
MODEL STUDIES FOR THE TOTAL SYNTHESIS OF OSCILLATOXIN A 

by 

RAYMOND THOMAS CUNNINGHAM, B.S. 

A DISSERTATION 

IN 

CHEMISTRY 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

December, 1988 



7^ 

j^j^ Gj ' 7 TABLE OF CONTENTS 

LIST OF TABLES vi 

LIST OF FIGURES vii 

CHAPTER IINTRODUCnON 1 

Preface 1 

Background: Discovery of the Aplysiatoxins 1 

Structure Elucidation of the Aply siatoxins 2 

Biological Activity of the Aplysiatoxins 4 

Other Synthetic Routes to the Aplysiatoxins 12 

CHAPTER n RESULTS AND DISCUSSION 14 

Strategic Considerations 14 

A "Diels-Alder" Approach to the C-1 - C-7 Fragment of Oscillatoxin A 17 

Altemate Strategies for the Synthesis of Oscillatoxin A 20 

Synthesis of the C-27 - C-30 Fragment of Oscillatoxin A 21 

Approaches to 34 via Yeast Reduction of Prochiral Ketones 22 

Chiral Acetals as Precursors to 34. 26 

Diacetone Glucose as a Synthetic Precursor for Compound 34 27 

Sharpless Kinetic Resolution of an Allylic Alcohol-The First Synthesis of 

34 33 

Malic Acid as a Synthon for 34-An Improved Synthesis 36 

Synthesis of the C-3 - C-8 Segment of Oscillatoxin A 38 

Synthesis of the C-9 - C-13 Fragment of Oscillatoxin A 43 

Conclusions 46 

CHAPTER m EXPERIMENTAL 46 

Preparation of endo/exo-l-(2-methyl-bicyclo[2.2.1]hept-5-en-2-yl)-
ethanone (30) 46 

ii 



Preparation of endo/exo Methyl 3-(2-methyl-bicyclo[2.2.1]hept-5-en-2yl)-

3-oxopropanoate (31) 47 

Preparation of Methyl 3-oxo-4-methyl-4-pentenoate (28) 48 

Preparation of Methyl 3-acetoxy-4-methyl-penta-2,4-dienoate (24) 48 

Preparation of 2-(trimethylsilylethyl) 4-bromo-3-oxo-butanoate (41) 49 

Preparation of (2-trimethylsilyl)-ethyl 4-benzyloxy-3-oxobutanoate (37) 49 

Preparation of Octyl 4-benzyloxy-3-oxobutanoate (96) 50 

Preparation of Octyl 4-benzyloxy-3-oxo-butanoate (42) 50 

Preparation of 2-benzyloxyacetaldehyde (45) 51 

Preparation of Preparation of 2-benzyloxymethyl-4,6-dimethyl-l,3-dioxane 

(46) 51 

Preparation of l-benzyloxy-2-(4-hydroxy-2-pentoxy)-4-pentene (47) 52 

Preparation of l-benzyloxy-2-(4-oxo-2-pentoxy)-4-pentene (48) 52 

Preparation of (R)-l-benzyloxy-4-pentene-2-ol (43) 53 

Preparation of (R)-l-benzyloxy-2-tert-butyldimethylsiloxy-4-pentene (49) 53 

Preparation of 4-benzyloxy-2,2-dimethyl-1,3-dioxolane (44) 54 

Preparation of 3-deoxy-l,2-0-isopropylidene-a-D-glycero-pent-3-

enofuranose (55) 54 

Preparation of 3-deoxy-l,2-0-isopropylidene-6-L-threo-pentofuranose (52).... 56 

Preparation of 3-deoxy-5-benzyl-l,2-0-isopropylidene-6-L-threo-
pentofuranose (56) 56 

Preparation of 3-deoxy-5-benzyl-fi-L-threo-pentofuranose (59) 56 

Preparation of l-benzyloxy-3-buten-2-ol (61) 57 

Resolution of l-benzyloxy-3-buten-2-ol (61) 57 

Preparation of l-benzyloxy-2-methoxymethyl-3-butene (62) 58 

Preparation of 4-benzyloxy-3-methoxymethyl-l-butanol (63) 58 

Preparation of 4-benzyloxy-3-methoxymethylbutanoic acid (65) 59 

Preparation of Methyl (R)-3,4-dihydroxybutanoate (66) 59 
m 



Preparation of 4-Benzyloxy-3-(dimethylthexylsiloxy)butanoic acid (70) 61 

Preparation of 2,4,4,8-tetramethyl-5-oxo-9-(tert-butyldimethylsiloxy)-1 -
nonen-7-yl 4-benzyloxy-3-(dimethylthexylsiloxy)butanoate (72) 61 

Preparation of Methyl (R)-(4-(methoxyphenyl)metiioxy)-2-methyl-
propanoate (75) 62 

Preparation of (R)-(4-(methoxyphenyl)methoxy)-2-methyl- 1-propanol (76) 63 

Preparation of (S)-4-(methoxyphenyl)methoxy)-2-methyl-l-propyl 
methanesulfonate (77) 64 

Preparation of 3-(4-methoxyphenylmethoxy)-2-methyl-l-propyl 3-methyl-
2-0X0-1-butanesulfonate (78) 68 

Preparation of (S)-3-iodo-l-(4-methoxyphenyl)methoxy-2-methylpropane 
(79) 65 

Preparation of (R)-Methyl 5-(4-methoxyphenyl)methoxy-2,2,4-
trimethylpentanoate (80) 65 

Preparation of (R)-Methyl 5-(4-methoxyphenyl)methoxy-2,2,4-
trimethvlpentanoic acid (82) 66 

Preparation of (R)-Methyl 5-(4-methoxyphenyl)methoxy-2,2,4-trimethyl-l-
pentanol(87) 67 

Preparation of (5R,2S)/(5R,2R)-6-((4-methoxyphenyl)metiioxy)-3,3,5-

trimethvl-2-hexanol (89) 67 

Preparation of (5R)-3,3,5-trimethyl-2-oxepanone (86) 69 

Preparation of (R)-6-((4-methoxyphenyl)methoxy)-3,3,5-trimethyl-2-

hexanone(74) 69 

Preparation of (S)-3-(4-methoxyphenyl)methoxy-2-methyl-propanal (90) 70 

Preparation of (2S,3R)-l-(4-methoxyphenyl)methoxy-2,4-dimethyl-3-
pentanol (91) 70 

Preparation of (2S,3R)-l-(4-methoxyphenyl)methoxy-2,4-dimethyl-3-(tert-
butyldimethylsiloxy)-pentane (92) 71 

Preparation of (2S,3R)-2,4-dimethyl-3-(tert-butyldimethylsiloxy)-l-
pentanol(93) 72 

Preparation of (2R,3R)-2,4-dimethyl-3-(ten-butyldimethylsiloxy)-pentanal 
(94) 73 

IV 



Preparation of (2R,7S,8S,9R)- and (2R,7R,8S,9R)-7-hydroxy-l-(4-
methoxyphenyl)methoxy-2,44,8,10-pentamethyl-9-(ten-
butyldimethylsiloxy)-5-undecanone (95) 74 

LITERATURE CITED 76 



LIST OF TABLES 

Table 1 Comparison of [a]D values for ^ 31 

VI 



LIST OF FIGURES 

Figure 1. The Aplysiatoxins 3 

Figure 2 Effect of Tumor Promotors on Tumor Growth 6 

Figure 3 Reported Biological Acitvities of the Aplysiatoxins 9 

Figure 4 Conformation of Oscillatoxin A 16 

Figure 5. Retrosynthetic Scheme for 32 21 

Figure 6. NOE Enhancements for 56 32 

vu 



CHAPTER I 

INTRODUCTnON 

Preface 

This account will describe the results of research on a model study for the total 

synthesis of oscillatoxin A. During the course of this work, major subunits of the target 

molecule were assembled and protecting group schemes were devised for use during the 

total synthesis. In addition, a new method for the selective benzylation of 1,2-diols was 

developed, and a new and highly efficient method for the synthesis of 3-deoxy-L-pentoses, 

compounds which are useful for the synthesis of nucleoside analogues, was discovered. 

Background: The Discovery of the Aplvsiatoxins 

The aplysiatoxins are a unique class of natural products isolated from marine sources. 

Aplysiatoxin and debromoaplysiatoxin were first isolated in 1974 by Scheuer from the sea 

hare Stvlocheilus longicauda collected off the coast of Hawaii. ^ Sea hares are gastropod 

mollusks that lack a protective external shell and are thus potentially very vulnerable to 

predators. Because the presence of the aplysiatoxins in sea hares is Umited to the digestive 

tract, it was assumed that their origin is dietary. It is not unusual for defenseless sea 

animals such as the sea hare to concentrate toxins in their digestive tract as a method of 

discouraging other animals from feeding on them. 2 Many other compounds have been 

isolated from the digestive tract of sea hares and are suspected to be of dietary origin. ^ 

Aplysiatoxin and debromoaplysiatoxin have also been isolated directiy from bluegreen 

algae, such as Lvngvba majuscula , off the coast of Hawaii. To date, six structurally-

related aplysiatoxins have been isolated not only from L. maiuscula. but also from the 

tropical blue-green algae Schizothrix calcicola and Oscillatoria nigroviridis. 4, 5, 6, 7 J\^Q 
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suspected dietary origin of these compounds in Ŝ  longicauda was confirmed when, during 

a collection of L. maiuscula from which the aplysiatoxins were later isolated, sea hares 

were seen feeding on die algae. 5 Bluegreen algae, of which L. maiuscula is only one 

example, are ubiquitous inhabitants of fresh and salt water as well as terrestrial environs. 

They have been found in climates as diverse as arctic oceans and deserts. These algae are 

not closely related to any other group of algae. Like plants, they contain chlorophyll used 

to carry out photosynthesis. However, like bacteria, bluegreen algae do not contain nuclei, 

mitochondria, chloroplasts, or any membrane-bound intracellular organelles common to 

plant and other eukaryotic cells. The aplysiatoxins are only one example of a large variety 

of natural products isolated from these algae. ^ 

Structure Elucidation of the Aplvsiatoxins 

Based on spectroscopic and chemical degradation studies, Kato and Scheuer were able 

to determine the gross structure of aplysiatoxin to be that shown in 1, 8,9 jhe structures 

of the six known related aplysiatoxins isolated ftx)m natural sources are illustrated in Figure 

1. 

Scheuer was able to determine not only the gross structure of the compounds, but also 

the relative stereochemistry around the AB ring system. He was at first unable to assign 

even die relative stereochemistry of C-15 and C-12 on the side chain or C-29 and C-30 in 

the C ring. The absolute stereochemistry of none of the chiral carbon centers could be 

assigned for a number of years, until the solution of an X-ray crystallographic structure. 10 

The X-ray structure still could not define the configuration at C-30 of the aplysiatoxins. 

The isolation of compounds i-6 was comphcated by the facile elimination of the trans-

diaxial C-3 hydroxyl and C-4 proton to yield the so-called anhydro derivatives. Silica gel 

or weakly acidic solvents such as chloroform are acidic enough to cause significant 



amounts of this dehydration to occur. The anhydro derivatives have also been isolated 

from the natural sources and their presence in the organism has been proven to be real and 

not an artifact of the isolation procedure. The existence of these anhydro derivatives has 

helped to define the centers of biological activity, as will be discussed later. 

OH OH 

1: APLYSIATOXIN: Xi=Br, X2=X3=H, R=CH3 

2: DEBROMOAPLYSIATOXIN: Xi=X2=X3=H, R=CH3 

3: 19-BROMOAPLYSIATOXIN: Xi=X2=Br, X3=H, R=CH3 

4: OSCILLATOXIN A: Xi=X2=X3=R=H 

5: 17-BROMOOSCILLATOXIN A: Xi=Br, X2=X3=R=H 

6: 17,19-BROMOOSCILLATOXIN A: Xi=X2=Br, X3=R=H 

Figure 1. 

The Aplysiatoxins 

Spectroscopic experiments conducted by Moore yielded more information about the 

structures of the aplysiatoxins.^ High field NMR studies using decoupling and NOE 

experiments confirmed the relative stereochemistry assignments for the AB ring system 

made earlier by Scheuer. In addition, the absolute stereochemistry at C-15 in 

debromoaplysiatoxin was assigned as ̂  based on comparison of the circular dichroism 

spectrum of debromoaplysiatoxin with several model compounds. The absolute 



configuration of C-29 and C-30 was also assigned based on the comparison of CD spectra. 

The acid catalyzed hydrolysis of anhydrodebromoaplysiatoxin yielded cis dihydro-4-

hydroxy-5-methyl-2(3H)-furanone 7, which exhibited a positive Cotton effect in its CD 

spectrum. A related compound, (S)-dihydro-4-hydroxy-2(3H)-furanone 8 is available 

from commercially available (S)-malic acid. This compound showed a negative Cotton 

effect in its CD spectrum. On this basis, the stereochemistry at C-4 in 7 was assumed to be 

R. Since C-4 in 7 was derived from C-29 in debromoaplysiatoxin the absolute 

configuration of C-29 must be R. Assuming this, the absolute stereochemistry of C-30 in 

debromoaplysiatoxin must be R since the relative stereochemistry in 2 is known.^ 

OH 

« 

O 

1 2L 

The absolute stereochemistries of the chiral centers on the AB rings were determined 

on the basis of an NOE experiment. Irradiation of the C-10 methyl group in 

debromoaplysiatoxin diacetate results in an enhancement of the signal from the proton on 

C-29. Given the relative stereochemical relationships of the AB ring system determined by 

Kato and Scheuer, as well as the absolute stereochemistry of C-29, Moore asserted, based 

on inspection of Dreiding models, that the NOE effect can only be accounted for if the 

absolute stereochemistries of the AB ring centers are 3S, 4R, 7S, 9S, lOR, and IIR as 

shown in 2-^^ An X-ray crystallographic analysis of the 19,21-dibromo derivative 

supported this structural assignment. 



Biological Activity of the Aplvsiatoxins 

The aplysiatoxins have been found to exhibit a wide range of biological activities. As 

their name suggests, the compounds are toxins or poisons. Their primary purpose is 

presumably to prevent predators from feeding on the organisms that make or concentrate 

the toxins. The toxicity of gastropod mollusks such as S. longicauda has been known for 

many years. An ancient author warned of the mollusks: "So deadly is the force of diis 

poison that it poisons not only those who took it in by mouth, but also those who touched 

or looked at it, and if a pregnant woman sees it or even comes near it she immediately feels 

pain in the belly and nausea, and then she has an abortion." ̂  ^ The relevance of these 

compounds to public health was noticed in modem times when aplysiatoxin and 

debromoaplysiatoxin produced by Lvngvba maiuscula were implicated as the causative 

agents in an outbreak of severe dermatitis that affected swimmers off the coast of 

Hawaii. 12,13 SJQH contact with dilute solutions of the aplysiatoxins in the laboratory has 

been known to cause severe, slow-healing sores. 

Debromoaplysiatoxin and oscillatoxin A exhibit activity against P-388 lymphocytic 

leukemia.^'^ Unfortunately, the optimum antileukemic activity for these compounds 

occurs near the lethal dose, precluding their use as medicinal agents. The most significant 

aspect of the aplysiatoxins' biological activity is their function as tumor promotors or 

cocarcinogens.l^ The term cocarcinogen refers to the propensity of some compounds to 

promote the growth of tumors in tissues previously exposed to a carcinogen. Skin 

carcinogenesis has been known since 1941 to occur by a two-stage process, when workers 

discovered the enhancing effect of irritation on the process of tumor formation. ^ ̂  Later, 

the enhancing effect of some chemical compounds was discovered. ̂  ̂  The characteristics 

of two-stage skin carcinogenesis in mice are shown in Figure 2.1^ A large dose of a 

carcinogen such as 7,12-Dimethylbenz(a)anthracene (DMBA) can induce the growth of 



tumors, as indicated by entry 1 of Figure 2. Application of a smaller or sub-threshold dose 

does not result in tumor growth (entry 2), unless it is administered repeatedly (entry 3). 
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A = DMBA, A TYPICAL CARCINOGEN (SIZE OF TRIANGLE 
RELATES TO DOSAGE) 

T= 12-0-TETRADECANOYLPHORBOL-13-ACETATE 

Figure 2 

Effect of Tumor Promotors on Tumor Growth 

Repetitive application of a tumor promotor to the mouse also fails to induce the growth of 

tumors (entry 4). If, however, a tumor promotor is applied to mouse skin at any time after 

a subthreshold dose of a carcinogen, tumors will grow (entries 5 and 6). The effect of a 

tumor promotor is reversible. That is, if the tumor promotor is appUed first, followed by a 



subtiireshold dose of carcinogen, no tumors will result (entry 7 ). Diminishing the 

frequency or dosage of die promotor diminishes its effect (entries 8 and 9). The real 

hallmark of two-stage carcinogenesis is the irreversibility of tumor initiation. A lapse of up 

to one year between the subthreshold dose of the carcinogen and the promotor provides a 

response similar to that when the promotor is given only one week after the carcinogen. 1° 

It is known that a wide variety of chemical compounds, many of them natural 

products, act as tumor promotors. However, only three classes of natural products 

displaying tumor promoting activity are known. ̂ 9 These are the phorbol esters, for 

example 13-0-tetradecanoylphorboH3-acetate (TPA) 9; the indole alkaloid tumor 

promotors, of which teleocidin A (10) is an example; and the polyacetate tumor promotors, 

the only examples of which are the aplysiatoxins i-6. 

