
l~. 

5 

10 

15 

20 

25 

WO 95/0326.5 PCT /US94/083SO 

Synthesis of Taxol and its derivatives. 

This invention was made with Government support 

under NIH Grant #CA 42031 awarded by the National 
.......... 

Instit~utes of Health. The United States Government has ......_,,. 
certain rights in the invention. 

BACKGROUND OF THE n.1-1/ENTION 

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

The taxane family of terpenes, of which taxol 
is a me..rnber, has attracted considerable interest in both 
the biological and che..Tttical arts. Taxol is a promising 
cance~ che..~otherapeutic agent with a broad spectru..~ of 
antileukemic and tumor-inhibiting activity. Taxol has 
the following structure: 

OAc 

wherein Ac is acetyl. 

The supply of taxol is presently being provided 
by the bark f:::-om Taxus brevifollia {Western Yew). 
However, taxol is found only in minute quantities in the 
bark of these slow growing evergreens. Consequently, 
chemists in recent years have expended their energies in 
t~ying to find a viable synthetic route for the 
preparation oE taxol. To date, the results have net been 
enti=ely satisfactory. 
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A semi-synthetic approach to the preparation of 
taxol has been described by Greene, et al. in JACS 110, 
5917 (1988}, and involves the use of a congener of taxol, 
10-deacecyl baccatin III which has the structure of 

5 formula II shown below: 

HOil ii 

OH 

... - ... - ... 
O= H ... 
~~ 

Ph \\ Aco' 

0 

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

10 10-deacetyl baccatin III ( 11 10·-oAS" l is converted to taxol 
by attachment of the c~10 acetyl group and by attachment 
of the C-13 B-amido ester side chain through the 
esterification of the C-13 alcohol with a B-amido 
carboxylic acid unit. 

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

<2. 
baccatin III or of 10-dea'fylbaccatin III of general 
formula 

CH 

( V) 

co-a 

I 
CH-OH 0 

I 

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

acid of general formula: 

0-R 1 

COOH 

in which R1 is a hydroxy-protecting group, is condensed 

S with a taxane derivative of general formula: 

10 

15 

OH 

(VI I) 

H_O --

0 
I I 
& I 

OCOC 6 H5 : 
I 

OCOCH 3 

in which R2 is an acetyl hydroxy-protecting group and R3 

is a hydroxy-protecting group, and the protecting groups 

Rt, R3 and, where appropriate, R2 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-DAB or baccatin III as a starting 

material. As such, the supply of taxol and ether taxane 

derivatives remains· dependent at least to some extent 

upon the collection of various parts of plants from the 

---------------

iliii~Hr 
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remote corhers of the world and the extraction of 10-DAB 
and/or baccatin III therefrom. 

SUMM..·~ .. RY OF THE INVENTION 

~.mong 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 highly 
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 present invention is 
directed to a process for the preparation of taxol and 
other tricyclic and tetracyclic taxanes. 

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

with BrMgN(iPr) 2 , an aldehyde (or ketone), followed by 

phosgene and an alcohol to form a compound having the 
formula: 

.,, 
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wherein 

~..-.-l"q IC'•,:) 4 I 08 3 5 o·, •\.\,1.J\J I I 
- I 

4·8"' R '-1 .................. ,._ 1,.., FEB ec a r'Li Ur~ L. i 139~ 

R7c 
---+-~7c 

R 7b 

R1 is hydrogen or protected hydroxy; R~ is 
hydrogen or protected hydroxy; 

R3 . is oxo; 
R7c is hydrogen, alky 1, cyano, hydroxy, 

protected hydroxy, or -OCOR30 ; 

R7c and R7a are independently hydrogen, alkyl,· 
alkenyl, alkynyl, aryl or heteroaryl; 

R9 is hydrogen, protected hydroxy, or oxo; 
R10 is -OP10 ; 

Ri:; is -OP13 ; 

R36 is hydrogen, alkyl, alkenyl, alkynyl, 
alkoxy, aryloxy, -NX8X10 , -SX10 , monocyclic aryl or 
monocyclic heteroaryl; 

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

Xio is alkyl, alkenyl, alkynyl, aryl, or 
heteroaryl; 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 f orrnula 

I 
AC. ,-.; .- ·:•.t·:i ·, ·; 

:'!-._ \111:.~""'4 • • - -
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with lithium tetramethylpiperidide to form a compound 
having the formula: 

P 13 011111 

wherein 
Rt is hydrogen or protected hydroxy; 
R7c: is hydrogen, alkyl, alkenyl, ·alkynyl, aryl 

or heteroaryl; 

R9 is hydrogen, protected hydroxx, or oxo; and 
E\0 and Pi3 are hydroxy protecting. groups. 
In accordance with another aspect of the 

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

p 13011111 

with lithium tetramethylpiperidide and camphosulfonyl 
15 oxaziridine to form a compound having the formula: 
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p 13011111 

wherein R.g is hydrogen, protected hydroxy, or oxo; R7c is 
hydrogen, alkyl, alkenyl, alkynyl, aryl or heteroaryl; 
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: 

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

P 13 011111 

·--
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wherein R; is hydrogen, protected hydroxy, or oxo; P.-~ is 
hydrogen, alkyl, al-kenyl, alkynyl, aryl or heteroaryl; 

and ?:~ and ?::: are hydrox-.i protecting groups. 
-In 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: 

p 13011111 

OH 
; 

wherein R is lowe:?:" alkyl, R1 is hydrogen, protected 
hydroxy or R1 and R2 together form a carbonate, R2 is 
hydrogen, protected hydroxy or R1 and R2 together form a 
carbonate, R9 is hydrogen, protected hydroxy, or oxo; and 
P10 and Pn are hydroxy protecting groups. 

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

AMENDED SHEET 
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with DEU to form a compound having the formula: 

wherein 

Ri is hydrogen, hydrox-£, protected hydroxy or 
-OCOR30 , or together with R~ is a carbonate; 

R2 is hydrogen·, hydroxy, protected hydroX'.f, oxo, 
or -OCOR31 , or together with R1 is a carbonate; 

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

15 

R4b is hydroxymethylene; 
Rs is -OMs, -OTs or a bromide; 
R7a is hydrogen, protected hydroxy, or -0COR34 , 

or together with R9 is a carbonate; 
R~ is hydrogen, oxo, hydroxy, protected hydroxy, 

or -OCOR~ 3 , or together with R7a or R10 is a carbonate; 
R10 is hydrogen, oxo, hydroxy, protected 

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

. .__ 
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P:j is a hydrox.t protecting group; 

R~~' R):;' R,;, P.,,, and R14 are independently 

hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, 

-NX~X::, -sx~-;, monocyclic aryl or monocyclic heteroaryl; 
X5 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteroaryl; and 

X10 is alkyl, al~enyl, alkynyl, aryl, or 
heteroaryl. 

In accordance with another aspect of the 
10 present invention, the process comprises reacting a 

compound having the formula: 

15 

0 

P13° 

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: 

AMENDED SHEET 
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OH 

wherein 
R1 is hydrogen, hydroxy, protected hydroxy, or 

-OCOR;0, or together with R2 is a carbonate; 
R2 is hydrogen, protected hydroxy, or -OCOR3:, or together with R1 or R~a is a carbonate; 
R4a is hydrogen, alkyl, hydroxy, protected 

hydroxy, or -OCOR2,, together with R4b is an oxo, or 
together with R2 , R~, or Rs is a carbonate; 

·_ R4b is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, or cyano, together with R4a is an oxo, 
to"gether with R4a or R5 is a carbonate, or together with Rs 
and the carbons to which they are attached form an 
oxetane ring; 

Rs is hydrogen, protected hydroxy, -OCORn, 
together with R4a or R4b is a carbonate, or together with 
R40 and the carbons to which they are attached form an 
oxetane ring; 

R;a is hydrogen, halogen, protected hydroxy, or 
-OCOR34 ; 

P13 is a hydroxy protecting group; 
R21, R30 , Rn, RH, and R37 are independently 

hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, 
-NX9X10 , -sx 10 , monocyclic aryl or monocyclic heteroaryl; 

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

AMENDED ~H\'.:"::.,. 
"""''""'.:...' 
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X1:; is alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, or hecerosubstituted alkyl, alkenyl alkynyl, 

a~~l or heteroaryl. 
In general, the process of the present: 

invention may be used to prepare taxanes having the 

formula: 

( 1) 

wherein 
R1 is hydrogen, hydroxy, protected hydroxy, or 

-OCOR30 ; 

R2 is hydrogen, hydroxy, -OCOR31 , or oxo; 

R4a is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, cyano, hydroxy, -OCOR2;, or together with R~:::i 

forms an oxo, oxirane or methylene; 

R4b is hydrogen, together with R4a forms an oxo, 

oxirane or methylene, or together with Rs and the carbon 
atoms to which they are attached form an oxetane ring; 

Rs 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; 

R6 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteroaryl, hydroxy, protected hydroxy or together 

with R5a farms an oxo; 
Rsa is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteroaryl, hydroxy, protected hydroxy or together 

with R6 forms an oxo; 
R7a is hydrogen, halogen, hydroxy, protected 

hydroxy, -OCORH, oxo, or -OR29 ; 

AMENDED SHEET 
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R!; is hydrogen, hydroxy, protected hydrox:-y, 
acyloxy, or oxo; 

R:c is hydrogen, -OCOR~,., hydrox:-y·, p.r-otected 
hydrox:-y, or oxo; 

5 RiJ is hydroxy, protected hydroxy, MO- or 

---------

AMENDED SHEET 
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R: 4 is hydrogen·, alkyl, alkenyl, alkynyl, aryl, 

or heteroaryl; 

· R:.:a is hydrogen,: alkyl, alkenyl, alkynyl, aryl, 

5 or heteroaryl, hydroxy, protected hydroxy or together 

with R: forms a carbonate; 

R25 is a functional group which increases the 

solubility of the taxane; 

R2;, R:i9, Rj0 , R31 , RH and R3-;- are inde.;..:.endent ly 

10 hydrogen, alkyl, alkenyl, alkynyl, monocyclic aryl or 

monocyclic heteroaryl; 

xl is -OX6, -sx,,_ or -NX8X9; 
X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteJ;"oa:::::yl; 

15 X3 and X4 are independently hydrogen, alkyl, 

alkenyl, alkynyl, aryl, or heteroar.11; 

X5 is -COX~0 , -COOX~0 , -COSXio, -CONX8X10 , 

X6 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

20 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; 

25 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, 

30 heteroar.11, or heterosubstituted alkyl, alkenyl alkynyl, 

aryl or heteroaryl; 

Xn is alkyl, alkenyl, alkynyl, aryl, 

heteroar,11, -OX10 , or -NX9X14 ; 

AMENDED SHEET 
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or heteroaryl; and 

M comprises ·ammoniUL-n or is a metal. 
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The present invention is additionally directed 
to an intermediate for use in the preparation of a 
tricyclic or tetracyclic taxane having the formula: 

R 
13 

5 wherein 

10 

R1 is hydrogen, hydroxy, protected hydroxy or 
-OCOR30 , or together with R2 is a carbonate; 

R2 is hydrogen, hydroxy, protected hydroxy, oxo, 
or -OCOR31 , or together with R1 is a carbonate; 

R1 is hydrogen, hydroxy, protected hydroxy, 
-OCOR32 , or oxo; 

R8 is hydrogen, alkyl, alkenyl, alkynyl, aryl or 
heteroar.tl; 

R9 is hydrogen, hydroxy, protected hydroxy, oxo, 
15 or -OCORn, or together with R10 is a carbonate; 

20 

is 

R10 is hydrogen, hydroxy, protected hydroxy, 
oxo, or -OCORa9 , or together with R9 is a carbonate; 

RLJ is hydroge~, hydroxy, protected hydroxy, 
-OCOR15 or MO-; 

R29, R10, RJt, R 31 , R33 , and R35 are independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, 
-NX9X10 , -S:X10 , monocyclic aryl or monocyclic heteroar-yl; 

X5 is hydrogen, alkyl, alkenyl, alkynyl, a::--.fl, 
or heteroaryl; 

X~0 is alkyl, alker:.yl, alkynyl, aryl, er 
heteroar-yl; and 

M comprises ammonium or is a mecal.~-

·• 
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The present invention is further directed to an 
intermediate !or use in the preparation of a triCJ-·clic or 
tetracyclic taxane having the formula: 

R13 
R7d 

R7c 

R7b 

R2 

wherein 

Ri is hydrogen, hydroxy, protected hydroxy or 
-OCORJ01 or together with R2 is a carbonate; 

R2 is hydrogen, hydroxy, protected hydroxy, oxo, 
or -OCOR31 , or together with Rt is a carbonate; 

10 · R3 is hydrogen, hydroxy, protected hydroxy, 
-OCOR32 , or oxo, or together with R71, is a carbonate; 

R7b is hydrogen, alkyl, cyano, hydroxy, 
protected hydroxy, or -OCOR36 , or together with R3 or R9 is 
a carbonate; 

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

R9 is hydrogen, hydroxy, protected hydroxy, oxo, 
or -OCORn, or together with R7b or R10 is a carbonate; 

R10 is hydrogen, hydroxy, protected hydroxy, 
20 oxo, or -OCOR29 , or together with R9 is a carbonate; 

Rll is hydrogen, hydroxy, protected hydroxy, 
-OCOR35 or MO-; 

R29, R30 , RJ!, Rn, R3j, R1s and R1,. are 
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, 

25 aryloxy, -NX8X10 , -SX10 , rnonocyclic aryl or monocyclic 
heteroaryl; 
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x~ is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteroaryl; 
x1., 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: 

wherein 
R1 is hydrogen, hydroxy, protected hydroxy or 

-OCOR30 , or together with R:? is a carbonate; 

R2 is hydrogen, hydroxy, protected hydrox-y, oxo, 

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

R3 is hydrogen, hydroxy, protected hydrox-y, or 
-OCOR32 ; 

R7a is hydrogen, alkyl, cyano, hydroxy, 

protected hydroxy, or -OCOR16 ; !Qr together wi_th R1 er R9 :l.3 

a earlaeRat:e) 

R7c: is hydrogen, alkyl, alkenyl, alkynyl, aryl 

or heteroaryl; 

R9 is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCORn, or together with R\o is a carbonate; 

Rto is hydrogen, hydrOX'.f, protected hydroxy, 
oxo, or -OCOR~~, or together with R,, is a carbonac.e; 

,. 
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R;:; is hydrogen, hydrOX'.f, protected hydrox-y-, 

-OCOR3: or MO-; 

R2o;, R1.:, R31 , R2:;, R;;, R;:, and R; 6 are 
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, 

aryloxy, -NX.2X:c• -SX:0 , monocyclic aryl or monocyclic 

hetercaryl; 
Xa is hydrogen, alkyl, alkenyl, alkynyl, 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 fOrir'llla: 

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

-OCOR30 , or together with R2 is a carbonate; 
R2 is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCOR31 , together with R1 is a carbonate, or together 
with R4 is a carbonate; 

R4a is hydrogen, alkyl, hydroxy, protected 

hydrox-y, or -OCOR21, or together with R2 is a carbonate; 
R7a is hydrogen, halogen, hydroxy, protected 

hydroxy, -0R28 , -OCOR34 , or together with R9 is a 

carbonate; 

AMENOCO ... :::·;-• ~ .:>Hi.. ... I ii\i[iir 
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R9 is hydrogen, oxo, hydroxy, protected hydroxy, 

-OR2e, or -OCORn, or together with Rr. or R!c is a 

carbonate; 
R10 is hydrogen, ox:o, . hydroxy, protected 

hydroxy, -OR28 , or -OCOR29 , or together with. R9 is a 

carbonate; 
RLJ is hydrogen, hydroxy, protected hydroxy_, 

-OCOR15 or MO-; 
R28 is a functional group which increases the 

solubility of the taxane derivative; 
R27 , R29 , R10 , Rn, Rn, R34 , and RJs are 

independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, 
arylox.r, -.NX8X10 , -SX10 , rnonocyclic aryl or monocyclic 

heteroaryl; 

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

X10 is alkyl, alkenyl, alkynyl, aryl, or 
heteroa.r.fl; and 

M comprises a.rnmonium 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: 

26c 

R4b R Rs 4a 

wherein 

R1 is hydrogen, hydrox:-.r, protected hydrox-/ or 

-OCOR10 , or togecher with R! is a carbonate; 
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R2 is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCORH, or together with R~ or R.1a is a carbonate; 

R4a is hydrogen, alkyl, hydroxy, protected 

hydroxy, or -OCOR21, together with R4b is an oxo, or 

5 together with R2 , R4b, or R5 is a carbonate; 

R4b is hydrogen, alk:y 1, alkeny l, alkyny l, ary l, 

·heteroaryl, or cyano, together with R4a is an oxo, 

together with R4a or Rs is a. carbonate, or together with Rs 

and the carbons to which they are attached form an 

10 oxetane ring; 

Rs is hydrogen, hydroxy, protected hydroxy, 

-OCOR37, oxo, together with R4a or R4b is a carbonate, or 

together with R4b and the carbons to whi.ch they are 
attached form an oxetane ring; 

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

hydroxy, -OR2a, or -OCOR34 , or together with R9 is a 
carbonate; 

· Rg is hydrogen, oxo, hydroxy, protected hydroxy, 

-OR28 , or -OCOR33 , or together with R7a or R10 is a 
20 carbonate; 

R1o is hydrogen, oxo, hydroxy, protected 

hydroxy, -OR2a1 or -OCOR29 , or together with ~ is a 
carbonate; 

R13 is hydrogen, hydroxy, protected hydroxy, 

25 -OCOR:!S• MO- or 

R29 is a functional group which increases the 

solubility of the taxane derivative; 

---
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R21. R29, R30, R31 , R33 , and R37 are independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, -

NX9XL0 , -SXLo' monocyclic aryl or monocyclic heteroaryl; 
X1 is -OX6 , -SX1, or -NX9X9 ; 

'· 

s X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

10 

20 

25 

30 

35 

or heteroaryl; 

X1 and X4 are independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl, or heteroaryl; 

X5 is -COX to, -COOX10 , -COSXto, -CONX9X LO, 

or -S02X11 ; 

X5 is hydrogen, alkyl, alkenyl, alk:-ynyl, aryl, 
heteroaryl, hydroxy protecting group, or a functional · 
group which increases the water solubility of the taxane 
derivative; 

X1 is alk:yl, alkenyl, alkynyl, aryl, heteroaryl, ·· 
or sulfhydryl protecting group; 

X9 is hydrogen, alk"y l, alkeny 1 , alkyny l, a:z:y1 , 

or heteroacyl; 

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

heteroaryl; 

Xu is alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, -OX10, or -NXsX14; 

. X14 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
or heteroaryl; 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 
hereinaft.er. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
P.s used herein ".n.r" means aryl; "Ph" means 

phenyl; "Me" means methyl; "Et" means ethyl; "iPr" means 

isopropyl; "tBu" and "t-Su" means tert-butyl; "R" means 
lower alkyl unless otherwise defined; ":i..c" means acetyl; 
"py" means pyridine; "TES" means criethyls i lyl; '"!'MS" 
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means trimethyl-silyl; "TBS" means Me~t-BuSi-; "Tf" means 
-so::!.cF,; "BMDA" means BrMgNiPrl; "Swern" means (COC1) 2 , 
EtJN; "LTMP" means lithium tecramethylpiperidide; "MOP" 
means 2-methoxy-2-propyl; "BOM" means benzyloxymethyl; 
"LDA" means lithium diisopropylamide; "LAH" means lithitim 
aluminum hydride; "Red-1'.l" means sodium bis C 2-
methoxyethoxy) aluminum hydride; "Ms" means CH3SO::!.-; 
"TASF" means tris(diethylaminolsulfonium­
difluorotrimethylsilicate; •Ts" means toluenesulfonyl; 
·TB~..F" means tetrabutyl anmonium hydride; "TPAP" means 
tetrapropyl-ammoniurn perruthenate; "DBU" means 
diazabicycloundecane; "DM.?;.P" means p-dimethylamino 
pyridine; "LHMDS" means lithiu.Ttl hexamethyldisi'i.azide; 
nDMF" means dimethylformamide; uAIBN" means azo-Cbis)­
isobutyronitrile; "10-DAB" means 10-desacetylbaccatin 
III; nFAR" means .2-chloro-1,1,2-trifluorotriethylamine; 
"mCPBAn means metachloroperbenzoic acid; nDDQ" means 
dicyanodi_chloroquinone; "sulfhydryl protecting group" 
includes, but is not limited to, he..Tttlthioacetals such as 
1-ethoxyethyl and methoxymethyl, thioesters, or 
thiocarbcnates; "amine protecting group" includes, but is 
nae limited to, carbamaces, for example, 
2,2,2-trichloroethylcarbamate or tertbutylcarbamate; 
"protected hyqroxy" means .... Qp wherein P ·is a hydrox-j' 
protecting group; and "hydroxy protecting group" 
includes, but is not limited to, acetals having two to 
ten carbons, ketals having two to ten carbons, ethers 
such as methyl, t-butyl, benzyl, p-methoxybenzyl. 
p-nitrobenzyl, allyl, trityl, methoxymethyl, 
methoxyethoxymethyl, ethoxyethyl, tetrahydropyranyl, 
tetrahydrothiopyranyl, and trialkylsilyl ethers such as 
trimethylsilyl ether, triethylsilyl ether. 
dimethylarylsilyl ether, triisopropylsilyl ether and 
t-butyldirnethylsilyl ether; estars such as benzoyl, 
acetyl, phenylacetyl, formyl, mono-, di-, and 
trihaloacetyl such as chloroacetyl, dichloroacecyl, 

. .__ 
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trichloroaeeeyl, trifluoro-acetyl; and carbonates 
inclucing but noc limited to alkyl carbonates having from 
one to six carbon atoms such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, t-butyl; isobutyl, and n-pentyl; 
alkyl carbonates having from one to six carbon atoms and 
substituted with one or more halogen acorns such as 
2,2,2-trichloroethox:.vrnethyl and 2,2,2-tri-c~loroethyl; 
alkenyl carbonates having from two to six carbon atoms 
such as vinyl and ally!; c~cloalkyl carbonates having 
from three to· six carbon atoms such as cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl; and phenyl or 

benzyl carbonates optionally substituted on the ring with 
one or more CL-o alkoxy, or nitro. . Other hydroxyl, 
sulfhydryl and amine protecting groups may be fourid in 
"Protective.Groups in Organic Synthesis" by T. W. Greene, 
John Wiley and sons, 1981. 

The alkyl groups described herein are 
preferably lower alkyl containing from one to six carbon 
atoms in the principal chain and up to 15 carbon atoms. 
They may be straight or branched chain and include 
methyl, ethyl, propyl, isopropyl, butyl, hexyl and the 
like. They may be hydrocarbon or heterosubstituted with 
the various substituents defined herein, including 
heteroalkyl, alkenyl, heceroalkenyl, alk:_vnyl, 

heteroalkynyl, a::yl, heteroaryl, and heterosubstituted 
het.eroaryl. 

The alkenyl groups described herein are 
preferably lower alkenyl containing from two to six 
carbon atoms in the principal chain and up to 15 carbon 
atoms. They may be sc:raight or branched chain and 
inclµde ethenyl, propenyl, isopropenyl, butenyl, 
isobucenyl, hexenyl, and the like. They may be 
hydrocarbon a:- heterosubstituted with the various 
substituenc:s deEined i:i.e::::-ein, including alkyl, 
hete!:'oalky L heteroalkeny l, alk.y·ny l. heteroalkyny l, aryl, 
heteroaryl, and hecerosubsti~uted heteroaryl. 

-·--·-----------
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The alkynyl groups described herein are 
preferably lower alkynyl containing from two to six 
carbon atoms in the principal chain and up to 15 carbon 
atoms. They may be straight or branched chain and 
include ethynyl, propynyl, butynyl, isobutynyl, hexynyl~ 

and the like. They may be hydrocarbon or 
heterosubstituted with the various substituents defined 
herein, including alkyl, heteroalkyl, alkenyl, 
heteroalkenyl, heteroalkynyl, aryl, heteroaryl, and 

10 heterosubstituted heteroaryl. 
The aryl moieties described herein contain from 

6 to 15 carbon atoms and include phenyl. They may be 
hydro-carbon or heterosubstituted with the various 
substituents defined herein, including alkyl, 

15 heteroalkyl, alkenyl, heteroalkenyl, alkynyl, 
heteroalkynyl, heteroaryl, and heterosubstituted 
heteroaryl. Phenyl is the more preferred aryl. 

· The heteroaryl moieties described herein 
contain from 5 to 15 atoms and include, furyl, thienyl, 

20 pyridyl and the like. They may be hydrocarbon or 
heterosubstituted with the various substituents defined 
herein, including alkyl, heteroalkyl, alkenyl, 
h . = 1 k - 1 lky l h , . . l . et:.-roa_. e.uy_, a . ny , eteroa-JCYny.i., ary , ana 
heterosubstituted heteroaryl. 

25 The acyl moieties described herein contain 
alkyl, alkenyl, alkynyl, aryl or heteroaryl groups . 

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

The hydrocarbon substituents described herein 
30 may be alkyl, alkenyl, alkynyl, or aryl, and the hetero­

substituents 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, 

35 ethoxy, butoxy, halogen such as chloro or fluoro, and 
nitro, heteroaryl such as fur~l or thienyl, alkanoxy, 

--
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hydroxy, protected hydroxy, acyl, acyloxy, nitre, amino, 
and amide. 

