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Organic compounds 4 gaal) cilss yall
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Natural Synthetic
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M 5

N
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P

Q

R

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 1,35 1,3,5,7
orbitals
Maximum number | 2 8 18 32
of electrons




The aufbau principle sk i
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(LY

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s
<4f <5d < 6p < 7s < 5f<6d<7b<Ss..........

7s 6p 5d af

> High energy

A

6s 5p ad

A
\

—
é/ 1s p Low energy
Hybridisation: Ol

Hybridization happens when atomic orbitals mix to form new
atomic orbitals.
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2p, orbital 2p, orbital 2p, orbital
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ls 2s 2py 2py, 2p,

1st shell 2nd shell

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.
Ce: 1%, 252 2p°
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sp®hybrid orbitals in CH, Wl

2- Hybridisation sp®
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For example:
Sp3
\H
H
N
T H
H/ — \
H3CT + H sz
2 2
sp~-sp
Sps-sz

3- Hybridisation sp

S sie bl IS g sp Caned) (a5 (e a5 J ) e ety p e 2l J )
(3> _2180)

Cplicd) A LaS

g

hydrogen carban carbon hydrogen zlsncho bidyA S H
Sigma bond (e):- 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 2H. —>q,

| Absorbed when bond breaks
436 kJ/mol

| Released when bond forms

H, molecule % _

As well:
H
. H
i l
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
forms a pi (  « ) bond. The maximum overlap to occur, the two p
orbitals that overlap to form the pi (mr) bond must be parallel to each

other.

As showen:



7T bond

the p bond’s 2 electrons
can be found anywhere in
the purple regions

i

¢ bond
H H
C/
H 4 \H

the 2 p orbitals are
parallel to each other

Bond length 3 »a¥) Jsha

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 (K) is still widely used in the chemical literature;

1A= 10" m. As a result,1 pm = 102 A, and 95.8 pm =0.958

r

A.

10



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-CI 127 C-ClI 177
N-H 101 H-Br 141 C-Br 194
O-H 96 H-I 161 C-l 213

a)m\}[\ djb J\Jﬁbﬁ.\yg)ﬂ\ .JJ:J\ uhas.u'éh\jj\ SJJJS\ @a)a\}“ d}lﬂ J\Jjg )
Lf)‘ﬂ‘ A=) T:Jli}_i a.l;‘jj\ DJAJ\ é

A Comparison of Carbon-Carbon _C-C sl g¥) (m 43 i

Bonds
Increasing bond length
ongestC-Cbond =~ L L VoA _~_~_ | shortest C-C bond
weakest bond ? C| £ =0 strongest bond

Increasing bond strength

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

A Aagaially Aagaiall e s @Y g paBY) A A (e S QelS BaY) e
03 dall (pa (5 981 g sl
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A Comparison of Carbon-Hydrogen C-H al ¥ ¢ 4d e

Bonds
g gall JSAN (8 LaS () 9o JSI) B3 Cpangill £ 63 o Led ghag B ) 5 6B il

Increasing bond strength

< ]
=——C—H ——C—H n2
— —=¢ — ¢ —H
' D

increasing bond length
3 ~ v Y A
:SP° (4 s (R Sp kel agdl

g5l ladi 2p JI b DA aa g Lad 25 J dal g Sl g) 3 g1 (gl £ 930 JS B
(percent s-character) s Juig¥) dpwdy cijagla 138 5 (gl

Sp hybrid =one 2s orbital /two hybrid orbital = 50% percent s-

character

Sp® hybrid = one 2s orbital /three hybrid orbital = 33% percent s-

character

Sp® hybrid = one 2s orbital /four hybrid orbital = 25% percent s-

character

8303 08 iy 2p Dl ) o e 51 il Ay A 28 SV AN 2 28 Ol 591
M\SHY\@A&LUB\)J\ u.a‘u:l‘)g&lthj‘).\ﬁY\ elal e s d\.-\JJJY\A:u.uMﬁ

shl
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As shown below

Table 1.3 The Electronegativities of Selected Elements?

1A 2A ‘ 1B | 2B ‘ 3A | 4A ‘ 5A | 6A ‘ 7A |
H

2.1 >
Li Be B C N (0] F :g
10 | 1.5 20 | 25|30 | 35| 4.0 &
[
Na | Mg Al Si P S Cl =
09 | 1.2 1.5 | 1.8 | 2.1 | 25 | 3.0 §
K Ca Br o
0.8 | 1.0 2.8 _g’
increasing electronegativity : E
| — 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.

E\J.ﬂ\ G Jasy lgcas & LJ\A’.LJ\ 9 4.,3.1\.))@5]\ daalldl adliiad) Q\Jﬂ\ .La\_u)\
non polar 4ukd all fuealudll jual Wl Cijegle (S8 (5 sluia (5 a3 il S

(covalent bond)

2.5 55 2.2

A 1

L
_/C_T\ ”_/C\
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http://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
http://ar.wikipedia.org/wiki/%D8%AC%D8%B2%D9%8A%D8%A1

o) Adla) A gl Adagl 5 (0S8 5 AN aaT ) 5 SIY) Jain S A s IS 4l oS
OSE ald 5 A e SlE LT 5 gy g STV a8l AN aa ) Al 8 el
Alad nalus dday

C 1s electron deficient

Y
ac—éH 0-

+—  Ois electron rich.
a bond dipole

C-0O bond is a polar bond.

More examples

&+ 8- &+ 66— o— O+ 5+ 66— o+ o— o+

(@ c—Br (b) C=—0 (¢) N—H (d) C=—N (e) c—0 () c—s

H—Ci: — —N—H
H
] W

Zsh bt e 4 - hia G 75 T 8 e A gS Al (JlheS paic S -]

2 A S Al pualiall J8 Lady | A 5eSH Adld) 8 pualiall lef g8 olal)
il sl A e (e Uigad) LdSiie ganall 3 -] - jeSU Apdld) | * o ol 5al)
oY) A8l (5 gie gl il ellile s HAl anall ol s A ,eSH Al
o AeS Lalle ualiall ST 3 1 ey el Loda o bl Caanal

sl Jaul 4l el g Jsanll Aol 1350 g sall yualiall

¢ oA anall Ji 5 A 5eSU Audlall ) ) cpadd) ) Sl (e Uigad) LS5 all
SSF e 1 Jeg e ead gl Gadle gyl Gda e sl gl jad iy
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Jsaal)
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lonic bonds 4 s¥) o _waY)

* Jonic bonds result from the transfer of electrons from one

element to another.

