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1. General Information 
 
Chemicals were purchased from Sigma-Aldrich, Alfa Aesar or Fluorochem and used without 
further purification. NMR spectra were recorded on a Bruker 400 MHz NMR spectrometer with 
TMS as the internal standard. The hydrogenation reactions were carried out using 12 mL glass 
vials provided by Kimble in a Parr autoclave (Figure 1). For the volatile compounds, the yields 
have been calculated using NMR and an internal standard. For the reactions that appear to 
have completed based on NMR analysis, the yield is recorded as >99%. In the cases where 
there are diastereoisomers present, the analytical data corresponds to the major isomer, 
unless stated otherwise. For compounds with lower than 30% yield (i.e. 2r, 6f, 10a, 10b and 
12a), the NMR yield was calculated from the amount of starting material that remained and 
the product was assigned tentatively based on the NMR spectra and comparison with the 
literature. All of the NMR spectra can be found in Section 4. 
 
2. General Procedure 
 
Pyridine (0.79 mmol., 1 eq.) and rhodium (iii) oxide (1.0 mg, 0.5 mol%) were added to a glass 
vial equipped with a stirrer bar. Trifluoroethanol (1 mL) was added and the mixture was briefly 
flushed with nitrogen. The sample vial was added to an autoclave and purged with hydrogen 
three times. Once the autoclave had been charged with hydrogen (5 bar), the reaction mixture 
was heated to 40 oC and stirred for the allocated amount of time. Thereafter the autoclave was 
removed from the heat source and the pressure carefully released in a fumehood once at 
room temperature. An internal standard (1,3,5-trimethoxybenzene, 0.33 equiv. or maleic acid, 
0.50 equiv.) was added to the crude mixture, which was then partially concentrated in vacuo. 
The NMR solvent was added to the mixture and filtered through celite prior to analysis. For 
isolated compounds, no internal standard was added and the reaction mixture was filtered 
through celite prior to removing the solvent. There was no requirment for further purification. 
 

 
Figure 1 - Hydrogenation reaction setup 
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3. Analytical Data 
 
 

 
 
Piperidine (2a)1,2: 1H NMR (400 MHz, CDCl3) δ 2.80 – 2.71 (broad m, 4H), 1.61 – 1.43 (broad 
m, 6H). 13C NMR (101 MHz, CDCl3) δ 46.23, 26.10, 24.15. >99% NMR yield using internal 
standard (1,3,5-trimethoxybenzene, 0.33 eq.).  
 
 

 
 
2-Methylpiperidine (2b)1: 1H NMR (400 MHz, CDCl3) δ 3.00 (broad d, J = 12.7 Hz, 1H), 2.67 
– 2.51 (broad m, 2H), 1.83 – 1.74 (broad m, 1H), 1.70 – 1.55 (m, 2H), 1.44 – 1.27 (m, 2H), 
1.12 – 0.99 (m, 1H overlapped), 1.05 (d, J = 6.3 Hz, 3H overlapped). 13C NMR (101 MHz, 
CDCl3) δ 52.03, 46.16, 33.84, 25.24, 24.07, 21.77. >99% NMR yield using internal standard 
(1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
3-Methylpiperidine (2c)1: 1H NMR (400 MHz, CDCl3) δ 3.00 – 2.88 (broad m, 2H), 2.46 (td, J 
= 12.4, 2.9 Hz, 1H), 2.15 (dd, J = 12.0 Hz, 1H), 1.82 – 1.73 (broad m, 1H), 1.70 – 1.62 (m, 
1H), 1.57 – 1.36 (m, 2H), 1.08 – 0.97 (m, 1H), 0.83 (d, J = 6.6 Hz, 3H). 13C NMR (101 MHz, 
CDCl3) δ 53.53, 45.83, 32.97, 31.77, 26.06, 19.40. >99% NMR yield using internal standard 
(1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
4-Methylpiperidine (2d)1,3: 1H NMR (400 MHz, CDCl3) δ 2.99 (broad d, J = 12.6 Hz, 2H), 2.54 
(broad t, J = 12.4 Hz, 2H), 1.64 (broad d, J = 13.2 Hz, 2H), 1.56 – 1.41 (broad m, 1H), 1.12 – 
0.98 (m, 2H), 0.91 (d, J = 6.5 Hz, 3H).13C NMR (101 MHz, CDCl3) δ 45.82, 34.63, 30.66, 22.06. 
>99% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
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cis-2,6-Dimethylpiperidine (2e)1,3,4: 1H NMR (400 MHz, CDCl3) δ 2.64 (dqd, J = 12.8, 6.4, 
2.5 Hz, 2H), 1.81 – 1.70 (m, 1H), 1.63 – 1.56 (m, 2H), 1.36 (qt, J = 13.2, 3.9 Hz, 1H), 1.05 (d, 
J = 6.4 Hz, 6H overlapped), 1.11 – 0.91 (m, 2H overlapped). 13C NMR (101 MHz, CDCl3) δ 
52.38, 33.04, 24.06, 21.57. 97% NMR yield using internal standard (1,3,5-trimethoxybenzene, 
0.33 eq.). 
 
 

 
 
cis-2,3-Dimethylpiperidine (cis 2f)5,6: 1H NMR (400 MHz, CDCl3) δ 2.94 – 2.84 (m, 2H), 2.65 
– 2.54 (m, 1H overlapped with minor isomer), 1.79 – 1.69 (m, 1H), 1.62 – 1.47 (m, 3H 
overlapped with minor isomer), 1.43 – 1.34 (m, 1H overlapped with minor isomer), 1.00 (d, J 
= 6.8 Hz, 3H), 0.85 (d, J = 7.1 Hz, 3H overlapped with minor isomer). 13C NMR (101 MHz, 
CDCl3) δ 53.15, 43.36, 32.63, 29.39, 21.96, 16.02, 13.34. 86% NMR yield using internal 
standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

   
 
trans-2,3-Dimethylpiperidine (trans 2f)5,6: 1H NMR (400 MHz, CDCl3) δ 2.98 (ddt, J = 12.4, 
4.0, 2.0 Hz, 1H), 2.65 – 2.53 (m, 1H overlapped with major isomer), 2.24 – 2.15 (m, 1H), 1.79 
– 1.69 (m, 1H overalapped with major isomer), 1.69 – 1.60 (m, 2H), 1.47 – 1.43 (m, 1H), 1.43 
– 1.34 (m, 1H overlapped with major isomer), 1.06 (d, J = 6.4 Hz, 3H), 0.85 (d, J = 7.1 Hz, 3H 
overlapped with major isomer). 13C NMR (101 MHz, CDCl3) δ 58.16, 46.21, 38.05, 33.17, 
26.06, 19.36, 18.57. 14% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 
eq.). 
 