An exemplary synthesis of baccatin III or 10-
D~E is depicted hereinbelow in Reaction Scheme A. The 

5 starting material, diol 2, can be prepared from patchino 
(commonly known as B-patchouline epoxide) which is 
commercially available. The patchino is first reacted 
with an organo-metallic, such as lithium t-butyl followed 
by oxidation with an organic peroxide, such as t-

10 butylperoxide in the presence of titanium 
tetraisopropoxide to form a tertiary alcohol. The 
tertiary alcohol is then reacted wi.th a Lewis acid, such 
as boron trifluoride at low ta~perature, in the range 
from 40°C to -100°C; in the presence of an acid, such as 

15 trifluoromethane sulfonic acid. A graphical depiction of 
this· reaction sche.."tle along with an experimental write-up 
for th~ preparation of diol 2 can be found in U.S. Patent 
No • 4 , 8-16 , 3 9 9 • 

,, .. 
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In Reaction Scheme A, P.: is TMS, p, is MOP or BOM, P10 is 
TES, Pll 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 
understoc:>d, however, that P5 , P7 , P10 , and Pi3 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 Sche.111e 
A', with the reactions leading to compound 18 and 
following compound 29 being as set forth in Reaction 
Scheme Fi-•• 

-·--------
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In Reaction Scheme A', P5 is TMS or Ac, P7 is 
MOP or BOM, P 10 is TES, P~J is TBS and P 520 is acetal or 
ketal, preferably acetonide. It should be understood, 
howeve:::-, that P5 , P;, Pl0 , and PlJ and P520 may be other 
hydroxy protecting groups. 

In general, tricyclic and tetracyclic taxanes 
bearing C13 side chains may be obtained by reacting a 
B-lact~~ with alkoxides having the taxane tricyclic or 
tetracyclic nucleus and a C-13 metallic oxide substituent 
to form compounds having a B-amido ester subs~icuent at 
C-13. The B-lactams have the following struccural 
~ l i:ormu_a: 

i11iiiiiir 

,. 
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X5#hO 
2 

3 
X4 X1 

X3 Xz 

wherein X: - Xs are as defined above . The alkoxides 
having the tricyclic or tetracyclic taxane nucleus and a 
C-13 metallic oxide or ammonium oxide substituent have 
the following structural formula: 

wherein Rl, Ri, R4., R4b, R5 , R6 , Re.a' R7a, ~. and R10 are as 
previously defi?ed, Rn is -OM and M comprises ammonium or 
is a mecal optionally selected from Group IA, IIA, 
transition (including lanthanides and actinides), IIB, 

IIIA IVA, VA, or VIA metals (CAS version) . If M 

comprises ammonium, it is preferably tetraalkylammonium 
and the alkyl component of the tetraalkylammonium 
substituent is preferably CL - Cio alkyl such as methyl or 
butyl. Most preferably, the alkoxide has the tetracyclic 
taxane nucleus and corresponds to the structural formula: 

tt1iiilliUf 
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MOlllll i:17a 

wherein M, R2 , R4a, R1a' ~' and Rto are as previously 
defined. 

I' 

As set forth in Reaction Scheme A, taxol may be 

prepared by converting 7-protected Baccatin III 35 to the 

corresponding alkoxide and reacting the alkoxide with a 

~-lactai.~ in which X1 is protected hydroxy, X3 is phenyl 

and ·x5 is benzoyl. Protecting groups such as 2-

metho~ropyl {"MOP"}, 1-ethoxyethyl {"EE" l are 

preferred, but a variety of other standard protecting 

groups such as the triethylsilyl group or other trialkyl 

(or aryl) silyl groups may be used. Taxa~es having 
t' 

alternative side chain substtuents 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, 10-DAB, Baccatin II! or one of the 

other intermediates disclosed herein .to yield the 

corresponding C9 ~-hydroxy derivative. The reducing 

agent is preferably a borohydride and, most preferably, 

tetrabutylaromoniu.11\boro-hydride (Bu4NBH~l or 

triacetoxyborohydride. 

As illustrated in Reaction Scheme l, the 

reaction of baccatin II! with 8u~NBH4 in mechyle~e 

chloride yields 9-desoxo-9~-hydrox.:i--baccatin III 5. 
the C7 hydrOX"£ group is procected with the triethylsilyl 

protecting group, for example. a suitable side chain may 

. ' . 

ilii[iii 



WO 95103265 PCT /US94/08350 

37 

be attached to 7-protected-9B-hydrox¥ derivative 6 as 
elsewhere described herein. Removal of the remaining 
protecting groups thus yields 9~-hydroxy-desoxo taxol or 
other 9~-hydroxytetracylic taxane having a Cl3 side 

5 chain. 

REACTION SCHEME 1 

H011•• 

OAc 

a. , ..... 
_/ " Ph--\\ AcO 

0 

OAc 

H0111" 

HO a , .... 
Ph--( Ace" 

5 0 

OAc 

HOl11•· 

. a ... · 
__/ " Ph \\_ AcO 

0 

6 

Alternatively, the Cl3 hydroX"~ group of 7-
protected-9~-hydroxy derivative 6 may be protected with 

10 trimethylsilyl or other protecting group which can be 
selectively re.~oved 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-protected-9~-hydroxy derivative 7 with KH causes the 
acetate group to migrate from ClO to C9 and the hydroxy 

group to migrate from C9 to ClO, thereby yielding 10-

desacetyl derivative 8. Protection of the ClO hydroxy 
group of 10-desacetyl derivative 8 with triethylsilyl 

yields derivative 9. Selective removal of the Cl3 

hydroX'f 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 Sche.~e 3, 10-oxo 

derivative 11 can be provided by oxidation of 10-

desacetyl derivative 8. Thereafter, the Cl3 hydroxy 

·--
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protecting group can be selectively removed followed by 
attachment of a side chain as described above to yield 9-

acetoxy-10-oxo-taxol or other 9-acetoxy-10-oxotetracylic 
taxanes ·having a C13 side chain. Alternatively, the C9 
acetate group can be selectively removed by reduction of 
10-oxo derivative 11 with a reducing agent such as 
sarnariu.~ diiodide to yield 9-desoxo-10-oxo derivative 12 
from which the Cl3 hydroxy protecting group_ can be 
selectively removed followed by attachment of a side 
chain as described above to yield 9-desoxo-10-oxo-taxol 
or other 9-desoxo-10-oxotetracylic taxanes having a Cl3 
side chain. 

REACTION SCHEME 3 
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Reaction Scheme 4 illustrates a reaction in 
which 10-DAB is reduced to yield pentaol 13. The C7 and 

( 
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ClO hydroxyl groups of pentaol 13 can then be selectively 
protected with the triethylsilyl or another protecting 
group to produce triol 14 to which a Cl3 side chain can 
be attached as described above or, alternatively, afte= 

5 further modification of the tetracylic substituents. 

REACTION SCHEME 4 

OH OH 

H01111 HOii•" 

- -- -0 , .... --< ~ Ph \\ AcO 
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14 

Taxanes having C9 and/or ClO acyloxy 
substituents other than acetace can be prepared using 10-

10 D~..B as a starting material as illustrated in Reaction 
Scheme 5. Reaction-of 10-D~..B with triethylsilyl chloride 
in pyridine yields 7-protected 10-DAB 15. The ClO 
hydroxy substituent of 7-protected 10-DAB 15 may then be 
readily acylated with any standard acylating agent to 

--... 
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yield derivative 16 having a new ClO acyloxy substituent. 

Selective reduction of the C9 keto substituent of 

derivative 16 yields 9g-hydroxy derivative 17 to which a 

Cl3 side chain may be attached. Alternatively, the ClO 

and C9 groups can be caused to migrate as set forth in 

Reaction Scheme 2, above. 

REACTION SCHEME 5 
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Taxanes having alternative C2 and/or C4 esters 

can be pre~ared using baccatin III and 10-DAB as sta=ting 

materials. The C2 and/or C4 esters of baccatin III and 

10-DAB can be selectively reduced to the corresponding 

alcohol(sJ using reducing agents such as LAH or Red-Al, 
and new esters can thereafter be substituted using 

,,.....-----···---· 

.. 



------------····'=·-~~---· - -············-·-

WO 95/03265 PCT /US94/083SO 

43 

standard acylating agents such as anhydrides and acid 
chlorides in _combination with an amine such as pyridine, 
triethylamine, DMAP, or diisopropyl ethyl amine. 
Alternatively, the C2 and/or C4 alcohols may be converted 

5 to new C2 and/or C4 esters through formation of the 
corre.sponding 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-D~..B analogs having 
10 different substituents at C2 and/or C4 can be prepared as 

set forth in Reaction Schemes 6-10. To simplify the 
description, 10-D~.B is used as the starting material. It 
should be understood, however, that bac~atin III 
derivatives or analogs may be produced using the same 

15 series of reactions (except for the protection of the ClO 

hydroxy group) by simply replacing 10-DAB with baccatin 
III as the starting material. 9-desoxo derivatives of 
the baccqtin III and 10-D~..B analogs having different 
substituents at C2 and/or C4 can then be prepared by 

20· reducing the C9 keto substituent of these analogs and 
carrying out the other reactions described above. 

In Reaction Sche.~e 6, protected 10-DAB 3 is 
converted to the trial 18 with lithium aluminum hydride. 
Triol 18 is then converted to the corresponding C4 ester 

25 using CllCO in pyridine followed by a nucleophilic agent 
(e.g., Grignard reagents or alkyllithiurn reagents). 

---
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Deprotonation of trial 18 with LDA followed by 

introduction of an acid chloride selectively gives the C4 

ester. For example, when acetyl chloride was used, trial 

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

Sche...ine 7. 

Trial 18 can also readily be converted to the 

1,2 carbonate 19. Acetylation of carbonate 19 under 

vigorous standard conditions provides carbonate 21 as 

described in Reaction Scheme 8; addition of alkyllithiums 

or Grignard reagents to carbonate 19 provides the C2 -------Replaced 
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ester having a free hydroxyl group at C4 as set forth in 
Reac.tion Scheme 6. 

Scheme 7 
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:..s set forth in Reaction Scheme 9, other C4 

substituents can be provided by reacting carbonate 19 

with an acid chloride and a tertiary amine to yield 

carbonate 22 which is then reacced with alkyllithiums or 

Grigna=d reagents to.provide 10-DAB derivatives having 

new substituents at C2. 

Sche.ine 9 

TMS011111 
TMSOllll 

18 

TMS011111 TMS01111 

23 

..... 
0 :: ~ 

: H \_.,.o ~ 
ff HO" 
0 1 9 

22 

R 30 ~0C I 
pyridine 

OMAP 

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.?>.J! to produce l,2,4,10 tetraol 24. Tetraol 

24 is converted to carbonate 25 using Cl 2CO and pyridine, 

and carbonace 25 is acylated at ClO with an acid chloride 
----
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and pyridine to produce carbonate 26 (as shown) or with 
acetic anhydride and pyridine (not shown) . Acetylation 
of carbonate 26 under vigorous standard conditions 
provides carbonate 27 which is then reacted with alkyl 
lithiwns to provide the baccatin III derivatives having 
new substituents at C2 and ClO. 
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10-desacetOX"£ derivatives of baccatin !II and 

10-desoxy derivatives of 10-DAB may be prepared by 

reacting baccatin III or 10-DAB (or their derivatives) 

with samariu..~ diiodide. Reaction between the tetracyclic 

taxane having a ClO leaving group and samarium diiodide 

may be carried out at 0°C in a solvent such as 

tetrahydrofuran. Advantageously, the samarium diiodide 

selectively abstracts the 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-10-desacetyox:y or 10-deso~y deriva~ives as 

otherwise d~scribed·herein. 

1iiffiii 
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C7 dihydro and other C7 substituted taxanes can 
be prepared as set forth in Reaction Schemes 11, 12 and 
12a. 

REACTION SCHEME 11 

H01111 

OAc 

~ s 
O~ H ~ 

~ 
Ph--i Aca' 

0 

HOllll 

HOllll 

OAc 

n8u 3SnH 
AIBN (cat) 

toluene (reflux) 

OAc 

---
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REACTION SCHEME 12 

OAc 
0Ac 

FAR 

0Ac 
0Ac 

Ms Cl 
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HF, PY 

+ 

l 
c 1) 

c 2) 

H011111 

THF 

PCT /US94/083SO 

a 

a ~ 

--< " Ph \\_ AcO 

a 

HF. Pyridine, 

OH 

·As shown in Reaction Scheme 12, Baccatin III 
may be converted into 7-fluoro baccatin III by treatment 
wich FAR at room temperature in THF solution. Other 
baccatin derivatives with a free C7 hydroxyl group behave 
similarly. Alternatively, 7-chloro baccatin III can be 

prepared by treatment of baccatin III with methane 

sulfonyl chloride and triethylamine in methylene chloride 
solution containing an excess of triethylamine 
hydrochloride. 
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Taxanes having C7 acyloxy substituents can be 

prepared as set forth in Reaccion Scha~e 12a, 7,13-

prgtected 10-oxo-derivative 11 is converted to its 

corresponding Cl3 alkoxide by selectively removing the 

Cl3 procecting group and replacing it with a metal such 

as lithiu..~. The alkoxide is then reacted with a ~-lactarn 

or other side chain precursor. Subsequent hydrolysis of 
the C7 protecting groups causes a migration of the C7 · 

hydroxy substituent to ClO, migration of the ·c10 oxo 
subst;ituent to C9, and migration of the C9 acyloxy 

substituent to C7. 

As shown in Reaction Sche..~e 13, 7-0-

triethylsilyl baccatin III can be converted to a 

tricyclic taxane through the action of trimethyloxonium 

15 tetrafluoroborate in methylene chloride solution. The 
product diol then reacts with lead tetraacetate to 

provide·. the corresponding C4 ketone. 
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HO 
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Ph-(' HO' 

0 HO 

H01t11· 

1 Pb(0Ac) 4 

OAc 

a 
Ph~ 

. 0 

0 

The subprocesses ·of Reaction scheme A can be 

applied at various stages. For example, the process for 

5 t.he 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 

10 29. 

Likewise, the process for introduction of Cl 

and C2 oxygen-containing functional groups (conversion of 

6 to .13 in Reaction Scheme A) can be applied to any 

intermediate having a C3 carbonyl group. 

·-
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Similarly, the 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 carbo~ate. 

Also, the process for forming the oxetane ring, 

as exe.rnpl_ified in the conversion of 24a to 27a in 

Reaction Sche.rne A, can be applied to a variety of 
intermediates having a C4 ·carbonyl group. 

The aldol process exe.11\Plified in the conversion 

10. of 5 to 6 in Reaction Sche.rne A can be applied to any 

15 

20 

25 

30 

suitably protected intermediate having a C3 carbonyl 

group and a C8a hydrogen. A variety of ketones or 
aldehydes can be used as a reactant in this process. 

Formation of a cyclic carbonate from any 1,2 or 

1,3 diol subunit in any intermediate can be carried out 

by using phosgene as a reactant. Carbonyl groups can be 

reduced: by hydride reagents or metallic species to the 
corresponding alcohols. Alcohols can be oxidized using a 

variety of oxidizing agents as exemplified in the 
Reaction Schemes, to the corresponding carbonyl groups. 

The compounds disclosed in this application 

have several asymmetric carbons and may exist in 

diastereomeric, racemic, or optically.active foritl.s. All 

of these forms are contemplated within the scope of this 

invention. Mora specifically, the present invention 
includes the enantiomers, diasteriomers, racemic 
mixtures, and other mixtures of the compounds disclosed 
herein. 

The following examples illustrate the 
invention. 

This Sheet Has Been Replaced 
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EXAMPLES 

REACTION SCHEME A 

Tricchylsilyloxy alcohol 3 . To a solution of dial 2 (3.16 g, 13.4 mmol) and D:MAP (70 ~g. 0.57 

mmol) in CH20 2 (65 mL) at room temperature was added triethylamine (3.7 mL, 26.6 mmol) 

followed by dropwise addition ofTESCl \)..7 mL, 16.1 nunol). After 1.75 h, the reaction mixrure 

was diluted with 150 mL of hexane, then p~urcd into 100 mL of a saturated aqueous NaHCQ3 

solution and 150 mL of hexllile. The organic phase was washed with two 100 mL ponions of 

saturated aqueous NaHC03 solution and with 100 mL of water, dried over anhydrous Na2S04, 

and concentrated under reduced pressure to give 4.88 g of crude triethylsilyloxyalcohol 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 

hexane. 
.. 

3 (P10 =TES): 1H NMR (300 MHz, CD03) 8 0.61 (q, J = i.1 Hz, 6H. TES CH2), 0.89 (s, 

3H, CH3 16), 0.96 {t, J = T.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, H2cx), 1.56 (dd, J = 6.0, 6.0 Hz, lH, H7), 1.76 (ddd, 

J = 5.0, 11.0, 13.7 Hz, lH, H9), 1.90 (ddd, J = 2.2, 8.8, 15.4 Hz, lH, H9), 1.96 (m, lH, 

Hl4a.), 2.37 (m, 2H, H2~. Hl4~). 2.51 (ddd, J = 7.7, 7.7, 10.4 Hz, IH, H8cx), 2.94 (s, lH, 

OH-3), 4.21 (dd, f = 2.2, 5.0 Hz, lH, HlO), 5.43 (dd, J = 2.8, 2.8 Hz, lH, Hl3). tJC NMR 

(75 MHz. CDC13) o (ppm) 4.8 (TES CH2), 6.7 (TES CH3 )~ 15.02 (CH3 19), 23.0 (CH3 17), 

· 26.2 (CH3 18), 28.0 (CH3 16), 33.6 (C14), 41.5 (CS), 44.2 (C2), 45.0 (Cl), 45.2 (C15), 45.8 

(C9), 69.6 (Cl I), 74.9 (ClO), 96.0 (C3), 123.0 (C13), 143.7 (Cl2); IR (CHCl3) u 3530, 2970, 

2930, 2900, 1460, 1340, 1140, 1100, 1080, 1045, 1010, 970, 915, 650 cm·1; MS (CI) 351 

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

Hydroxy Ketone 4. To a vigorously stirred solution of the crude compound 3 (P10 =TES) in 

anhydrous CH2Cl2 (30 mL) at 0 ·c under nitrogen was added Ti (QiPr)4 (13.5 mL, 43.1 mmol) 

followed by d.ropwise addition of anhydrous 2M t·BuOOH in hexane ( 18 mL, 36 mmol). After 45 

min dimcthylsulfide ( 15 mL) was added slowly over a period of 5 min. The solution was stirred 

for 10 min at 0 ·c, then 15 min at room temperature and then moved to a 55 ·c bath where it was 
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heated under reflux for 8h. The solvents were evaporated under reduced pressure, the resulting 

thick syrup was dissolved in ethyl acetate (850 mL) and 3.5 mL of H 20 was added dropwise with 

vigorous stirring. Tne resulting mixture was stirred at room temperature for lh and then filtered 
• ror-r•o"' s. 

through a pad of Celite which was further washed with two jK'6Eie~ of 100 mL of ethyl acetate. 

Evaporation of che solvent under reduced pressure afforded an oil that was filtered through a shon 

pad of silica gel eluting with 10% ethyl acecate in hexane to give 4.78 g of pure hydroxykctone 4 

(P10 =TES) (colorless oil). 

4 (P10 =TES): lH NMR (300 MHz. CDCl3) o 0.58 (q, 1 = 7.7 Hz, 6H, TES CH2), 0.94 (t, J = 

7.7 Hz, 12H, CH3 19, TES CH3), 0.98 (s, 3H, CH3 17), 1.31 (s, 3H, CH3 16), 1.71(dd,1= 

5.0, ll.5 Hz. lH, H2a), 1.85 (m, 3H, HI, H9~, H14~). 1.96 (s, 3H, CH3 18); 2.15 {d, J = 

12.l, IH, OH-13), 2.22 (ddd, J = 4.9, 13.2, 15.9 Hz, IH, H9a), 2.56 (dddd, J = 3.8, 7.1, 

13.7, 13.7 t:Iz, lH, H8cx), 2.75 (dd,J= 2.2, 11.0 Hz, IH, H2~). 2.80 (ddd, J= 4.4, 7.7, 11.0 

Hz. lH, H14~). 4.10 (c, J = 11.0 HZ, lH. Hl3~). 4.56 (d, J = 5.0 Hz, lH, HlOp); tJC NMR 

(15 MHz. CDCi3) o (ppm) 4,3 (TES CH2), 6.5 (TES CH3), 13.4 (CH3 18), 18.4 (CH319), 

25.8 (CH3 17), 27.1(CH3 16), 34.7 (C14), 38.2 (CI5), 38.8 (C2). 44.0 (C8), 44.2 (C9), 47.8 

(Cl), 67.3 (C13), 69.7 (C10), 137.3 (Cll), 138.8 (Cl2), 219.2 (C3); IR (CHC13) u 3550, 

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 {55): 

Ketone S. To a solution of hydroxyketone 4 (P 10 =TES) in anhydrous pyridine (25 mL) at -23 ·c 
under nitrogen was added dropwise TBSOTf (3.2 mL, 13.9 mmol). After 5 min, the flask was 

moved co an ice bach 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 extracted with three 75 mL portions of hexane. The combined organic 

phases were washed with two 50 mL portions of saturated aqueous NaHC03 solution and then 

with 50 mL of water, dried over anhydrous Na2S04 and concentrated under reduced pressure. 

The yellowish oily residue was purified by filtration through a short pad of silica gel eluting with 

10% ethyl acetate in hexane to give 4.78 g of pure ketone S (P10 =TES,P 13 =TBS) (94% yield 

from 2). · 
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S (P10 =TES, P 13 =TBS): 1H NMR (300 MHz, CDC13) o 0.03 (s, 3H, TBS 013), 0.05 (s, 

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

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

16), 1.68 (dd, J = 5.5, 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, IH, 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, Hl4~). 2.52 (ddd, J = 3.9, 7.1, 13.6 Hz, lH, H8a.), 2.66 

(dd. J = 2.8, 11.5 Hz, lH, H2~). 4.45 (dd, J = 5.5, 10.4 Hz, lH, H13'3). 4.61 (d, J = 5.0 Hz, 

lH, HlO~); 13C NMR o (ppm) ·5.4 (TBS CH3), -4.6 (TBS CH3), 4.3 (TES CH2), 6.5 (TES 

CH3), 14.1 (CH3 18), 17.9 (TBS ~(CH3)3), 19.1 (CH3 19), 25.4 (CH3 17), 25.8 (TBS 

CC.CH3)3), 26.8 (CH3 16), 33.5 (Cl4), 38.6 (C15), 39.4 (C2), 43.7 (C8), 44.4 (C9), 47.5 (Cl), 

67.5 (C13), 69.5 (ClO), 136.8 (Cl 1), 138.8 (C12), 213.5 (C3); IR (CHC13) u 2950, 2900, 

1680, 1460, 1420, 1395, 1365, 1250, 1200, 1110, 1080, 1000, 900, 860, 840 cm·•; MS (Cl) 

481 (M+l, 3), 463 (16), 349 (100), 331 (50); Anal. Calcd. for Ci7H52°'JSi2: C. 67.44; H~ 

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

Ketocarbonatc 6. To a stirred solution of diisopropylamine (0.60 mL. 4.28 mmol) in TiiF (11 

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

.MeMgBr in ether. After 3 h. a solurion of ketone 5 (P10 = TES, P 13 =TBS) (750 mg, 1.56 

mmol) in TIIF (3.5 mL) was added dropwise at room temperature. After 1.5 h, the reaction 

mixture was cooled to. -23 ·c and a solution of 4-pentenal (327 mg, 3.89 mmol) in TIIF (4 mL) 

was added dropwise 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 into 100 mL of H20. 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 

of a yellow oil. To a solution of the crude mixture in CH2CI2 (10 mL) and pyridine (10 mL) under 

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

dropwise and the reaction mixture was warmed to -10 ·c. After 30 min. ethanol (3.7 mL) was 

added and the resulting mixture was stirred for 30 min. 111e reaction mixture was then diluted with 

300 mL of hexane, washed with 200 mL of a saturated aqueous NaHC03 solution, 200 mL of a 
---·------·-· ·---
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IO% aqueous CuS04 solucion, 200 mL of H20, 200 mL of a saruraced aqueous Na.HC03 solution 

and 200 mL of brine, dried over anhydrous Na2S04 and conccnaaced under reduced pressure to 

give 1.05 g of a yellow solid. The crude mixture was filtered through silica gel with 10% ethyl 

acetate in hexanes to give 965 mg of a white solid which was funher purified by silica gel 

chromatography eluting with 2% ·ethyl accm.tc in hcxancs to yield 745 mg (75 %) of kctocarbonatc 

6 (P10 =TES, P13 =TBS, R =Et) as a white solid. Tne product was isolated as a 6:1 ratio of 

conformational isomers. Tnc following NMR data is for the predominant conformer. 

6 (P10 =TES, P 13 =TBS, R =Ee): mp 103-104 ·e; 1H NMR (500 MH~ CDC13) 8 0.08 (s, 

3H, TBS CH3), 0.08 (s. 3H, TBS CH3), 0 . .56 (q, J = 7.8 Hz. 6H, TES CH2), 0.94 (t, J = 7 .8 

Hz. 9H. TES CH3), 0.96 (s, 9H. TBS t-Bu), 1.08 (s, 3H, CH3 17), 1.29 (m, lH, H6), 1.38 (s, 

3H, CH3 19), 1.42 (s, 3H, CH3 16), 1.66 (dd, J = 4.6, 12.5 Hz, lH, H9a.), 1.83 (s, 3H, CH3 

18), 1.85 (dd, J = 4.5, 4.5 Hz, lH, H14et), 2.05 (m, lH, H5), 2.06 (dd, J = 6.4, 14.2 ~ lH, 

HS), 2.47 (m~ 2H. H9~ H6), 3.01 (dd, J = 3.7, 12.3 Hz, lH, H14~), 4.20 (m, 2H, H2a, 

H2p), 4.47 (d, J ;:: 7 .3 H~ IH, H13 ~). 4.50 (dd, J = 4.6, 11.4 Hz, lH, HI 013), 4.91 (d4 J = 

1.83, 10.1 Hz, lH, 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, 1 = 6.9, 6.9, 10.5, 16.9 Hz, lH, H4); t3C NMR o (ppm) _-5.3 (TBS 

CH3), -4.5 (TBS CH3)~ 4.8 (TES CH2), 6.5 (TES CH3), 14.0 (OEt CH3), 15.5 (CH3 19), 15.9 

(CH3 18), 18.l (TBS 1:(CH3)J), 25.8 (TBS C(CH3)j), 27.6 (CH3 17), 28.2 (CH3 16), 30.4, 

30.5 (C5, C6), 34.l (Cl4), 39.0 (Cl5), 4l.l (C2), 47.l (Cl), 47.5 (C9), 55.l (C8), 63.8 

(OEt CH2), 66.3 (CI3), 68.3 (ClO), 84.0 (C7), 114.8 (C20), 134.8(Cl1), 138.1 (C4 '), 144.9 

(C12), 155.7 (Ethylcarbonate C=O), 214.8 (C3); 1R (CQ4) u 3000, 2950, 2900, 1770, 1700, 

1490, 1390, 1280, l 140, 1100, 1030, 910, 880, 860 cm·l; MS (El) 636 (M, 100), 593 (20), 538 

(34), 409 (33); Anal. Calcd. for C35H640 6Si2: C, 65.99; H, 10.13. Found: C, 65.88, H. 10.17. 

