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Abstract  This research aimed to investigate a series of  
molecules in the triazolopyrazine series. These were 
prepared, tested with TLC, and purified for 1H NMR 
analysis, to establish the practical possibility of  newly 
proposed reaction pathways. Nine separate compounds 
were synthesised multiple times with slight modifications 
on previously established methods and the progress of  
the reactions documented. Despite the presence of  
NMR peaks unable to be accounted for, and purification 
solvent contaminants, the precise peaks that we expected 
to appear and disappear did, suggesting that the new 
chemical pathways are indeed viable for further synthesis 
of  compounds potentially active against human malaria. 

Introduction  Malaria is caused by the Plasmodium 
parasite, and carried by the female Anopheles mosquito. 
Every year there are almost 200 million malaria cases 
worldwide, with symptoms ranging from severe shaking 
chills, vomiting and diarrhoea to anaemia-induced 
comas and death.1 Cerebral malaria, the most life-
threatening form of  the most dangerous strain of  the 
parasite, P. falciparum, is often treated with a slow 
intravenous infusion of  quinine, despite WHO 
recommendations.2-4 Unfortunately, quinine has a short 
half-life, painful temporary reactions at the injection site, 
and significant neurotoxicity.5,6 Permanent blindness 
caused by quinine treatment has been documented,6 and 
increasing tolerance for the drug has been reported in 
South-East Asia, and around the Amazon river.7 The 
other common treatment, with far fewer damaging side-
effects is artemisinin, but extensive use of  the compound 
as a monotherapy has led to resistance to its effects in 
Cambodia, Laos, Myanmar, Thailand and Vietnam, and 
it still requires a three-day course, that it is often difficult 
to ensure patients take correctly.7 The ideal treatment is 
a one-pill cure. 
	 Compounds from the triazolopyrazine series 
that have the capacity to inhibit PfATP4, a parasite 
plasma membrane protein, have been identified as 

potentially useful agents in malaria treatment.8 

Researchers from the Open Source Malaria project have 
found an efficient path by which to synthesise the 
molecules that still remain to be tested, with divergent 
pathways that can all make use of  the same starting 
material.2 The triazolopyrazine series is of  special 
interest to the researchers due to its apparent lack of  
polypharmacology, allowing it to more specifically target 
the disease without affecting the rest of  the body, and 
low cytotoxicity—promising for future live tests.9 Small 
scale modification in the side chains of  the 
triazolopyrazine compounds remain necessary to 
balance solubility, potency and metabolism,9 which all 
require, quite simply, more material to conduct tests on. 
	 It was the purpose of  this research to optimise 
the synthesis process of  core triazolopyrazine groups to 
be later combined with other functional groups to form a 
complete compound. Specifically we aimed to increase 
purity and yield with small modification to solvents, 
starting materials, environmental conditions, etc.  

The NMR spectra from these test yields will provide 
important information pertaining to the composition 
and purity of  the samples created. 
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Figure 1 Representative Triazolopyrazine Series molecule, 
highlighting representative synthesis target of this research



General Synthetic and Analytical Methods  
1H NMR spectra were recorded on a Bruker NMR 
spectrometer. All chemical shifts are reported in ppm 
and coupling constants are reported in Hz. Visualisation 
of  plates was achieved using 254 nm UV light. 

Preparation of  Compounds  
2-chloro-6-hydrzinylpyrazine (SGS 1-1)   
This preparation was adapted from a related procedure 
reported by Thomas MacDonald on September 9th, 

2014, at : 
<http://malaria.ourexperiment.org/triazolopyrazine_se/11030/
Resynthesis_of_2chloro6hydrazinylpyrazine_TM_343.html.> 
2,6-dichloropyrazine (21 g, 141 mmol) was dissolved in 
100 mL EtOH and hydrazine hydrate (13.5 mL, 
270 mmol) was added. The mixture was stirred under 
reflux for 7 h. (Figure 2) At this time the TLC using 
dichloromethane (DCM) showed the presence of  a new 
material (Rf = 0.21).  The cooled, crude mixture was 
allowed to stand overnight. The solvent was then 
removed from the crude mixture in vacuo, 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 in vacuo to 
produce an orange crystalline solid. 11.84 g of  crude was 
produced. TLC was inconclusive. (Figure 3) 
	 A resynthesis was attempted (SGS 1-2). 2,6-
dichloropyrazine (20 g, 134 mmol) was suspended in 100 
mL EtOH and hydrazine hydrate (14.5 mL, 270 mmol) 
added. The mixture was stirred under reflux overnight.  
The ethanol was then removed from the crude mixture 
in vacuo at 60°C, giving an orange oil 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 EtOAc layers were 
concentrated in vacuo at 60 °C to produce an orange oil 
that solidified upon slight cooling. The crude product 
was recrystallised from ethanol/water; 6.865 g of  a 
crystalline orange solid were obtained. (Appendix 1) 
	 A final resynthesis was attempted. 2,6-
dichloropyrazine (40.2 g, 270 mmol) was dissolved in 120 
mL EtOH and hydrazine hydrate (27.2 mL, 540 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 in vacuo, 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 100mL). The combined organic layers were 