The phorbol esters, which occur in several plants, have been known as tumor 

promotors for some time, and a voluminous literature exists regarding their tumor 

OCO(CH2)i2CH3 

X 

• • I I I 

\ 

OH 

10 

promoting activity. TPA (9} has been the reagent of choice for many of the studies of 

tumor promotion and inflammation over the past decade because of its availability and 

potent activity; TPA is a biohazard in solutions as dilute as 10"̂  M. 
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The indole and polyacetate tumor promotors have been widely available for study only 

since 1982. However, a significant amount of knowledge has been obtained about the 

biological activity of the teleocidins and the aplysiatoxins. A summary of recentiy-reported 

biological activities of the aplysiatoxins related to their tumor promoting activity is given in 

Figure 3. It is clear from Figure 3 that the aplysiatoxins exert some profound biochemical 

and morphological effects relevant to inflammation, tumor promotion, and a host's 

response to cancer. Many of the studies cited in Figure 3 compared the activities of the 

aplysiatoxins with that of the phorbol esters and the indole tumor promotors, and in each 

study comparible activities were found among all three types of tumor promotors. For 

example, botii aplysiatoxin and teleocidin exhibit almost the same activity as TPA in most 

of the assays reported. This is of even more interest in Hght of a recent report that suggests 

that TPA and teleocidin might affect the expression of genes whose activation complements 

the activation of oncogenes.20 The equipotence of teleocidin and aplysiatoxin witii TPA 

for binding to the phorbol ester-specific binding site of epidermal cell fractions indicates 

that all three classes of tumor promotors interact with the same receptor and thus initiate an 

identical tumor promotion effect.^^ 

Molecular mechanics calculations have indicated that the phorbol esters, teleocidin, and 

the aplysiatoxins all possess striking similarities in the relative spatial orientations of the 

hydrophobic and hydrophilic portions of their structures, in support of their identical 

binding properties.^^ 

Evidence gathered over the last few years has indicated that the common biochemical 

property that explains all the biological effects listed in Figure 3 is the ability of these tumor 

promotors to mimic native diacylglycerides found in cell membranes which activate the 

ubiquitous enzyme protein kinase C (PKC).^^ Protein Kinase C is a Ca+2 and 

phospholipid-dependent enzyme that is activated in nature by a diacylglycerol. ^4 

Diacylglycerols are, in general, virtually absent from cell membranes, but they are 



Activity 

Mouse ear irritation, induction of 
ornithine decarboxylase activity, induction 
of adhesion of HL-60 cells 

Induction of viral cycle in cell lines 
infected with the Epstein-Barr virus 
aggregation of lymphocytes 

Inhibition of specific binding of phorbol 
esters to epidermal cell fractions or 
cultured cells 

Stimulation of growth of human 
melanocytes 

Substance Tested 

aplysiatoxin, 
debromoaplysiatoxin 

aplysiatoxin, 
debromoaplysiatoxin 

debromoaplysiatoxin, 
aplysiatoxin 

aplysiatoxin, 
deliomoaplysiatoxin 

Reference 

25 

26 

27 

28 

Stimulation of a p46 protein in 
human hepatoma cells 

aplysiatoxin 29 

Metallothione I Gene amplification aplysiatoxin, 
debromoaplysiatoxin 

30 

Stimulation of lymphokine (interferon, 
interleukin) production 

aplysiatoxin, 
debromoaplysiatoxin 

31 

Stimulation of a p32 protein production 
in mouse fibroblasts 

aplysiatoxin, 
debromoaplysiatoxin 

32 

Disorganization of microfilaments 
in mouse fibroblasts 

debromoaplysiatoxin 33 

Activation of protein kinase C aplysiatoxin, 
debromoaplysiatoxin 

Figure 3 

Reported Biological Activities of the Aplysiatoxins 

34 
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transientiy produced from inositol phospholipids in response to extracellular signals. The 

activation of PKC by diacylglycerols plays a part in the transduction of extracellular stimuli 

into cellular responses. Tumor promoters such as the aplysiatoxins and TPA, when 

intercalated into cell membranes, appear to bind to and permanentiy activate PKC.^^ 

A few structure-function relationships have been delineated for the aplysiatoxins.^^ 

Definite differences in activity exist between debromoaplysiatoxin 2 and aplysiatoxin 

_! 23^24 36^37 The brominated toxin i is more active than 2 in every bioassay studied. 

Thus the nature of substitution on the aromatic ring of the side chain is important to 

activity. This is supported by the observation that oscillatoxin A, which lacks the 17-

bromo substituent, has an activity comparable to debromoaplysiatoxin.38 Unfortunately, 

the brominated oscillatoxins 5 and 6 have not been evaluated; their biological activity can 

only be inferred from their structural similiarities to aplysiatoxin. 19-Bromoaplysiatoxin 3 

has an activity comparable to the less brominated toxins i , but syndietic 19,21-

dibromoaplysiatoxin has markedly reduced activity. Masking the C-20 (phenolic) and C-

30 hydroxyl groups also reduces the activity. Anhydro derivatives of the aplysiatoxins, 

which lack the C-3 hemiketal hydroxyl group, are virtually inactive. Thus it appears that 

the C-3, C-20, and C-30 hydroxyl groups are all important to the biological activity of 

these compounds. The importance of the aromatic bromine substituent to the biological 

activity is notable because theoretical studies relating the similar activities of aplysiatoxin, 

teleocidin, TPA, and die native diacylglycerol PKC activator to similar geometric 

arrangements of hydrophobic and hydrophilic groups treat the phenolic side chain as a 

hydrophobic group akin to the vinylcyclohexane moiety of teleocidin ^0, the tetradecanoyl 

moiety of TPA, and the fatty acyl chains of the diacylglycerols. 33, 39 However, the 

bromine substituent at C-17 decreases the pKa of the phenolic hydroxyl by almost one pKa 

unit, making it quite polar. The increased acidity of the phenolic hydroxyl could be 

responsible for the increased activity of aplysiatoxin over debromoaplysiatoxin. 
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Pioneering studies by Jeffrey 34 and Wender 40 have furthered our knowledge of the 

structure/activity relationships between all three classes of naturally occurring tumor 

promoters. Molecular mechanics calculations41'42 revealed that when the minimum 

energy conformations of the tumor promotors were superimposed, the active functionalities 

have tile same spacial relationship. For example, when the C-3 hydroxyl of aplysiatoxin 

was aligned witii the C-4 hydroxyl of TPA, the C-27 oxygen of aplysiatoxin was within 

CH2OH 

NHAc 

11 

CH2OH 

12 

0.65 angstrom of the position of the oxygen at C-3 of TPA, and the C-11 oxygen of 

aplysiatoxin was within 0.43 angstrom of the position of the oxygen at C-9 of TPA. 

Similar overlap was found between members of all three classes of tumor promotors. 

Using the distances between the active functional groups measured by Jeffrey and by his 

own group, Wender designed and synthesized some artificial tumor promotors. 43 These 

compounds (11 and 12) displayed exactly the same biological activity as TPA, that is they 

bound to PKC in vitro and induced responses characteristic of the phorbol esters in intact 

cells. 

The discussion above strongly suggests that the aplysiatoxins 1:6 are useful reagents 

for research in tumor promotion and inflammation, and that synthetic analogues of the 

aplysiatoxins may be useful for delineating structure-function relationships in this class of 

tumor promotors. Because supphes of aplysiatoxins are subject to the availability of their 
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Furthermore, the sensitivity of the aplysiatoxins to decomposition (mostly via the facile 

dehydration of die C-3 hydroxyl group to the biologically inactive anhydro derivatives) 

precludes any effort to synthesize significantiy different analogues starting with the natural 

product. Thus, a practical total synthesis scheme for the aplysiatoxins which can be easily 

adapted for the synthesis of structural analogues is well justified. 

Other Synthetic Routes to the Aplysiatoxins 

After the completion of the work described here, workers at Harvard University 

published a complete total synthesis of aplysiatoxin. 44 Their synthesis is illustrated in 

Scheme 1. The synthesis began with the coupling of the carbanion derivative of sulfone H 

with epoxide 14 to give, after desulfuration and 0-methylation, 15. The product 15 was 

elaborated into epoxide 16 which was then condensed with the anion of the dithiane 17 to 

give 18. EsterificationoflS with acid 12 produced 20. Further manipulation gave 21, 

which contains all of the carbon atoms of the target molecule. Treatment of 21 with 

silver(I) trifluoroacetate in benzene resulted in the benzyloxymethyl (BOM) protected form 

of aplysiatoxin 22 . Upon removal of the BOM protecting groups, aplysiatoxin was 

obtained in an overall yield of 1.5%. 
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S02Ph 

O OMPM w - ^ >oBOM 

O 14 

o' T T ^ T "" OBOM 
O OMPM OMe 

11 

OBOM 
OMPM OMe 

16 

THP 

THPO, 
S^^S 

OBOM 

k^ OH OMPM OMe 

MPM= CH,0-/~V-CH 
18 OMPMO 

BOM= / " \ - C H 2 0 C H 2 TBDPSO 19 

THPO, 
Me Me OBOM 

Me—|—Si—= TBDPS u OR OMPM OMe 
2(} R= ester with 19. 

Me Me 

t-BuS 
OBOM 

O O 
O OR OMPM OMe 

R= ester with 19. 
21 

Scheme 1 



CHAPTER II 

RESULTS AND DISCUSSION 

Strategic Considerations 

Aside from the interests generated by its physiological properties, the structural 

complexities of the aplysiatoxins present a formidable challenge to the synthetic skills of a 

chemist. These molecules contain a l,7-dioxaspiro[5,5]undecane fragment common to 

many polyether antibiotics 45 and also a 14-membered macrodioUde ring system similar to 

the macrocyclic ring systems found in many macrolide antibiotics. There are also nine to 

ten asymmetric centers in the molecule. The configuration of all but two of these centers 

must be fixed by the chemist during the synthesis. Finally, the hemiketal at C-3 is prone to 

dehydration in acidic solvents such as chloroform or on chromatographic media such as 

silica gel. This facile decomposition restricts the chemist's options by forcing the delay of 

the introduction of the hemiketal functional group until late in the synthesis. 

V^ocA-i 

23 

14 
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We decided to direct our efforts toward a synthesis of the simplest of die 

aplysiatoxins, oscillatoxin A. On close inspection, the structure of oscillatoxin A is 

revealed to be a masked form of die diketo alcohol 23. This compound is probably a 

biosynthetic precursor to oscillatoxin A and, once formed, is expected to undergo 

spontaneous spiro-ketalization to 4. A synthesis of compound 23 (possibly protected at die 

C-20 and C-30 hydroxyl groups) thus satisfies die need to introduce the sensitive hemiketal 

functionality late in the synthetic scheme. However, a potential side reaction of 23 is the 

possibihty for an aldol condensation between the 6-keto ester at C-1 to C-3 and the C-7 

ketone (See Scheme 2). That this may be a serious possibihty is attested to by the existence 

oscillatoxin D 

Scheme 2 
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of die natural product oscillatoxin D, which co-occurs in nature widi oscillatoxin A and 

probably is formed via such a condensation (Scheme 2).46 

The postulated spiro-ketalization of 23 will generate two of the nine chiral centers (at 

C-3 and C-7) of the natural product A conformational analysis of oscillatoxin A suggests 

that the closure should provide the desired stereochemistry at C-3 and C-7, as shown in 

Figure 4. According to NMR and X-ray crystallographic studies, ̂ ^ the two hemiketal 

oxygens at C-3 are in axial positions. The conformational preference for die axial positions 

of these oxygen substituents is predicted by the anomeric effect.4'7 in addition, all of the 

alkyl substituents around both rings are in stable equatorial positions, with the exception of 

one of the methyl groups at C-6. Inversion of the configuration at either C-3 or C-7 will 

lead to a conformation which will either have more alkyl groups in axial positions or non-

chair forms of the tetrahydropyran rings, and thus a higher conformational free energy. 

Therefore, the structure of the natural product (Figure 4) is the lowest in energy, and thus 

the one favored by a spiroketalization reaction under equiUbrating conditions. 

Figure 4 

Conformation of oscillatoxin A 
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Qose examination of die ester oxygen at C-9 reveals its displacement to be axial 

(Figure 4). The axial orientation of this group and die activating effect of die C-7 ketal 

upon die axial hydrogen at C-8 should make it very susceptible to 6-elimination. Any 

synthetic route will dierefore need to address the sensitivity of this functionality. 

The C-27 - C-30 moiety of oscillatoxin A is a 3,4-dihydroxybutanoic acid. Because y-

hydroxy acids and esters are prone to spontaneous lactonization, the C-30 alcohol must be 

protected throughout the synthesis with a protecting group diat will not be sensitive to the 

conditions used to construct the oscillatoxin A moleule, yet easily removed without 

affecting the rest of the molecule after the synthesis is complete. 

Below, synthetic routes to the portions of oscillatoxin A which wdl encompass the 

dioxaspiro and the macrocyclic portions of die natural product will be discussed. Careful 

scrutiny of these routes will reveal that they were designed with the strategic considerations 

discussed above in mind. 

A "Diels-Alder" Approach to the C-1 - C-7 Fragment of 

Oscillatoxin A 

The initial thrust of the project was concerned with the development of new synthetic 

methods for the construction of the C-1 - C-7 portion of the molecule. It was envisioned 

that a cycloaddition reaction between a diene such as 24 and a suitably functionalized 

dienophile 25 would provide adduct 26 containing die newly formed C-4 - C-5 bond. 

Fluoride-induced retroaldol fragmentation was then expected to lead, as shown in Scheme 

3, to die diketoester 27 (cf 23). Should it be possible for compounds 24 and 25 to be 

joined in this way, one can imagine a syndietic strategy for oscillatoxin A in which die last 

carbon- carbon bond forming step is such a cycloaddition. Such a reaction would form the 

macrocyclic system via a carbon-carbon bond forming reaction rather dian a 

macrolactonization as is more commonly the case for such syntheses. Furthermore, by 

bringing die C-1 - C-3 6-ketoester into proximity widi die ketone at C-7 only at die last 
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step, the potential problems with an intramolecular aldol condensation and 6-elimination 

side reactions of die diketoester intennediate 23 are minimized. The viabUilty of diis route, 

however, relies on the ability of a sterically crowded, electron-rich dienophUe Uke 25 

react with a diene like 24. 
to 

\ ^ 

R̂  

24 
COOCH3 

'0SiMe2 

21 

Scheme 3 

COOMe 
26 

O—SiMej 

r^ o(A 
• • M | 

R2 

COOCH3 
27 

We expected compound 24 to be readily prepared from 2^, a known compound.48 

Compound 2S is an extremely unstable compound that polymerizes easily in the presence 

of base. My synthesis of 2S via Stork's route is shown in Scheme 4. Reaction of 

cyclopentadiene widi methyl isopropenyl ketone 22 yielded 2Q in 59% yield after 

distillation as a mixture of endo and £2i2 adducts. Carboxylation widi dimediyl carbonate 

dien yielded the methyl ester H . This material is stable and can be stored for extended 

periods of time without decomposition. Flash vacuum thermolysis of H at 600°C in a 

quartz tube yielded 2^ (See Scheme 4).49 Reaction of 2S widi triethyl amine and either 

chlorotrimethylsilane or acetyl chloride gave 24 in reasonable overall yield. 
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Compound 24 was reacted in sealed tubes with dienophiles such as 

trimethylsiloxycyclopentene, vinyl acetate, maleic anhydride, and methyl acrylate. The 

reaction conditions were systematically varied by changing the concentration of the 

reactants, the temperature of die reaction, and die time of die reaction. Additionally, some 

of the reactions were attempted under Lewis acid catalysis. In each case, no cycloadduct 

29 
2Q 

C02Me 

COiMe 

31 

C02Me 

R=trimediylsilyl or 
24 R=acetyl 

a.) neat mixture, 25°C b.) NaH, dimethyl carbonate,tetrahydrofuran c.) 600°C, Quartz tube 
d.) triethylamine, RCl, dichloromethane, 0°C 

Scheme 4 
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was detected. Given die inabdity of 24 to react widi even highly reactive dienophiles, it 

was decided that a new overall strategy would be necessary. 

Altemate Strategies for the Synthesis of Oscillatoxin A 

After the failure of the cycloaddition strategy, compound 32 was chosen as a syndietic 

target to test some altemate strategies envisioned for die total synthesis of oscillatoxin A. A 

straightforward retrosynthetic analysis provided the bond disconnections indicated on 32 

by the hatched lines. With the exception of the aromatic moiety, this molecule contains all 

the key elements of the natural product, helping to insure that the results of diis model 

study will be directiy applicable to the synthesis of the natural product. 

