
 

 

  

 

New routes towards organocatalysis using the Corey-

Chaykovsky aziridination reaction 

 

 

PhD Thesis 

 

Name: Stephen O’Reilly, BSc. 

Supervisor: Dr Emma Coyle 

School of DCU: Chemical Sciences 

August 2023 



 

i 

Declaration 
 

I hereby certify that this material, which I now submit for assessment on the program of study leading 

to the awards of Doctor of Philosophy is entirely my own work, and I have exercised reasonable care 

to ensure that the work is original, and does not to the best of my knowledge breach any law of 

copyright, and has not been taken from the work of others save and to the extent that such work has 

been cited and acknowledged within the text of my work. 

 

Signed:  Name: Stephen O’Reilly  

ID Number: 13339521  Date:  14/08/2023  

  













 

vii 

Abbreviations 
 

ABCN 1,1′-Azobis(cyclohexanecarbonitrile) 
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Abstract 
 

New routes towards organocatalysis using the Corey-Chaykovsky aziridination reaction, by 

Stephen O’Reilly 

Organocatalysis and green chemistry are major areas of modern research. The current project aims 

to apply these concepts to development of a catalytic Corey-Chaykovsky reaction. 

Chapter 1 provides an extensive review of current literature and an outline of the goals of the current 

research. In Chapter 2, a method has been developed for the Corey-Chaykovsky aziridination 

reaction using imine and sulfonium salt starting materials for the selective synthesis of 

vinylaziridine or aryl pyrroline. It has been shown that the choice of base used in the reaction plays 

a crucial role for product selectivity. Further investigations suggest that a rearrangement of 

vinylaziridine to pyrroline is unlikely, and the base used may activiate the intermediate molecule. 

In Chapter 3, a synthetic pathway has been developed for three target dihydrobenzothiophene 

sulfides to be used in the Corey-Chaykovsky reaction (one chiral sulfide). The core structure was 

synthesised but the sulfonium salt derivative could not be formed. Substituted derivatives not 

synthesised due to crucial steps being unsuccessful. However, the five new compounds were 

prepared and fully characterised, and alternative synthetic pathways have been proposed. 

In Chapter 4, three derivatives of pyrroline were synthesised with a future goal of using them as 

organocatalysts. A detosylation study was performed and needs further optimisation. The methods 

developed are adaptable for asymmetric synthesis to obtain enantiomerically pure samples of 

pyrrolidine suitable for use as an organocatalysts. 

In Chapter 5, the shortcomings of the working chapters (2-4) have been addressed and alternative 

synthetic strategies suggested, with particular emphasis on obtaining enantiomerically pure 

compounds, all with appropriate reference to evidence and precedent from the literature. 
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Chapter 1 Introduction and literature review 

Chapter 1 

 

1.1. Introduction  
 

The goal of the modern synthetic organic chemist is not just to find new routes to desired 

molecules, but finding methods that are cost effective, robust, environmentally friendly and 

stereospecific. Organocatalysis has, in the last 20 years, attempted to address this by using 

chiral organic molecules as catalysts rather than metal complexes, which can be expensive 

and environmentally threatening. The explosion of interest in organocatalysis in the last 

two decades coincides with the newly emerged area of green chemistry, which aims to 

make synthetic chemistry in the pharmaceutical industry sustainable, affordable and 

reusable in the future while also minimising waste and pollution as defined by the twelve 

principles of green chemistry.1  

It is not just, however, the aim of green chemistry to find new methods for forming new 

molecules, but also redeveloping old methods to align them with the fundamental twelve 

principles. Examples recently include the development of the catalytic Wittig reaction 

(CWR),2 which redeveloped the decades old method for synthesising alkenes from 

carbonyls into an efficient catalytic process with reusability and stereocontrol of the 

products. A similar approach to develop a catalytic cycle around the Corey-Chaykovsky 

aziridination process is thus the aim of this current research. This will facilitate the efficient, 

and asymmetric, synthesis of highly useful aziridines for use as synthons, as well as making 

aryl pyrrolines, which themselves have great potential as organocatalysts. The Corey-

Chaykovsky reaction uses sulfur ylides, and the proposed catalytic cycle would use an 

organosulfur precatalyst as the reusable component. The reaction must first be optimised 

to selectively synthesise each of the two possible products, before developing a catalytic 

cycle, which would use more complex sulfide structures to induce stereoselectivity and 

‘tune’ the ylide. The aryl pyrroline from the reaction can then itself be further modified and 

functionalised to use as an organocatalyst in other reactions.  

