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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. 
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ONE-POT CONVERSION OF LACTAM CARBAMATES TO 

CYCLIC ENECARBAMATES: PREPARATION OF 1-TERT-

BUTOXYCARBONYL-2,3-DIHYDROPYRROLE 
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1. Procedure 

 

1-tert-Butoxycarbonyl-2,3-dihydropyrrole.  To a 500-mL, three-

necked, round-bottom flask equipped with a magnetic stirring bar, a rubber 

septum, a thermometer and a two-tap Schlenk adaptor connected to a 

bubbler and an argon/vacuum manifold (Note 1) is added N-(tert-

butyloxycarbonyl)pyrrolidin-2-one 1 (14.1 g, 73.6 mmol) (Note 2). The flask 

is evacuated for 25 min at room temperature (Note 3), then is filled with 

argon and kept under argon atmosphere during the entire reaction. Through 

the rubber septum, anhydrous toluene (100 mL) is added via syringe. The 

flask is cooled to 70 °C (internal temperature) and a solution of lithium 

triethylborohydride (Super Hydride , 81.0 mL, 1.0 M in THF, 81.0 mmol, 

1.1 equiv) is added dropwise via syringe, while maintaining the temperature 

below 60 °C (Note 4). After complete addition, the reaction mixture is 

stirred for one additional hour at 70 °C to allow completion of the reaction 

(Note 5). Solid DMAP (90 mg, 0.736 mmol, 0.01 equiv) is added in one 

portion, followed by N,N-diisopropylethylamine (73.2 mL, 420 mmol, 

5.70 equiv) and trifluoracetic anhydride (12.3 mL,  88.3 mmol, 1.20 equiv) 

which are added, in sequence, dropwise by syringe through the rubber 

septum at rates that maintain the temperature below 55 °C (Note 6). After 

complete addition, the cooling bath is removed, and the reaction mixture is 

allowed to warm to room temperature. The mixture is then stirred for about 
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two hours to allow completion of the reaction (Note 7). The reaction mixture 

is cooled to 0 °C in an ice/water bath and then is quenched by dropwise 

addition of water (150 mL) via syringe while keeping the temperature below 

15 °C (Note 8). The mixture is transferred to a 1-L separatory funnel where 

the phases are separated. The organic phase is washed twice with water 

(150 mL each) and then is dried over anhydrous Na2SO4 (approximately 

5 g). The solution is filtered through a fritted glass funnel with suction and 

the residue is washed with toluene (2 x 50 mL) and the combined filtrates 

are evaporated to dryness under reduced pressure (approximately 15 mmHg, 

water bath temperature 30 °C). The residue (14.1 16.0 g) is purified by 

silica gel flash chromatography (Note 9) to afford 9.05 9.75 g of product as 

a light-yellow oil (Note 10). Further purification by bulb-to-bulb distillation 

(oven temperature 50 °C, 0.06 mmHg) affords 8.71 9.10 g (70 73%) of 

analytically pure enecarbamate 3 as colorless oil (Note 11). 

 

2. Notes 

 

1. All glassware was oven-dried, quickly assembled and heated with 

a heat gun under vacuum (0.05 mmHg) prior to use. The submitters used 

nitrogen as inert gas. 
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2.  Submitters and Checkers used 1-(tert-butoxy-

carbonyl)-2-pyrrolidinone 1 (97%), lithium triethylborohydride (Super-

Hydride
®
, (1.0 M in THF,), N,N-diisopropylethylamine (99%) and 

trifluoracetic anhydride (>99%) as purchased from Aldrich Chemical Co. 

Submitters used 4-dimethylaminopyridine and toluene, p.a., as purchased 

from Aldrich Chemical Company, Inc. The Checkers received these 

chemicals from Fluka.  

3. Final pressure: 0.05 mmHg. 

4. A dry-ice acetone bath was used. Addition took about 40 

minutes. 

5. Progress of the reaction was followed by TLC on silica gel with 

hexane/EtOAc, 1:1. Visualization was accomplished with phosphomolybdic 

acid reagent (12 g in 250 mL of EtOH). The starting material has an 

Rf = 0.25 and the product has an Rf  = 0.37. 

6.  Addition took about 10 min for diisopropylethylamine and 

15 min for trifluoroacetic anhydride.  

7.  Progress of the reaction was followed by TLC analysis as 

described in Note 5. Enecarbamate 3 has an Rf  = 0.63. 

