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First shell | Second shell | Third shell | Fourth shell

Atomic orbitals S s,p s,p,d s,p,d,f
Number of atomic |1 1,3 1,3,5 1,3,5,7
orbitals
Maximum number | 2 8 18 32

of electrons

The aufbau principle gk i




1s <2s<2p <3s<3p<4s<3d<4p <5s<4d <5p <bs <4f <
5d < 6p < 7s < 5f<6d<7b<S8:s..........
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Hybridisation: =W Hybridization happens

when atomic orbitals mix to form new atomic orbitals.
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A number of different types of hybrid orbitals are known for carbon in the organic

compounds.

1- Hybridisation sp® 2- Hybridisation sp> 3- Hybridisation sp

1- Hybridisation sp°

The simplest alkane, Methane ( CH,) has a tetrahedral structure, where the four
hydrogens that are attached to the central carbon atom are arranged symmetrically

about the carbon atom, and arranged as far apart in space as possible.
Cs: 152, 25, 2p?
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Sigma bond (o):- bonds, which are formed by the head-on overlap of two atomic
orbitals along a line drawn between the nuclei, are called sigma (s) bonds

During the bond-forming reaction 2 H- — H,, 436 kJ/mol (104 kcal/mol) of energy
Is released. Because the product H, molecule has 436 kJ/mol less energy than the
starting 2 H- atoms, the product is more stable than the reactant and we say that the H
- H bond has a bond strength of 436 kJ/mol. In other words, we would have to put

436 kJ/mol of energy into the H-H bond to break the H, molecule apart into H atoms

Energy

A Two hydrogen atoms CREING T H3

A

| Absorbed when bond breaks
436 kJ/mol
H, molecule %

| Released when bond forms

As well;
H
) H
i |
pi bond (x)



The carbon—carbon bond results from side-to-side overlap of

the two unhybridized p orbitals. Side-to-side overlap of p orbitals formsapi ( =)
bond. The maximum overlap to occur, the two p orbitals that overlap to form the pi
(7r) bond must be parallel to each other.

As showen:
7 bond
the p bond’s 2 electrons
A can be found anywhere in
Il— the purple regions
N
N
¢ bond 7
H

c/l-I
\H

\

the 2 p orbitals are
parallel to each other
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Bond length is the average distance between the centres of two bonded nuclei.
Bond lengths are typically reported in picometers (pm), where 1 pm= 10> m. For
example, the O—H bond length in H, O is 95.8 pm.

Although the SI unit for bond length is the picometer (pm),

The angstrom (ﬁ) is still widely used in the chemical literature;
1A=10""m. As a result,1 pm =102 A, and 95.8 pm =0.958 A.

Average bond lengths for common bonds are listed as below

Bond Length Bond Length Bond Length
(pm) (pm) (pm)
H-H 74 H-F 92 C-F 133
C-H 109 H-ClI il C-Cl 177
N-H 101 H-Br 141 C-Br 194
O-H 96 H-I 161 C-1 213

afj\‘;a)a‘ﬁ\ d)l:d\d)'gwﬁtﬁ‘)ﬂ\ 2=l OLAAE..\:\SJA\}MBJ}JS“EQMY\ d}LJ\J‘}:\ °
s 2aa) Baly 3 sas) )

A Comparison of Carbon-Carbon Bonds_C-C sl ¥l & 4 jlda
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Increasing bond length

- || \ o/ =
longest C—C bond _C—C— 0=C —C=C— shortest C-C bond
weakest bond | /N strongest bond
Increasing bond strength

* As the number of electrons between two nuclei increases, bonds become shorter
and stronger.
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Increasing bond strength

< ]
——Cc—H ——C—H H2
— —¢ ——C —H
' D>

increasing bond length
3 - 2 Y a
1SP° (e s B (A SP Ilal agdl

1 g Cagill £ 6l i 2p ) (B CDIER) 22 g Lali 25 J a9 JUi ) 2 g Cpagdll £ 680 JS A
(percent s-character) s JUi oY) dsds i jaila

Sp hybrid =one 2s orbital /two hybrid orbital =50% percent s-character
Sp? hybrid = one 2s orbital /three hybrid orbital = 33% percent s-character
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Sp® hybrid = one 2s orbital /four hybrid orbital = 25% percent s-character
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As shown below

Table 1.3 The Electronegativities of Selected Elements®

1A 2A ‘ 1B | 2B ‘ 3A | 4A ‘ S5A | bA ‘ TAJ
H

2.1 2
Li Be B C N (0] F 2
10 | 1.5 20 | 25|30 | 35| 4.0 o
[
Na | Mg Al Si P 8 Cl =
A5 || e 1.5 | 1.8 | 2.1 | 25 | 3.0 §
K Ca Br °
0.8 | 1.0 2.8 _E’
i
increasing electronegativity : @
| —p 2 e

IElectronegativity values are relative, not absolute. As a result, there are several scales of electronegativities.
The electronegativities listed here are from the scale devised by Linus Pauling.

5~ il g I B Canas Jrny L e A lEiall Al S Alldly abisiall el 3 Ll

(non polar covalent bond) 4uhd yall dealodll jual sYL o jaile ¢ S (5 sluiia
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5 2.2

H——-C

2.5
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C 1s electron deficient

Y
éC—éH g

+—> O is electron rich.
a bond dipole

C-0 bond is a polar bond.

More examples

o+ o6— o+ o6— o— o+ o+ 60— o+ o—

(@ c—Br (b) C=0 (cy N—H (d) C=N (e) C—0O

o+ o—

() c—s

el sa ol il b e 4 - jhea (o sl 5 8 e A eS Al (Sl peaie (I -]
— A eSI AnIlall | o ganil 8l a A 5eS Al ealiall JA Lai | A oS b} (3 jualial)
sl lale g Al amall ) 5 A oS Apdladl il Jaul ) e (e Ligad) LlSiie sanall 8 -]
Al paliall €T ol 13a o g Wy gai Leda o 30 sl Cancal oY) A8UAN (5 gioe cili g 51
(Jsandl Jand Al Ll 5 Jsaal) Jef 8583 gn sall jualiall & 4y S
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lonic bonds 4 s o )

* Jonic bonds result from the transfer of electrons from one element to

another.
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electrostatic interactions 4Ssikis g A5<1 quda 3 g8 (lasi g

The type of bonding is determined by the location of an element in the periodic table.
An ionic bond generally occurs when elements on the far left side of the periodic
table combine with elements on the far right side, ignoring the noble gases, which
form bonds only rarely. The resulting ions are held together by extremely Strong
electrostatic interactions:

A positively chargedcation formed from the element on the left side attracts a
negatively charged anion formed from the element on the right side. The resulting
salts are seen in many of the inorganic compounds with which you are familiar.
Sodium chloride (NaCl)

e Ol (ol (& paliall ae Jsaall e Jlind) ol (8 paliall Ll ) (e 4 0¥ o ual) LSS
ALY & A sl 553 Jsaa)

Dbl () (8 jualiall (e (5585 dan gall i V) A B AS L g SN da) g 50 Jasi 5 AUl sl
Ol (ol ()5S0 Ll ddladiall dalld) @l gall 5 (5 sall J sl

p s all 3y ) S GllS JBa
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NaCl-- An ionic crystalline lattice

J Cl-

Na *
)

Sodium acetate a2 sall DA xlo SIS

o)
)J\ NaOH
-+

H3C ONa

A8 g1 By (eSS Ao g 8 pa¥) Ak 30U 5 Jonic Character 4sisY) 4dall a3 o
481 dpaabodll) 3 pa¥) (pe dglad <) A Al g dddaiiocal) daalodl) 3 ) (pe dydid i)
(biiua )

Yﬁ_ Mt
| o |
Cu cén
— N - %’H
Y=0,N,Cl,Br,I M= Mg, Li

continuum of bond types
I I

lonic polar nonpolar
bond covalent bond covalent bond
K*F~ Na'CI 0O—H N—H C—H.C—-C
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Coordination Bond 48wl 3 yuaY)
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"NH, =L
H H I;I
H:N‘+ H —|HNH| —[HN>H|
H H H

Acceptor (8+) s Doner (8-)cx s »a! ol giil ¢,
5B 1s”2s* 2p', 2py 2p;
N @ 1s° 25% 2p°
BFs;+ HN:_, [HsN: - BF;]
H,0:+ H'— [H,0: -H'] = H;0"

R
AICl; + NH;j = H N:. Al—CI
Lewis Lewis | |
acid base H CI
F
BFs + CH3-O-CH; — > CH,-0: é_F
Lewis Lewis | |
acid base CH, F
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Nitrogen: 5 valence electrons
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3-D representation of
H the ammonia molecule
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3 3-D representation of
Th the water molecule
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Oxygen: 6 valence electrons
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sp2 oxygen + sp2 carbon

:0=Cc_ =0 double bond

\

Notice that the pi bond in the C=O “double bond” appears distorted, indicating higher electron density
around the oxygen than around the carbon. This is because the C=O bond is polar. The more electronegative
oxygen atom attracts bonding electrons towards itself more strongly than carbon.

. / The c=0 double bond
.0=C
’ e is polar

A similar analysis for nitrogen leads to the picture and geometry of a C=N double bond:

iy
N—=G
/ \
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H,C——C

cleavage of bonds JJAUY\ S
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. homogeneous cleavage silaic uS: Y1 o
.heterogeneous cleavage oslaia e S 4 4501

1- Homogeneous cIeavage
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—(’:%X - e —cC' o+ X Free radical

2- Heterogeneous cleavage

CHz (|3H3
H3C—(|:€X —>H3C—<|3+ + X
CHg CH,

Carbocation
%2 3 Sy s

?Hs (|:H3 +
H3C—?—)>< NN Hsc—cl:" + X
Carboanion
B REIEE

reactive intermediate Alxdll Claw Il cand ) jUaliY) oda il

d&ﬂ Free radicals SJAM JJ-.A%M -1

CH,4 = CH; +H

Gl Jelin el gl Cadle (8 Sl sl v o (g G il S il s
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Hyperconjugation élai) 85 aUs

What is Hyperconjugation ?
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Hyperconjugation is the stabilising interaction that results from the interaction of
the electrons in a o-bond (usually C-H or C-C) with an adjacent empty or partially
filled p-orbital or a m-orbital to give an extended molecular orbital that increases the

stability of the system.
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H, H,
+ r/|~l_
H2_0=CH2 e i H2 C—CH2
X L
H H,

Based on the above resonance forms, the structure of the ethyl carbocation can be
shown roughly as follows

Primary carbocation

St
H/, 8+ LA ‘ . .~\5 15
w ) QL) \' E/CHZ . 9 O5R=5D R4
015518 84S S & Mg
&t

i AanSe) )iy a3 il 5 Uiy ) AU Jada 1 (505 dun sal) ainil) Ll ()
(o0 il 21333 AUl o (535 o shisly 5 Al ) e allai g) 3 AaLal)
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empty p orbital I
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filled o bond
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most stable l_'_‘:::=— R —C|‘,+ ~ R —(l‘,“‘ > R —(|j+ ~ ]_[_(|j+ c:::‘_'j least stable
H
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R H
a tertiary a secondary a primary methyl cation
carbocation carbocation carbocation

The resonance and resonance structures 41.“'.\.'."‘.,)3‘ JM‘X\\’ ‘:).'.‘JJM
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el YV skl G G 5 (5 slasia Qi de ) g A5 iSIV) ABUESD Gy (0 il s e 2 g Jladl i
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Besonance structure s Besomance "hsbmd"
Hoo* oy H
oy, O N
HC ™ o CH HE= is HC CH
” I/"" | o - | ” really |' !|
HCHC,&"}CH HC%C,-” E:*C:;_,CH
H H H
black white gray

138 ¢ () ALY e 1) U ) )i 8 Ll 5 3 guina) elasSl b aga 50 (il cal,
il Z 5 Laaaa) cpadls el o) mil (e S elae ) e oy Glaal (8 Jgpe 585 38 ()l
o sl S ) ) gl e Jaldiel miner product s 6 zU s Major product

Allylic carbocation (Y ¢ gilS o JISU (i 1) o8 aga HA) JUa

H
H C

ey @
Hac///:—r"\\ri‘EJH2 HzC/ \\CHE

H

C
@5 4 D5
HSCA/ \‘\cHz

O35S o Sl il 0 68 liadll 8 Jiad Ggon Lyl g (el (358 48l (e 581 G 1) Al ()5S
) Sl A I i 1 JISEY) sae 50l 5 5Ky I (5 S 0 AL s ) Sl e ST LYY
JEI) dasad Ab 52l S el ol il JB) G 65 i) JISE) Ary ) Lia b 4l 31 Sl (5 A0 o sy
Cum e Lay SVl JBY1 () il SSYU s dnsad 4l 31 i il ISI 4 4 531
Major () JiSY1 il Jaes Lails 5 )i SSY1 3]s (Laaie o) Jslae 5l 5Le) dasmall 2ol il

product
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+CH, CH, CH, CH, +CH,

S = ||4( )=
J= (===

O ol (8 dagall e @) (pan
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CH, t|3H3
H.O—G—CH=CH, HiC—C=CH-CH_]

- + + -
HoC—CH=CH—CH, = H,C—CH=CH-CH, «—= H,C=CH—CH=CH.. 2

+ . s
HaC——0——CHy = H,C=—=0"——CH; _
H,C—CH H,C—CH
_ - d]
CH,

A €55 e i sall Al (Y LG Y pa el 13a o RCTGTCHECH,

G AT il 8 il

+
1 o0 o i RO
HEC:EH
g Y s bl gy O g

- dliast) el g gl

Exothermic Reaction 5_)_all del) cdleldd) -1

An exothermic reaction is a chemical or physical reaction that releases heat. It

gives out energy to its surroundings.
105 s Cum (AH) (YL AL Alelital s Al o pall Bl e el Sy

AH = Hproduct - Hreactant
Lgtiagd () 5S5 o3ke | Alataall Tada o Al A8l (e e Alelaiall o gall A8l () 5S5 30 L) e i) o) ((
A
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A
AH=H,-H,
9 AH=3-9=-6
ALt A8l
3 Al Bala

Jeldill

Endothermic Reaction SJ‘M ‘LALAM oy T -2

The term endothermic describes a process or reaction in which the system

absorbs energy from its surroundings in the form of heat
Jstaall (s ang G AH =+ Ol UL 5 Aailil) e Ua gl (5 ey 35S e iiall o gall 48l (|
el de s (e Jpnaill

J8 Al o) gl A ) i) 5 (Ao liiall) Lloal () a3l o sall & g ) (S 5f QuSlaia Je il ()5S (2
Alelial) e

2 LY (o Je il nny il A3alSH Ll oyl i) AL : Je il (a Aadll) 3 gal) lina (5
A

i)
9
ALal<!f A8Ual
AH = H, - H,
AH=9-3
5l all ala Jeldd
3

v

Jolll
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Organic Compounds

Hydrocarbons Other 5tuff
HHHHH
HE-C-0-C-0 H (alcohols, ketones, etc.)
HHHHH
[

- l - l -
Aliphatic Aromatic
Hydrocarbons Hydrocarbons

A2 Cy
(. ¢
c=c”
Acyclic Alicyclic
= Alkanes = Cycloalkanes
C-C-C-C-C /c_c\
¢ ¢
O i
- Alkenes ~ Cycloalkenes
C-C=C-0-C .-
e iy
< [c
e
= Alkynes — Cycloalkynes
C-CEC-C-C CEC
A )
Y N\E
="

Aladl) aralaal) Function groupes

AtlasSl 5 Al ) lbaall Qs il 5 cle il Ao S 3 (531 (g gaaall S el & Jladll ¢ 3all s
Function groupes (e JSI e (5 9a3 8 4 ganll CLS Jall (e S 5 alNA (o (5 szl (S all
@\AM\D&MG@‘%&&\J}‘J#\}
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Family name

Function group

Mame ending

Simple example

Alkane C—cC -ane CH;—CH,
Alkene C—0( -ene CH;=——CH,
Alkyne C=c -yne HC=CH
Alcohol c—oH -ol CH;— OH
Ether c—o—c ether  CH—O—CH;
Amine C—MNH, -amine CHy—MNH-
) 0
Aldehyde I -al I
p 4B CHy-C—H
) &
Ketone I -one |
¢—Cc—cC CH;—C—CHj
Carboxylic Q 8 0
, g -oic acid I
acid —C—0OH CH;—C—0OH

Alkanes(PARAFFINS) (bl yll) UlsIy)

Ceasouell s O W e s siad (Saturated compounds) dxsdia LS e SUIKHYS
Adladl g 3All) C-C and C-H 338 sl sl L Laid (50 )8 il )3 a3 Ladd



iy 3 Lasi s tetrahedral zshadl el ap ) Ll spiommed) g 51y (Legin 8
acyclic and Alicyclic.:oe s CUSIV aal 555 109.5 W laie

Acyclic alkanes have the molecular formula C,Ho+

(where n = an integer) and contain only chains of liner& branched
carbon atoms. They are also called saturated hydrocarbons because they
have the maximum number of hydrogen atoms per carbon.

