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CHAPTER I 

INTRODUCTION 

Research objectives 
The goals of the research described in this dissertation were to study the 

palladium-mediated intramolecular nucleometallatlon / methoxycarbonylation of y-
oxoallenes (see Scheme 1) and to use the methyl furanoside products obtained 
from such reactions in the syntheses of deoxy- and dideoxyribonucleoside 

R" 

" \ 

R 

X) Pd (II) ^ 
CO 
MeOH 

CH3O 

FT 

Butvrolactone Products 
R = H R'" = OH R'= R" = 0 

DIdeoxvnbofuranoside Products 
R = H R' = R'" = H. CH3, CH2CH3 R" = OCH3 

Deoxvribofuranoside Products 
R = H, OPg R' = R"' = H R" = OCH3 

Scheme 1. Overview 

analogues. Nucleoside analogues are currently of particular interest due to their 

ability to act as anti-tumor and anti-AIDS (Acquired Immunodeficiency Syndrome) 

medicines. A section of this introduction has been dedicated to information about 

AIDS and antiretrovlral nucleoside analogues. 

A convenient route to enantiomerically pure C-nucleoslde derivatives will 

be mentioned as a side project. (C-Nucleosides have also been found to 

possess potent biological activity). In addition, the cyclizatlon of 4,5-hexadienoic 

acid to give butyrolactone products will be described (see Scheme 1; R'" = OH). 



Background 
Previous Nucleometallatlons 

Previous work in this laboratory has demonstrated the synthetic utility of y-
hydroxy-allene intramolecular nucleometallatlons. 1 The products, c/s-2,5-
disubstituted tetrahydrofurans, have been subsequently converted to various 
natural products including the Cy -Ci r portion of Pamamycin-6072 and the nactic 
acid subunits of the nactins (see Table 1).3 

Table 1. Pamamycin 607 and the Nactins 

O - ' ^ ' ^ ' - ^ - ^ ' N . x ^ 

Pamamycin-607 
(isolated from Streptomvces alboniqer) 

Bi ^ fe E4 
Nonactin Me Me Me Me 
Monactin Me Me Me Et 
DInactin Me Et Me Et 
Trinactin Me Et Et Et 

Tetranactin Et Et Et Et 

The initial methodological idea was demonstrated by Alper and co-

workers4 who showed that intermolecular methoxy-methoxycarbonylatlon 

provided a means for the difuctionalization of allenes (see Scheme 2). 



R 

R' 

CO2CH3 

PdClg, CuClg. HCI 

CO, CH3OH ' 

OCH-

PdClg, + L 

R 
PdClgLg 

+ CH3OH 
- Pd°, - HCI 

COPdCILg 

„ . ^ 
^ CH3OH 

OCR. 
+ CO> 

HCI PdCILg 

OCH3 

L = Cr, CO, and/or MeOH 

R = R' = H 
R = Me R' = H 
R = R' = (CH2)5 

85% 
19% 
46% 

Scheme 2. Alper Intermolecular Difunctionalizatlon of Allenes 

The reaction is initiated by the complexatlon of palladium (II) to the allene, 
(complexes of allenes and alkenes with palladium (II) salts are common). Such a 
complex causes transfer of electron density to the palladium making the alkene 
more susceptible to nucleophilic attack. The resulting Increased electrophilic 
character of the carbon-carbon double bond that is complexed to the palladium 
would be stabilized by alkyl groups on the allene. Thus, the nucleophilic attack of 
the solvent occurs predominantly at the more substituted end of the palladium (II) 
- allene complex, due to the increased stabilization of the developing cationic 
character at the alkene. Following the Initial nucleometallation, the resulting a-
vlnyl palladium intermediate then undergoes carbonyl insertion and reductive 



elimination with methanol to give the acrylate product and palladium (0) metal. 
Copper (II) chloride then reoxidizes the palladium (0) metal to palladium (II) 
chloride which can begin another cycle. Therefore, the reaction Is considered to 
be catalytic In palladium, although a stoichiometric amount of palladium (II) can 
be used. 

PdClg (cat.) 
•NHR CuClo(300%) CH3O 

R'" \ /A CO, CH3OH 

'̂H. R 
I 
N. 

)n rQ„ 
20-86% yield 

Pumlliotoxin251D 

Scheme 3. Gallagher Cyclizatlon 

Gallagher and co-workers^ later proved that this reaction was applicable to 
the intramolecular case, although with nitrogen rather than oxygen nucleophiles. 
The nucleometallation / methoxycarbonylation of a y-amino allene was shown to 
provide substituted acrylates in moderate to good yields (see Scheme 3). This 
reaction involved the use of a catalytic amount of palladium (II) in methanol under 
an atmosphere of cartDon monoxide. Gallagher and co-workers subsequently 
showed that the products of this reaction can be used in the overall synthesis of 
Pumiliotoxln251D.6 

Work in this laboratory has shown that the preparation of substituted 
tetrahydrofurans can be accomplished using this methodology. 1-3 j^e 
intramolecular nucleometallatlon / methoxycarbonylation of ay-hydroxyallene 
provides 2,5-dlsubstituted tetrahydrofurans (see Scheme 4). This reaction also 



used a catalytic amount of palladium (II) chloride in methanol with excess copper 
(II) chloride under an atmosphere of carbon monoxide. The products were 
obtained in >80% yield as a 1:1 mixture of els and trans isomers. 

PdClg (cat.) 
HO CuCl2(300%) p u p . 

^ MeOH, CO ^^^^ 

>80% 1:1 cislrans 

Scheme 4. Walkup Tetrahydrofuran Ring Formation 

Yadav and co-workers^ have shown that the cyclizatlon of y- and 6-oxo-
bisalkenes to provide the corresponding spiroblcyclic ketal can be accomplished 
with both the "free" carbonyl as well as the corresponding dimethyl ketal (see 
Scheme 5). The initial step in this reaction is believed to be the transketalization 
of the dimethyl ketal to give the hemiketal which undergoes cyclizatlon. The y-

cartxDnyl compound presumably undergoes a similar hemiketallzatlon with the 
solvent methanol to give the hemiketal. 

CHsGOC-^ ^ ^ / -COOCH. 
O PdCl2 (cat) ^ ^ 

^^^^^^L^^Jtr-^--^^ CuCl2 (300%! 
^ ^ r t r7^ ^ ^ CO, MeOH • 

n = 1 50% 
n = 2 85% 

Scheme 5. Yadav Cyclization 

Solvomercuratlon 
Reactions such as the above intramolecular nucleometallation / methoxy

carbonylation of a y-hydroxyallene which generate isomeric mixtures of products 
are not as synthetically useful as those which can prepare one or other of the 
isomers exclusively. In an effort to prepare only one of the Isomers (the c/s-2,5-
disubstltuted tetrahydrofuran), the intramolecular nucleometallation by a mercury 
(II) salt (also known as a solvomercuratlon^ of a y-t-butyldlmethylsilyloxyallene 

was Investigated (see Scheme 6). 
5 



TBSO 1. Hg(OCOCF3) 
CH2CI2 

2. PdCl2(caL) 
CUCI2 (300%) 
CO, CH3OH 

CH3O 

>60% yield 
>95 : <5 cis: trans 

via 

CF30C0Hg 

<^^B 
o 

SIR' 

Scheme 6 - Solvomercuratlon/Transmetallation 

Similar solvomercurations of allenes or alkenes have been known for 
many years and have been conducted with both oxygen and nitrogen 
nucleophiles.8 in our laboratory, the mercury (II) salt was found to initiate 
cyclization of the y-sllyloxyallene, and due to the steric constraints in the 

transition state, cause preferential formation of the c/s-2,5-disubstituted product. 
The initial complexation of the mercury (II) salt predominates on the more 

substituted end of the allene (see Scheme 6). The trialkylsllyl ether then closes 
in a 5-exo fashion onto the mercury complexed allene generating a a-vinyl 
mercury salt. The resulting a-vinyl mercurial complex can be reduced with 
sodium borohydride^or transmetallated with palladium (II) salts."> 



Transmetallation of a-Vinyl Mercury Compounds 
with Palladium Salts 

Many transmetallations of organomercurials by palladium (II) have been 
reported in the literature.''o The mechanism of this transformation insures the 
transmetallation proceeds with retention of configuration. 

Transmetallation of a vinyl mercurial by palladium (II) results in the 
formation of a vinyl palladium species, which can be further elaborated (see 
Scheme 7). In the presence of carbon monoxide, the vinyl palladium complex 
rapidly Inserts a carbonyl giving rise to an acyl palladium."''' When a vinyl or aryl 
group is also bound to the palladium, the a-vinyl palladium complex can undergo 
reductive elimination resulting in the addition of a vinyl or aryl group to the 
palladium-bearing carbon. 

R'COOHg i O.̂R ^^^ . P A V 

R' = CH3, CF3 

L=Ar or 
vinyl 

L'.Pd 

1^' 
R' = Ar or vinyl 

R 

Scheme 7. Transmetallation 

Palladium Cyclization Mechanism 
Since the cyclization of y-hydroxy-allenes with palladium provides 

tetrahydrofuran derivatives, it was hoped that the y-oxo-allene counterpart would 
provide a quick path to functionalized methyl furanosides. This was initially 
envisioned as occurring via a hemiacetalization of the y-carbonyl, then 
intramolecular cyclization and subsequent methoxycarbonylation of the a-vinyl 
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palladium (see Scheme 8). The only marked difference between this mechanism 
and the mechanism proposed for the nucleometallatlon / methoxycarbonylation of 
a y-hydroxyallene is the hemiacetalization that has been proposed to occur prior 
to the intramolecular cyclization. 

CH^OH 
^ " 3 

k CloLoPd ^ ' 

Pd 
0 2 CUCI2 

CH3O OCR. 2CuCI HO^ PCH3 

Z^^ CI 

HCI 

CIL2Pd O PCH3 

\ 7 ^ CO 
CIL2Pd 

O PCH3 \r' 
Scheme 8. Proposed Mechanism 

Preparation of the Allene Functional Group 

General Methods of Terminal Allene Preparation 

The preparation of the allene functional group has been studied for many 

years. Despite the "myth" that the allene group Is quite unstable, many methods 

for its preparation and use in synthetic schemes abound. The preparation of 

terminal allenes has also been well documented.''"' Of particular synthetic utility 

in the synthesis of terminal allenes are (a) alkylation of a lithium allene (see 
8 



Scheme 9), (b) the addition of a hydride to a tetrahydropyranyl propargyl ether 
(see Scheme 11), and (c) the "homologation" of a terminal alkyne (see Scheme 
12).11 

a. nBuLi 
THF, -78°C \ 

U 

b. R-X 
-78°C 

\ 

R 

>70% typical yields 

Scheme 9. Lithium-Halogen Exchange 

A nucleophilic substitution reaction between an alkyl hallde and lithium 
allene provides a terminal allene (see Scheme 9). The initial lithium allene, 
generated from n-butyl lithium and allene gas at low temperature, has been 
shown to displace a variety of alkyl bromides to give the desired products."'2 
However, attempts in this laboratory to prepare terminal allenes by the reaction of 
lithium allene with primary chlorides were unsuccessful. 

BrMg 
/ 

BrMg 
/ 

energetically 
favored 

Scheme 10. Equilibrium Between Propargyl and Allenyl Anions 

It appears possible that the lithium allene generated as shown in Scheme 

9 could add In a Grignard fashion to a carbonyl. No precedent for this can be 
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found in the literature. The rapid equilibration between a propargyl anion and the 
allenyl anion may be the reason for the "softness" of the lithium allene. 13 The 
existence of an equilibrium t)etween the energetically more favored propargyl 
anion and the allenyl anion has been demonstrated by the Grignard reagent 
prepared from bromoallene. The allenyl magnesium bromide rapidly rearranges 
to the more stable propargyl magnesium bromide (see Scheme 10).''^ 

THPO 

V •MgBr 

THPO 
\ 

RCHO 
THF 
0°C 

< 

PH 

R 

acid HO 
V 

OTHP 

<„ 

LIAIH4 
ether 
reflux 

LIAIH4 
ether 
reflux 

t 

HO 

73-94% yield 

R = alkyl 

-R 
HO 

V 
% 

R 

expected product 

Scheme 11. Landor's Method of a-Hydroxyallene Preparation 

The reduction of a series of tetrahydropyranyl propargyl ethers to form 
terminal allenes was described in detail by Cowie, Landor, and Landor. 15 This 
reaction is readily applicable to the synthesis of an a-hydroxyallene. The method 
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begins with the addition of the tetrahydropyranyl propargyl ether anion to an 
aldehyde (see Scheme 11). The resulting a-hydroxyalkynes upon treatment with 
lithium aluminum hydride in refluxing ether provides the terminal allene. A 
problem existed for Landor while purifying the a-hydroxyalkyne: Migration of the 
tetrahydropyran protecting group during distillation of the a-hydroxy alkyne gave 
large amounts of the more stable protected secondary alcohol. 

The mechanism, though not mentioned in detail by Landor, proceeds via 
an initial acid-base reaction of the lithium aluminum hydride and the a-hydroxyl of 
the alkyne. The resulting alkynyloxy aluminum hydride then undergoes intra
molecular addition of a hydride to the alkyne adjacent to the hydroxy group. 
Then, electron flow toward the tetrahydropyranyl ether causes Its elimination and 
provides the allene. Migration of the THP group to the secondary hydroxy group 
prior to treatment with lithium aluminum hydride would give rise to the Internal 
allene instead of the desired terminal allene. The authors noted that careful 
drying and neutralization of the alkyne prior to its distillation eliminated the 
possibility of migration. 

(CH20)n, Cul 
PI IPr2NH , dioxane / — * 

reflux R 

40 - 62% 
R = alkyl, a-hydroxyalkyi 

phenyl 

Scheme 12. Crabbe Reaction 

Pierre Crabbe and co-workers at the University of Missouri, Columbia, 
investigated the "homologation" of various terminal alkynes to terminal allenes 
via a copper (l)-medlated reaction (see Scheme 12).''6 The reaction was carried 
out In the presence of formaldehyde and diisopropylamlne. The mechanism was 
proposed to Involve two steps (see Scheme 13). The first step was a copper (I) 
catalyzed Mannich reaction to give the propargyl amine. The second step 
involved a copper (l)-mediated 1,5-hydrogen transfer. The copper (I) hallde 
presumably complexed the alkyne and abstracted an internal isopropyl hydrogen. 
Deuterium labeling confirmed that the transferred hydride came from the 
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isopropyl group. The resulting hydridocopper species then added across the 
alkyne to give a a-vinyl copper (II) species. Decomposition of the a-vinyl copper 
gave rise to the observed product. 

R' 
=N(iPr)2 

R 

H CuX 

R 

XCuH 

Scheme 13. Crabbe Homologation Mechanism 

Crabbe and co-workers noted that an increased yield of the desired allene 
was obtained with a-hydroxyalkynes. This was reasoned by their consideration 
of halide-brldged chelates (see Scheme 14). In cases such as this, changes in 
the electron density of the copper such as oxidation to the hydridocopper species 
can be transmitted through the hallde bridge to the other copper of the chelate. 
An outlet for electron density changes reduces the energy requirement for the 
electron density changes on the copper bound to the alkyne, which increases the 
reaction rate. 
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Scheme 14. Hallde Bridged Chelate 

A major problem with the Crabbe homologation was the low yields of the 
isolated product reported (40-62%). This was most likely due to an Isolated side 
product, RCsCCu'CuBr, which proved to be insoluble in the reaction mixture. 
However, a desirable feature of this reaction is that the desired products can be 
isolated from the organic phase free of impurities after an aqueous workup, 
without chromatography or other purification. 

Enantioselective Methods for Allenyl Carbinol Synthesis 
It was previously known that propargyl metal complexes add to 

carbonyls,''̂  to yield homopropargyllc alcohols and/or allenyl carbinols.''̂  The 
propargyllc metal complex Is actually an equilibrating mixture of allenyl and 
propargyl organometallic compounds (see Scheme 15). Therefore, unless the 
desired propargyl metal complex is stabilized to some degree over the allenyl 
metal complex, the product from the reaction with an aldehyde will in effect be a 
mixture of both allenyl and propargyl carbinols. The nature of the propargylic 
metal complex is to exhibit nucleophilicity at the terminal carbon, resulting in 
addition to an electrophlle (in this case a carbonyl group) via an SE2' mechanism. 
Therefore, the propargylic metal complex provides the allenyl carbinol; the 
allenylic metal complex yields homopropargyllc alcohols (see Scheme 15). 
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Scheme 15. Metal Complex Addition to Carbonyl 

Recent interest in the preparation of a non-equilibrating propargylic or 
allenylic metal complex has led to many synthetic routes to both allenyl carbinols 
and homopropargyllc alcohols. Of particular usefulness are boron complexes''^ 
and the tin complexes, diallenyltin bromide / THF20 and allenyl dibutyltin chloride/ 
water.2i 

Since the addition of a propargyl metal complex to an aldehyde has been 
shown to give allenyl carbinols, 19-21 the reaction has been studied in greater 
detail to see if asymmetric Induction can be accomplished. 

EtOOC Na® COOEt 

COOEt 

THF, 0°C.>16h 

56-61% Yield 
39-47%ee 

R = alkyl 

Scheme 16. Umani-RonchI Preparation of a-Hydroxyallenes 
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The use of a chlral ligand to induce enantioselectlvlty during the addition of 
a propargyl tin complex to an aldehyde was studied by TrombinI, Umani-RonchI, 
and co-workers.22 They showed that the use of the chlral ligand, disodium 
diethyl tartrate, allowed for modest enantiomeric excesses of the chlral allenyl 
carbinol products (Scheme 16). The preparation of the tin complex was 
accomplished by treatment of the disodium dialkyi tartrate salt at 0°C with tin 
dichloride, followed by propargyl bromide. The resulting propargylstannate 
complex readily added to aldehydes In 56-61% yield and 39-47%ee. Although 
the yields were moderate and the enantioselectlvlty modest, the reaction was 
particularly useful because It was inexpensive (the most expensive reagent was 
tin dichloride) and simple to pertorm (the hardest part was the formation of the 
disodium salt of the tartrate). The by-product homopropargyllc alcohol, produced 
in 5-10% yields, which arose from a small amount of allenyl- to propargyltin 
equilibration, was the only identifiable contaminant found in the reaction mixtures. 

The use of chlral propargyl t)oron complexes In the synthesis of chlral 
allenyl carbinols has recently been described by Corey and co-workers.23 with 
the use of either of the synthetically available enantiomers of 1,2-diphenyl-1.2-
diaminoethane (stien) dltosylate24 as the chlral controller ligand on a propargyl 
boron complex, the product allenyl carbinols were obtained in good yields and 
>99% enantiomeric excesses for a series of six aldehydes (see Scheme 17). 
The only other product was the homopropargyllc alcohol isolated in 1-2% yield, 
which undoubtedly arose from the small amount of equilibrium that exists 
between the propargyl and allenyl boron complexes. 

Addition of tribromoborane under scrupulously anhydrous conditions to the 
stien ditosylate at 0°C followed by the addition of allenyl tri-n-butylstannane 
(prepared via a Grignard type coupling of propargyl magnesium bromide to 
chlorotributylstannane) formed the reagent in situ after 6 hours. Then, addition of 
the aldehyde at -78°C followed by workup provided the final product. The chlral 
controller could be recovered In nearly quantitative yields, making the reaction 
more attractive as a synthetic procedure, especially since the ditosyl stien was 
not commercially available. However, the scope of the reaction studied by Corey 
and co-workers does not indicate whether or not any functional group 
Incompatibilities exist. As with the tin reagent prepared by TrombinI and Umani-
Ronchl,22 the chlral boron reagent appeared to effect carbonyl addition via an 
SE2' mechanism. 
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Scheme 17. Corey Preparation of a-Hydroxyallenes 

Other Methods of Terminal Allene Preparation 
Other methods for the preparation of terminal allenyl carbinols exist,25 

(Notable among them is the addition of a stabilized phosphorus ylld to ketene26 
[see Scheme 18]), yet these methods are of less synthetic Importance to this 
project due to their low yields, expensive reagents, and/or lengthy procedures. 

O 

R' 
fl '̂ CH2CI2 

0°-5°C 

Scheme 18. WIttig Reaction with Ketene 

59-80% yield 
R' = methyl, phenyl, 

ethoxy 
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Acquired Immunodeficiency Syndrome (AIDS) 
History 

Acquired Immunodeficiency Syndrome (AIDS) is thought to be caused by 
the infection of an individual by the human immunodeficiency virus (HIV), a 
retrovirus.27 Retroviruses are defined as RNA containing viruses that replicate 
via a DNA intermediate by virtue of a viral-coded RNA-dependent DNA 
polymerase, reverse transcriptase.28 Reverse transcriptase was first discovered 
from animal sources In 1970 by Temin and Mizutani29 and independently by 
Baltimore30 who also established the method for retroviral classification. 

Retroviruses were first related to animal carcinogenesis In 1951 when 
Gross3i Isolated murine leukemia virus from inbred mice. However, a massive 
effort to locate similar retrovirus-induced carcinogenesis in malignant human 
tissue was unsuccessful. Because of the realization that animal retroviruses and 
human retroviruses may be different and not necessarily associated with 
malignant tissues, the first human retrovirus was not Isolated until 1980.32 
Human T-cell leukemia virus I (HTLV-I) was isolated by Gallons and associated 
with a disease known as Adult T-cell leukemia (ATLL) which is common In 
southern Japan. In actuality, the sera from patients with the disease were found 
to be 100% positive for reactivity against HTLV-I. The virus responsible for ATLL 
was subsequently isolated and termed the Adult T-cell Leukemia Virus (ATLV). 
Because of the similarity of the two viruses (ATLV and HTLV-I), they were 
classified together as HTLV-l. Shortly after the discovery of HTLV-I, HTLV-ll was 
identified from a patient with a T-cell variant of hairy cell leukemia.34 

In 1981, cases of PCP (Pneumocystis carinii pneumonia), Kaposi's 
Sarcoma, mucosal candidiasis, and similar disorders were identified In previously 
healthy homosexual men or Intravenous drug users.35 Because of the 
decreased T-cell response to mitogens and antigens as well as the similar patient 
backgrounds, the term AIDS (Acquired Immunodeficiency Syndrome) was used 
to define the manifestations of the disease. By the end of 1982. the number of 
AIDS cases had sharply increased and the disease was no longer restricted to 
homosexuals or Intravenous drug users. The disease was obviously spread 
through blood and genital secretions. 

In 1983, Barre-Sinoussi and co-workers36 detected reverse transcriptase 

In AIDS victims, but no purified virus was found. By 1984, Gallo's laboratory37 
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and Levy's laboratory^e had been independently able to purify viruses which they 
termed HTLV-III and ARV (AIDS Related Virus), respectively. 

These viruses, HTLV-III, ARV, and LAV, were determined to be variants of 
the same AIDS virus which was named HIV (Human Immunodeficiency Virus) by 
an international committee In 1986.39 Because of the epidemic proportions of 
new AIDS cases each year since 1982, the life cycle of the HIV has been studied 
to the extent that it Is perhaps the most understood human retrovirus. 

The AIDS epidemic is believed to have started as early as 1960, according 
to an estimate on genetic sequencing calculations by Gerald Myers at Los 
Alamos.40 in 1967 the disease, "the Marburg Virus." which was killing German 
and Yugoslavian polio researchers, was isolated and determined to have come 
from research monkeys shipped from Uganda, ̂ i Evidence such as this, 
combined with the fact that the simian Immunodeficiency virus (SIV) is extremely 
similar to HIV, has led some to believe that the oral polio vaccines used to 
vaccinate over 325,000 Congolese during 1957 to 1960 were contaminated with 
SIV which in human hosts mutated into HIV.̂ o 

Life Cycle of HIV 
The binding of a HIV virus to the human target cell appears to occur at a 

specific receptor on the cell surface (see Figure 1). The extracellular 
glycoprotein gp120 of the HIV binds to the target cell CD4 receptor with an 
affinity constant of 10-9M.'*2 initial studies have shown that the transmembrane 
protein gp41 in the target cell then mediates binding through the amino terminus 
of gp120 and the carboxyl terminus of the CD4 receptor. The gp4l protein then 
directs the fusion between the viral envelope with the host cell plasma 
membranes.43 

After the viral core has been incorporated Into the host cell, the viral RNA 
is quickly transcribed Into double-stranded provlral DNA in a reaction catalyzed 
by reverse transcriptase. The double-stranded provlral DNA then migrates to the 
nucleus and is integrated into the host cellular DNA by viral Integrase (a protein 
also found in the virus core). The necessity of provlral DNA integration into 
cellular DNA has not definitely been determined. However, in vitro cells Infected 
with integrase gene-deleted HIV-I were not found to produce Infectious virus 
particles.'̂ '̂  
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Figure 1. Life Cycle of HIV (from ref. 48b.) 

A TATA box located between nucleotides -22 to -27 of the provlral DNA is 
then recognized by a transcription factor from the Infected cell and that 
determines the exact site of RNA-polymerase II transcription (see Figure 2). The 
HIV promoter contains a GC rich sequence which binds Spl (a transcription 
factor that increases the rate of transcription initiation.) An enhancer element on 
the HIV regulatory sequences upstream appears to govern the induction of HIV 
promoter activity in response to T-cell activation. NFKB and HIVEN 86A present 
In the cell nucleus at the time of T-cell activation appear to cause the triggering of 
enhancer activity.'*®' 7̂ 
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Figure 2. Transcription of HIV Proteins (from Ref. 48c) 

After the production of viral RNA, translation of the RNA into viral proteins 
occurs, using the enzymatic "machinery" of the Infected cell. The assembly of 
the resulting HIV particles then occurs via capsid assembly and budding. The 
maturation of the virus occurs after budding, through the action of viral-coded 
protease dimers (plO) which may only be able to exist as dimers after budding 
takes place.47 

Reviews of the expression of HIV genes have been published.̂ s 

Antiretrovlral Therapies 
Researchers have been interested in targetting the most vulnerable part of 

the HIV infection. Possible targets for antiretrovlral therapy can be found at 
virtually every stage of the retrovirus' life cycle. The more readily apparent 
targets include the gp120 binding protein, reverse transcriptase, Integrase, and 
the viral-coded protease (see Table 2). All of these targets are necessary for the 
life cycle of HIV, but the majority of research has been centered on reverse 

transcriptase. 
Reverse transcriptase chain termination has become a major target for 

retroviral therapy. Of the many enzymes responsible for the entry, infection, 

Incorporation, and manufacture of the viral packet responsible for AIDS, reverse 

transcriptase is one of the better targets for antiretrovlral agents for three 

reasons. First, HIV RT is necessary for viral infection (although groups 
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conducting AIDS research have found cases in which this may not always be 
true). Therefore, if the RT polymerase function Is removed, the virus becomes 
non-infective. Second, HIV RT operates In the host's cytoplasm, where no 
cellular polymerases exist. This means that the antiretrovlral agent does not 
need to penetrate the nucleus and "get in the way" of cellular processes. Agents 

Table 2. Selected stages of HIV replication that may be targets for 
therapeutic intervention (taken in part from Ref 49c.) 

Stage 
Binding to target cell 

Fusion of virus with target cell 

Entry into target cell and 
uncoating of RNA 

Transcription of RNA to DNA by 

RT 
Degradation of RNA by RNase 

activity 
Migration of viral DNA to nucleus 
Integration of DNA into host 

genome 
Ribosomal frameshlfting 
Packaging 

Viral budding 

Possible intervention 
Antibodies to virus or cellular 

receptors 
Antibodies or drugs that block the 

fusogenic domain of virus 
Drugs 

Reverse transcriptase inhibitors 
(i.e., AZT) 

RNase H inhibitors 

Unknown 
Integrase inhibitors 

Unknown 
Antlsense construct against the 

packaging sequence 
Interferons or interferon inducers 

which must cross into the nuclear matrix are frequently found to be quite 

cytotoxic. Third and most Important, the action of reverse transcription is not 
required for cellular metabolism. An antiretrovlral agent, then, can be devised so 

as not to interfere with any of the cellular functions, hopefully decreasing the 

cytotoxicity of the medicinal agent. This means a higher dosage or effective 
concentration of the drug may be administered to the patient, in effect, swamping 
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out the ability of the retrovirus to mutate and become resistant to the drug (AZT, 
and ddl have problems in this area because some HIV strains have become or 
easily become resistant to these drugs.). 

The medicines used to combat reverse transcriptase are all derivatives of 
deoxyribonucleic acid (DNA) building blocks. The most noteworfhy of the class 
of the derivatives known as dideoxynucleosides are AZT (2',3'-dideoxy-3'-a-
azidothymidine), ddC (dideoxycytidine), and ddl (dideoxyinoslne) (see Scheme 
19).49 These three compounds have shown some selectivity toward HIV reverse 
transcriptase, and have entered the drug market for treatment of the retroviral 
disease. Their activity versus reverse transcriptase occurs during viral 
transcription. More specifically, it is believed that they cause premature provlral 
DNA chain termination by being incorporated, instead of a natural nucleotide, by 
reverse transcriptase Into the provlral DNA chain being transcribed from the viral 
RNA.50 

O NH. 

N y ' ^ ' ^ r ^ N H 
HO^ L X HÔ  iT X HO. ^ X J 

\3 \3 \3 
N3 

AZT ddC ddl 

Scheme 19. Common Anti-AIDS Medicines 

HIV reverse transcriptase (HIV RT) possesses both polymerase and 
RNase H activities.si However, HIV RT lacks a proofreading function as do all 
reverse transcrlptases.52 This causes a large percentage of error by nucleotide 
misincorporation (mislncorporatlon occurs at a rate of 1:1750 to 1:4000). and 
accounts for the high mutation rate of HIV. 

Presumably, reverse transcriptase Is activated by cellular tRNALys.s before 
the synthesis of provlral RNA.53 The virus package includes a small primer for 
DNA synthesis, and the first base is attached to the primer at the 5'-phosphate 
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end of the base. The next base is then added by attaching the 3'- end of the 
previous base and the 5'- end of the new base. Thus, the chain of synthesized 
provlral DNA grows from 5' to 3' (see Figure 3).54 Behind the synthesis of the 
provlral DNA, the RNase H porfion of HIV RT cleaves the viral RNA every 7-12 
base pairs. 

Excised segments 
of RNA degraded 
by RNase H 

RNAiDNA 
Heterodupiex 

Polymerase 
triphosphate 
binding site 

iRNase Hi 

Figure 3. Provlral DNA Synthesis by Reverse Transcriptase (from Ref. 51a.) 

When the new base to be incorporated has a modified (or no) C3' group, 
as do AZT, ddC, and ddl (see Scheme 19), It Is added to the growing chain by 
attachment at the 5'-OH. The next base that is to be attached then cannot be 
placed at the 3' position due to the modification of the previously added 
'medicinal' base. Due to the lack of the proofreading function of reverse 
transcriptase, the enzyme stalls in the provlral DNA synthesis, causing inhibition 
of HIV infection of the host cell. Since the RNase activity has cleaved the viral 
RNA during the polymerization, the ability of HIV RT to reinitiate the provlral DNA 
synthesis no longer exists. However, the viral package has multiple copies of the 
viral RNA as well as a RT for each copy, making the virus resistant to a single 
fatal incorporation of a modified nucleotide. 

As the molecular biology of reverse transcriptase becomes better 

understood, more nucleoside analogues that target the enzyme will be needed. 
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AZT, ddC, and ddl are good inhibitors of reverse transcriptase. However, the 
toxicity of these compounds indicates a great need for better analogues. The 
insights provided by the molecular biology (Including the structure of the binding 
pockets) of reverse transcriptase will help to formulate these better nucleoside 
analogues. 

Nucleoside Preparation 
The conversion of carbohydrate derivatives to nucleoside derivatives is 

accomplished by nucleophilic displacement of the alkoxy group at the anomeric 
carbon. The most widely used reaction method is the Vorbruggen modification's 
of the silyl-Hilbert-Johnson nucleoside coupling (see Scheme 20).56 initially, this 
reaction was carried out between an acetyl glycoside and the corresponding 
protected nucleoside base. Recently, the use of methyl glycosides has replaced 
the use of acetyl glycosides due to their ease of preparation and ready 
availabllrty. 
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Scheme 20. Vorbruggen Nucleoside Coupling 
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Typically, the Vorbruggen coupling's is performed with the glycoside, one 
equivalent of nucleoside base (activated as the bistrimethylsllyl ether derivative), 
and one equivalent of a Lewis acid. The mechanism involves the initial 
complexatlon of the Lewis acid to the anomeric oxygen of the glycoside. The 
alkoxide then leaves with concomitant assistance by one of the ring oxygen lone 
pairs, generating an oxonium Ion. An ester at C2 of the glycoside. If present, can 
participate in the reaction. The oxonium ion is trapped by the electron rich 
silylated base. The Lewis acid counterlon then desilylates the nucleoside base. 

This reaction was studied In great detail by Vorbruggen and Holfe'^ who 
determined that optimal yields were obtained when a relatively weak Lewis acid 
such as trimethylsilyl triflate (TMSOTf). trimethylsilyl perfluorobutanesulfonate 
(TMSOSO2C4F9), or trimethylsilyl perchlorate (TMSCIO4) was used.58 The 
authors noted that although the Lewis acid can be used in catalytic amounts (0.1 
equivalents), the use of 1.1-1.3 equivalents of the "catalyst" is preferable 
because of the shortened reaction times and the ability to use less stringently 
anhydrous reaction conditions. 

