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Introduction

1. 1 History and discovery of Vitamin E

Vitamin E was discovered by Evans and Bishop in 1922 ' as a factor necessary to

prevent the loss of fertility of female rats through resorption of the fetus after long term

feeding on a vitamin E-deficient diet. In 1 925, Evans suggested adopting the letter E to

designate the factor following the then recognized Vitamin D . The name of tocopherol

arises from the Greek tokos, meaning childbirth, and the verb pherein, to bring forth. The

suffix -ol indicates the phenolic nature of the material. Vitamin E now has been accepted

as the generic term for a group of tocopherol and tocotrienol derivatives that possess a

similar degree of biological or chemical activity.

The structure of a-tocopherol was established by Femholz in 1938 , and shortly

after that, the first synthesis was provided by Karrer^. During the two decades which the

vitamin was identified, purified, structurally identified and synthesized, progress was also

made in determining its biological properties. Pappenheimer, Olcott and others found that

muscle degeneration was a common deficiency symptom^. Mason found that males on

deficient diets developed testis degeneration. In the 1940s and 1950s, other symptoms of

vitamin E deficiency were identified, such as anemia in monkeys; liver necrosis and

enamel depigmentation in rats .





The most accepted explanation of vitamin E's biological role is that it acts in

concert with a number of enzymes, such as superoxide dismutase, and catalase, to defend

the cell against the damaging effects of reactive oxygen species (ROS). hi particular,

vitamin E is understood to protect unsaturated membrane lipids from peroxidative

damage, maintaining membrane and thus cellular integrity. In this role the vitamin aids

the body in maintaining its normal defenses against disease and environmental insults, hi

its absence there is damage to many cells, particularly the red blood cell, muscle and

nerve cells. Healthy humans are rarely deficient in vitamin E because of its wide

distribution in food, particularly vegetable oils. However, vitamin E deficiency may still

arise in some rare cases, such as in patients with lipid malabsorption syndromes such as

abetalipoproteinemia ' or in patients with mutations in a specific tocopherol transport

protein (see Figure 3) resulting in ataxia with vitamin E deficiency (AVED)^'^. Deficiency

of vitamin E ultimately results in the loss of protection of neural membranes and the

deterioration ofmotor skills known as ataxia.

1.2 The structure and Antioxidant Activity of Vitamin E

Vitamin E is the generic term for a family of lipid soluble tocopherols and

tocotrienols , which have saturated and unsaturated phytyl tails, respectively. Vitamin E

occurs in nature in eight different forms: a-,p-,y- 6-tocopherols and tocotrienols which

differ in the number and position of the methyl groups on the chroman ring'^. The most

biologically active vitamer is 2(/?),4'(/?),8'(/?)-a-tocopherol (Figure 1), which normally
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accounts for almost 90% of the vitamin E activity found in tissues^^. The eight forms of

the vitamin, the structures of which are shown in Figure 2, differ in their degree of

biological and antioxidant activities. Biological activity is assessed by determining the

amount of each form of the vitamin that can prevent deficiency symptoms in a defined

model system. Antioxidant activity is assessed by measuring the chemical reactivity of

the molecules in homogeneous systems, such as the protection of oxidizable substrates

against radical intitated decomposition. The biological and antioxidant activities of the

forms of vitamin E are not identical^ \ For instance, y-tocopherol (a major form of dietary

vitamin E in humans) has about one-half the antioxidant activity of a-tocopherol in an in

vitro test based on the inhibition of styrene autoxidation^"^ , but only one-tenth the

biological activity of a-tocopherol
^^'^^"^

^.

Figure 1. The structure of 2(i?),4'(i?),8'(i?)-a-tocopherol, the most biologically

active form of vitamin E)

Naturally occurring a-tocopherol is optically active. There are three stereocentres

at C-2, C-4', and C-8' (Figure 1). Synthetic a-tocopherol, sold in many vitamin E

supplements, contains equal amounts of eight different stereoisomers of a-tocopherol

arising from the three chiral centers in the chroman ring and phytyl tail . Supplements of





vitamin E are generally given in the forms of a-tocopheryl acetate or succinate, in which

the hydroxyl group of a-tocopherol is esterified, increasing the stability of the molecule'^.

Non-specific esterases liberate the free phenol after ingestion'^.

HO

a-tocopherol a-tocotrienol

P-tocopherol P-tocotrienoI

y-tocopherol

6-tocopherol

y-tocotrienol

5-tocotrienol

Figure 2. The structures of tocopherols and tocotrienols

Tocopherols and tocotrienols are lipid-soluble, sterically hindered phenols, that

1 ft

react more rapidly with peroxyl radicals than do polyunsaturated fatty acids . Thus,

vitamin E acts as a chain-breaking antioxidant. Essentially the function of vitamin E is to
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19
trap peroxyl radicals and break the chain reaction of Hpid peroxidation . a-Tocopherol is

20-23
the major lipid-soluble antioxidant in the plasma '

. Vitamin E itself does not prevent

Initiation
29

o
M^

n+

•oh
H202

Rs>-V-V-^ «^- R

'.^ ^*^=\/R(Roo') + "^y

^/^V=V"(i:) +

HO
I

O,

R (LH)

R\/^ V^" \^^ (^^^"^

(a-TOH) + ROO

'

(a-TO*)

Scheme 1 a-Tocopherol-inhibited peroxidation of ester of polyunsaturated

fattyacids (PUFA = LH)
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the formation of carbon-centered radicals '^ rather, it reacts more quickly with peroxyl

radicals than polyunsaturated fatty acids, and forms an a-tocopheroxyl radical. This

radical is resonance-stabilized, therefore the chain reaction is terminated rather than

propagated. The a-tocopherol is regenerated from the tocopheroxyl radical by ascorbic

acid^"^"^^. (The proposed reactions are shown in Scheme 1). Alternatively two a-

tocopheroxyl radicals can react together forming a dimer, or the radicals can be

completely oxidized to tocopherol quinone.

1. 3 Vitamin E and Disease

Supplemental vitamin E is virtually nontoxic . A recommendation for

supplemental vitamin E for the general population is much more controversial. The

traditional approach to vitamin dosages has been to recommend amounts that can be

obtained from the diet that are sufficient to prevent deficiency symptoms in 98% of the

individuals in the population^\ However, antioxidant nutrients, such as vitamin E and C,

perhaps should be considered differently. These may have beneficial effects in

pharmacologic amounts and may provide protective effects against free radical damage,

which potentiate chronic diseases. Higher levels of Vitamin E and A in blood plasma, a

new thought to help prevent heart"^^. Plasma concentrations of vitamin E and C and

carotene were significantly inversely related to the risk of angina . Vitamin E

supplementation may represent a therapeutic means to prevent or delay the development

of diabetic vascular complications^^. Afflications of the nervous system, in general, are





of interest with respect to vitamin E therapy. There is evidence that links oxygen free

radicals and Parkinson's Disease^"*. However, the serum levels of vitamin E and the

vitamin E/cholesterol ratios were found not to be significantly lower in the patients with

Parkinson's Disease than in the control subjects^^. However, researches have found that

severe and prolonged vitamin E deficiency results in loss of nigrostriatal nerve terminals

and support the hypothesis that oxidative stress may contribute to the etiology of

Parkinson's Disease.

1.4 Absorption of Vitamin E

The most frequently used substance to evaluate the extent of a-tocopherol

absorption is a-tocopheryl acetate, but the absorption of free a-tocopherol has also been

examined ^^.

Intestinal absorption of fat-soluble vitamin E depends on pancreatic fimction,

biliary secretion, micellar formation and transport across intestinal membranes. The

absorption of a-tocopherol has been most extensively studied in rats, but results from

humans are also available. The primary site of absorption appears to be the medial small

intestine. Esterified forms of the vitamin E (tocopheryl acetate or tocopheryl succinate)

are hydrolyzed by a duodenal mucosal esterase^^, with the result that the vitamin is

predominantly absorbed as the free phenol. At nutritionally important intakes, the

efficiency of vitamin E absorption appears to be low and variable (35-50%) with a large

proportion of the intake of vitamin E appearing in the feces.
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The absorption of vitamin E appears to parallel the absorption of many other fats

and lipids^^'^^. Briefly, lipophilic compounds are solubilized by bile salts secreted into the

duodenum and the aggregates absorbed by the cells lining the small intestine and

transfered to the lymph. Here, the lipids exist as lipoprotein aggregates called

chylomicrons that are acted apon by lipases, esterases, and transferases. Vitamin E

absorption shows biphasic kinetics apparently reflecting initial uptake of the vitamin by

existing chylomicrons followed by a lag due to the assembly of new chylomicrons. The

lymphatic sytem eventually moves the absorbed lipids to the liver where the chylomicron

remnants are fully deconstructed and new lipoprotein particles are prepared for delivery

of specific lipids to different tissues. Tocopherol can be found in low- and very low-

density lipoproteins (LDL and VLDL) and it is these lipoproteins that are understood to

deliver tocopherol to tissues via specific LDL receptor mediated uptake. The absorption

of Vitamin E is shown in Figure 3 (prepared by Dr. Graham Burton).

Please see the following page for Figure 3.

Figure 3 The absorption of Vitamin E (prepared by Dr. Graham Burton)
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1.5 Experiments with deuterated tocopherol

Much of what is known about the biokinetics of tocopherols has been made

possible by the preparation of and use of stable deuterium-labeled tocopherols"*^"^^.

Specifically deuterated a-tocopherol was prepared by methylation of tocols not fully

methylated on the aromatic ring. Using deuterated paraformaldehyde and SnCl2 in

D2O/DCI, tocol (a tocopherol with no aryl methyl groups) was perdeuteromethylated

giving alpha-tocopherol containing nine deuterium atoms. Because deuterium is a stable

isotope of hydrogen and presents no hazard to health, deuterium-substituted vitamin E

can be safely administered to humans. The mass difference, but identical

chromatographic behaviour of this and other prepared tocopherols made it possible to

dose an animal with a deuterated tocopherol, and follow the material in extracted blood or

tissue, even in the presence of non-deuterated naturally occurring tocopherol. For

instance, following administration of a dose of deuterated tocopherol to a population of

rats, harvesting and extraction of blood and tissues over time has allowed the time-course

of tocopherol absorption and excretion to be determined. Similar results have been

performed in humans using only blood samples.

The blood or tissue samples were extracted with organic solvents and the lipids

analysed by gas chromatography / mass spectrometry (GC / MS) under selected ion-

monitoring (SIM) conditions. This allowed investigators to follow unlabeled endogenous

10





tocopherol as well as deterium-labeled exogenous vitamin E at the same time. Also, as a

result of substituting different amounts of deuterium on the chroman ring of different

tocopherols, it was possible to administer different forms simultaneously. This has been

done to determine the relative bioavailability of RRR and 57?^-a-tocopherol in rats"*^. In

this case each stereoisomer contained different numbers of deuteriums (i.e. d^-RRR-a-

tocopherol and dySRR- a-tocopherol acetates). The fate of each stereoisomer could

easily be followed by monitoring the ions three mass units apart by GC/MS-SIM. These

investigations illustrated that there was no discrimination of tocopherol stereoisomers

during lipid absorption prior to reaching the liver. After dosing, liver tissues are loaded

with near equal amounts of each stereoisomer, but blood and other tissues slowly enrich

in i^i^i^-tocopherol over the SRR-isomQr. Different tissues enrich to different degress with

the brain showing the highest selectivity of all (-5:1 RRR : SRR). Similar studies have

been performed in humans'^^''*'*. Such stereoselectivity of tocopherol absorption and

distribution implies that there must be a binding event in tissues that discriminates

between the two isomers at C-2.

1.6 a-Tocopherol transfer protein (a-TTP)

Prior to the work with deuterated tocopherols, it was known that tocopherol

transport between membranes, both natural and artificial, could be accelerated with

protein fractions from mammalian livers"^^. A semi-purified protein from rat liver was

soon available'^^'^^and shown to have transfer activity"*^. Later, the protein was rigorously

11





purified from rat live/^, cloned and its gene sequence determined^^. A homologous

c 1 c^

protein from humans has also been isolated and cloned '
.

The so called a-tocopherol transfer protein (a-TTP) is now understood to play a

vital role in determining the plasma vitamin E level. In particular, it appears to be the

stereoselective binding partner for ingested tocopherols. Indeed, using a tocopherol

transfer assay it has been shown that a-TTP is selective for not only stereoisomers of

vitamin E but also the different methylated vitamers^^. The following features of vitamin

E are recognized by this protein: 1) the fiilly methylated, intact chroman ring with the

fi'ee 6-OH group; 2) the presence of the phytyl side chain; 3) the /?-configurationat C-2.

This suggests that the body's ability to retain only one of the stereoisomers of tocopherol

is mediated by this protein. a-TTP binds this vitamin and catalysis its transfer between

membranes, and apparently ultimately enriches the VLDL particles with RRR-a-

tocopherol. The VLDLs are secreted into the blood, and deliver tocopherol to tissues.

The importance of the a-TTP has been emphasized by the discovery that

mutations in the human gene are responsible for the neurological deficits seen in a

particular form of ataxia^'^'^"*.

While the a-TTP was initially understood to occur only in liver^^, it has now been

detected extrahepatically in both rats and humans . Recently, Dutta-Roy et al have

57 . eg

reported the presence of another tocopherol binding protein in rat and bovine heart.

The bovine protein can transfer a-tocopherol in preference to y- or 5-tocopherol and is

not recognized by an antibody to the bovine fatty acid binding protein ' .
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By far the most significant interest in a-tocopherol's biological activity has been

role as a lipid-soluble antioxidant. Recently, phenomena have been identified that rely on

the presence of a-tocopherol, but apparently not on its radical scavenging ability.

a-Tocopherol inhibits the differentiadon of smooth muscle cells apparently by

modulating the activity of protein kinase C (PKC)"^"^. PKC inhibition by tocopherol has

also been implied in human platelets"^^. Others have shown that phospholipase A2^^'^^ and

a CoA-independent acyl transferase also have their activities modulated in the

presence of

a-tocopherol.

J. 7 Aims and Objectives

Investigations of the role of the a-TTP in liver, the occurence of other proteins in

nonliver tissues capable of binding a-tocopherol, and the modulation of enzyme activity

by this vitamin, would all benefit if molecular probes were available to confirm and

identify those proteins that recognize a-tocopherol as a ligand. For this purpose, we have

designed analogues that incorporate photosensitive fiinctional groups as the first

examples of photoaffinity analogue based on a-tocopherol. This thesis explores the scope

and mechanistic details of the synthesis of analogues of a-tocopherol that will act as tools

for the purification and identification of proteins that bind a-tocopherol in vivo. These

synthesis also provided access to compounds of use in the preparation of affinity

chromatographic columns which would provide easy access to tissue fi*actions enriched in

a-tocopherol binding proteins.
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Results and Discussion

2.1 Desi2n ofa-tocopherol photoaffinity labels

2. 1. 1 Requirementsfor a competent tocopherol affinity label

The most biologically active form of vitamin E is 2R,4'R, 8'/?-a-tocopherol (the

structure shown in Figure 1). a-Tocopherol consists of a chromanol ring system with a

lipophilic phytyl side chain. Natural source a-tocopherol has three stereogenic centers at

C-2, C-4' and C-8' (shown in Figure 1). Studies with analogues where the phytyl side

chain has been replaced by straight chain alkanes have demonstrated that methyl

substitutions are not mandatory for absorption and activity as antioxidants in rats^"^, but

the chain length must remain very similar to the natural ligand. This greatly simplifies the

synthetic task of making a photoaffinity analogue since preparing a side chain with

stereochemically defined methyl groups is considerably more complex. The a-tocopherol

transfer protein preferentially recognizes a-tocopherol over all other tocopherols^^ so this

structure has been maintained in the design of photoaffinity labels. Because the

stereochemistry at C-2 is also vital for the binding of a-tocopherol to a-TTP, it has also

been preserved. These structural rationalizations are shown in Figure 4.
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Omit unnecessary phytyl

methyl groups

Retain full

methylation of

alpha-tocopherol

Retain crucial (R)

stereochemistry at C-2

Maintain adequate

chain length

Figure 4 The ideal design a-tocopherol photoaffmity labels

2.1.2 Tocopherol photoaffmity labels

To date, photoaffmity labeling (PAL) is a widely used technique for studying the

proximity of components within biological systems^^. A PAL is a biological ligand

modified with a photoactive moiety (usually a azido or diazo group) which serves as a

precursor and which can generate highly reactive intermediates (carbenes or nitrenes)

upon photolysis. The intermediate can form a covalent bond between the photolabel and

the target biopolymer by way of a C-H or X-H (where X = N, O, S) insertion reaction. C-

H insertion by the carbene or nitrene is the most desired pathway for forming a stable

non-hydrolysable covalent linkage.

