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Abstract:
The goal of this investigation was to provide a synthetic route to the C(1) - C(18) fragment of
scytophysin C 5 which would be amenable to large scale preparation of the target compound. To
achieve this goal it would be necessary to circumvent the problems encountered in Grieco and Speakers
aforementioned synthesis. These problems were namely the reduction of the nitrile at C(14) in the
presence of the C(1) carboxymethyl group and the protecting group manipulations which were
necessitated by the alternate homologation strategy which was employed.

Synthetic Strategy In order to avoid possible interference resulting from the presence of the C(I)
carbomethoxy group during the reduction of the C(14) nitrile it was decided to delay introduction of
the C(1) - C(6) portion of the molecule until the last steps of the synthesis. Therefore, it would be
necessary to reduce the C(7) aldehyde product of the Ferrier rearrangement and subsequently protect
the resultant alcohol. Provided the reduction of the C(14) nitrile was a success the C(15) - C(18)
portion of the molecule could then be installed using Roush’s (S,S)
diisopropyltartrate-Z-crotylboronate. Finally, the C(1) - C(6) portion of the molecule could be
elaborated by deprotection and oxidation of the C(7) alcohol to it’s corresponding aldehyde followed
by a vinylogous Muldyama type aldol reaction, Homer-Emmons olefmation, and protection of the C(7)
alcohol as its tert-butyldimethylsilyl ether. It was thought that this route, if feasible, would result in a
significantly shorter and more efficient synthesis of 5. 



STUDIES TOWARD THE TOTAL SYNTHESIS OF 

SCYTOPHYCIN C: SYNTHESIS OF THE C(I) -  C(18) FRAGMENT

By

Michael John Hamey

A thesis submitted in partial fulfillment 
Of the requirements for the degree

of

Master of Science 

Chemistry

MONTANA STATE UNIVERSITY 
Bozeman, Montana

April 2004



H Y ? ?
H 2 7 . 4 1

APPROVAL

of a thesis submitted by

Michael John Hamey

This thesis has been read by each member of the thesis committee and has 
been found to be satisfactory regarding content, English usage, format, citations, 
bibliographic style, and consistency, and is ready for submission to the College of 
Graduate Studies.

Paul A. Grieco, Ph.D.
(Signature) (Date)

Approved for the Department of Chemistry

Paul A. Grieco, Ph.D. /  £<)
^Signature)/' (Date)

Approved for the College of Graduate Studies

Bruce R. McLeod, Ph.D^%_V y^< ^< -g  /  I /
(Signature) (Date)



Ill

;

STATEMENT OF PERMISSION TO USE

Ei presenting this thesis in partial fulfillment of the requirements for a master’s 

degree at Montana State University, I agree that the Library shall make it available to 

borrowers under rules of the library.

If I have indicated my intention to copyright this thesis by including a copyright 

notice page, copying is allowable only for scholarly purposes, consistent with “fair use” 

as prescribed in the U.S. Copyright Law. Requests for permission for extended quotation 

from or reproduction of this thesis in whole or in parts may be granted only by the 

copyright holder

Signature

Date H*" f $  ~ O  '-f'



TABLE OF CONTENTS

1. INTRODUCTION.........................................   I

Background................................................................................................................I
Statement of the problem.......................................................................................... 6
Synthetic strategy...................................................................................................... 6

2. EXPERIMENTAL RESULTS................................................................................. 7

Results and discussion............................ ,.................................................................7
Experimental............................................................................................................15

General procedure................................................................................................ 15
References Cited..................................................................................................... 29

iv



V

LIST OF TABLES

Table Page

I. Comparison of observed 1H NMR data with those reported by Paterson. ..13



Scheme Page

1  ............................................................................................................   2

2  ...................................................................................................................... 4

3  ...................................................................................................................... 4

4  ...................................................................................................................... 5

5  ...................................................................................................................... 7

6  ...................................................................................................................... 9

7  .....................................................................................................................10

vi

LIST OF SCHEMES

8 11



V ll

LIST OF FIGURES

Figure Page

1  .......................................................................................................................8

2  .....................................................................................................................10

3 ................................................................................................................................. 12



V lll

LIST OF ABBREVATIONS

Ac acetyl

ABN 2,2-azobisisobutyronitrile

Bn benzyl

n-Bu normal-butyl

Cl chemical ionization

DDQ 2,3-dichloro-5,6-dicyano-l,4-benzoquinone

DBAL diisobutylaluminum hydride

DMAP N,N-dimethylaminopyridine

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

EI electron impact

Et ethyl

g gram

h hour

HMPA hexamethylphosphoramide

HRMS high resolution mass spectrometry

Hz hertz

Imid imidizole

IR infrared

J coupling constant in hertz

LDA lithium diisopropylamide

M molarity



LIST OF ABBREVIATION CONTINUED

Me methyl

mg milligram

MHz megahertz

min minutes

mL milliliter

g-L microliter

mmol millimole

MS mass spectrometry

NMR nuclear magnetic resonance

Oac acetoxy

OMe methoxy

Ph phenyl

Piv pivaloyl

PMB jsara-methoxybenzyl

ppm parts per million

rt room temperature

TBS tert-butyldimethylsilyl

TBAF tetrabutylammonium fluoride

TiPS tert-butyldiisopropylsilyl

THF tetrahydrofuran

Tf jMra-tohienetrifluoromethanesulfonyl



I

INTRODUCTION

Background

In 1986 Moore et al. reported1 the isolation of a series of five cytotoxic 

polyketide derived2 macrolides from a culture of the terrestrial blue-green alga 

Scytonema pseudohofmanni Dubbed scytophycins A -  E3, these isolates were found to 

exhibit potent cytotoxicity toward a variety of human carcinoma cell lines as well as a 

broad spectrum of anti-fungal activity. By spectrographic and X-ray crystallographic 

analysis3 of an acid degradation product of scytophycin C I, it was determined that the 

scytophycins are a series of novel polyoxygenated 22-membered macrolides possessing 

an N-methylvinylformamide terminal side chain at C(21).

I

The five members of the scytophycin series, although possessing the same carbon 

framework, differ in substitution at C(6), C(16), and C(27). The scytophycins have 

garnered interest4'7 within the organic synthesis community due to their interesting mode



of action as well as the synthetic challenge they present. In 1993 it was reported that the 

scytophycins act as microtubulin depolymerizers5, leading to their broad-spectrum 

cytotoxicity. At the same time it was reported that they circumvent P-glycoprotein 

mediated mutidrug resistance in tumor cells6, making them potentially useful as 

therapeutics in cancer chemotherapy patients.

