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Synthesis of Taxol and its derivatives. 

\ 
This invent.ion was made with Goverrunent support 

under NIH Grant #CA 42031 awarded by the National 
Institutes of Health. The United States Government has 

certain rights in the invention. 

BACKGROOND OF THE n.a-VENT!ON 

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

The taxane family of terpenes, of which taxol 
is a· member, has attracted considerable interest in both 
the biological and che..'tlical arts. Taxol is a promising 
cance~ chemotherapeutic agent with a broad spectrum of 
ant:ileuk'!mic and tumor-inhibiting acti1rity. Taxol has 

the fol~owing structure: 

OAc: 

wherein Ac is acetyl. 
The supply of taxol is presently being provided 

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, 
che.~ist:s in recent years have expended their energies in 
t~yinq to find a viable synthetic route for the 
preparation of taxol. To date, the results have ~o~ been 
enti=ely satisfactory. 

··' J, 
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A semi-synthetic approach to the preparacion of 
ta..xol has been described by Greene, et al. in JACS fil, 
5917 (1988), and involves the use of a congener of taxol, 
10-deacecyl baccatin III which has the structure of 
formula !! shown below: 

HOllll 

OH 

.. 
HO : ~ 

0 H .. 
Ph~ AcO~ 

0 

·10-deacetyl baccatin !!! is more readily available than 
taxo°l since it can be obtained from the needles of Taxus 
baccata. Accordinq to the method of Gree..~e et al., 
10-deacetyl baccatin III .c·10-0AS•) is converted to taxol 
by attachment of the C-10 acetyl group and by attachment 
of the C-13 S-amido ester side chain throuqh the 
esterif ication of the C-13 alcohol with a B-amido 
carboxylic acid unit. 

Denis et al. in a.s~ Patent No. 4,924,0ll 
disclose another process for preparing derivatives of 
baccatin II! or· of 10-deacetylbaccatin III of general 
formula 

OH 

(V) 

0 

I 

OCOCH 3 
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in which R' denotes hydrogen or acetyl. As reported, an 
acid of general formula: 

0-R 1 

COOH 
(CH ... ) ~COCONH 

~ ... 

in which R~ is a hydroxy-protecting group, is condensed 
with a ta.xane derivative of general formula: 

OH 

(VI I J 
H.0--

0 
I I 
I I 

OCOCaHs : 
I 

OCOCH 3 

in which R1 is an acet:yl hydroxy-protecting group and R1 
is a hydroxy-protecting group, and t:he protecting groups 
R1 , R1 and, where appropriate, R1 are then replaced by 
hydrogen. 

Other semisynthetic approaches for the 
preparation of taxol and for the preparation of other 
taxanes which possess tumor-inhibiting properties have 
been reported in recent years, but each of these 
approaches requires 10-0AB or baccatin I!! as a starcing 
material. As such, the sup9ly of ta:<ol and ether taxane 
derivatives remains dependent at least to some e:<tent 
upon the collection oE various parts of planes from the 
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remot:e corners of the world and t:he e;<:t:raction of 10-DAB 

and/or baccatin !I! therefrom. 

Su~_n.ay OF THE INVENTION 

~-~onq the objects of the present invention, 
therefore, is the provision of a process for the 
synthesis of taxol and ot~er tetracyclic taxanes; the 
provision of such a process which is hiqhly 
diastereoselective; the provision of such a process which 
proceeds in relatively high yield; and the provision of 
key intermediates and processes for their preparation. 

Briefly, therefore, the prese.~t invention is 
directed to a process for the preparation of ta.Xol and 
other tricyclic and tetracyclic taxanes. 

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

with BrMqNCiPr),, an aldehvde (or ketone), followed bv - - -
phosgene and an alcohol to form a compound having the 
formula: 
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wherein 

l=l 'c: 
r---t--- ::I 7 c 

~,b 

R1 is hydrogen or protected hydroxy; R2 is 
hydrogen or protected hydroxy; 

R3 is oxo; 
R7b is hydrogen, alkyl, cyano, hydroxy, 

protected hydroxy, or -OCOR36 ; 

R1c: and R7d are independently hydrogen, alkyl,· 
alkenyl, alkynyl, aryl or heteroaryl; 

R~ is hydrogen, protected hydroxy, or oxo; 
R1a is -OP10; 
R13 is -OP13 ; 

R30 is hydrogen, alkyl, alkenyl, alkynyl, 
alkoxy, aryloxy, -NX8X10 , -SXt0 , monocyclic aryl or 
monocyclic heteroaryl; 

X6 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
or heteroaryl; 

X10 is alkyl, alkenyl, alkynyl, aryl, or 
heteroaryl; and 

P10 and Pu are hydroxy protecting groups. 
In accordance with another aspect of the 

present invention, the process comprises reacting a 
compound having the formula 
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with lithium tecramethylpiperidide to form a compound 
having the formula: 

wherein 
R.1 is hydrogen or pro.tected hydroxy; 
R.7= is hydrogen, alkyl, alkenyl, ·alkynyl, aryl 

or heteroaryl; 
R, is hydrogen. protect.ad hydroxy, or oxo; and 
P10 and P13 are hydrox-.f protecting. groups. 
In accordance with another aspect of the 

present inve.~tion, the process comprises reacting a 
compound having the formula: 

with lithium tetramethylpiperidide and ca.~phosulfonyl 
oxaziridine to form a compound having the formula: 
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wherein R, is hydrogen, protected hydroxy, or oxo; R7 i: is 
hydrogen, alkyl, alkenyl, alkynyl, a.ryl or heteroaryl; 
and Pto and Pu are hydroxy protect:inq groups. 

In accordance with anoeher aspect of the 
~resent invention, the process comprises reacting a 
compound having the formula: 

with a hyd;"ide reducing agent, preferably Red-Al, to form 
a compound having the formula: 

QP1a 

a 
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wherein R: is hydrogen, protecc:d hydro:-:-/, or o:-:o; ?.·~ is 

'"'·'~""oge.., al k··i al k=r.vl al !.-yr.• 1 1 a-· 1 o,.. h.:.r-e,..oa.-.1 1 • 1..1.,:-..-- •• , - t-1 - _ ... _ ' -n. ·"! _, •:!,,:... - ._ .... - -- _, 

and :':: and ?::: are hydro;.:;-· protect:ing groups . 

. rn accordance with another aspect of the 

present invention, the process comprises reacting a 

compound having the formula: 

with lithium diisopropylamide to form a compound having 

the formula: 

OH 
CO R 2 

wherein R is lower alkyl, R1 is hydrogen, protected 

hydroxy or R1 and R2 together form a carbonate, R2 is 

hydrogen, protected hydroxy or R1 and R1 together form a 

carbonate, R9 is hydrogen, protected hydroxy, or oxo; and 

P10 and P13 are hydroxy protecting groups. 

In accordance with another aspect of the 

present invention, the process comprises reacting a 

compound having the formula: 

·1' 

~: ·.: ... :>I'· ·:·. ~ 

·' 
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with DBU to form a compound having the formu1a: 

wherein 

R.1 is hydrogen, hydrox-.f, protected hydroxy or 

-OCOR10• or together with R~ is a carbonate; 

R1 is hydrogen·, hyd=ox~:t, protected hydroxy, oxo, 
or -OCOR31 , or together with R1 is a carbonate; 

R,. is hydrogen, alkyl, hydrox-.f, or protected 
hydroxy, or together with R2 is a carbonate; 

Rcb is hydroxymethylene; 

Rs is -OMs, -OTs or a bromide; 

R1. is hydrogen, protect.ed hydroxy, or -OCOR14 , 

or t:oget:her with R, is a carbonate; 

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

or -OCORn, or together with R7• or R10 is a carbonate; 

R10 is hydrogen, oxo, hydroxy, protected 

hydroxy. or -OCOR~9 , or together with R., is a carbonate; 



il 

Pn is a hyd::-oX".l 9rot:cting group; 

Ru, R30 , R31 , ?.H, and RH a?:"e independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, arylox-.f, 

-Nx.x .. , -sx .... , monocvclic ar-.11 or monocvclic heteroaryl; . .. .... - - .. 
X9 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or hete~oaryl; and 
X10 is alkyl, al~enyl, alkynyl, aryl, or 

het.eroaryl. 
In accordance with another aspect of the 

present invent.ion, the process comprises reacting a 
compound having the formula: 

0 

with KOtBu and (PhSe0) 20 to form a compound having the 
formula: 

0 

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

wherein 

R1 is hydrogen, hydroxy, protected hydrox-y, or 
-OCOR:;o, or together with R2 is a carbonate; 

R2 is hydrogen, protected hydroxy, or -OCOR3:, 

or together with R1 or R4• is a carbonate; 

R,. is hydrogen, alkyl, hydroxy, protected 

hydroxy, or -OCOR27 , together with R4b is an oxo, or 
together with R2 , R41,, or R5 is a carbonate; 

· R40 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, or cyano, together with R4• is an oxo, 

together with R4• or Rs is a carbonate, or toge\:her with Rs 

and the carbons to wh~_ch they are attached form an 
oxetane ring; 

R5 is hydrogen, protected hydroxy, -OCOR31, 

together with R4• or R411 is a carbonate, or together with 
R40 and the carbons to which they are attached form an 
oxetane ring; 

R,. is hydrogen, halogen, protected hydroxy, or 

P13 is a hydrox-.t protecting group; 

Rn, Rlo• RH, R34 , and R37 are independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, 

-_NX9Xio• -sx10 , monocycl_ic aryl or monocyclic heteroaryl; 
X8 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, or heterosubstituted alkyl, alkenyl, alkynyl, 
a~.tl or heteroaryl; and 
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X10 is alkyl, alkenyl, alkynyl, a=Yl, 
heteroacyl, or heterosubstituted alkyl, alkenyl alkynyl, 
a~1l or heteroa~yl. 

In general, the process of the present 
invention may be used to prepare taxanes having the 
formula: 

i:t 14 ~ . 
1 

(l) 
wherein 

R1 is hydrogen, hydroxy, protected hydroxy, or 

R2 is hydrogen, hydroxy, -OCOR3i, or oxo; 
R4a is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, cyano, hydroxy, -OCOR27 , or together with R"~ 
forms an oxo, oxirane or methylene; 

R4b is hydrogen, together with R4• forms an oxo, 
oxirane or methylene, or together with Rs and the carbon 
atoms to which they are attached form an oxetane ring; 

R5 is hydrogen, halogen, hydroxy, protected 
hydroxy, -OCOR37 , oxo, or together with R4b and the carbon 
atoms to which they are attached form an oxetane ring; 

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

. with Rh forms an oxo; 
Rs. is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteroaryl, hydroxy, protected hydroxy or together 
with R6 forms an oxo; 

R1. is hydrogen, halogen, hydroxy, protected 
hydroxy, -OCOR34 , oxo, or -OR29 ; 
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R9 is hydrogen, hydroxy, protecced hyd=ox-.t', 

acylox~ .. , or oxo; 

R1c is hydrogen, -OCOR:n, t-.ydrox.{. p:-o::ec~ed 

hydrox-~ , or oxo ; 

Rll is hydroxy, proc.ect.ed hydro:<y, MO- or 
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; 

R, 4 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
or heteroa:-yl i 

· R\4., is hydrogen,· alkyl, alkenyl, alkynyl, aryl, 
or heteroaryl, hydroxy, protected.hydroxy or together 
with Rl forms a carbonate; 

R26 is a functional group which increases the 
solubility of the taxane; 

Rl1, R1,, R30 , R31 , R34 and Rn are inde;. end en t ly 
hydrogen, alkyl, alkenyl, alkynyl, monocyclic aryl or 
monocycli~ heteroaryl; 

X1 is -ox,, -sx, , .. or -NX9.J4; 
X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteroa:yl; 
x, and X4 are independently hydrogen, alkyl, 

alkenyl, alkynyl, ar~l. or heteroaryl; 

Xs is -cox!O• -coox!O• -COSX10• -CONXsX10• 

X, is hydrogen·, alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, hydroxy protecting group, or a functional 
group which increases the water solubility of the taxane 
deriva.tive; 

x, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
or sulfhydryl protecting group; 

X8 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, or heterosubstituted alkyl, alkenyl, alkynyl, 
aryl or heteroaryl; 

X9 is an amino protecting group; 
X10 is alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, or heterosubstituted alkyl, alkenyl alkynyl, 
aryl or heteroaryl; 

X11 is alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, -ox10 , or -NXsX14; 
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:<"4 i.3 hydrogen. alkyl. alkenyl, alkyny~. a::-!'·1, 

o~ hete=oa:yl; and 

M comprises ammonium or is a mecal. 
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The present invention is additionally directed 

to an incermediate for use in the prsparation oE a 
tricyclic or tetrac.:rclic t:axane having t:he formula: 

R 
13 

wherein 

R\ is hydroqen, hydrox-.1, protected hydroxy or 
-OCOR10 , or t:oget:her wit:h R2 is a carbonat:e; 

R1 is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCORn, or together with R\ is a carbonat:e; 

R1 is hydroqen, hydroxy, protected hydroxy, 
-OCOR11 , or oxo; 

R9 is hydrogen, alkyl, alkenyl, alkynyl, aryl or 
het:eroaryl; 

R, is hydrogen, hydroxy, protected hydrox-.:{, oxo, 

or -OCORn, or together with Rto is a carbonate; 

R1o is hydrogen, hydroxy, protected hydroxy, 

oxo, or -OCOR29 • or together with R9 is a carbonate; 

R\3 is hydrogen, hydrox-f, prot:ect:ed hydroX';t", 
-OCORlS or MO-; 

Ru, R10, R 1 t, Ru, R31 , and R35 are independem:. ly 
hydrogen, alkyl, alkenyl, alk:,..tnyl, alkoxy, arylox-.:{, 

-NX9Xta• -SXta• monocyclic aryl or monocyclic het:eroaryl; 
X9 is hydrogen, alkyl, alkenyl, alkynyl, a=-.:rl, 

or heteroaryl; 

x~0 is alkyl, alke~yl, alkynyl, a::yl, er 

het:eroa.:-f l; and 

M comprises ammonium or is a mecal. 
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The present invention is further direct:ed to an 

intermediate for use in the preparation of a tri~·clic or 
tetracyclic ta.~ane having the formula: 

wherein 

R7d 

~--+-~7c 

R7b 

· R1 is hydrogen, hydroxy, pro.t:ected hydroxy or 

-OCOR3a, or together with R2 is a carbonate; 

R3 is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCOR31 , or together. wit:h Rt is a carbonate;-

R3 is hydrogen, hydroxy, protected hydroxy, 

-OCOR32 , or oxo, or together with R71:11 is a carbonate; 

R11:11 is hydrogen, alkyl, cyano, hydroxy, 

protect:ad ~droxy, or -OCOR36 , or together with R3 or R, is 
. .. 

a carbonate; 

R,c: and R7d are independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl or heteroaryl; 

R.j is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCORn, or together with R71:i or Rta is a carbonate; 

R10 is hydrogen, hydroxy, protected hydroxy, 

oxo, or -OCOR19 • or together with R, is a carbonate; 

R0 is hydrogen, hydroxy, prot:ected hydroxy, 

-OCOR15 or MO-; 

R29, . R10 , Rl ~ , Ru, Rn, R15 and R16 are .. 
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, 

aryloxy, -NX9X10 , -SX10 , monocyclic aryl or monocyclic 

heteroaryl; 
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X9 is hydrogen, alkyl, alkenyl, alkynyl, ar-:{l, 

or heteroa::yl; 

x 1., is alkyl, alkenyl, alkynyl, aryl, or 

het:eroaryl; and 
M comprises ammonium or is a metal. 

The invention is further directed to an 

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

~13 

11 

wherein 

R1 is hydroqen, hydroxy, protected hydroxy or 

-OCOR10 , or together with R? is a carbonate; 

.R1 is hydrogen, hydroxy, protected hydrOX't', oxo, 
or -OCOR11 , or toqet:her ·with R1 is a carbonate; 

R3 is hydroqen, hydroxy, protected hydrOX"f, or 

R7i, is hydrogen, alkyl, cyano, hydroxy, 

protected hydrOX":f, or -OCOP.10 ; 

R1c is hydrogen, alkyl, alkenyl, a:lkynyl, aryl 

or heceroaryl; 
R, is hydrogen, hydrox-f, protected hydroxy, oxo, 

or -OCOEtn, or toget:.her with R10 is a carbonate; 

Rto is hydrogen, hydrOX":f, p:-otected hydroxy, 

oxo, or -OCOR29 , or toget:.her wic:.h R-s is a carbonai:e; 
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Rt13 is hydrogen, hyd.rox-.1, protected hyd:-o:-:-y, 
-OCOR35 or MO- ; 

R~,, R10 , ?-H, P.32 , R;n, Ris, and Ri~ ar.a 
independently hydrogen, alkyl, alke:tyl, a.lkynyl, a.lkoxy, 
aryloxy·, -NXeXic• -sx, 0 , monocyclic ar.tl or monoqrclic 
heteroaryl; 

X9 is hydrogen, alkyl, alkenyl, alkynyi, aryl, 
or heteroaryl; 

X10 is alkyl, alkenyl, alkynyl, aryl, or 
heteroaryl; and 

M comprises ammonium or is a metal. 
The present invention is further directed to an 

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

wherein 
R is C1 - C8 alkyl, 
R1 is hydrogen, hydrox-j, protected hydroxy or 

-OCOR10• or together with R2 is a carbonate; 
R2 is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCORn, together with R1 is a carbonate, or together 
with R4 is a carbonate; 

R4a is hydrogen, alkyl, hydroxy, protected 
hydroxy, or -OCOR2,, or together with R2 is a carbonate; 

R1. is hydrogen, halogen, hydroxy, protected 
hydroxy, -OR28 , -OCORJ.1, or together with R9 is a 
carbonate; 
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R\' is hydrogen, o:<o, hydrox-.r, pro t: ec t ed hydro:<".!, 

-OR1.a, or -OCOR3J, or together wit:h R~ .. or Rte is a 
carbonat:e; 

R10 is hydrogen, oxo, hydroxy, protecced 

hydrOX'.f, -ORu, or -OCOR19 , or together with R9 is a 

carbonate; 

Rt1 is hydrogen, hydro;.cy-, procected hydroxy, 

-OCORJS or MO-; 

R28 is a funct.ional group which increases the 

solubility of the taxane derivative; 
R27 , R29 , R10 , R11 , R13 , R.34 , and R35 are 

independently hydrogen, alkyl, alkenyl, all<:ynyl, alkoxy, 
arylox-.r, -N'"AsXt0 , -SX10 , monocyclic aryl or monocyclic 
het:eroaryl; 

Xa is hydrogen, alkyl, alke..11yl, alkynyl, aryl, 

or heteroaryl; 
Xta is alkyl, alkenyl, alkynyl, aryl, or 

heteroar..{l; and 

M comprises ammonium or is a metal. 

The invention is further directed to an 

intermediate for use in t:he preparat:ion of a .l:ricyclic or 
tetracyclic taxane having t:he formula: 

wherein 
R1 is hydrogen, hydrox-f, protected hydroxy or 

-OCORlo• or t.oget:her with R~ is a carbonat.e; 
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Rl is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCOR1 ~, or together with R~ or R4• is a carbonate; 

R,. is hydrogen, alkyl, hydrox-.{, procected 

hydroxy, or -OCORl7 , togei:her with R"b is an oxo, or 

t:oget:.her with Ri. R,"'' or R5 is a carbonate; 

R,b is hydrogen, alkyl, alkenyl, alkynyl, ar.(l, 

heteroa.ryl, or cyano, together wi~h R,. is an oxo, 

together with R4• or ~ is a. carbonate, or together with Rs 

and the carbons to which they are attached form an 

oxetane ring; 

Rs is hydrogen, hydroxy, protected hydroxy, 

-OCOR31, oxo, together with R,. or R4b is a carbonate, or 

together with R,b and the carbons to whi.ch they are 

attached form an oxetane ring; 

R,. is hydrogen, halogen, hydroxy, protected 

hydroxy, -OR28 , or -OCOR34 , or together with R, is a 

carbonate; 

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

-0~8 , or -OCOR13 , or together with R7• or R10 is a 

carbonate; 

R1o is hydrogen, oxo, hydroxy, protected 

hydroxy, -ORu, or. -OCOR19 , or together with R, is a 

carbonate; 

Ru is hydrogen, hydroxy, protected hydroxy, 

-OCOR35 , MO- or 

; 

Rls is a functional group which increases the 

solubility of the taxane derivative; 
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· R21~ R29• R30~ R31, RJ"'' R35 and R37 are independently 

hydrogen, alkyl·, alkenyl, alkynyl, alkoxy, a::yloxy, -

NX9Xl0 , -sx~0 , monoc.tclic a:yl or monocyclic heteroa!"'l.fl; 
Xi is -OX;,, -sx,, or -~..C9X9; 

X2 is hydrogen, alkyl, alkenyl, al](:vnyl, aryl, 

or heteroaryl; 
X1 and X4 are independently hydrogen, al~fl, 

alkenyl, alkynyl, arfl, or heteroaryl; 
Xs is -COXio, -COOX10 , -COSX10 , -CONXsX1a, 

or -SO?X11 ; 

X5 is hydrogen, alk".fl, alkenyl, alk:ynyl, aryl, 
heteroaryl, hydroxy protecting group, or a functional 
group which increases the water solubility of the taxane 
derivative~ 

X7 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, ·· 
or sulfhydryl protecting group; 

.- X9 is hydrogen, alkyl, alke.11.yl, alkynyl, ar.fl, 
or het:eroaryl; 

X, is an amino protecting group; 

X10 is alkyl, alkenyl, alkynyl, aryl, or 
heteroaryl; 

Xu is alkyl, alkeny l, alkyny 1, ar.{ l, 
heteroaryl, -OX10 , or -NX9X14 ; 

Xu is hydrogen, alkyl, alkenyl, alkynyl, acyl, 
or het:eroaryl; and 

M comprises ammonium or is a metal. 

Other objects and features of this invention 
will be in pare apparent and in part pointed out 
hereinafter. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
P..s used herein ".a.r" means aryl; "?h" means 

phenyl; "Me" means mec:.hyl; "Et" means ec:.hyl; "iPr" means 
isopropyl; "tBu." and "C:.-Bu" means tert-butyl; "R" means 
lower alkyl unless otherwise defined; "Ac" means acec:.yl; 
"i;:iy" means pyridine; "T::s" meari.s t:-iethylsilyl; "'!'HS" 
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means trimethyl-silyl: "TBS" means Me~t-BuSi-; "Tf '' means 
-SO!CF>; "SMDA" means BrMgNiPr:.; "Swe:?:"n" means (COCll ._, 

EtlN; "L'I'MP" means lit::hium t:et:ramethylpiperidide; "MOP" 
means 2-methoxy-2-propyl; "BOM" means benzylo:x::.rmethyl; 
":C..DJI.." means lithium diisopropylamid.e; •LAE:" means lithilim 
aluminum hydride; PRed-Al" means sodium bis(2-
met:hoxyechoxy) aluminum hydride; "Ms" means CH3SO?-; 
"TASF• means tris(diethylamino}sulfonium­
difluorotrimethylsilicate; •Ts" means toluenesulfonyl; 
"TBAF• means tetrabutyl ammonium hydride; "TPAP• means 
t:etrapropyl-ammonium perruthenat:e; "DBU" means 
diazabicycloundecane; • DM.'JUI" mea."ls p-dimethy lamina 
pyridine; "LHMDS" means lithium hexamethyldisiiazide; 
•CMF• means dimethylfoJ:ma.ID.i.de; "AIBN• means azo-(bis)­
isobutyroni.t:rile; "l0-DAB" means 10-desacet:ylbaccatin 
I!I; "FAR" means 2-chloro-l,l,2-trifluorot=iethylamine; 
"mCPBA" means metachloroperbenzoic acid; •ooQ• means 
dicya."lodichloroquinone; "sulfhydryl protecting group• 
includes, but is not limi.t:ed to, hem.ithioacetals such as 
l-ethoxyethyl and methoX"jmethyl, thioesters, or 
thiocarbonates ;. "amine protecting group• includes, but: is 
not: limited to, carbamaces, for example, 
2, 2, 2-t:richloroet:hylcarbamate or tertbutylcarba..'tlate; 
•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 
t:en carbons, ketals having two to ten carbons, ethers 
such as methyl, t-butyl, benzyl, p-methoxybenzyl, 
p-:-nit:robenzyl, allyl, t:rit:yl, methoxymethyl, 
mechoxyet:hoxymethyl, ethoxyethyl, t:etrahydropyranyl, 
tetrahydrothiopyranyl, and trialkylsilyl ethers such as 
t:rimethylsilyl ether, triethylsilyl ether, 
dimethylarylsilyl ether, t:riisopropylsilyl ether and 
t-butyldim~thylsilyl ether; esters such as benzoyl, 
acetyl, phenylacet:yl, formyl, mono-, di-, and 
trihaloacetyl such as chloroacetyl, dichloroacetyl, 



. - 2S -

trichloroacetyl, trifluoro-acetyl; and carbonates 
including buc not limited to al~~l carbonates having from 
one to six carbon atoms.such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, t-butyl; isobutyl, and n-pentyl; 
alk"fl carbonates having from one to six carbon atoms and 
substituted with one or more halogen atoms such as 
2,2,2-trichloroethoxymet:hyl and 2,2,2-tri-c~loroethyl; 
alkenyl carbonates having from t:wo to six carbon atoms 
such as vinyl and allyl; C-.fcloalk".f l carbonates having 
f.rom 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 C1• 6 alkoxy, or nit:ro. Ot:her hydroxyl, 
sulfhydryl·and amine protecting groups may be found in 
."Protective Groups. in Organic Synthesis" by T. w. Greene, 
Johri Wiley and Sons, l98l. 

The alkyl groups described herein are 
preferably lower alkyl containing from one to six carbon 
atoms in the pri.ncipal chain and up to lS carbon atoms. 
They may be straight or branched chain and include 
methyl, ethyl,_ propyl, isop:opyl, butyl, hexyl and the 
like. They may be hydrocarbon or heterosubstituted with 
the various substituents defined herein, including 
heteroalkyl, alkenyl, heteroalkenyl, alk:.vnyl, 
heteroalkynyl, a::yl, heteroar-~l. and heterosubstituted 
heteroaryl. 

The alkenyl groups described herein are 
preferably lower alkenyl containing from t:wo to six 
carbon atoms in the principal chain and up to 15 carbon 
atoms. They may be scraight or branched chain and 
include ethenyl, propenyl, isopropenyl. butenyl, 
isobutenyl, hexenyl, and the like. They may be 
hydrocarbon or heterosubstituted with the various 
substituents defined herein. i~cluding alkyl. 
heteroalkyl, heteroalkenyl, alkynyl. heteroalkynyl, aryl, 
heteroaryl, and hecerosubsti:uced he~eroaryl. 
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The alkynyl groups described herein are 
preferably lower alkynyl containing from two to six 
carbon atoms in t:he principal chain and up to 15 carbon 
atoms. They may be straight or branched chain and 
include et:hynyl, 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, ar.rl, heteroaryl, and 
heterosubstituted heteroar.rl. 

