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Abstract

Liver X receptor is a transcription factor that is important for the metabolism of fat and
cholesterol in the body. Known liver X receptor activators are endogenous oxysterols
(cholesterol metabolites). 22S-hydroxycholesterol is a synthetic oxysterol which acts as an
antagonist reducing production of fat but also increasing glucose uptake in skeletal muscle

cells.

A variety of chiral and achiral compounds have been prepared in an effort to be
utilized towards synthesis of new 22S-hydroxycholesterol analogues. The different syntheses

have been optimized with yields ranging from 9- 91%.

Two stereogenic compounds generated are new which have not heretofore been
described in the literature. The developed process described in this master thesis has given the
desired stereochemistry, which has been confirmed by X-ray crystallography. In this context,

it has been established a method of providing high-quality crystals of the syn aldol adduct.

Several attempts to synthesize two modulators of LXR have been investigated, but
proven difficult and unsuccessful. Alkylation of the stereogenic diol with two naphatyl
derivatives to obtain a new analogue has been studied at various temperatures and reaction
conditions. Second, the synthesis of another analogue produced multiple products indicating a

high reactivity of the stereogenic diol.
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Graphical abstract
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Scheme 1. Aldehyde and optically pure ligands to be utilized in synthesis of new 22S-hydroxycholesterol analogues.

T T B'
>( 0

Scheme 2. Generation of naphatyl derivative.
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Scheme 3. Generation of naphatyl derivative.
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Scheme 4. Attempted synthesis of 22(S)-HC analogue using reaction conditions proposed by Marcel Sandberg and Pal
Rongved.
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Scheme 5. General procedure based on work by P&l Rongved and Marcel Sandberg.



Abbreviations

(cocl),

22(R)-HC

22(S)-HC

24(S),25-EC

24(S)-HC

ABC

ACC

APOA-I

BMI

CDCl;-d

ChREBP

DBD

DCM

DMF

DMSO

Oxalyl chloride

22(R)-hydroxycholesterol

22(S)-hydroxycholesterol

24(S),25-epoxycholesterol

24(S)-hydroxycholesterol

ATP-binding cassette transporters

Acetyl CoA carboxylase

Apolipoprotein A-1

Body Mass Index

Deuterated chloroform

Carbohydrate responsive element-

binding protein

DNA binding domain

Methylene chloride/Dichloromethane

Dimethylformamide

Dimethyl sulfoxide

DMSO-ds

DNL

FABPpm

FAS

FAT/CD36

FATP

FFA

G6-Pase

GLUT

hCETP

HCI

HDL

HepG2

HMGC

HRE

Deuterated dimethyl sulfoxide

De novo lipogenesis

Plasma membrane fatty acid-binding

protein

Fatty acid synthase

Fatty acid translocase

Fatty acid-transport protein

Free fatty acids

Glucose 6-phosphatase

Glucose transporter

Human cholesteryl ester transport
protein

Hydrochloric acid

High density lipoprotein

Human liver carcinoma cell line

3-hydroxy-3-methyl-glutaryl-CoA

Hormone response element



IGT

IRS

LBD

LCFA

LiBH,

LPL

LXR

LXRE

MgSO,

MsClI

MTBE

NaBH,

NaH

NH3

NH,CI

NMR

NR

ob/ob

PCC

Insulin resistance

Insulin receptor substrate

Ligand binding domain

Long-chain fatty acid

Lithium borohydride

Lipoprotein lipase

Liver x receptor

Liver x receptor response element

Magnesium sulfate

Mesyl chloride

Methyl-t-Butyl Ether

Sodium borohydride

Sodium hydride

Ammonia

Ammonium chloride

Nuclear magnetic Resonance

Nuclear Receptor

Leptin-deficient

Pyridinium chlorochromat

PEPCK

P13

PLTP

ppm

RAR

RXRa

SCD

SEM

SGBS

SiO;

SREBP

T2DM

TG

THF

TLC

TR

VDR

VLDL

WHO

Phosphoenolpyruvate carboxykinase

Phosphatidylinositol 3’

Phospholipid transfer protein

Parts per million

Retinoic receptor

Retinoic acid receptor alpha

Stearoyl CoA desaturase

(Trimethylsilyl)ethoxymethyl

Simpson-Golabi-Behmel syndrome

Silicon dioxide/Silica

Sterol regulatory element binding
proteins

Type 2 diabetes mellitus

Triglycerids

Tetrahydrofuran

Thin layer chromatography

Thyroid hormone receptor

Vitamin D receptor

Triglycerids rich lipoproteins

World Health Organization

Xl



Table of Contents

1
1.1
111

1.1.2
113

114

1.2

2.1
211

2.1.2

2.1.3
2.14

2.15

2.16

2.1.7

I =T 2SS SSRTSSUSSN 1
Obesity and OVEIWEIGNT ........cviiieecc e 1
Diabetes and Skeletal MUSCIE...........c.ooiiiiiii s 2
Type 2 Diabetes Mellitus (T2DM) and Insulin Resistance ...........ccccceveveveeieennenn. 2
Metabolic Role of Skeletal MUSCIE............cooiiiiiiii e 3
Nuclear RECEPLOIS (NRS) ....oiuviiieiieie ettt st enes 4
Liver X Receptors (LXRs) and Their Physiological Role...........ccccccevviieinennnne 5
LXR and Cholesterol HOMEOSIASIS........c.ccveriiiiriieiiesie e 7
LXR and Regulation of Fatty Acid Metabolism...........cccceoviiiiniieniiiiceee, 9
LXR and Regulation of Glucose Metabolism...........ccccooviiiiiiniiiiicee, 12
Effect of 22(S)-Hydroxycholesterol (22(S)-HC) on Glucose- and Lipid
Metabolism trough LXRS ......cc.oiiiiiiiiieiee e 13
Synthetic Strategy behind Formation of 22(S)-HC Pharmacophore................... 15
ATM OF THESIS .ttt ae e nnees 16
RESUIES aNd DISCUSSION .....cvveieiiieiiieieiie e et nnes 17
Synthesis of Compounds 1-1VD ... 17
Synthesis of 4-Methylpentanal (I).........ccccocovieiiiiiiici e 17
Y L=T0 YA SO PRSURRPPPROIS 17
SETAIEQY 2 .ottt e e e rra e 19
Synthesis of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-heptanoyl)-
0XAZOKIAIN-2-0N€ (1) c.eeveee e 20
Synthesis of (2S,3S)-2,6-dimethylheptane-1,3-diol (I .......ccccccooveviiiiiiene 22
Synthesis of ((6-(bromomethyl)naphthalen-2-yl)oxy)(tert-
buty)dimethylSilane(IVa) ..........c.ooveiieie e 24
Synthesis of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methyl
methanesulfonate (IVD).......cocooii e 25
Attempted Synthesis of (2S,3S)-1-((6-((tert-butyldimethylsilyl)oxy)naphthalen-
2-yl)methoxy)-2,6-dimethylheptan-3-0l (V).......cocooviiiiiiiiiice 27

Attempted Synthesis of 4-((((2S,3S)-3-hydroxy-2,6-
dimethylheptyl)oxy)methyl)-N,N-bis((2-

(trimethylsilyl)ethoxy)methyl)benzenesulfonamide (V1) ......ccccovvvevvinivenenne 28
CoNCIUAING FEMAIKS ...ttt 31
Spectroscopic Interpretation and Characterization of Compounds..................... 32



4.1

4.2
421
4.2.2
4.2.3
4.2.4
4.2.5

5.1
5.2
5.2.1

5.2.2

5.2.3

5.2.4
5.2.5
5.2.6

5.2.7

5.2.8

5.2.9
5.2.10

References

A
B.

General Information About Spectrometric and Physical Identification.............. 32

Spectroscopic Characterization of the Compounds ...........cccevevveeneereniee e 33
Characterization of COMPOUNG 1........ccoveiiiieiice e 33
Characterization of Compound Tl .........cccoe e 33
Characterization of Compound Hl.........ccoeiieiiiiiiiiee e 35
Characterization of COmMpPouNd 1Va.......cccccooveiiiiiiiere e 36
Characterization of Compound IVD........cccoiveiiiiciec e 36
EXPErimMENtally ......cooveeiieece e 38
General Experimental ProCEAUIES. ........ccvcveiieiecie e 38
IMIBENOUS. ...ttt 38
Synthesis of 4-methylpentanal (1) .........ccccooeiieiiiiiiiei 38
Synthesis of Compound I VIa PCC .........cooiiiiiiiceceece e 39
Synthesis of Compound I trough Swern Oxidation............ccccvvveveiiieieeieeiennen, 39
Synthesis of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-heptanoyl)-
0XAZOKAIN-2-0N€ (1) 1.eeveiie e e 40
Recrystallization of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-
heptanoyl)-0xazolidin-2-0Ne (1) ........cccevieiiiieceee e 41
Synthesis of (2S,3S)-2,6-dimethylheptane-1,3-diol (I .......ccccocoeveiiiiiiiene. 42
Recrystallization of (2S,3S)-2,6-dimethylheptane-1,3-diol (I1)............cccvene.e. 44
Synthesis of ((6-(bromomethyl)naphthalen-2-yl)oxy)(tert-butyl)dimethylsilane
(A OSSR 45
Synthesis of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methyl
methanesulfonate (IVD).........ccooeeiieii e 46
Attempted Synthesis of (2S,3S)-1-((6-((tert-butyldimethylsilyl)oxy)naphthalen-
2-yl)methoxy)-2,6-dimethylheptan-3-01 (V)........ccccoveveiiiieeiececece e 47
Attempted synthesis of Compound V Using Compound Ill and IVa................. 48
Attempted synthesis of V Using Compound Il and IVb ... 49
Synthesis of 4-(bromomethyl)benzenesulfonamide (I-1) ......cccccevveviicieenenne 50
Attempted synthesis of 4-((((2S,3S)-3-hydroxy-2,6-
dimethylheptyl)oxy)methyl)benzensulfonamide (1-2) ........cccccovevvieiiiieciiennen, 51
................................................................................................................................ 52
Spectra of Starting Material ... 60
Spectra Of COMPOUNTS .......cciviiiiieiie et 64

X1



1 Theory

1.1 Obesity and Overweight

Obesity and overweight are increasingly important public health issues/threats (Figure 1a and
1b) contributing to serious health problems and extensive economic costs worldwide,* and
since 1980 obesity has more than doubled.? In 2008, 1.5 billion adults, 20 and older, were
overweight and of these over 200 million men and nearly 300 million women were obese.
Furthermore, 65% of the world’s population lives in countries where overweight and obesity
kills more people than underweight. Once considered a high-income country problem,
overweight and obesity are now growing trends in low- and middle-income countries. In
2010, around 43 million children under five were overweight where close to 35 million

overweight children are living in developing countries, and 8 million in developed countries.?

Obesity and overweight are defined as abnormal or excessive fat accumulation that
may impair health.? Body mass index (BMI) is a commonly used simple measure in
classifying underweight, overweight and obesity in adult populations and individuals; it is
defined as a person’s weight in kilograms divided by the square of his height in meters
(kg/m?).

mass (kg)

BMI = _
(height (m))

The World Health Organization (WHO) classification is: a BMI greater than or equal to 25 is
overweight and a BMI greater than or equal to 30 is obesity. However, BMI should be
considered a rough guide because it does not separate between men, women, nationality nor
muscle mass when corresponding to the same degree of fatness.? There are several other ways
of measuring body fat distribution in humans, but these methods are mainly used for research

purposes.’

Globally, it is well known that essential cause of obesity and overweight is an energy
imbalance between calories consumed and calories expended; food is more available to
everyone, and the physical activity of workers is reduced with increasing urbanization.”* S.
M. Grundy and others have further their work concluded that overweight and obesity are



results of a multifactorial syndrome, in which a decline in resting metabolic rate play a

substantial role.*”’

00

Tblendliain’me 1 Figure la. Estimated overweight and obesity (BMI >
25 kg/m?) prevalence for males in age group 15+ in 2010.8

0o

ABeiin it ™" "¢ Figure 1b. Estimated overweight and obesity (BMI >
25 kg/m?) prevalence for females in age group 15+ in 2010.°

1.1.1 Diabetes and Skeletal muscle

Diabetes mellitus is a metabolic disorder resulting from a defect in insulin secretion, insulin
action, or both. A consequence of this is chronic elevated levels of plasma glucose
(hyperglycemia) with disturbances of carbohydrate, fat and protein metabolism.™
Furthermore, untreated hyperglycemia contributes considerably to insulin resistance on the

whole-body level (especially skeletal muscle).***2

Type 2 Diabetes Mellitus (T2DM) and Insulin Resistance

Excessive body weight is associated with various diseases; it is therefore common that
overweight and obese people often suffer from additional maladies such as heart disease,
hypertension and osteoarthritis in addition to reduced life expectancy.® As well, excessive
weight is major risk factor for stroke, some forms of cancer (endometrial, breast and colon)

and the development and progression of type 2 diabetes mellitus (T2DM).?



