
EXAMENSARBETE INOM KEMIVETENSKAP   
AVANCERAD NIVÅ, 30 HP  
STOCKHOLM, SVERIGE 2016 
 
 
 
 
 
 
 

Synthesis of 
substituted 
pyrrolidines 
 

 

Olof Sjölin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
KTH  
SKOLAN FÖR KEMIVETENSKAP



 

Graphical abstract 

 

 

Abstract 
 

The task of medicinal chemists in a drug discovery project is to synthesize/design analogues to the 

screening hits, simultaneously increasing target potency and optimizing the pharmacological 

properties. This requires a wide selection of molecules to be synthesized, where both synthetic 

feasibility and price of starting materials are of great importance. In this work, a synthetic pathway 

from cheap and readily available starting materials to highly modifiable 2,4-disubstituted pyrrolidines 

is demonstrated. Previously reported procedures to similar pyrrolidines use expensive catalysts, 

requires harsh conditions and requires non-commercially available starting materials.  The suggested 

pathway herein has demonstrated great possibility for variation in the 4-position, including fluoro, 

difluoro, nitrile and alcohol functional groups. There are several areas in which the synthesis can be 

improved and expanded upon. Improvements can be made by optimizing the described reaction 

conditions and further expansion of possible modifications in both 2- and 4-position could be 

explored.  
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Introduction 
 

Access to pharmaceutical drugs is an important part of a healthy society. To be able to confront 

future needs, new drugs need to be discovered. Historically, drugs originated from natural sources 

where scientist saw a desired effect, such as the antibiotic properties in the case of penicillin, and 

attempted to isolate the source of the effect.  Today chemists have the ability to not only use what 

nature provides but also to synthesize a wide range of different drugs. One type of drug is the small 

organic molecule. Other types of drugs include biopharmaceuticals, gene therapy, antibodies and cell 

therapy. 

To find a potential small molecule drug candidate, several approaches have been used over the 

years. The easiest way to find a new drug has been to start with an existing one and improve upon 

that. However, while this approach is effective in finding a better drug than its predecessor, it has 

several drawbacks. It could border patent infringement on the original drug and it is not a suitable 

method for finding drugs aiming at treating new diseases. Being able to find and synthesize drugs for 

new diseases is one major challenge for today’s scientists.  

To find potential drug candidates several screening methods are used. Common methods are for 

example high throughput screening (HTS) and the relatively new fragment-based screening (FBS).1 

HTS scans a large library of drug-like molecules to find potential hits for the intended protein target. 

These libraries contain molecules with large variety in molecular weight, size and functionality. While 

these libraries have grown large over the years with several millions different compounds, it is a 

mere fraction compared with the potential chemical diversity space, estimated to be upward of 1060 

molecules containing 30 non-hydrogen atoms.2 As the chemical diversity space is so large, only a 

really small fractions of possible molecules can realistically be screened. Another drawback of using 

large molecules in the screening are that they are likely to contain sterically blocking groups that can 

disrupt an otherwise good interaction. Therefore, a careful analysis of the different constituents of 

the molecule is necessary when optimizing the drug candidate.  

In FBS, very small molecule fragments are screened. Good fragment hits have shown to have shared 

properties, such as molecular weight <300 and ≤3 hydrogen bond donors and acceptors.3 When the 

best fragments have been identified, they are optimized to give a larger, drug-like compound with 

good affinity for the target. The rationale behind the approach intuitively make sense, as a small 

molecule will easier find a good match on the target, and is probably small enough that steric 

interaction would not affect the affinity to a large extent (Figure 1). An advantage of FBS is that the 

potential chemical diversity space for smaller molecules is severely reduced, where estimates being 

that approximately 14 million fragments for molecular weights below 160 exist.4 This makes it 

possible to cover a higher percentage of the theoretical space compared to HTS. Another advantage 

is that the less complex and smaller molecules have been shown to lead to a higher hit frequency 

making the approach more efficient compared to HTS.5 However, a disadvantage to using small 

fragments for screening is that a higher concentration is usually needed to detect an interaction. This 

could lead to false positive results in the screening and also require high solubility of the fragments.6 
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Figure 1. Schematic representation of hits 

 

When a hit has been discovered, the pharmacological properties of the molecule are optimized. This 

can be done either by Ligand-based design (LBD) or structure-based design (SBD). LBD can be used 

when the structure of the protein target is unknown. By using knowledge of molecules that bind to 

the target, predicative models for optimization can be created. SBD utilize the structure of the target, 

in order to detect sites where a drug could interact and thus affect the activity of the target protein. 

In this report a simple, fast and cheap synthetic pathway from cheap and simple starting materials to 

highly modifiable 2,4-substituted pyrrolidines is demonstrated (Figure 2). These molecules have the 

potential to be used as building blocks as to be incorporated into future pharmaceutical drugs. Other 

types of pyrrolidines have been shown to be used in a wide selection of pharmaceutical drugs, with a 

large variety of treatment areas.7 Daclatasvir (Hepatitis C), Captopril (High blood pressure), 

Procyclidine (Parkinson Disease), Bepridil (Previously for angina, has shown potential for Ebola 

treatment8) and Mesuximide (Epilepsy) are some examples of drugs and their different treatment 

areas. This demonstrates that other pyrrolidine containing compounds could have potential in future 

drugs. 

