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“Is it hard?' 

Not if you have the right attitudes.  

It’s having the right attitudes that’s hard.” 

Robert M. Pirsig 
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ABSTRACT 

Phosphatidylinositolphosphates (from here on referred as PIPs) are a class of inositol-

containing natural products that play crucial roles in hormone mediated signal transduction 

pathways and other cellular regulatory processes. Among all naturally occurring PIPs, 

phosphatidylinositol-4,5-bisphosphate (PI-4,5-P or PIP2) holds a special place, as it is the 

precursor of the 2nd messenger inositol-1,4,5-triphosphate (IP3), which plays a major role in 

the liberation of Ca2+ from the endoplasmatic reticulum (ER). The resulting increased 

concentrations of Ca2+ in the cytosol lead to the activation of calmodulin, which is involved in 

a magnitude of cellular regulation mechanisms.  

In 2012 Sitte et al. found evidence that, apart from being involved in the above mentioned 

processes, PIP2 regulates the oligomerization of the serotonine-transporter (SERT). This was 

proven by Schütz et al. using the “Thinning Out Clusters While Conserving Stoichiometry of 
Labeling” (TOCCSL) method, which was established in the former´s lab. Through GFP-labelling 

it was shown that SERT at the ER, the site of its formation, tends to form oligomers composed 

of small numbers of monomers. In addition, rapid monomer exchange was observed, whereas 

SERT-oligomers at the cell membrane, their site of action, showed no observable exchange 

and are composed of a larger number of monomers. 

To further elucidate the process of SERT-oligomer assembly via fluorescence microscopy, a 

photo-clickable probe is needed, resembling a natural PI. In this thesis, the pathway towards 

the synthesis of such a probe (1) is presented. In a proof-of-concept approach, the emphasis 

was put on establishing the synthetic toolbox for the assembly of the structural building blocks 

leading to compound (1) within our lab. Therefore, methods for selective myo-inositol 

desymmetrization/protection and lipid-assembly were studied and culminated in the 

synthesis of Building Block 1 and 2. The gained insights into these types of chemistry will 

empower fast and concise synthesis of scaffolds resembling natural PIP to a larger extent, 

combined with a higher degree of functionalization, in the near future.   
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DEUTSCHE KURZFASSUNG 

Phosphatidylinositolphosphate (im Folgenden als PIP bezeichnet) sind wichtige Vertreter der 

Klasse inositolenthaltender Naturstoffe und nehmen einen essenziellen Platz innerhalb der 

hormonabhängigen Signaltransduktionspfade und anderer zellulärer 

Regulationsmechanismen ein. Aufgrund seiner Rolle als Ausgangsstoff für die Produktion des 

2nd-messenger Inositol-1,4,5-triphosphat (IP3), stellt Phosphatidylinositol-4,5-bisphosphat  

(PI-4,5-P oder PIP2) den wichtigsten Vertreter der obengenannten Klasse dar. IP3 ist befähigt, 

nach seiner Freisetzung Ca2+-Kanäle am Endoplasmatischen Retikulum (ER) zu öffnen und 

dadurch das Einströmen von Ca2+-Ionen in das Cytoplasma der Zelle zu bewirken. Dadurch 

wird das Protein Calmodulin rekrutiert, welches seinerseits an einer Vielzahl von zellulären 

Regulationsmechanismen beteiligt ist. 

2012 wurde in der Arbeitsgruppe um Harald Sitte entdeckt, dass PI-4,5-P eine bestimmende 

Rolle im Oligomerisierungsverhalten des Serotonintransporters (SERT) spielt, was durch 

Arbeiten der Schütz-Gruppe zusätzlich zementiert wurde. Hierbei wurde mithilfe der von 

ihnen entwickelten fluoreszenzmikroskopischen Methode „Thinning Out Clusters While 
Conserving Stoichiometry Of Labelling“ (TOCCSL) aufgeklärt, dass SERT in Nähe des ER, des 
Ortes seiner Biosynthese, dazu neigt Oligomere, die aus einer geringen Anzahl von 

Untereinheiten bestehen, zu formieren. In starkem Kontrast hierzu neigt SERT an der 

Zellmembran, am Ort seiner biologischen Wirkung, zur Ausbildung von stabilen Oligomeren, 

welche aus einer Vielzahl von Untereinheiten bestehen. 

Um nun die Wechselwirkungen zwischen SERT und PIP mithilfe fluoreszenzmikroskopischer 

Methoden genauer untersuchen zu können, bedarf es eines PIP-Analogons, welches die 

Fähigkeit besitzt einen Fluoreszenzfarbstoff zu binden. Diese Arbeit beschäftigt sich mit der 

Etablierung eines Pfades innerhalb der Mihovilovic-Forschungsgruppe, der zur chemischen 

Synthese eines solchen Moleküls (1) führt. Hierbei wurden Methoden der 

Desymmetrisierungs- und Schutzgruppenchemie an myo-inositol und des systematischen 

Aufbaus von Lipiden erforscht, wobei die Synthese der Bausteine 1 und 2 erfolgte. Die im Zuge 

dessen etablierten Arbeitstechniken werden in naher Zukunft zur Synthese von 

hochfunktionalisierten PIP-Analoga beitragen. 
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C  III.9 1-O-Undec-10-ynoyl-sn-glycerol (14) 68 
C  III.10 3-O-(4,4´-Dimethoxytrityl)-1-O-undec-10-ynoyl-sn-glycerol (15) 70 
C  III.11 3-O-(4,4´-Dimethoxytrityl)-2-O-oleoyl-1-O-undec-10-ynoyl-sn-glycerol (16) 72 
C  III.12 2-O-Oleoyl-1-O-undec-10-ynoyl-sn-glycerol (Building Block 2) 75 
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A  Introduction 

A  I myo-Inositol and the Other Isomers 

Inositols are a class of cyclitols, specifically cyclohexanehexols, comprised of nine 

stereoisomeric members (Figure 1). Myo-Inositol (Figure 1, middle) is the most abundant and 

important “family member” since myo-inositol containing natural products play a crucial role 

in a plethora of cellular processes (cell growth, immune response, hormone mediated 

signaling pathways,…).1, 2 The “other” inositols are found to be a factor in various diseases, 
e.g. Azheimer´s disease, bone diseases, Polycystic Ovary Syndrome, but have not been as 

extensively studied, since their biological impact is very limited in comparison to myo-inositol.3 

 

Figure 1: The nine inositols, myo-inositol is highlighted in purple. The numbers indicate the positional descriptors in myo-inositol, where the 

2-position is always assigned to the carbon bearing the only axial hydroxyl group. The plane of symmetry, making myo-Inositol a meso 

compound, is indicated through a dashed line. 

Myo-Inositol was first isolated by Scherer4 in 1850 from meat extracts with the correct 

configuration being established 50 years later.5 The first total synthesis of myo-inositol was 

conducted in 1914 by Wieland and Wishart6 starting from benzene.  
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With its structure at hand, nomenclative distinction between the six hydroxy groups was 

needed, which would rely on convention rather than on a distinct feature, since inositols, in 

contrast to other carbohydrates like sugars, lack an e.g. anomeric center, serving as a natural 

starting point for numeration. Therefore, myo-inositol´s sole axial hydroxy group is assigned 

to be 2-OH- and its adjacent carbon to be the 2-position. Upon counterclockwise numbering 

all the other positions are assigned in an equivalent way. Although seemingly arbitrary, this 

system of numeration holds the feature, that the biologically most important hydroxyl group 

(see Figure 1 and Figure 2) is given the 1-position. 

Another very important feature of myo-Inositol arises from the fact that the structure bears a 

plane of symmetry, thereby making it an optically inactive meso-compound, although all 

carbons are asymmetrical. Therefore, any chemical manipulations leading to a loss in 

symmetry result in a multitude of stereoisomers, which makes successful and selective 

desymmetrization and isolation of a desired stereoisomer, together with an effective 

protecting group strategy, the main challenge in modern inositol chemistry. Strategies tackling 

the aforementioned problems have been intensively studied in the last decades and 

extensively reviewed.7, 8  

A  II Phosphatidylinositolphosphates (PIPs) and Their 

Role in Cell Signaling 

Phosphatidylinositolphosphates (from here on referred to as PIPs) are a class of myo-inositol-

containing natural products that play a crucial role in various cell signaling pathways and other 

metabolic processes. Chemically, PIPs are diacylglycerols (from here on referred to as DAGs) 

linked to myo-inositol via a phosphate group (Figure 2). This linkage is exclusively located at 

the 1-OH-position, therefore making it the most important hydroxy group and giving a rational 

for the numbering system devised for myo-inositol. The remaining OH-groups are usually 

showing a certain pattern of phosphorylation, indicative for their biological activity. The 

glycerol moiety is bearing two fatty acids in addition to the phosphate, bound via an ester 

linkage. In most cases these are stearic acid, a fully saturated C18-fatty acid, in the primary 

position and arachidonic acid, a poly unsaturated C20-fatty acid, in the secondary position 

(Figure 2). Nomenclature of these compounds is devised in a way that a uniform three letter 

code is used, with additional Arabic numbers indicating the position of phosphorylation on the 

inositol ring, apart from the 1-OH-position. The first letter P stands for phosphatidyl, the 

second letter I for inositol, followed by the numbers indicating position of phosphorylation 

and a second P standing for phosphate.  
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Figure 2: General structure of a PIPx, with the attached fatty acids being stearic and arachidonic acid 

The pattern of phosphorylation is of great importance regarding the biological activity of these 

compounds, with the most important being PI-4,5-P, which plays a major role in a plethora of 

hormone mediated signal transduction pathways (e.g. acetylcholine). Hereby, upon an 

external activation of a G-protein coupled receptor, the G-protein´s -subunit activates the 

membrane bound enzyme Phospholypokinase C (PLC), which then catalyzes the cleavage of 

the phosphoester in PI-4,5-P, also located at the cell membrane, to inositol-1,3,5-triphosphate 

(IP3) and a diacylglycerol (DAG)(Figure 4). IP3, now readily soluble in the cytosol and acting as 

a 2ndmessenger, can activate an IP3-gated Ca2+-transport channel at the endoplasmatic 

reticulum (ER), resulting in an efflux of Ca2+ ions from the ER into the cytosol. The resulting 

increase in Ca2+-concentration leads to the activation of calmodulin, a protein which is 

essential for a multitude of cellular regulation processes2 (Figure 4). 

 

 

Figure 3: PLC-catalyzed cleavage of PI-4,5-P, resulting in IP3 and DAG 
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Figure 4: The process of PI-4,5-P mediated signal transduction. PLC and IP3 are highlighted in blue. Source: Voet, D.; Voet, J. G., Biochemistry, 

4-th Edition. NewYork: John Wiley& SonsInc 2011, 725 

Biosynthesis of PI-4,5-P proceeds via a three-step process, where the first step involves the 

synthesis of PI, a non-phosphorylated analogue of PIP, by the enzyme phosphatidyl inositol 

synthase (PIS). Hereby, myo-inositol reacts with cytidine diphosphate diacylglycerol (CDP-

DAG) in a nucleophilic substitution type of reaction to yield PI. This is followed by a 

phosphorylation of the 4-OH in PI, resulting in the formation of PI-4-P, catalyzed by 

phosphatidyl inositol-4-kinases (PI-4-K). The last step, phosphorylation of PI-4-P´s 5-OH, is 

catalyzed by phosphatidyl inositol-4-phosphate-5-kinase (PIPK I), and results in formation of 

PI-4,5-P.(Figure 5). 
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Figure 5: Biosynthetic pathway towards PI-4,5-P. 

Although PIPs with differing phosphorylation patterns are found in cells, their role is much 

more restricted than that of PI-4,5-P, with e.g. PI-3,5-P being a factor in intracellular 

membrane trafficking and PI-3,4,5-P being a crucial regulatory compound in chordates.9 

A  III “Click-Chemistry” and the Huisgen-Cycloaddition 

The term “click chemistry” was coined by Barry Sharpless in 200110, referring to reactions with 

high thermodynamic driving forces (usually higher than 20 kcal mol-1), giving access to fast and 

high yielding transformations with almost absolute selectivity and thereby formation of little 

to no by-products. A wide array of reactions can be put under the moniker of a “click-reaction” 
with the most prominent and widest applied being those belonging to the family of 1,3-dipolar 

cycloadditions and Diels-Alder-type transformations. Ever since pioneering work by the likes 

of Bertozzi11 showed the applicability of these reactions in living cells for the purpose of e.g. 

fluorescent labelling of certain synthetically introduced biomolecule analogs12, “click 
chemistry” has become widely used for elucidation of biological processes. As these 
transformations are not included in the cell´s repertoire, thus unknown to nature, and can be 
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optimized towards high reaction velocity and selectivity, they form the backbone of 

“biorthogonal chemistry”13, an extensively studied field at the intersection of chemistry and 

biology. 

The 1,3-dipolar cycloaddition between an alkyne and an azide to yield 1,2,3-triazoles (Figure 

6), also known as the Huisgen- cycloaddition14, is the best understood and most widely used 

“click reaction” to this date15 (the “cream of the crop” 10).  

 

Figure 6: Mechanistic insight into the Cu-free Huisgen-cyclization with a depiction of both possible regioisomers 

Downsides to the “classical” Huisgen- cycloaddition are sometimes long reaction times and 

low regioisomeric purity, resulting in mixtures of 1,4- and 1,5- disubstituted triazoles (Figure 

6).To circumvent low reaction rates and isomeric impurity, a number of methods have been 

devised, with the most prominent being the Cu(I)-catalyzed Huisgen-cycloaddition, which 

leads to a drastic increase in reaction rate and regioisomeric integrity16 (mechanism shown in 

Figure 7). Since copper-species can be cytotoxic, the Cu(I)-catalyzed azide-alkyne-click can, in 

some cases, not be performed in vivo. Therefore, reactions using strained cyclooctynes as 

alkynic species have been devised, showing sufficient reaction rates without dependence on 

cytotoxic copper, thus providing a means for benign in vivo “clicks” and adding another tool 

to the box of bio-applicable click reactions.17 

 

Figure 7: Mechanism of the Cu(I)-catalyzed alkyne-azide-click 
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A  IV The Serotonin-Transporter (SERT) 

Serotonin (5-hydroxytryptamine, 5-HT)(Figure 8) is a neurotransmitter modulating a plethora 

of neuropsychological processes, although mostly found outside the brain, where it is involved 

in the regulation of numerous biological processes, e.g. cardiovascular function, bowel 

motility and bladder control.18 Acting as a neurotransmitter, serotonin activates the G-

protein-coupled serotonin receptors and ligand-gated ion channels, which then modulate the 

release of a multitude of neurotransmitters and hormones, thereby playing a crucial role in 

neurological processes, such as sleep, mood, hunger and aggression behavior.19 To balance 

neuronal excitation levels and to ensure for a healthy regulation of neuronal processes, the 

reuptake of serotonin from the synaptic cleft into the presynaptic terminal is mandatory.20  

The serotonin-transporter (SERT) is a transporter protein located in the cell membrane and 

empowering the abovementioned reuptake of serotonin into the cell, thus ensuring balanced 

serotonin levels in the synaptic cleft.  

