MONTANA

STATE UNIVERSITY

Studies towards the synthesis of the C(8)-C(15) fragment of tedanolide
by David James Cole

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in
Chemistry

Montana State University

© Copyright by David James Cole (2004)

Abstract:

Tedanolide is a 18-membered macrolide of marine origin which displays antitumor activity and
presents a synthetic challenge. To date, the total synthesis of tedanolide has not been reported however
the synthesis of 13-deoxytedanolide, another closely related macrolide isolated from a different sea
sponge, was recently accomplished.

Progress towards the synthesis of tedanolide is described with specific attention given to the synthesis
of the C(8)-C(15) portion of the molecule. The approach involves the use of rigid bicyclic ring systems
to control the stereocenters found in the natural product. The approach contained herein has not yet led
to the total synthesis of tedanolide but has led to a precursor of the 18-membered ring.



STUDIES TOWARDS THE SYNTHESIS OF THE
C(8)-C(15) FRAGMENT OF TEDANOLIDE

by.

David James Cole

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

of
Master of Science
in

Chemistry

MONTANA STATE UNIVERSITY
Bozeman, Montana

August2004 /




99 2

&. (3% % %* # (($!

" #$% &'$

)% (3% % ) % $$+ -1 $1) #5#$- & 0B ()5% % 1&## ($$ + )% $$+
&1 (& $ % (%. 1(& -$0 -1 +0 1&+($+(5 +0' %) *% 0$5 .&# (5 1 ((&+%5 '&0-,)1
%('$5 + 1&+% %($+15 + % -$! & %* # %% &+ (& () &'$0$ &. - I* ($ (*! $%:

9* : -$1&59)::
O+ (*-,"

W& 3.8 (03 $, -(HS+( &. )$H %(- +! 3 &L)$H# %(-

9* : -$1&59)::
($

& P& () &"$0$ &. -1 ($ (*1 $%

3-*1$ : 1%$&!59):
0+ (*-$ %



1ii

,STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the requirements for a master’s
degree at -Monta'na 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 iﬁ whole or in parts may be grénted only by the

copyright holder.

Signature @@L&ﬁp Cﬁ‘@ '

Date 3/ Cf/ o




iv

TABLE OF CONTENTS
L. INTRODUCTION.......coecutemmrenmrrrernesieeseeneseeeseesssessessess et 1
BaCKGIOUNG...... oueuiieicerenienretee e s ees oo oo e oo 1
SYNEREHC STALEZY......eereerurenrrerririireieeieceereeeeeeseseses oo eeeeeseeno, 10
Synthesis of the C(1)-C(7) Fragment............c..o.ouviemuns oo 14
2. EXPERIMENTAL RESULTS ..o 16
Resulté aNA DISCUSSION. c...cvevrtrierriseirererereeeeeeeeeeseeereseeeseses oo oo 16
Synthesis of the C(8)-C(15) Fragment from the Triol......ooveeeeennoeooon, 23
EXPErmMEntal........ueccueveerererririnieieteee s sesetseseeeseeseeseeseses e oo s e, 26
GENETAl PTOCEAUTE.... vttt e eeeee e e s eeeeeeeeeseeon 26
REFERENCES CITED......oooooooooooooooooooooooeooeoeoooeoo e 39

‘/




v
LIST OF SCHEMES
Scheme : Page
1. Later Stepg in Yonemitsu’s Synthetic Strategy.......... 3
2. Early Steps in Yonemitsﬁ’s Synthetic Strategy.......................... B
3. The Smith Synthetic Strategy............. e 5
4. The Roush Synthetic STALCEY . vuvrerrrirnierierinrrireiiiseeeaeeeesse s 6
5. The Loh Synthetic Strategy......... ettt et e s e eaneaeeneenaaens 7
6. The Taylor Synthetic Strategy......................’ .................................... 9
7. The Jung Synthetic Strategy..........ocvuvvereremiveeeeeeereeeeeseesesessrenon. 10
8. Synthetic Approach to Tedanolide....: ................................... 11
9. Ear_ly Steps in the Synthetic Approach to Tedanolide................ 12
10. Wang’s Synthesis of the C(1)-C(7) Fragment.... ................ 15
11. Early Synthetic Work on the C(8)-C(15) Fragment..... ................ 16
12. Protection of the Alcohol............... e 19
13. Selective Hydroboration and Oxidation......ccoceevereerrrenenrireser v senen. 20
14. Baeyer-Villiger Oxidation...............cccceeveenveenen.. P 22
15. Synthetic Work to Obtain the THOL.....cccovrrrerereerrererrreereanns 23
13. Differential Proteqtion of the Alcohols.......‘ ............... reererere e nrares 24
14, Foﬁnation of the Alkyne ...... 24