Our plan for synthesizing 32 is shown schematically in Figure 5. The highly 

convergent nature of the illustrated synthesis makes it an attractive one. Also, with 32 in 

hand, it would be possible to study the conditions necessary to effect the transformation of 

the hydroxy dione to the spiro-ketal ring system before the entire natural product is 

assembled. 

'•'.A. 

OH 

32 
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Synthesis of the Cll - C-30 Frn^ment of Oscillatoxin A 

We envisioned diat a key step in our synthesis of oscdlatoxin A would be the 

esterification of a suitably protected derivative of (R)-3,4-dihydroxybutanoic acid to the C-

7 - C-9 B-hydroxyketone moiety of oscillatoxin A under conditions which would avoid 6-

elimination of die ester groups at C-9 or at C-29. The synthesis of (R)-3,4-

dihydroxybutanoic acid 33 in a form suitable for use in the synthesis of 32 

CH3O 

PhCH20 

Figure 5 

Retrosynthetic Scheme for 22 

or 4 requires that one be able to distinguish between the two alcohols and the carboxylic 

acid at will. This requires the use of protecting groups that can be manipulated 

independendy of each other. The protecting group on the C-30 hydroxyl (aplysiatoxin 

numbering) must remain intact throughout the entire synthetic sequence, including spiro-

ketalization. It must then be removed under conditions that wdl not cause the dehydration 

of the sensitive hemiketal hydroxyl group at C-3. The protecting group at the C-29 
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hydroxyl must withstand the conditions necessary to esterify die carboxylic acid, yet be 

removed widi reagents that will not cause die 6-elimination reactions discussed above. 

Compound 34 (R being eidier trialkylsilyl or alkoxyalkyl) was decided upon as die 

suitably protected form of 33 needed for the synthesis. The benzyl ether was chosen for 

use at C-30 as it is stable to a large range of reaction conditions, yet easdy removed by 

hydrogenation.50 A trialkylsUyl or alkoxyalkyl ether was deemed suitable for use at C-29 

because it is sturdy enough to be stable to mdd esterification conditions, while being easdy 

removed by mild acid or fluoride ion. Fluoride ion was not considered to be a strong 

enough base to effect the elimination of the C-9 ester. 

OR 

PhCH20^ J^ .COOH 

34 

It remained necessary to devise a route to M diat incorporated not only the desired 

protecting groups, but also the desired stereochemistry. Synthetic routes diat produce 

racemic modifications or even mixtures enriched in one enantiomer diat must be chemically 

modified and separated as diastereomers are less appealing dian stereospecific syndieses. 

As a result, our initial efforts were directed at a syndiesis of optically pure 34 that would 

not require the separation of diastereomers. 

Approaches to 34 via Yeast Reduction of Prochiral Ketones 

The yeast reduction of some ketones is known to proceed with very high 

stereoselectivity.51 Based on examples by Sih and co-workers, it was thought that the 

yeast reduction of a B-keto ester might provide a route into systems such as 34 with high 

enough optical purity to be used for die synthesis of oscillatoxin.52 Sih noticed that the 
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stereochemical outcome of the yeast reduction of acetoacetates could be directed by varying 

die size of the ester alcohol. For example, ethyl acetoacetate is reduced primarily to die 5-

alcohol 35, whde octyl acetoacetate is reduced exclusively to the R-alcohol 36 (Scheme 5). 

COOR 60% ee 

4 2 
X= Br, CI, azido 

R=octyi 

COOR >99% ee 

2^ 

Scheme 5 

Sih and others also showed that the course of the reduction could be affected by the 

presence of a substituent at C-4. In particular, the presence of chlorine, bromine or azido 

groups at C-4 exerted a steric effect on the outcome of die reduction.^^ We desired to 

explore the utiUty of this reaction on the substrate 22- It was hoped that the rather long 

PhCH 
Si(CH3)̂  

22 

silicon-carbon bonds would provide the necessary steric bulk to overcome the effects of the 

large benzyl group at C-30 (aplysiatoxin numbering). 
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My syndiesis of 37 is outlined in Scheme 6. Reaction of ddcetene 38 widi bromine 

yielded die acyl bromide 39, which was reacted in sim with 2-(trimediylsUyl)edianol 40 to 

produce die bromoester 41 in 93% yield. Displacement of die co-bromide by the 

benzyloxide anion yielded 37. 

Br2 

TMS. 
" 40 

27 NaH 

PhCH20H 

O O 

41 

Scheme 6 

,TMS 

When subjected to the standard conditions for yeast reductions, 22 was found to 

undergo hydrolysis and decarboxylation rather than reduction. The 2-trimethylsdylethyl 

ester was apparendy not stable to prolonged exposure to aqueous conditions. Therefore, 

we decided to employ a large aliphatic ester to provide the needed steric bulk rather than 

rely on the labile trimethylsdyl functionality. Octyl 4-benzyloxyacetoacetate 42 was 

synthesized in a fashion simdar to that used to make 22 using 1-octanol instead of the 

alcohol 4<Q. The ketoester 42 was found to be inert to the yeast reduction. Little reaction 

was detected upon stining with fermenting baker's yeast over long periods of time. An 

explanation for this observation is that die steric requirements of bodi the long ester alcohol 

and the benzyloxy group make the molecule too large to fit into die active site of the 
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PhCH20 JL COOnCgHn 

42 

enzyme. Since there seemed to be no simple and efficient method for converting an 

acetoacetate into the required alcohol via a yeast reduction, our attention was turned to 

other methods. It should be noted that after our studies in this area had been completed, 

Seebach reported the reduction of ethyl 4-benzyloxyacetoacetate with baker's yeast, albeit 

with only a 56% enantiomeric excess for the 6-hydroxyester product.54 

Chiral Acetals as Precursors to 34 

Because the attempted yeast reductions of 22 and 42 did not produce the desired results, 

other routes that might provide a stereospecific synthesis of 24 were explored. The first of 

these was based on the work of Professor W. S. Johnson.55 Johnson has developed a 

mediod for the coupling of allyltiimethylsilane and acetals that proceeds in very high yield. 

When the acetal is derived from a chiral diol, such as 2,4-pentanediol, a chiral homoallylic 

alcohol is isolated in high optical purity after the chiral auxiliary is removed. The procedure 

is depicted in Scheme 7 for a general acetal derived from (2R,4R)-pentanediol. Bodi 

enantiomers of 2,4-pentanediol are commercially available from Aldrich Chemical 

Company. This allows easy access into either the R or S series of homoallyUc alcohols. If 

one were to imagine R in Scheme 7 to be benzyloxymethyl, the synthesis of compound 43 

could be seen. Conversion of 42 to 24 would involve die further manipulation of two 

functional groups. The alcohol would first need to be protected as die sdyl or alkoxyalkyl 

ether. Ozonolysis of die alkene followed by oxidative workup would then provide die acid 

34 (Scheme 8). 
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Our attempted synthesis began widi die benzyl ether derivative of solketal 44 (Scheme 

8). An in situ hydrolysis-periodate cleavage reaction of 44 cleanly provided a-

benzlyoxyacetaldehyde 45.^^ Reaction of the aldehyde 45 with (2R,4R)-pentanediol 

yielded acetal 46. Condensation of the acetal with allyltrimethylsdane in the presence of 

titanium(IV) chloride resulted in the clean formation of the addition product £7. This 

material was oxidized to the cortesponding ketone 48 using pyridinium chlorochromate 

(PCC).'^^ Exposure of 48 to piperidinium acetate in refluxing benzene yielded the 

homoallylic alcohol 43 in 76% overall yield from solketal. The compound was optically 

pure according to ^H NMR analysis of its 0-acetyl mandelate ester.^^ Protection of the 

alcohol using tert-butyldimethylchlorosdane gave the silyl ether 49, die final intermediate in 

the synthesis of 24. Repeated attempts to affect die ozonolysis of the alkene with oxidative 
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workup59 resulted in die complete decomposition of die substrate. The disappearance of 

die mediylene signal due to die benzyl edier group in the NMR spectrum of the reaction 

mixture indicated that die benzyl edier was probably being oxidized under the reaction 

conditions. 

Diacetone Glucose as a Synthetic Precursor for Compound 
24 

In work diat was performed concurtendy widi the effort described above, we 

attempted to prepare 24 from a carbohydrate. The use of sugars as a "chiral pool" for the 

synthesis of new compounds has become increasingly popular.60 The last ten years has 

seen the development of new methodologies that provide a means for the stereoselective 

synthesis of natural products from carbohydrates without resort to classical methods of 

resolution. Sugars are a relatively cheap source of chiral carbon compounds. Their wide 

range of functional, stereochemical, and configurational properties often make them, of all 

classes of naturally occurring compounds, most suitable to controlled manipulation by the 

chemist. 

A synthetic scheme for the synthesis of 24 from l,2:5,6-diisopropylidene-D-glucose 

(diacetone glucose) 50 is shown in Scheme 9. The ready availabiUty of enal 5161 

according to the method of Sun and Fraser-Reid provided a compound which was 

postulated to be capable of a stereoselective hydrogenation to yield the a-hydroxymethyl 

compound 52. In practice, 50 was "mesylated" using methanesulfonyl chloride in pyridine 

and dichloromethane to yield 52- Hydrolysis of die 5,6-acetonide with 10% sulfuric acid 

followed by neutralization and in sim oxidation with sodium periodate gave the mesyl 

aldehyde 54- Refluxing 54 in pyridine for one hour resulted in die formation of enal 51 in 
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BnO^^^^CHO 

4^ 

b 

(r^^ 
BnO, 

( ^ \ 
46 

OR 

BnO. 

c 42 R=H 

49: R= SiMe2tBu 

a.) sodium periodate, dilute sulfuric acid, 25°C, 64% b. (R,R)-2,4-pentanediol, benzene, 
pyridinium tosylate, 60°C, 89% c.) allyltrimethylsdane, titanium (IV) chloride, 
dichloromethane, 97% d.) pyridinium chlorochromate, dichloromethane, 25°C, 100% 
e.) piperidinium acetate, benzene, 60°C, 92% f) t-BuMe2SiCl, imidazole, N,N,-
dimethylformamide, 35°C, 100% 

Scheme 8 

96% overaU yield from 50. Compound 51 was smoothly reduced by reaction with sodium 

borohydride in medianol to give alcohol 55 in 92% yield. Attempted hydrogenation of 55 

using a variety of catalysts (platinum on carbon, palladium on carbon, Wilkinson's 

catalyst) resulted in the decomposition of the acid sensitive 1,2-acetonide. It was found 
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diat the use of nickel boride in edianol 62 gave die saturated alcohol 52 in 94% yield. 

Sodium hydride and benzyl bromide cleanly benzylated 52 to give 56 in 96%yield. 

.O—1 O—, 

HOCIT2 

HOCH-. 

1 
.0. 

PhCH2< 

56 \ 

O. 
g 

PhCHiO-J I 
^ OH 

59 

OH 24 

a.) methanesulfonyl chloride, pyridine, dichloromethane, 0°C b.) 1. 10% aqueous 
sulfuric acid, 25°C 2. 5% sodium hydroxide to neutraUze 3. aqueous sodium periodate, 
25°C c.) pyridine reflux 96% overall d.) sodium borohydride, methanol, 25°C, 92% 
e.) nickel(I) boride, ethanol, 30 psi hydrogen, 94% f) sodium hydride, benzyl bromide, 
tetrahydrofuran, 25°C, 96% g.) aqueous sulfuric acid, 0°C, 95% 

Scheme 9 
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The synthesis of 3-deoxy-1,2-0-isopropylidene-6-L-threo-pentofuranose (52) 

represents a gready improved synthesis of a known compound diat has shown its utdity as 

an intermediate for the synthesis of nucleoside analogues. 63,64 The compound was first 

prepared by Prokop and Murray from diacetone glucose via the aldehyde 52, which was 

formed via a low yield partial hydrolysis of l,2:5,6-di-0-isopropyUdine-3-deoxy-D-

galactofuranose; the net yield of 52 from diacetone glucose was 27%.63 Brown and Jones 

reported a simdar synthesis from diacetone glucose via aldehydes 5X and 52 which 

proceeded in only 11% overall yield.65 Later, Zinner and Reck synthesized 52 from 

l,2:5,6-di-0-isopropylidene-3-deoxy-D-galactofuranose, again via the aldehyde 52, in 

31% overall yield.66 More recendy, Lemer has reported a synthesis of 52 from 1,2-0-

isopropylidene-5-0(methoxycarbonyl)-a-D-xylo-furanose, via the pent-3-enofuranose 58, 

in 61% overall yield.64 

Only Zinner and Reck reported an absolute rotation for 52, [aj^^^ = -25.5° (c = 1.22, 

pyridine).66 Lemer, in the course of a nucleoside synthesis, reported [ajo^^ = -14.2° (c 

= 0.8, edianol) for 52.67 This discrepancy is probably due to solvent and/or concentration 

effects. However, the aldehyde 52, an intermediate in both of the syndieses which report 

rotations for 52, is known to undergo epimerization to the more stable e2co aldehyde,63 

and diis suggests that syndieses of 52 that proceed via 52 may form mixtures of 52 

contaminated by its C(4) epimer. None of die syntheses of 52 reported so far have 

included full spectroscopic data on this deoxysugar, nor have they offered unambiguous 

evidence for the endo orientation of die hydroxymethyl group. This summary implies that, 

despite several previous attempts, a truly high-yielding synthesis of 52 from a readdy-

avadable starting material had yet to be achieved. My syndiesis converts 50 to 52 in 83% 

overall yield. Furthermore, the route reported here avoids die intermediacy of epimerizable 

5-oxo compounds such as 52, which could compromise die optical purity of the final 

product. 
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Solvent 

chlorofonn 

ethanol 

pyridine 

Table 1 

Comparison of [a]D values for 52 

Faln^^ (oresent study) 

-39.15° (c = 0.038) 

-16.57° (c = 0.034) 

-9.73° (c = 0.034) 

Falp (Uterature) 

-14.2° (0 = 0.800)68 

•25.5° (c= 1.220)67 

Table 2 compares the absolute rotations measured for 52 compared to those reported in 

the Uterature. The data indicate a significant solvent effect upon the rotation of 52. Whde 

the value reported here is in reasonable agreement with that of Srivastava and Lemer,64 the 

discrepancy between our measurement and that of Zinner and Reck66 in pyridine is likely 

due to density effects, as the latter workers measured their rotation on a very concentrated 

solution. ^^C NMR spectroscopy of 52 from the route reported here indicated no isomers 

of ^ nor any other impurity. A difference nuclear Overhauser effect spectmm68 of the 

benzyl derivative 56 clearly indicated the endo stereochemistry, as irradiation of the endo 

methyl signal (at 1.45 ppm) induces a 2.8% enhancement of the C-5 proton signals while 

irtadation of the exo mediyl signal (at 1.30 ppm) induces only a 1.8% enhancement of die 

C-5 signals. By comparison, irradiation of the endo methyl signal induces 1.1 % 

enhancements of bodi die C-1 and die C-2 methine signals whde irradiation of die e2io 

mediyl signals induces 2.5% and 3.5% enhancements for die C-1 and C-2 methine signals, 

respectively. These results are summarized in Figure 6. 

The present syndiesis of 52 also provides a compound with die proper stereochemistry 

for the syndiesis of 24. Hydrolysis of die 1,2-acetonide followed by periodate oxidation 

should provide the aldehyde analogue of 24 which should be easily oxidized to the desired 

compound by any number of reagents. In practice, the hydrolysis of die acetonide 
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proceeded without incident to give the hemiacetal 59 as a mixture of anomers (Scheme 9). 

It was found, however, that upon attempted reaction of 59 widi periodic acid the resulting 

6-formyloxyaldehyde underwent 6-elimination ahnost immediately. The 60 MHz NMR 

signal for the formyl proton at 9.6 ppm could be observed by quickly transferring the crude 

reaction mixture to an NMR tube. After die scan was complete (3 min.), diis signal was no 

longer present Oxidation of 59 with periodic acid in the presence of potassium 

permanganate gave the same results. It appeared that the 6-formyloxyaldehyde that is an 

intermediate in this route is not stable to the reaction conditions by which it is formed. This 

observation led to the demise of this synthetic approach to 24. 

(3.5%) H J ? 
(2.5%) 

PhCH 21 O CH3(exo) 

Figure 6 

NOE Enhancements for 56 

In a last ditch attempt to produce 24 from 59, die hemiacetal 59 was oxidized to the 

keto-lactone 60 using pyridinium chlorochromate. The attempted oxidative cleavage of 60 

with periodic acid returned only starting material and unidentifiable by-products. 