concentrated in vacuo  to produce an orange crystalline 
solid. 64.3 g of  orange crude was produced. TLC 
(DCM) showed the presence of  a new material (Rf = 0.6)
(Appendix 2) 

20 s after hydrazine addition 30 min after hydrazine addition

55 min after hydrazine addition 17.5 h after hydrazine addition

Product mixture after 
removing the ethanol

Recrystallised product TLC (3:7 EtOAc:hexane) revealed 
a new spot at Rf = 0.68, SM at Rf = 
0.85) 

S = Starting Material 
P = Recrystallised Product 
Co = Both S and P 

Crude product after water wash, 
extraction into EtOAc and 
removal of EtOAc

Figure 2: SGS 1-1 reaction with hydrazine over time

Figure 3: SGS 1-1 extraction and TLC

http://malaria.ourexperiment.org/triazolopyrazine_se/11030/Resynthesis_of_2chloro6hydrazinylpyrazine_TM_343.html.


4-((2-(6-chloropyrazin-2-
yl)hydrazono)methyl)benzonitrile (SGS 2-1)   

1.36 g of  crude SGS 1-1 was stirred into MeCN (12 mL) 
along with 4-formylbenzonitrile (1.00 g). Glacial AcOH 
(0.45 mL) was added and the mixture (a light brown 
suspension) was stirred overnight at room temperature. 
The solvent was removed by rotary evaporation and the 
product dried in vacuo. The crude product was orange 
in colour 
	 One resynthesis was attempted. SGS 1-3 (crude, 
4.1g, 2.84 mmol) was stirred into MeCN (50 mL) along 
with 4-formylbenzonitrile (3.737 g, 2.85 mmol). The 
mixture (a light brown suspension) was stirred for 72 h at 
room temperature. TLC (DCM) showed the presence of  
a new material. (Appendix 3) 

(E)-2-chloro-6-(2-(pyradin-3-
methylene)hydrazinly)pyrazine (SGS 3-1)   

SGS 1-1 (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 in 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), washed 
twice with aqueous NaHCO3,  then dried over MgSO4, 
and filtered. The solvent was removed in vacuo to 
produce a pale brown solid. (Appendix 4) 
	 One resynthesis was attempted. SGS 1-3 (crude, 
9.15 g, 6.33 mmol) was stirred into MeCN (120 mL) 
along with 2-pyridinecarboxaldehyde (6.787 g, 6.34 
mmol). The mixture (a green suspension) was stirred for 
72h at room temperature. 11.724 g of  crude was 
produced. The TLC for this reaction was retained, yet 
shows no significant changes, suggesting the reaction was 
unsuccessful. (Appendix 5) 

(E)-2-chloro-6-(2-(pyridine-2-
ylmethylene)hydrazinyl)pyrazine (SGS 4-1)   

SGS 1-1 (1.06 g, 7.33 mmol) was stirred into MeCN (15 
mL). 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. Below is a structural diagram for this reaction: 
TLCs were taken with DCM and EtOAc, both showing 
that a reaction had indeed taken place. (Appendix 6-9) 
	 Two resyntheses were attempted. SGS 1-2 
(crude, 1.007  g, 7.1 mmol) was stirred into MeCN (12 
mL). 3-Pyridinecarboxaldehyde (0.74 g, 6.9 mmol, 
density 1.137 g/mL) was added and the reaction mixture 
(light brown suspension) was observed. The reaction 
mixture was stirred at room temperature for 7 days. The 
TLCs showed large smears, suggesting that the plates 
were spotted with too much sample material. (Appendix 
10-13) 
	 A final SGS 4 synthesis was attempted. SGS 
1-3   (crude, 8.021 g, 55.5 mmol) was stirred into MeCN 
(96 mL). 2-Pyridinecarboxaldehyde (5.9 g, 55.4 mmol) 
was added and the reaction mixture (orange suspension) 
was stirred for 72 h. 10.2 g of  crude was produced. A 
TLC was taken with DCM, but showed little sign of  a 
reaction. (Appendix 14) 

