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General Experimental 

 

 

All 1H and 13C NMR spectra were recorded on a Jeol JNM-EX 270 MHz, Jeol JNM-EX 400 MHz or Bruker 

Avance III 500 MHz as indicated. Samples were dissolved in deuterated chloroform (CDCl3) or deuterated 

methanol (CD3OD) with the residual solvent peak used as an internal reference (CDCl3 : δH = 7.26 ppm; CD3OD : 

δH = 3.31 ppm). Proton spectra are reported as  or follows: chemical shift δ (ppm), [integral, multiplicity (s = 

singlet, br s = broad singlet, d = doublet, dd = doublet of doublets, ddd = doublet of doublets of doublets, t = 

triplet, dt = doublet of triplets, ddt = doublet of doublets of triplets, tt = triplet of triplets, q = quartet, m = multiplet), 

coupling constant J (Hz), assignment]. 

 

Thin Layer Chromatography (TLC) was performed using aluminium-backed Merck TLC Silica gel 60 F254 plates, 

and samples were visualised using 254 nm ultraviolet (UV) light, potassium permanganate/potassium carbonate 

oxidising dip (1:1:100 KMnO4:K2CO3:H2O w/w), or cerium-ammonium-molybdate (CAM) stain (1:2.5:100 Cerium 

ammonium sulphate dehydrate: Ammonium Molybdate: H2SO4 (10% w/w)). 

 

Column Chromatography was performed using silica gel 60 (70-230 mesh). All solvents used were AR grade. 

Specialist reagents were obtained from Sigma-Aldrich Chemical Company and used without further purification. 

Petroleum spirits refers to the fraction boiling between 40-60 °C. 

 

Chiral HPLC was performed with a 1200 series Agilent. Separation of stereoisomers was carried out with a 

Diacel Chiralpak AD-H chiral column (0.46 cm × 25 cm). Retention times were reported at ambient temp (24 °C) 

with an injection volume of 20 μL at a flow rate of 1 mL/min. A mobile phase of 10% isopropanol/ 90% hexane 

was used. 

 

HRMS was found via a 6210 MSD TOF mass spectrometer under the conditions: gas temperature (350 °C), 

vaporizer (28 °C), capillary voltage (3.0 kV), cone voltage (40 V), nitrogen flow rate (7.0L/min), nebuliser (15 psi). 

Samples were dissolved in MeOH. 

 

Specific rotation [aD] was obtained using a JASCO DIPP Digital Polarimeter. Compounds were dissolved in 

CHCl3 where indicated. Rotation was measured at λ = 584 nm and reported with the units 10-1 °C cm2 g-1. 

 

ATR-FTIR measurements were conducted using an Alpha FTIR spectrometer (Bruker Optik GmbH, Ettlingen, 

Germany) equipped with a deuterated triglycine sulfate (DTGS) detector and a single-reflection diamond ATR 

sampling module (Platinum ATR QuickSnap™).  All absorption bands are reported in wavenumbers (cm-1) and 

signals are reported as weak (w), medium (m), strong (s) and/or broad (br).  Background spectra of a clean ATR 

surface were acquired prior to each sample measurement using the same acquisition parameters 

 

 

Melting points were found on a Stuart Scientific Melting Point Apparatus SMP3, v. 5 and are uncorrected. 
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Experimental 

trans-4-tertbutlydiphenylsiloxy-L-proline  

 

 

 

Trans-4-hydoxy-L-proline (1.0 g, 0.763 mmol) was added to acetronitrile (20 mL) and stirred. TBDPS-Cl (6.94 mL, 
0.026 mol) was added to the stirring solution and the reaction was cooled to 0 °C. DBU (4.22 mL, 0.028 mol) was 
subsequently added to the stirring solution and the mixture was allowed to reach room temperature and stirred 
for 24 hrs. The resulting reaction mixture was then quenched with hexane and the product was extracted into 
hexane (3 × 30 mL). The combined hexane layers were combined and the solvent was removed in vacuo. The 
resulting oil was redissolved in a methanol (32 mL), THF (18 mL), water (16 mL) and 2M NaOH (24 mL) mixture 
and allowed to stir for 90 mins at room temperature. The solution was then titrated to a pH of 6 with 2M HCl 
before removing the organic solvents under reduced pressure. To the resulting water layer a 1:1 ratio of Et2O 
was added and the biphasic mixture was allowed to stand for 24h, resulting in crystals forming in the organic 
phase. The solid was filtered and washed with cold Et2O to give the silylated intermediate as white crystals (2.71 
g, 0.733 mol, 96%). 1H NMR (400 MHz, CD3OD) δ 7.67-7.64 (m, 4H, aryl), 7.45-7.42 (m, 6H, aryl), 4.59 (s, J = 
0.27, 1H, chiral), 4.23 (1H, chiral), 3.30 (dd, J = 10.8, 5.4 Hz, 1H, N-CH2), 3.29 (dt, J = 13.5, 2.7 Hz, 1H, N-CH2), 
2.31 (ddt, J = 13.5, 7.56, 1.88 Hz, 1H, CH-CH2-CH), 1.93 (ddd, J = 13.5, 9.99, 4.05 Hz, 1H, CH-CH2-CH), 1.08 
(9H, t-butyl). Compound was identified by 1H NMR and was consistent with literature values.1 