AV A paliall aa) e &9 ASH JUEE ha A ga¥) & pual) @il o
b o) gy Sy () g g (gl g (i) 8 GX) o
electrostatic ASsilin g A<l ada 3 by clasi g Gladlaind

interactions

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)

) (A palinall pe Joaadl o Dbl (il (& jealiall Bl )l (e A 0] 0 jual) LA
AR @ ol o 550l Jpall e el

&t pabiall (e oS5 A gall U V1 Ay 8 Al g SIS ol g 50 Jasi 5 Al U gl
Cradll (ool (A (5585 Ld Adaiall ALl G gall g (5 sall Jsaad) ol s

p s sall 3 IS elly Jia

NaCl-- An ionic crystalline lattice
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Na *

Sodium acetate a2 gall CIA 7l SIS

)

0]
)J\ NaOH
-+

—>
HsC OH HsC ONa

GeSS Aule 9 B ua¥) duuad 3003 lonic Character 4sig) ddal) slayi
A8 A ANy Adalinial) draaludl) 3 pall (pa Ayl fS) A3g) B )
(Z\,\m J..)'C) 2\.,&31\ @m‘ 5 _pa¥) (e z\*ﬁ

o

‘i M+
[ 5 |
Con co
- \w - QW
Y=0,N,Cl,Br,| M= Mg, Li

continuum of bond types
I |

lonic polar nonpolar
bond covalent bond covalent bond
K*F~ Na'CI O—H N—H C—H.C—-C
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Hydrogen Bond 4z s agl) 3 )
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Coordination Bond 48l 3 ja)
30 (A LS (alic e ) a (S S 7o) &l iA) Aayis 45 oSiall 3 pa¥) causd
O oSl (s A g0 3all 130 JLEinY Sala ¢ 8 JU ) o) Slliai 350 ae Gan 5 il
300 (e 4k — @ e ey Al Coordination Bond duiulidll s puaY)
Jelss * WS Acceptor <l g K AaulSl) oAl JIDoner <l s S 4l )

"NH; oLl as sa¥) O ol (681 G 635 50l a L Y

H H H

. . . ]
HN'+ H —|HENH ——[HN-H|

H H H

Acceptor (8+) s Doner (8-)cx o a¥) sda il o)
B : 1s® 2s* 2p’, 2p, 2p,
N @ 1s% 287 2p°
BFs+ HN:_, [HsN: — BF3]
H,O:+ 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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'”, 1 1 1 sp? hybridization 1[, 1 '] 1

\j

s 2Py 2P, 2p, > spd sp3 sp?
Nitrogen: 5 valence electrons
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e ' 3-D representation of
H the ammonia molecule
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N "
‘.\) 3-D representation of

H ’ the water molecule

s Jasr (3 e (0 s USU adliia JS0 ( 5% Lol 5 5P g 38U ) Sen Cpan€ gl 5 a5 sl L)
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1L ,H/ 1 1 sp? hybridization 1[, ']L 1 1_

Z 2pX2py 2rDz ;ﬂ;ﬂ; P

Oxygen: 6 valence electrons

\

O OSN3 0M p2 Uiy sY) e dhal GaanS Il (A 2 ke s AR e (5 ma (s 3lIsp2 Jl 5Y)
O s A p o Jl ) oY) e AN cpanS el A p Ji ) oY) Wl sp2_sp2 & 5 e (gl LS o pa¥l
(i S e gana gl o ) ()5S 57 Caangdl) il

@9 +o@6— @%c@
0 0 <

5p2 oxygen + sp2 carbon

“o=c c=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=0 bond is polar. The more electronegative

oxygen atom attracts bonding electrons towards itself more strongly than carbon.

-~

. / The c=0 double bond
.0=C )
' \ is polar

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

R
N=C
/ N\
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. homogeneous cleavage uxilaic S AN o

HyC—C HsC——C

.heterogeneous cleavage (ilaie e S a: 4Gl o

1- Homogeneous cleavage
L@-\Mléj‘ L@jb})ﬂbb)d dS.L:SA;.i

—}%X —_— ——T + X Free radical

2- Heterogeneous cleavage

CHg CH,
H3C_C|3€X —>H3C—(::+ + X
CHg CH,
Carbocation
G523 SgatS
Cl:Hg CHj, +
H3C—?—)>< — H3C—c|:" + X
CHs; (l‘;H3
Carboanion
Qs 4 g ats
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CH, = "CH, +H
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\
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_E_
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Hyperconjugation <élsil 548 5 als

What is Hyperconjugation ?
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 w-orbital to give an extended molecular orbital that increases the
stability of the system.

C-H 0r C-) LSt o pua¥) il JiSI JAI (pa gty A3y ) )i 0 (35S0 Jals g ciladll (343
Al 2008 A e )il 3343 e (Wja e liaall 3¢ ) Hslaall ) sl Qi sl e (C

1 O,\\\\\H

\\\70 d‘ H

O \\\\\ H

\\“‘ 02 6‘ H

2 H3

)Y Ay 5 A sall il 3 53 e J LS o gua) il o i€ alaial 5 Jala
Ll ey (e 2 Ll

il 5 IV (8 I C1-Co i) Jsn o5l el 4 A8 Loy Ly s Gl V) A0y 5a 3 JAL 13a
C1 03)SU 0553 8 sl ¢ Sl QUi ) Y e & HLES (o gu Limy) Cp-Hp & CagrHad LS o) b

C C-,'-.\\\‘\H
N/ O“H Y G‘H
3 T 1 T
H1 H2
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rsl LS (b1 B A Clall (358 5 allall a5 Sy g
+
H H,
+
HQ_T_CHZ e HﬁCHZ
H3 HS
H, H,
+ fll
H2_C:CH2 . I H2 C—CH2
H; H,
Based on the above resonance forms, the structure of the ethyl carbocation can be
shown roughly as follows

5 Primary carbocation
H, d" —_—
PR LY ' __—CH, Gjﬁ\ UJ‘ULSJ")LS <
G s ls sl 5 A" H
8+

Olall ;Z\L;L)J\)Eiu\,!\ AYRY ‘éjl_ﬂt,aj Jln oY) ddlha daes ) EELY doa gal) a3l LT )

(o) ias) a3 2Uaill ) 525 oasbistly ) L ) e Sl (o) b 48Lal)

2% Y
empty p orbital L ”

| 1| . filled o bond
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isopropyl carbocation Jl clxill (358 5 jalls & Lal () 558 5 Sl ) slaall 5 A