This interdisciplinary project has the potential to help develop many new areas of organic 

chemistry such as organocatalysis, asymmetric synthesis and green chemistry. This 

literature review will examine modern organocatalysis and green chemistry and discuss the 

limitations and advantages that have arose. Also reviewed will be the Corey-Chaykovsky 

reaction, and how the aziridination reaction has been overshadowed by the analogous 

epoxidation. Great potential resides in the aziridination as well as the vinylaziridine to 

pyrroline rearrangement that has been noted under various circumstances in numerous 

publications. Pyrrolines being the major product of the Corey-Chaykovsky aziridination is 

not well known, but would be highly useful if it could be optimised.  
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The extensive CWR study has made the Wittig reaction more environmentally friendly, 

cheaper, robust, metal-free and reusable thanks to the phosphine oxide precatalyst and has 

been employed by other research groups.2 Similar approaches can thus be used for other 

ylide organic reactions, such as the Corey-Chaykovsky as previously discussed in this 

review.  

 

1.10. Conclusion of literature review 
 

This review has shown how organocatalysis and green chemistry have become a major part 

of mainstream chemistry in recent years how they are critical for sustainable growth of the 

chemical and pharmaceutical industries, as well as academic research. The review has 

highlighted the usefulness of aziridines and examples of how they have been 

asymmetrically synthesised. The usefulness of the Corey-Chaykovsky reaction, and how 

the aziridination branch is in need of further development has been noted, over 50 years 

since it was first reported. The catalytic Wittig reaction (CWR) has demonstrated how 

existing synthetic processes can be developed to incorporate organocatalysis and green 

chemistry, making the reaction more sustainable, environmentally friendly and 

asymmetric. A similar approach could be used to asymmetrically and organocatalytically 

synthesise aziridines using the Corey-Chaykovsky reaction, developing next generation 

sulfide catalysts and flow chemistry in the process. The forming of aryl pyrrolines when 

attempting to make vinylaziridines could also be developed as aryl pyrrolines have great 

potential as organocatalysts. A critical part of modern organocatalysis is being able to 

efficiently and indeed asymmetrically synthesise the catalysts themselves. This approach 

would be synthesising organocatalysts through organocatalysis. 

 

1.11. Introduction to research project 
 

Developing new and efficient methods of producing asymmetric molecules of medicinal, 

industrial and research interest while also reducing costs, waste and environmental impact 

is one of the highest goals of the modern synthetic chemist. As was discussed in the 

literature review, organocatalysis has become a major area of modern synthetic chemistry 

in the last 20 years as it addresses these criteria, and is continuing to develop into new and 

innovating areas, such as flow and photo organocatalysis. Developing organocatalytic 

capabilities of existing, highly useful reactions to boost efficiency, reduce waste and 

enhance asymmetric synthesis is of upmost importance to making organic chemistry 

sustainable in the future. A recent example of this was with the development of the catalytic 

Wittig reaction (CWR). 

The literature review highlighted the history and highly useful capabilities of the Corey-

Chaykovsky reaction. While the epoxidation branch of this reaction has been extensively 

studied, the aziridination has been less so. Various methods of asymmetric aziridine 

synthesis have been highlighted, including those using the Corey-Chaykovsky reaction. It 

is thus aimed in this project to develop and optimise the Corey-Chaykovsky aziridination 
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Table 1: Synthesis of tosyl protected aryl imines 

 

Imine R 
Conditions 

(Temperature + time) 
% Yield 

1a CF3 40 °C 24 h., rt 72 h 72 

1b OMe 40 °C 24 h., rt 24 h 62 

1c Cl 40 °C 18 h., rt 24 h 57 

1d Me 40 °C 24 h 43 

1e H 40 °C 18 h., rt 5 h 63 

1f NO2 40 °C 24 h., rt 48 h. 20 

1g CN 40 °C 24 h., rt 48 h 40 

1h C(O)OCH3 40 °C 24 h., rt 48 h 30 
All reactions were performed at 5-10 mmol scale with 5-10 mL of dry DCM, followed by purification by 

recrystallisation with ethyl acetate and hexane. See Experimental Methods for further details. 