 

trans-N-Boc-4-tertbutlydiphenylsiloxy-L-proline 7 

 

 

TBDPS-Proline (2.71 g, 0.7337 mmol) was dissolved in a 1:1 ratio of THF/H2O (20 mL : 20 mL),. To this mixture 

was added NaOH (0.733 g, 0.018 mol) along with Boc2O (2.08 g, 0.953 mmol) and the solution was stirred for 16 

h at room temperature. The resulting solution was then acidified with 2M HCl and extracted into Diethyl Ether (3 x 

20 mL). The combined organic phase was dried over MgSO4 and the solvent was removed in vacuo to afford 

clear viscous oil. The crude mixture was purified via flash chromatography (1/4 EtOAc : Pet spirits) to give the 

pure monomer as a colourless oil (2.82 g, 0.6  mol, 82%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.64 (m, 4H, 

Alkyl), 7.39 (m, 6H, Alkyl), 4.56 (t, J = 8 Hz, 1H, Chiral), 4.43 (m, 1H, Chiral), 3.59-3.29 (m, 2H, CH2-NH), 2.28-

2.04 (m, 2H, N-CH2), 1.47 (m, 9H, t-butyl), 1.07 (m, 9H, t-butyl). Compound was identified by 1H NMR and was 

consistent with literature values.1 
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1,4-di(trans-N-Boc-4-tertbutlydiphenylsiloxy-L-prolinamide) butane. 8 

 

trans-N-Boc-4-tertbutlydiphenylsiloxy-L-proline 7 (0.295 g, 0.623 mmol) was dissolved in DCM (20 mL) and 

cooled to 0 °C. HOBt (0.02 g, 0.015 mmol) was added to the solution and the mixture was stirred for 5 min. EDCI 

(0.085 g, 0.074 mmol) was added to the mixture followed by 3 min additional stirring followed by the introduction 

of 1,4-diaminobutane (0.03 mL, 0.297 mmol) was introduced. The mixture was allowed to reach room 

temperature and stirred for 16 h. The final reaction mixture was diluted with additional DCM (30 mL) and washed 

with 10% citric acid (3 × 30 mL), saturated NaHCO3 (3 × 30 mL) and brine (1 × 30 mL). The resulting organic 

phase was dried over MgSO4 and the solvent was removed in vacuo to give the crude N-Boc protected 

diprolinamide 8 as a colourless oil. The crude mixture was purified via flash chromatography (1/3 EtOAc : Pet 

spirits → 1/1 EtOAc : Pet spirits) to give the pure dimer as a viscous colourless oil (0.292 g, 0.254 mmol, 85%). 

Rf = 8/33 (1:1 EtOAc : Pet. Spirits); 1H NMR (400 MHz, CDCl3) δ (ppm) = 7.62 (m, 8H, aryl), 7.40 (m, 12H, aryl), 

4.40 (br, 4H, chiral), 3.72 (br, 1H, CH2-NH), 3.43 (br, 1H, CH2-NH), 3.23 (br, 4H CO-NH-CH2), 2.22 (br, 2H, CH1-

CH2), 1.88 – 1.76 (br. m, 2H, CH1-CH2), 1.43 (br, 18H, O-t-butyl), 1.25 (br, 4H, alkyl), 1.03 (br, 18H, Si-t-butyl); 
13C NMR (400 MHz, CDCl3) δ (ppm) = 172.04, 155.97, 135.70, 133.59, 129.94, 127.85, 71.03, 60.47, 59.07, 

55.20, 40.22, 38.89, 37.66, 28.43, 26.91, 19.16; [α]D22.2 = -30.8 ° (c = 0.00089, CHCl3); IR ʋ max = 2930 (m), 1660 

(s), 1105 (s), 700 (s); HRMS calculated for [C56H79N4O8Si2+] M = 991.5431 found 991.53809. 
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1,4-di( trans-4-tertbutlydiphenylsiloxy-L-prolinamide) butane 1 

 

N-Boc protected diprolinamide 8 (0.394 g, 0.398 mmol) was solvated in DCM (18 mL) and stirred. To the stirring 

solution was added TFA (2 mL) to bring the solution to a 10 vol% concentration of acid/DCM. The solution was 
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stirred for 6h under an inert atmosphere at room temperature. The final mixture was basified with saturated 

NaHCO3 (50 mL) and extracted into DCM (3 × 30 mL). The combined organic phase was then washed with 

additional NaHCO3 (3 × 30 mL) and the organic phase was dried over MgSO4. The solvent was removed in 

vacuo to give an opaque oil. Residual solvent was azeotroped with Et2O to give the final organocatalyst 1 as an 

amorphous pale brown solid (0.309 g, 0.39 mmol, 98%). Rf = 4/33 (1:9 MeOH : EtOAc); Mp = 205.5 – 207 °C; 1H 

