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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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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

©2004 Thomson - Brooks/Cole

) Y Juad Y4y


https://www.shimipedia.ir

" A
ralla S aaed g

2 S 4 Xy b 5 HX b o8 (S 51 0l 58 o )y Laalla S

Xy HX
X CH, H CH,
X = Cl or Br X =ClBr,orl

© Thomson - Brooks Cole

LSl oY Jaad ya¥


https://www.shimipedia.ir

" F
sl 48 Caul g g 3 HIS 5 AN Dl salsindl (gamy (5 )

hv
CH, + Cl, —%> CH,CI + HCI

[ | cm,al, + HC
[ cney, + HE
(%, e, + Hel

) (A8 ) ailSn So S) g ol annilSa

© Thomson - Brooks Cole

LISl +Y Juad Y4


https://www.shimipedia.ir

.flnitiation step Cl—Cl
p \ (
H,C—H H—CI
Step 1
+ SR —— +
Propagation steps ] Cl- / \H.C-
(a repeating cycle) : s
1 | _Step2 +
H;C—Cl Cl—Cl
\ J \

( H,C+ + ‘CH; — H,;C—CHj;
Cl- + 'CH3 — CI—CH3

A

Termination steps

Cl- + -C1 — C(Cl—Cl

Overall reaction CH, + Cl;, — CH3Cl + HCI

s WWW. ShimiPedia

Ll =Y Jad

147


https://www.shimipedia.ir

"
LSl (JSaal ) pad Hlals

(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
©2004 Thomson - Brooks/Cole
(|3H3 (|:H3 (|3H3 Dichloro-,
hv ;
CH,CHCH, + Cl, — CH,CCH; + CH,CHCH,Cl1 + trichloro,
tetrachloro-,
2-Methylpropane Cl and so on
2-Chloro-2- 1-Chloro-2-
methylpropane methylpropane
= i —

© Thomson - Brooks Cole

LISl +Y Juad yay


https://www.shimipedia.ir

"

Jao iy Al 5 jidn Gie g b LS 0 S Hlaa

- ﬁ w
T 1 [
hv
CH,CHCH; + Cl, —— CH,CCH; + CH,CHCH,CI
2-Methylpropane C|/1
2-Chloro-2- 1-Chloro-2-
methylpropane methylpropane
35% 65%
T A I
CH,CHCH, + Br, —, CH,CCH, CH,CHCH,Br
Br
2-Methylpropane , , 2-Bromo-2- 1-Bromo-2-
methylpropane methylpropane
(>99%) (<1%)

TURL S - = A


https://www.shimipedia.ir

" S SA L
LSl Gl pad Hla a s

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 )

%MD o L1y 8 sl ga sy =T 0 Ka sl Jlia ()
S e 2

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

Cyclohexene 3-Bromocyclohexene
(85%)

© Thomson - Brooks Cole

LSl oY Jaad ya4


https://www.shimipedia.ir

H H

+ Bre — + HBr
Allylic radical
Q)

HBr + N—Br — Bn

©2004 Thomson - Brooks/Cole

Ll =Y Jad

www.ShimiPedia.ir

-

BI‘2

H Br

N—H

Br:


https://www.shimipedia.ir

" N

:Jdll JGal ) lal

L 4

7 Allylic
H 360 kd/mol (87 kcal/mol)
Alkyl = =
y
400 kd/mol (96 kcal/mol) —j k Vinylic
445 kJ/mol (106 kcal/mol)
©2004 Thomson - Brooks/Cole
| i | | | |
\C/C' H—C:- R—C= B—0- B—C> e /C\
| | | | C C
| H H H R | Y
Vinylic < Methyl <  Primary < Secondary <  Tertiary o Allylic
(1Y) (2Y) (3Y)
Less Stabilit More

stable

st
® Thomson - Brooks Cole

LSl oY Joad Y


https://www.shimipedia.ir

" N

Sl il Lol 4w ) il JSGal

| i i I i |
(B H—QC- R—C- R—C- B—(>
T NP N
C | | | | c” ~c-
| H H H R | 7

Vinylic < Methyl <  Primary < Secondary <  Tertiary < Allylic
(1Y) (2Y) (3Y)

stable stable

© Thomson - Brooks Cole

www.ShimiPedia.ir

LSl oY Joad 5


https://www.shimipedia.ir

@ 2004 Thomson/Brooks Cole

Ll =Y Jad

:Jall Al il g

WwWw.ShimiPedia.ir

Y.V


https://www.shimipedia.ir

"

S i 00l JSE J eana 5 n) (S) 5 4

CH;CH,CH,CH,CH,CH,CH — CH,,
1-Octene

l NBS, CCl,

NN ;
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%)
A\AAN b BL P b QT (;5/3 41 trans:cis)
©2004 Thomson - Brooks/Cole

