Hyarbdert2Quxd 20, {Q“HZ‘L 8; %&Eﬁl | g, ki20),
4.48(d, 1 =12.Q Hg 14 @?ZPh) 455 (d,” J =2 B4 L0 m
IH, HLOP), 4.71°Cd,"6FL°fF¥) iz, 1H, OCH2Ph), 4. 73 (m IE 'H131),  4.78 (dd,
12.4, 4.9 Hz, |H Hsa), 4.84 (d, | = 6.7 Hz, IIl, OCH20), 4.99 (d, J =

| =
6.7 Hz, IH, OCHZO)\, 6.05 (s, IH acetal CH), 6.80 (d, J = 7.5 Hz, 2H
p- MO~h -0), 7.27-7.36 (m 7H, p-MeOPh -m and Ph). :

* [ L M S *
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2 4 DEC 1996 This Sheet Has Been Replace
...... " Aceto nMi%é996
L lof. t ol uene

9
HMM‘NIE sol ution of the p-nethoxyb
acetal 25b(Ps =Ac ny, 0012 rnmol) in 0.4

stirred at C was added a sol ution of &07sobutyl al umi num hydride (0.082
m, 2.0Min toI uene, 0.12 mmol). The resultlng sol uti on was—sti+++ed—Fo+-3-5
h then nethanol (0.1 m) was ﬂgg g tur was .di |_ut with ethyl
acetate (5 m) and stirned-w$h*$at uPatt&d¥aqué L]fé’n%‘dl Slo't asiumtartrate
for 1.5 hour sietBwwaagileousmdhase was separated and extracted with ethyl
acetate (2 x 10 m) thegp L ne trac r shqd with brine and
dried with Na2SO4. Fi Itra"‘twr%:nﬁg% lg by"‘%o%%ewgrgtp%n of the filtrate
under vacuumyielded 12 ng of cr ude rrat erial that was purified by silica
gel chromat ography (30% et hyl ﬁﬁ%%gdgg gex%?eﬁ gl vent hd %ryggggagt,gnng of
a mixture of formate acetal’s, Sf 5 0-tcuaol , ;

of a m xtureodf afGr*ri!a?t.\écJplmho&?%éﬁﬁyizlé§h§ﬁ§an¢héaﬁ'ilﬂgur"-@%ffqm#ﬂeﬁe
acetals was dissolved in nethanol (0.1 m) and 3% aqueous NH4AOH was added.
The cloudy m xture was stirred at roomtenperature for 30 mn then rinsed
into ethyl acetate over saturated aqueousi1®NaHCO 3. T 'he aqueous phase was
extracted with ethyl acetate (2\x

E
14 gznaé/

wherein

R, is hydrogen, hydroxy, protected hydroxy or
-0COR,,, ©Or together with R, is a carbonate;.

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,,, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, or
~OCOR;, ;

R,, is hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or -OCORy,;

R,. is hydrogen, alkyl, alkenyl, alkynyl, aryl
or heteroaryl; _

' R, is hydrogen, hydroxy, protected hydroxy, oxo,

or -OCOR;;, or together with R,, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy,
oxo, or -OCOR,,, or together with R, is a carbonate;

R,, is hydrogen, hydroxy, protected hydroxy.
~OCOR,; or MO-;

e ———

\\||\|l\ \\\l\\ ] \\l\l I




_ Lo REPLACEMEN |
10 mM) and the conbined extracts were washed with brine, driret—evesr ,

and filtered. CongmifeaidaPPecRepiad@ filtrate under vacuumyi el ded a m xtur
of p-net hoxybenzyll The m xture of acet al s s dissd BIRL499¢n
toluene (0.4 m) a mﬂﬂm ugll was cooled to 0 ' C thenfalsolution of |
di i sobutyl al um num , 2.0M®n toluene, 0.0B mvl) was added.
The resulting sol ution was stlrred for 3.5 hours then net
added. The m xture was diluted with ethyl acetate (5 m) and stirred wWth
sat urated aqueous sodi um potassiumtartrate for 1.5 hours. The aqueous
phase was separ at eBzanBsextfeactfesd iith BishyRndcBia@&e( ZQ@eR?nﬁ%nta-n'd t he

conbi ned extr g 9&§°?§ sarped mk&-{ail Ng1RPpel 0l | £UKOXe P4y FLItration
fol |l owed by concen aijon

of the Ll trate under vacﬁg #‘ ded 4.5 ny of
crude mat eri aM*shat RS0 puRPRPEACHYC sRFY € aOF SMORATH "L"Ug Sﬁﬁyc’éﬁ'@%et hyl
acetate in hexanes%{pligamgdﬁdgen,ela]aﬂa g adnyds MaAllkyinw?l, 5, 201 etgaol . The
m xture of fo te p-net hoxybenzvl ethers was dissolved in nethanol (0.1m)
and 3% aqueou E\t{ ‘I'mM) was added. The cloudy m xture was stirred at
roomtenperature fm[L 38 lai_ky'ﬁ.esaﬂkenyﬂ.i naditynplo etintl, acetmter@stl;

sat ur at ed aqug Matl%g? élgg ethgsesv\Qsmgééiact ed with ethyl

acetate (2 x actsS Wwere WaShed with brine, dried

4. An intermediate for use in the preparation of a
tricyclic or tetracyclic taxane having the formula:

wherain

R is ¢, - C; alkyl,

R, is hydrogen, hydroxy, orotected hycéroxy or
-0COR;,, Or together with R. is a carbonate; ' _

R; is hydrogen, hydrcxy. protected hydroxy, oxo, or
-OCOR,,, together with R, is a carbonate, or together with
R. 1s a carbonate;

Ry is hydrogen, alkyl, hydrexy, protected hyéroxy,
or -0COR;;, o= together with R, is a carbonate;

Ry, is bydrogen, halogen, hydroxy, protected hydroxy,
~CRy;, Or -OCOR;,, or together with R, is a carbonare:

Ry, is hydrogen, oxo, hydroxy, protected hydroxy,
-ORje, or -OCOR,;, or together with R,, or R, is a
carbonate;
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<24 DEC 1996 over NalSO4 and flltered Concentrationfo EAE T
under vacuun1y|elﬂﬂd%¢ﬂ e mat eri al whi ch was erﬁ§$E§5@9“£f$EfT
gel chronatography of 4-MPM 1, 2,5,20- tcthol. Total conbihe
yield of 4-MDLM 1 68% tP8m 25 b. 4-MPM 1], 2 4 DEE 196 apl
1H NWVR (500 MHz, 0 13 (s 3H, TBS CH3), 0.06 (s} 8H, TES CH3),
0.60 (q, J = 8.0Hz, 2H TES CH2), 0.89 (s, 9H, TBS t-Bu) .95(t, J =8.0
Hz, TES CH3), 0.97 (s, 3H, CH3 19), 1.22 (s, 3H CH3 17) {.1.30 (s 3H CH
16), 1.83 (dd, J = 16.8,5.8 Hz, H9a), 1.91 (q, J= 12.4 Hz, I H 116f), 2.12

(m 2H HY9a and 14Q=), 25 Jl&f:ﬁﬁcgéiﬂ &8, 1B)drScb5 ﬁmc&teﬁmy&w 6a) ,

2.79 (d, J= 5.3 95 3,54, (m 1H,
OHzo) 3. 66(dd‘°‘§‘z~ % 3’58@23 - lg—(geié‘?s Wgt’g‘z"*( 3 B, 4% 85 (dd. J
= 5.2, 11.6 Hz, |HRHES, hsa:lmgwx hmdr@qe OzotERCY 84 hm;om, 180‘(2@\;:1H
CH), 4.13 .. mo-;

sclubilitcy of

hydxogen,
29:€9. CYW

R;; is a functicnal group which increases the

the taxane derivative;

Rie. Rig, Rays Ryy. Ry, 2nd R;s are independently
alkyl, alkenyl, alkynyl, alkoxy. arvloxy,
-8%,0, monocyclic aryl or monocyclic heterocaryl:;
X, is hydroger, alkyl, alkenyl, alkynyl, aryl, or

b o)
R27.

hetercaryl:

and

i-v-'l
Ve -

cyclic or tetracyclic taxane

X.5 is alkyl, alkenyl, alkynyl, aryl, cr hetercaxvl:
M comprises ammonium cr is a metal.

5. An intermediate for use in the preparation of a

having the formula:

Rs

4b Ryp

wnerein

R, is hydrcgen, hydroxy., protected hydroxy cr

-OCOR,,, or together with R, is a carbonate;

-0COR;,, or together with R, or R, is a

cr -CCOR;'p ,

-

.-

a?

R, is hydrcgen, hydroxy, protectad hydroxy, oxc, or

carbonate;
hydrogen, alkyl, hydroxy. protected hydroxy,
together with R, is an oxo, cr togcether with

P4 1S

R4, Or Ry is a carbornate:;

AR ) O



(d, J = 13 Hz,
= 11.8 Hz, 1H, OCORRISheet HasBOen(®eplackdl, H103), 4.79 (d, J = 11.

OCa2Ph), 4.85 7(d J=6.8 H IE OCHO
. ), Nm %E!Imﬁmwlmuﬂ ( | A, G:HIZO), 5. {1{d fﬁ%é)q%ﬁi«z
5. 49 |H OHB? 6.87 (d, J =|8le+&z 30

10.6 Hz, IN,
IH, MPM di?2),
(d, J= 8.7 Hz,

1H, H20), 4.20 (dd, | = 7.22, 12.9 Hz, 1H, Hﬁﬁﬁ’lAﬁ?MWT(&HEE"

2H, p-MLePh -a), 7 27-7.36 (m 5H, p NbCh m and Bh CH2)

To a solution of the 4-MPM 1, 2,5, 20-tetraoi (2.0 00Z23 Mot )yt rred

in 0.2 nm of
a sol ution of

CH2Cl 2 an&:0. 3D ! "H{G-o‘?g?‘Q et ho%ybﬁ@]ééne adkvovic ey ladded
hpttebdenesuldroriveaaei doddb 32 W nh Or 1Miign afNGs . 0002 rrrml ).