2

Scheme I

OMe
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Ian Paterson and his group at Cambridge reported the first total sythesis of 

scytophycin C I in 19977. This synthesis involved the assembly of the complete carbon 

backbone of the molecule while providing for the necessary late introduction of the



highly acid sensitive1 N-methylvinylformamide group. Paterson foresaw that preparation 

of the protected seco acid intermediate 2 (Scheme I) could allow for the introduction of 

this sensitive moiety to be delayed until the endgame of the synthesis. The seco acid 

intermediate 2 was prepared by a Felkin-Anh controlled aldol coupling of the previously 

prepared Ci-Cig ketone 38 and C19 -  C32 aldehyde 4U.

3

OTBS

In 1997 Grieco and Speake reported10 the synthesis of a precursor to the C, - C,g 

ketone of Paterson 5, which featured a highly stereoselective carbon Ferrier type 

rearrangement11 performed in polar media (Scheme 2). The synthesis commenced with 

the commercially available tri-O-acetoxy-D-glucal 6. Protecting group manipulation 

followed by Barton deoxygenation12 provided the protected 4-deoxy-gulcal 7 which was 

treated with ferf-butyldimethylsilyl vinyl ether13 in the presence of 3M LiClO4 in ethyl 

acetate to effect the above mentioned carbon Ferrier type rearrangement. The reaction 

proceeds in 90% yield to afford aldehyde 8 as a single diastereomer. Treatment of 

aldehyde 8 with the trimethylsilylenol ether of tiglic aldehyde14 in the presence of BF3/ 

Et2O using the conditions of Mukiyama1""' provided aldehyde 9 in 48% yield. Homer- 

Wadsworth-Emmons type olefmation followed by protection of the C(7) alcohol as its 

triisopropylsilyl ether, deprotection of the C(12) alcohol by hydrolysis of the acetate



group, and one carbon homologation by displacement of the C( 12) derived triflate with
4

KCN led to nitrile 10.

Scheme 2
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Unfortunately all attempts to reduce the C(12) cyano group in the presence of the 

C(I) carboxymethyl group failed and it was deemed necessary to undertake a series of 

protecting group manipulations (Scheme 3) to circumvent this difficulty.

Scheme 3

1) TBSC1, Imidizole5DMF

2) DIBAL, THE, O0C

3) PivCl, pyridine, CH2Cl2OTiPS OTiPS

4) 10:1 THFZlN HCl

5) Tf2O, pyrideZ THE; 
KCN



To this end alcohol 11 was protected as its tert-butyldimethylsilyl ether and the C(I) 

carboxymethyl group was converted to the corresponding pivaloate ester. The C(12) 

alchohol was deprotected in the presence of IN HCl and the derived triflate displaced 

with potassium cyanide. Once again all attempts to manipulate the cyano group met with 

failure. At this point an alternative homologation strategy was utilized (Scheme 4).

Scheme 4

5

1) MeOTf,
2,6-dir-butylpyridine

2) Dibal, THF

4) TBAF, THF

5) TBSOTf, 2,6-lutidine

Alkylation16Of the triflate derived from alcohol 11 with the anion prepared by the 

deprotonation of N,N-diethylaminoacetonitrile with diisopropylamide provided aldehyde 

13 in 65%yield. The highly sensitive aldehyde 13 was then treated with Roush’s (S, S)- 

diisopropyltartrate-Z-crotylboronate17 to provide a 55% yield of alcohol 14 as a 2:1 

mixture of diastereomers favoring the desired product. Methylation of the secondary 

alcohol followed by further protection group manipulation completed the synthesis of 

Paterson’s C(I) -  C(18) intermediate 5.



Statement of the Problem
6

The goal of this investigation was to provide a synthetic route to the C(I) -  C(18) 

fragment of scytophysin C 5 which would be amenable to large scale preparation of the 

target compound. To achieve this goal it would be necessary to circumvent the problems 

encountered in Grieco and Speakers aforementioned synthesis. These problems were 

namely the reduction of the nitrile at C(14) in the presence of the C(I) carboxymethyl 

group and the protecting group manipulations which were necessitated by the alternate 

homologation strategy which was employed.

Synthetic Strategy

In order to avoid possible interference resulting from the presence of the C(I) 

carbomethoxy group during the reduction of the C(14) nitrile it was decided to delay 

introduction of the C(I) -  C(6) portion of the molecule until the last steps of the 

synthesis. Therefore, it would be necessary to reduce the C(7) aldehyde product of the 

Terrier rearrangement and subsequently protect the resultant alcohol. Provided the 

reduction of the C(14) nitrile was a success the C(15) -  C(18) portion of the molecule 

could then be installed using Roush’s (S,S) diisopropyltartrate-Z-crotylboronate. Finally, 

the C(I) -  C(6) portion of the molecule could be elaborated by deprotection and 

oxidation of the C(7) alcohol to it’s corresponding aldehyde followed by a vinylogous 

Muldyama type aldol reaction, Homer-Emmons olefmation, and protection of the C(7) 

alcohol as its tert-butyldimethylsilyl ether. It was thought that this route, if feasible, 

would result in a significantly shorter and more efficient synthesis of 5.



EXPERIMENTAL RESULTS
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Results and discussion

The synthesis of the C (I)-C (IS ) fragment of scytophycin C I began (Scheme 5) 

with the known10 conversion of commercially available tri-O-acetoxy D-glucal 15 to 

aldehyde 18. Treatment of tri-O-acetoxy-D-glucal 15 with catalytic sodium methoxide in 

methanol provided the corresponding triol, which was then converted to diacetate 16 in 

82% yeild by exposure to acetyl chloride and pyridine in dichloromethane for 3 days at 

-78 0C. Deoxygenation of the unprotected C(4) alcohol was effected using Barton’s 

method12. Conversion of 16 to the corresponding thionocarbonate [PhOC(S)Cl, DMAP, 

CH3CN, 90%] followed by radical reduction [n-Bu3SnH, AIBN, toluene, reflux, 

95%]offered glucal 17. Installation of the C(7), C(8) fragment, with the correct 

stereochemistry at C(9), was achieved via a lithium perchlorate mediated10 carbon Ferrier 

type rearrangement11. A solution of glucal 17 in a 3.OM solution of lithium perchlorate in 

ethyl acetate was treated with 2 equivalents of the tert-butyldimethylsilyl enol ether of 

acetaldehyde13 to provide aldehyde 18 as a single diastereomer in 82% yield.