LISl +Y Juad Y.o¥



https://www.shimipedia.ir

"

fuiS a1 ) dgana JSI

CH, CH,Br
NBS "
CCly

Major product

©2004 Thomson - Brooks/Cole

LISl +Y Juad T


https://www.shimipedia.ir

LS laaadla Jas) 4ags

Gl IS ) salain) Laaadla JoSd) 4ned gy (o yiaslic m

H;C OH H;C Cl
HCI (gas)
: > + HQO
Ether, 0YC
1-Methylcyclohexanol 1-Chloro-1-methylcyclohexane
(90%)

© Thomson - Brooks Cole

LISl +Y Juad Y.


https://www.shimipedia.ir

'_
HX e o s IS (5l (5S)

R—OH+ HX — R—X + H,0

H H H R

| | | |
H—(|3—OH < R—(IZ'—OH < R—(|3—OH = R—(|)—OH
H H R R

Methyl 1° 90 30
- m -y
reactive reactive
©2004 Thomson - Brooks/Cole o o o o
www.ShimiPedia.ir

LSl oY Joad Y.y


https://www.shimipedia.ir

'._
A PBI, ey jind 5 SOC, 4,18 Ui o5 L s JSU
Dl ga daad adla 1)

I O I O
SOCl,
i + SO, + HCI
0 0

Benzoin Desyl chloride (86%)
Cl)H Blr
3 CHyCH,CHCHy —— f’;;oc > 3 CHyCH,CHCH; + H,PO;
2-Butanol 2-Bromobutane
- (86%)

©2004 Thomson - Brooks/Cole
Ll oY Jad YA


https://www.shimipedia.ir

" A
i R SEy Jsei sl adla Jsd) (&)

by K K&l g4 THE L Saa il Pla 54 ie s o aadl Js)

Asd g pas
1Yalkyl /
2Yalkyl Cl
dYalkyl r=—> B—X <—— 1 Br
alkenyl \ |
ol | e 2

Ri+Mg—X



https://www.shimipedia.ir

" N
Lol 8 e 5 00h Caie b 518 5 oaie O S Ll )0
sl RS)s 2 ) la Jd silS o

I " Mgl
| Mg g | — Basic and nucleophilic
/,C\ Ether /,C\
HY/ g HY/ "H
H H
Iodomethane Methylmagnesium iodide

©2004 Thomson - Brooks/Cole

WwWw.ShimiPedia.ir


https://www.shimipedia.ir

" J
4 Cufie H G Gl Cfin H 5 8% OH il <l s
b e 2l OB 5200 e diay (Al 0 S

Mg H.O

CHgCHzCHQCHchQCHzBI Ether CH3CHQCHQCHQCH2CH21\I2BI — CHgCHQCHQCchHQC}Ig

1-Bromohexane 1-Hexylmagnesium bromide Hexane (85%)
© Thomson - Brooks Cole

LISl +Y Juad Yy


https://www.shimipedia.ir



https://www.shimipedia.ir

alla Js) laial

Cisl oadad 2 50 S Lalla JS) )3 (55 -5 S i s
Db sl iy 4y 886 g IS il didy 44 o 5 slla a8
o S o Gl Qe Ll S 5 Gl (e
GASl s Ji sl by 500 8 dae Ji g yiSd) ) sic 4 2l g

a2

LISl +Y Juad Yy Y


https://www.shimipedia.ir

o—

X
Electrophilic
5+C/— carbon
,7 S
www.ShimiPedia.ir

PECSRES B Y\¥


https://www.shimipedia.ir

'_
1o 508 58 Ll JSU) )

Nuc: + R—X — Nuc—R + X~
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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)
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R—X + R —COOT/AMNAN/F— R/=-COQ>+R gster
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CH,CHj3 (|3H2CH3 (IZHQCH3
Sn1 conditions
/C"w, H + H20 - H \\\“)C N + /C\' ' H + HBr
CH3 Br HO CH3 CH3 OH
// (R)-2-butanol (5)-2-butanol

(S)-2-bromobutane

both enantiomers

H;C CH, H,C
l’,CHch:; . IIZ(.j: " CH;CHQ A0) ZI,CH-_ZCH:; =
CI—C\ CHj4 m" (|’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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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;

L

CHCH; Cumene CH—CH, Styrene
@ (bp 152°C) @ (bp 145°C)
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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:

AICI
QH + RX Sy QR + HX

An alkylbenzene

Acylation:
O
Y AICk 1
H + RC-X > CR + HX
An acy| An acylbenzene

halide
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Groups that Donate Electrons by Induction (Methyl & Alkyl Groups)

Ortho Attack

CH, .
E
@/

Para Attack
CH,

Meta Attack

CH,
@\ 4
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 ———
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H E H E
Tertiary Carbocation
| Most Stable Resonance _
Contributor
CH3 I[ZH3 CH3
+ +
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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
: + +
YV \7 E 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,
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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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