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Abstract:  

Malaria—one of the worlds’ deadliest diseases—is becoming harder and harder to combat due to its 

increased resistance to current antimalarial drugs. In 2009, in an attempt to assist in the creation of 

new antimalarial drugs, Pfizer released the details of 200,000 molecules which were known to inhibit 

the growth of malarial parasites. The Open Source Malaria project then began to make and test these 

molecules to determine if any of them could potentially be used in a new antimalarial drug. In this 

experiment, we attempted to synthesise molecules for the triazolopyrazine series of the Pfizer 

antimalarial molecules in as high of a yield as possible. TLC plate analysis and NMR spectroscopy 

were used to analyse the results of the syntheses. It was found that most of the simpler, smaller 

molecules were made in high yield, and most of the more complex molecules were made in moderate 

yields, with some reactants still remaining after the reactions had finished.

Introduction:  

Last year, 198 million people were 

infected by malaria. Of these 198 million, 

584,000 died from their infection, making 

malaria one of the worlds’ most severe and 

deadly diseases.
1
 Moreover, the disease is 

rapidly becoming harder to fight, because 

antimalarial drugs are becoming less 

efficacious. This is the case as the Plasmodium 

protozoan that causes malaria is becoming 

resistant to the drugs, especially in South East 

Asia.
2
 This is particularly problematic because, 

due to a lack of research funding and the 

difficulties of developing new antimalarial 

drugs, no new classes of antimalarial drugs 

have been used in clinical practice since 1996.
3
 

Therefore, even though malarial cases 

worldwide are dropping annually, they have 

the potential to rise in the near future, 

especially considering almost half of the 

population of Earth (an estimated 3.3 billion 

people) are considered to be at risk of being 

infected with malaria.
1
  

In 2009, in an attempt to fix the problems 

in the antimalarial drug industry, Pfizer 

released the details of 200,000 molecules 

which were known to inhibit the growth of 

malarial parasites.
4
 They were released to 

encourage other companies and individuals to 

screen and test each individual molecule, in 

order to determine which could be used as 

clinical antimalarial drugs. These series of 

molecules were taken by Open Source 

Malaria, an organisation dedicated to using 

researchers all over the world and open source 

principles (the concept of sharing all data, 

progress etc.) to quickly analyse the Pfizer 

molecules. It was hoped that they could then 

conclude which, if any, of the molecules are 

effective enough to be used as antimalarial 

drugs.
5
 It is so important to find an extremely 

effective antimalarial drug (a ‘one drug’, 

preferable oral treatment) as the areas that are 

currently most affected by malaria are in less 

developed parts of the world, and so 

susceptible individuals do not have the 

resources for continuous treatment or for 

preventative measures.
6
  

The project has produced and analysed 

series 1 (Arylpyrrole Series) molecules, which 

were too unstable for clinical use, and have 

almost completed research on series 3 

molecules (the aminothienopyrimidine series), 

but there are persisting beliefs that they are not 

soluble enough for practical application.
7
 The 

synthesis of series 2 molecules were parked as 

another organisation had begun to produce and 

analyse them. Currently, much of OSM’s 

research is dedicated to the triazolopyrazine  
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series (See Figure 1). In our research, we 

aimed to start the synthesis process in the 

triazolopyrazine  series of molecules, and 

make these starter molecules with the highest 

yield possible, in order to pass them onto 

others in the project who could continue the 

synthesis, and hopefully find a clinically 

useful antimalarial drug.  

 
Figure 1: An image of 4-(5-chloro-[1,2,4] 

triazolo[4,3-a]pyrazin-3-yl)benzonitrile—a 

molecule typical of those in the  triazolopyrazine 

series. 

 

Experimental:  

Synthesis of 2-chloro-6-hydrazinylpyrazine 

(SGS 1-1) 

2,6-dichloropyrazine (21 g, 141 mmol) 

was dissolved in 100 mL of 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 (see Figure 2).  

