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Imine Synthesis from Alcohols and Amines Catalysed by the
[RUClI,(liPr)(p-cymene)]Complex.

Agnhese Magag& Robert Madsen

Department of Chemistry, Building 201, Technical University of Denmark, 2800 Kgs. L)
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We present results demonstrating that[BeCl,(1iPr)({p-cymene)jcomplex is able to perforr
the couplingof alcohols and amines to afford imines by extrusion of water and dihydi
(Figure 1) A range of different ligands were testédvariety of primary alcohols and amine
have been successfully coupled in the presence of the catalyst affording the odirngs
imines in good yields.

RNOH , HN-R R

Figure 1:Coupling between primary alcohols amimary aminesn presence of the complex [RuiPr)(p-cymene)].
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Towards the S/nthesis of Nojiristegine
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It has been shown that inhibitors of glgatic hydrolasesan be used to treat a variety
serious illnesses such asncer, diabetes and HIV (Human Immunodeficiency Virt
Studie$® have shown that one way of making potent glycosidase inhibitors is to incorpc
nitrogen atom in the sugar skeleton. This type of inhibitors gets protonated at physic
pH. The msitive charge mimics the charge build up in the transition state, which res
strong binding to the enzyme.

The aim of this project is to synthesize a OH OH
new and stable inhibitor where thg, HO NH HO NH
stabilizing  ethylene  bridge  fromHo NH  HO OH  Ho > OH

Calystegine B is combined wh the 2”8 N ~ R
natural glycosidase inhibitor Nojirimycin. > o2 g Noliristegine
This new compound is given the name Nojiristegine.

A lot of progress has been made in this project towards the synthesis of Nojiristegine b
few steps still remains and subsequent studies of stabititin&rbitory activity needs to be
done.
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Modeling the Enantioselectivity of Serine Hydrolases.
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Through a combination of QM an Hierarchical Multi Scale Approach
classical methods we are seekiag

new efficient approach to describys
enzyme catalysisThe focus here is or
the enantioselectivity as well as on tt
readion mechanism. The tesystem .
chosen is the serine hydrolase enzyi
lipase B from Candida Antarctici
(CAL-B).! We deal with the problem
in the broadest possible sensmjing
different approach to test capabilitie
and limitations of available technique
including the novel Reactive Forc
field (ReaxFF) developed at Calteth.
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*E. M. Anderson, K. M. Larsson and O. Kid 998 Biocatal. Biotransfor16, 181 204

2A. C. T. van Duin, S. Dasgupth, Lorantand W. A. Goddard IIl, (2001). Phys. Chem. A05, 9396 9409.

P4

Synthesis of Azumamide Analogs
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Packing of DNA in cells ismediated by histon@®NA interactions. These interactions are
part determined by the level &fN-acetylation of lysine side chains in the histone prote
Histone acetyltransferases (HATSs) catalyze acetylation shifting the higibide complex
from an inactive to an active form, allowing transcription of the DNA. In contrast his
deacetylasesHDACSs) catalyze the reverse reaction, thereby inhibiting DNA transcrip
Currently eighteen HDAC isofornisdivided into four classesare known

HDAC inhibitors (HDACiIi 6s) havePosheomwn
include the nat@ compounds known as azumamides. The aim of this project is to synt
and evaluateazumamide analogghese modified azumamides waksist in clarifying the
specific role of the different HDAC isofornasd may lead to new drug candidates.

Asimp i f 4araimb adid was prepared from aspartic acid, followed by cross metath
using Hoveyda Grubbs catalyst. Standard solid phase peptide chemistry (SPPS) was L
in the synthesis of tripeptides, to which the building block could be attachelly Fina
cyclization and deprotection of the side chain gave the desired products. Biological test
the compounds is ongoing.
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Dehydrogenative Coupling of Primary Alcohols to Form Esters
Amanda Sglvhzpnd Robert Madsén
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The Madsen group have previously shown that Rwhenium NHeterocyclic Carben
complex[RuCL(I'Pr)(p-cymene)] is an excellent catalyst for the dehydrogenative forma
of amides from alcohols and amingsWe now show that the same complex can serve
catalyst for the dehydrogenative coupling of primary alcohols to form éstéms.reaction
runs in theabsence of air and hydrogen scavengers, with development of hydrogen gas

2.5 % [(I'Pr)Ru(p-cymene)Cl,]
10 % KOH, 4.5 % PCy; R

2 RVOH O\/R +2H,
Mesitylene
Reflux, Ar atm. O
Entry Substrate Product Yield
o
NN
1 AN SOH /\/\W 70%
o)
o
2 S 1%
Coftg on C9H19)J\OAC9H19 81%
o
3 o SO 0%(_7 71%

References:
[1] Nordstrem/L. U.; Vogt, H.; MadsenR.; J. Am. Chem. Sqcl30, 17673 17673 2008 [2] Dam, J. H.; Ostrovsky, G.; Nordstrgm,.
U.; Madsen, R.Chem. Eur. J.16, 682@ 6827,201Q [3] Sglvhgj, A.; Madsen, R.; manuscript in preparatkoi, 1
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Direct electrochemical detection of dopamine through an
aldehyde modified gold surface.
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Langelandsgade 140, Aarhus, Denmariders_b@chem.au.dk

My Ph. D. project concerns detection and monitoriigh@urotransmitters in the brai
Among the natural abundant neurotransmitters dopamine and serotonin are of
interest. The idea behind this concept was to use the functional groups found in dc
directly in the sensor design. Dopamine con$tisvo functional moieties, which we ce
exploit in our sensor setup. The catechol unit is redox active, so dopamine near an €
can be sensed by its redox behaVidn achieve some specificity of this sensor we
dependent on two things. 1) Thedox potential of the catechol unit compared to o
redox active species. 2) Conjugation
functional group, the primary amine. Aldehyde terminated SAMs are prepared f
conjugation of dopamine to thgold electrode. Aldehydes and primary amines react i
equilibrium fashioned reaction forming an imine and water. Our idea is to us
equilibrium to sense dopamine in solution by making a calibration curve dep
electrochemical readout versus rettansmitter concentration. Thiols or disulfides nee
to form the SAM are synthesized prior to use and with electron transfer and
formation in mind. Specificity and selectivity of our sensor is presumably lower th
electrochemical biosensotdowever this setup main advantage is its simplicity

1 Bai, J. Y; Wang, L; Wang, H. J; Huang, P. F; Zhao, Y. Q; Fan, Bi&ochim Acta 2007, 156, 321326,
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Synthesis of nitrogen-interlinked imipramine dimers
Anne Brinke, Maja T. Larsen, Steffen Sinning and Henrik H. Jensen™
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Relief to patients suffering from depression can be given in the form of antidepressants. These are
often medical agents which target the human serotonin transporter (h\SERT), located in the brain.
Inhibition of this protein can lead to increased levels of serotonin in the synaptic cleft, between two
neurons, and thereby a lessening of the symptoms. There are several classes of antidepressants
targeting hSERT among them are tricyclic antidepressants, like imipramine.