 

The purification of the imines was performed with an ethyl acetate and hexane 

recrystallisation. Yields for the imines ranged from 20-72%. Substituent electronic effects 

did not appear to have a major influence on the yield as good yields were recorded for 1a 

and 2b (electron-withdrawing CF3- and electron-donating OMe-substituted imines, 

respectively) although reaction times were different. Imines 1f, 1f and 1h had poorer yields 

of 20-40% but as these were only required for a single study pursuing further optimisation 

was deemed not necessary.  
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Table 2 Sulfonium salt synthesis 

 

Salt Sulfide 
Dry 

Solvent 
Additive X % Yield 

2a Et2 DCM  - Br 91 

2b Et2 ACN AgClO4 ClO4 90 

2c Et2 ACN AgBF4 BF4 96 

2d THT DCM  - Br 49 

2e THT ACN AgClO4 ClO4 57 

2f THT ACN AgBF4 BF4 99 
All reactions were performed at a 10-20 mmol scale with 10-20 mL of dry solvent. Salts 2a and 2d were 

purified by vigorous stirring with EtOAc, the rest underwent no purification. See Experimental Methods for 

further details. 

Yields of the three diethyl salts (2a-c) were over 90%, with the BF4
- at 96%, marginally 

better than the other two. Two of the THT salts (2d-e) had lower yields but the THT BF4
- 

salt was obtained in 99% yield. From these results it can be concluded that the BF4
- counter 

anion produces the highest yields for THT-based sulfonium salt formation. There was no 

observable difference in yields for the diethyl salts with the different counter anions used.  

 

Figure 70: 1H NMR of salt 2a 
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Figure 79: Example Crude 1H NMR showing the identifiable peaks of 3a (cis and trans isomers) and 

4a 

Entries 1-3 using DBU revealed the pyrrole (5) only forms as the major product at 82 °C, 

as a minor product at 50 °C and not at all at room temperature. This means the suspected 

pyrroline (4a) deprotonation with electron-withdrawing substituents only occurs at higher 

temperatures. Pyrrole (5) also did not form for any of the other organic bases, meaning 

DBU, along with electron-withdrawing group on the imine and heat, is needed for pyrrole 

formation. TMG in entries 4-6 showed exclusive preference for the pyrroline (4a) and did 

not go to full completion at room temperature. DIPEA formed an equal distribution of cis 

and trans aziridine and pyrroline in entries 7-9 and the reaction did not go to completion at 

room temperature since there was remaining starting material. TEA and DABCO did not 

appear to show distinctive peaks of any of the products, with strong evidence of starting 

material still present after reaction completion. This study shows that the strength of the 

base has a significant effect on product distribution. Stronger bases (DBU and TMG) tend 

to form the pyrroline (4a), while slightly weaker bases (DIPEA) tend to form the aziridine 

(3a) and even weaker bases (TEA and DABCO) do not work. TMG appears best for making 

the pyrroline (4a) as it only requires 50 °C and does not produce the pyrrole (5), or indeed 

any aziridine (3a), according to the crude 1H NMR spectra. DIPEA appears best for forming 

the aziridine (3a), with 50 °C again only needed for the reaction to go to completion. In 

each case approximately 50:50 cis/tans ratio of 3a was found. However, a significant 

amount of pyrroline (4a) also formed, although much less than observed using TMG or 

DBU. For the TMG reaction, two minor side products are also formed which are 

unidentified, although one may be the cis aziridine with peaks shifted in the NMR spectra 

(though this is purely speculative). The DIPEA reaction also has one unidentified minor 

side product, along with the cis/trans aziridine (3a) and pyrroline (4a). As TMG formed 

(4a) only, while DIPEA produced the aziridine (3a) and pyrroline (4a) as well, it may 

suggest that the aziridine forms first before rearranging, rather than the pyrroline forming 

straight from the charged 1, 4 dipolar intermediate that forms when the ylide reacts with 

the imine. This will be investigated later. 
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Figure 80: 1 H NMR spectra of a cis/trans mixture of aziridine 3a 

 

Figure 81: 1 NMR spectra a pure cis aziridine 3a 

The results of the scale up reactions showed an increase in yield, up to 40% for 4a and 3a. 

