Chapter 3

CHy, — CH;CH; — — --- = alkane
N2
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e pod
H
HH H H H
H
eclipsed staggered skew conformation
( Newman projection ) WV
J different arrangements of atoms by
energy barrier ; 3kcal/mole rotation about single bonds
N2
not quite free but rotate freely at RT
N2
not from van der Waals repulsion but from repulsion between C—H bonds
N2

tortional energy, tortional strain

C;Hg ; /* six isomeric C4HgCl,
CH,4

H H C4H1 0 > -~ n-butane
H H isomers

H
‘u >7 1sobutane

3.3kcal/mole :
energy barrier anti., gauche \> three isomeric C4HgCl,
(due mainly to the same U

factor as in ethane ) ,
Fig3.8 =  vander Waals repulsion

(steric repulsion)

van der Waals strain
(steric repulsion)

N2
still freely rotate at RT

CsHyj, ----> CiHyp

homologous series, homolog



n-butane n-pentane = muchincease =  systematic
< < isopentane isomers name

isobutane neopentane

isopropyl sec-butyl
d tert-butyl

butyl
IUPAC name

(up to six carbons)

C,H,,nX = RX = alkyl group ( n-propyl < n-butyl

1) longest chain ~ 2) numbering 3) di, tri, tetra- - -
ex) 4) alkyl

5) fluoro, chloro, bromo, iodo- - -

secondary

primary_ v
AN

quaternary tertiary

alkane = non-polar =5 van der Waals force =5 weak , very short range

N
less dense a straight-chain isomer larger molecule — larger surface area
than H,O & boils at a higher temp & —> stronger intermolecular force

(due to C&H) than a branched-chain

isomer due to surface — the higher mp & bp

area (gas — lig — solid)
How to prepare alkane. considerable carbanion charactor
th _ H.O
R'OH
t r A
halide very polar  ionic or NH;
covalent

Grignard reagent
(organometallic)



RX + Zn + H —— RH + Zn" + X~

] . CuX . RX
RX +Li — RLi —— R,CuLi —> R-R'  Cuprate rxn
alkyllithium lithium nucleophilic substitution

dialkyl copper

RLi
+ RX ————> R-R' (generally not good)
or RMgX

RX + Na —> RNa + RR
(too reactive )

hv
alkene + X, ——> haloalkane =  pl104 ~ 105 ; bromnation has a high

orA degree of selectivity
Cl,
- CH;—CH,~CH,» ——> CH;CH,CH,Cl (1)
CH;CH,CH,4 *< Cl
2
o~ CH;—CH—CH; ——> CH,CHCICH; (2)

rds (Fig3.11)

orientation depends on the relative rates of hydrogen abstraction rxns.

N2
the same eollision frequency =  probability factor ; (1):(2) = 3:1
N2
Ea for Ea for energy factor actual ratio of n-propyl choride :

2°H < 1°H & shouldexplain & jsopropyl chloride ~ 3:3
. . the difference
abstraction abstraction

N2
for isobutane chlorination
Ea for 3°H Eafor 1°H at RT relative abstraction rates/H
abstraction abstraction of 3°H : 2°H : 1°H= 5:3.8:1(pl09 2

for bromination 3°H : 2°H : 1°H=1600:82:1  at127°



Cl,

CH; + CHy ———— CH;Cl + GCHiCl
hv, 25°C

( 1 : 1 ) (competition) 1 : 400

large excess considering H numbers

1 : 270 = the hydrogen of methane is
less reactive than the primary

A Ea for chlorination : small  Table 3.5 ¢ hydrogen.

A Ea for bromination : large for Ea

p111 = relative stability 3° > 2° > 1° > +CH; (Fig3.12 relative to the
of free radicals parent alkane )

case of abstraction o > 20> 10> «CH;
of hydrogen atoms

= ease of forrpation factors to stabilize the free radical tend to stabilize
of free radicals the incipient free radical in the transition state.
v 0 N\
the more stable the free radical, the more easily it is formed. Fig 3.13

Br atom ; less reactive — late t.s. = more radical character — the difference in Ea

~ the difference
in radical
stabilities

Cl atom ; more reactive — early t.s. — less radical character

ex) E& CH;—CH,—CH,*  AEa = Eal - Ea2 = 3kcal
CH;CH,CH; + Br- -
Ea2 CH3—C.H—CH3 sH = Henyenyen, - - HCH3C_HCH3

= 3 kcal



Ea3 CH;—CH,—CH,* AEa = Ea3 - Ea4 = 0.5kcal
CH3CH2CH3 + Cl' \
\”/ Ea4 CH3_CH_CH3 AH = 3kcal

the less reactive —— the more selective

CH3 Cl 9H3
—C—CHe —25 CH;—C—CH,CI
|CH3 - CH; % CH, S H 2
CH3—%—CH3 + Cl° > rearrangement ?
CH;—C—CH, — CH3_81_CH3
How to prove no rearrangement.
CH, CH, G cH,
CH3_g_CH3 % CH3_(|:_CH3 CH?,_?_CHZD CH3_CD_CH2C1
Cl ? Cl >

N2

it is not formed = no rearrangement