Based on results from a crystal structure of a hSERT homology model, it has been speculated
whether an extra modulatory site, an S2 site, different form the primary binding site. S1, exist. This
site could possibly also bind antidepressants.

The aim of the project was to synthesize a range of dimeric imipramine compounds, in order to test
whether the S2 site exists. The synthesis of the dimeric compounds was accomplished through a
peptide coupling followed by a reduction. The dimers were tested at Psychiatric Hospital in Risskov
but unfortunately the results were inconclusive.
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Global surface functionalization of DNA origami structures

Anne Louise Bank Kodj1Kurt Vesterager Gothéif
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DNA origami* is a technique, which makes the creation of well defined nanostructures from
DNA possible by molecular seffssembly. The techniqueas been extended to 3&hd at
CDNA a DNA origami box was creatédThe DNA origami box haa controllable lid on
which specific DNA sequences can act as ka&yss ability makes the DNA origami box an
attractive target as a drug delivery vehicle. However, the box has certain shortcomings. The
faces of the box contain holes betweeB Bm. Morewer DNA is quickly degraded by
DNAses in living systems. A strategy for overcoming these difficulties is to functionalize the
DNA origami box with G4 PAMAM dendrimers. Furthermore the dendrimers create a lot of
new attachment points for, e. g., PEG chalhss expected that the functionalization will
shield the holes of the DNA origami structure and shileéd DNA from DNAses. Alsdhe

PEG also has the advantage of being-toxic and noAmmunogenic. So far an efficient way

to functionalize a 2D origanstructure with PAMAM dendrimers has been demonstrated. The
staple strands were modified using the newly developed enzymatic method for labeling
ensembles of unmodified single stranded DNAhe staple strands were additionally
ficl i cked o-modiied dendaihek$pefore annealing the origami.

1 P. W. K. Rothemund\ature 2006 440, 297-302;2 E. S. Andersert al. Nature 2009 459, 7376;° K. Jahn; T. Terring; N. V. Voigt; R.

S. Sgrensen; A. L. B. Kodal; E. S. Andersen; K. V. Gothelf; J. Kj@iogsonjugate Chemistry2011, 22, 819823; H. Liu; T. Tarring; M.
Dong; C. B. Rosen; F. Besenbacher; K. V. GothklAm.Chem. Soc201Q 132 1805418056
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The Seleno Newman-Kwart Rearrangement

Anne Sorensen, Brian Rasmussen, Zaki K. Nielsen, Theis I. Solling,
Christian G. Tortzen, and Michael Pittelkow

Department of Chemistry, University of Copenhagen, Denmark
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In the Newman-Kwart rearrangement a thermally induced intramolecular aryl migration of
O-thiocarbamates leads to the corresponding S-thiocarbamates.! By substituting sulfur with
selenium it is possible to prepare selenophenols via the seleno analogue of the Newman-
Kwart rearrangement.

The Seleno Newman-Kwart Rearrangement
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This will provide a convenient entry to the use of diselenide chemistry as the reversible
component in dynamic combinatorial libraries. The building blocks can form libraries
consisting of macrocyclic receptors, and the reversibility of the diselenide bond formation
will direct the synthesis of the best receptor for the added template.

[1] a) Kwart, H.; Evans, E. R. J. Org. Chem., 1966, 31, 410-413; b) Newman, M. S.; Karnes, H. A. J. Org. Chem., 1966, 31, 3980-3984.
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Mechanistic investigation of Palladium-Catalyzed Allylic C-H
Alkylation

Casper Engelin, Thomas Jensen, Sergio Rodriguez-Rodriguez and Peter
Fristrup

Department of Chemistry, Technical University of Denmark, Kemitorvet 207 DK-2800,
Lyngby, Denmark.
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Formation of carbon-carbon bonds in allylic alkylation reactions by palladium catalysis
typically involves a set of preoxidized coupling partners. However, an alternative approach is
emerging based on selective C-H activation.’?> This alternative was reported by the groups of
White® and Shi’® concerning catalytic, intermolecular allylic C-H alkylation. The current
project combines theoretical and experimental methods in an investigation of the reported Pd-
catalyzed allylic C-H alkylation.* The experimental part consists of a Hammett study and a
kinetic isotope effect (KIE) determination. The reaction was also studied with Density
Functional Theory (DFT). The Hammett study shows formation of a negative charge
consistent with the abstraction of a proton in the rate-determining step. Determination of the
KIE to 5.5 further supports a proton abstraction mechanism. DFT calculations on possible C-
H activation mechanisms have identified the C-H activation step to proceed through a six-
membered transition state where an acetate anion functions as an internal base.

References
[1] a) H M. L. Davies, J. B. Manning, Nature 2008, 451, 417.b) . G. Bergman, Nature 2007, 446, 391.

[2] a) A J. Young, M.C. Whate, J. Am. Soc. 2008, 130, 14090.b) S. Lin. C.-X_ Song. G.-X. Cai, W.-H. Wang. Z.-J. Shi. J. Am. Chem.
Soc. 2008. 130. 12901.

31 a) P. Fnstrup, T. Jensen, Chem. Eur. J. 2009, 15, 9632 1) C. Engelin, P. Fristrup, Molecules 2011, 16, 951.
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Quantifying electronic effects of common carbohydrate acceptor:

using an aminsugar model system.
Christian M. Pedersen3acob I. Olsen, Azra Brka, Mikael Bols*
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Copenhagen O, Denmaigmp@chem.ku.dk

In order b investigate aminosugars containing the amino functionality in each of the
possible noranomeric positions with andb gluco,a-galacto ora-manno stereo chemistr
32 aminesugars were synthesized and thd{r, palues determined by titration. Thiglu a
systematic study it was possible to get a picture of the electron density at each of th
positions by comparing them in between by th&ig yalues.