NMR (400 MHz, CDCl3) δ (ppm) = 7.61 (m, 8H, aryl), 7.36 (m, 12H, aryl), 4.35 (br, 2H, CH1-O), 4.00 (t, J = 8.4 

Hz, 2H, CH1-N), 3.14 (m, 4H, CO-NH-CH2), 2.9 (d, J = 12.1 Hz, 2H, CH2-NH), 2.58 (d, J = 12.1 Hz, 2H, CH2-NH), 

2.26 (m, 2H, CH1-CH2), 1.70 (ddd, J = 13.6, 8.4, 4.8 Hz, 2H, CH1-CH2), 1.45 (br, 4H, alkyl), 1.04 (br, 18H, t-butyl); 
13C NMR (400 MHz, CDCl3) δ (ppm) = 173.7, 135.8, 133.2, 129.9, 127.9, 71.8, 65.9, 59.4, 51.9, 38.9, 26.7, 19, 

15.4; [α]D23.3 = -37.6 ° (c = 0.0025, CHCl3); IR ʋ max =  2925 (m), 1624 (s) 698 (s); HRMS calculated for 

[C46H63N4O8Si2+] M = 791.4382 found 791.4395. 
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1,6-di(trans-N-Boc-4-tertbutlydiphenylsiloxy-L-prolinamide) hexane 9 

 

Trans-N-Boc-4-tertbutlydiphenylsiloxy-L-proline 7 (0.714 g, 1.52 mmol) was dissolved in DCM (20 mL) and 

cooled to 0 °C. HOBt (0.042 g, 0.36 mmol) was added to the solution and the mixture was stirred for 5 min. EDCI 

(0.218 g, 1.41 mmol) was added to the mixture followed by 3 min additional stirring followed by the introduction 

of 1,6-diaminohexane (0.084 g, 0.72 mmol) was introduced. The mixture was allowed to reach room temperature 
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and stirred for 16 h. The final reaction mixture was diluted with additional DCM (30 mL) and washed with 10% 

citric acid (3 × 30 mL), saturated NaHCO3 (3 × 30 mL) and brine (1 × 30 mL). The resulting organic phase was 

dried over MgSO4 and the solvent was removed in vacuo to give the crude N-Boc protected diprolinamide 8. The 

crude mixture was purified via flash chromatography (1/3 EtOAc : Pet spirits) to give the pure dimer as a white 

amorphous solid (0.484 g, 0.475 mmol, 66%). 1H NMR (270 MHz, CDCl3) δ (ppm) = 7.59 – 7.25 (m, 20H aryl), 

4.39 (m, 4H, chiral H), 3.69 – 3.42 (m, 4H, CH-CH2-CH), 3.17 (br s, 4 H, CO-NH-CH2), 2.39 – 1.97 (br m, 4H, N-

CH2), 1.43 (s, 18H, N-t-butyl), 1.40 (br, 4H, alkyl), 1.24 (br, 4H, alkyl), 1.02 (s, 18H, Si-t-butyl). The compound 

was confirmed by correlation to published 1 H NMR spectra. 2,3 

 

 

 

1-6-di( trans-4-tertbutlydiphenylsiloxy-L-prolinamide) hexane 2 

 

N-Boc protected diprolinamide 9 (0.318 g, 0.312 mmol) was solvated in DCM (18 mL) and stirred. To the stirring 

solution was added TFA (2 mL) to bring the solution to a 10 vol% concentration of acid/DCM. The solution was 

stirred for 6h under an inert atmosphere at room temperature. The final mixture was basified with saturated 

NaHCO3 (50 mL) and extracted into DCM (3 × 30 mL). The combined organic phase was then washed with 

additional NaHCO3 (3 × 30 mL) and the organic phase was dried over MgSO4. The solvent was removed in 

vacuo to give an opaque oil. Residual solvent was azeotroped with Et2O to give the final organocatalyst 1 as an 

amorphous pale brown solid (0.252 g, 0.31 mmol, 99%). 1H NMR (270 MHz, CDCl3) δ (ppm) = 7.608 (br m, 8H, 

aryl), 7.38 (br m, 12H, aryl), 4.35 (br, 2H, CH1-O), 3.99 (t, J = 8.4 Hz, CH1-N), 3.14 (tt, J = 19.2, 6.88, Hz, 4H, 

CH2-N), 2.89 (d, J = 12.1 Hz, 2H, N-CH2-CH), 2.56 (dd, J = 4.45, 7.7 Hz, 2H, CH2-NH), 2.24 (m, 2H, CH1-CH2), 

1.7 (ddd, J = 13.2, 8.8, 4.8 Hz, 2H, CH1-CH2), 1,41 (m, 4H, alkyl), 1.27 (m, 4H, alkyl), 1.03 (br s, 18H, t-butyl). 

The compound was confirmed by correlation to published 1 H NMR spectra. 2,3 

 

 

1,8-di(trans-N-Boc-4-tertbutlydiphenylsiloxy-L-prolinamide) octane 10 

 

Trans-N-Boc-4-tertbutlydiphenylsiloxy-L-proline 7 (0.565 g, 0.120 mmol) was dissolved in DCM (15 mL) and 

cooled to 0 °C. HOBt (0.030 g, 0.022 mmol) was added to the solution and the mixture was stirred for 5 min. 