The solvent was then removed from the 

crude mixture in vacuo, giving an orange 

mixture of oil and solid to which EtOAc 

(200mL) and water (150mL) was added. The 

aqueous layer was removed and washed with 

EtOAc (3x 100mL). The combined organic 

layers were concentrated in vacuo to produce 

6.62 g of an orange crystalline solid. The solid 

was then dissolved in DMSO and Nuclear 

Magnetic Resonance (NMR) spectroscopy was 

performed on the resulting solution, which 

gave the following spectrum:
  

1
H NMR (d6-DMSO): 8.87 (1H, s), 8.44 

(1H, s), 8.06 (1H, s), 4.39 (2H, s). 

This process was repeated with 20 g of 

2,6-dichloropyrazine, which was dissolved in 

100 mL EtOH and added to 14.5 mL of 

hydrazine hydrate to form 6.865g of a 

crystalline orange solid (SGS 1-2). Small 

portions of the crude and the 2,6-

dichloropyrazine were then taken and analysed 

with a TLC, which was run in a solution of 

EtOAc.    

This process was repeated again with 40.7 

g 2,6-dichloropyrazine, which was dissolved 

in 100 mL EtOH and added to 27.8 mL of 

hydrazine hydrate to form 11.84 g of a 

crystalline orange solid. Small portions of the 

crude and the 2,6-dichloropyrazine were then 

taken and analysed with a TLC, which was run 

in a solution of EtOAc.    

   

Figure 2: Synthesis of SGS 1-1 from 2,6-

dichloropyrazine 

 

Synthesis of 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 (see Figure 3). The crude 

was then dissolved in CDCl3 and NMR 

spectroscopy was performed on the resulting 

solution, which gave the following spectrum: 
1
H NMR (CDCl3): 8.64 (1H, s), 8.52 (1H, 

s), 8.00 (2H, d, JHH 2.6 Hz ), 7.95 (1H, s), 7.85 

(2H, d, JHH 2.7 Hz). 

This process was repeated with 4.1 g of 

SGS 1-3, which was stirred into MeCN (50 

mL) along with 4-formylbenzonitrile (3.737 g, 

2.85 mmol) and no AcOH. The mixture (a 

light brown suspension) was stirred for 72 hr 

at room temperature (SGS 2-2). Small portions 

of the crude and SGS 1-3 were then taken and 

analysed with a TLC, which was run in a 

solution of DCM.  

 

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/9977/Synthesis_of_426Chloropyrazin2ylhydrazonomethylbenzonitrile_JU_24.html
http://malaria.ourexperiment.org/triazolopyrazine_se/9977/Synthesis_of_426Chloropyrazin2ylhydrazonomethylbenzonitrile_JU_24.html
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Figure 3: Synthesis of SGS 2-1 from SGS 1-1 

and 4-formylbenzonitrile. 

 

Synthesis of 2-chloro-6-(2-(pyridin-3-

methylene)hydrazinyl)pyrazine (SGS 3-1) 

SGS 1-1 (1.01 g, 6.99 mmol) was added 

to 0.756 g (7.06 mmol) of 3-pyridine 

carboxaldehyde 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 (see 

Figure 4). 

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. 

This process was repeated with 9.15 g of 

SGS 1-3, which was stirred into MeCN (120 

mL) along with 2-pyridinecarboxaldehyde 

(6.787 g). The mixture (a green suspension) 

was stirred for 72 hr at room temperature. 

11.724 g of crude SGS 3-2 was produced. 

Small portions of the crude and SGS 1-3 were 

then taken and analysed with a TLC, which 

was run in a solution of DCM.    

Figure 4: Synthesis of SGS 3-1 from SGS 1-1.  

 

Synthesis of 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 resulting mixture was then 

stirred at room temperature overnight. 1.28 g 

of crude was produced (see Figure 5). Small 

portions of the crude and SGS 1-1 were then 

taken and analysed with two TLCs, one of 

which was run in a solution of DCM and one 

of which was run in a solution of EtOAc.    