 

 

Figure 2. Starting materials to product 
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Figure 3. Examples of drugs containing a pyrrolidine functionality 

Some of the molecules synthesized in this report can be bought as fragments, however their cost is 

extremely high and often require up to 12 weeks synthesis before delivery.9,10 Previously described 

methods for synthesizing similar compounds have, while sometimes giving enantioselective 

products, several disadvantages. Requiring different non-commercially available reagents leading to 

long reaction pathways, demanding expensive gold, ruthenium and palladium catalysts, using 

dangerous and unstable diazo compounds and requiring harsh reaction conditions are some of the 

disadvantages making these routes unfavourable.11,12,13,14 Using cheap and readily available starting 

materials and reagents, having few steps with simple purifications and an easy way to introduce and 

vary substituents late in the synthetic pathway are some of the greatest advantages with the method 

demonstrated herein. The possibility of having up to two chiral centres further increase the potential 

of these fragments to be incorporated into future drugs.15, 16 

 

Materials and Methods  
 

Initial studies (scheme 1) shows the initial plan for the synthetic pathway to create the pyrrolidine 

skeleton. Using a zinc catalyst to selectively reduce the amide was unsuccessful therefore a 

hydrolysis route was chosen instead. Using 2,5-dimethoxyTHF during hydrolysis, an attempt to make 

it non reversible, made the product difficult to isolate. Ethylene glycol was therefore used to protect 

the ketone as an acetal directly after the hydrolysis. The amide was not reduced by LiAlH4, hence 

other options were explored (Scheme 2). Although the Zinc protocol provided the desired product, 

the purification of the product was difficult. Attempts to remove the acetal protecting group also 

failed. Instead a different approach was designed (Scheme 3). Here, simple hydrolysis yielded the 

product as a precipitate that was easily filtered of.  
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Scheme 1. Initial studies 

 

Scheme 2. Attempts to reduce amide and remove the acetal protective group 

 

Scheme 3. Hydrolysis reaction 
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Attempts to chemoselectively reduce the amide over the ketone was carried out with different 

procedures (Scheme 4). The reaction conditions were based on literature references in which 

different metal catalysts such as Zn(OAc)2,17 Ru3(CO)12
18 and Mo(CO)6

19 had been successfully used to 

selectively reduce an amide over other easily reducible functional groups e.g. ketones. These 

attempts were unsuccessful where Zn(OAc)2 and Mo(CO)6 showed traces of reduction of one of the 

functional groups to alcohol and Ru3(CO)12 readily reduced both functional groups, however in very 

low yields (7%), after purification by column chromatography. As no metal catalyst were able to 

selectively reduce the amide group over the ketone, a simpler design of the synthetic step was 

explored (Scheme 5). Using borane as reducing agent yielded the same product as for the Ru3(CO)12 

catalysed reduction but in much higher yield (96%) and with a much easier purification process.  

 

 

Scheme 4. Metal catalysed reductions  Scheme 5. Reduction with borane 

 

Having reduced both the ketone and the amide (scheme 5), attempts to oxidize the alcohol back to 

the ketone was explored. Several oxidation conditions were explored as shown in Table 1, 

unfortunately none of these were a great success. For most procedures, starting material had been 

consumed but without formation of the desired product after analysis by LC-MS. Another 

unexpected side reaction occurred when using oxidants involving chlorine. Chlorination of an 

aromatic ring seemed to have occurred as shown in scheme 6.  Using TEMPO, oxalyl chloride and 

DMSO as oxidant showed traces of the desired product after LC-MS analysis. However, the 

conversion of the reactions was very low and in the case of using oxidations with chloro-containing 

oxidizer, an unwanted by-product had formed making them unsuitable under the used conditions. It 

was speculated that the para-methoxyphenyl (PMP)-protecting group reacted with the oxidant, 

either by reacting with it and forming chlorinated products or by itself being removed from the 

molecule as have been shown in the literature.20 This led us to investigate other possible pathways to 

obtain the ketone.  
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Table 1, Oxidation reactions of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-ol (3) 

Entry Oxidant Solvent Temp 
[°C] 

Reaction 
time [h] 

Results 

1  Cat. TEMPO + NaOCl Isopropyl 
acetate 

rt 72 Trace product, 
Chlorinated 
reactant 

2 Cat. TEMPO + trichloroisocyanuric 
acid 

DCM rt 21 No starting 
material left 

3 Cat. TEMPO + (Diacetoxyiodo)benzene DCM rt 5 No starting 
material left 

4 Stoichiometric TEMPO DCM rt 24 Trace product 

5 Dess-Martin Periodane DCM rt 18 No starting 
material left 

6 I2, K2CO3 t-BuOH 80 15 No starting 
material left 

7 AlMe3 + 3-Nitrobenzaldehyde Toluene rt 24 No reaction 

8 Al(tert-BuO)3, Acetone - 50 24 No reaction 

9  SO3 pyridine complex, TEA, DMSO DCM rt 120 Trace product 

10 CrO3, H2SO4,  Acetone rt 20 No starting 
material left 

11 (COCl)2, DMSO, TEA DCM -78 4 Chlorinated 
reactant + Trace 
chlorinated 
product 

 

 

Scheme 6. Suspected chlorinated by-product 

One such way was to change the PMP-protecting group to a benzyl protecting group (scheme 7). 

