2 6 JAN 2004 1 SYNTHESI S OF TAXOL AND | TS DERI VATI VES Thi s inventio?ﬂyﬁfwzma
made w th Governnment support under NIH G ant #CA 42031 awar ded by e
National . Institutes of Health. The United States CGovernnent has 5 certain
rights in the invention. BACKGROUND OF THE | NVENTI ON The present invention
Is directed to an internediate for use in the synthesis of taxol and other
tricyclic and tetracyclic taxanes and novel internediates 10 thereof. The
taxane famly of terpenes, of which taxol 1is a nenber, has attracted
considerable interest in both the biological and chenmical arts. Taxol is a
prom sing cancer chenotherapeutic agent with a broad s%ectrun1of 15

anti| eukermi ¢ and turNTHESIS O F iPND FTSTREBEVRAZVEShe fol | owi ng
structure: 16 CHCONK ~O1 z rrrr CHS5 - "11 OH OH=H-%$ ~

_ This invention was made with Government support
under NIH Grant #CA 42031 awarded by the Naticnal
Tnstitutes of Health., The United States Government has

5 certain rights in the invention.

BACKGROUND OF THE I 10N

The present invention is directed to an
intermediate for use in the synthesis of taxol and other
tricyclic and tetracyclic taxanes and novel intermediates

10 thereof.

The taxane family of terpenes, of which taxol
is a member, haz attracted considerable interest in both
the biological and chemical arts. Taxol is a promising
cancer chemotherapautic agent with a broad spectrum of

15 antileukemic and tumor-inhibiting activity. Taxol has
the following structure:

wherein Ac is acetyl.
The supply of taxol is presently being provided
20 by the bark from Taxus brevifollia (Western Yew).
However, taxol is found only in minute guantities in the
bark of these slow growing evergreens. Consequently,
chemists in recent years have expended their energies in
trying to find a viable synthetic route for the
25 preparation of taxol. To date, the results have not been
entirely satisfactory.



- OCA c20r 0 CGEHSCOO wherein Ac is acetyl. The supply of taxol is QTﬁﬁﬁﬂqu
being provided 20 by the bark from Taxus brevifollia (Wstern Yew)"
However, taxol is found only in mnute quantities in the bark of these
sl ow growi ng evergreens. Consequently, chemsts in recent years have
expended their energies in trying to find a viable synthetic route for the
25 preparation of taxol. To date, thé Pesul ts have not been entirely
satisfactory. 2 6 JAN 2004 Co A sem -synthetic approach to the preparation
of taxol has been described by Geene, at al. in JACS 110, 5917 (1988),
and involves the use of a congener of taxal, 10-deacetyl baccacin II1
whi ch has the structur® s¢mifsynohatit spoveedel oo ciH d0=deasetyh Baccatin
1l is nore i ly.availablke.th taxok.since it n be i fromthe
needl o5 of Tase! apcats destraned B R A 4T SRRt 128,
10- deacet yl PAkTatitB§li FndoimaRiyes sthhoruas tell @ comgeherbyfatkaehnent of
the C 10 acetylqaroup andabyzald aghiemcoindde & 1 fuam dg gster side

ol 'w a

chain through the es;grnflcatlop of the C 13 al coh s amdo
carboxy is ac?dif (Ll shown balow:

HGt 1

10-deacetyl baccatin ITI is more readily available thap
taxel since it can be obtained from the nesdles aof Taxus
baccata. According to the method of Grasne

{5
T

al,,
lO-deaéetyl baccacin III ("10-DAB") is convertad to taxol
by attachment of the C-10 acetyl group and bv attachment
of the C-13 B-amido ester side chain through the
esterification of the C-13 alcochol with a RB-amido
carboxvlic acid unic. |

Denis et al. in U.S. Patent No. 4,924,011
disclose ancother process for preparing derivatives of
baccatin III or of 10-deacetylbaccatinIII of general
formula

vl

CH—QH '
aH ' H :

0COC5HS:

CgHg—CH—NHCOGCCCH,), QcacH,



Denis et al. in US. Patent No. 4,924,011 disclose another process f?UANZW‘
preparing derivatives of baccatin Ili or of 10-deacetyl baccatinlll ©
general farm rmM RO CH--OH2 H acOCSHaH C5 H5 -NHCOOCC CH1) 3 OH 1
OcOCH Cv) 2 6 JAN 2004 3 in which R denotes hydrogen or acetyl. As
reported, an acid of general fornula: (CH3)30000NH in which R is a
hydr oxy-protecting group, is condensed 5 with a taxane derivative of
general formula: OH (VII) HO0-' OH

3

in which R denotes hydrogen or acetyl. As reported, an

acid of general formula:

(CH, ) ;COCONH

in which R, is a hydroxy-protecting group, is condensed
5 with a taxane derivative of general formula:

(VI1)
HO--

H
OCOC H

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

10 hydreogen.

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

15 approaches requires 10-DAB or baccatin III as a starting
material. As such, the supply of taxol and other taxane
derivatives remains dependent at lcast tCo some extent
upon the collection of various parts of plants from the



H OCOCOH3i OCOCH3 in which R is an acetyl hydroxy-protecting group2§nﬁw|:\2§m
is a hydroxy-protecting group, and the protecting groups Rl, R3 and, where
appropriate, R2 are then replaced by 10 hydrogen. O her seni synthetic
approaches for the preparation of taxol and for the preparation of other
t axanes whi ch possess tunor-inhibiting properties have been reported in
recent years, but each of these 15 approaches requires 10-DAB or baccatin
1l as a starting naterial. As such, the supply of taxol and other taxane
derivatives remains dependent at |east4to sone extent upon the collection
of various parts of plants fromthe 2 6 JAN 2004 4 renote cqrne qg t he
worl d and t heeesteacbiroarsf oforitaBvorhd/ amd b@&aﬁﬁwqqqquhé?égr%ﬁ?“ UMVARY
OF R INVENTICﬁh?ggngaEggtggjgg&stﬁgrgbgo@[esent invention, S therefore, is
t he prOV|S|oﬁ of "an"Intermediate for use in a process for the synthesis of
taxol and other tetracyclic taxanes. Briefly, therefore, the present
invention isguiithQ¢t 8¢ rpramniakerordi ate for use in a process for the 10
preparation axo agmogg ELEtLL%XELgCogthéfﬁfégéﬁé'fhvention.

S therefore, is the provision of an intermediate for use in

a process for the synthesis of taxol and other

terracyclic taxanes.
Briefly, therefore, the present invention is

directed to an intermediate for use in a process for the
10 preparation of taxol and other tricyclic and tetracyclic

taxanes.



taxanes. 2 6 JAN 2004 5 The invention is directed to an internediate for
use in the preparation of a tricyclic or tetracyclic taxane, the 260 JAN 2004
i nternedi ate having the fornula: R13 26a wherein R is hydrogen, hydroxy,
protected hydroxy or -OCOR3C, or together with R is a carbonate; 2 6 JAN
2004 6 Ra is hydrogen, hydroxy, protected hydroxy, oxo, or -OCORl1l, or
together wth R or R' is a carbonate;sR, is alkyl, hydroxy, protected
hydroxy, or -0COR2" or together with R* Rob, or R5 is a carbonate; 5 Rob

i s hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or cyano, together
wth R,, or R is a carbonate, or together wwth R5 and the carbons to
which they are attached form an oxetane ring; R, is hydrogen, hydroxy,
protected hydroxy, 10 -OCOR,,, oxo, together with R" or Rb is a
carbonate, or is 20 together with R d and the carbons to which they are
attached form an oxetane ring;

The inventioen is directed to an intermediate
faor use in the preparation of a tricyclic or tetracyclic
taxane, the intermediate having the formula:

R‘ID

wherein
R, is hydrogen, hydroxy, protected hydroxy or

u

-OCOR,,, or together with R, is a2 carbonate;



R ,, is hydrogen, hal ogen, hydroxy, protected hydroxy, -OR2 , or %Iﬁﬁ o
R9 is hydrogen; RO is hydrogen, oxo, hydroxy, protected hydroxy, -CR'S~ 8?
-OCOR; z; ; Rt, is hydrogen, hydroxy, protected hydroxy, -OCOR35, MO or
R, is a functional group which increases the solubility of the taxane
derivative; 2 6 JAN 2004 7 , is hydrogen. hvdroxy, protected hydroxy
-0COR35 O MO; n2a. R30, R3[' R32, R38, R35. and R34 are
-'Ya' J.."N. Ce~:ti'/ hydrogen, alkyl, alkenyl, alkynyl, aikoxv, aryloxy,
-NX, XN, -Sittig, nmonocyclic hetercaryl; X is hydrogen, cr heteroaryl;
X,,, is heteroaryl; and al kyl, Mconprises The present %'-¥i or Ronccyclic
al kyl, al kenyl. al kvrRyiis dyydrogen, hydroxy, protected hydroxy, oXo,
or -OCOR,,, or together with R, or R,, is a carbonate;

R,, is alkyl, hydroxy, protected hydroxy, or
-OCOR,,, or together with R,, Ry, OT R, is a carbonate;

R,, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or cyano, together with R, or R; i3 a
carbonate, or together with R; and the carbons to which

15

they are attached form an oxetane ring;
R, is hydrogen, hydroxy, protected hydroxy,
10 -OCOR,,, ©xo, together with R,, or Ry is a carbonate, or
together with R,, and the carbons to which they are
attached form an oxetane ring;
R., is hydrogen, halogen, hydroxy, protected
hydroxy, -OR;,, or -OCOR,,;
15 R, is hydrogen;
R., is hydrogen, oXo, hydroxy, protected
nydroxy, =OR,, or -OCOR;;
R,; is hydrogen, hydroxy, protected hydroxy,
= OCOR:‘S ’ MO" or

X, x3|°|

XSNH;>§>X</\\O——‘

XZ x1 .
20 ;

R,, is a functional group which increases the

solubility of the taxane derivative;



al kenyl , al kynyl, aryl, oz, ammoniumor is a netal. inventionis fugﬁgﬁgzwl
directed internediate for use in the preparation of a tecracyclic t
having the forrmula: wherein to an tricyclic or Ris C. - CO alkyl, R is
hydr ogen, hydroxy, protected hydroxy or -OCOR30, or together with R is a
carbonate; R2 is hydrogen, hydroxy, protected hydroxy, oxo, cr -Q0OCOR3_,
together with R is a carbonate, or todether wth R is a carbonate; R,

i s hydrogen, alkyl, hydroxy, protected hydroxy, or -OCOR,,, or together
with R is a carbonate; R, is hydrogen, hal ogen, hydroxy, protected
hvdroxy, -ORi -OCOR3,, or together with Rg is a carbonate; 2 6 JAN 7004
8 Ro is hydrogen 0XO0, bydrox¥ protected hydroxy -OR_.,.a -CCOR' or
together with Rl4 or R16W &3¢ RGRate WVRGYs ﬁy&#ogeﬁ O%E T Rydr oxy,

prot ect ed -GCORy; ©2 MO-;

Raao o0 Zq0e 2330 Rgys Ry
indepencently nvdirogen, alkvl, alksavl, a
arv_axy, -NAX -S¥,s, monocyclic aryl or
herercaryl;

X, 1s hycrogen, alkyl, alksanvl,
cr hsrtarcaryvl;

X, is alk; alksnvl, alkvnyl,

and
M comprises ammonium Cr
is

The present invantion

intermediate for use in the preparation of

cacracveclic taxane having che formula:

furche

» directad
a

protected hvdroxy,

is a metcal.

protacced hvdroxy or

oxo,
or together

whersin
R is C, - C, alkyl,
R, is hvdrogen, hydroxy,
-OCOR,;,., OT together with R, is a2 carbonate;
R, is hvcdrogen, hydroxy,
cr -0COR;;. together with R, is a carbonate
with B, 1s a carbonatse;

R,, is hvdrogen, alkvl, hvdroxy,

protected

is a carbonate;

hydroxy, or -0OCOR,,, or together with R,
Rs;e 15 hydrogen, halogen, hvdroxy, protacted
nvdroxy. -OR,, -OCCR,,, or togethsr with R, 1s a

carbeonate;



hydroxj, -OR 15, or -CCOR25, or together with Ry is a carbonane; R}Z 1N 2004
hydr ogen, hydr oxy, protected hydroxy -OCOR S or IM>; R 9 is a functiona
group which increases the solubility is of the caxanee derivative; R 7,
R 9, R30, RB, R,, Res, and R25 are independencly hydrogen, alkyl,
al kenyl, al kynyl, al koxy, acyloxy , -:rj{,Xti, -SX 0, nmonocyclic aryl or
nonocyclic heteroaryl ; XO is hydrogef, al kyl, alkenyl, alkynyl, aryl, or
heteroaryl; X Qis alkyl, alkenyl, a kynyl . aryl , or heteroaryl ; and M
conprises ammoniumor is a nmetal. The inventioin is further directed to an
internediate far use in the preparation of a tricyclic or te=racyclic
taxane having the formua:; RyJjsS-Joudr 0ges, , ndd-Hydr oxy,-p %OLeCLgd,g%qroxy
or -CCOR)o or togethr mnfh RT 1's a carbonate; 2 6 JAN 2
hydrogen, hvdréRy, srotﬁﬁﬂéd h$dr 6R¢2°BRB, Wit LOGOR Ry 66 €ogether with R
or R. is a cgcbgpaies. R is hydrogen. alkyl, hydroxy, protected hydroxy,
or -OCOR,,, together mnth R, Is an oxc, or together wwth R, R ,, or RS
is a carbonate: 3,, 15 hvérogan, oxa, hydrdxy, pracacIac

nvéroxy, -OR,,, or -CCOR,,, or togather witil R, is a

cashonazte;

Ry is hycrogan, hyvdroxy, procectad hyd-oxy,
~0OCOR,s o MO-;
unctional group wnich incraasas the

o

i

w
.J-
[1)]
fu
"

solubilicy of the taxane derivativs;

Ryze Raps Rygv Ry Ryye Ry 2nd Ry are
indégenden:ly nvdregen, alkyl, alksnvi, alkvnvl, alkoxy,
arvioxy, -NXZX,,, =-SX,,, menocvclic arvl or monocvclic
hataroarvl:; '

Xy is nyvdrogen, alkyl, alkanvl, alicvnvl, a=zyl,
crT héce:oary;;

. X0 is alkyl, alkenyl, allcmvl, azvl, or
hezaroarvl; and

M comprises ammonium or is a2 mecal.

The invencion is fusther diracted to an
intarmediaca for use in ths praparation of a tricvelic or

-
tecracyclic taxane having tha formula:

2ha

2, 13 hvdrogan, hvdraxy, orocscczd nydézos or

-QCOR,,, O togsather wich 8, is a carzonacs;



R is hydrogen, alkyl, alkenyl, alkynyl, a_Jl, heteroaryl, or cyanq%BJ 7
together with Rda is an oxo, together with R, or R5 is a, carbonat®, BN 04
together with R, and the carbons to which they are attached fore an
oxetar_e ring; R5 is hydrogen hydroxy, protected hvdroxy, -CCORr, axo,
together wwth Ror R is a carbonate, or together with R4, and the carbons
to which they are attached forman ox2tane ring; R, is hydrogen, hal ogen,
hydr oxy, protected hydroxy, -OR2 , or -OCORy4, or together with R is ,a
carbonate; R, is hydrogen, oxo, hydroxy, protected hydroxy, -OR23, or
-O00R33, or together with R, or Rwis a carbonate; RICis hydrogen, oxo,
hvdroxy, protected hwlrasyhvefBgtnor hv@CoRy, , poptiagatchdrvawdky P. oks, a

o o Tanoti Gt Gy Wi et iRt A 1T 1 S R B ane.
derivative; 2 6 JAN 24 19 HRT-odqR29, ROy L RYyd R4y, R8Scard R/ are
S LRI SR S B A e
togecher with R,, R,,. ©r R; is a carbonate;
R, is hydrogen, alkvl, alkenyl, allvayl, a=vl,
hacercarvl, or cvano, together wich R,, 1s an oxo,
together with R,, or Rs is a carbonate, or together with R,
and the carbons to which they ars attached form an
oxstane ring;
Ry is hvdrogen, hydroxy, protacted hyvdroxy,
-0COR,,. oxo, together with R, or Re is a carbonate, or
togecher wich B, and the carbons to wnich they ars
actached form an oxetane ring:;
Ry, 1s hydrogen, halogen, hydroxy, protected
hydroxy., -OR,, or -OCOR,,, or together with Ry is a
carbgonate;
R, 1s hvdrogen, oxoc, hydroxy, protactad hydroxy,
-0R.,, or -QCOR,,, or together with R,, or Ry is a
carbonacs;
R, is hydrogen, oxo, hvdroxy., protected
hvdéroxy, -OR,;. or -OCOR,,, @r together with R, is a
carbonace;
R,y is hvdrogen, nvdroxy. protected hvdroxy,
-OCOR,s, MC- or

R.s is a functional group which increases the

solubility of the taxane darivative;



X is -OK;, -sx,, or -VX X9; K_is hydrogen, alkyl, alkenyl, alkyntlZﬁ%AMZ%k
or heteroaryl; X and ~4 are independently hydrogen, alkyl, alkenyl%

ai kyny , aryl, or heteroaryl; X, is -COX1Q -COOXw, -COSXw, - CONX, _fI, or
-SAXIl; X, is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl,

hydr oxy protecting group, or a functional group which increases the wacer
solubility of the taxane derivative; X is alkyl, alkenyl, alkynyl, aryl,
het eroaryl ?, or sulfhydryl protecting .group; X is hydrogen, M/!,

al kenyl, al kynyl, aryl, or heteroaryl; X9 is an an no protecting group; X
IS aIkyI aIkenyI a_k vriyi, aryI, or heceroaryl; X is

al kyl , ~~~~al kenyRs7- alfisy| Rao-amyi ﬂet%noanﬁan @%bChnﬂhpeHéeﬁEi X14 is
hydrogen al kyl ,._al kenyl| aka gbnprlses

. ;heteroaryl;
armoni um or i SYGTREEEY. ¢ 5%]EE{§ & dq$%étu gé %F tﬁwvf¥ﬁ6nt|on will
be in part apra[ept aﬁnJLnnpamtyprutamyknu. maeceladfite ha BEHA4/ED
DESCRI PTI ON OF THE PREFERRED BEVBCDLVENTS NKX, ;

X, is hyd-zgen, alkyl, alkanyvl, allkymvl, axv!,
o- hetsroarvl;

X, and X, are iacependencly hvcrcocgen, allkyl,
alkanyl, alkvayl, a=vl, or hetercarvl;

Xs is -COX,,, -COOX,,, -COSX,, -CONX,X,,,
or -30.%,,;

%, is hvdrogen, alkyl, alkenyl, allkynvl, axvi,
hacaroaryl, hvdroxy procecting group, or a functional
group which incrsases the water solubility of the taxans
derivazive;

X; is alkyl, alkenyl, alkvnyl, arvl, hecarpcarvl
or sulfhvd-vl procacting group;

Xy is hvcérogen, alkyl, alkenvl
X, is an amino protecting groun;

X0 is alkyvl, alkenvi, zalkvnyl, arvl, or

X, is alkvl, alkeny!, alkvavl, azvl,
netaroarvl, -0X,. or -NX\X..:

X, 1s hydérogen, alkyl, alkenvl, aikvovl, a=vl,
Qr hetergarwvl; and

M comprisas ammonium or is a metal.

Other okbjects and fszaturas of
will be in part apparent and in part poinced out

chenyl; "M2" means mathyl; "ZU" means echvl; “1Pr* means
isopropvi; "tBur and "r-3u* means cert-butvl: "P2* maans
lower alkyl uvnlass otherwise definad; "AC" means agaryl;



As used herein "Ar" neans aryl; ?h nmeans phenyl ; "Me" neans nethyl; ". N 7004
means ethyl; "O' neans isopropyl; W- and "t-Su" neans cerc-bu:yi;z'ﬁl'\*}A

means | ower al kyl unl ess ot herwi se defined; "Ac" nmeans acetyl; pv' neans
pyridine; "TES' neans triethylsilyl silt" "TM5" 2 6 JAN 2004 11 means
trinethyl-silyl; "T3S" means Me.t-BuSi-, "Tf  means -SC CF3; "BMDA" neans

BrMJNi Pr: "Swern" neans (CCCl i Et, N, TILTMP" neans |ithium
t et ramet hyl pi peri di de; "MOP" neans 2-nmet hoxy-2-propyl; "BOM neans
benzyl oxynet hyl ; "LDA" means |ithiumdiisopropylamde; W" neans |ithium
al um num hydri de; Red-Al* neans sodiumbis (2 - nethoxyethoxy) alum num
hydri de; " Mspmes®@ns-GhEQRL -5 1FASF* TBRansesns sMédi -AUBA ani h3f " swmekaosi um
difluorotrimethylsiliggte. *Is* neans tglue q%; nyl. .. JdBAR~~-ABaNS
tetrabutyl a'nﬂ‘%-“um hy r-aef“e'i‘f‘ﬁAP"*p‘HB‘énsi' Lt 'p‘-?oprl)} fja%ﬁrﬁm‘ =
per r ut henat eg - ,NDBU'L TN snelira albi hyiod-n uwreteeares v IDNAR - e, “MOP "
p-di nethylam no_ _pyridine, "LENDS' meaps.lithium hexaoes byl di.si)azi de;
"DID " meansof et hy T or vehT e?'agKrBhré%%aﬁgfég%-géﬁrs yo© T
i sobut yroni trid®: dé2MABLioeans E0idepaceyidbiceat IBAHM| Me2NEARL Shdams
2-chloro-1,1 2%$r'£% roLy i et bylamne; ;0§P = ; (JRafgssietachl or oper banzoi c
aci d; "DDQ' he n‘é':l1 ‘F@§§ﬁ6 ?Ehl%ngUTnoﬁgf“ su ﬁg@ryr protecting group”
i ncl udes, buteilsoxwethonyt edluwminkentydrbdeecis” sueAnEsCHiS@thoxyet hyl and
met hoxymet nyl.ra §hi ORSLLL Se 0L (diethylaming) sul fonium-
diflucrotrimechnvlsilicate; *Ts* means toluenesulionyl:
*TRAF" means tetrabutyl ammonium hydride; “TPAP" means
tecrapropyl-ammoniuvm perruthenats; "DBU* means
diarabicycloundecana; “DMRP* means p-dimechvlamino
pyridine; *LEMDS* means lithium hexamethyldisilazide;
“DME* means dimechyvlformamide; *AT3N® means azo-({bis}-
isobutyronitrile; *10-DRB*" means l0-desacstylbaccatin
III; "FAR" means 2-chloro-l,l,2-crifluorcotriethylamine;
*mCPBA* means metachlceroperbenzoic acid; "DDQ" means

includes, but is not limited to, hemithioacetals such as
l-ethoxvethyl and mechoxymechyl, thicesters, or
thiocarbenates; “amine protecting group" includes, but is
not limited to, carbamaces, for example,
2,2,2-trichloroechylcarbamats or tertbutvlcarbamacs;
*procected hydroxy" means -OP wherein ? is a hydroxy
protecting group; and *hydroxy protecting group”
includes, but is not limited to, acetals having two Lo
ten carbons, kecals having two to ten carbons, ethers
such as methyl!l, t-butyl, benzvl, p-methoxyvbenzyl,
p-nitrobenzyl, allyl, tritvl, methoxymethyl,
mechoxyethoxymethyl, ethoxyethyl, tetrahydropvranvl,
rerrahydrothicpvranvl, and crialkylsilyl echers such as
trimethylsilvl ether, triethyisilyl ether,
éimechylarylsilvl echer, triisopropvlsilyl echer and
t-butvldimerhvlsilyl ether; esca2rs such as benzoyl,
acetvl, pnenvlacecyl, formvl, mono-, di-, and

crinaloacecvl such as chloroacezv!, dichlorscacecyl,



t hi ocarbcnates; "am ne protecting group” includes, but is not |im t?ct Bﬂl 00k
carbamaces, for exanple, 2,2,2-trichloroethylcarbamte or
tertbutyl carbamace; "protected hydroxy nmeans -OP wherein P is a hydroxy
protecting group; and "hydroxy protecting group” includes, but is not
limted to, acetals having two to ten carbons, ketals having two to ten
carbons, ethers such as nethyl, t-but¥®, benzyl, p-nethoxybenzyl,
p-nitrobenzyl, allyk, trityl, methoxymethyl, methoxyethoxynmnethyl,
et hoxyet hyl , tecrahydropyranyl, tetrahydrothiopyranyl, and trial kylsilyl
ethers such as trinethylsilyl ether, triethylsilyl ether,
di et hyl aryl sttithbttmacetyl. sopridpylrei-kylecgiherndndz-behatykdi met hyl si | yl
et her; esters. such: nz ., 1:;agetvl . _phenylacec - .oona-, di-,
and trihaloa&%égpbggiﬁﬁﬁéq%L 6F%%g%¥yF? grgﬁﬁoggaééPngggK%V AR 208% 12
triochl or oace®®? .tQ r§ ¥4 GITNQEC @CPIs; sgsd ear benaves ekhefludhngrbovinot
limted to aligphLarhonalenRavi ROpuELAM 9BBLLY:S] éngaﬁbeeqew% such as
methyl . ethyl. n-propyl, isoépropyll,“n-butyl. t-butyl; iSobutyl, and
n-pentyl; al3df! cHBRAPIESShAGVRGSE FERMOAB2t BOSF XX cAPBBATaRBABS afTd
zubs;ihrted Vi?ﬁhdﬂuﬁsﬁﬁlm%$a basoggnmagérﬁflsgéh éfoms guch ?s o

-trichl oroet thyl. .,and 2, 2-tri-chlogoethyl ;. al ken car bonat es
havi ng fron1fwgﬁﬁg%§hf“é§?§6 HQFXWEcnggcﬁn§SEV ngr“anacétﬁy eLRY LF oal kyl
car bonat es hadikepvl carbonates having from two to six carbon accms

such as vinvl and allyl; cycloalkvl carbonates having
from three to six carben atoms such as cvclopropyvl,
cvcleobucyl, cyclopentyl and cvclohexyl; ané phenvl or
benzvl carbonatas optionally substituted on the ring with
one cr mors C,; alkoxy, or nitre. Other hvdroxvl,

1fhvdrvl and amine protecting groups may be found in
*Procactive Groups in Organic Svnthesis® by T. W. Graene,
Jonn Wiley and Sons, 1981..

The alkrl groups described heresin are
nraizsrably lower alkyl containing from one te six carbon
acoms in the principal chain and up to 13 carbon atoms.
They may be straight or branched chaiz and include

methyl, ethyl, propvl, isooropvl, butvl, hexvl and the

I~

ika2. They may be hvdrocarbon or herzrosubstituted with

¥

he various substituencs defined hersin, including
heteroalkyl, zalkesnyl, heteroalkenvi, alkvmyl,
heteroalkynyl, azvl, hestsroarvl, and hecerosubstituted
netzroaryl.

The alkenv] groups described herain ars
przierably lower alkanyl containing from two Lo six
carbon atoms in the principal chain and up to 15 carbon

straight or brancha4 chain and
includs ethenvl, gropenvl, isopropervl, butenvl,
oputenvl!, hexanvl, ard che lilke. Thev mav be
22 with the various
substizuents dsziined neraein, iacluding alkvl,
heceroalkyl, heteroalkenyl, alkvnv!. hsac
s

necaroaryl, and hacsrosubsticuced hacarga-vl!.




fromthree to, six carbon atons such as cycl opropyl, cyclobutyl, ?EJANZM‘
cycl opentyl and cycl ohexyl; and phenyl or benzyl carbonates optionally
substituted on the ring with one or nore CI _; alkoxy, or nitro. O her
hydr oxyl, sulfhydryL and am ne protecting groups may be found in
"Protective Goups in Organic Synthesis by T. W Geene Jo'r"l Wley and
Sons, 1981. The al kyl groups descri bedlBerein are preferably |ower alkyl
containing fromone co six carbon atons in the principal chain and up to
15 carbon atons. The,., may be straight or branched chair and include
met hyl , ethyl, propel, isopropyl, butyl, hexyl and the |Iike. They may be
hydr ocar bon or het er osuf$ts @dt@mivi tFFoudfe ARG PS S IIBRAIIUeHTS defi ned

herein, includingaAelier aaljod ’alwl-csr{@iﬁxg‘?@! e o kvl ix

het eroal kynyl ; aryl, héteroaryl, and heterosubstituted heteroaryl. The
al kenyl gr oup§23E6Er R5EMshdre TR I ddady £5iayN GRS Ul Kehyt S ceRTaPhi ng

fromtwo to Sh¥omedl banegt @ER iHk IE-DIdHICIRak Ghdhaanthdih tondS5 carbon
atons. Their may _be straight "or branched chain _and I nclude propenyl

i sopropenyl , BBFENFE SCAYBE e RACTEen IUCYANG -t REMOUCY N YFhenRRYIHE
hydrocar bon oanfBet@eosuRst.it vhed Wdh Hdawibi@usonswhst i tuents defi ned
herein, including alk _het er oal k het er qal kenyl, al k

het er oal kynyl *5FyF3 %EﬁéPﬁngHl%ﬂﬁfqﬁﬁ%F%§HﬁSF| @H&TQ&QQﬁ(Eﬁ@*@ed
herein, including alkyl, heterocalkyl, alkenvl,
necercalkenvl, hetercalkynyl, aryl, heterocarvl, and
hecercosubstituted heterocaryl.

The arvl moieties described herein contain from
§ to 13 carben atoms and include phenyl. They mav be |
hydro-carbon or heterosubscituted with the various
substituencs defined herein, including alkyl,

-heteroalkyl, alkenvl, hetercalkenyl, alkvnyl,
hecercalkynvl, heterocarvl, and heterosubstitute@
hecercaryl. Phenyl is the more preferred aryl.

The hacercaryl moisties described herein
contain from 5 to 1S5 atoms and include, furyl, thienyl,
pvridvl and the like. They mav be hydrocarbon or
heterosubstictuted with the various substituents defined
herein, including alkyl, hetercalkvl, alkenvl,
heterocalkany!, alkynyl, hetercalkynvi, aryl, and
heterosubstiruted heteroaryl.

The acyl moieties dascribed herein contain
alkyl, alkenvl, alkynyl, arvl or hetercarvl groups.

. The alkoxycarbonyloxy moisties described herein
comprisa 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,
alkvnyl, aryl, and heterocarvl moieties described hersin
contain nitrogen, oxygen, sulfur, halogens and/aor one to
six carbons, and include lower alkoxy such as methaxy,
ethoxy. butoxy., halogen such as chloro or fluoro, and

nitro, heceroarv! such as furvl or thienyl, alkanoxv,.



2 6 JAN 2004 13 The al kynyl groups described herein are preferably |IDbhgAN 2004
al kynyl containing fromtwo to six carbon atons in the principal chain and
up to 15 carbon atons. They nay be straight or branched chain and i nclude
et hynyl, propynyl, butynyl, isobutynyl, hexynyl. and the |Iike. They may be
hydr ocarbon or heterosubstituted with the various substituents defined
herein, including alkyl, heteroal kyl, X kenyl, heteroal kenyl,

het er oal kynyl , aryl, heteroaryl, and hecerosubstituted heteroaryl. The
aryl noieties described herein contain from 6 to '15 carbon atons and

i ncl ude phenyl. They may be hydro-carbon or heterosubstituted with the
various substituents defined herein, includin g%§¥ ,_nQLgroa kyl

al kenyl, het évsHIREnyFZORERBAT hyeRagsr oX y?g *er dury1=
heterosubstlQy%pqp-heteroaryl Phenyl is the nore preferred aryl The
heteroaryl noieties described ereln contaln froman, ta, 1o-atoos,

i nclude, furyl, thienyf™ 25§FPdyFY anfe YRS 11 K €y may be’ hydrocarbon or
het er osubst i tost=ed switkh: thedvaeiaisheidrst it Rrcs iduf | IritEMeet ei nT1¢ncl udi ng
al kyl , heteroal kyl._ al kenyl ., hegtefoal k I Jgﬂguaa i aryl,
and heterosdb§f¥ruﬁeﬁahé¥é?oargrg e ggyﬁjnﬁéetles dgggﬁfggggﬁegg?n
contain {(commenly known as 2- cac;qoullne apaxide) wnich is

coemmercially available. - Ths patchine is first re
' 1

i<

with an or;ano—mﬂcalch such as lichium t-but

bv oxidation with an organic peroxide, such as t-

'Zl

bucvlperoxids in the presence of cicanium

The

r

5
- aiconol is than raacced with a Lewis acid, such

{)

acral

(L)
i+

in
pregoxide to form a tsrtiary alcohol.

-
——

lli

+
-

v

as poron Crifluoricde at low temperacurs, in the range
f-om 40°C to -130°C; in the prasence of an acid, such as
»ifluoromethanse sulisnic acid. 2 :aé rical depiction of
zion scheme along with an etne:zmer;a’ writa-up

paration of digl 2 ca2n be found in U.5. Pagent




al kyl, al kenyl, alkenyl, aryl or heteroaryl groups. .The al koxycarbon 5o 200
‘ noi eti es descri bed herein conprise |ower alkyl, alkenyl, alkynyl or aryl
| groups. The hydrocarbon substituents described herein may be al kyl,
| al kenyl , al kynyl, or aryl, and the hetero- substicuents of the
| het er osubsti cuted al kyl, al kenyl, alkynyl, aryl, and heteroaryl noieties
\ descri bed herein contain nitrogen, oXxygen, sulfur, hal ogens and/or one to
| si x carbons, and include | ower al koxy such as nethoxy, ethoxy, butoxy,
hal ogen such as chloro or fluoro, and nitro, heteroaryl such as furvl or
t hi enyl, al kanoxy, 2 6 JAN 2004 14 hydroxy. protected hydroxy, acyl,
acyl oxy, nitro g crant-am«d® An exenplary synthesis of baccatin Il or
10- DAB is depicted herernbelow i n Reaction Scheme A The starting
material, diol 2, can be prepared from pacchino (compnly known
3- pacchoul i he epoxide) mhgéh is commercially avail abl e.
first reacted w an_o e.no-netal4éggsuch as lithiumt
i T TSI

oxi dati on h anergani ¢ pehoxide, h-a&¥%- bu

presence of t i Lsepfopoxide to forma te

tertiary al ,reacted with a Lewis aci , 03,0Nn
trifluoride s ar'agyre, in the range from 406 10K t he

presence of an acid, such as

HQit

P13O:m|

— iox

F g, ,0ull
oy

X camonarsuiphanyl 13
oxazridine

Pﬂcum

oca,R

RED-A1
C1,C0



trifluoronmethane sulfonic acid. A graphical depiction of this reacti grﬁ JAN 2004
schene along with an experinental wite-up for the preparation of diol 2

can be found in U S. Patent No. 4,876 ,399. 2 6 JAN 2004 15 Reaction for
Schenme A OH 11 TEEC1, pY 2 P1 011111 a) EMOA C] Cl2CO, ROH 3 HA I I11

Ti(OPr)l, 1EuUOCO H 0910 F 13 011311 O F 13 011111 2 6 JAN 2004 Pt 10uul
P,zA utl R 13 011111 16

Sweran e T

9] LTMA

B, 40 a) Sml,

&) Siica gai

Pia

campharsutpnaonyl
axazliridlne

RED-al



15 P13 011111 1 e a;,a Ca2R 17 c12c0 LOA F 13011111 16 T 2 6 JAN 2004

LTMS 16 Swern P 1 30t |ilt A 13 011111 gEO-A 1 2 6 JAN 2004 14 F 13 01%31 N 7004
a; 1
011 r 11 21a F.,flluri 22= 18 nCP9A

17

F.!SOHIN LUA F130IIII!
15 16
methaxy
propene, He
A
PhSH,
Py X,Ca,

/Y a

CH™, 8aamc!)
LJAa, TMSC!



Me My Sr. P 12011111 2?a ct 3NGO2NCO2Me P1 2 6 JAN 2006 19 Op, a 0so4 zsﬁg
py OHOH OH Ca) TMSC | . py Ch) LOA TsCl Cc) HP, py 26a OEU Qp |G thdAlh200k
py. OVAP 2 6 JAN 2004 20 P 011111 ,s 22 p, aO till 24 0

18

mCPEA

21a

MeMg3r.

Bt NSO,NCO,Me



NaOVb (MeO) 2CH(pOMEPh) | p 1 3 011111 258 OP5 A li i 6u |l 2 OVp 2 96 JAN 200k
2- di met hoxypropane, 11" 2 6 JAN 2004 21 H 011111 33 10-OAB Ph ACOHO 0 H
0 ACO H ML111 33 Ph OH

19

MsCl, py< ‘
24aa, R=Ms

Ca) TMSCI, py
Cb) LOA, TscCI
(<) HF, py 0sa

(s]=11]

Ac,0., py., OMaP




1) a. LHUGCS, #Lactam b. HF, pyridine 2) H2/Pd if P7-80M T TAXOL Pi 39]‘6']-@11001
34 ACO ACO in Reac:i on Schenme A, Ps is THIS, P- is MOP or SOM P. i5 .
Pli is TES, and Ris ethyl in conmpounds 6 and 7, nethyl in conpounds 15.
16, and 17, Ms in conpounds 24aa and 26a, and Ts in conpound 26aa. |IL
shoul d be wunderstood, however, that is, P7, P., and PL3 may be ot her

hydr oxy protecting groups and R may c@&®prise other | ower alkyl
substituents in conpounds 6, 7, 15, 16 and 17. Reaction Schene A may be
vari ed between conpounds 18 and 29 as set forth below in Reaction Schene
A, with the reactions |eading to compound 18 and follow ng conpound 29
being as set forth in Reaction Schene AL 2 6 JAN 2004 Reaction Schene P
101111 is T

P 130Il|1| SOCII. py

NaOMa

i Bu Al H
2,2-dimethoxypropane,

[H]



22 LOA canphorsul phonyl oxaziridine TUSCI, py P 13 QL1111 20 Fl a 413pibi.JAN 2004
20 Melugdr Pi 3011m21 L' Ha C Ac2a, Dy 2 6 JAN 2004 P 1 7011111 23
PL.AOilll 24 p 1 3011111 258 23 50 clz. r

21

HQuI R

13
33
34
10-0A8
TASF
AcO
OH
Hzlﬂd 21e]] ][]}
ifr P,:EOH
i7
Baccatin 111

AR

O

1) 2. LHMOS, glLactanm
bB. HF, pyridine
2) Hy/Pa
it P,=BOM

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;, Py,. and P,; may be other
hvdroxy protecting groups and R may comprise other lower
alkyl substituencs in compounds 6, 7, 15, 16 and 17.

Reaction Scheme A may be varied between
compouncds 18 and 29 as set forth below i1n Reaction Scheme
A', wich the r=actions leading to compound 18 and
following compound 29 being as set forth in Reaction
Scheme 2.



NaOve CMeO) 2CH pOvePh) P 1 3 all 111 22 i 8 u2 A1l H methcxy prop@rejANTi0
2 6 JAN 2004 24 to 1Crt30""r 17= U VQH _ - QI OW~u MC1l, py 1
P130" 111 209 OMPM O OVs a. CI?C/. py WH70'" E[N(iPrJ2 coo 2663
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P 130""1 29 o+1PM AcO O in Re=ccion Schelde A, Pi is TMS or ec, P7 ;ﬁﬁfANZ%l

MOP or SOM ?wis TES, Pt3 is TSS and Poo is acetal or ketal, Prefer
acatcr_ide. it should be unde_s:ocd, however, that p5, p7, Pot and Pu dad
Poo may be other hvdroxv protecting groups. in general, tricyclic and
tetracvclic taxanes bearing Cl3 side chains may be obtained by reacting a
B-lacta:ct wth al koxi des having the td%ane tricyclic or tetracyclic

nucl eus and a C-13 necal |? ¢ oxide su sCtuen Cc form conpounds having a
3-anfPdo ester substicuert att C 13. The r3-lactans have the foll ow ng
srruccu=a? fornula: 2 6 JAN 2004 25 where X - Xs are as defined above.
The al koxides having the tricyclic or tetracyclic taxane nucleus and a

C- 13 mecal I'i ¢ oxide orjamoni um oxi de substituent have the follow ng
structural formy a: wher®¥n RL, R, Rl1, R', R5, R, R ., R7,.2F@, and Rla
are as previous (ef+ is -OMand M conprises LK is a
net al optignally ffcGoup IA 1A transiti gaor,

| ant hani de§ &8 H, _ S0Ch oy P g0t

OPS

=
=
=
=
a

H

(8]
[o]

H

(MeQ) ,CH(o0OMePn)

. : e iEuzAIH

methnaoxy

\\\\i::fene, H”



IITA WA, VA or VIA netals (CAS version). |If Mconpri es amoni um it76s/AN 2004
preferably tetraal kyl anmoni um and the al kyl conponent of the
tetraal kyl ammoni um substituent is preferably Cl- Cl10 al kyl such as nethyl
or butyl. Most preferably, the al koxide has the tetracyclic taxane

nucl eus and corresponds to the structural fornula: 2 6 JAN 2004 26 N4O1!![|
wherein M Rx, R,, R,, R4, and RWar#&t as previously defined. As set
forth in Reaction Scheme A, taxci nmay be prepared by converting
7-protected Baccatin IlIl 35 to the corresponding al koxi de and reacting the
al koxide with a P-lactamin which It is protected hydroxy, X 1is phenyl
and Is is benzoyl. Protecting groups such as 2- machoxyw ovyl (' MOP") ,

1- et hoxyechyl (W are pre=erred, but a variety or other standard
protecting groups such as the triethylsilyl group or other trialkyl (or
aryl) silyl groups may2fag used. Taxanes having alternatige.side chain
Substitutes nmay\be prepared through the use of P-INaccans=which conprise

the alternativ t gz Taxanes having alterpathye BQ qubsticuents
may be prigpame i yely reduc‘-i’rré’-f‘%e £9, 0eQ betit fle éf taxol,
f the * dtfler interhedi it

10- DAB, Baccati
yield the

278

AN
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h ¢
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Elﬁf:pr]z
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AczO. py. OMAR

In Rsacclon Scheme A‘, P, is TMS or 2Ac, D, is

2 ™
MOP or BOM, ¥, is TES, P, is TBS and P;,, is acetal or
ka2tzl, preferably acztonide. 1t should be underszocd,
F:v P, anc P; and P;;, mav be cthe-
hydroxy protacting groups.

