
2 6 JAN 2004 1 SYNTHESIS OF TAXOL AND ITS DERIVATIVES This invention was
made with Government support  under NIH Grant #CA 42031 awarded by the
National  Institutes of Health. The United States Government has 5 certain
rights in the invention. BACKGROUND OF THE INVENTION 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, has attracted
considerable interest in both  the biological and chemical arts. Taxol is a
promising  cancer chemotherapeutic agent with a broad spectrum of 15
antileukemic and tumor-inhibiting. activity. Taxol has  the following
structure: 16  CHCONK ~O 1 z rrrr C H 5 - `11 OH  OH = H -$`~ 



- OA c20r 0  CGHSCOO 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 quantities 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. 2 6 JAN 2004 Co A semi -synthetic approach to the preparation
of  taxol has been described by Greene, at al. in JACS 110,  5917 (1988),
and involves the use of a congener of taxal,  10-deacetyl baccacin II1
which has the structure of  formula II shown below: OH 10-deacetyl baccatin
III is more readily available than  taxol since it can be obtained from the
needles of Taxus  baccata. According to the method of Greene et al.,
10-deacetyl baccatin III ("10-DA3') is converted to taxol  by attachment of
the C-10 acetyl group and by attachment  of the C-13 6-amido ester side
chain through the esterification of the C-13 alcohol with a 13--amido
carboxy is acid unit. 



Denis et al. in U.S. Patent No. 4,924,011  disclose another process for
preparing derivatives of  baccatin Ili or of 10-deacetylbaccatinlll of
general  farm' rm' R-0 CH---OH 2 H  ac0C5H aH C 5 H 5  -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 formula: (CH3)3000ONH in which Rl is a
hydroxy-protecting group, is condensed  5 with a taxane derivative of
general formula: OH (VII) Hi0-' OH 



H OCOCOH3i  OCOCH3 in which R. is an acetyl hydroxy-protecting group and R3
is a hydroxy-protecting group, and the protecting groups  R1, R3 and, where
appropriate, R2 are then replaced by 10 hydrogen. Other semisynthetic
approaches for the  preparation of taxol and for the preparation of other
taxanes which possess tumor-inhibiting properties have  been reported in
recent years, but each of these 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 least to some extent  upon the collection
of various parts of plants from the 2 6 JAN 2004 4 remote corners of the
world and the extraction of 10-DAB  and/or baccatin III therefrom. SUMMARY
OF R INVENTION Among the objects of the present invention, S therefore, is
the provision of an intermediate for use in  a process for the synthesis of
taxol and other  tetracyclic 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. 2 6 JAN 2004 5 The invention is directed to an intermediate  for
use in the preparation of a tricyclic or tetracyclic  taxane, the
intermediate having the formula: 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 -OCOR11, or
together with R, or R" is a carbonate; R., is alkyl, hydroxy, protected
hydroxy, or  -0COR2" or together with R" Rob, or R5 is a carbonate; 5 Rob
is hydrogen, alkyl, alkenyl, alkynyl, aryl,  heteroaryl, or cyano, together
with R,,, or R. is a  carbonate, or together with 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 R,b is a
carbonate, or is 20 together with R,d and the carbons to which they are
attached form an oxetane ring; 



R,,, is hydrogen, halogen, hydroxy, protected  hydroxy, -OR2 , or -000R34;
R9 is hydrogen; R0 is hydrogen, oxo, hydroxy, protected  hydroxy, -OR,,, or
-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 Cr MO-; n2a. R30, R3[' R32, R33, R35. and R34 are
-'Ya'J..^.Ce~:ti'/ hydrogen, alkyl, alkenyl, alkynyl, aikoxv, aryloxy,
-NX,XN, -Sittig, monocyclic hetercaryl;  X. is hydrogen, cr heteroaryl;
X,,, is heteroaryl; and alkyl, M comprises  The present a'-yi or Ronccyclic
alkyl, alkenyl. al kvrivi, aryl, 



alkenyl, alkynyl, aryl, oz, ammonium or is a metal.  invention is further
directed intermediate for use in the preparation of a  tecracyclic taxane
having the formula: wherein to an tricyclic or R is C. - C0 alkyl, R: is
hydrogen, hydroxy, protected hydroxy or  -OCOR30, or together with R, is a
carbonate; R2 is hydrogen, hydroxy, protected hydroxy, oxo,  cr -OCOR3_,
together with R; is a carbonate, or together  with R, is a carbonate; R,,
is hydrogen, alkyl, hydroxy, protected  hydroxy, or -OCOR,,, or together
with R, is a carbonate;  R,, is hydrogen, halogen, hydroxy, protected
hvdroxy, -ORi , -OCOR3,, or together with Rg is a  carbonate; 2 6 JAN 7004
8 Ro is hydrogen, oxo, hydroxy, protected hydroxy  -OR;., a -CCOR" or
together with R14 or R10 is a carbonate; R;0 is hydrogen, oxa, hydroxy,
protected  



hydroxj, -OR,15, or -CCOR25, or together with R,y is a  carbonane; R12 is
hydrogen,hydroxy, protected hydroxy  -OCOR.S or IMO-; R,9 is a functional
group which increases the  solubility is of the caxanee derivative; R,7,
R_9, R30, RIB, R,,, Res, and R25 are independencly hydrogen, alkyl,
alkenyl, alkynyl, alkoxy,  acyloxy , -:rj{,X;ti, -SX:0, monocyclic aryl or
monocyclic  heteroaryl ; X0 is hydrogen, alkyl, alkenyl, alkynyl, aryl,  or
heteroaryl; X_Q is alkyl, alkenyl, a kynyl . aryl , or  heteroaryl ; and M
comprises ammonium or is a metal. The inventioin is further directed to an
intermediate far use in the preparation of a tricyclic or  te=racyclic
taxane having the formula: R~ is hydrogen , 17.hydroxy, protected hydroxy
or  -CCOR)o or togethr with R1 is a carbonate; 2 6 JAN 2004 9 R, is
hydrogen, hvdroxy, protected hydroxy, oxo,  or -OCOR,:, or together with R.
or R,. is a carbonate; R. is hydrogen. alkyl, hydroxy, protected  hydroxy,
or -OCOR,,, together with R,, is an oxc, or  together with R,, R,,, or R5
is a carbonate; 



R. is hydrogen, alkyl, alkenyl, alkynyl, a_Jl,  heteroaryl, or cyanc,
together with R4a is an oxo,  together with R,, or R5 is a, carbonate, or
together with R,  and the carbons to which they are attached fore an
oxetar_e ring; R5 is hydrogen hydroxy, protected hvdroxy,  -CCOR:r, axo,
together with R or R. is a carbonate, or  together with R4, and the carbons
to which they are  attached form an oxetane ring; R,, is hydrogen, halogen,
hydroxy, protected  hydroxy, -OR2 , or -OCORy4, or together with R, is ,a
carbonate; R, is hydrogen, oxo, hydroxy, protected hydroxy,  -OR23, or
-OOOR33, or together with R,, or Rw is a  carbonate; RIC is hydrogen, oxo,
hvdroxy, protected  hvdroxy, -OR2" or -OCOR_,, or together with P. is a
carbonate; R1, is hydrogen hvdroxv, protected hydroxy,  -OCOR,5, MO- or R,,
is a functional group which increases the  solubility of the taxane
derivative; 2 6 JAN 2004 10 R27, R29, R30, R31, R34, R3S and R37 are
independently  hydrogen, alkyl, alkenyl. alkynyl, alkoxy, aryloxy, -
NX,X.Q, -SX,Q, monocyclic aryl or monocyciic heteroaryl; 



X. is -OK;, -sx,, or -VX,X9; K_ is hydrogen, alkyl, alkenyl, alkyntl, aryl,
or heteroaryl; X, and ~4 are independently hydrogen, alkyl,  alkenyl,
aikyny , aryl, or heteroaryl; X; is -COX1Q, -COOXw, -COSXw, -CONX,X_fl,  or
-SOIXII; X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,  heteroaryl,
hydroxy protecting group, or a functional  group which increases the wacer
solubility of the taxane  derivative; X, is alkyl, alkenyl, alkynyl, aryl,
heteroaryl?,  or sulfhydryl protecting .group; X, is hydrogen, My!,
alkenyl, alkynyl, aryl,  or heteroaryl; X9 is an an no protecting group; X.
is alkyl, alkenyl, a_k_vriyi, aryl, or  heceroaryl; X. is
alkyl,~~~~alkenyl, alkyl~, aryl,  hete_oa yl, -OXIQ, or -NX,Xt4; X14 is
hydrogen, alkyl, alkenyl, alkynyl, a y ,  or heteroaryl; and M comprises
ammonium or is a metal. Other objects and features of this invention  will
be in part apparent and in part pointed out  hereinafter. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS 



As used herein "Ar" means aryl; ?h means phenyl ; "Me" means methyl; ".. ,.
means ethyl; "Or' means  isopropyl; Wu- and "t-Su" means cerc-bu:yi; "R"
means lower alkyl unless otherwise defined; "Ac" means acetyl;  pv' means
pyridine; "TES" means triethylsilyl silt' "TMS" 2 6 JAN 2004 11 means
trimethyl-silyl; "T3S" means Me.t-BuSi-, "Tf` means  -SC CF3; "BMDA" means
BrMgNiPr: "Swern" means (CCCI i Et,N; "LTMP" means lithium
tetramethylpiperidide; "MOP"  means 2-methoxy-2-propyl; "BOM" means
benzyloxymethyl;  "LDA" means lithium diisopropylamide; W:" means lithium
aluminum hydride; Red-A1* means sodium bis (2 - methoxyethoxy) aluminum
hydride; "Ms" means CH1SO2-;  "TASF" means tris (diethylamino} sulfonium-
difluorotrimethylsilicate; *Ts* means toluenesulfonyl; "TBAF" means
tetrabutyl ammonium hydride; "TPAP" means  tetrapropyl-ammonium
perruthenate; "DBU" means diazabicycloundecane; "DMAP" means
p-dimethylamino  pyridine; "LEMDS" means lithium hexamethyldisilazide;
"DID'" means dimethylformamide; " AIBN' means azo- (bis )-
isobutyronitrile; 10-DAB" means 10-desacetylbaccatin  III; "FAR" means
2-chloro-1,1,2-trifluorotrimethylamine;  "mCPBA" means metachloroperbanzoic
acid; "DDQ" means  dicyanodichloroquinone; "sulfhydryl protecting group"
includes, but is not limited to, hemithioacecals such as  1-ethoxyethyl and
methoxymethyl, thioesters, or  



thiocarbcnates; "amine protecting group" includes, but is  not limited to
carbamaces, for example,  2,2,2-trichloroethylcarbamate or
tertbutylcarbamace;  "protected hydroxy means -OP wherein P is a hydroxy
protecting group; and "hydroxy protecting group"  includes, but is not
limited to, acetals having two to  ten carbons, ketals having two to ten
carbons, ethers  such as methyl, t-butyl, benzyl, p-methoxybenzyl,
p-nitrobenzyl, allyk, trityl, methoxymethyl,  methoxyethoxymethyl,
ethoxyethyl, tecrahydropyranyl,  tetrahydrothiopyranyl, and trialkylsilyl
ethers such as  trimethylsilyl ether, triethylsilyl ether,
dimethylarylsilyl ether, triisopropylsilyl ether and  t-butyldimethylsilyl
ether; esters such as benzoyl,  acetyl, phenylacecyl, formyl, mono-, di-,
and  trihaloacecyl such as chloroacetyl, dichloroacetyl, 2 6 JAN 2004 12
triochloroacety!. trifluoro-acetyl ; and carbonates  including but not
limited to alien carbonates having -From  one to six carbon atoms such as
methyl. ethyl. n-propyl,  isopropyll, n-butyl. t-butyl; isobutyl, and
n-pentyl;  alkyl carbonates having from one to six carbon atoms and
substituted with one or more halogen acorns such as x, 2.
2-trichloroethoxymethyl and 2, 2, 2-tri-chloroethyl;  alkenyl carbonates
having from two to six carbon atoms  such as vinyl and alkyl; cycLoalkyL
carbonates having  



from three to, six carbon atoms such as cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl; and phenyl or  benzyl carbonates optionally
substituted on the ring with  one or more C!_; alkoxy, or nitro. Other
hydroxyl,  sulfhydryL and amine protecting groups may be found in
"Protective Groups in Organic Synthesis by T. W. Greene  Jo'r"I Wiley and
Sons, 1981. The alkyl groups described herein are  preferably lower alkyl
containing from one co six carbon  atoms in the principal chain and up to
15 carbon atoms.  The,., may be straight or branched chair and include
methyl, ethyl, propel, isopropyl, butyl, hexyl and the  like. They may be
hydrocarbon or heterosubstituted with  the various substituents defined
herein, including  heteroalkyl, alkenyL, heteroalkenyl, elkynyl,
heteroalkynyl, aryl, heteroaryl, and heterosubstituted  heteroaryl. The
alkenyl groups described herein are  preferably lower alkenyl containing
from two to six  carbon atoms in the principal chain and up to 15 carbon
atoms. Their may be straight or branched chain and  include propenyl,
isopropenyl, butenyL,  isobutenyl, hexenyl, and the lice. They may be
hydrocarbon or heterosubstituted with the various  substituents defined
herein, including alkyl, heteroalkvl, heteroalkenyL, alkynyl,
heteroalkynyl, aryl,  heteroaryl, and heterosubstituted heteroaryl. 



2 6 JAN 2004 13 The alkynyl groups described herein are  preferably lower
alkynyl containing from two to six  carbon atoms in the principal chain and
up to 15 carbon  atoms. They may be straight or branched chain and  include
ethynyl, propynyl, butynyl, isobutynyl, hexynyl.  and the like. They may be
hydrocarbon or  heterosubstituted with the various substituents defined
herein, including alkyl, heteroalkyl, alkenyl,  heteroalkenyl,
heteroalkynyl, aryl, heteroaryl, and  hecerosubstituted heteroaryl. The
aryl moieties described herein contain from  6 to '15 carbon atoms and
include phenyl. They may be  hydro-carbon or heterosubstituted with the
various  substituents defined herein, including alkyl, heteroalkyl,
alkenyl, heteroalkenyl, alkenyl,  heteroalkynyl, heteroaryl, and
heterosubstituted  heteroaryl. Phenyl is the more preferred aryl. The
heteroaryl moieties described herein  contain from 5 to 15 atoms and
include, furyl, thienyl,  pyridyl and the like. They may be hydrocarbon or
heterosubstituted with the various substituents defined  herein, including
alkyl, heteroalkyl, alkenyl,  heteroalkenyl, alkynyl, heteroalkynyl, aryl,
and  heterosubstituted heteroaryl. The acyl moieties described herein
contain  



alkyl, alkenyl, alkenyl, aryl or heteroaryl groups. .The alkoxycarbonyloxy
moieties described herein  comprise lower alkyl, alkenyl, alkynyl or aryl
groups.  The hydrocarbon substituents described herein may be alkyl,
alkenyl, alkynyl, or aryl, and the hetero- substicuents of the
heterosubsticuted alkyl, alkenyl,  alkynyl, aryl, and heteroaryl moieties
described herein  contain nitrogen, oxygen, sulfur, halogens and/or one to
six carbons, and include lower alkoxy such as methoxy,  ethoxy, butoxy,
halogen such as chloro or fluoro, and  nitro, heteroaryl such as furvl or
thienyl, alkanoxy, 2 6 JAN 2004 14 hydroxy. protected hydroxy, acyl,
acyloxy, nitro amino  and amido. An exemplary synthesis of baccatin III or
10- DAB is depicted hereinbelow in Reaction Scheme A. The  starting
material, diol 2, can be prepared from pacchino  (commonly known as
3-pacchoulihe epoxide) which is commercially available. The pacchino is
first reacted  with an organo-metallic such as lithium t-butyl followed  by
oxidation with an organic peroxide, such as t- butylperoxide in the
presence of titanium tetraisopropoxide to form a tertiary alcohol. The
tertiary alcohol is then reacted with a Lewis acid, such  as boron
trifluoride at low temperature, in the range from 40C to -100C; in the
presence of an acid, such as  



trifluoromethane sulfonic acid. A graphical depiction of  this reaction
scheme along with an experimental write-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
Scheme A 0H  11 TEEC1, pY   2 P1_011111 a) EMOA C] CI2CO, ROH 3 HOlllll
Ti(OiPr)1, 1EuOO H 0910 F 13 011311 0 F 13 011111 2 6 JAN 2004 Pt10uu1
P,ZClutl R 13 011111 



LTMG 16 Swern P 1 30t lilt A 13 011111 qE0-A I 2 6 JAN 2004 14 F 13 011111
15 P13 011111 1 e a;,a Ca2R 17 c12c0 LOA F 13011111 16 T 2 6 JAN 2004 P 13
011 r 11 21a F.,flluri 22= 18 mCP9A 



Me Mg Sr. P 12011111 2?a ct3NGO2NCO2Me P1 2 6 JAN 2006 19 Op,a 0so4 MSCI,
py OH OH OH  Ca) TMSC I . py  Ch) LOA, TsCI  Cc) HP, py 26a OEU Op I0 Ac20.
py. OMAP 2 6 JAN 2004 20 P 011111  ,s 22 p, aO till 24 0 



NaOMo (MeO)2CH(pOMePh) I p 1 3 011111 258 OP5 A Ii i 6u I  2 OMp 2
2-dimethoxypropane, II" 2 6 JAN 2004 21 H 011111 33 10-OAB Ph ACO HO   0 H
0 ACO H M1111 33 Ph OH 



1) a. LHUOS, #Lactam  b. HF, pyridine  2) H2/Pd if P7-80M T TAXOL Pi301;111
34 ACO ACO in Reac:i on Scheme A, Ps is THIS, P- is MOP or SOM, P. i5  TES,
Pli is TES, 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. IL
should be  understood, however, that is, P7, P., and PL3 may be other
hydroxy protecting groups and R may comprise other lower  alkyl
substituents in compounds 6, 7, 15, 16 and 17. Reaction Scheme A may be
varied between  compounds 18 and 29 as set forth below in Reaction Scheme
A', with the reactions leading to compound 18 and  following compound 29
being as set forth in Reaction  Scheme A. 2 6 JAN 2004 Reaction Scheme P
101111 is T 



22 LOA  camphorsulphonyl  oxaziridine TUSCI, py P 13 Q11111 20 Fla 413omll
20 Melugdr P i 3011m 21 L ' Ha  C Ac2a, Dy 2 6 JAN 2004 P 1 7011111 23
P1.OIilll 24 p 1 3011111 258 23 50 clz. r 



NaOMe CMeO)2CH[pOMePh) P 1 3 all III 22 i 8 u 2 A I H  methcxy  propene, H`
2 6 JAN 2004 24 to 1C rt30""r 17= U  VQ H _ -  Q I OMP~u MsC1, py 1
P130"111 209 0MPM  0 OMs a. CI?C7. py  W H70' E[N(iPrJ2 coo 2663 



P 130""1 29 o+1PM Ac0  0 in Re=ccion Schelde A , Pi is TMS or ec, P7 is
MOP or SOM, ?w is TES, Pt3 is TSS and Poo is acetal or  ketal, Preferably
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 C13 side chains may be obtained by reacting a
B-lacta:ct with alkoxides having the taxane tricyclic or  tetracyclic
nucleus and a C-13 mecal l? c oxide su sCituen  Cc form compounds having a
3-am?do ester substicuert at  C-13. The r3-lactams have the following
srruccu=a?  formula: 2 6 JAN 2004 25 where  X. - Xs are as defined above.
The alkoxides  having the tricyclic or tetracyclic taxane nucleus and a
C-13 mecallic oxide or ammonium oxide substituent have  the following
structural formula: wherein RL, R,, R11, R", R5, R6, Ri., R7,, R9, and R1a
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), IIH,  



lIlA WA., VA, or VIA metals (CAS version). If M compri es ammonium, it is
preferably tetraalkylammonium  and the alkyl component of the
tetraalkylammonium  substituent is preferably C1- C10 alkyl such as methyl
or  butyl. Most preferably, the alkoxide has the tetracyclic  taxane
nucleus and corresponds to the structural formula: 2 6 JAN 2004 26 N401!!Il
wherein M, Rx, R,,, R,,, R4, and RW are as previously  defined. As set
forth in Reaction Scheme A, taxci may be  prepared by converting
7-protected Baccatin III 35 to the  corresponding alkoxide and reacting the
alkoxide with a  P-lactam in which It is protected hydroxy, X, is phenyl
and Is is benzoyl. Protecting groups such as 2- machoxywrovyl ('MOP") ,
1-ethoxyechyl (W) are  pre=erred, but a variety or other standard
protecting  groups such as the triethylsilyl group or other trialkyl  (or
aryl) silyl groups may be used. Taxanes having  alternative side chain
Substitutes may be prepared  through the use of P-laccams which comprise
the  alternative substituents. Taxanes having alternative C9 substicuents
may  be prepared by selectively reducing the C9 keco  substituent of taxol,
10-DAB, Baccatin Iir or one of the  other intermediates disclosed herein to
yield the  



corresponding C9 P-hydroxy derivative. The reducing  agent, is preferably a
borohydride and, most preferably,  tetrabucylammoniumboro-hydride (3L',Fj5;
) or triacecoxyborohydride . As illustrated in Reaction Scheme 1, the
reaction a baccatin with Bu,N .., in methylene chloride yields
9-desoxo-9p-hydroxybaccatin Ill S.After  the C7 hydroxy group is protected
with the trimethylsilyl  protecting group, for example, a suitable side
chain may 2 6 JAN 2004 27 be attached to 7-procecced-96-hydroxy derivative
6 as  elsewhere described herein. Removal of the re _n. g  protecting
groups thus yields 913-hydroxv-desoxo taxol or  ocher
9p-hydroxyvtetracyclic taxane having a C13 side  chain. REACTION SQH7=- M-
1 OAC OAC OH H0I16.1-\r-OA~ I H HOI,~..( V , H HO Bu4NBH4 CH2C12 HO Ph-
ACO~` ph-;C ACO\ 5 ~~\\ 



E CI  ET3N H01". OAc Alternatively, the C13 hydroxy group of 7-
protected-93-hydroxy derivative 6 may be protected with  trimethylsilyl or
other protecting group which can be  selectively removed relative to the C7
hydroxy protecting  group as illustrated in Reaction Scheme 2, to enable
further selective manipulation of the various  substituenos of the taxane.
For example, reaction of 2 6 JAN 200& 28 7 , I3-protected-9(3-hydroxy
derivative 7 win K= causes :he  acetate group to migrane from C10 to C9 and
the 'hydroxy croup to migrate from C9 to C10, thereby yielding 10-
desacetyl derivative 8. Protection of the C10 hydroxy  group of
I0-desacecyl derivative 8 with triethvlsilyl  yields derivative 9.
Selective removal of the C13 hydroxy procecting group from derivative 9
yields  derivative 10 to which a suitable side chain may be  attached as
described above. 26 JAN 2004 29 REACTION SC =N 2 2) CH CT!! 



OTES Ti50ui..( )e-- V P WSaus.. TESC I ET3N 9 Qyrldime 10 CH 8 As shown in
Reaction Scheme 3, 10-oxo  derivative 11 can be provided by oxidation of
10- desace_vi derivative 8. Thereafter, the C_3 hydroxy CAC 2 6 JAN 2004
protecting group can be selectively removed followed by  attachment of a
side chain as described above to yield 9-  acetoxy-10-oxo-taxol or other
9-acetoxy,-10-oxotetramethylic  taxanes having a C13 side chain.
Alternatively, the C9  acetate group can be selectively removed 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 C13 hydroxy
protecting group can be  selectively removed followed by attachment of a
side  chain as described above to yield 9-desoxo-10-oxo-taxol  or other
9-desoxo-10-oxotetracyclic taxanes having a C13  side chain. 