Aryl azides are one of the most widely used photolabel reagents. Photolysis of

phenyl azides at room temperature give singlet nitrenes and triplet nitrenes. The singlet

nitrenes can either undergo C-H insertion to form secondary amines or intersystem

crossing to triplet nitrenes^^. The fimctionalized perfluorophenyl azides are a new class of
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PAL reagents designed to have improved C-H insertion efficiency over nonfluorinated

analogues. We appear to be the first to use perfluorophenyl azides as the photoactive

groups.

A photoaffinity label must have a photolabile group that decomposes when

subjected to UV radiation and incorporation of these groups must not change the structure

of the molecule so drastically that it is no longer recognized by its biological receptor or

binding protein. For example, on photolysis the tetrafluoro-p-azidobenzyl photosensitive

group produces a nitrene that is more likely to be reactive with C-H bonds in the

hydrophobic binding site of the binding protein. Furthermore, for the affinity label to be

useful in biochemical work, it must be easily to follow in complex mixtures of proteins.

Often, therefore the labels are made radioactive, usually with H or I or P. hi order to

lessen the safety risk in working with radioactive chemicals, it is best to leave the

incorporation of radiolabel as near the end of the synthesis as possible.

With these considerations, two target structures have been designed, they are:

perfluorophenylazido (1) and diazoacetate (2) derivatives of a-tocopherol. The structures

shown in Figure 5.
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HO

Figure. 5 The target molecules, the designed tocopherol photoaffinity labels

Of these two structures, 1 has left the chromanol ring system completely

unchanged and the perfluorophenylazido group at the end of the sidechain, while 2 has a

small additional ring functionality in the form of the diazoacetate. Both structures retain

the critical natural R-configuration at C-2. Although it is recognized that the effect of the

new C-3 group on binding affinity and specificity is unknown and will have to be

determined.

2.2 Synthesis

2.2.1 Synthesis oftype 1 compounds

Preparing the proper stereochemistry at C-2 is straightforward for type 1 products

as a short chain a-tocopherol analogue known as Trolox® is commercially available

(Scheme 2). In order to link the relatively hydrophilic ring system of Trolox with the

hydrophobic tail necessary in the photoaffinity label, some functional group changes are

necessary. The Trolox® is first transformed to its methyl ester 3, then reduced to the

Trolox® aldehyde 5, which is necessary to attach the side chains via Wittig reaction. This
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is one of the key steps in the entire synthesis. In order to Hnk the photolabile group, the co-

hydroxyalkyl phosphonium derivatives have been used for the Wittig reactions to form

the cis-alkenols 8a-d. Catalytic reduction of the cis-alkenols 8a-d provide saturated side-

chain analogues of a-tocopherol 9a-d. The strong base which was used for the coupling

of 9 and photolabile group (Scheme 2).

TBS-O
TBS-0

8a-d n=l,2,3,4

O = CHO

TBS-

9a-d n=l,2,3,4
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la-d n=l,2,3,4 f

Scheme 2 The outline of synthesis of type 1 compounds

(i) Preparation ofchroman portion of labels(4)

The Trolox® was first converted into ester 3 using methanol as the solvent andp-

toluene sulfonic acid (p-TSA) as the catalyst, then the phenol was protected to form 4,

(2S)-6-{[tert-butyl (dimethyl) silyl]oxy}-2,5,7,8-tetramethyl-3,4-dihydro-2H-chromene-2-

carboxylate (Scheme 3)

O = C02Me

TBS-Cl, Imd, DMF

O - C02Me

®
Scheme 3 The protection ofTrolox OH group
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Because the phenol group is highly reactive , it can be easily oxidized to the

hydroxyquinone 31 and 8a-hydroxylquinone 32 (Scheme 4) so the phenol group must

O i COoH

(S)-Trolox

[O]

HO = CO2H

31

HO = CO2H

31

o.

OH

32

o i CO2H

Scheme 4 The mechanism of oxidation oftrolox

/

be protected during most synthetic procedures. We examined different protecting groups,

and found the /-butyldimethylsilyl (TBS) to be the best one. (S)-Trolox could easily be

converted to the methyl ester under acidic condition using /7-toluene sulfonic acid (P-

TSA) as catalyst was then protected the phenol group to generate TBS-(S)-Trolox methyl

ester 4.
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(ii) Preparation of Trolox aldehvde(5)

The ester group can be reduced selectively to the aldehyde oxidation level using

diisobutylaluminium hydride (DIBAL-H)^^ to generate the (5)-Trolox aldehyde 5

(Scheme 5). The designation of the configuration at C-2 changes on going from the

aldehyde, which is (S), to the long chain compounds which are R (shown in scheme 7).

TBS-0 TBS-0
DIBAL, CH2CI2

-60°C,
O s -CHO

4 5

Scheme 5 The DIBAL reduce the Trolox® ester to its aldehyde

The aldehyde group is necessary for the reaction that attaches the hydrophobic

side chain. It is worth noting that control of the reaction temperature so that it does not

exceed -60°C is very important, since the desired product aldehyde could be further

reduced to the alcohol by diisobutylaluminum hydride (DIABL-H) at higher temperature.

(iii) co-Bromoalkanols 6a-d

HO-(CH2)n-OH
HBr/C6H6

reflux, 18-24h
Br-(CH2)n-OH (n=5, 6, 7, 8)

6a-d
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The conversion of the diols into mono substituted co-bromoalkanols has been

described in the literature . Diols heated with aqueous hydrogen bromide in ligroin, or

reacted with aqueous hydrogen bromide using a continuous extraction apparatus

employing non-polar solvents such as toluene, cyclohexane and petroleum ether. Under

these conditions it was very difficult to obtain the pure mono-bromoalkanols 6a-6d. They

were contaminated with dibromoalkanes or unreacted diols even after purification by

column chromatography or fi*actional distination^^.

In our experiments, we used an efficient conversion of diols into

monobromoalkanols by simply refluxing a mixture of the diol, aqueous hydrogen

bromide (48%) and benzene using a Dean-Stark apparatus to remove the water formed in

the course of the reaction. By this method the reaction mixture is made less polar and

pure monobromoalkanols 6a-6d (70% by Kugelrohr distillation) are recovered in good

yield™

(iv) ci>Hvdroxvlalkvltriphenvlphophonium bromides 7a-d

EtOH
PPh3 + Br (CH2)nOH Pha? - (CH2)n-0H (n=5, 6, 7, 8)

Reflux Bf

7a-d

It has been reported^' that p-hydroxyethylbromide and y-hydroxypropyl bromide

gave the corresponding phosphonium salts and underwent normal Wittig couplings via

their oxaphosphatane derivatives. We have prepared co

hydroxylalkyltriphenylphosphonium bromides (n=5, 6, 7, 8, 9, 11). However when 5-
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bromo-l-pentanol was treated with triphenylphosphine in dry benzene and heated to

reflux only the bis-phosphonium salt 33 was obtained (Figure 6).

Ph,P.

33

Figure 6 The bis-phosphonium salt of 5-bromo-l-pentanol

It was subsequently discovered that freshly distilled 5-bromo-l-pentanol

contained HBr and even after removal of the acid, more was found to be present several

hours later. Thus, the equilibrium generating tetrahydropyran and HBr and the subsequent

process which converts the bromopentanol to the dibromide had to be circumverted ( the

possible mechanism shown in Scheme 6).

+ HBr

Br- /
O
H Br- (CH2)r OH

Ph,Pv 13P Br(CH2)5Br

33

Scheme 6 The mechanism to form bis-phosphonium salt of 5-bromo-l-pentanol

This difficulty was overcome by adding an acid scavenger (K2CO3 ) to the

solution of the bromopentanol and triphenylphosphine in absolute ethanol which gave the

desired crystalline 5-hydroxypentyl phosphonium salt 7a.
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(v) TBS-Trolox alkenols 8a-d and Wittig reactions

The Wittig reaction has played a prominent role in synthetic chemistry for several

decades^^. It can be used to construct an olefinic bond in a specific position in a molecule.

The Wittig reaction is one of the key steps of our project, since it can generate the side

chains which we want in our desired compounds. The proposed mechanism shown in

Scheme 7. Non-stabilized triphenylphosphorus ylides generally react with aldehydes to

afford mainly Z-alkenes, by a process suggested to involve betaine and oxaphosphatane

intermediates^^. The stereochemistry of these reactions can be affected by solvent, cation,

temperature, and type of aldehyde^'*. Z-stereoselectivity is maximized by polar aprotic

solvents, exclusion of lithium salts and low reaction temperatures.

Q
[(C6H5)3P-CH2-(CH2)n-CH20H ]Br

G 2.1 equv. Li-HMDS^
(C6H5)3®CH-(CH2)n-CH20Li

R-x: + (C6H5)3P-CH-(CH2)n-CH20Li

R
00-C-H

© I

(C6H5)3P—CH-(CH2)n-CH20Li

Betaine

R
0-tC-H

(C6H5)3P —CH-(CH2)n-CH20Li

Oxaphosphetane

R /(CH2)nCH20Li
)Z=C( + Ph3P=0

H H

work-up >- RCH=CH-(CH2)nCH20H

Scheme 7 The Wittig reaction mechanism
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The sidechain must incorporate a functional group that can be used to attach the

photolabile group and this has been accompUshed by using the co-hydroxylalkyl

phosphonium derivatives. Scheme 7A indicates how the functionaUzed phosphonium

bromide is treated with a strong base to generate the yUd which is coupled to the Trolox

TES-
TES-

Li-HMDS, THF

Br-PlBP^T^^Jh^OH
5 XHO

8a-d n=l,2,3,4

H2, 10%Pd/C
EtOAc

TBS-

9a-d n=l,2,3, 4

Scheme 7A Wittig reactions to generate side-chains

aldehyde 5 to form predominantly the cis-alkenols 8a-d. We have produced phosphonium

salts from the C-6 to C-12 analogues and have shown this methodology to be successful

for the entire series. We have found that using lithium hexamethyldisilylamide (Li-

HMDS) rather than methyl or n-butyllithium (n-BuLi) provides better yields of the

coupled product (by about 20-30%).

The alkenols provide a convenient opportunity for the introduction of tritium ( H)

as a radioactive label. Also the alkenols 8a-d can be catalytically reduced to provide
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saturated side-chain analogues of a-tocopherol 9a-d with an appropriate terminal

functional group (hydroxyl) for linking to the photolabile group.

Cvi) The synthesis of photoaffinitv label 13

The synthesis of l-azido-4-(bromomethyl)-2,3,5,6-tetrafluorobenzene 13 was

elaborated from Keana^^ (scheme 8).

CHO CHO

•^^ -^ -F NaN3 / Acetone / H2O '^^ ^^ ^^

F^ ^ ^F

F

Reflux

Me2NH.BH3

Acetic acid
Reflux

N3

11

Br

CH2CI2 , PBr3

Pyridine

N3

13

Scheme 8 Preparation of 1 -azido-4-(bromomethyl)-2,3,5,6-

tetrafluorobenzene using as the photoaffinity label
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(vii) Synthesis of tetrafluoro-p-azidobenzyl containing PAL(14)

TBS-O

9a-d n=l,2,3,4

Br

+

N3

13

K-t-OBu, THF, OX, 70%

14 a-d n = 1, 2, 3, 4

Scheme 9 Coupling of long chain alcohols with photoaffinity labels

The coupling of 9 and 13 to provide products of type 14 was sensitive to

conditions and reagents (scheme 9). Several bases were explored for the benzylation of 9

(table 1). Aqueous bases with phase transfer catalysts and NaH in organic solvents failed

to generate the desired products.
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Bases Reaction conditions results

NaH THF at 0°C or Room Temperature(RT) N3-> NH2

NaH Ether at O^'C or RT Ns^ NH2

IN NaOH TBAI*(catalyst) in THF at O^C or RT CH2Br-^ CH2OH

2N NaOH Aliquat(catalyst) in THF at 0°C or RT CH2Br-^ CH2OH

2N NaOH Aliquat(catalyst) in CH2CI2 at 0°C or RT CH2Br^ CH2OH

2N NaOH TBAI(catalyst) in CH2CI2 at O'^C or RT CH2Br-» CH2OH

K2CO3 KI in Acetone at RT No Reaction

NaHMDS** THF at OT to RT

Ag20

K-t-OBu

DMF at RT

THF at -20°C

No Reaction

No Reaction

No Reaction

Products(58-65%)K-t-OBu THF at 0°C

* TBAI = Tetrabutyl ammonium iodide

** NaHMDS = Sodium hexamethyldisilylamide

Table 1 The bases, reaction conditions and results for various coupling attempts.

Using phase transfer catalysts, to convert the benzyl bromide into the benzyl

alcohol failed. This is understandable because of the basic aqueous solution and the

benzyl bromide being a highly reactive substance. A similar reaction reported in the

literature described coupling of a chlorobenzyl azide and an alcohol to form ether. They
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introduced the azido-chlorobenzyl ether as a new protection method for hydroxy groups^^.

They used NaH as the base in DMF, the reaction shown in Scheme 10:

, ^„+BrCH^ Vn3 T'™'' R-O-CH,

Scheme 10 Azido-chlorobenzyl ether as a new protection method for hydroxy groups.

But this reaction condition did not work with the tetrafluoroazidobenzyl bromide,

instead it result in reduction of the azide (N3) to the aniline (NH2). This likely occurred

because the strongly electronegative fluorines make the N3 more reactive and easy to

reduce. NaH is a strong base, also it is a reducing reagent, even it can reduce a ketone to

its alcohol^^. NaH, however, is a good base to couple alcohol and 4-azidobenzoic acid N-

hydroxysuccinimide ester 37 which does not have strong electron withdrawing groups

attached on the benzene ring. For instance, using our long chain alcohol 9b to synthesize

6-{(2;?)-2,5,7,8-tetramethyl-6-[(trimethylsilyl)oxy]-3,4-dihydro-2H-chromene-2-

yl}hexyl-4-azidobenzoate (another photoaffinity label shown in Scheme 11) procured

with good yield without reducing the azido group.
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TBS-

OH + N3

Q

O N

TBS-

NaH, THF

0°C to RT

Scheme 1 1 Synthesis of 7 '- {(2R)-2,5,7,8-tetramethyl-6-[(trimethylsilyl)oxy]-

3,4-dihydro-2H-chromene-2-yl }heptyl-4-azidobenzoate

Potassium-t-butoxide (K-t-OBu), a strong and a hindered base, worked very well

and the expected products were obtained with reasonable yields. TBAF was then used to

cleave the TBS protecting group to achieve our final products la-d.

It is important to recognize that affinity labels of type 1 where n=2 or 3, are

excellent compromises on the structure of the natural ligand (shown in Figure 8).The

chroman portion which is thought to be required for specific binding has been left

la-d n=l, 2,3,

4

la n = 1 (hexyl) Ic n = 3 (octyl

lb n = 2(heptyl) Id n = 4(nonyl)
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Figure 8 The structures of type 1 labels in comparison with the natural ligand

unchanged, which the phytyl methyl groups have been abandoned, the terminal

azidophenyl group closely mimics the final isoprene unit. Indeed calculations

(MacSpartan v. 1.1 7) at the AMI level showed that the volume and surface area of the

final isoprene unit (142.7 A"^ AND 156.3 A^) is very similar to that of the benzyl azide

(144.2 A^ and 169.9 A^).

2.2.2 Synthesis oftype 2 compounds

With the successfiil synthesis of the first photoaffinity labels la-d of a-

tocopherol, our efforts were focused on the synthesis of another photoaffinity label of a-

tocopherol 2. The position of the photolabile group in 2 is no longer on the side chain but

rather on the chromanol portion of the molecule (at either C-3 or C-4). These positions

are the least disruptive of the chroman group given that removal of even one of the aryl

methyl groups greatly decreases binding specificity to the rat liver protein. The scheme 12

shown the outline of synthesis of type 2 compounds.
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TBS

I
C-16H33

20a

TBS TBS
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TBS
TBS

O I C16H33

22b

TBS TBS

O
I C16H33

24b

16^33 16^33

Scheme 12 The outline of synthesis of type 2 compounds.