Scheme 5
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The stereoselectivity of the Ferrier rearrangement is rationalized by the likely 

mechanism of the reaction. Upon exposure to the highly polar reaction medium, the



8
allylic acetate 17 undergoes solvolysis to create an allyl-oxocarbenium cation. The 

cation exists as a mixture of two equilibrating conformers (Figure I). Addition of the 

nucleophile via the stereoelectronically favorable pseudo-axial mode of addition is 

precluded in conformer A by a severe 1,3 interaction with the psuedo-axial 

acetoxymethyl group. Thus, the addition of the nucleophile to conformer B occurs as 

expected via the pseudo-axial mode of addition, but this time opposite to the psuedo- 

equatorially disposed acetoxymethyl group.

Figure I

A B

Reduction of aldehyde 18 was accomplished by treatment with 

tri-O-acetoxyborohydride in benzene18 to provide a quantitative yield of alcohol 19 

(Scheme 6), which was then protected as its para-methoxybenzyl ether. The resulting 

crude acetate was treated with potassium carbonate in methanol to provide the C(13) 

alcohol 20 in 72% yield over the two-step sequence.

Homologation of the upper side chain was now addressed. To this end alcohol 20 

was converted to the corresponding primary iodide [PPh), Imidizole, h, THF/CH3CN, 

96%] and the primary iodide displaced by potassium cyanide [KCN, DMF, 65°C, 97%] 

providing nitrile 21 in near quantitative yield. Reduction of the C(M) cyano group



9
proved to be, as observed in Grieco and Speake’s synthesis vida supra, quite 

problematic. Exposure of nitrile 21 to 1.1 equivalents of diisobutylaluminum-

Scheme 6

I) Tri-O-AcBH, 
Benzene.

I )PMB-trichloroacidimidate, 
OH cat. TfOH, Et2O f OPMB

l)Dibal, Et2O1 -IO0C 
PMB then O0C1 Shrs OPMB

hydride in dichloromethane at -78°C led to only returned starting material. These 

conditions were repeated at higher reaction temperatures [I. Ieq DIB AL, CH2Cb; -45°C, 

-IO0C, O0C, it]. Starting material was recovered in all cases. Fortunately, it was 

discovered that when nitrile 21 in diethyl ether was cooled to -IO0C , and subsequently 

treated with 1.5 equivalents of diisobutylaluminumhydride as a IM solution in hexane, 

followed by gradual warming to O0C the desired aldehyde 22 was isolated, upon workup, 

in 91% yield.

The chromatographically stable aldehyde 22 was treated with Roush’s (S, S)- 

diisopropyltartrate-Z-crotylboronate 23 (Scheme 7) to afford alcohols 24 and 25 as an 

inseparable, 10:1 mixture of diastereomers. At this point, based on the observations of 

Grieco10 and Patterson7’19, it was incorrectly assumed that the selectivity of the Roush 

crotylboronation reaction would favor alcohol 24. Interestingly, the product distribution



10
appears to have favored alcohol 25, a fact that was not realized until the completion of 

the synthesis.

OPMB

22

Scheme 7 

p 0 2iPr

CO 2IPr

OPMBOPMBToluene, selves, -98°C
24 : 25 = I : 10

24 25

The Selectivity of Roush’s (S, S)-diisopropyltartrate derived Z-crotylboronate in 

the above addition reaction is rationalized20 to arise from the transition state (Figure 2) in 

which the free aldehydic oxygen lone pair is positioned away from the carbonyl lone 

pairs of the interacting diisopropyltartrate moiety. Thus, the preferred transition state A 

should lead to the formation of alcohol 24 as the major product. The observed reversal of 

selectivity in this reaction, although unfortunate in this case, could be exploited in other 

systems and warrants further study.

Figure 2



11
Alcohols 24 and 25 were next converted into their corresponding methyl ethers 

[KH, Mel, DMF, THF -15°C] to provide a 68% yield of a chromatographically separable 

mixture of methyl ethers 26 and 27.

Attention was turned to elaboration of the lower side chain (Scheme 8). The C(7) 

para-methoxybenzyl ether was oxidativly cleaved [DDQ, CH2CI2, H2O] to provide a 

quantitative yield of the corresponding alcohol, which was then oxidized under Swem 

conditions21 to provide aldehyde 28. This sensitive aldehyde was immediately treated 

with the trimethylsilylenolether of tiglic aldehyde14 using the conditions of Mukiyama1 ̂  

[BFjOEt, CH2CI2, -78°C, 44%] to obtain a >95:5 mixture of diastereomers favoring 

aldehyde 29.

Scheme 8

I) (OMe)2P(O)CH2CO2Me, 
nBuLi, THF, O0C

2) TBSOTf, 2,6 Lutidine,

30 R=H; 31 R=TBS

The favored 1,3-anti mode of addition in this reaction is rationalized22 by a 

modification of Cram’s polar 1,3-stereoinduction model23 (Figure 3). In this model the



12
diastereofacial selectivity is believed to arise from a minimization of electrostatic 

repulsion within the Lewis acid chelated aldehyde complex A. The neucleophile adds to 

the less sterically hindered face of the carbonyl resulting in the observed predominance 

of the 1,3-anti product.

Figure 3

0  0
F3B----- O C -11HI

A

The chromatographically stable aldehyde 29 was subjected to Homer -Emmons 

olefmation [(OMea)P(O)CH2CO2Me, M-BuLi, THF O0C], which provided unsaturated 

ester 30 in 77% yield. The large (15.8Hz) coupling of the protons at C(2) and C(3) 

indicate the reaction yielded exclusively the desired trans olefin. Finally, the C(7) 

alcohol was protected as its terf-butyldimethylsilyl ether to provide the C(15), C(16) 

epimer 31 of Paterson’s C(I) - C(18) fragment of scytophycin C 5.

While most of the 1H NMR data collected for 31 were in agreement with those 

reported by Paterson18 for 5 (Table I), there were a few key discrepancies which led to 

the assignment of the configuration at C(15) and C(16) in 31 as inverted with respect to 

those in 5. First, the apparent deshielding of the C(13) proton and it’s resultant downfield 

shift (. 15 ppm) suggests that it is in a different chemical environment than in the 

corresponding (15S, 16S) diastereomer 5. A second discrepancy is a slight downfield 

shift (.06 ppm) of the C(15) proton signal.
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Table I : Comparison of 1H NMR data for 31 with those reported by Patterson18 
for 5 (chemical shifts recorded in ppm).

