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Introduction

1 Introduction

No matter how large an organism is, all functiores @arried out by small units, called cells.
Nature has designed cells and their modes of agtionmentionable efficiency and elegance.
Communication between cells and their function haeen improved and are still improving

during the evolutioh!

If a cell has a malfunction the results can leaddnous diseases of the organism. To some
amount an organism has repair mechanisms to fix swadfunctions, but in many cases repair
mechanisms fail. In many cases chemicals, callegsircan cure such diseases. Therefore
humans have been using natural products like harbsighout history as medicine. Natural
products still are very important as potential dreg as starting material for the synthesis of

other compound$!

The mode of action of a drug is mostly through ltion of an enzyme or a receptor. By

inhibition a malfunction of those can often be liegéh When we are talking of such enzymes
or receptors which we want to address with a dregspeak of targets. Not every target is
easily druggable, an example are interactions @typeoteins, which control many processes
in organisms. Other difficult targets are cancéis¢&”!

A cancer cell is in many aspects similar to a Imgattell. For instance cancer cells do also
undergo mitosis, but do not undergo apoptosisptbgrammed cell death. Therefore tumors
keep growing. A cancer cell has mostly the same cfoenzymes as a healthy cell has, but
some are interacting in different mode or are oyanessed. This leads to the main problem

of treating cancer: how to kill a cancer cell withdilling healthy oned%

One promising answer is targeted drug delivery. rgdcarrier, which delivers a drug
selectively to the cancer cell, releases the dwigch then kills the cancer cell without

hurting any healthy celf!

A lot of research is going on in that field and thest promising results have been
published®™ The goal of this thesis is to contribute to thésdf of research.




Theoretical Background

2 Theoretical Background

2.1 Apolipoprotein Al

Apolipoprotein A1 (ApoAl) is the main protein comaent of high-density lipoprotein
(HDL), which is responsible for the transport obt#sterol to the livef! ApoA1l consists of
243 amino acid residues, which form tetelices as a secondary structure. Most of these
helices show a class A amphipathic character.dascA amphipathic helices positive charges
are located on the water lipid interface and thgatiee ones are located in the middle of the
hydrophilic sidé®'® Two ApoAl molecules form an antiparallel stackedile-belt dimer,
which encircles HDL (Figure "

IR - [ j iy
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Figure 1: On-top-view of a solar-flares model of tk antiparallel stacked double-belt ApoAl dimer. One
ApoAl molecule in red (N-terminus) and pink (C-terminus). The second ApoAl molecule in dark bluéN-

terminus) and light blue (C-terminus). Picture taken from Ref. [11].

2.1.1 Physiological role of ApoAl and HDL

The ApoAl/HDL complex works as a transporter oflebterol from peripheral cells to the
liver. This process is known as reverse cholesteffbdx, which contains three major steps
(Figure 2). Reverse cholesterol efflux starts wiphd-free or lipid-poor ApoAl interacting

with ATP-binding cassette transporter ABCALl. Theskolesterol is transferred from
peripheral cells via ABCA1 to ApoAl forming or erdang HDL. In the next step cholesterol
esterification of HDL's lipid core takes place,ukisig in mature HDL. This happens through

a lecithin-cholesterol acyltransferase (LCAT) méslilaprocess. LCAT is interacting with

8



Theoretical Background

ApoAl, which is essential for successful estertfara In the final step cholesterol of mature
HDL is off-loaded to liver cells by the scavengeceptor B1 (SR-B1). After the off-loading
lipid-free or lipid-poor ApoAl is obtained, whiclaw reenter the reverse cholesterol efflux in
step one. SR-B1 has the ability to off-load chaesdtfrom various sources, including HDL,
low-density lipoprotein (LDL) and very-low-densitlipoprotein (VLDL). SR-B1 also

interacts with ApoAL to off-load cholesterB|*****!
liver cell peripheral cell
cholesterol cholesterol
; aﬁ,m\i Ly ABCA 5" ABCA1
WL lipid-free prefi-1
LDLR apoA-l HDL
PLTP,
lipazes
CETP \:::’ ) CAT
b = b J: - :; L
LDL <5 PRar=
e ,Q @ pup _
W AR N
“WWN 4.1 HDL ~
apo ﬁfl u cholesterol
z;i;t?:;; DEriphE'rm' cell

Figure 2: Reverse cholesterol efflux, including theffects of ApoAl mimetics (blue arrows). Pictureaken
from Ref. [13]

The artery wall is thickened due to accumulationchblesterol loaded macrophages in
atherosclerosis. Therefore HDL/ApoAl has a posiéiffect due to reverse cholesterol efflux
and is seen as a potential therapettit’

Beside its role in reverse cholesterol efflux, AGMDL shows other biological properties,
such as anti-inflammatory, anti-apoptotic and amidative propertie¥! Anti-inflammatory
and anti-oxidative properties are thought to beiated in some part by ApoAl and in some
part by HDL associated proteins, such as paraoxshg®ON1). An anti-oxidative effect is
achieved by reducing the amount of oxidized LDLeasated lipidd®*!

ApoAl has shown to be very suitable as a biomaféethe onset of Parkinson's disease.

There low ApoAl concentration correlates to anieaParkinson's disease onS&tApoAl,

9



Theoretical Background

apolipoprotein B (ApoB) and ApoB/ApoALl ratio havedm shown to be very suitable for the
prediction of stroke. High ApoB and ApoB/ApoAl vakiand low ApoAl values correlate to
a higher risk for suffering of strok¥!

Zamanian-Daryoustet al. have investigated the effect of ApoAl on tumor dgitovand
metastasis development in mice. In vitro experimeitowed no direct effect of ApoAl or
HDL on tumor growth, but ApoAl knock-out (KO) mishowed a ten times higher tumor
burden compared to ApoAl overexpressing mice. Hmestrend was seen for metastasis.
When ApoAl KO mice were treated with ApoAl, tumamwth and metastasis were
inhibited more than a 100-fold compared to salirated ApoAl KO mice. Not a single
ApoALl treated ApoAl KO mouse died during the teset(35 d), whereas all saline treated
ApoAl KO mice had died after day 29. ApoAl treatinem ApoAl KO mice, which already
had had tumor burden and had developed metaskedisy a reduction in metastasis and a
shrinking of the tumor. Further experiments withmome deficient mice have shown, that
most of the anti-tumor activity of ApoAl seems togmate from an immune dependent
pathway™®

2.1.2 Structural properties of ApoAl

As said before, ApoAl consists of 243 amino acsidwes, which form tem-helices as
secondary structure. Many experiments have beewe doridentify the ApoAl structural
elements, which are required to mediate reverséestarol efflux. Helix 1 and helix 10 are
the smallest helices of ApoAl and show the highipgl affinity. Helix 1 alone is able to
mediate reverse cholesterol efflux with 50 % e#ficdy compared to full length ApoAl
whereas helix 10 alone was not able to mediaterseveholesterol efflux. In combination
with helix 9, as a bihelical 9/10 peptide, revecbelesterol efflux was mediated with 68 %
efficiency>” That means lipophilicity alone is not sufficiemt interact with ABCAL. A
synthetic peptide, corresponding to helix 1, did promote cholesterol efflux in an ABCAl
dependent manner. Just at high concentrationsabfriglix 1 peptide cholesterol efflux was
observed, but just with 15 % efficiency. A heliXd1¢himera promoted cholesterol efflux,
whereas helix 9 alone did not. A mixture of helideand 9 also did not promote cholesterol
efflux indicating that the covalent linkage betwdwlix 1 and 9 is essential for interacting
with ABCAL. A helix 9/10 peptide promoted cholesieefflux twice as efficient as the 1/9
chimera. A closer look on the structural properts&®ws, that peptide 9/10 is a class Y
amphipathic peptide, which means that there is afspositive charge in the middle of the

10



Theoretical Background

hydrophilic side, whereas in class A amphipathiptiges positive charges are just on the
lipid/water interface. Peptide 1/9 belongs to clasamphipathic peptides, which indicates
that class Y is not necessarily needed for ABCAéraction. Both peptides have the same net
charge of -1 and the positions of negatively chai@aino acid residues over the length of the
joined peptide are nearly the same by both. Thre¢hose negative charges form an

alignment spanning ~32A down the length of thegdihelices (Figure 3.

Figure 3: Peptide 9/10 and 1/9 chimera; Shaded cies represent negative and partially shaded circles
represent positive charges; A: Edmundson helical wdel projection, dashed line: lipid/water interface;B:

a-helices shown as cylinders, the arrows show theghed negative charges (~32A). Picture taken from

Ref.[9]

Combinations of other helices failed to promotelesizrol efflux. Some combination give no
amphipathic peptide (1/3 chimera) or give highlarged peptides (2/9 chimera) resulting in
poor lipid affinity. Some combinations give goodidl affinities, but fail to promote
cholesterol efflux. These peptides lack alignedatieg charges and there are positive charges
between the negative ones (4/9 chimera, 10/9 chimé 9/1 chimera resulted also in a
peptide with aligned negative charges and was filmereble to promote cholesterol efflux.
Those results indicate that the topology of negatiiarges is essential for the affinity to
ABCA1.®
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2.2 Protein-protein interactions

2.2.1 General concepts

Many processes in organisms occur via higher protemplexes. Those complexes are
formed via protein-protein interactions (PPI). Gn@mple for PPI is the interaction between
cytokine proteins with its cell-surface receptogukating transduction. Another example is
aggregation of proteins forming insoluble fibreadig to amyloidogenic disease, which is an
undesirable PP® There are many other PPIs which are essentialifmases, for instance
HIV-1 Protease and Gp4l in HR* or the interaction between the protein p53 and the
Human Double Minute 2 protein (HDM2) in can&&t.The interaction domain between two
proteins is rather huge having an interaction afeaver 1100A2, which seems to make it
impossible for small molecules to inhibit such PRirtunately, most of the binding energy of
PPI results from just a few amino acid residueslgically close to each other. Those so
called "hot spots" are essential for successful &Rl are therefore attractive targets for
inhibitor desigr>*®!

An analysis of the protein database (PDB) has shtven 62 % of all higher protein
complexes are interacting over a helical donfdinThe a-helix is the most common
secondary structure motif which has 3.6 amino apglsturn. As a consequence amino acid
residues i, i+3 or i+4, i+7 and i+11 are on the saide of an-helix (Figure 4)318:21

Figure 4: a-Helix. Picture taken from Ref. [21]

12



Theoretical Background

2.2.2 Protein-protein interactions with ApoA1/HDL

Interactions between ApoAl/HDL and ABCAL, LCAT Mgekroxidase (MPO) and PON1
are also PP18? although they are not a PPI in a classical wag PRI cannot be classical,
because also mimetics consisting of D-amino acitscessfully interact with those (see
2.3.3)! Wu et al. investigated a ternary complex of MPO, PON1 arsteat HDL (Figure
5)'[14]

PON1-M,. PON1-M,,

binding
site

binding site
(A, -l

15 ';_Aus}

APOAI-Y,

nHDL

Figure 5: Hypothetical ternary complex of MPO and RON1 bound to nascent HDL, presumed LCAT

interaction side in solid yellow. Picture taken fran Ref. [14]

MPO promotes lipid oxidation and is catalyticallgtigse on site of inflammation. MPO is
mechanistically linked to oxidative stress and aikelerosis. It is bound to HDL and oxidizes
sitespecifically ApoAl at Tyrl66 and Tyrl92, which linked to the impairment in
cholesterol efflux and LCAT binding. It also inhibithe anti-inflammatory properties of HDL
and makes it pro-inflammatofR/:?? PON1 deactivates MPO and restores the biological

properties of HDL. Several experiments give hinatiernary complex (Figure 5Bf!

13



Theoretical Background

The interaction between ApoA1/HDL and SR-B1 is hygtependent on the lipid loading of
ApoAl1l/HDL, because lipid rich mature HDL has a ¢re#inity towards SR-B1, whereas
lipid-free ApoAl or lipid-poor HDL has a lower bimg affinity towards SR-B1:?2
Deletion of either the carboxyl-terminal sequeneenifio acids 185-243) or the amino-
terminal sequence (amino acids 1-59) of ApoAl hasllly any effect on the affinity of the
corresponding reconstituted HDL (rHDL) towards SR-Blowever, if both sequences are
deleted (amino acid sequence 1-59 and 185-243)yapo®r affinity of the resulting rHDL
towards SR-B1 is observed. That gives a hint towdhg necessity of at least one of the
highly lipophilic helices. Another important paraieieregarding affinity is the density of
HDL. Experiments have shown, that higher densithesical HDL has a lower affinity
towards SR-B1 compared to HDL lower in den&ty.

2.3 Inhibitors of protein-protein interactions

2.3.1 Inhibitors based on small peptides

Isolated small peptides show a broad degree ofiéreein solution as they have no specific
folding. As this leads to many undesirable side&f, such as unspecific interaction to other
biomolecules, preorganisation towards a helicalcstire of these peptides has to occur.
Besides gaining specificity, preorganisation ha&sgtreat advantage, that the loss of entropy is
not as high as it is in unorganised peptides bdibmto its target. Preorganisation towards a
helical structure can be achieved via covalentam-covalent bonds. Some examples are salt
bridges, interactions between aromatic systems ahdrged residues, hydrophobic
interactions, aromatic systems and sulfur contgingroups, disulfide-bridges, metal-

coordination on Cys or His, lactam forming or ritigsure via metathesis (Figure!®)?®!

Figure 6: Preorganisation of a small peptide throuf ring closure. Picture taken from Ref. [26]

One crucial disadvantage of peptides is, that they readily degraded by proteases in

organisms. One way to avoid this problem is usingatural amino acid oligomers such as

14



Theoretical Background

peptoids. In contrast to peptides, peptoids haee gide chains not linked to theC-atom,
but to the amidic N-atom (Figure 7B). This leadsatou-helix with a periodicity of 3 amino
acids per turn and a pitch of 6 A. Awhelix, consisting of natural amino acids (Figurs),7

has a periodicity of 3.6 amino acids per turn apiteh of 4.5 Al?*?"!

Another alternative to peptides afepeptides-foldamers (Figure 7C). TheBeeptides-
foldamers have an additional C-atom in the pepbaekbone on which the amino acid side-
chain is attached. This results in@&helical structure with a periodicity of 3 aminadsper
turn and a pitch of 4.7 K 2!

A
H O R H O R
SN AN A
R T o r M 0
B C
o-peptide

R O R O H H H H
}L,LNQJ\N/\WNQJ\NW@ ;{NWNWNWNY\WQ
R O R O R O R O R O R O

peptoid B-peptide
Figure 7: Comparison of A: ane-peptide, B: a peptoid and C: a3-peptide??®2"]

Peptoids, as well aB-peptides-foldamers, have been proven to be vesistemt against
degradation through proteases. Also foldamers,istimg of a mixture ot/p peptides, have

proven to be very effectivé®?