This process was repeated with 1.007 g of 

SGS 1-2, which was stirred into 12 mL MeCN.                            

3-Pyridinecarboxaldehyde (0.72 g, 6.9 mmol) 

was added and the resulting mixture (a light 

brown suspension) was stirred at room 

temperature for 7 days. 1.184 g of SGS 4-2 

crude was produced. The same TLCs were 

taken, using SGS 4-2 instead of the SGS 4-

1.  

This process was again repeated with 

8.021 g of SGS 1-3, which was stirred into 96 

mL MeCN. 2-Pyridinecarboxaldehyde (5.9 g, 

55.4 mmol) was added and the resulting 

mixture (an orange suspension) was stirred for 

48 h. 10.2g of SGS 4-3 crude was produced. 

The same TLCs were taken, using SGS 4-3 

instead of SGS 4-1.  

 
Figure 5: Synthesis of SGS 4-1 from SGS 1-1.  

 

Synthesis of 2-chloro-6-(2-(pyridin-3-yl 

methylene)hydrazinyl)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) was stirred at 

room temperature for 24 h.  Solvent was 

removed in vaccuo to produce 1.24 g of a pale 

orange solid (see Figure 6). The crude was 

then dissolved in DMSO and NMR 

spectroscopy was performed on the resulting 

solution. The following spectrum was 

produced: 
1
H NMR (d6-DMSO): 8.69 (1H, s), 8.63 

(2H, d, JHH 3.2 Hz ), 8.17 (1H, s), 8.06 (1H, s), 

7.73 (2H, d, JHH 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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This process was repeated with 3.12 g of 

SGS 1-3, which was stirred into 36 mL of 

MeCN. 4-Pyridinecarboxaldehyde (2.25 g) 

was added and the reaction mixture was stirred 

at room temperature for 72 h.  Solvent was 

removed in vaccuo to produce 3.82 g of a pale 

orange solid. 

 
Figure 6: Synthesis of SGS 5-1 from SGS 1-1 

and 4-Pyridinecarboxaldehyde.  

SGS 6-1  

SGS 6-1 was produced, but records of its 

creation have been lost.  

 

Synthesis of 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.  After 24 h, the 

solution had turned dark orange. Solvent was 

removed in vacuo (see Figure 7)  Small 

portions of the crude and SGS 2-1 were then 

taken and analysed with two TLCs, one of 

which was run in a solution of DCM, and one 

of which was run in a solution of EtOAc. The 

remaining crude was then dissolved in CDCl3 

and NMR spectroscopy was performed on the 

resulting solution. The following spectrum was 

produced: 
1
H NMR (CDCl3): 9.40 (1H, s), 8.01 (1H, 

s), 8.00 (2H, d, JHH 2.6 Hz), 7.82 (2H, 

d, JHH 2.6 Hz). 

 
Figure 7: Synthesis of SGS 7-1 from SGS 2-1 

 

Synthesis of 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. After 

24 h, the solution had turned deep 

red.  Solvent was removed in vacuo (see 

Figure 8). Small portions of the crude and 

SGS 3-1 were then taken and analysed with 

two TLCs, one of which was run in a solution 

of DCM, and one of which was run in a 

solution of EtOAc. The remaining crude was 

then dissolved in CDCl3 and NMR 

spectroscopy was performed on the resulting 

solution. The following spectrum was 

produced:  
1
H NMR (CDCl3): 9.38 (1H, s), 8.91 (1H, 

s), 8.84 (1H, d, JHH 4.9 Hz), 8.05 (1H, 

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

dd, JHH 5.0, 7.8 Hz). 

 

Figure 8: Synthesis of SGS 8-1 from SGS 2-2 

 

Synthesis of 5-cholor-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 (see 

Figure 9). 

