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Supporting Information: 

 

-S1- Experimental Section: 

-S1.1. Materials and Methods. 

 

All the reactions were performed in oven dried apparatus and were stirred using magnetic stir bars. 

Column chromatography was performed on silica gel (100-200μm). TLC was carried out on 

Kieselgel coated on aluminium sheets. Compounds were visualized by one of the (or all of the) 

following methods: (1) fluorescence quenching, (2) spray with a 0.2% (w/v) ninhydrin solution in 

absolute ethanol, (3) spray with 1% H2SO4 solution in EtOH/H2O (1:5 v/v), (4) charring on hot 

plate. Ethylacetate and hexanes (or petroleum ether) were obtained from Sd-fine chemicals and 

were fractionally distilled at their respective boiling points, before use. Dichloromethane was dried 

by distillation over P2O5. NMM was distilled over CaH2. NMR spectra were recorded on 400 MHz 

spectrometers in CDCl3. Chemical shifts are expressed in parts per million (ppm) from the residual 

non-deuterated chloroform in CDCl3 (δH = 7.26, δC = 77.00). J values are in Hz. Multiplicities are 

indicated using the following abbreviations: s (singlet), d (doublet), dd (doublet of doublets), t 

(triplet), q (quartet), quin (quintet), hept (heptet), m (multiplet), bs (broad singlet). Infrared (IR) 

spectra were recorded in a FT/IR spectrometer, for thin-films (0.1 mmol) made from solutions in 

CHCl3 (10 mmol) on sodium chloride plates or in neat (KBr pellets), with frequencies given in 

reciprocal centimetres (cm-1). High resolution mass spectra were obtained by the ESI technique.   
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-S2. Spectral Details: 

-S2.1. Methyl pyrrolidine-1-carboxylate (1): 

 

To a cold (0 °C) solution of pyrrolidine (500 mg, 7.03 mmol) in 14 mL 

Dichloromethane (DCM) added Methyl chloroformate (MCF) (435 μL, 5.62 

mmol), triethylamine (Et3N) (1.95 mL, 14.1 mmol) and the mixture was allowed 

to stir at 0 °C for 10 min, then allowed to stir at rt for 4 h. Removal of solvent 

resulted in a residue which was dissolved in ethyl acetate (EtOAc) (10 mL), 

washed with 10 mL water (2 X 5 mL) and 1N HCl solution (2 X 5 mL) and 

saturated NaHCO3 solution (2 X 5 mL) and dried over anhydrous sodium sulphate (Na2SO4), and 

the organic layer was concentrated to get a residue which was subjected to purification by silica 

gel flash column chromatography (EtOAc : Hexane – 1 : 49) yielded the desired product as a 

colourless oil (377 mg, 3.66 mmol, 52%) (TLC: EtOAc – Rf = 0.68). IR (NaCl, 10 mM in CHCl3): 

3018, 2982, 2958, 2881, 1685, 1457, 1396, 1132 cm-1; ¹H NMR (400 MHz, CDCl3) δ ppm: 3.69 

(s, 3H), 3.39 (t, J = 6.3 Hz, 2H), 3.32 (t, J = 6.3 Hz, 2H), 1.88-1.82 (m, 4H); ¹³C NMR (100 MHz, 

CDCl3) δ ppm: 155.5, 52.1, 46.0, 45.6, 25.6, 24.8; HRMS m/z Calcd for C6H11NO2Na 152.0687, 

Found 152.0690.  

 

-S2.2. Ethyl pyrrolidine-1-carboxylate (2): 
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To a cold (0 °C) solution of pyrrolidine (500 mg, 7.03 mmol) in 14 mL 

Dichloromethane (DCM) added Ethyl chloroformate (ECF) (537 μL, 5.62 

mmol), triethylamine (Et3N) (1.95 mL, 14.1 mmol) and the mixture was 

allowed to stir at 0 °C for 10 min, then allowed to stir at rt for 5 h. Removal of 

solvent resulted in a residue which was dissolved in ethyl acetate (EtOAc) (10 

mL), washed with 10 mL water (2 X 5 mL) and 1N HCl solution (2 X 5 mL) 

and saturated NaHCO3 solution (2 X 5 mL) and dried over anhydrous sodium sulphate (Na2SO4), 

and the organic layer was concentrated to get a residue which was subjected to purification by 

silica gel flash column chromatography (EtOAc : Hexane – 2 : 48) yielded the desired product as 

a colourless oil (423 mg, 3.73 mmol, 53%) (TLC: EtOAc – Rf = 0.69). IR (NaCl, 10 mM in CHCl3): 