2.3.2 Non-peptidic inhibitors -  a-helix mimetics

Hamiltonet al have shown, that 3,2',2" trisubstituted terpheeyivatives (Figure 8) are able
to mimic amino acids i, i+3 or i+4 and i+7 of arhelix. The first example of a terphenyl
inhibiting PPI was in mimicking smooth muscle myodight-chain kinase (smMLCK).
smMLCK interacts with calmodulin over a helical dam in which amino acids Trp800,
Thr803 and Val807 of smMLCK form the hot spot oé timteraction. A terphenyl, with the
analogous side chains of above mentioned aming aeias able to mimic smMLCKshelix
and bound to calmodulin, which inhibited the intti@n between smMLCK and calmodulin

successfully®28!
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Theoretical Background

Figure 8: Scheme of are-helix mimetic based on a terphenyl scaffold. Picte taken from Ref. [29]

The distance between two substituents of the tengrsxaffold is 4.3 A (Figure 9). This is

5 % shorter than the i, i+3 distance and 30 % shdlnan the i, i+4 distance in arhelix 24

Figure 9: Distances of the amino acid residues imau-helix and the substituents of a terphenyl

respectively®”

Due to the freely rotable aryl-aryl single-bond th& and the i+4 position of am-helix

cannot be distinguished effectively. By shiftinge teubstituent on the central ring by one
position towards the axial direction, a distance6cdd A is achieved, which matches the
distance between i, and i+4 much better. Howevesh sa modification leads to steric
repulsion, resulting in tilting away of the subséibts from the desired twist angle. To avoid
this, one phenylring can be exchanged with a switsti naphthalene. According to the
position of the naphthalene and its substitutiottepa i, i+3 and i+7 or i, i+4 and i+7 amino

acid residues can be selectively mimicked (Fig@g?f!
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B
O‘ R R R
J A, 3
L, U R R
R R O O
R R R R

Figure 10: Terphenyl scaffold with naphthalene; A, i+3 and i+7 mimetics; B: i, i+4 and i+7 mimetic§"

There are two major drawbacks with terphenyls.tFafsall, they are highly hydrophobic

resulting in poor water solubility. Secondly, thgnthesis is rather complex in most cases.
Many approaches towards improvement of water slityliave been done (Figure 11). One
approach is the exchange of the phenyls with pyeslitowards a terpyridine scaffold. Others

are pyridyl-pyridone scaffolds, central pyridazineenzamides or H-bridge forming groups
such as enaminone or benzoylurea grotig§?*%03

R3
R3 _COOM _< O
¢ N. R? R3

O | N O /N
|;| = R2
Rzo A~ '}j/ | R?
~ >N~ "R! N
O~ 'NH
R! Y o RY

0~ "N
21 © OH K/)\l\

R‘l
Terephtalamide Pyridyl-pyridone Scaffold with central .

pyridazine Benzamide

R3 R3

2 .R?
0 R Q/ N n=1-4

H NS0
@/ R1 R1
R
Terpyridine Enaminone group Benzoylurea

Figure 11: a-helix mimetics with improved water solubility!*81%24:0-311
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Theoretical Background

Breinbaueret al have developed a modular synthesis of teraryls.ti@ one hand for
terphenyls and on the other hand for teraryls, e/tiee two terminal phenyls are exchanged
by pyridines (Figure 12). This approach gives tppartunity to synthesize teraryls via Pd

cross-coupling from two sets of building blocks,ckaconsisting of 18 amino acid

analogd?®*?
‘ R
) X
A . B N
' =
) 1 _B.
vy f Swd
ot O

C

FG i 7 oTf

Ri*3 (or i+4) 4 Ri*3(ritd) | Ri*3 (or i+4) Ri*3 (0r i+4)

; —

X 2)

: i
<Y
23 Ri*7 Nx RI*7
o f Nl
R|+7 3 O\ /O
4 : B

[B]= B(OH), BPin, BF:K %j\

3 Na RI*7

X =Br, |
FG = OTf, N,BF,

Figure 12: A: Modular synthesis for terphenyls (2:FG = N,BF4, X = Br; 3: FG = OTf, X = 1); B:

Retrosynthesis of teraryls using pyridine as top/bitom building block °32

2.3.3 ApoAl mimetics

Small helical amphipathic peptides have shown tmimithe properties of ApoAl, although
these peptides show no homology to the amino amijgience of ApoA¥%3® The class A
amphipathic peptide 18A was one of the first peggtidecognized to mimic ApoAl. The
biological activity and lipid affinity of 18A couldbe increased by neutralizing the terminal
charges of 18A (Ac-18A-NHK or 2F). Therefore several studies were performeth w
derivatives of 18A by exchanging some of its amaeas on the hydrophobic side with Phe.
This leads to class A amphipathic peptides withghdr hydrophobicity named 2F, 3F, 4F,
5F, 6F and 7F according to the number of Phe residin the peptide. According to their
retention time on an HPLC with;&cloumn they can be classified into two main groups
the one hand 2F-4F with retention times betweearl22 min and on the other hand 5F-7F
with retention times between 26 and 27 min. Thas@ @it perfectly to the theoretical lipid
affinity, where the lipid affinity increases gradlyarom 2F towards 4F, than has a sudden
increase from 4F to 5F and thereon increases digdigan 5F towards 7F. The same trend is

seen in solubility, which decreases with higherdlimffinity, whereas the monolayer
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exclusion pressure increases with higher lipidnéifi The ability to clarify a suspension of
egg phosphatidylcholine multilamellar vesicles (EMCV) was best for 4F. An explanation
for this fact might be the optimal hydrophobicitly4& for interacting with lipids rather than
to form aggregates via hydrophobic peptide-pepiideraction. The best LCAT activation
property of these peptides had 5F. LCAT activai®m complex process which cannot be
predicted by lipid affinity alone, as ApoAl itseloes not clarify an EPC MLV

suspensioft®3¥

As ApoAl consists of more helices and (as said.h2) a peptide of two helices from
ApoALl gives cholesterol efflux in similar efficiepas full length, ApoAl bihelical peptides
have become very attractive as mimeficgl One approach was a peptide in which two 18A
were linked via a Pro residue (37pA). It has a &idipid affinity than 18A and in promoting
cholesterol efflux 37pA is 18-fold more efficiemtan 18A, but still 8-fold poorer than ApoAl.
In LCAT activating 37pA exceeds ApoAl by 40 %. Twther bihelical peptides were
compared to 37pA according to their lipid affiniPn the one hand a peptide consisting of
two 18A (36A) and on the other hand a peptide ctimg of two 18A linked via an Ala-
residue (37aA). The ability to bind to the phospioliDMPC is decreasing from 37pA to
37aA to 36A™! Creating an asymmetric version of 37pA, by subitig the hydrophobic
side of theC-terminal helix with Ala residues, results in aiketith lower lipid affinity. This
asymmetric version of 37pA has a higher specifititwards ABCA13¢! Many proline-
linked bihelical peptides were tested and compdngdD'Souzaet al according to their
abilities as ApoAl mimetics. The most efficient tEsterol efflux was achieved with the
peptides ELK-2A2K2E and ELK-2F which reached abiingt same efficiency in cholesterol
efflux as ApoAl from THP-1 cell$33]

The interaction between ApoAl and ApoAl mimeticavaads their ligands seems to be
independent of stereochemistry as their stereoisoroensisting of D-amino acids are as
efficient as the L-isomers. This gives a hint tiet PPI's with ApoA1/ApoAl-mimetics is not
a PPl in a classical way. The efficiency of PPIhseveral ligands is strongly dependent on
the nature of the hydrophobic side and the natntecharge distribution of the hydrophilic
side. In 3F, for instance, the position of the Risdue is crucial for biological activity>*>"]
D'Souzeet al. have summarized, which structural properties oélical amphipathic peptides

are, according to their experiments, importantifferent biological activities (Table)”
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Table 1: Influence of peptides' structural featuretowards their activity ="

Size of Inclusion of
) o ] Maintaining Type of ]
Function Hydrophobicity hydrophobic Charge ) ] Cys/His Asymmetry
Pro bridge helix )
face residues
Detrimental
o in the first  Beneficial in
Efficiency of Increased o .
. o ) Limited helix, 5A,
cholesterol Optimal (-0.5) size is Neutral  Essential o ]
o effect beneficial in  detrimental
efflux beneficial ]
the second in ELK
helix
- Beneficial in
Specificity of o Neutral o o
o Limited ] Limited Limited 5A,
cholesterol Limited effect or Essential )
effect ) effect effect detrimental
efflux negative ]
in ELK
Anti- Increased  Neutral o Changing to o
) o o Limited ] Limited o
inflammatory, Limited effect size is or GorYis Beneficial
) ) effect ) effect
monocytes detrimental negative detrimental
Anti- Increased  Neutral o o C+H o
) o o Limited Limited _ Limited
inflammatory, Limited effect size is or detrimental,
_ - - effect effect o effect
endothelium beneficial  positive C benificial
o o Changing to o
o o Limited Limited . ] o Limited
Antioxidant Limited effect Detrimental GorYis Beneficial
effect effect o effect
beneficial

In the case of reverse cholesterol efflux, onehef piromoting effects of ApoAl mimetics is
their high lipid affinity. Lipid-free ApoAl or lipl-poor ApoAl takes up cholesterol from
peripheral cells, whereas mature HDL does not. ApbAs to dissociate from mature HDL to
form new lipid-free or lipid-poor ApoAl. LipophiliépoAl mimetics (especially D4F, the D-
amino acid stereoisomer of 4F) have a higher affitowards HDL than ApoAl and can

therefore accelerate the dissociation process oAgdrom mature HDL (Figure 2§34

In some kind ApoAl mimetics differ from ApoALl indin anti-inflammatory properties and in
their mode of action as anti-oxidants. For instafiedinds much more effectively to oxidized
lipids than ApoAl. In experiments on cultured huneatery walls, ApoAl has shown to
reduce LDL induced monocyte chemotactic activityQA) when ApoAl was pre-incubated.
MCA is produced by the artery cell wall when aicat threshold of lipid hydroperoxides is
trapped within LDL. When LDL and ApoALl are coinctéd, however, no reduction of MCA
is observed. This indicates that oxidized lipide able to dissociate again from the lipid
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hydroperoxide/ApoAl complex, if the complex is memoved. A coincubation of LDL and
ApoAl mimetics on the other side resulted in a sssful inhibition of MCA. ApoAl
mimetics successfully sequester oxidized lipt8&**¥The ability to bind to oxidized lipids is
also seen as the main reason for the anti tumerafmimetics in ovarian cancer, by binding

to lysophosphatidic acid (LPAY*

4F and D4F have shown to possess many desiralppenies in many diseases. Mostly those
are reported for D4F, because the advantage of iD4Re possibility to be taken orally,
whereas 4F is rapidly degraded by proteases irstiogesystems and have therefore to be
injected™ In the case of Influenza A oral administration D#F restores the anti-
inflammatory properties of HDE? In sepsis 4F also shows an anti-inflammatory effsc
inhibiting the binding of bacterial lipopolysaccht# to its binding proteifi>*? In diabetic
mice and rats the use of 4F or D4F decreases sugerevels. The reduction of superoxide
levels is linked to heme oxygenase 1 (HO-1). Irulinsresistant mice 4F could improve
insulin sensitivity. Therefore D4F and 4F generalhgvent oxidative stres8:***°1 4F also
shows positive effects in a murine lupus model.tdfated mice suffering of lupus showed
reduced 1gG anti-dsDNA and antiOxPLs values andehaifher bone densit{f*®

As animal tests of 4F were very promising, Watsod eolleagues made a clinical trial with
patients suffering cardiovascular disease. 4F wasirastered either subcutaneously (SC) or
intravenously (IV) and was very well tolerated Htdmses tested. The half-lives of 4F were
1.5 h (IV) and 2.5-3.0 h (SC) respectively. Accaglio the short half-lives no accumulation
of 4F has to be expected. As a result of this tn@limprovement of anti-inflammatory

properties could be detectiéd.
2.4 Targeted drug delivery

2.4.1 Why targeted drug delivery?

Small interfering RNAs (siRNAs) are highly seleetiin gene silencing towards their target.
Therefore siRNAs are very interesting as poterdraigs, especially for targets, which are
difficult to inhibit by small molecules. Unforturely, siRNAs are unstable in biological fluids
and due to their polyanionic character, they hapea intracellular penetration. Therefore a
carrier is needed to transport siRNA to its tafyét!
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Gene silencing is achieved by siRNA binding tocsnplementary messenger RNA (MRNA)
resulting in a double stranded RNA (dsRNA). dsRN#s detected by biological organisms
as foreign and are rapidly degraded. As mRNA ha lsestroyed, no translation of this
specific gene can occur, which means that the hitbegis of a specific protein is blocked
(Figure 13)/8:49501

!
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Figure 13: Mechanism of action of siRNA. Picture tken from Ref. [48]

Another reason for the need of targeted drug deliean be shown by the case of Signal
Transducer and Activator of Transcription 3 (STAT3STAT3 is a cytoplasmic protein which
can be activated by various extracellular ligandben it is activated it enters the cell nucleus
where STAT3 regulates many gene transcriptions. Tl& also known for playing a crucial
role in many tumor cells which makes STAT3 an ieséing target for cancer therapy. If a
STAT3 mRNA specific SIRNA is applied, it would alsdence the STAT3 gene in healthy
tissue, which would be fatal. Therefore targetediveey of such a siRNA must be

provided!*>52

2.4.2 HDL as a drug carrier

Many nanoparticles have been used as drug caoies®RNA, nanoparticles such as neutral
and charged liposomes or superparamagnetic iraegarticles. Also polycationic peptides
have been used. Those all are able to deliver siRiMAdue to their toxicity and other effects

alternative carriers are desireable. Especiallygqadlonic peptides have, due to their positve
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charge, many side effects, such as unspecificaatiens, cytotoxicity and aggregation with

serum protein&:>5%%7]

HDL has properties, such as it is non-cytotoxioghtasting in the circulation and selectively
taken up by cells expressing SR-B1 (Figure 14B)clwvlare very promising for the use as a
drug carrier. As SR-B1 is overexpressed in manycearells HDL is a very promising
targeted drug carrier for cancer therapy. Experismenth paclitaxel (PTX) have shown, that
PTX can be successfully incorporated into rHDL @ndelectively delivered to cancer cells
resulting in a 5-20 times lower dgvalue compared to free PTX drug. This approach als
works for siRNA. siRNA bound to cholesterol (chdREIA) was successfully incorporated
into the lipophilic core of rHDL (Figure 14A). Thbeinding cholesterol is important to
increase the solubility of the highly charged siRMAthe lipid core of rHDL. Another
approach to incorporate siRNA into rHDL is to coeplsiRNA with oligolysines
peptided*>”

HDL Selective cholesterol
Hydrophilic shell ester uptake

Phospholipids

Protein (apoA) tl;jver, i
adrenal,
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. : ' ?Acceptor

Cholesteral
m ApoA-| i
Chol-siRNA Hydrophobic core

[ ]
Cholesterol esters A

o
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Figure 14: A: rHDL with incorporated Chol-siRNA. Pi cture taken from Ref. [5], B:SR-B1 mediated

selective cholesterol ester uptake. Picture takemdm Ref. [7]

Shazacket al could successfully silence STAT3 selectively &mchl adhesion kinase (FAK),
another protein with a crucial role in tumor suaifiMn ovarian tumor cells in vivo in mice by
incorporating the corresponding chol-siRNA into rHDAfter single injection, 80 % of the
SiRNA was located inside the tumor cells. Besidettimor the highest uptake of rHDL was

in the liver* Another protein, which is overexpressed in manycess is pokemon. Dinet
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al. could successfully silence the pokemon gene fgetad drug delivery of chol-siRNA in
rHDL.F!

Nakayama and colleagues have shown that chol-siB&halso be transported with mimetic
lipoprotein particles. For this they used recombin@poAl or recombinant lipoprotein E3
(ApoE3) and formed lipoparticles with phospholipid$ie ApoAl containing particle (A-lip)

and the ApoE3 containing particle (E-lip) were bathle to transport chol-siRNA, whereas

the best results were obtained with Elfip.
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3 Scientific Task

In many studies ApoAl mimetic peptides have showrbind to HDL and ApoAl/HDL
presents itself as a successful drug carrier dflsilR>® Those two facts combined with the
concept of PPl mimetics by Hamilt@t al. lead to the idea of a synthesis concept towards a
drug carrief?® The aim of this project was the design of ApoAlmmiics based on an
oligoaryl scaffold.

Design of possible ApoAl mimetics was inspired by structure of already existing ApoAl

mimetic peptides and by the structure of ApoA1litSe%3

To achieve a modular synthesis with high flexiilib the synthesis of oligoaryls, building
blocks have to be synthesized with a benzene cotéaaturing two leaving groups in an 1,4-
arrangement differing in their reactivity to allosigomerization via iterative Pd-catalyzed
cross coupling (Figure 15F' These building blocks are equipped with side chaiimicking

on one side the corresponding polar amino acid ,(lyk1) and on the other side a

phenylalanine mimetic.