Reported for methyl ester 5 
(CDCl3, 400 MHz)

Found for methyl ester 31 
(CDCl3, 300 MHz)

7.31 (1H, d, J =15.7 Hz, 3-CH) 7.29 (d, J = 15.7 Hz, 1H)
5.94 (1H, dd, J = 7.3, 7.3 Hz, 5-CH) 5.94, (dd, J = 7.4, 7.4 Hz, 1H)
5.84 (1H, m, 5-CH) 5.82 (m, 1H)
5.79 (1H, d, J = 15.7 Hz, 2-CH) 5.78 (m, 1H)
5.77 (1H, m, 11-CH) 5.77 (d, J=  15.8 Hz, 1H)
5.62 (1H, m, 10-CH) 5.62 (dm, J = 8.0 Hz, 1H)
5.03 (2H, m, 18-CH) 5.03 (m, 2H)
4.30 (1H, m, 9-CH) 4.26 (dm, J = 9.8 Hz, 1H)
4.02 (1H, m, 7-CH) 4.05 (m, 1H)

3.73 (3H, s, OMe) 3.72 (s, 3H)
3.63 (1H, m, 15-CH) 3.69 (m, 1H)
3.32 (3H, s, OMe) 3.33 (s, 3H)
3.22 (1H, m, 13-CH) 3.37 (m, IR)
2.40 (3H, m, 16-CH, 6-CH) 2.56 (ddm, J = 11.5, 6.9 Hz, 1H) 

2.38 (dd, J = 6.0, 6.0 Hz, 2H)
1.95 (2H, m, 12-CH) 1.90 (m, 2H)
1.76 (3H, s, 4-CMe) 1.74 (s, 3H)
1.73 (1H, dd, J = 14.0, 7.1 Hz, M-CHa) 1.67 (dm, J = 13.2 Hz, 1H)
1.62 (1H, m, M-CHb) 1.50 (dd, J = 9.6, 2.4 Hz, 1H)
1.57 (1H , m, 8-CHa) 1.58 (m, 1H)
1.38 (1H, ddd, J = 14.3, 9.8, 2.6 Hz, 8- 
CHb)

1.42 (ddd, J = 14.7, 9.9, 2.8 Hz, 1H)

0.99 (3H, d, J = 6.8 Hz, 16-CMe) 0.99 (d, J = 6.9 Hz, 3H)
0.87 (9H, s, Bn) 0.87 (s, 9H)
0.08 (3H, s, SiMe) 0.08 (s, 3H)
0.06 (3H, s, SiMe) 0.06 (s, 3H)



Further, the C(16) proton is shifted downfield (.16 ppm) revealing the C(6) protons as a 

doublet of doublets (5 2.38, 2H), which were obscured within a multiplet (5 2.40, 3H) in 

Paterson’s spectra. Finally the protons on C(14) appear affected as well. While it is 

difficult to ascertain which signal corresponds to the individual C(14) protons assigned 

in Paterson’s spectra, it is clear that they are both in a different chemical environment 

than in 5. All of the 1H NMR signals which were significantly shifted with respect by 

those reported by Paterson are associated with the C(13) to C(16) portion of the 

molecule. The C(15) and C(16) centers were set by the Roush crotyl boronation and a 

change in their configurations would definitely place the protons in this portion of the 

molecule in a different chemical environment than those in 5.

Taking into account both the mechanism and the suggested transition state 

(Figure 2) of the Roush crotyl boronation, the relationship between the C(15) methoxy 

and C(16) methyl groups should be syn. This fact, coupled with the unlikelihood of 

epimerization at C(13), leads to the conclusion that the C(15) and C(16) chiral centers in 

31 are inverted with respect to the C(13) chiral center. Thus, the selectivity in the crotyl 

boronation step was likely the opposite of that observed in prior syntheses7,10,22.

Although requiring some modification to circumvent the apparent reversal of 

selectivity in the Roush crotyl boronation, the above presented synthetic has the potential 

to be an efficient route to the C(I)- C(18) fragment of Scytophycin C, which should be 

amenable to large scale syntheses.

14
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Experimental

General Procedure

Proton nuclear magnetic resonance (1H NMR) spectra were recorded on a Bruker 

DPX 300 spectrometer at 300 MHz and are reported in parts per million (8). All 1H 

NMR experiments were performed in deuterated solvents and were scaled to the 

reference proton signals as follows: chloroform-d (5 7.26), benzene-dg (8 7.15). All 

Carbon 13 nuclear magnetic resonance (13C NMR) spectra were recorded at 75 MHz on a 

Bruker DPX 300 spectrometer and are reported in parts per million (8). All 13C spectra 

were collected in deuterochloroform or deuterobenzene and were scaled to the reference 

deutorochloroform carbon (8 77.0) and deuterobenzene carbon (8 128.4) signals. Infrared 

(IR) spectra were collected on a Perkin-Elmer 1600 FTIR spectrophotometer as neat 

samples on sodium chloride plates.

Reaction progress was tracked using thin layer chromatography (TLC) employing 

E. Merk precoated silica gel 60 F-254 (0.25mm) plates. Visualization of TLC plates was 

achieved by staining with a sulfuric acid and para-anisaldehyde solution then developing 

the treated plates on a hot plate. Column chromatography was carried out as per Still24 

employing Sorbent Technologies silica gel 60 A (32-36 pm) mesh.

All reactions were run in flame or oven dried glass wear under an argon 

atmosphere using anhydrous solvents unless otherwise noted. Solvents and reagents were 

prepared for use as indicated below. Benzene, diethyl ether, tetrahydrofuran, and toluene •



were purified by distillation from sodium benzophenone ketyl. Diisopropylamine, 

triethylamine, dimethyl sulfoxide, ethyl acetate, cyclohexane, and pyridine were distilled 

from calcium hydride. Acetyl chloride was distilled from phosphorus pentachloride. 

N,N-dimethylformamide was obtained in anhydrous form as a Sure Seal bottle from 

Aldrich chemical company. Tri-n-butyl tin hydride was passed through basic alumina 

prior to use. Lithium perchlorate was purchased in its anhydrous form and further dried 

for 48 hrs in a high vacuum oven at 180 °C. Various other solvents and reagents were 

purchased as reagent grade chemicals and used as obtained from the suppliers.