In the literature obesity and diabetes are described as ‘diabesity’ because of such a
strong relationship between these health issues. ** The road from obesity to T2DM advances
slowly over years and is preceded by defect in insulin secretion coupled with a progressive
rise in insulin resistance (IGT).™ Generally, IGT is recognized as an expression of abnormal
glucose metabolism regulation, and can be considered as an intermediate stage between
normal glucose tolerance and diabetes.'® Events leading to the development of IGT is raised
insulin plasma concentration in the presence of normal or increased glucose levels,"* meaning

that the basal plasma insulin level is proportional to the degree of insulin resistance.'*

Metabolic Role of Skeletal Muscle

In humans, skeletal muscle is a major mass peripheral tissue that accounts ~40% of body
weight in average man and rather less (30%) in average women. With such a large tissue
mass, skeletal muscle has a major role in whole body energy homeostasis; it accounts for
>30% of energy expenditure, is the primary tissue of insulin stimulated glucose uptake,
disposal and storage, and in addition it influences metabolism via modulation of circulating
and stored lipid/cholesterol flux.*>® Zurlo et al. have further in their article presented data
emphasizing the relationship between skeletal muscle and energy expenditure and suggested
that, because skeletal muscle is quantitatively the most important tissue of the body, energy
expenditure and metabolic flux at rest may be greatly increased during exercise.”

Skeletal muscle is responsible for up to 75 % of whole insulin-dependent glucose
disposal, whereas a small fraction also occurs in fat, cardiac muscle and splanchnic tissues.'”
'8 These findings confirms earlier studies which presents that, in insulin-treated animals,
~25% of an intravenous glucose-dose enters the muscle cells within 1 min. Hence illustrating
the quantitatively important regulatory role of skeletal muscle in limiting an exponential rise

in circulating glucose.*®

In skeletal muscle glucose uptake takes place by a system of diffusion-cascade
involving glucose transporter (GLUT)-1 and GLUT-4. These two distinct transporter proteins
coexist in insulin-responsive tissues. GLUT-1 being mostly in the plasma membrane
mediating the basal rate of glucose transport in the not stimulated state. Whereas GLUT-4,
predominantly stored intracellularly, is responsible for mediating, after the insulin-stimulated
20-21

recruitment, the increased rate of glucose transport by translocation to plasma membrane.

Insulin-stimulated glucose uptake requires binding of insulin to its receptor which leads to



activation by phosphorylation of insulin receptor substrates (IRSs) 1-4, phosphatidylinositol
3’ (PI3) kinase and protein kinase B (PKB). Once GLUT-4 translocate to the cell membrane,
it allows more glucose to enter the muscle fiber for phosphorylation to several branched
glucose polymers and then shuttled into the synthesis of glycogen.?? Glycogen is the major
reservoir of carbohydrate stored in skeletal muscle where these assets are used as fuel to

sustain contractile processes through glycogenolysis and glycolysis.*%*

In addition to carbohydrates, the second major fuel utilized by a healthy muscle is free
fatty acids (FFA). All together, they are quantitatively the most important oxidisable
substrates.?® Transport of FFA across cellular membranes most likely occurs via both passive
diffusion and a number of membrane-associated transporter-proteins. Important membrane-
associated proteins involved in in the cellular fatty acid-uptake and the transport process are
membrane proteins fatty acid translocase (FAT/CD36), plasma membrane fatty acid-binding
protein (FABP,m) and fatty acid-transport protein (FATP).Of these proteins FABP,m, and
FATP have been detected in virtually all tissues probably because such levels allow a rapid
adaptation to changes in substrate flux as occurring, for instance, during the transition from a
resting to contracting skeletal muscle. FAT/CD36 shows a more restricted expression, as in
most species it is absent in liver and brain, but it is perhaps the one transporter-protein which
can translocate to the plasma membrane within minutes by response to contraction and insulin
to increase long-chain fatty acid (LCFA) uptake. Nevertheless, all these proteins are

simultaneously expressed in heart and skeletal muscles.?*?

As previously mentioned, skeletal muscle has a significant role in insulin sensitivity,
carbohydrate and lipid homeostasis. Therefore, there is crucial that skeletal muscle needs to
be well adapted to survive the alternating periods of good and bad in both the supply and
demand of energy. This important characteristic requires a clear capacity to utilize both
carbohydrates and lipid fuels and transition between them. This adaptability, especially seen
in a healthy metabolic state, is called ‘metabolic flexibility’.”> *® Metabolism is largely
regulated by nuclear hormone receptors which function as hormone regulated transcription

factors that bind DNA and mediate the physiological regulation of gene expression.*®

1.1.2 Nuclear Receptors (NRs)

As their names imply, the nuclear receptor family are generally found in the nucleus, located
mainly at their promoter site (control point for regulating gene transcription) on DNA. NRs



form a superfamily of 48 identified and genetically related proteins which is further divided
into the steroid receptor family and the non-steroid receptor family (includes vitamin D

receptor (VDR), thyroid hormone receptor (TR) and retinoic receptor (RAR)).*

Over the years, it has been established evolutionary relatedness between all the NRs,*!
giving them common structural features such as; (i) A central DNA binding domain (DBD)
responsible for targeting the receptor to specific DNA sequences. (ii) A ligand binding
domain (LBD) in charge of recognizing specific hormonal and non-hormonal ligands for the
biologic response. (iii) A variable length center region between the DBD and LBD.* Overall,
these structural features are often referred as DNA cis elements, also known as hormone
response elements (HRES) and activate transcription of target genes.® Based on the tendency
of function as hetero- or homodimers, Manglesdorf et al. proposed four categories of nuclear
receptors in which Class 1 include the steroid receptors that function as homodimers, Class 2
involves heterodimerization of NR with retinoic acid receptor (RXR), whereas Class 3 and

Class 4 include dimeric or monomeric orphan receptors (Figure 2).%°

Nuclear Receptor Superfamily
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Figure 2. Structure organizations of
nuclear receptors. The nuclear receptor superfamily can be broadly divided into four classes based on their dimerization and
DNA-binding properties; class 1 receptors include the known steroid hormone receptors classified as homodimers, class 2
receptors heterodimerize with RXR and includes all other known ligand-dependent receptors (excluding steroid hormones as
ligand), class 3 and class 4 are classified as homodimers and monomer orphan receptors (there are no obvious ligands),
respectively. Receptors with belonging ligands are listed together.** %2

1.1.3 Liver X Receptors (LXRs) and Their Physiological Role

Cholesterol is present in membranes of all animal cells where its function is to build and



maintain characteristics of membranes. Cholesterol is further metabolized to bile acids,
steroid hormones and oxysterols, where they have several physiological functions in animals.
Steroid hormones have important roles in development, growth and maintenance of
homeostasis in animals. Bile acids function as biological cleansing agents in bile and intestine
where they increase solubilization of hydrophobic molecules such as lipophilic vitamins and
lipids. Oxysterols are oxygenated metabolites of cholesterol and physiological ligands of liver
X receptor (LXR).3 In general, oxysterols produced in enzymatic reactions from
cholesterol are potent LXR agonists and can be divided into three groups; intermediates of the
cholesterol biosynthetic pathway (provisional, 24(S),25-epoxycholesterol (24(S),25-EC) is the
only representative of this group), transitional compounds in the synthesis of steroid
hormones from cholesterol (e.g. 22(R)-hydroxycholesterol (22(R)-HC)) and other oxygenated
metabolites of cholesterol formed by different isoforms of cytochrome P450 (Figure 5a)
(CYP450).%

Cholesterol and fat hemostasis is an important regulatory system controlled by the
nuclear receptor (NR) function, and the two main NRs especially involved in regulation of
cholesterol and lipid metabolism are the peroxisome proliferators activated receptors (PPAR)
and the liver X receptor (LXR).*? LXRs belongs to non-steroidal receptor family and was first
discovered in 1995 in the human liver (hence the name liver X receptor), as a new member of
the nuclear receptor superfamily ‘orphan receptors’.>’® Subsequently, there has been
identified two isoforms of LXRs encoded by separate genes; namely, LXRa and LXRf
(NR1H3 and NR1H2 is the standard nomenclature, respectively). Whereas LXRp is
ubiquitously expressed at low levels in all tissues, LXRa predominates in tissues known to
play an important role in lipid metabolism such as the liver, adipose tissue, macrophages,
kidney, skeletal muscle and intestine.***? Both LXRo and LXR bind to DNA’s LXR
response elements (LXRES) as heterodimers with the obligate partner 9-cis retinoic acid
receptor o (RXRa). LXR/RXR heterodimers function as sensors to cellular levels of
oxysterols and, when activated by these agonists, mediates responses through a process that is
defined by LXREs.>" The crystal structures of the two LXR subtypes have revealed that all
the key residues in the ligand binding pocket (LBP) are preserved between the two subtypes
(Figure 3).%®

Exploration in the last decade has shown that the LXR pathway involves induction of

target genes (some are shown in Table 1) associated with control of cholesterol, bile acid and



lipoprotein and glucose metabolism either directly through an LXRE or indirectly through

interactions with other transcription factors. In addition, LXRs play an important role in

regulation of inflammation and intestinal lipid transport through up-regulation of several
35, 40, 44-45

target genes.

Figure 3. Structure of the LXRf LBD.
LXRp/24(S),25-epoxycholesterol/steroid receptor coactivator-1 crystallized as a dimer with an orientation and dimer
interface similar to that seen with other nuclear receptors. Helices in the two LXR monomers are shown in red and pink,
whereas B-strands are yellow, loops are cyan, and the steroid receptor coactivator-1 helix is magenta. LXR helices 1-10 are
labeled H1-H10 and HAF2. Nitrogen, oxygen, and hydrogen atoms are colored blue, red, and white, respectively, whereas
carbon atoms are colored green, yellow, cyan, cyan, and yellow in 24(S),25-epoxycholesterol, Glu-281, Arg-319, His-435,
and Trp-457, respectively. The same dimer orientation is obtained in LXRa LBD (not shown).*?

LXR and Cholesterol Homeostasis

As lined out in the foregoing, LXRs function as sensors of oxysterols and thereby having
major role in controlling whole-body cholesterol homeostasis in numerous tissues such as
liver, intestine, macrophages, adipose tissue and possible muscle tissue. Oxygenated
metabolites of cholesterol, that is to say oxysterols, as physiological ligands of LXR were
mentioned for the first time by B.A. Janowski et.al.“® Since then, LXR research has been
prosperous. Generation and availability of the phenotypes of LXR knock-out mice has been
useful tools to uncover conclusive evidence for the role of LXR in cholesterol metabolism.
These mice exhibited an increased accumulation of cholesteryl esters in their livers when

4950 4150

challenged with a high-fat, high-cholesterol diet.*”*® Studies over the past 5-10 years,
discussed in the work done by Steffenson and Gustavsson,*® have described impaired
expression of hepatic genes involved in cholesterol homeostasis such as cholesterol 7a-

hydroxylase, 3-hydroxy-3-methyl-glutaryl-CoA (HMGC) synthase/reductase,



farnesyldiphosphate synthase and squalene synthase in LXRa-deficient mice. On the contrary,
LXRp-deficient mice failed to show these modulations suggesting a more prominent role of
LXRa than LXR} as a regulator of cholesterol metabolism, and that LXRa and LXRp have at
least some distinct target genes.

Recent publications have conclusively reported that LXRs are the primary
transcriptional regulators in the process of removing excess cholesterol from peripheral
tissues and the body through the pathway known as ‘reverse cholesterol transport’ (RCT).**
>1-52 | XRs control this pathway by directly inducing the expression of ATP-binding cassette
transporters (ABC) Al, G1, G5 and G8. Thereby promoting efflux of phospholipids and
cholesterol from several cells (among others, lipid-laden macrophages) to apolipoprotein A-I
(APOA-I1) and high density lipoprotein (HDL), and by limiting cholesterol absorption in the
intestine (Figure 4). In LXR-deleted mice a significant reduction of HDL has been found,*® a
similar symptom are likewise seen in patients with Tangiers diseases. Tangier disease, a
condition characterized by low levels of HDL and cholesterol accumulation in macrophages,
is caused by mutations in the ABCA1.%
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Figure 4. Regulation of reverse cholesterol transport by LXRs from macrophages. The uptake of modified lipoproteins
by macrophages results in increased LXR transcriptional activity and efflux of cholesterol to lipid-poor apoA-1 by ABCAL
and to HDL by ABCG1.Induction of hCETP expression transfers lipid from HDL to LDL. Once HDL/LDL is taken up by the
liver, LXR promotes net cholesterol excretion.>

Other essential genes for cholesterol homeostasis regulated by the LXRs transcribe
enzymes lipoprotein lipase (LPL), human cholesteryl ester transport protein (hnCETP) and

phospholipid transfer protein (PLTP).>* The activity of hCETP involves exchanging



cholesteryl esters out of HDL for triglycerids (TG) having the net effect of reducing HDL
levels, while PLTP transfers surface phospholipids from TG-rich lipoproteins (VLDL) to
HDL during TG-lipolysis. LPL is secreted by many tissues (manly in in heart, adipose tissue,
skeletal muscle, kidney, and mammary gland) of the body and is the principal enzyme
responsible for lipoprotein metabolism, it hydrolysis TGs in VLDL releasing FFA to the

peripheral tissue.>

LXR and Regulation of Fatty Acid Metabolism

The key role of LXR in fatty acid metabolism was established when Repa et al. and others
found that LXR induces sterol regulatory element binding proteins (SREBPs) expression, and
the expression of carbohydrate responsive element-binding protein (ChREBP) by directly
binding to LXREs.* >*** SREBPs are membrane-bound transcription factors significant to
the regulation of lipid homeostasis and exist in three isoforms; SREBP-1a, SREBP-1c and
SREBP-2. Most organs, including the liver and adipose tissue, express largely isoforms
SREBP-1c and SREBP-2. In vivo studies with transgenic and knockout mice suggest that
SREBP-1c have a main role in fatty acid and glucose/insulin metabolism, whereas SREBP-2
is specific for cholesterol synthesis.>>*® Mediating insulin signaling, SREBP-1c stimulates
expression of several enzymes involved in lipogenesis, such as fatty acid synthase (FAS) and
acetyl CoA carboxylase (ACC). Both FSA and ACC carboxylase are direct as well as indirect
targets of LXR.*® Furthermore, it has been demonstrated that overexpression of SREBP-1c in
B-cells of the islets of the pancreas leads to lipid accumulation and finally apoptosis of these

cells, a salient feature of diabetes.®’

ChREBP is a glucose sensitive transcription factor that promotes hepatic conversion of
excess carbohydrate to lipids.*> Under basal conditions inactive ChREBP is located in the
cytosol, but it is rapidly translocated to the nucleus at high glucose concentrations.®® A study
published in 2006 demonstrated in leptin-deficient (ob/ob) ChREBP knock-out or suppressed
mice (well-characterized mouse model of obesity) that these animals had markedly reduced
lipogenesis and glucose plasma levels.> That the activation of LXR not only increases
expression of ChREBP, but also modulates ChREBP activity, was again augmented for in the
work by Chang and colleges,® where they have revealed that LXR agonist treatment of mice
Is associated with up-regulation of ChREBP and thereby enhancing expression of many
lipogenic genes such as FAS, ACC, and stearoyl CoA desaturase (SCD)-1.