F q 0 F q 0
F>l\/é’\ F>I\S//

/,

0] (0] O// ~0

Glu-Building Block Lys-Building Block

Figure 15: Building blocks

The aim of this master thesis is the synthesis®two building blocks (Figure 15).
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4 Results and Discussion

4.1 Synthesis of the Glu-building block

o
18

Pd cat.
styrene
"Heck reaction"

Tf,0,

F
120° C X idi A
0 SaoN —erene Sl UL
conc. sto4 HO 0 Yo DCM, g0 o Yo
29% yield 1 0°C>RT,
90% yield 2
skin-coloured solid light orange solid DMF, EtsN
RT
83% yield

Phenylacetylene,
1 mol-% Cul,
1 mol-% (PPhgz),PdCl,

X
| 1 atm Hap,
_ S%PUC 0o
icl
S ST IrTI A ey
7 5 DCM, RT 4 60°C
tech. MeOH
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yellowish solid 52% yield orange oil brown solid
T
PP NeOMe | e e
OH oy CF
N

H2804 F o o]
o MeOH OH o) Tf,0, Pyridine o
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65% yield O o%gy'm O

over 2 steps O ) |
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' Glu-Building Block
6 7
orange oil yellowish solid

Scheme 1: Synthesis route to the Glu-building block

The synthesis of the Glu-building block (Schemewill be discussed in detail in the

following section.

4.1.1 Pechmann coumarin synthesis

o)
HO OH 120°C X
OH
OH O conc. H,SO, HO o 0
29% yield

1
skin-coloured solid

Scheme 2: Pechmann coumarin synthesis

Intermediatel was synthesized in a Pechmann coumarin synth&ikeme 2). In a
Pechmann synthesis electron rich phenol derivataresreacting with3-ketoacids to the

corresponding coumarin. In Scheme 2 malic acidh@svd as educt, but the species, which is

26



Results and Discussion

actually reacting with resorcinol, is 3-oxopropanacid (L6), which is formed in situ under
these conditions (Scheme 3). As CO is developenhgldiis reaction, the reaction has to be
carried out in a fume hood with a gas exh&ist.

o o}
conc. Hy,SO,
OH O 120°C
e 16
-H,0

Scheme 3: In situ formation of 3-oxopropanoic acig16)

The yield of the reaction is very low, in our c&2@ % yield, even lower as reported in
literature®® As 16 is an excellent electrophile, it is not surprisih@t it is not very stable.
Therefore it has to be generated in situ as itoiswell storable and it is not commercially
available.

Procedures differing in the stoichiometry of reatsaare published for the synthesisl$®"

We also tried that and additionally varied the wagk In our experiments we have seen that
by using malic acid in excess, one other compouasl ebtained as a side product. According
to GC-MS data the other compound seemed t@7@-igure 16). The by-product could be
successfully separated from the desired coumarirebrystallization from ethanotH-NMR
analysis of the by-product could clearly falsifyaththe by-product i47. NMR-data showed
that the by-product had defenitely more hydrogéas 17 and had more hydrogens coupling
to each other (HH-COSY). What cannot be excludetdasthe actual by-product decomposes
thermally to17 in the inlet of the GC-MS. Further characterizatand identification of that
by-product have not been done due to time issules.bEst results were obtained by using
resorcinol in excess. There the by-product wadoroted at all and the excess resorcinol was

removed during the work-up.

0.0 0._0O
1SS 9s
17

Figure 16: 2H,8H-pyrano[3,2-g]chromene-2,8-dione (17)

Many procedures described a simple work-up by poutihe reaction mixture on a water/ice

mixture, followed by filtrating off the precipitat& he outcome of that work-up could not be
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reproduced in our experiments. A solid had alseipr&ated in our experiments, but it was
shown to be very hard to filtrate. Additionally theeld and the purity of the isolated solid
was very poor. Further purification of the solidsaachieved by dissolving it in 2 M NaOH,
filtration and acidifying with 1 M HCI. A light omrage solid precipitated by this method.
Another disadvantage of this work-up in our expemts was that a huge amountlastayed
dissolved in the mother liquor in the pouring stepwell as in the base treatment with the
following acidifying step. Therefore further exttimn of the aqueous layers with EtOAc was
needed. All in all that made a very time consumang ineffective work-up. Finally a more
effective work up was found by extracting the migtafter the pouring step in the first place
without any filtration (Compare 7.7.1). The impwrede product could be further purified by
washing with saturated NaHG®olution givingl in satisfactory purity for the next step. The
additional solution step of the crude product wobkl obsolete, if the combined organic
layers were washed with saturated NaH@&OIlution more frequently. This was not tested,

because no more amountlofvas needed for this thesis.

Although the Pechmann reaction has been known fongtime, the reaction mechanism is

still under discussion. Two mechanisms are mosguieetly discussed in literatdfe®?!

(Scheme 4).
A:
R!
o HY  H
o HO R Nucleophilic attack ) o R 0.0 R
e \@ R0~ | A Reesterfication
Kg ~ ' Rearomatization (o) y = water elimination AN
R" HO™ o R"
Proposed side product: OH R" O
o " 0H
V&
__________________________________________________________________________________________ R
B @

. o R Nucleophillic attack

\
e)
o R - R
- I\/ Reesterfication 0 \@ Rearomatization Oy O
) H 0 ‘/ water elimination X
R "
R Rn
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R" \K(:;@R
I
O

Scheme 4: Simplified possible reaction mechanism§the Pechmann synthesis A: Mechanism proposed

by Robertsonet al.*¥ B: Mechanism proposed by Ahmed and Das4?
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A theoretical study towards the mechanism of thehR&nn synthesis were made by Daru
al. The result was that these two mechanisms showveadtd a third one, which is actually a
mixture of the two mechanisms, are very similaroagding to their free energy profile
calculated by density functional calculations. Asesult it is possible that those three

mechanisms can operate simultaneolfdly.

The low yield of the Pechmann synthesis origingredably from three reasons. First of all
the rather harsh reaction conditions which are egddr the in situ formation dif6. At these
conditions degradation of starting material anddpad cannot be excluded. Secondly, the
high reactivity of16, which could be the reason for some side react@sgor instance self-
condensation. Finally, side reactions can occuoutjn the possible reaction mechanisms
themselves, which is further discussedimaru et al® As it would have been beyond the
scope of this thesis, side products have not beinelr characterized, but they seem to have a

high water solubility, as a sufficient purity coldd achieved just through washing steps.

A higher yield (81 %) of the Pechmann synthesis described in literature by using 70%
HCIO, as a solvent at 90°€" As HCIO, is explosive at higher temperatures that experimen

has not been carried out due safety issues.

4.1.2 The Heck-Mizoroki reaction

The Heck reaction, is a Pd-catalyzed coupling ofokadin and an aryl halide, an alkenyl
halide or the corresponding triflates. Mechanidiyca Heck reaction is a sequence of
oxidative addition, carbometalatiop:hydride elimination and reductive elimination (8ofe

5) [63]
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Pd"
R'—X
Base.HX
Reductive Elimination Pd°®
Oxidative Addition
Base
H—Pd—X R'—Pd—X
R1 /\RZ
R2 Alkene Insertion
-B-Hvdri
syr-p-Hydride PdX R PdX

R H
Elimination
R {H HT LM
H R~ =~ H R
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Scheme 5: Catalytic cycle of a Heck reaction; Ligals were omitted®

In some cases the formation of a black precipitates obtained. Especially at higher
temperatures or after prelonged reaction timesftratation was observed. Black precipitate
has been reported to be Pd nanoparticles. Those fidren ligands dissociate from Pd(0)
complexes. In solution there is an equilibrium d{® complexes differing in their number of
ligands (Scheme 6). Generally it can be said thatlobwer the number of ligands are, the
higher is the reactivity of a Pd(0) complex, bugcathe more likely the remaining ligands

dissociate and Pd(0) aggregates to those nandpartic

L -L L -L L -L -L
L-Pd-L =~ _Pd. D Pd _ L—Pd - 5 Pd,,
L +L L +L L +L
18 VE 16 VE 14 VE 12 VE

Scheme 6: Equilibrium of Ligand dissociation in PdQ) complexes; Number of valence electrons are shown

below each complex

As ligand dissociation is a process favored byagyr aggregation is more likely at higher
temperatures. Another parameter which influencesetuilibrium is obviously the ligand
concentration, its type and its steric demand. Glhaice of ligand depends highly on the
reaction and a compromise between stability andtikey has to be found in each case. As
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substrates of a reaction additionally work as ladgnt makes sense that at the end of a
reaction aggregation can occur, as substrate sucoed. Another reason for aggregation after
prolonged reaction time is the irreversibility cinoparticle formation. Even at incomplete
conversion of substrates a formation of nanopagicdoes not necessarily mean the end of
reaction as Pd nanoparticles also have been repirtee catalytically active in some sorts of

Pd cross coupling reactiof§.

The first intent in the synthesis of the Glu-builgliblock was to introduce the carbon skeleton

of the phenylethyl side chain via a Heck reactietween? and styrene (Scheme 7).

5 mol-% Pd(OAc),,

m @ 10 mol-% PPh;
+
TfO o "0 Et;N, DMF
2

120°C

Scheme 7: Intended Heck reaction

Although full conversion o2 was obtained, no desired prod@8thad formed. Also variation

of reaction parameters (Table 2) did not lead ¢odésired product.

Table 2: Varying parameters for the Heck reaction;in no entry 18 was formed

Entry Conversion of 2 Solvent Base T [°C] Precatalyst Ligand Pd loading [%]

1 full DMF  Et3N 120 Pd(OAC), PPh; 5

2 full DMAc BuzN 165 (reflux) Pd(OAc), PPh; 10
O NH

3 full DMF  Et3N 120 Pld | PPhg 5
O OMs

- — (2
4 full DMF  Et3N 80 Pd(OAc), PPh; 10

In all different reaction conditions of Table 2 &tare of various products had been formed.
The harsh conditions in Entry 2 of Table 2 alsotledlecomposition to some amount of the
educt to the coumarid. None of the products have been isolated, butrdoup to MS-

database some peaks in the chromatogram couldated¢o possible compounds (Table 3).
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Table 3: Compounds formed at the reaction, some witpossible structure; Method: MT_50_S

Entry t g [Min] compund m/z certainty [%]

X
1 5.66 146 94
o 0

2 6.44 O X O 180 92

3 9.07 - 248

Entry 1 in Table 3 could have been possibly forroedr a hydride transfer via a reductive
elimination of the metal, but this would raise theestion of the hydride source. Generally the
reduction of2 by Pd catalysis is known in literatuUfé®® Another possibility would be over a
radical mechanism. As it is very uncommon for Pdqrening single-electron transfer, the

radical source could be styrene, which is very primnradical formation.

Entry 2 in Table 3 is very likely stilbene, becaaseeference of stilbene has been measured,
which has the same fragmentation pattern and tme satention time with this method. On
the one hand stilbene could have been formed bgesstul Heck reaction and rapid
decomposition of the heterocyclic ring. This ihetunlikely as Suzuki reactions wizthave
been done in the past under similar conditions autlany mentioning of degradation of the
heterocyclic rind®®"® On the other hand stilbene could have been fortimedigh metathesis.
This would be very surprising as Schrock carbemé$HC carbenes of early transition metals
in high oxidation states are used as metathesidys&t!’”! Pd is a very noble late transition

metal and therefore not known for metathesis.

The last entry of Table 3 hadw@z which would fit to the desired produt8. The compound
could not be isolated, but later experiments digpdathat, because8 was an intermediate in
the hydration o8 (Figure 18) and has a retention time of 8.20 mithatsame method.

Suzuki and Sonogashira cross coupling have bearteepfor2,**"%"?put no Pd catalysed
Heck reaction so far. As Heck chemistry failed émr substrate2 an alternative for our
synthesis was found in a Sonogashira reaction4<e8). One reason that the Heck reaction
failed in our case could be the same reason whk ldeemistry actually works in general -
Pd's affinity ton-systems. The highly delocalizedsystem in2 could act as a better ligand
towards Pd than styrene. One example showing fimetpiof Pd towards the-system oR is
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in an aerobic oxidative Heck reaction (Scheme 8)aA oxidative Heck reaction runs over a
different mechanism, those reactions cannot be aosdpdirectly, but it is sufficient as an

example for the affinity of Pd towards thesystent’*!

Pd(OPiv), 0
O, (1 atm
CQL,- e~ e
TfO o "0 0 K,COs3, PivOH 0 oo
2 100 °C 19

Scheme 8: Aerobic oxidative Heck reactidff’!

Other examples have been published describingidaach of Pd catalyst by coordination to

substrates with-systemg’* ")

The oxidative addition of the leaving group and dn@matic ring to Pd has to be successful as
other cross coupling reactions like Suzuki reaétidfl and Sonogashifd reaction (see
4.1.3) work with2 as substrate. Another sign that the oxidativetamdmust have worked is

the formed side product in Table 3 (entry 1).

If the oxidative addition of Ar-OTf to Pd is suceféd and the resulting species is
coordinating to the delocalizegtsystem, dimers and/or oligomers &fcould have been

formed (Figure 17). As the formed products in oxpeximents have not been isolated and
therefore have not been characterized, a formadiothose compounds can neither be

excluded nor verified.

Figure 17: Possible products of a Heck reaction &; Two possible dimers shown

One example of a Ni-catalyzed Heck reaction witlas substrate has been published by
Ggagsiget all’® As Ni is one period over Pd, Ni is a smaller metadi, speaking in a HSAB

context, Ni is a harder metal than Pd and has fimera lower affinity towards soft-systems.
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As we already had a working Sonogashira reactioraleegnative, a Ni-catalyzed Heck

reaction was not tested.

4.1.3 The Sonogashira reaction

The Sonogashira reaction is a Pd cross couplingtioabetween an aryl- or an alkenyl-
halide or their corresponding triflates and an teahalkyne in the presence of Cu(l) as a

cocatalyst and an amine as base (Scherfi&8).

Pd"Y,L,

R’ PdoL,
Oxidative Addition

Reductive Elimination

L Trans Metalation

L-Pd—R
|
8
amine.HX

CuX

R’

amine + H/

Scheme 9: Catalytic cycle of a Sonogashira reacti6h™!

The catalytic cycle of Cu(l) is still poorly undéwed, but a transmetalation of a Cu(l) alkynyl
species is mainly consider€d. Possible ways of Cu(l) alkynyl formation are or tne hand

a mechanism in which the terminal alkyne makes»adative addition to CuX resulting in a
Cu(lll) complex as an intermediate. After that adaupported reductive elimination could
occur resulting in the Cu(l) alkynyl. On the otheand Cu could act as a Lewis acid and
withdraws electron density of the alkyne. That wiblawer the pKa of the alkyne, the amine
would be strong enough to deprotonate the alkydeafter ligand exchange the Cu(l) alkynyl

complex would form.

Sonogashira reaction of our substratgorked quite well with 83 % yield (Scheme 10).
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1 mol-% Cul,

m ©/ 1 mol-% (PPhs),PdCl,
DMF, Et;N
RT O
2 83% yield

Scheme 10: Sonogashira reaction of 2 with phenylagéene

In the first attempts a high amount of oxidativa$&r coupling happened as an undesired side
reaction. In a Glaser coupling two alkynes are atnely coupled via a Cu-catalyzed
mechanism. This side reaction is widely known im&yashira reactions, especially for
reactions with electron rich aryl halogenides. Ehesact rather slowly in a Sonogashira
reaction as an oxidative addition of electron mompunds to the metal is more unfavorable
than of an electron poor one. Therefore the Cuklhrgyl has enough time to react in a Glaser
coupling. As a Glaser coupling is an oxidative dogpan oxidant has to be present (Scheme
11).[65’77]

= Cu()) O
2 oxidant P é
7

Scheme 11: Glaser coupling

Table 4: Different parameters for Sonogashira couphg (Figure 34); base: E{N, T = RT; solvent: DMF

Entry 2 [mmol] phenyl?ecc(;.]tylene éjltalésztp[rgggﬁls)z Reaction time [d] conversion [%]
1 0.070 2.6 30 10 1 >99
2 0.343 13 5 5 1 >99
3 0.768 13 6 5 1 >99
4 5.47 11 1 1 4 >99
5 36.4 11 1 1 5 >99

At the very first experiment (Entry 1, Table 4) thalvent had been degassed, but the other
liquid reagent have not been. Additional phenyidesie had to be added as a lot2@fhad
formed. As Qs very soluble in many organic compulidsand phenylacetylene is not stored
under Ar, all liquid reagents (phenyacetylene atyNEwere added to DMF and were then
degassed together with Ar op b an ultrasonic bath. Also the catalyst loading &he excess

of phenylacetylene were decreas2dwas still forming, but in a lower amount than imtrg
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1. When the catalyst loading was decreased to 19m&ntry 4,5) the reaction time increased

rapidly.