Some general statements arose: the order of basicity and hence nucleophilicity
correspoding hydroxyl group is 6>3>2>4 (referring to the position). The basicity is ge
increasing when one or more substituents on the sugar ring are axial. The acidity is inc
when the amine is anpieriplanar to an oxygen. These findings are in ages¢mwith the

observations obtained from glycosylation chemistry and regioselective protection of sut

References
C. M. Pedersen, J. . Olsen, A. Brka, M. BGlsem. Eur. J2011, 17, 70867086
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Development of Organic Macrocyclic Compounds to Factiate
Improved Assembly of 3D DNAQOrigami

Christian B. Roséh Niels V. Voidt, William M. Shifi, and Kurt V. Gothelf*
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DNA has proven to be a highly interesting material in the field of nanotechn@owe the
development of tile assembled $iglix bundled, these structures have gained great attention.
By the improved scaffolded origami approach it became possible to generate complex 3D
DNA-nanostructures based on the-lsétix unit.

Advanced compier programs have improved the design of 3D Bdtfgamf, but still the
actual annealing processes suffer some major drawbacks, e.g. being vecprisuming
while only resulting in low to moderate

yieldS. To address these issues, we he - >
present a new giential organic chaperone “==— | S

molecule to assist in the stabilization ¢ | 7 .
honeycombstructures resulting from the six - o

helix bundle assembly.

L F. Mathieu; S. Liao; J. Kopatsch; T. Wang; C. Mao; N. C. Seehiano Lett, 2005 5, 4, 661665.
2S. M. DouglasH. Dietz; T. Liedl; B. Hégberg; F. Graf; W. M. ShiNature Lett, 2009 459, 414418.
3S. M. Douglas; A. H. Marblestone; S. Teerapittayanon; A. Vazquez; G. M. Church; W. MNSklbic

Acids Researct2009 37, 15, 50015006.
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Synthesis and dynamicombinatorial chemistry of a bisdisulfide
nucleoside
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The backbone of DNA is ligated via phosphodiester bonds. This bond is formed in a
irreversible reaction, and can only be made in a templated fashion by the action of er
Could one instead replace the phosphodiester bond, wiitnd that is able to be forme
under reversible conditions, it might be possible to avoid the nescessity of enzyme
ligating the synthetic nucleic acid under a selection pressure, a capability no sy
informational polymer, such as DNA, has yetssessed. This capability could prove to k
vital component when unravelling the mechanism behind oligonucleotide assembly
origin of life.

It is well known within the field of dynamic combinatorial chemistry, that the disulfide |
possesses theapability of being formed under highly reversible conditions. We there
envision that a disulfidanalogue of nucleosides, would be able to ligate into an oligc
complementary to a DNA strand present as a template, in the absence of enzymes.
derivative of the nucleoside of thymidine was synthesized, and will in the near futt
evaluated under templating conditions.
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Dynamic Combinatorial Chemistry with Thiosemicarbazones

Dennis Larsen and Michael Pittelkow

University of Copenhagen, Dagment of Chemistry, Universitetsparken 5-R2K00,
Copenhagen, Denmark
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In a dynamiccombinatorial library (DCL)ibrary members are in thermodynamic equilibrit
by means of exchangeéa a reversiblereaction.Herein we describe the first use of t
reversible thiosemicarbazone exchange in a DCL. We have synthesised a building bl
feature an acetal protected aldehyde and a thiosemicarbazide. Upon treatment with i
building block is conveed into its aldehyde, thereby enabling the reversible formatic
thiosemicarbazone macrocycles.
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Palladium-Catalyzed Approach to Primary Amides Using Nongaseous Precursors
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and Troels Skrydstrup’
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Pd{dba); (5 mol %) o
Br o JosiPhos (5 mol %)
+ CO + H:N” “ONH, NaHCO4 (1.3 equiv) rRE ™~ NHz
Dioxane, 100 °C =
65-99%
B

Pd(dba); (5 mol %)
HBF (P(fBu); (S mol %)

o)
- DIPEA (1.5 equiv) O’ ot
A B Dioxane, 100 °C Q

A

A simple protocol is reported for the preparation of primary aryl amides under Pd-catalyzed
carbonylation chemistry applying a two-chamber system with crystalline and nontransition
metal based sources of carbon monoxide and ammonia'. The method is suitable for the
synthesis of a number of primary amides with good functional group tolerance. Incorporation
of *CO into the primary amide group was also found to be effective making this approach

useful for accessing carbon isotope labeled derivatives.

! Nielsen, D. U.; Taaning, R. H.: Lindhardt. A. T.: Gogsig. T. M_; Skrydstrup. T. Org. Letr. 2011, 13. 4454-4457.
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[ -Olefination of 2 -Alkynoates Leading to Trisubstituted 1,3 -
Dienes
Erik D. Funder, Mathias J. Jacobsen, Jacob R. Cramer and Kurt V. Gothelf

Centre for DNA Nanotechnology (CDNAAarhus University, Langelandsgade 140,-DK
8000 Aarhus C, Denmarfunder@chem.au.dk

In 1992, Trost reported the isomerization of electron deficialkynoates int@,b,g,d-
dienes by using a catalytic amount of triphenylphosphine. The discovery has been a source of
inspiration for the deMopment of new reactions.

During the isomerization inta,b,gd-dienes a phosphonium ylid acts as a key intermediate in
the mechanism. A phosphonium ylide is known to undergo a Wittig reaction when an
aldehyde is present. Thus, thesitugenerated ylideould potentially be trapped by an
aldehyde leading to a new epet procedure towards the generation of trisubstituted 1,3
dienes starting from-alkynoates. Herebgxpanding the scope of alkynoate transformations.

O

o)
RCHO, PTA
OEt EtO
Z 1,4-dioxane, 100 °C
Ph P

Ph

In this study, then situgenerated phosphonium ylide was trapped with aryl, alkyl and alkenyl
aIderdes thus generating trisubstituted-dighes with highE-selectivity in yields up to
88%.