O I 3 dae 3aly je LS pall sda ) lalall A o dla g Ay e Sl je oo (oY) SUIKIVE
3 ga graad i Glall a3 Mayis B gsld N 0S5 Le vie Al LS yo I Jsali s
WaX gl ¢ 55l 5 Slndl ) (585 G 18 i N 2icdila

Cn H 2n+2

Number | Base Name of Molecular Boiling point Melting

of +Suffix Hydro- formula ‘c) point (°C)

carbon carbons
1 Meth+ ane Methane CH, -167.7 -182.5
2 Eth + ane Ethane C,Hg -88.6 183.3
3 Prop+ ane Propane CsHg -42.1 -187.7
4 But+ ane Butane C4Hy § -0.5 g -138.3
5 pent+ ane Pentane CsHyo g 36.1 g -129.8
6 Hex+ ane Hexane CsHis ] 68.7 @8 -95.3
7 Hept+ ane Heptane C;Hie 98.4 -90.6
8 Oct+ ane Octane CgHig 127.7 -56.8
9 Non+ ane Nonane CoHyo 150.8 -53.5
10 Dec+ ane Decane CioHs» 174.0 -29.7
16 Hexadec+ ane | Hexadecane CieHaa 287 18
30 Triacont+ ane | Triacontane CzoHs> 450 66

et o4 glall el 4 jlaa Lead Llall 4 o J88 <l HAl aae (il de il cillsTY)
G @Al (6 8 Jlati (g Lae Gl dad) c Aol Al 3ol ) @llh g o s IS &l )
(Qa s (5 ) iy 52
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Physical Properties of Hexane Isomers

Density
Bp, Mp, at 20°, d%°,
Isomer Structure °C °C g mi~’
hexane CH,(CH,),CH,4 68.7 —94 0.659
T

3-methylpentane CH;CH,CHCH,CH, 63.3 —118 0.664
{0

2-methylpentane CH3;CHCH,CH,CHj, 60.3 —154 0.653
i

2,3-dimethylbutane CH;CH—CHCH, 58.0 —129 0.661
T

2,2-dimethylbutane CH3C[CHQCH3 49.7 —98 0.649
CH,

..

L Iy LSl i saua & gaac

SIS Caiai s s SN )3 e o) sl O Gl an gy 10 g Sl il 3 B gl *

Clte 33 AL UKV e S 5 cilaial) s s LSl p oLl g5 ST anen

O A sa e Lo JUe Janal 5 Chom 5o )3 G Jaaiy sanly (508 3% Jasi 55 A 530 a5 V) 05 IS0 83 (1
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/ \ : HsC——CHj

\ H H
AL
e |
N\ TN
H/\ H /' \
H H H

P10 Sab AW s SU 555 ) e
G WS (2H Yo s snes Jasi g 05 S G 0 Abaiall g S 33 s s sl 05 1S 50 (2

AL eaal 5 5 Al il )3 S35 A5 0 S S0 e s cus 3-miethylpentane

i
HH\C|:/H
H\/ ‘ H
/C\C i/H
H—¢ /\C/ Ny

> 20 el Ay sl g U 50 ) e

.JA‘) Ui g ) g uy)ls U_l\‘).ﬁ &;}M Alatall EJ.\J\ ‘;AJ mu\ J}JJ&\ a)_\(3

isopentane or 2-methylbutane
39 el A & 5 S0 B 53 () e
4° e e ng .0 soue dealy Vg O lS &l 3 c-.ui-.' daai Gl Al )l (4
4N il pall B ga S <3 B gl G 1
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(CnH2n+l)

Alkane

CH,
CHs-CH

CH3-CH,CHs
CHs-CH,CHs

CH3CH,CH,CH3
CH3CH,CH,CH3

CH,

e

HsC ™~

CHs

Tl

HiC—0 /C\ C
CHs (|3H
CH
’ e CH,
CHs

HiC | _cH

3 \ / 3
H, H,

HsC C

Name of alkane

methane
ethane

propane
propane

n-butane
n-butane

isobutane

Alkyl group
-CH;
-CH,CHj;
-CH,CH,CH;
CH3?HCH3

-CH,CH,CH,CHs
CH3CH2pHCH3

CHj,

H3C_C_CH3

—0

S aalas Alkyl group

O 503 3 el G (e il GSIVY (e il aalas (o8 JSIY) e gane

Name of Alkyl group
Methyl
Ethyl

n-propyl
iso-propyl

n-butyl
iso-butyl

tert-butyl or

t-butyl
t= tertiary
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Nomenclature of Alkanes UM diaus

The names methane, ethane, propane and butane have historical roots.

From pentane on, alkanes are named using the Greek word for the

Number of carbon atoms, plus the suffix (ane) to identify the molecule as an
alkane.

|
H—C|)—H CH, meth+ane= methane
H
| ]
H (|3 C|) H CH,CH,4 eth+ane= ethane
H H
/KA
H c C c c H CH,CH,CH,CH
| | | | A\ s but+ ane = butane
CH;(CH,),CH;
H H H H

« IUPAC: International Union of Pure and Applied Chemistry
Adail) g Addad) plaansll A gal) Slasy)

« each name consist of 3 parts

» prefix : indicates position (1,3,...etc.) , number (di, tri, tetra ...etc.) and
type of branches (alkyl or substituent groups)

» parent (base) : indicates the length of the longest carbon chain or ring
> suffix : indicates the type of hydrocarbon (ane, ene, yne)

prefix |base |suffix

What substituents? How many What family?
carbons?

| Carbon |parentname | Carbon | parent name

40



1C meth 6C hex
2C eth 7C hept
3C prop 8C oct
4C but 9C non
5C pent 10C dec

Rule of Nomenclature of Alkane

1- The parent name of the hydrocarbon is that given to the
longest continuous chain of carbon atoms in the molecule.

(Aasiinn 3 guay 4y 9iSa (985 Y SB) SIY) b AdCan Abds Jghi A

CH,

|
CH3 _CHZ _CHZ _CH _CHZ _CH2 __CH3
1 2 3 4 5 6 7

4-methylheptane

H, H, H,
@ H,C——C ——C —C —CHj
5 6 7 8
4 H2 H2 H2 H2 H2
H,C——C ——C —C —CH; HaC——C —C——C —CH @
H, | Hy 1 2 3 4 5
HyC——C —C——C —CH;

H

1 2 3
3-ethyloctane

2- Number in the direction that gives the smaller numbers for the
locations of the branches.

Al b g il o 81 dgall (e o s SI il )3 a5 oy

41



© o ©®

Ha Ho  Hp H H, H
HC——C —CH——C —C —CH, H3C—C2—C|:H—CZ—CZ—CH3
1 2 6

34 s ¢ 5 4 3 2 1

3-methylhexane

3. Use prefixes di-, tri-, tetra-, when there is more than one
alkyl branch of the same kind.

I 2,3-dimethylhexane

L ?Hg, THs

I CHg_CH_CH_CHz_CHz_CHg,
I | 2 3 4 5 6
I

1 hepta- 4

octa- 8
I nona- 9 I
| deca 10 I

3, 3-dimethylhexane

"
CH3_CH_C _CHZ_CHZ_CH3
1 2 3] 4 5 6

CH,

42



5 H3C 5

\
HsC H,C——CH, CH2 H,c—cH,
H,C ! \CH 6 H,C ! H\C ¢ 7
2 3 2 20—
CH
HsC CH H,C CH
3“4 / 2 3 / 2
HaC HsC
3-ethyl-3-methylhexane 3,3-diethylheptane
H5;C
\s 6
HsC HC—CH,
CHyg
HZC 4 HZC\ /
Hew /3 7
T~ CHs
1 H, 8
2
4,4,5-trimethylnonane
S 6
Hzc_CHz
4 8
H2C H2C_CH3
2/ 3 CH; 7
H3C—C C;H3
1
HisC  CHj
2,2,4,4-tetramethyloctane
H5;C
N6
HsC CH—CH,
H\C—“C/ H\ Cc—CH,8
\ 2 3
HC—C ’ | T
3 CH
1/ 3 CH,
H3C CH3

4-ethyl-2,2,3,4,5-pentamethyloctane
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4- 1If there is an equal branch of both sides of the series, we
nomenclature from the closest to the first derivative of the letters
in English alphabetically

Br CH3

| |
CH3 _CH _CH2 _CHZ_ CH _CH3

2-bromo-5-methylhexane

||3r~ l|\102
1 2 3 4

2-bromo-3-nitrobutane

Function group name
-NH, amio
-F fluoro
-ClI chloro
-Br bromo
-1 iodo
NO, nitro
-CH=CH, vinyl
CeHs (ph) phenyl
phCH,- benzyl

-OH hydroxy




Q1-Give the name of all structures below

H3C H3C
H2C_CH2 CH3 HZC_
CH—CH
Cl CH—CH,
Cl
H3C\ THa
CHj
HC—t—0¢
H,C Cﬁ HO/ \CH CH
A 2 — 2
CH
/ / \CH/ -
HsC——CH, Br 2

Q2 write the molecular structure of:

cH,  CHs
N
CI/ \CH—CH2
By \CH3

a) 3,4,5,5-tetramethyldecane

b) 4,5-dibromo-3-fluoro-5-methylnonane

¢) 3-bromo-2,4-dichloro-4,7-dimethyloctane

Notes: short name of some function grope and alkyl

methyl = Me
ethyl = Et
propyl = pr
butyl = Bu
tert-butyl = t-Bu
Phenyl = ph
Aryl = Ar
benzyl = bn

Structural Isomers of Alkanes

e ganay 4ia grall G dal) Adls
e S )
aryl

ol
>\

OH, OCH; ..... etc.
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carbons Name isomers

1 Methane 1(no isomer)
2 Ethane 1(no isomer)
3 Propane 1 (no isomer)
4 Butane 2
3) Pentane 3
6 Hexane 3)
7 Heptane 9
8 Octane 18
20 R — 366,319
For example
HsC, CHj
H2C_CH2
H3C_C_CH3
H
CHg
n-butane

isobutane or 2-methyl propane

Chemical Formula: C4H, ¢ Chemical Formula: C4H,

CH
Hy Hy ’ CHs
C C
e e e CH CHjy
3 H 3 N HaC CHj
2 HsC C
Ha
n-pentane &
Chemical Formula: CsH;, isopentane S
neopentane

or 2-methylbutane ;
2,2-dimethylpropane

Chemical Formula: CsHiy - oo oical Formula: CsHj,

Q: Write the isomer structure of hexane.
Q: write names and the possible structure for C;Hygand its
isomers.
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Ll Sl Tl Asarl) juladill ddades (Cy - Cs) () dadd) 33V e Jsumnll oSa
Ayl 038 (ge lgale Jyeanl) Lygrall (s Lgihhas il 3kl Cuag (Aelé Cg) Liall oY)
tlgiay yuaaill (gl Byl ) esalll 2 12 LabaidV) lalsas adel dilia

lebigis Aasjall Bpual) N Congyuell Abialy 2ihll oda adlbs slualg¥) Ay (1
Pd Ni Pt Jie breluse Jalse aladinlyy Qileal) NI 005855 53 )00 5 ucay

Pd, Pt
CnH2n+HZ > CnH2m2

CH5CH,CH=CH, —— CH5(CH,),CH;

t b€ CadlS alasinl nad) & U jacaas oKa (2
Mg e il Sl 3sag S il delis (e b€ 8IS jumany dankl) o3a adls
O NN TP

Dry

RX + Mg (RMgX)

ether

O s Cadlsll S il ddee Joan Lada

RMgX —2%» RH + Mg(OH)X

SO jaa Culie JSI alla alasiuly /o

adls

T
CHsCHBr + Mg —— CH,CH,MgBr s
—ala

CH3;CH,MgBr + HOH — ,CH3CH3 + Mg(OH)Br
fdelal) 3 chy e Qs By PRENIR Jala /L)“
e Jlaal dlin 5 Cagud bl (e A€ o g5y @) Gila e AN K S /7
rlaleall 8 LS QS Al (e Jaliall Jsasl (06 Laily 3yl € Ca8IS (455
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J

o

CH;CH,CH,Br + Mg —— CH3;CH,CH,OH + HBr
H,0 d}-’\-’})-’

Mg- 5 ¢dalle duhd b Lualus R-Mg G spa¥) R-Mg-X 58 3l CadlS 1ddaada
1A Augl Galed ld Lelaay (C-Mg) 5y Adlall dukadl) o) (RMg®X®) duigd yal X
Uanlal zlay 1A Y 58 Tas Chien (malad o saiaal) mle 2)li € CaslS el (Ko
calial) aale (e aial3y A g4l

RMgX + HOH —R-H + Mg(OH)X

R S8 p=an
[EEN]

Liga¥) e @AY slsad) Gam dsns o syl delill 1 8 oLl aadneg 13 /o
COsigll g aakiina Al <Ysaslls (NH3)
il Aalai@yl (ggaall Jlls G pad )l sa Wl o elliy /2

RMgX + NH; — RH + Mg(NH,)X

RMgX + CH;0H —— RH + Mg(OCHg)X

b el @l Y Sl a0 el i) clsladll (e Alud e lial) 3K0l<0
e L)

