
Nuggets of Knowledge for Chapter 13: Alkynes

I. Introduction to Alkynes

Classifying alkynes

• Alkynes are hydrocarbons that contain a carbon-carbon triple bond.  

• Compounds that contain a carbon-carbon triple bond but are not hydrocarbons are simply labeled 
as unsaturated.  

• Alkynes with the triple bond on the end are called terminal alkynes; if the triple bond is in the 
middle, it is called an internal alkyne.

Hybridization and bond formation

• The two carbons in the triple bond have sp hybridization.  

• One of the bonds is a sigma bond, formed by combining one sp orbital from each carbon atom.  

• The other two bonds are pi bonds, formed by combining a p orbital from each carbon atom.  

• The two pi bonds are at right angles to each other.  

• A triple bond is shorter than a double or a single bond.

Geometry

• The two carbon atoms have linear geometry, so alkynes cannot be written out in the zig zag line 
structure used for alkanes and alkenes.  

o When alkynes are formed, the zig zag shape of the starting materials must be changed to 
show the correct geometry in the alkyne product; likewise, when alkynes undergo 
reactions, the linear shape must be changed to show the correct geometry of the 
products.

• Cyclic alkynes can exist, but because of the linear geometry, they must have at least 9 carbons in 
the ring to be stable at room temperature.  

Stereochemistry 

• No stereochemistry can exist at the two triple bond carbons, but chiral stereocenters may exist at 
other carbon atoms in an alkyne molecule.



Molecular formula

• Simple alkynes have the molecular formula CnH2n-2, since the triple bond contributes 2 units of 
unsaturation.  Alkynes with rings in their structure will lose 2 hydrogen atoms for each ring.

Stabilization 

• Alkyl substituents stabilize alkynes by hyperconjugation, so internal alkynes are slightly more 
stable than terminal ones because they have more carbons attached.

Reactivity 

• Alkynes have two sites of possible reactivity – at the pi bonds and the H’s of terminal alkynes.

o Terminal alkynes are weakly acidic, and can be deprotonated by a suitable base.  

 They can then participate in SN2 and E2 reactions.

o Pi bonds are higher in energy than sigma bonds, making them somewhat reactive.  

 Alkynes react as weak nucleophiles or bases, attacking strong acids or good 
electrophiles. 

 Alkynes undergo some of the same reactions that alkenes do, and produce 
similar products with similar regioselectivity.  

 However, the initial product of an alkyne still has a double bond left, while 
products of alkenes have only single bonds at the end.  

 Alkynes can often undergo a second reaction with the remaining double bond.  

II. Natural Occurrences and Uses of Alkynes

• Alkynes themselves are rarely found in nature.  

o One interesting exception is diacetylene (HC---C-C---C-H), which has been found in 
the carbon-rich atmospheres of several planets and moons in our solar system.  

• Around 1000 unsaturated compounds containing a carbon-carbon triple bond as well as other 
functional groups have been found in various plants and animals.  These compounds are often 
toxic.  

• Some unsaturated compounds containing carbon-carbon triple bonds have been isolated or 
synthesized for use as drugs, including birth control agents, analgesics, antihypertensives, an 
anticancer agents.



• The smallest alkyne, acetylene, is the most useful alkyne in industry.  It is used in oxyacetylene 
cutting and welding torches.  

o It is made by heating calcium oxide and carbon to a high temperature, then adding 
water, or by heating methane to a high temperature for a fraction of a second.  

o It is stored dissolved in acetone under modest pressure due to its explosive potential.  If 
heated or mechanically shocked under pressure, it will decompose to its elements, 
carbon and hydrogen, releasing energy.

• Polyacetylene is a carbon chain with alternating double and single bonds.  It is useful in foil 
packaging for computer components to dissipate static electric charge, and also for light weight 
all-polymer batteries.  When treated with iodine, it conducts electricity nearly as well as silver,  
the highest conducting metal.