OAc

19

Acetic acid (2S,6R)-6-(2-hydroxy-ethyl)-3,6-dihydro-2H-pyran-2yl-methyl ester

(19): A dry agron swept 100 mL round bottomed flask equipped with a magnetic stir bar 

was charged with aldehyde 18 (1.74 g, 8.8 mmol) in 45 mL of benzene. Tri-O- 

acetoxyborohydride was added (7.4 g, 35.2 mmol) neat and the reaction was stirred at 

room temperature for 48 hrs. The reaction was quenched by addition of saturated 

aqueous sodium bicarbonate and the layers were separated. The aqueous layer was 

extracted with ethyl acetate (3 x 25 mL), organic layers were combined, dried over 

magnesium sulfate and concentrated in vacuo. Flash chromatography (SiO2, 1:1 

hexanes/ethyl acetate) yielded alcohol 19 (1.68 g, 88%) as a colorless oil: IR (thin film) 

vmax 3439, 3035, 2940, 1738, 1434, 1371, 1238, 1050 cm"1; 1H NMR (300 MHz, CDCl3)

16



5 5.84 (dtd, J = 9.9, 4.2, 2.1 Hz, 1H), 5.70 (ddt, J = 9.9, 2.5, 2.1 Hz, 1H), 4.45 (ddm, J = 

11.1, 2.1 Hz, 1H), 4.18 (m,lH), 4.01 (m, 2H), 3.83 (bm, 2H), 2.84 (bs, 1H), 2.09 (s, 3H), 

1.98 (bm, 3H), 1.63 (ddq, J = 14.8, 3.3, 3.0 Hz, 1H); 13C NMR (75 MHz, CDCl3) 5 

170.7, 129.2, 122.9, 73.2, 66.1, 65.5, 61.5, 35.0, 26.1, 20.6.

OH

k r -0 \ > ^ 0PMB

20

(2S,6R){6-[2-(4-methoxy-benzyloxy)-ethyl]-3,6-dihydro-2H-pyran-2-yl}-methanol

(20): A dry argon swept 100 mL round bottomed flask equipped with a magnetic stir bar 

was charged with alcohol 19 (1.242 g, 6.18 mmol) as a solution in 2:1 

cyclohexane/dichloromethane (30 mL) and purged with argon. Para-methoxy benzyl tri- 

chloroacidimidate (3.5 g, 12.36 mmol) was added via syringe and the reaction was 

stirred at room temperature for 24 hrs. The reaction was quenched by the addition of 

triethyl amine (2 mL) followed by saturated aqueous sodium bicarbonate (25 mL). The 

layers were separated and the aqueous phase was extracted with diethyl ether (2 x 250 

mL). Combined organic phases were dried over magnesium sulfate and concentrated in 

vacuo. The residue was taken up in methanol (20 mL) and treated with solid potassium 

carbonate (350 mg). The reaction was stirred 48 hrs at room temperature and then 

quenched by addition of saturated aqueous ammonium chloride (40 mL). The reaction 

mixture was extracted with ethyl acetate (3x 100 mL) the combined organic phases were 

dried over magnesium sulfate and concentrated in vacuo. Purification by flash

17



chromatography (Si02, 3:1 hexanes/ethyl acetate provided alcohol 20 (1.43 g, 83%) as a 

pale yellow oil: IR (thin film) Vmax 3442, 3032, 2919, 2867, 1612, 1513, 1247, 1180, 

1083, 1033 cm'1; 1H NMR (300MHz, CDCl3) 5 7.25 (d, 6.9Hz, 2H), 6.88 (d, 6.9Hz 2H), 

5.81 (m, IR), 5.71 (dtd, J = 9Hz, 3.2Hz, 1.8Hz, IR), 4.46 (hr s, IR), 4.41 (m, 2H), 3.81 

(s, 3H), 3.77 (m, IR), 3.57 (m, 4H), 1.9 (m, 6H); 13C NMR (75 MHz, CDCl3) 6 159.59, 

130.86, 130.01, 129.72, 123.96, 73.12, 70.47, 68.40, 67.13, 65.68, 55.66, 34.16, 26.69; 

HRMS-CI (m/z): ([M+H]+) calc for C16H22O4 279.1518; found 279.1484.

18

CL

(2S,6R)2-Iodomethyl-6-[2-(4-methoxy-benzyloxy)-ethyl]-3,6-dihydro-2H-pyran:

Alcohol 20 (1.206 g, 4.33 mmol) was taken up in 3:1 tetrahydrofuran/acetonitrile in a dry 

50 mL round bottomed flask and treated with triphenylphosphine (1.702 g, 6.49 mmol) 

and Imidizole (590 mg, 8.66 mmol). Flask was cooled to O0C, solid I2 (1.868 g, 736 

mmol) was added and flask was purged with argon. The reaction was allowed to warm to 

room temperature then stirred under argon for 30 hours and quenched by pouring into 

150 mL of 1:1 50% saturated aqueous sodium bisulfite / diethyl ether. The layers were 

allowed to separate and the aqueous phase was extracted with diethyl ether (3 x 20 mL). 

The organic phases were combined, rinsed sequentially with saturated aqueous copper 

sulfate and brine, dried over magnesium sulfate, filtered through fritted glass, and 

concentrated in vacuo to provide the primary iodide as a pale yellow oil (1.62 g, 96%). 

IR (thin film) Vmax 3032, 2919, 1612, 1585, 1512, 1463, 1422, 1365, 1301, 1247, 1180,



1088, 1037. 1H NMR (300 MHz, CDCl3) 5 7.27 (d, J = 9.5 Hz, 2H), 6.87 (d, J = 9.5 Hz, 

2H), 5.76 (dm, J = 10.0 Hz, 1H), 5.66 (dddd, J = 10.0, 4.8, 2.4, 1.2 Hz, 1H), 4.46 (m, 

3H), 3.80 (s, 3H), 3.68 (m, 3H), 3.22 (m, 2H), 2.17 (dm, J = 20.7 Hz, 1H), 1.88 (bm, 

3H); 13C NMR (75 MHz, CDCl3) 5 159.5, 131.0, 130.2, 129.7, 123.3, 114.2, 73.2, 70.7, 

68.4, 67.1,55.7, 34.3, 30.8, 9.4.