In general, tricyclic and tatracvclic taxanss
bearing C13 sids chains mav be ogcained by reacting e
G-lactam with alkoxides having the taxans tricvcliic or
tecracyclic nucleus and a C-13 merallic oxids subscicuent
to form compounds having a R-amido esctar subsrcicusnc az
C-13. The B-lactams navs tAa following struccural

tormula:



correspondi ng C9 P-hydroxy derivative. The reducing agent, is prefera@ﬁx@ﬁzmg
borohydri de and, nost preferably, tetrabucylanmmoni unboro-hydride (3L',F)5;

) or triacecoxyborohydride . As illustrated in Reaction Schene 1, the
reaction a baccatin with Bu,N .., in nethylene chloride yields
9- desoxo- 9p- hydr oxybaccatin Ill S. After the C7 hydroxy group is protected

with the trinethylsilyl protecting grasp, for exanple, a suitable side
chain may 2 6 JAN 2004 27 be attached to 7-procecced-96-hydroxy derivative
6 as el sewhere described herein. Renoval of the re _n. g protecting
groups thus yields 913-hydroxv-desoxo taxol or ocher

9p- hydroxyvtetracyclic taxane having a Cl3 side chain. REACTION SQH/=- M

1 OAC CAC OH HOI'16. 1-\r-OA~ | FiF{]\&:.(ﬁﬁﬁ, H HO Bu4NBH4 CH2Cl12 HO Ph-
ACO-" ph-;C ACO 5 ~~\\ vz

4-—T—”“——x1

2

wherein X, - X; are as defined above. The alkoxides
having the tricvclic or catracyclic taxane nucleus and a
C-13 mecallic oxide or ammonium oxide substituent have
the following struccural formula:

18

wnerein R,, Ry, R,, Ry, Rs, Rer Rear Ry,. Ry, and R,y 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,
IIZA IVA, VA, or VIA metals (CAS version). If M
comprisaes ammonium, it is preferably tetraalkylammonium
and the alkvl component of the tetraalkylammonium
substituent 1is preferably C, - C, alkyl such as methvl or
butyl. Most preferably, the alkoxide has the tetracyclic

taxane nucleus and corresponds to the struccural formula:



E C ET3N HO1". OAc Alternatively, the C13 hydroxy group of 7- 2 6 JAN 2004
prot ect ed- 93- hydroxy derivative 6 nmay be protected with trinmethylsilyl or
ot her protecting group which can be selectively renoved relative to the C7
hydroxy protecting group as illustrated in Reaction Schene 2, to enable
further selective manipul ation of the various substituenos of the taxane.
For exanple, reaction of 2 6 JAN 200& 28 7 , | 3-protected-9(3-hydroxy
derivative 7 win K= causes :he acetate group to mgrane fromCl0 to C9 and
the 'hydroxy croup to migrate fromC9 to Cl10, thereby yielding 10-

desacetyl derivative 8. Protection of the C10 hydroxy group of

| O- desacecyl derivative 8 with triethvlsilyl vyields derivative 9.

Sel ective renoval of the C13 hydroxy p ctfpg group fromderivative 9
yields derivative 10 to which\a suitahle sfde chain may be attached as
descri bed above. 26 JAN 2004 29 =N 2 2) CH CT!!

1

MQtt 7a

whera:n M, R,, RB,,, R;,, Ry, and Ry ars as praviouslv

As sac forcth in Ra2action Scheme A, taxcl mav be
praparsd Dy convarting 7-proceccad Baccacin III 35 to the
corrasponding alkoxide and raacting the alkoxide with a
B-lactam in which X, is protected hydroxy, X, is paenvl
and X; 1s benzovl. Protecting groups such as Z-
methoxysropyl (*MOP*), l-echoxveachyl (*Z=*) are
preierrad, but e variecv of other standard protecting
groups such as the tristhylsilyl group or other trialkyl
(or ar¥l) silyl groups may be used. Taxanas naviag
alternative side chain Substitutes mav be prepared
througn the use of f-lactams which comprise the
alternative subscituencs.

Taxanes naving alternacive C? substituencs may
be preparad bv sslectively reducing the C9 kato
substituent of taxol, 10-DAB, Baccatin IITI or one of the
other intermediates disclosad hersin to vield the
correspending C9 f-hvdroxy derivativa. The reducing
agent is praferably a borohydride and, mos: preisrably,
tatrabutvliammeniumbero-avéride (Bu,N3E,} or

triacecoxvboranvdrids.

2s 1llustratad in Reacticn Schems 1, thne
r2action ¢ baccatin III with By lNSE, in mechvliens
chlorids vialds S-dasoxo-2f-hvdroxybaccazia III S titer
[



OTES Ti50ui..( )e-- V P Weaus.. TESC | ET3N 9 Qyrldinme 10 CH 8 As shéknAMa0g
Reaction Schenme 3, 10-oxo derivative 11 can be provi ded by oxidation of
10- desace_vi derivative 8. Thereafter, the C 3 hydroxy CAC 2 6 JAN 2004
protecting group can be selectively renoved followed by attachnment of a
side chain as described above to yield 9- acetoxy-10-oxo-taxol or other

9- acet oxy, - 10-oxotetranmethylic taxane3d7having a Cl13 side chain.
Alternatively, the C9 acetate group can be selectively renoved by
reduction of 10-axo derivative 11 which a reducing agent such as samarium
diiodide to yield 9-desoxo-10-oxo derivative 12 from which the CL13 hydroxy
protecting gro a ~-select (YA L Afd nf.of a
side chain as%§e§c3|%§a°a§ovg F%%t :§ED§§ %B b gfgﬁiaxdﬁﬁhgf %ﬁher

9- desoxo- 10- OXELSEM@@¥@|D@SEGXQR@ShﬁJEFHQ aRemgvadi @& &g rFamainin

procacting groups thus yields 9B-hyvdroxv-desoxo taxcl cr

ocher 9f-hydraxvtazracylic taxane having 2 Cl3 side

REACTION SCH=ME 1

QAc QAc

HOlis HGte:

Bu, NBH,

CHECI2

QAc

HQOIte

Alternatively, the €13 hydroxy group of 7-

0
(4]

oceczad-9ﬁ—hydroxy derivative § mayv be protected with

nvlsilvl or othar protacting group willch can be

r
H
n

lactively removed rslative to the C7 hyvdroxy protecting

n
b

grous as illuscrated in Reaction Scheme 2, Lo enable
furcher selective manipulation of the various

sunsctituencs of the taxane. For example, rezaccion ol



REACTI ON SCHEME 3 OH 8 TPAP TM SO Il 7 Reactor Schene 4 illustrates a
which 10-DAB is reduced to yield pentaol 13. The C7 and 2 6
JAN 2001 31 C10 hydroxyl groups of pentaol 13 can then be selectively

reaction in

protected with the triethylsilyl
14 to which a Cl13 side chain can

trial

2 6 JAN 2004

or another protecting group to produce
be attached as described above or,

alternatively, after further nodificat8on of the tetracyclic substituents.
REACTI ON SCHEME 4 OH Hotu,. &U4NeH4 CHzZCl2 HOw.. OH 13 TESCI ET3N OT

Hot'.'.

14

7 13-procected-9B-hycdroxy dezivative 7 wizh KE c2usas Ihs
acscats graup to migraza from CLO ta C° and tha nwvoroxs
C

croup Co migracsa from C9 to C10, tharsby vial

g
desacatvl derivative 8. Protaction aof the CLO hvdroxy

viaids derivarive 9. Salactive removal oI the C
nvéroxy Drotacting group from derivative 9 vields
derivative 10 to which a suitable side chain may De

at-ached as describad abhovs.

E!



Taxanes having C9 and/or Cl0 acyl oxy subscituents other than acetate can

be prepared using 10- DAB as a starting material as illustrated in Rezzcﬁ?ﬂ%mm*
Schenme 5. Reaction of 10-DAB with triethylsilyl chloride in pyridine

yields 7-protected 10-DAS 15. The C10 hydroxy substituent of 7-protected
10-DAB 15 may then be readily acylated with any standard acyl ati ng agent

to 2 6 JAN 2004 32 yield derivative 1&%aving a new CL0 acyl oxy

substituent. Selective reduction of the C5 keco substituent of derivative
16 yields 96-hydroxy derivative 17 to which a Cl3 side chain may be

attached. Al te_rggi_lj vgl {G‘% hﬁg €10 and C9 groups can be caused to mgrate as

sea forth inZB2 =I5 2, above. REACTION SCHEME H HQ H "N Ph- ACQ

\"a HOill 17 15 AQ/Iatwg agent
&

QAc

QTES

HQtre- TMSQtesee
1) TMSCH, Et,N
Ph——<
Q
\J
TMESOIm.. TMSOtne-

b ————————

HE

oyridiﬁe

HQis.

10

As shown in Reaction Scheme 3, 10-oxo
derivative 11 can be provided by oxidation of 10-
1

desaceryl derivative 8. Thereafcer, the CL3 hvdroxv



a 16 Taxanes having alternative C2 and/or C4 esters can be prepared ugign_gN 2004

baccatin Il and 10-DAB as starting naterials. The C2 and/on C4 esters o
baccatin 1__ and O DAB can be selectively reduced to the correspondi ng

al cohol (s) using reduci ng agents such as L?= or ?ed.-Al, and new esters can
thereafter be substi:u:ed using, 7 OHPh-< A C4 2 6 JAN 2004 33 standard
acyl ating agents such as anhydrides and®acid chlorides in conbination with
an arsine such as pyridine, triethylam ne, DVAP, or diisopropyl ethyl
amne. Alternatively, the C2 and/or C4 al cohols nay be converted to new
C2 and/or C4 esters through formation of the corresponding al koxi de by
treatment of the al cq A t abi &-ba A DA fol ) awed, by an
acyl ati ng agert=>% s‘l]'c“hh‘?s g\gﬁtgc? qcﬁ% QQ""TJS%&?:%O?%I"I I"a—n'fj&‘ﬁf)_ DAB

anal ogs havi ng: didirereneisabstEuEREsn ads GRSETHARS GFWEh b Prepared as

set forth in BecaaQtA;Pﬂ@QQ%Eé Qoio vTQﬁémJafaactoh&-.cbewAw%f 10- DAB i s

used as the starting materi al shoul d be under St ood, however, that
baccatin I11. cakansfatizyédsop ‘éhél 55928 ¥e pradiced Uiy t e Sdne

acazaca group can be salactively removad by reduciicn of
10-agxo cerivativa 11 with a raducing agent such as
sama-ium diiodide to visld ¢-desoxo-1l0-oxo derivativs 12
from which the CL13 hvdroxy praocecting group can be
cively ramoved followed by attachment of 2 sidé

isscribed above to vield 9-desoxo-10-oxo-taxol
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-desoxo-l0-oxotetracvlic taxanes having a Cl3
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Reac-ion Schieme 4 illuscracas & ra2action in

wni=n 10-DA3 is raduced to vizld pencacl L3, The C7 and



series of reactions (except for the protection of the C10 hydroxy grgﬁpMsz‘
by sinply replacing 10-DAB with baccatin 1Z as the starting nmaterial.

9- desoxo derivatives of the baccatin Il and 10- DAB anal ogs havi ng

different substituents at C2 and/or C4 can then be prepared by reducing

the C9 keto substituent of these anal ogs and carrying out the other

reacti ons descri bed above. In Reaction3fchenme 6, protected 10-DAB 3 is
converted to the trio! 18 with lithium alum num hydride. Triol 18 is then
converted to the corresponding C4 ester wusing Cl,COin pyridine followed

by a nucleophilic agent (e.g., Gignard reagents or alkyllithium

reagents). 2 & AN %%%"fﬁ 8IES. 3 LA TMPG 4@k 38 6h209::Qeyyi aual

T CTES T Msol
procecced with the criethvisilyl cr anocher protacting

gzoup to produce triol 14 to wniich a
be accached as described ahove or, alternatively, affer

Ffurther madificartion of the tetracvlic subscituents.

BEACTION SCHEME 4

HO11 HQO

HOtn-

Taxanes having C9 and/or Cl0 acyvloxy
substituents other than acetace ¢an be prepared using 10-
DRB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triechylsilyl chloride
in pyridine yields 7-protected 10-DA3 15. The C10
hydroxy substituent of 7-protected 10-DAB 15 may then be

readily acylated with any scandard acvlating agent to
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I ntroduction of an acid chloride selectively gives

\

18 with LDA foll owed by

the &4

ester.

For exanpl e,

when acetyl

chl ori de was used,

trial

4 as set faith

i n Reacti on

Schenme 7. Tri al

18 was
| 8 can

converted to 1, 2 dial

al so readily be conv
carbonate 19 undo=

described in Reactio
reagents to carbonat
free hydroxyl group
TVMBG iiil

erted co the 1,2 carbonate 19. Acetyl ation of

vi gorous scandard &&nditions provi des carbonate 21 as
n Schenme 8; addition of alkyllithiuns or Gignard

e 19 provides t"e C2 2 6 JAN 2004 35 escer having a
ac 4 as se: fcr :n Reaction Schene 6. Scheme 7 CTES

visld darivacive 16 having a naw Cl0 acvloxy subsiituenz
Salacrzive raduccicon af the C% kato subscitcuent ci
Garivaciva 16 viaids 9@-hvdraxy derivative 17 to which a
Ci3 sids chain mayvy be atctached. aAlternagively, the C10
and C% groups can be caused to migrace as sat faorth in
Paacticn Schems 2, azove
BTACTIQON SCE=MZ 3
Q7 =3
HOnit TEECH HO
pyridline
Acylating
agent
\j
HQI 1} HF HQun
) BuNBH,
3) TescCl

Taxanss having altarnativse C2 and/cr C4 esctars
can be praparsd using baccatin ITII and 10-D2B as scarcing
mara-ials., The C2 and/or Cé estars cf baccatin IIT and
10-D33 can be salactively reducsd to the corraspending
alconol{s) using ducing agencs such as LaAZ or Rad-al,
and naw est2r35 can ther=2aitser be sudstituted using
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& Y J' OISS Pyridine TM SO 111 18 Ac 20 OVAP OTES TUSOm 21 2 6 JAN 200 36
As set forth in Reaction Schenme 9, other C4 substituent can be provided by
reacting carbonate 19 wth an acid chloride and a tertiary amne to yield
carbonate 22 which is then reacted with alkyllithiums or Gignard reagents
to provide 10-DAB derivatives having nEw substituents at C2. Schene 9 cri:

T P4SO trl

standarcd acylating agents such as anhydrides and acid
chlarides in combination with an amine sucil as pvridine,
triathylamine, DMAP, or diisogropvl ethyl amine.
Alvrernativsly, the C2 and/or C4 alcohols mavy be convercad
to new C2 and/or C4 escers through formacicon of the
carresponding alkoxide by trzatment of the alcohol with a
suitable basa such as LDA followed by an acylating agent
such &s an acid chloride.

Baccatin IIT and 10-DAB analeogs having
differanc substituents at C2 and/or C4 can be preparad as
set forch in Reaction Schemes 6-10. To simplify the
description, 10-DAB is used as the scarting material. It
should be understood, however, that baccatin III
derivatives or analogs may be produced using the same
seriss of reactions (except for the protection of tha C10
hvdroxy group) by simply replacing 10-DAB with baccatin
IZI as the stacting materxial. 9-desoxo derivatives of
the baccatin IXII and 10-DAS analogs having different
substituents at C2 and/or C4 can then be prepared bv
reducing the C% 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 lichium aluminum hydride.
Triol 18 is then converted to the corresponding C4 ester
using Cl,CO in pyvridine followed by a nucleopnilic agent

(8]

(e.g., Grignard reagents or alkyllithium reagents}.



18 OTES T1 Mm 23 TMsGiil OTEE 22 Alternatively, baccatin

11 may beggggN 1004

as a starting material and reacted as spawn in Reaction Schene 10.
being protected at C7 and ). baccar---inl:--, is reduced wit LAHto
produce 1.2,4,10 tecraol 24. Tetraol 24 is converted to carbonate 25 using

CL, CJ and pyridine, and carbonate 25 is acylated at Cl0 wt
chloride CTiw a2co r Pyridine TFASGQ i34 R31Li or AX1IMXEr 2

h an acid
6 JAN 2004 37

and pyridine to produce carbonate 26 (as show..) or with acetic anhydride
and pyridine (not shown). Acetylation of carbonate 26 under vigorous
standard conditions provides carbonate 27 which is then reacted with al kyl
lithiunms to provide the baccatin |=I derivatives having new subscicuencs

at C2 and Cl O Sshend 40 Qre

TMSCum
LAH

TMSQ TMSOtn

Deprotonation of triol 18 with LDA
introduction of an acid chloride selecrtively
ester. For example, when acstvl chlorids was
18 was convertad to 1,2 diol 4 a2s5 ser f£a

Scheme 7.

Trigl 18 can als
1,2 carconat2 19. Acstvlation
vigaorous standard conditions providas carbora
described in PRsaction Scheme 8; addiciorn of a

or Crignard ra22gencs 0 cerbonatz 19 p-aovidas

C1,c0

pyriding

followed bv

gives ths C4

ussd, tricl

e 21 as
lestlizhniums
tm2 C2
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TWMb01111 CAC 24 A29G0C | pyridine 2 6 JAN 2001 38 T 4SG tuu TMsSOm

10- desacet oxy derivatives o baccatin Il and 30-desoxy derivatives of

10- DAB may be prepared by reacting baccatin Il or 10-DAB (or their
derivatives) wth samariumdiiodide. Reaction between the tetracyclic

taxane having a ClO | eaving group and 3&mari um diiodide my be carried out

at 0Cin a solvent such as tetrahydrofuran. Advantageously, the samarium
diiodide selectively abstracts the Cl10 | eaving group; Cl13 side chains and
ocher substituents on the tetracyclic nucleus remain undisturbed.
:"hereafter, the C9 keco subs.? n en:

ester having a free hydraoxyl group at C4 as sac faorch in
Reaczion Scheme 6.

Schame 7

LOA
TMSOuIn
R;gCaci TMSOLI
" Schame 8§
CL,c
TMSCInn 2€0
. Pyridine TMSAUI

TMSO




may be reduced- to provide the correspondi ng 9-desoxo-9 3- 6

hydr oxy- LO desacecvoxv or 10-desoxy derivatives as otherw se descri bed
herein. 2 6 JAN 2004 39 C7 di hydro and other C7 substituted taxanes can
prepared as-set Torch in Reaction Schenes 11, 12 and

11 CAC HO i i i

TMa0m

TuMSQAuin

JAN 2004
be

12a. REACTI ON SCE:'

HOU?CPh --,~ ACC 0 OHNaH Cs2 CH31 M)111 1 QAc n9u3SnH
Al SN Ccat) toluene Creflux) QAC HOuul 36 HO

As sat fortn in Reactign Scheme ¢, ccher C4
subscizuencs can be provided bv rzaciing cardenata 19
wich an acid chloride and a tarctiary amine tg yvialc
carsonzrz2 22 which 1s then razc
Grignars reagents to provids 10-DA3 darivatives npavin

new subpstcicuents atc C2.

cL,c0
Pyridine TMSQtr
RqqC0CI
pyridine
DMaR
RJ1Li ar TMSOHH
ququr
alternatively, baccatin III mav be used as a
scarcing matarial and reacced as shown iLn Reaction Scheme
10 Afger being protected at C7 and Cll, baccacin III is
reduced witi L2H to producs 1.2,4,10 tecraol 24. Tagraol

24 i3 convert2d to carbonate 25 usiag Cl,CO0 anc pyr:idins,

and cacbconace 25 is acvlated ac Cl0 with an acid chloricea



- HPh~ acO 0 2 6 JAN 2004 F.EAC r7ON SC.° = 12 OAC QAC 40 FAR usCI2 gljggi\l 004
Et SNHCI OAc QAC H4iu. ph~ AcO \~O 2 6 JAN 2004 41 REACTI ON SCHEME 12 }
THE [Z? HF, Pyridine, CH3CN CH .As shown in Reaction Schenme 12, Baccatin

1l may be converted into 7-fluoro baccatin Il by treatnment w th FAR at
roomtenperature in THF solution. O her baccatin derivatives wth a free
C7 hydroxyl group behave 37

and pvridine to produce carbonate 26 (as shown) ¢z witin

acetic anhvdride and pvridine (not shown) . Acercvlacion
of carbonata 26 under vigorous standard condizions
orovides carbonacs 27 wnich is then reacted wich alkyl
lLithiums to provide the baccatin III derivatives having

new subscicuents at C2 and Cl0.

Scheme 10

TMS O

HOUsI -
1) TESCi1, py
2) TMSCI, OMAPR
imicazoie, OMF
LAH
Ci,C0
TMSQOnn pyiidine TMSOII

pyridine



simlarly. Aternatively, 7-chloro baccatin IIl can be prepared by 7§ JAN 200
treatnent of baccatin Ill with nmethane sulfoyl chloride and triethylam ne
in nethylene chloride solution containing an excess of triethylam ne
hydrochl oride. 2 6 JAN ZOOS 42 Taxanes having C7 acyl oxy substituencs can
be prepared as set forth in Reaction Schene 12a, 7, 1]- protected
10-cxo-derivative 11 is converted to i88 corresponding C13 al koxi de by
selectively renoving the C 3 protecting group and replacing it with a
metal such as lithium The al koxide is then reacted with a {3-lactam or
ot her side chain precursor. Subsequent hydrolysis of the C7 protect-ny
groups causes a mgration of the C7 hydroxy substituent to Cl4, mgration
of the C10 oxd substotoepnt to C9, and migration of the Gxatyl oxy
substituent to C7. AsYshawn in Reaction Scheme 13, \7-0- tVietdvlsilyl

baccatin Il ca ted.to a tricyclic taxang 5%/ hejaction of
0 Ah5T aces jon et hylﬁg%,,g tipoh™? The
N .

trimet hyl gxod)j
pr oduct d?g t
correspondi ng

§.f
kr’ACO
Q
27
RJ1L!

in
W

TMSQui

baccatia III and

(]

l0-desacetoxy derivativas o
i0-desoxy darivatives of 10-DAB mav be preparzd bv
reacting baccatin III or 10-DAB (or their darivatives)
with samarium diiodida. Reaction betwsen the tetracvclic
taxane having a Cl0 lesaving group 2nd samazium diigdide
may be carwizd out at 0°9C in a solvent such as
tecrahyd-ofuran. Advantageously, the samarium diiodide
selectively abstracts the Cl0 lsaving gzoup; Cl3 side
chains and other substituents on the tatracvclic nucleus
ramain undisturbesd. Thereafzsr, the C9 keco subscizueantc
may be reducad. to provide the corrasponding %-desoxo-9f-
hvdraxy-l0-dasacetyvoxy or l0-desoxy derivacivas as

otherwise describad hersin.

it



OAc HOul'.. d P h\\ ACQ \\a Haii.,. OAc Pb(OAC)4 QAc The subpr oces$ds)bi200
Reacti on schene A can be applied at various stages. For exanple, the
process for the conversion of conpound 30 to conmpound 33 can be applied

to any internmedi ate having a hydroxyl group at G 10 and two hydrogens at
C9, e.g., the process for introducing C9 and Cl O carbonyl and hydroxyl
groups can be applied to suitably prai%ected internedi ates 4 through 29.

Li kewi se, the process for introduction of C1 and C2 oxygen-contai ni ng
functional groups (conversion of 6 to-13 in Reaction Scheme A) can be
applied to any internediate having a C3 carbonyl gr oup 2 6 JAN 2004 44

Simlarly,theproces 4 0k ; hpELOALUCEH N S )

exenplified in Reacti Of]c Sc llrlgé'g E%%r%ﬁ%acgﬂcan & app Eg?‘a?"-s can

i nt er medi at ebeapdnpzed @s G2t ckebohaie. Reac_:.cn Schemes 11, 12 and
12a.

REACTION SCH=ME 11

HAlt HOIIt

nBu43SnH
AIBN (Ccat)

taluene (reflux)

MOl




al so, the process for form ng the oxetane ring, as exenplified in thg JAN 200
conversion of 24a to 27a in React ion Schene A can be applied to a variety
of intermedi ates having a C4 carbonyl group. The al dol process exenplified
in the conversion of 5to 6 in Reaction Scheme A can be applied to any
suitably protected internediate having a C3 carbonyl group and a C8a
hydrogen. A variety of ketones c= al de#hydes can be used as a reactant in
this process. Formation of a cyclic carbonate fromany 1,2 or 1,3 diol
subunit in any intermedi ate can be carried out by using phosgene as a
reactant. Carbonyl groups can be reduced by hydride reagents or netallic
species to the corresponding al cohols . Al cohols can be oxidized using a
variety of oxi digidwgcgentswves igxenplified in the React on Schenes, to the
correspondi ng carbonyl groups. The conpounds disclosed in this appllcatlon
have several asymetric cgydbons and may exist in diasteregperic, racemc,

or optically active fornsf AoL of these forms are gontenpyated within the
scope of this invew the preyen W@Jition

i ncl udes the en%ntl i , racemg . mn S | gther
m xtures of thé-c rein. The t'o ' bepp{ es

illustrate the |nv

HOI- HOee

MsClI
EtéN
EtsNHCI




45 EXAMPLES REACTI ON SCHEME A Triethyl silylaxy alcohol 3 . To a sol gggnzmg
of diol 2 (3.16 g, 13.4 mmol) and DRAP (70 ng, 0.37 mol) in CHLCl

m.) at roomtenperature was added triethylamne (3.7 nL, 26.6 mmol)

foll owed by dropw se addition of TESCl (17 nlL, 16.1 mml). After 1.75 h.
the reaction mxture was diluted with 150 nL of hexane, then poured into
100 nL of a saturated aqueous NaHCO3 4dol ution and 150 nL of hexane. The
organi ¢ phase was washed with two 100 nL portions of saturated aqueous
NaHCO3 sol uti on, '§ . 100 tnL of water, dried over anhydrous Na2SO ,
and concent r &% EEH ressure to give 4.88 g of rude
triethylsilyloxyal cohol 3. An analytical sanple was obtained by plug
filtration throygh a shprt pad of silica gel washing with Shexane and then
PAPt 0 = TES) (colorless\oil) uith,$8 et hyl

acetate in hexap 1"‘ ~ThSEs tH NVR (300 MHz, GDCIg .
7.7 Hz, 6HMSIHS: ) 3H, 16), O. 9

CH3), 1.03 (d, J CH3 PY 07 (s, 3N
= 14.3 Hz, |H HtZ , | =6.0, 6.0 Hz, IH,

5.0, 11.0 13.7 HrQ |8,

.90 (ddd, J = 2.2. 8.8,H0l5.34 Hx Ho) ,
1.96 (m 1H Hl4a), 2.3FXmw 2H H20, H145), 2S1 (ddd, =3 7.7, 10.4
Hz, |H H8a). 2P9z—(sA<PH, =3), 4.21-(dd = 2.Pn A%, M2 H10),
5.43 (dd, J = 2.8, 2084hkz, IH, H3). 13 (75 MHz, 13) S (ppm) 4.8

(1°ES CH2), 6.7 (TES CH3), 15.02 (
28.0 (CH3 16), 33.6 (C14). 41.5 ), 44.2 (C2), 45.0 (CA), 45.2 (C1H),
45.8 (C9), 69.6 (A1), 74.9 (O, 96.0 (C3), 123.0 (C13), 143.7 (C12); IR
(CHO 3) u 3530, 2970, 92930, 2900, 1460,. 1340, 1140, 1100, 1080, 1045,

( 1,9 (Cl) 351 (M+1l, 58), 333 (100), 219 (34).
WOpr ousty stiriXed sol ufRon of the crude conpound 3
(P10 = TES)ionm ¥ ous\/CHPC12 (30 niL) C under nitrogen was added
Ti (GPr)4 (13. pl ) f,oll owed by} dropwi Sc addition of
anhydrous 2Mt. BuQ@ (18 nL, 36 ). After 45

1QpN033. 0 (CH3 17), 26.2 (CH3 18),

a 1) THF

- - (2) HF, Pyridine, CHch

OH

-As shownl in Reaction Scheme 12, Baccatin IIT
may be converted into 7-fluoro baccatin IIT by treatment
with FAR at room temperature in THF solution. Other
baccatin derivétives with a fres C7 hydroxyl group behave
similarly. Alternatively, 7-chloro baccatin IIT can be
grepared by treatment of baccatin III with methane
sulfonyl chloride and triechylamine in methvlene chloride
solution containing an excess of triethylamine
hydrochloride:



m n di methyl sul fide (15 nL) was added sIovay over a period of 5 m(ri H}f i
solution was stirred for 10 mn at 0 'C, then 15 min at roomtenpér %. @
and then noved to a 55 'C bath where it was 2 6 JAN 2004 46 heat ed under
reflux for 8h. The solvents were evaporated under reduced pressure, the
resulting thick syrup was dissolved in ethyl acetate (850 nL) and 3.5 nL if
H O was added dropwi se with vigorous 42irring. The resulting m xture was
stirred at roomtenperature for Ih and then filtered through a pad of
Celite which was further washed with two portions of 100niL of et hyl
acetate. Evaporation of the solvent under reduced presure afforded an oil
that was filtered through a short pad of silica gel eluting either 10%
ethyl acetate in hexane to give 4.78g of pure hydrowketone 4 (P14=TES)
(colourless oil). 4 (Pt‘f'aac_-.e'EEﬁ)awi‘gl-CNI\/R:\(Bﬁﬁf -dudsHA (R ) e H8 (g, J
= 7.7 Hz. 6H._ TES _CH, A 19,, TES 013), 0.98
(s, 3H CH3 PFFPef 'El)a(ss% (':'CFB 1%)9‘ dds 'Fg" "‘J'“eaig’ 0, 7'11%35 H I H,
HZC) 1.85 (mroBidczidl 1IG|9@onm413)faci\r©6LXs.,s Inv@EdceB)to 2485 (d, J =
12 1, TH OH13). de 1 1 Ba H,..H9a) 6(dddd I
3.8. 7.1, %’ "S%%:Z%‘C?d‘g ‘I%Ha E@’%}c g”*‘%s% d&‘?ze:‘éf '{&'cf‘%g“ém H2f 3) |
2 80 (dd(:, €i3=pzogecy: 7:; FIOQS FRG FEPLFEM9, =4WI-G'-"(ta HB’-‘f:E’llste:H—z | H,
HL30), 4.56 (4, 1dcE:8n0 Henel Hiichk03) ;%m_a(c@cm@ D sxagam 4.3 (TES
CH1), 6.5 (TES CH3). 13.4 (CH3 18), 18.4 19 17). 771 (CH3
16), 34.7 (CPZ)Ot38s FEds) “38“8“(%2‘)‘*5914 0 S(Lé‘j%e’%ﬂz @‘)OW@/“—%O-(CI)
67.3 (Cl13), efe’ctCoEhretdingd CEblips dB8ss (eCl&E)g*a&]:&;rQ e I (CHCLL) u
3550, 2960, 2380 16gg _1450 1410 240, J;ﬂﬂ%n 116 1%§Q, 1080, 1050,
1000, 980, 9BYSTEYY 2RPrF ¢ SEY (W9E Sho THO* (55) .
Ketone S. TosabsoLotEph &b ﬁ?drex@kmametmr( Iara l:nﬂT@) aqy larwy dr ous
pyridine (25 ggg aELe2§ £& cynder nitrogen was added dropw se TBSOTf (3.2
m., 13.9 ol After mn, the flask was noved to an ice bath and
stirred for 1.75 h. Théssﬁm't‘?ohnv\%ga‘é‘i}%ﬁ FRFRh 125 MO of hexane at0 ' C
and then decgpieén{LonyDebeagat Rl BIDidad NHed crividraier rageous NaHCCB
sol uti on (209_n%&.1. - e - PR .
tricveclic taxane through the action of trimethvloxonium

tetrafliuoroborace in metiylene chloride solution. The
procduct Ciol then rsacts with lszad tscraacetace to

provide. the corrasponding C4 katone.



The remaining oil was extracted with three 75 niL portions of hexane.zghﬁwgm‘
conbi ned organic phases were washed with two 50 rnL portions of saturate
aqueous NaHCO3 solution and then wth 50 nL of water, dried over anhydrous
Na, SO4 t and concentratcd under reduced pressure. The. yellow sh oily
residue was purified by filtration through a short pad of silica gel
eluting with 10%ethyl acetate in he#dne to give 4.78 g of pure ketone 5
(Pia = TES, P13 = TBS) (94%yield from2). 2 6 JAN 2004 47 S (pia = TES,
Ft3 = TBS): tH NMR (300 MHz, CDC13) 8 0.03 (s, 3H, T3S CH3), 0.05 (s, 3H,
TBS CH3). 0.5%=AGTIOM gCZ=Mz 18H, TES CH2), 0.93 (t. J = 8.2 Hz. 9H TES
CH3), 0.93 (s, 9H, TES t-Bu), 0.96 (d, J = 1.8-Hz, 3H CH3 19), 1.06 (s,
3H, CH3 17), 1.33 (s, 3H CH3 16). 1.68 (dd, | = 5.5, 11.5 Hz, 1H Hzra).
1.84 (m 2H, Hl, H9 3pacl.89 (s. 3H, CH3 18). 1.92 (dd, Jga6.0. 14.3 Hz,

| H, Hlda), 2. (ddd,¥J =65.5, 13.2, 15.4 Hz, IH K9 at), ®.39 (ddd, | =
8?7, 10.4. 14.3H , 40), 2.52 (ddd. | = 3.9, 7\L . 7

2.66 (dd, | = AHS H2P), 4.45 (dd, |
H1313). 4.HR1( . | H M) ; 13C NRR'K
-4.6 (TBS CH3), , 6-6—ES—CH3), 14.1
C(CH3)7), 19.1 ( P (CH3 17), 25.8 ('1'BS

16), 33.5 (Cl4) H®B8.5 (Y 39.4 (M, 43.7 (C8), 44H8 (), ¥z.9 (d),
67.5 (C13), 69.5 (CID),s1 (Cl1), 138.8 (Cl2), 213.5 ) N\ R% CHC13) u
2950, 2900, ,\12166, ¥ 1395, 1365, 1250. 12t36,—g1q1?®<,3 1480841000,
900, 860, 840 cm 1'qMs (Cl) 481 (M+l, 3), 463 (16), 34% (1@, 331 (50);

Anal . Caled. for C27H3203Si 2: C. 67.44; H,£ 10.90. Found: C,'67-31; H,

10. 78. Ketocarbonate 6. To a stirred solution of diisopropylamne (0.60 ni,
4.28 mmol) in THE (I | nl) under nitrogen at roomtenper t€r§ was added
1.26 tel.. of a 3.1 Msolution (3.89 mol) of .MMBr infe RePA<Apter 3 h,
a solution of ketone 5 (Pia = TES, Pt3 = TBS) (750 ng, 1.%6 mmol) in THE
(3.5 mL) was added dropwi se at roomtenperature. After 1.5 h, the reaction
m xture was cooled to -23 'C and a solution of 4-pentenal %9270 ng, 3.89
rnnol) in THE (4 nil)

HQIne

Ollln

Ph—-< o QAac

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
applied to any intermediate having a hydroxyl group ac C-
10 and two hydrogens at C-2, e.g., the process for
introducing C9 and Cl0 carbonyl and hvdroxyl groups can
be applied to suitably protected intermediates 4 through
29.

Likewise, the process for introduction of Cl
and C2 oxygen-containing functional groups (conversion of
& to .13 in Reaction Scheme A) can be applied to any

incermediate having a C3 carbonvl group.



was added dropwi se down the side of the flask. After I h, 10 mL of g jAN 2004
saturated aqueous NH{ Q sol ution was added. Ater 2 mn, the reaction mxture
was diluted with 100 nL of hexane, then poured into 100 ni,L, of H20. The
organi ¢ phase was washed with 100 rnL of H20O and 100 nL of brine, and
dried over anhydrous Na2SO4 and concentrated under reduced pressure to give
0.92 g of ayellowoil. To a solutiondf the crude mixture in CHHGz (10
m.) and pyridine (10 ntL) under nitrogen at -23 'C was added 2.3 nL of 4 M
solution (9.36 mmvl) of phosgene in toluene dropw se and the reaction
m xture was warned to -10 'C. After 30 mn, ethanol (3.7 rnL) was added
and the resulting nixts[e_maslslidﬁ&ﬁtﬁdﬂﬂsSO‘an'nthedpeacgidﬁ Bt ur e was
then diluted with 300 nL. of he S h ;200 N gf sat ur at ed
aqueous NaHCES §6YutFoﬂu“§Oﬁsn% ot a‘?ﬁgfh %GJ%Q 2 %)aqﬁeous Cu504
sol uti on, 20Q@n&bugh Eﬂ)c2ﬂ0baiamﬁlea$axumawed1&@J@699bN3HG€8-§§1@tlon and
200 nL of brtqe quE§d38¥§§ aanhydrous Na., SO4 and concentrated under reduce
pressure to “givé 1,05 a yellom/solld _The crude mi xture was filtered
t hr ough S|I|ca gel wit hl9901thatIRACL SR SOFt 4 OFREREX AA8s CKE PP T365 -ny of a
white solid whighaMas; Fusshes e iddridbow bicaasgeko tha_omt ogr aphy
eluting with lac ethyl acetate in qmganeg to yield 7&59&&
ket ocar bonat 8e26=¢p%” §CReRES: P33 e ARE-IRC-f P YE&T i é soI i d Te
product was kgekahedias=a Badinaqtd co:t.'ofcarmmmmr gabuonal isoners. The
following NVR data is for t redomn na f.qr.nmr MR 13 =i
S, R= Ec): o 103- 104I‘ Q‘?e—}?% NE T %ﬁzﬁ“%gmrg)% sqo(zgg {:%m’ 35-°Fas
CH3), 0.08 (s&f SktcTBSmﬁ}ngcthKsthemh'4 %28 He 2BplipESte 21Y), 0.94 (c,
J =78 H, 9H HecOs 26 m@é; BSravBuk, 2a1c88ckshodiy CH3 17),
1 29 (m EH SEB agE§3§k%Q c @ 45& at .nE (.b a oG T8 .66 (dd. 3
= 4.6, 12.5 mzoum %)Céq W%E’BH a(:131"3 Tiggy, of. §5 “PafS1CZ 4.5, 4.5 Hz,
1H Hl4cx) , 3195q65%5|&hnFﬁ3 uéhénéi(Hird=dﬁa&:4;"14525H@ rotidss .H5), 2.47
(m 2H H9cz, H6),

Hea, H20), 4. 47 (d Q‘(“F%i% °‘i|$ f31ﬂ')° Ci'?@nf‘gd £k %né’ ] &m ,2H1H

H10 3), 4. 911(Bido._dl awscmﬂo«,i dry inderap@iacse 20 06, cp.rf 1pd80OuE6. 9 Hz,
| H, H20), SFég g?n no% “ejégja}?éa Jéi:.H7hafgoE§1(§d@@ﬂslCEHGb% 6.9.
10.5, 16.9 PR P15 WR S (ppm) -
reduced by hvdizide r2agants o* metalllc speciss to the
carraspending alcohols. Alcohols can be oxidized using a
varistv of oxidizing agents as exemplified in the
Reaccion Schemes, to the ceorresponding carbonvl groups.
The compounds disclosed in this applicat:ion
hava several asvmmetric carbons and may exist in
diascersomeric, racemic, or opticaliv aczive forms. All
of theses forms ares contemplatasd within the scopes oi tihlis
invention. More specifically, the prasent invention
includes the enantiomers, diasteriomers, racemic
mixrures, and other mixturas of cthe compounds disclosed
nersin.
The following examplss illustrate the

invention.



