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Malaria is one of the world’s most serious diseases with approximately 243 million cases and 863 thousand 

deaths globally in 2009. Triazolopyrazine derivatives have shown promise as antimalarials, and in the present 

research we have sought to synthesise four different triazolopyrazines in greater yields than before from 2,6-

dichloropyrazine. The products were analysed with 1H NMR, suggesting that we were likely successful in 

synthesising these compounds, although impurities also seemed to be present.  

 

Introduction 

Malaria is one of the world’s most serious diseases 

with approximately 243 million cases and 863 

thousand deaths globally in 2009.1 Its seriousness is a 

result of its ability to destroy red blood cells. 

Mosquitoes are the vector for malaria, caused by the 

Plasmodium genus of protozoa. The disease is 

widespread in equatorial regions, and is potentially 

responsible for about half of the gap in per capita 

incomes between countries suffering from malaria and 

those that do not.2 With the rise of resistance against 

current antimalarial drugs by the most deadly strain, 

Plasmodium falciparum,2 new antimalarial drugs are 

urgently required. After the release almost 2 million 

compounds of GlaxoSmithKline’s chemical library to 

the public domain,3 13,533 were confirmed to inhibit 

malarial parasite growth.3 Following this, the Todd lab 

from the University of Sydney launched a joint 

program with Medicines for Malaria Venture. The 

Open Source Malaria project was formed as a result. 

The project uses open source principals to attempt to 

bring the public domain compounds released by 

GlaxoSmithKline to clinical trials as antimalarials.4 

The Series 4 compounds, triazolopyrazines, show 

great potential. The target compounds for our 

synthesis are shown in Figure 1.1. By comparing these 

to a representative triazolopyrazine series compound, 

shown in Figure 1.2, it can be observed that there are 

striking similarities. These elucidate how the target 

compounds for our synthesis form the backbone of the 

triazolopyrazine series compounds, as they contain 

both the triazole and the aromatic ring attached to it. 

In this project, the goal was the resynthesis of Series 4 

compounds in an attempt to produce greater yields of 

triazolopyrazines, to assist in further syntheses. We 

are producing four 

chloroarylpyrazine 

cores, as shown in 

Figure 1.1, with the 

specific aryl groups 

shown in red.  

Experimental 

Synthesis of SGS 1  

Reaction performed 

by William Talbot, Sebastian Schwartz and Hugh 

Russell to produce SGS 1-1, diagram Appendix A1.1. 

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. 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 (3 x 100 mL). The Figure 1.1: Synthesis Targets 

Figure 1.2: Representative 

Triazolopyrazine Compound 



combined organic layers were concentrated in 

vacuo to produce an orange crystalline solid. 11.84 g of 

crude was produced.  

Reaction repeated by Trent Wallis to produce SGS 1-2, 

and by Jason Chami, Evan Hockings, Alex Su and James 

Kalas to produce SGS 1-3.  

TLC of SGS 1-1 located Appendix A1.2, SGS 1-2 located 

Appendix A1.3, and SGS 1-3 located Appendix A1.4. 

The Rf for the TLC of SGS 1-1 was 0.21, and the Rf for 

SGS 1-3 was 0.6. With reference to Appendix A1.5, a 

possible allocation of NMR peaks for SGS 1-3: 1H NMR 

(d6-DMSO): 8.87 (c) (1H, s), 8.44 (b) (1H, s), 8.06 (a) 

(1H, s), 4.39 (d) (2H, s). 

Synthesis of SGS 2 

Reaction performed by Will Talbot and Hugh Russell to 

produce SGS 2-1, diagram Appendix A2.1. SGS 1-1 

(crude, 1.36 g, 9.4 mmol) was stirred into MeCN 

(12 mL) along with 4-formylbenzonitrile (1.00 g, 

7.6 mmol). Glacial AcOH (0.45 mL) was added and the 

mixture (a light brown suspension) was stirred 

overnight at room temperature.  

Reaction repeated by James Manton-Hall, Alex Su, 

Evan Hockings and James Kalas to produce SGS 2-2. 

TLC of SGS 2-2 located Appendix A2.2. With reference 

to Appendix A2.4, a possible allocation of NMR peaks 

for SGS 2-2: 1H NMR (CDCl3): 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.  

Synthesis of SGS 3 

Reaction performed by Jason Chami, Evan Hockings , 

James Kalas, James Manton-Hall, Andreas Orsmond, 

Mackenzie Shaw and Alex Su to produce SGS 3-1, 

diagram Appendix A3.1. 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. The extracted SGS 3-1 looks no purer that 

than the starting material from the results of the TLC 

but it no longer smelt of AcOH. 