In the last three decades, the human SERT has been a main target in antidepressant discovery.  

With no crystallographic structure of SERT available, drug discovery and modelling heavily 

relied on orthologues, like the bacterial leucine transporter (LeuT). This changed, when in 

2016 the first crystal structure of human SERT was published.19 Much like LeuT, human SERT 

comprises 12 transmembrane helices (Figure 8) with loop-structures forming the extracellular 

surface, accessible to solvents and thereby serotonin.  

 

 

 

 

 

 

 

 

 

 

As SERT is a member of the neurotransmitter sodium symporter-family (NSS), the transport of 

serotonin from the extracellular space to the cytosol is dependent on the binding of a sodium 

ion in combination with serotonin. This leads to a change in protein structure from an 

Figure 8: a) The molecular structure of serotonin b) The structure of the human serotonin, perpendicular to the cell membrane c) 60 ° flip 

of structure b. Source: Coleman, J.A.; Nature 2016, 532, 334 
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outward-open conformation, providing a pathway for serotonin, to an inside-open 

conformation, accessing the cytosol and enabling substrate-reuptake by the cell.19, 21 In 

addition to the primary binding site, SERT possesses an allosteric site, showing affinity for a 

variety of compounds. A class of compounds that, in addition to binding and blocking the 

primary binding site, also bind to the allosteric site of SERT are the so-called “selective 
serotonin reuptake inhibitors” (SSRIs), thereby even further modulating flux into the cell and 

ensuring steady levels of 5-HT in synaptic clefts.22 Hailed as a revolution in depression therapy, 

ever since Prozac (Fluoxetin) entered medical use in 1988, they make up 47% of the global 

depression drug market (Feb. 2019) worth 15 billion dollars23, thus asserting SERT´s role as a 

highly explored scaffold in academic and industrial drug discovery. 

A  V Fluorescence Microscopy and TOCCSL 

In 2014, the Nobel Prize in Chemistry was awarded to Eric Betzig, Stefan W. Hell, and William 

E. Moerner for “the development of super-resolved fluorescence microscopy”, a mere 
culmination of mankind´s decade-lasting desire for exploration of a world too small to be seen 

by the naked eye. Starting with the likes of Antonie van Leeuwenhoek in the 17th century, 

visualization of the cell and cellular processes through microscopic methods has become a 

staple of modern bioanalytics.  

In 1962, Shimomura et al. 24, 25 identified and characterized two fluorescent proteins from 

Aequorea victoria, aequorin, a blue light emitter, and the so-called “green fluorescent protein” 
(GFP). Unbeknownst to them, these findings would revolutionize bioanalytics three decades 

later, in combination with emerging methods of DNA-manipulation and cloning. Since the first 

recombinant production of GFP in E. coli by Chalfie et al.26 and its first application as a fusion 

protein to fluorescently tag the exu protein in Drosophilia by Wang and Hazelrigg27, GFP-

conjugation has become one of the most widely used methods in molecular biology, thus 

boosting the impact of microscopic methods even further and making fluorescence 

microscopy the number one technique for visualization of processes in the living cell.28 This 

trend is even enhanced by the development of “biorthogonal chemistry” and bioconjugation 
of fluorophores to target small molecules in living cells (See: A  III).  

The working principle of an optical fluorescence microscope is the same as that of a regular 

light microscopy: the specimen is illuminated by a light source, the light travels through an 

objective, which creates a magnified virtual imagine that can be seen through an eyepiece. 

The only difference between a regular and a fluorescent microscope is the set of filters that 

needs to be applied to a) choose a suitable wavelength to invoke fluorescence in the sample 

and b) to inhibit the wavelength of excitation reaching the eyepiece, thus making the only light 

registered that corresponding to the fluorescence of the specimen.29 As a consequence of this 
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principle, classical fluorescent microscopy is also limited in its resolution by diffraction. 

Succumbing to Abbe´s law and depending on the wavelength, resolution in classical 

fluorescence microscopy cannot reach values smaller than 200 nm. This can be circumvented 

by modern methods like STED30 and SOFI31, where e.g. through emission depletion using a 

circular light source attached to the objective, emitting at the quenching wavelength of the 

fluorophore, the resolution is only limited by the diameter of the non-emitting, inner circle of 

the objective. 

A  V.1 Thinning Out Clusters While Conserving Stoichiometry Of 

Layering (TOCCSL) 

In 2005 Schütz et al. report on a method taking fluorescence recovery after photobleaching 

experiments (FRAP) “down to the regime of single molecules” and thus much further than the 

resolution limit of the applied imaging system.32 This method called “thinning out clusters 
while conserving stoichiometry of labelling”, in contrast to a classical FRAP experiment, does 

not aim at measuring fluorescence recovery times and thereby registering and quantifying 

diffusion and mobility driven processes inside the cell, but rather at resolving individual 

clusters or objects right at the onset of fluorescence recovery, after an irreversible 

photobleach, driven by Brownian motion. This has been applied to great extent for the 

characterization of cluster size of aggregate-forming proteins, especially membrane bound 

proteins that have been labelled by e.g. GFP-conjugation.32-34 Therefore, a certain area is 

irreversibly photobleached by a strong laser pulse for a time tbl, ensuring that no residual 

fluorescence is left. Then images are taken for a time trec revealing single, nanometer sized 

clusters of fluorescent biomolecules (Figure 9). These clusters give similar images to those of 

a single fluorescent molecule, only with different brightness distributions and thereby 

different probability density functions (pdf)  than those of single dye molecules (1). This is 

due to the stochastic nature of photon emission and enables the computing of pdf through a 

series of convolution integrals, as the pdf is convolutable (in contrast to the brightness 

distribution), given that the pdf of the single molecule 1 has been experimentally determined 

before.  

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t i

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
at

 th
e 

T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t i
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

at
 th

e 
T

U
 W

ie
n 

B
ib

lio
th

ek
.

  Master´s Thesis 

  Viktor Savic 

  20 

 

 

Figure 9: The work flow of TOCCSL with the corresponding time course, a) control image, pre-bleach b) photobleach c) recording of images 

d) control image, post-bleach. Source: Moertelmaier et al., Applied Physics Letters 87(26): 263903. 

With a set of probability density functions, each corresponding to a cluster of fluorescent 

molecules of the size N, an image of a mixed population of clusters can now be analyzed and 

its composition can be determined by the following equation: 

Equation 1: Calculation of cluster-size distribution in TOCCSL 

𝜌(𝐹) = ∑ 𝛼𝑁𝑁𝑚𝑎𝑥
𝑁=1 ∗ 𝜌𝑁(𝐹) 

 pdf, F… number of photons emitted, N… cluster size, … weight of individual distributions 

By a method of nonlinear least squares fitting analysis of the obtained images, the weight 

factors N of individual oligomers, comprising the image´s brightness distribution, can be 

calculated to yield the distribution of individual clusters. This makes TOCCSL a very valuable 

method in analysis of oligomerization behavior of proteins in vivo.32 

Another feature of TOCCSL is the possibility to analyze the oligomer stability of proteins 

through the method of “repetitive TOCCSL-runs”.34 Therefore, a TOCCSL run is performed and 

analyzed and then repeated on the same diameter. Through repetition, two outcomes are 

possible: a) the brightness distribution stays the same with only fluorescence intensity 

decreasing after each TOCCSL-run, observed with stable oligomers, since no interchange of 

bleached and unbleached subunits is taking place, or b) the brightness distribution changes 

while fluorescence intensity decreases with every run. This is observed with transient 

oligomers, due to rapid interchange of bleached and unbleached subunits.  
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B  Results and Discussion 

B  I Background and Task 

B  I.1 Background 

In 2013 Sitte et al.35 reported on PI-4,5-P (Figure 2) having a crucial impact on amphetamine 

induced actions of SERT. It was found, that upon depletion of PI-4,5-P from the cell through 

addition of 2,4,6-trimethyl-N-[3-(trifluoromethyl)phenyl]benzenesulfonamide (m-3M3FBS), a 

known PLC activator, SERT mediated efflux was inhibited but influx remained the same. Also, 

amphetamine evoked currents were reduced in comparison with controls. Additionally, 

through computational methods of homology modelling and determination of electrostatic 

surface potential, lysine-residues K352 and K460 were identified as providers of basic patches 

on SERT, able to bind to PI-4,5-P´s phosphorylated inositol head group. Upon exchange of 

these lysine-rests with alanine, the same electrophysiological behavior as upon PI-4,5-P 

depletion was observed, thereby providing additional proof for the made hypothesis. 

To further elucidate the relationship of PI-4,5-P and SERT-function, Schütz et al.34 investigated 

the behavior of SERT under the aforementioned conditions by microscopy, using their 

established technique of TOCCSL (See A  V.1). Therefore, cells expressing SERT-GFP conjugates 

were prepared and analyzed, showing that SERT at the plasma membrane tends to form an 

oligomeric distribution that is independent of SERT-mean surface density. In contrast, SERT-

oligomer size at the ER, its site of formation, is highly dependent on SERT-mean surface 

density. Additionally, through repetitive TOCCSL-runs (See A  V.1), it was observed that SERT-

oligomers at the plasma membrane do not participate in subunit exchange, having rather fixed 

conformations, whereas oligomers at the ER are very transient in nature and exhibit rapid 

subunit exchange (Figure 10). 

To find out if these effects can be attributed to PI-4,5-P, which is present at the membrane, 

but not at the ER, Sitte et al.´s experiments35 were repeated using TOCCSL instead of 

electrophysiological methods. Upon addition of m-3M3FBS to the cells, TOCCSL analysis 

showed that the mean number of subunits comprising SERT-oligomers at the plasma 

membrane was shifted towards smaller values and that upon repetitive TOCCSL-runs the 

oligomers at the membrane exhibited rapid subunit interchange, as found at the ER (Figure 

11a and b). 
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Figure 10: Depiction of the results gathered through repetitive TOCCSL-runs and the underlying process, leading to those. The left side shows 

the results seen at the plasma membrane with stable distribution of oligomers over the course of time. The right side shows the results from 

the ER, with a clearly visible shift to smaller numbers of fluorescent subunits, due to the rapid interchange of bleached and unbleached 

molecules. Source: Anderluh, A., et al., Nature Communications 8: 14089. 

Also, K352A-K460A-mutants were analyzed to display the same behavior of SERT at the plasma 

membrane as upon addition of m-3M3FBS (Figure 11c). These findings further supported the 

work conducted by Sitte et al.35 and showed that PI-4,5-P has a pronounced effect on SERT-

oligomer formation and is thereby crucial for the stability and function of  SERT.   

 

Figure 11: a) Oligomerization behavior of SERT upon addition of m-3M3FBS (grey), inert orthologue o-3M3FBS (light grey) and no treatment 

(white) b) repetitive TOCCSL runs at the plasma membrane upon addition of m-3M3FBS c) repetitive TOCCSL runs on the K352A-K460A-

mutant at the plasma membrane. Source: Anderluh, A., et al., Nature Communications 8: 14089. 
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B  I.2 Task 

To further investigate the effects of PI-4,5-P on SERT by means of fluorescence microscopy, a 

PI-analogue would be needed with the ability to carry a fluorophore. Therefore, PI-derivative 

(1) has been chosen as a first model substrate to test feasibility of synthesis of such scaffolds. 

Structurally, it resembles PI-4,5-P only to an extent, but has been chosen as the target for 

reasons of commercial availability of some starting materials and shorter synthetic routes. 

Major differences to PI-4,5-P are encountered within the fatty acids, where instead of stearic 

acid on glycerol´s primary and arachidonic acid bound to its secondary OH-group, fatty acid 

(3), bearing a clickable terminal alkyne for conjugation with a fluorophore, and oleic acid (2) 

are bound to the primary and secondary position respectively. Oleic acid was chosen as a more 

robust alternative to arachidonic acid, since it features a double bond but is not as photo- and 

air sensitive as arachidonic acid. The C13-fatty acid (3) has been chosen since it gives easy 

access to a terminal alkyne starting from a cheap and commercial ester (4).  

 

Figure 12: Depiction of target molecule and natural PI-4,5-P. 

Because of rapid equilibration and of suspected promiscuity of PI-4-K and PIPK I, 

phosphorylation of the 4- and 5- positions of the inositol headgroup was not attempted, since 

this could happen inside the cell and would prolong the synthesis by at least 3 steps. 
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Consequently, the aim of this proof-of-concept investigation was to investigate and establish 

the key synthetic steps towards this surrogate target structure to serve as foundation for a 

subsequent study extending the methodology to diverse analogs even closer resembling PI-

4,5-P. 

B  II Retrosynthetic Analysis 

 

Figure 13: First retrosynthetic cuts revealing the two Building Blocks and the amidite linker. 

The first two cuts in target (1) (Figure 13) reveal that it is composed of 2 Building Blocks, 

connected via a phosphate ester. Since phosphates are known to be moieties of low reactivity, 

linking them via an amidite linker is the most obvious choice and has in fact been explored in 

the synthesis of all naturally occurring PIP-derivatives.36 Building Block 1 presentsitself as a 

myo-inositol derivative protected in a way that enables selective reaction of inositol´s 1-OH 

with the amidite linker.  
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Figure 14: Retrosynthetic analysis of Building Block 2 

Analysis of Building Block 2 indicates logical cutting points at the two ester moieties, revealing 

fatty acids (2) and (4) and a chiral glycerol derivative, R-solketal (5), which is commercially 

available, as the integrative parts of Building Block 2. Oleic acid (2) is also commercially 

available and fatty acid (3) can be synthesized from ester (4), which can be obtained at a cheap 

price. Strategies involving enantiomerically pure solketals for synthesis of asymmetrical DAG´s 

are extensively used in the literature.36-38 
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B  III Forward Synthesis of Building Block 1 

 

Forward synthesis of Building Block 1 was conducted according to a strategy by Bruzik et al., 

with some modifications.36, 39, 40 The first step hereby is the desymmetrization of myo-inositol 

(6) via formation of the camphor-acetal (7), which can be crystallized selectively out of a 

mixture of four diastereomers. The required chiral auxiliary (12) can be synthesized from R-

camphor (11) in one step. This is followed by a selective silyl-protection of insoitol´s 1-OH 

using TBDPSCl. After removal of the camphor-acetal, followed by global MOM-protection of 

pentol (9) to yield the fully protected compound (10), Building Block 1 is obtained through 

silyl-deprotection using TBAF.  