Jal 8 LS Jaa

b LS Al i ) JSEN AUS Sy dle

+
(CHg),CH
2
+

Hy T4 Hy T4
T T e

H, H Hg Hy, H Hg

T1 H4 Hy T’l
H—C==C—"-C—H,_ —_~— H-;/CL;C—C—HS

< | | A

HY H Hg H, H Mo

H, H T1 H,

H cls—cgc H ~— H C——_c@ HY
R = 1Yy
H, H Hg Hy, H Hg
H, H
| |
H2 (|3—C|:=C—H5
H, H HE

+0 +0

-
I--C:)I--I
:
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u}ﬁ\S}.\J&\ ulﬁ :\_\S:;} M\ ZJA\A U}J‘)\Sﬂ BJ..J LA\ :\3\.;4\}_7\_1 EJ}\;.A U:taj‘).l:% a\)J 4::.\» U.'.“ &‘)}33
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A pall il (8o ) slae Clina 5 0 dadd A LIS Cua ) i) S

tert-butyl 028 s WU Hyperconjugation J) ) :Q

CH,
Tertiary
carbocation ol
H,C CHj
IS (58S s S ) i) Gadli Sy dle
TS j ) ) |+ —fewmanie]
most stable — R—C|‘,+ - R—Cl‘,+ - R—(|j+ ~ ]_[—(|j+ c::‘_‘_'j least stable
R H H H
a tertiary a secondary a primary methyl cation
carbocation carbocation carbocation

The resonance and resonance structures 4 i JSay) g ¢ )

Lele (3lkay 238SHa fonall 038 mren 5 S all Dipa (o SIS AUS (S0 Al V) 5l il Sall e i3S 4
COz s ISl o5l (A LS Ay JIS)
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I
o
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CuilS L 5 4 gludia & V1 138 jual ) asen o) i) bl jall o) W1 As 93 3all el ¥ (e skl o8
NN S oW ) )3 ao 5 JS () 2a g L) A g0 ) eal oW1 (e Jshal g 02 jiall pal gY) (e sl
OS5 Anbud) 00N fuall (e (pad e ol s (Rl sV 068 el Lo s Al adas Jaas

P o) s Jsi

sl Y A shal G 3l g (5 st Jiy A ) sia A3 5 STV ASUS) s (0 Sl Al e 25 Jladl i

o33 8 LS 5 OIS (om 1 355 5 il I 130 5 5m Liml 5 o330 055, S,

Besonance structure s Besonance "hfbrid"
T oy H
P e e
HC™ o CH HC=" ™G i T TRCH
”-\? I/"'| € - | ” really |I :|
HCHC&-’:’CH HC%C,-”“C RCKCH
H H H
black white gray

1 O A ALY dadass ol LS all ) il Lial 5 49 suand) eLaasSl (8 age 50 il canly
i N gl (58 Ladaal ol ) seka 5l il e S) el (oo S Gl (8 J s pese (580 38 (i )l)
sl S el )il e lalaiel miner product ¢ 53U z3U s Major product
Allylic carbocation Y1 ¢ s3S s ST il 58 age Ha) Jbia

H
H C

& > @
HEC////“-"'\(?HQ HzC/ \\\\CFE

H

C
@5 £ s
HSC/ \‘\CHZ

S 51 S )il )5S ciliadl) b Jead Cigan Lol s i) 358 A8l (pe S oyl Al )5S0
) S el Al 6 duins ) JIKEYT dae a8l (ANEN (¢ oilS g S sl ) ) e S LYY
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CH- t|3H3
Hy,C—G—CH=CH; HaC—C=CH-CHz. 1

- + + -
H,C—CH=CH—CH, = H,C—CH=CH-CH, ~— H,C=CH—CH=CH.. 2

+ -
HpC——0——CH,y = H,C=—=0"—CH;
H,C—CH H,C=—CH
_ -d
CH,

AT e S50 o g sal Ll (Y L Y1 gn oLl i o HICTGCHECH,

omd 2mgr L€ e i el ) e Sl 53 L g 5 pin 43 HoC=CH—CH=CHz _ 2

AT Gl s cdi

+
cdalall el 5 Jan a5 asen oY HEE:.D. CH3_3
HEC:EH
- j‘.—'jl""‘.i'_,rﬁ—{‘ ,_..-'I:'ijl .._,I_-P-—--Elfl' 5__:'-" ,_-."I:' ".'n_".j_jn.j,..-:u -E_"l!._.....]' b || I_;‘j '_ o _-_-I_

. Z\,'u\,'u:\ﬁ‘ <e Ll E‘J_j

Exothermic Reaction 5_)all sl cdeldl) -1

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

gives out energy to its surroundings.

15 st Can (AH) (YL Al Alelial 5 Al 2 pal) Gl o uuntl) (g
AH = Hproduct - HReactant

Lgtiad (5555 o2ke | Alataall Tida 5 Aailil) A8Us (pe Ao Al laiall o) gall A8 () 55 A3 L) e i) o ((

Al
ol 2l g oladly 0 5Syg Je il Aoy (e Javad 2y il dalee 548 j2ll 5l s da oy Jeldil) iy (@
Sleie
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aa Jiad (Says Tl il ST bl UL 5 5 jiie o 5S58 Ale liall (e Ua sl dalill o) gall 2S00 28U (£
: AN an L Edle @l e s sl
. fl an il @ e gl

AH = H, - H,
ol AL\ AH=3-9=-6

A%<t 43Ual)

v

Jeldil) yau

Endothermic Reaction 5__all dualall cdsliil) -2

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

absorbs energy from its surroundings in the form of heat

Jistaall (i Camy GlIAL AH = + old il 5 Aalil) (e Un gl (6 sisay ¢ 585 Al Liiall ol all 48U (1

Bl Al ) all )il 5 (e liiall) Leboal ) 23Ul 3 sall £ g (Saa gl uSlaia Jeldil) ()5S (o
Aleleidl (ya

Ui LY ey Jeléll Gaany e 25alS)) Ll oy ) jin¥) AL :Je il (e dailil) o) gal) cliea (£
A

9
Aaalgl) A8
AH = Hp = Hr
AH=9-3
AH = +6
5all Gale Jolis

v

Jeldl) yaw

(o 5aal) 850 Allall s3 5 Aaslil) o) sall A8 2 sluse Al liiall of sall 8l 48 () S5 Gl £ 630 3
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Organic Compounds

| |
c

Hydrocarbons Other Stuff
HHHHH
HE-C-C-C-C H (alcohols, ketones, etc.)
HHHHH
] A ]
Aliphn'l'ic Aromatic
H}rd rocarbons H}rd rocarbons
PN
¢ i
"‘\C =C,-"’
Acyclic Alicyclic
- Alkanes - Cycluul kanes
A 0 ;C_C\
o o
‘\C_C.-"'
- Alkenes —Cycloalkenes
C-C=C-0-C pah
4 ",
o c
“o—c”
= Alkynes = Cycloalkynes
C—CEI:-':-': CEC
ra ",
o r
\C_CK