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. The crude 

was then dissolved in CDCl3 and NMR 

spectroscopy was performed on the resulting 

solution. The following spectrum was 

produced: 
1
H NMR (d6-DMSO): 8.82 (1H, s), 8.74 

(1H, s), 7.90 (1H, d, JHH 3.0 Hz), 7.80 (1H, 

d, JHH 2.8 Hz).  

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
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 9: Synthesis of SGS 9-1 from SGS 2-1 

 

Results and Discussion: 

SGS 1-1 

The NMR data suggests that we did create 

the expected 2-chloro-6-hydrazinylpyrazine 

molecule. This is the case as the peaks at 4.39 

ppm (indicative of amine groups) suggest that 

the reaction’s product has two amine groups, 

functional groups that 2-chloro-6-hydrazinyl 

pyrazine has, but the reactant 2,6-dichloro 

pyrazine does not.  

 

 

SGS 1-2 

After the TLC was run, the results in 

Appendix 1 were observed.  

The results indicate that the reaction was 

partially successful. It is likely that a new 

molecule was made in the reaction as two 

separate spots were formed on the SGS 1-2 

side of the TLC, whereas the 2,6-

dichloropyrazine side only formed one. 

However, the similar height and size of the 

uppermost spots indicate that there is a 

similarity in the molecules present in the 

reactants and products. This suggests that SGS 

1-2 is a mixture of 2,6-dichloropyrazine (the 

major reactant) and the expected product (2-

chloro-6-hydrazinylpyrazine).  

 

SGS 1-3 

After the TLC was run, the results in 

Appendix 2 were observed.  

These results are similar to the SGS 1-2 

results, in that the uppermost sport in the SGS 

1-3 section of the TLC is similar in size and 

location to the reactant spot, but SGS 1-3 has 

another lower spot, which is not evident in the 

reactant section of the TLC. This again 

suggests that SGS 1-3 is a mixture of some 

remaining 2,6-dichloropyrazine and the 

expected 2-chloro-6-hydrazinylpyrazine 

molecule.  

 

SGS 2-1 

After NMR spectroscopy was performed 

on SGS 2-1, the NMR spectrum seen in Figure 

10 was produced. 

 

 
Figure 10: NMR spectrum from SGS 2-1. 

The spectrum is fairly similar to the SGS 

1-1 spectrum, however the 4.36 ppm primary 

amine peak is not present, and two additional 

peaks with a ppm of around 8.5 are present. 

These results indicate that the reaction was 

successful— 4-((2-(6-Chloropyrazin-2-yl) 

hydrazono)methylbenzonitrile was produced 

with a high yield. This is the case as the 

expected reaction entails the replacement of a 

primary amine group in SGS 1-1 (which 

results in a peak at 4.36 ppm) with an aromatic 

ring that would produce two new peaks at 

around 8.5 ppm. Since both of these expected 

results occurred, it is likely that the reaction 

was successful in a high yield. The collection 

of peaks at 1.5 ppm can be attributed to water, 

and so are not significant in our experiment.  

 

SGS 2-2 

After the TLC was run, the results in 

Appendix 3 were observed.  

 The spots on the SGS 1-3 side of the plate 

are neither similar in size or shape to the spots 

of the SGS 2-2 side. However, they are in 

similar heights along the TLC plate. This 

indicates that there are different molecules 
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present in the reactants and products of the 

reaction, but they are not entirely different—

suggesting that the reaction was successful in 

creating a moderately high yield of 4-((2-(6-

chloropyrazin-2-yl)hydrazono)methyl 

benzonitrile. 

 

SGS 3-2 

No TLCs were run on SGS 3-1. However, 

a TLC was run on SGS 3-2, which led to the 

results seen in Appendix 4. 

 As can be seen, the shape and location of 

the spots are extremely similar on both the 

reactant and the product sides of the plate. 

This indicates that they contain similar 

molecules, and hence that the compound was 

likely produced with impurities or in low 

yield.  