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, alkynyl, 
heteroalkynyl, heteroaryl, and heterosubstituted 
heteroa.ryl. Phenyl is the more preferred aryl. 

· The heteroaryl moieties described herein 
contain from S 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, heteroa!kynyl, aryl, and 
heterosubstituted heteroaryl. 

The acyl moieties described herein contain alkyl;· alkenyl, alkynyl, aryl or heteroaryl groups . 
. The alkoxycarbonylo:xy moieties described herein comprise lower alkyl, alkenyl, alkynyl or aryl groups. 
The hydrocarbon substituents described herein may be alkyl, alkenyl, alk:ynyl, or aryl, and the hetero­

substit:uents of the heterosubstituted 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, het:eroaryl such as furyl or t:hienyl, alkanoxy, 
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hydroxy, protected hydrax-1. acyl, acyloxy, nitre. amino. 

and amide. 
A.~ exe..~plary synthesis of baccatin Ir! or 10-

0Jl.a is depicted hereinbelow in Reaction Sche.'t\e ~.:. The 
starting material, dial 2, can be prepared from patchino 
(commonly known as B-patchouline epoxide) which is 

commercially available. · The patchino is first reacced 
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 tertia~· alcohol. The 
tertiai:y alcohol is then reacted wieh a Lewis acid, such 
as boron trifluoride at low temperature, in the range 

from 40°c to -l00°C; in the presence of an acid, such as 
trifluoromethane sulfonic acid. A graphical depiction of 
this· reaction scheme along with an experime.~tal write-up 
far th~ preparation of diol 2 can be found in U.S. Patent 
No. 4,876,399. 
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Reaction Scheme A 
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In Reaccion Sche..~e A, P.s is 'IMS, p, is MOP or SOM, PLa is 
TES, P13 is TBS, and R is ethyl in compounds 6 and 7, 

methyl _.in compounds 15, 16, and 17, Ms in compounds 24aa 
and 26a, and Ts in compound 26aa. It should be 
underst:o9d, however, that P5 , P7 , P10 , and P13 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 Sc:he..~e 

A', with the reactions leading to compound 18 and 
following compound 29 being ·as set forth in Reaction 
Scheme A. 
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Reaction Scheme A' 
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In Reaction Sche.'1\e A', Psis TMS or Ac, ~1 is 
MOP or BOM, Pta is TES, Pt3 is TBS and P510 is acet:al or 
ket:al, preferably acetonide. It: should be understood, 
howeve:-, that P5 , P1, Pt0 , and Pu and P520 may be ether 
hydroxy protecting groups. 

!n general, t:ricyclic and tetracyclic taxanes 
bearing Cl3 side chains may be obtained by reacting a 
S-lacta;~ wich alkoxides having the t:axane t:ricyclic or 

tetracyclic nucleus and a C-13 metallic oxide substituent 
to form compounds having a S-amido ester subs~ituent at 
C-13. The S-lactams have t:he following structural 
formula: 
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X5-K-'N ~0 2 

l 
X4 X1 

x 3 X 2 

wherein X: - X5 are as defined· above . The alkoxides 
havinq the tricyclic or tetracyclic taxa.~e nucleus and a 
C-13 metallic oxide or ammonium oxide substituent have 
the following structural formula: 

wherein Rt, R2 , R4., R4b, ~' R6 , R6., R74 , R,, and R1a are as 
previously defi~ed, Ru is -OM and M comprises ammonium or 
·is a metal optionally selected from Group IA, IIA, 
transition (including lanthanides and actinides), I!S, 
I!IA IVA, VA, or VIA metals (CAS version) . If M 
comprises ammonium, it is preferably tetraalkylammonium 
and the·· alkyl component of the tetraalkylaramonium 
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: 
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M011111 

wherein M, R2 , R4., R,., ~. and R10 are as previously 
defined. 

As set forth in Reaction Sche.~e A, ta.xcl may be 
prepared by converti~g 7-procected Bacca.tin I!! 35 to the 
corresponding alkoxide and reacti~g the alkoxide with a 
-~-lacta..~ in which X1 is protected hydroxy, X3 is phe.~yl 
and ·x5 is benzoyl. Protecting groups such as 2-

methOJC!(Propyl (•Moe•), l-ethoxyethyl (•EEa) are 
preferred, but a variety of other.· sta..~dard protecting 
groups such as the triethylsilyl group or other trialkyl 
(or arfl) silyl groups may be used. Taxa~es having 
alternative side chain Substitutes may be prepared 
through the use of ~-lactams which comprise 'the 
alternative substituents. 

Taxanes having alternative C9 substituents may 
be prepared by selectively reducing the C9 keto 

substituent of taxol, lO-DAB, Bacca.tin II! or one of the 
other intermediates disclosed herein .t:o yield the 
corresponding C9 ~-hydroxy derivative. The reducing 
agent is preferably a borohydride and, most preferably, 
tetrabutylamrnoniumboro-hydride (Bu4NBH4 l or 
triacetoxyborohydride. 

As illuscrated in Reaction Scheme l, the 
.:ac,.·o oF b t' -T- 't' B 11.r-~· · • l ,.,c re- .. 1 n - acca 1n .t.-!. W!. n u4 ~ ... on~ in mei:ny e .• _ 

chloride yields 9-desoxo-9~-hydrox-:t·baccai:in III 5. :'l-.~t.sr 

the C7 hydroX"~ group is procected with the triethylsilyl 
proi:eccing group, for example. a suitable side chain may 



- 40 -

be attached to 7-protecced-9B-hydroxy derivative 6 as 
elsewhere described herein. Removal of the re.Tttaining 
protecting groups thus yields 9~-hydroxy-desoxo taxol or 
other 9j3-hydroxyt.etracylic taxane having a Cl3 side 
chain. 

REACTION SCMEME l 
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Alternatively, the Cl3 hydrox-y group of 7-
protected-9~-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 
substituents of the taxane. For example, reaction of 
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7,13-procected-9~-hydroXlf derivative 7 with KH causes the 
acetate group to migrate from ClO to C9 and the hydroX'y 
group to migrate from C9 to ClO, thereby yielding' 10-
desacetyl derivative 8. Protection of the ClO hydroxy 
g=oup of 10-desacecyl derivative a with triethylsilyl 
yields derivative 9. Selective removal of the Cl3 
hydroxy protecting group from derivative 9 yields 
derivative 10 to which a suitable side chain may be 
attached as described above. 
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As shown in Reaction Scheme 3, 10-oxo 
derivative 11 can be provided by oxidation of 10-
desacetyl derivative 8. Thereafter, the Cl3 hydroxy 
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proteccing group can be selectively removed followed by 
at~achment of a side chain as described above to yield 9-
aceto~-10-oxo-caxol or other 9-acetoxy-10-oxotetracylic 
taxanes ·having a Cl3 side chain. Alternatively, the C9 
acecate group can be selectively re..tUoved by reduction of 
lO-oxo derivative ll with a reducing agent such as 
samarium diiodide to yield 9-desoxo-10-oxo derivative 12 
from which the Cl3 hydroxy protecting group can be 
selectively re.1Uoved followed by attachment of a side 
chain as described above to yield 9-desoxo-10-oxo-taxol 
or other 9-desoxo-10-oxotetracylic taxanes having a Cl3 
side chain. 

RE.~CT!ON SCHEME 3 
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Reaction Scheme 4 illustrates a reaction in 
which 10-0AB is reduced to yield 9encaol 13. The C7 and 
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ClO hydroxyl groups of pent.aol 13 can t.hen be select:ively 
prot.ect.ed wit.h the triethylsilyl or another protecting 
group to produce t.riol 14 t.o which a Cl3 side chain can 
be act.ached as described above or, alternatively, aft.er 
further modification of the tetracylic substituent.s. 

REACTION SC-rlEME 4 
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Taxanes having C9 and/or ClO acyloxy 
subst.ituents other than acet.at:e can be prepared using 10-
DAB as a starting material as illustrated in Reaction 
Scheme 5. React.ion-of 10-DAB with t.riet:hylsilyl chloride 
in pyridine yields 7-prot.ect:ed 10-DAB 15. The ClO 
hydroxy substituent of 7-protect.ed iO-DAB 15 may then be 
readily acylated with any standard acylating agent to 
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yield derivative 16 having a new ClO acylOX'£ substituent. 
Selective reduction of the C9 keto substituent of 

derivative 16 yields 9B-hydrOX"f derivative 17 to which a 

Cl3 side cha.in may be attached. Alternatively, the ClO 
and C9 groups can be caused to migrate as set forth in 
Reaction Sche.~e 2, above. 
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Taxanes having alternative C2 and/or C4 esters 
can be prepared using baccatin III and 10-DAB as sta~ting 
materials. The C2 and/or C4 esters cf baccatin III and 
10-0AB can be seleccively reduced to the corresponding 
alcohol(sl using reducing agents such as L.a..H or Red-Al, 
and new esters can thereaEce= be substituted using 
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standard acylating agents such as anhydrides and acid 
chlorides in .combination witn an amine 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 LOA 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-lO. To simplify the 
description, 10-DAB is used as the starting material. It 
should be understood, however, that bac:.catin III 
derivatives or analogs may be produced using the same· 
series of reactions (except for the protection of the ClO 
hydroxy group) by simply replacing 10-DAB with baccatin 
II! 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 triol 18 with lithium aluminum hydride. 
Triol 18 is then converted to the corresponding C4 ester 
using ~llCO in pyridine followed by a nucleophilic agent 
(e.g., Grignard reagents or alkyllithium reagents). 
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Deprotonation of triol 18 with LDA followed by 

introduction of an acid chloride selectively gives the C4 
ester. For example, when acetyl chloride was used, triol 
18 was converted to l,2 diol 4 as set forth in Reaction 
Sche.'tle 7 . 

Triol 18 can also readily be conver~ed to the 
l,2 carbonate 19. Acety!ation of carbonace 19 under 
vigorous standard conditions provides carbonate 21 as 
described in Reaction Scheme 8; addition oE alkyllithiums 
or Grignard reagents to carbonate 19 provides the C2 
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ester having a free hydroxyl group at C4 as set forth in Reaction Scheme 6. 
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As set forth in Reaction Scheme 9, other C4 
substituencs can be provided by reacting ca=banate 19 

with an acid chloride and a tertiary amine to yield 
carbonate 22 which is then reacted with alk-,t"llithiums or· 
Grignard. reagencs to.provide 10-DAE derivatives having 
new substit:uents at C2. 
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Alternatively, baccatin III may be used as a 
starting material and reacted as shown in Reaction Scheme 
10. After being protected at C7 and Cl3,· baccatin III is 
reduced with L.iu! to produce l.2,4,10 tetraol 24. Tetraal 
24 is converted ta carbonate 25 using CllCO and pyridine, 
and carbonate 25 is acylated at ClO with an a~id chloride 
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and pyridine to produce carbonate 25 (as shown) or with 
acetic anhydride and pyridine (not shown) . Acetylation 
of carbonate 26 under vigorous standard conditions 
provides ca~bonate 27 which is then reacted with alkyl 
lithiums to provide the baccatin I!I derivatives having 
new substituents at C2 and ClO. 
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10-desacetox-~ derivatives of baccatin III and 
10-desoxy derivatives of 10-0AB may be prepared by 
reacting baccatin III or 10-0AB (or their derivatives) 
with samarium diiodide. Reaction between the tetracyclic 
taxane ~ving a ClO leaving group and samarium diiodide 
may be carried out at o0 c in a solvent such as 
tetrahydrofuran. Advantageously, the samarium diiodide 
selectively abstracts the ClO leaving group; Cl3 side 
chains and other substituents on the tetracyclic nucleus 
remain undisturbed. Thereafter, the C9 keto substituent 
may be reduced.to provide the corresponding 9-desoxo-9~­
hydroxy-!O~desacetyoxy or 10-desaxy derivatives as 
otherwise described herein. 
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C7 dihydro and other C7 substituted taxanes can 
be prepared as set forth in Reaction Schemes 11, 12 and 
l2a. 
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REACTION SCHEME 12a 
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·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 deriva~ives with a free C7 hydroxyl group behave 
similarly. Alternatively, 7-chloro baccatin III can be 
prepared by treatment of baccatin II! with methane 
sulfonyl chloride and triethylamine in methylene chloride 
solution containing an excess of triethylamine . 
hydrochloride. 
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Taxanes having C7 acylox-~ substituents can be 
prepared as set forth in Reaccion Sche.~e 12a, 7,13-
prq.cecced 10-oxo-derivat:ive 11 is convert:ed to it:s 
corresponding Cl3 alkoxide by selectively re.~oving the 
Cl3 protecting group and replacing it with a metal such 
as lithium. The alkoxide is then reacted with a ~-lactam 
or other side chain precursor. Subsequent hydrolysis of 
the C7 protecting groups causes a migration of the C7 
hydroxy substituent to ClO, ~~gration of the ClO oxo 
substit:uent: to C9, and migration of the C9 acyloxy 
substituent to C7. 

As shawn in Reaction Scheme 13, 7-o­
triethylsilyl baccatin !II can be converted to a 
tricyclic taxane through the action of trimethyloxonium 
tetrafluoroborat:e in methylene chloride solution. The 
product dial then reacts with lead tetraacetate to 
provide: the corresponding C4 ketone. 
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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 ~o any intermediate having a hydroxyl group at c-. 
10 and two hydrogens at C-9, e.g., the process for 
introducing C9 and ClO carbonyl and hydroxyl groups can 
be applied to suitably protected intermediates 4 through 
29. 

Likewise, the process for introduction of Cl 
and C2 oxygen-containing functional groups (conversion of 
6 to -13 in Reaction Scheme A) can be applied to any 
intermediate having a CJ carbonyl group. 
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Similarly, t:he process for introducing C2 and 
C4 acyl groups as exemplified in Reaction Schemes 6 
through 10 can be applied to any intermediate having a 
Cl, C2 carbonate . . 

Also, t.he process for forming the oxetane ring, 
as e.~emplified in the conversion of 24a to 27a in 
Reaction Sche.~e A, can be applied to a variety of 
intermediates having a C4 carbonyl group. 

The aldol process exemp_lified in the conversion 
of S to 6 in React.ion Scheme A can be applied to any 
suitably protected int·eJ:lllediate having a CJ carbonyl 
group and a,caa hydrogen.· A variety of .ketones or 
aldehydes can be used as a reactant in this process. 

Formation of a cyclic carbonate from any l,2 or 
1,3 diol subunit in any intermediate can be carried out 
by using phosgene as a reactant. Carbonyl groups can be 
reduce<1: l:Jy hydride reagents or metallic species to the 
corresponding alcohols. Alcohols can be oxidized using a 
variety of oxidizing age..~ts as exemplified in the 
Reaction Schemes, t:o-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 other mixtures of the compounds disclosed 
herein. 

The following examples illustrate the 
invention. 
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EXAMPLES 

REACI10N SCHEME A 

Tricthylsilyloxy ~cohol 3. To a solution of dial 2 (3.16 g, l'.3.4 mmol) and DMAP (70 ~g. 0.57 

mmol) in CH101 (6.5 mL) at room ccmpcracurc was added cricthylamine (3.7 mL. 26.6 mmol) 

followed by dropwise ttddidon oftESQ (2.7 mL, 16.~ mmol). After 1.75 h, the rc::iction mixture . 

was diluted with 1.50 mL of hexane, then poured into 100 mL of a saturated aqueous NaHC03 

solution and l.50 mL of hex~e. The organic phase was washed with cwo 100 mL ponions of 

saturated aqueous NaHC03 solution and with 100 mL of water, dried over anhydrous N~S04 , 

and concentrated under reduced pressure to give 4.88 g of crude crlethylsilyloxralcchol 3. An 

analytical sample was obtained by plug filtration through a short pad of silica gel washing with 

hexane and then eluting the pure compound 3 (P10 =TES) (colorless oil) with 5% ethyl acetate: in 

hexanC. 

3 CP10 =TES): 1H NMR (300 MHz. CD03) 8 0.61 (q, J = 1.1 Hz. 6H, TES CHu, 0.89 (s, 

3H. CH3 16), 0.96 (t, J = 7.7 Hz, 9H. TES CH3), 1.03 (d, J = 7.1 Hz. 3H, CH3 19), 1.07 (s, 

_ 3H. CH3 17), 1.23 (d, J = 14.3 Hz, lH. H2et), 1.56 (dd, J = 6.0, 6.0 Hz. lH, H7), 1.76 (ddd. 

J = S.O, 11.0, 13.7 Hz. lH, H9), 1.90 (ddd, J = 2.2, 8.8, 15.4 HZy lH, H.9), 1.96 (m, lH. 

H14a.), 2.37 Cm. 2H, H2J3, Hl4~). 2..Sl (ddd, J = 7.7, 7.7. 10.4 Hz. lH. H8a.), 2.94 (s., lH. 

OH-3), 4.21-(dd, f = 2.2, S.O Hz. lH, HlO), 5.43 (dd, J = 2.8, 2.8 Hz. lH, Hl3). 13CNMR 

(JS MHz, CDC13) S (ppm) 4.8 (TES CH1). 6.7 {TES CH3), _15.02 (CH3 19), 23.0 (CH3 17), 

·26.2 (CH3 18), 28.~ (CH3· 16), 33.6 (C14), 41 .. ~S (C8), 44.2 (C2). 45.0 (Cl), 45.2 (ClS), 45.8 

(C9), 69.6 (Cl 1), 74.9 (ClO), 96.0 (C3~, 123.0 (C13), 143.7 (C12); IR (CHCI3) '1 3530, 297.0, 

2930, 2900, 1460, 1340, 1140, 1100, 1080, 1045, 1010, 970, 915, 650 cm·l; MS (CI) 351 

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

Hydroxy Ketone 4. To a vigorously stirred solution of the crude compound 3 (P 10 = TES) in 

anhydrous 'CH2Cl2 (30 ml.) ~t 0 ·c under nitrogen was added Ti (QiPr)4 (13.5 mL, 43.1 mmol) 

followed by dropwisc addition of anhydrous 2M C·BuOOH in hexane (18 mL. 36 mmol). After 45 

min dimc:thylsulfidc (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 temper:uurc and then moved to l1.~5 ~C bath where it was 

. 
{ 

: -_.:_~-

. -f. ~· 
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~ heated under reflux for Sh. The solvents were evaporated under reduced pressure. 
the resulting thick syrup was dissolved in ethyl acetate (850 mL) and 3.5 mL if H20 
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 IOOmL of ethyl acetate. Evaporation of the solvent 
under reduced presure afforded an oil that was filtered through a short pad of silica 
gel eluting eith 10 % ethyl acetate in hexane to give 4. 78g of pure hydrowyketone 
4 {P10 =TES) (colourless oil). 

4 (Pio= TES): lH NMR (300 MHz. CD03) 0 0.58 (q, J = 7.1 Hz. 6H, TES CHv. 0.94 (r. J = 
7.7 Hz, 12H, CH3 19, TES Crl3), 0.98 (s. 3H, CH3 17). 131(s.3H. CH3 16), 1.71 (dd.1= 
5.0, 11..5 Hz, lH, H2et), 1.85 (m, 3H, Hl, H9~. Hl4~). 1.96 (s, 3H, CH3 18); 2.15 (d, J = 
12.l, lH. OH-13), 2.22 (ddd, J = 4.9, 13.2, 15.9 Hz, lH, H9et), 2..56 (dddd, J = 3.8, 7.1, 
13.7, 13.7 ljz.. lH. H8et), 2.75 (dd, J = 2.2, 11.0 Hz. lH. H2~). 2.80 (ddd, J = 4.4, 7.7, 11.0 
Hz. .IH, H14~). 4.10 Ct.. J = 11.0 HZ, lH. H13P), 4..56 (d, J = 5.0 ~ lH, HI Op); tJC NMR 
('IS MHz. CDC~) S (ppm) 4.3 (TES ~). 6 . .5 (!'ES CH3), 13.4 (CH3 18), 18.4 (CH319), 
25.8 (CH3 17), 27.1 (CH3 16), 34.7 (Cl4), 38.2 (Cl.S), 38.8 (Cl), 44.0 (C8), 44.2 (C9), 47.8 
(Cl), 67.3 (Cl3), 69.7 (ClO), 137.3 (Cll), 138.8 (Cl2), 219.2 (C3); IR (CHC13) u 3.S.SO, 
2960, 2880, 1660, 1460, 1410, 1240, 1200, 1160, 1140, 1080, 1050, 1000, 980, 900, 810 cm·l; 
MS (CI) 367 (M+l,_2), 349 (100), 331 (SS): 

·. 

Ketone S. To a solution of hydroxyketone 4 (P10 =TES) in anhydrous pyridine (25 mL) at ·23 ·c 
under nill'Ogen was added dropwise TBSOTf (3.2 mL, 13.9 mmol). AfEer 5 min, the flask was 
moved co an ice bath and stirred for 1.75 h. The solution was diluted with 75 mL of hexane at 0 
·c and then decanted from the insoluble oil into saturated aqueous NaHC03 solution (200 mL). 
The remaining oil was extncted with three 75 mL portions of he:c:ine. The combined organic 
phases were washed with two 50 mL portions of saturated aqueous NaHC03 solution and then 
with 50 mL of wacer, dried over anhydrous Na2S04 and concencr:ited under reduced pressure. 
The yellowish oily residue was purified by filtration 1hrough a shore pad of silica gel eluting with 
10% ethyl acetate in hexane to give 4.78 g of pure ketone S (P10 =TES, P 13 =TBS) (94% yield 
from 2). 
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5 (P10 =TES,P 13 =TBS): 'H NMR (300 ?YfHz, CDC13) o 0.03 (s. 3H, TBS CH3), 0.05 (s, 

3H. TBS CH3). 0.57 (q, J = 8.2 Hz. 6H, TES CH2). 0.93 (c, J = 8.2 Hz. 9H, TES CH3), 0.93 

(s, 9H, TBS t-Bu), 0.96 (d, 1 = 1.8. Hz. 3H, CH3 19), 1.06 (s, 3H, CH3 17), 1.33 (s, 3H, CH3 

16), 1.68 (dd. J = 5.S, 11.5 Hz. lH, H2a), 1.84 (m, 2H. Hl, H9~). 1.89 (s, 3H, CH3 1.8). 

1.92 (dd. 1 = 6.0, 14.3 Hz. 1H. Hl4a), 2.21 (ddd. J = 5 . .5, 13.2, 15.4 Hz. lH, H9a), 2.39 

(ddd, J = 8.2, 10.4, 14.:3 Hz. lH. Hl4p), 2.52 (ddd. J = 3.9, 7.1, 13.6 Hz. lH, H8a), 2.66 

(dd, J = 2.8, 11.5 Hz. lH. H2j3), 4.45 (dd. J = 5.5, 10.4 Hz. lH, Hl3 j3), 4.61 (d, J = S.O Hz 

lH, HIO~); 13C NMR a (ppm) -5.4 (TBS CH3), -4.6 (TBS CH3), 4.:3 (TES CHz), 6.5 (TES 

CH3), 14.l (CH3 18). 17.9 (TBS i:(CH3)J), 19.1 (CH3 19), 25.4 (CH3 17}, 25.8 (TBS 

C(.Oi3)J), 26.8 (CH3 16), 33 . .S (Cl4), 38.6 (ClS), 39.4 (C2), 43.7 (CS), 44.4 (C9), .47.5 (Cl}, 

61.S (C13), 69 . .S (ClO), 136.8 (Cl 1), 138.8 (C12), 213..5 (C3); IR (CHC3) u 2950, 2900, 

168.0, 1460. 1420, 1395, 1365, 1250, 1200, 1110, 1080, 1000, 900, 860, 840 cm·l; MS (Q) 

481 (M+l, 3}, 463 (16), 349 (100}, 331 (50); AnaL Calcd. for C:z7H520;JS~: C, 67.44; H, 

10.90. Found: c; 67.31; H. 10.78. 

Ketocarbonate 6. To a stin'cd solution of diisopropylaminc (0~60 mL, 4.28 mmol) in 11iF (11 

mL) under nitregen ~t room temperature was added 1.26 mL of a 3.1 M solution (3.89 mmol) of 

.McMgBr in ether. After 3 h, a solution of ketone S (P10 = TES, P 13 =TBS) (750 mg, 1.56 

mmol) in 11iF (~.S mL) was Clddcd dropwise at room temperature. After 1.5 ~, the reaction 

mixture was cooled to. -23 ·c and a solution of 4-pen(cnal (327 mg, 3.89 mmol) in nu= (4 mL) 

was added dropVt~C down the side of the flask. After 1 h, 10 mL of a saturated aqueous NH4 a 
solution was added. Ater 2 min, the reaction mixture was diluted with 100 mL of hexane, then 

poured irico 100 mL oCH20. The organic phase was washed with 100 mL of H20 and 100 mL of 

brine, and dried over anhydrous Na2S04 and concentrated under reduced pressure to give 0.92 g 

o(a yellow oil. To a solution of the crude mixture in CH2Cl2 (lO mL) and pyridine (10 mL) under 

nitrogen at -23 ·c was added 2.3 mL of 4 M solution (9.36 mmol) of phosgene in toluene 

dropwisc and the re:iction mixture was warmed to -10 ·c. After 30 min, ethanol (3.7 mL) was 

added and the resulting mixture wns stirred for 30 min. 111c rc:iction mixture was then diluted with 

300 mL of hexane, washed with 200 mL of a satur:ued aqueous NaHC03 solution, 200 mL of a 
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10 % aqueous CuS04 solution. 200 mL or H20. 200 mL or a sacuratcd aqueous NaHC03. solution 

and 2C-O mL of brine, dried over anhydrous Na2S04 and cancentr:ucd under rcduc::d. pressure to 

give 1.05 g of a yellow solid. Tnc crude mixrure W3S filtered through silica. gel with 10% ethyl 

acetate in hcx:incs to give 96.5 mg of a white solid which was further purified by silica gel 

chromatography eluting with 2% ethyl acecicc in hcxancs to yield 745 mg (15 %) of kctocarbonacc 

6 (P10 =TES. P lJ =TBS, R =Ee) as a white solid. Tnc product was isolated as a 6:1 ratio of 

conformational isomers. The following NMR d.ara is for the predominant conformer. 

6 (P10 =TES, P13 =TBS, R =Et): mp 103-104 ·e; 1H NMR (.500 MHz, CDC13) o 0.08 (s, 

3H, TBS CH3). 0.08 (s. 3H. TBS CH3). O..So (q, J = 7.8 Hz. 6H. TES CH:z). 0.94 (t. J = 7.8 

Hz, 9H. TES CH3), 0.96 (s, 9H. TBS t-Bu). l.08 (s, 3H, CH3 17), 1.29 (m, lH, Ho), 1.38 (s. 

