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Ylides

• A ylide or ylid is a neutral dipolar molecule containing a formally
negatively charged atom (usually a carbanion) directly attached to
a heteroatom with a formal positive charge (usually nitrogen,
phosphorus or sulfur), and in which both atoms have full octets of
electrons.

• It has a structure in which two adjacent atoms are connected by
both a covalent and an ionic bond, normally written as X+–Y−.

• Ylides are thus 1,2-dipolar compounds, and a subclass of
zwitterions.

Z is a hetero atom such as N, P, S, etc., attached to various groups. However N

cannot expand its octet, N ylides differ from the other ylides in that they are

not stabilized by d-orbital conjugation, i.e., the second contributing resonance

structure is absent for N ylides.



WITTIG REACTION

• Wittig reaction gives an alkene by the  reaction of an aldehyde or  

ketone with the ylide generated from a phosphonium salt.

• The geometry of the resulting alkene depends on the reactivity of 

the ylide. Stabilized ylides give E-alkenes whereas non-stibilized

ylides lead to Z-alkenes.



Facts

• The active reagent in this reaction is the phosphonium ylide, which 

is prepared from a triaryl- or trialkylphosphine and an alkyl halide 

(primary or secondary) containing at least one a-hydrogen atom 

followed by deprotonation with a suitable base like PhLi, NaH, etc.

• The ylides are water and as well as oxygen-sensitive. So, the 

reactions involving them are carried out in an atmosphere of 

nitrogen.

• The phosphorous ylides react chemoselectively fast with aldehydes

and slow with ketones. The CO group of esters and amides are inert 

to ylides.

• Nonstabilized ylides react rapidly with aldehydes to give alkenes 

with high (Z)-selectivity. On the otherhand, stabilized ylides react 

slowly with ketones to give alkenes with (E)-selectivity.



Mechanism

• Mechanism of this reaction involves three steps

• Step-I: Formation of phosphorous ylide

Step-II: Reaction of phosphorous ylide with the carbonyl

compound to form intermediate betaine

Step-III: Ring closure of betaine followed by fission



• The ylide reacts with the carbonyl compound to form a four-

membered intermediate called oxaphosphetane, through a betaine.
The formation of cis- and trans-oxaphosphetane can be explained
on the basis of conformations of bataine.

• The driving force for the rapid decomposition of the
oxaphosphetane is the formation of very stable triphenylphosphine
oxide



Determination of the Starting Materials for a Wittig 

reaction using Retrosynthetic Analysis

• To use the Wittig Reaction , one can be able to determine what 

carbonyl compound and Wittig reagent are needed to prepare a 

desired alkene.

• Step-I: Cleave the carbon-carbon double bond into two components

• Compare the Wittig reagents. The preferred pathway uses a Wittig 

reagent derived from an unhindered alkyl halide - CH3X or RCH2X





Because the synthesis of the Wittig reagent begins with an SN2

reaction, the preferred pathway begins with an unhindered methyl

halide- 1o alkyl halide. In this example, retrosynthetic analysis of

both Wittig reagents indicates that only one of them (Ph3P=CHCH3)

can be synthesized from a 1o alkyl halide, making Possibility 1 the

preferred pathway.



Betaine

• A betaine is any neutral chemical compound with a positively

charged cationic functional group such as a quaternary

ammonium or phosphonium cation (generally: onium ions)

that bears no hydrogen atom and with a negatively charged

functional group such as a carboxylate group that may not be

adjacent to the cationic site.

• A betaine thus may be a specific type of zwitterion.

Historically, the term was reserved for TMG

(trimethylglycine) only.



Corey-Chaykovsky Reaction

• The Corey–Chaykovsky reaction is a chemical reaction for the

synthesis of epoxides, aziridines and cyclopropanes.

• The reaction involves addition of a sulfur ylide to a ketone,

aldehyde, imine or enone to produce the corresponding 3-membered

ring.

• The reaction is diastereoselective favouring trans substitution in

the product regardless of the initial stereochemistry.

• The synthesis of epoxides via this method serves as an important

retrosynthetic alternative to the traditional epoxidation reactions of

olefins.

• In the related Wittig reaction, the formation of the much stronger

phosphorous-oxygen double bond prevents oxirane formation and

instead, alkene formation takes place through the a 4-membered

cyclic intermediate.





Preparation of Sulphur Ylide

• Many bases remove α-H from sulphonium salts to form

ylides, e.g., dimethylsulphonium methylide:

The most satisfactory base appears to be the methylsulphinyl

carbanion, MeSOCH2
-, produced by the action of NaH,

NaNH2, etc., on dimethyl sulphoxide (DMSO).



Mechanism

• The mechanism of this reaction consists of nucleophilic addition of

the ylide to the carbonyl or imine group. A negative charge is

transferred to the heteroatom and because the sulfonium cation is a

good leaving group it gets expelled forming the ring.



The trans diastereoselectivity observed results from the

reversibility of the initial addition, allowing equilibration to the

favored anti betaine over the syn betaine.