 

   
 
cis–2,4-Dimethylpiperidine (2g)5: 1H NMR (400 MHz, CDCl3) δ 2.99 (ddd, J = 12.5, 4.1, 2.2 
Hz, 1H), 2.63 – 2.52 (m, 1H overlapped), 2.56 (td, J = 12.6, 2.7 Hz, 1H overlapped), 1.67 – 
1.54 (m, 2H), 1.52 – 1.38 (m, 1H), 1.02 (d, J = 6.4 Hz, 3H), 0.95 (dd, J = 11.8, 4.5 Hz, 1H), 
0.87 (d, J = 6.6 Hz, 3H), 0.74 – 0.62 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 51.90, 46.15, 
42.89, 34.07, 30.99, 22.14, 22.07. 87% NMR yield using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). The trans product was assigned (13%) based on the literature.5  
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cis-2,5-Dimethylpiperidine (cis 2h)5,7: 1H NMR (400 MHz, CDCl3) δ 2.81 – 2.71 (m, 2H), 2.62 
(dd, J = 13.0, 4.8 Hz, 1H), 1.72 – 1.64 (m, 1H overlapped with minor isomer), 1.64 – 1.57 (m, 
1H), 1.57 – 1.48 (m, 1H), 1.49 – 1.37 (m, 1H overlapped with minor isomer), 1.39 – 1.26 (m, 
1H), 1.09 (d, J = 6.6 Hz, 3H), 0.95 (d, J = 7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 53.75, 
51.70, 34.13, 29.42, 28.81, 21.83, 19.11. 60% NMR yield using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). 13C NMR tentatively assigned using literature.5 
 
 

   
 
 
trans-2,5-Dimethylpiperidine (trans 2h) 5,7: 1H NMR (400 MHz, CDCl3) δ 2.93 (ddd, J = 12.3, 
3.7, 2.1 Hz, 1H), 2.58 – 2.48 (m, 1H), 2.20 (broad t, J = 11.8 Hz, 1H), 1.80 – 1.72 (m, 1H), 
1.72 – 1.64 (m, 1H overlapped with major isomer), 1.49 – 1.37 (m, 1H overlapped with major 
isomer), 1.16 – 1.06 (m, 1H), 1.08 – 1.01 (m, 1H), 1.05 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.6 Hz, 
3H). 13C NMR (101 MHz, CDCl3) δ 50.04, 49.54, 33.19, 31.20, 28.29, 20.11, 17.24. 40% NMR 
yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 13C NMR tentatively 
assigned using literature.5 
  

 
 
3,4-Dimethylpiperidine (2i): 1H NMR (400 MHz, CDCl3) δ 2.94 – 2.82 (broad m, 1H), 2.74 – 
2.57 (broad m, 2H), 1.85 – 1.67 (broad m, 2H), 1.58 – 1.45 (m, 1H), 1.44 – 1.33 (m, 1H), 1.11 
– 1.04 (m, 1H), 0.89 (d, J = 7.1 Hz, 3H), 0.85 (d, J = 7.0 Hz, 3H). ~6% NMR yield calculated 
from the remaining starting material, product assigned tentatively based on the chemical shift, 
splitting and integration. 
 
 

 
 
3,5-Dimethylpiperidine (2j)2,8: 1H NMR (400 MHz, CDCl3) δ 2.92 (broad d, J = 12.0 Hz, 2H), 
2.05 (broad t, J = 11.8 Hz, 2H), 1.76 (broad d, J = 13.1 Hz, 1H), 1.62 – 1.45 (broad m, 2H), 
0.83 (d, J = 6.5 Hz, 6H), 0.66 (broad q, J = 12.0 Hz, 1H).<7% NMR yield calculated from the 
remaining starting material, product assigned tentatively based on the chemical shift, 
splitting,integration and literature.2,8  
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cis-2,4,6-Trimethylpiperidine (2k)7: 1H NMR (400 MHz, CDCl3) δ 2.73 – 2.60 (broad m, 2H), 
1.58 (broad d, J = 13.1 Hz, 2H), 1.51 – 1.39 (broad m, 1H), 1.02 (d, J = 6.4 Hz, 6H), 0.85 (d, 
J = 6.5 Hz, 3H), 0.61 (q, J = 12.0 Hz, 2H).13C NMR (101 MHz, CDCl3) δ 51.88, 41.99, 30.81, 
21.70, 21.59. >99% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

   
 
cis-2,6-Di-tert-butylpiperidine (2m)7: 1H NMR (400 MHz, CDCl3) δ 2.17 (dd, J = 11.2, 2.0 Hz, 
2H), 1.94 – 1.86 (m, 1H), 1.73 – 1.60 (m, 2H), 1.32 (qt, J = 13.0, 4.0 Hz, 1H), 1.13 – 0.99 (m, 
2H), 0.91 (s, 18H). 13C NMR (101 MHz, CDCl3) δ 68.50, 33.41, 26.34, 26.27, 25.50. >99% 
NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
2-Isopropylpiperidine (2n)9: 1H NMR (400 MHz, CDCl3) δ 3.09 – 2.97 (broad m, 1H), 2.56 
(td, J = 12.0, 2.9 Hz, 1H), 2.17 (ddd, J = 11.0, 6.6, 2.5 Hz, 1H), 1.85 – 1.75 (broad m, 1H), 
1.73 – 1.66 (broad m, 1H), 1.63 – 1.48 (m, 2H), 1.41 – 1.24 (m, 2H), 1.11 – 0.99 (m, 1H), 0.88 
(d, J = 6.8 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 62.75, 46.87, 32.61, 
28.37, 25.66, 24.43, 18.96, 18.25. >99% NMR yield using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). 
 
 

 
 
2-Ethylpiperidine (2p)6: 1H NMR (400 MHz, CDCl3) δ 3.01 (broad d, J = 11.7 Hz, 1H), 2.63 – 
2.53 (brm, 1H), 2.39 – 2.27 (m, 1H), 1.83 – 1.65 (m, 2H), 1.63 – 1.53 (m, 1H), 1.42 – 1.23 (m, 
4H), 1.08 – 0.96 (m, 1H), 0.87 (t, J = 7.4 Hz, 3H).  13C NMR (101 MHz, CDCl3) δ 58.21, 46.54, 
31.48, 29.35, 25.74, 24.26, 9.92. >99% NMR yield using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). 
 