ACCs play a rate-limiting role in fatty acid biosynthesis in plants, microbes, mammals
and humans; it catalyzes the synthesis/carboxylation of acetyl-CoA to malonyl-CoA.
Malonyl-CoA is a critical bi-functional molecule, i.e., a substrate of FAS for acyl chain
elongation in the fatty acid synthesis and an inhibitor of transporting long-chain fatty acids
across the membrane for fatty acid beta-oxidation.®* A supposed LXRE identified in the ACC
has displayed to bind both thyroid receptors, LXRa and LXR, which suggests that ACC

gene expression theoretically can be regulated by these nuclear receptors.®?

In positive balance, lipids stored in adipose tissue can originate from dietary lipids or
from non-lipid precursors such as carbohydrates, and are therefore susceptible to be converted
to fatty acids in the intermediary metabolism. This process is known as de novo lipogenesis
(DNL).%® FAS is a multifunctional enzyme, vital in the pathway of the DNL catalyzing all the
steps in conversion of malonyl-CoA. Previous work has presumed that the effects of LXRs on
FAS expression have been secondary to the induction of SREBP-1c.%* However,
demonstrated in macrophage- and liver cell lines, as well as in vivo in livers of mice, FAS
promoter contains a conserved high-affinity binding site for LXR suggesting FAS as a direct
and indirect LXR target gene which requires interaction with both transcription factors for

maximal induction.®

SCD is the rate-limiting enzyme in the cellular synthesis of monounsaturated fatty
acids from saturated fatty acids; an important step in the generation of triglycerides for
transport and storage as well as preserving cellular membrane flexibility.*® Studies executed
in the last century have publicized that SCD activity is decreased in rat liver during starvation
and diabetes and is rapidly induced to high levels upon re-feeding high carbohydrate diets or
upon insulin administration. Moreover, obese hyperglycemic mice are shown to have an
elevated activity of SCD and higher depositions of body fat than their lean counterparts.®>® A
positive correlation between SCD-1 activity in skeletal muscle (up-regulated) and the
percentage of body weight has also been reported in extremely obese humans.®® In T2MD,
SCD activity is increased, apparently in response to increased levels of plasma insulin.®
Despite the fact that there is not yet been detected a LXRE in SCD-1 gene, it has been
reported a putative LXRE in the promoter region of SCD-1 gene signifying that LXRs either

directly or secondary are involved in diseases caused by altered SCD activity.®’
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Table 1. LXR Target Genes

| Function of Protein

| Regulation | References

Cholesterol metabolism

ABCA1l
ABCG1
ABCG5/8

ApoCI/IVI
Apo E

hCETP
LPL
PLTP

SR-Bl

Mediates the active efflux of cholesterol from
cells to apolipoproteins

Mediates the active efflux of cholesterol and
phospholipids from cells to apolipoproteins
Important role in enterohepatic sterol
transport

Cofactor for LPL in hydrolysis of triglyceride
Facilitates cholesterol efflux outside the
enterohepatic axis

Mediates transfer of cholesterol esters from
HDL to triglyceride-rich lipoproteins
Hydrolyzes triglycerides in circulating large
lipoproteins

Transfer phospholipids from triglyceride-rich
lipoproteins to HDL

HDL receptor involved in reverse cholesterol
transport

1 LXRE

|
|

1 LXRE
1+ LXRE

1 LXRE
1 LXRE

1

1 LXRE

68

69

70

71
71

72

73

74

75

Lipid metabolism

ACC Cal’boxylate acetyI'COA to malonyI-COA for T(LXR is involved in a complex o2
synthesis off fatty acids oo ooy rormene

FAS Catalyzes the formation of long-chain fatty 1 LXRE 62
acids from acetyl-CoA

SCD-1/2 Rate-limiting enzyme in transformation of 0 o4
monounsaturated fatty acids from saturated
fatty acids

SREBP1c  Transcription factor that controls expression 1 LXRE >3-4
of several genes involved in lipogenesis

ChREBP Transcription factor that controls genes 1 LXRE o
involved in hepatic conversion of excess
carbohydrate to lipids

PPARYy Transcription factor that controls genes 0 e
involved in lipid metabolism and transport of
free fatty acids across cell membranes

Carbohydrate metabolism

G6-Pase Enzyme which convert glucose-1-phosphate | “
to glucose-6-phosphate

GLUT-4 Glucose transporter 1 LXRE "

GK Glucokinase l “

PEPCK Rate-limiting enzyme in gluconeogenesis ! .8

PDK4 An inhibitor of glycolysis ) 9

Energy homeostasis

UCP1 Proton carrier in the mitochondrial membrane 1 %0

UCP2 Proton carrier in the mitochondrial membrane 1 80

A minor overview of some of the genes directly regulated by LXR or by LXR modulators. 1, up-regulated; | down-regulated.
Modified from Steffensen et al. and Kalaany et al..*3 &
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LXR and Regulation of Glucose Metabolism

The first reports about LXR placed the nuclear receptor as a sensor of cholesterol and lipid
metabolism,*® new data indicate improve glycemic control in diabetic rodent models.
Administration of the non-steroidal LXR agonist T0901317 (Figure 5b) significantly reduced
plasma glucose concentration in ob/ob mice and Zucker diabetic fatty rats by suppressing
gluconeogenic genes such as pyruvate carboxylase, phosphoenolpyruvate carboxykinase
(PEPCK), fructose 1,6-bisphosphatase, and glucose 6-phosphatase (G6-Pase) (Table 1)

leading to decreased hepatic glucose output.” &

Even though the mechanism through which LXR agonists improve carbohydrate
metabolism is probably complex, several groups have shown a link between LXR and
improved insulin sensitivity in different mice models. Ross and colleagues showed that
T0901317 increased basal (GLUT-1 dependent), but not insulin-stimulated (GLUT-4
dependent) glucose uptake in LXRa-expressing adipocytes.®* In contrast, Dalen et al. detected
excitation of GLUT-4 expression and insulin-induced glucose uptake by T0901317 in both
mouse and human adipocytes.”” A slight but noteworthy increase in mRNA levels for GLUT-
4 in mouse skeletal muscle was also detected. LXRE was identified within the promoter
regions of mice and human GLUT-4 genes, and it was exhibited that the LXR/RXR
heterodimer binds to this LXRE and stimulates transcription.”” It has been postulated that
activation of LXRs in B-cells through T0901317 further leads to glucose-induced insulin
secretion and insulin biosynthesis and has been linked to induce expression of GLUT-2 as

well as of glucokinase (the first and rate-limiting enzyme of glycolytic pathway).2>

On the other hand, LXR agonists did not affect blood glucose concentrations in
normoglycemic animals, similarly insulin sensitivity was not affected in LXRa- and LXRj-
deficient mice or when lean, normoglycemic mice were treated with an LXR agonist.
Moreover, these changes did not upset the gluconeogenic fluidity in vivo, since neither
pharmacological LXR activation nor LXR absence influence endogenous glucose

generation.’® 8788
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1.1.4 Effect of 22(S)-Hydroxycholesterol (22(S)-HC) on Glucose- and
Lipid Metabolism trough LXRs

The imperative role of LXR as a transcription factor important for the turnover of fat and
cholesterol in the body along with glucose metabolism is well recognized. The receptors ties-
up and are activated by synthetic non-steroidal LXR ligands (e.g. T0901317) or specific
cholesterol metabolites like oxysterols (Figure 5a and b).%° Naturally appearing agonists for
LXRs include 24(S),25-EC (liver), 25-hydroxycholesterol, 24(S)-hydroxycholesterol (24(S)-
HC; brain) and 22(R)-HC (adrenal gland). To activate LXR, these molecules require a
stereogenic oxygen (a strong hydrogen acceptor) at either carbon 22, 24 or 27 (Figure 5a);
illustrated by 24(S),25-EC being a potent LXR activator while cholesterol does not affect the
LXRs at all.* 4%

The synthetic 22(S)-hydroxycholesterol (22(S)-HC) isomer of the naturally occurring
22(R)-HC behaves more like an antagonist; repressing certain genes involved in lipogenesis
and lipid handling that result in reduced synthesis of complex lipids.*® Thus, 22(S)-HC fit the
LXRa- and LXRp ligand binding pocket (competitively and with high affinity) as well as
22(R)-HC, due to stearic/stereoselective hindrance it does not complete the same critical

interactions to form transcriptionally active complexes as its natural enantiomer.%**

Docking study of T0901317 and 22(S)-HC have shown that both substances
incorporate into the LBD of LXRs. Hessvik and her colleagues have in their work concluded
that while several lipogenic genes are induced by T0901317 in myotubes, HepG2 (human
liver carcinoma) cells and the human Simpson-Golabi-Behmel syndrome (SGBS)
preadipocyte cell strain, representing human skeletal muscle, liver and white adipose tissue,
respectively, effect of 22(S)-HC differs between the cell types.®? In myotubes, most lipogenic
genes were down-regulated or unchanged by 22(S)-HC, whereas a more diverse pattern was
found in HepG2 and SGBS cells. Treatment with 22(S)-HC induced SREBP-1 in SGBS and
HepG2 cells, but not in myotubes. FAS were down-regulated by 22(S)-HC in myotubes, up-
regulated in SGBS and unchanged in HepG2 cells. DNL were increased by T0901317 in all
cell models, but decreased in myotubes and HepG2 cells and increased in SGBS cells when
affected by 22(S)-HC. Moreover, basal glucose uptake increased in myotubes and tended to
increase in SGBS cells when treated with 22(S)-HC. T0901317 did not counteract the effects
of 22(S)-HC on glucose utilization, but 22(S)-HC counteracted the effects of T0901317 on

lipid metabolism.*?
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steroid

hormones

OH ,--
“

22R-Hydroxycholesterol

b

2
0]

T0901317 22S-Hydroxycholesterol

Figure 5. a) Hydroxycholesterol are oxygenated cholesterol metabolites generated through enzymatic reactions, ‘reactive
oxygen species’ (ROS)-dependent oxidations or derived from alimentary sources, e.g. 24S,25-epoxycholesterol is one of the
oxysterols not directly derived from cholesterol,%® b) Synthetic LXR ligands, where the non-steroidal T0901317 is an agonist
while 22S-Hydroxycholesterol works as an antagonist.”

An LXR modulator, with properties like 22(S)-HC might therefore be a potential
model-substance for affecting LXR-regulated processes differently in various cell-types.
Ability of 22(S)-HC to modify skeletal muscle lipid accumulation and reduce lipogenesis
indicate a potential role for 22(S)-HC or a similar 22(S)-HC analogue in the treatment of

obesity and type 2 diabetes/insulin resistance.
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Synthetic Strategy behind Formation of 22(S)-HC Pharmacophore

As lined out in the previous section the anticipated pharmacophore is the upper right scaffold
of the molecule. This is illustrated by the structure’s -mimicking features. The strategy aims at
new compounds mimicking the antagonistic properties of, as opposed to synthetic agonists of
LXRs demonstrating side effects such as fatty liver, 22(S)-HC behaves differently. The aims
for the new compounds are (1) they down-regulates genes involved in lipid formation and (2)
increases glucose uptake. Furthermore, there has been reported a clear correlation between in
vitro and in vivo biology for 22(S)-HC.%? Even though 22(S)-HC is generic and therefore a
substance patent is not possible, the molecule may be used as a lead candidate in the search

drugs against T2DM and obesity.

