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ABSTRACT 

Osdllatoxin D is a nontoxic natural product found in tropical marine 
bluegreen algae which possesses antileukemic activity. This dissertation 
describes progress towards the synthesis of structurally advanced 
intermediates for the total synthesis of osdllatoxin D. The overall goal of this 
research is to test synthetic methodology aimed at streamlining the synthesis 
of advanced intermediates. This goal was achieved through several 
objectives. First, attempts were made o resolve antidpated problems with 
the introduction of y-lactone portion of osdllatoxin D. during the synthesis 
by the exploration of a novel carboxylic acid protection groups which could be 
removed under mild conditions. Second, attempts were made to improve 
the efficiency of a previously described synthesis of a major intermediate for 
the synthesis of osdllatoxin D. Third, an osdllatoxin D precursor bearing all 
of the carbon atoms of osdllatoxin D itself was prepared and used to test a 
hypothetical spirobicyclization reaction which would, if successful, have 
formed the complete central bicydic portion of osdllatoxin D. 
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CHAPTERI 

INTRODUCTION 

The twentieth century has proven to be a fruitful era in medidnal 
chemistry. Most compounds currently in use for the treatment of diseases are 
naturally occurring compounds isolated from a wide variety of plant and 
animal sources. Continued isolation and characterization of new naturally 
occurring organic compounds is needed to continue the development of 
drug candidates for medicinal purposes. However, most naturally occurring 
compounds are found in very small quantities which allow only limited 
analyses of their medically relevant biological activities. Thus, the total 
synthesis of naturally occurring compounds is often necessary to allow a 
thorough determination of a compound's biological activity. 

This dissertation describes progress towards the total synthesis of 
osdllatoxin D. This compound has been isolated from several species of 
bluegreen algae and has been shown to possess interesting antitumor activity. 
However, this compound has not been isolated in sufficient quantities to 
allow thorough biological testing. Thus, the quest has been to synthesize this 
complex compound and to thoroughly examine its biological activity. 



CHAPTER n 
BACKGROUND 

Historical Background 
Accounts of toxidty of sea hares, gastropod mollusks without shells, 

date to Roman times,^ but early attempts to characterize the toxin, initiated by 
Flurry in 1915,2 were few,^ and they shed no light on its chemical nature. At 
one time a cyanophyte was suspected to be the primary causative organism of 
dguatera, a disease assodated with outbreaks of fish poisoning in the tropical 
and subtropical pacific, thus leading investigators to examine the chemical 
composition of bluegreen algae. In 1967 Barmer found two lipid-soluble 
toxins that were present in the cyanophyte Schizothrix calcicola from the 
Atoll of Marakei, but neither toxin was fully characterized.* In 1975, Kato and 
Scheuer characterized the first toxins isolated from the sea hare Stylocheilus 
longicauda, which were several mono-, sesqui-, and diterpenoids, most of 
them halogenated and demonstrating high levels of biological activity. In 
addition, Scheuer was able to isolate aplysiatoxin (1) and debromo-
aplysiatoxin (2).5 In the late 1970's, Richard Moore reported the isolation of 
debromoaplysiatoxin (2) from a mixture of two cyanophytes belonging to the 
dass Osdllatoriaceae, Oscillatoria nigroviridis and Schizothrix calcicola.^ 
From this same mixture of algae, one year later, Moore isolated yet another 
major toxic component which was named osdllatoxin A (3), along with 



1: Aplysiatoxin - OH 
R=CH3, Xi=Br, X2=H 

2: Debromoaplysiatoxin -
R=CH3, X'j=X2=H 

3: Osdllatoxin A-
R=H, XjsXrt^H 

4:17-Bromooscillatoxin A -
R=H. Xi=Br, X2=H 

5:17.19-Dibromooscillatoxin A -
R=H, Xi=Br. X2=Br 

6: 19-Bromoaplysiatoxin-
R=CH3, Xis=X2=Br 

16:19,21-Dibromoaplysiatoxin-
R=CH3, X2^X35sBr 

small amounts of 17-bromo- and 17,19-dibromooscillatoxin A (4 and 5) along 
with 19-bromoaplysiatoxin (6)7 In addition to the Oscillatoria 
nigroviridis/Schizothrix calcicola algal mixture, Moore examined the blue
green alga Lyngbya majuscula, also in dass Osdllatoriaceae, and found that it 
contained aplysiatoxin (1) and debromoaplysiatoxin (2), and these compounds 
were implicated to be the causative agents of a severe contact dermatitus that 
affects swinuners and bathers during the summer months in Hawaii.6/8 As 
mentioned above, these two toxins were first isolated by Kato and Scheuer 
from a sea hare that was subsequently found to feed primarily on L. 
majuscula. Debromoaplysiatoxin (2) is also present in other blue-green algae 
belonging to the Osdllatoriaceae class. For example, 2 was isolated from a 
mixture of two blue-green algae found on the seaward side of Enewetak 
Island. Also found in that algal mixture was osdllatoxin A (3) and 31-
noroscillatoxin B (7) along with three brominated toxins (4,5,6).^ 

A spedes of algae that grows in the deep water on the pirmades in the 
lagoon of Enewetak Atoll in the Marshall Islands was found to contain, in 
addition to 2, two minor constituents, osdllatoxin Bl (8) and 30-
methyloscillatoxin D (9).!^ These compounds were also detected in other 
toxic Osdllatoriaceae, which grow on the seaward side of the Enewetak 
Island.^ In the seaward side mixture, 30-methyloscillatoxin D (9) and 
osdllatoxin D (10) were found to be minor constituents of the algal mixture. 



osdllatoxin D being --0.0005 percent by weight of the dried algal mass and 30-
methylosdllatoxin D being ~0.001%.lO 

OH OH 
7:31-Noroscillatoxin B -

R<=CHo, R2iHg=CHo, OH 
(mixture of epimers) 

8: Osciliatoxin B1 -
R'̂ =sCH3. R2=CH3. R3=OH 

9:30-Methyloscillatoxin D 
R=CH3 

10: Osciliatoxin D - R = H 

Structure Determination of 3Q-Methyloscillatoxin D 
and Osciliatoxin D 

Kato and Scheuer eluddated the gross structure of aplysiatoxin (1) and 
debromoaplysiatoxin (3) in 1974, using information obtained from chemical 
ionization mass spectroscopy, ultraviolet spectrometry, infrared spectroscopy, 
and proton nudear magnetic resonance spectroscopy (̂ H-NMR) applied to 
the natural compoimds and to various degradation products from them.5 
Careful examination of the IH-NMR data of various degradation products 
allowed Kato, et al., to propose the gross structures and relative 
stereochemistry for the stereocenters of aplysiatoxin from C4 to Cn.̂ ^ Shortly 
thereafter, Moore, et al., reported the relative stereochemistries of the C12 and 
C29 centers, using difference nuclear Overhauser effect (NOE) experiments.^ 
They were also able to assign the absolute configuration at C15 by comparing 
the circular dichroism (CD) spectra of debromoaplysiatoxin and osdllatoxin A 
with those of compounds 11-13. The CD spectrum of debromoaplysiatoxin in 
ethanol exhibited a positive Cotton effect, almost identical with the CD 
spectrum of (R)-(-)-noradrenaline hydrochloride (11). The alkaloid (R)-(-)-
calepamine hydrochloride (12) also has a similar CD spectum, showing a 
positive maximum at 281 nm, and the CD spectrum of m-hydroxy-
substituted (R)-(-)- phenylephrine hydrochloride (13) was superimposable on 



those of 2 and 3, thus suggesting the same absolute configuration for Cl5 of 
the aplysiatoxins and the chiral center in 13. 

OH 
HcN 

^^f^^OCHg ^ f " ^OH 

OCH3 

12 

Osciliatoxin A (3) has a CD spectrum that is essentially identical to that 
of debromoaplysiatoxin (2), implying that the absolute stereochemistries of 
osciliatoxin A and debromoaplysiatoxin are identical. 

Acid hydrolysis of debromoaplysiatoxin and osciliatoxin A with 0.5 N 
hydrochloric acid in aqueous methanol produced the lactones 14 and 15, 
respectively. The y-lactone 15, from osciliatoxin A, had an optical rotation 
opposite in sign to that of (S)-(-)-3,4-dihdroxybutanoic acid lactone, 
synthesized from (S)-malic acid, thus implying that the C29 center of the 
aplysiatoxins has the R absolute configuration. The relative stereochemistry 
of the hydroxyl and methyl groups of the y-lactone 14 was concluded to be syn 
since C-3 Ha showed small coupling to the proton on C-4 and did not show W 
coupling to the proton on C-5 in the ^H-NMR spectrum. However, C-3 Hb 
showed large coupling with the C-4 proton and W coupling with C-5 in the 
iH-NMR spectrum, and this was also confirmed by 2D-NMR Techniques. 
Thus, the absolute configuration of the ten stereogenic carbons of the various 
aplysiatoxins are 3S, 5R, 7S, 9S, lOS, IIR, 12S, 15S, 29R, 30R. 

O 

i nu OH OH 

14 15 
The stereochemistry of these toxins was further supported by an X-ray 

crystallographic analysis of 19,21-dibromoaplysiatoxin (16) which was 
prepared by bromination of aplysiatoxin,^ and by the total synthesis of 
aplysiatoxin (1) .̂ 2 



Structural similarities between osdllatoxin A (3) and osciliatoxin D 
(10), and analogously between 30-methyloscillatoxin D (9) and 
debromoaplysiatoxin (2) can be visualized as shown in Scheme 1.1. One 
could envision that a P-ketoester tautomer, 17, of osciliatoxin A (3) could 
undergo an intramolecular aldol condensation to form the cyclohexenone 18 
which could then undergo an intramolecular 1,4-addition by the Cll hydroxyl 
group, followed by elimination to form the C8-C9 double bond, and 
lactonization of the C27-C30 moiety. This scheme represents a hypothetical 
transformation between the dioxaspirobicydic-containing aplysiatoxins 2 or 3 
and the oxaspirobicyclic-containing oscillatoxins 9 or 10. 

OH 2or3 

OCH, 
-HpO 

> ^ 

O i f ^ Q CHdO 

Scheme 1.1 

10: Osciliatoxin D-R=H O^ 
9: 30-Methyloscillatoxin D 

R=CH, 

Biological Activity of tiie Aplysiatoxins and Oscillatoxins 
Osciliatoxin A, debromoaplysiatoxin, and their brominated analogues 

are believed to be the agents responsible for severe contact dermatitis in 
swimmers exposed to algae containing them. The aplysiatoxins have also 
been shown to be potent tumor promoting agents (cocardnogens).!^ Because 
of their biological activity as tumor promoters, these compounds have 
attracted much attention. 1̂  Both the "A" oscillatoxins and the aplysiatoxins 
are highly toxic, however the "B" oscillatoxins and "D" oscillatoxins are not 
particularly toxic. Debromoaplysiatoxin and osciliatoxin A have 



demonstrated antileukemic activity against the P-388 cell line, however only 
at toxic levels.5/11/15 Richard Moore observed that osdllatoxin D was active 
against the LI 210 leukemia cell line, but thorough activity analysis was not 
obtained because insuffident material was available. 16 From the observation 
that Moore made, osciliatoxin D may exhibit enhanced biological activity with 
low toxidty. 

With these facts in hand, it would seem resonable to synthesize this 
compound for further biological testing, because multikilogram quantities of 
the algae are required in order to isolate milligram quantities of osciliatoxin 
D. Furthermore, the isolation of osciliatoxin D is lengthy and the algae is not 
available by fermentation, thus it can only be collected during occasional algal 
"blooms" whose occurrence cannot be predicted. The total synthesis of 
debromoaplysiatoxin and aplysiatoxinl^ have been reported, as well as a 
synthesis of 3-deoxyaplysiatoxin methyl etherl7 and 3-deoxydebromo-
aplysiatoxin.l8 Finally, a total synthesis of osciliatoxin D has been 
published. 19 

Other Synthetic Studies of the Aplysiatoxins and Osdllatoxins 
Kishi's group at Harvard University was the first to report the total 

synthesis of aplysiatoxin and debromoaplysiatoxin (scheme 1.2). 12 The 
synthesis featured the coupling reaction of the sulfone 19 with the epoxide 20 
followed by reductive desulfurization and O-methylation to furnish the 
cylohexylidene ketal 21. The C8-C21 synthon 21 is similar to our intermediate 

23. 

MPMO OTBS OMe 

9 

OSEM 

Kishi's intermediate 21 was then transformed into the terminal 
epoxide 22 in 2 steps. Treatment of 22 with the anion generated from the 
dithiane 24 yielded the alcohol 25. The add chloride derivative of the acid 26 
was then transformed into the ester 27 by treatment with alcohol 25. 



Through a serries of 5 synthetic steps, 27 was transformed into the p-keto thio 
ester 28. 

The macrodiolide and dioxaspiroundecane ring system of aplysiatoxin, 
in 29, was generated from 28 by using a macrolactonization method 
developed by Masamune.̂ O Finally, the hydrogenolytic deprotection of 29 
yielded aplysiatoxin. 

Me Me Me 

SOaPh 

A-V-O OMPM 

V - / 19 

THRO 

OBOM u 
ox OMPM OMe n 

s^ .s 

24 

OH OMPM OMe 

THPO 
Me Me 21 

21: X=cylohexylidene 
22: OX=epoxide 

OBOM OBOM 
BOM = benzyloxymethyl 
THP = tetrahydropyranyl 

"R" 

MPMO O 

OTBS 

2 6 =" R"CQH 

Vo 
1 1 0 OMPM OMe 
S^ ^S ? ? ? 

THPO 

27 OBOM 

O O O O OMPM OMe 

t-BuS 

OBOM 

OR OR 

29: X=H, R=BOM 

Scheme 1.2 

8 



Total syntheses of the unnatural 3-deoxydebromoaplysiatoxin (30) have 
also been reported, by two groups.17/18 jhe biological activity of 30 was shown 
to be comparable to that of debromoaplysiatoxin (2). 18 The synthesis of this 
compound by Toshima et al. utilized the protected C8-C21 tetraol 31, which is 
comparable to Kishi's intermediate 21 and to our intermediate 23.22 

In 1995, Toshima et al. reported the first total synthesis of osciliatoxin D 
and 30-methylosdllatoxin D (scheme 1.3).19 They started by synthesizing 
three different fragments which were brought together in a convergent 
manner to complete the total synthesis of these natural products. The C8-C21 
acetylene fragment 32 was prepared from D-glucose and 3-hydroxy-
acetophenone, and the C1-C7 tricarbonyl synthon 33 was synthesized and 
coupled to 32 to yield, after several more transformations, the C1-C21 
intermediate 34 . The acid group of 34 was then esterified, with each of the p-
hydroxy-y-lactones 14 and 15, yielding 35a and 35b. Compounds 35a and 35b 
were then subjected to hydrogenation with Lindlar's catalyst, yielding 36ab in 
moderate yields. An intramolecular Michael addition reaction of 36ab, using 
acid catalyzed conditions, generated the mixture of phenol protected 
osciliatoxin D analogues 37-39, compound 37 being the natural form of 
osdllatoxin D. The yields of the desired product 37a and 37b were poor and 



they were isolated as minor products from the cyclization reaction mixture. 
Compound 38 was the major product and it possessed the incorrect 
stereochemistry at C7. To finish the synthesis of osciliatoxin D, Toshima etal. 
subjected 37 to Raney-nickel catalyzed hydrogenolysis, which removed the 
benzyl phenolic ether in 36% yield. 

H^ 8 OTHP OMe 

35a: R=H 
35b: R=CH3 

OBn 

36a:R=H 
36b: R=CH3 

37a: (12%, natural form 
38a: (29%. 7S-isomer)) 
39a: (11%, 2R,4S-lsomer) 
37b: (7%, natural form) 
38b: (29%, 7S-isomer) 
39b: (12%, 2R,4S-isomer) 

OBn 

Scheme 1.3 

Toshima et al. stated that they synthesized osciliatoxin D using a 
possible biomimetic pathway (see scheme 1.1 for a similar step, discussed in 
the context of a transformation between osciliatoxin A and osciliatoxin D). 
However, their results from the key spirocydic ring dosure do not support 
this synthetic route as a biological pathway, as it seems likely that if it were 
the biomimetic pathway, then the stereoselectivity of the spirocyclization 
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would yield the correct isomer as one product, devoid of the other isomers, or 
at least as the major isomer. 

Progress Toward the Total Sythesis of Osdllatoxin D 
in the Walkup Lab 

Studies related to the total synthesis of osciliatoxin D have been 
ongoing in the Walkup laboratories. In 1990, Walkup and Boatman reported 
a model study where the ring dosure of 40 to spirobicyde 41 was 
accomplished (scheme 1.4).2l Although compound 41 had undesired 
functionality at C9, its formation provided us with confidence that a route to 
osciliatoxin D which featured the intramolecular addition of a C2 enol or 
enolate to an electropositive C7 center (42) might proceed to stereoselectively 
form the osciliatoxin D spirobicyclic system. 

TMSEO 

diisopropyethyllamine 
t-butvldimethvlsllvl triflate. 

DCM 

M*orH 

TMSEO 

41 
(major diastereomer 
of a 12:2:2:1 mixture, 
72% combined yield) 

42 

Scheme 1.4 
Boatman's synthetic route to compound 40 is outlined in scheme 1.5. 

Aldol condensation between the para-methoxyphenylmethyl (MPM)-
protected 5-hydroxy ketone 44 and the aldehyde 45, followed by oxidation to 
the p-diketone and removal of the 11-hydroxy protecting group, afforded 
alcohol 46 in good yield. Add catalyzed ketalization of 46 with concommitant 
dehydration, followed by removal of the MPM protecting group and 
oxidation, produced aldehyde 47, which was then reacted with the lithium 
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enolate of trimethylsilylethyl (TMSE) acetate (48) followed by oxidation to 
afford the p-ketoester 40. It can be recognized that utilizing aldehyde 49 
instead of 45 in this route would yield the complete C1-C21 skeletal system 
(50) which should cydize, according to Boatman's precedent, to yield a 9-
oxygenated osdllatoxin D analogue (see 41). However, modification of 
Boatman's spirobicyclization methodology could perhaps generate a bicyclic 
intermediate from which the Cg oxygen could be removed. This dissertation 
reports the synthesis of 50 and attempts to cydize it, using Boatman's 
conditions and other conditions. 

In order to synthesize osciliatoxin D using a route similar to 
Boatman's, it was necessary for the C9-C21 aldehyde 49 to be synthesized. In 
1991, Kane developed such a synthetic route, which proceeded via the 

''.. 
/ o OR 

'Xi: W 
MPMO cr^ i I 

44 
45 R= TBS 

or Bn 

MPMO 

40 

TMSEO 

48 

X 

Scheme 1.5 
SEM = trimethylsilylethoxymethyl 
TBS= t-butyldimethylsilyl 

Bn= benzyl 
TMSE= trimethylsilylethyl 
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49 OR' 
R=TBSorTES OSEM 
R'=SEM 

aldehyde intermediate 23.̂ 2 Kane's synthesis is outiined in scheme 1.6. It 
includes the synthesis of two intermediates, 55 and 58. The aldol addition of 
the boron enolate of the N-propionyl derivative of one of Evan's chiral 
oxazolidinones (51) with the para-methoxyphenylmethyl (MPM)-protected P-
hydroxy aldehyde 52,23 followed by esterification, yielded methyl ester 53 in 
moderate yield (40% for the two steps). Ester 53 was then reduced to the 
corresponding alcohol and O-mesylated to yield 54. Displacement of the 
mesylate with iodide followed by silylation of the secondary alcohol yielded 
iodide 55. The intermediate 55 was synthesized in eight steps and 19% overall 
yield from compound 52. 

A C14-C21 intermediate 58 was then synthesized starting with meta-
hydroxy acetophenone 56. The phenolic functional group of 56 was protected 
with the trimethylsilylethoxymethyl (SEM) ether protection group, yielding 
compound 57. Compound 57 was then converted into the corresf)onding N-
cyclohexyl imine 58. The intermediate 58 was synthesized in two steps in an 
overall yield of 73%. 