 

 
 
4-Ethylpiperidine (2q)10: 1H NMR (400 MHz, CDCl3) δ 3.03 (broad d, J = 12.7 Hz, 2H), 2.56 
(broad t, J = 12.4 Hz, 2H), 1.74 (broad d, J = 13.4 Hz, 2H), 1.31 – 1.18 (broad m, 3H), 1.11 – 
0.98 (m, 2H), 0.87 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 45.57, 37.09, 31.98, 29.27, 
10.50. 98% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
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4-tert-Butylpiperidine (2r)11: 1H NMR (400 MHz, CDCl3) δ 3.07 (broad d, J = 11.7 Hz, 2H), 
2.50 (broad t, J = 11.5 Hz, 2H), 1.72 – 1.64 (broad m, 2H), 1.15 – 1.09 (broad m, 2H), 1.05 – 
1.00 (broad m, 1H), 0.82 (s, 9H). 11% NMR yield calculated from the remaining starting 
material, product assigned tentatively based on the chemical shift, splitting, integration and 
literature.11 
 
 

 
 
2-Piperidone (4a)8,12: 1H NMR (400 MHz, CDCl3) δ 6.97 (bs, 1H) 3.30 – 3.22 (broad m, 2H), 
2.34 – 2.25 (broad m, 2H), 1.81 – 1.66 (broad m, 4H). 13C NMR (101 MHz, CDCl3) δ 173.55, 
42.04, 31.03, 21.92, 20.48. >99% NMR yield using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). 
 
  

 
 
3-Methylpiperidin-2-one (4b)13: 1H NMR (400 MHz, CDCl3) δ 6.62 (bs, 1H), 3.35 – 3.24 (m, 
2H), 2.50 – 2.29 (m, 1H), 2.01 – 1.91 (m, 1H), 1.90 – 1.80 (m, 1H), 1.79 – 1.65 (m, 1H), 1.56 
– 1.42 (m, 1H), 1.23 (d, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.89, 42.58, 35.99, 
29.23, 21.35, 17.47. HRMS: Calculated [M+H]+ 114.0913; found [M+H]+ 114.0914. >99% NMR 
yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 93% isolated yield. 
 
 

 
 
6-Methylpiperidin-2-one (4c)12: 1H NMR (400 MHz, CDCl3) δ 6.45 (bs, 1H), 3.49 – 3.39 
(broad m, 1H), 2.34 – 2.12 (broad m, 2H), 1.90 – 1.77 (broad m, 2H), 1.71 – 1.55 (broad m, 
1H), 1.35 – 1.22 (m, 1H), 1.12 (d, J = 6.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 174.56, 48.92, 
30.08, 29.64, 21.76, 18.92. >99% NMR yield using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). 
 
 

 
 
3-Hydroxypiperidine (4d)14: 1H NMR (400 MHz, CDCl3) δ 3.71 – 3.62 (broad m, 1H), 2.97 – 
2.87 (broad m, 1H), 2.80 – 2.70 (broad m, 1H), 2.69 – 2.60 (broad m, 1H), 2.60 – 2.52 (m, 
1H), 1.93 – 1.81 (broad m, 1H), 1.81 – 1.70 (broad m, 1H), 1.56 – 1.36 (broad m, 2H). 13C 
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NMR (101 MHz, CDCl3) δ 66.13, 52.39, 45.49, 32.34, 23.13. >99% NMR yield using internal 
standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
Piperidin-2-ylmethanol (4e)15–18: 1H NMR (400 MHz, CDCl3) δ 3.59 – 3.48 (m, 1H), 3.44 – 
3.30 (m, 1H), 3.04 (broad d, J = 11.4 Hz, 1H), 2.69 – 2.50 (broad m, 2H), 1.86 – 1.73 (broad 
m, 1H), 1.68 – 1.47 (m, 2H), 1.46 – 1.27 (m, 2H), 1.18 – 1.02 (m, 1H). 13C NMR (101 MHz, 
CDCl3) δ 65.70, 57.60, 45.64, 27.37, 25.18, 23.42. 76% NMR yield using internal standard 
(1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
Piperidin-3-ylmethanol (4f)19: 1H NMR (400 MHz, CDCl3) δ 3.45 – 3.38 (m, 1H), 3.36 – 3.29 
(m, 1H), 3.06 (broad d, J = 12.0 Hz, 1H), 2.94 (broad d, J = 12.2 Hz, 1H), 2.52 – 2.42 (broad 
m, 1H), 2.24 (broad t, J = 11.5 Hz, 1H), 1.79 – 1.54 (broad m, 3H), 1.50 – 1.35 (broad m, 1H), 
1.11 – 0.98 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 65.44, 48.37, 45.61, 38.69, 26.61, 24.76. 
86% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
2-Piperidineethanol (4g)20: 1H NMR (400 MHz, CDCl3) δ 3.72 – 3.59 (m, 2H overlapped with 
internal standard), 2.97 (broad d, J = 12.4 Hz, 1H), 2.70 – 2.60 (broad m, 1H), 2.60 – 2.50 (m, 
1H), 1.81 – 1.71 (broad m, 1H), 1.66 – 1.50 (m, 4H), 1.43 – 1.25 (m, 2H), 1.20 – 1.04 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 60.37, 55.84, 46.02, 37.53, 31.75, 25.29, 23.88. >99% NMR 
yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
3-(Piperidin-2-yl)propan-1-ol (4h)21,22: 1H NMR (400 MHz, CDCl3) δ 3.62 – 3.44 (m, 2H), 2.99 
(broad d, J = 12.5 Hz, 1H), 2.55 (broad t, J = 11.9 Hz, 1H), 2.46 – 2.37 (broad m, 1H), 1.82 – 
1.74  (broad m, 1H), 1.71 – 1.63 (broad m, 1H), 1.63 – 1.55 (broad m, 2H), 1.55 – 1.39 (m, 
2H), 1.39 – 1.22 (m, 3H), 1.13 – 1.00 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 62.27, 56.48, 
46.03, 34.04, 32.11, 29.13, 25.68, 24.10. >99% NMR yield using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). 
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3,4,5,6-Tetrahydropyridin-2-amine (6a)23: 1H NMR (400 MHz, CDCl3) δ 3.28 – 3.21 (broad 
m, 2H), 2.34 – 2.26 (broad m, 2H), 1.78 – 1.59 (broad m, 4H). 13C NMR (101 MHz, CDCl3) δ 
163.98, 42.78, 26.40, 21.25, 18.88. 83% NMR yield (5 hours) and 65% NMR yield (16 hours) 
using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
6-Methyl-3,4,5,6-tetrahydropyridin-2-amine (6b)24: 1H NMR (400 MHz, CDCl3) δ 3.53 – 3.39 
(broad m, 1H), 2.49 – 2.28 (m, 2H), 1.95 – 1.80 (broad m, 2H), 1.72 – 1.57 (broad m, 1H), 
1.39 – 1.25 (m, 1H), 1.21 (d, J = 6.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 166.36, 48.85, 
28.55, 25.63, 20.76, 16.87. 73% NMR yield (5 hours) and 62% NMR yield (16 hours) using 
internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
N,N-Dimethyl-3,4,5,6-tetrahydropyridin-2-amine (6c)25: 1H NMR (400 MHz, CDCl3) δ 3.44 
– 3.28 (broad m, 2H), 2.87 (s, 6H), 2.38 – 2.18 (broad m, 2H), 1.75 – 1.66 (broad m, 2H). 1.60 
– 1.48 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 163.29, 42.44, 36.31, 25.12, 19.70, 17.86. >99% 
NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
Piperidin-2-ylmethanamine (6d) 26: 1H NMR (400 MHz, CDCl3) δ 3.02 (broad d, J = 11.3 Hz, 
1H), 2.67 – 2.61 (m, 1H), 2.61 – 2.48 (m, 2H), 2.48 – 2.40 (m, 1H), 1.82 – 1.73 (broad m, 1H), 
1.64 – 1.54 (m, 2H), 1.42 – 1.28 (m, 2H), 1.11 – 0.98 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 
58.33, 46.69, 46.28, 29.51, 25.59, 23.78. 55% NMR yield calculated from the remaining 
startingra material, product assigned tentatively based on the chemical shift, 
splitting,integration and literature.27 
 