As shown in figure 6 and scheme 6, the chemistry suggested by my supervisor Pal
Rongved identifies two routes to the pharmacophore moiety. The first method is the reaction
involving allyl boranes. The reaction may accomplish the right stereochemistry in high yield
(98.5% reported). ** However, it involves many steps, and the product generated is an olefinic
group having little flexibility in further functionalization. On the contrary, the second method
is based on oxazolidinone chemistry (Evans) yielding the right stereochemistry from
commercially available starting materials with few steps involved than the

Hoffman/Yamamoto chemistry.”

Further analysis/synthesis
needed

R|W
Me OH Addition/ OH
hydration Anti
HOOC . HpOMH* Mntl» )
arkownikoff Ry
| " Markownikoff
. / Me H
HO/\/Y R4 Unspecific Brown
Hydroboration

H*/H,0 Commercially without

OMe available Me Ster_e_ogenlc
J< auxiliary Ry Further

» analysis/synthesis
o MesSIO™S ﬂ needed.
C-H, C-O b

(o] Danischevskis o
| * diene ‘
- - oH
asymm. cat. b a 2xC-0
c-C oy c-C
Jens M.J. Nolsge + o F
& R/Epj\/\/ = = ro
/ﬁ Cuprate RO Asymm.

o Me
Ri Me,Culi (ej;";ET
B Me (8,5) l Me,CuLi t-BUOOH/TI(OiPr),
R1/Y OH e
Me Ro/\:/k/\( RO W

Stereospecific Grignard Me OH

or analogous reaction -

sterogenic R, auxiliary R, S S R

needed

Figure 6. Retrosynthetic analysis of 22(S)-HC pharmacophore.
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Scheme 6. a) The Hoffmann/Yamamoto reaction. % b) Evans oxazolidinone chemistry.*®

1.2 Aim of Thesis

The aim of this thesis is to:

1. Develop high yielding synthetic methods of the pharmacophore of 22(S)-
hydroxycholesterol based on classical stereoselective synthetic methods to be used
further in the synthesis of new class of low-molecular regulators of liver X receptor.

2. Determine the stereochemistry of the pharmacophore-comprising molecule.

3. To synthesize new 22(S)-hydroxycholesterol analogues, which can subsequently be
tested biologically to identify, if possible, new lipid-lowering and anti-diabetic drug

candidates.
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2 Results and Discussion

2.1 Synthesis of Compounds I-IVb

Five compounds, see figure 7, were synthesized to generate new analogues of 22S-HC to be
tested biologically to identify, if possible, new lipid-lowering and anti-diabetic drug
candidates (not shown). Compounds 11 and 11 have to our knowledge heretofore not been

described in the literature.

Figure 7. Aldehyde (1), optically pure ligands (11 and I11) and naphatyl derivatives (IVa and 1Vb) to be utilized in
synthesis of new 22S-HC analogues.

2.1.1 Synthesis of 4-Methylpentanal ()

Strategy 1

4-methylpentanal (1) was synthesized from 4-methylpentanol according to John Xiaoginag He
et al.,”® see scheme 7. The procedure for the synthesis of I is shown in section 5.2.1 and the

yields and reaction conditions are listed in table 2.

John Xiaoginag He et al. reported the synthesis of 4-methylpentanal, I, in 63% yield
from 4-methylpentanol and Pyridinium chlorochromat (PCC) in methylene chloride (DCM)
for 2 hours under nitrogen atmosphere.®® Another procedure using Swern conditions was

available,”” and is discussed in Strategy 2. The purification procedure used by John
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Xiaoginag He and coworkers was not available to us. Instead of Florisil®, SiO, was used for
filtration followed by distillation with good success. Starting material was only observed in
the crude product, so distillation and the washing procedure involving simple filtration and
washing with DCM worked rather well.

OH PCC (@)
> =
DCM

4-methylpentanol I
Scheme 7. Preparation of 4-methylpentanal (1)

Table 2. Reaction conditions and yields in synthesis of aldehyde (1)

Experiment | Temperature | Elapsed hours* | Yields % (Product)
1 Room temperature 2 26
2 Room temperature 24 h 11
3 300C** 24 h 9

*How long the reaction was left to stir before work-up
**Liebig’s cooler was attached so the solvent would not vaporize into the air

A search of the literature revealed several publications addressing oxidation of 4-

methylalcohol to | using PCC,* %1

where one of the studies in addition have reported a
yield of 40%. ® However, in the published work either the aldehyde was used further without
being purified, or the reaction was stopped after filtration and washing. An important part of
our procedure is to obtain a purified product; therefore, distillation subsequent to filtration

played a vital role to get rid of the starting material and any waste products.

When stored at room temperature, the aldehyde is highly unstable; the compound is
rapidly oxidized when unprotected from air. Therefore, the best storage condition was found
to be under nitrogen at -15°C to -12°C. With these necessary precautions, storing the aldehyde
in freezer was sufficient; no change in composition was observed when the samples were
tested after two weeks. A slight decomposition was however detected after 6 weeks of

storage. As listed in section 4.2.1, the *H NMR spectrum looks just like the expected.

As seen in table 2, the critical factor for achieving high yields in these reactions is
neither a long elapsed time nor heat to overcome the energy barrier under distillation;
therefore it was considered whether it might have been the solvent that was the problem.

Thin layer chromatography (TLC) analyses of DCM after evaporation (rotary evaporator) and
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distillation confirmed presence of a compound in the DCM. It is likely but not conclusive
that an amount of compound I have been collected with the DCM. It could have been a good
idea to try a different solvent, but then one have to consider the important role of boiling point
and polarity. The aldehyde is a quite polar molecule with a boiling point of ~120°C. Since
DCM had a sufficient boiling point (39.8°C) and a polar aprotic character, it was an ideal
solvent for the reaction. Tetrahydrofuran (THF) and Methyl-t-Butyl Ether (MTBE) could
have been good candidates as they have similar, though a little higher, boiling point (66°C and
55.2 °C, respectively) and at the same time are polar and aprotic.'®

Another problem that is of relevance is the semiliquid form of the aldehyde getting
stuck on different equipment, i.e. under distillation, which can also be the reason for the low
yield. The low yields in experiment 2 and 3 could in fact also be attributed to a relative large

mechanical loss as it was only run on small scale.

All in all, oxidation using PCC proved successful, but the yields and the
reproducibility were only decent. This can in part be attributed to the low stability of the
compound and the purification procedures that need to be undertaken to produce pure

product.

Strategy 2

PCC is not particularly hygroscopic, is stable and very convenient to store. In addition, it is
commercially available. PCC is soluble in many organic solvents, and especially DCM at
room temperature, and has been used to transform alcohols to aldehydes and ketones in high
yield. However, Chromium (V1) compounds are toxic and must be handled with care. Another
disadvantage is the formation of gelatinous materials that complicate product separation.
Addition of Celite, powdered molecular sieves or magnesium sulfate to PCC oxidation
reaction mixtures can make the work-up easier, because the reduced chromium salts are
withdrawn to these solids, which can then be freely removed by filtration.'®® These drawbacks

do not occur when dealing with Swern oxidation.

The Swern Oxidation of alcohols eludes the use of toxic metals such as chromium, and
can be carried out under very mild conditions. Reaction allows generation of aldehydes and

ketones from primary and secondary alcohols, respectively. Furthermore, aldehydes do not
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react further to give carboxylic acids. A drawback is the production of the stinking side

product dimethyl sulphide.'®

4-methylpentanal (1) was synthesized from 4-methylpentanol according to Sepe et
al.”” The primary alcohol was submitted to oxidation under Swern conditions, se scheme 8;
the procedure is shown in section 6.2.1 and the yield and reaction conditions are listed in table
3.

1) (COCl), DMSO

OH 2) Et;N @)
) 3 > /
DCM

4-methylpentanol I
Scheme 8. Primary alcohol submitted to oxidation under Swern conditions

Table 3. Yield obtained in the synthesis of the aldehyde (1) under Swern condition

Experiment | Temperature | Reactiontime | Yields % (Product)

1 -78°C — room temperature 1.5h 32

Sepe and coworkers reported the synthesis of 4-methylpentanal, I, in 97 % yield
(unpurified) from 4-methylpentanol under Swern condition. The procedure was used without
changing of parameters assuming that the yield would be improved compared to the PCC
procedure. Nonetheless, when the refinement procedure was included the yield dropped,
representing almost the same yield as gained with the use of PCC. This again amplifies the
fact that the low stability of the compound and the purification method involving distillation

affects the yield and reproducibility in synthesis of compound 1.

2.1.2 Synthesis of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-
heptanoyl)-oxazolidin-2-one (ll)

As lined out in the theory section, naturally appearing agonists require a stereogenic carbon at

either carbon 22, 24or 27 (Figure 5a). 22(S)-HC fit the LXRa- and LXRB-LBD with high

affinity. Nevertheless, it behaves more like an antagonist compared to its natural enantiomer

22(R)-HC operating more as an antagonist. In order to utilize | in the synthesis of new 22S-

HC analogues, the next reaction step must be stereoselective.
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A syn aldol adduct 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-heptanoyl)-
oxazolidin-2-one (I1), with the same configuration as 22(S)-HC, was synthesized from an
aldol condensation of the enolborate derived from (R)-4-benzyl-3-propionyloxazolidin-2-one
to the aldehyde(l), see scheme 9; the procedure for the synthesis of Il is shown in section

5.2.2 and the yield and reaction conditions are listed in table 4.

D NN B\/\/,
S |
>
DCM
I
(R)-4-benzyl-3-propionyloxazolidin-2-one (R,S,S)

Scheme 9. Preparation of syn aldol adduct (I1)

Table 4. Reaction conditions and yield obtained in the synthesis of the compound Il

Experiment | Temperature | Reactiontime | Yields % (Product)

1 0°C —(-78)°C— room temperature 3h 83

Tsutsumi et al. and others have reported good yields and excellent diastereoselectivity
with (R)-4-benzyl-3-propionyloxazolidin-2-one in nucleophilic additions based on Evans
aldol reaction resulting in syn aldol product.’®**% Evan’s chiral oxazolidinones have been
extensively engaged in asymmetric synthesis, in particular, the aldol reactions of aldehydes
with lithium or boron enolates have been found to give high diastereoselectivities in the

presence of oxazolidinone as the chiral support.'®®

Tsutsumi and colleagues have in their work stated 92% yield of the syn aldol product
under argon atmosphere.*®* It was suggested/assumed that our aldehyde (1) would react in
similar manner, so the procedure was used without changing conditions. TLC analysis of the
reaction mixture after termination of the reaction displayed that not all of the starting material
had reacted; this is probably the reason for a lower yield than reported, alternatively, it could

be due to mechanical loss during work-up.
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Thus, Evans asymmetric aldol reaction using the boron enol ether afforded the product
I1 in good yield (the difference in yield is believed to be neglectible)."H NMR analysis (300
MHz) of the reaction mixture indicated a 95:5 mixture of two diastereomeres, however, the
stereochemistry of the newly generated chiral centers was confirmed as S,S by X-ray
crystallography done by chemistry professor Carl Henrik Ggrbitz at University of Oslo, se

section 5.2.3 for recrystallization procedure.

2.1.3 Synthesis of (2S,3S)-2,6-dimethylheptane-1,3-diol (lll)

(2S,35)-2,6-dimethylheptane-1,3-diol (111) was obtained from compound 11 by reductively
removing the auxiliary (R)-4-benzyloxazolidin-2-one, se scheme 10. The procedure for the
synthesis of 11 is shown in chapter 5.2.4 and the yields and reaction conditions are listed in
table 5.

anlllO
T
(@)

(@)

I
4
(@)
Y é
aile)
T
1
(@)
T

LiBH,
Diethyl ether

11
1 (S,S)
(R,S,S)

Scheme 10. The auxiliary can be reductively removed by simple exposure to lithium borohydride (LiBH,) in diethyl ether to
provide primary alcohol 111 in high yield.

Table 5. Reaction conditions and yields obtained in the synthesis of compound IlI

Experiment | Temperature | Elapsed hours* | Yields % (Product)
1 Room temperature 1 0
2 Room temperature 1 66 %
3 Room temperature 2 82 %
4 Room temperature 3 91 %

*How long the reaction was left to stir before work-up

Burges et al.*” have in their work reported a method which could have been used to
synthesize the title compound. The literature describes the synthesis of (2R,3R)-2,6-
dimethylheptane-1,3-diol (enantiomer of complex I11) with high diastero-control to the syn

adduct by using catecholborane rhodium catalyst. The starting material is optically pure and
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the reaction conditions do not lead to racemization. Other reaction conditions with
spectroscopic data were not specified. However, the method was not tried; instead Evan’s
chiral oxazolidinones was used to obtain the right stereochemistry thereby chemoselectively
removing the auxiliary to achieve the desired compound.