 

SGS 4-1 

After the two TLCs were run, the results 

seen in Appendix 5 were observed. 

The two plates show contrasting results. 

In the EtOAc TLC plate, similar sizes and 

locations of spots were formed on both sides 

of the plate after the TLC was run, except for 

the central spot in the SGS 4-1 side of the 

plate. This indicates that a small yield of a new 

molecule was made, but the reaction was 

largely unsuccessful. However, in the DCM 

plate, the SGS 4-1 side did not form spots, but 

rather a streak, contrasting the spots on the 

SGS 1-1 side. This suggests that the product 

molecules are significantly different to the 

reactant molecules, and hence that a reaction 

did take place, giving a high yield of 2-chloro-

6-(2-(pyridine-2-ylmethylene)hydrazinyl) 

pyrazine. Further investigation into these 

molecules should be undertaken to determine 

whether the reaction was successful.  

Similar results were observed in the TLC 

plates of SGS 4-2 and SGS 4-3.  

 

SGS 5-1 

After NMR spectroscopy was carried out 

on the SGS 5-1 crude, the spectrum seen in 

Figure 11 was produced.   

 

 
Figure 11: NMR spectrum of SGS 5-1.  

 

The spectrum is fairly similar to the 

spectrum of SGS 1-1— the major reactant in 

the synthesis of SGS 5-1. However the 4.36 

ppm primary amine peak is not present, and 

three additional peaks with a ppm of around 

8.1 are present. These results indicate that the 

reaction was successful and 2-chloro-6-(2-

(pyridin-4-ylmethylene)hydrazinyl)pyrazine 

was produced with a high yield. This is the 

case as the synthesis of SGS 5-1 entails the 

replacement of a primary amine group in SGS 

1-1 (which gave a peak at 4.36 ppm) with an 

aromatic ring that would produce three new 

peaks at around 8.25 ppm. Since the expected 

results for a positive reaction were observed, it 

is likely that the reaction was successful, as 

was the case with most of the smaller 

molecules that we synthesised.  

 

SGS 7-1 

Two TLCs were run to analyse SGS 7-1. 

The results of the TLCs can be observed in 

Appendix 6.  

Out of the two spots and one streak 

produced by SGS 7-1 along the EtOAc plate,  

the streak is shared with the streaks PIDA 

produced, one of the spots is shared with the 

SGS 2-1 spots and the final, central spot is 

unique. The presence of the unique central 

spot and the non-unique spot and streak 

indicate that SGS 7-1 is not pure 4-(5-chloro-

[1,2,4]triazolo[4,3-a]pyrazin-3-yl)benzonitrile, 

but is a mixture of PIDA, SGS 2-1 and 4-(5-
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chloro-[1,2,4]triazolo[4,3-a]pyrazin-3-

yl)benzonitrile. This conclusion is supported 

by the results of the DCM TLC plate, in which 

the bottom spot produced by SGS 7-1 is shared 

with PIDA, the middle spot is shared with 

SGS 2-1 and the top spot is unique.  

NMR spectroscopy was also used on SGS 

7-1 to clarify these results, and the spectrum 

seen in Figure 12 was produced.    

 
Figure 12: NMR spectrum of SGS 7-1.  

When SGS 2-1 reacts to form 4-(5-chloro-

[1,2,4]triazolo[4,3-a]pyrazin-3-yl)benzonitrile, 

a C-N-N group and a carbon that is not in a 

ring become a five-numbered ring group. This 

means that if the reaction was successful in a 

high yield, one peak of approximately 8.7 ppm 

(corresponding to a C-N-N group) and one 

peak approximately 10.1 ppm (corresponding 

to the carbon not in a ring) would be absent in 

the SGS 7-1 spectrum. The SGS 7-1 NMR 

spectrum that was produced did not have the 

8.7 ppm peak, but did have the 10.1 ppm peak 

which was expected to be absent. This 

indicates that SGS 7-1 was not completely 

purified and still contains some SGS 2-1, but 

is still largely made up of 4-(5-chloro-

[1,2,4]triazolo[4,3-a]pyrazin-3-yl)benzonitrile, 

in a moderate yield.  