13 



o o 
MPMO O MPMO OH O 

OMe 

51 

MPMO OTBS 

52 

55 

53 

11 MPMO OH 
13 

9 > r ^ r ^ O M s 

54 

NHCgHii 

OH 
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57 

MPMO 
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Scheme 1.6 

OTBS 

60 

OSEM 

58 

OH 

'^^^V^ 

OSEM 

Finally, imine 58 was coupled with iodide 55, yielding ketone 59 in 78% 
yield. Ketone 59 was then reduced by borane in the presence of Corey's chiral 
oxazaborolidine catalyst^ ,̂ yielding the alcohol 60 in 74% yield and >92% de. 
O-Methylation of the alcohol 60 yielded 23. Deprotection of the C9 carbinol, 
then oxidation yielded compound 49 in 75% yield. Overall, compoimd 49 
was stereoselectively synthesized by Kane in 15 steps in an overall yield of 5%. 
In this dissertation, studies aimed at achieving sigruficant improvements in 
the length and overall yield of the synthesis of 49 are reported. 
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Conclusion 

Osciliatoxin D is an interesting marine natural product that is the 
minor constituent of several bluegreen algae. Interest in this natural product 
is due to its reported antileukemic activity. However, thorough biological 
testing has not been achieved because of a lack of availability of the natural 
compound. Boatman has shown through a model study that the spirocydic 
ring system of the osciliatoxin D is achievable through a the p-keto ester 
intermediate 40. Kane developed a synthetic route for the C9-C21 aldehyde 49 
that would substitute for a model aldehyde 45 in Boatman's system to 
generate the complete skeletal system of osciliatoxin D, although lacking both 
the y-lactone moeity and the incorrect oxidation state at C9. However, the 
synthetic route to Kane's aldehyde 49 is limited in its practicality because of 
the 15 steps required to produce it and the low overall yield. 

The primary goal of this dissertation was to test synthetic methodology 
aimed at streamlining the synthesis of advanced intermediates for the total 
synthesis of osdllatoxin D. This goal was achieved through several 
objectives. First, attempts to resolve anticipated problems with the Boatman-
based work were studied. Second, attempts to improve or replace Kane's 
synthesis of 49 with a shorter, higher yielding and more selective synthetic 
route were made. Thirdly, Boatman's cydization was attempted using a 
precursor bearing the complete osdllatoxin D sidechain. Finally, a highly 
advanced osciliatoxin D precursor was prepared to test a hypothetical 
biomimetic spirobicyclization reaction. 
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CHAPTER m 
RESULTS AND DISCUSSION 

Potential problems associated with Boatman's model study indude 
antidpated difficulties in the introduction of the y-lactone moiety at the CI 
carboxylate at a late stage of the syntiiesis, after the formation of the 
spirobicyclic moiety. If the lactone group could be incorporated onto CI prior 
to the spirobicydization step, then the synthesis of osciliatoxin D would be 
more convergent, making the synthesis more practical. If such an early 
introduction of the lactone moiety was problematic, then an alternative 
investigation would be the development of a more labile protection group 
for the CI carboxyl functional group than the trimethylsilylethyl (TMSE) 
ester group used by Boatman. Below, we report results from both avenues of 
study. 

Based on the discussion above of Kane's synthesis of the C9-C21 
portion 49 of osciliatoxin D, it is evident that refinement in Kane's synthesis 
is needed in order to efficiently progress toward large quantities of the more 
advanced intermediates for the synthesis of osciliatoxin D. Several different 
synthetic schemes were examined, as discussed below. 

With the advanced C9-C21 intermediate 49 made available by a reliable, 
short, high-yielding route, discussed below, we could use it to address 
synthetic problems pertaining to the complete C1-C21 osciliatoxin skeleton. 

Indeed, we were able to apply Boatman's cydization to the precursor 50, 
bearing the complete osdllatoxin D sidechain. As discussed below, this 
experiment yielded a complex mixture of compounds that were very difficult 
to separate and characterize. 

Lastiy, a different approach to the synthesis of the osdllatoxin D 
skeletal system was investigated. This synthetic route used a highly advanced 
osciliatoxin D precursor that would hopefully demonstrate the formation of 
the osdllatoxin D skeletal system, and also demonstrate what we feel is a 
hypothetical biomimetic pathway to the oscillatoxins. As discussed below, 
that investigation yielded inconclusive results. 
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Attempts at an Early Introduction of the C^y-Lactone 
Ester Group 

The introduction of the y-lactone moiety of osciliatoxin D presents an 
interesting challenge. Depending upon whether it is introduced before or 
after the spirocyclization step, the total synthesis route changes to become 
more convergent or linear, respectively. The original idea was to introduce 
the y-lactone group after the spirocyclization, making the synthesis linear in 
nature (scheme 3.1). However, there are some possible problems associated 
with this introduction because it is anticipated that the spirobicyclic portion of 
osciliatoxin D will be sensitive to many reaction conditions, including 
possibly those needed to remove the TMSE ester and to esterify the Ci 
carboxylate with hydroxylactone 15. Therefore, we focused on exploring 
methodology for introducing the butyrolactone functionality prior to the 
spirobicyclic formation. 

cx)nvergent o 

Osciliatoxin D <» 

I \ linear 

TMSEO 

< ^ 

TMSEO 

OH 

Scheme 3.1 

It was proposed that the y-lactone could be incorporated into the system 
by performing a Reformatsky or aldol reaction between a C3 aldehyde 62 and 
the enolate of 4-acetoxy-y-butyrolactone (61) (Scheme 3.2). Precedent for the 
formation of an enolate from an a-bromodiester derivative of a P-
hydroxyester comes from Ramig et al. who prepared 63 and showed that it 
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25 
could undergo intramolecular additions without elimination (Scheme 3.3). 
However, we would not be surprised if an elimination product were observed 
because of the differences in our proposed model 61 versus Ramig's. In our 
proposed model study we have two different types of addic protons, the 
lactone methylene protons, whdch when deprotonated would generate a 
thermodynamic enolate and the acetoxy a-protons that would form a kinetic 
enolate. We also have an intramolecular proton transfer reaction working 
against us, and intramolecular reactions occur much faster than 
intermolecular reactions. Thus, our idea was risky, but we embarked on 
model studies utilizing Ramig's methodology. 

CM 

Q 
o 

61 62 
X= OR. SR, or =0 

Scheme 3.2 

oxidize; 
cyclize; 
deprotect 

Osdllatoxin D 

'O o Zn, reflux 

63 

Et20, TMSCl 

scheme 3.3 

R' ^ -^ -OR 
O 7* 

R - - - - - O H " ^ O O 

70% JL A R 
15% 

Racemic 4-hydroxy-y-butanolide 15 was synthesized using two different 

methods. One metiiod^^ (scheme 3.4) started with malic add (64) which was 

transformed into dimethyl malate by treatment with a catalytic amount of 
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acid in methanol. Regiospecific reduction of the ester group adjacent to the 
hydroxyl group was accomplished with borane-dimethylsulfide and a catalytic 
amount of sodium borohydride, yielding 2,4-dihydroxybutanoic add. The 
dihydroxy acid was then treated with a catalytic amount of trifluoroacetic add 
in dichloromethane to yield the lactone 15. A second method (scheme 3.5) 
also utilized malic add as the starting material. It was converted to a mixed 
anhydride by a reaction with acetyl chloride at 40°C. The anhydride was then 
converted to the half acid/ester in quantitative yield by stirring in methanol. 
The half acid/ester was then converted to the 4-hydroxy butanolide by the 
chemoselective reduction of the ester group, producing 2,4-dihyroxybutanoic 
acid which spontaneously cyclized under addic conditions to yield the desired 
product in approximately 83% yield. These model preparations were carried 
out using racemic malic acid, but non-racemic malic acid is readily available, 
thus allowing for the synthesis of the nonracemic lactone, if necessary, for the 
osciliatoxin D synthesis. 

O O 

H C L ^ V ^ J L Q ^ 1) MeOH. Ĥ  QA^ 

O OH 2) a) leq IM BMS .5hr, 20°C N—( 
^4 b) NaBH4, .5hr O H 

c) MeOH (dry) excess, .5hr ^ - (79%) 
d) Workup 

3) TFA, CH2CI2 

Scheme 3.4 

O 
HO^^^^v^JL 1) AcCl. Reflux 1 

^ 5 H 2) MeOH. overnight \ / 
3) a) NaBHVt-BuOH. Reflux Q H 

64 b) MeOH. AcCl (HCl) ^ _ ,_ _^ . 
c) Workup 15(6J/o) 

Scheme 3.5 
The hydroxybutanolide 15 was then acylated to generate either the 4-

acetoxy (66) or the 4-bromoacetoxy (67) derivatives (schemes 3.6 and 3.7). 
Several different conditions were attempted for generating these products. 
The acetoxy derivative was generated by treatment of the lactone 15 with 
acetyl chloride and triethylamine (scheme 3.6). However, the yields were low 
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(39%) and an elimination byproduct (68) was also isolated. The yields of this 
reaction were improved by controlling the stoichiometry. Instead of using an 
excess of triethylamine, one equivalent of it was used, resulting in the desired 
product in approximately 70% yield with only a trace of the undesired 
elimination byproduct. 

1) Acetyl Chloride, TEA, ^ Q' 
R.T., CH2CI2 

""O H 2) Workup 

Scheme 3.6 
The bromoacetoxy derivative 67 was more difficult to generate than the 

acetoxy derivative. The conditions first attempted were to treat the 
hydroxylactone 15 with bromoacetyl chloride and one equivalent of 
triethylamine. However, the IH-NMR spectrum revealed two singlets (-1 
ppm difference), both assignable to the a-hydrogens of the acetoxy moiety. 
Analysis by mass spectrometry revealed the presence of the 3-chloroacetoxy 
butyrolactone 69 as well as 67. Apparentiy, the triethylammonium chloride 
byproduct was a source of chloride ion which displaced the bromide from the 
initially formed bromacetyl product 67 to yield the chloroacetyl product 69. 
Compound 69 could not be separated from the bromo derivative. This 
finding forced us to find examine new conditions that would yield only the 

1) Bromoacetyl Chloride,̂  Q 
leq TEA, R.T., CH2CI2 ' 

'OH 2) Workup 
67 

Scheme 3.7 

bromide derivative, since chloroacetates react more slowly than bromides in 

Reformatsky reactions. The alternate route of treating the hydroxylactone 

15 with bromoacetyl bromide, and one equivalent of triethylamine (scheme 
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3.8) was devised. However, these conditions gave a low yield of the desired 
product (25%) and no return of starting material. Treating the hydroxy 

1) Bromoacetyl Bromide, ̂  0 
leq TEA, R.T., CH2CI2 ' 

'OH 2) Workup 'O' 

Scheme 3.8 

lactone with the anhydride of bromoacetic acid (scheme 3.9), improved the 
yield to 80% and produced the pure product with relative ease. However, if 
the reaction was allowed to go for extended periods of time before workup, 
the elimination byproduct began to app>ear. 

1) Bromoacetic anhydridê  O 
leq. TEA, R.T., CH2CI2 ' 

(OH 2) Workup 

Scheme 3.9 

The acetoxy lactones 66 or 67 were subjected to aldol or Reformatsky 
coupling reactions with either isobutyraldehyde or benzaldehyde. The 3-
acetoxybutyrolactone 66 was treated with one equivalent of lithium 
diisopropylamide (LDA) at -78°C for 30 minutes (scheme 3.10), then allowed 
to react with one equivalent of either aldehyde at -78°C, followed by an 

1) LDA, -78°C, THF, Q / \ O 
30min. \ / '"ot ' 

2) isobutrylaldehyde or 

Denzaiaenyae, 00 ^Q 
^^ -78°C, THF, Ihr. 

benzaldehyde, 68 
-78°C, THF, Ihr. 

3) Aqueous workup 

Scheme 3.10 
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aqueous workup. This reaction resulted in a return of the starting material 
66, the formation of the elimination product 68, and no detection of the p-
hydroxy ester in the reaction mixture. 

Since the aldol addition did not show signs of working, the 
Reformatsky reaction of 67 was attempted, in the hope that a softer 
nucleophile (a zinc enolate) would react in the desired manner instead of 
undergoing competitive elimination to 68. The bromoacetoxy butanolide 67 
was treated with zinc powder in diethyl ether at refluxing temperatures with 
10% of the aldehyde present, then the remaiiung aldehyde was added to the 
reaction flask (scheme 3.11).̂ ^ The reactions attempted were allowed to 
proceed for various lengths of time, from 20 minutes to overnight, and the 
results in all cases were similar to those observed from the attempted aldol 

t>A^ 

1) Zn powder, Et20, Q 
reflux, 20min-ovemight, 

D 10% aldehyde, then 
addition of more aldehyde ^o 

2) workup "^ 
Scheme 3.11 

reaction. None of the desired product 70 was isolated, but a small amount of 
the starting material 67, a low yield of the acetoxy lactone 66, and a moderate 
yield of the elimination product 68 were detected in the reaction mixture after 
workup. The reaction conditions were rather harsh, thus we tried treating 4-

31 bromoacetoxybutryolactone with Reike Zinc, an activated form of zinc. The 

idea was to generate the zinc enolate at 0°C rather than at refluxing 
conditions, thus redudng the probability that the elimination product 68 
would form. Reike Zinc was generated by treating anhydrous zinc chloride 
with lithium metal and a catalytic amount of napthalene in dry glyme. The 
naphthalene acted as an electron carrier that reduced the zinc chloride to the 
activated zinc metal. Following the formation of the activated zinc, the a-

bromoester 67 was added at 0°C and then allowed to react with isobutyr-
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aldehyde. The products produced by this reaction were identical to those 
obtained from the previous reactions. 

Recentiy, samarium(n) iodide has been used for Reformatsky reactions 
with a-bromoesters and aldehydes to generate beta-hydroxyesters via electron 

32 transfer. Scheme 3.12 demonstrates our attempt to generate 70 from 3-

Y n 2.2eQ.SmI2. THF. fl.T. 
y^K^^^^Br isobutrylaldehyde or 

^j^ benzaldehyde ^-^ 
2) workup 

Scheme 3.12 

bromoacetoxybutyrolactone 67 and an aldehyde by treatment them with two 
equivalent of Sml2 in THF. The reaction mixture was stirred for varying 
lengths of time, from 20 minutes to several hours, yielding in each case the 
same results as obtained before. At this point it seemed apparent that the 
couplings of enolates of acetoxybutyrolactone to aldehydes were not going to 
work for the total synthesis of osciliatoxin D. 

Several reasons for the failure of this methodology can be explained 
based on the previously acknowledged problems discussed above. The 
intramolecular proton transfer reaction, to form a lactone enolate which then 
quickly underwent elimination , apparentiy proceeded much faster than the 
intermolecular reaction of the acetoxy enolate with the added aldehyde. 
Thus, the observed formation of the 68 came as no suprise. However, we had 
hoped that we could generate a less reactive enolate that would react 
intermolecularly with the aldehyde, generating the aldol product. 

Attempted Development of a Labile Carboxylic 
Acid Protection Group 

The spirobicyclic ring system of osdllatoxin D is predicted to be 
sensitive to acidic or basic conditions, thus it is important that after 
spirobicyclization, subsequent reaction conditions be as mild as possible. 

23 



Boatman had previously used a trimethylsilylethyl (TMSE) ester as the 
protection group for the carboxyl end of the precursor to the spirobycyclic ring 
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system (see Scheme 3.1). This protection group can be removed by 
prolonged treatment with a fluoride source such as tetrabutylammonium 
fluoride. It was hoped that we could develop a more labile protecting group 
than the trimethylsilylethyl group. We also hoped that a bulkier Cl ester 
protecting group would increase the stereoselectivity of the spirocyclization 
(see Scheme 1.4). Therefore, we explored the use of methyl substituted 
trimethylsilylethyl esters, such as 3'-trimethylsilylprop-2'-yl acetate 70, versus 
3'-trimethylsilyl-2'-methylprop-2'-yl acetate 71, in comparison with the 
unsubstituted trimethylsilylethyl acetate 72. 

70 71 72 

The principle behind the removal of the trimethylsilyl ethyl ester 
group is the P-effect, which predicts that a carbocation or carbocation-like 
center beta to a trialkylsilyl group is stabilized because of the electropositive 
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character of the silicon atom. It is a known fact that a secondary (2°) or 
tertiary (3°) carbocation is more stable than a primary carbocation. Therefore, 
it was conceivable that the secondary or tertiary esters 70 and 71, which 
feature both p-trialkylsilyl and 2° and 3° alkyl stabilizing effects, respectively, 
would be easier to remove, imder milder conditions and with shorter 
reaction times, than the primary ester 72. 

The three different silyl ethyl-based protection groups for the ester 
function were synthesized as the acetate esters 70-72 (Scheme 3.13). The 
primary silyl ethyl ester 72 was generated from commercially available 2-
(trimethylsilyl)ethanol by acetylation. The secondary silyl ethyl ester 70 was 
generated by treating acetaldehyde at with trimethylsilylmethylmagnesium 
chloride , followed by acetic anhydride. The tertiary silyl ethyl ester 71 was 
produced by treating ethyl -(trimethylsilyl)-acetate 76 with two equivalents of 
methylmagnesium chloride followed by workup to yield 2-methyl-(l-
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trimethylsilyl)-2-propanol 73. The alcohol 73 was then acetylated to generate 
the acetate derivative 71 in low yields. 

73 

( C H 3 ) 3 S i ^ ^ x a) AcgO, Et;̂ N . ^ H ^ Si ^ ^ X 
OH b) Workup 

72 

k . 1) leg. (CHASiCHoMgCL ( C H 3 ) 3 S k A ^ X 
THROoC. Ihr. ^ ^ O ^ THF, OoC, Ihr. 
2) leq Ac20, R.T. 2hr JQ 
3) workup 

(CH3)3sOLnc* l)-MiCH2MgCl^ ( C H 3 ) 3 s O K . A . 
'̂̂ ^ THF, 0°C-Reflux ^ 

76 2)2eq.DMAP, "̂ l (50% crude) 
1.7eq. Ac20 

Scheme 3.13 

The silyl ethyl esters 70-72 were coupled with isobutryaldehyde or 
benzaldehyde via aldol reactions, forming the P-hydroxyesters 77-79. For 
example, treatment of 2-(trimethylsilyl)ethyl acetate 72 with one equivalent of 
lithium diisropropylamide (LDA) at -78°C in THF generated the enolate 
which was allowed to react with the aldehyde, then worked up to yield the 
crude p-hyroxyester 77, as shown in scheme 3.14. The secondary acetate 70, 
under similar treatment, yielded the crude p-hydroxyester 78. However, the 
tertiary acetate 71, upon treatment with LDA at -78°C in THF followed by 
addition of an aldehyde, yielded a mixture of unidentified compounds in 
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which the anticipated aldol product 79 could not be detected by NMR analysis. 
We found that the crude P-hydroxy esters 77 and 78 could not be purified by 
chromatography because they apparently decomposed on silica gel, since no 
prodcut was detected in the chormatography eluent. It was found that the 
tertiary alcohol 73 and the tertiary acetate 71 decomposed upon storage, and 
that instability may explain why it was impossitle for us to 

TMS 

X I) LDA. -78°C.THF. 30min. j ^ ^ 
2) Aldehyde, -78°C 30min 
3) workup 

j f 1) LDA. -78°C.THF. 30mjn. _ ^ 
C^^^ 2) Aldehyde. -78°C 30min 

77 (98%) 

OH 

2) Aldehyde, -78°C 30min "'̂ ^^^^ ^^ ^^^^ ^ R 
_-| 3) workup 78 (98%) 

TMQ V t 1) LDA, -78°C,THF, 30mjn. ^^_ V f T" 
' " ^ ^ V X ^ S D - " ^ 2) Aldehyde, -78°C 30min ^^^^^^^^^^^^^^^^f^ 

72 ^̂  ^"'^P 79 (none isolated) 
Scheme 3.14 

generate detectable amounts of the tertiary p-hydroxy ester 79. However, the 
primary and secondary p-hydroxy esters 77 and 78 isolated from the crude 
product mixtures were relatively pure according to NMR data obtained. 
These relatively pure products were then used without purification in the 
next step. 

The esters 77 and 78 were treated each with tetrabutylammonium 
fluoride to determine which would undergo deprotection faster. The freshly 
prepared esters were dissolved in THF and treated with one equivalent of 
tetrabutylammonium fluoride (scheme 3.15) at room temperature. Aliquots 
of the reaction mixture were taken at timed intervals and diluted with 10 ml 
diethyl ether and washed with 2 X 10 ml portions of distilled water. The 
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80 

Scheme 3.15 

aqueous layer was then addified with aqueous HCl and extracted with diethyl 
ether. The organic fractions were dried and concentrated under vacuum. The 
resulting aliquots were analyzed by ^H NMR As expected, the product 80 and 
the starting material have some signals that are different, and the ratio of 
these signals could be determined. The amount of starting material 
measured at a given time interval was compared to that measured at the 
same time interval for the reaction of the other silylethyl ester, providing 
information as to which compound is deprotecting faster. This same 
technique was used for trials done at 0°C. 