 

 
 
tert-Butyl (piperidin-2-ylmethyl)carbamate (6e): 1H NMR (400 MHz, CDCl3) δ 5.18 (bs, 1H), 
3.18 – 3.07 (m, 1H), 3.06 – 2.98 (m, 1H), 2.93 – 2.84 (m 1H), 2.64 – 2.52 (m, 2H), 1.95 (bs, 
1H), 1.80 – 1.69 (broad m, 1H), 1.62 – 1.51 (m, 2H), 1.40 (s, 9H overlapped), 1.44 – 1.28 (m, 
2H overlapped), 1.10 – 0.98 (m, 1H). 13C NMR (101 MHz, MeOD) δ 157.10, 78.62, 56.33, 
45.98, 45.59, 29.39, 27.42, 25.36, 23.90. HRMS: Calculated [M+H]+ 215.1754; found [M+H]+ 
215.1754. >99% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 72% 
isolated yield.  
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N,N-Dimethylpiperidin-4-amine (6f)1: 1H NMR (400 MHz, CDCl3) δ 3.10 (broad d, J = 12.9 
Hz, 2H), 2.53 (broad t, J = 12.5 Hz, 2H), 2.32 – 2.12 (m, 1H overlapped), 2.24 (s, 6H 
overlapped), 1.85 (broad d, J = 12.7 Hz, 2H), 1.39 – 1.25 (m, 2H). 17% NMR yield calculated 
from the remaining starting material, product assigned tentatively based on the chemical shift, 
splitting, integration and literature.1 
 
 

 
 
Piperidine-2-carboxylic acid (8a)28: 1H NMR (400 MHz, MeOD) δ 3.27 (broad d, J = 10.8 Hz, 
1H), 3.16 (broad d, J = 13.3 Hz, 1H), 2.78 (broad t, J = 11.9 Hz, 1H), 2.06 (broad d, J = 13.6 
Hz, 1H), 1.77 – 1.58 (broad m, 2H), 1.58 – 1.33 (m, 3H). 13C NMR (101 MHz, MeOD) δ 174.34, 
60.54, 44.74, 28.13, 23.60, 23.21. HRMS: Calculated [M+H]+ 130.0863; found [M+H]+ 
130.0863. >99% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 95% 
isolated yield. 
 
 

 
 
Methyl piperidine-2-carboxylate (8b)29: 1H NMR (400 MHz, CDCl3) δ 3.70 (s, 3H), 3.41 – 
3.29 (broad m, 1H), 3.08 – 2.98 (broad m, 1H), 2.67 – 2.56 (broad m, 1H), 2.06 – 1.93 (broad 
m, 1H), 1.85 – 1.73 (broad m, 1H), 1.67 – 1.55 (broad m, 1H), 1.54 – 1.32 (broad m, 3H). 13C 
NMR (101 MHz, CDCl3) δ 174.16, 57.88, 51.78, 44.67, 28.47, 24.56, 23.05. >99% NMR yield 
using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
Ethyl piperidine-2-carboxylate (8c)30: 1H NMR (400 MHz, CDCl3) δ 4.12 (q, J = 7.0 Hz, 2H), 
3.32 – 3.22 (broad m, 1H), 3.07 – 2.95 (broad m, 1H), 2.65 – 2.53 (broad m, 1H), 1.99 – 1.90 
(broad m, 1H), 1.78 – 1.69 (broad m, 1H), 1.60 – 1.49 (broad m, 1H), 1.49 – 1.31 (m, 3H), 
1.21 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 173.13, 60.94, 58.11, 45.12, 28.79, 
25.22, 23.67, 13.88. >99% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 
eq.). 
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1-(Piperidin-2-yl)ethan-1-ol (8d)31,32: 1H NMR (400 MHz, CDCl3) δ 3.75 – 3.66 (m, 1H 
overlapped with internal standard), 3.09 – 3.00 (broad m, 1H), 2.63 – 2.53 (m, 1H), 2.44 (broad 
d, J = 11.2 Hz, 1H), 1.88 – 1.74 (broad m, 1H), 1.68 – 1.54 (broad m, 2H), 1.42 – 1.27 (m, 
2H), 1.27 – 1.15 (m, 1H), 1.15 – 1.00 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 77.27, 61.42, 
46.53, 26.17, 25.41, 24.16, 18.52. >99% NMR yield (mixture of both diasterioisomers with d.r. 
37:13) using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
6-Oxopiperidine-2-carboxylic acid (8e)12: 1H NMR (400 MHz, D2O) δ 4.18 (broad t, J = 6.1 
Hz, 1H), 2.34 – 2.27 (m, 2H), 2.13 – 2.04 (m, 1H), 1.92 – 1.83 (m, 1H), 1.79 – 1.69 (m, 2H).13C 
NMR (101 MHz, D2O) δ 175.71, 175.65, 54.17, 29.91, 24.40, 17.84. >99% NMR yield using 
internal standard (maleic acid, 0.5 eq.). 
 