(i): The protecting groups for g-tocopherol chromenesn?, 19. 27)

Functionalization at C-3 can be accomplished by first oxidizing the chromanol

ring of a-tocopherol acetate with 2,3-dichloro-5,6-dicyanobenzoquinon (DDQ) to

generate the chromene^^ 17 (Scheme 13).
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AcO

16

AcO

Toluene, DDQ

Reflux, 86%

17

Scheme 13 Using DDQ to make a-tocophenol chromene

Because the phenol group of a-tocophenol is highly reactive, it must be protected.

This protecting group must be cleaved easily and remain stable under the reaction

conditions of the later synthetic steps.

(P=Ac, 17; P=TBS, 19; P=TMS,27)

Due to the availability of materials and the outlined synthetic strategies, the

commercial available a-tocophenol acetate 17 was used directly. The acetate is very

stable under the reaction conditions for the DDQ oxidation, but it was reduced to the

alcohol at the later step (shown in scheme 14).
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AcO

LAH, RT, THF

Scheme 14 Acetate as the protecting group for a-tocophenol chromene

So the acetate group is not a good protecting group in this case. The TMS ether is

unreactive with LAH and it will be easy to remove at the final step, but it is not stable

under the weakly acidic condition that were present when on attempt was made to convert

chromene 27 into the TMS-bromoalcohol instead the free phenol 34 was produced

(scheme 15).
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TMSO

DME-H2O, NBS

Scheme 15 TMS as the protecting group for a-tocophenol chromene

Therefore we decided to use t-butyldimethylsilyl (TBS) as the protecting group.

The tert-butyldimethylsilyl chloride (TBS-Cl) could not be attached using the normal

conditions of TBS-Cl / DMF / imidazole in DMF^^, even at 85°C. The more reactive t-

butyldimethylsilyl trifluoromethanesulfonate (TBS-triflate), however, readily provided

TBS-a-tocophenol at room temperature.

The use of TBS-triflate allows the TBS protection of tertiary or sterically hindered

alcohols and phenols. Dry 2,6-lutidine is the base for these reactions which were

generally performed in CH2CI2 as solvent at room temperature . The ratio of alcohol or

phenol / TBS-triflate / lutidine is: 1:1.5:2.5. The reaction was monitored by TLC and was

completed in 30 min. The yield was >95% (scheme 16).
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18

TBS-triflate, CH2CI2
2,6-lutidine

95%, RT

TBS

19

Scheme 16 TBS as the protecting group for a-tocophenol chromene

(ii) The preparation of epoxides 21a and 21b

Originally we expected to directly convert the TBS-chromene of a-tocophenol 19

to TBS-a-tocophenol epoxides 21a and 21b using Jacobsen's catalysts^ ^'^^. Unfortunately

under these reaction conditions, the epoxide ring was opened to yield diols or other

byproducts. According to literature precidant^^, we also tried dimethyldioxirane^^ as the

oxidant for these reactions. At 0-20°C for two to three days no reaction occured.
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TBSO

NaOCl(12%),CH2Cl2
R.R or S,S Mn(Salen) at 0°C

TBS

The structures of the R,R and S,S Mn(Salen) catalysts as foilwing:

C(CHJ, {CH^C

(CH,)^

CHz:n ^N3CH

(CH,),C-(^^-0'^i^O-<^ VqCHJ,

C(CHJ, (CHJjC

(S,S)

Figure 9 The structures of Mn(Salen) catalysts (Jacobsen's catalyst)

An obvious choice for making epoxides would be epoxidation using peracids. We

tried m-chloroperbenzoic acid (MCPBA) and monoperoxyphthalic acid magnesium salt

hexahydrate as the oxidants to make epoxides at room temperature. Unfortunately with

both these peracids, no desired epoxides were obtained.
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In order to overcome these problems, we changed our synthetic strategies, that is:

we first converted the chromene to a bromoalcohol, then under basic conditions cyclized

to obtain the epoxides . Smce the epoxides are highly reactive, they were not separated

but where directly reduced in the same reaction vessel. However triturating with hexane

allowed for a semi-pure material to be analysed by NMR and peak chemical shifts where

very close to similar compounds reported in the literature (scheme 1 7).

TBS

TBS

TBS

16^33

20b

NaH, RT, THF

DME-H2O,NBS(0V)

TBS

O I
C-16H33

20a

NaH, RT, THF

Scheme 17 Use of bromo alcohols 20a and 20b to make epoxides 21a and 21b
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(Hi) The preparation of (21a, 21b) using Jacobsen's catalysts
85

TBS

TBS

TBS

1 .5% Jacobsen's catalysts (R,R or S,S)

P3NO*, NaOCl, CH2CI2, 0"C

21a

21b

( from S,S catalyst)

( from R,R catalyst)

Ph

*PiNO = O"

Scheme 18 Using Jacobsen's catalysts to make epoxides 21a and 21b
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Our first attempt to use Jacobsen's catalysts (MnLCl) to synthesize the TBS-a-

tocopherol epoxides failed. We successfully synthesized two epoxides by using the 4-(3-

phenylpropyl)pyridine N-oxide (P3NO) as an additive for the MnLCl / NaOCl system in

CH2CI2 at 0°C (shown in Scheme 18)^^ It has been shown that the addition of P3NO

stabilizes and activates the catalytic system, and makes these reactions more efficient and

less of the catalyst is required. For example; the reaction times could be decreased from

4h to 1-2 h, and the catalytic loading could be reduced fi-om 4 mol % to 0.25 mol %). The

stabilization and activation effects ofP3NO on the catalyst can be seen in Figures 9A and

9B. The results showed that P3NO slows down the catalyst decomposition and the

reaction rate was increased*^

.

Figure 9A. Disappearance of catalyst in runs

at -5°C stirred at 2180rpm. Key:

(CEl) P3NO present initially;

(D) P3NO absent;

(O) P3NO was added after 1 hour

Figure 9B Disappeai-ance of alkene in runs
at -5°C stirred at 2180rpm. Key:
([x]) P3NO present initially;

(D) P3NO absent;

(O) P3NO was added after 1 hour
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(iv) Reduction of epoxides to make 22a and 22b

Epoxide ring-opening reactions can be performed using many different reagents^^,

and this subject has been reviewed by Parker and Isaacs^^. Lithium aluminum hydride has

been widely used for the reduction of epoxides to alcohols. LiAlH4 has been used in

combination with AICI3 to shorten the reaction time and make this conversion of

epoxides to alcohols of practical utility. It was found that an epoxide / LiAlHV AICI3

molar ratio of 1:2:1 (in ether at 35°C) gave the best results (shown in Scheme 19). These

reactions work very well, the overall yield from 20 to 22 (two steps) was 77% (Scheme

19).

TBS

TBS

TBS

TBS

O I C16H33

22b

O I
C16H33

21a

LAH, RT, THF

.oOH

O I
C16H33

22a

Scheme 19 Using epoxides to make mono-alcohols 22a and 22b

(v) using nOe experiments to determine the stereochemistry of 22a and 22b

As you can see from above, we made two bromo alcohols 20a and 20b which

were separable by column chromatography. After cyclization and reduction the two
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diastereomer alcohols 22a and 22b were produced. They have different stereochemistries

at the C-3 position, but based simply on chromatographic behavior, we don't know which

one is which. Since the stereochemistry at C-2 is known, we can measure the nOe

between C-2 methyl group and C-3 proton, thus we can figure out the stereochemistry at

C-3 for the OH group.

The nuclear Overhauser effect (nOe) is a net change of the signal intensity from

one spin due to the relaxation of a saturated spin that is dipole-dipole coupled to the first

spin. An nOe may be positive, meaning there is a net increase in signal intensity, or

negative, meaning that there is a net decrease in signal intensity. Since the nOe occurs

through-space rather than through-bonds, changes in resonance magnitude contain

information on the distances between the interacting nuclei. Thus stereochemical or

regiochemical information can be obtained from nOe data .

The efficiency or rate of nOe buildup depends on the efficiency or rate of dipole-

dipole relaxation. This depends on the strength and frequency of the fluctuating fields,

which in turn depends on factors such as the distance between the nuclei involved, the

tumbling rate of that portion of the molecule, and the nature ofthe nuclei themselves.

In an nOe difference experiment, a 'H resonance is selectively pre-irradiated until

saturation is achieved. During the pre-irradiation period, nOe buildup occurs at another

^H resonance or resonances. The experiment is repeated using different pre-irradiation

frequencies, including one which is off-resonance (around -2ppm), as a reference or

control spectrum.
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The irradiation power level should be minimized to get the appropriate frequency

selectivity, but it, should not be so low that the saturation is incomplete and the resulting

nOe's are very low.

In our practical experiments, we selected the resonances for irradiation at 1.23

ppm (C-2 methyl group) and 3.85 ppm (C-3 proton), and one with the off-resonance at -2

ppm for the control spectrum. We found that the optimum power levels were: 58 dB for

3.85 ppm and 61 dB for 1.23 ppm. The experimental results show that there is a very

strong nOe at 1.23 ppm when irradiation is performed at 3.85 ppm in compound 22b.

The same result was obtained with the compound which was used Jacobsen's R, R

catalyst to make epoxide 21b then reduced it to mono-alcohol 22b, so the 22b is:

(2R,3R)-6- { [tert-butyl(dimethyl)silyl]oxy } -2,5,7,8-tetramethyl-2-[(4R,8R)-4,8, 1 2-

trimethyltridecy1] -3,4-dihydro-2H-chromen-3-ol (Figure 10).

TBS

Figure 10 nOefor22b

There is a weak nOe at 1.23 ppm when irradiation is performed at 3.85 ppm in

compound 22a, and this result is the same as that observed with the compound which

used Jacobsen's S, S catalyst to make epoxide 21a then reduced it to mono-alcohol 22a,

therefore 22a is: (2R,3S)-6-{[tert-butyl(dimethyl)silyl]oxy}-2,5,7,8-tetramethyl-2-

[(4R,8R)-4,8,12-trimethyltridecyl]-3,4-dihydro-2H-chromen-3-ol (Figure 1 1).
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TBS

CH3

22 a Small nOe

Figure 11 nOe for 22a

(vi) Synthesis of diazoacetate(29)

The diazoacetate was prepared by a procedure outlined by E. J. Corey and is

shown in Scheme 20. We tried to make the glyoxylic acid p-toluenesulfonylhydrazone 23

following the literature procedures failed^^. We improved the reaction conditions, just

simply combined the reactants in THF at RT to yield the desired product with high yield.

Then it react with dry thionyl chloride to generate glyoxylic acid chloride p-

toluenesulfonylhydrazone 24 (scheme 20). The monoalcohol 22a is treated with glyoxylic

acid chloride p-toluenesulfonylhydrazone^° in dry THF with an ice bath. In order to avoid

the formation of the side-product p-toluenesulfinate ester, the weaker base, N,N-

dimethylaniline was used in this reaction. After by quenching with citric acid solution, the

product was extracted with 10% ethylacetate-hexane to provide 29 as a yellow syrup.The

TBS protecting group can be removed by TBAF to yield the final product ( 2a

)
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II II

H^ OH

THF, RT

—NHN=CH-COOH

II

CI' CI

catalic amount ofDMF
dry THF, RT

—NHN==CH-COCI

TBSO

29a

— NHNf==CH-COCI

TBAF
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Scheme 20 Making diazoacetate using glyoxylic acid chloridep

toluenesulfonyihydrazone

2.3 Studies with tocopherol bindingproteins

The synthesis of photolabels la-d also provided access to intermediates 9b that

could be covalently immobilized to an appropriately activated support, thus creating an

affinity gel for protein chromatography. An affinity gel would be used for the purification

of proteins that can recognize the immobilized ligand. Because the solubility of a-

tocopherol in water is low, the proteins would be eluted from the column using

denaturants such as acid, high salt content or guanidinium hydrochloride. The most

obvious choice for initial testing would be the a-tocopherol binding proteins from rat

liver, since they have been shown previously to bind this ligand specifically. Such a

purification procedure will be used to obtain enriched fractions of the binding protein

from crude cytosol in order to prepare sufficient amounts of protein for experiments to

determine the best conditions for labeling and sequencing.

In our research group (Doug Burr's thesis), the modified Trolox, 9b was subjected

to a Swem oxidation to provide the aldehyde 15 and the silyl protecting group removed

with TBAF to give 16^^( shown in Scheme 21). Compound 16 was covalently attached to

an adipic acid hydrazide modified agarose under mildly acidic conditions. The gel as

supplied from the manufacturer nominally contains 1-6 umol of hydrazide functional

groups per millilitre of wet gel. After ligand attachment free ligand was washed free of

the gel by extensively rinsing with buffer containing 50% EtOH. Determining the amount
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of unbound ligand by UV absorption (e = 3250) or by extraction with hexane and mass

determination supported the loading of the gel with 4.3 ±0.2 n mol of ligand per millilitre

of gel. The affinity gel is currently being tested for competency at retrieving the a-TTP

from rat liver cytosol. When available this protein will be used to determine the binding

specificity of the synthetic ligands. These results will be reported in another student's

thesis.

TBS-O

9an=4

TBS-'

Swem oxidation

CHO

TBAF

CHO + H2NN

^"^vC^v

Scheme 21 The analogue of a-tocopherol binding proteins
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Experimental

3.1 General Experimental Procedures

3.1.1 General Procedures

All starting materials were obtained from commercial suppliers (Aldrich) and

were used without further purification. All non-aqueous reactions were conducted in

flame dried or oven dried (120°C) glassware under an argon atmosphere. The low

temperature baths were acetone/ liquid N2 for -78°C, CCI4 / liquid N2 for -20°C and water

/ ice for 0°C. The heating baths used a silicon oil bath. Air-sensitive reagents and

solutions were transfered via syringes or cannula and were introduced under the argon

pressure. All reaction temperatures refer to the bath temperatures. Removal of the solvent

was normally accomplished using a reduced pressure rotary evaporator.

3. 1.

2

Chromatography

Flash chromatography was carried out on Aldrich Silicon gel (230-400 mesh )

with the indicated solvent systems. Analytical thin layer chromatography (TLC) was

performed on 0.25mm precoated silica gel plates (E M Science, Silica Gel 60 F-254 ).
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Visualization was achieved using a UV lamp at 254 nm or exposed to iodine vapor, or

immersion in a solution of4% H2SO4 in methanol, followed by heating with a heat gun.

3.1.3 Reagents and Solvents

Reagent-grade solvents were used for all extractions and work up procedures.

Distilled water was used for all aqueous extractions and for all aqueous solutions. The

reactions using sodium hydride (60% dispersion in mineral oil), the mineral oil was

removed by washing with dried hexane and removed via a syringe and deposited in a

beaker containing isoproyl alcohol and liquid nitrogen). THF was dried by refluxing and

distilling from sodium and benzophenone under dry nitrogen. N,N-Dimethylformamide

(DMF) was refluxed and subsequently distilled from calcium hydride. Ethyl acetate

(EtOAc), hexane and dichloromethane (CH2CI2) were distilled from calcium hydride. Dry

methanol and ethanol were distilled from magnesium and catalytic amount of iodine. All

other solvents were commercial reagent grade and dried over 4A molecular sieves.

3.1.4 Physical Data

Melting points were determined on a Kofler hot stage apparatus and are

uncorrected. Optical rotations were obtained in the indicated solvent at ambient

temperature with a Rudolph Autopol III polarimeter. IR spectra were recorded on a

Mattson Research Series FT-IR spectrophotometer and are reported in wavenumbers

(cm''). Low resolution mass spectra (MS) were recorded on a Carlo Erba/ Kratos GC /

MS Concept IS double focusing mass spectrometer interfaced to a Kratos DART
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acquisition system and a SUN SPARC workstation. Samples were introduced through

a direct inlet system. Ions were generated using electron impact (EI) at 70ev or Fast

Atom Bombardment (FAB) sources and are reported as m/z values for the parent peak

and the major fragments. ^H-NMR (300 MHz) and ^^C-NMR (75 MHz) spectra were

obtained on a Bruker Advanced DPX-300 digital FT NMR spectrometer with

deuterated-chloroform (d-chloroform) as the solvent unless otherwise noted. The usual

internal references were tetramethylsilane (TMS) or chloroform. Chemical shift

reported in ppm (multiplicity, number of protons, coupling constant in Hz). Multiplicity

is designated using the following abbreviations: s ( singlet ), d (doublet ), t (triplet ), q

(quartet) ,m( multiplet) , br ( broad).