15. Formation of the Vinyl Todide...........coevevvevivmecinrereneeeeeerersrenan, 25




Vi

LIST -OF FIGURES

Figure | . | ' Pége
1. Stereodirection Utilizing Oxabicyclo[3.2.‘1]o‘cten0nes .......... e 13
2. Samarium Bridged Intermediate.............................:...........k.' ................. 17
3. Isomers of the Desired Products Synthesized...........c.ovvevevninnn, 21




_ Ac
Bn
br
Bu
n-Bu

tBu

cat
COSY
cm’
CSA
°C

CI

dd

ddd
DEIPS
DIBAH
DMAP

DMF

vii

LIST OF ABBREVIATIONS

acetyl .
benzyl

broad

. butyl or normal-butyl

normal-butyl

tel;t-butyl

concentration

catalytic

correlated spectroscopy
wavenumber
camphorsulfonic acid
degreesl Celsius
chemical ionizatioﬂ
doublet

doublet of doublets
doublet of doublet of doublets

diethylisopropylsilyl

_diisobutylaluminium hydride

N,N-dimethylaminopyridine

N,N-dimethylformamide |




DMP
DMPM
dt

'ee :

EI
eduiv

Et

_ HRMS
Hz

Ipc

kg
KHMDS
LAH

LDA

“ethyl

viii

LIST OF ABBREVIATIONS - CONTINUED

dime;thyoxyphenol

3;4-dimethyoxybenzyl .o,r‘dimethoxyphenylmethyl |
doublet of triplets

enatiomeric excess

electron impact

equivalents

gram
hour .

high resolution mass spectrometry
hertz

isopindcamphenyl

infrared

coupling constant in hertz
kilogram

potas‘siun.l hexamethyl disilazide
lithium aluminum hydride

lithium diisopropylamide
multiplet

molarity




ix

LIST OF ABBREVIATIONS - CONTINUED

M* parent ion‘peak -

mCPBA meta-chlbroperbenzoic acid

Me methyi s
M/e mass to charge ratio

mg . :mil‘ligrafn

MHz | rﬁegahertz

min minutes

mL milliliter

ng microgram

pL microliter

pum | | micrometer

mmol ‘millimole

MOM ' methoxymethyl

MP methoxyphenol

Ms methanesulfonyl ..

MS mass spectrum or molecular sieves
NMR nuclear magnetic resonance

OAc . acetyloxy )

PCC . pyridhﬁum chlorochromate

Ph phenyl




Piv
PMB
i-Pr
ppm
PPTS

py
Rf

TBAF
TBAI
TBS
TBDPS
TES
Tf
THF
TIPS
TLC

T™MS

X

-LIST OF ABBREVIATIONS - CONTINUED

pivaloyl

4-methyoxybenzyl

iso-propyl

parts per million

pyridinium para-toluenesulfonate

_ pyridine

retention or retardation factor
room temperature

singlét

tetrabutylammonium fluoride
tetrabutylammonium i'odide;
tert-butyldimethylsilyl
tert-butyldiphenylsilyl
triethylsilyl

Triflate

tetrahydrofﬁran |
tert-butyldiisopropylsilgll
thin layer chromatography
trimethylsilyl

para-toluenesﬁlfonyl -




xi
ABSTRACT

Tedanolide is a 18-membered macrolide of marine origin which displays
antitumor activity and presents a synthetic challenge. To date, the total synthesis of
tedanolide has not been reported however the synthesis of 13-deoxytedanolide, another
closely related macrolide isolated from a different sea sponge, was recently
accomplished. : : _