Hydroxyketonc 7. To a sr.irred solution of kecocarbonace 6 (Plo =TES. PLJ =TBS, R =Ee) (4.00 

g, 6.28 mmol) in TI1F (65 mL) under nitrogen at -35 ·c was added 50 ml. of a 0.2 M solution (10 

mrnol) of LDA in THF down the side of the flask over a I 0 min period. After 30 min, the rc:iction 

mixture was cooled to · 78 ·c and 2.29 g of (R)-camphorylsulfonyl oxaziridine ( l 0 mmol) in THF 
!:: 

(18 mL) was added dropwisc down the side of che flask. After 30 min, chc rca~on mixture was 
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quenched with 300 mL of il saturated aqueous NaHC03 solution and cxcracted with 500 mL and 

then 150 mL of 25% ethyl acetate in hexanes. The combined organic phases were washed with 

brine, dried over anhydrous Na2S04• and concentrated under reduced pressure to yield 7 g of a 

waxy solid. This material was purified by flash chromatography, eluting with 3% ethyl acetate in 

hexanes to yield 3.50 g of hydroxykctone 1 (P 10 = TES, P 13 = TBS, R = Et) (85% ). 

7 (P10 =TES, P 13 =TBS, R =Et): 1H NMR (500 MHz, CDCl3) () 0.01 (s, 3H, TBS CH3), 

0.03 (s, 3H. TBS CH3), 0.50 (q, J = 7.8 Hz. 6H. TES CH2), 0.87 (t, 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 Hz, 3H, OEt CH3), 1.35 

(s, 3H, CH3 19), 1.40 (m, lH, H6). 1.41 (s. 3H, CH3 16), 1.66 (dd. J = 4.6, 12.8 Hz, lH, ·.· 

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

= 4.1, 8.5 Hz, lH, Hl), 2.02 (m, 2H, H5, HS), 2.44 (dd, J = 11.9, 11.9 Hz, lH, H9a.), 2.75 

(d, J = 10.5 Hz, lH, OH-2), 4.14 (q, J = 14.2 Hz, 2H, OEt CH2), 4.35 (dd, J = 6.0, 8.7 Hz, 

lH, H13), 4.42 (dd, J = 4.6, 11.0 ~ lH, HlO), 4.49 (dd, J = 4.1, 10.1 Hz, lH, H2), 4.86 

(dd, J = 1.8, 10.3 Hz, lH, H20), 4.92 (dd, J = 1.8, 16.9 Hz, lH, H20), 5.23 (dd, J = 1.4, 

10.l Hz, lH, H7), 5.67 (dddd, J = 6.9, 6.9, 10.5. 16.9 Hz, lH, H4); 13C NMR o (ppm) -5.3 

(TBS CH3), -4.5 (TBS CH3), 4.7 (TES CH2), 6.5 (TES CH3), 14.0 (OEt CH3), 15.0 (CH3 

19), 16.0 (CH3 18), ~8.0 (TBS ,C(CH3)]), 25.8 (TBS C(0!3)3), 27.5, 27.8 (CH3 17), 28.1 

(CH3 16), 30.4, 30.5 (C5, C6), 36.9 (Cl5), 47.3 (C9), 54.5 (Cl), 54.7 (CS), 63.9 (OEt 

CH2), 66.2 (C13), 67.8 (ClO), 70.3 (C2), 83.6 (Cl), 114.9 (C20), 135.4(Cl 1), 137.9 (C4'), 

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

1700, 1660, 1470, 1400, 1370, 1240, 1080, 1050, 1000, 840, 680 cm·1; MS (CI) 653 (M+l, 8), 

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

Hydroxycarbonatc 8. To a vigorously stirred solution of hydroxykctone 7 (P10 =TES, P13 = 

TBS, R = Et) (2.69 g. 4.12 ~mot) in toluene (117 mL) under nitrogen at • 78 ·c was added 

dropwisc down the side of the flask 85 mL of a 0.97 M solution (82.4 mmol) of RedAl in toluene. 

After 6 hat ·78 ·c. the solution was allowed to gradually wann to room temperature over a period 

of 6 h. The mixture ~as recooled co ·IO ·c and 125 ml. of a 2 M solution (250 mmof) of acetic 

acid in THF was added dropwise down the side of the flask. The cloudy mixture was stirred 1 O 
---·····----····-----
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min then poured inco 1200 mL of 50% echyl acetate in hexanes and washed with IL of a saruraced 

aqueous NaHC03 solution. The aqueous phase was excracted with four 500 mL portions of ethyl 

acetate and the combi~ed organic ph~es were washed wich brine, dried over anhydrous Na2so4 

and concentrated under reduced pressure co 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 CH2Cl2 (157 mL) and pyridine 

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

phosgenc in toluene. The solution was allowed to wann to room temperature over a pericxi of 1 h 

then poured into 250 mL of ethyl acetate, washed with two 125 mL portions of a saturated aqueous 

~aHC03 solution and 100 mL brine, dried over anhydrous Na2S04 and concentrated under 
. (S.o8c-..) 

reduced pressure to yield 2.52 g yellow oil. This material was filtered through a 2 incttpad of 

silica gel with 50% ethyl acetate in hcxanes and concentration under reduced pressure yielded 2.39 

g (95% from 7) of hydroxy carbonate 8 (P10 =TES, P13 =TBS) as a white solid. 

8 (P10 =TES, P13 =TBS): mp 1.55 -157 ·c; IH NMR (500 ~ CDCl3) S 0.09 (s, 3H. TBS 

-CH3), 0.10 (s, 3H, TBS CH3), 0.59 (q, J = 8.2 Hz. 6H. TES CH2), 0~96 (t. 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, IH, H9P). 1.65 (m, 2H. H6, H6), 1.99 (dd, J = 6.4, 

15.1 Hz. IH, H14a), 2.01 (d, J = .9 Hz. 3H, CH3 18), 2.04 (d, J = 3.7 Hz, IH, HI), 2.11 

(ddd, J = 7.8, 15.6, 15.6 Hz, IH. HS), 2.28 (ddd, J = 9.6, 9.6, 14.2 Hz, lH. Hl4p), 2.34 

(dd, J = 12.4, 13.3 Hz, lH. H9~). 2.41 (m. lH, H5), 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, H13), 5.03 (d, J = 10.5 Hz, lH, H20), 5.07 (dd, J = 1.5, 17.D Hz, 

lH, H20), 5.77 (m. IH, H4); l3C NMR o (ppm) -5.4 (TBS CH3), -4.4 (TBS CH 3), 4.8 (TES 

CH2), 6.5 (TES CH3), 15.5 (CH3 18), 17.9 (TBS ~(CH3)3), 18.2 (CH3 19), 25.6 (TBS 

C(013)j), 25.9 (CH3 16), 27.5 (CH3 17), 28.3 (C6), 28.4 (CS), 29.8 (Cl4), 30.8 (Cl5), 

36.5 (C8), 36.8 (C9), 37.3, 50.8 (Cl), 66.6 (ClO), 67.8 (Cl3), 70.5 (C2), 91.9 (C3), 91.9 

(C7), 116.3 (C20), 133.7 (Cl 1), 137.9 (C4'), 142.6 (Cl2), 148.0 (cyclic carbonate C=O); IR 

(CCI,.) u 3450, 2950, 2870, 1750. 1460, 1380, 1350, 1220, 1120, 1080, 1040, 980, 900, 820. 

710cm-l; MS (CI) 625 (M+l-H20, 6), 551 (ll), 477 (100), 459 (12), 433 (8), 344 (90); Anal. 
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Kctocarbonatc 9. To a vigorously stirred solution of dimethylsulfoxidc (2.41 mL. 34 nimol) in 

CH20 1 (57 mL) under nitrogen ut -78 ·c was added 8.5 mL of a 2.0 M solution (17.0 mmol) of 

oxalyl chloride in CH20 2• After 10 min. a solution of hyroxycarbonate 8 {P10 =TES, P13 = 
TBS) (3.45 g, 5.67 mmol) in 16 mL CH2C12 was added dropwise down the side of the flask. 

After 30 min at -78 ·c. criethylnminc (6.8 ~ 49 mmol) was added and the mixture was warmc:d 

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

portions of a saturated aqueous NaHC03 solution and brine, dried over 8:'1hydrous Na2S~4 and 
. . 

concentrated under reduced pressure to yield 3.45 g of a yellow solid. This material was filtered 
c. '2 ,S' It '-' . 

. though a 1 incfifpad of silica gel with 10% ethyl acetate in hcxancs and then recrystallized from 

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

silica gel chromatography, eluting with 10% ethyl acetate in hexancs and then rccrystalli7.ation from 

hexanes to yield an addidonal 0.58 g of ketocarbomue 9 (P10 =TES, P13 =TBS) (total yield: 3.20 

g, 93%). 

9 (P1o =TES, P13 =TBS): mp 140:0 - 141.5 "C; lH NMR (500 MHz, CDC3) a 0.11 (s, 3lt 

TBS CH3), 0.12 (s, 3H, TBS CH 3), 0.60 (q, J = 7.8 Hz, 6H, TES CH2), 0.96 (t, J = 7.8 Hz, 

9H, TES CH3), 0.98 (s, 9H, TBS t-Bu), 1.06 (s, 3H, CH3 19). 1.17 (s, 6H, CH3 16, CH3 19), 

1.42(dd,1 = 3.7, 14.2 Hz, lH, H9~). l.63 (m, 2H, H6, H6), 2.12 (m, lH, H5), 2.38 (d, J = 
0.9 Hz, 3H, CH3 18), 2.47 (dd, J = 11.4, 13.3 Hz, lH, H9a.), 2.65 {d, J = 8.2, lH, H 1 ), 3.94 

(dd, 1 ;:: 1.4, 10-4 Hz. lH, H7), 4.44 {dd, J = 3.7, 11.4 Hz, lH, HlO), 4.49 (s, lH, H3), 4.64 

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

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

(TES CH2). 6.5 (TES CH3), 15.7 (CH3 18), 17.8 (CH3 19), 17.9 (TBS ~(CH3)3), 25.5 (T.BS 

CC!:H3)j), 28.2 (CH3 16), 28.3 (CH 3 17), 28.3 (C6), 29.6 {CS), 30.4 (Cl4), 37.7 {C15), 
'• 

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

132.8 (Cll), 137.0 (C4 '), 145.4 (C12), 146.6 (cyclic carbonate C=O), 206.8 (C2); IR (CCl4) 

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

890, 860. 820, 700, 650 cm·l; MS (Cl) 607 (M+l. 6), 549 (11), 475 {100). 431(4),347 (45); 
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Anal. Calcd. for C33H580 6Si2: C, 65.30; H, 9.63; Found: C, 65.23; H, 9.66. 

2-Keto-3-Hydroxy-Lactone 10. To _a stirred solution of3,7-cyclic carbonate 9 (P10 =TES, p
13 

=TBS) (2.246 g, 3.70 mmol) in THF (9 mL) was added 19.4mLof0.2 M LTMP (3.88 mmol) in 

THF dropwisc down the sides of the flask at -25 ·c. Tnc reaction mixture was allowed to warm to 

-10 ·c over the course of 30 min. The cold reaction mixture was poured into 100 mL of 10% 

aqueous acetic acid and extracted with 100 mL of 10 % ethyl acetate in hcxancs. Tnc organic 

phase was washed with 50 mL of a saturated aqucouJs NaHC03 solution and 50 mL of brine. 
v 

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

hcxancs. The o:}ganic phases were combined. dried aver anhydrous Na2S04 and concentrated -under reduced pressure to give 2.4 g of a yellow oil. This material was purified by silica gel 

chromatography, eluting with 5% then 10% ethyl acetate in hcxanes to yield 2.033 g (90%) of the 

hydroxy lactone :10 (P10 = TES, P 13 =TBS) as a foamy solid and 0.207 g (7.2%) of the 3-

carbamatc. 

10 (P10 =TES,P 13 =TBS): 1H NMR (500 MHz, CDC13) o 0.12 (s, 3H, TBS CH3), 0.14 (s, 

3H. TBS CH3), 0.61 (q, J = 7.8 Hz. 6H, TES CH1), 0.92 (s, 9H, TBS t-Bu), 0.97 (t. J = 7.8 

Hz. 9H, TES CH3), 1.11 (s, 3H, CH3 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, H6), 2.07 (m. 2H, H6, 

HS), 2.17 (m, lH, Hl4a), 2.33 (in, lH, H.5), 2.6.5 (m, 2H, Hl4~, HI), 2.74 (dd, J = 12.4, 

12.4 Hz, IH, H9a:), 3.92 (dd, J = 2.8, 11.5 Hz, lH, H7), 4.47 (dd, J = 3.2, 11.0 Hz, lH, 

HlO), 4.55 (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), 5.81 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, lH. H4); lJC NMR S (ppm) 

-5.2 (TBS CH 3), -4.5 (TBS CH3), 4.8 (TES CH1), 6.6 (TES CH3), 16.4 (CH 3 18), 17.9 (TBS 

.CCCH3)3), 24.2 (CH3 19), 25.7 (TBS C(.£:H3)3), 26.9 (CH3 16), 30. l (CH3 17), 30.4 (C5), 

32.7 (C6). 32.9 (Cl4), 39.1 (C15), 40.6 (C9), 48.1 (CS), 62.0 (Cl), 67.3 (ClO), 67.6 

(Cl3), 87.9 (C3), 9l.l (C7), ll5.8 (C20), 137.7 (Cll), 138.5 (C4'), 143.0 (Cl2), 173.5 

(C4), 207.6 (C2); IR (CC1 4) u 3500, 2970, 2900, 1780, 1700, 1480, 1360, 1260, 1210, 1160, 

1070, 1010, 910, 890, 840 cm· 1 ~ MS (EI) 606 (M, 100). 549 (69). 474 (27), 431(65),417(40); 

Anal. C.alcd. for C33H5305Si2: C, 65.30; H. 9.63; Found: C. 65.38; H, 9.64. 
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Keto Lacrone 11. To the 2-keto-3-hydroxylactone l 0 (P10 =TES, P 13 =TBS) (I.IO g, 1.83 

mmol) was added a 0.1 M solution of SmI., in TIIF (82 mL, 8.2 mmol). The resulting ·dark blue - -
solution was stirred at roo'!l temperature under N2 for 4h. After cooling to 0 ·c an ethereal 

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

air and the reaction mixture was diluted wich 200 mL of cold ethyl acetate, then poured into 50 mL 

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

aqueous citric acid solution, two 50 mL ponions of a saturated aqueous NaHC03 solution and 50 

mL of brine, dried over anhydrous Na2S04 and concentrated under_rcduced pressure. The 

resulting mate.tial wns dissolved in 100 mL of hcxanes, then silica gel ( 230-400 mesh; 4.3 g) was 

added and the mixture was vigorously stirred at room temperature for 65 min before filtering 
( '2..S't c..-..) 

through a 1 inch[_ pnd of silica gel eluting with 300 mL of 20% ethyl acetate in hexancs. 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 822 mg (77%) of the cis­

keu>lactcne 11and164 mg (15%) of the corresponding D"an3 isomer. 

To a solution of the tran.s-2-ketolactonc (611mg.1.03 mmol) stim:d in 10 mL ofTHF under 

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

BuOK in TIIF. The resulting solution was stirred for 1.5 h then 10 mL of a 10% acetic acid 

solution in TI1F was added down the side of the flask. After stining for 5 min the mixture was 

diluted with 200 mL of hexanes and poured into 100 mL of a saturated aqueous NaHC03 solution. 

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

concentrated under reduced pressure to yield 615 mg of pale brown oil. The oil was dissolved in 

10 mL of hcxancs and silica gel (3.0 g) was added. The mixture was stirred vigorously for 15 min 
( \ . ),;; ctrJ 

then filtered through a 1/2 infplug of silica gel wich 20% ethyl acetate in hcxanes. Concentration of 

the filtrate under reduced pressure yielded 576 mg of pale yellow oil. This material was purified 

by silica gel chromatography, eluting with 10% then 20% ethyl acetate in hexanes to yield 472 mg 

CT7%) of pure cis-2-ketolactonc 11 (P10 =TES,P 13 =TBS), 84 mg (13%) of pure rran.s isomer 

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

11 (P10 =TES. P13 =TBS): mp= 86.5 - 88.0 ·c; 1H NMR (500 MH~ CDCl3) 0 0.05 (s, 3H, 

SUBSTlTIJTE SHEET (RULE 26) 



WO 95103265 PCT /US94/08350 

64 

TBS CH3), 0.07 (s, 3H, TBS CH3), 0.54 (q, J = 7.8 Hz, 6H, TES CH2). 0.84 (s, 9H, TBS t­

Bu), 0.90 {t, J = 7.8 Hz, 9H, TES CH3), 1.03 (s, 3H, CH3 17), 1.11 (s, 3H, CH3 16), 1.15 (s, 

3H, 0-13 19), 1.35 (dddd, J = 4.6, 1.6, 7.3, 14.2 ~ lH, H6), 1.43 (dd, J = 3.7, 12.8 Hz, lH, 

H9p,), 1.67 (dddd, J = 3.2, 7 .3, 10.1, 13.7 Hz, lH, H6), 1.83 (dd, J = 4.6, 16.0 Hz, lH, 

H14a.), 2.03 (m, 1H, H5), 2.07 (d, J = 1.4 ~z. 3H, CH3 18), 2.25 (m, lH, H.S), 2.30 (dd, J = 

11.9, 12.3 Hz, lH, H9et), 2.45 (d, J= 8.2 Hz, lH, Hl), 2 . .58 (ddd, J = 8.7, 9.2, 16.Q Hz, lH, 

Hl4P), 3.93 (dd, J = 2.8, 11.4 Hz, IH H7p), 4.03 (s, lH, H3et), 4.37 (dd, J = 3.7, 11.0 Hz, 

lH, Hl0j3), 4.46 (ddd,J= 1.4, 4.6, 9.2 Hz, lH, Hl3j3), 4.96 (dd,J= 1.4, 10.l 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); IJC 

NMR o (ppm) -5.3 (TBS CH3). -4.6 (TBS CH3), 4.5 (TES CH2). 6.5 (TES CH3), l.S.O (CH3 
18), 18.0 (TBS ~(CH3}J), 25.7 (TBS C(,013)3), 28.9 (CH3 19), 29.2 (CH3 16), 29.8 (CS), 

29.9 (CH3 17), 30.3 (C6), 32.8 (Cl4), 38.5 (Cl5), 44.2 (C8), 44.9.(C9), 60.6 (C3), 61.2 

(Cl), 66.9 (ClO), 67.8 (C13), 91.9 (C7), 115.7 (C20), 137.7 (Cll), 138.5 (C4'), 142.4 

(Cl2), 174.7 (C4), 204.8 (C2); IR (CC14) 1l 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180, 

1070, 1060, 1000, 830 cm-1; MS (CI) 591 (M+l, 5), 523 (6), 459(100), 441 (5); Anal. Calcd. 

for C33Hsa05Si2: C, 66.07; H. 9.89; Found: C, 66.97; a 9.91. 

l-Hydroxy-2-Keto-Lactone 12. To 34.2 ml.. of a stil.TCd 0.2 M ·solution (6.84 mmol) of LTMP in 

TIIF under nicrogen at -10 ·c was added a solution of k:etolactone 11 (P10 =TES, P13 =TBS) 

(1.008 g, 1.71 mmol) in 10 mL of THF dropwise down the side of the flask. After 0.5 h, the 

reaction mixrurc was cooled to -40 ·c and a solution of (±)-camphorsulfonyi oxaziridine ( 1.96 g, 

8.55 mmol) in TiiF (10 mL) was added dropwise down the side of the flask. After 20 min, the 

reaction mixture was cooled to -78 ·c, diluted with 200 mL.of hexanes and rapidly poured into 

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

extracted with two 50 mL portions of hexane and the combined organic phase were dried over 

anhydrous Na2S04 and concecr::i.red under reduced pressure co give 1.4 g of a waxy solid. This 

material was chromategraphed (CH 2CI2 followed by hc:tanc_s increasing to 10% ethyl acer.ate in 

hexanes) to give 0.882 g of hydroxykecolaccone 12 (P 10 =TES. P 13 =TBS) (85%) as a white 

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

12 (P10 =TES, P13 = TDS): mp 124-126 "C; lH NMR (C6D6) o (ppm) 0.09 {s, 3H, CH3 in 

TBDMS), 0.17 (s, 3H, ~H3 in TB~MS), 0.62 (q, j = 7.78 1-lz. 6H CH2 's in TES), L03 (t, J 

=7.78, 9H CH3 's in ~S), 1.05 (s, 3H, CH3 19), 1.13 (s, 9H, t-Bu in TBS), l.20 (s, 3H, 

CH3 17), 1.39 (m, IH, H6), 1.42 (s, 3H, CH3 16), l.44 (dd, J = 0.92,· 13.28 Hz, lII~ H9~). 

1.98 (dd, J = 9.61, 12.82 Hz, lH. Ill4p), 2.05 (m, lH, Il5), 2.06 (broad, lH, OHl, D20 

exchangable), 2.25 (m, lH, HG), 2.27 (d, 1 = 0.91 Hz, 3H, CH3 18), 2.29 (m, lH, 115), 2.41 

(dd. J= 10.98, 13.28 Hz, lH, H9a}, 2 • .56 (dd, J= 3.21, 12.82 Hz, lH, ll14a.), 3.83 (d~J= 

2.75, 11.90 Hz, lH, H7), 4.04 (s, IH, H3), 4.47 "(du, J = 0.92, 10.98 Hz. lH, HlO), 4.60 

(ddq, J= 0.91, 3.21, 9.61 Hz, lH, Hl3), 5.11 (br d, J = 10.53 Hz, lH~ H20), 5.18 (br d, J = 

17.40 Hz, lH, H20), 5.77 (m, lH, H4); 13C NMR (CDC13) ~(ppm) -5.4 (TBS CH3), -4.7 

(TBS O·I3), 4.5 (TES CH1). 6.5 (TES CH3), 15.5 (CH3 18), 17.9 (TBS CCCfl3h)., 22..5 (CH3 

19)., 25.7 (TBS Cc.CH1h). 26.3 (O-i3 16). 29.8 (CH3 17), 29.8 '(CS), 30.4 (C6), 39.6 (C14), 

41.3 (C15), 44.5 (C9), 45.0 (C8), 58.l (C3), 66.5 {ClO), 68.2 (Cl3), "83.0 (Cl), 91.7 (C7), 

115.7 (C20), 137.0 (Cl l), 137.6 (C4'), 145.5 (Cl2), 175.0 (C4), 202.4 (C2); IR (CCJ.4) u 

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

Anal. Calcd for C33H.ss06Si2: C, 65.30; a 9.63. Found: C. 65.19; H, 9.60. 

1,2-Dihydroxy-trans-lactone 13. To a stirred 1.23 M solution of Red-Al ( 4.6 mmol, 5.6 mmol) in 

THF under nittogen at -78 ·c was quickly added a solution of cis-hydroxykctone 12 (P 10 =TES, 

P13 =_TBS) (342 mg, 0.563 mmol) in THF {25 mL). After i.5 h, 25 mL oi a 15 % aqueous 

NaOH solution wus added dropwise directly co the reaction mixture. The reaction mixture was 

vigorousiy stirred at room cemperature for 3 h ana was men poured imo 100 mL of H1 0 and 

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

with 100 mL of H 20 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 hcxanes followed by 25% ethyl acetate in hcxancs to 

yield 290 mg ll'an.r-diol 13 as colorless needles. 14.5 mg (4.2 %) of trans-hydroxykctone, and 20 

mg of a mixrurc of cir-dial and unknown byproducts. To a solution of the mixture containing cir-
------·---------
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dial in TiiF (1 mL) under nitrogen at room tcmpcrarurc was added 0.5 mL a 30% .aqueous solution 

of NaOH. After 2.5 h, the reaction mixture was poured into 30 ml.. of H2 0 and extracted with 30 

mL of ether. Tne organic phase was _washed with 30 mL of H2 0 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 acetate in hcxanes co yield 

an additional 12 mg (total yield: 302 mg, 88%) of rrara-diol 13 (P10 =TES, P13 =TBS). 

13 (P10 =TES, p 13 =TBS): mp 127-128·c, 1H NMR (500 lYfr.Iz, 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 Hz, 9H. TES CH3) 1.13 (s, 3H, CH3 17), 1.23 (s, 3H, CH3 16), 1.31 (s, 3H, 

CH3 19), 1.42 (dd, J = 3.7, 12.8 Hz, lH, H9~). 1.46 (ddd, J = 4.8, 8.8, 11.4 Hz, lH. H6), 

1.74 (dddd. J = 3.3, 7.3, 9.9, 12.4 Hz, lH, H6), 1.99 (d, J = 1.5 Hz, 3H, CH3 18), 2.10 (m, 

lH, H.5); 2~21 (dd, J = 3.7, 5.4 Hz, IH. Hl4a), 2.26 (m. 3H, HS, H9a, Hl4~). 2.92 (d, J = 

7.7 Hz, IH, H~). 3.84 (dd, J = 2.2, 7.7 Hz, IH, H2), 3.85 (s. lH, OH!), 3.97 (dd, 1 = 2.9, 

11.4 Hz, lH, H7), 4.47 (dd, J = 3.7, 11.4 Hz. 2H, Hl3, HlO). 5.01 (dd, J = 1.8, 12.2 Hz. 

lH, H20), 5.07 (dd, I= 1.7, 17.0 Hz. lH, H20), 5.78 (dddd, J = 7.3, 7.3, 10.1, 16.5 Hz, lH. 

