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Alkynes are hydrocarbons that contain carbon—carbon triple
bonds. Alkynes are also called acetylenes because they are

derivatives of acetylene, the simplest alkyne.
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The carbon atoms of acetylene are connected by
o + m + 7 triple bond. Both carbon atoms are sp-hybridized, and

each is bonded to a hydrogen by 6 bond. The two © bonds

are perpendicular to each other and are shown.

The chemistry of the carbon—carbon triple bond 1s similar to
that of the double bond. In this chapter, we see that alkynes
undergo most of the same reactions as alkenes, especially the
additions and the oxidations. We also consider reactions that are

specific to alkynes: some that depend on the unique
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characteristics of the triple bond, and others that depend on the
unusual acidity of the acetylenic bond. A triple bond gives an
alkyne four fewer hydrogens than the corresponding alkane.lts
molecular formula is like that of a molecule with two double

bonds:
CnH2n-2

Therefore, the triple bond contributes two elements of

unsaturation .
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ethane, C,H, ethene, CH, ethyne, CH,
et CHy ell, C,H; Len, CH;

Names The IUPAC

In naming alkynes the usual [IUPAC rules are exactly the
same as for the naming of alkenes, except that the ending
—yne replaces -ene.

1. The parent structure is the longest continuous chain
that contains the triple bond.

2. We number the longest carbon chain that contains the
triple bond from the end that gives the triply bonded
carbons the lower set of numbers.
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3. We indicate the location of the triple bond by the
number of the first carbon of the triple bond.
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H—C=C(—-H C(H—-C(=C-H CH—-C=C-CH, CH;—CH—C=C—CH—CH—CH,
ethyne propyne 2-butyne 6-bromo-2-methyl-3-heptyne
ethyne propyne but-2-yne 6-bromo-2-methylhept-3-yne
(acetylene)
CHj,
§ 3.3 1 1 2 3 45 6|7
(Il—IglIlIH(JE(IH CH3CH,C=CCHsCCHy
[
CHg CHs
3-Methyl-1-butyne 6,6-Dimethyl-3-heptyne




Physical properties of Alkynes

1. Being compounds of low polarity, the alkynes have physical
properties that are essentially the same as those of the alkanes
and alkenes.

2. They are insoluble in water but quite soluble in the usual
organic solvents of low polarity: ligroin, ether, benzene, carbon
tetrachloride.

3. They are less dense than water.

4. Their boiling points show the usual increase with increasing
carbon number, and the usual effects of chain-branching; they
are very nearly the same as the boiling points of alkanes or

alkenes with the same carbon skeletons.

Alkynes in Natural

More than 1000 natural products contain carbon—carbon
triple bonds. Many, such as stearolic acid and tariric acid,

are fatty acids—carboxylic acids with unbranched chains

of 12—-20 carbon atoms—or are derived from them.
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Stearolic acid Tariric acid




A major biosynthetic route to acetylenic fatty acids in
certain flowering plants involves oxidation of analogous
compounds with carbon—carbon double bonds, and is
catalyzed by enzymes of the desaturase class known as
acetyleneases. Crepenynic acid, which 1s formed by

oxidation of the fatty acid linoleic acid, is one example.

o 0

OH /W OH
=
4 AN =

Crepenynic acid Linoleic acid

Preparation of Alkynes

A carbon-carbon triple bond is formed in the same way as a
double bond: elimination of atoms or groups from two adjacent
carbons. The groups eliminated and and the reagents used are

_C—‘TL_ s —C=C— —> —C=C—
Z




1. Dehvdmhalugenaﬁon of alkyl dihalides: (Elimination of ZHX)

BN I _1, R
X X X

Lxample:
CH,CH=CH, % CH,CH—CH, X4, CH,CH=CHBr ™%, CH,C=CH
r Br 1-Bromo-1-propene Propyne
1,2-Dibromopropane
(Propylene bromide)

