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School of Chemistry
SAFETY MANUAL FOR THE PREPARATION,

HANDLING AND REACTIONS OF DIAZOMETHANE
No researcher should make or use diazomethane unless they have read and understood these notes and have agreed to abide by the recommendations, protocols and prohibitions contained herein. Your research supervisor must be aware that you are engaged in such work, and other occupants of the laboratory should also be informed. The protocols outlined in this manual constitute a COSHH assessment.
2013
Diazomethane

Although diazomethane is relatively safe when handled as a dilute solution in an inert solvent such as diethyl ether, diazomethane presents several safety hazards of which all users of the reagent should be aware.
1.
Toxicity


Diazomethane (CH2N2) is an extremely toxic, volatile and explosive compound. It is a very powerful alkylating agent, which means that it should be treated as a human carcinogen. Some of the precursors that are used to generate diazomethane have also been cited as carcinogens (e.g. N‑methyl-N-nitrosourethane). It is also a potent irritant and can cause pulmonary oedema when inhaled in high concentrations. Long-term low-level exposure can lead to sensitization resulting in asthma-like symptoms and the victim of sensitisation may then be unable to work in the vicinity of a diazomethane reaction.
2.
Explosion Risk


Liquid diazomethane has a boiling point of –24 °C and poses an extreme explosion risk. Explosions can also occur with dry, undiluted diazomethane in the gaseous state. The gas can be handled safely by diluting it with nitrogen but for standard synthetic work the use of a dilute ethereal solution of the diazomethane is best. Commercial apparatus from Aldrich for the preparation of ethereal diazomethane is available.
3.
Safety Protocols


It is essential that the following conditions are met to minimise both the toxicity effects and the potential explosion risk of diazomethane:​
· Glassware must not have surface scratches or ‘star’ cracks. If there is any doubt about the quality of the glassware, use new glassware.

· Never use Quickfit apparatus with ground glass joints.

· If the commercial Aldrich equipment is not used, then all joints must either be ‘Clear-Seal’ joints or rubber stopper connections carrying fire-polished connecting tubes must be used instead.

· Only ethereal solutions of diazomethane should generally be prepared. It is essential that the inert solvent (i.e. diethyl ether) has a high vapour pressure to act as a diluent for the diazomethane in the gaseous phase. Likewise, distillation of diazomethane should generally only be attempted by co-distilling it with diethyl ether. Dichloromethane has been used as an extraction solvent. Do not use other solvents unless you are following a reliable  literature procedure.

· If agitation of the diazomethane solution is necessary, use a Teflon stirrer bar rather swirling the solution by hand. Mechanical stirring is not usually necessary since essentially homogeneous reactions are involved. If mechanical stirring is essential, then a Teflon bladed stirrer must be used and the glass parts of the stirrer must not have ground surfaces or sharp edges, and the stirrer must be frictionless.
· Never use boiling chips, and avoid contact with rough or sharp surfaces.

· Never use metal syringe needles or canulae when transferring diazomethane.

· Never expose diazomethane solutions to direct sunlight or place them near strong artificial light.

· Diazomethane solutions must not be stored long-term (i.e. longer than an a few hours). During short-term storage, the solution should be cooled to 0 °C or below. Do not store solutions of diazomethane in an enclosed space such as a fridge or freezer.

· All work must be conducted in an efficient fume cupboard and behind an additional robust safety screen. When large quantities of diazomethane are being used a full face shield should be worn.

· Wear disposable rubber gloves inside stout outer gloves while handling flasks containing a solution of diazomethane.

· Excess diazomethane, which gives the ether solution a yellow colour, can be destroyed by the careful addition of excess acetic acid until the colour is discharged completely.

· Ethereal diazomethane solutions should be dried only over potassium hydroxide pellets; other desiccants are known to catalyse the explosive decomposition of diazomethane.
4.
Spillages


Any spillage should only occur within the fume cupboard. The ethereal solution will probably evaporate rapidly in the draught and it is unlikely that treating the spillage (e.g. with acetic acid) will be effective. Spillages of less than 2–3 mL of an ethereal solution pose little risk in the fume cupboard. In this event, simply pull down the fume cupboard sash and allow the material to evaporate before resuming experimental work. If more than 10 mL of the diazomethane solution is spilled, a potentially hazardous situation exists. In this case, the fume cupboard sash should be pulled down completely, others working in the vicinity should be warned, and the laboratory should be evacuated. Because of the fire/explosion risk arising from the spillage, two people should stand by at a safe distance with CO2 fire extinguishers. Allow at least 30 minutes for the diazomethane to be dispersed via the fume cupboard ventilation system before re-entering the laboratory.
5. Standardisation of Ethereal Solutions of Diazomethane

It is usual to use diazomethane in large excess (~5 equivalents) and then destroy the excess reagent (e.g. with acetic acid). If it is essential to know the concentration of diazomethane in the ether, then proceed as follows:​


Make up a 0.2 M solution of benzoic acid (FW = 122.123) in anhydrous ether, and cool the solution to 0 °C. Add a known aliquot (5 or 10 mL) of the ice-cold ethereal diazomethane to a conical flask containing a Teflon stirrer bar which has also been cooled to 0 °C. Dilute with ether then add, with stirring, a measured quantity of the 0.2 M benzoic acid solution until the solution is colourless and the benzoic acid is in excess. Add water and titrate the excess benzoic acid with 0.1 M sodium hydroxide using phenolphthalein as the indicator.