3.2 The Preparation ofCompounds

3.2. 1 The synthesis oflsk-d was based on scheme 22

HO

Reflux 96%
CO2H

85°C, 98%

= C02Me
TBS-Cl, Imd, DMF

TBS-
TBS-

DreAL, CH2CI2

-60°C, 82%
C02Me

Li-HMDS, THF, 86%

Br-Ph3P ^Mh^OH
= CHO
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TBS-

-^^^--Jitv^OH

TBS-

H2, 10%Pd/C

EtOAc, 100%

8a-d n=l,2,3,4 9a-d n=l,2,3,4

(a) K-t-OBu, THF. 0°C, 70%

(b) TBAF, THF, (fC, 97%

la-d n=l,2,3,4 ^

Scheme 22 The outline ofpreparation of 1 a-d

Synthesis of methvU2S)-6-hvdroxv-2,5,7,8-tetramethvl-3,4-dihvdro-2-

carboxvlate ( 3

)

O = C02Me

S-Trolox (l.OOg, 2.01 mmol) was dissolved in 100 ml of dry methanol and

dichloromethane (1 : 1, v / v) in a 250 ml round bottom flask. A amount of (0.40 g ) of /?-

toluene sulphonic acid (p-TSA) was added to this mixture which was stirred and heated

to reflux in an oil bath for 18 hours with a drying tube attached to the condenser. The

reaction was monitored by TLC (CH2CI2 / MeOH = 10:1 ). The solution was poured into

water (25 ml) and the aqueous layer was extracted with chloroform (3 x 20 ml). The
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combined organic phases were washed with water and brine, dried over MgS04 and

evaporated under reduced pressure to afford white crystals. The crude crystals were

recrystalized with methanol to give white crystals. The yield was 88% ( 0.94 g ,3-57

mmol).

TLC Rf=0.85 (CH2CI2 / MeOH = 10:1 )

M.P. 134.5-136.0°C

[ a ]d= -54.95 (C= 1.06, Ethanol T= 19°C)

^H-NMR (CDCI3,); 5 3.68 (s,3H, OCH3), 2.58 (m, 2H, CH2), 2.43(m,lH,H)

2.16 (s, 3H, Ar-CH3), 2.12 ( s, 3H, Ar-CHs), 2.03 (s, 3H, At-CHb),

1.90 (m, IH, CH), 1.61 (s, 3H, CH3).

'^C-NMR (CDCI3,); 6 145.78 , 144.97 , 126.49, 124.14, 123.08, 1 17.88,

75.47, 69.67, 53.84, 28.27, 26.53, 20.95, 20.83, 19.03, 14.76.

MS [EI+] m/z 264 (M+,100%), 205(98%), 164(58%), 121 (7.5%)

Synthesis of methyl (2S)-6-(rtert-butvl (dimethvl) silvl1oxvl-2.5.7,8-tetramethvl-3,4-

dihydro-2H-chromene-2-carboxvlate (

4

)

TBS-

O - C02Me
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A solution of (2S)-6-hydroxy-2,5,7,8-tetramethyl-3,4-dihydro-2-carboxylate 3

(0.94g, 3.57 mmol), t-butyldimethylsilyl chloride (0.81 g, 5.4 mmol), imidazole (l.Olg,

14.8 mmol) in dry dimethylformamide (10 ml) was stirred and heated in an oil bath

under argon atmosphere at 85°C for 5 hours until none of the starting material 3 was

detected by TLC. The reaction mixture was poured into 50 ml of water, then extracted

with ethyl acetate (3 x 30 ml). The combined extracts were washed with brine and water,

then dried over anhydrous Na2S04 . The filtrate was concentrated under reduced pressure

to yield a light yellow oily liquid. The crude product was further purified by column

chromatography on silica gel using (dichloromethane / hexane = 3:1). The yield was 97%

( 1.32 g, 3.49 mmol).

TLC Rf= 0.63 (CH2CI2 / Hexane = 5:1)

[ a ]d= -54.91 (C= 1.02, CHCI3 T= 19°C)

^H-NMR (CDCI3): 3.68 (s, 3H, OCH3), 2.58 (m, 2H, CH2), 2.43

(m, IH, CH), 2.16(s, 3H, Ar-CHs), 2.12 (s, 3H, Ar-CHs), 2.03 (s,

3H, Ar-CHs), 1.90 (m,lH, CH), 1.61 (s,3H,CH3), 1.06 (s,9H,

3CH3),0.13(s,6H,2CH3).

^^C-NMR (CDCI3) 145.78, 144.97, 126.49, 124.14, 123.04,

117.88,75.47, 69.67, 53.84, 28.27, 26.53, 20.95, 20.83,

19.03, 14.76, 13.86, 12.44, -2.93

MS[EI+]: m/z 378(M+ 100%), 321 (25%), 319(15%), 278(1 1%),

261(12%), 221(27%), 131(12%).
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Synthesis of (2S)-6-([tert-butvl (dimethyl) silvl]oxvl-2,5.7.8-tetramethvl-3,4-dihvdro-

2H-chromene-2-carbaldehyde ( 5

)

TBS-

.J^ .^A^ , ^ ^
O = CHO

5

The methyl (2S)-6-{[tert-butyl (dimethyl) silyl]oxy}-2,5,7,8-tetramethyl-3,4-

dihydro-2H-chromene-2-carboxylate 4 (5.40 g, 14.3 mmol) was dissolved in dry hexane

(60 ml), cooled in an acetone / liquid nitrogen bath at -60''C for 20 min. , and

diisobutylaluminum hydride (DIBAL-H, 1.0 M in hexane) (15.5 ml) was slowly added so

as not to exceed -57°C ( over 1.5 hours period via a syringe). This reaction mixture was

stirred at -60°C for one hour under an argon atomosphere where upon TLC showed that

no starting material 4 remained. The reaction was quenched with 50 ml of methanol , 25

ml of water , then poured into water and extracted with hexane / ethyl acetate (2:1, 3 x

50 ml). The emulsion was removed with IN HCl. The combined organic phases were

washed with saturated NaCl solution, dried over MgS04 overnight and the solvent was

removed under reduced pressure to afford the crude product as a white crystal. It was

further purified by column chromotography on silica gel using (dichloromethane /

hexane, 1:1 to 3:1). The yield was 86% (4.29g, 12.3minol).:

TLC: Rf=0.54 (CH2CI2 / hexane = 3:1)

Melting Point : 71-72 °C
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[ a ]d=+1 1 .53 (c=l . 1 5 in chloroform, T=l 9°C)

'H-NMR (CDC1I3), 9.66 (s,lH,CHO), 2.56 (m,2H,CH2),2.30, (m,lH,

CH), 2.26 (s, 3H, Ar-CHs), 2.21 (s, 3H, Ar-CHs), 2.16 (s, 3H, Ar-

CH3), 1.84 (m,lH, CH), 1.42 (s,.3H,CH3), 1.08 (s, 9H, 3CH3), 0.15

(s, 6H, 2CH3).

^^C-NMR (CDCI3 ), 205.19, 145.98, 145.55, 126.88, 124.28, 123.24,

118.02, 80.67, 28.34, 26.49, 22.00, 20.90, 19.01, 14.76, 13.78,

12.47, -2.92.

MS[EI]: m/z 348 (M+, 100%), 319 (56%), 293 (12%),221 (29%),

131(14%), 73(52%), 59(15%)

The Preparation of co-Bromoalkanols from a,co-Diols ( 6a-6d )^^

Br(CH2)nOH (n=5,6,7,8,)

5-Bromo- 1 -pentanol 6a ^^

:

The syntheses of 6a, 6b, 6c, 6d were conducted under identical conditions and

give similar yields of products. To a solution of 1,5-pentanediol ( 10.4 g, 100 mmol ) and

benzene ( 200 ml ) was added hydrobromic acid ( 48% , 12.5 ml ), and the mixture was

heated with a heating mantle at reflux for 24 hours while trapping the water formed using

a Dean-Stark apparatus. The mixture was washed with 6 N sodium hydroxide solution

(100 ml ), 10% hydrochloric acid (100 ml ), water (2 x 200 ml), and brine (150 ml). The

organic layer was dried with anhydrous magnesium sulfate and evaporated under reduced
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pressure. The residue was purified by Kugelrohr distillation to afford a colorless

oily liquid product. The yield was 74.6% (12.5 g, 74.6 mmol).

Boiling Point: 67-69°C/4 torr (Kugelrohr distillation, bath

temperature given).

^H-NMR (CDCI3) 1.41-1.95 (m, 6H, 3CH2 ), 2.97 (s, IH, OH ),

345 (t, 2H, CH2, J= 7Hz), 3.70(t, 2H, CH2,J=7Hz)

'^C-NMR (CDCI3) 62.90, 34.20, 32.89, 32.13, 24.83.

6-Bromo-l-hexanol (6b)

The yield was 70.5% (5.40 g, 29.8 mmol).

Boiling Point 88-90°C/4 torr (Kugelrohr distillation, bath temperature

given)

^H-NMR (CDCI3) 1 .20-1 .90 (m,9H,4CH2, OH), 3.45(t, 2H,CH2

J=7Hz), 3.70 (t, 2H, CH2J=7Hz).

^^C-NMR (CDCI3) 62.62, 34.34, 32.85, 32.69, 28.30, 25.31

7-Bromo-l-heptanol (6c):

The yield was 79.3% (6.07 g, 3.1 1 mmol).

Boiling Point 99-101 °C/4 torr ( Kugelrohr distillation, bath temperature

given).
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^HNMR (CDCI3) 1.20-2.00 (m, 1 IH, 5CH2, OH), 3.40(t, 2H,

CH2, J=7Hz) 3.65 (t, 2H,CH2„ J=7Hz).

^^C-NMR (CDCI3) 63.33, 34.32, 33.10, 33.02, 28.93,

28.49,25.96.

8-Bromo-l-octanol (6d):

The yield was 8 1% (7.64 g, 3 .65 mmol).

Boiling point 1 1 7- 120 °C/4 torr (Kugelrohr distillation, bath temperature

given).

^HNMR (CDCI3) 1.20-2.00 (m, 13H, 6CH2, OH), 3.40(t,2H,CH2,

J=7Hz), 3.65(t, 2H,CH2, J=7Hz)

^^C-NMR (CDCI3) 63.27, 34.37, 33.16, 32.96, 29.59,29.09,

28.47, 26.01

Preparation of co-Hydroxyalkvltriphenvlphosphonium Bromides (7a-d)^^

Br" Ph3P^-(CH2 )n -OH ( n= 5, 6, 7, 8)

6-hvdroxvhexvltripnenvlphosphonium bromide (7b)

The syntheses of 7b, 7c, 7d were conducted under identical conditions and give

similar yields of products. During the preparation of 7a (n=5), K2CO3 was added as an
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acid scavenger to the reaction mixture to avoid forming the bis-phosphonium salt. Other

conditions are identical with other preparations.

A solution of 6-bromo-l-hexanol 6b (5.1 Ig, 28.2 mmol) in 65 ml of absolute

ethanol was added to one equivalent of triphenylphosphine (7.39 g, 28.2 mmol) in a 200

ml round bottom flask with drying reagent tube on the top of the condenser. The reaction

mixture was stirred and heated at reflux overnight (24 hours).The solvent was removed

with a rotary evaporator to yield a crude product as yellow oil. The syrupy salt was stirred

vigorously at 100°C with an equal volume of toluene. The mixture was allowed to cool

slightly and the toluene decanted. This was repeated, if necessary, until the salt

crystallized to afford a white crystal. The phosphonium bromide was filtered, rinsed with

hexane, and dried under high vacuum. The yield was 98.8% (12.6 g, 28.4 mmol). TLC of

the salt (5% in CH3CN; 9:1 CH3CN:H20 as developer) showed one spot, Rf= 0.55. IR:

3350 (OH, strong and wide), 2325(P-aryl stretch), and 1440 with 1110 (P-Ph) cm"\:

Melting Point: 148-149 °C

^H NMR (CDCI3) 7.90-7.69 (m, 15H, Ar-H), 3.95-3.43 (m,

4H2CH2), 2.58(s, IH, OH), 1.86-1.23 (m, 8H, 4CH2)

^^C-NMR (CDCI3) 135.35, 134.17, 134.04, 130.96, 130.80,

119.42 61.94, 32.31, 30.65, 29.92, 25. 16, 22.74.

MS[FAB] ( NBA as matrix) 805(2M+Br, 1 .5%),363 [M+, 1 00%, here

M+: Ph3P^(CH2)6-OH], 345(2.6%) 331(2.7%), 317(1.8%),

303(1.5%0, 289(6.4%) 275(4.8%), 262(9.6%),
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5-Hvdroxvpentvltriphenvbhosphonium bromide (7a)

The yield was 87% (1 1 .3 g, 26.3 mmol),

Melting Point 190-19rC

'H-NMR (CDCl3)7.89-7.22(m,15H,Ar-H), 3.92(s,lH,OH)

3.85-3.64(m, 4H, 2CH2), 1.79-1.68(m,6H,3CH2)

^C-NMR (CDCI3) 135.34, 134.18, 134.02, 130.92, 130.84,

119.44,61.94, 32.31, 29.92, 25. 16, 22.74.

(NBA as matrix) 777(2M+Br, 0.5%), 349 [M+, 100%, here M+:

Ph3P''(CH2)5-OH] 331(2.7%), 317(2.3%), 289(6..9%),

275(4.8%), 262(9.3%).

MS[FAB]

7-Hvdroxvheptvltriphenvlphosphonium bromide (7c)

The yield was 89%(10.6 g, 23.3 mmol).

^H-NMR (CDCI3) 7.85-7.28(m,15H, Ar-H), 2.92(s,lH,OH),

3.83-3.40(m, 4H, 2CH2), 1.66-1.19(m,10H,5CH2)

'^C-NMR (CDCI3) 135.34, 134.28, 134.03, 130.96, 130.79,

128.93,62.57, 33.01, 30.13, 29.67,26.57,26.04,15.65

MS[FAB] (NBA as matrix) 833(2M+Br, 1.5%) 377 [M+, 100%, here M+:

Ph3P''(CH2)7-OH], 359(5.5%), 345(8.0%), 331(2.7%),

317(18%), 289(10%), 275(9.2%), 262(34.2%).
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8-Hvdroxvoctvltriphenvlphosphonium bromide (7d)

The yield was 88% (12.7 g, 27.0 mmol)

Melting Point 105-1 10 °C

^H-NMR (300MHz, CDCI3) 7.87-7.28 (m,15H, Ar-H), 2.02 (s,lH,OH),

3.84-3.38 (m, 4H, 2CH2), 1.87-1.27 (m,12H,6CH2)

^^C-NMR (75MHz,CDCl3) 135.42, 134.23, 134.13, 130.99, 130.82,

128.91,62.27, 33.17,32.85,30.54, 29.60,29.02,26.04,22.79.

MS[FAB] (NBA as matrix) 861(2M+Br, 1.5%) 391 [M+, 100%, here M+:

Ph3P^(CH2)8-OH] 345(2.8%),359(3.5%), 345(2.8%), 331(3.6%),

317(2.9%), 303(2.5%), 289(12.4%), 275(9.2%), 262(28.0%),

The FAB mass spectrometry of these compounds showed appropriate M+1 ions

and [2M+Br] ion for every compound. The FAB mass spectra of all four co

Hydroxylalkyltriphenylphophonium bromides 7a-d are listed in Table 2.

Compound M+1 a be defghi [2M+Br]

7a 349 331 317 303 289 275 262 777

7b 363 345 331 317 303 289 275 262 805

7c 377 359 345 331 317 303 289 275 262 833

7d 391 373 359 345 331 317 303 289 275 262 861

Here M+ : Ph3P^(CH2)n-OH

Table 2. FAB-MS data for Ph3P^-(CH2)n-OHBr- (n=5, 6, 7, 8)
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Synthesis of (8a-d)

TBS-

OH=-^V^1il-^

8a-d n=l,2,3,4

(Z)-6-(2S)-6-irtert-butvUdimethvnsilvl1oxvi-2.5.7.8-tetramethvl-3.4-dihvdro-2H-

chromene-2-vl)-5-hexen-l-ol ( 8a. n=\)

The syntheses of 8a, 8b, 8c, 8d were conducted under identical conditions and

give similar yields of products.