Oligonucleotides 
The use of oligonucleotides to effect therapeutic Intervention at the level of 

the nucleic acid offers a number of advantages over those drugs that target 
enzymes. Ion pathways, etc.'^ The problem with drugs that affect such targets is 
that they frequently Interfere with other metabolic processes. In many cases, 
those drugs discovered to be specifrc for a cerfain process cause inhibition or 
activation of a metabolic pathway that is usually very complicated, and often 
Incompletely understood. The metabolic process under scrutiny can be 
controlled to a greater degree by drug therapy (via inhibition or activation, 
considering the level of knowledge about the process of RNA transcription) at the 
level of RNA transcription from the gene responsible for that process. One of the 
better ways to regulate genes Is to treat the gene with an antlsense 
oligonucleotide. 

Antlsense oligonucleotides are nucleic acid chains that exhibit extremely 
specific binding on a parficular region of a cell's DNA.̂ o jhe binding is 
accomplished by hydrogen bonding to complementary nucleic acids via the 
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Watson-Crick base pairing or through triple helix formation. In nature, many 
antlsense oligonucleotides exist that are responsible for the regulation of gene 
control.61 The sequence specificity of an antlsense oligonucleotide Increases as 
the number of bases in it Increases. Statistically, the base sequence of a 17-mer 
oligonucleotide occurs just once within the sequence of the human genome.62 
Thus, an oligonucleotide designed to be at least 17 bases long will be specific for 
only one sequence in the human genome. If the desired target gene sequence Is 
known (screening through the use of a cDNA library can provide such sequence 
information), then the design of the oligonucleotide is accomplished simply by 
considering the complement of the sequence that one wishes to Inhibit or 
activate. 

Methods of Synthesis of Oligodeoxynucleotides 
Unmodified and some slightly modified oligodeoxynucleotides can be 

prepared through the use of automated synthesis. The use of such automated 
synthesis machines has become commonplace within the last few years. The 
most common method of oligodeoxynucleotide preparation is the phosphite 
triester method, more commonly called the phosphoramldite method (see 
Scheme 21),63 currently the most efficient method for preparing oligodeoxy
nucleotides. The synthesis begins with a factory made deoxynucleoside bound 
to a controlled pore glass (CPG) surface at the 3'-OH. Then, the DNA chain Is 
grown by attaching the free 5'-hydroxyl group of this compound to a phosphor
amldite at the 3'-end of an added base in the presence of tetrazole. The added 
base is protected with a dimethoxytrityl group at the 5'-OH position and bears a 
p-cyanoethyl N,N-diisopropylphosphoramidite at the 3'-phosphite oxygen 
(Scheme 21). After coupling via nucleophilic displacement of the dilsopropyl-
amlno group on the phosphorus by the 5'-hydroxyl group, the resultant phosphite 
triester is immediately oxidized to the phosphotriester with aqueous Iodine, and 
the dimethoxytrityl group is then removed with aqueous acid. The coupling yield 
is >99% and the total cycle for the addition of one base (Including oxidation and 
detritylation) takes about 8 minutes. Typically, one hundred and seventy-five Is 
the upper limit to the number of bases that can be sequentially added together 
using automated DNA synthesizers. 
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DMTrO. _ 
DMTrO^ B 

.O 

^ P pp DMTr = p-dimethoxytrityl = 
([p-CH30C6H4]2PhC-) 

CPG = controlled pore glass 

Scheme 21. Phosphoramldite Oligonucleotide Preparation 

An alternative approach, the H-phosphonate method, was first developed 
by Todd in 1957 (see Scheme 22).^^ This method begins with the addition of the 
5'-0H of the CPG-bound nucleoside to the 3'-H-phosphonate of the next base In 
the presence of a sterically bulky acid chloride such as pivaloyi chloride. The 
oxidation of the resulting phosphite diester is accomplished at the completion of 
the total synthesis with t-butyl hydroperoxide or aqueous iodine. The upper limit 
to the DNA length that can be prepared using this method is >100 bases. 

DMTrO^ B 
T.O>J DMTrO^ B DMTrO^ B 

P c ^ \J 
o=p-o® JL o o 

^ tBu-^ Cl^ 0=P-H '2/H2O H0 -P=0 
tBuCOOH ci_, _ B d) B 

^ O 
H O . ^ B 

O, 
\ / "^CPG ""CPG 

""CPG 

Scheme 22. H-phosphonate Oligonucleotide Synthesis 
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The phosphotriester method Is reporfed to be the method of choice for 
large-scale preparation of DNA (see Scheme 23).65 The method involves the 
addition of the 5'-OH of the CPG-bound nucleoside to the 3'-phosphotriester of 
the next base In the presence of 2,4,6-triisopropylbenzene-sulfonlc acid (TIPS) or 
8-quinolinesulfonic acid (QSNT). and a nucleophilic catalyst (usually a pyridine N-
oxide). The coupling yield is 98% and each addition cycle takes 7-8 minutes. 

The resulting synthetic oligonucleotides from each method are then freed 
from the CPG surface by aqueous ammonia (with concomittant removal of the 
cyanoethyl groups, if present) and purified by polyacrylamide gel electrophoresis 
and HPLC. After verification of their sequence by Maxam-Gllberf, Sanger, or 
FABMS sequencing methods, the oligonucleotides are ready for use as 
antlsense agents, or for other purposes. 

DMTrO DMTrO 

TIPS or 
QSNT 

CN 

"CPG 

CPG 

Scheme 23. Phosphotriester Oligonucleotide Preparation 

Properfies 
The antlsense oligonucleotides that are designed for DNA binding possess 

the ability to hydrogen bond to a DNA strand.̂ o A measure of the affinity 
between the oligonucleotide and the target sequence Is provided by the melting 
temperature (Tm) of the double-stranded (ds) nucleic acid that Is formed (see 
Figure 4).S6 The Tm reflects the temperature at which one half of the double 
strand is dissociated Into the respective single strands (ss). The lower the Tm the 
less stable the complex. The stability of the antlsense oligonucleotide - DNA 

28 



complex is Increased when a large proporfion of G-C base pairs exist, because of 
the ability of the G-C base pair to form three hydrogen bonds compared to the A-
T base pair's two hydrogen bonds. Considering this and normal physiological 
conditions (37°C, low salt concentration), a 12-mer oligonucleotide is assumed to 
be the minimum length required to form a stable duplex. In practice, the use of a 
20-mer Is needed to Insure a high level of binding as well as greater selectivity for 
a specific sequence. 

increasing 
temperature 

ds DNA A A / \ ss DNA 

Figure 4. Melting of DNA 

Modification of the backbone of the antlsense oligonucleotide has been 
attempted in order to increase its metabolic lifetime, because of the problems 
with enzymatic cleavage (by nucleases) of the oligonucleotide.S7 such changes 
In the phosphate backbone can cause a lowering of the ability of the nucleases to 
recognize the backbone phosphates as a substrate. However, modification of 
the backbone may cause a change In the Tm due to changes In the electronic 
charge of the backbone and/or the steric requirements of the backbone 
modification. 

Another problem that exists with antlsense oligonucleotide therapy Is the 
low rate of cellular uptake.̂ s Yet, various methods of improving the penetration 
of the antlsense nucleotides through the cellular membranes have been used. Of 
parficular Interest are the incorporation of the oligonucleotide into a liposome, the 
pretreatment of the target cell by poly-L-lysine (which complexes to the wall of 
the intact cell modifying its electrochemistry and making It penetrable), and the 
covalent attachment of the oligonucleotide to a specific carrier. 
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Application to the Current Problem 
The incorporation of a nucleoside analog Into an antlsense oligonucleotide 

can present an interesting problem. Assuming that the modification is small 
enough that the Tm is not lowered dramatically, a specific site of a target DNA 
sequence should interact specifically with the synthetic oligonucleotide analogue. 
Given the large number of nucleophiles present In DNA, the ability of one of 
these to Interact covalently with a base modified to act as an alkylating agent 
would be increased dramatically. Covalent attachment of DNA to an alkylating 
agent has been used to cause irreparable damage to DNA. If such covalent 
attachment was directed to occur within a specific gene of the human DNA 
genome, that specific gene could be Irreparably altered. In such a manner, an 
unwanted or life-threatening gene could be "turned off," curing an othenwise 
difficult-to-treat disease. 

In the present study, the modification of a nucleoside is made by insertion 
of a vinyl group into the backbone. This carbon-carbon double bond Is 
particularly electrophilic due to Its allylic nature. (The modified nucleoside may, 
in fact, act as an alkylating agent of DNA.) It is envisioned that the testing of this 
compound Incorporated as a part of an antlsense oligonucleotide could provide 
an "infinite" increase in the Tm due to covalent attachment. The modified 
nucleoside could also be used in antlsense oligonucleotide therapy as an 
alkylating agent. 
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CHAPTER II 

RESULTS AND DISCUSSION 

Introduction 
This chapter presents the research accomplished toward the stated goal. 

It is separated into three parts in an effort to keep similar ideas together. First, 
the discussion of the preparation of dideoxynucleoside analogues is presented, 
followed by the deoxynucleoside derivatives. 

The preparation of butyrolactone products by the same methodology is 
then Introduced. The final part of this chapter discusses the preparation of a C-
nucleoslde derivative. 

Nucleoside Analogues 
Dideoxynucleoside Analogues 

Retrosynthesis 
Since Alper and co-workers^ have shown that the difuctionalization of an 

allene was possible, this lab has been interested in the Intramolecular nucleo
metallation of allenes to give 2,5-disubstituted tetrahydrofurans. i-3 However, the 
product tetrahydrofurans previously prepared by this reaction have all been 2,5-
dlalkyltetrahydrofurans. 

To explore the reaction further, the preparation of a 2-alkoxy-5-alkyltetra-
hydrofuran was desired (see Scheme 24). Such a product would be a 
carbohydrate derivative and could be converted into a nucleoside analogue by 
subsequent conversion of the acrylate ester into an allyl alcohol and substitution 
of the alkoxy substituent by a nucleoside base. 

Yet, if the product has an alkoxy group at a position alpha to the ring 
oxygen, then the corresponding starting material would exist as the hemlacetal of 
a Y-oxoallene. Considering the work discussed above by Yadav and co
workers,''the hemlacetal possibly could be formed in situ from a y-oxoallene. 

In order to test the hypothetical intramolecular nucleometallation / 
methoxycarbonylation of a y-oxoallene. the preparation of an unsubstltuted y-
oxoallene was needed. 4,5-Hexadlenal was chosen as the y-oxoallene that 
would be tested. The preparation of 4,5-hexadienal could be produced from 4,5-
hexadien-1-ol by a mild oxidation. 
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PdClg (cat) 

HO , a ^ ' e a r ' C H . O J l O ^ O C H , 

^^aOH Ri r: H : dideoxyribofuranoslde 
analog 

Ri = OR : deoxyribofuranoslde 
analog 

y-oxoallene 

Scheme 24. Ribofuranoside Retrosynthesis 

4.5-Hexadien-1-ol 

4,5-Hexadien-1-ol (1) has been prepared by various methods (see 
Scheme 25). Previously In this lab, the preparation was accomplished from 
commercially available 3-bromo-1-propanol (2).^ This comparatively lengthy 
synthesis Involved protection of the alcohol as the tetrahydropyranyl (THP) ether 
(in excellent yield), and then nucleophilic displacement with lithium allene to give 
compound 3. The lithium allene was generated prior to the reaction from allene 
gas and n-butyllithlum, and used immediately at -78°C. The product, the y-

tetrahydropyranyloxy allene 3, was Isolated in excellent yields, although 
separation from the unreacted starting material was difficult. The protecting 
group was then removed with p-toluenesulfonic acid in methanol to afford 4,5-
hexadlen-1-ol (1). 

But, as was mentioned, the synthesis was lengthy, the separation difficult, 
and the starting materials expensive. (In 1990, Aldrlch sold 3-bromo-1-propanol 
for $9.50/5g; allene gas costs $324.80/182g.) Thus a route that at least 
alleviated some of the difficulties of the metal-halogen exchange route was 
desired. 

Such a route was found after considering the work of Crabbe and co
workers. i^ Starting with 4-pentyn-1-ol, the copper mediated homologation of the 
alkyne gave rise to 4,5-hexadien-1-ol (1) In 41% yield (see Scheme 25). This 
one step synthesis provided the desired product as a clean solution in dioxane; 
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no impurities could be detected by iR-NMR or i^C-NMR. Although the starting 
alkyne Is far from cheap (Aldrich, $l8.50/5g). the relative ease of the 
homologation, the shortness of the route, and the purity of the crude product 
have been the major reasons that this route to 4.5-hexadien-l-ol is now the 
method of choice in this laboratory. 

Br 

2 

OH 

DHP 
pTsOH 
78% 

^ r-OH 

0 Br 

pTsOH 
94% t) 

THF. -78'̂ C 
93% 

(CHgO) ,̂ Cul 
iPrgNH 
oioxane ^ 
48h, reflux 

51% 

^ L ^ O^ .o 

XJ 

(CHsO) ,̂ Cul 
IPrgNH 
dioxane ^ 
60h, reflux 

41% 

PPTS 
MeOH 
77% 

= - = n r-OH 

Scheme 25. Synthesis of 4,5-Hexadien-1-ol (1) 

The low yield of the y-hydroxyallene prepared by the Crabbe homolo-

gationis was Initially believed to be the result of strong hydrogen bonding of the 

primary hydroxyl group to a water soluble copper species. To test this theory, the 

hydroxyl group was protected as the THP ether and the resulting compound (4) 

subjected to the Crabbe homologation (see Scheme 29). Although the yield of 

allene Increased to 51% in this case, the overall protection-homologation-

deprotection route effectively lowered the yield to less than that of the direct 
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homologation of 4-pentyn-l-ol. Ultimately, the Crabtje homologation of the 
unprotected 4-pentyn-1-ol was the method of choice for preparing 4,5-hexadien-
1-01(1). 

Oxidation to the v-Oxoallene 

The aldehyde 5 was then prepared by the oxidation of 4,5-hexadien-1-ol 
using pyridlnlum chlorochromate^o jn dichloromethane (see Scheme 26). The 
reaction proceeds quickly and cleanly to the aldehyde (5) at room temperature. 
The addition of magnesium sulfate to the reaction mixture Insured that the 
reduced chromium salts formed in the reaction would not gel out and clog the 
magnetic stirbar. In fact, because of the addition of magnesium sulfate, the 
reaction mixture was simply worked up by trituration with ether and filtration 
through Florisil to remove the chromium salts. 

PCC 
MgS04 
CH2CI2 

>80% 

Scheme 26. Oxidation of 4,5-Hexadien-1-ol to 4,5-Hexadienal (6) 

The solution so obtained was then carefully reduced in volume to 
approximately 1/5th of its original volume and used immediately. The volatility of 
4,5-hexadienal (5) caused its isolation to be difficult, yet with careful slow 
evaporation of the solvents by rotary evaporation, a fairly concentrated solution of 
the aldehyde could be obtained. In practice, it was found to be easiest to use the 
aldehyde Immediately after obtaining this solution. In all cases, the volume of 
solvent did not appear to interfere with any of the reactions studied. 
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Conversion to Furanoside Analogues by Masking 
the Aldehyde 

Initial attempts at the palladium-mediated intramolecular nucleometallation/ 
methoxycarbonylation of 4,5-hexadlenal (5) by palladium (II) gave only trace 
amounts of the expected product (6) according to iR-NMR analysis of the crude 
reaction mixture (see Scheme 27). Attempted isolation of the desired product was 
unsuccessful. This will be discussed in greater detail later In this chapter. 

PdC 12(5-10%) 
CuClp (300%) 
CO, MeOH 

CH3O P^ OCH-T\y 
6 

not isolated from reaction 

Scheme 27. Attempted Cyclizatlon of 5 

It was then proposed that by masking the aldehyde as a hydrin, or an 
acetal, or oxidation to the acid may provide starting materials that would cyclize 
via the palladium-mediated nucleometallatlon reaction to a product similar in 
structure to compound 6, perhaps In greater yield. The resulting product could 
then be converted into the desired furanoside analogue. Reaction of 4.5-
hexadienal (5) with trimethylsilylcyanide (TMSCN)''1 and hydrolysis of the TMS 
ether afforded a low yield of the cyanohydrin (7) (see Scheme 28). This 
compound was cyclized with the palladium (II) chloride / copper (II) chloride 
system giving the cyanotetrahydrofuran (8) In a 1:1 mixture of cis and trans 
isomers, albeit In low Isolated yield (14%). It was noted that this compound (8) 
could be used to synthesize an analogue of muscarine (9), yet because of the 
overall low yield of the tetrahydrofuran (8), the cyanohydrin route to a muscarine 
analogue was not pursued. 
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a. TMSCN 
b. HaO-' 

30% yield 

14% yield 
1:1 cis.trans 

CH3O 

PdC 12(5-10%) 
CUCI2 (300%) 
CO, MeOH 

8 

e 
HO 

T T N(CH3)3 

9 
muscarine 

Scheme 28. Cyanotetrahydrofuran Formation 

Trimethylsilylazide added In a 1,2 fashion to the carbonyl of 4,5-hexadienal 
(5) as expected and produced 56% yield of the azidohydrin trimethylsilyl ether 
(10) (see Scheme 29). ̂ 2̂ However, all attempted cyclizations of this compound 
gave a complex mixture of products which did not appear (according to iR-NMR 
analysis) to contain the desired tetrahydrofuran. The affinity of azides for 
palladlum^3 and copper salts was postulated as the reason for the lack of clean 
cyclization. 
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not found by 
iR-NMR. 

CH3O 

N. 

10 

OTMS 

56% yield 

PdC 12(5-10%) 
CuClg (300%) 
CO. MeOH 

y\y^ 
Scheme 29. Attempted Azidotetrahydrofuran Formation 

Attempts to prepare the trimethylsllylthiophenyl mixed acetal (11)''^ by 
reaction of the aldehyde (5) with trimethylsllylthlophenol gave only a complex 
mixture of products from which none of the desired acetal (11) could be recovered 
(see Scheme 30). 

TMS-SPh 
PhS 

OTMS 

11 
not Isolated 

Scheme 30. Attempted Phenylthiohydrin Formation 

Imlne cyclizations 
The aldehyde (5) was also converted to a series of Imines (12) by 

condensation with a primary amine in the presence of a drying agent.''^ When 

4,5-hexadienal (5) was added to an ethereal solution of magnesium sulfate 

containing a primary amine, the imlne was formed in situ in good yield as 

determined by spectroscopic analysis of the crude reaction mixture (see Scheme 

31). 
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ether 
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PdC 12(5-10%) 
CUCI2 (300%) 
CO, MeOH 
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propylene oxide 
triethylorthoacetate 

CH3O 

Yield of Methyl Furanoside (6) 
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NH. 

25% 

5% 

NH. 29% 

Scheme 31. Imlne Cyclizations 

A series of imines was made by this method, and after filtration of the 
magnesium sulfate was immediately subjected to the palladium (II) chloride 
intramolecular nucleometallation / methoxycarbonylation reaction. It was 
postulated that the initial cyclization would proceed to give intermediate (13) which 
would decompose in methanol to give the desired methyl furanoside (see Scheme 
32). In fact, the cyclization in the presence of an acid sink (propylene oxide) and 

A .0 NHR 
L 3 P d " ^ s ^ ^ ^ 

13 
Scheme 32. Proposed Imlne Cyclization Mechanism 
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a water scavenger (triethylorthoacetate) produced the desired product (6). The 
benzyl imlne, allyl imlne, and propyl imlne of 4,5-hexadienal (5) gave the methyl 
furanoside In 25%, 5%, and 29% yields, respectively. The imines were Identified 
by iR-NMR as well as IR after their preparation. 

Acetal cyclization 

Other routes to furanoside 6 were explored because the yields of methyl 
furanosides from Imines 12 were low. Conversion of the aldehyde to the cyclic 
acetal (14) was accomplished in 67% yield (see Scheme 33).77 Cyclization of this 
compound using the palladium (II) chloride intramolecular nucleometallation / 
methoxycarbonylation conditions produced the cleaved aryldiol (15) as the major 
product along with only 5% of the expected furanoside (16). It was anticipated 

HO-

H O ^ ^ 

MgS04 
ether 

CH3OH 

quinone methide 

67% yield 

PdC 12(5-10%) 
CUCI2 (300%) 
CO. MeOH 

CH3O 

^"'°/x>-°^ 
16 5% yield 

Scheme 33. Cyclic Acetal Cyclizatlon 
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that the mechanism of this cyclization would occur via an Intramolecular attack of 
the benzylic oxygen on the allene double bond with concomitant cleavage of the 
benzylic C-O bond. The resulting quinone methide (17)1^ would then be 
quenched by the solvent methanol to give the expected product (16). This 
reaction, though Interesting, was not considered to be a viable route for the 
preparation of large scale quantities of furanoside analogues, so it was 
abandoned. 

Cyclization of 4.5-Hexadienal 
Mechanism 

As was mentioned above, the cyclization of (5) in the presence of 
palladium (II) chloride gave only a complex mixture of products. To better 
understand exactly what could be happening to the aldehyde (5) during the 
cyclization, the mechanism was examined more closely (see Scheme 34).11 An 
initial complexation of palladium (II) to the allene was expected to occur. Then, 
the hemiacetalization of the aldehyde (under palladium (II) catalysis) would give 
rise to the hemlacetal (18). The oxygen could then attack the electrophilic allene 
(made so by the complexation of palladium (II)). This step would give rise to the 
vinyl palladium intermediate (19) and one equivalent of protons. In actuality, 
because the transition metal counterions were chlorides, the formation of the vinyl 
palladium intermediate (19) would generate one equivalent of HCI. The vinyl 
palladium then undergoes carbon monoxide insertion to give rise to an acyl 
palladium species which suffers attack by the solvent methanol to reductlvely 
eliminate palladium metal. With the formation of the palladium metal comes the 
preparation of the desired product and yet another equivalent of HCI. If traces of 
water were present in the reaction mixture, the preparation of one mole of the 
desired methyl furanoside would produce two moles of aqueous HCI. 

Assuming that the product 6 was being formed in the reaction. It appeared 
that the aqueous acid that was also being formed was Interacting with 6 in some 
manner, causing the formation of a multitude of side-products. Given that the 
desired methyl furanoside was not only an acetal, but also an allylic ether and an 
acrylate (all acid sensitive groups), the production of the HCI was deemed 
extremely hazardous to the formation of the product. To this end, many attempts 
were made to prevent the decomposition of any methyl furanoside formed during 
the reaction. The addition of the standard bases (triethylamlne, sodium 
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bicarbonate, etc.) did not improve the yield. In fact, it was not until a report by 

Tamaru and co-workers,^9 that the idea of the addition of propylene oxide as an 

acid scavenger was considered. 

PdC I. 

Pd^ 
CuCI. 

CH , O ^ O 0 H 

HCI 

HOCH3 

L2Cl2Pd 

H 

L2Cl2Pd ^ 18 

[Hci|_y 

L2CIPd,^i O OCH; 1 O PCH 
LpCiPd'^ y 

19 

Scheme 34. Nucleometallation / Methoxycarbonylation Mechanism 

Tamaru Conditions 

The research of Tamaru, Hojo, and Yoshida'̂ Q centered on the palladium 

catalyzed lactonization of a series of 6-alkenyl and 8-alkynyl alcohols (see 

Scheme 35). The cyclization of these compounds in the presence of carbon 

monoxide gave the desired lactones In good yield. The use of a common acid 

scavenger, sodium acetate, was attempted, but the products were isolated in 

lower yields. However, the use of propylene oxide as an acid scavenger and 

triethylorthoacetate as a water scavenger gave the desired lactones in excellent 
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yields. According to Tamaru and co-workers, a large excess of propylene oxide 
was needed in order to maintain a neutral pH of the reaction. The authors 
postulated that the generation of more than the theoretical amount of HCI during 
the reaction was due to the formation of side products. (The oxidation of 
methanol and / or carbon monoxide under the reaction conditions is known to give 
dimethylcarbonate.) The research also revealed that addition of a co-solvent 
(dichloromethane) was needed which presumably reduced the rate of side 
product formation. 

R. 

R. •OH 

PdCl2(1-10%) 
CUCI2 (300%) 
propylene oxide (500%) 
MeC(OEt)3 (40%) *" 
MeOH - CH2CI2 R 
CO. rt 

C02Me 

26-97% yield 

Ri = H, alkyl 
R2 = H, alkyl 

R / ^ O 

R2=H, alkyl 
81-83% yield : 

R̂  = R4 = TMS R3 = COgMe 
83-94% yield : 

R̂  = R3 = alkyl, aryl R4 = OMe 

Scheme 35. Tamaru Reaction 

The mechanism proposed by Tamaru and co-workers^s for their 

transformation Is similar to the mechanism proposed for the intramolecular 

nucleometallation/ methoxycarbonylation of 4,5-hexadienal (see Scheme 36). 
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The initial complexation of the alkene by palladium is also accompanied by 

complexation to the hydroxy group of the molecule. Then, carbonyl insertion 

followed by nucleometallation of the alkene gives rise to the desired lactone. 

CO, PdClp 
-HCI 

OH O 
H 

C02Me 

;PdCl2 

MeOH 
— - ^ — * t -

\ 

cp 
CI 

Pd-CO 

Scheme 36. Tamaru Cyclization Mechanism 

Cyclization using Tamaru Conditions 

Utilization of the additives mentioned by Tamaru in the intramolecular 
nucleometallatlon / methoxycarbonylation of 4,5-hexadienal (5) provided a clean 
reaction (see Scheme 37). The crude product methyl furanoside (6) was obtained 
in 74% yield and was pure enough to be carried on to the next step. An analytical 
sample was prepared by careful silica gel column chromatography in 33% yield. 
Unfortunately, the crude mixture of 6 had to be used as soon as It was prepared 
due to Its rapid decomposition upon standing. This decomposition is probably due 
to the polymerization of the acrylate group In the product. Acrylates are noted for 
their ability to undergo polymerization,̂ o and studies have also shown that 2-
vlnyltetrahydrof urans also readily polymerize.^i 
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PdCl2(5-10%) 
CuClg (300%) 
CO. MeOH - ether C H 3 0 , J L O PCH3 

propylene oxide (500%) 
CH3C(OEt)3 (500%) 

1:1 cis.lrans 
74% crude yield 

33% isolated yield 

Scheme 37. Nucleometallation / Methoxycarbonylation of 5 

The intramolecular nucleometallation / methoxycarbonylation of 4,5-
hexadienal (5) was also performed without the acid scavenger. However, the 
presence of the water scavenger alone did not arrest the formation of a complex 
mixture in the course of the reaction. The use of propylene oxide (the acid 
scavenger) alone also failed to stop the decomposition of the product. Yet, with 
both of these additives the reaction proceeded smoothly to the product. 

Preparation of Allenyl Ketones 

The scope of the intramolecular nucleometallatlon / methoxycarbonylation 
reaction of y-oxoallenes was next explored. The preparation of not only methyl 
furanoside (6) but of a series of 1 -alkyl methyl furanosides (carbohydrate 
numbering) (20a-20c) would provide an interesting series of furanoside 
compounds. The addition of Grignard reagents to 5 In ether at 0°C provided a 
series of three alcohols (see Scheme 38). The reactions of methyl and ethyl 
magnesium halides gave the desired compounds In good yields.82 However, the 
addition of vinyl magnesium chloride to 5 gave only a 25% yield of the allyl 
alcohol, possibly due to the lack of purity of the Grignard reagent. These alcohols 
were then oxidized using pyridlnlum chlorochromate (PCC) to the ketones (20a-c) 
in excellent yields. Again, as with the oxidation of 4,5-hexadien-1-ol, the use of 
magnesium sulfate helped to allow an easy separation of the reduced chromium 
salts after completion of the oxidation. 
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RMgX R 
ether, 0° - rf = 

2. PCC 
^ MgS04 20a-c 

CH2CI2 

R = Me (74%) 20a 
R = Et (53%) 20b 
R = CH=CH2 (22%) 20c 

Scheme 38. Preparation of Allenyl Ketones (20a-c) 

Cyclization of Allenyl Ketones 20a-c 

The ketones (20a-c) were characterized by spectroscopic methods, and 
then subjected to the intramolecular nucleometallation / methoxycarbonylation. 
Table 3 illustrates the results obtained from the cyclizatlon of the allenyl ketones. 
The a,p-unsaturated ketone (20c) gave a mixture of products which violently 

decomposed (causing large gas pockets to form) during silica gel flash 
chromatography and the methyl ketone (20a) gave only a trace (according to iR-
NMR analysis of the crude mixture) of the expected product (21a). The ethyl 
ketone (20b) gave a 7% yield of the expected cyclized product (21b), and a 14% 
yield of a product (22) arising, apparently, from 1,2-addition of a hydridopalladlum 
species to the allene. During the course of this reaction, the decomposition of the 
intermediates may proceed via a a complex of palladium. 11 A p-hydride 
elimination of palladium to form an hydridopalladlum species may then occur. 
The hydridopalladlum could then attack another molecule of the ethyl ketone and 
undergoes carbonyl Inserfion to the acyl palladium and reductive elimination in the 
presence of methanol to give 22b. 
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Table 3. Cyclization of 20a-c 

R 

20 

PdC 12(5-10%) 
CUCI2 (300%) 
CO, MeOH - CH2CI2 
propylene oxide 
CH3C(OEt)3 

OCH 

Compound 

5 

20a 
20b 
20c 

R 

-H 

-CH3 

-CH2CH3 

-CH=CH2 

Product 21 Product ^ 

0% 74% 

trace 

7% 14% 

decomposed during workup 

The scope of the cyclizatlon of y-oxoallenes Is very limited according to this 

initial study. The presence of steric bulk at the carbonyl was responsible for the 

lack of products formed, as indicated by comparing the cyclizations of any of the 

ketones (20) with the aldehyde (5). The addition of steric bulk at a carbonyl 

carbon slows the rate of ketalization. and has been well studied.83 The reaction 

involving the ethyl ketone (20b) seems to suggest that the initial hemiketallzatlon 

of the carbonyl is the slow step in the reaction. With a lowering of the reaction 

rate, the formation of side-products was increased. 

Another plausible explanation for the low yields observed Is given by 

considering the instability of the ketal carbon in the desired cyclized product (21). 

Assuming that the desired furanoside 21 was formed (as the work of Yadav and 

co-workers suggests^), decomposition by elimination of methoxide from the 

terfiary ketal carbon would give rise to a more stable dihydrofuran product. A 

dihydrofuran may undergo further modification under the reaction conditions, thus 

decreasing the yield of the desired product (21). 

46 



Application of Aldehyde Cyclization to Synthetic Scheme 
The palladium-mediated cyclization of compound 5 which gives the methyl 

furanoside 6 was used as the key step In the synthesis of dideoxynucleoside 
analogues. The overall route provides a short synthesis of branched sidechain 
analogues of dideoxynucleosides, both with and without saturation on the 
sidechain. 

Reduction of Alkene after Cyclization 

Compound 6 was treated with magnesium tumings In methanol at room 
temperature overnight (see Scheme 39). The resulting product 23 was Isolated 
by column chromatography In 10% yield and was determined by iR-NMR to exist 
as a 1:1 mixture of diastereomers at the reduced carbon. The low yield of this 
reaction was attributed to the presence of an allylic acetal in the molecule. The 
reaction of the acetal under the conditions of the experiment was postulated to 
generate a mixture of water-soluble compounds, none of which was isolated. The 
reduction of an a,p-unsaturated ester by magnesium In methanol was first 
developed for use In the stereoselective reduction of 2-(5'-alkyltetrahydrofuran-2'-
yl)-acrylates by Walkup and Park.Q^ They suggested that the Initial electron 
transfer gave rise to a chelated magnesium enolate which when quenched by 
methanol produced approximately a 4:1 mixture of syn:antl a-methyl esters. 

^̂ V̂ V̂  C H 3 0 ^ > ^ O ^ O C H 3 _ j ^ g _ _ ^ C H 3 0 J C , 0 OCH 

MeOH *' o ^̂  ' 

23 
10% 

Scheme 39. Magnesium Reduction of 6 

The furanoside 23 was then subjected to the conditions of the Vorbruggen 
nucleoside coupling reaction (see Scheme 40).55 The preparation of the 
pertrimethylsllylthymine was accomplished by refluxing thymine in a solution of 
trimethylsilyl chloride and hexamethyldlsilizane, followed by the removal of the 
unreacted silylating agents. The resulting water-sensitive syrup was immediately 
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used in the flask in which it had been prepared. In this manner, the nucleoside 24 
was prepared and isolated by column chromatography In 17% yield. The overall 
yield of 24 was 1.0% over a total of 4 steps. The possible reasons for the low 
isolated yield of this and other nucleoside coupling reactions may be due to the 
presence of salts and sllanols present In the nucleoside coupling reaction. The 
purification of the extremely water-sensitive pertrimethylsilyl nucleoside base in 
later routes to related compounds (see below) was found to dramatically improve 
the overall yield of this step. 