The resul ting_sol ution Jas stlrred for 20 min thgp Ilethylannlne (0.1 M)
was added and“SEFrFffAgYwas ContTnusd ol FEIRGTIE e 9% xtAFB-NEE WFﬁ§ea

into ethyl acehdtehel@arbonayero &&tw*at-eibxacuwwti\@tﬁ@ EBem the aqueous

phase was exr
wer e washed
the filtrate

S%Eegqg|Lhn thyl acetate (2 x 5 m). The conbined extracts
Frné = "dried with Na'-SO4, and filtered. Concentration of
under vacuia ysehdddoget, nhydiosyyude roaterrd ed h%dxﬁkw@s

16 By it ol SUANERINE XLAE A0 SEAALT g,

0.008 (s, 3H,

LPBetimT) Wighe®.{ End tire arbets TESVITHEDR, t@ei@a@s 9H, TBS

t-B 0. 95(t ¢ n i 0 3H, CH3 19 1.25 3H,
CHBU)17) T 5,4 (éacﬁe% %rmg'é.. Bl rihgl0 (s, ) (s,

Ra -s 'hydrogen, halogen, hydroxy, protected
hydroxy, -OR;, or -OCOR,,, or together with R, is &
carbonate;

R, is hydrogen, oxo, hydroxy, protected hydroxy,
-ORys, or -OCOR;;, or together with R;, or R.,, is a
carbonate;

R;; is hydrogen, oxo, hydroxy, protected
hydroxy, -OR,;, or -OCOR,,, or together with R, is a
carbonate;

R;; is hydrogen, hydroxy, protected hydroxy,
-OCOR,;, MO- or

" Ryy is a functional group which increases the
solubility of the taxane derivative;

R27: Rass, Ryos Ry, Rys, Ryys Rys, and Ry; are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX,, -SX;,, monocyclic aryl or monocyclic
heteroaryl;

X, is -0Xq, -SX;, or -NXgX,;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl;

Hllllll IIIIII mn ﬂlll !I Illl




1.41 (s, 3H, CH3 acer on| de) 1 46 (s. 3H, CH3 acetoni dB)REPi.AQQWFI%!SHEEL
16.7,5.5 Hz, H9 3) eplafﬂtl 3, 9.2 Hz. 1H, Hl4p)} 2.17 (s, 3H{gH3
18), 2.21(dd, J = ”m 2 4 DEC 1996
REPLACENMENT SHEET

2 4 DEC 1996 111 0T Hoay—2-42 (|dd,
J=14.3,7.2 Hz, 1H, Hl4a), 2.61 (d, J = 5.1 Hz, 1H, H3Ra), 2.62 (m 1H
H60), 3.71 (dd, J= 11.3, 5.1Hz, I H HP), 375(dd J = 5.0, 113Hz

Hrz), 3.80 (s, 3H OCH#), X3a9191 (>@|daré :tiaae%«en‘éie%*"izv Mr&@é’ﬂ g%

14.2 Hz, 1H H20), 4.17 gz 4. 44 ="14.2 Hz, y, 447
(d, | = 11.6 HA-KSEY oq? 4 g %mOtheref@@)ler 80 (d, J = 11.6 Hz,

1H, OCEj 2Ph), 4.84(d, 1 = 1353 ddox. L H -Eb8X.., 4 -85k, lid:orlrﬂ&?») 4.88 (d, J
= 10.3 Hz, 1H, QCHQSLB 489(d J =6.8 Hz, 1H, MPMCu2), 5.00°°(d, J=

103. Hz, 1H, O&:90 (d, 1 = 6.8 Hz, |H MPM CE12), 6.85 (d, J = 8.9
Hz, 2H, p- M\Eh -0), 7.27 (d, J = 8.9 Hz, 2H, p-MeCEh -m), 7.27-7.36 (m

5H, BhCH2).

I Iy "lll Illll I !ﬂl



Di ol carbonate 2#b~—Fo—a solution of the dial 26b (P520=C(
(1.1 1mg) in 0.2_ti qfilas%—égﬁ god 0.02 nL of pyridine sti

added a sol ution 010 nfL, 2Min toluene, Q.

resulting solutio m mmm -78 *C for 10 mn then g

3 h. The mixture h 30% ethy3 acetate in hgx ng Gﬂ?%h n
poured into 30% ethyl acetate in hexanes (10 nL) over safu ueous

NaHCO8. The aqueous phase was extracted with 30%ethyl agetate in hexanes
(2 x 5 nm) then the conbined extracts were washed with bri
Na2SO4, and filtered. Concentration of the filtrate under vacuum yi el ded

1.3nmg of crudezmaf@Pal . Purification by silica gel chromatography vyiel ded

0.9 ng of pure 1, 2xC>iCsl uﬁ-%elaar)ataakﬁo aixehylti oa Qhnifle @armonate stirred
in0.1nmn of THF and O nt_of methangl, was added a_sol ytion. of fyl‘l di ni um’

tosylate (0. OBSERFOSEYL y W?Fwaae“ e S S St YRS R bom
tenperature forolg which mcreasmad'xé)eta/m satukal 2y sofli tine bt £a8fenat e
and et hyl aceég%g ;I'_}&g ethyl acetate |ayer was dried over sodiumsulfate
and evapor at e grve 0.9 ng of diol 27b. 27b (P7=BOM): 1H NWR (500 Mz,
CDC13) S 0.24 (s, Hlsrsslmh) alkgryig @d-k}‘zlm-.TBS‘j@HS)t'lmi@’S&’—‘(ﬁ- rr 8. 1Hz,

6H, TES CH2), ¢Q1 Bdvésy1 955:0,15&41.1&3@7 L9_.,93(t J 8.1 IHz, 9H TES CH3),1.14
(s. 3H O 19), 119 ( 34 (s, 3H_.CH3.16), 1.88 (brd, J=

17 Hz, H9,B), 2.00%(b® }Y@}"’Sei‘z <Y Ep, aHé‘Pf‘YlZ gaiwadyly 2wls Wz 3H OB
18), 2.2 (m ﬂbtef@&rﬁl‘lﬂ 141) 2.35 (br s, IH H3a), 2.39 (dt, J = 4.8, 13
e, Heca), 2.74 (b£9 S:L’s an amz::g_%“'ctecti::g group;

X,; is alkyl, alkenyl, a2lkynyl, aryl, or heterocaryl;

X, is aikyl, alkenyl, alkynyl, aryl, hetercarvi,
~0%,0, € -NX Xq,7 :

X,, is hydrogen, alky., alkenyl, alkynyl, aryl, er
heteroaryl; and

M comprises armonium or is a metal.

6. A process for the preparation of an intermediate
useful "in the synthesis of a tricyclic er tetracyclic
taxane comprising reacting a compcund having the formula

P, 30

with BrMgN(iPr),, an aldehyde (or ketone), followed o1
prcsgene and an alcochol te form a cempound having the
Sormula:

R O O A



2.87 (dd, 1=-135-1_51 Hz 1H_ H14a) 3.71 (dd, J = 11.3, 5.1Hz, 1H H2P),
3.58 (br s, 2H H7ca and 20 OH) 3.78 (s, 3H OCH3), 3. 78 thr—mm—tH L5
214 This Shosetoa Beep REPLACEVENT SHEET

1H,
R)EPLAGEI\/ENT S , mm "!" w ," 113
24 DEC 109 102
| .8, 5.8 Hz, (m 2H H20 and 2 ), 4 5,9?2%)0%61?@6% Hp,

s

1H, OCHI 2Ph), 4. 63 (br m 1H HK13 ), 4,71 (d, J= 11.6 Kz —+H-—OCL2Ph)
4.88 (d, 1= 7.2 Hz, 1H, OCH120) 4.91 (d,S1E = 7.2 Hz, 1H] OCH20), 4.93 (m;
2H, MPM di2), 6.84 (d, 1= 8.6 - MeOPh-0), 7.23(d,I=

2H, p-MeOPh -n), 7.27-7.36 (m 5 .

‘

ob -
D

7d

wheresin

R, is hydrogen or protected hydroxy; R, is hydrogen
or protected hydroxy: .

R, is oxc; '

Ry i3 hydrogen, alkyl, cyano, hydroxy, protected
hydroxy, or -QCOR;4: '

R,. and R;s are zndependently hvdrogen, alkyl.
alkenyi, alkynyl, aryl or hetercaryl;

R, is hydrogen, protected hvdroxy, ©r oXc:

R;p 15 -OP;a;

Ry is ~OP,,;

Ry, 15 hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NX.X,,, -SXZ.,, monocyclic aryl or monocyclic
hetexroaryl;

Xy is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl;

Xw is alkyl, alkenyl, alkyrmyl, z2ryl, or heterozryl;
and

P, 2né P., are hydroxy protectl ¢ groups.

T

7. A process for the preparation of an intermediate
useful in the synthesis of a tricyclic or tetracyclic
taxane comprising reacting a compound having the formula

00 A



Mesyl ate 28b. To a stirred solution of diol 27b (0.9 ng) in pyridine (0.6
nm.) under nitrogen—at— 0 Cwasadded dropw se net hanesuleayl.chl orj de

(0.02 nmL). After, h ) rated aqueous NaHCC3 sol uf i REPLACERBNTI s}
added. The mi xt sﬁ%‘mﬁﬁﬁﬁ%% e%or 10 ni_n, poured into RO[mt—of—e :g’-El?gt d
-t

aqueous NaHCO3 racted wiltft 40% et hyl ac takéégﬁéane 220
X 3). The conbin e was dried over anhydrous Cat??

concentrated under reduced pressure to give | ng of 28 a.colorl ess joijl .
Oxesane 29. To a stirred solution of nesylate 28 b (I ) in toluene (0.
m.) under nitrngen at room tenperature wasQ d dii sopropylt—ethyl-am.ne__

cooled to room

(0.008 M L). The solution was refhuxed for=3.5 h
tenperature, poured into 20 nL of a -Bepus NaHC03 sol uti on and
extracted with ethyl. acetate (20 . ogbi red_or gani ¢ phase was
dried over anhydrous Na2SOg, afghjoncent .2 ferSreduced pressure to
)
eqn chr omar ogr aphed (30%
Vhis material was

et hyl ac: eatahexane) to yield 1 ngy
di ssolved in 1 nL of nmethylene chlorid > 1 M phosphate buffer
and 1 ng of DDQ were added, and theRqi rred at anbient
tenperature for 2h. The m xture was pour into 20 of a saturated
aqueous NaHCO3 sol ution and extracted with ethyl acerate

wizh lithium tetramethylpiperidide to form a ccmpound
having the formulz:

P, 3G

wherein
R, is hydrogen or protected hydroxy:
Rsc 1s hydrogen, alkyl, alkenyl, alkynyl, aryl eor
hetercaryl;
Ry is hydrogen, protected hydroxy, or oxo; and
P, and P;; are hydroxy protecting groups.