B  III.1 Synthesis of Camphor Dimethylacetal 

 

The first step towards the targeted Building Block 1 was the synthesis of camphor 

dimethylacetal (12) from commercially available (1R)-(+)-camphor (11). Preparation was first 

attempted via an established protocol by Wiberg et al.41, since the original literature39 on the 

following desymmetrization of myo-Inositol did not state conditions for acetal formation. 

Therefore, the ketone was refluxed with trimethyl orthoformate (1.5 equiv.) upon addition of 
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catalytic amounts of p-toluenesulfonic acid in methanol. Prolonged reaction times (up to 

3 days) and further addition of orthoformate and/or methanol resulted in conversions never 

exceeding 60% as indicated by GC-MS analysis. Nevertheless, it was decided to attempt 

separation of the mixture by distillation after basic work-up. This failed, since re-sublimation 

of camphor in the distillation bridge resulted in contamination of all gained fractions with 

substrate. Using the described mixture in the following synthetic step also failed to give 

acceptable results, consequently, this procedure was abandoned in favor of a more reliable 

method. This was found in the work of Lindberg et al42, where the same reaction was 

conducted using (1S)-(-)-camphor to allow for synthesis of the opposite enantiomer in the 

following desymmetrization step (compared to the one (7) required for the target (1) 

presented in this thesis). This procedure is based on the use of larger quantities of trimethyl 

orthoformate (7 equiv.), moreover employing concentrated sulfuric acid as the acid catalyst 

under otherwise mild conditions (r.t.). Although full conversion was not achieved for up to 60 

h reaction time, the crude mixture, containing 10 – 15 mol% camphor upon basic aqueous 

work-up and evaporation from toluene, proved to be sufficiently pure and reactive in the 

following step. Downsides to this approach are long reaction times, the need of evaporation 

of large quantities of trimethyl orthoformate, and the fact that removal of residual toluene is 

cumbersome, since the final product presents itself as a viscous liquid. In the best case, the 

reaction yielded 96% with 85% purity of (12). 

B  III.2 Desymmetrization of myo-Inositol  

  

Desymmetrization of myo-Inositol, a meso compound, was conducted according to a 

procedure also established by Lindberg et al.42 Selective crystallization of 1 out of 4 formed 

diastereomers represents the crucial point of this approach (depicted in Figure 15), combined 

with re-equilibration in the crystallization mixture, thus allowing yields of >25%, higher than 

the equilibrium proportion. 
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Figure 15: Possible diastereomers of the inositol-camphor acetal, the selectively crystallizable diastereomer is highlighted, the relevant 1-OH-

position is visualized in purple 

Other approaches towards desymmetrization of myo-inositol are also known, but they either 

require an additional step of diastereomer resolution43, are unattractive because of laborious 

experimental procedures40 or are reported to be insufficiently reproducible39. Therefore, the 

described procedure was chosen, where myo-inositol (6) and camphor acetal (12) are 

dissolved in DMSO and heated under acid catalysis. Since DMSO seems to play a crucial role 

in the subsequent crystallization, it is only removed to a certain degree and the mixture is 

added to chloroform:methanol:water = 16:1:0.3, where, upon addition of catalytic amounts 

of acid (p-toluenesulfonic acid) selective crystallization takes place over night. Contaminations 

of the resulting colorless powder with unreacted inositol and an additional diastereomer were 

removed by refluxing (hot trituration) in methanol (containing 1% triethylamine). This 

procedure was followed instead of the proposed classical recrystallisation, since fully 

dissolving the crude needed enormous amounts of methanol and crystallization out of 

saturated solutions was unsatisfactory. This allowed for yields of 37% on a multi gram scale, 

which is comparable with the reported yield of 39%42.  

Structural Conformation of Correct Isomer 

Original reports on the synthesis of (7)40 stated that structure elucidation and proof or 

regioisomeric constitution was conducted using NMR data measured in d6-DMSO; positional 

assignments were conducted through correlations of OH-protons with inositol ring protons in 

H,H-COSY spectra. This was deemed very vague, since spectra of the compound in d6-DMSO 

show complex coupling patterns and extra sets of signals due to lack of deuterium-proton 

exchange. To circumvent this problem and to obtain a clear analytical proof of the constitution 

of the isolated compound, a combination of methods was applied: NMR-spectra were 
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measured in d4-methanol to show simplified and readily analyzable coupling patterns, a 

NOESY-correlation experiment was conducted and the substance was crystallized through 

slow evaporation from methanol and subjected to XRD-analysis. Assignment of ring protons 

was conducted by means of coupling constant analysis, where the inositol ring proton in 2-

position would show a doublet of doublets with coupling constants of 5.50 and 4.22 Hz 

respectively, typical for the coupling of an equatorial proton to two non-equivalent axial 

protons in a six-membered ring. This allowed for all other protons to be assigned by means of 

HH-COSY and HMBC spectra. A NOESY-correlation of the proton which was assigned as 

inositol´s 4H-ring proton to the single non-bridge methyl group in camphor further 

corroborated that a) assignment of the signals was accurate and b) the wanted stereoisomer 

was indeed isolated (Figure 16).  Final proof was delivered by XRD-analysis, showing the 

structure of the targeted stereoisomer (Figure 17). 

 

Figure 16: Excerpt of the NOESY-correlation spectrum of (7) showing spatial coupling of the non bridging methyl group in camphor and 

inositol´s 4H-ring proton. 

 

 

Figure 17: Crystal structure of (7) 
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B  III.3 Selective Silylation of Inositol´s 1-OH 

 

Since coupling of Building Block 1 and Building Block 2 towards a biologically functional PI-

derivative relies on selective accessibility of inositol´s 1-OH position, orthogonal and 

regioselective protection of the aforementioned compound is needed. This was achieved 

through reaction of acetal (7) with tert. butyldiphenylchlorosilane (TBDPSCl), following a 

modified published protocol.40 Several hydroxy- protecting groups (TBDPS, TBDMS, TIPDS, 

TMS, PhCH(OTBDMS)COCl) were evaluated on regioselectivity of introduction by the 

publishers, with TBDPSCl and PhCH(OTBDMS)COCl showing the highest preference for the 

1-OH position, while attempts of selective protection with the other mentioned reagents 

resulted in either mixtures of 1-OH and 4-OH protected or bis-sylilated products. The authors 

attributed selectivity to TBDPSCl and PhCH(OTBDMS)COCl being the bulkiest and sterically 

most hindered reagents, although this is in stark contrast to the fact that XRD-analysis shows 

the 1-OH position to be itself the most sterically hindered hydroxyl group in (7). Another 

explanation of regioselectivity by those reagents also lies in the structural features of(7), since 

the 1-OH (Figure 17) is the only hydroxyl group not participating in any hydrogen bonding, 

thereby making it the “hardest” nucleophile among the 4 hydroxyls present according to the 

HSAB-concept. In combination with TBDPSCl and PhCH(OTBDMS)COCl being the “hardest” 
electrophiles of all tested protecting reagents, due to either having two sp2-carbons bound to 

silicon or being an acid chloride, a rational for selectivity of those reagents with inositol´s 1-

OH can be derived.  

According to the published procedure, reaction of (7) with TBDPSCl (1.1 equiv.) in pyridine 

under basic conditions (1.5 equiv. of imidazole) at low temperatures (-10 °C) results in 

complete conversion after 24 h. Upon dilution with ethyl acetate, extraction with water and 

purification by column chromatography, yields of 88 % are reported.  

Unfortunately, following this procedure showed slow and incomplete reaction and 

cumbersome purification due to residual pyridine in our hands. These experiences resulted in 

an apparent need for modification and optimization of reaction conditions. Variation of 

temperature and amount of reagent was conducted in form of a short screening on 
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sub-milimolar scales, were (7) was reacted with different amounts of TBDPSCl (1.05, 1.5 and 

2.0 equiv.) and under different temperatures (-10 °C, r.t.) with progress being monitored via 

TLC. Reactions carried out at -10 °C showed the expected slow progress, with completion only 

observed in the case of 2 equiv. of TBDPSCl and 24 h of reaction time. At room temperature, 

reactions were judged complete in all cases after 24 h. 

Based on these results, it was decided to conduct large scale protections at r.t. and with 1.3 

equiv. of TBDPSCl overnight, to a) ensure fast and complete reactions and b) circumvent 

possible bis-sylilation when using a large excess of the reagent. Since work-up, as described in 

the original literature, resulted in high amounts of pyridine left in the crude, it was decided to 

try removal of pyridine via acidic extraction of the crude mixture. Although it was not known 

if extraction with HCl (1 N) would result in cleavage of the TBDPS-group, small scale 

experiments showed that this was not the case and that pyridine could be successfully 

removed. With all the tools at hand, large scale reactions were conducted and yielded 75 % at 

gram scales upon purification via column chromatography. Although the literature yields 

could not be reached, the convenience of the modified procedure allowed for fast synthesis 

of sufficient amounts of the selectively protected inositol derivative. 

Structural conformation of regioselectivity of protection 

For confirmation of regioselectivity of protection, NMR signals were assigned in analogy to (7) 

by identifying inositol´s 2-OH position as a starting point for H,H-COSY- and HMBC- correlation 

analysis. Distinction between the 1-OH and 3-OH position was made possible by comparison 

of 13C-spectra of (7) and (8): one signal in the inositol region of the spectrum was identified 

with a 2 ppm-downfield shift (71.8 ppm to 73.9 ppm) in comparison to the starting material, 

were this peak was assigned to be inositol´s 1-position (Figure 18). All other signals showed 

only slight shifts of less than 0.5 ppm. The 13C-signal at 73.9 ppm showed an HSQC-correlation 

to a 1H-signal at 3.89 ppm, presenting itself as a doublet of doublets with coupling constants 

of 9.6 Hz and 4.2 Hz. This was strongly indicative of one of the adjacent protons of the sole 

equatorial proton in the 2-position of inositol and led to assignment of the signal pair of 

4.27/73.9 ppm as inositol´s 1H. Final proof came in the form of a 29Si,1H-HMBC-correlation 

spectrum which showed a cross peak between the assumed 1H and Si (Figure 19). 
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Figure 18: 13C-Inositol regions of the product (8) and the starting material (7) showing the shift of inositol´s 1C (purple) by sylilation 

 

 

 

 

 

 

 

 

3.89 ppm 
ppm

Figure 19: 1H,29Si-HMBC of(8), the correlation indicated by the crosspeak is shown in purple. 
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B  III.4 Cleavage of the chiral auxiliary 

 

 

As the acetal moiety presents itself as too labile for the subsequent reaction steps, its cleavage 

is a necessary yet delicate step in the synthesis of Building Block 1. According to the authors 

of the guiding work40 of this thesis, the TBDPS-group exhibits a great migration tendency 

towards inositol´s 2-OH under the acidic conditions required for standard acetal cleavage. 

Among the conditions disturbing the regioisomeric purity of the product are: HCl/methanol, 

acetic acid/Zn and trifluoro acetic acid. Therefore, a new strategy was devised by the authors 

to tackle loss of regiochemical integrity, by supplementing mercaptoethanol, a reagent 

capable of transacetalization, in combination with BF3-etherate as a Lewis acidic species, with 

a stated yield of 80% on a gram scale.  

Since these results sounded promising, acetal deprotection under the mentioned conditions 

was attempted. Initial small scale (100 mg) experiments yielded only 46%. Reaction 

monitoring via TLC turned out as cumbersome, since mercaptoethanol showed very broad 

spots in the Rf-range of the starting material. Scale-up attempts up to 500 mg with reaction 

tracking via the very low fluorescence of the TBDPS-group on the TLC also failed to give higher 

yields (48%). In both cases, the reaction time was above one hour, although shorter than the 

stated 2.5 h. Since increasing reaction time led to the formation of a colorless precipitate, the 

precipitate was filtered off before purification of the product and analyzed via NMR. The 

material turned out to be markable amounts of pure myo-inositol, indicating that although no 

migration is observed under these conditions, cleavage of the TBDPS-group in addition to 

acetal-cleavage is possible. 

As these results were not entirely satisfactory, reaction optimization was attempted. 

Therefore, the amount of mercaptoethanol was reduced to half (6 equiv. instead of 12 equiv.) 

and the reaction vessel was cooled via an ice/NaCl-bath. Reaction progress was monitored by 

HPLC-MS, thereby circumventing the problems experienced with TLC-tracking. Upon 

completion of the reaction, no work-up was conducted. Instead, the reaction mixture was 

directly applied on a silica column to prevent side reactions during concentration from 

happening. Application of the modified procedure resulted in yields of 76% of pure (9) on a 

600 mg scale, comparable with those stated in the literature.  
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NMR-confirmation of regioisomeric purity 

To further confirm the absence of TBDPS-migration under the shown conditions, an Si-H-

HMBC was conducted to give proof of general and regioisomeric purity (9) (Figure 20). Since 

the spectrum only showed one crosspeak to the inositol region, more precisely to a doublet 

of doublets (J= 9.63 and 2.75 Hz) at 3.51 ppm, it was concluded that the product is 

regiochemically pure and that the silyl-group is indeed attached to one of the OH-groups 

neighboring the sole axial OH-group (Figure 20). 

 

Figure 20: Inositol-region of the Si-H-HMBC of (9) 

B  III.5 Global MOM-protection 

 

Global MOM-protection of pentol (8) was carried out in accordance with a known procedure.36 

The reaction was conducted at an elevated temperature of 65 °C, 10 °C above the boiling point 

of MOMCl. Upon addition of 8 equiv. of MOMCl the reaction presented itself as slowly 

progressing, with several spots appearing on TLC, attributed to not fully protected inositol-

species, even after reaction times of well above 14 h. Addition of further MOMCl and base did 

not seem to drive the reaction to completion, which resulted in unfinished reactions being 
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subjected to work-up and mediocre yields of 35% – 45%, as opposed to the published yields 

of 78%. Reaction optimization attempts through addition of sodium iodide to the reaction 

mixture or increasing the amount MOMCl did not result in better yields. At this point, it was 

suspected that MOMCl migrates through the septum of the vessel, thereby reducing the 

effective amount of reagent, gradually. To circumvent this, reactions were conducted in sealed 

Schlenk-flasks and yielded 67% of (10) after purification, regarded as sufficient at this stage of 

the project. High-quality NMR-spectra were obtained after preparative HPLC of (10). 