3H, CH3 19), 1.42 (s, 3H, CH3 16), 1.66 (dd, J = 4.6, 12..S Hz. lH, H9et). 1.83 (s, 3H. CH3 

18)~ 1.85 (~ J = 4.5, 4.5 Hz. lH, Hl4et), 2.05 (m. lH. HS), 2.06 (dd. J = 6.4, 14.2 Hz. lH, 

HS). '2.47 (~ 2H. H9<l, H6), 3.01 (dd., J = 3.7, 12.3 Hz, lH, Hl4j3), 4.20 Cm. 2H, Hlet, 

H213), 4.47 (d. J ~ 7.3 Hz. lH., Hl3~), 4.50 (dd., 1=4.6, 11.4 Hz. lH, HlO~). 4.91 (dd, I = 

1.83, 10.l Hz. 1H, H20), 4.97 (dd. J = 1.8, 16.9 Hz. lH. H20), 5.29 (dd. J = 0.9, 10.1 Hz, 

lH. H7), 5.73 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz. lH. H4); IJC NMR 8 (ppm) -S.3 (TBS . . 
CH3). -4.5 (l'BS CH3)~ 4.8 (TES CH1). 6.5 (TES CH3), 14.0 (OEt CH3). 15.S (CH3 19), 15.9 

(CH3 18), 18.1 (TBS ~(CH3h). 25.8 (TBS C(Qi3)3), 27.6 (CH3 17), 28.2 (CH3 16), 30.4, 

30..S (C5, C6), 34.l (Cl4), 39.0 (Cl5), 41.1 (C2), 47.1 (Cl), 47.5 (C9), 55.l (C8), 63.8 

(OEtab), 66.3 (Cl3), 68.3 (ClO), 84.0 (C7), 114.8 (C20), 134.8 (Cll), 138.1 (C4'), 144.9 

(C12), 1.5.5.7 (Ethylcarbonacc C=O), 214.8 (C3); IR (CQ4) u 3000, 2950, 2900, 1770, 1700," 

1490, 1390, 1280, 1140, 1100, 1030, 910, 880, 860 cm·l; MS (El) 636 (M, 100), 593 (20), 538 

(34), 409 (33); Anal Calcd. for C3sH640 6Si2: C, 65.99; H. 10.13. Found: C, 65.88, H, 10.17. 

Hydroxylcctonc 7. To a stirred solution of lcctocarbonatc 6 CPto =.TES. Pll =TBS, R =Ee) (4.00 

g, 6.28 mmol} in THF (65 ml.) under nitrogen at .35 ·c was added 50 ml. of a 0.2 M solution (10 

mmol) of LOA in TI-IF down the side of the flask: ever a. 10 min period. After 30 min, the rc:iction 

mixture was cooled co ·78 ·c and 2.29 g of (R)·c:impharylsulfanyl ox:aziridinc: (tO mmol) in TilF 

(18 mL) was added drop wise down the side of the flask. Afccr 30 min. the react ion 

mixture was 
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quenched with 300 mL of il s:iturated :iqueous Nl1HC03 solution and extracted with 500 mL and 

rhen ISO mL of 25% ethyl aci:cte in hcxancs. The combined org:mic phases were washed with 

brin~ dried over anhydrous Na1S04• and conccntr:ltcd under rcduc::d pressure to yield 7 g of a 

W'dr/ solid. This material was purified by flash chromatography, eluting with 3% ethyl acetate in 

hc:xancs to yield 3.50 g of hydroxykctonc7 (P10 =TES, P13 =TBS, R =Et) (85%). 

1 (P10 =TES, P13 =TBS, R =Et): 1H NMR (500 MHz CDC13) a 0.01 (s, 3H, TBS CH3), 

0.03 (s, 3H. TBS CH3), 0..50 (q, J = 7.8 Hz. 6H. TES CHz), 0.87 (r. J = 7.8 Hz. 9H, TES 

CH3). 0.90 (s, 9H. TBS t-Bu), 1.03 (s. 3H. CH3 17), 1.25 (t, J = 7 .0 H%. 3a OEt CH3), 1.35 

(s, 3H. CH3 19), 1.40 (m, lH, H6), 1.41 (s. 3H, CH3 16), 1.66 (d~ J = 4.6, 12.8 HZ, lH. 

H9~). 1.77 (~ J = 1.4 HZ, 3a CH3 18), 1.83 (d~ J = 6.0, 14.7 Hz, lH., Hl4a.); 1.97 (dd, J 

= 4.1, 8 • .S Hz lH. Hl), 2.02 (~ 2H, HS, H.5), 2.44 (dd, J = 11.9, 11.9 Hz. lH, H9cx), 2.75 

(d, J. = 10.5 Hz. lH, OH-2), 4.14 (q, J = 14.2 Hz. 2a OEt CH1), 4.35 (dd, J = 6.0, 8.7 Hz, 

lH. Hl3), 4.42 (de!. J = 4.6, 11.0 Hz, lH, HlO), 4.49 (dd, J = 4.1, 10.l ~ lH, H2), 4.86 

(dd, J = 1.8, 10.3 .Hz. lH, H20), 4.92 (dd, J = 1.8, 16.9 Hz, lH, H20), S.23 (dd, J = 1.4, 

10.l Hz. lH. H7), S.67 (dddd. J = 6.9, 6.9, 10.S, 16.9 Hz, lH, H4); 13C NMR S (ppm) -5.3 

(TBS CH3), -4 . .5 (TBS CH3), 4.7 (TES CH2), 6..S (TES CH3), 14.0 (OEt CH3). 15.0 (CH3 

19}, 16.0 (CH3 18), U.O (TBS CCCH313), 25.8 (TBS C(Oi3}J), 27.5, 27.8 (CH3 17), 2.8.1 

(CH3 16), 30.4. 30.5 {C5; C6), 36.9 (ClS), 47.3 (C9), 54.5 {Cl), 54.7 (CS), 63.9 (OEt 

CH1), 66.2 (C1:3), 67~8 (Cl 0), 70.3 (C2), 83.6 (C7), 1 ~4.9 (C20). 135.4(Cl 1), 137 .9 (C4'), 

144.5 (C12), 155.6 (Emylcarbonatc C=O), 217.8 (C3); IR (CC14) u 3600, 2950, 2900, 1750, 

1700, 1660, 1470, 1400, 1370, 1240, 1080, 1050, 1000, 840, 680 cm·l; MS (Cl) 653 (M+l, 8), 

564 (100), 431 (69), 389 (67). 

Hydroxycarbonate 8. To a vigorously stirred solution of hydroxyketone 7 (Plo =TES, PlJ = 

TBS, R =Er) (2.69 g, 4.12 mmol) in toluene (117 mL) under nitrogen ac ·78 ·c was added 

drcpwisc down rhc side of the flask 85 mL of a 0.97 M solution (82.4 mmol) of RcdAl in toluene. 

After 6 h ar -78 ·c. Ehc soludon was allowed to gradually warm to room temperature over a period 

of 6 h. The mixture ~lls rccoolcd to • 10 ·c and 125 mL of a 2 M solution (250 mmol) of acetic 

acid in 1HF was added drop wise down the side of the flask. The cloudy mixture was stirred 10 

•;'" . .;. .... 
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min then poured into 1200 mL of 50% ethyl acct:itc in hex:ines and washed with l L of a sarur.ucd 

aqueous NaHC03 solution. The aqueous phase wu extracted with four 500 mL ponions of ethyl 

ac:::atc and the combined organic ph~s were washed with brine, dried over anhydrous Na2S04 

and concentrated. under reduced prr:ssure to yield 2.29 g of 2,3,7-triol as a white solid. This 

material was used without funher purification. 

To a vigorously stirred solution of trial (2.29 g, 3.93 mmol) in CH20 2 (1.57 mL) and pyridine 

(15.7 mL) under nicrogen at -78 ·c was quickly added 7.6 mL of a 3.0 M solution (23 mmol) or 

phosgenc in toluene. The solution was allowed to warm re roem temperature over a period of 1 h 

then poured into 250 mL or ethyl ac:ewc, washed wiEh two 125 mL portions of a sawrated aqueous 

NaHC03 solution and 100 mL brine, dried over anhydrous NaiS04 and concentrated under 
. ~M~ 

reduced pressure to yield 2..52 g yellow oil. Tais material was filtered through a 2 incJtpad of . 

silica. gel with 50% ethyl accracc in hcxancs and concc."Itration under reduced pressure yielded 2.39 

g (9590 from 7) of hydroxy carbonate 8 (P10 =TES, P13 =TBS) as a whicc solid. 

8 (Pio= TES, P13 =TBS): mp 155 -1.57 ·e; lH NMR (SOO MHz. CD03) 5 0.09 (s, 3a TBS 

-CH3), 0.10 (s, 3H, TBS CH3), 0.59 (q, J = 8.2 & 6H. TES CH:z), Q;96 Ct. J = 8.2 Hz, 9H. 

TES CH3), 0.97 (s, 9H, TBS 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, lH, H9~), 1.65 (m, 2H, H6, H6), 1.99 (dd, J = 6.4, 

15.1 Hz, lH, H14a.), 2.01 (d, J = .9 Hz, 3H, CH3 18), 2.04 {d, J = 3.7 Hz, lH, Hl), 2.11 

{ddd, J = 7.8, 15.6, 15.6 Hz, lH. HS), 2.28 (ddd, I = 9.6, 9.6, 14.2 Hz. lH, Hl4~). 2.34 

{dd, J = 12.4, 13.3 Hz. lH, H9~). 2.41 (m, UL H.5), 3.87 (dd, J = 0.9, 10.5 Hz, lH, H7), 

3.95 (d. J = 3.7 Hz, lH, H2), 4.59 {dd, J = 3.7, 11.4 Hz, lH, HlO~). 4.40 (s, lH, H3), 4 . .55 

(dd, J = 6.4, 8.7 Hz, lH, Hl3), .5.03 (d, 1 = 10.5 Hz. lH, H20), 5.07 (dd, J = 1..5, 17.0 Hz. 

IH, H20), 5.77 (m, lH, H4); lJC NMR o (ppm) -5.4 (TBS CH3), -4.4 (TBS CH 3), 4.8 (TES 

CHz), 6.5 (TES CH3), 15.5 (CH1 18), 17.9 (TBS CCCH;h). 18.2 (CH3 19), 25.6 (TBS 

C(CH3)3), 25.9 (CH3 16), 27.5 (CH3 17), 28.3 (C6), 28.4 (CS), 29.8 (Cl4). 30.8 (ClS), 

36.S (C8), 36.8 (C9), 37.3, 50.8 (Cl), 66.6 (CIO), 67.8 (Cl3), 70.5 (C2), 91.9 (CJ), 91.9 

(C7), 116.3 (C20), 133.7(Cl1), 137.9 (C4'), 142.6 (C12), 148.0 (cyclic c:irbonacc C=O): IR 

(C04 ) u .3450, 2950, 2870, 1750, 1460, 1380, 1350, 1220, ll20, 1080, 1040, 980, 900. 820, 

710cm· 1; MS (CI) 625 (M+l-H20, 6), 55l (ll), 477 (100}, 459 (12), 433 (8), 344 (90); AnaL 
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Ketoc:ubonatc 9. To a vigorously stirred solution of dimethylsulfaxidc (2.41 mL. 34 mmol) in 

CH1C'! (57 mL) under nitrogen :it -78 ·c was added 8.5 mL of a 2.0 M solution (17.0 mmol) of 

oxalyl chloride in <:Hz01. After 10 min, a solution of hyroxycarbonatc 8 (Pia= TES, P13 = 
TBS) (3.45 g, 5.67 mmol) in 16 mL CHlQ2 was added dropwisc down the side of the flask. 

Alter 30 min at -78 ·c. tticthylamine (6.8 mL, 49 mmol) was added and the mixture was wanned 

to room temperature. The mixture was diluted with 200 mL hexancs, w:ished with two 15 mL 
; 

portions of a sal'Jr.l!.cd aqueous NaHC03 solution and brine, dried over ~hydrous Na2S04 and . . 
concentrated under reduced pressure to yield 3.45 g of a yellow solid. This matcri:tl was filtered 

(-i.S'lfc-) . 

. though a 1. inchlpad of silica gel. with 10% ethyl aceratc in hcxancs and then recrystallized tiom 

hc:canes to yield 2.62 g of kctocrbonatc 9 as white crystals. Tne mother liquor was purified by 

silica. gel chmmitcgraphy, eluting with 10% ethyl acme in hexanes md then n:aysraJJizarion Cram 

he:anes to yield an addidcrutl 0.58 g ofkctcc3rbonate 9 (P10 =TES, P13 =TBS) (total yield: 3.20 

g, 93C10). 

9 cP10 =TES, P13 =TBS): mp 140:o • 141.5 ·c; lH NMR (500 MHz, CD03) 3 0.11 (s, 3H. 

TBS CH3), 0.12 (s, 3a TBS CH3). 0.60 (q, J = 7.8 Hz, 6H, TES CHi), 0.96 (t. J = 7.8 Hz, 

9H. '!ES CH3), 0.98 (s, 9H,-TBS t-Bu), 1.06 (s, 3H, CHj 19), 1.17 (s, 6H. CH3 16, CH3 19), 

1.42 (dd, J = 3.7, 14.2 Hz. ia H9~). 1.63 (m, 2a H6, HQ), 2.12 (~ lH. HS), 2.38 (d, J = 

0.9 ~ 3H. CH3 18), 2.47 (dd, J = 11.4, 13.3 Hz, lH, H9a.), 2.65 {d, J = 8.2, lH, Hl), 3.94 

(dd, J i= 1.4, 10-4 Hz, lH, H7), 4.44 (dd. J = 3.7, 11.4 Hz, lH. HlO), 4.49 (s, lH. HJ), 4.64 

(dd, J = 6.9, 7.8 Hz. lH. Hl3), 5.04 (dd, J = 1.4, 11.9 Hz, lH, H20), 5.07 (dd, J = 1.8, 17.4 

Hz, lH, H20), 5.76 (m. lH. H4); 13C NMR 8 (ppm) -5.4 (TBS CH3), -4.5 (TBS CH3), 4.8 

("IES CHz), 6.5 (TES CH3), 15.7 (CH3 18), 17.8 (CH3 19), 17.9 (TBS .C(CH3)J), 25.S CT.BS 

C(0{3);), 28.2 (CH3 16), 28.3 (CH3 17), 28.3 (C6), 29.6 'C5), 30.4 (Cl4), 37.7 (ClS), 
.. 

38.0 (CS, C9). 62.1 (Cl), 66.5 (ClO), 67.5 (Cl3), 91.3 (C3), 91.5 (C7), 116.4 (C20), 

132.8 (Cl 1), 137.0 (C4 '), 145.4 (C12), 146.6 (cyclic carbonate C=O), 206.8 (C2); lR (CC14) 

u 2930, 2860, 1760, 1670, 1450, 1380, 1340, 1240. 1180, 1170. 1120, 1090. 1060, 1040, 980, 

890, 860, 820, 700, 650 cm· 1; MS (Cl) 607 (M+l, 6), 549 (11), 475 (100), 431 (4), 347 (45); 
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Anal. CJ.led. for C3JHn06Si~: C, 65.30; H, 9.63; Found: C~ 6.5.23; H, 9.66. 

2-Kc:co-3-Hydroxy-L:ic:onc 10. Ta _a stirred solucion of 3,7-cyclic c:irbonacc 9 (Pio= TES, PLl 

=TBS) (2.246 g, 3.70 mmol) in T"rlF (9 mL) was added 19.4 mL of 0.2 M L TMP (3.88 mmol) in 

TI1F dropwise down the sides of chc flask at-25 ·c. The: rc:i.crion mixture was allowed co warm !C 

-10 ·cover the course of 30 min. Tnc cold rc:1.ction mixture was pou~d into 100 mL of 10% 

aqueous ac:tic acid and cxcractcd. with 100 mL of to % ethyl ac:utc in hcxancs. Tnc organic 

phase was washed with SOmL of a saturated aqueous NaHC03 solution and SOmL of brine. The 

combined aqueous phases were extracted with two 20mL portions of 10% ethyl acetate in 

· hexanes. The organic phases were combined., dried over anhydrous NaiS04 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 (P10 =TES, P13 =TBS) as a foamy solid and 0.207g (7.2%) of the 3-

carbarnate. 

10 (P1o =!ES, P13 =TBS): 1H NMR (500 MHz. CD03) S 0.12 (s. 3H, TBS CH3), 0.14 (s, 

3H. TBS CHj), 0.61 (q, J = 7.8 Hz. O'd, TES CH1), 0.92 (s, 9H. TBS c-Bu), 0.97 (~ J = 7.8 

Hz, 9H. TES CH3), 1.11 (s, 3H. CH 3 17), 1.22 {s, 3H, CH3 19), 1.27 (s, 3H. CH3 16), 1.32 

(dd, J = 3.2. 13.3 Hz. lH, H9~). 1.64 (ddd, J = 2.3, 6.9, 9.2 Hz. lH. HO). 2.07 (m. 2a H6, 

HS), 2.17 (m, lH. Hl4et), 2.33 (in. lH, H.5}, 2.6j (m, 2H. Hl4~, Hl), 2.74 (d~ J = 12.4, 

12.4 Hz, lH. H9et), 3.92 (dd, J = 2.8, 11..5 Hz. lH, H7), 4.47 {dd, J = 3.2, 11.0 Hz, lH. 

HlO), 4 • .SS (dd, J = 2.8, 9.6 Hz, lH, Hl3), 5.02 (d, J = 10.1 Hz. lH, H20), 5.07 (dd, J = 
1.4, 16.9 Hz. lH, H20). 5.8 t (dddd, J = 6.9, 6.9, 10..S, 16.9 Hz. lH. H4); !JC NMR S (ppm) 

-5.2 (TBS CH3), -4 . .S (TBS CH3), 4.8 (TES CH2). 6.o (TES C"rl3), 16.4 (CH3 18), 17.9 CTBS 

C(CH3)J), 24.2 (CH3 19), 25.7 (TBS C(Ol3)3), 26.9 (CH3 16), 30.1 (CH3 17), 30.4 (C.5), 

32.7 (C6), 32.9 (CI4), 39.I (C15), 40.6 (C9), 48.1 (C8), 62.0 (Cl), 67.3 (ClO), 67.6 

(C13), 87.9 (C3), 91.l (C7), 115.8 (C20), 137.7(Cl1), 138 . .S (C4'), 143.0 (Cl2), 173.5 

(C4), 207.6 (C2); CR (CC1 4) u 3500, 2970, 29C<J. 1780, 1700. 1480, 1360, 1260, 1210, 1160, 

1070, 1010, 910, 890, 840 cm·I; MS (EI) 606 (M. IC-0). 549 (69), 474 (27), 431(65).417(40); 

Anal. Ca!cd. for CnHsa06Si2: C, 65.30~ H. 9.63; Found: C. 65.38; H, 9.64. 
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Kccauccane 11. To the2·kcto·3-hydroxylacconc 10 (Pla =TES. Pn =TBS) (l.10 g, l.8J 

mmol) w~ :tdded :r. 0. l M solution of Sm!., in T'MF (82 mL. 8.2 mmol). The resulting ·dark blue - -
solution was stim:d at room tempcr:uurc unde: N2 for 4h. After cooling to 0 ·c an ctherc:tl 

solution of HCI (0.66M: 4.2 ml.. 2. 77 mmol) w:is added: after 5 min the flask was opened to the 

air and the ~:tctlon mixture was diluted with 200 mL of cold ethyl ac:t:ltc. then poutcl into 50 mL 

of ice cold 0.2N aqueous HO. Tac organic phase was separated and washed with 50 mL of a S% 

aqueous citric <tcld solution, two 50 mL portions of a. saturated aqueous No:iHCO:i solution and 50 

mL of brine, dried over anhydrous Na.,SO" and conc:ntr:itcd under rcduc:d pressure.. Tni: - . 
n:.sulting material was clissol ved in· 100 ml. or hc:::ancs, then sillc:i gel ( 230-409 mesh; 4.3 g) was 
added and the mi:cturc was vigorously stirred at room temperature (or 6.5 min before filtc::ing 

through a 1 inch (2.54 cm) pad of silica gel eluting with 300mL of 20 3 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 

_$e cis-ketolactone 11 and ].64mg (15%) of the corresponding trans isomer. 

To a solution of the D'ans-2-kc:to~:ictonc (611 mg, l.03 mmol) stirred in 10 mL of 'tHF under 

nitrogen at 0 ·c was added down the side: of the flask 6.8 mL of a 0.6 M solution (4.1 mmol) of c­

BuOK in TI1E:: Tne resulting solution was stirred. for 1.5 h tbcn 10 mL of a 10% acetic acid 

solution in niF was added down the side of the flask. After stirring for S min the mixture was 

dil~tcd with 200 mL of hcxanc:s and poured into 100 mL of a saturated aqueous NaHCO:i solution. 

Tne organic lay~r was washed with water and brine then dried over anhydrous .Na2S04 and 

concentrated under reduced pressure to yield 615 mg or p:ile brown oil. The oil was dissolved in 

10 mL of hex:ines a.nd sili~:t gel (3.0 g) was added. The: mixture was stim:d vigorously for 15 min 

then filtered through a 112 inch (l.27cm) plug of silica gel with 20% ethyl acetate in hexanes. 

Concentration of the filtrate under reduced pressure yielded 576mg of pale yellow oil. This 

material was purified by silica gel chromatography, eluting with 10 % then 20% ethyl acetate 

in hexanes to yield 472mg (77%) of pure cis-2-ketolactone 11 <Pio = TES, P13 = TBS), 84mg 

(13%) of pure trans isomer and 24mg of a 6: 1 mixture of cis:trans isomers. 

1l (P10 =TES. P ll =TBS): mp= 86 . .5 • 88.0 'C; 'H NMR (500 ~rH:z:. CDCIJ) cS 0.0.5 (s. 3H. 
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TBS CH3), 0.07 (s, 3H. TBS CH3), 0~.54 (q, 1 = 7.3 Hz. 6H, TES CH2). 0.84 (s, 9H. TBS t· 

Bu), 0.90(t.1= 7.8 Hz.. 9H, TES CH3). l.03 (s. 3H. CH3 1_7). 1.11 (s, 3H. CH3 16), 1.15 {s. 

3H, Gi3 19), 1.35 (dddd, J = 4.6, 4.6, 7.3, 14.2 Hz, lH, H6), 1043 (dd, J = 3.7, 12.8 Hz, lH, 

H9p,), 1.67 {dddd, l = 3.2, 7.3, 10. l, 13.7 Hz, lH. H6), 1.83 (dd, J = 4.6, 16.0 Hz. lH, 

Hl4a), 2.03 (m, lH, H5), 2.07 (d, l = 1.4 ~z, 3H, CH3 18), 2.25 (m, lH, H.S), 2.30 (dd, J = 
11.9, 12.3 Hz. lH. H9a), 2.45 (d, 1 = 8.2 Hz. lH, Hl), 2 . .58 (ddci 1 = 8.7, 9.2, 16.Q Hz, lH. 

H14~). 3.93 (dd. J = 2.8, 11.4 H~ lH H7~). 4.03 (s. ta H3a), 4.37 (dd, J = 3.7, 1 LO Hz. 
lH. HlO~). 4.46 (ddd. J = 1.4, 4.6, 9.2 H~ lH, Hl3j3), 4.96 (dd, J = 1.4, 10.1 Hz. lH, H20), 

5.01 (dd. J = 1.4, 17.4 Hz, lH, H20), 5.73 (dddd. J = 6.4, 7.3, 10..5, 16.9 Hz. lH. H4); lJC 

NMR o (ppm) ·5.3 (TBS CH3), -4.6 (TBS CH3), 4..5 (TES CH1), 6.5 (TES CH3), 15.0 (CH3 

18), 18.0 (TBS '(CH3}]), 1.5.1 (TBS C{Oi3)3), 28.9 (CH3 19), 29.2 (CH3 16), 29.8 (C5), 

29.9 (CH3 17), 30.3 (C6), 32.8 (C14), 38.5 (ClS), 44.2 (CS), 44.9. (C9), 60.6 (C3), 61.2 

(Cl)~ 66.9 (ClO), 67.8 (C13), 91.9 (C7), 115.7 (C20), 137.7 (Cll), 138 . .S (C4'), 142.4 

(Cl2), 174.7 (C4), 204.8 (Cl); IR (CQ4) u 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180, 

1070, 1060, 1000, 830 cm·I; MS (CI) .591 (M+I, 5), 523 (6), 459(100), 441 (5); Anal. Calaf. 

for C33HsaOsS~: C, 66.07; H. 9.89; Found: C, 66.97; H. 9.91. 

1-Hydroxy·2·Kc:to-Lactonc 12. To 34.2 mL of a stirred 0.2 M ·solution (6.84 mmol) of L TMP in 

'rrlF under nill'Ogcn at -10 ·c was added a solution of kctolactonc 11 (P10 =TES, P13 =TBS) 

(1.008 g, 1.71 mmol) in 10mLof111F dropwisc down the side of [he flask. After 0.5 h, the 

reaction mixrurc was cooled to -40 ·c and a solution of C±l·campharsulfonyl oxaziridine (1.96 g. 

8 . .55 mmol) in THF (10 mL) was added dropwisc down the side of the flask. Af tcr 20 min, the 

reaction mixture was cooled to ·78 ·c. diluted with 200 mL.o(hexancs and rapidly poured into 

250 mL of a vigorously stirred saturated aqueous NH 4Cl solution. The aqueous phase was 

extracted with two 50 mL portions of hex:mc and the combined organic phase were dried over 

anhydrous N~S04 and concecr:ited under reduced pressure to give 1.4 g of a. wa.i:y solid. Tnis 

ma[crfa.1 was chrcmacogra.phcd (CH2a 2 followed by hcx:ine_s incrc::tsing to 10% ethyl ac::uuc in 

hexancs} to give 0.882 g of hydroxykctolactone 12 (P10 =TES, P l:J =TBS) (85%) as a white 

solid. 0.083 g of the corresponding ,;.aru-hydroxylcctolactone .(8 %) as a solid, and 31 mg of 
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returned lcetolactcnc 11 (3 % ) • 

12 (P10 =TES, P13 = TDS): mp 124-126 "C; lH NMR (C6D6) S (ppm) 0.09 (s, JH, CH3 in 

TBDMS), 0.17 (s, 3H, Oi3 in TOOMS), 0.62 (q, i = 7.78 Hz. 6H CH1 's in TES), l".03 (t, J . . 
=7.78, 9H CH3 's in ~S), 1.05 (s, JH, CH319), 1.13 (s,. 9H. t-Bu in TBS), 1.20 (s, 3H, 

CH317), 1.39 (m, lH, H6), 1.42 (s, 3H. CH3 16), 1.44 (dd. J = 0.92. 13.28 Hz. lll,. H9JS), 

1.98 (dd, J = 9.61, 12.82 Hz, lH. Il14Jl), 2.05 (m, lH., Il.5). 2.06 (broad, lH, OHl, D10 

exch:ingablc), 2.25 (m, lH, ti6), 2.27 (d. J = 0.91 Hz, 3H, C.H318), 2.29 (m, lH, HS), 2.41 

(dti J= 10.98, 13.28 ~ l~ H9a), 2..56 (dd., J = 3.21, 12.82 Hz, IH, 1114a}, 3.83 (def, J = 

2.75, 11.90 Hz. lH, H7), 4.04 (s. lH, HJ), 4.47 ·(dci, J = 0.92, 10.98 Hz. ta. HlO), 4.60 

(ddq, J = 0.91, 3.21, 9.61 Hz. 11-I, H13). 5.11 (br d, J = 10.53 Hz. ta H20), S.18 (br d. J = 

17.40 Hz. lH, H20), 5.77 (m, lH, H4); 13C NMR (CDC13) a (ppn1) -5.4 (1'BS 013), -4.7 

(I'.BS OI3); 4 • .S (TES CHv. 6..5 (TES CH3), 1.5.5 (CH3 18), 17.9 rrns ~(CH3)J), 22..S (CH3 

19), ls.7 (TBS CC,Oi3)3), 26.3 (Oi3 16), 29.8 (CH3 17). 29.8 '(CS), 30.4 (Co), 39.6 (Cl4), 

41.3 (CtS), 44.S (C9), 45.0 (CS), 58.l (C3), 66.5 (ClO), 68.2 (Cl3), "83.0 (Cl); 91.7 (C7), 

115.7 (C20), 137.0 (Cl 1), 137.6 (C4'), 145.5 (Cl2}, 175.0 (C4), 202.4 (Cl}; . IR (CC14) u 

3500, 3000, 1780, 1720, 1100 cm·l; MS (Cl) 607 (M+l, 10), 589 (56), 475 (100), 457 (61); 

Anal. Calcd for C33H~a06Si2: C, 65.30; H. 9.63. Found: C 65.19; H, 9.60. 