REACTION SCHEME 3 OH 8 TPAP TM SOilI 7 Reactor Scheme 4 illustrates a
reaction in  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
protected with the triethylsilyl or another protecting group to produce
trial 14 to which a C13 side chain can  be attached as described above or,
alternatively, after  further modification of the tetracyclic substituents.
REACTION SCHEME 4 0H Hotu,. &U4NeH4 CHZC12 HOw.. OH 13 TESCI  ET3N OT E!
Hot'.'. 14 



Taxanes having C9 and/or C10 acyloxy  subscituents other than acetate can
be prepared using 10- DAB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triethylsilyl chloride  in pyridine
yields 7-protected 10-DAS 15. The C10  hydroxy substituent of 7-protected
10-DAB 15 may then be  readily acylated with any standard acylating agent
to 2 6 JAN 2004 32 yield derivative 16 having a new C10 acyloxy
substituent.  Selective reduction of the C5 keco substituent of  derivative
16 yields 96-hydroxy derivative 17 to which a C13 side chain may be
attached. Alternatively, the C10  and C9 groups can be caused to migrate as
sea forth in  Reaction. Scheme 2, above. REACTION SCHEME H HQ H ``N  Ph-ACQ
\`a HOlill 17  15 ACyIatIng agent 



a 16 Taxanes having alternative C2 and/or C4 esters  can be prepared using
baccatin III and 10-DAB as starting  materials. The C2 and/on C4 esters of
baccatin 1__ and O-DAB can be selectively reduced to the corresponding
alcohol(s) using reducing agents such as L?= or ?ed.-Al, and new esters can
thereafter be substi:u:ed using, 7 OH Ph-<' A C 4 2 6 JAN 2004 33 standard
acylating agents such as anhydrides and acid  chlorides in combination with
an arsine such as pyridine,  triethylamine, DMAP, or diisopropyl ethyl
amine.  Alternatively, the C2 and/or C4 alcohols may be converted  to new
C2 and/or C4 esters through formation of the  corresponding alkoxide by
treatment of the alcohol with a  suitable base such as LDA followed by an
acylating agent  such as an acid chloride. . Baccatin III and 10-DAB
analogs having  different substituents at C2 and/or C4 can be prepared as
set forth in Reaction Schemes 6-10. To simplify the  description, 10-DAB is
used as the starting material. It  should be understood, however, that
baccatin III.  derivatives or analogs may be produced using the same  



series of reactions (except for the protection of the C10  hydroxy group)
by simply replacing 10-DAB with baccatin  1Z as the starting material.
9-desoxo derivatives of  the baccatin III and 10-DAB analogs having
different  substituents at C2 and/or C4 can then be prepared by  reducing
the C9 keto substituent of these analogs and  carrying out the other
reactions described above. In Reaction Scheme 6, protected 10-DAB 3 is
converted to the trio! 18 with lithium aluminum hydride.  Triol I8 is then
converted to the corresponding C4 ester  using CI,CO in pyridine followed
by a nucleophilic agent  (e.g., Grignard reagents or alkyllithium
reagents). 2 6 JAN 2004 34 Scheme 6 aTES 3 LAH TMSCitni 18 CIzC0  0 yriauai
T CTES T MSolIII A21Li or i MSQtltt 



OT R 31Mu er 0 E  Ho \  a Q3. \\ HC a u 20 0725 10 Depratonation of trial
18 with LDA followed by  introduction of an acid chloride selectively gives
the C4  ester. For example, when acetyl chloride was used, trial  18 was
converted to 1, 2 dial 4 as set faith in Reaction  Scheme 7. Trial I8 can
also readily be converted co the  1,2 carbonate 19. Acetylation of
carbonate 19 undo=  vigorous scandard conditions provides carbonate 21 as
described in Reaction Scheme 8; addition of alkyllithiums  or Grignard
reagents to carbonate 19 provides t^e C2 2 6 JAN 2004 35 escer having a
free hydroxyl group ac C4 as se: fcr :n  Reaction Scheme 6. Scheme 7 CTES
TMSOiiiil 



18 Scheme 8 OTES cl co TMSOtlli OTES QTES 4 0 TMSOltill( ):Ie- V J 2 /-\
&-Y J' OTSS Pyridine TM SOI111 18 Ac 20 OMAP OTES TUSOmi 21 2 6 JAN 200 36
As set forth in Reaction Scheme 9, other C4  substituent can be provided by
reacting carbonate 19  with an acid chloride and a tertiary amine to yield
carbonate 22 which is then reacted with alkyllithiums or  Grignard reagents
to provide 10-DAB derivatives having  new substituents at C2. Scheme 9 cri:
T P4SOItrll 



18 OTES T1 Mim 23 TMSOiiil OTEE 22 Alternatively, baccatin III may be used
as a  starting material and reacted as spawn in Reaction Scheme  10. After
being protected at C7 and Cl). baccar---in I:--, is  reduced wit LAH to
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 C10 with an acid
chloride CTiw! a2co r Pyridine TFASOiiii R31Li or Ax1MQEr 2 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 alkyl
Iithiums to provide the baccatin I=I derivatives having  new subscicuencs
at C2 and CIO. Scheme 10 OAe 



HOIIMI 0 OH TM501II  25 1) TESCI, py 2) TMSC I . OMAP  imldazole, OMF
TM501111 CAC 24 A29GOC I  pyridine 2 6 JAN 2001 38 T 4SOituu TMSOwu
10-desacetoxy derivatives o baccatin III and  30-desoxy derivatives of
10-DAB may be prepared by  reacting baccatin III or 10-DAB (or their
derivatives)  with samarium diiodide. Reaction between the tetracyclic
taxane having a CIO leaving group and samarium diiodide  may be carried out
at 0C in a solvent such as  tetrahydrofuran. Advantageously, the samarium
diiodide  selectively abstracts the C10 leaving group; C13 side  chains and
ocher substituents on the tetracyclic nucleus  remain undisturbed.
:'hereafter, the C9 keco subs.? n en:  



may be reduced- to provide the corresponding 9-desoxo-9 3-
hydroxy-LO-desacecvoxv or 10-desoxy derivatives as  otherwise described
herein. 2 6 JAN 2004 39 C7 dihydro and other C7 substituted taxanes can  be
prepared as set Torch in Reaction Schemes 11, 12 and  12a. REACTION SCE:'
11 OAC HCliii HO U ?C Ph --,~ ACC  0 OH NaH  Cs2 CH31 M0111 1 OAc n9u3SnH
AISN Ccat)  toluene Creflux) OAC HOuuli HO 



- H Ph~ ac0  0 2 6 JAN 2004 F.EAC'r7ON SC:` = 12 OAC OAC 40 FAR usCI EL3N
Et3NHCI OAc OAC H4iu. ph~ Ac0  \~O 2 6 JAN 2004 41 REACTION SCHEME 12a (1)
THE [Z? HF, Pyridine, CH3CN  CH .As shown in Reaction Scheme 12, Baccatin
III  may be converted into 7-fluoro baccatin III by treatment  with FAR at
room temperature in THF solution. Other  baccatin derivatives with a free
C7 hydroxyl group behave  



similarly. Alternatively, 7-chloro baccatin III can be  prepared by
treatment of baccatin III with methane  sulfoyl chloride and triethylamine
in methylene chloride  solution containing an excess of triethylamine
hydrochloride. 2 6 JAN ZOOS 42 Taxanes having C7 acyloxy substituencs can
be  prepared as set forth in Reaction Scheme 12a, 7, 1]- protected
10-cxo-derivative 11 is converted to its  corresponding C13 alkoxide by
selectively removing the  C_3 protecting group and replacing it with a
metal such  as lithium. The alkoxide is then reacted with a {3-lactam  or
other side chain precursor. Subsequent hydrolysis of  the C7 protect-mg
groups causes a migration of the C7  hydroxy substituent to C14, migration
of the C10 oxd  substituent to C9, and migration of the C9 acyloxy
substituent to C7. As shown in Reaction Scheme 13, 7-0- triethvlsilyl
baccatin III can be converted to a  tricyclic taxane through the action of
trimethyloxonium  tetrafluoraborace in methylene chloride solution.. The
product dial then reacts with lead tetraacecate to  provide the
corresponding C4 ketone. 2 6 JAN 2004 43 REACTION SCHEME 13 



OAc HOu1'.. d P h \\ ACQ  \\a Haii.,. OAc Pb(OAC)4 OAc 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 at C- 10 and two hydrogens at
C-9, e.g., the process for  introducing C9 and CIO carbonyl and hydroxyl
groups can  be applied to suitably protected intermediates 4 through 29.
Likewise, the process for introduction of C1  and C2 oxygen-containing
functional groups (conversion of  6 to-13 in Reaction Scheme A) can be
applied to any  intermediate having a C3 carbonyl group. 2 6 JAN 2004 44
Similarly , the process for introducing C2 and  C4 acyl groups as
exemplified in Reaction Schemes 6  through 10 can be applied to any
intermediates having a  C1, C2 carbonate. 



also, the process for forming the oxetane ring,  as exemplified in the
conversion of 24a to 27a in React ion Scheme A, can be applied to a variety
of  intermediates having a C4 carbonyl group. The aldol process exemplified
in the conversion  of 5 to 6 in Reaction Scheme A can be applied to any
suitably protected intermediate having a C3 carbonyl  group and a C8a
hydrogen. A variety of ketones c=  aldehydes can be used as a reactant in
this process. Formation of a cyclic carbonate from any 1,2 or 1,3 diol
subunit in any intermediate can be carried out  by using phosgene as a
reactant. Carbonyl groups can be  reduced by hydride reagents or metallic
species to the  corresponding alcohols . Alcohols can be oxidized using a
variety of oxidizing agents as exemplified in the React on Schemes, to the
corresponding carbonyl groups.  The compounds disclosed in this application
have several asymmetric carbons and may exist in  diastereomeric, racemic,
or optically active forms. ALL  of these forms are contemplated within the
scope of this  invention. More specifically, the present invention
includes the enantiomers, diasteriomers, racemic  mixtures, and ocher
mixtures of the compounds disclosed  herein. The following examples
illustrate the invention. 2 6 JAN 2004 



45 EXAMPLES  REACTION SCHEME A Triethylsilylaxy alcohol 3 . To a solution
of diol 2 (3.I6 g, 13.4 mmol) and DRAP (70 mg, 0.37  mmol) in CH1C12 (65
mL) at room temperature was added triethylamine (3.7 mL, 26.6 mmol)
followed by dropwise addition of TESCI (17 mL, 16.1 mmol). After 1.75 h.
the reaction mixture  was diluted with 150 mL of hexane, then poured into
100 mL of a saturated aqueous NaHCO3  solution and 150 mL of hexane. The
organic phase was washed with two 100 mL portions of  saturated aqueous
NaHCO3 solution and with 100 tnL of water, dried over anhydrous Na2SOi,
and concentrated under reduced pressure to give 4.88 g of rude
triethylsilyloxyalcohol 3. An  analytical sample was obtained by plug
filtration through a short pad of silica gel washing with  hexane and then
eluring the pure compound 3 (Pt 0 = TES) (colorless oil) with S% ethyl
acetate in  hexane. 3 (Pt0 =TES): tH NMR (300 MHz, CDC13) 5 0.61 (q, J =
7.7 Hz, 6H, TES 012), 0.89 (s,  3H, CH3 16), 0.96 (t, J = 7.7 Hz, 91-L TES
CH3), 1.03 (d, J = 7.1 Hz, 3H, CH3 19), 1.07 (s,  3H, C-13 17), 1.23 (d, J
= 14.3 Hz, IH, H2tz), 1.56 (dd, I = 6.0, 6.0 Hz, IH, H7), 1.76 (ddd,  1 =
5.0, 11.0. 13.7 Hz, IH, H9), 1.90 (ddd, J = 2.2. 8.8, 15.4 Hz, IH, H9),
1.96 (m, 1H,  H14a), 2.37 (m, 2H, H20, H145), 2S1 (ddd, J = 7.7, 7.7, 10.4
Hz, IH, H8a). 2.94 (s. IH,  OH-3), 4.21 (dd, J'= 2.2, 5.0 Hz, 1H, H10),
5.43 (dd, J = 2.8, 2.8 Hz, IH, HI3). 13C NMR  (75 MHz, CDC13) S (ppm) 4.8
(1`ES CH2), 6.7 (TES CH3), 15.02 (CH3 19). 23.0 (CH3 17),  26.2 (CH3 18),
28.0 (CH3 16), 33.6 (C14). 41.5 (C8), 44.2 (C2), 45.0 (CI), 45.2 (C15),
45.8  (C9), 69.6 (Cl1), 74.9 (CIO), 96.0 (C3), 123.0 (C13), 143.7 (C12); IR
(CHCl3) u 3530, 2970,  2930, 2900, 1460, 1340, 1140, 1100, 1080, 1045,
1010, 970, 915, 650 cm- 1; MS (CI) 351  (M+1, 58), 333 (100), 219 (34).
Hydroxy Ketone 4. To a vigorously stirred solution of the crude compound 3
(P10 = TES) in  anhydrous CH2C12 (30 mL) at 0 'C under nitrogen was added
Ti (OiPr)4 (13.5 niL, 43.1 mmol)  followed by dropwisc addition of
anhydrous 2M t.BuOOH in hexane (18 mL, 36 mmol). After 45  



min dimethylsulfide (15 mL) was added slowly over a period of 5 min. The
solution was stirred  for 10 min at 0 'C, then 15 min at room temperature
and then moved to a 55 'C bath where it was 2 6 JAN 2004 46 heated under
reflux for 8h. The solvents were evaporated under reduced pressure,  the
resulting thick syrup was dissolved in ethyl acetate (850 mL) and 3.5 mL if
H.0  was added dropwise with vigorous stirring. The resulting mixture was
stirred at  room temperature for lh and then filtered through a pad of
Celite which was further  washed with two portions of 100mL of ethyl
acetate. Evaporation of the solvent  under reduced presure afforded an oil
that was filtered through a short pad of silica  gel eluting either 10%
ethyl acetate in hexane to give 4.78g of pure hydrowyketone  4 (P14=TES)
(colourless oil). 4 (Pt a = TES): I H NMR (300 -l'fHz, CDCI3) 5 0.58 (q, J
= 7.7 Hz. 6H. TES CH,), 0.94 (t, J =  7.7 Hz, 12H, CH3 19, TES 013), 0.98
(s, 3H. CH3 17), 1.31 (s, 3H, CH3 16), 1.71 (dd, J =  5.0, 1I.5 H; IH,
H2c), 1.85 (m, 3H, HI, H90, H1413). 1.96 (s, 3H, CHI 18); 2.15 (d, J =
12.1, IH. OH-13), 222 (ddd, J = 4.9. 13.2, 15.9 Hz, 1H, H9a), 2.56 (dddd, I
= 3.8. 7.1,  13.7, 13.7 Hz, IH. H8a), 2.75 (dd, J = 21, 11.0 Hz, IH, H2f3),
2.80 (dd(:, .1 = 4.4, 7.7, 11.0  Hz, lH. H14i), 4.10 (t, J = 11.0 HZ, IH,
H130), 4.56 (d, J = 5.0 Hz, IH, HI03); 13C NMR  (75 CDC13) b (ppm) 4.3 (TES
CH1), 6.5 (TES CH3), 13.4 (CH3 18), 18.4 (CH319),  25.3 (CH3 17). 27.1 (CH3
16), 34.7 (C14), 382 (C15), 38.8 (C2), 44.0 (C8). 44.2 (C9), 47.8  (Cl),
67.3 (C13), 69.7 (CIO), 137.3 (CUI). 138.8 (C12), 219.2 (C3); IR (CHC11) u
3550,  2960, 2380, 1660, 1460, 1410, 1240, 1200, 1160, 1140, 1080, 1050,
1000, 980, 900, 810 cm-t;  MS (Cr) 367 (M+I, 2), 349 (100). 331 (55).
Ketone S. To a solution of hydroxyketone 4 (P a = TES) in anhydrous
pyridine (25 mL) at -23 'C  under nitrogen was added dropwise TBSOTf (3.2
mL, 13.9 mmol). After 5 min, the flask was  moved to an ice bath and
stirred for 1.75 h. The solution was diluted with 75 tnL of hexane at0  'C
and then decanted from the insoluble oil into saturated aqueous NaHCO3
solution (200 mL).  



The remaining oil was extracted with three 75 mL portions of hexane. The
combined organic  phases were washed with two 50 rnL portions of saturated
aqueous NaHCO3 solution and then  with 50 mL of water, dried over anhydrous
Na,SO4 t and concentratcd under reduced pressure.  The. yellowish oily
residue was purified by filtration through a short pad of silica gel
eluting with  10% ethyl acetate in hexane to give 4.78 g of pure ketone 5
(Pia = TES, P13 = TBS) (94% yield  from 2). 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). 0.57 (q, I= 8.2 Hz, 6H, 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, I = 5.5, 11.5 Hz, 1H, H2ra).
1.84 (m, 2H, H1, H9 3), 1.89 (s. 3H, CH3 18).  1.92 (dd, J = 6.0. 14.3 Hz,
IH, H14a), 2.21 (ddd, J = 5.5, 13.2, 15.4 Hz, IH. H9 at), 2.39  (ddd, I =
8?, 10.4. 14.3 Hz, IH. H140), 2.52 (ddd. I = 3.9, 7.1. 13.6 Hz, IH, Mot),
2.66  (dd, I = 2.8, 11.5 Hz, 1H, H2P), 4.45 (dd, I = 5.5, 10.4 Hz, IH.
H1313). 4.61 (d, J = 5.0 Hz,  IH, H10f3); 13C NMR 5 (ppm) -5.4 (TBS CH3),
-4.6 (TBS CH3), 4.3 (TES CH2), 6.5 (ES  CH3), 14.1 (CH3 18), 17.9 ('I'BS
C(CH3)7), 19.1 (CH3 19), 25.4 (CH3 17), 25.8 ('I'BS  C(CH3)3), 26.8 (CH3
16), 33.5 (C14), 38.6 (C15), 39.4 (M), 43.7 (C8), 44.4 (C9), 47.5 (Cl),
67.5 (C13), 69.5 (C10), 136.8 (CI1), 138.8 (C12), 213.5 (C3); IR (CHC13) u
2950, 2900,  1680, 1460, 1420, 1395, 1365, 1250. 1200, 1110, 1080, 1000,
900, 860, 840 cm-1; MS (CI)  481 (M+1, 3), 463 (16), 349 (100), 331 (50);
Anal. Caled. for C27H3203Si2: C. 67.44; H,  10.90. Found: C,'67-31; H,
10.78. Ketocarbonate 6. To a stirred solution of diisopropylamine (0.60 mL,
4.28 mmol) in THE (I I  mL) under nitrogen at room temperature was added
1.26 tel.. of a 3.1 M solution (3.89 mmol) of  .McMgBr in ether. After 3 h,
a solution of ketone 5 (Pia = TES, Pt3 = TBS) (750 mg, 1.56  mmol) in THE
(3.5 mL) was added dropwise at room temperature. After 1.5 h, the reaction
mixture was cooled to -23 'C and a solution of 4-pentenal (327 mg, 3.89
rnmol) in THE (4 niL)  



was added dropwise down the side of the flask. After I h, 10 mL of a
saturated aqueous NH{Q solution was added. Ater 2 min, the reaction mixture
was diluted with 100 mL of hexane, then  poured into 100 ni,L, of H20. The
organic phase was washed with 100 rnL of H2O and 100 mL of  brine, and
dried over anhydrous Na2SO4 and concentrated under reduced pressure to give
0.92 g  of a yellow oil. To a solution of the crude mixture in CHICiz (10
mL) and pyridine (10 ntL) 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 rnL) was  added
and the resulting mixture was stirred for 30 min. The reaction mixture was
then diluted with  300 mL. of hexane. washed with 200 m.L of a saturated
aqueous NaHCO3 solution. 200 mL of a 2 fi JAN 2004 48 [0 % aqueous Cu504
solution, 200 mL of HO, 200 mL of a saturated aqueous NaHCO3 solution  and
200 mL of brine. dried over anhydrous Na.,SO4 and concentrated under reduce
pressure to  give 1.05 g of a yellow solid. The crude mixture was filtered
through silica gel with 1091. ethyl  acetate in hexanes to give 965 mg of a
white solid which was further purified by silica gel  chromatography
eluting with lac ethyl acetate in hexanes to yield 745 mg (75 %) of
ketocarbonate  6 (P1 a = TES. P 13 = TBS. R = Et) as a white solid T e
product was isolated as a 6:1 ratio of  conformational isomers. The
following NMR data is for the predominant conformer 6 (P 1 a = M. P 13 = i
S, R = Ec): mo 103-104 'C. 1H NMR (500 MHz, CDCI3) 5 0.08 (s,  3H, TBS
CH3), 0.08 (s, 3H, TBS CH3), 0.56 (q, J = 7.8 Hz, 6H. TES C:-11), 0.94 (c,
J = 7.8  Hz, 9H. TES CH3), 0.96 (s, 9H. TBS t-Bu), 1.08 (s, 3H, CH3 17),
1.29 (m. EH. H6). 1.38 (s,  3H, CH3 19). 1.42 (s. 3H, CH3 16), 1.66 (dd, J
= 4.6, 12.5 Hz, IH, H9a), 1.83 (s, 3H, CH3  18), 1.85 (dd,J = 4.5, 4.5 Hz,
1H, H14cx), 2.05 (m, IH, HS). 2.06 (dd, I = 6.4, 14.2 Hz, 1H,  H5), 2.47
(m, 2H, H9cz, H6), 3.01 (dci, I = 3.7, 12.3. Hz, 1H, H14j3), 4.20 (m, 2H,
H2a,  H20), 4.47 (d, I = 7.3 Hz, 1H, H13P), 4.50 (dd, I = 4.6, 11.4 Hz, 1H,
H10 3), 4.91 (dd, J  1.83, 10.1 Hz, IH, H20), 4.97 (dd, I = 1.8. 16.9 Hz,
IH, H20), 5.29 (dd. l = 0.9, 10.1 Hz,  IF, H7), 5.73 (dddd, I = 6.9, 6.9.
10.5, 16.9 Hz, IH, H4); 13C NMR S (ppm) -5.3 (TBS  



CH3), -4.5 (TBS CH3), 4.8 (TES CH2), 6.5 (TES CH3), 14.0 (OEc CH3), 15.5
(CH3 19), 15.9  (CH3 18), 18.1 (TES C(CH3)3), 25.8 (TBS C(CH3)3), 27.6 (CH3
17), 28.2 (CH3 16), 30.4,  30.5 (CS, C6), 34.1 (C14), 39.0 (CIS), 41.1
(C2), 47.1 (CI), 47.5 (C9), 55.1 (CS), 63.8  (OEt CHz ), 66.3 (C 13), 68.3
(C 10), 84.0 (Cl), 114.8 (C20), 134.8 (C 11), 13 8.1 (C4'), 144.9  (C12),
155.7 (Ethylcarbonate C=O), 214.8 (0); 1R (CCI4) u 3000, 2950. 2900, 1770,
1700,  1490, 1390, 1280. 1140. 1100, 1030. 910, 880, 860 cm-1; MS (EI) 636
(M, 100). 593 (20). 538  (34), 409 (33); Anal. Calcd. for C35H64O6Si2: C,
65.99; H. 10.13. Found: C, 65.88, H. 10.17. Hydroxyketone 7. To a stirred
solution of ketocarbonate 6 (P10 = TES, P13 = TBS. R = Et) (4.00  g, 6.23
mmol) in T: (63 r.-LL) under nitrogen at -35 'C was added 50 rraL of a 0.2
M solution (10  rnmol) of LDA in THE down the side of the flask over a 10
min period. After 30 min. the reaction  mixture was cooled to -78 'C and
2.29 g of (R)-camphorylsulfonyl oxaziridine (10 mmo) in THE  (IS mL) was
added dropwise down the side of the flask- After 30 min, the reaction
mixture was 2 6 JAN 2004 49 quenched with 300 mL of a saturated aqueous
NaHCO3 solution and extracted with 500 rnL and  then 150 mL of 25% ethyl
acetate in hexanes. The combined organic phases we.- washed with  brine,
dried over anhydrous Na.,S04 and concentrated under reduced pressure to
yield 7 g of a  waxy solid. This material was purified by flash
chromatography, eluting with Sao ethyl acetate in  hexanes to vied 3.50 g
of hydroxy ketone. 7 (PIa = TES, P t 3 = TB S, R = Et) (85%). 7 (Pt0 = TES,
Pt3 = TBS, R = Ec): 1H NMR (500 MHz, CDC13) 5 0.01 (s, 3H. TBS CH3),  0.03
(s, 3H, TBS CH3), 0.50 (q, J = 7.8 Hz. 61-L TES CH1), 0.87 (t, J = 7.8 Hz,
9H, =  CH3). 0.90 (s, 9H, TES t-Bu), 1.03 (s, 31-, CH3 I7), 1.25 (t, J =
7.0 Hz. 3H, OEt CH3), 1.35  (s, 31-L CH3 19), 1.40 (m, J.H. H6). 1.41 (s,
31, CH3 16), 1.66 (dd. J = 4.6, 12.8 Hz, 1H,  H9t3), 1.77 (d, J = 1.4 Hz,
3M, CH3 18), 1.83 (dd, J = 6.0, 14.7 Hz, 1H, H14a), 1.97 (dd, J  = 4.1, 8.5
Hz, IH, HI), 2.02 (m, 2H, H5, H5), 2.44 (dd, J = 11.9, 11.9 Hz, 1H, H9a),
2.75  (d, .f = 10.5 Hz, IH, OH-2), 4.14 (q, I = 14.2 Hz, ZH, OEt CH2), 4.35
(dd, I = 6.0, 8.7 Hz,  