EDCI (0.241 g, 0.125 mmol) was added to the mixture followed by 3 min additional stirring followed by the 

introduction of 1,8-diaminooctane (0.082 g, 0.057 mmol). The mixture was allowed to reach room temperature 

and stirred for 16 h. The final reaction mixture was diluted with additional DCM (30 mL) and washed with 2M HCl 
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(2 ˣ 30 mL), saturated NaHCO3 (2 ˣ 30 mL) and brine (2 ˣ 30 mL). The resulting organic phase was dried over 

MgSO4 and the solvent removed in vacuo to give the crude N-Boc protected diprolinamide  as a colourless oil. 

The crude mixture was purified via flash chromatography (1/9 EtOAc : Pet spirits) to give the pure dimer 10 as a 

viscous colourless oil (0.507 g, 0.0544 mmol, 45%). Rf = 11/31 (1/3 EtOAc : Pet. Spirits); 1H NMR (270 MHz, 

CDCl3) δ (ppm) = 7.69-7.36 (m, 20H, aryl), 4.52-4.36 (m, 4H, chiral H), 3.67-3.65 (m, 4H, CH-CH2-CH), 3.52-3.37 

(m, 4H, CH2-NH), 2.29-1.79 (m, 4H, N-CH2), 1.57 (s, 4H, Alkyl), 1.43 (s, 18H, O-t-buytl), 1.24 (s, 8H, Alkyl), 1.03 

(s, 18H, Si-t-butyl);  13C NMR (400 MHz, CDCl3) δ (ppm) = 173.7, 153.9, 135.7, 133.6, 123.0, 127.7, 71.6, 70.8, 

58.3, 57.8, 54.9, 54.6, 52.2, 52.0, 39.7, 38.9, 28.5, 28.4, 26.9, 19.4; [α]D 
21.2 = -89.2 ° (c = 0.001, CHCl3); IR ʋmax 

= 2928 (s), 1664 (s), 1162 (s); 702 (s); HRMS calculated for [C60H87N4O8Si2+] M = 1047.6057 found 1047.6185. 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S10 | P a g e  
 

 

  

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S11 | P a g e  
 

1,8-di(trans-N-Boc-4-tertbutlydiphenylsiloxy-L-prolinamide) octane 3 

 

N-Boc protected diprolinamide 10 was solvated in DCM (18 mL) and stirred. To the stirring solution TFA (2 mL) 

was added to bring the solution to a 10 vol% concentration of acid/DCM. The solution was stirred for 7 h under 

an inert atmosphere at room temperature. The final mixture was basified with saturated NaHCO3 (50 mL) and 

extracted into DCM (3 ˣ 30 mL). The combined organic phase was then washed with additional NaHCO3 (3 ˣ 30 

mL) and the organic phase was dried over MgSO4. The solvent was removed in vacuo to give an opaque oil. 

Residual solvent was azeotroped with Et2O to give the final organocatalyst 3 as pale brown oil (0.248 g, 0.029 

mmol, 54%). Rf = 0.5; 1H NMR (400 MHz, CDCl3) δ (ppm) = 7.6 (m, 8H, aryl), 7.38 (m, 12H, aryl), 4.36 (br, 2H, 

Chiral), 4.08 (t, J = 8 Hz, 2H, chiral), 3.15 (q, J = 4 Hz, 4H, CH2-NH), 2.95-2.91 (dt, J = 12, 1.6 Hz, NH-CH2-CH), 

2.62 (dd, J = 12, 3.2 Hz, 2H, NH-CH2-CH), 2.29 (m, 2H, CH-CH2-CH), 1.74 (ddd, J = 13.2, 8.4, 4.4 Hz, 2H, CH-

CH2-CH), 1.42 (m, 8H, Alkyl), 1.23 (m, 4H, Alkyl), 1.04 (m, 18H, t-butyl );  13C NMR (400 MHz, CDCl3) δ (ppm) 

174.37, 135.74, 135.69, 134.03, 133.73, 129.90, 129.86, 127.84, 127.82, 77.49, 77.17, 76.86, 74.81, 59.93, 

55.62, 40.03, 38.86, 29.61, 29.15, 27.00, 26.82, 19.17;  [α] D 
22.5 = -16.0 ° (c = 0.001, CHCl3); IR ʋmax = 2929 (s), 

1657 (s), 702 (s); HRMS calculated for [C50H71O4Si2+] M = 847.5008 found 847.5016. 
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1,10-di(trans-N-Boc-4-tertbutlydiphenylsiloxy-L-prolinamide) decane 11 