19

CN

(2S,6R){6-[2-(4-methoxy-benzyloxy)-ethyl]-3,6-dihydro-2H-pyran-2-yl}-acetonitrile

(21): The iodide was taken up in N,N-dimethylformamide in a dry 100 mL round 

bottomed flask and solid potassium cyanide was added (1.4 g, 20.85 mmol). The reaction 

was warmed in an oil bath to 60°C, stirred for 24 hours, and quenched by pouring into 

saturated aqueous sodium bicarbonate. The reaction was extracted with ethyl acetate (3 x 

100 mL) and the combined organics were dried over magnesium sulfate and concentrated 

in vacuo. The residue was purified by flash chromatography (SiO2, 3:1 pentane / diethyl 

ether) to provide nitrile 21 (.877 g, 73%) as a colorless oil: IR (thin film) Vmax 2919, 

2851, 2251, 1614, 1586, 1514, 1464, 1366, 1179, 1088, 1033; 1H NMR (300 MHz, 

CDCl3) 5 7.28 (d, J = 8.4 Hz, 2H), 6.88 (dm, J =8.4 Hz, 2H), 5.80 (dm, 10.5 Hz, 1H), 

5.72 (d, 10.5 Hz 1H) 4.46 (d, 3.6 Hz, 2H), 4.42 (m, 1H), 3.95 (m, 1H), 3.80 (s, 3H) 3.62 

(m, 2H), 2.55 (dd, J = 6.3, 1.2 Hz, 2H) 2.10 (m, 2H), 1.85 (m, 2H); 13C NMR (75MHz,



C6D6) 5 159.14, 135.75, 129.77, 129.30, 125.48, 122.36, 113.74, 72.81, 70.16, 66.33, 

63.92, 55.24, 33.88, 29.61, 23.89.

20

O

3-{(2R,6S)-6-[2-(4-methoxy-benzyIoxy)-ethyl]-3,6-dihydro-2H-pyran-2-yl}- 

propionaldahyde (22): A dry 5 mL argon swept pear bottomed flask was charged with 

nitrile 21 (22.7 mg, .079 mmol) as a solution in diethyl ether (.8 mL). The reaction was 

cooled to -IO0C and diAobutylaluminum hydride (118 pL, .118 mmol) as a IM solution 

in hexanes was added via syringe. The reaction was allowed to warm to O0C, was stirred 

8 hrs and quenched by addition of IN hydrochloric acid (2 mL). The resulting solution 

was extracted with ethyl acetate (3 x 25 mL), the combined organic layers were dried 

over sodium sulfate, filtered through fritted glass and concentrated in vacuo. The residue 

was purified by flash chromatography (SiO2, 3:1 hexanes / ethyl acetate) to provide 

aldehyde 22 (20 mg, 87%) as a colorless oil. IR (thin film) Vmax 2922, 2850, 1719, 1648, 

1610, 1508; 1HNMR (300 MHz, CDCl3) 5 9.43 (dd, J = 2.7, 1.5 Hz, IH), 7.21 (d, J = 7.5 

Hz, 2H), 6.81 (d, J = 7.5Hz, 2H), 5.47 (m, 1H), 5.42 (dm, J = 3.7 Hz), 4.35 (m, 3H), 3.85 

(dq, J = 12.9 Hz, 4.2Hz, 1H), 3.51 (m, 2H), 3.31 (s, 1H), 2.25 (ddd, J = 12.9, 8.4, 3.0 Hz, 

1H), 1.83 (m, 2H), 1.64 (m, 3H); 13C NMR (75 MHz, C6D6) 5 199.6, 159.7, 131.3, 130.2, 

129.5, 122.4, 114.0, 73.0, 70.2, 66.5, 63.9, 48.9, 34.2, 29.5, 23.4.
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23

(4S,5S)(Z)-2-But-2-enyl-[l,3»2]-dioxaborolane-4,5-dicarboxylic acid diisopropyl 

ester (23): Potassium /er/-butoxide (13.27 g) was dried at 80 0C under vacuum for 24 

hrs and was added to an argon swept, flame dried, two necked 250 mL round bottomed 

flask equipped with a thermometer and a magnetic stir bar. Tetrahydrofuran (132 mL) 

was added and the resulting suspension was cooled to -78 0C and allowed to equilibrate 

20 min. Freshly condensed cold (-78 0C) cis-2-butene (13.3 mL, 141.8 mmol) was added 

via cannula. A 1.2 M solution of M-butyl lithium in hexanes (56.3 mL, 118.2 mmol) was 

added via syringe pump over 30 min taking care to maintain the internal temperature 

below -69 0C. The reaction was warmed to -23 0C and stirred 35 min then cooled to -78 

0C. Tri-Aopropyl borate (27.2 mL, 118.2 mmol) was added via syringe pump over 20 

min taking care to maintain an internal temperature below -70 0C. The reaction was 

stirred 10 min and then poured into I N hydrochloric acid saturated with sodium chloride 

(200 mL). The aqueous layer was adjusted to pH I by addition of I N hydrochloric acid 

(~75 mL) and a 2 M solution of (S, S)-diisopropyl tartrate in diethyl ether (59.1 mL,

118.2 mmol) was added. The reaction mixture was extracted with diethyl ether (4 x 100 

mL) and the combined organic phases were dried over magnesium sulfate for 2.5hrs. The 

dry organics were then filtered through a flame dried fritted glass filter under a blanket of

^ ^ C 0 2iPr



argon, concentrated invacuo, and then held under vacuum (.9 mm Hg) to a constant 

mass. The resulting residue (36.09 g 100%) was frozen as a I M solution in toluene 

(118.2 mL). 1H NMR (300 MHz, CDCl3) 5 5.67-5.77 (m, 1H), 5.45-5.55 (m, 1H), 4.99 

(m, 2H), 4.91 (s, 2H), 1.91 (bd, J = 7.5 Hz, 2H), 1.54 (dm, J = 6.6Hz, 3H), .90 (d, J = 6.3 

Hz, 12H); 13C NMR (75 MHz, C6D6) 8 169.0, 124.6, 124.3, 78.4, 69.6, 21.3, 12.7.

22

OPMB

(2S, 3R) 1-{(2S, 6R) 6-[2-(4-methoxy-phenoxy)-ethyl]-3,6-dihydro-2H-pyran-2-yl}-3- 

methyl-pent-4-ene-2-ol (26): (2R, 3S) 1-{(2S, 6R) 6-[2-(4-methoxy-phenoxy)-ethyl]- 