III. Physical Properties of Alkynes

• Alkynes are nonpolar compounds, so they are insoluble in water.  They are also less dense than 
water, so an alkyne layer will float on top of a water layer.

• Alkynes have melting and boiling points similar to alkanes and alkenes.  

• Alkynes with 4 carbons or less are gases at room temperature; alkynes with 5 to 10 carbons are 
liquids; and alkynes with more than 10 carbons are solids.  

• Alkynes are flammable, and also polymerize easily, sometimes explosively.  

• Liquid alkynes have a strong, pungent odor.

IV. Spectroscopy of Alkynes

IR 

• Terminal alkynes have IR bands at 2200-2100 cm-1 for the carbon-carbon triple bond, and 3300-
3260 cm-1 for the C-H bond next to the triple bond.  

• The triple bond band is at a higher frequency than the double bond of alkenes because it is a 
shorter, stronger bond, but it absorbs less light than a nitrile because it is less polar.  

• The C-H band is also at a higher frequency than in alkenes because the bond is shorter.  

• Internal alkynes do not have either of these two bands, and look pretty much like an alkane.



1  H NMR   

• H’s attached to the carbon-carbon triple bond show up on 1H NMR spectra between 1.7 and 3.1 
ppm.  

• Long range coupling can occur between the H on the end of a terminal alkyne and the H’s on the 
other side, but the coupling constants are fairly small, so the splitting is often too small to be 
seen.

13  C NMR   

C’s in a carbon-carbon triple bond show up on 13C NMR between 65-85 ppm.

V. Nomenclature of Alkynes

Common names

• Common names of simple alkynes can be created by thinking of them as derivatives of 
acetylene.  

o The substituents on the carbon-carbon triple bond are given first, in alphabetical order if 
there is more than one, followed by the ending “acetylene,” all as one word.  

o The prefix “di” is used if the substituents are the same.

IUPAC names 

• Naming an alkyne follows the same steps as naming an alkane or alkene.

1. Identify and label the stereochemistry, if any.
2. Choose the principle chain and name it.
3. Number the principle chain.
4. Name and order the substituents.

• Priorities for choosing the chain: 

o In choosing the principle chain, you must first include the triple bond, and if there are 
more than one, as many as possible must be included.  

o If there is also a double bond, it must also be included in the principle chain if possible. 

o If there is more than one possible chain that includes all of the triple and double bonds, 
choose the longest chain.  

o If there are two different chains that are the same length, chose the one with the most 
substituents.



• Changing the ending of the principle chain name: 

o When the principle chain contains one triple bond, change the ending from “ane” to 
“yne.”  

o If there are two or more triple bonds, change the ending to “adiyne,” “atriyne,” etc.  

o If there is both a double and a triple bond, change the ending to “enyne.”

• Priorities for numbering the chain: 

o When numbering the principle chain, give the lowest number to the triple bond; if there 
are two, give priority to whichever comes first.  

o If there is a double and a triple bond, give priority to whichever comes first, unless the 
numbers are the same – in this case, give priority to the double bond.    

o If there is still a choice, give priority to the first substituent, and if all substituents have 
the same numbers, give priority to the substituent that comes first in the alphabet.

• Where to put the numbers for the double and triple bonds: 

o List the numbers for the double and triple bonds at the beginning of the main chain 
name, unless there is both a double and a triple, in which case put the double bond 
number at the beginning, and the triple bond number just before the “yne.”

• Naming triple bonds as substituents: 

o To name a substituent containing a triple bond, add “yn” before the “yl” of the 
substituent: ethyl becomes ethynyl. 

o If needed, give the number of the triple bond, counting from the point of attachment.  

o The common name for a three carbon substituent with the triple bond on the end is 
“propargyl” (just like “allyl” for a double bond).

VI. Acid-base properties of Alkynes

• Unlike alkane and alkenes, alkynes are weakly acidic, with a pKa of 25-26.  This is because of 
the sp hybridization of the C atoms.