PhCH20—' 

60 



33 
Sharpless Kinetic Resolution of an Allvhc Alcohol-The 

First Synthesis of 34 

Because bodi die ozonolysis of 49 and the oxidation of 59 failed to provide 24, yet another 

strategy was devised. If the lower homolog of 49 were available, hydroboration followed 

by oxidation would in principle produce the same product as the ill-fated ozonolysis of 49 

would. In light of the extraordinary success of the Sharpless asymmetric epoxidation in 

distinguishing between enantiomers of allylic alcohols69, a short synthesis was devised to 

allow us to utiUze this powerful reaction as a potential source of enantiomericaUy pure 24. 

My results are indicated in Scheme 10. Addition of vinyl magnesium bromide to the 

aldehyde 45 gave the ally he alcohol 61 as its racemic modification in 65% yield. The 

relatively low yield for this Grignard addition is probably a reflection of the sensitivity of 

45 to polymerization in acidic and basic media. The aldehyde is so sensitive as to be 

completely decomposed by weak Lewis acids such as magnesium sulfate. The desired 

enantiomer of 61 (indicated in Scheme 10) was resolved using a titanium(IV)/ tartrate/tert-

butyl hydroperoxide-mediated kinetic resolution. The recovered alcohol had an optical 

purity of greater than 98%, based upon the 19F-NMR analysis of its a-methoxy-

a(trifluoromediyl)-phenylacetate (Mosher ester) deriyatiye.70 Protection of the hydroxyl 

group as the methoxymethyl (MOM) ether, followed by hydroboration yielded the alcohol 

62, which proved to be unstable to storage, as it underwent intramolecular 

transacetalization of the MOM group to yield die 1,3-dioxane product 64- Sodium acetate 

acetate buffered PCC oxidation of 62 yielded an unstable aldehyde71 which was 

immediately oxidized using potassium permanganate to give die acid 65 (=24 where 

R=MOM) in yields which varied widely from one run to another.72 This acid rapidly 

decomposed to intractable material during storage, due to what appears to be a fundamental 

incompatibdity between die proximal MOM edier and carboxylic acid functional groups. A 

repetition of die synthesis in which a tert-butyldimethylsilyl (TBDMS) group was used 

instead of the MOM group yielded die TBDMS-protected form of 65 (=34, where 
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R=TBDMS), but this acid was also unstable to storage. The acid 6^ and its TBDMS 

analog were shown to undergo dicyclohexylcarbodiimide-mediated coupUng reactions with 

6-hydroxyketones, indicating that they are viable synthons for a synthesis of oscillatoxin 

A. However, the length of the synthesis of 65, the loss of material due to die kinetic 

resolution, and the problems with the reproducibdity of the final oxidation steps which 

formed 65 prompted consideration of alternative synthetic routes to 34. 

BnO >L . 0 

44 
Bn=C6H5CH2 

BnO. 

OH 

61 

BnO. .CHO 

4^ 

OCH2OCH3 

BnO. 

62 

BnO. 

OCH2OCH3 

63 

OCH2OCH3 

BnO. J^ .COOH 

^ 

a) dilute sulfuric acid, sodium periodate, 25°C, 64%; b) La.vinyl magnesium bromide, 
tetrahydrofuran b. water, 65%; 2. Ti(Oi-Pr)4,(-)-diisopropyl tartrate, len-butyl 
hydroperoxide(~0.5 eq.), dichloromethane, -30°C 28 hr., 98%; c.) methoxymethyl 
chloride dnsporopylethyl amine, dichloromethane, 25°C,92%; d.) a. borane-methyl 
sulfide, tetrahydrofuran, 0°C b.30%; hydrogen peroxide, 1 N sodium hydroxide, 96%; 
e.) 1. pyridinium chlorochromate, dichloromethane, 1.5 hr. 2. potassium permanganate, 
wet tetrahydrofuran 48% 

Scheme 10 
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MaHc Acid as a Svnthon for 34-An Improved Synthesis 

The ready availabiUty of (R)-mediyl-3,4-dihydroxybutanoate ^ from (R)-dimediyl 

malate §n. '^ led to the development of a method for the selective protection of each of the 

two hydroxyl groups which minimized the number of necessary steps and met the criteria 

for the protecting group arrangement on 24. Initial attempts to alkylate M using basic 

conditions (e.g., sodium hydride, benzyl bromide) led, not suprisingly, to y-lactonization. 

As a result, a non-anionic method for benzylating the primary hydroxyl group of ^ was 

sought As indicated in Scheme 11, treatment of ^ with benzyl bromide and sdyer(I) 

oxide led to the selective formation of^J^ No dibenzylated product could be detected in 

the reaction mixture. However, the yields of M varied widely from one run to another. 

Reasoning that this was probably due to a coating of the silver oxide reagent by sdver 

bromide formed during the heterogenous reaction, die reaction was performed under 

sonication. This protocol led to the reproducible production of 6^ in 60-70% yields, with 

the lactone ^ formed as a side product in 5-10% yield. The successful benzylation 

represents the first reported monobenzylation of a 1,2-diol at the primary alcohol site. 

Sdylation of M widi chlorodimediyldiexylsdane75 followed by saponification and 

acidification yielded the 6-siloxyacid 2Q (=24, where R=thexyldimediylsdyl). The 

extraordinary stability of 2Q relative to die MOM and TBDMS analogs mentioned above is 

noteworthy. The acid 2Q can be stored indefinitely without noticeable decomposition. 

When the acid 2Q was allowed to couple to the 6-hydroxyketone 21 (a model for the 

C-3 - C-11 portion of die aplysiatoxins)76 in the presence of dicyclohexylcarbodiimide, die 
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ester 12 was cleanly produced (Scheme 11); no products due to 6-eUniination were 

observed. This result provides evidence diat the acid 2Q can cleanly couple to a 6-

hydroxyketone to introduce die C-27 - C-30 moiety of oscdlatoxin A onto a complex, 

multifunctional substrate. 

Synthesis of the C-3 - C-8 Segment of Oscillatoxin A 

After the fadure of the Diels-Alder based strategy described at die beginning of diis chapter 

to provide a suitable means for the constmction of the C-1 - C-8 fragment of oscdlatoxin A 

(see 22, Scheme 3), it became necessary to devise a new synthesis of this fragment. 

Retrosynthetic analysis indicated the need to introduce the chirality at C-4 (oscillatoxin 

numbering) ftxjm the compounds avadable in the "chiral pool," as creating the desired 

stereoisomer using known stereoselective reactions promised to be very difficult. (S)-(-i-)-

Methyl 3-hydroxy-2-methylpropionate 22, available from Aldrich, provided the requisite 

stereochemistry and functionality. Scheme 12 dlustrates my successful synthesis of the 

enantiomericaUy pure C-3 -C-8 segment 24 of osciUatoxin A and the other aplysiatoxins. 

Of particular importance in this model study is the para-methoxvphenvlmethvl (MPM) ether 

protecting group used to protect the oxygen at C-3. Reaction conditions required for the 

synthesis and subsequent reaction of 24 required a protecting group stable to a wide range 

of reactions yet easily removed under mild conditions. The MPM ether group was chosen 

for its stability to many different reaction conditions and its ease of removal.77 Sonication 

of hydroxy ester 22 with 4-methoxybenzyl chloride and silver (I) oxide yielded die MPM 

protected ester 25 in good yield. Reduction of the ester widi excess diisobutyl aluminum 

hydride (DIBAL-H) gave the alcohol 26 , which was mesylated using methanesulfonyl 

chloride and diisopropylethylamine (Hunig's base) in dichloromediane to produce the 

"mesylate" 22 in 85% overall yield from 25. To my suprise, die attempted alkylation of the 

lidiium enolate of methyl isobutyrate with the mesylate 22 in tetrahydrofuran produced only 
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compound 28, resulting from a deprotonation of die mesylate by the enolate of mediyl 

isobutyrate, followed by a Claisen condensation of the resulting anion widi die ester. It 

was obvious that a different leaving group was required to allow the desired alkylation. 

Reaction of the mesylate 22 widi sodium iodide in refluxing acetone yielded iodide 22 in 

quantitative yield. Alkylation of the Uthium enolate of methyl isobutyrate widi 22 proved 

initially to be difficult. FinaUy, it was determined that reaction of an hexamethylphosphoric 

triamide (HMPA) solution of 22 widi a 5- to 10-fold excess of die Udiium enolate derived 

from methyl isobutyrate yielded the ester 80 in yields ranging from 54% to 77%. The self-

condensation of the ester proved to be a recurring side reaction in each of the mns, but the 

condensation by-product 81 was easdy separated from compound 80. 

The addition of alkyllithium and aUcylmagnesium halide reagents to carboxylic acids and 

hindered esters to yield ketones is a well-known reaction.78,79 ^s a result, it was 

expected that the conversion of 80 to ketone 24 could easdy be accompUshed by the 

addition of either methyUithium or a methylmagnesium halide to acid 82. The saponification 

of ester 80 proceeded smoothly to yield 82 in exceUent yield. In practice, 82 proved to be 

resistant to the addition of methyl lithium at temperatures between -78° and 25°C. Upon 

refluxing with methyUithium in tetrahydrofuran/hexamethylphosphoric triamide, compound 

82 decomposed to unidentifiable material widiout production of ketone 24-

MPMO 

O O 

OCH3 Vx̂  
m Si 
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tetrahydrofuran, 0°C, 75% overaU ; i.) oxalyi chloride, dimediyl sulfoxide, triethyl amine, 
tetrahydrofuran, -78°C 

Scheme 12 

Because of die resistance of the acid 82 to organometaUic addition, other mediods for 

converting the ester 80 to the ketone 74 were investigated. In die hope that steric effects 
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might modulate the normal proclivity of esters to react twice widi organometaUic reagents, 

compound 80 was reacted widi bodi methyl lithium and mediyl magnesium chloride. In 

either case, the major product was the tertiary alcohol 82, resulting from die addition of two 

equivalents of die organometaUic reagent. Seebach has reported diat non-enolizable mediyl 

MPMO MPMO''^ HO' 

S2 S2 

esters can be converted to ketones by the addition of methyl lidiium in die presence of 

excess lithium diethylamide.^^ The reaction of compound SQ under these conditions 

again produced only the tertiary alcohol, albeit very slowly. Since the methyl ester 30 

seemed to be too reactive and acid S2 too unreactive it was decided to convert acid S2 to its 

acyl chloride M and react the acyl chloride with lithium dimethyl cuprate. ^^ This reaction 

has the advantages that the acyl chloride should be more reactive than the acid but should 

not react twice with the aUcylcuprate reagent. Attempts to form the acid chloride M by 

stirring the acid with thionyl chloride, oxalyi chloride, or triphenylphosphine-carbon 

tetrachloride^^ were uniformly unsuccessful. The products of these reactions were 

identified as die benzyl chloride SI and the lactone S^. Possible mechanisms for this 

conversion, which is probably due to die exceptional electron-releasing abiUty of the 

aromatic ring in the MPM group, are oudined in Scheme 13. The decomposition can occur 

by either of die two pathways shown. This observation serves to highlight the sensitivity 

of the MPM group to not only acid, but also to the presence of electrophiles in general. 

Protonation of the electron-rich benzyUc oxygen by hydrochloric acid from the oxalyi 

chloride would activate die MPM group to displacement by an oxygen of the carboxylic 

acid (mechanism a). This would then release the lactone and die benzyl alcohol, which is 



41 

readUy converted to die benzyl chloride in die presence of hydrochloric acid. Alternatively, 

die electron donating effect of die aromatic ring activates the benzyUc oxygen to act as a 

nucleophile and enables it to displace the chloride ion from die acyl chloride (mechanism 

b). 

Since direct mediods for die conversion of either the acid 82 or the ester 80 to die 

ketone did not appear straightforward, a less efficient route was employed, as indicated in 

Scheme 12. Reductionof 80 with DIBAL-H yielded alcohol 82 in good yield. Attempted 

Swem oxidation of 82 using standard conditions (dimethyl sulfoxide, oxalyi chloride, 

triethyl amine, dichloromethane solvent)^^ failed. The only isolable products were para-

medioxy benzyl alcohol and para-methoxybenzyl chloride. Due to the sensitivity of die 

MPM protecting group to acid, most other oxidation reactions were precluded. It was 

finally discovered that aldehyde 88 could be produced in good yield if alcohol 82 was 

oxidized using the Swem reagent in tetrahydrofuran rather than dichloromethane for a short 

reaction time; extended reaction times produced mixtures of the aldehyde and the 

decomposition products. The trialkylammonium salts that are produced during the Swem 

reaction are soluble in dichloromethane. The presence of these acids in solution in the 

reaction mixture is probably responsible for the decomposition of the acid-sensitive MPM 

protecting group. 

After the conditions for the oxidation of the alcohol 82 were worked out, the synthesis 

of 24 was straightforward. Addition of methylmagnesium bromide to 88 gave alcohol 82 

as a mixture of diastereomers. This compound was smoothly oxidized, again using 

Swem's conditions in tetrahydrofuran as for 82. Thus die synthesis of die C-3 - C-8 

fragment of osciUatoxin A was accompUshed in 8 steps from 22 widi an overall yield of 

24%, an average of 84% yield per step. 
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Synthesis of the C-9 - C-13 Fragment of Oscillatoxin A 

Examination of the C-9 - C-13 fragment of osciUatoxin A reveals a string of four 

contiguous chiral centers. The anri-anti-syn relationship of die centers makes a chelation-

controUed aldol-type assembly of the fragment most attractive.^"^ Chelation-controUed 
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addition of C-12 as an anion to an aldehyde at C-11 should provide the C-11- C-12 bond 

with the stereochemistry shown in Scheme 14. Further addition of the enolate derivative of 

LiCu—+-<" 
R' 

from 74 
8 

• a ^ 

Scheme 14 

22 to an aldehyde at C-9 should dien provide the C-8 - C-9 bond with die 6-hydroxyl at C-

9.o5 This idea is indicated in Scheme 14, and my implementation of diis idea to die 

synthesis of the C-9 - C-13 fragment of osciUatoxin A is indicated in Scheme 15. 

The synthesis of die C-9 - C-13 fragment began widi alcohol 26. Oxidation of 26 

yielded aldehyde 90 in good yield. Because of the probabiUty diat 90 would epimerize 

upon standing, it was never stored for more than about one hour. Reaction of 90 with 

isopropylmagnesium chloride produced alcohol 91 as a 60:40 mixture of two diastereomers 

which were found to be separable analytically on thin-layer chromatography plates and 

preparatively by flash chromatography.86 By using an excess of the cuprate formed from 

cuprous bromide-dimethyl sulfide complex and the isopropylmagnesium chloride one can 

obtain a mixture of only one diastereomer of 91 plus some of the alcohol 26 from reduction 

of the aldehyde by the cuprate. The diastereomer of 91 produced in this reaction has been 

assigned the anti stereochemistry based on a chelation control model for its formation.84 
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Compound 91 was easily sdylated by stirring in DMF with imidazole and tert-

butyldimediylsilyl chloride to yield die protected diol 92. Removal of the MPM protecting 

group to yield 22 did not work when the literature procedure was employed ^7. Reaction 

of 22 with 2,3-dichloro-5,6-dicyano-l,4-quinone in a 9:1 mixture of dichloromethane: 

water gave erratic results and was successful only once in three attempts. 2,3-Dichloro-

5,6-dicyano-l,4-hydroquinone, a product of the deprotection, is apparently acidic enough 

to effect the hydrolysis of the sdyl edier. When a pH 7 buffer was used instead of pure 

water, 22 was formed reproducibly and in high yield. Oxidation of 22 to aldehyde 94 

proceeded smoothly. Once again, the possibihty of epimerization required diat 24 be 

reacted immediately. Reaction of 24 with a diree-fold excess of the Uthium enolate derived 

from 24 yielded the aldol product 25 as a mixture of diastereomers in 61% yield. The two 

diastereomers, formed in a 4:1 molar ratio by the reaction, were easily separable by high 

pressure liquid chromatography. Based on Masamune's observations on chelation-

controUed additions of lithium enolates to 6-alkoxy aldehydes, the 9,10-anti diastereomer 

of 25 (shown in Scheme 15) was presumed to be the major product formed.^6 

Conclusions 

The purpose of this work was to provide insights on the methodologies necessary for 

the total synthesis of the simplest of die aplysiatoxins, oscdlatoxin A. We have devised 

methods for die esterification of the acid-sensitive C-9 hydroxyl and for establishing the 

stereochemistry at bodi die C-4 and C-9 stereocenters. Additionally, we have completed 

the syndiesis of a viable model for C-3 dirough C-13 fragment of die aplysiatoxins as weU 

as the C-27 through C-30 fragment of oscillatoxin A. During the course of this work, we 

also developed a mild, non-ionic mediod for the selective benzylation of 1,2-diols. Finally, 

although die carbohydrate based synthesis of 24 did not provide the desired compound, it 

did lead to an improved route to optically pure 3-deoxy-L-pentoses. The groundwork laid 
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by this body of work provides the necessary basis for the eventual completion of 

oscdlatoxin A by our research group. 