 

SGS 8-1 

Two TLCs were run to analyse SGS 8-1. 

The result of the TLCs can be seen in 

Appendix 7.  

On both TLC plates, the streaks produced 

by the products and reactants are similar in 

shape and location, with only slight variations 

in length of the streaks in the EtOAc plate. 

This indicates that very little 5-chloro-3-

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

was produced in the reaction, and that most of 

the molecules in SGS 8-1 are identical to the 

reactants- SGS 3-1 and PIDA.  

NMR spectroscopy was also used to 

analyse SGS 8-1, creating a spectrum that can 

be seen in Figure 13.  

 
Figure 13: NMR spectrum of SGS 8-1.  

In a similar fashion to that of the synthesis 

of SGS 7-1, the expected differences between 

the SGS 3-1 spectrum and SGS 8-1 spectrum 

were the removal of peaks at 10.1 ppm and 8.7 

ppm. Neither of these peaks are present in the 

SGS 8-1 spectrum, which indicates that the 

reaction was successful, and in high yield. 

This also implies that the TLC results 

wereshowing up a minor impurity. This is 

likely to be the case due to contamination of 

the TLC plates of the substances before 

application onto the plate.  

 

SGS 9-1 

NMR spectroscopy was used to analyse 

SGS 9-1. The resulting NMR spectrum can be 

seen in Figure 14.  
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Figure 14: NMR spectrum of SGS 9-1 

Again, the expected results for a 

successful reaction would be the removal of 

the 10.1 ppm peak and the 8.7 ppm peak from 

the SGS 3.1 spectrum. The 10.1 ppm peak is 

not present in the SGS 9-1 spectrum, but there 

is a peak at 8.7 ppm, similar results to those 

obtained in the SGS 7-1 spectrum. This 

indicates that 5-cholor-3-(pyridine-4-yl)-

[1,2,4]triazolo[4,3-a] pyrazine was made with 

a moderate yield, as was the case with most of 

the larger molecules that we synthesised.  

 

Most of the desired products in the nine 

reactions were made in high yields, implying 

that our reactions were successful. Some 

products were made with impurities or in low 

yields, which tended to be the more 

complicated molecules, which required a more 

detailed process of synthesis. However, 

enough molecules were made in sufficient 

yield to be able to be passed on to other 

members of the OSM project, and hopefully be 

used in finding a cure for malaria.  
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Appendix 1: TLC plate with 2,6-

dichloropyrazine on the left and SGS 1-2 crude on 

the right.  

 

 
Appendix 2: TLC plate with 2,6-

dichloropyrazine on the left and SGS 1-3 crude on 

the right. 

 

 
Appendix 3: TLC plate with SGS 1-3 on the 

left and SGS 2-2 on the right. 

 

 
Appendix 4: TLC plate with SGS 1-3 on the 

left and SGS 3-2 on the right. 

 

 
Appendix 5: TLC plates of SGS 4-1. Plate on 

the left was run in a solution of EtOAc and on the 

right was run in a solution of DCM. In both plates, 

SGS 1-1 is on the left and SGS 4-1 is on the right. 

 

 
Appendix 6: TLC plates analysing SGS 7-1. 

The plate on the left was run in EtOAc and the 

plate on the right was run in DCM. In both plates, 

SGS 2-1 is on the left section, PIDA is in the middle 

section and SGS 7-1 is on the right. 
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Figure 14: TLC plates analysing SGS 8-1. The 

left plate was run in DCM and the right plate was 

run in EtOAc. On both TLC plates, SGS 3-1 is on 

the left, PIDA is in the middle and SGS 8-1 is on 

the right.  

 