8. A process for the preparztion of an intermediate
useful in the synthesis of a tricyclic or tetracyclic
taxane comprising reacting a ccmpound having the formula:

T



(20 ML x 3). T Lned organi c phase was dried over anhydrous Na2SO4,
and concentratgg‘ﬁﬁggﬁ‘FEHUCed~pLessure to give 1.0 ng of~ahR-—oil-—Ta_a
stirred sol utlon Shédﬂ};,%ggg rial (1 mg) and dinethyl am ncﬁi?tA@HMBNT( SH@ET
ng) in pyridine eir ogen at room t enper at urle Wwas—added—acesi 4.
anhydride (5 gQ_) MI /’ was stirted for 15 h, diljutfe ?%Welig eth .
acetate, poured in 10% aqueous CUS04 sol utidn & 299 d
with ethyl acetate (20 nL x 3). The conbi ned organi c phage lwas _washed w th
a saturated aqueous NaHCO3 sol ution, dried over anhydroug Na2SO4 and

concentrated under reduced pressure to give 2 ng of a pale-yellow-oi |- Thel
oi | was col um chromat ographed (25% et hyl acetatethexane) to yield 0.6 ny

of oxetane 2 9. PLACENMENT

SHEET 103 GF,n ' |

P ;01

with lithium tetramethylpiperidide ané camphcsulfonyi
gxaziridine tc form a compound having the formula:

wherein R, is hydrogen, protected hydroxy, or oxo; R;. is
nydrogen, alkyl, alkenyl, alkynyl, aryl or heterocaryl;
and P, and P.; are hydroxy protecting groups.

2. A prccess for the preparation of an intermediate
useful in the synthesis of a tricyciic or tesracyclic

taxane comprising reacting a compcund having the formuia:

‘A OO



In view of the above, it wll
I nvention are achi eved.

above conposifTBﬁE“*ThUUf-deﬁa#Ling fromthe scope of therappue t I'ls
I nt ended t hat above descri pt t ﬂv}%ﬁﬁ%d
as. |Ilustrat|ve

clainms defining the |nvent|on are as follows:

be seen that the several objects of the
As various changes could_he nmade in the

I\/ENI Sti EE f
{_104. The

er contalned in Hﬁ%
hxﬁ1t|ng sénse. S REALACENENT SHEET
ﬁ 21SEP 1999 24 DEC 19964GEN

R

with a hydride reducing agent

the formula:

whersin R, is hvdrogen, protected hydroxy, o= oxo; R..'is

hydrogen, alkyl, alkenyl, alkynyl, arvl cr heteroaryl;

and ?,, and P,; are hydroxy protecting groups.

16. A process for the Drﬂparatlon of an

ir the synthesis cf a tricy

intermediate useful cliz or
tetracyclic taxane comprising reacting a compound having

the forrwula:

HIIIll\-lI\'ll\ |II\\ \ll\l l\ \Ill



1. An internediiate for usé in the preparation ofea tricyclic or tetracyclic

t axane having th
n2 wherein ﬁmé?'eer{ﬁ Bec |dogen hydroxy, protected ROFABEMENT SHEET
- OCOR30, or toget HI"H" || " a carbqﬂa}e

24 DEC 199

P, 50mm

with lithium diisopropvlamide to form a compound having
the formula:

P130||||l

wherein R is lower alkyl, R, is hydrogen, protﬁected
hydroxy or R, and R, together form a carbonate, R, 1is
hydrogen, protected hydroxy or R, and R, together form a

carbonate, Ry is hydrogen, protected hydroxy, or oxo; and
P,, and P,; are hydroxy protecting groups.

11. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or

tetfacyclic taxane comprising reacting a compound having
the formula:

\\\I\l\\ \\\l\\ |||\\ \\I\I ! \\\\



R2 is hydrogen, cted hydroxy, ox0, or -OCOR31, or together

wth Rl is a carb nate I s hydrogen, hydroxy,pretected
hydr oxy, OCCRSZZ HasBeenRep1aced Rs is hydrogen, alKkyl

al kynyl , aryl or R _is. hydrogen, hyd

hydroxy, oxo, ether with8RI O is. a carbpn

RIOis hydrogen hydroxy ted hydroxy, _ oxo, or -

with R is a carbonate; R13 i s hydrogen, hydr

hydr oxy, -OCOR2s or MO ; R19, R3Q, R31, R2,

| ndependent |y hydrogen, al kyl, al
-SX, 0, nonocyclic aryl or nonocycl
al kyl, al kenyl, al kynyl, aryl, or

430

Xs |s hydr ogen,

whexrein

R, is nydrogen, hydrcxy, protected hydroxy or
-OCOR;,, ©r together with R, is a carbonate;

R; is hydrogen, hydroxy, protected hydroxy, oxo, or
-OCCR;;, or together with R, i3 a carbonate;

Ry, is hydrogen, alkyl, hydrcky, or protected
hydroxy, orX together with R, is a carbonate;

R is hydroxymethylene;

Rs is -OMs, -OTs or a bremide;

R-,; is hydrogen, protectad hydroxy, or -OCOR,., or
together with Ry is a carbonate;

Ry 1s hydrogen, oxc, hydroxy, protected hydroxy, or
-CCOR;;. or together with R,, or R.. is a carbonate;

R;; is hydrogen, oxo, hydroxy, protected hydroxy, or
-OCOR;s, ©or together with R, is a carbonate;

P;; is a hydroxy protecting group:;

A OO
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X Ois alkyl, al Tihect Ha eliLR‘i%E ear.yl , or heteroaryl; and ég DW 1996
conpri ses ammoni u n\l | i“ S 2. An inter nedate—-o+—use
in the preparatio c or tetlr]ascycl I ¢ taxane hai

At A
ng the fornul a:

R.s. Rier Ry Ry, and R,, 2re independently hydrogen,
alkyl, alkenyl, alkynyl, alkoxy, aryloxy, -=-NX,X;., =-S%,.,
mesnecyclic arvl or monocyclic hetersaryl;

%, is hydrogen, alkyl, alkenyl, al'kynyl, aryi, er
Leterocaryl:; and

%, i3 alkyl, alkeryl, alkynyl. aryl, or heterocaryl.

12. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or
tetracyclic taxane comprising reacting a commound having
the formula:

P 450

R Rs

ab Ruq

with ROt3u and (PhSe0),0 to form a reaction product having
the formula:

- and exposing the reaction product to additional KOtBu,
silica gel, or other acids or bases, cr to heat to