4 Jacobsen, M. J.; Funder, E. D.; Cramer, J@thelf, K.V.Org. Lett.2011, 13, 34183421
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Homogeneous Catalysis with Primary Alcohols
Esben Paul Krogi®lIsert, Robert Madseh

Technical University of Denmark, Department of Chemistry; 280, Kongens Lyngby,
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The hydroxy group is probably the most abundant functional group in naturehamnucal
transformations of alcohols are of great interest. Organometallic chemistry has had
impact on organic chemistry for more than a century, but the weak coordination bt
alcohols and transition metals has limited the scope of applyingjtican metal complexes ¢
catalysts for reactions with alcohols.

Our group presents a catalytic system based on iridium that has shown promising re
dehydrogenation of primary alcohols followed by decarbonylation of the resulting aldeh
a onepot synthesis.

Hy CcoO
R/\OH ‘Z, R&O ‘Z, R/ H

The transformation is a useful tool in organic synthesis, but the production of hydroge

polyalcohols such as glycerol and naturally occurring carbohydrates is also an im
scope.

HO/\/\OH
OH
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Synthesis of Ibogaine/Noribogaine analogues to induce an inward
facing conformation of hSERT

1 . #
Faranak Nami', Henrik H. Jensen

! Aarhus University, Department of Chemistry, Langelandsgade 140, 8000 Aarhus C.
Denmark,
Faranak(@chem.au.dk

The human serotonin transporter (hSERT) is an important target in several clinical treatments,
including depression. The three-dimensional structure and dynamic transport mechanism of
hSERT is still unknown. It is speculated that hSERT operates by shuttling between an
outward facing and an inward facing conformation’.

The aim of this project is to synthesize new analogues of the natural product Ibogaine via the
Fischer indole synthesis to stabilize the inward facing conformation of hSERT and thereby
study the dynamic properties of hSERT and prepare new inhibitors of this protein.

1 O. Jardetzky, Nature, 1966, 211 969-970
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Synthesis and Functionalisation of Imidazolones
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Imidazolones are pharmaceutically interesting compounds and constitute e
substructures of receptor antagonists with activities in dlae Hanomolar regime (eg. tt
dopamine receptors)[1]. Imidazolones are also found in potent PDE4 inhibitors[2], in s
selectiveb3-adrenergic receptor agonists[3] and in GABAceptor ligands[4]. Furthermor
the imidazolone substructure is presenth@ natural Nikkomycin X antibiotic.[5] Howeve
the chemistry of this heterocycle has drawn little attention, although imidazolone
intermediates in the synthesis of biotin[6] and orocidémived alkaloids[7]. In search «
peptide like small constiaeéd molecules, we have explored the chemistry of amino
derived 3Boc-(1,3)oxazinane (Box) protected aldehydes[8] in the PiSmngler
reaction[9] and imidazolone formation. We here present results on imidazolone formati
subsequent transformans of the imidazolones [10, 11].

O_N N
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[1] Carling, R. W. et alJ. Med. Cheml999 42, 2706. [2] Andres, J. |. et @ioorg. Med. Chem. Let2002 12, 653. [3] Naylor, E. M. et al
Bioorg.Med. Chem. Letfl999 9, 755. ] DeSimone, R. W.; Blum, C. Bioorg. Med. Chem. LetR00Q 10, 2723. [5] Fiedler, HP. et al
J. ChemTech. Biotechnoll982 32, 271. [6] For a review see: DeClercq, PCBhem. Rev1997,97, 1755[7] Dransfield, P. J. et al
Tetrahedr2006 62, 5223.[8] Diness, F.; Beyer, J.; Meldal, MMSAR and Comb8ci.2004 23, 130.[9] Diness, F.; Beyer, J.; Meldal, M.
Chem. Eur. J2006 12, 8056. [10] Diness, F., Meldal, NChem. Eur. J2009 15, 7044 [11] Diness, F.; Meldal, NPept. Sci(Biopolym.)
2010, 94, 236.
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Reversible Allosteric Control of TetraT TF-calix[4]pyrrole:
Sensor for Nitroaromatic Explosives

Gunnar Olsen, Steffen Bchring and Kent A. Nielsen
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Odense M, Denmark.
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We have synthesised an asymmetric tetraTTF-calix[4]pyrrole receptor (1) appended with a
pyridine moiety. Self-complexation between the calix[4]pyrrole (host) and pyridine (guest)
part of receptor 1 results in pre-organization of the receptor for the subsequent binding of
1,3,5-trinitrobenzene (TNB). This positive allosteric effect can be turned off/on by the use of
Zn*", thus making it possible to control the receptors affinity towards TNB.
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Studies in Ligated Fibrillating Peptides
Heidi Frahmand Troels Skrydstrup
Department of Chemistry, Aarhus, Denmark

Amyloid diseases include over 25 different pathologies in some cases with highly clinically
relevance e.g. Diabede Me |l | i t us, Al zhei mer 6s and Par kir
characterized by extracellular proteinaceous deposits in various tissues, termed amyloid
aggregates. The aggregates consist of long, unbranched structure called fibrils. Formerly it
wasbelieved that these amyloid fibrils were the cytotoxic species in the pathologies. Today it

is generally accepted that it is the oligomeric assemblies that are the main or even the sole
cytotoxic species and the mature fibrils are generally considerbé tearmless and inert
deposits of the oligomeric precursors. Despite the growing knowledge of amyloid fibrils,
there still is a lack of information about the oligomeric assemblies. This study is made
difficult because of its highly dynamic, heterogeneaus anstable structure.

The aim in this project is to construct stable oligomers of fibrillating peptides which cannot
aggregate to the mature fibrils. The oligomers will be used to provide information about their
structure and dynamics. The study hasnbdene on the fibrillating core of human islet
amyloid polypeptide (hIAPP), amyloid fibrils found in the pancrefitic cel | s i n 9
diabetes mellitus type 2 patients.