55 CHACH ddiall anyslS s sl o esall il ot il aa olinall delis ¢ Slia
oo S pasy Jeatl) o day Jiall 2y ) Jeaal sl 3isal (Sa S8 (HC
ool Aoy o Riiall 38 ) Joaill clghad (3] 35ka

CH, + Cl, —™ » CH,CI + HCI
:Initiation (3ya) Js3all adgs) Hladsl) Jelas (1

Cl-Cl —™—»cI'+CI'
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Cl- Gmapa¥) 58 o) il ysda adgig oIS H5lS G Bpual) oS e A8l Jond
(C-H) Ju slUsm Hoda 585 sy GlIN (C-H) s 3y 58 (10 Coanal (2 C
(Propagation) seill 5 iyl Jels (2

|
—H|-€ H + G——> HCl+" CH;
H

Laa)ls oAl Al Al cuauzly Aila Al OV (C-H) spal o€ o syaall 4l jel<l 3
ey sl i o Lz s L(HC) (e Jhanid (C-H) spal oS (1e oS il
st delil 13 s s Alelinal dsall N gag 6 (Cl) 05 JAY) sl 3

ke

(Termination) ele¥) Jelas (3

‘CHs+CI=Cl CHiCl +CI°

DS aala 5l i) i g K i Ll aaley el Al shaally osSall el H3al)
e galS OEY1 05 seda 1y QB OsSind JAT i s aals 1) L galil) o
delall
)& CHs+"CHy CH3-CH;

COlal) pe lele i aie 45l day)Y) Gl llel) delis depu o)) da [

ae i gl of Gas F, CLBr 1 sa () aasll e cilia gl asi o ales WS /7
SV gaaslled) (o aaias Jelal) depw ols (Wb Taxe cluagled) el s sy (93
a3y @A saadl 23 LS 4 gl e W (ol el gu) sa Al SV Al
paall 53 i) e ghgn Al alally ¢ paiall Adled Jid ali 5SIY)s 515l (G A8l
I3 gond alolid Laaa SV Gaasllell o B8UY G (e SSI (sS5 (Lsldll) il
25l (S A8 e Jymar gl DAY A (n deany O (See il e deliall of Jaadl
ae oMl Jeli die adf Jaadl Gl L delall S s chun o 38l ) pape o i
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dana G Alle ailla Y oldl) A8l Caidnl g candly Jelill e H0 g oisdl)
e lue JaleS Gy Jelal) Bagil o clalld Hlaadl (a5 38 5)ha alg 4y yuraall

H>0

F2+CH4 —_— >

(ol i) bl 3l ge cilisasllel) Jolis *

CHs—CH; +€“—+  CH4CH,CI + HClI

Ethane 100%

Cloroethane or Ethyl chloride

CH3;CH,CH; + SI%’ CH;CH,CH,CI + C|H3—CH—CH3

Cl
45% 55%
hv
CH;CH,CH,CH; + €t—> CH;CH,CH,CI + CH?CHZCH—CH3
Cl
28% 72%
C|H3 CH3|
hv
CH;—CH-CH; +€Ct7— CH;CH-CH,CI + CH;—C—CHjs
I I
5229 50l CHs Cl
64% 36%

eamlu)l Y aleall 8 dalll Gl eladd o) *
Ay 3l ol Aiils agsll ae leilelie s UKV i 4N Y aladll & daaY
.d&uﬂ\ Lg_“ﬁ d.na;:i ‘_5:11\ B)\);j\ :\Aj.ﬂ

CHyCHs+BE__,  CH3CH,Br + HBr
100%
CHsCH,CHs +Bfp—>  CHsCH,CH,Br + CHCH-CH
5% Br

95%
hv

CH3CH2CH2CH3 +Bf>—> CH3(CH2)2CHzBr 2%t
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CH,~CH-CH,~CH;

Br
98%
C||-|3 CH3| CH; |
hv
CHg_CH_CHg '|'_BT2_> CH3CH_CHzBr + C||‘|3_C_CH3
Br
1% 99%

pod LD aled) dulee (pe &gl LSl Gaig e i aand 35 S Jalgal) *
F>ClI>Br>1 Jull J<alb cipm Ally aodioad) caaglled) Zallad (1

N cagngdl @by s 6 QWY e gaagsngdl by sy el LG (2
O alledls Lelann) Jaisally 251N 4, 301

il s Aphaa) oy Aalel) dulae eha LeisSE Aseung 5yl Hoaall &)l (3
3>2°>1° :L:Jtal\

OIS et 38Ua JBY) s Al SV Aledl) ae Jio :A8EN) (4

NS5 gyl e ST agd) el 03 < 1>Br>Cl>F

o e Adlide Gl gl Aialedl vie lall s DA) 8 #gphaall Jlgad) Laal 2 *
tp lsally o)

Oe Ba sia (S o saelin e gl e ST Adle 8l dlbia el ) Lale LS
oy alalaay) e LGN 4l ol Ll 4l sy I Adle (s 3%, 2°, 10 gl
sl @l Gl 1A Al (1 H) o Adalaal LG g AT O B Gy
c oY) 3l e s

OsSE aalivn Y oasl aas sl ae &lhe andlad A lailliy agll Alla & LDl oS
10 351 (9 H) asns 0o ae il gl LeShiay ¥ Alle Jantis A8Ual o lias g3 g1 )53al
Sal sl ) oS 1A Tan Aliia Gawiy V) A5 Dsda 05 Y agull ol
Aakaly Lot 38l Ale Ahiiad @iy sS4 AW

SOkl e oSN ol ASulSua g il acl [
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t JUIS oy clslad D ey Je il 13g) AK0lSuall [z

1) Initiation (LUadsyl) eadl 35las

cl-cl —Y ,cle+°c

2) propagation (_,Liasyl)
CH5CH,CH; + °Cl —— CH3CH,°CH, + HCI
CH5CH,CH; + °Cl —— CH;°CHCH; + HCI
CH5CH,°CH, + CI-Cl — CH5CH,CH,CI + °Cl

CH;—°CH-CHj3 + CI-Cl ——> CHz~CH-CH3 + Cl
|
Cl
3) Termination (sl 5skad)

CH5CH,°CH, + ‘CI —— CHCH,CH,CI

CH;—°CH-CHs + 'Cl —— CH,CH-CH,
cll

CH,CH,°CH, + °CH,CH,CH; — CH3(CH,),CHs

CH; CHy

CH3;CH,°CH, +°CH ~ ——> CH3CH,CH,~CH
AN AN
CH;, CH;,

Ll Jelall 8 Al Sl eland i #

Oxidation and Combustion of alkanes<bS (§) fial g 8aws]
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A K (ansSlis) LSV (5 ind € V) 2 g5 35868 g UKD aladinl aal ¢
s el ) (gl Bl pall (e b€ claeS (33Uail b 8 Yy, elas ¢ s0 SIS
_ISJ\);H

CnH2n+2 +  Antl 02  —— HCO2 + (Iﬁ‘l)HzO + heat
——

CH4 + 202—> C02 + HZO +212.8 Kcal.

CH3CH,CH; + 50— 3CO, +4H,0 -+ Heat

b Las JS (31 sinl Aolas (iiS) o
1-Hexane
2-octane
Nitration reaction UM 45 ) Jeolis
Al Gl o e il Gamess Leilebaay G - 500 ) GG o sat Sy

R-H+ HN()3 ﬂ» R-NOZ + Hzo

cycloalkane 4:alal) oUlshy)
Led dalall azpall | ala S Ll 50 i i drndie Clign S5 508 e o le
Cn H2n
Al il Ll 3l Cun (e Aa gitall CHLISIY 4
/ e Lo Ledalii ane 8 4 sidall LISV 40 Leils 4iliasSll al &l dguslly L
Ll adapdi Lgild <l 53 ayl o) (sa S Q0 EDE (e 0 o€ ) agilal) KDY
oS all Gaded sl N s a1

Cycloalkane A4silall el jall dvad
OSIV ol dmy ils el A8Laly (S5 4 sitall CUSIY) Al 6 LS s
cycloalkane( g\ aul Ja 5IiLu)

H2C_CH2 22

| = e ,
HZC_CHZ Hzc\c/CHz




(lismslSam) (As b (a0 il la

Cyclobutane Cyclohexane

H,
/C\ /\
H,C—CH,

((ObsnsSan) Ala b

Cyclopropane

H,
y C\
H,C CH,

/

HQC_CHz
cyclopentane

Al gra e gana Ao (5 giad Al Abla) cilSY) e

1- Numbering starts at the most substituted carbon, and goes around in order to give
the lowest numbers.

CH3 CHS

CH3

Methylcyclopentane 1,3 Dimethylcyclohexane
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CH,CH,CH;4

1-methyl- 3- Propylcycloheptane

CHs

cl
2 CHy

3-chlore-1,1-dimethylcyclohexane

CH,CH,CH,CH3,

1- Cyclopropylbutane

CHs

CH,

Cl

2-bromo-3-chloro-1, 1-dimethyleyelohexane

3-cyclopentylhexane

H H,C CH,
oH
3 3 3
iy .
H
‘ CH,
1-ethyl-2-methylcyclobutane 1,1,3-trimethylcyclopentane

© 2013 Pearson Education, Inc

2- When there are more acyclic than cyclic carbons, the cyclic part becomes a

cycloalkyl substituent.
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4-cyclopropyl-3-methyloctane

© 2013 Pearson Education, Inc.

cyclopentylcyclohexane

Ring Strain in Cycloalkanes 4:lall cUSN) A Al 4l

G5 (sl ) 2 Cannny (Y] AL () 4o 4l @l3) e L 0 Lgitia g 4lall 5 sl 5 sl LS e s
gsbad) el asel Al (e J81 Lagh 40200 4550 50 o S ((Angle torsional) sl a8l 13a s, Legiliidia g (S yall (del
109.5° 3o Bl (51 A sitdll Sy 3

ol JS8 320 (31 gy ISHal) 8 SIS 5 R 2 60 g s 4 AN Ayl K5 i (K 380 530 (s AL b
Adlad S0 (o) ) B ()5S Sl adgd Aol ALY &3 200 138 5 a3 90 ey BRI Ay gl 31 (S5

(108) z shaudl (solay p gl Wl s 5 (e A 8 AdaNA 451 51 5SS (sl
1A @S dlistructural isomers of cycloalkane

Different conformations of a molecule are, in a sense,isomers: they have the same
molecular formula, but are not identical. They differ in regard to the orientation of atoms in
space, not atomic connections: sterecisomers

1 AaUaie e LS A dall Aapall (udi L (5S35 Isomer a9l ad e g @l e g 50h o 35 jall Calisal) ) ) JSiall
VAl 8l slal DR ) ey DAY
Stereoisomers that interconvert by rotation around single bonds are conformational stereoisomers

((isomers) cilgobiia Lady Aid M Jila co5ad) O s Gl dgpa e Y Agilal) SIS (B g0 S — (saS Al )
Al saal g dga (A Glibad) (lie ganal) il 1) | (548 Lad cpfiliy (e ganna Ao (g giad A 4Bl UK Al 8 dpnia
trans ol 5 S el et (dlAL (g (& (S ganall ClS 13 L) s (e Sl (o ABIAY) (g glinal

“S‘AHS HC”‘A
CHa

cis -1,2-Dimethylcyclopropane 56



trans -1,2-Dimethylcyclopropane

'{ H
|
H cC—=cC H 2C——CH, ;
\C/"" |_/|\C/ H\c/ ?
|
Br/ B\r Br H/

cis-1,2-dibromocyclobutane  trans-1,2-dibromocyclobutane

In C=C there is no
H\ rotation available H3C\ /H
C=4 alsoincycloalkane C=C
& both have 2 isomer # \CH
H3C cis & trans H 3
cis-but- trans-but-2-ene
,Q . '
H,C CH; \GH, CH, H CH,
cis- 1 2-dimethylcyclopentane trans-1,2- dlmethylcyclopentane

©2013 Pearson Education, Inc

Saturated Heterocyclic compound

oo aia any Cu S 5l GaaanS gl 5l Gan s S s lSH e 5 AL JS) ) (5 S350 () JIl Y dege Adlall SUKIYY xS
Al Aol e Sl ey (53l 5 (5 sumnl S yall (o

COOQC

pyrrolidine

Sl JUe

piperidine 1,4-dioxane morpholine  1,4-oxathiane

Bicyclic Alkanes
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Bicyclic alkaned! =3 0528 (8,0 5 052 S 3,0 Jasi 3 dalal) LSV (e (ils 8

LY e ) 5l 23306 cllia

1-Fused : Fused rings share two adjacent carbon atoms and the bond between them.
(These are the most common).

2-Bridged: These share two non-adjacent carbon atoms (the bridgehead carbons) and
one or more carbon atoms between
them.

3-spiro: The two rings share only one carbon atom. (These are comparatively rare).

fused bicyclic bridged bicyclic spirocyclic

bridgehead
Oi) carbons QQ

Nomenclature of Bicyclic Alkanes

Rule 1: The name is based on the number of carbons in the ring systems.

Rule 2 :This name is prefixed by bicyclo- (or spiro-), and square brackets with three
(or two) numbers.

Rule 3 :For fused and bridged compounds: count the carbon bridges around the

shared atoms, and arrange the
three numbers in decreasing order. (Spirocyclic systems only have two numbers, but

the same rule applies).

zero-carbon bridge
e 7 (;) one-carbon bridge
: /,/ P '/'/‘
four-carbon [ [/ [l two-carbon two-carbon
bridge \ ‘\\ bridge bridge ’/  three-carbon
b S - ‘ — ) hl'idj_‘\.‘
bicyclo[4.2.0]octane bicyclo[3.2.1]octane

© 2013 Pearson Education, Inc.
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bridgehead

carbons QO

bicyclo[4.4.0]decane bicyclo[2.2.1]heptane spiro[4.4]nonane

(decalin) (norbornane)

© 2013 Pearson Education, Inc.

To sum up Nomenclature of Bicyclic Alkanes

N

. Start with one of the bridgehead carbons and number it 1.

Proceed round the longest chain of carbons to the second bridgehead.

chain of carbons back towards the first bridgehead carbon.

Pass over the first bridgehead carbon (it already has the number 1) and along

the shortest chain of carbons to the second bridgehead carbon again

More examples

2 (O O

bicyclokl[2.2.1]hepta
ne (aka norbornane)

bicyclo[2.2.1]heptane

bicyclo[4.3.2]undecane bicyclo[4.1.0]heptane

(aka norbornane)

bicyclo[4.1.0]heptane

Follow the naming of the following substituted bicycloalkanes:

T

1- methyl- 8-
propylbicyclo[4.3.0]
7,7-dimethylbicyclo[2.2.1] nonane
heptane 4- ethyl- 2-
isopropylbicyclo[4.1.0]
heptane

. Number the second bridgehead carbon and continue on round the next longest
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1:9- _ 2,6,6-
dimethylbicyclo[4.2.1]non  trimethylbicyclo[3.1.1]
ane heptane

Cis and trans-Decalin

Decalin is probably the most common bicyclic alkane.

It can exist in two geometric isomers (cis and trans decalin). Both isomers have both
cyclohexanes in chair

conformations.