IF., H13), 4.42 (dd, I = 4.6, 11.0 Hz, 1H, R10), 4.49 (dd, I = 4.1, 10.1
Hz, IH, H2), 4.86  (dd, J = 1.8, 10.3 Hz, 1H, H20), 4.92 (dd, J = 1.8, 16.9
Hz, IH, H20). 5.23 (dd. I = 1.4,  10.1 Hz, 1H, H7), 5.67 (dddd, J = 6.9,
6.9. 10.5. 16.9 Hz, 1H, H4); 13C NMR 5 (ppm) -5.3  (TBS CH3), -4.5 (IBS
CH3), 4.7 (TES CH2), 6S (rES CH3), 14.0 (OEt CH3), 15.0 (CH3  19), 16.0
(CH3 18), 18.0 (TES .(CH3). ), 25.8 (TBS C(CH3)3), 27.5, 27.8 (CH3 17),
28.1  (CH3 16), 30.4, 30.5 (C5," C6). 36.9 (C15), 47.3 (C9), 54.5 (Cl),
54.7 (CS), 63.9 (OEt  CH2), 66.2 (C13), 67.8 (CIO), 70.3 (C2), 83.6 (C7),
114.9 (C20), 135.4(C11). 137.9 (C4'),  144.5 (C12), 155.6 (Ethylcarbonate
C=0), 217.8 (0); IR (CCI4) v 3600, 2950, 2900, 1750,  1700, 1660, 1470,
1400, 1370, 1240, 1080, 1050, 1000, 840, 680 cm-1; MS (CI) 653 (M+1, 8),
564 (100), 431 (69), 389 (67). Hydroxycarbonate 8. To a vigorously stirred
solution of hydroxyketanc 7 (P t o = TES, P t 3 =  TBS. R = Et) (2.69 g.
4.12 mmol) in toluene (117 mL) under nitrogen at -78 'C was added  dropwise
down the side of the flask 85 mL of a 0.97 M solution (82.4 mmoi) of RedAl
in toluene.  After 6 h at -78 'C, the solution was allowed to gradually
warm to roam temperature over a period  of 6 h. The mixture was retooled to
-10 'C and 125 ail. of a 2 M solution (250 mmol) of acetic  acid in THE was
added dropwise down the side of the flask. The cloudy mixture was stirred
10 2 6 JAN 2004 5Q min then poured into 1200 mL of 50% ethyl acetate in
hexanes and washed with I L of a saturated  aqueous NaHCO3 solution. The
aqueous phase was exacted with four 500 mL oor,ions of ethyl  acetate and
the combined organic phases were washed with brine, dried over anhydrous
Na1SO4  and concentrated under reduced pressure to yield 2-29 g of
2,3,7-trial as a white solid. This  material was used without further
purification. To a vigorously stirred solution of trial (2.39 g, 3.93 mmol)
in CH,CI2 (157 mL) and pyridine  (15.7 mL) under nitrogen at -78 'C was
quickly added 7.6 cnL of it 3.0 M solution (23 mmol) of  phosgene in
toluene. The solution was allowed to warm m room temperature over a period
of I h  then poured into 250 mL of ethyl acetate, washed with two 125 mL
portions of a saturated aqueous  



NaHCO3 solution and 100 mL brine, dried over anhydrous Na2SO4 and
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% ethyl 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 = TBS): mp 155 - 157 'C; tH NMR (500
MHz, CDC13) 8 0.09 (s. 3H, TES  -CH3), 0.10 (s, 3H, TBS CH3), 0.59 (q, I =
81 Hz, 6'r% TES CH1), 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, J = 4.1, 13.3 Hz, 1H, H93), 1.65 (m, 2H, H6, H6), 1.99 (dd, J =
6.4,  15.1 Hz, IH, H14c), 2.01 (d, I = .9 Hz, 3H, CH3 18), 2.04 (d, J = 3.7
Hz, IH, H1), 2.11  (ddd, J = 7.8, 15.6, 15.6 Hz, IH, H5), 2.28 (ddd, J =
9.6, 9.6, 14.2 Hz, IH. H140), 2.34  (dd, I = 12.4, 13.3 Hz. UH, H9P), 2.41
(m, IH. H5), 3.87 (dd, J = 0.9. 10.5 Hz, IH, H7),  3.95 (d. J = 3.7 Hz, 1H,
H2), 4.59 (dd, I = 3.7, 11.4 Hz, LH, H100), 4.40 (s, 1H, H3), 4.55  (dd, I
= 6.4. 8.7 Hz, IH. H13), 5.03 (d, I = 10.5 Hz. IH, H20), 5.07 (dd, I = 1.5,
17.0 Hz,  IH, H20), 5.77 (rn, IH, H4); 13C NMR 8 (ppm) -5.4 (IBS CH3), -4.4
(TBS CH3). 4.8 (TES  CH2), 6.5 (TES CH3), 15.5 (CH3 18), 17.9 (TBS
C(CH3)3), 18.2 (CH3 19). 25.6 (TBS  C(LH3)3). 25.9 (CH3 16), 27.5 (CH3 17).
28.3 (C6), 28.4 (C5), 29.8 (C14), 30.8 (C15),  36.5 (CS), 36.8 (C9), 37.3,
50.8 (CI), 66.6 (CIO), 67.8 (C13), 70.5 (C2). 91.9 (C3). 91.9  (Cl), 116.3
(C20), 133.7 (Cl 1), 137.9 (C4'), 142.6 (C12), 148.0 (cyclic carbonate
C-0); IR (CL-I,) u 3450. 2950. 2870. 1750, 1460. 1380. 1350,1.20,1120,
1080.1040. 980. 900. 820. 710em-t; MIS (CI) 625 (M+1-H2O, 6). 551 (11).
477(100),459 (12), 433(8), 344 (90); Anal. 2 6 JAN 2004 51 Calcd. for
C33H60O6Si2: C, 64.92; H. 9.90; Found: C, 65.13; H. 9.88. Ketocarbonate 9.
To a vigorously stirred solution of dimethylsulfoxide (2.41 ml.., 34 mmol)
in  C142C1, (57 mL) under nitrogen at -78 'C was added 8.5 mL of a 20 M
solution (17.0 mmol) of  oxalyl chloride in CH-,C11. After 10 min, a
solution of hyroxycarbonate 8 (P10 = TES, Pt3 =  



TBS) (3.45 g, 5.67 mmol) in 16 tnL CH,CI_ was added dropwise down the side
of the flask  After 30 min at -78 'C, triethylamine (6.8 mL, 49 mmol) was
added and the mixture was warmed  to room temperature. The mixture was
diluted with 200 mL hexanes, washed with two 75 mL  portions of a saturated
aqueous NaHCO3 solution and brine, dried over anhydrous Na,SO4 and
concectrated under reduced pressure to yield 3.45 g of a yellow solid. This
material was filtered  though a 1 inch pad of silica gel with 10% ethyl
acetate in hexanes and then recrystallized from  hexanes to yield 2.62 g of
ketocarbonate 9 as white crystals. The mother liquor was purified by
silica gel chromatograghy, includng with 10% ethyl ac tats in hcxanes and
then recrystallizaticn from  hexanes to yield an additional 0-58 g of
ketocarbonate 9 (P10 = TES, P13 'IBS) (total yield: 3.20  g, 93 To). 9 (PIa
= TES, P 1,3 = TB S): mp 140.0 - 1415 'C; tH NMR (500 MHz, CDC13) 6 0.11
(s, 3H,  TBS CH3), 0.12 (s, 3H. TBS CH3), 0.60 (q, J = 7.8 Hz, 6H, TES
CH2), 0.96 (t. J = 7.8 Hz,  9H, TES CH3), 0.98 (s, 9H, TBS t-Bu), 1.06 (s.
3H, CH3 19), 1.17 (s, 6H. CH3 16, CH3 19),  1.42 (dd, 1 = 3.7, 14.2 Hz, IH,
H9 3), 1.63 (m, 2H, H6, H6), 2.12 (rn, IH, H5), 2.38 (d, I =  0.9 Hz, 3H,
CH3 18), 2.47 (dd, J = 11.4, 13.3 Hz, 1H, H9a), 2.65 (d, J = 8.2, 1H, HI),
3.94  (dd, J ^ 1.4, 10.4 Hz, IH, H7), 4.4.4 (dd, I = 3.7, 11.4 Hx, IH,
HIO), 4.49 (s, 1H, H3). 4.64  (dd, J = 6.9, 7.8 Hz, 1H, H13), 5.04 (dd, I =
1.4, 11.9 Hz. 1H, H20), 5.07 (dd, I = 1.8, 17.4  Hz, 1H, H20). 5.76 (m, IH,
H4); 13C NMR 8 (ppm) -5.4 (TBS CH3), -4.5 (TBS CH3), 4.8  (TES CH2}, 6.5
(TES CH3), 15.7 (CH3 18), 17.8 (CH3 19), 17.9 (TES C(CH3)3), 25.5 (TBS
C(CH3}3), 28.2 (CH3 16). 28.3 (CH3 17), 28.3 (C6).29.6(.C5),30.4
(C14),37.7(C15), 38.0 (C8, C9), 62.1 (Cl). 66.5 (CIO), 67.5
(C13),91.3(0),91.5 (C7).116.4(C20), 132.8 (Cl I), 137.0 (C4'). 145.4 (C12),
146.6 (cyclic carbonate C=0), 206.8 (C2); IR (CC14)  u 2930, 2860, 1760,
1670, 1450, 1380, 1340, 1240, 1180, 1170. 1120, 1090, 1060, 1040, 980.
890. 860, 820, 700, 650 cm-t; MS (CI) 607 (h1+1, 6). 549 (11). 475 (100),
431 (4), 347 (45); 2 6 JAN 2004 52 Anal. Calcd. for C33Hj5O6Si,: C, 65.30:
H, 9.63; Found: C, 65.23; H, 9.66. 



2-Keto-3-Hvdrvzy-Eie:one 10. To a stu=d solution of 3.7-c iclic carbonate 9
(Pic = TES, Pt3  = T3 S) (2.246 g, 3.70 mrrol) in T r (9 r L) was added
19.4 nL of 0.2 M LTMP (3.83 mmol) in  THF dropwise down the sides of the
bask at -25 'C. The rescdon mixture was allowed to wart to  -10 'C aver the
course of 30 min. i ne cold section structure was poured into 100 ML of
1()%  aqueous acetic acid and -acted with 100 mL of 10 % ethyl acetate in
hexanes. The organic  phase was washed with 5OmL of a saturated aqueous
NaHCO3 solution and 50mL of brine. The combined aqueous phases were
extracted with two 20rnL portions of 10% ethyl acetate in  hexanes. The
organic phases were combined, dried over anhydrous Na_SO4 and concentrated
under reduced pressure to give 2.4g of a yellow oil. This material was
purified by silica gel  chromatography, eluting with 5 % then 10 % ethyl
acetate in hexanes to yield 2.033g (90 %) of  the hydroxy lactone 10 (Pto =
TES, P13 = TBS) as a foamy solid and 0.207g (7.2%) of the 3- carbarnate. 10
(Plo = T_.$. P1; = TBS): zH NMR (500 MHz, CDCI3) S 0.12 (s, 3H, TBS CH3),
0.14 (s,  3E,. TBS C1113), 0.61 (q. J = 7.8 Hz., 6'r, TES C'rl,), 0.92 (s,
9H, TES t-Bu), 0.97 (t, J = 7.8  Hz, 9H. TES CH3), I'LL (s, 3H, CH3 17),
122 (s, 3H, CH3 19), 1.27 (s, 31" CH3 16), 1.32  (dd, J = 3?, 13.3 Hz, IH,
H90), 1.64 (ddd, J = 2.3, 6.9, 9.2 Hz, 1H. H6). 2.07 (m, 2H, H6,  H5), 2.17
(rn, IH, H l4 tx), 2.33 (m, IH; H5), 2.63 (m, 2H, H145, HI), 2.74 (dd, J =
12.4,  12.4 Hz, IH, H9a), 3.92 (dd, J = 2.8, 11.5 Hz, 1H, H7), 4.47 (dd, J
= 3.2, 11.0 Hz, 1.H,  H 10), 4.55 (dd, I = 2.8, 9.6 Hz, 1.H, H13). 5.02 (d,
J = 10.1 Hz, IH, H20). 5.07 (dd, J =  1.4, 16.9 Hz, IH, H20). 5.81 (dddd. J
= 6.9, 6.9, 105, 16.9 Hz, 1H. H4); 13C NMR 8 (ppm)  -5? (FBS Cri3), -4 5
(IBS CH3), 4.8 (i S CH 2). 6.6 (T"S CH]), 16.4 (CH3 18). 17.9 (T BS
C(CH3)3), 24.2 (CH3 19), 25.7 (TBS C(. H3)3). 26.9 (CH3 16), 30.1 (CH3 17),
30.4 (CS).  32.7 (C6), 32.9 (C14). 39.1 (C15), 40.6 (C9). 4s.[ (C3). 62.0
(Cl). 67.3 (C10), 67.6  (C13), 87.9 (C3). 91.1 (C7), 115.8 (C20), [37.7 (Cl
[), [38.5 (C4'), 143.0 (C12). 173.5  (C4), 207.6 (C2); [R (CC14) u 3500,
2970, 29C0. 1730. 1700, 1:80. 1360, 1. 260, 1210. 1160.  1070, 1010, 910.
890. 840 c,,-t; MS (EE) 606 (M, ICC). 549 (69). 474 (27). 431 (65).
417(40);  Aral. Calcd. for C3,HS3O65i-,: C. 65.30; H. 9.63; Found: C.
65.33; H, 9.64. 



26 JAN 2004 53 Kea Lactone 11. To the 2-kcto-3-hydroxylactone 10 (Pta = =,
Pts = TBS) (1.I0 g. 1.33  mrno[) was added a 0. l NI solution of Sml, in
T'ru (32 rrL. 8.2 mmal). The resulting dark bluc  solution was stirred at
room temperature under N, for 4h. After coaling to 0 'C an a:he:-,.=1
solution of HCI (0.66M: 41 mL, 2.7777 mmal) was added: after 5 min the
flask was oocncd to the  air and the reaction mixture was diluted with 200
rnL of cold ethyl acetate, then pour-..d into 50 ML  of ice cold 0?14
aqueous ICI. The organic phase was separated and washed with 50 n>L of a
545  aqueous c:u c acid solution, two 50 mL portions of a saturated aqueous
MaHCOi solution and 50  mLL of brine, dried over anhydrous Na-,S04 and
concentrated under reduced pressure. The  resulting material was dissolved
in 100 nil of hexanes, then silica gel (23"0-400 mesh; 43 g) was  added and
the mixture was vigorously stirred at room temperature for 65 min before
filtering  through a 1 inch (2.54 cm) pad of silica gel eluting with 300mL
of 20% ethyl acetate in hexanes. The solvent was evaporated under reduced
pressure and the residue was purified by  silica gel chromatography,
eluting with 10% ethyl acetate in hexanes to yield 822mg (77%) of  the
cis-ketolactone II and 164mg (15%) of the corresponding trans isomer. To a
solution of the trcrts-2-ketolactone (611 mg, 1.03 mmol) stirred in 10 rz.L
of THE under  nitrogen at 0 'C was added down the side of the flask 6.8 rnL
of a 0.6 M solution (4.1 rnmal) of t- BuOK in Try. The resulting solution
was stirred for 1.5 h then 10 mL of a 10 14 acetic acid  solution in i r F
was added down the side of the flask. After stirring for 5 min the mixture
was  diluted with 2C O mL of hexanes and poured into 100 mL of a saturated
aqueous NaHCO3 solution.  The organic layer was washed with water and brine
then dried over anhydrous .Na,S04 and  concentrated under reduced pressure
to yield 615 mg of pale brown oil. The oil was dissolved in  10 mL of
hexanes and silica gel (3.0 g) was added. The mixture was stirred
vigorously for 15 min then filtered through a 112 inch (1.27em) plug of
silica get 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 II (P,o = TES, P"
= TBS), 84mg  (13 %) of pure trans isomer and 24mg of a 6:1 mixture of
cis:trans isomers. 11 (P10 = YES, P 13 = TES): mp = 86.5 - 83.0 -C: tH NMR
(500 l4IHz. CDCI3) 6 0.05 (s. 3H. 2 6 JAN 2004 54 TBS CH3), 0.07 (s. 3H.
TBS CH3). 0.54 (q, J = 7.8 Hz, 6H. TES CH,), 0.8= (s, 9H. TBS t- Eu), 0.90
(t. I= 7.8 Hz, 9H, TES CH3), 1.03 (s. 3H. CH3 17). 1.11 (s, 3H, CH3 16).
1.15 (s,  3H, 0-13 19). 1.35 (dddd, I = 4.6, 4.6, 7.3, 14.2 Hz, IH. 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, Ili.  H 14a), 2.03 (rn, IH. N.5),
2.07 (d, I= 1.4 Hz, 3H, CH3 18), 2-75 (m, 1H. 14-5), 2.30 (dd, J =  11.9.
12.3 Hz, IH, H9a). 2.45 (d, I = 82 Hz, 1H, HI), 2.58 (ddd, I = 8.7. 9.2,
16.0 Hz, [H.  H14{3), 3.93 (dd. I = 2.8. 11.4 Hz, lH H70), 4.03 (s, 1H,
H3a), 4.37 (dd, J = 3.7, 11.0 Hz,  IH, H103), 4.46 (ddd, I = 1.4, 4.6, 9.2
Hz, 1H, H13 P), 4.96 (dd, I = 1.4, 10.1 Hz, IF., H20),  5.01 (dd, I = 1.4,
17.4 Hz, IH. H20), 5.73 (dddd, I = 6.4, 7.3. [0.5. 16.9 Hz, 1H. H4); 13C
NMR 5 (ppm) -5.3 (TBS CH3), -4.6 (TES CF-3), 4.5 (TES CH2), 6.5 (TES CH3),
15.0 (CH3  18), 18.0 (TBS f.(CH3)3), 25.7 (TBS C(.CH3)3), 28-9 (CH3 19),
29.2 (CH3 16), 29.8 (C5),  29.9 (CH3 17), 30.3 (C6), 32.8 (C14), 38.5
(CIS), 44.2 (CS), 44.9'(C9), 60.6 (C3), 61.2  (CI). 66.9 (CIO), 67.8 (C13),
91.9 (C7), 115.7 (C20), 137.7 (CI1), 138.5 (C4'), 142.4  (C12), 174.7 (C4),
204.8 ((2); IR (CC14) v 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180,
1070, 1060, 1000, 830 cm-1; MS (CI) 591 (Mi-I, 5), 523 (6), 459(100), 441
(5); Anal. Calcd.  for G 3H5 OO Si2: C, 66.07; H, 9.89; Found: C. 66.97; H,
9.91. 1-Hydroxy-2-Keto-Lactone 12. To 34.2 ml- of a stitrd 0.2 M solution
(6.84 mmcl) of LTMP in  TrIP under nitrogen at -10 'C was added a solution
of ketolactone 11 (Pia = TES, P13 = TES)  (1.008 g, 1.71 rnmol) in 10 mL of
TrIF dropwisc down the side of the flask. After 0.5 h, the  reaction
mixture was cooled to -40 'C and a solution of ()-camphorsulfonyl
oxaziridine (1.96 g,  8.53 mmol) in THE (10 mL) was added dropwise down the
side of the flask. After 20 min, the  reaction mixture was cooled to -78
'C, diluted with 200 mL of hexanes and rapidly poured into  



250 mL. of a vigorously stirred saturated aqueous NH4CI solution- Tnc
aqueous phase was  extracted with two 50 mL portions of hexane and the
combined organic phase were dried over  anhydrous [ a1SO4 and concentrated
under reduced pressure to give 1.4 g of a waxy solid. This  material was
chrornacographed (CH1CI-, followed by hexanes increasing to 10,70 ethyl
acetate in  hexanes) to give 0.882 g of hydroxykecolac(one 12 (P10 = TES.
P.13 = TBS) (85p%) as a white  solid, 0.083 g of the corresponding trans- h
ydroxykcto laccone (8 To) as a solid, and 31 mg of 26 JAN 2004 55 returned
ketolaczonc 11 (3 %). 12 (Pia = M. P13 = T13S): mp 124-126 'C; Ili NMR
(CQD6) 6 (porn) 0.09 (s. 3H, CH3 in  TBDMS), 0.17 (s, 3H, CF33 in TODMS),
0.62 (q, 1 = 7.78 F1z, 6H CH, 's in T1=S), 1:03 (t, J  =7.78, 91I 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, 1H, H6), 1.42 (s. 3FI, CH316). 1.44 (dd. I= 0.92, 13-28 fz, 111.
H9 p),  1.98 (dd, J = 9.61. 12.82 Hz" 1H, 111413). 2.05 (in, IN, II5), 2.06
(broad. 111, 01-I1, DzO  exchangablc), 2-75 (rn, 11.1, H6), 2-77 (d, I =
0.91 Hz, 3FI, CH318), 2-29 (m, 1H, 115), 2-41  (dd, I= 10.98, 13.23 Hz, IH,
H9a), 2.56 (dd, I = 3-21, 12.82 Hz, IH, 1114a), 3.83 (dd, I =  2.75, 11.90
Hz, 1H, H7), 4.04 (s. IFL H3), 4.47 (dd, J = 0.92, 10.98 Hz. 1H, H10), 4.60
(ddq, J = 0.91, 3.21, 9.61 Hz, 1I1, HI3), 5.11 (br d, J= 10.53 Hz, IH,
H20), 5.18 (br d,.1 =  17.40 Hz, IN, H20). 5.77 (m, 1H, H4); 13C NMR
(CDC13) b (ppm) -5.4 (TI3S CH3), -4.7  (TBS a13)-4.5 ("FES CH2), 6.5 (TES
CH3), 15.5 (CH3 18), 17.9 (TI3S C(CH3)3), 22.5 (CH3  19). 25.7 (TBS
C(CH3)3), 26.3 (CH3 16), 29.8 (CH3 17), 29.8'(C5), 30.4 (C6), 39.6 (C14),
41.3 (C15). 44.5 (C9), 45.0 (C3), 58.1 (0), 66.5 (CIO). 682 (C13), 83.0
-(Cl), 91.7 (C7),  115.7 (C20), 137.0 (Cl I), 137.6 (C4'), 145.5 (C12),
175.0 (C4). 202.4 (CZ); 1R (Cps) u  3500, 3000, 1780, 1720, 1100 cm- 1; MS
(CI) 607 (M+I, 10), 589 (56), 475 (100), 457 (61);  Anal. Calcd for
C33H5a06Si,: C, 65.30; H, 9.63. Found: C, 65.19; H, 9.60.
1,2-Dihydroxy-trans-lactone 13. To a stirred 1.23 M solution of Rcd-Al (4.6
mmol. 5.6 mmol) in  THE under nitrogen at -78 'C was quickly added a
solution of cis-hydroxyketone 12 (Pt a = TES,  



Pus = :MS) (342 mg, 0.563 mmol) in THE (25 niL). After i.5 hh, 25 mL of a
15 % aqueous  NaOH solution was added dropwise directly to the reaction
mixture. The reaction mixture was  vigorously stirred at room temperature
for 3 h and was men poured into 100 mL of 11-20 and  attracted with two 100
mL portions of ether: The organic phases were combined and washed  with 100
mL of H10 and 100 ml. of brine, dried over 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 followed by 25% ethyl acetate in hexancs to  yield 290 mg
tenets-diol 13 as colorless needles, 14.5 mg (4.2 %) of
trans-hydroxyketonc, and 20  mg of a mixture of cis-diol and unknown
byproducts. To a solution of the mixture containing cis 2 6 JAN 2004 56
dial in THE (1 mL) under nitrogen at room temperature was added 0.5 mL a
30176 aqueous solution  of NaOH. After 2.5 h. the :-action mixture was
poured into 30 rr. of H- O and extracted with 30  tnL of ether. The organic
phase was washed with 30 mL of H10 and 30 mL of brine, dried over
anhydrous Na1SO4 and concentrated under reduced pressure to give 0.02 g of
a yellow solid,  which was purified by silica gel chromatography eluting
with 5% ethyl acetate in hexanes to yield  an additional 12 mg (total
yield: 302 mg, 88%) of Da=-dial 13 (Pto = TES, PL3 = TES). 13 (PLO = TES, P
13 = TBS): rap 127-128'C, tH NMR (500 MHz, CDC13) S 0.09 (s, 3H, TES  CH3),
0.11 (s, 3H, TBS CH3), 0.60 (q, I = 8.1 Hz, 6H, TES CH-2), 0.87 (s, 9H, TBS
t-Bu),  0.96 (t, 1 = 8.1 Hz, 9H, TES CH3) 1.13 (s, 3H, CH3 17), 1.23 (s,
3H. CH3 16), 1.31 (s, 3H,  CH3 19), 1.42 (dd, I = 3.7, 12.8 Hz, IH, H93),
1.46 (ddd, I = 4.8, 8.8, 11.4 Hz, IH. H6),  1.74 (dddd, I = 3.3, 7.3, 9.9,
12.4 Hz, IH, H6), 1.99 (d, I = 1.3 Hz, 3H, CH3 18), 110 (ra,  Iii, F.5),
1?? 1 Oct, I = 3.7, 5.4 Hz, IH. H 14 a), 236 (m, 3H, Hi. H9 C, H 14P). 2.92
(d, J =  7.7 Hz, 1H, H3), 3.84 (dd, I = 2 3, 7.7 Hz, IH, H2), 3.85 (s, IH,
OHI), 3.97 (dd, I = 2.9,  11.4 Hz, IH, H7), 4.47 (dd, I = 3.7, 11.4 Hz,
Lei, H13, HIO), 5.01 (dd, I = 1.8, 12 Hz,  IH, H20), 5.07 (dd, I = 1.7.
17.0 Hz, IH, H20), 5.78 (dddd. I = 73, 7.3, 10.1, 16.5 Hz, IH,  