L

L



. REPLACEMENT SHEET
~~~R7b erein R, is hydrogen, hydfoxy, protected

hydroxy or - 0COR3(HisSpee lged h R i s a carbonate; 24 DEC kS
hydr ogen, hydroxy oxy, oxo, or -OCOR3,, or toge;%er wth H

i s a carbonate; hydrogen hydr oxy, pr ot ect ed—trycroxy;

-OCOR, 2, or oxo, or together W t & carbonate; R7b is
hydr ogen, al kyl, cyano, hydroxy, protected hydr oxy, or -QOCOR36, or_ togetner
with R3 or Rrepsrangarbbrakeaction produqy turd Wﬁp%t#%drhﬂ‘ereeﬁdeﬁﬁl y -

hydrogen, al kylmyla:

wherein .

R; is hydrogen, hyvdroxy, protected hydroxy, or
-OCOR;3, oOr together with R, is a carbonate;

R, is hydrogen, protected hydroxy, or -0OCOR,,
or together with R, or R,, is & carbonate;

R,. is hydrogen, alkyl, hydroxy, protected
hydroxy, or -OCORN, together with R, is an oxo, or
together with R,, R,,, or R. is a carbonate; _

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heterocaryl, or cyano, together with R,, is an oxo,
together with R,, or R; is a carbonate, or together with R;
and the carbons to which they are attached form an
oxetane ring;

R, i1s hydrogen, protected hydroxy, -OCOR,,,
together with R,, or R,, is a carbonate, or together with
R, and the carbons to which they are attached form an
oxetane ring;

R,, is hydrogen, halogen, protected hydroxy, or
~OCOCR,, ;

P,; is a hydroxy protecting group;

Rs7, Rip, Ry, Ry, and Ry; are independently
hyvdrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy., -
NXgX,p, -SX,,, monocyclic aryl or monocyclic heteroaryl;

Xs is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heterocaryl, or heterosubstituted alkyl, alkenyl, alkynyl
aryl or heteroaryl; and o

HII\Il\ ] ||l\\ L1 \Il\




I Iﬂlm LU

~al kenyl, al kynyl, aryl or heteroaryl; R is hydrogen hydr oxy,
prot ect ed hydroxy, oxo, or -OCOR33, or together with R7
car bonat e; RI O i s hydrogen, hydroxy, protect eﬁé‘?&@@w gﬁgﬁ ar
-OCOR29, or together with R is a carbonate; RL3 1s hydrogen,
hydr oxy, protected hydroxy, -OCOR3S or M3 ; 2 4 DEC 1996

........... ' 106

OOg | Rz9. R30. R51, Rt Rs 3 . R3s and R6 are }rlulcpclldalC|V
hydrogen. al kyl, al kanyi .. al kynyl, al kcxv,

X.» is alkyl, alkenyl, alkymyl, aryl, heterocaryl, or
hetercsubstituted alkyl, alkenyl alkynyl, aryl or
keterocaryl. :

'ﬂﬁ,iheetH
\‘~\



aiijéxu, ] . -SX~0, nonocyccic a-.l c_ tanocycnic hateroaryl;
K, is hydrogen, alkkyL, alLkenyL., al kynyl, aryl, cr heteroaryl;

X,4 is al kyl, alkeanyL, al kFyny, ayl, or heceroarlL-; and M
conpri ses ammoniumor is a netal. -1- 3. hQintexnmediate for use
in the preparaC|on al atrcyclic or t-tracyclic taxane having the Formul a:

| a [ 70

SYNTHESIS OF TAXOL AND ITS DERIVATIVES

ABSTRACT

Process for the synthesis of taxol and other tricyclic and tetracyclic taxanes.

—_—

—_—

This Sheet Has Been Rep

LTI
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0 # wherein ' R iLs-hydt ogen, hydroxy, prot ect ed hydroxy or

3 0C0R30, or tfgggﬂmEmENm SR{EETS ‘a carbonat e, ~ R is hydrogen,

hydr oxy, -pr ot ¢ctret—hydroxy;—oxo] or -OCOR3 1, or together with R €T
car bonat e, l"‘f}@‘ﬁd ogen, hydroxy, protected hydr oxﬁEPwdﬁ&%&éﬂe
R7b i s hydrogén, aﬁﬂy& “hydroxy, - protected hydroxy, or -ocgmlﬁ‘i

R1C is hydroggn, . alkyl, alkenyl{ al kynybd4. aryl or heteroaryl;

i s hydrogen, rydroxy, prot ecced}hydroxy, oxo, or -0OCOR33, or together with'
R. is a carbonate;—-———— . R e

1111111111111%%£1claims'defining the invention are as follows:

1. 2n intermediate for use in the preparation
of*a tricyclic or tetracyclic taxane having the formula:

wherein

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

R, is hydrogen, hydroxy, protected hydroxy. oxo,

. or -OCOR,,, or together with R, is a carbonate;

R; is hydrogen, hydroxy. protected hydroxy,
-0OCOR;;, or oxo;

Ry is hydrogen, alkyl. alkenyi, alkynyl, atyl or

. heterocaryl;
—

Ry, is hydrogen, hydroxy. protected hydroicy, OoX0,
or -OCOR,;, oOr r__ogether with R,y is a carbonate;- '
_ R, is hydrogen, hydroxy, protected hydroxy.
oxo, or -OCOR,,, or together with R, is a carbonate;

R,; is hydrogen, hydroxy, protected hydroxy,
-OCOR,s or MO-;

‘Rye, Ry Ryy, Rﬁz. Ry, and R, are independently
hydrogen, alkyl, alkenyl, alkynyl, alkoxy. aryloxy,
-NXgXi5, -5¥,9. monocyclic aryl or monocyclic heteroaryl;

Xy is hydrogen, alkyl, alkenyl, alkynyl, arvl,
or heteroaryl; ' '



REPLACEMENT SHEET. == —TSEP 1999 | -
107 f&Bfmémﬁvgwgﬁgﬁﬁfh/dr0xy; proteccad hydro;., axa ? . |
-aCOR~,, or togé¢ther with RO is}alCarbonate; R1is h% {j%féq\” NTSHEET
‘hydr oxy, rort.ect DRBs or M -; " 29 R 30, R31, R32,
R33, R35 and R § y
36 hydrogent al kyhyl , ab&oxy, aryloxv, - NX8X1C1 - SXi a,
nonocyclic aryl {or nDnocycllc hetnroaryl - X9 is hydrogen, alkyl,
al kenyl, al kynyl, aryl, or heteroaryl; . :
. X, is alkyl, alkenvl, alkynyl, aryl, or
heteroaryl, and
M comprises ammonium or is a metal.
2. An intermediate for use in the preparation
of a tricyclic or tetracyclic taxane having the formula:_
"
wherein _
R, is hydrogen, hydroxy, protected hydroxy or
~OCOR;, Or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;;, or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, '
\/ -OCOR;,, or oxo, or together with R;, is a carbonate;

Ry is hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or -OCOR,,, or together with R,
a carbonate;

) R,. and R,4 are independently hydrogen, alkyl,
alkynyl, aryl or heterocaryl:

_ R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;;, or together with R,, or R,, is a carbonate;

Ry is hydrogen, hydroxy., protected hydroxy,
oxo, or -OCOR,, or together with Ry is a carbonate;

R,; is hydrogen, hydroxy,. protected hydroxy.,
-OCOR,s or MO-;

or R, is

alkenyl,



Xlois alkyl, 3,
conprises amonfumor - is a
in the preparat]ofp

al k R"IACE%E Lr‘WIE,ET_aPyI, or heteroaryl and
nmet aj . 4.7 An mterrredq_;agp@_;\t;emEN%@HEET
@1 8EP 1999cly c| or tatracyclic taxane havi ng the formnul a:
R13 | _ | _ ' R4da
106

Ry, Rag, Rg. Rz, Ry, Ryg and Ry, ars
.independéntly hyd:ogen, alkvl, alkenvyl, alkvnvl, alkexy,
arvloxy, -NX.X,5, -5%q. monodyclic aryl or monocyclic
hetercazyl;

Xy is hydrogen, alkyl, alkenyl, alkynyl, azvl,
cr haCergaryl; _

X, is alkyl, alkenvl, alkvnyl, arvl, or
hecsrocaryl; and _ .
M comprises ammonium or is a metal.

3. An intermediate for use in thes preparation
of a tricyclic or tsetracyclic taxane having the formula:

R

10

This Sheet Has Been Replaced

L]

R; is hydrogen, hydroxy, protected hydroxy or
-OCOR;4, or together with R, is a carbonate; T

wherein

Ry is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,,, .or together with R, is a carbonate;

Ry is hydrogen, hydroxy, protected hydroxy, or
-OCOR32;

R;y is hydrogen, alkyl, cyano, hydroxy, protected -
hydroxy, or ~OCOR3¢

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl or
heteroaryl; ‘
_ Rg is hydroggn, hydroxy, protected hydroxy, oxo,
or -OCOR33, or together with R;, is a carbonate;



wherein . - o « al kyl ' R1 is hydrogen, hydroxy,
Jprotected hydraxﬂEm$&§@§§ﬁéﬁggﬁr together with R, is a carbonate; @EET
R2 is hydrogen} nydroxy, protectled hydroxy, oxo, or -CCCRSl,R@ggxﬁﬂﬂﬁN“§Wﬂ¥

R, is a carbonptl, 20t SEPytEIeri Wi th Ra is a carbonate; Rda is
"~ hydrogen, - al ky} ,{ hydroxy, protjected hydroxy, or -OCOR. ,, or together with
'R is a carbonhpt€; T 107 - ' '

Ry, 1s hydrogen, hydroxy, sroteactad hydrox
oxa, Qr -OCORN, or together with R, 1is a carbonacs;
R,y 1s hydrogen{ hydroxy, protectad hydréxy,
. -OCORys or MO-; | o .
Ryo, Raor Rarr Rags Raas Ryg and Ry, are independently
nydrogens alkyl, alkenyl, alkynyl, alkoxy, aryloxy, -
NXgXy5, -SX,0, monocyclic aryl or monocyclic hetercaryl;
.X, is hydrogen, alkyl, alkenyl, alkynvl, aryl,
or heteroaryl;
Xio is alkyl, alkeﬁyl.'alkynyl, aryl, or
hetearocaryl; and

M comprises ammonium or is a metal.
4. An intermediate for use in the praparation
of a tricyclic or tatracyclic taxane having the formula:
N

wherein’
| R is C;, - C; alkyl, :

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

R, is hydrogen, hydroxy, protected hvdroxy, oxo,

or -OCOR,,, together with R, is a carbonate, or together

with R,, is a carbonate;

R,y 1s hydrogen, alkyl, hydroxy, protected
hydroxy, or -OCOR.,, or together with R, is a carbonate;



108
0r

- OCORZ4,

hydr ogen,

‘wich R ;
protcted hYdroxy,

or

H ﬁEgLﬁngeﬁ"gﬁral ogen, hyrxoxy, protected hydraxy, -OR, 3,

or tlogec-her Wi Fﬂ - S a cax' bonate RO is
oxa, hydrox d|hydroxy, -OR,, or ACECRS, or together
Ra ifs {a ogr 2?96 F@ﬁ i's hydrogen, OX @ py NCEMENT T SHEET

|, or together with R is a carbonate

Rtz is hydrogen, hvdroxy, protect ¢d hyrt88/, -OCORI S or W ; Rz,
is a fusctionaL group whi Ch Tncreases the solubility of the taxana
derivative;.
hydr agen,
ntnocyclic armdrcmy NofarGy cl oz heCORqar wir; together with Rhysdraogen, zal vy,
aIkenyI , M|é§gggnaégyL a- heteroarylL:

carbonate;

d R$ d dent |
al kyl , aIken?%a,lsaFE%ﬁﬁgeﬁ Qg%°g§§y|B%?rOX?-&?re‘égﬁﬁﬁfn entty

Ry is hydrogen, oxe, hydroxy, protected hydroxy,
