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The plasmodium falciparum parasite, which causes the most 

malaria-related deaths each year, is rapidly developing resistance 

to traditional artemisinin-based combination treatments. Those 

most at risk to the Anopheles mosquito live in the poorest regions 

of the world where it is difficult to establish the necessary 

facilities for complex treatments. To combat the lack of 

innovation in malaria treatments, GlaxoSmithKline and Pfizer 

amongst other pharmaceuticals released thousands of 

compounds with known anti-malarial compounds into the public 

domain. The Open Source Malaria Project targeted a series of 

triazolopyrazine compounds that had been shown effective at 

killing the malaria parasite in vivo. Of the four reaction sequences 

performed, two of the ethers were synthesised for further testing 

and analysis whilst the other two syntheses proved unsuccessful. 

Further work must be done to increase the purity of the samples. 

 

 

Introduction 

Malaria caused over half a million 

deaths in 2013 of over 200 million estimated 

cases with people living in Subsaharan Africa 

the most vulnerable.1 The standard treatment 

used worldwide against the most common 

plasmodium falciparum parasite is an artemisinin-

based combination therapy that is losing 

potency in the regions most affected as strains of 

resistant P. falciparum are encountered. No new 

class of antimalarials has been introduced into 

clinical practice since 19962 and the current 



artemisinin based treatments are administered 

in a three day course of antibiotics – a relatively 

expensive and impractical format for those who 

require it. A recent GlaxoSmithKline candidate 

vaccine, MosquirixTM has recently finished Phase 

III trials and reduced cases of malaria by 36% in 

infants who had been given regular booster 

shots3. However, the vaccine has not been tested 

in babies and cultural prejudices and 

widespread misconception about western 

medicines create paranoia against injections. 

Therefore, a drug that can be taken orally as a 

one-time treatment for malaria is highly sought 

after especially as it would not require the 

expensive medical facilities necessary for 

vaccines that require very specific storage 

conditions and trained staff for administration.  

The process of developing drugs is 

complicated and time consuming and, thus 

impractical for any single organistion to  

Therefore, since 2010, GlaxoSmithKline 

spearheaded an initiative with other 

pharmaceuticals to release libraries of 

compounds known to inhibit parasite growth 

into the public domain. The Open Source 

Malaria Project aims to improve the properties 

of certain of these compounds so that Phase I 

clinical trials may begin. By banning patents and 

operating on open source principles, the project 

aims to reduce research costs and minimize 

redundant research.4 By hosting an electronic 

notebook online and sharing information on 

social media and on the open wiki, OSM aims to 

release data early and often which accelerates 

research by making more ideas and therefore 

potential solutions or innovation available faster 

in a public space that facilitates discussion5. 

Previously examined sseries have been 

discontinued either due to metabolic instability 

in the case of the aryl-pyroles (Series 1) or poor 

solubility in the case of the amino-

thienpyrimidines (Series 3). The 

triazolopyrazine series, originally derived from 

a Pfizer database has shown promising results 

as a non-toxic candidate with members of the 

series demonstrating effective parasite clearance 

in vivo. Furthermore, unlike the other examined 

series, results from the Kirk Laboratory show 

PfATP4 activity which suggests a possible 

mechanism of action, namely the disruption of 

the parasite’s sodium pump. 

The Sydney Grammar Team examined 

four compounds using unique reaction routes to 

from Series 4, the triazolopyrazines. We aimed 

to develop molecules with increased solubility 

whilst maintaining potency and low-toxicity. 

We also investigated the purity of each product 

at each stage of the process. 

 

 
Figure 1. Synthesis of SGS 7 

 

One such reaction route used 2-chloro-6-

hydrazinylpyrazine (SGS 1) to form 4-((2-(6-

chloropyrazin-2-yl)hydrazono)methyl)benzoni-

trile (SGS 2) which was then reacted to form the 

end product 4-(5-chloro-[1,2,4]-triazolo[4,3-

a]pyrazin-3-yl)benzonitrile (SGS 7) (Fig. 1).  
 

Experimental 

Synthesis of 2-chloro-6-

hydrazinylpyrazine (SGS 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.  At this 

time, TLC (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 (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. 

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


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

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

Synthesis of 4-((2-(6-chloropyrazin-2-

yl)hydrazono)methyl)benzonitrile (SGS 2) 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. 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 h at room temperature (SGS 2-

2). 
1H 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). 

Synthesis of (E)-2-chloro-6-(2-

(pyridine-3-methylene)hydrazinyl)pyrazine 

(SGS 3) 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. 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 h at room 

temperature. 11.724 g of crude SGS 3-2 was 

produced.  