Analysis of the ^H-NMR's revealed that the primary ester 77 
underwent complete deprotection in 7 hours, and that 18 hours were required 
for the complete deprotection of the secondary ester. We initially thought 
that the more substituted ester would undergo deprotection more efficientiy 
for the reasons discussed above. A possible reason for the observed results 
could be related to the conformational requirements of the transition state. If 
we assume that the trimethylsilyl group must orient itself anti to the 
carboxylate leaving group, in an E2-like transition state, then the relative ease 
with which the primary and secondary silylethyl esters can assume such anti 
conformations will help to dictate their relative ease of deprotection. 
Therefore, we can assume that the primary silylethyl ester favors the desired 
anti conformation while the secondary will not favor such an anti 
conformation because of steric hindrance between the methyl and the 
trimethylsilyl groups, as shown in scheme 3.16. Based on this consideration. 
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Scheme 3.16 

the elimination will occur much faster for the primary ester than for the 
secondary ester, as observed. With respect to the tertiary silylethyl ester 79, it 
is assumed that a rapid El process, which does not require any particular 
conformation, occurs spontaneously, since we observed decomposition of the 
ester 72 even upon standing. The results of these experiments led us to resign 
ourselves to the use of the TMSE protecting group at Ci for subsequent 
synthetic studies. 

Alternative Synthetic Route to the CQ-C21 Intermediate 
of Osciliatoxin D 

Kane's synthesis of the C9-C21 intermediate 23 possesses shortcomings 
which jeopardize its practicality for use in large-scale syntheses of 23 . First, 
the yields of the important asymmetric aldol reaction between 51 and 52 to 
produce 53 (Scheme 1.6) were only moderate. Second, Kane's yield for the 
conversion of 53 to the iodide 55 was only moderate. Hence, alternative 
synthetic routes to the C9-C21 portion of osciliatoxin D were considered, and 
modifications to Kane's route were made. One alternative route is shown in 
the retrosynthetic analysis in scheme 3.17. 

28 



GRiORg OMe OR1OR2 
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82 81 

Scheme 3.17 

OSEM 

85 

Roush demonstrated that by using a chiral crotylboronate 81 and a 
chiral aldehyde 82, compound 83 could be generated using a one step protocol 
with high stereoselectivity and high enantioselectivity.^ The stereo
selectivity of this particular reaction is governed by the steric interactions of a 
6-membered cyclic transition state, and the enantioselectivity is due to steric 
interactions in the cyclic transition state and also the interaction between the 
sp2 hybrid orbital of the carbonyl functionality of the tartrate moiety and the 
sp2 hybrid orbital of the aldehyde, as seen in scheme 3.18. Because of its high 
enantioselectivity and diastereoselectivity, this particular reaction is an 
attractive candidate for the synthesis of a C9-C14 intermediate of osciliatoxin 

D. 

RO-

OR 

i-! 
' " C H , 

Diastereoselectivity 
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Enantioselectivity 

Scheme 3.18 

Compound 83 was synthesized (scheme 3.19) by the conversion of 
commercially available (S)-methyl-3-hydroxy-2-methyl propionate into the 
aldehyde 82 by first protecting the free hydroxyl with f-butyldimethylsilyl 
triflate followed by the partial reduction of the ester using 
diisobutylaluminum hydride. Compound 82 was then reacted with the 
diisopropyl tartrate-Z-crotylboronate 81, yielding 83 in 90% yield and >95% de. 
The secondary alcohol in 83 was then converted to the benzyl ether 84 by 
treatment with sodium hydride and benzyl bromide. A corresponding 
intermediate in Kane's synthesis (C9-C13,54) required several more steps and 
an overall yield of 19%, thus this new synthetic route appeared promising, 
thus far. However, there still remained the challenge of the coupling of 84 
with compound 85 to generate the C9-C21 skeletal system of osdllatoxin D. 

i-PrOpO COpi-Pr 

TBDMSO O O D O ^ . TBDMSO OH 
D Toluene^ 

-78°C 

TBDMSO OBn 
a) NaHJJlF 

b) BnBr. Ô 'C 

84 
Scheme 3.20 
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Knochel has shown that terminal olefins can be converted into 
dialkylzinc reagents by using either of two different methods shown in 
scheme 3.21. The first method required that the terminal olefin be treated 
with cyclooctadiene, Ni(acac)2, and diethylzinc to yield the corresponding 
dialkylzinc 86.35 The second method generated the dialkylzinc by treating the 
terminal olefin with diethylborane followed by the addition of neat 
diethylzinc to afford 86.36 Knochel then demonstrated the asymmetric 
addition of such dialkylzincs to aromatic aldehydes, in the presence of a 
catalytic amount of (R,R)-l,2-bis(trifluoromethanesulfonamido)cyclohexane 
87, tetraisopropoxytitanium(IV), and 1 molar equivalent of the aromatic 
aldehyde to yield the alcohols 88 in -70% yield with greater than 90% ee, as 
shown in scheme 3.22. By using Knochel's methodology with the terminal 
alkene 84 and the aldehyde 85, an effident synthesis of the C9-C21 portion of 
osciliatoxin D would be achieved. 

Method I: 

2 R ^ ^ + Et2^ Neâ SO^C ^ L ^ ^ ^ +2H2C = CH2 
^ Ni(acac)2(1-2%moleeq.) \ /2 

COD (1-4% mole eq. 86 

Method II: 

^ :̂. a) EtgBH. rt., 3 Hr. 

R ^ ^ b) Et^Zn " ®^ 

10min.0°C 

Scheme 3.21 

O
.N(H)Tf 

' N(H)Tf 

2 eq. TI(0-i-Pr)4, ^ 
toluene 

Scheme 3.22 
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Compound 84 was subjected to hydrozincation conditions using either 
of the methods described by Knochel, with the aim of yielding 89. No spectral 
data was obtained on the proposed intermediate 89 because of its reactive 
nature. Thus, it was assumed that the dialkylzinc intermediate 89 was 
generated and it was immediately reacted with 3-(trimethyl-silylethoxy-
methoxy)benzaldehyde 85 using the chiral diamine 87 as a catalyst. This 
reaction yielded a complex mixture of products, none of which could be 
identified. However, starting materials were detected in the reaction mixture, 
along with a trace amount of the C9-C14 alkane 92. There was no evidence 
that the desired product 91 was formed in this particular reaction. 

TBDMSO 9Bn a) Et.BH (neatj n-BDMS9 OBn \ ^^ 

^" ^^ b) Et2Zn (neat) I j| t^J 

O TBDMSO OH OH 
Ti(i-OPr)4, toluene 

89 + I :i " I 1 11 

O S E M Q , ^ 9̂  OSEM 
85 g^ N(H)Tf 

Scheme 3.23 

TBDMSO OBn 

92 

There are numerous possible reasons for the failure of Knochel's 
chemistry. One possible reason is that the protected carbinol functional 
groups in 84 interfered with the transmetallation reaction, or with the 
reactivity of the intermediate 89 by chelating witii the zinc or boron centers. 
Another possible reason for the lack of success can be attributed to the 
reactivity of the alkylzinc reagent 89. The neat diethylzinc reagent should be 
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handled in a completely inert atmosphere by using Shlenk lines. However, 
because this equipment was not available, handling of the diethylzinc reagent 
was done in a cruder fashion, thus allowing possible degradation of the zinc 
reagents. 

Because of the lack of success of the coupling reaction between 89 and 
85, after numerous attempts, we decided to abandon this synthetic route and 
to consider synthesizing advanced intermediates by more well-established 
routes. 

Convergent Approach to the Synthesis of CQ-C21 
Intermediate 23 

Several methods and strategies have been developed to provide access 
to polypropionate fragments which possess a high density of stereochemical 
information. Kane's synthesis of the C9-C21 moiety of the aplysiatoxins 
controlled the stereochemistry at the Cn and C12 centers using the Evans 
aldol reaction.37 Many chiral bicyclic systems with endocydic double bonds 
or/and other functions react with high fadal selectivity to yield 
stereochemical outcomes similar to those achieved by the Evans aldol 
reaction. For example, Vogel et al. used l,4-dimethyl-7-oxabicyclo-[2.2.1]hept-
5-ene-2-one, 95, in the highly stereoselective synthesis of polypropionate 
fragments with four stereogenic centers.38 

Vogel started with 2,4-dimethylfuran (93) which added to 1-cyanovinyl 
(l'S)-camphanate in the presence of Znl2 to yield the adduct 94 in 85% yield 
with a diastereomeric excess better than 95%. Alkaline hydrolysis of 94 
followed by treatment with formaline gave the nonracemic enone 95. 
Treatment of 95 with trimethylorthoformate and Montomorillonite clay gave 
the corresponding dimethyl acetal which was submitted to regio- and 
stereoselective hydroboration with an oxidative workup to yield the alcohol 
96. Benzylation of 96 afforded 97, the addic hydrolysis of which gave ketone 
98. Baeyer-Villiger oxidation with MCPBA followed by subsequent QXQ 
alkylation at the a-position yielded compound 99. Reduction with LAH then 
afforded the 1:1 mixture of diastereomers of triols 100 shown in scheme 3.24.. 
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98 99 100 
Scheme 3.24 

If one examines intermediate 100 carefully, they will find that with 
some modification in Vogel's synthesis, he could generate the C9-C14 
intermediate of osciliatoxin D. Thus, we embarked on a study of the modified 
Vogel route indicated in Scheme 3.25 to produce, hopefully in large 
quantities, the C9-C14 moiety of osciliatoxin D, 101. 
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11) a)KH 
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Scheme 3.25 
Before the bicydic system could be generated we had to synthesize 3-

methylfuran (107) as shown in scheme 3.26.̂ ^ Furan reacted with maleic 
anhydride to yield the bicyclic Diels-Alder adduct 104. Compound 104 was 
then brominated, followed by a thermal decomposition of the dibromide 105 
in quinoline at 220 ^C, yielding 3-bromofuran 106. Metalation of 106 followed 
by treatment with methyl iodide yielded 3-methylfuran (107), in 62% yield. 

^rCr O A 

102 103 

Q b) Mel 

106 * 107 ^^ 
Scheme 3.26 
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Treatment of 107 with 1-cyanovinyl (l'S)-camphanate in the presence of Znl2 

gave 109, as shown in Scheme 3.27. However, the regioselectivity was poor, 

as a 1:1 mixture of the two possible isomers 109a and 109b was obtained. 

Because of the poor selectivity of this reaction we examined the possibility of 

improving the selectivity by using the 3-bromofuran 106 as the dienophile. 

This reaction produced the same results: a mixture of regioisomers (110a and 

110b). These results suggest that Vogel's synthetic methodology can proceed 

stereoselectively only when 2-substituted furans are employed. 

•^^107 108 O"* OR* 
109a 109b 

^' 106 108 110a °"* ^ ' l l 0b°"* 

R*= (1 S)-camphanoyl 

Scheme 3.27 

The observed poor regioselectivity of the initial "Vogel cydoadditions" 
prompted us to abandon further consideration of the synthetic route to the 
C9-C21 portion of osciliatoxin D indicated in Scheme 3.25. 
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The Use of Various Chiral Auxiliaries in Asymmetric 
Aldol RpartinnQ 

With the failure of two novel synthetic routes aimed at the effident 
production of Kane's C9-C21 intermediate 23, we dedded to go back and take a 
look at his work. It seemed that if the yields of the aldol reaction could be 
improved, then Kane's synthetic route would be a more viable route. It was 
proposed that the Evan's asymmetric aldol reaction used by Kane was a 
mismatched system, according to Cram's rules.̂ O That is, Kane's aldol 
addition required that the "anti-Cram" product be formed, which was the 
case, thanks to the stereodirecting effect of the oxazolidinone chiral auxiliary. 

RO 

O R2BO O 

# PI 

RO' 

HO 

If 
o o 

H Ph 

"anti-Cram" 

However, the "anti-Cram" addition to the starting chiral aldehyde could have 
been countereffective in generating the desired aldol product in high yields, 
perhaps giving other diastereomers as unisolated byproducts. Assunung that 
this phenomenon is operative, it seemed reasonable that perhaps we could 
build the Ĉ -Ĉ g intermediate "from the other side," to take advantage of 
Cram's rules, by using an anti-selective asymmetric aldol reaction and thus 
enhance the yield of the aldol addition. This means that the Q carbon would 
be attached to the chiral auxiliary, and that the MPM-carbinol of the starting 
aldehyde would be the C13 carbon. Thus, we embarked on the study of 
forming the anti-aldol using Evans asymmetric aldol reaction, a reverse 
approach where chiral centers at Cio and Ĉ ,̂ not Ĉ^ and Ĉ ,̂ are set by the aldol 

addition. 
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"anti-Cram" 
(Kane's route) 

"Cram' 

The Evan's s ^ aldol reaction is a well known reaction and needs littie 
background describing the stereochemical outcome.37 However, for the sake 
of comparing it to the anti aldol reaction using the same chiral auxiliary, 
some explanation is necessary. The dialkylboron enolate of the 
oxazolidinone controls the stereochemical outcome in two ways, first by 
forming an intramolecular chelate with the carbonyl moiety of the aldehyde, 
and second, the steric interaction of the approaching electrophile is then 
directed by the steric interaction of the alkyl group on the auxiliary with that 
of the position of the boron enolate. It is also known that boron enolates 
favor the Z-configuration, yielding a syn aldol product when they react by a 
cydic transition state. However, when the aldehyde is precomplexed, prior to 
treatment with the boron enolate, with a large Lewis acid, the stereochemical 
outcome is changed, based on steric interactions between the Lewis add and 
the chiral auxiliary in an acyclic transition state.̂ ^ The chelate of the boron 
with the carbonyl moiety of the chiral auxiliary stays intact, offering a rigid 
system, and steric interactions are visualized more readily. Hence, an anti-
product is obtained when one precomplexes the aldehyde with a bulky Lewis 
acid, such as chlorodiethylaluminum. When a smaller Lewis acid is used, 
such as tin(IV) chloride, the interactions are less substantial, and the syn aldol 
product remains the major product. 
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The N-propionyl (S)-benzyloxazolidinone 111 was treated with 
dibutylboron triflate and Hunig's base to generate the boron enolate. The 
enolate was then treated with the aldehyde 52, precomplexed with 
diethylaluminum chloride. The outcome of the reaction was a complex 
mixture of isomers that was very difficult to separate, and the overall yield 
was very poor. One explanation that could explain the observed mixture of 
products is that the p-alkoxy group of the aldehyde substrate interfered with 
the formation of the desired spatial arrangement of reactants, perhaps by itself 
complexing with the Lewis add. 

MPMO O 

H 

\ 

111 
Ph 

52 112 Ph 

The aldol product mixture containing compound 112 was obtained as a 
mixture of stereoisomers, and the separation of these compounds was 
extremely difficult. Hence, we decided that the problems assodated with this 
route were similar to those encounted in Kane's route and that a more 
extensive study of the original aldol reaction used by Kane, or of an 
alternative chiral auxiliary, should be made. 
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Oppolzer and coworkers demonstrated that asymmetric aldol reactions 
using the sultam 113 as a chiral auxiliary proceeded in good yields and with 
high diastereoselectivities (Scheme 3.28).42 This system is similar to that of 
the Evan's chiral oxazolidinones, but because of the rigidness of the biocyclic 
system, the products tended to be crystalline, and it was hoped that, at least, 
the desired aldol product could be isolated more easily, by crystallization, than 
could the oxazolidinones developed by Kane. 

2b 
113 

NH 

114 

a) R2BOTf. DIPEA 
b) RiCHO, -78°C 

O OH 

N^V^R, 
SO^ R 

" ^ O OH 
a) n-BuLi. THF^ ^ 3 ^ ^ M ? 

-7800 ' /X^r rS^R, 
b) RiCHO. -780c 43Q< R 

Scheme 3.28 

> 

O OH 
X r r M R i 

R 

Propionyl sultam 114 was treated with dibutylboron triflate and 
Hunig's base at 0 Ĉ to generate the boron enolate. This enolate was then 
treated with the aldehyde 52, yielding the desired aldol product 115 in 
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relatively high enantioselectivity, but poor yields (37%). The §yn aldol was 
separated from the other stereoisomers by crystallization. Optimization of 
this particular reaction by varying the types of boron triflates (dibutylboron 
versus diethylboron), and by varying the addition rates of the aldehyde, was 
attempted. The outcome of these subtie changes only reproduced the 
previously observed results. We then tested the same boron enolate with 
benzaldehdye. The results were identical to those published by Oppolzer (92% 
yield, >95% ee) for the same reaction. These results suggest that, once again. 
Cram's rules may be competing with the ability of the sultam to act as a chiral 
auxiliary to yield the desired product in high yield. 

o MPMO o / r 7 Q IQHPMPM 

^y^H 
114 52 

Finally, we reexamined Kane's synthetic route with the aim of possibly 
improving the yield of the Evans aldol step and using some alternative 
reactions to shorten the length of the synthesis. In Kane's synthesis of 23, 
when commercially available dibutylboron triflate was used in the 
asymmetric aldol reaction, the yields were low and the stereoselectivity 
seemed to be only moderate. It was proposed that the • commerdally available 
reagent could be partially hydrolyzed, as these boron triflates are very 
moisture sensitive. Thus, diethylboron triflate was freshly prepared in situ. 
so that the reagent was not given time to react with any residual moisture 
prior to being used for the aldol addition. By making this simple adjustment 
to the aldol reaction the yield of the product 116 was raised to 79%. 
Furthermore, in Kane's route, the aldehyde 52 was generated by a Swern 
oxidation of the alcohol 117 in low yields and possibly contaminated by 
triethylammonium salts. Therefore, the aldehyde 52 was prepared by the 
partial reduction of the ester 118^3 using DIBAL-H. Yields of the aldehyde 
were dramatically increased using this method. If the aldehyde prepared by 
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the partial reduction was allowed to stand as a neat mixture for several hours, 
then the yield and selectivity of the subsequent aldol reaction was greatiy 
decreased. 

MPMO O MPMO OH 

51 52 

MPMO OH 

116 

V 
117 

MPMO O 

Y Ome 

118 

Once the boron enolate of 51 was generated, using freshly prepared 
diethylboron triflate, it was then cooled to -78° C, then a solution of the 
freshly prepared aldehyde 52, in dichloromethane, was added over a period of 
1 hour. The reaction was then allowed to stir for several hours at zero 
degrees, then it was allowed to warm to room temperature. At this point the 
reaction was not allowed to stir for more than one hour, because the yield of 
the aldol product seemed to decrease after prolonged stirring at room 
temperature. Thus immediate workup yielded the aldol 116 in much higher 
yield and with much improved selectivity (~75% yield and ~85% e.e.) than 
previously observed by Kane. 

The optimization of this asymmetric aldol reaction gave us hope that 
large quantities of the C9-C21 intermediate of osciliatoxin D could be 
generated. 
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Improved Synthesis of CQ-C21 Intermediate 23 of 
Osciliatoxin D 

Having improved upon the yield and selectivity of the Evans aldol 
reaction used as an early step in Kane's synthesis of 23, we investigated ways 
to further improve the effidency of the route. In particular, we looked for 
ways to shorten the synthesis of the iodide 55, a key intermediate in Kane's 
synthesis. 

First, conversion of the acyl oxazolidinone group to a primary C13 

alcohol required two synthetic steps in Kane's route (116 to 119, Scheme 3.29). 

We found that we could effidentiy silylate the p-hydroxy group of 116 to form 

120, then apply Pennings recently reported reductive cleavage procedure to 
120 to yield the alcohol 121.44 Attempts by Kane to achieve this 
transformation met with failure, leading Kane to pursue a lengthier route to 

55. 
Kane: 

I) NaOMe. DCMiMeOH. MPMO OH 
0°C, 30 min., (83%) 

MPMO OH 

116 

RaSiOTf MPMO 

ii) DIBAL-H. DCM, 
0°C (89%) 

New Route 
OSiRa 

119 

R= Et or 
(tBu)Me2 

iii) LiBH4 (0.7M THF sol.). 
1 mole eq. EtOH. ether. 