Unfortunately, the cyclization reaction did not work, indicating that the PMP-protecting group is 

essential for the cyclization reaction to occur. Another pathway that was explored were the use of a 

dithiol protecting group for the ketone (Scheme 8). Both the protection and the following reduction 

worked well with high yields. The conventional route to deprotect dithiols is the use of mercury 

oxide, which was avoided due to its high toxicity. Instead, a route with hydrogen peroxide and an 

ammonium iodine salt was explored. Unfortunately, the reaction did not work. We instead sought to 

exchange the PMP-protecting group to another protecting group before oxidizing, where the BOC 

protecting group was seen as a good candidate as it has been used in similar oxidation reactions.21, 22 
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Scheme 7. Benzylamine reaction 

 

Scheme 8. Dithiol protecting group reaction 

To remove the PMP-protecting group, Ceric ammonium nitrate (CAN) was used as it has been shown 

to be a mild and efficient deprotection reagent (Scheme 9).23, 24  

 

Scheme 9. Deprotection of PMP with CAN 

While the deprotection reaction was highly successful, with full conversion according to LC-MS, it 

proved difficult to isolate the free amine. A one step exchange of protecting group was therefore 

developed to overcome the problem. While the exchange reaction works well the purification 

process could be improved as the current extraction also gave a precipitation which was difficult to 

remove. Initially, a mixture of acetonitrile and water was used, but as extraction proved almost 

impossible, a two phase system of water and DCM was utilized to help solve this problem (Scheme 

10). 
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Scheme 10. Exchange of protecting group 

 

With a less oxidation sensitive protecting group, a screening of potential oxidation procedures was 

once again performed. A few procedures were screened, as shown in Table 2¸where oxidation with 

SO3 and DMSO showed great promise for a simple, mild and cheap way to yield the desired ketone 

(Scheme 11). 

 

Table 2, Oxidation reactions of tert-butyl 4-hydroxy-2-phenyl-pyrrolidine-1-carboxylate (4) 

Entry Oxidant Solvent Temperature 
[°C] 

Reaction 
time [h] 

Results 

1 TEMPO+trichloroisocyanuric 
acid 

DCM rt 96 No starting 
material left 

2 Dess-Martin Periodane (DMP) DCM rt 96 Product 
formed 

3 SO3 pyridine complex, TEA, 
DMSO 

DCM rt 20 Product 
formed  

 

 

Scheme 11. Oxidation reaction 

 

With a synthetic pathway to the desired ketone in hand, several reactions were explored to change 

the functional group (ketone or alcohol) as shown in Table 3 and Scheme 12. All investigated 

reactions gave products with the correct mass according to LC-MS. This shows that a high 

modifiability can be obtained. 
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Table 3, Substitution reactions studied (Scheme 11) 

Molecule Reagents Solvent Temperature 
[°C] 

Reaction 
time [h] 

Results 

6 DAST DCM 0 → rt 70 Product 
detected 

7 MeMgBr THF 0 → rt 56 Product 
detected 

8 Methyltriphenylphosphonium 
bromide, n-BuLi 

THF -78 → rt 43 Product 
detected 

9 DAST DCM 0 → rt 2 Product 
detected 

10 1. TEA, mesyl chloride 
2. NaCN 

1. DCM 
2. DMSO 

1. 0 → rt 
2. 90 

1. 19 
2. 22 

Product 
detected 

 

  

Scheme 12. Different substitution reactions studied 

Finally, deprotection of the amine was performed by dissolving the product in ethanol containing HCl 

followed by evaporation of the solvent to give the amine as an HCl salt (Scheme 13).  

 

Scheme 13. Deprotection of BOC 
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Results and discussion 
In this thesis project, a simple, fast and cheap synthetic route have been demonstrated. This route 

can be used to get access to highly functionalised pyrrolidines. The full synthetic pathway is shown in 

Scheme 14. The greatest strengths of the synthesis is the fast reaction time and easy purification 

methods required, even as it is not fully optimized in its current state.  

 

Scheme 14. Full synthetic pathway 

In the synthesis of compound 1, after trituration with MeOH the product was easily obtained in very 

high purity as shown by NMR spectroscopy. It has been noted during reruns of the experiment that 

the reaction can be completed in less than 20 hours, without loss of yield. It is believed that the 

amount of MeOH used in the trituration is deciding on how much product is yielded as a higher 

usage usually gave lower yields. However, the effect might be because using more MeOH ensured 

the removal of excess starting material which otherwise contaminated the product. While it has not 

been explored in this report, the benzaldehyde might be exchanged to other substituted 

benzaldehydes e. g. halogenated benzaldehydes. This would make it possible to access even more 

functionalized pyrrolidines using the developed synthetic route. 