Synthesis of (E)-2-chloro-6-(2-

(pyridine-2-ylmethylene)hydrazinyl)pyrazine 

(SGS 4) 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. 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 crude was produced. 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 crude 

was produced.  

Synthesis of (E)-2-chloro-6-(2-(pyridin-

3-ylmethylene)hydrazinyl)pyrazine (SGS 5) 

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 1.24 g of a pale 

orange solid. 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 vacuo to produce 3.82 g of a pale 

orange solid.  
1H 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). 

Synthesis of 5-chloro-3-(pyridin-2-yl)-

[1,2,4]triazolo[4,3-a]pyrazine (SGS 6) 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 6-2 

was washed with saturated sodium 

hydrogencarbonate and then the organic layer 

was collected and solvent was removed by 

evaporation.  



Synthesis of 4-(5-chloro-

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

(SGS 7) 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.  
1H 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). 

Synthesis of 5-chloro-3-pyridine-3-yl)-

[1,2,4]triazolo[4,3-a]pyrazine (SGS 8) 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.  
1H 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). 

Synthesis of 5-cholor-3-(pyridine-4-yl)-

[1,2,4]triazolo[4,3-a]pyrazine (SGS 9) 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. 
1H 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).  

 

Results and Discussion 

To determine the purity and to verify 

the creation of each compound, each successive 

product was first examined by thin-layer 

chromatography and promising candidates 

were then examined by proton nuclear magnetic 

resonance spectroscopy. The TLCs confirmed 

that new materials had been synthesised and 

suggested their purity The NMR data provided 

information on hydrogen environments present 

and was used to determine if the examined 

material was the expected product. Each peak in 
1-H NMR has a shift value, a coupling constant, 

particular splitting and a specific area under the 

curve that can be used to determine which 

hydrogen environment likely produced the 

peak. 

Two complete sets of NMR data were 

recorded, one documenting the development of 

SGS 1→2→7 (Fig. 1)  and the other SGS 1→5→9 

(Fig. 2).  

 

 
Figure 2 Synthesis of SGS 9 

 

SGS 1 

 

 
Figure 3 Synthesis of SGS 1 

 

TLCs were run in EtOAc (Appendix 1) 

of SGS 1-2 and SGS 1-3. Both indicated the 

presence of a new material but suggested the 

products were not pure. Large amounts of the 

starting material were likely still present. 

Analysis of SGS 1 under 1H NMR 

produced peaks that were assigned to the 

following hydrogen environments on the 

molecule.  
 

1H NMR (d6-DMSO): 

8.87 (e)(1H, s), 8.44 (b) 

(1H, s), 8.06 (a) (1H, s), 

4.39 (d) (2H, s). 

 

 



The NMR peaks suggest that SGS 1 was 

synthesised in a significant amount. These 

results suggest that although SGS 1 was 

synthesised, further work could be done to 

purify the product. 

SGS 2 

A TLC of SGS 2-2 was run in DCM 

(Appendix 2) against a sample of SGS 1-3 (from 

which it was synthesised). The TLC suggests a 

new compound has been made as it shows a 

significantly different pattern from the starting 

material. 

  
Figure 4 Synthesis of SGS 2 

 

The NMR of SGS 2 produced the 

following peaks 1H 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). These were 

assigned to environments e, b, a and d 

respectively (Fig. 6). A peak at ~10.1 (exact shift 

unknown) was concluded to account for 

hydrogen environment f.  

 
Figure 5 

1
H NMR of SGS 2-2 

 
Figure 6 Hydrogen Environments of SGS 2 

 

These results are promising and suggest 

firstly that a new compound has been formed 

from the SGS 1 – the singlet at 4.36 has 

disappeared (Fig. 5) – and new peaks have 

formed that can account for the new hydrogen 

environments d and e. The shift values of SGS 1 

cannot be compared directly to the shift values 

for SGS 2 however, since the NMRs were run 

under different solvents.  

SGS 7 

 

 
Figure 7 Synthesis of SGS 7 

 

TLCs for SGS 7 (Appendix 3) were run 

in two separate solvents against both starting 

materials PIDA and SGS 2. The TLC performed 

in DCM (Rf = 0.7) suggested the creation of a 

new material amongst remaining SGS 2 and 

PIDA whilst the TLC in EtOAc with 3% MeOH 

(Rf = 0.75) showed a new compound amongst 

the PIDA and small amounts of SGS 2. 

However, a second TLC of SGS 7-2 in DCM 

produced an almost identical pattern to SGS 2. A 

more promising TLC of SGS 7-1 was run in 

DCM that showed a clear new product amongst 

some SGS 2 and little PIDA. 