CH3), -4.5 (TBS CH3), 4.8 (TES CH2), 6.5 (TES CH3), 14.0 (Oec CH3), 721€J? |
(CH3 19), 15.9 (CH3 18), 18.1 (TES C(CH3)3), 25.8 (TBS C(CH3)3), 2 H—@
17), 28.2 (CH3 16), 30.4, 30.5 (Cs, C6), 34.1 (C14), 39.0 (CAYS), 41.1
(), 47.1 (), 47.5 (C9), 55.1 (Cs), 63.8 (OEt CHz ), 66.3 (C 13), 68.3
(C10), 84.0 (), 114.8 (C20), 134.8 (C11), 13 8.1 (4'), 144.9 (C12),
155.7 (Ethyl carbonate C=0, 214.8 (0);43lR (CCl4) u 3000, 2950. 2900, 1770,
1700, 1490, 1390, 1280. 1140. 1100, 1030. 910, 880, 860 cm1; Ms (EI) 636
(M 100). 593 (20). 538 (34), 409 (33); Anal. Calcd. for C35H6406Si 2: C,
65.99; H 10.13. Found: C, 65.88, H gt@MPTESHydroxyketone 7. To a stirred
sol ution of ketocarbonate 6 (P10 = TES, P13 = TBS. R = Et) (4.00 g, 6.23
mmol) in T: (63 r.-LL) under nit REGETIQN SCHE CHEMEAwas added 50 rral of a 0.2

i nper | oAt pigRg gl 3 - S bl %FF&%W Kr et PlaY gl e g
2.29 g of nﬁr&)’:ﬁ@fm@{ YdSSM.Lﬁ memcmaerﬁmﬁl e a4 FEyldotind K7 olll, 368 hmbBS

added dr opw se he side of the flask- After 30 min, the reaction
m xt ur e wésloedbbydip R addigonpfdisited & unlh I8Dhamel). g¥fes lé’éthjﬂﬁﬁwuarqmms

Nebtate | HhiOu T RCheieie Bed BRered nd D ot iRn afenf NBSERY
dri ed OVeEol?JHHYa‘HB Q4§ M2of %@n%@&@&ﬁ@gﬁﬁa ods wasted mwmm%&s te@

yield 7 g o waxy solid. This materi was purified by flash
chr omat og Bmp'htyd ace:lcunsu MaJ1GPD4 lsoigaon stdwith Hlenbitof Warer, drisdaaves anfudmuewaiscao

of hydrox one PIa-TS Pt 3.=1T R—Et 7 0 TES,

PL3 » TSI %‘gé“‘ﬁ% m@i&%&%%%‘i‘ ‘h’éi‘g'@f‘égcéi%' AB. 03
(s, 3H, TﬁﬁlﬁE@)sam?lcms(dbmxﬂcd:bﬂl Hﬁan@tﬂthh:u-gﬁs S%g-dggf Sifcd 5&! wlshmg7 wﬁh Hz,
9H, = CH3).” 0.90 , 9H, TES t : 31-

7.0 Hz. 3ktxaeRanddieg)cludng s p%car@puadmmrgm)icwoemﬂww S‘ﬁswl qc-r’m !(ls
31, CHSlg%in 66 (dd. J = 4.6, 12.8 Hz, 1H HOt3), 1.77 (d, J = 1.4 Hz,
3M CH3 18*%.83 (dd, J = 6.0, 14.7 Hz, 1H Hlda), 1.97 (dd, J = 4.1, 8.5

Hz, IH, HB)@.GLWESMH MR (950 MIB), CIRCI4Y 5(038t, (q) /== 117 Bz, 6R, DESICH m 39199) |
2.75 (d, .f'C 10.5 Hz, |H OH2). 4.14 (q, I = 14.2 Hz, zH OEtCHz 4.35
(dd, | = B8HOCHg1§), A6 (i J = 7.7 Hz, H.TES CH,), 103 d, J = 7.1 Hz, 3H, CH4 19), 1.07 (s,
_3H, CH; 17), 1.23 (d, J = 143 Hz, 1H, H2a), 1.56 (dd, f = 6.0, 6.0 Hz, 1H, HD, 1.76 {ddd,
J =50 110, 13.7 Hz, 1H, H9), 1.0 (ddd, J = 2.2, 8.8, 15.4 Hz, 1H, H9), 1.96 (m, IH,
Hida), 237 (m. 2H, H28, H14p), 2.51 (ddd, J = 7.7, 7.7, 10.4 Hz, 1H, Hia), 2.94 (s, IH,
OH-3), 4.21 (dd, S = 2.2, 5.0 Hz, 1H, H10), 5.43 (dd. J = 2.8, 2.8 Hz, IH, HI13). 13CNMR
(75 MHz, CDCl;) 5 (ppm) 4.8 (TES CH,), 6.7 (TES CH;). 15.02 (CH; 19), 23.0 (CH, 17),
-26.2 (CHy 18), 28.0 (CH, 16), 33.6 (C14), 41.5 (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 (CHCly) v 3530, 297_0.
2930, 2900, 1460, 1340, 1140, 1100, 1080, 1045, 1010, 970, 915, 650 cm-!; MS (CI) 351

(M+1, 58), 333 (100), 219 (34).

Hydroxy Ketone 4. To a vigorously stirred selution of the crude compound 3 (P4 = TES) in
anhydrous CH,Cl, (30 mL) at 0 "C under nitrogen was added Ti (QiPr); (13.5 mL, 43.1 mmol)
followed by dropwise additon of anhydrous 2M *-BuOOH in hexane (18 mL, 36 mmol). After 45
min dimethylsuifide (15 mL) was added slowly over a period of 5 min. The salution was stirred

for 10 min at 0 *C, then 15 min at room temperature and then moved to 2 55 °C bath where it was




1
6.9. 10.5. 16.9 Hz, 1H H4): 13C NMR 5 (pprr) '5.3 (TBS CH3), -4.5 (I
CH3), 4.7 (TES CH2), 6S (rES CH3), 14.0 (OEt CH3), 15.0 (CH3 19),
(CH3 18), 18.0 (TES .(CH3). ), 25.8 (THE Q(OH3)3), 27.5, 27.8 (CGH3 17),
28.1 (CH3 16), 30.4, 30.5 (C5," ©B). 36.9 (Cl5), 47.3 (C9), 54.5 (d),
54.7 (CS), 63.9 (OEt CH2), 66.2 (Cl3), 67.8 (C1O, 70.3 (C2), 83.6 (C7),

114.9 (C20 7 eLader rddedprelsuky| car bonat e
C=0) , (217 @éi‘ﬁf““dl"(dgf&%%ﬁ (%{géc%\%%ré > grg(e 17{‘%"6r 1E70%l(e 12%0 1470,

1400, 1370 hel@4fRingkBicDsyrd0&8y dis00ed ind4hy| 28 (§$ﬂfnl-)wd3(trf5’~ 650 (w1, 8),

564 (100), 431 69 389 (67 dr. ox sly stirred
sol ution ofvaRydeed R@f‘%ﬁfg&% {gﬁ“’wdt'm%g&@%&%@g%m% @agég[gwg%a (2.69 g.
4.12 mmol ) g&hte?dp\é?aﬂﬁe Eollﬂaﬁﬂ—ﬂiemm@é?édtﬂtohgmgmcril(:ehti&zmdh wadughtded dropwi se
down the si the flask 85 niL of a_ 0. lqml) of RedAl

i n tol uene.waskedtwith Bvonpogtions f 10@‘Lt°ﬁém§lo?°ﬁ‘taieo WB%“E&?'} éﬁéa%?o gr adual |y

varm Lo ol FRliedd Rﬂ&hﬂduasﬁfccr@dihrou’ghesmrxpwam retool ed to
-10 ' C and%@}% al anﬁr uge 2 M SO|nUtI on (250 mml) of ac%{ acid in THE was

added drop\@:Beiumhnghtlﬁé ghﬁ@ﬁ#‘“t‘%@%@l@”%ésgc? VI Ras stirred
10 6 JAN 2 oured into 1200 nL of 50% et hyl acetate in
FRLES B

hexanes an of a saturated aqueous NaHCO3 sol ution. The

aqueoursT%?;ﬂgd MR Esbowdih doeily P09 L 707 7 BRNEHOTES A, 0.0£ gl pL e and

the co or Jani ¢ phases were shed with brine, dried over anhydrous
NalSO4 7.aimdt, ¢2HCcEH; 1t ExE CHgle 0.98 delirbdTipy EBs LBé (5. 031‘}4 GHgl 18). 29?Ig(dd.ff=

ur 11 a0 b Brot VRELrobs {5 BRI SR 1) drotore: ohr Sty 335819 15/85 mrol
I n CH Qg (j1b7Tl)) anh ki dines, (315, 597k, mdﬁbam'iwgmdatf 48, 7G, was
qU|ckIyadofdo76ano it 3.0 Msolution (23 nmol) phosgené 1 n

t oI uene13 7718, 7skt, U, ditadad 7 Sddo ied2 2.0l Ivibiim IH, Faif 2. é&}b@:tthtfm &.40V 41 LhOperi od
o B0 ROH S 01 8 5 o oYl 1 2L 50 HEEBChE] Rk T
(75 MEz, CDCLy) § (pom) 4.3 (TES CH,), 6.5 (TES CHj), 13.4 (CH; 18), 18.4 (CH,19),
25.8 (CH, 17), 27.1 (CH; 16), 34.7 (C14), 382 (C135), 38.8 (C2), 44.0 (CB), 44.2 (C9), 47.8
(C1), 67.3 (C13), 69.7 (C10), 13753 (C11), 138.8 (C12), 219.2 (C3); IR (CHCly) v 3550,
2960, 2880, 1660, 1460, 1410, 1240, 1200, 1160, 1140, 1080, 1050, 1000, 980, 900, 810 cm-i;
MS (CD) 367 (M+1, 2}, 349 (100),”331 (55).

|F., HL3), 4.42 (dd, | = 4.6, 11.0 Hz, 1H, RL10), 4.49 (dd, | = 4. 1,1 BAN 2004
Hz, IH H2), 4.86 (dd, J = 1.8, 10.3 Hz, 1H, H20), 4.92 (dd, J = 1.8, 16.9
Hz, I|H H20). 5.23 (dd. | = 1.4, 10.1 Hz, 1H, H7), 5.67 (dddd, J = 6.

16.

9,
BS
0

Ketone 5. To a solution of hydroxyketane 4 (P o = TES} in anhydrous pyridine (25 mL) ar -23 °C
under nigogen was added dropwise TBSOTE (3.2 mL, 13.9 mmol). After 5 min, the flask was
moaved to an ice bath and stirred foc 1.75 h. The solution was diluted with 75 mL of hexanc at 0
*C and then decanted from the insoluble oil into saturated aqueous NaHCO; solution (200 mL).
The r=maining oil was extracted with thres 75 mL portions of hexane. The combined organic
phases were washed with two 50 mL portions of sawrated aqueous NaHCO, soludon and then
with 50 mL of water, dricd over anhydrous Na,SO,; and concenaated under reduced pressure.
The yellowish oily residue was purified by filtration through a short pad of silica gel eluting with
10% cthyl 2czrate in hexane to give 4.78 g of pure ketone 5 (P,q = TES, Py = TBS) (94% yicld
from 2).



NaHCO3 sol ution and 100 nL brine, dried over anhydrous Na2SO4 and 7 6 JAN 2004
concentrated under (5.a$ e...) reduced pressure to yield 2.52 g yellow
oil. This material was filtered through a 2 inch pad of silica gel with
504% et hyl ac :rate in hexanes and concentration under reduced pressure
yielded 2-39 g (95% from 7) of hydroxy carbonate 8 (P 10 = TES, P13 = TBS)
as a white solid. 8 (Pta = T--S. Pts =4¥BS): np 155 - 157 'C, tH NMR (500
MHz, CDC13) 8 0.09 (s. 3H, TES -CH3), 0.10 (s, 3H, TBS CH3), 0.59 (q, | =
81 Hz, 6'r% TES CHl), 0:96 (t, J = 8.2 Hz, 9H, TES CH3), 0.97 (s, 9H, TSS
t-Bu), 1.11 (s, 3H, CH3 19), 1.14 (s, 3H, CH3 17), 1.30 (s, 3H, CH3 16)
1 39 (dd, = ¥ES1B, Has 1HH #19[5&) (yd

15, 1§|$§‘° | H, Hm’3 IR St tﬁt}%%ggﬁlg@ Eéﬁjﬁ?ﬁ 65’5—(‘3 7
Hz, | H, HL)H, 'QBS_EHﬂ@GﬁT(QJf——ﬁ"H'.IZ,ﬂLWESﬁ{ﬁ &3 (¢t H = 88)Hz B0 deh,), 0.53

(" 111 o 58, 58 e, Sl e S et . 306540035 b
b 297‘433*%“ 7525108 o R0t 03, Bl i 5

z70Hz mz dd20) = 60, 12.3 Ha, IHHH144), 224 |
(TBS CHB). : T) L TES »&:Hs) QQ%ASM;_?SC%E% 524 iz, 1?15 158 2

C(CH3) 3), @éd 2’ (=c§—% .. 242%*’6 LB L4/, 2132)(8dd. /25 .39, (T0H31 316 Hz, H, HIOHA.687) .

s0.8 (o) “hd & RNy He e A1) l%%i"’zﬁaé?%%%%%%sws 5
(C20), 133LI—VI—(1®IB)1)‘3L.ILMRSE (@%))541‘@’3 @}185312 (T%é&:ﬁb) ?%‘?Es
C-0); IR (CL-1,) u 3450. 2950. 2870. 1750, 1460. .138Y. 1350, 1. 2 .l

1080, 1040.CRg0 14d0(Hg18). ¥184WBS; CER)MCIY. 16@5-1;( m HZO(GH; 155.12531(1‘35
477(100 3 Al 004 51
Satpoons Serbnt s £EH 0383 €18), 18818150508 62001455 (685, 4658 6T L0

To a vi gorqus tﬁg(j 1900 1)
T e 05 Lo LB B ATL D). BN} 2 S e R o 295805
sol uti on (lﬁm 014ﬁﬁnl4;20013933>d55.ylli’dﬂl t200c &1 30p 1639, ,1000,.906f 860, S4D dthil; MS (CI)
sol ution o, L4, He308, 548 (ﬂgc})oaslIso). Anal. Caled. for Corblsa0sSiz: C. 67.44;

10.50. Found: C, 67.31; H, 10.78.

4>

Ketocarbonate 6. To a sdrred solution of diisopropylamine (0.60 mL, 4.28 mmol) in THE (1t
mL) under nim::gch 2t rcom temperature was added 126 mL of 2 3.1 M solution (3.89 mmol) of
-MeMgBrin 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 temperamre. After 1.5 b, the reaction
mixnure was cooled to -23 *C and a solution of 4-pentenal (327 mg, 3.89 mmol) in THF (4 ml)
was added dropwisc down the side of the flask. After | h, 10 mL of a saturated aqueous NH,O
solution was added. Ater 2 min, the reaction mixture was diluted with 100 mL of hexane, then
poursd into 100 mL of H,Q. The organic phase was washed with 100 mL of H;0 and 100 mL of
brine, and dried over anhydrous Na,SQ, and concentrated under reduced pressure to give 092 g
of 2 yellow oil. To a solution of the crude mixwre 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 resulting mixture was stirred for 30 min. Tle reaction mixture was then diluted with

300 mL. of hexane. washed with 200 mL of a saturated aqueous NaHCO; solution, 200 mL of a



TBS) (3.45 g, 5.67 mmol) in 16 tnL CH Cl_ was added dropw se down t hz6siANgili
of the flask After 30 mn at -78 'C, triethylamne (6.8 nL, 49 nmmol) was
added and the mi xture was warnmed to roomtenperature. The m xture was
diluted with 200 nL hexanes, washed with two 75 nL portions of a saturated
aqueous NaHCO3 sol ution and brine, dried over anhydrous Na, SO4 and
concectrated under reduced pressure to4f§ield 3.45 g of a yellow solid. This
material was filtered though a 1 inch pad of silica gel with 10% et hyl
acetate in hexanes and then recrystallized from hexanes to yield 2.62 g of
ket ocarbonate 9 as white crystals. The nother |iquor was purified by

silica gell0cheqratsoGuSayhspiutionci00dnig ol G, m%mfhyhm@@it@vsoqsﬁﬂ%&%mmwnd

t hen recrystalllzatlcn from hexanes tq.yLeld an addition
ket ocar bortag éﬁ@m(-mfo rncTgred qyegan Yé@“&‘élk@ "S?l‘:@'i“&"ﬁ‘:&zﬁmac' r“é’ﬁ“l’%)""“? P a

(s, aH 8 BForyi s tee ol pisie b B BN ig: O Ot

CH2), 0. 9Gc.Lhec id hezahed tcHch 98K, md &6 aGirig)e, so@dgﬁxxﬂﬁwaﬁﬁnﬁEBﬁuhﬂBﬂ)by shidbgdis-
3H, CH31),117(S,6H 16, CH3 19), l42$dd 1 =23.7, 14.2 Hz, |IH,

Ho 3), 1. &Bm(rmceﬁbhy Haungﬁe)n 7‘2 <thy! gaemre intexaaBy o yiziBBIS(mg (15 %) obkgoqazhonsi,
CH3 18), 247(dd = 3 Hz,  1H, Q_Bae, 2.65@1,.3]]82 1H . H),
3.94 (ddS§ Pie=154, PlD ZLT%RT 0 3573 Whise spiid. 1gq producs was7isolated 25,3 6:1 o of

L0 11 Sty et i e i 5 Ay S 4 1 |
(TES é,?;g) '\dw@gﬁ =(TETP 3 5 78<. TBS EeBing 104- 1B4(‘TRSHQHR, (580 MH£ KESCHHIE 0.08.(5

17.8 (CH3 19), 17.9 (TES C(CHB) (TBS
C( CH3} 3) 3H8TBS(@&B Qe; (s 381, TRSOEH ;1,036 (8 /3= 7 86z, 55, 57@5@%1;13@% . J =78

ES%%‘% o1, Sty To =S o 5 6 FECAS TR 18 G S b3 G L BB 438 )

146.5 (cyats exganpons o, Ss0Le 209, feé @l LR { CEH4Y, 161, 2989, 1286Q, 347 6%,
1670, 1450, 1380, 1340, 1240, "11 0 1170. 1120, 1090, 1060, 1040, 980.

890. 860, 18R0,85764.J 855, d Hz, N& HUig), A0S ((ﬂqu;LHSB)lﬂézs(«sﬂg {12 5.4.448 W20ty

431 (4. T {97k SO AANAI08 TR 0T - (36 WOl U TR (. B0, S0
H2B), 4.47 (d. 7 = 7.3 Bz, 1H, HI3B), 4.50 (dd, / = 4.6, 11.4 Hz, 1H, H10B), 491 (dd,J =
1.83, 10.1 Hz, 1H, H20), 4.97 (dd, 7 = 1.8, 169 Hz, 1K, H20), 5.29 (dd. J = 0.9, 10.1 Hz,
1H, H7), 5.73 (dddd, / = 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,), 14.0 (OEt CH,), 15.5 (CH; 19), 15.9
(CH, 18), 18.1 (TBS C(CHj)y), 25.8 (TBS C(CH,y)s), 27.6 (CH; 17), 28.2 (CH; 16), 30.4,
30.5 (CS, C8), 34.1 (Cl14), 39.0 (C15), 41.1 (C2), 47.1(C1), 47.5 (C9). 55.1 (CB), 63.8
(OE: CH2), 66.3 (C13), 68.3 (C10), 84.0 (CT), 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 cm!; MS (ED) 636 (M, 100), 593 (20), 538
(34), 409 (33); Anal. Caled. for Cy5H04Sis: C, 65.99; H, 10.13. Found: C, 65.88, H, 10.17.

Hydroxyketone 7. To a stirred solution of ketocarbonaie 6 (P, = TES, Py = TBS, R = E0) (4.00
g. 6.28 mmel) in THF (65 mL) under nizogen at -35 "C was added 50 mL of 2 0.2 M salution (10
mmot} of LDA in THF down the side of the flask over a 10 min period. After 30 min, the reaction
mixturs was coaled o -78 “C and 2.29 g of (R)-camghoryisulfony! oxaziridine (10 mmol) in THF
{18 mL) was added dropwise down the side of the flask. After 30 min, the reaction

mixture was



2- Ket 0- 3- Hvdrvzy- E|e one 10. To a stu=d solution of 3.7-c iclic car?gnﬁw%[ﬁ
(Pic =TES, Pt3 =T3 S) (2.246 g, 3.70 nrrol) in Tr (9 r L) was ad

19.4 nL of 0.2 MLTI\/P (3.83 muol) in THF dropwi se down the sides of the
bask at -25 'C. The rescdon m xture was allowed to wart to -10 'C aver the
course of 30 mn. i ne cold section structure was poured into 100 M. of
1() % aqueous acetic acid and -acted wi¥h 100 nL of 10 % ethyl acetate in
hexanes. The organic phase was washed with 50nL of a saturated agueous
NaHCO3 sol ution and 50ni of brine. The conbi ned aqueous phases were
extracted with two 20rnL portions of 10% ethyl acetate in hexanes. The

or gani c pggcs,g% Vﬁ[lﬁd@l‘%ﬁ@bﬁ?%zuﬂfeh%ﬂué&\é?l‘hﬁﬂb?{Ciﬁl‘alslén Nt RPdcred i 300 /il Lt ed
under reduced pressure to give 2.4g of a yellfowoil. This material was
purified Dga350 mtaof@sFe eityironmtcaghephys. Hieubmbgedidrfunis fHatdsorerd &asbedt wigh
acetate in hexanes to yield 2 033g (90 %9 of the hydroxy | actone 10 (Pto =
TES, P13 mﬂpsg)m:‘a%vcamlvéﬁiﬂs 1594 cencopried yndaogedagedinresse® © L9 g8l 10

Pl = T_. $ P = TBS 0-Vdz, CDClI 3) .S

6719 (s iy il S WReA590 ol d}w’ﬁﬁ ol fludigebity o b RRAZR
9H, TES tﬁéﬁm z&v@'h(jo of &xgscczdﬂu &4, = TB'S Rl=tz§(sﬁﬂ CH3 17),
122 (s, 3H, C|-|319 gZhF % (dd = 3?7, 13.3 Hz, IH,

HO0) | |h Gﬁ(f"i‘d?m 3132-335611?:59 21W%+ﬂsmﬁﬁ2:_Hz:Da:{£(&@om }HSTL;BMQHJ)Z 17
rn, 2. =
(12 2 o0 e T8 S 80 Wl v 78 B %}%%&p&w Sﬂqﬂ b7 8 e o4 s
= 3. 2 11

10. 1 @?’Hléﬁo J‘ﬁz&'.ﬁssflg?" 'é’a@?‘(g‘g‘?&f 1%.‘3 (gzﬁ 2“’I b&?’m,ﬁ E

i E_ 9, 6.8, JHDEH,16),91.4& (m1kH. BS). 1.4BG. SHRCH{ pPull. 55-(3& (%&&:ﬁzg)lﬁidfﬁg J
G Cra) 2), H9, 370t To ¥ izs o ety LedigS) < 6. 04 7ok i fiidsn. 1 ST s in

Aw

gy 67 aﬁ%%afhic@ ’Hﬁz Kba et ah. 520 g EAbaa 0= B A, 5 D
[)., [38.54d( A 105 HE3IH, OHLZ)).A 1473, 3 =142 Hz, 26/08! .,4 FRAACT14)6.0; S3HOR,

2970, 29C0. 1730. 1700, 1:80. 1360, 1. 260, 1210. 1 1070, 1010, 910.
890. 840 Hi, Hi3). NSZ((EE)J eo%ﬁ(MOH;C)IH, §40). (%% (dd414-6217)10 1483, klésyu) 4.86

AL7(20): o 2l 1 069 1d Uhs TR0 Rha 18006 § %z, T, BT s E0YRET S ©

10.1 Hz, 1H, H7), 5.67 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); !ICNMR & (ppm) -5.3
(TBS CH,), 4.5 (TBS CHjy), 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,}), 25.8 (TBS C(CH;);), 27.5, 27.8 (CH, 17), 28.1
(CH; 16), 30.4, 30.5(CS, C6), 36.9 (C15), 47.3 (C9), 54.5 (Cl), 54.7 (C8), 63.9 (OEt
CH,), 66.2(C13), 67.8 (C10), 70.3 (C2), 83.6 (CT), 114.9 (C20), 135.4(C11), 137.9 (C4"),
1445 (C12), 155.6 (Ethylcarbonate C=Q), 217.8 (C3); IR (CCl,) v 3600, 2950, 2900, 1750,
1700, 1660, 1470, 1400, 1370, 1240, 1080, 1050, 1000, 840, 680 cmr!; MS (CD) 653 (M+1, 8),
564 (100), 431 (69), 389 (67). |

Hydroxycarbonate 8.  To a vigorously stirred solution of hydroxyketone 7 (Pq = TES, P53 =
TBS, R = Er) (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 soludon (82.4 mmot) of RedAl in toluene.
After 6 hat-78 "C, the solution was allowed to graduaily warm to room lemperature over a period
of 6 h. The mixture was recooled to -10 "C and 125 'rnL of 2 2 M solution (250 mmot) of acetic

acid in THF was added dropwise down the side of the flask. The cloudy mixture was sdrred 10



26 JAN 2004 53 Kea Lactone 11. To the 2-kcto-3-hydroxyl actone 10 (F%aZEkﬁN2M£
Pts = TBS) (1.10 g. 1.33 nrno[) was added a 0. | N solution of Sm,

Tru (32 rrL. 8.2 nmal). The resulting dark bluc solution was stlrred at
roomtenperature under N, for 4h. After coaling to O 'C an a:he:-,.=1
solution of HCl (0.66M 41 niL, 2.7777 mmal ) was added: after 5 mn the
flask was oocncd to the air and the r¥action m xture was diluted with 200
rnL of cold ethyl acetate, then pour-..d into 50 M. of ice cold 0?14
aqueous [ Cl. The organi c phase was separated and washed with 50 n>L of a
545 aqueous c:u c acid solution, two 50 nL portions of a saturated aqueous
MaHCGO solution and 50 nlL of brine, dried over anhydrous Na-, S04 and
concent r ateifl then Geured du2E0 mir o831 ethylBheate indewdries agd wathed ivdlh Mbsar dizagakyed
in 100 nil of hexanes, then silica gel (23"0-400 nesh; 43 g) was added and
the m xt urguapasNIGRr sILISN. SHicrigrePuaPRase wRs XERpet Wit feurt 90 s oarianbeftasiye

il d_of, s | h 300N
of | 20% ot T8 B B THARLHFABE P RE B e, TG aForar et “UNast s Ba3Bed

pressure gpdchdaend@si cHiRr Wafe B bickduidioD)etd 31291 £ar 987-61Hi QURL QB2 R 'rms
eluting with 10% et hyl acetate Iin hexanes to yleld 822mg (77% of the

ci s- ket ol aeteualewds|useiwiibed fugth¢ImdAicaiont he correspondl ng trans isomer. To a
solution of the tr rts -k toIa to rred in 10 rz. L
of THE undep ‘":’fﬁ“i"ﬁ‘ t5° qé@l’ég qln)e‘“sggvcilfa%]ﬁéﬂf)laaé Ry®dige r nL

of a 0.6 Ay n
ves sti rr o T 0 e &f*f%z%ﬁﬁh%E%fHmc%%ﬁ;’cﬁeﬁi@f}??%m“llﬁéd"%’ﬁsf%*% o
was added ﬁ&g\&hctuhallﬁhde'l' 0 solitonfaaHowd th Rars b HbmNEmberaube 6Vdr atphRoddxt pir €
was dlluted with 2C O nL of hexanes and poured_ into 100 nL of a saturated

aqueous Ngecomrebine358mL omvlapgum Mcdwem moaé‘-’-@\a%-rmnwsmﬁ aeuBitedaquedus i ne
then drie r dr oys 04 a concent educed essure
toCyi el d SiBCHy B ﬂéaﬁ&HbHﬂSVmL fine” et e S ass e i E5ngy %Lw
hexanes apdy&iilgr&aurd @ yiclt §59) waswaridelis dlisidiwes Hie ihd ﬁ fpf

vigorously for 15 m n {hen fil'tered through a 112 inch (1.27em
silica getilioa gchwﬁﬁ)ﬁ‘éttﬁxyl axcet mthexinas indxcamesratofConde ntduatd pmsanf: jnhlécd 239

(11Tt e S L e Se B s elo B0 Smle yell oo T

20% et hyl g3peiates, Py = TBS): mp 155- 157 °C; 'H NMR (500 MHz, CDCl,) 5 0.09 (s, 3H. TBS
-CH;). 0.10 (s, 3H, TBS CH;), 0.59 (q, / = 82 Hz, 6H. TES CH,), 0.96 (t, / = 8.2 Hz, 9H,
TES CH;), 0.97 (s, 9H, TBS t-Bu), 111 (s, 3H, CH, 19), 1.14 (s, 3H, CH,4 17), 1.30 (s, 3H,
CH, 16), 1.39 (dd, / = 4.1, 13.3 Hz, IH, H9B), 1.63 (m, 2H, Hé, H6), 1.99 (dd, / = 6.4,
15.1 Hz, IH, Hl4e), 2.01 (d, / = .9 Hz, 3H, CH, 18), 2.04 (d, / = 3.7 Hz, IH, HI), 2.11
(ddd, J = 7.8, 15.6, 15.6 Hz, 1H, HS), 2.28 (ddd, ] = 9.6, 9.6, 14.2 Hz, 1H, H14p), 2.34
(dd, J = 12.4, 13.3 Hz, 1H, H9B), 2.4l (m, 1H, HS), 3.87 (dd, / = 0.9, 10.5 Hz, 1H, HT),
395 (d, J = 3.7 Hz, 1H, H2), 4.59 (dd, J = 3.7, 11.4 Hz, IH, HI0p), 4.40 (s, 1H, HI), 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,
IH, H20), 5.77 {m, 1H, H4); '3C NMR & (ppm) -5.4 (TBS CHy). -4.4 (TBS CH;), 4.8 (TES
CH,). 6.5 (TES CH;), 15.5 (CH, 18), 17.9 (TBS C(CH;)y), 18.2 (CH; 19). 25.6 (TBS
C(CHsh). 25.9 (CH; 16), 27.5 (CH, 17), 28.3 (C6), ﬁs.d (C5), 29.8 (Cl4), 30.8(CLS),
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 (CL1), 137.9 (C4"), 142.6 (C12), 148.0 (cyclic earbonate C=0): IR
(CCl,) v 3450, 2950, 2870. 1750, 1460, 1380, 1350, 1220, £120, 1080, 1040, 980. 500. §20.
710 ety MS (CI) 625 (M+1-H,0, 6). 551 (11), 477 (100), 459 (12}, 433 (8), 344 (90): Anal.




in hexanes to yield 472ng (77% of pure cis-2-ketolactone || (P, o =Z2TESAN B0
= TBS), 84ny (13 %9 of pure trans isonmer and 24ng of a 6:1 m xture of
C|stran3|soners 11 (P10 = YES, P 13 = TES): nmp = 86.5 - 83.0 -C. tH NWR
(500 141Hz. CDCI3) 6 0.05 (s. 3H 2 6 JAN 2004 54 TBS CH3), 0.07 (s. 3H
TBS CH3). 0.54 (g, J = 7.8 Hz, 6H TES CH,), 0.8= (s, 9H TBS t- Eu), 0.90

(t. 1= 7.8 Hz, O9H, TES CH3), 1.03 (s. 8H OH 17). 1.11 (s, 3H, CH3 16).
1.15 (s, 3H, 0-13 19). 1.35 (dddd, | = 4.6, 4.6, 7.3, 14.2 Hz. |H H6).
1.43 (dd. 1= 3.7, 12.8 Hz, IH H9,), 1.67 (dddd, 1= 3.2. 7.3, 10.1. 13.7
Hz, 1H, H6), 1.83 (dd. J = 4.6, 16.0 Hz, I1i. H 14a), 2.03 (rn, IH N.5),
207 (d 1= 1.4 He, 3H OB 18), 2-75 (m IH 14-5),72.30 (dd, J = 119
12.3 Hz, | d ) = 8.7. 9.2,
16.0 Hz, [a&lc 9&’3%60@553C(§'39“'%¢%38ﬁﬂ51|§%% %ﬁg&%) 2.05 (s, 1H,
H3a), 4 .37 (dd, J = 3.7, 11.0 Hz, |H HL03), 4.46 (ddd, | = 1.4, 4.6, 9.2
Hz, 1H, H13P)496(dd|-14 10.1 Hz, 1F., H20), 5.01 (dd. | = 1.4,

17.4 Hz, |KkoddB@hat 8, 730 adigiously sirgd soludanmf dinebylsaogdef2 4 hmL. Mynmoi)ac
150" PB s Uttt st 3 Eéa?aﬁ%%é%éééﬂ?ﬂ%f s %@

29.2 (CH3 a
(a S)( %@y&g gm% zﬁgﬁ%yc% Q.fr%r ﬁ@ﬁ@n%sﬁiumé@o@hﬁr@ %%@19 (G d‘b) ox 8 3613)

91. 9 (c7) ms;aszs(gczcm mir®i), (EGhL)CH;lCBBWES 4daea)dmpmzc dowt BiSide of7the mﬂu)
204.8 ((2): IR (CCl4) v_2975, 2899 1780 1705 1460, 1335, 1260, 1180
1070, 1060ARer@8anin 8308 ' Hicthylaming (6850, 48 mql) woy addsd and fhe mixnes wagyarmad |

0 81, "1 HyBra e fﬁ?@a‘%ﬁ*@ﬁ&ﬁmﬁ? G i, PR el

(6.84 Ml goritins lof Mehrinred Balidbus NEICHY iohﬁﬁﬁﬁncﬁbnnclﬁnc&:omnaﬁdbds Ma 30, UdnHON
of ketolactone 11 (Pia = TES, P13 = TE i-’i (1.008 g, 1.71 rnnol) in 10 mL of

Tr1 F dr opveosess u %a@ BESSUITdO fic wftaercﬂgv«%stht tids mptenad twag fltersd

et ot B R PPl 808 108 9800 e A A s

si de of thgzddeaskyicidearg gOcibcArbohii® 9 i«.%@:& c9Ralél Xihe BoMerstiqip WesipirFied 4§
'C, diluted with 200 niL of hexanes and rapidl y poured into

silica gel cnmmatogmuny, cluting with 10% ethyl acetate in hexanes and then recrystallizarion from
hexanes to yield an addidonal 058 g of ketocarbonate 9 (P, = TES, P35 = TBS) (total yield: 320
g, 93%)
9 (P,q =TES, P|3=TBS): mp 140.0 - 141.5°C; 'H NMR (500 MHz, CDCl;) 6§ Q.11 (s, 3H,
TBS CH,), 0.12 (s, 3H, TBS CH,), 0.60 (g, / = 7.8 Hz, 6H, TES CH,), 0.96 (1, / =7.8 Hz,
9H, TES CH;), 0.98 (s, 9H, TBS t-Bu), 1.06 (s, 3H, CH; 19), 1.17 (s, 6H, CH, 16, CH3 19),
1.42 (dd, T =3.7, 14.2 Hz, 1H, HIB), 1.63 {m, 2H, HE, HE), 2.12 (m, 1H, H5),238d,/ =
0.9 Hz, 3H, CH; 18), 2.47 (dd, J = 11.4, 13.3 Hz, IH, H%a), 2.65 (d, J = 82, 1H, HI), 3.94
(dd, 7 = 1.4, 10.4 Hz, 1H, H7), 4.44 (dd, J = 3.7, 11.4 Hz, 1H, HI0), 4.49 (s, 1H, HI), 4.64
(dd, 7 = 6.9, 7.8 Hz, 1H, H13), 5.04 (dd, 7 = 1.4, 11.9 Hz, 1H, H20), 5.07 (dd, 7 = 1.8, 17.4
Hz, 1H, H20), 5.76 (m, 1H, Hd); 13C NMR § (ppm) -5.4 (TBS CH,), 4.5 (TBS CH,), 4.8
(TES CH,), 6.5 (TES CHjy), 15.7 (CH, 18), 17.8 (CH; 19), 17.9 (TBS C(CH;)4), 25.5 (TBS
C(CH;3)), 28.2 (CH; 16), 28.3 (CH, 17), 28.3 (C6), 29.6 (C5). 30.4 (Ci4), 37.7 (Cl5),
38.0 (C8, C9), 62.1 (Cl)h. 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 carbanate 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 (100}, 431 (4), 347 (45);




250 nL. of a vigorously stirred saturated aqueous NHACI sol ution- ﬁ
aqueous phase was extracted with two 50 nlL portions of hexane and t eEMN 2004
conbi ned organi c phase were dried over anhydrous [ alSO4 and concentrated
under reduced pressure to give 1.4 g of a waxy solid. This naterial was
chrornacographed (CH1Cl -, foll owed by hexanes increasing to 10,70 et hyl
acetate in hexanes) to give 0.882 g of2hydroxykecol ac(one 12 (P10 = TES.
P.13 = TBS) (85p% as a white solid, 0.083 g of the corresponding trans- h
ydroxykcto | accone (8 To) as a solid, and 31 ng of 26 JAN 2004 55 returned
ket ol aczonc 11 (3 %9. 12 (Pia = M P13 = T13S): np 124-126 'C, Ili NMR
(CQD6) 6 (AeNTudsd. &9 d3SH, ki Gridsd 7 H 33 in TODVB),
0.62 (q, 1 = 7.78 F1s eI O“'E’G.%bﬁw )F?L"'glst 6533 ﬁ_gﬁ% 911 CH3's in
TES). 1.05 (s 3H, CH319) 1.13 (s, 91L t-Bu in TBS) 1.20 (s, 3H  CH317),
1.39 (rn, :} 14§l 3FI CI-|316) 1445 |=0.92, 13-28 fz, 111.

H9 p), 1-9 “E’ d“""@i‘”g cppe Iy & ﬂHE*""%H'U@!!?ﬁ )'-IC‘ZC %ﬂqqfiﬁ: 9I(RI;o ‘fl"E)S P2 06

ébmaﬂz 1%%:}_3%31%7@@ Tg)&m? 1FI o ))""“;‘%ﬁ%{ lr2’(’&1 L qeo. H@ b§ (3 géét’fpa‘) iny H

Hoa) , 2! SGC'rﬁUdnudnsc-atﬁwn?ﬂ:c silids sfdhdHask b 25 1d 14a) m:c%oﬁgruf:ﬁma whs ﬁlo&d?@wﬁ
Hz, 1H, ng:iom(s |FL H3), 4.47 (dd, J = 0.92, 10.98 Hz. 1H, H10 9?60

(ddq. J vyt cougseg Yazmind | The deldB)eqcs Eml'm.t(ubs wd; odm'-dOmESIDHZnL bH10%
H20) | 17.40 Hz. 13C_NMR

(coc13) b%{ nig‘f:%%&“ﬁf‘%é'w oy ﬁw@@ﬁ ‘IS‘)“YA‘S'%"‘F‘E “E“FE)‘ Tge graamies
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175. (045“”“&‘% Tpe PI‘%%‘{ cgﬁ§)C°H‘z"“3€vdB‘°d§WGﬂh@?%(Nai nd forpgngmed 1: VS
(Cl) 607 (l.lMti' redillﬂ:)i pr&&&e (n5§1):e 248%f (a]ﬁﬂ&w ot 5 This Geakerial Wgunfﬁalb?@ﬂfcg
C33H5a06S] raﬁg gg Found: C, 65.19: H,

1, 2-Di hyd?‘B%‘}a‘P% F‘EE‘E%HE*’ thep[0% ehylacatare in beyangs s ¥igid HASBHOGELOIA (4. 6

mmol . 5. 6 thetpdirhxy Rctord-fo @RCeTHS] Py Ggqnsﬁats T fZﬁny Solikasd ABb ek BYickak £
a

sol ution of CIS hydroxyketone 12

10 (Po=TES. Py3 = TBS): 'H NMR (500 MEz, CDCly) § 0.12 (s, 3H, TBS CH,), 0.14 (s,
3K, TBS CH;), 0.61 (q, J =7.8 Hz, 6H, TES CH,), 0.92 (s, 9H, TBS t-Bu), 0.97 (1, 7 = 7.8
Hz, 9H. TZS CHy), 111 (s, 3H, CHy 17), 132 (s, 3H, CH, 19), 1.27 (s, 3H. CH, 16), 1.32
(dd,J =3.2. 13.3 Hz, IH, H9P), 1.64 (ddd, / = 2.3, 6.9, 9.2 Hz, 1H, HE). 2.07 (m. 2H, HS,
H3), 2.17 (m, 1H, Hl4a), 2.33 (m, 1H; HS), 2.65 (m, 28, H14B, HI1), 2.74 (dd, / = 2.4,
12.4 Hz, 1K, Ha), 3.92 (dd, / = 2.8, 11.5 Hz, 1K, HT), 4.47 (dd, 7 = 3.2, 11.0 Hz, IH,
HI10), 4.35 (dd, 7 = 2.8, 9.6 Hz, 1H, HI13), 5.02 (d, / = 10.1 Hz 1H, H20), 5.07 (dd, J =
1.4. 16.9 Hz, IH, H2Q), 5.81 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H. H4); ICNMR § (ppm)
-5.2 (TBS CH,), -4.5 (TBS CHy), 4.8 (T=3 CH,). 6.6 (TES CH;). 16.4 (CH,4 18), 17.9 (TBS
C(CHj)s), 24.2 (CH, 19), 25.7 (TBS C(CH;y)4), 26.9 (CH; 16), 30.1 (CHy 17), 30.4 (C9),
32.7 (C6). 32.9 (Cl14), 39.1(C15). 40.6 (C9). 43.1 (C3), 62.0 (C1), 67.3(C10), 67.6
(C13), 87.9(C3), 9L.1 (CT), 115.8(C20), 1377 (Clt), L38.5(Cd4"y, 143.0(C1L), (735
(C4), 207.6 (C2): IR (CCl,) u 3500, 2970, 29C0, 1730, [7CQ, 1480, 1360, 1260, 1210, 1160,
1070, 1010, §10. 890, 840 cm-'; MS (EI) 606 (M, 1C0), 549 (69). 474 (27), 431 (63). 417(4DY;
Aral. Caled. for Cy9H;304Si,: €. 65.30; H. 9.63; Found: C. 65.33; H, 9.64.



