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C1-C2: gases (natural gas)

C3-C4: liquified petroleum (LPG)
C5-C8: gasoline

C9-C16: diesel, kerosene, jet fuel
C17-up: lubricating oils, heating oil
Origin: petroleum refining
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CH3CH2CH2CHoCHoCH3

Boiling Point 68.9 °C

CH3CH2CH2CH>CH3

Boiling Point 36.1 °C
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potential energy
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(3.0 kcal/mol)
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potential energy
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Initiation step Cl—Cl
\ %
H,C—H H—CIl
Step 1
+ - 1 +
Propagation steps < Cl- / \H.C-
(a repeating cycle) i [
"+ | _Step2 +
H;C—Cl \Cl— Cl
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H3C' == 'CH3 —_— H3C_CH3

A

Termination steps Cl- + -CH3 — Cl—CHg

Cl- + -C1 — Cl1—C(Cl

Ll oY b Overall reaction CH, + Cl, — CH3Cl + HCI
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chair conformation viewed along the “seat” bonds
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Newman projection
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secondary radical
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not formed)
R—CH—CH,-Br + H—Br — R—CH,-CH,-Br + Br-
The alky | bromide product is an example of Anti-Markovnikov addition
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a cumulated diene
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a conjugated diene

CH2= CH_CHZ_CH =CH2
an isolated diene
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relative stabilities of dienes

conjugated diene > isolated diene > cumulated diene

CH;CH=C=CHCH; + 2H, Ay CH;CH,CH,CH,CH3; AH® = -70.5 kcal/mol (-295 kJ/mol)

2,3-pentadiene

CH,=CHCH,CH=CH, + 2H, Ay CH3CH,CH,CH,CH; AH® = —60.2 kcal/mol (-252 kJ/mol)

1,4-pentadiene

CH,=CHCH=CHCH; + 2H, —=> CHyCH,CH,CH,CHs AH® = -54.1 keal/mol (~226 ki/mol)

1,3-pentadiene
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1.2-addition product 1.4-addition product
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mechanism for the reaction of 1,3-butadiene with HBr
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CH,=CHCH=CH, + H—%:r: —> CH;CHCH=CH, «—> CH;CH=CHCH,
+ +

1,3-butadiene an allylic catij"—/
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CH;CHCH=CH, CH;CH=CHCH,
3-bromo-1-butene 1-bromo-2-butene

1,2-addition product 1.4-addition product
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TaBLE 10.1 A Comparison of the Halomethanes

Bond length Bond strength Dipole moment
Halomethane (pm) (k)/mol) (kcal/mol) (D)
CH;F 139 452 108 1.85
CH4Cl 178 351 84 1.87
CH;3Br 193 293 70 1.81
CH;l 214 234 56 1.62
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Propagation steps
(a repeating cycle)

Termination steps

Overall reaction
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Cl—Cl

Cl—CHj
Cl—Cl

CH3(Cl + HCI
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(I’l Dichloro-,
hy trichloro-
CH;CH,CH,CH; + Cl, — CH3;CH,CH,CH,Cl + CH;CH,CHCHj + 2
tetrachloro-,
Butane 1-Chlorobutane 2-Chlorobutane and so on
30:70
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CH,CHCH, + Cl, — CH,CCH; + CH,CHCH,Cl1 + trichloro,
tetrachloro-,
2-Methylpropane Cl and so on
2-Chloro-2- 1-Chloro-2-
methylpropane methylpropane
35:65
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CH,CHCH, + Br, —, CH,CCH, CH,CHCH,Br
Br
2-Methylpropane 2-Bromo-2- 1-Bromo-2-
methylpropane methylpropane
(>99%) (<1%)

TURL S - = A



" S S L] s
LS A ks la e

2o G50 5 2 e GIS) g dran S g g g =N L Ll
A e G 8 o abi g 4 L) Cued ga 408 g0 20 gn )

%A o 302 Lty 38 sl 505 0 =Y 388 IS JUia () 5
S e

H H N—Br (NBS)
Allylic
positions hv, CCl,

Cyclohexene 3-Bromocyclohexene
(85%)

© Thomson - Brooks Cole

LSl oY Jaad ya4



H H

+ Br- —

HBr +

©2004 Thomson - Brooks/Cole

Ll =Y Jad

—

O

+ HBr

Allylic radical

N—Br — Bn

-

BI'2

H Br

N—H

Br:



