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Abstract

Malaria, caused by the protozoan parasite, Plasmodium, remains one of the world’s most
severe infectious diseases. While there are treatments, there is increasing concern about the
parasite developing resistance, as has been the case for several past antimalarials. Therefore,
there is an increasing need for a new class of antimalarials, and one possibility is the ether-
linked compounds of the triazolopyrazine series. The purpose of this research was to
determine if a selection of these compounds could be produced in higher yield, whilst still
maintaining purity. Nine compounds (SGS 1-SGS 9) were synthesised and were analysed
using TLC (thin layer chromatography) and 'H NMR (nuclear magnetic resonance). With
the exception of SGS 3, each of TLCs clearly indicated the formation of new material,
albeit some impurities. For each of the compounds, NMR data indicated that the synthesis
was successful, however also identified several impurities. Therefore, this work is
promising in so far as it suggests these compounds can be produced in relatively high yield,
however, more work needs to be done in order to improve the purities of the samples.

Introduction

Malaria is one of the wotld’s most
severe infectious diseases. Globally in 2013,
there were an estimated 198 million cases of
malaria and 584,000 deaths, 78% of which were
children less than 5 years old.! The impact of
malaria is particularly devastating in less affluent
nations, with 90% of all malaria deaths
occurring in Africa.'

Malaria is caused by the protozoan
parasite Plasmodium and 1is transmitted to
humans by _Angpheles mosquitoes. The most
common variety or species of Plasmodinm is
Plasmodinm vivax however Plasmodium falciparum
causes the most human mortality as it is the
cause of malignant or cerebral malaria.

Once a parasite enters the bloodstream,
it moves to the liver where it remains for
approximately 1-4 weeks, before re-entering the
bloodstream and infecting red-blood cells. The
affected red blood cells either burst, filling the
bloodstream with toxins and debris, or in the
case of P. falciparum, begin to stick to the sides
of small blood vessels, hence reducing the
blood flow to important organs. >

There is a variety of established
antimalarial drugs. Historically, most of these
have been derived from quinine, however more
recent treatments have shifted to Artemisinin-
based drugs." These treatments face the large
problem of malaria protozoa developing
resistance to them. quinine was gradually

phased out because of widespread resistance
and, although being a relatively new drug,
resistance to Artemisinin has already been
detected in five different

countries.’

Although malaria is one of the most
deadly communicable diseases and there is a
significant risk of an increase in resistance to
current  treatments, research into new
antimalarials is relatively limited. This is because
significant funding and resource barriers act as
disincentives to work in this area. These
barriers can be partially attributed to the fact
that malaria is almost entirely restricted to
developing nations and most scientific funding
comes from developed Western nations. The
pharmaceutical industry supplies far more
resources towards more profitable areas. The
result of these barriers is that no new class of
antimalarials has been introduced into clinical
practice since 1996.°

Open Source Malaria is a program that
aims to increase the amount of research into
antimalarials. The program follows a set of
Open Science Laws which mandate the sharing
of work and discussion in a public forum. This
setup allows for more efficient research
amongst a large group of scientists, helping to
increase the resources used for antimalarial
research.” The ultimate goal of the project is to
create a single dose antimalarial drug which can
be taken orally, as this would remove some of



the complications with the administration of
current treatments.

More specifically, this study is interested
in OSM’s fourth series of compounds: the
Triazolopyrazine series. It aimed to synthesise
the partly functionalized pyrazine core of the
ether series, which can then be further
manipulated in order to produce the target
compounds.
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Figure 1: Left: SGS 9 and right: the target compound
which can be produced from SGS 9.

This series is one of a large number of
sets of compounds identified in 2009 by
prominent healthcare company
GlaxoSmithKline as potentially effective at
combating Plasmodium Protozoa. * Recent work
into this series has had promising results,
demonstrating potencies against P. falciparum
down to 234 nM (MacDonald, 2014).

The purpose of this study was to
determine if the compounds in the
Triazolopyrazine series could be produced in a
higher yield, whilst still maintaining purity.

Experimental

Synthesis of 2-chloro-6-hydrazinylpyrazine
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Figure 2: Synthesis of SGS 1.

was dissolved in 100 mLL EtOH and hydrazine
hydrate (13.5 mL, 270 mmol) was added. The
mixture was stirred under reflux for 7 h. The
cooled, crude mixture was allowed to stand
overnight. The solvent was then removed from

the crude mixture i vacno, giving an orange
mixture of oil and solid to which EtOAc (200
ml) and water (150 ml) was added. The
aqueous layer was removed and washed with
EtOAc (3x 100 mL). The combined organic
layers were concentrated i vacuo to produce an
orange crystalline solid. 11.84 g of crude was
produced.