Interestingly, a small yield of cis aziridine (5%) was obtained for the TMG reaction, which 

was not observed for the smaller scale. The DIPEA showed a near 50:50 distribution of cis 

and trans 3a and pyrroline was obtained in 11% yield. A notable insight is that for the 

optimal conditions for synthesising 3a, the cis/tans ratio is 50:50 and a significant amount 
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Table 7: Temperature-base study with purifications for imine 1a and 1b 

 

Entry Base Imine (1)  Time (h) Temp. (°C) 

% Yield 

Aziridine (3) 

(cis:trans)  

Pyrroline  

(4)  

1 DBU 1a 4 rt - 19 

2 DBU 1a 4 50 - 22 

3 DBU 1a 4 82 - 24 

4 TMG 1a 4 rt - 11 

5 TMG 1a 4 50 - 29 

6 TMG 1a 4 82 - 22 

7 DIPEA 1a 8 rt 21 (48:52) 9 

8 DIPEA 1a 8 50 29 (51:49) 14 

9 DIPEA 1a 8 82 26 (50:50) 13 

10 TEA 1a 18 rt - -  

11 TEA 1a 18 50 3 (56:44) 3 

12 TEA 1a 18 82 5(51:49) -  

13 DBU 1b 4 rt - 14 

14 DBU 1b 4 50 - 28 

15 DBU 1b 4 82 - 24 

16 TMG 1b 4 rt - 17 

17 TMG 1b 4 50 - 22 

18 TMG 1b 4 82 - 22 

19 DIPEA 1b 18 rt 16 8 

20 DIPEA 1b 18 50 27 (64:36) 14 

21 DIPEA 1b 18 82 22 (59:41) 15 

22 DABCO 1b 18 rt - -  

23 DABCO 1b 18 50 2 (60:40) 1 

24 DABCO 1b 18 82 2 (60:40) 2 
All reactions were carried out at a 0.5mmol scale in duplicate with 1mL of dry ACN and combined before 

purification by column chromatography. See Experimental Methods for full details. 

For both imines, TMG and DBU reactions (entries 1-6 and 13-18) only 4 hours were needed 

to complete reaction. Notable the pyrrole 5 does not form in entry 3 as was normally the 

case at the usual reaction time of 18 hours, thereby concluding that 5 only forms with an 

electron withdrawing substituent with DBU at 82°C for 18 hours. However, TMG at 50°C 

remains the best condition for forming the pyrroline (4) as is seen in entry 5 for imine 1a. 

Likewise, DIPEA at 50°C is the optimum for forming the aziridine (3) for both imines 
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Table 8: Inorganic temperature-base study with imines 1a and 1b 

 

     % Yield 

Entry Base Imine  
Time 

(h.) 

Temp. 

(°C) 
Aziridine (cis:trans) Pyrroline 

1 NaH 1a 8 rt 22 (50:50) 14 

2 NaH 1a 8 50 26 (50:50) 16 

3 NaH 1a 8 82 25 (51:49) 16 

4 NaH 1b 8 rt 14 (61:39) 7 

5 NaH 1b 8 50 29 (65:35) 14 

6 NaH 1b 8 82 18 (60:40) 8 

7 NaH 1a 4 0 12 (47:53) 4 

8 NaH 1b 4 0 10 (37:63) 5 

9 Na2CO3 1a 18 50 - -  

10 KOH 1a 4 0 15 (51:49) 8 

11 KOH 1a 18 50 19 (50:50) 11 

12 KOH 1b 4 0 18 (34:66) 11 

13 KOH 1b 18 50 20 (62:38) 16 
All reactions were carried out at a 0.5 mmol scale in duplicate with 1 mL of dry ACN with a standard work-

up of filtering through an alumina plug, before being combined and purified by column chromatography. See 

Experimental Methods for further details. 

This study showed that NaH appears as good as DIPEA for forming both aziridines (3a-b), 

and in the same cis/trans ratio as previously seen. Similar yields for the pyrroline (4a-b) 

minor product were also obtained. Once again, 50 °C was the optimal temperature. KOH 

yields were lower but also favoured 3. Na2CO3 was too weak a base and did not work so it 

was not further examined. NaH required 8 hours for 3a-b formation, this is an improvement 

for 3b which required 18 hours using DIPEA, and yields improved. The 0 °C reactions 

gave surprising results, yields of 3 and minor product 4 were lower, but the cis/trans ratio 

for 3a changed to 34:66 in favour of trans (entry 12), which is the opposite of the 50 or 82 

°C conditions which is the same ratio in favour of the cis, but no change was observed for 

3b. 