3016, 2982, 2880, 1679.1, 1436, 1384, 1130, 1109 cm-1; ¹H NMR (400 MHz, CDCl3) δ ppm: 4.13 

(q, J = 7.1 Hz, 2H), 3.38 (t, J = 5.9 Hz, 2H), 3.33 (t, J = 5.9 Hz, 2H), 1.88-1.82 (m, 4H), 1.26 (t, J 

= 7Hz, 3H); ¹³C NMR (100 MHz, CDCl3) δ ppm: 155.0, 60.5, 45.8, 45.4, 25.5, 24.7, 14.6; HRMS 

m/z Calcd for C7H13NO2Na 166.0844, Found 166.0841. 

 

-S2.3. Isopropyl pyrrolidine-1-carboxylate (3): 

 

To a cold (0 °C) solution of pyrrolidine (500 mg, 7.03 mmol) in 14 mL 

Dichloromethane (DCM) added Isopropyl chloroformate (7 mL, 5.62 mmol) 

(1M in toluene), triethylamine (Et3N) (1.95 mL, 14.1 mmol) and the mixture 

was allowed to stir at 0 °C for 10 min, then allowed to stir at rt for 5 h. Removal 

of solvent resulted in a residue which was dissolved in ethyl acetate (EtOAc) 

(10 mL), washed with 10 mL water (2 X 5 mL) and 1N HCl solution (2 X 5 

mL) and saturated NaHCO3 solution (2 X 5 mL) and dried over anhydrous sodium sulphate 

(Na2SO4), and the organic layer was concentrated to get a residue which was subjected to 

purification by silica gel flash column chromatography (EtOAc : Hexane – 2 : 48) yielded the 
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desired product as a colourless oil (564 mg, 3.66 mmol, 52%) (TLC: EtOAc:Hexane (1:1) – Rf = 

0.58). IR (NaCl, 10 mM in CHCl3): 3016, 2982, 2879, 1673.7, 1429, 1215, 1111, 908 cm-1; ¹H 

NMR (400 MHz, CDCl3) δ ppm: 4.96-4.87 (m, 1H), 3.37 (t, J = 6.2 Hz, 2H), 3.31 (t, J = 6.3 Hz, 

2H), 1.87-1.82 (m, 4H), 1.23 (d, J = 6.2 Hz, 6H); ¹³C NMR (100 MHz, CDCl3) δ ppm: 154.7, 67.6, 

45.7, 45.4, 25.5, 24.7, 22.1; HRMS m/z Calcd for C8H15NO2Na 180.1000, Found 180.1000.  

 

-S2.4. tert-Butyl pyrrolidine-1-carboxylate (4): 

 

To a cold (0 °C) solution of pyrrolidine (500 mg, 7.03 mmol) in 14 mL 

Dichloromethane (DCM) added Di-tert-butyl dicarbonate ((Boc)2O) (1380 mg, 

6.33 mmol), triethylamine (Et3N) (1.95 mL, 14.1 mmol) and the mixture was 

allowed to stir at 0 °C for 10 min, then allowed to stir at rt for 4 h. Removal of 

solvent resulted in a residue which was dissolved in ethyl acetate (EtOAc) (10 

mL), washed with 10 mL water (2 X 5 mL) and 1N HCl solution (2 X 5 mL) 

and saturated NaHCO3 solution (2 X 5 mL) and dried over anhydrous sodium sulphate (Na2SO4), 

and the organic layer was concentrated to get a residue which was subjected to purification by 

silica gel flash column chromatography (EtOAc : Hexane – 1 : 49) yielded the desired product as 

a colourless oil (650 mg, 3.8 mmol, 54%) (TLC: EtOAc:Hexane (1:1) – Rf = 0.68). IR (NaCl, 10 

mM in CHCl3): 3006, 2980, 2880, 1683.4, 1417, 1259, 1165, 758, 688 cm-1; ¹H NMR (400 MHz, 

CDCl3) δ ppm: 3.35-3.31 (m, 2H), 3.29-3.26 (m, 2H), 1.85-1.81 (m, 4H), 1.46 (s, 9H); ¹³C NMR 

(100 MHz, CDCl3) δ ppm: 154.5, 78.7, 45.8, 45.5, 28.4, 25.6, 24.8; HRMS m/z Calcd for 

C9H17NO2Na 194.1157,  Found 194.1152.  
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-S3. ¹H NMR and ¹³C NMR Spectram of carbamates (1-4). 

-S3.1. Figure 1. ¹H NMR of 1 in CDCl3 (400 MHz, 10 mmol). 