A suspension of the phosphonium salt 7a (126.9 mg, 0.29 mmol) in dry THF (3

ml) at room temperature under argon was treated dropwise with a THF solution of Li-

bis( trimethylsilyl)amide (0.9 M in THF, 0.85 ml, 0.72 mmol) via a syringe. The red ylid

was stirred for one hour under argon, then a solution of the (2S)-6-{[tert-butyl (dimethyl)

silyl]oxy}-2,5,7,8-tetramethyl-3,4-dihydro-2H-chromene-2-carbaldehyde 5 ( 100 mg,

0.29 mmol) in THF was added dropwise. The color changed from red to pale yellow. The

resulting suspension was stirred for an additional three hours until no starting material 5

was detected as indicated by TLC analysis. The reaction was quenched with saturated

NH4CI (10 ml), water (10 ml) and extracted with ethyl acetate (20 ml x 3 ).The extracts

were dried with MgS04, filtered and concentrated under reduced pressure producing a

residue which was triturated with cold hexane to remove triphenylphosphine oxide.
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Concentration of the hexane solution and the product was purified by column

chromatography on silica gel using CH2CI2 / hexane (1:3 to 3:1) as eluent yielding 8a as

a colorless oil. The yield was 86% (104.5 mg, 0.25 mmol).

TLC

'H-NMR

^^C-NMR

MS[EH-]

Rf=0.1 (CH2CI2 / hexane = 5:1)

(CDCI3) 5.31(d,2H, J= 1 IHz, C=C-H), 3.62(t, 2H, J= 6Hz, CH2OH),

2.57(t, 2H, J= 7Hz,C-4H), 2.27(m, IH, C-3H), 2.14(s, 3H, CH3 ),2.12 (s,

3H, CH3), 2.06(s, 3H, CH3) 1.77(m, IH, C-3H), 1.55(t, 2H, J= 7Hz,CH2),

1.50(s,3H, C-2 CH3 ),1.32(m, 4H, 2CH2), 1.06(s, 9H, 3CH3),

0.14(s,6H,2CH3).

(CDCI3) 146.45, 144.60, 134.09, 132.32, 126.24,

123.95, 122.76, 118.24,75.98, 63.31, 33.83,32.90, 27.79,

27.64, 26.51, 25.74, 21.66, 19.01, 14.76, 13.82, 12.61, -2.93.

m/z 418(M+, 50.5%), 278( 38.6%), 221(16.4%),

119(9.1%), 84(100%), 75(14.9%), 49(35.6%).

Synthesis of (Z)-7-(2S)-6-([tert-butvl (dimethyl) silvl1oxvl-2,5J,8-tetramethvl-3,4-

dihydro-2H-chromene-2-yl)-6-hepten-l -ol (8b)(n=2)

The yield was 84.5% (48.4 mg, 0.1 12 mmol).

H-NMR (CDCI3) 5.32 (d, 2H, J=12, C=C-H), 3.62 (t, 2H, CH2OH, J= 6Hz)

2.57, (t, 2H, J= 7Hz, C-4H), 2.27 (m, IH, C-3H), 2.13 (s, 3H,

CH3),2.12 (s, 3H, CH3 ), 2.06 (s, 3H, CH3 ) 1.77 (m, IH, C-3H),
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1.54 (t, 2H, J= 7Hz, CH2 ), 1.51 (s, 3H, C-2 CH3), 1.30 (m, 6H, 2CH2),

1.06 (s, 9H, 3CH3, 0.13 (s, 6H, 2CH3).

C-NMR (CDCI3) 146.49, 144.55, 133.90, 132.55, 126.24, 123.93,

122.80, 118.26,75.98, 63.37, 33.83,33.13, 30.16, 28.22,

27.68, 26.51, 25.87,21.67 19.01,14.76, 13.82, 12.60,-2.93.

MS[EI+] m/z 432(M+, 98.9%), 278( 74.8%), 221(31.9%) 1 19(8.2%),

84(22.6%), 73(100%), 49(18.9%).

Synthesis of (ZV8-r2SV6-(rtert-butvl (dimethvn silvnoxvl-2.5.7.8-tetrainethvl-3.4-

dihvdro-2H-chromene-2-vl)-7-octen-l-ol (8c) (n=3)

The yield was 89% (54.3 mg, 0. 1 22 mmol).

^H-NMR (CDCI3) 5.32(d,2H, J=13,C=C-H), 3.63(t, 2H, J= 6Hz, CH2OH),

2.57, (t, 2H, J=7Hz, C-4H), 2.27(m, IH, C-3H), 2.13(s, 3H, CH3), 2.12

(s, 3H, CH3 ), 2.06(s, 3H, CH3 ) 1.80(m, IH, C-3H), 1.55(t, 2H,

J= 7Hz, CH2 ), 1.51(s,3H C-2 CH3 ),1.30(m, 8H, 4CH2), 1.06(s, 9H,

3CH3),0.14(s,6H,2CH3).

'^C-NMR (CDCI3) 146.49, 144.57, 134.22, 132.69, 126.20,

123.92, 122.81,118.26, 75.98, 63.40, 33.83,32.77,29.54,

28.88,28.24, 27.68, 26.51, 25.81, 21.67 19.01, 14.76, 13.82,

12.60, -2.93.

MS[EI4-] m/z 446(M+, 100%), 278( 43.9%), 221(18.3%)
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174(15.0%), 81(8.8%), 73(44.0%), 55(5.6%).

Synthesis of (Z)-9-aSV6-irtert-butvl rdimethvl) silvlloxvl-2.5.7.8-tetramethvl-3.4-

dihvdro-2H-chromene-2-vn-8-nonen-l-ol (8d) (n=4)

The yield was 81% (45.8 mg,

^H-NMR (300MHz, CDCI3) 5.32(d,2H, J=12 Hz, C=C-H), 3.64(t, 2H, J=6Hz

CH2OH), 2.56, (t, 2H, J=7Hz, C-4H), 2.26(m, IH, C-3H), 2.13(s, 3H,

CH3 ), 2.12 (s, 3H, CH3 ), 2.06(s,3H, CH3 )1.79(m, IH, C-3H),

1.53(t, 2H, J=7Hz, CH2 ), 1.52(s,3H, C-2 CH3 ),1.28(m, lOH, 5CH2),

1.06(s, 9H, 3CH3), 0.1 3(s, 6H, 2CH3).

^^C-NMR (CDCI3) 146.49, 144.57, 133.74, 132.82, 126.20,

123.90, 122.81, 118.26, 75.96, 63.46, 33.83,33.17, 30.29,

30.02 29.73,28.30,27.68, 26.5126.09,21.67 19.02, 14.77,

13.83, 12.60,2.93.

MS[EH-] m/z 460(M+, 1 1.3%), 350(92.1) 279( 20.7%), 221(19.9%)

164(27.1%), 135(14.1%), 69(100%),

Synthesis of 9 a-d (n=1.2.3.4)

TBS-

9a-d n=l,2,3,4

65





6-(2RV6-(rtert-butvUdimethvnsilvl1oxv)-2.5.7.8-tetramethvl-3.4-dihvdro-2H-

chromene-2-vn-l-hexenol (9a) (n=l)

The syntheses of 9a, 9b, 9c, 9d were conducted under identical conditions and

give similar yields of products.

To a solution of (Z)-6-(2S)-6-{[tert-butyl (dimethyl) silyljoxy} -2,5,7,8-

tetramethyl-3,4-dihydro-2H-chromene-2-yl)-5-hexen-l-ol 8a (0.225 g, 0.538 mmol) in

ethyl acetate (10 ml) was added catalytic amount 10% Pd/C (70 mg), and the reaction

mixture was vigorously stirred at room temperature in a hydrogen atmosphere with a

hydrogen balloon overnight (18 hours).The resulting mixture was then diluted with ethyl

acetate and filtered through celite. The filtrate was concentrated in vacuo to afford

compound 9a (0.226g, 0.538 mmol) as a colorless oily liquid. The yield was 100%. The

product was directly used for next step without any purification.:

^H-NMR (CDCI3) 3.65(t, 2H, CH2OH J=7Hz), 2.59(t, 2H, C-4

CH2, J=7Hz), 2.1 l(t, 9H, 3CH3 J=7Hz), 1.83(m, 2H, C-3 CH2 ),

1.59(m, 4H, 2CH2), 1.37(m, 6H, 3CH2), 1.26(s, 3H, CH3),1.09(s,

9H, 3CH3), 0. 1 6(s, 6H, 2CH3)

^^C-NMR (CDCI3) 146.29, 144.49, 126.26, 123.93, 123.08,

117.89, 74.82, 63.36, 39.88, 33.13, 32.00, 30.34, 26.53,

26.14, 24.23, 23.99, 21.31, 19.02, 14.75, 13.82, 12.37, -2.92.

MS[E+] m/z420(M+, 100%), 404(44.3%), 390(25.7%)
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279(50.7%), 221(23.6%),185(1 1.3%), 75(21.9%), 55(10.7%)

7-(2R)-6-(rtert-butvUdimethvnsilvl1oxvl-2.5.7.8-tetramethvl-3.4-dihvdro-2H-

chromene-2-vl)-l-heptanol (9b) fn=2)

The yield was 99% (0.235 g, 0.541 mmol)

^H-NMR (CDCI3) 3.65(t, 2H, CH2OH J=7Hz), 2.57(t, 2H, C-4

CH2, J=7Hz), 2. 1 1 (t, 9H, 3CH3 J=7Hz), 1 .77(m, 2H, C-3 CH2 ),

1.59(m, 4H, 2CH2), 1.34(m, 8H, 4CH2), 1.24(s, 3H,

CH3),1.07(s, 9H, 3CH3), 0.1 4(s, 6H, 2CH3)

^^C-NMR (CDCI3) 146.28, 144.46, 126.25, 123.93, 123.06,

117.90,74.84 63.46, 39.95, 33.19, 31.94, 30.52, 29.81

26.51,26.10,24.22 23.96, 21.30, 19.01, 14.73, 13.81,

12.35, -2.94.

MS[E+] m/z434(M+, 13.8%), 350(36.6%), 319(13.8%),

279(26.1%), 221(58.3%),193(58.8%), 81(56.4%), 55(100%)

8-(2RV6-irtert-butvirdimethvnsilvlloxv)-2,5J,8-tetramethvl-3.4-dihvdro-2H-

chromene-2-vl)-l-octanol (9c) (n=3)

The yield was 100% (0.357 g, 0.797 mmol)

^H-NMR (CDCI3) 3.65(t, 2H, CH2OH J=7Hz), 2.58(t, 2H, C-4

CH2, J=7Hz), 2.11(t, 9H, 3CH3 J=7Hz), 1.80(m, 2H, C-3 CH2 ),
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1.55(m, 6H, 3CH2), 1.33(m, 8H, 4CH2), 1.24(s, 3H, CH3),1.08(s,

9H, 3CH3), 0. 1 5(s, 6H, 2CH3)

C-NMR (CDCI3) 146.32, 144.46, 126.25, 123.93, 123.08,

117.91, 74.86, 63.44, 39.89, 33.18, 31.98, 30.47, 29.95

29.76, 26.52, 26.14,24.25 23.97,21.32,19.01,14.74,

13.82,12.36,-2.93.

MS[E+] m/z 448(M+, 100%), 418(28.4%), 319(18.9%) 279(48.5%),

22 1(29.4%), 193(4.8%), 149(10.2%), 73(85.1%)

9-(2RV6-irtert-butvUdimethvnsilvl1oxvl-2.5.7.8-tetramethvl-3.4-dihvdro-2H-

chromene-2-vl)-l-nonanol (9d) (n=4)

The yield was 99.5% (0.253 g, 0.548 mmol).

^H-NMR (CDCI3) 3.65 (t, 2H, CH2OH J=7Hz), 2.57 (t, 2H, C-4

CH2, J=7Hz), 2.10 (t,9H, 3CH3 J=7Hz), 1.78 (m, 2H, C-3 CH2 ),

1.56 (m, 4H, 2CH2), 1.31 (m, 12H, 6CH2), 1.24 (s, 3H,

CH3),1.07 (s, 9H, 3CH3), 0.14 (s, 6H, 2CH3)

^^C-NMR (CDCI3) 146.33, 144.49, 126.21, 123.87, 123.06,

117.89, 74.80, 63.46, 39.98, 33.21, 31.98, 30.53, 29.92

29.81,28.48 26.5, 26.13, 24.22 , 23.99, 21.31, 19.00, 14.71,

13.78,12.32,-2.94.

MS[E+] m/z 462(M+,61.2%), 350(100%), 319(30.5%),
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279(45.8%), 221(33. 1%),193(5.8%), 149(12.2%),

73(96.5%)

Synthesis of (l2S)-2-rrZV6-bromo-l-hexenvl1-2.5.7.8-tetramethvl-3,4-dihvdro-

2H-chromen-6-vl I oxv)(tert-butvl)dimethvlsilane(10)

TBS-

To a stirred solution containing (Z)-6-(2S)-6~{[tert-butyl (dimethyl) silyl]oxy}-

2,5,7,8-tetramethyl-3,4-dihydro-2H-chromene-2-yl)-5-hexen- 1 -ol 8a (20 mg, 0.048

mmol) in 5 ml of dry CH2CI2 was added triphenylphosphine (13.9 mg, 0.053 mmol) and

carbon tetrabromide (19.24 ml, 0.058 mmol), the reaction mixture was stirred at room

temperature for overnight until no starting material (8a) was detected by TLC. Then the

reaction mixture was filtered and the solvent was evaporated under a reduced pressure.

The crude product was purified by column chromatography on silica gel using CH2CI2 /

hexane = 1 :1 as eluent to yield a colorless oil. The yield was 76%(17.6 mg, 0.037 mmol).

TLC Rf =0.82 (CH2CI2 / hexane = 5:1)

'H-NMR (CDCI3) 5.33(d, 2H, C=C-H, J=7Hz), 3.37(t, 2H, CH2Br,

J=4Hz), 2.57(t, 2H, C-4H,J=7Hz), 2.25(m, IH, C-3H), 2.13(s,
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3H,CH3 ) 2.12 (s, 3H, CH3 ), 2.06(s, 3H, CH3 ) , 1.80(m, IH, C-BH),

1.55(t, 2H, CH2 ), 1.48(s,3H,C-2 CH3 ), 1.32(m, 4H, 2CH2), 1.06(s,

9H, 3CH3), 0.14(s, 6H, 2CH3).

C-NMR (CDCI3) 146.45, 144.60, 134.09, 132.32, 126.24, 123.95,

122.76, 118.24, 75.96, 63.31, 33.83,32.90 27.79, 27.64,

26.51, 25.74, 21.66 19.01, 14.76, 13.82, 12.61, -2.93.

MS[EI+] m/z 481(M+, 8.5%), 400(9.8%), 278(16.3%),

220(33.7%), 208(17.9%), 178(34.8), 108(11.3), 43(100%).

The synthesis of (13) was based on scheme 21^^

CHO
F^ ^W. .F NaN^ / Acetone / H9O

CHO

Reflux

Me2NH.BH3

Acetic acid
Reflux

CH2CI2 , PBr3

Pyridine
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Synthesis of 4-Azido-2,3,5,6-tetrafluorobenzaldehvde (11)
66

CHO

A mixture of 0.9 g (13.8 mmol) of NaNs and 2.64 g (12.3 mmol) of

pentafluorobenzaldehyde in acetone (24 ml) and water (9 ml) was refluxed for 6 hours.

The mixture was cooled, diluted with 30ml of water and then extracted with ether (3 X 30

ml). The extract was dried with anhydrous Na2S04 and the solvent was evaporated under

reduced pressure to leave white crystals. This material was further purified by

chromatography on silica gel (CH2CI2 / Hexane = 1:1 to 3:1) to yield needle-like crystals.

The yield was 74% (1 .99 g, 9. 1 mmol).

Melting Point

TLC

^H-NMR

^^C-NMR

IR

MS[EI+]

42-43 °C.(Literature 44-45 ''C)^^

Rf = 0.74 (CH2CI2 / Hexane = 5:1).

(CDCI3) 10.25(CHO)

(CDCI3) 182.06, 149.29, 145.82, 142.41, 139.03,

126.68,111.06.

2122(CN), 1710, 1645, 1486, 1401, 1241 cm'^

m/z 219(M+,36.2%), 191(89.6%), 162(90.3),

113(100%), 99(18.1), 69(20.8).
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Synthesis of 4-Azidotetrafluorobenzvl Alcohol (12)^^

A stirred solution of 0.605 g (2.75 mmol) of 4-Azido-2,3,5,6-

tetrafluorobenzaldehyde 11 and 0.196 g (3.32 mmol) of MeiNH^BHs in acetic acid (10

ml), was heated at 55 ^C for one hour. The solvent was removed under reduced pressure

at 45 ^C. The residue was dissolved in CHCI3 (20 ml), washed by IM Na2C03 (2 X 20

ml) and water (30 ml), dried (MgS04), and evaporated to yield 0.58 g of a colorless solid.