B  III.6 TBDPS-Deprotection 

 

TBDPS-deprotection towards Building Block 1 was carried out in accordance with the 

literature.36 The protocol was not modified and yielded the target structure in above 80% 

yield, even at a small scale. (10 mg)  
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B  IV Forward Synthesis of Building Block 2 

 

Figure 21: Forward synthesis of Building Block 2 

Forward synthesis of Building Block 2 starts with the preparation of fatty acid (3) from 

commercially available ester (4) via a one pot bromination/dehydrobromination protocol. This 

is followed by esterification with R-solketal (5) as an enantiomerically pure glycerol derivative 

to yield (13), introducing the required stereochemistry. Upon acetal cleavage (14) the primary 

position is DMT-protected (15). Esterification of the secondary position with oleic acid and 

DMT-cleavage under mildly acidic condition yields Building Block 2. 
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B  IV.1 Synthesis of a clickable fatty acid 

 

The starting point for obtaining Building Block 2 was the synthesis of the clickable fatty acid 

(3). This scaffold was chosen due to easy accessibility through a one-pot 2-step reaction 

starting from undecenoic acid methylester (4), for reasons of commercial availability. Addition 

of bromine to the double bond and subsequent double elimination of HBr under basic 

conditions to yield the desired triple bond was conducted in accordance with a known 

procedure.44 Although the procedure described in the literature exemplified the 

transformation starting with an acid instead of the methyl ester, it was supposed that under 

highly basic conditions needed for the so called dehydrobromination of intermediate (18), 

ester cleavage would take place simultaneously to lead to the desired compound without any 

additional reactions.   

 

 

Figure 22: Schematic representation of the 2-step reaction leading to (3).  

Although the reaction proceeded as described in the literature, the possibility of obtaining 

mixtures of the desired compound and the mono-elimination product (19) was not 

mentioned. After crude NMR showed a mixture of two compounds (75/25 = n/n), inseparable 

by TLC, further literature studies revealed45, that the applied conditions result in formation of 

(3) and by-product (19) with separation only achievable through Kugelrohr distillation of the 

mixture based on largely different boiling points. This was attempted on an 850 mg scale, 

yielding 43 % of pure (3). Up-scaling of the reaction to a 5 g scale resulted again in a mixture 

of roughly the same ratio as before. Kugelrohr distillation of the crude yielded a heavily impure 

fraction in need of additional purification. This was conducted through recrystallization from 
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hexane, as suggested by the literature. Since solubility of the desired compound in hexane 

was high at room temperature and the compound displayed a low melting point of approx. 

40 °C, recrystallization attempts were cumbersome and a lot of attempts, with varying 

amounts of hexane (0.5 – 5 mL), were needed to obtain roughly the same yields as 

experienced with small scale experiments. Washing of the precipitate after filtration also 

presented itself as a delicate matter, since only minor amounts of ice-cold hexane could be 

used, due to once again high solubility of the product. Future attempts of this reaction will be 

in need of better or improved methods of purification. 

Addition: Calculation of product/by-product-ratios 

Calculations of product/by-product ratios were conducted via interpretation of the NMR 

spectra of the crude. Therefore, the integrals of a triplet of doublets at 2.11 ppm, representing 

the -position adjacent to the alkyne moiety in (3), were compared with the integrals of a 

doublet of triplets at 5.94 ppm, representing the terminal olefinic position in the by-product 

(19), as stated by the literature (Figure 23). 45 The triplet of doublets was chosen instead of 

the alkynic signal at 1.93 ppm, to avoid distortion of the results by partial deprotonation of 

the acidic proton. 

 

 

Figure 23: NMR representation of the integrals used for product product/by-product ratio determination 

The ratios were calculated as follows (Equation 2), and integrals were normalized according 

to the number of protons each signal is representing.  

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t i

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
at

 th
e 

T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t i
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

at
 th

e 
T

U
 W

ie
n 

B
ib

lio
th

ek
.

  Master´s Thesis 

  Viktor Savic 

  39 

 
Equation 2: Calculation of product/by-product ratios in (3) 

𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒃𝒚 − 𝒑𝒓𝒐𝒅𝒖𝒄𝒕 = 𝒊𝒏𝒕𝒆𝒈𝒓𝒂𝒍 (𝟐. 𝟏𝟏 𝒑𝒑𝒎) ∗ 𝟏𝟐𝒊𝒏𝒕𝒆𝒈𝒓𝒂𝒍 (𝟓. 𝟗𝟒 𝒑𝒑𝒎) = 𝟏 ∗ 𝟏𝟐𝟎. 𝟏𝟖 = 𝟎. 𝟓𝟎. 𝟏𝟖 = 𝟐. 𝟖𝟏 ≈ 𝟕𝟑/𝟐𝟕 

 

B  IV.2 Synthesis of the mono-acylated glycerate 

 

The mono-acylated isopropylidene glycerol (13) was obtained through esterification of the 

enantiopure glycerol derivative R-(+)-solketal with (3), which is a well-established starting 

point for the synthesis of optically pure diacylglycerols. Esterification requires benign 

conditions to avoid cleavage of the acid-labile acetonide and resulted in the exploration of 

two known procedures for these types of scaffolds.36, 37 The procedure involving classical 

Steglich conditions (DCC and DMAP)36, resulted in heterogeneous reaction mixtures and non-

interpretable TLC analysis and was therefore not further pursued. On the other hand, 

conditions involving the usage of EDCI37 instead of DCC resulted in clean reactions, with no 

further work-up and easy purification, due to the low polarity of the product (13) in 

comparison with the remaining reagents (EDCI*HCl, DMAP). For means of obtaining the 

wanted scaffold in a pure fashion, the reaction mixture was concentrated in vacuo and 

subjected to column chromatography with pure DCM as the eluent, which led to the product 

in a sufficient 81 % yield. 
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B  IV.3 Acetonide cleavage 

 

To enable further steps towards the assembly of Building Block 2, the acetonide group, 

protecting the 2- and 3-OH groups of glycerol, needed to be removed. This was conducted  in 

accordance with a known literature procedure37, that stated that clean and high yielding 

isopropylidene acetal-deprotections in scaffolds in the likeness of (13) could be achieved by 

using a combination of an Amberlyst-H+-resin and MeOH to establish the acidic conditions 

needed for those types of reactions. Since it was known that ester migration from the 1-OH 

to the 2-OH position of (14) can pose a problem in these types of compounds under acid 

catalysis, we were happy to see that this was not reported in the literature precedence, 

although long reaction times (15-20 h) would give plenty of temporal room for ester 

migrations and other side reactions to happen. First attempts on 15 mg scales (0.05 mmol) 

showed almost full conversions after 6 h, with formation of less polar spots than the starting 

material, in addition to a more polar spot visible on TLC suspected to be diol (14). 

Nevertheless, purification via column chromatography was attempted, to isolate the wanted 

product in analytical quantities. Since mixtures of dichloromethane and acetone seemed to 

be good eluent systems for purification, column chromatography was conducted and the 

product was obtained with a 33% yield. NMR-analysis of the purified compound indicated 

significant amounts of the starting material as impurities. It was suspected that the 

combination of acetone in the eluent with traces of acid being present resulted in partial re-

protection of the diol upon concentration of the harvested fractions in vacuo. Therefore, 

acetone containing eluents needed to be avoided in further experiments for purification of 

(14).  

Up-scaling of the reaction to a 250 mg scale (0.84 mmol) resulted in prolonged reaction times 

of up to 27 h without full consumption of the starting material and formation of intense 

additional spots on TLC. For means of characterization of by products, reaction was stopped 

at this point and purification using dichloromethane/methanol as an eluent system (1-3 % of 

methanol) yielded the desired compound in a 60% fashion with NMR-analysis showing 

10% n/n of a migration product (20), identified by a doublet at 3.83 ppm characteristic of a 2-

OH mono-acylated glycerol derivative.46 Also, a pure fraction (20 mg) of a further compound 

was obtained that was identified as methyl ester (21) by NMR-analysis  Reactions involving 
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ethanol instead of methanol, due to lower suspected nucleophilicity, also resulted in sufficient 

transesterification and by-product formation and were therefore not further pursued. 

Although the literature states that usual yields of acetal deprotections on glycerates do not 

exceed 60%, yields of up to 90% are promised, if HPLC-grade methanol is used instead of 

anhydrous synthesis-grade methanol. This we did not experience, since HPLC-grade methanol 

was used throughout all reactions and yields were reproducibly stuck at 60%. Future attempts 

at deprotection should be carried out under optimized conditions, with usage of sterically 

hindered alcohols (e.g. tert.-butanol) in combination with harder nucleophiles (e.g. water) 

envisioned.  

 

Figure 24: Depiction of the reaction towards (14), with all characterized by-products. 

NMR measurement and D2O-shake 

Since NMR-spectra were acquired using CDCl3 (filtered over neutral Al2O3) as the designated 

solvent, only partial deuterium exchange of the OH-protons in (14) was observed, leading to 

broadening of signals of protons belonging to the glycerol backbone and to varying quality of 

the NMR spectra obtained. To circumvent this problem, samples were measured as D2O-

shakes, by adding one drop of D2O to the NMR tubes containing the samples. This led to less 

broadening and to disappearance of signals belonging to free OH-protons (Figure 25). 
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Figure 25: Comparison of spectra of (14) measured without (top) and with D2O (bottom) added to the sample. A clearly visible increase in 

resolution of glycerol signals can be observed. 

 

B  IV.4 DMT-Protection of the primary alcohol  

 

For correct assembly of diacylglycerol (Building Block 2), protection of the free primary 

hydroxyl-group in glycerate (14) is indispensable. Therefore, a protecting group selectively 

reacting with primary alcohols is needed and usually found in bulky scaffolds, like members of 

the trityl-family. The literature stated36, that usage of 4,4´-dimethoxy trityl (DMT), well known 

for its acid liability and thereby mild cleavage conditions, is well suited for the synthesis of the 

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t i

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
at

 th
e 

T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t i
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

at
 th

e 
T

U
 W

ie
n 

B
ib

lio
th

ek
.

  Master´s Thesis 

  Viktor Savic 

  43 

 

types of mixed diacylglycerols we were interested in. As the reaction procedure only involved 

mixing of diol (14) and DMTCl in anhydrous pyridine, followed by evaporation of pyridine and 

column chromatography (hexane: diethyl ether) this suggested a convenient access to the 

intermediate. First experiments, conducted on scales of 10 mg, yielded only low amounts 

(32%) of the wanted product but were of great analytical importance, since cleavage of the 

DMT-group was observed, when NMR-samples were prepared in deuterated chloroform. This 

manifested itself by formation of a bright orange color characteristic for the DMT-cation. Up-

scaling of the reaction to a 50 mg scale gave the product in 60% yield. Preparation of NMR 

samples in deuterated dichloromethane resulted in enough stability of the product, so that an 
1H-NMR-spectrum could be obtained, although decomposition was observed while 

attempting to measure a 13C-NMR-spectrum. To further evaluate the purity of the product, 

HPLC-MS measurements were conducted, showing one major peak both in TIC and 

UV-detection, with few minor side peaks. Also, no acyl-shift of the 2-proton of the glycerol 

backbone could be observed in the NMR-spectra, which gave further proof of regioisomeric 

purity of the compound. At that point, it was decided that the product showed sufficient purity 

for the following reactions and acylation of the 2-OH in (15) was attempted (See B  IV.5). 

Further improvement of the yield to 91% was achieved through addition of triethylamine 

(0.1%) to the eluent for column chromatography, thereby ensuring basic conditions during 

purification, under which the DMT-group is stable.  

As a side note, it should be mentioned, that the original literature does not provide any 

additional analytical information other than 1H-NMR. It is suspected that the authors were 

also unable to acquire further spectra due to the instability of the DMT-group. Since no valid 

full NMR-characterization could be acquired in our hands, a 1H-NMR code is provided, were 

integrals and shifts of the most characteristic signals are denoted (see C  III.10). 

  

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t i

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
at

 th
e 

T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t i
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

at
 th

e 
T

U
 W

ie
n 

B
ib

lio
th

ek
.

  Master´s Thesis 

  Viktor Savic 

  44 

 

B  IV.5 Esterification of the secondary alcohol 

 

 

Esterification of (15) with oleic acid was carried using DIC as a coupling agent, thereby not 

employing the conditions used for the synthesis of (13), where EDCI*HCl was used as a 

coupling reagent. This was due to the fact that acid liability of the DMT-group needed rather 

cautious reaction conditions and EDCI*HCl was suspected to serve as a proton donor, which 

could have resulted in partial deprotection of (15). Upon column chromatography (16) was 

obtained in 68% yield and excellent purity, indicated by well fitting integrals in 1H-NMR 

spectra. On the other hand, the 13C-spectrum of (16)) presented itself as a rather delicate 

matter, since signals in the aliphatic region, accounting for -CH2- groups of the fatty acids not 

associated with any functional groups, readily overlapped and could not be individually 

assigned. This resulted in the fact that only 46 carbons were clearly assigned, with the rest 

suspected to be buried under a multitude of signals. Nevertheless, the structural features 

observed in 1H-NMR and the mass found upon HPLC-MS analysis are very strong indicators 

that the target molecule was indeed obtained. 

B  IV.6 DMT-Deprotection towards Building Block 2 
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DMT-deprotection was carried out in accordance with a modified literature procedure.36 

Therefore, compound (16) was treated with catalytic amounts of trifluoroacetic acid and 

pyrrole, a scavenger for the DMT cation, to supposedly yield Building Block 2. According to 

TLC, DMT cleavage was achieved after 1.5 h. This was accompanied by the gradual formation 

of a slightly less polar spot, although in very limited amounts. Upon purification attempts via 

column chromatography, an increase of intensity of the spot was observed, and separation 

from the desired product failed, leading to the isolation of mixtures. NMR of the isolated 

mixtures indicated that in addition to the cleavage of the DMT-group, ester migration from 

the sn-2-position in glycerol to the sn-3-position had taken place (Figure 26). This was 

indicated by two sets of signals in the region between 3.5 and 5.0 ppm. The first set of signals 

is composed of a multiplet at 3.70 ppm (2H), two doublets of doublets at 4.19 and 4.27 ppm 

(1H each) and a multiplet at 5.05 ppm (1H), characteristic for a 1,2-acylated diacylglycerol. The 

second set of signals consists of a multiplet at 4.05 ppm (1H) and two doublets of doublets at 

4.09 ppm and 4.14 ppm (2H each), indicative of a 1,3-substituted diacylglycerol. This was even 

further corroborated by H,H-COSY-spectra. The ratio of the two products is approximately 8:2, 

in favor of the desired product. Purification attempts through basic column chromatography 

on silica resulted in an even higher relative percentage of the undesired migration product. 

Separation attempts using a reversed phase-LC system failed. Therefore, Building Block 2 

could only be obtained in form of a mixture, at this stage of the project. 

