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Abstract

To understand the function of nucleic acids in biological systems, their structural information is
important. Electron paramagnetic resonance (EPR) spectroscopy has been increasingly used to
study spin-labeled nucleic acids. Spin labels are usually incorporated site-specifically through
covalent bonding, which can be difficult and time consuming. A new method was previously
developed in our lab using noncovalent interactions where a spin label binds to an abasic site in
a duplex DNA at low temperatures. However, the spin label (¢) that was used has a lengthy
synthetic route and limited solubility in aqueous solutions. To search for spin labels with higher
affinity for abasic sites and easier synthesis we have incorporated several nitroxides into the 5-
position of pyrimidines. Two were made by an azide-alkyne Huisgen-Meldal-Sharpless (3+2)
cycloaddition reaction (click reaction) and another two using palladium-catalyzed Sonogashira
coupling. Among the click spin-labels, a U-analogue was fully bound at -30 °C while ca. 60% of a
C-analogue bound to a duplex DNA containing an abasic site when placed opposite to A and G,
respectively. However, 5-alkyne-linked pyrimidine spin-labeled derivatives of U and C bind only
ca. 30% and 90% when paired with A and G, respectively. A C-analogue prepared by coupling 4-
amino-TEMPO to 4-TPS U-derivative did not bind at all. Combined, our results indicate that
stacking interactions contribute significantly to noncovalent binding of spin-labels at abasic sites
in duplex DNA. Further work involving conjugation of a polyamine linker and an intercalator to
the 1-position of the pyrimidines was initiated.



Agrip

Upplysingar um byggingu kjarnsyra eru mikilvaegar til ad skilja hvernig paer virka i liffraedilegum
kerfum. Rafeindaspunateekni (Electron paramagnetic resonance) hefur undanfarié verid notud {
rannsoknum & spunamerktum kjarnsyrum. Spunamerkin eru oftast innleidd stadbundid med
samgildum tengjum, sem getur verid timafrekt. Ny adferd hefur nylega verid préud, 3
ranndknastofunni okkar, par sem merkin eru innleidd stadbundid dn samgildra tengja a 6basada
stodu i DNA tvilidu, gegnum vetnistengi og m-stoflun vid lagan hita. Merkid sem um raedir (g)
hefur langan efnasmidaferil og takmarkada leysni i vatnslausnum. Vid leit ad merkjum sem
Utbua ma med audveldari efnasmidi og bindast betur vid dbasada stodu, héfum vid smidad
nokkrar afleidur pyrimidina sem innihalda nitroxid. Tvd merki voru smidud med azid-alkyn
Huisgen-Medal-Sharpless (3+2) hringalagningu (smelliefnafraedi) og 6nnur tvé med pvi ad nota
palladium-hvatada Sonogashira-kiplun nitroxids vid stédu 5 & pyrimidin bosunum. A medal
smellispunamerkjanna bast U afleidan ad fullu i dbasada st6du & méti A i tvihlida DNA vid -30 °C,
a medan C afleidan bast 60% vid G. Aftur 3 méti bundust alkyn tengdu spunamerkin ekki eins
vel, U afleidan tengdist adeins 30% 4 moéti A og C afleidan 90% a méti G. C afleida, sem var
smidud med kuplun 4-amin-TEMPO vid stodu fjogur, syndi enga bindingu. Nidurstédurnar benda
til pess ad m-st6flun milli kirnibasa hafi meira veegi en vetnistengi & sakni basa i 6basada stddu i
DNA tvilidu. Hafist hefur verid handa vid ad tengja fjolaminkedju med millibundnuefni a fyrsta
stad a pyrimidininu. SU efnasmid er i vinns|u.
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1 Introduction

1.1  Nucleic acids

Nucleic acids store and transfer the genetic information from one generation to the next in all living
organisms. Deoxyribonucleic acid (DNA) stores the information using a four letter code and
ribonucleic acid (RNA) transfers that information into proteins. Although this is the most well known
function of nucleic acids, in recent years there have been many discoveries of RNAs involvement in
number of biological systems. RNA takes part in amino acid transfer, gene regulation, protein
synthesis and has been discovered to be used as a catalyst and for ligand binding [1, 2].

All these versatile functions of nucleic acids are due to their unique structure and dynamics.
Understanding the movement and conformational changes of biomolecules in biological systems is of
great interest, not only to quench the curiosity about life in the universe and how it functions, but
also for drug discovery, where the understanding of biological functions can lead to therapeutic
methods that save lives.

Structural studies of nucleic acids have been done by several techniques. These techniques can be
divided in two groups, high resolution techniques and low resolution techniques. The techniques
complement each other in quality. High resolution techniques give very accurate information about
the position and distance between atoms in three dimensional space. X-ray crystallography [3] and
NMR spectroscopy [4] are good examples of high resonance techniques. X-ray crystallography is the
most dominant method in giving precise structural conformation of large molecules. This method is
very popular for structure determination of proteins while there are not many structures available
for RNAs. The reason is that high-quality crystals of the molecule are needed, which is rarely possible
for RNAs. Other disadvantage of X-ray crystallography is that molecules crystallize in the lowest
energy configuration, which is not always the biologically active structure. There, a spectroscopic
technique like NMR is preferred since NMR can be used to study biomolecules in their native form,
although there have been difficulties in interpreting the data of molecules over 50 kDa, which makes
this method size-limited. In addition, most nucleic acids require isotopic labeling, which is very
expensive and time consuming.

Low resolution techniques can be used to monitor structural changes of molecules when interacting
with other molecules [4, 5]. These techniques, like fluorescence resonance energy transfer (FRET) [6]
and electron paramagnetic resonance (EPR) [7-10] use labels to study the structure. Structure
determination of molecules with FRET and EPR relies on measuring distances and distance changes
within a molecule between two labels in a molecule. Since the only things measured are the labels
there are no size limitations. However, since labeling is necessary, big labels, when incorporated, can
interfere with the function by distorting the shape of the nucleic acid and limited information is
obtained about the part of the molecule which is not labeled.

1.2 EPR spectroscopy

Electron paramagnetic resonance (EPR) spectroscopy is used to study unpaired electrons. This
method has become popular in recent years due to high specificity toward radicals and technical
improvement. EPR is applicable for distance measurements within a molecule, were continuous wave
(CW) EPR can measure distances of 8-25 A [11] and pulsed EPR can measure distances up to 15-80 A
[8, 12, 13]. EPR is also very sensitive to the motion of paramagnetic centers, making it capable of
detecting dynamics of the molecule. That information is crucial for the understanding function of
nucleic acids in biological systems. Nucleic acids are diamagnetic and cannot be measured with EPR,
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so radicals have to be incorporated into the molecules. Nitroxide radicals, like 4-oxo-2,2,6,6-
tetramethyl-1-piperidinyloxy (4-oxo-TEMPQ) [14] is favorable due to high stability under most
conditions. Nitroxide spin-labels show three sharp lines in solution due to hyperfine coupling of the
radical spin (5=1/2) to the nitrogen’s (**N) spin state (1=1) (Figure 1).