H4), 6.87 (d, J = 2.9 Hz, IH, OH2), lJC NMR (CDCl3) o (ppm) -5.31, -4.59, 4.79, 6.55, 

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

66.62, 69.25, 71.32, 88.91, 116 .. 09, 136.96, 138.63, 139.93, 180.10, IR (CHCl3) u 3050, 

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

C33H6006Siz: C, 65.08; H, 9.92. Found C, 65.06; H. 9.98. 

Carbonate 14. To a stirred solution of dial 1 3 (P 10 = TES, P 13 = TBS) ( 1.00 g, 1.64 mmol) in 

CH2Cl2 (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 phosgene in toluene. Tnen the reaction mix.ure was warmed to -23 ·c 
and stirred for 30 min. To the resulting mixture, 50 mL of a saturated aqueous NaHC03 solution 

was added. After wanning co room temperature for lO min, the reaction mixture was excracted 

with 200 mL of 10% ethyl acetate in hexanes. The organic phase was washed with 100 mL of a 

10 % aqueous CuS04 solution, two 200 mL portions of a saturated aqueous NaHC03 solution and 

brine, dried over anhydrous Na2S04 and concencraced 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{pad of silica gel with 15% ethyl 

acetate in hcxanes to yield 1.045 g (100%) of carbonate 14 (P1a =TES, P13 =TBS) as a white 

solid. 

14 (Pio= TES, P13 =TBS): mp 146-147 ·c. 1H 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-Bu}, 

0.96 (t. 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, H6), 1.44 (d, J = 3.7, 13.3 Hz, lH, H9~), 1.71 

(dddd, 1= 2.7, 6.9, 9.6, 12.8 Hz, lH, H6), 2.11(ddd,J=7.8, 15.3, 1.5.3 Hz, lH, H5), 2.29 

(dd, J = 3.2, 15.6 Hz, lH, Hl4a.), 2.31 (m, 2H, H5, H9a), 2..59 (dd, J = 9.2. 15.6 Hz, lH, 

Hl4~). 2.99 (d, J = 7.3 Hz, lH, H3a.), 4.02 (dd, J = 2.7, 11.4 Hz, IH, H7~). 4.38 (dd, J = 

3.7, 11.0 Hz, lH, HlO~). 4.47 (d, J = 7.3 Hz, lH, H2~). 4.57 (dd, J = 2.1, 9.2 Hz, lH, 

H13~). 5.02 (dd, J = 1.4, 10.1 Hz, lH, H20), 5.06 (dd, J = 1.4, 16.9 Hz, lH, H20), 5.77 

(dddd,1= 6.9, 6.9, 10.l, 17.0 Hz, lH, H4), 13CNMR(CDCI3) 8 (ppm) -5.37, -4.60, 4.75, 

6.51, 17.02. 17.60, 21.24, 24.64, 25.55, 27.36, 29.50, 30.11, 37.56, 39.96, 42.89, 43.75, 

45.39, 66.54, 68.29, 87.37, 90.05, 116.15, 136.54, 136.94, 144.93, 153.32, 169.89, IR 

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

C, 64.31; H, 9.21. "found C, 64.41; H,·9.22. 

Ketoestcr IS. To a stirred solution of lactonc 14 (P10 =TES, P13 =TBS) (l.05g, 1.65 mmol) in 

methanol (70 ml.) under nicrogen at -78 ·c was added a saturated solution of ozone in methylene 

chloride (50 mL, 40 mL then 8 ml..) until no more starting material remained by TLC analysis. . . 
Triethylamine (4.8 mL) and trimethylphasphite (3.1 mL) were added sequentially to the resulting 

mixture at -78 ·c. After stirring 5 min, the solution wns warmed ta 0 ·c and stirred for 2 h. The 

resulting solution was poured into 250 mL of a saturated aqueous NaHC0 3 solution and extactcd 

with three 200 mL ponions of CH 2CI2• The combined organic layers were washed with 150 mL 

of a saturated Na.HC03 solution, dried over anhydrous Na. 2S04 and concentrated un~er reduced 
· W•~o~t" 

pressure co give 1.10 g of the aldehyde as a colorless oil. This material was usedlfurthcr 

purification. 

To a stirred solution of the aldehyde ( 1.10 g) in t-bucanol (30.8 mL), acetone (10.3 mL) and 8 mL 
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of a 1.25 M (10 mmal) aqueous KH2P04 solution at 0 ·c was added 11.3 mL of a 1 M (11.3 
mrnol) aqueous ICMnO 4 solution over the course of 2 min. The rc~ction mixture was st~m:d at Q 

·c for 30 min. poured into 200 mL o__f a 10% aqueous Na 2S20:J solution and extracted with three 
200 mL portions of ethyl acetate. The combined organic layers were washed with 50 mL of water, 

dried over anhydrous Na2S04 and concen~ced under reduced pressure. To a stirred solution of 

the oily residue in ether (30 mL) at room temperature was added an ethereal solution of CH2N2 (20 
mL). The solution was concentnl.ted under reduced pressure to give 1.15 g of a colorless oil. This (s.oi Cin) 
material was filtered through a 2_ inchf.Pad of silica gel with 40% ethyl acetate in hexanes and 
concenttation undcrrcduced pressure yielded 1.01 g (91%) oflactone ester 15 (P10 =TES, P 13 = 
TBS. R= Mc). 

15 (P10 =TES, P 13 =TBS, R =Mc): lH NMR (500 MHz. CDC13) o 0.12 (s, 3H, TBS CH3), 

0.12 (s, 3H, TBS CH3), 0.60 (q, J = 8.1 Hz, 6H, TES 012), 0.88 (s, 9H, TBS t-Bu), 0.96 (t, 

J = 8.1 Hz. 9H, 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~). 1.53 (m. lH, H6), 2.06 (d, J = 1.1 Hz, 3H, CH3 18), 2.07 

(ddd, J = 2.9, 7.7, 21.6 Hz, lH, H6), 2.29 (dd, J = 3.7, 15.8 Hz. lH, H14et), 2.31 (dd, J = 
13.2, 13.2 Hz. lH, H9et), 2.46 (ddd,J = 7.7, 16.8, 24.5 Hz, lH, H5), 2.53 (ddd, J = 5.5, 7.7, 

16.8 Hz, IH, H5), 2.60 (dd. J = 9.2, 15.8 Hz. lH, Hl4~). 2.99 (d, J = 7.3 Hz, lH, H3et), 3.68 
(s, 3H, C02Me), 4.09 (dd. 1 = 2.6, 12.1 Hz, lH, H7~). 4.39 (dd, J = 3.7, 11.0 Hz, lH, HlO~). 
4.47 (d, J = 7 .3 Hz, IH, H2~). 4.59 (dd, J = 1.8, 9.2 Hz, IH, H13~); Anal. Calcd. for 
C34H58~Si2: C, 61.22; H, 8.77. Found C, 61.30; H, 8.79. 

Enolester16. ToastirredsolutionoflactoneesterlS (P10 =TES, P13 =TBS, R =Me) (1.01 g, 

1.51 mmol) in THF (24.5 mL) at -78 ·c was added slowly a 19.4 mL of a 0.2 M solution (3.88 

mmol) of LDA in THF down che side of the flask over the course of 3 min. After stirring 35 min, 
10 mL of a 33% solution of acetic acid in THF was quickly added. After 5 min, the mixture was 
poured into 150 mL of a saturated aqueous NaHC03 solution and extracted with three 200 mL 
portions of CHC1 3. The combined organic phases were dried over anhydrous Na2S04 and 
concentrated under reduced pressure to give l.02 g of crude enol ester 16 (P1a = TES, PlJ = 
TBS, R =Me) as a colorless oil. Approximately 3% of unre:icted ester lactone 15 was still present 
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but this rr.aterial was used without funhc:r purification. 

16 (Pio= TES, P13 =TBS, R =Me): 1H NMR (300 MHz, CDCl3) o 0.09 {s, 3H, TBS CH3), 

0.10 (s, 3H, TBS CH3). 0.61 (q, 6~. TES CH2), 0.87 (s, 9H. TBS t-Bu), 0.96 (c, J = 8.0 HZy 

TES CH3), 1.08 (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,1= 4.3, 13.9 Hz, lH. H9a.), 1.95 (dd, l= 11.2, 11.2 Hz, lH, H9~). 2.01 (d, 

J =I.I Hz, 3H, CH3 18). 2.22 (ddd, J = 2.7~ 10.7, 1.5.5 Hz, lH. H6p), 2.45 (dd, J = 4.8, 15.5 

F..z, lH, H6a:), 2.54 (dd, J= 9.1. 15.0 Hz, lH, Hl4~). 2.86 (dd, J= 3.7, 15.0 Hz, lH, Hl4a.), 

3.07 (s, lH, H3a:), 3.40 {ddd, J = 4.8, 4.8. 9.6 Hz, lH, H7 a), 3.75 (s, 3H, C02 Mc ), 4.39 

(dd, J = 4.3, 11.2 Hz. IH, HlQ.~). 4.60 (d, J = 4.3, 11.2 Hz, lH, H2~). 4.67 (dd..1-= 2.1, 9.1 

Hz, IH. H13~). 12.24 (s, lH, OH4). 

Encl ester 17 .. To a stirred solution of crude encl cstc: 16 <Pio= TES, P13 =TBS, R =Mc) (1.02 

g) in TIIF (13 mL) and 2-mc:thoxypropene (13 mL) under nitrogen at 0 ·c was added 0.48 mL of 

a 0.1 M soh~on (0.048 mmol) of p-toluenesulfonic acid in TI!F. Tne mixture was stirred at 0 ·c 
for 10 min and chen aic:thylamine (0.66 mL) was added. The mixrurc was concentrated under 

reduced pressure and purified by silica gel chromatography, eluting wi.th 7 .5% ethyl acetate in . . . . 
hexanes increasing to 30% ethyl acetate in he~ancs to yic!d 938 mg encl ester 1 7 (P7 =MOP, P10 

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

17 (P7 =MOP, P10 =TES, Pn =TBS, R =Mc): mp 95-97 ·c, lH NMR (300 MHz, CDC13) o 
0.08 (s. 3H. TBS CH3). 0.10 (s, 3H, TBS CH3), 0.59 (q, J = 7 .7 Hz, 6H, TES CH3). 0.87 (s. 

9H. TBS t-Bu). 0.95 (t, J = 7.7 Hz. 9H, TES CH3), 1.10 (s, 3H, CH3), 1.19 {s, 3H, CH3), 

1.30 (s, 3H. CH3), 1.34 (s, 3H. MOP CH3). 1.37 (s. 3H, MOP CH3), l.84 (m, 2H. H9ct, 

H913). 1.98 (s. 3H, CH3 18), 2.17 (ddd, f = 2.8, 10.4, 15.9 Hz. IH. H613). 2.52, (dd. J = 9.3, 

15.4 Hz. lH, Ht4p), 2.63 (dd, I= 4.4, 15.9 Hz, IH. H6a:), 2.88 (dd, J = 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, H7 a), 

3)2 (s, 3H, C01 Me), 4.36 (dd, J = 6.0, 9.3 Hz. IH. HlO~). 4.57 {d, J = 2.2 Hz, lH, H2p), 

4.67(dd,1= 2.8. 9.3 Hz, lH, Hl3~). 12.24 (s. lH, OH4). 

EnoJ .. este:- 17- (-P7 =TES):·· Ta·:i solution of .. ilie ~nol es:e:- 16 (P10 =TES, P13 =TBS, R =Mc) (9 
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mg, 0.0137 mmole) and DMAP (3.5 mg, 0.0286 mmole) in pyridine (0.6 mL) at 0 ·c was added 

tticthylsilyl chloride (0.025 mL, 0.14 mmoie}. The solution was stirred at room temperature for 

16 h, diluted with ethyl acetate (10 mL), poured into a saturated aqueous sodium bicarbonate . 
solution (20 mL) and extracted with 20% ethyl acetate/hcXlUle (20 mL x 3). The combined organic 

layer was dried over anhydrous NaS04, filtered and concentrated to yield 25 mg of crude 17. 

Column chromatography (10% ethyl ru:ettte/ hexane) provided 10 mg (95%) of pure·enol ester 17 

{P7 = P10 =TES, P13 =TBS, R =Me). 

17 (P7 = P10 =TES, P13 =TBS, R =Me): IH NMR {300 MHz. CDCl3) 8 0.08 (s, 3H, TBS 

CH3), 0.10 (s, 3H, TBS CH3), 0.59 (q, 1=8.1 Hz. 12H, TES 012. ), 0.87 (s, 9H, '.TBS t·Bu), 

0.95 (t, J = 7. 7 Hz, l 8H, TES CH3), 1.05 (s, 3H, CH3), 1.19 (s, 3H, CH3), 1.30 (s, 3H, CH3), 

1.84 (m, 2H, H9a;, H9p), 1.98 (s, 3H, CH3 18), 2.17 (ddd, J = 2.8, 10.4, 15.9 Hz, lH, H6~). 

2.31 (dd. J = 4.4, 15.9 Hz, lH, H6a), 2.52, (dd, J = 9.3, 15.4 Hz. lH, H14~). 2.85 (dd, J = 

3.8, 15.4 Hz. l~H, H14ct), 3.03 (br s, lH, H3a.), 3.34 (dd, J = 5.0, 10.4 Hz. lH, H7a), 3.75 

(s. 3H. C02Me OMc), 4.36 (dd, J = 5.0. 10.4 Hz. lH, HIOP). 4.58 (d. J = 2.7 Hz. lH, H2p), 

4.66 (br d, J = 11.0 Hz, lH, Hl3p), 12.22 (s, lH. OH4). 

Ketone 18. To a stirred solution of enol ester 17 (P7 =MOP, P10 =TES, P13 =TBS, R =Me) 

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

potassium thiophenoxidc (250 mg, 1.69 mmol) followed by thiophenol (0.4 mL, 3.9 mmol). The 

solution was warmed to 86 ·c for 3.5 hours. The solution was allowed to cool to room 

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

extracted with three 150 mL portions of 30% ethyl aceEate in hexanes. The combined organic 
(5' .08 c.. ..... ) 

phases were then filtered through a 2 inch~ilica gel pad and subsequently concentrated under 

reduced pressure to yield 1.29 g of crude product. This material was purified by radial 

chromatography, eluting with 15% then 20% and finally 25% ethyl aceutc in hexanes to yield 763 

mg (86%) of ketone 18 (P7 =MOP, P10 =TES, P13 =TBS). 

18 (P7 =MOP, P10 = TES, P13 =TBS): 1 H NMR (300 MHz. CDCl3) 6 0.10 (s, 3H, TBS 

CH3), 0.14 (s, 3H."TBS CH3), 0.58 (q, J = 8.2 Hz. 6H, TES CH2). 0.94 (s, 9H, TBS t-Bu), 

0.95 (t, J = 8.2 Hz. 9H, TES CH3), l.22 (s, 3H, CH3 19), 1.30 (s, 3H. CH 3 17). 1.32 (s, 6H, 
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MOP aI3), 1.33 (s, 3H, CH3 16), 1.80 (m, lH, H5), 1.81 (dd, J = 3~8, 3.8 Hz, lH, H9~). 

1.98 (m, lH, H5), 1.99 (d, J = 1.1 Hz, 3H, CH3 18), 2.21 (m, lH, H6!)), 2.29 (dd, J = 10.4, 

12.1 Hz. lH. H9a), 2.43 (dd, J = 9.3, 15.4 Hz, lH, Hl4a.), 2.53 (m, lH, H6a), 2.63 (dd, J 

= 5.0, 15.4 Hz, IH, Hl4~). 2.70 (d, J = 5.0 Hz, 1.H. 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, HIO), 4.55 (d, J = 5.5 Hz, IH, 

H2), 4.73 (dd, J = 5.3, 7.7 Hz, lH, H13). Anal. Calcd. for C36H640gSi2: C, 63.49; H, 9.47. 

Found C, 63.5{5; 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 Hz, 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, H7a), 

4.35 (dd, J =10.8, 3.3 Hz, lH, HlO~). 4.57 (d, J = 5.1 Hz, lH, H2j3), 4.72 (m, lH, H13f3). 

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

(293 mg, 0.43 mmol) in THF (28.6 ml.) and methanol (9.5 mL) under nitrogen at room 

temperature was added dropwise 0.20 mL of a 0.1 M solution of PPTS in CH2Cl2 (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 Na 2S04 and concentrated under reduced pressure 

to yield 274 mg of the hydroxy ketone 18 (P7=H) as a colorless oil. This material was used 

without further purification. 

18 (P7=H. P 10 =TES, P 13 =TBS): mp 75-77 "C, 1H NMR (500 MHz, CDC1 3) o 0.10 (s, 3H, 

TBS CH3), 0.13 (s, 3H, TBS CH3), 0.61 (q, J = 8.2 Hz. 6H, TES CH1 ), 0.93 (s, 9H, TBS t­

Bu), 0.95 {t, J = 7.7 Hz, 9H, TES CH3), l.19 (s, 3H, CH3 19), 1.22 (s, 3H, CH3 17), 1.35 (s, 

3H, CH3 16), 1.84(dd,1 = 13.7, 4.1 Hz, lH, H9a). 1.88 (m, 2H, H9p, OH7), 1.92 (m, lH, 

H6~). 2.05 (d, 1 = 1.4 Hz, 3H, CH3 18), 2.10 (m, lH, H6a), 2.36 (dddd, J = 1.4, 4.1, 9.9, 

14.4 Hz, lH, HS a), 2.47 (dd, 1 = 8.9, 15.4 Hz, lH, H14~). 2.51 (m, lH, H5~). 2.54 (dd, J 

= 4.8, 15.4 Hz, IH, Hl4P). 2.86 (d, 1 = 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 = 5.5 Hz, lH, H2), 4.69 (ddd, J 

=1.4, 4.8, 9.3 Hz lH, HI3). Anal. Calcd. for C32Hs60iSi2x.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 CH2CI2 (9.5 mt), 

diisopropylethylamine (1.49 mL, 8.6 mmoi) ~d tetrabutylammonium iodide (253 mg, 0.69 mmol) 

under nittogcn was added dropwise bcnzyloxymcthylchloride (0.42 mL. 2.86 mmol). The reaction 

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

saturated aqueous NaHC03 solution and extraetcd with two 100 mL ponions of 50% ethyl accwc 

in hcxanes. 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 ail. 

This material was purified by silica gel chromatography to yield 196 mg (92%) of ketone 18 

(P7=BOM, P10 = 1ES, P13 =TBS) as a colorless oil. 

18 (P7=BOM, P1.0 =TES, P13 =TBS): lH NMR (500 MHz. CDC13) S 0.10 (s, 3H, TBS CH3), 

0.13 (s, 3H. TBS CH3), 0.59 (q. J = 7.7 Hz. 6H. TES CH2), 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, 

H6p, H9p), 2.21 (m, lH, H6a.), 2.34 (dd, J = 10.4, 12.l Hz, lH, H5a), 2.43 (dd, J = 9.3, 

15.4 Hz, lH, Hl4et), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, lH, HS~). 2.62 (dd, J = 5.0, 15.4 

Hz. lH, Hl4~), 2.74 (d. J = 5.0 Hz, lH, HJ), 3.38 (dd, J = 6.6, 11 Hz, lH, H7), 4.38 (dd, J 

= 3.8. 10.4 Hz. lH, H 10), 4.56 (d, J = 5.0 Hz, lH, H2), 4.58 (d, J = 11.5 Hz 1 H, CH2Ph), 
. 

4.64 (d, J =11.5 Hz IH, CH~Ph), 4.68 (m, 2H, Hl3, OCH20), 4.82 (d, J =7.2 Hz lH, 

OCH20). 7 .31 (m, 5H. Ph). 

Ketone 22.:i (Ps=TMS). To a vigorously stirred solution of ketone 18 (P7=BOM, P10 = TES. 

P13 =TBS) (315 mg, 0.42 mmol) in THF (10.5 mL), triechylaminc (0.88 mL, 6.3 mmol) and 

trimethylsilyl chloride (0.53 mL, 4.2 mmol) under nitrogen at -78 ·c was added dropwise down 

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

mL of a saturated aqueous NaHC03 solution was added. 111c reaction mixture was diluted with 

150 mL of hexa.ncs and washed with 20 mL of a saturated aqueous NaHC03 solution and brine. 

liUiill~fli 
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dried over anhydrous Na2S04 and concencrated under reduced pressure. The resulting oil was 

filtered through celitc with hcx~ncs and the filtr.:tte was conc:ntratcd under reduced pressure to give 

338 mg (99%) of the 1MS encl ethc:: 2la (P7=BOM. P 10 =TES,P 13 =TBS, P 4 :: TMS) as a 

colorless oil. To a vigorously stirred solution of TMS enol ether 2 la (P7=BOM, P 10 =TES, p 13 

= 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 mmol) of MCPBA in 

hexanes. After 5 h, 2 mL of a saturated aqueous Na.HCO:J solution and 2 mL of a 10% aqueous 

Na2S2~ solution were added. Tne reaction mixture was diluted with 150 mL of ethyl acetate and 

washed with 20 mL of a saturated aqueous NaHC03 solution. 20 mL of a _10% aqueous Na2S20:J 
solution, 20 mL of a saturated aqueous NaHC03 solution and brine, ~cd over anhydrous 

NaiS04 and concentrated under reduced pressure to give 231 mg of rhe crude material as a 

colorless oil. This materinl was used without funher purification, or. alternatively, was purified by 

flash chromatognphy on silica gel to give 168 mg (74%) of 22a (P7=BOM. P10 =TES, P1J = 

TBS, P5 = TMS) along with a mixture (15%) of 21a and 18 which could be recycled. 

·:z2a (P7=BOM, P10 = TES. P13 = TBS, P5 = TMS): mp 50.5-52 ·c, lH NMR (.500 MHz. 

CDC3) 5 0.10 (s. 3H. TBS CH3), 0.13 (s, 9H, ThlS CH3), 0.14 (s, 3H, TBS CH3), 0.59 (q, J 

= 8.2 Hz., 6H, TES CH2), 0.94 (s, 9H. TBS t-Bu), 0.94 (t, J = 8.2 Hz. 9H, TES CH3), 1.24 (s, 

3H, CH3 17), 1.32 (s, 3H, CH3 19), 1.33 (s, 3H, 013 16), 1.82 (dd, 1 = 11.3, 13.7 Hz, IH. 

H9a.), 1.95 (d, 1 = 1.4 Hz, 3H. CH3 18), 1.98 (dd, J = 3.4. 13.7 Hz. lH. H9~). 2.16 (ddd. J 

= 6.2, 7.2, 13.3 Hz. lH, H6a), 2.40 (dt, J =l l.4, 13.3 Hz, 6~). 2.43 (dd, J =9.2, 15.2 Hz, 

lH. Hl4f3), 2.63 (dd, J = 5.5, 15.2 Hz, IH, Hl4a.), 2.74 (d, J = 5.5 Hz, lH, H3a), 3.40 (dd, 

J =7.2, 10.6 Hz, lH, H7a.),4.36 (dd, 1 = 3.4, 11.3 Hz, lH, HIO~). 4.40 (dd, J = 6.2, 12.0 

Hz, IH. H5a), 4.54 (d, 1 = 5,5 Hz, lH, H2p), 4.57 (d, 1 =l l.7 Hz lH, CH2Ph), 4.64 (d, 1 

=11.7 Hz lH, CH-zPh), 4.68 (d, J =7.0 Hz IH, OCH20), 4.74 (m, lH, Hl3), 4.78 (d, 1 =7.0 

Hz. lH. OCH20), 7.31 (m, 5H, Ph). Anal. Calcd. for C41H720iSi1 : C. 63.19; H, 8.88. Found 

C. 63.19; H. 8.92. 

Ketone 22a (P5 = H). To a vigorously stirred solution of crude 22a (P7 = BOM. P10 =TES, P 13 

=TBS, P5 = TMS) (231 mg, 0.274 mmol) in acctonicrilc (7 mL) at o·c was added d.ropwise 7 rnL 
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of a 1:10:10 (by volume) mixture of 48% aqueous HF:pyridine::icctonittilc. After stirring for 20 

min, 2 mL of a sarurated aqueous NaHC03 solution was added. The reaction mixture was di~uted 

with 150 mL of ethyl acetate and washed with 30 mL of a saturated aqueous NaHC03 solution and 

brine, dried over anhydrous Na2S04 and concentrated under reduced pressure to give 223 mg of 

the crude alcohol as a colorless oil. This mau:riD:l was purified by silica gel chromatography to yield 

155 mg (74%) of ketone 22a (P7 = BOM, P1o =TES, P13 =TBS, Ps = H), 15 mg (7%) of the 

5~-hydroxy ketone and 33 mg (14% recoverable material) of a 1:1 mixture ofTMS encl ether lla 

and ketone 18. 

22a (P1 = BOM, P1o =TES, P13 =TBS, Ps = H): 1H NMR (500.MHz. CD03) o 0.10 (s, 3H., 

TBS CH3), 0.14 (s, 3H, TBS CH3), 0.59 (q, J = 8.2 Hz, 6H, TES CH2). 0.94 (s. 9H, TBS t· 

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

3H, CH3 16), 1.83 (dd, J = 11.0, 13.7 Hz, lH, H6~). 1.97 (d, J = 1.4 ~ 3H, H18), 2.01 (dd. 