H4), 6.87 (d, I = 2.9 Hz, IH, OH-2), 13C NMR (CDCI3) 6 (ppm) -5.31. -4.59,
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 cm-t, MS (EI)
608 (M, .13), 590 (26), 267 (100), Anal. Calcd. for  C33H6006Si2: C, 65.08;
H. 9.92. Found C. 65.06; H, 9.98. Carbonate 14. To a stirred solution of
diol 13 (Pto = TES, P13 = TBS) (1.00 g, 1.64 mmol) in  CH2CII (58 mL) and
pyridine (5.8 mL) under nitrogen at -78 'C was added dropwise 8.2 mL of 7
M solution (16.4 rnmol) of phosgene in toluene. Tncn the reaction mixure
was warmed to -23 'C  and stirred for 30 mitt. To the resulting mixture, 50
mL of a saturated aqueous NaHCO3 solution  was added. After warming to room
temperature for 10 ruin, the reaction mixture was extracted  with 200 mL of
10% ethyl acetate in hexanes. The organic phase was washed with 100 mL of a
10 % aqueous CuSO4 solution, two 200 mL portions of a saturated aqueous
NaHCO3 solution and  brine, dried over anhydrous Na,S04 and concentrated
under reduced pressure to give 1.1 g of a 2 6 JAN 2004 57 pale yellow
solid. This material was filtered through a 3 inch (7.62cm) pad of silica
gel with 15% ethyl acetate in hexanes to yield 1.045g (100%) of carbonate
14 (P,a = TES, P,3  TBS)as a white solid. 14 (P1G = T S, ?13 = TBS): mo
146-147 'C, tH NMR (500 MHz CDC13) 5 0.11 (s, 3H, TBS  CH3), 0.12 (s, 3H,
TES CH3), 0.61 (q, I = 7.8 Hz, 6H, TLS CH.1), 0.88 (s, 9H. T3S t-Bu),  0.96
(t, I = 7.8 Hz, 9H TEES CH3), 1.20 (s, 3H, CH3 17), 1.30 (s. 3H. CH3 16),
1.32 (s, 3H,  CH3 19), 1.40 (ddd, I= 2.7, 4.5, 9? Hz, 1H, H6), 1.44 (d, I =
3.7, 13.3 Hz. 1H, H9 0), 1.71  (dddd, I = 2.7, 6.9, 9.6, 12. 8 Hz, IH, H6),
2.11 (ddd, J = 7. a, 15.3, 15.3 Hz, 1H, H5), 2-19  (dd, I = 3.2, 15.6 Hz,
IF-:, H 14 ct), 2-3 1 (m, 2H, H5, H9a), 2-59 (dd, I = 9.?, 15.6 Hz, IH,
H14 3). 2.99 (d, I = 7.3 Hz, IH, H3 a.), 4.02 (dd. I = 2.7, 11.4 Hz, 1H, H7
4.38 (dd, j =  3.7, 11.0 Hz, 1r'., H100), 4.47 (d, I = 7.3 Hz, 1H, H2P),
4.57 (dd. I = 2.1, 9.2 Hz, 1H,  H130), 5.02 (dd, I = 1.4, 10.1 Hz, 1H,
H20), 5.06 (dd, J = 1.4, 16.9 Hz, IH, H20), 5.77  



(dddd, I= 6.9, 6.9, 10. 1, 17.0 Hz, 1H, H4), 17C NMR (CDC13) S (porn)
-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 (El) 634 (M, 12), Sr J (100), Anal. Calcd. for C34H58D7Si2:  C,
64.31; H, 9.21. Found C, 64.41; H, 9.2-1 Keroester 15. To a stirred
solution of lactone 14 (Paa = TEES, P13 = TES) (1.05g, 1.65 mmol) in
methanol (70 crtL) under nitrogen at -78 'C was added a saturated solution
of ozone in methylene  chloride (50 mL, 40 mL then 8 rnL) until no more
starting material remained by TLC analysis.  Triethylamine (4.8 rnL) and
dimethylphosphite (3.1 nil.) were addcd sequentially to the resulting
mixture at -78 'C. After stirring 5 min, the solution was warmed to 0 'C
and stirred for 2 K. The  resulting solution was poured into 250 mL of a
saturated aqueous NaHCQ3 solution and extacted  with three 200 mL portions
of CH,CI2. The combined organic layers were washed with 150 mL  of a
saturated NaHCO3 solution, dried over anhydrous Ma,SO4 and concentrated
under reduced  pressure to give 1.10 g of the aldehyde as a colorless oil.
This material was used without further purification. To a stirred solution
of the aldehyde (1.10 g) in t-butanol (30.8 mL). acetone (10.3 nil...) and
8 nil. 2 6 JAN 2004 58 of a 1.25 M (10 mmol) aqueous KH,PO,t solution at 0
'C was added 11.3 mL of a 1 M (1 l.3  mmol) aqueous ICtilnO4 solution over
the course of 2 min. The reaction mixture was stirred at 0  'C for 30 min,
poured into 200 mL of a 10%o aaucous Na,S,O~ solution and extracted with
three  200 mL portions of ethyl acetate. The combined organic lavers were
washed with 50 mL of wad,  dried over anhydrous Na1SO4 and concentrated
under reduced pressure. To a stirred solution of  the oily residue in ether
(30 nL) at room temperature was added an ethereal solution of CH,N2 (20
rnL). The solution was concentrated under reduced pressure to give 1.15 g
of a colorless oil. This  material was filtered through a 2 inch pad of
silica gel with 40% ethyl acetate in hexanes and  concentration under
reduced pressure yielded 1.01 g (91 %) of lactone ester 15 (Pt TES, P t 3 =



TBS. R = Me). 15 (Pt a = Try, P t3 = TBS, R = Me): I H NMR (500 MHz, CDC13)
s 0.12 (s, 3H, TBS CH3),  0.12 (s, 3H, TBS CH3), 0.60 (q, I= 8.1 Hz, 6H,
TEES C H2), 0.88 (s, 9H, TBS t-Bu), 0.96 (t,  1= 8.1 Hz, 9H, TES CH3), 1.21
(s, 3H, CH3), 1.30 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.51  (dd, I= 3.7, 13.2
Hz, IH, H90), 1.53 (en, 1H, H6), 2.06 (d, I= 1.1 H. , 3H, CH3 18), 207
(ddd, J = 2.9. 7.7, 21.6 Hz, IH. H6), 2.29 (dd, I = 3.7, 15.8 Hz, 1H, H 14
a), 2.31 (dd, J =  13.2, 13 2 Hz, L.H. H9 a). 2.46 (ddd, J = 7.7, 16.8,
24.5 Hz, 1H, H5), 2.53 (ddd, J = 5 5, 7.7,  16.8 Hz, 11-L HS), 2.60 (dd, J
= 9.2, 15.8 Hz, IH, H14p), 2.99 (d, J = 7.3 Hz, IH, H3a), 3.68  (s, 3H, C07
Me), 4.09 (dd, J = 2.6, 12.1 Hr- I H, T-17 0), 4.39 (dd, J = 3.7. 11.0 Hz,
I H. H 1001),  4.47 (d, J = 7.3 Hz, IH, H20), 4.59 (dd, I = 1.8, 9.2 Hz,
1H, HI3P); Anal. Calcd. for  C34H58O9Si2: C. 61..22; H, 8.77. Found C,
61.30; H, 8.79. Enol ester 16. To a stirred solution of lactone ester 15
(P10 =TES, P13 = TBS, R = Me) (1.01 g,  1.51 mmol) in THF (24.5 mL) at -78
'C was added slowly a 19.4 mL of a 0.2 M solution (3.88  mrnol) of LDA in
THE down the side of the flask over the course of 3 min. After stirring 35
min,  10 mL of a 33% solution of acetic acid in T HF was quickly added.
After 5 min, the mixture was  poured into 150 raL of a saturated aqueous
NaHCO3 solution and extracted with three 200 mL  portions of CHC13. Tne
combined organic phases were dried over anhydrous Na,SO4 and  concentrated
under reduced pressure to give 1.02 g of crude enol ester 16 (Pto = YEES,
Pt3 =  TBS, R = Me) as a colorless oil. Approximately 3% of unreacted ester
lactonc 15 was still present 2 6 JAN 2094 59 but this material was used
without further purification. 16 (Plo = TES. P13 = TBS, R = Me): IF NMR
(300 MHz, CDCI3) 5 0.09 (s. 3H. TBS CHI)00.10 (s, 3H, TBS CH3), 0.61 (q,
6H. TES CH2), 0.87 (s, 9H. TES t-Bu). 0.96 (t. J = 8.0 Hz, TES CH3), 1.08
(s, 3H. CH3). 1?! (s, 3H, CH3), 1.33 (S, 3H. CH3), 1.61 (d, J= 4.3 1-iz,
IH,  OH-7), 1.89 (dd, J= 4.3, 119 Hz, 1H, H9a), 1.95 (dd. J = I1?, 1I? Hz,
IF., H9f3), 2_01 (d,  J= 1.1 Hz, 3H, CH3 18). 21 (ddd, I= 2.1 , 10.7, 15.5
Hz, IH, H6j3). 2.45 (dd. I = 4.8, 15.5  Hz, I.H. H6a), 2.54 (dd, I= 9.1,
15.0 Hz, IH, H14a), 2.86 (dd, J = 3.7, 15.0 Hz, IH. H 14a),  



3.07 (s, IF., H3a). 3.40 (ddd, I= 4.8, 4.8, 9.6 Hz, IH, H7 ), 3.75 (s, 3H.
CO, Me ), 4.39  (dd, J = 4.3, 11.2 Hz, I H, H 10 0), 4.60 (d, I = 4.3, 11.2
Hz, I H. H2 3). 4.67 (dd, I = ? 1, 9.1  Hz, IH. HI3Pi), 1"4 (s, IH, OH4).
Errol ester 17. To a stirred solution of crude enol ester 16 (P10 = M. P13
=1 ES, R = Mc) (1.02  g) in THE (13 xnL) and 2-methoxypropene (13. mL)
under nitrogen at 0 'C was added 0.48 mL of  a 0.I M solution (0.048 mmol)
of p-toluenesulfonic acid in TrrIP. The mixture was stirred at 0 'C  for 10
min and then triethylamine (0.66 mL) was added. Tnc mixture was
concentrared under  reduced pressure and purified by silica ge!
chromatography, eluting with 7.590 ethyl acetate in  hexanes increasing to
30% ethyl acetate in hexanes to yield 938 mg enol ester 17 (P7 = MOP, P10
= TES, P t 3 = TBS, R = Me) (84% from 15) and 30 mg (3%) of recovered
lactonc ester 1 S. 17 (P7 = MOP, P10 P13 = YES, R = Me): mp 95-97 'C, tH
NMR (300 MHz, CDCI3) S  0.08 (s, 3H, TBS CH3), 0.10 (s, 3H, TBS CH3), 0.59
(q, J = 7.7 Hz, 6H, TES CH3), 0.87 (s,  9H, TBS t-Bu), 0.95 (t, J = 7.7 Hz,
9H, TES CH3), 1.10 (s, 3H, CH3), 1.19 (s, 3H, CH3),  1.30 (s, 3H. CH3),
1.34 (s, 3H, MOP CH3), 1.37 (s, 3H, MOP CH3), 1.84 (m, 2H, H9a,  H9p), 1.98
(s, 3H. CH3 18), 2.17 (ddd, I= 2.8, 10.4, 15.9 Hz, IH. H6 3), 2.52, (dd, J
= 9.3,  15.4 Hz, IH, H14p), 2.63 (dd, I = 4.4, 15.9 Hz, IH. H6a), 2.83 (dd,
I = 3.8, 15.4 Hz, IH.  H14a), 3.06 (s. IH, H3a). 3.26 (s, 3H, MOP OMe).
3.37 (dd. J = 4.4, 10.4 Hz, IH, H7a),  3.72 (s, 3H, CC,Mc). 4.36 (dd, J =
6.0. 9.3 Hz. IH, H100). 4.57 (d, I = 2.2 Hz, [H. H20),  4.67 (dd. J= 2.8.
9.3 Hz. IH. H133). 12.24 (s. IH. OH4). Enol ester 17 (P7 = TES). To a
solution of the cnal ester 16 (P10 = TES, P1] = TBS, R = Me) (9 2 6 JAN
2004 60 mg. 0.0137 mmole) and DMAP (3.5 mg. 0.0286 mmole) in pyridine (0.6
niL) at 0 'C was added  tricthyfsilyf chloride (0.025 ml.., 0.14 mmole).
Inc solution was shred at room temperature for  I6 h, diluted with ethyl
ac-tote (10 rnL), poured into a saturated aqueous sodium bicarbonate
soludon (20 mL) and extracted with 20% ethyl acetate,hexanc (20 mL x 3).
The combined organic  layer was dried over anhydrous NaSO4, filtered and
concentrated to yield 25 mg of crude 17.  



Column chromatography (I0% ethyl acetate/ hexane) provided 10 mg (95%) of
pure enol ester 17 (P7=PLO=TES, Pi3= TES,R=Me). 17 (P7 = P 10 = TES, P13 =
TES, R = Me): 1H NMR (300 MHz, CDC13) 5 0.08 (s, 31i, TBS  CH3), 0.10 (s,
3H, TBS CH3), 059 (q, J = 8.1 Hz, 12H, TES al z ), 0.87 (s, 9H, TBS t-Bu),
0.95 (t, I= 7.7 Hz, I8H, TES CH3), 1.05 (s, 3H, CH3), 1.19 (s, 3H, CH3),
1.30 (s, 31j, CH3),  1.84 (rn, 2H, H9 C, H90), 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, IH, H140), 285 (dd, J =  3.8, 15.4 Hz, IH,
H 14cc), 3.03 (br s, 11-, H3 ), 3.34 (dd, J = 5.0, 10.4 Hz, IH, H7), 3.75
(s. 31-11, CO,Me OMe), 4.36 (dd, I= 5.0, 10.4 Hz, IH, H103), 458 (d. J= 2.1
Hz, IH, H25),  4.66 (br d, I= 11.0 Hz IH, HI3(3), I7 2 (s, 11-L OH4).
Ketone I S. To a stirred solution of enal ester 17 (P7 = MOP, P 10 = TES,
P13 = TBS, R = Mc)  (963 mg, 1.3 mmol) in DMF (30 mL) under nitrogen at
roam temperature was added solid  potassium thiophenoxide (250 rug, 1.69
mmol) followed by thiophenol (0.4 ml, 3.9 mmol). The  solution was warmed
to 86 -C for 3.5 hours. The solution was allowed to cool to room
temperature then was poured directly into 250 tnL of a saturated aqueous
NaHCO3 solution and  extracted with three 150 ml- portions of 30% ethyl
acetate in hexanes. The combined organic  phases were then filtered through
a 2 inch (5A8cm) 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,o = TES,
P" = TBS). 18 (P7 =MOP, Pta = TES, P13 = TBS): 1H NMR (300 MHz, CDC13) b
0.10 (s, 3H. TBS  CH3). 0.14 (s, 3H,'TBS CH3), 0.58 (q. J = 8.2 Hz, 6H, TES
CH,), 0.94 (s, 9H, TBS t-Bu),  0.95 (c, I = 8.2 Hz, 9H. TES CHs). 1.22 (s,
3H, CH3 19), 1.30 (s, 3H, CH3 17). 1.32 (s, 6H. 2 6 JAN 2004 61 MOP CH3),
1.33 (s, 3H, CH3 16). 1.80 (m. IH, H5). 1.81 (dd, J = 3.3, 3.8 Hz, 1H, H9
1.98 (rn, 1H, H5), 1.99 (d, J = 1.1 Hz, 3H, CH3 18), 2.21 (m, Iii, H60).
2.29 (dd, J = 10.4,  



12.1 Hz, IH. H9a), 2.43 (dd, J = 9.3, 15.4 Hz, IH, H14a), 2.53 (m, 1H,
H6a), 2.63 (dd, j 5.0, 15.4 Hz, IF., HI40), 2.70 (d, I = 5.0 Hz, IH, H3),
3.20 (s, 3H, MOP OMe), 3.39 (dd,  I = 6.1, 10.4 Hz, IH, H7). 4.34 (dd, I =
3.9, 10.4 Hz, IH, HIO), 4.55 (d, J = 5.5 Hz, IH,  H2), 4,73 (dd, I = 5.3,
7.7 Hz, IH, H13). Anal. Calcd. for CJ6H6;O9Si2: C, 63.49; H, 9.47.  Found
C, 63.56; H. 9.53. 18 (P7= P14 = TES, P 13 = TBS): 1H NMR (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,
CH3), 1.33 (s, 3H, CH3), 1.75 (dt, J = 11.6, 1.6 Hz, IH),  1.85 (d, J = 3.3
Hz, 1H), 1.90 (t, J = 3.9 Hz, IH), 1.97 (t, J = 8.1 Hz, 1H), 2.00 (s, 3H,
CHH3), 2.30 (m, IH), 2.39-2.60 (m, 3H), 2.65 (m, iH), 3.35 (dd, J = 9.6,
7.8 Hz, IH, H7a),  4.35 (dd, J =10.8, 3.3 Hz, 1H. H103), 4.57 (d, J = 5.1
Hz, 1H, H2p), 4.72 (m, 1H, H130). Ketone 18 (P7=BOM). To a stirred solution
of ketone 18 (P7 = MOP, P10 = TES, P13 = TES)  (293 mg, 0.43 mmoI) in THF
(28.6 mL) and methanol (9.5 ml-) under nitrogen at room  temperature was
added dropwise 0?0 mL of a 0.1 M solution of PPTS in CH,CI2 (0.02 mmol).
The reaction mixture was stirred for 3 h, poured into 100 mL of a saturated
aqueous NaHCO3  solution and extracted with two 100 mL portions of ethyl
acetate. The combined organic phases  were washed with brine, dried over
anhydrous Na2SO4 and concentrated under reduced pressure  to yield 274 mg
of the hydroxy ketone 18 (P7=H) as a colorless oil. This material was used
without further purification. 18 (P7=H, P E0 = TES. P 13 = TBS): mp 75-77
'C, 1H NMR (500 MHz, CDC13) 8 0.10 (s, 3H,  TBS CH3), 0.13 (s, 3H, TBS
CH3), 0.61 (q, J = 8.2 Hz, 6H, TES CH2), 0.93 (s, 9H, TBS t- Bu), 0.95 (t.
J = 7.7 Hz, 9H, TES CH3), 1.19 (s, 3H, CH3 19), 1.22 (s, 3H. CH3 17), 1.35
(s.  3H. CH3 16). 1.84 (dd, J = 13.7, 4.1 Hz, 1H, H9at). 1.88 (m, 2H, H9Q,
OH7), 1.92 (m, 1H,  H6j3), 2.05 (d, I = 1.4 Hz, 3H, CH3 18), 2.10 (m, IH,
H6a), 2.36 (dddd, J =1.4, 4.1, 9.9,  14.4 Hz, IH, H5a), 2.47 (dd, J = 8.9,
15.4 Hz, IH, H14f3). 2.51 (m, 1H, H5(1), 2.54 (dd, J 4.8, 15.4 Hz, tH,
H143), 2.86 (d, I = 5.5 Hz, 1H, H3), 3.59 (ddd, J = 4.5, 6.2, 11.3 Hz, 2 6
JAN 2004 



62 IH, H7), 4.38 (dd, J = 4.I, 9.1 Hz, [H, HI0), 4.56 (d, J = 5.5 Hz, IH,
H2), 4.69 (ddd, I  =1.4, 4.8. 9.3 Hz 1H, H13). Anal. Calcd. for
C3-iH36O7Si.,x.5H,0: C. 62.19; H, 9.30. Found  C, 62.I6; H, 9.22. To a
stirred solution of hydroxy ketone 18 (P7=H) (179 mg. 0.29 mmol) in CH2G,
(9.5 m(.,),  diisopropylethylamine (1.49 mL, 8.6 mmol) and
tetrabutylammonium iodide (253 mg, 0.69 mmol)  under nitrogen was added
dropwisc benzyloxymethylchloride (0.42 ml., 2.86 mmol). The reaction
mixture was brought to reflux for 32 h, cooled to room temperature, poured
into 100 mL of a  saturated aqueous NaHCO3 solution and extracted with two
100 niL portions of 50% ethyl aces  in hexanes. The combined organic phases
were washed with brine, dried over anhydrous Na_SO4  and concentrated under
reduced pressure to yield 249 mg of the hydroxy ketone as a yellowish oil.
This material was purified by silica gel chromatography to yield 196 Mg
(92%) of ketone 18  (P7=8OM, P1C = TES, P13 = TB S) as a colorless oiL 18
(P7=BOM, P t.a = TES, P 13 = TBS): tH NMR (500 MHz, CDC13) S 0.10 (s, 3H,
TBS CH3),  0.13 (s, 3H, TBS CH3), 0-59 (q, I = 7.7 Hz, 6H, TES CH.,), 0.94
(s, 9H, TBS t-Bu), 0.94 (t,  I = 7.7 Hz, 9H, TES CH3), 1.22 (s, 3H, CH3
17),.1.31 (s, 3H, CH3 19). 1.33 (s, 3H, CH3  16), 1.87 (dd, J = 12.1, 3.8
Hz, IH, H9 x), 1.98 (d, J = 1.4 Hz, 3H, CH3 18), 1.99 (m, 2H,  H6R, H9 P),
2.21 (m, IH, H6at), 2.34 (dd, J = 10.4, 12.1 Hz, IH, H5), 2.43 (dd, I =
9.3,  15.4 Hz, 1H, H14a), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, 1H, H513),
2.62 (dd, J = 5.0, 15.4  Hz, 1H, H1413), 2.74 (d, J = 5.0 Hz, IH, H3), 3.38
(dd, I = 6.6, 11 Hz, 1H, H7), 4.38 (dd, J  = 3.8, 10.4 Hz, 1H, H10). 4.56
(d, J = 5.0 Hz, IH, H2), 4.58 (d, J =11.5 Hz IH, CM2Ph),  4.64 (d, J =11.5
Hz 1H, CHPh), 4.68 (m, 2H, H13, OCH2O), 4.82 (d, J =7.2 Hz 1H,  OC:H2O),
7.31 (m, 5H, Ph). Kctonc 22a (P5=TMS). To a vigorously stirred solution of
ketone 18 (P7=BOM, Pta = TES,  P13 = TBS) (315 mg, 0.42 mmol) in THE (10.5
mL), triethylamine (0.88 mL, 6.3 mmol) and  trimethylsilyl chloride (0.53
mL, 4.2 mmol) under nitrogen at -78 'C was added dropwise down  the side of
the flask E_35 mL of a 0.5 M solution (0.68 mmol) of LDA in THE After 25
min, 2  



mL of a saturated aqueous NaHCO3 solution was added. The reaction mixture
was diluted with  150 tnL of hexanes and washed with 20 mL of a saturated
aqueous NaHCO3 solution and brine, 2 6 JAN 2004 63 dried 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 mg (99%) of the TMS cnol ether 213 (P7=BOMt,
P 10 = 7=5- P 13 = TBS, P., = T LY(S) as a  colorless oil. To a vigorously
stirred solution of TMS enol ether 21a (P7=BOM. P10 = TES, P 13  = TBS, P 4
= TMS) (224 mg, 0.274 mmol) in hexanes (2.3 mL) under nitrogen at room
temperature was added dropwise 14.9 mL of a 0.02 M solution (0.30 mmol) of
MCPBA in hexanes. After 5 h, 2 rnL of a saturated aqueous NaHCO3 solution
and 2 trtL, of a 10% aqueous  Na2SyO3 solution were added. The reaction
mixture was diluted with 150 mL of ethyl acetate and  washed with 20 niL of
a saturated aqueous NaHCO3 solution, 20 nsL of a 10% aqueous NaS,O3
solution, 20 n1L of a saturated aqueous NaHCO3 solution and brine, dried
over anhydrous  Na,S04 and concentrated under reduced pressure to give 231
trig of the crude material as a  colorless oil. This material was used
without further purification, or, alternatively, was purified by  flash
chromatography on silica eel to give 168 mg (74%) of 22a (F7=BOM. P10 =
TES, F13 =  T BS, Ps = TMS) along with a mixture (15%) of 21a and 18 which
could be recycled. 2 a (P7=BOM, P10 = TEES, Pc3 = TBS, Pj = TMS): mn
50.5-52 'C, 1H NMR (500 MHz,  C2)C3) 8 0.I0 (s, 3H, TBS CM3), 0.13 (s, 9H,
TMS CI-13), 0.14 (s, 3H, TBS CH3). 0.59 (q, I  _ 8.2 Hz, 6-H. -MS CH2),
0.94 (s, 9H. TBS t-Bu), 0.94 (t, I = 8-2 Hz, 9H. TES CH3), 1.24 (s,  3H,
CH3 17), 1.32 (s, 3H, CM3 19), 1.33 (s, 3H, CH3 16), 1.82 (dd, I = 11.3,
13.7 Hz, IH,  H94 1.95 (d, J = 1.4 Hz, 3H, CH3 18), 1.98 (dd, J = 3.4, 13.7
Hz, 1H, H90), 2.16 (ddd, I  = 6.2, 7.2, 13.3 Hz, 1H, H6 a), 2.40 (dr, I
=11.4, 13.3 Hz, 6P), 2.43 (dd, J =9.2, 15.2 Hz,  IN, H14(3), 2.63 (dd, J =
5.5, 15.2 Hz, IH, H14a), 2.74 (d, J = 5.5 Hz, IN, Ha), 3.40 (dd,  J =7.2,
10.6 Hz, IH, H7a),4.36 (dd, I = 3.4, 11.3 Hz, 1H, H10(3), 4.40 (dd, I =
6.2, 12.0  Hz, lH, H5a), 4.54 (d, I = 5,5 Hz, IH, H20), 4.57 (d, I =11.7 Hz
1H, CH2Ph), 4.64 (d, I  