1.2-Dihydroxy-ttnns·factcnc 13. To a stimd 1.23 M solution of Red-Al (4.6 mmol, 5.6 mmol) in 

TilF undcrnicrcgen at-78 ·c was quickly added a solution of cis-hydroxykcEonc 12 (P1o =TES, 

P13 =.TBS} (342 !11g, 0.563 mmol) in THF ~ mL). After i.5 h, 25 rnL of a 15 % aqueous 

NaOH solution .. was added dropwisc directly to the rc:iclion mixture. 111c rc:iciion mi~ttzre was 

vigorously stirred at room tempcruturc for 3 11 ilna was tncn pourca into 100 mL of H20 and 

extracted with two 100 mL portions of ether. The organic phases were combined and washed 

with 100 mLof H20 and 100 mL of brine, dried over anhydrous Na2S04 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 hcx:ines followed by 2.5% ethyl acetate in hcxancs to 

yield 290 mg tran.r-~ol l J as colorless needles. 14.5 mg (4.2 %) of crans-hydrcxykecone, and 20 

mg of a mixture of ci.s'-dicl and unknown byproducts. To a solution of the mixture containing cis-



diol in TiiF (l rriL) under nitrogen ilt room tcmpcr:irurc was added 0.5 mL a 30% .aqueous solution 

of NaOH. After 2.5 h, the ~:iction mixture w:is poured into 30 mL of H-~0 and extracted with 30 

mL of ether. Tne organic phase was _washed with 30 mL of H20 and 30 mL of brine:, dried over 

anhydrous Na2S04 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 ac::t:itc in hc::cancs to yield 

an additional 12 mg (toca.l yield: 302 mg. 88%) of a-an.r-diol 13 (P10 =TES. Pl3 =TBS). 

13 (P 10 =TES. p 13 =TBS): mp 127-128·c. 1 H NMR (500 'MHz. CDCl3) 0 0.09 (s. 3H. TBS 

CH3), 0.11 (s, 3H. TBS CH3), 0.60 (q, J = 8.1 Hz, 6H, TES CH2). 0.87 (s, 9H, TBS t-Bu), 

0.96 (t. J = 8.1 H~ 9H, TES CH3) l.13 (s, 3H, CH3 17), 1.23 (s, 3H. CH3 16), 1.31 (s, 3H • 
. •· 

CH3 19), 1.42 (dd, J = 3.7. 12.8 Hz 1a H9~). 1.46 (ddd. J = 4.8. 8.8, 11.4 H~ lH. Ho), 

1.74 (dddd, J = 3.3, 7.3, 9.9, 12.4 H~ lH, H6), 1.99 (d, J = l..S Hz, 3H, CH3 18), 2.10 (~ 

lH.. HS). Ul (dd. J = 3.7, 5.4 Hz, lH, Hl4et), 2.26 Cm. 3H. HS, H9ct, Hl4~). 2.92 (d, J = 
1.1 Hz. lH. ~). 3.84 (dd, J = 2.2, 7.7 Hz, lH, H2), 3.8.S (s, lH, OHl), 3.97 (dd. J = 2.9, 

11.4 Hz, lH. H7), 4.47 (dd, J = 3.7, 11.4 F.z 2H. Hl3, HlO), 5.01 (dd, J = 1.8, 12.2. Hz 
lH, H20), 5.07 (dd. J = 1.7, 17.0 H~ lH, H20), 5.78 (dddd. J = 7.3, 7.3, 10.l, 16.S Hz, lH. 

H4), 6.87 (d, J = 2.9 Hz. tH, OH2), tJC NMR (CDC13) 8 (ppm) ·S.31, 4.59, 4.79, 6.55, 

16.60, 17.68, 21.24, 24.70, 25.62. 28.50, 29.52, 30.05, 40.20, 40.41, 44.18, 45.18, 45.60. 

66.62, 69.25, 71.32, 88.91, 116.09. 136.96, 138.63. 139.93, 180.10, IR (CHCl3) u 3050, 

1730, 1460, 1350 cm·1, MS (EI) 608 (M, .13), 590 (26), 267 (100), Anal. Calcd •. for 

C33H0o06Si2: C 65.08; H. 9.92. Found C, 65.06; H, 9.98. 

Carbonate 14. To a stirred solution of diol 13 (P10 =TES, P13 =TBS) (1.00 g, 1.64 mmol) in 

CH2C 2 (58 mL) and pyridine (5.8 mL) under nitrogen at -78 ·c was added dropwise 8.2 mL of 2 

M solution (16.4 mmol) of phosgenc in toluene. Tncn the rc:iction mixure was wanned to -23 ·c 
and stirred for 30 min. To the resulting ·mixture, 50 mL of a sacur:iced aqueous Na.HC03 solution 

was added. After warming co room temperature .for I 0 min, the rc:iction mixture was cxtr.icted 

with 200 ml. of 10% ethyl acecace in hc:xanc:s. The org;:inic phase was washed wich lOO mL of a 

10 % aqueous CuS04 solution, two 200 mL portions of a. saturated aqueous Na.HC03 solution and 

brine, dried over anhydrous Na2S04 and concencrilted under reduced pressure to give 1.1 g of a 
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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 l.04Sg (100%) of carbonate 14 (Pio = TES, P13 = 

TBS)as a white solid. 

14 (P1a =TES, p lJ =TBS); mp 146-147 ·c. l H NMR (500 MHz. CDCl3) 0 0.11 (s, 3H, TBS 

CH3), 0.12 (s, 3H, TBS CH3). 0.61 (q, J = 7.8 Hz.. 6H, TES CH2), 0.88 (s, 9H, TBS t·B.~}, 

0.96 (c. J = 7.8 Hz. 9H TES CH3), 1.20 (s, 3H. CH3 17), 1.30 (s. 3H. CH3 16), 1.32 (s, 3H, 

CH3 19), l.40 (ddd, J = 2.7, 4.5, 9.2 Hz. lH, HO), 1.44 (d. J = 3.7, 13.3 Hz. tH, H9~), 1.71 

(dddd, 1= 2.7, 6.9, 9.6, 12.8 Hz, lH, HO), 2.11 (ddd, J = 7.8, 15.:3, 15.3 Hz. lH, H5), 2.29 

(dd, J = 3.2, 15.6 Hz. la Hl4a.), 2.31 (m, 2a RS, H9et), 2..59 (dd, J = 9.2. t.5.6 Hz, lH, . . 
· Hl4P). 2.99 (d, J = 1.3 Hz. lH, H3 a.), 4.02 (dd, J = 2. 7, 11.4 Hz. lH, H7 p), 4.38 (dd, J = 

3.7, 11.0 Hz, lH, Hl0j3), 4.47 (d, J = 7.3 Hz, lH, Hl~). 4..57 (dd, J = 2.1, 9.2 Hz. lH, 

H13p), 5.02 (dd, J = 1.4, 10.1 Hz, lH, H20), 5.06 (dd, J = 1.4, 16.9 Hz. lH, H20), 5.n 
(dddd. J = 6.9, 6.9, 10.l, 17.0 Hz. lH, H4), t:sc NMR (CD03) 5 (ppm) ·5.37, 4.60, 4.75, 

6..51, 17.02, 17.60, 21.24, 24.64, 2.S.55, 27.36, 29.50, 30.11, 37.56, 39.96, 42.89, 43.75, 

45.39, 66.54, 68.29, 87.:37, 90.05, 116.15, 136 . .S4, 136.94, 144.93, 1.53.32, 169.89, IR 

(CH03) u 3070, 1800 cm·l, MS (El) 634 (M, 12), 577 (100), Anal. Calaf. for C34H5gO,Si2: 

C. 64.31; H. 9.21. ~ound C, 54.41; H, 9.22. 

. Kc:toestcr lS. To a stirred solution oflnctonc 14 (P10 =TES, P13 =TBS) (l.05g, 1.65 mmol) in 

methanol (70 mL) under nia-ogen at • 78 ·c was added a saturated solution or ozone in methylene: 

chloride (50 mL, 40 mL then 8 mL) uncil no more starting mt1.ccrial remained by TLC analysis. . : . 
Trlc:thylamine {4.8 mL) and trimethylphosphite (3.1 mL) were added sequentially co the resulting 

mixture at -78 ·c. After stirring 5 min, the solution was warmed to O ·c and stirred for 2 h. The 

resulting solution was poured inco 250 mL of il saturated aqueous NaHCQ3 solution and c:xtactcd 

with three 200 mL portions of CH 2C12• The combined argllllic l~yers were Wilshed with 150 mL 

of a saturated N:iHC03 solution, dried over ilnhydrous N:i1S04 and coitccncratc:d under reduced 

pressure to give: 1.10 g of the aldehyde as a colorless oil. Tnis material .was used 

without furtti.~r purification. 

To a stirred solution of the aldehyde ( 1.10 g) in· t·buc:inol (30.8 mL), acetone ( l 0.3 mL) and 8 mL 
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of a l.25 M (10 mmol) aqueous KH2P04 solution at 0 ·c was added 11.3 mL of a l M (11.3 

mmol) aqueous KMnO 4 solution over the course of 2 min. The re:iction mixture was stirred at O 

·c for 30 min. poured inco 200 mL.~f a 10% aqueous Na2S2~ soludon and exi:rac:cd with thre:: 

200 mL portions of ethyl ac::cice. Tnc combined organic layers were washed with 50 mL of ware:, 

dried aver anhydrous Na2S04 and conccncr.ucd under reduced pressure. To a stirred soluti.on of 

dlc oily residue in ether (30 mL) at room tcmper.iturc was added an cthc:c:tl solution of CH2N2 (20 

mL). The solution was conc::ntr.ited under reduced pressure to give 1.15 g of a colorless oil. Tnis 
cs.or~) 

material was filtered through a 2_ inchf.Pad of silica gel with 40% ethyl ac::tatc in hexancs and 

conccncracion undcrrcduc:d pressure yielded l.01 g (91%) oflactonc ester 15 (Pio= TES, P 13 = 

TBS, R= Mc). 

IS (P10 =TES,P 13 =TBS, R =Mc): 'H NMR (500 MHz. CD03) S 0.12 (s, 3H, TBS CH3), 

0.12 (s, 3H, TBS CH3), 0.60 (q, J = 8.1 Hz. 6H, TES Oiv. 0.88 (S, 9H, TBS t·Bu), 0.96 (t, 

J = 8.1 Hz. 9a; TES CH3). 1.21 (s, 3H, CH3). 1.30 (s. 3H. CH3). 1.33 (s, 3H. CH3). 1..51 

(dd, J = 3.7, 13.2 Hz, lH. H9{3), 1.53 (m. lH. HQ), 2.06 (d, J = 1.1 ~ 3H, CH3 18). 2.07 

(~ J = 2.9, 7.7, 21.o Hz. lH. H6). 2.29 (dd, J = 3.7, 15.8 Hz. 1a H14ct), 2.31 {dd, J = 
13.2, 13.2 Hz, lH, H9ct), 2.46 (ddd, J .= 7.7, 16.8, 24.5 Hz lH, HS), 2.53 (ddd, 1 = S.5, 7.7, 

16.8 Hz, lH, H5), 2.60 (dd. J = 9.2, 15.8 Hz. lH, H14{3). -2.99 (d, J = 7.3 Hz, IH. H3a), 3.68 

(s, 3H, CCJiMc). 4.09 (dd.1= 2.6, 12.1 Hz. lH, H7~). 4.39 (dd,J= 3.7, ll.0 Hz, IH. Hl013), 

4.47 (d, J = 7.3 Hz. lH, H2f3), 4..59 (dd, J = 1.8, 9.2 Hz, lH. Hl3{3); Anal. Calcd. for 

C34Hsa"9Si1: C, 61.22; H, 8.77. Found C, 61.30; H, 8.79. 

Enol ester 16. To a stirred solution of lactone ester l S (P10 =TES, P13 =TBS. R =Me) (1.01 g, 

1..51 mmol) in TilF (24.5 mL) at -78 ·c was added slowly a 19.4 mL of a. 0.2 M solution (3.88 

mmol) of LOA in THF down the side of the flask over the course of 3 min. After stirring 35 min. 

10 mL of a 33% solution of acetic acid in TiiF was quickly added. After 5 min, the mixture was 

poured into 150 mL of a sacuraccd aqueous NaHC01 solucion and cx1r.1cccd wich three 200 mL 

portions of CHCl3. Tne combined organic phases· were dried over anhydrous Na2S04 and 

concencraced under reduced pressure co give l.02 g of crude enol ester 16 (P10 =TES, P13 = 

TBS. R =Mc) as a colorless oil. Approximately 3% of unre:ictcd ester lactone 15 was still present 
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but this material was used without further purific:icion. 

16 (PLa =TES, Pc1 =TBS, R =Me): IH NMR (300 MHz. CDCl3) o 0.09 (s, 3H, TBS CH3). 

0.10 (s, 3H, TBS CH3), 0.61 (q, 6'f!. TES Qii), 0.87 (s. 9H. TBS t-Bu), 0.96 (t, J = 8.0 Hz. 

TES CH3), t.08 (s, 3H, CH3), 1.21 (s, 3H, CH3), 1.33 (S, 3H, CH3), 1.61 (d, 1 = 4.3 Hz. lH, 

OH·7), 1.89 (dd. J = 4.J, 13.9 Hz, lH, H9a.), 1.95 (dd, J = 11.2, 11.2 Hz, lH, H9 p), 2.01 (d, 

J = 1.1 ~ 3H, CH3 18), 2.22 (ddd9 1 = 2.7, 10.7, 15.5 Hz. lH. H6~). 2.45 (dd, J = 4.8, 15..S 

Hz. IH. Hocx), 2.54 (dd, J = 9.1, l.S.O Hz. lH, H14~). 2.86 (dd, J = 3.7. 15.0 Hz. lH. Hl4a.), 

3.07 (s, lH, H3et), 3.40 (ddd, J = 4.8, 4.8, 9.6 Hz. lH, H7 ci), 3.75 (s, 3H, C01Me ), 4.39 

(dd,J = 4.3, 11.2 Hz lH, HlO~). 4.60 (d, l= 4.3, 11.2 Hz. lH, H2~). 4.67 (dd, J = 2.1, 9.1 

. Hz. lH. Hl3~). 12.24 (s, lH, OH4). 

Encl~ 17._ To a stirred solution of crude encl ester 16 (P10 =TES, P13 =TBS, R =Me) (1.02 

g) in THF (13 mL) and 2;.mcthoxypropene (13 ml.) under nitrogen at 0 ·c was added 0.48 mL of 
. . 

a 0.1 M solution (0.048 mmoO of p·tolue."tesulronic acid in THF. Tnc: mixture was stirred at 0 ·c 
for 10 min and then cricthytaminc (0.66 mL) was added. The mixrure was conc:ntratcd 011der 

reduced pressure and purified by silica gel chromatography, eluting with 7 .5% ethyl acetate in . . 
hexanes inCrcasing co 30% ethyl acccacc: in bcxanes to yi~ld 938 mg encl ester 17 (P7 =MOP, P10 

=TES, P13 =TBS, R =Mc) (84% from 1 S) and 30 mg (3%) of recovered l~tonc ester 15. 

17 (P7 =MOP, P10 =TES, P13 =TBS, R =Me): mp 95-97 ·c, 1H NMR (300 MHz, CD03) o 
0.08 (s. JH. 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), l.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., 

H9~}. 1.98 (s. 3H. CH3 18}, 2.17 (ddd, f= 2.8. 10.4, 15.9 Hz. lH. Ho~). 2.52. (dd, J = 9.3, 

15.4 Hz. lH. Hl4P). 2.63 (dd, 1 = 4.4, 15.9 Hz. lH, H6a.), 2.88 (dd, 1 = 3.8, 15.4 Hz. lH, 

Hl4a.), 3.06 (s. lH. H3a.}, 3.26 (s, 3H, MOP OMe), 3.37 (dd, J = 4.4, 10.4 Hz, lH, H7et), 

3.72 (s, 3H. C0.2Me), 4.36 (dd, J = 6.0. 9.3 Hz. tH, HtOp), 4.57 (d, J = 2.2 Hz. lH, H2p), 

4.67 (dd. J= 2.8, 9.3 Hz. lH, Hl3jl), 12.24 (s, lH. OH4). 

EnoI estc:r 17 (P7 =TES). To :i solution of the cnol csccr 16 (Pla =TES, PLJ =TBS, R =Mc) (9 
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mg, 0.0137 mmolc) ilnd DMAP (J . .5 mg, 0.0286 mmolc::) in pyridine (0.6 mL) at 0 ·c. was ilddcd 

tticthylsilyl chloride (0.02.5 mL. 0.14 mmolc). The solution Wils stirred at room tcmper:uurc for 

16 ft. diluted with ethyl accuce (10 mL), poured into a s:icur:iced aqueous sodium bic:irbon:itc 

solution (20 mL) and c:xtr:ictcd with 20% ethyl ac::titelhc:cinc (20 rnL x 3). Tnc combined organic 

layer was dried over anhydrous NaSO 4, filtered and conccntr:J.tcd to yield 25 mg of crude 1 7. 

Column chromatography (10% ethyl accmte/ hcX3nc) provided 10 mg (95%) of purc"cnol ester 17 

(P7 = P10 =TES, P13 =TBS, R =Mc). 

17 (P7 = P10 =TES, P13 =TBS, R =Mc): 'H NMR (300 MHz. CDCl3) S 0.08 (s, 3H, TBS 

CH3), 0.10 (s, 3H. TBS CH3), 0..59 (q, J = 8.1 Hz. 12.H. TES CH2. ), a·.87 (s, 9H, TBS t·Bu), 

0.95 (t, J = 7.7 Hz. 18H. TES CH3), 1.0.5 (s, 3H, CH3), 1.19 (s, 3H. CH3), 1.30 (s, 3H, CH3), 

1.84 (m. 2H, H9ct, H9~). 1.98 (s, 3a CH3 18), 2.17 (ddd, J = 2.8, 10.4, 15.9 ~ lH, H6~), 

2.31 (~ J = 4.4, 15.9 ~ lH, H6et), 2.52, (dd, J = 9.3, 15.4 Hz. lH, Hl4~). 2.85 (dd, J = 
3.8, 15.4 Hz. lH. Hl4et), 3.03 (br s, lH. H3a.), 3.34 (d~ J = S.O, 10.4 Hz. lH, H7et), 3.75 

(s. 3H. C02Mc OMc), 4.36 (dd. J = 5.0. 10.4 Hz. lH, HlO~). 4 . .58 (d, J = 2.7 Hz. lH., H2'3), 

4.66 (br cf, J = 11.0 Hz. Ut Hl3~). 12.22 (s. 1a OH4). 

. .. . 
Ketone 18. To a stirred solution of encl ester 17 (P7 =MOP, P 10 =TES, P13 =TBS. R = Mc) 

(963 mg, 1.3 mmol) in DMF (30 rnL) under nittogen at room temperature was added solid 

powsium thiophenoxide (250 mg, 1.69 mmol) followed by thiophenol (0.4 mL, 3.9 mmol). The 

solution was wanned to 86 ·c for 3.S hours. The solution was allowed to cool to room 

temperature then was poured directly into 250 mL of a saturated aqueous NaHC03 solution and 

excractcd with ·three 150 mL portions of' 30% ct~yl acetate in hcxanes. The combined organic 

phases were then filtered through a 2 inch (5. 08cm) silica gel pad and subsequently concentrated 

under reduced pressure to yield l .29g of crude product. This material was purified by radial 

chromatrography, eluting with 153 then 203 and finally 253 ethyl acetate in hexanes to yield 
763mg (863) of ketone 18 (P1 =MOP, P,0 =TES, P,, = TBS). 

18 (P7 =MOP, Pia =TES, P1J =TBS): 1HNMR(300MHz.CDCJ3) o0.10 (s, 3H. TBS 

CH3), 0.14 (s, 3H •. TBS CH3), O . .SS (q, 1 = 8.2 Hz, 6H. TES CH1). 0.94 (s, 9H, TBS t-Bu), 

0.95 (c, J = 8.2 Hz. 9H. TES CH3), 1.22 (s. 3H, CH3 l 9), 1.30 (s. 3H. CH 3 17), 1.32 (s. 6H, 
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MOP OI3), 1.33 (s. 3H, CH3 16), 1.80 (m. IH. H5), 1.8 t (dd, J = 3~8. 3.8 Hz. lH, H9 p), 

1.98 (m, 1H, H5), 1.99 (d, J = l. l Hz. 3H, CH3 18), 2.2 t (m. lH. H6(3), 2.29 (dd, J = 10.4, 

12.1 Hz, lH. H9a.). 2.43 (dd, J = 9.3, 15.4 Hz. IH, H i4a.), 2.53 (m, lH, H6a), 2.63 (dd, J 

= 5.0, 15.4 Hz, lH, Hl4~). 2.70 (d, J = 5.0 Hz, IH, H3), 3.20 (s, 3H, MOP OMe), 3.39 (dd, 

J = 6.1, 10.4 Hz, lH, H7), 4.34 (dd, J = 3.9, 10.4 Hz, lH, HlO), 4.55 (d, J = 5.5 Hz, lH, 

H2), 4.73 (dd, J = 5.3, 7.7 Hz, lH, Hl3). Anal. Calcd. for C36H640sSi2: C, 63.49; H, 9.47. 

Found C, 63.56; H, 9.55. 

18 (P7= P 10 = TES, P 13 =TBS): 1H NMR (300 MHz, CDC13) o 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), 

1.22 (s, 3H, CH3), 1.25 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.75 (dt, J = 11.6, 1.6 Hz, lH), 

1.85 (d, J = 3.3 Hz. lH), 1.90 (t, J = 3.9 Hz, lH), 1.97 (t, J = 8.1 H~ lH), 2.00 (s, 3H, 

CH3), 2.30. (m, lH), 2.39-2.60 (m. 3H), 2.65 (m, lH), 3~35 (dd, J = 9.6, 7.8 Hz, lH. H7c.t), 

4.35 (dd, J =IO.~. 3.3 Hz. lH, HlO~). 4.57 (d, J = 5.1 Hz. lH, H2~). 4.72 (m, IR, Hl3~). 

Ketone 18 (P7=BOM). To a stirred soluti~n of ketone 18 (P7 =MOP, P 10 =TES, P13 =TBS) 

(293. mg, 0.43 mmol) in TrlF (28.6 mL) and methanol (9.S mL) under nicrogen at room 

temperature was added dropwisc 0.20 mL of a 0.1 M solution of PPTS in CH20 2 (0.02 mmol). 

The reaction mixture was stirred for 3 h, poured into 100 mL of a saturated aqueous NaHC03 

solution and extracted with two 100 mL portions of ethyl acetate. The combined organic phases 

were washed with brine, dried over anhydrous Na2S04 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 funher· purification. 

18 (P7=H, P 10 =TES, P 13 =TBS): mp 75-77 ·c, lH NMR (500 MHz, CDCl::s) S 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. 1 = 7.7 Hz, 9H, TES CH3), i.19 (s, 3H, CH3 19), t.22 (s. 3H, CH3 17), l.35 (s. 

3H, CH3 16), 1.84(dd,1 = 13.7, 4.1 Hz, lH, H9a), 1.88 (m, 2H, H9~. OH7), 1.92 (m, lH, 

H6P), 2.05 (d, 1 = 1.4 Hz, 3H, CH3 18). 2.10 (m, lH. H6a.), 2.36 (dddd, 1 =I.4, 4. l, 9.9, 

14.4 Hz, lH, H5a.). 2.47 (dd, J = 8.9, 15.4 Hz, tH, H14~). 2.51 (m, lH, HS~). 2.54 (dd, J 

= 4.8, 15.4 Hz, lH. Ht4p), 2.86 (d, J = 5.5 Hz, lH, H3), 3.59 (ddd, J = 4.5, 6.2, 11.3 Hz, 
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lH, H7), 4.38 (dd, J = 4.1, 9.1 Hz, lH, HlO), 4 . .56 (d, J = S.S Hz. lH. H2), 4.69 (ddd, J 

=1.4, 4.8, 9.3 Hz lH. Hl3). Anal. Calcd. for C31Hs60,Si1x.5H20: C. 62.19; H. 9.30. Found 

C. 62.16; H, 9 .22. 

To a stirred solution of hydroxy ketone 18 (P7=H) (179 mg, 0.29 mmol) in CH2Cl2 (9 . .S mL), 

diisopropylethyiaminc (1.49 mL. 8.6 mmol) and reaabutylammonium iodide (253 mg. 0.69 mmol) 

under niacgcn was added dropwise bcnzylcxymcthylchloride (0.42 mt. 2.86 mmol). The rcacdcn 

mixture was brought to reflux for 32 h, cooled to room temperature, poured into 100 mL of a 

samrated aqueous NaHC03 solution and extraetcd with LWO 100 mL portions of 50% ethyl ac:nue 

in hexanes. The combined organic phases were washed with brim~, dried over anhydrous Na2S04 

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=BOM, 'PL a= 'I'ES, Pll =TBS) as a colorless cit 

18 <P1=BOM, P i.o =TES, P 13 =TBS): iH NMR (500 MHz CD03) S 0.10 (s, 3H, TBS CH3), 

0.13 (s. 3H. TBS CH3), 0.59 (q, J = 7.7 Hz. 6H. TES <:Hi), 0.94 (s, 9H, TBS t-Bu), 0.94 (t, 

J = 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.l, 3.8 Hz. lH. H9a.), 1.98 (d, J = 1.4 Hz. 3H. CH3 18), 1.99 (m, 2H, 

H6~. H9P), 2.21 (m, lH, H6a), 2.34 (dd, 1 = 10.4, 12.1 ~ lH, HSa.), 2.43 (dd, 1 = 9.3, 

lS.4 Hz. lH, Hl4et), 2..55 (ddd, J = 5..5, 11.0, 13.7 Hz. lH. H.5~), 2.62 {dd, J = 5.0, 15.4 

Hz. lH, Hl4~), 2.74 (d, J = S.O Hz. lH, H3), 3.38 (dd, J = 6.6,.11 Hz, lH, H7), 4.38 (~ J 

= 3.8, 10.4 Hz, lH, HlO), 4.56 (d, J = 5.0 Hz. lH, H2), 4.58 (d, J =11.5 Hz lH, CH2Ph), 

4.64 (d, 1 =11.S Hz lH, CliiPh), 4.68 (m, 2H, Hl3, OCH10), 4.82 (d, J =7.2 Hz lH, 

0Cll10), 7.31 (m, SH, Ph). 