" EEE———

:Jdll JGal ) lal

L 4

g Allylic
H 360 kJ/mol (87 kcal/mol)
Alkyl = =
Y
400 kd/mol (96 kcal/mol) —j k Vinylic
445 kJ/mol (106 kcal/mol)
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CH;CH,CH,CH,CH,CH,CH — CH,,
1-Octene

l NBS, CCl,

BV ;
CH,CH,CH,CH,CH,CHCH—CH, <— CH3;CH,CH,CH,CH,CH—CHCH,
Br

|
CH,CH,CH,CH,CH,CHCH=CH, + CH,CH,CH,CH,CH,CH=—CHCH,Br

3-Bromo-1-octene (17%) 1-Bromo-2-octene (83%)
(563:47 trans:cis)
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H;C OH H;C Cl
HCI (gas)
: > + HQO
Ether, 0YC
1-Methylcyclohexanol 1-Chloro-1-methylcyclohexane
(90%)
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ol Reactiviy ey
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2-Butanol 2-Bromobutane
(86%)
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Nuc: + R—X — Nuc—R + X~

Nucleophile Product Class of Product
R—X + ~:: — R—I: alkyl halide
R—X + ~:OH — R—OH alcohol
R—X + ~:OR’ — R—OR’ ether
R—X + —: SH —> R— SH thiol (mercaptan)
R—X + SR’ —F R—SR’ thioether (sulfide)
R—X + :NH, — R—NH] X~ amine
R—X + ‘=1<I=1t1=1.\.11‘ — R—N=1¢I=I<I=_ azide
R—X + —:C=C—R’ — R—C=C—R’ alkyne
R—X + 7:C=N: —> R—C=N: nitrile
R—X + R'—COO:" — R'—COO—R ester
R—X + :P(Ph), — [R—PPh,]* X phosphonium salt

Yyo
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rate = d[CZIt-”Cl] = k[CH;CI][OH]

AR masp B Gl al o dulila GUSIs Gl 4 m
Bimolecular, or

S 2/ Second-order
— =N kinetic
Substitution \
reaction Nucleophilic
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ethyl bromide (1°) isopropyl bromide (2°) t-butyl bromide (3°)
attack is easy attack is possible attack is impossible
HO:_CHj HO:_ CHj HO: CH;
NN PR S0
we—BI it nC—Br
H' H,Cy H,C'y
H H CH,
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R—Bf+ClI” — R—Cl + B

P T P ) |
H3C_C—Bl' H3C—C—CH2— Br H3C—(|3—Br H3C—(|J_BI' H_C|_B1'

CH, CH, H H H
Tertiary Neopentyl Secondary Primary Methyl
Relative <1 1 500 40,000 2.000,000

reactivity

l‘“\ SN2 reactivity Mor.e.
reactive reactive
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where X = Cl, Br, I, OTos

Nu = A nucleophile O

MV

OTos =

O=wn=0
=
NS
5

©2004 Thomson - Brooks/Cole

LISl +Y Juad YYO




" J s i

a5l 5 Jsitie aile Hha G5isn B ) Ll g gl 2

Ao (o 0l 2 odl g e (53 2iila kel (sla
CH,CH,CH,CH,Br + N,

rate Relative Type Solvents

1 polar protic CH,OHm

I polar protic H,Om
1300 polar aprotic DMSOmn
2800 nolar aprotic DMFm=
5000 polar aprotic Acetonitrilem
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""}C—Br
Br- ”—Br‘
+, b
e C ‘\
H‘)O
4 ~H" + —H* N
HO—C\'-"- T Ha—C i "----'C—-SH W "'-}C OH
inverted configuration same configuration as
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Sn1 1,2-hydride shift H,0
N, CH;CHCHCH; e > CH;CCH,CH; —2= CH;CCH,CH;
/ % £ ¥ |
+
secondary tertiary OH
(i"H-‘ carbocation carbocation H
CH;CHCHCH; H+”_H+
Br
2-bromo- i (I:H3 (|3H3
3-methylbutane \_Sh2 CHiCHCHCH; CH:CCH,CHs
OH OH
3-methyl-2-butanol 2-methyl-2-butanol
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(1) A — + :Cl:
Cl- + -

A 2° carbocation

(2) H +
H
A 3° benzylic carbocation
£ II_I + /I_I
(3) + + :_Q-CH3 — Oi

An oxonium ion
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CH,CHj3 (|3H2CH3 (I:HZCH3
Sn1 conditions
/C‘-w, H + H20 - H \\\“)C N + /C\' ' H + HBr
CH3 Bl’ HO CH’; CH’; OH
// (R)-2-butanol (5)-2-butanol

(S)-2-bromobutane

both enantiomers

H;C CH, H,C
/.CH,CH, H,5: _ CH3CH, / .CH,CH, _
CI—C\ CHj4 e (|’H:; C—OH + HO—C (|.,-H
CH,CH,CH,CHCH, CH,CHCH,CH,CH, CH,CH,CH,CHCH,
(R)-6-Chloro-2,6-dimethyloctane 40% R 60% S
(retention) (inversion)
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Methyl < Primary < Allyl ~ Pengyl = Hecondary