=11.7 Hz 1H, Cii2Ph), 4.68 (d, J =7.0 Hz IH. 0CH,0), 4.74 (m, [H, H13).
4.78 (d, J =7.0  Hz. 1H. OCH,O), 7.31 (m. 5H. Fh). Anal. Calcd. for
C43H72C9Si3: C, 63.19; H, 8.88. Found  C, 63.19; H, 8.92. Ketone 22 a (PI =
H). T o a vigorously stirred solution of crude 22a (P7 = BOM. P t 0 = TES.
P 13  = TBS. P j = TAMS) (231 mg, 0.274 mmol) in acetonitrile (7 mL) at 0'C
was added dropwisc 7 mL 2 6 JAN 2004 64 of a 1:10:10 (by volume) mixture of
48% aqueous HF:pyridine::cytonitrile . After stirring for 20  min, 2 mL of
a saturated aqueous NaHCO3 solution was added. Tnc reaction mixture was
diluted  with 150 mL of ethyl acetate and washed with 30 mL of a saturated
aqueous NaHCO3 solution and  brine, dried over anhydrous Na2SO4 and
concentrated under reduced pressure to give 223 mg of  the rude alcohol as
a colorless oil. This material was purified by silica gel chromatography to
yield  155 mg (74%) of ketone 223 (P7 = BOM, PLO = TES, P13 = TBS, P3 = H).
15 mg (7%) of the  Sp-hydroxy ketone and 33 mg (14% recoverable material)
of a 1:1 mixture of TMS enol ether 2 lit  and kemne 1 S. 22a (P7 = 3CM, P
10 = TES, P 13 = TBS, P5 = H): 1H NMR (500.MFz- CDC13) 5 0.10 (s, 3H,  TBS
CH3), 0.14 (s, 3H, TBS CH3), 0.59 (q, J = 8.2 Hz, 6H. TES CH2), 0.94 (s,
9H, TBS t- Bu), 0.94 (t, I= 8.2 Hz, 9H, TES CH3), 1.23 (s, 3H. CH3 19),
1.32 (s, 3H, CH3 17), 1.33 (s,  3H, C'r13 16). 1.83 (dd, I= 11.0, 13.7 Hz,
IH, H60), 1.97 (d, I= 1.4 Hz. 3H. H18). 2.01 (dd,  1= 3?. 13.7 Hz, 1H.
R90), 2.11 (ddd. J = 5.5, 7.7. 13.7 Hz, IIi, H6 0:), 2.47 (dd, J = 8.7.
15.4 Hz, lH, H14t3), 2.57 (a, 2H, H14a, H9a), 2.88 (d, J= 5.5 F-7, IH,
H3a), 3.39 (dd, J=  7.7, 11.0 Hz, IH. H7a), 3.41 (d, I = 3.3 Hz. 1H, OH-5).
4-38 (m, 2H, HS 0. H 10), 4.55 (d, jr  = 5.5 Hz, IH, H2 3), 4.57 (d, J
=11.5 Hz IH. CE2Ph), 4.62 (d, J=11-5 Hz 1H, CE2Ph), 4.72  (rn, 2H, H130,
OCH,O). 4.80 (d, J=7.1 Hz Ili, OCH,Q), 7.31 (m, 51-L Ph). Ketone T 2 a
(P5=TMS) from ketone 22a (P5=H). To a vigorously stirred solution of
5-hydroxy- 4-ktone 22a (P7 = B OM, P 1 Q = TES, P13 = TBS, P5 = H) (51 mg,
0.067 mmol) in CH,C1: (2.2  mL) and triethylamine (0.14 mL, 1.0 mmol) under
nitrogen at 0 'C was added  



trimethylsilylchloride (0.041 mL, 034 mmol). After 0.5 h, the reaction
mixture was quenched  with 5 mL of a saturated aqueous NaHCO3 solution and
extracted with 150 mL hexanes. The  organic phase was washed with 50 tnL of
a saturated aqueous NaHCO3 solution and brine, dried over anhydrous Na2SO4
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 (P7
= BOM, PLo = TES, P" = TBS, PS  TMS) Alcohol 23a. To a stirred solution of
ketone 22a (P7 = BOM, P10 = TES, P13 = TBS, p5 =TMS) 2 6 JAIL 2004 65 (18.9
mg. 0.023 mmol) in CH,CI2 (4 ml-) under nirogen at -65 'C was added
dropwise a 0.073  rnL of a 3.I M solution of McNUBr in ether (0.23 carol).
The reaction mixture was allowed co warm co -48 'C, stirrcd for 16.5 h and
then quenched with 0.13 mL of a ?.OM solution of AcOI-i in TriF (0.25 mmol)
and then poured into a stirring mixture of 50 mL of a saturated aqueous
NaHCO 3 solution and 50 mL of c:hyi acetate. The aqueous phase was
extracted with 50 mL ethyl  acetate. The combined organic phases were
washed with brine, dried over anhydrous Na.1SO4 and  concentrated under
reduced pressure to yield 20.5 mg of a colorless oil. This material was
purified  by silica gel chromatography to yield 18.4 mg (95%) of alcohol
23a (P7 = BOM, P iQ = TES, Pty  = TBS, P3 = TMS) as a colorless oil. 23a
(P7 = BOM. Pto = TES. PE3 TBS, PS = TTMS): tH NMR (500 MHz, CDC13) 5 0.09
(s,  9H, TMS), 0.11 (s, 3H, TBS CH3), 0.12 (s, 3H, TBS CH3), 0.56 (q, J =
7.9 Hw, 6H. TES  CH,), 0.92 (t. J = 7.9 Hz, 9H, TES CH3), 0.93 (s, 9H, TBS
t-Bu), 1.25 (s, 3H. CH3 17), 138  (s, 3H, 0.13 19), 133 (s, 3H, CH3 20),
1.34 (s, 3H. CH3 16), 1.74 (ddd, J = 3.8, 4.1, 13.0  Hz, IH, H6a), 1.99 (d,
J = 1.4 Hz, 3H, H18), 2.01 (dd. J = 11.3. 13.0 Hz,- IH, H9 a), 2.06  (m,
2-H, H3, H9P), 2.13 (ddd. J = 1.7, i2 3, 13.0 Hz, I.H. Ho-P), 2.37 (dd, J =
5.5. 15.0 Hz,  IH, HI4a), 2.54 (dd, J = 9.2, 15.0 Hz, IN, H14f3), 2-96 (s,
1H, OH-4), 3..51 (dd..1 = 1.7,  4.1 Hz, 1H,H5),3.73(dd,J = 3.8, 12.3 Hz.
IH,H7a),4.32(dd.J =4.1. 11.3 Hz. 1H,  



H I0f3), 4.64 (s, 2H, CHt2Ph), 4.72 (d, J = 6.8 Hz. 1H. OCH,O). 4.80 (m,
3H, H2, H13.  CC H-20), 7.31 (m, 5H. Ph). Anal. Calcd. for C44H76Q1Si3: C,
63.42; H, 9.19. Found C, 63.40;  H. 9.I5. Hydroxy olefin 24a. To a
refluxing solution of alcohol 23a (P7 = BOM, Pto = TES, PI3 = TBS,  PS =
TMS) (46.7 mg. 0.055 mmol) in toluene (1.1 mL) was added 1.1 rrLL of a 0. I
M solution of  Burgess reagent in toluene ( 0.11 mmol). The mixture was
refluxed for 20 min then cooled to  room temperature, diluted with ethyl
acetate, washed with a saturated solution of I 'a.HCO3 and  brine, dried
over anhydrous Na,SO.4 and filtered. Concentration of the filtrate under
vacuum  yielded 46 mg of crude olefin. This material was used without
further purification. To a stirred solution of this crude olefin (46 mg,
0.055-mrnol) in accconitrile (2.5 rr L) at 0 'C was  added 2.5 mL of a
1:10: 10 (by volume) mixture of 48% aqueous HP : pyridine : acetoniaiic.
The 7 6 JAN 2004 66 mixture was stirred at 0 'C for 20 min, quenched with a
saturated solution of NaHCO3 and  extracted twice with ethyl ace ate. The
combined organic phases were washed with brine, dried  over anhydrous
Na2S04 and filtered.. Concentration of the filtrate under vacuum yielded 48
mg of  a colorless oil which was purified by silica gel chromatography to
yield 25.9 mg (62%) of  hydroxy olefin 24a (P7 = BOM, PLO = TES, P13 = TBS,
R = H) as well as 2.1 mg of unrencted  alcohol 23a (4%). 24a (P7 = BOM; P
la = TES, P 13 = TBS, R = H): mp 66-68 'C tH NMR (500 MHz, CDCI3) 8  0.12
(s, 3H, TBS CH3), 0.13 (s, 31-L TBS CH3), 0.59 (q, 1= 7.9 Hz, 6H, TES CH2),
0.94 (t,  I = 7.9 Hz, 9H. TES CH3), 0.95 (s, 9H, TBS t-Bu), 1.I8 (s, 3H,
CH3 19), 1.23 (s, 3H, CH3  I7), 1.35 (s, 3H, CH3 16), 1.73 (d, 1H, I = 3.4
Hz, OH5), 1.83 (dd, J = 9.9, 10.5 Hz, 1H,  H9a), 1.91 (ddd, I = 7.2. 7.5,
13.4 Hz, IH, H6a), 1.97 (dd, I = 3.8, 9.9 Hz. 1H, H90), 2.03  (d, J = 1.4
Hz. 3H, 18), 2.14 (ddd,, J= 9.6, 9.6. 13.4 Hz, 1H. H60) 235 (dd, J = 5.1,
15.4 Hz,  IH, H14a), 250.(dd, 1=9.6, 15.4 Hz, M. H14 3), 3.03 (d. J= 5.8
Hz, 1H, H3 a), 3.44 (dd,  J = 75, 9.6, Hz, IH. H r a), 4.38 (m. 2H, H10,
H5), 4.54 (d, J = 5.8 Hz, 1H, H2), 4.58 (d. I  



=11.6 H.z, IH, CF2Ph). 4.62 (d, J=11.6 Hz, 1H, CH2Ph), 4.73 (d, J =7.0 Hz,
1H, OCH,O),  4.75 (m. IH, H13), 4.79 (d,1=7.0 Hz, 1H, OCH20), 5.00 (s, IH,
H2OE), 5.18 (s, 1H, H2OZ),  7.31 (m, 5H, Ph). Anal. Calcd. for
C41H66OeSi1x0.5H20: 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 mg, 0.0154 mmol) in pyridine (0.6 mL) under
nitrogen at 0 'C was added  dropwise methanesulfonyl chloride (0.02 rnL,
0.258 mmol). After 45 min. a saturated aqueous  NaHCO3 solution (0.05 mL)
was added. The mixture was stirred for 10 min, poured into 20 mL  of a
saturated aqueous NaHCO3 solution and extracted with 40% ethyl
acetate/hexane (20 mL x  3). The combined organic phase was dried over
anhydrous Na,SO4 and concentrated under  reduced pressure to give 13 mg of
24aa (P7 = BOM, P 10 = TES. P 13 = TBS, R = Ms) as a  colorless oil. This
material was used without further purification. 24aa (P7 = BOM. P'10 = TES,
P 13 = TBS, R = Ms): 1H NMR (300 MHz. CDCI3): 8 0.12 (s,  3H. TBS CH3), 8
0.13 (s. 3H, TBS CH3). 0.58 (q. J = 7.9 Hz, 6H, TES CH2), 0.93 (s, 9H. 2 6
JAN 2004 67 TBS t-Bu), 0.94 (t, J = 7.9 H_, 9H, TES CH3), 1.23 ( s, 3H. CH3
17), 122 (s. 3H. CH3 19),  1.34 (s, 3H. C' H3 16), 1.80 (hr t, J =I3 Hz,
IH, H9a), 1.98 (m, IH, H6), 1.79 (ddd. J = 2  5.5, 15.1 Hz, IH, H14a), 2.01
(d, I= 1.1 Hz, IH, CH318), 2.06 (dd. J = 3.3, 13.7 Hz, [H,  H90), 2.01 (br
s. 3H. CH3 I8). 2.22-2-32 (m, 3H. H 14a, H6 ., H60). 2.54 (dd, J = 9.9,
15.4  Hz, 1H, H14), 3.02 (s, 3H, OSO,CI-i3), 3.05 (d, I = 6.0 Hz, 1H, H3a),
3.45 (t, J = 8.5 Hz,  IH, H7), 4.37 (dd, 1=16, 11.0 Hz_ 1H, HI0f3), 4S7 (d,
J = 6.0 Hz,.1H, H20), 4.59 (q, 2H,  PhC$2Q), 4.69 (d, I = 7.1 Hz, 1H,
OCH,O), 4.74 (m, IH, HOP), 4.76 (d, J = 7.1 Hz, 1H,  OCH,O), 5.03 (br t, I
= 8-5 Hz, 1H, R5f3), 5.09 (br s, 1H, H20), 5.24 (br s, IH. H20), 7.35  (m,
Sr'L Ph). Triol 25a. To a stirred solution of allyi alcohol 24a (P7 = BOM,
P10 = TES, Pt3 = TBS, R = H)  (45 mg, 0.0606 mmol) in a mixture of pyridine
(0.32 mL) and ether (3-2 mL) under nitrogen at 0  



'C was added a 0.157 M solution of OsO4 in THE (0.42 mL, 0.066 rnmole).
After 12 h at 0 'C,'  NaHSO3 (530 m;), pyridine (03 mL), Td -F (2 mL) and
water (3 rnL) were added. The mixture  was vigorously stirred at room
temperature for 14 h, poured into 50 rnL of a saturated aqueous  NaHCO3
solution and extracted with ethyl acetate (40 mL x 3). The combined organic
phase was dried over anhydrous Na-2SO4 and concentrated under reduced
pressure to give 60 mg of a pale  yellow oil, which was column
chromatographed (30% ethyl acetate/hexane) to yield 34.3 mg (73  176) of
trial 25a (P7 = BOM, P1a = TES, P13 = TBS). 25a (P7 = BOM, P10 = TES, P13 =
TBS): tH NMR (500 MHz, CDC13); S 0.11 (s, 6H, TES  CH3), 0.60 (ddd, J = 9.0
Hz, 6H, TES CH2), 0.79 (s, 3H, CH3 19). 0.93 (s, 9H, TBS t-Bu),  0.94 (dd,
J = 9.0 Hz, 9H, TES CH3), 1.22 (s, 3H, CH3 17). 1.35 (s, 3H, CH3 16), 1.64
(dd. J =  S.6, 16.4 Hz, IH, H9), 1.70 (m, IH. H613), 2=7 (dd, J = 2.7, 16.8
Hz, IH. H9 (X). 2.23 (d, I  = 0.7 Hz. 3H, CH3 18),, 2.36 (dd, J = 9.2. 15.0
Hz, IH, H I4o), 2.45 (m, [H, H6a), 2.96 (s,  IH, OHS), 3.21 (dd, 6.9, 15.0
Hz, IH, HI4a), 3.42 (d, I= 5.0 Hz, IH, H3 a), 3.53 (m. 1H.  H20), 3.38 (s,
IH, OH4). 3.70 (t, I = 3.0 Hz, IH, H5 P), 4.04 (br d. J = I I Hz. IH. H20),
4.06 (dd, I = 11.5. 5.0 Hz. [H, H7a), 4.48 (d, I = 5.0 Hz. [H. H2 D), 4.49
(d. I = 12.0 Hz,  IH, PhCH20). 4.53 (br s, [H. HIO), 4.71 (m, [H, Hi30),
4.72 (d. I = 12.0 Hz. [H,  FhCH2O), 4.85 (d, I = 6.8 Hz, [H, OCHLO), 4.98
(d. J = 6.8 Hz, 1H, (DCH1O), 7.34 (m, 5H. 2 6 JAN 1004 68 Ph). Anal. Calcd.
for C41H6sO10Si2: C, 63.36; H. 8.82. Found C. 63.19; H. 8.75. Dial mesyiate
26x. To a stirred solution of allyl mesylate 24aa (PT = BOM, P 10 = TES,
P13 =  TBS, R = Ms) (5 mg. 0.0064 mmol) in a mixture of pyridine (0.4 mL)
and THE (0.4 rnL) under  nitrogen at room temperature was added a 0.157 M
solution of Os04 in THE (0.06 mL). After 7  h, NaHSO 3 (150 mg) and water
(0.2 mL) were added. The mixture was vigorously stirred for 14 h, poured
into 20 rnL of a saturated aqueous NaHCO3 solution and exacted with ethyl
acetate (20  nil.. x 3). The combined organic phase was dried over
anhydrous Na2SO4 and concentrated under  reduced pressure to give 6 mg of a
pale yellow oil. The oil was column chromatographed (40%  



ethyl acctacelhexane) to yield 2.7 mg (50%) of dial mesylate 26a (P7 = BOM,
P10 = TES, Pia =  TBS, R = Ms). 26a (P7 = BOM, Pt o = TES, P13 = TES, R =
Ms): 1H NMR (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), 1.95 (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. H6a),  2.89 (dd, 6.8, 15.1 Hz, IH, H14o:), 3.05
(d, J= 3.4 Hz, IH, H3c ), 3.06 (s, 3H, OSO2CH3).  3.35 (s, IH, 0H4), 3.52
(m, IH, H20), 3.92 (dd, J = 4.5, 11.6 Hz, IH, H7a), 4.13 (dd, J =  1.0,
11.3 Hz, [H, H20), 4.46 (br d, I = 4.5 Hz, [H, H10), 4.52 (d, I = 3.4 Hz,
IH, H2), 4.54  (d, I = 12.0 Hz, 1H, PhCIj2O), 4.70 (d, I = 12.0 Hz, 1H,
PhCli20), 4.83 (d, I 6.9 Hz, IH,  OCH,O), 4.84 (m,. IH, H50), 4.92 (tn, 1H,
H13{3), 4.93 (d, J = 6.9 Hz, 1H, OCH2O), 734  (m, SH, Ph). Dial tosylate
26aa. To a stirred solution of trial 25a (P7 = BOM, P 10 = TES, P 13 = TBS)
(37  mg. 0.0476 mmolc) in CH2CI2 (0.4 mL) under nitrogen at -78 'C was
added triethylarninc (0.25  mL) followed by rrimethylchlorosilane (0.075
mL). The solution was stirred at -78 'C for I h,  poured into 20 mL of a
saturated aqueous NaHCO3 solution and extracted with chloroform (30 rnL  x
3). The combined organic phase was dried over anhydrous Na,SO4, and
concentrated under  reduced pressure to give 38.2 mg of a colorless oil.
This oil was dissolved in THE (0.5 mL) and 2 6 JAN 2004 69 cooled to -78 C.
T o this solution was added a 0.2 M solution of LDA in THE (0.9 MT- 0. I S
mrnale). After 20 min at -73'C. p-toluenesuifanyl chloride (35 mg, 0.183
mma[c) was added.  After stir.ing at -35 'C for 3 h. McOH (0.2 mL) and
diethylamine (0.3 rnL) were added. The  solution was stirred at -35 'C for
30 min and poured into 30 mL of a saturated aqueous Na}C03  solution and
extracted with chloroform (40 mL x 3). The combined organic phases were
dried  over anhydrous Na,SO4, and concentrated under reduced prrssurr to
give 58 mg of a colorless oil. 



The oil was dissolved in acetonitrile (3.6 mL.) and pyridine (3.6 mL). To
this solution at 0 'C was  added 48 'Fa aqueous solution of HF (0.36 mL).
The solution was stirred at 0 'C for 15 min,  poured into-30 mL of a
saturated aqueous NaHCD3 solution and extracted with chloroform (40  rnL. x
3). The combined organic phase was dried over anhydrous Na,S04, and
concentrated under  reduced pressure to give 56 mg of crude diol tosylate
26aa. Column chromatography (40%  ethylacetate/hexane) yielded 34 mg (80 %)
diol tosylate 26aa (P7 : B OM, P10 P 13 = 'IBS,  R = Ts). 26aa (P7 = BOM, P
10 = iES, P 13 = "IBS, R = Ts). 1H NMR (300 MHz, CDC13); b 0.18 (s,  6H,
TBS CH3), 0.58 (d, J = 12.5 Hz, 6H, TZS CH,), 0.82 (s, 3H:, CH3 [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
(m, [H, H6 8). 2.13 (dd. I= 16.5, 4.4 Hz, 1H, H9),  2.18 (m, [H, H6a), 2.24
(s, 3H. C-H3 18). 2.33 (s, 3H, CH3Ph), 2.42 (dd. J = 14.8. 9.3 Hz.  114, H
14V 2.90 (m. IH, H 14a), 2-93 (br s, I H, OH4), 3.08 (br d, J = 3.3 Hz, 1H,
H3a),  3.38 (br c, J= 11.0 Hz, IH, H7a), 3.87 (m, [H, H20), 4.09 (br d, I=
9.9 Hz, IH, H20), 4.52  (d, I =. 3.3 Hz, IH, H2(3), 4.45 (br d, J = 4.4 Hz,
IH, H[0p), 4.46 (d, J = 12.1 Hz. 1H,  PhCH2O), 4.59 (d. I = [2.1 Hz, IH,
PhCH2O). 4.66 (br t, J = 3.8 Hz. [H, H5 a), 4.75 (d, J=  7.1 Hz, IH.
OCH,O), 4.83 (d, J = 7.1 Hz, [H, OCH,O), 4.89 (br dd, I = 7.7, 6.6 Hz, IH.
H13R), 7.14 (d, J = 8.2 Hz, 2H. SO,Ph), 7.34 (m, 5H, OCH2P~f , 7.75 (d, J =
8.2 Hz. 2H,  SO,Ph). Oxc=c 27a from dial mesylate 26a. To a stirred
solution of diolmesylate 26a (P7 = BOM, Pia  = TES. Pia =TBS. R = Ms) (2.7
mg) in toluene (0.4 mL) undernioogtri at room temperature was  added
diisopropyl ethylarnine (0.008 mL). The solution was refluxed for 3.5 h.
coaled to room 2 6 JAN 2004 70 temperature, poured into 20 rnL of a
saturated aqueous NaHCO3 solution and extracted with ethyl  acetate (20 mL
x 3). The combined organic phase was dried over anhydrous Na,S04, and
concentrated under reduced pressure to give 3 mg of a pale yellow oil. The
oil was column  



chromatographed (30% ethyl acetate/hexane) to yield I mg (42%) of oxcune
27a. 27a (P7 = BOM, P10 = TES, P 13 = TBS): lH NMR (500 MHz, CDCI3); 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, I =  11.3, 13.4 Hz, iH, H9a),
1.98 (d, I = 1.4 Hz, 3H, CH3 18), 2.06 (dd. I = 6.0, 18.6 Hz, IH,  H60),
2.11 (dd, I = 4.5, 13.4 Hz, 1H, H9P), 2.14 (d, I = 5.5 Hz, 1H, H3a), 2.41
(dd, J =  9 .2, 15.1 Hz, IH, H1413), 2.43 (m. 11-L H6a), 2.54 (s. IH, 0H4),
2.76 (dd, I = 5 .2, 15.1 Hz,  H14a), 3.21 (dd,1= 3.4, 13.0 Hz, IN, H7a),
4.36 (d, J = 8.6 Hz, 1H, H20a), 4.37 (dd, J.  4.1, 11-3 Hz, IH. H1013),
4.40 (hr d, 1= 9.2 Hz, 11-L HSa), 4.60 (d, I = 5.5 Hz, IH, H20),  4.61 (d,
I = 12.6 Hz, IN, PhCff20), 4.67 (m, 1H, H13Q), 4.69 (d, J = 12.6 Hz, 1H,
PhCa2O), 4.75 (d, I= 7.5 Hz, 1H. OCH2O), 4.86 (d, I= 7.5 Hz, IH, OCH., 0),
4.91 (dd, I=  0.7, 8.6 Hz, IH, MOO), 7.34 (m, 5H, Ph). Anal. Calcd. for
C41H56( Sit: C, 64.87; H, 8.76.  Found C, 64.61; H, 8.78. Oxetane 27a from
diol tosylatc 26aa. To a stirred solution of diot tosylate 26aa (P7 = BOM,
Pl a  = TES, E13 = TBS, R = Ts) (33 mg, 0.0354 mmole) in toluene (33 mLj
under nitrogen at room  temperature was added DBU (0.11 rnL, 0.73 mrnole).
The solution was heated at 80 'C for 10  min, then the temperature was
increased up to 110 'C during a 40 min period, maintained at 110 'C  for 30
more min and cooled to room temperature.Tne solution was filtered through a
short pad of  silica gel using 30% ethyl acetate/hexane as eluent. The
filtrate was concentrated to give 25 mg of  crude Z7a, which was column
chromatographed (30% ethyl acetatehexane) to yield 21 mg (78 (c)a)  of
oxetane 27a (P7 = BOM, P1o = TES, Pia = TBS). Oxctane 29. To a stirred
solution of oxetane 27a (P7 = BOM, P 10 = TES, P 13 = TBS) (21 mg,  0.0276
mmloe) and dimethylaminopyridine (3.4 mg, 0.0278 mmolc) in pyridine (110
p.L 1.37  mmole) under nitrogen at room temperature was added acetic
anhydride (26 p.L, 0.276 mmole). 2 6 JAN 2004 71 The solution was stirred
for 25h, diiutcd with ethyl acetate, poured into 20 tnL of saturated  



