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Reactions of Alkynes

1. Addition (analogous to alkenes)
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2. At terminal carbon bearing H
Addition reactions

1. Hydrogenation

HsC, CHg
H;C-C=C-CH; —— C=C
H H
2-butyne cis-2-butene

H, and catalyst. However, a less reactive catalyst is needed to stop reaction at the cis-2-
butene product.

Hp, Pd HsG  CHg
H3C_CEC_CH3 e p:C\
H H
2-butyne cis-2-butene
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Lindlar’s Catalyst:
Pd, BaSO, (or CaCOj; is often used in place of BaSQ4), and quinoline (see below):
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» These conditions allows for selective hydrogenation of alkynes to alkenes.



2. Halogenation

- The halogenation reaction gives a trans addition (anti)

Br, Br.  CHz Br; (excess) I|3r I|3r
H3C-C=C-CHz —— C=C = > H3C-C-C-CHg
HSC/ Br Long Time I|3r I|3r

3. HX Addition (syn)

X=Cl Br, 1
HaC-C=C—CHy — c=C
addition H X

H—X

Mechanism

Example: Addition of HCI to propyne (follows Markovnikov’s rule)
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4. Addition of Water (requires acid)

Tautomers (e.g. keto/enol) are rapidly equilibrating structural isomers. The process is
called tautomerization. Tautomerization is NOT the same as resonance. Resonance is
the movement of electrons only.

Remember
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Hy,0 + H,S0, === H3O + HSO,
Mechanism:
HiC H HC  H HeC ~ H
HC-C=C-H —— @C:C E—— @/C: . _— C=C (anenol)
K'g) Q H=0y H H—.O::) H reasonably stable
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Tautomerization H,C H
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ol - alcohol -same elemental formula C-C-H
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Ketone
acetone
favoured

5. Anti-Markovnikov Water Addition — Hydroboration-Oxidation

Enol form
HeC H HeC H HG ~ H
HyC-C=C-H  — c=C NaOH c=C H-C~C,
] H202 H ) OH H O

4§7 H & "Keto" form
. h
organoborane H |l|

» Two possibilities for the reaction of organoboranes:
1. Water and acid to add H and give the alkene
2. NaOH and H,0; to give the enol tautomer that converts (equilibrium)
primarily to the keto tautomer (aldehyde shown below)

1) RyBH y
HeC-C=C-H S oai— ¢
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,C:CHZ
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Oxidation of Alkynes

With potassium permanganate:

I KMnO, 0 0
R_C:C_R Hzo R% + >;R|
cold or hot OH HO ifR=H
\v\ith KMnO,
CO, is formed
Ozonolysis:
_ O3 0
R-C=C-R' ,
Zn FP/<OH i i

"carboxylic acid"

/ R’=H

no COs is formed

Oxidation of 2-butyne

- KMnO, O
H,C-C=C-CH; ——F—— {
H,0 HsC o + CHj,

acetic acid (vinegar)
"carboxylic acid"
The same products are obtained by: 1) O3 then 2) Zn

Oxidation of 1-butyne

HsC,
— KMnO, H3C O
HQC_C:C_H H \C (Z +
120 = on "

propionic acid

formic acid)
"carboxylic acid"

KMnO4

CO, is formed



Ozonolysis of propyne
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acetic acid formic acid
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no COs is formed

Acidity of Alkanes / Alkenes / Alkynes:
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Pk, = 26
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:NH, + 1

: NH;
ammonia pKa=36
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- Pka=16
Ethane / Ethene / Ethyne
Ethane
Ho .0
H3C_C -H —_— H3C_CH2 + HG-D
[CHsCHp 1[H ]
a = 2 = 1046
[CH3CHg]

pKa = 46



Ethene (ethylene)

H .0
— +
_ [CH,CH 1[H ] 1036
B [CH,CH,]
pKa = 36

Ethyne (acetylene)

HC=CH —_— ch'c@ + P
HC=C] [H
Ka [ - ] [H ] 10-26
HC=CH]
pKa = 26

How strong of a base is needed to deprotonate?
acid conjugate base
HC=C-H H2N-H pKa ~ 36 HQN-

pKa = 26
H;C-H pKa ~ 45 H,C

HO-H pKa~15.7 HO

*  H,N and H3C are strong enough bases to deprotonate a terminal alkyne, but
water is not a strong enough.
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H,Q\H {C=C—CH;, — » ! OH H—C=C—CH;
o0
stronger stronger weaker weaker

acid base base acid