 

 

Figure 26: Depiction of the acyl migration in Building Block 2 under acid catalysis 
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Figure 27: NMR of the glycerol region of the signals found in the mixture of Building Block 2 and (22) 
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B  V Conclusion 

Although the ultimate goal, the synthesis of compound (1), could not be reached within the 

timespan preceding the creation of the thesis, valuable insights into the world of inositol and 

lipid-chemistry in the context of a proof-of-concept approach were obtained. This culminated 

in the synthesis of Building Block 1, thereby establishing inositol chemistry within our group 

and in the synthesis of fully protected diacylglycerol (16), an important stepping stone towards 

the assembly of functionalized PI-derivatives. Although Building Block 2 could not be obtained 

in a pure fashion, the road towards the diacylglycerol turned out to be an important lesson in 

the chemistry behind the assembly of such compounds, as it showed the bottlenecks and 

problems encountered in regioselective synthesis of lipids. In conclusion, the knowledge and 

tools acquired during the “bench-work” preceding this thesis, will ensure fast and concise 
synthesis of the desired scaffolds in the near future after implementation of some further 

optimization efforts regarding reaction conditions and protection group strategy. 
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C  Experimental Part  

C  I General Aspects 

NMR-Spectroscopy 

NMR-Spectra were recorded on a Bruker Avance Ultra Shield 400 (400 MHz) spectrometer and 

a Bruker Avance III HD 600 spectrometer. Chemical shifts () are reported in parts per million 

(ppm) and spectra were calibrated to the solvent residual peak. Coupling constants are 

reported in Hertz (Hz) and structural assignments were based on COSY, HSQC and HMBC (C to 

H and Si to H) experiments. Prior to structure elucidation of inositol containing compounds 

in deuterated methanol, spectra were measured as proposed by the literature36, 39, 40
, and 

found to be identical. 

Specific Rotation 

A modular circular polarimeter (Anton Paar MCP 500) with a 100 mm long cuvette of a 3 mm 

diameter was used for measuring the specific rotation of chiral compounds. Specific rotations 

were measured at 20 °C and a wavelength of 589 nm with the noted solvent of HPLC purity, 

and with the concentration being given in g/100 mL. 

GC-MS 

GC-MS spectra were measured on a Thermo Trace 1300 / ISQ LT (single quadrupole MS (EI)) 

using a standard capillary column BGB 5 (30 m x 0.25 mm ID). The standard method employed 

uses a temperature program of 2 min at 100 °C, ramping up to 300 °C at a rate of 35 °C, where 

it is kept for another 4 min. 

HR-MS 

All HR-MS samples were dissolved in HPLC grade MeOH, MeCN or water. The analyses were 

carried out at the University of Natural Resources and Life Sciences, Vienna with an HTC PAL 

system autosampler, an Agilent 1100/1200 HPLC with binary pumps, degasser and column 

thermostat and Agilent 6230 AJS ESI‐TOF mass spectrometer. Data analysis was performed 

with MassHunter Workstation Software – Qualitative Analysis version B.07.00. 

HPLC-MS 

LC/MS analysis was performed on a Nexera X2® UHPLC system (Shimadzu®, Kyoto, Japan) 

comprised of LC-30AD pumps, a SIL-30AC autosampler, CTO-20AC column oven, DGU-20A5/3 

degasser module. Detection was accomplished by concerted efforts of SPD-M20A photo diode 
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array, a RF-20Axs fluorescence detector, an ELS-2041 evaporative light scattering detector 

(JASCO®) and finally via a LCMS-2020 mass spectrometer. If not stated otherwise, all 

separations were performed using a Waters® XSelect® CSH™ C18 2,5 µm (3.0 x 50 mm) 

Column XP at 40 °C, and a flowrate of 1,7 mL/min. Mobile phases used are UHPLC grade water 

and acetonitrile containing 0.1% formic acid or 2.5 mM ammonium formiate (pH = 8.5). 

MPLC-Column Chromatography 

MPLC-column chromatography was performed on a Büchi Sepacore Flash System with two 

Büchi Pump Modules C‐605, a Büchi Pump Manager C‐615, a Büchi UV Photometer C‐635 and 

a Büchi Fraction Collector C‐660 with silica gel from Merck (40‐63 μm; self-packed columns) 

TLC 

TLC analysis for reaction monitoring and analyzing fraction from column chromatography was 

performed on silica gel 60 F254‐plates or HPTLC‐plates (silica gel 60 F254 with concentration 

zone 20×2.5 cm). Visualization was conducted using UV light (254 nm) or by staining the plates 

with anisaldehyde solution (180 mL EtOH, 10 mLmL anisaldehyde, 10 mLmL H2SO4 conc., 2 mL 

AcOH), potassium permanganate solution (3.0 g KMnO4, 20.0 g K2CO3, 250 mg KOH, 300 mL 

H2O) or cerium molybdate solution (“MoStain”, 21 g (NH4)6Mo7O24⋅4 H2O, 1 g Ce(SO4)2, 31 mL 

H2SO4 conc., 500 mL H2O). 

Melting Points 

Melting points were determined with a BÜCHI Melting Point B‐545. 

Abbreviations 

aqu. aqueous 

C(q) quarternary carbon (NMR) 

CV Column volume (MPLC) 

d doublet (NMR) 

dd doublet of doublets (NMR) 

dt doublet of triplets (NMR) 

equiv. equivalent 

GC-MS gas chromatography – mass spectrometry hyphenation 

HPLC-MS high performance liquid chromatography – mass 

spectrometry hyphenation 

HPTLC high performance thin layer chromatography 

J coupling constant (NMR) 

m multiplet (NMR) 

NMR nuclear magnetic resonance  

ppm parts per million (NMR) 
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Rf retention factor (TLC) 

rt room temperature 

s singlet (NMR) 

satd. saturated 

t triplet (NMR) 

td Triplet of doublets (NMR) 

TLC thin layer chromatography 

q quartet (NMR) 

C  II Nomenclature and NMR-Assignments 

Nomenclature of the compounds leading to Building Block 1 was conducted in accordance 

with Bruzik´s work on the synthesis of protected myo-inositol derivatives36, 40 and is devised 

in a way that myo-inositol is treated as the parent system and all adjacent groups are treated 

as substituents. 

Nomenclature of compounds leading towards Building Block 2 was conducted in accordance 

with the sn (stereospecific numbering)-nomenclature for lipids, as recommended by IUPAC. 

Therefore, substituted glycerols are drawn in Fischer-projection in a way that the OH-group 

adjacent to the chiral secondary carbon points to the left. The primary carbon on top is given 

the number 1, whereas the primary carbon at the bottom is assigned as position 3. The 

adjacent fatty acids are given trivial names, if defined by IUPAC (e.g. oleic acid as oleoyl) or 

their IUPAC-names with the suffix -yl. An example is given below (Figure 28). 

 

Figure 28: Depiction of the sn-system of nomenclature 

To enable concise nomenclature for NMR-assignments of the complex systems presented in 

this thesis, a system has been devised based on the positional descriptors for myo- inositol 

and lipids that is consistent with numbering in the sn-system. Therefore, the inositol positions 

1 to 6 are denoted as I-1 to I-6 in NMR-codes and the glycerol positions 1 to 3 are denoted as 

G-1 to G-3. The fatty acids are treated the following way: The acid bound to glycerol´s 1-

position is given the abbreviation F(I) and the acid bound to glycerol´s 2-position is given the 

abbreviation F(II), which is followed by Arabic numerals indicating the position inside the fatty 

acid-system. Therefore, the carboxylic position is given the position 1, resulting in F(I)-1 or 
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F(II)-1, respectively. The other positions are assigned in an ascending order. An illustration is 

given below (Figure 29). 

 

 

Figure 29: Depiction of the abbreviations used for positional description in NMR-codes 

Numbering of camphor in camphor-containing products is in accordance with the IUPAC-rules 

for bridged cyclic structures, as illustrated below (Figure 30). 

 

Figure 30: Numbering system in camphor 

   

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t i

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
at

 th
e 

T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t i
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

at
 th

e 
T

U
 W

ie
n 

B
ib

lio
th

ek
.

  Master´s Thesis 

  Viktor Savic 

  52 

 

C  III Synthetic work 

C  III.1 (1R,4R)-2,2-Dimethoxy-1,7,7-trimethylbicyclo[2.2.1]heptane (12) 

 

 

Scheme 1 

Procedure: 

The reaction was conducted in accordance with a known literature procedure.42 In a 250 mL 

round bottom flask D-camphor (15.5 g, 101 mmol, 1.0 equiv..) was dissolved in trimethyl 

orthoformate (77.5 mL, 712 mmol, 7.0 equiv.) and methanol (15.5 mL) was added to the 

solution. Under moderate stirring, sulfuric acid (0.15 mL, 3 mmol, 0.03 equiv.) was slowly 

added. Addition of sulfuric acid resulted in a cloudy solution, which cleared up after a few 

minutes. After 36 h, of stirring, reaction control via GC-MS showed an area ratio of starting 

material: product = 90:10. 

Micro-work up (in accordance with the following procedure) and subsequent NMR analysis 

showed that some starting material (8 % relative to the product) was still left. Nevertheless, 

the reaction mixture was neutralized through addition of sodium methoxide (325 mg, 

6.0 mmol, 0.06 equiv.) and subjected to work-up.  

Work-Up: 

The mixture was concentrated in vacuo, resulting in a suspension, to which toluene (75 mL) 

was added. Upon filtration and concentration under reduced pressure, a slightly yellow liquid 

was obtained, containing the product, toluene (10 mol%, determined by NMR) and starting 

material (10 mol%, determined by NMR). Further steps were conducted with the described 

crude mixture.  

Yield 19.4 g (96 %, 85% w/w purity) 

Appearance slightly yellow liquid 

TLC analysis not distinguishable from starting material!(light petroleum: 

ethyl acetate = 5:1) 
1H-NMR (400 MHz, CD3OD)  δ(ppm)= 0.86 (s, 3H, H8 or H9), 0.93 (s, 3H, H8 or H9), 0.98 (d, 

J = 1.0 Hz, 3H, H10), 1.16 (d, J = 13.0 Hz, 1H, H3), 1.19 – 1.28 (m, 
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1H, H5), 1.40 (td, J = 12.5, 11.9, 5.0 Hz, 1H, H6), 1.65 (t, J = 4.6 Hz, 

1H, H4), 1.70 – 1.83 (m, 2H, H5 + H6), 2.24 (ddd, J = 13.0, 4.7, 

3.0 Hz, 1H, H3), 3.16 (s, 3H, H11 or H12), 3.22 (s, 3H, H11 or H12). 

13C-NMR (101 MHz, CD3OD) δ(ppm)= 12.8 (q, C10), 21.0 (q, C8 or C9), 21.2 (q, C8 or C9), 28.2 

(t, C5), 30.3 (t, C6), 41.8 (t, C3), 45.7 (d, C4), 47.6 (q, C11 or C12), 

50.6 (q, C11 or C12), 51.0 (s, C1 or C7), 54.1 (s, C1 or C7), 110.4 

(s, C2). 

GC-MS analysis ret. time (min): 7.766 

 main ions: 198.04 [M+](13%), 167.10(18%), 127.017(78%), 

95.03(100%) 
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C  III.2 1D-2,3-O-(D-1´,7´,7´-Trimethylbicyclo[2.2.1]hept-2´-ylidene)-myo-

inositol (7) 

 

 

 

Procedure: 

The reaction was conducted in accordance with a known literature procedure.42 Conc. Sulfuric 

acid (252 µL, 4.7 mmol, 0.08 equiv.) was added to (6) (14 g, 60 mmol of pure ketal, 6.7 equiv.) 

and myo-inositol (4.48 g, 8.88 mmol, 1.0 equiv.) in dry DMSO (49 mL) . The mixture was stirred 

for three hours at 75 °C, after which HPTLC indicated full conversion of the starting material 

(chloroform: methanol = 4: 1). Upon neutralization with triethylamine (1.68 mL, 12 mmol, 0.2 

equiv.), dimethyl sulfoxide was removed in vacuo (2.0 mbar, 75 °C) to a total weight of 22 g.  

Reactive Crystallization and isolation:  

After addition of chloroform (75.5 mL), methanol (4.8 mL), water (1.51 mL) and p-toluene 

sulfonic acid (16.8 mg) the mixture was stirred for 17 h and a colorless solid precipitated. The 

solid was collected by filtration and washed with chloroform (2 x 60 mL) and dried in vacuo to 

yield the crude product as a colorless solid (6.31 g). 13C-NMR showed the desired diastereomer 

to be the major species out of 3 detected compounds. This mixture was subjected to further 

purification. 

Purification: 

The crude was triturated in hot methanol (130 mL) containing triethylamine (1%) for 1 h at 

reflux temperature. The solid was collected by filtration, washed with chloroform (2 x 60 mL) 

and dried in vacuo to yield the desired compound (7) in good purity.  

Yield 2.7 g (37%) 

Appearance colorless powder 

Melting point   232- 234 °C (Lit.: 231- 232 °C)40  
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TLC analysis Rf = 0.42 (chloroform: methanol = 4:1) 
1H-NMR (600 MHz, CD3OD) δ(ppm) = 0.86 (s, 3H, H10-Camph.), 0.89 (s, 3H, H8 or 

H9-Camph.), 1.04 (s, 3H, H8 or H9-Camph.), 1.18 – 1.25 (m, 1H, 

H5a-Camph.), 1.40 (td, J = 12.2, 4.7 Hz, 1H, H6-Camph.), 1.50 (d, 

J = 13.0 Hz, 1H, H3-Camph.), 1.70 – 1.79 (m, 1H, H5-Camph.), 

2.03 (ddd, J = 13.0, 4.7, 3.1 Hz, 1H, H6-Camph.), 2.05 – 2.11 (m, 

1H, H3-Camph.), 3.13 (dd, J = 10.1, 9.2 Hz, 1H, I-5), 3.44 (dd, 

J = 10.1, 7.2 Hz, 1H, I-4), 3.52 (t, J = 9.5 Hz, 1H, I-6), 3.69 (dd, 

J = 9.7, 4.3 Hz, 1H, I-1), 3.78 (dd, J = 7.2, 5.5 Hz, 1H, I-3), 4.27 (dd, 

J = 5.5, 4.2 Hz, 1H, I-2). 

13C-NMR (151 MHz, CD3OD) δ(ppm) = 10.4 (q, C10-Camph.), 20.9 (q, C8 or C9-Camph.), 21.2 

(q, C8 or C9-Camph.), 28.0 (t, C5-Camph), 30.6 (t, C6-Camph.), 

46.5 (t, C3-Camph.), 46.6 (d, C4-Camph.), 52.6 (s, C1 or C7-

Camph.), 71.8 (d, I-1), 73.8 (d, I-6), 75.15 (d, I-5), 77.4 (d, I-4), 

77.7 (d, I-3), 77.9 (d, I-2), 118.9 (s, C2-Camph.). 