Reaction repeated by Jason Chami, Evan Hockings, 

James Manton-Hall, Andreas Orsmond, Alex Su, 

Mackenzie Shaw and James Kalas to produce SGS 3-2. 

TLC of SGS 3-2 located Appendix A3.2. 

Synthesis of SGS 4 

Reaction performed by Jason Chami and Mackenzie 

Shaw to produce SGS 4-1, diagram Appendix A4.1. 

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.  

Reaction repeated by James Manton-Hall, Evan 

Hockings, Alex Su and James Kalas to produce SGS 4-3. 

TLC of SGS 4-1 located Appendix A4.2, and SGS 4-3 

located Appendix A4.3. 

Synthesis of SGS 5 

Reaction performed by Evan Hockings, James Manton-

Hall, Andreas Orsmond and Hugh Russell to produce 

SGS 5-1, diagram Appendix A5.1. 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) was stirred at room temperature for 24 h. 

Solvent was removed in vacuo to produce a pale 

orange solid.  

Reaction repeated by Evan Hockings, James Manton-

Hall, Andreas Orsmond, Jason Chami and James Kalas 

to produce SGS 5-2. 

TLC of SGS 5-1 located Appendix A5.2, and SGS 5-2 

located Appendix A5.3. With reference to Appendix 

A5.5, a possible allocation of NMR peaks for SGS 5-1: 

1H NMR (d6-DMSO): 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). Hydrogen (f) is probably peak at 

~11.9, but it hasn’t been identified for exact shift value.  

Synthesis of SGS 6 

Reaction performed by Evan Hockings, Alex Su, James 

Kalas and James Manton-Hall to produce SGS 6-2, 

diagram Appendix A6.1. SGS 4-3 (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 h at room temperature. 

The SGS 6-2 was washed with saturated sodium 

hydrogencarbonate and then the organic layer was 

collected and solvent was removed by evaporation.  

TLC of SGS 6-2 located Appendix A6.2. Since column 

fraction two of SGS 6-2 was allocated peaks, instead of 

column fraction three which most likely contained SGS 

6-2, we do not have the peak allocations for SGS 6-2. 

Synthesis of SGS 7 

Reaction performed by Jason Chami, Evan Hockings, 

James Kalas, James Manton-Hall, Andreas Orsmond, 

Mackenzie Shaw and Alex Su to produce SGS 7-1, 

diagram Appendix A7.1. 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, and a 

subsequent TLC was then run in EtOAc with 3% MeOH.  

TLC of SGS 7-1 located Appendix A7.2. The Rf for the 

TLC of SGS 7-1 in DCM was 0.7, and the Rf for SGS 7-1 

in EtOAc with 3% MeOH was 0.75. With reference to 

Appendix A7.4, a possible allocation of NMR peaks for 

SGS 7-1: 1H NMR (CDCl3): 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).  

Synthesis of SGS 8 

Reaction performed by Jason Chami, Evan Hockings, 

James Kalas, James Manton-Hall, Andreas Orsmond, 

Mackenzie Shaw and Alex Su to produce SGS 8-1, 

diagram Appendix A8.1. 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.  

TLC of SGS 8-1 located Appendix A8.2. The Rf for the 

TLC of SGS 8-1 in EtOAc with 3% MeOH was 0.33. With 

reference to Appendix A8.4, a possible allocation of 

NMR peaks for SGS 8-1: 1H NMR (CDCl3): 9.38 (a) (1H, 

s), 8.91 (f) (1H, s), 8.84 (e) (1H, d, JHH 4.9 Hz), 8.05 (c) 

(1H, d, JHH 7.9 Hz), 7.93 (b) (1H, s), 7.53 (d) (1H, 

dd, JHH 5.0, 7.8 Hz).  

Synthesis of SGS 9 

Reaction performed by Jason Chami, Evan Hockings, 

James Manton-Hall, Andreas Orsmond, Mackenzie 

Shaw and James Kalas to produce SGS 9-1, diagram 

Appendix A9.1. 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.  

With reference to Appendix A9.3, a possible 

allocation of NMR peaks for SGS 9-1: 1H NMR (d6-

DMSO): 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).  