To achieve stable oligomers the fibrillating peptides have been ligated covalently to a scaffold
yielding multimers of peptides. Two different scaffolds have been used, the cyclodextrin and
cyclotriphasphazene. The attachment of the peptides to the scaffolds was reached using the
alkyneazide click reaction. The compounds ability to fibrillate is currently being tested.
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Synthesis and structureactivity relationship of liposomal
substrates for phosnolipase A

Héléne Viartand Mads H. Clausen
Technical University of Denmark, Department of Chemistry, Kemitorvet 201, 2800 Kgs.
Lyngby, Denmark
hmvi@kemi.dtu.dk

A recent innovation in the use of liposomes as drug delivery systems sarfisisialently
ataching an antiancerdrug at thesn2 pasition of phospholipids. However, some of the
synthesized lipids could not be hydrolyzed by sPL&eric bulk in the vicinity of thesn2
position appears to prevent hydrolysis of the substrate.

sn-2 position

=

> o) sPLA, OH b)

o .
§ hydrolysis HO OH
> % o 2 I

Lipophilic drug:
ATRA

Liposome gN _3

v cl N
Phospholipid cl S ;}
al
Lipophilic drug:
Chlorambucil

Phospholipid prodrugs as drug delivery systems: a) Chlorambucil and
b) ATRA have been linked to the sn-2 position of the phospholipids but the ATRA substrate could not be hydrolyzed.
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The natural product pleuromutilin’ has a moderate antibacterial effect. The effect is achieved
by pleuromutilin binding to the bacterial ribosome in the peptidyl transferase center (PTC),
and thereby inhibiting peptide bond formation.” Recently. we synthesized a new series of
pleuromutilin derivatives based on a parallel click chemistry strategy.® Herein, we present a
new series of pleuromutilin derivatives for which the best derivative from the previous series
was used as a lead. The binding to the E. coli ribosome was investigated as were the minimal
inhibitory concentrations towards three different bacteria strains. This lead to the synthesis of
I'1 new derivatives. The chemical footprinting showed that all the synthesized derivatives
bind in the PTC. The minimal inhibitory concentration values showed that some of the
derivatives gave rise to an inhibition of the growth of E. coli bacteria.

1. Kavanagh, F.: Hervey, A.: Robbins, W. J. Proc. Natl. Acad. Sci. USA. 1951, 37, 570-574.

Poulsen, S. M.; Karlsson, M.; Johansson, L. B.; Vester, B. Mol. Microbiol. 2001, 41, 1091-1099.

Lolk, L.: Pghlsgaard, I.: Jepsen, A. S.: Hansen, L. H.; Nielsen, H.: Steffansen, S. L: Sparving, L.: Nielsen, A. B.; Vester, B.
Nielsen, P. J. Med. Chem. 2008, 51, 4957-4967.
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Mechanistic study of the rutheniumcatalyzed synthesis of amides
from alcohols and amines
llya Makarov+, PeterFristrup, RoberMadsen

Department of ChemistryTechnicalUniversity ofDenmark, 2800Lyngby, DENMARK

The amide bondis one of the most important linkages in organic chemistry and constitutes
the key functional group in peptides, polymers and many pharmaceuticals [1]. Amides are
often synthesized by methodsvhich are not environmentally friendly since toxic reagents are
used and a lot of waste is producedRecently in Madsen group anew method for amide
synthesis has been discovered where alcohols and amines are coupled directly with the
liberation of hydrogen [2, 3] (Schemél).

RuliPrCl,(p-cymene) o
R/\OH + Rl/\NH2 > )J\N/\ ' + 2 H2
PCyj;, base, toluene, 110 °C H

Schemel. Amide synthesis.
In the present work theexperimental and theoreticalmechanistic studies of this reaction have
been carried out. In the experimental part reaction kinetics was studied. Pasbstituted
benzyl alcohols were usedas substrates to elucidate the electronic influence of thpara
substituent on the reactivity,i.e.a Hammett study. By using DFT calculations with the B3LYP
or MO6 functionals Gibbs free energies and structures were determined fortermediates and
transition states in the proposed catalytic cycle. From the experimental and theoretical
studies the rate determining step will be established which is important to further optimize
the reaction.

References:
[1] JW.Bode,Curr.Opin.Drug Discov. De2006 ,9, 765-775
[2] L.U.Nordstrem, H.Vogt, RMadsenJAm.ChemSoc2008,130, 1767217673.

[3] JH.Dam, GOsztrovszky, LU.Nordstram, RMadsenChemEur.J2010, 16, 6820-6827.
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Overcoming fluorescence background signal while monitoring
assembly of DNA nanostructures
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Today programmable self-assembly of branched DNA molecules is being extensively used in
preparation of nanostructures of different shape and function (Seeman, N. S. NanoLetters
2010, 70, 1971). In our research, we aimed at synthesis of a novel fluorescent nucleotide
analogue leading to effective spectral detection of DNA nanostructures. The fluorescent
monomer described herein consists of the fluorescent polyaromatic hydrocarbon (PAH)
pervlene covalently attached to a locked nucleic acid (o-L-LNA) skeleton. After incorporation
into synthetic oligonucleotides and postsynthetic click chemistry, the perylene-o-L-LNA
labelled motifs were assembled with complementary strands containing pyrene-o-L-LNA
FRET donors. This resulted in fluorescent “nanostar” and “nanoacetylene” structures detected
by 660% increase of fluorescence signal at 455 nm with no background emission of single-
stranded building blocks. The latter was accompanied by a significant stabilization of the
nanoconstructs achieved upon incorporation of the o-L-LNA FRET pairs reported herein (73,
increase up to 14 °C). These properties make fluorescent monomers reported herein a
promising tool for DNA nanotechnology leading to both stabilization and effective
tfluorescence sensing of nanostructures.
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Formation of Chiral Structures on Surfaces
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This poster will describe the synthesis of chiral rod-like molecules that can be adsorbed on a
surface and studied by scanning tunneling microscopy (STM). The resulting surface structures
have a strong preference for one particular chiral arrangement, i.e. one surface enantiomer.
This is a result of the chiral origin of the molecules. If a structurally related achiral molecule
is adsorbed on a surface it will not have such a preference and the two surface enantiomers
will be present in equal amounts.

By co-adsorption of the chiral and the related achiral molecule, it is possible to transfer the
chiral information to the achiral molecules. The chiral molecule acts as a “sergeant” that
induces all the achiral “soldier” molecules to obtain a specific arrangement. Thus, the surface
1s composed of only one surface enantiomer even though most of the molecules are achiral.
This 1s of interest in asymmetric catalysis and may also help elucidating how molecular
chirality is transferred and amplified.
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Total Synthesis of Azumamides and Analogs
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Packing of DNA in cells 1s mediated by histone-DNA interactions. These interactions are in
part determined by the level of e-N-acetylation of lysine side chains in the histone proteins.
Histone acetyltransferases (HATs) catalyze acetylation shifting the histone-DNA complex
from an inactive to an active form, allowing transcription of the DNA. In contrast histone
deacetylases (HDACS) catalyze the reverse reaction, thereby inhibiting DNA transcription.
HDAC inhibitors (HDACi’s) have shown potential in cancer treatment’. Potent HDACi’s
include the natural compounds known as azumamides. The azumamides are cyclic
tetrapeptides consisting of three a-amino acids and one B-amino acid. The aim of this project
i1s to synthesize relevant azumamide analogs. These modified azumamides will assist in
clarifying the specific role of the different HDAC isoforms and may lead to new drug
candidates.

