
PHOSPHORUS AND 
SULPHUR YLIDES

1



The Chemistry of Phosphorus and Sulphur

Ylides
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A ylide or ylid is a neutral dipolar molecule containing a

formally negatively charged atom (usually a carbanion) directly

attached to a hetero atom (usually nitrogen, phosphorus or

sulphur), with a formal positive charge and in which both atoms

have full octets of electrons.

Ylides are thus 1,2-dipolar compounds



Synthesis of Alkenes from Aldehydes and Ketones
The Wittig Reaction
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One of the most celebrated reactions for converting aldehydes and

ketones to alkenes employs phosphorus ylides.

The phosphorus ylide is sometimes referred to as the Wittig reagent.

General Representation of Phosphorus Ylides

The driving force is the formation of a strong P=O bond. The

reaction is exothermic.

Phosphorus ylides are divided into two categories:

Stabilized and unstabilized ylides



PHOSPHORUS YLIDES
Unstabilized Phosphorus Ylides
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Examples

Unstabilized ylides have either H or alkyl groups connected to the C

atom.

Since alkyl groups donate electrons through the inductive effect,

electron donating groups destabilize charge separation, the ylene form

predominates and the reactions of such unstabilized ylides occur

through the ylene form.
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PHOSPHORUS YLIDES
Stabilized Phosphorus Ylides
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Resonance-Stabilized Ylides

Examples

The subtituents on the C atom must be ones that can stabilize the

negative charge by delocalization.

Since charge stabilization is achieved through resonance

delocalization, the ylide form predominates.
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Preparation of Unstabilized Phosphorus Ylides
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Example

Most common method

Reaction of alkyl halides with triphenylphospine
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Preparation of Unstabilized Phosphorus Ylides
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Example

Alternatively

Addition of a carbanion to a vinyl phosphonium salt

Addition of a carbene to a phosphine

Example
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Preparation of Stabilized Phosphorus Ylides
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Example

Other bases such as NaH and KO-t-Bu can also be used



Stereochemical Consequences of Unstabilized
Phosphorus Ylides in Wittig Reaction
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Stereochemical Consequences of Unstabilized
Phosphorus Ylides in Wittig Reaction
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Examples
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Unstabilized Phosphorus Ylides in Wittig Reaction
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Unstabilized Phosphorus Ylides in Wittig Reaction
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Stereochemical Consequences of Stabilized 
Phosphorus Ylides in Wittig Reaction
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Stereochemical Consequences of Stabilized 
Phosphorus Ylides in Wittig Reaction
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Example
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Horner-Wadsworth-Emmons (HWE) Reaction
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Mechanism

This reaction is a useful complement of the Wittig reaction of stabilized

ylides. It uses phosphonate esters as intermediates.

Preparation of Alkylphosphonates: The Arbuzov reaction

10:58 AM



Horner-Wadsworth-Emmons (HWE) Reaction
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Examples

Generally

Other bases:   NaOEt, NaHMDS, KO-t-Bu
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Horner-Wadsworth-Emmons (HWE) Reaction
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Stereochemical Consequences of the HWE reaction

A stepwise and open transition state accounts for the observed

stereochemistry



Synthesis of Alkenes from Aldehydes & Esters
Petasis Reaction (Titanocene Methylenation)
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Recall the Wittig Reaction

Example

Note that the scope of the olefination by the Wittig reagent is only

limited to the more reactive carbonyl of an aldehyde or ketone. Esters

and amides are inert to the Wittig reagent.

Compare

Note that the carbonyl of both the aldehyde, ketone and ester are

methylenated.



Synthesis of Alkenes from Aldehydes & Esters
Mechanism of the Petasis Reaction
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SULPHUR YLIDES 
Synthesis of Epoxides and Cyclopropanes
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The most important sulphur ylides are dimethylsulfonium methylide

and dimethylsulfoxonium methylide (Corey-Chaykovsky reagent).

These ylides are prepared by deprotonation of the corresponding

sulfonium salts, which can be prepared from the reaction of either

dimethylsulphide or dimethylsulphoxide with methyl iodide.
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Synthesis of Epoxides from Aldehydes and 
Ketones from Sulphur Ylides
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Whereas phosphorous ylides react to provide alkenes, sulphur ylides

(dimethylsulfonium methylide and dimethylsulfoxonium methylide) react

with saturated aldehydes and ketones to provide epoxides.
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Synthesis of Epoxides from Sulphur Ylides
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Envisage an alternative attempt through epoxidation of an alkene
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Synthesis of Epoxides from Sulphur Ylides
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Charge dispersal associated with resonance stabilization leads to

reduced activity. Consequently dimethylsulphoxonium methylide is less

reactive than dimethylsulphonium methylide.

Hard-Soft Acid-Base Theory/ Concept / Principle

Also known as the Pearsons Acid-Base Concept, It assigns the terms 

'hard' or 'soft', and 'acid' or 'base' to chemical species. ‘

Hard' applies to species which are small, have high charge density

and are weakly polarizable. ‘

Soft' applies to species which are large, have low charge density and

are strongly polarizable.
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Synthesis of Epoxides and Cyclopropanes from 
Sulphur Ylides
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Whereas the harder nucleophile dimethylsulfonium methylide reacts

with a,b-unsaturated carbonyl compounds to provide epoxides, the

softer reagent dimethylsulfoxonium methylide reacts by conjugate

addition to give cyclopropanes.

Reaction of Sulphur Ylides with a,b-Unsaturated Aldehydes and 

Ketones
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Epoxides vs Cyclopropanes from Sulphur Ylides

25

Presumably, both reagents react most rapidly at the carbonyl group.

With dimethylsulfonium methylide, the intramolecular displacement

step is faster than the reverse of the addition, and epoxide formation

takes place.

The sulfoxonium ylide is less reactive and is thought to add reversibly 

to carbonyl groups, eventually forming the thermodynamically favoured 

product (cyclopropane).



Reactions of Carbonyl Compounds (Revisited)
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Recall
A wide repertoire of reactions of carbonyl compounds (aldehydes,

ketones, esters and amides) occur directly at the carbonyl.

These reactions are made possible by the bond polarization around

the carbonyl. The same bond polarization also activates the a-H such

that they can readily be deprotonated.