H H
H H
cis-decalin trans-decalin
j bridgehead bridgehead
carbons carbons

J

cis-decalin trans-decalin

2013 Pearsor

< Cis-decalin has a cis ring fusion (both hydrogens up)
Trans-decalin has a trans ring fusion. (one hydrogen up, one down)

< Cis-decalin is fairly flexible, whereas trans-decalin is quite rigid.
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dapdia purd) AEIN) il g S g pugd)

Alkenes(Olefins) (il g¥1) cilisiyi-]

@ Aalall irsa s C=C (A 50 3a) 480 3 yual o (5 sad drndia & 4350 )85 )3 LS je CLSTY)
G daplall (8 age 50 i 8 Gaag i (JHd QUISIY) e Gl il | CH,,
iy Lol Ugep any s Jlalll pliail 8 age 50 V) ey JUd) daw e
o Ol S HaS Apdailly g Al ladially Jag 55 Al (3 Aegall SLS pall (0 LT
Gl A ) Bale 2xy sl s el (Wl Gl Ge Jsgaal s Sl O sanlll ASlE

paall (A A (i
CH,
CH2=CH2
H c’c“CH
Ethene ’ ’
(Ethylene) Limonene

Carotene

Physical properties 4l jdll lpal s3

Sl e ) Al all SIS s 5 0 50l NS € s ) Al Sl SIS a5 4L
Addia M se gt (358 e Lol Lgie Apdadl) dala auell 5 il (a3 g5 O gl (S g Y (g ot
550 aie e L 3 Al Juddl (e 1 e il Judladl iVl 51 il Ay 55 S

83 el )l il y IS 3 LS (5o S
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LIV A v

LS b ene  ahial) dilial sa aaly CaEAT e CLESIY dan 48l (et LSV and -1

AL (el S pal 3 ga g Liag), QUK 8 ane J) Ja

H H H H
\ / H H
HT/C—C\TH H\/C:C\/H > e <

ethane ethene H H

G g 5l 5 a1 e (5 5a3 Aludu J okl JLaaly a gk -2

HsC——CHj H
A 53 all 5 ¥l ) o BY1 Sl (e o il e -3
6 5
H3C_CH2 4 3
HC—CH, , | H
/C:C<
HsC——CH, H

2-ethyl-1-hexene

£ S QA (e a1 g (g gleatia A g2 jall B oY) Ak S Al B e
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8 1
p CHj 3 CHj,
H,C——CH, H,C——CH,
4 5 7 5 4y 2
2 HC——CH HC=——CH
3/ 7 6/
1 HC—CH g HC—CH
/ \ / \
o€ CHs Vi HsC CH,
3-methyl-4-octene 6-methyl-4-octene
For example:
H\ﬁ/H "'\ﬁ/"' H\ﬁ/H
AN PN AN
H3C H ’ CH3CH, H ’ HsC CH;
1- 1-Butene 2-Methyl-1-
2,2-Dibromo-3-hexene HaC
HsC Br CH—CH,
H,C—C—=C——C——CH — == —
2 H W 3 Br CH ('_3| ﬁ CH;
Br Cl
6-Bromo-4-Chloro-2-heptene
H, H Hy H H,
/C\ /C\ /C\ H;C C C
H,C c \ﬁ CHs N X \CH3
2 H3C/ H
3-heptene CHs (A
2,2-dimethyl-3-hexene g )
-aaiul)
[ Vi
H CH
CH C CHj H,C o H 3 H,
ne” N N NH o~ \C/C\ I/C\
/ \ H I H c CH,
HiC  CHj HaC i
\CH3
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stereoisomers of alkenes

The stereoisomers of alkenes are simply the geometrical isomers

Q\_&\ﬁm U)S" SUA dasg L@.\\J}J u\ Lﬁ‘ E_)mﬂy\ dﬁ @A\A.Aj\ Q\JJJM:\;JJ}A\ c).a‘)“ deng
ol slaiVl (i 8 abiial) i gaal) gabaall ClS 13 T gaall asalanall ol Lot Fpnadia 3l ya 5
trans J“‘}‘)-N\ L_;L\z:\ﬁ u-\-!-u&bﬁm u.u.{:)A;.d\ <alSIAl Wl cis ‘)Aj‘):iy\ sL:u.. A\A}J‘)AM D)AY\ Jaul J\

HsC, CH, C'j tCI
H H H H
cis-2-butene cis-1,2-dichloroethene
HyC H H cl
H CHj cl H
trans-2-butene  trans-1,2-dichloroethene

Se laldie ) dpkadll 3 Gllall g jleaiV) As jy Eua e ddlide ) ya g W oded Al hall Clawall (&5

dipole moment ¢ G4

Trans-2-bulene
CHs F
> T
H
. H H
No Net Dipole Net i
Ciz-1,2-dichlorobutene Tranz-1,2-dichiorobutene
i l
Nl 4
e X
H H H a
Net Dipole No Net Dipole
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Led Ll CIS a5 50¥) Jra Aadad J3Y1 ErANS 5 4k JSYI CIS e Apadall 3 CadaY) 18

drans @l ow Jel el o) plle cils

I e a5 30l el (550 Y (fidlbiia (ptie gana e (g gind ) iy ;AB3adla

HsC——CH, cl HsC cl
H4C cl HyC Cl
1,1-dichloro-2-methyl-1-butene 1,1-dichloro-2-methyl-1-propene

C cistotrans sV dsai o (Sae Ja o

Rotation about a double bond does not readily occur, because it can happen only if
the 1 bond breaks—that is, only if the p orbitalsare no longer parallel ( Figure
). Consequently, the energy barrier to rotation about a carbon—carbon double bond is
much greater (about 62 kcal/mol or 259 kJ/mol) than the energy barrier to rotation
about a carbon—carbon single
bond, which is only about 2.9 kcal/mol or 12 kJ/mol (Section 3.10) <*

O5Ss Ladie saal g Alla L Cuny 1385 (gL o a3 S 131 W1 GhanY 4 90 3all 3 ea¥) Jsa o)) sl
62 Kcal/mol i ss o) sall o 5300 A3Uall (6 Aal) oda Sie Lagaians e (uadlaia e P callis 5V
2.9 kcal/mol or 12kJ/mol sa e384l o pa¥ J s o) 9all 4w 53U1 48l Laiw or 259 KJ/mol

pi bond is broken

CH
H3C 3 H3C\

p orbitals are no longer parallel

CHj,

L Lle Cis trans

o5 o2 Al aa) 5 CIS a5 V) b oY Clliy CiS e s Y1 G Ll il SIS 58 trans e sl oS
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OSabe 3l (5S84l aadadll Gl trans (8 Leiw Dl _fiud J8) (5 oS all 8 (e 35 L)
Sl Jid) LS steric hindrance (Al _all 48le Y1 ) 2l aal il 5 il il Jii Lgaaed

HeC CHj HaC |

I S

& OsS CiS dmaa gl 8 Al (s Jiid) de sanar 4 jlEe anall Sl gl Aa 3 B0
trans eV e QB )Yy 5 dlle 28Dl o) () olad)

NAMING ALKENES USING THE E,Z SYSTEM

olai¥) Ll (5 585 Wal (iigalitia (e sene 39 g oS Ala 8 204%3 ¢js and trans 4wl
trans ey n¥l axdl (uSlaia olaily glcis (il
CHi ) (i g S yal) 13 380 ) 4Kl 6 Akt aalae dan ) o) A5 d5a s Al i L)

s A
cl CH,4 cl Br Clj Br CIj rCHs
H Br H CHs HsC CH; HsC Br
Jana (8 DA Loyl g e ) jall JISEY) s2a (g 4l judll Clacall (any 8 iDLyl cllia
E&Z s sa5 Al dpend ol Lgie (il A ISAl fpda C3le i de
To name an isomer by the E, Z system, we first determine the relative priorities of
the two groups bonded to one of the sp 2 carbons and then the relative priorities of
the two groups bonded to the other sp 2 carbon. (The rules for assigning relative

priorities are

explained below.)
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low priority ~ low priority low priority

\ / \ high priority
/C — C\ c—cC
high priority  high priority high priority low priority

the Z isomer has the
high priority groups on
the same side of the
double bond

the E isomer has the high
priority groups on opposite
sides of the double bond

If the two high-priority groups (one from each carbon) are on the same side of the
double bond, the isomer is the Z isomer ( Z is for zusammen , German for
“together”). If the highpriority groups are on opposite sides of the double bond, the
isomer is the E isomer (E is for entgegen, German for “opposite”™).
Ayl g¥) dsand bl dpanddl) (ha ALY 1A ooy
o Z \gilo (sl (o_gtaia) a9 oladl B4, VL oY)

o E o (5l (3abiaia) aliaie slat) B 4y 8l ¥l oY)
AUl se ) gl ai o g Dl 1Y) A8 jaal

u\ LE‘ ).\S\ Lﬁ)ﬁ Qe L@J gj\ 3.;}&).43\ o)mm u_,.u\ﬁ\ T:J.'J,\ AN Q\)Jﬂ L}S}‘}I\ UJJY‘ 8-&9&\-1

SIS (5555 4y 61 5!
|53>B r35>CI17>F9>OS>N7>CG>H1
high priority high priority
9 S 4'%
Br\ /CI Br H
/C:C\ \C_—C/
H;C H H,C ol
Z isome E isome
z-1-chloro-2-bromo-propene E-1-chloro-2-bromo-propene

V) N (Al Y s H &CI o dasi 5 A 59 3all 3 J¥1 s SH 3,0 (87 a5 520
S ot Al oY) lld Bl Ao samang pg b dasi 3 Al As 50 el 6 W) (e Al 3 )M Lal (5 )3 dae
Z s S all agd 4l dxpuall o Gl 5 ) gladia () oS5 45l o) Led Al Al IS il 09,51 53
Claaie Cpaladly () 5S5 4y 1 V) L (Al (e senall S (8 B dxpuall A Lay

S o A (pa s 5¥) a5 530 22ml) pudi Led A el 3 ol 131 ;AN Basa) -2
Sl Qi Lgy 4dasi 5l
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H,C——CH H,C—O
2 \2 /2 H,C——CH, CH,—CHj
C—C
cC—=cC

e (0 o530 syt I pomli A 531 auantls (5 518 o A3 3l o a1 ALeaiall g 531l 3
Jols 81 e ganall s (5,3 230 oY) SIS s Aol 91 Ll s S B o0 1Y) e panalla
B ()5S s )8 o Lali (il o AN 4 5 3 (s AV (e sanall IS Ly 45l 5l 4l L) 5 (S VL
AtV Ll (Al 251 e saaall ) Gl G LB E OF Z paidly Ayl

o Ao sl Y QY asalaal Zonily
CH;< CH;CH,< isopropyl

Lgd 1A JSl) an 5 A g Sl o ¥l alS (8t dai 5 ) ppsalanall Ay gl g it (om

Br /CH3
HQC—CHZ HZC—O
N
C:C\
Cl——CH, /CH—CH
HsC

S E s 2l Jeal

B Oy Sia gl o e Lgild A0 o) Al pual oY) aa)gi Alla B 1 AGIY) Sacldl)-3
U3 Jtia LAY el oY gﬁ ) e EDE g AlEY yal oY)

C—C

\

C
C
NS
Cc C
/|
C
Jui g Sl de sanad C=EN Joyililly N=C ¥y C=0 Ju Sl @A\AAM\A Jal) &llas
SIS i (el

C
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c N

c—o0 —_— c—o/ & N—0C —> N—C/

O/ C/
SIS g analaall (and 4 o) V) v il
-CH,OCH, > -C=EN>-C=C>-CH,CH,
49 9¥) o AN asalaall iy

-CH;NH,; , -CH20H, -COOH,-C=N

More examples

H gl CHs
H CH, & |S=y B Q
\C::C /C:C\ Hsc\ >_OH
HyC  CH, HaeSn,  H c=C
H H H,C-OH
(E)-3-Methyl-1,3-pentadiene (E)-1-Bromo-2-isopropyl1,3-butadiene (2)-2-Hydroxymethyl2-butenoic
acid
JE&Z &) o
CH5 ClI
Hy 7 °7 H,

a-HsC—C-C=C—C -OH

b-CH;OCH=C(CN)CH,NH,
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Low CH, Cl High Low CHj CH,;0H Low
cC=—¢ c=¢
High CH;—CH, CH,OH Low High CHa-Az Cl High
(E) (Z)
-b
High CH5-0 CN High Low H CN High
C—c¢C C—¢
Low H CH,~NH, Low High CH5~O CH,~NH, Low
(Z) (E)
Gl st gk

Y Sl e ela A i nq
el studll sl 5l @l HSll e Jie 58 aes vy (b dsalll ssia (e sle D g 31 Al
SIS oo Jelail) 13 dalall dalaall g 5 85 3 s dx yo die wSall Jelail) aial S jall

e

H, %OH heat

LS all B LS5 A0 51 45 ) Aol U8 e Y easll (5S35 (-OH) JaS sl de sana 25a 50 Y a8l Sl
au

o~ 1
HO OH

0
1 20 30

&yé&:'&d@):\,ﬂm\ M\&@;M\@P&\ﬂ\d}@u@wuﬁuwuy;ﬁ\ u\
el AN Jsalll G Cum ¢(padionall Graaladl 58 555550 sall da o Cum (e Jeliill Cag yla g Jsas
Ein AV 5 (e e el (555 (5 5 (g Lol 5130520510 JWIS o gl VIR gen

5 Cany Ul (5315 (0 5Sall () 518 5 SN 4 51 sl Al g SN ) il Y sl (g elo Ay oms oy Uil

Sl Y ) Ead J8YY
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a5 @l g J sl s J SN e ele 4y ja adad

H, “H,0
HiC—C —OH —_ g H,C=—=CH,
Hy H, -H,0
HC——C —C —OH —— nc—c=—cn,

b (e S asy 1-butanol J =S Ly
H+/ Heat

CH3;CH LRl mun, Minor product CH3;CH,CH=CH,
Major Product CH3;CH,=CH,CH,
O8S g lSI & i il Jhany (S el O Lile padl ) seda ]

(19508 33 ) 8

JsUsn-1d) e ele 4 il (e i) (I W) 0 58S 50 IS (585 ie

H H H H \H T H IT H
I et i e i
H H H H H H H H

8Al e A5 (50 )88 53 (I (s g Ji e e 455STs (W) (5l g ST () 6 Cada) Ay e
O3S O 50w Ay s pladl oy oLV Gl A e )l al JSI s (52l 5 o5l (508 50 )8 s ) slall
Gn Johl & (g s Dl il SIS (3 (5 il ¢ 58 5o SN e ) sa SASY) QSN A (S il
S5V 5l 52 S

H
T T II|+ -H" H3C\C/ C|) Minor
H3C—C|3—C|3—C|3 — H/ \04 ~
H H H F||
Hsc+c+~‘7H s PTheT \/C\I Major
H H ,L T

@ Y OSSN i) s sy g s (58S 50 K e Ha wads o)) oded Jiall & Laadls
U sma GSU oy 52 (s puell a8 I Jadi SIS al) ) 2a s ZalitseY < i o) Y1 JBY) el
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It is possible to obtain anti-Markovnikov products when HBr is added to alkenes in
the presence of free radical initiators. The free radical initiators change the
mechanism of addition from electrophilic addition to free radical addition.
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The alkyl hydrogen sulfate can be converted to an alcohol by boiling in water.
Where water is the nucleophile and bisulfate is the leaving group.
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Hydroboration of Alkenes
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Addition of Carbenes
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Halohydrin Formation
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Ozonolysis
Ozone (0O;) also cleaves double bonds, but this milder reagent gives aldehyde and ketones as the products.
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The intermediate ozonide reacts with reducing agents like dimethyl sulfide to produce DMSO and the carbonyl

products.
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Dimerization and Polymerization of Alkenes
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Alkenes in the presence of strong acids can be made to polymerize. An
electrophile (H+) adds electrophilically to the double bond, and the
carbocation is attacked by another alkene double bond.