Again, easy purification was also observed in the second step to give compound 2. However, 

sometimes when performed in larger scale (about 3g or above) a very sticky orange precipitate also 

formed in addition to the slightly yellow precipitate. LC-MS analysis showed that both precipitates 
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were the same product and using either in the following procedures gave no difference in results. It 

did complicate the purification process as the material was difficult to remove from the magnet. 

When this happened, both products were dissolved in EtOAc followed by evaporation of the solvent. 

It was speculated that pouring and stirring speed during dilution of the mixture could have an effect 

as more of the sticky precipitate was formed when poured quickly and with poorer stirring. During 

very slow addition and high stirring velocity, the slightly yellow precipitate could be retrieved 

exclusively.  

In the next step in the synthesis, the amide and ketone functionality were reduced to give compound 

3. The synthesis was easy and require no advanced purification protocols. What could complicate 

things was a possible formation of an emulsion during extraction due to THF being soluble in both 

solvents. This problem can be minimized by first evaporating THF before carrying out the extraction. 

It might be possible for the reaction to be enantioselective by utilizing the catalyst which have been 

used in borane reductions of ketones.25 

Exchanging the protecting group from PMP to BOC to give Molecule 4 proved to the most challenging 

step in the synthetic pathway. Although the reactions occurred fast and in full conversion, the 

purification process was troublesome. Initially, different mixtures of water and acetonitrile were 

investigated, but due to difficulties in detecting a phase boundary during extraction other 

alternatives were explored. The best results were given when a DCM/H2O solvent system was used. 

However, it did not solve the problem completely. The best way to separate the phases were based 

on the change of flow out from the separation funnel. After the first extractions, a phase boundary 

could be detected which simplified the process. Another difficulty of the process is the formation of 

an unknown precipitate. The precipitate preferred the aqueous layer but had a small affinity for the 

organic phase, why it might contaminate the product. This precipitate might originate from the 

removal of the PMP group by CAN, why a potential solution might be to try other oxidizing agents. 

Previously published protocols such as trichloroisocyanuric acid20 or electrochemistry26 could be 

examined in order to try to further optimize the removal of the PMP protecting group.  

To oxidize the alcohol functionality to give compound 5, the procedure using DMSO as the oxidant, 

activated by SO3 pyridine complex in a basic environment, was chosen over using DMP. This was 

mainly done due to the high price of DMP. As initial trials with oxidizers containing a chlorine moiety 

chlorinated the PMP-protecting group, these were avoided during the initial screening. It was 

speculated that if the phenyl functional group in the 2-position was instead substituted with e.g. a 

methoxy group, the same occurrence would happen if such conditions were used. Using DMSO and 

SO3 is therefore more likely to have a larger substrate scope for these kind of compounds. It should 

be noted that the yield for the oxidation were slightly lower than for the previous steps. This is 

probably due to that compound 4 was used in assumed quantitate yield. As it was used as a crude for 

the reaction the actual yield is probably higher then stated in this report.  

In order to introduce different substituents in the 4-position, several different substitution reactions 

were investigated (Table 3). Unfortunately, due to time constraints, none of the molecules have been 

characterized by NMR. However, all synthesized molecules have been detected by LC-MS with their 

expected mass. From the synthesized molecules other interesting substitutions could be made. 

Compound 8 could for example be reduced to give a methyl group or react with dihalomethane to 

give a cyclopropane moiety. This demonstrates a high modifiability of the molecule, with possibility 

to further expand the types of substitutions possible.  

Deprotection of the BOC protecting group showed an extremely high yield (253%). It is unknown how 

the product has been contaminated. It might be some non-volatile contaminant coming from the 
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acidic ethanol, but no unexpected mass was detected with LC-MS.  However the analysis did detect 

the expected mass of the product, demonstrating that the protecting group is removed. Thus, a full 

synthetic pathway to substituted pyrrolidnes have been demonstrated. 

 

Experimental procedures 
 

General experimental procedures  

All solvents used were of analytical grade and commercially available. Starting materials were 

available from commercial sources. Room temperature refers to +20-25 °C. In vacuo refers to the 

removal of solvent under reduced pressure on a rotary evaporator and/or drying on an oil pump at 

ambient temperature until constant mass was achieved. 

NMR spectra were recorded on a 400 MHz NMR spectrometer fitted with a probe of suitable 

configuration. Spectra were recorded at ambient temperature unless otherwise stated. NMR spectra 

were acquired in CDCl3 or DMSO-d6. Chemical shifts are given in ppm down- and upfield from TMS 

(0.00 ppm). The following reference signals were used: the residual solvent signal of DMSO-d5 δ 2.5 

or the residual solvent signal of CHCl3 δ 7.26. Resonance multiplicities are denoted s, d, t, q, m and br 

for singlet, doublet, triplet, quartet, multiplet and broad, respectively. 