Function groupes 4lxill awlaall
AaS 5 A 3l ciliall (uas )y S\l Ble S 55 G (5 ganall Syl 3 Jlndll 6 all ga g
Function groupes (» S| e (a8 08 4y guanll CLS jall (e i 5 ABBA (e (5 ganll Sl
poeladll o3 iy zeaia s U Jganll
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Family name

Function group

Alkane c—-=¢
Alkene C—0C
Alkyne o=
Alcohol C—OH
Ether C—O0—~0C
Amine C—NH,
o
Aldehyde [
—C—H
O
Ketone |
C—C—C
Carboxylic ol
acid —H—DH
“ Next week >

MName ending

-ene

-yne

-ol

ether

-amine

-0ic acid

Simple example

CH;—CH;
CH7/=—CHy
HC=CH
CH;—OH
CHy—0—CHs

CHy—MNH;

CH;-C—H

=0

CH3_

3

CH;—C—0CH

PR AR QU&&J%\

Alkane s «ulsyi-1
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Alkanes(PARAFFINS) (ludl ) CllsIy)

Os S e s 5ia3 (Saturated compounds) dasis LS e LKD)
C-C and C- 324 yual sb Lgin Lad 50 IS ) 53 o 3 IaB8 (s g jaell
zshadl el o ol W spPoamedll & sty (Lagiy Jl Al (s (3 ) H
acyclic :cne s UKV aa) 5555 109.5 W lais 43 ) 3 Jasi 53 5 tetrahedral

and Alicyclic.

Acyclic alkanes have the molecular formula C,Hn+

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

‘_A.cj_adjm e L d&:w‘ﬂjﬂ :dLaA‘\.c}m JPJe.J’J:dA\A &L\L}SJA Iy _).13:3
83k o LS pall o3a ) glalall As ja ala g A e GlS e A 5V UKV 4 geal)
Aa0 My Dl N S Lo die Al LS je ) Joai Cua (5o S <53 220
WaX gl g gl 5 i) pll ¢ 5<5 Cua 18 (ssbai N dicdilia o) g gual s (Llall

Cn H2n+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 C3Hg -42.1 -187.7
4 But+ ane Butane C4Hyo =1 -0.5 =1 -138.3
5 pent+ ane Pentane CsHy, % 36.1 % -129.8
6 Hex+ ane Hexane CeHig § 68.7 § -95.3
7 Hept+ ane Heptane CsHis 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 CioH2 174.0 ¥ -29.7
16 Hexadec+ ane | Hexadecane CisHaa v 287 18
30 Triacont+ ane | Triacontane CaoHs2 450 66



http://en.wikipedia.org/wiki/Hexadecane
http://en.wikipedia.org/wiki/Hexadecane
http://en.wikipedia.org/wiki/Triacontane
http://en.wikipedia.org/wiki/Triacontane

e A gladl Aqiinally 4 e Lead Gllall da 5o Ja5 <l Al dae Ledi] de Haiall UKy
6B Obats A g2 Laa Gl all G duinl) ddluall 324 51 elld g ) o WU ) H3 dae gl
(U653 (5 ) iy sad oo ilad

OS) ikl
Y el glle da o
Cilaill 5 g8

TN

XN s i

NN

/\/\ J8 il

Y Ua gl (e a0

58 Ao claill lle
sl

L

ObaSedl &l ya g 3l elld JUia

Physical Properties of Hexane Isomers

Density
Bp, Mp, at 20°, d¥°,
Isomer Structure °C °C g mi™!
hexane CH,(CH,),CH; 68.7 —94 0.659
i

3-methylpentane CH;CH,CHCH,CH, 63.3 —118 0.664
i

2-methylpentane CHCHCH,CH,CHj, 60.3 —154 0.653
CH, C“,H3

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

2,2-dimethylbutane CP—|3C[CHZCH3 49.7 —98 0.649
CH,

- .

OSa SISl 5 GlaSell Jia B 4 pae Cluia
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/C C\ : HsC——CHs
H H
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isopentane or 2-methylbutane
39 el &lAl ¢ g 8353 (I e
4° W) s O v ey Vs 052 S 3 g Jeal A Rl (4

A0 LS jal) (B Ggasll 3 g1 68 O s

HsC  CH,
R
3

oo N NHSTNHS

Ve N L

3 _CH CHs

CH
: e oh
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(CnH2n+1)

Alkane

CH,
CH3-CH3
CH3-CH,CH3
CH3-CH,CH3

CH3CH2CH,CH3
CH3CH2CH,CH3

CHj;

~

H,yC ™~

CH,

Tl

Name of alkane

methane
ethane

propane
propane

n-butane
n-butane

isobutane

SN amlaa AlKkyl group

Alkyl group

-CHs
-CH,CHs
-CH,CH,CHs
CHsCHCH;

-CH,CH,CH,CHj
CH’CH,CHCH;

CHs;

H3C_C_CH3

Nomenclature of Alkanes Ul diaus

Ca oo A alls CISI e o8 GISIY) (e AL aaalae (A JSIY) Ao gana

Name of Alkyl
group

Methyl

Ethyl

n-propyl
Iso-propyl

n-butyl
iso-butyl

tert-butyl or
t-butyl
t= tertiary

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—T—H CH, meth+ane= methane
H
11
H T T H CH;CH;4 eth+ane= ethane
H H
LT
H C—C—C—=C H  CH;CH,CH,CH
| | | | 3T but+ ane = butane
CH;3(CH,),CH;
H H H H
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« IUPAC: International Union of Pure and Applied Chemistry

Ailail) g Aial) plaanll 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
carbons?

What family?

Carbon | parent name Carbon parent name
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.