This extensive study has now established the optimal base and temperature for each imine 

(1a-b) starting material. 1a requires DIPEA at 50°C for 8 hours to make 3a in a 50:50 

cis/trans ratio, and TMG at 50 °C for 4 hours to make 4a. For 1b, NaH or DIPEA works 

best for 3b formation at 50 °C with cis being favoured, but NaH requiring the shorter time 

of 8 compared to 18 hours for the DIPEA. For 4b DBU or TMG at 50 °C for 4 hours work 

relatively equally well, with perhaps DBU being slightly better. The final parameter to be 

examined to boost yield or control the stereochemistry of 3 will be to examine a range of 

sulfonium salts (2). 
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Figure 84: Proposed aryl pyrroline formation; proposed competitive reaction pathways for forming 

the vinylaziridine or the aryl pyrroline. Pathway A shows attack on the carbon α to the positively 

charged sulfur, as would be normally expected. Pathway B shows attack on the vinylic bond, followed 

by a new double bond formation 

This mechanism is plausible but it seems unlikely as attack by the negatively charged 

nitrogen on the carbon next to the sulfur would be favoured electronically, and this theory 

fails to account for the role played by the base. Also, the evidence from the reaction results 

would suggest that the aziridine forms first, followed by rearrangement. The best conditions 

for forming the aziridine always produce the pyrroline as a minor product, but this is not 

always the case for the best conditions for pyrroline, as often no aziridine is formed. For 

the pyrroline 4b formation, which is best with DBU or TMG, no aziridine 3b has ever been 

isolated or observed. For the pyrroline 4a formation, a small amount of aziridine is usually 

isolated but not always, and the stereochemistry has changed, being all the cis isomer rather 

than 50:50 cis/trans when using the ideal conditions for 3a formation . These results could 
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2.11. Conclusion  
 

A method has been developed for the synthesis of a range of aryl imines (1) (yields up to 

72%) and sulfonium salts (2) (yields up to 99%). The Corey-Chaykovsky aziridination 

reaction using starting materials 1 and 2 has been intensively studied and a method for 

selective synthesis of vinylaziridine 3 and/or aryl pyrroline 4 has been developed. The 

optimal conditions for selectively synthesising 3 or 4 are as follows; 

• 3a: imine 1a, salt 2a, base DIPEA, 50 °C, 8 hr. (3a cis:trans 50:50, 4a minor 

product) 

• 3b: imine 1b, salt 2a, base NaH, 50 °C, 8 hr. (3b cis:trans 50:50, 4b minor product) 

• 4a: imine 1a, salt 2a, base TMG, 50 °C, 4 hr. (3a as minor product, cis:trans 100:0) 

• 4b: imine 1b, salt 2a, base DBU, 50 °C, 4 hr. (3b as minor product, cis:trans 100:0) 

It has been shown through experimental observations that the choice of base used in the 

reaction plays a crucial role for product selectivity. A study has shown that rearrangement 

from 3 to 4 is unlikely. It has been suggested, by evidence in the literature, that the 

conjugate acid of the organic base can stabilise the 1,4-dipolar intermediate through 

hydrogen bonding, and effects the ring closure and thus the product formed. This, however, 

requires further study.  

There was tentative evidence that changing the anion on 2 from Br- to BF4
- affects the 

cis/trans ratio of 3 formed, as does lowering the temperature to 0 °C.  

3a is a new compound and was fully characterised by NMR and HRMS.  
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Table 15: Synthesis of 4-bromo-3-(2-hydroxyethyl)phenyl tert-butyldimethylsilyl ether 12 using 

LiAlH4 reduction 

 

 

Entry Dry Solvent LiAlH4 eq. LiAlH4 

formulation 

% Yield 

1 THF 1.1 Powdered 82 

2 THF 1.5 Powdered 80 

3 Et2O 1.1 Powdered 58 

4 THF 1.1 2.4 M in dry THF 79 

All reactions were performed at various mmol scale under N2 with flame dried glassware with an 

ice/water/NaCl bath and a standard work-up of neutralisation with 1 M HCl, extraction with EtOAc and 

wash with water and brine. See Experimental Methods for further details. 