Liquid chromatography Mass spectrometer (LC-MS) was performed on an Agilent 1100 series with a 

reverse phase column. Column used were a Gemini NX-C18, 50x3.0 mm or a Symmetry C18 50x3.0 

mm.  A linear gradient was applied using mobile phase A (aqueous 0.1% NH3 or aqueous 0.1% acetic 

acid) and B (acetonitrile) with 10-90% B over 3 minutes. The retention time was detected at 254 or 

214 nm Mass spectrometer (MS) analyses were performed in positive ion mode using electrospray 

ionization (ES+).  

Preparative chromatography was run on a Gilson-PREP GX271 or GX281 with Trilution lc as software 

on a reverse phase column. A linear gradient was applied using mobile phase A (aqueous 0.1% NH3) 

and B (acetonitrile). The retention time was detected at 254 or 214 nm. 

 

Synthesis of 4-(4-methoxyanilino)-1-(4-methoxyphenyl)-2-phenyl-2H-pyrrol-5-one (1) 

To a suspension of cyclohexane (20 ml) and 4-methoxyaniline (0.75 g, 6.1 mmol), ethyl 2-

oxopropanoate (0.4 ml, 3.6 mmol) and benzaldehyde (0.3 ml, 2.95 mmol) were added. The reaction 

mixture was stirred at reflux (80°C) for 20 h. The mixture was diluted with MeOH (15 ml) and the 

product was triturated with additional MeOH (80 ml). The precipitate was collected and dried in 

vacuo to yield 0.73 g (64%) 4-(4-methoxyanilino)-1-(4-methoxyphenyl)-2-phenyl-2H-pyrrol-5-one as 

an white solid. 

LC-MS: Rt=3.572 min. m/z: 387 (M+H)+ 

1H NMR (500 MHz, DMSO-d6) δ ppm 3.69 (s, 6 H), 5.92 (d, J=2.52 Hz, 1 H), 6.11 (d, J=2.84 Hz, 1 H), 

6.83 (br d, J=8.83 Hz, 2 H), 6.87 (br d, J=8.83 Hz, 2 H), 7.17 - 7.23 (m, 5 H), 7.23 - 7.28 (m, 2 H), 7.47 

(d, J=9.14 Hz, 2 H), 7.84 (s, 1 H) 

13C NMR (126 MHz, DMSO-d6) δ ppm 55.61 (s, 1 C), 55.68 (s, 1 C), 63.31 (s, 1 C), 107.76 (s, 1 C), 

114.38 (s, 1 C), 114.81 (s, 1 C), 118.79 (s, 1 C), 124.01 (s, 1 C), 127.32 (s, 1 C), 128.15 (s, 1 C), 129.16 
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(s, 1 C), 130.70 (s, 1 C), 133.15 (s, 1 C), 136.00 (s, 1 C), 138.78 (s, 1 C), 153.88 (s, 1 C), 156.69 (s, 1 C), 

166.83 (s, 1 C) 

Synthesis of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidine-2,3-dione (2) 

4-(4-methoxyanilino)-1-(4-methoxyphenyl)-2-phenyl-2H-pyrrol-5-one (0.69 g, 1.80 mmol) was 

dissolved in 12M HCl (3.8 ml) and glacial acetic acid (3.8 ml) and stirred at rt for 93 h. The solution 

was slowly poured into 0°C H2O (50 ml) and the precipitate was washed with H2O and dried in vacuo 

to yield 0.41 g (80%) 1-(4-methoxyphenyl)-5-phenyl-pyrrolidine-2,3-dione as a light yellow solid.  

LC-MS: Rt=2.893 min. m/z: 282 (M+H)+ 

1H NMR (500 MHz, DMSO-d6) δ ppm 2.57 (dd, J=19.55, 3.47 Hz, 1 H), 3.67 (s, 1 H), 3.69 (s, 3 H), 5.65 

(dd, J=7.57, 3.47 Hz, 1 H), 5.78 (d, J=2.21 Hz, 1 H), 5.88 (d, J=2.52 Hz, 1 H), 6.83 (br d, J=8.83 Hz, 1 H), 

6.88 (d, J=8.83 Hz, 2 H), 7.16 - 7.23 (m, 2 H), 7.27 (q, J=7.25 Hz, 3 H), 7.35 (br d, J=7.57 Hz, 2 H), 7.41 

(d, J=9.14 Hz, 3 H), 9.96 - 10.05 (m, 1 H) 

13C NMR (126 MHz, DMSO-d6) δ ppm 41.58 (s, 1 C), 55.58 (s, 1 C), 55.66 (s, 1 C), 57.17 (s, 1 C), 60.98 

(s, 1 C), 112.99 (s, 1 C), 114.29 (s, 1 C), 114.34 (s, 1 C), 123.73 (s, 1 C), 124.94 (s, 1 C), 127.30 (s, 1 C), 