A synthetic route for the synthesis of azumamide analogs has been established through
combination of traditional solution chemistry and solid-phase synthesis. The f-amino acid
building block, containing two stereocenters, was synthesized utilizing a stereoselective
Mannich-type reaction. With this building block in hand, standard solid-phase synthesis,
cyclization and deprotection gave the cyclic tetrapeptide. The flexibility of this route allows
synthesis of a broad variety of analogs.

1 2006, SAHA (suberoylanilide hydroxamic acid) was approved by the FDA for treatmen of cutaneous T-cell Lymphoma.
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Mutual Additive -Induced Polymorphism in Aspirin / Aspirin
Anhydride Derivatives

Katarzyna A. SolankdAndrew D. BondPepartment of Physics and Chemistry, University
Southern Denmark, 5230 Odense, Denm@skail: solanko@ifk.sdu.dk

Polymorphism is the alttly of compounds to crystallise in different arrangements, and it i
common phenomenon in various classes of chemical materials. To be able to control
polymorphism is extremely important because different crystal forms can have differen
physicochemicapropertiesThe structural chemistry of aspirin has been found to be unu:
because it has a tendency to crystallise as an "intergrown" form, which contains domai
two polymorphs within a single crystal-Bl. Presented resultsave been focussed aspirin
derivatives, since we were interested to find other systems similar to aspirin. The prese
research examines several aspirin derivatives-éspirin, where X = Cl, Br, I, Me) and the
corresponding anhydrides. We have found that the aspiiivatiees also have a tendency t
be polymorphic and that the polymorphism is dependent on the presence of aspirin ant
impurities. In addition, we have found that the aspirin anhydrides display polymorphisir
that the polymorphism is dependent ba presence of aspirin during crystallisation. The
broader significance of this work lies in the illustration of polymorph control induced by
specific impurities that can be generated apiogucts during synthesis or even during a
common crystallisatioprocedure such as heating in organic solvents.

[1] P. Vishweshwar, J. A. McMahon, M. Oliveira, M. L. Peterson and

M. J. Zaworotko, J. AmChem. Soc., 2005, 127, 16802.

[2] A. D. Bond, R. Boese & G. R. Desiraju, Angew. Chem. Int. Ed. (2007), 46, 615.

[3] A. D. Bond, R. Boese & G. R. Desiraju, Angew. Chem. Int. Ed. (2007), 46, 618.

[4] A. D. Bond, K. A. Solanko, S. Parsons, S. Redder & R. Boese, CrystEngComm (2011), 13, 399.
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Asymmetric Organocatalytic Synthesis of Complex
Cyclopentalb]quinoline Derivatives
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The cyclopentdjjquinoline core is found in seval natural compounds and t
stereoselective synthesis of these cores could be of interest to the medicinal industry.

An efficient organocatalytic orpot procedure that provides a direct access to polyc
cyclopentap]quinoline derivatives with fivestereogenic centers has been developed.
system displays great tolerance toward variations in the relatively simple starting mi
and affords products in high yields and excellent enaatid diastereoselectivities. Increas
molecular complexity and functionality can be introduced through a number
transformations.

The multicomponent nature of the protocol allows combinatorial approaches for the sy
of a diverse array of potential pharmaceutical agents.
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Using a newly developed CO-releasing system, a novel method of incorporating CO into
compounds have been developed. This approach avoids many of the hazards connected to
working with the flammable and highly toxic gas.

A number of compounds have been synthesized using various N-nucleophiles, resulting in
structural motifs such as amides and ureides which are present in many bioactive compounds.
This novel approach allows easy access to specifically labelled compounds, increasing
interest for this method when synthesizing compounds used for ADME-studies.
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New synthetic route to substituted dihydroazulene photoswitches

Louise Skov', Michael Axman Petersen’, Soren Lindbak Broman®
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Molecular switches possess at least two reversibly interconvertible molecular states and are
particular important within the field of molecular electronics. The dihydroazulene/vinyl-
heptafinlvene (DHA/VHF) system represents one

such switch: DHA undergoes a photochemically | = M€ on fight _ np CN
induced 10-electron retro-electrocyclization to [~ v hpn ——  f 9 i
WVHF that in turn undergoes a thermally assisted Y f—{“ o N Ph

ring closure back to DHA . In earlier work the DHA  ° ¢

: : > : VHF
with a substituent at position seven has been iso- OHA red

lated, and now we have developed a procedure for

functionalization at position five in a five-step synthesis. Never before has a stable DHA with
a substituent in position five been isolated. Light-induced ring-opening to the corresponding
VHF and the thermal back-reaction was studied in detail

Beferences: {a) Skov, L Pefersen, M. A Broman 5. L Bond, A D Nielsen, M. B. Ovp. Biomol. Chem. pubiizhed onime DOL
101038/ C10B05059G: (b) Broman, 5. L Petersen, M. A . Tortzen, C. G Kadriol, A Nielsen, M. B, J 4m Chem. Soc. 2010, 132,
0165-9174; () Gobbd, L ; Seiler, B; Dtisdenich, F_; Gramlich, V; Bouden, C.; Gisselbracht, . P.; Gross, M. Heiv. Chim. dcte 2001, §4. 743
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Neighboring group participation in hydrolysis of 2-O-substituted
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Neighboring group participation has a long history in carbohydrate chemistry, but c
actually enhance the reactivity of the anomeric center when the participating gr
inherently disarming? To investigate the inflge of neighboring group effect from a®
protective group on acidic glycoside hydrolysis, 10 methyl glucosides having dif
protective groups on O2 have been synthesized and a clear trend between a
configuration, participation of the proteativgroup and the rate of hydrolysis could
observed. A nonparticipating electron withdrawing group (mesylate) slow dowr
hydrolysis, whereas participating groups, such as ester and carbamate accele
hydrolysis as compared with alkylated or namdtionalized O2. The neighboring gro
participation was determined to cause -d455times rate increase that is partly offset
electron withdrawal by field effectRifference between the anomers remains essentiall’
same independently of the @2otective group
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STRUCTURE-ACTIVITY STUDY OF DIHYDROCINNAMIC
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The free fatty acid 1 receptor (FFA1/GPR40) is highly expressed on pancreatic B-cells and its
activation enhances glucose-stimulated insulin secretion, making it an attractive target for the
treatment of type 2 diabetes."? Several FFA1 agonists containing the dihydrocinnamic acid
moiety are known.” and the following work presents a structure-activity investigation of this
compound family. The exploration of structure-activity relationships of para-substituted
dihydrocinnamic acid FFA1 agonists indicated that for smaller compounds the methyleneoxy
linker is preferred, while compounds with larger aromatic substituents prefer the
111ethzfleneamino linker. This also led to the discovery of the potent FFA1 agonist 18 (TUG-
469).