Y

Figure 1. Structure of 4-oxo-TEMPO, a stable nitroxide radical (left) and its CW-EPR spectrum (right).

1.3 Spin labeling of nucleic acids

1.3.1 Techniques for spin-labeling nucleic acids

To be able to accurately study the structure and dynamics of nucleic acids by EPR spectroscopy, they
need to be spin labeled at a predetermined site. This method is called site-directed spin labeling
(SDSL) where spin labels can be attached to the base [15], sugar [16] and phosphate backbone [17] of
the nucleic acid.

Today there are three SDSL methods for nucleic acids available. Two are covalently bound site-
directed spin labeling approaches (Figure 2A and B) and the third, developed in our laboratory, is a
noncovalent and site-directed spin labeling (NC-SDSL) strategy (Figure 2C), which will be discussed in
detail in chapter 1.4.

The first two SDSL approaches incorporate labels by creating a covalent bond between the label and
the nucleic acid. The First method is called post-synthetic labeling (Figure 2A) [9, 18, 19] were spin
labels react to a specific reactive site in the nucleic acid. An advantage of this method is that many of
the spin labels are commercially available and react easily, which can also be a disadvantage. Nucleic
acids have many reactive sites, and having a label that reacts easily can cause unwanted side
products that can be difficult to purify.

The second method is labeling during polymer synthesis (Figure 2B), where spin labels are
incorporated during automatic synthesis of the nucleic acid, utilizing a spin-labeled phosphoramidite
building block [9, 18, 19]. Here, incorporation of various spin labels is possible with high efficiency.
This method requires time and specific skills along with the risk of partial reduction of the radical
when it comes in contact with the chemicals used in the automatic synthetic process.
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Figure 2. Cartoon representation of site-directed spin-labeling methods. A. Post-synthetic labeling B.
Labeling during nucleic acid synthesis. C. Noncovalent labeling. TEMPO is shown as an example of
nitroxide. Taken from [10].

To get around problems in the synthesis and purification steps, NC-SDSL was developed in our lab,
which exploits noncovalent interactions of natural bases in nucleic acids [20] (Figure 2C). Here a base
is removed, like occurs in Nature when damaged DNA is repaired enzymatically by cleavage of the
glycosidic bond [21], leaving an abasic site to which the spin-labeled base ¢ can bind without covalent
bonds, using only hydrogen bonding and m-stacking interactions (Figure 3). The abasic site is
incorporated by using an abasic phosphoramidite building-block in the nucleic acid synthesis process.

1.4 Noncovalent and site-directed spin labeling with ¢

The pyrimidine derivative, ¢, used in the development of NC-SDSL is a cytosine fused with an oxazine
linkage to a nitroxide-bearing isoindoline spin-label [20]. The cytosine derivative binds via three
hydrogen bonds to the opposite guanine, between the flanking bases (Figure 3). The base opposite
the abasic site is often called the orphan base because it lacks the base-pairing partner in a duplex
DNA.
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Figure 3. A. Base pairing of ¢ with orphan guanine (G) B. Abasic site in DNA [20].



The spectrum of ¢ in aqueous solution shows three narrow lines (Figure 4B). Slowing down the
tumbling movement by lowering the temperature results in line broadening (Figure 4C). Therefore,
when spin labels bind to nucleic acids, there is a large change in mobility. Large molecules, like
nucleic acids, move slowly in solution, compared to the small freely rotating molecule like the g,
giving a broadened spectrum. Therefore, when ¢ is bound in the abasic site of the DNA, a slow-
moving component appears both in the high- and low-field part of the spectrum at 0 °C (Figure 4D)
and the fast-moving component reduces when the temperature is reduced until disappearing
completely at -30 °C, indicating that ¢ is fully bound (Figure 4E).
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Figure 4. Binding studies of ¢ in an abasic site containing 14-mer duplex DNA. A. Structure of ¢ and the
sequence of 14-mer abasic site containing duplex DNA. B. EPR spectrum of ¢ at 0 °C. C. EPR spectrum of
¢ at -30 °C. D. EPR spectrum of ¢ with 14-mer abasic site duplex DNA at O °C. E. EPR spectrum of ¢ with
14-mer abasic site duplex DNA at -30 °C [20].

1.4.1 Triazole-linked spin-labels for noncovalent and site-directed spin-labeling

Synthesis of ¢ requires substantial synthetic effort [20]; therefore spin labels with shorter and easier
synthesis route that bind at higher temperature are preferred. Pyrimidine-modified nitroxides
bearing an isoindoline connected to a base with a triazole linkage (Figure 5) were synthesized by Dr.
Sandip A. Shelke and their binding affinity measured [22].

Figure 5. Structure of pyrimidine modified 5-triazole-linked spin-labels.

The synthetic routes of the triazole-linked spin labels are shorter than for ¢ (Scheme 1 and 2). The
key step was a Huisgen-Meldal-Sharpless (3+2) cycloaddition reaction (click reaction) between the
azide-modified isoindoline 7 [23] with alkynes 6 and 9 to give spin-labels 2 and 3, respectively [22].
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Scheme 2. Synthesis of a cytosine-derived, triazole-linked spin-label for NC-SDSL.

The uracil containing the triazole-linked spin label 2 bound fully to abasic site duplex DNA at -30 °C
while the cytosine analogue bound ca. 60%. The low binding of the cytosine derivative was surprising
since cytosine can in principle form one extra hydrogen bond compared to the uracil derivative.

Although triazole-linked spin labels have good binding and easier synthesis than ¢, they lack rigidity.
The triazole-linked spin-labels have two single bonds with free rotation that changes the position of
the radical relative to the nucleic acid, giving a distance distribution when measured in pulsed EPR.
This project sought to rectify that shortcoming.

1.5 Project goals

For the NC-SDSL approach to be feasible for structural studies of nucleic acids, readily available rigid
spin-labels with high affinity and short and simple synthetic routes are desirable along with solubility
in aqueous solutions.

The goal of the thesis project was to design and synthesize spin labels with high affinity towards
abasic sites in duplex DNA that are conformationally unambiguous [24, 25] for accurate distance
determination in nucleic acids. Having a molecule that is conformationally unambiguous means that
rotation of single bonds in the linker does not cause a spatial displacement of the nitroxide relative
to the molecule to which it is attached. The nitroxide radicals stay at the same position because the
angle of the bond does not change, i.e. the N-O bond is on the the same axes as the rotation of the

bonds as shown in our target molecules 10 and 11 (Figures 6 and 7).

HN
)

0“™N
|12
Figure 6. Structures of simple pyrimidine-modified spin labels. Uracil derived 5-alkyne-linked spin label

10 (left). Cytosine derived 5-alkyne-linked spin label 11 (middle). Cytosine derived 4-amino-TEMPO spin
label 12 (right).