This material was further purified by chromatography on silica gel (CH2CI2 / Hexane =

1 :1 to 5:1) to yield very nice white crystals. The yield was 95% (0.58 g, 2.61 mmol).

Melting Point 66-67 °C (Literature 67-68 °C)^^

TLC Rf = 0.36 (CH2CI2 / Hexane = 5:1).

^H-NMR (CDCI3) 1.91(t, IH, OH, J=7Hz), 4.80(d, 2H, CH2, J=7Hz).

IR 341 l(wide, OH), 2157(CN), 1653, 1240, 1003 cm"^

MS[EI+] m/z 221(M+, 100%), 193(99.9%), 162(43.0%),

145(43.5%), 138(84.5%), 118(34.0%), 99(31.1%).
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Synthesis of 1 -azido-4-(bromomethvn-2,3,5,6-tetrafluorobenzene(13)

.Br

A solution of 4-azidotetrafluorobenzyl alcohol 12 prepared above (2.0 g, 9.05

mmol), in dry CH2CI2 was cooled in an ice bath under argon atmosphere. Then pyridine

(0.73 ml) and PBrs were added to this stirred solution via a syringe over a period of 30

min. The reaction mixture was left to stir for three hours at room temperature. Then it was

transfered via a syringe to a flask containing isopropanol (15 ml) in CH2CI2 (50 ml) and

stirred for another 15 min. Next the water was added along with an equal volume of IN

NaHCOs (50 ml), extracted with CH2CI2 ( 3 X 40ml), the extract washed with brine and

dried with MgS04.. The solvent was removed under reduced pressure to yield a light

yellow solid. This crude compound was purified by chromatography on silica gel (CH2CI2

/ Hexane = 1:1 to 3:1) to get a light yellow crystallize compound. The yield was 72%

(1.86 g, 6.5 mmol).:

Melting Point 53-55 ''C

TLC Rf=0.22(Hexane/EtOAc=8:l)

^H-NMR (CDCl3)4.51(s,2H,CH2Br)

^^C-NMR (CDCI3) 147.07, 143.65, 142.68, 139.37, 139.14,

112.72,16.81.
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MS[EI+] m/z 285(M+, 10.4%), 283(M+, 10.6%),

257(19.4%), 255(19.7%), 204(100%), 176(67.0%),

131(58.6), 99(17.8%).

Synthesis of (14) (n=l. 2. 3. 4^

14 a-d n = 1, 2, 3,

4

tert-butvl(dimethvn(l(2R)-2-l6-r4-azido-2.3.5.6-tetrafluorobenzvnoxv1hextvU-2.5J,8-

tetramethvl-3,4-dihvdro-2H-chromen-6-vUoxv)silane (14a) (n=l)

The syntheses of 14a, 14b, 14c were conducted under identical conditions to give

similar yields of products. 6-(2R)-6~{[tert-butyl (dimethyl) silyl]oxy}-2,5,7,8-

tetramethyl-3,4-dihydro-2H-chromene-2-yl)-l-hexenol 9a (22.8 mg, 0.05 mmol) was

dissolved in a freshly distilled, dry THF (5 ml) in a flame dried 2-necked round

bottomed flask fitted with an argon inlet and a syringe at 0°C. Next the activated, ground

molecule sieves and the base (potassium t-butoxide, 20 mg) were added. This mixture

was stirred at 0°C for another 40 min before adding the solution of 4-

azidotetrafluorobenzyl bromide 13 (34 mg, 0.12 mmol) in dry THF via syringe over a 20
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min period. Once addition was completed the reaction mixture was stirred and maintained

at 0°C for 1.5 h. Then it was brought to room temperature and stirred overnight until no

starting material 9a was detected by TLC. The reaction was diluted with CH2CI2 (10 ml),

filtered and washed with brine and water, dried over anhydrous Na2S04. Removal of the

solvent under reduced pressure afford an oily liquid. The crude product was purified by

chromatography on silica gel. The yield was 69%(21.88 mg, 0.035 mmol).

TLC Rf =0.78 (Hexane / ethyl acetate = 5:1)

^H-NMR (CDCI3) 4.48(s, 2H, Ar-CH2), 3.40(t, 2H, C-4 H,

J=7Hz), 2.56(t, C-3H, J=7Hz), 2.1 l(s, 3H, CH3), 2.08 (s, 3H,

CH3), 2.07(s, 3H, CH3), 1.80(t, 2H, J=7Hz, CH2), 1.61-1.23(br, lOH,

5CH2), 1.23(s, 3H, C-2CH3), 1.06(s, 9H, 3CH3), 0.1 3(s, 6H, 2CH3).

^^C-NMR (CDCI3) 146.26, 144.34, 126.24, 123.90, 123.06,

117.86, 76.18, 74.82, 63.15, 39.93, 31.98, 29.86, 29.75, 26.50,

26.34, 24.18, 23.93, 21.29, 19.00, 14.71, 13.76, 12.32, -2.95

MS[FAB] ( NBA as matrix) m / z 623(M+, 20.1%), 319(14.6%),

279(34.8%), 221(19.1%), 178(11.5%), 81(12.2%), 73(100%),

59(27.4%).

tert-butvl(dimethvn(|(2R)-2-(7-[4-azido-2,3,5,6-tetrafluorobenzvl)oxv1heptvU-2,5J,8-

tetramethvl-3,4-dihvdro-2H-chromen-6-vUoxv)silane (14b) (n=2)
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The yield was 58% (22.53 mg, 0.0354 mmol).

TLC Rf = 0.83 (Hexane / ethyl acetate = 5:1)

^H-NMR (CDCI3) 4.64(s, 2H, Ar-CHs), 3.49(t, 2H, C-4 H,

J=7Hz), 2.56(t, C-3H, J=7Hz), 2.1 l(s, 3H, CH3), 2.08 (s, 3H,

CH3), 2.06(s, 3H, CH3), 1.81(t, 2H, J=7Hz, CH2), 1.61-1.25(br, 12H,

6CH2), 1.26(s, 3H, C-2CH3), 1.06(s, 9H, 3CH3), 0.1 5(s, 6H, 2CH3).

^^C-NMR (CDCI3) 146.28, 144.35, 126.24, 123.91, 123.05,

117.88, 76.18, 74.82, 63.13, 39.95, 31.94, 30.45, 29.90, 29.75,

26.50, 26.34, 24.18, 23.93, 21.29, 19.00, 14.71, 13.79, 12.32,

-2.96

MS[FAB] ( NBA as matrix) m / z 637(M+, 7.2%), 506(9.9%),

319(9.4%), 279(20.4%), 221(12.7), 73(100%), 59(22.4%),

55(16.8%).

tert-butvl(dimethvn(((2R)-2-(8-[4-azido-2,3,5,6-tetrafluorobenzvl)oxv1octvU-2,5J,8-

tetramethvl-3,4-dihvdro-2H-chromen-6-vUoxv)silane (14c) (n=3)

The yield was 75% (16.8 mg, 0.0258 mmol).

TLC Rf =0.82 (Hexane / ethyl acetate = 5:1)

'H-NMR (CDCI3) 4.66(s, 2H, Ar-CH2), 3.49(t, 2H, C-4 H, J=7Hz),

2.56(t, C-3H, J=7Hz), 2.1 l(s, 3H, CH3), 2.08 (s, 3H, CH3),

2.07(s, 3H, CH3), 1.80(t, 2H, J=7Hz, CH2), 1.61-1.23(br, 14H,
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13C-NMR

MS[FAB]

7CH2), 1.23(s, 3H, C-2CH3), 1.06(s, 9H, 3CH3), 0.1 3(s, 6H, 2CH3).

(CDCI3) 146.32, 144.35, 126.19, 123.84, 123.04,

117.88, 76.84, 74.84, 63.13, 40.00, 31.98, 30.45, 29.90,

29.69, 26.51, 26.36, 24.18, 23.97, 21.29, 19.00, 18.76, 14.71,

13.79, 12.32, -2.96

(NBA as matrix) m/z 65 1(M+, 13.7%), 319(12.3%),

279(29.7%), 221(16.9%), 178(10.1%), 95(6.5%), 73(100%),

59(23.1%).

Synthesis of (la-d)

la-d n=l, 2, 3, 4

(2R)-2-(7-r4-azido-23,5.6-tetrafluorobenzvnoxv1heptvU-2,5,7.8-tetrainethvl-3,4-

dihvdro-2H-chromene-6-ol (lb) (n=2)

A solution of tert-butyl(dimethyl)({(2R)-2-{7-[4-azido-2,3,5,6-

tetrafluorobenzyl)oxy]heptyl}-2,5,7,8-tetraniethyl-3,4-dihydro-2H-chromen-6-

yl}oxy)silane 14b prepared above (5 mg, 0.0079 mmol) in dry THF(0.8 ml) was added
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dropwise, via a syringe to a stirred solution oftetrabutylammonium fluoride (0.075 ml in

0.3 ml THF).The mixture was stirred overnight at room temperature until no starting

material 14b was detected by TLC.The reaction was diluted with 2 ml of ether, then 1ml

of water was added, the organic phase was washed with brine and water. The solvent was

removed under reduced pressure to afford a colorless oil. The crude product was

chromatographed on silica gel (hexane / ethyl acetate = 20:1 to 10:1). The yield was 97%

(4.0 mg, 0.0077 mmol).

TLC Rf =0.47(hexane / ethyl acetate = 10:1)

[a]D=+10.25( CHCI3, C=0.55).

13

19

H-NMR (CDCI3) 84.58(s, 2H, Ar-CHz), 3.49(t, 2H, C-4 H,

J=7Hz), 2.62(t, C-3H, J=7Hz), 2.24(s, 3H, CH3), 2.18 (s, 3H,

CH3), 2.12(s, 3H, CH3), 1.80(t, 2H, J=7Hz, CH2), 1.56(m,4H, 2CH2),

1.30(m, 8H, 4CH2), 1.23(s, 3H, C-2CH3).

C-NMR (CDCI3) 145.5, 144.5, 122.6, 121.0, 118.5, 117.3,

74.4, 71.1, 59.5, 39.5, 31.5, 30.0, 29.5, 29.4, 25.9, 23.7, 23.5,

20.7,12.2,11.8,11.3.

m / z 523 (M+,17%), 497(18%), 320(25%), 205(%),

203(15%), 178(100%), 165(64%), 164(22%), 149(33%).

F-NMR (188MHz, vs C6F6 at -162.70ppm): -144.21 (2F, dd, ^^F-^^C

J=8Hz, ^^F-^^F J3=12Hz), -152.98 (2F, dd, ^^F-'^C J=8Hz,

^^F-^^FJ3=12Hz).

MS[EI+]
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Synthesis of 6- ((2/g)-2,5,7,8-tetramethvl-6-r(trimethvlsilvl)oxv1-3,4-dihvdro-2H-

chromene-2-vl I hexvl-4-azidobenzoate (15)

TBS-

To a solution of sodium hydride(7.5 mg, 0.046 mmol) in dry THF(2 ml) was

added 7-(2/?)-6--{[tert-butyl (dimethyl) silyl]oxy}-2,5,7,8-tetramethyl-3,4-dihydro-2H-

chromene-2-yl)-l-heptanol 9b (8.9 mg, 0.023 mmol) in THF(0.5 ml) at room temperature

under argon. This mixture was stirred for one hour before 12 mg (0.046mmol in THF) of

N-hydroxysuccinimidyl-4-azidobenzoate (HSAB) was added via a syringe. The resulting

mixture was stirred for overnight until no starting materia 9b was detected by TLC. The

reaction mixture was diluted with ethyl acetate (5 ml), washed with brine and the solvent

was removed under reduced pressure. This material was further purified by

chromatography on silica gel (hexane / ethyl acetate = 20:1) to yield pure product. The

yield was 55% (7.3 mg, 0.013 mmol)

TLC Rf =0.69 (hexane / ethyl acetate = 5:1)

'H-NMR (CDCI3) 8.06(d, 2H, Ar-H, J=9Hz), 7.06(d, 2H, Ar-H,

J=9Hz), 4.34(t, 2H, CH2 J=7Hz), 2.56(t, 2H, C-4 CH3, J=7Hz),

2.1 l(s, 3H, CH3), 2.08(s, 3H, CH3), 2.06(s, 3H, CH3), 1.78(m,

2H, C-3 CH3), 1.57-1.32(br, 12H, 6CH2), 1.23 (s,3H, C-2 CH3),
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13C-NMR

MS[EI+]

1.06(s, 9H, 3CH3), 0.1 3(s, 6H, 2CH3).

(CDCI3) 169.50, 146.31, 144.52, 132.89, 126.20, 123.

85, 123.05, 119.69, 117.87,74.82,63.44,39.99,33.19,31.98,

30.50, 29.77, 26.51, 26.07, 24.20, 23.93, 21.29, 19.00, 14.69,

13.76, 12.30, -2.94.

m / z 580(M+,13.0%), 553(63.8%), 495(30.0%),

469(17.4%), 377(19.3%), 322(41.0%), 279(24.7%),

221(24.2%), 73(100%).

3.2.2 The synthesis of! was based on scheme 23

Toluene, DDQ, Reflux, 86%

MeOH,RT, K2CO3, 80%
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18
TBS-triflate, CH2CI2, 2,6-luti(line, 97%

TBS

TBS

I C-16H33

20b

NaH, RT, THF

DME-H2O, NBS (0°C), 66%

C16H33

20a
NaH, RT, THF

TBS

LAH, RT, THF
77% from 20b to 22b

TBS

LAH, RT, THF
78% from 20a to 22a

80a





DHTBS

O
I C16H33

22b
identical to alcohol obtained from
(R,R)-Salen catalyst, large nOe

P-CH3=C6H4S02NHN=CH-COCl

CH2CI2, Dimethylamine

Et3N Ether

TBS

identical to alcohol obtained from
(S,S)-Salen catalyst, small nOe

P-CH3=C6H4S02NHN=CH-C0C1

CH2CI2, Dimethylamine

EtjN, Ether, 35.9%

TBS

O
I C16H33

24b

TBAF, THF

TBS

O I C16H33

24a

TBAF, THF

Scheme 23 Synthesis of type 2 compounds
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Synthesis of r2RV2.5.7.8-tetramethvl-2-rr4R.8RV4.8.l2-trimethvltridecvl1-2H-chromen-

6-vl acetate (17)

AcO

O i

A solution of Vitamin E Acetate (2.0 g, 4.24 mmol) in 40 ml of toluene was set to

ruflux for 30 min, then the solution of 2,3-dichloro-5,6-dicyano-l,4-benzoquinone, DDQ

(1.88 g, 8.28 mmlo) in 50ml of toluene was added dropwise via an addition funnel over 3

hours. This mixture was rufluxed and stirred overnight. The TLC showed the product at

the same position with starting material on TLC plate, but the staining behaviour (4%

H2SO4 in methanol) was different than starting material. The starting material was

yellow, the product was brown. The solvent was removed under reduced pressure.

Chromatography on silica gel (hexane / ethyl acetate = 20:1) afforded a colorless oil. The

yield was 72%(1.44 g, 3.05 mmol).

TLC

H-NMR

13C-NMR

Rf =0.47 (hexane /ethyl acetate =10:1)

(CDCI3) 6.59(d, IH, C=C-H at C-4, J=10Hz),

5.62(d, IH, C=C-H at C-3, J=10Hz), 2.36(s, 3H, CH3 of Ac),

2.17(s, 3H, CH3), 2.1 l(s, 3H, CH3),2.08(s,3H, CH3),1.69(m,

2H, CH2), 1 .60(m, 2H, CH2), 1 .40(s, 3H,CH3 at C-2) 1 .35-

1.15(br, 17h). 0.95(m, 12H, 4CH3).

(CDCI3) 169.76, 148.94, 141.76, 130.03, 129.35,
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MS[EI+]

123.02, 122.75, 120.25, 118.11,77.80,41.51,39.84,37.90,

37.76, 33.25, 33.15, 32.06, 28.42, 26.28, 25.27, 24.93,

23.16, 23.07, 20.84, 20.18, 20.08, 13.58, 12.00, 11.93

m / z 470(M+, 4.3%), 455(4.4%), 245(100%), 203(19.0%),

168(1.9%), 149(3.6%), 69(2.3%), 57(4.2%).