Pus = :M5) (342 ng, 0.563 mmol) in THE (25 nil). After i.5 hh, 25 mL pf ;aNI00
15 % aqueous NaOH sol ution was added dropwi se directly to the reactlon

m xture. The reaction m xture was vigorously stirred at roomtenperature
for 3 h and was nmen poured into 100 nL of 11-20 and attracted with two 100
mL portions of ether: The organi c phases were conbi ned and washed w th 100
mL of HLO0 and 100 ml. of brine, dried &V¥er anhydrous Na 504 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 foll owed by 25% et hyl acetate in hexancs to yield 290 ng
tenets-diol 13 as colorless needles, 14.5 ng (4.2 % of

trans- hydroxyketonc, and 20 ng of a m xture of cis-diol and unknown
byproducts. To a solution of the mxture containing cis 2 6 JAN 2004 56

di al in THEd Laaxdar WANd&s tiid-k0gahydiaxyRorhé ¢OHR]AEWTES, Wqs 2gded (0i® M 38
30176 aqueous solution of NaOH After 2.5 h. the :-action mxture was
pour ed i ntendd Rt ¢dsd 2 (! M salwdor gt fmbt ied o (3R o 8.2 mmad): '&‘hmumﬂ?léubtbgﬁm c

phase was f_ H10 and 30 Mg, fnbripe, drie \,

anhydr ous * \P@&%b%aw“d‘gé‘oance ?c TR CTORRIT nd‘éndcreducgé pretg":sd:rCI lr”f‘omgﬁ g’(ﬁ‘?ﬁ"@ﬁ'of
a yel | ow sgluiigh of Ml(cﬁomﬂ_nﬂufﬂﬂﬂ'trﬁﬁl) wid ddged; Gek: §hie ﬂﬁthQE%BMoﬁlc&'Ed afe
with 5% ethyl acetate in hexanes to yield an additional 12 ng (total

yi el d: 302isAy) tBEHicsmippirs Wisdiluged Wik 0T BS ol Py acTESs) d'zc:iﬂm(r:EbQoédTr% P

13 = TBS 28' C 500 MHz, CDC13) S Q.09 TES CH3
0.11 (s, )§H&§$§é%é|5é3"“°ﬁ“é}oa( B preanlg phespores G g 515=‘S HB10 L, g TS
t-B 0..96 iTie afid 3 W uu_-FEé:!rE:E@ }Mc% N

S b 16?;':) ok oz 15( Ciddgldbi 8H:°L9) IS Y TS 3?%7:1: éﬁ”iﬂﬁi‘%ﬁgsﬂ

1.46 (dddmil oEbdag, drﬁp&\f:iinh@dl-m.gs tmsmea)nd c::hc:?'(tm(zdﬂuhhc' reducad Bresturd, Tac9,
12.4 Hz, IH, Hag_ gﬁi Hz, 3H, CH3 18), 110 (ra  lii, F.5),
17?2 1 Oct fespiiag ‘7-*115”‘& alved jn 1PPE€-&")"=%6 e sifp gl 2: %O‘b"cﬂ $3rp waz. 92

Gy, 3, ofaies (P wad Aoy st oy oo e (e S5y st1q8 filing ™
Lei, HI3,thidhéd a 15m914- (ﬁ gﬂ’cm gzd bf %llcégelkgutmvltﬂm B 052@% Jtl@ﬁlacétate' il 7

170HZIH H2_(1)_21 1, 16.5 Hz,
hexanes e solvcm was cvaporatcd under reduced pressure and the residue was punﬁcd 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 isomer.
To 2 soluden of the m-l—kz:o%acmnc (611 mg, 1.03 mmol) stirrzd in 10 mL o.E TEF under
nizegza at 0 *C was added down the side aof the flask 6.8 mL of a 0.6 M soludon (4.1 mmoel) of -
BuOK in THF. The resulting solucion was stired for 1.5 b thea 10 mL of a 10% acstic 2cid
soluton in Ti- was added down the side of the flask. After strmring for 5 min the mixture was
dilutzd with 200 mL of hexanes and pourzd into 160 mL of z saturated aqueous NaHCO, solution.
~ The organic layer was washed with water and brine then dried over anhydrous.Na,SO,; and
concznmated under reduced pressure to yield 8135 mg of pale brown ail. The oil was dissolved in
10 mL of hexanes and silica gel (3.0 g) was added. The mixwure was stirred vigorously for 15 min
then filtered through a 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 (P,q=T=S, P;3 =TBS): mp=86.5-83.0'C: 'HNMR (500 MHz CDCl;) § 0.05 (s, 3H,



H4), 6.87 (d, | = 2.9 Hz, IH OH2), 13C NVR (CDCI3) 6 (ppm -5. 3L, 7455‘6’”“”"
4.79, 655, 16.60, 17.68, 21.24, 24.70, 25.62, 28.50, 2952, 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 (CHCI3) u 3050, 1730, 1460, 1350 cmt, Ms (El)
608 (M .13), 590 (26), 267 (100), -Anal. Calcd. for C33H6006Si 2: C, 65.08;

H 9.92. Found C. 65.06; H, 9.98. Carbohate 14. To a stirred solution of

diol 13 (Pto = TES, P13 = TBS) (1.00 g, 1.64 mol) in CH2CI (58 nL) and
pyridine (5.8 nL) under nitrogen at -78 'C was added dropwi se 8.2 nL of 7

M sol ution (316 4 rnno SE& osgene in toluene. Tncn the reaction m xure
was war nedBSCdp30:0¢ fs a’ﬁ'ﬁ kHal Gt (Bd 7 St E= 8l (TS @és)ulﬂtﬁ*n@ AixT@8e; 50

nm. of a s r Xo| e ft room
t enper at urasteyfogf‘?OQQOﬁrzl%ﬁéE QE‘Z reac}?ﬁ t%o(z‘tu e g%egtlrlg m‘??g'og)?ﬁt of
10% et hyl sgcetgtie),ilmshesmngs. 450a. eorzgamue PNASE HSL. w&iaedwf;hrlﬁqwh;pf a
10 % aqueous CuSO™4 sol ution, two 20 L portions of a safurated aqueous
NaHCO3 solH%filoh.6ar(ddddorfi &2, dr3, ed. bv!ear? thyﬁrdl&; NE3Sdd, And4ooridehtizatied

d dyced f 6. JAN 2004 57_pal N
ol a0, TAd SRl @ 1t 4 digﬁgﬂﬁfﬁ%@ia WN223 (520 TACLa0 (&4 <a

?2'&“2*‘ TpHo 0 0¥ PEOHBCR 213 Y6 et it A1 27od88 fsl%of ""f LB g ©
146- 147 914[!)43?9%&.509.1!&1@3@31)1-1 5172),14101%_\-, 13!411-13 S¢4.3H8d, s Q.32 (18@ H'SJS
TES CH3) Hz, 6H TL 1), s, 9H. T3S t-Bu), 96

(t, | = 718 mﬁmw&mmw 46,902 He, IHJ—IHIW{B‘*;I??S)(dd.lf%@%dO 13¥e. CEEHAG)
1.32 0,{,d | Gply s 14 5, H, 44 =
D97 s M IR 1) g 0yt 162 ey 36 7t Ry £ et Bhondy B e
2.11 (ddd 3 d

T (0% s s AT . AR il Gaiarily s e B g
H14 3). 2iB91%4, msﬁmhmlmmmhmzaa (@1; 199 29.2 (TH,116)4 288 (d4), H7

257 (aa. 2491903 o 12 (Gumod8.skoB.fud sk 4 S ep. dieahig L3

H20), 5. 01§ dde.oXcTo)- ér.8 W19, W9 ), HPY7 (étﬁ? 137.7 (C11), 138.5 (C4"). 142.4
(C12), 174.7 (C4), 204.3 (C2); IR (CCL) v 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180,
1070, 1060, 1000, 830 cmm-l; MS (CI) 591 (M1, 5), 523 (6), 459(10Q), 441 (5); Anal. Caled
for Ca3Hs405Sky: C, 66.07; H, 9.89; Found: C, 65.97; K, 9.91.

1-Hydroxy-2-Keto-Lactone 12.  To 34.2 mL of a stired 0.2 M soludon (6.84 mmol) of LTMP in
THF under nirogen at -10 "C was added a solution of ketolactone 11 (P4 = TES, P,y = 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 mixmure was cocled to -40 "C and 2 soludon of (+)-camphorsulfonyi oxaziridine (1.96 g,
8.55 mmol) in THF (10 mL) was added dropwise down the side of the fask. After 20 min, the
reaction mixture was cooled 10 -78 *C, diluted with 200 mL of hexanes and rapidly poured into
250 mL of a vigorously stirred saturaced aqueous NH,Cl solution. The aqueous phase was
exaacted with two 50 mL portions of hexane and the combined organic phase were dried over
anhydrous Nazs;L and conccaated under reduczd pressure to givc 1.4 g of a waxy solid. This
material was chromatographed (CH,Cly foliowed by hexanes increasing to 109 cthyl acewre in
hexanes) to give 0.882 g of hydroxyketolactone 12 (Pig = TES, P;3 = TBS) (85%) as a whitc

solid, 0.083 g of the corresponding frans-hydroxyketolactone (8 %) as a solid, and 31 mg of




(dddd, I=6.9, 6.9, 10. 1, 17.0 Hz, 1H, H4), 17C NMR (CDC13) S (porn) § jAN 7004
-5.37, "A. 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, 63.9, 873-7, 90.05,

116. 15, 136.54, 136.94, 144.93, 153.32, 169.89, IR (0-103) u 3070, 1800
crrt-t. Ms (BEl) 634 (M 12), Sr J (100), Anal. Calcd. for C34H58D7Si 2: C,
64.31; H 9.21. Found C, 64.41; H, 9.254 Keroester 15. To a stirred
solution of |actone 14 (Paa = TEES, P13 = TES) (1.05g, 1.65 mmol) in

met hanol (70 crtL) under nitrogen at -78 'C was added a saturated sol ution
of ozone in nethylene chloride (50 nL, 40 nL then 8 rnL) until no nore
starting naiu@ed doticanmildgdi sy TLC anal ysis. Triethylamne (4.8 rnL) and

di met hyl phosphite (3.1 nil.) were addcd sequentially to the resulting

mxture atl2-(@8q =GESAPyeF TR mmMEEIsI36 6 HhMbICDL® (ras) v b 3o CBL,'ic
and stirr T esul.ti sql ytion oured_j.nto nL_of a
sat ur at ed%@éﬁ?'lﬁa(ﬁ(g’ Pd‘filrhkr&g‘??d&ggt(ﬁ'c{ 5%6&9@@52@ ™ WY € dns
of CH, Cl 2._+Hhe qpopf] ani aygr e washed i t; of

sat urat ed -IT\’%}E ?gﬁ? ?(}?gsg'drl iug s'ogfeif %éﬁ\ﬁ@drl\é\@sal\/gfgéﬂ% aﬁgoréﬂgér%elh’torgt ath
under red@Hd7), A39sEr L6 v (5, 38, CIDf6), hessalddelnede.vas 1328 Lr Tiesgo @) | -
This material was used w thout further gsrifi cation. To a stirred sol ut’ion

of the al d&8yldé { £ 961.932-8% Hz, Btk WAB)( 303 dinril}l, TED e Lde(brant. 3HhiQLL,. P2@ind

P s acdsRaEeR AR ts, Bt 237 & AR b o St FRme kSl er
the coursesof; 2(008). 130867, 9L HR), m‘:zs%ga.ej wassia ko ef At 1144, KQB é&gﬂ%n,

poured into 200 nL of a 10%® aaucous S, O~ sol ution and extracte
three 20@.75L1p80 Hzodgl. et (satdt B3%. 4.Fhéd; obidB 1 Ifadizc IHAHNI0), 460 €

Undor - r eaiitae! e drt Sy BEoH U s3T Wb 203 s Ao AR abeh Tox ner
(30 nL) at74eqm LeE0Rlure (tasadded 190 NURGEERM, SO 21TRY R, ( 2,

rnL). The solution was concentrated’under re pressure to give

of a col o(TESEHg). 4.5 (MESSCHln e (TRS QHg), flEI5t(EH]d 8),n102gTBE XTHGY), 1Bl (Of,

" educed pi B AdTHR R, 36 g Ch1l 9 S8 (ho 1ohILL (e 50 4 O EES (B1).3 =
41.3 (C15), 44.5 (C9), 45.0 (C8), 58.1 (C3), 66.5 (C10), 682 (C13), 83.0 (Cl), 91.7 (CD.
115.7 (C20), 137.0 (C11}, 137.6 (C4"), 1455 (C12), 175.0 (C4), 202.4 (C2); IR (CCl4) v
3500, 3000, 1780, 1720, 1100 cm-; MS (CI) 607 (M+1, 10), 589 (56), 475 (100), 457 (61);
Anal. Caled for Cy3Hy4OgSia: C, 6530; H, 9.63. Found: C, 65.19; H, 9.60.

12-Dihydroxy-gans-lactone 13. To a stirred 1.23 M solution of Red-Al (4.6 mmol, 5.6 mmol) in
THF under nizogen at -78 “C was quickly added a solution of cis-hydroxyketone 12 (P;q = TES,
P\3 = TBJ) (342 mg, 0.563 mmol) in TEIF (25 mL). After {.5 h, 25 mL of 2 15 % aqueous
NaQH solution was added dropwise direztly to the reaction mixmure, The reaction mixure was
vigarousiy stirred at room remperature for 3 h ana was then poured inte 100 ml of -HzO and
extracted with two 100 mL portions of ether. The organic phases were combined and wasned
with 100 mL of H,0 and 100 rnL of brine, dried over anhydrous Na,SO, and concengared 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% cthy! acctate in hexanes to
yield 290 mg rans-diol 13 as colorless needles, 14.5 mg (4.2 %) of mans-hydroxyketone, and 20

mg of a mixwure of cis-diol and unknown byproducts. To a solution of the mixmre conuining cis-



TBS. R= M). 15 (Pt a = Try, Pt3 = TBS, R= M): | H NWR (500 Mz, 2aD¢Nj00L
s 0.12 (s, 3H, TBS CH3), 0.12 (s, 3H, TBS CH3), 0.60 (g, I= 8.1 Hz, 6H,
TEES C H2), 0.88 (s, 9H, TBS t-Bu), 0.96 (t, 1= 8.1 Hz, 9H, TSCHS) 1.21
(s, 3H, CH3), 1.30 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.51 (dd, I=3.7, 13.2
Hz, I'H_ H90), 1.53 (en, 1H H6), 2.06 (d, I=1.1H , 3H CH3 18), 207

(ddd, J = 2.9. 7.7, 21.6 Hz, IH H6), %29 (dd, | = 3.7, 15.8 Hz, 1H H 14

a), 2.31 (dd, J = 13.2, 13 2 H, L.H _H a). 2.46 (ddd. J = 7.7, 16.8,
24.5 Hz, 1H H), 2.53 (ddd, J =55, 7.7, 16.8 Hz, 11-L HS), 2.60 (dd, J
92 15.8 Hz, IH Hl4p), 2.99 (d, J = 7.3 Hz, IH H3a), 3.68 s,3H 007

U 108 T (o fraqgictgthas gofsglocfygvas %89953'%50’@53""@%
1H.H 3P) of MG, ARHLS, horeachHEAGO Phoud 16 1032 o0 o crFahith 3,

61.30; H, 8.79. Enol ester 16. To a sti rred sol ution of "l actone ester

(P10 TESpLIaischcr ‘ITBSorganu: ghfg;:: ¥, Washey wit 3G thlmaidi )0 amd IHRL( S AriSe ndred @brer- 78
'C was add dS|O&AéI§ ofaOZMsIutlon(388 mnol)of LDA in
THE down LRy e 3G ‘F’I“Ss"?"‘fﬁ‘/‘e‘f“ PHEAESH PESSHF B Eite-02n8 06 yellpyrsphg 35
mn, 10 I Q .

A ter 5 i RPindpulich 50 dlcs 38 lor chy By iy Pl B L A1 B
NaHCOS s cdntsiditionah N2l g totd gicktd 3N|2tdi‘g BR%pef ARfdial 13 PBy,t4 UBS. B LCHYB. Tne
conbi ned orgyanl c_phases _were dried over anhydrous Na, SO4 ané concentrat ed

under r edtic B o Frigss Bna=tI8 397 w@ 11-7612239C-01’H@P‘ﬁ@é5®ri\ﬂ{1e§9€h)§@ Q%fso I, YEES,

P13 e oA TS RRLOTBR0%f b (8B 81 FBY Bt 91, 4B PR £t

t hout fomd her <8It iHz, OH| TES. Ti B
\(M300 lI\J/Hz CDC@'I 3)=|015‘3l i)dbgﬁgs. B%HQTKEE %leH' gﬁl IWQBE §H BH: M@)Uhg N?LR

6H. TES GHQJ) 190182 (@@; J &H3.7TESS tHBUH. 1'15‘[3961 4& (ddd E =84(B HZS ITIESI'EHiBﬁ HE) 08

I(SH 3;‘)34) @_d%% Jad '%'49%‘3 -1‘1%‘43}1( %ﬁ) 1::@ (%H?')- éé ﬁadélgucgh |1§), 21 (‘msz

s |ﬂgfﬁ‘%§ ; Oi"g‘“% {3 30755, WG D0 e b A e sy 0 800y 150

15.0 Hz, NHHzHIHAES), 3. mdﬁdd =22 73 Bz, 15, B2)H3.85(5) 1R OBRA),.3.97 (dd, / = 2.9,
11.4 Hz, 1H, HT), 4.47 (dd, J = 3.7, 11.4 Hz, 2, HI3, H10), 5.01 (dd, J = 1.8, 122 Hz,
1H, H20), 5.07 (dd. 7 = 1.7, 17.0 Hz, 1H, K20), 5.78 (dddd, J = 7.3, 7.3, 10.1, 16.5 Hz, 1H.
H4), 6.87 (d, 7 = 2.9 Hz, 1H, OH2), 13C NMR (CDCly) & (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 (CHC13) v 3050,
1730, 1460, 1350 cm-!, MS (EI) 608 (M, .13), 590 (26), 267 (100), Anal. Calcd. for
C33Hgg0gSiz: C. 65.08; H, 9.92. Found C, 65.06; H, 9.98.

Carbonate 14. To a surred solution of diol 13 (P4 = TES, P,; = TBS) (1.00 g, 1.64 mmol) in
CH,(l, (58 mlL) and pyridinc (5.8 mL) under nicogen at -78 “C was added dropwise 8.2 mL of 2
M solution (16.4 mmol) of phosgenc in tofuene. Then the raction mixure was warmed to -23 *C
and stirred for 30 min. To the resulting mixture, 50 mL of a sawrated aqueous NaHCO, solution
was added. After warming to room temgerature for 10 min, the reaction mixture was exaacted
with 200 mL of 10% ecthyl aceiate in hexanes. The organic phase was washed with 100 mL of a
10 % aqueaus CuSO, selution, two 200 mL portions of a sacurated aqueous NaHCO; solution and

brine, dried over anhydrous N245O, and cancenrated under reduced pressure o give 1.1 g of a



3.07 (s, IF., H3a). 3.40 (ddd, 1= 4.8, 4.8, 9.6 Hz, |H H7 ), 3.75 (sl GIAN 00
CO Me ), 4.39 (dd, J = 4.3, 11.2 Hz, | H H 10 0), 4.60 (d, | = 4.3, 11.2
Hz, | H H2 3). 4.67 (dd, | =? 1, 9.1 Hz, IH H3Pi), 1"4 (s, |H OH4).

Errol ester 17. To a stirred solution of crude enol ester 16 (P10 = M P13
=1 ES, R= M) (1.02 g) in THE (13 xnL) and 2-net hoxypropene (13. nlL)
under nitrogen at 0 'C was added 0.48 AlZ of a 0.1 Msolution (0.048 mmol)
of p-toluenesulfonic acid in TrrIP. The m xture was stirred at 0 'C for 10
mn and then triethylam ne (0.66 nL) was added. Tnc m xture was
concentrared under reduced pressure and purified by silica ge!

chr omat ogr @mhygllcﬁd s6ilid N G hisi chdverial Eraﬂﬁre&rlsu/dhmagm atlﬁthi (. 52&}@%@6% siula@ B€laGithng to
30% et hyl ac t in hexanes to enol ester = MOP, P10
TS, b o 15T e B Rt drhehe ol Sungrnig s T dEs, B
Iactonc eStrQB)a.ilaﬁahuéLZoth = MOP, P10 P13 = YES, R= Me): np 95-97 'C, tH
NMR (300 MHz, CDCl 3) 0.08 (s, 3H, TBS CH3), 0.10 (s, 3H, TBS CH3), 0.59
(g, J = 7.7 Hz, 6H, TES CH3), 0.87 (s, 9H, TBS t-Bu), 0.95 (t, J = 7.7 Hz,
9H, TES CI-IS)(,PléL?IES(%,,; %FBSI?HS)J,M&-.IM 'CS}HBIMRGGBMHLJCBOI 06,0.3H;s, GHBTBS

{24 il 9 el o TR ot ) et o
o3, Tt M S 88 (93 g g

7 g g CE-19%. K0 (8447 +0,7,1405, 911z, FBHER 18 (&3l= €0, bﬁ)g—;ﬁ(lggﬂ 3 13;1—

. 0. | H, Hl%é; 4. 57 &_Pﬂ [H 2 .
9.3 Hz. #ﬂdﬁ-ﬂéﬁ)?-’ 246, (128 1&4&55) Ehb[ddési &rl. &-7 23271-“:41‘95)11-1 %:)a1 7sa

2004 ‘68””33% 5137 9”“6%?%*9% T8 T Y Bt Wiy P19y H6itHe 186, 6
nil) at OHIERMaZIadded fsm&tmyfmd:yfzt @hiqerj de f.QIQizﬁz.mlh. H‘@)lzﬂ ETER% e)—

Inc solution was shred at roomtenperature for 16 h, diluted Wt
ac-tote (#0,AhO)E Lpb‘hrfébpﬁ)nt“o“"a(@,ai &r &3 dit. dHuERE. Sﬁal(dm BizcarthGuhx, IH

The conbi Seibrdanie YL Mackty téaFill s R L aded: b Th dadh. $ha

concent r afadd t.o=i% |6, 29. MU 70f He! WHe BT, 13C NMR (CDCl4) § (pom) -5.37, 4.60, 4.7,
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, 68.54, 68.29, 87.37, 90.05, 116.15, 136.54, 136.94, 144.93, 153.32, 169.89, IR
(CHC3) v 3070, 1800 cm-!, MS (ED 634 (M. 12), 577 (100), Anal. Caled. for C34H550Sip:
C, 64.31; H, 921. Found C, 64.41: &, 9.22.

ow— I
o w I

Ketoester 13. To a stirred solution of lactone 14 (Po=TES, P|5 = TBS) (L.05g, 1.65 mmol) in
methanol (70 mL) under nicrogen at -78 "C was added 2 saturated solution of ozone in methylene
chlorisic (50 mL, 4{? mkL then & mL) uatil no more starting matcrial remained by TLC analysis.
Triethylamine (4.8 mL) and wimethylphosphite (3.1 mL) were added sequentially to the resulting
mixturs a¢ -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 agueous NaHCOQ, solution and extacted
with thres 200 mL portions of CH4Cl,. The combined organic layers were washed with 150 mL
of 2 saturated NaHCO; solution, dried over anhydrous Na,80; and concenmrated under reduced

pressure to give .10 g of the aldehyde as a colorless oil. This material was used

without furt:her purification,

To a sdrred solution of the aldehyde (1.10 g) in t-bucanol (30.8 m.L) acetone (10.3 mL) and 8 mL



Col um chr omat ogr aphy (10% et hyl acetate/ hexane) provided 10 ny (95%)59{\[\1 004
pure enol ester 17 (P7=PLO=TES, Pi 3= TES, R=Me). 17 (P7 = P 10 = TES,

TES, R = Me): 1H NWR (300 MHz, CDC13) 5 0.08 (s, 31li, TBS CHS) 0.10 (s,

3H, TBS CH3), 059 (g, J = 8.1 Hz, 12H, TES al z ), 0. 87 (s, 9H, TBS t-Bu),

0.95 (t, |= 7.7 Hz, 18H TES CH3), 1.05 (s, 3H, CH3), 1.19 (s, 3H, CH3),
1.30 (s, 31j, CH3), 1.84 (rn, 2H HO GB HOO), 1.98 (s, 3H, CH3 18), 2-17
(ddd, J= 2.8, 10.4, 15.9 Hz, Ili, H60), 2.31 (dd, J = 4.4, 15.9 Hz, IH,

H6), 252, (dd, J = 9.3, 15.4 Hz, |H H140), 285 (dd, J = 3.8, 15.4 Hz, IH,
H l4cc), 3.03 (br s, 11- H3) 3 34 (dd J =5.0, 10.4 Hz, IH H7), 3.75
(s. 31-11, CO Me 0, 10.4 Hz, IH, H103) 458 (d. J= 2.1
Hz, IH, Hﬁ)ﬁl’&%éo(woamww%lﬁbpﬂz sleuowt:ﬂ*o‘;wnndcgd(lslam-uralm(ln
Ketone I ! a s&sl § qmliltn on. f enal ter 17 (P7. = MOP, P 10 = TES,
pra n s PplaieSls R Suld R B SORL BT ER L aclion auriu FrogE At
roam terme ghsemite sodektineh 38 dad o L

nmol ) foll gwed by tEI ophenol (0. 4_rQQU%SﬂuEHDsH\Q)_§R$%R?E§§g%ﬂ§ ?éo%ci/\“/ggll%/\n/ajlprﬁéd
to 86 -C {260 nl. wrdvos pEsthifRecsyol Tid wmbived oedzhio uvestvir-€ @adhed OAEOML of warer,

tenperature {hen 0 directly into 250 tnL of a saturated aqueous
NaHCOB solfiEd 8%'&%“8&?‘{“3@@ %-ﬁﬂﬁiﬁféélfégm#ﬂc:d PROERF BN & sursghsnlittion|of

acetate i The Wt has re then fi.lte hrough
a 2 inch ?‘5@?% Im el pad and gﬁ’ﬁg“ﬁg aﬁé c%‘n?%ﬁ’?é?lgﬁoméf’&?e@%ed
pressure fd)yired cbhihoaggs @bncehile] Ridesiced FRiGIBIALI 1215 Y85 allbddst 6 Jﬁp{
radi al chromatrography, eluting afth 15% t hen 20% and f1nally 25% et F

acet at e i mapsthwas ileresy thapugh ﬂ@%ﬁaé@%sdmﬁ glewion d0% 8t ¥?, acstaMOR, neRymes ancT ES,

0.10 (5, S B et il Bl o et 15 o2 By e

Gri), O 9fBSSR Me) TBS t-BU), © 0,95 (¢, | = 8.2 1z, OH TES O¥). 122 (s,
3H CH3 19), 130;% 17). 1.32 (s, 6H 2 6 JAN 2004 61 MOP CHB),
1.33. (s, 3 (PaHaTES)P

ul= §§S Rn= Mei: 'HSNMEL(M MBz, CDCl5) 80312 3, SHHIBSIEH, -9

Y o9 g{jg’ O}E'Ls.?g%.{nﬂs 81913)(.‘5.60](q,_ L 1% eS8 0% P s Ry, Fggg(z
J=8.1 Hz, 9H, TES CH,), 1.21 (s, 3H, CH;), 1.30 (s, 3H, CHy), 1.33 (s, 3H, CHy), 151
(dd, J = 3.7, 13.2 Hz, 15, H9B), 1.53 (m. 1E, H6), 2.06 (d. / = 1.1 Hz, 38, CH, 18), 2.07
(ddd, 7 = 2.9, 7.7, 21.6 Hz, 1H, HE), 2.29 (dd, J = 3.7, 15.8 Hz., IH, Hl4a), 2.31 (dd, J =
13.2, 132 Hz, IH, 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. HS), 2.60 (dd, / = 9.2, 15.8 Hz, IH, H14B), 2.9 (d, J = 7.3 Hz, 1H. H3a), .68
(s, 3H, CO;Me), 4.09 (dd, J = 2.6, 12.1 Hz, 1H, Hf), 4.39 (dd, S = 3.7, 11.0 Hz, 1H. H108),
4.47 (d, /= 7.3 Hz, 1H, H2f), 4.59 (dd, / = 1.8, 9.2 Hz, 1H. KI3B); Anal. Caled. for
C34Hs30ySiy: C, 61.22; H, 8.77. Found C, 61.30; H. 8.79.

Enol ester 16. To a sdrred solution of lactone ester 15 (P4 = TES. P;; = TBS, R = Me) (1.01 g
1.51 mmol} in THF (24.5 mL) at -78 *C was added slowly a2 19.4 mL of 2 0.2 M solution (3.88
mmol) of LDA in THF down the side of the flask over the course of 3 min. After stmag 35 min,
10 mL of 2 33% solution of acedc acid in THE was quickly added. After 5 min, the mixtwure was
poured into 150 mL of a sawrated aqueous NaHCO;, solution and exmacted with thres 200 mL
portiians of CHCly. The combined organic phases were dried over anhydrous Na.S0, and
concentrated under reducad pressure to give 1.02 g of crude cnol ester 16 (P4 = TES, Pi5 =
TBS, R = Mc) a5 2 colariess ail. Approximately 3% of unreacted ester lactone 13 was still present



12.1 Hz, IH H9a), 2.43 (dd, J = 9.3, 15.4 Hz, IH Hl4a), 2.53 (m 1H & JAN 2004

H6a), 2.63 (dd, j 5.0, 15.4 Hz, IF., H40), 2.70 (d, I =5.0 Hz, IH ),

3.20 (s, 3H MOP Owe), 3.39 (dd, | =6.1, 10.4 Hz, IH H7). 4.34 (dd, | =

3.9, 10.4 Hz, IH  HO, 4.55 (d, J =5.5 Hz, IH H2), 4,73 (dd, I = 5.3,

7.7 Hz, IH H13). Anal. Calcd. for CJ6H6; ®Si 2: C, 63.49; H 9.47. Found

C, 63.56; H 9.53. 18 (P7= P14 = TES, 13 = TBS): 1H NWMR (300 MHz, CDC13)

8 0.10 (s, 3H, TBS CH3), 0.14 (s, 3H, TBS CH3), 0.47-0.63 (m 12H, TES

CH2), 0.90-0.99 (m 27H. TBS t-Bu, TES CH3), 12 (s, 3H CH3), 1.25 (s, 3H,

CHB) 133(5 3H, CHB) 175(dt J = 11.6, 16Hz IH), 1.85 (d, J = 3.3
1.97 (t, J 81|—|z 1H), 2.00 (s, 3H,

CHH3) 2, %t‘f Lglﬁ]%'af%j“ L “é?ﬂ %“W‘E)HS"CWE@O% (m iH), 3.35 (dd, J = 9.6,

oo hry 18 PIG TEs R0 KRS R B bar el et b &6 Y 285 o
of ketoneOlB ({, Y, TBYPH PstF(qT&% TESTH,), TERT (5, 6293 3%,. BQ enpmg{ r%B V%'QF

(28.6 nL) and nethanol (9.5 m-) -under nltrogen at room
added dr opwh §&LDAd8nGs, 3. GHg). 1.2V (sobkit CHy), ABIRETSH] QHOGLIG 12(d( 0.02 318Dl 1)y

sasooss RIS koo f LT %ﬂéz&fmﬁ%s& g,
Ay ous. A0TSR vouonts ST Sy B E A R B 2 e e i
of the hylz dy Héet)ohs4d &, (R7%:t) 156 He, C[H| gqlggss Sgéhd Ahissy, rrgtoeﬁiaipvg%ﬂsed

vm t hout furt herI_‘pu_rql fication. 18 (P7= P 13 = TBYS)
c 1H N7 Sod v ) chHAd Jsidg o= Hes %,8 6, Hz. IS HOHB) 3.5 (1533(-{s CCBJ'M: JB839

799 Séd( J"TEégdz-fg%fﬁ?&’ %?ﬂz) . igr( @J;%d? 487 @)31‘ i%195911 85

(s 3H. E&BHm)fsﬁ)l 1844((d,d1HJ0H4)13 7, 4.1 Hz, 1H H9at). 1.88 (m 2H HIQ
OH7), 1.92 (m 1H, H6j3), 2.05 (d, | = 1.4 Hz, 3H CH3 18), 2.10 (m | H,
Héa), 2.36 (dddd, J =1.4, 4.1, 9.9, 14.4 Hz, |H Hsa), 2.47 (dd, J = 8.9,

E_'E 4;1) sz Elggi:(sglfr( S)I'o 52 51 %H}PHn c{_@xl_?c gxc%gs%g?f ?'3- \1]:5 B?; ﬁ%'%;ETZ,B{c;-IZ, 02 6

JAN 2004 g) in THF (13 mL) and 2-methoxypropene (13 mL) under nitrogen at 0 "C was added 0.48 mL of
2 0.1 M solution (0.048 mmal) of p-toluenesulfonic acid in THF. The mixmure was stirred at 0 °C
for 10 min and then micthylamine (0.66 mL) was added. The mixture was concenirated under

| reduced pressure and purified by silica g:' chromamgnuhy, elutdng with 7.5% ethyl acstate in

hexanes increasing to 30% ethyl aczeate in hexanes o yxc'd 938 mg cnol ester 17 (P = MOP, P,
= TES, Py3 =TBS, R = Me) (84% from 1 5) and 30 mg (3%) of recovered lactone ester 1 3.
17 (P; =MOP, P, = TES, P,; = TBS. R = Me): rp 93-97 °C, 'H NMR (300 MHz, CDCl;) 5
0.08 (s. 3H, TBS CHj,), 0.10 (s, 3H, TBS CH,), 0.59 (q, / = 7.7 Hz, 6H, TES CH,), 0.87 (s,
IH, TBS t-Bu), 0.95 (t, 7/ = 7.7 Hz, 9H, TES CH,), 1.10 (s, 3H, CHj), L.19 (s, 3H, CH,),
1.30 (s, 3H. CHy), 1.34 (s, 3H, MOP CH,), 1.37 (s, 3H, MOP CH,), 1.84 (m, 2H, H9a,
H9P). 1.98 (s, 3H, CH; 18), 2.17 (ddd, /= 2.8, 10.4, 15.9 Hz, IH, H6P), 2.52, (dd. / = 9.3,
15.4 Hz, 1H, H14p), 2.63 (dd, / = 4.4, 15.9 Hz, IH, Héa), 2.88 (dd, / = 3.8, 15.4 Hz, lH,
Hlda), 3.06 (s. IH, H3e), 3.26 (s, 3H, MOP OMe), S.S'f (dd. / = 4.4, 10.4 Hz, IH, H7a).
3.72 (s, 3H, CO;Mc), 436 (dd, J = 6.0, 9.3 Hz, IH. HIO0B), 4.57 (d. / = 2.2 Hz, LH, H2B),
4.67 (dd, = 2.8, 9.3 Hz, IH, HI3p). 12.24 (5. |H. OH4},

Enol ester 17 (P; = TES). To 2 soluden of the enal ester L 6 (Pg=TES, P;; =TBS, R = Me) (9



62 IH, H7), 4.38 (dd, J = 4.1, 9.1 Hz, [H HO), 4.56 (d, J = 5.5 Hz, 204AN2004
H2), 4.69 (ddd, | =1.4, 4.8. 9.3 Hz 1H, H13). Anal. Calcd. for

C3-i H360/Si ., x.5H,0: C 62.19; H 9.30. Found C, 62.16; H 9.22. To a
stirred solution of hydroxy ketone 18 (P7=H) (179 ng. 0.29 mmol) in CH2G
(9.5 m(.,), diisopropylethylamne (1.49 nL, 8.6 nmmol) and

t et rabut yl anmoni um i odi de (253 ng, 0.680mvl) under nitrogen was added
dropwi sc benzyl oxynet hyl chloride (0.42 m ., 2.86 nmol). The reaction

m xture was brought to reflux for 32 h, cooled to roomtenperature, poured
into 100 nL of a saturated agqueous NaHCO3 sol ution and extracted with two

100 ni L pd&t% PAAST emaboorndThyin a(&ésng 082 Hemeaobs in Fimdico bt rid 108 Q@MaE s@hgses
were wash LN drous Na S04 and concentrated under
reduced pr%gs urre}[?g Se dgﬁéezf@l‘%[e [‘]Fi %W“k‘é@%ﬂ’é“~é§f EPOFElMeasin: Girl .
Thi s mat engal diasd |gh | I d 196

(929 of ketone 18M?P7: g%&b&lg?éb @E@ Ff%{@%ggtﬁd)wucggso%/ é‘n’(’ﬂ(’g?‘%
(P7=BOM Foledas (20 Mm@cmampﬂ tckﬁylhlhﬁm(ﬁ&&mlw-m ndDCER) Trie c@mlaﬂz:&%ra

TBS CH3), .. 0.13 CH%&aS 0-59 | 7.7 Hz, 6H, TES ),

(s, 9H, TBEH "”Elé“ cP"’é& ’-E‘EY Ys 9¢7ﬁ#§=dmcmnqa§ to yiekvI{ mg dﬁd—ucﬁ-ﬁ'

17),.1.31 N 6
Hz? | H Hgéli?"%hh (’Ed @(16%%%,@ ‘“gﬂ‘ ‘g‘ﬁp‘i‘é’)‘a“d tbige 9(rﬁgqé’|§|!’ écsmllﬁ)
2.21 (m (B= H@amz’@za:ramkémcuo 4, 12.1 Hz, |H, H5) 2.43 (dd, | =
9.3, 15.4 Hz, 1H, Hl4a), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, 1H, H513)

2.62 (dd, 17 (B 5.8 =IBES. Pliz= TEE, RHM&B)IHMQLEQ MHz CDA, )Lauohm {ﬁ) g 38
8, 10.4 oy ARG

Egd Jl Sé%SHQJ‘E’ (34 %Lﬁs% @ég)@} fﬂilmlﬁmﬁ&@h)} 0’821(££H(.d',331: Bly. 5

731 (m G o] Karone o5 (R TR i tyt §osy SRRk 1ol Gortic B oot

ket one 18l %%AH%ahﬂ jl,'EIS}s I
m.), triet %yl am ne ﬁ (SP;B' &;5215'(133@?%59{ h%ggﬁloﬁmg})%al or’i @%‘é

nL, 4.2 rhh §ddud et m1§ Pc%xarﬁathéaasum (dds J ad@lad L Sld dimi K6 M), 2.8bqd8) _ﬂg of
the f1asl £.35 Bt ol 2195, Yos et 1 e 25T O S A BT B 1 28

(s. 3H, CO,M= OMe), 4.36 (dd. F=340, 104 Hz, 1H, H10B), 4.58 (d. /= 2.7 Hz, 1H, H2§),
4.66 (br & J= 11.0 ¥z, 1H, H130), 1222 (s, 1K, OH4).

Kewane 18. To a scirred solution of eaol ester 17 (P; = MOP, P g = TES, P,; = TBS. R = Mc)
(96? mg, 1.3 mmol) in DMF (30 mL) under nirogen at room temperature was added solid
patassium zhiop'ncno;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
temperamure then was paured directy into 250 mL of 2 sarurated aqueous NaHCO, soludon and
exmacted with thres 150 mL portions of 30% ethyl acetate in hexanes. The combined organic
phases were then filtered through a 2 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).