J= 3.2, 13.7 Hz, lH. H9~). 2.11-(ddd, J= 5.5, 7.7, 13.7 Hz, lH. H6a.), 2.47(dd.1= 8.7, 

15.4 Hz. lH, Hl4J3), 2.57 (m, 2H, Hl4a, H9ct), 2.88 (d, J = 5.S Hz, lH, H3a), 3.39 {dd, J = 
7.7, 11.0 Hz, lH, H7cx), 3.41 (d, J = 3.3 Hz, lH, OH-5), 4.38 (m, 2H, HS~. HlO), 4.55 (d, J 

= 5.5 Hz, lH, H2~). 4.57 (d, J =11.5 Hz IH, CH.2Ph), 4.62 (d, J =11.5 Hz lH, CH2Ph), 4.72 

(~ 2H, Hl3~, OCH20), 4.80(d,1=7.1 Hz lH, OCH20), 7.31 (m, 5H. Ph). 

Ketone 22.a (Ps=TMS) from ketone 22a (Ps=H). To a vigorously stirred solution of 5-hydroxy-

4-lcetone 22a (P7 =BOM,P 10 =TES, P13 =TBS, P s = H) (51 mg, 0.067 mmol) in CH20 2 (2.2 

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

trimcthylsilylchloridc (0.041 mL, 0.34 mmol). After 0.5 h, the reaction mixture was qucncherl 

with 5 mL of a saturated aqueous NaHC03 solution and extracted with 150 mL hexanes. The 

organic phase was washed with 50 mL of a saturated aqueous NaHC03 solution and brine, dried 
of 

over anhydrous Na2S04 and concentrated under reduced pressure ta give 56 mg/!" colorless oil. 

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

pressure to yield 54 mg (96 %) of ketone 22a (P7 = BOM, P10 =TES, P13 =TBS, Ps = TMS). 

Alcohol 23a. To a stirred soluri.on of ketone 22a (P7 = BOM, P10 =TES. P13 =TBS, P5 = ThlS) 
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(18.9 mg, 0.023 mmol) in CH2 CI1 (4 mL) under nicrogen at -65 ·c was added dropwise a 0.073 

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

warm to -48 ·c, stirred for 16 • .S h an~ then quenched with 0.13 mL of a 2.0M solution of AcOH 

in TI:lF (0.25 mmol) and then poured into a stirring mixture of 50 mL of a saturated aqueous 

NaHC03 solution and 50 mL of ethyl acetate. _Tne aqueous phase was extracted with 50 ml.. ethyl 

acetate. The combined organic phases were washed with brine, dried over anhydrous Na2S04 and 

concentrated under reduced pressure to· yield 20.5 mg of .a colorless oil. Tnis material was purified 

by silica gel chromatography co yield 18.4 mg (95%) of alcohol 2Ja (P7 =BOM,P 10 =TES,P 13 

=TBS, P5 = Th!S) as a colorless oil. 

23a (P7 = BOM, Plo =TES, P13 =TBS, Ps = TMS): lH NMR (500 MHz, CDC13) 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 

CH2), 0.92 (t. J = 7 .9 H~ 9H, TES CH3). 0.93 (s, 9H, TBS t-Bu), 1.25 (s, 3H, CH3 17), 1.28 

(s, 3H, CH3 19), 1.33 (s. 3H. CH3 20), 1.34 (s, 3H, CH3 16), 1.74 (ddd, 1 = 3.8, 4.1, 13.0 

Hz. lH, H6a), 1.99 (d. J = 1.4 H~ 3H. HIS), 2.01 (dd, J = 11.3, 13.0 Hz, 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, Hl4a), 2.54 (dd. J = 9.2. 15.0 Hz. lH. H14~). 2.96 (s. lH. OH-4), 3.51 (dd. J = 1.7, 

4.1 Hz. IH, H5), 3.73 (dd, J = 3.8, 12.3 Hz, lH. Hia), 4.32 (dd, J = 4.1, 11.3 Hz. lH. 

HIO~), 4.64 (s, 2H, CH2Ph), 4.72 (d, J = 6.8 Hz. lH, OCH20). 4.80 (m, 3H, H2. Hl3. 

OCH20), 7.31 (m, SH. Ph). Anal. Calcd. for C44H76~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, 

P5 = TMS) (46.i mg, 0.055 mmol) in [Oluene (1.1 mL) was added 1.1mLofa0.IM solution of 

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

room [emperature, diluted with ethyl acerace, washed with a saturated solution of NaHC03 and 

brine, dried over anhydrous N:i2S04 and filtered. Concemration of the filcrare under vacuum 

yielded 46 mg of crude olefin. Tnis material was used wilhouc funher pwificarion. 

To a stirred solution of chis crude olefin (46 mg, 0;055 mmol) in acetonitrile (2.5 rnL) ac 0 ·c was 

added 2.5 mL of a l: l 0: I 0 (by volume) mixture: of 48% aqueous HF : pyridine : acetoniailc. The 
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mixture was stirred at 0 ·c for 20 min, quenched with a saturated solution of NaHC03 and 

extracted twice with ethyl acetate. The combined organic phases were washed with brine •. dried 

over anhydrous Na2S04 and filtered_ Concentration of the filtrate under vacuum yielded 48 mg of 

a colorless oil which was purified by silica gel chromatography to yield 25.9 mg (62%) of 

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

alcohol 23a (4%). 

24a (P7 = BOM~ P 10 = TES, P 13 =TBS, R = H): mp 66-68 "C lH NMR (500 MHz, CDCI3) o 
0.12 (s, 3H, TBS CH3), 0.13 (s, 3H, TBS CH3), 0.59 (q, J = 7.9 Hz, 6H, TES CH2), 0.94 (t, 

J = 7.9 Hz, 9H, 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. lH, J = 3.4 Hz. OH5). 1.83 (dd, J = 9.9, 10.5 Hz, Ia 

H9a), 1.91 (ddd, J = 7.2, 7.5, 13.4 Hz, lH, H6a), 1.97 (dd, J = 3.8, 9.9 Hz, lH, H9~), 2.03 

(d, J = 1.4 Hz. 3H, 18), 2.14 (ddd, J = 9.6, 9.6. 13.4 Hz, lH, H6 ~) 2.35 (dd, J = 5.1, 15.4 Hz, 

lH, Hl4a), 2.50 .(dd, J =9.6, 15.4 Hz, lH, H14p), 3.03 (d. J = 5.8 Hz, lH, H3a:), 3.44 (dd, 

J = 7 .5. 9.6, Hz. lH. H7 a:), 4.38 (m, 2H. HI at HS), 4 . .54 (d. J = 5.8 Hz, ia H2), 4.58 (~ J 

= 11.6 Hz. lH. CH.2Ph), 4.62 (d, J = 11.6 Hz. lH, CH2Ph), 4.73 (d, J =1 .0 Hz, lH, OCH20), 
I . 

4.75 (m, lH, H13), 4.79(d,1=1.0 Hz, lH, OCH20), 5.00 (s, lH, H20E), 5.18 (s, lH, H20Z), 

7.31 (m, SH. Ph). Anal. Calcd. for C41H660gSi2x0.5H20: C, 65.47; H, 8.98. Found C, 65.63; 

H, 8.97. 

Allyl mesyiatc 24aa. To a stirred solution of ally! alcohol 24a (P7 = BOM, P10 =TES, P13 = 
TBS, R = H) (11.S mg, 0.0154 mmol) in pyridine (0.6 mL) under nitrogen at 0 ·c was added 

dropwise mcthanesulfonyl chloride (0.02 mL. 0.258 mmol). After 45 min, a saturated aqueous 

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

of a saturated aqueous NaHC03 solution and extracted with 40% ethyl acetate/hexane (20 mL x 

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

reduced pressure to give 13 mg of 24aa (P7 = BOM, P 10 =TES, P 13 =TBS, R =Ms) as a 

colorless oil. This m:icerial was used without funhcr purification. 

24aa (P1 = BOM, p·1a =TES, P 13 =TBS, R =Ms): tH NMR (300 MHz, CDC13); o 0.12 (s, 

3H. TBS CH3), o 0.13 (s, 3H, TBS CH3), 0.58 (q, J = 7.9 Hz, 6H. TES CH2), 0.93 (s, 9H, 
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TBS t-Bu), 0.94 (t, J = 7.9 Hz. 9H, TES CH3). 1.23 ( s, 3H. CH 3 17), 1.22 (s, 3H, CH3 19), 

1.34 (s, 3H, CH 3 16), 1.80 (br t, J =13 Hz. lH, H9a), 1.98 (m, IH. H6). 1.79 {ddd, J = 2.2, 

5.5, 1.5.1 Hz, lH, Hl4ct), 2.01 (d. ! = 1.1 H~ lH, CH3 l8), 2.06 (dd, J = 3.3, 13.7 H~ lH, 

H9p), 2.01 (br s, 3H. CH3 18), 2.22-2.32 (m, 3H, HI4a, H6a, H6p), 2.54 (dd, J = 9.9, 15.4 

Hz, lH. Hl4p), 3.02 (s, 3H, OS02CH3), 3~05 (d, J = 6.0 H~ lH. H3ct), 3.45 (t, 1 = 8.5 Hz, 
.. 

lH, H7ct), 4.37 (dd, J =3.6, 11.0 Hz, IH, HlO~). 4.57 (d, J = 6.0 ~~. lH. H2p), 4.59 (q, 2H, 

PhCH:zO), 4.69 (d, J = 7.1 Hz, lH, OCH20), 4.74 (m, lH, Hl3~). 4.76 (d, 1 = 7.1 Hz, lH, 

OCH20), 5.03 {br t, J = 8.5 Hz, lH, H5~), 5.09 (br s, lH, H20), 5.24 (br s, lH. H20), 7.35 

(m, SH, Ph). 

Triol 25a. To a stim:d solution of ally! alcohol 24.a (P7 = BOM, P 10 =TES, P13 =TBS, R = H) 

(45 mg, 0.0~6 mmol) in a mixture of pyridine (0 . .32 mL) and ether (3.2 mL) under nittogcn at O 

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

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

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

dried over anhydrous Na2S04 and concentrated under reduced pressur~ to give 60 mg of a pale 

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

%) of crio12Sa (P7 = BOM, P1o =TES, Pl 3 =TBS). 

2Sa (P7 = BOM, P 10 =TES,P 13 =TBS): lH NMR (500 MHz, CDCI3); o 0.11 (s, 6H, TBS 

CH3), 0.60 (ddd. J = 9.0 Hz, 6H. TES CH2), 0.79 (s, 3H, CH3 19), 0.93 (s, 9H, TBS t-Bu), 

0.94 (dd. J = 9.0 Hz, 9H, TES CH3), 1.22 (s, 3H, CH3 17), 1.35 (s, 3H, CH3 16), 1.64 (dd. J = 
5.6, 16.4 Hz. lH, H9~). 1.70 (m. lH, H6J3), 2.22 (dd, J = 2.7, 16.8 Hz, lH. H9ct), 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, OH5), 3.21 (dd, 6.9, 15.0 Hz. IH, Hl4a.), 3.42 (d, l= 5.0 Hz. IH, H3a.), 3.53 (m, IH, 

H20), 3.38 (s, lH, OH4), 3.70 (t, J = 3.0 Hz, lH, H5f3), 4.04 (br d, J = 11 Hz. lH, H20), 

4.06 (dd, J = 11.5, 5.0 Hz, lH, H7a.), 4.48 (d, 1 = ?.O Hz, lH, H2f3), 4.49 (d, J = 12.0 Hz. 

lH, PhCH40), 4.53 (br s, lH. HlO~). 4.71 (m, lH, Hl3~). 4.72 (d, J = 12.0 Hz. lH, 

PhCH20), 4.85(d,1 = 6.8 Hz, lH, OCH20), 4.98(d,1 = 6.8 Hz, lH, OCH2 0), 7.34 (m, 5H, 
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Ph). Anal. Calcd. for C.uH680 10Si2: C, 63.36; H. 8.82. Found C. 63.19; H, 8.75. 

Dial mcsylate 26a. To a stirred solution of ally! mesylate 24~a (P7 = BOM, P10 =TES. P13 = 

TBS, R = Ms) (5 mg, 0.0064 mmol) in a mixture of pyridine (0.4 mL) and IBF (0.4 mL) under 

nitrogen at room temperature was added a 0.157 M solution of OsO 4 in TIIF (0.06 mL). After 7 

h, NaHS03 (150 mg) and water (0.2 mL) were added. The mixmrc was vigorously stirred for 14 

h, poured into 20 mL of a saruratcd aqueous NaHC03 solution and extracted wich ethyl acetate (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~romatographed ( 40% . . 

ethyl acctatelhe::cane) to yield 2.7 mg (50%) of dial mcsylate 26a (P7 = BOM, P10 =TES, P13 = 
TBS, R =Ms). 

l6a (P7 =BOM.P10 =TES,P13 =TBS,R=Ms): lHNMR(SOOMHz.CDC13); S0.14 (s, 6H, 

TBS CH3), 0 • .58 (ddd, J = 8.0 Hz. 6H, TES CH2), 0.89 (s. 3H, CH3 19), 0.93 (s, 9H, TBS t­

Bu), 0.94 {dd, F= 8.0 Hz. 9H, TES 013), 1.31 (s, 3H, CH3 17), 1.37 (s, 3H, CH3 16), 1.76 

. (dd, J = 5.5, 15.1, !Hz, H9~). 1.95 (m, lH, H6f3), 2.23 (d, 1= 0.7 Hz, 3H, CH3 18), 2.25 

(dd, J = 4.8. 15.1 Hz. lH, H9cx), 2.39 (dd, J = 9.2, 15. l Hz, lH. H 14~). 2.45 (m, lH. H6Cl), 

2.89 (dd, 6.8, 15.1 Hz, lH, Hl4cx), 3.05 (d, J = 3.4 Hz, lH, H3a), 3.06 (s, 3H, OS02CH3), 

3.35 (s, lH, OH4), 3.52 (m, lH, H20), 3.92 (dd. J = 4.5, 11.6 Hz, lH, H7 a), 4.13 (dd, J = 
1.0, 11.3 Hz, lH, H20), 4.46 (br d, J = 4.5 Hz, lH, HlO), 4.52 (d, J = 3.4 Hz, lH, H2), 4.54 

(d, J = 12.0 Hz, lH. PhCH,_0), 4.70 (d, J = 12.0 Hz. IH. PhCH20), 4.83 (d, J = 6.9 Hz. lH. 

OCH20), 4.84 (m •. lH, H5 ~). 4.92 (m, IH, H13 ~). 4.93 (d, J = 6.9 Hz, lH, OCH20), 7.34 

(m, SH, Ph). 

Diel tosylate 26an. To a stirred solution of trial 2Sa (P7 = BOM, P 10 = TES, P 13 = TBS) (37 

mg. 0.0476 mmole) in CH20 2 (0.4 mL) under nitrogen at-78 ·c was added criethylaminc (0.25 

mL) followed by trimcthylchlorosil:mc (0.075 mL). The solution was stirred at -78 ·c for 1 h. 

poured into 20 mL of a sacuraced aqueous Na.HC03 solution and extracted wich chloroform (30 mL 

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

reduced pressure to give 38.2 mg of a colorless oil. This oil was dissolved in THF (0.5 mL) and 
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cooled to -i8 ·c. To this solution was added a 0.2 M solution of LDA in TrlF (0.9 mL. 0.18 

mmole). After 20 min at -n·c. p-toluenesulfanyl chloride (35 mg, 0.183 mmole) was added. 

After stirring at -35 ·c for 3 h. MeOH (0.2 mL) and diethylamine (0.3 mL) were added. The 

solution was stirred at -35 ·c for 30 min and poured into 30 mL of a saturated aqueous NaHCQ3 

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

over anhydrous Na2S04, and concentrated under reduced pressure co give 58 mg of a colorless ail. 

Tne oil was dissolved in acetonittile (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 at 0 ·c for 15 min, 

poured inco·30 mL of a saturated aqueous NaHC01 solution and extracted with chloroform (40 

mL x 3). Tne combined organic phase was dried· over anhydrous Na2S04, and conccncrated under 

reduced pressure to give 56 mg of crude dial tosylate 26a.a. Column chromatography (40% 

ethylacctate/hexane) yielded 34 mg (80 %) dial tosylate 26aa (P7 = BOM, P1a =TES, P13 =TBS, 

R=Ts). 

26aa (P7 = BOM, P 1a =TES, P13 =TBS, R =Ts). lH NMR (300 MHz. CDC13); o 0.18 (s, 

6H, TBS CH3), 0.58 (d, J = 12.5 Hz. 6H. TES CH2), 0.82 (s, 3H, CH3 19), 0.94 (dd, J = 13.0 

Hz., 9H, TES CH3), 0.97 (s, 9H, TBS t-Bu), 1.28 (s, 3H, CH3 17). 1.34 (s, 3H, CH1 16). 1.67 

(dd, J = 16.5, 4.4 Hz. lH. H9~). l.80 (m. lH, H6~). 2.13 (dd. J = 16.5, 4.4 Hz, lH. H9a.), 

2.18 (m, lH, H6a), 2.24 (s, 3H, CH3 18). 2.33 (s. 3H, CH3Ph), 2.42 (dd. J = 14.8, 9.3 Hz. 

IH. Hl4p), 2.90 (m, IH, Hl4a.), 2.93 (br s, lH, OH4), 3.08 (br d, J = 3.3 Hz, lH, H3et), 

3.38 (br t, 1 = 11.0 Hz, lH, H7ct), 3.87 (m, lH. H20), 4.09 (br d, J = 9.9 Hz, lH, H20), 4.52 

(d, J =. 3.3 Hz, lH, H2p), 4.45 (br d, J = 4.4 Hz, lH, HlOp), 4.46 (d, J = 12.1 Hz, lH. 

PhCH20), 4.59 (d. J = 12.1 Hz, lH. PhCH20), 4.66 (hr t, J = 3.8 Hz. lH. HSP), 4.75 (d. 1 = 

7.1 Hz, IH. OCH20). 4.83(d,1 = 7.1 Hz. lH, OCH20), 4.89 (br dd, J = 7.7, 6.6 Hz. lH. 

~13P). 7.14 (d, J = 8.2 Hz., 2H. S02Ph), 7.34 {m, 5H, OCH2fh), 7.75 (d, J = 8.2 Hz. 2H, 

SOzPh). 

Oxerane 27a from dial mesylnte 26::i. To a stirred solution of dial mesylate 2 6a (P7 = BOM, P10 

=TES, P13 =TBS. R =Ms) (2.7 mg) in toluene (0.4 mL) under nitrogen at room temperature was 

added diisopropyl ethylamine (0.008 mL). The solution was refluxed for 3.5 h. cooled co room 
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temperature, poured into 20 mL of a saturated aqueous NaHC03 solution and extracted wi!h ethyl 

acetate (20 mL x 3). The combined organic phase was dried over anhydrous Na2S04, and 

concentrated under reduced pressu:c to give 3 mg of a pale yellow oil. The oil was column 

chromatographcd (30% ethyl acetate/hexane) to yield 1 mg (42%) of oxetanc 27a. 

27a (P7 = BOM, P10 =TES, P 13 =TBS): ~H NMR (500 MHz, CD03); o 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, 3H, CH3 17), 1.26 (s, 3H, CH3 19), 1.32 (s, 3H, CH3 16), 1.93 (dd, J = 

11.3, 13.4 Hz, lH. H9et), 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, J = 5.5 Hz, lH,- H3et), 2.41 (dd, J = 
9.2, 15.l Hz, lH, Hl4j3), 2.43 (m, lH, H6a.}, 2.54 (s, lH, OH4), 2.76 (dd, J = 5.2, 15.1 Hz. 

Hl4et), 3.21 (dci J = 3.4, 13.0 Hz, lH, H7 et), 4.36 (<4 J = 8.6 ~ lH, H20a.), 4.37 (dd, J = 

4.l, 11.3 Hz, IH, HlO~). 4.40 (br ~ J = 8.2 Hz, lH, HS<X), 4.60 (~ J = 5.5 Hz, lH, H2~), 

4.61 (d, J = 12.6 Hz, lH, PhCH10), 4.67 (m, lH, Hl3~). 4.69 (d, J = 12.6 Hz, lH, 

PhCH20), 4.75 (d, J = i.5 Hz, lH, OCH20), 4.86 (d, J = 1.5 Hz, lH, OCH20), 4.91 (dd, J = 

0.7, 8.6 Hz, lH, H20j3), 7.34 (m, SH, Ph). Anal. Calcd. for C4 1H660iSi2: C, 64.87; H, 8.76. 

Found C, 64.61; H, 8.78. 

Oxctanc 27a from dial tosyl:i.te 26aa. To a stirred solution of diol tosylatc 26aa (P1 = BOM, P10 

=TES, P.13 =TBS, R =Ts) (33 mg, 0.0354 mmolc) 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 incre:ised up co 110 ·c during a 40 min period, maintained at 110 ·c 
for 30 more min and cooled to room temperature.The solution was filtered through a she~ pad of 

silica gel using 30% ethyl acetate/hexane as eluent. The filtrate was concentrated to give 25 mg of 

audc 27 a, which was column chromatographcd (30% ethyl acetate/hexane) to yield 21 mg (78 %) 

of oxctanc 27a (P1 = BOM, P1o =TES, P13 =TBS). 

Oxetane 29. To a stirred solution of oxctane 27 a (P7 = B OM, P 10 = TES, P 13 = TBS) (21 mg, 

0.0276 mmloe) and ·dimethylaminopyridinc (3.4 mg, 0.0278 mmole) in pyridine (110 µ~ 1.37 

mmolc) under nitrogen at room temperature was added acetic anhydride {26 µL, 0.276 mmole). 
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The solution was stirred for 25h, diluted with ethyl acetate, poured into 20 mL of saturated 

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

phases were dried over anhydrous N~2S04 and concentrated. under reduced pressure ta give 26 mg 

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

mg (72%) of oxemne 29 (P7 = BOM, P10 =TES, P13 =TBS). 

29 (P7 = BOM, P10 =TES, P13 =TBS): i:H NMR (500 MHz. CDCl3); S 0.10 (s, 3H, TBS 

CH3), 0.12 (s, 3H. TBS CH3), 0.56 (q, 6H, TE~ CH2), 0.92 (t, 9H, TES CH3), 0.94 (s, 9H, 

TBS t-Bu), 1.35 (s, 3H, CH3 16), 1.30 (s, 3H, CH3 17), 1.29 (s, 3H, CH3 19), 1.96 (br t, J = 
13.0 Hz. IH. H9a), 1.98 (d, J = 1.4 Hz, 3H, CH3 18), 2.02 (dd, J = 7.5, 13.0, lH, H9~), 2.07 

(dr, J = 8.0, 13.0 Hz. lH, H6~). 2.13(s, 3H, OAc}, 2.24(dd,1= 3.4, 15.0 Hz, IH, Hl4a), 

2.40 (dd, J = 8.6, 15.0 Hz. IH, Hl4~), 2 . .51 (ddd, J ~ 4.1, 9.2, 15.0 Hz, IH, H6a), 2.63 (d, 

J = 6.S Hz, lH, H3CL), 3.69 (dd, J = 4.1, 13.0 Hz, H7a), 4.35 (dd, J = 3.4, 11.3 Hz, Ia 

H!O~). 4.64 (m. 4H. PhCH20, H2~. H.5a.), 4.75 (d, J = 7.2 Hz, lH, OCliiO), 4.76 (br d, J 

= 9.2 Hz, lH, ff.70), 4.83 (d, J = 7.2 Hz, lH, OCH20), 4.85 (br d, J = 9.2 Hz, lH, H20), 4.88 

(br ~ J = 8.2 H~ lH. H13~), 7 .35 c~ SH, Pn). 

Benzoatc 30. To a stirred solution of oxetane 29 (P7 = BOM, P 10 = TES, P 13 = TBS) (6 mg, 

0.0075 mmol) in THF (0.5 mL) under nitrogen at -78 ·c was added a 0.3M solution of 

phenyllithium in ether (44 µL, 0.013 mmol). The solution was stirred at -78 ·c for 15 min and 

quenched with a 10% solution of acetic acid in TI!F. The solution was diluted with ethyl acetate, 

poured into 20 mL of a sacurated aqueous NaHC03 solution and extracted with ethyl acetate (20 

ml. x 3). The combined organic phases were dried over anhydrous Na2S04 and conccncrated 

under reduced pressure co give 8 mg of a pale yellow oil. The oil was column chromacographed 

(25% ethyl acetate/hexane) to yield 6.2 mg (94%) of benzoace JO (P7 = BOM. P lJ =TBS. R = 
TES). 

30 (P7 = BOM. P 1 J =TBS, R =TES): 1 H NMR (500 MHz, CDClJ); o 0.09 (s, 3H, TBS CH3), 

0.14 (s. 3H, TBS CH3), 0.60 (ddd, 6H. TES CH2), 0.94 (s, 9H, TBS t-Bu). 0.96 (t, 6H, TES 

CH3), 1.23 ( s, 3H. CHJ 17), 1.38 (s. 3H. CHJ 19), 1.46 (s, 3H. CH3 16), 1.69 (s. I H. OH 1), 

1.97(ddd.1= 14.5, 10.0, 3.1 Hz.. lH, H6~). 2.05(dd,1= 16.1, 5.1 Hz. lH. H9~). 2.09 (dd. 
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l = 15.1, 6.2 Hz. lH, Hl4~). 2.13 (s, 3H, CH3 18), 2.22 (dd, J = 15.l, 8.2 Hz, lH, H14a}, 

2.23 (dd, J= 15.0, 8.5 Hz, lH, H9~). 2.24 (s, lH, OAc 4), 2.38 (dd, J = 16.l, 4.1 Hz, lH. 

H9a), 2.67 (m, lH, H6a), 3.40 (d. J = 6.2 Hz, lH, H3a), 3.99 (dd, J = 10.l, 6.8 Hz, IH, 

H7a), 4.20 (d. J = 8.2 Hz, lH, H20~). 4.29 (d, J = 8.2 Hz. lH, H20a), 4.49 (d,J = 12.0 Hz, 

lH, Ph0-1:20), 4.63 (br t. lH, HlO~). 4.74 (dJ = 12.0 Hz, lH, PhCH20), 4.92 (d, J = 6.9 Hz, 

lH, OCH20), 4.91-4.95 (m, 2H, H13P & H5a), 5.0l(d, J = 6.9 Hz, lH, OCH20), 5.66 (~ J = 

6.2 Hz, lH, H2~). 7.28 (m, lH, fb.CH2), 7.35 (m, 4H, PhCH2), 7.48 (m, 2H, PhCOO -m), 

1.59 (m, lH. PhCOO -p), 8.11 (m, 2H, PhCOO-o). 