aqueous NaHCO3 solution and extracted with ethyl acetate (20 mL x 3). The
combined organic  phases were dried over anhydrous Na1SO4 and concentrated
under reduced pressure to give 26 mg  of a pale yellow oil, which was
column chromatographed (25% ethyl acctatchtexane) to yield 16  mg (72176)
of oxetane 29 (P7 = BOM, PtO = TES, P13 = TBS). 29 (P7 = BOM, P1a = TES,
P13 = TBS): 1H NMR (500 MHz, CDC13); 3 0.10 (s, 3H, TBS  CH3), 0.12 (s, 3H.
TBS CH3). 0.56 (q. 6H, TES CH-z), 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
(dd, J = 7.5. 13.0. 1H, H90), 2.07  (dt, J = 8.0, 13.0 Hz, I H, H6 P),
2.13(s, 3 H, OAc), 214 (dd, J = 3.4, 15.0 Hz, I H, H 14a),  2.40 (dd, J=
8.6, 15.0 Hz, 11-L H14 f3), 2.51 (ddd, J = 4.1, 9.2, 15.0 Hz, 1H, H6a).
2.63 (d,  J = 6.5 Hz, 1H, H3a), 3.69 (dd, J = 4.1,.13.0 Hz, H7a), 4.35 (dd,
J = 3.4, 11.3 Hz, 11-,  H10(3), 4.64 (m. 4K PhCE20, H20. HSa), 4.75 (d, J =
7.2 Hz, 11, OCH-4O), 4.76 (br d, J  = 9.2 Hz, 1H, H20), 4.83 (d, J= 7-2
H.z, 1H, OCH.,O), 4.85 (br d, J= 9.2 Fiz, I H, H20). 4.88  Car t, J= 8.2
Hz, IH, H130), 735 (rn, Sri, Ph). Bcnzoarc 30. To a stirred solution of
oxctanc 29 (P7 = BOM, P 10 = TES, P 13 =TBS) (6 mg.  0.0075 rnmol) in TrEF
(0.5 mL) under nitrogen at -78 'C was added a 0.3M solution of
phcnyllithium in ether (44 L, 0.013 rnmol). The solution was stirred at -78
'C for 15 min and  quenched with a 10% solution of acetic acid in THE The
solution was diluted with ethyl acetate,  poured into 20 mL of a saturated
aqueous NaHCO3 solution and extracted with ethyl acetate (20  mL x 3). The
combined organic phases were dried over anhydrous Na,SO4 and concentrated
under reduced pressure co give 8 mg of a pale yellow oil. The oil was
column ehromatogtaphed  (2.5% ethyl ace atelhexane) to yield 6.2 mg (94%)
of benzoate 30 (P7 = BOM, P 13 = TBS. R =  TES). 30 (P7 = BOM, P t 3 = TBS,
R = TES): 1H NMR (500 M1-1Z, CDC13); b 0.09 (s, 3H. TBS CH3),  0.14 (s, 3H,
TBS CH3), 0.60 (ddd, 6H, TES CH1). 0.94 (s, 9H. TBS t-Bu), 0.96 (c. 6H, TES
CH3), 1.23 (s. 3H. CHI 17). 1.38 (s. 3H. CHI 19). 1.46 (s, 3H. CH3 16).
1.69 (s. [H. OHL),  1.97 (ddd. 1 14.5. 10.0, 3.1 Hz. IN. H65), 2.05 (dd. J
= 16.1. 5.1 Hz, IH, H9). 2.09 (dd. 



2 b JAN 2004 72 I = 15. 1. 6.2 Hz, IH, H140), 2.13 (s, 3H, CH3 18), 2.2-7
(dd. J= 15.1, 8.2 Hz, IH, H14a),  2.23 (dd, I 15.0. 8.5 Hz, IH. H9), 2.24
(s, IH, OAc 4), 138 (dd, J = 16.1, 4.1 Hz, [H,  H9a), 2.67 (cu, I H. H6 a),
3.40 (d. J = 6.2 Hz, I H, H3 a), 3.99 (dd, J = 10.1, 6.3 Hz, I H.  H7a),
4.20 (d, J= 8.2 Hz, IH, H20(3), 4.29 (d, J = 8.2 Hz, IH, H2Oa), 4.49 (d.J =
110 Hz,  1H, PhCH20), 4.63 (br t, IH, H 10 0), 4.74 (d, = 12.0 Hz, IH,
PhCli2O), 4.92 (d, J = 6.9 Hz,  IH, OCH2O), 4.91-4.95 (m, 21-L H13 0 &
H5a), 5.01(d, I = 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,
PhCOO -p), 8.11 (m, 2H, Ph00O-o). Alcohol 3 L To a solution of benzoate 30
(P7 = BOM, P13 = TBS, R = TES) (6.2 mg, 0.007  mmol) in 2 mL of THE was
added 0.1 mL of a 0.1 M solution of TBAF in THF. The mixture was  stirred
for 2 h at 25 'C under nitrogen. The reaction mixture was diluted with 10
ML of ethyl  acemte, then poured into 10 mL of a saturated aqueous NaHCO3
solution. The organic phase was  washed with 10 mL of a saaurated aqueous
NaHCO3 solution, dried over anhydrous Na,SO+ and  conce:inated undo reduced
pressure to give 4.5 mg (9317a) of alcohol 31 (P7 = B OK P 13 = TBS,
R=hf). 31 (P7= BOM, P13 = TBS, R = H): nip 213-216 'C tH NMR (500 MHz,
CDC13); 8 0.10 (s, 3H,  TBS CH3), 0.15 (s, 3H, TBS CH3), 0.94 (s. 9H, TBS
t-Bu), 1.26 ( s. 3H. CH3 17), 1.39 (s,  3H, CH3 19), 1.45 (s, 3H, CH3 16),
1.68 (s, [H, OH1), 1.89 (ddd, I= 14.5, 10.0, 2.5 Hz, 1H,  H6f3), 2.10 (dd,
J= 15.0, 9.0 Hz, IF, H14p), 2.15 (dd, I = 15.0, 8.0 Hz, 1H, H14 a), 118 (s,
3H, CH3 18), 2.23'(dd, J= 15.0, 8.5 Hz, IH, H93), 216 (s, IH, OAc 4), 2.40
(dd. I = 15.0,  3.5 Hz, 1H, H9a), 2.68 (m, IF, H6tc), 2.90 (br s, IH,
OHIO), 3.54 (d, I = 6.0 Hz, [H,  H3a), 4.16 (d, J= 8.0 Hz, IH, R20(3), 4.23
(dd, J= 10.0, 7.0 Hz, 1H, H7a), 4.30 (d, J= 8.0  Hz, IH, H2Oa), 4.68 (dd,J=
15 Hz, 2H, PhCjj20), 4.78 (m, IH, H10a), 4.87 (d, I = 6.5 Hz,  1H, OCH1O),
4.95 (t. I= 2.0 Hz, IH, H20a), 4.92 (d, I= 7.0 Hz, IF, OCH.,O), 4.93 (br d.
I  = 2.0 Hz, [H. H13M, 4.96 (br d. J = 6.5 Hz, IH, HScc), 4.97 (d, J = 6.5
Hz, 1H, OCH2O),  5.68 (d, -1= 6.0 Hz, 1H, H2 ), 7.28 (m, 1H, phCH20), 7.35
(m, 4H, EhCH20). 7.40 (m, 2H.  



PhCOO-m), 7.59 (m. IH, PhCOO-p), 8.13 (m, 2H, PhCOO-o). Anal. Calcd. for
C43HdoOtoSix0.5H20: C. 66.72; H, 7.94. Found C. 66.75; H. 7.96. 26 JAN 2004
73 Alcohol 3 1 through Alcohol 30a. To a stirred solution of oxe:anc 29 (P7
= BOM, Pia = TES.  P13 = TBS) (16 rng, 0.02 mmole) in acetonitrile (0.33
ml-) at 0 'C was added a 45'a solution of  h -pyridine complex in
acctanitriie (0.8 ml..). The solution was stirred at 0 'C for 11 h, diluted
with ethyl acetate, pound into 20 mL of a saturated aqueous NaHCO3 solution
and cxa-ac:e.d with  CHC13 (30 mL x 3). - The combined organic phases were
dried over anhydrous Na,SO and  concentrted under reduced pressure to give
13.5 mg (0.0196 mrnolc) of 30a as an oil. This oil  was dissolved in Trir
(1 rnL) and cooled to =78 C. To this solution at -78 'C was added a 0.285
M solution of phenylliEhiura in THE (0.144 ml., 2.1 eq.). After 10 min, the
solution was pourrd  into 20 mL of saturated aqueous NaHCO3 solution and
CHC13 (30 mL x 3). The combined  organic phase was dried over anhydrous
Na,SO4' and concentrated under reduced pressure to give  16 mg of a pale
yellow oil, which was crystalized to yield 127 mg (85%) of benzoate 31 (P7
=  BOM, P1 3 = TBS, R = H). Ketone 3 2. To a solution of benzoate 31 (P7. =
BOM, P 13 = TBS. R = H) (18 mg, 0-235 mmole)  and 4-tnethylrnorpholinc
N-oxide (I8 mg, 0.154 tnmole) in 0i, CI, (2.6 rriL) at room teracrature
was added tc.:apropyiamrnonium perrutherate (6 tng, 0.017 rnmoie). The
solution was stirred at  room temecraturc for IS rrin and filtered through
silica gel with 30 % ethyl acetate/hcxane. The  filtrate was concentrated
under reduced pressure to yield kccobenzoare 3 2 (P7 = BOM, P 13 = TBS)
(18 mg, 100%). 32 (P7 =MOP, P13 = TBS): IH NMR (300 MHz, CDCI3) S 0.12 (s,
3H. TBS CH3), 0.16 (s,  3H, TBS CH3), 0.94 (s. 9H, TBS t-Bu), 1.25 (s, 3H,
CH3 ), 1.42 (s, 3H, CH3 ), 1.44 (s. 6H,  MOP 0-13), 1.49 (s, 3H. CH3 ),
1.75 (s. IH, OHI). 1.76 (m, 1H, H6), 1.83 (s. 3H, CH3 I8),  2.21 (dd, I =
7. 15 Hz. IH, H 14), 2-25 (s, 3H, OAc), 2.29 (dd, J = 8, 15 Hz, IH, H 14),
2.61  (d, I = 16 Hz, IH. H9). 2.74 (ddd, J = S. 9, 17 Hz, IF., H6), 3.19
(s. 3H, MOP OCH3). 3.20  



(d, J = 6 Hz, IH. H3a), 3.32 (d, J = 16 Hz. IH, H9), 3.78 (dd. J = 8, 10
Hz, IH, H7), 4.15  (d. J = 8 Hz, I H, H20), 4.34 (d. J = 8 Hz, I H, H20),
4.39 (d, J = 9 Hz, I H, H5), 5.04 (m.  1H, H13). 5.90 (d. J = 6 Hz, IH,
H2), 7.50 (m, 2H, PhCOO -m), 7.62 (m, I H, PhCOO -p),  8.24 (m. 2H. PhCOO
-o). 32 (P7 = Tr-S, P t 3 = TBS): E H NMIR (300 MHz, CDC13) 5 0.12 (s, 3H.
TBS CH3). 0.16 (s, 2 6 JAN 2004 74 3H, TBS CH3), 0.65 (q, J = 8 Hz, 3H, TES
CH3), 0.66 (q, I = 8 Hz, 3H, TES CH3), 0.94 (s,  9H, TBS t-Bu), 1.00 (t, J
= 8 Hz, 3H, TES CH,-). I?4(s, 3H, CH3 ), 1.38 (s, 3H, CH3 ), 1.49  (s, 3H,
CH3 ), 1.75 (s, 1H, OH1), 1.80 (m, 114, H6), 1.81 (s, 3H, CH3 18), 2-20
(dd, J = 9,  15 Hz, IH. H14), 2-16 (s, 3H, OAc CH3), 2-79 (dd, J = S. 15
Hz, IH, H14), 2.48 (ddd, J = 8,  9, 17 Hz, IH, H6), 2.58 (d, I = 17 Hz,
IH.-H9), 3.15 (d, J = 6 Hz, IH. H3a), 3.36 (d, .f = 17  Hz, 1H, H9), 3.79
(dd, I = 7, 9 Hz, [H, H7), 4.14 (d, J = 8 Hz, 11-, H20), 4.33 (d, I = 8 Hz,
IH, H20), 4.90 (d. J = 9 Hz, IH, H5), 5.04 (n, 1H, Hi3), 5.90 (d, I = 6'Hz,
IH, H2), 7.49  (rn, 2H, PIICOO -m), 7.61 (m, 1H, PhCOO -p), 8.13 (m, 2H,
PhCOO -a). 32 (P7 = BOM, P!3 = TBS): LH NMR (500 MHz, CDC13); 5 0:16 (s,
3H. TES CH3), 0.18 (s,  3H, TBS CH3), 0.94 (s, 9H, TBS t-B u), 1.26 (s, 3H,
CH3 17), 1.47 (s, 3H, CH3 19), 1.52 (s,  3H, CH3 16), 1.76 (s, 1H, OHI),
1.83 (d, 3HJ= 0.5 Hz, CH3 18), 1.89 (ddd, I = 15.0, 9,5.  I-5 Hz, IH,
H613), 2-71 (dd. I = 15.0, 9.0 Hz, 1H, H 143), 216 (s. 1H, OAc 4), 219 (dd,
I =  15.0, 8.0 Hz, Ili, H14a), 2.72 (rn, 1H, H6a), 2.75 (d,.[= 16 Hz, IH,
H9a), 3.18 (d, J= 6.5  Hz, 1H, H3 a), 3-26 (d, 1=-16.5 Hz, H9a). 3.65 (dd,
J= 9.0, 7.5 Hz, IH, H7 a), 4.15 (d, J=  7.5 Hz, IH, H20f3), 4.34 (d,1= 7.5
Hz, 1H, H20a), 4.61 (d,J= 12.0 Hz, IH, PhCH O), 4.72  (d. J = 12.0 Hz, 11-,
PhCliz0), 4.81 (d, J = 7.0 Hz, 1H, OCH,O), 4.92 (d, J = 7.0 Hz, IH,
OCH2O), 4.93 Or d, J = 6.5 Hz, IH, H5a), 5.05 (br t, J = 6.5 Hz, IH, H130).
5.91 (d, I = 6.0  Hz, 1H, H213), 7.28 (m, IH, PhCl2O), 735 (m, 4H, PhCE20),
7.50 (m, 2H, PhCOO -m),  7.62 (m, 1H, PhCOO p), 8.13 (rn, 2H, PhCOO -o)
Hydroxyketone 3 3. To a THE (1.3 mL) solution of 32 (P7 = BOM, P L 3 = TS
S) (16.2 mg, 0.02  



mmol) at -78 'C was added 4 equivalents of a 0.24M t -BuOK solution in THE
(0.33 rn[., 0.08  mmo!.). The solution was warmed to -20 'C for 40 min and
then briefly warmed to 0'C before  being cannulated into a 0'C THE (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 NaHC03. Tnc organic
layer was then washed  with 50 mL of aqueous saturated Na2Sz03 followed by
50 mL of aqueous saturated NaHCO3.  The organic Layer was then dried with
Na,SO41 filtered and evaporated to give 18.8 mg of the  hydroxyketone as an
oil. To a THE (1.3 mL) solution of the crude hydroxyketone (18.8 mg) was 2
6 JAN 2096 75 added 0.33 rnL of a 0?4M solution of r -BuOK (0.08 mmol) at
-78 'C. Tnc rczction was stirr;.d  20 min. and then 0.25 rnL of a 0.$141
AcOH.fl'HF solution was added at -78 'C and Barred 5 miry.  The mixrure was
diluted with 20 ML of ethyl ace:ate and was poured into 50 niL of aqueous
saturated NaHCO3. The organic layer was then dried with Na2S04, flt f and
evaporated to give  18.6 mg of a yellow solid which was then plug filtered
through silica gel with 2% ethyl  acetate hexanes followed by 30% ethyl
acctatelhcxancs to give 15.9 mg of 33 (P7 = BOM, PtI =  TBS) (96% yield).
33 (P7 = BOM, P13 = TBS): m.p.: 234-236'C, tH NMR (500 MHz, CDCII) 5 0.13
(s, 3H,  TBS CH3), 0.15 (s, 3H, TBS CH3), 0.95 (s. 9H, TBS t-Bu). 1.11 (s,
3H. CH3 16), 1.18 (s,  3H, 013 17), 1.59 (s, 1H, OHI), 1.82 (s, 3H. CH3
18). 1.89 (ddd, I= 2.1, 1? 4, 14.4 Hz, 1H,  H60), 1.97 (d, J = 2.0 Hz, 3H,
CH3 18), 2.14 (dd,1= 8.6, 15.4 Hz, 1H. H 140), 2.21 (dd. I=  8.9, 15.4 Hz,
1 H, H I4at), 2-79 (s, 3H, Ac), 2.70 (ddd, I= 6.5, 9.6, 14.4 Hz, IH, H6 a).
3.93  (d,I=69Hz, IH,H3a).4.17(d,J=S.6Hz, III, H20p),4?8(d,J=2.4Hz, IH,OH10
4.3 I (del, J = 6.5, - 12.4 Hz, IF,, H7a), 4.32 (d, J = S.6 Hz. 1H, H2O a),
4.45 (d, I = 12.2 Hz,  1H, PhC 2Q), 4.60 (d, J = 12? Hz, Ui, PhCH2Q), 4.60
(d,1= 7.3 Hz, IH, OCH_O), 4.73 (d,  I = 7.3 Hz, IH, OCH,0). 4.97 (dd, J =
2.1, 9.6 Hz, IH, HScz), 5.01 (ddd, J = 2.0, 8.6. 8.9  N.z, 1H. H 13p). 5.35
(d, J = 2.4 Hz. 1H, H 10a), 5.64 (d, J = 6.9 Hz. 1H, H-25), 7.3 (m, 5H,  



phCHt), 7.49 (tt, I = 1.7, 7.9 Hz, 2H, PhCOO -m), 7.61 (tt, J = 1.7, 7.6
Hz, IH, PhCOO -p),  5.10 (dd, J= 11, 7.9 Hz, Ph COO -o). 3 3 (P7 = MOP, P
13 = TBS): tH NMR (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, CHI 16), 1.09 (s, 3H, CHI
17), 1.23 (s,  3H, MOP CH3), 1.37 (s, 3H, MOP CHI), 1.58 (s, IH, OHI), 1.79
(s, 3H, CH3 19), 1.90 (ddd,  I = 2.6, 8.8. 13.7 Hz, I H, H60), 2.04 (s, 3H,
CH3 18). 2.13 (dd, J = 8.8, 15.5 Hz, I H,  HI4p), 2.22 (dd, J = 8.8, 15.5
Hz, IH, H14a), 2.29 (s. 3H, OAc), 2.79 (ddd. 6.3. 9.9, 14.8  Hz. IN, H64
3.17 (s. 3H. MOP OCH3), 3.90 (d, I = 7.1 Hz, 1H. H3a), 4.16 (d, J = 8.2 Hz,
IH. H20a). 4.25 (d, J = 2.2 Hz. 1H. OH4), 4.32 (d. I = 8.8 Hz. IH, H20a),
4.41 (dd, J =  6.6, 11.0 Hz, IH, H7a), 4.94 (dd. I = 2.2, 9.9 Hz, [H.
H5ct:), 5.03 (ddd. J = I.1, 8.2, 8.8  Hz. IH. H13a), 5.20 (d. J = 6.2 Hz,
IH, H10a), 5.60 (d, J = 7.2 Hz, IH, H2 3), 7.48 (t, J =  7.7 Hz, 2H.
PhCOO-m), 7.61 (t, 1 = 7.7 Hz, H J, PhCOO -p), 8.10 (d, 1 = 7.1 Hz, 2H. 2 6
JAN 2004 76 PhCOO-o). Acre 3 4. To a pyridine (0.1 mL) solution at 33 (P7 =
BOM, P13 = TBS) (15.9 mg, 0.02  mmol) and DMAP (1.2 mg, 0.01 mmol) at roam
zernpcrsmre was added acetic anhydride (38 L,  0.4 mrnol) and the reaction
stirred 19 h- The mixture was then diluted with 20 rnL of ethyl acute  and
poured into 50 ml- of aqueous sanrrated NaHCO3. The organic layer was dried
with Na2SO4,  filtered and evaporated to give 18.1 mg of crude product The
material was plug filtered through silica gel with 20% ethyl
acetatelhcxancs to give 16.8 mg of 34 (P7 = BOM, Pts = TBS) (100%  yield).
34 (P7 = BOM. P13 = TBS): LH NMR ($00 MHz, CDC13) 5 0.14 (s, 3H, TBS Me),
0.16 (s, 3H,  TBS Mc), 0.95 (s, 9K., TBS t-Bu), 1.17 (s, 3H, CH3 17),
1.18.(s, 3H, CH3 16), 1.63 (s, IH,  OHI), 1.76 (s, 3H, CH3 19), 1.99 (ddd,
J = 2.1, 10.6, 14.7 Hz, 1H, H6!3), 2.04 (d, J= 1.0 Hz,  3H, CH3 18), 2.17
(dd, I = U. 15.1 Hz, 1H, H140), 2.19 (s, 3H, AcO10), 2_14 (dd. J = 8.6,
15.1 Hz, IH, H14a), 2.28 (s, 3H, Ac04). 188 (ddd, J = 6-5, 9.8. 14.7 Hz,
IH. H6ac), 3.87 (d,  



1=7.0 Hz, 1H, H3 a). 4.15 (d, J= 8.2 Hz, 1K H2013). 4.24 (dd, J= 6.5, 10.6
Hz, IH, H7a),  4.31 (d. I = 8.2 Hz, 1H, H20cr), 4.44 (d, I = 12.0 Hz, IH,
PhCHZO), 4.68 (d, J = 12.0 Hz.  1H, PhCU2O), 4.85 (s, 2H, OCH,O). 4.95 (dd,
J = 2.1, 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, I = 1.4, 8.2 Hz, 2H,  PhCOO -m),
7.61 (tt, J = 1.4, 7.2 Hz, Ili, PhCOO -p), 8.05 (dd, J = 1.2" 8.2 Hz, 1H,
PhCOO  -o), IR (CHC13) v 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379,
1250, 1100, 1020, 860  tzar 1. 34 (P7=P1 J=TES): L H NMR (300 MHz, CDC13) 5
0.57 (q, I = 7.7 Hz. 6H. TES CH2), 0.67  (q, J = 7.7 Hz, TES CH2), 0.92 (t,
J = 7.7 Hz, 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, OHI), 1.67 (s, 311, CH3 16),
1.86 (ddd, J = 2.2. 10.4, 14.3 Hz, IH, H65), 2.11 (d, J = 1.1 Hz, 3H, CH3
18), 2.12 (m, 1H,  H140), 2.17 (s, 3H, OAc 10), 2.23 (dd, J = 7.6, 14.9 Hz,
I H. H l 4 a), 2.28 (s, 3H, OAc4),  2.51 (ddd. J = 6.9, 9.6, 14.3 Hz, 1H.
H6 a), 3.82 (d. J = 7.2 Hz. 1 H. H3a), 4.14 (d, I = 8.3  Hz, !H. H200),
4.30 (d, J = 8.3 Hz, IH. H20a), 4.48 (dd, J = 6.6. 10.4 Hz, 1H, H7a), 4.92
(dd, I = 7.7, 8.8 Hz, 1H. 145a). 4.96 (d, I = 8.2 Hz, 1H, H133), 5.63 (d, J
= 6.6 Hz, lH, 2 6 JAN 2004 77 H2a), 6.47 (s, IH, H10ac), 7.47 (t. J = 7.1
Hz. 2H, PhCOO -m). 7.60 (t, J = 7.1 Hz, Ph000  -p), 8.10 (d, J = 7.1 Hz,
PhCOO -o). Dial 3 S. A solution of 3 4 (P7 = BOM, P13 = TES) (16.3 mg,
0.0199 mmol) in TI-U; (0.5 mL)  was added to
aril(diethvlazaino)sulfoniumditiuoroa-methytsiliczte (TASF) (37 mg, 0.I34
rnmoic)  at roam temperature under nitrogen atmosphcre. The solution was
srr:cd for 40 min, diluted with  ethyl acetate, poured into 20 mL of a
saturated aqueous NaHCO3 solution and extacted with  GiCI3 (30 mL x 3). The
combined organic phase was dried over anhydrous Na,S04 and  concencated
under reduced pressure to give 16 mg of a pale yellow oil, which was
filtered through  a gad of silica gel using 70 9o ethyl acetazelhexane as
eluent. The fiinate was concentrated to yield  13-5 mg (94 %) of 7-BOM EM
(3 55). 