Nuclear Magnetic Resonance 

Analysis was performed with 1H NMR spectroscopy by 

Paul King and Dr Williamson. SGS 1-1, SGS 5-1 

(Appendix A5.4) and SGS 8-1 (Appendix A8.3) were 

analysed in d6-DMSO, and SGS 2-2 (Appendix A2.3), 

SGS 6-2 (Appendix A6.3), SGS 7-2 (Appendix A7.3) 

and SGS 9-1 (Appendix A9.2) were analysed in CDCl3. 

SGS 6-2 was separated by column chromatography, 

then the 8 fractions were analysed using NMR. Based 

on this data, the fraction that most likely contained the 

product was fraction three,5 and as such it has been 

analysed. 

Results and Discussion 

Reaction Stage 1 

The first stage of synthesis was to prepare 2-chloro-6-

hydrazinylpyrazine, SGS 1. A starting material of 2,6-

dichloropyrazine was reacted with hydrazine hydrate 

in a nucleophilic aromatic substitution reaction. 

Reaction Stage 2 

Four different aryl groups were reacted with SGS 1, 2-

chloro-6-hydrazinylpyrazine, a condensation reaction 

with the nucleophilic addition of a primary amine. This 

formed SGS 2, with a benzonitrile group, SGS 3, with a 

3-pyradine group, SGS 4, with a 2-pyradine group and 

SGS 5, with a 4-pyradine group. 

 



Reaction Stage 3 

After this, a ring closing reaction was performed, using 

PIDA, to form the triazole. SGS 6 was formed from SGS 

4, SGS 7 was formed from SGS 2, SGS 8 was formed 

from SGS 3 and SGS 9 was formed from SGS 5.  

TLC 

Most of the TLC data suggests that we have indeed 

synthesised new materials. The only TLCs that suggest 

that we did not synthesis a new compound are SGS 3-

2 (Appendix A3.2) and SGS 4-3 (Appendix A4.3). 

Others are more ambiguous, such as SGS 1-2 

(Appendix A1.3), and SGS 6-2 (Appendix A6.2), 

which are potentially just a mixture of the starting 

material and the other reactant. 

NMR 

This NMR data suggests that we were indeed 

successful in creating different compounds, in that the 

peaks are different for each and every compound. 

However, this alone cannot tell us whether we 

synthesised the compounds we aimed to. It is most 

useful to track the NMR data for complete sets, where 

we can analyse the change in the peaks after each 

successive reaction. NMR data was obtained for the 

sets SGS 1→2→7 and SGS 1→5→9. 

NMR: SGS 1→2→7 

NMR data for SGS 2-2 can be seen at Appendix A2.3, 

and for SGS 7-1 it can be seen at Appendix A7.3. 

It can be observed that the peak 4.39 (d) (2H, s) for SGS 

1-3 has disappeared in the spectrum for SGS 2-2. This 

peak likely corresponds to the hydrogen environment 

d, shown in Appendix A1.5, and would be expected to 

disappear when the benzonitrile group attaches. As it 

does indeed vanish, this suggests that the reaction to 

form SGS 2-2 has been successful. 

The formation of SGS 7-1 would be expected to result 

in the disappearance of the hydrogen environments c 

and f, shown in Appendix A2.4, as a result of the ring 

closure. It can be observed that the peak 8.64 (c) (1H, 

s) for SGS 2-2 has mostly disappeared in the spectrum 

for SGS 7-1. However, the peak around 10.1, likely to 

be hydrogen environment f, has not disappeared, as 

can be seen in Appendix A7.3. This suggests that 

while we have synthesised some SGS 7-1, there are 

quite significant impurities, as evidenced by the height 

of the aforementioned peak. These impurities are 

likely to be SGS 2-2, but there is also something around 

2, possibly acetone. 

NMR: SGS 1→5→9 

NMR data for SGS 5-1 can be seen at Appendix A5.4, 

and for SGS 9-1 it can be seen at Appendix A9.2. 

It can be observed that the peak 4.39 (d) (2H, s) for SGS 

1-3 has disappeared in the spectrum for SGS 5-1. This 

peak likely corresponds to the hydrogen environment 

d shown in Appendix A1.5, and would be expected to 

disappear when the 4-pyradine group attaches. As it 

does indeed vanish, this suggests that the reaction to 

form SGS 5-1 has been successful. There is an extreme 

peak at 3.3 from water, and one at 2.5 from DMSO, 

shown in Appendix A5.4, but by zooming in upon the 

other peaks, we were able to identify them. 