(Aaiina 3 guay 43 g3 95 Y S8) (S (A AdSan Al J ol jid)
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CH,

I
CH3 _CH2 _CHZ _CH _CH2 _CH2 _CH3
1 2 3 4 5 6 7

4-methylheptane

H, Hy H,
@ H,C—C ——C —C —CHs
5 6 71 g

y H, Hy H; H, H,
H,C——C ——C —C —CHj | H,C——C —C——C —CHs @
H, | Hy 1 2 3 4 5
HyC——C —C——C —CHj
H
1 2 3

3-ethyloctane

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

ALl 8 e all G 8V dgad) (e 0 s SI il 3 a5 Tay

© o . ®

Ha | Hy Hp H | H H
HyC——C —CH——C —C —CHs HyC——C —CH——C —C —CH,

1 2 3 4 5 6

6 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.
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Greek Prefixes Used in .
Naming Molecular 2,3-dimethylhexane
Compounds
Prefix Meaning CH3 CH3
I mono- 1 I | |
I dif z I CH3_CH_CH_CH2_CH2_CH3
I ol 8 1 2 3 4 5 6
tetra- 4 I
penta- 5 I
hexa- 6
I hepta- 7 I
octa- 8
I nona- 9 I
I deca 10 I

3, 3-dimethylhexane

CH; —CH—C — CH,—CH, —CH,
1 2 31 4 5 6
CH;
5 H3C, 5
HsC  H,C——CH, CH2 H,c—cCH,
4 \ 6 4 \ 6 7
H,C CHs H,C HZC\CH
/ 2 3 / 2 3 3
HsC CH, HsC CH,
1 1
H3C/ H3C/
3-ethyl-3-methylhexane 3,3-diethylheptane
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S 6
HsC HC—CH,
\ CHy
/l< o/
3
HsC 7 H
¥~ CHs, 2
H, 8

4,4,5-trimethylnonane

S 6
H2C—CH2

4 \ 8
H2C H2C—CH3
2 / 3 CH; 7
H3C_C

] / \ CH3

2,2,4,4-tetramethyloctane

HsC
S 6
HsC CH—CH,
\ 4/ \ 8
HC—C HC—CHy
wo2d P L
VAV
HsC  CHj,

4-ethyl-2,2,3,4,5-pentamethyloctane

4- 1f 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
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I?r'

CH3 _CH _CH2

i

CH,— CH — CH,

2-bromo-5-methylhexane

Br

NO,

I I
CH, —CH— CH— CH;

1 2

3 4

2-bromo-3-nitrobutane

Function group name
-NH, amio
-F fluoro
-ClI chloro
-Br bromo
-1 jodo
NO, nitro
-CH=CH, vinyl
CeHs (ph) phenyl
phCH,- benzyl
-OH hydroxy
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Q1-Give the name of all structures below

HsC H,C——CH, THS
CHj,
H,C——CH, CHs CH—C\/
CH—CH Cl CH—CH,
AN
Br CHs
Cl CH—CHj,4
Cl
HsC CHs
\ | CH,3
He—o—0e"
//\
H,C——CH, HO CH—CH, cH
/ Neny”
H3C_CH2 Br 2

Q2 write the molecular structure of:

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

de samay dui grall (i) dils
methyl = Me o S

ethyl = |Et aryl

Y-
propy| = |pr T
butyl = Bu
tert-butyl = t-Bu Y/Q\

Phenyl = ph
Aryl = Ar

benzyl = bn Y Y=Me, NH,
OH, OCHs ..... etc.
Structural Isomers of Alkanes
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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
5 Pentane 3
6 Hexane 5
7 Heptane 9
8 Octane 18
20 Eicosane 366,319
For example
HsG CH,
Hzc_CHz
H3C_C_CH3
H
CHj
n-butane

Chemical Formula: C4H,

Hy
C
H3C/ \(H:/
2

H
C

2
cn,
n-pentane

Chemical Formula: CsH,,

isobutane or 2-methyl propane
Chemical Formula: C4H,

CH
’ CHj
CH CH
N HC CHs
HsC C
Ha
CHs
isopentane
neopentane

or 2-methylbutane )
2,2-dimethylpropane

Chemical Formula: CsH; Chemical Formula: CsH,

Q: Write the isomer structure of hexane.
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Q: write names and the possible structure for C;Hys
and its isomers.

UL judand
Lill Ayl il ddauly (Cq - Cs) (oY) dasadd) al@V) o Jgeaal) (S
Jpeaal) dygmall (e Leihas il 33} s (Lol C) Llall 281 LT Sl
Al @b ) esalll Sy 1A Aalad) s aaal dilas) A5kl oda e lele
Hledas yplanill

Aaga3all 8pa¥) ) Cmgpugd) ddlialy Aapll) oda adli rcilil V1 da o (1
(Ni Pt Jie bacls Jalse alasinlys Jilaal) ISV 00655 53 e 3 Lelisals
.Pd

Pd, Pt
CnHZn + H2 E— CnH2n+2

CH;CH,CH=CH, L’ CH3(CH2)2CH3

1)l S el aladinly sl 8 LY juaas K (2
Sl dsas BSY) Al Jeld e 3)linyS (adlS juoasdy Akl sda il

railll) (1< Mg &= ala
Dry

RX + Mg (RMgX)

ether

S s Cadlsll Sl Jlaill dglee Joas Wadey

RMgX —22» RH + Mg(OH)X

?OIS:‘?\ pas k._LuL.\A d,-.\Sﬂ Jén-"" ("\353"““14 /u'n
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adls

4y
CHsCH,Br + Mg —— CHsCHMQBr s s
cala

CH3CH,MgBr + HOH — ,CH3CH3 + Mg(OH)Br

flelill & ) e Cals AN st Bl /o

Jaial dlia ()6 Cagnd oLl 0 daaS o (gging gl Gl e Y QS S 7
LS DS e e BB Jeasll 0585 Laily S S S aae
:alaledl)

]

™
-

CH;CH,CH,Br + Mg — CH3CH,CH,0OH + HBr
H,0 Jsbsn

dahd ) Lealid R-Mg o spa¥) R-Mg-X 8 b€ il :ddasdla
leaay (C-Mg) 5a¥ Adlall Zpdadll of (RMg®X®) Liisl syaaal Mg-X 5 ¢lle
Cagaa Gaelal o siradl zle 25l <l le) (K 1A Agl (el @l
Lad) asle (e 4ty ate gl (malal zling 1A IS S faa

RMgX + HOH —R-H + Mg(OH)X

Ge S8 pas
i)

Jie AV dsall (mmy dgay e aeol Jelall 1a d eld) aasing 13l /o
ol s aakind Al cNasly (NHa) LiseY)
il oL@V gpanll Ly L (i)l o sLall ()6 clldg /=

RMgX + NH; —— RH + Mg(NH,)X

RMgX + CH;OH —— RH + Mg(OCH3)X
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B ) Joeagl) i ) Lumlidy) clghall e Al :delall 18000
elal) & gl
Jidl 25 s Bl Sl epall 35 it I ae Gl dels o) D
o Jas Jiall 2 ) Jeatll el Zyial (Say aé HCI Jles CHGC
oot Al od Y il a0 ssha e S Gausly sl
- Je il A8l