 

  
 
Ethyl piperidine-3-carboxylate (8f)33: 1H NMR (400 MHz, CDCl3) δ 4.07 (q, J = 6.9 Hz, 2H), 
3.02 (broad d, J = 12.3 Hz, 1H), 2.87 – 2.70 (m, 2H), 2.58 (broad t, J = 11.2 Hz, 1H), 2.44 – 
2.34 (broad m, 1H), 1.98 – 1.88 (broad m, 1H), 1.70 – 1.56 (m, 2H), 1.48 – 1.35 (m, 1H), 1.19 
(t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 174.26, 60.59, 47.37, 45.57, 41.52, 26.85, 
24.67, 13.96. >99% NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
3-Piperidinecarboxamide (8g)14: 1H NMR (400 MHz, MeOD) δ 3.05 (dd, J = 12.4, 3.0 Hz, 
1H), 2.99 – 2.89 (m, 1H), 2.69 (dd, J = 12.3, 10.6 Hz, 1H), 2.57 (td, J = 12.1, 2.9 Hz, 1H), 2.39 
(tt, J = 10.5, 3.7 Hz, 1H), 1.98 – 1.90 (m, 1H), 1.76 – 1.67 (m, 1H), 1.67 – 1.57 (m, 1H), 1.57 
– 1.45 (m, 1H). 13C NMR (101 MHz, MeOD) δ 178.52, 48.08, 45.35, 43.07, 27.63, 24.78. >99% 
NMR yield using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 93% isolated yield. 
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cis-5-(Methoxycarbonyl)piperidine-2-carboxylic acid (8h)34: 1H NMR (400 MHz, D2O) δ 
3.79 – 3.73 (m, 1H overlapped), 3.77 (s, 3H overlapped), 3.65 (dd, J = 13.2, 5.5 Hz, 1H), 3.33 
(dd, J = 13.2, 4.2 Hz, 1H), 3.05 – 2.97 (m, 1H), 2.16 – 2.06 (m, 1H), 2.06 – 1.97 (m, 2H), 1.97 
– 1.85 (m, 1H). 13C NMR (101 MHz, D2O) δ 174.61, 173.34, 57.53, 52.77, 42.79, 36.76, 23.42, 
23.14. HRMS: Calculated [M+H]+ 188.0917; found [M+H]+ 118.0917. 92% isolated yield 
(mixture of both diasteriosomers with d.r. 50:7). 
 
 

   
 
cis-Methyl-5-hydroxypiperidine-2-carboxylate (8i)35: 1H NMR (400 MHz, D2O) δ 4.15 – 4.03 
(broad m, 1H), 3.96 (dd, J = 11.8, 3.9 Hz, 1H), 3.71 (s, 3H), 3.31 – 3.20 (m, 1H), 3.16 – 3.08 
(m, 1H), 2.14 – 1.90 (m, 2H), 1.87 – 1.66 (m, 2H). 13C NMR (101 MHz, D2O) δ 173.91, 61.39, 
58.58, 58.32, 48.11, 28.16, 21.11.76% NMR yield (24 hours) using internal standard (maleic 
acid, 0.5 eq.). 
 
 

   
 
Dimethyl-piperidine-2,6-dicarboxylate (8j)10: 1H NMR (400 MHz, MeOD) δ 3.76 (s, 6H), 3.43 
(dd, J = 11.7, 2.5 Hz, 2H), 2.07 – 1.94 (m, 3H), 1.66 – 1.51 (m, 1H), 1.45 – 1.31 (m, 2H). 13C 
NMR (101 MHz, MeOD) δ 172.90, 57.72, 51.16, 28.01, 23.60. HRMS: Calculated [M+H]+ 
202.1074; found [M+H]+ 202.1075. 97% isolated yield (mixture of both diasteriosomers with 
d.r. 100:9). 
 
 

 
 
2-Phenylpiperidine (10a)36: 1H NMR (400 MHz, CDCl3) δ 7.61 – 7.22 (m, 5H), 3.61 (broad d, 
J = 10.0 Hz, 1H), 3.19 (broad d, J = 11.8 Hz, 1H), 2.80 (broad t, J = 11.0 Hz, 1H), 2.00 – 1.50 
(broad m, 6H). ~30% Yield tentatively calculated from the remaining starting material and 
significant peaks that correspond to the product (see Figure 83), product assigned tentatively 
based on the chemical shift, splitting, integration and literature.36 
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 3-Phenylpiperidine (10b)3: 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.18 (m, 5H), 3.21 – 2.95 
(m, 2H), 2.75 – 2.45 (m, 3H), 2.09 – 1.55 (broad m, 4H). ~17% Yield tentatively calculated 
from the remaining starting material and significant peaks that correspond to the product (see 
Figure 84), product assigned tentatively based on the chemical shift, splitting, integration and 
literature.3 
 
 

 
 
Phenyl(piperidin-2-yl)methanol (10c)37: 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.21 (m, 5H), 
4.58 (d, J = 5.1 Hz, 1H), 3.06 – 2.88 (m, 1H), 2.75 – 2.45 (m, 2H), 1.84 – 1.73 (broad m, 1H), 
1.73 – 1.63 (broad m, 1H), 1.63 – 1.51 (broad m, 1H), 1.41 – 1.11 (broad m, 3H). 13C NMR 
(101 MHz, CDCl3) δ 141.70, 128.36, 127.61, 126.43, 76.11, 61.85, 46.51, 26.19, 25.84, 24.04. 
>99% NMR yield (mixture of both diasterioisomers with d.r. 4:1) using internal standard (1,3,5-
trimethoxybenzene, 0.33 eq.). 
 
 

 
 
2-Benzylpiperidine (10d)3: 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.29 (m, 2H), 7.29 – 7.19 (m, 
3H), 3.00 (broad d, J = 12.1 Hz, 1H), 2.77 – 2.68 (m, 2H), 2.67 – 2.59 (m, 1H), 2.57 – 2.49 (m, 
1H), 1.86 – 1.77 (broad m, 1H), 1.77 – 1.68 (broad m, 1H), 1.66 – 1.57 (broad m, 1H), 1.52 – 
1.39 (m, 1H), 1.39 – 1.31 (m, 1H), 1.31 – 1.18 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 138.61, 
129.23, 128.54, 126.41, 58.19, 46.77, 43.21, 32.20, 25.60, 24.50. 75% NMR yield using 
internal standard (1,3,5-trimethoxybenzene, 0.33 eq.). 
 
 

 
 
4-Methoxypiperidine (12a)33: 1H NMR (400 MHz, chloroform-d) δ 3.36 – 3.25 (m, 1H 
overlapped) 3.32 (s, 3H overlapped), 3.02 (broad d, J = 13.0 Hz, 2H), 2.57 (broad t, J = 11.2 
Hz, 2H), 1.91 (broad d, J = 10.9 Hz, 2H), 1.47 – 1.32 (broad m, 2H). 19% NMR yield (4 hours) 
calculated from the remaining starting material, product assigned tentatively based on the 
chemical shift, splitting, integration and literature.33 
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4-(Trifluoromethyl)piperidine (12b)38: 1H NMR (400 MHz, CDCl3) δ 3.10 (broad d, J = 13.0 
Hz, 2H), 2.55 (td, J = 12.7, 2.5 Hz, 2H), 2.24 – 2.03 (m, 1H), 1.83 (broad d, J = 13.4 Hz, 2H), 
1.42 (qd, J = 12.7, 4.2 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 126.94 (q, J = 278.0 Hz, 
overlapped with solvent), 44.36, 40.03 (q, J = 27.6 Hz), 24.78. >99% NMR yield (4 hours) 
using internal standard (1,3,5-trimethoxybenzene, 0.33 eq.).  
 