Sodium borohydride (NaBH,) is the favored reducing agent for chemoselective
reductions of aldehydes and ketones. However, it is sometimes forgotten that NaBH, can
simply be customized to form either a stronger or more selective reducing agent.'® Lithium
borohydride (LiBH,), easily prepared from NaBH, but also commercially available® is
reported to be a selective reducing agent. The advantage of using LiBH,4 in chemoselective,
diastereoselective and enantioselective reactions is possibility to use ether-type solvents.'*
Several publications have demonstrated the use of LiBH,4 reductively removing the supporting
moiety(R)-4-benzyloxazolidin-2-one to obtain an alcohol in high yield along with the intact

oxazolidinone chiral auxiliary."***

As seen in table 5, the decisive factor for achieving high yields in these reactions is the
long elapsed time before work-up. A long time (3 hours or more at room temperature) allows
the starting material to fully reduce the starting material that can be isolated through flash
chromatography. Moreover, it is essential to take into account the quality of the reductive
agent. The first experiment ended in 0% vyield; a new batch of LiBH,4 dramatically affected the
yield raising it to more than 60% between entry 1 and 2 in table 5. When all the above

mentioned precautions are made, the yields are usually good to excellent.

Entry 2 and 3 (table 5) ended up giving the title compound as a colorless oil. Despite
the fact that "H NMR did show a pure compound 111, it is conceivable, but not decisively, that
the experiments have given a contaminated diol. In contrast, the last experiment generated 111
as a colorless solid. A crystallization procedure was performed to determine the
stereochemistry of the newly generated chiral centers, see section 5.2.5, but was not able to

produce high-quality crystals for X-ray crystallography.

! 5 grams costs 570.35 euros as of 01.mai.2012 from Sigma-Aldrich
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2.1.4 Synthesis of ((6-(bromomethyl)naphthalen-2-yl)oxy)(tert-
butyl)dimethylsilane(IVa)

((6-(bromomethyl)naphthalen-2-yl)oxy)(tert-butyl)dimethylsilane (IVVa) was synthesized from
(6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methanol. The benzyl alcohol was submitted
to a simple bromination under Appel condition, se scheme 11; the procedure for the synthesis
of IVVa is shown in section 5.2.6 and the yields and reaction conditions are listed in table 6.

°% CBr, PPh, Br
% s
o >( ~o

(6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methanol IVa

Scheme 11. Benzyl alcohol submitted to bromination under Appel conditions.

Table 6. Yield obtained in the synthesis of the naphatyl-analogue 1Va under Appel
condition

Experiment | Temperature |  Reactiontime | Yields % (Product)

1 0°C 3h 89

Appel’s reaction was originally described in 1971 by Professor Rolf Appel at the
University of Bonn in Germany. The reaction between triphenylphospine and tetrahalometane
(CCl4, CBRy) forms a salt known as Appel’s salt. The transformation of alcohols into the
corresponding halides is easily done by treating the alcohol with Appel’s salts (Figure 8). It is

a convenient method conducted under mild conditions, the yields are normally high.**?

As with the synthesis of compound I1-111, it was anticipated that the yield would be
deeply affected by how long the reaction was left to stand and stir before filtration and further
work-up. Because of this, the reaction was left for 3 hours and not tested in advance. The
reaction was carried out under nitrogen atmosphere and the TLC analysis of the reaction
mixture after 3 hours did not show any other byproducts. Therefore, instead of flash
chromatography, filtration through a silica plug was used (a necessary step) to get rid of
Ph3P/Ph3=0. The yield was good and there is no trace of starting material in the NMR spectra,
see appendix B.9 and B.10.
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Appel Reaction AxX=clLBr
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Figure 8. Mechanism of the Appel reaction.!'?

2.1.5 Synthesis of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-
yl)methyl methanesulfonate (IVb)

A publication by Marcotullio and coworkers from 2006,'*® described a simple method for the
conversion of alcohols to tosylates and mesylates. The transformation of aromatic alcohols to
the corresponding mesylate form is not described in Marcotullio’s work, but it was anticipated
that (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methanol would react in a parallel
manner, so the technique was used without changing the reaction conditions (scheme 12 and

table 7). The reaction procedure is outlined in section 5.2.7.

Marcotullio et al. stated the preparation of two secondary mesylates in 85% and 86%
yield from different alcohols for 2 hours in room temperature where the mesyl chloride was
added drop-wise. Under these conditions, it was reasonable to reduce the rate of reaction by
cooling it to 0°C at the beginning instead of adding mesyl chloride drop-wise to better control
the response rate. TLC analyses of the reaction mixture after half an hour and after 1, 3 and 4
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hours for entry 1, 2 and 3, respectively, did not show any byproducts. TLC analyses of entry 1
after 2 hours showed two distinct spots indicating that not all the starting material had reacted.
The reaction was however stopped prematurely, in order to see if the anticipated product had
formed at all. Purification of the reactions was obtained by filtration trough a SiO; plug as a

substitute of flash chromatography to get rid of the starting material giving overall fine yields.

(@)
\e

S
OH o N\
\ / MsCL 2.6-Lutidiney  \ / o)
SiQ DCM Si_
>‘/ o >r o)

(6-((zert-butyldimethylsilyl)oxy)naphthalen-2-yl)methanol IVb
Scheme 12. A simple method for the conversion of the aromatic alcohol to corresponding mesylate structure.

Table 7. Yield obtained in the synthesis of the naphatyl-analogue 1Vb

Experiment | Temperature | Reactiontime | Yields % (Product)
1 Room temperature 2h 49
2 Room temperature 6h 67
3 Room temperature 24 h 70

While efforts with the compound IVb progressed, it was shown that in solution the
product was quite unstable, likely because it is a highly reactive compound. When exposed to
even minute amounts of water and/or acidic solvents such as deuterated chloroform (CDCLs-
d), it seemed like mesylate moiety was furnished returning a NMR spectrum and TLC
analysis similar to the starting material. This was first detected by *H NMR, where the solvent
used was CDCLs-d which subsequently was found to be contaminated with a small quantity
of water. For assurance, *H NMR of the end product was taken with another batch of CDCl3-d
in addition to deuterated dimethyl sulfoxide (DMSO- dg). NMR spectra of CDCl;-d
demonstrated the same signals as before, whereas DMSO- dgs gave an additional signal for one
proton. It is possible, but not definite, that the additional signal is from one of the protons on
methylene located on the mesylate group. However, as listed in section 4.2.5, the **C NMR
spectrum obtained from DMSO-solution looks just like expected (appendix B.13). All in all, it
is quite likely that the product formed is I'Vb and that the compound is probably quite

unstable in solution when exposed to water or acidic solvents.
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2.1.6 Attempted Synthesis of (2S,3S)-1-((6-((tert-
butyldimethylsilyl)oxy)naphthalen-2-yl)methoxy)-2,6-
dimethylheptan-3-ol (V)

Synthesis of the title compound, considered to provide similar response as 22S-HC, has to our

knowledge heretofore not been described in the literature. The synthesis was carried out based

on reaction conditions suggested by senior research scientist Marcel Sandberg from the
external synthesis laboratory Synthetica AS. However, the desired product was not achieved.

The general reaction is outlined in scheme 13. The results of the reactions are shown in table

8 and the experimental details can be found in chapter 5.2.8.

1) NaH OH
R 2) I N0
>( 0 0" j<
A
IVa: R =Br
9
IVb: R = O—ﬁ—Me
(0]

Scheme 13. General procedure for the synthesis of composite V using reaction conditions proposed by Marcel Sandberg.

Table 8. Attempted synthesis of molecule V from 111, 1Va, and IVb

Experiment | Compound | mmol compound | mmol 11l | Reaction condition

1 IVa 0.280 0.312 Room temperature for 24 h

2 IVa 0.280 0.312 Room temperature for 2 h
with addition of potassium

iodide*

3 IVa 0.280 0.312 At50°C for 3 h

4 Vb 0.240 0.267 Room temperature for 24 h

5 IVb 0.546 0.606 0°Cfor5h

*10% mmol of the material quantity of 111

The reactions were performed under nitrogen atmosphere and followed on TLC to see
if the starting material were consumed and the product achieved. The problem seemed to be
reactivity of the compounds combined shortcomings of the purification step. Overlying bands
in TLC and complex mixtures proved hard to separate, but given more time to optimize the
solvent systems used this could have been manageable. In contrast, entry 5 gave a discrete
spot on TLC. It was more non-polar matched to the starting material in addition not having
the same color similarity when treated with p-anisaldehyde. Because of its hydrophobic
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character, purification by filtration trough a pad of silica was executed to get rid of the

starting material and any other products. Still the desired product was not achieved. *H NMR
spectrum, see appendix B.15, did not reveal any protons of the naphatyl constituent, likewise
3C NMR did not show any expected signals for the same part of the molecule . At this point
it was concluded that the procedure using 1Va and 1VVb in the presence of compound I11 and

sodium hydride (NaH) to make the title composite is not working.

2.1.7 Attempted Synthesis of 4-((((2S,3S)-3-hydroxy-2,6-
dimethylheptyl)oxy)methyl)-N,N-bis((2-
(trimethylsilyl)ethoxy)methyl)benzenesulfonamide (VI)

Attempt to synthesize another 22S-HC analogue (V1) from 111 failed to give significant and

usable results. Synthesis of V1 is to our knowledge not yet been described in the literature.

The approach (scheme 14), based on the work done by my supervisor associate professor Pal

Rongved and senior research scientist Marcel Sandberg from Synthetica AS, was not

successful; the synthesis did not end in the isolation of the intermediate-2 (1-2). The

experimental details for the synthesis of intermediate-1(1-1) and 1-2 can be found in chapters

5.2.9 and 5.2.10, respectively whereas the reaction conditions are listed in table 9.

The preparation of the title compound takes place over three steps. The first step deals
with a conventional amine sulfonation, while the second step involves linkage of the newly
formed sulfonamide, 1-1, with the stereogenic diol 111. The generation of sulfonamides has up
to date practically relied on the treatment of sulfonyl chlorides with different nucleophiles
such as ammonia or amines.****** Handling with ammonia gives primary sulfonamides,
whereas primary and secondary amines gives N-alkyl and N,N-dialkyl sulfonamides,
respectively.™® The last operation of the synthesis is a simple alkylation with 2-
(Trimethylsilyl)ethoxymethyl (SEM) chloride protecting the nitrogen moiety as a tertiary

sulfonamide.

Both step 1 and step 2 was done under nitrogen atmosphere and was closely monitored
by TLC. Sadly, as with the synthesis of V, the problem in both steps seemed to be reactivity
and purification. It was not practicable to purify the cruide residue in step 1 due to the high
amount of impurities, but given more time to optimize the solvent systems used this might
have been amendable. The cruide was used without further purification. Though overlapping

spots were demonstrated by TLC analyses after step 2, column chromatography was
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performed returning a quite polar product assumed to be compound I-2. However, what
anticipated being pure fractions from chromatography indeed gave very complex mixture

when analyzed by *H NMR. *C NMR demonstrated nevertheless some traces of the desired
molecule.

o) \\/
“ \(l Br DCM

4-(bromomethyl)benzene-1-sulfonyl chloride

4-(bromomethyl)benzenesulfonamide,
"Intermediate-1"

l) NaH DCM
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NH,
4-((((28,35)-3-hydroxy-2,6-dimethylheptyl)oxy)methyl)benzenesulf onamide,
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\OH
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o
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Scheme 14. General procedure for the synthesis of molecule V1 based on the work by Pal Rongved and Marcel Sandberg
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Table 9. Yield obtained in the synthesis intermediate-1 and -2 in attempted synthesis of

Experiment | Temperature | Reactiontime | Yields g (Product)
1 0°C 15h 0.501 (intermediate-1)*
2 0°C — Room temperature 4 h n/a (intermediate-2)

*Product used in the next reaction without isolation, achieved yield implicate cruide residue

It was suggested that the sulfonamide I-1 could have first been protected with SEM
before reacting it with the diol to achieve VI. The problem with the described scheme could
have been treatment with NaH. Even though the base also could remove acidic protons at the
sulfonamide group at 0 °C first, it could as well deprotonate the secondary alcohol at room
temperature. Currently, the procedure involving linkage of I-1 with 111, and using the
protection with SEM as the last step, is not effective and due to limited time altering the

procedure, it was not attempted.
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3 Concluding remarks

A process for developing new 22(S)-hydroxycholesterol analogues have been studied with
emphasis on obtaining high yields and pure end products comprising the anticipated
pharmacophore of 22(S)-hydroxycholesterol, antagonizing the liver X receptor. The synthesis
and purification of compounds has been the vulnerable factor of this project; therefore, it has
been invested more time to understand the reactions and especially the work-up and
purification steps. Longer reaction time did have a dramatic effect on the yields obtained in

some systems.

Five chiral and achiral compounds, I-1VVb, were synthesized with yields ranging from
9-91 %, respectively, to be utilized in the synthesis of new modulators of the liver X receptor.
The synthesis of aldehyde I using either PCC or Swern oxidation gave the poorest yields (9-
32%), whereas the synthesis of pharmacophore-comprising molecule 111 by reduction gave
well to excellent yields (66-91%).

Both compound Il and compound 111 are new and not hitherto described in the
literature. The developed process described in this master thesis has given the desired
stereochemistry, which has been confirmed by X-ray crystallography. In this context, it has

been established method of providing high-quality crystals of the composite 11.