0°C. 2hr. (78%) 

120 

MPMO OSiRa 

121 
Scheme 3.29 

Kane used three steps, shown in Scheme 3.30, to convert the diol 119 to 

the Iodide 55. We were able to shorten the synthesis by subjecting the alcohol 
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121 to a protocol developed by Corey using triphenylphosphine and iodine, 
which yielded the iodide 55 in >98% yield.45 The iodide 55 was separated 
from triphenylphosphine oxide in the crude reaction mixture by disolving 
the crude material up into hexane, in which only the iodide 55 was soluble, 
and filtering the mixture through a pad of silica gel, an isolation of pure 
product in a manner much simpler than the tedious workup used in Kane's 
iodination. Thus, in 6 steps from commerdally available starting materials, 
iodide 55 was isolated in dramatically improved yields (overall 62%) 
compared to Kane's route that required 8 synthetic steps and went in 
substantially lower yield (overall 31%) to achieve the same intermediate 55 
(scheme 3.30). 

Kane: 

MPMO 

119 

MPMO OSiR 

121 

1) MsCI, EtgN. DCM, o°C 
2) Nal, acetone, reflux 
3) RgSiOTf, EtgN. DCM 

New Route: 

1) PhoP. Imidazole. DIP/^ 
jg, PhH:Ether(1:2). Rt. 

30 min. 

Scheme 3.30 

MPMO OSiRa 

55 R= Ethyl 
or 

R= t-butyl. dimethyl 

The iodide 55 was then coupled with the aromatic portion 58 of 
osciliatoxin, which was synthesized in two steps from jn-hydroxy-
benzophenone shown in scheme 3.3123. The lithium anion of imine 58 was 

1)SEMCI, ET3N. 
DCM, 0°C. 

30 min. 
2) cylcohexyl amine 

PhH, 4A M.S., 
IShr 

Scheme 3.31 
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generated by the addition of LDA in the presence of one molar equivalent of 

hexamethylphosphoramide, and reacted with the iodide 55. Workup 

followed by mild acidic hydrolysis yielded the ketone 122 in 88% yield, as 

shown in scheme 3.32. The asymmetric reduction of the prochiral ketone 122, 

a) 1 eq. LDA, THF, 0°, 30 min. M P M O OR 

1 eq. HMPA 
b)55,-78°C-r.t., 10 hr 

c) pH 4 buffer, 2 hr. 

Scheme 3.32 

122 
R = TES 

or 
TBDMS 

OSEM 

using a catalytic enantioselective method was achieved using Corey's 
oxaborolidine 123 as a catalyst in conjunction with borane, yielding the chiral 
secondary alcohol 124 in 89% yield and in >95% e.e..24 The chiral alcohol was 
then methylated using Ireland's recipe,^^ yielding the the C9-C21 sidechain 
(125) of osciliatoxin as one enantiomer (95%), as shown in scheme 3.33. The 
intermediate 125 was thus synthesized in nine steps and in 36% overall yield 
from commercially available methyl-3-hydroxy-2-methylpropionate (118), as 
compared to eleven steps required in Kane's synthesis with an overall yield 
of 7.4%. 

Ph o ̂  
^ N . .0 

Ph 

^B' 

123 

MPMO OR OMe 

OSEM 
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1)BH3-THF, Ether, 
124 .2eq 123, 0°C. 2hr. ^ 

2)a)KH,THF,0°-r.t., Ihr 
b) Mel, 0°C, 2hrs. 

MPMO 

Scheme 3.33 

OMe 

OSEM 

Removal of the MPM protecting group from the 9-hydroxyl oxygen of 
125 was straightforward (Scheme 3.34). Treatment of the methyl ether 125 
with an excess of dichlorodicyanoquinone (DDQ) yielded the alcohol 126 in 
89% yield. The primary alcohol was then deanly oxidized to the aldehyde 127 
by the conditions developed by Swern. We also demonstrated that the 
oxidation of the alcohol 126 using Dess-Martin's periodinane 128, 
transformed the primary alcohol to the aldehyde 127 with greater ease. Both 
oxidation reactions went in quantitative yields, however the Dess-Martin 
periodinane generated a deaner product and involved a much easier workup 
than the Swern oxidation.̂ ^ 

HO OR OMe 

OSEM 

125 

1) DDQ, DCM:pH 7 buffer 
r.t., 30 min. 

! » 

2) Swern [O] 
or 

Dess-Martin [O] 

Scheme 3.34 

OMe 

127 
R = TES 

or 
TBS 

OSEM 
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Aldehyde 127 was synthesized in 13 steps and 32% overall yield from 
118. This compares favorably with Kishi's synthesis of the C8-C21 
intermediate 21 (24 steps from (-)-diethyl D-tartrate, 12% overall yield), and 
Yamamura's synthesis of the C8-C21 intermediate 32 (15 steps, 14% overall 
yield), and finally Kane's C9-C21 intermediate 23 (15 steps, 6.6% overall yield). 

0 

P 
^l-OAc 

AcO OAc 
128 

Synthesis of Advanced Intermediate 149 to Test Boatmans's 
Spiro-cyclization Methodology 

With large quantities of 125 in hand, we were able to synthesize 
advanced intermediates that would be used to test the methodology 
developed by Boatman to generate the spirocydic moiety of osciliatoxin D. 
The lithium enolate of ketone 44 (previously synthesized in our labs by 
Boatman using the route shown in Scheme 3.35)̂ ^ ^^s found to undergo an 

HO O l)MPMimidate MPMO 
Y ^ O M e DCM. PTSA, k ^ , 

' 2) LAH, THF * 
3) Iodination 129 

O MPMO O 
a)KH,THF,r.t.. 1hr. ^ V ^ N < ^ 

b)Et3B. 0°C. 30 min. 1 ^ 
c) 129.THF,0°C,3hrs 44 

Scheme 3.35 

effident aldol reaction with aldehyde 127, resulting in the formation of the 
alcohol 130 (Scheme 3.36) as a mixture of C9 epimers. The epimeric alcohol 
130 was then oxidized using the Dess-Martin periodinane, yielding the p-
diketone 131 in nearly quantitative yields. 
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a) LDA, THF,-78°C MPMO 

b)127, THF,-78°C ^ Y 
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0 OH OR 
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or 
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OMe 

Dess-Martin [O] 

0 0 OR OMe 

131 

Scheme 3.36 
OSEM 

21 
OSEM 

Subsequent deprotection of the Cn silyl ether resulted in the isolation of the 
alcohol 132 in 88% yield, when the silyl ether was a triethylsilyl ether. 
However, if the Cn hydroxyl group in 131 was protected as the t-butyl
dimethylsilyl ether, then it was very slow to react with fluoride and an 
elimination side reaction occurred predominatly to form the a,p unsaturated 
diketone 133 . 

MPMO O O OH OMe 

..3- tetrabutylamonium-
fluoride. 132. (27%) ^sEM 

THF 
MPMO O O OMe 

133 (60%) OSEM 

The poor deprotection of the TBDMS ether forced us to reexamine the 
protection scheme of compound 125, so that 132 could be synthesized in a 
more effident manner. Boatman had encountered the same problem with 
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his model compound 46 and had turned to the benzyl ether protection group. 
This particular protection group is orthogonal to the MPM ether, making it a 
practical choice for a protection group. However, there was the potential 
problem with the C15 benzylic ether in intermediate 125, possibly undergoing 
cleavage under conditions usually used to remove the benzyl ether group. To 
examine the potential use of the benzyl ether protection group, a study to 
determine its compatability with a Ci5-like methyl ether was made. Sec-butyl 

benzyl ether (134) was mixed with one molar equivalent of l-(ni-
[trimethylsilylethoxy-methoxy]-phenyl)ethyl benzyl ether (135) and Raney 
Nickel in ethanol. The reaction mixture was allowed to react under 40 psi of 
hydrogen gas for 2 hours. Analysis of the reaction mixture indicated that 134 
was the only starting material to undergo hydrogenolysis; workup and 
chromatography returned compound 135 in 99% yield. Hence, the benzyl 
protection group is a likely candidate for the new protection scheme. 

OMe 

' ^ P h i 

134 

It seemed most resonable to introduce the benzyl protecting group at a 
later stage in the synthesis, being that we had multigram quantities of the C9-
C21 intermediate 23. First, we had to remove the Cn TBDMS ether. What we 
thought would be a simple procedure turned out to be a major headache. On 
exposure of 23 with tetrabutylammonium fluoride, we found that the 
TBDMS protection group was very slow to react. Furthermore, with 
prolonged exposure to tetrabutylamonium fluoride, we found that the SEM 
protection group of the phenolic hydroxyl group began to hydrolyze, yielding 
compound 136. Thus, we tried several different deprotection schemes in 
hopes that we could remove the TBDMS protection group more readily. It 
just happens that we were unable to remove this protection group without 
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deprotecting the SEM protection group at the same time, yielding compound 
137. Consequentiy, we had to go back to the start and introduce this benzyl 

MPMO OTBS OMe 

136 

MPMO OH OMe 

137 

protection group on the asymmetric aldol product (116). If a strong base was 
used we found that a retro-aldol reaction occurred. Thus, the benzyl 
trichloroacetimidate was explored (Scheme 3.37).48 We were unable to 
benzylate this secondary alcohol using the imidate, probably due to steric 
effects from the large organic moieties adjacent to the alcohol on both sides. 

MPMO 

116 

NH 
11 

BnO CCI3 

PTSA, DCM 

Ph 

Scheme 3.37 

No Reaction 

Finally, compound 23 was treated with dichlordicyanoquinone to 
expose the primary C9 alcohol, followed by treatment with tetrabutyl
amonium fluoride, yielding the diol 138 . The diol 138 was then treated with 
triethylsilyl triflate followed by benzylation of the Cn hydroxyl group, 
yielding compound 139 (Scheme 3.38). The removal of the MPM group 
apparently altered the reactivity of the Cn TBDMS ether protection group. 
Upon treatment with tetrabutyl ammonium fluoride, the silyl group 
hydrolyzed within a matter of minutes, yielding the diol 138. In the earlier 
experiments we found that it was very difficult to remove the TBDMS 
protection group with MPM ether intact. Thus, one might speculate that the 
slow deprotection of the TBDMS ether was a direct result of the steric 
interactions of the large p-methoxybenzyl ether moiety. 
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MPMO OTBS 9"^® 1) DDQ ^ ^ ^ ^ ^^^ 

2) TBAF 

138 

OSEM 

1)TES0Tf, EtgN. 
DCM 

2) BnBr. KH. THF 

Scheme 3.38 

138 OSEM 

TESO OBn QMe 

139 OSEM 

One drawback to the introduction of the benzyl protection group is the 
addition of four extra synthetic steps by performing the double deprotection 
and double reprotection to an already lengthy synthesis. Thus, before going 
on any further with the introduction of the benzyl protection group, we 
explored the use of a triethylsilyl (TES) ether protection group. Triethylsilyl 
ethers are 100 times more labile than the TBDMS analogs and 100 times more 
stable than trimethylsilyl ethers. Thus based on its stability, it was our belief 
that the TES ether could be used in place of the TBDMS ether. Furthermore, 

there are no additional synthetic steps required to introduce this protection 

group. Hence, the synthesis of 125 would be exactly the same as described in 
section 3.5, also shown in scheme 3.39. 

MPMO OTES OMe 

125 OSEM 

MPMO 

116 

1)TES0Tf.TEA, 
DCM. 0°C 

2)LiBH4, leq. EtoH 
ether, 0°C, 2hrs 

3) PhgP, ImidDIPEA. 
I2, PhH:Ether(1:2) 

MPMO OTES 

55 
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123=V.N. .0 

Ph 
Ph 

B 
I 

125 1)BH3, THF, cat. 123 
0°C, 2hr 

2a )NaH. THF 
2b) CH3l.0°C 

a) Li+ Imine of 58. HMPA. 
THF,-78°C. 12hrs. 
b) pH 4 buffer, 2hrs. 

MPMO OTES 

122 OSEM 

Scheme 3.39 

The aldol condensation between the C2-C8 ketone 44 and the TES-
protected C9-C21 aldehdye 127 was uneventful, yielding a mixture of C9 
epimers (140) in 81% yield. Oxidation of 140, using Dess-Martin's 
periodinane, yielded the p-diketone in 92% yield. The p-diketone was then 
treated with TBAF to remove the C n triethylsilyl ether group, generating the 
p-hydroxy diketone 141 in good yields (89%). Treatment of compoimd 141 
with a catalytic amount of camphorsulfonic add generated the dihydropyran 
142 in moderate yield (62%, Scheme 3.40). 

44 
a)LDA,THF.-78°C MPMO O OH QTES QMe 

b)127, THF,-78°C 
30 min. 

c) workup 

MPMO 

140 

142 

OSEM 
1) Dess-Martin [O] 

,,2)TBAF,THF. r.t.. 
15 min. 

^camphor-
sutfonic acid, 

dichbromethane 

OSEM 

Scheme 3.40 

OSEM 
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The MPM ether masking the C3 hydroxyl group in 142 was removed by 
dichlorodicyanoquinone oxidation. However, when this reaction was done at 
room temperature, a 1,4 addition reaction, to yield a mixture of diastereomers 
of the spiro ketal 143, occurred in 89% yield. Hence, modifications were made 

143 OSEM 

to prevent this spiro-ketalization side reaction. Compound 142 was treated 
with dichlorodicyanoquinone in dichloromethane and pH 7 buffer solvent 
mixture at zero degrees centigrate for two hours, followed by a careful 
extraction with dichloromethane, and washing with pH 7 buffer. This 
procedure prevented spiro-ketalization. The primary alcohol 144 was 
isolated as a crude product and carried on to the next step without 
purification to prevent spiro-ketalization from occuring on the silica gel of a 
chromatography column. Thus, subsequent treatment of alcohol 144 with the 
Dess-Martin reagent yielded the corresponding aldehyde 145 in 51% overall 
yield, along with 27% of the spiro-ketal 143. 

MPMO DDQ, 
O' OMc DCiVI: pH 7 buffer 

142 OSEM 144 OSEM 
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Dess-Martin [O] 

145 OSEM 

The aldol addition of the lithium enolate of trimethylsilylethoxy 
acetate 146 with the aldehdye 145 yielded the p-hydroxy ester 147 in 55% yield. 
If compound 147 was allowed to stand for prolonged periods, spiro-
ketalization occured to form compound 148. Compound 147 was then treated 
with the Dess-Martin oxidizing reagent, yielding the p-ketoester 149 in 70% 
yield. 

O HO 

TMSEO 

b) 145, THF, -78°C 
146 147 OSEM 

TMSEO 

148 OSEM 
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TMSEd 
^Mj Dess-Martin [O] 

O 

149 OSEM 

With the C1-C21 counterpart to Boatman's model 40, containing the 
complete osciliatoxin D side chain, in hand, we were able to test the 
methodology developed by Boatman for forming the spirobicyclic ring. The 
P-ketoester 149 was treated with t-butyldimethylsilyl triflate and Hunig's base, 
just as described by Boatman, in hopes that we would generate the 
spirobicyclic product 150. However, this reaction yielded a complex mixture 

149 TBDMSOTf ^^3^Q 
DiPEA, DCM, 

Ô C TBDMSO 

150 
OSEM 

of products, from which no identifiable products, particularly the 
spirobicydic product, could be isolated. This reaction was performed several 
times with slight variations in reaction times, temperatures and ratios of 
reagents, and each of these experiments yielded the same results. HPLC 
separation of one of the reaction mixtures revealed over seventeen different 
peaks. Each "peak" was isolated to yield microgram quantities of material, 
each of which was analyzed by ^H-NMR spectrometry. Two fractions, showed 
some iH-NMR signals corresponding to the spirobicyclic product based on 
comparisions with the ^H-NMR of Boatman's product 41. Overall, it 
appeared that Boatman's cydization reaction with the CrĈ ^ precursor 150 did 

not proceed cleanly. 
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The structural differences between Boatman's precursor 40 and the 

advanced osdllatoxin D precursor 150 must be the reason why the complex 

mixture of isolated products was obtained when 150 was subjected to 

Boatman's cydization conditions. The functionality in the sidechain of 150 
could be interfering with the cyclization process, possily by folding back in 

towards the pyranone portion of compound 150, giving rise to steric 

interactions that interfered with the desired reaction which led to a complex 

assortment of ketals and elimination byproducts. 

Synthesis of Intermediate 161 to Test A Possible Biomimetic 
Formation of Osciliatoxin D 

Given a viable synthesis of advanced osdllatoxin D precursors such as 
40, we next examined the hypothesis that a long chain C1-C21 dihydroxy 
diketo-ester, such as 151, may be a precursor for either the osdllatoxin A-type 

diketal 152, osdllatoxin D, or possibly a mixture of both, as shown in Scheme 

3.41. 

O OH OH 

151 
OSEM 

152 
OH 

Scheme 3.41 

Osdllatoxin D 

In order to test this hypothesis, compound 151 (or an analog bearing a 

different ester group) would have to be synthesized, starting from the C3-C21 

aldol intermediate 140 generated as discussed above. We dedded to test the 
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hypothesis using the benzyl ester, with the phenolic hydroxyl protected with 
the SEM group. The epimeric p-hydroxy ester 140 was treated with 
triethylsilyl triflate to form the bis-triethylsilyl ether 153 in quantitative 

MPMO 

140 
OSEM 153 OSEM 

yields. The MPM ether of compound 153 was removed by oxidative deavage, 
using DDQ, to yield the hemi-ketal 154 in 89% yield. Subsequent treatment 
of compound 154 with Dess-Martin's periodinane yielded, in 77% yield, 
aldehyde 155. The aldehdye 155 was isolated as a pure product, according to 
IH-NMR, thus chromatography of it was not performed, to minimize the 
chance of a-epimerization at the C4 carbon. 

DDQ 
153 *• 

TESO 

Dess-Martin 

TESO 

154 155 

The aldol addition of the aldehyde 155 with the lithium enolate of 
benzyl acetate yielded a mixture of the p-hydroxyester 157 and the henu-ketal 
of the P-hydroxyester 158. The hemi-ketal 158 and the P-keto ester 157 
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OHO 

Ph' 

O 

• 0 ^ 

BnO 

OMe + 

Ar TESO 

157 158 

were each treated separately with Dess-Martin periodinane to yield 
compound 159 in 72% yield. With the hope of replacing the benzyl ester 
group with the lactone ester group of osciliatoxin D at this stage 

O Q 

BnO 

157and/or 158 ̂ ^^ '̂̂ ^ t̂f̂  TESO 

OTES OMe 

Ar 

159 

the p-ketoester 159 was subjected to hydrogenolysis in an attempt to remove 
the benzyl ester. This produced a complex mixture. Because of the 
anticipated sensitivity of the p-ketoadd 160 to decarboxylation, the crude 
product mixture from the hydrogenolysis was immediately treated with 
dicyclohexyldicarbodimide and the hydroxyl-y-lactone 15, yielding a complex 
mixture from which no identifiable products could be isolated. The 
hydrogenolysis of the benzyl ester was performed again, this time working 
the reaction up and immediately taking an ^H-NMR of the crude material. 
Analysis of the NMR spectrum revealed that the reaction did not proceed 
cleanly, generating a complex mixture of unidentifiable products. 
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HO 

OMe 

OSEM 

These results then forced us to examine the hypothetical biomimetic 
pathway without the presence of the lactone moiety, instead utilizing the 
benzyl ester group currently in place at Ci. Thus, the acydic precursor 159 was 
deprotected by treatment with tetrabutylammoruum fluoride, generating a 
complex mixture from which only two different products were identified, the 
diol 161 (isolated in very small quantities), and also as the hemiketal form of 
161. We were only able to get a ^H-NMR that revealed diagnostic peaks 
relevant to identity of 161. Spedfically, the methine carbons at C9 and Cn had 
shifted downfield relative to those signals in the starting material, signifying 
the deprotection of the silyl ethers. The presence of the enol tautomer, 
evident by the existence of the C2 proton as a singlet, was evident, suggesting 

that the molecule had not cyclized. 

OH OH OMe 

BnO 

OSEM 

With only microgram quantities of 161 available, we treated it, in 
deuterochloroform, in an NMR tube, with a catalytic amount of 
camphorsulfonic acid. Monitoring of the reaction using iH-NMR failed to 
reveal any significant changes in the spectrum. Thus, this final experiment 
was inconclusive. 
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Conclusion 

Osciliatoxin D is an interesting marine natural product that is the 
minor constituent of several bluegreen algae. Interest in this natural product 
is due to its reported antileukemic activity. However, thorough biological 
testing has not been achieved because of a lack of availability of the natural 
compound. Thus, the primary goal of this dissertation was to test synthetic 
methodology aimed at streamlining the synthesis of advanced intermediates 
for the total synthesis of osciliatoxin D. 