CHAPTER m 

EXPERIMENTAL 

Unless otherwise noted, aU reagents were purchased from Aldrich Chemical Company 

and were used as received. Tetrahydrofuran and edier were distdled from the sodium ketyl 

of benzophenone under an atmosphere of nitrogen. Triethylamine, diisopropylamine, and 

dichloromethane were distdled from calcium hydride immediately before use. Hexane and 

ethyl acetate used for chromatography were distiUed from before use. Sodium hydride was 

scrupiously washed with hexane prior to use. AU reactions involving air and moisture-

sensitive reagents were conducted under a nitrogen atmosphere. 

NMR experiments were conducted using eidier a Varian EM-360 (60MHz), an IBM 

AF-200 (200MHz for proton and 50 MHz for carbon), or an IBM AF-300 (300MHz for 

proton spectroscopy and 75 MHz for carbon spectroscopy) instmment. Unless noted, all 

samples were run in deuteriochloroform, with tetramethylsilane as an internal reference. 

Infrared spectra were obtained from films of neat sample sandwiched between sodium 

chloride plates using a Nicolet model MX-S or a Beckman IR-33 spectrometer. 

Due to the thermal instabUity of aknost all of the compounds synthesized during the 

course of this research, no interpretable mass spectra could be obtained for most of them. 

Unless otherwise indicated, all chromatographic separations for preparative purposes 

utiUzed die "flash" chromatographic method developed by Still and coworkers.87 

Preparation of endo/exo-l-(2-methyl-bicyclor2.2.l1hept-5-

ftn-2-yl)-ethanone (30) 

To 2-butanone (350 miUiliters, 3.89 mole) and paraformaldehyde (30 grams, 1 mole) 

was added a catalytic amount (ca. 0.1 gram) of potassium tert-butoxide. The mixture was 

then refluxed for 2 hours. The unreacted 2-butanone was distiUed away from the reaction 
46 
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mixture (ca. 300 miUditers). Concentrated phosphoric acid (10 miUUiters), 50 miUditers 

water and 0.5 gram hydroquinone were then added and the methyl isopropenyl ketone (29) 

was steam distiUed away from die mixture as it formed.(boding point 100°C, 760 mm Hg). 

The crude ketone was dried over magnesium sulfate and stirred with freshly cracked 

cyclopentadiene (90 miUiters) at room temperature for 24 hours. Vacuum distillation gave 

the product as a mixture of e2co and endo isomers (50-58°C, 0.5 mm Hg). Yield: 20.1 gm, 

25% based on consumed butanone. 

NMR: (60MHz) (mixture of endo and e2co isomers): 51.1 (two singlets, 3H); 51.3-

1.9 (m, 4H); 52.1 (bs, 3H); 52.8-3.0 (m, 2H); 55.9-6.1 (m, 2H) 

IR: 1710,1570 cm-1 

Preparation of endo/exo Methyl 3-(2-methyl-
bicyclor2.2.11hept-5-en-2yl)-3-oxopropanoate (31 )'̂ ^ 

The ketone 22 (15 grams, 79 mmole) was added dropwise to a mixture of dimethyl 

carbonate (54 grams, 0.56 mole) and sodium hydride (5.3 grams, 0.22 mole) in 

tetrahydrofuran (200 mUlUiters). The mixture was refluxed under argon for 42 hours. The 

reaction mixture was then taken up in ether, acidified with 5% HCl, washed with brine, 

dried over magnesium sulfate, and the solvents were evaporated.The remaining dimethyl 

carbonate was distiUed away (90°C) at ambient pressure. The product was isolated by 

vacuum distillation of the residue (90-100 °C, 1.2 mm Hg) to yield 21 as a colorless liquid. 

Yield: 5.3 gm. (54%) 

NMR (60 MHz) (mixture of endo and sm isomers): 51.1 (two singlets, 3H); 51.3-

1.9 (m, 4H); 52.8-3.0 (m, 2H); 53.8 (s, 2H); 53.9 (s, 3H); 55.9-6.1 (m, 2H) 

IR: 1745, 1705, 1620 cm'l 
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Preparation of Methvl 3-oxo-4-methyl-4-pentenoate (28) 

The bicyclic ester 21 (4.2 grams, 20.2 mmole) was placed in a round bottomed flask. 

The flask was attached via a bent arm to a quartz mbe passing dirough an oven heated to 

600°C. The quartz tube was packed with quartz chips. At die other end of die quartz tube 

was placed anodier 90° adapter which led to a trap cooled to -30°C. This trap was attached 

to a second trap cooled to -78°C. This second trap was, in turn, attached to a vacuum 

pump. The system was evacuated to a pressure of about 1 miUimeter Hg and the flask 

containing 2iwas heated using a heat gun,causing the compound to be slowly vaporized 

into the oven. The products leaving die pyrrolysis oven were passed through the two 

traps. The liquid collected in the first trap was flash vacuum distdled from a preheated 

130°C od bath. The product isolated was always immediately carried on rather than being 

stored. Yield: 1.8 grams (62%). 

NMR(60MHz): 3 6.1 (m, IH); 35.9 (m,lH); 33.9 (s, 2H); 33.8 (s, 3H); 31.9 (s, 3H) 

IR: 1730,1700 cm-1 

Preparation ofMethvl 3-acetoxy-4-methyl-penta-2.4-dienoate 

(24) 

The ketoester 28 (1.78 gm., 12.36 mmole) was added slowly to a solution of acetyl 

chloride (1.1 grams, 14.0 mmole) and triethyl amine (4 miUiUters, 28.5 mmole) in 20 

miUiUters dichloromethane cooled to 0°C. The reaction was stired for 5 hours under a 

calcium chloride tube. The solvents were evaporated and the residue taken up in ether. 

The sludgy mixture was then filtered through CeUte and concentrated. Chromatography of 

the residue on sdica gel using 80:20 hexane:ethyl acetate yielded 24 as a colorless liquid. 
Yield: 0.805 gm. (35%). 

NMR(60MHz)(mixture of E and Z isomers): 51.2 (m, 3H); 52.2 (s, 3H); 53.7 (s, 

3H); 55.3 (bs, IH); 55.5 (bs, IH); 55.8 (s, IH) 
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Preparation of 2-(trimethylsi1vlethyl) 4-bromo-3-oxo-

butanoate (41) 

To a solution of diketene (1.0 grams, 0.012 mole) in dichloromediane (fifteen mUUUters) at 

-780C was added molecular bromine (1.7 grams, 0.011 mole) in 10 miUiUters of 

dichloromediane. The mixture (colorless) was warmed to -30^0 and stirred for seventy 

minutes. 2-(trimethylsilyl)edianol (1.3992 grams, 0.012 mole) and pyridine (1.2 grams) 

were added (solid precipitate formed in die flask) and die reaction stirted for diirty minutes. 

The mixture was washed twice with forty mUUUters of five percent hydrochloric acid, twice 

with forty miUUiters of saturated aqueous sodium bicarbonate (whereupon a rose color was 

noticed in the aqueous phase), once with forty mUUUters of brine, and dried over powdered 

anhydrous magnesium sidfate.The solvents were removed on the rotary evaporator to yield 

a brownish liquid. Yield: (3.1 gm., 93%). 
NMR(60MHz): 50.05 (s, 9H); 50.9 (t, 2H); 53.4 (s, 2H); 54.05 (s, 2H); 54.1 (t, 

2H) 

Preparation of (2-trimethylsilyl)-ethyl 4-benzyloxy-3-

oxobutanoate (37) 

To 0.53 grams (0.022 mole) sodium hydride in tetrahydrofuran (20 milliliters) was 

added benzyl alcohol (2.41 grams, 0.022 mole) in tetrahydrofuran (20 miUiliters) 

dropwise. The mixture was stirred under a calcium chloride tube for 50 minutes. The 

bromoester 41 (3.1392 grams, 0.011 mole) in tetrahydrofuran (10 mdliUters) was dien 

added dropwise (exotherm) and the brick red solution was stirted at room temperature for 

sixteen hours. The mixture was brought to pH 5 by die dropwise addition of 20% aqueous 

hydrochloric acid, immediately washed twice with 50 miUUiters of saturated aqueous 

sodium bicarbonate, and dried over powdered anhydrous magnesium sulfate. After 

filtering the drying agent away, the filtrate was concentrated on die rotary evaporator. 

Analysis by thin-layer chromatography showed a spot at the origin, a spot for benzyl 

alcohol, and two new spots. The reaction mixture was taken up in fifty miUiliters of edier, 
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washed twice with 50 mUUUters of water and dried over powdered anhydrous magnesium 

sulfate. Concentration gave a brown liquid (3.6 grams , 96% crude) free of benzyl alcohol 

by diin-layer chromatography. The product was obtained by flash chromatography ( 60 

grams siUca gel, 90:10 hexane:ediyl acetate eluent). Yield: 1.4141 grams (42%) 

NMR (60MHz): 50.05 (s, 9H); 5 0.9 (t, 2H J= 7 cps); 53.4 (s, 2H); 54.05 (s, 2H); 

54.1 (t, 2H, J= 7 cps); 54.6 (s, 2H); 57.3 (s, 5H) 

Preparation of Octvl 4-benzyloxy-3-oxobutanoate (96) 

To a solution of ddcetene (10 grams, 0.12 mole) in dichloromediane (100 miUditers) at 

-78°C was added bromine (17 grams, 0.11 mole) as a solution in dichokomethane (50 

miUUiters) over a period of 30 minutes. After stirring an additional 10 minutes, 1-octanol 

(17 grams, 0.13 mole) and pyridine (17 grams, 0.21 mole) in dichloromethane (100 

mUUUters) were added. The mixture was warmed to -30°C and stirred for 40 minutes. 

After warming to room temperature, the crude product was washed once with dilute 

hydrochloric acid, once with brine and the organics were dried over powdered anhydrous 

magnesium sulfate. Concentration on the rotary evaporator left a reddish soUd. The 

product was recovered by crystalUzation from dichloromethane/ediyl ether to yield a waxy 

solid. Yield: 21.4 grams (62%). 

1 H NMR (60 MHz): 54.3 (s, 2H); 54.15 (t, J=6 cps); 51.1-1.7 (br m, 12H); 50.9 (br 

t, 3H) 

Preparation of octvl 4-benzyloxv-3-oxo-butanoate (42) 

To a slurry of 0.9 gm. sodium hydride (.0375 mole) in 100 milliliters tetrahydrofuran 

was added benzyl alcohol (4.1 grams, 38.9 mmole) in 50 miUiUters of tetrahydrofuran 

(dropwise over 20 minutes). The mixture was stirted 10 minutes, then 5.5 gm. (.0187 

mole) bromo ester 26 was added at once. The reaction was aUowed to stir 14 hours and 

was then quenched with 20 miUditers of 10% hydrochloric acid. The crude mixture was 
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extracted once widi 50 miUiUters of water, once again with 50 miUUiters of brine, dried 

over powdered anhydrous magnesium sulfate, and the solvents removed on the rotary 

evaporator. The crude product, a brown oil, (14.3 grams) was purified by flash 

chromatography (four grams of sample on thuty grams of sdica gel, 90:10 hexane:ethyl 

acetate eluent) to give a light yeUow Uquid (1.03 grams, 62%). 

NMR(60 MHz):3 7.3 (s, 5H);3 4.5 (bs, 2H);3 4.1 (m, 4H);3 1.2-1.0 (bm, 17H) 

Preparation of 2-benzyloxyacetaldehyde (45) 

To a solution of sodium periodate (10.7 grams, 0.05 mole) and concentrated sulfuric 

acid (4 grams) in water (100 miUiUters) was added die ketal 44(11 grams, 50 mmole). The 

solution was maintained at a temperature between 20-30^0 with an ice water badi and 

stirred for 2.5 hours. After this time, thin-layer chromatography showed only one spot that 

was much less mobile than starting material. The reaction mixture was filtered, brought to 

pH 6 by addition of one molar aqueous sodium hydroxide and extracted twice with fifty 

miUUiters of dichloromethane. The combined organics were dried over powdered 

anhydrous sodium sulfate and concentrated on the rotary evaporator. Yield: 4.87 grams 

(64%). 

NMR(60MHz): 39.7 (t, IH, J=1.5Hz); 37.3 (s, 5H); 34,5 (d, 2H, J=1.5Hz); 34.0 (s, 

2H) 

IR: 1748 cm-1 

•Preparation of 2-benzyloxymethyl-4.6-dimethyl-l.3-

dioxane (46) 

To a solution of the aldehyde 45 (1.205 grams, 8 mmole ) in benzene (40 milliliters) 

was added (d,l)-2,4-pentanediol (1.2 grams, 11.5 mmole) and pyridinium tosylate (1.3 

grams, 5 mmole). The mixture was refluxed with a Dean-Stark trap. After 90 minutes, no 

starting material was seen by diin-layer chromatography. The benzene was evaporated, the 

http://2-benzyloxymethyl-4.6-dimethyl-l.3
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residue taken up in 50 miUUiters of edier, washed widi 50 mUUUter portions of water, 

saturated aqueous sodium bicarbonate, and brine, dien dried over powdered anhydrous 

sodium sulfate, and the ether removed on the rotary evaporator to yield 1.5918 gm. of a 

dark Uquid (89% crude). The crude material was purified by flash chromatography (20 

gm. siUca gel, 80:20 hexane:ediyl acetate as eluent) to yield 0.844 grams of acetal 46. 

(48%). 

NMR (60 MHz):5 7.3 (s, 5H);5 5.0 (t, 1H);5 4.5 (s, 2H);5 4.0 (m, 2H);5 3.4 (d, 

2H); 5 1.2 (dd, 6H) 

Preparation of l-benzyloxy-2-(4-hydroxy-2-pentoxv)-4-

pentene (47) 

To a solution of acetal 46 (0.82 grams, 3.5 mmole) and aUyltrimethyl silane (1.3 

grams, 11.4 mmole) in 5 miUiUters dichloromethane at -78°C was added titanium(IV) 

chloride (4 mdlUiters, 36.5 mmole). The reaction was stirted for 2.5 hours. Methanol (5 

miUUiters) was added to quench the reaction and the solution was warmed slowly to room 

temperature. The crude mixture was extracted with aqueous hydrochloric acid, water, 

brine, and dried over powdered anhydrous magnesium sulfate. Concentration yielded the 

product as a colorless liquid. Yield: 0.9438 gm. (97%). 

NMR(60 MHz): 51.0-1.6 (m, 8H); 52.0-2.5 (m, 2H);53.5-3.7 (m, 5H); 54.5 (s, 

2H); 55.1 (m, 2H); 55.7 (m, IH); 57.3 (s, 5H) 
IR:3400cm-l 

Preparation of l-benzyloxy-2-(4-oxo-2-pentoxy)-4-

pentene(48) 

The alcohol 42 (0.2347 grams, 0.8 mmole) was added dropwise to a solution of 

pyridinium chlorochromate (258.0 miUigrams, 1.2 mmole) of in 40 miUditers of 

dichloromethane. Powdered anhydrous magnesium sulfate (0.1 gram) was added and the 

reaction stirred for eighteen hours. Another 0.1 gram powdered anhydrous magnesium 
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sulfate was added and the reaction mixture was dien fdtered dirough Florisil. The Florisil 

was washed dioroughly with edier and the solvents were evaporated to yield 0.2461 grams 

(100% crude) of an oU. Thin-layer chromatographic analysis of the product showed only 

one spot. 

NMR(60 MHz): 51.0-1.2 (m, 3H); 52.0-2.5 (m, 4H); 52.1 (s, 3H); 53.5-3.7 (m, 

2H); 53.5 (sm 2H); 54.5 (s, 2H); 55.1 (m, 2H); 55.6 (m, IH); 57.3 (s, 5H) 

IR:1730cm-l 

Preparation of (R)-l-benzyloxy-4-pentene-2-ol (43) 

The ketone 48 (0.5549 grams, 2.0 mmole) was refluxed for one hour with 0.1 gram 

piperidinium acetate in 70 mUUUters of benzene . The solution was then washed with a 

saturated solution of sodium bicarbonate and brine. After drying over powdered 

anhydrous magnesium sulfate, the solvents were removed and the residue 

chromatographed using 80:20 hexane:ethyl acetateas eluent to yield the homoallylic alcohol 

43. Yield: 0.3850 grams (99%). 

lHNMR(60MHz):52.1(m, 2H); 53.4 (m, IH); 53.55 (s, 2H); 54.5 (s, 2H); 55.1 

(m, 2H); 55.7 (m, IH); 57.4 (s, 5H) 

IR:3400, 1600 cm-1 

Preparation of (R)-l-benzvloxy-2-tert-butyldimethylsiloxy-

4-pentene (49) 

To a solution of the alcohol 42 (0.0334 grams, 0.174 mmole) in dichoh-omediane (3 

mUUUters) was added tert-butyldimethylsUyl chloride (0.0344 grams, 0.23 mmole) and 

imidazole (0.0035 grams, 0.4 mmole). Widiin 2 minutes, die solution became cloudy. 

After stirring for 30 minutes, the reaction was washed with 5% hydrochloric acid, saturatd 

aqueous sodium bicarbonate, and brine. The organic phase was dried over powdered 
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anhydrous magnesium sulfate, fdtered, and concentrated to yield 58.9 milUgrams (100%) 

of the sdyl ether. 