The syntheses of two different 22(S)-hydroxycholesterol analogues were attempted through
various synthetic routes to be tested biologically to identify new lipid-lowering and anti-
diabetic drug candidates. First, the attempted ether formation of 111 with IVVa and 1Vb failed
under various conditions. Second, the synthesis of the analogue V1 via the attempted
alkylation of 111 with the intermediate 1-2 produced multiple products indicating a higher
reactivity of compound 11 when treated with sodium hydride, however, complex I-2 could

not be isolated.
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4 Spectroscopic Interpretation and
Characterization of Compounds

4.1 General Information About Spectrometric and
Physical Identification

Compounds that already were described in the literature are here only documented with *H
NMR. New compounds are characterized by using *H NMR and *C NMR. In addition, the
intention was to document the different compounds using liquid chromatography-mass
spectrometry, but due to running problems with the mass spectrometry system it was not

manageable.

The *H NMR and *C NMR shift values are attributed to each atom with the help of
2D NMR technique COSY and similar data obtained from the starting material or published
work. NMR elucidation book by Silverstein, Webster and Kiemble was also made use of
during characterization.'*® The industry standard software ChemBioDraw Ultra 12.0.2 and
ChemBio3DUlItra 12.0.2, used to require electronic description of molecules and reactions,
have been utilized to predict NMR shifts.

A widespread set of *H NMR signal appear in some spectrums that cannot be allocated to
specific products. CDClI3z-d will contain a small amount of CHCI3 which will give a peak at
7.26 ppm. DMSO-ds will give a peak at 2.05 ppm as its residual peak. A singlet at 2.10 ppm
in CDCls-d is due to acetone contamination. Ethyl acetate will give a singlet at 2.05 ppm, a
quartet at 4.12 ppm and a triplet at 1.26 ppm in CDClI;-d. Hexane will give a triplet at 0.88
ppm and a multiplet at 1.26 ppm in CDCls-d. If CDCl3-d and DMSO- dg contain a small

amount of water, a peak will show up at 1.56 ppm and 2.84 ppm, respectively.
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4.2 Spectroscopic Characterization of the
Compounds

4.2.1 Characterization of Compound |

This aldehyde (1) has already been characterized in the literature by John Xiaoginag He and
colleagues, and the acquired NMR spectrum are in conformity with the published data.*® The
'H NMR shifts are assigned to each proton, as outlined in figure 9, and are listed in table 10.

The spectrum is shown in appendix B.1.

N “" Figure 9. Atom numbering of compound |

Table 10. Assignment of *H NMR shifts values to compound |

Position °H Multiplicity ~ Coupling constant (J Hz)
1,2 0.89 d 6.2
3,4 1.48-1.6 m -
5 2.41 t, d 8.0,1.9
6 9.75 t 1.9

To see if the aldehyde decomposes over time at -15°C to -12°C a new *H NMR
spectrum was obtained after 6 weeks of storage that show comparable shift values. However,
a new peak has emerged more downfield versus CHO-group which could be due to aldehyde

oxidation to the corresponding carboxylic acid. The change however is small but noteworthy.

4.2.2 Characterization of Compound Il

Syn aldol adduct 11 is a new compound and thus no spectrometric data for this have been
published. However, the spectra obtained from the starting material (R)-4-benzyl-3-
propionyloxazolidin-2-one (appendix A.1 and A.2) and the aldehyde I were used to determine
whether the different coupling reactions had occurred or not. A COSY spectrum was also

taken to correlate the different protons to their specific positions. This made the elucidation
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possible. The structure was also confirmed by crystallography done by Professor Carl Henrik
Gorbitz at Department of Chemistry, University of Oslo. The different shift values are
assigned to each position, as shown in figure 10, in table 11. The *H NMR spectrum is shown

in appendix B.3 and **C NMR spectrum in appendix B.4.

lliife)

UGN

~ " Figure 10. Atom numbering of compound I1

Table 11. Assignment of *H NMR shifts values to compound I1

Position °H Multiplicity ~ Coupling constant (J Hz)
1,2,5 1.05-1.16, 1.22-1.56 m, m -
3,4 0.82 d 6.6
6 3.79-3.89 m -
7 3.69 qd 7.0,2.6
8,11 2.72 dd 13.4,9.4
9 1.18 d 7.1
10 4.63 ddt 10.6, 6.9, 3.3
11 3.17 dd 13.4,3.1
12 4.06-4.20 m -
13-18 7.09-7.30 m -

In the spectrum, one can see that the protons located at position 11 have different
chemical shift value compared to each other. The difference in shift values is likely because
of different stereochemistry at the adjacent carbon. It is believed that the proton in position 11
pointing back is shielded by the proton in position 10, which means that backward-looking
hydrogen in 11th position would have a higher shift value than the proton pointing forward.

The same augment too stand for the two protons in position 5, but as a result of non-sufficient
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separation these peaks come as multiplets in the ppm area 1.05-1.16, 1.22-1.56. Furthermore,
the *C NMR spectrum of 11 shows 17 distinct peaks, a total count of 19 carbons, whereas **C

NMR spectrum of the oxazolidinone starting material count for 13 peaks (13 carbons).

4.2.3 Characterization of Compound Il

Pharmacophore-comprising molecule 111 is a new compound and thus no spectroscopic data
for this have been published. It will nevertheless have similar characteristics as molecule 11 so
the elucidation would be quite alike without the oxazolidinone auxiliary. Each *H NMR signal
are assigned to a proton in position as show in figure 11 and are listed in table 12. The *H

NMR spectrum is shown in appendix B.6.
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Figure 11. Atom numbering of the diol 111

Table 12. Assignment of *H NMR shifts values to compound I11

Position °H Multiplicity ~ Coupling constant (J Hz)
1,2,5 1.04-1.20, 1.25-1.60 m, m -
3,4,9 0,87 d 6.6
6 3.76 S -
7 1.75 d 6.2
8 3.64 d 4.8
10,11 3.32 d 6.5

The characteristic peaks for 111 is a doublet at 3.64 ppm. The carbonyl group is no
longer there revealing a new coupling pattern for two hydrogen atoms. The absence of several
peaks in the aromatic area both in"H NMR and *C NMR proves that there is no unreacted I1
in the sample. Another evidence for effective cleavage is the presence of two protons which
according to COSY does not connect with any other protons; these signals can be assigned to
hydrogen from the hydroxyl-groups. In addition, the hydrogen from the stereogenic center
connected to the methylene group has moved further upfield to 1.75 ppm. This is consistent
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with the CH-group is now positioned next to a less strongly electron-withdrawing group, CH,

versus a carbonyl group.

4.2.4 Characterization of Compound IVa

Both *H NMR- and **C NMR spectrum of 1VVa showed similar pattern and expected number
of peaks compared to the starting material (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-
yl)methanol. The only difference is the signal from the CH,-group linked to bromine in the
product and to hydroxyl in the starting material. Signal/peak from the fraction has moved
upfield, in both *H NMR and **C NMR in harmony with the CH,-group vicinal to the more
electron-withdrawing bromine compared to the hydroxyl group. The different shift values are
assigned to each position, as shown in figure 12, in table 13. The *H NMR spectrum is shown

in appendix B.9.
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Figure 12. Atom numbering of compound IVa

Table 13. Assignment of *"H NMR shifts values to compound lva

Position °H Multiplicity Coupling constant (J Hz)
1 7.09 dd 8.8,2.4
2,3,6 7.68-7.76 m -
4 7.18 d 2.3
5 7.45 dd 85,18
7 4.66 S -
8,9 0.25 s -
10-12 1.02 S -

4.2.5 Characterization of Compound IVb

Complex I'Vb is a quite reactive and unstable when exposed to water and acidic solvents,
therefore characterization have been challenging. However, similar splitting patterns have

been observed in the starting material and complex 1Va, which makes the elucidation
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possible. The different shift values are assigned to each position, as shown in figure 13, in
table 14. The *H NMR spectrum is shown in appendix B.11, and **C NMR spectrum in
appendix B.13.

First detected by "H NMR, where the solvent used was CDCLs-d (later found to be
contaminated with water), demonstrated no signals of the mesylate moiety returning a NMR
spectrum similar to the starting material. For securing a good result, *H NMR of the complex
was taken with another batch of CDCls-d, however the result as same as before; nor did **C
NMR spectrum show any additional peaks. Subsequently, DMSO- dg was used. *H NMR
obtained through DMSO- dg resulted in an additional signal for one proton. It is possible that
the additional peak is from one of the protons on methylene located on the mesylate group.
Furthermore, the same spectrum reported as well a signal consistent with the CH,-groupe
being positioned adjacent to a stronger electron-withdrawing group, i.e. mesylate, in
contrasted with hydroxyl group. On top, **C NMR spectrum obtained from DMSO-solution,

see appendix B.13, do show the anticipated number of signals.
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Figure 13. Atom numbering of compound 1Vb

Table 14. Assignment of *H NMR chemical shifts values to compound 1Vb

Position °H Multiplicity ~ Coupling constant (J Hz)

7.13
7.79-7.91
7.30
7.49
4.89
3.32
9,10 0.24

11, 12,13 0.98
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5 EXxperimentally

5.1 General Experimental Procedures

All reagents were bought from Sigma-Aldrich and used without further purification unless
otherwise noted. Merck 250 pum silica gel 60 F2s4-plates were used for thin layer
chromatography testing (TLC) unless otherwise specified. The TLC analyses were visualized
using UV-light (254nm) or developed with potassium permanganate or p-anisaldehyde. For
column chromatography and filtration trough a pad of silica Merck silica 60 mesh (35-70 pm)

is used unless noted otherwise.

'H and *C NMR were recorded on Bruker DPX 300 and Bruker AVII 400 instrument
equipped with a BACS-60 and a BACS-120 automatic sample changer, respectively. All
experiments were performed at 25°C.DMSO-ds and CDCls-d were used as NMR solvents and
as reference when tetramethylsilane (TMS) standard was unavailable. Proton shifts (°H) are
measured in parts per million (ppm) relative to an internal standard. In CDCl3-d the peaks are
given in ppm relative to the TMS calibrated to 0.00 ppm and the CHCI; residual peak at 7.26
ppm. In DMSO-ds the peaks are given relative to the solvent signal at 2.50 ppm.*H NMR
signals are reported with number of protons integrated for each peak, peak splitting pattern: s
(singlet), d (doublet), t (triplet), m (multiplet) and any potential coupling constants (J ), which

are given in Hz.

5.2 Methods

5.2.1 Synthesis of 4-methylpentanal (I)

The compound was synthesized according to the procedure by John Xiaoginag He and

coworkers®, and by the use of Swern conditions described the work by Sepe et al.®’

O
/
4-methylpentanal
Molecular Weight: 100,16
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Synthesis of Compound | via PCC

Procedure 1: A solution of 4-methylpentanal (15.0 g, 147 mmol) in DCM (0.5 L) under
nitrogen atmosphere was added PCC (47.50 g, 220 mmol) in portions and the mixture was
stirred for 2 hours at room temperature. By addition of PCC, the reaction mixture changed
color into black. After 2 hours, the reaction mixture was added Celite, filtered through a pad
of silica and concentrated in vacuo (mild vacuum and temperature ~30°C in water bath).

Distillation yielded the title compound as colorless oil.
Yield: 3.9 g, 39.05 mmol, 26%

Procedure 2: A solution of 4-methylpentanal (4.0 g, 39.15 mmol) in DCM (133 mL) under
nitrogen atmosphere was added PCC (12.67 g, 58.78 mmol) in portions and the mixture was
stirred for 24 hours at room temperature. By addition of PCC, the reaction mixture changed
color into black. The next day the reaction mixture was added Celite, filtered through a pad of
silica and concentrated in vacuo (mild vacuum and temperature ~30°C in water bath).

Distillation yielded the title compound as colorless oil.
Yield: 0.415 g, 4.14 mmol, 11%

Procedure 3:: A solution of 4-methylpentanal (4.0 g, 39.15 mmol) in DCM (100 mL) under
nitrogen atmosphere was added PCC (12.67 g, 58.78 mmol) in portions and the mixture was
stirred for 24 hours at 30°C with Liebig’s cooler attached. By addition of PCC, the reaction
mixture changed color into black. The next day the reaction mixture was added Celite, filtered
through a pad of silica and concentrated in vacuo (mild vacuum and temperature ~30°C in

water bath). Distillation yielded the title compound as colorless oil.

Yield: 0.369 g, 3.68 mmol, 9%

H NMR (300 MHz, CDCI3): 5 9.75 (t, ] = 1.9 Hz, 1H), 2.41 (td, J = 8.0, 1.9 Hz, 2H), 1.60 —
1.48 (m, 3H), 0.89 (d, J = 6.2 Hz, 6H) which are in consensus with published data.®® The *H
NMR spectrum for this compound is shown in appendix B.1.