127.44 (s, 1 C), 128.21 (s, 1 C), 128.39 (s, 1 C), 129.16 (s, 1 C), 129.27 (s, 1 C), 130.48 (s, 1 C), 130.87 

(s, 1 C), 138.14 (s, 1 C), 140.69 (s, 1 C), 146.69 (s, 1 C), 156.54 (s, 1 C), 157.85 (s, 1 C), 159.41 (s, 1 C), 

166.12 (s, 1 C), 198.87 (s, 1 C) 

Synthesis of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-ol (3) 

1-(4-methoxyphenyl)-5-phenyl-pyrrolidine-2,3-dione (2.78 g, 9.82 mmol) was dissolved in THF (60 ml) 

and cooled to 0°C in an ice bath. Borane dimethyl sulfide complex (7 ml, 73.8 mmol) was added 

dropwise over 20 minutes and the reaction was stirred at 0°C for 1 h and at rt for 18 h. Additional 

Borane dimethyl sulfide complex (1 ml, 10.5 mmol) was added for full conversion and the reaction 

was stirred for additional 6.5 h after which the solution was cooled to 0°C and quenched with careful 

addition of H2O (3 ml) and 2M HCl (30 ml). The solution was extracted with EtOAc (3x20 ml), the 

combined organic phases washed with Brine (30 ml), dried with MgSO4 filtered and concentrated in 

vacuo to give 2.56 g (96%) 1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-ol. Sample for NMR was 

further purified by preparative chromatography. 

LC-MS: Rt=3.047 min. m/z: 270 (M+H)+ 

1H NMR (500 MHz, DMSO-d6) δ ppm 1.81 (dt, J=12.77, 4.81 Hz, 1 H), 2.62 (ddd, J=12.93, 8.51, 5.99 Hz, 

1 H), 3.44 - 3.52 (m, 1 H), 3.56 (dd, J=9.62, 3.31 Hz, 1 H), 3.60 (s, 4 H), 4.41 (br d, J=4.41 Hz, 1 H), 4.58 

(dd, J=8.51, 5.04 Hz, 1 H), 4.91 (d, J=3.78 Hz, 1 H), 6.34 - 6.38 (m, 2 H), 6.69 (d, J=9.14 Hz, 2 H), 7.15 - 

7.19 (m, 1 H), 7.22 - 7.30 (m, 3 H), 7.30 - 7.35 (m, 2 H) 

13C NMR (126 MHz, DMSO-d6) δ ppm 55.80 (s, 1 C), 79.20 (s, 1 C), 79.46 (s, 1 C), 79.73 (s, 1 C), 109.38 

(s, 1 C), 114.79 (s, 1 C), 115.00 (s, 1 C), 125.42 (s, 1 C), 126.62 (s, 1 C), 127.33 (s, 1 C), 128.09 (s, 1 C), 

128.65 (s, 1 C), 128.77 (s, 1 C), 133.57 (s, 1 C) 

Synthesis of tert-butyl 4-hydroxy-2-phenyl-pyrrolidine-1-carboxylate (4) 

1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-ol (1.25 g, 4.65 mmol) was dissolved in DCM (25 ml) and 

water (10 ml) and the solution was cooled to 0°C. CAN (6.2 g, 11.3 mmol) dissolved in water (25 ml) 

was added dropwise over 10 minutes. After stirring at 0°C for 3.5 h, TEA (4 ml, 28.7 mmol) was added 

and the pH was checked to be above 7 after which BOC anhydride (1.6 g, 7.33 mmol) was added and 

the reaction was slowly heated to rt. The reaction was stirred for 2.5 h after which the reaction was 
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diluted with water (30 ml) and DCM (80 ml). The phases were separated and the aqueous phase 

extracted with DCM (2x35 ml). The combined organic phases were washed with 1M HCl (2x40 ml), 

NaHCO3 (50 ml) and Brine (50 ml), dried over MgSO4, filtered and concentrated in vacuo to yield 1.64 

g (134%) tert-butyl 4-hydroxy-2-phenyl-pyrrolidine-1-carboxylate as a dark red oil. The product was 

used in assumed quantitative yield in the following step. Sample for NMR was further purified by 

preparative chromatography. 

LC-MS: Rt=2.926 min. m/z: 208 (M-55)+  

1H NMR (500 MHz, CHLOROFORM-d) δ ppm 1.12 - 1.52 (m, 10 H), 1.99 - 2.08 (m, 1 H), 2.63 (br s, 1 H), 

3.59 (dd, J=11.66, 3.47 Hz, 1 H), 3.93 (br s, 1 H), 4.49 (br s, 1 H), 4.86 (br s, 1 H), 5.33 (s, 1 H), 7.20 - 

7.26 (m, 1 H), 7.26 - 7.31 (m, 2 H), 7.31 - 7.36 (m, 2 H) 

Synthesis of tert-butyl 4-oxo-2-phenyl-pyrrolidine-1-carboxylate (5) 

Tert-butyl 4-hydroxy-2-phenyl-pyrrolidine-1-carboxylate (0.44 g, 1.66 mmol) was dissolved in DCM 

(10 ml) and DMSO (5 ml). TEA (2.1 ml, 15.1 mmol) and sulphur trioxide pyridine complex (1.5 g, 9.42 

mmol) was added and the reaction was stirred at rt for 27 h. The reaction mixture was diluted with 

2M HCl (8 ml) and DCM (8 ml). The phases were separated and the aqueous phase extracted with 

DCM (10 ml). The combined organic phases were washed with 2M HCl (10 ml) and Brine (10 ml), 

dried over MgSO4, filtered and concentrated in vacuo to give 0.21 g (47%) tert-butyl 4-oxo-2-phenyl-

pyrrolidine-1-carboxylate as a dark red oil. Sample for NMR was further purified by preparative 

chromatography.  