HPLC-MS analysis  ret. time (min): 1.313 (TIC), 1.433 (ELS) 

    main ions: 651.40 [2xM+Na]+(6%), 315.15 [M+H]+(100%), 

HRMS (ESI+)   m/z: calc. for C16H27O6 [M+H]+: 315.1802, 

found: 315.1805, ( = 0.75 ppm) 

 [𝜶]𝑫𝟐𝟎=   + 39.3 (c 1.9, pyridine) 

Lit.: + 44.3 (c 1.9, pyridine)40 T= 20 – 24 °C 
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C  III.3 1D-1-O-(tert. Butyldiphenylsilyl)-2,3-O-(D-1´,7´,7´-

trimethylbicyclo[2.2.1]hept-2´-ylidene)-myo-inositol (8) 

  

 

Scheme 2 

Procedure: 

The reaction was conducted by modifying a literature known procedure40. Compound (7) (1 g, 

3.181 mmol, 1.0 equiv.) and imidazole (325 mg, 4.77 mmol, 1.5 eq) were dissolved in pyridine 

(10 mL) by stirring at 0 °C in a 25 mL Schlenk- flask, flame dried and purged with argon. TBDPSCl 

(1.14 g, 0.321 mmol, 1.3 equiv.) was slowly added and the reaction mixture was stirred at 0 °C 

for 1 h, then brought to r.t. and stirred for an additional 15 h. TLC was conducted (chloroform: 

methanol = 4:1 to visualize the starting material, chloroform: methanol = 15:1 to visualize the 

product) and indicated complete conversion.  

Work-Up: 

The mixture was transferred into a separating funnel upon dilution with ethyl acetate (30 mL) 

and extracted with conc. hydrochloric acid (1N, 2x 75 mL) to remove residual pyridine. The 

layers were separated and the organic layer was washed with satd. sodium bicarbonate 

solution (40 mL) and checked for basic pH. The pooled aqueous layers were reextracted with 

ethyl acetate (3 x 40 mL). Completion of re-extraction was determined via TLC. After drying 

the organic layers through evaporation from anh. toluene (50 mL), the residue was redissolved 

in ethyl acetate and the 4-fold amount of celite was added. Upon concentration in vacuo, the 

resulting beige solid was subjected to purification via dry start column chromatography. 

Purification: 

Purification was conducted by dry-start column chromatography (200 g of 

silica, chloroform: methanol = 60:1, isocratic procedure, fraction size of 50 mL) to yield the 

desired compound (8) in fractions 21-36. 
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Yield 1.31 g (75%) 

Appearance colorless foam 

TLC analysis Rf = 0.55 (chloroform: methanol = 15:1) 
1H-NMR (600 MHz, CD3OD) δ(ppm)= 0.85 (s, 3H, H10-camph.), 0.85 (s, 3H, H8 or H9-Camph.), 

1.02 (s, 3H, H8 or H9-Camph), 1.06 (s, 9H,CH3-t-Bu), 1.07 – 1.17 

(m, 2H, H3 and H5-Camph.), 1.33 (td, J = 12.2, 4.7 Hz, 1H, 

H6-Camph.), 1.56 (ddd, J = 12.8, 4.9, 3.1 Hz, 1H, H3-Camph.), 

1.60 (t, J = 4.6 Hz, 1H, H4-Camph.), 1.61 – 1.72 (m, 1H, H4-

Camph.), 1.93 – 2.04 (m, 1H, H5-Camph), 2.99 (t, J = 9.7 Hz, 1H, 

I-5), 3.39 (dd, J = 10.0, 7.2 Hz, 1H, I-4), 3.46 (dd, J = 7.2, 5.4 Hz, 

1H, I-3), 3.65 (t, J = 9.5 Hz, 1H, I-6), 3.77 (dd, J = 5.4, 4.2 Hz, 1H, I-

2), 3.89 (dd, J = 9.6, 4.2 Hz, 1H, I-1), 7.32 – 7.37 (m, 4H, Ph-

TBDPS), 7.38 – 7.44 (m, 2H, Ph-TBDPS), 7.71 – 7.81 (m, 4H, Ph-

TBDPS) 

13C-NMR (151 MHz, CD3OD) δ(ppm)= 10.43 (q, C10-Camph.), 20.26 (s, C(q)-tBu-TBDPS), 20.96 

(q, C8 or C9-camph.), 21.42 (q, C8 or C9-camph.), 27.58 (q, CH3-

tBu-TBDPS), 27.98 (t, C5-Camph.), 30.51 (t, C6-Camph.), 46.12 (t, 

C3-Camph.), 46.57 (d, C4-Camph.), 52.61 (s, C1 or C7-Camph.), 

73.85 (d, I-6), 73.91 (d, I-1), 74.97 (d, I-5), 77.32 (d, I4), 77.42 (d, 

I-3), 77.96 (d, I-2), 118.73 (s, C2-Camph.), 128.54 (d, Ph-TBDPS), 

128.66 (d, Ph-TBDPS), 130.80 (d, Ph-TBDPS), 130.90 (d, Ph-

TBDPS), 134.70 (d, Ph-TBDPS), 135.77 (d, Ph-TBDPS), 137.28 (d, 

Ph-TBDPS), 137.53 (d, Ph-TBDPS). 

HPLC-MS analysis  ret. time (min): 2.400 (TIC), 2.508 (ELS) 

    main ions: 616.30 [M + 2 x Na + H2O]+(7%), 553. 30 [M+H]+(100%) 

HRMS (ESI+)   m/z: calc. for C32H45O6Si [M+H]+: 553.2973, 

found: 553.2974, ( = 0.97 ppm) [𝜶]𝑫𝟐𝟎=   -30.1  (c 1.1, chloroform) 

Lit.: []579= -24.7 (c 4.4, chloroform)40 T= 20 – 24 °C 
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C  III.4 1D-1-O - (tert. Butyldiphenylsilyl)-myo-inositol (9) 

 

 

Scheme 3 

Procedure: 

The reaction was conducted by modifying a literature known procedure40.Compound (8) 

(600 mg, 1.085 mmol, 1.0 equiv.) was dissolved in chloroform (1.5 mL) in a flame dried 10 mL 

Schlenk-flask, after which the solution was cooled to -20 °C (ice/NaCl). Mercaptoethanol (0.45 

mL, 6.5 mmol, 6.0 equiv.) and BF3-etherate (0.18 mL, 1.5 mmol, 1.4 equiv.) were added to the 

solution. The reaction progress was monitored via HPLC-MS (every 30 minutes), indicating 

completion of the reaction after 5.5 h. The reaction mixture was subjected to purification 

without any work-up. 

Purification: 

The crude product was subjected to column chromatography via MPLC.  

BÜCHI MPLC, 90 g column (CV = 120 mL), flow rate 60 mL/min, 

A: chloroform, B: methanol, fraction size 50 mL 

3 CV 15 CV 6 CV 

3% B 3 to 10% B 10% B 

 

The product was isolated as a glossy, colorless solid. 

Yield 345 mg (76%) 

Appearance colorless amorphous solid 

Melting point 144.5- 146.5 °C   

TLC analysis Rf = 0.55 (chloroform: methanol = 15:1) 
1H-NMR (400 MHz, CD3OD) δ(ppm)= 1.10 (s, 9H,CH3-tBu-TBDPS), 2.99 (dd, J = 9.7, 2.9 Hz, 1H, 

I-3), 2.99 (t, J = 9.3 Hz, 1H, I-5), 3.51 (dd, J = 9.6, 2.8 Hz, 1H, I-1), 

https://www.tuwien.at/bibliothek
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3.59 (t, J = 9.5 Hz, 1H, I-4), 3.68 (t, J = 2.8 Hz, 1H, I-2), 3.81 (t, 

J = 9.4 Hz, 1H, I-6), 7.30 – 7.48 (m, 6H, Ph-TBDPS), 7.76 – 7.83 (m, 

4H, Ph-TBDPS) 
13C-NMR (101 MHz, CD3OD) δ(ppm)= 20.3 (s, C(q)-tBu-TBDPS ), 27.6 (q, CH3-tBu-TBDPS), 73.3 

(d, I-3), 74.1 (d, I-4), 74.3 (2 x d,I-6 + I-2), 75.7 (d, I-1), 76.6 (d, I-

5), 128.6 (d, Ph-TBDPS), 128.6 (d, Ph-TBDPS), 130.8 (d, Ph-

TBDPS), 130.8 (d, Ph-TBDPS), 134.8 (d, Ph-TBDPS), 135.5 (d, Ph-

TBDPS), 137.1 (d, Ph-TBDPS), 137.4 (d, Ph-TBDPS) 

HPLC-MS analysis  ret. time (min): 1.673 (TIC), 1.652 (ELS) 

    main ions: 859.40 [2xM + Na]+(15%), 436.20 [M+H2O]+(100%) 

HRMS (ESI+)   m/z: calc. for C22H30O6SiNa [M+Na]+: 441.1702, 

found: 441.1713, ( = 1.99 ppm) [𝜶]𝑫𝟐𝟎=e   -7.0  (c 0.5, methanol) 

Lit.: -6.4 (c 3.5, methanol)40 T= 20 – 24 °C 
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C  III.5 1D-1-O-(tert-Butyldiphenylsilyl)-O-2,3,4,5,6-

(pentakis)methoxymethylene-myo-inositol (10) 

 

Scheme 4 

Procedure:   

Compound (9) (102 mg, 0.24 mmol, 1.0 equiv.) was dissolved in DMF (2.5 mL) in a flame-dried 

Schlenk-flask. DIPEA (610 µl, 3.6 mmol, 15 equiv.) and MOMCl (220 µl,2.9 mmol, 12 equiv.) 

were added to the solution, upon which the mixture was stirred at 70 °C in an oil bath. TLC 

(chloroform: methanol = 10:1 for starting material, hexane: acetone = 3:1 for product) showed 

full conversion of starting material after 2 h, although a magnitude of spots were visible, 

supposedly due to partially protected species forming. The reaction was judged complete 

after 5.5 h, according to TLC, with only one major spot present.  

Work-up: 

The reaction mixture was diluted with ethyl acetate (5 mL) and quenched with a satd. sodium 

bicarbonate solution (10 mL). Upon extraction of the aqueous phase with ethyl acetate (3 x 5 

mL), the combined organic layers were dried over sodium sulphate and concentrated in vacuo 

to yield an orange crude product. (148 mg) 

Purification: 

The crude was subjected to column chromatography (10 g of Silica, 5 mL fraction size, 

hexane: acetone = 15:1), the product was obtained in fractions 26-45 as a yellow oil.  

 

Yield 102 mg (67%) 

Appearance yellow to orange oil 

TLC analysis Rf = 0.43 (hexane: acetone = 3:1) 
1H-NMR (600 MHz, CDCl3) δ(ppm)= 1.10 (s, 1H, tBu-TBDPS), 3.09 (dd, J = 9.9, 2.3 Hz, 1H, 

I-3), 3.12 (s, 3H, CH3-MOM), 3.20 (t, J = 2.3 Hz, 1H, I-2), 3.25 (s, 

3H, CH3-MOM), 3.31 – 3.36 (m, 1H, I-5), 3.39 (s, 3H, CH3-MOM), 

3.48 (s, 3H, CH3-MOM), 3.49 (s, 3H, CH3-MOM), 3.77 (dd, 

https://www.tuwien.at/bibliothek
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J = 10.0, 2.1 Hz, 1H, I-1), 3.82 (t, J = 9.6 Hz, 1H, I-4), 4.02 (t, 

J = 9.6 Hz, 1H, I-6), 4.18 (d, J = 6.7 Hz, 1H, CH2-MOM), 4.40 (d, 

J = 6.7 Hz, 1H, CH2-MOM), 4.48 (d, J = 6.2 Hz, 1H, CH2-MOM), 

4.55 (d, J = 6.2 Hz, 1H, CH2-MOM), 4.75 – 4.83 (m, 2H, CH2-

MOM), 4.85 (d, J = 6.2 Hz, 1H, CH2-MOM), 4.88 (d, J = 6.2 Hz, 1H, 

CH2-MOM), 4.97 (d, J = 6.2 Hz, 1H, CH2-MOM), 5.04 (d, J = 6.2 Hz, 

1H, CH2-MOM), 7.35 – 7.49 (m, 6H, Ph-TBDPS), 7.66 – 7.80 (m, 

4H, Ph-TBDPS). 

13C-NMR (151 MHz, CDCl3) δ(ppm)= 19.4 (s, tBu(C(q))-TBDPS), 27.5 (q, CH3-TBDPS), 55.6 (q, 

MOM-CH3), 55.8 (q, CH3-MOM), 56.7 (q, CH3-MOM), 56.9 (q, 

CH3-MOM), 56.98 (q, CH3-MOM), 74.5 (d, I-1), 75.6 (d, I-3), 75.9 

(d, I-2), 78.0 (d, I-4), 79.3 (d, I-6), 79.6 (d, I-5), 95.4 (t, CH2-MOM), 

97.5 (t, CH2-MOM), 98.8 (t, CH2-MOM), 99.1 (t, CH2-MOM), 99.4 

(t, CH2-MOM), 128.0 (d, Ph-TBDPS), 128.2 (d, Ph-TBDPS), 130.1 

(d, Ph-TBDPS), 130.3 (d, Ph-TBDPS), 133.1 (d, Ph-TBDPS), 134.5 

(d, Ph-TBDPS), 136.1 (d, Ph-TBDPS), 136.4 (d, Ph-TBDPS). 

 NMR-spectra are in accordance with the literature.36 

HRMS (ESI+)   m/z: calc. for C32H50O11SiNa [M+Na]+: 661.2992, 

found: 661.3038, ( = 3.55 ppm) [𝜶]𝑫𝟐𝟎=    +23.9  (c 0.75, chloroform) 
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C  III.6 1D-1-0-2,3,4,5,6-(Pentakis)methoxymethylene-myo-inositol 

(Building Block 1) 

 

 

Scheme 5 

Procedure:   

Compound (10) (10 mg, 0.016 mmol, 1.0 equiv.) was placed in an 8 mL-screw cap vial and 

tetrahydrofuran (0.5 mL) was added. TBAF (1 M solution in tetrahydrofuran, 17 µL, 1.1 equiv.) 

was added and the mixture was stirred for 3 hours. Since TLC (hexane: acetone = 3:1, Rf = 0.23) 

indicated some starting material remaining in the mixture, additional TBAF (1 M solution in 

tetrahydrofuran, 9 µL, 0.5 equiv.) was added and stirring was continued for 2 h. After TLC 

indicated full completion, the solvent was removed in vacuo and the residue was subjected to 

purification. 