TMSO 

< ^ H 3 0 . A ^ O ^ O C H 3 

23 

TJ^^OTMS 
»> 

tBDMSOTf ^"^aO 
CH2CI2. rt 

24 
17% 
1:1 a:p mixture 

Scheme 40. Preparation of Reduced Nucleoside Analogue 24 

The ester (23) was also reduced quantitatively to the alcohol by lithium 
aluminum hydride in ether^^ (see Scheme 41). The alcohol was protected as the 
acetate (26) In 18% yield. The low yield of this protection reaction was attributed 
to the volatility of the acetate (26). Due to the low yield obtained by the protection 
of the alcohol (25), the synthetic route to branched saturated sidechains was 
abandoned. However, reduction of compound 24 by lithium aluminum hydride did 
provide the alcohol (27) In quantitative yield. 
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ether 

23 

A ^ o 0CH3 
AcO ^—I 
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18% 

O 

^I 
LAH 
ether 

O. 

HO 

27 
-100% 

Scheme 41. Preparation of 27 

5'-Vinylidene Dideoxynucleoside Analogue 
The 1,2-reduction of the crude a,p-unsaturated ester 6 was accomplished 

by diisobutylaluminum hydride In THF at 0°C within a short period of time (see 
Scheme 42).87 The crude product allyl alcohol 28 was isolated after filtration of 
the aluminum salts. Extreme care in the quenching of the alkoxyaluminum salts 
by methanol and water was necessary in order to achieve an acceptable yield of 
the product 29. Walkup and Kane88 had shown previously that the addition of 10 
equivalents of methanol to the reaction followed by dilution with ether to twice the 
original volume, and addition of another 20 equivalents of water produced a 
flocculant white precipitate of aluminum hydroxide and aluminum methoxide. This 
precipitate could easily be filtered from the reaction allowing the product to be 
isolated as a crude solutbn in ether. 
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CH30 OCH' DIBAL-H 
THF 
0°C 

'100% yield 

HO 

OCH' 

28 

a. DIBAL-H 
THF, 0°C 

b. ACgO 

73% yield 

AcO 

AC2O 
Et3N 
87% yield 

OCH' 

29 

Scheme 42. Formation of Allyl Acetate 29 

The allyl alcohol (28) was then protected with acetic anhydride and 
triethylamine in dichloromethane (see Scheme 42).^9 The resulting acetate (29) 
was Isolated by column chromatography in 87% yield. The preparation of this 
compound directly from the ester 6 was also possible by the direct acetylation of 
the intermediate aluminum salt of 28, obtained from the DIBAL-H reduction of the 
ester.90 However, quenching of the alkoxyaluminum salts by methanol and water 
provided a more easily filterable salt, so the two-step preparation of the acetate 29 
was the method of choice. 

The acetate 29 was then subjected to the conditions of the Vorbruggen 
modification of the silyl-Hilbert-Johnson nucleoside coupling reaction's (see 
Scheme 43). The product (30a) resulting from the coupling of thymine was 
isolated by column chromatography in 44% yield. The product (30b) resulting 
from the coupling of cytosine was isolated by column chromatography in 11% 
yield. Again, the persilyl nucleoside base was not purified before use, and the 
resulting nucleoside analogues were isolated in low to moderate yields. 

The acetate groups in 30a and 30b were next removed by the action of 
dilute ammonia in methanol at room temperature.̂ ^ The resulting 
dideoxynucleosides 31a and 31b were Isolated in quantitative yield by simply 
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removing the solvents in vacuo. These two compounds were sent to Burroughs-
Wellcome for testing versus a series of viral dlseases.91 

AcO 

persilylated base 
tBDMSOTf 

CH2CI2 

29 

OCH 

AcO 

AcO 
30b 
11% 

NH3 
MeOH 

HO 

Scheme 43. DIdeoxyribonucleoside Analogues 

Antiviral Testing 
Compound 30a was tested to determine the amount, if any, of inhibition of 

the enzyme reverse transcriptase. This test was performed by the Nakashima 
laboratory at Texas Tech University.92 it showed that compound 30a exhibited 
only a 2% inhibition of reverse transcriptase. If only one of the enantiomers of 
30a was responsible for the inhibition of reverse transcriptase in vitro, the 
inhibition could be as high as 8%. However, this is still low enough to indicate that 
30a does not effectively act as an inhibitor of reverse transcriptase activity. 
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The reason for the low activity may be the need for the compound to be 
phosphorylated in order to be recognized as a viable nucleoside by the enzyme. 
The acetate in 30a may not mimic a phosphate group closely enough to be 
recognized by the enzyme. 

The nucleoside bases 31a and 31b were also sent for in vivo testing 
against a series of viruses.91 The inhibition of HIV, Herpes Simplex I and II, and 
Cytomegalovirus by both of the nucleoside analogues was determined to be 
minimal at best. The lack of activity may not necessarily be due to the Inability of 
the tested compound to inhibit a particular enzyme, ion-channel, metabolic 
pathway, etc. In fact, if the compound is not active in the In vivo test, it may be 
due to the lack of cellular uptake, lack of phosphorylation, or other reason. 

Preparation of 2'-Deoxyribonucleoside Analogues 
Synthetic Scheme 

The preparation of the dideoxyribonucleoside analogues described above 
served not only as a synthetic accomplishment but also as a model study for the 
preparation of 2'-deoxyribonucleoside analogues. The preparation of a protected 
3-hydroxy allenyl aldehyde followed by its successful cyclization would give rise 
to methyl furanosides that could be converted into 2'-deoxyribonucleoside 
analogues. The preparation of a protected 3-hydroxy allenyl aldehyde was 
therefore addressed. 

This section discusses the preparation of a protected 3-hydroxy allenyl 
aldehyde (32), prepared via a number of synthetic routes (see Scheme 44). The 
first route involved addition of an allene anion reagent to a monoprotected 
propanedial. The second route, which proved to be more synthetically useful, 
involved the addition of an allene anion reagent to an 0-protected 3-
hydroxypropanal. The final route, though similar to the second route, involved 
the stereoselective addition of an allene as a propargyl metal complex to an O-
protected 3-hydroxypropanal. 
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•OR 
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\ = -̂  

O 
Scheme 44. Retrosynthesis of 3-Hydroxy-4,5-hexadienal 

Route to a Protected 3-Hydroxy-4.5-Hexadienal (32) 
The commercially available methyl 3.3-dlmethoxy-propanoate (33) was 

converted into a series of different acetals (34),93 because It was anticipated 
that some or all of the acetals may be difficult to deprotect at a later step in the 
synthesis. Experimentation with a variety of acetals would allow the highest 
yielding route to be selected for the preparation of large-scale quantities of the 
desired nucleoside analogue. Scheme 45 shows the series of acetals (34) 
prepared and the yields of material isolated by distillation. 

O ^ ' ^ - P h o 

CH3O V-O CH3O V - ^ 

OCH 3 diol o O 
CHgO^ r O C H 3 pTsOH ^ ?^? 

A—' " -rf *- 53% ^. / 84% 
J^ benzene ^ > ' ^ N ^ / 

33 reflux 

34a 

Scheme 45. Acetal Formation 
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The acetals 33 and 34a-c were individually carried on to the next step. 

The reduction of the methyl ester group using lithium aluminum hydride (LAH) 

in ether at reflux temperature93 gave the desired alcohols (see Scheme 46). 

These alcohols were then oxidized to the aldehydes (35a-d) in good yield 

using pyridlnlum chlorochromate (PCC) and magnesium sulfate in 

dichloromethane.''O The isolation of the monoprotected aldehydes (35a-d) 

was accomplished by precipitation of the pyridlnlum salts with ether, and 

filtration through a pad of Florisil. The aldehydes (35a-d) were pure enough to 

carry on to the next step, but they decomposed upon standing at room 

temperature overnight. Therefore, they were used immediately after their 

isolation from the PCC oxidation reaction. 

CH 
OCH 

3 ^ v / ^ O C H 

O 
33 

CH30 > - o 

3 

3 

o 
34a 1. LAH 

ether J 
2. PCC >. 

MgS04 
CH2CI2 

V 35b 
90% 

Scheme 46. Monoprotected Aldehydes 
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The addition of allenyl lithium to the aldehyde 35d was attempted in 

tetrahydrofuran (THF) solvent at -78°C (see Scheme 52). However, the 

expected product (36) was not isolated from the resulting mixture after workup. 

Instead, the major component of the mixture was the starting aldehyde (35d). 

As stated in the Introduction, the anion of lithium allene is not highly 

nucleophilic. so it does not readily add to a carbonyl group. In fact, the 

attempted addition of the allenyl lithium to methyl formate at -78°C in THF and 

trapping the resulting addition product with phenyl magnesium bromide 

produced the products arising from the addition of a phenyl ring to the formate 

(see Scheme 47); only a trace of the expected product was seen in the reaction 

• N 
Li 

THF, -78°C HO 
36 

• \ 

a. CH3OOCH 
'Li b. PhMgBr 

c. HaO-̂  

OH OH 

X ^ X 
Pfi Ph P h ^ ' ^ ^ 

major 

O 

P h ^ 

trace 

+ Ph Ph 

Scheme 47. Attempted Addition of Allenyl Lithium to an Aldehyde 
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mixture. Therefore, the desired alkynyl carbinol was prepared by the addition of 
the anion of tetrahydropyranyl (THP) protected propargyl alcohol (37) (see 
Scheme 48).94 The THP-protected propargyl alcohol (37) was prepared by the 
addition of dihydropyran to a dilute solution of propargyl alcohol in the presence 
of a catalytic amount of p-toluenesulfonic acid In dichloromethane at 0°C. The 
THP-protected propargyl alcohol was isolated In excellent yield after an 
aqueous workup by column chromatography. The lithium anion of 37 was 
prepared by addition of n-butyl lithium to 37 In THF at -78°C. After 30 min at 
-78°C, the desired aldehyde was added via syringe to the solution of the anion 
and the reaction mixture slowly warmed to room temperature prior to aqueous 
workup. The expected a-hydroxyalkynes were thus prepared in moderate to 
good yields and purified immediately by column chromatography. If the 
chromatography was postponed for more than a few hours, the isolated yield of 
the a-hydroxyalkynes (38) was lowered, due to decomposition of the product. 

THPO 

37 

a. nBuLi 

THF, -78°C 
b. 35 

THF. -78°C 

THP O 
\ 

38a 

HO 

54% 
38c 65% 

OR 

L 
_AoR _ _ y 

38b 11% 
38d 67% 

Scheme 48. a-Hydroxyalkyne Preparation 

The terminal allene was then formed from the products (38a,c,d) by the 
use of Landor and Landor's technique (see Scheme 49).i5 (Due to the low 
yield of 38b obtained from the addition of the propargyl anion to the aldehyde 
(35b), compound 38b was not carried further In the synthetic scheme.) The 
dropwise addition of the a-hydroxyalkynes to a suspension of LAH In ether 
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39a 79% 
39c 49% 
39d 47% 

THPO 9 ^ 

'OR 

40a,c,d 
yields up to 48% 

X 
OR 

major product 
for reaction times >5 h 41 

Scheme 49. Landor Reaction 

provided the terminal allenes (39a,c,d) in low yields. The internal allene 
products (40a,c,d) were also isolated from the reaction mixture. Prolonged 
reaction times (>2h) decreased the yield of desired product by allowing 
elimination of both the aluminum alkoxide and the THP ether, giving rise to 
protected 3,5-hexadienals (41). Due to the low yield of compound 39c, it was 
not carried on further In the overall synthesis. The terminal allenes were 
isolated by column chromatography and protected as the t-butyldimethylsilyl 
(tBDMS) ether (42) and/or the t-butyldiphenylsilyl (tBDPS) ethers (43a,d) (see 
Scheme 50). 
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42 63' 

tBDPSCI 
imidazole 
DMAP 
CH2CI2, rt tBDPSO 

OR 

OR 

43a 74°o 
43d 30 o 

Scheme 50. Sllyloxy Protecting Groups 

The ethers (42) and (43a,d) were subjected to a series of deprotection 
schemes. The removal of the acetals In all cases was slow at best. The t-
butyldimethylsllyl ether (42) was of little value due to Its relatively high acid-
sensitivity.95 Therefore, it was abandoned as a viable intermediate in the 
overall synthetic route. 

The 5,5-dimethyl-1,3-dloxane derivative (43d) was subjected to various 
deprotection reactions, which included 80% AcOH,96 80% AcOH at 60°C,97 5 M 
HCI.98 5M H2S04,99 acetone / p-toluenesulfonic acid,ioo and trimethylsilyl-
iodide In acetonitrile.101 The deprotection failed in all cases. Under harsher 
conditions (80% AcOH at 60°C, 5M HCI, and 5M H2SO4) decomposition of the 
starting material (43d) to give a complex mixture of products was the major 
reaction that took place. 

The deprotection of the dimethyl acetal (43a) finally provided a better 
route to the desired product (44) (see Scheme 51). However, of the 
deprotection conditions employed (80% AcOH,96 80% AcOH at 60°C,97 5M 
HCI,98 5M H2S04,99 acetone / p-toluenesulfonic acid,ioo trimethylsilyl iodide in 
acetonltrile,ioi tribromoborane In dichloromethane from 0°C to room 
temperature,i02 and 50% trifluoroacetic acid (TEA) in THpio^) only the 
conditions of 50% trifluoroacetic acid (TEA) in THF at room temperature were 
successful in forming the aldehyde (44) (see Scheme 51). This reaction was 
temperamental and although the experimental yield of 44 reported is 81%. 
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frequent yields of 50-60% were typical. The reason for the wide range of yields 
was not determined, but the rapid addition of 50% TEA to the solution of acetal 
(43a) in THF as well as increasing the reaction time may be responsible for 
product degradation. 

OCR 

OCH3 50% CF3COOK,,, = 
THF 

tBDPSO tBDPSO 
43a 44 

81% yield 

Scheme 51. Dimethyl Acetal Deprotection 

Protected Alcohol Route 
Because of the difficulties of the acetal deprotection route to 3-silyloxy-

4,5-hexadienal (32), the synthetic scheme was modified to avoid the acetal 
protecting group. The oxidation state of the carbon bearing the acetal was 
reduced to allow for a series of protecting groups to be tested in the overall 
synthetic scheme. After removal of the protecting group, the carbon would be 
oxidized to the aldehyde using the same methodology by which 4,5-hexadien-
I-0I (1) was oxidized to 4,5-hexadienal (5). 

Starting with the inexpensive 1,3-propanediol (45), the hydroxyl groups 
were differentiated by monoprotection of one of the hydroxyl groups (see 
Scheme 52). Monoprotection of 1.3-propanediol as the THP ether (46a),i04 
the t-butyldiphenylsilyl (tBDPS) ether (46c),i05 and the p-methoxyphenylmethyl 
(MPM) ether (46b)i06 gave the desired products in greater than statistical 
yields. Each of the monoprotected diol's free hydroxy groups was then oxidized 
to the aldehyde (47) with PCC in dichloromethane.^^ Then, addition of the 
aldehydes (47) to the lithium salt of THP-protected propargyl alcohol (37) gave 
rise to the a-hydroxyalkynes (48). Reduction of the alkynes (48) to the allenes 
(49)15 also proceeded without problems, except in the case of the tBDPS ether 
(48c). This compound (48c) when added to a slurry of LAH In refluxing ether 
immediately (< 2h) resulted in deprotection of the tBDPS ether, which was 
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recovered as the silanol in 94% yield after chromatography along with the diol 
50 (see Scheme 53).i 07 

. • HO. -OR 

45 R = THP (46a) 47%. MPM (46b) 
54%. tBDPS (46c) 47% 

THPO 

HO 
48a 67% 
48b 80% 
48c 47% 

THPO 

OR 
V •Li 

THF, -78°C 

LAH 
ether 

PCC 
MgS04 

1fCH2Cl2 

O .OR 

47a 92%. 
47b 77%, 
47c 80% 

HO 

R = THP (49a) 46% 
MPM (49b) 44% 

-OR 

Scheme 52. Protected Alcohol Route 
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Scheme 53. Landor Reaction 

The allenyl diol (50) was recovered from the reaction mixture in 82% yield, but 
was not used further in the synthetic scheme. The secondary alcohols of the 
THP ether (49a) and the MPM ether (49b) were then protected as either the 
tBDMS ethers (51) or the tBDPS ethers (52) In excellent yields (see Scheme 
54). 

•OR 

•OR tBDMSO 

HO 

R = THP (49a), MPM (49b) 

51a 87% 
51b quant 

• • > -

OR 

tBDPSO 
52a 92% 
52b 78% 

Scheme 54. Preparation of 3-Silyloxy-4,5-hexadlen-1-ols 

At this stage, deprotection of the primary alcohol was attempted (see 
Scheme 55). The deprotection of the MPM group on compound 51 b or 52b 
with 2.3-dichloro-5,6-dicyano-1.4-benzoquinone (DDQ) in the presence of a pH 
7 buffer solutionios gave the expected primary alcohols ([53a] or [53b], 
respectively). However, the separation of the cleaved MPM group (which was 
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oxidized to p-anisaldehyde) and the product was difficult. By chromatography 
(using a wide range of eluting solvents), the best difference in retention factors 
was less than 0.05. Such a difference would not have been of a big 
consequence; however, the preparation of large quantities of the alcohol would 
be slowed by the number of and time associated with lengthy chromatographic 
separations. To avoid the careful separation of anisaldehyde and product, the 

V 
tBDMSO 

V 
tBDPSO 

y—OMPM 

51b 

/—OMPM 

52b 

DDQ 
pH 7 buffer 

CH2CI2 

tBDMSO 33^ 

90°/< o 

tBDPSO 
53b 

quant. 

Scheme 55. Deprotection of p-Methoxyphenylmethyl Group 

crude reaction mixture was dissolved in 90% ethanol and a two molar excess of 
sodium acetate and a slight molar excess of semlcarbazide hydrochloride were 
added with stirring (see Scheme 56).i09 After 5h, the reaction was cooled to 
0°C and the solid semlcarbazone derivative of p-anlsaldehyde was collected by 
filtration. The filtrate contained only an ethanolic solution of sodium chloride 
and the desired product ([53a] or [53b]), which was purified by a quick pass 
through a silica gel column. Oxidation of the primary alcohols to the aldehydes 
(44) with PCC in dichloromethanei5 occurred without incident. 
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Scheme 56. Removal of Anisaldehyde 

The deprotection of the THP-protected alcohol was attempted in the 

presence of the tBDMS ether (51a) (see Scheme 57).iio Yet, because of the 

acid sensitivity of the tBDMS ether, only a mixture of the primary alcohol and the 

tBDMS deprotected alcohol was visualized by thin layer chromatography during 

the first few minutes of the reaction. All deprotection methodsno of this 

compound that were tried ended in a quantitative yield of 4,5-hexadien-1,3-dlol 

(50). 

" ^ 

tBDMSO 

•OTHP 

51a 

pTsOH, 
CH2CI2 

or 
MeOH 

HO 

•OH 

50 

-100% 
yield 

Scheme 57. Deprotection of Tetrahydropyran Protecting Group 

Deprotection of the THP-protected alcohol 49a as the tBDPS ether 

(52a), however, allowed the desired primary alcohol (53b) to be obtained in 

good yield upon subsequent methanolysis (see Scheme 58). Simple 

chromatography on silica gel removed any impurities In the reaction mixture. 

Next, PCC oxidationis of the the primary alcohol (53b) produced the desired 
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aldehyde (44) in good yield. Because of the ease of this deprotection, it was 

chosen as the route to obtaining large quantities of racemic 3-(tert-

butyldiphenylsilyloxy)-4.5-hexadienal (44). 

HO 

tBDPSO 

OTHP 

49a 

44 
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Scheme 58. Preparation of 44 

Asymmetric Syntheses of 3-Silyloxy-4.5-Hexadienal 

The use of Umani-Ronchi's tartrate propargyl tin chemistry22 to generate 

a slight enantiomeric excess of an a-hydroxyallene was applied to the 

aldehydes 46a and 46b (see Scheme 59). The reaction involved the addition 

EtOOC 

•OR 
EtOOC 

O 

R = THP (46a). MPM (46b) 

-3nC^3X. 
COOEt 

COOEt 

•OR 

THF. 0°C 
HO 

R = THP (49a). 23%ee. 74% 
MPM (49b), 26%ee. 82°c 

Scheme 59. Umanl-Ronchi Reaction 
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of the aldehyde to the tin reagent at 0°C, providing the desired products (49) in 
good yield. In fact, this became the method of choice for the preparation of the 
a-hydroxyallene (49), not because of the enantiomeric excess of product 
formed, but because the overall yield of this one-step reaction was more than 
double that of the two-step sequence using Landor's methodology. The 
products [(49a) and (49b)] of the reactions were isolated in 23% and 26% 
enantiomeric excess, respectively, as determined by integration of the proton 
absorbances in the iR-NMR with an added chlral europium (III) shift reagent. 

HO OH 
V_/ 

HO OH 

" \ 

> 

J 

a. NaH,THF 
b. SnCU, 0°C 
c. 47a HO 

OTHP 

49a 
8-15% yield 

Scheme 60. Racemic Umani-RonchI Reaction 

Because of the low enantiomeric excesses of product seen, the use of 
achiral diols as ligands for the preparation of the propargyl tin were explored 
(see Scheme 60). Such a reaction, would be expected to generate the a-
hydroxyallenes In racemic form. In the three cases attempted, the yield of a-
hydroxyallene (49a) was decreased dramatically from the case when the 
tartrate ligands were used. Cleariy, the use of a tartaric ester was of Importance 
to the mechanism or to the solubility of the propargyl tin reagent. The low 
enantiomeric excesses of the original Umani-RonchI procedure22 prompted an 
investigation of the Corey methodology23 for the preparation of enantio
merically pure a-hydroxyallenes. 
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Scheme 61. Preparation of Stilbenediamlne 

In order to investigate the chlral propargyl boron reagent devised by 
Corey and co-workers,23 the preparation of the Individual enantiomers of 
stilbenediamlne bistosylate was undertaken.m The racemic trans-
stllbenediamine was prepared from benzil by a Mannich type coupling of 
cyclohexanone and ammonium acetate (see Scheme 61). Compound 54 was 
isolated In >99% yield as a yellow solid. Then, a dissolving metal reduction of 
54 using lithium In liquid ammonia provided the intermediate heterocycle which 
was treated with acid to give racemic r̂ans-stilbenediamine 55 in 73% yield. 
Separation of the R,R and S,S isomers of this compound (55) was attempted 
using the methods referenced by Corey and co-workers.23 y^e precipitation of 
the solid (-)-tartaric acid salt of R,R-(+)-stilbenediamlne (55), however, was 
unsuccessful. Recrystalllzation of the (+)-mandelic acid salt of 55 did result in 
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the isolation of the R,R (+) isomer of stilbenediamlne (55) in 58% yield. The 
optical rotation of the compound in methanol was within experimental error of 
the value reported by Corey, Indicating >98% optical purity. The chlral auxiliary 
was prepared by ditosylatlon of the isolated R,R-(+)-stilbenediamine (55) in 
dichloromethane (see Scheme 62). Recrystalllzation of the solid product (56) 
only provided 33% yield of the chlral auxiliary, but a total mass of 3.5g was 
received. The optical purity of the compound (56) based on a comparison of its 
[a]D with the value reported by Corey was 98%. 

f^^>^ 

^ " ^ ^ ^ 

H2N NH2 

R,R-55 

TsCI 
B3N 

pyridine 

r^^^ 

. ^ " ^ ^ = ^ ^ ^ 

TsHN NHTs 

R,R-56 
33% yield 

Scheme 62. Stilbenediamlne Ditosylate 

Initial attempts at the allenylcarbinol-forming reaction involving the In situ 
preparation of the propargyl boron reagent according to the method of Corey 
and co-workers gave none of the desired product (49b). Instead, a mixture of 
products arising from loss of the MPM protecting group were obtained (see 
Scheme 63). Repeated fractional distillation of freshly prepared allenyl tri-n-
butylstannane did not improve the result, even though the stannane was 
isolated purer (as determined by iR-NMR) than it was after a single distillation. 
The preparation of allenyl tri-n-butylstannane was also accomplished by the 
addition of lithium allene to tri-n-butylstannyl chloride, which gave 
spectroscoplcally pure allenyl tri-n-butylstannane in modest yield. In any case, 
it was determined that the lack of purity of the stannane was not causing the 
lack of product formation. 

After numerous attempts to prepare the reagent under a dynamic 
atmosphere of nitrogen failed, an attempt was pertormed under a static 
atmosphere of argon. Interestingly, the desired product (49b) arising from the 
addition of an allene moiety to 3-(p-methoxyphenylmethoxy)-propanal (46b) 
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46% 22c 

recovered starting material: 13% 

Scheme 63. Attempted Corey Reaction 

was obtained in nearly quantitative yield and in ^98% enantiomeric excess (of 

the S isomer) as determined by comparison of similar additions to aldehydes 

(see Scheme 64). The reaction was then pertormed with 3-

(tetrahydropyranyloxy)-propanal (46a), providing the desired product (49a) in 

47% yield and >98% enantiomeric excess after silica gel chromatography (see 

Scheme 64). 

TsN-g.NTs 

CH2CI2, -78°C. Ar 

R = THP (46a), MPM (46b) 

OR 

HO 

49a (47%), 49b (99%) 
>98%ee 

Scheme 64. Successful Corey Reaction 
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The degree of enantiomeric excess was determined by conversion of 
both the racemic carbinols and the carbinols obtained using the Corey 
procedure each into their corresponding Mosher esters (57) (see Scheme 
65).ii2 HPLC analysis did not reveal a difference in retention factors between 
the two diastereomers. However, iR-NMR, and 19F-NMR of the Mosher esters 
did reveal a difference in the diastereomers. Integration of the 19F-NMR signals 
for the two diastereomers provided the enantiomeric excess of S-49. Figure 5 
shows the 19F-NMR of racemic 57b and the enantiomerically enriched 57b 
obtained from the Corey procedure. The signal at 6.86 ppm is due to the 
trifluoromethyl group on the Mosher Ester of R-57b; likewise, the trifluoromethyl 
group of S-57b is observed at 6.84 ppm. Comparison of the optical rotations of 
49b prepared by the Umani-RonchI method and the Corey method were 
consistent with the measurements of the enantiomeric excess. 

HO 

-OR 

HO 

R = THP (49a), MPM (49b) 

CF3 ) = o 

Ptf 0CH3 

DCC 
DMAP 
CH2CI2 

= . ^ / - O R 

CF3. V o '' 
V 

Ph* 0CH3 

>98%ee by ^¥-NMR, 
and^H-NMR 

Scheme 65. Mosher Ester Formation 
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Cyclization to the Furanoside 

The 3-silyloxy-4,5-hexadienal (44) prepared by the Umanl-Ronchi 
method was subjected to the conditions of the palladium-mediated 
intramolecular nucleometallation / methoxycarbonylation reaction (see Scheme 
66). The major product isolated from the reaction mixture after a quick pass 
through silica gel was the desired methyl furanoside (58). Semmelhack and 
co-workersii3 had shown that the palladium (II) cyclization of a y-or 6-
hydroxyalkene with a hydroxy substituent a to the alkene gave rise to a 
predictable cis or trans ratio with respect to the relative positions of the hydroxy 
substituent and the alkene carbon. With a large bulky protecting group on the 
hydroxy substituent, the cyclized product was isolated as mostly the trans 
isomer; without a protecting group, the free hydroxy substituent directed the 
ring closure to occur In a cis fashion. 

The stereochemistry of the methyl furanoside (58). though difficult to 
determine without extensive decoupling experiments, was found to agree with 
Semmelhack's system In that the bulky 3-silyloxy group directed the cyclization 
to occur on the opposite face of the molecule. In addition, the furanoside (58) 
was isolated exclusively as the p anomer. Two possible explanations may 
account for the exclusive formation of the p anomer. 

PdCl2 (5%) 
CuCl2(300%) cHgO^ JL ^O. .OCH-

CO, MeOH : CHpClg ^ ^ ^^^ ^^ ^^ 
propylene oxide 

t B D P S O • • •K H ^K 
44 tnethylorthoacetate 

58 
71% crude 

36% isolated 

Scheme 66. Nucleopalladation/Methoxycarbonylation of 44 

In the "anomeric model" (see Scheme 67) of the transition state of the 

Intramolecular nucleometallation, the palladium-allene complex adopts an 
orientation so that the bulky sllyloxy group and the ligands on the palladium are 

distant. The aldehyde, then In close proximity to the palladium metal due to 
chelation is converted to the hemlacetal. The hemlacetal is in equilibrium with 
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the aldehyde, and the more stable hemlacetal due to an anomeric effect in a 
cyclic transition state is favored. 

PdL4 

CH3O 

tBDPSO 

Scheme 67. Anomeric Model of Transition State 

In the "steric model" (see Scheme 68) of the transition state, the 
palladium-allene adopts an orientation opposite to the bulky sllyloxy group. 
The aldehyde Is complexed to the palladium-allene complex and then is 
attacked by the solvent methanol from the less sterically hindered face of the 
molecule. A minimized molecular model of the transition state shows that the 
aldehyde is sterically blocked by the bulky sllyloxy group.n^ 

MeOH 

tBDPSO 

MeOH 

Scheme 68. Steric Model of Transition State 
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In both of the above models of the transition state steric interactions force 

the palladium-allene complex and the bulky sllyloxy group to orient trans to 

each other while still allowing the interaction of the internal end of the allene 

double bond with the aldehyde oxygen. 

Application to Preparation of Deoxynucleoside Analogue 
The methyl furanoside (58) was next reduced to the allylic alcohol 59 

with diisobutylaluminum hydride (DIBAL-H) In THF (see Scheme 75).ii5 The 
alcohol (59) was then protected as the acetate (60) using acetic anhydride In 

CH3O OCH 

tBDPSO 

58 

DIBAL-H 
THF 
0°C 

II C OCR. 

tBDPSO 
59 

quant. 

^N|-̂ NH 

II ^M^O 

tBDPSO 

61 
95% 

OTMS 

^ N 

^N^^OTMS 
M 

tBDMSOTf 
CH2CI2. rt 

AC2O 
Et3N 
CH2CI2 

I r^ OCR. 

tBDPSO 
60 

96% 

Scheme 69. Vorbruggen Coupling 

dichloromethane. 116 The acetate (60) was then coupled with thymine by the 
use of the Vorbruggen modification of the silyl-Hilbert-Johnson nucleoside 
coupling.55-58 in this case, the pertrisilylthymine was distilled before use. The 
expected thymidine analogue (61) was Isolated in 95% yield as a 13.9:1 
mixture of p:a anomers. Again the large sllyloxy protecting group caused attack 
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of the nucleoside to occur on the top face of the molecule. The deoxythymidine 

analogue (62) was prepared by deprotection of the tBDPS ether with tetra-n-

butylammonium fluoride in THF,ii^ and deesterification of the acetate (61) with 

dilute ammonia in methanol (see Scheme 70).85 The deoxythymidine 

analogue (62) was separated into the individual isomers and characterized by 

iR and 13C-NMR. It was protected for use in the automated synthesis of single-

stranded DNA by tritylation of the allyl alchohol with 4,4'-dimethoxytritylchloride 

in pyridineii8a and phosphoramldltylation of the secondary alcohol with 2-

cyanoethyl-N,N-diisopropylphosphoramidltyl chloride. 118*̂  

N-^^O 

AcO 

tBDPSO 

nBu4NF 
THF 

AcO 

60 

separated using 
column chromatography 

HO r ^ ^ N ^ ^ 

63 
2.3% 

NH3 
MeOH 

1' 

O 

HO ) ' 

HO 

62 
32% 

Scheme 70. Preparation of Deoxyribonucleoside Analogue 
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Although the preparation of the deoxythymidine analogue (62) began 
with 26% enantiomeric excess of the a-hydroxyallene (49). the synthesis will be 
continued using the chlral material prepared by the asymmetric induction of the 
Corey stilbenediamlne (R,R-56). 

Computational Analysis of Modified Deoxynucleoside 
A seven base pair sequence of poly A-T double-stranded B-form DNA 

was modelled using CHARMm molecular modelling routines and visuallized by 
the Quanta program developed by Polygen Corp. The deoxythymidine 
analogue replaced the fourth deoxythymidine constructed using the molecular 
modelling program. Minimization of the resulting modified DNA sequence by 
the Adopted Basis Newton Rhapson routineii9 after 5000 Iterations provided 
the structure shown below (see Figure 6). This structure closely resembles that 
of the unmodified poly A-T DNA sequence, despite the small degree of bend in 
the DNA axis due to the enlongation of one of the nucleotide strands. The 
base-pairs are still aligned for hydrogen bonding, and no large degree of 
interruption, In the qualitative sense, of the overall structure is noted. 

Consideration of this computer-generated structure indicates an 
interesting result. The vinyl group of the modified deoxynucleoside inserted into 
the DNA backbone protrudes into the minor groove of the DNA sequence. 
Because of the ability of many natural enzymes and proteins (sources of 
nucleophiles) to bind specifically to DNA in the minor groove, it is felt that the 
presence of such a modified oligonucleotide In the nucleus of a cell would be 
quite detrimental to the survival of that cell, due to its ability to be attacked by 
nucleophiles. 