• The conjugate base of acetylene is called an acetylide ion; this name is also applied to conjugate  
bases of other alkynes.  



• Acetylide ions can be formed by using NaH (sodium hydride) or NaNH2 (sodium amide, often 
dissolved in NH3), because they have conjugate acid pKa’s that are strong enough to favor the 
acetylide ion.  

• Any acid with a pKa less than 26 will favor the alkyne, so acetylide ions will be protonated in the 
presence of water or alcohols.

• Acetylide ions react as good nucleophiles and good bases.  

o They can participate in SN2 reactions that form terminal alkynes from acetylene and an 
alkyl halide, or internal alkynes from terminal alkynes and an alkyl halide; this is the 
most common way of making alkynes.  

o In the first step, the acetylene or the alkyne is deprotonated; in the second step, the 
acetylide ion reacts as a Nu with the alkyl halide.  

o However, only 1o alkyl halides can be used; otherwise E2 reactions may occur.  Aryl 
halides also cannot be used, as they do not undergo SN2 reactions.

o To make an internal alkyne starting from acetylene, two separate reactions must be used 
to avoid mixtures. 

VII. Synthesis of Alkynes by Elimination

• The most common way to make alkynes is by a substitution reaction; however, there are some 
alkynes that cannot be made this way.  For these alkynes, elimination may be an option.

• Just as elimination may be used to make alkenes from alkyl halides, double elimination can be 
used to make alkynes from alkyl dihalides.  Either geminal or vicinal dihalides can be used.

• The first elimination is just like an E2 reaction.  In the second step, however, a vinyl halide must 
undergo elimination, and this requires a much stronger base – sodium amide.  Two equivalents of 
base are needed.

• Cumulated dienes are higher in energy than alkynes – they are not formed as final products of 
this reaction.

• When terminal alkynes are formed, the strong base deprotonates them to form acetylide ions. 
Treating the reaction with water at the end gives back the alkyne.

• Since vicinal dihalides can be made from alkenes, a two step synthesis allows an alkene to be 
made into an alkyne (as long as there is only one substituent on both sides, and rearrangements 
can be prevented).  

o This reaction is also useful for making alkynes that cannot be made using a substitution 
reaction – ones which would require a 2o, 3o, or phenyl halide.



VIII. Reduction of Alkynes to form Alkenes and Alkanes

• Alkynes can undergo addition of H2 just as alkenes can.  

o Addition of H’s to a molecule is called a reduction.  

o By using different reagents, an alkyne can be reduced to an alkane, a cis alkene, or a 
trans alkene.  

• When H2 is used with a Pt, Pd, Rd, or Ni catalyst, the alkyne is reduced first to a cis alkene, then 
to an alkane.  

o The reaction cannot be stopped at the alkene, because as soon as it is created, it reacts 
with hydrogen and catalyst. 

 
o Syn addition is observed, just as in the alkene reaction.

o This reaction was used to determine the difference in stability of terminal and internal 
alkynes.  Internal alkynes have a lower delta H for this reaction than terminal alkynes 
do, and since they result in the same product, this shows that internal alkynes are more 
stable to start out.

• In order to stop the reaction at the alkene stage, a less reactive or “poisoned” catalyst must be 
used.  

o The most common is called the Lindlar catalyst; it contains palladium on calcium 
carbonate, deactivated with lead (II) acetate and quinoline.  

o It is possible to stop at the alkene because the alkyne is more reactive.

o This is the best way to make cis alkenes; unlike the E2 reaction, no constitutional 
isomers or stereoisomers are formed.  

o The mechanism of this reaction is not completely understood, but involves the 
coordination of the pi bond with the surface of the catalyst, followed by the 
simultaneous transfer of both hydrogens.