CHy\, HzC:\/CH CH; CH;
Hzc—J\CH - HBCjLCHg —3-H3{3+CH2*{ +
3 CHj CH; CH,

Polyisobutylene H,C

Depending on the reaction conditions either low molecular weight
products (dimers trimers, etc) or high molecular products (polymers) are
formed.

(liatiunty clSNIATKyNes
LS saaly  Sp (gt Q) AU 5 pal Ao (ool Ampiia pe Glig S0l A
cAdage il p sl e gl O el s

Ssasd @l g LS (pa s CUSIYT (pa Bullad ST a5 C gy 8 LI ALl (3
il Cuen 4 Hlall Gl 8 dcaslall Gas g onel) 2 sa ol A8LaVh (5L (s jeal
uﬁu‘}[\j&»_g‘\sﬁ;ﬂ\ Y @(—\SJA‘)R-\AY @\.&S\ (u.n\ﬂ\ LA\:U.».M

H—C=C—H

acetylene (ethyne), C,H,
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o) Jha Lkl e Lpumal) bl Cplp bl Y b SLSIY) 4 A0 4l Leal A
L de Heiall lbia) 68y e )W il Hd dae 3ol W jleail g Leilile cala o dlays Laanl g 50
ot (d\j_)q.'\l_i. 68 Cama g Al ddluadl 330 ) Cual el Al e BB Hleail g lle da o
STV g LISy
LY A
s G Lgle (alas LIV dyanss o] B s
a5 o)a‘).”éf—g;;ﬁdu&mdjk\ J\:u;\(a.u -1
RS o pal) Gl B 0 s -2
Y Jubdlll s g g 8l cand -3
Aol ol dles (A YNE phoie by 4

Hy
H;C——C—=CH H;C——C —C—=CH H3C C=—cC CHgy

1-butyne

1-propyne 2-butyne

can use just propyne

AV Hy  Hp _
H/ZC C=—=CHMilac—C —<G\JAC==C—CH;

H3C_H2C—CH2

2-hexyne
1-hexyne
H H,
HC—C — @R Csr—C 5 CHS
3-hexyne
More examples
CH CH
| 3 = o HC,
HsC CH Z ° \ ol
N NHS /
C C H,C———=————CH—_H
Ha | C
Br CH3
4-bromo-5-methyl-2-heptyne HsC

CH,

6-chloro-7,7-dimethyl-5-phenyl-3-octyne

A LS Al e
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e CH HSC\CH/CHS

\C/ 8 |
H3C/ \ L CH
CH,—C==C—CH, /C/ \CH2
CHj
o Br /c/ | HCc=c—C~__ -CHj
ne” \ ScH H,C [ "CH,
3 2 \ Cl
CHs | CHs
Br

4 =

-ralsy) Laas Acidity alkynes
ey edl) U s il aas Bl (55 ) (1a88) ae 4l (A1 S el s Grasladl ) iy el (4
HF > HZO > NH3> CH4 BEVIEN| QU TRFLRUMPISTN
O dpaala I ()5S ) o Jaadl (s | il Gl @l e )l oS
S (C=C) e Sl Ll 4S8 il o 5Ss C=C e gaaall O (22 ol 5 A8)
g Ml s (C-H) o5V Gilaal s Laaladly s 3 s e Jaas Juily 5 (C-C)

a5 saall aa Culin1 Jelds QU Jass e aday S O35 ¢ 55 ol

®
H c=—c H + Na ———» H C==C Na + 1/2 H,

o8 O 5 cpbsal) Jie anl g Gyl (e Az gme (S8 ) SV e bl JU) gaadal oSy g
Gl o i gaddl il g bl e G el GlAliad) ol Cuaadind daal)
d:iah\j

®
H,CH,CC=C—H + A8 > H—C=C—Ag " 1121,

® .
HsCC==C——CH, + Ag — 3 NO . Reaction

((1-butyne))
oan) il ) any g padall Gaa g nel) dae dag A AN re s 9o RIS oy

Preparation of
LGl jadas alkynes

A8 KOH Qa3 g slgd 4l S8 @ladle ¢ cpn g odgd) Slale o -]
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Br

KOH -
CH;CH,—C——CH; ——— 3 CH;CH,—C==CcCH + CH3C——=C——0CH;

Br
=1 ppeadll) 3 0\S (g -2

CaC2 + HzO > CH:CH

@S}\Q@W@jzawew\ﬁ\ MJ\Sw}M\w@uij\eMJ

NH NaNH
CH=—cH + NaNH, —3> CH——=CNa M CH=——=CCH,CH3; — 5
— (RX) NH;

sodium amide

CH,;CH,CH,CI
(RX)

NaCECCHQCH3

H3CH20H20_C_——CCH2CH3 -€

f AL 3 ga (e Aalialla g a gaedlSl) 4 IS (0 125 (3-heptyne) eSpall s /o

5 skadall gl (A e -3

o) Alslaall 3 LS Ay 58 508 lasialy 5 slaiad) 40 il sl (e HX (o Ja s 5

")

R IR

C—C < —» R C=cC R

VRN - iy S
Z\

CLSY) Lala (51 5k e Cladled) A e e Jseandl & geu ) A8 Hlall 038 dpaal o i
Bugladiall clallgd) (A ¢y -3

i) Allaall 3 LS 4y 8 Bac 8 aladinly 5 ) slaiall 460N il sllell e HX 0 o s 2

77 N

X > R H R
H \C ,/07« H o \’\‘ / Tt

c——=~C ————® R c—=C R

/N o SN
ax

LY Lala (51 5k e Cladled) A8 e e Jseanll A e ) A5 Hhall 038 dpaal o i
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(X, 4Alal) dalgdl Jeli -1

LAY eMe s

Jsm i die gl A (S aa] i sl e Al e b ylall i) Jelis
o LS SV Sl el ot Jelial s cym sl (n (3o o Alla 3 Lal aa

olia)
. HaC Br B Br Br
. 2

HsC——C==CH > v=d — HsC \C C/ H
Br H Br/ \Br

B H3C\ /Br 5 Br Br

A \

Br C 3 Br Br

Halogenation—Addition of Halogen

MECHANISM 11.2

oo

Part [1] Addition of X, to form a trans dihalide

Addition of X; to an Alkyne—Halogenation

Py .‘.
WGl
iCl: s Ok
) 1] C ) CH:
CHy~C=C-CHy ——=  C=C_ —  ©=C
SOW  cH, CHa Gk CH,

nucleophile —» :Ci: trans dihalide

bridged halonium ion

* Two bonds are broken and two are formed in Step [1] to

generate a bridged halonium ion. This strained three-
membered ring is highly unstable, making it amenable to
opaning of the ring in the second step.

Nucleophilic attack by CI” from the back side forms the trans
dihalide in Step [2].

Part [2] Addition of X; to form a tetrahalide

r‘l I;"|
CH..' | ,'.:-E ; 3: . ‘:-C,! |,1_] .'E-I! :?I:
c=C * CHy & Con B * CHy~C—C-CH,
/! k) slow o LWL T
ik CHy G| CHy Gl 1l
nucleophile el tetrahalide

bridged halonium ion

Electrophilic addition of CI* in Step [3] forms the bridged
halonium ion ring, which is opened with CI” to form the
tetrahalide in Step [4].
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H-X 4dla) -2
dal gil) A3l
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Aol Cuua ABLGY) AT Cua Aghjlal) 48 o A phal) cALNLY) b AdLaY)
O oo AS) Jaad (Al (g sl 5,3 ) ciliday Cra guasgd) O (o) ipSaiis Jla
G g JuSIV aomalanay (o a3 SISV (g ) 0 )3 ) Ciliday (aullgd)) Ja salSill g
Al (A dant el g g oagd) B (e s A Ay e ALl e A (it
) gl

;oUJ\ dc\s.ﬂ\ ZQS.}J\S.LA ‘_; LS

/\« W N\

02 BN o  C
HiC—C —C== Hs
H
f Cl H
HsC Hy | Cl
Hc—C —C H
+
H H
Cl H
H, |
HsC—C —C H
Cl H

3-hexyne ' HBr (sl (e i ja ddlal die Jeldll 4SailSaa 5 ol S (s

oasla s g slal) A8l -3
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Hydration—Electrophilic Addition of Water

+ In the presence of strong acid or Hg? catalyst, the
elements of H,0 add to the triple bond, but the initial

addition product, an enol, is unstable and rearranges to
a product containing a carbonyl group—that is, a C=0. A
carbonyl compound having two alkyl groups bonded to
the C=0 carbon is called a ketone.

Hydration—General reaction

carbonyl group

_ i A R. _C.
R-C=C-R g c=C — . C” R
HESUJ_ | I"' \l':l| . . I..-' '-.I .
HgSO ' i
g4 less stable enol ketone

H.Ohas been added.

aeLisa JalaS (53 30 iy 5 5 ity S0 mala 35 53 (ALK Lty ) sl Ciliay
S0 e S e 4 Al i) Le) algaalin) ey ¢plin) sliiuly <l i€ aed]
Gl i€ aatd ) 5 )8

u;Sg.USJu e 8 GETWEN MM\ o‘)my‘ LA‘ el LJLAJ oo
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* Internal alkynes undergo hydration with concentrated
acid, whereas terminal alkynes require the presence of
an additional Hg# catalyst—usually HgSO ,—to yield
methyl ketones by Markovnikov addition of water.

Examples
'CH CH Q
: , |
H,0 O CHa. C. .
CH3;~C=C~CH, > c=C Sy ¢~ “CH
H,SO, / \ A\
H OH H H
enol ketones
| CH Q
H - |
' 'F O \ / ’ H\, /C\ «
H=C=C-CH, > | C=C =——+ ¢~ “CH
© H;80, £ H/ \—1
enol methyl ketone

Markovnikov addition of H,0

Lol & )l din) ISV a8 Sl IV Jsaty sl a8 J i) Jary Cus

(b L e LS
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« Consider the conversion of a general enol A to the carbonyl

compound B. A and B are tautomers: A is the enol form and B is the
keto form of the tautomer.

¢ Tautomers are constitutional isomers that differ in the location of a double bond and
a hydrogen atom. Two tautomers are in equilibrium with each other.

enol ketone
\C = C/ S— (|: C/
2 — — 2 S
/ T ‘o £ g o
enol form keto form
A B

¢ An enol tautomer has an O-H group bonded to a C=C.
¢ A keto tautomer has a C=0 and an additional C~H bond.

« Equilibrium favors the keto form largely because the C=0 is much
stronger than a C=C. Tautomerization, the process of converting
one tautomer into another, is catalyzed by both acid and base.
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MECHANISM 11.3

Tautomerization in Acid
Step [1] Protonation of the enol double bond

N o (1] | ./ |/ .
U= — -—=C-C - _C C + HQO:
' & | &)
/
H—OH, two resonance structures
v
Step [2] Deprotonation of the OH group
% A 2] L/

HOHH30 H; O
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MECHANISM 11.4
Hydration of an Alkyne

Step [1] Addition of the electrophile (H) to a & bond
H-OH;
] ' [1] H Addition of H* {from H.0") forms an sp
CHy—C=C—CH, : E=C-CHy + HO¢ hvbridized vinyl carbocation.
2-putyne CHy

winyl carbocalion

Steps [2] and [3] Nucleophilic attack of H;O and loss of a praton

H,0: g e
'-‘t o ”~C c:.-‘:f_. At o ”-t F=n . i Nucleophilic attack of Hy0 on the
/ T T, 13] M, 3 carbocation followed by loss of a proton
CH, CH;  CHy ¢ CHy  CH, forms the enol.
encl
nucleophilic attack loas of a proton
Steps [4] and [5] Tautomerization
. + Tautomerization of the enol to the keto
JH-OHy fopm occurs by protonation of the double
HI H=n H 8H H wB-H Hyle H &: ond to form a carbocation. Loss of a
ouc . CH—C—C dori-cog ™ — CH.-C-C pratan from this resonance-stabilized
o 4 - g e b "N T N carboeation generates the more stabla
CH, CHy '} M CHy H CHy, o W CHy g
| ; . : keto fiorm.
il ey FRSOMANCE SITBciures | ktane
H, 0"
protonation deprotonation

2S5l s O sl 2 ae SISV el
Je i) Wil & e Al ASlSaall aiin (g sl )3 ae (Claliu Y CLSIY) Jo L
(LlusIy)

o nal) ey g3 oy ) S SV iy JsaS e ] L) b 4 54
S 2l AL e Y1 5 Ly sl ol A i) i o s
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Hydroboration—oxidation is a two step reaction sequence
that converts an alkyne to a carbonyl compound.

Hydroboration—oxidation—General reaction

R R

BH \. 7  H0, HO" R A 5
R-C=C-R + C=C —= C=C —— C R H,0 is added.
/ \ / \ Y 4N
H BH, ’ H OH 4 H H
organoborane enol
hydroboration oxidation tautomerization

¢ Addition of borane forms an organoborane.

¢ Oxidation with basic H,0, forms an enol.

¢ Tautomerization of the enol forms a carbonyl compound.
¢ The overall result is addition of H;O to a triple bond.

- Hydroboration—oxidation of an internal alkyne forms a

ketone.

» Hydroboration of a terminal alkyne adds BH, to the less
substituted, terminal carbon. After oxidation to the enol,
tautomerization yields an aldehyde, a carbonyl compound
having a hydrogen atom bonded to the carbonyl carbon.