 

trans-N-Boc-4-tertbutlydiphenylsiloxy-L-proline 7 (0.296 g, 0.063 mmol) was dissolved in DCM (15 mL) and 
cooled to 0 °C. HOBt (0.016 g, 0.012 mmol) was added to the solution and the mixture was stirred for 5 min. 
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EDCI (0.127 g, 0.066 mmol) was added to the mixture followed by 3 min additional stirring followed by the 
introduction of 1,10-diaminodecane (0.051 g, 0.030 mmol). The mixture was allowed to reach room temperature 
and stirred for 16 h. The final reaction mixture was diluted with additional DCM (30 mL) and washed with 2M HCl 
(2 ˣ 30 mL), saturated NaHCO3 (2 ˣ 30 mL) and brine (2 ˣ 30 mL). The resulting organic phase was dried over 
MgSO4 and the solvent removed in vacuo to give the crude N-Boc protected diprolinamide  as a colourless oil. 
The crude mixture was purified via flash chromatography (1/4 EtOAc : Pet spirits) to give the pure dimer 11 as a 
viscous colourless oil (0.246 g, 0.023 mmol, 36%). Rf = 18/31 (1/3 EtOAc : Pet. Spirits); 1H NMR (400 MHz, 
CDCl3) δ (ppm) 7.59 (m, 8H, aryl), 7.37 (m, 12H, aryl), 4.39 (s, 4H, chiral),  3.64 – 3.44 (m, 4H, NH-CH2-CH), 
3.17 (br, 4H,alkyl), 2.60 (dd, 2H, J = 12, 4, CH2NH), 2.28 (m, 2H, CH-CH2-CH), 1.73 (m, 2H, CH-CH2-CH), 1.43 
(m, 4H, alkyl), 1.28 – 1.9 (m, 4H, CH-CH2-CH), 1.44 (br, 18H, O-t-butyl), 1.4 (br, 4H, alkyl), 1.2 (br, 12H, alkyl), 
1.02 (s, 18H, Si-t-butyl);   13C NMR (400MHz, CDCl3)  δ (ppm) = 173.66, 153.91, 135.69, 133.62, 129.99, 127.87, 
70.85, 58.28, 57.78, 54.90, 54.56, 52.21, 52.01, 39.66, 38.88, 28.48, 28.35, 26.90, 19.14; [α] D 

23.6 = -29.4 ° (c = 
0.001, CHCl3); IR ʋmax = 2929 (s), 1700 (s), 1162 (s), 702 (s); HRMS calculated for [C62H91N4O8Si2+] M = 
1075.6370 found 1047.6435. 
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1,10-di( trans-4-tertbutlydiphenylsiloxy-L-prolinamide) decane 4 

 

N-Boc protected diprolinamide 11 was solvated in DCM (18 mL) and stirred. To the stirring solution TFA (2 mL) 
was added to bring the solution to a 10 vol% concentration of acid/DCM. The solution was stirred for 6 h under 
an inert atmosphere at room temperature. The final mixture was basified with saturated NaHCO3 (50 mL) and 
extracted into DCM (3 ˣ 30 mL). The combined organic phase was then washed with additional NaHCO3 (3 ˣ 30 
mL) and the organic phase was dried over MgSO4. The solvent was removed in vacuo to give an opaque oil. 
Residual solvent was azeotroped with Et2O to give the final organocatalyst 4 as pale brown oil (0.136 g, 0.015 
mmol, 66%). Rf = 0.63 (1:9 MeOH/EtOAc); 1H NMR (400 MHz, CDCl3) δ (ppm) =  7.62 (m, 8H, aryl), 2.38 (m, 
12H, aryl), 4.36 (s, 2H, chiral), 4.03 (t, 2H, J = 8.4 Hz, chiral), 3.15 (m, 4H, CO-NH-CH2), 2.92 (d, 2H, J = 12Hz, 
NH-CH2-CH), 2.60 9dd, 2H, J = 12, 3.2 Hz, NH-CH2-CH), 2.32 – 2.26 (m, 2H, CH-CH2-CH), 1.73 (ddd, 2H, J = 
12.8, 8, 4.4 Hz, CH-CH2-CH), 4.13 (br. m, 4H, alkyl), 1.22 (br. s, 12H, alkyl), 1.04 (s, 18H, t-butyl); 13C NMR 
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(500MHz, CDCl3) δ (ppm) = 174.3, 135.7, 134.0, 133.6, 129.8, 121.8, 59.9, 55.5, 47.9, 40.0, 38.8, 29.6, 29.4, 
29.2, 26.9, 26.85, 19.0;  [α] D 

24.1 = -49.4 ° (c = 0.001, CHCl3); IR ʋmax = 2928 (s), 1662 (s), 702 (s); HRMS 
calculated for [C52H75N4O4Si2+] M = 875.5321 found 875.5337. 
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1,12-di(trans-N-Boc-4-tertbutlydiphenylsiloxy-L-prolinamide) dodecane 12 

 

trans-N-Boc-4-tertbutlydiphenylsiloxy-L-proline 7 (0.3 g, 0.64 mmol)) was dissolved in DCM (25 mL) and cooled 

to 0 °C. HOBt (0.021 g, 0.152 mmol) was added to the solution and the mixture was stirred for 5 min. EDCI 