Synthesis of Compound | trough Swern Oxidation
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DMSO (2.22 mL, 31.27 mmol) was added drop wise to a solution of oxalyl chloride (1.47
mL, 17.12 mmol) in DCM (50 mL) at minus 78°C. After stirring for 5 minutes a solution of 4-
methylpentanol (4.0 g, 39.15 mmol) in DCM (10 mL) was added drop wise over 5 minutes.
After stirring at minus 78°C for 40 minutes triethylamine (8.2 mL, 58.79 mmol) was added
and the mixture was allowed to reach room temperature over 40 minutes. The mixture was
diluted with DCM (50 mL), washed with saturated aqueous NH4CI (3x30 mL) and brine
(1x20 mL). The organic layer was dried (MgSQO,) and distilled. Distillation gave the title

compound as colorless oil.
Yield: 1.26 g, 12.58 mmol, 32%

'H NMR (300 MHz, CDCI3): 3 9.77 (t, J = 1.9 Hz, 1H), 2.52 — 2.23 (m, 2H), 1.71 — 1.46 (m,
3H), 0.91 (d, J = 6.2 Hz, 6H) which are in consensus with published data.®

5.2.2 Synthesis of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-
heptanoyl)-oxazolidin-2-one (ll)

OH 0 0

(R)-4-benzyl-3-((2S5,35)-3-hydroxy-2,6-dimethylheptanoyl)oxazolidin-2-one
Molecular Weight: 333,42

To a cooled solution (0°C) of (R)-4-benzyl-3-propionyloxazolidin-2-one (3.51 g, 16.01 mmol)
in dry DCM (30 mL) was added slowly di-n-butylbortriflate (1 M in DCM, 16.5 mL, 16.5
mmol) followed by N,N-diisopropylethylamine (3.15 mL, 18.08 mmol) (changed color to
orange). The reaction mixture was stirred at 0°C for 30 minutes and cooled to -78°C. Distilled
4-methylpentanal (1.665 g, 16.62 mmol) was added in portion. The reaction mixture was kept

at -78°C for 30 minutes, allowed to reach room temperature and stirred for 2 hours. A brown
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color was observed. The reaction mixture was quenched by addition of 12 mL phosphate
buffer (pH ~7.00) and methanol (34 mL). This solution was treated with 32 mL methanol:30
% H,0; (2:1) and stirred for 1 hour at room temperature. Saturated aqueous NH4Cl was added
and the aqueous phase was extracted with DCM (5x10 mL). The organic phase dried
(MgSO,), filtered and evaporated under reduced pressure. Flash chromatography on silica gel
eluting with hexane:ethyl acetate (80:20) (70:30) (50:50) yielded the title compound as a
colorless solid.

Yield: 4.431 g, 13.28 mmol, 83 %

R¢-value: 0.065 in hexane:ethyl acetate (80:20)
Appearance: colorless needle formed crystals
Melting point: 52.1 - 54.6°C

'H NMR (300 MHz, CDCI3): § 7.30 — 7.09 (m, 5H), 4.63 (ddt, J = 10.6, 6.9, 3.3 Hz, 1H),
4.20 — 4.06 (m, 2H), 3.89 — 3.79 (m, 1H), 3.69 (qd, J = 7.0, 2.6 Hz, 1H), 3.17 (dd, J = 13.4,
3.1 Hz, 1H), 2.72 (dd, J = 13.4, 9.4 Hz, 2H), 1.56 — 1.22 (m, 4H), 1.18 (d, J = 7.1 Hz, 3H),
1.16 — 1.05 (m, 1H), 0.82 (d, J = 6.6 Hz, 6H). The *H NMR spectrum of this compound is
shown in appendix B.3.

BC NMR (75 MHz, CDCI3): 6 177.72 (s), 153.14 (s), 135.15 (s), 129.53 (s), 129.08 (s),
127.54 (s), 71.88 (s), 66.29 (s), 55.21 (s), 42.15 (), 37.90 (s), 35.20 (s), 31.79 (5), 28.14 (s),
22.70 (s), 22.65 (5), 10.43 (s). The *C NMR spectrum of this compound is shown in appendix
B.4.

5.2.3 Recrystallization of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-
dimethyl-heptanoyl)-oxazolidin-2-one (Il)

Charges of 20 mg compound 11 were delivered into eight test tubes. Eight solvents were

thereby selected based on their polar properties. Each solvent was dedicated to one test tube

and a constant volume of 2 mL of the assigned solvent were added to the each tube. The tubes

where the substance did not dissolve were heated and the cylinders where the heat treatment

resulted in resolution of compound 11, were placed at room temperature, refrigerator and

freezer (table 15). All the cylinders were monitored daily for 7 days. The most excellent

41



condition which gave high quality crystals was found to be hexane at room temperature for 24

hours.

Table 15. Conditions for recrystallization of compound |1

Test tube
1 2 3 4 5 6 7 8
Solvent Hexane Diethyl Dichloromethane Ethyl Toluene Acetone Methanol Water
ether acetate
Compound | Insoluble  Soluble Soluble Soluble Soluble Soluble  Soluble Insoluble
1
After Soluble - - - - - - Soluble
heating
Storage; room Crystal - - - - - - Soluble
temperatire  hrecipitation
(24 hours)*
Storage: Crystal - - - - - - Soluble
refrigerat’or precipitation
(24 hours)*
Storage; n/a - - - - - - Crystal

freezer

precipitation
(72 hours)*

In each test tube 20 mg of compound Il and 2 mL of solvent was added.
* How many hours after heating and storage the crystals were seen

5.2.4 Synthesis of (2S,35)-2,6-dimethylheptane-1,3-diol (lIl)

Hliiie)
T

(28,395)-2,6-dimethylheptane-1,3-diol
Molecular Weight: 160,25

Procedure 1: To a cooled (0°C) solution of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-
heptanoyl)-oxazolidin-2-one (3.467 g, 10.398 mmol) in diethyl ether (210 mL) water (3.5
mL) followed by LiBH,4 (> 95%, 0.627 g, 28.79 mmol). The reaction mixture was stirred at

0°C and then 1 hour at room temperature. Water was added and the water phase was extracted

with diethyl ether (3x20 mL) and ethyl acetate (2x10 mL). The organic phase was dried

(MgSO,), filtered and evaporated under reduced pressure. Flash chromatography on silica gel
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eluting with hexane:ethyl acetate (80:20) (70:30) (50:50) yielded the title compound as a

colorless oil.
Yield: 1.093 g, 6.82 mmol, 66%

Procedure 2: To a cooled (0°C) solution of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-
heptanoyl)-oxazolidin-2-one (1.87 g, 5.608 mmol) in diethyl ether (113 mL) water (1.89 mL)
followed by LiBH4 (> 95%, 0.339 g, 14.787 mmol). The reaction mixture was stirred at 0°C
and then 2 hour at room temperature. Water was added and the water phase was extracted
with diethyl ether (3x10 mL) and ethyl acetate (2x10 mL). The organic phase was dried
(MgSO,), filtered and evaporated under reduced pressure. Flash chromatography on silica gel
eluting with hexane:ethyl acetate (80:20) (70:30) (50:50) yielded the title compound as a
colorless oil.

Yield: 0.733 g, 4.57 mmol, 82%

Procedure 3: To a cooled (0°C) solution of 4-(R)-Benzyl-3-(3-(S)-hydroxy-2(S),6-dimethyl-
heptanoyl)-oxazolidin-2-one (1.87 g, 5.608 mmol) in diethyl ether (113 mL) water (1.89 mL)
followed by LiBH4 (> 95%, 0.339 g, 14.787 mmol). The reaction mixture was stirred at 0°C
and then 3 hour at room temperature. Water was added and the water phase was extracted
with diethyl ether (3x10 mL) and ethyl acetate (2x10 mL). The organic phase was dried
(MgSO,), filtered and evaporated under reduced pressure. Flash chromatography on silica gel
eluting with hexane:ethyl acetate (80:20) (70:30) (50:50) yielded the title compound as a
colorless solid.

Yield: 0,817 g, 5.098 mmol, 91 %
Appearance: colorless needle formed crystals

Melting point: 47.1- 49.9°C

R¢-value: 0.21 in hexane:ethyl acetate (50:50)

'H NMR (300 MHz, CDCI3): § 3.76 (s, 1H), 3.64 (d, J = 4.8 Hz, 2H), 3.32 (d, ] = 6.5 Hz,
2H), 1.75 (d, J = 6.2 Hz, 1H), 1.60 — 1.25 (m, 4H), 1.20 — 1.04 (m, 1H), 0.87 (d, J = 6.6 Hz,
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9H).The *H NMR spectrum of this compound is shown in appendix B.6.

3C NMR (75 MHz, CDCI3): & 74.58 (s), 66.94 (s), 39.02 (s), 35.50 (s), 31.87 (s), 28.20 (s),
22.70 (s), 10.09 (s).The *C NMR spectrum of this compound is shown in appendix B.7.

5.2.5 Recrystallization of (2S,3S)-2,6-dimethylheptane-1,3-diol (ll)

Charges of 20 mg compound 111 were delivered into eight test tubes. Eight solvents were
thereby selected based on their polar properties. Each solvent was dedicated to one test tube
and a constant volume of 1.5 mL of the assigned solvent was added to the each tube. The
tubes where the substance did not dissolve were heated and the cylinders where the heat
treatment resulted in resolution of compound 111, were placed at room temperature,
refrigerator and freezer (table 16). All the cylinders were monitored daily for 7 days. The
conditions which achieved crystals were found to be hexane in the refrigerator for 5 days and
toluene in the freezer for 3 days. Unfortunately they did not have high enough quality for X-
ray crystallography.

Table 16. Conditions for recrystallization of compound I11

Test tube
1 2 3 4 5 6 7 8
Solvent Hexane Diethyl Dichloromethane Ethyl Toluene  Acetone Methanol  Water
ether acetate

Compound | Insoluble Well Well soluble Soluble Slightly Well Soluble Insoluble

i soluble soluble soluble

After Soluble - - - Soluble - - Soluble
heating
Storage; room Soluble - - - Soluble - - Soluble
temperature

Storage: Crystal - - - Soluble - - Soluble
refrigerat’or precipitation

(5 days)*
Storage; n/a - - - Crystal - - Soluble

freezer

precipitation
(72 hours)*

In each test tube 20 mg of compound 111 and 1.5 mL of solvent was added.
* How much time after heating and storage the crystals were seen
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5.2.6 Synthesis of ((6-(bromomethyl)naphthalen-2-yl)oxy)(tert-
butyl)dimethylsilane (IVa)

Weon

((6-(bromomethyl)naphthalen-2-yl)oxy)(zert-butyl)dimethylsilane
Molecular Weight: 351,35

To a cooled solution (0°C) of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methanol
(0.525 g, 1.82 mmol) in dry DCM (15 mL) under nitrogen atmosphere was added
triphenylphospine (0.715 g, 2.726 mmol). The reaction mixture was stirred at 0°C for 3 hours
before DCM (100 mL) was added. The organic phase was washed with water (25 mL), dried
(MgSO,) and concentrated in vacuo (mild vacuum and temperature ~30°C in water bath).
Evaporation residue was diluted with hexane (100 mL), filtered through a pad of silica and

evaporated under reduced pressure. The title compound appeared as a colorless solid.
Yield: 0.568 g, 1.62 mmol, 89%
R¢-value: 0.86 in hexane:ethyl acetate (70:30)

'H NMR (300 MHz, CDCI3): § 7.76 — 7.68 (m, 3H), 7.45 (dd, J = 8.5, 1.8 Hz, 1H), 7.18 (d, J
= 2.3 Hz, 1H), 7.09 (dd, J = 8.8, 2.4 Hz, 1H), 4.66 (s, 2H), 1.02 (s, 9H), 0.25 (s, 6H).The 'H
NMR spectrum of this compound is shown in appendix B.9.

B3C NMR (75 MHz, CDCI3): § 154.37 (s), 132.41 (s), 129.56 (s), 128.83 (s), 128.67 (s),
127.86 (s), 127.70 (s), 127.24 (s), 122.83 (s), 115.08 (s), 34.61 (s), 25.86 (s), 18.43 (5), -4.17
(s).The *C NMR spectrum of this compound is shown in appendix B.10.
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5.2.7 Synthesis of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-
yl)methyl methanesulfonate (IVb)

o\\S/
o \\O

(6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methyl methanesulfonate
Molecular Weight: 366,55

Procedure 1: To a cooled solution (0°C) of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-
yl)methanol (0.100 g, 0,347 mmol) in DCM (3 mL) was added 2,6-Lutidine(0.157 g, 0.17
mL, 1.468 mmol) followed by mesyl chloride (44.4 mg, 0.03 mL, 0.388 mmol). The reaction
mixture was stirred at room temperature for 2 hours. The reaction mixture was quenched with
water and the aqueous phase was extracted with DCM (2x10 mL). The combined organic
phase was washed with 2M HCL and brine, dried (MgSO,) and concentrated in vacuo (mild
vacuum and temperature ~30°C in water bath). Evaporation residue was diluted with hexane
(10 mL), filtered through a pad of silica and evaporated under reduced pressure. The title

compound appeared as a colorless solid.
Yield: 0,062 g, 0.17 mmol, 49%

Procedure 2:To a cooled solution (0°C) of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-
yl)methanol (0.300 g, 1.041 mmol) in DCM (9 mL) was added 2,6-Lutidine(0.471 g, 0.51
mL, 4.404mmol) followed by mesyl chloride (0,113 g, 0.09 mL, 1.164mmol). The reaction
mixture was stirred at room temperature for 6 hours. The reaction mixture was quenched with
water and the aqueous phase was extracted with DCM (2x10 mL). The combined organic
phase was washed with 2M HCL and brine, dried (MgSO,) and concentrated in vacuo (mild
vacuum and temperature ~30°C in water bath). Evaporation residue was diluted with hexane
(10 mL), filtered through a pad of silica and evaporated under reduced pressure. The title

compound appeared as a colorless solid.