LC-MS: Rt=3.245 min. m/z: 206 (M-55)+ 

1H NMR (500 MHz, DMSO-d6) δ ppm 1.16 - 1.45 (m, 9 H), 2.38 (br d, J=18.29 Hz, 1 H), 3.26 - 3.30 (m, 1 

H), 3.95 (q, J=19.02 Hz, 2 H), 5.17 - 5.37 (m, 1 H), 7.22 (br d, J=7.57 Hz, 2 H), 7.24 - 7.31 (m, 1 H), 7.32 

- 7.38 (m, 2 H) 

13C NMR (126 MHz, DMSO-d6) δ ppm 28.36 (s, 1 C), 53.57 (s, 1 C), 79.77 (s, 1 C), 125.99 (s, 1 C), 

127.55 (s, 1 C), 129.02 (s, 1 C), 153.77 (s, 1 C) 

Synthesis of tert-butyl 4,4-difluoro-2-phenyl-pyrrolidine-1-carboxylate (6) 

Tert-butyl 4-oxo-2-phenyl-pyrrolidine-1-carboxylate (0.1 g, 0.38 mmol) was dissolved in DCM (5 ml) 

and cooled to 0°C. DAST (0.14 ml, 1.06 mmol) was added dropwise over 5 minutes and the reaction 

was stirred for 1.5 h. LC-MS indicated that no reaction had occurred why additional DAST (0.14 ml, 

1.06 mmol) was added from another bottle and the reaction was stirred at rt for 70 h. The solution 

was cooled to 0°C and diluted with saturated NaHCO3 (5 ml) and DCM (2 ml). The phases were 

separated and the aqueous phase extracted with DCM (4 ml). The combined organic phases were 

washed with 50% NaHCO3 solution (5 ml) and Brine (5 ml), dried over MgSO4, filtered and 

concentrated in vacuo to give 63 mg (58%) tert-butyl 4,4-difluoro-2-phenyl-pyrrolidine-1-carboxylate 

as a dark red oil.  

LC-MS: Rt=3.609 min. m/z: 228(M-55)+ 

Synthesis of tert-butyl 4-hydroxy-4-methyl-2-phenyl-pyrrolidine-1-carboxylate (7) 

Tert-butyl 4-oxo-2-phenyl-pyrrolidine-1-carboxylate (0.1 g, 0.38 mmol) was dissolved in THF (4 ml), 

cooled to 0°C in an ice bath and put under a N2 atmosphere. 1.4M MeMgBr in THF/Toluene (1:3) (0.6 

ml, 0.84 mmol) was added slowly and the reaction was stirred at 0°C for 2 h and then at rt for 16 h. 

The reaction was cooled to 0°C and additional MeMgBr (0.6 ml, 0.84 mmol) was added slowly. The 
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mixture was stirred in rt for 48 h before it was cooled to 0°C and quenched with water (3 ml). The 

reaction was diluted with EtOAc (7 ml) and the phases were separated. The organic phase were 

washed with Brine (7 ml), dried over MgSO4 and concentrated in vacuo to yield 38 mg (36%) tert-

butyl 4-hydroxy-4-methyl-2-phenyl-pyrrolidine-1-carboxylate as a black oil.  

LC-MS: Rt=3.053 min. m/z: 222 (M-55)+  

Synthesis of tert-butyl 4-methylene-2-phenyl-pyrrolidine-1-carboxylate (8) 

Methyltriphenylphosphonium bromide (0.1 g, 0.28 mmol) was dissolved in THF (1.5 ml) and put 

under N2 atmosphere and cooled to -78ºC. 2.5M n-BuLi in Hexane (0.11 ml, 0.28 mmol) was added 

dropwise to give a yellow solution. The solution was stirred for 30 min after which tert-butyl 4-oxo-2-

phenyl-pyrrolidine-1-carboxylate (0.06 g, 0.23 mmol) dissolved in THF (2 ml) was added dropwise 

over 10 min. The mixture was left to stir in rt for 43h and was then quenched with addition of 

saturated NH4Cl solution (2 ml). The product was extracted with EtOAc (3x4 ml) and the combined 

organic phases were washed with Brine (3 ml) and concentrated in vacuo to give 73mg (125%) tert-

butyl 4-methylene-2-phenyl-pyrrolidine-1-carboxylate as a dark orange oil. LC-MS indicate that the 

oil contain byproducts from Methyltriphenylphosphonium bromide. 