(0.077 g, 0.67 mmol) was added to the mixture followed by 3 min additional stirring followed by the introduction 

of 1,12-diaminododecane (0.061 g, 0.305 mmol) was introduced. The mixture was allowed to reach room 

temperature and stirred for 16 h. The final reaction mixture was diluted with additional DCM (30 mL) and washed 

with 10% citric acid (3 × 30 mL), saturated NaHCO3 (3 × 30 mL) and brine (1 × 30 mL). The resulting organic 

phase was dried over MgSO4 and the solvent was removed in vacuo to give crude N-Boc protected diprolinamide 

as colourless oil. The crude compound was purified via flash chromatography (1/3 EtOAc : Pet spirits) to give the 

pure dimer 12 as a viscous colourless oil (0.14 g, 0.127 mmol, 42%). Rf =1/3 (1:1 EtOAc : Pet. Spirits); 1H NMR 

(400 MHz, CDCl3) δ (ppm) = 7.62 (m, 8H, aryl), 7.38 (m, 12H aryl), 4.41 – 4.32 (br. m, 4H, chiral H), 3.71 (br, 2H, 

NH-CH2), 3.44 (br, 2H, NH-CH2), 3.16 (4H, NH-CH2), 2.31 (br, 2H, CH-CH2-CH), 2.06 – 1.94 (br. m, 2H, CH-CH2-

CH), 1.42 (br, 18H, O-t-butyl), 1.25 (br, 20H, alkyl), 1.04 (br, 18H, Si-t-butyl); 13C NMR (400 MHz, CDCl3) δ (ppm) 

= 171.44, 156.45, 135.67, 133.57, 129.94, 127.85, 70.99, 60.58, 58.85, 55.16, 40.20, 39.44, 36.98, 32.00, 29.76, 

29.60, 29.35, 28.42, 26.91, 19.16.; [α]D24.6 = -46.7 ° (c = 0.00033, CHCl3); IR ʋ max = 2927 (s), 11656 (s), 700 (s); 

HRMS calculated for [C64H95N4O8Si2+] M = 1103.6683 found 1103.69985. 
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1,12-di( trans-4-tertbutlydiphenylsiloxy-L-prolinamide) dodecane 5 

 

N-Boc protected diprolinamide 12 (0.16 g, 0.0145 mmol) was dissolved in (18 mL) and stirred. To the stirring 

solution was added TFA (2 mL) to bring the solution to a 10 vol% concentration of acid/DCM. The solution was 
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stirred for 6h under an inert atmosphere at room temperature. The final mixture was basified with saturated 

NaHCO3 (50 mL) and extracted into DCM (3 × 30 mL). The combined organic phase was then washed with 

additional NaHCO3 (3 × 30 mL) and the organic phase was dried over MgSO4. The solvent was removed in 

vacuo to give a pale yellow oil. Residual solvent was azeotroped with Et2O to give the final organocatalyst 5 as a 

viscous pale yellow oil (0.13 g, 0.144 mmol, 99%). Rf = 20/33 (1:9 MeOH :  EtOAc); 1H NMR (270 MHz, CDCl3) δ 

(ppm) = 7.59 ( br m, 8H, aryl), 7.38 (m, 12H, aryl), 4.36 (br, 1H, CH1-O), 4.09 (t, J = 8.4 Hz, 1H, CH1-N), 3.14 (m, 

4H, NH-CH2), 2.94 (d, 2H J = 11.9 Hz, CH2-NH), 2.65 (dd, 2H, J =  11.9, 3.32 Hz,  CH2-NH), 2.27 (m, 2H, CH-

CH2-CH), 1.76 (ddd, 2H, J = 13.2, 8, 4.4 Hz,, CH-CH2-CH), 1.41 (br, 4H, alkyl), 1.21 (br, 16H, alkyl), 1.03 (br, 

18H, t-butyl); 13C NMR (400 MHz, CDCl3) δ (ppm) = 173.9, 135.7, 133.9, 133.6, 129.1, 127.8, 74.6, 65.9, 59.8, 

55.5, 39.7, 39.03, 29.78, 29.62, 29.52, 29.247, 26.7, 19.1, 15.4; [α]D24.3 = -12.8 °(0.00113, CHCl3); IR ʋ max = 

2927 (s), 1658 (s), 1105 (s), 700 (s ); HRMS calculated for [C54H79N4O8Si2+] M = 903.5634 found 903.56196.  
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Determination of Reaction Outcomes: Conversion and dr 

The conversion of of the initial aldehyde into the target compound was determined by the integration of key 

peaks within the 1H NMR spectra. The diasteremeric ratio was determined by integration of the chiral proton 

peaks for both the syn and the anti diastereomers. 

 

 

 

 
 

 

 

 

 

The key 1H NMR peaks that are integrated are determined from reported examples and lie in uncluttered regions 

of the NMR spectra. 
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Determination of Reaction Outcomes:  Enantiomeric Excess. 

 

Enantiomeric excess was determined by chiral HPLC, integrating the peak area of each enantiomer from the 

major diastereomer. The elution times were compared to racemic examples synthesised through one of two 

methods. 