Progress towards the synthesis of tedanolide is described with specific attention
given to the synthesis of the C(8)-C(15) portion of the molecule. The approach involves
the use of rigid bicyclic ring systems to control the stereocenters found in the natural
product. The approach contained herein has not yet led to the total synthesis of
tedanolide but has led to a precursor of the 18-membered ring.
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* secondary) hydroxyl group.* Strucfural‘ features which make this molecule synthetically
challgnging are the six readily epimerizable centers and the high degree of functionality
on the carbon backbone.’

Due to the interesting and highly functionalized structure of the tedanolides,
many research groups have taken up the synthetic ‘challenge these molecules present.>*®
To date, there has been no reported total synthesis of tedanolide and only one successful
synthesis of 13-deoxytedanolide.® Most groups, including those of Roush, Yonemitsu,
and Taylor, have envisioned the C(12)-C(13) bond being formed from an aldol
reaction.>*®® All the groups working on the tedanolides have planned to use a
Yamaguchi mdacrolactonization9 in order to form the 18-membered lactone.?*®

Using computer modeling, the Yonemitsu strategy first involved finding a
suitable seco-acid to undergo lactonization. Trying to keep the conformation as close as
possible to the desired lactone, Yonemitsu found that the seco-acid 4 should undergo
macrolactonization and give rise to intermediate 3 (Scheme 1). The seco-acid was seen to -
come from a Felkin controlled aldol reaction between the C(1)-C(12) and the C(13)-
C(23) ﬂagments, 5 and 6 respectively. Unfortunately the aldol reaction gave rise' to a
mixture of the desired Felkin aldol product 4 and the C(13) epimer. The regulting ratios

varied from 1:1.2-1:1.9 with the undesired C(13) epimer as the major product.*?
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Svynthesis of the C(1)-C(7) Fragment

Yong Wang is reéponsible for the basic approach of this synthesis and has made
i molecules 46 and 47. Efforts were initially directed towards the synthesis of aldehyde 46
which could be obtained utilizing- bicyclic benzyl ether 48. Compound 48 was
synthesized from oxabicyclo[3.2.1]octenone 50 via known chemistry (Scheme 9).1%% 1
order to obtain aldeh.yde 46, oxabicyclic benzyl ether 48 was first asymmetrically
hydroborated using (-)-diisopinocamphenylborane followed by oxidation of the borane to
form alcohol 52 (Scheme 10)."*"® The subsequent alcohol was oxidized to the ketone
using pyridinium chlorochromate and was converted into oxabicyclic lactone 53 using a
Baeyer-Villiger oxidation with mCPBA." Lactone 53 was treated with potassium
hexamethyldisilylazide to form the enolate followed by hydroxylation using Davies
reagent!’ to form a orhydroxy lactone which was subsequently oxidized with pyridinium
chlorochrpmate to form ketolactone 54. This ketolactone was subjected to reduction
using diisobutylaluminum hydride in dichloromethane which oﬁened up the oxabicyclic
ring system and resulted in tetraol 55. Compared to related structures, the reduction of
ketolactone 54 resulted in the highest yield of the desired tetraol.'® Treatment of 55 with
2,2-dimethoxypropane in the presence of camphorsulfonic acid resulted in acetonide
protection of the C(9) and C(11) hydroxyl groups. The C(7) primary hydroxyl was
protected using tertbutyldimethylsilyl chloride-and the only remaining -C(3) hydroxyl
was methylated resulting in 56. The silyl protected primary hydroxyl 56 was deprotected
with tetrabutylammonium ﬂuoﬁde and oxidized to aldehyde 46 using.Dess-Martin

