
Catalytic Hydrogenation of Alkynes

Under standard conditions (Pt/H2), alkynes are doubly hydrogenated to alkanes.

Pt/H2 (g) Pt/H2 (g)

(spontaneously)

As with alkenes, addition of 
each pair of H’s is syn.

Pt
H H

Impossible to stop 
hydrogenation at 
lk l l

PtPt
alkene; molecule 
goes right back 
onto Pt to receive 
another H2.

Selective Monohydrogenation of Alkynes

Alkynes → cis-alkenes:

Yields cis-alkene,
selectively.

Pd, BaSO4

H2 (g)

Pd catalyst is “poisoned” by BaSO4; 
h d ti t t lk

(quinoline)

hydrogenation stops at alkene.
“Lindlar’s catalyst”

Alkynes → trans alkenes:Alkynes → trans-alkenes:

Na, NH3 Yields trans-alkene3 Yields trans alkene,
selectively.



Electrophilic Addition to Terminal Alkynes

Follows Markovnikov’s rule, passing through the most stable carbocation.

++

More substituted,
more stabilized by 
hyperconjugation. vinyl cations

Less substituted,
less stable.
Not observed.

C C

ECH3CH2

+
Both cis and 
trans-adducts 
observed

HX
observed.

Electrophilic Addition to Internal Alkynes

No basis for regioselectivity. All possible products observed.

+

No selectivity means not very useful.



Hydrohalogenation of Terminal Alkynes

Identical conditions and selectivity to alkenes.

Markovnikov addition of H-Br:Markovnikov addition of H-Br:

HBr

Br adds to more 
substituted carbon

(1 equiv)

Anti Markovnikov addition of H Br:

HBr (2 equiv)

Anti-Markovnikov addition of H-Br:

HBr

Br adds to less 
substituted carbon

benzoyl peroxide

(+ some cis-product)

Halogenation of Alkynes

Br22

(1 equiv)
+

(both E and Z alkenes produced)

Br2 (2 equiv)



Markovnikov Hydration of Alkynes

Forms an alkenyl alcohol—an enol—as a reactive intermediate.
But the eventual product is a ketone.

enol
HgSO4

H SO

enol-keto 
tautomerism

H2SO4

Tautomers: Isomers related by 
tautomerism

(acid-catalyzed)
proton transfer.

Aldehydes and ketones are

ketone

Aldehydes and ketones are 
nearly always more stable than 
their enol tautomers.

(Energy of C=O bond greater(Energy of C=O bond greater 
than that of C=C bond.)

Anti-Markovnikov Hydration of Alkynes

1.

enol
2 H O

“Sia2BH”

Bulky boron reagent used to prevent
enol-keto 

2. H2O2,
NaOH

Bulky boron reagent used to prevent 
double addition of R2BH across alkyne.

tautomerism

(base-catalyzed)

aldehyde



Mild Permanganate Oxidation of Alkynes

At pH = 7, permanganate (MnO4
-) converts alkynes to C=O groups,

but keeps the C-C bond intact.

KMnO4

H O
internal alkyne

H2O
pH = 7

KMnO4

H O
terminal alkyne

H2O
pH = 7

Strong Permanganate Oxidation of Alkynes

Under harsher conditions, MnO4
- cleaves the C≡C bond to yield carboxylic acids.

1. KMnO4

KOH, 

2 H O+2. H3O+

internal alkyne

1. KMnO4

KOH, 

2 H O+

terminal alkyne

2. H3O+

O3, H2O (ozonolysis) 
also cleaves C-C bond,

w/ same products.



Chapter 9 Material Not Covered in 
Lecture:Lecture:

Nomenclature, Physical
Properties, Commercial
Importance: Read Wade 9.2-9.4.

Additi f A t lidAddition of Acetylide
Ions to Carbonyl Groups: Wade, Chap. 9.7B.

Covered w/ Chap. 10.p

Synthesis of Alkynes by
Elimination Reactions: Wade, Chap. 9.8.

Not important.