Internal alkyne

Terminal alkyne

0
CH CH '
4 e e 1BHS {c s CHEKC(,CK =
CH;—C=C—-CH; (2] H,0,, HO } —GH — K CHs one
- OH H H
enacl
CH K 9
H c-n  LIBH .Et:—r:fﬂ --GHE""r:’“G“ Idehyde
e e [2]H,0, HO- /&% LWL
H OH H H
enol 4

The OH group is bonded to
the less substituted C.
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Diels-Alder Reaction

o) AL 6 a5 (RSl IV il G a5 1950 ale Jelél 1aa Ca e
YWl |

Al JUall 8 LS Ao Adls aad] (la ] [3 ae LYY Je it Cua

o =

sLial & LS Gasy Jelall

R
4\ R
j ‘ l heat
2t
g /2
R R

Acetylide anion i) ¢ gl Jo s

dira g galadl) 8518 9) p gaa guall dual g gf 2 gud geal) 2500 a8 ) Cplie) Sl (e i) G gal) puany
Cndea g8 a8 D e ) 518 0 gaa300)
Fila Jeldi -1
b (55 51 sl) Cne¥l s (alaadl)alealla sill 5 iyl alin¥) cp CEEISE Caasy
2o lie JalaS ) gudail) 51 0 g g duiial LML
o)

R R R
Q—C=CH + )k 4 \N/ CuCl H, S/
Q c—=C C —N

H H H ~

CuCl - &
Q—C=—CH —» Q—C——=CCu

O3 O 5 3V (S (e ae dlgalla ) sill e il (e
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Q OH

R proton /\'
~u - \| ] vt \
R/ b H

R\N+4<H
R/ H

azomethen ion

s Rl aad (o) iy V) aa lail) adid Jeli a6 jaY) o shadll

/_\H‘ R /R

. H,

Q——C—=CCu /;+N/ — Q c—=C C —N
\R

H R

IV Al pe alelss -2
SUIS a5 gaall dnal 3 g JSIVI ala a8 k) cpdind) Jelay

HiC——C=CH + NaNH, —> H,C——C==CNa

A JGa

105



1] HC=C—, + base
2|H,0  OH

OH

new C—C bond

ALS sy xa JeLail)

O3Sy o O3S O 5)S o_pal S 5 2l ¥ aaley Q8 IS LlELY) Je Ly
ey G 23 JBY) O g SD 350 e Ji8 salSall Ciliay Cam (i 5SSl (uSe ALY
JSI)

- Acetylide anions are strong nucleophiles that open epoxide
rings by an S,2 mechanism.

- Backside attack occurs at the less substituted end of the
epoxide.

Sp2
~0 backside attack H 0" H OH
N, Hal, / H0 HaZz [/
T L - (S = e, .
7 TUN /" \'H x  \'H
" , " I H K \ H
-:C=C—H C.-‘ F.f.
o H new C—C bond
less substituted C
o / 0 H HO H
/N7 . SaH  HO N SaH
CH ..-"C_fc ''''' H - = ..,-."‘c ¥ - H.C' G
cﬁ \H CH3'/ \ CH3'd AN
a I'\ CHE E._:\h CHq I.-'II.I %‘
-iC=C—H C\\ / C\
H new C—C bond H
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i) Jeldd 8 daaluull

e ALY Je i a8 CLS jall (e (535l s (I a4y 68 52018 ALl (5l 22y
Ao gane i Cann s o sllell B ) slaall

Sl Jiall LS H-X

Steric hindrance prevents an S,2 reaction. The acetylide anion acts as a base instead.
\\
\, K
N\ \
‘\iCIHva l? —:C ;C_H CH%‘
CH; (I: L-CH, » C=CH, + H-C=C-H + Br
“Br CH;
2-bromo-2-methylpropane E2 product
3 alkyl halide
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Alkyl Halide — JsSi¥) ala
R-X ol 4l e Lo Lle 5 S0 51 cpm sl 553 e (5 5my g pmal CLS pal) (a it JSIY) il

Cua e LSl 8o S dpaal Ll (Fles)l) ) ) Sl JSU Wl @8R Wl X=F, CI, Br, | &us
Jia o S bl

CHCI; (Chloroform: organic solvent)

CF,ClI; (Freon-12: refrigerant CFC)

CF;CHCIBr (Halothane: anesthetic)

DDT (dichlorodiphenyltrichloroethane) insecticide

Cl
Cl Cl

Cl I I Cl

A alidl

CHsCH,Br ; CH,=CHC! : CH4CHBICH,Cl ; CHZCCH,CH,!

O : Ooner O
JSIY Al s
RCH, CH,Cl <lls Jie 151 J) ala |
O308 Fou Al Al o 5 )lSN Jiali Cua (5 530 S adla-2

Al Jlia

108



O3S 53 N G aullgl) Al o KU 33 A D) lla -3

R ~
CH,
Z 1%
2 Cl 2
v V4
CHaCHy—— (' —— HyC c|: cl HC—C—Cl
H CH, CHg
Chloropropane 2-Chloropropane 2-Chloro-2-methyl propane
(Propyl chloride) (Isopropyl chloride) (tert-Butyl chloride)
(1° halide) (2° halide) (39 halide)

vinyl halide ! 48La¥L

SP? Cagd (e 03208 5% daaie allel) (55 G

R C R
N XN

. ¥
2 Cl
LYY JSIY) alla
H Hy
R\ /C\ /C\
2

Ay i L1 3l JSIY) aila L)
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Benzylbromide

4-Chlorobenzylbromide

saliice

PR

» A geminal (gem)-dihalide has two halogen atoms on the same carbon.
Vicinal (vic)-dihalide has halogen atoms on adjacent carbon atoms.

C|3| c|:| cl
R—C—R R—C—C—R

cl R R
gem-Dichloride vic-Dichloride

Sl oY it e (65 3 A sl sl
A Ge ) L G 6 Al A ) ) Sladledl
Y ECPRGPTRILS

SRS it dands

dadlid) dantl)
Qi b QU OIS o) gme Ml o 65 5 il o Gl s Bpmcll paacn ot llell ey apmy Apanl 5
ey Jlia
CH;CH,CI X CH;CHBrCH, X (CH5);CCl
Ethylchloride lsopropylbromide t-Butylchloride
Br

[ -1 . CH,CHBr, : Cl
Cyclopentyliodide  Ethylidene dibromide z-Bromo 4-chlorobenzene

IUPAC  Asaliail) dandl
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prefix—parent—suffix.

how many branching ’
groups are present. , \
how many carbons are \
in the longest chain. \
name of the family.
Br Br Cl CH
AR 504 3 12 1 T
CH,CH,CH,CH,Cl CH3CHaCH2C—CH3  CH3CH,CHCH,CHCHCH;
Els 776 °5 4 73 2 1
r
| -Chlorobutane 2,2-Dibromopentane 5-Bromo-3-chloro-2-methylheptane
Br
. HsC
6-bromo-3,4-dimethyl-1-cyclohexene CH,
A D
CHj

2-methyl-3-bromobicyclo [4,3,0] nonane

Al 5adl) el &)

) JSIY) Glalla Ll ALududl (o Al daed) 334 3 JSIV) e jleaail 5 e da ja ala i Aale o ) goay
SIS e alledl g A ¢ ol ol i sleai¥) o) Gllall da o ala 338 4 g0 HIKI ) H3 dae (b L]

R-F< RI

R Lgﬁ LS
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NI PN AESTREY BT SO T U 1\ EL Y 1yl LT I RA T T T

CHaF |-78.6 0877 | CoHsF (-37.2 (0816 | C3H7F | -2.5 |0.782
CH3Cl|-242 (0991 | CoHsCI| 12.2 |0.921] C3H7Cl| 46.5 |0.912
CH3Br| 356 [1.732 | CoHsBr| 38.0 |1.430)C3H7Br| 71.0 11.351
CHzl | 425(2279 | CoHsl | 722 [1.993|C3Hyl [1025 |1.749

g gmell bl ey gl g olally sy LS o b Lia
Vil s a sl (Sl S HsISl (e dall SIS) Sl 0 () (5 ,all sl Gl 2l 3 Sl il Al 5 ¢S
3 g4l

F>CI>Br>1

cUJ\L;\AS&&\HLLJ\%L'AYQJAL@JUQ);JN\Qgga)a‘)!\djjaés g DAY 1

. @sj;ﬁ' Aqiha' P J sk Iy M 50 dnk
Cafl=rq 2R 109
CH3ClI 1.78 84
CHaBr 1.93 70
CHal 2.14 56

sl 5 O Sl Gae W 9SS Cun C-F Jle uS g sl (8 G-l O gl Sy Jgaall (b
‘;\ CU;&&&M})AY\ o)m\ﬂ\édjutu)ﬁy‘ J}M\ u&s u}uﬁdg\:\ﬁj:‘;\ Cu;:a‘_g\_ﬂu}d)l:\
o paY) sl el dill,

no polanty

SIS i sl o 538 pobie e e 555 el

I>Br>CI>F

112



S claudly jadaad

1-From Alcohol

SOCI2
pyridine or TEA(EtSN; R-C|

or ZnCl2, HCI
for R2CHOH and R3COH

Alkyl chloride

R—OH

HX or PX3

2-Frome Alkane: (Free radical mechanism)

hv
R-H + X, » R-X

or heat

Mechansim:

1- Initiation step:
hv
X2 —
or heat
2- Propagation step:

R-H + X —™™ HCl + R

2X’

R + XX ———————» R-X + 1;(
3- Termination step:
;( + ;( e 3
li -+ li{ —_— R-R

R + X —_— R-X
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Allylic Bromination

Initiafion Step: Bromine absorbs light, causing formation of radicals.

hv

B — B 2 2
First Propagation Step: A bromine radical abstracts an allylic hydrogen.

I I I
C e

~ "‘»C,_,_.]-I + B . *-a-_C‘F-";' "‘-(::x "mc-"’ {}C!‘ + H—Br:
| I | | I
allylic radical
Second Propagation Step: Either radical carbon can react with bromine.
| | & L
e .-"-';:C\"-‘ oy T, '_’__C% - t :B:I. _E:J': ""*C";:’ H‘"‘C/ o \C"f -:::"—‘C.r"" L
C C > C C | £ . |
[ [ B B
allylic shift
Overall reaction
™ # : ™ el
c—¢ + ABr, YSTNY 4 + HBr
e ¥ - - N
i -
H Br
an‘allylic hydrogen an allylic bromide

3- From Alkene:. Electrophilic addition of hydrogen halides (HX) to alkene

N TR RCH O

Markonikov Rule
R-CH=CH, + HX X4
Peroxide ' .
R-?H_(I)Hz anti-Markonik ov
(ROOR) H X Rule
4- Frome Alkyne
]il xX
i |
H X
X X
2 X, |
et 71
X xX
0

“Br
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Qustion

Complete the following equations

I- CHyCHy + Cbh, — » .

2- CH;-CH=CH, HBr 5 = -----ee-
3- CHy-CH=CH, —HUd » W —coooeeee
Peroxide
4 CH, + (L —hY e s ' Give mechanism '

Reactivity of Alkyl Halides
Al de senay Jiali SP3 (aagd D (51 IS 350 (e () sSE Aiia 5 Ao ganaS JSIY) il
EFY\&:JAJAL@J\MA\AQ}\JN\ aJ.JQ;C-H a)mY\QQdEiSC_X 5 pa¥l ) C-X ol e
MLLSSMB‘).‘A\ U)ﬁcsj‘ C-X SHY\@LJML\:QJ;::)@\ ‘éAjLAS.mt).\UAu)SEC_H
Ml UL Baua 3 jalie asalae STV alla aralae a3 clldl g ) analaal Aallal) Al 5 5e<U

Selectivity & Reactivity:
# As reactivity increase ——  selectivity decrease .

- According to reactivity C| > Br.
- So according to selectivity Cl < Br.

Reactions of alkyl halides

Alkyl halides undergo not only nucleophilic substitution but also elimination,

and both reactions are carried out in basic reagents. Often substitution and
elimination reactions occur in competition with each other. In general, most
nucleophiles can also act as bases, therefore the preference for elimination or

substitution is determined by the reaction conditions and the alkyl halide used.
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Nucleophilic Substitution (SN) Reactions

Reaction in which nucleophile (Nu) replace another group at SP3 carbon atom.

N |

N —C—X > C Nu + X~

Nucleophile ~ Substrate Product Leaving gp

Types of Nucleophilic Substitution (SN) Reaction

1-SN1 “ Unimolecular nucleophilic subs. Reaction.”
2-SN2 “ Bimolecular nucleophilic subs. Reaction.”

3-SNi  “Internal nucleophilic subs. Reaction. “

#unimolecular: consisting of or involving a single molecule

#Bimolecular: consisting of or involving a two molecules

1- SN1 “ Unimolecular nucleophilic substitution Reaction.”

1- Kinetics ( Unimolecular Reaction):
The rate of reaction depend on the conc. of substrate only
Rate a [R-X].
2- Reaction Mechanism:. Occur on two step mechanism.
St_ep_.:. Slow step “ Rate determining step”. (R.D.S).

Formation of carboncation (cabcation).
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.. Fast step “Formation of product”.

Nu has two possibilities

—C--Nu| T

/

Transition State (T.S),

—C—Nu +

/

/ NU—C\—

two molecules
mirror image to each other

for attact (Racemaic mixture)
Example:.
Hac\ o~ ~ cl:H3 o H,C. CH;
-Br OH
H;c—C—Br ——> /C@H — ™ HC—C—OH + HO—C—CHj;
Hs;C CH3
HsC H3C CH3
Racemic Mixture
3- Substrate:. ,? ,T
CH,-X R-CH,-X R-CH-X R-C-X
R
Methyl substrate 1% substrate ~ 2° substrate 30 substrate
3020 =19 > methyl
laa e

+ 300 W 3 s Clock wise (cued

@‘_):\SS‘BJJ!L}W;\AEM@ABA:\.UJ\dm‘fj\uy_)&\b_))

_9;4) el @ jie oladly Ll caladiiwall ¢ guiall i 3ale A1 ST LSyl

R el Layls

counter clockwiseiclul . jie (e slaily cakiiivsall ¢ guall 55 3l LS all

S e Lty — el led ey (Sladl sni )

@M\@hﬂ\g}nhﬁdm&w%ﬂ\uﬁﬁic“g\)imgiy.bfjjgbmﬁsﬁj

?WUS‘ QSJASUALA

117



Auai 3 50% Ol g6 saall 50 (Al Jsall ja g W 0 5S5 Ladie  capul )l S )
50% Jlstll s o sazall )52 (oAl Jsuall ya s 50V S all

2-SN2 “ Bimolecular nucleophilic substitution Reaction.”

1- Kinetics ( Bimolecular Reaction):
The rate of reaction depend on the conc. Of Nucleophile and the substrate.

Rate a [R-X] [Nu-].

2- Reaction Mechanism:. Occur on one step mechanism “Concerted reaction” .

- Back side attack : Nu must attack from the opposite direction from the leaving group (x).

- The Back side attack of the Nu causes Walden inversion of configuration.

- For back side attack the carbon atom attacked to(X) must not suffer from steric hindrance

Example:.

Back side attack

Y- T !

+ C—C ——» ----(Cz---- —_— C +
OH P ‘ HO /C\\ Cli HO— ~ X
H H
Substrate Product
(R) (S)

Steric hindrance ———= f Rate of SN?

R0 S oo il pad ol s sall dladll (3 s Jllys 215 g5l (3 DB &0 a3l

SN1 5eYu SN2 s Jelall aas) LS e )l dile Y s LK Laadl LS
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3- Substrate:.

; T
CH;-X R-CH,-X R-CH-X R-C-X
R
Methyl substrate 1 substrate 20 substrate 30 substrate

methyl > 1" > 20> 30

Qustion

Which of the following compounds is least reactive in an SN2 reaction.