-OR,s, O —OCORn, or together with R., or Rm is a

Ryo is'hydrogen, oxo, hydroxy, protected.
hydroxy, =-OR,, or -OCOR,s, Or together with Ry is a
carbonate; _ _ '

R,; is hydrogen, hydroxy, protected hydroxy,
-OCOR;s or MO-;

Rys is a functional group which increases the
solubility of the taxane derivative;

o Ry7 Ryes Ryos Ry Ryy, Ry, and Ry are independently
hydfogen, alkyl, alkenyl, alkynyl, alkoxy, aryioxy, -
NXgXi0, -SXy, monocyclic aryl or monocyclic heteroaryl:

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or hetercaryl;

X0 is alkyl, alkenyl, alkynyl, aryl, or
hetercaryl:; and | o
M comprises ammonium or is a metal.

S. An intermediate for use in the preparation
of a tricyclic or tetracyclic taxane having the formula;

13

26a

—
1aced

i



Xta is alyll,
_coprises a nmu
0
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‘aryl, or heteroaxyl; and
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L

R, is hydrogen, hydroxy., protected hydroxy or
-OCOR,,, Or together with R, is a carbonate; |

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,,, or together with R, or R,, 1S a carbonate;

R,, is hydrogen, alkyl, hydroxy, protected
hydroxy, “or -OCOR,,, together with R, is an oxo, or
together with R;, R,,, or Rs is a carbonate; .

Ry is hydrogen, alkyl, alkenyl, alkynyl, a:yl
heterocaryl, or cyano, together with R,, is an oxo,
together with R,, or R; is a carbonate, or together with Rs
and the carbons to which they are attached form an
oxetane ring; '

Rg; is hydrogen, hydroxy, protected hydroxy,
-0CORy7, Ox0, together with R,, or Ry is a carbonate, or
tqagether with R,, and the carbons to which they are

. attached form an oxetane ring;

_ R,;, is hydrogen, halogen, hydroxy, protected
hydroxy, -OR,s, or -OCOR,,, or together with R, is a
carbonate;

Ry is hydrogen, oxo, hydroxy, protected hydroxy.
-OR;4, Or -OCOR,,, or together with R;, or Ry is a
carbonate; '

R,y is hydrogen, oxo, hydroxy, protected
hydroxy, -OR;, Or -OCOR,, or together with R, is a
carbonate;

. R,;; is hydrogen, hydroxy, protected hydroxy,
-OCOR;5, MO- or

R.g is a functional group which increases the

solubility of the taxane derivative;

This Sheet Has Been Replac

T
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Ry7. Rye. Rgos Rsi. Rgs. R34,R35 angd ¥ 37 are
1ndependent1y hydrogen, alkyl, alkenvl, alkynyl, alkoxy,
arvloxy, -N¥gX,q, -SZXiq. monocvcl;c aryl cr mecnocyclic
heceroar?l-
X, is -0X¢,, -S%., or -VXQQ;
X;ls hydrogen, alkyl, alkenyl, alkyvnvl, aryl,
or heteroaryl;
X, and X, are independencly hydrogen, alkvl,
alkenyl, alkynyl, arvl, or hetercarvyl;

X, is -COX,,, -COOX,,, -COSZy, -CONXsXiq,
or -S0,X,,;

X, is hydrogen, alkyl, alkenyl, alkynvl, arvl,
hetercarvl, hydroxy protecting group, or a- funcctional
group which increases the water solubility
derivative;

of the taxane
X; is alkyl, alkenyl, alkynvl, arcyvi, heteroarvyi,
or sulfhydryl protecting group; _

X, is hydrogen, alkyl, alkenvl, alkyvoyvl,
or heteroaryl;

1,

X, 1s an amino protecting group;

X0 1s alkyl, alkenyl, alkynvl, arvi, or
hetercaryl;

X,y is alkyl, alkenyl, alkynyvl, aryvi,
hetercaryl, -0%,,, or -‘NX,XH;

Xu'is hydrogen, alkyl, alkenyl, alkvnvl, axyl,
or heterocaryl; and

M comprises ammonium or is 2 metal.

6. A process for the nrenafac1on of an
intermediate useful

in the synchesis of a tClCYCl’C or
tetracyclic taxane comprising reacting a compouncé havin
the formula

This Sheet Has Been Replace
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ion of an int=nediate useful in the synt hesi s

5. A process—of—tio preparaci
of a tlrol cycm BEPLAQEMENACHMAET] 4c t axane conprising reacciing a corrpoundEw‘Em S\'\EEW
haV|ng the Gorrrorg— . - o REP

2 1SEP 1999" ' |

' 111 .

P, 50mmn

. with BrMgN(iPr),, an aldehyde (or ketone), followed by

phosgene and an alcohol to form a compound hawving the
formula:

This Sheet Has Been Rep

T

R; is hydrogen or protected hydroxy, R, is
hydrogen or protected hydroxy;
Ry is oxo;

wherein

| Roy is hydrogen, alkyl, cyano, hydroxy, protected
N hydroxy, or ~OCOR4 ¢ ;
Rgc and R;4 are independently hydrogen, alkyl, .
~ alkenyl, alkynyl, aryl or heteroaryl;
~ Rg is hydrogen, protected hydroxy, or oxo;
R13 is 'OP13;
Ryg is hydrogen, alkyl, alkenyl, alkynyl, alkoxy.
aryloxy, -NXgX;,, -SX;4, monocyclic aryl or monocyclic
heterocaryl;

Xg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
hetercaryl; '

Xi0 is alkyl, alkenyl, alkynyl, aryl, or
hetercaryl; and

P1g and P,5 are hy@roxy protecting groups.
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' a PS
Bt MyN@ PrOEP 499%al Hehyde (or ket one), foI | owed by BEB—SQ@‘:@\H@*EET.
ojf ®=m a conpound} hpving the fornula '
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7. .A process for the preparacion of an

intermediate useful in the synthesis of a tricyclic or

tecracyclic taxane comprising reacting a compound having
the formula

with lithium tetramethylpiperidide to form a compound
having the formula:

P, 30mmn

wherein

Ry is hydrogen or protected hydroxy;

Ry is hydrogen, alkyl, alkenyl, alkynyl, aryl
or heterocaryl;

Ry is hydrogen, protected hydroxy, or oxo; and

P, and P,, are hydroxy protecting groups.

8. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic¢ or

tetracyclic taxane comprising reacting a compound having
the formula:

This Sheet Has B Been

LTI Illl



p?b' wherein REPLACENFENT SHERrjogen or protected hydroxy;'RQ I s hydrogen
R R3-li g 0xo0; R7b is hydrogen, alKkyl,

y,| or - OCOR36; . R7. andﬁgi @ SHEET

| Kenyl, al kynyl, aryl or heter®¥d] ?N@“?

,} or oxo; -

113

or protected hydy opy

cyano, hydroxy, rggéﬁ{ggkﬁﬁﬁgo

i ndependent |y hyfr
RO i's hydrogen, pr

U
wherein R, is hydrogen, brotected hydroxy, or OX0; R, is
hydrogen, alkyl, alkenyl, alkynyl, aryl or heterocaryl;
and P;,, and Pn_are hydroxy Protecting groups.

\\/' = . - |

‘ 9. A process for the preparation of an
intermediate useful iq the synthesis of a tricyclic or

e : . . .
etracyclic taxane comprising reacting a compound having
the formula: :

—_—
—————
—_—

———

This Sheet Hag Been Replaced
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R is -o1C —al0Q i__.010; = = 13 is -0OP13; . R36 is

hydrogen, al kyl REHI.MEMEINT sﬂigg‘rn I, al koxy, aryloxy, -NX8X10, -SX10,

- n%nocgclic arg yett+eyhet er oaryl ; - X8 is Qﬁynmg§M£M&35ﬁEr
“al kenyl, al kynylt, %1 ygeﬁpgww efoaryl; - o X10 is al kyl, al kenyl,
aLkynyl, aryl r 2 apd - P10 and P13 are hydroxy
protecting gr¢ _ 114 _ 11
0 2 OCT 1999 h_k . :

with a hydride reducing agent to form a compound having
the formula: '

N
P,‘aoltlll
wherein R, is hydrogen, protected hydroxy, or oxb; Ry is
hydrogen, alkyl, alkenyl, alkynyl, aryl or heteroaryl;
and P, and P,; are hydroxy protecting groups.
s .

10. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or’
tetracyclic taxane comprising reacting a compound having
the formula:

TTe———
This Sheet H

i Wi

—————



6. A process f the nreoaratlon of an incermediate useful, in the
synt hesi s of & Rﬁpmgzm,ggrogymc acycl | C caxane corrprl si ng react | QQDEACEMENT SHEET
oP

conpound havi Rg rtire~ferr-a— _

‘a~~ta ' S c ' . PlOlll

S . 21'%5&49%L~~~~~~- - | |

0 : . ' q - WthumthhﬂntMramﬂhyHﬂpeHcﬂdeto

forma conpound

with lithium diisopropylamide to form a compound having
the formula:

N~
P 440
CO,R
OH 2

wherein R is lower alkyl, R, is hydrogen, protected

hydroxy or R, and R, together form a carbonate, R, is

hydrogen, protected hydroxy or R, and R, together form a
\~/

carbonate, Ry is- hydrogen, protected hydroxy. or oxo; and

P, and Py, are hydroxy protecting groups. .
11. A process for the preparation of an

intermediate useful in the synthesis of a tricyclic or

tetracyclic taxane comprising reacting a compound having
the formula:

This Sheet Has Been Rep

T



havi ng the formul a; - : o S.

P HEg‘-I L?c C] I EY
*~~ '* wh rgg&LA‘étM'éNT S R |i's hydrogen or protected hydroxy; REPLACEMENT%‘E

i s hydrogen, {al kyl, _al ke£y , {al kynyl, aryl or heteroaryl RPis -
hydr ogen, gr ot &E Yy, jor oxa; and . Pto and P, are hydroxy
protecting groups : e 116 .

R4q
R‘}a
P,30
. N
2 0
Rsa
wherein _ .
R, is hydrogen, hydroxy, protected hydroxy or
-OCOR,,, Or together with R; is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,,, or .together with R, is a carbonate;
N

R,, is hydrogen, alkyl, hydroxy, or protected
hydroxy. or together with R, is a carbonate; _ -

Ry 15 hydroxymethylene;

R; is -OMs, -OTs or a bromide;

Rs;, is hydrogen, protected hydroxy, or -OCOR,,,
or together with Ry is a carbonate;

Ry is hydrogeri, oxo, hydroxy, protected hydroxy.
or -0COR,;, or together with R,, Or Ry is a carbonate;

Ry is hydrogen, oxo, hydroxy, protected
hydroxy, or -OCOR,,, or together with Ry is a carbonate;

P,; is a hydroxy protecting group;

This Sheet Has Been Replace:




7. A process REHﬁ&EM;@LéﬁiFTO of an |nterned|ate'uéeful in the synt hesi s

of a tricycl
t he fornmul a:

OP

Dr tecracycllc t xane conprising reacting: a conpound h 'L