1 H NMR (60 MHz): 50.1 (s, 6H); 5 (s, 9H0; 52.2 (t, 2H); 53.5 (m, 2H); 53.9 (m, 

IH); 54.6 (s 2H); 55.1 (m, 2H); 55.7 (m, IH); 57.30 (s, 5H) 

Preparation of 4-benzyloxy-2.2-dimethyl-1.3-dioxolane 

(44) 

To a slurry of sodium hydride (2.6 grams, 0.11 mole) in 150 miUiliters of a 50:50 

mixture of tetrahydrofuran:dimethylformamide at O^C was added dropwise solketal (13.2 

grams, 0.1 mole) in 30 miUUiters of tetrahydrofuran. The reaction was warmed to room 

temperature and benzyl bromide (18 grams, 0.105 mole) was added at once. After stirring 

for 40 minutes, the reaction was poured into a mixture of two hundred miUiliters of hexane 

and 100 miUUiters of water. The phases were separated and the organics were washed widi 

70 mUUliter portions of 5% hydrochloric acid, saturated aqueous sodium bicarbonate, and 

brine.The organic phase was dried over powdered anhydrous magnesium sulfate and the 

solvents removed on the rotary evaporator. Thin-layer chromatography showed only one 

spot Yield: 22.3 gm. (100%) 

1 H NMR (300MHz): 37.33 (s, 5H); 3 4.58 (s, 2H); 34.31 (pentet, IH J=6Hz); 

34.04 (dd ,1H, J=6.5Hz, 8.3Hz); 33.74 (dd, IH, J= 6.5Hz, 8.4Hz); 33.54 (dd, IH, 

J=5.7Hz, 9.8Hz); 33.45 (dd, IH, J=5.7Hz, 9.8Hz); 31.42 (s, 3H); 31.39 (s, 3H) 
IR: 3200 cm-1, 2900 cm-1 

Preparation of 3-deoxy-1.2-0-isopropylidene-a-D-glycero-
pent-3-enofuranose (55) 

The enal 51 (0.500 grams, 2.9 mmole) was dissolved in 10 mdliUters of methanol. 

Sodium borohydride (0.1107 grams, 3.0 mmole) was added (slight exodierm) and the 

reaction was stirted under a calcium chloride tube for 16 hours. The medianol was 
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removed on die rotary evaporator and die glassy residue filtered dirough siUca gel widi 

ether. Concentration of die filtrate yielded a colorless od (453.6 mg. 92% ). 

1H NMR (200MHz): 56.08 (d, IH, J= 3.5 cps); 55.30 (dd, 1H,;J= 3.5, 0.6 cps); 

55.19 (d, IH, J= 0.6 cps); 54.15 (s, 2H); 51.46 (s, 3H); 51.42 (s 3H) 

13c (50MHz): 5161.2, 5113.0, 5107.1, 599.0, 584.1, 558.4, 528.3, 528.0 

IR: 3500 cm-1 1650 cm-1 

MS: m/e= 172 amu 

[a]°= -8.01 (c=.1330gm/miUiUters) chloroform 

Preparation of 3-deoxy-1.2-0-isopropylidene-6-L-threo-

pentofuranose (52) 

Nickel(II) acetate (0.372 grams, 3.15 mmole) was dissolved in 50 mUlUiters of water 

and blanketed with argon. An aqueous solution of sodium borohydride (3 milUliters, IM, 

3 mmole) was added. An additional 1.5 miUUiters of the hydride solution was added after 

3 minutes. The water was decanted away and the black precipitant was washed 3 times 

with 5 miUiUters of ethanol. The compound 55 (0.5934 grams, 3.5 mmole) in ethanol (50 

miUiUters) was added and the solution agitated under an atmosphere of hydrogen at a 

pressure of 38 pounds per square inch. After 6 hours, the solution was filtered and the 

filtrate concentrated to yield 0.559 grams of 52 (94%). 

1H NMR (300 MHz): 55.83 (d IH, J= 4.0 cps); 54.77 (dd, IH, J= 5.6, 4.1 cps); 

54.33 (br m, IH); 53.83 (dd, IH, J=11.5, 8.0 cps); 53.63 (dd, IH, J= 11.5, 4.0 cps); 

52.19 (ddd, IH, J= 14.5, 8.7, 6.0 cps); 52.02 (dd, IH, J= 14.5, 2.7 cps); 51.56 (s, 3H); 

51.32 (s, 3H) 
13c (75MHz) 5112.5, 5105.5, 581.7, 580.8, 565.1, 533.3, 527.1, 526.0. 

IR: 3550 cm-1 

[a]°= -39.15 (c=37.8 milligrams/milUliter in chlorofonn) 
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Preparation of 3-dftnyy-5-benzyl-l .2-0-isopropylidene-6-L-

threo-pentofuranose (56) 

The alcohol 55 (0.1112 gram, 0.64 mmole) was dissolved in two milUliters of 

tetrahydrofuran and added dropwise to a suspension of 50 miUigrams (2 mmole) of sodium 

hydride in 20 mUUUters of tetrahydrofuran. Benzyl bromide (120 miUigrams, 0.67 mmole) 

was added after 20 minutes. The reaction was stirred under a calcium chloride tube at room 

temperature for 20 hours. The reaction was dien taken up in 5% hydrochloric acid, the 

phases separated, and the organics washed with water and brine. The organic solution was 

dried over powdered anhydrous sodium sulfate and concentrated to yield a yellow oil. 

Flash chromatography (90:10 hexanes:ediyl acetate as eluent) yielded 0.162 grams (96%) 

of a colorless oil. 

1 H NMR (300MHz) 57.3 (s, 5H); 55.79 (d, IH, J=3.9cps); 54.70 (dd, IH, 

J=4.0, 1.3 cps); 54.63 (d, IH, J=12.1 cps); 54.56 (d, IH, J= 12.1 cps); 54.30 (m, IH); 

53.69 (dd, IH, J=9.6, 6.9cps); 53.57 (dd, IH, J=9.7, 6.8cps); 52.18 (ddd, IH, J= 

18.0, 8.0, 6.0 cps); 52.07 (dd, IH, J=18.0, 1.3cps); 51.45 (s, 3H); 51.30 (s, 3H) 

13c NMR(75 MHz): 5139.14, 5128.16, 5128.58, 5128.39, 5112.93, 5107.38, 

581.19, 580.17. 573.82, 573.13, 534.35, 527.22,526.16 

[a]°=-27.4° (c=0.045grams/miUiUter, chloroform) 

Preparation of 3-deoxy-5-benzyl-B-L-threo-pentofuranose 

(59) 

To a solution of ketal 56 (6(X).0 milligrams, 2.27 mmole) in water (50 milliliters) was 

added 3 drops of concentrated sulfuric acid. The reaction was stirted at room temperature 

for 24 hours. The solution was neutralized by the addition of potassium carbonate, taken 

up in benzene (200 miUiUters), and die water azeotroped away from die mixture into a 

Dean-Stark trap. The benzene solution was fdtered and concentrated to yield die hemiacetal 

59 as a colorless liquid. Yield: 481.0 miUigrams (95%) 
iH NMR (100 MHz): 52.5 (m, 2H); 53.3-4.5 (m, 6H); 55.3 (s, IH); 57.3 (s, 5H) 
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Preparation of l-ben7y]oxy-3-buten-2-ol (61) 

A solution of vinyhnagnesium bromide in tetrahydrofuran (0 55 miUUiters, 2M, 1.1 

mmole) in an additional 150 mUUUters of tetrahydrofuran was stirted at 0°C. Benzyloxy 

acetaldehyde 45 (15.0 miUigrams, 0.10 mmole) in 50 miUiUters of tetrahydrofuran was 

added dropwise. The solution was allowed to warm to room temperature and stir for 2 

hours. 20 milUUters of 5% hydrochloric acid was added to quench any excess 

alkylmagnesium bromide and the crude reaction mixture was washed widi 5% hydrochloric 

acid, water, brine and then the organics were dried over powdered anhydrous magnesium 

sulfate. Concentration yielded an orange liquid (16.2 grams). This liquid was distiUed in 

vacuo (b.p. 109-111°C, 1.9mm Hg) to yield the desired product. Yield: 9.8 grams (65%). 

NMR(300 MHz): 57.33 (s, 5H); 55.81 (ddd, IH, J=0.6Hz, 10.7Hz, 17.3Hz); 55.34 

(dt, IH, J=1.3Hz, 17Hz); 55.17 (dt, IH, J=1.3Hz,17Hz); 54.54 (s, 2H); 54.31 (m, 

IH); 53.53 (dd, IH, J=4.6Hz, 13Hz); 53.35 (dd, IH, J=8Hz, 13Hz) 

13c NMR(50 MHz): 5137.86, 5136.92, 5128.33, 5127.69, 5116.05, 577.85, 

574.85, 573.21, 571.32 

IR:3420cm-l 

Resolution of l-benzyloxy-3-buten-2-ol (61) 

The alcohol 61 (1.3105 grams, 7.36 mmole) was dissolved in seventy milUliters of 

dry dichloromethane. Titanium(IV) iso-propoxide (2.1 grams, 7.39 mmole) and (-)-

dUsopropyl tartrate (2.2 grams, 9.4 mmole) were added and die reaction sealed with a 

septum. After cooUng to -30°C, tert-butyl hydroperoxide (1.3 mUUUters of a 3.47M 

solution,4.5 mmole) was added. After 28 hours at -30°C, gas chromatographic analysis 

showed roughly equal amounts of starting material and what was assumed to be die 

epoxide derivative. The reaction was quenched widi a 5:1 mixture of acetone:water and 

slowly warmed to room temperature. The reaction was then filtered and concentrated on 

die rotary evaporator. The residue was taken up in 50 mUUUters of ether and stirred widi 
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20 milUUters of ine normal sodium hydroxide for one hour. The phases were separated, 

the organic phase was washed with brine, dried over powdered anhydrous sodium sulfate, 

and concentrated. Chromatography (60:40 edier:petroleum edier eluent) yielded 0.6299 

grams of a colorless Uquid (99%). 

[a]°= +1.75 (c=0.315 grams per mUliter, carbon tetrachloride). 

Preparation of l-benzyloxy-2-methoxvmethyl-3-butene (62) 

To a solution of the alcohol 61 (0.6234 gm. 3.5mmole) in 50 mUlUiters of 

dichloromethane was added 1 mUlUiter (7.7mmole) of N,N-diisopropylethyl amine and 400 

miUigrams (5 mmole) of chloromethyl methyl ether. The reaction was stirted under a 

calcium chloride tube for 28 hours. The solvent was removed on the rotary evaporator and 

the residue chromatographed (90:10 hexane:ethyl acetate eluent) to yield a colorless liquid. 

Yield: 708.4 mg.(92%). 

NMR(200 MHz): 57.3 (s, 5H); 55.77 (ddd, IH, J=7Hz, lOHz, 17Hz); 55.36 (t, IH, 

J=lHz); 55.26 (t, IH, J=lHz); 54.70 (dd, 2H, J=4Hz, 16Hz); 54.54 (s, 2H); 54.26 (m, 

IH); 53.51 (dd, 2H, J=4Hz, 12Hz); 53.38 (s, 3H) 

13c NMR(50MHz): 5138.5, 5135.3, 5128.3, 5127.5, 5117.9, 594.3, 593.0, 589.4, 

576.0, 573.2, 573.0, 555.3 

IR: 1620 cm" ̂  

[a]° = -23.06 (c=.1993 grams per mdUliter, carbon tetrachloride). 

Preparation of 4-benzvloxy-3-methoxymethyl-l-butanol (63) 

The aUcene 62 (0.2548 grams, 1.15 mmole) was dissolved in 5 milliliters of 

tetrahydrofuran. The solution was cooled to 0°C and a 2 molar solution of borane-methyl 

sulfide complex (0.6 miUUiters, 1.2 mmole) was added dropwise. After 2 hours, 3 

miUUiters of ethanol was added foUowed by 3 miUiUters of 1 normal sodium hydroxide and 

4 miUUiters of a 30 percent aqueous solution of hydrogen peroxide. After stirring 30 
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minutes, the reaction was partitioned between ether and water. The aqueous phase was 

extracted with ether and the combined organics dried over powdered anhydrous magnesium 

sulfate. Concentration yielded a colorless liquid. Chromatography (85:15 pet edier:edier 

eluent) yielded 0.2651 grams 62 (96%). 

NMR(lOOMHz): 57.31 (s, 5H); 54.8 (d, IH, J=6Hz); 54.65 (d, IH, J=6Hz); 54.55 

(s, 2H); 53.95 (m, IH); 53.75 (t, 2H, J=7Hz); 53.50 (d, 2H, J=5Hz); 51.85 (q, 2H, 

J=7Hz) 

IR: 3490 cm-1 

[a]°= -1-16.56 (c=0.0611 grams per milUliter, carbon tetrachloride). 

Preparation of 4-benzyloxy-3-methoxymethylbutanoic acid 

165) 

The alcohol 64 (0.0611 grams, 0.25 mmole) was dissolved in 3 miUiUters of 

dichloromethane. Pyridinium chlorochromate (64 milUgrams, 0.30 mmole) was added. 

The reaction was stin-ed at room temperature for 90 minutes. FUtration through Rorosil 

and concentration without heat yielded 0.08221 gm. of a liquid. This material was 

dissolved in 10 miUUiters of tetrahydrofuran with one drop water. Potassium 

permanganate (40.0 miUigrams, 25 mmole) was added and die reaction stirred for two 

hours. The solution was then filtered dirough Celite and concentrated in vacuo to yield 
0.0289 grams of 65 (48%). 

NMR(60MHz): 57.3 (s, 5H); 54.75 (s, 2H); 54.5 (s, 2H); 54.4 (m, IH); 53.5 (d, 

2H, J=6Hz); 52.95 (s, 3H); 52.6 (d, 2H, J=7Hz) 

IR:3000cm-l, niOcm-l 

Preparation ofMethvl (R)-3.4-dihydroxybutanoate (66) 

The diester 62 (0.6938 grams, 4.28 mmole) was dissolved in 50 milUliters of 

tetrahydrofuran. A 2 molar solution of borane methyl sulfide (2.3 miUiUters, 4.6 mmole. 
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Aldrich) was added over 1 minute. This mixture was aUowed to stir at ambient temperature 

for 30 minutes. Sodium borohydride (20 mUligrams, 0.52 mmole) was added and the 

reaction stirred anodier 30 minutes. After this time, 5 mdUliters of medianol was added 

carefuUy. After another 30 minutes the solvents were removed on the rotary evaporator. 

The resulting od was chromatographed with ethyl acetate to yield 487.5 mg. (85%) of a 

colorless Uquid. 

1 H NMR(300 MHz): 54.12 (m, 1H);53.71 (s, 3H);53.62 (dd, IH, J=3Hz, 

8Hz);53.52 (dd, IH, J=6.5Hz, 8Hz);52.52 (dd, 2H, J=7Hz, 4Hz) 

13c NMR(75 MHz): 5172.58, 568.58, 565.60, 551.60, 537.74 

IR: 3400 cm-1,1740 cm-1 

[a]0= +14.86 (c=0.1280grams per mdUter, chloroform). 

Preparation ofMethvl (R)-4-Benzvloxy-3-hydroxybutanoate 

(68) 

The diol 66 (200.1 miUigrams, 1.49 mmole) was dissolved in 5 milUliters (d=1.458, 

42.6 mmole) of benzyl bromide and silyer(I) oxide (376.8 miUigrams, 1.6 nimole)was 

added. The reaction flask was suspended in a water-fiUed sonicating bath and sonicated at 

ambient temperature . Ice was used to moderate the temperature of the sonicator bath. 

After 3 hours, die solvent was removed on die rotary evaporator. The crude material was 

chromatographed (90:10 hexane:ethyl acetate eluent) to yield 233.5 miUigrams 68 (70%). 

1 H NMR (300 MHz): 57.32 (s, 5H); 54.51 (s, 2H);54.24 (multiplet, 1H);53.63 (s, 

3H); 53.51 (dd, 2H J=9Hz, 5.7Hz); 52.51 (d, 2H, J=6.3 Hz) 

13c NMR (75MHz): 5172.26, 5137.68, 5128.29, 5127.57, 573.40, 572.97, 

567.02, 551.51, 538.00 

IR: 3550 cm-1 (QH); 1770 cm-1 (c=0) 
[a]° =+33.96 (c=0.1007, ethanol). 
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Preparation of 4-Benzyloxy-3-

(dimethvlthp,xyki1nxy)butanoic acid (70) 

Hydroxy acid 68_(133.9 mUUgrams, 0.64 mmole) was dissolved in 10 mdlUiters 

dichloromediane with diisopropylediyl amine (0.4 mUUUters, 2.0 mmole) and 

dimethylthexylsUyl chloride (0.2272 grams, 1.28 mmole) . The reaction was stin^d under 

a calcium chloride tube for 1 day. The crude reaction was then washed widi 5% 

hydrochloric acid followed by brine. The organics were dried over powdered anhydrous 

magnesium sulfate and concentrated. Chromatography (90:10 hexane:ediyl acetate eluent) 

yielded a colorless oil. Yield: 216.3 milUgrams (96%). 