1(a) Itoh, Y.; Kawamata, Y.; Harada, M. et al Nature 2003, 422, 173-176.

(b] Briscoe, C. P.; Tadayyon, M.; Andrews, ]. L etal J. Biol. Chem. 2003, 278, 11303-11311

2. Wellendorph, P.; Johansen, L. D,; Brauner-Osborne, H. Mol. Pharmacol. 2009, 76, 453-465.

3(a) Briscoe, C. P.; Peat, A. |.; McKeown, S. C. et al Br. J. Pharmacol. 2006, 148, 619-628.

(b) Garrido, D. M.; Corbett, D. F.; Dwornik, K. A. et al Bioorg. Med. Chem. Lett. 2006, 16, 1840-1845.
(c) McKeown, 5. C; Corbett, D. F.; Goetz, A. 5. et al Bioorg. Med. Chem. Lett. 2007, 17, 1584-1589.
4. Christiansen, E.; Due-Hansen, M. E.; Urban, C. et al ACS Med. Chem. Lett. 2010, 1, 345-349,
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2"-Amino-LNA in enzyvmatic synthesis of oligonucleotides
Marie Willaing Johannsen, Rakesh N. Veedu, Birte Vester and Jesper Wengel
Nucleic Acid Center, University of Southern Denmark. Odense, Denmark
itk sdu.dk

2'-Amino-LNA 15 known fo sigmificantly stabilise duplex formation as well as for increasing
the nuclease resistance of oligomicleotides, properties which make 2"-anuno-INA attractive
as a modification of functional nucleic acids such as aptamers or DNAzymes. Both aptamers
and DNAzymes can be selected using SELEX (Systematic Evolution of Ligands by
EXponential ennchment), a method that relies on PCR to amphfy the active molecules in the
selection pool. In order to select modified oligonucleotides directly, it is necessary that
modified triphosphates are tolerated as substrates for enzvmatic synthesis and that modified
oligonucleotide templates can be copied enzymatically. We present the synthesis of 2"-amino-
LNA-T tnphosphates as well as their incorporation mnfo ONs by primer extension. We also
show how oligonucleotides modified with 2 -amino-LNA-T can be used as templates for
primer extension. This 1s the first step on the way to carrying out SELEX from 2 -amuno-LNA
modified selection pools.
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Svnthesis and Biological Evaluation of 5-HT,4 Receptor Agonists
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The powerful psychotropic effects exerted on the human nund by hallucinogens such as
lysergic acid diethylamide (L5D) and mescalin have been attributed to agomistic action at the
5-HT;a receptor subtype. Despite more than five decades of research no selective agonist for
the 5-HT;4 receptor has yet been discovered. Of the three major classes of hallucinogens:
Ergolines, tryptanines and phenethylamines the former two display high affimity for several
neuroreceptors, whereas the phenethylamines are selective for the three 5-HT; subtypes. In
our efforts to discover a 5-HT14 selective agonist we have synthesized and evaluated a large
mumber of compounds based on the N-benzvlphenetehvlamine scaffold. Many of these
compounds display lngh affinity for the 5-HT;4 receptor and some exhibit remarkable
selectivity as well, thus making these compounds the first truly selective 5-HT; 5 agomists.
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Towards the synthesis of oligoxylans
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It 15 well known that consumption of polysacchandes through plant dietary fibres are an
mmportant aspect of a healthy diet. However there 15 a limited understanding of the in vivo
effects of plant fibres. We want to elucidate and gain a better understanding of the precise
health benefits on certamn types of cancer. Cancer cells are known to over-express galectins on
the cell surface. Galecfins are a group of carbohydrate binding proteins which can inifiate
cell-death response when binding oligosacchandes The key goals of the research will be fo
obtain a detailed molecular-level understanding of the factors that mediate galectin/ligand
mteractions and to understand the effects of this type of interaction on cancer cells.

To achieve these goals the aim 1s therefore fo synthesise well defined oligomers of
D-xylopyranose which are one of the constituents m plant dietary fibres. A backbone
consisting of (1—4)-p-D-xvlo-oligosaccharides will be constructed, and generated with
relevant side chains containing other carbohydrate umits In order to control the
regiochemistry of D-xylose we wish to use D-glucose as a precursor for the later conversion
mto oligoxylans.
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Towards Oligoarabinofuranosides
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Some tvpes of modified citrus pectin have been found to inhibit galectin-3 (Gal3). a B-
galactoside-binding protein. which 15 found on the surface of many tumor cells. Gal3 is over-
expressed on the surface of mmltiple myeloma and other cancer cells, where it plays a role in
many stages of cancer progression and metastasis. Among others it inhibits apoptosis.
However, our understanding of the i vive effects of these pectins and other plant fibers are
limited at present. A mapping of the exact carbohydrate structures involved would help clanfy
binding sites, valency of binding, etc. and help elucidate the connection between dietary fibers
and cancer.

Pectin is one of the most complex plant polysaccharides. It contains a smooth region. which
consists of galacturonic acid, and a hairy region, which consists of a backbone of galacturonic
acid and rhammnose with side chains of linear and branched galactan, arabinan and
arabinogalactan. The hairy region is also referred to as rhamnogalacturonan I (RG-T) and
constitutes 20-30% of pectin. The arabinosides in RG-T are o-1,5-linked L-arabinofuranosides
with 2- and 3-arabinan branching.