 

 
 
4. 1H and 13C NMR Spectra  
 
NMR spectra were collected of crude pruduct which contain solvent (trifluoroethanol) 
and internal standard (1,35-trimethoxybenzene, unless stated otherwise). These are 
labelled in the spectra for piperidine 2a (Figure 1 and Figure 2) but are omitted in the rest of 
the spectra. Residual trifluoroethanol: 1H NMR (400 MHz, CDCl3) δ 4.98, 3.86. 13C NMR (101 
MHz, CDCl3) δ 124.54, 77.00. Internal Standard (1,3,5-trimethoxybenzene, 0.33 eq.): 1H NMR 
(400 MHz, CDCl3) δ 6.07 (s, 1H), 3.74 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 161.45, 92.93, 
55.18.   

 

 
Figure 2 -  1H NMR of piperidine (2a) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal standard. 
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Figure 3 - 13C  NMR of piperidine (2a) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal standard. 

Figure 4 - 1H NMR of 2- methylpiperidine (2b) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 5 - 13C NMR of 2-methylpiperidine (2b) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

Figure 6 - 1H NMR of 3-methylpiperidine (2c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 7 - 13C NMR of 3-methylpiperidine (2c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

Figure 8 - 1H NMR of 4-methylpiperidine (2d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 9 - 13C NMR of 4-methylpiperidine (2d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 10 -  1H NMR of 2,6-dimethylpiperidine (2e) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 

standard. 
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Figure 11 - 1H NMR of 2,6-dimethylpiperidine (2e) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Inset shows presnce of two diastereoisomers. 

 
Figure 12 -  13C NMR of 2,6-dimethylpiperidine (2e) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 
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Figure 13 - 1H NMR of 2,3-dimethylpiperidine (2f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 14 - 1H NMR of 2,3-dimethylpiperidine (2f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Inset shows presnce of two diastereoisomers. 
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Figure 15 - 13C NMR of 2,3-dimethylpiperidine (2f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 16 - 1H NMR of 2,4-dimethylpiperidine (2g) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 17 - 1H NMR of 2,4-dimethylpiperidine (2g) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Inset shows presence of both diastereisomers. 

 
Figure 18 - 13C NMR of 2,4-dimethylpiperidine (2g) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 19 - 1H NMR of 2,5-dimethylpiperidine (2h) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 20 - 1H NMR of 2,5-dimethylpiperidine (2h) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Trans product at 2.93ppm,2.52ppm and 2.20ppm and cis product at 2.75ppm (2H) and 2.62ppm. 
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Figure 21 - 13C NMR of 2,5-dimethylpiperidine (2h) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 

 
Figure 22 - 1H NMR of 3,4-dimethylpiperidine (2i) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Yield calculated from the remaining starting material and the product is assigned only tentatively based 
on the approximate chemical shift, splitting and integration. 
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Figure 23 - 1H NMR of 3,5-dimethylpiperidine (2j) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Yield calculated from the remaining starting material and the product is assigned only tentatively based 

on the chemical shift, splitting and integration. Inset suggests the presence of two diastereoisomers. 

Figure 24 - 1H NMR of 2,4,6-trimethylpiperidine (2k) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) as internal 
standard. 
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Figure 25 - 13C NMR of 2,4,6-trimethylpiperidine (2k) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 26 - 1H NMR of 2,6-di-tert-butylpiperidine (2m) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 



27 

 

 
Figure 27 - 13C NMR of 2,6-di-tert-butylpiperidine (2m) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.)  used as 
internal standard. 

 
Figure 28 - 1H NMR of 2-isopropylpiperidine (2n) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 29 -  13C NMR of 2-isopropylpiperidine (2n) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 30 - 1H NMR of 2-ethylpiperidine (2p) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 31 - 13C NMR of 2-ethylpiperidine (2p) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 32 - 1H NMR of 4-ethylpiperidine (2q) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 

standard. 
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Figure 33 - 13C NMR of 4-ethylpiperidine (2q) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 

standard. 

 
Figure 34 - 1H NMR of 4-tert-butylpiperidine (2r) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Yield calculated from the remaining starting material and the product has been assigned tentatively 
based on the chemical shift, splitting and integration. 
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Figure 35 - 1H NMR of 2-piperidone (4a) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal standard. 

 
Figure 36 - 13C NMR of 2-piperidone (4a) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 

standard. 
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Figure 37 - 1H NMR of 3-methylpiperin-2-one (4b) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 38 - 1H NMR of purified  3-methylpiperin-2-one (4b) in CDCl3.  
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Figure 39 - 13C NMR of purified  3-methylpiperin-2-one (4b) in CDCl3. 

 
Figure 40 - 1H NMR of 6-methylpiperin-2-one (4c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 41 - 13C NMR of 6-methylpiperin-2-one (4c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 

 
Figure 42 - 1H NMR of 3-hydroxypiperidine (4d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 43 - 13C NMR of 3-hydroxypiperidine (4d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 44 - 1H NMR of 2-piperidinemethanol (4e) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 

standard. 
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Figure 45 - 13C NMR of 2-piperidinemethanol (4e) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 

standard. 

 
Figure 46 - 1H NMR of 3-piperidinemethanol (4f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 86% desired product and 14% 3-methyl piperidine (2c), compare with Figure 5. 
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Figure 47 - 13C NMR of 3-piperidinemethanol (4f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 48 - 1H NMR of 2-piperidineethanol (4g) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 

standard. 
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Figure 49 - 13C NMR of 2-piperidineethanol (4g) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 50 - 1H NMR of 3-(piperidin-2-yl)propan-1-ol (4h) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 

internal standard. 
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Figure 51 - 13C NMR of 3-(piperidin-2-yl)propan-1-ol (4h) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 

 
Figure 52 – 1H NMR of 3,4,5,6-tetrahydropyridin-2-amine (6a) in CDCl3 after 16 hours. 1,3,5-Trimethoxybenzene 
(0.33 eq.) used as internal standard.  
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Figure 53 - 1H NMR of 3,4,5,6-tetrahydropyridin-2-amine (6a) in CDCl3 after 5 hours. 1,3,5-Trimethoxybenzene 
(0.33 eq.) used as internal standard. 

 
Figure 54 - 13C NMR of 3,4,5,6-tetrahydropyridin-2-amine (6a) in CDCl3 after 5 hours. 1,3,5-Trimethoxybenzene 
(0.33 eq.) used as internal standard. 
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Figure 55 - 1H NMR of 6-methyl-3,4,5,6-tetrahydropyridin-2-amine (6b) in CDCl3 for 16 hours. 1,3,5-
Trimethoxybenzene (0.33 eq.) used as internal standard.  