CHy + Cl, —~—» CH,Cl + HCI
dInitiation (5a) saall alg) HUadsy) Jelss (1
Cl-cl ——cI+cr

s O s Ba Hgda Ay slSe S n 8pa¥) uS e Al e
Ba Jsda 05 yudy GllAl (C-H) (g 5yl 538 (e Camual & CI-Cl (y 80aY)
(C-H) Ja il
(Propagation) seill i L) Jelas (2

H

|
H—Cll—H + CI" —— HCI + 'CH;s;
H

Al il 4l capals 2ila A1 (Y (C-H) spal oS o pall 4 Kl s
O lap gy (HCI) e Jeanid (C-H) spal juS (ge o&a il duasla
eliial sl I gan ) (Ch) 058 LAY Lol Jaa e aafy slKH 3a
e e Jeldll s o8 dull

(Termination) ¢yl Jelis (3
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‘CH; + CI-ClI CHsCl + CI

S il s o Sl s W aaley disall 2l 5eladlly ool sall A
ey s B (s AT e i aals 1) W ol s 6Kl aals
Jeldll & e mUS GUY) (585
'CHy +'CHy —»  CH3-CH; (o)

SOl re Lelelin wie 45kt dag)¥) Glimllel) Jelis deju o da /o

sl ) Gus F CL B T 58 (i aaall e iliallel) i o) ales WS [z
o aias delal) depu oy (L3 e Sl el g aglly (553 aae
WS 4 gyl iy ) (o delin gpnd) 0 Agdled SISV 30led SSYI (il
Aalally ¢ paiall dllad Jaid by p<IY)g 316l G Adlsall Canlayl gy 2aedl ala))
ie Al (uds (e JS) (580 (slall) pall aaaldl 53 Gaglle) e gy5n Al
o (See sl e Jelall of By 1A eppud alelis Las SV gl
o B ) G of g 258 (VA e Jieas ol DU 3 s ey
HO poasy Olisall s sl Jeln aie 4 Jasdl Glldly L Jelal) 2y Ja iy
Deall deaa s Alle wills Yl Al Cadanl g cadly Jeldl) e

caeliue JaleS Guly Jeliil) gl sa o Ladls SHladdU a5 8 5)ha algy 4,

H,O
F,+CH, ——»

(Ol ) b 3L pe ilisglled) Jeli ®

h
CH3—CHs + Cl,———— CHsCH,CI + HCI
Ethane 100%

Cloroethane or Ethyl chloride
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CH;CH,CH; + Cl, —> CHsCH,CH;CI + CHy-CH-CH

Cl
45% 55%
h
CH;CH,CH,CHs + Cl, ;CH3CH2CH2C| + CH3CH?CH—CH3

Cl

28% 72%
C|H3 i CH|3

v
CHz~CH-CH + Clz——>  CHsCH-CH,Cl + CHy~C—CH;
| |
OFisas CHj Cl

64% 36%

Cai L) Y aleal) 3 Al LSl ¢ Lansf sl *
2l Gl 4iily gyl ae Lgile lia i LIS (puis 300 Y alaall 8 Lo
tde i) gl Juany Al 5))yall Aol Gl

CHs—CHs + Bry —™ 4y CHsCH,Br + HBr

100%
h
CHsCH,CHs + Br——> CHsCH,CH,Br + CH:CH-CH;
5% Br

95%
hv

CH;CH,CH,CH3; + Bry——— CH3(CH2)2CHzBr 2%+

CHy~CH-CH,~CH

Br
98%
Ch: CH: CH,
h
CH3~CH-CHs + Bry——> CH3CH-CH,Br + CHy-C~CH,
Br
1% 99%
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Lald) dlee (o AsSidl LSl oy e aaad b x ) Jalsall
P EARLON

F>Cl>Br>1 Jull Jalb qagi Ally asdieall cpalled) dalad (1
omued) abd ae g GV e aagsned) by s @ paalled) AL (2
ol edlagiud Jaimally ZIE dy5itily 205N

3>2°>1° 1 ol sl G

t AUIS Laniyig dala J8Y) sa Al Y Alladll pe Ji :A5lEN) (4

N385 a5 e 5S) agll A8l () < 1> Br>Cl>F

ddline Glimlley Aalel) die Aol ot DR g8 =g phaall sl lpal &, *
P Glsally QY (el aa

0 OpsSE e saebin L agoll e ST Adle Al el eI o Lale WS
Slo LU A Gl Adlal) amla ey A Ale iy 37,27, 17 g5l e 3a
Al (1 H) 2 aeladaal 306 (e SST S Ayl Cmgyan Gl ay alabaaY]
reisd) D3l e OsSan all ll Gla 1A

ek Y 4l a5 ae A lie andled AN aillyg syl Alls 8 JasD (S
35ns e pell gl LSt Y Adlle Jani A8UAL o lias LY AdgY) jsdal) s
) oS 130 Tan Al oy V) A0 Dsda 060 Y a8 131 440 (9 H)
Adaly Japiss Al Aglle Ayl 3 oS 4y AIED H3al) s bl
ol e SN Je i ASlSa s s ael /o

t JUIS ay cilghad EO ey Je il 13g] L8018 /7
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1) Initiation (,Uadyl) ) 35la

h
Cl-Cl ——CI°+°Cl
2) propagation ( L&y

CHsCH,CHj; + °Cl —— CH5CH,°CH, + HCI
CH5CH,CHj; + °Cl —— CH;°CHCHj5 + HCI
CHsCH,°CH, + CI-Cl —— CHsCH,CH,CI + °ClI

CHs—°CH-CH; + CI-Cl — > CH3—CH-CH; + ‘Cl
|
Cl
3) Termination (s ¥ 35la3)

CHsCH,°CH, + ‘CIl — > CH5CH,CH,CI

CHs—°CH-CH; + 'Cl — > CH3CH-CH;
Cll

CH3CHZOCH2 + OCHZCHZCH?, EE— CH3(CH2)4CH3

;Hg CH}

CHsCH,°CH, + °CH = —> CH3CH,CH,—CH
N \
CHs CHs;

Gl Jelanll 8 Aaslll S yall o lawd il *
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Oxidation and Combustion of alkanes<lal) (§) fial g saus]

(2uSlis) LSV (5 ind € V) 25 55 2868 g UKD aladinl aal ¢
& 3 adl (e 5 el (30Ul Gl 8 a5 elay s SIS 4 S
_EJ‘)J BJJLE e a4l

CnH2n+2 + ntl 02 . nC02 + (Il‘H)HzO - heat
——

CHy + 20,—— CO, + H,0 +2128Kcal.