8.  Addition took about 10 min.  

9. The residue was dissolved in a minimum amount of 

dichloromethane, transferred to a 5  42 cm column packed with silica gel 

60 (Merck, 0.040 0.060 mm) and eluted with 2.5 L of hexane-EtOAc 90:10 

containing 0.2% (v/v) triethylamine). Enecarbamate 3 has an Rf  = 0.21. 

10. The 
1
H NMR spectrum (400 MHz, CDCl3) of the substance after 

chromatography showed traces of impurities with very weak signals at 

 = 1.13 1.27 (0.30 H), 1.70 1.80 (0.25 H), 3.35 3.42 (0.12 H).    

11. Analytical data: IR (film): 3414, 2974, 1703, 1617, 1478, 1409, 

1366, 1289, 1257, 1224, 1178, 1135, 1093, 985, 882, 810, 763, 704 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3) : 1.42 (s, 9 H), 2.54–2.62 (m, 2 H), 3.59–3.70 (m, 

2 H), 4.93 (d, J = 18 Hz, 1 H), 6.39/6.52 (br. s, 1 H) (pair of rotamers); 
13

C 

NMR (101 MHz, CDCl3) : 28.6/29.6, 44.7/45.2, 79.8/79.9, 107.4, 129.7, 

151.6/152.3 (pair of rotamers); MS [EI, 70 eV] m/z (relative intensity): 169 

(3), 113 (16), 96 (12), 68 (42), 57 (100), 41 (74); Elemental Analysis Calcd 

for C9H15NO2:  C, 63.88; H, 8.93; N, 8.28.  Found: C, 63.62; H, 8.81; N, 

8.08. 
1
H NMR, 

13
C NMR and MS data were identical to those reported in 

ref. 4b. 
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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. 

 

3. Discussion 

 

Cyclic enecarbamates, a class of deactivated enamines, are versatile 

intermediates for the synthesis of alkaloids and nitrogen-containing 

heterocycles. Among the available methodologies for their preparation, the 

reduction of lactam carbamates followed by dehydration
 
of the lactamols is 

the most straightforward approach.  The lactam carbamates can be reduced 

to lactamols by sodium borohydride (NaBH4),
3
 diisobutylaluminum hydride 

(DIBAL-H),
 4

 and lithium triethylborohydride (Super-Hydride ).
5
 Among 

them, Super-Hydride  is most widely used in the laboratory, because it 

typically gives the cleanest reductions and highest yields.  Many protocols of 

dehydrating lactamols to enecarbamates have been developed.
6
 In 

comparison to the other dehydrating methods, dehydration using 

trifluoriacetic anhydride and a hindered base, such as 2,6-lutidine or 

diisopropylethylamine, was found to be the most effective. These mild 

conditions are compatible with a number of protecting groups and are 

suitable for compounds with epimerizable stereogenic centers.
7
 

Recently, we simplified the two-step process by developing an 

efficient one-pot conversion of lactam carbamates to cyclic enecarbamates 

by telescoping the reduction with lithium triethylborohydride, and in-situ 

dehydration with trifluoroacetic acid and diisopropylethylamine.
8
 The one-

pot protocol avoids the isolation of unstable lactamol intermediate, which 

could undergo a ring-opening to form the tautomeric aldehyde.
9
   This one-

pot protocol is suitable for different azacycles (5-, 6- and 7-membered 

rings), and is compatible with a number of protecting groups (Boc, Cbz, Bn).  

Due to the mild conditions, Boc-protected L-pyroglutamate can be converted 

to its enecarbamate without any epimerization.  Results are summarized in 

Table 1. 

In general, the main advantages of this one-pot protocol are its simple 

operation, higher overall yields, and formation of fewer side products.  This 

methodology has successfully been used for the preparation of enecarbamate 

3c (see Table 1) on greater than 100 kg scale. 
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Appendix 

Chemical Abstracts Nomenclature; (Registry Number) 

 

N-(tert-Butyloxycarbonyl)pyrrolidin-2-one; (85909-08-6)  

Super-Hydride : Lithium triethylborohydride; (22560-16-3)  

DMAP: N, N-Dimethyl-4-Pyridinamine: (1122-58-3)  

N,N-Diisopropylethylamine: N-Ethyl-N-(1-methylethyl)-2-propanamine; 

(7087-68-5)  

Trifluoracetic anhydride; (407-25-0) 

1-tert-Butoxycarbonyl-2,3-dihydropyrrole: 1H-Pyrrole-1-carboxylic acid, 

2,3-dihydro-, 1,1-dimethylethyl ester; (73286-71-2) 
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