 

 

Representative Syntheses for Aldol Product Racemates (Benzaldehyde) 

 

Procedure A: A stirred solution of water (15 mL) was charged with 10M NaOH (1 mL). Ketone (0.28 mL, 2.7 mol, 

5 equival) was added and the solution was stirred for 1 min. To the mixture was added aryl aldehyde (0.6 mL, 

0.54 mmol, 1 equiv.) and the solution was stirred for 3 h. The mixture was extracted into CHCl3 (3×20 mL) and 

the combined organic phase was dried with MgSO4. The racemic mixture was isolated via flash chromatography 

(1/3 EtOAc/Petroleum spirits). 

 

Procedure B: Pyrrolidine (0.44 mL, 0.53 mmol, 1 equiv.) was added to a stirred solution of CHCl3. To the stirred 

mixture was added ketone (0.223 mL, 2.65 mmol, 5 equiv.) and aldehyde (80 mg, 0.53 mmol, 1 equiv.). Benzoic 

acid (20 mg ,0.16 mmol, 0.3 equiv.) was added to the mixture and the reaction was stirred at room temperature 

for 16 h. The reaction mixture was taken up in additional CHCl3 and washed with 2M HCl (2×20 mL). The organic 

phase was dried with MgSO4. The racemic mixture was analysed by chiral HPLC without purification. 

 

Structures of racemates were confirmed through correlation to reported 1H NMR spectra.4 
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2-[Hydroxy-(phenyl)-methyl]-cyclohexanone 

 

Racemate 

 

 

 

Table 1, Entry 1, Catalyst 1 (1 mol%) 
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2-[Hydroxy-(phenyl)-methyl]-cyclohexanone 

 

Table 1, Entry 2, Catalyst 2 (1 mol%) 

 

 

 

Table 1, Entry 3, Catalyst 3 (1 mol%) 
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2-[Hydroxy-(phenyl)-methyl]-cyclohexanone 

 

Table 1, Entry 4, Catalyst  4 (1 mol%) 

 

 

 

Table 1, Entry 5, Catalyst 5 (1 mol%) 
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2-[Hydroxy-(phenyl)-methyl]-cyclohexanone 

 

Table 3, Entry 1, Catalyst 3 (neat) 

 

 

 

Table 3, Entry 2, Catalyst 16 (neat) 
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2-[Hydroxy-(phenyl)-methyl]-cyclohexanone 

 

Table 3, Entry 3, Catalyst 16  
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2-[Hydroxy-(phenyl)-methyl]-cyclopentanone 

 

Racemate 

 

 

 

Table 2, Entry 1, Catalyst 1 
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2-[Hydroxy-(phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 1, Catalyst 2 

 

 

 

Table 2, Entry 1, Catalyst 3 
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2-[Hydroxy-(phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 1, Catalyst 4 

 

 

 

Table 1, Entry 1, Catalyst 5 
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2-[Hydroxy-(phenyl)-methyl]-cyclopentanone 

 

Table 3, Entry 6, Catalyst 16 
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2-[Hydroxy-(4-bromo-phenyl)-methyl]-cyclopentanone 

 

Racemate 

 

 

 

Table 2, Entry 2, Catalyst 1 
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2-[Hydroxy-(4-bromo-phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 2, Catalyst 2 

 

 

 

Table 2, Entry 2, Catalyst 3 
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2-[Hydroxy-(4-bromo-phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 2, Catalyst 4 

 

 

 

Table 2, Entry 2, Catalyst 5 
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2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclopentanone 

 

Racemate 

 

 

 

Table 2, Entry 3, Catalyst 1 
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2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 3, Catalyst 2 

 

 

 

Table 2, Entry 3, Catalyst 3 
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2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 3, Catalyst 4 

 

 

Table 2, Entry 3, Catalyst 5 
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2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclopentanone 

 

Table 3, Entry 8, Catalyst 16 
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2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclopentanone 

 

Racemate 

 

 

 

Table 2, Entry 4, Catalyst 1 
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2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 4, Catalyst 2 

 

 

 

Table 2, Entry 4, Catalyst 3 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S41 | P a g e  
 

2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 4, Catalyst 4 

 

 

 

Table 2, Entry 4, Catalyst 5 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S42 | P a g e  
 

2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclopentanone 

 

Table 3, Entry 7, Catalyst 16 
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2-[Hydroxy-(3-nitro-phenyl]-cyclopentanone 

 

Racemate 

 

 

 

Table 2, Entry 5, Catalyst 1 
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2-[Hydroxy-(3-nitro-phenyl]-cyclopentanone 

 

Table 2, Entry 5, Catalyst 2 

 

 

 

Table 2, Entry 5, Catalyst 3 
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2-[Hydroxy-(3-nitro-phenyl]-cyclopentanone 

 

Table 2, Entry 5, Catalyst 4 

 

 

 

Table 2, Entry 5, Catalyst 5 
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2-[Hydroxy-(2-nitro-phenyl]-cyclopentanone 

 

Racemate 

 

 

 

Table 2, Entry 6, Catalyst 1 
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2-[Hydroxy-(2-nitro-phenyl]-cyclopentanone 

 