• Trans alkenes must be formed using a very different reaction.  The alkyne is treated with sodium 
metal dissolved in liquid ammonia (which is a deep blue color) – this reaction is often referred to 
as a “dissolving metal” reaction.  

o The net result is the addition of H2 to the molecule, but the H’s come from the ammonia 
molecule, while the sodium supplies the electrons.

o The mechanism involves donation of an electron from sodium to form a radical anion, 
which then takes a hydrogen from ammonia.  The sodium then donates another electron, 
forming an alkenyl anion, which also takes a hydrogen from ammonia.  



o If a terminal alkyne is used, a better source of hydrogen must be added to prevent the 
alkyne from being deprotonated, which would prevent it from reacting.  Ammonium 
sulfate fills this role without interfering with any other step in the reaction.

• Since many alkynes can be created through substitution reactions, alkyne synthesis and reduction 
is a powerful method for creating long alkane chains as well as specific cis and trans alkenes.

IX. Addition of HX and X2 to Alkynes

Addition of HX

• Either one or two equivalents of HX can be added to an alkyne.  HCl, HBr, and HI can all be 
used.

o If one equivalent is added, then a vinyl halide is obtained.  This product is much less 
reactive than the alkyne, so the reaction stops there if only one equivalent is used.

o If two equivalents are added, then the vinyl halide reacts again to form a geminal 
dihalide.  The second halide always adds to the carbon that already had one.

• Just as in alkenes, the halide goes to the more substituted side in a terminal alkyne.  In an internal 
alkyne, neither side is more substituted, and unless the starting material is symmetrical, two 
products will result.

• Just as in alkenes, the addition of HBr in the presence of peroxides reverses the regioselectivity, 
and the bromide attaches to the less substituted side of the C=C.

Addition of X2

• Either one or two equivalents of X2 can be added to an alkyne.  Cl2 and Br2 are most commonly 
used.

o If one equivalent is used, a geminal vinyl dihalide is formed. Anti addition is observed.

o If two equivalents are used, a vicinal tetrahalide is formed.

X. Hydration of Alkynes

Acid- and mercury-catalyzed hydration

• Water can be added across the carbon-carbon triple bond in the presence of sulfuric acid and 
mercuric acetate.  



o This is rather like a combination of acid-catalyzed hydration of alkenes and 
oxymercuration-reduction, except you don’t need the NaBH4 step.

• Only one equivalent can be added, because the vinyl alcohol (called an enol) that is formed is 
unstable.  It immediately reacts to form an aldehyde or ketone.  This reaction is called a 
tautomerization.  We will discuss it further in the chapter on enols.

• On a terminal alkyne, the more substituted side gets the OH, then becomes the C=O.

Hydroboration-oxidation of alkynes

• Water can also be added across the carbon-carbon triple bond by using a borane reagent followed 
by hydrogen peroxide and hydroxide.

• As in alkynes, the regioselectivity of this reaction is the reverse of the one above – the OH goes 
to the less substituted side.

• The enol formed by the reaction undergoes the same tautomerization as in the previous reaction. 
With a terminal alkyne, an aldehyde is formed; with an internal alkyne, a ketone is formed.

• Because of the C=C still present in the enol, there is the potential for it to react again with the 
borane, causing side products to be formed.  With internal alkynes, the steric hindrance of the 
alkyne itself prevents this, but with terminal alkynes, a sterically hindered borane reagent is  
needed.

o The most commonly used borane reagents are disiamylborane, and dicyclohexylborane.

XI. Oxidations of Alkynes

• Alkynes will react with two equivalents of potassium permanganate (KMnO4) to form a 
molecule with four OH groups, which then reacts to form two C=O’s plus two water molecules.

o It is important to keep this reaction cool and neutral, or the diketone will react further.

• Alkynes will react with ozone to form two carboxylic acids.  This cleaves the triple bond, giving 
two molecules.  Unlike alkenes, no additional reagents (such as hydrogen peroxide or dimethyl 
sulfide) are needed.