Several objectives to obtain this goal were achieved. First, an advanced 
intermediate (149) analogous to Boatman's model (40) was synthesized to 
examine cyclization methodology previously developed by Boatman. 
Secondly, advanced intermediates were synthesized by an improved synthesis 
of intermediate 49. Kane had demonstrated the synthesis of 49 in 15 steps in 
an overall yield of 5%. The new synthetic route to 49 went in 11 steps with an 
overall yield of 33%. Thus, large quantities of the advanced intermediate 49 
were synthesized and carried on to examine the spirocyclization methodology 
developed by Boatman, with the complete osdllatoxin D sidechain. Finally, a 
highly advanced osdllatoxin D precursor (161) was prepared to test a 
hypothetical biomimetic spirobicyclization reaction. However, because of the 
minuscule amounts of intermediate 161 obtained, it was inconclusive 
whether the experiment worked. 

The synthetic studies described in this dissertation have been 
streamlined, so that future experiments can be carried out to possibly 
complete the total synthesis of osciliatoxin D or one of its natural analogs. 
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CHAPTER IV 
EXPERIMENTAL DETAILS 

General Methods 

Analytical thin layer chromatography (TLC) was performed using 
Whatman brand silica gel UV254 aluminum-backed plates. Flash 
chromatography was performed using 230-240 mesh silica gel and predistiUed 
solvents. High pressure liquid chromatography (HPLC) was performed using 
a Waters Associates brand M45 solvent delivery system connected to a 
Rheodyne injector and a Dupont Zorbax-Sil (5\i silica gel) column (0.4 mm id 
X 25 cm) with detection using a Waters Associates 401 refractometer detector. 
NMR spectra were obtained on an IBM AF-300 instrument. ^H-NMR were 
determined at 300 MHz and l^C-NMR spectra at 75 MHz. Proton chemical 
shifts are reported in 5 units relative to deuterochloroform (CDCI3) solvent (5 
7.24) and ^̂ C chemical shifts were also reported relative to deuterochloroform 
(5 77.00). Optical rotations were measured using a Rudolph brand A7040 
Autopol II polarimeter using dilute solutions in a 10 cm cell, with the solvent 
and concentration (in g/mL) as reported below for each compound. 

Elemental analyses were conducted by Desert Analytics, Tucson, 
Arizona. High resolution mass spectrometric analyses were conducted by the 
Midwest Center for Mass Spectrometry, Department of Chemistry, University 
of Nebraska-Lincoln. All solvents were predistiUed using methods described 
by Perrin's Purification of Laboratory Chemicals*' and stored over oven-dried 
4 A molecular sieves. 
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4-rbromoacetoxyV7-hntyrolactone r67'> 

^^o-^ 
Br 

C7H904Br f.w.= 233.02 

In an oven dried 100 mL round bottomed flask was placed 1.63 g (12.0 
mmole) of bromoacetic acid and 30 mL dichloromethane. The reaction was 
cooled to -78° C followed and triethylamine (1.6 mL, 12.5 mmole) was added 
and the mixture was stirred for 15 minutes. Bromoacetyl bromide (1.024 mL, 
12 mmole) was then added and the mixture was allowed to stir for 1 hour at -
78° C, then lactone 15 (1.16 g, 9.8 mmole) readily available,26/27 ̂ a s added as a 
solution in 2 mL dichloromethane. After stirring overnight the reaction was 
quenched with 25 ml saturated aqueous sodium bicarbonate solution. The 
aqueous layer was extracted with dichloromethane (3x15 mL). The combined 
organic layers were washed with brine, dried over MgS04, concentrated under 

vacuum, and chromatographed (4:1 hexane: ethyl acetate) to yield 2.44 g (96%) 

of the bromoacetoxybutyrolactone as a colorless oil. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 5.49 (m, IH), 4.53 (d of 

d, J=11.28 Hz, J=4.62 Hz, IH), 4.39 (d. J=11.34 Hz, IH), 4.10 (s, 2H), 2.89 (d 

of d, J=11.28 Hz, J=4.62 Hz, IH), 2.64 (d, J=18.5 Hz, IH) 

13C-NMR (50 MHz) 5 174.1,166.8,72.6,71.6,40.5,25.1, 
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4-acetoxv-v-butyrolactone f66) 

o ^ ^ o ^ 

C7H10O4 f.w.= 144.13 

In a 100 mL round bottomed flask was placed 1.01 g (9.8 mmole) lactone 
15 and 50 mL dichloromethane (distilled from CaH2). The solution was 

cooled in an icebath, and triethylamine (1.37 mL, 10.3 mmole) was added 
followed by 0.7 mL (9.9 mmole) acetyl chloride. The reaction was allowed to 
stir for one hour at 0° C, then quenched with 20 mL saturated aqueous 
NaHCOa solution. The aqueous layer was extracted with diethyl ether 3x15 
mL. The combined organic layers were washed with brine, dried over MgS04, 
filtered, concentrated under vacuum, chromatographed (7:3 Hexanes:ethyl 
acetate) to yield 0.85 g (60%) of the acetoxy lactone as a thick clear oil. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 5.39 (m, IH), 4.47 (d of 
d, J= 11.1,4.7, IH), 4.33 (d of d, J= 11.3,1.2, IH), 2.87 (d, J= 6.6, IH), 2.78 
(d, J= 6.6, IH), 2.61 (d, J= 1.7,0.5H), 2.52 (d, J= 1.7,0.5H), 2.06 (s, 3H). 
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l-Trimethylsilyl-2-propanol (71) 

OH 

TMS, 

C6Hi60Si f.w.=132.28 

In a 50 mL oven-dried round bottomed flask was placed 15 mL THF 
(dried over Na metal). The reaction flask was placed in a dry ice/acetone bath 
followed by the careful addition of acetaldehyde (5 mL, 89.0 mmol). The 
manipulation of acetaldehyde was accomplished by precooling a syringe to -
10^ C, being cautious not to allow any condensation of water within the 
syringe. The cooled syringe was then used to draw up the 5 mL of 
acetaldehyde that was quickly added to the reaction flask. To the -78o C 
solution of the aldehyde, 8.94 mL of trimethylsilylmethyl magnesium 
chloride were added (IM solution in THF, 8.9 mmol). The reaction was 
allowed to stir for four hours at -78° C and then allowed to warm to room 
temperature over of 2 hours. It was then quenched by the slow addition of a 
IM ammonium chloride (25 mL). The contents of the flask were then placed 
in a separatory fimnel and the layers were separated. The aqueous layer was 
extracted with diethyl ether (3x25mL), the combined organic layers were than 
washed with brine, dried over MgS04, then concentrated under vacuum, 

yielding a colorless oil, 1.042 g (88.1%). No attempt was made to further 
purify this compound. 

iH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 6 3.96 (sex, J=6.2, IH), 

1.73 (br, IH (OH)), 1.19 (d, J= 6.1,3H), 0.91 (d of d, J= 14.3,6.4, IH), 0.79 (d 
of d, J= 14.3, 6.4, IH), 0.00 (s, 9H). 
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2-Methyl-l-trimethylsilyl-2-propanol (73) 

OH 
TMS 

C7Hi80Si f.w.=146.39 

In an oven-dried 100 mL round bottomed flask was placed 2 mL (1.75 g, 
10.9 mmole) of ethyl (trimethylsilyl) acetate and 25 mL dry THF (distilled 
over Na metal). The reaction vessel was then cooled in a ice bath followed 
and trimethylsilyl-methylmagnesium chloride (22.2 mmol, 7.8 ml of a 3M 
solution in THF) was added dropwise. The reaction was then refluxed for two 
hours, then cooled to room temperature and quenched with 25 mL of IM 
ammoniumchloride solution. The layers were separated and the aqueous 
layer was extracted with diethyl ether (3x15 mL). The combined organic layers 
were dried over MgS04, filtered and concentrated under vacuum, yielding a 
colorless oil (1.38g, 88.6% yield). No attempt was made to further purify this 
compound because of its extreme sensitivity. 

iH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 61.27 (s, 6H), 1.02 (s, 

2H), 0.04 (s, 9H). 

13C-NMR (50M Hz) 6 71.9,34.5,32.4,0.28. 
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r2'-(Trimethylsilynethyl1-3-hydroxy-4-methyl-pentanoate (77a) 

O OH 

O' 

^ TMS 

CiiH2403Si f.w.= 232.42 

In an oven-dried 100 mL round bottomed flask was placed 0.667 g (4.2 
mmole) trimethylsilylethyl acetate, prepared according to Boatman47 and 15 
mL dry THF (dried over Na metal). The reaction was cooled to -78^ C and 
lithium diisopropyl amide (4,35 mmole of 2.1M solution in THF) was added. 
The reaction was allowed to stir for 30 minutes, then isobutyraldehdye (0.378 
mL, 4.2 mmole) was added. The reaction was allowed to stir at -78^ C for two 
hours, then it was allowed to warm to room temperature. The reaction was 
quenched with 15 mL saturated sodium bicarbonate solution, the organic 
layer was separated, and the aqueous layer extracted with diethyl ether (3x15 
mL). The organic layers were combined, dried over MgS04, and concentrated 
under vacuum yielding in a colorless oil. The crude material was purified by 
flash chromatography (silica gel, 8:2 hexanes:ethyl acetate) to yield 0.74 g, 
(82%) of tiie P-hydroxyester. 

iH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm): 5 4.16 (d of d, J= 8.5,6.7, 
2H), 3.75 (m, IH), 2.98 (br, IH), 2.46 (d of d, J= 16.2,3.46, IH), 2.34 (d of 
d, J= 16.2,8.96, IH), 1.66 (hept, J= 6.7, IH), 0.98 (d of d, J= 8.5,6.7,2H), 0.90 
(t, J= 6.6,6H), -0.01 (s, 9H) 
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r2'-(Trimethylsily)-l'-methylethyl]-3-hydroxy-4-methyl-
pentannatP (7fta) 

O OH 

TMS 

Ci2H2603Si f.w.= 246.44 

In an oven dried 100 mL round bottomed flask was placed 1.10 g (6.3 
mmole) of compound 71 and 15 mL dry THF (Dried over Na metal). The 
reaction was cooled to -78^ C and lithium diisopropyl amide (6.35 mmol of 2.1 
M solution in THF) was added. The reaction was allowed to stir for 30 
minutes, then isobutryaldehdye (0.57 mL, 6.3 mmole) was added. The 
reaction was allowed to stir at -78° C for two hours then allowed to warm to 
room temperature. The reaction was quenched with 15 mL saturated sodium 
bicarbonate solution, and the organic layer was separated, and the aqueous 
layer extracted with diethyl ether (3x 15 mL). The organic layers were 
combined, dried over MgS04, and concentrated under vacuum yielding in a 
colorless oil. The crude material purified by flash chromatography (silica gel, 
9:1 hexanes:ethyl acetate) afforded 1.38 g, (89%) of the p-hydroxyester. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 5.03 (m, IH), 3.70 (m, 

IH), 3.07 (br, IH), 2.36 (m, 2H), 1.64 (m, IH), 1.22 (d, J= 6.2,3H), 1.04 

(d of d, J= 15.1,7.1, IH), 0.89 (t, J= 6.7,6H), -0.004 (s, 9H). 

13C-NMR (50 MHz) 5173.1, 72.7, 70.7,38.8,33.1,25.2,22.9,18.4,17.8, -0.91. 
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r2'-(Trimethylsilyl)ethyl1-3-hydroxy-3-phenylpropionate (77b) 

T M S ^ ^ 

O OH 

0 ^ " ^ ^ P h 

Ci4H2203Si f.w.= 266.42 
In an oven dried 100 mL round bottomed flask was placed 0.88 g (5.5 

mmole) of compound 70 and 15 mL dry THF (dried over Na metal). The 
reaction was cooled to -78° C and lithium diisopropyl amide (5.5 mmole of 2.1 
M solution in THF) was added. The reaction was allowed to stir for 30 
minutes then benzaldehdye (0.57 mL 5.5 mmole) was added. The reaction 
was allowed to stir at -78o C for two hours then allowed to warm to room 
temperature. The reaction was quenched with 15 mL saturated aqueous 
sodium bicarbonate solution, and the organic layer was separated and the 
aqueous layer extracted with diethyl ether ( 3x15 mL). The organic layers were 
combined, dried over MgS04, and concentrated under vacuum yielding in a 
colorless oil. The crude material purified by flash chromatography (silica gel, 
8:2 hexanes:ethyl acetate) afforded 0.66 g, (45%) of the p-hydroxyester. 

iH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 6 7.36 (m, 5H), 5.11 (d 
of d, J= 7.8,4.9,2H), 4.2 (d of d, J= 8.5, 6.4,2H), 2.98 (br, IH), 2.70 (m, 
2H), 0.98 (d of d, J= 7.8,4.9,2H), -0.02 (s, 9H). 

13C-NMR (50 MHz) 5172.6,142.5,128.5,127.8,125.7,70.3, 63.2,43.5,17.3, -1.5. 
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r2'-(Trimpthylsilyl-l'-methyl)ethyll-3-hydroxy-3-phenyl-
propionatp (7Sh) 

O OH 

O ^ ' ^ ^ ^ P h 
TMS 

Ci5H2403Si f.w.= 280.45 

In an oven dried 100 mL round bottomed flask was placed 0.83 g (4.8 
mmole) of compoimd 71 and 15 mL dry THF (dried over Na metal). The 
reaction was cooled to -78° C and lithium diisopropyl amide (4.8 mmole of 2.1 
M solution in THF) was added. The reaction was allowed to stir for 30 
minutes then benzaldehdye (0.49 mL, 4.8 mmole) was added. The reaction 
was allowed to stir at -78^0 for two hours then allowed to warm to room 
temperature. The reaction was quenched with 15 mL saturated aqueous 
sodium bicarbonate solution, and the organic layer was separated, and the 
aqueous layer extracted with diethyl ether (3 xl5 mL). The organic layers 
were combined, dried over MgS04, and concentrated under vacuum yielding 
in a colorless oil. The crude material purified by flash chromatography (silica 
gel, 8:2 hexanes:ethyl acetate) afforded 1.31 g, (98%) of the p-hydroxyester. 

iH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.34 (m, 5H), 5.10 (m, 
2H), 3.46 (br, IH), 2.64 (m, 2H), 1.21 (d, J=6.2,1.5H), 1.20 (d, J= 6.2,1.5H), 
0.95 (m, 2H), -0.01 (s, 9H). 
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3-Hydroxy-3-phenylpropionic add (80) 

O OH 

HO^'^ -^Ph 

C9H10O3 f.w.= 166.19 

In an oven dried 50 mL round bottomed flask was place 0.50 g (1.79 
mmole) of the P-hydroxyester 77 or 78 and 25 ml THF (dried of Na metal). 
The reaction was then placed on the stir plate followed by subsequent 
addition of 1.78 mL (1.8 mmole, IM in THF solution) of tetrabutyl 
ammonium fluoride. The reaction was allowed to stir for 24 hours at room 
temperature then quenched with 20 mL 5% aqueous HCl solution. The 
aqueous layer was then extracted with dichloromethane (3x15 mL). The 
combined organic layers were washed with brine, dried over MgS04, filtered 
and concentrated under vacuum yielding relatively pure carboxylic acid 80 in 
near quantitative yields. 

iR-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.33 (m, 5H), 7.0 (br, 
2H), 5.12 (d of d, J= 8.6,4.3, IH), 2.75 (m, 2H). 

iH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 6 6.82 (br, 2H), 3.79 (m, 

IH), 2.50 (m, 2H), 1.73 (m, J= 2.7, IH), 0.93 (t, J=5.1, 6H). 
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(2R3S.4S)-2.4-Dimethyl-3-phenylmethoxy-l-f-butyldimethyl-
silvloyy-S-hexene (84) 

TBSO OBn 

C2iH3602Si f.w.=348.61 

To an oven dried 100 mL round bottomed flask was added 0.27g of a 
60% nuneral oil dispersion of sodium hydride (5.4 mmole of NaH). The 
sodium hydride dispersion was washed with hexane 3x5 mL followed by the 
addition of 5 mL THF. The reaction flask containing the NaH was then 
cooled to O^C. The readily available^ terminal olefin (1.00 g, 3.88 mmole) 
was dissolved into 5 mL THF and added dropwise to the flask containing the 
NaH. The reaction was allowed to stir for 15 minutes, then warmed to room 
temperature and stirred for an additional 1 hour. The reaction was then 
cooled to 0° C with the subsequent addition of benzyl bromide (0.51 mL, 3.88 
mmole). The reaction was allowed to stir for two hours, then it was 
quenched by the slow addition of small ice pieces. The addition of ice was 
ceased when the solution became clear. The biphasic mixture was then placed 
in a separatory funnel and the layers separated. The aqueous layer was then 
extracted with diethyl ether (3x15 mL). The combined organic layers were 
washed with brine, dried over MgS04, filtered and concentrated imder 
vacuum yielding after flash chromatography (silica gel, 20:1 hexanes:ethyl 
acetate), 1.09 g (81%) of the benzyl ether as a dear oil. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.23-7.37 (m, 5H), 5.92 

(ddd, J= 15.7,9.8,7.0, IH), 4.97 (m, 2H), 4,54 (d of d, J= 16.3,11.1,2FI), 

3.65 (d, J= 4.3, 2H), 3.31 (d of d, J= 7.5,4.3, IH), 2.44 (m, IH), 1.87 (m, 

IH), 1.05 (d, J= 6.8,3H), 0.97 (d, J=6.9,3H), 0.90 (s, 9H), 0.02 (s, 6H). 

13C-NMR (50 MHz) 5 143.0,139.1,128.2,127.8,127.6,127.3,113.7,84.4,74.7, 

64.7,40.0,38.6,26.0,18.3,14.6,13.9, -5.4. 
Optical RoUtion [a]D= +4.3° (c=59.6mg/mL, CHCI3) 
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Attempted Formation and Reactions of (3S.4S.5R)-diethyl 
(3.5-dimethyl-4-phenylmethoxy-5-(t-butyldimethylsilyoxy) 
pent-l-v1-hnranP (Q1) 

TBSO OBn 

C25H4702BSi f.w.=418.57 

In an oven dried 50 mL round bottomed flask was placed 2.29 mL 
triethylborane (1.15 mmole, IM in hexane solution) and 0.58 mL borane 
dimethylsulfide (1.15 mmole, 2M THF solution). The mixture was allowed to 
stir for 30 minutes after which a 5 ml solution of the terminal olefin (1.15 
mmole, 0.4 g in 5 mL ether) was added dropwise. The reaction was allowed to 
stir at room temperature for three hours then the solvents were removed 
under vacuum yielding a clear oil that was carried on in the next step. No 
NMR data was obtained for this compound. 

The alkylborane was then treated with neat diethyl zinc (0.51 mL, 1.5 
mmol), stirring at (P C for 30 minutes, then placed undervacuum to remove 
excess triethylborane and diethyl zinc to yield a thick grey oil. This thick oil 
was taken up into dyr toluene (dried over CaH2) 5 mL. The mixture was 
cooled to -780 C, and compound 87 (50 mg, 0.15 mmol) and titanium(IV) 
isopropoxide (0.17 mL, 0.75 mmol) were added. The mixture was allowed to 
warm to -20° C after stirring for 15 minutes at -78° C, followed by the addtion 
of compound 85 (0.25 g, 0.8 mmol). The reaction mixture was allowed to stir 
for two hours, then quenched with 10 mL of a saturated solution of sodium 
bicarbonate followed by the addition of 10 mL diethyl ether. The aqueous 
layer was extracted diethyl ether (3x15 mL). The combined organic layers were 
washed with brine, dried over MgS04, filtered, and concentrated under 
vacuum to yield a complex mixture mixture. No NMR data was obtained 
from these reactions. 
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(lS.2R.4S)-2-cyano-5-methyl-7-oxabicydor2.2.n-hept-
5-en-2-yl (1 'S)-camphanate/(lS.2R.4S)-2-cyano-6-methyl-
7oxabirvr1nr2.2.11-hept-5-en-2-yl (l'S)-camphanate (109) 

R = camphanate 

C18H21O5N f.w.= 331.40 

l-(Cyanovinyl)-(l'S)-camphanate (0.14 g, 0.56 mmol), 2-methylfuran 
(0.14 g, 1.4 mmol), and ZnI2 (4.3 mg, 0.01 mmol) were mixed in a 5 mL pear 
shaped flask protected from light. The flask was placed in a sonication bath 
for 24 hours, the bath temperature reaching ~55°C during that time. The 
semisolid residue was then dissolved in dichloromethane 10 mL and poured 
into a separatory funnel. The mixture was then washed with 20 mL brine 
and then 20 mL water. The organic layer was separated and the aqueous layer 
extracted with dichloromethane 3x10 mL. The combined organic layers were 
washed with brine, dried over MgS04, filtered, and concentrated under 
vacuum yielding, accoriding to NMR analysis a mixture of regioisomers as a 
white sticky solid. 