3,6-dihydro-2H-pyran-2-yl}-3-methyl-pent-4-ene-2-ol (27): In a dry argon swept 50ml 

round bottomed flask equipped with a magnetic stir bar, a .7 M solution of crotyl 

boronate 23 in toluene (19.7 mL, 13.76 mmol) was treated with powdered activated 

molecular sieves (300 mg). The resulting suspension was cooled to -100 0C (Hexanes/ 

liquid nitrogen) under argon and aldehyde 22 (1.0 g, 3.44 mmol) was added dropwise via 

syringe as a solution in toluene (25 mL) taking care to maintain internal temperature 

below -100 0C. The reaction was stirred 15 min, warmed to -78 0C, stirred 2 hrs, then 

warmed to -20 0C and stirred an additional 24 hrs. 2 N sodium hydroxide (20 mL) was 

added, the reaction was stirred 5 min, then warmed to 0 0C and stirred an additional 24 

hrs. The layers were separated and the aqueous layer was extracted with ethyl acetate (3 

x 20 mL). The combined organics were washed with sodium bicarbonate, dried over



magnesium sulfate and concentrated in vacuo. The residue was semi-purified by flash 

chromatography (Si02, 5:1 pentane / diethyl ether) to provide an inseparable mixture of 

diastereomers (1.360 g). The residue (1.360 g) was taken up in 2:1 N,N- 

dimethylformamide / tetrahydrofuran (17.2 mL) in a 50 mL round bottom flask. The 

system was purged with argon, cooled to -15 0C and potassium hydride as a 30% 

dispersion in mineral oil (1.84 mL, 13.76 mmol) was added via syringe. Methyl iodide 

(2.14 mL) was added via syringe, the reaction was stirred 1.5 hrs, and quenched by 

addition of saturated aqueous ammonium chloride (30 mL). The layers were separated 

and the aqueous layer was extracted with diethyl ether (3 x 50 mL). The combined 

organic phases were dried over magnesium sulfate, filtered through fritted glass and 

concentrated in vacuo to a colorless oil. The residue was purified by flash 

chromatography (Si02, 5:1 pentane / diethyl ether) to provide methyl ether 27 (540 mg 

44%) as a colorless oil. 1H NMR (300 MHz, CDCl3) § 7.24 (d, J = 8.7 Hz, 2H), 6.90 (d, J 

= 8.7 Hz, 2H), 5.72 (m, 3H), 5.04 (m, 2H), 4.44 (d, J= 4.8 Hz, 3H), 3.94 (m, 1H), 3.78 (s, 

3H), 3.68 (m, 1H), 3.55 (m, 2H), 2.22 (m, 1H), 1.80 (m, 9H), 1.02 (d, J = 6:0 Hz, 3H); 

13C NMR (75 MHz, C6D6) 5 159.6, 140.6, 130.1, 129.7, 124.7, 115.0, 81.4, 73.2, 69.9,

23

67.2, 64.5, 58.1, 55.6; HRMS (EI) (m/z): calc for C22H32O4 360.2301; found 360.2275.
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(2S,6R)2-{6-[(2R,3S)2-Methoxy-3-methyl-4-enyl)-5,6-dihydro-2H-pyran-2yI}- 

ethanol (28); A 50 mL round bottomed flask equipped with a magnetic stir bar was 

charged with a solution of 27 (540 mg, 1.50 mmol) in dichloromethane (13.6 mL) and 

water (1.4 mL). The reaction was cooled to 0 0C, solid DDQ (409 mg, 1.8 mmol) was 

added, the reaction was stirred I hr and quenched by addition of saturated aqueous 

sodium bicarbonate (30 mL). The layers were separated and the aqueous phase was 

extracted with dichloromethane (3 x 100 mL). The combined organic phases were dried 

over magnesium sulfate, filtered through fritted glass, and concentrated in vacuo to a 

yellow oil. The residue was purified by flash chromatography (SiO2, 3:1 hexanes / ethyl 

acetate) to provide alcohol 28 (360 mg, 100%) as a colorless oil. IR (thin film) Vmax 3350, 

2920, 2358, 2341, 1558, 1457; 1H NMR (300 MHz, CDCl3) 5 5.79 (m, 2H), 5.62 (dm, J 

= 8.1 Hz, 1H), 5.03 (m, 2H), 4.33 (dm, J = 9.3 Hz, 1H), 3.94 (m, 1H), 3.80, (m, 2H), 3.39 

(s, 3H), 3.29 (ddd, J = 7.8, 5.1, 2.1 Hz, 1H), 2.55 (ddm, J = 12.3, 6.9 Hz, 1H), 2.31 (bs, 

1H), 1.88 (bm, 2H), 1.66 (bm, 3H), 1.4 (m, 2H); 13C NMR (75 MHz, CDCl3) 5 140.0,

129.0, 124.4, 114.8, 81.1, 71.2, 64.8, 61.2, 57.5, 39.5, 36.1, 29.7, 15.4.
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(E, 5S) 5-Hydroxy-{(lR, 6S) 6-[(2R, 3S) 2-methoxy-3-methyl-pent-4-enyl] 5,6-2H- 

pyran-2-yl} 2-methyl-hex-2-enaI (29); A 25 mL round bottomed flask equipped with a 

magnetic stir bar was charged with a solution of oxalyl chloride (85.5 pL, .98 mmol) in 

dichloromethane (3 mL) and cooled to -78 °C. The solution was treated with 

dimethylsulfoxide (151.6 pL, 1.96mmol) and allowed to stir 10 min. Alcohol 28 (118.8 

mg, .49 mmol) as a solution in dichloromethane (3 mL) was added slowly, down the side 

of the flask, via syringe taking care to maintain the reaction temperature at -78 0C. The 

reaction was stirred I hr, warmed to 0 0C, stirred 10 min, and quenched by pouring into 

saturated aqueous sodium chloride (50 mL). Pentane (20 mL) was added and the layers 

were separated. The aqueous phase was extracted with pentane (4 x 20 mL) and the 

organic layers were combined. The combined organics were dried over magnesium 

sulfated filtered through fritted glass and concentrated in vacuo to a colorless oil.

The residue (110 mg) as a solution in dichloromethane (4.1 mL) and diethyl ether 

(460 pL) was added to a dry, argon swept, 25 mL round bottom flask equipped with a 

magnetic stir bar. The reaction was cooled to -78 0C, allowed to equilibrate for 15 min 

and cold (-78 0C) trimethylsilyl enol ether of tiglic aldehyde (80 pL, .51 mmol) was 

added via syringe. Boron trifloride diethyl etherate (58 pL, .46 mmol) was added drop 

wise via syringe over 5 min, the reaction was stirred 24 hrs, and quenched by the



addition of saturated aqueous sodium bicarbonate (5 mL). The layers were separated and
26

the aqueous phase was extracted with ethyl acetate ( 3x10 mL). The combined organics 

were dried over magnesium sulfate, filtered through fritted glass and concentrated in 

vacuo The residue was purified by flash chromatography (SiO2, 3:1 hexanes / ethyl 

acetate) to provide unsaturated aldehyde 30 (69.2 mg, 44%) as a colorless oil. 1H NMR 

(300 MHz, CDCl3) 5 9.34 (s, 1H), 6.25 (at, J = 7.2 Hz, 1H), 5.88 (ddd, J = 17.3, 10.4, 6.4 