Studies have shown thatsystems can inactivate Pd catalysts through corapt:!™

therefore the reaction rate with lower Pd loadiogld be probably maintained by adding
phenylacetylene via a syringe pump during the reactThat would result in a low
phenylacetylene concentration through the wholeti@atime, which would lead to a smaller

amount of inactive Pd-phenylacetylene complex.

A decrease of forme@7 with decreased catalyst loading was observed. thadilly 27
formation was detected at the beginning of the treacand the amount of7 stayed
approximately constant through the whole reactio®t This could give a hint that the Pd(ll)
pre-catalyst is reduced to the Pd(0) catalyst (®eh&2). If that is the case homocoupling of
the alkyne could be avoided by using a Pd(0) padgstt for instance Pd(PBRh

2 base + 2 phenylacetylene

p 9
i & L7 Reductive Elimination /
Cl—Pd'-L T4 Pd®+ -~
|
L Ligand Excha@ \\ L O ~
27

2 base.HCI

Scheme 12: Homocoupling through Pd(ll)

4.1.4 Heterogeneously catalyzed hydrogenation

b &
H
= 0" o 2 0”0
O catalyst, 4

3 THF
92 % yield

Scheme 13: General reaction scheme of the hydrogeiuen of 3

The first attempt to hydrogenadewas the classic approach with 5 mol-% 10%-Pd/Ceuiad
H, atmosphere with EtOAc as a solvent. GC-MS was tmerkaction control and after 16 h
all intermediates could be seen on GC-MS (Figure termediatesd8 and 28 have been

identified through their mass spectra.
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X
O
3 18
tr = 8.71 min tg = 8.19 min

L O
o O o O
O 28 O 4
tr = 8.26 min tr = 8.00 min
Figure 18: Educt 3, product 4 and intermediates 1&8; t; with method MT_50_S

The reaction finally stopped aft28 was formed4 was detectable, but even after 4 additional
days the amount a¢f had not increased. Another experiment had beed tug with the H-
Cube. A solution o8B in THF had been pumped in circle through the H«€aba flow rate of
0.5 mL/min, 60 °C, 60 bar Hand 10%-Pd/C as a catalyst. As in the previoug x@nt4
was detectable, but the reaction stopped aftefotineation 0of28. When 5%-Pt/C was used as
a catalyst further conversion #owas achieved. At 10 bar,knd after subsequent increasing
the temperature (RT - 50°C) full conversion wasieatd after 44 h. As this was a small scale
experiment (260 umda in 5.2 mL THF) better reaction conditions had &fbund, because
otherwise the reaction on the H-Cube would takei@acceptable amount of time on larger

scales. Therefore a screening for optimal react@rditions was made (Table 5).

Table 5: Screening of ideal reaction conditions focatalytical hydrogenation on H-Cube; Single run o20
mg 3 in 1.60 mL THF, flow = 0.5 mL/min, catalyst: %6-Pt/C

Entry T[°C] p [bar] area [%]
8.00 min 8.19 min 8.26 min 8.71 min
1 RT 1 - 61 39 -
2 RT 10 - 61 39 -
3 30 10 - 61 39 -
4 30 20 - 66 34 -
5 40 20 - 64 36 -
6 40 30 - 62 38 -
7 50 30 <1 65 35 -
8 50 40 <1 65 35 -
9 60 1 7 2 91 -
10 60 20 3 21 76 -
11 60 40 3 30 67 -
12 60 60 3 36 61 -
13 60 80 2 39 59 -
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The most interesting trend was the dependency esspre. At the same temperature [E&s
was transformed t@8 in most cases and also leéswas formed by increasing pressure
(compare Table 5; entries 3,4; .9-13). Normally thaction rate accelerates with higher H
pressure. An explanation could be that adsorptfdd,cand substrate on the metal surface in
this case is competitive. As every measurementmade just once, a failure in measurement

cannot be excluded. In no experiment a reductiche@benzene ring was observed.

All reaction mixtures of Table 5 were combined GLrBmol in 31 mL THF) and then further
hydrogenated on the H-Cube with the conditionsrafye9. Although the reaction was now
faster at these conditions, conversion was not ¢eimpfter 18 h (~90 % conversion). As this
is very inefficient and as Thales Nano, the produwéeH-Cube, recommends a concentration
of 0.05 mol/L substrate a larger scale directlyeto higher reaction times. Therefore it was
decided to make this reaction in batch with 5 mab%-Pt/C in THF under a Hatmosphere
at 60°C. After 45 h full conversion was observed drwas isolated in 92 % vyield (Scheme
13).

The H-Cube compared to the reaction in batch ithiat case not a good choice, because
longer hydrogenations on the H-Cube needs moratetteof the operator. For instance the
water reservoir has to be frequently refilled amgb ahe solvent level has to be checked
frequently, as the H-Cube must not run dry. Gehesalid, the H-Cube is the right choice for
small scale reactions, with reaction conditionsrofted to hydrogenate the substrate in one
flow. Also parameters, like temperature and presstan be easily varied. For all larger scale
reactions or in hydrogenations with low reactiotesaa hydrogenation in batch seems to be
more favourable, as hydrogenation can be done rmooneentrated. The down side of a
hydrogenation in batch is, that the catalyst habediltered off over celite and under inert

conditions to avoid an ignition of the catalyst.

An example, in which full conversion was obtained a single run on H-Cube, is the

hydrogenation 029 (Scheme 14).
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H-Cube,
OH controlled mode OH
10 % Pd/C

O 60 bar H, O
N
MeOH, 60°C
21 0.5 mL/min 29

full conversion

Scheme 14: Hydrogenation of 29 on H-cube; Full corvsion determined by GC-MS

4.1.5 lodination

ICI

DCM, RT
52 % yield

Scheme 15: lodination of 4

The iodination of4 worked selectively in para position to the oxyg&theme 15). Other
isomers or diiodinated products have not been fdun@&C-MS. Nevertheless the reaction
did not work absolutely clean, as some unidentifiggproducts had been formed. Therefore
was obtained in moderate yield after flash chrogyaphy. The reason for the additional
amount ICl (see 7.7.5) was a leakage of the dragpfunnel, therefore the ICl-solution was
not added quantitatively in the first place. In r@jious experiment 1.1 equivalents of ICI

were sufficient for complete conversion.

4.1.6 Reesterification

NaOMe O O/
MeOH, RT
65% yield |

5 6

Scheme 16: Transesterification of lactone 5 to meytester 6

The reaction worked cleanly in short reaction tinf€sheme 16). Our experiments have
shown that the use of dry methanol is crucial.rie experiment technical methanol was used.
At the first reaction control after 1.5 h full cargion t06 was observed, the reaction was
further stirred and the solvent was concentratediinrpump vacuum to avoid emulsions
during the work-up. It was then diluted with DCMdaneutralized with 2 M HCI at 0 °C.
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After the additional work-up another TLC showedtt®aompletely had saponified to a@8.
As between the reaction control and work-up notamithl TLC had been measured, it could
not be said at which stage that saponification BagpRapid deprotonation 86 removes the

compound from the equilibrium. As this step is veesible under these conditions the

reaction is driving towards formation 85 (Scheme 17).

O o
O O O O
)
O OH very rapidly O o
O O
35 35

o
+ OH
%H

Scheme 17: Equilibrium of reesterification/saponiftation

35 was isolated and could be successfully transfortoe@ in a Fischer esterification in

technical methanol (Scheme 18).

OH (@) OH ®)
H,SO,4

D ; SR
MeOH

C e
' 65% yield I

35 over 2 steps 6

Scheme 18: Fischer esterification of 35

After 19 h the reaction was cooled down to ambigthperature and poured on a
DCM/NaHCGs-solution/ice mixture after the work-upwas isolated in 65 % vyield over all
steps with traces &. As at the first reaction control 18, but5 and6 could be seen on TLC
the reaction may perhaps go mostly over the lackanstead of the direct esterification 36

to 6. That would also explain why Fischer esterificatie in that case a very fast reaction at
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relatively low temperatures, whereas most comméiggher esterification is done at reflux
and mostly several hours are required for high emions. In the inlet of the GC-M&
guantitatively lactonizes t6, which also shows that the lactdnean easily be formed.

All in all that means a Fischer esterification wb@lso be sufficient for the synthesis ®f

with 5 as starting material. As described above thatti@acs also possible with technical
methanol, but there is a downside on this reaction.the above described Fischer
esterification some cleavage of iodine had beengmized through the light pink colour of
the solution after dilution with DCM. That could bemoved through washing with 0.1 M
Na,S,0; solution. As &'-1 bonds are rather weak, elevated temperaturelightiexposure

over longer times of such compounds should be adbidherefore the transesterification
with NaOMe seems to be the better choice, as itWwaked without any detected iodine

cleavage.

4.1.7 Introduction of the trifluoromethane sulfonat e group

During the synthesis of the Glu-building block, tindluoromethane sulfonate (TfO) group
had been introduced twice by the same method (Selién

F FF
00O -
OH O:S,, :\S\\ F Pyridine FA< 0
Ar 00 DCM o
F O | |
F F 0°C>RT Ar
Method was used for:
oTf (0]
m O O/
TfO O O
[
2 7
90% yield 88% yield

Scheme 19: Used method for the introduction of th&fO-group

The reactions were almost clean and resulted ih Yigjds (90 % yield® and 88 % vyield’).
The purpose of the TfO-group in our synthesis isaadgaving group for later Pd cross-

coupling (see 4.1.2 and 4.1.3).
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4.2 Synthesis of the Lys-building block

The first idea for the synthesis of the Lys-builglimock was fron82 or from 3-bromophenol
as starting material (Scheme 20). The synthesisdigasissed later on, because of problems

with the Claisen rearrangement.

\L
OH OH

43 44

. acetone
allylboromide
y reflux

K2COs 98 % yield

OH

Wittig or HWE

full conversion O X :
I
(0]

32 21

Pd cat.
OH styrene
"Heck reaction"
Br

Scheme 20: Dismissed synthesis of the Lys-buildildpck

OH

The actual strategy of the Lys-building block stasith 4-aminosalicylic acid (Scheme 21)

and was synthesized until compoutiduring this thesis.

42



Results and Discussion

O OH O OH BF3.Et,0 O OH 5
H,SO 'BUNO F-B—F
HO BRI ™o T . 0 L
MeOH, reflux THF, @
NH 78% yield NH2  RT=.20°C>RT Nay
1 86% yield
kin-coloured solid 12
sKin-coloured sol light orange solid
1) 5 mol-% Pd(OAc),,
styrene
DMF, RT
2) activated carbon 11% yield
Ha,
O OH
o Oomss TBSCI, imidazole,
cat. DMAP ~o O
DMF, O
14 0°C™RT 26
colourless oil 76% yield brown oil

Scheme 21: Status quo of the Lys-building block

The Lys side chain was planned to be introducedawdittig reaction at first (Scheme 22).

The latest strategy is now via organozinc chemi&cheme 23).

PPhy
2 ® H
H imi H PPh
HO_~_ NTo\k imidazole NN NTo\k ............ e P NTO\k
0 Et,0/CHaCN o | 0
10 13:4 30 31
0°C A
Nal
' PPh ® H
H 3
Cl\/\/N\n/o\k Phs;\/\/N\ﬂ/O\\/
c
© 5 O
37

Scheme 22: Intended preparation of the Lys-side-clafragment as a phosphonium salt
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Zn
I~.~_NHBoC — > 1Zn__~_ NHBoc
DMF
30 0°C 38
Nal N, N
AN LI
Br Acetone, reflux )/
95% vyield I 1 IZn 40
36
OTBS

Approach tested with:
@Br or
N

Scheme 23: Preparation of various Lys-side-chain fgments as organozinc compounds

All these approaches will be discussed now in ndeteil.

4.2.1 Heck reaction of 3-bromophenol

In a former already dismissed synthesis route ed_trs-building block the carbon skeleton of
the phenylethyl side chain was also planned tonbbeduced over a Heck reaction (Scheme
23).

OH
OH 5 mol-% Pd(OAC)s,
) ©/\ 10 mol-% PPhs : O
N
Br Et;N, DMF O
20 120°C 21

Scheme 24: Intended Heck reaction of 20 with styren

No desired produc2l had been formed. In literature a Heck reactior2@fnvith styrene is

known!” Those reaction conditions and the catalyst hawn lapplied in one experiment
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(Table 6, Entry 1) an@1 was obtained as product (determined by GC-MS)lo&ear look on

the reaction conditions have shown that those eiffeey conditions®®®Y Those conditions
used with the cheaper Pd(OA@recatalyst also lead to the desired pro@ic(Entry 2). In
Entry 2 also formation of stilbene as a side prodvas detected, whereas in entry 1 just the
desired product was detected. Maybe stilbene foomatould have resulted from reductive
desoxygenation a21 or as mentioned in 4.1.2, metathesis had occuAsdhat phenomena
was now seen in many of our Heck reactions withesty, that could be investigated with an
additional experiment. If styrene substituted vatimethyl in 3 position is used as substrate
for the Heck reaction, a metathesis would be \atifby the appearance of stilbene with a
methyl substituent on each aromatic ring. Duerteetissues such an experiment has not been

performed yet.

As those reactions were just performed in a sneallesfor test purpose, the products have not

been isolated.

Table 6: Jeffrey conditions under which a successffideck reaction with 20 was obtained

] B Pd loading
Entry Base Solvent T[°C] Precatalyst Ligand Additi ve %]
0
1 Cy,.NMe  DMAc 80 [Pd('‘BusP)Br], - TBAC 1
2 Cy,.NMe  DMAc 80 Pd(OAc), PPh; TBAC 3

In Jeffery conditions the reaction overcomes thendard cycle in an Amatore-Jutand
mechanism (Scheme 25). Through the halide additatescomplexes can be formed and

pentacoordinated intermediates can occur in theytit pathway?®* %
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For instance an olefin

o © ’/
/PPhs ArX X, PPhs +L L PPhs -L PPhs
X—Pd\ _— (Pld—Ar _— X,I';’d—Ar —_— X—Pcli—Ar
PPh, X" PPhy, +x° PPh; +L PPh,
©
Nu
standard cycle
C)
Ar and Nu are x,FPhs o
now cis, rapid *------ = N RdA | e X
reductive elimination PPh3
Ar—Nu

Scheme 25: Amatore-Jutand mechanisf®?

In our case the addition of halide ions had a pasgffect on the reaction, but that cannot be
generalized, as it depends highly on the substeatdson the resulting rate determining step.
Sometimes an addition of halide ions can also @eatd the reaction rate. All in all it can be
said that Pd cross couplings are much more cometicas they are described in standard
catalytic cycles. Dependent on the reaction systethreaction conditions different pathways
could be followed. In Heck reactions the reactioechmnism can change during the reaction
progress, as the starting olefin is consumed ameva olefin is formed, which also can
coordinate to Pd with its-systent’*!

4.2.2 Wittig reaction with benzyltriphenylphosphoni um bromide

A Wittig reaction is made by deprotonation of a glmonium salt to the corresponding ylide,
which reacts with a carbonyl-group to an olefin gibsphine oxide. In the classic Wittig
reaction with unstabilized ylides mainly tAasomer results, whereas stabilized ones result in

the E-isomer®3

OH
X
t
O - ©
PPhy THF O

|

o Br@ reflux OH

32 33 34

Scheme 26: Wittig reaction of 32

46



Results and Discussion

Wittig reaction of32 with 33 (Scheme 26) leads to full conversiorBtb The product was just
determined by GC-MS. As the comparison of the nspsstrum with the mass spectrum from
the data base fits with 87%, a successful Wittagtien had been performed. Thesomer is
the suggested isomer, as HWE (see 4.4.3) and Hecktion (see 4.2.1) lead to thasomer,
which had ag of 7.28 min, wherea34 had a g of 6.64 min. Normally Wittig reactions with
33 results in E-olefins, Z-selectivity for 33 is reported for ortho-substituted aromatic
aldehydes, but not for meta-substituted dff#ég-he crude product was tried to be separated
from the triphenylphosphine oxide by crystallizatiand extraction, but neither of those
approaches were successful. As feor Z-isomer or even mixtures of those would be
sufficient for our synthesis, as the double bondldde hydrogenated anyway in a later step,
HWE and Heck chemistry were considered as an aliem Therefore further purification
via flash chromatography and a further characttomaby NMR were not executed.