The results of the study show excellent yields when using dry THF as a solvent, but are 

reduced significantly when using dry Et2O (entry 3). No significant increase in yields was 

seen when increasing the equivalence of LiAlH4 (entry 2) and the yield was very similar 

when using 2.4 M LiAlH4 in dry THF (entry 4). Entry 4 was thus seen as the optimal 

conditions as it produced high yields and was easier and safer. No further purification was 

necessary for this reaction. 
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Table 19: Optimisation study for the synthesis of 5-(tert-butyldimethylsilyloxy)-2,3-

dihydrobenzo[b]thiophene (6) 

 

Entry Time (h) Ratio of product peak to 

starting material peak in 1H 

NMR 

1 18 0.35 

2 42 0.51 

3 66 0.56 

4 90 0.77 

5 114 1.04 

6 138 1.17 

7 162 1.56 

8 186 1.60 

Reactions were performed at various mmol scale under inert conditions with a nitrogen atmosphere with 

flame dried glassware. Standard work-up involved rotary evaporation of the reaction mixture. See 

Experimental Methods for further details. 

The time study shows that after 8 days, the ring closing ceases, and no more of the starting 

material will form the ring closed product. The purification of this compound was done by 

column chromatography, and was very difficult. The literature recommends a mobile phase 

of hexane, but this led to both the starting material and the product co-eluting. Adding a 

small amount of Et2O did not help the separation, and several other solvents in various 

ratios were attempted. It was then decided to use a small amount of toluene added to hexane 

(98:2 Hex:Tol). As the starting material has an extra phenyl group, it should be better 

retained by the mobile phase. This mobile phase did work at separating the starting material 

and the product was isolated with an overall purified yield of 28%, which is low and needs 

more optimisation. Incresing the percent of toluene in the mobile phase led to co-elution, 

and reducing the toluene percentage in the mobile phase less led to both materials becoming 

‘stuck’ on the column. With the product eventually purified, the next step was to see if this 

sulfide can form an allyl sulfonium salt for use in the Corey-Chaykovsky reaction.  
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Table 22: Synthesis of Grignard derivatives 15 

 

Entry R Product Dry 

Solvent 

Conditions % 

Yield 

1 

 

15a THF 2 h. ref, 

2 h. ref. 

31 

2 

 

15b THF 2 h. ref, 

2 h. ref. 

28 

3 
 

15c Et2O 2 h. ref, 

6 h. ref. 

0 

4 

 

15d THF 2 h. ref, 

2 h. ref. 

0 

5 

 

15e THF 2 h. ref, 

18 h. ref. 

0 

6 
 

15f THF 2 h. ref, 

18 h. ref. 

0 

7 

 

15g Et2O 2 h. ref, 

2 h. ref. 

0 

8 

 

15h THF 2 h. ref, 

2 h. ref. 

0 

9 

 

15i THF 2 h. ref, 

2 h. ref. 

0 

Reactions were performed at 0.2-0.6 mmol scale with a standard work-up of neutralising the reaction mixture 

in ice cold saturated ammonium chloride solution followed by extraction with Et2O (×3), washing with 

saturated ammonium chloride solution, water and brine and drying over MgSO4. Purification was performed 

by column chromatography with varying ratios of hexane/Et2O. See Experimental Methods for further details. 

The reaction proved difficult, especially at the relatively small scales that were performed 

due to starting material availability. 2 hours was generally used to form the Grignard 

reagent with assistance of the heat gun to start the reaction, followed by refluxing. After 
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Figure 110: Crude 1 H NMR spectrum showing the aromatic region of the Fe(III)Br3 bromination 

attempt of 2-phenylethanol, with tentative evidence of both ortho and para splitting. This is, however, 

unconfirmed. 

The synthetic pathway development did not proceed beyond this point, with the final 

products of 7 and 8 not being synthesised and sulfide 6 still in need of optimisation to form 

the sulfonium salt before being used in the Corey-Chaykovsky aziridination. The 

shortcomings and proposed solution as well as future work of this working chapter are 

addressed in Chapter 5. 