As mentioned before was our first criteria in our design to have spin labels that are conformationally
unambiguous for accurate distance measurement. Accordingly, two spin labels were designed where



pyrimidines linked at 5-position via an alkyne link to a nitroxide bearing tetrahydropyridine moiety
(Figure 6). Those labels fit the profile and have rotation around the single bonds next to the alkyne
which does not affect the distance measurements. The third spin label was a cytosine analogue with
4-amino-TEMPO (Figure 6). When looking at the spin label 12 thoroughly, it is seen that due to chair
formation of the pyridine moiety, the distance measurements will give minor distance curve when
rotating the single bond linking the pyrimidine to the spin label. Spin labels 10 and 11 have a double
bond in the pyridine moiety that flattens the label, despite that a small distance curve will be
observed although being small. All labels had a methyl group at the N1-position because N1-methyl-
derived ¢ had bound better than the unmodified version [26]. All these spin labels were expected to
form hydrogen bonds to purines placed opposite the abasic site. The uracil label 10 will form two
hydrogen bonds to adenine (A) and cytosine labels 11 and 12 will form three hydrogen bonds to
guanine (G) (Figure 7).
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NN r < B\ N O—HN O
N / N N\ RN N—H N = 7
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Figure 7. Base pairing of ¢ and the simple spin-labeled pyrimidines

Labels 10, 11 and 12 are not expected to stack as well as ¢ and the triazole-linked spin labels 2 and 3,
having limitied free m-electrons to stack with. The acetylene-linked spin labels provide an indirect
measure of the importance of the triazole ring in stacking in abasic sites in duplex DNA.

If there are no simple spin labels with high affinity towards abasic site DNA, how can the affinity be
increased? Lhomme et.al. attached adenine to a polyamine linker and a known intercalator to give
excellent binding to abasic site DNA (K, = 20 x 10" M™) [27]. The second part of the thesis was to
implement Lhomme’s strategy on existing pyrimidine-derived spin labels. The strategy is described in
greater detail in section 2.5.



2 Results and discussion

In this chapter | will describe the syntheses and the EPR measurements. Synthesis of three simple
spin-labels will be discussed in detail along with looking thoroughly at their EPR spectra in the
presence of both DNA and RNA duplexes containing abasic sites. To conclude the chapter we will go
through a synthetic route of spin label that has the potential to have higher affinity to an abasic site
in duplex DNA.

2.1 Synthesis of 5-alkyne spin-labeled pyrimidines 10 and 11

The syntheses of 5-alkyne spin labeled pyrimidines 10 and 11 started with iodination of uracil,
followed by regiolelective methylation via the corresponding trimethylsilyl derivative. Sonogashira
coupling was performed on 15 using the acetylene spin-label 16 [28] in the presence of palladium
and copper catalysts, which yielded spin label 10 (Scheme 3).

o o = N
|
AN I, Ho0, AN I 1. HMDS, TMSCI HNJ]/ 16
PN H,0 PN 2. CHyl, 1.2-CoH4Cly PN Pd(PPhy),, Cul
0N 0% 07N e 07N
N N \ Et,N, DMF
13 14 15 21%

Scheme 3. Synthesis of uracil derived 5-alkyne-linked spin label 10 for NC-SDSL.

The cytosine derivative of the 5-alkyne-linked spin label was made from N1-methyl-5-iodo-uracil (15)
by activating it to the 2,4,6-triisopropylbenzenesulfonyl (TPS) derivative before incubation with
ammonia to give cytosine-derivative 18. Sonogashira coupling was performed like before on the 18
using acetylene spin label 16 [28], yielding spin label 11 (Scheme 4).
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15 17 9 N 18 21%
|

Scheme 4. Synthesis of cytosine derived 5-alkyne-linked spin label 11 for NC-SDSL.

2.2 Synthesis of 4-amino-TEMPO spin-labeled cytosine 12

Synthesis of the amino-linked spin-label 12 was performd using a similar method as used in
preparation of 11. Uracil was methylated regioselectively by first protecting the carboxyl group in situ
using HMDS and TMSCI, followed by treatment with CH;l which gave 19 in moderate yield. The 4-
position was then activated by converting 19 to its OTPS derivative 20 prior to coupling the 4-amino-
TEMPO, which afforded spin-label 12 (Scheme 5).

<0
o H,N N*O N
21

HN% 1. HMDS, TMSCI HNJ} TPSCI, DMAP HN
oA 2.CH 12-CHCl, oAy, EtaN, CH,Cl, EtaN, CH,Cl N7
N 53% | 23% 39% A
0" N

13 19 [ 12

Scheme 5. Synthesis of cytosine derived 4-amino-linked spin label 12 for NC-SDSL.



2.3 Binding results for 4-amino and 5-alkyne labeled pyrimidines

Before we started to determine the biniding of the spin labels in an abasic site in duplex DNA we
wanted to know how the spin-label spectra changed in correlation with the change in temperature.
All samples were measured in a 30% ethylene glycol solution containing 2% DMSO, a solvent
commonly used for PELDOR. DMSO is used to increase the solubility of spin labels in aqueous
medium. Looking at the spectra we see that the signal broadens with reduced temperature (Figure
8).

-30°C

H
N
oS

S
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Figure 8. EPR measurements of spin-labels in aqueous solution at 0 and -30 °C. All measurements were
conducted in phosphate buffer containing 30% aqueous ethylene glycol solution and 2% DMSO A-B.
Spectra of uracil derived 5-alkyne-linked spin label 10 at 0 and -30 °C, respectively. C-D. Spectra of
cytosine derived 5-alkyne-linked spin label 11 at 0 and -30 °C, respectively. E-F. Spectra of cytosine
derived 4-amino-TEMPO spin label 12 at 0 and -30 °C, respectively.

2.3.1 Binding of spin-labels 10, 11 and 12 to DNA

The uracil derivative of the 5-alkyne-linked spin label 10 was measured in the presence of a 14-mer
abasic site DNA with the adenine as the orphan base (Figure 9). EPR spectra showed no binding down
to -10 °C (Figure 9B). However, at -20 °C a small shoulder appeared on the low field region, possibly
due to binding of 10 to the abasic site (Figure 9C). When the temperature was further reduced to -30
°C, the slow-moving shoulder increased and the fast-moving component decreased, indicating
increased binding of the spin-label 10 to abasic site DNA (Figure 9D).