Ketone 22:i (Ps=TMS). To a vigorously stirrcd solucion of ketone 18 (P7=BOM, PlO = TES, 

P 13 = TBS) (315 mg, 0.42 mmol) in THF ( 10.5 mL), triethylaminc (0.88 mL, 6.3 mmol) and 

trimechylsilyl chloride (0.53 mL, 4.2 mrnol) under nicrogcn at ·78 ·c was added dropwise down 

the side of the flask 1.35 mL of a 0.5 M solution (0.68 mmol) of LDA in TiiF. After 25 min, 2 

mL of a saturated aqueous NaHC03 solution was added. TI1c reaction mixture was diluted with 

150 mL of hexanes and washed with 20 mL of a saturated aqueous NaHCOl solution and brine, 



dried over anhydrous Na1S04 and concencr:ued under reduced pressure. Tnc: rcsulling oil was 

filtered through cclitc with hc:xancs and lhc filcr:itc was conc:ntr:ttcd under reduced pressure to give 

j38 mg (99%) o( the ThlS enol ethe: 21 a {P7=BOM, P 1 0 = TES, Pl J = TBS. P" = TMS) as a 

colorless oil. To a. vigorously srim:d solution ofThiS cnol ether 2la (P1=BOM, Plo =TES, P lJ 

= TBS, P 4 = TMS) (224 mg, 0.274 mmol) in hexanes (2.8 mL) under nitrogen at room 

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

hexancs. After 5 h. 2 mL of a saturated aqueous NaHCOj solution and 2 mL of a 10% aqueous 

N~S20:J solution were added. Tne rc:iction mixture was diluted with 150 mL of ethyl acetate and 

washed with 20 mL of a saruntced aqueous NaHC03 solution, 20 mL o( a _10% aqueous NaiS-z~ 

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

N~S04 and conccnaatcd under reduced pressure to give 231 mg of the crude matedal as a 

col~css oil. 'I_'his material was used without further purification, or, altcmativel y, was purified by 

flash ·chromatography on silica gel co give 168 mg (74%) of l2:i (P7=BOM. Pio =TES, P13 = 

TBS, P5 =!MS) along with a mixmrr: (15%) of 21:1 and 18 which could be recycled. 

lla {P7=BOM, Pio = TES, P13 = TBS, Ps = TMS): tnp 50..5-52 ·c. 1H NMR (500 MHz, 

CDC3) S 0.10 (s, 3H. TBS CH3), 0.13 (s, 9H, TMS CH3), 0.14 (s. 3H. TBS CH3). 0..59 (q, J 

= 8.2 Hz, 6H. TES CH1). 0.94 (s, 9H, TBS t-Bu), 0.94 (t, J = 8.2 Hz. 9H. TES CH3), l.24 (s, 

3H, CH3 17), 1.32 (s, 3H, CH3 19), 1.33 (s, 3H, CH3 16), l.82 (dd, 1 = 11.3, 13.7 Hz. lH. 

H9a.), 1.95(d,1 = 1.4 Hz, 3H, CH3 .18), 1.98 (dd,J = 3.4, 13.7 Hz. IH. H9P), 2.16 (ddd, J 

= 6.1, 7.2. 13.3 Hz. lH, H6a.), 2.40 (dt. J =11.4, 13.3 Hz, 6~). 2.43 (dd, J =9.2, 15.2 Hz, 

lH, Hl4~). 2.63 (dd, J = 5 . .5, 15.2 Hz, IH, Hl4a.), 2.74 (d, J = 5.5 Hz. lH. H3a.), 3.40 (dd, 

1 =1.2, 10.6 Hz. lH, H7cx),4.36 (dd. 1 = 3.4, l L.3 Hz, lH. HIOp), 4.40 (dd. J = 6.2, 12.0 

Hz. lH, H5a.), 4 . .54 (d, 1 = 5,.5 Hz, lH, H2p), 4 . .57 (d, J =l 1.7 Hz lH. CH2Ph), 4.64 (d, J 

=I 1.7 Hz IH. CH2Ph), 4.68 (d, J =1.0 Hz lH, OCH20), 4.74 (m. lH, Hl3). 4.78 (d, J =7.0 

Hz. lH. OCH10), 7.31 (m, SH, Ph). Anal. Calcd. for C43H72~Si3 : C, 63.19; H, 8.88. Found 

C, 63.19; H, 8.92. 

Ketone 22a (P.s = H). To a vigorously stirred solution of crude 22a (P7 = BOM. P10 =TES,P 13 

=TBS, P5 = TMS) (23 l mg, 0.274 mmol) in o.ccconiailc (7 mL) o.c o·c was addc:d dropwisc: 7 mL 



a{ a l: lO: lO (by volume) mixture of 48% ilqucous HF:pyridinc::iccconicrile . After stirring for 20 

min, 2 mL of a sacur:ued aqueous NaHC03 solution was added. The rc:iction mixcurc was diluted 

with 150 mL of ethyl acetate and washc:d with 30 mL of a. sarunted aqueous NaHC03 solution :ind 

brine, dried over anhydrous Na1S04 and conccncr:iccd under reduced pressure to give 223 mg of 

the crude alcohol as a colorless oil. This m:ucrilli was purified by silic3. gel ctiromatogTaphy to yield 

155 mg (74%) of ketone: 22~ (P7 = BOM. Plo =TES. P 13 =TBS, P s = H1. 15 mg(!%} of the 

SP-hydroxy lc:tcnc and 33 mg (14% recoverable matc.-ial) of a. 1:1 mixture of1'MS encl ether 212 

and kcronc 18. 

lla (P7=BOM,p10=TES,p13 =TBS, Ps = H): 1H NMR (500.MHz. CDC3) s 0.10 (s, 3a 
TBS CHj), 0.14 (s, 3H, TBS CH3), 0.59 (q, J = 8.2 & 6H. TES CH1), 0.94 (s, 9H, TBS t· 

Bu), 0.94 (t, J = 8.2 Hz, 9H, TES CH3). l.23 (s. 3H. CH3 19), 1.32 (s, 3H, CH3 17), 1.33 (s, 

3H. CH3 16), l.83 (dd.J= 11.0, 13.7 Hz. lH, H5~). 1.97 (d.J= 1.4 Hz.. 3H. Hl8), 2.01 (dd. 

J = 3~ 13.7 Hz. lH. H9~), 2.11 (ddd, J = 5.5, 7.7, 13.7 Hz, lH. H6et), 2.47 (dd. J = 8.7, 

1.s.4 Hz. ia HI4~). 2.57 cm. 2a Hl4a, H9et), 2.88 (d. J = s . .s Hz. ta HJ a), 3.39 c~ J = 
7.7, 11.0 F~ lH. H7a.), 3.41 (d, J = 3.3 Hz, lH. OH-5), 4.38 (m. 2H. HS~. HlO), 4.55 (~ J 

= S.5 Hz, lH. H2~). 4.57 (~ J =11..5 Hz lH. CH1Ph)". 4.62.(d, J=ll.5 F'.z lH. CH1Ph), 4.i2. 

Cm. 2H, Hl3~. OOiiO), 4.80(d,1=7.1 Hz lH, O<:Hi0), 7.31 (m, sa Ph). 

KC'.cnc 22a CP.s=ThlS) from· ketone 22a (P.s=H). To a vigorously stirred solution of S·hydroxy· 

4-lcctone Zl:i (P7=.BOM,P 10 =TES, P13 =TBS, Ps = H) (51mg.0.067 mmol) in CH20 2 (2.2 

mL) and tricthylaininc (0.14 mL, 1.0 mmol) under nitrogen at 0 ·c was added 

trimcthylsilylcliloridc {0.041 mL, 0.34 mmol). After 0.5 h, the rc:iction mixture was quenched 

wich 5 mL oc a saturated 3qucous N:JHC03 solution and cxcracccd with 150 mL hcxanes. The 

- organic phase was washed with SO mL of a. saturated aquc~us NaHC03 solution ai;d brine, dried 
over anhydrous Na..aso. 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, P10 = TES, P 13 = TBS, Ps = 
TMS) 

Alcohol 2Ja. To a stirred solucion of kcconc 22a (P7 = BOM, PL a= TES. Pt 3 =TBS, Ps = ThtS) 
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(18.9 mg, 0.023 mmol) in CH2CI2 (4 mL) under nicrogcn ac -65 ·c was added dropwisc _:i 0.073 

mL of a 3.1 M solution of McMgBr in ether (0.23 mmo{). Tnc rc::iction mixture was allowed to 

wann to -48 ·c, stirred for 16..5 h an~ then quenched with 0.13 mL of a 2.DM solution of AcOH 

in TI1F (0.25 mmol) and then poured inco a stirring mixture of 50 mL of a saturated aqueous 

NaHC03 solution and 50 mL of ethyl acetate. Tnc aqueous phase was CXtr.1.Ctcd with 50 mL cthyi 

acer.ace. The combined organic phases were washed with brine, dried over anhydrous Na2S04• ~ 

concentrated under reduced pressure to yield 20.S mg of a colorless oil. Tnis material was purified 

by silica gel chromatography to yield. 18.4 mg (95%) of alcohol 2:3 a (P7 =BOM.P 10 =TES,P 13 

=TBS, P5 = TMS) as a colorless oil. 

l3a (P7 = BOM. P10 =TES, P13 =TBS, P5 =TMS): 1H NMR (500 Ni& CD03) o 0.09 (s. 

9H, TMS), 0.11 (s, 3H, TBS CH3), 0.12 (s, 3H, TBS CH3), 0 . .56 (q, J = 7.9 Hz 6H, TES 

CH:z), 0.92.(t..1 = 7.9· Hz. 9H. TES CH3), 0.93 (s. 9H, TBS t-Bu), 1.25 (s, 3H, CH3 17), 1.28 

(s, 3H. CH3 19), l.33 (s, 3H, CH3 20), 1.34 (s. 3H, CH3 16), 1.74 (ddd, J = 3.8, 4.1, 13.0 

Hz. lH, H6a), 1.99 (d, J = 1.4 Hz. 3H. Hl8}, 2.01 (dd. J = 11.3, 13.0 ~ lH, H9a), 2.06 

(m, 2H, H3, H9~). 2.13 (ddd. J = 1.7, 12..3, 13.0 Hz, IH. H6~). 2.37 (dd .. J = 5.5. 15.0 Hz.. 

lH. H14a). 2.54 (dd, J = 9.2. 1.5.0 Hz. lH, Hl4~). 2.96 (s, lH. OH-4), 3.Sl (dd. J = 1.7, 

4.1 Hz. lH. HS), 3.73 (dd, J = 3.~, 12.3 Hz. lH. H7a). 4.3·2 (dcl, J = 4.1, 11..3 H%.. lH. 

HlO~). 4.64 (s, 2H, CliiPh), 4.72 {d, J = 6.8 Hz, lH. OCH20), 4.80 (m, 3H, H2, Hl3. 

OCH20), 7.31 (m. SH. Ph). Anal. Calcd. for C44H76C,Si3: C, 63.42; H, 9.19. Found C. 63.40; 

H, 9.15. 

Hydroxy olefin 24a. To a refluxing solution of alcohol 23a (P7 = BOM, P10 =TES, P13 =TBS, 

P s = TMS) ( 46. i mg. 0.055 mmol) in toluene ( 1.1 mL) was added 1.1 ml. of a 0.1 M solution of 

Burgess rc:igcnt in toluene ( 0.11 mmol). The mixture was refluxed for 20 min then cooled to 

room cempcracure, diluted wich ethyl acec:ice, washed with a sacuraced solution of Na.HC03 and 

brine, dried over anhydrous N:i2S04 and filtered. Conccntr:uion of the filtrate under vacuum 

yielded 46 mg of crude olefin. Tnis material was used without further purificacion. 

Ta a stiITcd solution of this crude olefin (46 mg. O.OSS·mmol} in acetonicrile (2.5 mL) at 0 ·c was 

added 2 . .5 mL o( a l: 10: 10 (by volume) mL"Cture of 48% aqueous HF : pyridine: : aceconiaile. The 
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mixture was stirred ac 0 ·c for 20 min. quenched with a sacuraced solution of NaHC03 and 

extracted twice with ethyl accc:m:. The combined organic philScS were washed with brine, dried 

over anhydrous Na1S04 and filtered- Conccnzr.uion of the tilttare under vncuum yielded 48 mg of 

a colorless oil which was purified by silica gel chromn.togr.iphy to yield 25.9 mg (62%) of 

hydroxy olefin 24a (P7 = BOM, P10 = TES,·P13 =TBS, R = H) as well as 2.1 mg ofunrcacu:d 

alcohol 23a (4%). 

24a (P7 = BOM~ Pio= TES, P 13 =TBS, R = H): mp 6~8 ·c 1H NMR (500 MHz, CDC13) 8 

0.12 (s, 3H, TBS CH3), 0.13 (s, 3H, TBS CH3), 0.59 (q, J = 7.9 Hz., OH. TES CH1). 0.94 (t, 

J = 7.9 Hz. 98. TES CH3), 0.95 (s, 9H. TBS t-Bu), 1.18 (s, 3H, CH3 19), 1.23 (s, 3H, CH3 

17}, 1.35 (s, 3H. CH3 16), 1.73 (d, Ut J = 3.4 Hz. OHS), 1.83 (dd, J = 9.9, 10..S ~ IH. 

H9u), 1.91 Cddd, J = 1.2, 1..s, 13.4 Hz., ia Hoa), 1.97 (dd, J = 3.8, 9.9 H%, lH, H9~). 2.03 

(~ 1 = 1.4 & 3H. 18), 2.14 (ddcf. J = 9.6. 9.6. 13.4 ~ lH. H6~) 2.35 (def. J = S.l, 15.4 Hz, 

Ut H14u), 2.SO .(dd, J =9.6, 15.4 ~ lH, Hl4~). 3.03 (d. J = S.8 Hz. lH, H3ct), 3.44 (dd. 

J= 1..5, 9.6, Hz., lH, h/et), 4.38 (~ 2lt HlO, HS), 4 . .54 (d. J= 5.8 Hz. lH, H2), 4.38 Cd. J 

=11.o Hz. IH. CH2Ph). 4.62 (d. J =11.o Hz, tH. CH1Ph), 4.73 (d, J =1.0 Hz., lH, OCHzO), 
I , 

4.7S (m, lH, H13), 4.79 {d, J =1.0 Hz, IH, OCHiO), S.00 (s, lH, H20E), S.18 (s, lH, H20Z}, 

7.31 (m, SH, Ph). A.rial. Calcd. for C.uH660gSi1x0 . .5H20: C, 65.47; H, 8.98. Found C, 65.63; 

·H, 8.97. 

Allyl mc:syiatc 24aa. To a stirred solution of ally! alcohol 24a (P7 =SOM, P1o =TES, Ptl = 

TBS, R = H) (11.5 mg. 0.0154 mmol) in pyridine (0.6 mL) under nitrogen at 0 ·c was added 

drcpwise mcthanesulf onyl chloride (0.02 ml. 0.258 mmol). After 45 min, a saturated aqueous 

NaHC03 solution (0.05 mL) was added. The mixture was stirred for 10 min, poured into 20 mL 

of a satur.itcd aqueous NaHC03 soludon and cxtraetcd with 40% ethyl acctatclhexanc (20 mL x 

3). The combined organic phase was dried over anhydrous Na2S04 and concentrated under 

reduced pressure co give 13 mg of 24aa (P7 = BOM, P10 =TES, P 13 =TBS. R =Ms) as a 

colorless oil. This ma.tcrial was used without funhcr purification. 

14aa (P7 = BOM. p·1a =TES. P 13 =TBS. R =Ms): lH NMR (300 MHz. CDC13): o 0.12 (s, 

3H. TBS CH3), o 0.13 (s, 3H, TBS CH3), 0.58 (q. I= 7.9 Hz. 6H. TES CH1}, 0.93 (s, 9H. 
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TBS c-Bu), 0.94 (t, J = 7.9 Hz. 9H. TES CH3), 1.23 ( s. 3H. CH 3 17), 1.22 (s, 3H. CH3 l9), 

l.34 (s, 3H, CH3 16), l.80 (br t. J =13 Hz. UL H9a.), 1.98 (m, lH. Ho), l.i9 (ddd. J = 2.2, 

5 . .S, 1.5.1 Hz. lH, Hl4ct), 2.01 (d. ! = 1.1 Hz. lH, CH318), 2.0_6 (dd, J = 3.3, 13.7 Hz. lH, 

H9P). 2.01 (br S, 3H, CH3 18), 2.22-2.32 (m. 3H. Hl4ct, Hect, Ho~). 2.54 (dd,1= 9.9, 15.4 

~ lH, Hl4~). 3.02 (s, 3H, OS02CH3), 3.05 (d, 1 = 6.0 Hz. lH. H3et), 3.45 (t, 1 = 8.5 Hz. 

lH, H7ct), 4.37 (d~ J =3.6, 11.0 Hz lH, Hl0{3), 4 . .57 (d, J = 6.0 ~z.. lH. E2p), 4 . .59 (q, 2H. 
PhCH10), 4.69 (d, J = 7.1 Hz, lH, OCH10). 4.74 (m, lH. H13~). 4.76 (d, 1 = 7.1 Hz. lH, 

OCH10), 5.03 (br t, J = 8 . .5 Hz. lH, H5J3), 5.09 (br s, lH, H20), 5.24 (br s, lH, H20), 7.35 

(m. SH. Ph). 

Triol 2Sn. To a stincd solution of allyl alcohol 24n (P7 = BOM, P10 =TES, P13 =TBS, R = H) 

(45 mg, 0.06~6 mmol) in a mixture of pyridine (0.32 mL) and ether (3.2 mL) under niirCge.'1 at Q 

·c was added a. 0.157 M solution of Os04 in THF (0.42 ~ 0.066 mmolc). After 12 h at O ·c; 
NaHS03 (530 mg), pyridine (0.3 mL), T.dF (2 mL) and water (3 mL) were added. The mixture 

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

NaHC03 solution and cxtrac;tcd with ethyl acetate (40 mL x 3). The combined organic phase was 

dried over anhydrous Na1S04 and concentrated under rcduc:d pressure:: to give 60 mg of a pale 

yellow oil, which was column chromatographcd (30% ethyl acewc:/hcxanc) to yield 34.3 mg (73 

%) of criol 25a (P7 = BOM,.P1o =TES, P13 ~TBS). 

lSa (P7 = BOM, P1o =TES, P 13 =TBS): lH NMR (500 MHz. CD03); o 0.11 (s, 6H, TBS 

CH3), 0.60 (d~d. 1 = 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 = 
5.6, 16.4 Hz. lH. H9~). 1.70 (m, lH. H6~). 2.22 (dd, J = 2.7, 16.8 Hz, lH, H9a), 2.23 (d, J 

= 0.7 Hz. 3H. CH3 18) .. 2.36 (dd. J = 9.2. 15.0 Hz. lH, H 14p), 2.45 (m, lH, H6a.), 2.96 (s, 

lH, OHS), 3.21 (dd. 6.9, 15.0 Hz. lH. Hl4a.), 3.42 (d. J = 5.0 Hz. IH. H3 ex), 3.53 (m, 1 H, 

H20), 3.38 (s, lH, OH4), 3.70 (c. J = 3.0 Hz. lH, H5[3). 4.04 (br d. J = 11 Hz. 1 H. H20), 

4.06 (dd, 1 = 11..5, 5.0 Hz. lH. H7a.), 4.48 (d. J = ~-0 Hz. lH~ H2[3), 4.49 (d, J = 12.0 Hz. 

lH, PhCH20), 4 . .53 (br s, lH, Hl0J3), 4.71 (m. IH. Ht3P). 4.72 (d, J = 12.0 Hz, lH. 

PhCH10), 4.85 (d. J = 6.8 Hz, lH, OCH'!O), 4.98(d.1 = 6.8 Hz. lH, OCH20), 7.34 (m. SH, 
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Ph). Ana!. Calcd. for C41H680 1oSi1: C. 63.36; H. 8.82. Found C. 63.19; H. 8.75. 

Dial mcsyla.re 26:i. To a stirred solution of allyl mcsylacc 24a:i (P7=BOM,P 10 =TES, P13 = 
TBS, R = Ms) (5 mg. 0.0064 mmoi) in a mixture of pyridine (0.4 mL) and IBF (0.4 mL) under 

niaogen at room tcmper.uurc was added a 0.1:57 M solution of OsO 4 in ntF (0.06 mL). After 7 

h, NaHS03 (1.50 mg) and water (0.2 mL) were added. The mixture was vigorously stirred for 14 

h, poured into 20 mL of a saturated aqueous NaHC03 solution and cxuactcd with cthyi acewc (20 

mL x 3). The combined organic phase was dried over anhydrous Na2S04 and concentrated under 

reduced pressure to give 6 mg of a pale yellow oil. The oil was column c~romatographcd (40% . . 

ethyl acctateJhcxanc) to yield 2.7 mg (50%) of diol mesylate 26a (P7 = BOM, P1a =TES, P13 = 
TBS, R =Ms). 

26a {P1 = BOM. P1o: TES, P13 =TBS, R. =Ms):· lH NMR (500 ~ CDC13); 8 0.14 (s. 6H. 

TBS CH3), o.ss (ddd, J = 8.0 Hz. 6a TES CHz). 0.89 {s. 3H. CH3 19). 0.93 (s, 9H, TBS t­

Bu), 0.94 (dd, J = 8.0 Hz. 9}L TES CH3), 1.31 (s, 3H, CH3 17), 1.37 (s, 3H, CH3 16), 1.76 

• (<id. J = S.S. 15.l, lHz. H9~). 1.95 (m, lH, H6~). 2.23 (d, 1 = 0.7 Hz. 3H, CH3 18), 2.25 

(dd, J = 4.8. 15.1 Hz, lH, H9a), 2.39 {dd, J = 9.2. 15.1 Hz. lH. H14~). 2.45 (m, lH. H6cx), 

2.89 (dd, 6.8, lS.1 Hz. lH, Hl4a), 3.05 (d, J = 3.4 Hz, lH, H3cx), 3.06 (s, 3H. OS02CH3), 

3.35 (s, lH, OH4), 3.52 (m, lH, H20), 3.92 (dd, J = 4.S, 11.6 Hz, lH, H7et.), 4.13 (dd, J = 

1.0, 11.3 Hz. lH, H20), 4.46 (br d, J = 4 . .5 Hz, !H, HIO), 4 . .52 (d, J = 3.4 Hz, IH. H2), 4.54 

(d. J = 12.0 Hz, lH. PhCH10), 4.70 (d, J = 12.0 Hz. ta PhCH10), 4.83 (d. J = 6.9 Hz. lH. 

OCH20), 4.84 Cm.. lH, HS~). 4.92 (m, lH, Hl3~). 4.93 (d, J = 6.9 Hz, lH, OCH20), 7.34 

(iD, SH, Ph). 

Dial tosylatc 26aa. To a stirred solution of aiol 2Sa (P7 = BOM, P10 =TES,P 13 =TBS) (37 

mg, 0.0476 mmole) in CH1Q1 (0.4 mL) under nitragen at -78 ·c was added criethylaminc (0.25 

mL) followed by trimcthylchlorosilanc (0.075 mL). The solution was stirred at -78 ·c for 1 h, 

poured into 20 mL of a sacuraccd aqueous N:iHC03 solution and cxcracccd with ch!orofonn (30 mL 

x 3}. The combined organic phase was dried over anhydrous Na1S04, and conccntr.ucd under 

reduced pressure to give 38.2 mg of a colorless oil. This oil was dissolved in 11-lF (0.5 ml) and 
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cooled to -78 ·c. To this solution was added a. 0.2 M solution of LDA in T'tl.F (0.9 mL 0.18 

mmole). After 20 min at -78'"C. p-tolucncsulfonyl chloride (35 mg, 0.183 mmolc) was :iddc:d. 

After stirring at -35 ·c for 3 h. Me9H (0.2 mL) and dicthylamine (0.3 mL) were added. Tnc: 

solution was stirred ac--35 ·c for30 min and poured inco 30 mL of a saturated aqueous NaHC03 

solution and extraeted with chlorofonn (40 mL x 3). The combined organic phases were dried 

over anhydrous Na2S04, and concentrated under rcduc~ pressure to give 58 mg of a colorless oil. 

Tnc oil was dissolved in ac:toniaile (3.6 mL) and pyridine (3.6 mL). To this solution at 0 ·c was 

added 48 % aqueous solution of HF (0.36 mL). The solution was stirred ac 0 ·c for 15 min, 

poured inco·30 mL of a saturated aqueous NaHG~ solution and extraeted with chlorofonn (40 

mL x 3). Tne combined organic phase was dried over anhydrous Na1S04, and concentrated under 

reduced pressure to give 56 mg of c:ude diol tosylate 26a:i. Column chromatography (40% 

crhylaccra~exane) yielded 34 mg (80 %) diol tosylare 26aa (P7 = BOM, P10 =TES, P13 =TBS, 

R =Ts). 

26aa (P7 = BOM, P 1o =TES, P 13 =TBS, R =Ts). lH NMR (300 MHz, CDC13); S 0.18 (s, 

6H, !BS CH3), 0..58 (d, J = 12.5 Hz. a.ti. 1.t::.S CHi), 0.82 (s, 3H, CH3 19), 0.94 (dd, J = 13.0 

Hz, 9H, TES CH3), 0.97 (s. 9H, TBS t-Bu), l.28 (s, 3H, CH3 17), 1.34 (s,'3a CH3 16), 1.67 

(dd. J = 16 . .5, 4.4 Hz. lH. H913). 1.80 (m, lH. H6~). 2.13 (dd, J= 16.5, 4.4 Hz, lH. H9<X), 

2.18 (m, lH, H6et), 2.24 (s, 3H, CH3 18), 2 . .33 (s. 3H. CH3Ph). 2.42 (dd, J = 14.8, 9 . .3 Hz. 

lH. Hl4p), 2.90 (m. lH, Hl4<I), 2.93 (br s, lH, OH4), 3.08 (br d, J = 3.3 Hz, lH. H3ct), 

3.38 (br t, J = 11.0 Hz. lH, H7et), 3.87 (m, lH, H20), 4.09 (br d, J = 9.9 Hz. lH, H20), 4.52 

(d, J =. 3.3 H.z, lH, H2P). 4.45 (br d, 1 = 4.4 Hz, lH, HIOp), 4A6 (d, J = 12.1 Hz, lH, 

PhCHiO), 4.59(d.1 = 12.1 Hz, lH. PhCI:t.40). 4.66 (br t. J = 3.8 Hz. lH. H5~). 4.75 (d. J = 
7.1 Hz, lH. OCH20). 4.83 (d, J = 7.1 Hz, lH, OCH20), 4.89 (br dd, J = 7.7, 6.6 Hz. lH. 

