
Ćwiczenia nr 2 – CHEMIA ORGANICZNA - semestr letni –  
Aldehydy i Ketony, Reakcja Wittiga 
 

1. Dokończ	  reakcje:	  	  
	  

	  
	  

 
2. Jakich reagentów użyjesz do przeprowadzenia następujących reakcji 

 
a) benzen -> bromobenzen -> bromek fenylomagnezowy -> alkohol benzylowy -> benzaldehyd 
b) toluen -> kwas benzoesowy -> chlorek benzoilu -> benzaldehyd 
c) bromek etylu -> 1-butyn -> butanon 
d) 1-fenyloetanol -> acetofenon 
e) benzen -> acetofenon 
f) kwas benzoesowy -> acetofenon 

 
3. Wychodząc z Benzaldehydu zaproponować metodę syntezy:  

 

 
 

4. Przeprowadź następującą syntezę:  
 

 
 
 

5. W jaki sposób wykorzystasz glikol etylenowy do następującego przekształcenia?  
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6. Pokaż w jaki sposób uzyskać przejścia wykorzystując: 1. reakcję utworzenia tioacetalu oraz 2. 
desulfuryzację na bazie Niklu Raneya:   
a) cykloheksanon -> cykloheksan   b) benzaldehyd -> toluen 

 
7. Wykorzystując reakcję Wittiga, mając do dyspozycji dowolnie potrzebny aldehyde, keton czy 

bromek alkilowy oraz trifenylofosfinę otrzymać poniższe struktury:  
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16.10 The Addition of Ylides: The Wittig Reaction 757

16.10 The Addition of Ylides: The Wittig Reaction

! Aldehydes and ketones react with phosphorus ylides to yield alkenes and triph-
enylphosphine oxide (a by-product). This reaction is known as the Wittig reaction.

The Wittig reaction has proved to be a valuable method for synthesizing alkenes. The ylide
required for the reaction is a molecule with no net charge but which has a negative carbon
atom adjacent to a positive heteroatom, which in the Wittig reaction is a phosphorus atom.
Phosphorus ylides are also called phosphoranes.

Triphenyl-
phosphine oxide

R!

R
C O ! (C6H5)3P

"

C
#

R$

R% R!

R
C C

R$

R%

! O P(C6H5)3

Phosphorus ylide
(or phosphorane)

Aldehyde or
ketone 

Alkene
[(E) and (Z) isomers]

The Wittig reaction is applicable to a wide variety of compounds, and although a mix-
ture of (E) and (Z) isomers may result, the Wittig reaction offers a great advantage over
most other alkene syntheses in that no ambiguity exists as to the location of the double bond
in the product. (This is in contrast to E1 eliminations, which may yield multiple alkene prod-
ucts by rearrangement to more stable carbocation intermediates, and both E1 and E2 elim-
ination reactions, which may produce multiple products when different b hydrogens are
available for removal.)

Phosphorus ylides are easily prepared from triphenylphosphine and primary or secondary
alkyl halides. Their preparation involves two reactions:

General Reaction

Specific Example

Reaction 1 (C6H5)3P

Triphenylphosphine

! CH
R$

R%

X (C6H5)3P
"

CH X#

R$

R%
An alkyltriphenylphosphonium

halide

(C6H5)3P
"

C
R$

R%

Reaction 2 H B
"

(C6H5)3P
"

C
R$

R%

# ! H B

A phosphorus ylide

Reaction 1 (C6H5)3P ! CH3Br C6H6
(C6H5)3P

"

CH3 Br#

Methyltriphenylphosphonium
bromide
(89%)

Reaction 2 (C6H5)3P
"

CH3 ! C6H5Li
Br#

(C6H5)3P
"

CH2
# ! C6H6 ! LiBr

The first reaction is a nucleophilic substitution reaction. Triphenylphosphine is an
excellent nucleophile and a weak base. It reacts readily with 1° and 2° alkyl halides by an
SN2 mechanism to displace a halide ion from the alkyl halide to give an alkyltriph-
enylphosphonium salt. The second reaction is an acid–base reaction. A strong base (usu-
ally an alkyllithium or phenyllithium) removes a proton from the carbon that is attached to
phosphorus to give the ylide.
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Phosphorus ylides can be represented as a hybrid of the two resonance structures shown
here. Quantum mechanical calculations indicate that the contribution made by the first struc-
ture is relatively unimportant.

Studies by E. Vedejs (University of Michigan) indicate that the Wittig reaction takes place
in two steps. In the first step (below), the aldehyde or ketone combines with the ylide in a
cycloaddition reaction to form the four-membered ring of an oxaphosphetane. Then in a
second step, the oxaphosphetane decomposes to form the alkene and triphenylphosphine
oxide. The driving force for the reaction is the formation of the very strong (DH° !
540 kJ mol"1) phosphorus–oxygen bond in triphenylphosphine oxide.

(C6H5)3P C
R!

R"

(C6H5)3P
#

$C
R!

R"

A MECHANISM FOR THE REACTION

The Wittig Reaction

O O

O

Aldehyde
or ketone

# C$

R"

R!

P(C6H5)3
#

Ylide

C

R%

R C

R"

R!

P(C6H5)3

Oxaphosphetane

CC
R%

C
R R%

R

R"

R!

# P(C6H5)3

Alkene
(# diastereomer)

Triphenylphosphine
oxide

Specific Example

Methylenecyclohexane
(86% from cyclohexanone
and methyltriphenylphosphonium
bromide)

O # P(C6H5)3CH2

#$

O

C O# P(C6H5)3CH2H2

P(C6H5)3

While Wittig syntheses may appear to be complicated, in practice they are easy to carry
out. Most of the steps can be carried out in the same reaction vessel, and the entire syn-
thesis can be accomplished in a matter of hours.

The overall result of a Wittig synthesis is

16.10A How to Plan a Wittig Synthesis
Planning a Wittig synthesis begins with recognizing in the desired alkene what can be the
aldehyde or ketone component and what can be the halide component. Any or all of the R
groups may be hydrogen, although yields are generally better when at least one group is
hydrogen. The halide component must be a primary, secondary, or methyl halide.

several
steps

R%

R
# #C O

R%

R
C

H

X

R!

R"

C diastereomer

R!

R"

C
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