(E)-2-chloro-6-(2-(pyridin-3-
ylmethylene)hydrazynil)pyrazine (SGS 5-1)   

SGS 1-1 (crude, 1.01 g, 7.0 mmol) was stirred into 
MeCN (12 mL). 4-Pyridinecarboxaldehyde (0.75 g, 7.0 
mmol, density 1.137 g/mL) was added and the reaction 
mixture (terracotta-coloured) was stirred at room 
temperature for 24 h.  Solvent was removed in vacuo to 
produce a pale orange solid. Two TLCs were taken, with 
EtOAc and DCM, that showed that some change had 
taken place, but had left behind a lot of  starting material 
unreacted. (Appendix 15, 16) 



	 A resynthesis was attempted to remedy this. 
SGS 1-3 (crude, 3.02 g, 21 mmol) was stirred into MeCN 
(36 mL). 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 in vacuo to produce a pale orange 
solid. 3.82g of  crude was produced. A TLC was taken 
with DCM that showed more promising results, though 
NMR was deemed necessary for further study. 
(Appendix 17) 

4-(5-chloro-[1,2,4]triazolo[4,3-a]pyrazin-3-
yl)benzonitrile (SGS 7-1)   

SGS 2-1 (1.43 g, 5.6 mmol) was dissolved in DCM (70 
mL) and stirred with PIDA (1.77 g, 5.5 mmol) overnight. 
 Solvent was removed  in vacuo. After 24 h, the solution 
had turned dark orange and an initial TLC was 
performed in DCM (Rf = 0.7), and a subsequent TLC 
was then run in EtOAc with 3% MeOH (Rf = 0.75). 
(Appendix 21, 22) 
	 Two further TLCs were run with EtOAc and 
DCM, but showed little evidence of  new material, and 
suggest that a lot of  starting material was left over. 
(Appendix 23, 24) 

5-chloro-3-(pyridine-3-yl)-[1,2,4]triazolo[4,3-
a]pyrazine (SGS 8-1)   

SGS 3-1 (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  in vacuo. After 24 h, 
the solution had turned deep red and an initial TLC was 
conducted in DCM, and a subsequent TLC was then 
run in EtOAc with 3% MeOH (Rf = 0.33). 
(Appendix 25, 26) 

5-chloro-3-(pyridine-4-yl)-[1,2,4]triazolo[4,3-
a]pyrazine (SGS 9-1) 

SGS 5-2 (3.017 g, 12.91 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 NaHCO3 solution (100 
mL). The inorganic layer was extracted with CH2Cl2, (2 
x 150 mL). The combined organic layers were filtered 
and the solvent removed by rotary evaporation before 
the crude product was dried in vacuo. TLCs were 
inconclusive, but showed signs of  a new material 
produced. (Appendix 28-30) 

Results and Discussion 
General Technique for NMR Spectroscopy   
SGS 2-1, SGS 5-1 and SGS 9-1 were tested in 
deuterated dimethyl sulfoxide (DMSO), and SGS 2-2, 
SGS 7-1, SGS 7-2 and SGS 8-1 were tested in 
deuterated chloroform (CDCl3). DMSO and CDCl3  

show known trace peaks in 1H NMR spectroscopy, so 
they are appropriate solvents for our scans. Reactions 
were attempted with two synthesis steps in mind, from 
SGS 1 to SGS 2 to SGS 7, and from SGS 1 to SGS 5 to 
SGS 9, and this is how synthesis success will be 
examined. All NMR data courtesy of  Paul King and 
Alice Williamson of  Sydney University.10 



Reaction Sequence 1   

The initial reaction from SGS 1 to SGS 2 involved the 
substitution of  group g1 for g2, meaning a successful 
reaction would appear to remove NMR peaks for the 
two hydrogens in g1 and produce NMR peaks for carbon 
atoms in the g2 benzene ring.  

Expected peaks from SGS 1 1H NMR (d6-DMSO) are 
8.87 (e) (1H, s), 8.44 (b) (1H, s), 8.06 (a) (1H, s), 4.39 (d) 
(2H, s).  

