
Alkynes and Their Reactions 

Chapter 11 

•  Alkynes are named in the same general way that alkenes are named. 

•  In the IUPAC system, change the –ane ending of the parent alkane name to the 
suffix –yne. 

•  Choose the longest continuous chain that contains both atoms of the triple bond 
and number the chain to give the triple bond the lower number. 

•  Compounds with two triple bonds are named as diynes, those with three are 
named as triynes and so forth. 

•  Compounds with both a double and triple bond are named as enynes.  

•  The chain is numbered to give the first site of unsaturation (either C=C or C≡C) 
the lower number.  

Naming Alkynes 

•  Alkynes are prepared by elimination reactions.  
•  A strong base removes two equivalents of HX from a vicinal  

or geminal dihalide to yield an alkyne through two successive E2 
elimination reactions. 

Preparation of Alkynes Preparation of Alkynes from Alkenes 

•  Since vicinal dihalides are readily made from alkenes, one can convert an alkene 
to the corresponding alkyne in a  
two-step process involving: 

•  Halogenation of an alkene. 

•  Double dehydrohalogenation of the resulting vicinal dihalide. 

 

•  IMPORTANT NOTE: Synthesis of a terminal alkyne by dehydrohalogenation 
requires 3 equivalents of the base, due to the acidity of the terminal alkyne H 
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Terminal Alkynes – Reaction as an Acid 

•  Terminal alkynes are readily converted to alkynide (acetylide) ions with strong 
bases such as NaNH2 and NaH. 

•  The alkynide ions are strong nucleophiles, capable of reacting with electrophiles 
such as alkyl halides and epoxides. 

•  Acetylide anions are strong nucleophiles and react with unhindered alkyl halides to 
yield products of nucleophilic substitution. 

•  The mechanism of substitution is SN2, and thus the reaction is fastest with CH3X 
and 1o alkyl halides. 

•  Nucleophilic substitution with alkynide ions forms new carbon-carbon bonds! 

Reactions of Alkynide Ions with Alkyl Halides 

•  Steric hindrance around the leaving group causes 2° and 3° alkyl halides to 
preferentially undergo elimination by an E2 mechanism, as shown below. 

•  Thus, nucleophilic substitution with alkynide anions forms new carbon-carbon 
bonds in high yield only with unhindered CH3X and 1° alkyl halides. 

Elimination vs. Substitution with Alkynide Ions 

•  Acetylide anions are strong nucleophiles that open epoxide rings by an 
SN2 mechanism. 

•  Backside attack occurs at the less substituted end of the epoxide. 

Reactions of Acetylide Ions with Epoxides 



Addition Reactions of Alkynes Hydrohalogenation Mechanism 
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•  Resonance stabilizes a molecule by delocalizing charge and electron 
density. 

•  Halogens stabilize an adjacent positive charge by resonance. 
•  Carbocation A is stabilized by resonance. 

Halogen Stabilization of Carbocations Halogenation of Alkynes 



•  Internal alkynes undergo hydration with concentrated acid to form ketones. 

•  Terminal alkynes require the presence of an additional Hg2+ catalyst (usually 
HgSO4) to yield methyl ketones by Markovnikov addition of water. 

Hydration of Internal & Terminal Alkynes 
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•  Tautomers are constitutional 
isomers that differ in the location of 
a double bond and a hydrogen 
atom. 

•  A and B are tautomers: A is the enol 
form and B is the keto form. 

•  An enol tautomer has an O−H group bonded to a C=C. 

•  A keto tautomer has a C=O and an additional C−H bond. 

•  Equilibrium favors the keto form largely because the C=O is much 
stronger than a C=C.  

•  Tautomerization, the process of converting one tautomer into another, is 
catalyzed by both acid and base. 

Keto-Enol Tautomerization 

•  Hydroboration−oxidation of an internal alkyne forms a ketone, just as the acid-
catalyzed hydration did. 

•  However, hydroboration−oxidation of a terminal alkyne forms an aldehyde.  

•  BH2 adds to the less substituted, terminal carbon resulting in anti-Markovnikov 
addition of water. 

Hydroboration−Oxidation of Internal & Terminal Alkynes 
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•  Retrosynthetic analysis is the method of working backwards from a target 
compound to starting materials. 

•  To write a synthesis working backwards, an open arrow (⇒) is used to indicate that 
the product is drawn on the left and the starting material on the right. 

•  In designing a synthesis, reactions are often divided into two categories: 

 1. Those that form new carbon-carbon bonds. 

 2. Those that convert one functional group into another—that is,  

       functional group interconversions. 

Retrosynthetic Analysis Retrosynthetic Analysis 

•  Devise a synthesis of the following 
compound from starting materials 
having two carbons or fewer. 

Example of a Retrosynthetic Synthesis  

•  Thinking Backwards: 

•  Synthesis: 

•  Devise a synthesis of the compound:   
 
 
 
 
 

Use only bromoethane and 1-bromo-2-methyl-propane (aka 
isobutyl bromide) as sources of carbon in the final structure. You 
may use other reagents, solvents and conditions necessary. 

 
 

Retrosynthetic Analysis 