The cytosine derivative of the 5-alkyne-linked spin-label was measured in the presence of a 14-mer
duplex DNA with guanine as the basepairing partner (Figure 9). Small slow-motion component
immediately appeared as a shoulder, in the low field region, at 0 °C and as a small dent in the high
field reagion (Figure 9E). Decreasing the temperature the fast-moving component decreased both at
high- and low-field region with increasing slow moving components (Figure 9F,G,H). After decreasing
the temperature to -30 °C the fast-moving component had almost disappeared, leaving a small peak
on top of the slow-moving component (Figure 9H). This indicates that the spin label 11 is almost fully



bound to the abasic site in duplex DNA. 4-amino-linked spin-label showed no slow-moving
components, even at -30 °C (Figure 9I-L) indicating that spin label 12 does not bind to the abasic site
in duplex DNA.

-10°C -20°C -30°C

5'-GACCTCG_ATCGTG-3’ ’ f\rf

3'-CTGGAGCATAGCAC-5’

= F G H
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3 '-CTGGAGCGTAGCAC-5'

Figure 9. EPR spectra of simple pyrimidine derived spin-labels in a solution containing abasic site duplex
DNA. All measurements were conducted in a phosphate buffer containing 30% aqueous ethylene glycol
solution and 2% DMSO. A-D. Spectra of uracil derived 5-alkyne-linked spin-label 10 at 0, -10, -20, -30 °C,
respectively. E-H. Spectra of cytosine derived 5-alkyne-linked spin-label 11 at 0, -10, -20, -30 °C,
respectively. I-L. Spectra of cytosine derived 4-amino-TEMPO spin-label 12 at 0, -10, -20, -30 °C,
respectively.

2.3.2 Binding of spin labels 10, 11 and 12 to RNA

Binding of the spin labels 10, 11 and 12 to an abasic site in duplex RNA, having guanine as orphan
base, was also investigated. None of the spin labels showed any binding at -30 °C indicating that
these labels are not suitable for noncovalent RNA labeling (Figure 10). These results are not that
surprising because RNA forms an A-form helix which has much narrower major groove than B-form
DNA.
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Figure 10. EPR spectra of simple pyrimidine-derived spin labels in a solution containing abasic site
duplex RNA. All measurements were conducted in a phosphate buffer containing a 30% aqueous
ethylene glycol solution and 2% DMSO. A. Spectrum of uracil derived 5-alkyne-linked spin label 10 at -30
°C. B. Spectrum of cytosine derived 5-alkyne-linked spin label 11 at -30 °C. C. Spectrum of cytosine
derived 4-amino-TEMPO spin label 12 at -30 °C.

2.3.3 Determination of binding affinity

The EPR spectra of spin labels 10 and 11 and the spectra of the spin labels containing an abasic site
duplex DNA at -30 °C were normalized by double-integrating their values in MATLAB-based program
to get a normalized spectra. Since there was no fully bound spectrum, a fully bound spectrum was
simulated and used to fractionally subtract from unbound spectrum. The simulated spectrum was
subtracted from the unbound spectra on the same graph by adjusting the faction value a to get the
visual best-fit. Dissociation constant (ky) was calculated by inserting a into the following equation:

_ 1-0)xX
T Y- (1—a)xX][axX]

Ke

and Ky = 1/Keq, were X and Y are initial concentrations of spin label in abasic site DNA.

Since there were some problem with normalization of the spectra we were unable to get an accurate
dissociation constant (ky) so binding was drawn from a and determined that spin label 10 bound ca.
30% and spin label 11 ca. 90%.

2.4 Modeling spin-labels in abasic site nucleic acids

To understand the binding of spin-labels in abasic site, they were modeled in duplex DNA that
contains an abasic site and minimized to the lowest energy state. That should give the most likely
conformation of the spin label in the abasic site in duplex DNA. Though rotation along the single
bond does not require much energy, the orientation of the tetrahydropyridine towards the
pyrimidine be in any conformation without affecting the binding.
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The cytosine-derived, triazole-linked spin label 3 twists a little due to the intramolecular hydrogen
bonding (Figure 11B), which affects the stacking ability of the label (Figure 12B). It appears that the
twisting effect in spin-label 3 overcomes the gain of extra hydrogen bonding.

Figure 11. Structures of simple pyrimidine-derived spin labels in the lowest energy state shown in side-
and top view for each label. A. Uracil derived 5-triazole-linked spin-label 2. B. Cytosine derived 5-
triazole-linked spin label 3. C. Uracil-derived 5-alkyne-linked spin label 10. D. Cytosine derived 5-alkyne-
linked spin label 11. E. Cytosine derived 4-amino-TEMPO spin-label 12.

The 5-alkyne-linked spin-labels 10 and 11 and 4-amino-linked spin-label 12 were minimized to their
lowest energy state. There we can see that the modifications on the pyrimidines all twist out of plane
which can interfere with the binding due to steric hindrance (Figure 11C-E). When the labels where
modeled in nucleic acid, very similar conformations were seen. The alkyne linked labels stick far out
into the major groove and there is no indication that the methyl groups of the tetrahydropyridine
moiety crashes into the backbone (Figure 12C and D). There is a significant difference in binding
between the cytosine and the uracil derivatives, and because the alkyne linked labels do not stack
well most binding is through hydrogen bonding. Since cytosine forms three hydrogen bonds
compared to uracil’s two hydrogen bonds we can assume that binding is increased due to additional
binding of the hydrogen bonds.

11



Figure 12. Models of spin-labels in 5-mer nucleic acids with matching orphan base pair. A. Uracil derived
5-triazole-linked spin label 2. B. Cytosine derived 5-triazole-linked spin label 3. C. Uracil derived 5-
alkyne-linked spin label 10. D. Cytosine derived of 5-alkyne-linked spin label 11. E. Cytosine derived 4-
amino-TEMPO 12. F. c.

Minimization of 4-amino-linked spin-label shows that the TEMPO does not stick out long enough for
it to get free rotation, hence it crashes into the nucleic acid backbone (Figure 12E). That explains why
the label does not bind to the abasic site pocket.

2.5 Spin-labels with higher affinity for abasic sites

From the EPR data of spin labels 10, 11, 12 (Figure 9), it appears that they do not have high enough
binding affinity. Unmodified purines with high affinity toward abasic sites in duplex DNA have been
described by Lhomme et al. Lhomme used a polyamine linker, coupled to an intercalator, to bind an
otherwise unmodified adenine noncovalently with high affinity to an abasic site in duplex DNA
(Figure 13) [27, 29]. The adenine was used to direct the binding specifically to the abasic site. The
polyamine linker, which is protonated at neutral pH giving it a positive charge, was linked to the
purine. The positively charged polyamine linker formed ionic bonds to the polyanionic backbone of
the nucleic acid, thereby increasing its binding affinity. For additional binding a known intercalator,
acridine, was coupled to the linker. Intercalators, like acridine, stack in-between the bases, thus
increasing the binding affinity.

12
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Figure 13. Method developed by Lhomme for increased noncovalent binding affinity [29].

We wanted to utilize this method for our spin-labels, hoping it would give high affinity towards an
abasic site in duplex DNA. Since an eleven atom linker, containing three amines coupled to acridine,
had the best affinity [27], we chose that linker for the target spin labeled molecule (Figure 14).