1H NMR (300MHz): 57.31 (s. 5H); 54.53 (s, 2H); 54.29 (m, 2H) 53.45 (dd, 2H, 

J=10Hz, 8Hz); 52.61 (dd, IH, J=12Hz 7Hz); 52.42 (dd, IH, J=12Hz 7Hz); 51.61 

(septet, IH, J=6Hz); 50.891 (s, 3H); 50.87 (s, 3H); 50.809 (s, 6H); 50.106 (s, 6H) 

13c NMR (50MHz): 5176.04, 5138.32, 5128.23, 5127.48, 5127.44, 574.22, 

573.23, 568.67, 521.75, 520.19, 518.53, 58.35, 52.55, 52.98 

[a]° = +5.3 (chloroform, c=.0374 grams/miUiliters). 

IR: 1760 cm-1 

Preparation of 2.4.4.8-tetramethyl-5-oxo-9-(tert-
butyldimethylsiIoxy)-l-nonen-7-vl 4-benzyloxv-3-

(dimethylthexylsiloxy)butanoate (72) 

The aldol adduct 21 (49.2 mUligrams, 0.140 mmole) and acid 20 (37.2 milligrams, 

0.113 mmole) were dissolved in 4 miUiliters of dichloromethane with 4,4'-

dimethylaminopyridine (15.1 milUgrams, 0.12 mmole). Dicyclohexylcarbodiimide (34.5 

miUigrams, 0.160 mmole) was added and the reaction stirred at room temperature under a 

calcium chloride tube for 14 hours. The solvent was removed on the rotary evaporator and 

the residue was then triturated with ether. The ether solution was filtered through a short 

plug of sdica gel and dien concentrated. Chromatography (98:2 hexane:ethyl acetate eluent) 

yielded a coloriess liquid. Yield: 65.3 miUigrams (87%). 
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1H NMR (300MHz): 57.30 (s, 5H); 55.35 (complex mult., IH); 54.79 (bs, IH); 

54.60 (bs, IH); 54.51 (s, IH); 54.25 (pentet, IH, J=6Hz); 53.47 (d, 2H, J=6Hz); 

53.41 )dd. 2H. J=8Hz,3Hz); 52.81 (dd, IH, J=17.5, 7.1); 52.69 (dd, IH, J=17.5, 7.1); 

52.53 (dd, IH, J=16.8, 6.2); 52.37 (dd, IH, J=16.8, 6.2); 52.23 (s, 3H); 51.631 (s, 

2H); 51.601 (multiplet, IH); 51.09 (s,6H); 50.87 (s, 9H); 50.85 (s, 3H); 50.83 (s, 

3H); 50.78 (s,6H); 50.10 (s,6H); 50.02 (s, 6H) 

13C NMR (75MHz): 5213.03, 5171.16, 5142.63, 5138.79, 5128.64, 5127.88, 

5114.58, 574.03, 573.26, 571.34, 568.19, 564.69, 547.34, 546.92, 539.86, 538.62, 

533.84, 525.61, 524.58, 524.08, 519.93, 518.26, 517.88, 511.25, 53.01, 53.31, 55.94 

IR: 1750 cm-1,1720 cm-1 

[a]° = -3.06 (chloroform, c=7.5miUigram/miUUiter) 

Preparation of Methyl (R)-(4-(methoxyphenyl)methoxy)-2-

methvl-propanoate (75) 

The ester 24 (1-0 gram, 8.5 mmole) was dissolved in 7 mdliUters of tetrahydrofuran 

with g-methoxybenzyl chloride (1.1 gram, 7 mmole) and sUver(I) oxide (2.0 grams, 8.5 

mmole). The flask was stoppered and immersed in a sonicating bath and sonicated for 3 

hours. The temperature of the badi was moderated by the periodic addition of ice. After 3 

hours, analysis by thin-layer chromatography showed consumption of the benzyl chloride, 

along with the appearance of 2 new products having similar retentions. Careful distillation 

yielded a sample of pure product (bp 98-102°C/0.4 mm Hg) The crude material was 

routinely carried on to the next step and purified after being reduced to the cortesponding 
alcohol. 

1H NMR (200Mhz): 57.26 (d, 2H, J=8.7 cps); 56.86 (d, 2H, J=8.7 cps); 54.46 (s, 

2H); 53.81 (s, 3H); 53.67 (s, 3H); 53.61 (dd, IH, J=4.5, 0.5 cps); 53.37 (dd, IH, 

j=9,7.9 cps); 52.77 (doublet of septets, IH, J=4.5, 0.5 cps) ; 51.16 (d, 3H, J=7 cps) 
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13c NMR (50MHz): 5159.2, 5129.4, 5129.2,5113.8, 572.8, 571.7, 571.5, 

555.3, 551.7, 540.2, 54.0 

IR: 1740cm-l 

[a]°=+5.96 (c=32.7 miUigram/UlUUter, chlorofortn). 

Preparation of (R)-(4-(methoxvphenyl)methoxv)-2-methyl-

1-propanol (76) 

The MPM-protected ester 25 (0.6968 grams, 2.9 mmole) was dissolved in 10 

miUiUters of tetrahydrofuran. The solution was cooled to 0° C and diisobutylaluminum 

hydride (5 miUiUters of a 22 wt% solution in hexane, 7.7 mmole) was added at such a rate 

that the temperature did not rise above 5°C. The reaction was dien allowed to stir under a 

nitrogen atmosphere for thirty minutes. Thin layer chromatographic analysis indicated the 

complete consumption of the ester 25 after this time. The excess hydride reagent was 

destroyed by the careful addition of 5 mUUUters of methanol, followed by 5 miUUiters of 

water. The resulting gelatinous mass was filtered through CeUte with ether. Flash 

chromatography (90:10 hexane:ethyl acetate eluent) yielded the product as a colorless 

liquid. Yield: 0.5237 grams, (86%). 

NMR (300MHz): 57.26 (d, 2H, J=8.7cps); 56.88 (d, 2H, J=8.7 cps); 54.45 (s, 

2H); 53.80 (s, 3H); 53.57 (complex multiplet, 2H); 53.49 (dd, IH, J=4.7, 0.5 cps); 

53.39 (dd, IH, J=9, 7.9 cps); 5 2.77 (br s, IH, (OH)); 5 2.07 (complex multiplet, IH); 

50.86 (d, 3H, J=7 cps) 
13c NMR (75MHz): 5159.3, 5130.3, 5129.2, 5113.9, 578.0, 573.1, 567.7, 

555.3, 536.7, 513.5 

IR:3380 cm-1, 2900 cm'l, 1600 cm'l 

[a]°= +14.56° (c=53.9 mUUgrams/miUUiter, chloroform). 
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Preparation of (S)-4-(methoxvphenyl)methoxv)-2-methyl-l-

propvl methanesulfonate (77) 

The alcohol 26 (0.3992 grams, 1.8 mmole) was dissolved with triethyl amine (0.3 

miUiUters) in 4 miUiUters of dichloromediane. The solution was cooled to 0°C. 

Methanesulfonyl chloride (0.16 milUlgrams, Aldrich, d.=1.48, 2.1 mmole) was added 

slowly over 3 minutes. The reaction was then stirred at 0° for 30 minutes, taken up in 2 

mUUUters of water, washed with brine, and the organic phase was then dried over 

powdered anhydrous magnesium sulfate. Concentration of the resulting solution yielded a 

coloriess oil. Yield: 0.5461 gm., 99%. The product is immobile on sdica gel thm-layer 

chromatography plates using 80:20 hexane : ethyl acetate as eluent. 

NMR (300MHz): 57.25 (d, 2H, J=8 cps); 56.87 (d, 2H. J=8 cps); 54.43 (s, 2H); 

54.19 (dd, 2H, J=5.5, 7.7 cps); 53.80 (s, 3H); 53.38 (dd, 2H, J=9.5, 5.1 cps); 52.96 (s, 

3H); 52.19 (septet, IH, J=5.2 cps); 51.01 (d, 3H, J=7 cps) 

13c NMR (75MHz): 559.3, 5130.4, 5129.2, 5113.9, 572.9, 572.0, 570.9, 

555.3, 537.1, 533.9, 513.7 

[a]°= + 8.18° (c=.145 grams/milUUter, chloroform). 

Preparation of (78) 

To a solution of dUsopropylamine (0.5 miUiUters, 3.5 mmole) in tetrhydrofuran (5 

miUUiters) cooled to -78°C was added a solution of n-butyUidiium (0.83 miUditers, 1.9 

mmole). This solution was stirred for 5 minutes. A solution of mediyl iosbutyrate (0.23 

milUUters, 1.96 mmole) was added and the reaction was aUowed to warm slowly to 0°C. 

After 30 minutes, the reaction was cooled to -78°C and the mesylate 22 (0.1925 grams, 

0.67 mmole) was added. The reaction was stirted for one hour, quenched with dilute 

hydrochloric acid, and washed with water. The organic phase was dried with powdered 

anhydrous magnueium sulfate, filtered, and concentrated to yield 0.1544 grams (72%) of 

the sulfonate 28. 
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1 H NMR ( 200 MHz): 50.99 (d, 3H, J=5 cps); 51.14 (d, 6H, J= 7 cps); 52.15 

(septet, IH, J= 7 cps); 52.7 (quartet, IH, J= 5 cps); 53.4 (complex doublet of doublets, 

2H); 53.79 (s, 3H); 54.17 (s, 2H); 54.27 (complex doublet of doublets, 2H); 54.43 (s, 

2H); 56.67 (d, 2H, J= 8.6 cps); 57.24 (d, 2H, J= 8.6 cps) 

Preparation of (S)-3-iodo-l-(4-methoxyphenyl)methoxy-2-

methvlpropane (79) 

The mesylate 22 (0.3591 grams, 1.25 mmole) was dissolved in 20 milUliters of 

acetone. The solution was saturated by sequential additions of sodium iodide and stirted at 

reflux for four hours. The reaction was then taken up in 100 milUUters of ether and washed 

four times with 20 miUUiters of water followed by one wash with 20 miUUiters of brine. 

The residual organics were dried over powdered anhydrous magnesium sulfate and then 

concentrated. The resulting oU was fdtered through sdica gel to remove any remaining 

water and polar impurities. Yield: 399.4 miUigrams (99%). 

1 H NMR (200 MHz): 57.24 (d, 2H, J=8.7cps); 56.87 (d, 2H, J=8.7cps); 54.44 (s, 

2H); 53.80 (s, 3H); 53.29 (dd, 2H, J=10.2,5.5cps); 51.74 (multiplet, IH); 50.97 (d, 3H, 
J=6.7cps) 

13c NMR (50MHz): 5159.1, 5130.4, 5129.2, 5113.8, 573.8, 572.8, 555.2, 

535.1, 517.6, 514.0 

Preparation of (R)-Methyl 5-(4-methoxyphenyl)methoxy-
2.2.4-trimethylpentanoate (80) 

A solution of diisopropyl amine (0.5miUUiters, 3.43 mmole) in 10 mdliUters of 

tetrahydrofuran was cooled to -78°C under a nitrogen atmosphere. A 2.17 M solution of n-

butylUthium in hexane (1.38 milUliters, 2.99 mmole) was added dropwise over 5 minutes. 

The solution was stirred for 5 minutes. Methyl isobutyrate (0.35 miUiliters, 3.0 mmole) 

was added slowly and the solution stirted 5 minutes before being warmed to 0°C. After 

stirring an additional 10 minutes at 0°C, iodide 22 (0.1189 grams, 0.35 mmole) in 0.2 
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miUUiters of dry hexamediylphosphorictriamide and 2.0 miUUiters of tetrahydrofuran was 

added. The reaction was warmed to room temperature and stirred for 1 hour longer. The 

reaction was dien quenched with 5% hydrochloric acid, washed with brine, and die organic 

phase was dried over powdered anhydrous magnesium sulfate. Chromatography (95:5 

hexane:ediyl acetate eluent) yielded 0.0591 grams of ester 80 (54%). 

1H NMR (200MHz): 57.24 (d, 2H, J=8 cps); 56.87 (d, 2H„ J=8cps); 54.40 (s, 

2H) ; 53.79 (s, 3H); 53.61 (s, 3H); 53.22 (dd, IH, J=9, 6cps); 53.15 (dd, IH J=9, 

6cps); 51.81 (triplet of quartets, J=7,4,2cps); 51.65 (dd, J=14, 4 cps); 51.44 (dd, J= 14, 

7cps); 51.19 (s, 3H); 5 1.16 (s, 3H); 5 0.87 (d, 3H, J=7cps) 

13c NMR (50MHz): 5178.7, 5159.0, 5130.7, 5129.0, 5113.6, 575.9, 572.4, 

555.1,551.4, 544.2, 541.6, 530.3, 526.6, 524.9, 518.1 

[a]°= +2.02 (c=67.4 mg., chloroform). 

Preparation of (R)-Methyl 5-(4-methoxyphenyl)methoxy-
2.2.4-trimethylpentanoic acid (82) 

The ester 80 (48.9 milUgrams, 0.17 mmole)was dissolved in 1 normal sodium 

hydroxide (3 mUUUters) and methanol (3 miUiliters). This solution was heated to about 

60°C for 3 hours. The solution was then brought to a pH of 4 with 5% hydrochloric acid 

and washed 4 times with ether. The combined ether extracts were dried over powdered 

anhydrous magnesium sulfate and concentrated to yield 42.7 mg. of the acid 82. (92%) 

1H NMR (300MHz):57.23 (d, 2H, J=9 cps),56.87 (d, 2H, J=9 cps); 54.40 (s, 2H; 

53.80 (s, 3H); 53.22 (dd, IH, J=9, 6 cps); 53.17 (dd, IH J=9, 5 cps); 51.86 (m, IH) ; 

51.68 (dd, IH, J=24, 4.5 cps); 51.46 (dd, IH, J=24, 7.5 cps);5 1.22 (s, 3H) 

13c NMR (50MH): 5184.9, 5159.1, 5129.1, 5113.7, 576.0, 572.5, 555.2, 

543.9, 541.7, 530.5, 526.4, 524.9, 518.3 

IR (IR-33): 3100 cm-1, br -OH, 1720 cm-1 c = 0 
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Preparation of (R)-Methvl 5-(4-methoxyphenyl)methoxy-

2.2.4-trimethyl-l-pentanol (87) 

To a solution of ester 80 (58.0 mg, 0.20 mmole) in tetrahydrofuran at 0° C was added 

a 22% solution of diisobutylaluminum hydride in hexane (0.8 miUiUters, 0.6 mmole). The 

solution was stirred at room temperature for 1 hour. The excess hydride reagent was then 

destroyed by the slow addition of 5 mdlUiters of methanol foUowed by 1 mUUUter of water. 

The gelatinous residue was stirted with ether for 5 minutes and then filtered through Celite. 

The fUtrate was concentrated, washed with brine, and dried over powdered anhydrous 

magnesium sulfate. Concentration yielded the crude product. Chromatography (90:10 

hexane:ethyl acetate eluent) yielded 39.9 miUigrams of the alcohol (75%). 

1 H NMR (200 MHz): 57.25 (d, 2H, J=8.6cps); 56.88 (d, 2H, J=8.6cps); 54.44 (s, 

2H); 53.80 (s, 3H); 53.41 (dd, IH, J=10.6, 3.8cps); 53.12 (br s, IH); 53.08 (d, IH, 

J=6.9cps); 5 3.02 (d, IH, J=6.9cps); 51.81 (m, IH); 51.58 (dd, IH, J=10.3, 3.0 cps); 

51.21 (dd, IH, J=10.3, 0.5cps); 5 0.93 (d, 3H, J=6.4cps); 50.92 (s, 3H); 50.80 (s, 3H) 

13c NMR (50MHz): 5159.3, 5130.0, 5129.4, 5113.9, 576.9, 573.0, 570.3, 

555.2, 542.2, 535.6, 528.8, 526.4, 523.4, 520.1 

IR (IR-33): 3480 cm-1 

[a]°=+2.55° (c=.1565, chloroform). 