Synthesis of (2R)-2,5J,8-tetramethvl-2-[(4R,8R)-4,8J2-trimethvltridecvl1-2H-chromen-

6-ol (18)

The(2R)-2,5,7,8-tetramethyl-2-[(4R,8R)-4,8,12-trimethyltridecyl]-2H-chromen-6-

yl acetate 17 (2.24 g, 4.76 mmol) was dissolved in 200 ml of dry methanol, then K2CO3

(1.97 g, 14.27 mmol) was added. This mixture was stirred at room temperature under

argon for 8 hours, until no starting material (17) was detected by TLC . The solvent was

evaporated under reduced pressure and the product was further purified by column

chromatography on silica gel using 50% dichloromethane in hexane as the eluent to

afford a colorless oil . The yield was 76% (1.55 g, 3.6 mmol).

TLC Rf =0.58 (CH2CI2 / Hexane =5:1)

*H-NMR (CDCI3) 6.56(d, IH, C=C-H at C-4, J=10Hz),

5.65(d, IH, C=C-H at C-3, J=10Hz), 4.21(s, IH, OH), 2.20(s,

3H, CH3), 2.18(s, 3H, CH3),2.14(s,3H, CH3),1.63(m, 4H,
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^^C-NMR

MS[EI+]

2CH2), 1.29(s, 3H,CH3 at C-2) 1.35-1.05(br, 17h), 0.88(m,

12H,4CH3).

(CDCls) 145.64, 145.03, 130.53, 123.27, 122.72,

120.46, 118.19, 116.45, 76.99, 40.93, 39.78, 37.84, 37.74,

37.69, 33.21, 33.10, 28.38, 25.65, 25.20, 24.87, 23.13, 23.04,

21.75,20.15,20.05, 12.84, 12.01, 11.26.

m / z 428(M+, 5.8%), 413(5.6%), 203(100%), 165(2.7%),

85(3.4%), 71(6.9%), 58(12.0%), 43(25.4%).

Synthesis of tert-butvl(dimethvnrir2R)-2.5.7.8-tetramethvl-2-rr4R,8R)-4,8J2-

trimethvltridecvH -2H-chromen-6-vUoxv)silane(19)

TBS

To a stirred solution of (2R)-2,5,7,8-tetramethyl-2-[(4R,8R)-4,8,12-

trimethyltridecyl]-2H-chromen-6-ol 18 (0.99 g, 2.31 mmlo) in 30 ml dry dichloromethane

, 0.900 g of 2,6-lutidine (5.78 mmlo), and 0.950 g of t-butyldimethylsilyl

trifluoromethanesulfonate, TBS-Triflate, (3.47 mmol) were added dropwise at room

temperature under an argon atmosphere. The reaction was stirred for 3.5 hours. The

reaction was monitored by TLC until no starting material remained. Then the reaction

was quenched with 10 ml of water and 10 ml of ethyl acetate. The organic phase was

washed with water, brine, dried over Na2S04. The solvent was removed under reduced
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pressure and the product separated by chromatography on silica gel using 2% ethyl

acetate in hexane as the eluent. The yield was 98% (1.23 g, 2.26 mmol).

TLC

'H-NMR

13C-NMR

MS[EI+]

Rf =0.86 (Hexane / ethyl acetate =10:1)

(CDCI3) ) 6.55(d, IH, C=C-H at C-4, J=10Hz), 5.63(d,

IH, C=C-H at C-3, J=10Hz), 2.17(s, 3H, CH3), 2.14(s, 3H,

CH3), 2.13(s,3H, CH3), 1.66 (m, 4H, 2CH2), 1.37 (s, 3H,CH3 at C-2)

1.52-1.22 (br, 17H), 1.08 (s, 9H, 3CH3), 0.88 (m, 12H, 4CH3),

0.16(s,6H,2CH3).

(CDCI3) 145.50, 145.23, 129.08, 128.42, 123.85,

122.90, 121.36, 118.34, 76.99, 40.93, 39.78, 37.84, 37.80,

37.74, 37.69, 33.21, 33.10, 28.38, 26.53, 25.65, 25.20, 24.87,

23.13,23.04,21.75,20.15,20.05, 12.84, 12.01, 11.26,-2.95.

m/z 542(M+, 10.2%), 527(5.8%), 325(20.5%),

317(100%), 249(8.6%), 185(39.3%), 147(57.4%), 129(24.3%),

75(64.3%).

Synthesis of trimethvl(l(2R)-2.5J.8-tetramethvl-2-rr4R.8R)-4.8.12-trimethvltridecvl1

2H-chromen-6-vUoxv)silane (21)

TMSO
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This compound was prepared by the same procedure described above for the

compound (19). The yield was 96%( 1 . 1 g, 2. 1 5 mmol):

TLC

^H-NMR

^^C-NMR

MS[EI+]

Rf = 0.86 (Hexane / ethyl acetate =10:1)

(CDCI3) ) 6.55(d, IH, C=C-H at C-4, J=10Hz),

5.62(d, IH, C=C-H at C-3, J=10Hz), 2.16(s, 3H, CH3), 2.12(s,

3H, CH3),2.11(s,3H, CH3),1.58(m, 4H, 2CH2), 1.35(s, 3H,CH3 at

C-2) 1.31-1.06(br, 17H),0.90(m, 12H, 4CH3), 0.24(s, 9H, 3CH3).

(CDCI3) 145.88, 145.54, 129.91, 128.28, 122.63,

121.27, 122.98, 118.14, 76.98, 41.14, 39.78, 37.85, 37.78,

37.70, 33.21, 33.10, 28.39, 25.75, 25.21, 24.87, 23.13, 23.04,

21.73,20.15,20.05,14.72, 13.12, 12.18, 1.24.

m / z 500(M+, 9.7%), 485(6.4%), 275(100%), 205(4.1%),

151(5.1%), 73(6.1%), 57(3.9%).

Synthesis of (2R3S,4R)-3-bromo-6-irtert-butvl(dimethvnsilvl1oxvl-2,5J,8-tetramethvl-

2-r(4R.8RV4,8.12-trimethvltridecvl1-3.4-dihvdro-2H-chromen-4-ol(20a)

QH

TBSO

The tert-butyl(dimethyl)({(2R)-2,5,7,8-tetramethyl-2-[(4R,8R)- 4,8,12-

trimethyltridecyl]-2H-chromen-6-yl}oxy)silane 19 (100 mg, 0.19 mmol) was dissolved in

a mixture ofDMEiHiO = 6:2.4 (DME=dimethyloxide ethane) at 0°C in an ice bath. Then
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the NBS solution (49.27 mg, 0.2768 mmol in 2 ml ofDME) was added to the well stirred

above mixture. This reaction mixture was stirred in the cool room for overnight ( ca 4

°C), until no starting material 19 was detected by TLC. There are two spots on the TLC

plate which indicated that there were two products were generated. The DME was

removed under reduced pressure, the residue was extracted with ether(3 x 30 ml), the

organic extract dried over Na2S04. The organic solvent was evaporated under reduced

pressure and the products were further purified by column chromatography on silica gel

to yield two compounds. These two products' HNMR, ^^C and MS are identical, but the

TLC Rf values are different. The overall yield was 96%.

TLC for 20a Rf =0.74 (CH2CI2 / hexane =5:1) for the first spot and the yield was

51.8%(63.0 mg, 0.098 mmol).

^H-NMR

13C-NMR

MS[EI+]

(CDCI3) ) 5.05(t, IH, C-4 H, J=6 Hz), 4.34(d, IH, C-3

H, J=6 Hz), 2.25(s, 3H, CH3), 2.13(s, 3H, CH3), 2.10(s, 3H,

CH3), 1.82(m, 2H, CH2), 1.60(m, 2H, CH2), 1.53(s, 3H, C-

2CH3),1.29-1.14(br, 17H), 1.06(s, 9H, 3CH3), 0.88(m, 12H,

4CH3), 0.1 5(d, 6H, 2CH3, J=10Hz).

(CDCI3) 146.35, 144.82, 129.73, 125.65, 123.68,

119.48, 79.54, 71.71, 64.42, 39.77, 37.80, 37.71, 37.68,

37.37, 33.53, 33.19, 32.98, 28.38, 26.50, 25.20, 24.75, 24.68,

23.12, 23.03, 20.71, 20.14, 19.92, 14.94, 14.84, 12.49, -2.67.

m / z 640(M+, 6.6%), 558(8.2%), 540(39.2%),

397(11.1%), 317(100%), 245(6.1%), 149(5.6%), 73(19.8%),
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57(18.9%).

Synthesis of (2R3R.4S)-3-bromo-6-(rtert-butvirdimethvl)silvl1oxvl-2,5J,8-tetramethvl-

2-r(4R,8R)-4.8.12-trimethvltridecvl1-3.4-dihvdro-2H-chromen-4-oia0b)

OH
TBSO ^Br

20b

The synthesis of 20b was conducted under identical conditions with the synthesis of 20a.

The yield was 96%

TLC for 20b Rf =0.54 (CH2CI2 / hexane =5:1) for the second spot and the yield

was 44.3%(53.9 mg, 0.084 mmol).

'H-NMR

13C-NMR

MS[EI+]

(CDCI3) ) 5.05(t, IH, C-4 H, J=6 Hz), 4.34(d, IH, C-3

H, J=6 Hz), 2.25(s, 3H, CH3), 2.13(s, 3H, CH3), 2.10(s, 3H,

CH3), 1.82(m, 2H, CH2), 1.60(m, 2H, CH2), 1.53(s, 3H, C-

2CH3),1.29-1.14(br, 17H), 1.06(s, 9H, 3CH3), 0.88(m, 12H,

4CH3), 0.1 5(d, 6H, 2CH3, J=10Hz).

(CDCI3) 146.35, 144.82, 129.73, 125.65, 123.68,

119.48, 79.54, 71.71, 64.42, 39.77, 37.80, 37.71, 37.68,

37.37, 33.53, 33.19, 32.98, 28.38, 26.50, 25.20, 24.75, 24.68,

23.12, 23.03, 20.71, 20.14, 19.92, 14.94, 14.84, 12.49, -2.67.

m / z 640(M+, 6.7%), 558(8.4%), 540(39.0%),

397(11.2%), 317(100%), 245(6.5%), 149(5.7%), 73(19.6%),
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57(18.7%).

Synthesis of r2R3S,4RV3-bromo-4-hvdroxv-2,5,7,8-tetramethvl-2-r(4R.8RV4.8.12-

trimethvltridecvl1-3,4-dihvdro-2H-chromen-6-vl acetate (25a, 25b)

OH

AcO

This compound was prepared by the same procedure described above for the

synthesis of (2R,3S,4R)-3-bromo-6-{[tert-butyl(dimethyl)silyl]oxy}-2,5,7,8-tetramethyl-

2-[(4R,8R)-4,8,12-trimethyltridecyl]-3,4-dihydro-2H-chromen-4-ol(20a)

TLC for 25a Rf =0. 1 8 (Hexane / ethyl acetate =5:1) for the first spot and the

yield was 50.4% (42.8 mg, 0.076 mmol).

TLC for 25b Rf =0. 12 (Hexane / ethyl acetate =5:1) for the second spot and the

yield was 48.6% (41.3 mg, 0.073 mmol).

(CDCI3) ) 5.07(t, IH, C-4 H, J=6 Hz), 4.30(d, IH, C-3

H, J=6 Hz), 2.35(s, 3H, CH3), 2.18(s, 3H, CH3), 2.10(s, 3H,

CH3), 2.05(s, 3H, CH3), 1 .82(m, 2H, CH2), 1 .53(s, 3H, C-

2CH3),1.52-l.ll(br, 19H), 0.90(m, 12H, 4CH3).

C-NMR (CDCI3) 169.61, 148.61, 142.75, 130.54, 127.31,

124.08, 119.31, 79.96, 71.65, 61.92, 39.78, 37.89, 37.71,

37.43, 33.21, 32.99, 28.39, 25.22, 24.85, 23.14, 23.04, 20.91,

20.34,20.08,13.83, 12.39.

'H-NMR

13
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MS[EI+] m / z 566(M+, 2.4%), 526(5.7%), 504(10.4%), 444(15.9%),

245(56.8%), 203(22.5%), 149(10.0%), 119(13.5%), 81(13.0%))

73(21.3%), 57(44.2%), 43(100%).

TLCfor25b

'H-NMR

13C-NMR

MS[EH-]

Rf =0. 12 (Hexane / ethyl acetate =5:1) for the second spot and the

yield was 48.6% (41.3 mg, 0.073 mmol).

OH
AcQ

25b

(CDCI3) ) 5.07(t, IH, C-4 H, 3=6 Hz), 4.30(d, IH, C-3

H, 5=6 Hz), 2.35(s, 3H, CH3), 2.18(s, 3H, CH3), 2.10(s, 3H,

CH3), 2.05(s, 3H, CH3), 1.82(m, 2H, CH2), 1.53(s, 3H, C-

2CH3),1.52-l.ll(br, 19H), 0.90(m, 12H,4CH3).

(CDCI3) 169.61, 148.61, 142.75, 130.54, 127.31,

124.08, 119.31, 79.96, 71.65, 61.92, 39.78, 37.89, 37.71,

37.43, 33.21, 32.99, 28.39, 25.22, 24.85, 23.14, 23.04, 20.91,

20.34,20.08,13.83, 12.39.

m / z 566(M+, 2.4%), 526(5.7%), 504(10.4%), 444(15.9%),

245(56.8%), 203(22.5%), 149(10.0%), 119(13.5%), 81(13.0%)

73(21.3%), 57(44.2%), 43(100%).
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(2R.3S.4R)-3-bromo-6-(rtrimethvlsilvnoxvl-2,5,7,8-tetramethvl-2-r(4R,8R)-4.8.12-

trimethvltridecvl1-3,4-dihvdro-2H-chromen-4-ol (28a,28b)

QH

TMSO

28a

This compound was prepared by the same procedure described above for the

(2R,3S,4R)-3-bromo-6-{[tert-butyl(dimethyl)silyl]oxy}-2,5,7,8-tetramethyl-2-[(4R,8R)-

4,8, 1 2-trimethyltridecyl]-3,4-dihydro-2H-chromen-4-ol(20a)

TLC for 28a Rf =0.53 (Hexane / ethyl acetate =10:1) for the first spot and the

yield was 39.2% (42.2 mg, 0.071 mmol).

^H-NMR (CDCI3) ) 5.07(t, IH, C-4 H, J=7 Hz), 4.35(d, IH, C-3

H, J=7 Hz), 2.25(s, 3H, CH3), 2. 12(s, 3H, CH3), 2.08(s, 3H,

CH3), 1.82(m, 2H, CH2), 1.56(m, 2H, CH2), 1.30(s, 3H, C-

2CH3),1.29-1.14(br, 17H), 0.88(m, 12H, 4CH3), 0.24(s,6H,

2CH3)

'^C-NMR (CDCI3) 147.00, 144.83, 129.51, 125.41, 123.39,

1 19.29, 79.52, 71.73, 64.35, 39.77, 37.83, 37.68, 37.35, 33.56,

33.20, 32.92, 28.39, 25.21, 24.75, 24.65, 23.13, 23.04, 20.63,

20.13, 19.93, 14.68, 12.49, 1.29.

MS[EI+] m / z 598(M+1, 25.2%), 596(M-1, 23.2%), 516(38.1%),

498(51.6%), 355(1 1.5%), 275(100%), 245(6.1%), 149(18.8%),

91



.Wl t:.-'^ !



73(29.7%), 57(26.2%).

TLC for 28b

^H-NMR

13C-NMR

MS[EI+]

Rf =0.44 (Hexane / ethyl acetate =10 : 1) for the second spot and the

yield was 18.9%(20.3 mg, 0.034 mmol).