A TLC was run using ethyl acetate,
comparing samples of SGS 1 with the starting
material.

NMR analysis was conducted, and the
peaks observed in the data are as follows: 'H
NMR (d-DMSO): 8.87 (c)(1H, s), 8.44 (b) (1H, s),
8.06 (a) (1H, s), 4.39 (d) (2H, s).
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Figure 3: Peak allocations for NMR of SGS 1.

Synthesis of (E)-4-((2-(6-chloropyrazin-2-
yl)hydrazono)methyl)benzonitrile (SGS 2)
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Figure 4: Synthesis of SGS 2.

SGS 1 (crude, 4.1 g, 2.84 mmol) was
stitrted into MeCN (50 mlL) along with 4-
formylbenzonitrile (3.737 g, 2.85 mmol). The
mixture (a light brown suspension) was stirred
for 72 h at room temperature. This process was
repeated to synthesise SGS 2-2.

TLCs were run using DCM as a solvent
to compare the samples of SGS 2 and SGS 1.

NMR analysis was conducted and the
peaks observed in the data are as follows: 'H
NMR (CDCL): 8.64 (c)(1H, ), 8.52 (b)(1H, s), 8.00
© (H, d, un2.6 Hz ), 7.95 (@ (1H, s), 7.85
(d)@H, d, Jim 2.7 Hz).


http://malaria.ourexperiment.org/triazolopyrazine_se/11186/Synthesis_of_2chloro6hydrazinylpyrazine_SGS_11.html
http://malaria.ourexperiment.org/triazolopyrazine_se/11186/Synthesis_of_2chloro6hydrazinylpyrazine_SGS_11.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10242/Synthesis_of_E426chloropyrazin2ylhydrazonomethylbenzonitrile_SGS_22.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10242/Synthesis_of_E426chloropyrazin2ylhydrazonomethylbenzonitrile_SGS_22.html
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Figure 5: Peak allocations for NMR of SGS 2.

75 76 T4 72 ppm

BB 86 B4 82

Figure 6: NMR data for SGS 2.

Synthesis of (E)-2-chloro-6-(2-(pyridin-3-
methylene)hydrazinyl)pyrazine (SGS 3)
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Figure 7: Synthesis of SGS 3.

SGS 1 (1.01 g, 6.99 mmol) was added to
0.756 g (7.06 mmol) of 3-
pyridinecarboxaldehyde with 0.45 mL of glacial
acetic acid and 12 ml. of MeCN solvent. This
was stirred at room temperature for 48 h.
Volatiles were removed 7z vacuo to produce a
pale brown solid which still smelt of AcOH. To
remove the AcOH, the pale brown solid as
dissolved in DCM (200 mL), was washed twice
with aqueous NaHCO,; then dried over MgSO,,
and filtered. The solvent was removed
vacro to produce a pale brown solid.

TLCs were run, using DCM as the

solvent, comparing SGS 1 and SGS 3.

Synthesis of (E)-2-chloro-6-(2-(pyridine-2-
ylmethylene)hydrazinyl)pyrazine (SGS 4)
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Figure 8: Synthesis of SGS 4.

SGS 1 (1.06 g, 7.33 mmol) was stirred
into MeCN (15 mlL). 2-Pyridinecarboxaldehyde
(0.77 g, 7.2 mmol) and AcOH (0.4 mL) were
added to the mixture. This reaction mixture
was then stirred at room temperature overnight.
This process was repeated twice to synthesise
SGS 4-2 and SGS 4-3.

TLCs were conducted comparing a
sample of SGS 4 to a sample of SGS 1, first
using ethyl acetate as a solvent, and then DCM.

Synthesis of (E)-2-chloro-6-(2-(pyridin-3-
ylmethylene)hydrazinyl)pyrazine (SGS 5)
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Figure 9: Synthesis of SGS 5.

SGS 1 (crude, 3.02 g, 21 mmol) was
stirred  into  MeCN (36 mlL). 4
Pyridinecarboxaldehyde (2.25 g, 21 mmol,
density 1.137 g/ml) was added and the
reaction mixture (terracotta) was stirred at
room temperature for 72 h. Solvent was
removed 7z vaccno to produce a pale orange
solid.3.82¢g of crude was produced. This process
was repeated to synthesise SGS 5-2.