)H/EN cl
\ ‘

K/N\/\/N\/\/NH
22

Figure 14. Structure of the proposed spin label 22 containing a polyamine linker and acridine to incease
the affinity for abasic site.

A scheme was proposed based on Lhomme’s synthetic route [27] (Scheme 6). The main difference
was that we used uracil as starting material. The linker can be coupled to the uracil with and without
the acridine attached, giving two options. Spin label modification on the pyrimidine was to be
synthesized after attaching the linker and acridine.
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Scheme 6. A proposed synthetic route for 22 based on Lhomme’s method.

After devising the scheme, we proceeded with the synthesis. Coupling of free linker to acridine was

performed without solvent having the linker in 20 fold excess, giving 25 in reasonable yield (Scheme
7).

24
Cl Cl N
o HZN/\/\N/\/\NHZ z
X ~ H N o
_ 7% H
cl N HoN AN~ NH
23 25

Scheme 7. Synthesis of 25.

Alkylation of 14 with 1,2-dibromoethane in DMF was performed on the N1 of the pyrimidine using
silyl protecting groups for the carbonyl as before (Scheme 8). The reaction gave low yield,

presumably due to unwanted side products like dialkylation, dimerization and intramolecular
cyclizations.

o o
1. HMDS, TMSCI Br
HN Br 1.2-C,H,Cl, HN |

O)\N | 2 g O)\N
H DMF L_8r
14 2%% 26

Scheme 8. Synthesis of 26.

Next step was to couple the linker to the alkyl bromide modified uracil (Scheme 9). The reaction was
performed with excess linker 24 in methanol until a new product precipitated. The precipitate was
analyzed and concluded to be compound 30 where the linker worked as a base to catalyze
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intramolecular cyclization (Scheme 9). The crude reaction mixture was analysed as well, giving a very
unclean NMR. However, there were some indications that some of the desired product 31 was in the
reaction mixture. The NMR showed some peak shift correlating to the wanted compound. The
assumption came from peaks with similar coupling constant as the free polyaminolinker 24 and
similar shift as 25 (NMR of compound 31). Nevertheless, it was impossible to verify due to low signal
compared to linker and other impurities in the baseline. When we attempted to purify the product, it
turned out to be very polar and difficult to isolate from linker 24, even on silica gel treated with
triethylamine before washing the compound through with 20% methanol in dichloromethane.

o 24 0 24 0
y | HoN N NH, HN)j/l HoN N N NH, HN)j/l
M | CH,OH O)\N CHOH O)\N
o N H H
- K/Br K/N\/\/N\/\/NH2
30 26 31
NH,
CH3OH
0
HNJ]/I
O)\N
L NH,
32

Scheme 9. Intramolecular cyclization as side reaction.

Ring opening reactions of compound 30 were attempted with no luck. Although many other reaction
conditions were attempted, like different temperatures, solvents and reagent equivalence, the
isolation of product 31 remains in vain.

After a futile effort for many months, this approach was discarded and a new approach planned. The
new approach proposed uses reductive amination to couple the linker to the modified base (Scheme
10). This approach should circumvent the intramolecular cyclization. Another change was also
proposed in the new scheme due to the problems in purifying the polyamine linker compound. The
addition of the linker was moved to the end of the scheme so there will be only one compound
containing the polyamine linker to purify. This means that we start by coupling the aldehyde to the
base followed by the Sonogashira coupling. Deprotection will then be done prior to the final two
steps of click reaction and reductive aminaiton, which will give the target spin-label 22.
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Scheme 10. New proposed synthetic route for 22.

The alkylation of 14 presented some problems; silyl protection did not yield a product so potassium
carbonate was exploited in presence of DMSO and the 2-bromo-1,1-demethoxyethane (33). No
reaction was observed at low temperature although upon heating regioselectivity diminished giving
only dialkylation. Microwave irritation was utilized and gave the monoalkylation in very low yield.
Finally we came up with the method of making the uracil salt by stirring the potassium carbonate in
DMSO charged with uracil, before adding the alkyl halide. This method awarded the monoalkylated
compound 34 in 60% yield (Scheme 11). Sonogashira coupling was subsequently performed on the
monoalkylated uracil 34 giving compound 35 in moderate yield (Scheme 11).

o} 0 ™S
0 N | Pd(PPh,),, Cul " =7
| K,CO3 , DMSO \ Et;N, DMF
HN PN B —— 2\
)\ | /\( ~ 0 =—TMS 0" N
0" N 2N 50% 2N
H 60% ©
14 34 Oy 35 O

Scheme 11. Synthesis of 32 and 33 from 5-iodo-uraci 14.

The next step was to deprotect the acetal and TMS group. One step deprotection was tried since mild
acidic conditions can be used for deprotection of the acetal and halogens are known to remove silyl
groups (Sceme 12). To our surprise, the acetal remained unchanged but the TMS group was
removed, making way for Markonikov addition of the hydrochloric acid to yield 39 (Scheme 12). The
structure of compound 39 was confirmed with mass spectrometry and DEPT NMR spectroscopy, was
utilized by determining the number of proton on each carbon. Normal proton and carbon NMR was
also used. Upon further heating, the acetal formed hemiacetal which is ready for reductive
aminaiton. Since the Markonikov product cannot be used further, another approach was proposed.
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Scheme 12. 35 reacted with 0.1 M HCI.

In the new scheme we started by alkylating uracil 14 like before, followed by Sonogashira coupling of
TMS acetylene, yielding 35. The TMS group was removed with TBAF, giving acetylene 36 ready for
click reaction with the azide spin-label 7. Click reaction was performed on 41 in presence of copper
iodide which gave 44 in good yield. Acetal will then be deprotected and reductive ammination
performed to give the target molecule 22 (Scheme 13).
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Scheme 13. The current synthetic route and status of the synthesis towards 22. Red compounds are yet
to be made.

We were also able to deprotect the acetal 32, which gives hemiacetal 45 in equilibrium with the
aldehyde 44. So far there has been no luck performing reductive ammination with the model
compound propylamine (Figure 14).
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Scheme 14. Acetal deprotection of 34 and failed reductive ammination with propylamine.
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In conclusion, synthesis of a polyamine-conjugated spin label has caused problems due to many
reactive sites which lead to intramolecular cyclization and low yield in alkylation. Addition and
purification of the polyamine linker are still in progress

3 Summary

| have described the synthesis of three new spin labels for noncovalent and site-directed spin labeling
and determined how well they bind to abasic sites in duplex DNA and RNA. Two spin-labels were 5-
alkyne-linked pyrimidine derivatives and one was a cytosine derivative linked with 4-amino-TEMPO.
5-alkyne-linked labels 10 and 11 showed ca. 30% and 90% binding to abasic site DNA, respectively
but no binding in RNA. 4-amino-linked cytosine showed binding in neither DNA nor RNA.