The gemdimethyls and bridge head methyl of the the camphante 
moeity are used as diagnostic peaks. The ^H-NMR reveals a mixute of 
geometric isomers according to the following diagnostic proton signals. 
IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) diagnostic peaks: 51.09 

(s, 3H), 1.08 (s,3H), 1.03 (s,3H), 1.01 (s,3H), 0.97 (s,3H), 0.92 (s, 3H) 
13c NMR (50MHz) 5177.6,152.3,150.9,124.0,123.6,123.4,118.6,90.0,84.6, 

84.5,84.2,81.7,81.4,77.4,77.0,76.6,74.2,74.2,54.9,54.8,54.7,54.7,41.5, 
41.4,40.6,30.7,30.6,30.5,30.5,30.4,29.6,28.8,28.7,28.6,16.6,16.5,13.1, 

12.7,9.6. 
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(lS.2R.4S)-2-cyano-5-bromo-7-oxabicyclo[2.2.11-hept-
5-en-2-y] (1 'S)-camphanate/(lS.2R.4S)-2-cyano-6-hrnmo-
7-0xabicvdor2.2.11-hept-5-en-2-yl (l'S)-camphanate (110) 

O I ^ 

OR / OR* 

R*= Camphanate 

Ci7Hi805NBr f.w.= 396.26 

l-(Cyanovinyl)-(l'S)-camphanate (0.11 g, 0.5 mmol), 2-bromofuran (0.1 
mL, 1.1 mmol), and ZnI2 (25 mg, 10 mole %) were mixed in a 5 mL pear 
shaped flask protected from light. The flask was placed in a sonication bath 
for 24 hours, the bath temperature reaching ^5500 during that time. The 
semisolid residue was then dissolved in dichloromethane 10 mL and poured 
into a separatory funnel. The mixture was then treated with 20 mL brine and 
20 mL water. The organic layer was separated and the aqueous layer extracted 
with dichloromethane 3x10 mL. The combined organic layers were dried 
over MgS04, filtered and concentrated under vacuum yielding, according to 

NMR analysis a mixture of regioisomers as a brown sticky solid. 
The gemdimethyls and bridge head methyl of the the camphante 

moeity are used as diagnostic peaks. The ^H-NMR reveals a mixute of 
geometric isomers according to the following diagnostic proton signals. 
iH NMR (relative to CHCI3 at 7.24ppm) diagnostic peaks 61.09 (s,6H), 1.03 

(s3H), 1.01 (s,3FI), 0.94 (s^H), 0.91 (s,3H). 
13C NMR (50MHz) 5177.4,177.3,166.4,166.2,143.3,132.5,130.5,130.4,129.6, 

117.6,116.3,114.0,89.9,89.8,86.1,85.4,85.1,83.4,83.2,80.5,77.2,74.1, 
73.5,73.5,55.1,54.8,41.2,41.1,40.8,40.7,30.6,28.6,16.7,16.6,9.6. 
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(lS.2R.4R)-N-r(2'R.3'S.4'R)-2'.4'-dimethvl-3'-hydrnyyl-.S'-(4"-
methoxvphenyl)methoxypentanoyllbornane-lQ.2-siiltam (115) 

OH OMPM 

C25H37O6NS f.w.= 479.70 

To a 100 mL round bottomed flask containing 2.8 mL of a solution of 
dibutylborane triflate (l.OM in hexanes, 3.6 mmol), stirring at 0^ C was added 
0.8 g (3.6 mmol) of the N-propionylsultam, dissolved in 40 mL 
dichloromethane, and 0.6 mL (43.8 mmol) of ethyldiisopropylamine. After 30 
minutes, the reaction mixture was cooled to -78° C and 0.6 g (3.6 mmol) of the 
freshly prepared aldehyde 52, prepared by the procedure of Kanes23, was 
slowly added. The reaction was maintained at -78° C for three hours, then 
warmed to room temperature. Four hours later the reaction was quenched by 
the addition of 25 mL pH 7 buffer, and the aqueous layer was extracted with 
dichloromethane (2x25 mL). The combined organic extracts were 
concentrated, and the resulting yellow oil was dissolved in 35 mL methanol, 
cooled in an ice/water bath, and stirred with 12 mL of 30% aqueous H2O2. 
The solution was warmed to room temperature over the course of one hour, 
then 60 mL of water was added, the methanol was removed under vacuimi, 
and the aqueous suspension was extracted with dichloromethane (3x75 mL). 
The combined organic extracts were then washed with 100 mL brine, dried 
over MgS04, and concentrated to afford a clear oil which slowly crystallized. 
The crude product was chromatographed (silica gel 7:3 hexanes:ethyl acetate), 
yielding 0.49 g (37%) of the aldol product. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.22 (d, J= 5.6,2H), 6.84 d, 

J= 5.8,2FI), 4.42 (d of d, J= 12.8,7.6,2H), 3.85 (t, J= 4.1, IH), 3.77 (s, 3H), 
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3.57 (m, 2H), 3.45 (d of d, J= 16.8,9.2, 2H), 3.27 (m, IH), 2.02 (m, 2H), 1.86 
(m, 4H), 1.31 (m, 2H), 1.27 (d, J= 4.7,3H), 1.13 (s, 3H), 1.01 (d, J= 4.9,3H), 
0.95 (s,3H). 

13C-NMR (50 MHz) 6176.5,159.0,130.3,129.2,113.7,73.6,72.9,72.7,64.9,55.2, 
53.0,48.3,47.7,44.5,42.3,38.3,35.8,32.8,26.4,20.7,19.8,14.6,12.6. 

Optical Rotation [a]D= +7.1° (c=17.2mg/mL, CHCI3) 

(2'R.3;S.4'S.4R.5S)-3-(3'-Hvdroxv-5'-r4"-mPfhnvyphpny1] 
methoxv-2'.4'-dimethvl pentannv1)-S-phenyl-4-mPthyl-
2-oxazolidinone (116) 

C25H36O6N f.w.=441.57 

To a 100 mL round bottomed flask containing 4.7 mL of a l.OM solution 

of triethylborane in hexanes (3.9 mmol) at Ô C under rutrogen was added, 

dropwise 0.41 mL (3.9 mmol) of trifluoromethanesulfonic add. The flask was 

then immersed in a 40^0 oil bath and the solution was allowed to stir for 30 

minutes (gas evolution ceased at that time), then the solution cooled in an 

ice/water bath, and 0.91 g (3.9 mmol) of the N-proponyloxazolidinone 51, in 

45 mL dichloromethane, was added, followed by 0.81 mL (4.1 mmol) of 

ethyldiisopropylamine. After 30 minutes, the reaction mixture was cooled to 

-78° C and 0.8 g (3.9 mmol) of the freshly prepared aldehyde was slowly added. 

The reaction was maintained at -78^0 for three hours, then warmed to room 

temperature. Four hours later the reaction was quenched by the addition of 

25 mL of pH 7 buffer, and the aqueous layer was back extracted with 

dichloromethane (2x25 mL). The combined organic extracts were 

concentrated, and the resulting yellow oil was dissolved in 35 mL methanol. 
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cooled in an ice/water bath, and mixed with 12 mL of 30% aqueous H2O2. 

The solution was warmed to room temperature over the course of one hour, 

then 60 mL of water was added, the methanol was removed imder vacuum, 

and the aqueous suspension was extracted with DCM (3x75 mL). The 

combined organic extracts were then washed with 100 mL brine, dried over 

MgS04, and concentrated to afford a clear oil which slowly crystallized. The 

white crystals were recrystallized from diethyl ether to yield 1.2 (70%) of the 

pure aldol product. The mother liquor from the crystallization was 

concentrated and chromatographed (silica gel 7:3 hexanes:ethyl acetate), to 

yieldan additional 0.2g (9%) of the aldol product. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 6 7.40 (m, 5H), 7.28 (d, 

J= 8.7,2H), 6.87 (d, J= 8.7,2H), 5.62 (d, J= 7.1, IH), 4.74 (p, J= 6.7, IH), 

4.45 (s, 2H), 3.90 (m, 2H), 3.80 (br, IH), 3.79 (s, 3H), 3.57 (m, 2H), 1.97 

(m, IH), 1.22 (d, J= 6.8,3H), 0.96 (d, J= 7.0,3H), 0.90 (d, J= 6.6,3H). 

13C-NMR (50 MHz) 6 175.93,159.27,152.82,133.24,129.82,129.40,128.71, 

125.62,113.81,78.95,75.58,74.75,73.19,55.26,55.21,40.85,35.90,14.31, 

13.55,9.51. 
Optical Rotation [a]D= +23.7© (c=98.7mg/mL, CH2CI2) 
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(2'R3:S.4'S.4R.5S)-3-(S'-r4"-methoxvphenyllmethoxy-
2'.4'-dimethyl-.3'-triPthylsilyloxy pentanoyl)-5-phenyl-
4-methy1-7-oxa7nliHinone (120) 

) 

MPMO d O O 

N O 

H Ph 

C3lH4506NSi f.w.= 551.86 

To 0.44 g (1.0 mmol) of the aldol product 116 in 20 mL 
dichloromethane stirring at 0° C under nitrogen was added 0.21 mL (1.4 
mmol) DIPEA and 0.24 mL (1.2 mmol) triethylsilyl triflate. The reaction was 
allowed to stir at 0^ C for thirty minutes then quenched with 10 mL saturated 
aqueous NaHCC^. The aqueous layer was extracted with diethyl ether (3x10 
mL). The combined organic layers were washed with brine, dried over 
MgS04, and concentrated under vacuum to afford, after chromatography 
(silica gel, 8:2 hexanes:ethyl acetate), 0.54 g (98%) of the silylated product as a 
thick colorless oil. 

iH-NMR (200 MFIZ, relative to CHCI3 at 7.24 ppm) 8 7.42-7.16 (m, 7H), 6.80 

(d, J= 8.8), 4.96 (d, J= 7.1,2H), 4.50 (p, J= 6.8, IH), 4.35 (d of d, J=15.0, 

11.4,2H), 4.02-3.85 (m, 2H), 3.63 (s, 3H), 3.58 (d of d, J= 9.1,5.9, IH), 

3.45 (d of d, J= 14.9,7.0, IH), 1.94 (m, IH), 1.67 (br, IH(OH)), 1.21 (d, 

J= 6.3,3H), 0.99 (d, J= 6.2,3H), 0.94 (s, 9H), 0.80 (d, J= 6.5,3H), 0.61 (q, 

J= 8.0,6H). 
13C NMR (50 MHz) 5175.8,159.0,152.4,133.3,130.8,129.3,128.5,125.6,113.6, 

78.5,72.7, 71.7, 65.8,55.1,54.9,41.9,38.4,15.5,15.2,14.7,14.2,7.1,5.4. 
Optical Rotation [a]D= -6.9o (c=15.2mg/mL, CHCI3) 

Analysis Calcd: C, 67.46, H, 8.24 

Found: C, 66.35, H, 7.22. / 
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(2R.3S.4S)-2.4-dimethyl-5-[4"-methoxyphenyl]methoxy-
3-triethvlsilvloxyppntannl (121) 

) 

Si 
MPMO d 

u 

C2lH3804Si f.w.= 382.68 

In an oven dried 50 mL round bottomed flask was stirred 1.46 g (2.69 
mmol) of the silyl ether 120 and 0.17 ml (2.9 mmol) absolute ethanol, under 
nitrogen at 0° C, followed by 2.96 mL of a 1.1 M solution of LiBH4 in THF (3.5 
mmol). The reaction was then allowed to stir at 0° C until the starting 
material was consumed, according to TLC analysis (generally after two hours). 
The reaction was then quenched with a IM aqueous NaOH solution (15 mL), 
and the aqueous layer was extracted with diethyl ether 3x15 mL. The 
combined organic extracts were washed with 10 mL brine, dried over MgS04, 
and concentrated under vacuum. Flash chromatography (silica gel, 8:2 
hexane:ethyl acetate) afforded 0.73 g (72%) of the primary alcohol as a clear oil. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.23 (d, J= 8.8,2H), 6.85 (d, 
J= 8.8,2H), 4.40 (s, 2H), 3.78 (s, 3H), 3.70 (d of d, J= 6.2,3.2, IH), 3.58-3.42 
(m, 3H), 3.26 (d of d, J= 9.0, 6.9, IH), 1.90 (m, 3H), 0.95 (t, J= 7.4,9H), 0.95 
(d, J= 6.9,3H), 0.83 (d, J= 6.9,3H), 0.57 (q, J= 8.0,6H). 

13C-NMR (50 MHz) 6 159.1,130.6,129.2,113.7, 75.3, 72.7, 72.6, 66.2,55.2,38.9, 

37.4,15.1,7.0,5.3. 
Optical Rotation [a]D= -3.4° (c=29.5mg/mL, CHCI3) 

Analysis Calcd: C, 65.91, H, 10.03 
Found: C, 66.04, H, 10.19 . 

79 



(2R.3S.4S)-2.4-dimpthyl-5-r4"-methoxyphenyl1methoxy-
3-triethvkUvloxy-1-ioHo-pentane (55) 

) 

Si 
MPMO d 

u 

C2lH3704SiI f.w.= 492.57 

In a 100 mL round bottomed flask was stirred 0.76 g (2.85 mmol) 
triphenylphosphine , 0.2 g (2.85 mmole) imidazole, 0.4 mL (2.85 mmol) DIPA 
, 10 mL benzene, 10 mL diethyl ether, and 0.73 g (2.85 mmol) iodine , at room 
temperature for 30 minutes, resulting in a bronze precipitate. To this 
predpitate was added 0.73 g (2.0 mmol) of the primary alcohol as a solution in 
5 mLof ether. The vessel containing the alcohol was rinsed with diethyl 
ether 3x2 mL, and the rinses were added to the reaction mixture. After 30 
minutes, the reaction was then quenched by the addition of saturated sodium 
bicarbonate. The aqueous layer was extracted with diethyl ether 3x25 mL. The 
combined organic layers were washed with brine, dried over MgS04, and 
concentrated under vacuum to afford a yellow oil/precipitate mixture. This 
crude material was triturated with hexane (3x15 mL). The combined hexane 
triturants were concentrated to afford the iodide as a dear oil, 0.95 g (-100%), 
which was pure according to IH-NMR analysis. In some cases, the crude 
material was passed through a 2 cm pad of silica gel with 9:1 hexanes:ethyl 
acetate to yield, pure iodide. The iodide thus obtained was used in the next 
step without further purification. 
IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 6 7.23 (d, J= 8.7,2H), 6.85 (d, 

J= 8.7,2H), 4.39 (d of d, J= 9.0,4.6,2H), 3.79 (s, 3H), 3.63 (d fo d, J= 6.2,3.2, 
IH), 3.58-3.40 (m, 2H), 3.27-3.10 (m, 3H), 1.87 (m, 2H), 0.99-0.87 (m, 18H), 
0.57 (q, J= 8.0,6H). 
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IH), 3.58-3.40 (m, 2H), 3.27-3.10 (m, 3H), 1.87 (m, 2H), 0.99-0.87 (m, 18H), 
0.57 (q, J= 8.0,6H). 

13C-NMR (50 MHz) 5 159.1,130.6,129.2,113.7, 77.4, 72.7, 72.3,55.2,39.6,38.1, 
26.1,25.8,25.6,18.4,15.2,14.9,14.6, -3.7, -i.l. 

Optical Rotation [a]D= +11.9o (c=43.3mg/mL, CHCI3) 
Analysis FIRMS: observed 323.2043. Calcd for Ci8H3i03Si (M+-C3H6I); 

323.2042 
LRFABMS: (NBA-Na+ matrix): m/z 515.2 (M+ +Na) 

(4S.5R.6S)-7-(4'-methoxyphenylmethoxy)-4.6-dimethyl-
5-(triethylsilyloxy)-l-(3"-(2"'-trimethylsilylethoxymethoxy) 
phenyl)-l-heptanone (123) 

MPMO 

OSEM 

C35H5806Si2 f.w.= 631.11 

To 5 mL of a l.OM solution of LDA in hexane (4.9 mmol) and 0.1 mL 
(4.9 mmol) of hexamethylphosphoric triamide stirring at Ô C under nitrogen 
was added 0.15 g (4.9 mmol) of the imine 58, prepared according to Kane,23 in 
2.5 ml THF, followed by THF washes 3x0.5 mL. The bright yellow solution 
was stirred at 0^ C for 10 minutes, then cooled to -78° C and stirred for an 
additional 30 minutes. The neat iodide 120 (0.12 g, 2.4 mmol) was tiien added 
dropwise, followed by THF washes 3x0.5 mL. The mixture was allowed to 
warm to room temperature over the course of three hours, then maintained 
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at room temperature for an additional seven hours. The reaction was 
quenched by the addition of 15 mL of pH 4 buffer and the mixture was 
allowed to stir for two hours. The aqueous phase was then extracted with 
ether 3x20 mL. The combined organic phases were washed with brine, dried 
over MgS04, and concentrated under vacuum to afford an orange oil. 
Chromatography (silica gel, 20:1 hexanes:ethyl acetate) afforded 1.38 g (91%) of 
the ketone as a slightiy yellow oil. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.55 (m, 2H), 7.34 (t, J= 

7.8, IH), 7.23 (m, 3H), 6.83 (d, J= 8.8,2H), 5.24 (s, 2H), 4.39 (d of d, J= 

10.0,77, 2H), 3.77 (s, 3H),^3.73 (dof d, J= 12.2,5.6,2H), 3.50 (m, IH), 

3.25 (d of d, J= 6.0,4.9, IH), 3.01-2.82 (m. 2H), 1.91 (m, IH), 1.79 (m, 

IH), 1.62 (m, 3H), 0.96-0.86 (m, 18), 0.56 (q, J= 5.3,6H), -0.3 (s, 9H). 

13C-NMR (50 MHz) 6 200.0,159.0,157.6,138.5,130.9,129.5,129.1,121.4,120.8, 
115.5,113.7,92.9,77.9,72.7,66.4,55.2,37.8,36.9,35.8,29.7,29.2,18.0, 
15.0,13.7, 7.1,5.5, -1.4. 

Optical Rotation [a]D= -1120 (c=19.1mg/mL, CHCI3) 

Analysis Calcd: C, 66.61, H, 9.28 

Found: C, 67.42, H, 9.15. 
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(lS.4S.5R.6S)-7-(4'-methoxyphenylmethxoxy)-4.6-dimethyl-
5-(triethv]silvloxy)-1-(3".(2"'-trimethylsilylPthnyy 
methoxv)phenyl)-l -heptanol (125) 

MPMO 

OSEM 

C35Pi60O6Si2 f.w.=633.13 

To a stirring solution of 10 ml THF, 0.29 mL (1.5 mmol) of a 1.0 M 
solution of borane in THF, and 0.012 g (0.15 mmol) of Corey's (R)-
oxaborolidine (prepared from (R)-(+)-2-(diphenylhydroxymethyl) pyrrolidine 
and methyl boronic acid, according to Corey etal.24 at 0^ C under a nitrogen 
was added 1.18 g (2.9 mmol) of the ketone 122 dropwise as a solution in 0.5 
mL THF, followed by THF washes 2x 0.5 ml. The mixture was maintained at 
0° C for one hour, at which time TLC analysis indicated that the reaction was 
incomplete. Thus, another 0.29 ml of 1.0 M borane solution (1.5 mmol) was 
added, and the reaction allowed to stir at 0̂  C for an additional 30 minutes. 
The reaction (now complete, according to TLC analysis) was then quenched by 
the addition of 3 mL methanol, followed by 15 mL saturated aqueous 
NaHC03 solution. The aqueous phase was extracted with diethyl ether (3x10 

mL), and the combined organic phases were washed with brine, dried over 
MgS04, and concentrated under vacuum. Chromatography (silica gel 20:1 
hexanes;ethyl acetate) afforded 0.17 g (95%) of the desired alcohol as a dear oil. 
IH-NMR analysis indicated that the product was predominantiy (>95%) one 
diastereomer. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.22 (m, 3H), 6.94 (m, 

3FI), 6.84 (d, J= 8.8,2H), 5.19 (s, 2H), 4.58 (d of d, J= 7.3,5.6, IH), 4.37 
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(d of d, J= 10.0,77,2H), 3.76 (s, 3H), 3.73 (d of d, J= 12.2,5.6,2H), 3.45 

(m, IH), 3.40 (m, IH), 3.21 (d of d, J= 6.5,5.0, IH), 2.02-1.48 (m, 5H), 

1.23-1.17 (m, 3H), 0.96-0.79 (m, 17H), 0.49 (q, J= 5.0, 6H), -0.02 (s, 9H). 