Cl
CI/Y )\/
ClI
A B C

Alkyl halides undergo SN2 reactions with a variety of nucleophiles, e.g. metal
hydroxides (NaOH or KOH), metal alkoxides (NaOR or KOR) or metal cyanides (NaCN or

KCN), to produce alcohols, ethers or nitriles, respectively. They react with metal amides
(NaNH2) or NH3, 1 amines and 2 amines to give 1, 2 or 3 amines, respectively. Alkyl halides
react with metal acetylides (ROCCNa), metal azides (NaN3) and metal carboxylate
(ROCO2Na) to produce internal alkynes, azides and esters, respectively. Most of these

transformations are limited to primary alkyl halides.
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R-CH,-C==c.R RE=C-Na

SO RGO

Alcohol
Internal alkyne Waa
NaN NaOR
RCH; N; —3— ——— RCH,OR
; ; Ether
Primary azide
i L RCH,—X ——
NaNH, : KCN
ROH, NI, 2 Alkeyl halole L s RCH;CN
Primary amine e Nitrile
RNH R'CO,Na
RCH, NHR -—2— —— RCH, CO,R’
Secondary amine Ester
La
R,-SH + Base
RCH,-X -~ RCH,SR,
R ;= aliphatic or aromatic
H,
RNHR, _C__ _Rq
RCH;X ——— R7
o] Ro
R1)J\NH2
0]
H
" )j\ /Cz\
Py o T
C
P
R N R HoC—p

R = aliphatic or aromatic

1-From Alcohol

BRUNREX TN TR
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SOCI2
pyridine or TEA(Et3N; R-Cl

or ZnCl2, HCI
for R2CHOH and R3COH

Alkyl chloride

R—OH

HX or PX3

2-Frome Alkane: (Free radical mechanism)

hv
R-H + X, » R-X

or heat

Mechansim:

1- Initiation step:
hv
X2 =
or heat
2- Propagation step:

R-H + X WY X HCI x ‘4

2X°

R + X-X ¥ WG Boalyrv X

3- Termination step:
X + X —_— X 5
R -+ R_ —_— R—R

R + X —_— R-X
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Allylic Bromination

Initiation Step: Bromine absorbs light, causing formation of radicals.

hv

d— B 2 2
First Propagation Step: A bromine radical abstracts an allylic hydrogen.

I I I
c—H+Br — |™C7 7 «—— TC c| Tt -
S | | | I
allylic radical

Second Propagation Step: Either radical carbon can react with bromine.

| | | |
C

C C +
P A | N F N T N o T
C ¢ «— C C VAN N~
. [ B Hr
allylic shift
Overall reaction
™~ o , R -
c=c + B, L. c—cC + HBr
- S 3 g L
'C|3~__ 'f|C'~..
H Br
an allylic hydrogen an‘allylic bromide

3- From Alkene:. Electrophilic addition of hydrogen halides (HX) to alkene

2 R-?H—(lle

Markonikov Rule
R-CH=CH, + X — X H
Peroxide
R-?H—(IZHZ anti-Markonikov
(ROOR) H X Rule
4- Frome Alkyne
T X
- |
H xX
x x
2 x, |
= 7 T
x X
0
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Qustion

Complete the following equations

I- CHyCHy + Cbh, — » .

2- CH;-CH=CH, HBr 5 = -----ee-
3- CHy-CH=CH, —HUd » W —coooeeee
Peroxide
4 CH, + (L —hY e s ' Give mechanism '

Reactivity of Alkyl Halides
el de senay Jiali SP3 aagd Db 51 S350 (e (ST ddiia 5 Ao ganaS JSIY) il
@AJJLGJ‘MABQ}%J&‘DJSEC-H aJmY\QQg_ﬂSSSC-X 5 pa¥l ) C-X o pa¥l e

Aoaivne B peal ()55 ) C-X B ma¥) ae 28 Ay B o gl o5 LS @ 5 e (5SS C-H 3 p0aY)
Uil s 30l el CISIY) e aclae aad llAl5 L 2]l qialanal dllad) Alas 5 5eSH i

skl

Selectivity & Reactivity:

# As reactivity increase ——  selectivity decrease .
- According to reactivity Cl > Br.
- So according to selectivity Cl < Br.

Reactions of alkyl halides

Alkyl halides undergo not only nucleophilic substitution but also elimination,

and both reactions are carried out in basic reagents. Often substitution and
elimination reactions occur in competition with each other. In general, most
nucleophiles can also act as bases, therefore the preference for elimination or

substitution is determined by the reaction conditions and the alkyl halide used.
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Nucleophilic Substitution (SN) Reactions

Reaction in which nucleophile (Nu) replace another group at SP3 carbon atom.

e |

Nu + —C—X : C Nu + X-

Nucleophile ~ Substrate Product Leaving gp

Types of Nucleophilic Substitution (SN) Reaction

1-SN1 “ Unimolecular nucleophilic subs. Reaction.”
2-SN2 “ Bimolecular nucleophilic subs. Reaction.”

3-SNi  “Internal nucleophilic subs. Reaction. “

#unimolecular: consisting of or involving a single molecule

#Bimolecular: consisting of or involving a two molecules

1- SN1 “ Unimolecular nucleophilic substitution Reaction.”

1- Kinetics ( Unimolecular Reaction):
The rate of reaction depend on the conc. of substrate only
Rate a [R-X].

2- Reaction Mechanism:. Occur on two step mechanism.

Steg.:. Slow step “ Rate determining step”. (R.D.S).

Formation of carboncation (cabcation).
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.. Fast step “Formation of product”.

Nu has two possibilities

—C--Nu| T

/

Transition State (T.S),

—C—Nu +

/

/ NU—C\—

two molecules
mirror image to each other

for attact (Racemaic mixture)
Example:.
Hac\ o~ ~ cl:H3 o H,C. CH;
-Br OH
H;c—C—Br ——> /C@H — ™ HC—C—OH + HO—C—CHj;
Hs;C CH3
HsC H3C CH3
Racemic Mixture
3- Substrate:. ,? ,T
CH,-X R-CH,-X R-CH-X R-C-X
R
Methyl substrate 1% substrate ~ 2° substrate 30 substrate
3020 =19 > methyl
laa e

+ 300 W 3 s Clock wise (cued

@‘_):\SS\SJJ!L}W;\AEM@ABA:‘.UJ‘dm‘fj\uy_)&\};)d

_9;4) el @ jie oladly Ll caladiiwall ¢ guiall i 3ale A1 ST LSyl

R el Layls

counter Clockwiseictul o jie (S slaily cakaiivsall ¢ guall 55 3l LS all

S e Lty — el led ey (Sladl sni )

@M\@hﬂ\g}nhﬁdm&w%ﬂ\uﬁﬁic“g\)imgiy.bfjjgbmﬁsﬁj

€ sasal ) S sl gALa
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2-SN2 “ Bimolecular nucleophilic substitution Reaction.”

1- Kinetics ( Bimolecular Reaction):
The rate of reaction depend on the conc. Of Nucleophile and the substrate.

Rate a [R-X] [Nu-].

2- Reaction Mechanism:. Occur on one step mechanism “Concerted reaction” .

- Back side attack : Nu must attack from the opposite direction from the leaving group (x).

- The Back side attack of the Nu causes Walden inversion of configuration.

- For back side attack the carbon atom attacked to(X) must not suffer from steric hindrance

Example:.

Back side attack

Y- T !

+ C—C ——» ----(Cz---- —_— C +
OH P ‘ HO /C\\ Cli HO— ~ X
H H
Substrate Product
(R) (S)

Steric hindrance ———= f Rate of SN?

R0 S oo il pad ol s sall dladll (3 s Jllys 215 g5l (3 DB &0 a3l

SN1 05eYu SN2 sai Jelal aas LS de | jall dale Y1 el LS Laadl LS
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3- Substrate:.

; T
CH;-X R-CH,-X R-CH-X R-C-X
R
Methyl substrate 1 substrate 20 substrate 30 substrate

methyl > 1" > 20> 30

Qustion

Which of the following compounds is least reactive in an SN2 reaction.

C'/Yj\/ /L\/

A B C

Alkyl halides undergo SN2 reactions with a variety of nucleophiles, e.g. metal

hydroxides (NaOH or KOH), metal alkoxides (NaOR or KOR) or metal cyanides (NaCN or

KCN), to produce alcohols, ethers or nitriles, respectively. They react with metal amides
(NaNH2) or NH3, 1 amines and 2 amines to give 1, 2 or 3 amines, respectively. Alkyl halides
react with metal acetylides (ROCCNa), metal azides (NaN3) and metal carboxylate
(ROCO2Na) to produce internal alkynes, azides and esters, respectively. Most of these

transformations are limited to primary alkyl halides.
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KOH

R-CH,-C==c.R RE=C-Na —
Internal alkyne
RCH, N; NaN, NaOR
Primary azide
< —— RCH,—X —
NaNH, : KCN
RCH, NH, 2 Alkyl halide
: 2 or NH;
Primary amine -
R'CO,Na
RCH,NHR <MD | e s
Secondary amine
R,-SH + Base
RCH,-X -~ RCH,SR,
R ;= aliphatic or aromatic
Hy
RNHR, _C__ _Rq
RCH;X ——— R7
o] Ro

R1)J\NH2

(0]
)L c:
C
R N R
H

R = aliphatic or aromatic

RCH, OH
Alcohol

RCH,0OR
Ether

RCH, CN
Nitrile

RCH, CO,R'
Ester

0]
)j\ c:
C
R4 N/ \R
or \
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Benzene Benzaldehyde Methyl salicylate

(in oil of almonds) (in oil of wintergreen)

o o) 0
glea Joa
H HO Q
OCH;, OCH; O)\

Eugenol Cinnamaldehyde Vanillin Acetylsalicylic acid

(in oil of cloves) (in oil of cinnamon) (in oil of vanilla) (aspirin)

)

S S 5m (el (Ala S je G o jle (g Sl 5 Ale 5 )Y LS all Chiia aal aal) AilEia y (g 3] any
Gl (Sopa¥ldsh 552 s (n il A s (pagi g 03 e al gl A 5 A 53 ja sl 5l 45D

o a3 all o el (g 03 jiall o pual) dad G A il 028 5 o SISl .39 (5 lus Ll an
alall JC3l resonance  cmi A e Gl 5 8 53S0 ] 53 s AN A5 1.34 0 pal) Joba 5o cpliY)
A (p il dalad

1 1
& ‘. 6 =~ 2 b 2 6 2
>e — O)
5 3 5 3 = 3
N . \\ 5 3 3
«@® 8 ; ;
& G’l T'wo equivalent structures, which
o o differ in the position of their

double-bond electrons. Neither
structure is correct by itself

(a) (b) (c)

Huckel’s Rule for aromatic structure 4ile g S JS g2 sacd

(S Y e g (Slag ¥ S el G Saatll Sy saclall s aladtuly
Huckel’s Rule 4n+2=w electrons

38 (s () mmaa e (g ludin Aad (5SS O g (e g Sl (580 (S
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cyclobutadiene benzene cydooctatetraene

seaa pe e IN=0.5 oY @by Syl e S e iy cyclobutadine ¢n il (eSe e
(NOt 2315 (5 sisar Y S yall (5SSl Lial Ll s ) e S 5 sedcyclooctatetraene Sl
LS all el (4 )5 4sila s 5V LS jallo ) 5 juim 4lls 54 splaner)

G g Slag )l e S je iy 4 Y1 16 41 o) a2 1L Cycloheptatriene S jall 4aually cllas
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Two systems are used in naming monosubstituted benzenes.

® In many simple compounds, benzene is the parent name and the substituent is

simply indicated by a prefix.

For cxamplc, we have

F Cl Br NO,
Fluorobenzene Chlorobenzene Bromobenzene Nitrobenzene

® For other simple and common compounds, the substituent and the benzene ring
taken together may form a commonly accepted parent name.

il dpanst 0 3l il iand]

Methylbenzene is usually called #oluene, hydroxybenzene is almost always called phenol,
and aminobenzene is almost alwa}rs called aniline. These and other t'xampla:s are indicated
here:

. Hg jJaH
GHa O/ \“'N/
Toluene Phenol Aniline
.. -CHs
SO;H ‘0" ‘o 07
OH
Benzenesulfonic acid Benzoic acid Acetophenone Anisole
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® When two substituents are present, their relative positions are indicated by the
prefixes ortho-, meta-, and para- (abbreviated o-, m-, and p-) or by the use of

numbers.

For the dibromobenzenes we have

Br
@[Br
Br Br
1,2-Dibromobenzene 1,3-Dibromobenzene

(o-dibromobenzene) (m-dibromobenzene)
ortho meta

and for the nitrobenzoic acids

Br

Br
1,4-Dibromobenzene
(p-dibromobenzene)

para

o) o) o)
@LOH OH /©)‘\OH
NO, O,N
NO,

2-Nitrobenzoic acid 3-Nitrobenzoic acid 4-Nitrobenzoic acid
(o-nitrobenzoic acid) (m-nitrobenzoic acid) (p-nitrobenzoic acid)

The dimethylbenzenes are often called xylenes:

CH3 CH;
CH;
CH;
1,2-Dimethylbenzene 1,3-Dimethylbenzene
(o-xylene) (m-xylene)

CHs,

HsC

1,4-Dimethylbenzene
(b-xylene)
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e If more than two groups are present on the benzene ring, their positions must be
indicated by the use of numbers.

As examples, consider the following two compounds:

Cl Br
@m 1 Br
6 2 6 2
5 5 3
4 ° Cl 4
Br

1,2,3-Trichlorobenzene 1,2,4-Tribromobenzene
(not 1,3,4-tribromobenzene)

(homework) daill S jall o

OO ¢

Gl edlelds
SV el OV e Y asonll e Gyl Jeld Cua GRSV AG) Hla ity 0 ) Jeldhy Y dale o) uaay

Ol (AU any Y
Br
@ Bjrz: C[
Br

3 aali 4o gana o) o )3 ey g2d b Cua substitution reaction Jladul Jeld cp il Jay Ll
(SA) o e deldill Jaay o)) Sy de il 1 iU Ol 5 G s oued)

aialell Jelds -]
1382 5 4ia g ey sl 2ie 50 ) IS cany ) SISH JA) e
FeX3 or ALX3W! gl (s dsa g Jeldill 1 o3
Zlll 4lalaal) 3 LS
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https://en.wikipedia.org/wiki/Electrophilic_aromatic_substitution

Cl

FeCl,
@ r CL o, - HCI
Br
@R @ -

b s I (gl ) Jlaia¥) Jeliy Jelal) 1a Jia ams
Electrophilic_aromatic substitution

Jeldll jueat e deliy dun (ol (ada)FeCly  Jie ae bl Jalall Jany

Jeliall o 531 a5 I

LA.A-I\j

-

cl o o Cl
CiCl + Fé-Cl. ~— Cl—Cl-—-F¢—Cl
Cl Cl
ClQmTe_CI A
Cl cl
H

080 O (pa e (05808 52 JS) (0 5S5al ps s 3

o ® ‘"‘x‘ \"‘x
CLr— e~ |=> @l
Cl 1 s Cl

Cl

+  FeCl; +HCI

cl Cl

H chlorobenzene

FCC14
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a5 Al Jelii-2

NItrODENZENE (axd o SH aals 3 5a 3 0 3l a3 yall el il omals Jeliy
(0]

+N
H,SO0, g
+HNO;  conc
conc.