Hl3~). 7.14 (d. 1 = 8.2 Hz. 2H. S02Ph), 7.34 {m, 5H, OCH2fh), 7.75 (d, J = 8.2 Hz. 2H, 

S02Ph). 

Oxcc:me 27a from diol mcsylace 26a. To a stirred solucion of diol mc:sylacc 26a (P7 = BOM. P10 

=TES. P13 =TBS, R =Ms) (2.7 mg) in toluc:nc (0.4 mL) under nicrogcn at room ccmpcracurc w:is 

added diisopropyl cthylaminc (0.008 mL). The solution w:is refluxed for 3.5 h. cooled to room 
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temperature, poured into 20 mL of a. saturated aqueous NaHC03 solution 3Jld ex~ctcd with ethyl 

ac::t:ite (20 mL x 3). The combined organic phase was dried over anhydrous Na,,S04, and 

concentrated under rcduc=d pn:ssu:c to give 3 mg of a pale yellow _oil. The ail was column 

chromarographc:d (30% ethyl acctlle.lhexanc) to yield l mg ( 42%) of oxccmc 2 7 a. 

27a (P1 = BOM, P1o =TES, P 13 =TBS): ~H NMR (500 MHz. CD03); 5 0.10 (s, 6H, TBS 

CH3), 0.59 (dd, J = 8.0 Hz, 6H, TES CHi), 0.92 (s, 9H, TBS t·Bu),' 0.94 (dd, J = 8.0 Hz, 9H, 

TES CH3), 1.20 ( S, 3a CH3 17), 1.26 (s, 3H, CH3 19), 1.32 (s, 3& CH3 16), 1.93 (dd, J = 
1 l.3, 13.4 Hz, lH. H9a.}, 1.98 (d, J = 1.4 Hz, 3H, CH3 18), 2.06 (dd, J = 6.0, 18.6 Hz, lH, 

H6~), 2.11 (dd, J = 4.5, 13.4 Hz, lH. H9f3), 2.14(d,1= 5.5 Hz, lH,· H3cx), 2.41(dd,1= 

9.2, 15.1 Hz, lH, H14~), 2.43 (m,. lH. H6cx), 2..54 (s, lH, OH4), 2.76 (dd, J = 5.2, 15.1 Hz, 

H14a.), 3.21 (dd, J = 3.4, 13.0 Hz, lH, H7 a.), 4.36 (d, J = 8.6 Hz, 1~ H20a.), 4.37 (dd, J = 

4.I, ~ l.3 Hz, IH. HlO~), 4.40 (br d, J = 8.2 Hz IH, H.Scx), 4.60 (d, J = 5..S ~ lH, H213), 

4.61 (d, J = 12.6 Hz. lH, PhC&O}, 4.67 (m, lH, Hl3 ~). 4.69 (d, J = 12.6 Hz, 1a 

PhCH.20), 4.75 (d, J = 1.S Hz. lH, OCH20). 4.86 (d. J = 1.S Hz. lH. OCH10), 4.91 (dd. J = 
0.7, 8.6 Hz, lH, H20~). 7.34 (m, SH. Ph). Anal. Calcd. for C41H66~Si1: C, 64.87; H, 8.76. 

Foand C, 64.61; H, 8.78. 

Oxemnc 27a ftom diol tosyl:ite 26aa. To a stiircd solution of dioi tosylate 26aa (P7 =BO~ P10 

=TES, P13 =TBS, R =Ts) (33 mg, 0.0354 mmole) in toluene (3.3 mLJ under nitrogen at room 

temperature was added DBU (0.11 mL, 0.73 mmole). The solution was heated at 80 ·c for 10 

min, then the temperature was increased up to 110 ·c during a 40 min period, maintained at 110 ·c 
for 30 mere min and cooled to room tcmper.uurc.The solution was filtered through a shon pad of 

silica gel using 30% ethyl acctatc/hcxnne as ciucnt. The fil~tc was concentrated to give 25 mg of 

aude 27a, which was column chromarographcd (30% ethyl acetate/hexane) to yield 21 mg (78 %) 

of oxetane 27a (P7 = BOM, P10 =TES, P13 =TBS). 

Oxctmc 29. To a stirred _solution of oxct:J.nc 27:i (P7 =SOM, P 10 =TES,P 13 =TBS) (21 mg, 

0.0276 mmloc) and dimcthylaminopyridinc (3.4 mg, 0.0278 mmolc) in pyridine (110 µL. l.37 

mmolc) under nitrogen ac room ccmpcraturc was added acetic anhydride (26 µL. 0.276 mmolc). 
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The solution was stirred for 2.5h, diluted with ethyl acetate, poured inco 20 rnL of saturated 

aqueous NaHC01 solution md exrractcd with ethyl ac::tacc (20 mL x 3). The combined organic 

phases were dried over anhydrous N:;2S04 and conc::ncratcd. under reduced pressure to give 26 mg 

of a pale yellow oil, which was column chromatcgraphcd (25% ethyl ac::tatclhcxanc) co yield 16 

mg (72%) of oxctane 29 (P7 = BOM. P10 =TES, Pi:3 =TBS). 

29 (P7 = BOM. P10 =TES, P13 =TBS): lH NMR (500 MHz. CDCl3); o 0.10 (s, 3H, TBS 

CH3), 0.12 (s. 3H. TBS CH3), 0 . .56 (q, 6H, TES ~-z). 0.92 (t, 9H. TES CH3), 0.94 (s, 9H, 

TBS t-Bu), 1.3.S (s, 3H, CH3 16), l.30 (s, 3a CH3 17), 1.29 (s, 3H, 013 19), 1.96 (br ~ J = 
13.0 Hz. lH. H9et), 1.98 (d, J = 1.4 Hz. 3H •. CH3 18), 2.02 (d~ J = 1.S, 13.0, lH, H9~). 2.07 

(dt, J = 8.0, 13.0 Hz. lH, Ho~). 2.1:3(s, 3a OAc), 2.24 (dd, J = 3.4, 15.0 Hz. lH. Hl4a.), 

2.40 (d~ J= 8.6, 1.5.0 Hz. lH, Hl4~). 2.Sl (ddd, 1= 4.1, 9.2, 1.5.0 H%, lH, H6cx), 2.63 {d, 

J = a.s ~ ia HJcx), 3.69 Cdd. J = 4.1, 13.o Hz. H7et), 4.35 (def. J = 3.4, 1 t.J Hz. ta 
Hl0(3). 4.64 {m, 4a PhCH20. H2~. H5ct), 4.75 (d, ·1 = 7.2 Hz. lH. OOiiO), 4.76 (br d. J 

= 9.2 Hz., lH. H20), 4.83 (d. J = 7.2 P~ lH, OCH10), 4.85 (br d, J = 9.2 Hz, lH. H20), 4.88 

(br t, J = 8.2 Hz, lH. Hl3~). 7.35 (m, SH, Ph). 

Bcnzcatc 30. To a sti.Ircd scludon of oxerane 29 (P7 =BOM,P 10 =TES, P 13 =TBS) (6 mg, 

0.0075 mmol) in TiiF (0.5 mL) under nitrogen at -78 ··c was added a 0.3M solution of 

phenyllithium in ether (44 ~ 0.013 mmol). The solution was stirred at -78 ·c for 15 min and 

quenched with a 10% solution of acetic acid in TIIF. The solution was diluted with ethyl acetate, 

poured into 20 mL of a saturated aqueous NaHC03 solution and cxrractcd with ethyl acetate (20 

mL x 3). The combined organic phases were dried over anhydrous Na2S04 and concentrated 

under reduced pressure co give 8 mg of a pale yellow oil. The oil was column chromatographcd 

(2590 ethyl acctatelhcxane) to yield 6.2 mg (94%) of benzoatc 30 (P7 = BOM. P 13 =TBS, R = 
TES). 

30 (P7 = BOM, P tJ =TBS, R =TES): t H NMR {500 MHz. CDCIJ): S 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, CH3 i7), 1.38 (s, 3H. CH3 19), l.46 (s, 3H, CH3 16). 1.69 (s, tH. OHI), 

1.97 (ddd. 1 = 14.S, 10.0, 3.1 Hz. lH, H6p), 2.05 (dd. J = 16.1. 5. l Hz. lH, H9p), 2.09 (dd. 
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J. = 15.1, 6.2 Hz. lH, H14~). 2.13 (s, 3H, CH3 18), 2.22 (dd, J = 15.1, 8.2 Hz:. lH, Hl4a), 

2.23 (dd. 1= 15.0, 8.5 Hz. lH. H9~). 2.24 (S;, lH. OAc 4), 2..38 (dd, 1 = 16.l, 4.1 Hz, ta 
H9a}, 2.67 (m, lH. Hoet), 3.40 (d, J = 6.2 Hz, lH, H3a), 3.99 (dd, 1 = 10.1, 6.~ Hz, lH, 

H7a), 4.20(d.1= 8.2 Hz. lH, H20~). 4.29 (d, J = 8.2 Hz. lH. H20a), 4.49 (d,J = 12..0 Hz, 

tH, PhCH10), 4.63 (br c. lH, HlO~). 4.74 (dJ = 12.0 Hz. lH, PhCH10), 4.92 (d, J = 6.9 ~ 

lH. OCH10), 4.914.95 (m, 2H, HlJ~ & H5cx), 5.0l(d, J = 6.9 Hz. lH. OCH20), 5.66 (d. J = 

6.2 Hz, lH, H2~), 7.28 (m, lH, f.h.CH1), 7.35 (m, 4H, fh.CH1), 7.48 (m, 2H. PhCOO ·m), 

1.59 (m. lH. PhCOO ·p), 8.11 Cm. 2H. PhCOO-o). 

Alcohol 31. To a solution of bcnzoatc 30 (P7 = BOM. P13 =TBS, R = TES) (6.2 mg, 0.007 

mmol) in 2 mL cf-mF was added 0.1 mL of a 0.1 M solution of TBAF in THF. The mixrurc was 

stin'cd for 2 hat 25 ·c under nitrogen. The r=ction mixture was diluted with 10 mL of ethyl 

acemte, then poured into 10 mL of a saturated aqueous NaHC03 solution. The organic phase was 
. . . 

washed with 10 mL of a saturated aqueous NaHC03 solution, dried over anhydrous Na1S04 and 

conc:ntcaa:d undern:duc-..d pressure to give: 4.5 mg (93%) of alcohol 31 (P7=BO~P 13 =TBS, 

R=H). 

31 (P1= BOM, P13 ~TBS, R = H): mp 213·216 ·c lHNMR (500 MHz, CDC3); 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, lH, OHl). 1.89 (ddd, J = 14.5, 10.0, 2.5 Hz, 1a 

H6~), 2.10 (dd, J= 15.0, 9.0 Hz, lH, H14~). 2.15 (d~J= 15.0, 8.0 Hz, lH, H14et), 2.18 (s. 

3H, CH3 l8), 2.23"(dd, != 15.0, 8.5 Hz. lH, H9~). 2.26 (s, lH, OAc 4), 2.40 (dd.J = 15.0, 

3.5 Hz. lH, H9et), 2.68 (m, lH, H6a), 2.90 (br s, lH, OHlO), 3.54 (d, J = 6.0 Hz. lH, 

H3et), 4.16 (d, J= 8.0 Hz. lH. H20~). 4.23 (dd, l= 10.0, 7.0 Hz, lH, H7et), 4.30(d,1= 8.0 

Hz, lH, H20a), 4.68 (dd,J = 15 Hz, 2H, PhCH10), 4.78 (m, lH, HlOP). 4.87 (d, J = 6.S Hz, 

ta OCH10). 4.95 (C. J = 2.0 Hz. lH. H20a.), 4.92 (d, J ~ 7.0 Hz. lH. OCH10). 4.93 (br d. J 

= 2.0 Hz. lH. H13~). 4.96 (br d, J = 6.5 H~ lH. H5a). 4.97 (d, 1 = 6.5 Hz. lH. OCH10), 

5.68(d,1= 6.0 Hz. lH, H2j3), 7.28 (m, lH. fh.CH10), 7.35 (m, 4H, f.b.CH10), 7.40 (m, 2H, 

PhCOO-m), 7 .59 (m. lH. PhCOO-p), 8.13 (m, 2H, PhCOO·o). Anal. Calcd. for 

~3H6o010Six0 . .5H20: C. 66.72; H, 7.94. Found C, 66.75; H, 7.96. 
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Alcohol 3 1 through Alcohol 30:i. To a. stirred solution of oxct:inc 29 (P7 = BOM, P 10 ==TES. 

p 13 =TBS) (16 mg, 0.02 mmole) in :icctoniaile (0.33 mL) ac 0 ·c was added a 4% solution of 

HF-pyridine complex in ac:conitrilc (0.8 ml.). Tne solution was stirred at 0 ·c for 11 h, diluted 

with ethyl acct:ltc, poured inco 20 mL of a satur:ued aqueous Na.HC03 solution and cx1r.1Ctcd with 

CHC13 (30 mL x 3). · Tnc combined organic phases were dried over anhydrous Na2S04 and 

concc."lrratcd under reduced pressure to give 13 . .5 mg (0.0196 mmole) 9{ 30a as an oil. Tnis oil 

was dissolved in !HF (1 mL) and cooled to -78 ·c. To this solution at -78 ·c was added a 0.28.5 

M solution of phenyllithium in idF (0.144 ml.. 2.1 cq.). After 10 min. the solution was poured 

into 20 mL of saturated aqueous NaHC03 soludon azid CHCl3 (30 mL x 3). The combined 

organic phase was dried o.vcr anhydrous Na2So4· and concentrated under reduced prcsstue to give 

16 mg of a pale yellow oil, which was crysralizcd to yield 12.7 mg (85%) of bcnzoate 31 (P7 = 

BOM. P13 ~ ~S, R = H). 

Ketone 3 2. To a solution ofbCnmatc 31 (P7 =BOM.P 13 =TBS. R = H) (18 mg, 0.235 mmolc) 

and 4-qiethylmorpholinc N-oxidc (18 mg. 0.154 mmole) in CH2Q2 (26 ml..) at room temperaam: 

was added tetrapropylammonium perruthcnatc (6 mg, 0.017 mmolc). The solution was stirred at 

room tc.'?lperature for 15 min and filtered through silica gel with 30 % ethyl acecatc/hexanc. The 

filttate was conccntra.tcd under reduced pressure to yield lcctobenzoatc 3 2 (P7=BOM.P 13 =TBS) 

(18 mg, 100%). 

32 (P7 =MOP, P13 =TBS): 1H NMR (300 MHz, CDC13) o 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 CH3). 1.49 (s, 3H. CH3 ), 1.75 (s. lH, OHl), 1.76 (m, lH. H6), 1.83 (s, 3H. CH3 18). 

2.21 (dd, J = 7, 15 Hz. LH. Hl4), 2.25 (s. 3H, OAc), 2.29 (dd. J = 8, 15 Hz. lH, Hl4), 2.61 

(d, J = 16 Hz. lH. H9), 2.74 (ddd. 1 = 8, 9, 17 Hz. IH. H6). 3.19 (s. 3H. MOP OCH3), 3.20 

(d, J = 6 Hz, lH, H3a.), 3.32 (d, J = 16 Hz. lH. H9). 3.78 (dd, J = 8, 10 Hz, lH, Hi}, 4.15 

(d. J = 8 Hz. lH, H20), 4.34 (d, J = 8 Hz. lH, H20), 4.89 (d. 1 = 9 Hz. lH. H5), 5.04 (m, 

lH, H13). 5.90 (d, 1 = 6 Hz. lH, H2). 7.50 (m. 2H, PhCOO -m), 7.62 Cm. lH, PhCOO -p), 

8.24 (m. 2H. PhCOO ·o) .. 

32 (P7 =TES, P lJ =TBS): 1 H NMR (300 MH:z:. CDC13) o 0.12 (s, 3H. TBS CH 3), 0.16 (s, ,. 
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3H. TBS CH3), 0.65 (q, J = 8 Hz. 3H, TES CH3), 0.66 (q, J = 8 Hz. 3H. TES CH3), 0.94 (s. 

9H, TBS t-Bu}, 1.00 (t, J = 8 Hz 3H. TES CH2), t.24(s, 3H. CH3 ), t.38 (s, 3H, CH:s ), l.~9 

{s. 3H. CH3 ), 1.75 (s. ta OHl), !.80 (m, lH. H6), 1.81 (s, 3H, CH3 18), 2.20 (dd, J = 9, 

1.5 Hz. lH, Hl4), 2.26 (s, 3H, OAc CH3). 2.29 (dd, J = 8, lS Hz. lH. Hl4), 2.48 (ddd, J = 8, 

9, 17 Hz. lH. H6), 2..S8 (d. J = 17 Hz. 1H.·H9). 3.15 (d, J = 6 Hz. IH. H3a), 3.36 (d. J = 17 

Hz. lH, H9), 3.79 (dd. J = 7, 9 Hz. lH., H7), 4.14 (d, J = 8 H:z:. lH. H20), 4.33 (d, J = 8 Hz, 

lH. H20), 4.90 (d, J = 9 ~ lH, H5), 5.04 (m, lH, Hl3), 5.90 (d, J = 6 'Hz, lH, H2), 7 .49 

(m, 2H, PhCOO ·m), 7.61 (m, lH, PhCOO -p), 8.13 (m, 2H. PhCOO -o). 

32 (P7 = SOM, P13 =TBS): lH NMR (500 MHz. CDC13); o 0;16 (s, 3H, TBS CH3), 0.18 (s, 

3H, TBS CH3), 0.94 (s, 9H, TBS t-Bu), 1.26 ( s, 3H, CH3 17), 1.47 (s, 3H, CH3 19), 1..52 (s, 

3H, CH3 16), 1.76 (s, lH, OHl), 1.83 (d. 3HJ= 0.5 Hz, CH3 18), 1.89 (ddd. J = 15.0, 9..5, 

l.5 Hz. lH, ·H6~). 2.21 (dd. J = 15.0, 9.0 Hz. lH, Hl4~), 2.26 (s, lH, OAc 4), 2.29 (dd, J = 

15.0, 8.0 P..%. lH. Hl4a.), 2.72 (~ lH, Hoa.), 2.75 (d, J= 16 Hz, ta H9a), 3.18 Cd. 1= 6.5 

Hz. ia HJa.>. 3.26 Cd. J =-16.s az. H9a.), 3.os Cdd. 1 = 9.o, 1..s Hz. 1~ H7 a.), 4.1s Cd, i = 
1 . .5 Hz, lH, H20~), 4.34 (d, J = 7.5 Hz. lH, H20a.), 4.61 (d,J = 12.0 Hz. lH, PhCli.iO), 4.72 

(cl, J = 12.0 P..z, lH. PhCHiO), 4.Si (cl, J = 7.0 Hz. lH, OCHzO), 4.92 (d, J = 7.0 Hz, ia 
OCH20), 4.93 (br d: J = 6.5 Hz. lH, HSa.), 5.05 (br t, J = 6.S Hz, lH, Hl3i)), 5.91 (d. J = 6.0 

Hz, lH, H2~), 7.28 Cm. lH, PhC!IiO), 7.35 (m, 4H, PhCH10), 7.50 (m, 2H, PhCOO ·m), 

7.62 (m, lH, PhCOO ·p), 8.13 (m, 2H, PhCOO -o) 

Hydroxykctone 3 3. To a THF (1.3 mL) solution of 32 (P7 = BOM. PLJ =TBS) (16.2 mg, 0.02 

mmol) at -78 ·c was added 4 equivalents of a 0.24M t -BuOK solution in THF (0.33 ~ 0.08 

mmol.). The solution was warmed co ·20 ~C for 40 min and then briefly warmed to o·c before 

being cannufa.tcd into a a· C TiiF ( 1.3 mL) suspension of bcnzcncsclcninic anhydride (57 mg, 0.16 

mmol.). The reaction was stirred for 40 min. at O ·c before being diluted with 20 ml.. of ethyl 

acetate and poured into 50 mL of aqueous saturated NaHC03• The organic layer was then washed 

with 50 mL of aqueous saturated Na2S20:J followed by 50 mL of aqueous saturated NaHC03• 

The organic layer was then dried with Na2S04, filtered and evaporated to give 18.8 mg of the 

hydroxyk.etonc as an oil. To a TiiF (1.3 mL) solution of the crude hydroxykctonc (18.8 mg) was 
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added 0.33 mL of a 0.24M solution of c ·BuOK (0.08 mmol) at -78 ·c. Tnc: re:icticn was stirred 

20 min. and rhcn 0.2.5 mL of a. 0.8M AcOH!r'rlF solution was added at ·78 ·c and stirred 5 min. 

The mixrure was diluted with 20 mL of ethyl acetate and was poured into 50 mL of aqueous 

sacuraccd. NaHC03• The: organic layer was then dried with Na2S04 , filtc:rcd and evaporated co give 

18.6 mg of a yellow solid which was then plug filtered through silica gel wich 2% ethyl 

ac..-wclhcxanes followed by 30% ethyl acetJ.te/hexancs to give 15.9 mg of .33 (P7 = BOM. P13 = 

TBS) {96% yield). 

33 (P7 = BOM, P13 =TBS): m.p.: 234-236"C, lH NMR {500 ~ CDCI3) o 0.13 (s, 3H, 

TBS CH3). 0.1.5 (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, lH, OH!), 1.82 (s, 3H. CH3 18), 1.89 (ddd, J = 2.1. 12.4, 14.4 Hz., lH, 

H6~). 1.97 ~d. J = 2.0 Hz, 3H. CH3 18), 2.14 (dd, J = 8.6., 15.4 Hz., lH, H14~) .. 2.21 (dd, J = 
8.9, 15.4 Hz, !H., H14<X), 2.29 (s, 3H, Ac). 2.70 (ddd, J = 6.5, 9.6, 14.4 Hz, lH, Hoa}, 3.93 

(d. i"= 6.9 Hz. lH,. H3a.), 4.17 (d. J= 8.6 Hz. lH. H20~). 4.28 (d. J= 2.4 ~ lH. OH1013 ), 

4.31 (dd, J = 6.S,: 12.4 Hz. lH. H7a.), 4.32 (d. J = 8.6 Hz. lH, H20et). 4.45 (d. J = 12.2 Hz. 
UL PhCH10), 4.60 (d., J = 12.2 Hz lH. PhCH10), 4.60 (d, J = 7.3 Hz. lH. OCH20), 4.73 (d, 

J = 7.3 Hz. lH, OCHzO), 4.97 (dd. J = 2.1, 9.6 Hz. lH, H.5et}, 5.01 (ddd, J = 2.0, 8.6, 8.9 

Hz. IH. H13p), 5.35 (d. J = 2.4 Hz.. lH. H10a.). 5.64 (d, J = 6.9 Hz., lH. H2~). 7 .3 (m, SH, 

fhCH1), 7.49 {tt. J = 1.7, 7.9 Hz, 2H, PhCOO ·m), 7.61 (tt, J = 1.7, 7.6 Hz. lH. PhCOO ·p), 

8.10 (dd, J = 1.2, 7.9 Hz. PhCOO -c). 

33 (P7 =MOP, P13 =TBS): lH NMR {300 MHz, CDC13) 8 0.13 (s, 3H, TBS CH3), 0.15 (s, 

3H, TBS CH3), 0.95 (s, 9H, TBS t-Bu), LOO (s, 3H. CH3 16). 1.09 (s. 3H. CH1 17). l.23 (s. 

3H, MOP CH3)~ 1.37 (s. 3a MOP CH3), 1..58 (s, lH, OHl), 1.79 (s. 3H, CH3 19). 1.90 (ddd, 

J = 2.6, 8.8, 13.7 Hz, lH, H6{3), 2.04 (s, 3H, CH3 18), 2.13 (dd. J = 8.8, 15.5 Hz. lH, 

Ht4p), 2.22 (dd, J = 8.8, 15.5 Hz, lH, H14et), 2.29 (s, 3H. OAc), 2.79 (ddd, 6.3, 9.9, 14.8 

Hz. lH. H6a), 3.17 (s, 3H, MOP OCH3), 3.90 (d, J = 7.1 Hz. lH. H3a), 4.16 (d, J = 8.2 Hz. 

lH. H20a). 4.25 (d, J = 2.2 Hz. lH. OH4), 4.32 (d, J = 8.8 Hz. lH, H2013). 4.41 (dd, J = 

6.6. 11.0 Hz. lH, H7et), 4.94 (dd, J = 2.2. 9.9 Hz. lH, H5et), 5.03 (ddd. 1 = 1.1. 8.2. 8.8 

Hz. lH, Hl3P). 5.20 (d, l' = 6.2 Hz. IH, HlOet), 5.60(d.1 = 7.2 Hz, lH, H2P). 7.48 (c, 1 = 
7.7 Hz. 2H, PhCOO-m). 7.6l (c, J = 7.7 Hz. lH, PhCOO ·p), 8.lO (d, J = 7.1 Hz. 2H. 
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PhCOO"°). 

Acetate 3 4. To a pyridine (0.1 mL1 solution of J3 (P7 = BOM, P13 = TBS) (15.9 mg. 0.02 

mmol) and DMA.P (1.2 mg, 0.01 mmol) at room tcmpcr.uurc was added acetic anhydride (38 µL, 

0.4 mmoi) and the rcnction stirred 19 h. The mixture was then diluted with 20 mL of ethyl acetate 

and poured into 50 mL of aqueous samratcd NaHC03• Th~ orpni_". layer was dried with Na1SO,h 

filtered and evaporated to give 18. l mg of crude product. The material was plug filtered through 

silica gel with 20% ethyl aceratclhcxanes to give 16.8 mg of 34 (P7 = BOM, P 13 =TBS) (100% 

yield). 

3 4 (P7 = BOM, P13 =TBS): 1 H NMR (500 ~ CDC13) 8 0.14 (s,. 3H; TBS Mc), 0.16 (s, 3H. 

TBS Me), 0.95 (s, 9H, TBS t-Bu), l.17 (s, 3H, CH3 17), 1.18-(s, 3H. CH1 16), 1.-63 (s, LH. 

OH!), 1.76 (s, 3H. CH3 19), 1.99 (d~ J = 2.1, 10.6.. 14.7 Hz. lH. H6p), 2.04 (d, J = 1.0 Hz. 
3H, CH3 18), 2.1? (dd, J = 8.6, 15.1 Hz. lH, H14a). 2.19 (s, 3H. Ac010), 2.24 (dd, J = 8.6 .. 

