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KEY QUESTIONS

4.1 What Are the Structures and Shapes of Alkenes and Alkynes?
4.2 How Do We Name Alkenes and Alkynes?
4.3 What Are the Physical Properties of Alkenes and Alkynes?

4.4 Why Are 1-Alkynes (Terminal Alkynes) Weak Acids?
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other arenes contain C-C

double bonds, we must H
remember that their |
Unsatu rated hyd roca rbOnS double bonds are not H\\ f/,;_(]\ ,«H
I A reactive in the ways we will C C
(Zz Lﬁ*ﬂﬁﬁ%{‘t H %) describe in Chapters 5-8 | "
(i.e., we will leave them C >
unreacted in reactions H - %C <N H
that we cover in these |
chapters) H
H H
N Ve
C=C H—C=C—H oo
/ N
» H H
Ethene Ethyne
(an alkene) (an alkyne)

Alkene An unsaturated hydrocarbon that contains a carbon-carbon double bond.
Alkyne An unsaturated hydrocarbon that contains a carbon-carbon triple bond.

Arene A compoundcontaining one or morebenzene rings.
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4.1 What Are the Structures and Shapes of Alkenes and Alkynes?
A. Shapes of Alkenes

;21? 124.7°
H H H \_ CH,
N s N 7
o] oL
/ AN / AN
H H H H
Ethylene Propene

B. orbital overlap model of a Carbon-Carbon Double Bond

rotating 90° about the ® bond breaks

the overlap of f orbitals
Hu,
H L‘C \“"H —> —g-mH

H
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Overlap of
p orbitals

No overlap
: . (a) . : (b) of p orbitals
C. Cis-Trans isomerism in Alkenes

H H H CH
Ne—o” Noo” s
7 AN / AN
CHj CH, CHj, H
cis-2-Butene trans-2-Butene
mp —-139 °C, bp 4 °C mp—-106 °C, bp 1 °C

nonbonded interaction (steric)strain makes cis-2-butene
less stable than trans2-butene
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D. Structure of Alkynes
Acetylene

H—C=(C—H

L~ an

Side view

End view

The other m bond
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4.2 How Do We Name Alkenes and Alkynes?

A. IUPAC Names

[UPAC names of alkenes by changing the -an- infix of the parent alkane to -en-

CHs
4 3 9 1 6 5 4 3 9 I 5 4 3

6 5 3 92 9 5 9]
CH3CHyCHoCH,CH=CH, CH3CHyCHCHsCH=CH,  CH3CH,CHC=CH,

CHoCHjy
I-Hexene 4-Methyl-1-hexene 2-Ethyl-3-methyl-1-pentene
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CHg \2 54 .
45 {:.|'? -

~1

4 3 2 1
CH;CHC=CH

I CHLCHyC= CCHE(iCHg .

CHj CHg
3-Methyl-1-butyne 6,6-Dimethyl-3-heptyne

B. Common Names ':|:H3
CH,=CH, CH;CH=CH, CH5C =CH,
IUPAC name: Ethene Propene 2-Methylpropene
Common name:  Ethylene Propylene Isobutylene
Alkenyl Group Common Name Example Common Name

CH,=CH— Vinyl Q—GH =—=CH, Vinylcyclopentane
CH,=CHCH,— Allyl |3*'{3H2'{3H=EH2 Allylcyclopentane
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C. Systems for Designating Configuration in alkenes

The Cis-Trans System
il
H (.H{(:Haﬂg 4 5

H H 2 3
N2 3/ S\ N2 3/
C=C \/ \4 5 C=C
1/ N | I/ N )
CH; CH(CHz3)o CHj; H 1/

NERSITY 50
P 2

7 Q)

& e
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= =X
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cis-4-Methyl-2-pentene trans-4-Methyl-2-pentene

The E,Z System lligher\c ) /higher lligher\C_C /luwur
/7N /7 TN
lower lower lower higher

Lk (enigegen)

L (zusammen)

Z From the German zusammen, meaning
; specifies that groups of higher priority on the carbons of a double bond are on the same side.

E From the German entgegen, meaning opposite; specifies that groups of higher priority on the
carbons of a double bond are on opposite sides.
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VBN ERT, BRTAEHS, RTFABEXABKER, FMLERFEHER
FTEHI], RTEXRARKEA.