periodinane reagent."
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air sensitivity. The alcohol reductior\luoccurred with 2-2.5 equivalents and was refluxed
overnight. When the reduction to the alcohol had been accomplished, the result was a
- black solution containing the desired product thaf.was difficult to purify by columh
chromatography. Extra hexane éxtractions were used to separate out some of the many
Impurities bu’.c this also led to prqduct loss due to some of the product going'into the_
hexanes layer (visible by TLC of the undesired extract). This method of obtaining
oxabicyclo[3.2.1]octenol 58 seemed beneficial because a yield of 30% over the three
steps was obtained from the ‘te‘trabromobutan'one which was 4% higher than the
previously reported procedure.
In Hoffmann’s protocol the metal salts were filtered after the [4+3] cycloaddition.
The [4+3] adduct was not isolated due to the products light and air sensifivity. The
adduct was - immediately subjected to further reduction. The resulting
oxabicyclo[3.2.1]Joctenone 51 was purified by chromatography or distillation. A
>disadvafntage with this approach is that ketone 51 was volatile' and very hard to
completel&r purify by flash chromatography so following this protocol also led to ioss of
product via evaporation. The reduction of the ketone occurred with 2-2.5 equivalents of
isamarium iodide over a time period of two hours. The yields reported for this method
when qorﬁbined over the three steps Was 26%.
| The approach found to work best in this work combined parts of the other
methods by removing the metal salts before the bromine reduction and roughly purifying
the ketone with a quick column to remove many of the contaminants. This approach did
not involve distillation of the furan from potassium hydroxide before the [4+3]

cycloaddition, because the distillation did not seem to add any benefit when performed.
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Experimental

General Procedure

Proton nuclear magnetic resonance (‘H NMR) spectra were recorded at 250 MHz
on a Bruker DRX 250 spectrometer, at 300 MHz using a Bruker DRX 300 spectrometer,
or at 500 MHz on a Bruker DRX 500 spectrometer as indicated and are reported in parts

per million (8). 'H NMR spectra were obtained in deuterated solvents and were
referenced against the residual protic solvent signal as follows: chloroform-d (5 7:26).
Carbon 13 nuclear magnetic resonance (°C NMR) spectra were recorded at 62.5 MHz
using a Bruker DRX 250 spectrometer, 75 MHz on a Bruker DRX 300 Spectrometer, or
at 125 MHz on a Bruker DRX 500 spectrometer as indicated anci are reported in parts per
million (8). 1°C spectra were obtained in deuterochloroform solution and were referenced
against the deuterdchlorofqrm carbon signal (6 77.16). Infrared spectra were recorded on
a Perkin-Elmer 1600 series FTIR spectrophotometer as neat samples. Reactions ‘were
monitored by thin layer chromatography (TLC) using E. Merck precoated silica g;I 60 F-
254 (0.25 mm) plétes. The plates were visualized by immersion in a para-anisaldehyde -
' splutidn and warming on a .hot plate. Flash chromatography was performed using
Sorbent Technologies silica gel 60 A (32-63 pm) mesh or 60 A (63-200 pm) mesh
according to the method reported by Still.*!

- Unless otherwise stated, all experiments were run in oven—driea or flame-dried
glassware under an argon atmosphere using anhydrous solvents. The solvents'were dried

and distilled as indicated below. Tetrahydrofuran and diethyl ether were purified by