As was mentioned in the Introduction, oligonucleotides can hydrogen 
bond to single-stranded DNA In a very specific manner. An oligonucleotide 
could be engineered to bind to the genes reponsible for the propogation of HIV. 
The inclusion of a deoxynucleoside (such as compound 62) into the sequence 
of the oligonucleotide would imply that the modified deoxynucleoside would be 
in close contact with an HIV gene. The presence of a nucleophile In the vicinity 
of the gene could then attack the eletrophilic vinyl group and become 
permanently modified. The covalent modification of DNA sequences generally 
irreversibly causes cell damage. The death of HIV infected cells terminates the 
ability of HIV to reproduce in that cell, thus possibily curing an infected host. 
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Figure 6. Structurally Modified Poly A-T Double-Stranded DNA 

76 



Preparation of 4,5-Hexadienoic Acid 
The preparation of 4,5-hexadienoic acid (64) was accomplished by 

oxidation of 4,5-hexadien-1-ol (1) using the procedure developed by Jones 
(see Scheme 71).i20 A testament to the stability of the allene functional group 

rested in the Jones oxidation of compound (1). The acid was made In the 
hopes that its cyclization would provide a y-lactone, which is a common 
structural feature of many natural products. 121 

O^ 
^ u Jones Oxid. \v ^^ 

1 64 

Scheme 71. Jones Oxidation 

lodocvclization 
The cyclizatlon of a series of y-hydroxyallenes has been accomplished 

with N-iodosuccinimide.i22 The reaction begins by formation of an lodonium 
Ion with the allene, which suffers ring opening by the hydroxyl group in a 5-exo-
tet fashion. The process provides tetrahydrofuran ring formation. The vinyl 
iodide can then be further elaborated. 123 

The application of the conditions of N-iodosuccinimide cyclizationi22 to 
4,5-hexadienolc acid gave the expected vinyl Iodide in quantitative yield (see 
Scheme 72). 

O 
OH NIS 

64 

Scheme 72. lodocycllzation 

CH2CI2: THF 
(4:1) 

quant. 

Initial Cyclization Attempts 
The Initial cyclization of 4.5-hexadlenoic acid (64) with palladium 

chloride in methanol under an atmosphere of carbon monoxidei"^ failed to 
provide the expected lactone (see Scheme 73). Yet, in the presence of the acid 
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and water sinks previously used by Tamaru and co-workers, ̂ "9 the expected 
product (65) was isolated in 88% crude yield. This compound (65) was 
determined by iR-NMR to be very unstable to added aqueous acid, giving rise 
to a complex mixture of decomposition products. 

PdCl2 (5%) 
OH CuClg (300%^ 

CO. MeOH 

64 

complex mixture 

H^O-' 

PdCl2 (5%) 
CUCI2 (300%) 
CO, MeOH 
propylene oxide 
triethylorthoacetate 

^ CH3O O, T-cr 
65 

88% crude yield 

Scheme 73. Palladium Cyclizatlon of 4,5-Hexadienoic Acid 

It Is known that the solvomercuratlon of 4,5-hexadienoic acid provides 
the vinyl mercurial (66) (see Scheme 74).i24 Attempts to transmetalate the 
vinyl mercurial with palladium followed by the standard conditions of 
methoxycarbonylationi-3 did not provide the expected product (65). Instead, 
the only product isolated from the mercury cyclization / palladium 
transmetallation was the interesting hexenolide (67), In 26% yield. This 
compound was purified by column chromatography and Isolated as a clear oil. 

Rearrangement of the y-lactone (65)125 was postulated as the reason for 

the isolation of the hexenolide (67) because of the slow rate of formation of a 7-
membered ring compared to the formation of a 5-membered ring. However, all 
attempts to deliberately cause the rearrangement of the y-lactone (65) in the 

presence of palladium (II), palladium (0), or aqueous acidi25 to the hexenolide 
(67) were completely unsuccessful. 
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CUCI2 (300%; 
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CH3O 

Pd°, Pd-̂ 2 

Hg" ' 

65 
54% 

T<r CH3OOC 

C H s O O C - - ^ 

67 
26% 

67 
28% 

Scheme 74. Solvomercuratlon of 4,5-Hexadlenoic Acid 

When the transmetallation of the vinyl mercurial with palladium was 

repeated in the presence of propylene oxide and triethylorthoacetate as 

aqueous acid scavengers,^9 an interesting result was found. The desired y-

lactone (65) was isolated, yet only in 54% yield. The hexenolide (67) was also 

Isolated from the reaction mixture in 28% yield. A possible explanation of these 

results was devised after closer examination of the vinyl mercurial complex 

(66). 
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Scheme 75. Vinyl Mercurial Equilibrium 

Since the vinyl mercurial compound had been previously 
synthesized, 124 its NMR spectrum had not been closely scrutinized at the onset 
of this project. The crude iR-NMR was difficult to decipher due to the large 
acetate absorbance which spanned the region from approximately 5 ppm to 0 
ppm. i99Hg-NMRi26 of the crude reaction mixture showed two individual 
absorbances. (The unreacted mercuric acetate was insoluble in CDCI3, and 
was not seen in the i99Hg-NMR.) The individual absorbances corresponded to 
two separate vinyl mercurials. Chromatography of the crude vinyl mercurial 
gave an oil which by iR- and 13C-NMR was determined to be the vinyl 
mercurial (66) previously made. When pure 66 was subjected to the 
transmetallation/methoxycarbonylation reaction conditions only 65 was 
obtained In >90% yield. 

These results suggest an explanation for the transmetallation results 
obtained above. The vinyl mercurial compounds (66) and (68) were proposed 
to be in equilibrium with each other and/or the starting 4,5-hexadlenoic acid. 
When the transmetallation was conducted without the acid or water sinks, the 
isolated product hexenolide, which was determined to be relatively stable to 
aqueous acid, was obtained. However, in the presence of the acid and water 
sinks, the hexenolide (67) was isolated along with the y-lactone (65). 
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Palladium-Mediated Intramolecular Coupling 
A report on the palladium-catalyzed cyclization/coupling of alkynoic acids 

to vinyl and aryl halides was recently made (see Scheme 76).i27 The authors 
of this report prepared a series of y-lactones from various 4-alkynoic acids via 
the palladium (ll)-mediated nucleometallation/Heck coupling reaction. The 
reaction involved the use of palladium (II) acetate bistriphenylphosphine and 
triethylamine, which caused in situ formation of palladium (0). 

The initial step in the reaction was the reduction of the palladium (II) 
species to palladium (0) by triethylamine as noted above. Then, the palladium 
(0) underwent oxidative insertion into the vinyl or aryl hallde bond to give an 
aryl palladium (II) moiety. The palladium, complexed to the alkyne, activated 
the alkyne for nucleophilic attack. After the formation of the lactone, the 
palladium reductlvely eliminated to generate the product and palladium (0) 
which returned to start the catalytic cycle again. 

R-X 
Pd(OAc)2(PPh3)2^ 
EtgN, n-Bu4NCI "^ 
CH3CN, 60°C 

R-] = R2 = H 
Ri =COOMe; R2 = alkyl 

R = Ar or vinyl 
39 - 82% yield 

Scheme 76. Cacchi Coupling Conditions 

Application of this methodology to the preparation of a series of y-

butyrolactones from 4.5-hexadienoic acid (64) gave mixed results (see Scheme 

77). The reaction involving the intramolecular cyclization of 4,5-hexadlenoic 

acid (64) followed by intermolecular coupling with iodobenzene gave 80% 

yield of the desired styryl lactone (69a). 
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Aryl halides used and the isolated reaction yield 
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a 

C H 3 0 ^ 

c 

F^ 
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K^ 
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K^ 

0 

J r^ 
80% 

r--' 
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Br 

4% 

^ ^ 

r : - ^ ^ 
Br 

5'̂  O 

48% mono 
11% bis 

14% 

. < ^ = ^ ^ 
Br 

8% 

O 

Scheme 77. Application of Cacchi Coupling Conditions 

However, the use of aryl bromides in place of Iodobenzene gave little or 
none of the desired compounds. The use of p-lodoanisole provided 49°o of the 
expected lactone (69b). A comparison of this reaction with that employing 
iodobenzene Implies that the presence of an electron donating group on the 
aryl ring decreases the reaction yield. Although the number of examples of the 
coupling did not allow for a meaningful qualitative statement of the mechanism 
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to be made, the oxidative insertion of palladium (0) into the aryl hallde bond 
appeared to be the slow step in the reaction. A more detailed explanation of the 
mechanism was made after consideration of the yields obtained from the 
Gallagher modificationi28 of the cyclizatlon /coupling methodology. 

Shortly after the attempts to modify the Cacchi methodologyi27 to the 
coupling of 4,5-hexadienoic acid (64) and various aryl halides, communication 
with Gallagher and co-workersi28 provided a successful route to the coupled 
products (69). The reaction involves the addition of an aryl hallde to a warm 
(80°C) mixture of 4,5-hexadienoic acid (64), potassium carbonate, and a 
catalytic amount of palladium (0) tetrakistriphenylphosphlne in 
dimethylformamide. The reaction conditions were applied to the coupling of 
4,5-hexadienoic acid (64) and various aryl halides with good results (see Table 
4). When the results of a series of reactions had been obtained, the 

Table 4. Application of Gallagher Coupling Conditions 

o 
=\ h^H VJ 

64 

Entry 

a 
c 
d 

e 
f 
a 
b 

9 
h 
i 

J 
k 

Ar-X 
Pd(Ph:,P)4 ^ 

K2CO3, DMF 
80°C 

RX 
CeHs-Br 
p-F-C6H4-Br 
p-CH3CO-C6H4-Br 

p-Br-C6H4-Br 
p-CH3-C6H4-Br 

C6H5-I 
P-CH3O-C6H4-I 

P-O2N-C6H4-I 

m-CH3-C6H4-l 
2-lodonaphthalene 
1-lodonaphthalene 

CeRs-CH^CH-Br 

U 
A r - V V 

\j 
69a-k 
see list below 
for Ar structure 

% Yield 
39 
32 
64 

49 
58 
74 
45 

65 

40 

62 
36 

37 
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coupling of aryl bromides, in general, was found to be of less synthetic utility 

compared to the aryl Iodides, results which were in complete agreement with 

the reaction of 64 using the Cacchi conditionsi27 for cyclization / coupling. 

Pd̂  

(Pd°)n 

R-

Pd^^ 

O 

ArPdX 
K2CO3 

: o Q 

Scheme 78. Proposed Cycllzation/Coupling Mechanism 

The Initial step in the reaction was assumed to be the oxidative insertion 
of palladium (0) into the aryl hallde bond. The assumption that this step occurs 
first is validated by the fact that palladium (0) - alkene complexes are very weak 
compared to palladium (II) - alkene complexes.n Such an insertion into the 
aryl hallde bond was predicted to also exist as the rate limiting step of the 
overall mechanism, n The presence of a weak bond between the aryl ring and 
the hallde would allow the oxidative insertion to occur at a much faster rate than 
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with a strong aryl-hallde bond. An aryl halide with electron donating groups 
present on the ring can be argued by resonance or inductive effects to Increase 
the electron density in the aryl hallde bond and make the bond stronger. Vice 
versa, an electron withdrawing group on the aromatic ring would cause the 
bond to be weaker. This explanation also takes into account the difference 
between the iodo- and bromoarenes. The larger more polarizable iodine atom 
possess a longer carbon-iodine bond length than the bromo compound.129 
Therefore, the weaker carbon-iodine bond would be presumed to increase the 
rate of oxidative addition. 

The fact that the weaker aryl halide bond increases the rate of the 
reaction does not explain the higher yields seen for the aryl iodides and the 
presence of electron withdrawing groups on the aromatic ring, unless another 
reaction involving the production of unwanted side-products can be postulated 
to exist with a similar but slower reaction rate. An example of a slower reaction 
in competition with oxidative insertion would be the aggregation of palladium 
(0). An aggregated palladium (0) would be inactive for oxidative Insertion into 
an aryl hallde bond. Therefore, unless the rate of oxidative Insertion is faster 
than the rate of aggregation, the reaction will fail to provide a synthetically 
useful route to coupled products. 

Assuming the decomposition reaction rate remains constant throughout 
the series of cyclization /coupling reactions, a Hammett ploti30 can be used to 
help explain the mechanistic details of the oxidative insertion (the slow step of 
the reaction). A comparison of the degree of electron density in the aromatic 
ring with the yield of the reaction generated a possible explanation for the 
reaction mechanism. Hammett plots of the Isolated reaction yields versus the 
electronic character of substituents on the aromatic ring of the reaction involving 
the aryl bromide coupling (see Figure 7) and the reaction involving the aryl 
iodide coupling (see Figure 8) give lines with positive slopes. The positive 
slope indicates the existence of anionic character in the oxidative insertion 
mechanism. 130 The slopes also show a correlation between the electron 
withdrawing character of a substituent on the aromatic ring and the yield. The 
more electron withdrawing a particular substituent is, the higher the isolated 
yield. 
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Hammett Plot for 
Aryl Bromide Coupling 
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Figure 7. Hammett Plot for Aryl Bromide Oxidative Insertion 
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Figure 8. Hammett Plot for Aryl Iodide Oxidative Insertion 
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A Hammett plot involving the isolated yield as a substitute for reaction 
rate should be used with caution. In this case, the yield-limiting step and the 
rate-limiting step of the reaction were assumed to be identical, and the increase 
in isolated yield was assumed to reflect an increase in the rate of that step. In 
any case, the Information obtained should not be taken as the only explanation 
of the reaction mechanism. (Problems involving the isolation of a particular 
product may cause the yield of the reaction to be less than the actual amount.) 

The series of aryl halides tested shows another Interesting point. The 
cyclization/coupling in the presence of 1-iodonaphthalene or 2-iodo-
naphthalene demonstrated that steric constraints at the aryl halide bond play a 
role in determining the rate of oxidative insertion. The more sterically hindered 
1-iodonaphthalene appears to not undergo oxidative insertion as quickly, and 
the isolated yield consequently suffers. 

Preparation of a C-Nucleoside Analog 
The discovery of naturally occurring C-nucleosides brought interest into 

the synthesis of similar compounds (see Scheme 79 for representative 
examples of C-nucleosides). The interest in these compounds arises from the 
discovery of their ability to act as antibiotics and antitumor agents. 131 

HO 

HO OH HO 

Pseudouridlne Showdomycin 

Scheme 79. C-Nucleosides 
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The C-nucleosides are synthetically prepared by at least three conceptually 
different methods.i32 The construction of a C-1 carbon substituent on a 
carbohydrate moiety has been used effectively for the preparation of nitrogen 
heterocyclic C-nucleosides. The preparation of the sugar ring from an 
aldehydic nucleoside base has also been accomplished. The third method 
involves the palladium-mediated glycal-aglycon coupling of a sugar and a 
nucleoside base. 

Retrosynthesis 

The synthesis of a C-nucleoslde analog via the intramolecular 
nucleometallatlon / methoxycarbonylation of a y-hydroxyallene was envisioned 
(see Scheme 80). As discussed in the Introduction, the mercury-mediated 
cyclization of y-hydroxyallenes has been studiedly and has been shown to 
give 2,5-disubstltuted tetrahydrofurans. 

• > K 
OCH-

Hd 

\y 

RO 

RO i-o 

BrMg 

Scheme 80. Retrosynthesis of C-Nucleoside Analog 

The y-hydroxyallene starting material could be prepared by the addition 

of a homoallenic group to a protected a,p-dihydroxypropanal. The propanal (R-

glyceraldehyde) has been previously prepared by the oxidative cleavage of D-

mannitol and used frequently for the introduction of a three carbon chlral 
extension.133 
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Chlral Starting Material 

The preparation of compound 70 has been shown to be easily 
accomplished by the protection of D-mannltol as the diacetonide using a slurry 
of zinc dichloride in acetone (see Scheme 81). The resulting solid (70) when 
treated with a vigorously stirred suspension of lead (IV) tetraacetate in benzene 
produced the known aldehyde (71)133 which was used immediately after 
distillation under reduced pressure. 

r-OH 
•OH 

hOR 
HO-
HOH 
HO-

acetone 
ZnCIo*" 

-OH 
H O -

K 70 
48% 

Pb(OAc)4 
benzene 

71 
80% 

Scheme 81. Preparation of Protected Glyceraldehyde 

The addition of propargyl magnesium bromide to the aldehyde (71) at 
0°C gave the desired alcohol (72) in moderate yield (see Scheme 82). This 
compound was shown to exist as a mixture of diastereomers at the carbinol 
carbon by iR-NMR. Unfortunately, the Grignard addition did not proceed with 
chelation controlled diastereoselectivity. as hoped for.134 
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BrMg 

71 
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0°C HO 

72 
42°< 

Scheme 82. Grignard Addition to Glyceraldehyde 

The alcohol 72 was treated under the conditions of the Crabbe 
homologation of a terminal alkyne (see Scheme 83). 1^ The expected product 
(73) was Isolated in 42% yield, and the secondary alcohol was then protected 
as the tBDPS ether (74). Protection of this alcohol group before the Crabbe 
homologation gave the desired product 74. but in lower yields. Separation of 
the reaction mixture also became difficult, and some deprotection was also 
noted. 

HO 
72 

(CH20)n 
Cul, iPr2NH 

dioxane 
reflux 

' > < O I ^ = . = 

HO 
73 
31% 

tBDPSCI 
imidazole 
DMAP 
CH2CI2 

tBDPSO 

74 
41 o/̂  

Scheme 83. Preparation of Compound 74 
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The acetonide was removed using either of two procedures (see 
Scheme 84). The iron-catalyzed deprotection135 gave the desired diol (75) 
without the formation of side-products. However, in the presence of the crude 
tBDPS ether (74) containing some tBDPSOH byproduct (which was difficult to 
separate by column chromatography), the deprotection was very slow. 
Therefore, a second method was used in the cases when the mixture of 74 and 
t-butyldiphenylsilanol was deacetonized before careful separation of the by
product silanol. In the presence of trifluoroacetic acid : THF : water (1:9:1). the 
acetonide was cleaved to give the desired diol (75).136 However, the 
deprotection was also slow: 2 months reaction time was required to obtain 
>95% yield of the diol (75). The resulting diol (75) was easily separated from 
the reaction mixture by column chromatography. 

FeCla'SiOg 
CHCI3, H2O' 

tBDPSO 

TEA 75 
THF, H2O >95% yield 

Scheme 84. Removal of the Acetonide 

The diol (75) was then converted Into the bistrimethylsllyl ether (76) with 
trimethylsilyl chloride and triethylamine in dichloromethane (see Scheme 
85). 137 The product was quickly separated on a silica gel column and 
immediately cyclized using mercuric trifluoroacetate in dichloromethane. The 
product vinyl mercurial was transmetallated with palladium (II) using the Tamaru 
condltions^9 for removal of excess aqueous acid. The resultant tetrahydrofuran 
(77) was obtained In 72% yield after chromatography as an 8:2 mixture of 2,5-
cis:trans isomers. 
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Et3N 

CH2CI2 

TMSO 
TMSOli 

tBDPSO 
76 
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a. Hg(OOCCF3)2 
CH2CI2 
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b. PdCl2(5%) 
CUCI2 (300%) 
CO. MeOH, CH2CI2 
propylene oxide 
triethylorthoacetate 

"°VT' 
77 
72% 

Scheme 85. Cyclization of y-Hydroxyallene 

The primary alcohol (77) was protected with tBDMSOTf / 2,6-lutidine in 
dichloromethane to give the silyl ether (78) (see Scheme 86). The reduction of 
the ester to the allyl alcohol (79) using DIBAL-H in THF at 0°C proceeded 
smoothly. 
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tBDMSO 
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Scheme 86. Preparation of Compound 79 

Attempts to convert the allyl alcohol (79) or the ester (77) to a urea, 
amide or carbamate derivative were of limited success. The preparation of urea 
derivatives from a,p-unsaturated esters had been known previously (see 
Scheme 87).i38 The authors conducted the reaction by addition of the sodium 
salt of urea to an acrylate. The yields reported were low. and the products were 

NaHN 

O 

A o o 
NH. 

OCR 
acetone, rt. H 

NH. 

Scheme 87. Addition of Urea to Esters 

observed to rapidly polymerize. Duplication of this work gave an extremely low 
yield of the desired urea. The addition of sodium urea to the ester (78) gave 
only a complex mixture of products from which the desired urea could not be 
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isolated (see Scheme 88). Presumably, the complex mixture arose from 

polymerization and/or decomposition side-reactions. 

tBDMSO 

tBDPSO 
78 

OCR 
NaNHCONH 
acetone, rt. 

*2 complex mixture 

tBDMSO 

tBDPSO 

desired product 

Scheme 88. Attempted Preparation of the Imlde of 78 

Conversion of the ester (78) to the imlde 80 was attempted with various 
amines (see Scheme 89). The reaction of trimethyl aluminum and an amide 
has been shown to provide the aluminum amide.139 which produced a series 

tBDMSO yr' ^NHAIMe2^ complex mixture 

tBDPSO 
78 

R = aryl. benzyl 

tBDMSO 

tBDPSO 80 

desired product 

Scheme 89. Attempted Preparation of N-Acylamide 
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of N-acylamldes in good yield. However, the preparation of an a,p-unsaturated 

amide 80 by this and other methodsi39 did not succeed. 

The reaction of the alcohol (79) with phenyl isocyanate did give the 
desired carbamate (81) In good yield (see Scheme 90).140 Addition of 79 to 
methyl Isocyanate also gave the expected product (82). Deprotection of the 
silyl ethers with tetra-n-butylammonium fluoride in THpi'^i gave the expected 
phenyl carbamate (83). The methyl carbamate (82) decomposed under these 
conditions, presumably because of the strongly basic conditions (unavoidable 
due to the hygroscopic nature of tetra-n-butylammonlum fluoride). 

tBDMSO ^ o l RNCO 
tBDMSO 

RHN O 

O 

\ I OH CH2CI2 

tBDPSO 
Et3N 

79 

y-
tBDPSO quant. 

81 R = Ph 
82 R = CH3 

tBDMSO 

PhHN^ ^O 

Y 
o p^ 

tBDPSO 81 

HO 

nBuNF » 
THF 

PhHN^^O 

HO 
83 
92' 

Scheme 90. Preparation of the Carbamates of 79 

The phenyl carbamate (83) was sent for testing versus HIV RT. The 
results are still pending. This compound is similar in structure to thymidine (see 
Scheme 91). The hydrogen bonding groups at first glance appear able to 
present themselves to adenine equally as well as thymidine. However, the 
phenyl ring on the base-ring-opened nucleoside analog may cause the base-
ring to exist as a straight chain (lowering or eliminating the ability of the analog 
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to hydrogen bond with adenine). Preliminary molecular modelling has shown 

that the straight chain presentation is of lower energy than the pseudocyclic 

presentation (as would be expected). 

Natural A-T Base Pairing Unnatural A-M* Base Pairing 

N — ' // \ noose N==^ Ph nbose 
O ribose 

Adenosine Thymidine Adenosine Ring-Opened Base (M*) 

Scheme 91. A-T Base Pairing 
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CHAPTER III 

CONCLUSIONS AND DIRECTIONS 
FOR FUTURE RESEARCH 

Conclusions 
The preparation of dideoxy- and deoxyribonucleoside analogues by the 

palladium-mediated intramolecular nucleometallation / methoxycarbonylation of 
a 3-silyloxy-4,5-hexadienal as the key step in the overall synthesis has been 
shown to proceed smoothly by this work. The reaction gives the expected 
methyl furanosides in acceptable yield, especially when used immediately in 
the next step of the overall synthesis. The present work Involved the 
preparation of a 3-silyloxy-4.5-hexadienal by the Umanl-Ronchi method in 
26%ee as a precursor to deoxyribonucleoside analogues. 

The subsequent reactions in the overall synthesis of deoxyribo
nucleoside analogues do not resolve the enantiomeric impurities. In order to be 
a more efficient synthetic procedure, and to insure an optically pure deoxyribo
nucleoside (which is of utmost importance if the potential medicine enters 
clinical trials), the use of Corey's chlral boron auxiliary for the preparation of an 
optically pure a-hydroxyallene will be used to prepare the deoxynucleosides. 

Future Research 
With the method available for the synthesis of optically pure (^98%ee) a-

hydroxyallenes, and therefore optically pure deoxynucleoside analogues, the 

preparation of other nucleoside analogues will be attempted. In particular, 

replacement of the thymine with other nucleoside bases, the hydroboration / 

oxidation of the backbone alkene, and the preparation of dideoxynucleosides 

will be attempted. 

The replacement of the thymine base with cytosine, guanine, or adenine 

bases will be completed by modification of the Vorbruggen methodology (see 

Scheme 92). The use of cytidlne in the preparation of a dideoxycytidine analog 

will serve as the model system for deoxycytidine synthesis. 
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Scheme 92. Base Substitutions 

Hydroboratlon/oxidatlon of the alkene at the methyl furanoside stage was 
shown to provide a 1:1 mixture of epimers at the external carbon. The resulting 
primary alcohol will be modified to be incorporated into DNA as a point for the 
branching of double-stranded DNA (see Scheme 93). The incorporation of the 
resulting alcohol into the phosphate bridge has also generated interest. Such a 
phosphate may be resistant to enzymatic cleavage. 

HO J — ' 
HC? 

branched DNA >A/S/S*' 

nuclease resistant 
backbone 

Scheme 93. 5'-Dihydroxymethyl Nucleoside Analogues 
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Since AZT shows remarkable inhibition of reverse transcriptase, the 
preparation of a series of 2'.3'-dldeoxy-3'-azido-nucleoside analogues will also 
be attempted (see Scheme 94). These compounds can be prepared at virtually 
any stage in the current synthetic scheme, by deprotection of the silyl ether 
followed by a MItsunobu reaction. 

B .. B 

• ^ ^ ^ . ^ 
N-, N 

Scheme 94. Dideoxyrlbonucleoside Analogues 
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CHAPTER IV 

EXPERIMENTAL 

General Information 
All commercially available starting materials were used as received 

unless othenwise noted. Methanol was distilled from magnesium turnings and 
stored under nitrogen. Tetrahydrofuran (THF) and diethyl ether (ether) were 
distilled under nitrogen from a mixture of sodium metal and benzophenone 
immediately before use. Methylene chloride was distilled from calcium hydride 
immediately before use. Hexanes and ethyl acetate were distilled before use. 

All glassware was washed In a base bath, rinsed with acetone, and oven 
dried before use. All reactions were conducted under an inert atmosphere 
(nitrogen) to exclude water vapor unless othen/vise noted. 

Nuclear magnetic resonance (NMR) spectra were recorded using an IBM 
AF-200 or an IBM AF-300 multinuclear Fourier transform instrument, and are 
reported in parts per million versus tetramethylsilane on the 6 scale. Residual 
chloroform was used as the internal standard for 13C-NMR measurements. 
Data are reported as follows: chemical shift [multiplicity (s=singlet, d=doublet, 
t=triplet, q=quartet, p=pentet, dd=doublet of doublets, dt=doublet of triplets, etc.), 
integration]. Shifts of mercury compounds are reported relative to Hg(NQ3)2(aq). 
which was set at -210ppm. 

Mass spectra were recorded with a Hewlett-Packard 5995B GC/MS 
Instrument and the data was processed using a Hewlett-Packard 59970A 
workstation. The gas chromatographic separation was pertormed using an HP-
1 (crossllnked methyl silicon) 25m capillary column (0.31mm l.d., 0.52Mm 
coating) and a temperature program which ramped from 90°C to 264°C at 
16°C/min. The mass spectral data were obtained at -70eV. All masses are 
reported in m/e with no significant peaks found which were greater than the m/e 
of the parent peak. 

Infrared (IR) spectra were obtained on a Perkin Elmer 1600 series FT-IR, 
and are reported in wavenumbers (cm-1). The samples were recorded neat 
unless othenwise noted. 

All elemental analyses were pertormed by Desert Analytics, Tucson, AZ, 
and the values reported were within 0.40% of the calculated values unless 
otherwise noted. In lieu of elemental analyses. High Resolution Electron Impact 
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(or High Resolution Fast Atom Bombardment from a p-nitrobenzyl alcohol matrix 
containing Nal) Mass Spectral determinations were made at the Midwest 
Center for Mass Spectrometry with partial support by the National Science 
Foundation, Biology Division (Grant No. DIR9017262). 

Flash chromatography was conducted with Aldrich Chemical Co. Silica 
Gel 200-400 mesh by the method of Still. 142 Thin layer chromatography (TLC) 
was performed on Whatman UV254 silica gel (250 îm) coated aluminum plates. 
The eluted plates were visuallized by both UV lamp and chromic acid spray. 
Reverse phase thin layer chromatography (RPTLC) was accomplished using 
Whatman C-18 glass backed plates and the spots visualized using both UV 
light and chromic acid spray. 

Experiments 

4,5-Hexadien-1-ol (1) 
Method A: To a stirred solution of 2-(4',5'-hexadien-1'-yl)-tetrahydro-

pyran (6.247 g, 34.3 mmol) in methanol (50 mL) was added PPTS (0.5 g. 2.0 
mmol). After 24 h, a large excess of water was added, the reaction mixture was 
extracted with ether (4 x 50 mL) and the ether extract was washed with brine (50 
mL). After drying over magnesium sulfate, the filtered solvents were removed 
under reduced pressure. Flash chromotography (silica, 8:2 hexane:ethyl 
acetate) provided 2.6013 g (77%) of the product as a yellowish oil. 

Method B: To a solution of 4-pentynol (9.13 g, 0.108 mol) in dioxane 
(100 mL) was added paraformaldehyde (12.3 g, 0.41 mol), cuprous iodide (22.4 
g, 0.117 mol), and diisopropylamlne (35.0 g, 0.347 mol). This slurry was gently 
refluxed for 26 h at which point the color had turned brown. Approximately 75 
mL of the reaction mixture was removed by distillation and the remaining slurry 
was filtered through Florisil with ether. The filtrate was then added to 5% 
aqueous hydrochloric acid (50 mL). The aqueous phase was extracted with 
ether (4 x 50 mL) and the combined organic phases were washed with water (2 
X 30 mL), brine (30 mL), and dried over magnesium sulfate. The solvent was 
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removed after filtration to give 10.3 g of a yellow oil. Distillation In vacuo (114°-
116°C, 20 mmHg) provided 5.21 g (49%) of the previously known product as a 
colorless oil. 

"•H-NMR (CDCI3): in 6, 5.13 (m,1H); 4.69 (m,2H); 3.70 (t,2H): 2.10 (m,2H); 1.71 
(m, 2H); 1.50(bs,1H). 

2-(4*-Pentyn-1 '-yl)-tetrahydropyran (4) 
To a solution of 4-pentyn-1-ol (1.40g. 17mmol) In 15mL dichloromethane 

containing a catalytic amount of p-toluenesulfonic acid was added 2.3-
dihydropyran (1.60g, 19mmol) via an addition funnel. The resulting reaction 
mixture was stirred for 3.5h at room temperature. The solvents were then 
removed, and the residue chromatographed (silica, 95:5 hexane:ethyl acetate) 
to provide 2.17g (78%) of a clear coloriess oil that proved to be the desired 
product. 
iR-NMR (CDCI3): in 6, 4.60 (m, 1H); 3.85 (m, 2H); 3.51 (m, 2H); 2.4 (m, 2H); 
1.96 (m, 1H); 1.90-1.45 (m, 8H). 

= 0 

4,5-Hexadienal (5) 
To a stirred suspension of pyridlnlum chlorochromate (PCC) (0.6138 g, 

2.80 mmol) In anhydrous methylene chloride (25 mL) was added magnesium 
sulfate (1.5 g), followed by dropwise addition of 4,5-hexadien-1-ol (0.2052 g. 
2.10 mmol) which caused the orange slurry to slowly darken. When thin layer 
chromatography (TLC) Indicated the starting material had disappeared, the dark 
slurry was filtered through Florisil with ether (50 mL) and dried over magnesium 
sulfate. Filtration and slow removal of approximately 80 mL of the solvents by 
rotary evaporation gave a solution of the previously known product which was 
clean by TLC and 1H-NMR. The solution was immediately used without further 
purification. 
iR-NMR (CDCI3): in 6, 9.79 (t, 1H); 5.18 (m, 1H); 4.70 (m, 2H); 2.58 (m, 2H); 

2.33 (m. 2H). 
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CHsOvX^OyOCHs 

Methyl 2-(5'-methoxytetrahydrofuran-2'-yl)-propenoate (6) 
To a solution of 4,5-hexadienal (2.14 g, 21.8 mmol) (prepared 

immediately before use) in 150 mL ether was added anhydrous CuCl2 (8.9469 

g, 66.5 mmol) and PdCl2 (0.1066 g, 0.60 mmol, 3 mol%). Then, triethylortho

acetate (10 mL), propylene oxide (10 mL), methylene chloride (50 mL), and 

finally methanol (50 ml) were added via syringe. This dark green solution was 

stirred at room temperature under a slight positive pressure of carbon monoxide 

(balloon attached to flask) for 23 h. The solvents were then concentrated in 

vacuo and the resulting light green slurry filtered through a 0.5 cm plug of Celite 

with ethyl acetate (300 mL). The yellow filtrate was washed with saturated 

sodium bicarbonate (6 x 100 mL), brine (100 mL), dried over magnesium sulfate 

and filtered. The yellow organic phase was combined with a dried (MgS04) 

back extraction (ethyl acetate, 100 mL), and concentrated to give 3.1 g (74%) of 

the desired product (pure enough for use in the next synthetic step) as a crude 

yellow oil. Further purification of the mixture by flash chromatography (7:3 

hexane:ethyl acetate) afforded 1.8345 g (45%) of a coloriess fruity-smelling oil 

that proved to be a 1:1 cis:trans mixture of the desired product. The two 

diastereomers could be separated by HPLC (95:5 hexane:ethyl acetate, 1.2 

mL/min). 