OH

I I

TMSO

28b

^(CDCls) ) 5.07(t, IH, C-4 H, J=7 Hz), 4.35(d, IH, C-3

H, J=7 Hz), 2.25(s, 3H, CH3), 2.12(s, 3H, CH3), 2.08(s, 3H,

CH3), 1.82(m, 2H, CH2), 1.56(m, 2H, CH2), 1.30(s, 3H, C-

2CH3),1.29-1.14(br, 17H), 0.88(m, 12H, 4CH3), 0.24(s,6H,

2CH3)

(CDCI3) 147.00, 144.83, 129.51, 125.41, 123.39,

1 19.29, 79.52, 71.73, 64.35, 39.77, 37.83, 37.68, 37.35, 33.56,

33.20, 32.92, 28.39, 25.21, 24.75, 24.65, 23.13, 23.04, 20.63,

20.13, 19.93, 14.68, 12.49, 1.29.

m/ z 598(M+1, 25.2%), 596(M-1, 23.2%), 516(38.1%),

498(51.6%), 355(1 1.5%), 275(100%), 245(6.1%), 149(18.8%),

73(29.7%), 57(26.2%).
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Synthesis of ( HlaS.lR. 7bS)-2A,5J-iQivamQi\iy\-2-\(4R.8K)-4X 1 2-trimethvltridecvl1-

la,7b-dihvdro-2H-oxirenor2,3-c1chromen-6-vUoxv)(tert-butvl)dimethvlsilane (21a)

TBSO

To the suspension of sodium hydride 12 mg, 0.225 nimol) in dry THF (1 ml) was

added (2/^,55', '^/?)-3-bromo-6-{[tert-butyl(dimethyl)silyl]oxy}-2,5,7,8-tetramethyl-2-

[(4/?,5/?)-4,8,12-trimethyltridecyl]-3,4-dihydro-2H-chromen-4-ol 20a or (2;?,3/?,^6)-3-

bromo-6-{[tert-butyl(dimethyl)silyl]oxy}-2,5,7,8-tetramethyl-2-[(^/?,5/?)-4,8,12-

trimethyltridecyl]-3,4-dihydro-2H-chromen-4-ol 20b (36 mg, 0.056 mmol) in THF (0.5

ml) at 0°C under argon. The resulting mixture was stirred at room temperature for 6

hours. The reaction was monitored by TLC (10% ethyl acetate in hexane), until none of

starting material remained. The insoluble salt was filtered, then solvent was removed

under reduced pressure to yield the epoxide, without further purification, directly used to

the next step synthesis.

TLC

^H-NMR

'^C-NMR

Rf =0.60(Hexane / ethyl acetate =10:1).

(CDCI3) ) 4.09(d, IH, C-4 H, J=6Hz), 3.48(d, IH,

C-3 H, J=4Hz), 2.3 l(s, 3H, CH3), 2.1 l(s, 3H, CH3), 2.06(s,

3H, CH3), 1.70(m, 2H, CH2), 1.55(m, 2H, CH2), 1.36-1.09(br,

17H), 1.10(s, 3H, C-2CH3), 1.06(s, 9H, 3CH3), 0.88(m, 12H,

4CH3), 0.1 4(d, 6H, 2CH3, J=5Hz).

(CDCI3) 145.76, 144.95, 129.74, 125.43, 124.87,
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MS [EI+]

1 16.21, 77.00, 74.03, 62.42, 48.43, 39.91, 39.78, 37.92,

37.87, 37.70, 33.21, 33.15, 28.38, 26.49, 25.21, 24.93, 23.13,

23.04, 21.10, 20.44, 20.17, 20.10, 15.01, 13.09, 12.14, -2.90.

m/z 558(M+, 3.2%), 280(2.5%), 245(21.7%), 203(6.6%),

151(9.9%), 137(12.1%), 125(17.7%), 97(58.4%), 83(55.6%),

71(61.6%), 57(100%), 43(83.6%).

Synthesis of (((7fl/?.2/?.76/g)-2.4.5.7-tetramethvl-2-r(¥;g.g/?)-4,8,l2-trimethvltridecvl1-

la,7b-dihvdro-2H-oxirenor2,3-c1chromen-6-vUoxv)(tert-butvl)dimethvlsilane (21b)

TBSO

21b

The synthesis of 21b was conducted under identical conditions with the synthesis

of21a.

TLC

H-NMR

^^C-NMR

Rf =0.60(Hexane / ethyl acetate =10:1).

(CDCI3) ) 4.09(d, IH, C-4 H, J=6Hz), 3.48(d, IH,

C-3 H, J=4Hz), 2.3 l(s, 3H, CH3), 2.1 l(s, 3H, CH3), 2.06(s,

3H, CH3), 1.70(m, 2H, CH2), 1.55(m, 2H, CH2), 1.36-1.09(br,

17H), 1.10(s, 3H, C-2CH3), 1.06(s, 9H, 3CH3), 0.88(m, 12H,

4CH3), 0.1 4(d, 6H, 2CH3, J=5Hz).

(CDCI3) 145.76, 144.95, 129.74, 125.43, 124.87,

1 16.21, 77.00, 74.03, 62.42, 48.43, 39.91, 39.78, 37.92,
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MS [EI+]

37.87, 37.70, 33.21, 33.15, 28.38, 26.49, 25.21, 24.93, 23.13,

23.04,21.10,20.44,20.17,20.10, 15.01, 13.09, 12.14,-2.90.

m/z 558(M+, 3.4%), 280(2.6%), 245(21.5%), 203(6.4%),

151(10.1%), 137(12.3%), 125(17.4%), 97(58.2%), 83(55.4%),

71(61.5%), 57(100%), 43(83.4%).

Synthesis of (21a, 21b) using Jacobsen's catalysts

TBS

85

21a

TBS

21b

( from S,S catalyst)

( from R,R catalyst)

A 12% solution ofNaOCl (0.3 ml) was cooled at 0°C. The Jacobsen's catalyst

(R,R or S,S) (10 mg) and 4-(3-phenylpropyl)pyridine N-oxide (P3NO) (15 mg) were

dissolved in dichlomethane (1.5 ml) and the mixture was added to the hypochloride

solution. The solution was stirred for 15 minutes at 0°C, then the tert-

butyl(dimethyl)({(2/?)-2,5,7,8-tetramethyl-2-[(^/?,5i^)-4,8,12-trimethyltridecyl]-2H-

chromen-6-yl}oxy)silane 19 (0.092 mmol, 50 mg in 0.5 ml CH2CI2) and the remaining

hypochloride (0.5 ml) were added oyer 30 minutes via syringes. The reaction was

completed in two hours at 0°C. The mixture was filtered out through a pad of Celite,
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washed once with saturated sodium chloride, dried over Na2S04. The solvent was

removed under reduced pressure to afford the desired epoxides ( 42.1 mg) in 85% yield.

The products' 'NMR, '"^CNMR, MS and TLC data are same with previous experiment

Svnthesis of (UlaRJR. 76/?V2.4.5J-tetramethvl-2-r(^/?.<9/?)-4.8.12-trimethvltridecvn-

la,7b-dihvdro-2H-oxirenor2,3-c1chromen-6-vl acetate (26)

This compound was prepared by the same procedure described above for the

({(7a/?,2/?,76i?)-2,4,5,7-tetramethyl-2-[(^i?,5i?)-4,8,12-trimethyltridecyl]-la,7b-dihydro-

2H-oxireno[2,3-c]chromen-6-yl}oxy)(tert-butyl)dimethylsilane 21.

TLC Rf =0.75( CH2CI2 / MeOH =20:1)

^H-NMR

MS[EI+]

(CDCI3) ) 4.08(d, IH, C-4 H, J=5Hz), 3.48(d, IH,

C-3 H, J=4Hz), 2.34(8, 3H, CH3), 2.20(s, 3H, CH3), 2.08(s,

3H, CH3), 2.03(s, 3H, CH3), 1.70(m, 2H, CH2), 1.56(m, 2H,

CH2), 1.35-1. 13(br, 17H), 1.18(s, 3H, C-2CH3), 0.89(m,

12H,4CH3).

m / z(RI%); 486(M+, 19.2%), 444(100%), 416(8.0%),

390(4.5%), 261(3.6%), 219(7.4%), 191(8.8%), 165(18.7%),

149(27.3%), 97(28.2%), 85(28.3%), 71(41.8%), 57(70.5%).
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Synthesis of (2/?J5)-6-irtert-butvl(dimethvnsilvnoxv}-2,5.7.8-tetramethvl-2-r(4/g.<9/g)-

4,8, 1 2-trimethvltridecvl1-3,4-dihvdro-2H-chromen-3-ol(22a)

TBSO

22a

The lithiurti aluminium hydride 0.3 ml (1.0 M in THF) and aluminium chloride

(15 mg) were suspended in dry THF(2 ml), this suspension was stirred for 20 min. under

argon at 0°C. Then the solution of ({(laS.2R,7bS)-2,4,5J-tQtramQthy\-2-[{4RM)-

4,8,12-trimethyltridecyl] - la, 7b-dihydro-2H-oxireno [2,3-c] chromen-6-yl} oxy) (tert-

butyl) dimethylsilane 21a or ({(IaR,2R,7bR) -2,4,5,1 - tQtramethy\-2-[ {4R,8Ry

4,8,12-trimethyltridecyl] - la,7b-dihydro-2H-oxireno [2,3-c] chromen-6-yl} oxy) (tert-

butyl) dimethylsilane 21b prepared above in dry THF(1 ml) was added dropwise at 0°C.

The reaction mixture was stirred for 3 hour at 0°C until no start material was detected by

TLC. The reaction worked up as following procedure: 0.5 ml of water, 0.6 ml of2%

NaOH, 1 ml of water were added dropwise in order and the mixture was remained stirring

at 0°C. Then filtered it by suction, extracted with ether (3X10 ml), the organic phase

washed with water, brine and dried over Na2S04. The solvent was evaporated by reduced

pressure and the product was further purified by column chromatography on silica gel.

The overall yield from 20a to.22a was 77% (24.1mg, 0.043 mmol, in two steps).

TLC Rf =0.30 (Hexane / ethyl acetate =10:1)
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•h-nmr

^^C-NMR

MS[EI+]

(CDCI3) ) 3.85(t, IH, C-3 H, J=4Hz), 2.80(q, 2H,

C-4 CH2, J=4Hz), 2.12(s, 6H, 2CH3), 2.07(s, 3H, CH3),

1.68(s, 1H,C-30H), 1.55(m,2H,CH2), 1.50-1. 10(br, 17H),

1.21(s, 3H, C-2CH3), 1.07(s, 9H, 3CH3), 0.90(m, 12H,

4CH3),0.14(s,6H,2CH3).

(CDCI3) 145.32, 145.01, 126.85, 124.58, 123.44,

1 16.07, 77.00, 69.56, 39.78, 37.88, 37.70, 35.48, 33.21,

33.12, 30.72, 28.39, 26.50, 25.22, 24.89, 23.14, 23.04,

21.33, 21.06, 20.16, 20.05, 14.73, 13.86, 12.44, -2.88.

m/z 560(M+, 100%), 317(14.5%), 279(13.9%),

221(6.5%), 149(8.9%), 73(19.5%), 57(12.3%).

Synthesis of (2;g.3/?)-6-(rtert-butvirdimethvnsilvl1oxvl-2,5.7.8-tetramethvl-2-rr47g.^;g)-

4,8, 1 2-trimethvltridecvl1-3.4-dihvdro-2H-chromen-3-ol(22b)

TBSO

22b

The synthesis of 22b was conducted under identical conditions with the synthesis

of 22a. The overall yield from 20b to 22b was 78% (25.2 mg, 0.045 mmol, in two steps).

TLC Rf =0.30 (Hexane / ethyl acetate = 10:1)

H-NMR (CDCI3) ) 3.85(t, IH, C-3 H, J=4Hz), 2.80(q, 2H,

C-4 CH2, J=4Hz), 2.12(s, 6H, 2CH3), 2.07(s, 3H, CH3),
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1.68(s, 1H,C-30H), 1.55(m, 2H,CH2), 1.50-1. 1 0(br, 17H),

1.21(s, 3H, C-2CH3), 1.07(s, 9H, 3CH3), 0.90(m, 12H,

4CH3),0.14(s,6H,2CH3).

^^C-NMR (CDCI3) 145.32, 145.01, 126.85, 124.58, 123.44,

1 16.07, 77.00, 69.56, 39.78, 37.88, 37.70, 35.48, 33.21,

33.12, 30.72, 28.39, 26.50, 25.22, 24.89, 23.14, 23.04,

21.33, 21.06, 20.16, 20.05, 14.73, 13.86, 12.44, -2.88.

MS[EI+] m/z 560(M+, 100%), 317(14.7%), 279(14.1%),

221(6.4%), 149(8.8%), 73(19.3%), 57(12.1%).

Synthesis of glvoxvlic acid p-toluenesulfonvl hvdrazone(23)
90

o o
II II

H^^'^OH /==\
II

NHN=CH-COOH

THF, RT

A mixture of glyoxylic acid ( 2.5 g, 27.2 mmol ) and p-toluenesulfonyl hydrazide (

5.1 1 g, 27.18mmol) in 30 ml of dry THF was stirred overnight at room temperature. The

solvent was removed under reduced pressure, then the residue was washed with cold

water and air dried for two days. The crude, dry hydrazone was recrystallized from a

carbon tetrachloride-ethyl acetate mixture to yield the product as white crystals. The yield

was 81% (5.3 g, 22.0 mmol ).

Melting Point: 151-153°C ( literature: 149.5-1 52°C )

•H-NMR (DMS0-d6 ); 12.29 ( s, IH, COOH ), 7.64 (d, 2H,
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13C-NMR

MS[FAB]

J=5Hz, ArH ), 7.53 (d, 2H, J=5Hz, ArH ), 7.18 ( s,lH, =CH ),

2.39 (s, 3H, Ar-CH3).

(DMS0-d6) 164.43, 144.90, 138.31, 136.55, 130.30

127.96,21.89

(NBA as matrix) m / z 727(3M+1, 2.1%), 485 (2M+1,

14.0%), 243 (M+1, 100%), 225 (37.9%), 139(49.3%),

91(49.7%).

Synthesis of (2^.5/?)-6-irtert-butvirdimethvnsilvl1oxvl-2,5.7.8-tetramethvl-2-rr^vy.(y5^-

4,8, 1 2-trimethvltridecvl1-3,4-dihvdro-2H-chromen-3-vl-2-diazo acetatef29a)

N2

TBSO

29a

Glyoxylic acid p-toluenesulfonyl hydrazone (9.68 mg, 0.04 nunol) was dissolved

in 1ml of dry THF and stirred in an ice bath under an argon atmosphere. Oxalyl chloride

(6.6 mg, 0.052mmol) was added to the reaction mixture follwed by a catalytic amount of

N,N-dimethyl formamide (1 drop). The reaction mixture was stirred for 30 minutes, then

removed from the ice bath and stirred at room temperature for 2.5 hours. The reaction

mixture was then evaporated under reduced pressure to give a brown residue. The

residual oxyayl chloride was removed by washing the residue in 4 x 5 ml of dry benzene

and evaporating under reduced pressure The crude glyoxylic acid chloride p-
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toluenesulfonyl hydrazone was added to an ice-cooled solution of (2/?,i5)-6-{[tert-

butyl(dimethyl)silyl]oxy}-2,5,7,8-tetramethyl-2-[(^/?,5/?)-4,8,12-trimethyltridecyl]-3,4-

dihydro-2H-chromen-3-ol 22a (8 mg, 0.0143 mmol) in 2ml of dry THF under an argon

atmosphere. Dimethylaniline (3.5 mg, 0.0286 mmol) was added and the dark green

solution was stirred for 40 minutes prior to addition of dry triethylamine (7.2 mg, 0.0714

mmol). The resulting orange suspension was stirred for 30 minutes at °C then 30 minutes

at room temperature. Then 5 ml of water was added and the mixture was concentrated in

vacuo. Citric acid solution and 10% ethyl acetate-hexane were added and two layers were

formed. The organic layer was washed with water and dried over sodium sulfate. The

product was purified by flash chromatography (Hexane : Ethyl acetate =30 ; 1 to 10 : 1)

to provide 29 as a yellow syrup (3.2 mg). The yield was 35.9% (8.8 mg, 0.014 mmol).

TLC

IR (KBr, cm"0

'H-NMR

^^C-NMR

MS[FAB]

Rf= 0.54 ( Hexane : ethyl acetate =10:1)

3405, 2954, 21 12(=N2) , 1697, 1594, 1256, 1088.

(CDCI3) ) 5.15(t, IH, C-3 H, J=5Hz), 4.82(s, IH,

CH=N2), 2.80(q, 2H, C-4 CH2, J=4Hz), 2.12(s, 6H, 2CH3),

2.07(s, 3H, CH3), 1.55(m, 2H, CH2), 1.50-1.10(br, 17H),

1.21(s, 3H, C-2CH3), 1.07(s, 9H, 3CH3), 0.90(m, 12H,

4CH3),0.14(s,6H,2CH3).

(CDCI3) 166.77, 145.32, 145.01, 126.85, 124.58,

123.44, 1 16.07, 77.00, 69.56, 46.67, 39.78, 37.88, 37.70,

35.48, 33.21, 33.12, 30.72, 28.39, 26.50, 25.22, 24.89, 23.14,

23.04, 21.'33, 21.06, 20.16, 20.05, 14.73, 13.86, 12.44, -3.32.

NBA as matrix m / z(RI%); 628(M+1, 12.1%), 543(13.3%),
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317(32.0%), 279(13.7%), 243 (13.7%), 149(9.3%),

73(100%), 57(21.8%).
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