 

 
 

-S3.2. Figure 2. ¹³C NMR of 1 in CDCl3 (100 MHz, 60 mmol). 
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-S3.3. Figure 3. ¹H NMR of 2 in CDCl3 (400 MHz, 10 mmol). 

 

-S3.4. Figure 4. ¹³C NMR of 2 in CDCl3 (100 MHz, 60 mmol). 
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-S3.5. Figure 5. ¹H NMR of 3 in CDCl3 (400 MHz, 10 mmol). 

 

-S3.6. Figure 6. ¹³C NMR of 3 in CDCl3 (100 MHz, 60 mmol). 
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-S3.7. Figure 7. ¹H NMR of 4 in CDCl3 (400 MHz, 10 mmol). 

 

-S3.8. Figure 8. ¹³C NMR of 4 in CDCl3 (100 MHz, 60 mmol). 
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-S4. Figure 9. Stacked FT-IR spectra (C=O stretching frequency region) of 1 to 4 (CHCl3, 10 

mmol) 

1900 1850 1800 1750 1700 1650 1600 1550 1500 1450 1400
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-S5.a. Table. 1 Comparison of relevant ¹H, ¹³C NMR (CDCl3) and FT-IR spectral data 

(CHCl3) of homologous Pyrrolidine carbamates (1-4).  
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-S5.b. Table. 2 Comparison of relevant ¹H, ¹³C NMR (CDCl3) and FT-IR spectral data 

(CHCl3) of homologous N-phenyl carbamates (5-8)1-3.  

 

 

-S5.c. Table. 3 Comparison of relevant ¹H, ¹³C NMR (CDCl3) and FT-IR spectral data of 

homologous Alkyl acetates (9-12).  
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-S5.d. Table. 4 Comparison of relevant ¹H, ¹³C NMR (CDCl3) and FT-IR spectral data of 

homologous Alkyl benzoates (13-16)4-9.  

 

 

 

-S5.e. Table. 5 Comparison of relevant ¹H, ¹³C NMR (CDCl3) and FT-IR spectral data of 

homologous alcohols (17-20)10, 11.  
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-S6.a. Figure 10. The incremental downfield shift in ¹³Cα nuclear signals as the number of methyl 

substituents on Cα-O increase in homologous alcohols.  The steeper incremental shifts in 

corresponding pyrrolidine carbamates and acetates. Note the similarity in shifts between 

carbamates and esters. Such significant shifts indicate hyperconjugative resonance stabilization of 

the positive charge polarization at Cα of alcohol. These are further highlighted in the difference 

chemical shift plot in the next figure.  

 

 
 

-S6.b. Figure 11. The plot of the difference in Cα chemical shifts between Pyrrolidine carbamate 

(C; 1-4), Alkyl acetate (E; 9-12) and Alcohol (A; 17-20) against the increasing number of methyl 

substituents on Cα of alcohol. Similar patterns were observed for N-phenyl carbamate (5-8) and 

Alkyl benzoate (13-16). 
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-S6.c. Figure 12. The incremental downfield shift in ¹Hα nuclear signals as the number of methyl 

substituents on Cα-O increase in homologous alcohols.  The steeper incremental shifts in 

corresponding pyrrolidine carbamates and acetates. Note the similarity in shifts between 

carbamates and esters. Such significant shifts indicate hyperconjugative resonance stabilization of 

the positive charge polarization at Cα of alcohol. These are further highlighted in the difference 

chemical shift plot in the next figure.  

 

 
 

-S6.d. Figure 13. The plot of the difference in Hα chemical shifts between Pyrrolidine carbamate 

(C; 1-4), Alkyl acetate (E; 9-12) and Alcohol (A; 17-20) against the increasing number of methyl 

substituents on Cα of alcohol. Similar patterns were observed for N-phenyl carbamate (5-8) and 

Alkyl benzoate (13-16). 
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-S6.e. Figure 14. The incremental downfield shift in ¹³Cβ nuclear signals as the number of methyl 

substituents on Cα-O increase in homologous alcohols. The similar incremental shifts in 

corresponding pyrrolidine carbamates and acetates are more upfield shifted compared to the 

corresponding alcohols. Such significant upfield shifts substantiate the back donation of electronic 

charge from carbonyl oxygen to the Cα of alcohol (O…Cα). Note the similarity in shifts between 

carbamates and esters.  