Alcohol 31. To a solution of benzoate 30 (P7 = BO~ P13 = TBS, R = TES) (6.2 mg. 0.007 

mmol) in 2 mL of'ffiF was added 0.1 mL of a0.1 M solution ofTBAF in TiiF. The mixture was 

stirred for 2 hat 25 ·c under nitrogen. The reaction mixture was diluted with 10 mL of ethyl 

acetate, then po~d 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 Na2S04 and 

concentrated under reduced pressure to give 4.5 mg (93%) of alcohol 31 (P7 =BO~P 13 =TBS, 

R=h}. 

31 (P7 = BOM, P13 =TBS, R = H): mp 213-216 ·c lH NMR (500 MHz, CD03); 0 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, OH!), 1.89 (ddd, J = 14.5, 10.0, 2.5 Hz, lH, 

H6p), 2.10 (dd, J = 15.0, 9.0 Hz, lH, H14~), 2.15 (dci. J = 15.0, 8.0 Hz, lH, H14a.), 2.18 (s, 

3H, CH3 18), 2.23.(dd, 1= 15.0, 8.5 Hz, lH, H9p), 2.26 (s, lH, OAc 4), 2.40 (dd, J = 15.0, 

3.5 Hz, lH, H9a), 2.68 (m, lH, H6a), 2.90 (br s, lH, OHIO), 3.54 (d, J = 6.0 Hz, lH, 

H3a), 4.16 (d, J = 8.0 Hz, lH, H20~). 4.23 (dd, I= 10.0, 7 .0 Hz, lH, H7a), 4.30 (d, J = 8.0 

Hz, lH, H20a), 4.68 (dd,J = 15 Hz, 2H, PhCliiO), 4.78 (m, IH, HlOP). 4.87 (d, J = 6.5 Hz, 

lH, OCH20), 4.95 (t, J = 2.0 Hz. lH, H20a), 4.92 (d, J = 7.0 Hz, IH, OCH20), 4.93 (br d, J 

= 2.0 Hz. lH. H13~). 4.96 (br d, J = 6.5 Hz. lH, H5a), 4.97 (d, J = 6.5 Hz, lH, OCH20), 

5.68 (d, J = 6.0 Hz, lH, H213). 7.28 (m, IH, .Eb.CH20), 7.35 (m, 4H, f.b.CH20), 7.40 (m, 2H, 

PhCOO-m), 7 .59 (m, IH, PhCOO-p), 8.13 (m, 2H, PhCOO-o). Anal. Calcd. for 

C,0 H600 1oSix0.5H20: 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 oxcca.nc 29 (P7 = BOM, PLO= TES. 

p 13 =TBS) (16 mg, 0.02 mmolc) in acctoniaile (0.33 mL) at 0 ·c was added a 4% solution of 

HF-pyridine complex in acetonitrile (0.8 roL). The solution was stirred at 0 ·c for 11 h, diluted 

with ethyl acemte, poured into 20 mL of a saturated aqueous NaHC03 solution and extracted with 

CHC13 (30 mL x 3). ·The combined organic phases were dried over anhydrous Na2S04 and 

concentrated under reduced pressure co give I-3.5 mg (0.0196 mmole) 9f 30a as an oil. This oil 

was dissolved in 1RF (1 mL) and cooled to -78 ·c. To this solution ac-78 ·c was added a 0.285 

M solution of phenyllithium in THF (0.144 mL, 2.1 cq.). After 10 min, the solution was poured 

into 20 mL of saturated aqueous NaHC03 solution and CHCI3 (30 ml.. x 3). The combined 

organic phase was dried over anhydrous Na2S04 and concentrated under reduced pressure co give 

16 mg of a pale yellow oil, which was crystalized to yield 12.7 mg (85%) of bcnzoatc 31 (P7 = 
BOM. P13 =TBS. R = H). 

Ketone 3 2. To a s!:>Iution of bcnzoatc 31 (P7 =BOM.P 13 =TBS, R = H) (18 mg. 0.235 mmole) 
. 
and4-qiethylmorpholine N-oxide (18 mg, 0.154 mmolc) in CH20 2 (2.6 mL) at room temperature 

was added tecrapropylammonium penuthen:itc (6 mg, 0.017 mmolc). The solution was stirred at 

room temperature for 15 min and filtered through silica gel with 30 % ethyl acetate/hexane. The 

filtrate was concentrated under reduced pressure to yield kctobenzoate 3 2 (P7 = BOM, P 13 =TBS) 

(18 mg, 100%). 

32 {P7 =MOP, P 13 =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, Oi3 ), 1.42 (s, 3H, CH3 ), 1.44 (s, 6H, 

MOP Q-!3), 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, H 14), 2.25 (s, 3H, OAc), 2.29 (dd, J = 8, 15 Hz, lH, H 14), 2.61 

(d, J = 16 Hz. lH. H9), 2.74 (ddd, 1 = 8, 9, 17 Hz, lH. H6), 3.19 (s. 3H, MOP OCH3), 3.20 

(d, J = 6 Hz, lH, HJa), 3.32 (d, 1 = 16 Hz. lH, H9), 3.78 (dd, J = 8, 10 Hz. lH, H7), 4.15 

(d. J = 8 Hz. lH. H20), 4.34 (d, J = 8 Hz. IH, H20), 4.89 (d, 1 = 9 Hz. lH, HS), 5.04 {m, 

lH, Hl3), 5.90 (d, J = 6 Hz, lH, H2), 7.50 (m, 2H, PhCOO -m), 7.62 (m, lH, PhCOO ·p), 

8.24 (m, 2H. PhCOO ·o). 

32 (P7 =TES, P t:l =TBS): 1H NMR (300 :MHz. 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), l.24(s, 3H, CH3 ), 1.38 (s, 3H, CH3 ), 1.49 

(s, 3H, CH3 ), 1.75 (s, lH, OH!), !.80 (m, lH, H6), 1.81 (s, 3H. CH3 18), 2.20 (dd, J = 9, 

15 Hz. lH, l;Il4), 2.26 (s, 3H, OAc CH3), 2.29 (dd, J = 8, 1.S Hz. lH, Hl4), 2.48 (ddd, J = 8, 

9, 17 Hz, lH, H6), 2 . .58 (d, 1 = 17 Hz. 1H.:H9), 3.15 (d, 1 = 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 Hz. IH, H20), 4.33 (d, J = 8 ~ 

IH, H20), 4.90 (d, J = 9 Hz, lH, HS), 5.04 (~ 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 = BOM, P13 =TBS): 1H NMR (500 MHz, CDCl3); 5 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), l.47 (s, 3H, CH3 19)t 1.52 (s, 

3H, CH3 16), 1.76 (s, lH, OHl), 1.83 (d, 3H,J = 0..5 Hz, CH3 18), 1.89 (ddd. J = 15.0, 9.5, 

1.5 Hz. lH, H6~). 2.21 (dd, J .= 15.0, 9.0 Hz, lH, Hl4P). 2.26 (s, lH, OAc 4), 2.29 (dd, J = 

15.0, 8.0 Hz. lH, Hl4a.), 2.72 (m, lH, H6a.), 2.75(d,1= 16 Hz, lH, H9a), 3.18(d,1= 6.5 

Hz. lH, H3a.), 3.26 (d, J = · 16 . .5 Hz, H9a.), 3.65 (dd, J = 9.0, 7.5 Hz, lH, H7 a.), 4.15 (d, J = 
1.5 Hz. lH, H20~). 4.34 (d, l= 1.5 Hz, lH, H20a.), 4.61(d,J=12.0 Hz, lH, PhCH20), 4.72 

(d, J = 12.0 Hz, lH. PhCH.10), 4.81 (d, J = 7.0 Hz. lH, OCH10), 4.92 (d, J = 7.0 Hz, lH, 

OCH20), 4.93 (br d~ J = 6 . .S Hz, lH, H5a.), 5.05 (br t, J = 6.5 Hz. IH. Hl3P). 5.91 (d. J = 6.0 

Hz, lH, H2~), 7.28 (m, lH. PhCH1.0), 7.35 (m, 4H, PhCH20), 7.50 (m, 2H, PhCOO -m}, 

7.62 (m, lH, PhCOO ·p), 8.13 (m, 2H, PhCOO ·o) 

Hydroxykctonc 3 3. To a THF (1.3 mL) solution of 32 (P7 = BOM, P13 =TBS) (16.2 mg, 0.02 

mmol) at -78 ·c was added 4 equivalents of a 0.24M t -BuOK solution in TIIF (0.33 mL, 0.08 

mmol.). The solution was warmed to -20 ·c for 40 min and then briefly wanned to o·c before 

being cannulated into a o· C THF ( 1.3 mL) suspension of benzeneseleninic anhydride (57 mg, 0.16 

mmol.). The reaction was stirred for 40 min. at 0 ·c before being diluted with 20 mL of ethyl 

acetate and poured into 50 mL of aqueous saturated 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 fayer w·as then dried with Na2S04 , filtered and evaporated to give 18.8 mg of the 

hydroxyketone as an oil. To a TI-IF (1.3 mL) solution of the crude hydroxyketone (18.8 mg) was 
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added 0.33 mL of a 0.24M solution of r-BuOK (0.08 mmol) ac -78 ·c. The rc:iction was stirred 

20 min. and then 0.25 mL of a 0.8M Ac0H/111F solution was added at -78 ·c and stirred 5 min. 

The mixture was diluted wich 20 mL of ethyl acetate and was poured into 50 mL of aqueous 

saturated. NaHC03. The organic layer was then dried with Na2S04, filtered and evaporated to give 

18.6 mg of a yellow solid which was then plug filtered through silica gel wich 2% ethyl 

acctatelhexanes followed by 30% ethyl accmte/-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 MHz, CDC13) o 0.13 (s, 3H, 

TBS CH3), 0.15 (s. 3H, TBS CH3), 0.95 (s, 9H, TBS t-Bu). 1.11 (s. 3H. CH3 16), 1.18 (s. 

3H. CH3 17), 1.59 (s. lH. OHl), 1.82 (s. 3H. CH3 18), l.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, Hl4~). 2.21 (dd, J = 

8.9, 15.4 Hz. lH. Hl4a.), 2.29 (s, 3H, Ac), 2.70 (ddd, J = 6.5. 9.6, 14.4 Hz, lH, H6a), 3.93 

(d, J = 6.9 Hz. lH, H3a.), 4.17 (d, J = 8.6 Hz. lH. H20~). 4.28 (d, J = 2.4 Hz, lH, OHIO~), 

4.31 (dd, J = 6.5.~ 12.4 Hz, lH. H7a.). 4.32 (d, J = 8.6 Hz. lH. H20a.). 4.45 (d, J = 12.2 Hz, 

Ht PhCH10). 4.60 (d. J = 12.2 Hz, lH. PhCH20), 4.60 (d. J = 7.3 Hz. lH, OCH'lO), 4.73 (d, 

J = 7.3 Hz. IH. OCH20). 4.97 (def. J = 2.1. 9.6 Hz, lH, H5a), 5.01 (ddd, J = 2.0. 8.6. 8.9 

Hz. IH. Hl3P). 5.35 (d, J = 2.4 Hz. IH. HlOet), 5.64 (d. J = 6.9 Hz. lH. H2~). 7 .3 (m. 5H. 

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,1= 1.2, 7.9 Hz, PhCOO -o). 

33 (P7 =MOP, P 13 =TBS): 1H NMR (300 MHz. CDC13) o 0.13 (s. 3H, TBS CH3), 0.15 (s, 

3H, TBS CH3), 0.95 (s. 9H, TBS t-Bu), 1.00 (s, 3H, CH3 16). 1.09 (s, 3H, CH3 17), 1.23 (s, 

3H, MOP CH3), 1.37 (s, 3H, MOP CH3), 1.58 (s, lH. OH!), l.79 (s, 3H. CH 3 19), 1.90 (ddd, 

J = 2.6, 8.8, 13.7 Hz, IH, H6p), 2.04 (s, 3H, CH3 18), 2.13 (dd, J = 8.8, 15.5 Hz. lH, 

H14p), 2.22 (dd, J = 8.8, 15.5 Hz, lH, H14a.), 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, 1 = 7 .1 Hz, 1 H, 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, H20~). 4.41 (dd, 1 = 
6.6, 11.0 Hz. lH, H7et), 4.94 (dd, 1 = 2.2. 9.9 Hz, lH. H5et), 5.03 (ddd, 1 = 1.1, 8.2, 8.8 

Hz, lH. Hl3P). 5.20 (d, J = 6.2 Hz. lH, HlOa.), 5.60 (d, 1 = 7.2 Hz, lH, H2p), 7.48 (t, 1 = 

7.7 Hz, 2H, PhCOO-m), 7.61 (t, J = 7.7 Hz, lH, PhCOO -p), 8.10 (d, J = 7.1Hz.2H. 

SUBSTITUTE SHEET {RULE 26) 



WO 95/03265 
PCT /US94/08350 

·-.. 

86 

PhCOO-o). 

Acetate 34. To a pyridine (0.1 mL2 solution of 33 (P7 = BOM, P13 =TBS) (15.9 mg, 0.02 

mmol) and DMAP (1.2 mg, 0.01 mmol) at room temperature was added acetic anhydride (38 µL, 

0.4 mmol} and the reaction stirred 19 h. The m~ture was then diluted with 20 mL of ethyl acetate 

and poured into 50 mL of aqueous sarurated NaHC03• The organic layer was dried with Na2S04, 

filtered and evaporated to give 18.1 mg of crude _product. The material was plug filtered through 

silica gel with 20% ethyl acctatelhcxancs to give 16.S mg of 34 (P7 = BOM, P 13 =TBS) (100% 

yield). 

34 (P7 = BOM, P13 =TBS): 1H NMR (500 ~ CDCl3) 8 0.14 (s, 3H, TBS Me), 0.16 (s, 3H, 

TBS Me), 0.95 (s, 9H, TBS t-Bu), 1.17 (s, 3H, CH3 17), 1.18 (s, 3H, CH3 16), 1.63 (s, lH, 

OH!), 1.76 (s, 3H, CH3 19), l.99 (ddd, J = 2.1, 10.6, 14.7 Hz, lH, H6~). 2.04 (d, J = 1.0 Hz, 

3H, CH3 18), 2.1~ (dd, J = 8.6, 15.1 Hz, lH, Hl4~). 2.19 (s, 3H, Ac010), 2.24 (dd, J = 8.6, 

15.l Hz. lH, Hl4a}, 2.28 (s, 3H, Ac04), 2.88 (ddd. J = 6.5, 9.8, 14.7 Hz, lH, H6a), 3.87 (d, 

J = 7.0 Hz, lH, H3a.), 4.15 (d, 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. H20a), 4.44 (d, J = 12.0 Hz, lH, PhCH.20), 4.68 (d. J = 12.0 Hz, 

lH, PhCH20), 4.85 (s, 2H, OCH20), 4.95 (dd, J = 2.1, 9.8 Hz, lH. H5a)~ 5.65 (d, J = 7.0 

Hz, lH, H2~). 6.39 (s, lH, HlOa), 7..30 (m, SH. PhCH2), 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, PbCOO 

-o), IR (CHC13) t> 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379, 1250, 1100, 1020, 860 

arrl. 

34 (P1=P1:J=TES): 1H NMR (300 MHz, CDC13) o 0.51 (q, J = 7.7 Hz, 6H, TES CH2), 0.67 

(q, J = 7.7 Hz, 1ES CH2), 0.92 (t, J = 7.7 Hz, 9H, TES CH3), 1.01 (t, J = 7.7 Hz. 9H, TES 

CH3), 1.11 (s, 3H, CH3 17), 1.19 (s, 3H, CH3 19), 1.61 (s, lH, OHl), 1.67 (s, 3H. CH3 16), 

1.86 (ddd, J = 2.2. 10.4, 14.3 Hz. lH, H6~). 2. tl (d, J = 1.1 Hz, 3H, CHj 18), 2.12 (m, lH, 

Ht4p), 2.17 (s, 3H, OAclO), 2.23 (dd. I = 7.6, 14.9 Hz, lH. Hl4a.), 2.28 (s, 3H, 0Ac4), 

2.51 (ddd, J = 6.9, 9.6, 14.3 Hz, lH. H6a.), 3.82 (d, 1 = 7.2 Hz. lH. H3a.). 4.14 (d, J = 8.3 

Hz, lH. H20j3). 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, H5a), 4.96 (d, J = 8.2 Hz, lH, Hl3~). 5.63 (d, J = 6.6 Hz, lH, 
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H2a.), 6.47 (s, lH. HIOet), 7.47 (t, J = 7.1 Hz, 2H, PhCOO -m), 7.60 (t, J = 7.1 Hz, PhCOO 

-p), 8.10 (d, J = 7.1 Hz, PhCOO -o). 

Dial 3 S. A solution of 3 4 (P7 = BOM, P13 =TBS) (16.3 mg, 0.0199 mmol) in THF (0.5 mL) 

was added co nis(diethylarnino)sulfoniumdifl~oroaimethylsilicatc (T ASF) (37 mg, 0.134 mmole) 

at room temperature under nitrogen aanosphcrc. Tnc solution was stirred for 40 min, diluted with 

ethyl acetate, poured inco 20 ml.. of a saturated aqueous NaHC03 solution and extactcd with 

CHCI3 (30 mL x 3). The combined organic phase was dried over anhydrous Na2S04 and 

concemraced under reduced pressure co give 16 mg of a pale yellow oil, which was filtered through 

a pad of silica gel using 70 % ethyl acetate/hexane as eluenc. The filtrate was concentrated to yield 

13.5 mg (94 %) of7-BOM BIII (3 S). 

35 (P7=BOM) mp. 224-225 ·c, 1H NMR (500 MHz, CD03), 8 1.08 (s. 3H. CH3 17), 1.18 (s. 

3H, CH3 16), 1.61 (s, IH, OHl), 1.77 (s, 3H. CH3 19), 1.99 ( ddd, J = 2, 10.5, 14.5 Hz, lH, 

H6~). 2.02(d, F= 5 Hz, lH, OH13), 2.10 (d, J = 1.5 Hz, 3H, CH3 18), 2.20 (s, 3H, AcO), 

2.28 (s, 3H, AcO), 2.27-2.29 (m, 2H, H14), 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, lH, H20~). 4.24 (dd, J= 6.5, 10.5 Hz, lH, H7), 

4.31 (d, J= 8 Hz. IH. H20et), 4.45 (~. J = 12.0 Hz. lH, OCH2Ph), 4.67 (d. J == 12.0 Hz, lH, 

OCHzPh), 4.84 (d, 1 = 5 Hz, lH, OCH20). 4.86 (d. J = 5 Hz, IH. OCH20), 4.87 (m, lH, 

H13~). 4.95 (dd, J = 2.0, 9.5 Hz, lH, H5et), 5.63 (d, J = 7 Hz, lH, H2~). 6.40 (s, lH, 

HlOa), 7.30 (m, SH, PhCH2}, 7.48 (m, 2H. PhCOO -m), 7.61 (m, lH, PhCOO -p), 8.10 (2H, 

m, PhCOO -o). I3C NMR (CDC13) 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, 128.5, 128.8, 129.6, 130.3, 132.4, 133.8. 138.0, 144.4, 167 .3. 169.8, 171.0. 203.0. 

IR (CHCl3) u 1720, 1460 cm· 1. Anal. Ca.led. for C39H460 12: C. 66.28; H, 6.56. Found C, 

66.09: H. 6.59. 

7-BOM-TaxoL To a solution of 7-BOM baccatin III (J 5) (13.2 mg, 0.018 mmol) in 0.25 mL of 

TiiF at -45 • C was added dropwisc 21 µL of a 1.03 M solution of lithium bis(crimethylsilyl)arnide 

in THF. After lh at -45 C, a solution of (S)-cis-l-benzoyl-3-triethylsilyioxy-4-azctidin-2-one (15 
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mg, 0.039 mmol) in 0.25 mL of nIF was added dropwise to the mixture. The solution was 

warmed to 0 °C and kept at that temperature fqr 1hbefore0.2 mL of a 10% solution of AcOH in 

TilF was added. The mixture was pajticioned between saturated aqueous NaHC03 and 60% ethyl 

acetate 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'-triethylsilyl-7-BOM taxol. 

To a solution of 20.2 mg (0.018 mmol) of (2'R,3'S)-2'-ttiethylsilyl-7-BOM taxol in 0.8 mL of 

acetonittilc and 0.3 mL of pyridine at 0 • C was added 0.10 mL of 48% aqueous HF. The mixture 
• 

was stirred at 0 C for 1 h and then partitioned between saturated aqueous sodium bicarbonate and 

ethyl acetate. Evaporation of the ethyl acetate solution gave 17,.7 mg of material which was 

purified by flash chromatography to give 15.4 mg (86%) of7-BOM-taxol. 

7-BOM-Ta.xol: m.p 169-172 ·c, ltt NMR (CDC13, 300 MHz) a 8.11 (d, J = 7.1 Hz,2H, 

benzcatc orrho), 7.76 (d, I=7.l Hz,lH, bcnzamide orrho ), 7.61-7.26 (m, 11 H, aromatic), 

7.06(d, J = 8.8 Hz, IH, NH)~ 6.33 {s, !H, 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=S.8 Hz,lH, HS), 
-
4.87-4.77(m. 3H, H2', OCH2Ph),4.67(d, J=l2 Hz, OCH20) 4.43(d, J=12 Hz, OCH20), 4.30 

(d, J = 8.2 Hz, lH, H20a). 4.19 (d, J = 8.2 Hz, lH, H20b), 4.15 (m, lH, H7), 3.70 (d, J = 6.6 

Hz, lH. H3), 3.61(d,1= 2.5 Hz, lH, 2'0H), 2.85 (m, lH, H6a), 2.35 (s, 3H, 4Ac), 2.30 (m, 

2H, Hl4), 2.19 (s, 3H, lOAc), 2.05 (m, lH, H6b), 1.78 (br s, 6H, Mel8,Mel9). 1.72 (s, IH. 

lOH), 1.19 (br s, 6H, Mel6, Me17). Anal. Calcd. for C55H590 15x0.5H20: C, 67.20; H, 6.15. 

Found C, 67.08; H, 6.16. 

Taxol. To a suspension of 10% Pd on carbon (50 mg) in ethanol (0.6 mL) saturated with 

hydrogen at room temperature was added a solution of 7-BOM-taxol (14.4 mg, 0.0148 mmol) in 

ethanol (0.2 mL x. 4). The reaction mixture was refluxed for 45 min under hydrogen and then 

filtered through silica gel eluting with ethyl acetate. The solvent was evaporated under reduced 

pressure to give 11.9 mg of taxol (94%) as colorless needles, which exhibited spectra identical 

with an authentic sample of taxol. 

Tax.cl: mp. 210-212· "C, 1H NMR (500 MHz, CDC13) o l.15 (s,3H, CH3 16), 1.24 (s, 3H, 

CH3 17). l.68 (s. 3H. CH3 19). 1.75 (s. lH, OHl), t.79 (s. 3H, CH3 18), 1.90 (ddd, J = 14.6, 
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11.0, 2.3 Hz, I H, H6p), 2.26 (s, 3H, Ac010), 2.33 (dd, 1=15.4, 8.9 Hz, lH, Hl4~). 2.38 

(dd, J = 15.4, 8.9 Hz. lH, Hl4et), 2.41 (s, 3H. Ac04), 2.46 (d, J =4.1 Hz. lH, OH7), 2.57 

(ddd, J = 10.0, 14.6,6 . .5 Hz. ~H. H6o:). 3 . .54 (d, J =5.0 Hz, 1H, OH2'), 3.82 (d.J =6.9 Hz, lH, 

H3et), 4.22 (d, J = 8 . .5 Hz, 1 H, H20et), 4.32 {d, J = 8 . .5 Hz, 1 H, H20~). 4.42 (ddd, J = 11.0, 

6.5, 4.1Hz,1 H, H7<l), 4.81 ( dd, 1= 5.0, 2 . .5 Hz, 1 H, H2'), 4.96 (dd, 1=10.0, 2.3 Hz, lH, 

H5a:), 5.69(d,1=6.9 Hz, 1 H, H2p), 5.81(dd,1=8.7, 2.5 Hz, 1 H, H3'), 6.25 (dd, 1=8.9, 

8.9 Hz, 1 H, Hl3~). 6.29 (s, IH, H lOa.), 6.98 (d, 1= 8.7 Hz, lH, NH),7.37 (m, IH. PhCON 

-p). 7.46 (m, 9 H, Ph 3'; PhCOO 2' -m, PhCON -m), 7.62 (m, lH, PhCOO -p), 7.76 (br d, J 

=8.7 Hz, UL PhCON -o), 8.16 (br d, J =1.3 Hz, 1 H, PhCOO -o). IR (CHCl3) u 1730, 1650 

cn·I, 

10-Deacctyl baccatin m (3 6). To a mixmrc of ketone 3 J (P7 =MOP, P13 =TES) (2.2 mg, 0.003 

mmol) in pyridine (30 ~ 0.36 mmol) and acctoniaile (20 µL) at 0 ·c was added 48% aqueous 

HF (12 µI.., 0.32 mrr..ol) and che solution was then warmed_to room temperature and stirred for 36 

hours. Tnc mixture was then diluted with 2 mL of ethyl acetate and poured in to a separatory 

funnel containing 30 mL of aqueous saturated Na2C03 and 20 mL ethyl acetate. The aqueous 

layer was extracted twice with 20 mL of ethyl acetate and the organic layers were combined, dried 

with Na2S04, filtered, and concentrated to give 2. 7 mg of a yellow oil. The material was purified 

by plug silica gel column chromatography by eluting with a 50% ethyl acetate/hcxanes mixture 

followed by ethyl acetate to give 1.5 mg of 3 6, which exhibited spectra identical with an authentic 

sample of 10-DAB. 