A molecule for high affinity noncovalent binding to abasic site duplex DNA was proposed by attaching
polyamine linker coupled to an acridine, a known intercalator, to a spin-label. There were some
problems in the synthetic route of the molecule due to intramolecular cyclization and low vyielding
steps. Nevertheless, a solution has been synthesized and will be measured in abasic site DNA in near
future.
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4 Experimental

General

All commercially available reagents were purchased from Sigma-Aldrich and used directly. Solvents
purchased from Sigma-Aldrich or Skeljungur hf were dried, when needed, with molecular sieves (3A,
1.6 mm pallets) or by distillation. Thin layer chromatography (TLC) plates, with glass back were
purchased from Silicycle (Kieselgel 60 F254, 250um). For flash column chromatography, silica gel
(230-400 mesh, 60 A), was purchased from Silicycle and used directly. NMR studies were preformed
on a Bruker Avance 400 MHz using deuterated solvents dg-DMSO (2.50 ppm), ds-CH50H (3.35 and
4.78 ppm) and d-CHCl; (7.26 ppm). HR-APCI-MS (Bruker, MicroTof-Q) mass spectrometer was used to
record molecular mass of organic compounds.

DNA synthesis and purification

CPG columns and solutions for DNA synthesis were bought from ChemGenes corporation.
Oligonucleotides, both unmodified and modified, were synthesized on an automatic ASM800 DNA
synthesizer (Biosett) using a trityl-off synthesis protocol and phosphoramidites with standard
protecting groups on 1.0 umol scale. DNA protection groups were deprotected using conc. ammonia
solution at room temperature and cleaved from the resin at 55 °C for 8 h. DNA oligos were purified
by 20% denatured polyacrylamide gel electrophoresis (DPAGE) and visualized under UV. A band was
isolated, crushed and extracted with TEN buffer (259 mM NacCl, 10 mM Tris, 1 mM Na,EDTA; pH 7.5).
Extracts were filtered through 0.45 pum polyethersulfone membrane from Whatman and desalted
using Sep-Pak cartridge from Waters Corporation. Solvent was removed in Speed-Vac and the
residue was re-dissolved in 200 uL of sterile water. Concentration was measured on UV Winlab
(V2.85.04, PerkinElmer) using Beer’s law calculations based on absorbance at 260 nm.

EPR measurements

Solution of spin-label, DNA strand and complimentaty strand (1:2:2.4) were mixed, stirred and
solvent evaporated on Speed-Vac. The residue was dissolved in 10 uL PNE buffer (10 mM Na,HPO4,
100 mM NaCl, 0.1 mM Na,EDTA, pH 7) and annealed (Annealing protocol: 90 °C for 2 min, 60 °C for 5
min, 50 °C for 5 min, 40 °C for 5 min, 22 °C for 15 min). Solvent was again dried on Speed-Vac before
dissolving in 10 pL of 30% ethylene glycol water solution containing 2% DMSO for solubility. Solution
was placed in 50 pL capillary (BLAUBRAND intraMARK). The EPR spectra were recorded using a
minimum of 25 scans up to 250 on a MiniScope MS 200 (Magnettech Germany) EPR spectrometer
(100 kHz modulation frequency, 1.0 G modulation amplitude, and 2.0 mW microwave power).
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5-iodopyrimidine-2,4(1H,3H)-dione (14). Uracil 13 (5 g, 44,6 mmol) and I, (6,5 g 25,6 mmol) were
suspended in water (140 mL) and 30% H,0, (6 mL) was added. The resulting reaction mixture was
stirred at 50 °C for 12 h. Reaction mixture was allowed to cooled to 25 °C. The precipitate was filtered
and washed with water and aqueous Na,S20; solution giving 14 (5.04 g, 21.2 mmol) as white crystals
in 47% yield. [30]

TLC: 10% CH3OH:CH,Cl,R(13) = 0.2 R{(14) = 0.5

'H NMR (400 MHz, d¢-DMSO) & ppm 11.39 (s, 1H, NH), 11.19 (s, 1H, NH), 7.89 (s, 1H, H)
3C NMR (de-DMSO) 161.56, 151.31, 147.04 67.67

Mass (M+Na) calculated: 260.9131 Mass (M+) found: 260.9124 err: 2.9 ppm

Notbook ref: GBSI-281, 195, 39, 35 and GBSII-49

NMR ref: GBSI-35
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5-iodo-1-methylpyrimidine-2,4(1H,3H)-dione (15). To a suspension of 5-iodo-Uracil 14 (800 mg, 3.36
mmol) in 1,2-dichloroethane (10 mL), HMDS (2.0 mL, 8.4 mmol) and TMSCI (0.2 mL, 1.7 mmol) were
added and refluxed for 3 h under argon atmosphere. Reaction mixture was cooled to 50 °C, solvent
and excess silyl reagents were distilled out under reduced pressure. Fresh 1,2-dichloroethane (10 mL)
and CHsl (0.8 mL) were added followed by I, (10 mg) as catalyst and reaction mixture refluxed for 24
h. Solvent was removed under high vacuum and purified by column chromatography CH;OH:CH,Cl,
0:100 =4:96 giving 15 (205.5 mg, 0.815 mmol) as white crystals in 24% yield.

TLC 5% CH3OH in CH,Cl, R{(15)=0,5 R{(14)=0.3

'HNMR (400 MHz, d-DMSO) 6 ppm 11.59 (s, 1H NH), 8.18 (s, 1H, H5), 3.23 (s, 3H, CH3)
“CNMR 160.89, 150.68, 150.43, 67.05, 34.56

Mass (M+Na) calculated: 274.9288 Mass (M+Na) found: 274.9341 err: 19 ppm
Notebook ref: GBSI- 225 and 197

NMR ref: GBSI-225-1
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5-iodo-1-methyl-2-oxo0-1,2-dihydropyrimidin-4-yl 2,4,6-triisopropylbenzenesulfonate (17).
Compound 15 (435.2 mg, 1.72 mmol), TPSCI (362.2 mg, 2.40 mmol) and DMAP (19.1 mg, 0.156
mmol) were dissolved in anhydrous CH,Cl, (5.5 mL) at 0°C and Et;N (0.2 mL) added. The resulting
reaction mixture was stirred for overnight at 23°C and diluted with CH,Cl,, and washed with water,
aqueous NaHCO; and brine. Organic layer was dried over Na,SO, and solvent was removed in vacuo.
The residue was isolated by column chromatography using Ethyl acetate: petroleum (10:90 - 30:70)
to give compound 17 (264.9 mg, 0.527 mmol) as white solid in 30% yield.