distillation ' from sodium. Diisopropylamine and dichloromethane were purified by
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To 3-necked flask equipped with a reflux condenser, a mechanical stirrer, and an
addition funnel, zinc (58.3 g, 891 mmol), aﬁhydrous ammonium chloride (48.4 g, 905
mmol), and copper(I) chloride (9.0 g, 91 mmol) were added respeétively.h While stirring,
the solid mixture was flame dried under argon to remove all water and activate the zinc.
When the flask had cooled to room temperature, anhydrous methanol (153 mL) was
added and the solution was cooled to —78 °C. The.ll(etohe from the [4+3] cycloaddition
was dissolved in anhydrous methanol (44 mL) and added dr’épwise to the solid mixture
over 3.5 h via tﬁe addition funnel. The reaction mixture was then stirred for 13.5 h at
- room temperature before being quenched with water. The metal salts was filtered off,
Dichloromethane was added to the filtrate and the layers Werg separated'. The organic
layer Was washed with brine then the combined aqueous layers were washed with
dichloromethane. The combined organic phases were dried over magnesium sulfate,
filtered, and evaporated in vacuo. The compound was punﬁed by flash chromatography
on sﬂlca gel (hexanes-ether, 7: 3) to give a yellow oil (8 54 g). R¢ 0.38 (hexanes: ethyl
acetate, 4:1); IR (film) 3083, 2961, 2904, 2874, 1705, 1591, 1462, 1449, 1377, 1347,
1244, 1185, 1149, 1084, 1040, 981, 955, 915, 885, 826, 720, 620, 571 cm’’; 'H NMR
(500 MHz, CDCls) 6 6.31 (dd, J = 6.0, 1.9 Hz, 1H), 6.28 (dd, J = 6.0, 1.5 Hz, 1H), 502
(dt,7=4.9,1.5, '1H), 4..8.5 (dd, J=4.9, 1.9 Hz, 1H), 2.80-2.73 (m, 2H), 2.30 (d, J=16.0
Hz, 1H), 0.97 (4, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCls) 6 207.4, 135.(;, 132.0,

81.9, 78.3, 51.7, 46.1, 10.2.
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.(lR, 3S, 4R, SS)-3-(4'-methoxy-benzquxy)-4-methyl—8-.oxa>-bicyclo[3.2.1]octan-6-one
(60) and (1S; 28, | 3R,  5S5)-3-(4-methoxy-benzyloxy)-2-methyl-8-oxa-
bicyclo[3.2.1]octan-6-one (60°): To a solution of the alcohol mixture (4.0189 g, 14.545
. mmol), 4 A ﬁoleculm sieves (7.1375 g, 247 mg per mmol of pyridinium ’ |
chlorochromate), and s.odium acetate (7.3780 g, 87.043 mmol) in dichloromethane (84.0
mL) pyridinium chiorochromate (6.44 g, 29.9 mmol) was added. The reaction was stirred
using a maénetic stirbar at room temperature for 65 min. Next the mixture was filtered
through sand an_d silica gel and the filter rinéed with &Chloroﬁethme. The organics were
concentrated under vacuum and purified by flash column chromatography on silica gel
(hexanes: ethyl acetate, 9:1) to give 1.764 g (44%) of 60’ and 1.579 g (40%) of ketone
60, both as white solids. The enantiomer excess of hydroboration (95%) W’as de’;ermined
by Yong Wang using °F NMR of the Mosher’s ester of the corresponding alcohol
derived from sodium borohydride reduction of ketone.

Anaiytical data for 60: mp 50-51 .°C; Rt 0.63 (hexanes-ethyl acetate, 1:1); [o]*p .
+32.9° (c 0.065, CHCls); IR (film) 3483, 2919, 2845, 1754, 1670, 1602, 1508, 14.6'1,
1355, 1302, 1243, 1173, 1079, 1026, 820 cm™; "H NMR (500 MHz, CDCls) § 7.23 (m,
2H), 6.87 (m, 2H), 4.82 (br d, J = 6.0 Hz, 1H), 4.53 (d, J = 11.0 Hz, 1H), 435 (d,J =
11.0 Hz, 1H), 3.84 (d, J = 4.0 Hz, 1H), 3.81 (s, 3H), 3.27 (td, J = 10.5, 5.5 Hz, 1H), 2.63
(dd, J = 18.0, 8.0 Hz, 1H), 2.14 (d,J = 18.0 Hz, 1H), 2.11' (ddd, T = 13.3, 5.5, 1.7 Hz,
1H), 2.04 (m, 1H), 1.90 (ddd, J = 13.3, 10.5, 4.0 Hz, 1H), 1.05 (d, J = 7.0 Hz, 3H); 1*C
NMR (75 MHz, CDC13) 0 214.1, 159.7,-130.6, 129.7, 114.3, 80.8, 75.0, 74.3, 71.1, 55.7,
42.4, 42.0, 36.1, 12.7, high-resolution MS (EI) calculated for C;¢Hz004 (M+) m/e

276.1362 found 276.1369.