Baccatin m (.3 7). To a mixture of ketone 3 4 (P7 = MOP) (2.1 mg, 0.003 mmol) in pyridine (30 

µL, 0.36 mmol) and acetoniaile (20 µL) at O ·c was added 48% aqueous HF (12 µL, 0.32 mmol) 

and the solution was then warmed to room temperature and stirred for 36 hours. The mixture was 

chcn diluted with 2 mL of ethyl acetate and poured in to a sep::i.ratory funnel containing 30 mL of 

aqueous sarurated Na 2COJ and 20 m.L ethyl acetate. The: aqueous layer was C:;(tractcd twice: with 

20 mL of cchy[ acetate and the organic layers were combined, dried with Na.2504 , filtered, and 

conccmrated to give 2.7:mg of a yellow oil. The material was purified by plug silica gel column 
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chromatography by eluring with an ethyl acetate/hexanes mixture to give 1.7 mg of 3 7, which 

exhibited spectra: identical with an authentic sample ofbacc:u:in m. 

REAcnON SQiEME A' 

Hydroxykctone 19. To a·vigorously stirrcd·solution of keto~c 18 (P7=MOP) (181mg,0.265 

mmol) in 1EF (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 LOA in 1HF. After 10 min, a solution of 116 mg of 

(S)-camphorsulfonyloxaziridinc (116 mg, 0.396 mmol) in 1.5 mL THF was added dropwise 

dawn the side of the flask. The reaction mixture was cooled to "-40 ·c and, after stirr:ing 1 h, 2 

mL of a saruraccd aqueous NaHC03 solution was .added. The rcnction mixrurc was diluted with 50 

mL of 30% ethyl acetate in hexancs and washed with 20 mL of a saturated aqueous NaHC03 

soiutlon and brine, dried over nnhydrous Na1S04 and concentrated under reduced pressure. The 

resulting oil was filtered through silica gel with 30% ethyl acctite in hexanes and concentrated to 

give 210 mg of a colorless oil. This material was purified by radial chromatography, eluting with 

25% ethyl acetate in hexanes to yield 150 mg (81%) 5~-hydroxylcetone 19 as a white solid, 15 mg 

(8%) rcrurncd starting ketone 18 and 10 mg (5%) of the corn:sponding 5a-hydroxyketonc. 

19 (P7=MOP): IH NMR (500 MHz, CDC13) a 0.08 (s. 3H. TBS CH3). 0.12 (s. 3H. TBS CH3), 

0.62 (q, J = 8.2 Hz. 6H, TES CH2). 0.90 (s, 9H, TBS t-Bu), 0.96 (t, J = 8.2 Hz, 9H. TES 

CH3), 1.05 (s, 3H, CH3 19), 1.19 (s, 3H, CH3 17), 1.33 (s, 3H, CH3 16), 1.35 (s, 3H, MOP 

CH3), l.~3 (s, 3H, MOP CH3), 1.67 (dd, J = 5.0, 14.7 Hz, lH, H9~), 1.87 (m, lH, H6p), 

2.12 (dd, J = 4.1, iS.l Hz. lH, Hl4a.), 2.14 (d, J = 1.4 Hz. 3H, CH3 18), 2.23 (dd, J = 7.3, 

14.7 Hz, lH, H9a.), 2.55 (dd, 1= 9.1, 15.l Hz. !H, H14~). 2.76 (ddd, 1= 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, 

H3a), 3.83 (dd, 1 = 3.7, 9.2 Hz. lH. H7a.), 4.06 (ddd, J = 4.1, 7.3, 7.3 Hz, lH, HS a), 4.46 

(dd, J = 5.0, 7.3 Hz. lH, HlOP), 4.53 (d, J = 6.0 Hz. lH. H2P), 4.63 (dd, J = 2.8. 9.2 Hz, lH, 

H13P). 

Ketone 2 0. To a vigorously stirred solution of 5-hydro:xy-4-kctonc 19 (P7=MOP) (420 mg, 

0.602 mmol) in CHzC12 (20 mL) and triethylamine (1.18 mL. 8.5 mmol) under nitrogen ac O ·c 
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was added crimethylsilylchloride (0.40 mL, 3.3 mmol). After 0.5 h. the reaction mixture was 

quenched wich 5 mL of a saruraced aqueous NaHC03 solution and extracted with 50 rnL CHCL3• 

The organic phase was washed with.brine, dried over anhydrous Na1S04 and concentrated under 

reduced pressure: to give 453 mg (98%) of ketone 2 0 as a colorless oil. Tnis material was used 

without funher purification. 

2 0 (P7=MOP): 1 H NMR (500 MHz, CDC13) 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), 1.35 (s, 3H. 

CH3 16), 1.37 (s, 3H. MOP CH3), 1.86 (m, 3H, H6~. H9et, H9 ~). 2.05 (d, J = 1.4 Hz, 3H, 

CH3 18), 2.43 (d, J = 3.7 H~ lH, HI4p), 2.45(d,1 = 4.6 H~ IH, Hl4a.), 2.59 (ddd, J = 
6.0, 8.2, 14.2 Hz, lH, H6et), 2.84 (d, J = 6.0 Hz. IH, H3et), 3.21 (s, 3H. MOP OMe), 3.51 

(dd, J = 6.0 • .11.0 H~ lH, H7<l), 3.94 {dd, J = 4~1. 8.2 Hz, lH, H5et), 4.38 (dd, J = 5.0, 8.7 

Hz, IH, HlO~). 4.54 (d, J = 6.0 Hz, lH, H2~). 4.74 (dd, J = 6.4, 6.4 H~ lH, H13(3). 

Diel 21. To a stirred solution of ketone 2 0 (P7=MOP) (453 mg. 0.588 mmol) in TIIF (23 mL) 

under nitrogen at -78 ·c was added dropwise 1.95 mL of a 3M solution of MeMgBr in ether 

(5.85 mmoi). Tne rc!l.ction mixture was stirred for 5.5 h, poured into 100 mL of a saturated 

aqueous NaHC03 solution and extracted with three 100 mL portions of CHCl3. The combined 

organic phases were dried over anhydrous Na2S04 and concentrated under reduced pressure to 

yield 453 mg of the hydroxy crimcthylsilyl ether as a colorless oil. Tnis material was used without 

funher purification. 

To a stirred solution of the aimethylsilyl ether ( 453 mg) in pyridine (8 mL) and acetonitrile (8 mL) 

at 0 ·c was added 0.8 mL of a 48% aqueous HF solution. After stirring 20 min, the resulting 

mixture was poured into 100 mL of a s:ituraced aqueous NaHC03 solution and extracted wich three 

150 mL portions of CHC1 3 • The combined organic layers were dried over anhydrous Na2S04 and 
wo.s 

concencraccd under reduced pressure to yield 422 mg of die[ 2 l. This materiallused without 

further purification. 

21 (P7=MOP): 1H NMR (300 MHz. CDC13) 15 0.08 (s. 3H. TBS CH3), 0.10 (s. 3H. TBS CH3), 

0.56 (q, J = 7.7 Hz, 6H, TES CH2), 0.90 (s. 9H. TBS t-Bu). 0.93 (t. J = 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, H3cx), 1.86 

(d, J = 9.9 Hz, IH. H9~). 1.90 (di;J, J = 6.1, 8.3 Hz, lH, H9a), 1.96 (s, 3H, CH3 18), 2.12 

(ddd. J = 3.3, 3.3, 10.4 Hz, lH, H6a), 2.30 (m, IH, H6~). 2.42 (dd, J = 3.9, 15.4 Hz, lH, 

H14a), 2.61 (dd, J = 9.3, 15.4 Hz, lH, Hl4~). l.81 (s, lH, OH4), 3.04 (m, lH, OHS), 3.40 

{dd, J = 3.9, 15.8 Hz, ia H7 cc.), 4.28 (dd, J = 6.6, 8.2 Hz. lH, HlO~). 4.62 (dd, J = 1.6, 

7.8 Hz, lH., HI3fl), 4.66 (~ J = 3.8, lH, H2~). 

Acetar.e 2 2. To a stirred solution of diol 21 (P7=MOP) (470 mg, 0.66 mmcl) in pyridine (12 mL) 

under nitrogen at room temperature was added acetic anhydride (4.S mL). After 11 ~the reaction 

mixture was diluted with 50 mL of CHC13, then poured into 50 mL of saturated aqueous sodium 

bicarbonate solution. The aqueous phase was cxrracted with CHQ3 then the combined extracts 

were washed with brine, dried with Na2S04 and filtered. Concentration of the nltrate under 

vacuum yielded 470 mg (94% from 2 0) of erode material which was pure acetate 2 2 by 1 H NMR 

and 11..C analysis. 

22 (P3=Ac, P7=MOP): lH NMR (500MHz. CD03) o 0.10 (s, 3H. TBS CH3), 0.13 (s, 3H, 

TBS CH3). 0.59 (q, J = 7.8 Hz, 6H, TES CH2), 0.94 (s, 9H, TBS t-Bu), 0.95 (~ J = 7.8 Hz, 

9H, TES CH3), 1.18 (s, 3H, CH3 17), 1.30 (s, 3H, CH3 16), 1.32 (s, 3H, CH3 19), 1.33 (s, 

6H, CH3 20, MOP CH3), 1.41 (s, 3H, MOP CH3). 1.91 (d, J = 3.4 Hz, lH, H3cx), 1.94 (m, 

la H9. H9), 2.00 (d. J = 1.5 Hz, 3H. CH3 18), 2.06 (ddd, J = 3.9, 3.9, 11.7 Hz, lH, H6cx), 

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, 

H14a), 2.63 (dd, J = 9.3, 15.l Hz, lH, Hl4p), 2.78 (d, 1= 1.5 Hz. lH, OH4), 3.20 (s, 3H, 

0Mc013), 3.38 (dd,J= 3.9, ll.7 Hz, lH. H7cc.), 4.30 (dd,J= 4.9, 10.3 Hz, lH, HlOP), 4.50 

(ddd, J = 1.5, 3.9, 12.2 Hz., lH, H5cx), 4.64 (dd, J = 1.5, 1.5 Hz., lH, Hl3~). 4.66 (d, J = 3.4 

Hz, lH, H2~). 

Olefin 2 3. To a stirred solution of alcohol 2 2 (P.s=Ac, P 7=MOP) (26 mg, 0.034 mmol) in 

CH20 2 (l.48 mL) and pyridine (0.37 mL) under nitrogen at 10 ·c was added SOCl2(0.037 mL, 

5.1 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 with CHCl3 and poured into saturated aqueous sodium bicarbonate 

solution. The aqueous phase was extracted with CHC13 and the combined extracts were washed 

with brine, dried over anhydrous Na2S04 and filtered. Concentration of the filtrate under vacuum 

yielded 24 mg of crude material which was purified by silica gel chromatography to give 13 mg 

(52%) of a 4:1 mixture of1-MOP-exo;endo cyclic olcfins and 6 mg (27%) of a 4:1 mixture of 7-

hydroxy-e:ro;endo cyclic olefins. 

23 (Ps=Ac, P7=MOP): 1H NMR (500 MHz, CDC13) o 0.10 (s, 3H, TBS CH3), 0.12 (s, 3H, 

TBS CH3), 0 . .59 (q, J = 7.9, 6H, TES CH2), 0.93 (s, 9H, TBS t-Bu), 0.96 (t, J = 7.9, 9H, TES 

CH3), 1.21 (s, 3H, CH3 17), 1.30 (s, 3H, CH3 19), 1.32 (s, 3H, MOP CH3), 1.34 (s, 3H, MOP 

CH3), 1.37 (s, 3H, CH3 16), 1.72 (m, 2H, 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, 

H14a), 2.47 (m, 2H, H6a, H14~), 3.06 (d, J = 5.8 Hz, lH, H3a.), 3.20 (s, 3H, MOP OMe), 

3.38 (dd, J = 6.9, 11.0 Hz, lH, H7a.), 4.37 (dd, J = 3.8, 11.0 Hz, lH, HIOp), 4.53 (d, 1 = 5.8 

Hz, lH, H2~). 4.74 (m. lH, H13~). 5.15 (s, lH, H20E), 5.21 (d, 1 = 1.37 Hz, lH, H20Z), 

5.36(d,1= 9.3 Hz. lH, H5a.). 

Diel 2 4. To a stirred solution of a 4: 1 mixture of the exo,endocyclic olcfins 2 3 (P5=Ac, 

P7=MOP) (249 mg, 0.337 mmol) in pyridine (4.6 ml.) under nitrogen at 0 ·c was added 2.3.5 mL 

of a 0.157 M solution (0.368 mmol) of OsO 4 in THF. 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 Na2S04 and concentrated under reduced pressure to yield 281 mg of crude 

material which was purified by silica gel chromatography, eluting with 50% ethyl acetate/hexane to 

yield 190 mg (73%) of pure dial 2 4 and 48 mg (19%) of the enol acetate. 

24 (P.s=Ac, P7=MOP): 1H NMR (500 MHz, CDC13) a 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. J = 7 .8 Hz, 9H, TES CH3), 1.20 (s, 3H, CH3 17), 1.31 (s, 3H, CH3 16), 1.33 (s. 

3H, MOP CH3), 1.47 (s, 3H, MOP CH3) 1.54 (dd, J = 12.3, 25.0 Hz, lH, H6p), 1.63 (dd, J = 
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5.S, 15.1 Hz, lH, H9J3). 2.05 (s, 3H, OAc), 2.15 (s, 3H, CH3 18), 2.26 (m, 2H, H9cx,.QH20) 

2.37 (dd, J = 9.2, 14.7 Hz, lH, Hl4~). 2.46 (ddd, J = 4.8, 4.8, 13.4 Hz, lH, H6cx), 2.69 (d, J 

= 4.S Hz, lH, H3cx), 3.18 (s, 3H, "MOP CH3), 3.28 (dd, J = 3.8, 14.7 Hz, lH, H14cx), 3.76 

(dd, J = 4.0, 11.6 Hz, lH, H7et), 3.84 (m, ·2H, H20, H20), 3.95 (s, lH, OH4), 4.42 (d~ J = 

S.1, 5.8 Hz, lH, HlO~), 4.44 (d,J= 4.1 Hz, lH, H2~), 4.63 (dd, J= 4.1, 12.3 Hz, lH, HSa), 

4.67 (dd, J = 4.1, 9.2 Hz, lH, Hl3~). 

24 (P7=BOM): lH NMR (300 MHz, CDC13) o 0.9 (s, 3H, TBS CH3), 0.10 (s, 3H, TBS CH3}, 

0.58 (q, J =1 .9Hz, 2H, TES CH2), 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~). 1.71 (dd, J = 10.4, 5.S Hz, H9~), 2.04(s, 3H, OAc), 2.17 ( br s, 3H, CH3 18), 2.20 (dd, 

J = 10.4, 3.8 Hz, lH, H9a), 2.35 (dd, J = 14.8, 9.1 Hz, lH, H14~). 2.43 (dt, J = 13.2, 5.0 

Hz, lH, H6a.), 2.80 (d, J = 4.6 Hz, lH, H3a.), 3.31 (dd, J = 4.4, 14.8 Hz, lH, H14a.), 3.71 

(dd, J = 4.9, 13.0 Hz. lH, H7et), 3.83 (m, 2H, H20), 3.98(s, lH, OHl), 4.46(d, J = 4.8 Hz, 

lH, H2~), 4.48 (m, lH, HlO~). 4.51(d, J = 12.1 Hz, lH, PhCH.20), 4.64 (dd, J = 13.2, 5.0 

Hz, lH, H5et), 4.66 (m, lH, H13f3), 4.70 (d, J= 12.1 Hz, lH, PhCH,20), 4.83 (d, J= 7.1 Hz, 

lH, OCH20), 4.94 (d, J=7.l Hz, lH, OCH20), 7.33(m, 5H, Ph). 

Triol 2 5. To a stirred solution of acetoxydiol 2 4 (Ps=Ac, P7=MOP) (26.5 mg, 0.035 mmol) in 

anhydrous methanol (0.9 mL) at -5 ·c under nitrogen was added 0.060 ml.. of a 0.166 M (0.01 

mmol) methanolic ·solution of sodium methoxide. After 2.5 h, the reaction mixture was diluted 

with 10 mL of ethyl acetate, t~en 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 Na2S04 and concentrated under reduced pressure to give 25 mg of pure trlol 25 

(100%). 

25 (P7=MOP): t H NMR (500 MHz, CDC13) o 0.10 (s, 3H, TBS CH3), 0.11 (s, 3H, TBS CH3), 

0.60 (q, J = 8.06 Hz, 6H, TES CH 2), 0.87 (s, 3H, CH3 19), 0.94 (s, 9H, TBS t-Bu), 0.95 {t, J 

= 8.1 Hz, 9H, TES CH3), 1.19 (s, 3H, CH3 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, H6j3). 1.62 (dd. J = 5.5, 16.1 

HZ, lH, H9~). 2.11 (d, J= 0.7 Hz, 3H, CH3 18), 2.24 (dd, J = 5.5, 16.1 Hz, lH, H9a.), 2.~8 
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(dd, J = 9.5, 15.0 Hz. IH, Hl4~). 2.45 (ddd, J = 4.4, 4.4, 13.6 Hz, lH. H6cx). 2.60 (d, J = 4.4 

Hz, lH. H3cx), 3.21 (s, 3H, MOP OMe), 3.25 (dd,J= 4.4, 15.0 Hz, lH, Hl4cx), 3.52 (dd, J= 

4.4, 12.8 Hz. lH, H7a.), 3.72 (dd,· J = 4.4, 11.4 Hz, lH, H5a), 3.79 (s, lH. OH4), 3.86 (d, J 

= 11.0, lH, H20), 3.93 (d, 1= 11.4 Hz. lH, H20), 4.42 (dd, J= 5.1, 5.1 Hz, lH, Hl0{3), 4·.45 

(d, J =· 4.4 Hz, lH, H2~). 4.66 (dd, J = 4.~. 9.2 Hz, lH. Hl3~). 

p-Methoxybenzylidcnc acctal !Sb: To a solution of the diol 24 (P.s=Ac, Pt=BOM) (6.5 mg, 

0.0079 mmol) and anisaldehyde dimethyl acctal (0.013 ml, 0.()76 mmol) stim:d in CH20 2 was 

added a solution of p-toluenesulfonic acid (0.002 ml, O. lM in TilF, 0.0002 mmol). The resulting 

solution was stirred at room temperature for 1.5 min then triethyh1mine {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 hcxancs (2 x 5 ml). The 

combined extracts were washed with brine, dried over Na2S04, and filtered. Concentration of the 

filtrate under vacuum yielded 12 mg of colorless oil which was purified by silica gel 

chromatography to yield 6.9 mg (96%) o°f p-mcthoxybenzyiidcnc acetal 25b as a 5:1 mixture of 

diasteromcrs. 

2Sb (Ps=Ac, P7=BOM, majordiilstcromcr): lH NMR (500 MHz, CDCl3) 8 ·0.05 (s, 3H, TBS 

CH3), 0.07 (s, 3H, TBS CH3), 0.60 (q, J = 7.9Hz, 2H, TES CH2), 0.78 (s, 3H, CH3 19) 0.82 

(s, 9H, TBS t-Bu), 0.95(t, 1= 1.9 Hz. TES CH3), 1.25 (s, 3H, CH3 17), 1.37 (s, 3H. CH 3 16), 

1..58 (m, H6f3), 1.70 (dd, J = 16.8,5.8 Hz. H9~). 1.74 (s, 3H, OAc), 2.26 (s, 3H. CH3 18), 

2.28 (dd, J = 16.8, 1.4 Hz. lH, H9a), 2.38 (dd, J = 15.1, 9.7 Hz. lH, H 14P). 2.57 (dt. 1 = 

5.1, 9.9 Hz, lH, H6a) 3.10 {dd, J = 5.1, 14.7 Hz, lH, H14a.), 3.11 (d, J = 4.8 Hz. lH, 

H3a), 3.79 (s, 3H. OCH 3), 3.84 (dd, J = 5.0, 11.5 Hz, lH, H7a), 4.15 (d, J = 8.2 Hz. lH, 

H20), 4.20(d,1 = 8.2 Hz. IH, H20), 4.48{d, J = 12.0 Hz, lH, OCH1Ph), 4.55 (d, J = 4.8 Hz, 

lH. H2~). 4.57 (m, lH, HlO~). 4.71 (d, J = 12.0 Hz, lH, OCH2Ph), 4.73 (m, lH, H13~). 

4.78 (dd, J = 12.4, 4.9 Hz, IH, H5cx), 4.84 (d, J = 6.7 Hz, lH, OCH20), 4.99 (d, J = 6.7 Hz. 

IH. OCH20), 6.05 (s. lH, acctal CH), 6.80 (d, J = 7.5 Hz, 2H, p-MeOfh -o), 7.27-7.36 (m. 

7H, p-McOPh -m and Ph). 
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Acctonide 26 b. To a solution of the p-mcthoxybenzylidenc acettl 2Sb (P.s=Ac, P7=BOM) (11.5 

mg, 0.012 mmol) in 0.4 mL of toluene stirred at 0 ·c was added a solution of diisobutylaluminum 

hydride (0.082 ml, 2.0M in toluene, 0.12 mmol). The resulting solution was stirred for 3.5 h then 

methanol (0.1 ml) was added. The mixture was diluted with ethyl acetate (5 ml) and stirred with 

saturated aqueous sodium potassium tartr:ue for 1.5 hours. The aqueous phase was separated and 

cxttactcd with ethyl accmtc (2 x 10 ml) then the combined extracts were washed with brine and 

dried with Na2S04• Filttation followed by concentration of the filtrate under vacuum yielded 12 

mg of crude material thnt was purified by silica gel chromlltography (30% ethyl acetate in hexancs 

elucnt) to yield 4.7 mg of a mixture of formate acetals, 1.1 mg of 4-MPM-l,~5,20-tetraol, and 

5.2 mg of a mixture of formate p-methoxybenzyl ethers. 

The ~rurc of fomuite acemls was dissolved in methanol (0.1 ml) and 3% aqueous Nf40H was 

added. The cloudy mixture was stirred at room temperature for 30 min then rinsed into ethyl 

acetate over saturated aqueous NaHC03• The aqueous phase was extracted with ethyl.acetate (2 x 

10 ml) and the combined extracts were washed with brine, dried over Na2S04, and filtered. 
' Concentration of the filcrate under vacuum yielded a mixture of p-methoxybcnzylidcnc acetals. The 

mixture of acetals was dissolved in toluene (0.4 ml) and the solution was cooled to 0 ·c then a 

solution of diisobutylaluminum hydride (0.02 ml, 2.0M in toluene, 0.08 mmol) was added. The 

resulting solution was stirred for 3.5 hours then methanol (0.1 ml) was added. The mixture was 

diluted with ethyl acetate (5 ml) and stirred with saturated aqueous sodium potassium tamatc for 

1.5 hours. The aqueous phase was separated and extraetcd with ethyl acetate (2 x 10 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 crude material that was purified by 

silica gel chromatography (30% ethyl aceuuc in hexanes clucnt) to yield 2.8 mg of 4-MPM-

1.2,5 ,20-tetraol. 

The mixture of formate p-methoxybcnzyl 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 inco ethyl acetate over saturated aqueous NaHC03. The aqueous phase was 

extracted with ethyl acetate (2 x 1 Oml) and the combined extracts were washed with brine, dried 
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over Na 2S04, and filtered. Concentration of the filcratc under vacuum yielded 4.8mg of crude 

material which was purified by silica gel chromatography to yield 3.2mg of 4-MPM-1,2,5,20-

tetraol. Total combined yield of 4-~M-1,2.5,20-tetraol: 68% from 2Sb. 

4-MPM-1,2,5,20-tetraol: IH NMR (500 M~ CDCI3) o 0.13 (s, 3a 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(t, 1 = 8.0 Hz. 

TES 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, H9a.), 1.91(q,1= 12.4 Hz, lH, H6~). 2.12 (m, 2H, H9a.and 14~). 2.18 (s, 3H, 

CH3 18), 2.55 (m, 2H, Hl4~ and 6a), 2.79 (d, J = 5.3 Hz. lH, H3a), 2.95 (d, J = 3.0 Hz, lH, 

OH5), 3.54 (m, lH. OH20), 3.66(dd. J = 10.3, 5.3 Hz. lH. H2~). 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, H5a.), 4.18 (s, lH, OHl), 4.13 

(d, J = 13 Hz, lH, H20), 4.20 (dd, J = 7 .22, 12.9 Hz, lH, H20), 4.47 (d, J = 11.8 Hz, lH, 

OCH2Ph), 4.58 (m, IH. HlO~). 4.79 (d, J = 11.8 Hz, IH. OCH2Ph), 4.85 (m, lH, Hl3 J}), 

4.87 (d, J = 6.8 Hz, lH. OCH20), S.01 (d, J = 10.6 Hz. lH, MPM CH1), 5.10 (d. J = 6.8 Hz, 

lH, OCH20), 5.1 l(d, J = 10.6 H~ lH, MPM CH2), 5.49(d. J = 10.5 Hz, lH, OH2), 6.87 (d, 

.. J= 8.7 H~ 2H), 7.30 (d, J= 8.7 Hz. 2H, p-McOPh-o), 7.27-7.36 {m, 5H, p-MeOf.b.-m andfh 

CH2)· 

To a solution of the 4-MPM-1,2,.5,20-tetraol (2.0 mg, 0.0023 mmol) stirred in 0.2 ml of CH2CI2 

and 0.02 ml of 2,2-dimethoxypropane a.t 0 ·c was added a solution of p-toluencsuifonic acid 

(0.002 ml, 0.lM in TIIF, 0.0002 mmol). The resulting solution was stirred for 20 min then 

triethylaminc (0.1 ml) was added and stirring was continued for 10 min. The mixture was rinsed 

into ethyl acetite (10 ml) over s:uurated aqueous NaHC03 then the aqueous phase was extracted 

with ethyl acetate (2 x 5 ml). Tne combined extracts were washed with brine, dried wich Na2S04• 

and filtered. Concentration of the filtrate under vacuum yielded 2.1 mg of crude material which 

was purified by silica gel chromatography to yield 1.1 mg of acetonide 2 6 b. 