The formation of SGS 9-1 would be expected to result 

in the disappearance of the hydrogen environments c 

and f, shown in Appendix A2.4, as a result of the ring 

closure. It can be observed that the peak 8.69 (c) (1H, 

s) for SGS 5-1 seems to have disappeared in the 

spectrum for SGS 9-1. The peak around 10.1 cannot be 

examined as the spectrum only extends to 10. There 

are also significant impurities that can be clearly seen 

in Appendix A9.2. While the impurity at 1.93 is ethyl 

acetate, and the impurity at 2.52 is DMSO, the broad 

peak at 3.57 is less clear. It is too far downfield to be 

water, and while it could be diglyme, which does 

produce a broad peak at that location, the sample 

should not have been contaminated with diglyme. As 

such, the peak is unaccounted for. Overall, this 

suggests that we likely have synthesised SGS 9-1, but 

there are significant impurities of many other 

substances. 

Conclusion 

This project sought to synthesise triazolopyrazines, 

and in that respect we seem to have been successful. 

We likely synthesised SGS 7 and SGS 9, and by 

comparing the NMR spectra to those from SGS 6-2 and 

SGS 8-1, it seems that we have synthesised SGS 8. SGS 

6-2 is interesting, as the third fraction does seem to 

suggest that we produced SGS 6. This is because the 

peaks around 8.6 and 10.1 that were meant to 



disappear in the spectra for SGS 7-1 and SGS 9-1 seem 

to have disappeared. However, we do not have 

complete NMR data sets for the synthesis of SGS 6 and 

SGS 8. Also, there appear to be quite a few impurities 

in our samples, and as such do not seem to have been 

successful in producing higher yields. 
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Appendix 

A1: SGS 1 

(E)-2-chloro-6-hydrazinylpyrazine 

A1.1: SGS 1 Synthesis Method

 

 A1.2: SGS 1-1 TLC 

 

 

 

 

 

A1.3: SGS 1-2 TLC 

 

 

 

 

 

A1.4: SGS 1-3 TLC 

 

 

 

 

 

A1.5: SGS 1 Hydrogen Environments 

 

 

 

A2: SGS 2 

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

 A2.1: SGS 2 Synthesis Method 

 A2.2: SGS 2-2 TLC 
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A2.3: SGS 2-2 1H NMR in CDCl3 

A2.4: SGS 2 Hydrogen Environments 

 

 

 

 

A3: SGS 3 

(E)-2-chloro-6-(2-(pyridin-3-ylmethylene)hydrazinyl)pyrazine 

 A3.1: SGS 3 Synthesis Method 

 A3.2: SGS 3-2 TLC 

 

 

 

 

 

A4: SGS 4 

(E)-2-chloro-6-(2-pyridin-2-ylmethylene)hydrazinyl)pyrazine 

 A4.1: SGS 4 Synthesis Method 

 

A4.2: SGS 4-1 TLC 

 

 

 

 

A4.3: SGS 4-3 TLC 

 

 

 

 

 

A5: SGS 5 

(E)-2-chloro-6-(2-(pyridin-4-ylmethylene)hydrazinyl)pyrazine 

 A5.1: SGS 5 Synthesis Method 

 

A5.2: SGS 5-1 TLC 

 

 

 

 

 

A5.3: SGS 5-2 TLC 

 

 

 

 

 

A5.4: SGS 5-1 1H NMR in d6-DMSO 

 A5.5: SGS 5 Hydrogen Environments 

 

 

 

 

 

 

 

 

 



A6: SGS 6 

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

A6.1: SGS 6 Synthesis Method 

 

A6.2: SGS 6-2 TLC 

 

 

 

 

 

A6.3: SGS 6-2 1H NMR in CDCl3 

A7: SGS 7 

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

 A7.1: SGS 7 Synthesis Method 

 

A7.2: SGS 7-1 TLC 

 

 

 

 

 

 

 

 

 

 

 

 

A7.3: SGS 7-1 1H NMR in CDCl3 

 A7.4: SGS 7 Hydrogen Environments 

 

 

 

 

 

A8: SGS 8 

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

 A8.1: SGS 8 Synthesis Method 

 

A8.2: SGS 8-1 TLC 

 

 

 

 

 

 A8.3: SGS 8-1 1H NMR in CDCl3 

 A8.4: SGS 8 Hydrogen Environments 

 

 

 

 

 

 



A9: SGS 9 

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

 A9.1: SGS 9 Synthesis Method 

 

A9.2: SGS 9-1 1H NMR in d6-DMSO 

 A9.3: SGS 9 Hydrogen Environments 

 

 

 

 

 

 

 