Purification: 

The crude was subjected to column chromatography (1g of silica, hexane: acetone = 6:1). The 

less polar components of the crude were removed, after which the eluent was switched to a 

more polar mixture (hexane: acetone = 3:1). After removal of the eluent, a viscous oil was 

obtained. 

Yield 5.5 mg (87%) 

Appearance viscous, slightly yellow liquid 

TLC analysis Rf = 0.23 (hexane: acetone = 3:1) 
1H-NMR (400 MHz, CDCl3) δ(ppm)= .41 (s, 3H, CH3-MOM), 3.40 – 3.50 (m, 2H, I-5+ I-1), 3.41 

– 3.46 (m, 6H, 2x CH3-MOM), 3.44 (s, 3H, CH3-MOM), 3.46 (s, 3H, 

CH3-MOM), 3.51 (dd, J = 10.0, 2.5 Hz, 1H, I-3), 3.67 (t, J = 9.4 Hz, 

1H, I-6), 3.94 (t, J = 9.8 Hz, 0H, I-4), 4.09 (t, J = 2.5 Hz, 1H, I-2), 

4.70 – 4.90 (m, 2H, CH2-MOM). 

13C-NMR (101 MHz, CDCl3) δ(ppm)=55.8 (q, CH3-MOM), 55.9 (q, CH3-MOM), 56.2 (q, CH3-

MOM)), 56.4 (q, CH3-MOM), 56.5 (q, CH3-MOM), 71.1 (d, I-1), 
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76.6 (d, I-3), 77.4 (d, I-2), 78.0 (d, I-4), 79.8 (d, I-5), 83.3 (d, I-6), 

96.3 (t, CH2-MOM), 98.1 (t, CH2-MOM), 98.6 (t, 2x CH2-MOM), 

98.9 (t, CH2-MOM).. NMR-spectra are in accordance with the 

literature.36 

 [𝜶]𝑫𝟐𝟎=   -2.48 (c 1, methanol) 
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C  III.7 Undec-10-ynoic acid (3) 

 

 

Scheme 6 

Procedure:   

The reaction was conducted in accordance with a known literature procedure.44 Methyl 

undec-10-enoate (5 g, 25 mmol, 1.0 eq) was dissolved in anh. diethyl ether (55 mL) and the 

solution was cooled by a sodium chloride /ice- bath. Bromine (4.84 g, 1.55 mL, 30 mmol 

1.2 equiv.) was added slowly via syringe/septum and the mixture was kept below 0 °C for 75 

min. The solution was allowed to warm to r.t. and stirring continued for a total of 16 h. 

Progress was checked via TLC which indicated no remaining starting material.  

The solvent and excess of bromine were removed in vacuo. n-Propanol (106 mL) and KOH (18 

g in 320 mL of water, 9 eq) were added to the residue. The mixture was refluxed until TLC 

(light petroleum: ethyl acetate = 10:1, Rf = 0.1) indicated no intermediate left (20 h) and was 

subsequently subjected to work up.  

Work-up: 

Water (140 mL) was added to the mixture, followed by neutralization with hydrochloric acid 

(2 N) (pH- checked after every 5 mL of acid), resulting in a cloudy suspension. After a pH of 

approximately 2 was reached, the mixture was extracted with diethyl ether (4x80 mL) and the 

combined organic phases were dried over magnesium sulfate. The solvent was removed in 

vacuo to yield a crude product (4.5 g). NMR analysis of the crude showed a 70/30 mixture of 

the desired species and the mono-brominated alkene.   

Purification: 

The mixture was subjected to Kugelrohr-distillation (120- 140 °C, 0.6 – 0.7 mbar), yielding a 

yellow liquid, which crystallized upon cooling. Since NMR showed substantial impurities, 

further purification through recrystallization was attempted. 

The crude was recrystallized from hexane (0.5 mL) and the precipitate was washed with ice 

cold hexane (approx. 2 mL) to yield a pure fraction of the product (1.75 g). Further 3 

recrystallization attempts of the mother liquor resulted in little additional yield (200 mg). 
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Yield 2.0 g (43%) 

Appearance colorless solid 

Melting point 42–43 °C (Lit.: 41-42 °C44) 

TLC analysis Rf = 0.1 (light petroleum: ethyl acetate = 10:1) 
1H-NMR (400 MHz, CDCl3) δ(ppm)= 1.26 – 1.45 (m, 8H, F(I)-4 to 7), 1.46 – 1.58 (m, 

2H, F(I)-8), 1.57 – 1.70 (m, 2H, F(I)-3), 1.94 (t, J = 2.6 Hz, 1H, 

F(I)-11), 2.18 (td, J = 7.1, 2.7 Hz, 2H, F(I)-9), 2.35 (t, J = 7.5 Hz, 2H, 

F(I)-2) 

13C-NMR (101 MHz, CDCl3) δ(ppm)= 18.5 (F(I)-9), 24.8 (F(I)-3), 28.6 (F(I)-4 to 8), 28.8 (F(I)-4 

to 8), 29.0 (F(I)-4 to 8), 29.1 (F(I)-4 to 8), 29.2 (F(I)-4 to 8), 34.1 

(F(I)-2), 68.3 (F(I)-10), 84.9 (F(I)-11), 180.0 (F(I)-1). NMR spectra 

are in accordance with the literature.44 

HRMS (ESI+)   m/z: calc. for C11H19O2SiNa [M+Na]+: 183.1380, 

found: 183.1382, ( = 1.34 ppm) 
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C  III.8 1-O-Undec-10-ynoyl-2,3-O-isopropylidene-sn-glycerol (13) 

 

Scheme 7 

Procedure:   

The reaction was conducted in accordance with a known literature procedure.37 

EDCI*HCl (805 mg, 4.32 mmol, 1.0 equiv.), DMAP (103 mg, 0.843 mmol, 0.2 eq) and anh. 

dichloromethane (26 mL) were added. Under stirring, R(+)-solketal (483 µL, 410 mg, 3.8 mmol, 

0.9 equiv.) was slowly added via a Hamilton syringe. The mixture was stirred for 14 h at r.t., 

upon which full conversion was observed via TLC. (dichloromethane: acetone = 30:1, Rf = 0.86) 

The mixture was concentrated in vacuo and subjected to purification without work- up. 

Purification: 

The crude mixture was purified through column chromatography (MPLC, 40 g Silica, pure 

dichloromethane, 30 mL fraction size). The substance was found in fractions 5-39. Upon 

concentration in vacuo, the substance was isolated as a colorless liquid.  

 

Yield 1.0 g (81%) 

Appearance colorless liquid 

TLC analysis Rf = 0.18 (hexane: acetone = 30:1) 
1H-NMR (400 MHz, CDCl3) δ(ppm)= 1.22 – 1.41 (m, 11H, F(I)-4 to 7 + iPr-CH3), 1.43 (s, 3H, 

iPr-CH3), 1.47 – 1.56 (m, 2H, F(I)-8), 1.57 – 1.69 (m, 2H, F(I)-3), 

1.93 (t, J = 2.6 Hz, 1H, F(I)-11), 2.17 (td, J = 7.0, 2.7 Hz, 2H, F(I)-9), 

2.34 (t, J = 7.6 Hz, 2H, F(I)-2), 3.73 (dd, J = 8.5, 6.2 Hz, 1H, G-3), 

4.04 – 4.12 (m, 2H, G-1 + G-3), 4.16 (dd, J = 11.5, 4.7 Hz, 1H, G-1), 

4.27 – 4.35 (m, 1H, G-2).  
13C-NMR (101 MHz, CD3OD) δ(ppm)= 18.5 (t, F(I)-9), 25.0 (t, F(I)-3), 25.5 (q, iPr-CH3), 26.8 (q, 

iPr-CH3), 28.6 (t, F(I)-8), 28.8 (t, F(I)-4 -7), 29.0 (t, F(I)-4 -7), 29.18 

(t, F(I)-4 -7), 29.23 (t, F(I)-4 -7), 34.2 (t, F(I)-2), 64.7 (t, G-1), 66.5 

(t, G-3), 68.2 (s, F(I)-10), 73.8 (d, G-2), 84.8 (d, F(I)-11), 110.0 (s, 

iPr- C(q)), 173.7 (s, F(I)-1) 
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HRMS (ESI+)   m/z: calc. for C17H28O4Na [M+Na]+
: 319.1886, 

found: 319.1880, ( = 2.05 ppm) [𝜶]𝑫𝟐𝟎=   -6.5  (c 1, ethyl acetate) 
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C  III.9 1-O-Undec-10-ynoyl-sn-glycerol (14) 

 

Scheme 8 

Procedure:   

The reaction was conducted in accordance with a known literature procedure.37 Compound 

(13) (250 mg, 0.843 mmol, 1 eq) was dissolved in HPLC-grade methanol (3 mL) in a flame dried 

10 mL Schlenk-flask. TLC indicated complete conversion after 20 h 

(light petroleum: ethyl acetate = 10:1 to visualize starting material, light petroleum: 

ethyl acetate = 1:1 to visualize product, Rf= 0.20), upon which stirring was continued for an 

additional 7 h with no visible progress, according to TLC. Therefore, the reaction mixture was 

concentrated in vacuo and subjected to purification.  

Purification: 

The crude was dissolved in a small amount of DCM and subjected to purification via column 

chromatography (hand column, 25 g silica, dichloromethane: methanol = 1 %, switched to 3 

% after elution of supposed side product in fraction 3). The product was obtained as a colorless 

solid after evaporation of fractions 13-38.  

Side note: One fraction yielding 20 mg of the corresponding methyl ester to acid (3) was 

obtained in pure fashion. Experiments also showed that mass balances are fitting after 

isolation of the starting material and all side products. Also, migration of the ester moiety to 

the secondary OH- group is observed up to an extent of 10 %, according to NMR. 

 

Yield 111 mg (60 %) 

Appearance colorless solid 

Melting point 41- 42 °C 

TLC analysis Rf = 0.20 (light petroleum: ethyl acetate = 1:1) 
1H-NMR (400 MHz, CDCl3) δ(ppm)= 1.3 – 1.4 (m, 8H, F(I)-4 to 7), 1.5 – 1.6 (m, 2H, F(I)-8), 1.6 

– 1.7 (m, 2H, F(I)-3), 1.9 (t, J = 2.6 Hz, 1H, F(I)-11), 2.2 (td, J = 7.1, 

2.7 Hz, 2H, F(I)-9), 2.3 (t, J = 7.5 Hz, 2H, F(I)-2), 3.6 (dd, J = 11.4, 
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5.8 Hz, 1H, G-3a), 3.7 (dd, J = 11.4, 4.0 Hz, 1H, G-3b), 3.9 – 4.0 (m, 

1H, G-2), 4.1 (dd, J = 11.7, 6.1 Hz, 1H, G-1a), 4.2 (dd, J = 11.7, 

4.6 Hz, 1H, G-1b). The NMR was measured as a D2O-shake, to 

eliminate signals hailing from free hydroxy groups. 

13C-NMR (101 MHz, CD3OD) δ(ppm)= 18.5 (t, F(I)-9), 24.9 (t, F(I)-3), 28.5 (t, F(I)-8), 28.7 (t, F(I)-

4 to 7), 29.0 (t, F(I)-4 to 7), 29.1 (t, F(I)-4 to 7), 29.2 (t, F(I)-4 to 7), 

63.5 (t, G-3), 65.2 (t, G-1), 68.3 (s, F(I)-10), 70.4 (d, G-2), 84.8 (d, 

F(I)-11), 174.4 (s, F(I)-1) 

HRMS (ESI+)   m/z: calc. for C17H25O4 [M+H]+: 257.1754, 

found: 257.1747, ( = 2.46 ppm) [𝜶]𝑫𝟐𝟎=   +1.4 (c 1.1, methanol) 
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C  III.10 3-O-(4,4´-Dimethoxytrityl)-1-O-undec-10-ynoyl-sn-glycerol (15) 

 

Scheme 9 

Procedure:   

Compound (14)(50 mg, 0.195 mmol, 1.0 equiv.) and DMTCl (80 mg, 0.234 mmol, 1.2 equiv.) 

were weighed into a flame dried 8 mL screw cap vial. Pyridine (1.0 mL) was added and the 

reaction mixture was stirred for 1 hour, until TLC indicated complete conversion. 

(hexane: acetone= 3:2, Rf=0.44) The reaction mixture was concentrated in vacuo and 

subjected to purification via column chromatography.  

Purification: 

The crude was purified via column chromatography with hexane: diethyl ether as an eluent 

system, with triethyl amine (0.1 %) added to ensure basic conditions and to avoid cleavage of 

the DMT-group during purification. The following table depicts the eluent compositions used. 

The product was recovered in fractions 127-171 as a slightly yellow oil upon concentration in 

vacuo. 

Fractions hexane: diethyl ether 

1 to 20 10:1 

20 to 50 5:1 

50 to 100 3:1 

100 to 171 2:1 
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Yield    100 mg (92%)      

Appearance   yellow oil 

TLC analysis Rf = 0.44 (Hex: Et2O = 3:2) 
1H-NMR (400 MHz, CD2Cl2) δ(ppm)= 2.0 (t, J = 2.6 Hz, 1H, F(I)-11), 2.2 (td, J = 7.1, 2.7 Hz, 2H, 

F(I)-9), 2.2 – 2.3 (m, 2H, F(I)-2), 3.1 – 3.2 (m, 2H, G-3), 3.9 – 4.0 

(m, 1H, G-2), 4.1 – 4.2 (m, 2H, G-1), 6.8 – 6.9 (m, 4H, DMT), 7.2 – 

7.4 (m, 7H, DMT), 7.4 – 7.5 (m, 2H, DMT).  

HPLC-MS analysis  ret. time (min): 2.293 (TIC), 2.275 (PDA) 

    main ions: 581.30 [M+Na]+(10%), 303.10 [DMT]+(100%) 

https://www.tuwien.at/bibliothek
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C  III.11 3-O-(4,4´-Dimethoxytrityl)-2-O-oleoyl-1-O-undec-10-ynoyl-sn-

glycerol (16) 

 

Scheme 10 

Procedure: 

Compound (15) (20 mg, 0.036 mmol, 1 equiv.), oleic acid (16 mg, 0.056 mmol, 1.5 equiv.) and 

DMAP (2.4 mg, 0.02 mmol, 0.55 equiv.) were weighed into a flame-dried 8 mL screw cap vial 

and dissolved in anhydrous dichloromethane (0.5 mL). DIC (6 mg in 0.1 mL of 

dichloromethane, 0.051 mmol, 1.4 equiv.) was added and the mixture was stirred for 6 h, after 

which TLC (hexane: diethyl ether = 3:2, Rf= 0.51, clearly visible orange spot with MoStain, 

turning blue upon heating) indicated incomplete conversion. Stirring was continued for an 

additional 16 h and since reaction was still incomplete, additional DIC (2.4 mg, 0.02 mmol, 0.5 

equiv.) and DMAP (3 mg, 0.024 mmol, 0.7 equiv.) was added to the solution. After 2 h and no 

change in the observed TLC-pattern, the mixture was concentrated and subjected to 

purification. 