GC/MS (isothermal, 90°C): m/e 185 (M-1), 154, 128. 111. 95. 67, 43. 39. 

IR (neat) in cm-1: 2988, 2951, 2908, 2832, 2359, 1719.3, 1633.4, 1439. 1373. 

1296, 1272, 1045. 
Anal, calcd for C9H14O4: C, 57.82%; H, 7.80%. Found: C, 58.04%; H. 7.58%. 

cis: HPLC: Rt=8.0 min. 

" •H-NMR (CDCI3): in 6, 6.21 (t, J=1.36 Hz.l H); 6.00 (t, J=1.62 Hz, 1H); 5.01 (dd, 

J=:1.69, 2.87 Hz, 1H); 4.82 (t, J=6.75 Hz, 1H); 3.73 (S, 3H); 3.39 (s, 3H); 2.35 (m, 

1H); 1.90 (m.2H); 1.59 (m.lH). 
13C-NMR (CDCI3): in 6, 166.2, 141.2, 123.3, 105.3, 75.9, 54.6, 51.7, 31.3, 29.9. 

trans: HPLC: Rt=11.2min. 
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^H-NMR (CDCI3): in 6, 6.20 (t, J=1.36 Hz,1 H); 5.82 (t, J=1.62 Hz, 1H); 5.11 (dd, 
J=1.69, 2.87 Hz, 1H); 4.87 (t, J=6.75 Hz. 1H); 3.73 (s. 3H); 3.33 (s. 3H); 2.35 (m, 
1H); 1.90 (m.2H); 1.59 (m.lH). 
''^C-NMR (CDCI3): in 6, 166.4, 142.1, 123.6, 105.7, 78.4. 55.1. 51.7, 32.9, 30.7. 

2-Hydroxy-5,6-heptadlenonitrile (7) 
To a solution of 4,5-hexadienal (0.2 g, 2.1 mmol) in ether was added a 

catalytic amount of zinc (II) chloride. This was stirred while neat trimethylsilyl 
cyanide (0.45 mL. 3.4 mmol) was added dropwise via syringe. After 24 h of 
stirring at room temperature, the solution was added to 10 mL pH 7 buffer 
solution and extracted with ether (2 x 20 mL). The combined ether extracts 
were washed with brine (20 mL) and dried over magnesium sulfate. Filtration 
and slow evaporation yielded 54 mg (21%) of a yellow oil that thin layer 
chromatography verified as one compound. 
TLC (K Gel 60, 8:2 hexane:ethyl acetate): Rf=0.27. 

iR-NMR (CDCI3): in 6, 5.15 (m,1H): 4.77 (m,2H); 4.57 (t,1H); 2.20 (m,2H); 2.01 

(m,2H). 

CHsCX^Jl^Os^CN 

Methyl 2-(5'-cyano-tetrahydrofuran-2'-yl)-propenoate (8) 
To a solution of 2-hydroxy-5,6-heptadienonitrile (53 mg, 0.43 mmol) in 15 

mL methanol was added PdCl2 (5.4 mg. 0.031 mmol) and CuCl2 (0.115 g. 
0.855 mmol). This was stirred at room temperature under a balloon of carbon 
monoxide. After 24 h, the black slurry was reduced to ~2 mL total volume and 
filtered through Florisil with ether. Removal of the solvents gave 81.3 mg of a 
clear oil. HPLC (silica. 1.0 mL/min. 8:2 hexane:ethylacetate) provided the 
separate cis and trans isomers as clear oils, in 15.9% and 8.6% yields 
respectively. HPLC analysis of the crude reaction mixture indicated that the 
cis/lrans ratio was 1/1.08. 
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cis : HPLC (8:2 hexane:ethyl acetate) Rt(cis)=24 min. 

GCMS(EI), Rt=6.4min, m/e: 154(M-HCN), 142. 129. 111.95,75,67.59.41. 

" •H-NMR (CDCI3): in 6, 6.34 (s, IR); 6.12 (m, 1H); 4.89 (t, 1H); 4.78 (m. 1H); 

3.78 (s, 3H); 2.53 (m, 1H); 2.32 (m. 2H); 1.95 (m, 1H). 

trans : HPLC (8:2 hexane:ethyl acetate) Rt(trans)=3l min. 

G C M S (El), Rt=7.5 min, m/e: 154(M-HCN), 142, 129. 111. 96, 75, 67. 55, 41 

iR-NMR (CDCI3): ind, 6.27 (S.I H); 5.85 (m. 1H);4.95(t. 1H);4.87(m, 1H); 

3.78 (s. 3H); 2.50 (m, 1H); 2.30 (m, 2H); 1.86 (m, 1H). 

1 -Azido-1 -trimethylslloxy-4,5-hexadlene (10) 
To a solution of 4,5-hexadlenal (0.5 g, 5.2 mmol) in ether a catalytic 

amount of zinc (II) chloride was added with stirring . Neat trimethylsilylazide 

(0.8 mL, 6.0 mmol) was added via syringe dropwise. The reaction mixture was 

stirred at room temperature for 72 h. The solvent was then removed under 

reduced pressure. Short path vacuum distillation (2mm Hg) gave 0.6487 g 

(56%) of the product as a clear colortess oil. 

I R - N M R (CDCI3): in 6, 5.15 (m,1H); 4.80 (t.lH); 4.70 (m,2H); 2.07 (m,2H); 1.77 

(m,2H); 0.20 (s,9H). 

General Procedure for preparation of Imines of 4,5-hexadienal 

To a slurry of 1.6mmol PCC in 20mL dichloromethane was added 1.3g 

MgS04. After 5min, 1.1 mmol 4,5-hexadlen-1-ol was added neat, and the 

darkening slurry stirred at room temperature. When TLC indicated that 

conversion to 4,5-hexadienal was complete the dark brown slurry was diluted 

with 20mL ether and filtered through Florisil. The Florisil pad was rinsed with 

ether and the combined organic phases dried over MgS04. This was then 

filtered and added to 5.5g MgS04 and vigorously stirred at room temperature. 

After 5min, 1.1 mmol of the desired amine was added causing suspension of the 

MgS04. After 24h. the slurry was filtered, concentrated under vacuum, and 

used without purification. All Imines were determined to be present in >80% 

purity by ^H-NMR and/or IR. 
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N-Benzyl-4,5-hexadlenimlne (12a) 
" •H-NMR (CDCI3): in 6, 7.75 (m. IR); 7.24 (m. 5H); 5.05 (m, 1H); 4.57 (m, 2H); 

3.72 (s,2H); 2.35-1.90 (m.4H). 

IR (Ether soln): 3054, 2975. 2856, 1956. 1670. 1642. 1439, 1382, 1254. 874. 
737. 

N-Allyl-4,5-hexadienlmlne (12b) 
IR (Ether soln): 3076. 2978, 2926. 2852. 1954. 1657, 1438, 1203. 994. 919, 
843. 

N-Propyl-4,5-hexadienimine (12c) 
1H-NMR(CDCI3): in 6. 7.56 (t, 1H); 5.05 (p, J=6.4Hz, 1H); 4.57 (m. 2H); 3.23 (t, 

J=6.5HZ. 2H); 2.25 (m. 2H); 2.16 (m, 2H); 1.50 (m, 2H); 0.78 (t. J=7.2Hz. 3H). 

IR (Ether soln): 3051, 2976, 2864, 1957. 1669. 1445. 1269, 875, 737. 

^ N - / ^ 
Ph 

N-(1-Phenyleth-1-yl)-4,5-hexadienimine 
1H-NMR (CDCI3): in8, 7.60 (m,1H); 7.11 (s, 5H); 4.90 (m, 1H); 4.47 (m, 2H); 

4.15 (q. J = 7 Hz. 1H); 2.20-2.00 (m. 4H); 1.32 (d. J = 7 Hz. 3H). 

2-(3',4'-Pentadlen-1 •-yl)-4,5-benzo-1,3-dloxane (14) 
To a solution of the aldehyde (5) (0.266 g, 2.71 mmol) in ether (50 mL) at 

room temperature was added 2g magnesium sulfate, a catalytic amount of p-

toluenesulfonic acid and the diol (15) (0.254 g, 2.05 mmol). After vigorous 
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stirring at room temperature for 48 h, the slurry was filtered, the filtrate reduced 

to an oil, and the oil separated (silica, 85:15 hexane:ethyl acetate). The desired 

product, 0.276 g (66%). was isolated as a clear colorless oil. 

^H-NMR (CDCI3): in 6, 7.15 (m, 1H); 6.91 (m, 3H); 5.17 (t, J = 6.6Hz, 1H); 5.06 

(m, 1H); 4.90 (m, 2H); 4.70 (m. 2H); 2.22 (m, 2H); 1.93 (m. 2H). 

IR (neat): 3048, 2955, 2856, 1955, 1733. 1665, 1615. 1588. 1237. 1057. 851, 

756, 696. 

CH3O 

CH.O 
\ 

T^-6 
Methyl 2-(5'-(2"-(methoxymethyl)phenoxy)-tetrahydrofuran-2'-yl)-
propenoate (16) 

A mixture of the acetal 14 (0.1753 g. 0.87 mmol), palladium chloride 

(0.024 g, 0.01 mmol), and copper chloride (0.3945 g. 2.93 mmol) in methanol (5 

mL) was placed under an atmosphere of carbon monoxide. Evolution of gas 

was noted, but after 10 min It had subsided. The slurry turned tan-black after 

1.5 h and it was filtered, added to 20 mL water and extracted with ether (3 x 20 

mL). The ethereal phase was washed with brine (3 x 20 mL), water (2 x 20 mL) 

and dried over magnesium sulfate. The solvents were removed and the residue 

chromatographed (silica, 85:15 hexanes:ethyl acetate). The desired product 

was Isolated as a thin syrup (5%) as a 1:1 mixture of cis and trans isomers. 

iR-NMR (CDCI3): in 6, 7.10 (m, 3H); 6.9 (m, 4H); 6.43 (s, 1H); 6.05 (s, 1H); 

5.08 (m. 1H); 4.82 (dd. J = 18.18Hz. 2H); 3.79 (s. 6H); 2.57 (q, J = 7.6Hz, 2H): 

2.15-1.90 (m,2H). 

5,6-Heptadlen-2-one (20a) 

A mixture of pyridlnlum chlorochromate (PCC) (0.4575 g. 2.1 mmol), 1.0 

g magnesium sulfate, and 5 mL methylene chloride was stirred at room 

temperature while a solution of 5,6-heptadien-2-ol (0.1 g, 0.8 mmol) in 

methylene chloride (5 mL) was added in one portion. After 3 h, the brown 
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solution was filtered through Florisil with ether. Evaporation of the dried 
(magnesium sulfate) solution gave 58.8 mg (60%) of the desired product as a 
rancid smelling oil. 
IR (CDCI3 solution) in cm-1, 2965, 2922, 2858, 1956, 1716.7, 1438, 1367, 
1254.9, 1163, 1121,850. 
1H-NMR (CDCI3): In 6, 5.07 (m, IR); 4.61 (m, 2H); 2.48 (t, J = 6.9 Hz. 2H); 2.16 
(m, 2H); 2.06 (s, 3H). 
"•^C-NMR (CDCI3): in 6, 208.1, 201.7, 88.8, 75.8, 42.0, 29.8, 21.7. 

3-Hydroxy-6,7-octadiene 
To an ethereal (20 mL) solution of 4,5-hexadienal (250 mg, 2.5 mmol) at 

0°C was added a solution of ethylmagnesium bromide in tetrahydrofuran (1.0 
M, 2.5 mL, 2.5 mmol) via syringe. The resulting solution was stirred at room 
temperature for 4 h, quenched with aqueous ammonium chloride (20 mL), and 
extracted with ether (3 x 30 mL). The combined organic phases were washed 
with brine (2 x 30 mL), dried over magnesium sulfate, and filtered. Solvent 
evaporation provided 0.2601 g yellow oil. Flash chromatography (95:5 
hexane:ethyl acetate) gave 98.5 mg (31%) of the previously prepared product 
as a coloriess oil. 
1H-NMR (CDCI3): in 8, 5.13 (p, J=6.69 Hz, 1H); 4.67 (m, 2H); 3.57 (m, IR); 2.10 

(m, 2H); 1.49 (m, 4H); 0.93 (t. J=7.40 Hz, 3H). 

5,6-Octadlen-3-one (20b) 
To a vigorously stirred slurry of pyridlnlum chlorochromate (PCC) (0.2629 

g, 1.22 mmol) and magnesium sulfate (1 g) in methylene chloride (15 mL) was 
added dropwise a solution of 3-hydroxy-5,6-octadiene (95.0 mg, 0.75 mmol) in 
methylene chloride (2 mL). When thin layer chromatography no longer 
indicated the presence of the starting material, the brown slurry was filtered with 
ether through a pad of Celite. It was then dried over magnesium sulfate, filtered, 
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and the solvents removed to provide 0.0930 g (quantitative) of the desired 
product as a clear coloriess oil. 

IR (neat): in cm-1, 2977, 2938, 1956, 1714, 1414. 1367, 1113.847. 
GC/MS (isothermal. 90°C): Rt=3.7 min; in m/e. 124 (M+). 109 (M-15). 95. 67, 57. 
53. 39. 
"•H-NMR (CDCb): In 8, 5.15 (p, J=6.52 Hz, 1H); 4.68 (m, 2H); 2.47 (m, 4H); 2.23 
(m, 2H); 1.04 (t, J=7.32 Hz, 3H). 
"•^C-NMR (CDCI3): in 8, 210.7, 208.3, 89.1. 75.9. 40.9, 36.0, 21.9, 7.8. 

1,6,7-Octatrien-3-ol 
To a solution of 4,5-hexadienal (0.90 g, 9.2 mmol) in ether (20 mL) at 0°C 

was added a solution of vinylmagnesium bromide (1.0 M, 10 mL, 10 mmol) in 
tetrahydrofuran via syringe. The resulting solution was stirred at room 
temperature for 4 h, then quenched with 5% aqueous hydrochloric acid (30 mL). 
The aqueous phase was extracted with ether (2 x 20 mL); the combined organic 
phases were washed with aqueous saturated sodium bicarbonate (20 mL), 
brine (20 mL), and dried over magnesium sulfate. Removal of the solvents by 
rotary evaporation gave 0.4 g of a yellow oil. Purification of the oil by 
chromatography (silica, 98:2 hexane:ethyl acetate) yielded 0.3307 g (25%) of a 
clear coloriess oil, which was immediately oxidized by PCC without 
spectroscopic identification. 

0 
I 

_ _ ^ 

1,6,7-Octatrien-3-one (20c) 
To a rapidly stirred slurry of pyridlnlum chlorochromate (PCC) (0.4793 g, 

2.2 mmol) and magnesium sulfate (1.5 g) in methylene chloride (15 mL) was 
added neat 3-hydroxy-1,6,7-octatriene (0.0963 g, 0.77 mmol). When thin layer 
chromatography had indicated absence of starting material the brown slurry 
was filtered with ether through Celite. The filtrate was dried over magnesium 
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sulfate and filtered. The solvents were then removed in vacuo to give 81.9 mg 

(86%) oil, that proved to be the desired product. 

^H-NMR (CDCI3): in 8, 6.32 (dd, J=9.8, 17.7 Hz.lH); 6.16 (dd, J=1.8, 17.7 Hz. 

1H); 5.77 (dd, J=1.8, 9.8 Hz, 1H); 5.13 (p. J=6.4 Hz, 1H); 4.64 (m. 2H); 2.67 (t. 

J=7.1 Hz, 2H);2.26(m, 2H). 

''^C-NMR (CDCI3): in 8, 208.24, 199.7, 136.4. 128.0, 88.9, 75.9. 36.2, 21.9. 

CH3O 

Methyl 2-(5'-ethyl-5*-methoxy-tetrahydrofuran-2'-yl)-propenoate 
(21b) 

The expected product 21 b was Isolated by column chromatography 

(silica, 95:5 hexanes:ethyl acetate) from the reaction Involving the palladium-

mediated intramolecular cyclization of 20b (the reaction was pertormed by the 

same method as for the synthesis of 6. The compound (21 b) was obtained in 

7% yield as a slightly yellow oil. that slowly decomposed on standing at room 

temperature. 

iR-NMR (CDCI3): in 8, 6.31 (d, J = 1.5Hz, 1H); 5.80 (d, J = 1.2Hz, 1H); 4.09 (m. 

1H); 3.74 (s, 3H); 3.22 (s, 3H); 2.44 (q, J = 6.4Hz, 2H); 2.0-1.6 (m, 4H); 1.04 (t, J 

= 6.4Hz, 3H). 

CH3O 

Methyl 2-methylidene-6-oxooctanoate (22b) 
Compound 22b was isolated by column chromatography (silica, 95:5 

hexanes:ethyl acetate) from the reaction that produced 21 b. The product (22b) 

was isolated In 14% yield as a clear yellow oil. 

iR-NMR (CDCI3): in 8, 6.24 (d, J = 0.7Hz. 1H); 5.84 (dd. J = 1.2Hz, 1H); 3.75 (s, 

3H); 2.58 (m, 2H); 2.45 (q, J = 7.3Hz, 2H); 1.98-1.84 (m, 4H); 1.03 (t, J = 7.3Hz. 
3H). 
13C-NMR (CDCI3): in 8, 212.3, 166.8, 142.0. 125.3, 70.7, 51.9, 38.5. 36.0. 29.6, 

7.8. 
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C H 3 0 ^ ^ X ^ O OCH3 

Methyl 2-(5'-methoxytetrahydrofuran-2*-yl)-propanoate (23) 
The crude methyl furanoside (5.08 mmol) was added to methanol (25 

mL) containing magnesium turnings (1.03 g, 42 mmol). The reaction was stirred 
overnight under nitrogen. The white slurry was then added to 5% HCI (10 mL) 
and extracted with ethyl acetate (3 x 20 mL). The organic phase was separated 
dried (MgS04) and evaporated to an oil that was chromatographed (silica. 98:2 
hexanes:ethyl acetate) to give 92.3 mg (10%) of the desired product (syn:anti 
62:38 as determined by integration of the terminal alkyl methyl absorption in the 
1 H-NMR) as a clear colorless oil. 
GC/MS (Rt = 5.54min) : no M+, 171, 157, 156, 115,70. 
iR-NMR (CDCI3): in 8, 4.95 (m, 1H); 4.15 (m, 1H); 3.70 (s, 3H); 3.30 (s. 3H); 
2.55 (p, J = 3.6Hz, 1H); 2.1-1.7 (m, 4H); 1.24 (d, J = 7.0Hz, 1.86H); 1.22 (d, J = 
7.0Hz, 1.14H). 
syn isomer: 13C-NMR (CDCI3): in 8,175.0, 105.1, 81.4, 54.5, 51.6, 46.0. 32.9, 

27.6, 14.3. 
antl Isomer: I ^ C - N M R (CDCI3): In 8,174.8, 104.9, 78.8, 54.5, 51.6. 44.3, 31.9, 

26.9, 13.6. 

O 

NH 

^ s l ^ O 

C H 3 0 , ^ > ^ 0 

O 
2*,3*,5'-Trideoxy-5'-methyl-5'-carbomethoxythymidine (24) 

A slurry of thymine (0.132 g, 1.05 mmol) and a crystal of ammonium 
sulfate in hexamethyldisilazane (4.0 mL) and trimethylsilyl chloride (0.5 mL) 
were refluxed overnight. The resulting clear solution was coevaporated with 
toluene (3x3 mL) giving an oil. To this oil was added under nitrogen the 
furanoside (23) (45 mg, 0.24 mmol) in dichloromethane (2 mL), followed by 
tBDMSOTf (0.05 mL). The clear reaction was stirred overnight, then quenched 
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with 10 mL sodium bicarbonate solution and extracted with ethyl acetate (4x10 
mL). The organic phase was washed with brine (10 mL). dried (MgS04), and 
evaporated to a paste that was chromatographed (silica, dichloromethane to 9:1 
dichloromethane:isopropanol gradient). The expected product was isolated as 
a pasty oil (11.7 mg, 17%). 
^H-NMR (CDCI3): in 8, 8.9 (s, 1H); 7.24 (m, 1H); 6.05 (m, 0.32H); 5.52 (m. 
0.68H); 3.70-3.41 (m, 4H); 2.45 (m. 1H); 1.92 (m. 3H); 1.90-1.35 (m. 4H); 1.11 
(m. 3H). 

OCR-T r 
HO 

2-(5'-Methoxytetrahydrofuran-2'-yl)-1-propanol (25) 
To the ester (23) (45.0 mg, 0.24 mmol) in ether (2mL) at room 

temperature was added lithium aluminum hydride (13.7 mg, 0.361 mmol) at 
once. The resulting slurry was stirred at room temperature for 1h, before 0.1 mL 
water was added. After lOmin, the slurry was diluted with ether to 20mL, and 
0.1 mL IN NaOH and 0.3mL water were added. The resulting white slurry was 
stirred for 1 h before being filtered through a Celite pad. The filtrate was dried 
over magnesium sulfate, filtered, and evaporated to provide an oil (38.5 mg, 
quant.) that was pure enough by 1 H-NMR and TLC to be used in the next step 
without further separation. 
^H-NMR (CDCI3): in 8, 4.95 (m, 1H), 4.15 (m, 1H), 3.44 (m, 2H), 3.25 (S. 3H), 2.5 

(bs, 1H), 1.9-1.6 (m, 4H), 0.88 (m. 1H), 0.63 (d, J = 6.9Hz. 3H). 

I^c-NMR (CDCI3): In 8. 98.7, 80.2. 64.3. 54.5, 33.6, 29.4. 21.6. 12.9. 

OCH 3 

AcO 

2-(3*-Acetoxyprop-2'-yl)-5-methoxytetrahydrofuran (26) 
To a solution of the alcohol (25) (24.8 mg, 0.155 mmol) in 0.5mL pyridine 

was added 0.5mL acetic anhydride and 0.2mL acetyl chloride. The resulting 
solution was stirred for 4.5h at room temperature before the addition of 5mL 
sodium bicarbonate solution. The biphase was extracted with ethyl acetate (3 x 
lOmL), and the organic phase was washed with sodium bicarbonate (5mL), 
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copper sulfate solution (2 x 5mL). and brine (5mL). After drying (MgS04), the 
organic phase was immediately chromatographed (silica, hexanes to 9:1 
hexanes:ethyl acetate gradient). The expected product was isolated as a clear 
011(6.1 mg, 18%). 

••H-NMR (CDCb): in 8, 4.99 (m, 1H), 4.00 (m. 3H). 3.31 (s, 3H), 2.10 (s, 3H), 
2.16-1.53 (m, 4H), 0.98 (m, 1H), 0.68 (d, J = 7.0Hz. 3H). 

HO 
2',3*,5'-Trideoxy-5'-methyl-5'-hydroxymethylthymidine (27) 

To a slurry of lithium aluminum hydride (9.0 mg, 0.23 mmol) in ether (2 
mL) was added the ester (24) (11.7 mg, 0.041 mmol) in 1 mL ether. After 2h, 
the slurry was quenched by the addition of 0.05 mL water. The stirring was 
continued for 10 min and the slurry was diluted with ether (total volume 20 mL). 
Then, 0.05 mL IN NaOH was added, followed immediately by 0.15 mL water. 
After 1 h stirring, the slurry was filtered through Celite with ether, the filtrate was 
dried over magnesium sulfate, filtered, and concentrated to an oil (10 mg. 
quant.) that proved to be the desired product as a 7:3 mixture of epimers at the 
5' carbon according to i H-NMR. No chromatography was performed on the oil. 
because its purity was >90%. 
' •H-NMR (CDCI3): in 8. 8.9 (s, 1H), 7.19 (m, 1H), 6.23 (m, 0.3H), 5.53 (m, 0.7H), 
4.23 (m, 1H), 3.43 (m, 2H), 3.39 (S, 3H). 2.6 (bS. 1H), 2.1-1.6 (m. 4H), 1.12 (s, 

3H). 0.90 (m, 1H), 0.76 (d, J = 6.5Hz, 3H). 

OCH, 

HO 
cis-2-(3'-Hydroxy-1 '-propen-2'-yl)-5-methoxytetrahydrofuran (28) 

To a stirred solution of ds-a,p-unsaturated ester (44.4 mg. 0.239 mmol) 
in toluene (4 mL) at 0°C was added diisobutylaluminum hydride (DIBAL-H) (1.5 
M, 0.35 mL, 0.53 mmol) via syringe at a rate not to increase the temperature 
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more than 5°C. The resulting solution was stirred for 2 h at 0°C. After 0.5 h at 
room temperature, 5 drops methanol and 1 drop water were added causing a 
thick cloudy gel after 10 min. This gel was filtered through Celite with ether, 
dried over magnesium sulfate and filtered. The solvents were removed in 
vacuo to give 10.6 mg (28%) of a clear oil. 

GC/MS (isothermal, 90°C): Ri=5.8 min, in m/e, 141 (M-OH), 127 (M-OCH3). 
108,97,79,69,55,41. 
IR (CDCI3): In cm-1, 3422, 2990, 2917, 1717.8. 1654. 1458. 1440. 1207, 1033. 

^H-NMR (CDCI3): In 8, 5.08 (s. 2H); 499 (d, J=3.94 Hz, 1H); 4.62 (t, J=8.26 Hz. 

1H); 4.19 (s, 2H); 3.37 (s, 3H); 2.55 (s. 1H); 2.15-1.90 (m, 4H). 

X .̂ rLX..,H3 

AcO ^—' 
2-(3*-Acetoxy-1 '-propen-2'-yl)-5-methoxytetrahydrofuran (29) 

To a toluene (4.0 mL) solution of a,6-unsaturated ester (0.2030 g, 1.09 
mmol) at 0°C was added with stirring a solution of diisobutylaluminum hydride 
(1.5 M In toluene, 1.7 mL, 2.6 mmol) via syringe. After 0.5 h, acetic anhydride 
(1.0 mL) was added neat and the resulting solution stirred at 0°C for 6.5 h. 
Water (1 drop) was then added and the resulting thick grey gel was broken up 
by concentrated hydrochloric acid (1 drop). The reaction mixture was 
partitioned between water (20 mL) and ethyl acetate (10 mL). The aqueous 
phase was extracted with methylene chloride (4x10 mL). The organic extracts 
were combined, washed with saturated sodium bicarbonate (10 mL). dried 
(magnesium sulfate), and the solvents removed in vacuo. The resulting yellow 
oil was subjected to flash chromatography (7:3 hexane:ethyl acetate) providing 
0.1464 g (73%) of a 1:1 (cis.trans) mixture of the desired product as a clear oil. 
HPLC (98:2 hexane:ethyl acetate) Rf(cis)=12.5 min, Rf(trans)=16.0 min. 
GC/MS (isothermal, 95°C, Rt=7.0 min): m/e, 169 (M-31, -OCH3), 140 (M-60, 
-CH3COOH), 108,79,43. 

IR(neat): incm-1, 2952, 1718.7, 1633.6, 1438.9, 1368, 1206. 1103.1, 1046.9. 

1H-NMR (CDCI3): in 8, 5.27 (s, 1H); 5.13 (t, J = 1.3Hz, 2H); 4.98 (d. J = 3.2Hz. 

1H); 4.62 (s, 2H); 4.52 (m. 1H); 3.36 (s. 3H); 2.07 (s, 3H); 1.96 (m, 4H). 

13c-NMR(CDCl3): in 8, 170.6. 144.5, 113.2, 105.3,81.5.63.9.54.8.33.3,29.2, 

20.9. 
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AcO 
2',3',5'-Trideoxy-5'-methylene-5*-acetoxymethylthymidine (30a) 

To a stirred mixture of thymine (82.1 mg, 0.651 mmol) in 
hexamethyldisilazane (3.0 mL) and trimethylsllylchloride (0.5 mL) was added a 
single crystal of anhydrous ammonium sulfate. After 20 h under light reflux, the 
clear solution was codistilled with toluene (2x10 mL) to remove all traces of 
unreacted silylating reagents. The resulting oil was cooled to room temperature 
and a solution of 3'-acetoxy-2-(5'-methoxy-tetrahydrofuran-2'-yl)-1-propene 
(36.3 mg, 0.18 mmol) in methylene chloride (5 mL) was added. This was 
vigorously stirred overnight after addition of t-butyldimethylsilyl triflate 
(TBDMSOTf) (0.2 mL). The reaction was then quenched with 2.0 mL saturated 
aqueous sodium bicarbonate and stirred for 30 min. The mixture was extracted 
with ethyl acetate (2 x 50 mL), the extracts washed with brine (50 mL). and dried 
over magnesium sulfate. Filtration and evaporation of the solvents gave 74.1 
mg of a musty smelling paste. Chromatography (9:1 dichloromethane: 
Isopropanol) gave 23.3 mg (44%) of the desired product as a white paste. 
Reverse transcriptase assay: 122480/124054 cpm (30a/control) gives 2% 
inhibition at lOO îg/mL In DMSO. 

GCMS (El): Rt = 15.79mln. 294 (M+). 169. 127. 108, 79, 68. 55, 43. 
HREIMS: calcd for C14H18O5N2: 294.12157; found: 294.12068. 
I R - N M R (CDCI3): in 8, 8.29 (m, 1H). 7.2 (m, 1H), 6.12 (t, J = 5.5Hz. 1H), 5.24 
(m. 4H), 4.8-4.6 (m, 1H), 2.1-1.8 (m, 4H). 2.08 (s. 3H) 1.88 (d, J = 1.1. 3H). 
13C-NMR (CDCI3): in 8. 135.4, 114.3, 87.1, 85.7, 81.2, 80.5, 64.3, 63.9, 32.3, 
29.7, 20.9, (not all carbons reported). 
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AcO 

2\3',5'-Trideoxy-5'-methylene-5'-acetoxymethylcytidlne (30b) 
Nucleoside analog 30b was prepared In the same manner as 30a. 

Starting with the acetate (29) (0.5084 g, 2.54 mmol), the desired product was 

isolated In 14% yield (0.1046 g) as a clear slightly yellow oil after 

chromatography (silica. 95:5 dichloromethane:isopropanol). 

HO 

2',3',5*-Trideoxy-5*-methylene-5'-hydroxymethylthymidlne (31a) 
To a solution of the acetate (30a) (0.1046 g, 0.355 mmol) in methanol (2 

mL) was added methanollc ammonia (2 mL). The resulting solution was 

monitored by TLC until the starting material had completely disappeared (2.5 h). 

The solvents were then removed and the residue purified by prep TLC (silica, 

95:5 dichloromethane:isopropanol). The desired product was isolated as a 

clear oil (18.1 mg, 20%). 

UV-VIS: Amax = 267.6nm (e = 6774); 208.6nm (e = 6680). 

HREIMS: calcd for Ci2Hi403N2(M-H20): 234.10043; found: 234.10012. 

calcd for C7Hii02(M-C5H5N202): 127.07590; found: 127.07552. 
FABMS: 235. 195. 180, 169, 127. 99. 
I R - N M R (DMSO-de): in 8, 7.60 (s. 1H), 6.39 (s, 1H), 5.18 (t, J = 5.9Hz, 1H), 4.10 

(S, 2H), 3.91 (m, 1H), 3.00 (m. 2H). 2.24 (s. 3H), 1.5 (bs. 1H), 1.26-1.00 (m. 4H). 

13c-NMR(CDCl3): in 8, 170.8, 164.1. 145.5, 134.4, 113.6, 111.7.86.2,71.8, 

63.8,31.1,30.1,25.1. 
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2*,3',5'-Trideoxy-5'-methylene-5'-hydroxymethylcytidine (31 b) 
Compound 31 b was prepared In the same manner as 31 a. The desired 

product was Isolated after prep TLC (silica, 95:5 dichloromethane:isopropanol) 
in 29% yield (20.7 mg) as a yellow oil. 
UV-VIS: Xmax = 267.0 nm (e = 1249.0); 208.2 nm (e. = 2044.0). 