NMR analysis was conducted and the
peaks observed in the data are as follows: 'H
NMR (4,-DMSO): 8.69 (c) (1H, s), 8.63 (e) (2H,
d, Jun 3.2 Hz ), 8.17 (b)(1H, s), 8.06 (a)(1H, s),
7.73 (d) (2H, d, iy 3.0 Hz).


http://malaria.ourexperiment.org/triazolopyrazine_se/11196/Synthesis_of_E2chloro62pyridin3methylenehydrazinylpyrazine___SGS_31.html
http://malaria.ourexperiment.org/triazolopyrazine_se/11196/Synthesis_of_E2chloro62pyridin3methylenehydrazinylpyrazine___SGS_31.html
http://malaria.ourexperiment.org/triazolopyrazine_se/11222/Synthesis_of_E2chloro62pyridine2ylmethylenehydrazinylpyrazine_SGS_41.html
http://malaria.ourexperiment.org/triazolopyrazine_se/11222/Synthesis_of_E2chloro62pyridine2ylmethylenehydrazinylpyrazine_SGS_41.html
http://malaria.ourexperiment.org/triazolopyrazine_se/11293/Synthesis_of_E2chloro62pyridin3ylmethylenehydrazinylpyrazine_SGS_51.html
http://malaria.ourexperiment.org/triazolopyrazine_se/11293/Synthesis_of_E2chloro62pyridin3ylmethylenehydrazinylpyrazine_SGS_51.html
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Figure 10: Peak allocations for NMR of SGS 5.

Figure 11: NMR data for SGS 5.

Synthesis of 5-chloro-3-(pyridin-2-yl)-
[1,2,4] tr1azolo [4,3-a]pyrazine (SGS 6)

S 0

Figure 12: Synthesis of SGS 6.

SGS 4 (crude, 1.73 g, 7.4 mmol) was
stirred into DCM (100 mL) along with PIDA
(2.38 g, 7.4 mmol). The mixture (a dark green
suspension) was stirred for 24 hat room
temperature. The 6-2 was washed with
saturated sodium hydrogencarbonate and then
the organic layer was collected and solvent was
removed by evaporation. This process was
repeated to synthesise SGS 6-2.

TLCs were conducted using DCM as a
solvent, comparing SGS 6 with SGS 4.

NMR analysis was conducted and the
peaks observed in the data are as follows: 'H
NMR (CDCLy): 9.34 (a) (1H, s), 8.78 (f) (1H, D,
Jun 24 Hz), 791 (d, e, ¢) (3H, m), 7.49 (e) (1H,
dd, Ji;; 2.3, 6.9 Hz).
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Figure 13: Pecak allocations for NMR of SGS 6.
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Figure 14: NMR data for SGS 6.

Synthesis of 4-(5-chloro-[1,2,4]triazolo[4,3-

a]pyrazin-3-yl)benzonitrile (SGS 7)

\[ j/ PIDA
SGS 2 (1.43 g, 5.6 mmol) was dissolved

Figure 15: Synthesis of SGS 7.

in DCM (70 mL) and stirred with PIDA (1.77 g,
5.5 mmol) overnight. Solvent was removed 7
vacuo. After 24 h, the solution had turned dark
orange.

TLCs were conducted, using both ethyl
acetate and DCM as solvents, to compare SGS
7 with SGS 2.

NMR analysis was conducted and the
peaks observed in the data are as follows: 'H
NMR (CDCl,): 9.40 (a) (1H, s), 8.01(b) (1H, s),
8.00 (¢ (2H, d,J,,2.6 Hz), 7.82 (d) (2H,
d, /i 2.6 Hz).


http://malaria.ourexperiment.org/triazolopyrazine_se/10124/Synthesis_of_SGS_61.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10124/Synthesis_of_SGS_61.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10450/Synthesis_of_45chloro124triazolo43apyrazin3ylbenzonitrile_SGS_71.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10450/Synthesis_of_45chloro124triazolo43apyrazin3ylbenzonitrile_SGS_71.html
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Figure 17: NMR data for SGS 7.

Synthesis  of  5-chloro-3-pyridine-3-yl)-
[1,2,4]triazolo[4,3-a]pyrazine (SGS 8)
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Figure 18: Synthesis of SGS 8.

