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Alkynes

Alkynes or Acetylenes are compounds that contain a carbon —carbon triple
bond.

Electronic Structure of Alkynes

The triple bond consists of one ¢ bond and two = bonds. Each carbon is
bonded to two other atoms, and there are no nonbonding electrons . Carbon
requires two hybrid orbitals to bond to the atoms, thus sp hybrids are used. The
sp orbitals are linear and oriented at 180 . The C- C bond is formed from sp -sp

overlap .The C -H bond is formed from sp - s overlap .

The creation of sp hybrids leaves 2 fiee p orbitals — these create the two 7 bonds.

The p orbitals overlap just as for an alkene, except there are two © bonds at right angles to one another.

The C -C bond length for ethyne is 1.20A which is shorter than ethane (1.54A)
and ethene (1.33A).The C -H bond length in ethyne is 1.06A which is also
shorter than in ethane (1.09A) or ethene (1.08A).This is because the C-H bond

contains more s character (sp3—sp2—sp) which gives stronger bonds .



ethane

Nomenclature: Alkynes

1. count the number of carbons in the longest chain including the triple bonds

2. use the meth, eth, prop... root word followed by the —yne suffix

3. to determine which carbon is the first carbon, make the triple bond the lowest
number possible

4. the number of the carbon where the triple bond is located is written before
the root word

5. side chains and substitutions are written in alphabetical order

6. if there are more than one triple bond each bond position is noted with a
number preceding the root name and a prefix; di, tri... is inserted before the —

yne suffix, -diyne or —triyne are examples

F
X Z NN
1-butyne 2-butyne 3-fluor-1-butyne 1,4-hexadiyne

CH, Br

|
H—C=C—-H CH~C=C-H CH~C=C—CH, CH—CH—C=C—CH—CH—CH,

old TUPAC mame; — ethyne propyne 2-butyne f-bromo-2-methyl-3-heptyne
new [UPAC name: — cthyne propyne but-2-ye 6-bromo-2-methylhept-3-yne




171:(7=c|7—csc—cu_‘\

CH,
Id TUPAC nam 2-methyl-|-penten-3

new [UPAC name:

2-methylpent-1-en-3-yne

CH,— (| H—C=C—H

OH

but-3-yn-

CH,—CH—CH,—C=CH

2-0l pent-1-en-4-yne

Terminal and Internal Alkynes.

The position of the triple bond can alter the reactivity of the alkyne.Compounds

with triple bonds at the end of a molecule are called terminal alkynes. (Terminal

C-H groups are called cetylenic hydrogens.

[acety]enjc hydrogen]

vV
H-

44T Pasen Frisnsn o

C=C—CH,CH,

but-1-yne, a rerminal alkyne

(no acetylenic hydrogen)

CH,—C=C—CH,

but-2-yne, an internal alkyne

If the triple bond is flanked by alkyl groups on both sides it is an internal alkyne.

Acidity of Alkynes.

Terminal alkynes are acidic , the end hydrogen can be removed as a proton by a

strong base.

CH,CH,—C=C—H

but-1-yne, a terminal alkyne

<_/¥ C

cyclohexylacetylene

+ Na* =NH,

sodium amide

=C—H + NaNH,

sodium amide

CH,—C=C—CH,
(no acetylenic proton)

but-2-yne. an internal alkyne

CH,CH,—C==C:~ Na* + NH,

sodium butynide

¢ }C=C= Na* + NH,

sodium cyclohexylacetylide

no reaction




Synthesis of Alkynes.

Preparation of acetylene

Preparation of acetylene from calcium carbide and water

CaC2 + 2H20 > CzHQ + Cﬂ(OH)Q

The carbanions produced are called acetylides , and are strong nucleophile.

nucleophilic
HE=0k Ny & substitution \/\/ 4 NatBr
=C? Na g\/ 5 atBr
*Br

Sodium l-Bromobutane 1-Hexyne
acetylide
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Note that we still have an acidic hydrogen and, thus, can react with another alkyl

group in this way to make RCCR’

e :
R—C=(C: . 3 R'DY - R—C=C—R’ + X~

(R"—X must be a primary alkyl halide)

1) NaNH,

<_>—c5c-n - <_>—CEC—CH2CH,
2) CH,CH,Br




- RCH,B
H—C=C—H |[H—Cc=ci Na*| —%> H—C=C—CH,R

Acetylene A terminal alkyne

- R'CH,B
R—C=C—H ——2> [R—C=C{ Na*| ——27> R—C=C—CHR!

A terminal alkyne An internal alkyne

Synthesis of Alkynes via Elimination.

In the same way that alkenes are produced by elimination of H - X, alkynes can
be produced by elimination of 2 moles of H -X from a germinal or vicinal
dihalid.