Analysis under 1H NMR (Fig. 8) 

produced the peaks that were assigned to the 

following hydrogen environments on the 

molecule. 
 

 

 

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) 

 

 



 

The NMR data also suggests that SGS 2 

remained as the previously discussed peak at 

~10.1  (possibly caused by environment f on SGS 

2) did not disappear. However, the peak at 8.65 

in SGS 2 (run in the same solvent) has been 

greatly diminished, suggesting that the SGS 7 

was successfully synthesised but was still not 

completely purified – as suggested by the TLCs.  

 
 

Figure 8 
1
H NMR of SGS 7 

SGS 5 

 
Figure 9 Synthesis of SGS 5 

 

The NMR for SGS 5-1 produced the following 

peaks, which were assigned to hydrogen 

environments on the molecule. 
 

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). A further peak at ~11.9 (Fig. 10) is probably 

hydrogen environment f although it hasn’t been 

identified by an exact shift value.  

This NMR was run in DMSO and water 

which accounted for the peaks at ~2.5 and ~3.3 

respectively. The peaks are shifted when 

compared to the NMR of SGS 2 which was run 

in a solvent of CDCl3. The peak at 4.36 

disappeared, suggesting the hydrogens from 

environment d of SGS 1 are not present. 

 

 
Figure 10 

1
H NMR of SGS 5 

 

The TLCs of SGS 5 (Appendix 4) remain 

inconclusive although a TLC of SGS 5-2 run in 

DCM against SGS 1 suggests that the parts of the 

starting material have reacted. The TLC of SGS 

5-1 in DCM shows a new product has been 

created from the SGS 1-1. 

This suggests that the SGS 5 was 

synthesised successfully.  

SGS 9 

 
Figure 11 Synthesis of SGS 9 

 

The NMR for SGS 9-1 

produced the 

following peaks: 1H 

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). 

These were assigned to 

environments a, b, c 

and d respectively.  

 

The peak at 2.52 (Fig. 12) is accounted 

for by the solvent (DMSO) although the broad 

peak at 3.57 is an unaccounted for impurity. 



Diglyme produces a broad peak at this exact 

location and although no diglyme was added 

during the reaction process, possible 

contamination may have occurred in transit. The 

peak at 8.69, from environment c of SGS 5 has 

also disappeared. This is promising as that 

group of hydrogens was the target of the ring-

closing reaction performed on SGS 5.  

 
Figure 12 

1
H NMR of SGS 9 

 

Three TLC’s of SGS 9 (Appendix 5) were 

conducted in DCM. The TLC’s of SGS 9-1 clearly 

showed a new substance had been formed. The 

TLC’s of SGS 9-2 were inconclusive but small 

amounts of a substance that was not SGS 5 was 

produced. 

The NMR produced was messier than 

any other compound so it is unlikely the 

product was very pure although SGS 9 was 

likely produced.  

 

SGS 3 

 
Figure 13 Synthesis of SGS 3 

 

The TLC of SGS 3-2 (Appendix 6) shows 

little difference to the TLC of SGS 1-3 when run 

in DCM. TLCs of SGS 3-1 were inconclusive. 

This suggests that even if SGS 3 was synthesised 

far larger amounts of the starting material were 

present than the required compound. In light of 

this, no NMR was conducted on SGS 3.  

 

 

SGS 4 

 
Figure 14 Synthesis of SGS 4 

 

TLCs were performed on SGS 4 

(Appendix 7) in a variety of solvents. SGS 4-1 

was compared with SGS 1-1 in EtOAc and DCM. 

The TLCs in DCM showed clear separation for 

the SGS 1-1 but not for the SGS 4-1 suggesting 

that the product was impure. The presence of a 

new substance or new substances can be seen.  

The TLCs of SGS 4-2 were performed in 

DCM and a non-polar solvent hexane. The TLCs 

performed in Hexane showed that SGS 1 

remained in the product but that there was little 

3-Pyridinecarboxaldehyde remaining. The TLC 

of SGS 4-2 in DCM confirmed the presence of a 

new substance.  

TLCs of SGS 4-3 were performed in 

methanol and DCM, each suggesting that either 

no new product had been formed or that large 

amounts of SGS 1-3 remained. The TLC of SGS 

4-3 in methanol was inconclusive due to the 

overlapping patterns of the 3-

Pyridinecarboxaldehyde and SGS 4-3.  

Any SGS 4 produced was likely to be 

highly impure with both of the starting products 

remaining in the final mixture.  