The nitration of benzene with nitric acid requires sulfuric acid as a catalyst.

NO,
@ + HNO3 Ha50a (j + H:0
-

nitrobenzene

To generate the necessary electrophile. sulfuric acid protonates nitric acid. Protonat-
ed nitric acid loses water to form a nitronium ion, the electrophile required for

nitration.
.-"'--F._.- —--H"' f'\ H
HD NO:“+ H—0S50,H =— HO—-NO, = "NO, + H,0:
nitric acid w nitrenium ion

+ HSO;

The mechamism for mtration is the same as the mechanisms described in Section 7.

mechanism fer nitration

o (P T

* The electrophile attaches to the benzene ring.

* A base (:B) from the reaction mixture (for example, Hz0, HSO4 |, or solvent)
removes a proton from the carbocation intermediate, thereby reforming the
aromatic ring.
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SULFONATION OF BENZENE

Fuming sulfuric acid (a solution of SO; in sulfuric acid) or concentrated sulfuric acid
is used to sulfonate aromatic rings.

‘ SOH
O + HS0y, — O/ + H,0

benzenesulfonic acid

Take a minute to note the similarities in the mechanisms for forming the "SO;H
electrophile for sulfonation and the *NO; electrophile for nitration.

TN H g
HO—SOH + H—O0SOH — H.Q‘,jSO,H = *SO,H + H,0:
sulfuric acid sulfonium ion

+ HSO;

The mechanism for sulfonation is the same as the othérmechanisms we have seen for
electrophilic aromatic substitutions

mechanism for sulfonation

.
Rep SOH
O+ on AT QY N

* The electrophile attaches to'the benzene ring.

* A base (:B) from the reaction mixture removes a proton from the carbocation
intermediate, thereby reforming the aromatc ring.

136



FRIEDEL-CRAFTS ACYLATION
OF BENZENE

Two electrophilic substitution reactions bear the names of chemists Charles Friedel
and James Crafts. Friedel-Crafts acylation places an acyl group on a benzene ring,
and Friedel-Crafts alkvlation places an alkyl group on a benzene ring.

(8]

¢

R/"' s R—

an acyl group an alkyl group

An acyl chloride is used to generate the electrophile for a Friedel-Crafls
acylation. An acyl chloride has a Cl in place of the OH group of a carboxylic acid.

an acyl group
0]
0 ¢
T,
@ + e Ad,, Q/ R+ Ha
R Cl

an acyl chloride

Friedel-Crafts acylation
| |

The electrophile (an acylium ion) is formed by the reaction of the acyl chloride with
AlCls, a Lewis acid.

(8]
/E' +}AICI_,, — R—€=U: + TAICI,
R™ Ck—
an acyl chloride an acylium ion

The mechanism for Friedel-Crafts acylation is shown below.

mechanism for Friedel-Crafts agylation

6]
~
e, « HY d
~
©+ R—C=0: = O‘C\:Ro — ©/ R, mB

* The electrophile attaches to the benzene ring.

* A base (:B) from the reaction mixture removes a proton from the carbocation
intermediate, thereby reforming the aromatic ring.

PROBLEM 9

Write the mechanism for the following reaction:

0 !

Il Alcl = ~CH
@ " uc-~a bl o i
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Friedel-Crafts alkylation places an alkyl group on a benzene ring.

Friedel-Crafts alkylation | an alkyl group

; LUy

-,
S S

"f#%hu-"’ R

[ ]+ ra + HCI

The electrophile in this reaction is a carbocation that is formed from the reaction of an
alkyl halide with AlCl;. Alkyl fluorides, alkyl chlorides, alkyl bromides, and alkyl
indides can all be used.

R— t'1f+ AICI, — R* + -AICI,
an alltrl halide a carbocation

The mechanism for Friedel-Crafts alkylation is shown below.

mechanism for Friedel-Crafts alkylation

L%]w—-f Lfl

* The electrophile (R™) attaches tothe benzene ring.

* A base (:B) from the reaction mixture removes a proton from the carbocation
intermediate, thereby reforming the aromatic ring.

The Effect of Substituents Group on Reactivity

electrophilic s, <l (dlagul) Gy s Jelis delity o 3l o)) geaal sl (30 sl
substitution reaction

Allad (o yms KUy (4SIY g alans] g il g 45 5l 5 dbalell Jailad) o pualaall 8 la S5 a3 il

Cila saall 238 dagida agh Lide (p 35ll e i ) S0 allad 4 (g (g 3l 45 5lie 4alill LSl

s (Inductive effect) el jil Lo cilia sral) aia’ dale o) a5

S ) b g SV Gy gl g ) Allad 3 35 il sl Cua (FESONANCE EFfECT) 0N
(14 5l G sl 585 sh)ABia] o e mpan o Jand X Lgillad

e JS
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relative rates of electrophilic substitution

Z Y
Z donates electrons T = | ) | s Y withdraws electrons
into the benzene ring _ i A i _~ |from the benzene ring

There are two ways substituents can donate electrons—inductively or by resonance.
Substituents can also withdraw electrons inductively or by resonance.

aall 85
Inductive effect :the effects are those that occur through the o system due to
electronegativity type effects. These too can be either electron donating (e.g. -
Me) where o electrons are pushed toward the arene or electron withdrawing

(e.g. -CF3, +NR3) where ¢ electrons are drawn away from the arene.

RESONANCE: effects are those that occur through the © system and can be
represented by resonance structures. These can be either electron donating
(e.g. -OMe) where = electrons are pushed toward the arene or electron
withdrawing (e.g. -C=0) where = electrons are drawn away from the arene.

Electron donating groups (EDG) with lone pairs (e.g. -OMe, -NH,) on the D
atoms adjacent to the © system activate the aromatic ring by increasing the

electron density on the ring through a resonance donating effect. The

resonance only allows electron density to be positioned at the ortho- and para-
positions. Hence these sites are morenucleophilic, and the system tends to

react with electrophiles at these ortho- and para- sites.

_CD +D +D +D ] 5+D
Q : —: g— g—
— | o= || = | | =
o T
: > & - -
Electron withdrawing groups (EWG) with & bonds to electronegative atoms W

(e.g. -C=0, -NO,) adjacent to the & system deactivate the aromatic ring by
decreasing the electron density on the ring through a resonance withdrawing
effect. The resonance only decreases the electron density at the ortho- and
para- positions. Hence these sites are less nucleophilic, and so the system
tends to react with electrophiles at the meta sites.
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Donating and Withdrawing Electrons Inductively

If a substituent that is bonded to a benzene ring is less electron withdrawing than a hy-
drogen, the electrons in the o bond that attaches the substituent to the benzene ring
will move toward the ring more readily than will those in the o bond that attaches a
hydrogen to the ring. Such a substituent donates electrons inductively compared with
a hydrogen. Donation of electrons through a ¢ bond is called inductive electron
donation. We have seen that alkyl substituents (such as CH;) donate electrons induc-
tively compared with a hydrogen.

+

substituent donates ¢y substituent withdraws—l__ 1NH3
electrons inductively electrons inductively
(compared with a (compared with a

hydrogen) hydrogen)

If a substituent that is bonded to a benzene ring is more electron withdrawing than
a hydrogen, it will draw the & electrons away from the benzene ring more strongly
than a hydrogen will. Withdrawal of electrons through a o bond is called inductive
electron withdrawal. The * NH, group is an example of a substituent that withdraws
electrons inductively because it is more electronegative than a hydrogen.
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Donating and Withdrawing Electrons by Resonance

If a substituent has a lone pair on the atom directly attached to the benzene ring, the
lone pair can be delocalized into the ring; these substituents are said to donate elec-
trons by resonance. Substituents such as NH,, OH, OR, and CI donate electrons by
resonance. These substituents also withdraw electrons inductively because the atom

attached to the benzene ring is more electronegative than a hydrogen.

donating electrons by resonance into a benzene ring

CGCHJ +0CH, +0CH; CﬁCH; :0CH;
3 o
—_—F 4-) At C — B —
v 13-

If a substituent is attached to the benzene ring by an atom that is doubly or triply
bonded to a more electronegative atom. the 7 electrons of the ring can be delocalized
onto the substituent; these substituents are said to withdraw electrons by resonance.
Substituents such as C=0, C=N, SO;H, and NO, withdraw electrons by reso-
nance. These substituents also withdraw electrons inductively because the atom at-
tached to the benzene ring has a full or partial positive charge and, therefore, is more
electronegative than a hydrogen.

withdrawing electrons by resonance from a benzene ring

:6 U:- -:" p 3 = . 3 _:.’\ . = :.. .-:_
Qﬁ/-- B, B 9% O 0y, 0 O A2

Ay e alia)
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Relative Reactivity of Substituted Benzenes

The substituents shown in Table 1 are listed according to how they affect the reactivity of
the benzene ring toward electrophilic aromatic substitution compared with benzene—in
which the substituent is a hydrogen. The activating substituents make the benzene ring
more reactive toward electrophilic substitution; the deactivating substituents make the
benzene ring less reactive. Remember that activating substituents donate electrons into

the ring and deactivating substituents withdraw electrons from the ring.

All the activating substituents (except for alkyl substituents) donate electrons into
the ring by resonance and withdraw electrons from the ring inductively. The fact that
these substituents have been found experimentally to make the benzene ring more re-
active indicates that their electron donation into the ring by resonance is more signifi-

cant than their inductive electron withdrawal from the ring.

'R X
\_OH \NH,
NG

\_OCR
5

0]
N

(o
4 Br:
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We have seen that an alkyl substituent, compared with a hydrogen, donates electrons

inductively.

The halogens are weakly deactivating substituents; they also donate electrons into
the ring by resonance and withdraw electrons from the ring inductively. Because the
halogens have been found experimentally to make the benzene ring less reactive, we
can conclude that they withdraw electrons inductively more strongly than they donate

electrons by resonance.

All the substituents that are more strongly deactivating than the halogens withdraw
electrons both inductively and by resonance except for the ammonium ions

ATOIMmdaucily

( "NH;."NH,R, +NHR2, and * NR;). The ammonium ions have no resonance effect,
but the positive charge on the nitrogen atom causes them to strongly withdraw elec-

trons inductively.

-’ -

C N O NR
* R j"\"‘O‘ C:II :
J - yC=N —S—OH
2l
0

Table 1 The Effects of Substituents on the Reactivity of a Benzene Ring toward

Electrophilic Substitution

Activating substituents Most activating
1 —Nn, ]
—NHR
—NR ) L
—OH

—R }

Standard of comparison —> —H

Strongly
activating

Moderately
activating

5 Weakly

activating

Ortho/para
" directing
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Deactivating substituents

_NH3
—NHR,

—CI: ~ Weakly
—Br deactivating

Moderately

—COR " deactivating
.il:l'}q

—COH

|
e

—4By
—S0.H
+
—NH.R
+
_NR3
_NDE

Strongly
" deactivating

Most deactivating

- Meta directing
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THE EFFECT OF SUBSTITUENTS
ON ORIENTATION

When a substituted benzene undergoes an electrophilic substitution reaction, where
does the new substituent attach itself? Is the product of the reaction the ortho isomer,
the meta isomer, or the para isomer?

X X X X
Y
+ ¥t — or or
Y
Y

ortho isomer meta isomer para isomer

The substituent already attached to the benzene ring determines the location of the
new substituent. The attached substituent will have one of two effects: it will direct an
incoming substituent either to the ortho and para pesitions, or it will direct an incom-
ing substituent to the meta position. All activating substitvents and the weakly deac-
tivating halogens are ortho—para directors, and all substituents that are more
deactivating than the halogens are meta directors. Thus, the substituents can be
divided into three groups:

[ =) i

1. All activating substituents direct an incoming electrophile to the ortho and para

positions.
CH; CH; CH,
Br
FeBrz
+ Br, N2 + ‘
toluene o-bromotoluene
Br

p-bromotoluene

2. The weakly deactivating halogens also direct an incoming electrophile to the

ortho and para positions.

Br Br
Cl
FEE|3
+ Cl, — +
Cl

bromobenzene o-bromochlorobenzene

p-bromochlorobenzene
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Aromarticity

3. All moderately deactivating and strongly deactivating substituents direct an
incoming electrophile to the meta position.

O O
; !
b
O/ | —_ H SO, ©/ CH;
acetophenone NO,
m-nitroacetophenone
NO, NO,
FeBr;
+ Br, —

Br

nitrobenzene "
m-bromonitrobenzene

To understand why a substituent direets an incoming electrophile to a particu-
lar position, we must look at the stability of .the carbocation intermediate, be-

cause as Figure 2 shows, formation of the carbocation is the rate-determining
sten.

When a substituted benzene undergoes an electrophilic substitution reaction, three
different carbocation intermediates can be formed: an ortho-substituted carbocation, a
meta-substituted carbocation, and a para-substituted carbocation (Figure 3). The rela-
tive stabilities of the three carbocations enable us to determine the preferred pathway
of the reaction because the more stable the earbocation, the more stable the transition
state for its formation, and the more rapidly it will be formed.

When the substituent is one that can donate electrons by resenance, the carbocations
formed by putting the incoming electrophile on the ortho and para positions have a
fourth resonance contributor (highlighted in Figure 3). This is an especially stable reso-
nance contributor because it is the only one whose atoms (except for hydrogen) all have
complete octets (that is, all have outer shells that eontain eight electrons); it is obtained
only by directing an incoming substituent to the ortho and para positions. Therefore, all
substituents that donate electrons by resonance are ortho—para directors.
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DCH1 0CH1 DCHx
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relatnml)tl stable

When the substituent is an alkyl group. the resonance contributors that are high-
lighted in Figure 4 are the most stable. In those contributers, the alkyl group is at-
tached directly to the positively charged carbon and can stabilize it by inductive
electron donation. A relatively stable resenance contributor is obtained only when the

incoming group is directed to an ortho or para position. Therefore, alkyl substituents
are ortho—para directors.

CH, CH, CH;
Y Y Y
th
Y~ H — H — H
- + +

most stable

CH, CH, CH,
+ meta — . — -
—_—
+ X Y Y Y
Y h H H
CH,; CHs CH,
— —>
- -

CH,

toluene
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Substituents with a positive charge or a partial positive charge on the atom attached
to the benzene ring will withdraw electrons inductively from the benzene ring, and
maost will withdraw electrons by resonance as well. For all such substituents, the reso-
nance contributors highlighted in Figure 5 are the least stable because they have a pos-
itive charge on each of two adjacent atoms, so the most stable carbocation is formed

+ + +
NH; NH; NH;
Y Y Y
ortho
H H : H
+ +
least stable

+ + + +
NH; NH; NH; NH;
. meta + +
_— — —
oy Y Y Y
protonated T H H H
aniline

+ - +
NH; NH;, NH,
para
=} =
ot +
H ¥ H ¥

H Y
least stable

s Al PRPY
SO.H SO.H

H,;50, Br;
A FeBr;
Br

m-bromobenzenesulfonic acid

Br Br Br

SO.H
Brz ) st D‘
—_— —_—— +
FeBr; A

SO.H o-bromobenzenesulfonic
3

acid
p-bromobenzenesulfonic
acid
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