LC-MS: Rt=3.686 min. m/z: 204 (M-55)+ 

Synthesis of tert-butyl 4-fluoro-2-phenyl-pyrrolidine-1-carboxylate (9) 

Tert-butyl 4-hydroxy-2-phenyl-pyrrolidine-1-carboxylate (0.25 g, 0.95 mmol) was dissolved in DCM 

(15 ml) and cooled to 0ºC in an ice bath. DAST (0.25 ml, 18.9 mmol) was added dropwise over 5 

minutes and the reaction was stirred for 1.5 h. NaHCO3 (15 ml) was added slowly, the phases 

separated and the aqueous phase extracted with DCM (10 ml). The combined organic phases were 

washed with Brine (2x10 ml), dried over MgSO4, filtered and concentrated in vacuo to yield 0.14 g 

(57%) tert-butyl 4-fluoro-2-phenyl-pyrrolidine-1-carboxylate. 

LC-MS: Rt=3.443 min. m/z: 210(M-55)+  

Synthesis of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidine-3-carbonitrile (10) 

1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-ol (0.1 g, 0.37 mmol) and TEA (0.1 ml, 0.72 mmol) was 

dissolved in DCM (3 ml) and cooled to 0°C in an ice bath. Mesyl chloride (50 µl, 0.65 mmol) was 

added dropwise and the solution was stirred at 0°C for 20 minutes and then at rt for 15 h. Additional 

mesyl chloride (45 µl, 0.58mmol) was added and the mixture was stirred for additional 4 h. The 

solution was diluted with 1M HCl (2 ml) and DCM (3 ml). The phases were separated and the organic 

phase washed with 1M HCl (4 ml) and Brine (4 ml), dried over MgSO4, filtered and concentrated in 

vacuo to give 0.104 g (81%) [1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-yl] methanesulfonate as an 

orange oil.  

LC-MS: Rt=3.228 min. m/z: 348(M+H)+ 

[1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-yl] methanesulfonate (0.104 g, 0.3 mmol) was dissolved 

in DMSO (3 ml). NaCN (21mg, 0.43 mg) was added and the reaction was heated to 90°C and stirred 

for 22 h. The mixture was diluted with water (4 ml) and Et2O (6 ml), the phases separated and the 

water phase extracted with Et2O (5 ml). The combined organic phases were washed with Brine (5 ml), 

dried over MgSO4, filtered and concentrated in vacuo to give 57 mg (68%) 1-(4-methoxyphenyl)-5-

phenyl-pyrrolidine-3-carbonitrile as an orange solid.  

LC-MS: Rt=3.338 min. m/z: 279(M+H)
+
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Synthesis of 5-phenylpyrrolidin-3-ol (11) 

Tert-butyl 4-hydroxy-2-phenyl-pyrrolidine-1-carboxylate (25 mg, 0.095 mmol) was dissolved in 1.25M 

HCl in EtOH (6 ml) and was stirred in rt for 4 days. The reaction was concentrated in vacuo to give 48 

mg (253%) 5-phenylpyrrolidin-3-ol.  

LC-MS: Rt=1.815 min. m/z: 164(M+H)+  

Conclusion and outlook 
 

In this report a synthetic pathway to 2,4-disubstituted pyrrolidines have been demonstrated. The 

main advantages of the procedure presented include; cheap and readily available starting materials, 

fast and simple chemical reactions, few advanced purification techniques required as well as the 

possibility for modification late in the synthetic pathway. The procedure has been demonstrated to 

work with several different substitutions in the 4-position, including fluoro, difluoro, nitrile, alcohol 

and metyl-alcohol substitutions.  Future investigations should continue to confirm current 

investigated substitutions and also expand to find additional possible substitutions, both in the 2- 

and 4-position of the pyrrolidine. Additional work could also be focused to optimize currently 

established reaction parameters to further increase yields and simplicity of the synthetic pathway. 
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Appendix 
 

 

1H NMR Spectrum of 4-(4-methoxyanilino)-1-(4-methoxyphenyl)-2-phenyl-2H-pyrrol-5-one (1) 
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13C NMR Spectrum of 4-(4-methoxyanilino)-1-(4-methoxyphenyl)-2-phenyl-2H-pyrrol-5-one (1) 
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1H NMR Spectrum of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidine-2,3-dione (2) 
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13C NMR Spectrum of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidine-2,3-dione (2) 
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1H NMR Spectrum of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-ol (3)  
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13C NMR Spectrum of 1-(4-methoxyphenyl)-5-phenyl-pyrrolidin-3-ol (3)  
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1H NMR Spectrum of tert-butyl 4-hydroxy-2-phenyl-pyrrolidine-1-carboxylate (4) 
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1H NMR Spectrum of tert-butyl 4-oxo-2-phenyl-pyrrolidine-1-carboxylate (5)  
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13C NMR Spectrum of tert-butyl 4-oxo-2-phenyl-pyrrolidine-1-carboxylate (5)  

 


