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Bonding in Aliphatic Hydrocarbons
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TABLE 3.1 The n-Alkanes

e o ety poin i ot
methane CH, CH, —182.5 —161.7 —_

ethane CgHﬁ CH3CH3 =139:5 —88.6 —

propane C3Hg CH;CH,CHj5 —187.7 —42.1 0.5005
butane CyHyp CH;(CH;),CH; =1383 =05 0.5788
pentane CsH,, CH;(CH,);CH, —129.8 36.1  0.6262
hexane CeH 4 CH;(CH,),CH; —95.3 68.7 0.6603
heptane CiHyo CH;(CH.)sCH,4 —90.6 98.4 0.6837
octane CgHg CH3(CH;)sCH; —56.8 125.7 0.7026
nonane CgHgn CHg{CHz)';CHg =550 150.8 0.7177
decane CyHasa CH;3(CH,)3CH; —29.7 174.0 0.7299
undecane CyHaa CH;(CH,)9CHs =256 195.8 0.7402
dodecane Ci2Hag CH;(CHg)mcHg —9.6 216.3 0.7487
eicosane CaoHyz CH;(CH,)3sCH; +36.8 343.0 0.7886

“The densities tabulated in this text are at 20° unless otherwise noted.

Cyclic Compounds
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TABLE 7.1 Heats of Formation Per —CH,— for Some Cycloalkanes
(n = number of carbon atomns)

Compound i Compound
3 cyclopropane +4.25 9 cyclononane -4
4 cyclobutane +1.65 10 cyclodecane -3
5 cyclopentane —3.65 11 cycloundecane —4
6 cyclohexane —4.95 12 cyclododecane —4
7 cycloheptane —4.05 13 cyclotridecane —45
8 cyclooctane =375 14 cyclotetradecane —49
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Interconversion of the
chair, half-chair,
and boat forms
of cyclohexane
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Van der Waals repulsions

Relative free energies
of cyclohexane conformations

half-chair 7 half-chair
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molecular configuration

Planar representation of cyclic compounds
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Bicyclic Compounds

BICYCLIC - two rings share two common atoms
SPIROCYCLIC - two rings share one common atom

b:cyclo[4 3.0]nonane bicyclo[2.2.1]heptane spiro[4.4nonane
\————— (bicyclic compounds) ———— (a spirocyclic compound)

FUSED - when the two rings are joined at adjacent carbons
BRIDGED - when the two rings are joined at nonadjacent carbons

Naming a bicyclic compounds

. zero-carbon
/um.-c:!.rbon bridge hl}idge
4
four-carbon L three-carbon
two-carbon bridge —= ~——— bridge
bridge ——~/ - . three-carbon
| bridge =
bridgehead carbons (—) bridgehead carbons (—)
bicyclo[3.2.1]octane bicyclo{4.3.0]nonane

Polyclic Compounds

Compounds that contain many rings joined at common atoms

cubane dodecahedrane tetrahedrane




Aromatic Hydrocarbons

... the simplest of which is Benzene

Iilg (a puzzling “conjugated alkene™)
H cS _H
L T s
¢~ =
[l | & or Ladenburg benzene,
H/C\C#C\:‘H or prismane
(the way benzene was

H imagined in the 19th
century - no double bonds)

Name AROMATIC is historical as many fragrant compounds are derivatives of benzene

)
=0 —OCH; 3
OH
OCH; /\Q::}
H methyl salicylate H saffrole
vanillin (oil of wintergreen) CHy~ \CH3 (oil of sassafras)
(vanilla) p-cymene

(oil of caraway)

How does benzene differ from alkenes and other cyclic compounds ?
It is Very Stable !

@—CH=CH2 + Br; —» @T_.CHZ
g e

styrene

The noncyclic double bond in styrene rapidly adds bromine, but the benzene ring
remains unaffected.
We might speculate that benzene’s lack of reactivity has something to do with s
cyclic structure; yet cyclohexene also brominates readily. Perhaps, then, it is the cyclic
structure and the conjugated double bonds that together account for the unusual
behavior of benzene. However, 1,3,5,7-cyclooctatetraene (which we shall abbreviate
as COT) brominates smoothly even at low temperature.