CH3CH2CH3 + 502—> 3C02 +4H20 + Heat

b Lae JS G3) in) Aalae (S o
1-Hexane
2-octane

Nitration reaction <IN 45 1) Jo i

Gl die ey il sy Leildaay SN -5 50 ) QSN ) a3 (S
e

R-H+ HNO; _400 R-NO, + H,0O

cycloalkane 4zalall clishy)
Led dnlall arpall | Al JS0 Ll 50 ol 5 axadie Qs S5 008 e ol
Cn H2n
40kl el all Cus (e 4 gidall GUISTY 4085
Ll ade b Aa gibal) LISV 405 Lol aboasl) (pal a1l il Ll
3wl o) S Gl )y S e G SE Al alall QUSTY ae Lo
- S all Cnded sl sl ) e 138 5 TilaaS adapdii Lgils
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Cycloalkane 4dlal) s yal) e

OEIY asl ey il adaall ddlaly (S5 4a gital) UKV Ala 6 LS o
cycloalkane( Sy aul Jd 4ISiLa)

HZC_CHZ Hy

L =111 =

HC_CH2 H2C\ _CH, -
C

2
H,

yclobutane Cyclohexane
H2
/ C\ /\
H,C—CH,
(Db rmsiSan) Al by

Cyclopropane

H,
c
Hzc/ \CHE
\

H2C_CH2
cyclopentane

Mﬂ&bwéﬁg#ﬂ\@ﬂ\ﬂﬁ&ww
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1- Numbering starts at the most substituted carbon, and goes around in order
to give the lowest numbers.

CH3 CH3
CHg3 ‘

Methylcyclopentane 1,3 Dimethylcyclohexane

CH,CH,CH,CH,

CH,CH,CHj i i

1- Cyclopropylbutane
1-methyl- 3- Propylcycloheptane

CH,
° CHs
4 g
CHs 4 Br
cl
cl

2 CHs

3-chloro-1,1-dimethylcvelohexane 2-bromo-3-chloro-1,1-dimethylevelohexane

~5

3-cyclopentylhexane
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H H,C CH,

CH
3 3 3
—TH
H
CH,CH,
~ CH,

1-ethyl-2-methylcyclobutane 1,1 ,3—trimethylcycldpentane

© 2013 Pearson Education, Inc

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

4-cyclopropyl-3-methyloctane

© 2013 Pearson Education, Inc.

cyclopentylcyclohexane

Ring Strain in Cycloalkanes 48l cUlsh) 4 Alal) ol

) 2801 Cannay (Y] AL (51 adle 4l <13) Shaa Ll ol Letliiiia s 4udlall 3 pull 5 sl LS e i
O J81 Lagd Aalalall 451 50 (5 € ((Angle torsional) s sl 1 2300 138 s s Lagilaisia 5 (S yall cpded (g5l 31 (Ll
109.5° e J8 (g Aa gidall SUSIY) (8 = shaud) el asedl 405 )

30 A (g ISl b SIS R 50 60 (5 s 48 ARl )3l ()55 i (IS8 381 (3 g SIS S
JSI (o) il B ()5S S jall o3¢l Aalall 48Ul 3y 3y 230 138 5 a3 90 laiay N Ay ) 3 (S5 gl (S
Adlad

(108) g skand) (so by p el 55 (e A B Adalal ) 1 ¢ 65 Gl
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A «us 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: stereoisomers

2 S A el Bl i Ll (5S35 Isomer sagdy W sdag G g il o 4 all el 2l Jsadl)
CEI AN 8 A ol DR ) 3 ey CDUAY) Jaa Aigae

Stereoisomers that interconvert by rotation around single bonds are conformational
stereoisomers

Clgloia Ly 4lh i)l Ala c sl O Gusaa Ol sal) 4pa Cllad ¥ Ablal) S (B 508 — (528 4dayl )l
O ganall illS 1), (3sd Lab (iility (e gana o (g gt () Ajdlal) LK) Alla A 4wtia (isomers)
Oidlida Oiga A Glic ganall ClS 131 Ll cis (s S pall o ABIA) (5 ghecal dpudlly 0aa g dga A i)
trans oadl 5 S el and

”SAHS HS‘A
CHj3

is -1,2-Dimethylcycl ,
¢s imethylcyclopropane trans -1,2-Dimethylcyclopropane

N
\
H C‘:_/C H 9y HZC‘CHZ Br
\C/ H H\C/ N / /
|
Br/ B\r Br H/

cis-1,2-dibromocyclobutane  trans-1,2-dibromocyclobutane
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In C=C there is no
H\ /H rotation available H3C\ /H
/C:C\ also in cycloalkane /C:C\
both have 2 isomer
H3C CH3 cis & trans H CH3
cis-but-2-ene trans-but-2-ene
L @ weSdn
H3C CH3 A H CH; H CH,
cis- 1 2 dlmethylcyclopentane trans-1,2-dimethylcyclopentane

2013 Pear

Saturated Heterocyclic compound

b QS ol Sl ) Cpm s S s SN e AL SIS) o) 05 IS8 50 ) Jlad (Y dage Apilal) GUISIY) 23
Aratiall et e Al Gopa o3 5 (5 pumall S all (o e Ciiaa

OO0

pyrrolidine

Sl JUe

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

Bicyclic Alkanes
Bicyclic alkaned! = 052 0 (0 5l 052 S 3,0 Jasi 5 Aalal) GV (e ials 4

Ll ) (e g3l 2305 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.
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3-spiro: The two rings share only one carbon atom. (These are comparatively
rare).

fused bicyclic bridged bicyclic spirocyclic
bridgehead

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

s //
L
four-carbon / &/ (" ‘ two-carbon
bridge \ Yo N/ bridge
\\‘\_/ ; <
bicyclo[4.2.0]octane bicyclo[3.2.1]octane
bridgehead
carbons OO
bicyclo[4.4.0]decane bicyclo[2.2.1]heptane spiro[4.4]nonane
(decalin) (norbornane)

© 2013 Pearson Education, Inc.
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To sum up Nomenclature of Bicyclic Alkanes

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

N

next longest chain of carbons back towards the first bridgehead
carbon.