—C=C — + WNaNH, > — C=C — + NaX + NH;

|
X

X5 1. KOH
2. NaNH,

Br, 1. KOH

CH,CH=CH, —— CH,CHCH, CH,C=CH
2. NaNIH,




Synthesis of propyne from propane

Bro, heat
CH3zCH>CHa CHaCH>CHS>-Br + CHg(I:HCHQ,
Br

KOH(alc) l

CH3CHCH> CH3CH=CH,
Br Br Bra

KOH l
NaNH->
CH3CH:(I:H - CHaC=CH
Br

Reactions: alkyne
Addition of Hydrogen

Hydrogen in the presence of a catalyst will add twice to alkynes to generate

alkane.

This reaction proceeds through a cis alkene intermediate, but cannot be stopped

at this stage except with the use of a special catalys.

H—C=C—CH-CH; 2H, —» H—CH;—CH;— CH,CH;
Biak- - wiess bl

by D

CH;—C=C—CH; 2H, —» CH;—CH,—CH,—CH;

but 2-ymc bacanc
IR




The special catalyst is : Lindlar’s catalyst

This is a partially deactivated (poisoned) catalyst consisting of barium sulfate,

palladium and quinoline .

Hy. Pd/BasO, _

R—C=C—FR’

Quinoline, CH,OH

Trans Alkenes

These can be produced by the action of sodium metal in liquid ammonia.

Na, NH;

HgE"CEE"GEHE ;

Addition of Halogens

Chlorine and bromine add in an analogous fashion as for alkenes.
If only one mole of halogen is added then a dihaloalkene is produced, and a

mixture of syn and anti addition is observed .
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Addition of Hydrogen Halides

H-X can be added to alkynes just like to alkene.

13|r
CHgC=CH —> CHzgC=—=CHo,o _—> (Il—lg(ll(JHg
Br

Propyne 2-Bromopropene 2,2-Dibromopropane

© 2006 Brooks/Cole - Thomson

Mechanism
/’;;—\ 7 V'.
CH;C=CH —+ I—I—FT_%

== ey =

£ — (:H:g(::(:l_lz + - l_%_t‘ -
A 2° vinylic
~arbocation

@ 2006 Brooks/Cole - Thomson

- E-S.I’ -

+ - - S
CH gC CH, +:Br: — CHIgC CHI,

2-Bromopropene

© 2006 Brooks/Cole - Thomson




H
I
2 ]:3,-1~ 3

slower

1° Carbocation

H :Br:
faster

= | |
CHaG—CHj <—> CHyG—CH, —> CH;CCH;

G- e

Resonance-stabilized 2° carbocation

Hydration of Alkynes to Ketones and Aldehydes .
There are two different methods:Mercuric-ion catalyzed hydrations.
A mixture of mercuric sulfate and aqueous sulfuric acid is used to perform

addition of water across the triple bond. The orientation is Markovnikov, and

the initial products are enole .

OH O
H,SO

—= 23 CH,C—CHy—" CH4CCHj

CH. O=0H 4 BH,0 ——
: E HgSO,

Propyne Propen-2-ol Propanone
(an enol) (Acetone)

© 2006 Brooks/Cole - Thomson

.-".. 2 lll‘H i+ rJ‘" i H

R—(=C—H —— R—C=(

alkyne Hg!
vyl cation

cegnmgieunal wecticl mesarce-alakiliaed ndermolae visiyladecanl
T

a1 i e




CHs, ~H + "
>'=< — C:*Hsj_f_H

enal form keto form

Hydroboration — Oxidation.

Terminal alkynes are converted into aldehyde.

Hgf_'\
R—C=C—H + k A Si /f_'l'l—['.'H—
terminul alkvne listamylborans I H.C CH

“see-isoemyl™ or “siamyl”

BSia, o—H|

vinylborane unstable cnal Torm aldchyvde
P i B

Oxidation of Alkynes.
Under mild (cold, neutral) conditions the reaction of potassium permanganate

with an alkyne can generate a diketone.

|
H,0,neutral | HO OH

diketone




If the mixture becomes too warm or basic, the oxidation proceeds further to

generate two carboxylate anions, which on acidification generates two

carboxylic acid .

R-CECR — it

"OH, heat

R_CD_:-

0,C-R'

Terminal alkynes are similarly cleaved to give a carboxylic acid and carbon

dioxide

Ph—C=C—H

1) KMnO,, "OH, heat

= Ph—CO,H + CO,

2) HCI, H.0

Ozonolysis

Ozonolysis of an alkyne followed by hydrolysis gives similar products to those

obtained from permanganate oxidative cleavage , except terminal alkynes yield

formic (methanoic) acid .

Examples

CH,—C=C—CH,CH,

pent-2-yne

R—COOH + R—COOH

CH,—COOH + CH,CH,—COOH

acelic acid propionic acid

O 8]

| [
CH,(CH,),—C—OH + HO—C—H

pentanoic acid formic acid