L8 (P, =MOP. P = TES, P;5 = TBS): 'H NMR (300 MHz, CDCly) § 0.10 (5. 34, TBS
CH]). Q.14 (s, 3H, TBS CH]), 0.58 (q. J =82 Hz, 6H. TES CH1). 0.94 (s, 9H. TBS t-Bu)
095 (t, f =8.2 Hz, 9H, TES CH]). 1.22 (s. 3H, CH] I9), 1.30 (s, 3H. CH] in. 1.32 (s 6H,



m. of a saturated agueous NaHCO3 sol ution was added. The reaction m Eﬁjw 2004

was diluted wwth 150 tnL of hexanes and washed with 20 nL of a satu

aqueous NaHCO3 sol ution and brine, 2 6 JAN 2004 63 dri ed over anhydrous

Na, SO4 and concentrated under reduced pressure. Tnc resulting oil was

fillet"-d through cclite with hcxancs and the fil =tc was concentrated under

reduced pressure to give 338 ng (99% &&f the TMS cnol ether 213 (P7=BOM,

P10 = 7=5- P 13 = TBS, P., = T LY(S) as a col orless oil. To a vi gorously

sti rred solution of TMS enol ether 2la (P7=BOM P10 = TES, P 13 = TBS, P 4
= TM5) (224 i.n hexanes (2.3 ) under nitrogen at room

o m.
terrper at urd0 g&{sédiieﬁ(ﬁr%{a\ﬂ%e 1) 180n{m.oFH.HD, 0B INdEo¥ utidoh 1-8.580 IHdH9p)of

MRS i Lyl KA CHEERAY ook e e e e ke Rk P
m xture wag, 1ok, UERHME) 0. 435(9dmt Df.3ethylHaqet ﬂlﬁa?nﬂjg vashed iﬁa@ 123 @i L, of

a saturated aqueous NaHCO3 sol ution, 20 nsL of a 10% agueous
sol uti on, =200nt54 e, HHcHI4RaEdd (éqiﬁefoﬁrg anmemzm 20 {(3HaMOBroMe), 39 @4,

over anhy ro 04 C e ced pressure to give 231
trig of t gﬁudb@‘n@f e ;%)agrlg &80 orS@sggg Hz, %1] BlQater @ /vas- -%Eele.
wi t hout f iff L i I i S{pu de fl,a

chr onat og?%%%hoﬂﬁl i ?? e7cemht oigl glg)eéhgﬁfﬁgdfégn%r 05\‘5@293%1 ngIf“gP}i‘Oﬁg-"
TES, F13 Founl B3 3 H; 9IWB5) along with a m xture (15% of 21a and 18 which

could be rec cled. 2 aongY B P10 = TEES, Pc3 = TBS, Pj = TM5): m
50. 5- 52 H’RINR: (3=} W%cmwp@ew STBS GMVBK, 'ImsmH(,)so BH,

3”5402;13@3%@% g1 EFS I degpofia. off) o oBITES Gy,

CHB_17). 1.2325(3H, GHy), O G9BEL. 16)75. &8 |
13. 7 H)Z | H, ZS|(-|94 Gul't59)5 (d &93 t}%s {33 (Bl_taq:ﬁal) i édt ,2 %qusj 16\}3—% 1%23 7

Hz, 1H, HOE§ (do) F3dddm, IH) 1506(‘2-’ =339 H131H, Mp7 (LH( H@ hﬁz zmm(oar(s BH,

55, 15 2P 2 hith; P39 (o 7. 26 B s s ey bl e 1y o3,

10.6 Hz, kb (dd/a)=14.86.1 b, 131, 3 b 1 NN
6.2 15 0 e gga):mg'é4 ?é@ﬂm_ﬂ](d / 51%’1”-2%93 47"'6:?(1@ HLSRY:

1H, CH2Ph), 4.64 (d, |
Ketone 18 (P,=BOM). To a strr=d solution of kerone 18 (P; =MOP, Py = TES, P; = TBS)

7 Hz

(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 2 0.1 M solution of PPTS in CH,(l; (0.02 mmol).
The reaction mixture was sdrred for 3 h, poured into 100 mL of a saturated aqueous NaHCO;4
solutton and exmacted 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, Py =TES, Py3 =TBS): mp 75-77 "C, '"H NMR (500 MHz, CDCl4) 8 0.10 (s, 3H,
TBS CHy). Q.13 (s, 3H, TBS CHj), 0.61 (q, J = 8.2 Hz, 6H, TES CH,), 0.93 (s, 9H, TBS -
Bu), 0.953 (s, / = 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. / = 13.7, 4.1 Hz, LH, H9a), 1.88 (m, 2H, H9B, OHT), 1.92 (m, 1H,
H6B), 2.05 (d, / = 1.4 Hz, 3H, CHy 18), 2.10 (m, 1H, H6a), 2.36 (dddd, / =14, 4.1, 9.9,
144 Hz, 1H, H5a), 2.47 (dd, J = 8.9, 15.4 Hz, 1H, Hi4f), 2.51 (m, 1H, H5P), 2.54 (dd, S
= 4.8, 15.4 Hz, IH, HI4p), 2.86 (d. / = 5.5 Hz, IH, H3), 3.59 (ddd, J = 4.5, 6.2, 11.3 Hz,



=11.7 Hz 1H, Gi2Ph), 4.68 (d, J =7.0 Hz IH OCHO0), 4.74 (m [H, HlS)szANZUW«
4.78 (d, J =7.0 Hz. 1H OCH O, 7.31 (m 5H Fh). Anal. Calcd. for
C43H72C9Si 3: C, 63.19; H, 8.88. Found C, 63.19; H, 8.92. Ketone 22 a (Pl =

. T oavigorously stirred solution of crude 22a (P7 = BOM Pt 0 = TES.
P13 = TBS. Pj = TAWS5) (231 ng, 0.274 mmol) in acetonitrile (7 nL) at 0'C
was added dropwisc 7 nL 2 6 JAN 2004 &R of a 1:10:10 (by volune) m xture of
48% aqueous HF: pyridine::cytonitrile . After stirring for 20 mn, 2 nL of
a saturated aqueous NaHCO3 sol uti on was added. Tnc reaction m xture was
diluted with 150 nL of ethyl acetate and washed with 30 nL of a saturated

aqueous NalHOBET)sehBQ and!, biime, L4 ey, ‘”W(da‘”'*y“q’*@ e AT
e a (6] as

concentrat ed under reduced pressure to give 223 of the ru

a col orI ey 948, IPHs LHaled: élnah\/&'slqdufurfﬁ.‘pﬂgginsxﬁﬂ-ba @hi62dlsr Bigi30gRRRY Lo
yield %gglgs é f ketone 223 (P7 = BOM PLO = TES, P13 TBS, P3 = H).
15 ng (79 h hydroxy ket one and 33 (14%recoverab| e material)

fail:l t | 1 S..22a..(P7 = 3CM P
20 2 Tis, ToslRed QluddReaiia:f ke 18 f?so*@aﬂﬁﬁ’ bR I Ren i Tted: iimbins
CH3), 0. 14ii{®ropBldhyEREncQHY mIQ 8% minel) add EoSoyiBmofilin 1J£§c @jg)m -9?@-&.&)
9H, TBS t- Bu), 0.94 (t, I= 8.2 Hz, 9H, TESCEI{—B 1.23 (s, B

1.32 (s, 3pfer mgmas aﬂdstsirmsmsc Baﬂzyicxmehﬂﬂm)londt (B2 (il2. Bﬁmrﬁdl) he Eacao.ﬁz
I H, H60) 197& b EZ I_%Zl;q% 2.01 (dd, 1= 3?. 13,7 Hz
RO0), 2. 1?’{'8’& T} ruug}’lt io redlus; far. led|tp Iroorqqs:ng:cymrg, pepred o joé;ng_ at a

o), 5. a8 Tan, yabus Mgy Sludttan e g 1Pl dordkiy b 307 chyl addge )

4-38 (m BHexkBs.0Thetobbjned 4rgahic(phasds werewizned With bridd, il Boer athydd u@@&ad%‘
=11.5 Hz algd:CEZP%:} 4,62 (d, J=11-5 Hz 1H CE2Ph), 4.72 (rn,
OCH, O). 4MFOPEFATs “fid%dvq#i PTRSEYIE ¢y yield 24 mgpf dsiw@mm)cctoxemmimw?shaam

S~ hyar oxy "3 e ehs s Rerisr B ey S RS aiy o oid 166 g Gt R 1 8y

0. 067 rrrm(B:—BOl\vﬂﬂuF&T'GZPé = TBY) awkdisdeas &yl am ne (0. 14 m., 1.0 mmol) under
nitrogen at 0 'C was ad

18 (P;=BOM, P4 = TES, P 5 = TBS): ‘HNMR(SOOMH:.CDCJ;) & 0.10 (s, 3H, TBS CHy),

0.13 (s. 3H, TBS CHy), 059 (q,/ = 7.7 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.94 (t.

J =7.7 Hz. 9H, TES CHj), 1.22 (s, 3H, CH4 17),.1.31 (s, 3H, CH; 19), 1.33 (s, 3H, CH,

16), 1.87 (dd. / = 12.1, 3.3 Hz, 1H, H9a), 1.98 (d, / = 1.4 Hz, 3H, CH, 18), 1.99 (m, 2H,

H6B, HIP), 2.21 (m, IH, Héa), 2.34 (dd, J = 104, 12.1 Hz, 1H, H5e), 2.43 (dd, J = 8.3,

154 Hz, 1H, Hlda), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, 1H, H5P), 2.62 (dd, J = 3.0, 154

Hz, 1H, Hi4p), 2.74 (d, / = 5.0 Hz, 1H, H3), 3.38 (dd, J = 6.6, 11 Hz, 1H, H7),4.38 (dd, J

= 3.3, 10.4 Hz, 1H, HI10), 4.56 (d, J = 5.0 Hz, IH, H2), 4.58 (d, J =11.5 Hz IH, CH,Ph),

4.64 (d, 7 =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 (P7=BOM, P, = TES,
Py = TBS) (315 mg, 0.42 mmol) in THF (10.5 mL), tricthylamine (0.88 mL, 6.3 mmol) and
trimethylsilyl chioride (0.53 mL, 4.2 mmol) under nioogen at -78 “C was added dropwise down
the side of the flask 1.35 mL of 2 0.5 M solution (0.68 mmoi) of LDA in THF. After 25 min, 2

ml. of a saturated aqueous NaHCO4 solution was added. The reaction mixture was diluted with

130 mL of hexanes and washed with 20 ml of a saturated 2queous NaHCO; salution and brine,



trinethylsilylchloride (0.041 m, 034 nmmol). After 0.5 h, the reaction? b JAN 2004
m xture was quenched wth 5 nL of a saturated aqueous NaHCO3 sol uti on and
extracted with 150 nL hexanes. The organic phase was washed with 50 tnL of
a saturated aqueous NaHCO3 sol ution and brine, dried over anhydrous Na2SO4
and concentrated under reduced pressure to give 56ng of a colorless oil.
This material was filtered through sil%ta gel and the filtrate was
concentrated under reduced pressure to yield 54ng (96% of ketone 22a (P7
= BOM PLo = TES, P' = TBS, PS TMS) Al cohol 23a. To a stirred solution of
ket one 22a (P7 = BOM P10 = TES, P13 = TBS, p5 =TM5) 2 6 JAIL 2004 65 (18.9
ny. 0. 02344dadv}- infydeohON2. @, 1d-Jontiider:d Rhdo gefcal praGbire. v seddedil was
dropwi se a 0.073 rnL of a 3.1 Msolution of McNUBr in ether (0.23 carol).
The react filowediregiralivaghdiersweandbe lrimveocaggiricd usds F+<¢8=4 BFSEE. 'S give and

then quencghed wi.Lh 0,130l of ?. ol dt,i of -4 -1 _heltd F 5 mol )
b%d?%@g% £oig | it e i J?é‘ 0 Mg%‘“rﬁ_l'd 'qzja”s?i'lt-[l;%rsétpléd" gg{usg(ﬁj%

and t hen astirring m

NaHCO 3 sQlidifeb:il, ARG Vihriisiy0firkd Y iudGEEH TS enal PR ATIEMPYSBIUIMSE, (WAFES, P,
extracted wth 50 nL ethyl ~ acetate. The conbi ned orEanl c phases were

washed wi# ITEE,ihe= TS Bvmz, 8dT¢onowl iNhei8ed (28omLy andanmnicpges auncten
reduced pressure to yield 20.5 of . a-_co ess oil,. . Jhis ter] was
purified CHJCRIFT ¥E gde PRyt 389yt taodéj%r % atﬁ'f%sﬂ."zﬁﬂ#gd1 .tﬂé%%@f%ﬂ@%w
23a (P7 5 B L Q i 2TED, ¢t = = ] i a
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(s, 9H ~NME)O, Blulidn pasre ddbbd. TBS rEdidn miknirz wisdiludd, wifBS0GhEB pf cQybds=f@,and =
7.9 Hw, 6H° TES CH,), .0.92 (t. J = 7.9 Hz, 9H, TES C{:IgS) D93 (s, 9H_ TBS
Bu), 1.@&hgkwidsll 2 gapyrateq aguequs Nag(i0; golytion; 3§ miqaf4 1A% 2qygourNe:S8)

34, e o § sffeddlihuder o, Sohebiod i bt sBsliggdegt
-H, H3, WOPD, add t&nckdaiated dnderir=dyced bridsurd $o Givel23 1 mdHof Hie- Rpds BaBfiafdda J =
.5. 15.0 Fzé:ss I_LH ,Hrlréza}_i,d 23.554 dg o u=nhg. 2,.15, g Hz, LN 1.4f§s) . 296 (s,
H, OH 4)cologessmil. Trigmargrial waspused withogufurthed pupiadn. ag gigmptively, was pusifiod py
I'H Hra), %é@éﬂgm&uﬁpi‘i‘y ot itich E&'to ;;Hc 168 mg (74%) of 222 (Py=BOM. P;q = TES, Py =
TBS, Ps = TMS) along with a mixmure (15%) of 212 and 18 which could be recycled
223 (P;=BOM, P,q = TES, P,3 = TBS, P; = TMS): mp 505-52 °C, 'H NMR (500 MHz,
DCl) 8 0.10 (s, 3H, TBS CH,), 0.13 (s, 9H, T™MS CH,), 0.14 (s, 3H, TBS CH;), 0.59 (q, /
= 82 Hz, 6, TES CH,), 0.94 (s, 98, TBS t-Bu), 0.94 (1, / = 8.2 Hz, 9H., TES CH,), 1.24 (s,
3H, CH; 17), 1.32 (s, 3H, CH; 19), 133 (s, 3H, CH; 16). 1.82 (dd, J = 11.3, 13.7 Hz, lH,
H9¢), 195 (d, J = 1.4 Hz, 3H, CH; 18), 1.98 (dd, / = 1.4, 13.7 Hz, 1H, HIp), 2.16 (ddd, J
= 6.2, 7.2, 13.3 Hz, 1H, Hbé), 2.40 (dt, / =11.4, 13.3 Hz, 6B), 2.43 (dd, J =9.2, 15.2 Hz,
1E, H14B), 2.63 (dd. / = 5.5, 15.2 Hz, 1H, Hl4q), 2.74 (d, / = 5.5 Hz. 1H, H3a), 3.40 (dd,
J =7.2, 10.6 Hz, 1H, H7a),4.36 (dd, / = 3.4, 11.3 Hz, IH, HIOB), 4.40 (dd, / = 6.2, 12.0
Hz 1H, HS@), 4.54 (d. / = 5.5 Hz, LH, H2p), 4.57 (d, 7 =1 1.7 Hz 1H, CH,Ph), 4.64 (d. /
=[1.7 Hz IH, CH,Ph), 4.68 (d./ =7.0 Hz {H, OCH,0), 4.74 (m, 1H, H13). 4.78 (d, / =7.0

z, 1H. OCH,0), 7.31 (m. 5H. Ph). Anal. Calcd. for C,3H;20yS43: C, 63.19: H, 2.88. Found
C. 63.19; H, 8.92.

t

1
J
2
5
1

Ketone 222 (Pg = H). To a vigorously stirred solution of crude 222 (P; = BOM, Py = TES, Py

=TBS. Py = TMS) (231 mg, 0.274 mmaol) in acetonitrile (7 mL) at 0°C was added dropwise 7 mL



HI10f3), 4.64 (s, 2H, CHt2Ph), 4.72 (d, J = 6.8 Hz. 1H OCH O . 4.80 (?ﬂﬁJANZﬂU&
3H, H2, H13. CC H20), 7.31 (m 5H Ph). Anal. Calcd. for C44H76QLSi 3

63.42; H 9.19. Found C, 63.40; H 9.15. Hydroxy olefin 24a. To a

refluxing solution of alcohol 23a (P7 = BOM Pto = TES, PI3 = TBS, PS =

TMS) (46.7 ng. 0.055 mml) in toluene (1.1 m) was added 1.1 rrLL of a 0. |

M sol ution of Burgess reagent in tol éne ( 0.11 mml). The m xture was
refluxed for 20 mn then cooled to roomtenperature, diluted with ethyl
acetate, washed with a saturated solution of I 'a.HCO3 and brine, dried

over anhydrous Na, SO 4 and filtered. Concentration of the filtrate under

vacuum yigeh ded:14foyblgthe)GhiNES: 6f £8 ; Et?uca_:ﬂl FSF - pRidedd: n%Etoﬂ&SLcUSRﬂ:%xm%%r 20
S 0}

further purification. To a stirre ution of this crude olefin 6 ng,
0. 055- nr n@tiy. 2 mL stz woirped Mt@oqszNgi(E@; sglugan vous aftieda Jne saddean @&W&Diﬁxhﬂcﬂ

1:10: 10 (b ne) xture 8% aqueoys pyri di ne etonlallc
The 7 6 3R IH0TLGE LA THE L eastr, @dﬁaﬁ-w%ﬂfﬁ&d s A frsgaad h a

saturatedy 0 Q at.e. The
conbi ned oﬁga%?%ﬁat‘s@g Wer e \ gl@ n % E%dtr‘fﬁﬁégrl %p%%%d to(’j“'q“":d'r’dlj%g 7
Na2S04 anchefchidt elesidl as Lenhartegd matrmrmmmt s duribibd B GlidaNEeEhrdMald g@h{i 48
my of a colorless oil which was purified by silica gel chronmafo grap

yield 25. Qing=@@/bof@p~anhyanéﬁy—@m Ri02413EEF, 5= BBS P PECG): 1FES UI'?H)&:HthBS
R=H asuell as 2 f ncted ..al cohal 23 P7-BOV[P
o = e Syt ket P s U R P SR P it B b Bl
(

. 3H, TRSCH3180.13 (s, 31-L TBS CH3), 0.59 (g, 1= 7.9 Hz, 6H TES CH2),
0.94 (t, | = 7.9 Hz, 9H. TES CH3), 0.95 (s, 9H, TBS t-Bu), 1.18 (s, 3H,

CH3 19), zm@;@sowp.wﬂ P)3 -mp(,g HBHH EMR (560 M2, TDCH) 5DH0 ¢, 3:3. 4
134 1o, TR bt latie 7t 38 (4% @l pp Fa . m)éh%?’@@'ct GaTiTTEs 1. 4
(2 2t 18, o343 e 97 B8 o P b Yt o YRR ) 580
% 12 5%@3 35_)4435 qau 74 IFOYB:;) 7 M,lﬁﬁaﬁm &andu a)l. 4 Mz 3H, rma?*i.mftm.
’ /=32 .-H.1H Hs'ﬁ) l(dddj sé 77 13.7 Hz, 1H. Hfe), .47 (dd. /= 8.7,
15.4 Hz. |H, HI4P), 2.57 (m, 2H, Hlde, Hoc), 2.88 (d, /= 5.5 Ez, 1H, H3c), 3.39 (dd, / =
7.7, 11.0 Ez, IH, H7a), 3.41 (d, /= 3.3 Hz, 14, OH-5), 4.38 (m, ZH, HSB, H10), 455 (d, J
= 5.5 Hz, |H, H2), 4.57 (d, / =11.5 Hz IH, CH,Ph), 4.62 (d. / =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, SH. Ph). "

Kewone 222 (Py=TMS) from ketone 22a (Py=H). To a vigorously strred soludon of §-nydroxy-
dkerone 222 (Py = BOM, P o = TES, Pyy = TBS, Py =H) (51 mg, 0.067 mmol) in CH,Cl, (2.2
mL) and wiethylamine (0.14 ml., 1.0 mmol) under nicragen at 0 "C was added
wrimethylsilyichloride (0.041 mL, 0.34 mmot). After 0.5 h, the reaction mixture was quenched
with 5 mL of a sawrated aqueous NaHCO; solution and exmacted with 150 mi hexanes. The

organic phase was wasiied with 50 mL of a sawrated 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, =
T™MS)

Alcohol 23a. To a stmred solunon of ketone 223 (P = BOM, P,p = TES. P{; = TBS, Ps = TMS)



=11.6 H.z, IH CF2Ph). 4.62 (d, J=11.6 Hz, 1H, CH2Ph), 4.73 (d, J =7.02ZHzJAN 2004
1H OCH O, 4.75 (m IH H13), 4.79 (d,1=7.0 Hz, 1H, OCH20), 5.00 (s, IH,
H2CE), 5.18 (s, 1H, H2Qz), 7.31 (m 5H, Ph). Anal. Calcd. for

C41H66CeSi 1x0. 5H20: C. 65.47; H, 8.98. Found C. 65.63; 'H, 8.97. Allyl
mesyiatc 24aa. To a stirred solution of ally! alcohol 24a (P7 = BOM Pla =
TES. P13 = TBS. R=H) (11.5 ny, 0.01%3 nmol) in pyridine (0.6 niL) under
nitrogen at 0 'C was added dropw se net hanesul fonyl chloride (0.02 rnL,

0.258 mmol ). After 45 min. a saturated aqueous NaHCO3 solution (0.05 ni)

was added. The m xture was stirred for 10 mn, poured into 20 nL of a

sat ur at ed (342 &g, 8-0RE Ford) wotkie Floke AHtd vadar rirsaeetianbs i #saedaddroowise 2 0.073
acet at e/ heﬁgg%?%g};g&n §9Mc % ?;9 8{'@@ crir%?) 'J%cQQ:%SSn‘PﬁimﬁJ &?Qal%éwcﬁéo of

anhydr ous oncentra pressure to gl ve

24aa (P7 B0 43 "t0sarrehibier 1?5%%::(5{ SQuefRhzd With 0.28 ridl oCOL.OM Qfigud drAcl S
mat eri al was used wthout further “purification. 24aa (P7 = BOM P 10 = TES,

P 13 = TB® THF:(OI%)MQHHM%C(@WM—MO cmisg miBur®.of 30(ml- of saFBSd Gious 8
0.13 (s. 34, TBS OB) Hz, 6H, TES CH2), 0.93 9H 2 6
JAN 2004 &HERs splutien MGOSOQHL(O? =J‘}Ii 154?“‘9 The 2queys PWS“’@FB%“‘:FZ%‘”'( SQmLathyl o

T v, e e preahic gkl ol bt Rl oy O idpp sttty o,
(d, 1= 1. loddgamaedd unéfdddided gre0fird @dreld 205 g%f a doboclessil. Tris matdia) wa_stuQﬁc:( br
s. 3H CH3 18). 2.22-2-32 (m 3H H l4a, H , HGO% 2.54 (dd, J =

15 4 Hz, bmiicaradyhm@a@xn@by (@yieidd8d mg (959) of dcobsl 138 (H; =BOM Ryp = HTBa)
3.45 (t, | H, 37 (dd, 1=16, 11.0 Hz_ 1H, HI0f3 4s7 (d.
0 A oy | RSO

= 6.0 H PhC$2Q), 4.69 (d, | = 7.1 Hz, 1H,

OCHO 4497 J pr =AMy HZ ‘
85)HZ ﬂ(é% ?@@Tﬁé ﬁgidﬁslgék\kg H%é@?ﬁ%@ﬁa@mﬂs

SrL Phy. 9 msm@al (srbafé $ rcz#é_d Sali2ufsi m 135 §H|3y|0-%§ &ohbl= zaaw._w
(0,32 1) B b 133 P o B 0 el PSS afy oA g1 1
(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
Bz, 1H, Hba), 1.99 (d. f = 1.4 Hz 3H, H18), 2.01 (dd, J = 11.3, 13.0 Hz, IH, H9a), 2.06
{m, 25, H3, H9f), 2.13 (ddd. J = 1.7, 12.3, 13.0 Hz, IH, HéP), 2.37 (dd. J = 5.3, 153.0 Ez,
1H, Hi4a), 2.54 (dd, J = 9.2, 15.0 Hz, 1H, HI4p), 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, IH, H7a), 4.32 (dd, 7/ = 4.1, 11.3 Hz, 1H,
HI10B), 4.64 (s, 2H, CH,Ph), 4.72 (d. 7 = 6.8 Hz, 1H, OCH,0). 4.80 (m, 3H, H2, HI3,
CCH,0), 7.31 (m, 5H, Ph). Anal. Caled. for C, H;0ySiy: C, 63.42; H, 9.19. Found C, 63.40;
H. 9.15.

Hydroxy olefin 24a. To a refluxing soludon of alcohol 232 (P;=BOM, P4 = TES, P53 = TBS,
P5 = TMS) (46.7 mg, 0.055 mmol) in toluene (1.1 mL) was added 1.1 mL of a 0.1 solution of
Burgess reagent in toluene ( 0.11 mmel). The mixwre was refluxed for 20 min thea cooled to
room termperature, diluted wich ethyl acctate, washed with a sawurated solution of NaHCO; and
brinc, dried over anhydrous Na,SQ, and filiered. Conceatration of the filoate under vacuum
yiclded 46 mg of crude olefin. This macerial was used without further purificadon.

To a strred soludon of this crude olefin (46 mg, 0.055 mmol) in acztonimile (2.5 mL) ac 0 °C was

added 2.5 mL of a [:10:10 (by volume} mixture of 43% aquegus HF : pyridine : acztoniaite. The



'C was added a 0.157 Msolution of GsO4 in THE (0.42 nL, 0.066 rnnol e)Z 6 JAN 2004
After 12 h at 0 'C," NaHS® (530 m), pyridine (03 nL), Td -F (2 nL) and
water (3 rnL) were added. The mi xture was vigorously stirred at room
tenperature for 14 h, poured into 50 rnL of a saturated aqueous NaHCO3
solution and extracted with ethyl acetate (40 nL x 3). The conbi ned organic
phase was dried over anhydrous Na-2SO%éand concentrated under reduced
pressure to give 60 ng of a pale yellow oil, which was col um

chromat ogr aphed (30% et hyl acetate/ hexane) to yield 34.3 ny (73 176) of
trial 25a (P7 = BOM Pla = TES, P13 = TBS). 25a (P7 = BOM P10 = TES, P13

TES Gyt HEA 290 Wy S he B Bid byt S ol eeq) e

O

J =09.0 22 ( (S 64
2 5 P P T B gt et APB 0
Hz, 1 H  H3vdrXnhydeoud Na(8O, hnd Bltedl th'hc:rﬁhhon@ﬂ&clfﬂhm uRde3 Gaduteh yidided 88 Rg 0d 5. O
Hz, IH Hl40), 2.45 (m [H H6a), 2,96 (s, I|H OHS), 3212_§4dd 6.9, 15.0
Hz, |H HesaloricSs @b which was Butfisd by sifica g d:)-qmaoszpi(?mo field ?0‘)1; (€%BBa( s,
IH, OH4)

. 4 (b | H. H20

4.06 (dd, hydmxmk%“i‘h’ @1‘}]4—23% nmraf&zf)ms"ﬁ ( Eﬂs‘(fchz“ -[H“ 195 upgeactad )
| %m%[gE ( PhCHZO) 4.53 (bt s, [H HO, 4.71 (m [H H 30),

472(d o FhCH20), 4.85 (d, | = 6.8 Hz, [H, OCHLO), 4.98

(d. J = 6284 ldz, -BI@M(mﬂ'CES ;34 TBS) R 3Hi): &pﬁSéJ&B\I'G.mNMB. (500 M aIDCIRS cd.
for C41H650108| 2. C 63.36; H 8.82. Found C. 63.19; H 8.75. Dal rresyl ate
26x. To aldRi(sr¥d B G- B (SaﬁHyﬂ'Bﬁﬂi)aQ 89 faabe (8 1Hz GHIEPCH)0

and THE. (6009 K3 ngEs e Pagdn S ThSReE il b Bﬁe%qﬁuﬂeﬁ‘?ﬁﬁﬂﬁﬁ”

S0l Ut 0N 6f) 04l seTE (ﬂnomm LAY €5 4 iz NodRHSR fidl 150 o) 1an dhavigteer

(0.2 n) wWer e’ adé m Xxture was vigorously stirred for h, poured
into 20 r HBanfl.®l eddriw atb?.i. ALuEDL4 HZNAHCHBa s dLATt (ddn/ ardcB, %Hzeleva-IQIﬁ).elﬂyl

By dr ous (e Zat Hin 3Eo bhe it G d 1 deh 6. b Ban o RelE s S W T 43" a5 pgizer &
pal e yel | ow ghk gy Ty Qidl J%?ﬁ,%h“ﬁﬂ ﬁi‘fﬁ%‘)?ﬂh??&leﬂ 64086, 1H, H3a), 3.4 (dd,
J=175. 9.6, Hz, 1H, H7a), 438 (m. 25 K10, B5), 4.54 (d, /= 5.8 Hz, 1H, H2), 458 (d, J
=116 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, H13), 4.79'(d, / =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,Hy4055i,x0.5H,0: C, 65.47; H, 8.98. Found C, 65.63;
‘H, 8.97.

D.

Allyt mesyiate 24aa.  To a stirred soiution of allyl alcohol 24a (P; = BOM, Pjq = TES, Py3 =
TBS, R = H) (11.5 mg, 0.0154 mmel) in pyridine (0.6 mL) under nicrogen at 0 °C was added
dropwise methanesulfonyl chloride (0.02 mL, 0.258 mmol). After 45 min, a saturated aqueous
NaHCO; salution (0.05 mL) was added. The mixwure was stirred for 10 min, poured into 20 mL
of a saturared agueous NaHCO; soludon and exzacted with 40% ethyl acetate/hexane (20 mL x
3). The combined organic phase was dried over anhydrous N3,S0, and concenuated under
reduced pressure to give |3 mg of 2422 (P; = BOM, P;g=TES, P35 = TBS, R =Ms)as a
coloriess oil. This material was used without further purificadon.

24aa (P; =BOM, Py = TES, P,5 = TBS, R =Ms): 'H NMR (300 MHz, CDCly); 8 0.12 (s,
3H. TBS CHj), 8 0.13 (s, 3H, TBS CH;). 0.58 (g, / = 7.9 Hz, 6H, TES CH,), 0.93 (s, 9H.



et hyl acctacel hexane) to yield 2.7 ng (50% of dial nesylate 26a (P7 :Z@GW" 200%
P10 = TES, Pia = TBS, R= Ms). 26a (P7 = BOM Pt o = TES, P13 = TES, R =

Ms): 1H NWR (500 MHz, CDC13); S 0.14 (s. 61-, TBS CH3), 0.58 (ddd, J = 8.0
Hz, 6H, TES CH2), 0.89 (s. 31-L CH3 19), 0.93 (s, 91-, TBS t- Bu), 0.94

(dd, J = 8.0 Hz, 9H, TES CH3), 131 (s 3H. CH317). 1. 37 (s, 3H, CH3 16).

1.76 (dd, 1= 5.5, 15.1. 1Hz. H9), 9657(m 1H H6 P), 2-73 (d, J= 0.7 Hz,
31-, CH3 18), 23S (dd,1= 4.8, 15.1 Hz 1H, H9a), 2.39 (dd, J= 9.2, 15.1

Hz, 1H H145), 2.45 (m M Heéa), 2.89 (dd, 6.8, 15.1 Hz, IH, Hl4o:), 3.05
(d, J= 3.4 Hz, IH H3c ), 3.06 (s, 3H, OSO2CH3) 3.35 (s, IH 0H4) 352

(m ' VoS 9% %dt?ref tg e pEltEs ey, LA %)Ci atdy i & 3E. @m a
7 2 2 2o
'Pﬁcl :"22)5 44 Bg Ge, ch -wé N h?m 2Hi3 zP-i?..C'l}L f?))u) 41(9730(r£ EE—‘Iho) ]1 90(45% {t SN

H13{3), 4.93 I(Jdl z«.i:. tHBHSMd:[z 2 cde @@42&))&1:,71314 cmms) SHJG Em J -Duaﬁ GosyEaie
26aa. To a_stirred sol ution of tr| al__25a &15'7 = BOM P 10 = TES, P 13 = 1BY)
(37 ny. GIGN780kie < pH: FEOHDRY 2226-32 (m.)3Hu Ablda, Hao: difl am (dg ] €98ads.4

1) The S61 AT o1 ‘B & Gy P DRP LR s B 4§ T “y“:&%f Dred 30 ht 3ot B2
sat ur at ed 1ageemRyss MalddOF s, Uhigonz ang }@m\a;gé-pgdnw_t QO%Q‘@%%EW' g.;sg (E;,“‘_m., X

3). The conbi ned organi ¢ phase was drie hydr ous Na
concent r atPe@HiMlet.6% (Gduedd HreHdUOEHL0), g4.Y/<E(rBBIH, Hg:ifl)f 4aec@l, dr+ @dsKHel IH,

This oil .dis ved in THE_(O. and 6 JAN 69 cooled to -78 C.
T'o this ﬁf}mﬂ)o?ﬁ B odb, L HTDH 09 6o o 5. BP0 ey 6, HIMED TS S
nrnal e). %_ rri nat -73 C. p-toluenesuifanyl chloride (35 ng, 0.183
mma[c) was added.” After stir.ing at -35 "Cfor 3 h. MOH (0.2 nL) and

di et hyl am ne (0. 3 rnL) were added. The solution was stirred at -35 ' C for

30 mn and, poured_into 30 of ,a aturat ed aqueous Na} Q03 sol ution and
ext r act ed NPt hidt SHFBRPLaen ﬂ'l_ﬂ&' asoncirida (Bms BRME Fap Fahrd Fb sEBS\erdd)

glr {/gdSSOV 45 @?E*b’ l@gﬁré\fz ns%urﬁu%fﬁ%%ﬁpwa_’tx%ﬂ) anr}idc?hcr (?q%ﬁ.e) E::[ r?x%tl’:lé"r'x a'ttB
*Cwas added 2 0.157 M solution of OsQ, in THF (0.42 mL, 0.066 mmole). After 12h at 0 °C,’
NaHS O (530 mg), pyridine (0.3 mL), THF (2 mL) and water (3 ml) were addcd The mixmure
was vigorously stirred at room temperature for 14 h, poured into 50 mL of a samrats d aqueous
NaHCO;, sofuton and exmacted with ethyl acawate (40 mL x 3). The combined organic phase was
dricd over anhydrous Na,SO, and concentrated under reduc=d pressure to give 60 mg of a pale
yellow oil, which was column ciiromatographed (30% cthyl acstate/hexane) 1o yic!& 343 mg (73
%) of miol 25a (P, =BOM, P,4 = TES, P|; = TBS).
152 (P, =BOM, P, = TES, P, = TBS): 'H NMR (500 MHz, CDCl,); 0.11 (s, 6H, TBS
CH;), 0.60 (ddd, J = 9.0 Hz, 6H, TES CH,), 0.79 (s, 3H, CH; 19). 0.93 (s, 9H, TBS t-Bu),
0.94 (dd. /= 9.0 Hz, 9H, TES CH;), 1.22 (s, 3H, CH,4 17}, 1.35 (s, 3H, CH, 16), 1.64 (dd, J =
3.6, 16.4 Hz, 1H, H9B), L.70 (m, IH, H6p), 222 (dd, /= 2.7, 16.8 Hz, IH, H9a), 2.23 (d. J
= 0.7 Hz, 3H. CH3 18),, 2.36 (dd. J = 9.2, 15.0 Hz, 1H, H14p), 2.45 (m, H, Héa), 2.96 (s,
IH, OH3), 3.21 (dd, 6.9, 15.0 Hz, 1H, Hida), 3.42 (d, /= 5.0 Hz, 1H, H3a), 3.53 (m. 1H,
H20), 3.38 (s, 1H, OH4), 3.70 (1, /= 3.0 Hz, {H, HSP), 4.04 (br d. / = 11 Hz. 1H, H20),
4.06 (dd, J = 11.5, 5.0 Hz, 1H, H7a), 4.48 (d, J = 5.0 Hz. {H, H20), 4.49 (d. / = 12.0 Hz
IH, PhCH,0). 4.53 (br s, [H, H10B), 4.71 (m, IH, H13{3), 4.72 (d, J = 12.0 Hz, lH,
PhCH,0). .85 (d, /= 6.8 Hz, [H, OCH,0), 4.98 (d, / = 6.8 Hz, 1H, OCH,0), 7.34 (m, 5H.



The oil was dissolved in acetonitrile (3.6 nL.) and pyridine (3.6 nl). 21JAN 200
this solution at 0 'C was added 48 ' Fa aqueous solution of HF (0.36 m).
The solution was stirred at 0 'C for 15 mn, poured into-30 nL of a

sat urat ed aqueous NaHCD3 sol ution and extracted with chloroform (40 rnL. x
3). The conbi ned organi c phase was dried over anhydrous Na, S04, and
concentrated under reduced pressure t68give 56 ng of crude diol tosylate
26aa. Col um chr omat ography (40% et hyl acet at e/ hexane) yielded 34 ng (80 %
diol tosylate 26aa (P7 : BOM P10 P 13 ="'IBS, R = Ts). 26aa (P7 = BOM P
10 = iES, P13 = "IBS, R=Ts). 1H NWR (300 MHz, CDCl13); b 0.18 (s, 6H,
TBS CH3), Bh)58naldCalcH. forl By oSiGHE, 652%; BHEE2. Folmd CS63.394H, £#8 [9}, 0.94
(dd, J = 13.0 H. z, 9H TES CH3), 0.97 (s, 9H, TBS t-Bu), 1.28 (s, 3H CH3
17), 1.34 (s. 3H, CI-13 16), 1.67 (dd, J = 16.5, 4.4 Hz, IH, H90) 1.80

§2” LH H_G%@),ﬁ%ué?ﬁ%?, o'a?g%?u%f%%?fa 1555%1@%93 &M%éﬁgp pL )i’xmz 24
hg;/)z 9g gséas tt)zlré grté) gﬂﬁa%oao&%n&ﬁn iPa rdxxdﬂv: o@gﬁ?né(@ﬂ@; og’mf 6’9"?‘?’% L ‘ZF,“| -

9.9 Hz, IH,ln'dgﬁli))t,md:nﬁanm(rxtumlwaszdc&daﬂrwfMlsblulﬂﬂ(&)Os% ASTHI(0.06 ml)=AfedT HZ,
IH, H Op), - . _1H, PhCH20), 4.59 (d. | =[2.1 Hz, IH,
PhCH2O) .~ 4* é‘ﬁ"’-?@u 50‘5 Hﬂé vgrqqiﬂ’[q#) Wﬁlﬁcmﬂmam ¥as vigopugly, sunHi for 14

L3Ry 7, TaPE 201, s Syt iRy St ot exept b denta o0
8.2 Hz. 2hhL x HO The)omblsed eraifia ngxisemasuﬁéd GRS YhhiytRud BR., Sd?m&i&int‘r{u&ﬂdundcr

sol ution of diolmesylate 26a 7 = BOM Pia = TES. Pla—TBS R= M) (2.7
nmg) in toleems r(ressurcrfem;rﬁm nr dpye yelloaw oif.oGhe cibwpeeeitmn shgmatogrephed (40%

dllsopropy rn|n a h@ | uti,on r ef for_3. 5 h.
coaled to*® ﬁ % 5119% g‘;sé’?ﬁﬁ"g égg}ﬁt o] Elfgﬁr ﬂLO BflE, Pr3 =
saturatedIggugquﬁgybHCCB solution and extracted with ethyl acetate (20 nL
x 3). The conbi ned organic phase was dried over anhydrous Na, S04, and

concent r azéal (ByrlBOM.Rjp cTED Pese TBS, Re= M) € IBNMR (300 Mita|ED Q) | DW1#i(d, .6Hhe
orl Was UMy ), 0.58 (ddd. 7 = 8.0 Hz 6H, TES CHy), 0.89 (s, 3L CHy 19), 0.93 (s, 9H, TBS -
Bu), 0.94 (dd, J = 8.0 Hz, 95, TES CHy), 131 (s, 3H. CH, 17), 137 (s, 36, CH, 16), 1.76
(dd, S = 5.5, 15.1, 1Hz. HOP), 1.95 (m, 1H, H6B), 2.23 (d, /= 0.7 Hz, 3H, CH, 18), 225
(dd, J = 4.8, 15.1 Hz, 1H, H9q), 2.39 (dd, / = 9.2, 15.1 Hz, 1H. H14B), 2.45 (m, 1H. Héa),
2.89 (dd, 6.8, 15.1 Hz, 18, Hida), 3.05 (d, J = 3.4 Hz, 1H, H3a), 3.06 (s, 3H, 0SO,CHj).
3.35 (s, 1H, OH4), 3.52 (m, 1H, H20), 3.92 (dd. J = 4.5, 11.6 Hz, IH, HTa), 4.13 (dd, J =
1.0, 11.3 Hz, [H, H20), 4.46 (br d, J = 4.5 Hz, 1H, H10), 4.52 (d, J = 3.4 Hz, 1H, H2), 4.54
(d, J = 12.0 Hz, 1H, PhCH,0), 470 (d, / = 12.0 Hz, IH. PhCH,0), 4.83 (d, /= 69 Hz, 1H,
OCH,0), 4.84 (m, 1H, HSP), 4.92 (m, 1H, H13B), 493 (d, / = 6.9 Hz, 1H, OCH,0), 734
(m, 5H, Ph).