Hz, 1H), 5.64 (dtd, 10.4, 4.7, 2.4 Hz, 1H), 5.43 (ddm, 12.1, 2.3, Hz, 1H), 5.05 (m, 1H), 

5.01 (dm, J=  10.7 Hz, 1H), 4.43 (ddm, J = 9.3, 2.3 Hz, 1H), 3.94 (m, 2H), 3.34 (ddd, J =

10.0, 5.1, 2.2 Hz, 1H), 3.20 (s, 3H), 2.48 (ddm, J = 12.5, 6.8 Hz, 1H), 2.39 (dm, J = 4.2 

Hz, 1H), 2.17 (bm, 2H), 1.84 (dm, J = 17.3 Hz), 1.69 (bm, 2H), 1.67 (s, 3H), 1.60 (m, 

1H), (ddd, J = 14.5, 10.0, 2.7 Hz, 1H), 1.33 (bm, 2H), 1.01 (d, J= 6.5 Hz, 3H); 13C NMR 

(75 MHz, CeDe) 6 193.9, 149.5, 140.5, 129.6, 124.5, 114.6, 81.3, 68.7, 67.5, 65.2, 57.0, 

40.7, 39.7, 37.2,, 36.4, 30.9, 30.2,15.4, 9.4.

(E, E, 7S) 7-Hydroxy-8-{(2R, 6S)-6-[(2R, 3S)-2-methoxy-3-methyl-pent-4-enyl]-5,6- 

dihydro-2H-pyran-2-yl}-4-methyl-octa-dienoic acid methyl ester (30): In a 25 mL

pear bottom flask equipped with a magnetic stir bar, a solution of trimethyl

OMe

30



phosphonoacetate (102 pL, .63 mmol) in tetrahydrofuran (2.1 mL) was cooled to O0C and 

treated with re-butyl lithium (300 pL, .63 mmol) as a 2.1 M solution in hexane. The 

reaction was warmed to room temperature, stirred 15 min and cooled to O0C. Aldehyde 

29 (67.2 mg, .21 mmol) as a solution in tetrahydrofuran (2.1 mL) was added via syringe, 

the reaction was stirred 15 min, warmed to room temperature, and stirred an additional 

45 min. The reaction was quenched by the addition of an aqueous pH I  buffer solution 

(15 mL). The layers were separated and the aqueous phase was extracted with ethyl 

acetate ( 2x10  ml). The combined organics were dried over magnesium sulfate, filtered 

through fritted glass and concentrated in vaccuo to a colorless oil. The residue was 

purified by flash chromatography (Davisil, 2.5:1 hexanes / ethyl acetate) to provide 

unsaturated ester 30 (60 mg, 76%) as a colorless oil. 1H NMR (300 MHz, CDCI3) 6 7.31 

(d, J = 15.6 Hz, 1H) 5.95 (t, J = 7.4 Hz, 1H), 5.78 (m, 3H), 5.57 (ddm, J = 10.2, 2.0 Hz, 

1H), 5.02 (m, 2H), 4.42 (m, 1H), 3.97 (m, 2H), 3.72 (s, 3H), 3.36 (s, 3H), 3.29 (ddd, J = 

10.2, 4.9, 2.0 Hz, 1H), 2.48 (m, 3H), 1.88 (m, 1H), 1.80 (m, 1H), 1.76 (s, 3H), 1.68 (ddd, 

J = 14.6, 10.2, 2.5 Hz, 1H), 1.56 (ddd, J = 14.5, 5.8, 3.3 Hz, 1H), 1.37 (ddd, J = 15.2, 

10.4, 2.5 Hz, 1H), 0.99 (d, J = 6.9 Hz, 3H); 13C NMR (75MHz, CDCl3) 5 167.8, 149.3, 

139.9, 137.4, 134.7, 128.9, 124.4, 115.7, 114.9, 81.1, 68.5, 68.1, 65.1, 57.4, 51.5, 39.9, 

39.3,36.9,35.7, 30.5, 15.4, 12.4

27



28
OMe

OTBS

In a 10 mL pear bottom flask equipped with a magnetic stir bar a solution of ester 30 (24 

mg, .063 mmol) in dichloromethane (630 pL) was cooled to 0 0C and treated sequentially 

with 2,6-lutidine (15 pL, .127 mmol) and rer/-butyl-dimethylsilyl-para- 

toluenetriflouromethanesulfonate (18 pi, .079 mmol). The reaction was stirred 5 min and 

quenched by the addition of saturated aqueous sodium bicarbonate (I mL). The reaction 

was extracted with dichloromethane ( 3x5  mL), the combined organics were dried over 

magnesium sulfate, filtered through fritted glass and concentrated in vacuo. The residue 

was purified by flash chromatography (Si02, 3:1 pentane / diethyl ether) to provide 31 

(29 mg, 94%) as a colorless oil. R, = .84 (20% EtOAc / Hexanes; [a]2 5 = -39°; 1H NMR 

(300 MHz, CDCl3) 5 7.29 (d, J = 15.8 Hz, 1H), 5.94, (at, J = 7.4 Hz, 1H), 5.82 (m, 1H), 

5.78 (m, 1H), 5.77 (d, J = 15.8 Hz, 1H), 5.62 (dm, J = 8.0 Hz, 1H), 5.03 (m, 2H), 4.26 

(dm, J = 9.8 Hz, 1H), 4.05 (m, 1H), 3.72 (s, 3H), 3.69 (m, 1H), 3.37 (m, 1H), 3.33 (s, 

3H), 2.56 (ddm, J -  11.5, 6.9 Hz, 1H), 2.38 (at, J = 6.0Hz, 1H), 1.89 (m, 2H), 1.74 (s, 

3H), 1.67 (dm, J = 13.2 Hz, 1H), 1.58 (m, 1H), 1.50 (dd, J = 9.6, 2.4 Hz), 1.42 (ddd, J = 

14.7, 9.9, 2.8 Hz, 1H), 0.99 (d, J = 6.9 Hz, 3H), 0.87 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H); 

13C NMR (75 MHz, CDCl3) 5 168.1, 149.7, 140.2, 137.8, 134.4, 130.4, 124.3, 115.7,

115.0, 81.4, 69.2, 68.2, 63.7, 57.3, 51.7, 40.9, 39.2, 37.9, 37.5, 31.6, 26.1, 18.3, 15.5, 

12.6, -4.0, -4.3; HRMS (Cl) calc for C28H49O5Si ([M+H]+) 493.3349, found 493.3350.
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