Prep^r^unn of (5R.2S)/(5R.2R)-6-((4-methoxvphenyl) 
methoxy)-3.3.5-trimethyl-2-hexanol(89) 

To a solution of dimethylsulfoxide (0.4 mUUUters, 5.6 mmole) in 5 miUUiters of 

tetrahydrofuran at -78° was added oxalyi chloride (0.17 milUUters, d=1.455, 1.94 mmole, 

Aldrich). The mixture was allowed to stir for 5 minutes. Alcohol 88 (46.6 milUgrams, 

0.175 mmole) in 0.5 miUUiters of tetrahydrofuran was added and the reaction stirted for 4 

minutes. Next, triediylamine (0.25 milUUters, 3.6 mmole) was added and die reaction 

allowed to warm to room temperature. The crude reaction mixture was washed thrice with 

20 miUUiters water, once widi brine and then dried over powdered anhydrous magnesium 
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sulfate. Concentration yielded a coloriess Uquid (46.0 mg., 98% crude) that showed only 

one spot on diin-layer chromatography. This material was immediately dissolved in 2 

milUliters of tetrahydrofuran and added to mediylmagnesium iodide (0.15 miUiUters, 6 

mmole) in 5 milUUters of tetrahydrofuran cooled to 0°C. This mixture was allowed to stir 

for 2 hours. The reaction was dien quenched with 5% aqueous HCl, the phases separated, 

and the organic phase was washed with brine. After drying over powdered anhydrous 

magnesium sulfate, concentration yielded a colorless oU (41.3 mg.). Chromatography 

(90:10 hexane:ediyl acetate eluent) yielded 36.8 mg pure product (75%). 

1 H NMR (200 MHz): very complex due to diastereotopicity 

IR: 3410 cm-1 

Preparation of 6-((4-methoxvphenyl) methoxv)-2.3.3.5-
tetramethyl-2-hexanol (83) 

The ester 80 (68.5 miUigrams, 0.22 mmole) was dissolved in tetrahydrofuran (5 

miUiliters). Hexamethylphosphoric triamide (2 miUditers) was added foUowed by 

methyUithium (0.18 miUUiter, 0.23 mmole). The reaction was stirted at room temperature 

for 4 hours. The solution was taken up in ether, washed with dilute hydrochloric acid,four 

times with water, and dried over magnesium sulfate. The organic phase was concentrated 

to yield the alcohol 83 (42.4 mUUgrams, 57%). The sample was pure without resort to 

chromatography. 

1 H NMR (300 MHz): 50.90 (d, 3H, J=9.9 cps); 51.1-1.3 (overlapping signals, 

12H); 51.4-1.6 (m, 3H); 53.15 (m, 2H); 53.80 (s, 3H); 54.41 (s, 2H); 56.86 (d, 2H, J= 

8.8 cps); 57.22 (d, 2H, J= 8.8 cps) 
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Preparation of (5R)-3.3.5-trimethyl-2-oxepanone (86) 

To a solution of the acid 82 (102.1 miUigrams, 0.36 mmole) in dichloromethane (5 

miUiUters) cooled to 0°C was added diionyl chloride (1 mUUUter). The soution was stirt-ed 

for 1 hour. The reaction was concentrated on the rotary evaporator. Thin layer 

chromatography showed die crude reaction mixuire to consist of two spots. A crude NMR 

identified die two components to be para-medioxybenzyl alcohol and die lactone 86. The 

crude product was fdtered dirouh siUca gel with a 95:5 mixture of hexane:ethyl acetate to 

yield die lactone. Yield: 46.2 mUUgrams (94%) 

1 H NMR (200 MHz): 50.94 (d, 3H, J= 6.6 cps); 51.29 (s, 3h); 51.32 (s, 3H); 51.51 

(dd, IH, J=12.0, 8.0 cps); 51.7 (complex multiplet, IH); 52.2 (m, IH); 53.8 (dd, IH, J= 

6.0, 12.0 cps); 54.3 (dd, IH, J= 6.0, 1.4 cps) 

Preparation of (R)-6-((4-methoxvphenyl)methoxy)-3.3.5-
trimethyl-2-hexanone(74) 

To a solution of dimethylsulfoxide (0.4 miUUiters, 5.6 mmole) in 5 mUUUters of 

tetrahydrofuran cooled to -78° was added oxalyi chloride (0.13 miUUiters, 14.8 mmole). 

The mixture was allowed to stir for 5 minutes. Alcohol 82 (36.8 mUUgrams, 0.124 

mmole) in 0.5 miUiliter of tetrahydrofuran was added and the reaction stirred for 4 minutes. 

Triethylamine (0.25 miUUiters, 0.17 mmole) was then added and the reaction allowed to 

warm to room temperature. The crude reaction mixture was washed thrice with 30 

milUUters of water, once with brine and then dried over powdered anhydrous magnesium 

sulfate. Concentration yielded a coloriess liquid. High pressure liquid chromatography 

(90:10 hexane: ethyl acetate eluent) yielded 28.7 miUigrams of ketone 22 (78%). 

1 H NMR (200MHz): 57.24 (d, 2H, J=8.6 cps); 56.64 (s, 2H, J=8.6 cps); 54.39 (s, 

2H) ; 53.80 (s, 3H); 53.17 (dd, 2H, J=5.9, 1.5 cps); 52.11 (s, 3H) ; 51.70 (dd, IH, 

j=11.8, 3.1 cps); 51.68 (m, IH); 51.38 (dd, IH, J=11.8, 5.7 cps); 51.14 (s, 3H); 51.11 

(s, 3H); 50.87 (d, 3H, J=6.7 cps) 
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13c NMR (50MHz): 5214.3, 5130.7, 5129.0, 5113.7, 575.5, 572.5, 555.2, 

547.7,533.5, 530.4, 525.2, 525.0, 518.8 

IR (IR-33): 1740, 1600 cm-1 

[a]°=-1.94° (chlorofortn, c=0.1161grams/miUUiter) 

Preparation of (S)-3-(4-methoxyphenyl)methoxy-2-methyl-

propanal (90) 

To a solution of dimediylsulfoxide (1.0 miUUiter, 0.8 mmole) in 5 miUUiters of 

tetrahydrofuran cooled to -78° was added dropwise oxalyi chloride (0.60 miUiliters, 

d= 1.455,0.87 mmole) over 2 minutes. The solution was allowed to stir for an additional 5 

minutes before alcohol 26 (1.3202 grams, 6.3 mmole) in tetrahydrofuran (4 milUliters) was 

added. The cloudy solution was stirred for anodier 5 minutes and then distilled diethyl 

amine (1.5 mUUUters, 10.5 mmole) was added. The reaction was removed from the cold 

bath and allowed to warm to room temperature. The resulting suspension was taken up in 

ether (50 mUUUters) and washed 4 times with 20 milUUters of water. The organic phase 

was dried over powdered anhydrous magnesium sulfate and concentrated to yield a Ught 

yeUow liquid. Yield: 1.1899grams (91%). The aldehyde was pure by thin-layer 

chromatography but the distinctive odor of methyl sulfide was noticed. The aldehyde 2Q 

was immediately carried on without characterization to minimize epimerization. 

Preparation of (2S.3R)-l-(4-methoxyphenyl)methoxv-2.4-

dimethyl-3-pentanol (91) 

Cuprous bromide-dimethyl sulfide (2.6 gm. 12.5 mmole) was placed in a round 

bottomed flask and evacuated for 1 minute. The vacuum was released under an atmosphere 

of nitrogen. This evacuation/purge cycle was repeated four times. Tetrahydrofuran (20 

milUUters) was added to the flask and die mixture cooled to -78°. A 2M solution of 

isopropylmagnesium chloride (6.6 mdliUters, 13.2 mmole) of was added very slowly over 

10 minutes. The solution gradually became black during the course of the addition. The 
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aldehyde 2Q (1.1899 grams, 5.7 mmole) in 3 miUiUters of tetrahydrofuran was added and 

the reaction stirted at -78 for 2 hours and then allowed to warm slowly to room 

temperature. After a total of 4 hours the reaction was quenched by die careful addition of 

5% aqueous HCl. The phases were separated and die organic phase was washed with 

water foUowed by brine. After drying over powdered anhydrous magnesium sulfate and 

concentration, a yeUow od was recovered. Sdica gel chromatography (80:20 hexane:ediyl 

acetate eluent) yielded a colorless liquid identified as the product 21 (0.5766 gm., 41%) 

and a sUghdy more polar compound (0.3364 gm.) identified as alcohol die 26. 

Note: The reaction of aldehyde 2Q with only the alkylmagnesium reagent produces a 

higher yield of the product but as a 4:1 mixture of diastereomers. The diastereomers are 

separable by flash chromatography. The desired anti diastereomer is the less polar 

compound. Use of cuprous iodide instead of cuprous bromide gave a mixture of 

diastereomers in very low yield. 

1 H NMR (300MHz, major diastereomer): 57.23 (d, 2H, J=6.6 cps); 56.86 (d, 2H, 

J=6.6 cps); 54.44 (s, 2H); 53.79 (s, 3H); 53.59 (dd, IH, 1=11.48, 4.12 cps); 53.44 (dd, 

IH, J=11.48, 7.29 cps); 53.27 (dd, IH, J=7.68, 4.08 cps); 51.91 (m IH); 51.74 (m, 

IH); 50.96 (d, 3H, J=6.86 cps); 50.89 (d, 3H, J=6.71 cps); 50.87 (d, 3H, J=6.99 cps) 

13c NMR (75 MHz): 5159.2, 5130.0, 5129.2, 5113.8, 580.7, 575.1, 573.1, 

555.2, 535.8, 530.4, 519.9, 515.3, 514.1, 510.6 

Preparation of (2S.3R)-l-(4-methoxyphenyl)methoxv-2.4-
dimethyl-3-(tert-butyldimethylsiloxy)-pentane(92) 

0.3502 grams (1.39 mmole) of alcohol 21 was dissolved in 15 miUiliters of 

dimethylformamide. 0.40 grams (4.65 mmole) of imidazole was added followed by 0.4 

grams (2.6 mmole) of tert-butyl dimethylsUylchloride. The reaction was heated at 40° in an 

oU bath for 12 hours. The reaction could be monitored by the appearance of a very dark 

staining spot having an Rf of about 0.85 in 90:10 hexane:ethyl acetate. After cooling to 
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room temperature, die reaction was taken up in 75 miUUiters of ether and washed four times 

with 40 mUUUters of water. The edier was dried over magnesium sulfate and concentrated 

to yield a coloriess oU. Chromatography (90:10 hexane:ediyl acetate eluent) yielded 0.3983 

grams of the product 22 (78%). Some unreacted alcohol that was not observed during die 

reaction was found after die workup and recovered (71 miUigrams). 

1 H NMR (200MHz): 57.25 (d, 2H, J=6.6 cps); 56.86 (d, 2H, J=6.6 cps); 54.41 (s, 

2H); 53.79 (s, 3H); 53.55 (dd, IH, J=9.1, 4.42 cps); 53.34 (dd, IH, J=6.74, 5.38 cps); 

53.24 (dd, IH, J=9.1, 7.96 cps); 51.95 (m, IH); 51.78 (m, IH); 50.95 (d, 3H, J=6.9 

cps); 50.91 (d, 3H, J=9.0 cps); 50.87 (s, 9H); 50.86 (d, 3H, J=7.1 cps) 

13c NMR (75 MHz); 5159.2, 5129.0, 5127.8, 5113.7, 579.2, 572.7, 555.3, 

537.8, 531.5, 526.2, 526.0, 525.7, 520.5, 517.6, 515.5,5-2.9, 5-3.9 

Preparation of (2S.3R)-2.4-dimethyl-3-(tert-
butvldimethvlsiloxv)- 1-pentanol (93) 

To a solution of 71.4 mUUgrams (0.195 mmole) of ether 22 in 10 milUUters of a 9:1 

mixture of dichloromethane and a pH 7 buffer was added 0.1001 grams (0.43 mmole) of 

DDQ . The solution was stirred for 15 minutes at room temperature. After this time, diin-

layer chromatography indicated the complete consumption of the starting material. The 

thin-layer chromatography also indicated the presence of g-anisaldehyde but not of die 

desired alcohol. The reaction was taken up in edier, the phases separated, and die organic 

phase was washed with water until the organic layer was virtually colorless. The organics 

were dried over magnesium sulfate and concentrated. Thin-layer chromatographic analysis 

of die resulting slurry stUl indicated die presence of the aldehyde but no product. The 

mixture was chromatographed widi 90:10 hexane:ediyl acetate and the fractions preceeding 

the ones containing the aldehyde were combined and concentrated to yield a Ught yellow 

liquid (37.3 milUgrams, 78%). 
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1 H NMR (300MHz): 53.66 (dd, IH, 1=10.94, 4.28 cps); 53.56 (dd, IH, J=10.94, 

5.91 cps); 53.41 (dd, IH, J=4.87, 4.80 cps); 52.42 (br s, IH); 51.83 (m, IH); 50.97 (d 

3H, J=7.06 cps); 50.92 (d, 3H, J=7.0 cps); 50.91 (s, 9H); 50.90 (d, 3H J=7.1 cps); 

50.10 (s, 3H); 50.07 (s, 3H) 

13c NMR (75 MHz): 582.2, 566.0, 539.3, 537.2, 533.1, 526.1, 519.0, 518.4, 

516.4, 512.0, 5-4.0 

IR: 3400, 2900, 1265, 840 cm-l 

Preparation of (2R.3R)-2.4-dimethyl-3-(tert-
butyldimethylsiloxy)-pentanal (94) 

To a solution of 0.2 mUUUters (d=1.101,2.82 mmole) dimethylsulfoxide in 2 

miUiUters of dichloromethane cooled to -78° was added 0.1 miUiUters (1.14 mmole) of 

oxalyi chloride . The solution was stirted for 5 minutes. 37.0 mUligrams (0.150 mmole) 

of alcohol 22 in 0.5 miUUiters of dichloromethane was then added. The reaction was 

aUowed to stir at -78° for 15 minutes. Triethylamine (0.4 milUUters, 2.80 mmole) was 

added and the reaction aUowed to warm to room temperature. The solution was taken up in 

ether and washed with water four times. The organics were dried over magnesium sulfate 

and concentrated to yield 41.6 miUigrams of a yeUow Uquid. Thin-layer chromatographic 

analysis (90:10 hexane:ediyl acetate eluent) revealed a very polar yeUow spot and another 

UV-active spot widi an Rf of about 0.8. The cmde product was quickly filtered through a 

smaU amount of FlorisU with 90:10 hexane:ediyl acetate and concentrated to yield 30.0 

miUigrams (82%) of a colorless Uquid diat exhibited only one spot by diin-layer 

chromatographic analysis. The material was immediately carried on to die next reaction. 
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Preparation of (?P 7<;,8S.9R)- and r2R.7R.8S.9R)-7-

hydroxy-l-(4-Tnethoxyphenvl)methoxy-2.44.8.10-
pentamethyl-9-rtert-butyldimethylsiloxy)-5-undecanone (95) 

Diisopropylamine (0.07 mdlUiters, 0.50 mmole)was dissolved in 5 mUUUters of ether 

and die solution cooled to -78°. A 2.1M solution of n-butyllithium (0.18 miUUiters, 0.378 

mmole) was added and the mixture stirted for 15 minutes. The ketone 22 (0.1054 grams 

(0.38 mmole) in 0.5 miUiUters of ether was added dropwise and the solution stirred for 

another 15 minutes. A yeUow color appeared in the flask upon addition of the colorless 

ketone. The aldehyde 22 (30.0 miUigrams, 0.12 mmole) from the reaction described above 

was dissolved in 0.5 miUUiters of ether and added at once. After stirring for 60 minutes at 

-78°C, the reaction was warmed to room temperature and stirted another 5 minutes. The 

reaction was then quenched by addition of aqueous ammonium chloride and then the 

phases separated. The organic phase was washed with water followed by brine and dried 

over magnesium sidfate. Concentration yielded a yellow liqiud which by thin-layer 

chromatographic analysis consisted of the starting ketone and a slighdy less polar spot 

The compound cortesponding to the new spot was purified by flash chromatography using 

90:10 hexane:ediyl acetate. Yield: 38.3 miUigrams (61%).HPLC analysis indicated die 

presence of two products in a 4:1 ratio. A portion of this mixture was chromatographed by 

HPLC using 90:10 hexane : ethyl acetate eluent to yild the major diastereomer in pure form. 

1 H NMR (300MHz)(major diastereomer): 57.24 (d, 2H, J=8.8 cps); 56.86 (d, 2H, 

J=8.8 cps); 54.50 (ddd, IH, J= 7.22,5.26,1.87 cps); 54.40 (s, 2H); 53.81 (s, 3H); 53.49 

(t ,1H, J= 5.01 cps); 53.19 (dd, IH, J=5.92, 9.03 cps); 53.14 (dd, IH, J= 6.22, 9.03 

cps); 52.72 (dd, IH, J= 17.8, 7.44cps); 52.54 (dd, IH, J=17.8, 5.20 cps); 51.92 (m, 

IH); 51.70 (m, 3H); 51.12 (s, 3H); 51.11 (s, 3H);5 0.97 (d, 3H, J=6.89 cps); 50.90 (d, 

6H, J= 7.19 cps); 50.90 (s 9H); 50.86 (d, 3H J=6.68 cps); 50.13 (s, 3H); 50.09 (s, 3H) 
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13c NMR (50MHz):5l59.0, 5131.0, 5129.1, 5113.7, 581.8, 575.8, 566.6, 555.3, 

547.6, 543.2, 541.9, 538.7, 531.7, 530.3, 526.2, 525.4, 520.0, 518.9, 518.1, 511.4, 

51.0,5 -3.7, 5-3.8 
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