TLC: 25% ethyl acetate:petroleum ether or 5% CH3;OH:CH,Cl, R¢{17)=0.8 R¢{(15)=0.2

'HNMR (400 MHz, d-CHCl5) & ppm 7.85 (s, 1H, H5), 7.20 (s, 2H, Hb ), 4.30 (td, J = 13.50, 6.74, 6.74 Hz,
2H Hd), 3.45 (s, 3H, CHs), 2.90 (td, J = 13.82, 6.91, 6.91 Hz, 1H, Hc), 1.30 (d, J = 6.75 Hz, 12H, 0-CHs),
1.25 (d, J = 6.91 Hz, 6H, p-CH;)

3CNMR not recorded, unstable

Mass (M+Na) calculated: 541.0634 Mass (M+Na) found: mass not found, unstable
Notebook ref: GBSI-271

NMR ref: GBSI-271-2
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4-amino-5-iodo-1-methylpyrimidin-2(1H)-one (18). Compound 17 (256.8 mg, 0.511 mmol) was
dissolved in conc. NH; in methanol (10 mL) and stirred for 7 h. Reaction mixture was diluted with
CH,CI, and washed with water, NaHCO; and brine. Organic layer was dried over Na,SO, and solvent
removed in vacuo. Residue was purified by column chromatography CH;OH:CH,Cl, (0:100 - 5:95)
giving 18 (63.7 mg, 0.254 mmol) as white solid in 50% vyield.

TLC: 10% CH;OH:CH,Cl, R{(17)=0.9 R((18)=0.2

'HNMR (400 MHz, ds-DMSO) & ppm 8.08 (s, 1H, H5), 7.58 (s, 1H, NH), 6.42 (s, 1H, NH), 3.22 (s, 3H,
CHs)

“CNMR 163.18, 154.85, 152.27, 54.51, 36.17

Mass (M+Na) calculated: 251.9628 Mass (M+Na) found: 251.9626 err: 0.9 ppm
Notebook ref: GBSI-273

NMR ref: GBSI-273
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Compound 10. Compound 15 (10 mg, 0.0397 mmol) and spin-label 16 (11.2 mg, 0.0628 mmol) were
dissolved in DMF (0.5 mL) and argon bubbled through. Pd(PPh;), (3.6 mg, 0.0031 mmol) and Cul (1
mg, 0.005 mmol) were added along with Et;N (10 pL). Argon was bubbled through again and stirred
at 50°C for 3 h. The resulting reaction mixture was diluted with CH,Cl, (24 mL) and washed with
water (2x30 mL), agueous NaHCO; (2x10 mL) and brine (20 mL). Organic layer was dried over Na,SO,
and solvent removed in vacuo. Product was purified on Prep-TLC using 4% CH3;OH in CH,Cl, and giving
product 10 (2.5 mg, 8.3x10° mmol) at R; = 0.2 as yellowish solid in 21% vield.

TLC: 5% CH3OH:CH,Cl, R¢(15)=0.1 R¢(10)=0.5

Mass calc (M+Na): 325.14 Mass found (M+Na): 325.1397 err = 4.6 ppm

Notebook ref: GBSI-265

24



A Pd(PPhs),, Cul

| Et;N, DMF
19 21%

Compound 11. Compound 19 (10.2 mg, 0.0406 mmol) and spin-label 16 (9.1 mg, 0.0511 mmol) were
dissolved in DMF (0.5 mL) and argon bubbled through. Pd(PPh;), (3.0 mg, 0.0026 mmol) and Cul (1
mg, 0.005 mmol) were added along with Et;N (10 pL). Argon was bubbled through again and stirred
at 50°C for 2 h. The resulting reaction mixture was diluted with CH,Cl, (24 mL) and washed with
water (2x30 mL), agueous NaHCO; (2x10 mL) and brine (20 mL). Organic layer was dried over Na,SO,
and solvent removed in vacuo. Product was purified on Prep-TLC using 10% CH3OH in CH,Cl, giving
product 11 (2.6 mg, 8.6x10°> mmol) at R¢ = 0.3 as yellowish solid in 21% yield.

TLC: 10% CH30H:CH,Cl, R¢(19)=0.2 R¢(11)=0.5

Mass calc (M+H): 302.1737 Mass found (M+H): 302.1755 err = 6.0 ppm

Mass calc (M+Na): 324.1557 Mass found (M+Na): 324,1565 err = 2.5 ppm

Notebook ref: GBSI-275, GBSI-251
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HN )j 1. HMDS, TMSCI HN |
2. CHgl, 1.2-C5H4Cl, o)\N
|

o 53%

Iz

13 19

1-methylpyrimidine-2,4(1H,3H)-dione (19). To a suspension of uracil 13 (0.500 g, 4.46 mmol) in 1,2-
dichloroethane (10 mL), HMDS (3.8 mL, 18.1 mmol) and TMSCI (0.3 mL, 2.4 mmol) and refluxed for 4
h (or until it clears) under argon atmosphere. Reaction mixture was cooled to 50 °C, solvent distilled
out under reduced pressure. Fresh 1.2-dichloroethana (10 mL) and CH;l (1.1 mL) were added
followed by |, (5 mg) and refluxed for 24 h. Solvent was removed under high vacuum and purified by
column chromatography CH;OH:CH,Cl, (0:100 - 10:90) giving 19 (256 mg, 2.03 mmol) as white solid
in 46% yield.

TLC: 10% CH;OH: CH,Cl, Rf(13) = 0.2 R{(19) = 0,5 R¢(dimethyl) = 0,8

'HNMR (400 MHz, ds-DMSO) & ppm 11.21 (s, 1H, NH), 7.61 (d, J = 7.81 Hz, 1H, H4), 5.51 (dd, ) = 7.81,
2.29 Hz, 1H, H5), 3.22 (s, 3H, CHs)

“CNMR 163.78, 151.15, 146.32, 100.40, 35.08

Mass (M+Na) calculated: 149.0321 Mass (M+Na) found: 149.0323 err: 2.5 ppm
Notebook reference: GBSI-133

NMR ref: GBSI-133B

26



)

//

HN | TPSCI, DMAP O,/s\o

O)\N Et3l\£,3(;HZCI2 N7
| ° PR I

19 20 O III

1-methyl-2-ox0-1,2-dihydropyrimidin-4-yl 2,4,6-triisopropylbenzenesulfonate (20). Compound 19
(199.2 mg, 1.579 mmol), TPSCI (360 mg, 2.389 mmol) and DMAP (19 mg, 0.156 mmol) were added to
a round bottom flask at 0 °C and dissolved in anhydrous CH,Cl, (6 mL). EtsN (0.9 mL) was added. The
resulting reaction mixture was stirred for 4h at 0 — 20 °C, diluted with CH,Cl, and washed with water,
aqueous NaHCO; and brine. Organic layer was dried over Na,SO, and solvent removed in vacuo.
Product was purified by column chromatography CH;0H:CH,Cl, (0:100 = 4:98) giving 20 (142.5 mg,
0.36 mmol) as white solid in 23% yield.

