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Working with Hazardous Chemicals 
 

The procedures in Organic Syntheses are intended for use only by persons with proper 
training in experimental organic chemistry.  All hazardous materials should be handled 
using the standard procedures for work with chemicals described in references such as 
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C., 
2011; the full text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste should be 
disposed of in accordance with local regulations.  For general guidelines for the 
management of chemical waste, see Chapter 8 of Prudent Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red 
“Caution Notes” within a procedure.  It is important to recognize that the absence of a 
caution note does not imply that no significant hazards are associated with the chemicals 
involved in that procedure.  Prior to performing a reaction, a thorough risk assessment 
should be carried out that includes a review of the potential hazards associated with each 
chemical and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards associated 
with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published and are 
conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and its Board of 
Directors do not warrant or guarantee the safety of individuals using these procedures and 
hereby disclaim any liability for any injuries or damages claimed to have resulted from or 
related in any way to the procedures herein. 

September 2014: The paragraphs above replace the section “Handling and Disposal of Hazardous 
Chemicals” in the originally published version of this article.  The statements above do not supersede any 
specific hazard caution notes and safety instructions included in the procedure. 

Copyright © 2010 Organic Syntheses, Inc.  All Rights Reserved 
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1. Procedure 

 

A flame-dried, 1-L, three-necked, round-bottomed flask is equipped 

with a mechanical-stirrer, a thermometer holder fitted with an internal 

thermometer, a rubber septum and a nitrogen inlet. The flask is charged with 

diisopropylamine (13.7 mL, 9.9 g, 97.8 mmol, 1.2 equiv) and THF (200 mL) 

via syringe. The rubber septum is replaced with a pressure-equalizing funnel 

equipped with a nitrogen inlet. The solution is then cooled to –78 °C with a 

cryocool and 2.5 M n-BuLi in hexanes (39 mL, 97.5 mmol, 1.2 equiv (Note 

1) is added dropwise via the addition funnel over 20 min with stirring. The 

solution is then warmed to 0 °C by placing the flask in an ice-water bath. 

The addition funnel is removed and replaced by another pressure-equalizing 

addition funnel. The solution is continually stirred at 0 °C for 30 min and 

then cooled to –40 °C by placement of the flask in a cryocool. 

To the above freshly prepared solution of LDA is added a solution of 

ethyl 1-benzylpiperidine-4-carboxylate (20.0 g, 80.9 mmol, 1.0 equiv) 

(Notes 2 and 3) in THF (150 mL) dropwise via the addition funnel over 30 

min such that the solution is kept between –30 and –40 °C. The addition 

funnel is then removed and replaced with a different pressure-equalizing 

addition funnel. The resulting reaction mixture is continually stirred for 1 h 

between –10 °C and –15 °C before being cooled to –78 °C. A solution of N-

fluorobenzenesulfonimide (NFSI) (Note 4) (26.7 g, 84.7 mmol, 1.05 equiv) 

in THF (150 mL) is added to the reaction via the addition funnel over 40 min 

while keeping the solution between –65 °C and –78 °C. After the addition, 

the reaction mixture is stirred for 1 h at –78 °C, then the temperature is 

allowed to warm to –50 °C over a 2 h period. 
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The reaction mixture is poured into a 2-L separatory funnel containing 

ice-H2O (600 mL) and diluted with ethyl acetate (600 mL). Layers are 

separated and the aqueous layer is extracted with ethyl acetate (2 x 200 mL). 

The combined organic layers are washed with brine (200 mL), dried over 

MgSO4 (20 g), filtered (Note 5), and concentrated by rotary evaporation 

(45 °C
 
, 35 mmHg), and dried under vacuum (25 °C

 
, 15 mmHg) to afford a 

deep brown oil. The crude product is purified by flash column 

chromatography on SiO2 (Note 6), eluting with ethyl acetate and hexanes 

(0% to 15%). The fractions containing the product (TLC: Rf = 0.39) (Note 7) 

are combined and concentrated by rotary evaporation (45 °C, 20 mmHg) to 

yield 15.7 g (73%) of pure ethyl 1-benzyl-4-fluoropiperidine-4-carboxylate 

as a brown oil (Note 8). 

 

2. Notes 

 

1. A 2.5 M solution of n-butyllithium in hexanes was purchased from 

Aldrich Chemical Co., Inc. Diisopropylamine (99.5%) was purchased from 

Aldrich Chemical Co., Inc. THF (99+%) was purchased from Aldrich 

Chemical Co., Inc. Diethyl ether (99.9%) was purchased from Fisher 

Scientific. Ethyl acetate (99.5%) was purchased from EMD Chemicals. 

Hexanes (98.5%) was purchased from Mallinckrodt Chemicals. All of these 

reagents and solvent were used as received. 

2. Ethyl 1-benzylpiperidine-4-carboxylate is commercially available. 

Both commercial material (purchased from Oakwood Inc) and freshly 

prepared of ethyl 1-benzylpiperidine-4-carboxylate provided similar results 

in the fluorination reaction. Ethyl 1-benzylpiperidine-4-carboxylate is 

prepared from ethyl isonipecotate and benzyl bromide (Note 3). Both ethyl 

isonipecotate and benzyl bromide are purchased from Aldrich Chemical Co., 

Inc. and used directly without further purification. 