2. Dehalogenation of tetrahalides: (Eliminationof 2 X,)

X X
—él—(ll‘— + 2Zn —> —C=C— + 2ZnX;
X X
Example:
Br Br
CH,—(IJ Zn, CH,—C=CH
r Propyne
3. Reaction of sodium acetylides with primary alkyl halides
—C=CH =3is> —C=C:"Na* + RX —> —C=C—R + NaX
metal (R must
be 1°)
Examples:
HC=C:"Na* + CH,CH,CH,CH,Br —> HCECCI:I;CHZCH;CH,
Sodium acetylide n-Butyl bromide 1-Hexyne
(n-Butylacetylene)

CH;(CH,),C=C:"Na* + CH(CH,);CH,Cl —> CH,(CH,),C=C(CH,)CH,
Sodium n-pentylacetylide ~  n-Pentyl chloride 6-Dodecyne




Reactions of Alkynes

Alkynes undergo two types of reactions: Addition Reactions and Reactions as Acids

Addition Reactions: Just like alkenes, alkynes undergo electrophilic addition, and for the
same reason: availability of the loosely held 7 electrons.

Addition of hydrogen, halogens, and

Y Z hydrogen halides to alkynes is very much like

YZ _(]:_([: addition’ to alkenes, except that here two

—(=C-+YZ — =C — — molecules of reagent can be consumed for
¢ % Y| 4 each triple bond.

Reactions as Acids: Alkynes undergo certain reactions that are due to the acidity of a
hydrogen atom held by triply-bonded carbon.

these hydrogens are much lower in

H—C=C—H R—C=C—H acidity and are not deprotonated by
Acetylene Monosubstituted NaNH,
or terminal alkyne
only this hydrogen is acidic enough
{0 be deprotonated by NaNH
~(=C-H + hse — ~C=C- CHy—CHy—CHy—C=C—1 :
1. Addition of hydrogen:
g g Example:
oo M, b4 CHy—~C=C—CH, =%, CH,CH,CH,CH,
Alkyne b 2-Butyne n-Butane
Alkane
H
; w2
LETLUI S G CHy M
/ \H trans-3-Hexene
CyHsC=CCyHs — Chief product
-(=(~ — 3-Hexyne
C,H, CHs
\ H,, Ni-B (P-2) N C/
o = G W M
H/ \H cis-3-Hexene
98-997, pure




Reactions of Alkynes

2. Addition of halogens X X
emc— Xy oo X, b X, = Cl,, Br,
kX X %
Example:
Br Br
CH,C=CH -22, CH;—C=CH -272, cn,——(l:—cl:H
Br Br Br Br

3. Addition of hydrogen halides: (Markovnikov's Rule)

H X
—Cc=Cc— X ——(1:_—_(‘:-- . Y -—(‘:—(::—- HX = HCI, HBr, HI
H X H @ X
f P P
Example:
I
CH,C=CH —< CH3C|2———-CH2 =ty CH;-—&—-CH;
Cl 1
Reactions of Alkynes

Reactions as Acids

According to the Lowry-Bronsted definition of acids; acidity is a measure of the tendency of a
compound to lose a hydrogen ion. The C—H bonds of hydrocarbons show little tendency to ionize,
and alkanes, alkenes, and alkynes are all very weak acids. However, acetylene and terminal
alkynes are far stronger acids than other hydrocarbons.

Increasing acidity

— -

CH;CH, < H,C=CH, < HC=CH
pKy: 62 45 26
weakest acid strongest acid

H—CE@—H‘:\:.\"H2 — H—C=C: + H—NH,

Thus, acetylene and terminal

zlkynes rﬁ““ “]’il:hr . St;"’“g Acetylene Amide ion Acetylide ion Ammonia

ase (such as alkali m?ta S or (stronger acid) (stronger base) (weaker base)  (weaker acid)

NaNH2) to form alkali metal o € B
pK, =26 pK, = 36

acetylides (page9).