SGS 3 (0.164 g, 0.702 mmol) was
dissolved in DCM (10 mL) and stirred with
PIDA (0.2238 g, 0.695 mmol)
overnight. Solvent was removed 7z vacuo. After
24 h, the solution had turned deep red.

TLCs were conducted, using both
DCM and ethyl acetate as solvents, to compare
SGS 3 and SGS 8.

NMR analysis was conducted and the
peaks observed in the data are as follows: 'H
NMR (CDCly): 9.38 (a) (1H, s), 8.91 (f) (1H, s),
8.84 (e)(1H, d,J,;49 Hz), 805 (c) (1H,
d, Jun 7.9 Hz), 7.93 (b) (1H, s), 7.53 (d) (1H,
dd, /i 5.0, 7.8 Hz).
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Figure 20: NMR data for SGS 8.

Synthesis of  5-cholor-3-(pyridine-4-yl)-
[1,2,4]triazolo[4,3-a]pyrazine (SGS 9)
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Figure 21: Synthesis of SGS 9.

SGS 5 (3.017 g, 1291 mmol) was
dissolved into DCM (150 mL) and stirred with
PIDA (4.133 g, 12.83 mmol) overnight. The
reaction was stopped and the organic layer
washed with saturated NaHCO; solution (100
mlL). The inorganic layer was extracted with
CH,CL,, (2 x 150 mL). The combined organic
layers were filtered and the solvent was
removed by rotary evaporation before the
crude product was dried 7 vacuo.

Due to time constraints, no TLC was
conducted on SGS 9, however, NMR analysis
was conducted and the peaks observed in the
data are as follows: 'H NMR (4,-DMSO): 8.82
(@)(1H, s), 874 (b) (1H, s), 7.90 (c)(1H,
d, /i 3.0 Hz), 7.80 (d) (1H, d, J,;;; 2.8 Hz).


http://malaria.ourexperiment.org/triazolopyrazine_se/10452/Test_synthesis_of_5chloro3pyridine3yl124triazolo43apyrazine_SGS_81.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10452/Test_synthesis_of_5chloro3pyridine3yl124triazolo43apyrazine_SGS_81.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10140/Synthesis_of_5cholor3pyridine4yl124triazolo43apyrazine_SGS_91.html
http://malaria.ourexperiment.org/triazolopyrazine_se/10140/Synthesis_of_5cholor3pyridine4yl124triazolo43apyrazine_SGS_91.html
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Figure 22: Peak Allocation for NMR of SGS 9.
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Figure 23: NMR data for SGS 9.

Results and Discussion
In order to analyse the samples which
were produced, TLC was initially used and then

the samples were sent to an external lab, where
"H NMR was performed.

SGS1

The tests performed on the samples of
SGS 1 had positive results. The TLC (see
Appendix 1) indicated the presence of a new
material, and each of the peaks in the NMR
data corresponds to a part of the compound’s
structure. Hence it can be concluded that the
synthesis of SGS 1 was successful with
relatively high purity.

SGS 2

The analysis of the samples of SGS 2
again suggested that the synthesis was
successful. The TLC (see Appendix 2)
comparing the samples of SGS 2 and SGS 1
indicated that there was a new material formed,
and at least the majority of the starting material
had been removed. Each of the peaks in the
NMR data corresponds to a part of the
compound’s structure, suggesting that the

compound was successfully produced, with
relatively high purity. Furthermore, the singlet
peak at ~4.36 ppm from the NMR analysis of
SGS 1 disappeared, which suggests that the
sample of SGS 2 did not contain a significant
amount of remaining SGS 1. The data also
contains a significant peak at ~1.5 ppm,
however this most likely represents water and
not an impurity in the sample.

SGS 3

The analysis of the samples of SGS 3
were less conclusive than those of SGS 1 and
SGS 2. TLCs (see Appendix 3) comparing SGS
1 with SGS 3 indicated some minimal change
between the samples, however also suggested
that there was still a large quantity of SGS 1 in
the samples of SGS 3. Therefore, it can be
concluded that the purity of the sample was not
as high as for SGS 1 or SGS 2.

SGS 4

Each of the TLCs (see Appendix 4),
first using DCM then ethyl acetate as the
solvent, indicated the formation of some new
material, however there are also some
similarities between the TLCs of SGS 1 and
SGS 4 which suggests the samples of SGS 4-1
are not completely pure.