O 
Methyl 3-oxopropanoate ethylene acetal (34a) 

To the dimethyl acetal (33) (2.26 g, 15.3 mmol) In 15mL benzene was 
added a few crystals of p-toluenesulfonic acid, and 1,2-ethanediol (0.89 g, 15.4 
mmol). The resulting solution was slowly heated to reflux. After 30 min the 
solution was distilled at 1 atm and the benzene-methanol azeotrope was 
collected. The residue was distilled at reduced pressure (60°C, 2 mm Hg) to 
give 1.83 g (84%) of the previously known product93b-c (34a) as a pleasant-
smelling clear coloriess oil. 
GCMS (El): Rt = 4.05min, 145 (M-1), 131. 73, 45. 
1H-NMR (CDCI3): in 8, 5.24 (t, J = 5.2Hz, IR); 3.8 (m, 4H); 3.68 (s, 3H); 2.64 (d, 

J = 5.2Hz. 2H). 
13C-NMR (CDCI3): in 8, 169.91, 100.94, 65.04, 63.06, 39.70. 
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CH3O / 

V ^ o-
o 

Methyl 3-oxopropanoate phenylethylene acetal (34b) 
In the same manner as for the preparation of 34a, the product 34b was 

isolated by distillation (127-129°C, 2 mm Hg). The desired acetal 34b (as a 
72:28 mixture of cis and trans isomers) was obtained in 53% yield (1.80 g) as a 
clear coloriess fruity smelling oil. 
I R - N M R (CDCI3): in 8, 7.30 (s, 5H), 5.49 (t, J = 5.1Hz, 1H), 5.00 (m, 2H), 4.34 

(m, 0.28H), 4.18 (m, 0.72H), 3.64 (S, 3H). 2.83 (d, J = 5.2Hz. 1.44H). 2.76 (d, J = 

5.3Hz. 0.56H). 

''3C-NMR (CDCI3): in 8 (opposite Isomer in brackets), 169.5, 139.4,129.4 
(128.1), 127.9, 125.8 (125.9), 101.6 (101.8), 78.4 (77.2). 71.6 (72.4). 51.7. 39.6 
(39.9). 

="'°w<l3< 
O 

Methyl 3-oxopropanoate 2*,2'-dimethylpropene acetal (34c) 
Compound 34c was also prepared in similar fashion as 34a. Distillation 

of the compound (34c) at reduced pressure (70-74°C, 1.0 mm Hg) gave 2.62 g 
(92%) of the expected acetal as a clear coloriess oil possessing a pleasant 
odor. 

iR-NMR (CDCI3): in 8. 4.67 (t, J = 5.4Hz, 2H), 3.30 (d. J = 11.1 Hz, 4H). 2.47 (d. 

J = 5.4Hz, 2H). 0.99 (s, 3H), 0.54 (s, 3H). 

/ , 

OCH3 

ff— OCH3 
O 

3-Oxopropanal dimethyl acetal (35a) 
This compound (35a) (and the acetals 35b, c, and d) were prepared in 

two steps without isolation of the intermediate alcohol. To a slurry of lithium 
aluminum hydride (1.001 g. 26.4 mmol) In ether (50 mL) was added the ester 
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35a (1.29 g, 8.71 mmol) dropwise. After 30 min at room temperature, the grey 
slurry was quenched by the addition of 1 g water. After dilution to 200 mL. 1N 
NaOH (1 g) was added followed by water (1 g). The white slurry was stirred an 
additional hour, then filtered through Celite with ether (total volume 250 mL). 
The organic phase was dried over magnesium sulfate, and evaporated to 
provide 0.9456 g (90%) of the intermediate alcohol as a clear coloriess oil. 

The alcohol was added to a slurry of pyridlnlum chlorochromate (1.979 g, 
9.18 mmol) and magnesium sulfate (4 g) In 25 mL dichloromethane. After 3 h, 
the black precipitate was filtered through Florisil with ether (100 mL), dried 
(MgS04), and the solvents removed to provide 0.787 g (85%) of the desired 
product (35a) as a slightly yellow oil. The product aldehyde (35a) was used 
immediately without further purification. 
^H-NMR (CDCI3): in 8. 9.7 (bs, 1H). 4.76 (bs, 1H), 4.72 (S, 3H). 3.62 (s, 3H), 

2.62 (dd, J = 4.2, 14.2Hz, 2H). 

''3C-NMR (CDCI3): In 8, 198.9, 99.8. 52.9, 46.49. 

If 
O 

3-Oxopropanal ethylene acetal (35b) 
Compound 35b was prepared in the same manner as 35a. The yield of 

35b (obtained as a yellow oil) was 90% for the two steps. 
"•H-NMR (CDCI3): in 8, 9.77 (t, J = 2.1Hz, 1H); 5.24 (t, J = 4.3Hz, 1H); 3.90 (m, 
4H); 2.77 (dd, J = 2.1, 4.3Hz. 2H). 
13C-NMR (CDCI3): in 8. 199.32, 100.91. 65.12, 47.37. 
GCMS (El) Rt = 3.87mln, 166 (M+), 115. 88, 73, 57, 55. 45. 43. 

O ^ ^ P h 

^J Ii 
o 

3-Oxopropanal phenylethylene acetal (35c) 
Compound 35c was prepared in the same manner as 35a. The yield of 

35c (obtained as a yellow oil) was 52% for the two steps. 
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^H-NMR (CDCI3): In 8. 9.86 (t, J = 2.2Hz. 1H), 7.33 (s, 5H). 5.49 (t. J = 2.4Hz. 

1H), 5.07 (m, 2H), 4.24 (dd. J = 7.4, 7.7Hz. 1H), 2.91 (dd, J = 2.2. 7.5Hz, 2H). 

If 

O 

O 3< 
O 

3-Oxopropanal 2',2*-dlmethylpropene acetal (35d) 
Compound 35d was prepared in the same manner as 35a. The yield of 

35d (obtained as a yellow oil) was 79% for the two steps. 
iR-NMR (CDCI3): in 8, 9.81 (t, J = 2.0Hz, 1H), 4.86 (t, J = 2.9Hz, 1H), 3.52 (d. J 
= 11.2Hz. 4H). 2.68 (dd. J = 2.0. 2.9Hz. 2H), 1.17 (s. 3H). 0.72 (s. 3H). 

OTHP 

3-Tetrahydropyran-2*-yloxy-1 -propyne (37) 
To a solution of propargyl alcohol (2.9 g, 51.7 mmol) in dichloromethane 

(35 mL) was added a crystal of pTsOH. With stirring, a solution of 2,3-
dihydropyran (4.4 g, 52.3 mmol) in dichloromethane (10 mL) was added 
dropwise at room temperature. After 6 h, the dichloromethane was removed by 
rotary evaporation and the remaining liquid distilled to provide 5.4 g (75%) of 
the previously known product as a clear colorless oil (bp: 98-100 °C). The 
purity of the oil was verified by its 13c-NMR. 
13C-NMR (CDCI3): in 8, 96.1, 78.4, 73.7. 81.3, 53.4. 29.8. 25.0, 18.6. 

General procedure for preparation of 6-acetal-4-hydroxy-l-(tetra-
hydropyran-2*-yl)-2-hexynes 

A solution of n-BuLI (1.6 equiv) in hexane was added via syringe to a 
stirred solution of 3-(tetrahydropyran-2'-yloxy)-1-propyne (1.2 equiv) in 
tetrahydrofuran (10 mL) at -78°C. After 30 min at -78°C, the desired mono-
protected propanal (1 equiv) was added neat via syringe. The reaction mixture 
was then allowed to warm to room temperature and stirred for 1 h. The resulting 
red solution was quenched with aqueous ammonium chloride (10 mL) and 
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extracted with diethyl ether (2 x 30 mL), and ethyl acetate (30 mL). The 
combined organic extracts were washed with brine (30 mL). dried over 
magnesium sulfate, filtered, and the solvents removed in vacuo to give a thin 
orange oil. 

CHap 

OH 
6,6-Dimethoxy-4-hydroxy-1-(tetrahydropyran-2*-yloxy)-2-hexyne 
(38a) 

Chromatography (silica, gradient elution, hexane to 6:4 hexane: ethyl 
acetate) of the crude oil yielded 0.6744 g (40%) of a yellow oil that proved to be 
the desired product. 
1 H-NMR (CDCI3): in 8, 5.03-4.78 (m, 2H), 4.68 (m, 1H), 4.28 (m, 2H), 3.82-3.54 
(m, 2H), 3.36 (s, 3H) 3.33 (s, 3H), 3.06 (s, 1H), 2.08 (m. 2H), 1.81-1.51 (m. 6H). 
IR (neat) in cm-1, 3425, 2941. 2870, 2360. 1442, 1386, 1201. 1078. 970. 871, 
815. 
Anal, calcd for C13H22O5+IH2O: C, 56.50%; H, 8.67%. Found: C. 56.39%; 
H, 8.27%. 

OH 
6-(r,3'-Dloxolan-2'-yl)-4-hydroxy-1-(tetrahydropyran-2"-yloxy)-2-
hexyne (38b) 

Purification of the crude oil by chromatography (silica, 7:3 hexane: ethyl 
acetate) provided 0.362 g (11%) of the desired addition product as a deep red 

oil. 
1 H-NMR (CDCI3): in 8, 5.09 (t, J=4.4Hz, 1H), 4.76 (m, 1H), 4.65 (m. 1H), 4.26 

(m, 2H), 3.98-3.74 (m, 6H), 3.06 (s, 1H), 2.06 (m, 2H), 1.81-1.51 (m. 6H). 
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OH 
6-(4'-Phenyl-r,3'-dioxolan-2'-yl)-4-hydroxy-1-(tetrahydropyran-2"-
yloxy)-2-hexyne (38c) 

The crude oil was subjected to chromatography (silica, gradient elution 
9:1-1:9 hexane: ethyl acetate) gave 0.1864 g (65%) of the desired product as a 
thick yellow oil. The mixture of diastereomers was carried on to the next step 
without separation. 
GCMS (El): Rt= 14.30min, noM+, 149, 121, 104, 91, 77. 
IR-NMR (CDCI3): in 8, 7.333 (s, 2H), 7.330 (S. 3H), 5.51 (t, J=4.9Hz, 0.4H), 5.33 

(m, 0.6H), 5.02 (m, 1H), 4.79 (m. 2H). 4.41 (m. 0.6H). 4.30 (m. 2H), 4.24 (m, 

0.4H), 3.77 (m, 2H), 3.53 (m, 1H), 2.96 (S, IR). 2.24 (m, 2H), 1.82-1.41 (m, 6H). 

IR (neat) in cm-1, 3423, 3060, 2943. 2873, 1605, 1494, 1454, 1345, 1266, 1201, 

1133, 1084,903,737,700. 

OTHP 

6-(5',5'-Dlmethyl-r,3'-dioxan-2*-yl)-4-hydroxy-1-(tetrahydropyran-

2"-yloxy)-2-hexyne (38d) 
Chromatography of the crude oil (silica, 7:3 hexane: ethyl acetate) gave 

1.3925 g (67%) of the desired product as a slighty yellow oil. 
1 H-NMR (CDCI3): in 8, 4.75 (m, 3H), 4.26 (m, 2H), 3.62-3.39 (m, 6H), 3.20 (s. 
1H), 2.04 (m, 2H), 1.85-1.47 (m, 6H), 1.16 (S, 3H), 0.70 (s, 3H). 

122 



0CH3 

0CH3 
HÔ '̂  

1,1-Dimethoxy-4,5-hexadien-3-ol (39a) 

To a vigorously stirred suspension of LAH (0.3039 g. 8.0 mmol) in 50 mL 
diethyl ether was added a solution of 1,1-dimethoxy-6-(tetrahydropyran-2'-
yloxy)-4-hexyn-3-ol (1.0160 g, 3.9 mmol) in 5 mL diethyl ether. The resulting 
slurry was stirred for 1.5 h, at which point the resulting aluminum alkoxide was 
decomposed with water and 1 M NaOH according the the method of Fieser and 
Fieser. The resulting white slurry was filtered through a pad of Celite with 
diethyl ether, dried over anhydrous magnesium sulfate, filtered, and the 
solvents removed in vacuo to afford 1.9 g (>100%) yellow oil. Chromatography 
(silica, 95:5 to 8:2 hexane:ethyl acetate, gradient elution) gave 0.4864 g (79%) 
of the desired product as a viscous oil. 

1 H-NMR (CDCI3): in 8, 5.20 (q, J = 6.38Hz, 1H), 4.80 (dd. J = 2.66, 6.39Hz, 2H). 
4.57 (t, J = 5.60Hz, IR), 4.32 (m, 1H), 3.32 (s, 6H). 2.70 (s. 1H). 1.85 (dd, J = 
5.42Hz, 2H). 
''3C-NMR (CDCI3): In 8, 206.9, 149.9, 103.0, 94.7, 77.6, 66.1, 53.4, 39.3. 
IR (neat) in cm-1, 3435^ 2984, 2935, 2832, 1956, 1049, 849. 
HREIMS: Calc'd forC8Hl303+ (M-1) 157.0865, Found 157.0858. 

3-Hydroxy-4,5-hexadienal ethylene acetal (39b) 
The desired compound (39b) was prepared in the same fashion as 

compound 39a. The product after chromatography (silica. 95:5 to 8:2 
hexane:ethyl acetate, gradient elution) was isolated as a clear colorless oil 
(14%). 
I R - N M R (CDCI3): in 8, 5.25 (q, J = 6.3Hz, 1H), 5.05 (m, 1H), 4.83 (dd. J = 2.6. 
6.4Hz, 2H), 4.50 (bm, 1H). 3.93 (m. 4H). 2.9 (s, 1H), 1.97 (m, 2H). 
13C-NMR (CDCI3): in 8, 207.0, 103.2, 94.2, 78.7, 65.9. 64.9. 40.3. 
IR (neat): 3439. 2958, 2887, 1956, 1410. 1137. 1027, 944, 850. 
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HO 
3-Hydroxy-4,5-hexadienal phenylethylene acetal (39c) 

The preparation of 39c was accomplished in the same manner as the 
preparation of 39a. The desired product (39c) was isolated in 49% yield as a 
clear slightly yellow oil from the reaction mixture by chromatography (silica, 95:5 
to 8:2 hexane:ethyl acetate, gradient elution). Due to the complex signals in the 
NMR because of the mixture of diastereomers, the product was further 
elaborated without measuring exact spectroscopic data. 
1 H-NMR (CDCI3): in 8, 7.34 (m, 5H); 5.30 (m, 1H); 5.03 (m, 1H); 4.89 (m, 1H); 
4.56 (m, 1H); 4.18 (m, 1H); 3.9-3.4 (m, 6H); 2.67 (m, 2H). 2.07 (m, 2H), 1.8-1.4 
(m, 8H). 

3-Hydroxy-4,5-hexadienal 2',2*-dimethylpropylene acetal (39d) 
The preparation of 39d was accomplished using the method for the 

preparation of 39a. The desired product (39d) was isolated in 47% yield as a 
clear coloriess oil from the reaction mixture by chromatography (silica, 95:5 to 
8:2 hexane:ethyl acetate, gradient elution). 
I R - N M R (CDCI3): in 8, 5.24 (q, J = 6.7Hz. 1H), 4.82 (dd. J = 2.5, 6.4Hz, 2H), 
4.68 (t, J = 4.7Hz, 1H), 4.52 (m, IR), 3.45 (bm. 4H), 1.92 (m. 2H). 1.18 (s. 3H), 
1.13 (s,3H). 
13C-NMR (CDCI3): in 8, 207.0, 100.7, 94.24, 77.4. 65.9, 60.4. 41.2, 30.2. 22.9, 

21.8, 14.1. 
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THPO 
OCR 

OCH3 

6-(Tetrahydropyran-2*-yloxy)-3,4-hexadienal dimethyl acetal (40a) 
As an example, compound 40a was also isolated in varying yield by 

column chromatography (same isolation system as that for 39a) from the 
reaction mixture that generated 39a. 

iR-NMR (CDCI3): in 8, 5.78 (m. 2H), 4.61 (m, 2H), 4.30 (m, 2H), 3.93 (m, 2H). 

3.34 (s, 3H), 3.30 (s, 3H), 1.79 (t. J = 5.9Hz, 2H), 1.80-1.43 (m. 6H). 

tBDMSO 
6,6-Dimethoxy-4-(t-butyldimethylsilyloxy)-1,2-hexadiene (42) 

To a solution of 39a (0.228g. 1.75 mmol) In dichloromethane (2 mL) was 

added 0.2 mL 2.6-lutidine and with stirring under nitrogen at 0°C tBDMSOTf 

(0.5 mL, xs). After TLC indicated the disappearance of starting material (30min). 

the brown reaction mixture was partitioned between 15 mL ether and 10 mL 

sodium bicarbonate. The aqueous phase was extracted with ether (2x15 mL). 

The combined organic phases were washed with brine (20 mL). dried (MgS04). 

and evaporated to 0.7 g yellow oil. Separation of this oil by chromatography 

(silica, hexanes to 95:5 hexanes:ethyl acetate gradient) gave 0.299 g (63%) of 

the desired product as a clear colorless oil. 

GCMS (El) Rt = 7.81 min; 215 (M - C4H9), 183, 157, 127, 100. 89. 75, 57. 

I R - N M R (CDCI3): In 8, 5.10 (q, J = 6.7Hz. 1H). 4.73 (dt. J = 1.2. 6.6Hz, 2H), 

4.50 (t. J = 5.6Hz, IR). 4.27 (m. 1H). 3.31 (s. 6H), 1.82 (t, J = 6.2Hz. 2H) 0.87 (s, 

9H). 0.02 (s, 6H). 

13C-NMR (CDCI3): in 8, 207.2. 101.9, 94.6, 94.0, 76.3, 68.1, 41.4, 25.8. -0.02. 

-4.3. -5.0. 
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tBDPSO 
6,6-Dimethoxy-4-(t-butyldlphenylsilyloxy)-1,2-hexadiene (43a) 

A solution of 39a (0.216 g, 1.37 mmol). imidazole (0.102g. 1.50 mmol). 

4.4-dimethylaminopyridine (0.022 g. 0.18 mmol). and t-butyldiphenylsilyl 

chloride (0.425 g. 1.55 mmol) in 3 mL dichloromethane was stirred overnight at 

room temperature. The resulting solution was added to pH 7 buffer (3 mL) and 

extracted with ether (3x10 mL). The combined extracts were washed with 

water (5 mL) and brine (5 mL) and dried over magnesium sulfate. Evaporation 

of the solvents gave an oil. Chromatography (silica, hexanes to 95:5 

hexanes:ethyl acetate gradient) gave 0.401 g (74%) of a clear coloriess oil that 

proved to be the desired product by NMR. 

I R - N M R (CDCI3): in 8, 7.71 (m, 4H), 7.39 (m, 6H). 5.13 (q, J = 1.2Hz. 1H). 4.56 

(m, 4H), 3.22 (s, 3H), 3.18 (s, 3H), 1.95 (m, 2H), 1.08 (s. 9H). 

13C-NMR (CDCI3): in 8, 207.54. 135.98, 135.91, 134.78. 129.56, 129.45. 

127.50. 127.36, 101.73, 93.84, 75.99, 69.21, 53.15. 51.98, 41.20, 26.95, 19.30. 

IR (neat): in cm-1,3070, 2955, 2857, 1957, 1589, 1472, 1428, 1393. 1367, 1138, 

1112, 1086, 1060, 965, 928, 847, 822, 739, 702, 612. 504. 

GCMS (El) Rt = 7.81min: 215 (m - C4H9), 183, 157, 127, 100, 89,75. 57. 

Anal, calcd for C24H3203Si: C, 72.68%; H, 8.13%. Found: C, 72.67%; H. 

7.94%. 

tBDPSO 
3-t-Butyldiphenylsilyloxy-4,5-hexadienal 2\2'-dlmethylpropylene 

acetal (43d) 
In the same manner as for the preparation of 43a, the desired silyl ether 

(43d) was isolated from the reaction mixture by column chromatography (silica, 

126 



hexanes to 95:5 hexanes:ethyl acetate gradient) in 95% yield as a clear 
coloriess oil. 

IR (neat): 3070, 3048, 2955, 1957, 1890, 1822, 1777, 1732, 1589, 1472. 1428, 
1393. 1367, 1112, 847, 702, 504. 

tBDPSO 

3-t-Butyldiphenylsilyloxy-4,5-hexadienal (44) 
Method A: The deprotection of 43a was accomplished by addition of 1 

mL 50% trifluoroacetic acid to a solution of 43a (86.8 mg, 0.219 mmol) in 1 mL 

chloroform at 0°C. The resulting solution was stirred for 2 h. then added to 5 mL 

sodium bicarbonate solution and extracted with chloroform (3x5 mL). The 

extracts were washed with water (5 mL) and dried (MgS04). The solvents were 

removed in vacuo and the residue chromatographed (short path, silica, 

hexanes to 95:5 hexanes:ethyl acetate gradient). The desired product (44) was 

obtained as a yellow oil (62.2 mg, 81%). 

Method B: Oxidation of 53b (1.255 g, 3.56 mmol) in dichloromethane 

(100 mL) was accomplished by the addition of magnesium sulfate (10 g) and 

pyridlnlum chlorochromate (1.2 g, 5.6 mmol). After 4h, the black slurry was 

filtered through Florisil with ether (200 mL), and the solvents were evaporated. 

The resulting oil (1.095 g, 88%) was used without further purification. 

Optical rotation of the compound containing 26%ee: [ak = -6.53 (c 2.7, 

chloroform). 
MS (FAB): no M+, 331, 309, 293. 249, 225. 199, 183, 77. 

IR (neat): 3071, 2930, 2830, 1956, 1724, 1680, 1472. 1427, 1362, 1112, 870. 

1H-NMR (CDCI3): in 8, 9.76 (t, J = 2.3Hz, 1H), 7.72 (m, 4H), 7.40 (m, 6H), 5.21 

(q, J = 6.7Hz, 1H), 4.65 (m, 3H), 2.62 (m, 2H), 1.09 (s, 9H). 
13C-NMR (CDCI3): in 8, 206.9, 201.0, 135.5, 133.1, 129.5. 127.2. 93.1, 76.0, 

67.1.50.5,26.7,18.9. 

HREIMS: calcd for Ci8Hi702Si (M-C4H9): 293.0998; found: 293.1001. 
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THPO 

3-(Tetrahydropyran-2'-yloxy)-1-propanol (46a) 

To 1,3-propanediol (20.1 g, 0.26 mol) in 40 mL dichloromethane 
containing a catalytic amount of p-toluenesulfonic acid at 0*'C was added 2.3-
dihydropyran by addition funnel. The resulting solution was stirred from 0°C to 
room temperature (5 h). The solvents were removed, and the residue 
chromatographed (silica, hexanes to 7:3 hexanes:ethyl acetate gradient) to give 
the desired monoprotected diol (46a) (16.3 g. 47%) as a clear colorless oil. 
iR-NMR (CDCI3): in 8, 4.34 (m, 1H), 3.65 (m, 2H), 3.47 (t, J = 6.1Hz, 2H), 3.32 (t, 

6.1Hz, 2H). 1.59 (p, J = 6.1Hz. 2H). 1.51-1.22 (m. 6H). 

13C-NMR (CDCI3): in 8. 98.5. 64.8, 61.8, 59.7. 31.9. 30.2. 24.9. 19.2. 

MPMO 
3-(p-Methyoxyphenylmethoxy)-1 -propanol (46b) 

The monobenzylation of propanediol was accomplished through the use 
of the trichloroacetimide. A slurry of sodium hydride (0.5 g, 12.0 mmol) in 
mineral oil was added to a solution of p-methoxyphenylmethanol (17.1 g, 123.8 
mmol) in ether (100 mL). After 4h. trichloroacetonitrile (12.4 mL, 123.6 mmol) 
was added via syringe dropwise at 0°C. The flask was warmed to room 
temperature after 30min and then quickly washed with sodium bicarbonate (50 
mL), brine (50 mL), and dried (MgS04). The yellow organic phase was filtered 

and the solvents removed. The residue was then dissolved in dichloromethane 
(50 mL) and the diol (6.4 g, 84.0 mmol) and PPTS (0.9 g, 4.0 mmol) were added 
at 0°C (NOTE: temperature increased rapidly). The solution was stirred 
overnight at room temperature during which time a white precipitate formed. 
The precipitate was triturated with hexane:dichlormethane (1:1) and filtered. 
Removal of the solvent in vacuo gave 21.6 g of an oil that was 
chromatographed (silica, hexanes to 7:3 hexanes:ethyl acetate gradient) to 
provide 8.9 g (54%) of the desired product as a clear coloriess oil. 
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"•H-NMR (CDCI3): in 8, 7.20 (m, 2H), 6.80 (m. 2H). 4.39 (s. 2H). 3.74 (s. 3H). 
3.69 (t. J = 5.9Hz. 2H). 3.56 (t. J = 5.9Hz. 2H). 2.6 (bs. 1H). 1.79 (p. J = 5.9Hz. 
2H). 

''3c-NMR(CDCl3): in 8, 136.1. 129.2, 113.6, 113.2,72.7,68.7,61.4.55.1,32.1 

tBDPSO 
3-(t-Butyldlphenylsilyloxy)-1 -propanol (46c) 

The monosllyl propanediol 46c was prepared with the method used for 
the preparation of 46a. From tBDPSCI (3.9 g, 26 mmol) in dichloromethane 
(100 mL) containing Imidazole (2.7 g. 40 mmol), catalytic DMAP, and the diol 
(2.4 g. 32 mmol) was obtained after chromatography (silica, hexanes to 7:3 
hexanes .ethyl acetate gradient) 2.5 g (47%) of the desired product (46c) as a 
clear coloriess oil. 
1H-NMR (CDCI3): in 8, 7.67 (m, 4H), 7.35 (m, 6H), 3.82 (t, J = 5.7Hz, 2H), 3.81 
(t. J = 5.7Hz. 2H), 2.67 (bs. 1H). 1.79 (p, J = 5.7Hz, 2H), 1.04 (s. 9H). 
13C-NMR (CDCI3): In 8, 135.4, 133.1. 129.6, 127.6. 62.9. 60.8. 34.3. 26.7. 18.9. 

THPO 
3-(Tetrahydropyran-2*-yloxy)-propanal (47a) 

A solution of 46a (3.0 g. 21.0 mmol) in dichloromethane (15 mL) was 
added to a stirred slurry of PCC (6.4 g. 29.6 mmol) and MgS04 (20 g) in 
dichloromethane (150 mL). After 6 h, the black suspension was filtered with 
suction through Florisil with ether (150 mL) and the resulting filtrate evaporated 
to give 2.75 g (92%) of the desired product as a yellow oil. It was used without 
further purification. 
iR-NMR (CDCI3): in 8, 9.63 (m, 1H), 4.46 (m, 1H), 3.92 (m, 1H), 3.64 (m, 2H), 
3.33 (m, 1H). 2.52 (t. J = 5.8 Hz, 2H). 1.8-1.4 (m. 6H). 
13C-NMR (CDCI3): In 8. 200.95. 98.53, 61.75. 60.82, 43.43. 33.07. 25.40. 
19.93. 
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^ = 0 

MPMO 
3-(p-Methoxyphenylmethoxy)-propanal (47b) 

A solution of 46b (1.15 g, 5.9 mmol) in dichloromethane (5 mL) was 
added to a stirred slurry of PCC (1.36 g, 6.3 mmol) and MgS04 (10 g) in 
dichloromethane (75 mL). After 4h. the black suspension was filtered with 
suction through Florisil with ether (150 mL) and the resulting filtrate evaporated 
to give 0.88g (77%) of the desired product as a yellow oil. It was used without 
further purification. 
^H-NMR (CDCI3): in 8, 9.74 (t. J = 1.7Hz. 1H), 7.22 (m, 2H), 6.85 (m, 2H), 4.44 

(s, 2H), 3.78 (s, 3H), 3.66 (t, J = 6.2Hz, 2H), 2.63 (q, J = 6.5Hz, 2H). 

tBDPSO 
3-(t-Butyidiphenylsilyloxy)-propanal (47c) 

Neat 3-(t-butyldiphenylsilyloxy)-1-propanol (46c) (2.4 g, 7.6 mmol) was 
added to a suspension of MgS04 (10 g) and PCC (1.7 g, 7.9 mmol) in 
dichloromethane (80 mL). After 4h. the black suspension was filtered with 
suction through a small pad of Florisil with ether. The solvents were removed 
by rotary evaporation to provide 1.95 g (82%) of the desired product as a 
slightly yellow oil. The oil was immediately used without further purification. 
iR-NMR (CDCI3): In 8, 9.8 (t, 1H), 7.7-7.6 (m, 4H), 7.45-7.35 (m, 6H), 4.01 (t, 
J=6Hz, 2H), 2.59 (t, J=6Hz, 2H), 1.03 (s, 9H). 
13C-NMR (CDCI3): In 8, 201.93. 135.49. 133.14. 129.75, 127.70, 58.22, 46.30. 
26.67. 19.08. 
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THPO 

\ 

> 

-OTHP 

HO 
6-(Tetrahydropyran-2"-yloxy)-4-hydroxy-1-(tetrahydropyran-2'-
yloxy)-2-hexyne (48a) 

To the alkyne (37) (2.9 g, 0.0207mol) in 30 mL THF at -78°C was added 
nBuLi (12.0 mL, 24.0 mmol) via syringe. After 30min, the aldehyde 47a was 
added via syringe. The resulting solution was stirred at -78°C for 2h. then 
warmed to room temperature and quenched with water (20 mL). The aqueous 
phase was extracted with ether (30 mL). The combined organic phases were 
dried (MgS04) after a wash with brine (20 mL). Filtration and evaporation of the 
solvents gave 6g of a deep red oil. Chromatography (silica. 85:15 
hexanes:ethyl acetate) gave 3.7g (67%) of the desired product (48a) as a clear 
coloriess oil. 
I R - N M R (CDCI3): In 8, 4.78 (m, 1H), 4.59 (m, 2H), 4.26 (m, 2H), 4.1-3.7 (4H), 

3.56 (m, 2H), 2.90 (s, 1H). 1.98 (m, 2H), 1.8-1.3 (m, 12H) 

ISC-NMR (CDCI3): In 8. 98.86, 98.76, 96.55, 62.23, 61.81. 60.67. 60.28, 5413, 

36.85, 30.39. 30.08, 25.19, 20.19. 19.20, 18.86, 14.03. 

THPO 

•OMPM \ 

HO 

\-J~ 
6-(p-Methoxyphenylmethoxy)-1-(tetrahydropyran-2'-yloxy)-2-hexyn-
4-0I (48b) 

To a solution of alkyne (37) (0.36 g, 2.5 mmol) In THF (25 mL) at -78°C 
was added n-BuLI (1.75 mL, 2.5 mmol). After 30min at -78°C, the aldehyde 
(47b) (0.333 g, 1.72 mmol) was added via syringe. The resulting solution was 
vigorously stirred at -78°C for 4h, then quenched at 0°C by the addition of water 
(5 mL). The aqueous phase was extracted with ether (50 mL) and the 
combined organic phases washed with water (20 mL) and brine (20 mL). After 
drying (MgS04) the solvents were removed to provide an oil. Chromatography 
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(silica, 9:1 hexane:ethyl acetate) gave 0.461 g (80%) of the desired product as a 
slightly yellow oil. 

" •H-NMR (CDCI3): in 8, 7.21 (m, 2H), 6.82 (m, 2H). 4.75 (m, 1H), 4.56 (m, 1H), 

4.40 (S, 2H), 4.22 (s, 2H), 3.74 (m, 5H). 3.49 (m, 2H). 2.05-1.40 (m. 8H). 
""Sc-NMR (CDCI3): In 8. 129.8, 128.9. 127.7, 113.4, 96.2, 86.4. 80.1, 72.5. 66.6. 

61.5. 60.1. 54.8, 53.8, 36.8, 29.9. 25.0, 18.6. 

HREIMS: calcd for C19H25O5 (M-H): 333.1693; found: 133.1690. 

tBDPS 

°^^ 
OTHP 

y 

OH 
6-(t-Butyldiphenylsilyloxy)-1-(tetrahydropyran-2'-yloxy)-2-hexyn-4-
ol (48c) 

A solution of n-butyllithium in hexanes (1.6M, 4.0 mL, 6.4 mmol) was 

added via syringe to a stirred solution of propargyl THP ether (0.9 g. 6.4 mmol) 

in 50 mL THF at -78°C. After 1h, 3-(t-butyldiphenylsilyloxy)-propanal (1.9 g, 6.1 

mmol) In 5 mL THF was added via syringe. The resulting solution was stirred 

and slowly warmed to room temperature over a period of 12h. The red solution 

was quenched by the addition of water (5 mL) and diluted with ether (15 mL). 

The organic phase was separated and washed with NaHC03 (10 mL), brine 

(10 mL). dried (MgS04) and the solvents removed in vacuo to provide a red oil 

that was separated by flash chromatography (silica, 9:1 hexane:ethyl acetate). 

The desired product was obtained as a clear coloriess oil (1.3 g, 47%). 

1 H-NMR (CDCI3): in 8, 7.70-7.63 (m, 4H). 7.43-7.37 (m, 6H), 4.78 (m, 2H), 4.29 

(m, 2H), 4.03 (m, 1H). 3.82 (m, 2H). 3.53 (m. 1H). 3.33 (m. 1H). 1.69-1.50 (m. 

8H). 1.03 (S,9H). 