Diol tosylate 26aa. To 2 stirred solution of wiol 25a (P; = BOM, P4 = TES, P,y = TBS) (37
mg, 0.0476 mmole) in CH,Q, (0.4 mL) under nirogen at -78 *C was added triethylamine (0.25
mL) followed by aimethyichiorosilane (0.075 mL). The solution was stirred at -78 °C for | h,
poured inta 20 mL of a saturated 2queous NaHCO; soludon and exeracted with chioroform (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



chromat ogr aphed (30% et hyl acetate/hexane) to yield | ng (42% of oxcgnieJAN 2004
27a. 27a (P7 = BOM P10 = TES, P 13 = TBS): | H NWR (500 MHz, CDCI 3); S 0.10
(s, 6H, TBS CH3), 0.59 (dd, J = 8.0 Hz, 6H TES CHZ), 0.92 (s, 9H, TBS
t-Bu), 0.94 (dd, I=8.0 Hz, 9H,  TES CH3), 1.20 (s, 3H, CH3 17), 1.26 (s,
31-L CH3 19), 132 (s, 3H, CH3 16), 1.93 (dd, | = 11.3, 13.4 Hz, iH H9a),
1.98 (d, | =1.4 Hz, 3H CH3 18), 2.06%dd. | = 6.0, 18.6 Hz, IH H60),

2.11 (dd, | = 4.5, 13.4 Hz, 1H HOP), 2.14 (d, | = 5.5 Hz, 1H, H3a), 2.41
(dd, J = 9 .2, 15.1 Hz, |H, H1413), 2.43 (m 11-L Hea), 2.54 (s. |H O0H4),
2.76 (dd, | =5 .2, 15.1 Hz, Hlda), 3.21 (dd,1= 3.4, 13.0 Hz, IN, H7a),

4.36 (d, cpoled8oTHL. ToHhisHalyape was 3gdedd0.2 0¥ solution of LIBA iy THFHO. HEQ1B) 18

4.40 (hr d, 1= 9.2 L 11- 4.60. (d = 5.5 Hz, .| H, H0), 4.61 (d,
| = 1(2_ 6 W9I=}-N?“ﬁ>'h§?'§bis-Lfij_@%)-tewn%éémg@wa.fesgm@d‘?-15'3 moz?:)eswmddsm,(
PhCa20), o L= , 3Q)+ .= 2 rwrdela g OGH. ~— 0)
4.91 (éd,’fkf%%gg‘?,a‘é"f% "-ﬁédf‘? thm ),"%ﬁ'ﬁﬁ%ﬁcéﬂ?”{% &)iﬁg‘ﬁ .wJC‘éf‘%d. -t g :
CA1H56( SbhlutioOwabein®d at 15 *8 fai30 minand gokrzd fide 0 mLhbf BsatfacDigiadne NaGed,rom

diol tosylatc 26aa. To,a stirred solution of diot tosylate 26aa (P7 = I%OVI
Pl a = Telstiorasl exmpgsd wrhchiggiorn §4Gygl 203035 qemitiacd qrganie phasae weS3drin]

d it { t t dd DBU (0.11 L, 0.7 I
The- sol ut ST RuEod e AP Bt e RAHeRS o Pie's BBk b fRleemen.
| ncr easednklpii Was diddived iflbkdastiR (48 d%i)%&ﬁ'p’virmc (FBindt)2iTeekts &iudddar oG {Rr 30

nmore mn and cool ed to roomtenperature. Trie solution was filtered through a
short padddet 48s%|aquenugetolusinng BD%W.26 mil). dhetsaludbtinavaanerras 220 UEritr 1 T hen,

filtrate was congentrated to give 25 crude Z7a, whjch was columm
chr onat o@?‘éf&‘héﬂ‘"?@ﬁéﬁ e ﬁfﬁ%&%m@%&% wlynos 1gd s303R5Fd Yish eiiprpfomy (40
oxet ane P ::ﬁ%ﬁ! = [ a.= 9. To a_siirre

sol uti ona’(]ﬂax é))k é‘f“éne 35%‘39‘“23%4‘%&1‘8 ‘@@é’é?’%ﬁ%ggg%éﬁd %‘?"‘%‘?ﬂ "(98'6276
ml oe) ardueidnpdsytcami giep§é indy ofecr(de diolhsylRic028£a. MToluedn tiropiidgtipag (4440
p.L 1.37 nmole) under_ nitrogen_at roomtenperature was added acetic

anhydr i dehylagsaspexany) yiekicddt me)(80 %) dich mmylze 34az (PR BOMI RivicoFESvely 15t TBSed
for 25h’Rd=1‘i'slfth with ethyl acetate, poured into 20 tnL of saturated

26aa (P; = BOM, P, = TES, P,; = TBS, R = Ts). 'H NMR (300 MHz, CDCL,); & 0.18 (s,
6H, TBS CHy), 058 (d, / = 12.5 Hz, 6H, TES CH,), 0.82 (s, 38, CHj 19), 0.94 (dd, / =13.0
Hz, 9H. TES CHj), 0.97 {s. 9K, TBS 1-Bu), 1.28 (s, 3H, CH; 17), 1.34 (s, 3H, CH, 16), 1.67
(dd, J = 16.5, 4.4 Hz, 1H, H9P), 1.80 (m, 1H, H6B), 2.13 (dd. /= 16.5, 4.4 Hz, 1H, H9a),
2.18 (m, 1H, Héa), 2.24 (s, 3H. CH, 18), 2.33 (s, 3H, CHyPh), 2.42 (dd, J = 14.8, 9.3 Hz,
1H, H14p), 2.90 (m, IH, Hlda), 2.93 (br s, IH, OH4), 3.08 (br d, / = 3.3 Hz, IH, Hia),
3.38 (ort, /= 11.0 Hz, 15, H7c), 3.87 (m, 1H, H20), 4.00 (br d, 7 = 9.9 Hz, |H. H10), 4.52
(d, 7 = 3.3 Hz, 1H, H2B), 4.45 (br d, J = 4.4 Hz, 1H, HIOP), 4.46 (d, / = 12.1 Hz, 1H,
PhCH,0), 4.59 (d. / = 12.1 Hz, 1H, PhCH,0), 4.66 (br t, J = 3.8 Hz, 1H, H5P), 4.75 (d. J =
7.1 Hz, 1H, OCH,0). 4.83 (d, J = 7.1 Hz, IH, OCH,0), 4.89 (br dd, J = 7.7, 6.6 Hz, IH,
H13B), 7.14 (d, / = 8.2 Hz. 24, SO,Ph), 7.34 (m, SH, OCH,Ph), 7.75 (d, / = 8.2 Hz. 2H,
SO,Fh).

Oxeane 17a from diol mesylatc 263, To a stired solution of diol mesylate 26 (Py = BOM, P g

= TES, Py5 = TBS. R = M5) (2.7 mg) in tolucne (0.4 mL) under nicogzn at room emperare wis

adced diisapropyl cthylamine (0.008 mL). The solution was rafluxed far 3.5 h, cooled to room




aqueous NaHCCB3 sol ution and extracted with ethyl acetate (20 nL x 3). T¢12 2004
conbi ned organic phases were dried over anhydrous NalSO4 and concent %1"
under reduced pressure to give 26 ng of a pale yellow oil, which was

col um chr omat ogr aphed (25% et hyl acctatchtexane) to yield 16 ng (72176)

of oxetane 29 (P7 = BOM PtO = TES, P13 = TBS). 29 (P7 = BOM Pla = TES,

P13 = TBS): 1H NMR (500 MHz, CDC13); %00.10 (s, 3H, TBS CH3), 0.12 (s, 3H
TBS CH3). 0.56 (g. 6H, TES CHz), 0.92 (t, 9H, TES CH3). 0.94 (s, 9H,  TBS
t-Bu), 1.35 (s, 3H, CH3 167, 1.30 (s, 3H CH3 17), 1.29 (s, 3H, CH3 19),

1.96 (or L' .r 13.0 Hz, 1H, H9a), 1.98 (d. I= 1.4 Hz, 3H, CH3 18), 2.02

(98, 2 ol othind 3Py & St i o e
6 I b G £, ety £ e Bk,

2.

J = 3.4, dnhc&uial?.d ubdier, r:dbﬂ.-.ﬁ(;i}):ssu#h @it D <ol GHROselibi20oil. HPBY oildwakScolhin J =
7.2 Hz, .11, OCH-40), 4.76 (br d,°J = 9.2 Hz, 1H, H20), 4.83 (d, J= 7-2

H. z, 1H ey pned@@“' ﬁhyl@&mehm)mzxcldlmg(md)ofom’mr t, J= 8.2

o;<2:t anc ;%30§7“7§§&/{ 1p= f#‘il‘% %%%@'ﬁ\s&&@t@)ﬁ ?62%- vn'lgﬁfs EF
(3.5, T1) SRt oot 925 b, aded o ol 00T 10 . 3.1

phcnylllthl min ether (44°L, '0.01 sol utt'on

'C for 15TES GHgnd 20querﬁi-b.e©£{ywm 1&51(@%5.0&:5 9y 1092 @¢ eHi cHa,cm 193 THE fhe
sol uti on was di I uted wi.th et acet at e, oured into 20 of a saturated
aqueous NaHedd-4sBrutiof&hd %i(dr dcr d4 H&tﬁ@ﬁyﬂﬂa@@ﬁe{ﬂé { 206.0n18.§ ¥ .IHThe

et e SR fﬁ%%%ﬁé?@ SE s o L BaS hFERL ¥
col um ety nrmtiogtarreR 1461 22% @i, he, alse 1(961&?@914? Q.76 @hd /& ?2.”95 ﬁ-ﬂzﬁBS

of benzoate 30 (P7 = B P 13 = TBS. 30 (P? = BOM
R = TES) :Eis) @bdquﬁ 412;005@1 Hbam 4% (c‘s,l =386 HBSH;I-HQQQ). @.314d4,s]=3H

T 5 05 e, gl el Dy A i,
1 gg <_s m (Fb 12487 {Addnci ], So1ith O bapf 4.6\ 9 13, 60?:4 i, 2
PhCHIO) 475 (d. /= 7.5 Hz, 1H, QCH,0), 4.86 (d. /= 7.5 Hz. 1H, OCH«O). 491 (dd, J=
0.7, 8.6 Hz, 1H, H20f), 7.34 (m, SH, Ph). Anal. Calcd. for Cy;HssGySis: C, 64.87; H, 8.76.
Found C, 64.61; H, 8.78.

Oxeane 27a from diol tosylate 262a. To a stirred solution of diol tosylate 26aa (P;=BOM, Py
= TES, By; = TBS, R = Ts) (33 mg, 0.0354 mmole) in tolucne (3.3 mL} under nicrogen 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 ro 110 °C during a 40 min period, maintained at 110 °C
for 30 more min and cooled 0 room temperature. The soludon was filtered through a short pad of
silica gel using 30% ethyl acetate/hexanc as eluent. The filtraie was concentated 1o give 25 mg of
crude 273, which was column chromarographed (30% ethy! acztate/hexane) to yield 21 mg (78 %)
of oxetane 27a (Py = BOM, P, = TES, P,; = TBS).

Oxeane 219.  To a stirred soludon of oxenane 273 (P; = BOM, P, = TES, P, = TBS) (21 mg,
0.0276 mmice) and dimethylaminopyridine (3.4 mg, 0.0278 mmole) in pyridine (110 pL, 1.37

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



2 b JAN 2004 72 | = 15. 1. 6.2 Hz, |H HL40), 2.13 (s, 3H CH3 18), 273 JAN 1004
(dd. J= 15.1, 8.2 Hz, |H Hl4a), 2.23 (dd, | 15.0. 8.5 Hz, IH H9), 2.24
(s, |H OAc 4), 138 (dd, J = 16.1, 4.1 Hz, [H, H9), 2.67 (cu, | H H6 a),
3.40 (d. J =6.2 Hz, | H H3 a), 3.99 (dd, J = 10.1, 6.3 Hz, | H Hra),
4.20 (d, J= 8.2 Hz, IH, H20(3), 4.29 (d, J = 8.2 Hz, |H, HOa), 4.49 (d.J =
110 Hz, 1H, PhCH20), 4.63 (br t, IH, H 10 0), 4.74 (d, = 12.0 Hz, IH,
PhAi20), 4.92 (d, J = 6.9 Hz, |H OCHO, 4.91-4.95 (m 21-L H13 0 &

H5a), 5.01(d, | = 6.9 Hz, 1H, OCH20). 5.66 (d, J 6.2 Hz, 1H, H20), 7.28
(m IH, EhCH2) 7.35 (m 4H, FhCH2), 7.48 (m 2H PhCOO 7.59 (tn., IH,

(ngmi Bp n%ﬁ%&ll@%szqu _h@gaﬁﬁ)mm@d‘:@ﬂ? k:hgl &-T%o)ﬁmdu&kdmﬂ Qt].f be %R@& £ 30

added 0. lagabodiNaHCD,] sdVistsenl nﬁlcam@éd Wﬁﬁﬁhvlmc?rhE (20 ke 0BXt THieeconktinedSdry irﬁc.ed
for 2 h at 25 ' C under nitrogen. The reaction mixture was diluted WI1. 10
M. of et hgHascsaremdrisd aviesnipdiore i2iSeldnd coneentstsdandenedusrd BTavRO sy NEHHG03
sol ution. The, organi ¢

h hed wi t ed
a0 SRR e Ry s tshed 8% e &R G ha g B hiced

4.5 17 al B OK P 13 = TBS,
Er—ﬁfs)sure &’?Eg’w)g’&vf *?5[5%9(_?%’55%%%1 % b” gég%e 'C tH NVR (500 Mz,
CDC13); 89.(20=BOM3B, , =TS Cﬂ"ﬁ)-—; TBSIBI{ NM@HGOMHLOEBHQQB%IC( $s 1/, Tﬂ_f’S

t-Bu), 1.26 ( s. 3H CH3 (s, 19), 1.45 (s CH3 16),
1.68 (s, FHp). OHR)G. 1H8§B§ﬁ;) D«éﬁiﬂ- &, '@Sé}lﬁz I3, 9&1HTT='5H€SH$>) 092* @09(‘161

3, G’ 1630 St T SR 38t el e 29 da e O N AR gy L 0=
8;'?())' 3 1%%0&1. 18; ﬁgdﬂz 1 sﬂal-td b‘ﬂal)cz I-Q.. ﬁ& tﬂ}llt)Fa_de(ag)J 27§Q3(doru-§,ﬂd(ﬂ§ zcr

[H
(dd, J= ]16(.0' EOOlEli) HLI—U,H.I—EIam msm 3(&1 om:; 3_@ (déiz) = | B4, 15.Ocliz, memmql J—

os"( SRR o bt e Ml o Tl ol et sl D
LY TP NI e R e

(m 4H, B0A309.64 (mAGH.IBhCHAO, H20. HSa), 4.75 (d, / = 72 Hz, 1H, OCH,0). 4.76 (br d, /
= 9.2 Hz, 1H, H20), 4.83 (d, J = 7.2 Bz, 1H, OCH,0), 4.85 (br d, J = 9.2 Bz, 1H, H20), 4.38

(brt, /= 8.2 Hz, 1H, HI3B), 7.35 (m, SH. Ph).

Benzoaws 30. To a stirred soludon of oxetzne 29 (P; = BOM, Py = TES, P|; = TBS) (6 mg,
'0.0075 mmol) tn THF (0.5 mL) under nitrogen at -78 *C was added a 0.3M solution of
phenyllithium in ether (44 pl, 0.013 mmol). The solution was stirred at -78 *C for 15 min and
quenched with 2 0% solution of acztic acid in THF. The solution was diluted with ethyl aczuate,
paured into 20 mL of a saturated aqueous NaHCO; solution and cxmacted with ethyl acetate (20
mL x 3). The combined organic phases were dricd over anhydrous Na,SO, and concenmated
under reduced pressure to give 8 mg of a pale yellow oil. The oil was column chromatographned
(25% ethyl acsiate’hexane) o yicld 6.2 mg (94%) of benzoate 30 (P; = BOM, P,y =TBS,R =
TES). ‘

30 (P;=BOM., Py =TBS, R =TES): 'H NMR (500 MEiz, CDCl4), 5 0.09 (s, 3H. TBS CH,).
0.14 (s, 3H, TBS CH;), 0.60 (ddd, 6H, TES CH,). 0.94 (s, 9, TBS t-Bu), 0.96 (¢, 6H, TES
CH,), 1.23 (5. 3H, CHy 17). 1.38 (s, 3H. CH, 19). 1.46 (s, 3H, CH4 16), 1.69 (s, tH, OHI),
1.97 (ddd, /= 14.53, 10.0, 3.1 Hz, 1H, H6p), 2.05 (dd. 7 = 16.1. 5.1 Hz, 1H, HIP). 2.09 (dd.



- PhCOO-m, 7.59 (m IH PhCOO p), 8.13 (m 2H PhCOO0). Anal. Calcd. fa&rjAN 200
C43HdoOt 0Si x0. 5H20: C. 66.72; H, 7.94. Found C. 66.75; H 7.96. 26 JAN 2004
73 Al cohol 3 1 through Al cohol 30a. To a stirred solution of oxe:anc 29 (P7

= BOM Pia =TES. P13 = TBS) (16 rng, 0.02 nmole) in acetonitrile (0.33

m-) at 0 'C was added a 45" a solution of h -pyridine conplex in
acctanitriie (0.8 m..). The solution ¥as stirred at 0 "C for 11 h, diluted
with ethyl acetate, pound into 20 nL of a saturated aqueous NaHCO3 sol ution
and cxa-ac:e.d with CHC13 (30 nL x 3). - The conbi ned organi c phases were

dri ed over; a 9 u r,.Le ure, t |ve
13, 5 my. (0. 0T55 S i 28 BRaRf. LECLRRTIH Py 3R b “(HaS E TR B b

1 rnL and | _d | 48 0 $1 8 t A S e 5
ﬁ/l sol u% i on gga%henylgigl Ehi E&%alfqn}ggg T @&y 1!—10@);?6%)' 1%e8q(%dy\@Af ?gﬁ (%Ola%zh%ﬁt he
sol uti on Wae),pbéif (ro, TH.6aRG. 40 (df S saﬁ DrEd, 48, HUSP O SINGHCIE: $0)1y6iPR-ang.
CHC13 (30H5L The_caonbi ned__organic phase was dried over anhydrous

Na, SO4' a bo‘hti,'% { at &d Enddi. Ff)cdd9 fd.ebs d2-Heol i H20ah .48 (bf =al hHe,

YE! b iR KA R, 'Ol O b T B 490480 56 e -
BOM P 131w, areszoﬁmhb 91 &8, 78, HO3 Qaénsaplsqiléd,@nds@ Hﬂqtmm:ﬁ%gcr a§ =

N-oxide (18 ng, 0.154 tnnole) in Oi rril) at roomter
was addedé- 30"11- dé’r dﬁﬁ)a’ﬁﬂﬁdmdﬂi M}héﬁ&t(m @H, tm@!ﬁl) DaF (rmyresi,BhCTbem),

solutlon craturcfor IS rrin andfllteredthrough
silica g il—gﬁ&pﬁw?gﬂ] @w). The filtrate was concentrated
under reduced pressure to yiel d kccobenzoare 32 (P7 =BOM P 13 = TBYS)

(18 nmy, 100% . 32 (P7 =MOP, P13 = TBS): IH NWR (300 MHz, CDCI3) S 0.12 (s,

3H. TBS hol 0.1.1 Go(aSsolutiahl,of TEs Q He SH = 3
CH3 ), 102?803’ 3H0(CH3u), . 4405?330 @ %dm’PT ﬁ? }fig ??S) hﬁ 3?%5‘30"3"*

175 (s. el @.ﬁ!;nLafﬁEmadﬁaﬂOH@L of283 Msciumofmm)mzmmm Was

261 (oL STy l%I-ﬁS“ﬁéif %@29 i iy e e 19g3L ol

(s. 3H Mgg.a%@ﬂ poured4fio 10 mL of 2 samurated aqueous NaHCO, solu:ion. The organic phase was
washed with 10 mi. of a sarurated aqueous NaHCO, solution, dried aver anhydrous Na,SO, and
concsamated under reducsd pressure to give 4.5 mg (93%) of alcohol 31 (P;=BOM, P, = TES,
R=H).
31(P;=BOM, P = TBS, R = H): mp 213-216 °C 'H NMR (500 MHz, CDCl,); 5 0.10 (s, 3H,
TBS CHy), 0.15 (s, 3H, TBS CHj), 0.94 (s, 9H. TBS t-Bu), 1.26 ( s, 3H. CH; 17), 1.39 (s,
3H, CH, 19), 1.45 (s, _3H. CH; 16), 1.68 (s, IH, OHI), 1.89 (ddd, J = 14.5, 10.0, 2.5 Hz, 1H,
H6B), 2.10 (dd, /= 15.0, 9.0 Hz, 1H, H14p), .15 (dd, / = 15.0, 8.0 Hz, 1H, Hlda), 2.18 (s,
3H, CH3 18), 2.23(dd. /= 15.0, 8.5 Hz, 1H, HIp), 2.26 (s, IH, OAc 4), 2.40 (dd. 7 = 15.0,
3.5 Hz, lH, H9a), 2.68 (m, 1H, Héa), 2.90 (br s, 1H, OH10), 3.54 (d, 7 = 6.0 Hz, LH,
Hia), 4.16 (d, /= 8.0 Hz, 1H, H208), 4.23 (dd, /= 10.0, 7.0 Hz, |H. H7a), 4.30 (d, /= 8.0
Hz, IH, H20a), 4.68 (dd,/ = 15 Hz, 2H, PhCH,0), 4.78 (m, 1H, HIOB), 4.87 (d, 7 = 6.5 Hz,
1H, OCH,0), 4.95 (t, /= 2.0 Hz, 1H, H20q), 492 (d, /= 7.0 Hz, 1H, OCH,0), 4.93 (brd, J
= 2.0 Hz, IH, HI3fB), 4.96 (brd, /= 6.5 Hz, IH, HSa), 4.97 (d. f = 6.5 Hz, 1H, OCH,0},
5.68 (d, /= 6.0 Hz, 1H, H2(), 7.28 (m, 1H, BhCH,0), 7.35 (m, 4H, PhCH,Q), 7.40 (m, 2H,
PRCOO-m), 7.59 (m. 1H., PhCOQO-p), 8.13 (m. 2H, PhCOO-0). Anal. Caled. for
C3Hg0010Six0.5H,0: C, 66.72; H, 7.94. Found C, 66.75; H, 7.96.



(d, J =6 Hz, IH H3a), 3.32 (d, J =16 Hz. IH H9), 3.78 (dd. J = %@JANZDHL
Hz, IH, H7), 4.15 (d. J =8 Hz, | H, H20), 4.34 (d. J = 8 Hz, | H, H2bY,
4.39 (d, J =9 Hz, | H H5), 504(m 1H, H13).590(d J =6 H, IH

H2), 7.50 (m 2H PhCOO -m), 7.62 (m | H PhCOO -p), 24 (m 2H. PhCOO
-0). 32 (P7 = Tr-S, Pt 3=TBS) E HNVMR (300 Mz, CDC13) 5 0.12 (s, 3H
TBS CH3). 0.16 (s, 2 6 JAN 2004 74 3H 73BS CH3), 0.65 (q, J = 8 Hz, 3H, TES

CH3), 0.66 (g, | = 8 Hz, 3H, TES CH3), 0.94 (s, 9H, TBS t-Bu), 1.00 (t, J
= 8 Hz, 3H, TES CH,-). 1?4(s, 3H, CH3 ), 1.38 (s, 3H, CH3 ), 1.49 (s, 3H,
CH3 ), 1. 7Ricdridl 3 1 thro&dililcatol 8Qa( nTo is’l:ér:dldﬁl)morﬂ.or&kc(nﬁ; 13@,@%%&) |02 PBS,

(dd, J =9, 15 Hz, IH Hl4), 2-16 (s, Qhc OF3) , 2 J=2S.15

Hz, |H HPA)= TBSI),SIG(EGECQ 03 mmade) mgc—twmla(ﬂqunLHe) @%a@&=*|ﬂ4~o 1°ilu1leno=

| H. - H9), 3. y

(dd, 1 = P ng‘&fzw CP‘FP“:H?? m&"“i‘&“ﬁ(k@a‘? ‘3"3 8“?@““?& “Sﬁéb'y“ oo 104! % d‘”é“-dm

20 gy I et ﬂm%#%°*mﬁ?)‘%ﬂ%&‘@?a‘l&fﬁ“‘“%5°‘“@°%ﬁ&@"“‘C°1‘-{’\“ﬁz

PhCOO - a) cy8®, (37mE BOM TRE JombihBhrzanid PileRs(wAO dik oveDOIFHrod Na 88 ( snd
3H. TES CH3),” 0.18 (s, 3H, TBS CH3), 0.94 (s, 9H, TBS t-B u), 126 s, 3H,
CH3 17), mmshc(m;:i @k eaiE-=d gressurs Bpgips 13.5 mg (0G186 meole) ol APy 3s an pil. s)ml

1.83 (d. 3HI= d = 15, f

H613)( 0. S ?‘EP&‘“F ETHE "%3)“6‘{!9{2'gi {ﬁ% ‘14'53 m“z‘fg‘“ﬁg “l‘s‘?ﬁ Co%%dcdéj%-sédd,
=150 bildan A Heq 1600 &, sol ctighBw

H9a) 1§ %dﬁm%‘ Bwﬁh ,T%B@)Mrgj‘”zeﬁf%ﬁ? 2 %ﬁl—é sﬁsﬁ;g; 3. 85 ul(rég!d

J= 9 o ' 7irko M ml) &, stffraadd aarh:dj.'& zHCOs solZmEnsz,ChEl (BORE) x 3. zﬁhc(@rrimca 5
e, 1H HD0a) . 4.61 (d Iz 12.0 Mz LF_PhCH O j& %—12 He, 11-,

Phd i z0), onzasamaéc w3s drigd evergnhygirpus dfanSley mdzﬁ%%nﬁf ynder FeqyCef Prepyyre o give

501 (4, ?%v%a%%a;ﬂaﬁo%% i Szt RGP b (7ot e Y0, (3

7.50 (m 3ty BYFOPBIR =H). 62 (M 1H PhCOO p), 8.13 (rn, 2H PhCQO - 0)
Hydr oxyketoné & 3.  To a THE (1.3 nL) solution of 32 (P7 = BOM P L 3 = TS
S) (16.2 ng, 0.02

Kewone 3 2. To a soludon of beazoate 31 (P;.= BOM, P;;=TBS, R =H) (18 mg, 0.235 mmoie)
and 4-methyimarpholine N-oxide (18 mg, 0.154 mmole) in CHH2C4 (2.6 mL) at room lemperature
was added tezzpropylammenium perruthenate (6 mg, 0.017 mmole). The solution was stirmed at
room temperzture for 13 min and filtered through silica gel with 30 % ethyl acsate/hexane. The
filrate was concsnoated uncer radecsd pressurs w ylcld k=wobenzoare 32 (P; = BOM, P35 =TBS)
(18 mg, 100%).

32 (P, =MOP, P 3 = TBS): 'H NMR (300 MHz, CDCl,) 5 0.12 (s, 3H, TBS CH,), 0.16 (s,
3H, TBS CH;). 0.94 (s, SH, TBS t-Bu), 1.25 (s, 3H, CH; ), 1.42 (s, 3H, CHj ), 1.44 (s, 6H,
MOP CH;), 1.49 (s, 3H, CH; ), L.75 (s, 1H, OHI), 1.76 (m, LH, H6), 1.83 (s, 3H, CH, 18),
2.21(dd, J = 7. 15 Hz, 1H, Hi4), 2.25 (s, 3H, OAc), 2.29 (dd, / = 8, 15 Hz, lH, HI14), 2.61
(d, / =16 Hz, [H, H9), 2.74 (ddd. / =8, 9, 17 Hz, 1H, HE), 3.19 (s, 3H, MOP OCHj,), 3.20
(d, / =6 Hz, IH, H3a), 3.32(d, J = 16 Hz, {H, H9), 3.78 (dd. / =8, 10 Hz, IH, H7), 4.15
(d, / = 8 Hz, 1H, H20), 4.34 (d, / = 8§ Hz, IH, H20), 439 (d. / =9 Hz, LH, Hj), 5.04 (m.
1H, Hi3). 5.90 (d, / = 6 Hz, LH, H2), 7.50 (m, 2H, PhCOO -m), 7.62 (m, | H, PhCOO -p).
8.24 (m, 2H, PhCOO -0).

32 (P;=TES, Py 3 =TBS): 'HNMR (300 MHz. CDCl,)  0.12 (s, 3H. TBS CH,). 0.16 (s,



mmol) at -78 ' C was added 4 equival ents of a 0.24Mt -BuOK sol ution i nd fiAN 2004
(0.33rn[., 0.08 mvo!.). The solution was warned to -20 'C for 40 m n and
then briefly warmed to 0' C before being cannulated into a 0'C THE (1.3 nl)
suspensi on of benzenesel eninic anhydride (57 ng. 0.16 nmol.). The reaction
was stirred for 40 mn. at O 'C before being diluted wwth 20 nL of ethyl
acetate and poured into 50 nL of aquecls saturated NaHCO03. Tnc organic

| ayer was then washed w th 50 nL of aqueous saturated Na2Sz03 fol | owed by

50 nL of aqueous saturated NaHCO3. The organi c Layer mas then dried with

Na, SO41 filtered and evaporated to give 18.8 ng of the hydroxyketone as an
oi |l . To SHIABY QHP. MHEp (sdmﬁi&mﬁfi mC&JMd@a6®Wdox>8IééL@ 5&33)1@94/\65 2

f‘fé’*“f{"%id%&@ﬁﬁ oo itte. 3. T8 Gk, V246 3feftio)obTh kb 6h. GHojshed
AcOH. F

it ed PO AE B B G0 130t PR HE BRI E %%n[%ﬁ%b%-co LS
sat ur at eQSW@ﬁGHIIﬁe’Gr(ﬂa!HOOAQB{PV@E {daenp sislﬁchmmma@ 43 (ddd, S =gnd

evaporated to give 18.6 ng o ayelowsolld whi ch was then pl ug filteted
t hrough <, 7 &, 48l H&, 2158 ek ét=hy‘f Hzatidt B 3H6Xdnks § BE| GhedBdly 33WAder hy 17
acct at el hcxancs to Y } of 33 (P7 = BOM _Ptl_ = _TBS) (96%yvyield).
33 (P7 = j%§9 P 2@3&‘&@64@ @Hﬂ\h%ﬁéﬁ%?-@-“ 1Y =883

S G 1%5%@*3’)89 &% ﬁsﬂm?&g}ﬁsf i Re ] Rt e

18). 1. SQm(MOPthO?mﬂ? 61}, 1}&%@0@19)13413 (rhiﬁm. PRERY -Hd, J = 2.0 Hz, 3H,
CH3 18), 2.14 (dd, 1= 8.6, 15.4 Hz, 1H. H 140), 2.21 (dd. 1= 8.9, 15.4 Hz,

1H H Malt_(?; ?s = TBS):ALY, NME_lKGOQNHi:.GDElﬁ 50:16. (g,, SHATi_isrﬁl:I;].H,.im. a) .
230 (aat 135 Wit RS Be i e s Iy o PR 147 e G B L 4be o)
(130 s A H g B0, 19 sH0 gt T ot o8,

2.1, 9.61l57Hz| I, I-E&:)z;._l?gdﬁ.lf (=Olch 90 Hz.ZIH H84@ 2&6% NLZOA&H) Ii.giimd,J 5.35
(d, J = 2_4 Hz. 0a) &_[ 6.9 Hz. Eg 3 (m 5H

15.0, 8.0 Hz. IH. H14cr.). 2.72 (m. 1H, Hﬁa). 275 (d, J= 16 I-iz. IH, 90:). 3.18 (d, I=6.5

Hz, 1H, H3a), 326 (d, J =-16.5 Hz, H9a), 3.65 (dd, J=9.0, 75 Hz, IH, H7a), 4.15d, /=

7.5 Hz, 1H, H200), 4.34 (d, /= 7.5 Hz, 1H, H20«), 4.61 (d./ = 12.0 Hz, 1H, PhCH,0), 4.72

(d, /= 12.0 Hz, 1H, PhCH,0), 4.81 (d, /= 7.0 Hz, IH, OCH,0), 4.92 (d, / = 7.0 Hz, |H,

CCH,0), 493 (brd, /= 6.5 Hz, 1H, HSa), 5.05 (br¢, /= 6.5 Hz, 1H, HI3B), 591 (d. /= 6.0

Hz, 1H, H2f), 7.28 (m, 1H, PhCH,0), 735 (m, 4H, PhCH,0), 7.50 {(m, 2H, PhCOQ -m),

7.62 (m, 1H, PhCOOQ -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 2 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 2 0°C THF (1.3 mL) suspension of benzeneseleninic 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,5,0y followed by 50 mL of aqueous saturated NaHCO,,.
The organic layer was then dried with Na.SO,, 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



phCHt), 7.49 (tt, | = 1.7, 7.9 Hz, 2H, PhCOO -m), 7.61 (tt, J = 1.7i\d736
Hz, |H PhCOO -p), 5.10 (dd, J= 11, 7.9 Hz, Ph COD -0). 3 3 (P7 = nopD JAN 100
13 = TBS): tH NVR (300 MHHz, CDCI3) d 0.13 (s, 3H, TBS CHI). 0.15 (s, 3H,
TBS CHI), 0.95 (s, 9H, TBS t-Bu), 1.00 (s, 3H, CH 16), 1.09 (s, 3H CH

17), 1.23 (s, 3H, MOP CH3), 1.37 (s, 3H, MOP CH), 1.58 (s, IH OH), 1.79
(s, 3H CH3 19), 1.90 (ddd, | = 2.6, 88. 13.7 Hz, | H He0), 2.04 (s, 3H,
CH3 18). 2.13 (dd, J = 8.8, 15.5 Hz, | H, H 4p), 2.22 (dd, J = 8.8, 15.5
Hz, |H, Hlda), 2.29 (s. 3H, OAc), 2.79 (ddd. 6.3. 9.9, 14.8 Hz. IN, He4
3.17 (s. 3H. MOP OCH3), 3.90 (d, | = 7.1 Hz, 1H. H3a), 4.16 (d, J = 8.2 Hz,

| H. H20a) . 2d4ePG 3 ehl. of 20.2402 sbbucad bF » BdX (o lrg=c88 Hz. .l H,  _H0a)
4.41 (dd, J = 6.6, 11.0 Hz, I|H Hra), 4.(8?8?@”?‘ :782.C2,I%§.r5“°ﬁ2',‘ wagysured
Hoct:), 5.393nindwd.then &2 mi ofg QIMAPA@E/FRF sbiblioHk28)dde® :2F8(°eh 2rd 5704 2 Z

|H, Hl0a),—~5.60 (d. J,= 7.2 . He, |H H2 3), 7.48 (t, J = 7.7 Hz, 2H :
PhCOO- ) , ‘f‘.‘é‘?“f"g“: w3 dilured Nigh 2Q mi. ofpsthybas=yis andg wpg pperedine 50 MLHE aqdieogs? 6
JAN 2004 %6nRhePRHT0-. . ] (9. soJ utiion at 33 (P7 =
BOM P13 = TBS) (15.9 f}‘g‘,&%&’%‘é‘% lay}n%"% A 4l s 1\?"339%5"6}.2’6‘? SrRAeho gigam
zer nper smilé.owag aiddpdlieic ablic veithy drak deen( @8s Ifilterd: Aumgﬂomac@?gl LA §£action
stirred 19 h- The m3)<tlure was then diluted with 20 rnL of ethyl acuf e Mend
pour ed i nfFBYhRSSpHowRRy A0 % vk aseahbercas givEnS Smgahi3a {FyeBONRP, dLi ed

Wi th Na2Segy ol §; d and evaporated to give 18.1 ng of crude product”The
mat eri al vvas)|(ol ug"‘??ﬁtered t hrough silica gel with 20% et hyl

s o nShme oy Yo gt L g PR )

1.4 I e LS OK0S RS T 8L ML b SR g

2T T8 T PR B OB ke 6B e 190085 i = 2, 100G 1 810z A

15.1 tz, LB a3 onfs b ARBA e ¢ Aka 1o e, Mbfly, 24 Gage

| H. Heac)8.93lByHedlH, Hlda), 2.29 (s, 3H, Ac), 2.70 (ddd, / = 6.5, 9.6, 14.4 Hz, IH, Héa), 3.93
(& /=85 Hz, IH. H3a), 4.17 (d. /= 8.6 Hz, 1H, H208), 428 (¢, /= 2.4 Hz, 1H, OH10p ),
431 (dd, /= 65,7124 Hz, 1E, HTa), 432 (d, /= 8.6 Hz, IH, H200), 4.45 (d, / = 122 Hs,
15, PaCH;0). 4.60 (4. /= 122 Hz, 1K, PhCH,0), 4.60 (d, / = 7.3 Kz, 1K, OCH,0), 4.73 (4,
=73 Hz, 1H. OCH,0), 4.97 (dd, J = 2.1, 9.6 Hz, 1H, HSa), 5.01 (ddd, J = 2.0, 8.6, 8.9
Hz, IH. HI3P), 535 (d, /= 2.4 Hz. 1H, H10a), 5.64 (d, J = 6.9 Hz, 1H. H2B), 7.3 (m, 5K,
EnCHy), 7.49 (1. / = 1.7, 7.9 Hz, 2H, PhCOO -m), 7.61 (tt, S = 1.7, 7.6 Hz, 14, PRCOO
8.10 (dd, J = 1.2, 7.9 Hz. PhCQO -0).