 

 
 

-S6.f. Figure 15. Plot of difference in ¹³C NMR chemical shifts of Cβ between Pyrrolidine 

carbamate (C; 1-4), Alkyl acetate (E; 9-12) and Alcohol (A; 17-20) against the increasing number 

of methyl substituents on Cα of alcohol. Note that the Cβ in esters are slightly more upfield shifted 

compared to those in carbamates, indicating greater electronic charge on their carbonyl oxygen. 

Similar patterns were observed for N-phenyl carbamate (5-8) and Alkyl benzoate (13-16). 
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-S6.g. Figure 16. The plot of ¹H NMR chemical shift of Hβ of alcohol group in esters, carbamates 

and alcohols against the number of methyl substituents on Cα.  

 
 

 
 

-S6.h. Figure 17. Plot of difference in ¹H NMR chemical shifts of Hβ between Pyrrolidine 

carbamate (C; 1-4), Alkyl acetate (E; 9-12) and Alcohol (A; 17-20) against the increasing number 

of methyl substituents on Cα of alcohol. Similar patterns were observed for N-phenyl carbamate 

(5-8) and Alkyl benzoate (13-16). 
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-S6.i. Figure 18. The downfield shift in ¹³C nuclear signals of C=O in carbamates compared to 

acetates of homologous alcohols. Both of them are relatively unperturbed by increasing number of 

methyl substituents on Cα of alcohol. Note that the trend is uniform and non-incremental between 

the two.  

 

 

 
 

-S6.j. Figure 19. The correlation plots of the ¹³C nuclear signals of carbonyls in Pyrrolidine 

carbamate (C; 1-4), Alkyl acetate (E; 9-12) of homologous alcohols versus the number of methyl 

substituents at Cα. The difference plot for C-E is also shown in blue, highlighting their non-

dependence on the number of methyl substituents at Cα. Similar patterns were observed for N-

phenyl carbamate (5-8) and Alkyl benzoate (13-16). 
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-S6.k. Figure 20. The decrease in C=O stretching frequencies in carbamates and Ester of 

homologous alcohols, with increasing number of methyl substituents on Cα of alcohol. Note that 

the trend is uniform rather than incremental between the two.  

 

 
 

-S6.l. Figure 21. The correlation plots of the C=O stretching frequency in FT-IR spectra of 

Pyrrolidine carbamate (C; 1-4), Alkyl acetate (E; 9-12) of homologous alcohols versus the number 

of methyl substituents at Cα. The difference plot for C-E is also shown in blue. Similar patterns 

were observed for N-phenyl carbamate (5-8) and Alkyl benzoate (13-16). 
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-S6.m. Figure 22. The combined correlation plots of the Cα and Hα nuclear chemical shifts of 

carbamates versus the FT-IR stretching frequencies of the corresponding homologous alcohols. 

Note the negative slopes and hence the inverse correlation between the NMR and FT-IR data, 

indicating the influence of the number of substituents at Cα on the bond order of C=O and hence 

the electronic charge at the carbonyl oxygen.  

 
S6.n. Figure 23. The combined correlation plots of the Cα and Hα nuclear chemical shifts of esters 

versus the FT-IR stretching frequencies of the corresponding homologous alcohols. Note the 

negative slopes and hence the inverse correlation between the NMR and FT-IR data, indicating the 

influence of the number of substituents at Cα on the bond order of C=O and hence the electronic 

charge at the carbonyl oxygen.  
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-S6.o. Figure 24. The correlation plots of the difference in Cβ chemical shifts between Pyrrolidine 

carbamate (C; 1-4), Alkyl acetate (E; 9-12) and Alcohol (A; 17-20) against the increasing number 

of methyl substituents on Cα of alcohol. Note the reversal in trend – where the Cβ of carbamates 

and esters are upfield shifted compared to those in alcohols, in contrast to their Cα which are 

downfield shifted. Similar patterns were observed for N-phenyl carbamate (5-8) and Alkyl 

benzoate (13-16). 

 
 

 
 

-S6.p. Figure 25. The correlation plots of the difference in Hβ chemical shifts between Pyrrolidine 

carbamate (C; 1-4), Alkyl acetate (E; 9-12) and Alcohol (A; 17-20) against the increasing number 

of methyl substituents on Cα of alcohol. Note the reversal in trend – where the Hβ of carbamates 

and esters are upfield shifted compared to those in alcohols, in contrast to their Hα which are 



S22 

 

downfield shifted. Similar patterns were observed for N-phenyl carbamate (5-8) and Alkyl 

benzoate (13-16). 
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-S7. Table 6. Structural parameters at the R-O-C=O register (s-trans conformation) in 

carbamates and esters and from corresponding crystal structures12-30.  
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