TLC: 5% CH;OH:CH,Cl, R(19)=0.2 R¢(20)=0.8

'HNMR (400 MHz, d-CDCl;) 6 ppm 7.60 (d, J = 7.04 Hz, 1H, H4), 7.20 (s, 2H, Ar-H), 6.07 (d, J = 7.03 Hz,
1H, H5), 4.24 (td, J = 13.50, 6.75, 6.75 Hz, 2H, He), 3.47 (s, 3H), 2.90 (td, J = 13.79, 6.90, 6.90 Hz, 1H,
Hd), 1.27 (dd, J = 13.93, 6.84 Hz, 18H, 6xCHs)

3CNMR not recorded, unstable

Mass (M+Na) calculated: 415.1667 Mass (M+Na) found: mass not found, unstable

Notebook reference: GBSI-135 NMR ref: GBSI-135A
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O//S\o 21
y Et;N, CH,Cl,
j‘\ | 39%
20 0N
l
2,2,6,6-tetramethyl-4-(1-methyl-2-oxo-1,2-dihydropyrimidin-4-ylamino)piperidin-1-olate (12).

Compound 20 (42.5 mg, 0.108 mmol) and 4-amino-TEMPO (29.6 mg, 0.173 mmol) is dried on high
vacuum for 4 h and dissolved in anhydrous CH,Cl, (10 mL) and Et;N (0.2 mL). The resulting reaction
mixture was refluxed for 12 h, diluted with CH,Cl, and washed with water. Organic layer was dried
over Na,SO, and solvent removed in vacuo giving 12 (11.9 mg, 0.043 mmol) as white solid in 39%
yield.

TLC: 10% CH30H:CH,Cl, R¢(20) = 0.8 Rf(21) = 0 R{(12) = 0.4

Mass calc (M+H): 279.36 Mass found (M+H): 280.18

Mass calc (M+Na): 302.35 Mass found (M+Na): 302.16 err: 11.9
Notebook reference: GBSI-157
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_ 77% H
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N HZNWNWNH
23 25

N1-(3-aminopropyl)-N3-(6-chloro-2-methoxyacridin-9-yl)propane-1,3-diamine (25). Acridine 23
(1.4569 g, 5.24 mmol) was dissolved in N1-(3-aminopropyl)propane-1,3-diamine 24 (15 mL, 110
mmol). The resulting reaction mixture was stirred at 70 °C for 2 hours, diluted with CH,Cl, and
washed with water (1 L). Organic layer was dried over Na,SO, and solvent removed in vacuo giving 25
(1.50 g, 4.05 mmol) as yellow solid in 77 % vyield.

TLC: 10% CH;OH:CH,Cl, R{23) = 0.9 R{25) = 0.1
TLC: 2:15:83 Et;N:CH;0H:CH,Cl, Rf(23) = 0.95 R¢(25) = 0.2

'HNMR (400 MHz, CDCI3): & ppm 8.11 (d, J = 9.29 Hz, 1H), 8.01 (d, J = 2.00 Hz, 1H), 7.96 (d, J = 9.26
Hz, 1H), 7.39 (ddd, J = 9.28, 2.09 Hz, 2H), 7.22 (dd, J = 9.28, 2.09 Hz, 1H), 3.98-3.89 (m, 5H), 2.97-2.93
(m, 2H), 2.81 (td, J = 9.63, 7.02, 7.02 Hz, 4H), 1.90 (td, J = 11.52, 5.86, 5.86 Hz, 2H), 1.79-1.70 (m, 2H)

BCNMR not recorded

Mass (M+Na) calculated: 395.1615 Mass (M+Na) found: not recorded
Notebook ref: GBSI-61 and GBSI-91

NMR ref:
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14 34 O

1-(2,2-dimethoxyethyl)-5-iodopyrimidine-2,4(1H,3H)-dione (32). Compound 14 (156, mg, 0.658
mmol) and K,CO; (92,3 mg, 0.668 mmol) were dissolved in DMSO (6 mL) and stirred at 80°C for 1h. 2-
bromo-1,1-demethoxyethane (111,2 mg, 0.658mmol) was added and stirred at 80 °C for 24h. Solvent
was removed under high vacuum and purified by column chromatography using EtzN:CH;OH:CH,Cl,
(4:0:96 > 0:4:96) giving compound 32 (126.2 mg, 0.396) as white solid in 60% yield.

TLC: 5:5:90 EtsN:CH30H:CH,Cl, R¢(14)=0.3 R¢(32)=0.6
TLC: 60% ethyl acetate : petroleum ether R¢(14)=0.3 R¢(32)=0.6

'HNMR (400 MHz, dg-DMSO) & ppm 11.68 (s, 1H), 8.07 (s, 1H), 4.54 (t, J = 5.31, 5.31 Hz, 1H), 3.78 (d, J
=5.33 Hz, 2H), 3.30 (s, 6H)

BCNMR not recorded

Mass (M+Na) calculated: 348.9661 Mass (M+Na) found: not recorded
Notbook ref: GBSI-298 GBSII-53

NMR ref: GBSI-298prep
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O)\N EtzN, DMF O)\N
=—TMS
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34 O 35 O

1-(2,2-dimethoxyethyl)-5-((trimethylsilyl)ethynyl)pyrimidine-2,4(1H,3H)-dione (33). Compound 32
(496 mg, 1.52 mmol) and ethynyltrimethylsilane (379.5 mg, 3.87 mmol) were dissolved in DMF and
argon bubbled through. Pd(PPhs), (176 mg, 0.152 mmol) and Cul (29 mg, 0.152 mmol) catalysts were
added along with EtsN (230 mg, 2.28 mmol). Argon was bubbled through again. Reaction was stirred
at 50°C for 12h, diluted with CH,Cl, and washed with water, aqueous NaHCO; and brine. Organic
layer was dried over Na,SO, and solvent removed in vacuo. Compound was purified by column
chromatography using ethyl acetate : petroleum ether (0:100 = 40:60) giving compound 33 (256 mg,
0.863 mmol) as white solid in 57% vyield.

Compound was purified on Prep-TLC using 80% ethyl acetate : Petroleum ether
TLC: 80% ethyl acetate : petroleum ether R¢(33) = 0.8 R¢(32) = 0.7

'HNMR (400 MHz, d¢-DMSO) & ppm 11.65 (s, 1H, NH), 7.99 (s, 1H, H5), 4.55 (t, J = 5.31, 5.31 Hz, 1H,
CH), 3.79 (d, J = 5.31 Hz, 2H, CH2), 3.30 (s, 6H2xCH3), 0.19 (s, 9H, 3xCH3)

“CNMR 161.49, 150.17, 149.61, 100.67, 97.40, 96.87, 96.61, 53.90, 48.53, -0.38
Mass (M+Na) calculated: 319.1090 Mass (M+Na) found: not recorded
Notebook ref: GBSII-47, 81, 89

NMR ref: GBSII-47-1
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