 
Figure 56 - 1H NMR of 6-methyl-3,4,5,6-tetrahydropyridin-2-amine (6b) in CDCl3 for 5 hours. 1,3,5-
Trimethoxybenzene (0.33 eq.) used as internal standard. 
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Figure 57 - 13C NMR of 6-methyl-3,4,5,6-tetrahydropyridin-2-amine (6b) in CDCl3 for 5 hours. 1,3,5-
Trimethoxybenzene (0.33 eq.) used as internal standard. 

 
Figure 58 - 1H NMR of N,N-dimethyl-3,4,5,6-tetrahydropyridin-2-amine (6c) in CDCl3. 1,3,5-Trimethoxybenzene 
(0.33 eq.) used as internal standard. 
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Figure 59 - 13C NMR of N,N-dimethyl-3,4,5,6-tetrahydropyridin-2-amine (6c) in CDCl3. 1,3,5-Trimethoxybenzene 

(0.33 eq.) used as internal standard. 

 

 
Figure 60 - 1H NMR of piperidin-2-ylmethanamine (6d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard.  
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Figure 61 - 13C NMR of piperidin-2-ylmethanamine (6d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 

internal standard. 

 
Figure 62 - 1H NMR of tert-butyl (piperidin-2-ylmethyl)carbamate (6e) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 
eq.) used as internal standard.  
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Figure 63 – 1H NMR of purified  tert-butyl (piperidin-2-ylmethyl)carbamate (6e) in CDCl3. 

 
Figure 64 - 13C NMR of purified  tert-butyl (piperidin-2-ylmethyl)carbamate (6e) in CDCl3. 
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Figure 65 - 1H NMR of N,N-dimethylpiperidin-4-amine (6f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. Yield calculated from the remaining starting material and the product has been assigned 
tentatively based on the chemical shift, splitting and integration. 

 
Figure 66 - 1H NMR of piperidine-2-carboxylic acid (8a) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 
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Figure 67 - 1H NMR of purified  piperidine-2-carboxylic acid (8a) in MeOD.  

 
Figure 68 - 13C NMR of purified  piperidine-2-carboxylic acid (8a) in MeOD. 
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Figure 69 - 1H NMR of methyl piperidine-2-carboxylate (8b) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used 
as internal standard. 

 
Figure 70 - 13C NMR of methyl piperidine-2-carboxylate (8b) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used 
as internal standard. 
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Figure 71 - 1H NMR of ethyl piperidine-2-carboxylate (8c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 

 
Figure 72 - 13C NMR of ethyl piperidine-2-carboxylate (8c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 
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Figure 73 - 1H NMR of 1-(piperidin-2-yl)ethan-1-ol (8d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. Inset shows the presecnce of two diasteroisomers at 2.44ppm and 2.26ppm. 

 
Figure 74 - 13C NMR of 1-(piperidin-2-yl)ethan-1-ol (8d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 

internal standard. 
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Figure 75 - 1H NMR of 6-oxopiperidine-2-carboxylic acid (8e) in D2O. Maleic acid (0.5 eq., δ 6.35 (s, 1H)) used as 
internal standard. 

 
Figure 76 - 13C NMR of 6-oxopiperidine-2-carboxylic acid (8e) in D2O. Maleic acid (0.5 eq.) used as internal 
standard. 
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Figure 77 - 1H NMR of ethyl piperidine-3-carboxylate (8f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 

 
Figure 78 - 13C NMR of ethyl piperidine-3-carboxylate (8f) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 
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Figure 79 - 1H NMR of piperidine-3-carboxamide (8g) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as 
internal standard. 

 
Figure 80 - 1H NMR of purified  piperidine-3-carboxamide (8g) in MeOD.  
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Figure 81 - 13C NMR of purified  piperidine-3-carboxamide (8g) in MeOD. 

 
Figure 82 - 1H NMR of purified  5-(methoxycarbonyl)piperidine-2-carboxylic acid (8h) in D2O. 
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Figure 83 - 13C NMR of purified  5-(methoxycarbonyl)piperidine-2-carboxylic acid (8h) in D2O. 

 
Figure 84 - 1H NMR of methyl-5-hydroxypiperidine-2-carboxylate (8i) in D2O after 24 hours. Maleic Acid (0.5 eq., 
δ 6.04 (s, 1H)) used as internal standard. 
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Figure 85 - 13C NMR of methyl-5-hydroxypiperidine-2-carboxylate (8i) in D2O after 24 hours. Maleic Acid (0.5 eq.) 
used as internal standard. 

 
Figure 86 - 1H NMR of dimethyl-piperidine-2,6-dicarboxylate (8j) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) 
used as internal standard. 
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Figure 87 -  1H NMR of purified dimethyl-piperidine-2,6-dicarboxylate (8j) in MeOD. Inset shows presence of two 
diastereoisomers with cis at 3.43ppm and trans at 3.33 ppm. 

 
Figure 88 - 13C NMR of purified dimethyl-piperidine-2,6-dicarboxylate (8j) in MeOD. 
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Figure 89 - 1H NMR of 2-phenylpiperidine (10a) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. Inset shows peaks used to tentatively calculate the yield and assign the product.  

 
Figure 90 - 1H NMR of 3-phenylpiperidine (10b) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 91 - 1H NMR of phenyl(piperidin-2-yl)methanol (10c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used 

as internal standard. Inset shows presence of two diastereoisomers at 4.58ppm and 4.34 ppm. 

 
Figure 92 - 13C NMR of phenyl(piperidin-2-yl)methanol (10c) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used 
as internal standard. 
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Figure 93 - 1H NMR of 2-benzylpiperidine (10d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 

 
Figure 94 - 13C NMR of 2-benzylpiperidine (10d) in CDCl3. 1,3,5-Trimethoxybenzene (0.33 eq.) used as internal 
standard. 
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Figure 95 - 1H NMR of 4-methoxypiperidine (12a) in CDCl3 after 4 hours. 1,3,5-Trimethoxybenzene (0.33 eq.) 
used as internal standard. 

 
Figure 96 - 1H NMR of 4-(trifluoromethyl)piperidine (12b) in CDCl3 after 4 hours. 1,3,5-Trimethoxybenzene (0.33 
eq.) used as internal standard. 



62 

 

 
Figure 97 - 13C NMR of 4-(trifluoromethyl)piperidine (12b) in CDCl3 after 4 hours. 1,3,5-Trimethoxybenzene (0.33 
eq.) used as internal standard. 

 
Figure 98 - 1H NMR of 4-methylpiperidine (2d) in CDCl3 after 4 hours. 1,3,5-Trimethoxybenzene (0.33 eq.) used 
as internal standard. 