Table 2, Entry 6, Catalyst 2 

 

 

 

Table 2, Entry 6, Catalyst 3 
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2-[Hydroxy-(2-nitro-phenyl]-cyclopentanone 

 

Table 2, Entry 6, Catalyst 4 

 

 

 

Table 2, Entry 6, Catalyst 5 
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2-[Hydroxy-(biphenyl)-methyl]-cyclopentanone 

 

Racemate 

 

 

 

Table 2, Entry 7, Catalyst 1 
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2-[Hydroxy-(biphenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 7, Catalyst 2 

 

 

 

Table 2, Entry 7, Catalyst 3 
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2-[Hydroxy-(biphenyl)-methyl]-cyclopentanone 

 

Table 2, Entry 7, Catalyst 4 

 

 

 

Table 2, Entry 7, Catalyst 5 
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2-[Hydroxy-(4-bromo-phenyl)-methyl]-cyclohexanone 

 

Racemate 

 

 

 

Table 2, Entry 8, Catalyst 1 
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2-[Hydroxy-(4-bromo-phenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 8, Catalyst 2 

 

 

 

Table 2, Entry 8, Catalyst 3 
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2-[Hydroxy-(4-bromo-phenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 8, Catalyst 4 

 

 

 

Table 2, Entry 8, Catalyst 5 
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2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclohexanone 

 

Racemate 

 

 

 

Table 2, Entry 9, Catalyst 1 

 

 

2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclohexanone 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S56 | P a g e  
 

 

Table 2, Entry 9, Catalyst 2 

 

 

 

Table 2, Entry 9, Catalyst 3 
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2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 9, Catalyst 4 

 

 

 

Table 2, Entry 9, Catalyst 5 
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2-[Hydroxy-(4-fluoro-phenyl)-methyl]-cyclohexanone 

 

Table 3, Entry 5, Catalyst 16 
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2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclohexanone 

 

Racemate 

 

 

 

Table 2, Entry 10, Catalyst 1 
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2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 10, Catalyst 2 

 

 

 

Table 2, Entry 10, Catalyst 3 
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2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 10, Catalyst 4 

 

 

 

Table 2, Entry 10, Catalyst 5 
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2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclohexanone 

 

Table 3, Entry 4, Catalyst 16 
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2-[Hydroxy-(3-nitro-phenyl]-cyclohexanone 

 

Racemate 

 

 

 

Table 2, Entry 11, Catalyst 1 

 

 

2-[Hydroxy-(3-nitro-phenyl]-cyclohexanone 
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Table 2, Entry 11, Catalyst 2 

 

 

 

Table 2, Entry 11, Catalyst 3 
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2-[Hydroxy-(3-nitro-phenyl]-cyclohexanone 

 

Table 2, Entry 11, Catalyst 4 

 

 

 

Table 2, Entry 11, Catalyst 5 
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2-[Hydroxy-(2-nitro-phenyl)-methyl]-cyclohexanone 

 

Racemate 

 
 

 

 

Table 2, Entry 12, Catalyst 1 
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2-[Hydroxy-(2-nitro-phenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 12, Catalyst 2 

 
 

 

 

Table 2, Entry 12, Catalyst 3 
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2-[Hydroxy-(2-nitro-phenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 12, Catalyst 4 

 
 

 

 

Table 2, Entry 12, Catalyst 5 
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2-[Hydroxy-(biphenyl)-methyl]-cyclohexanone 

 

Racemate 

 

 

 

Table 2, Entry 13, Catalyst 1 
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2-[Hydroxy-(biphenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 13, Catalyst 2 

 

 

 

Table 2, Entry 13, Catalyst 3 
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2-[Hydroxy-(biphenyl)-methyl]-cyclohexanone 

 

Table 2, Entry 13, Catalyst 4 

 

 

 

Table 2, Entry 13, Catalyst 5 
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2-[Hydroxy-(3-benzyloxy-phenyl]-4-tert-butyl-cyclohexanone 

 

Racemate 

 

 

 

Table 5, Entry 4, Catalyst 1 
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Table 4: Evaluation of diprolinamides 1-5 - Alternate aldehydes 

 

 

Entry Aldehyde Conv (%)a 
dr 

syn/antia 
eeb 

1 

 

nr - - 

2 

 

14 47/53 N.D. 

3 

 

trace - - 

4 

 

nr - - 

5 
 

nr - - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[a] Determined by integration of key signals in the 1H NMR spectrum.  
[b] Determined by Chiral HPLC, Chiralpak AD-H, 1mL/min, IPA/Hexane, 1:9. 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S74 | P a g e  
 

Table 5: Evaluation of diprolinamides 1-5 - Alternate ketones 

 

 

Entry Ketone Conv (%)a 
dr 

syn/antia 
eeb 

1 
 

<1% - - 

2 

 

7% 41 N.D. 

3 

 

<1% - - 

45 

 

34% 85 82 

5 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[a] Determined by integration of key signals in the 1H NMR spectrum.  
[b] Determined by Chiral HPLC, Chiralpak AD-H, 1mL/min, IPA/Hexane, 1:9. 
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