Observed peaks from SGS 2-2 1H NMR (CDCl3) are 
8.64 (c) (1H, s), 8.52 (b) (1H, s), 8.00 (e) (2H, d, JHH 2.6 
Hz ), 7.95 (a) (1H, s),  
7.85 (d) (2H, d, JHH 2.7 Hz). (f) is likely the peak at 
~10.1, exact shift unknown.  
In the NMR below all expected peaks have appeared, 
and the singlet at 4.36 has disappeared. Peaks around 
1.5  ppm are residual water in the sample, but do not 
have any effect on peaks of  interest. This synthesis 
appears successful. 
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Current Data Parameters
NAME     SGS 2-2 CDCl3 AEW and PK
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20150624
Time              12.04
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            5995.204 Hz
FIDRES         0.182959 Hz
AQ            2.7328513 sec
RG                574.7
DW               83.400 usec
DE                 6.50 usec
TE                300.0 K
D1           2.00000000 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                10.10 usec
PLW1        10.00000000 W
SFO1        300.1318008 MHz

F2 - Processing parameters
SI                32768
SF          300.1300062 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

SGS 2-2 CDCl3 AEW and PK

7.27.47.67.88.08.28.48.68.8 ppm
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SGS 1 with labeled 
hydrogen environments

Figure 20: SGS 2-2 1H NMR (CDCl3)

Figure 4: Reaction Sequence 1 
highlighting groups to be substituted

SGS 2 with labeled 
hydrogen environments



The subsequent reaction from SGS 2 to SGS 7 involved 
a ring close, meaning peaks produced by p1 and p2 were 
to be removed. 
	 Observed peaks from SGS 7 1H NMR (CDCl3) 
are 9.40 (a) (1H, s), 8.01(b) (1H, s), 8.00 (c) (2H, d, JHH 
2.6 Hz), 7.82 (d) (2H, d, JHH 2.6 Hz).  

	 The peak furthest downfield in the SGS 2-2 
NMR would have disappeared if  the reaction were 
complete, but it has not, still present at 10.1 ppm in the 
SGS 7-1 NMR, suggesting the reaction has not 
completed. On the other hand, the other peak 
expected to disappear, found at 8.65 ppm in the SGS 
2-2 NMR seems to have significantly diminished. This 
suggests that the sample tested was incompletely 
purified, with small peaks at 1 and 2 ppm suggesting an 
acetone impurity. Nonetheless, though data is 
inconclusive, it seems more likely than not that SGS 7 
was synthesised, though future testing on this process is 
required 
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F2 - Processing parameters
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7.58.08.59.09.510.0 ppm
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Figure 5: Reaction Sequence 1 
highlighting proton signals that 
should disappear

Figure 23: SGS 7-1 1H NMR (CDCl3)

SGS 7 with labeled 
hydrogen environments



Reaction Sequence 2  

In this sequence the initial reaction from SGS 1 to SGS 
2 involved the replacement of  group g1 with g3, meaning 
a successful reaction would appear to remove NMR 
peaks for the two hydrogens in g1 and produce NMR 
peaks for carbon atoms in the g3 benzene ring.  
	 Expected peaks from SGS 1 1H NMR (d6-
DMSO) are, as above, 8.87 (e) (1H, s), 8.44 (b) (1H, s), 
8.06 (a) (1H, s), 4.39 (d) (2H, s).  

Observed peaks from SGS 5 1H NMR (d6-DMSO) are 
8.69 (c) (1H, s), 8.63 (e) (2H, d, JHH 3.2 Hz ), 8.17 (b)
(1H, s), 8.06 (a) (1H, s), 7.73 (d) (2H, d, JHH 3.0 Hz).  

In the below NMR all expected peaks have appeared, 
and the again singlet at 4.36 has disappeared. 
Unexpected peaks at 3.3  ppm and 2.5  ppm represent 
water and the DMSO solvent respectively. Though large 
amounts of  water have swamped other important peaks, 
upon zooming in important peaks correspond to their 
expected positions, giving strong evidence that SGS 5-1 
was indeed synthesised. 
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Figure 6: Reaction Sequence 2 
highlighting groups to be substituted

Figure 27: SGS 5-1 1H NMR (d6-DMSO)

SGS 1 with labeled 
hydrogen environments

SGS 5 with labeled 
hydrogen environments



The subsequent reaction from SGS 5 to SGS 9 involved 
a ring close, meaning peaks produced by p1 and p2 were 
to be removed. 