3. A 500-mL, two-necked, round-bottomed flask equipped with a 

magnetic-stirring bar and a pressure-equalizing addition funnel is charged 

with ethyl isonipecotate (21.6 g, 137 mmol, 1 equiv), K2CO3 (38.0 g, 275 

mmol, 2 equiv) and DMF (100 mL). The solution is cooled to 0 °C (external 

temperature) in an ice-bath. A solution of benzyl bromide (23.5 g, 

137 mmol) in DMF (100 mL) is added dropwise via the addition funnel over 

20 min. The cooling bath is removed after addition, and the reaction mixture 

is stirred at room temperature for 14 h. The solid is filtered and washed with 

diethyl ether (3 x 250 mL). The combined organic layers are washed with 
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H2O (4 x 150 mL), dried over MgSO4 (20 g), filtered, and concentrated by 

rotary evaporation to afford a light-yellow oil (31.0 g, 96%), which is used 

directly for the fluorination reaction without further purification. The 

product exhibits the following physicochemical properties: 
1
H NMR (500 

MHz, CDCl3) : 1.24 (t, 3 H, J = 7.0 Hz), 1.75-1.80 (m, 2 H), 1.85-1.88 (m, 

2 H), 2.01 (dt, 2 H, J = 2.0, 11.5 Hz), 2.23-2.29 (m, 1 H), 2.84 (d, 2 H, J = 

11.5 Hz), 3.48 (s, 2 H), 4.11 (q, 2 H, J = 7.0 Hz), 7.24-7.31 (m, 5 H); 
13

C 

NMR (126 MHz, CDCl3) : 14.3, 28.3, 41.3, 53.0, 60.3, 63.3, 127.0, 128.2, 

129.1, 138.5, 175.3. 

4. N-Fluorobenzenesulfonimide (NFSI) was purchased from Aldrich 

Chemical Co., Inc. 

5. A 150 mL filter funnel (M) charged with 20 g Celite was used. 

6. A disposable column filled with SiO2 (330 g) provided by 

Teledyne Isco, Inc. was used for the purification.  

7. TLC plates (UV254 active) were purchased from EMD Chemicals, 

Inc. and 15% ethyl acetate/hexanes was used as an eluent. 

8. The title compound shows the following analytical and 

spectroscopic data: FTIR (film): 2929, 2819, 2778, 1756, 1736, 1286, 1139, 

1070, 1017, 735, 698 cm
-1

; 
1
H NMR (500 MHz, CDCl3) : 1.30 (t, 3 H, J = 

7.5 Hz), 1.90–1.96 (m, 2 H), 2.14 (dtd, 2 H, J = 37.5 (
3
JHF), 13.0, 4.5 Hz), 

2.33 (dt, 2 H, J = 1.5, 12.0 Hz), 2.74–2.77 (m, 2 H), 3.53 (s, 2 H), 4.23 (q, 2 

H, J = 7.5 Hz), 7.25–7.35 (m, 5 H); 
13

C NMR (125.76 MHz, CDCl3) : 14.1, 

32.6 (d, J = 21.4 Hz), 48.3, 61.6, 63.0, 92.0 (d, J = 186.0 Hz), 127.1, 128.3, 

129.1, 138.3, 171.6 (d, J = 25.2 Hz); MS m/z (relative intensity): 265 (M
+
, 

75), 244 (15), 236 (30), 192 (40), 188 (70), 174 (20), 160 (10), 154 (82), 91 

(100); HRMS (EI) m/z calcd. for C15H20FNO2 265.1471; found: 265.1467. 

Anal. calcd. for C15H20FNO2: C, 67.90; H, 7.60; N, 5.28; F, 7.16; found: C, 

68.02; H, 7.65; N, 5.27; F, 7.14.  

 

Safety and Waste Disposal Information 

 

 All hazardous materials should be handled and disposed of in 

accordance with “Prudent Practices in the Laboratory”; National Academy 

Press; Washington, DC, 1995. 
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3. Discussion 

 

The title compound and derivatives are important pharmaceutical 

building blocks.
2a-k

 N-Boc-4-fluoropiperidine-4-carboxylate was reported 

recently. However, the product using the patent procedure
3
 suffered from 

very poor purity (50%). Unreacted starting material (~50%) could not be 

separated by either distillation or column chromatography. The benzyl-

protected 4-fluoropiperidine-4-carboxylate ester was developed as an 

improved version. Our synthetic procedure provides a practical, efficient 

method for the preparation of the title compound on larger scale, in high 

yield and purity.  

Although other fluorinating reagents
4
 are available for the synthesis of -

fluorocarbonyl-type compounds, N-fluorobenzenesulfonimide
5
 was found to 

be the best with respect to reactivity, safety, and availability. 
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Appendix 

Chemical Abstracts Nomenclature (Registry Number) 

 

Diisopropylamine (108-18-9) 

n-Butyllithium (109-72-8) 

Ethyl isonipecotate (1126-09-6) 

Benzyl bromide (100-39-0) 

Ethyl 1-benzylpiperidine-4-carboxylate (24228-40-8) 

N-Fluorobenzenesulfonimide (133745-75-2)  
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