Yield: 0.256 g, 0.69 mmol, 67%
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Procedure 3: To a cooled solution (0°C) of (6-((tert-butyldimethylsilyl)oxy)naphthalen-2-
yl)methanol (0.525 g, 1,82 mmol) in DCM (15 mL) was added 2,6-Lutidine(0.838 g, 0.91
mL, 7.82 mmol) followed by mesyl chloride (0,229 g, 0.15 mL, 2.01 mmol). The reaction
mixture was stirred at room temperature for 24 hours. The reaction mixture was quenched
with water and the aqueous phase was extracted with DCM (2x15 mL). The combined
organic phase was washed with 2M HCL and brine, dried (MgSO,) and concentrated in vacuo
(mild vacuum and temperature ~30°C in water bath). Evaporation residue was diluted with
hexane (20 mL), filtered through a pad of silica and evaporated under reduced pressure. The

title compound appeared as a colorless solid.

Yield: 0.467 g, 1.27 mmol, 70%

R¢-value: 0.65 in hexane:ethyl acetate (80:20)

'H NMR (300 MHz, DMSO): & 7.91 — 7.79 (m, 3H), 7.49 (d, J = 8.6 Hz, 1H), 7.30 (s, 1H),
7.13 (d, J = 8.8 Hz, 1H), 4.89 (s, 2H), 3.32 (s, 1H), 0.98 (s, 6H), 0.24 (s, 3H).The 'H NMR

spectrum of this compound is shown in appendix B.11.

B3C NMR (75 MHz, DMSO): & 153.45 (s), 133.92 (s), 133.02 (s), 129.58 (s), 128.40 (s),
127.46 (s), 127.25 (s), 127.02 (s), 122.27 (s), 114.49 (s), 46.70 (S), 25.56 (5), 17.98 (s), -4.49
(s).The 3C NMR spectrum of this compound is shown in appendix B.13.

5.2.8 Attempted Synthesis of (2S,3S)-1-((6-((tert-
butyldimethylsilyl)oxy)naphthalen-2-yl)methoxy)-2,6-
dimethylheptan-3-ol (V)

Synthesis of the title compound, considered to provide the same biological response as 22S-

HC, has to our knowledge heretofore not been presented in the literature. The synthesis was

carried out based on reaction conditions suggested my supervisors Pal Rongved and Marcel

Sandberg.
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\(\/\:/\OH + \SI/ OO R

111
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IVa: R=Br
i
IVb: R = O—ﬁ—
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OH
O
NaH
> Si<
THEF/DMF (@)

(28.35)-1-((6-((tert-butyldimethylsilyl)oxy)naphthalen-2-yl)methoxy)-2,6-dimethylheptan-3-ol
Molecular Weight: 430,70

Attempted synthesis of Compound V Using Compound Il and IVa

Procedure 1: A suspension of NaH 60% dispersion in mineral oil (13.3 mg, 0.333mmol) in
dry THF (2 mL) and dry DMF (2 mL) was cooled to 0°C under nitrogen atmosphere before a
solution of 111 (50 mg, 0.312 mmol) in dry THF (1 mL) was added drop wise. The reaction
mixture was stirred at 0°C for 30 minutes before a solution of 1Va (98 mg, 0.280mmol) in dry
THF (1 mL) was added. The cooling bath was removed and the reaction mixture was stirred
for 24 hours. Saturated NH,CI (10 mL) was added, the mixture was extracted with ethyl
acetate (5x10 mL), dried (MgSQ,), filtered and evaporated under reduced pressure. The
product was attempted purified by column chromatography (5% ethyl acetate in hexane), but
no product was isolated. Reaction discarded.

Procedure 2: A suspension of NaH 60% dispersion in mineral oil (13.3 mg, 0.333mmol) in
dry THF (2 mL) and dry DMF (2 mL) was cooled to 0°C under nitrogen atmosphere before a
solution of 111 (50 mg, 0.312 mmol) in dry THF (1 mL) was added drop wise. The reaction
mixture was stirred at 0°C for 30 minutes before a solution of 1Va (98 mg, 0.280 mmol) in
dry THF (1 mL) was added. The reaction mixture was then again stirred for 30 minutes before

potassium iodide (5.1 mg, 0.0312 mmol) was added. The cooling bath was removed and the
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reaction mixture was stirred for 2 hours. Saturated NH4CI (10 mL) was added, the mixture
was extracted with ethyl acetate (5x10 mL), dried (MgSQ,), filtered and evaporated under
reduced pressure. Liquid chromatography-mass spectrometry (electrospray) (positive) did not
show the mass of the molecule ion. Reaction discarded.

Procedure 3: A suspension of NaH 60% dispersion in mineral oil (13.3 mg, 0.333 mmol) in
dry THF (2 mL) and dry DMF (2 mL) was cooled to 0°C under nitrogen atmosphere before a
solution of 111 (50 mg, 0.312 mmol) in dry THF (1 mL) was added drop wise. The reaction
mixture was stirred at 0°C for 30 minutes before a solution of 1Va (98 mg, 0.280 mmol) in
dry THF (1 mL) was added. The cooling bath was removed and the reaction mixture was
stirred for 2 hours at 50°C under reflux. Saturated NH4Cl (10 mL) was added, the mixture was
extracted with ethyl acetate (5x10 mL), dried (MgSQ,), filtered and evaporated under
reduced pressure. Liquid chromatography-mass spectrometry (electrospray) (positive) did not
show the mass of the molecule ion. Reaction discarded.

Attempted synthesis of V Using Compound Ill and IVb

Procedure 1: To a cooled solution of 111 (43 mg, 0.267 mmol) in dry THF (2 mL) and dry
DMF (2 mL) was added an suspension of NaH 60% dispersion in mineral oil (10.8 mg, 0.267
mmol) in dry THF (1 mL) drop wise under nitrogen atmosphere. The reaction mixture was
stirred at 0°C for 30 minutes before a solution of 1VVa (88 mg, 0.240 mmol) in dry THF (1
mL) was added. The cooling bath was removed and the reaction mixture was stirred for 24
hours. Saturated NH,CI (10 mL) was added, the mixture was extracted with ethyl acetate
(5x10 mL), dried (MgSOQ,), filtered and evaporated under reduced pressure. Liquid
chromatography-mass spectrometry (electrospray) (positive) did not show the mass of the
molecule ion. Reaction discarded.

Procedure 2: To a cooled solution of 111 (97 mg, 0.606 mmol) in dry THF (4 mL) and dry
DMF (4 mL) was added an suspension of NaH 60% dispersion in mineral oil (24.2 mg,
0.606mmol) in dry THF (3 mL) drop wise under nitrogen atmosphere. The reaction mixture
was stirred at 0°C for 30 minutes before a solution of 1VVa (0.2 g, 0.546 mmol) in dry THF (3
mL) was added. The reaction mixture was stirred 0°C for 5 hours. Saturated NH,Cl (10 mL)
was added, the mixture was extracted with ethyl acetate (5x10 mL), dried (MgSQ,), filtered

and concentrated under reduced pressure. Evaporation residue was diluted with hexane (20
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mL), filtered through a pad of silica and evaporated under reduced pressure. However, the

title compound was not achieved. Reaction discarded.

'H NMR and **C NMR spectrum shows a product which is unlikely to be the title compound;
the spectrum of this compound is shown in appendix B.15 and B.16, respectively.

5.2.9 Synthesis of 4-(bromomethyl)benzenesulfonamide (I-1)

Br

o\S
|\NH

)

2

4-(bromomethyl)benzenesulfonamide
Molecular Weight: 250,11

To a solution of 4-(bromomethyl)benzenesulfonyl chloride (1.06 g, 3.93 mmol) in dry DCM
(10 mL) under nitrogen atmosphere at 0°C was added triethylamine (1.10 mL, 7.86 mmol)
followed by ammonia (0.5 M in dioxane, 7.86 mL, 3.93 mmol) with stirring. After 1.5 hours
at 0°C 2 M HCL was added to neutralize the reaction mixture, and the agues phase was
extracted with DCM (2x15 mL). The combined organic phase was washed with 2 M HCI,
brine, dried (MgSO,), filtered and concentrated. The procedure yielded the cruide residue as a

pale yellow solid, used without further purification.

Yield: 0.501 g (of the cruide residue)
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5.2.10 Attempted synthesis of 4-((((2S,3S)-3-hydroxy-2,6-
dimethylheptyl)oxy)methyl)benzensulfonamide (I-2)

Br
WOH +
0
N
11} s

Ao
T

~ -1
(S.5) | Snw
s
OH
o
NaH O
- N
THF/DMF | |\ NH,
0

4-((((28,35)-3-hydroxy-2,6-dimethylheptyl)oxy)methyl)benzenesulf onamide
Molecular Weight: 329,45

To a solution of 111 (174 mg, 1.08 mmol) in THF/DMF (2 mL each) under nitrogen
atmosphere was added a suspension of NaH 60% dispersion in mineral oil (49.6 mg, 1.24
mmol). After stirring at 0°C for 20 minutes, composite 1-1 (0.270 g, 1.08 mmol) in THF (2
mL) was added. The reaction mixture was allowed to reach room temperature and stirred for 4
hours. Saturated NH,Cl was added (15 mL) and the aqueous phase was extracted with diethyl
ether (3x10 mL). The combined organic extract was washed with brine, dried (MgSO,),
filtered and concentrated. Purification by flash chromatography hexane:ethyl acetate (70:30) a

compound as an orange oil which on TLC (30% ethyl acetate in hexane) gave an R¢-value of
0.18. However, "H NMR shows no single product.

'H NMR and **C NMR spectrum of the orange compound in CDCls-d are given in appendix
B.17 and B.18, respectively
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B. Spectra of Compounds
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B.2 'H NMR-spectrum of 4-methylpentanal (1)
after 6 weeks in freezer
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'H NMR-spectrum of 4-(R)-Benzyl-3-(3-(S)-
hydroxy-2(S),6-dimethyl-heptanoyl)-

oxazolidin-2-one (1)
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3C NMR-spectrum of 4-(R)-Benzyl-3-(3-(S)-

hydroxy-2(S),6-dimethyl-heptanoyl)-

B.4

16000

- 177.72
153.14
— 13515
129.53

- 129.08
-127.54
— 66,29
55.21
22.70
22.65
10.43

15000
14000
13000
7 7 T I 1 1 | 12000

11000

10000

F(s)
27.54 9000

(s) H(s) k! [N [
b.53 | 66.29 [37.90/ | 28.14)] [ 8000

A(s) | B (s) C(s) G(s) 1(s)
i 71.88 55.21

s mellldel (e L
Hﬂq.uw_ 153.14 Hmm.Hm. L
[

e ]

42.15) | 31.7¢| | 2270 | 10.43
-EA 'R () 6000

[~5000

S) 7

w
b
[}
=

4000

3000

1 2000

| 7

A 0 A e o s g B g o -

1000

oxazolidin-2-one (1)

-1000
i N y L
L 8 LY ¢4 & E w % m @1 m.mw 5
= =] - R = = =1 - - = -2000
T T T T T T T T T T T T T T T T T T T T T T I T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

67



B.5

g's 0'9 S'9 0z Sz 08

(wdd) zJ
50 0’1 [ 0z (4 o€ g€ 0t S 0's

0’0

COSY NMR-spectrum of 4-(R)-Benzyl-3-(3-
(S)-hydroxy-2(S),6-dimethyl-heptanoyl)-

oxazolidin-2-one (1)

'HJ L ’\_ﬂll "~_f VLY #-;Jnl'\.éfn"ﬂ'—J L\u‘ —

" = =
- @ m—
- -~ [/
== L3 =
_ L
L
= - s =
|
- - =F e
- |

f1 (ppm)
68



1.11
88
~0.85

~1.44
1.41
1.39
1.36
L 1.36
L 1.34
1.32
L 1.30
L1.28
1.16
1.14
112
L.
L

1700

3.76
_—3.65
T-3.63
——3.33
=331

69

'H NMR-spectrum of (2S,3S)-2,6-

dimethylheptane-1,3-diol (111)
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3C NMR-spectrum of (2S,3S)-2,6-

dimethylheptane-1,3-diol (111)
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B.8 COSY NMR-spectrum of (2S,3S)-2,6-

dimethylheptane-1,3-diol (111)
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(bromomethyl)naphthalen-2-yl)oxy)(tert-

C NMR-spectrum of ((6-
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'H NMR-spectrum of (6-((tert-
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methanesulfonate (I\Vb) in DMSO
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B.12  'H NMR-spectrum of (6-((tert-
butyldimethylsilyl)oxy)naphthalen-2-yl)methyl
methanesulfonate (I\VVb) in CDCl;
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3C NMR-spectrum of (6-((tert-

butyldimethylsilyl)oxy)naphthalen-2-yl)methyl
methanesulfonate(I\VVb )in DMSO
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3C NMR-spectrum of product after attempting

to synthesize 22(S)-HC analogue V
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B.17 'H NMR-spectrum of product after attempting
to synthesize 22(S)-HC analogue VI
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3C NMR-spectrum product after attempting to

B.18

synthesize 22(S)-HC analogue VI
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