13C-NMR (CDCI3): in 8. 135.49. 132.86, 129.78, 127.73, 96.71. 86.42, 61.90, 

61.71, 61.51, 54.20. 38.69, 30.18. 26.71, 25.28, 22.60. 18.99, 14.08. 
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OTHP 

HO 

1 -(Tetrahydropyran-2*-yloxy)-4,5-hexadien-3-ol (49a) 
Method A: To a vigorously stirred suspension of lithium aluminum 

hydride (0.399 g, 10.5 mmol) In ether (50 mL) was added the alkyne (48a) 
(2.435 g, 8.13 mmol). The resulting slurry was stirred at room temperature for 

2h, then quenched by the addition of 0.3 mL water. After lOmin, the slurry was 

diluted with ether (100 mL) and 0.3 mL IN NaOH and 0.9 mL water were 

added. The resulting slurry was stirred for 1h at room temperature before 

filtration through a Celite pad. The filtrate was dried (MgS04). the solvents 

removed, and the oil purified by column chromatography (silica, 9:1 

hexane:ethyl acetate). The desired product (49a) was obtained as a clear 

colorless oil (0.738 g, 46%). 

Method B: A solution of D-diethyl tartrate (8.2 g, 40 mmol) in THF (100 

mL) was added to a slurry of hexane-washed sodium hydride (3.2 g, 80 mmol) 

in THF (20 mL) at 5°C. After the entire reaction had solidified (0.5h). tin 

dichloride (3.8 g, 20 mmol) was added in one portion at Ô C causing immediate 

fluidation and the mixture stirred for 2h. Then, propargyl bromide (4.8 g, 30 

mmol) was added via syringe, and the resulting solution stirred for 6h at 0°C. A 

solution of the aldehyde (47a) (-3.0 g, -21 mmol) in THF (20 mL) was added 

and the slurry stirred overnight at -5°C. The reaction was quenched with 

sodium bicarbonate solution (30 mL), diluted with ether (100 mL), and the 

organic phase washed with sodium bicarbonate solution (3 x 30 mL), brine (30 

mL), and dried (MgS04). Evaporation of the solvents gave an oil that was 

separated by chromatography (silica, hexanes to 7:3 hexanes:ethyl acetate) to 

provide 1.4g (35%) of the desired product (49a) as a clear coloriess oil. 

[a]D = +0.37 (c 2.67, Chloroform). 

Integration of individual peaks in the i H-NMR containing Eu(hfc)3 indicated a 

23%ee. 

Method C: To a solution of R,R-dltosylstien (2.03 g, 3.89 mmol) In 

dichloromethane (15 mL) under a static atmosphere of argon was added 

tribromoborane (3.8 mL, 3.8 mmol) at 0°C. After 1h. the solvents were removed 

by vacuum (2mm Hg) and codistilled with dichloromethane (15 mL) at reduced 

pressure (2mm Hg). The resulting precipitate was dissolved in 
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dichloromethane (15 mL) and at 0°C tributylstannyl allene (1.10 mL. 3.75 mmol) 
was added and the yellow solution stirred at 0°C for 7.5h. The aldehyde (47a) 
(-0.5 g. -3.5 mmol) was added and the solution was stirred overnight at -78°C. 
The reaction mixture was quenched with pH 7 buffer (10 mL) at -78°C and 
separated. The organic phase was evaporated to dryness, dissolved In 
ether:hexane (3:1) (50 mL), and filtered. The precipitate so obtained was 
determined to be the chlral auxiliary (>97% recovery). The filtrate was 
evaporated and the resulting oil separated by chromatography (silica, hexanes 
to 8:2 hexanes:ethyl acetate gradient). The desired product was obtained as a 
clear coloriess oil (0.2628 g. 47%). 
[a]D = +2.05 (c 1.22, Chloroform) Indicates >98%ee. 
GC/MS: Rf= 11.3 min, 198 (M+), 184, 159. 101,85,79,67.57,55. 
"I H-NMR (CDCI3): in 8, 5.26 (q, J = 5.2Hz, 1H), 4.82 (m, 2H). 4.56 (m. 1H), 4.39 

(m, 1H). 3.84(m. 2H). 3.48 (m. 2H), 2.50 (bs. 1H). 1.9-1.5 (m. 8H). 
^3C-NMR (CDCI3): In 8. 207.06. 99.10, (98.88), 94.75, (94.41), 77.32. 68.49. 

(67.99). 65.30, (65.09), 62.53, (62.15), 36.55, 30.75, (30.68), 25.43. 19.43. 
(19.34). 

•OMPM 

HO 
6-(p-Methoxyphenylmethoxy)-1,2-hexadien-4-ol (49b) 

Method A: To a stirred slurry of lithium aluminum hydride (0.042 g. 1.11 
mmol) in ether (20 mL) was added the alkynol (0.2780 g. 0.83 mmol). After lh. 
the slurry was quenched by the addition of 0.2 mL water. 0.2 mL 5% sodium 
hydroxide, and 0.6 mL water. The resulting white slurry was stirred overnight, 
then filtered through a plug of Celite with ether. The solution was dried 
(MgS04) and the solvents removed in vacuo to give an oil that was immediately 
separated (silica, 85:15 hexane:ethyl acetate) to give 0.0856g (44%) clear 
coloriess oil. 

Method B: A solution of D-diethyl tartrate (4.1 g. 20 mmol) in THF (50 mL) 
was added to a slurry of hexane-washed sodium hydride (1.6 g, 40 mmol) in 
THF (10 mL) at 5°C. After the entire reaction had solidified (0.5h), tin dichloride 
(1.9 g. 10 mmol) was added In one portion at 0°C and the mixture stirred for 2h. 
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Then, propargyl bromide (2.4 g. 15 mmol) was added via syringe, and the 
resulting solution stirred for 6h at 0°C. A solution of the aldehyde (47c) (-2.4 g, 
-12 mmol) in THF (10 mL) was added and the slurry stirred overnight at -5°C. 
The reaction was quenched with sodium bicarbonate solution (30 mL). diluted 
with ether (100 mL). and the organic phase washed with sodium bicarbonate 
solution (3 X 30 mL). brine (30 mL). and dried (MgS04). Evaporation of the 
solvents gave an oil that was separated by chromatography (silica, hexanes to 
7:3 hexanes:ethyl acetate) to provide 2.3g (82%) of the desired product (49b) 
as a clear coloriess oil. 

Integration of individual peaks in the i H-NMR containing Eu(hfc)3 indicated a 
26%ee. 

Method C: To a solution of R.R-ditosylstien (0.377 g, 0.725 mmol) in 
dichloromethane (5 mL) under a static atmosphere of argon was added 
tribromoborane (0.7 mL. 0.7 mmol) at 0°C. After lh, the solvents were removed 
by vacuum (2mm Hg) and codistilled with dichloromethane (5 mL) at reduced 
pressure (2mm Hg). The resulting precipitate was dissolved in 
dichloromethane (5 mL) and at 0°C tributylstannyl allene (0.22 mL, 0.67 mmol) 
was added and the yellow solution stin-ed at 0°C for 5h. The aldehyde (47c) 
(-0.2 g, -1 mmol) was added and the solution stirred overnight at -78°C. The 
reaction mixture was quenched with pH 7 buffer (10 mL) at -78°C and 
separated. The organic phase was evaporated to dryness, slurried with 
ether:hexane (3:1) (10 mL), and filtered. The precipitate so obtained was 
determined to be the chlral auxiliary (>97% recovery). The filtrate was 
evaporated and the resulting oil separated by chromatography (silica, hexanes 
to 8:2 hexanes:ethyl acetate gradient). The desired product was obtained as a 
clear colorless oil (0.176 g, 99%). 
The enantiomeric excess (s98%) was determined by 19F-NMR of the 
corresponding Mosher ester. 
EIMS: 234,233, 185, 137, 121. 
1H-NMR (CDCI3): in 8, 6.78 (m, 2H), 5.12 (q. J=:6.5Hz, 1H), 4.72 (dd, J=2.4, 
6.5Hz. 2H), 4.35 (S, 2H), 4.31 (m, 1H), 3.70 (s, 3H). 3.55 (m. 2H). 2.90 (bs. 1H). 
1.77 (m,2H). 
13C-NMR (CDCI3): in 8, 206.89, 159.03. 129.95, 129.09, 128.30. 113.59. 
94.29. 76.88, 72.66, 64.42, 54.99. 36.50. 
HRMS calcd for C14H18O3: 234.1256, found 234.1247 
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HO 

4,5-Hexadien-1,3-diol (50) 

Method A: To a slurry of lithium aluminum hydride (0.1 g, 2.6 mmol) in 

ether (50 mL) at room temperature was added the alkyne (48b) (1.3 g, 2.9 

mmol). After 2h at room temperature, TLC indicated complete conversion of the 

starting material to a new lower Rf material. The slurry was worked up in the 

usual manner to afford a crude oil. Chromatography (silica. 85:15 hexane:ethyl 

acetate) gave 0.7g (94%) tBDPSOH and 0.27g (82%) product (50). 

Method B: To a stirred solution of the THP ether (51a) (0.227 g. 0.727 

mmol) in methanol (1 mL) was added 0.1 mL concentrated sulfuric acid. After 

lh . the reaction had turned pink, and TLC indicated the starting material had 

dissappeared. The reaction mixture was added to water (10 mL) and extracted 

with ethyl acetate (3 x 20 mL). The organic phase was washed with brine (20 

mL), dried (MgS04), and evaporated to give a slightly yellow oil (0.113 g. 

quant.). The product was isolated pure without further separation. 

GCMS (El) Rt = 6.44min: 112 (M-2). 110. 108.82,54. 

iR-NMR (CDCI3): in 8, 5.27 (q, J = 6.28Hz, 1H); 4.86 (dd, J = 2.3, 6.8Hz, 2H); 

4.44 (m, 1H); 3.85 (m, 2H); 2.18 (bs, 2H); 1.82 (m. 2H). 

13C-NMR (CDCI3): in 8. 206.9. 94.3. 77.2. 68.4, 60.2, 38.5. 

•OTHP 

tBDMSO 
6-(Tetrahydropyran-2'-yloxy)-4-(t-butyldimethylsilyloxy)-1,2-

hexadiene (51a) 
To a solution of the alcohol (49a) (0.553 g. 2.79 mmol) in 

dichloromethane (10 mL) was added 2,6-lutidine (0.5 mL. 4.3 mmol) at 0°C. 

After 5min, a syringe of tBDMSOTf (0.75 mL, 2.83 mmol) was added dropwise. 

The resulting solution was stirred for 30min, then partitioned between ether (20 

mL) and bicarbonate solution (20 mL). The aqueous phase was extracted with 

ether (20 mL), washed with brine (20 mL). dried over magnesium sulfate, and 
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evaporated to an oil. Separation of the oil by column chromatography (silica. 

95:5 hexanes:ethyl acetate) gave 0.755g (87%) of the desired compound (51a) 
as a clear coloriess oil. 

^H-NMR (CDCI3): in 8, 5.11 (dq, J = 2.3, 6.8Hz. 1H); 4.71 (m. 2H); 4.54 (I J = 

3.1Hz. 1H); 4.32 (dp, J = 1.5, 7.2Hz, IR); 3.79 (m, 2H); 3.44 (m. 2H); 1.81 (m. 

2H); 1.57 (m, 6H); 0.86 (s, 9H); 0.07 (s, 6H). 

''3C-NMR (CDCI3): in 8, 207.4. 150.2. 98.84., 94.86, 76.17, 76.07, 68.80, 68.23. 

64.10, 63.66. 62.22, 38.53. 31.58. 30.73, 25.86. 25.68, 25.50. 22.64. 19.58. 
14.11,-2.95,-4.29,-5.02. 

OMPM 

tBDMSO 
6-(p-Methoxybenzyloxy)-4-(t-butyldimethylsl lyloxy)-1,2-hexadiene 
(51b) 

To a solution of 6-(p-methoxybenzyloxy)-1,2-hexadien-4-ol (0.1794 g, 

0.766 mmol) in dichloromethane (30 mL) at 0°C was added 2,6-lutidine (0.5 

mL). Dropwise addition of t-butyldimethylsilyltrifluoromethanesulfonate 

(tBDMSOTf) (0.20 mL) was followed by stirring the resulting solution at room 

temperature for 4h. The reaction mixture was extracted with sodium 

bicarbonate (2 x 20 mL), brine (20 mL), and combined with a single 

backextraction (ether, 20 mL). The solution was dried over magnesium sulfate, 

filtered, and evaporated to provide an oil. Chromatography (silica, hexane to 

9:1 hexane:ethyl acetate gradient elution) of the oil gave 0.2644g (99%) of the 

expected product as a clear coloriess oil. 

MS (FAB): 349 (M+H), 347, 251. 183. 121. 

iR-NMR (CDCI3): in 8, 7.23 (m, 2H), 6.85 (m, 2H), 5.06 (q, J=6.8Hz, 1H), 4.71 

(dt. J=4.0,6.8HZ, 2H). 4.41 (s. 1H), 4.38 (s, 1H). 4.35 (m, 1H), 3.78 (s, 3H), 3.50 

(m. 2H), 1.81 (m, 2H), 0.88 (S, 9H). 0.05 (s, 6H). 

13C-NMR (CDCI3): In 8, 207.29, 159.09, 130.60, 129.28. 127.49. 113.70, 

94.81, 76.17, 72.65. 68.30. 66.44, 55.23, 38.51. 25.83, -4.30, -5.02. 
HRMS: calcd for Ci7H2903Si 309.1885, found 309.1886; 

calcd for CioHl90Si 183.1205, found 183.1204. 
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OTHP 

tBDPSO 
6-(Tetrahydropyran-2'-yloxy)-4-(t-butyldlphenylsilyloxy)-1,2-
hexadiene (52a) 

To a solution of the alcohol (49a) (2.38 g, 12.0 mmol) in 
dichloromethane (100 mL) was added a catalytic amount of DMAP. imidazole 
(1.59 g. 23.0 mmol), and tBDPSCI (2.7 g, 10 mmol). This was stirred at room 
temperature overnight, then added to sodium bicarbonate solution (20 mL), and 
washed with sodium bicarbonate solution (2 x 20 mL). The organic phase was 
dried (MgS04) and evaporated to an oil. The oil was chromatographed (silica, 
hexane to 9:1 hexane:ethyl acetate gradient elution) to provide 2.26g (92%) of 
the expected product as a clear coloriess oil. 

MS (FAB) in p-nitrobenzyl alcohol / Nal matrix: 459, 435, 295, 199, 135, 105. 
iR-NMR (CDCb): in 8, 5.19 (m, 1H), 4.75 (m, 2H), 4.52 (s, 1H), 4.31 (m, IR), 
3.84 (m, 2H), 3.47 (m, 2H), 3.08 (bs, 1H), 1.9-1.4 (m. 8H). 
13C-NMR (CDCI3): In 8, 206.9. 98.9. 94.3, 76.9. 68.0, 64.9. 62.3, 36.5, 30.5, 
25.1, 19.4. 
HRFABMS: calcd for C27H3603SiNa: 459.2331. found: 459.2332. 

•OMPM 

tBDPSO 
6-(p-Methoxybenzyloxy)-4-(t-Butyldiphenylsiloxy)-1,2-hexadiene 
(52b) 

To the alcohol (49b) (2.0 g. 8.5 mmol) in dichloromethane (50 mL) was 
added imidazole (1.5 g, 22 mmol), a catalytic amount of DMAP, and tBDPSCI 
(1.4 g, 5.1 mmol). After 4h, the reaction was diluted with ether (100 mL) and 
washed with saturated aqueous sodium bicarbonate (3 x 20 mL). dried 
(MgS04), and the solvents removed in vacuo to give an oil. Separation of the 
oil by column chromatography (silica, hexane to 9:1 hexane:ethyl acetate 
gradient elution) provided 3.9g (97%) of the desired product as a clear coloriess 
oil. 
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^H-NMR (CDCI3): In 8, 7.69 (m, 6H), 7.37 (m, 8H), 5.10 (m, 1H), 4.51 (m, 3H), 
4.05 (m, 1H), 3.79 (m. 2H). 3.44 (m, 2H). 2.33 (m, 2H). 2.05-1.40 (m, 6H), 1.07 
(S. 9H). 

''3C-NMR (CDCI3): in 8, 207.5, 135.9, 134.0, 129.8, 127.5, 98.4, 94.1, 81.1. 

75.9, 69.5, 63.4, 62.1, 38.3, 31.6, 26.5, 19.4. 

tBDMSO 
4-(t-Butyldimethylsiloxy)-1,2-hexadien-6-ol (53a) 

A solution of the MPM ether (52a) (0.0991 g, 0.284 mmol) in 10 mL 
dichloromethane was added to 2 mL pH 7 Buffer. This was vigorously stirred 
while powdered 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (0.0810 g, 
0.357 mmol) was added at once. After l h , the reaction was washed with 
sodium bicarbonate (4 x 20 mL) after dilution with ether (20 mL). The organic 
phase was combined with a single backextraction (ether, 20 mL) and dried 
(MgS04). Filtration and evaporation of the solution gave an oil that was 

chromatographed (silica, pet ether - 8:2 pet ether:ethyl acetate gradient) to give 

54% recovered starting material and 0.0535g (90%) of the desired product as a 

colorless oil. 

iR-NMR (CDCI3): in 8, 5.13 (q, J=6.8Hz, 1H), 4.74 (dt, J=2.1,6.3Hz, 2H), 4.43 

(m, 1H), 3.73 (m, 2H). 2.49 (bs. 1H), 1.79 (m, 2H). 0.86 (s, 9H), 0.06 (s, 3H), 0.05 

(S, 3H). 
13C-NMR (CDCI3): In 8, 207.39, 164.53, 94.18, 70.58, 60.13. 55.47, 39.81, 

25.71,-4.36,-5.18. 

HREIMS: no M+ noted; 
calcd for CiiH2i02Si: 213.1367; found: 213.1296. 
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•OH 

tBDPSO 
4-(t-Butyldiphenylsiloxy)-1,2-hexadien-6-ol (53b) 

Method A: To the oil (52a) (2.25 g. 5.17 mmol) dissolved in methanol 

(50 mL) was added a catalytic amount of p-toluenesulfonic acid. After 4h at 

room temperature, the solution was diluted with ether (100 mL) and washed 

with sodium bicarbonate (3 x 20 mL), dried (MgS04), and evaporated to an oil. 

Chromatography (silica, hexane to 7:3 hexane:ethyl acetate) of the oil gave 

1.822g (quant.) of a clear coloriess oil that proved to be the desired product 

(53b). 

Method B: To compound 52b (0.997 g, 2.11 mmol) in dichloromethane 
(30 mL) at room temperature was added pH 7 buffer (20 mL) followed by 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (0.549 g, 2.4 mmol) with 
vigorous stirring. After 3 h, the biphasic mixture was diluted with ether (100 mL) 
and washed with sodium bicarbonate solution (3 x 20 mL). The organic phase 
was dried (MgS04) and evaporated to give a yellow oil. The oil was 

immediately dissolved in 8:2 ethanol:water (30 mL) and stirred overnight with 

0.7 g sodium acetate and 0.4 g semlcarbazide hydrochloride. The solvents 

were evaporated and the residue dissolved in ether (100 mL), filtered, dried 

(MgS04), and evaporated to an oil. Purification of the oil by chromatography 

(silica, hexane to 7:3 hexane:ethyl acetate) gave 0.743 g (quant.) of a clear 

colorless oil that by NMR proved to be the desired product (53b). 

MS (FAB): no M+, 295, 255, 199, 177, 139, 105, 77. 

1H-NMR (CDCI3): in 8, 7.71 (m, 4H), 7.36 (m, 6H), 5.12 (m, 1H). 4.50 (m. 2H). 

4.07 (m, 1H), 3.50 (m, 2H), 2.31 (m, 2H), 0.97 (s, 9H). 
HREIMS: no M+noted, calcd for Ci8Hi902Si (M-C4H9): 295.1154; found: 

295.1159 
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Ph Ph 

H 
N. N 

2,2-Splrocyclohexane-4,5-dlphenyl-2H-imidazole(54) 
The imidazole was prepared by the method outlined in reference 24a. 

The resulting green solid was obtained in >99% yield with no impurities visible 
using NMR spectroscopy. It was immediately reduced without recrystalizatlon. 
I R - N M R (CDCI3): in 8, 7.47 (m, 10H), 1.95 (m, 4H), 1.74 (m. 6H). 
'•3C-NMR (CDCI3): in 8, 163.9, 134.8. 133.0, 128.8, 128.2, 104.0. 346, 25.6. 
24.1. 

Ph Ph 

\ 

H2N NH2 

(±)-1,2-Dlphenyl-1,2-ethylenediamine (55) 
The diamine 55 was also prepared using the method outlined in 

reference 24a. The resulting tan solid was obtained in 95% yield and was 
Immediately resolved using mandelic acid. See the resolution procedure for 
the spectroscopic data. 

Ph Ph 

\ r\ 
H2N NH2 

(R,R)-1,2-Dlphenyl-1,2-ethylenediamine (55) 
The R.R enantiomer of (±-55) was prepared using the method outlined in 

references 24a or references 24b. 
iR-NMR (CDCI3): in 8, 7.27 (m, 10H), 4.10 (s, 2H). 1.59 (bs, 4H). 
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Ph Ph 

TsHN NHTs 

(1 R,2R)-(+)-N,N'-Bis-p-toluenesulfonyl-l ,2-dlphenylethylene-
diamine (56) 

The chlral controller 56 was prepared by the method outlined in the 
supplementary material of reference 24a in 35% yield as a white mass. 
Enantiomeric purity was Judged to be >99% by comparison of the optical 
rotation of 56 with the literature value ([ajo = +43.86 (c =1.74, chloroform)). 
^H-NMR (CDCI3): in 8, 7.45 (d, J = 8.2Hz, 4H), 6.93 (m. 10H), 6.70 (d, J = 
8.2Hz, 4H), 6.15 (bs, 2H), 4.62 (dd, J = 2.0, 4.6Hz. 2H), 2.28 (s. 6H). 

^r—OMPM 

O^ 

C F 3 , ^ \ = 0 

PtlT" OCH3 

Mosher Ester 57b 
To the alcohol 49b (obtained from the Corey method) (0.20 g, 0.85 

mmol) in dichloromethane (5 mL) at 0°C was added 4,4-dimethylaminopyridine 
(DMAP) (0.295 g), Mosher acid (0.15 mL), and dicyclohexylcarbodiimide (DCC) 
(0.195 g). The resulting solution was stirred at room temperature overnight. 
The slurry was then added to sodium bicarbonate (20 mL) and diluted with 
dichloromethane (20 mL). The organic phase was washed with 5% HCI (20 
mL), dried (MgS04), and evaporated to an oil that was chromatographed 
immediately (silica, hexane to 7:3 hexane:ethyl acetate gradient). The desired 
ester 57b was isolated as a clear coloriess oil in quantitative yield. 
[a]D = +1.77 (c = 0.56. Chloroform) 
iR-NMR (CDCI3): in 8, 7.48 (m, 2H), 7.37 (m, 3H), 7.20 (m, 2H). 6.84(m. 2H), 
5.64 (dtt, J = 6.7. 6.7. 1.7. 1H). 5.22 (dt, J =: 6.7. 6.7. 1H), 487 (ddd. J = 11.6, 6.7. 
1.8, 1H), 4.77 (ddd. J = 11.6. 6.7, 1.8, 1H), 4.39 (S. 2H). 3.78 (S, 3H), 3.46 (m. 
5H), 2.02 (q, J = 6.4, 2H). 
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''3C-NMR (CDCI3): in 8, 208.9. 165.8, 159.2, 132.2, 130.1, 129.5. 129.3. 128.3. 

127.4. 125.1, 121.3, 113.8. 89.7, 77.8, 72.8. 71.8. 65.4, 55.4, 34.1, 29.7. 

"•^F-NMR (CDCI3): in 8, 6.8412 (s) relative to trifluoroacetic acid (0.0 8). 

Racemic Mosher Ester (57b) prepared by the same procedure gives 19F-NMR 

(CDCI3): In 8, 6.8643 (s), 6.8412 (s). 

p . ^OCH' ^ ^ 3 0 . J < . 0 , 

tBDPSO 

Methyl 2-(3'-t-butyldiphenylsilyloxy-5'-(^methoxytetrahydrofuran-2'-
yl)-propenoate (58) 

The aldehyde (1.0 mmol) in ether (30 mL) was added to a suspension of 

palladium (II) chloride (19.0 mg, 0.11 mmol), copper (II) chloride (0.509 g, 3.8 

mmol), propylene oxide (3 mL), and triethylorthoacetate (4 mL), in methanol (20 

mL). The green reaction mixture was Immediately stirred under a balloon of 

carbon monoxide. After 13 h, the reaction was diluted with ethyl acetate (50 

mL) and washed with sodium bicarbonate (3 x 20 mL). The organic phase was 

then separated and dried (MgS04). Removal of the solvent gave 0.31 g (71%) 

crude material that was pure enough for the next step of the synthesis. 

Chromatography (silica, hexanes to 9:1 hexanes:ethyl acetate) of the crude 

product gave 0.158 g (36%) of the desired product as a clear yellow oil that was 

a single diastereomer as determined by NMR. 

I R - N M R (CDCI3): In 8, 7.62 (m, 4H), 7.34 (m, 6H), 5.25 (t, J = 5.4Hz, 1H), 4.93 

(ddd, J = 0.9, 1.5, 2.4Hz. 1H), 5.92 (dd, J = 1.5, 1.5Hz, 1H), 6.18 (dd, J = 0.9. 

1.5Hz. 1H), 4.26 (ddd, J = 2.4, 2.4, 4.7Hz, 1H), 3.55 (s, 3H). 3.44 (s. 3H), 1.89 

(ddd, J = 2.7, 5.2, 14Hz, 1H). 1.65 (J = 5.2, 5.5, 13Hz, 1H), 1.02 (s, 9H). 

13C-NMR (CDCI3): in 8, 166.1, 139.6, 135.7, 135.2, 134.8, 129.7, 127.7, 106.8, 

85.5, 77.1, 56.3, 51.6. 39.6. 26.6, 19.1. 

GCMS (El) Rt = 18.0min: no M+, 383 (M-C4H9). 265. 213. 183, 153, 121, 93, 

57. 

HREIMS: calcd for Ci5H2705Si (M-H): 315.1627; found: 315.1630, 

calcd for CiiHi905Si(M-C4H9): 259.10017; found: 259.10029. 
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"ojl OCH-

a 
tBDPSO 

2-(3*-t-Butyldiphenylsilyloxy-5'-p-methoxytetrahydrofuran-2'-yl)-2-
propen-1-ol (59) 

To the acrylate (58) (0.158 g, 0.36 mmol) in THF (20 mL) at 0°C was 
added a solution of DIBAL-H (1.0 mL, 1.0 mmol). After 2 h. the reaction was 
quenched with methanol (10 equiv.), diluted with 50 mL ether, and after lOmin, 
water (20 equiv.) was added. The reaction was filtered through a small pad of 
Celite with ether. The desired product was obtained as a clear coloriess oil 
(0.148 g, quanl). 
I R - N M R (CDCI3): in 8, 7.63 (m, 4H), 7.37 (m, 6H). 5.04 (S, 2H), 5.01 (t, J = 
2.5Hz. 1H), 4.42 (m, 2H), 4.18 (m, 3H), 3.29 (s, 3H), 1.49 (bm, 2H). 1.00 (s. 9H). 

II ^ OCH3 

tBDPSO 
1-Acetoxy-2-(3'-t-butyldlphenylsllyloxy-5'-p-methoxytetrahydro-

furan-2'-yl)-2-propene (60) 
The desired product 60 was obtained by dissolving the oil 59 (0.148 g, 

0.36 mmol) in dichlormethane (10 mL) and adding a catalytic amount DMAP. 
triethylamine (0.5 mL), and acetic anhydride (0.6 mL, 0.6 mmol). After 1.5h, the 
reaction was diluted with dichloromethane (100 mL) and extracted with pH 7 
buffer (2 X 20 mL). The organic phase was dried (MgS04). evaporated, and the 
residue chromatographed (silica. 95:5 hexanes:ethyl acetate). Compound 60 
(0.157 g, 96%) was obtained as a slightly yellow oil. 

144 



^ H - N M R (CDCI3): In 8, 7.65 (m, 4H). 7.32 (m, 6H), 5.24 (s. 1H), 5.11 (s, 1H), 
5.05 (dd, J = 3.1. 5.1Hz. 1H), 4.56 (m, 1H). 4.27 (bm, 3H), 3.14 (s. 3H), 2.61 (s. 
3H), 1.81 (m, 1H), 1.47 (m, 1H), 1.04 (s. 9H). 

''3C-NMR (CDCI3): in 8. 210.9. 141.9, 135.7. 134.8, 133.1, 129.6, 127.6, 115.8, 
105.3, 87.7. 75.1, 63.5, 53.7, 40.8, 26.8. 19.1. 

tBDPSO 

2\3',5'-Trideoxy-3'-(t-butyldlphenylsilyloxy)-5'-methylene-5'-
acetoxymethylthymidine (61) 

To a solution of dichloromethane (10 mL) and persilylated thymine (0.2 
mL, 0.77 mmol) at 0°C was added the methyl furanoside (0.1453 g, 0.319 
mmol) and tBDMSOTf (0.11 mL, 0.42 mmol). The reaction was warmed to room 
temperature and stirred overnight when the solution was diluted to 100 mL with 
dichloromethane. The solution was washed with sodium bicarbonate (2 x 20 
mL), dried (MgS04), and the solvents reduced to a small volume. 
Chromatography (silica, dichloromethane to 98:2 dichloromethane:isopropanol 
gradient) gave the desired product as a yellow oil (0.166 g, 95%). 
I R - N M R (CDCI3): In 8. 7.64 (m. 4H). 7.38 (m. 6H). 

13c-NMR(CDCl3): In 8. 210.9, 142.0, 135.8, 135.6, 131.4. 127.9. 124.5. 115.3. 

89.9. 69.5. 64.9. 53.7, 31.7, 25.3. 21.8. (not all carbons reported). 
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N-^^O 

HO 
p-2*,5'-Dideoxy-5^methylene-5'-hydroxymethylthymidlne (62) 

To a solution of the nucleoside analog (60) (0.1097 g, 0.20 mmol) in THF 
at room temperature was introduced a 1.0 M solution of nBu4NF in THF (0.20 
mL. 0.20 mmol) dropwise with stirring. The resulting solution was stirred at 
room temperature for 3 h then evaporated to an oil (50.1 m g, 81%). The oil was 
dissolved in methanol (2 mL) and saturated methanollc ammonia (2 mL) was 
added at room temperature. The solution was stirred until TLC indicated total 
consumption of the starting material. The desired product (13.5 mg. 31%) was 
Isolated after evaporation of the solvents and chromatography (silica, 
dichloromethane to 9:1 dichloromethane:methanol). 
'JR-NMR (CDCI3): in 8, 11.35 (S, 1H). 7.45 (s, 1H), 6.16 (t, J = 4.2Hz, 1H), 5.41 
(d, J = 5.0Hz, 1H), 4.93 (m, 1H), 4.30 (m, 1H). 4.11 (t. J = 5.2Hz. 1H). 3.96 (dd. J 

= 4.2, 13.4Hz, 2H), 3.3 (bS, 2H), 2.44 (m, 1H), 2.21 (m, 1H), 1.78 (s, 3H). 

13C-NMR (CDCI3): in 8, 163.7, 150.6, 147.8, 136.9, 109.9, 109.3, 86.2, 82.9, 

72.6,60.9.57.5. 12.2. 

HO 

a-2',5'-Dldeoxy-5'-methylene-5'-hydroxymethylthymidine (63) 

The more polar (by silica gel chromatography) a isomer of 62 was 

isolated by chromatography of the reaction mixture that produced compound 62 

as a clear oil (1.0 m g, 2.3%). 
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^H-NMR (CDCI3): In 8, 11.31 (s, 1H). 7.77 (s. 1H). 6.18 (m. 1H). 5.50 (d, J = 

3.4Hz, 1H). 4.93 (m. 1H), 4.30 (m. 1H). 4.11 (t, J = 5.2Hz, 1H), 3.96 (dd. J = 4.2, 

13.4Hz, 2H), 3.3 (bs, 2H), 2.05 (m, 1H), 1.93 (m, 1H). 1.77 (s. 3H). 

''3c-NMR(CDCl3): in 8, 163.9, 150.5, 147.8, 136.2, 110.1. 108.5,88.3,85.2, 

72.5.60.9.57.5. 12.4. 

0 
OH 

4,5-HexadJenolc acid (64) 

A stirred room-temperature solution of 4,5-hexadienol (0.3287 g, 3.35 

mmol) in acetone (30 mL) was titrated over 30 min with freshly prepared Jones 

reagent, (5.0 g chromium trioxide, 5.0 mL concentrated sulfuric acid, 15 mL 

water). The resulting olive colored solution was stirred for 20 min before the 

slow addition of water (10 mL). The mixture was extracted with chloroform (4 x 

30 mL); the extracts washed with brine (1 x 60 mL), and dried over magnesium 

sulfate. Removal of the solvents after filtration gave 0.3749 g (99.8%) of a 

slightly yellow pungent smelling oil. 

1H-NMR (CDCI3): in 8, 5.18 (m, 1H); 4.72 (m, 2H); 2.47 (m, 2H); 2.32 (m, 2H). 