SGS 5

Peak allocation of the NMR data
suggests that we successfully produced the
desired compound with reasonable purity.
Furthermore, there is no observable peak at
~4.36, which suggests that there is not a
significant amount of SGS 1 remaining in the
sample. Notably, there is a large peak at ~3.3
ppm and another significant peak at ~2.5 ppm
however these represent water and the DMSO
solvent respectively, and therefore do not
suggest that the sample is impure, but rather
that some of the water and solvent has not
propetly evaporated.

SGS 6

The TLCs (see Appendix 5) cleatly
indicated the formation of a new material, and
thus that the synthesis was at least partially

successful. However, without NMR data for
SGS 4 (the base product for SGS 6) the peak



changes between the samples could not be
analysed, and in addition, the peak allocations
for this compound were more ambiguous than
for the previous compounds. Therefore, the
purity of the sample of SGS 6 is slightly unclear
and continuing analysis will have to be
performed in order to more accurately
determine its purity.

SGS 7

The first TLC (see Appendix 0), using
ethyl acetate, showed significant differences
between SGS 7 and SGS 2, indicating that a
new material had definitely been produced. The
second TLC (see Appendix 6), using DCM,
showed the two samples to be much more
similar, however it still indicated that new
material had been formed.

While some of the peaks in the NMR
data can be allocated to the structure of the
desited compound, there are several
unexpected areas of the data. Firstly, it was
anticipated that the downfield peak at ~10.1
ppm would have disappeared in the formation
of SGS 7, however the fact that there is still a
large peak in this region indicates that there is
still significant quantities of SGS 2 in the
sample. Secondly, there are some small peaks
between 1 and 2, which indicate the presence of
other impurities (possibly acetone). Despite
these two concerns, the main peaks still suggest
that the synthesis of SGS 7 was successful,
albeit with a lower purity than was desired.

SGS 8
Both of the TLCs (see Appendix 7)

indicated that there was some change between
SGS 3 and SGS 8, however it is clear that SGS

8 still contains significant portions of the SGS 3.

In terms of the NMR data, some of the
main peaks can be allocated to the structure of
the desired compound, suggesting that the
synthesis was at least partially successful.
However, as was the case with SGS 6, the fact
that we do not have NMR data for SGS 3, from
which SGS 8 was synthesised, means it is
difficult to analyse the sample effectively, as we
are unable to observe the peak shifts that the
process resulted in.

SGS 9

The peak allocations of the NMR data
suggest that SGS 9 has been successfully
synthesised, and the fact that the peak at ~8.69
ppm has disappeared indicates that it does not
contain significant traces of the SGS 5 sample
from which it was produced.

However, there are once again some
anomalies in this data which do not represent
SGS 9. Firstly, there is a significant peak at 2.52
ppm, which represents DMSO. This peak is not
unexpected as DMSO was used as the solvent
for this analysis. Secondly, the peak at 1.93 ppm
corresponds to ethyl acetate and therefore
suggests that our synthesis did not produce a
totally pure sample of SGS 9. Finally, there is
also a broad peak at ~3.57 ppm. Although this
peak appears to match diglyme, this compound
was not used at any stage of the synthesis and
so it is unlikely that contamination has occurred.
Therefore, this peak most likely represents an
unknown impurity in the sample. However,
there may also be other explanations for this
band, such as the spectrum not being propetly
calibrated to the solvent peak.

Hence, we can conclude that the
synthesis of SGS 9 was successful, however
there are several notable impurities in the
sample as well.

On the whole, the results of the study
were mixed. Some of the samples, in particular
SGS 1, SGS 2 and SGS 5, were produced with
relatively high yield and purity, which is a
promising sign for the potential of this work.
However, many of the other samples were not
produced in particularly large yield, and analysis
revealed that some of the starting material
remained and in some cases that there were
other unknown impurities present. Hopefully,
with further work on this series and small
adjustments of the synthesis methods, the
yields and purities of these compounds can be
improved.



Appendices

Appendix 4: TLCs for SGS 4 (Left: Ethyl Acetate
Solvent. Right: DCM solvent)

Appendix 1: TLC for SGS 1 (Ethyl Acetate Solvent)

r | )

Appendix 5: TLC for SGS 6 (DCM Solvent)

Appendix 2: TLC for SGS 2 (DCM Solvent)

532 Appendix 6: TLCs for SGS 7 (Left: Ethyl Acetate
Appendix 3: TLC for SGS 3 (DCM Solvent) Solvent. Right: DCM Solvent).



Appendix 7: TLCs for SGS 8 (Left: Ethyl Acetate
Solvent. Right: DCM Solvent)
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