15.1 Hz. IH. Hl4a), 2.28 (s, 3H, Ac04), 2.88 (ddd. J = 6..5, 9.8, 14.7 Hz., lH, Hoel), 3.87 (d. 

J = 7.0 Hz, lH, H3a), 4.15 (~ J = 8.2 Hz, lH. H20~). 4.24 (dd, j = 6..5. 10.6 Hz, lH, H7a), 

4.31 (d, J = 8.2 Hz. lH, H20CI), 4.44 (d, J = 12.0 Hz, lH, PhCH20), 4.68 (d, J = 12.0 Hz. 

IH, PhCH10). 4.85 (s, 2H, OCH20), 4.95 (dd, J = 2.1, 9.8 Hz, lH, H5a)~ 5.65 Cd. J = 7.0 

Hz, IH. H2~). 6.39 (s, lH, HlOCI), 7.30 (~ SH, PhCHv. 7.49 {tt, J = 1.4, 8.2 Hz, 2H. 

PhCOO ·m), 7 .61 (tt, J = 1.4, 7 .2 Hz. lH, PhCOO ·p), 8.05 (dd, J = 1.2, 8.2 Hz, lH, PhCOO 

"°), IR (CHC3) u 3600, 3050, 2975. 2880, 1750, 1730, 1460, 1379, 1250, 1100. 1020, 860 

an·t. 

34 (P1=P13=TES): 1H NMR (300 MHz, CDC13) S 0.57 (q, J = 7.7 Hz 6H, TES CH2). 0.67 

(q, 1 = 7.7 Hz, TES CH2). 0.92 (t, J = 7.7 Hz. 9H, TES CH3), 1.01 (~ J = 7.7 Hz, 9H, TES 

CH3), 1.11 (s. 3H, CH3 17), 1.19 (s, 3H. CH3 19), 1.61 (s. lH. OHl), 1.67 (s, 3H. CH3 16), 

1.86 (ddd, J = 2.2, 10.4, 14.3 Hz. ia H6~). 2. ll (d, J = 1.1 Hz, JH. CH3 18), 2.12 (m, lH, 

Hl4~). 2.17 (s, 3H, OAclO), 2.23 (dd, J = 7.6,. 14.9 Hz, lH. Hl4a), 2.28 (s. 3H. 0Ac4), 

2..51 (ddd, 1 = 6.9, 9.6. 14.3 Hz, lH, H6CL), 3.82 (d:"J = 7.2 Hz, lH. H3a.), 4.14 (d, J = 8.3 

Hz, lH, H20~). 4.30 (d, J = 8.3 Hz. lH. H20a.), 4.48 (dd, J = 6.6. 10.4 Hz. lH, H7a.), 4.92 

(dd, J = 7.7, 8.8 Hz, lH, HS ex), 4.96 (d, J = 8.2 Hz, lH, Hl3~). 5.63 (d, J = 6.6 Hz, lH, 
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H2ct), 6.47 {s, lH. HlOa.). 7.47 (t, J = 7.1 Hz. 2H. PhCOO -m), 7.60 (c, 1 = 7.1 Hz. PhCOO 

-p}, 8.10 (d, J = 7.1 Hz. PhCOO ·o). 

Oiol JS. A solution of 34 (P7 = BOM, PLJ =TBS) (16.3 mg, 0.0199 mmol) in TiiF (0.5 mL) 

was added ca ttis(diechylamino)sulfoniumdi.t1~oronimcthylsilicatc CT ASF) (37 mg, 0.134 mmole) 

at room temperature under nicrogen. aanosph~. Tac solution was stirred for 40 min, diluted with 

ethyl acetate, poured into 20 mL of _a satur.Lced aqueous NaHC03 solution and extactcd with 

CHCI3 (30 m.L x 3). The combined organic phase was dried over anhydrous N'1,S04 and 

canccnCQtcd under reduced prcssun: co give 16 mg of a pnlc yellow oil, which was filtered through 

a pad of silica gel using 70 % ethyl accmtclhcxanc as cluenc. The filtrate was concentrated to yield 

13.5 mg (94 %) of7·BOM Bm (3 S). 

35(P7=BOM) mp.224-225.C, lHNMR(500MHz.CD03), S 1.08 (s, 3a CH3 17), 1.18 (s, 

3a CH3 16), 1.61 (s, lH, OHl), 1.n (s, 3H. CH3 19). 1.99 ( ddd, J = 2, 10.S, 14.S Hz, 1a 

H6(i)~ 2.02(d, J = 5 Hz. lH. OH13). 2.10 (d, J = 1..5 Hz. 3H, CH3 18), 2.20 (s, 3H, AcO), 

2.28 (s, 3H, AcO), ~27·2.29 (m. 2H. Hl4), 2.89 (ddd. J = 7. 10, 16.5 Hz. lH, H6a.), 3.94 (d, 

J = 7 Hz, lH, H3), 4.16 (dd. J = 1. 8.5 Hz. Hi. H20~). 4.24 (dd. J = 6 . .5, 10 . .S Hz. lH, H7), 

4.31 {d, J = 8 Hz, lH, H20 ct), 4.45 MI. J = 12.0 Hz. 1 H, OCH2Ph), 4.67 (d. J = 12.0 Hz. lH, 

CCH.2Ph), 4.84 (d, J = 5 Hz. lH. OCH20), 4.86 (d. J = 5 Hz, lH, OCH20), 4.87 (m, lH, 

HI3p), 4.95 (dd, J = 2.0, 9 . .5 Hz, lH, H5cx), 5.63 (d, J = 7 Hz, lH, H2~). 6.40 (s, lH, 

HlOcx}, 7.30 (m, SH, PhCH2). 7.48 (m, 2H, PhCOO ·m), 7.61 (m, lH, PhCOO ·p), 8.10 (2H, 

m, PhCOO -o). l'.3C NMR (CDC11) o (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.S, 128.8, 129.6, 130.3, 132.4, 133.8, 138.0, 144.4, 167.3, 169.8, 171.0, 203.0. 

IR (CHCl3) u 1720, 1460 cm·l. Anal. Calcd. for Cl 9H460l 2: C, 66.28; H, 6 . .56. Found C. 

66.09; H. 6.59. 

7-BOM-Tax.ol. To a. solution of 7-BOM b:icc:itin III (J 5) (13.2 mg, 0.0 t8 mmol) in 0.25 mL of 

TiiF :it -45 • C was added dropwisc 21 µL of a 1.03 M solution of lithium bis(aimethylsilyl):imidc . 
in THF. After Lh ac· -45 C; a solution of (S)-cis- L ·bcnzoyl-3-ttic:thylsilyloxy-4-azctidin-2·one (15 



91 

mg, 0.039 mmol) in 0.25 mL of mF WCJ.S added dropwisc co the mixture. The solution was 

warmed to 0 • C and kept at that temperature for 1 h before 0.2 ml. of a I 0% soludon of AcOH in 

TiiF was added. Tnc mixture was pa,rtitioncd betwc::n satur.ucci aqueous NaHC03 and 60% ethyl 

accwc I hexane. Evaporation of the organic layer gave a residue which was purified by filtration 

through silica gel to give 20.2 mg of crude (2'R,3'S)-2'-ll'iethylsilyl-7-BOM raxol. 

To a solution of 20.2 mg (0.018 mm.al) of (2'R,3'S)-2'-ttiethylsilyl-7-BOM taxol in 0.8 mL of 

acetcniaile and 0.3 mL of pyridine nt 0 • C was added 0.10 mL of 48% aqueous HF. The mixture 

was stimd at 0 • C for 1 h and then partitioned between samraccd aqueous sodium bic:irboaarc and 

ethyl acetate. Evaporation of the ethyl acetate solution gave 17_.7 mg of material which was 

purified by flash chrcmatogr.iphy to give 15.4 mg (86%) o(7-BOM-taxcl. 

7-BOM-Taxol: m.p 169-172 ·c, lH NMR (CDCt3• 300 MHz) S _8.11 (d, J = 7.1 ~. 
benzaatc onho), 1.16 (d. I=7.l Hz.lH, benzamidc anlro ), 7.61-7.26 (m. 11 H. aromarlc). 

7.06(~ J = 8.8 ~ lH, NH), 6.33 (s, lH, HlO), 6.17 (dd, J = 8.8, 8.8 Hz, lH, Hl3). 5.79 

(dd. J = 8.8. 2.2 Hz lH. H3'), 5.67 (d, J = 6.6 Hz. lH, H2b), 4.91 (d, I=8.8 Hz,lH. HS), -
4.87-4.77(~ 3H, m·, OCH2Ph),4.67(d, 1=12 Hz. OCH20) 4.43(d. 1=12 Hz. OCH20), 4.30 

(cl. J = 8.2 Hz, lH. H20a), 4.19 (~ J = 8.2 Hz, lH, H20b), 4.15 (m, lH, H7), 3.70 (~ J = 6.6 

Hz. 1a H3), 3.61 (d, J = 2.5 Hz, lH, 2'0H), 2.85 (m, lH. Hoa}, 2.35 (s. 3H, 4Ac), 2.30 Cm. 
2H, H14), 2.19 (s, 3H, lOAc), 2.05 (m, lH, H6b), 1.78 (br s, 6H. Mel8,Mel9), 1.72 (s, lH, 

. lOH), 1.19 (br s, 6H, Mc16, Mcl7). Anal. Catcrl. for C55H590 15x0.SH20: 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 crhanol (0.6 ml.) saturated with 

hydrogen at room temperature was added a solution of7-BOM-caxol (14.4 mg, 0.0148 mmol) in 

ethanol (0.2 ml. x 4 ). The reaction mixture was refluxed for 45 min under hydrogen and then 

. filtered through silica gel eluting with ethyl acecacc. Tnc solvent was evaporated under reduced 

pressure to give 11.9 mg of taxol (94%) as colorless needles, which cxhibiced spectra idc:ntic:il 

wilh an authentic sample of ta.xol. 

Taxol: mp. 210-212· ·c. lH NMR (500 MHz, CDCl'.l) o 1.15 (s,3H, CH3 16), 1.24 (s, 3H, 

CH3 17), 1.68 (s. 3H. CH3 19), 1.75 (s, lH, OHl), 1.79 (s, 3H, CH3 18), 1.90 (ddd. J = 14.6, 
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11.0. 2.J Hz. 1 H. Ho~). 2.26 (s. 3H, AcOlO), 2.33 (dd, J = 15.4, 8.9 Hz. lH. H14p), 2.38 

(dd, J = 15.4, 8.9 Hz. lH, Hl4a), 2.41 (s, 3H, Ac04), 2.46 (d, J =4.1 Hz. lH. OH7), 2 . .57 

(ddd, 1= 10.0,14.6,6.5 Hz. ~H. H6Gr.), 3.54(d.1=5.0 Hz. lH, OH2'), 3.82 (d,1=6.9 Hz. lH, 

H3ct), 4.22(d,1=8.5 Hz. l H. H20a.), 4.32 (d. 1=8.5 Hz. 1 H. H20j3), 4.42(ddd,1= 11.0, 

6 . .S, 4.1 Hz, 1 H, H7ci), 4.81 ( dd, 1= 5.0, 2.5 H:z., 1 H, H2'), 4.96 (dd., 1=10.0, 2.3 H:z., lH, 

HScx). S.69(d.1=6.9 Hz. 1 H, H1~) • .5.81 (dd, J=8.7, 2 . .5 Hz. 1 H. H3'), 6.2.5(dd,1=8.9, 

8.9 Hz. 1 H. H13 ~). 6.29 (s, 1a H lOet), 6.98 (d, 1 = 8. 7 Hz, lH. NH). 7 .37 (m, 1 H. Ph CON 

·p), 7.46 (m, 9 H,. Ph 3', PhCOO 2' -m. PhCON -m), 7.62 (~ lH, PhCOO ·p), 7.76 (br d, J 

=8.7 Hz. lH. PhCON -o), 8.16(brd,1=1.3 Hz. 1 H,. PhCOO -o). IR (CHC3) u 1730, 1650 · 

air•. 

10-Deaccryl·baccadn m (3 6). To a mixture ofkctene 3 3 (P7 =MOP, P13 =TES) (2.2 mg, 0.003 

mmol) in pyridine (30 µL, 0.36 mmol) and ac::i:onitrile (20 µL) at 0 ·c was added 48% aqueous 
. 

HF (12 µI.., 0.32 mmol) and the solution was then warmed to room temperature and stimd 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 acetate. The aqueous 

layer was exncted twice with 20 mL of ethyl acetate and the organic layers were combined, dried 

with Na1S04, filtered, and concentrated co give 2. 7 mg of a yellow oil. The material was purified 

by plug silica gel column chromatography by eluting with a 50% echy! acctatelhcxanes mixture 

followed by ethyl acetate to give 1.5 mg of 3 6, which exhibited spectra idcntiQJ. with an authentic 

sample of 10-DAB. 

Baccttin m (3 7). To a mixture of lcc:conc 3 4 (P7 = MOP) (2.1 mg, 0.003 mmo[) in pyridine (30 

µ!... 0.36 mmol) and acctonicrilc (20 µL) ac 0 ·c was added 48% aqueous HF (12 µL. 0.32 mmol) 

and the solution was then warmed co room ccmperacurc:: and stirred for 36 hours. The: mixture was 

then diluted with 2 mL of ethyl il.Cet:uc and poured in to i1 scp:ir:uory funnel containing 30 mL of 

aqueous sarur:ucd Na!COJ and 20 mL ethyl acetate. The aqueous layer was extracted twice with 

20 mL of ethyl acc::t:ue and the: organic l.iycrs were combined, dried with Na.1S04 , filtered. and 

conccncratc::d to give 2.7:mg of a yellow oil. The m:uerial was purified by plug silica ·gel column 
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chrcmatcgr:iphy by clwing with an ethyl a.cctateihcxanc:s mixture to give 1.7 mg of 37, which 

exhibited spcar.ridcndc:tl with an authentic sample ofbacc:u:in m. 

REACTION SCJ1EME A' 

Hydroxyfcctonc 19. To a vigorously stirred solution of kcto~ 18 (P7=MOP) (181 mg, 0.265 

mmol) in nn: (2.2 mL) under nitrogen at -78 ·c was added di'opwise down the side of the flask 

2.13 mL of a. 0.2 M solution (0.426 mmol) of LDA in TiiF. After 10 min. a solution of 116 mg of 

{S~ampharsulfonyloxa%iridinc (116 mg, 0.396 mmol) in 1..5 mL 1EF was added dropwise 

down the side cf the flask. The reaction mixture was cooled to '-40 ·can~ after stirring l h. 2 

mL of a samr.tted aqueous NaHC03 solution was added. The re:ictiOn mix.tuie was diluted with 50 

mL of 30% ethyl acetate in hexanc:s and washed with 20 mL of a saturated aqueous NaHC03 

solution and brine, dried over 4Dhydrous NaiS04 and concentrated under rcduc~ pressure. The 

resulting oil was nltercd through silica gel with 30% ethyl accwc in hexanc:s and concentrated tc . 
give 210 mg of a colorless oil. This marcrlnI was purified by radial chromatography, eluting with 

2590 ethyl accmtc in hcxanc:s to yield 150 mg (81%) 5~-hydmxylcetone 19 as a white solid, 15 mg 

(890) retmned smting ketone 1 Sand 10 mg (5%) of the corresponding Set-hydroxyketonc. 

19 {P7=M0P): 1H NNIR (500 MHz, CD03) S 0.08 {s, 3H. TBS CH3), 0.12 (s, 3H. TBS CH3), 

0.62 (q, J = 8.2 Hz 6H, TES CH1), 0.90 {s, 9H. TBS t-Bu), 0.96 (t. J = 8.2 Hz, 9H. TES 

CH3), l.OS (s, 3H, Oi3 19), 1.19 (s, 3H, CH3 17), 1.33 {s, 3H. CH3 16), 1.35 {s, 3H, MOP 

CH3), 1.43 (~ 3H, MOP CH3), 1.67 (dd, J = 5.0, 14.7 Hz, lH, H9~). 1.87 (m. IH. H6~), 

2.12(d<i,J= 4~1, i.S.l Hz, lH, Hl4a.), 2.14 (d,J= 1.4 Hz, 3H, CH3 18), 2.23 (dd,J= 7.3, 

14.7 Hz, lH, H9cx), 2.55 (dd, J = 9.2, 15.1 Hz, IH, Hl4p), 2.76 (ddd, J = 3.7, 7.3. 13.7 Hz, 

lH, H6a.), 3.22 (s, 3H. MOP OCH3), 3.24 {d, J = 4.1 Hz, lH, OHS), 3.28 (d, J = 6.0 Hz. lH, 

H3et), 3.83 (dd, J = 3.7, 9.2 Hz, lH. H7et), 4.06 {ddd, J = 4.1. 7.3, 7.3 Hz, lH, H5cx), 4.46 

(dd. J = 5.0, 7.3 Hz. lH, HlO~). 4.53 {d, J = 6.0 Hz, lH. H2~). 4.63 (dd, J = 2.8, 9.2 Hz, ta 
Hl3{!). 

Ketone 2 0. To a vigorously stirred solution a( 5-h.ydroxy-4-kctonc 19 (P7=MOP) (420 mg. 

0.602 mmol) in CH1Cl1 (20 mL) and triethylamine (l.18 mL. 8.5 mmol) undCt" nitrogen at 0 ·c 



was added aimcmylsilylchloride (0.40 mL. 3.3 mmol). After 0.5 h. the reaction mixture was 

quenched with 5 mL of a saruraced aqueous NaHC03 solution and cxcr:ictcd with 50 mL CHCt3• 

The organic phase was washed with.brim:, dried over anhydrous Na2S04 and conccntr.ued under 

rcduc:d. pressure to give 453 mg (98%) oC ketone 2 0 as a colorless oil. Tnis material was used 

without funhcr purific::ition. 

2 0 (P7=M0P): lH NMR (500 MHz. CDCI3) o 0.11 (s, 6H, TBS CH3), 0.12 (s. 9H. TMS 

CH3), 0.59 (q, J = 7.8 Hz. 6H, TES CH2), 0.94 (s, 9H, TBS t-Bu) •. 0.96 (t, J = 7.8 Hz, 9H, 

TES CH3), 1.23 (s, 3H, CH3 17), 1.32 (s, 3H, CH3 19), 1.33 (s, 3H. MOP CH3). 1.3.S (s. 3H. 

CH3 16), 1.37 (s, 3H, MOP CH3}, 1.86 (m, 3H. H6~. H9a., H9 ~). 2.05 (d. J = 1.4 Hz, 3H, 

CH3 18), 2.43 (d, J = 3.7 Hz. lH •. Hl4{l), 2.45 (~ J = 4.6 Hz. lH, Hl4a.), 2.59 (ddd., J = 
6.0., si 14.2 Hz. lH, Hocx). 2.84 (d, J = 6.0 Hz. lH, H3a), 3.21 (s, 3H, MOP OMe), 3.Sl 

(dd. J = 6.0~ .11.0 Hz. lH. H7 a), 3.94 (dd., J = 4~1, 8.2 Hz. 1 H, HSa.), 4.38 (dd, J = 5.0, 8.7 

Hz, lH, HlO~), 4 . .54 (d, J = 6.0 Hz lH, H2~), 4.74 (dd, J = 6.4, 6.4 Hz. lH, Hl3j3). 

Diol 21. To a sthrcd solution of ketone 2 0 (P7=MOP) (453 ~g. 0.588 mmol) in 1'HF (23 mL) 

under niircgcn at -78 ·c was added dropwise 1.95 mL of a 3M solution of McMgBr in ether 

(S.85 mmol). Tnc rc:iction mixture was stirred for 5 • .5 h, poured into 100 mL of a saturated 

aqueous NaHCO:J solution and extracted with three 100 mL portions of CHCI3• Tnc combined 

organic phases were dried over anhydrous Na1~04 and conc:nuated under reduced pressure to 

yield 453 mg of the hydroxy crimcthylsilyl ether as a colorless oil. Tnis material was used without · 

further purification. 

To a stirred solution of the aimcthylsilyl ether (453 mg) in pyridine (8 mL) and acetonitrilc (8 mt) 

at 0 ·c was added 0.8 mL of a 48% aqueous HF solution. After stirring 20 min, the resulting 

mixture WilS poured in co 100 mL of a saturated aqueous NaHC03 soludon and extracted with thn:c 

150 mL portions of CHCI3. The combined organic laye~ were: dried over anhydrous Na2S04 and 

conccncr:ucd under reduced pressure to yield 422 mg of dial 2 1. This mciterfa.1 was used 
without further purification 

• 

21 (P7==M0P): 1 H NMR (300 MHz. CDC13) S 0.08 (s. 3H. TBS CH3 ), 0.10 (s. 3 H. TBS CH3), 

0.56 (q, J = 7.7 Hz. 6H, TES CH2). 0.90 (s, 9H, TBS t-Bu), 0.93 (t, 1 = 7.7 Hz. 9H. TES 
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CH3), 1.16 (s, 3H. CH3 17), 1.25 (s, 3H, CH3 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. lH. H3ct). 1.86 

(~ J = 9.9 Hz. lH. H9~). 1.90 (d~. J = 6.1, 8.3 Hz, lH, H9ct), 1.96 (s. 3H, CH3 18), 2.12 

(ddd. J = 3.3, 3.3, 10.4 Hz. lH, H6ct), 2.30 (m. lH, H6~). 2.42 (dd. J = 3.9, 15.4 Hz, lH, 

Hl4ct), 2.61 (d~ J = 9.3, 15.4 Hz, lH, Hf4~); 2.81 (s, lH, OH4), 3.04 (m, IH, OHS), 3.40 

(~ J = 3.9, 15.8 Hz, lH, H7 ex), 4.28 (d~ J = 6.6, 8.4 Hz, lH. HlO~). 4.62 (d~ J. = 1.6. 

7.8 Hz. lH. Hl3~). 4.66 (~ J = 3.8, lH., H2'3). 

. 
Al::curl! 2 2. To a sdmd solution of diol 21 (P7=MOP) (470 mg, 0.66 mmol) in pyridine (12 ml.) 

under nitrogen at rcom tcmpctature was added acetic anhydride (4.5 ml..). After 11 h.. the reaction 

mixture was diluted with 50 mL of CHC3, then poured into 50 mL of saturated aqueous sodium 

bicarbonate' solution. The aqueous phase was exir.SCted wir.h CH03 then the combined extracts 

were washed wi~ brine, dried with Na2S04 and filtered. Concenamon of the filtrate under 

vacuum yielded 470 mg (94% from 2 0) of crude material which was pure acetUC 2 2 by l H NMR. 

and TLC analysis. 

22 <Ps=Ac, P1=MO~): 1H NMR (500MHz. CDC3) 8 0.10 (s, 3H. TBS CH3), 0.13 (s, 3H, 

TBS CH3), 0.59 (q, J = 7.8 Hz 6H, TES CRz), 0.94 (s, 9H,. TBS 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, 3~ MOP CH3), 1.91 (d, J = 3.4 Hz, lH, H3cx), 1.94 (m, 

la H9, H9), 2.00 (d, 1= 1.5 Hz, 3H. CH3 18), 2.06 (ddd,J = 3.9, 3.9, 11.7 Hz, lH, H6et), 

2.10 (s, 3H, OAc), 2.14 (dd, J = 11.7, 23.9 Hz. lH, H6~). 2.38 (dd, J = 3.9, 15.1 Hz, lH, 

H14ct), 2.63 (dd, J = 9.3, 15.l Hz. IH, H14~), 2.78 (~ J = 1.5 Hz. IH, OH4), 3.20 (s, 3H, 

OMcOi3). 3.38 (dd,J= 3.9, 11.7 Hz, lH, H7et), 4.30 (dd,J= 4.9, 10.3 Hz. lH, HlOP). 4.50 

(dd~ J = 1..5, 3.9, 12.2 Hz, lH, HS et), 4.64 (dd, J = LS, 1.5 Hz, lH, Hl3(3), 4.66 (d, J = 3.4 

Hz, lH, H2~). 

Olefin 2 3. To a stirred solution of alcohoi 2 2 (P.s=Ac:, P7=MOP) (26 mg, 0.034 mmol) in 
. . 

CH201°(l.48 mL) and pyridine (0.37 mL) under nitrogen at 10 ·c was added SOC12(0.037 mL. 

S. l mmol) over a period of three minutes. The mixture was warmed to room temperature and 
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stirred for 2.3 h then diluted wich CHC1 3 and poured inco s:iruraced aqueous sodium bic:irbonatc 

solution. The aqueous ph:isc was cxtr:ictcd with CHC13 and the combined cxtr.icts were washed 

wirh brine, dried over anhydrous Na2S04 and filtered. Conc::ncracion of che filtr:uc under vacuum 

yielded 24 mg of crude: material which was purified by silic:i. gel chromatography to give 13 mg 

(52%) of a 4:1 mixture of 1-MOP-ao;en.d~ cyclic olefins and 6 mg (27%) of a 4:1 mixture of 7-

hydroxy-e:co;endo cyclic olc:fins. 

23 (Ps=Ac, P7=MOP): 1H NMR (500 MHz, CDCI3) o 0.10 (s, 3H, TBS CH3), 0.12 (s, 3H, 

TBS CH3), 0.59 (q, J= 7.9, 6H, TES CH1), 0.93 (s, 9H, TBS t-Bu), 0.96 (t, 1= 1.9, 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, H6~, H9~). 1.89 (dd, J = 3.8, 13.4 Hz, lH, H9~), 

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, lH, 

Hl4a.), 2.47 (m, 2H, H6°'9 H14~). 3.06 (d, J = 5.8 Hz. lH, H3a.), 3.20 (s, 3H, MOfl OMe), 

3.38 (dd, J = 6.9, 11.0 Hz. lH, H7a.), 4.37 (dd, J = 3.8, 11.0 Hz, lH, HlO~). 4.53 (d, J = 5.8 

Hz, lH, H2{3), 4.74 (m. lH, H13j3), 5.15 (s, lH, H20E), 5.21 (d, J = 1.37 H:z, lH, H20Z), 

S.36 (d, J= 9.3 Hz, lH, HSet). 

Diel 2 4. To a stirred solution of a 4: 1 mixture of the ao.endocyclic olcfins 2 3 (P .s=Ac, 

P7=MOP) (249 mg, 0.337 mmol) in pyridine (4.6 mL) under nitr0gen at 0 ·c was added 2.35 mL 

of a 0.157 M solution (0.368 mmol) of OsO 4 in 111F. After 1 h, NaHS03 was added along with 

6.2 mL of water and the mixture was stirred for 1 h at room temperature. The mixture was then 

diluted with ethyl 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 Na1S04 and concentrated under reduced pressure to yield 281 mg of crude 

material which was purified by silic:i. gel chromatography, eluting with 50% ethyl acetate/hexane to 

yield 190 mg (73%} of pure diol 24 and 48 mg (19%) of the cnol acetate. 

24 (Pj=Ac, P7=MOP): 'H NMR (500 MHz. CDC13) o 0.10 (s, 3H, TBS CH3), 0.11 (s, 3H, 

TBS CH3), 0.60 (dq, .J = 1.5, 7 .8 Hz, 6H, TES CH2), 0.87 (s, 3H, CH3 19). 0.93 (s, 9H, TBS 

t-Bu), 0.95 (t, 1 = 7 .8 Hz._.9H, TES CH3), 1.20 (s, 3H, CH3 17), t.31 (s, 3H, CH3 16), 1.33 (s. 