Less - = More
stabla Carbocation stability T
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Solvent Dielectric __ Relative

constant = rate
acetic acid 6 — 1
methanol 33 4
formic acid 58 5,000
water 78 150,000
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~C. X
X
Anti periplanar geometry

(staggered, lower energy)

X H
- /
C
\ // - 8
Syn periplanar geometry

(eclipsed, higher energy)
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Br Ph
Br

meso-1,2-Dibromo-
1,2-diphenylethane
(anti periplanar geometry)
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Br

| VI 9 2 5 Y"]_*\
CH,CH,CHCH, Uji?}(iiéfg._,o?{ > CH,CH=—CHCH, + CH,CH,CH=CH,

2-Bromobutane 2-Butene 1-Butene
(81%) (19%)
BI' CH3 CH3
CH,CH (IJCH SR M - OH CH—CIJCH CH,CH (|3—CH
32 3 CH,CH,OH e g °F Ch
CH, 2-Methyl-2-butene  2-Methyl-1-butene
(70%) (30%)

2-Bromo-2-methylbutane
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C|H3 (|3H3 H;;C\ /H
H,C— ? —Cl e, Ho— (|3 —0H  + =€
CH, CH, H3C H
2-Chloro-2-methylpropane 2-Methyl-2-propanol 2-Methylpropene
(64%) (36%)
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|
0 cl)CCH3
CH;3;CO~ < -
T CH;CHCH; + CH;CH—CH,
Br Isopropyl acetate Propene
| (100%) (0%)
CH,CHCH,
2-Bromopropane OCH,CHj,
|
CH3CH0" - ——
(strong base) ¥ CH3CHCH3 + CH3CH o CH2
Ethyl isopropyl Propene
ether (20%) (80%)
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Toluene Ethylbenzene Cumene Styrene
OH NH, CHO COOH OCHj4
Phenol Aniline Benzaldehyde Benzoic acid Anisole
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TABLE 15.1 Common Names of Some Aromatic Compounds

Formula Name Formula Name
CH; Toluene CHO Benzaldehyde
@ (bp 111°C) ©/ (bp 178°C)
OH Phenol CO;H Benzoic acid
@ (mp 43°C) ©/ (mp 122°C)
_NH, Aniline CN Benzonitrile
@ (bp 184°C) ©/ (bp 191°C)
I
C\ Acetophenone CH; ortho-Xylene
©/ CH;, (mp21°C) @ (bp 144°C)
CH;
.
Cumene CH—CH, Styrene
(bp 152°C) = | (bp 145°C)
NS

@CHCH;
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Bromobenzene Nitrobenzene Propylbenzene
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1,2 = ortho 1,3 = meta 1,4 =para
(abbreviated o-) (@bbreviated 77+) (abbreviated p-)
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Meta — «— Meta FeBr;
T Br

Para

Toluene p-Bromotoluene
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C H.C_3 1 _CHsg ‘ 1
3 3 \H
2 -+
Cl Cl
ortho-Dichlorobenzene meta-Xylene para-Chlorobenzaldehyde
1,2 disubstituted 1,3 disubstituted 1,4 disubstituted
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NO,
6 5 A3
5 6 2
1 Br
CH, CH3
4-Chloro-2-nitro- 2,4,6-Tnbromo- 2-Bromo-1-ethyl-4-
toluene phenol nitrobenzene
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Br 4 CH3 N02
2 1
1 2

CH, O,N™ 4 Cl

3 3

4-Bromo-1,2-dimethylbenzene  2-Chloro-1,4-dinitrobenzene  2,4,6-Trinitrotoluene (TNT)
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Br Cl C
SoH
2,6-Dibromophenol m-Chlorobenzoic acid
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Circulating
electrons (ring current)
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- f,f Froton deshielded
.--_.-' & ¥ = . 'S
P N by induced held
;f’
- -,
. ~
H - e - 3
oS~——
.,

o Induced magnetic
L A l AT . .7 field because of
- : T ' ring current
Applied magnetic field
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. Br ay Br

+ Br, — + HBr
- catalyst N -
Br
H
Benzene Bromobenzene (Addition product)

(substitution product) | NOT formed 1

© Thomson - Brooks Cole

LISl +Y Juad YV¥



" A
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o+ o—  O—
Br—Br + FeBry ——» Br Br FeBrs,