Therefore the formation &4 cannot be ensured.

4.2.3 Horner-Wadsworth-Emmons reaction

The Horner-Wadsworth-Emmons (HWE) reaction is a ifrcation of the Wittig reaction,
where EWG-substituted organophosphonates are ¢ramsfl via deprotonation to the
corresponding stabilized ylides and react with oaglh compounds, which lead selectively to
E-olefins!®?!
OH
// _ KOBu O
g BT O X
reflux

21
Scheme 27: HWE reaction of 32

The HWE reaction of32 (Scheme 27) led to full conversion (determined ®g-MS),
although the reaction time was very long and masetand® had to be added after 3 d, as a
small excess of 1.05 equivalents&ffiad proved to be little efficient. A longer reactitime
compared to the corresponding Wittig reaction (8the26) was predictable as the HWE
reaction runs over a mechanism with reversiblesstaptil the elimination of the phosphate,

which lead to the product. These reversible stepsiso responsible f@-selectivity!®

The phosphonat@was prepared by a Michaelis-Arbuzow reaction (8uh28)
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Cl J

O /9
+ /|I3\ Lﬁ» £ 0 + T \/C|
j OK 160°C O) §
8

Scheme 28: Michaelis-Arbuzow reaction

The main reason for choosing HWE reaction was t¢neihg phosphate ester, which is water
soluble, even easily hydrolyzable respectively. réfae the stoichiometric amount of
phosphate ester is simply separated by the aqueatksup, whereas the triphenylphosphine
oxide mostly has to be separated via flash chrognaphy in Wittig reactions. After the work
up all phosphate ester had been separated froghethieed product, but several side products
had not. As at this time the synthesis, in whdhwas needed, was already dismissed, the
crude product was not further purified, it could be identified by NMR as the main
compound. By-products have not been identified,thete were several minor signals in the
NMR.

4.2.4 Claisen rearrangement

A Claisen rearrangement is a sigmatropic rearraegéenof vinyl-allyl ethers toy,s-
unsatuarated carbonyl or their corresponding emiwh fin cases of phenol ethers as starting
materials. That reaction happens over a concertethambered transition state usually at

high temperatures or with Lewis acids as catal/3té.

In a former planned synthesis of the Lys-buildiigck an intended regio-selective Claisen

rearrangement of a substituted allylic-phenolettas planned at later stage (Scheme 29).

\L
OH

O
. \
Claisen rearrangement O
O ___________________ -

Scheme 29: Intended Claisen rearrangement

Regio-selective Claisen rearrangements are justvRrfor resorcinol derivates with BEIn
literature!®®! As this was considered to be very risky, it wadtrto test Claisen
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rearrangement in an earlier step. An experiment mvade with AIC} as a Lewis acid at
ambient temperature (Scheme 30). The idea behatdaths that the 2-position dR may be
blocked by the Lewis acid and that therefore o#B8 may be formed through Claisen

rearrangement
\L
(0] OH OH
________ Al LN . 7
DCM

I RT I I
O full conversion (0]

42 43 44

Scheme 30: Attempted regioselective Claisen rearrgement; 43 was the desired compound

Complete conversion was detected by GC-MS and twakp were visible in the
chromatogram &= 5.36 min, m/z = 162, relative area = 28 %=t5.64 min, m/z = 162,
relative area = 72%). That data indicated some sbrtegio-selectivity, but later the
compounds could not be isolated and so no furtresfcould be found, that those peaks are
actually43 and44, if so, which one is the major product? Theretbeewhole synthesis of the
Lys-building block with the Claisen rearrangemeraswdismissed and a new synthesis was

planned.

4.2.5 Heck reaction with a diazonium salt

One of the most reactive leaving groups is herefore diazonium salts are very reactive
electrophiles in Pd cross coupling reactions. Diétam salts are prepared from anilines with
treatment of a nitrite. Dependent on the counterathe stability of the diazonium salt varies.
Tetrafluoroborates of the corresponding diazoniwmgound have been shown to have good

stability as they are readily isolable and air-k&5%!

In our first attempts a one-pot synthesis (Schemewas intended as some examples are
reported in literatur€ %8 Although the desired produ2 had formed, most of the

diazonium salt reacted with the solvent or hydrety£Table 7).
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OH 5 mol-% Pd(OAc),

o]
BF3.EO o7 ™ S} Styrene o oM
~ + ~ BF4 | .. -
© oo RT=-15°C>RT ° ° O
=~ -15°C>
NH solvent N@ RT =
22

2 N solvent
11 12

Scheme 31: Attempted one-pot synthesis of a Heckaetion from the diazonium salt 11; solvents in Tald
7

Table 7: Solvent screening of an one-pot attempt (Beme 31); GC-MS method: MT_50_S; all products
were just determined by GC-MS

tR [min]
Entry Solvent main - main product
product
O OH
o
1 MeOH 5.64 8.00
e
(0)
23
O OH
o
2 THF 4.67 8.00
24
O OH
not \O
3 DMF 5.85
detectable OH
25

The hydrolysis produc25 was formed in all reactions of Table 7. As just dolvents have
been used the water must have brought in via eergailost likely via théBuNO; as it is
stored in the fridge and has already been in usadweral years. That MeOH can act as a
nucleophile in that reaction was not surprising, lhas not been reported in literature, where
MeOH was also used as solv&if® In THF 12is hardly soluble and s was obtained as a
main product. This could have been formed throughreductive elimination of the
corresponding Pd-H comple®24 has also been formed in the other two entriesotoes

amount.
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Despite those reactions GC-MS data had shown tyi@ne seems to react with the excess of
'BUNO,. Therefore the one-pot attempt was dismissed 2hdas made from isolatei2
(Scheme 32).

Q OH BF 5 Et,0 O OH g
~ - ~ BF4
0 * NG J< 0
o~ © RT--15°C>RT ®
NH, THF N
86% yield N
1 12
o oH 5 mol-% Pd(OAc), o OH
g BE4 Styrene
0 o
©) RT —
Nan DMF
12 3% yield 22

Scheme 32: Formation of diazonium salt 12 and Hedleaction with isolated 12

In THF 12 precipitated and it could be isolated by simplyrdifion after addition of EO in
86 % yield. Asl2 is very labile to hydrolysis in solution no NMR d2 could be measured.
12 decomposed in every of our deuterated solventeruNg evolution. A measurement of
HRMS could also not been performed due to the themstability of12.

The following Heck reaction did work without anyrfieation of the hydrolysis produ2é. 22
could be determined by NMR after work up and paoaifion via flash chromatography. The
yield (3%) was rather poor as this was a smallressttion with 263 pmadl 2.

The Heck reaction was made on larger scale withibsexjuent hydrogenation in one pot
(Scheme 33). This approach has the advantagetha®d, which was previously used as
catalyst for the Heck reaction, is then adsorbedaotivated charcoal and is used as a
hydrogenation catalyst. This approach is frequenslgd in Heck reactions where the double

bond is not needed in the target mole¢tné®!
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1) 5 mol-% Pd(OAc),
styrene
2) Activated charcoal O OH

©)
1atmH
~0 BF4 2 ~o
® RT
Nan DMF
12 11% yield 26

Scheme 33: Heck reaction with following hydrationt one pot

Unfortunately the DMF used for this reaction wast moy and therefore most of2
hydrolyzed. Nevertheless, activated charcoal wae@do the reaction mixture as no further
N, formation was observed. A;Hitmosphere was installed ag@ was formed26 could be
isolated by treating the oily crude product witthVi3NaOH. The phenolate &6 precipitated
and could be filtrated26 was regenerated by treating the phenolat@@fvith saturated
NH4CI solution and following extraction with DCN26 could be characterized by NMR and

was pure enough for the next step.

4.2.6 Silylation

O OH O OTBS
TBSCI, imidazole,

~o O cat. DMAP o O
DMF,
0°C>RT

26 14

76% yield
brown oil colourless oil

Scheme 34: Introduction of the TBS-protecting group

The silylation of26 (Scheme 34) went as expected dddcould be isolated in 76 % vyield
after flash chromatography. The reaction was daisé gnce with a rather large excess of
TBSCI (3.0 eq). NMR analysis of the crude produadvged that the main impurity was at
0.92 ppm and 0.10 ppm, which is most likely 1,3edi-butyl-1,1,3,3-tetramethyldisiloxane,
the hydrolysis product of TBSCI. This could be aleu by using stoichiometric amount of
TBSCI.

4.2.7 Appel reaction

An Appel reaction is the substitution of a hydrapup with a halogen. A hydroxy group is
transformed in a leaving group with a halogen atéd triphenylphosphine and than @S
reaction with a halogenide as nucleophile is hapmgenThe corresponding halogenide is

formed with triphenylphosphine oxide as a by-pradiit
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PPh;
H Je H
HO_~_N \[(O\{/ Imidazole I ~_N \[(O\{/
10 13:4 30
0°C

full conversion

Scheme 35: Appel reaction of 10

The conditions for the Appel reaction® (Scheme 35) were done according to the literature
known synthesis ofert-butyl (5-hydroxypentyl)carbamate, which differs 10 just by the
number of carbons between nitrogen and oxygéhe reaction worked as describ&d,
was determined by GC-MS and most of the producithdnylphosphine oxide could be
crystallized out from EO/cyclohexane. The crude product was used withauthdr

purification for the synthesis of the correspondamgsphonium salt (see 4.2.8).

4.2.8 Synthesis of (3-(( tert-
butoxycarbonyl)amino)propyl)triphenylphosphonium io dide

a) neat, 100°C !
30 b) toluene, reflux 3

Scheme 36: Different reaction conditions for the sythesis of 31

In the attempted synthesis 3f the educB0O was completely consumed (determined by TLC)
under both reaction conditions (Scheme 36). Undiest-free conditions a yellowish liquid
had formed, which solidified during cooling to dlgerish amorphous solid. In toluene a two
layer system had formed, which led to the sameltresuunder solvent-free conditions. It
seemed that an ionic liquid had been formed. Nbetss, the crude product was very
impure in both cases. Identified impurities wernphenylphosphine and triphenylphosphine
oxide, which was brought in through the educt &&e7). Crystallization, extraction and even
flash chromatography failed to purify the crudedarct. Therefore the characterization of the
crude product is not clear, but NMR data indicabes31 had been formed in this reaction.
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Interestingly the synthesis of Eeft-butoxycarbonylamino)pentan-1-triphenylphosphonium
iodide was reported in literature at the conditiohsScheme 36a. The reason why it did not
work properly for the synthesis 81 is not clear, as just the length of the alkyl chiagtween

nitrogen and oxygen differs compared to the litegls synthesis”

4.2.9 Finkelstein reaction

In a Finkelstein reaction alkyl bromides or chlesdare exchanged to iodides through a
nucleophilic substitution. The driving force behitius reaction is the insolubility of the
forming NaBr or NaCl respectively, whereas Nal aduble in acetone. The corresponding

halogenide is thereby removed from the equilibritin.

N Nal _N

Z Z
BrM Acetone, reflux IM
95% yield

36 11

Scheme 37: Finkelstein reaction of 36

The Finkelstein reaction &6 to 11 worked almost quantitatively with 95 % vyield (Sofe
37). 11 seems to be very light sensitive as the yellovsishution turned colourless after
washing with 0.1 M Ng5,0s-solution, which turned light yellowish again afteeveral
minutes at evaporation on a rotary evaporator. 8fbez 11 has to be stored under light
exclusion, whereas room light exposure of sevesattidid not lead to detectable amount of

degradation.

Cl N ol - s > N (0]
N \ﬂ/ \{/ Acetone N \ﬂ/ \{/
(@) 3d at RT (0]
37 than reflux 30

Scheme 38: Finkelstein reaction of 37

At ambient temperatur80 was formed in the Finkelstein reaction3)f but after three days
just 24 % conversion could be determined by GC-I88héme 38). Therefore the reaction
mixture was heated under reflux. Complete convarsi37 was monitored by GC-MS after
additional 2 d, but the amount 80 stayed almost the same and another unknown cordpoun
had formed under these conditions as a main produ@&7 had decomposed @7 had
transformed td30 and 30 had further decomposed is not clear. As an aléglide is more

reactive, the second hypothesis would be moreyiKkalt that raises the question why the
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amount of30 stayed almost the same. That could be explaingd/byeasons. First of all, the
relative area of each compound on the GC chromatogs strongly dependent on the
ionization property of the compound and secondlyould be by chance, that the second
reaction control had been performed in that momédrare the amount &0 was relatively as

much as in the first one at ambient temperature.

As 30 was better accessible through an Appel reactiea 4s2.7), the above reaction was not

investigated any further.

4.2.10 Organozinc chemistry

The advantages of organozinc compounds are tHativedy low basicity and their tolerance
towards many functional groups. Therefore orgamziompounds can be made and act as
nucleophiles, which would not be possible with o@aagnesium or organolithium
compounds. Organozinc are more tolerant, but theyess reactive compared to the previous
mentioned ones. Sometimes organozinc compounds tbabe transmetalated to obtain the
desired reactivity or in some cases the electrephds to be activated by a Lewis acid for
successful reaction with the organozinc compfi#id.

The introduction of the side chain of the Lys-biuntgl block chain is planned through an
organozinc reagent. Therefore some test experimers done. In the following experiments
commercially available Zn-dust was sufficient tomgerate the organozinc species.

Zn CUCN.2L(CI NHBoc
I~ ~_NHBoc — » 1Zn_~_-NHBoc | Br -
DMF DMF/THF

% 0°C 28 -55°C = 0°C~-55°C-RT 39
23% yield

Scheme 39: Nucleophilic substitution of benzylbrondie by transmetalated 38

The Zn metal in the reaction witBO (Scheme 39) had been activated with chloro
trimethylsilane. As this was a test reacti@f,had been used as a crude product (impuruity:
triphenylphosphine oxide). Complete conversiorB0fwas detected by TLC. The excess of
Zn dust had to be filtered off to avoid undesirate geactions later on. in The solution3#
was added to CuCN.2LiCl solution at -55°C and tivammed up to 0°C via an ice bath for
several minutes to ensure transmetalation. Benayllole was added afterwards at -55°C.
After an hour a sample was prepared for GC-MS aimlgnd the reaction mixture was

warmed up stepwise from -55°C to 0°C and then tbianmt temperature. The sample from -
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55°C did not show any desired product formatiori,dbsample prepared after 15 h at ambient
temperature did show formation of a compound, wHralgmentation pattern in the mass
spectrum did fit for39. To gain further proof the crude product was isaaafter a work-up
and purified via flash chromatography. NMR analygé&e additional confidence that the
isolated compound i89. *H-NMR fits, in the ATP-spectrum the signal to noisgio is too
bad for the quaternary carbons, but the other casignals do match. HH-COSY and HSQC
NMR experiments also support the structur8®f

1,2-Diphenylethane most likely formed through a ¥ooupling was detected by GC-MS as
a side product.

N Zn N CuCN.2LiCl
7 > 7
I/\/ |Zn/\/ . Br \\
THF THF N
11 RT 40 -30°C~>-78°C>0°C-RT a1

Scheme 40: Nucleophilic substitution of benzylbrondie by transmetalated 40

The preparation ol0 (Scheme 40) is known in the literature and theeefib was done
according to the reported procediff&Zn dust was activated with chlorotrimethylsilameia
1,2-dibromoethane. The complete conversiodbfvas detected after 35 min. As above the
remaining Zn dust was filtered off and the filtratas added to a CuCN.2LiCl solution. In
contrast to the reaction in Figure 48 the reaatnixture was not warmed up, but cooled down
to -78°C at which benzylbromide was added. As alibeereaction was warmed up stepwise
after an hour from -78°C to 0°C, at which tempeamata sample for GC-MS analysis was
prepared, to ambient temperature. Nowas detected in the sample taken at 0°C. Afteln 13
at ambient temperature another sample for GC-MSpsggared, in which the formation of
41 could be detected. A&l is known in the MS database and the mass spediisito 90%,

it was seen as sufficient proof for the formatidndd and41 was not isolated in that test
reaction. As above 1,2-diphenylethane was detexgexdside product.
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S5 Summary

The aim of this thesis was the synthesis of the &hd Lys-building blocks.

i HO oH c T,
120° N Pyridine F A
oY OO, e Bl
OH O conc. H,SO, HO o "0 DCM, " e o "0
29% vield 0°C~RT,
oY 1 90% yield 2
skin-coloured solid light orange solid
phenylacetylene, DMF, Et3N
1 mol-% Cul, RT

1 mol-% (PPh3),PdCl, 83% vyield

Pes
1 atm Hy,
' _ SkPIC
Icl
) )

O - O THF
60°C
5 DCM, RT 4 92% yield
yellowish solid 52% yield orange oil brown solid
MeOH, RT
NaOMe 65% yield -
L0
F o’/S\O (0]
OH O Tf,0, pyridine

~
e AT
O 0 DCM,
0°C—>RT O

O 88% yield '

I Glu-Building Block

6 7

orange oil yellowish solid

Scheme 41: Synthesis route of the Glu-building bléc

A synthesis of the Glu-building block was estat#idlwith an overall yield of 6 % (Scheme
41).