Observed peaks from SGS 9 1H NMR (d6-DMSO) are 
8.82 (a) (1H, s), 8.74 (b) (1H, s), 7.90 (c) (1H, d, JHH 3.0 
Hz), 7.80 (d) (1H, d, JHH 2.8 Hz).  

As before, the peak at 2.52 ppm is the DMSO solvent, 
and the peak at 1.93  ppm is ethyl acetate. The broad 
peak at 3.57 is too far downfield to be water, and even if  
it were upfield, broader than water peaks have appeared 
in previously examined NMRs. It is possible that the 
spectrum was improperly calibrated, or that a diglyme 
impurity was accidentally introduced. Without further 
data this peak is unaccounted for. The peak at 8.69 ppm 
is gone as expected, though the spectrum taken was 
stopped at 10 ppm so the other expected disappearance 
cannot be commented upon. This reaction appears to 
have been successful, though the purity of  the sample 
examined with NMR is questionable, and further 
purification is recommended. 
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PC                 1.00
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Figure 7: Reaction Sequence 2 
highlighting proton signals that 
should disappear

Figure 30: SGS 9-1 1H NMR (d6-DMSO)

SGS 9 with labeled 
hydrogen environments



Appendix 

 

TLCs show presence of starting material and new 
material in the SGS 1-2 and SGS 1-3 reactions.

Appendix 1 Appendix 2

TLC shows presence of starting material and new 
material in the SGS 2-2 reactions.

Appendix 3

TLC on left shows presence of new material, and 
disappearance of starting material in the SGS 3-1 
reaction, while TLC on right shows presence of 
starting material and new material in the 3-2 
reaction.

Appendix 4 Appendix 5



 

TLCs show presence of starting 
material and new material in the 
SGS 4-1 reaction. The first two TLCs 
from the left show inconclusive 
results due to messy spotting, and 
short submersion time in solvent. 
The other two TLCs, taken 
afterwards, show much clearer 
results, indicating the presence of 
new material and starting material 
in our sample of SGS 4-1.

Appendix 6 Appendix 7 Appendix 8 Appendix 9

TLCs show presence of starting material and 
new material in the SGS 4-2 reaction. Again, 
the first two TLCs from the left show 
inconclusive results due to messy spotting, 
and short submersion time in solvent. The 
other two TLCs, taken afterwards, show 
much clearer results, indicating the 
presence of new material and starting 
material in our sample of SGS 4-1. It was 
also determined that DCM was a more 
appropriate solvent for the future, showing 
much cleaner peaks and greater separation.

Appendix 10 Appendix 11 Appendix 12 Appendix 13

TLC shows presence of starting material, but 
little new material, in the SGS 4-3 reaction.

Appendix 14



 

The first TLC for SGS 5-1 shows inconclusive 
results because the EtOAc carried all 
components of the material to the limit of 
the plate. The second TLC for SGS 5-1 
shows the presence of a new material at 
Rf = 1.6, as well as significant starting 
material. The TLC of SGS 5-2 was also 
successful, showing the disappearance of 
starting material very clearly.

Appendix 15 Appendix 16 Appendix 17

Though unused in the final reaction 
sequences, SGS 6-1, a different but similar 
compound, was produced in case it would 
be needed. TLCs for SGS 6-1 show 
inconclusive results because the solvent did 
not carry the compounds high enough to 
separate them clearly, though it does seem 
that there was some new material carried 
higher that the initial starting material. TLCs 
for SGS 6-2 were more successful, showing 
the presence of starting material and new 
material very clearly.

Appendix 18 Appendix 19 Appendix 20

TLCs for SGS 7-1 show the presence of 
starting material and new material. TLCs for 
SGS 7-2 were less successful, showing a 
significant amount of starting material, and 
showing new material only very faintly 
above the starting material.

Appendix 21 Appendix 22 Appendix 23 Appendix 24



 

The TLC plate for SGS 8-1 in DCM show the 
presence of starting material and new 
material. The TLC plate for SGS 8-1 in 
EtOAc with 3% MeOH exhibited less 
conclusive results, without clear substance 
delineation. The TLC plate for SGS 8-2 in 
DCM was more successful, showing the 
presence of starting material and new 
material.

Appendix 25 Appendix 26 Appendix 27

The TLC plates for SGS 9-1 and SGS 9-2 
show significant experimental error, with 
solvent rising in a diagonal direction. The 
central TLC does however show the 
presence of new material in SGS 9-1.

Appendix 28 Appendix 29 Appendix 30
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