N

© Proceeds through a n-complex
Br H Br H
>
Br2 CH'
FeBr | - | | > ¢
’ Z CH

Y
o-complex with the positive charge, distributed only between
Br ortho- and para-positions
Br ; *
[ ] y% \ Br
Br |
Addition Substitution (aromaticity is restored)
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(a Lewis base) (a Lewis acid)
.. .+ C oL Gl
— dTd—Fe-c === 0" ‘C-Fe—0
k’ Cl Cl
A molecular complexwith ~ Anion paircontaining
a positive charge on chlonne achloronium ion

and a negative charge oniron
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Cation
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Halogenation:

QH v, —=J3y QCI + HCl

Chlorobenzene

N itration:

H>, SO

Nitrobenzene
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Sulfonation:

QH + H2804 QSOgH + Hzo

Benzenesulfonic acid

Alkylation:

AlCI
O o2 s

An alkylbenzene

Acylation:
O
v AlCl, .
H + RC-X > CR + HX
An acyl
halide An acylbenzene
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Groups that Donate Electrons by Induction (Methyl & Alkyl Groups)

Ortho Attack

CH, .
E
@/

Para Attack
CH,

Meta Attack

CH,
@\ —
E+

are Activating and are Ortho/Para Directing

cH C C
= ™ + L
H H H
- P S
+ +
Tertiary Carbocation
Most Stable Resonance
Contributor
I[3I-|3 CH3 CH3
+
- o ———
n +
H E H E
Tertiary Carbocation
| Most Stable Resonance _
Contributor
CH3 I[ZH3 CH3
+ +
- o J—
E E E
H H + H
All less Stable Cations
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Groups that Withdraw Electrons by Induction
(CF;, -NR,, OR, X (F, Cl, Br, I), COR, CN, NO2, HSOS')
are Deactivating and are Vieta Directing

Ortho Attack _ _
CF CF CF CF
3 e 3 E 3 E + 3 E
H H H
—_—T e s - o
+ +
Poor
Resonance Contributor
Strongly Destabilized Cation
| (Substitution at O/P sites not favored) _
Para Attack B _
CF; CF; CF, CF;
+
— B -
+ + +
E H E H E HE
Poor
ResonanceContributor
Strongly Destabilized Cation
L (Substitution at O/P sites not favored) .
Meta Aftack
TFa CF, CF4 CFs
+ +
- E E £
© H H + H
L)Y Jaad Less Destabilized Cation Yar
| {Substitution at Meta site is favored i
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Groups that Donate Electrons by Resonance
are Activating and are Ortho/Para Directing

L + % L L] L] L 1] L 1]
-0-R -N-R -F: -Cls -Br: A3
-e * e *h L 1] -8 -e
Ortho Attack _ -
*NH, . !NH2 ’NH2 ¢ NH, ’NHz
E + E
H
—_— - d—h— e~ S S
+
Strong Resonance
Strongly Resonance Stabilized Contribiitor
L (Outways Inductive Effect of Dipole) -
Ortho [ Para Substitution Favored
Para Attack i
+
*NH, $NH, .NH2 (‘ NH, $NH,
—_— B S -
+ +
H E H E H E
Strong Resonance
L Contributor -
Strongly Resonance Stabilized
(Outways Inductive Effect of Dipole)
Meta Attack Ortho [ Para Substitution Favored
iNH,

$NH, $NH, ¢ NH,
@\ + Ck @
—_— - ~f——Jam-

LISl +Y Juad Yay




HO__ .0
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Para Attack
HO._ -0
C.r
é E+
Meta Attack

HO_ .0
C-
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E-I-
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Groups that Withdraw Electrons by Resonance
are Deactivating and are Meta Directing

L 1)
~cz0 50 HO 13 HD\E,Dz
E
Poor

Strongly Destabilized Cation Resonance Contributor

| (Does not Favor Ortho Substitution _

-l 1) N
+ +
g - i
+ +
H E H E H E
Poor
Resonance Contributor
Strongly Destabilized Cation
L {Does not Favor Para Attack) |

HO .0 HD\C;O HO. -0
+ +
g~ g
E E E
H H + H

All Resonance Forms Less Destabilized
(Do not attempt to place additional positive
charge next to withdrawing Carboxyl group)

| {Favors Meta Attack) _
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s 3 +
Lewis acid
Br
r
about 60% orthio about 35% para about 5% meta

Ve Me Me Me
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(+) (+)
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Br Br Br Br
NO,
HNO3
> +
H2SOy +
NO,
NO,
36%
62% 2%
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0,N NO,

NO
2 HNO; fuming HNO3 / conc. H,S0,
- T
H,S0,4 reflux 30 min, 100 °C

75% yield meta-dinitrobenzene

NO, Bra Br NO,
- T4% yield
@ Fe powder metabromonitrobenzens
135-145 °C
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