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Ryg. Ryg: Rap. R33 and Ry, are
independently hydrogen, alkyl, alkenyl, alkynyl alkoxy,
aryloxy, -NXgX,,4, -SXlO, monocycllc-aryl or monocyclic
heterocaryl;
Xg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl and '

xlo is alkyl, alkenyl, alkynyl aryl, or
hetercaryl.

12. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or
tetracyclic taxane compfising reacting a compound having
the formula:

P440

Rap R4a Rs
with KOtBu and (PhSeO)ﬂD to form a reaction product hav1ng
the formula:

————
———————

This Sheet Has Been

T

and exposing the reaction product to additional KOtBu,
silic; gel, or other acids or bases, or to heat to

rearrange the reaction product to a compound having the
formula: :



Pl 0111117c

=0 '

canphosul f ony
P-t-a

_ . - . . e
 REPLAGEMENT SHEET | & \ith | thium tetramat nyPbp mﬁmwes‘é%@
| foxaziridine tp torm.a conpound havi ng the rmul a:
2 1 SEP 1999 . | . ~Tc P1301tt iii
_ s : _
wherein
R, is hydrogen, hydroxy, protactad hydroxy, cr

'OCORBO( or together with'R2 is a carbonate; _
"R, is hydrogen, protected nydroxy, or -OCOR,,,
or together with R, or R,, is a carbonate;

R is hydrogen, alkyl, hydroxy, protected
hvcroxy, or -OCOR,,, together with R, is an oxo, or
together with R,, R,,, or Ry is a carbonate;

R, is hvdrogen, alkyl, alkenyl, alkvnyl, aryl,
hetcerocaryl, or cyano, together with R,, is an oxo,
together with R,, or Rg is a carbonate, or together with Rg
and the carbons to which they are attached form an
oxetane ring:;

Rs is hydrogen, protected hydroxy, -OCOR,s,
together with- R,, or R, is a carbonate, or together with
Ry and the carbons to which they are attached form an

oxetane ring; - _ | .
Rs;, is hydrogen, halogen, protsctasd hydroxy, or
-0OCOR,,;
Py3 is a hydroxy protecting grbup:

Ry7: Ryg, Ryy, Ryy, and Ry, are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX, 4. -SX, o, monocyclic aryl or'monocyclic
heterocaryl; '

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or: héteroaryl : and

Th1s Sheet Has Been Replaced
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al kyl , al kenyl .

heteroaryl; and ?la and Pt3 ar

-d' mhérein RREPIA _ . p} ot ect ed hydroxy, or oxo; R7C is.hydroge
EPL?\CP_ é&_g@m | m&?ﬁ SHEET

protecting gro;p' '
i nternmedi ate ubeful2 1 $EM®Byn

conprising reagtng _a_conpound

= j'

B. A process for the preparatlo of - an
esi s of a-tricyclic or tetracyclic taxane
pvi ng the fornmul a:

: 119

X0 is alkyl, alkenyl, alkynyl, aryl,

hetercaryl, or heterosubstituted alkyl, alkenyl alkynyl,
aryl or hetercaryl.

This Sheet Has Been Replaced
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O ' hydr| de reducing. agent to form a corrpound ‘havi ng
t he forMil a: 21 WW% 120 P P :

Process for the synthesis of taxol and other tricyclic and tetracyclic taxanes.

This Sheet Has Been Replaced
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S

Pv‘?‘ OH 7011 . . ,c< wherei R is hydrose9n, 'p"rot ec't_ed " or 0xo;
R, . i's hydrQgea, alkyl, alkenyl, alkyyl ry r etrarl- ﬂgj’g&)&"‘ﬂENT QH:::T
‘andPt CandP3. "' are hYdrOxY protecting groups. ; J. REPE‘A@EMEN’]TSHEET
the prep~aration of an internediate useful in the synthesi § —a——t-r-r-c'y-c-i-r-c
or- tetracycli ¢ taxane conprising reacting a corrpound hav- |n %. ; U_pgr(%gégs\.
v - | ' ) - 23 - ——
| 2606396~

Ra7: Rags Rygs Ry, Res, Rw, Ras and Rgrare independently

 hydrogen, alkyl, alkenvl, alkyayl, alkoxy, arylexy, -
NX,X,q. =SK,,, monocyclic aryl or monccvclic 'na*:.ercér:yl.;

X, is -0X,, -5X,, ar -NX,X,;

¥, is hydrogen, alkyl, alksanyl, alkvnvl, acvl,
or heteracarvl; ' _ '

X, and X, ars -zmenenc.em:?v hvdragan, alkyl,
alkenyl, alkvmyl, arzvl, or hetercarvl;

X5 is -COX,, -COOX,, -COSX;q, ~CONX.X:.
or =-S0.X,;; | .

~ %¢ is hydrogen, alkyl, alkenyl, alkvayl, azvl,

hetercaryl, 'hvdroxv protecting group, or & functional
graoup which mc:*=ases the watsr sclt.b*lﬂ:v of the taxane
derivative;

X; is alkyl, alkenyl, alkynyl, arvl, hetercarzvl,-
or sulfhvdryl protecting group;

' X, is hydrogen, alkyl, alkenyl, alkvayl, arvi,

or hetaroaryl; '

%, is an amino protecting group:

X0 is alkyl, alkenvl, alkynvl, aryl, or
hetercarvl; .

Xy is alkyl, alkenyl, alkynyl, aryl,
hetercaryl, =-0Xi. or -NXX,,:

X, is hydrogen, alkyl, alkanyl, alkvavl, a=zvl,
or hetercaryl; and o '

' M comprises ammonium or is a metal.

Other cbjects and fsaturss c;f chis iavencion
will be in part apparent and in part poinced out
hereinafcsr. |

DETAILED DESCRIPTION OF THE PREFEIRTD EMBODIMENTS

As usad herein *Ar" means aryl; "Ph" means
phenyl; "M=2" means methyl; “Et" means ethyl; "iPr" means
isopropvl; "tBu* and “t-8u" means test-butvl; “B* means
lower alkvl unless ocherwisa defined, "Ac* means acacyl;
“pv* means pyridins; "TES" mearvs c.:r.a:hws vl 'T':‘fSl -
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be attached to 7fprccecced-95-hydrcxy derivacive § as
elsewhers described herein. Removal of the ramaining
proctscting groups thus yields'SB-hydroxy~desoxc taxol ar

- other 9f-hvdroxvtetracvElic taxane having a Cll sice '
chain. | ‘

REACTTON SCEEME 1

QAc

HQin.
8u,N8H,

CH,CI,

HOQit.

Alternacively, the C13 hydroxy group of 7-
protected-9B-hydroxy derivative 6 may be protected with
trimethylsilyl or other protecting group which can be
selectively removed relative to the C7 hyvdroxy protecting
group as illustrated in Reaction Scheme 2, to enable
further selective manipulation of the various
subscituents of the taxane. For example, reaction of
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formul a: 13

wherein R is | ower aIky[L"R,.is hydrogen, pfopected,

rotacting group can

p g
(3

cachment of a side
acetoxy-l0-oxo-taxol
caxanes having a Cl3
be
11
o

- acetata group can
 10-oxo derivative
samarium diiodide

with |ithiumdiisoprosylamde to forma conpound havin

the

| RePOommHEET

82 0CT 1999

- a3 -

2606396 ~ |

be selectively resmoved follawed tcv

0

chain as described abovs ta viald
or other 9-acstoxy-l0-agxotatracrlic
che C

salactively ramoved bv raduccion

0

side chain. Altsrnacively,

o
ra

with a reducing agent such as
vield 9-desoxo-10-0xo derivative 12

from which the Cl3 hydroxy procecting group <an be

selectively removed followed by attachment of a sidé
chain as described above to yield 2-desoxo-l0-cxo-taxol
or other 9-desoxo-l0-oxgtetracwlic taxanes having a C13

side chain.

REACTTON SCHEME 3

TBAR TMSOtne.

TMSCtis

12

- Reaction Scheme 4 illustracas a rsaction in

which 10-DA3 is raduced to vield pencacl 13.

Tha C7 and



hyd}oxy-or R, ande[err] together forma carbonate, Rerr] is hydrogen

protected hydroxy or Rerr] and R err] together form a carbogn
is. hydrogen, protected hydroxy, or oxo; and P[er] and Plerr :
protecting groups. - ~10. . A process for the. prepgrdtion of—amn

I nternmedi ate useful in: the synthe5|s of a tricyclic or tetrccycujg b%ﬁaﬁﬁg

conpri sing reacting. a-.conmpound haV|ngtﬂ¥ifornula

1R

UWbp 396 - |

C10 hydroxyl groups of pentacl 13 can then be selectively
protected with the triethylsilyl or anocher procacting
group to producé criol 14 to which a Cl3 side chain can
be attached as described abave or, altermatively, after
further modification of the cetracyv clic substituents.

HOI110 HQltee

Bu NBH,

CH,CI,

HQttn.

Taxanes having C9 and/or Cl0 acyloxy
substituents other than acetace can be prepared using 10-
DAB as a starting material as illustrated in Reaction
Scheme S. Reaction of 10-DAB with triethylsilyl chloride

in pyridine yields 7-protected 10-DAB 15.

The C10

hydroxy substituent of 7-protected 10-DAB 15 may then be
readily acylated with any scandard ‘acvlating agenc to

Wiamgpas,



“fefr]

~with DBU to forma conpound having the fornmul a:

1oy

REPERGERFERT o8
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i ¢ e o e e w

= 9406 3%6- )

Ac,0 TMSCHu

TMSQu
' OMAS

TMSOuN

l0-desacetoxy derivatives of;baccatin
10-desoxy derivatives of 10-DaB may be preparsd

reacting baccatin III or 10-DAB (or their derivatives)
with samarium diiodide. Reaction between the tetracvclic
taxane having a Cl0 leaving group and samarium diiodide

may be carried out at 09C in a solvent such as

tetrahydrofuran. Advantageously, the samarium diiodide
selectively abstracts the Cl10 leaving group; Cl3 side
chains and other substituents on the tstracyclic nucleus
remain undisturbed. Thereafter, the C9 keco subscizuent
mey be reduced.to provide the corrasponding 9-descxo-98-

hyvdroxy-10-desacecoxy or l0-desoxy derivacives
otherwise described herein.

as



[err] V\/nerein. .. Rl i's hydrogen, hydroxy,

protected hydroxv or

;-0=C4R, O together wwth R2 i's a carbonate; _ R2 is TW
hydr oxy, protected hydroxy, oxo, or -OCOR3,, or.together.wf ﬁmm W
carbonate; - - “Rdu.is hydrogen, alkyl, hydroxy, or. pr )}T§ct ed hggrgégl

or together with R is a carbonat e; - - R4b i s hydroxy

Rs is -Ovs, -Ols or a bromde; - R7. 1s hydrogen, pto ected .