.p)r

33 (P, =MOP, P (3 = TBS): 'H NMR (300 MHz, CDCly) & 0.13 (s. 3H, TBS CHy), 0.15 (s,
3H, TBS CH,), 0.95 (s, 9H, TBS t-Bu), 1.00 (s, 3H, CH, 16), 1.09 (s, 3H. CHy 17), 1.23 (s,
3H, MOP CHy). 1.37 (s, 3H, MOP CH,), 1.58 (s, 1H, OHL), 1.79 (s, 34, CHj 19), 1.90 (ddd,

= 2.6, 8.3, 13.7 Hz, 1H, H6B), 2.04 (s, 3H, CH,; 18), 2.13 (dd, / = 8.8, 15.5 Hz, lH,

Hz. IH. H6a), 3.17 (s, 3H, MOP OCH,), 3.90 (4, / = 7.1 Hz. |H. H3c), 4.16 (d, J = 8.2 Ha.
LH, H20@). 4.25 (d, / = 2.2 Hz, 1H. OH4), 4.32 (d. / = 8.8 Hz, 1H, H20B), .41 (dd. / =
6.6, 110 Hz, IH. HTa), 4.94 (dd. / = 2.2, 9.9 Hz, 1H. H5c), 5.03 (ddd, / = 1.1, 82 8.8
Az IH. HI3). 3.20 (4, / = 6.2 Hz, 1H, H10), 5.60 (d, J = 7.2 Hz, H, HIP). 7.48 (¢ / =
7.7 Hz. 2H. PaC0O0-m), 7.61 (1, / = 7.7 Hz, |4, PhCOO -p), 8.10 (d. /7 = 7.1 Hz, 2H,



1=7.0 Hz, 1H, H3 a). 4.15 (d, J= 8.2 Hz, 1K H2013). 4.24 (dd, J= 6.5, 1(5 GAN 2004
Hz, |H H7a), 4.31 (d. | = 8.2 Hz, 1H, H20cr), 4.44 (d, | = 12.0 Hz,
PhCHZO), 4.68 (d, J = 12.0 Hz. 1H, PhCU20), 4.85 (s, 2H, OCH O. 4. 95 (dd

J =21, 9.8 Hz, 1H. H5), 5.65 (d, J = 7.0 Hz, IH H2P), 6.39 (s, 1H,

H10oc), 7.30 (m 5H, PhCH2), 7.49 (tr, | = 1.4, 8.2 Hz, 2H, PhCOO -m),

7.61 (tt, J = 1.4, 7.2 Hz, Ili, PhCOO 7¢), 8.05 (dd, J = 1.2" 8.2 Hz, 1H,
PhCOO -0), IR (CHC13) v 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379,

1250, 1100, 10620, 860 tzar 1. 34 (P7=P1 J=TES): L H NMR (300 MHz, CDC13) 5
0.57 (g, bheO@-of. Hz. 6H TES CH2), 0.67 (g, J = 7.7 Hz, TES CH2), 0.92 (t,

J =7.7 H, 9H, 'TES CH3), 1.01 (t, j = 7.7 Hz, 9H, TES CH3), 1.11 (s, 3H

CH3 17), 1.19 (s, 3H, CH3 19), 1.61 (s, IH OH), 1.67 (s, 311, CH3 16),

1.86 (ddd, J =_2.2. 10.4, 14.3 Hz, |H H65), 2.11 (d, J = 1.1 Hz, 3H, CH3

18), 2. 12Ae=mr= i, Tomnmmncz(m ls) sabijon@E31(Py,= BOM, Pdds TBS) (158, md,0.92 He,

o oy 3. BEapand DREAR T2 i, o i af oS et s Sl o s diBbpL
4,30 (9 Qe byPyfne Kbiok 2084 19yl B o BeBendh il e SRt
= 6.6 Hz, andigourd ﬁndm\hﬂméqﬂc&uw@mx-ﬁ-r@&ébm g)liﬂqg%h' wis dded(ith Na;ﬁ& 1

Hz.2HPhCOOr’r).760(t,J:71HzP d, J =
PhCOO - o)t'ﬂwmdaqndmomcé@l give & 1 ong of cudeRoductB il ot &iat w'EES)ug(ﬂI&'t:'ﬂ thigpugh

o U1 i orRick gl 209 et Zedil e ¥, BEGE S me of 34 (B £-BQM Pygr TRS) (WOFas

rnnoi c) yadidy, 0am tenperature under nitrogen atnosphcre. The sol ution was
srr:cd for 40 min, diluted with ethyl acetate, poured into 20 nL of a
sat ur at ecﬁda@;ecﬁ@Ml\BﬂeﬁB'%hl LEET*&dRa(B\@D M CDEG) 101K (s.GHZI'ES M)t (& (s8R, The

inder r e Hepr LG 81 FB5 G BE 7 o Hal Fail Dy bi dov B CHniifhH 406, ?f'n

1o o o ST ) A PR e

(3 55). 3H, CH, 18), 2.17 (dd, J = 8.6, 15.1 Hz, 1H, K14p), 2.19 (s, 3H, AcO10), 2.24 (dd, J = 8.6,
15.1 Hz, 1H, Hl4a), 2.28 (s, 3HE, AcO4), 2.88 (ddd, / = 6.5, 9.8, 14.7 Hz, 1H. Héa), 3.87 (d.
J=7.0 Hz, H, H3a), 4.15 (d, /= 8.2 Hz, 1H, H20p), 4.24 (dd, J = 6.5, 10.6 Hz, [H, H7a),
4.31 (d. /= 82 Hz, 1H, H20a), 4.44 {4, J = 12.0 Hz, 1H, PhCH,0). 4.68 (d, J = 12.0 Hz,
IH, PhCH,0), 4.85 (s, 2H, OCH,0), 4.95 (dd, 7 = 2.1, 9.8 Hz, 1H, H5a), 565 (d. 7= 1.0
Hz, 1H, H2B), 6.39 (s, 1H, H10a), 7.30 (ri’l. SH, PRCH,), 7.49 (u, J = 1.4, 8.2 Hz, 24,
PRCQO -m), 7.61 (i, /= 1.4, 7.2 Hz, 1H, PhCOO -p), 8.05 (dd, J = 1.2, 8.2 Hz, 1H, PhCOO
-0), IR (CHCl;) v 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379, 1250, 1100, 1020, 850
ar!.
34 (Py=Py3=TES): 'H NMR (300 MHz, CDCly) 5 0.57 (q, / = 7.7 Hz. 6H, TES CH,), 0.67
(. / =7.7 Hz, TES CH,), 0.92 (1, / = 7.7 Hz, 9H, TES CH,), 1.01 (t, J = 7.7 Hz, 9H, TES
CH;). 111 (s, 3H, CH; 17), 1.19 (s, 3H, CH4 19), 1.6 (s, 1H. OHL), 1.67 (s, 3H, CH; 16),
1.86 (ddd, J = 2.2, 10.4, 14.3 Hz, [H, HEB), 2.11 (d, J = 1.1 Hz, 3H, CH; 18), 2.12 (m, IH,
H14[), 2.17 (s, 3H. QAcl0), 2.23 (dd, / = 7.6, 149 Hz, 1H. Hl4q), 2.28 (s. 3H, OAcd),
151 (ddd, J = 6.9, 9.6, 14.3 Hz, 1H, H6a), 3.82(d, / = 7.2 Hz, 1H, H3a), 4.14 (d, J = 8.3
Hz, IH, H20(), 4.30 (d, / = 8.3 Hz. IH, H20c), 4.48 (dd, J = 6.6, 10.4 Hz, 1H, H7a), 4.92
(dd, S = 7.7, 8.8 Hz, |H, H5a), 496 (d. 7 =82 Hz, lH, H13p), 5.63 (d, 7 = 6.6 Hz, 1H,



35 (P7=BOM) np. 224-225 'C, tH NMR (500 MHz, CDC13), 8 1.08 (s, 3H,
17), 1.18 (s, 3H, Ch3 16), 1-61 (s, 1H, OH), 1.77 (s, 3H C'H3 19) . L 42004
(ddd, J = 2, 10.5, 14.5 Hz, |H He0), 2.02(d, J = 5 Hz, 1H OH13), ? 10

(d, | = 1.5 Hz, 3H CH3 18), 2-30 (s, 3H, AcO, 2-73 (s, 3H AcO,
2.27-2.29 (r.,, 2F Hl4), 2.89 (ddd, | = 7, 10, 16.5 Hz, IH, He a), 3.94 (d,
| =7 Hz, IH H3), 4.16 (dd, | =1, 8-837Hz. | H H20(3), 4.24 (dd. |= 6.5,

10.5 Hz, 1H, H7), 4.31 (d, J = 8 Hz. IH, H20a), 4.45 (d, J= 12.0 Hz, IH,
OCH2Ph), 4.67 (d. J = 12.0 Hz, 1H, OCH,Ph), 4.84 (d. J = 5 Hz, I|H,

OCH 10), 4.86 (d. J = 5 Hz, 1H OCH20), 4.87 (m IH, HL30), 4.95 (dd, | =
2.0, 9.5 He)l6.4MHs, HR, HI0aE.769 (o =J7.EHE. B, PHCGO -h357.60 6, 40=(5s] Bt PhCOQ
H10a), 7.30 (m 5H, PhCH, ). 7.48 (m 2H, PhCOO -m), 7.61 (m 1H, PhCOO -p),
8.10 (2H,-P)t%l0 Ehéoo1djz PhEEONRR (CDQI3) 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, 1 13 a4 7 3)
V1720, A% S o B Beu U S et me G008 A EY TN

66. 09: H.wi.ad8ed d-aQiid-hFamida)sufoniamgifluntdatmetbfisie RO ASECETi mg, 10l 134 hbole
(13.2 ng, 0.018 nmal) in 0-25 nL of Trl._F at -45 C was added dropwi se 21 L
of a 1. osnwprrsesmﬂﬂsﬁ‘ gder flttrﬁmﬁﬂsp@@m e BRIREG Was) swieed dor {0 mmmmluted wish | h

t -45 C

oyl - 3 (HR M %ﬂvoxy h) 26 E da Buraied spysns NHORG SR g Gageban
mol) in &8h Mo B Iae RURRd Hropit HRascOnieridd awrﬁhva’msw,sb
warmed to 0 € and kept at that terrperature for I h before 0.2 nm_ of 8

sol ut i on coficcAT@E inder TEECIpsessutel tgiveT. h:emet prle yellosv mbrwiiieh waciltdret uhmmgn

sat urat ed aqueaus NaHCCB % et ace xane. oratlon of
he. or garfiBUPEGHR GAVETRIT SATA SR FIES AL TedBg= o EPRRBHES Pagh

silica gel ¢ Qg @ag) $O7-BOM AT (3L de (2'R 3'S)-2"-tricthylsilyl-7-BOM taxol.
To a sol utlon of 2%) 2 mg (0.0 8 mmol) of (2'R 3 S)-2' -triethylsilyl-7-BOM
taxol i n 3% @,#BOM)f mpcidelnSt™Cl |18l MR (350G Mz, D), inLCiﬁe(saBHOG{; Wsl.agdgd

0.10 niL of 489 F..T. C f h and
Uhen par PbiCHotP o bEMBEr Pl (ooGHs 3511 i o Raf SaitsS He. TH.

H6B), 2.02(d. / = 5 Hz, 1H, OH13), 2.10 (d, / = 1.5 Hz. 3H, CH; 18), 2.30 (s, 3H, Ac0O),
228 (s, 3H, AcQ), 2.27-2.29 (m, 25, H14), 2.89 (ddd, J = 7, 10, 16.5 Hz, 1H, Hba), 3.94 (d,
J =7 Hz, IH, H3), 4.16 (dd, / = 1, 8.5 Hz, 1H. H20p), 4.24 (dd. J= 6.5, 10.5 Kz, IH, HD),
4.31(d, /=8 Hz, 1H, H20«), 4.45 (d, /= 12.0 Hz, 1H, OCH,Ph), 4.67 (d. / = 12.0 Hz, 1H,
OCHj3Ph), 4.84 (d. /= 5 Hz, 1H, OCH,0), 4.86 (d, J = § Hz, 1H, OCH,0), 4.87 (m, 1H,
H13p), 4.95 (dd, / = 2.0, 9.5 Hz, 1H, H3e), 5.63 (d, J = 7 Hz, IH, H2B), 6.40 (s, IH,
H10a), 7.30 (m, SH, PhCH,), 7.48 (m, 2H, PhCOOQ -m), 7.61 (m. I1H. PhCOQ -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,

427, 473, 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, [38.0, 144.4, 167.3, 169.8, 171.0, 203.0.
IR (CHClg) v 1720, 1460 cm-!. Anal. Caled. for Cy9H440;4: C, 66.28; H, 6.56. Found C,
66.09: H. 6.59.

%

7-BOM-Taxol. To a solution of 7-BOM baccatin [T (3 5) (13.2 mg, 0.018 mmol) in 0.25 mL of
THF 2t 45 C was added dropwise 21 puL of a 1.03 M solution of tithium bis(mimethylsily)amide
in THF. After I ac -45 C. a solution of (S)-cis-l-benzoyl-3-aiethylsilyloxy-4-azetidin-2-one (15



ethyl acetate. Evaporation of the ethyl acetate solution gave 17.7 ny gf 0
material which was purified by flash chronmatography to give 15.4 ny z 6%” 004
of 7-BOMtaxol. 7-BOM Taxol: mp 169-172 'C, 1H NWR (CDCl 3. 300 MHz) 5 8.11
(d, J = 7.1 Hz, 2H, benzoate onho), 7.76 (d, J=7.1 Hz, 1H, beazsm de anha ),
7.61-7.26 (m 11 H aromatic), 7-06(d, J =8.8 Hz. 1H, NH), 6.33 (s, 11-,
H10), 6-17 (dd, J = 8.8, 8.8 Hz, UH, H¥8), 5.79 (dd. J = 8.8, 22 Hz. 1H,
H3'), 5.67 (d, J = 6.6 Hz, 1H, H2b), 4.91 (d. J=8.8 Hz, 1H, H5),

4.87-4.77(m 3H, H2 OCHZPh) 4.67(d, J=12 Hz, OCHZO) 4.43(d, 1=12 Hz,

OCH20), 4.30 (d Hz, IH,_H0a), 4.19 (d, J 8.2 Hz, IH, H20b)

4.15 (m | HE.HA39 @m?k) I('@JJm.L- & BHF Mas 1dd4d dBdwis8 (6 1he( mixtire. Al solfstiohHvas

TOR), 2.85 3H, 4A 1.30 2H, H14 2.19 ,

00 oney et B "R ket st oo Tempiraner d5¢ Ik bt 98 Wi o) O Ps6hziopt AR in

I , 1.19 lcd, f Ch5

69-|)20 H, gmi?é aggél}]%%ﬁ%aﬂé ‘g’z‘)"ﬁ“ﬁ@ﬁi"e 23 sy ﬁ”é%é%gﬁ@&gn"g@fmdﬁﬂd
b Ev w

oy o b erane, Sy filond i drednie BN AVEH iyl whRAURIERZEN Bhbton

et hanol ( Otwough sificage! Wigiver28me oficmiia (ARG SM’smee;fylsuylem.Bfmﬂ &BL.rai n under

hydr ogen a t hen red t hrough silica eluting with ethyl acetate.
The sol ven ﬁégiug%ﬁtl’éﬁé’éﬁ {48, mmeh) LRféaR-fp‘?)e%@m!byiﬁléﬂgT-B@Mmglmg)bhﬁ ol

(oD, a5 . el 3R dhicns cypllcelle 7031 LE0 SR Sk Al i e clrsy 5
1. 15 (s, 3Hvadfed 6)0 ClLfc24 hiand &Hfm@b&dﬂ)wc--lsé&a&& %ﬁ%@%ﬁ#

1H. OH), 1,79 (s, 3H CH3 18 90 (ddd, J= 14.6
2.3 Hz, | ®hylasemte. Evagongon sﬂrhcmmo;;me sBRiripd gavel 1-#15ng4pf Pl whichHvasH

400 12, o oy o S gl 5 80 o St o O 52 5,

‘éHé’oS) “24 Dotk me 1012 LSRR MR (B M Bt @ 70 Thaduy

a), 4.8l ( bidzoake ortf5),07.78(8, 1.1 Hz Hi2behedmBR (Sho)y; 105107 28 (B, HA: B Bromaric),
1.06(d, /= 8.8 Hz, 1H, NH), 6.33 (s, IH, HI10), 6.17 (dd, J = 8.3, 8.8 Hz, IH, H13), 5.79
(dd, 7 = 8.8, 22 Hz, 1H, H3), 5.67 (d, / = 6.6 Hz. IH, H2b), 4.91 (d. J=8.8 Hz 1H, HS),
4.87-4.77(m. 3H, H2', OCH2Ph) 4.67(d, J=12 Haz. OCH20) 4.43(d, J=12 Hz, OCH20Q), 4.30
(d, /=82 Hz, LH, H20a), 4.19 (d, / = 8.2 Hz, IH, H20b), 4.15 (m, 1K, HT), 3.70 (d, J = 6.6
Hz, 1H, H3), 3.61 (d, /= 2.5 Hz, IH, 2'0H), 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. Mel8.Mel9), 1.72 (s, 1H,

1QH), L.19 (br s, 6H, Mels, Mel7). Anal. Caled. for C5sHs90,sx0.5H,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 cthanol (0.6 mL) saturated with
hydrogen at room temperature was added a soludon of 7-BOM-taxol (14.4 mg, 0.0148 mmol) in
cthanol (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 0 give [1.9 mg of wxol (94%) as colorless nezdles, which exhibited spectra identical
with an authendc sample of wxol.

Taxol: mp. 210-212°C, 'H NMR (500 MHz, CDCly) & 1.15 (s.3H, CH4 16), 1.24 (s, 3H,
CH, 17), 1.68 (s, 3H. CH, 19), 1.75 (s, 1H. OH), 1.79 (s, 3H, CH, 18), 1.90 (ddd. /= 14.6,



H5a), 5.69 (d, J = 6.9 Hz, | H H2p). 5.81 (dd, J = 8.7, 2.5 Hz, | H 76 JAN?

H3'), 6.25 (dd. J =S.9, 8.9 Hz, | H HL3p), 6.29 (s, IF, H 10a), 6.98 (d,

J=8.7 Hz, IH NH),7.37 (m IH PhCON -p), 7.46 (m 9 H Ph 3, PhCOO 2

-m PhCON -n), 7.62 (m IH PhCOO -p), 7.76 (hr d, J =3.7 Hz, IH PhCON

-0), 8.16 (br°d, J=7.3 Hz, | H PhCOO -0). IR (CHO3) u 1730, 1650 err- 1.

10-Dear _-yi bac on Il (3 6). To a nixt’dre of ketone 3 3 (P7 = MOP, Pt3 =

TES) (122 ng, 0.003 tnraol) in pyridine (30 L, 0.36 mvl) and ac tanitrile

(20 pL) at 0 'C was added 48% aqueous HT (12 p I, 032 tanol) and the
eraturc_and stirred for 36 hours. The

| ut i t . t, ¥ ]
o xtur o wnd Lo e B e 18 & nEL B CHOM A SE bk it e h D bise A iAo, R3S
t f I | Rtsng: , ted -7 d 20 nL
Sthyl ot b yEs, S0 RN 3G " Ol S TS SR 50 . By

acet ate an(fdiye=00.04RI6E 5 Aie1H, WMo, Lo Nek o fri gd owahh sNBLE 5 § 'LH ﬂ’_{eg,
it ffle

and concentrated to gi ve 2.7 of a yellow oil. The material Was

by plug sififeh g8 (&dmdhHant aphy (thy/ €8.6tHnd Ki HR0A), 509 @idhyy=11,g
acet at e/ hexan noxtur fqgld.0 by_ethyl acetate to give 1.5 ng of 3 6,
which exhi Bt i H c%aﬁﬁéﬁtélé\g‘fgv{dﬁ%ga%gﬁﬁ At L) S8 ot LD TNz, 11,
Bacntin | Ifs54)3 549 (dJ 9 =& kXt fay K A4 LR/ T w1 ,,,0.003
mol ) in pyr i)(?j,i ne ((d’SO 1%. gré@n?%gl)')ﬁgﬁg@dac%é'tdgoiﬁ%jr HZENQ(D}}ZO}((E)) atggddd-dﬁv&&
added 48%%¢Heolsi, H3GL2..20 (s, 0H3HA 10m)] §.9820ds £ g B2l 1ut.ilom). 183 D8R \pg&ﬁg{i
to roomten*)eyr ture9 n? ts};irred for 36 hours. The m xture was t hen diTut ed
with 2 - e'%h(sﬂ' acet htfe FGPPEUradPrGONom, E6pdmat Hi PhEDGh), T08YbE 4i Ng
30 nmL of U S t n e acgct he aqueous

| ayer was %)% rﬁg'c%dﬂiéww%esgvisf 1@%%{93@5%% fgg%é?a‘% gmgaflﬁb)d%b 49 $630

| avers weraariconbi ned, dried with Na,50,t, furthered, and concentrated to

give 2.7:nmg of a yellowoil. The material was purified by plug silica gel
colum 2 JAN 1004 80 chromat ography by cluzing with an et hyl

6

acetate/h ' 1 [ 1..7 nmg of 3 7. which _exhibited spectra

i denti cal Ei\E/S'vi t % o aué ﬁllgl:r[\ft @cﬁq‘sfﬂﬁluﬁxﬂf" ‘lgiﬁ@aﬁa(ﬁ’ﬂTMQﬁERﬁFm@Em.ﬂom
mmol) in pyridin; (30 puL, 0.36 mmol) and ac=tonimile (20 pl) at 0 °C was added 48% aqueous

HFE (12 pL 032 ﬁmmi) and the soludon wasr then warmed to room temperarure and stirred for 36
hours. The mixture was then diluted with 2 ml of ethy{ acztate and poured in to a separatory
funnel containing 30 mL of agueous samrated Na,C0; and 20 mL ethyl acstare. The aqueous
layer was extractzd twics with 20 mL of ethyl ac=race and the organic layers wers combined, dried
with Na, 50y, filtered, and concenarated 1o give 2.7 mg of a yellow oil. The material was purified
by plug silica ge! column chromatography by eluting with a 50% ethy! acetate/hexanes mixture

followed by ethyl aczuate to give 1.5 mg of 36, which exhibited specma idendeal with an authende

sample of 10-DAB.

Baccaein T (37). To 2 mixmure of k=tone 34 (P7 = MOP) (2.1 mg, 0.003 mmol) in pyridine (30
uL, 0.36 mmol) and acztonimiic (20 pL) at 0 °C was added 48% aqueous HFE (12 pl., 0.32 mmol)
and the solution was then warmed to rogm tempenaure and stirred for 36 hours. The mixture was
then diluted with 2 mL of ethyl acetate and poured in to 1 separatory funnel containing 30 mi of
aqueous saturated NayCO; and 20 mL ethyl acerate. The aqueous layer was exracted twice with

20 mL of ethyl acztate and the organic layers wers combined, dried with Na,SQ,, filiered, and

concenmrated to give 2.7:mg of a yellow oil. The material was purified by plug silica gzt column




Hydr oxyket one 19. To a vi gorously stlrred sol ution of ketone 18 (P7=MOPX JAN 2004
(181 ng, 0.265 nmal) in THE (22 nl) under nitrogen at -78 'C was added
d=opwi sc down the side of the flask 2.13 nL of a 0.2 Msolution (0.426

mmol ) of LDA in THE After 10 thin, a solution of 116 ng of

(S) - canphor sul fonyl oxaziridine (116 ng, 0.396 mmol) in 1S nL THE was added
dropwi se down the side of the flask. 8fhe reaction m xture was cooled to

.40 'C and, after stirring | h, 2 nlL of a saturated aqueous NaHCGO3

solution was added The reaction m xture was diluted with 50 nL of 30%

ethyl acetate in hexanes and washed with 20 nL of a saturated aqueous

NaHCO3 sQ [ - LREr
under reduceh“ E gﬂﬂbgﬁlu%ﬁ%vﬁ{he@ IW% '%El}ﬁ&%&qﬁ xyﬁeregw?ﬁ-{)ugg %l?gﬁg
with 30% eijﬂMlcd idendcl Wik aNRfhcAREsIGRRGEBId=REETL.t 0  gi ve 210 ng of a

colorless oil. This material was purifiéd by radial chromatography, eluting
with 25%ethyl acetate in hexanes to yield 150 ng (81% 5 p-hydroxykctone

19 as a white solid, 15 ngy 8% Seg g ketone 18 and 10 ng (5%
of the correspondi ng 5a- hydr oxykg'isaéI Cf{‘ﬁg : 2H NWVR (500 MHz, CDC13)

TES ory  BydyRdine ) Tox yigpofsly Yiked i 'dt k%mg‘ £ Mo ity ﬂaﬁ%s
(s, 3H, ChlmolSh THE @2 tﬁ.E.) wder n@ﬂlgcﬁ-Zt)-Tl'B ¢ ds ddled a.lﬂpm&@ thc]suﬁ%f(dfe ﬂ.ﬁt‘
MOP CH3), 1.43 (s, 3H, 7 (dd. 1= 5.0, 14.7 Hz, 3,

1.87 (m mnﬂﬁqf)aﬂl&lmmu@d(ﬂo 426 mxmw&ummmmmm, uaaun@cmom&aﬂgo@
Hz, 3H, C@QS) ? g 14. 7 Hz, 1H, HOct .55 (dd, J = 9.2,
15. 1 Hz, iﬂnzoreﬂma&ﬂj my 0396 mmol) 1 15 1HG§§°5 dropwise s,

20 "5 e o e o ot i P ool (0 o e g

1H, HS a) mL4f46anradd aqul:oes NaHCO{ sdtutibn wdshdddd] G@g r:nﬂu&ﬁmbdlmzlwas dBufed bach in
H213), 4.63 (dd. | = 8, 9.2 Hz, 1H, H133). Ketone 2 0. To a Vi gorously

stirred sobuwfiiof %YWH‘}E?@W%@MW@S*M Wity 20voh) ot‘(mz@uwgcd aquegeNAHED); i n

0" C 2 6 S0 B ared By At o Feneear ol R sty e

After 0. Sreluiridd6il #EPGkdrchdughY(iRa YeBwith 30% cthyl acetate in hexanes and cam::mmcd to
give 210 mg of a colordess oil. This material was purified by radial chmmamgra.phy, elutng with
25% ethyl ac=tate in hexanes to yield 150 mg (81%) 5p-hydroxyketone 19 as a white solid, 15 mg

(8%) rerurned starting ketwne 18 and 10 mg (5%) of the corresponding Sa-hydroxyketone.

19 (P,=MOP): TH NMR (500 MHz, CDCl,) § 0.08 (s, 3H. TBS CHjy), 0.12 (s, 3H. TBS CH;),
0.62 (q, / = 8.2 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS -Bu), 0.96 (¢, J = 8.2 Hz, 9H, TES
CHy), 105 (s, 3H, CH; 19), 119 (s, 3H, CH, 17), 1.33 (s, 3H, CH; 16), 1.35 (s, 3H, MOP
CHy), 1.43 (s, 3H, MOP CH,), 1.67 (dd. J = 5.0, 14.7 Hz, LH, H9P), 1.87 (m, 1H, HEP),
2.12 (dd, J = 4.1, 15.1 Hz, 1H, Hl4a), 214 (d, 7 = 1.4 Hz, 3H, CH, 18), 2.23 (dd, J = 7.3,
14.7 Hz, 1H, H9a), 2.55 (dd, /= 9.2, 15.1 Hz, IH, H14p), 2.76 (ddd, /= 3.7, 7.3, 13.7 Hz,
1H, Hba), 322 (s, 3H. MOP OCH,), 3.24 (d, / = 4.1 Hz, 1H, OHS5), 3.28 (d, /= 6.0 Hz, IH,
H3a), 3.83 (dd, J = 3.7, 9.2 Hz, 1H, H7a), 4.06 (ddd, J = 4.1, 7.3, 7.3 Hz, 1H, H3a), 4.46
(dd, J = 5.0, 7.3 Hz, 1H., HIOB), 4.53 (d, /= 6.0 Hz, 1H, H2p), 4.63 (dd. / = 2.8, 9.2 Hz, IH,
H130).

Kewone 20. To a vigorously stirred solution of 5-hydroxy-4-ketone 19 (P;=MQOP) (420 mg,
0.602 mmol) in CH,Cl, (20 mL.) and wiethylamine (1.18 mL. 8.5 mmol) under nicogen at O °C



cucnched with 5 nL of a saturated agueous NaHCO; sol ution and extractﬁé N 200
with 50 rnj- CHCL,. The organic phase was washed with brine. dried rJA {
anhydrous Na2SO4 and concentrated undw reduced pressure to give 453 ngy

(98% of ketone 2 0 as a colorless oil. This mat.-.;al was used wi thout
further purification. 20 (P7=MOP): tH N, MR (500 MHz, CDCI3) 5 0.11 (s, 6H,
TBS CH3), 0.12 (s, 9H TMS CH3), 0.598lq. | = 7.8 Hz, 6H, TES CH2), 0.94
(s, 9H, TBS t-Bu), 0.96 (t, | = 7.8 Hz, 91j, Trb CH3), 1.23 (s, 3H, CH3
17), 1.32 (s, 3H, CH3 19), 1.33 (s, 3H, MOP CH3), 1.35 (s, 3H, CH3 16),
1.37 (s, 3H MOP CH3), 1.86 (m 3H, H63, H9a, 119(3), 205 (d, | = 1.4 Hz,
3H, CH3 1a&) ,ad:ﬁ:dﬁn(cm,yishlylcnmnacwﬁ A00akd,, 33 dol). 2A4kr uj d.h, Itherdkcodimixdid was
Hl4a), 2.59 (ddd, J:60 82. 14.2 Hz, IH Hoc), 2.84 (d, | =6.0 Hz, |H,

H3 a), 3.8teached Wy SgEpoiavispuratd squeopsfiaHEO ¢ sabudpn and exwngeed withiS0 RiL GRCL3. 94

dd, | 1, 8 (dd 8 103), 4.54
E d. | = 6+6° ﬂ%"%i Eﬁ“ﬁé”ﬁ)‘"@%}%‘ﬁﬂ}tgﬁm‘( Fd %"czl‘“?’é'“ﬁ’“f—«?z"igf ‘ﬁ&%@ﬂc“‘ %3 urgler)
T r c i H
1.7 P o o B S8 8T U

sol uti on Brﬁthmr(iga:rpumrmm (5 85 mml ). The reaction M xtur e was stirred
for 5.5 h pourea @ 100 rnL a_saturated agﬁeous NaHCO3 sol uti on and
XHPke

ext r act ed2iF1e WR&Q%M&O%CH Thdids. HeTBSHBhdL- I%r(ga?ﬁi,cTMS

iy e SRR R e D i A R AT
col or| essTES LH,Thizg amzqrcea! msmswm qf9241‘;3§€sh§f{ REOP IS %tk%?ésTﬁ-t;,L)

stirred solution of thetrlmathIsHy eth ng) in pyr|
and acet oHj if). d-7dsni, MAIF CH1G Wa6 (md3BAHEP A, HO B ma%(da.qﬂeeulst HE 3H.

sol ution f 2SS r|n .rai , resulting xture_was poured into
100 m of Ch: L% 393 @ TR eh " REPFEMD- ARG e Akt Hadl B VPR (ai e =
150 L pog.dipnsiof i3 HsEhe 2 | ped £hS W&

anhydrous Na, S04 arl;%H conc-eEr?trg?gg gndg?% Sge prgssl\aﬁegfg%@glcgﬁgg}%
of dial 2Xdd./ F6.G Uit Bri HE Hae), (B84 (ddww/ theul 8.0 4, e, HEd), 4idgalddon =25h 37

Tos i) g IphE 45ldr R0 o ulchg (66 Jom 8% S OFE HHGROR) 0. 93

(c. I =7.7 H, 9H TES

Diol 21. To a sdrred solution of ketone 20 (P;=MOP) (453 mg, 0.588 mmol) in THF (23 mL)
under nigogea at -78 “C was added dropwise 1.95 mL of a 3 M solution of MeMgBr in ether
(5.85 mmotl). Tne reaction mixturs was stirred for 5.5 h, poured into 100 mL of a saturated
aqueous N2aHCO; solution and exmacted with thres 100 mL portions of CHCl;. The combined
organic phases were dried over anhydrous N2,50, and conczatrated under reduced pressure to
yield 453 mg of the hydroxy wimethylsilyl ether as a colorless oil. This material was used without
further purification.

To a surred solution of the wimethylsilyl ether (453 mg) in pyridine (8 mL) and ac:tonitrilé (8 mL)
at § "C was added 0.8 mL of a 48% aqueous HF solution. Afrer stirring 20 min, the resulting
mixture was poured into 100 ml of a saturated aqueous NaFICOy solution and exmacted with three
150 mL portions of CHCly. The combined organic layers were dried over anhydrous Na.50, and
concenaated under reduced pressure to yield 422 mg of diol 2 1. This materal was used
without further purification .

11 (P;=MOP). 'H NMR (300 MHz, CDCly) § 0.08 (s. 3H. TBS CH,), 0.10 (s, 3H, TBS CH,4),
0.56 (q. / = 7.7 Hz. 6H, TES CH,), 0.90 (s, 9H, TBS t-Bu), 0.93 (. / = 7.7 Hz. 9H, TES



2 6 JAN 2004 82 CH3), 1.16 (s, 3H, CH 17), 1.25 (s, 3H. CH 16), 1.292(6 JAN 2004
3H, CH3 19), 1.31 (s, 3H, CH3 20), 1.38 (s, 3H MOP CH3), 1.46 (s, 3H MOP
CH3). 1.81 (d, J = 3.8 Hz. IH, H3a), 1.86 (d, | =9.9 Hz, IH HOP), 1.90

(dd, J = 6.1, 8.3 Hz, 1H, H9a), 1.96 (s. 3H, CH3 18), 212 (ddd, | = 3.3,

3.3, 10.4 Hz, IH, Hea), 2.30 (tn, IH H613), 2.42 (dd. | = 3.9, 15.4 Hz,

|H, Hlda), 2.61 (dd, J = 9.3, 15.4 HzB82lH, H14f ), 2.81 (s, |IH OH4), 3.04
(m IH OHS), 3.40 (dd, | =3.9, 15.8 Hz, IH, H7 a), 4.28 (dd, J = 6.6,

8.2 Hz, IH H1013). 4.62 (dd, | =1.6, 7.8 Hz, IH H 30). 4.66 (d, J =

3.8. 1H, H2f3). A=mr22. To a st ed solution of diol 2 1 (P7=MOP) (470 ng.

0. 66 mmoi )CH4). py&i(sli 318 B 21Nl 2s5und rege r e nafu
added acetlcﬁanhéﬁrl de ( ]2 73 m.) . (g:f ?gr G:IH[] @ p-’%rg r%g?t:]fl rq:p)e%%ltﬁfgwa\‘/\ggl
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CH3), 0.13 (s, 3H, _ TBS CH3), 0.59
OH, THS t (g, =3.935& HzJlK HT8), w.zs (cﬂtu Eﬁsss GBHz, IHIH108), 462 (d&;@ 17)¢

1.30 (s, ( CH3_19), 1.33 (s, 6H, CH3 20, MOP CFB),
1.41 (s, gg“ﬁ?@g}éﬁ) ﬁﬁséﬁi?f & IEREB,, H H3 a), 1.94 (m 2H HI,

Ho), 2.00 (d, J= 1.5 Hz, 3H, CH3 18), 2.06 (ddd, J = 3.9, 3.9, 11.7 Hz, IH,
Hea), 2.10 (s, 3H. OAc) 2.14 (dd. | = 11.7, 23.9 Hz, | H, Hef3), 2.38 (dd,
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bicarbonate solution. The aqueous phase was extracted with CHCly then the combined exmacts
were washed with brine, dried with Na;50, and filtered. Concentration of the filorate under
vacuum yielded 470 mg (94% Erom 2 0) of crude material which was pure acetats 22 by 'H NMR
and TL.C aralysis.
22 (Ps=Ac, Py=MOP): 'H NMR (500MHz, CDCl,) § 0.10 (s, 3H, TBS CH,), 0.13 (s, 3H,
TBS CH,), 0.59 (¢, /= 7.8 Hz. 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.95 (t, 7 = 7.8 Hz,
9H, TES CHy), 118 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 16), 1.32 (s, 3H, CH; 19), 1.33 (s,
6H, CHj 20, MOP CHy), 1.41 (s, 3H, MOP CH,), 1.91 (d, J = 3.4 Hz, IH, H3a), 1.94 (m,
2, H9, H9), 2.00 (d, /= 1.5 Hz, 3H, CH; 18), 2.06 (ddd, / = 39, 3.9, 11.7 Hz, IH, Héa),
2.10 (s, 3H, OAc), 2.14 (dd, /= 11.7, 23.9 Hz, 1H, H6P), 2.38 (dd, J = 3.9, 15.1 Hz, IH,
Hl4a), 2.63 (dd, J = 9.3, 15.1 Hz, 1H, H14(), 2.78 (d, /= 1.5 Hz, 1H, OH4), 3.20 (s, 3H,
OMe CH;), 3.38 (dd, /= 3.9, 11.7 Hz, 1H, H7q), 4.30 (dd, /= 4.9, 10.3 Hz, IH, E10p), 4.50

(ddd, /= 1.5, 3.9, 122 Hz, 1H, H5a), 4.64 (dd, J = 1.5, 1.5 Hz, 1H, H13p), 4.66 (d. 7 = 3.4
Hz, 1H, H2p).

Olefin23. Toa Stir}'cd solution of zlcohol 22 (Ps=Ac, P;=MOP) (26 mg, 0.034 mmol) in
CH,Q; (1.48 mL) and pyridine (0.37 mL) under sizogen ar 10 "C was added SQCI,(0.037 mL,

3.1 mmol) over a period of three minutes. The mixwre was warmed to room temperature and



Oefin 2 3. To a stirred solution of alcohol 2 2 (P3=Ac, P7=MOP) (26 N 2004
0.034 mnol) in CH2Cl _ (1.48 nL) and pyridine (0.37 nL) under nitrog :’ﬂ

| O ' C was added SOC12(0.037 nL, 5.1 nmol) over a period of three m nutes.
The m xture was warned to roomtenperature and 26 JAN 2004 83 stirred for

2-3 h then diluted with CHO 3 and poured into saturated agueous sodi um

bi carbonate solution. The aqueous pha$e was extracted with CHC13 and the

conbi ned extracts were washed wth brine, dried over anhydrous NalSO4 and
filtered. Concentration of the filtrate under vacuum vyielded 24 ng of
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(rn 2H hptrpx aaiaqs:heelc@ds J =5.8 Hz, |H 143a), 320(s 3H NDiD
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ol efi ns zeHgPaﬂqccs IER7ENDPY), (12309(sngH QH@&@) nmﬁ ()s M, MDA OH )e 1(34 @, mi.)deer
ni trogen at C was
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the m xtu [ r t T X t hen
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conmbi ned extracts were with brine, dried over anhydrous Na2SO4 and

concent r ad-88 (ddhdes 6. Pe&lh@éﬁﬂﬁei@@e‘* £ (§d.¢l 7132811 Afinflt ), 453(d,J=58
Hz, 1H, H28), 4.74 (m, 1H, HI3B), 5.15 (s, 1H, H20E), 521 (d,J = 1.57 Hz, 1H, H202Z),
5.36 (d, 7=9.3 Hz, 1H, H5a).

Diol 24. To a stirred soluton of a 4:1 mixture of the exa,endocyclic olefins 23 (Ps=Ac,
P;=MOP) (24% mg, 0.337 mmol) in pyridine (4.6 mL) under nicogen at 0 "C was added 2.35 mL
of 2 0.157 M solution (0.368 mmol) of OsO4 in THF. After 1 h, NaHSO5 was added along with
6.2 mL of water and _thc mixture was stirred for { h 2t room temperature. The mixture was then
diluted with ethyl acetate and poured into saturated aqueous sodium bicarbonate. The aqueous
layer was exmracted with cthyl acetate and the combined extracts were washed with brine, dried
over anhydrous Na,50, and concentrated under reduced pressure to yield 281 mg of crude
matcrial which was purified by silica gel chromatography, eludng with 50% ethyl acetate/hexane to
yield 190 mg (73%) of pure diol 24 and 48 mg (19%) of the enol acetate.

24 (Py=Ac, P;=MOP): 'H NMR (500 MHz, CDCly} & 0:10 (s, 3H, TBS CH,4), 0.11 (s, 3H,
TBS CH,), 0.60 (dq, /= 1.5, 7.8 Hz, 6H, TES CH;), 0.87 (s, 3H, CH; 19), 0.93 (s, 94, TBS
t-Bu), 0.95 (1, /= 7.8 Hz, 9H, TES CHjy). 1.20 (s, 3H, CH; 17). 131 (s, 3H, CH, 16), 1.33 (s,
3H, MOF CH,), 1.47 (s, 3H, MOP CH,)1.54 (dd, J = 12.3, 25.0 Hz, 1H, H6P), 1.63 {dd, J =



mat erial which was purified by silica gel chromatography, eludng with f’@%’AN 2004
ethyl acetatc/hexanc to yield 190 ng (73% of pure diol 2 4 and 48

(19% of the enol acetate. 24 (P3=Ac, P7=MOP): tH NWR (500 MHz, CDClS) S

0.10 (s, 3H, TBS CH3), 0.11 (s, 3H, TBS CH3), 0.60 (dg, J = 1.5, 7.8 Hz,

6H, TES CH2), 0.37 (s, 3H, CH3 19), 0.93 (s, 9H, TBS t-Bu), 0.95 (t, J=

7.8 Hz, 9H, TES CH3), 1.20 (s, 3H, CH38%7), 1.31 (s, 3H CH3 16), 1.33 (s,

3H, MOP CH3), 1.47 (s, 3H, MOP CH3)1.54 (dd, J = 12.3, 25.0 Hz, 1H, H60),

1.63 (dd. 1= 2 6 JAN 2004 84 5.5, 15.1 Hz. IH H913), 2.05 (s, 3H C(Ac),

i.fﬁio) 3, ?“3?‘4 hol. B9 A0 5. Bpa By ; Ut b 2260, @, iiigNé“%%%az’
3,76 (dga"ﬁ)@d? o8 zi?A-BHZI ll/%: [it@ f“‘%éa%dzt(’d “%ﬁgglléd‘ fl‘ﬁzb‘)f Heahs? 6% (d, ?1?4
ook i "‘w‘iml?m’ - “”H‘“E ORCoR), 338 ) U 3n. gl Wy 1w By hgs)
O AT Do (o TESHS, Ha, 3?5%%*3?9 B s

S
OH, TBS t 51%13 §€i'bé'g‘?( JH“ZP) W2 @ Ip 4.1 B)aﬂﬁg((gcé BH4.ICHL 317, 11, ﬁ§a§s
3H CH3 1 & 1 IH HeP), 1.71 | =10.4, 5.5
H90) , 2.0?(573(&%5 %ic?hg’"ﬁ‘z%%ﬁé 3H - CH?s 18), 2(20 (dd, j = 10.4, 3 8
2 T W“‘Pﬁ?‘?’” O 0Bz, BpdyB o 1. o, ¥hs Gl 1.1 s ke, s i &
5'258'( gl, rﬁ-i%iq J3=Ta9Hz, 4, ﬁsaﬂgp sszsmlmmH ng ?9).@7@&5 @;—18311&7\ Eﬂ? %%:52@;_
4.51(d. J’:lgfgﬂf)"?ﬁzé‘fg P%ﬂé&f’i@) 2.18) (33 4s. 3 @8326)51458 (l:{lz.lorllrtazﬁ‘é_qk
4.66 4.83 J= 71 tz,
N0 e S 410005 oy bl shTOA T V7 U s chigite), 2B adrs
a stl rred sdDi4t BEnHaf 1Hc ¢19%y 4138 (dd, ﬂ,(P.{SgA@i I-PZ m @Gagén@&dgﬁ Ig%@g&alm)_

rog

in anhydrous, net hanol (0.9 tnLg_wt -5 " Cunder i
of 10. 16&=NFk &a®). 2880l /ne it HtBM)Jer(dﬁjjsedlmqurgemo;HdﬁMé{ t£4,

2.5 h, thgyreacisopn 6“}1%, Y5€ HAD, Yss s ZH H20), 3.98(s, 1H, OH1), 4.46(d, J = 4.8 Hz,
tH, H2P), 4.48 (m, 1H, H10B), 451(d, J = 12.1 Hz, IH, PhCH,;0), 4.64 (4d, J = 13.2, 5.0
Hz, IH, H3@), 4.66 (m, 1H, H13p), 470 (4, /= 12.1 Hz, 1H, PhCH,0), 4.83 (d, /= 7.1 Hz,
1€, OCH,0), 4.94 (d, J =7.1 Hz, IH, OCH,0), 7.33(m, 5H, Ph).