Different approaches to arabinose donors and accepfors have been examined in order to
develop efficient synthetic routes to linear and branched arabinans with four to eight sugar
residues, as Gal3 1s known fo interact with a limited number of sugar residues in its binding
site.
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Discovery of UCPH1011 Structure-Activity -Relationships for Novel Class
of EAAT1 Inhibitors

Mette N. Erichseh Tri H. V. Huynl, Bjarke AbrahamsénJesper F. BastlurfdChristoffer
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L-Glutamate (Glu) is believed to play a key role in neurodegenerative disease
psychiatric disorders. Thereforthe glutamaterg neurotransmitter system is attractive
target from a therapeutic perspective. The excitatory amino acid transporters (EAA
expressed throughout the central nervous syséemresponsible for the reuptake 6u.
Five human subtypes have been identified, termed EABAATS. We believe hat valuable
information about the physiological functions and thus therapeutic potentials of the s
EAAT subtypes may be addressed by studying the actions of selective figandse searct
for selective ligands, aommercially available librargonsisting of 3040 compounds w
screened for inhibitory activity at EAATLEAAT2- and EAAT3expressing HEK293 ce
lines in a fH]-D-Asp uptake assayRecently, we have reported the discovery of the
subtype selective EAAT1 inhibitor (UCRPED1) aml presented an introductory structu
activity relationship (SAR) studi/Here, we present @etailed SAR by the design, synthes
and pharmadogical evaluation of analogue8y comparison of potencies @& range of
analoguest is evident that potencysilargely influenced byhe chemical nature of the F
substituent. The study also demonstrates that any chemical chahgefwrifctional groups o
a change to the parental scaffold results in the complete loss of inhiatbryy of the

compounds at EATl.5 References: (1) Beart Pbt al Br. J. Pharmacal2007, 150, 517 (2) Bunch Let al, Expert Opin.Ther.
Targets2009, 13, 71931 (3) Jensen Alet al, J. Med. Chem2009, 53, 91815 @) Jensen Alet al, Biochem.Pharmacol 2004, 67,
21152127(5) Erichsen MNet al,J. Med.Chem 2010, 53, 7180191
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Alzheimer’s disease 15 a neurodegenerative disorder charactenzed by the formation of B-
amvloid fibnls (AP fibrils) and neurofibrillary tangles. The styrvl benzene dervative (E.E)-1-
fluoro-2.5-bis-( 3-hydroxycarbonyl-4-hydroxy)-styrylbenzene (FSB) is known for its ability to
bind AP fibrils. Our goal in this project has been to provide structural mformation via the use
of solid-state NMR spectroscopy on this interaction. In order to make these studies possible,
we have recently synthesized a variety of 1sotope labeled FSBs possessing NMR active nucles
such as ~C and D. The backbone of FSB was assembled by two high vielding double
Sonogashira couplings and a selective Pd-catalyzed alkyne to alkene reduction.’ Finally. the
use of a new and effective carbonylation protocol developed within our group, allowed for the
late stage incorporation of “C via a Pd-catalyzed double alkoxycarbonylation.”

“Shirakawa, E; (Msuka, H Hayashi, T. Chem. Commun. 2005, 47, 5885-5885
* Hermanee P, Lindhardt, A T Taaming, B H; Bjerglond. K ; Lupp, D.; Skrydstnop, T. J4C5 2011, 137, 6061-6071
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Bottom up assembly ofa protocell
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When seeking to assemble minimal life from the bottom up, the critical properties
apparently emerge from the interconnected functions of three subsystems: inforr
metabolism and container. Such interconnected supramolecular systeatiedoprotocells
will under the right circumstances be able to mimic the main functions of & lnaf
although in a very simplified mannr.

1 S - L
Rasmussen, 8t al. Protocells: Bridging Nonliving and Living Matter, MIT Press 2009
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Acylated Glycosyl Donors
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Formation of f-glycosides with equatorial 2-O- or 2-N-acylprotected glycosyl donors has
been the focus of this project. The project was divided into two parts. In the first part of the
project, metal triflate promoted glvcosylation of peracylated glycosyl donors under different
conditions were examined. The purpose was to investigate their reactivity and
stereoselectivity towards the B-glycoside. In general, f-p-glucose pentabenzoate was found to
be the most reactive and stereoselective of the tested glycosyl donors. Furthermore, more
sterically demanding alcohol acceptors did not led to higher degree of reaction selectivity. In
the second part, f-p-GalNAc tetrapivalate was prepared and hereafter employed as glycosyl
donor in glycosylation reactions of 4-penten-1-ol activated by catalytic and stoichiometric
amount of activator. Formation of the P-glycoside was observed in both cases. Reaction
performed with stoichiometric amount of activator gave the highest yield with great
stereoselectivity towards the B-glycoside.
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Micke Lisbjerg, and Michael Pittiedw
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The goal of this research is to gain fundamental understanding of molecular recognitiot
events in water by means ofrtamic combinatorial chemistry. This approach enables the
selection, synthesis and isolation of the best receptor in a mixture via a survival of the {
approach” The aim of this project is to synthesise new building blocks for dynamic
combinatorialibraries (DCLs) that are decorated with PAMAfype dendrons, enabling the
dynamic combinatorial synthesis of dendrimers in aqueous solution (A and B).
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Here, we describe the synthesis and preliminary DCL behaviounoffiezt PAMAM-
dendronfunctionalised building blockshe building blocks are inspired by the work of O

and ceworkers?!

[1] Corbett, P. T.; Leclaire, J.; Vial, L.; West, K. R.; WietorLJ.Sanders, J. K. M.; Otto, &hem. Re\2006 160, 36523711.
[2] Vial, L.; Ludlow, F.; Leclaire, J.; PéreZernandez, R.; Otto,.S. Am. Chem. So2006 128 1025310257
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Dynamic combinatorial chemistry combines compounds using reversible cheumnigéary
thermodynamic contrdb give a mixture of compounds: a dynamic combinatorial library
(DCL). Molecular recognition of a template can directgdification and synthesis die
strongest binding component in the DCL.

A limitation for DCLs in water is that disulfide exchange is one of the only exchange
reactions that work well at physiological pFhefocus will be to establish conditions for
dynamic combinatorial chemistry using disulfide exchange and boronic acid ester form:
in organic solvents and wat@ihe building blocks we use to demonstrate the idea are
catechols and thidlunctionalised pheyl boronic acids.

[1] P. T. Corbett, J. Leclaire, L. Vial, K. R. WestLJ.Wietor, J. K. M. Sanders, S. Ott6hem. Re\2006 106, 36523711.