26b (P520=C(CH3)i, P1=BOM): 1H NMR (500 MHz, CDC13) o- 0.073 (s, 3H, TBS CH3), 

0.008 (s, 3H. TBS CH3). 0.60 (q. 1 = 7.9Hz. 6H. TES CH2). 0.79 (s, 9H. TBS t-Bu), 0.95(t, 

1 = 7.9 Hz. 9H, TES CH3). 1.10 (s, 3H. CH3 19), l.25 (s, 3H, CH3 17), 1.34 (s, 3H, CH3 16), 

1.41 (s, 3H, CH3 acctonidc), 1.46 (s. 3H. CH3 aceconidc), 1.88 (dd, J = 16.7 ,5.5 Hz. H9(3), 

2.08 (dd. 1= 14.3, 9.2 Hz. lH, Hl4p), 2.17 (s, 3H. CH3 18), 2.2l(dd. 1=17.1, 1.7 Hz. lH, 
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H9a), 2.42 (dd, J = 14.3,7.2 Hz, lH, H14ct), 2.61 (d, J = 5.1 Hz, lH, H3a), 2.62 (m, lH, 

H6~). 3.71 (dd, J = 11.3, 5. lHz, lH, H2~), 3.75 {dd, J = 5.0, 11.3 Hz. lH, H7 a.), 3.80 (s, 

3H, OCH3), 3.99 (dd. J =12.0, 6.2: Hz. lH, H5a.), 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, OCH2Ph), 4.58 (m, lH, 

HlO~). 4.80 (d, J = 11.6 Hz. lH, OCH2Ph), 4.84(d, J = 11.3 Hz. ta OH2), 4.85 (m, lH, 
. 

Hl3~). 4.88 (d, J = 10.3 Hz, lH, OCH20), 4.89 (d, J = 6.8 Hz, lH, MPM Cli.1), 5.00 (d, J = 
10.3.Hz, lH, OCH2Ph), 5.10 (d, 1= 6.8 Hz, lH, MPM Clii), 6.85 (d, J= 8.9 Hz, 2H, p~ 

MeOf,h-o), 7.27 (d, J = 8.9 Hz, 2H, p-MeOell-m), 7.27-7.36 (m, SH, fhCH1). 

Dialcarbonatc 27b: To a solution of the dial 26b (P520=C(CH3h, P7=BOM) (l.l mg) in 0.2 mL 

of CH20 2 and 0.02 mL of pyridine stirred at -78 ·c was added a solution of phosgenc {0.010 

m4 2M in toluene, 0.02 mmol). The resulting solution was stiired at -78 ·c for 10 min then 

wanned to a ·c for 3 h. The mixture was diluted with 30% ethyl acetate in hcxanes (5 mL) then 

poured into 30% ethyl acetate in hexanes (10 mL) over satumtcd aqueous NaHCO~. The aqueous 

phase was extracted with 30% ethyl acetate in hexanes (2 x S mL) then the combined cxtraas were 

washed with brin~ dried with Na.2S04, and filtered. Concentration of the filtrate under vacuum 

yielded l.3mg of crude mntcrial. Purification by silica gel chromatography yielded 0.9 mg of pure 

1,2-cyclic carbonate. 

To a solution of the c:irbonatc stimd in 0.1 ml of ntF and 0.05 mL of methanol was added a 

solution of pyridin_ium tosylate (0.005 ml, O. lM in CH20 2). The mixture was stirred at room 

temperature for 24 h and partitioned between saturated sodium bic31"bonatc :ind ethyl acetate. The 

ethyl acetate layer was dried over sodium sulfate and evaporated to give 0.9 mg of diol 27b. 

27b (P7=BOM): 1H NMR (500 MHz, CDC13) 0-0.24 (s, 3H, TBS CH3), ..Q.038 (s, 3H, TBS 

CH3), 0.58 (q, J = 8. lHz, 6H. TES CH2), 0.84 (s, 9H, TBS t-Bu), 0.93(~ J = 8.1 Hz. 9H, TES 

CH3),l.14 (s, 3H, CH3 19), 1.19 (s, 3H, CH3 17), 1.34 (s, 3H. CH3 16), 1.88 (br d, J = 17 

Hz, H9p), 2.00 (br q, J = 12 Hz, lH, H6p). 2.08 (d, J = 1.4 Hz, 3H, CH3 18), 2.2 (m, 2H, 

H9a and 14p), 2.35 (br s, lH. H3a), 2.39 (dt, J = 4.8, 13 Hz. H6a), 2.74 (br s, lH, 20 OH), 

2.87 (dd, J = 15.1 ,5.1 Hz, 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, H5a.), 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 (d, J = 11.6 Hz, 

lH, OCH2Ph), 4.63 (br m, lH. H13 p), 4.71 (d, J = 11.6 Hz. lH, OCH2Ph), 4.88 (d, J = 7.2 

Hz, lH, OCH20),4.91 (d, J = 7.2 Hz. lH, OCH20), 4.93 (m, 2H, MPM CH,), 6.84(d,1= 8.6 

Hz, 2H, p-MeOPh -o), 7.23(d,1 = 8.6 Hz, 2H, p-MeOPh -m), 7.27-7.36 (m, SH, ,fhCH2). 

Mcsylacc 28b. To a stirred solution of dial 27b (0.9 mg) in pyridine (0.6 ml..) under nittogcn at 

a· C was added dropwisc methanesulfonyl chloride (0.02 mL). After 12 h., a saturated aqueous 

NaHC03 solution (0.05 mL) was added. TI1c mixture was stim:d for 10 min, poured into 20 mL 

of a saturated aqueous NaHC03 solution and extracted with 40% ethyl acetate/hexane (20 mL x 3). 

The combined organic phase was dried over anhydrous Na2S04 and concentrated under reduced 

pn:ssurc to give 1 mg of 28b as a colorless oil. 

Oxetane 29. To a_ stirred solution of mesylate 28b (1 mg) in toluene {0.4 mL) under nitrogen at 

room ccmperature was added diisopropyl ethylamine (0.008 mL). The solution was refluxed for 

3.5 h, cooled to room temperature, poured into 20 mL of a saturated aqueous NaHC03 solution 

and extracted with ethyl acetate (20 mL x 3). The combined organic phase was dried over 

anhydrous Na2S04, and concentrated under reduced pressure to give 1.5 mg of a pale yellow oil. 

The oil was column chromatographed (30% ethyl ac:cate/hex:me) to yield 1 mg of MPM oxctanc. 

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 stirred ac ambient temperature for 2h. The mixture 

was poured into 20 mL of a saturated aqueous NaHC03 solution and extracted with ethyl acetate 

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

under reduced pressure to give 1.0 mg of an oil. To a stirred solution of this material (1 mg) and 

dimethyl aminopyridine (1.5 mg) in pyridine (10 µL) under nicrogen at room temperature was 

added acetic anhydride (5 µL). Tne solution was stirred for 15 h, diluted with ethyl acetate, 

poured into 20 mL of a. 10% aqueous CuS04 solution and extracted with ethyl acct.ate (20 mL x 3). 

The combined organic phase was washed with a saturated aqueous NnHC03 solution, dried over 

anhydrous NaiS04 and concentrated under reduced pressure to give 2 mg of a pale yellow oil. 

The oil was column chrom:uographed (25% ethyl acetate/hexane) to yield 0.6 mg of oxetanc 2 9. 
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Irt ~iew of the above, it wiil be seen that the 
several objects of the invention are achieved. 

As various changes could be made in the above 
compositions without departing from the scope of the 

5 invention, it is intended that all matter contained in 
the above description be interpreted as illustrative and 
not in a limiting sense. 

. . 
. .__ 
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1. ~.n intermediate for use in the preparation 
of a ··tricyclic or tetracyclic taxane having the formula: 

R 
1 3 

wherein 

R1 is hydrogen, hydroxy, protected hydroxy or 
-OCOR30 , or together with R2 is a carbonate; 

R2 is hydrogen, hydroxy, protected hydroxy, oxo, 
or -OCOR31 , or together with R1 is a carbonate; 

R3 is hydrogen, hydroxy, protected hydroxy, 
-OCOR321 or OXO; 

R9 is hydrogen, alkyl, alkenyl, alkynyl, aryl or 
heteroaryl; 

R9 is hydrogen, hydrox-1, protected hydrox-1, oxo, 
or -OCOR33 , or together with R:o is a carbonate; 

R!o is hyd.?:"ogen, hydroxy, protected hydrOX'1, 
oxo, or -OCOR29 , or together with R9 is a carbonate; 

'Ru is hydrogen, hydroxy, protected hydroX'1, 
-OCOR35 or MO-; 

R29• R30 , RH, R32 , R, 3 , and R35 are independently 
hydrogen, alkyl, alkenyl, alkynyl, alkOX'1, aryloxy, 
-N"'..iC'3X 10 , -SX:~· monocyclic aryl o:::- monocyclic heteroaryl; 

X9 is hydrogen, alkyl, alkenyl, alkynyl, a::::yl, 
or het eroary l; 
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X:: is alkyl, alkenyl, alkynyl, aryl, O:!:" 

M ccm~=~ses am.~o~~urn or ls a meta:. 

2. ~.n intermediate for use in the preparation 
of a tricyclic or tetracyclic taxane having the formula: 

wherein_ 

.R1 is hydrogen, hydroxy, protected hydroxy or 
-OCORj0 , or together with R~ is a carbonate; 

R2 is hydrogen, hydroxy, protected hydroxy, oxo, 
or -OCOR31 , or togethe::- with R1 is a carbonate; 

R3 is hydrogen, hydroxy, protected hydroxy, 
-OCOR32 , or oxo, or together with R;c is a carbonate; 

Rr0 is hydrogen, alkyl, cyano, hydroxy, 
protected hydroxy, or -OCOR36 , or together with R1 or R9 is 
a carbonate; 

R7c and R7d are independently hydrogen, alkyl, 
15 alkenyl, alkynyl, aryl or heteroaryl; 

R9 is hydrogen, hydroxy, protected hydroxy, oxo, 
or -OCOR33 , or together with R7b or R10 is a carbonate; 

R10 is hydrogen, hydroxy, protected hydroxy, 
oxo, or -OCOR29 , or together with R9 is a carbonate; 

20 R1J is hydrogen, hydroxy, protected hydroxy, 
-OCOR35 or MO-; 

R29 , R30 , R31 , R32 , R33 , R~ 5 and R36 are 
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, 
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a-::--.1lcx-.1, -NX,X::' -SX::' monocyclic aryl or monocyclic 

25 heteroaryl; 

x~ is hyd~ogen, alkyl, alkenyl, alkynyl, ar.11, 

or heteroaryl; 

--------------
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X:c is alkyl, alkenyl, alkynyl, aryl, or 

heteroacyl; and 

M comprises ar..:nonium or is a metal. 

3. An intermediate fer use in the preparation 

of a tricyclic or tetracyclic taxane having the formula: 

~13 

1 1 

wherein 

R, is hydrogen, hydroxy, protected hydroxy or 

-OCOR::c• or together with R2 is a carbonate; 

R2 is hydrogen, hydroxy, protected hydroxy, oxo, 

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

. 
R3 is hydrogen, hydroxy, protected hydroxy, or 

10 -OCOR;::.; 

R,b is hydrogen, alkyl, cyano, hydroxy, 

protected hydroxy, or -OCOR
36

; 

R,c is hydrogen, alkyl, alkenyl, alkynyl, aryl 

or heteroaryl; 

15 R9 is hydrogen, hydroxy, protected hydroxy, oxo, 

or -OCOR13 , or together with R10 is a carbonate; 

R1o is hydrogen, hydroxy, protected hydroxy, 

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

Rn is hydrogen, hydroxy, protected hydroxy, 

2 0 -OCOR35 or MO-; 

-------
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. . d . l R'l~· R30 , R1 ., R3,., R33 , R3!"., ano. Rl~ are in epenaent-r 
hydrogen, alkyl, alkenyl, alky:nyl, alkoxy, aryloxy, ... 
NX,x10 , -SX10 , monocyc:lic a:yL or monocyclic heteroaryl; 

-

25 x~ is hydroge..Tl, alkyl, alkenyl, alkynyl, aryl, er 

5 

heteroaryl; 
X10 is alkj-1, alkenyl, alkynyl, aryl, er heteroaryl; 

a:.~d M comprises amr:ionium or is a metal. 

4. &~ inte:tinediata for use in the preparation of a 

tricycl~~ or te~=acyclic taxane hav~r.g the fo::mula: 

~13 

i11i1iii1/1iirlir 

wherein 

R is C~ - C~ alkyl, 
R1 is hydrogen, hydroA-.f, prot ecced hydroxy or 

-OCOR30 , o: together with R: is a carbonate ; 
~ ~s hydrogen, hyd=cxy, protected hydrOX"f, oxo, or 

-OCOR31 , ·together with Et1 is a car.bon?lte, or together wi~h 
10 ~~ is a carbonate; 

15 

Roi,. is hydrogen, alk°'.l'l, hycrcxy, protected hyc:-ox:y, 

or -OCOR27 , o= t:.ogethe:- with Ri is a carbot'.at:e; 

R-;. is hydrogen, halogen, hydro:<Y·, protected hl"droxy, 

-CR:zs• or -OCORH, or together wi:.h R~ is a carbona:.e; 

R, is hydroq:~. oxo, hyd.ro.x-/, prct:.~ct:ed hydrox-l'-, 

-OR2e, o;- -ocm•.3J, or t:.ogether wit.!1 R1a o::- R:o is a 

carbonate; 

AMENDED SHEET (ARTICLE 19) 111111111111111111111111111111 
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Rn is h.Y.ii=oger., oxo, hydrox-1, pf'ot:ected hyC.roxy, 

-OR:8 , or: -OCOR2\), c:- t·:lgether with R., is a carbonate; 
20 Rn is hyd:-oge:i, hydroxy, protected hydrox-~·, -OCOR:Js 

c= MO-; 

R1a is a f uncticnal group which increases the 

solubility of the taxa~e derivative; 
R21 , R29 , R~0 , R31 , R33 , R3, and R:as are i:ndependentl~-

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

NX8X:o• -SX10 , monocyclic a=yl or monocyclic heteroaryl; 
• x~ is hydroger.., alkyl, alkenyl, alkynyl~ arxl, or 

heteroaryl; 

X:~ is alkyl, alkenyl, alkynyl, aryl, er heteroa::yl; 
30 and M comprises ammonium or is a meta~. 

5 

5. An intermediate fc= use in the preparation of a 
t~icyclic or tetracyclic taxane having the fo=mula: 

wherein 
R~ is hyercgen, hydroxy, p~otec~ed hydroxy er 

-OCOR3J, o:- t.oge::her with R2 is a carbonate; 

R2 is hyd:::cgen. hydroxy, protected hydro~·, oxc, or 

-OCOR3 ~, o= t:oget:he= with R1 o:::- R.111 is a carbonat:e; 

?.,., is hydrogen, alkyl, hydroxy, prot.ected hycrox:::-·, 

10 or -CCO?..,,, ::oge::.he:::: with R.u: is a!: oxo, er t.!)qe::.her with 

::t4 , R.,..,, or R5 is a ca::-oor.at.e; 

AMENDED SHEET (ARllCtE 19) 
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R-:1: is hydrogen, aikyl, alkenyl, alkynyl, ar_1l, 
heteroaryl, or cyano, together with R:a is an oxo, 
together with R~a or R: is a carbc:::1.ate, or together with R: 

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

R5 is hydrogen, hydroxy, protected hydroxy, 

-OCOR;-;, oxo, together with R.:a or R4: is a carbonate, or 
together with R~= and the carbons to which they are 

20 attached form an oxetane ring; 

25 

30 

35 

40 

R7a is hydrogen, halogen, hydroxy, protecced 
hydroxy, -OR26 , or -OCOR34 , or together with R9 is a 
carbonate; 

R$ is hydrogen, oxo, hydroxy,· protected hydroxy, 
-OR28 , or -OCOR33 , or together with R;a or R!.o is a 
ca:::-bonate; 

R10 is hydrogen, oxo, hydroxy, protected 
hydroxy, -OR26 , or -OCOR29 , or together with R9 is a 
carbonate; 

R13 is hydrogen, hydroxy, protected hydroxy, 
-OCOR25 , MO- or 

· R28 is a functional group which increases the 
solubility of the taxane derivative; 

R27 , R29 , R30 , R31 , R33 , R34 , R35 , and R37 are 
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, 
aryloxy, -NX8X 10 , -SX10 , monocyclic aryl or monocyclic 
heteroa:ryl; 

X1 is -OX6 , -SX;, or -NX8X9; 

X2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
or het:eroaryl; 

111111111111111111111111111111 
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X3 and X4 are independently hydrogen, alkyl, 

alkenyl, alkynyl, ar.11, or heteroaryl; 

45 or -SO:?X;:; 

i11i1iU1i1lf 1fillf 

----·------··----
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or - SC1Xu ; 
X; is ~-d='ogen, alkyl, al~~nyl, a:~ynyl. aryl, 

heteroar;{l, hydrox-x procecti~g group, er a fu~ctional 

45 g=oup w~ic~ i~creases the wate= solu~ility of the taxa~e 

derivative; 
x~ is alkyl, alkenyl, alkyny:, a.=yl, hete.roa~~l, or 

sulfhyd.-ryl protecting group; 
x~ is hydrogen, alk"~:. alkenyl, alk-.rnyl, ar~l, or 

50 hete.roar.11; 

55. 

X9 is an amino p=ctecti~g group; 
X:~ is alkyl, alkenyl, alkynyl, aryl, or hete=oa::yl; 
X11 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, 

-OX.10 , er -NX,X1 ,; 

X14 is hydrogen, alley:, alkenyl, alkynyl, ary:, o::::.-

het: eroa.ry l; a."ld 
M comprises mnmonium or is a metal. 

6. A process for the prepara~ion of an inter.nediate 

useful in the synthesis of a triC"JClic or tetrac-xclic 
taxane cornprisi~~ reactinq a co~~cund havir.; the f o::mula 

5 with BrMgN(i?r} 2 , an al~ehyde (or ketone}, fo~lowed b-~ 

pC.csgena and an al=ohol tc form a co:::ipound having the 
.:ormula: 

AMENDED SHEET (ARTICLE 19) 
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wherein 

l·.·.g 
0. 

ft 

R1c1 

Jll---~- i=t 'c:: 
R7b 

PCT/US94/08350 

~ is hyd:ogen or protected hydroxy; R2 is hyC.:oqen 
or protec~ec hydroxy; 

R1 is oxc; 

R'.'b is hl'C.=ogen, alkyl, cyano, h".rdro~-, protected 
hydrcxy, o::- -OCOR35 ; 

15 R?:: and R7d are independently hydrogen. alkyl. 
alkeny:l, alky=.t·l, a:r:yl o: heteroar.tl; 

R, is hydrogen, protected h-_.rdroxy, or oxc; 
Rl.o is -OP1:; 

R1~ is •OP13 ; 

20 Rlr. is hydrogen, alkyl, alker.yl, alk)'-nyl, alkoX"~, 

aryloxy, -NX9X10 , -sx~0 , monoc-.{clic ar.1l or monor= .. r-clic 
hete:roaryl; 

Xe is hydrogen, alkyl, alkenyl, alkynyl, ar~l, or 
heteroaryl; 

25 X10 is alkYl, alkenyl, alkynyl, aryl, or heteroaryl; 
a.-id 

P1'l and ?:: are hydroxy protectir:.g groups. 

7. A process for the prepa=ation of an intermediate 
usef~l i~ the synthesis -~f a tricyclic or tet=acycl~= 
taxar.e co:r.p=isi~g reacting a coIC?ou::d having the fcr:nula 

AMENDED SHEET (ARTICLE 19} 
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0 
'l ~ ~ 

0 

0 0 

s with lithi\llt\ tetramethylpiperidide to form a cc:npound 
having the formula: 

10 

p1~0111ll 

wherein 
R1 is hydrogen 01: protected hydroxy; 
R7c is hydrogen, alkyl, a.lk.enyl, alky!:yl, e.ryl or 

heteroaryl; 

R9 is hydroge~, protected hydroxy, or oxo; and 
P1c and P13 are hydroxy protecting groups. 

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

taxane comp=ising reacting a compound having the formula: 

AMENDED SHEET {ARTlCLE 19) 

·-·-------
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lii1ii~f 

with lithium tetramethylpipericide and ca.mphcsulfonyl 
oxaz:iridine tc form a compound having the formula: 

~p10 

._ 

; 

wherein ~ is hyerogen, protected hyd:::o:x;r .. ,· or oxo; R-rc is 
hydrogen. alkyl. alkenyl, alkynyl, aryl or het.eroaryl; 

and ? 10 and P:J are hydroxy protecting groups. 

3. A process for the preparation of an intermediat:.e 
useful in the synthesis of a tricyclic or te~racyclic 
ta.xarie comprising reacting a compctl!;.d having the fo:::::nuia: 

AMENDED SHEET (AITTlCLE 19} 
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. s with a. hydride reducing agent to for.m a Comflound having 

the formula: 

i 

wherein R9 is hydrogen, protected hydroxy, ·c= oxo; R-:-~ is 

hydrogen. alkyl, alkenyl, alkyny:, a~.{l er heteroar1l; 
10 and ? 1(1 a.'!d Pi3 are hydro.x-.{ protecting g=oups. 

lG. A process for the preparation of an 

intermediate useful ir. the synthesis cf a tric~cli= or 
tetracyclic taxane comprising reacti~g a compound having 
~he forr.rula: 

AMENDED SHEET (AITTICLE 191 
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112 

with lithium diisopropylamide to form a compound having 
the formula: 

p 13011111 

OH 
i 

wherein R is lower alkyl, R1 is hydrogen, protected 
10 hydroxy or R1 and R2 together form a carbonate, R2 is 

hydrogen, protected hydroxy or R1 and R2 together form a 
carbonate, R9 is hydrogen, protected hydroxy, or oxo; and 
P10 and Pll are hydroxy· protecting groups. 

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

111111111111111111111111111111 
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i1ii[iif 

s 
wi~h OBO to fonr. a compound ha.·.ring the for.n.ula: 

whe=ein 
R1 is hj.·drogen, hydroxy, protected hydro~· or 

10 -OCOR30 , o:- together with R-: is a carl::onate; 

R2 is h}·drogen, hyd:oxy, protected hydrox-~. oxo, or 

-OC0!\31 , or togethe= with R1 is a carbonate; 

R~ is hydrogen, alkyl, hydrcX'~. or protected 
hydroxy, o= together with R.z is a carbonate; 

15 R,b is hz-·droxymethylene; 

R5 is -OMs, -OTs or a brcmide; 

R7~ is hydroger., protectaC. hyd::-ox-1, or -OCOR:; 4 , or 

together with R9 is a carbonate; 

R9 is hydrogen, axe, hydro~·. p:-otected hyd.=oxy, o= 
20 -OCORn, or together wit!"!. R7., er P-:~ is a carbonate; 

R,~ is hydroge:-.. , oxo, hydrox-.:t', protected hydroxy, or 

-OCO&a9 , o::- together with R.9 :.s a carbonate; 

PD is a hydroxy protecting group; 

AMENDED SHEET (ARTICLE 19) ----- -------·- --
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R~,, R::i~' R3!., Rn, a..,.d R.1, are inde~e=.dent:ly hydrogen, 

25 alkyl, alkenyl, alkynyl, alko:xy, arylox~(, -N"AsX1:1 -SX1:, 

m.onccyclic aryl or monoc.1clic heteroa::yl; 

5 

1 ... _u 

X8 is hydrogen, alkyl, alkenyl, alkynyl, ar.(l, or 

heteroaryl; and 
x.,~ is alkyl, alkecyl, alkytr.11. aryl. or heteroa::yl. 

12 • A p_rocess fo:- t:.he preparation cf an 

intermediate useful in the synthesis of a tricyclic or 
tec=acyclic taxane comprising reacting a compound having 

the formula: 

0 

with KOt3u and (PhS~)lO to form a reac:ion prod~ct having 
the fo::nula: 

0 

and exposi~g the reaction product to additional KOtBu, 
silica gel, or other acids or bases, c~ to heat to 

-···--·-··----·-·-····---
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rearrange th~ teaction product co a compound having the 

formula: 

0 i-1 

wherein 

15 R1 is hydrogen, hydroxy, protected hydroxy, or 

-OCOR30 , or together with R2 is a carbonate; 

R2 is hydrogen, protect:ed hydroxy, or -OCOR31 , 

or together with R1 or R4a is a carbonate; 

R4a is hydrogen, alkyl, hydroxy, protected 

20 hydroxy, or -OCOR27 , together with R4b is an _oxo, or 

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

R4b is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

h~teroaryl, or cyano, together with R48 is an oxo, 

together with R4a or Rs is a carbonate, or together with Rs 

25 and the carbons to which they are attached form an 

oxetane ring; 

R5 is hydrogen, protected hydroxy, -OCOR37 , 

together with R48 or R4b is a carbonate, or together with 

R4b and the carbons to which they are attached form an 

30 oxetane ring; 

R7• is hydrogen, halogen, protected hydroxy, or 

P13 is a hydroxy protecting group; 

Ri,, RJo, Rn, R34 , and R3; are independently 

35 hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, -

NX8X10 , -SX10 , monocyclic aryl or monocyclic heteroaryl; 

X8 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, or heterosubstituted alkyl, alkenyl, alkynyl, 

aryl or heteroaryl; and 

"MP·1m=o ~~~;.·.-:-,. 1~ -!'1-- VI•--

·---·---··---------· ··--··---···--··--·· 
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·., . 

X;.: is aikyi, alkenyl, alkynyl, afyl, heteroaryl, or 

40 hetercsubstituted al~-:. alkenyl alkynyl, aryl or 

b.eteroazyl. 

-

111m1iiinr 
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