Triol 25. To 2 stirred solution of acetoxydiol 24 (Ps=Ac, P7=MOP) (26.5 mg, 0.035 mmol) in
anhydrous methanol (0.9 mL) at -5 *C under nigogen was added 0.060 mL of 2 0.166 M (0.01
mmol) methanolic soluuon of sadmm methoxide. After 2.5 h, the reaction mixture was diluted
with 10 mL of ethyl acetate, then poured into 10 mL of a saturated aqueaus NaHCO; solution.
The organic phase was washed with 10 mL of a saturated aqueous NaHCOQy, solution, dried over
anhydrous Na,SO, and concentrated under reduced pressure to give 25 mg of pure triol 25
(100%).

25 (P;=MOP): 'H NMR (500 MHz, CDCly) §0.10 (s, 3H, TBS CHy), 0.11 (s, 3H, TBS CH,),
0.60 (g, / = 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, SH, TES CHj;), 1.19 (s, 3H, CH, 17), 1.31 (s, 3H, CH, 16), 1.33 (s, 3H, MOP
CH,), 1.47 (s, 3H, MOP CHy), 1.59 (dd, J = 11.7, 11.7 HZ, 1H, Hép), 1.62 (dd, J = 3.5, 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, H9a), 2.38



with 10 nL of ethyl acetate, then poured into 10 nL of a saturated aqueous
NaHCO03 sol ution. The organi ¢ phase was washed with 10 nL of a saturglﬁrdAN 004
aqueous NaHCO3 sol ution, dried over anhydrous Na2SO4 and concentrated

under reduced pressure to give 25 ng of pure trio[ 25 (100%. 25 (P7=MOP):
1H NWVR (500 MHz, CDC13) 8 0.10 (s, 3H, TES CH3), 0.11 (s, 3H, TBS CH3),

0.60 (g, J = 8.06 Hz, 6H TES CH2), 0.8% (s, 3H CH3 19), 0.94 (s. 9H TBS
t-Bu), 0.95 (t, J =8.1 Hz, 9H, TES CH3), 1.19 (s, 3H CH3 [7), 1.31 (s,

3H, CHs 16), 1.33 (s, 3H, I\/DD CHB) 1.47 (s, 3H, MOP CH3), 1.59 (dd, J =

117 11.7 HZ, 1H, He6l), dd, J = 5.5, 16.1 ) 441 e |
= 0.7 Hz, (@ = @%W)szlmu  2954ddg. § = 46 ﬁ%&lﬁﬂﬁg@?&q 36840 7%
85 (dd, J = 5 I I
05 (8 Yy s b SR (8599 Bt de Bl BBl
4.4, 15.0 4 dy 144), s, [—Ham-m 373?5 ¢.-J
4. 4, 1145‘2%%31%FI{F§)7“)3335%55&?1 i 1%:.31%1 86 (d317|1’]{ $ H, (dd 20) |
.93 (d, 4 lFO.lﬂH4Hﬂn 3[98,(dH2Q)11. 4144211@320).14425&. 7551, 1zt le. er Huqm 13)5
.45 (d, | 1H, H213 % J=4.0 9.2 H, 1H H 13 P).
p- Mt hoxyﬁdehzy‘H ookt Hhiar 660 /7.0 SooHta B he di o 24 (Ps=Ac, P7=B
OM (6.5 ng, 0.0079 mmol) and ani sal dehyde di nethyl acetal (0.013 nl,
0.076 mml) stirred in CH2Qz was added a sol ution of p-toluenesul foni ¢
acid (0.002 nl, 0. IMin THF, 0.0002 mmol). The resulting solution was
stirred at roomterrperature for 15 min then triethylamne (0.1 nml) was
added andp-Methokytengylidese el 25bedTd asolifombhiheTdiol Zix{PyrdcnBs=HOMS é63img.o

30% et hyl acetate in hexancs (15 m) then the a ueaqus B S@ ract ed
with 30%W9lmmcléﬂ@dmﬂd¢twfdaldé§ﬂb %@cfelmqﬂffﬂh 076 spmP H”E‘ay\("r etz s e

washed wit ri dr.i ed over,.Na, SQ '
filtrate c@'ﬁ'f’ﬂ dlé‘F‘b%HlfTﬁt ﬂ‘.g’ﬁ(gq B@glf’{)pt ‘@gg‘eﬂﬁfm vvas pur ?{'S"m&eby
silica g wgrgaqaf THin (B8 kietiyl Rnine (0. 0Vl @E Yidcdane
acet al ?ogmas a mﬁ%?elem%&%hﬁzg:t@rseofner S. = gb Pst(Ac P7=BOM ngj or
) tH NWR sﬁﬁﬁ@%&pnﬁi}@ﬁ 3¢ B mih. Ofhe(mixndéiwasiiBed into 30% ethyt acenate in hexanes (1

ml) then the aqueous phase was extracted with 30% cthyl acetate in hexanes (2 x 5 ml). The

combined exmacts were washed with brine, dried over Na,SOy, and filtered. Concenation of the

Wil

filtrate under vacuum yielded 12 mg of coloress oil which was purified by silica gel
chromatography to yicld 6.9 mg (96%) of p-methoxvbenzylidene acetal 25b as a 5:1 mixture of
diastereomers .

25b (Ps=Ac, P;=BOM, major .. ¥ 'HNMR (500 MHz, CDCl;) § -0.05 (s, 3H, TBS
CH,), 0.07 (s, 3H, TBS CH,), 0.60 (q, /= 7.9Hz, 2H, TES CH,), 0.78 (s, 3H, CH; 19) 0.82
(s, 94, TBS t-Bu), 0.95(t, /= 7.9 Hz, TES CHy), 1.25 (s, 3H, CH; 17), 1.37 (s. 3H, CH;j 16),
1.58 (m, H6B), 1.70 (dd, J = 16.8,5.8 Hz, H9f), 1.74 (s. 3H, OAc), 2.26 (s, 3H. CH, 18),
2.28 (dd, J = 16.8, 1.4 Hz, 1H, H%«), 2.38 (dd, / = 15.1, 9.7 Hz, 1H, H14p), 2.57 (dt, / =
5.1, 9.9 Hz, IH, H6a) 3.10 (dd, / = 5.1, 14.7 Hz, 1H, Hi4a), 3.11 (d, / = 4.8 Hz, IH,
H3a), 3.79 (s, 3H, OCH;), 3.84 (dd, J = 5.0, |1.5 Hz, IH, H7), 4.15 (d. J = 8.2 Hz, IH,
H20), 4.20 (d, J = 8.2 Hz, 1H, H20), 4.48(d, / = 12.0 Hz, 1H, OCH,Ph), 4.55 (d, / = 4.8 Hz,
1H. H2p), 4.57 (m, LH, HIOP), 4.71 (d. 7 = 12.0 Hz, H, OCH,Ph), 4.73 (m, IH, H13f).
478 (dd. /= 12.4, 4.9 Hz, 1H, H5a), 4.84 (d, J = 6.7 Hz, IH, OCH;0). 4.99 (d, /= 6.7 Hz,
[H, OCH,0), 6.05 (s, 1H, acctal CH), 6.80 (d, / = 7.5 Hz, 2H, p-MeOPh -0), 7.27-7.36 (m,
7H, p-McOPh -m and Ph).



CH3), 0.07 (s, 3H, TBS CH3), 0.60 (g, J= 7.9Hz, 2H, TES CH2), 0.78 (s, 3H,
CH3 19) 0.82 (s, 9H TBS t-Bu), 0.95(t, J= 7.9 Hz, TES CH3). 1.25 (s7 [GHN 200
CH3 17). 1.37 (s, 3H, CH3 16), 1.58 (rn. Hel), 1.70 (dd, 1= 16.8,5.8 Hz,
HO(3), 1.74 (s, 3H OAc), 2.26 (s. 3H CH3 18)- 2.28 (dd, J = 16.8, 1.4 Hz,
1H. H9a), 2.38 (dd, J = 15.1. 9.7 Hz, 1H, H 14R), 2.57 (dt, | = 5.1. 9.9

Hz. 1H, H6a) 3.10 (dd, | = 5.1, 14.7 Hge 1H, Hlda), 3.11 (d, J = 4.8 Hz,

1H. H3a), 3.79 (s, 3H OCH3), 3.84 (dd, | = 5.0, 11.5 Hz, [H H7), 4.15

(d. | 8.2 Hz, IH H20), 4.20 (d, J =8.2 H, | H H20), 4.48(d, J= 12.0
Hz. | H OCH2Ph ), 4.55 (d, J 48Hz |H. H21), 457(m 1H, HI 013),
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of di i solgthahall (G mlwasagdnd, dae @dx082 was dilRedONvith ethyldcamres(S fl) hAd sirpdd witd he
resultin%@g{ﬁgtlon was_.stirred for 3.5 h then met hanol (0.1 m) was added.
The mi xt &mquaf%umppmwmé%%é ee&n'ﬂ)c WyepustAhasewanseprated and
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o sapafs At SRR HORRISCR] #. RS el Bmpitled ErBaclOVER yahed S Trigg A0 °°
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fol | owed by concent ration of the filtrate under vacuumyielded 12
crude matng.of caids triagtialwhst was putified b silica pelchrogetogriphp (305 etry! ddviite {t{.’rﬁifgﬁ hyl

acetate in hexanes . eluent) to yield 4.7 ng of a mxture of formate

acet al s, dms Hwyied 47 maeia @mmftfemom-:dhd | 3 2{ AMEM-4.2:5 20 wermobiand
formte p- %gxygmnzg et hers. The m xture of formate ace--is was

di ssol ve ano {@W) 3] NHROH was added The cl oudy
m xture Wémﬂn&r&%@%rﬁﬁré 28]t “&% uﬁﬁ’o h
acetate over saturrated aqueous NaH %ge - 13?123325% xt d;%t

with . et iddeda e alondy dnikmurd vaslsticred de tdben eaipeianes fera0 Bsk meaemcmtb%w th
brine, dried over NaaSO4, and filte-ed-
acerate over saturated agueous NaHCOJ The aqueous phase was exmracted with ethyl acetate (2 x
10 ml) and the combined cxmacts were washed with brine, dried over Na,SO,, and filtered.
Concengation of the filrate under vacuum yielded a mixwre of p-methoxybenzylidene acetals. Thc
mixture of acetals was dissolved in toluene (0.4 ml) and the solution was cooled to 0 *C then a2
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 cthyl acetate (5 ml) and stirred with saturated aqueous sodium potassium tarmate for
1.5 hours. The aqucéus phase was separated and exmacted with ethyl acetate (2 x 10 mi) and the
combined extracts were washed with brine and dried over Na,SO,. Filtration followed by
concznradon of the filrate under vacuum yielded 4.5 mg of crude material that was purified by
silica gel chromatography (30% ethyl acetate in hexanes cluens) to yield 2.8 mg of 4-MPM-
1,2.5,20-tetracl. | |
The mixwre of formate p-methoxybenzyl ethers was dissolved in methanol (0.1ml) and 3%
- aqueous NHOH (0.1ml) was added. The cloudy mixmure was stirred at room temperature for 30

minutes then rinsed into ethyl acetate over satwrated aquecus NaHCO,4. The aqueous phase was

exmacted with ethyt acetate (2 x 10ml) and the combined exmacts were vﬁrashcd with brine, dried



Concentration of the filtrate under vacuumyielded a m xture of JAN 2004
p- ni et hoxybenzyl i dene acetals. The m xture of acetals was di ssol ved |%
toluene (0.4 m) and the solution was cooled to 0 "Cthen a solution of

di i sobutyl al um num hydride (0.02 m, 2 .OMin toluene, 0.08 nrnol) was

added. The resulting solution was stirred for 3.5 hours then nethanol (0.1
m) was added. The m xture was diluted7with ethyl acetate (5 m) and
stirred with saturated aqueous sodi um potassiumtartrate for 1.5 hours.

The aqueous phase was separated and extracted with ethyl acetate (2 x 10

m ) and the conbined extracts were washed with brine and dried over

?.:ﬁf?id 5 Nobe Al MR <o FReR St PRI Dol ?%i dme of cude "
aovew 1 e R BURRE B Sy R SRR AR B e S PR £

di ssol veteiidbl. Mt atvabinédyitid of 2mdnBY0? oqueeist: & 08blm ) was added. The
cloudy mxture was stirred at roomtenperature for 30 mninutes then rinsed

into et hyd-MidEtla52Gvasraok at HNRVBA S6Q YEtu COGPERD.13 ThEFa GilRH T3 ;ph86 (wWeasH,

t t t t dth nbi t t
wnshod vi T3S BrheS b Ged -Zé G 6l 688 Cn0dP <§as%%aaés”i 3¢ Pi98Gy da 8.0 Hz.
Co t - - t I
whi ch wac g, G B G LRGSR TR B § 3 G P Rl 7L @
4- NPM 1, 216R 2G-Hi.é{mi) 1-Bat(q) feor2rd HediN] gsg) Qflzltrﬂym Hb.Rarft 1?%') Q@_(@_& 3“38)(4

from 25b 4- NPM | 20-tctraol : 1H NMR (500 WMHz, CDC13 ,
TBS cH3) ,CHh bH. ¢45 (BH-I" T4 and ) 289 (d.d = SLJMIHkHBGZH; ESIGHz Ha &9.

"Sh, cre G P (R Sporcaplis /T g s T i -<@ & B %@%) 32567
&3; 775 %ﬁ%—-%ﬁ*ﬁ*@% e 49y (3*3f£99 PRe s o e (e P

3.0 Hz.(d)H= 13GHS) 1H3H5a) (4cao Gch.JGHZQ)l. iz.sﬁﬁ(.ddi H.O? 4.@7:{;1 3.31H3, HiHH.
H—)P)_38lg g é ? IH, H7 a), 3.91
(dt, J =G mPh A5 EHIH—E}'* B) 4798d(sf msf@ﬁuﬂ OQ-HiE-!\) 4dS (m=143H13 ), H,

H20), 4. 3%7(@dy Jo 5 1l 3m, %?c"r?:dﬁ% 5.dita, F2%:s Ax o (vt 5.0 (8 7 4 s e,
1H, OCH,0)}, 5.11(d, J = 10.6 Hz, 1H, MPM CH,), 5.49(d. /= 10.5 Hz, lH.- OH2), 6.87 (d,
J=38.7 Hz, 2H), 7.30 (d, / = 8.7 Hz, 2H, p-fd@ﬂ -0}, 7.27-7.36 (m, SH, p-MeOPh -m and Ph
CHy).

To a solution of the 4-MPM-1,2.5,20-tezaol (2.0 mg, 0.0023 mmol} stirred in 0.2 mi of CH,Cl,
and 0.02 ml of 2,2-dimethoxypropane at 0 "C was added a solution of p-toluenesulfonic acid
(0.002 mi, 0.1M in THF, 0.0002 mmol). The resulting solution was strred for 20 min then
wiethylamine (0.1 ml) was added and stirring was continued for 10 min. The mixture was rinsed
inta ethyl acetate (10 mi) over saturated aqueous NzHCO;, then the aqueous phase was extracted
with ethyl acztate (2 x 5 ml). The combined exmacts were washed with brine, dried with N2,S0,,
and filtered. Concznmadon of the filoate under vacuum yielded 2.1 mg of crude material which
was purified by silica gel chromatography to yield 1.1 mg of acztonide 26 b.

26b (P530=C(CH;)y. 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(,
/=19 Hz, 9H. TES CHy), 1.10 (s, 3H. CHj; 19), 1.25 (s. 3H, CH4 L7), 1.34 (s, 3H, CH, 16),
L.41 (s, 3H, CH; aceronide), 1.46 (s, 3H. CH, aczronide), .88 (dd, / = 16.7.5.5 Hz. H9),
2.08 (dd. /= 14.3, 9.2 Hz. IH, HI4(0), 2.17 (s, 3H, CH, 18), 2.21(dd, J = 17.1, 1.7 Hz. IH,



OCE2Ph), 4.58 (m 1H, H1003), 4.79 (d, J = 11.8 Hz, 11-L OCEEPh), 4. §ﬁ69%E A
1H, H13(3), 4.87 (d, I=6.8 Hz, iH CCH, 0) 501(d J.=10.6 Hz, lylm
CE2). 5.10 (d, | =6.8 Hz, 1H OCH20, 5.1 1(d. | = 10.6 Hz, IH MM

cfi2), 5.49(d, I=10.5 Hz, | H OH), 6.87 (d. 1=8.7 Hz, 2H). 7.30 (d, J

= 8.7 Hz, 2H, p-MeOPh -0), 7.27-7.36 (m 5H, p-MOpjl -mand a CH2) . To a
solution of the 4-MPM 1, 2,5, 20-teaaol 2.0 ng. 0.0023 mmol ) stirred in 0.2

m of CH2ClI2 and 0.02 m of 2,2-dinethoxypro pane at 0 'C was added a
solution of p-toluenesulfonic acid (0.002 tnl, 0.11Min THF, 0.0002 nmmol).
The resultlng sol ution was stirred for 20 nin then trlethylam ne (0.1 m)
was added BR@).gk4% tddnd anbb3denHenlidH éu), 26 InGdn S FHel Mzt 4135 282wedH,

LELSS&Q%‘ o TE R R P 3&",‘:‘{3 F“"‘o?&?ié?é?méﬁ%i?é‘ﬁéi‘éf
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purified byH.sOHIX4.4gel, £hy dRIHE, AHNH20) 4W7qkds 4. 111 mz.O!‘H a@etpgtﬁfq@ Mb

( P520=C( i@ P7=BOM): tH NMR (500 MHz. CDC13) 5 0.073
0. 008 (s. B)T880 ¥Ry = bl-6 iz, JH. DCH, Mz 4.360, JT£$1.GI—H):. m ¥ s4. sswm i8S

sh Gt A, o8 Paiba e v TCH 0L s B i, Mo MENA zf;%ﬁadfg,
0% ro. TrOERnTE QRPN M0 e, cﬁé%fﬁ 3 e el 685 G fd‘%%éu]ﬁ;
JAN 2004 80Bpy), 727, (fe08.9 Hz, 2H, Her), 71*7-7'161(65)5}%%{5

Hz. 1H H3a), 2.62 (m [H He3). 3.71 (dd. J =11 [H, H23)

3.75 (dd. J = 5. o 11.3 FE [H H7a) 3 80 (s 3H. "OCH3), 3.99 (dd J
=12.0. 6. |, H20), 4.17 (s,

oH ). 4. 4Bl e ’h& 2T°r&$° !H'ﬂ qﬁmdmlzi!ﬁhﬂ’s =C§CHy), Bﬁ&OMJl (08 m);uzaa)m:_

(i o). %?%*g%ﬁ*ﬁ 0828, B myridind Jumel 78110 yg¥3i s ol ww'enf#@@xpd

SRR TR i ke g

yl acerate in hexanes (5 mL) then

poured into 30% ethyl acerate in hexanes ( 10 ml.) over saturated 2queous NaHCD; The aqueous
phase was exmacted with 30% cthyl acetate in hexanes (2 x 5 mL.) then the combined exmaces were
washed with brine, dried with N2,50,, and filtered. Conceamation of the filtrate under vacuum
yielded 1.3mg of crude material. Purificagon by siica gel chromatography yielded 0.9 mg of pure
[ 2cyclic carbonate.
To a solution of the carbonate stirred in 0.1 mi of THF and 0.05 mL of methanol was added a
sclutior_: of pyridin:ium tosylate (0.005 ml, 0.IM in CH,Cl,). The mixture was stirred at room
temperacure for 24 h and pantitioned between saturated sodium bicarbonate and ethyl acetate. The
cthyl acetate layer was dried over sodium sulfate and evaporated 0 give 0.9 mg of diol 27 h.
27b (P;=BOM): 'H NMR (500 MHz, CDCl,) 5-0.24 (s, 3H. TBS CH,), -0.038 (s, 3H. TBS
CH;), 0.38 (q, /= 8.1Hz, 6H, TES CH,), 0.84 (s, $H. TBS t-Bu), 0.93(t, 7 = 8.1 Hz, 9H, TES
CH;).1.14 (s, 3H, CH; 19), 119 (s, 3H, CHj 17), 1.34 (s, 3H, CH, 16), 1.88 (br d, J = 17
Hz, H9B), 2.00 (br q, / = 12 Hz, IH, H6P), 2.08 (d, / = 1.4 Hz, 3H, CH, 18), 2.2 (m, 2H,
HO9c and 1403), 2.35 (brs, |H, H3a), 2.39 (di, J = 4.8, 13 Hz, Héc), 2.74 (br s, IH, 20 OH),
2.87 (dd. J = 15.1 ,5.1 Hz, 1H, Hl4a), 3.71 (dd. / = 11.3, 5.1Hz, 1H, H2B), 3.58 (br s, 2H,
H7c and 20 OH), 3.78 (s, 3H, OCH;), 3.78 (br m, 1H, H5a), 4.37 (dd. J = 13.0, 5.8 Hz, 1H,



MOPjf -a), 7.27 (d, J = 8.9 Hz, 2H, p-MeOh -m), 7.27-7.36 (m 5H,  Eh7? GHAN 7004
. Dialcarbonate 27b: To a solution of the dial 26b (P520=C(CH3)2, P7=BOM

(1.1 ng) in 0.2 nL of CH-Cl2 and 0.02 nL of pyridine stirred at -78 'C

was added a sol ution of phosgene (0.010 ni., 2Min toluene, 0.02 mmol).

The resulting solution was stirred at -78 "C for 10 mn then warnmed to O
"Cfor 3 h. The mxture was diluted w8h 3fl % ethyl acetate in hexanes (5

m.) then poured into 30% ethyl aceratc in hexanes (10 m..) over saturated
aqueous NaHCO3. The aqueous phase was extracted with 30% ethyl acetate in
hcxanes (2.x 5.nb) .t t he conbi ned extracts were washed with brine,

dried wit H—Naéé&diaha 4f3 1%& Fiad [HCBHEB R i 47i (om 28 I-Lﬁeanﬁllﬂ)r 4158 (dnder| [VEHEUM
| ded 1 t ficat b hr onat h

el ded 015 OgBpy e BRREIUL midBl i itad SR G Gciomnbd dhed. 71 30
b t t

ol utton o ot Y 27 2 B0, iy ﬂﬁ%)ﬂ%@%ﬂ%fmé Gras

stirred akzrZGbprMe@Bpenal.dB ¢df.be 82HE, TNG-MaORY 1nk0med - 1095\(@@3}16%@ ?
sodi um bi carbonate and ethyl acetate. The ethyl acetate laver was dfied

over sodium sulfate and evaporated to give 0.9 ng of diol 27 b. 27b

P7=B 5 . 3 3H TBS, CH3), -0.038 , 3H,
Tes ooty Mg >3 ¥ieq iplvd o Geif i 59 ) pyrdinedhis wiueder ispgen
0.93(t, lg*T Rasladded EESe 1

17), (1 340265,3%H cﬁgjﬁﬁs fh?g%%a“’é%h@ﬁd‘ @62%‘? 1%!3%5 1%5 gég‘(‘ﬁﬁ““?‘luﬁ‘m 12
Hz, |H, HﬁBﬂjCO;zso()&o(tdO 03 rrﬁ..)]w#k ddded.3the Giiturt hs sidred f0F10 %hln. d"u?é:lﬁfbd‘l 3)

2.35 (br at). 2.39 (dt, J = 4.8, 13 Hz, Hpba), 4 (br |
20 OH), 02 W&Hﬂ "2&'51'@ ;5°lllnp+znnd T mzmy(wm&hgmam mi5x 3z

L i o e 00 e o0 e i e
(dd. J :ma@d—tmgldﬁ1gmlﬁ@aolﬁgoﬁ_m 2H. H20 and 20). 4.59 (d, J= 11.6

Hz, |H OCH2Ph). 463(br|n IH, HO p). 4.71 (d, J = 11.6 Hz. |H
OCE. 2Ph), 4.88 (d, =72HzIH OCHZO)491(dI=72HzIH OCH20),

4 93 ( m fﬁﬂzm'vgiﬂﬁzg ?ﬁngdgsg 106 ogg:l_:e}?};:g 28b (Eﬁig@q gjul\gxcg?g 4 - ) un7dcr2 r?xm(chn alr._
room temperature was added diisopropy! ethylamine (0.008 mL). The solution was refluxed for
3.5 h, cooled to room temperarure, poured into 20 ml of a satrated aqueous NaHCO4 solution
and extracted with ethyl acazate (20 mL x 3). The combined organic phase was dried over
anhydrous Na»5Q,, and concaamated under reduced pressure to give 1.9 mg of 2 pale yellow oil.
The oil was column chromarograghed (30% cthyl acztate/hexane) (o yield | mg of MPM oxetane.
This material was dissolved in | mL of methylene chioride, 0.1 mL of 0.1 M phosphate buffer and
| mg of DDQ were added, and the mixture was stirred at ambient temperature for Zh. The mixture
was poured into 20 mL of 2 saturated aqueous NaHCO, solution and extracted with ethyl acetare
(20 mL x 3). The combined organic phase was dried over anhydrous Na,50,, and conczntrated
under reduced pressure to give 1.0 mg of an eil. To a stirred solution of this material (1 mg) and
dimechyl aminopyridine (1.5 mg) in pyridine (10 pL) uader nirogen 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 2 10% aqucous CuSO, salution and exoacted with ethyl acetate (20 mL x 3).
The combined arganic phase was washed with a sawrred aqueous NaHCO, solution, dried aver

anhydrous N2,50, and concentated under reduced pressure 1o give 2 mg of a pale yellow oil,

The 0ii was column chromatographed (25% cthyl acztate/hexane) to yield 0.6 mg of oxetane 2 9.



Mesyiare 28b. To a srihred solution of diol 27b (0.9 tag) in pyridineéég.g
m.) under nitrogen at 0' C was added dropw sc net hanesui fonyl chlori JAN 200%
(0.02 nmL). After 12 1i, a saturated aqueous NaHCO 3 solution (0.05 m-)

was added. The mi xture was stirred for 10 rain, poured into 20 nL of a

sat urated agueous NaHCO3 sol ution and extracted with 40% et hyl

i ce-ate/ hexane (20 nL x 3). The conbi A8d organi ¢ phase was dried over
anhydrous Na, S04 and concentrated under reduced pressure to give i ng of

28b as a coloriess oil. Ox== 29. To a stirred solution of ntsyiate 28b (1

ng) in toluene (0.4 nL) under nitrogen at roomtenperanhxe was added

di i soprooyl ethylam ne ¢Q. tnl) ... The.sol uti.on-w refluxed for 3.5 h,
cooled to roomtem pergf'ugg,%wpg)dr &S FESVEe At Uﬁj b8 Fefe - WRfudds

NaHCO3 sol uti 6BveaAd eRrfeactedinichiz drivenrdeat ate 28 ikRledx 3). The

conbi ned organi c phase yas..dri over __anhydroys, Na; SO4, .and _concentrat ed
under reduced pressure %% Egv%%§?5°§6n8Fsa¥B&?§ Pélpéagoﬂq thghaknve was
col umm chr onafegPaphedc30ws ehhyk depatrataghéxemerhio sybgled ok HRHOF MPM
oxetane. Thi snpBatelsal s; di sgpl ip.L_m,of nethylene chlorjde, 0.1
rnL of 0.1 M phosphate’ b%\?f érg ar;‘gey‘ﬁgﬁgQBF“Dbb?mE?Etﬁ)édE&Ftéﬁdl%énﬁ xtur e
was stirred atPAndieve €enpTiRtues ber iBherFhetaitxasr €110 rpeURed Jjit 0 20

nm. of a satur@@@dm@qyepgﬁiQ@ﬁgﬁgeﬁgkution and extracted with ethyl acetate
(20 nL x 3). The conbi ned organi ¢ phase was dried over anhydrous Na2SO4,
and concentrated wunder reduced pressure to give 1.0 ng of an oil. To a
stirred solution of this material (I ng) and dinethyl am nopyridine (1.5
ng) in pyridine (10 L) under nitrogen at roomtenperature was added acetic
anhydride (5 p.L). The solution was stirred for IS h, diluted with ethyl
acetate, poured into 20 niL of a 10% aqueous CuSO4 sol ution and extracted
with ethyl acetate (20 nL x 3). The conbi ned organi c phase was washed with
a saturated aqueous NaHCO3 sol ution, dried over anhydrous Na2SO4 and
concentrated under reduced pressure to give 2 ng of a pale yellowoil. The
oil was col um chromat ograohed (25% et hyl acc: ate~hexane) to yield 0.6 ng
of oxetanc 2 9. 2 6 JAN 2004 90 In view of the above, it will be seen that
the several objects of the invention are achieved.



As various changes could be nmade in the above conpositions w thout

departing fromthe scope of the

contained in the above description be interpreted as illustrative and
inalimting sense. 2 6 JAIL 2004 91 .ATM 1. An internediate for use in
the preparation of a tricyclic or tetracyclic taxane, the internediate

havi ng t he

5 fornula: R13 10 26a whePé&in a 15 Rt is hydrogen, hydroxy,

protected hydroxy or. -OCOR3G or together with R2 is a carbonate; R2 is

hydr ogen,

hydr oxy, protected hydroxy, oxo, or -OCOR31, or together with R,

or R4, is a carbonate; R4, is alkyl, hydroxy, protected hydroxy, or

OCCOR. ,

hydr ogen,

with R,

20 together with R2, R4b, or R5 is a carbonate; R b is

aALkAIMS al kenyl , al kynyl, aryl, heteroaryl, or cyano, together

R5 is a carbonate, or together with Rt and the carbons to

which they are gattaghednfermedbaoxefanause niy 2 Rrdpoamiroyert Hydr oxy,
prot ect ed hydroxy, -OCORZT,

5

10

15

20

25

30

tricyclic or tetracyclic taxane, the intermediate having the

formula:

13

26a

wherein

R, is hydrogen, hydroxy, protected hydroxy or -O0COR;,
or together with R; is a carbonate;

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

R,, is alkyl, hydroxy, protected hydroxy, or -OCOR:,, or
together with R,, Riy ©r Rs is a carbonate;

R,, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroéryl, or cyano, together with R,, or R; is a carbeonate,
or together with‘R, and the carxbons to which they are
attached form an oxetane ring;

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

R,, is hydrogen, halegen, hydroxy, protected hydroxy,
-OR.;, or -OCORyy;

R; is hydrogen;

R,, is hydrogen, oxo, hydroxy, protected hydroxy, -ORn,

invention, it is intended that all hhAt/A8a004



ox0, together with R a or Rtb is a carbonate, or together with R Db ?WgéﬁPﬁM
carbons to which they are attached forman oxetane ring; R, is hydro

hal ogen, hydroxy, protected hydroxy, 30 -OR_,, or -OCOR3,; R3 is hydrogen;
R10 i s hydrogen, oxo, hydroxy, protected hydroxy, -OR 3+ s R R4 b RA5R2
6- JAN 2004 92 5 or -OCOR29 ; R13 is hydrogen, hydroxy, protected hydroxy,
-OCOR15, MO or 10 Rte jr, a functional®Zgroup which increases the solubility
of the taxane derivative; R21 R29, Rao, R31, R33, R34, R35, and Rl7 are

i ndependently hydrogen, alkyl, alkenyl, alkynyl, al koxy, aryl oxy,

- NXAX1,,, -SXIO, nonocyclic aryl or nonocyclic heteroaryl; 15 X1 is -OX6,
-SX,, or -NX8X9; X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or

het eroaryl .9 X3CQRehiX4 are independently hydrogen, alkyl, alkenyl,

al kygxgg o yl. op heterQarilren?Onfarbky, Co¥bt ect SO QroxPISXOA0R;;COMBX, |
or - , 4

or
5
H
10 R,; is a functional group which increases the solubility
of the taxane derivative;

R,», Rzsr Rias Rays Rass Raes Rys, and Ry are independently
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, -NX;X,.
-8X,,, monocyclic aryl or monocyclic heteroaryl;

15 X, is -0X¢;, -8X,, or -N}_(,X,;

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

¥, and X, are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl, or heteroaryl;

20 X, is -COXy,, -COOKy,, -COSXj5, -CONXgXy, Or -SOXyi

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

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

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

X, is an amino protecting group;

30 X, is alkyl, alkenyl, alkynyl, aryl, or heteroarjl:

X,, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, -OXy,
or -qux“ H

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



X6 i1s hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, hydroxy
protecting group, or a functional group which increases the water 2 6 JAN 2004
solubility of the taxane derivative; 25 X, is alkyl, al kenyl, alkynyl,
aryl, heteroaryl, or sulfhydryl protecting group; XO is hydrogen, alkyl,
al-kenyl, al kynyl, aryl, or heteroaryl; X, is an am no protecting group; 30
X10 is al kyl, alkenyl, alkynyl, aryl, % heteroaryl; X11 is al kyl, al kenyl,
al kynyl, aryl, heteroaryl, -OXIO or -NXOX1, ; X1, is hydrogen, alkyl,

al kenyl , al kynyl, aryl, or 2 6 JAN 2004 93 heteroaryl; and M conprises
amoniumor is a netal; and wherein each of al kyl, al kenyl and al kynyl is
a straight or 5 branched chain group which nmay be hydrocarbon substituted
or het er ostig$EONEE #%%n internediate according to claim1, having the

formula: to P.lBQ}%&%&&gégé ammonium or is a metal;

and wherein
each of alkyl, alkenyl and alkynyl is a straight or

5 branched chain group which may be hydrocarbon substituted or

heterosubstituted.
2. An intermediate according to claim 1, having the
formula:
10 ' QF1o
P 4Ommt
15
4; . 2
23a S %,
© HO" £ OPs
wherein
20 Py, P;, Pyq and Py; are hydroxy protecting groups.
3. An intermediate according to claim 1, having the
formula:
25

30



23a wherein 20 P5, P,, PI, and Pl, are hydroxy protecting groups

I nternmedi ate according co claim1, having the formula :

25 30 26 J'ANB'zzog\gAN 1

OH 25a 10 wherein Pi 30111 1111 21. and P13 are hydroxy protecting

94 s 5
groups. P10 4. An internediate according to claim1, having the
formul a: OP10 20 25 26a or 26aa OH wh%hein
P30t
S
25a
10
wherein
P,, P, and P,; are hydroxy protecting groups.
4, An intermediate according to claim 1, having the

15 formula:

20

> 26a or 26aa

wherein
R is CH,S0,- or toluenesulfonyl; and

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

30

15



Ris CH3SO2- or toluenesulonyl; and P7, Pia and P13 are hydroxy protectin
groups. 30 2 6 JAN 2004 95 5. An internediate according to claim1, ha@i&éiNZM&
the formula: OPlo 5 10 27a wherein 15 P, , Pto and P13 are hydroxy

protecting groups . 6. An internediate according to claim]., having the
formula: OP1 p 20 P1301111111 25 29 30 wherein P, , P14 and P13 are hydroxy

protecting groups, 2 6 JAN 2004 96 7, 9% internediate according to claim1
having the forrmula: 5

5. An intermediate according to claim 1, having the

formula:

5
P3O0
10
27a

wherein
15 P,, P, and P,, are hydroxy protecting groups.

6. An intermediate according to claim 1, having the

formula:
20
25

29

30 wherein

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



10 P13Q IITTTIlT 30 OR wherein

15 Ris P,,, and P71 Pia and Px3 are hy@raxy0i
protecting groups. 8. An internediate according to claim1, having the
fornmula: 20 25 30 p13QL111111 30a OH wherein 2 6 JAN 2004 97 P7 and Pt3 are
hydr oxy protecting groups.

5 9. An internediate according to claim1,
having the fornmula: OR P1301 Il 10 15

96

7. An intermediate according te claim 1, having the
formula:
5
P3Ot
10
(&)
30
wherein
15 R is Py,; and
P,, P, and P;, are hydroxy protecting groups.
8. An intermediate according to claim 1, having the
formula:
20

OH

-
-
-
-

-

P00

25

30a
30

wherein



31 wherein R is hydrogen: and P, and PL3 are hydroxy protecting grou?% iﬁ)
10. An internediate according to claiml1, having the fornmula: 25 30 JAN 2004

P1301111111 32 2 6 JAN 266& 98 wherein p, and P13 are hydroxy protecting
groups. 11. An intermnediate according to any one of clains 2 to 10, 5
wherein P5 (if present) is trinmethylsilyl; P, (if present) is

2- met hoxy- 2- propyl or benzyl oxymethyP7 Pla is triethylsilyl; and 10 P13 is
dime thyl--t-butylsilyl. 12. An internediate according to claim 3., having
the formula: 15 P1301111111 20 21

p, and P,; are hydroxy protecting groups.

9. An intermediate according to claim 1, having the

formula:

5 OR

-
-
-
-
-
-

10

31
15

wherein
R is hydrogen: and

p, and P,; are hydroxy protecting groups.

20 10. An intermediate according to claim 1, having the

formala:

25

30

C 32



wherein 25 P7, Plo and P13 are hydroxy protecting groups. OPla 13. Ah & JAN T004
I ntermedi ate according to claim1, having the formula: 30 2 6 JAN 2004 99 5
10 PIP" 11l 22 HO _ oP5 wherein P" P11 Plo and P13 are hydroxy

protecting groups. 14. An internediate according to claim1l1, having the 15
formula: QPlo 20 25 P1301111111 24 wherein p,, p7, P. and P13 are hydroxy

protecting groups 30 15. An i nt er medi &Be according to claiml1, having the
formula: 2 6 JAN 7004

wherein

P, and P,; are hydroxy protecting groups.

11. An intermediate according to any cne of claims 2 to 10,
5 wherein
P, (if present) is trimethylsilyl;
p, (if present) is 2-methoxy-2-propyl or
benzyloxymethyl;
P,, is triethylsilyl: and
10 Py, is dimethyl-;—butylsi}yl.

12. An intermediate according to claim 1, having the

formula: .
QPyq
15 =
P 30NN
20
21
wherein
25 P,, P, and P, are hydroxy protecting groups.

11. An intermediate according to claim 1, having the

formula:

30



100 OP10 5 10 P13pnrutl 25 OH wherein P" P10 and P13 are hydroxy 2 b JAN 2004
protecting groups . 15 16. An internmedi ate according to claim1, having the
formula: 20 25 P13OFItlslt 27b wherein PT, P10 and. P13 are hydroxy
protecting groups; and 30 MPMis V. -nethoxyphenyl nethyl. 2 6 JAN 2004 101
17. An internediate according to any e of claims 12 to 16, wherein P5

(if present) is trinethylsilyl or acetyl; P7 is 2-methoxy-2-propyl or

benzyl oxynethyl; 5 PIO is triethylsilyl; and P13 is dinethyl-t-butylsilyl.

QP4

-

=
-
=

P130uHIN

22

10
wherein

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

14. An intermediate according to claim 1, having the
15 formula:

OPjo

-
-
-

-

P,zOm
20

25
24

wherein

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

30 15. An intermediate according to claim 1, having ths

formula:




7 6 JAN 200k

100

P30
S
10
25
wharein
P,, Py, and P;; are hydroxy protecting groups.
135 16. An intermediate according to claim 1, having the
formula:
OPso
20
P,aCtnt
O
: F OH
>
o : OH
25 OMPM
27b
wherein

Py, P, and.P,; are hydroxy protecting groups; and
30 MPM is p-methoxyphenylmethyl.



Z b JAN 2004

101

17. An intermediate according to any one of claims 12 to
16, wherein

p, (if present) is trimethyleilyl or acetyl;

p, is 2-methoxy-2-propyl or benzyloxymethyl;

P 1S triethylsilyl; and

P,, is dimethyl-t-butylsilyl.