35 (P7=BOM) mp. 224-225 'C, tH NMR (500 MHz, CDC13), 8 1.08 (s, 3H, CH3
17), 1.18 (s,  3H, Ch3 16), 1-61 (s, 1H, OHI), 1.77 (s, 3H, C"H3 19), 1.99
(ddd, J = 2, 10.5, 14.5 Hz, IH,  H60), 2.02(d, J = 5 Hz, 1H, OH13), ? 10
(d, I = 1.5 Hz, 3H, CH3 18), 2-30 (s, 3H, AcO),  2-73 (s, 3H, AcO),
2.27-2.29 (r.,, 2F H14), 2.89 (ddd, I = 7, 10, 16.5 Hz, IH, H6 a), 3.94 (d,
I = 7 Hz, IH, H3), 4.16 (dd, I = 1, 8-5 Hz. I H. H20(3), 4.24 (dd. I= 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, IH,
OCH-1O), 4.86 (d. J = 5 Hz, 1H, OCH-2O), 4.87 (m, IH,  H130), 4.95 (dd, I =
2.0, 9.5 Hz, I .H. H5 a), 5.63 (d, J = 7 Hz, I H. H25), 6.40 (s, I H,
H10a), 7.30 (m, 5H, PhCH,), 7.48 (m, 2H, PhCOO -m), 7.61 (m, 1H, PhCOO -p),
8.10 (2H,  to, PhCOO -o). L3C NMR (CDCI3) 5 (ppm) 10.3, 14.9, 20.0, 20.7,
22.4, 26.6, 35.3, 38.4,  42.7, 47.2, 57.4, 67.8, 69.9, 74.6, 75.8, 76.4,
78.7. 80.3, 80.3, 80.9, 84.4, 96.7. 127.7,  127.9. 128.5. 128.8, 129.6.
130.3, 132.4. 133.8, 138.0. 144.4, 167.3, 169.8. 171.0, 203.0.  IR (CHCI3)
v 1720, 1460 cm-L. Anal. Calcd. for C39H46011: C. 66.28; H, 6.56. Found C,
66.09: H. 6.59. 7-BOh1-Taxol. To a solution of 7-BOM baccatin 111 (15)
(13.2 mg, 0.018 mmal) in 0-25 mL of  TrI.F at -45 C was added dropwise 21 L
of a 1.03 y1 solution of lithium bis(trimethylsilyl)amidc  in THF. After Ih
at -45 C. a solution of (S)-cis-t.bc
izoyl-3-tric:hylsiEyloxy-4-azctidin-2-one (15 2 6 JAN 2004 78 mg, 0.039
mmol) in 0.25 ML of THE was added dropwise to the mixture. The solution was
warmed to 0 C and kept at that temperature for I h before 0.2 mL of a 10%
solution of AcOH in  THE was added. The mixture was partitioncd between
saturated aqueous NaHCO3 and 60% ethyl  acetate / hexane. Evaporation of
the organic layer gave a residue which was purified by filtration  through
silica gel to give 20.2 mg of rntde (2'R,3'S)-2'-tricthylsilyl-7-BOM taxol.
To a solution of 20-2 mg (0.018 mmol) of (2'R,3'S)-2'-triethylsilyl-7-BOM
taxoI in 0.8 m L of acetonitrile and 0.3 mL of pyridine at 0 -C was added
0.10 niL of 489a aqueous HF. The mixture  was stirred at 0 C for 1 h and
then partitioned between saturated aqueous sodium bicarbonate and  



ethyl acetate. Evaporation of the ethyl acetate solution gave 17.7 mg of
material which was  purified by flash chromatography to give 15.4 mg (86%)
of 7-BOM-taxol. 7-BOM-Taxol: m.p 169-172 'C, 1H NMR (CDCI3. 300 MHz) 5 8.11
(d, J = 7.1 Hz,2H,  benzoate onho), 7.76 (d, J=7.1 Hz,1H, beazsmide anha ),
7.61-7.26 (m, 1 I 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, H13), 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', OCH2Ph),4.67(d, J=12 Hz, OCH2O) 4.43(d, 1=12 Hz,
OCH2O), 4.30  (d, J = 8.2 Hz, IH, H20a), 4.19 (d, J = 8.2 Hz, IH, H20b),
4.15 (m, IH, H7), 3.70 (d, J = 6.6  Hz, 1H, H3), 3.61 (d, J= 2.5 Hz, IH,
TOR), 2.85 (m, IH, H6a), 2.35 (s, 3H, 4Ac), 1.30 (m,  2H, H14), 2.19 (s,
3H, IOAc), 2.05 (m, IH, H6b), 1.78 (br s, 6H. Me18,MMe19), 1.72 (s, IH,
IOH), 1.19 (br s, 6H, Mc16, Mc17). Anal. Calcd. for C5jH5gOtsx0.5H20: C,
67.20; H, 6.15.  Found C, 67.08; H, 6.16. Taxol. To a suspension of 10% Pd
on carbon (50 mg) in ethanol (0.6 mL) saturated with  hydrogen at room
temperature was added a solution of 7-BOM-taxol (14.4 mg, 0.0148 mmo!) in
ethanol (0.2 mL x 4). The reaction mixture was refluxed for 45 rain under
hydrogen and then  filtered through silica gel eluting with ethyl acetate.
The solvent was evaporated under reduced  pressure to give 11.9 mg of txol
(94%) as colarless needles, which exhibited spectra identical  with an
authentic sample of taxol. Taxol: mp. 210-212-'C, 1H NMR (500 MHz, CDCI3) 5
1.15 (s,3H, CH3 16), 1.24 (s, 3H,  CH3 17). 1.68 (s, 3H, CH3 I9), 1.75 (s,
1H. OHI), 1.79 (s, 3H, CH3 18). 1.90 (ddd, J= 14.6. 2 6 JAN 2004 79 11.0.
2.3 Hz, I H. H60), 2.26 (s. 3H, AcO10), 2.33 (dd, J =15.4, 8.9 Hz. I H. H
[40), 2.38  (dd, J =15.4, 8.9 Hz, I'H, H 14a), 2.41 (s, 3H, Ac04), 2.46 (d.
J =4.1 Hz, IH, OH7). 2.57  (ddd. J=10.0.14.6,6..5 Hz, IH. H6a), 3.54 (d,
J=5.0 Hz, [H, OH2'), 3.82 (d-1 =6.9 Hz, IH,  Hia), 4.22 (d, J=8.5 Hz, I H,
FH20a), 4.32 (d. J=8.5 Hz, I H. H20(3), 4.42 (ddd, J= 6.5, 4.1 Hz, I H, H7
a),4.8I ( dd, J = 5.0, 2-5 Hz, I H,H2'),4.96(dd,J=10.0, 2.3 Hz, 1H,  



H5a), 5.69 (d, J = 6.9 Hz, I H. H2 p). 5.81 (dd, J = 8.7, 2.5 Hz, I H.
H3'), 6.25 (dd. J = S.9,  8.9 Hz, I H, H13p), 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 -m), 7.62 (m, IH, PhCOO -p), 7.76 (hr d, J  =3.7 Hz, IH. PhCON
-o), 8.16 (br d, J=7.3 Hz, I H, PhCOO -o). IR (CHCl3) u 1730, 1650  err- 1.
10-Dear_-yi bac on III (3 6). To a mixture of ketone 3 3 (P7 = MOP, Pt3 =
TES) (122 mg, 0.003  tnraol) in pyridine (30 L, 0.36 mmol) and ac tanitrile
(20 pL) at 0 'C was added 48% aqueous  HT (12 p l, 032 tamol) and the
solution was then warmed to room temperaturc and stirred for 36  hours. The
mixture was then diluted with 2 tnL of ethyl acetate and poured in to a
separatory  funnel containing 30 mL of aqueous saturated Na-ZCO3 and 20 mL
ethyl acetate. The aqueous  layer was extracted twice with 20 mL of ethyl
acetate and the organic layers were combined, dried  with Na1SO4, filtered,
and concentrated to give 2.7 mg of a yellow oil. The material was purified
by plug silica gel column chromatography by eluting with a 50% ethyl
acetate/hexanes mixture  followed by ethyl acetate to give 1.5 mg of 3 6,
which exhibited suec=a identical with an authentic  sample of 10-DAB.
Bacmtin III (3 7). To a mixture of ketone 3 4 (P7 = MOP) (2.1 mg, 0.003
mmol) in pyridine (30  1L 0.36 mmol) and acetonitrile (20 L) at 0 'C was
added 48% acucous HF (12 gL, 0.32 mmol)  and the solution was then warmed
to room temperature and stirred for 36 hours. The mixture was  then diluted
with 2 mL of ethyl acetate and poured in to a separatory funnel containing
30 mL of  aqueous saturated Na1CO] and 20 mL ethyl acctatc. The aqueous
layer was extracted twice with  20 mL of ethyl acetate and the organic
lavers were combined, dried with Na,50,t, furthered, and  concentrated to
give 2.7:mg of a yellow oil. The material was purified by plug silica gel
column 2 6 JAN 1004 80 chromatography by cluzing with an ethyl
acetate/hexancs mixture to give 1.7 mg of 3 7, which  exhibited spectra
identical with an authentic sample of baccatin III. REACTION SCHEME A* 



Hydroxyketone 19. To a vigorously stirred solution of ketone 18 (P7=MOP)
(181 mg, 0.265  mmal) in THE (22 mL) under nitrogen at -78 'C was added
d=opwisc down the side of the flask  2.13 mL of a 0.2 M solution (0.426
mmol) of LDA in THE After 10 thin, a solution of 116 mg of
(S)-camphorsulfonyloxaziridine (116 mg, 0.396 mmol) in 1S mL THE was added
dropwise  down the side of the flask. The reaction mixture was cooled to
.40 'C and, after stirring I h, 2  mL of a saturated aqueous NaHCO3
solution was added The reaction mixture was diluted with 50  mL of 30%
ethyl acetate in hexanes and washed with 20 mL of a saturated aqueous
NaHCO3  solution and brine, dried over anhydrous Na7S04 and concentrated
under reduced pressure. The  resulting oil was filtered through silica gel
with 30% ethyl acetate in hexanes and concentrated to  give 210 mg of a
colorless oil. This material was purified by radial chromatography, eluting
with  25% ethyl acetate in hexanes to yield 150 mg (81%) 5 p-hydroxykctone
19 as a white solid, 15 mg  (8%) returned starting ketone 18 and 10 mg (5%)
of the corresponding 5a-hydroxyketone. 19 (P7=MOP): 2H NMR (500 MHz, CDC13)
8 0.08 (s, 3H, TBS CH3), 0.12 (s, 3H. TBS CH3),  0.62 (q, I= 8.2 Hz, 6H,
TES CH2), 0.90 (s, 9H, TBS t-Bu), 0.96 (t, J = 8.2 Hz, 9H, TES  CH3). 1.05
(s, 3H, CHI 19), 1.19 (s, 3H, CHI 17), 1.33 (s, 3H, CH3 16), 1.35 (s, 3H,
MOP  CH3), 1.43 (s, 3H, MOP CH3), 1.67 (dd, 1= 5.0, 14.7 Hz, 1H, H9 3),
1.87 (m, 1H, H6p),  2.12 (dd,1= 4.1, 15.1 Hz, 1H, H14a), 114 (d, J = 1.4
Hz, 3H, CH3 18), 2.23 (dd, I = 7.3,  14.7 Hz, 1H, H9ct), 2.55 (dd, J = 9.2,
15.1 Hz, 1H, H14 3), 2.76 (ddd, J = 3.7, 7.3, 13.7 Hz,  1H, H6a), 3.22) (s,
3H. MOP OCH3), 314 (d, J = 4.1 Hz, 114, OH5), 3.28 (d, J = 6.0 Hz, 1H,
H3a), 3.83 (dd, J = 3.7, 9.2 Hz, IH, H7a), 4.06 (ddd, J= 4.1, 7.3, 7.3 Hz,
1H, HS a). 4.46  (dd, J = 5.0. 7.3 Hz, IH, H100), 4.53 (d, J = 6.0 Hz, IH,
H213), 4.63 (dd. I = 2.8, 9.2 Hz, 1H,  H133). Ketone 2 0. To a vigorously
stirred solution of 5-hydroxy-4-ketone 19 (P7=MOP) (420 mg,  0.602 mmcl) in
CH2CI., (20 rrtL) and tr ethylamine (1.18 rnL. 8.5 mmol) under nitrogen at
0 'C 2 6 JAN 2004 81 was added rrimethylsilylchlaride (0.40 mL, 3.3 moral).
After 0.5 h. the reaction mixture was  



cucnched with 5 mL of a saturated aqueous NaHCO} solution and extracted
with 50 rnj- CHCL,.  The organic phase was washed with brine. dried over
anhydrous Na2SO4 and concentrated undw  reduced pressure to give 453 mg
(98%) of ketone 2 0 as a colorless oil. This mat.-.;al was used  without
further purification. 20 (P7=MOP): tH N;MR (500 MHz, CDCI3) 5 0.11 (s, 6H,
TBS CH3), 0.12 (s, 9H. TMS  CH3), 0.59 (q. I = 7.8 Hz, 6H, TES CH2), 0.94
(s, 9H, TBS t-Bu), 0.96 (t, I = 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, I = 1.4 Hz,
3H,  CH3 18), 2.43 (d, I = 3.7 Hz, IH, H14p), 2.45 (d, I = 4.6 Hz, 1H.
H14a), 2.59 (ddd, J =  6.0, 82. 14.2 Hz, IH. H6c), 2.84 (d, I = 6.0 Hz, IH,
H3 a), 3.21 (s, 3H, MOP OMc), 3.51  (dd, I = 6.0, .11.0 Hz, LH, H7 a), 3.94
(dd, I = 4.1.8 2 Hz, IH, H5a), 4.38 (dd, I = 5.0, 8.7  Hz, 11-, H103), 4.54
(d. I = 6.0 Hz, 1H, H213), 4.74 (dd, J = 6.4, 6.4 Hz, 1H, H130). Dial 2 1.
To a stirred solution of ketone 2 0 (P7=MOP) (453 mg, 0588 mrnol) in THE
(23 nmL)  under nitrogen at -78 'C was added dropwise 1.95 mL, of a 3 M
solution of MeMgBr in ether  (5.85 mmol). The reaction mixture was stirred
for 5.5 h, poured into 100 rnL of a saturated  aqueous NaHCO3 solution and
extracted with three 100 tnL portions of CHC13. The combined  organic
phases were dried over anhydrous Na,SO4 and concentrated under reduced
pressure to  yield 453 mg of the hydroxy trimethylsilyl ether as a
colorless oil. This material was used without  further purification. To a
stirred solution of the trimethylsilyl ether (453 mg) in pyridine (8 rrtL)
and acetonitrile (8 mL)  at 0 'C was added 0.3 mL of a 48% aqueous HF
solution. After stirring 20 rain, the resulting  mixture was poured into
100 mL of a saturated aqueous NaPICO3 solution and extracted with three
150 mL portions of CHC13. The combined organic layers were dried over
anhydrous Na,SO4 and  concentrated under reduced pressure to yield 422 mg
of dial 2 1. This material was used  without further purification 2 1
(P7=MOP): tH NMR (300 MHz. CDC13) 5 0.08 (s. 3H. T13S CH3), 0.10 (s, 3H.
TBS CH3),  0.56 (q, I = 7.7 Hz. 6H, TES CH,), 0.90 (s, 9H. TBS t-Bu), 0.93
(c. I = 7.7 Hz, 9H, TES 



2 6 JAN 2004 82 CH3), 1.16 (s, 3H, CHI 17), 1.25 (s, 3H. CH] 16), 1.29 (s,
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, I = 9.9 Hz, IH, H9P), 1.90
(dd, J = 6.1, 8.3 Hz, 1H, H9a), 1.96 (s. 3H, CH3 I8), 212  (ddd, I = 3.3,
3.3, 10.4 Hz, IH, H6a), 2.30 (tn, IH, H613), 2.42 (dd. I = 3.9, 15.4 Hz,
IH,  H14a), 2.61 (dd, J = 9.3, 15.4 Hz, IH, H14f ), 2.81 (s, IH, OH4), 3.04
(m, IH, OHS), 3.40  (dd, I = 3.9, 15.8 Hz, IH, H7 a), 4.28 (dd, J = 6.6,
8.2 Hz, IH, H1013). 4.62 (dd, I = I.6,  7.8 Hz, IH, HI 30). 4.66 (d, J =
3.8. 1H, H2f3). A=m=22. To a st ed solution of diol 2 1 (P7=MOP) (470 mg.
0.66 mmoi) in pyridine (12 nL)  under nitrogen at room temperature was
added acetic anhydride (4.3 mL). After I I h, the reaction  mixture was
diluted with 50 mL of CHCI3, then poured into 50 mL of saturated aqueous
sodium  bicarbonate solution. The aqueous phase was extracted with CHCI3
then the combined exnacs  were washed with brine, dried with Na. SO4 and
filtered. Conc-...nuadon of the filtrate under  vacuum yielded 470 mg (94%
from 2 0) of crude mamrial which was pure acetate 2 2 by IH NMR  and TLC
analysis. 22 (P5=Ac, P7=MOP): tH NMR (500MHz, CDCI3) b 0.10 (s, 3H, TBS
CH3), 0.13 (s, 3H,  TBS CH3), 0.59 (q, I = 7.8 Hz, 6H, TES CH2), 0.94 (s,
9H, THS t-Bu), 0.95 (t, J = 7.8 Hz,  9H, TES CH3), 1.18 (s, 3H, CH3 17),
1.30 (s, 3H, CH3 16), 1.32 (s, 3H, CH3 19), 1.33 (s,  6H, CH3 20, MOP CH3),
1.41 (s, 3H, MOP CH3), 1.9I (d, I = 3.4 Hz, IH, H3 a), 1.94 (m,  2H, H9,
H9), 2.00 (d, J= 1.5 Hz, 3H, CH3 18), 2.06 (ddd, J = 3.9, 3.9, 11.7 Hz, IH,
H6a),  2.10 (s, 3H. OAc), 2.I4 (dd. I = 11.7, 23.9 Hz, IH, H6f3), 2.38 (dd,
I = 3.9, 15.1 Hz, IH,  H14a), 2.63 (dd, J = 9.3, 15.1 Hz, IH, H14(3), 2.78
(d, J= 1.5 Hz, IH, OH4), 3.20 (s, 3H,  OMc CH3 ), 3.38 (dd, J = 3.9, 11.7
Hz, IH, H%), 4.30 (dd, J = 4.9, 10.3 Hz, 1H, H 100), 4.50  (ddd, J = 1.5,
3.9, 12-2 Hz, IH, HS a), 4.64 (dd, J = 1.5, 1.5 Hz, IH, H130), 4.66 (d, J =
3.4  Hz, IH, H2Q). 



Olefin 2 3. To a stirred solution of alcohol 2 2 (P3=Ac, P7=MOP) (26 mg,
0.034 mrnol) in  CH2CI_ (1.48 mL) and pyridine (0.37 mL) under nitrogen at
IO 'C was added SOC12(0.037 mL,  5.1 mmol) over a period of three minutes.
The mixture was warmed to room temperature and 26 JAN 2004 83 stirred for
2-3 h then diluted with CHCl3 and poured into saturated aqueous sodium
bicarbonate  solution. The aqueous phase was extracted with CHC13 and the
combined extracts were washed  with brine, dried over anhydrous Na1SO4 and
filtered. Concentration of the filtrate under vacuum  yielded 24 mg of
crude material which was purified by silica gel chromatography to give 13
mg  (52%) of a 4:1 mixture of 7-MOP-ezo;endo cyclic olefins and 6 mg (27%)
of a 4:1 mixture of 7- hydroxy-exa;endo cyclic olefins. 23 (P3=Ac, P7=MOP):
tH NMR (500 MHz, CDC13) 8 0.10 (s, 3H, TBS CH3), 0.12 (s, 3H,  TBS CH3),
0.59 (q, J= 7.9, 6H, TES CH2), 0.93 (s, 9H, TBS t-Bu), 0.96 (t, J= 7.9, 9H,
TES  CH3), 1.21 (s, 3H, CH3 17), 1.30 (s, 3H, CH3 19). 1.32 (s, 3H, MOP
CH3), 1.34 (s, 3H, MOP  CH3), 1.37 (s, 3H, CH3 16), 1.72 (m, 2H. H6J3,
H913), 1.89 (dd, J = 3.8, 13.4 Hz, IN, H93),  2.03 (d, J = 1.37 Hz, 3H. CH3
18), 2.05 (s, 3H, OAc CH3), 2.33 (dd, J = 5.1, 15.4 Hz, 1H,  H14a), 2.47
(rn, 2H, H6a, H14(3), 3.06 (d, J = 5.8 Hz, IH, 143a), 3.20 (s, 3H, MOP
OMe),  3.38 (dd, J = 6.9, 11.0 Hz, 1H, H7a), 4.37 (dd, J = 3.8, 11.0 Hz,
1H, H10P), 4.53 (d, J = 5.8  Hz, 1H, H213), 4.74 (m, 1H, H13(3), 5.15 (s,
1H, H2OE), 5.21 (d, J = 1.37 Hz, 1H, H2OZ),  5.36 (d, J = 93 Hz, 1H, HSa).
Dial 2 4. To a stirred solution of a 4:1 mixture of the exo,endacyclic
olefins 23 (P3=Ac,  P7=MOP) (249 mg, 0.337 mmol) in pyridine (4.6 mL) under
nitrogen at 0 'C was added 2.35 mL  of a 0.157 M solution (0.368 mmoi) of
OS04 in THE After 1 h, NaHS03 was added along with  6.2 rnL of water and
the mixture was stirred for 1 h at room temperature. The mixture was then
diluted with ethyl acetate and poured into saturated aqueous sodium
bicarbonate. The aqueous  layer was extracted with ethyl acetate and the
combined extracts were washed with brine, dried  over anhydrous Na2SO4 and
concentrated under reduced pressure to yield 281 mg of crude  



material which was purified by silica gel chromatography, eludng with 50%
ethyl acetatc/hexanc to  yield 190 mg (73%) of pure diol 2 4 and 48 mg
(19%) of the enol acetate. 24 (P3=Ac, P7=MOP): tH NMR (500 MHz, CDC13) S
0.10 (s, 3H, TBS CH3), 0.11 (s, 3H,  TBS CH3), 0.60 (dq, 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, CH3 17), 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. I= 2 6 JAN 2004 84 5.5, 15.1 Hz. IH, H913), 2.05 (s, 3H, OAc),
2.15 (s. 3H, CH3 18), 2.26 (m, 2H, H9 a, OH20)  2.37 (dd, J = 9.2, 14.7 Hz,
IH, H140), 2.46 (ddd, J = 4.8, 4.8, 13.4 Hz, IN, H6a), 2-69 (d, J  = 4.5
Hz, 1H, H3 a), 3.18 (s, 3H, MOP CH3), 3.28 (dd, J= 3.8, 14.7 Hz, IN, H14a),
3,76  (dd, J = 4.0, 11.6 Hz, 1H, H7a), 3.84 (m, 2H, H20, H20), 3.95 (s, 1H,
OH4), 4.42 (dd, J  5.1, 5.8 Hz, IN, H101), 4.44 (d,J= 4.1 Hz, 1H, H2j3),
4.63 (dd, J= 4.1, 12.3 Hz, IN, Ma),  4.67 (dd, J= 4.1, 9.2 Hz., IH, H1313).
24 (P7=BOM): tH NMR (300 MHz, CDCI3) S 0.9 (s, 3H, TBS CH3), 0.10 (s, 3H.
TBS CH3),  0.58 (q, J =7.9Hz, 2H, TES CH2), 0.83 (s, 3H, CH3 19), 0.92 (s,
9H, TBS t-Bu), 0.93(t, J =  7.9 Hz, TES CH3), 120 (s, 3H, CH3 17), 1.33 (s,
3H, CH3 16), 1.58 (q, I = 13.2Hz, IH,  H6P), 1.71 (dd, I = 10.4, 5.5 Hz,
H90), 2.04(s, 3H, OAc), 2.17 (br s, 3H, CH3 18), 2.20 (dd,  j = 10.4, 3.8
Hz, 1H, H9a), 2.35 (dd, J = 14.8, 9.1 Hz, IN, H 14 j3), 2.43 (dt, J = 13.2,
5.0  Hz, IH, H6 a), 2.80 (d, J = 4.6 Hz, 1H, H3a), 3.31 (dd, I = 4.4. 14.8
Hz, IN, H14a), 3.71  (dd, J = 4.9, 13.0 Hz, IH, H7a), 3.83 (m, 2H, H20),
3.98(s, IN, OH1), 4.46(d, I - 4.8 Hz,  1H, H21), 4.48 (m, IH, H10 0),
4.51(d, I= 12.1 Hz, IH, PhCff20), 4.64 (d d, I= 13.2, 5.0  Hz, 1H, H5 a),
4.66 (m, 1H, H13t3), 4.70 (d, J= 12.1 Hz, IH, PhCFJ20), 4.83 (d, J= 7.1 Hz,
III, OCH2O), 4.94 (d, J=7.1 Hz, IH, OCH2O), 7.33(m, SH, Ph). Triol 2 5. To
a stirred solution of acetoxydiol 2 4 (PS=Ac, P7 MOP) (26.5 mg, 0.035 mmaI)
in  anhydrous methanol (0.9 tnL) at -5 'C under nitrogen was added 0.060 mL
of 10. 166 M (0.01  mmol) methanolic solution of sodium methoxide. After
2.5 h, the reaction mixture was diluted  