One synthesis strategy for the Lys-building blocdntained a regioselective Claisen
rearrangement (Scheme 42). As there is a high thsit,the desired regioselectivity could be
achieved, the Claisen rearrangement was planned igarly step of the synthesis (Scheme

30). A test reaction showed that a regioselectilas€n rearrangement product could not be
isolated (see 4.2.4).
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H-Cube,
OH controlled mode OH
10 % Pd/C
©/\ _KoBu O 60 bar H, O
o weon s [
0.5 mL/min 29
8 21
allylbromide | K2COs
' acetone
' /

Claisen Rearrangement

Scheme 42: Dismissed synthesis of the Lys-buildifidpck; no yields are given as all steps were jusest

reactions; planned steps are shown in dashed lines

A synthesis of the Lys-building block was plannedwhich the substitution pattern of the
aromatic ring is already given in the starting matgScheme 43). The synthesis of the Lys-
building block could not be finished during thig#is and is therefore still under construction.

O OH BF3.Et,0 O OH o
H,SO ‘BuNO F-B—F
HO o 9B _ Bl g ||:
MeOH reflux THF, ®@
NH; 78% yield H> RT>-20°C*RT N\\\N
86% vyield
12

skin- coloured solid light orange solid

1) 5 mol-% Pd(OAc),,

styrene
DMF, RT
2) activated carbon 11% yield
Ha,
0 oTBS o0 OH

TBSCI, imidazole,

~o O cat. DMAP ~o O
-
0 o ®
14 0°C>RT 26

colourless oil 76% yield brown oil

Scheme 43: Status Quo in the synthesis of the Lysiltling block
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6 Outlook

In short term the synthesis of the Lys-buildingdildas to be finished (Scheme 44).

O OTBS OTBS OTBS
AA® : S Bf‘
---------- - R
1 ‘
colourless oil
N

//N Zn Z h
—_— ' CuCN.2LiCl

1 Izn”~ 40 !

Y

OH OTBS

Lys-Building Block

Scheme 44: Planned steps of the Lys-building blocynthesis

In longer term the goal is to transform the iodidethe MIDA boronate via a Miyaura

borylation to synthesize the ApoAl mimetics throwsgiguential Suzuki couplings (Scheme
45). After the ApoAl mimetics are made from thelding blocks the esters have to be
cleaved to the corresponding acid and the nittilage to be reduced to the corresponding

amines. These mimetics will be than ready to biedeas drug carriers.

As the Glu-building block is already available ttwncept of the sequential Suzuki coupling

could already be tested and optimized.
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OTf
‘/\/?/

1) (PPh3),PdCl, cat.
base, bis(pinacolato)diboron

2) H*
3) N-methyliminodiacetic acid
toluene/DMF
OTf 0]
R' /
‘ R, R" B‘L/\)J\O
® "
Oo'B Me }{\/\\\N

00 Suzuki-Miyaura coupling
og
O B(OH), O O

/B\
o /N,Me
OH deprotection aq. NaOH Ooﬁ
LN\
HO™ ~O

Scheme 45: Sequential Suzuki coupling with previousgliyaura borylation
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7 Experimental Section

7.1 General

All chemicals were purchased from Merck, Sigma #&ldr Fluka, Acros Organics or Alfa
Aesar. All chemicals, if not mentioned otherwisegrev used as purchased. Solvents were

bought and/or prepared as described in 7.2.

When it was necessary to work under inert condstian Schlenk flask or a round-bottom
flask with an attached Schlenk adapter was heatddrwacuum with a heat gun. When the
flask had cooled down, it was flushed with Ar os. Rl solids and dry solvents were added

to the flask by an inert gas counter flow.
Every reaction, if not mentioned otherwise, wasrerently stirred with a magnetic stir bar.

Hydrogenation catalysts were removed by filtratibrough celite under an inert atmosphere.
The filter cake was washed with water and it wasntllisposed wet in a plastic bottle

separated from flammable material.

Molecular sieves were activated by heating (~150ACG) round-bottom flask under vacuum

for several hours until a constant pressure waasirodd.

7.2 Solvents

Acetone: Acetone was distilled over a rotary evaporator stoded in a brown glass bottle.
Cyclohexane:Cyclohexane was used as purchased and stored piastic bottles.

Diethylether: Purchased diethylether was distilled over a roergporator to remove the

stabilizer. The distilled EO was stored in a brown glass bottle over KOH.

DCM: DCM was used as purchased and stored in 5 L plastites.

Dry DCM was prepeared by pre-drying DCM over phasph pentoxide and subsequent
refluxing under an inert atmosphere over GaMfter several hours of refluxing it was
distilled off and stored in a brown glass bottlehaé Schlenk adapter over 4 A molecular

sieves and under Ar.
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DMF: Dry DMF was purchased and refilled in a brown glastle with a Schlenk adapter. It

was stored over 3 A molecular sieves and under Ar.

Ethyl acetate: Ethyl acetate was used as purchased and sto#8 inbrown glass bottles.

Methanol: Methanol was used as purchased and stored inl&stigbottles.
Methanol was dried by refluxing oves activated Mg under an inert atmosphere. After
several hours of refluxing it was distilled off asired in a brown glass bottle with a Schlenk

adapter over 3 A molecular sieves and under Ar.

Pyridine: Extra dry pyridine was used as purchased in a thrghass bottle over molecular
sieves and under an Ar atmosphere closed by arsepvery amount of pyridine was taken

by using an Ar balloon as pressure equalization.

THF: Purchased THF was distilled over a rotary evaporat separate it from the stabilizer.

The distilled THF was stored in brown glass bottesr KOH.

THF was dried by refluxing stabilizer free THF ov@&ta in an inert atmosphere.

Benzophenone was used as indicator. THF was coaslides dry when the indicator coloured
purple and was then distilled off. Dry THF was stbin a brown glass bottle with a Schlenk

adapter over 4 A molecular sieves and under Ar.

Triethylamine: Triethylamine was used as purchased and storeswnbglass bottles.
Triethylamine was pre-dried by refluxing it over KKQor 2 h under an inert atmosphere. Pre-
dried triethylamine was finally dried over Catinder an inert atmosphere. Triethylamine was
considered as dry after several hours of refluxng subsequent distilled off and stored in a
brown bottle with a Schlenk adapter over 4 A molecsieves and under Ar.

7.3 Separation techniques

7.3.1 Thin layer chromatography

For many reactions thin layer chromatography (T@}p used for reaction control. Silica on
aluminium plates were used for TLC. TLC plates wguechased from Merck (Merck silica

gel 60-ks4). Spots were visualised by U¥ € 254 nm or 366 nm) or by a CAM- or ninhydrin
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solution as spraying reagent. TLC plates were gdmghted with a heat gun to accelerate the

reaction with the spraying reagent-\Rilues and eluent composition are each given.

CAM: 5.0 g phosphomolybdic acid and 15 mL congS@, were dissolved in 200 mL .
2.0 g Ce(S@). were added slowly and stirred until all solid panad dissolved to form a

yellow solution.

7.3.2 Flash chromatography

For purification via flash chromatography, 60 Acsilgel from Acros Organics was used. The
particle size was distributed between 35 um andm0Dependent on the separation problem
50 to 100 times as much Si@s the weight of the crude product was used. Thenm
diameter was chosen that the resulting column hewgas between 15 and 30 cm.
Chromatography was performed under elevated pressoplied by a hand pump. Hardly

dissolvable compounds were usually former adsodne@elité.

7.3.3 Gas chromatography
An Aglient Technologies 7890A GC-System with a pdt-5MS capillary column (length:

30 m, diameter: 0.25 mm, film thickness: 0.26n) was used for analytical gas
chromatography. Substance mixtures were separatethdir differing boiling point and
polarity. The samples were applied to the columrsplit mode. Helium 5.0 was used as a
carrier gas. The detection of the compounds waseaeth by the mass selective Agilent
Technologies 5975C inert MSD with Triple-Axis Det&c lonisation of the compounds for
MS was achieved by an El-ionisation source withogeptial of E = 70 eV. MT_50_S or
MT_50_35S were used as methods.

MT_50_S:50 °C 1 min; rampe 40 °C*niify linear until 300 °C; 300 °C 5 min; solvent delay:
4.0 min.

MT_50_35S:50 °C 1 min; rampe 40 °C*mih linear until 300 °C; 300 °C 5 min; solvent
delay: 3.5 min.

Integrals over the peak areas were consideredoforersion control. These values have to be
considered as relative, because in no measuremtrnal standards were used and the

intensity of each peak is dependent on the iommgtibtential of each compund.
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7.4 Nuclear Magnetic Resonance

All NMR spectra were measured by a Bruker AVANCE (B00.36 MHz*H-NMR, 75.53
MHz-*C-NMR) with autosampler. The solvent peak of thsideal protonated solvent was
used as internal standard in edghand APT spectrum. To increase clarity, by dednegthe
number of signals in APT spectra, all ATP spectezedH-decoupled. Signal multiplicities
were written as s (singlet), bs (broad singlet)dalblet), dd (doublet of a doublet), t (triplet),
g (quadruplet), p (pentet) and m (multiplet). Algrsals were assigned to their binding
situation (G for quaternary carbons/*Cfor aromatic carbons, i for aromatic hydrogen, CF,
CH, CH;, CH;, OH, NH). The chemical shift is given in ppm and the coupling constars

given in Hz (Hertz).

7.5 Melting points

All melting points were determined by "MelTemp®'ofn Electrothermal with a built in
microscope. Melting points were measured threedifoeeach compound and they were not

corrected with a standard.

7.6 High resolution mass spectroscopy

All measurements of high resolution mass spectmseeere done by Prof. Dr. Robert Saf
and his group on a “Waters GCT Premier” systemr atirisation with an El-ionization

source with a potential of E = 70 eV. Calculated areasured masses are given each.
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7.7 Experimental procedures

7.7.1 7-Hydroxy-2 H-chromen-2-one (1)

JO B!
HO O 0

CAUTION: This reaction has to be performed in alwehtilated hood as CO-gas evolves!
In a 1000 mL 3-neck-flask, equipped with a mechangtirrer and an air cooler with gas
exhaust, 80 mL conc.480, were added to 25.6 g (232 mmol, 1.50 eq) resoreind 20.8 g
(155 mmol, 1.00 eq) D/L-malic acid. The grey-brosuspension was heated to 120°C via an
oil bath. During the heating process the colouthaf reaction mixture changed over a skin
coloured to a yellowish foamy suspension. At 12@°§trong gas evolution occurred resulting
in yellow voluminous bubbles. After 85 min no fugthgas evolution (CO) could be seen,
therefore the orange suspension was allowed todmeh to RT. When the reaction mixture
had cooled down, the whole reaction mixture wasrgawn 1000 mL bD/ice mixture. A
greyish solid precipitated. The mixture was transi@ to a separating funnel and extracted
with 150 mL EtOAc. The two layers were separatedl huie aqueous layer was extracted with
EtOAc (4 x 100 mL). The combined organic layers everashed with saturated NaHgO
solution (1 x 50 mL), brine (1 x 100 mL), dried o\WWa,SO, and filtered through a glass frit.
The filter cake was washed with EtOAc (3 x 10 mhpdhe filtrate was concentrated on a
rotary evaporator. 10.4 g (64.1 mmol, 41 %) ofghtiorange solid was obtained as a crude
product. The impure crude product (purity was cleecky'H-NMR) was further purified by
dissolving it in 200 mL EtOAc and washing it witatsrated NaHC@solution (3 x 30 mL).
The combined organic layers were dried ovep9@ and filtered through a glass frit. The
filter cake was washed with EtOAc (3 x 5 mL), thirdte was concentrated on a rotary
evaporator and the obtained skin coloured solid @vaed in vacuum. The product was used

in the next step without further purification.
Yield: 7.41 g (45.7 mmol, 29%) skin coloured solid
CoHeO3[162.14 g/mol]

Rt = 0.22 (Cyclohexane/EtOAc 2:1) (fluorescence in, MAM)
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mp = 206 - 218°C (Lit®*% mp = 227 - 228°C)

GC-MS (MT_50_S): & = 6.78 min;m/z (%): 162 (70) '], 134 (100) M*-CO], 105 (24)
[M*-C,HO,]

'H NMR (300 MHz, DMSO)3 = 10.57 (bs, 1H; OH), 7.92 (8w = 9.5 Hz, 1H; #"), 7.52
(d, ®Jun = 8.5 Hz, 1H; K", 6.78 (dd3Jun = 8.5, 2.2 Hz, 1H; H), 6.71 (dJun = 1.9 Hz, 1H;
HAY, 6.19 (d,2Jun = 9.5 Hz, 1H; &) ppm.

3C NMR (76 MHz, DMSO):8 = 161.2 (G, CV), 160.41 (G, C"), 155.5 (G; C"), 144.49
(C™M), 129.7 (€"), 113.1 (€"), 111.4 ("), 111.3 (G, C"), 102.12 (") ppm.
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7.7.2 2-Ox0-2H-chromen-7-yl trifluoromethanesulfonate (2)

F
X
e (I
O” o) o 0O

In an evacuated, flame-dried and fNished Schlenk flask 20 mL DCM and 740 uL (725 mg
9.17 mmol, 1.44 eq) pyridine were added to 1.046.89 mmol, 1.00 eql. The orange
suspension was cooled via an ice-bath to 0 °C. inB5(2.26 g, 8.02 mmol, 1.26 eq)
trifluoromethanesulfonic anhydride were added drgpwia a septum within 10 min. The
ice-bath was removed and the yellow-orange suspengas warmed up to RT. After another
4.75 h full conversion was detected via GC-MS ah@€ TThe reaction mixture was diluted
with 100 mL DCM and quenched with 100 mL,® The layers were separated and the
agueous layer was extracted with DCM (2 x 50 mlh)e Ttombined organic layers were
washed with brine (1 x 50 mL), dried overJS&, and filtered through a glass frit. The filter
cake was washed with DCM (3 x 5 mL) and the fitratas concentrated on a rotary
evaporator. The resulting dark orange oil crystatliat RT to a light orange solid.

Yield: 1.70 g (5.76 mmol, 90 %) light orange solid
C1oH5F305S [294.20 g/mol]

Rt = 0.33 (Cyclohexane/EtOAc 2:1) (UV)

mp = 77 - 78°C (Lit"? mp = 74-76°C)

GC-MS (MT_50_S): & = 6.38 min; m/z (%): 294 (66M'], 161 (47) M*-CF0,S], 133
(100) M*-CgHs04], 69 (44) M"-CoHs05S]

'H NMR (300 MHz, CDCJ): & = 7.72 (d,33un = 9.6 Hz, 1H; K", 7.59 (d,%J4n = 8.6 Hz,
1H; HY), 7.28 (d,%Jun = 2.2 Hz, 1H; K", 7.22 (dd*Ju = 8.6, 2.3 Hz, 1H; H), 6.49 (d,
33un = 9.6 Hz, 1H; K" ppm.