hydr oxy, or -QOCOR14, : _ - 59 - 76063?6"/

heated under reflux for 8h. The solvents were evaporated under reduced pressure.
the resulting thick syrup was ﬁissolved in ethy! acetate (850 mL) and 3.5 mL of 4,0
was added droﬁwise with vigorous stirring. The resulting mixwure was stirred at
room temperature for 1h and then filtered ttu'odgh a pad of Celite which was further
washed with two portions of 100mL of ethyi acetate. Evaporation of the solvent
ander reduced presure afforded an oil that was filtered through a short pad of silica
gel eluting eith 10% ethy! acetate in hexane to give 4.78g of pure hydroxyketone
4 (P,,=TES) (colourless oil).

4 (Po=TES): 'H NMR (300 Mz, CDCl;) 5 0.58 (q, /= 77 Hz, 6H, TES CHy), 0.94 (t, / =
7.7 Hz, 128, CH; 19, TES CHy), 0.98 (s, 3H, CH; 17), 131 (s, 3H, CH, 16), 1.71 (dd, / =
5.0, 11.5 Hz, (H, H2a), 185 (m, 3H. HI, H9B, H14B), 1.96 (s, 3H, CHy 18); 2.15 (d, J =
12.1, 1H, OH-13), 222 (ddd, J = 4.9, 132, 159 Hz, 1H, H9a), 2.56 (dddd, J = 3.3, 7.1,
13.7, 13.7 Bz, 1H, H3a), 275 (dd, J = 2.2, 11.0 Hz, 1, H2B), 2.80 (ddd, J = 44, 77, 110
Ez, 1H, H14B), 4.10 (& J = 11.0 HZ, 1H, H13B), 4.56 (d, 7 = 5.0 Hz, 1H, HI0B); 13CNMR
(75 Mz, CDCl;) & (ppm) 4.3 (TES CH,), 6.5 (TES CHy), 13.4 (CHj 18), 18.4 (CH,19),
25.3 (CHz 17), 27.1 (CH; 16), 34.7 (C14), 38.2 (CLS), 38.8 (C2), 44.0 (C8), 44.2 (C9), 47.8

- (C1), 67.3 (C13), 6§9.7 (C10), 137.3 (C11), 138.8 (C12), 219.2 (C3); IR (CHClL) v 3550,

2960, 2380, 1660, 1460, 1410, 1740 1200, 1160, 1140, 1080, 1050, 10CQ, 980, 9CO, 810 emrt;
MS (CI) 367 (M+1, 2), 349 (100), 331 (35).

Ketone 5. To a solution of hydroxyketone 4 (P4 = TES) in anhydrous pyridine (25 mL) at-23 °C
under nizogen was added dropwise TBSOTE (3.2 mL, 13.9 mmol). After 5 min, the flask was
moved t0 an ice bath and stirred for 1.75 h. The solution was diluted with 75 mL of hexane at 0
“C and then decanted fram the insoluble ail into saturated aqueous NaHCO; solution (200 mL).
The remaining oil was extracted with three 75 mL portions of hexane. The cambined arganic

phases were washed with two 50 mL portions of saturated aqueaus NaHCO; soludon and then

- with 50 mL of water, dried over anhydrous Na,SO, and concenzated under reduced pressure.

The yetlowish oily residue was purified by filtration through a short pad of silica gel eluting with

10% cthyl acetate in hexane to give 4.78 g of pure ketone S (P4 = TES, P,5 = TBS) (94% yield
fram 2).



-or*together with R9 is aicarbonate; . RO s hydroge'nk 0X0, hydroxy,
. protected hydroxy, or -OCORa3, or together with Ra or RG IREE%RE& -
Rto is hydrogen, oxo, hydroxy, prot ect ed hydroxy, or -QOCOR1%,,

with R, is a carbonate - Pl] ks a hydroxy'p_rotectl %groug'
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min then poured into 120 mL of 50 % ethyl aceuate m hexanes and washcd with | L of a samurateq

aqueous NaHCO; soluton. The aqueous phase was extracted with four 500 mL parions of ethyi

~ aceute and the combined arganic phases were washed with brine, dried over anhydrous Na,SQ,

and concentrated under reduced pressure to yield 2.29 g of 2,3,7-uiol as 2 white solid. This

material was used without further purification. | -

To a vigorously sdrred solution of miof (llé g, 3.93 mmol) in CH,Cl, (157 mL}j and pyridine

(13.7 mL) under nizogen at -78 *C was quickly added 7.6 mL of a 3.0 M solution (2‘3 mmol) of

phosgene in toluene. The soludon was allowed to warm © room térnpcr:mn-: overapericdof 1 |
then poured into 250 mL. of ethyl acetate, washed with two 125 mL partions of a samurated aqueaus

NaHCO;, solution and 100 mL brine, dried over anftydrous Na;SO, and concengrated under
reduced pressure to yield 2.52 g yellow oil. This material was filtered through 2 2 inch (5.08

an) pad of silica gel with 50% ethy] acetate in hexanes and concentration under reduced pressure

yielded 2.39 g (9% from 7) of hydroxy carbonate 8 (P.=TES, Pis = TBS) as a white solid.

8 (P9 ="TES, P;3 =TBS): mp 155- 157 'C; 'H NMR (500 MEiz, CDCl,)§ 0.09 (s, 38, TBS

-CH;), 0.10 (s, 3H, TBS CHy), 0.59 (q, 7 = 82 Hz, 65. TES CH,), 096 (t. 7 = 8.2 Hz, 9H,
© TES CHj), 097 (s, 9L, TBS t-Bu), 1.11 s, 35, CH, 19), L.14 (s, 3H, CH, 17), 1.30 (s, 3H,

CH; 16), 139 (dd, J = 4.1, 13.3 Hz, 1H, H9B), 1.65 (m, 2H, H6, H6), 1.99 (dd, J = 6.4,
15.1 Hz, 1H, Hl4e), 201 (d, / = .9 Hz, 35, CH, 18), 204 (d, / = 3.7 Hz, 1H, HI), .11
(ddd, J = 7.8, 15.6, 15.6 Hz, LH, HS), 2.28 (ddd, ] = 9.6, 9.6, 14.2 Hz, 1H, H14p), 2.34
(dd, / =124, 13.3 Hz, IH, H9B), 241 (m, IH, HS), 387 (dd, J = 0.9, 10.5 Hz, IH, HT),
3.95 (d. J = 3.7 Hz, 1H, H2), 4.59 (dd, J = 3.7, [1.4 Hz, [H, H10B), 4.40 (s, LH, H3), 4.55
(dd, J =6.4, 8.7 Hz, 1H, H13), 5.03 (d, / = 10.5 Hz, 1H, H20), 5.07 (dd, J = 1.5, 17.0 Hz,
1H, H20), 5.77 (m, 1H. H4); 13C NMR § (ppm) -5.4 (TBS CH,), -4.4 (TBS CH,), 4.8 (TES

'CHy), 6.5 (TES CHj), 15.5 (CH; 18). 17.9 (TBS C(CHy)y), 18.2 (CH, 19), 25.6 (TBS
- C(CH3)s). 25.9 (CHj 16), 27.5 (CHy 17), 28.3 (C6), 28.4 (CS), 29.8 (Cl4), 30.8 (C15),

36.5 (C8), 36.8 (C9), 37.3, 50.8 (C1), 66.6 (C10), 67.8 (C13), 70.5 (C2), 91.9 (C3), 91.9
(C7), 116.3(C20), 133.7 (C1 1), 137.9 (C4"), 142.6 (C12), I48.d (cyclic carbonate C=0); IR
(CCl) v 3450, 2950, 2870, 1750, 1460, 1330, 1350, 1220, 1120, 1080, 1040, $80. 900, 320,
710 cmet; MS (CI) 625 (M+1-H,0, 6), 551 (11), 477 (100), 459 (12), 433 (8), 344 (50); Anal.



116 | R[err],.R[.er-r]_, Rlerr], Rerr] and R[err] are i ndependently

' . hydrogen, al kyL, al kenyL, al kynyl, al koxy, aryl oxy, -NXBXI, -SXlO ‘
monocyclic aryl or. nmonocyclic heteroaryl; =~ -~ Xis hydr \ -
~al'kenyl, al kynyl, aryl, or heteroaryl; and Xerr] Wgﬁﬁﬁ
al kenyl, al kynyl, aryl, or heteroaryl. 11. A pr cess for the.

‘preparation of an internedi ate. useful i-@,gt he synthesis of alt

rf G ﬂ(B jof939

fior mul a:

tetracyclic taxane conprising reacting a conpound having thg

:

t6063%6- |

Caled. for C31HgqOgSiz: C, 64.92 H, 9.90; Found: C, 65.13; H, 9.88.

Ketocartbonate 9. Toa vigoroﬁs!y stirred solution of dimethylsuifoxide (2.41 mi, 34 mmot) in
CH,C, (57 mL) under nimogen at -78 “C was added 8.5 mL of a 2.0 M solution (17.0 mmoal) of

axalyl chloride in CH,Cl,. After 10 min, a solution of hydroxycarbonate 8 (Pyq = TES, Byg=

" TBS) (3.45 g, 5.67 mniol) in 16 mL CI-Izdz was added dropwise down the side of the flask,
After 30 min ar -78 *C, triethylamine (6.8 mL, 49 mmol) was added and the mixaure was warmed
ta room temperature. The mixmre was diluted with 200 mi. hexanes, washed with two 75 mL
portions of 2 sarurated aqueous NaHCO; solution and brine, dried over anhydrous Na;SO, and
mmnmdgn%c::%uczdpm to yield 3.45.g of a yellow sohd. This matesial was filtered
thoughal _mchlpad of silica gel with 10% ethyl acetate in hexanes and then recrysulilized from
hexanes to yield 2.62 g of ketocarbonats 9 as white crystals. The mother liquor was purified by
silicz gel chromatography, eluting with 10% ethyl acstate in hexanes and then recrystailizadon fom

hexanes to yield an addisional 0.58 g of ketocarbonate 9 (P q = TES, F,3 = TBS) (ol yieid: 3.20

| 2. 93%).

9 (Pyg =TES, P;3 =TBS): mp 1400 - 141.5°C; 'H NMR (500 MHz, CDCl;) 5 0.11 (s, 3B,
TBS CHy), 0.12 (s, 3H, TBS CHj), 0.60 (g, / = 7.8 Hz, 6H, TES CH,), 0.96 (1, / = 7.8 Hz,
9H, TES CH3), 0.98 (s, 9H, TBS t-Bu), 1.06 (s, 3H, CH; 19), 1.17 (s, 6H, CH; 16, CH; 19),
142 (dd, ] =3.7, 142 Hz, 1H, H9£3), 1.63 (m, 2H, H6, HE), 2.12 (m, 1H, HS), 238 d,J =
Q.9 HZ..SH. CH, 18),' 247 (dd, J = 114, 13.3 Hz, 1H, H9a), 2.65 (d, J = 8.2, 1H, HI), 3.94
(dd, J = 1.4, 10.4 Hz, 1H, H7), 4.44 (dd, J = 3.7, 11.4 Hz., 1H, H10), 4.49 (s, 1H, H3), 4.64
(dd, S = 6.9, 7.8 Hz, 1H, H13), 5.04 (dd, J = 1.4, 11.9 Hz, H, H20), 5.07 (dd, J = 1.8, 17.4
Hz, 1H, K20}, 5.76 (m, 1H, H4); 13C NMR & (ppm) -5.4 (TBS CH,), 4.5 (TBS CH;), 4.8
(TES CHy), 6.5 (TES CHy), 15.7 (CH, 18), 17.8 (CH; 19), 17.9 (TBS C(CHy)s), 25.5 (TBS
C(CH;)q), 28.2 (CH; 16), 283 (CH4 17), 28.3 (C6), 29.6 (C5), 30.4(Cl4), 37.7(C13),
38.0 (C8, C9), 62.1 (CI)... 66.5 (C10), 67.5(C13), 91.3(C3), 91.5(C7), 116.4(C20),
132.8 (C11), 137.0 (C4"), 145.4 (C12), 146.6 (cyclic carbonate C=0), 206.8 (C2); IR (CCl,)
v 2930, 2860, 1760, 1670, 1450, 1380, 1340, 1240, 1180, 1170, 1120, 1090, 1060, 1040, 980,

890, 860, 820, 700, 650 cm-!; MS (CI) 607 (M+1, 6), 549 (11), 475 (10Q), 431 (4), 347 (45);



[err] .mnth KO Bu and (PhSeC»ZO to.forma reactlon product haV|ng the
Jforml a:. , | S - lerr] | -

106
Pl‘) RJQ, R,l, Rgz. .gg_, R35 and R,s 'é;e
Lndeceﬁdanclv hydrogen, alkvl, alksavl, alkvavl, alkexy,
arvicexy, -NX;X,s. -5X,0, manacyclic arvl cr manccyclic

hetercaryl;
_ ¥y 1s hydrogen, alkvl, alkenyl, alkynvl, arvl,
cr hatargaryL; -
Xm is alkyl, alkenvl, alkvayl, arvl, or
hecsrcazvl; and '
M ccmprises ammcnlum or is a metal.

3. An intermediate for use in thes preparatcion
of a tricyclic or tetracyclic taxane having the formula:

|

14

whersin .
Ry is hydrogen, hydroxy, protected hydroxy or
-OCOR34., Or together with R, is a carbonats; .

