
STORK ENAMINE SYNTHESIS



Vinylamine reactivity known since 1884...

Collie, Liebigs Ann. Chem. 1884, 226, 294-322
Benary, Ber. Dtsch. Chem. Ges. 1909, 42, 3912-3925
Robinson, J. Chem. Soc. 1916, 109, 1038-1046

Wittig coined "enamine" as nitrogen analog of enol in 1927

Wittig, Ber. Dtsch. Chem. Ges. 1927, 60, 1085-1094

Enamine preparation was first made practical by Mannich in 1936

Mannich, Ber. Dtsch. Chem. Ges. 1936, 69, 2106-2112

But no one seized the opportunity for nearly two decades ! until Stork in 1954

Stork, Terrell, Szmuszkovicz, J. Am. Chem. Soc. 1954, 76, 2029
Stork, Landesman, J. Am. Chem. Soc. 1956, 78, 5128
Stork, Landesman, J. Am. Chem. Soc. 1956, 78, 5129
Stork, Brizzolara, Landesman, Szmuszkovicz, Terrell, J. Am. Chem. Soc. 1963, 85, 207

History



In 1954, G. Stork and co-workers discovered that the reaction of enamines with alkyl- or acyl halides 
followed by acidic hydrolysis constituted a novel way for the α-alkylation or α-acylation of carbonyl 
compounds



The synthesis of α-alkyl- or acyl carbonyl compounds via the alkylation or acylation of the
corresponding enamines is known as the Stork enamine synthesis.



The general features of this method are:

1) The enamines are prepared by reacting the aldehyde or ketone with one equivalent of secondary amine (e.g., 
piperidine, morpholine or pyrrolidine) in the presence of a catalyst (or dehydrating agent)

2) With unsymmetrical ketones the formation of enamine regioisomers is expected but usually the less substituted 
regioisomer is favored(1,3-allylic strain）

3) The preparation of aldehyde enamines is often accompanied by the formation of aminals, which can be 
converted to the desired enamines by destructive distillation



4) Activated alkyl and acyl halides are the best reaction partners (e.g., allyl-, benzyl-, propargylic-, or 
activated aryl halides)

5) Tertiary alkyl halides do not alkylate the enamines but rather undergo elimination

6) Other electrophiles such as Michael acceptors and epoxides can also be used

7) The bulkier the ketone and the amine components, the better the yields of the monoalkylated product, but the 
reaction rates tend to drop.



Advantages of the Stork enamine synthesis are:

1) The alkylation of the enamine takes place under neutral conditions, which is important when the substrate is base or 
acid sensitive;

2) Polyalkylated products are seldom observed

3) The alkylation takes place on the less substituted side of the ketone

4) An asymmetric version utilizing chiral enamines is also available.
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