 

3.5. Conclusion  
 

For the first target compound 6, a synthetic pathway has been optimized. A preliminary 

study to form the sulfonium salt derivative of 6 was unsuccessful, however, evidence from 

the literature shows that aromatic sulfides with fused ring structures can form sulfonium 

salts and ylides which demonstrates that 6 is a viable sulfide for the core-chaykovsky 

reaction. Further optimisation is needed. 

The second target compound 7 was not synthesised. Compounds 13a-b in the synthetic 

pathway were not successfully formed from 15a-b, most likely due to steric hindrance. 

Several alternative strategies were attempted but were also unsuccessful. New synthetic 

strategies for synthesising 7 are suggested in Chapter 5. 
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The third target compound 8 was also not synthesised as the nitration step did not work. It 

is likely that the phenol group on 6 affects the regioselectivity of the nitro group. Attempts 

to synthesise 16 was also unsuccessful and this was not commercially available. New 

synthetic strategies are suggested in Chapter 5. 

This chapter yielded the new compounds 9, 10, 14, 15a and 15b, which were all fully 

characterised by NMR and HRMS. 
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Table 29: Hydrogenation of aryl pyrrolines study  

 

Entry R Product Time (h.) % Yield 

1 CF3 19a 48 78 

2 OMe 19b 48 71 

3 OMe 19b 24 0 

Reactions were performed at various mmol scale with a standard work-up of filtering reaction through a 

celite plug, washing with water and extraction with EtOAc. See Experimental Methods for further details.  

The results of the study showed very good yields for both the aryl pyrrolines being studied 

(entry 1 and 2), and no further purification was necessary beyond the work-up. Performing 

a shortened time of 24 hours (entry 3) was tried once but resulted in an incomplete reaction, 

based on the crude 1H NMR spectrum where a mixture of both the product and starting 

material was found to be present. With the reaction conditions for the hydrogenation 

decided upon, these hydrogenated pyrrolines 19 can now be studied for detosylation to form 

17. 

 

Figure 118: 1H NMR spectrum of 19a 
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Figure 120: Crude 1H NMR spectrum for the synthesis of 17a 

 

Figure 121: Crude 1H NMR spectrum for the synthesis of 17b 
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4.2.2. Attempted separation of pyrrolidine 17a and 17b enantiomers by using D-

alanine through kinetic resolution 

 

With the pyrrolidine detosylated (17a and 17b) in crude form, it was decided to perform a 

brief preliminary study on separation of the enantiomers of 17a and 17b by kinetic 

resolution to facilitate the future synthesis of enantiomerically pure 17. While using an 

asymmetric hydrogenation method for the synthesis of 17 was planned, it was decided to 

investigate a kinetic resolution method. The secondary amine group (NH) on the pyrroline 

ring is potentially a good binding site for a chiral resolving agent. The amine’s basic nature 

means an acidic group should be chosen to bind. D-Alanine was used to study how it can 

bind to the aryl pyrrolines, both the-CF4 and 4-OMe (17a and 17b, respectively), based on 

a method in the literature,164 where the chiral amino acid  forms an ionic bond with one 

enantiomer of the pyrrolidine, but not the other. Initial attempts using this method were 

unsuccessful, with no evidence from NMRs or TLCs of the amino acid binding. The 

addition of a small amount of HCl, in order to protonate the amine group was also tried to 

no success. It was postulated that the coupling of the D-alanine with itself (the carboxylic 

acid group binding to the NH2) may be more favourable than binding to the pyrrolines NH 

group. To solve this problem, tert-butyloxycarbonyl protected (BOC-protected) D-Alanine 

was used instead but it was very unclear from NMRs and TLCs if binding occurred. A 

much more extensive study with larger amount of pyrroline, and different Boc-protected 

chiral amino acid will need to be carried out in future work. This method notably does not 

use a coupling agent. Inclusion of a coupling agent may also a covalent amide bond linkage, 

instead of forming a salt. Many coupling exist in the literature. A convenient method from 

the literature for coupling of secondary amines with a carboxylic acid uses a tris(2,2,2-

trifluoroethyl) borate coupling agent and could be tried for this kinetic resolution 

reaction.165 Also, using one of many other chiral acids for amide coupling along with a 

coupling agent would have been a better strategy. 

 

Figure 122: Proposed use of D-alanine for separating the enantiomers of the pyrroline 

 










