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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. 

 

These paragraphs were added in September 2014.  The statements above do not supersede any specific 
hazard caution notes and safety instructions included in the procedure. 
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1. Procedure 

A. [(Methyl)(methoxy)carbene]pentacarbonyl chromium(0).2 A 1-L, two-necked, round-bottomed 
flask equipped with magnetic stirring bar, 100-mL addition funnel, reflux condenser, and gas inlet is 
charged with 17.8 g (0.085 mol) of chromium hexacarbonyl (Note 1). The apparatus is evacuated (oil 
pump) and filled with argon (four cycles), and a positive pressure is maintained with an argon-filled 
balloon on a T-tube. Dry diethyl ether (500 mL) is transferred via cannula into the flask and stirring is 
commenced. The addition funnel is charged with 60 mL (1.42 M in ether, 0.085 mol) of methyllithium 
via cannula and rapid dropwise addition is begun. The methyllithium is added over a 15-min period, 
during which time the solution turns from bright yellow to dark brown. The solution is heated at reflux 
for approximately 1.5 hr. After the solution is cooled, the solvent is removed by rotary evaporation. The 
dark-brown residual solid is taken up in 80 mL of water (in air), and 13.0 g (0.088 mol) of 
trimethyloxonium tetrafluoroborate (Note 2) is added over a 30-min period with stirring (Note 3). The 
mixture is extracted several times with 200-mL portions of cold pentane (Note 4). The combined 
pentane layers are dried over anhydrous magnesium sulfate and filtered through a bed of Celite. The 
solution is concentrated by rotary evaporation to approximately 60 mL and is cooled to −20°C under 
argon. After 1 hr the resulting bright-yellow crystals (17.6 g, 83%) are collected and dried at 25°C under 
reduced pressure for 10 min (Note 5). 

B. 1,3-Dimethyl-3-methoxy-4-phenylazetidinone. A 250-mL Pyrex Erlenmeyer flask is charged with 
1.25 g (5.0 mmol) of [(methyl)(methoxy)carbene]pentacarbonyl chromium(0)]. The flask is fitted with a 
rubber septum, evacuated, and filled with argon (four cycles). Dry petroleum ether (175 mL) is 
transferred via cannula into the flask to produce a dark-yellow solution. The solution is charged with 
0.59 g (5.0 mmol) of N-methylbenzylidenimine (Note 6). The flask is irradiated with six 20-W Vitalites 
(Note 7). The solution turns brown and heterogeneous within an hour. After 3 days (Note 8) the solution 
is filtered through a bed of Celite, the precipitate is washed with dry petroleum ether, and the now 
lighter-yellow solution is sealed in a flask, degassed, and irradiated as before. After 5 days of further 
irradiation, the mixture is filtered and the filtrate is exposed to air and irradiated again until a colorless 
solution is obtained (ca. 1 day). Filtration through a bed of Celite and removal of solvent by rotary 
evaporation affords colorless crystals of essentially pure β-lactam 2. Recrystallization from hexane 
gives 0.67–0.76 g (65–74% yield), mp 76–77°C (Note 9).
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2. Notes 

1. Chromium hexacarbonyl was obtained by the checkers from Pressure Chemical Company, Pittsburgh, 
PA. and used without purification. It can be weighed in air as it is relatively nonvolatile and air-stable. 
The usual precautions appropriate for a potentially toxic metal carbonyl should be employed, but the 
low volatility makes handling relatively easy. 
2. The checkers obtained trimethyloxonium tetrafluoroborate from Alfa Products, Morton/Thiokol, Inc. 
3. Meerwein's reagent was added until the pH of the solution was slightly acidic. 
4. The carbene complex is slightly air-sensitive in solution. The pentane was cooled to 0°C and nitrogen 
was bubbled through the solvent before use. 
5. Longer drying resulted in loss of carbene complex by sublimation. The carbene complex was stored 
under argon at −20°C. The pure product shows 1H NMR (CDCl3) δ: 4.60 (s, 3 H, OCH3) and 2.90 (s, 3 
H, CH3). 
6. The checkers obtained N-methylbenzylidenimine from Aldrich Chemical Company, Inc. and used it 
without purification. It was added as a neat liquid, via syringe. 
7. Vitalites were obtained by the checkers from a local hardware store. They were arranged horizontally, 
in banks of two in a way to provide maximum illumination of the flask. Aluminum foil was used 
generously around the outside of the lights in order to minimize light loss. 
8. Precipitate forms and reduces light intensity in the solution. The complete conversion of reactants can 
be accelerated by more frequent filtration and by using sunlight in place of the Vitalites. The submitters 
were successful using the Vitalites with five filtrations over a 72-hr period. The checkers found that the 
reaction was incomplete under these conditions and the β-lactam must be purified by chromatography 
(silica gel column, elution with 1 : 1 ethyl acetate : hexane) in order to remove residual benzaldehyde 
and other minor impurities. 
9. The product has the following spectral properties: 1H NMR (CDCl3) δ: 1.60 (s, 3 H, CH3); 2.80 (s, 3 
H, NCH3); 3.03 (s, 3 H, OCH3); 4.35 (s, 1 H, CH); 7.28 (s, 5 H, ArH); IR (CHCl3) cm−1: 1750. 

3. Discussion 

The procedure described is an efficient conversion of imines to β-lactams.3 It is very general, and 
imines such as thiazolines, benzothiazines, dihydroisoquinoline, and quinoline itself, as well as simple 
aldehyde and ketone imines, are converted to β-lactams in fair to good yield. The reaction is 
stereospecific, producing only one diastereoisomer of the β-lactam. The chromium carbene complex is 
easy to prepare on a large scale, to store, and to handle, since it is air-stable as a solid. The β-lactam 
forming reaction proceeds under very mild conditions and requires only the most simple glassware and 
either sunlight or commercially available fluorescent tubes that duplicate the spectrum of sunlight (e.g., 
Vitalite). Product isolation consists of simple filtration and solvent removal. The procedure produces β-
lactams containing heteroatom substituents at the 3-position. It is complementary or superior to existing 
methods for the conversion of imines to β-lactams involving ketenes,4 5 6 acid chlorides and base,7 8 9 10 
11 or ketene silyl acetals.12 13 

This preparation is referenced from: 
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Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 

(Registry Number) 

petroleum ether 

[(Methyl)(methoxy)carbene]pentacarbonyl chromium(0) 

[(methyl)(methoxy)carbene]pentacarbonyl chromium(0)] 

thiazolines 

benzothiazines 

ethyl acetate (141-78-6) 

ether,  
diethyl ether (60-29-7) 

nitrogen (7727-37-9) 

benzaldehyde (100-52-7) 

Quinoline (91-22-5) 

Pentane (109-66-0) 

magnesium sulfate (7487-88-9) 

hexane (110-54-3) 

Methyllithium (917-54-4) 

argon (7440-37-1) 

N-methylbenzylidenimine (622-29-7) 

Trimethyloxonium tetrafluoroborate (420-37-1) 

dihydroisoquinoline



1,3-Dimethyl-3-methoxy-4-phenylazetidinone,  
2-Azetidinone, 3-methoxy-1,3-dimethyl-4-phenyl- (82918-98-7) 

chromium hexacarbonyl (13007-92-6) 
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