SGS 6  

 
Figure 15 Synthesis of SGS 6 

 



TLCs of SGS 6 were performed in DCM 

(Appendix 8). TLCs of SGS 6-1 suggested that 

large amounts of PIDA had remained. Results 

are inconclusive due to poor separation. The 

TLC of SGS 6-2 however, shows clear separation 

both from the SGS 4-2 and SGS 6-2 which seems 

to have amounts of SGS 4-2 remaining but also a 

clear new product has formed. 

The peaks produced by 

the NMR of SGS 6 (Fig. 16) 

produces four distinct 

peaks that could be 

allocated to the hydrogen 

environments in the 

following fashion. 1H 

NMR (CDCl3): 9.34 (a) 

(1H, s), 8.78 (f) (1H, D, JHH 2.4 Hz), 7.91 (d, e, 

c?) (3H, m), 7.49 (e) (1H, dd, JHH 2.3, 6.9 Hz).  

 The messiness of this NMR may be 

caused by detection of hydrogen environments 

from SGS 4 but no NMR was run on SGS 4 for 

comparison. The NMR data remains 

inconclusive although if the SGS 4 used to 

synthesise SGS 6 was impure or not the correct 

compound (the likely case) then SGS 6 could not 

have been created. 

SGS 8 

 

Figure 16 Synthesis of SGS 8 
 

TLCs of SGS 8 (Appendix 9) show a new 

product was formed. Although there are likely 

large amounts of PIDA and SGS 3-2 remaining, 

a new substance has formed in the synthesis of 

SGs 8-2. 

Under NMR the sample produced the 

following peaks: 1H 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). These were allocated to the 

environments a, f, e, c, b and d respectively 

although it is likely another molecule could 

easily fit these results without an NMR of SGS 3 

for comparison. 

The NMR results remain inconclusive. 

Considering that the TLCs performed on the 

SGS 3-1 (from 

which SGS 8-1 

was 

synthesised) 

suggested no 

new substance, 

it is unlikely 

SGS 8 was 

correctly 

synthesised.  

 

 

Conclusion 

In this work, four  two-stage reaction routes were performed on (E)-2-chloro-6-

hydrazinylpyrazine (SGS 1) to create 4-(5-chloro-[1,2,4]triazolo[4,3-a]pyrazine-3-yl)benzonitrile (SGS 7), 5-

chloro-3-(pyridine-2-yl)-[1,2,4]triazolo[4,3-a]pyrazine (SGS 6), 5-cholor-3-(pyridine-3-yl)-

[1,2,4]triazolo[4,3-a]pyrazine (SGS 8) and 5-cholor-3-(pyridine-4-yl)-[1,2,4]triazolo[4,3-a]pyrazine (SGS 9) 

via 4-((2-(6-chloropyrazin-2-yl)hydrazono)meithyl)benzonitrile (SGS 2), (E)-2-chloro-6-(2-pyridin-2-

ylmethylene)hydrazinyl)pyrazine (SGS 4), (E)-2-chloro-6-(2-(pyridin-3-ylmethylene)hydrazinyl)pyrazine 

(SGS 3) and (E)-2-chloro-6-(2-(pyridin-4-ylmethylene)hydrazinyl)pyrazine (SGS 5) respectively. Of these 

we found SGS 9 and SGS 7 to have been synthesised successfully whilst the synthesis of SGS 8 

encountered problems at the intermediary stage (SGS 3) and SGS 6 had large amounts of starting material 

SGS 4 remaining. 
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Appendix 

 
Appendix 1  

Left: TLC of SGS 1-2 
Right: TLC of SGS 1-3 

 

 

 

 

 

 

 

 

 

 

 

 
Appendix 2 

TLC of SGS 2-2 

 

 

 

 

 

 

 

 

 

 

 

 
Appendix 3 

Left to Right: TLCs of SGS 7-1, 
SGS 7-1, SGS 7-2 and SGS 7-2 

 

 

 

 

 

 

 

 

 

 

 



 
Appendix 4 

Left: TLC of SGS 5-1 
Center: TLC of SGS 5-1 

Right: TLC of SGS 5-2 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Appendix 5 

Left: TLC of SGS 9-1 
Center: TLC of SGS 9-1 

Right: TLC of SGS 9-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 6 
Left: TLC of SGS 3-1 

Right: TLC of SGS 3-2 
 
 
 
 
 
 
 
 
 
 
 



 
Appendix 7 

TLCs of SGS 4-1 

 
TLCs of SGS 4-2 

 
TLCs of SGS 4-3 

 
 

Appendix 8 



Right: TLC of SGS 6-1 
Center: TLC of SGS 6-1 

Left: TLC of STS 6-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Appendix 9 

Left: TLC of SGS 8-1 
Center: TLC of SGS 8-2 

 