13C-NMR (50 MHz) 5 158.9,157.6,146.6,130.8,129.4,129.2,119.1,114.9,113.6, 

92.9, 77.9,74.9,74.5, 72.6,66.2,55.2,37.6,37.3,36.6,35.9,35.8,30.7,18.0, 

15.2,13.8,7.1,6.0,5.4,4.8, -0.93, -1.4. 
Optical Rotation [a]D= -13.2o (c=27.4mg/mL, CHCI3) 

Analysis Calcd: C, 66.39, H, 9.57 
Found: C, 67.03, H, 9.67-

(lS.4S5R.6S)-7-(4'-methoxyphenylmethoxy-l-methoxy)-4.6-dimethyl-
5-(triethylsilyloxy)-l-(3"-(2"'-trimethylsilylethoxymethoxy) 
phenyl) heptane (125) 

MPMO 

OSEM 

C30H62O6Si f.w.=647.15 

To a hexane washed suspension of potassium hydride (from 0.1 g of a 

35% mineral oil dispersion, 0.7 mmol) in 5 mL THF stirring at 0^ C under a 

nitrogen atmosphere, was added 0.24 g (0.35 mmol) of the alcohol 124 as a 

solution in 1 mL THF. The suspension was allowed to warm to room 

temperature over one hour, then re-cooled to 0° C. Methyl iodide (0.1 mL, 0.7 

mmol) was added, and the reaction was maintained at 0° C for two hours. 
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after which the reaction was quenched by the careful addition of ice. The 
nuxture was then added to a separatory funnel containing 20 mL of diethyl 
ether and 10 mL water. The layers were separated and the aqueous layer was 
extracted with diethyl ether 3x15 mL. The organic extracts were combined and 
washed with brine, dried over MgS04, and concentrated under vacuum to 
afford the crude product. Flash column chromatography (silica gel, 9:1 
hexanes:ethyl acetate) afforded 0.24 g (97%) of the methyl ether as a colorless 
oil. 

IH-NMR (200 MHz relative to CHCI3 at 7.24 ppm) 5 7.23 (m, 3H), 6.89 (m, 
5H), 5.20 (s, 2H), 4.36 (d of d, J=9.4,7.7,2H), 3.99 (t, J=4.4, IH), 3.77 (s, 
3H), 3.75 (d of d, J= 11.2,6.0, IH), 3.46 (d of d, J= 5.9,2.6, IH), 3.37 (d 
of d, J= 4.7,2.0, IH), 3.21 (m, IH), 3.19 (s, 3H), 1.83 (m, 2H), 1.58 (m, 
2H), 1.24 (m,. 2H) 0.96-0.83 (m 14H), 0.78 (d, J4.5,3H), 0.47 (q, J=5.4, 
6H), -0.02 (s, 9H). 

13C-NMR (50 MHz) N/A. 
Optical Rotation [a]D= -27.6o (c=21.7mg/mL, CHCI3) 
Analysis Calcd: C, 67.03, H, 9.67 

Found: C, 68.68, H, 10.15. 
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(2S.3R.4S.7S)-7-methoyy-2.4-dimethyl-3-(triethylsilyloxy)-
7-(3'-(2"-trimethyki1y1ethoxymethoxy)phenyl)-l-heptanol (126) 

OSEM 

C28H5405Si2 f.w.=527.00 

To 0.9 g (1.4 mmol) of the ether 125, in 10 mL DCM and 4 mL of pH 7 
buffer, at room temperature was added 0.44 g (1.69 mmol)of 2,3-dichloro-5,6-
dicayanobenzoquinone (DDQ). The solution immediately turned dark green. 
After 30 minutes the mixture was added to a separatory funnel containing 25 
mL diethyl ether and 25 mL saturated aqueous NaHCC)3 solution. The layers 

were separated and the aqueous layer was extracted with diethyl ether 3x15 
mL. The combined organic layers were washed with 25 mL brine, dried over 
MgS04, and concentrated under vacuum. Flash chromatography afforded 
0.68 g (92%) of tiie alcohol 126 as a tiiick clear oil. 

iR-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.23 (d of d, J= 5.6,5.1, 

IH), 6.90 (m, 3H), 5.20 (s, 2H), 3.98 (t, J=5.6, IH), 3.73 (d of d, J= 8.3,7.7, 

2H), 3.56 (m, 2H), 3.44 (d of d, J=5.9,4.0, IH), 3.19 (s, 3H), 1.78 (m, 2H), 

1.54 (m,2H), 1.31 (m, 2H), 0.96-0.81 (m, 17H), 0.55 (q, J= 8.2,6H), -0.02 

(s, 9H). 
13C-NMR (50 MHz) S 157.7,144.1,129.3,119.9,115.1,114.4,92.9,84.1,81.4, 

66.2,56.7,37.6,36.4,29.6,18.0,15.9,14.7,6.9,5.2, -1.5. 
Optical Rotation [a]D= -28.7° (c=16.3mg/mL, CHCI3) 
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(2S.3R.4S.7S)-7-methoxy-2.4-dimethyl-3-(triethylsilyloxy)-
7-(3'-(2"-trimpthy1<;i]y1pthoxymethoxv)phenyl) heptanal (127) 

OSEM 

C28H5203Si2 f.w.=524.98 

In an oven dried roimd bottomed flask was placed 0.54 g (1.0 mmol)of 
the alcohol 126 and 10 mL of DCM. The solution was stirred, and 0.51 g (1.2 
mmol) of the Dess-Martin periodinane,prepared according to reference 46 was 
added. The reaction was allowed to stir at room temperature until the 
reaction was complete according to TLC analysis (approximately 1 hour), then 
the reaction mixture was quenched with 15 mL of saturated aqueous NaHC03 
solution containing a large excess of Na2S03. The biphasic reaction mixture 
was allowed to stir for 15 minutes or until the cloudiness disappeared in the 
aqueous layer, then the aqueous layer was extracted with diethyl ether (3x10 
mL) and the combined organic layers were washed with brine. The resulting 
organic layer was then dried over MgS04, filtered, and concentrated under 
vacuum to afford 0.54 g (>99%) of the aldehyde as a colorless oil. 

iR-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 9.70 (d, J=2.7, IH), 7.23 
(m, IH), 6.91 (m, 3H), 5.20 (s, 2H), 4.02 (t, J= 5.6, IH), 3.79-3.68 (m, 3H), 
3.19 (s, 3H), 2.58-2.46 (m, IH), 1.98-1.71 (m, 2H), 1.70-1.43 (m, 2H), 1.40-
1.19 (m, 2H), 1.08-0.82 (m, 17H), 0.53 (q, J= 5.5,6H), -0.01 (s, 9H). 

13C-NMR (50 MHZ) 6 205.3,157.7,144.0,129.4,119.9,115.1,114.4,92.9, 78.1, 
66.2,56.7,50.0,37.4,36.4,29.4,18.0,14.2,12.0,8.5,6.9,5.3, -1.4. 
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(2R.8S.9R.10S.13S)-7-Hydroxy-13-methoxy-l-(4'-methQxyphenvl) 
methoxv-?..4.4.8.10-pentamethyl-13-(3"(2"'-trimethylsilylethoxy 
methoxv)phenyl)-9-tripthylsilyloxy-5-tridecanonP (130) 

MPMO 

OSEM 

C45H7808Si2 f.w.=803.41 

To a stirring solution of the readily available ketone 44 (0.33 g, 1.2 

mmol) in 5 mL THF, at -78° C under a nitrogen atmosphere, was added 0.6 mL 

(1.05 mmol,1.94M solution in THF) of LDA. This solution was maintained at 

-78^0 for 15 minutes, then the aldehyde 127(0.51 g, 1.0 mmol) was added 

dropwise as a solution in 0.5 mL THF, followed by THF washes 3x0.5 mL. 

After 15 minutes at -78° C, the reaction mixture was added to a separatory 

funnel containing 25 mL diethyl ether and 15 mL saturated aqueous NaHC03. 

The layers were separated and the aqueous layer back extracted with diethyl 

ether 3x15 mL. The combined organic layers were washed with 25 mL brine, 

dried over MgS04, and concentrated under vacuum. Flash chromatography 

(silica gel 9:1 hexanes:ethyl acetate) afforded 0.72 g (89%) of the aldol product 

as a dear thick oil. 

IR-NMR (300 MHz, relative to CHCI3 at 7.24 ppm) 5 7.22 (m, 3H), 6.88 (m, 

5H), 5.2 (s, 2H), 4.37 (s, 2H), 4.02 (t, J= 5.9, IH), 3.78 (s, 3FI), 3.75 (d of 

d, J= 9.0,7.9,2H), 3.54 (d of d, J= 6.5,3.9, IH), 3.19 (s, 3H), 3.14 (m, 2H), 

2.63 (d of d, J= 17.9,8.6, IH), 2.50 (d of d, J= 17.8,3.8, IH), 1.84-1.19 (m, 

9H), 1.01 (s, 6H), 0.97-0.79 (m, 20H), 0.56 (q, J= 8.3,6H), -0.02 (s, 9H). 
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13C-NMR (50 MHz) 6 217.0,159.0,157.7,144.2,130.6,129.3,129.1,120.0,115.0, 
114.4,113.7,92.9,84.2,79.5,75.8,72.5, 66.4, 66.2,56.7,55.2,47.6,43.1, 
42.1,39.9,36.4,36.1,30.5,25.4,24.9,18.9,18.0,13.8,10.7,7.1,5.4, -1.4. 

Optical Rotation [a]D= +15.2° (c=18.1mg/mL, CHCI3) 

(2R.8R.9R.10S.l3S)-l3-methoxv-l-(4'-mPthnvvphpnyn 
methoxv-2.4.4.8.1Q-pentamethvl-13-(3'-(2"'-trimPthy1silylethoxy 
methoxv)phenvl)-9-triethvlsilvloxy-5.7-trideranpdione (131) 

MPMO 

OSEM 

C45H7608Si2 f.w.=801.39 

In an oven dried round bottomed flask was stirred 0.4 g (0.5 mmol) of 
the P-hydroxy ketone 130 and 10 mL DCM, followed by 0.25 g (0.6 mmol) of 
the Dess-Martin periodinane. The reaction was allowed to stir at room 
temperature until the reaction was complete according to TLC 
(approximately two hours), then the reaction was quenched with 15 mL of 
saturated aqueous NaHC03 solution containing a 7 molar equivalents of 
Na2S03. The biphasic reaction mixture was allowed to stir for 15 minutes or 
until the doudiness disappeared in the aqueous layer, then the aqueous layer 
was extracted with diethyl ether (3x10 mL) and the combined organic layers 
were washed with brine, dried over MgS04, filtered, and concentrated under 
vacuum. Chromatography (9:1 hexanes:ethyl acetate) afforded 0.39 g (98%) of 
the p-diketone as a colorless oil. 
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^H-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) mbcture of enol 

tautomers 515.89 (s, IH (enol OH)), 7.23 (m, 3H), 6.89 (m, 5H), 5.62 (s, 
IH), 5.20 (s, 2H), 4.36 (s, 2H), 4.02 (t, J= 5.9, IH), 3.78 (s, 3H), 3.77 (m, 
3H), 3.20 (s, 3H), 3.22-3.07 (m, 2H), 2.53-2.37 (m,lH), 1.89-1.19 (m, 8H), 
1.12 (s, 3H), 1.01 (s, 3H), 0.98-0.75 (m, 20H), 0.59-0.36 (q, J=5.9,6H), -0.02 
(s, 9H). 

13C-NMR (50 MHz) 6 199.9,198.3,159.0,157.7,144.1,130.7,129.3,129.0,119.9, 
115.0,114.4,113.7,97.0,92.9,84.2,76.1,72.5,66.2,56.7,55.2,51.2,48.0, 
45.8,43.8,43.4,42.3,36.5,35.4,30.6,30.3,26.4,25.2,19.1,18.0,15.3,14.5, 
12.5,11.5,8.6,7.1,5.3, -1.4. 

Optical Rotation [a]D= -29.2o (c=32.9mg/mL, CHCI3) 
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(2R.8R.9R 10S.13S)-9-Hydroxy-13-methoxv-l-(4'-methoxvphenvl) 
methoxv-2.4.4.8.10-pPntamethyl-13-(3'-(2"trimethylsilylethoxv 
methoxv)phenvl)-5.7-tridecanedione (132) 

MPMO 

OSEM 

C39H6208Si f.w.= 687.10 

To a solution of the P-diketone 131 (0.36 g, 0.4 mmol) and 5 mL of THF, 
stirring at room temperature under a nitrogen atmosphere, was added 0.9 mL 
(0.8 mmol) of a IM tetrabutylammonium fluoride solution. The reaction was 
monitored by TLC and quenched with 10 mL saturated aqueous NaHC03 
solution when the starting material was consumed. The aqueous layer was 
extracted with diethyl ether 3x15 mL. The combined organic layers were 
washed with brine, dried over MgS04, and concentrated under vacuum. 

Chromatography (silica gel 8:2 hexanes:ethyl acetate) afforded 0.26 g (91%) of 
the alcohol as a clear oil. 

iH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 615.89 (s, IH (enol OH)), 

7.23 (m, 3H), 6.89 (m, 5H), 5.62 (s, IH), 5.20 (s, 2H), 4.36 (s, 2H), 4.01 (d of 

d, J= 7.3,5.2, IH), 3.78 (s, 3FI), 3.73 (d of d, J= 8.6,6.5,2H), 3.58 (d of d, J= 

7.8,3.0, IH), 2.47 (p, J= 7.5, IH), 1.78-1.31 (m, lOH), 1.13 (s, 3H), 1.11 (s, 

3H), 1.06 (d, J= 7.1,3H), 0.94 (d fo d, J= 9.0,7.9,2H), 0.85 (d, J= 6.5,6FI), -

0.02 (s, 9H). 

13C-NMR (50 MHz) 5 199.7,199.4,157.6,144.2,130.7,129.4,129.1,119.9,115.1, 
114.5,113.7,96.8,92.9,84.1,76.1,75.8,72.5,66.3,56.7,55.3,46.2,44.2, 
42.1,35.9,35.1,30.4,30.2,26.5,25.4,18.9,18.0,15.3,12.8, -1.4. 

Optical Rotation [a]D= -24.4° (c=13.0mg/mL, CHCI3) 
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(6R.5R.4"R,2'S.5'S)-6-r5'-methoxy-5'(3"'-(2""-trimPthyl-
Silvlethoxvmethoxy)phPnyl]pent-2'-yl-2-r5'-(4"-mPthoyy 
phenvl)methoxy-4'-methylpent-2'-yl-5-methy1-2.3-dihydro-
4-pvrannnp (142) 

MPMO 

OSEM 

C39H60O7Si f.w.= 668.98 

In an oven dried 25 ml round bottomed flask was stirred 0.22 g (0.3 
mmol) of the alcohol 132,10 mL DCM and camphorsulfonic acid (10 mg, -10 
mole %). The reaction was allowed to stir for twenty-two hours at room 
temperature, then 15 mL of saturated NaHC03 was added. The aqueous layer 
was extracted with diethyl ether (3x15 mL). The combined organic layers were 
washed with 15 mL brine, dried over Mg;S04, and concentrated under 

vacuiim. Flash chromatography (9:1 hexanes:ethyl acetate) afforded 0.19 g 
(91%) of the dihydropyran as a colorless oil. 

iH-NMR (300 MHz, relative to CHCI3 at 7.24 ppm) 5 7.23 (m, 3FI), 6.89 (m, 

5H), 5.34 (s, IH), 5.20 (s, 2H), 4.37 (d, J= 11.8, IH), 4.32 (d, J= 11.8, IH), 

4.01 (m, IH), 3.78 (s, 3H), 3.76-3.67 (m,. 3H), 3.20 (s, 3H), 3.14 (d of d, 

J= 9.0,5.7 (m, 3H), 3.04 (d of d, J= 17.8,13.4, IH), 2.35 (p, J= 6.8, IH), 

1.81-1.29 (m, 9H), 1.06 (s, 3H), 1.04 (s, 3H), 0.96 (d, J= 6.9,3H), 0.91 (d, 

J= 6.7,3H) 0.90 (d of d, J= 9.0,7.3,2H), 0.87 (d, J= 6.7,3H), -0.03 (s, 9H). 

13C-NMR (50 MHz) 5 196.2,182.3,157.7,144.0,130.6,129.4,129.0,119.9,115.2, 

114.4,113.7,101.4,92.9,85.4,84.1,76.0,72.5,66.3,56.7,55.2,43.9,40.3, 

39.7,36.0,33.9,30.2,29.7,27.2,25.5,18.9,18.0,12.7,9.1, -1.4. 
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Optical Rotation [a]D= +47.3° (c=4.3mg/mL, CHCI3) 

(6R.5R.4"R.2'S.5'S)-6-r5'-methoxv-5'-(3'"-(2""-trimethyl-
Silvlethoxvmethoxv)phenvnpent-2'-y1-2-r5"-hydmxy-4"-
methvllpent-2"-vl-5-methvl-2.3-dihydro-4-pvranonP (144) 

OSEM 

C3iH5506Si f.w.= 548.83 

In a 25 mL flask was placed 0.1 g (0.15 mmol) of the dihydropyran 142,4 
mL DCM, and 2 mL of pH 7 buffer. The reaction was place in an ice/water 
bath followed by the addition of 41 mg (0.18 mmol) DDQ . The reaction was 
allowed to stir for 1.5 hours at Ô C then poured into a separatory fuimel 
containing 10 mL of pH 7 buffer. The layers were separated and the aqueous 
layer was extracted with iethyl ether 3x10 mL. The combined organic layers 
were dried over Na2S03 and concentrated under vacuum. Attempted 

purification of this material using silica gel chromatography resulted in the 
formation of the hemiketal 143, which was isolated in 72% yield. Thus, the 
crude product was directiy used in the next transformation. Isolated yields of 
the crude product were good (0.085 g, 103%). After standing for a short period 
of time some ketalization was observed in the crude product, according to 
TLC analysis. 
IH-NMR (200 Mhz, relative to CHCI3 at 7.24 ppm) 6 7.23 (m, IH), 6.89 (m, 

3H), 5.34 (s, IH) 5.20 (s, 2H) 4.05 (m, IH), 3.88 (d of d, J= 17.8,2.8, IH), 3.75 
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(d of d, J= 9.0,7.6,2H), 3.45-3.25 (m, 2H) 3.2 (s, 3H), 2.52-2.43 (m, 2H), 
1.92-1.31 (m,. 9H), 1.10 (s, 3H), 1.07 (s, 3H), 1.01 (d, J=6.9,3H), 0.94 (d, 
J=6.8,3H) 0.91 d of d, J= 9.0,7.4,2H), 0.87 (d, J= 6.8,3H), -0.03 (s, 9H). 