63 

 

 

5. References 
 
1 S. Kim, F. Loose, M. J. Bezdek, X. Wang and P. J. Chirik, J. Am. Chem. Soc., 2019, 

141, 17900–17908. 
2 R. Li, Y. Zhao, H. Wang, J. Xiang, Y. Wu, B. Yu, B. Han and Z. Liu, Chem. Sci., 2019, 

10, 9822–9828. 
3 F. Chen, W. Li, B. Sahoo, C. Kreyenschulte, G. Agostini, H. Lund, K. Junge and M. 

Beller, Angew. Chemie - Int. Ed., 2018, 57, 14488–14492. 
4 M. A. V. R. Da Silva, A. I. M. C. L. Ferreira and J. R. B. Gomes, J. Phys. Chem. B, 

2007, 111, 2052–2061. 
5 E. et al. Eliel, Tetrahedron Lett., 1976, 3765–3768. 
6 H. Miyamura and S. Kobayashi, Angew. Chemie - Int. Ed., 2022, 61, 1–7. 
7 F. Bourriquen, J. Hervochon, R. Qu, S. Bartling, N. Rockstroh, K. Junge, C. 

Fischmeister and M. Beller, Chem. Commun., 2022, 58, 8842–8845. 
8 N. Tanaka and T. Usuki, European J. Org. Chem., 2020, 2020, 5514–5522. 
9 A. J. Burke, S. G. Davies, A. C. Garner, T. D. McCarthy, P. M. Roberts, A. D. Smith, 

H. Rodriguez-Solla and R. J. Vickers, Org. Biomol. Chem., 2004, 2, 1387–1394. 
10 F. Chen, W. Li, B. Sahoo, C. Kreyenschulte, G. Agostini, H. Lund, K. Junge and M. 

Beller, Angew. Chemie, 2018, 130, 14696–14700. 
11 T. Hayashi, M. Sawamura and Y. Ito, Tetrahedron, 1992, 48, 1999–2012. 
12 B. Zacharie, S. D. Abbott, C. B. Baigent, C. Doyle and R. S. Yalagala, European J. 

Org. Chem., 2018, 2018, 6486–6493. 
13 T. Wagener, L. Lückemeier, C. G. Daniliuc and F. Glorius, Angew. Chem. Int. Ed., 

2021, 60, 6425–6429. 
14 T. Maegawa, A. Akashi, K. Yaguchi, Y. Iwasaki, M. Shigetsura, Y. Monguchi and H. 

Sajiki, Chem. - A Eur. J., 2009, 15, 6953–6963. 
15 S. K. Mishra, S. R. Chaudhari and N. Suryaprakash, Org. Biomol. Chem., 2014, 12, 

495–502. 
16 I. Pal, S. R. Chaudhari and N. Suryaprakash, New J. Chem., 2014, 38, 4908–4912. 
17 A. Lemire and A. B. Charette, J. Org. Chem., 2010, 75, 2077–2080. 
18 D. Berthold, A. G. A. Geissler, S. Giofré and B. Breit, Angew. Chemie - Int. Ed., 2019, 

58, 9994–9997. 
19 M. B. Widegren and M. L. Clarke, Org. Lett., 2018, 20, 2654–2658. 
20 L. Chausset-Boissarie, R. Àrvai, G. R. Cumming, L. Guénée and E. P. Kündig, Org. 

Biomol. Chem., 2012, 10, 6473–6479. 
21 B. V. S. Reddy, D. N. Chaya, J. S. Yadav and R. Grée, Synthesis (Stuttg)., 2012, 

2012, 297–303. 
22 R. Yamaguchi, Y. Nakazono, E. H. Matsuki and M. Kawanisi, Bull. Chem. Soc. Jpn., 

1987, 60, 215. 
23 C. L. Perrin and G. M. L. Arrhenius, Bull. des Sociétés Chim. Belges, 1982, 91, 391–

391. 
24 R. K. Webber, S. Metz, W. M. Moore, J. R. Connor, M. G. Currie, K. F. Fok, T. J. 

Hagen, D. W. Hansen, G. M. Jerome, P. T. Manning, B. S. Pitzele, M. V. Toth, M. 
Trivedi, M. E. Zupec and F. Siong Tjoeng, J. Med. Chem., 1998, 41, 96–101. 

25 M. Freifelder, R. . Mattoon and Y. . Ng, J. Org. Chem., 1964, 29, 3730–3732. 
26 R. R. Chinthaparthi, C. S. R. Gangireddy, V. R. Mudumala, M. Gundluru, N. 

Chamarthi and S. R. Cirandur, Tetrahedron Lett., 2013, 54, 6071–6076. 
27 R. R. Chinthaparthi, C. S. R. Gangireddy, V. R. Mudumala, M. Gundluru, N. 

Chamarthi and S. R. Cirandur, Tetrahedron Lett., 2013, 54, 6071–6076. 
28 L. A. Watanabe, S. Haranaka, B. Jose, M. Yoshida, T. Kato, M. Moriguchi, K. Soda 

and N. Nishino, Tetrahedron Asymmetry, 2005, 16, 903–908. 
29 H. Booth, J. Mark Dixon and K. A. Khedhair, Tetrahedron, 1992, 48, 6161–6174. 
30 H. Su, C. Wu, T. Miao, D. Wang and C. Xia, Dalt. Trans., 2012, 41, 14480–14483. 



64 

 

31 F. Martinez-Espinar, P. Blondeau, P. Nolis, B. Chaudret, C. Claver, S. Castillón and 
C. Godard, J. Catal., 2017, 354, 113–127. 

32 G. Buchi and H. Wuest, J. Org. Chem., 1971, 36, 609–610. 
33 M. Irfan, E. Petricci, T. N. Glasnov, M. Taddei and C. O. Kappe, European J. Org. 

Chem., 2009, 1327–1334. 
34 F. J. Urban, J. Heterocycl. Chem., 1995, 32, 857–861. 
35 A. Mahesh Kumar, R. Venkateshwarlu, K. Tadiparthi, B. V. Rao, S. K. Kota Balaji, A. 

Raghunadh and S. N. Singh, Synth. Commun., 2022, 52, 827–833. 
36 A. A. M. AL-Hadedi, S. Sawyer, S. J. Elliott, R. A. Green, D. J. O’Leary, R. C. D. 

Brown and L. J. Brown, J. Label. Compd. Radiopharm., 2022, 65, 361–368. 
37 J. F. Rousseau, I. Chekroun, V. Ferey and J. R. Labrosse, Org. Process Res. Dev., 

2015, 19, 506–513. 
38 X. Zhang, L. Ling, M. Luo and X. Zeng, Angew. Chemie - Int. Ed., 2019, 58, 16785–

16789. 
 

 
 