with 10 mL of ethyl acetate, then poured into 10 mL of a saturated aqueous
NaHC03 solution.  The organic phase was washed with 10 mL of a saturated
aqueous NaHCO3 solution, dried over  anhydrous Na2SO4 and concentrated
under reduced pressure to give 25 mg of pure trio[ 25  (100%). 25 (P7=MOP):
1H NMR (500 MHz, CDC13) 8 0.10 (s, 3H, TES CH3), 0.11 (s, 3H, TBS CH3),
0.60 (q, J = 8.06 Hz, 6H, TES CH2), 0.87 (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, MOP  CH3), 1.47 (s, 3H, MOP CH3), 1.59 (dd, J =
11.7, 11.7 HZ, 1H, H61), 1.62 (dd, J = 5.5, 16.1  HZ, 1H, H90), 2.11 (d, I
= 0.7 Hz, 3H. CH3 18), 2.24 (dd, J = 5.5, 16.1 Hz, 1H, H9 a), 2.38 26JANI
85 (dd, J = 9.5, 15.0 Hz, 1H. H 14p), 2.45 (ddd, J = 4.4, 4.4, 13.6 Hz, I
H. H6a), 2.60 (d, J = 4.4  Hz, 1H. H3a), 3.21 (s, 3H, MOP OMe), 3.25 (dd,J=
4.4, 15.0 Hz, 1H, H[4a), 3.52 (dd, J=  4.4, 12.8 Hz. 111, H7a), 3.72 (dd.-J
= 4.4, 11.4 Hz, 1H. H5a), 3.79 (s. 1H. OH4), 3.86 (d, I  = 11.0, [H. H20),
3.93 (d, J = 11.4 Hz. [H, H20), 4.42 (dd. J = 5.1, 5.1 Hz. I H, H 10 13),
4.45  (d, I = 4.4 Hz, 1H, H213). 4.66 (dd, J = 4.0, 9.2 Hz, 1H. H 13 P).
p-Methoxybenzylidene acetal 25 b: To a solution of the diol 24 (Ps=Ac, P7=B
OM) (6.5 mg,  0.0079 mmol) and anisaldehyde dimethyl acetal (0.013 ml,
0.076 mmol) stirred in CH2Qz was  added a solution of p-toluenesulfonic
acid (0.002 ml, 0. IM in THF, 0.0002 mmol). The resulting  solution was
stirred at room temperature for 15 min then triethylamine (0.1 ml) was
added and  stirring was continued for 10 min. The mixture was rinsed into
30% ethyl acetate in hexancs (15  ml) then the aqueous phase was extracted
with 30% ethyl acetate in hexanes (2 x 5 ml). The  combined extracts were
washed with brine, dried over Na,S04, and filtered. Concentration of the
filtrate under vacuum yielded 12 mg of colorless oil which was purified by
silica gel  chromatography to yield 6.9 mg (96%) of p-methoxvbcnzylidene
acetal 25 b as a 5:1 mixture of  diastereotners. 25b (Ps=Ac, P7=BOM, major
) tH NMR (500 MHz, CDCI3) 5 -0.05 (s, 3H, TBS  



CH3), 0.07 (s, 3H, TBS CH3), 0.60 (q, 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 (s, 3H,
CH3 17). 1.37 (s, 3H, CH3 16),  1.58 (rn. H61), 1.70 (dd, I= 16.8,5.8 Hz,
H9(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, I =  5.1. 9.9
Hz. 1H, H6a) 3.10 (dd, I = 5.1, 14.7 Hz, 1H, H14a), 3.11 (d, J = 4.8 Hz,
1H.  H3a), 3.79 (s, 3H, OCH3), 3.84 (dd, I = 5.0, 11.5 Hz, [H. H7), 4.15
(d. I = 8.2 Hz, IH.  H20), 4.20 (d, J = 8.2 Hz, l H. H20), 4.48(d, J= 12.0
Hz, l H, OCH2Ph ), 4.55 (d, J = 4.8 Hz.,  IH. H21), 4.57 (m, 1H, HI013),
4.71 (d, J = 12.0 Hz, LH, OCH2Ph), 4.73 (m, [H, H13(3),  4.78 (dd, I= 12.4,
4.9 Hz, 1 H. H5a), 4.84 (d, J = 6.7 Hz, 1 If, OCH2O), 4.99 (d, I= 6.7 Hz.
1H, OCH2O), 6.05 (s, 1H, acctal CH), 6.80 (d, I = 7.5 Hz, 2H. p-McOPh -a).
7.27-7.36 (m,  7H. p-MeOPh -m and Ph). 26 JAN 2004 86 Acaonidc 26 h. To a
solution of the p-merhoxybcrtzylidcne acetai 2S b (PS=Ac, P7=BOM) (11.5
mg, 0.012 mmol) in 0.4 mL of toluene stirred at 0 'C was added a solution
of diisobutylaluminum  hydride (0.082 ml, ?.OM in toluene, 0.12 mmol). The
resulting solution was stirred for 3.5 h then  methanol (0.1 ml) was added.
The mixture was diluted with ethyl acetate (5 ml) and stirred with
saturated aqueous sodium potassium marmite for 1.5 hours. The aqueous phase
was separated and  extracted with ethyl acetate (2 x 10 ml) then 'the
combined extracts were washed with brine and  dried with Na2SO4. Filtration
followed by concentration of the filtrate under vacuum yielded 12  mg of
crude matt.-ial that was purified by silica gel chrornatog :tphy (30% ethyl
acetate in hexanes  eluent) to yield 4.7 mg of a mixture of formate
acetals, 1.1 mg of 4-MPM-1,2,5,20-tetraol, and  5.2 mg of a mixture of
formate p-methoxybenzyi ethers. The mixture of formate ace--is was
dissolved in methanol (0.1 ml) and 3% aqueous NHROH was  added. The cloudy
mixture was stirred at room temperance for 30 min then rinsed into ethyl
acetate over saturrated aqueous NaHCO3. The -aqueous phase was extracted
with .ethyl acetate (2 x  10 ml) and the combined extracts were washed with
brine, dried over NaaSO4, and filte-ed- 



Concentration of the filtrate under vacuum yielded a mixture of
p-niethoxybenzylidene acetals. The  mixture of acetals was dissolved in
toluene (0.4 ml) and the solution was cooled to 0 `C then a  solution of
diisobutylaluminum hydride (0.02 ml, 2 .OM in toluene, 0.08 mrnol) was
added. The  resulting solution was stirred for 3.5 hours then methanol (0.1
ml) was added. The mixture was  diluted with ethyl acetate (5 ml) and
stirred with saturated aqueous sodium potassium tartrate for  1.5 hours.
The aqueous phase was separated and extracted with ethyl acetate (2 x 10
ml) and the  combined extracts were washed with brine and dried over
Na2SO4. Filtration followed by  concentration of the filtrate under vacuum
yielded 4.5 mg of crude material that was purified by  silica gel
chromatography (30% ethyl acetate in hexanes elucnc) to yield 2.8 mg of
4-MPM- 1,2,5,20-tetraol. The mixture of formate p-mechoxybenzyl ethers was
dissolved in methanol (0.1ml) and 3%  aqueous NH4OH (0.1ml) was added. The
cloudy mixture was stirred at room temperature for 30  minutes then rinsed
into ethyl acetate over saturated aqueous NaHCO3. The aqueous phase was
extracted with ethyl acetate (2 x [0m1) and the combined extracts were
washed with brine, dried 2 6 JAN 2004 87 aver Na,SO4, and filtered.
Concentration of the filtrate undcr vacuum yielded 4.8mg of crude  material
which was purified by silica gel chromatography to yield 3.2.,ng of
4-MPM-1,2,5,20- tetol. Total combined yield of 4-MPNi-1.2.5 20-tceaol: 68x4
from 25b. 4-MPM-I,2,5,20-tctraol : 1H NMR (500 MHz, CDC13) 8 0.13 (s, 3H.
TBS CH3), 0.06 (s, 3H.  TES CH3), 0.60 (q, J = 8.0Hz, 2H, TES CH2), 0.89
(s, 9H, TBS t-Bu), 0.95(t, J = 8.0 Hz,  TES CH3), 0.97 (s, 3H, 0 '3 1?2 (s,
'3H, CH3 17), 1.30 (s, 3H, CH3 16), 1.83 (dd, I =  16.8,5.8 Hz, H9a), 1.91
(q, J = 114 Hz, IH, H6 P), 2.12 (m, 2H, H9a and 14P), 2.18 (s, 3H,  CH3
18). 2.55 (m, 2N., H14(3 and 6c), 2.79 (d, J = 5.3 Hz, IH, H3a), 2.95 (d. I
= 3.0 Hz. IH,  OHS), 3.54 (m, 1H, OH2O), 3.66(dd, I = 10.3, 5.3 Hz, 1H.
H--) P), 3.81 (s, 3H. OCH3), 3.85  (dd, I = 5?, 11.6 Hz, IH, H7 a), 3.91
(dt, J = 5.9, 1? 4, 1H, H5 a), 4.18 (s, 1H, OH 1), 4.13  (d, I = 13 Hz, IH,
H20), 4.20 (dd, J = 712, 12.9 Hz, IH, H20), 4.47 (d, J : 11.8 Hz, IH,  



OCE2Ph), 4.58 (m, 1H, H1003), 4.79 (d, J = 11.8 Hz, 11-L OCEEPh), 4.85 (m,
1H, H13(3),  4.87 (d, I= 6.8 Hz, iH, OCH, 0), 5.01 (d, J.= I0.6 Hz, IN, MPM
CE2). 5.10 (d, I = 6.8 Hz,  1H, OCH2O), 5.1 1(d. I = 10.6 Hz, IH, MPM
Cfi2), 5.49(d, I= 10.5 Hz, I H, OH2), 6.87 (d.  I= 8.7 Hz, 2H). 7.30 (d, J
= 8.7 Hz, 2H, p-MeOPh -o), 7.27-7.36 (m, 5H, p-McOpjl -m and a  CH2) . To a
solution of the 4-MPM-1,2,5,20-teaaol (2.0 mg. 0.0023 mmol) stirred in 0.2
ml of CH2CI2  and 0.02 ml of 2,2-dimethoxypro pane at 0 'C was added a
solution of p-toluenesulfonic acid  (0.002 tnl, 0.11M in THF, 0.0002 mmol).
The resulting solution was stirred for 20 min then  triethylamine (0.1 ml)
was added and stirring was continued for 10 min. The mixture was rinsed
into ethyl acetate (10 ml) over saturated aqueous NaHCO3 then the aqueous
phase was extracted  with ethyl acetate (2 x 5 mi). The combined extracts
were washed with brine, dried with Na,S04,  and filtered. Concentration of
the filtrate under vacuum yielded 2.1 mg of crude material which  was
purified by silica gel chromato-aohy to yield 1.1 mg of acetanide 26b. 26b
(P520=C(CH3)2, P7=BOM): tH NMR (500 MHz. CDC13) 5- 0.073 (s, 3H, TBS CH3),
0.008 (s. 3H. TBS CH3), 0.60 (q. J= 7.9Hz. 6H. TES CH,), 0.79 (s. 9H. T13S
t-Bu), 0.95(1,  1= 7.9 Hz. 9H, TEES CH3), 1.10 (s, 3H, CH3 19), 1.25 (s.
3H, CH3 i7), 1.34 (s, 3H. CH3 16),  1.41 (s, 3H, CH3 acctonide), 1.46 (s,
3H. CH3 acetonidc), 1.88 (dd, I = 16.7,5.5 Hz. H913),  2.08 (dd, J= 14.3.
9.2 Hz. 1H, Hl40), 2.17 (s, 3H, CH3 18), 2.21(dd, I = 17.1. 1.7 Hz. IH, 26
JAN 2004 88 H9a). 2-42 (dd, I= 14.3.7.2 Hz, IH, H 14a), 2.61 (d,.[ = 5.1
Hz. 1H. H3a), 2.62 (m, [H,  H6j3). 3.71 (dd. J = 11.3. 5.IHz, [H, H23),
3.75 (dd. J = 5.0, 11.3 Hz, [H, H7a), 3.80 (s,  3H. OCH3), 3.99 (dd. J
=12.0. 6.2 Hz, 1H, H5a), 4.01 (d, I = 14.2 Hz, IH, H20), 4.17 (s,  IH,
OHI). 4.44 (d. I = 14.2 Hz, IH, H20), 4.47 (d, J= 11.6 Hz. 1H, OCIj2Ph),
4.58 (m, 1H,  H10P), 4.80 (d. I= 11.6 Hz, 1H, OCH2Ph), 4.84(d. I = 11.3 Hz,
[H. OH2), 4.85 (m, [H,  H1313), 4.88 (d, I = 10.3 Hz, 1H, OC H20), 4.89 (d,
I = 6.8 Hz, IH, MPM C$2), 5.00 (d, I =  14.3. Hz, 1H, OCE"I2Ph), 5.10 (d, I
= 6.8 Hz, IH, MPM Cjj2), 6.85 (d. J = 8.9 Hz, 2H, p- 



McOPjf -a), 7.27 (d, J = 8.9 Hz, 2H, p-MeOQh -m), 7.27-7.36 (m, 5H, Eh CH2)
. Dialcarbonate 27b: To a solution of the dial 26b (P520=C(CH3)2, P7=BOM)
(1.1 mg) in 0.2 mL  of CHI-C12 and 0.02 mL of pyridine stirred at -78 'C
was added a solution of phosgene (0.0I0  ml., 2M in toluene, 0.02 mmol).
The resulting solution was stirred at -78 'C for 10 min then  warmed to 0
'C for 3 h. The mixture was diluted with 3fl% ethyl acetate in hexanes (5
mL) then  poured into 30% ethyl aceratc in hexanes (10 ml..) over saturated
aqueous NaHCO3. The aqueous  phase was extracted with 30% ethyl acetate in
hcxanes (2 x 5 mL) then the combined extracts were  washed with brine,
dried with Na2SO4, and filtered. Concenmition of the filtrate under vacuum
yielded 1.3mg of crude material. Purification by silica gel chromatography
yielded 0.9 mg of pure  1,2-cyclic carbonate. To a solution of the
carbonate stirred in 0.1 ml of THE and 0.05 mL of methanol was added a
solution of pyridinium tosylate (0.005 ml, 0. IM in CH2O2). The mixture was
stirred at room  temperature for 24 h and partitioned between saturated
sodium bicarbonate and ethyl acetate. The  ethyl acetate laver was dried
over sodium sulfate and evaporated to give 0.9 mg of diol 27 b. 27b
(P7=BOM): tH NMR (500 MHz, CDCI3) 8-0.24 (s, 3H. TBS CH3), -0.038 (s, 3H,
TBS  CH3), 0.58 (q, J = 8.1Hz, 6H, TES CH2), 0.84 (s, 9H. TBS t-13u),
0.93(t, I = 8.1 Hz, 9H, TES  CH3).1.14 (s, 3H. CH3 19), 1.19 (s, 3H, CH3
17), 1.34 (s, 3H, CH3 16), 1.88 (br d, J = 17  Hz, H9P), 2.00 (br q, J = 12
Hz, IH, H60), 2.08 (d, J = 1.4 Hz, 3H, CH3 [8), 2.2 (m, 2H,  H9a and 14(3),
2.35 (br s, 1 H. H3 at). 2.39 (dt, J = 4.8, 13 Hz, H6a), 2.74 (br s, I H,
20 OH),  2.87 (dd, J = 15.1 ,5.1 Hz, IH, H14a), 3.71 (dd. J = 11.3. 5.1Hz,
1H, H213), 3.58 (br s, 2H,  H7 (x and 20 OH). 3.78 (s, 3H, OCH3), 3.78 (br
m, IH, HS a), 4.37 (dd. J = 13.0, 5.8 Hz, IH, 2 6 JAN 2004 89 H20), 4.39
(dd. J = 4.3. 5.8 Hz. IH. H100), 4.47 (m, 2H. H2O and 20). 4.59 (d, J= 11.6
Hz,  IH, OCH2Ph). 4.63 (br in, IH, H0 p). 4.71 (d, J = 11.6 Hz. IH.
OCE.2Ph), 4.88 (d, I = 7.2  Hz, IH, OCH2O),4.91 (d. I = 7.2 Hz, IH, OCH2O),
4.93 (m, 2H, MPM CE2), 6.84 (d, J = 8.6  Hz, 2H, p-McOPh -o). 7.23 (d, I=
8.6 Hz, 2H, p-McOPh -m), 7.27-7.36 (m. 5H, Eh CH-2). 



Mesyiare 28b. To a srihred solution of diol 27b (0.9 tag) in pyridine (0.6
mL) under nitrogen at  0' C was added dropwisc methanesuifonyl chloride
(0.02 mL). After 12 Ii, a saturated aqueous  NaHCO 3 solution (0.05 ml-)
was added. The mixture was stirred for 10 rain, poured into 20 mL  of a
saturated aqueous NaHCO3 solution and extracted with 40% ethyl
ice-ate/hexane (20 mL x 3).  The combined organic phase was dried over
anhydrous Na,SO4 and concentrated under reduced  pressure to give i mg of
28b as a coloriess oil. Ox== 29. To a stirred solution of mcsyiate 28b (1
mg) in toluene (0.4 mL) under nitrogen at  room temperanhxe was added
diisoprooyl ethylamine (0.008 tnL). The solution-was refluxed for  3.5 h,
cooled to room tem. perature, poured into 20 mL of a saturated aqueous
NaHCO3 solution  and extracted with ethyl acetate (20 tnL x 3). The
combined organic phase was dried over  anhydrous Na;SO4, and concentrated
under reduced pressure to give 1.5 mg of a pale yellow oil.  The oil was
column chromatographed (30% ethyl ac: tate/hexane) to yield 1 mg of MPM
oxetane.  This material was dissolved in I mL of methylene chloride, 0.1
rnL of 0.1 M phosphate buffer and  I mg of DDQ were added, and the mixture
was stirred at ambient temperature for 2h. The mixture  was poured into 20
mL of a saturated aqueous NaHCO3 solution and extracted with ethyl acetate
(20 mL x 3). The combined organic phase was dried over anhydrous Na2SO4,
and concentrated  under reduced pressure to give 1.0 mg of an oil. To a
stirred solution of this material (I mg) and  dimethyl aminopyridine (1.5
mg) in pyridine (10 L) under nitrogen at room temperature 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 solution and extracted
with ethyl acetate (20 mL x 3).  The combined organic phase was washed with
a saturated aqueous NaHCO3 solution, dried over  anhydrous Na2SO4 and
concentrated under reduced pressure to give 2 mg of a pale yellow oil.  The
oil was column chromatograohed (25% ethyl acc:ate~hexane) to yield 0.6 mg
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 made in the above  compositions without
departing from the scope of the  invention, it is intended that all matter
contained in  the above description be interpreted as illustrative and  not
in a limiting sense. 2 6 JAIL 2004 91 .ATM 1. An intermediate for use in
the preparation of a  tricyclic or tetracyclic taxane, the intermediate
having the  5 formula: R13 10 26a wherein a 15 Rt is hydrogen, hydroxy,
protected hydroxy or. -OCOR3G,  or together with R2 is a carbonate; R2 is
hydrogen, hydroxy, protected hydroxy, oxo, or  -OCOR31, or together with R,
or R4, is a carbonate; R4, is alkyl, hydroxy, protected hydroxy, or
-OCOR.,, or  20 together with R2, R4b, or R5 is a carbonate; R,b is
hydrogen, alkyl, alkenyl, alkynyl, aryl,  heteroaryl, or cyano, together
with R,, or R5 is a carbonate,  or together with Rr and the carbons to
which they are  attached form an oxetane ring; 25 R. is hydrogen, hydroxy,
protected hydroxy, -OCORZT, 



oxo, together with R,a or Rtb is a carbonate, or together with  R,b and the
carbons to which they are attached form an  oxetane ring; R,, is hydrogen,
halogen, hydroxy, protected hydroxy,  30 -OR_,, or -OCOR3,; R3 is hydrogen;
R10 is hydrogen, oxo, hydroxy, protected hydroxy, -OR,3+ s R  R4 b RA 5 R 2
6 JAN 2004 92 5 or -OCOR29 ; R13 is hydrogen, hydroxy, protected hydroxy,
-OCOR15, MO or 10 Rte jr, a functional group which increases the solubility
of the taxane derivative; R21 R29, Rao, R31, R33, R34, R35, and R17 are
independently  hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy,
-NXAX1,,,  -SXIO, monocyclic aryl or monocyclic heteroaryl; 15 X1 is -OX6,
-SX,, or -NX8X9; X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl. ; X3 and X4 are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl, or heteroaryl; 20 X5 is -COX1 , -COOXIO, -COSX1o, -COMXBX,,,
or -SO2X,1;  



X6 is hydrogen, alkyl, alkenyl, alkynyl, aryl,  heteroaryl, 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; XO is hydrogen, alkyl,
alkenyl, alkynyl, aryl, or  heteroaryl; X, is an amino protecting group; 30
X10 is alkyl, alkenyl, alkynyl, aryl, or heteroaryl; X11 is alkyl, alkenyl,
alkynyl, aryl, heteroaryl, -OXIO,  or -NX0X1, ; X1, is hydrogen, alkyl,
alkenyl, alkynyl, aryl, or 2 6 JAN 2004 93 heteroaryl; and M comprises
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: to P.1301111111 15 



23a wherein  20 P5, P,, PI, and P1, are hydroxy protecting groups . 3. An
intermediate according co claim 1, having the formula : 25 30 26 JAN 2004
94 s 5 OH 25a 10 wherein Pi 30111 II11 21. and P13 are hydroxy protecting
groups. P10 4. An intermediate according to claim 1, having the  15
formula: OP10 20 25 26a or 26aa OH wherein  



R is CH3SO2- or toluenesulonyl; and P7, Pia and P13 are hydroxy protecting
groups. 30 2 6 JAN 2004 95 5. An intermediate according to claim 1, having
the formula: OPIo 5 10 27a wherein  15 P, , Pto and P13 are hydroxy
protecting groups . 6. An intermediate 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, An intermediate according to claim 1,
having the formula: 5 



10 P13QIIIIIII 30  OR wherein  15 R is P,,, and P71 Pia and Px3 are hydroxy
protecting groups. 8. An intermediate according to claim 1, having the
formula: 20 25 30 p13Q1111111 30a OH wherein 2 6 JAN 2004 97 P7 and Pt3 are
hydroxy protecting groups. 5 9. An intermediate according to claim 1,
having the formula: OR P1301 IIII 10 15 



31 wherein  R is hydrogen: and P, and PL3 are hydroxy protecting groups. 20
10. An intermediate according to claim 1, having the formula: 25 30
P1301111111 32 2 6 JAN 266& 98 wherein  p, and P13 are hydroxy protecting
groups. 11. An intermediate according to any one of claims 2 to 10,  5
wherein P5 (if present) is trimethylsilyl; P, (if present) is
2-methoxy-2-propyl or  benzyloxymethyl; Pla is triethylsilyl; and 10 P13 is
dime thyl--t-butylsilyl. 12. An intermediate according to claim 3., having
the formula: 15 P1301111111 20 21 



wherein  25 P7, Plo and P13 are hydroxy protecting groups. OP1a 13. An
intermediate according to claim 1, having the formula: 30 2 6 JAN 2004 99 5
10 PIP" III 22 HO' _ _oP5 wherein  P" P11 Plo and P13 are hydroxy
protecting groups. 14. An intermediate according to claim 1, having the 15
formula: QP1o 20 25 P13O1111111 24 wherein  p,, p7, P. and P13 are hydroxy
protecting groups 30 15. An intermediate according to claim 1, having the
formula: 2 6 JAN 7004 



100 OP10 5 10 P13pnrut1 25 OH wherein  P" P10 and P13 are hydroxy
protecting groups . 15 16. An intermediate according to claim 1, having the
formula: 20 25 P13Ofltlslt 27b wherein  PT, P10 and. P13 are hydroxy
protecting groups; and 30 MPM is V.-methoxyphenylmethyl. 2 6 JAN 2004 101
17. An intermediate according to any one of claims 12 to  16, wherein P5
(if present) is trimethylsilyl or acetyl;  P7 is 2-methoxy-2-propyl or
benzyloxymethyl;  5 PI0 is triethylsilyl; and P13 is dimethyl-t-butylsilyl.