(6R,5R.4"R.2'S.5'S)-6-r5'-methoxv-5'-(3'"-(2""-trimPthy1-
silvlethoxymethoxy)phenvnpent-2'-yl-2-r5"-oxn-4"-
methvllppnt-2"-yl-5-methyl-2.3-dihydro-4-pypnone (145) 

OSEM 

C3lH5306Si f.w.= 546.81 

In an oven dried round bottomed flask was stirred 0.084 g (0.15 mmol) 
alcohol 144, 5 mL DCM,and 65.2 mg (0.18 mmol) periodinane. The reaction 
was allowed to stir at room temperature until the reaction was complete 
according to TLC (approximately 1 hour), then the reaction was quenched 
with 15 mL saturated aqueous NaHCOs solution containing 7 mole 
equivalents Na2S03. The biphasic reaction mixture was allowed to stir for 15 
minutes or until the cloudiness disappeared in the aqueous layer. The 
aqueous layer was extracted with ether (3x10 mL) and the combined organic 
layers were washed with brine. The resulting organic layer was then dried 
over MgS04, filtered, and concentrated under vacuum to afford a 0.041 g 
(51%) of the aldehyde as a colorless oil. This material was used in the next 
step without further purification. 
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^H-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 9.52 (d, J=2.7, IH), 7.23 
(m, IH), 6.89 (m, 3H), 5.34 (s, IH), 5.20 (s, 2H), 4.05 (m. IH), 3.88 (d of 
d, J= 17.3,2.8, IH), 3.75 (d of d, J= 9.0,7.4,2H), 3.20 (s, 3H), 2.48-2.24 
(m, 2H), 2.12-1.97 (m, IH), 1.92-1.33 (m, 8H), 1.04, (s, 3H), 1.02 (s, 3H), 
0.98-0.88 (m, 14H), -0.03 (s, 9H). 

Optical Rotation [a]D= +32.4° (c=7.2mg/mL, CHCI3) 

(6R.5R.4"R.2'S.5'S)-6-r5'-methoxv-5'-(3'"-(2""-trimPthy1-
SiIvlethoxvmethoxv)phenvl1pent-2'-yl-2-r5"-hydrnxy-
7"-(2"'-trimethvlsilvlethoxvcarbonv1)-4"-methvllhppt-2"-yl-S. 
methyl-2.3-dihydro-4-pvranone (147) 

TMS 

OSEM 

C38H6808Si2 f.w.= 707.10 

To a solution of the ester 146 (12 mg, 75.5 ^mol) in 3 mL THF, at -78o C 

under a nitrogen atmosphere, was added 75 nL (75.5 pmol), of a IM solution 

of LDA in THF. This solution was maintained at -78° C for 15 minutes, then 

the aldehyde 145 (41 mg, 75 ^imol) was added dropwise as a solution in 0.5 mL 

THF, followed by THF washes 3x0.5 mL. After 10 minutes at -78° C, the 

reaction mixture was added to a separatory funnel contairung 5 mL diethyl 

ether and 5 mL pH 7 buffer. The layers were separated and the aqueous layer 

back extracted with 3x10 mL ether. The combined organic layers were washed 
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with 10 mL brine, dried over Na2S03, and concentrated under vacuum. The 

crude material isolated from this reaction was carried on in the next synthetic 

step without purification. In one run, chromatography (9:1 hexanes:ethyl 

acetate) afforded 0.042 g (80%) of the aldol product as a dear thick oil. 

IH-NMR (200 MFIz, relative to CHCI3 at 7.24 ppm) 5 7.23 (m, IH), 6.89 (m. 

3H), 5.36 (s, IH), 5.20 (s, 2H), 4.18 (d of d, J= 9.0,7.5,2H), 4.04 (m. IH), 

3.83 (m, 2H), 3.74 (d of d, J= 9.0,7.5,2H), 3.20 (s, 3FI), 2.38 (m, 3H), 

1.8901.41 (m, 8H), 1.23 (s, 3H), 1.22 (s, 3H), 1.21-0.79 (m, 13H), 0.02 (s, 

9H), -0.03 (s, 9H). 

(6R.5R.4"R.2'S.5'S)-6-r5'-methoxy-5'-(3"'-(2""-trimethyl-
silylethoxymethoxy)phenyllpent-2'-yl-2-r5"-oxo-
7"-(2"'-trimethylsilylethoxycarbonyl)-4"-methyllhept-2"-yl-5-
methyl-2.3-dihydro-4-pyranone (149) 

TMS 

OSEM 
C38H6608Si2 705.08 

In an oven dried round bottomed flask was stirred 42 mg (59 jtmol) of 

the p-hydroxy ketone 147,10 mL DCM, and 29 mg (70.8 mmol) periodinane. 

The reaction was allowed to stir at room temperature until the reaction was 

complete according to TLC (approximately two hours), then 15 mL saturated 

NaHC03 solution containing seven molar equivalents of Na2S203 was added. 

The biphasic reaction mixture was allowed to stir for 15 minutes or imtil the 
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doudiness disappeared in the aqueous layer The aqueous layer was extracted 
with ether ( 3x10 mL) and the combined organic layers were washed with 
brine, dried over MgS04, filtered, and concentrated under vacuum. 
Chromatography (7:3 hexanes:ethyl acetate) afforded 28.7 mg (70%) of the p-
diketone as a colorless oil. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 6 7.23 (m, IFI), 6.89 (m, 
3H), 5.36 (s, IH), 5.20 (s, 2H), 4.18 (d of d, J= 9.0,7.9,2H), 4.04 (m, 8H), 
3.83 (m, 2H), 3.74 (d of d, J= 9.0, 7.6,2H) 3.2 (s, 3H), 2.38 (m,. 3H), 1.89-
1.41 (m, 8H), 1.23 (s, 3H), 1.22(s, 3H), 1.21-0.79 (m, 13H), 0.02 (s, 9H), 
-0.3 (s, 9H). 
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AttemptP^ formation nf 2-trimethvlsilyleth-l-yl l-Oxa-4-t-
butvldimpthylsily11nxy-2-r4'-methoxy-r-methy1-4'(3"-
trimethv]si1vlethoxvlmethoxy)-phenynbutvl-3.9.n .11-
tetrampthyl-8-oxo-f5.5.01-spirobicycloundec-4-ene-7-carboxylate (150) 

OSEM 

C44H8408Si3 f.w.= 823.41 

In an oven dried 5 mL flask was placed 28.7 mg (41 ^mol) of the P-
ketoester 149,2 mL DCM, 10 jiL DIPEA (58 jimol) and 18 ^1 (90.2 ^mol) tert-
butyldimethylsilyl triflate. The solution was stirred at room temperature 
under a nitrogen atmosphere. The reaction was monitored by TLC to 
determine if the starting materials had been consumed. It was found that 
after 1.5 hours the starting materials were completely consumed, and a 
complex mixture had formed. The contents of the reaction were added to a 
separatory funnel containing 5 mL saturated NaHC03 solution. The layers 

were separated and the aqueous layer was extracted with ether 3x5 mL. The 

combined organic layers were washed with brine, dried over MgS04, and 

concentrated under vacuum, yielding a light brown oil (32.1 mg). High 

pressure liquid chromatographic analysis indicated 16 different peaks. 

Preparative HPLC of the sample yielded 16 fractions. NMR analysis of each 

fraction revealed very little about the outcome of the reaction because of the 

small quantities of material in each fraction. One fraction, with a retention 

time of 13.4 nunutes, had ^H-NMR peaks that could be related to Boatman;s 

spirocydic ring system. 
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^H-NMR (relative to CHCI3 at 7.24ppm) Diagru)stic peaks relavant to 

Boatman's analog. C-2 iH 6 4.95 (d, J=2.1 Hz), C-8 ^H 6 3.80 (s). 

(2R,8S.9R.10S.13S)-13-methoxv-l-(4'-mPthoxyphPnyl) 
methoxv-2.4.4.8.10-pentamethyl-13-(3"-2'"-trimPthy1silylethoxy 
methoxv)phenvl)-7.9-ditriethvlsilyloxv-5-tridpranone (153) 

MPMO O ?^^^OTES OMe 

OSEM 

formual f.w.= 913.56 

To 0.14 g (0.15 mmol) of the p-hydroxy ester 140 in 5 mL DCM stirring 
in a 10 mL flask at 0° C under a nitrogen atmosphere was added 42 nL (0.21 
mmol) DIPEA and 46 îL (0.18 mmol) of triethylsilyl triflate . The reaction was 
allowed to stir for 15 minutes then poured into a separatory funnel 
containing 15 mL of diethyl ether and 10 mL saturated NaHC03 solution. 

The layers were separated and the aqueous layer was extracted with ether 3x10 
mL. The combined organic layers were washed with 15 mL brine, dried over 
MgS04, and concentrated under vacuum. Chromatography (9:1 hexanes:ethyl 

acetate) afforded 0.133 g (86%) of the protected alcohol as a clear oil. 

IH-NMR (200 MHz, relative to CHCI3 at 7.24 ppm) 5 7.23 (m, IH), 6.89 (m, 
3H), 5.20 (s, 2H), 4.37 (s, 2H), 4.33 (m, IH), 3.99 (d of d, J=7.0,5.3, IH), 
3.78 (s, 3H), 3.75 (d of d, J= 9.0,7.6,2H), 3.49 (d of d, J= 8.3,6.5, IH), 3.19 (s, 
3H), 3.22-3.07 (m, 2H), 2.75 (d of d, J= 17.4,6.3, IH), 2.59 (d of d, J= 17.4, 
6.3, IH), 1.82-1.19 (m, 9H), 1.07 (s, 3FI), 1.05 (s, 3H), 0.99-0.84 (m, 24H), 
0.77 (d, J= 7.1,3H), 0.53 (q, J= 5.9,6H), 0.51 (q, J= 5.9,6H), -0.02 (s, 9H). 
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^3C-NMR (50 MHz) 8 213.3,157.7,144.3,130.7,129.3,129.0,119.9,114.9,114.5, 
113.7,93.0,84.4,77.9,76.1,72.3,69.1,66.2,56.7,55.2,47.4,43.87,42.7, 
36.5,36.0,31.7,30.4,25.4,24.3,19.1,18.0,13.7,10.7,7.2, 6.9,5.7,5.6,5.1, 
-1.4. 

Optical Rotation [a]D= -24.4o (c=13.3mg/mL, CHCI3) 

(2R.8S.9R.10S.13S)-13-methoxv-l .S-Ppoxy-S-hydroxy-
2,4,4.8.10-pentamethvl-13-(3"-2"'-triTr.PthylsilylPthoxy 
methoxv)phenvl)-7.9-bis(triethylsi1y1nxv)tridecanP (1 ^) 

*o, ^^^ OTES 
'-^^^ ' OTES 

OSEM 

Formula f.w.= 793.41 

To 0.1334 g (0.15 mmol) of the ether 153,5 mL DCM, and 2 mL pH 7 
buffer stirring in a 10 mL pear shaped flask at room temperature was added 40 
mg (0.18 mmol) of 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ). The 
solution immediately turned dark green. After 45 minutes the reaction 
mixture was added to a separatory funnel contairung 10 mL of diethyl ether 
and 10 mL of saturated NaHC03 solution. The layers were separated and the 
aqueous layer was extracted with ether (3x10 mL). The organic layers were 
combined and washed with bicarbonate solution (3x15 mL), followed by 25 
mL brine. The organic phase was then dried over MgS04 and concentrated 
under vacuum. Flash column chromatography afforded 0.102 g (88%) of the 
hemiketal as a clear oil. 
IH NMR (relative to CHCI3 at 7.24ppm) 67.23 (m, IH), 6.89 (m, 3H), 5.20 (s, 

2H), 3.99 (m, IH), 3.75 (d of d, J= 9.0,7.6,2H), 3.51-3.27 (m, 2H), 3.18 
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(s, 3H), 2.51-2.34 (s, IH(OH)), 1.81-1.10 (m, 9H), 0.99-0.71 (m, 35H), 0.66-

0.46 (m, 12H), -0.03 (s, 9H). 

13C NMR (50 MHz) 5164.7,157.6,154.5,129.4,120.0,115.1,114.6,92.9,84.3, 

84.0, 66.2,56.7,42.6,37.1,36.1,33.4,26.5,24.5,18.0,12.6, 7.2, 7.1, 6.8,5.8, 

5.5,5.1,4.4, -1.4. 

(2R.8S.9R.inS.13S)-13-methoxy-2.4.4.8.10-pentamethyl-
13(3"trimethylsilylethoxymethyoxy)phenyl-
7.9-ditriethylsilyloxy-5-oxo-tridecanal (155) 

^•^^^TES 

OSEM 

formula f.w.= 791.39 

In an oven dried round bottomed flask was stirred 0.1 g (0.13 nm\ol) of 

the hemiketal 154 and 5 mL DCM, and 66.5 mg (0.16 mmol) Dess-Martin 

periodinane reagent. The reaction was allowed to stir at room temperature 

until the reaction was complete according to TLC (approximately two hours), 

then it was quenched with 15 mL saturated NaHC03 solution contairung 0.35 

g (seven molar equivalents) of Na2S203. The biphasic reaction mixture was 

allowed to stir for 15 minutes or until the doudiness disappeared in the 

aqueous layer. The aqueous layer was extracted with ether (3x10 mL) and the 

combined organic layers were washed witii brine. The resulting organic layer 

was then dried over MgS04, filtered, and concentrated under vacuum. 

Chromatography (7:3 hexanes:ethyl acetate) afforded 0.093 g (92%) of the 

aldehyde as a colorless oil. 
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IH NMR (relative to CHCI3 at 7.24ppm) 59.51 (d, J= 2.4, IH), 7.23 (m, IH), 
6.89 (m, 3H), 5.20 (s, 2H), 4.28 (m, IH), 4.00 (d of d, J= 6.2,5.4, IH), 3.74 
(t, J= 8.6,2H), 3.49 (d of d, J= 6.4,2.0, IH), 3.19 (s, 3H), 2.69 (d of d, J= 
17.6,11.6, IH), 2.57 (d of d, J= 17.6,11.6, IH), 2.12-2.01 (m, IH), 1.09 (s, 
1.5H), 1.08 (s, 1.5H), 1.06 (s, 1.5H), 1.04 (s, 1.5H), 0.98-0.76 (m, 29H), 
0.71-0.45 (m, 12H), -0.02 (s, 9H). 

" C NMR (50MHz) 6212.7, 204.3,157.7,144.3,129.3,119.9,115.0,114.5, 93.0, 
84.4,77.9, 69.1,66.2,56.7,47.3,44.0,43.8,43.3,39.9,39.4,36.5,36.1,35.9, 
31.6,29.7,25.0,24.6,18.0,16.0,13.8,11.2,7.1,6.9,6.8,5.6,5.5,5.1,4.4, 
-1.4. 

Optical Rotation [a]D= -32.7o (c=25.5mg/mL, CHCI3) 
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(4R,10S.l 1 R.12S.15S)-Benzvl-3-hvdmxy-15-methoxy-
4,6.6.10.12-pentamethvl-15-(3"trimPthylsilylethoxy-
methvoxv)phenvl-9.11-ditriethv1<;i1y1nvy-
7-oxo-ppntadecanoate (157) 

°"^^^OTES 

OSEM 

formula f.w.= 941.57 

To a stirring solution of the benzyl acetater (36.4 mg, 0.24 mmol) in 5 
mL THF, at -78° C under a nitrogen atmosphere, was added 0.24 mL (0.24 
mmol), of a IM solution of LDA in THF. This reaction mixutre was 
maintained at -78oC for 15 minutes, then the aldehyde 155 (0.093 g, 0.12 
mmol) was added dropwise as a solution in 0.5 mL THF, followed by 3x0.5 mL 
THF washes. After 10 minutes at -78^0 the reaction mixture was added to a 
separatory fuimel containing 10 mL ether and 10 mL pH 7 buffer. The layers 
were separated and the aqueous layer extracted with ether (3x15 mL). The 
combined organic layers were washed with 10 mL brine, dried over Na2S03, 
and concentrated under vacuum. The crude material isolated from this aldol 
reaction was carried on in the next synthetic step as a crude reagent. Flash 
chromatography (silica gel 9:1 hexanes:ethyl acetate) afforded 0.079 g (71%) of 
the aldol product as a dear thick oil. 

IR NMR (200MHz, relative to CHCI3 at 7.24ppm) 7.33 (m, 5H), 7.23 (m, IH), 

6.89 (m, 3H), 5.20 (s, 2H), 5.12 (s, 2H), 4.32 (m, IH), 4.00 (m, IH), 3.75 (d of 
d, J= 9.1,7.4,2H), 3.39 (m,lH), 3.19 (s, 3H), 2.89-2.52 (m, 2H), 2.49-2.37 (m, 
2H), 1.91-1.39 (m, (H), 1.09 (s, 3H), 1.06 (s, 3H), 0.98-0.73 (m, 29H), 0.61-
0.44 (m, 12H), -0.02 (s, 9H). 
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13C NMR (50 MFIz) 214.1,173.0,157.7,144.3,129.4,128.7,128.4,128.3,120.0, 
115.0,114.6,93.0,84.5,71.2,69.1,66.6,66.3,55.8,48.5,43.9,41.5,38.2, 
36.6,36.0,34.5,31.7,29.8,25.7,24.7,18.1,16.2,13.8,10.9, 7.3, 7.2, (i.7,5.9, 
5.7,5.6,5.5,5.1, -1.3. 

(4R,10S.nR.12S.15S)-Rpn7yl-15-methoxv-4.6.6,in.12-
pentamethvl-15-(3"trimethylsilylethoxvmethyoxy)phenyl-
9.11-ditriethvlsilvloxv-3.7-dioxo-ppntadecanoate (1 .S9) 

OTES_ 
OTES OMe 

OSEM 

formula f.w.= 939.55 

In an oven dried round bottomed flask was stirred 78.5 mg P-hydroxy 
ketone 157 (83.3 ^lmol), 10 mL DCM and 42.3 mg (112.1 l̂mol) Dess-Martin 
periodinane reagent. The reaction was allowed to stir at room temperature 
until the reaction was complete according to TLC (approximately two hours), 
quenched with 5 mL saturated aqueous NaHCQj solution containing 0.15g 
(seven molar equivalents) of Na2S203, then allowed to stir for 15 minutes or 
until the doudiness disappeared in the aqueous layer. The aqueous layer was 
extracted with ether (3x10 mL) and the combined organic layers were washed 
with brine, dried over MgS04, filtered, and concentrated under vacuum. 
Flash chromatography (7:3 hexanes:ethyl acetate) afforded 43.1 mg (55%) of 
the p-diketone as a colorless oil. 

IR NMR (200 MHz, relative to CHCI3 at 7.24ppm) 615.77 (s, IH (enol OH)), 

7.33 (m, 5H), 7.23 (m, IH), 6.89 (m, 3H), 5.20 (s, 2H), 5.14 (s, 2H), 4.29 
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(m, IH), 3.99 (t, J= 3.9, IH), 3.75 (d of d, J= 9.0,7.5,2H), 3.53 (s, IH), 3.20(s, 
3H), 2.73-2.51 (m, IH), 1.82-1.40 (m, 8H), 1.11-0.72 (m, 35H), 0.,58-0.49 (m, 
12H), -0.02 (s, 9H). 

13C NMR (50MHz) 212.8,205.7,167.2,157.7,144.3,128.5,128.3,119.9,114.9, 

114.5,93.0,84.4,69.2,67.0,66.2,65.8,56.7,47.6,47.3,43.8,43.4,40.9,36.5, 
36.1,31.6,29.7,25.3,24.0,18.8,18.0,15.3,13.8,11.2, 7.1,5.6,5.5,5.1, -1.4. 

Optical Rotation [a]D= -41.7o (c=ll.lmg/mL, CHCI3) 

(4R.10S.llR.12S.15S)-Bpn7yl-15-methoxy-4.6.6m,12-
pentamethvl-15-(3"trimethvlsilylPthnxy-
methyoxy)phenyl-9.11-dihydroxy-3.7-dioxo-
pentadecanoate (161) 

OH OH 

OSEM 

C40H62O9Si f.w.= 704.91 

To a stirring solution of p-ketoester 159 (25 mg, 26.6 ^mol) in 2 mL THF 
at room temperature under a nitrogen atmosphere was added 53.2 M.L (53.2 
mmol) of a IM tetrabutylamonium fluoride solution. The reaction was 
monitored by TLC and quenched with 5 mL saturated aqueous NaHC03 

solution when starting material was consumed. The aqueous layer was 
extracted wtih ether (3x10 mL). The combined organic layers were washed 
with brine, dried over MgS04, and concentrated under vacuum, yielding a 

complex mixture. The crude material was separated by preprative HPLC, 

yielding 9 different isolated products. NMR analysis of these collected 

products revealed that two fraction contained compunds that resembled the 
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starting material 159, minus the silylated C-9 and C-11 carbinols. 
Furthermore, the C-9 and C-11 methine signals either disappeared or shifted 
drastically. 

iR-NMR (relative to CHCI3 at 7.24ppm) diagnostic peaks 4.01 (m), 3.75 (m), 
3.64 (m). 
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