3H, MOP CH3), 1.47 (s, 3H, MOP CH3) t.54 (dd, J = 12.3. 25.0 Hz:, lH, H6p), 1.63 (dd, J = 
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S.5, 15.1 Hz. lH. H9~). 2.0S (s, 3H. OAc), 2.15 (s. 3H. CH3 18), 2.26 (m, 2H, H9<X. OH20) 

2.37 (dd. J = 9.2, 14.7 Hz, lH, H14~). 2.46 (ddd. J = 4.8, 4.8, 13.4 Hz. lH, H6cx), 2.69 (d, J 

= 4 . .5 Hz, lH, H3cx), 3.18 (s, 3H, 'MOP CH3), 3.28 (dd, J = 3.8, 14.7 Hz, lH, H14a.), 3.76 

(dd. J = 4.0, 11.6 Hz, lH. H7a), 3.84 (m, 2H, H20, H20), 3.95 (s, lH, OH4), 4.42 (dd, J = 
S.1, S.8 Hz, lH, HlO~), 4.44 (d,J = 4.1 Hz, lH, H2~), 4.63 (dd, J = 4.1, 12.3 Hz, lH, H5a), 

4.67 (dd, J = 4.1, 9.2 Hz. lH, Hl3~). 

24 (P7=BOM): lH NMR (300 MHz CD03) 8 0.9 (s, 3H, TBS CH3), 0.10 (s, 3H, TBS CH3), 

0.58 (q, J =7 .9Hz, 2H, TES CHv. 0.83 (s, 3H, CH3 19), 0.9Z (s, 9H, TBS t-Bu), 0.93(t, J = 
7.9 Hz, TES CH3), 1.20 (s, 3H, CH3 17), 1.33 (s, 3H, CH3 16), 1.58 (q, J = 13.2Hz, lH, 

H6~). t.71 (dd, J = 10.4, 5.S Hz, H9~), 2.04(s, 3H, OAc), 2.17 ( br s, 3H. CH3 18), 2.20 (~ 

J = 10:4, 3.8 Hz, lH, H9<t), 2.3S (dd, J = 14,8, 9.1 Hz, tH, Hl4~), 2.43 (dt, J = 13.2, S.O 

Hz. lH, H6a), 2.80 (d, J = 4.6 Hz. ta H3a.), 3.31 (dd, J = 4.4, 14.8 Hz, lH, Hl4Cl), 3.71 

(dd. J. = 4.9, 13.0 Hz, lH, H7a), 3.83 (m, 2H, H20}, 3.98(s, lH, OHl), 4.46(d. J = 4.8 Hz, 

lH. H2~), 4.48 (m, lH, HlO~), 4.Sl(d, 1 = 12.1 Hz, lH, PhCH.20), 4.64 (dd. J = 13.~ 5.0 

Hz, lH, HSci), 4.66 (m, lH, H13~). 4.70.(d, l= 12.1 Hz, lH, PhCH.10), 4.83 (d, J= 7.1 Hz. 

lH, OCH20}, 4.94 (d, J =1.1 Hz. lH, OCHzO), 7.33(m, SH, Ph). · 

Triol 2 5. To a stirred solution of acetoxydiol l 4 cPs=Ac, P7=MOP) (26.S mg, 0.035 mmol) in 

anhydrous methanol (0.9 mL) at-5 ·c under nitrogen was added 0.060 mL of a 0.166 M (0.01 

mmol) methanolic ·solution of sodium methoxide. After 2.5 h, the reaction mixture was diluted 

with 10 mL of ethyl acetate, t1!cn poured into 10 mL of n saturated aqueous NaHC03 solution. 

The organic phase was washed with 10 mL of a saturated aqueous NaHC03 solution, dried over 

anhydrous Na1S04 and concentrated under reduced pressure to give 25 mg of pure ttiol 2 S 

(100%). 

2S (P7=MOP): lH NMR (500 MHz, CDCl3) S 0.10 (s, 3H, TBS CH3}, 0.11 (s, 3H, TBS CH3). 

0.60 (q, J = 8.06 Hz, 6H, TES CH:i), 0.87 (s~ 3H, CH3 19), 0.94 {s, 9a TBS t-Bu), 0.95 (t, J 

= 8.1 Hz. 9H, TES CH3), 1.19 (s, 3H, CH3 17), 1.31 (s, 3H, CH3 16), 1.33 (s, 3H, MOP 

CH3), 1.47 (s, 3H, MOP CH3), 1.59 (dd, J = 11.7, 11.7 HZ, lH, H6~). 1.62 (dd, J =S.S. 16.1 

HZ. lH, H9~). 2.11 (d, J = 0.7 Hz, 3H. CH3 18), 2.24 (dd, J = S.S, 16.1 Hz. lH. H9a.). 2.38 
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(dd, J = 9 . .S, 1.S.O Hz. lH, Hl4p), 2.45 (dcld. J = 4.4, 4.4, 13.6 Hz. lH. H6a.), 2.60 (d, J = 4.4 

Hz. tH, HJa.), 3.21 (s. 3H, MOP OMc), 3.25 (dd.J= 4.4, 1.5.0 Hz, lH. Hl4<X), 3 . .52 (dd, J= 

4.4, 12.8 Hz. lH, H7a.); 3.72 (dd,-J = 4.4, 11.4 Hz. lH, HSa.). 3.79 (s. lH, OH4), 3.86 (d, J . 

= 11.0~ lH, H20), 3.93 (d, J = 11.4 Hz. lH, H20), 4.42 (dd, J = 5.1, 5.1 Hz. lH, HlO~), 4:45 

(d, J = 4.4 Hz. lH. H2~). 4.66 (dd. J = 4.0, 9.2 Hz, UL Hl3~). 

p-Mcthoxy~lidenc acct:tl lSb: To a solution of the diol 24 (P5=Ac, P1=BOM) (6.5 mg, 

0.0079 mmol)and anisa.l~chydc dimethyl accral. (0.013 ml. 0.076 mmol) stiITCd in CH20 1 was 

added a solution cf p-tclucncsulfonic acid (0.002 ml. 0. IM in TiiF. 0.0002 mmol). The resulting 

soludon was stlrrcd 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 hcxanes (15 
. . 

ml) then the aqueous phase was extracted with 30% ethyl acetate in hcxanes (2 x S ml). The 

comb~ CXtm.'.ts we~ washed with brine, dried over Na2S04, and filtered. Conccnttadon of the 

filttatc under vacuuJ yielded 12 mg of' colorless oil which was purifie~ by silica gel 

chromatography to yield 6.9 mg (96%) of p-mcthoxvbcnzylidcnc acctal 25b as a 5:1 mixture of 
diastereomers . . 

lSb (Pr:Ac, P1=BOM, m;ijor /t...:: ...... . ). lH NMR (500 MHz, CDCl3) S -0.05 (s, 3H, TBS 

CH3), 0.07 {s, 3H, TBS CH3), 0.60 (q, J = 7.~H~ 2H, TES CH1), 0.78 (s, 3H, CH3 19) 0.82 

(s, 9H, TBS t-Bu), 0.9S(t, J = 7.9 Hz, TES CH3), 1.25 (s, 3H, CH3 17), 1.37 (s, 3H, CH3 16), 

1.S8 (m, H6p), 1.70 (dd, J = 16.8,5.8 Hz, H9J3), 1.74 (s. 3H. OAc). 2.26 (s, 3H. CH3 18), 

2.28 (dd, J = 16.8. 1.4 ~ IH, H9a.), 2.38 (dd, J = 15.1. 9.7 Hz, lH, H14p), 2.57 (dr, J = 
S.l, 9.9 Hz, lH, H6~) 3.10 (dd, J = 5.1, 14.7 Hz. lH. Hl4a.), 3.11 (d, J = 4.8 Hz. lH, 

H3a), 3.79 (s, 3H, OCH3). 3.84 (dd, J = 5.0, 11.5 Hz. lH, H7<X), 4.15 (d, J = 8.2 Hz, lH, 

H20), 4.20 (d, J = 8.2 Hz, lH, H20), 4.48(d, J = 12.0 Hz, lH, OCI:i1Ph), 4.55 (d, J = 4.8 Hz, 

lH, Hl~). 4~57 (m, lH, HlOp), 4.71 (d. J = 12.0 Hz, lH, OCH1 Ph), 4.73 (m, IH, H13~). 

4.78 (dd. J = 12.4, 4.9 Hz. lH, H5cx), 4.84 (d, J = 6.7 Hz •. lH. OCH10), 4.99 (d, J = 6.7 Hz. 

IH, OCH10), 6.05 (s, lH, a.cecal CH). 6.80 (d, J = 1.S Hz, 2H, p-McOfb. -o), 7.27-7.36 (m. 

7H, p-MeOPh -m and Ph}. 
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Acetonidc 26 b. To a solution of the p-methoxybenzylidenc :iccw 25 b (P5=Ac, P7=BOM) (11.5 

mg, 0.012 mmol) in 0.4 mL of toluene stim:d at O ·c was added a solution of diisobutylaluminum 

hydride (0.082 ml, 2.0Min 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 stimd with 

samraa:d aqueous sodium potassium Wtr.ltC for l.S hours. The aqueous phnsc was separated and 

exzracted with ethyl acctitc (2 x 10 ml) then the combined cxtraets were washed with brine and 

dried with Na2S04• Filtration followed by ccncentmion of the filttzte under vacuum yielded 12 

mg cf crude material ~:it was purified by silica gel chromarcgrnphy (30% ethyl acetate in hexancs 

elucnt} to yield 4.7 mg of a mixture of formate accmls, 1.1 mg of 4-MPM·l~.20-tctrncl, and 

S.2 mg of a mixture of femme p-mcthoxybc:nzyl cthm. 

The a)ixmrc cf formmc acct1ls was dissolved in mcdlancl (0.1 ml) and 3% aquccus ~OH was 

added.. The cloudy mixture was stirred at rcom temperature fer 30 min then rinsed into ethyl 

acewc over samrated aqueous NaHC03• The aqueous phase was exnctcd with ethyl acetate (2 x 

10 ml) and the combined extracts were washed with brin~ dried over Na2S04, and filtered. 
• 

Concentration of the filttate under vacuum yielded a mixture of p-methcxybenzylidenc acemls. 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~ 2.0M in toluene• 0.08 mmol) was added. The 

resulting Solution was StilTCd for 3.5 hours then methanol (Q.1. ml) was added. The mixture was 

diluted with ethyl acetate (5 ml) and stirred with saturated aqueous sodium potassium tarmm: for 

1~ hours. The aqueous phase was sepanr.ted and cxuacted with ethyl acetate (2 x IO ml) and the 

combined extracts were washed with brine and dried over Na2S04• Filtration followed by 

concentration of the filtrate under vacuum yielded 4.5 mg of cudc material that was purified by 

silica gel chromatography (30% ethyl acetate in hcxanes clucnt) to yield 2.8 mg of 4-MPM-

1,2,5,20-tcttaol. 

The mixture of formacc p-mcthoxybcnzyl ethers was dissolved in methanol (0. lml) and 3% 

aqueous NH40H (0. lml) was added. The cloudy mixture was stirred at room temperature for 30 

minutes then rinsed into ethyl :icct:ue over satur.ited aqueous NaHC03 • The aqueous phase was 

extracted whh ethyl ilCet:it~ (2 x 1 Oml) and the combined cxtraets were washed with brine, dried 
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over Na2S04, and filtered. Canccncr::uion of the filcr:ue under vacuum yielded 4.8mg of crude 

material which was purified by silic:i gr:! chromacography co yield 3.2mg of 4-MPM-l,2 • .5,20- · 

rett:tol. Toca! combined yield of 4-M9M-l,2..5,20-£Ctr:iol: 68% from 25b. 

4-MPM-1,2..S,20-tctraol: lH NMR (500 MH~ CD03) o 0.13 (s, 3H. TBS CH3), 0.06 (s, 3H, 

TBS CH3), 0.60 (q, J = 8.0Hz, 2H, TES CH2). 0.89 (s, 9H, TBS t-Bu), 0.95(c, J = 8.0 Hz, 

~ CH3), 0.97 (s, 3H, CH3 19), 1.22 (s. 3H, CH3 17), 1.30 (s. 3H, CH3 16), 1.83 (dd, J = 

16.8,5.8 Hz. H9et), 1.91 (q, J = 12.4 Hz, lH, H6p), 2.12 (m, 2H, H9a and 14p), 2.18 (s, 3H, 

CH3 18), 2.55 Cm. 2H, Hl4~ and 6a), 2.79 (d, J = 5.3 Hz, lH, H3a), 2.95 (d, J = 3.0 Hz, lH, 

OHS), 3.54 (m, lH. OH20). 3.66(dd, J = 10.3, 5.3 Hz. lH. H1~). 3.81 (s, 3H. OCH3), 3.85 

(dd. J = 5.2, 11.6 Hz. lH, H7a.), 3.91 (dt, J = 5.9, 12.4, lH, H5et), 4.18 (s, lH. OHl), 4.13 

· (d, J = 13 Hz, lH, H20), 4.20 (dd. 1 = 7 .22, 12.9 Hz. lH, H20), 4.47 (d, J = 11.8 Hz, lH, 

CCH2Ph), 4.58 (m, lH. HlO~). 4.79 Cd. J = 11.8 Hz, lH. OCli-zPh), 4.85 (m, lH, Hl3~). 

4.87 (d. J= 6.8 Hz. lH. 0Cd20), 5.01Cd.1= 10.6 Hz. lH. MPM CH-z). 5.10 (d, J= 6.8 Hz, 

1H. OCH,,O), S.l l(d, J = 10.6 Hz. lH, MPM CI:ii). 5.49(d. J = 10.5 Hz. lH, OH2). 6.87 (d. 

J = 8.7 Hz. 2H), 7.30 (d, J·= 8.7 Hz, 2H, p-MeOfh-c), 7.27-7.36 (m. SH. p-McOfh. -m and fh. 

CHi>· 

To a solution of the 4-MPM-1,2..S,20-cetraol (2.0 mg, 0.0023 rrunol) stirred in 0.2 ml of CH20 1 

and 0.02 ml of 2,2-dimethoxypropane ac O ·c was added a solution of p-toluenesulfonic acid 

(0.002 ml, 0.1 M in THF~ 0.0002 mmol). The resulting solution was stirred for 20 min then 

ttiethylamine (0.1 ml) was added and stirring was continued for 10 min. The mixture was rinsed 

into ethyl acetate ( 10 ml) over snturacc:d aqueous NaHC03 then the aqueous phase was excra.cted 

with ethyl acetate (2 x .S ml). Tne combined extr:icts were washed with brine, dried with Na2S04, 

and filtered. Conccnaation of the filcrace under vacuum yielded 2.1 mg of crude macerfal which 

was purified by silica gel chromacogr:iphy co yield 1.1 mg of acctonidc 2 6 b. 

26b (P.s2o=C(CH3~. P1=BOM): 1H NMR (500 MHz. CDC13) o- 0.073 (s. 3H. TBS CH3), 

0.008 (s. 3H. TBS CH3), 0.60 (q. J = 7.9Hz. 6H, TES CH 2), 0.79 (s, 9H, TBS t-Bu), 0.95(t, 

J = 7.9 Hz, 9H. TES CH3), l. tO (s, 3H. CH3 19), 1.25 (s, 3H, CH3 17), l.34 (s, 3H. CH3 16), 

l.41(s,3H, CH3 acctonidc), 1.46 (s, 3H. CH3 acctenide), l.88(dd,1= 16.7,5.S Hz. H9P). 

2.08(dd,1== 14.3, 9.2 Hz, lH, Hl4p), 2.17 (s, 3H. CH 3 l8), 2.21(dd, J = 17.1, L7 Hz. lH, 
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H9a), 2.42 (dd, J = 14.3,7.2 Hz. lH, Hl4a.), 2.61 (d. J = 5.1 Hz. lH. H3a), 2.62 (m, lH, 

H6~). 3.71 (dd. J = 11.3, 5.lHz., IH, H2~). 3.75 (dd, J = S.O, 11.3 Hz. lH, H7a), 3.80 (s .. 

3H. OCH3}, 3.99 (dd. J =12.0, 6.2" Hz.. lH, HSa), 4.01 (d, J = 14.2 Hz., lH, H20), 4.17 (s, 

lH. OHl), 4.44 (d. J = 14.2 Hz.. lH, H20), 4.47 (d, J = 11.6 Hz. lH. OCH1Ph), 4.58 (m, lH, 

H10j3), 4.80 (d, J = 11.6 Hz, lH, OCH1Ph), 4.84(d, J = 11.3 Hz. lH, OH2), 4.85 (m, lH. . . 
H13~}, 4.88 (d, J = 10.3 Hz lH. OCH10}, 4.89 (d, J = 6.8 Hz., lH, MPM Clii), S.00 (d, J = 

· 10.J.Hz. lH, OCH1Ph), S.10 (d, J = 6.8 Hz, lH. MPM Cliz), 6.85 (d, J = 8.9 Hz., 2H, p~ 

McOfh -o), 1 II (d, 1 = s.9 Hz.. 2H. p-McOfh ·m), 7.27-7.36 Cm. SH. fh CHv. 

Diolc:arbonaa: 2 7b: To a. solution or the diol 26b (Puo=C(CH3)i, P7=BOM) (1.1 mg) in 0.2 mL 

of CHi01 and 0.02 mL of pyridine stitred at -78 ·c was added a. solution of phosgene {0.010 

ml.., 2M in· toluene, 0.02 mmol). The rcsuldng soludon was stirred at -78 ·c for 10 min then 

warmed to 0 ·c for 3 h. The mixture was diluted with 30% ethyl aceaw: bi hc:xanes (5 mL) then 

poured into 30% cmyi acetate in hexnnes (10 mL) over satur.ltcd :iquccus NaHCO~. The aqueous 

phase was extracted with 30% ethyl accauc in hcxancs (2 x 5 mL} then the combined exttaclS were 

washed with brin~ dried with NaiS04, and filtered. Concentration o( the rllttatc under vacuum 

yielded l.3mg of crude material. Purificadon by silica gel chramntcgraphy yielded 0.9 mg of pure 

1,2-cyclic c:arbonaEC.. 

To a solution of the carbonate sdm:d in 0.1mlaCTHFand0.05 mL of methanol wa.s added a 

solution of pyridin~um tosylatc (0.005 m~ O. lM in CH1C~. The mixture wa.s stirred at room . . 
tcmpcrarure for 24 h and partitioned between saturated sodium bicarbonate mid ethyl acctitc. The 

clhyl acetate layer was dried over sodium sulfate and evaporated to gjvc 0.9 mg of diol 2 7 b. 

17b (P7=BOM): 1H NMR (500 MHz, CDC3) 8-0.24 (s, 3H. TBS CH3), -0.038 (s, 3H, TBS 

CH3), 0.58 (q, J = 8. IHz. 6H. TES CH2), 0.84 (s, 9H, TBS t-Bu), 0.93(t, J = 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. H9J3), 2.00 (br q, J = 12 Hz, lH, H6p), 2.08 (d, J = 1.4 Hz, 3H, CH3 18), 2.2 (m, 2H, 

H9a. and 14~). 2.35 (br s~ lH. H3et), 2.39 (dt, J = 4.8, 13 Hz. H6cx), 2.74 (br s, IH. 20 OH), 

2.87 (dd, J = 15.1 ,5.l H~ lH. Hl4a.), 3.71 (dd. J = 11.3. 5.lHz, lH, H2~). 3.58 (br s, 2H, 

H7a. and 20 OH), 3.78 (s, 3H. OCH3), 3.78 (br m, lH, HS a), 4.37 (dd, J = 13.0, 5.8 Hz., lH, 
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H20), 4.39 (dd. J = 4.8, 5.8 Hz. lH. HlOp), 4.47 (m. 2H. H20 and 2p), 4 . .59 Cd. J = l l.6 Hz. 
lH. OC&Ph). 4.63 (br m, lH. Hl3p), 4.71 (d. J = l Lo Hz. lH, OCH4Ph), 4.88 (d, J = 7.2 

Hz lH. 00110).4.91 (d, J = 7 .2 Hz. lH. OCH20), 4.93 (m. 2H, MPM CE:z). 6.84 (d, 1 = 8.6 

Hz. 2H. p-MeOEb.-o), 7.23 (d, J = 8.6 Hz. 2H. p-McOf.b.-m), 7.27-7.36 (m. SH, fhCH4). 

Mcsylau: lSb. To a stirred solution of dial 2 7b (0.9 mg) in pyridine (0.6 mL) under nitregen at 

<r C was added dropwise methanesulfonyl chloride (0.02 m.L). After 12 h, a saturated aqueous 

NaHC03 solution (0.05 mL) was added~ 111e mixture was stiITed for 10 min, poured into 20 mL 
of a samraicd aqueous Na.HC03 solution and cxtr.leted with 40% ethyl ac:cwcJhcxane (20 mL x 3). 
The combined organic phase was dried over anhydrous Na2S04 and conc:ntrated under reduced 

pteSSme ta give 1 mg cf 2Sb as a colorless oil 

O=anc 29. To a_ stim:d solution of mesylatc 28 b (1 mg) in colucnc (0.4 mL) under nitrogen at 

room tcmpc:ramrc was added diisopropyl echylaminc: (0.008 mL). The solution was refluxed for 

3..S ~ cooled to room tcmperawrc, poured into 20 mL of a satur.lted aquceus NaHCO:J solution 

and extracted with ethyl acetate (20 ml. x 3). The combined organic phase was dried over 

anhydrous Na2SO," and concentta.tcd under reduced pressure to give 1..5 mg of a pale yellow oil. 

The oil was column chromntographed (30% ethyl acecateJhcx:ine) to yield 1 mg of MPM oxemne. 

This material was dissolved in 1 mL of methylene chloride,· 0.1 mL of 0.1 M phosphate buffer and 

1 mg of DDQ were added, and the mixture was stiacd at ambient temperature for 2h. The mixture 

was poured into 20 mL of a snruraccd aqueous NaHC~ solution and extracted with ethyl acetate 

(20 mL x_ 3). The combined organic phase was dried over anhydrous NazS04, and concentrated 

under reduced pressure to give 1.0 mg of an oil. To a stirred solution of this material (1 mg) and 
dimethyl aminopyridi_ne (1.5 mg) in pyridine (lO µL) under nicrogen at room temperature was 

added acetic anhydride (5 µL). The solution was stilTcd for 15 h, diluted with ethyl acetate, 

poured into 20 mL of il 10% aqueous CuS04 solution llnd extr.:J.ctc:d with ethyl acetate (20 mL x 3). 

The combined organic phase w:is w:ishc:d with a sacur.ued aqueous NaHC03 solution, dried over 

·an.hydrous Na.z.SO, and concentrated under reduced pressure to give 2 mg of a pale yellow oil. 

The oil was column chrom:uogr:iphed (25% ethyl acec3telhexane) to yield 0.6 mg of oxctane 2 9. 
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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. 
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CLAIMS: 

1. An intexmediate for use i.e. the prepa:a.l:.ion of.. a 
t:ricyclic or tec=aeyclic t:axar.a. havini;" the formultJ.: 

asa. 

wherein 
a.. is hyC:..-c::qen, hyc:.roxy I P:c'OCE!C!:ed. hydrc:<"f c:r 

·-oCOR.31 , ar coqe:her wi.l:b. Ri is a. c:arl::lonat:e; 
R.2 is hyC=cqe."l.. hycircxy. protecead hyd:ox:·, oxe, er 

-ocoalt, o~. eoqeeher wii:h Eli, er R-4• is a ca=bonace; 
R.,. is hy~oger., alkyl, hydroxy, protected hy~rc:Xy. 

or -ccoR11, toge:::her wic:n .a~ is an. o:xe, or eogether wic:h 
lts,, I{.11 , or Rs is a c:a:bccat:e; 

R4Q is hydroqen. alkyl, alkenyl, alkynyl, a~/l, 

hete?:oaryl,_ or cya:io, tcqecher wie.h R,. is an oxo, 
together with R... or Rs is a carbcnate, or together with ~ 
and the c:a:bons t:o which c:hey are attached f.orm an 
oxet:a:ie ring; 

Rs is ·hydrogen, hydroxy, procected hydroxy, 

-O~OR37 .. ~ oxo. t:.ogecher with R4• or R4 i: is a carbonate, or 
together with R4b and the carbons to which they are 
attached form an oxet:ane ring; 

a~. is hydrogen, halogen, hydroxy, procec:ted 
hydroxy, -ORu, or -OCOR.14 , or cogether wi t:h Rt is a 

. . 
carbonate; 

~ is hydrogen, oxo, hydroxy,· procected hydroxy, 
-OR.21 , or -OCORn, or t:oger:her with R1• or R10 is a 
carbonate; 
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a·lO is hydrogen, oxo I hydroxy, protected 

hydroxy, -OR::a, or -OCOR:it, or together with R, is a 
carbonate; 

Ru is hydrogen, hydroxy, prot.ect.ed hydroxy, 
-OCOR:is• MO- or 

Rza is· a functional group which increases the 
sol:ibility of the taxane derivat~ve; 

R21, R1,., R.3a, R31 ,. R.33 , R34 , R35 , a..."l.d R3, are 
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, 
ary~oxy, -NX,X10 , -SX10 , monocyc:lic. ary~ or monocyclic 
heteroaryl; 

X1 i!? -ox,, -sx,, or -NX,X,; 

X2 is hydrogen, alkyl, al!<enyl, alkynyl, aryl, 
. or heteroaeyl; · 

. . 
. X.> and X4: are independent: ly hydrogen, alk".11. 

alkenl'·l, al.kynyl, aryl, or het.eroar-xl; 

x. is. -COX10, -COOX14,_ -cosx;~. -CONX,Xia· 

~- is ~·d:agen, alkyl, alk9ny1, a.lkyuyl. aryl, 

h.et.eroary l, eyd.."P-QX'i' proc:.ectia.q gro~. er a e~c:t.ion.a..l 

group whic.°'1 i:ic:::eues ehe wat.eC' solubiJ.it:y cf t:he t::axan~ 

deriva!:ive; 
X7 is alk~tl, a.llcer:yl, allcytr/l, a...-yl, hateroarfl., er 

sulfhyd.."Yl pra~ecting gro\Q; 
x, is hydrogen, aUc·:x·l • alkeey l, al~fl!Yl, i!l~i' l, er 

heteroa.r,f l; 
x, is an ami::.o p:c:cec:t:.i!:q grout;: 
X-:: is alkyl, alke..-iyl, alkynyl, a:yl, or hete:-oa.:yl; 
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Xu is a..l.kyl, a.lka."=IJ' l , a.L~JUY l. a.r.1 l, . hei: a:oacyl , 

-O:Cio# a: -NX.Xoi.; 
~i is hyd...~gen, a.l!<yl, a.lkenyl, a.J.Jctr-tyl. a...-yl. c:r 

l:r.ece::oa..";{l; and 

M c:omgriaes ammcnium or is a. met:a!.. 

! 