Purification: 

The crude product was purified through column chromatography (1 g of silica) using the 

following eluent system: 

Fractions hexane: diethyl ether 

1 to 6 20:1 

6 to 30 10:1 

30 - 36 7:1 

 

The product was found in fractions 17 to 30 and isolated as a slightly yellow amorphous solid 

upon solvent evaporation. 
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Yield    20 mg (68%)      

Appearance   slightly yellowoil 

TLC analysis hexane: diethyl ether = 3:2, Rf= 0.51 
1H-NMR (400 MHz, CD2Cl2) δ(ppm)= 0.87 (t, 3H, F(II)-18), 1.22 – 1.43 (m, 28H, F(I)-4-7, F(II)-

4-7, 12-17), 1.46 – 1.58 (m, 4H, F(II)-3, F(I)-8), 1.61 (p, J = 7.3 Hz, 

2H, F(I)-3), 1.96 (t, J = 2.7 Hz, 1H, F(I)-11), 1.98 – 2.06 (m, 4H, F(II)-

8 and 11), 2.17 (td, J = 7.1, 2.7 Hz, 2H, F(I)-9), 2.22 (t, J = 7.5 Hz, 

2H, F(II)-2), 2.33 (t, J = 7.6 Hz, 2H, F(I)-2), 3.20 (d, J = 5.1 Hz, 1H, 

G-3), 3.78 (s, 6H, OCH3-DMT), 4.19 (dd, J = 11.8, 6.5 Hz, 1H, G-1), 

4.30 (dd, J = 11.8, 3.9 Hz, 1H, G-1), 5.21 (dt, J = 9.0, 4.5 Hz, 1H, G-

2), 5.33 – 5.37 (m, 1H, F(II)-9 and 10), 6.79 – 6.87 (m, 2H, Ph-

DMT), 7.18 – 7.27 (m, 7H, Ph-DMT), 7.25 – 7.34 (m, 3H, Ph-DMT), 

7.39 – 7.46 (m, 1H, Ph-DMT).  

13C-NMR (101 MHz, CD2Cl2) δ(ppm)= 14.5 (q, F(II)-18), 18.8 (t, F(I)-9), 23.26 (t, F(I)-3-7 or  

F(II)-4-8, 12-17), 25.38 (t, F(I)-3-7 or F(II)-4-8, 12-17), 25.42 (t, 

F(I)-3-7 or F(II)-4-8, 12-17), 25.50 (t, F(I)-3-7 or F(II)-4-8, 12-17), 

25.53 (t, F(I)-3-7 or F(II)-4-8, 12-17), 27.73 (t, F(II)-8 or 11), 27.75 

(t, F(II)-8 or 11), 29.1 (t, F(I)-3-7 or F(II)-4-8, 12-17), 29.3 (t, F(I)-

3-7 or F(II)-4-8, 12-17)), 29.5 (t, F(I)-3-7 or F(II)-4-8, 12-17), 29.6 

(t, F(I)-3-7 or F(II)-4-8, 12-17), 29.68 (t, F(I)-3-7 or F(II)-4-8, 12-

17), 29.72 (t, F(I)-3-7 or F(II)-4-8, 12-17), 29.75 (t, F(I)-3-7 or F(II)-

4-8, 12-17), 29.8 (t, F(I)-3-7 or F(II)-4-8, 12-17), 29.9 (t, F(I)-3-7 or 

F(II)-4-8, 12-17, 2C), 30.1 (t, F(I)-3-7 or F(II)-4-8, 12-17), 30.33 (t, 

F(I)-3-7 or F(II)-4-8, 12-17), 30.36 (t, F(I)-3-7 or F(II)-4-8, 12-17), 

32.5 (t, F(I)-3-7 or F(II)-4-8, 12-17), 34.6 (t, F(II)-2), 34.9 (t, F(I)-2), 

55.8 (q, OCH3-DMT, 2C), 62.6 (t, G-3), 63.2 (t, G-1), 68.4 (s, F(I)-

10), 70.9 (d, G-2), 85.2 (d, F(I)-11f), 86.6 (s, C(q)-DMT), 113.6 (d, 

Ph-DMT), 127.4 (d, Ph-DMT), 128.4 (d, Ph-DMT), 128.6 (d, Ph-

DMT), 130.3 (d, Ph-DMT), 130.48 (Pd, h-DMT), 130.53 (d, F(II)-9 

or 10), 130.54 (d, F(II)-9 or 10), 136.3 f(s, Ph-DMT), 145.4 (s, Ph-

DMT), 159.2 (s, Ph-DMT), 173.4 (s, F(I)-1 or F(II)-1), 173.7 (s, F(I)-

1 or F(II)-1). 
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HPLC-MS analysis  ret. time (min): 2.433 (TIC), 2.397 (PDA) 

    main ions: 846.45 [M+Na]+(2%), 303.10 [DMT]+(100%)1 

HRMS (ESI+)   m/z: calc. for C53H74O7Na [M+Na]+: 845.5327, 

found: 845.5348, ( = 2.47 ppm) [𝜶]𝑫𝟐𝟎=    +0.482 (c 1.7, dichloromethane) 
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C  III.12 2-O-Oleoyl-1-O-undec-10-ynoyl-sn-glycerol (Building Block 2) 

 

Scheme 11 

Procedure: 

Compound (16) (10 mg, 0.012 mmol, 1.0 equiv.) was dissolved in anh. dichloromethane 

(900 µL) in a flame dried 8 mL screw cap-vial. Pyrrole (1.6 mg, 0.024 mmol, 2.0 equiv.) and 

trifluoroacetic acid (50 µL of 1 µL/mL solution, 6.5*10-5 mmol, 0.012 equiv.) were added 

slowly, which resulted in an orange solution. A TLC was conducted (hexane: diethyl ether = 

3:2) after 5 minutes, showing the formation of a less polar spot without the DMT staining 

pattern (Rf = 0.22). After 1.5 h, another TLC was conducted, indicating that the reaction was 

finished with only minor to none migration product observable. The reaction mixture was 

concentrated under high vacuum (0.44 mbar) and subjected to purification.   

Purification: 

Purification was conducted through column chromatography (Pasteur pipette, 1g of silica, 

hexane: diethyl ether= 7:1, switched to 5:1 after fraction 25). The product was found in 

fractions 36 to 52, although the formation of a co-eluting less polar spot was also observed. 

NMR analysis suggested the formation of by-product (22) in addition to Building Block 2. 

Yield    4 mg (59%) (8:2 mixture of Building Block 2 and compound (22) 

Appearance   light brown oil 

TLC analysis hexane: diethyl ether = 3:2, Rf= 0.51 
1H-NMR (600 MHz, CD2Cl2) δ(ppm) = 0.9 (t, J = 7.0, 1.2, 3H, F(II)-18), 1.2 – 1.4 (m, 28H, F(I)-

4-7, F(II)-4-7, 12-17), 1.5 – 1.5 (m, 2H, F(I)-8), 1.6 – 1.6 (m, 4H, 

F(I)-3 and F(II)-3), 2.0 (t, J = 2.7, 1H, F(I)-11), 2.0 – 2.1 (m, 4H, F(II)-

8 and 11), 2.2 (td, J = 7.1, 2.7, 2H, F(I)-9), 2.3 – 2.4 (m, 4H, F(I)-2 

+ F(II)-2), 3.7 – 3.8 (m, 2H, G-3), 4.2 (dd, J=11.9, 5.8, 1H, G-1a), 

4.3 (dd, J = 11.8, 4.5, 1H, G-1b), 5.0 (p, J = 5.0, 2H, G-2), 5.3 – 5.4 

(m, 2H, F(II)-9 and 10). 
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13C-NMR (151 MHz, CD2Cl2) δ = 14.4 (q, F(II)-18), 18.8 (t, F(I)-9), 23.3 (t, F(I)-4-7, F(II)-4-7, 12-

17), 25.40 (t, F(I)-3 or F(II)-3), 25.44 (t, F(I)-4-7, F(II)-4-8, 12-17), 

25.48 (t, F(I)-3 or F(II)-3), 27.70 (t, F(II)-8 or 11), 27.74 (t, F(II)-8 

or 11), 29.1 (t, F(I)-4-7, F(II)-4-8, 12-17), 29.2 (t, F(I)-4-7, F(II)-4-8, 

12-17), 29.46 (t, F(I)-4-7, F(II)-4-8, 12-17), 29.58 (t, F(I)-4-7, F(II)-

4-8, 12-17), 29.61 (t, F(I)-4-7, F(II)-4-8, 12-17), 29.67 (F(I)-4-7, 

F(II)-4-8, 12-17), 29.69 (t, F(I)-3-7, F(II)-4-8, 12-17), 29.7 (t, F(I)-4-

7, F(II)-4-8, 12-17), 29.9 (t, F(I)-4-7, F(II)-4-8, 12-17), 30.1 (t, F(I)-

4-7, F(II)-4-8, 12-17), 30.25 (t, F(I)-4-7, F(II)-4-8, 12-17), 30.29 (t, 

F(I)-4-7, F(II)-4-8, 12-17), 30.3 (t, F(I)-4-7, F(II)-4-8, 12-17), 32.47 

(t, F(I)-4-7, F(II)-4-8, 12-17), 34.55 (t, F(I)-2 or F(II)-2), 34.8 (t, F(I)-

2 or F(II)-2), 62.0 (t, G-3), 62.5 (t, G-1), 68.4 (s, F(I)-10), 72.6 (d, 

G-2), 130.3 (d, F(II)-9 or 10), 130.5 (d, F(II)-9 or 10), 173.7 (s, F(I)-

1 or F(II)-1), 174.1 (s, F(I)-1 or F(II)-1).  
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E Appendix 

E  I Crystallographic Information File of Compound (7)  

_audit_creation_method            'SHELXL-2014/7' 
_shelx_SHELXL_version_number      '2014/7' 
_chemical_name_systematic         ? 
_chemical_name_common             ? 
_chemical_melting_point           ? 
_chemical_formula_moiety          ? 
_chemical_formula_sum 
 'C16 H26 O6'  
_chemical_formula_weight          314.37 
 
loop_ 
 _atom_type_symbol 
 _atom_type_description 
 _atom_type_scat_dispersion_real 
 _atom_type_scat_dispersion_imag 
 _atom_type_scat_source 
 'C'  'C'   0.0033   0.0016 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'H'  'H'   0.0000   0.0000 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'O'  'O'   0.0106   0.0060 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
  
_space_group_crystal_system       monoclinic 
_space_group_IT_number            5 
_space_group_name_H-M_alt         'C 2' 
_space_group_name_Hall            'C 2y' 
  
_shelx_space_group_comment 
; 
The symmetry employed for this shelxl refinement is uniquely defined 
by the following loop, which should always be used as a source of 
symmetry information in preference to the above space-group names. 
They are only intended as comments. 
; 
  
loop_ 
 _space_group_symop_operation_xyz 
 'x, y, z' 
 '-x, y, -z' 
 'x+1/2, y+1/2, z' 
 '-x+1/2, y+1/2, -z' 
  
_cell_length_a                    12.5781(10) 
_cell_length_b                    6.9087(6) 
_cell_length_c                    18.2460(19) 
_cell_angle_alpha                 90 
_cell_angle_beta                  107.253(2) 
_cell_angle_gamma                 90 
_cell_volume                      1514.2(2) 
_cell_formula_units_Z             4 
_cell_measurement_temperature     100 

https://www.tuwien.at/bibliothek
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_cell_measurement_reflns_used     6102 
_cell_measurement_theta_min       3.01 
_cell_measurement_theta_max       29.98 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             colourless 
_exptl_crystal_density_meas       ? 
_exptl_crystal_density_method     ? 
_exptl_crystal_density_diffrn     1.379           
_exptl_crystal_F_000              680 
_exptl_transmission_factor_min    ? 
_exptl_transmission_factor_max    ? 
_exptl_crystal_size_max           0.41 
_exptl_crystal_size_mid           0.18 
_exptl_crystal_size_min           0.04 
_exptl_absorpt_coefficient_mu     0.104 
_shelx_estimated_absorpt_T_min    ? 
_shelx_estimated_absorpt_T_max    ? 
_exptl_absorpt_correction_type    multi-scan 
_exptl_absorpt_correction_T_min   0.473 
_exptl_absorpt_correction_T_max   0.564 
_exptl_absorpt_process_details    SADABS 
_exptl_absorpt_special_details    ? 
_diffrn_ambient_temperature       100 
_diffrn_radiation_wavelength      0.71073 
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_monochromator            'graphite' 
_diffrn_measurement_device            'four-circle diffractometer' 
_diffrn_source                    ? 
_diffrn_measurement_device_type   'Bruker KAPPA APEX II CCD' 
_diffrn_measurement_method        '\w- and \f-scans' 
_diffrn_detector_area_resol_mean  ? 
_diffrn_reflns_number             10202 
_diffrn_reflns_av_unetI/netI      0.0386 
_diffrn_reflns_av_R_equivalents   0.0282 
_diffrn_reflns_limit_h_min        -16 
_diffrn_reflns_limit_h_max        17 
_diffrn_reflns_limit_k_min        -9 
_diffrn_reflns_limit_k_max        9 
_diffrn_reflns_limit_l_min        -25 
_diffrn_reflns_limit_l_max        25 
_diffrn_reflns_theta_min          3.243 
_diffrn_reflns_theta_max          30.009 
_diffrn_reflns_theta_full         25.242 
_diffrn_measured_fraction_theta_max   0.997 
_diffrn_measured_fraction_theta_full  0.997 
_diffrn_reflns_Laue_measured_fraction_max    0.997 
_diffrn_reflns_Laue_measured_fraction_full   0.997 
_diffrn_reflns_point_group_measured_fraction_max   0.993 
_diffrn_reflns_point_group_measured_fraction_full  0.997 
_reflns_number_total              4381 
_reflns_number_gt                 3816 
_reflns_threshold_expression      'I > 2\s(I)' 
_reflns_Friedel_coverage          0.851 
_reflns_Friedel_fraction_max      0.989 
_reflns_Friedel_fraction_full     0.998 
  
_reflns_special_details 
; 
 Reflections were merged by SHELXL according to the crystal 
 class for the calculation of statistics and refinement. 
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 _reflns_Friedel_fraction is defined as the number of unique 
 Friedel pairs measured divided by the number that would be 
 possible theoretically, ignoring centric projections and 
 systematic absences. 
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