¥C NMR (76 MHz, CDC}): 6 = 159.36 (G, C"), 154.75 (G, C*), 150.99 (G, C*), 142.20
(C™), 129.56 (C€"), 118.93 (G, C"), 118.8 (d,"Jcr = 321 Hz; CR), 117.95 (C'), 117.88
(C™), 110.70 (&".
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7.7.3 7-(Phenylethynyl)-2 H-chromen-2-one (3)

O

In a evacuated, flame dried and fiushed Schlenk flask 5.0 mL (3.7 g, 36 mmol, 6e8p
EtsN and 630 pl (586 mg, 5.74 mmol, 1.06 eq) phenyldeee were added to 10 mL dry
DMF. The resulting mixture was degassed with,gbBllon in an ultrasonic bath for 10 min.
38 mg (54 pmol, 0.01 eq) Pd(PfICl, were added to the light yellow solution. To the
resulting bright yellow solution 1.59 g (5.42 mma&lQ0 eq)2 were added. A darkish red
solution resulted to which 10 mg (53 umol, 0.00§8 @ul were added. After 115 h a brown
solid had precipitated from the dark red solutiBull conversion was detected by TLC and
GC-MS. A water bath was used to cool the reactimh 20 mL BO and 5 mL 0.1M HCI
were added to the reaction mixture. 20 mL DCM wemlded and the layers were separated.
The aqueous phase was extracted with DCM (3 x 1) the combined organic layers were
washed with saturated NaHg@®polution (1 x 20 mL), dried over NaQO, and filtrated through

a glass frit. The filter cake was washed with DC3/x(5 mL). The filtrate was concentrated
on a rotary evaporator and finally evaporated endhh pump vacuum. 1.62 g brown solid was
obtained as crude product, which was recrystallizech 74 mL EtOH. After the mother
liguor was cooled down to RT the flask was put iatdridge at -23°C. After 5 d the
overlapping liquor was decantated, the crystaleweaashed with cold EtOH (2 x 1.5 mL) and
dried in vacuum. 857 mg of a chocolate brown suolate isolated. The mother liquor was
evaporated and recristallized a second time to gneher 250 mg of product.

Yield: 1.11 g (4.50 mmol, 83%) chocolate brown @oli
Cl7H1002 [246.27 g/mol]
Rt = 0.48 (Cyclohexane/EtOAc 2:1) (UV/ICAM)

mp = 175-176°C
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GC-MS (MT_50_S): & = 8.71 min;m/z (%): 246 (100) 1*], 218 (93) M*-CO], 189 (61)
[M*-C,HOy]

'H NMR (300 MHz, CDCJ): & = 7.69 (d Jun = 9.5 Hz, 1H; H"), 7.59 — 7.52 (m, 2H; §),
7.48 — 7.30 (m, 6H; ), 6.42 (d 234y = 9.5 Hz, 1H; K") ppm.

C NMR (76 MHz, CDCH): 5 = 160.4 (G, C*), 153.9 (G; C), 142.8 (C"), 131.8 (C"),
129.0 (C"), 128.5 (C"), 127.8 (C"), 127.7 (C"), 127.0 (G, CV), 122.4 (G, C*), 119.6
(CY), 118.7 (G; C*), 116.9 (C"), 93.0 (G), 88.0 (G) ppm.

HRMS (EI): calculated for¥1™]: 246.0681; found: 246.0683
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7.7.4 7-Phenethylchroman-2-one (4)

Saaee

In a 50 mL round-bottom flask, equipped with a 8akladapter, 4.86 g (19.7 mmol, 1.00 eq)
3 were dissolved in 50 mL THF. To the dark brownsstution 3.85 g (987 pmol, 0.05 eq)
5% Pt/C were added. A reflux condenser equippel witp-ballon was put on top and the
apparatus was evacuated (2x) and flushed witli2kd). Under vigorous stirring the reaction
mixture was heated via an oil bath to 60 °C. A#8rh the H-balloon was refilled. After
additional 22 h full conversion was detected by KES-and the reaction mixture was cooled
down to ambient temperature. The reaction mixtuas Witrated through celite under inert
conditions and the filter cake was washed with THFx 10 mL). The filtrate was
concentrated on a rotary evaporator and the resutid-brown oil was further dried in

vacuum.
Yield: 4.67 g (18.5 mmol, 94 %) red-brown, fruityelling oil
C17H1602 [252.31 g/mol]

Rt = 0.65 (cyclohexane/EtOAc 2:1) (UV/ICAM)

GC-MS (MT_50_S): & = 8.01 min;m/z (%): 252 (45) M'], 161 (93) M*-C;H;], 91 (100)
[M™-C10HeO5]

'H NMR (300 MHz, CDCY): & = 7.26 - 7.21 (m, 2H), 7.19 — 7.09 (m, 3H), 7.60404 = 7.5
Hz, 2H), 6.88 — 6.81 (m, 2H), 2.92 1y = 7.2 Hz, 2H), 2.86 (s, 4H), 2.72 1y = 7.2 Hz,
2H) ppm.

C NMR (76 MHz, CDC}): 6 = 168.9 (), 152.1 (G; C*), 142.6 (G; C"), 141.4 (G; C™),
128.53 (€"), 128.52 (€"), 127.9 (€"), 126.2 (C"), 124.7 ("), 120.1 (G; C), 116.9 (C"),
37.7 (CH), 37.4 (CH), 29.5 (CH), 23.5 (CH) ppm.

HRMS (EI): calculated for§1*]: 252.1150; found: 252.1154
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7.7.5 6-lodo-7-phenethylchroman-2-one (5)

An evacuated flame dried and Ar flushed 250 mL 8knikask, equipped with a 50 mL
dropping funnel and a gas-inlet, was charged wi#94g (17.8 mmol, 1.00 e and
additionally evacuated (1x) and Ar flushed (1%)was dissolved in 20 mL absolute DCM
resulting in an orange-brown solution. 20 mL (3220 mmol, 1.12 eq) of a freshly prepared
1.0 M ICl-solution in DCM were filled into the drpmg funnel. The ICI-solution was added
dropwise within 10 min to the reaction vessel resglin a deep red-brownish solution. After
24 h no further conversion (94% conversion}ofas detected and additional 300 mg (1.85
mmol, 0.090 eq) ICI were added to the reaction onect After additional 16.5 h it stopped at
96 % conversion, therefore another 320 mg (1.97 mM699 eq) IC| were added to the
reaction mixture. After additional 2.5 h full coms®n was detected by GC-MS. The reaction
mixture was diluted with 60 mL DCM and quenchedrmd0D0 mL 0.1 M Ng5,03 solution.
The brownish mixture was transferred to a sepagdtimnel and the layers were separated.
The organic layer was washed with 0.1 M,8&;3 solution (1 x 50 mL ) and the combined
aqueous layers were extracted with DCM (1 x 20 hdnt4 x 10 mL). The combined organic
layers were washed with brine (1 x 50 mL), 0.1 My$#&3 solution (1 x 20 mL), dried over
NaSO, and then filtered through a glass frit. The filteke was washed with DCM (4 x
5mL) and the filtrate was concentrated on a roeMgporator. 6.59 g of a dark red-brownish
oil was obtained as a crude product. The crudeymtostas purified via flash chromatography
(1100 mL SiQ; 25 x 8 cm, solvent mixture: cyclohexane/EtOAc11(R = 0.30; 250 mL
fractions, pooled fractions: 10 and 11, 12 - 14at8 16).

Yield: Fractions 12-14: 3.48 g (9.20 mmol, 52%)lgeish solid

C17H150,! [37821 g/mol]

R = 0.72 (Cyclohexane/EtOAc 2:1) (UV/CAM)
mp =64 - 71°C
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Experimental Section

GC-MS (MT_50_S): & = 9.31 min);m/z (%): 378 (21) M*], 287 (46) M*-C;H;], 251 (15)
[M*-1], 91 (100) M*-C1oHgO5l]

'H NMR (300 MHz, CDCJ): 6 = 7.58 (s, 1H; H), 7.24 — 7.13 (m, 5H; #), 6.81 (s, 1H;
HA", 2.95 — 2.77 (m, 6H; CH, 2.69 (t,*Jun = 7.5 Hz, 2H; CH) ppm.

C NMR (76 MHz, CDC}): 8 = 168.0 (G), 152.4 (G; C), 144.7 (G; C*), 140.9 (G; CV),

138.4 (C"), 128.6 (C"), 128.6 (C"), 126.4 (C"), 122.7 (G; CV), 117.9 (C"), 93.8 (G; C™),

42.7 (CH), 36.4 (CH), 29.1 (CH), 23.0 (CH) ppm.

HRMS (EI): calculated for§1*]: 378.0117; found: 378.0127
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Experimental Section

7.7.6 Methyl 3-(2-hydroxy-5-iodo-4-phenethylphenyl)  propanoate (6)

|
T
O OH

In an evacuated, flame dried and Ar flushed 10 md-heck flask, equipped with a gas inlet,
2 mL absolute MeOH were cooled via an ice bath € 0To the MeOH 33 mg (1.44 mmol,
26 eq) small Na pieces were added in small porti@as evolution was observed. After all
Na had been consumed and no further gas evolutiam detectable the whole NaOMe
solution was added to 21 mg (56 pmol, 1.0%®q) a 10 mL Schlenk flask. After 40 min full
conversion was detected by TLC. The orange solwtias diluted with 5 mL DCM and to the
solution 2 mL HO as well as 2 mL 2 M HC| were added. The mixtusswansferred to a
separating funnel. The layers were separated anddhbeous layer was extracted with DCM
(2 x 5 mL). The combined organic layers were washigdl saturated NaHC{>solution (1 x 5
mL), dried over MgS@® and filtrated through a glass frit. The filter eawas washed with
DCM (2x 2 mL) and the filtrate was concentratedaorotary evaporator. The orange oil was

dried in vacuum.
Yield: 15 mg (37 pmol, 65%) orange oil
Clngg|03 [41025 g/mol]

Rt = 0.60 (cyclohexane/EtOAc 2:1) (UV/CAM)

GC-MS (MT_50_S): lactonizes t6in the inlet.

'H NMR (300 MHz, CDC)): 6 = 7.44 (s, 1H; OH), 7.29 (s, 1H;"H, 7.25 — 7.09 (m, 5H;
HA, 6.72 (s, 1H; ), 3.63 (s, 3H; Ch), 2.88 — 2.69 (m, 6H; CH, 2.63 (t,*Jun = 5.9 Hz,
2H; CH,) ppm.

C NMR (76 MHz, CDC}): & = 176.3 (G), 155.0 (G; C*), 144.2 (G, C™), 141.5 (G; C™),
140.8 (C"), 128.6 (C"), 128.6 (C"), 127.9 (C"), 126.2 (C"), 118.7 (C"), 89.1 (G; C™),
52.6 (CH), 42.7 (CH), 36.7 (CH), 35.1 (CH), 23.9 (CH) ppm.

HRMS (EI): calculated for§1*]: 410.0379; found: 410.0378
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Experimental Section

7.7.7 Methyl-3-(5-iodo-4-phenethyl-2-(((trifluorome  thyl)sulfonyl)oxy)
phenyl)propanoate (7)

tF
O\\S)<F

g \b O

In an evacuated, flame dried and Ar flushed 100Suhlenk flask a solution of 2.32 g (5.65
mmol, 1.00 egp in 2 mL DCM was diluted with 20 mL absolute DCM4InmL (1.37 g, 17.3
mmol, 3.07 eq) pyridine were added to the lighhgesolution and the reaction mixture was
cooled down via an ice bath to 0 °C. 1.45 mL (448.62 mmol, 1.53 eq) 7® were added
dropwise to the light orange solution within 10 miburing the T§O addition an orange solid
formed, which dissolved after several seconds. rAdidgditional 10 min the ice bath was
removed and the reaction mixture was allowed tonwap to RT. After another 45 min full
conversion was detected by GC-MS and TLC. A watgh lwas put under the vessel for
cooling purpose. The reaction mixture was dilutathv20 mL DCM and quenched slowly
with 20 mL HO. A solid precipitated, but dissolved after seaeconds under vigorous
stirring. The mixture was transferred to a sepagatunnel, the layers were separated and the
aqueous layer was extracted with DCM (4 x 10 mlhe ombined organic layers were
washed with brine (1 x 20 mL), dried over Mg&s@nd filtered through a glass frit. The filter
cake was washed with DCM (3 x 2 mL) and the fidtratas concentrated on a rotary
evaporator. The orange oil was further dried inuve. 3.04 g of an orange oil was obtained
as a crude product. The crude product was adsanbdds50 g Celit® and further purified via
flash chromatography (600 mL SiC20 x 6 cm, solvent mixture: cyclohexane/EtOAc120:
Rr = 0.26; 150 mL fractions, pooled fractions: 6 - 9)

Yield: 2.70 g (4.98 mmol, 88%) light yellowish sibli

CigH18F3105S [542 31 g/mol]

R: = 0.80 (cyclohexane/EtOAc 2:1) (UV/CAM)
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Experimental Section

mp =34 - 36 °C

GC-MS (MT_50_S): & = 8.66 min;m/z(%): 542 (3) M*], 451 (6) M*-C;H], 282 (13) M*-
CgH+F3], 91 (100) M*-CyoH11F3105S].

'H NMR (300 MHz, CDCY): & = 7.74 (s, 1H; H), 7.25 — 7.10 (m, 5H; #), 6.94 (s, 1H;
HA", 3.63 (s, 3H; Ch), 2.97 — 2.86 (m, 4H; CHl, 2.84 — 2.74 (m, 2H; CH, 2.57 (t,°Jun =
7.6 Hz, 2H; CH) ppm.

¥*C NMR (76 MHz, CDC}): & = 172.5 (@), 148.0 (G; C), 145.2 (G, C™), 141.7 (¢"),
140.5 (G; CY), 132.9 (G; C™), 128.7 (€"), 128.6 (C"), 126.5 (C"), 122.2 (C"), 118.6 (d,
ek = 320 Hz; CE), 99.7 (G; CY), 52.0 (CH), 42.6 (CH), 36.1 (CH), 33.8 (CH), 24.6
(CHy) ppm.

HRMS (EI): calculated for§1']: 541.9872; found: 541.9875
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7.7.8 Diethyl benzylphosphonate (8)

"
o’P\O_\

In a 100 mL round-bottom flask 6.2 mL (6.8 g, 54 aiyi.00 eq) benzyl chloride were added
to 9.5 mL (9.1 g, 55 mmol, 1.02 eq) triethyl phagphAn air cooler with gas exhaust was
attached to the flask and the colourless reactioiiune was heated to 160°C via an oil bath.
After 15 h 99% conversion was detected by GC-MSthedeaction mixture was allowed to

cool down to ambient temperature. The reaction unétvas dried in vacuum.
Yield: 11.5 g (50.4 mmol, 93%) colourless oll
C]_]_H1703P [22823 g/mol]

GC-MS (MT_50_35S): 4 = 5.91 minm/z(%): 228 (19) '], 91 (100) M*-C4H1004P]

'H NMR (300 MHz, CDC)): & = 7.34 — 7.25 (m, 5H; #), 4.08 — 3.91 (m, 4H; CH 3.15 (d,
2Jup = 21.6 Hz, 2H), 1.24 (£J4n = 7.0 Hz, 6H) ppm.

C NMR (76 MHz, CDC}): & = 131.8 (d2Jcp = 9.2 Hz; G, C"), 129.9 (d,*Jcp = 6.6 Hz;
C™), 128.6 (dJcp = 3.0 Hz; €"), 127.0 (dJcp = 3.6 Hz; &), 62.2 (d,2Jcp = 6.8 Hz; CH),

33.9 (d,"Jcp = 138.1 Hz; CH), 16.5 (d2Jcp = 6.0 Hz; CH) ppm.
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Experimental Section

7.7.9 tert-Butyl (3-chloropropyl)carbamate (9)

CI\/\/H\H/O\{/

0]

In a 100 mL round-bottom flask 5.00 g (38.5 mmolp5l eq) 3-chloropropylamine
hydrochloride were dissolved in 15 mL DCM. A drapgifunnel was attached to the reaction
vessel and 6.0 mL (4.38 g, 43.3 mmol, 1.18 egNBEtere dropped to the light yellowish
suspension within 5 min. The finely-granulated smgion was cooled via an ice-bath. 7.97 g
(36.5 mmol, 1.00 eq) Diert-butyl dicarbonate (BeO©) were dissolved in 50 mL DCM in the
dropping funnel. A drying tube was attached totthe of the dropping funnel and the BGc
solution was dropped to the reaction mixture withihmin. After 10 min the skin coloured
suspension was removed from the ice bath and dwtioe mixture was allowed to warm up
to RT. After 17 h full conversion was detected ByCT 20 mL HO were added dropwise to
the reaction mixture. The solid had dissolved dmal 2-phase-system was transferred to a
separating funnel. The layers were separated anddheous layer was extracted with DCM
(3 x 5 mL). The combined organic layers were washil saturated NECI solution, dried
over NaSQ, and filtered through a glass frit. The filter cakas washed with DCM (3 x 2
mL) and the filtrate was concentrated on a rotatgperator. The yellowish oil was dried in

vacuum and was used without further purificatiothi@ next step.