Solvomercuratlon of 4,5-hexadienoic acid 
A solution of 4.5-hexadienoic acid (1 mmol) in dichloromethane (10 mL) 

at room temperature was treated with solid mercuric (II) acetate (1.1 mmol). 

After 72h at room temperature with stirring, the solution was evaporated to 

provide a dark colored oil that was analyzed by i99Hg-NMR. 

l99Hg-NMR (CDCI3): in 8, 753.435 (s, IHg). 667.454 (s, IHg). 

CH3O 

Methyl 2-(2*-tetrahydrofuranon-5'-yl)-2-propenoate (65) 
A round-bottomed flask containing PdCl2 (0.0100 g, 0.0564 mmol) and 

CUCI2 (0.2274 g. 1.69 mmol) was purged with carbon monoxide and then a 

balloon of carbon monoxide was attached. Then methylene chloride (3.0 mL). 
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triethylorthoacetate (0.3 mL), propylene oxide (1.5 mL). 4.5-hexadienoic acid 
(0.0343 g. 0.31 mmol). and methanol (3.0 mL) were added via syringe. The 
resulting green slurry was stirred at room temperature for 18 h. The solvents 
were then removed in vacuo and the residue filtered through Celite with ethyl 
acetate (30 mL). The yellow solution was washed with saturated sodium 
bicarbonate (2 x 30 mL) which caused precipitation of elemental Pd. The 
combined organic phases were filtered after drying over magnesium sulfate, 
and the solvents removed in vacuo to give 54.8 mg (100%) of the desired 
product as a slightly yellow oil. 

"•N-NMR (CDCI3): in 8. 6.32 (s. 1H). 5.91 (dd, J=1.5. 0.6Hz. 1H), 5.25 (m, 1H), 
3.78 (S, 3H), 2.56 (m, 3H), 2.04 (m, 1H). 
13C-NMR (CDCI3): in 8, 176.64, 165.08, 140.95. 125.21, 77.65. 52.08, 28.36. 
27.82. 

HREIMS: calcd for C8H10O4: 170.0584; found: 170.0578. 

O^^O 

Methyl 5-carboxy-4-hexenolide (67) 
A solution of 4,5-hexadienoic acid (0.0865 g. 0.77 mmol) in methylene 

chloride (6 mL) was stirred with mercuric acetate (0.246 g. 0.77 mmol) at room 
temperature. After a period of 72 h. the solvent was removed in vacuo. To the 
resulting grey residue, PdCl2 (0.0124 g, 0.07 mmol) and CUCI2 (0.3129 g, 

2.33 mmol) were added. The slurry was stirred in dry methanol (3.0 mL) under 
a balloon of carbon monoxide. The mixture turned black after 4 h, at which 
point It was added to brine (10 mL) and extracted with ether (3 x 30 mL). The 
combined organic phases were washed with brine (3 x 20 mL) and dried over 
magnesium sulfate. The solvents were removed in vacuo after filtration to give 
0.294 g crude yellow oil. A small portion of this oil was purified by HPLC (9:1 
hexane:ethyl acetate; 1.0 mL/min) affording 0.0150 g (12%) of the product 
(61% of the mixture by HPLC) as a clear colorless oil. 
I R - N M R (CDCI3): in 8, 4.65 (dd, J=5.8, 3.4Hz, 1H), 4.41 (s, 2H), 3.66 (s, 3H). 
2.51 (m, 2H). 2.35 (m, 1H). 2.14 (m. 1H). 
13C-NMR (CDCI3): in 8, 196.02. 172.55. 62.63. 59.02. 51.84. 45.91. 29.70. 

28.16. 
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General Procedure for the Cyclization and Coupling of 4,5-
Hexadienoic Add and Various Aryl Halides 

To a solution of 4,5-hexadienoic acid (0.201 g, 1.8 mmol) in acetonitrile 
(2.0 mL). was added the desired aryl halide (1.9 mmol). Bu4NCI-H20 (17 
mmol), Pd(OAc)2 (0.07 mmol), PPh3 (0.15 mmol). and triethylamine (2.5 mL) 
and the resulting mixture warmed to 60*̂ 0 under nitrogen until the starting 
material was no longer visible by TLC. The reaction mixture was then cooled to 
room temperature, acidified with 5% HCI and extracted with ethyl acetate (3 x 
20 mL). The combined organic phases were washed with water (20 mL). dried 
over anhydrous sodium sulfate, filtered, and the solvents removed by rotary 
evaporation to provide an oil. 

4-Hydroxy-5-phenyl-5-hexenolc acid lactone (69a) 
Chromatography (silica, 85:15 hexane:ethyl acetate) of the oil derived 

from reaction with phenyl iodide gave 0.269 g (80%) of the desired product as a 
yellow oil. 
GC/MS: Rt=9.46min. 188 (M+). 160, 146, 103, 85, 77. 51. 39. 
IR (neat): in cm-1. 3056, 2954, 1780, 1632,1600, 1575,1496, 1325,1180, 
1040, 1002,908,780,701. 
I R - N M R (CDCI3): in 8, 7.33 (s, 5H), 5.43 (t. J=7.1Hz. 1H). 5.39 (s, 2H), 2.47 (m, 

3H), 1.98 (m. 1H). 
13C-NMR (CDCI3): In 8, 176.95. 146.20, 137.85, 128.63, 128.21, 126.72, 

113.44,80.31. 27.98,27.81. 
Anal, calcd for C12H1202: 0,76.56%; H, 6.43%. Found: C, 76.36%; H, 

6.51%. 
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o 
4-Hydroxy-5-(4*-acetyl-r-phenyl)-5-hexenoic acid lactone (69d) 

The crude oil from the reaction with the aryl bromide was purified by 
column chromatography (silica, 95:5 hexane:ethyl acetate) which provided 
0.045 g (8%) of the product as a slightly yellow oil. Also Isolated was 0.411 g 
(71% recovery) of the starting 4-bromoacetophenone. 
IR (neat): In cm-1, 3019. 2960, 1777.8, 168I. 1606. 1560, 1360, 1216, 1183, 
1038. 910. 845. 

iR-NMR (CDCI3): In 8. 7.88 (d. J=8.3Hz, 2H). 7.38 (d. J=:8.3Hz, 2H),5.45 (S. 

2H), 5.42 (t, J=7.2HZ, 1H), 2.54 (s, 3H), 2.46 (m, 3H), 1.93 (m, 1H). 

4-Hydroxy-5-(naphth-1'-yl)-5-hexenoic acid lactone (69j) 
The reaction conducted with addition of 1 -lodonaphthalene gave a crude 

deep red oil. Separation of that crude mixture by chromatography (silica, 8:2 to 

6:4 hexane:ethyl acetate) gave 0.113 g (46%) of a yellow oil that proved to be 

the expected product. 

I R - N M R (CDCI3): in 8, 7.97 (m, 1H). 7.87 (m,2H). 7.50 (m, 3H), 7.30 (dd, J=7.0, 

1.3 Hz. 1H), 5.78 (dd, J=1.3, 1.4 Hz, 1H), 5.33 (t, J=7.0 Hz, 1H), 5.30 (s, 1H), 

2.40 (t, J=8.4Hz, 2H), 2.20 (m, 1H), 1.97 (m, 1H). 

13C-NMR (CDCI3): in 8, 176.84, 145.09, 135.80, 133.66, 131.62, 128.42, 

128.31, 126.42, 126.29, 125.99, 125.13. 125.07. 117.20. 81.87. 28.07. 27.30. 

HREIMS: Calc'dfor C16H14O2 238.0994, Found 238.1003. 
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CHsO-

4-Hydroxy-5-(4'-methoxy-r-phenyl)-5-hexenoic acid lactone (69b) 
Chromatography (silica, 95:5 to 7:3 hexane:ethyl acetate) of the dark 

yellow oil derived from reaction with 4-iodoanisole gave 0.0733 g (49%) of the 
product as a yellow oil. 

IR (neat): in cm-1, 2935, 2838, 1775.7, 16O8, 1513, 1460. 1249, 1179, 1030. 
907,837. 
iR-NMR (CDCI3): in 8, 7.25 (d, J=:8.4Hz, 2H), 6.85 (d, J=8.8Hz. 2H), 5.39 (t. 
J=7.6Hz, 1H), 5.30 (s, 2H), 3.78 (s. 3H), 2.46 (m, 3H), 1.99 (m, 1H). 
13C-NMR (CDCI3): in 8, 177.2, 159.8, 145.52, 130.13, 127.79, 113.94, 112.00, 

80.37, 55.23. 27.96, 27.80. 

General Procedure for the Cyclization and Coupling of 4,5-
Hexadienoic Acid and Various Aryl and Vinyl Halides using Heck 
reaction conditions 

To a solution of 4,5-hexadienoic acid (28.0 m g, 0.25 mmol), aryl or vinyl 
halide (1.30 mmol), and potassium carbonate (1.37 mmol). in 2.0 mL N,N-
dlmethylformamide was added palladium (0) tetrakistriphenylphosphlne (23.0 
m g, 0.02 mmol), and the resulting mixture stirred at 80°C under a nitrogen 
atmosphere until the starting material was no longer visible by thin layer 
chromatography. The reaction mixture was then cooled to room temperature, 
added to 5 mL water, and extracted with diethyl ether (3x15 mL). The 
combined organic phases were washed with brine (20 mL), dried over 
anhydrous magnesium sulfate, filtered, and the solvents removed by rotary 
evaporation to provide a dark colored oil. 
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0^.^n 

p 
4-Hydroxy-5-(4'-fluoro-r-phenyl)-5-hexenolc acid lactone (69c) 

Separation (silica, 85:15 hexane:ethyl acetate) of the yellow oil derived 
from the reaction with 4-fluorobromobenzene provided 32% yield of the desired 
product as a yellow oil. 
GC/MS: Rt=10.07min, 206 (M+), 178. 164, 121, 101, 85, 75, 57. 
IR (neat): in cm-1, 2952, 1779, 1602, 1509, 1458, 1326, 1225, 1183, 1036, 907, 
842. 

^H-NMR (CDCb): In 8. 7.28 (m, 2H), 7.02 (m. 2H). 5.372 (s, 1H), 5.370 (t, 

J=5.2Hz, 1H), 5.33 (s. 1H), 2.45 (m. 3H), 1.93 (m. 1H). 

''3C-NMR (CDCI3): in 8. 176.69, 164.25, 160.97, 145.27, 133.90, 128.50, 

115.66, 115.38, 113.86, 80.30, 27.97. 27.67. 

I^F-NMR (CDCI3): In 8. relative to TEA, -35.816. 

HREIMS: Calc'd for C12H11O2F 206.0743, Found 206.0734. 

Br 
4-Hydroxy-5-(4*-bromo-V-phenyl)-5-hexenoic acid lactone (69e) 

The reaction conducted with p-dlbromobenzene gave an oil that was 

separated by chromatography (silica. 85:15 hexane:ethyl acetate) which 

provided 49% of the desired product as a yellow oil. 

IR (neat): in cm"'', 2930, 2830. 1779.8. 1589,1489, 1382, 1180, 1040, 1009, 

833, 648. 

iR-NMR (CDCI3): in 8, 7.43 (m, 2H), 7.20 (m, 2H), 5.39 (S, 1H). 5.37 (S. 1H), 

5.35 (t. J=5.6Hz, 1H). 2.50 (m, 3H), 1.96 (m, 1H). 
13C-NMR (CDCI3): in 8, 176.60, 145.13. 136.66, 131.68. 128.33. 122.22, 

114.21.79.95,27.93,27.63. 
HREIMS: Calc'd for C i2H l l 02Br 265.9942. Found 265.9951. 
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o-̂ ^o 

1,4-Phenylene-bis-(5'-yl-4'-hydroxy-5'-hexenolc acid lactone) (69e 
bis) 

Chromatography (silica, 85:15 hexane:ethyl acetate) of the oil isolated 
from the reaction of 4-(4'-bromo-2'-styryl)-1-furanone and 4,5-hexadlenoic acid 
provided 25% of the desired product as a yellow oil. 
IR (neat): in cm-1, 2916. 2849.1778.8, 1456,1110, 907. 732, 648. 
iR-NMR (CDCI3): in 8, 7.24 (s, 4H). 5.41 (m. 2H). 5.18 (m. 4H). 2.54 (m. 6H). 
2.10 (m,2H). 
HREIMS: Calc'd for C18H18O4 298.1205, Found 298.1206. 

4-Hydroxy-5-p-toluyl-5-hexenoic acid lactone (69f) 
The desired product was isolated by chromatography (silica, 85:15 

hexane:ethyl acetate) in 58% yield from the reaction of 4-bromotoluene. 
IR (neat): in cm-1, 2926, 2855, 1733, 1618, 1513, 1455. 1329, 1179,908,812. 
I R - N M R (CDCI3): in 8, 7.22 (m, 2H), 7.14 (m, 2H), 5.42 (t, J=7.0Hz. 1H), 5.35 (s. 

2H), 2.45 (m, 3H), 2.38 (s, 3H), 1.94 (m, 1H). 
13C.NMR (CDCI3): In 8, 176.98, 146.02, 138.04, 134.87, 129.26, 126.49, 

112.55, 80.31, 27.93, 27.80, 21.04. 

4-Hydroxy-5-(4'-nitro-V-phenyl)-5-hexenoic add lactone (69g) 
The crude oil was subjected to chromatography (silica, 85:15 

hexane:ethyl acetate) which provided 65% yield of the product derived from 
reaction with 4-nltroiodobenzene. 
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""H-NMR (CDCI3): In 8, 8.19 (m, 2H), 7.50 (m, 2H), 5.57 (d, J=1.5Hz. 1H), 5.52 

(d, J=0.1Hz, 1H). 5.41 (t, J=7.8 Hz, 1H), 2.50 (m, 3H), 1.95 (m. 1H). 

13C-NMR (CDCI3): in 8, 177.21. 134.57, 132.04, 127.70, 123.85, 116.99, 
79.60,28.01,27.68. 

HREIMS: Calc'dforC12H11O4N 233.0688, Found 233.0703. 

4-Hydroxy-5-m-toluyl-5-hexenoic add lactone (69h) 
Chromatography (silica, 85:15 hexane:ethyl acetate) of the crude oil 

gave the expected product as a yellow oil In 40% yield from the reaction of 3-
bromotoluene. 

iR-NMR (CDCI3): in 8, 7.28-7.10 (m, 4H), 5.43 (t, J=7.0Hz, 1H), 5.34 (s, 2H). 

2.46 (m, 3H), 2.36 (s, 3H), 1.98 (m, 1H). 

13C-NMR (CDCI3): in 8. 176.88, 146.32, 138.73, 138.11. 136.47, 133.96, 

129.26. 126.45. 112.45. 80.51, 28.06, 27.81, 21.36. 

4-Hydroxy-5-(naphth-2'-yl)-5-hexenoic add lactone (691) 

The reaction conducted with addition of 2-iodonaphthalene gave a crude 

deep red oil. Separation of that crude mixture by chromatography (silica, 85:15 

hexane:ethyl acetate) gave 62% yield of a yellow oil that proved to be the 

expected product. 
iR-NMR (CDCI3): in 8. 7.80 (m, 4H), 7.46 (m,3H), 5.54 (t. J=7.0Hz. 1H). 5.51 (s, 

1H), 5.48 (d, J=1.1Hz, 1H), 2.50 (m. 3H), 2.00 (m, 1H). 
13C-NMR (CDCI3): in 8. 176.86. 146.06. 135.07, 133.00. 132.00. 128.26, 

128.03, 127.52, 126.42, 126.28, 125.42, 124.66, 113.66, 80.14, 27.87. 
HREIMS: Calc'dforC16H14O2 238.0994, Found 238.0992. 
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4-(4'-Phenyl-l ',3'-butadien-2'-yl)-i -furanone (69k) 
The chromatographic separation (silica, 85:15 hexane:ethyl acetate) of 

the reaction conducted with p-bromostyrene (1:1, E:Z) gave 37% of a yellow oil 
that proved to be the desired product as a 2:1 mixture of E and Z isomers, 
respectively. 

iR-NMR (CDCI3): in 8, 7.31 (m, 5H). 6.79 (s. 0.33H), 6.72 (s, 0.67H), 6.56 (s, 
0.67H), 6.48 (s, 0.33H), 5.34 (s, 1H), 5.29 (s, 1H), 5.33 (t. 7.7 Hz. 1H). 2.55 (m, 
3H). 2.12(m, 1H). 

ISc-NMR (CDCI3): in 8, 176.80. 143.74, 136.53, 129.47, 128.69, 128.07, 

126.87. 126.45. 114.61. 78.46, 28.31. 27.79. 

y^ 
HO 

5-Hexyn-1,2,3-trlol 1,2-acetonide (72) 
To the aldehyde 71 (8.8 g. 0.040mol) dissolved in ether (30 mL) at 0°C 

was cannulated a solution of freshly prepared propargyl magnesium bromide 
(0.0946 mmol) in ether (50 mL). NOTE: Addition of the Grignard reagent was 
violent. The resulting dark reaction mixture was stirred overnight at room 
temperature. The reaction mixture was quenched with water (40 mL) and 
extracted with ether (40 mL). The combined organic extracts were washed with 
water (20 mL) and brine (20 mL), and dried over magnesium sulfate. After 
filtration and evaporation of the solvents the residue was chromatographed 
(silica, hexanes to 7:3 hexanes:ethyl acetate). The expected product was 
isolated as a yellow oil (4.8 g, 42%). 
iR-NMR (CDCI3): in 8, 4.20-3.61 (m, 4H), 2.45 (m, 2H), 2.1 (s, 1H), 2.03 (m. 

1H), 1.42 (s,3H). 1.33 (S.3H). 

13C-NMR (CDCI3): In 8,109.3, 77.2, 71.2, 70.7, 70.1. 65.9, 26.6, 25.5. 25.1. 

155 



HO 
5,6-Heptadien-1,2,3-triol 1,2-acetonlde (73) 

To the alkyne (72) (4.5 g, 26.4 mmol) In dioxane (40 mL) was added 
diisopropylamlne (5.3 g, 52.7 mmol), copper (I) Iodide (2.5 g, 13.2 mmol), and 
paraformaldehyde (1.98 g, 66.0 mmol). The resulting green slurry was stirred at 
reflux (gentle simmer) for 5h, then the solvents were reduced. The residue was 
extracted with ether (3 x 40 mL) and the combined extracts washed with brine 
(40 mL), dried (MgS04), and filtered. Chromatography (silica, 7:3 
hexanes:ethyl acetate) after removal of the solvents gave the desired product as 
a yellow oil (1.527 g, 31%). 
iR-NMR (CDCI3): In 8,5.06 (m. 1H). 4.62 (m, 2H), 4.06-3.50 (m, 4H). 2.6 (bs. 

1H). 2.08 (m, 2H), 1.36 (s, 3H), 1.32 (s, 3H). 
13C-NMR (CDCI3): In 8. 209.1, 129.3, 108.9. 85.6. 77.9. 74.8. 71.1. 65.3. 26.2, 

24.6. 

Xu /=• 
tBDPSO 

3-(t-Butyldiphenylsilyloxy)-5,6-heptadien-1,2-diol 1,2-acetonide 

(74) 
To the secondary alcohol (73) (1.520 g, 8.26 mmol) In dichloromethane 

(30 mL) was added imidazaole (1.20 g, 17.6 mmol). a catalytic amount of 
DMAP. and tBDPSCI (2.3 g, 8.3 mmol) at 0°C. After 3h, the mixture was added 
to sodium bicarbonate (20 mL) and extracted with dichloromethane (3 x 20 mL). 
The combined organic phases were washed with sodium bicarbonate solution 
(20 mL), and dried over magnesium sulfate. The solvents were removed and 
the residue chromatographed (silica, hexane to 9:1 hexane:ethyl acetate) to 
provide l.435g (41%) of the desired product (as a -2:1 mixture of 
diastereomers) as a clear coloriess oil. 
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" •H-NMR (CDCI3): in 8, 7.71 (m. 4H), 7.36 (m, 6H), 5.05 (m, 1H), 4.69 (m. 2H). 

4.42 (m. 1H). 4.07 (m, 3H), 1.92 (m, 2H). 1.37 (s. 3H), 1.34 (s, 3H), 1.07 (s, 9H). 

''3C-NMR (CDCI3): in 8, 209.5. 136.0, 133.9, 129.7, 129.5.127.3. 108.8. 85.3. 

77.9. 73.4, 65.9. 32.4, 26.3. 25.6, 22.6, 14.1. 

H O ^ 

y^ 
tBDPSO 

3-(t-Butyldiphenylsilyloxy)-5,6-heptadien-1,2-diol (75) 

Method A: To a solution of 74 (1.4268 g, 3.38 mmol) in chloroform (20 

mL) was added iron (III) chloride-silica (0.1 g) at room temperature. After 3d, the 

reaction was filtered, the solvents evaporated and the mixture chromatographed 

(silica, 8:2 hexanes:ethyl acetate) to provide the desired product 75 (0.85 g, 

98% based on recovered starting material). 

Method B: To a vigorously stirred solution of the acetonide (74) (0.0969 

g, 0.229 mmol) In THF:water (4:1) (2 mL) at 0°C was added trifluoroacetic acid 

(0.25 mL). After 15 h, the reaction was neutralized by the addition of dilute 

ammonium hydroxide and the solvents removed to give the desired product. 

Chromatography (silica, 8:2 hexanes.ethyl acetate) of the crude product 

provided pure 75 (0.87 g, quant.). 

I R - N M R (CDCI3): in 8,7.66 (m, 4H), 7.38 (m, 6H), 4.86 (p, J = 6.9Hz, 1H), 4.50 

(dt, J = 2.7, 6.7Hz, 2H), 3.67 (m, 4H), 2.6 (bs, 2H), 2.20 (m. 2H). 1.05 (s, 9H). 

T M S O ^ 

TMSO^^'" 

tBDPSO 
1,2-Bis(trimethylsilyloxy)-3-(t-Butyldlphenylsilyloxy)-5,6-heptadiene 

(76) 
To a cooled (0°C) solution of the diol (75) (0.73 g, 1.92 mmol) In 

dichloromethane (20 mL) was added triethylamine (1.0 mL) followed by 
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trimethylsilyl chloride (0.6 mL. 4.6 mmol). After 0.5h at room temperature, the 
solution was added to pH 7 buffer (20 mL) and extracted with ether (4 x 20 mL) 
The ethereal phase was dried (MgS04) and separated by chromatography 
(silica, hexanes to 7:3 hexanes:ethyl acetate) to provide the desired product 
(76) (0.6852 g. 68%) as a clear coloriess oil. Due to the hygroscopic nature of 
the oil. and the relative instability of 76. it was immediately used In the next 
reaction. 

iR-NMR (CDCI3): in 8, 7.71 (m, 4H), 7.34 (m, 6H), 4.93, (m, 1H), 4.50 (m, 2H). 

3.72 (m, 4H), 2.19 (m, 2H), 1.04 (s, 9H), -0.02 (s, 3H). -0.05 (s. 3H). 

''3C-NMR (CDCI3): In 8, 209.7, 136.2, 136.0, 129.6, 127.4, 127.2. 85.9. 77.2, 

75.8, 69.4, 31.6, 26.9, 22.1. 0.48, -0.53. 

HREIMS: no M+ Ion 

calcd for C24H3503Si3 : 455.18939; found: 455.18972. 

calcd for C2oH2502Si2: 353.13930; found: 353.13948. 

OCH3 

tBDPSO 
Methyl 2-(2'-t-butyldiphenylsilyoxy-1'-hydroxymethyltetrahydro-
furan-4'-yl)-propenoate (77) 

To a solution of the diprotected alcohol (76) (0.6852 g, 1.31 mmol) In 

dichloromethane (20 mL) was added mercury (II) trifluoroacetate (0.5677 g. 

1.33 mmol) and the resulting solution stirred for 2 h at room temperature. The 

dark solution was evaporated to a black residue that was dissolved in methanol 

(30 mL) and stirred with palladium (II) chloride (0.0290 g. 0.16 mmol), copper (II) 

chloride (0.667 g, 4.96 mmol), propylene oxide (1 mL), and triethylorthoacetate 

(1 mL) under an atmosphere of carbon monoxide. After 20 h, the reaction had 

turned cloudy green. It was filtered and washed with sodium bicarbonate (3 x 

20 mL) after addition of ethyl acetate (50 mL). The organic phase was washed 

with brine (30 mL), dried (MgS04). and evaporated to give an orange-brown oil 

that was Immediately chromatographed (silica, hexanes to ethyl acetate 

gradient). The desired product 77 was obtained as a yellow oil (0.4151 g, 72%) 
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and determined to exist as a >92:<8 cls:trans 2,5-disubstituted tetrahydrofuran 
by NMR. 

^H-NMR (CDCI3): in 8. 7.62 (m, 4H), 7.39 (m. 6H), 6.23 (d, J = 1.2Hz, 1H). 5.90 

(d. J = 1.2Hz. 1H), 4.95 (dd. J = 5.4, 5.4Hz, 1H). 4.35 (d, J = 5.4Hz. 1H). 3.97 (m. 

1H). 3.72 (s, 3H). 3.42 (m, 2H), 3.1 (bs. 1H), 1.94 (m. 2H). 1.01 (s. 9H). 

13C-NMR (CDCI3): In 8, 165.9. 139.5, 135.6, 134.7, 129.7, 127.6. 126.5. 88.2. 

81.7, 78.5, 75.4, 65.8, 41.9. 26.8, 15.0. 

HREIMS: no M+ion 

calcd for C2iH2305Si(M-C4H9): 383.1315; found: 383.1298. 

calcdforCi5Hi705Si(M-CioHi5): 305.0845; found: 305.0839. 

OCH3 
t B D M S O ^ ^ / 

> 
tBDPSO 

Methyl 2-(2M-butyldiphenylsilyoxy-r-t-butyldimethylsilyloxy-
methyltetrahydrofuran-4'-yl)-propenoate (78) 

To the alcohol (77) (0.3422 g, 0.777 mmol) in dichloromethane (20 mL) 
at 0°C was added 2,6-lutldine (0.2 mL) Immediately followed by tBDMSOTf (0.2 
mL, xs). After 30mln, the reaction mixture was quenched with sodium 
bicarbonate (20 mL), and extracted with dichloromethane (3 x 20 mL). The 
combined organic phases were washed with water (20 mL) and brine (20 mL), 
and dried (MgS04). Evaporation of the solvents gave a deep yellow oil that 

was separated by chromatography (silica, hexane to 9:1 hexanes:ethyl acetate). 

The desired product (78) was isolated as a clear colorless oil (0.4311 g. 

quant). 
iR-NMR (CDCI3): in 8, 7.61 (m, 4H), 7.37 (m, 6H), 6.17, (dd, J = 1.2. 1.7Hz. 1H), 

5.96 (dd, J = 1.7. 1.7Hz, 1H), 5.04 (dd, J - 5.3, 10.3Hz, 1H), 4.31 (d, J = 5.1Hz, 

1H), 3.99 (dt, J - 1.7, 4.4Hz, 1H). 3.73 (S, 3H). 3.28 (dd, J = 4.4. 11 Hz. 2H). 2.24 
(ddd. J = 1.2, 5.2, 12.7Hz, 1H), 1.53 (ddd, J = 2.1. 5.2. 12.7Hz. 1H). 1.06 (s.9H), 

0.77 (S, 9H). -0.10 (s. 3H), -0.12 (s. 3H). 
13C-NMR (CDCI3): In 8. 166.4, 141.5. 135.9. 133.9, 129.7. 127.6. 123.9. 87.7. 

75.5. 63.5. 51.7, 42.3, 31.6. 26.5. 25.8. 19.1. 14.1, -5.5. -5.7. 
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tBDMSO 

tBDPSO 

2-(2'-t-Butyldiphenylsllyoxy-r-t-butyldimethylsilyloxy-
methyltetrahydrofuran-4*-yl)-2-propen-1-ol (79) 

To a solution of the acrylate (78) (0.62 mmol) In THF (10 mL) at 0°C was 
added a solution of DIBAL-H (1.5 mL, 1.5 mmol) dropwise. After lOmIn, the 
solution was quenched with the addition of methanol (0.6 mL. 18.8 mmol). 
diluted with ether (20 mL). and water (0.2 mL, 12.4 mmol). The reaction was 
stirred at room temperature for 30mln, then filtered through a pad of Celite with 
ether. The filtrate was dried (MgS04) and the solvents reduced to give an oil 
(0.1974 g, 60%). 

" •H-NMR (CDCI3): in 8, 7.61 (m, 4H), 7.36 (m, 6H), 5.06 (s, 2H). 4.85 (m. 1H), 

4.35 (m. 1H), 4.11 (d. J = 1.6Hz. 2H), 3.92 (dt. J = 1.6, 3.3Hz, 1H). 3.68 (m, 2H), 

1.85 (m, 2H). 1.06 (s, H), 0.75 (s, 9H). -0.12 (s, 3H), -0.14 (s, 3H). 

tBDMSO 

'NHPh 
tBDPSO O" 

N-Phenyl 0-2-(2'-t-butyldiphenylsilyoxy-r-t-butyldimethyl-
silyloxymethyltetrahydrofuran-4*-yl)-2-propen-1-yl carbamate (81) 

To the allyl alcohol (79) ( 0.1091 g, 0.21 mmol) in dichloromethane (20 
mL) at room temperature was added 0.3 mL triethylamine. followed by 
phenylisocyanate (0.24 mL, 2.0 mmol) dropwise. The resulting solution was 
stirred at room temperature for 6h, then washed with pH 7 buffer (2 x 20 mL) 
after dilution with dichloromethane (20 mL). The organic phase was dried 
(MgS04), evaporated to an oil, and chromatographed (silica, hexanes to ethyl 

acetate gradient) to provide 0.1601g (quant.) of the desired product (81). 
iR-NMR (CDCI3): In 8, 7.66 (m 4H). 7.32 (m, 11H), 5.29 (s, 1H), 5.16 (s, 1H), 
4.74 (m, 1H). 4.37 (d, J = 4.8Hz, 1H). 3.95 (m. 3H). 3.32 (dd, J = 4.7. 7.0Hz. 1H). 
2.60 (m, 1H). 1.94 (m, 1H), 1.06 (s. 9H), 0.78 (s, 9H), -0.08 (s, 3H), -0.09 (s, 3H). 
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''3C-NMR (CDCI3): In 8, 144.9, 138.2, 135.8. 129.7, 129.0, 127.7. 123.4. 118.8. 
112. 7. 107.5. 88.2. 84.1. 79.9. 75.3, 65.5. 41.8, 29.9, 27.8. 26.0. 19.7. 141, -5.5, 
-5.6. 

tBDMSO 

NHCH3 
tBDPSO O^ 

N-Methyl 0-2-(2'-t-butyldiphenylsilyoxy-1 M-butyldimethyl-
sllyloxymethyltetrahydrofuran-4'-yl)-2-propen-1 -yl carbamate (82) 

To the alcohol (79) (43.8 mg, 0.0831 mmol) in dichloromethane (1 mL) 

was added 0.1 mL triethylamine and methyl isocyanate (0.01 mL, 1.1 mmol) at 

0°C. After 4.5 h, the reaction mixture was evaporated to a residue and 

separated by column chromatography (silica, hexanes to ethyl acetate 

gradient). The expected carbamate (82) was obtained as 29.9 mg (62%) of a 

clear yellow oil. 
iR-NMR (CDCI3): in 8. 7.64 (m. 4H), 7.37 (m, 6H), 5.22 (s, 1H), 5.07 (s, 1H), 

4.79 (m, 1H), 4.54 (s. 2H), 4.33 (m, 1H). 3.92 (m, 2H), 3.29 (t, J = 42Hz, 1H). 

2.75 (S. 3H), 1.93-1.53 (m. 2H), 1.04 (s. 9H). 0.76 (s. 9H). 0.05 (s. 3H). -0.10 (s. 

3H). 
13C-NMR(CDCl3): in 8, 144.4. 135.8, 133.9, 129.9. 127.6. 112.5,87.8,84.0, 

79.1, 75.4, 65.8, 63.6. 41.2, 29.6, 26.9, 26.0, 19.1. 15.2. -5.3. -5.6. 

HO 

> ^ N H P h 
HO O ^ 

N-Phenyl 0-2-(2'-hydroxy-r-hydroxymethyl-tetrahydrofuran-4'-yl)-

2-propen-1-yl carbamate (83) 

The oil (81) (0.135 g, 0.21 mmol) was added to anhydrous THF (10 mL) 

and stirred at 0°C while nBu4NF (0.4 mL. 0.4 mmol) was added dropwise. 

When the starting material had dissappeared by TLC (5 h), the solvents were 
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removed and the residue subjected to column chromatography (silica, hexanes 

to ethyl acetate gradient). The desired product was obtained as a clear 

coloriess oil (56.6 mg, 92%). 
" •H-NMR (CDCI3): in 8, 7.32 (m, 5H), 6.8 (s, 1H), 5.31 (s, 1H), 5.25 (s, 1H). 4.72 

(m. 4H), 3.79 (m, 3H), 3.00 (S, 2H), 2.32 (m, 2H). 
13c-NMR(CDCl3): in 8, 143.1, 134.9. 129.1. 123.6. 118.5, 116.5, 115.8. 87.3, 

79.4. 73.4. 63.0. 46.2. 29.6. 
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