1 mL 0.1 M NaOH ≡ 0.1 mmol PhCO2H ≡ 12.212 mg PhCO2H

10 mg PhCO2H ≡ 3.4425 mg CH2N2 (FW CH2N2 = 42.041)
6.
Preparation of Solutions of Diazomethane 


All of the precursors for diazomethane are N-nitrosoamines or N-nitrosoamides of one type or another. These precursors vary in their stability and toxicity. In most of the routes it is necessary to distil the ethereal diazomethane in order to remove the co-products of the diazomethane synthesis. In cases where these co-products would not interfere with the desired reaction (or the intended work​up), then distillation can be avoided. The step involving the distillation of ethereal diazomethane is the one involving the greatest risk. Various routes are summarised below along with the key references and a list of the advantages and disadvantages of each route.
N-Methyl-N-nitroso urea

Organic Syntheses Collected Volume 2, 1943, 165–167, 461–464.
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Advantages: The only ether-soluble co-product is water, which is readily removed by drying over KOH pellets, and so distillation is not necessary.

Disadvantages: The precursor is readily synthesized but is not commercially available. The warning in Organic Syntheses Collected Volume 3, 1955, 119–120 actually refers to N-methyl-N​nitrosourethane [MeN(NO)CO2Et], but Sax lists this urea as a suspected carcinogen and mutagen. The urea requires storage at ≤ 0 °C and should not be kept at > 20 °C for more than a few hours. Non-explosive decomposition occurs at 30 °C and it can detonate with KOH and CH2Cl2.
N-Nitroso-β-methylamino-isobutyl methyl ketone 
Organic Syntheses Collected Volume 3, 1955, 244–248.

[image: image3.wmf]N

H

2

C

N

2

N

a

O

R

O

O

N

+

O


Advantages: Low cost of the starting material – the nitroso aminoketone is stable to storage at room temperature.

Disadvantages: The starting material is not commercially available but can be prepared from mesityl oxide in two steps. The nitroso aminoketone can decompose with explosive violence during distillation. The co-product of the reaction, mesityl oxide, dissolves in the ether and hence distillation of the ethereal diazomethane is usually unavoidable. Toxicity data for the diazomethane precursor are not available but it should be treated as a suspect carcinogen and mutagen.
N-Methyl-N-nitroso-p-toluenesulfonamide (p-tolylsulfonylmethylnitrosamide) Diazald®
Organic Syntheses Collected Volume 4, 1963, 225–228, 250–253, 943–946.
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Advantages: The precursor is relatively inexpensive. It is readily prepared in two steps from p‑toluenesulfonyl chloride, and is also commercially available from Aldrich (Diazald). It is stable at room temperature for years but it should be recrystallised and then stored in a dark bottle in a cool place (Organic Syntheses Collected Volume 4, 1963, 943). It has a low toxicity but is an irritant. The Aldrich Diazald kits are designed for use with this material – see the Aldrichimica Acta article which follows. The method is suitable for large scale preparations.

Disadvantages: The ester co-product dissolves in the ether and so distillation of the ethereal diazomethane is usually required.

N-Methyl-N'-nitro-N-nitrosoguanidine 
J Am. Chem. Soc. 1948, 70, 1974–1975.
Canad. J. Res. 1950, 28B, 683. 
Organic Syntheses Collected Volume 5, 1973, 245–248.
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Advantages: The precursor is available commercially from Aldrich and is also readily prepared. It is the precursor of choice when less than 1 mmol of diazomethane is required. The mini Aldrich kit has been designed for use with this precursor – see the Aldrichimica Acta article which follows. The nitroguanidine, presumably, is insoluble in dichloromethane and it has been suggested that the precursor can be used for the preparation of CH2Cl2 solutions of diazomethane without the requirement of distillation (Organic Syntheses Collected Volume 5, 1973, 246). It is stable on storage at room temperature in the dark.

Disadvantages: The precursor is a suspected carcinogen and a potent mutagen. It is rather expensive, and hence is unsuitable for large scale work.
N,N'-Dimethyl-N,N'-dinitrosoterephthalamide 
Organic Syntheses Collected Volume 5, 1973, 351–355.
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Advantages: Low cost precursor giving a very high yield of diazomethane and the method is suitable for large scale preparation of diazomethane.
Disadvantages: The compound was commercially available (1973) but is no longer available from commercial suppliers. It is a suspect mutagen.

Trimethylsilyldiazomethane 
Organic Syntheses 1990, 68, 1–7.
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Trimethylsilyldiazomethane (Me3SiCHN2) is a non-explosive, less volatile, non-mutagenic and stable substitute for diazomethane in many applications. It is commercially available as a solution (in various solvents) and can be prepared in two steps from chloromethyltrimethylsilane. It should be noted that trimethylsilyldiazomethane is an extremely toxic compound and should be treated in the same diazomethane itself. In extreme cases, inhalation of trimethylsilyldiazomethane can be fatal.
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