Yield: 6.97 g (36.0 mmol, 99%) yellowish oil

CsH]_eC|N02 [193.67 g/mol]

Rt = 0.67 (cyclohexane/EtOAc 2:1) (ninhydrin)

GC-MS (MT_50_S): & = 5.09 min;m/z(%): 138 (36) M*-C4H7], 57 (100) M*-C4H;CINO;]
'H NMR (300 MHz, CDC}): 6 = 4.66 (bs, 1H; NH), 3.58 (Jun = 6.4 Hz, 2H; CH), 3.27
(bs, 2H; CH), 1.96 (p2Jun = 6.4 Hz, 2H; CH), 1.43 (s, 9H; ChH) ppm.

C NMR (76 MHz, CDC}): 5 = 156.10 (@), 45.92 (G), 42.48 (CH), 38.09 (CH), 32.75
(CHy), 28.52 (CH) ppm.
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Experimental Section

7.7.10 tert-Butyl (3-hydroxypropyl)carbamate (10)

H
HO._~_N.__O
Yead

)

In a 500 mL round-bottom flask 10.0 g (133 mmolQQL.eq) 3-aminopropan-1-ol were
dissolved in 50 mL DCM. The colourless solution vea®led to 0 °C via an ice bath. A
dropping funnel was attached to the reaction vemseél29.02 g (133 mmol, 1.00 eq) BOc
were dissolved in 30 mL DCM in the dropping funn&ldrying tube was attached on top of
the dropping funnel. The BgO solution was added dropwise within 30 min. A coless
solid had precipitated during the BGr addition. After additional 15 min the ice bathswva
removed and the reaction mixture was allowed tonwap to RT. After additional 15.75 h
full conversion was detected by TLC. The solvens waaporated on a rotary evaporator and

dried afterwards in vacuum.

Yield: 22.4 g (128 mmol, 96%) light yellowish viagooil

CsH17/NO3 [17523 g/mol]

Rf = 0.18 (cyclohexane/EtOAc 2:1) (ninhydrin)

GC-MS (MT_50_S): & = 5.12 minm/z(%): 119 (12) M*-C4Hg], 57 (100) M*-C4HgN O3]

'H NMR (300 MHz, CDCJ): & = 4.81 (bs, 1H; NH), 3.65 #Jun = 5.5 Hz, 2H; CH), 3.27 (q,
334n = 5.9 Hz, 2H; CH), 2.84 (bs, 1H; OH), 1.74 — 1.59 (m, 2H; $HL.43 (s, 9H; Ck) ppm.

¥*C NMR (76 MHz, CDC}) 6 = 157.3 (G), 79.8 (G), 59.4 (CH), 37.0 (CH), 33.0 (CH),
28.5 (CH) ppm.

78



Experimental Section

7.7.11 Methyl 4-amino-2-hydroxybenzoate (11)

NH

In a 250 mL two-neck flask, equipped with an aioleo with a drying tube, 75 mL MeOH
were added to 9.99 g (65.2 mmol, 1.00 eq) 4-amimmytia acid. To the skin coloured
suspension 20 mL (36.8 g, 375 mmol, 5.75 eq) cbh80O, were added dropwise within 40

2

min. A colourless solid precipitated in an exothiermprocess. The reaction mixture was
heated via an oil bath to light reflux. After seafemin at reflux all of the solid had dissolved
resulting in a light orange solution. After 206 Imast full conversion was detected by TLC.
The oil bath was removed and the orange-brownisltiso was allowed to cool down to

ambient temperature. The reaction mixture was gbore150 mL HO and a skin-coloured

solid precipitated immediately. The mixture was ledoto 0 °C via an ice bath and then
brought to a pH of 8 with 3 M NaOH. The precipitatas collected by filtration, washed with

water (3 x 5 mL) and dried in vacuum.

Yield: 8.54 g (51.1 mmol, 78%) skin coloured solid

CgHoNO3 [16716 g/mol]

Ri = 0.92 (DCM/MeOH/EN 20:1:2) (UV/ninhydrin)

mp = 112-123°C (Lit!% mp = 120 - 121°C

GC-MS (MT_50_S): & = 6.10 min;m/z(%): 167 (86) M*], 135 (100) M*-H,NO], 107 (80)
[M*-C,H404]

'H NMR (300 MHz, DMSO)®% = 10.77 (s, 1H; OH), 7.44 @)y = 8.7 Hz, 1H; K'), 6.16 —
6.08 (m, 3H; NH; H™), 6.00 (d2Jun = 1.8 Hz, 1H; K"), 3.78 (s, 3H; Ck) ppm.

3C NMR (76 MHz, DMSO):5 = 169.90 (G), 162.84 (G, C*), 156.02 (G, C), 131.01
(C™), 106.61 (C"), 99.54 (G; C*), 98.54 (C"), 51.50 (CH) ppm.
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Experimental Section

7.7.12 3-Hydroxy-4-(methoxycarbonyl)benzenediazoniu  mtetrafluoro
borate (12)

O OH

\O)ﬁ
N,.BF

In an evacuated, flame dried and Ar flushed 25 miind-bottom flask, equipped with a
Schlenk adapter, 1.01 g (6.01 mmol, 1.00Evere dissolved in 5 mL absolute THF. To the
orange solution 1 mL (1.12 g, 7.98 mmol, 1.31 eg}*BEt, were added dropwise within 2
min. The reaction was exothermic and a skin colkbwselid precipitated. After 1 h the
reaction mixture was cooled down with an acetone(€QOmixture to -20°C. To the skin
coloured suspension 950 ul (824 mg, 7.99 mmol, EBGBtert-butyl nitrite were added
dropwise within 2 min. More of an orange solid podated. After 20 min the cooling bath
was removed and the reaction mixture was allowesiaion up to RT. After another 2 h 5 mL
Et,O were added to the reaction mixture. As no mote $@ad precipitated the precipitate
was collected by filtration, washed with,€t(4 x 5 mL) and dried in vacuum.

Yield: 1.37 g (5.15 mmol, 86%) light orange solid
CsH/BF4N2O3 [26596 g/mol]

mp = 76 - 85°C (decomposition) (LI*¥ 93°C (decomposition))

80



Experimental Section

7.7.13 3-lodopropanenitrile (13)

/V//

In a flame dried 250 mL round-bottom flask, equighpéth an air cooler and a drying tube,
3.2 ml (5.17 g, 38.6 mmol, 1.00 eq) 3-bromoprop@nnwere dissolved in 50 mL distilled
acetone. 11.3 g (75.5 mmol, 1.95 eq) Nal were addethe light yellowish solution. The
yellowish suspension was covered with aluminiurhdad it was heated in an oil bath to light
reflux. After 89 h a great quantity of a white siotiad precipitated. The oil bath was removed
and the orange suspension was allowed to cool dowRT. The reaction mixture was
concentrated on a rotary evaporator. 30 mOHNnd 20 mL EtOAc were added. The solid
dissolved and the mixture was transferred to aratipg funnel. The layers were separated
and the aqueous layer was extracted with EtOAc {8 xnL). The combined organic layers
were washed with 0.1 M N&0O; solution (1 x 10 mL), saturated NaHg®blution (1 x 10
mL), dried over NgSO, and filtered through a glass frit. The filter cakas washed with
EtOAc (1 x 5 mL) and the filtrate was concentrataa a rotary evaporator. The light

yellowish oil was dried in vacuum.

Yield: 6.65 g (36.7 mmol, 95%) light yellowish oll

CsH4IN [180.98 g/mol]

Rt = 0.64 (cyclohexane/EtOAc 2:1) (UV)

GC-MS (MT_50_35S): ¢ = 3.82 min;m/z (%): 181 (100) M1*], 127 (49) M*-CsH4N], 54
(39) M™1]

'H NMR (300 MHz, CDC}): & = 3.28 (t,3Ju = 7.0 Hz, 2H), 3.01 (£Jyn = 7.1 Hz, 2H) ppm.
C NMR (76 MHz, CDC}) & = 118.3 (G; CN), 22.7 (CH), -6.8 (CH) ppm.

81



Experimental Section

7.7.14 Methyl 2-((tert-butyldimethylsilyl)oxy)-4-ph  enethylbenzoate (14)

>‘\ 7
Si?
070
o O

In an evacuated, flame dried and Ar flushed 20 mahléhk flask 87 mg (339 pumol, 1.00 eq)
methyl 2-hydroxy-4-phenethylbenzoate, 127 mg (I8ol, 5.50 eq) imidazole and 1 mg (8
pmol, 0.02 eq) 4-(dimethylamino)pyridine were dlgsd in 1 mL DMF. The brown-orange
solution was cooled to 0 °C via an ice bath and 2@ (1.33 mmol, 3.91 eqbert-
butyldimethylsilyl chloride were added to the reactmixture. After 50 min the ice bath was
removed and the brown-orange solution was alloweddrm up to RT. After an additional
hour full conversion was detected by GC-MS. 5 miusded NaHC@solution were added to
the reaction mixture. Gas evolution was detecteblaanolourless solid precipitated. After the
gas evolution had finished, 5 mL Bt were added and the mixture was transferred to a
separating funnel. The layers were separated anddgheous layer was extracted witbE(3

x 3 mL). The combined organic layers were washet tiine (1 x 5 mL), dried over N&O,
and filtered through a glass frit. The filter cakas washed with ED (2 x 2 mL), the filtrate
was concentrated on a rotary evaporator and dni@déuum. 115 mg of a colourless oil were
obtained as crude product. The crude product wafiquuvia flash chromatography (11.8 g
SiOy; 20 x 4 cm, solvent mixture: cyclohexane/EtOAcCI5®: = 0.18; 5 mL fractions, pooled
fractions: 11 - 14, 15 and 16).

Yield: 84 mg (fractions 11-14, 227 umol, 67%) caless oil, 11 mg (fractions 15 and 16, 30

pnmol, 9%) colourless oll
C22H3003Si [370.56 g/mol]

Rt = 0.85 (cyclohexane/EtOAc 2:1) (UV/CAM)
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Experimental Section

GC-MS (MT_50_S): & = 8.31 min.;m/z (%): 313 (100) M1*-C4Hg], 222 (25) M*-C11H14],
115 (1) M"™-C1eH1503], 91 (19) M*-C15H2305Si]

'H NMR (300 MHz, CDC}) & 7.66 (d,%Juy = 8.0 Hz, 1H; H,), 7.25 — 7.06 (m, 5H; k),
6.77 (dd,*Juy = 8.0, 1.2 Hz, 1H; W), 6.59 (d,2Ju = 1.1 Hz, 1H; H,), 3.82 (s, 3H; Ch),
2.87 (s, 4H; ChH), 0.96 (s, 9H; Ch), 0.12 (s, 6H; Ch) ppm.

C NMR (76 MHz, CDC}): 5 = 167.35 (@), 155.36 (G, C™), 147.74 (G, C™), 141.22 (G;
c™), 131.88 (€"), 128.6 (C"), 128.5 (C"), 126.2 (C"), 121.5 (C"), 121.5 (C"), 120.4 (G;
C*), 51.8 (CH), 37.7 (CH), 37.4 (CH), 25.8 (CH), 18.4 (), -4.2 (CH) ppm.

HRMS (El): calculated for§1*]: 369.1886; found: 369.1871 very low signal
calculated forj*-CHs]: 355.1729; found: 355.1740
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Abbrevations

9 Abbrevations

Analytical methods:

ATP attached proton test

bs broad singlet

Cq guaternary carbon

COSsY Correlated Spectroscopy

d doublet

dd doublet of a doublet

El electron impact ionization

eV electron Volt

FT Fourier transform

GC-MS Gas chromatography-mass spectrometry
HSQC Heteronuclear Single Quantum Coherence
HRMS high resolution mass spectrometry
J coupling constant

m multiplet

m.p. melting point

m/z mass-charge ratio

MSD mass sensitive detector

NMR nuclear magnetic resonance

ppm parts per million

p pentet

q quadruplet

R¢ retardation factor

S singlet

t triplet

TIC total ion count

TLC thin layer chromatography

tr retention time

uv ultraviolet

o chemical shift
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Abbrevations

Chemical abbreviations:
ABCAl ATP-binding cassette transporter Al

ApoAl Apolipoprotein Al

ApoB Apolipoprotein B

ApoE3 Apolipoprotein E3

Ar aryl

Boc tert-butyloxycarbonyl

brine saturated sodium chloride solution in water
CAM cerium-ammonium-molybdate
CDCl; deuterated chloroform

DCM dichloromethane

d-DMSO Dx-dimethyl sulfoxide

DMSO dimethyl sulfoxide

dsRNA double stranded RNA

E entgegen

Et ethyl

Et,O diethyl ether

EtOAC ethyl acetate

FAK focal adhesion kinase

Glu glutamate

HDL high-density lipoprotein

HDM2 Human Double Minute 2 protein
HO-1 heme oxygenase 1

iPr isopropyl

LCAT lecithin-cholesterol acyltransferase
LDL low-density lipoprotein

LPA lysophosphatidic acid

Lys lysine

Me methyl

MPO Myeloperoxidase

MRNA messenger RNA

OAc acetate

p para

PTX paclitaxel
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Abbrevations

PDB
Pin
PON1
PPI
Pro
rHDL
RNA
siRNA
SR-B1
SmMMLCK
STAT3
TBS
tBu

Tf

THF
Thr
Trp
Val
VLDL

Others:

protein data base
2,3-dimethyl-2,3-butanediol
paraoxonase-1

protein-protein interaction

proline

reconstituted high-density lipoprotein
ribonucleic acid

small interfering RNA

scavenger receptor B1

smooth muscle myosine light-chain kinase
Signal Transducer and Activator of Transcoipt3
tert-butyldimethyilsilyl

1,1-dimethylethyl

triflate

tetrahydrofurane

threonine

tryptophan

valine
very-low-density lipoprotein

Zusammen

percent
degree Celsius
micrometer
angstrom
centimeter
day
equivalents
gramm
hour

Hertz
intravenous

knock-out
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Abbrevations

mbar
mg
MHz
min
mL
mmol
Mol%
nm
RT
SC

tert

meter

molar (mol/L)
millibar
milligram
megaHertz
minute

milliliter
millimole

mole percent
nanometer
room temperature
subcutaneously
temperature
tertiary

Volt
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11 Appendix

'H- and APT spectrum of 7-hydroxy-2chromen-2-onel)
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'H- and APT spectrum of 2-oxd-2chromen-7-yl trifluoromethanesulfona® (
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'H- and APT spectrum of 7-(phenylethynyltzhromen-2-one3)
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'H- and APT spectrum of 7-phenethylchroman-2-ae (
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'H- and APT spectrum of 6-iodo-7-phenethylchromaor2-5)
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Appendix

'H- and APT spectrum of methyl 3-(2-hydroxy-5-iodg#enethylphenyl)propanoaté) (
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Appendix

'H- and APT spectrum of methyl-3-(5-iodo-4-phenety{((trifluoromethyl)sulfonyl)oxy)

phenyl)propanoater]
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Appendix

'H- and APT spectrum of diethyl benzylphosphon8je (
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Appendix

'H- and APT spectrum dért-butyl (3-chloropropyl)carbamaté)
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Appendix

'H- and APT spectrum dért-butyl (3-hydroxypropyl)carbamaté @)
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Appendix

'H- and APT spectrum of methyl 4-amino-2-hydroxyheate (1)
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Appendix

'H- and APT spectrum of 3-iodopropanenitril)
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Appendix

'H- and APT spectrum of methyl 2-((tert-butyldimesilyl)oxy)-4-phenethylbenzoatd 4)
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