Ry Ls hydrogen, hydroxy, protected hydroxy, oxo,
or fOCOR31, or together with R; is a carbonate;

Ry is hydrogen, hydroxy, protected hydroxy, or
'OCOR3 2 H

Rqy is hydrogen, alkyl, cyano, hydroxy, protacted -
hydroxy, or -OCOR4¢:

Rs. is hydrogen, alkyl, alkenyl, alkynyl, aryl or
hetercaryl;
. Rg is hydrogen, hydroxy, prctecced hydroxy. oxa,

* [ L M S *



and exposing the reaction product to additional KOtBu, silic
,acids or bases, or to heat to rearrange t he react| on product L
“havi ng the fornula _ Lo 117

w | a7

R;, i3 hydregen, halagen, hvdraxy., grccectad
hydrcxy,' -OR,y, Or ~QCOR,,, or taogecher witih R. is a
carbanate; o

R, is hydraogen, oxae, hydraxy. protacted hvc::cxy
-0OR,,, Qr -OCOR,,. or taogacher with R.,, or Ry, is a
carbanace;

. R, is hydrogen, oxo, hydroxy, protected
hydraxy, -ORj, or -OCOR,,, or together with R, is a
carbonate;

R,; is hydrogen, hydroxy, protected hydro:q.
~QCOR,s or. MO-; | |

Ry is a functional group which increases the
solub:.l:.ty of the taxane denvat::.ve

- Raw Foer Rogr Ry, Ry, Ry, and Ry are independently

I::ydrcgen, alkyl, alkenyl, alkynyl, alkoxy, arviexy, -
NZXXi0: =SXyq, monocyclic aryl or menacyclic hetercaryl;
- X, is hydrogen, alkyl, alkenmyl, allymyl, aryl,
or heterscaryl:;

X is alkyl, alkeavl, alkymyl, aryl, or
hetercaryl; and

M comprises ammonium or is a metal.

Hﬂl"l III!II lﬂll lllll I



R is hydrogen., hydroxv protected hydr=xy, cr - COOR30, CYRW&W@%‘]’
"R2 is a car bonate Rl is hydrogen prot ect ed -hyqgr '
OCoRSl "t oget her vvlth Rl or R.. Is a. cabonate; 82 0CT 999
. o ' B b
M o | lees9e1

5. A process for the prsparacion of an
intarmediace usePuT in the synchesis of a t:::.cycl-c or
cetracyclic taxane comprising reaccing a caompcuné having
che formula



R. is hydrogen, aLWI, nydroxy, protected hydr oxv, o -in

W th R4 +s—an—oxa, or "together w Ch R, R4, or Ris a ca

R4 is hydr ~oryl, alreyl hener oar
t oget her mﬂmH"m“ﬂm"ﬁm toget her with R4, or Rs is.
together wi th.¢artd t*heScafbons to which they are attached
ring;, Rs i s hydrogen, pro gfted hydr oxv, - OCOR37
R4. or R4db is a carbonate, or toget with R'b and the cg
they are attached form an oxetane ring; (jp R7is
protected hydroxy, or aocoRz4 0034, = 1% p13is a hydroxy
Protecting group; R27, 4, amHgR are i ndependently
hydr ogen, al kyl, al kenyl, alkynyl, Q - NXsx,,, -SX10,
nonocyclic aryl or nnnocycléc

30um

. with BrMgN(iPr)},, an aldehyde (or ketone), followed by

phosgene and an alcchol to form a compound having the
formula:

wherein ) _
| Ry is hydrogen or protected hydroxy; R, is
hydrogen or protected hydroxy:

Ry ig oxo;

Rqp is hydrogen, alkyl, cyano, hydroxy, protected
hydroxy, or -OCOR36,

R,. and Rqy4q are independently hydrogen, alkyl, .
alkenyl; alkynyl, aryl or heteroaryl;

- ' Rg is hydrogen, protected hydroxy, or OXo;

Rio is -OP197

Ri3 is -OP; 37

Ryg is hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX;g, -SX;q, monocyclic aryl or monocyclic
hetercaryl;

Xg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl; :

' X,4 is alkyl, alkenyl, alkynyl, aryl, or
heteroaryl; and

Pyo and P,y are hydroxy protecting groups.




het eroaryl ; . XOis hydrOgen, al kvL, ai.kenyl, afkyn |, aryl . .
, heceroaryl, or heterosunsci Cuted aLkvj, alkenyl, alkYnfyl, afsggE ; a2l
~heteroaryl; and S = o 8 ID _ﬁ-ﬁﬁﬁﬁﬁﬁﬁ%ﬁNSﬁEE?ﬁ,
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6. A process for the praparacion af an
incermediate useful in the synchesis of a tricyclic or

S

tecracyclic taxane comprising reacting a ccmpound haviag
the formul

P1 3OIIIII

withilithium.tetramethylpiperidide to form a compound
having the formula:

K 4 50U

wherein

R, is hydrogen or protected hydroxy:

Ry, is hydrogen, alkyl, alkenyl, alkymyl, aryl
or hetercaryl:

R, is hydrogen.fprcteCCed hydroxy, or oxo; and

P;e and Pu are hydroxy protecting groups.

7. A process for the preparation of an
incermediate useful in the synthesis of a tricyclic or

tecracyclic taxane comprising reacting a compound having
the formula:

UL
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Xio is al kyl, alkenyl, alkynyl, aryl, q666 396 heteroaryl, or

heterasubstituced al kyl, al kenyl Ja. kynyj, =~ aryvl or herercary ) ;*:w
REPLACEMENT SHEET "2 1 SEP..1999 - 119 dind 41
is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or heterosubstltut
al kenyl al kynyl, aryl or heteroaryl.

' : ' - 112

B 1 3Ol'llll

with lithium tetramechylpiperidide and camphosulfonyl
oxaziridine to form a compound hawving the formula:

P, g0um

-

wherein Ry is hydrogen, protected hydroxy, or oxo; Ry is
hydrogen, alkyl, alkenyl, alkynyl, aryl or heterocaryl;
and P, and P,;; are hydroxy protecting groups.

8. A process for the preparation of an .
intermediate useful ig the synthesis of a tricyclic or

tetracyclic taxane comprising reacting a2 compound having
the formula:

e

||I||II| Il IIIll Il |II|
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P40

with a hydride reducing agent to

form a compound having
the formula: '

P, 40mn

wherein R, is hydrogen, protected hydroxy, or oxo; R, is
hydrogen, alkyl, alkenyl, alkynyl, aryl or hetercaryl;
and Py, and P,, are hydroxy protecting groups.

9. A process for the pPreparation of an
int:ern_tediat:e useful in the synthesis of a tricyclic or"
tetracyclic taxane comprisin

g reacting a compound having
the formula:

——————

UL

606396
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R, 50

with lithium diisopropylamide to form a compound having
the formula:

wherein R is lower alkyl, R, is hydrogen, protected
hydroxy or R, and R, together form a carbonate, R, is
hydrogen, protected hydroxy or R, and R, together form a
carbonata, R, _is- hydrogen, protected hydroxy. or oxo: and
P, and P,; are hydroxy protecting groups. .
g)_. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or

tetracyclic taxane comprising reacting a compound having
the formula:

L
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Rs

with DBU to form a Compound having the formula:

wherein

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

R; is hydrogen, hydroxy, protected hydroxy, oxo,
o -OCOR;,, or .together with R, is a carbonate;

Ru is hydrogen, alkyl, hydroxy, or protected
hydroxy, or together with R, is a carbonate; i ‘

' R is hydroxymethylene;

Rs is -OMs, -0OTs or a bromide;

Rs. is hydrogen, protected hydroxy, or -OCOR,,,
Or together with R, is a’ carbonate; :

Ry is hydrogen, oxo, hydroxy, protected hydroxy,
Or -OCOR;;, or together with R,, or R, is a carbonate; .

Rio is hydrogen, 9xo, hydroxy, protected
hydroxy, or ~OCOR;y, or together with R, is a carbonate;

Py is a hydroxy Protecting group;

—
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Rygr Ryg. Rgy. R3y and Ry, are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX;,., -leo, monocyclic aryl or monocyclic
hetercaryl; :
| Xg is hydrogen, alkyl, alkeayl, alkynyl, aryl, or
hetercaryd; and '

Xig is alkyl, alkenyl, alkynyl aryl, or
'heteroaryl

11. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or
- tetracyclic taxane comprising reacting a compound having
the formula: '

with KOtBu and (PhSe0);0 to form a reaction product having

the formula:

Hllllll ﬂllll lllll Nlll I

and exposing the reaction product to additicnal KOtBu,
silica ge;. or other acids or bases, or to heat to

rearrange the reaction product to a compound having the
formula:
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wherein

R, is hydrogen, hydroxy, protactad nydroxy, cr
-0C0R30, or together with-Rz is a carbonate;

"R, is hydrogen, protectad hydroxy, or -QCOR,;,,
or.together with R, or R,, is a carbonate;

_'. Ri is hydrogen, alkyl, hydroxy, procsctad
hydroxy, or -OCOR,;, together with Re 1S an oxe, cor
together wich R,, Ry, OF Rg is a carhonats:

Ry is hydrogen, alkyl, alkemyl, alkvmyl, arzvl,
hecercarvl, or cvano, together with R, is an oxa, _
together with R, or Rs is a carbonate, or togecher with R
and the carbons to which they are attached form an
oxetane riag; ' :

Ry is nydrogen, Protectad hydroxy, -QCOR,,,
together with-R“ OF R is a carbonace,.cr Cogecher wich
Re and the carbons to which they are attached form an

oxstane ring; T
' R, is hydrogen, halogen, protacrad hydroxy, or

Pis is a hydroxy Protecting group:;

. Ry7. Ryq, R3;, Ryg, and R34 are
lndependently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, “NXgX14, -SXy45/ mMonocyclic aryl or monocyclic
heterocaryl;

Xs is nydrogen, alkyl, alkenyl, alkynyl, aryl,
heterocarvl, or heterosubscituted alkyl, alkenyl, alkynyl,

aryl or' heteroary]; and

0y i
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%o is alkyl, alkenyl, aliyayl, azvl. | 9006396~/
-heteroaryl, or hetergsubstituced alkyl, alkenyl, alkynyl,
arvl or 'hecercaryl.

A
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SYNTHESIS OF TAXOI AND ITS DERIVATIVES
._AEIBAQI

' Process for the synthesis of taxol and other tricyclic and tetracyclic: taxanes.