H
+B —55° Br "
T2 E.]E' H (100% yield)
r

1,3 ,5 ;7-CYCIO¢)ctatetraenc
(Com)




A set of base states for benzene molecule

c c
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Heat of formation of
benzene is 19.82 kcal/mol or 3.3 kcal/mol per CH group
COT is 71.23 kcal/mol or 8.9 kcal/mol per CH group

- per CH group benzene is 8.9 - 3.3 = 5.6 kcal/mol more stable
this energy difference is known as the empirical resonance energy

RESONANCE STRUCTURE ENHANCES STABILITY
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H,* ion - a Two-Level System

/ ___—ELECTRON
PROTONS
D / e

Fig. 10-1. A set of base states for
two protons and an electron.
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Fig. 10-2. The energies of the two stationary Fig. 10-3. The energy levels of the H;" ion as a
states of the H jon as a function of the distance function of the interproton distance D. (Ey = 13.6 ev.)

between the two protons.




Aromaticity

Compounds that conforms to the Huckel’s 4n+2 Rule
are comparably to benzene in chemically stable. _
These are known as aromatic compounds € 3 €3

Aromatic compounds have:

cyclic arrangement of p-orbitals
p-orbital on every atom of the ring
aromatic rings that are planar

cyclic arrangement of the p-orbitals
that contain 4n+2 trelectrons (i.e.
aromatic compounds have 2, 6, 10, ...
T-electrons)

B WN=

benzene

Examples of Aromatic Compounds
(these are not pure hydrocarbons yet they are aromatic)
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Examples of Aromatic Compounds (cont.)

Class of materials known as
polyacenes or acenes

benzene

?@

anthracene
naphthacene Deee
(teracene)

panzcane. (L0

naphthalene

Chemical stability of these molecules decreases as the size of the molecule increases.
(e.x. pentacene and hexacene oxidize readily in air, while benzene, naphtalene, and
anthracene are stable in absence of light).

In studying the properties of polyacenes it will be sufficient to focus on the
properties of the r-electrons

COT is not aromatic

AGY AGY = 14 keal/m

NO!
N\
4O
I\
e
NO resonance form

reaction coordinate




p orbitals sr-electron density

S, A\ Energy distribution of
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Benzene m-molecular orbitals

Carbon atoms are represented by dots

O Nodal planes are represented by lines
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Construction of energy-level diagrams for m-molecular orbitals

} antibonding MOs

energy of isolated
p-orbital

% } bonding MOs

BENZENE

anti-bonding MOs
___+ + non-bonding MOs
‘# bonding MOs

| CYCLOBUTADIENE

Just as filled atomic orbitals are associated with stability of atoms (such
as noble gases), filled bonding molecular orbitals are associated with
stability in conjugated molecules - Aromatic compounds are stable !

+

|2> 12>

Fig. 10-9. Two base states for the
nolecule of the dye magenta.




TABLE 8.2 Properties of Some Common Ovganle Solvents
iListed in order of increasing dielectric constant)

Common Organic Solvents _ Dok Gl
Savent Siruchurs i A e P Pom Do
l‘ll&f'l]_-l.l"ll. o= (g 19
.
0\_'_0 - 1013 22 x
Protic solvents consist of a = =
molecules that can act as Q " G :
[CyHL 30 0 2 X
hydrogen-bond donors caer 5 o |
0
vihyl acetate K.'II.C!‘DL':IL BrOAC 771 a0
M have relatively aoetic acid ﬂ."IIEUIi HOA 179 6.1 x x
high dielectric constant ()_, |
C
e CHyO1, W8 A
Donor Solvents are capable ok FEE 2 e [ | -
of donating electron pairs e i 2 ‘ .
[{CHENLP—D  HMPA, HMPT 233 30 x x
CH,OH MeOH 64,7 33 % x ‘ %
CH Ny MeNO, 0.2 3
(¢ ]
Iilg'Nll'Ho: INF 1530 -7 |
CH,C=N MeCN 516 38 X
. \
To dissolve a covalent g; — w6 |«
compound in a solvent follow s | ‘
the rule of thumb. dmethylsubfoxice t'll\l_lﬂ'l!, DMSO (5 47 X
(V]
“Like dissolves like” Bt Heon : w6 S e e
water l!'_-éJl - 100.0 ] x x x
foemmmide HCNH, 211 (dec) 1 x x X
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IR Spectroscopy
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x} symmetrical stretch
c;x} unsymmeltrical stretch

avernge
position
Qg .
s ./ '\ in-plans;m m (?;ack}

symmetrical
in-plane bend (scissor)

symmeilrical
‘,f \‘ out-of-plane bend (wag)

@% > C;X) alu-uf“-':)lln: bend (twist)

TABLE 12.1 Important Infrared Absorptions of Alkenes
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