V BHRBENTENR TR E R, RAFREHAZNZ5#E,

) : — CH,0H — CH,CH,
HHO HHC
— CHCH, — CH,CHCH,4
— CH,CH,4 — CH,4 (|;H3 éHg
HHC HHH HCC HHC

BRILEH RIEH
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V. EHBOATER LER SRR, xR A BiFRa.

—CH=CH,  —CH,CH,
HCC HHC
B4k AH
f? i e W
— C—CHs —C—H — C—OH — CH, _ 3
00 C 00 H 000 HHH CCC HHH
% =584k % =84k % —%4k B A

-1 >-Br >-Cl >-SO;H >-F >-OCOR >-OR >-OH>-NO, >-NR, >-NRH >-CCl; >

-COCI >CH,CI>-COOR > -COOH > -CONH, > -COR > -CHO > -CR,0OH >-CROH.......
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D. Naming Cycloalkenes

%5 ASUEBR T4, BARIETHAEREND, LRERRIEKE D,

1 2

3-Methyleyclopentene 4-Ethyl-1-methylcvclohexene
(not 5-methylcyclopentene) (not 5-ethyl-2-methylcyclohexene)

(a) (b) (c) >—<:>—

3,3-Dimethylcyclohexene 1,2-Dimethylcyclopentene 4-1sopropyl-1-Methylcyclohexene
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E. Dienes, Trienes, and Polyenes

N X N
1 3 5] % )
CH, :
| 1 4
CHs=—CHCH>CH=CH, CHs=—CCH=CHs
2 3
1,4-Pentadiene 2-Methyl-1,3-butadiene 1,3-Cyclopentadiene
(Isoprene)

4.3 What Are the Physical Properties of Alkenes and Alkynes?

* Alkenes and alkynes are nonpolar compounds, and the only attractive forces between
their molecules are dispersion forces (&&1) .

* their physical properties are similar to those of alkanes with the same carbon skeletons.
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4.4 Why Are 1-Alkynes (Terminal Alkynes) Weak Acids?

H—C=("H"} NH, —
Acetylene Amide
pK; 25 anion
(stronger (stronger
acid) base)

H—C=C—H 4+ :OH _—

pK; 25
(weaker (weaker
acid) base)

these hydrogens are much lower in
acidity and are not deprotonated by
NaNHo

CH3 EHE CHE_CEC_H

H—C=C: + NHL:; Keq= 1012
Acetylide Ammonia

anion pK, 38
(weaker (weaker
base) acid)

H—C=C"+ H—OH

pKy 15.7
(stronger (stronger
base) acid)

only this hydrogen is acidic enough
to be deprotonated by NaNHo
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Weak Acid Conjugate Base pK,
SR S BR M ~
N
Water HO—H HO™ 15.7 B
T
Alkyne HC=C—H HC=C 25 S
a0
Alkene CHy=CH—H CHy=CH 44 =
~
u
Alkane GHECHE_[] CHBCHE_ 51 g

L bk ASP it #iE PSRARBR K, BaxFdF6 k8t )iz,
BLFE=HAEERTF, B2LHESTFPHC—HEMPLIE o

& &
HC=C—H e S A BRI o
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® Z el RC=C—H W#Na. NaNH,¥ R &

N
HC=C—-H — HC=CNa 2. NaC=CNa
RC=(C—H + NaNH S RC=CNa * NH;
F AR
B A BT 35 2 5] A JF M P— 3 B 69kt AL
- NaNH2 - CH3CH2BI'
CH3C= H —_— H3C:CNa y CH3C CCH2CH3
E RN

sy =
/Ioa‘o
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HC=CH + 2Ag(NH;),NO; — AgC=CAg ¥ + 2NH,NO; + 2NH,
L4k (8 &)

HC=CH +2Cu(NH3),C1 —= CuC=CCu ¥ + 2NH,CI + 2NH,
kB4R (L&)

B ER Tk RC=CH
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trans-4,4-Dimethyl-2-pentene

or
trans-4,4-Dimethylpent-2-ene

or
(E)-4,4-Dimethyl-2-pentene
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