4. 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

RGN

bicyclokl[2.2.1]hepta .
ne (aka norbornane) bicyclo[4.3.2]undecane

6 2
D a /a
&

bicyclo[4.1.0]heptane

4 x

w

bicyclo[2.2.1]heptane

(aka norbornane)
bicyclo[4.1.0]heptane

Follow the naming of the following substituted bicycloalkanes:

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

Proceed round the longest chain of carbons to the second bridgehead.
3. Number the second bridgehead carbon and continue on round the

63



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
HE H
cis-decalin trans-decalin
bridgehead brideehead
carbons carbons

J

cis-decalin trans-decalin

< 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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dadia yuid) AN Gl g LS g gl

Alkenes(Olefins) (il Y1) clistyi-]

Lipa s C=C (Aasa e) 408 8 pual o (st daida ne 4315 )85 08 SIS jo ClLSHY)
s i g gy )k QLIS e Qs a3l | CHpp o dalad)
Gin LN Zliail (8 age 2 GV ity JU) Jos e s Aaplall (8 age
Glatially g Al 4 dagall GlS el o CLSIYE jiafy Lili Uige ja 2ay
ol e ssadl o85S0 5 5 salll 4S5 (ot salll S a8 Al 5 ALl

amiall 8 A el (BT A ) 8k s sl 5 el NS

CH;
CH2=CH2
C
, -~ ‘\\\CHE
Ethene e
(Ethylene) Limonene

Carotene

Physical properties 4sb sl gl o3
JIN o g Al i) AME € aa ) A0 i) sV g S (ol i 4l
Lehe Auadl) Aali (Sl s i) (pn 8 pmns (sl im s Y (g o) il 3le ) Al gl
e B de giall Judlall Jleai¥) o) llall A jo (5S5 GlS Adia ol ge g (B0 La Ll
oS3 G Casndl il g ISV b LS (g0 ) 33 a0 i L ) Aaginaal) Gl
LYY e

ene ahiall dlial g aal s G o CUSIY dpansi 48yl ity LSV ansi -1

13l el S pal 3 ga ¥ Lay)) BKYY 4 ane J) Jw syl 4
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/N \

H H H H
da 53 el B pa¥) Lo (gt Al skl Al o s -2

H H H
\_/ " "
H—/C—C\—H \C:C/ > C‘ C‘/
H

ethane ethene i

H3C_CH2 H

Ga 3 al) a8 SN (e il e -3

c 5
HC—0CHp
H,C—CH; , | H
c=—CcC
|—|:,,C—cﬁ2 H

2-ethyl-1-hexene

£ A5 QLA (e il g (i gliatia A g2 3al) B ) Aok S Ala (2 o
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8 1
p CHs 5 CHs
H,C——CH, HZC—Cé
4 5/ 7 5 4 2
HC——CH —
2 3/ 7 . HC CH
1 H/?C_C< 3 H/ZC—C<
HsC CHs, ) Hal cH,
3-methyl-4-octene 6-methyl-4-octene
For example:
H H H H H H
N _/ N N
i ¢ ¢
C C C
VRN RN RN
HsC H ,  CHsCH;, H : HsC CHjs
1- 1-Butene 2-Methyl-1-
2,2-Dibromo-3-hexene H3C
H3C, Br CH—CH,
H,C——C——=C——C——CH —C—(C—
2 G G 3 Br CH ﬁ ﬁ CH,
Br Cl
6-Bromo-4-Chloro-2-heptene
Ha H Ha H H,
/C\ /C\ /C\ H3C C C
HC C C CHs N
H2 H / | 3
H,C
3-heptene CH,

2,2-dimethyl-3-hexene

A s pall an
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| Hsc\ /CH3
H CH
CH o} CHs HsC o H 3 H,
HsC/ \/C\/ \(H;/ NH -~ \C/ \(IJ/C\CH
H 3
H3C CHs; H3C,)
H,C
\CH3

stereoisomers of alkenes

The stereoisomers of alkenes are simply the geometrical isomers

OsSs AIAT aana Ll )50 O (g Bma¥) Jsn aalaall ()52 Gy A g3 3all 0 a2 5a
A L gl gl S 13 B sl sl sl L Atia a5 391 LI
O sandll CSISIN Ll GiS o5 31 ans A 53 3l oyl Jind o) e olad¥1 i o
trans s ¥ (aadd (inSlatia

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

Apdadll g llall s jleai¥) da jo Cua (e Adliaa ) je s Y 2] Al Jdll liall (<5

dipole moment ¢ g e alaic!

Trans-2-butene Ciz it but
Cis F F
3 el
H H H
No Net Dipole Net Di
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4 Sood,

Net Dipole No Net Dipole

CIS @l o531 Jray Akl Y1 IrANS 5 4akad <Y1 CIS oo Aadal 3 oDy 1

trans Wias oe el el o olde cila o Ll Wil

Gl e e g0 Leadl G50 Y (figdliiie (e sana e s gind Al LIV 14BN

HsC——CH, cl HsC cl
H3C Cl H,C :C|
1,1-dichloro-2-methyl-1-butene 1,1-dichloro-2-methyl-1-propene
¢

cisto trans s ¥ Jeai o) (Saa Ja oo

Rotation about a double bond does not readily occur, because it can happen
only if the m bond breaks—that is, only if the p orbitals are 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) <*
san g Alls 8 Cuny 138 5 (sl o jua¥) 5 jus€ 1) W1 CanY ds 53 3all 5 jua¥) Jsa ()50l
Ol A U Adall 8 A oda die Ligaiany e cpaadaic pe p ol ¥ 6 ladie
22 iall o pa¥l Jsa () sall 4 33U A8l Lei 62 Kcal/mol or 259 KJ/mol s~

2.9 kcal/mol or 12kJ/mol s
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pi bond is broken

HoG CHs H3C\ :
. —
’ ’ H i

p orbitals are no longer parallel
Cis trans

Cis s ¥ 8 0¥ s Cis es ¥l e IR JISI s trans ses ¥ oS L We
aeladl QU trans (A Lain )il BB (g) S jall dBla e 2 35 ALl 6 g5 2] il el
steric (:\_m:\)sl\ asle Yy )‘;.GJEM e;\jﬂ\j il dada Joid Lgian ol (Sl 2anl (o 685 anliiial)

Sl Jidl 4 WS hindrance

CHs

trans s 2L 45 le JlB ) 55 5 Adlle 48Ul o) (o) oLl (A o) oS

NAMING ALKENES USING THE E,Z SYSTEM
OS5 Ll Gigalliie (e sama 3925 S Alla b aadidi cfs and trans Aewdll
trans eV haedl (Sl oladly 5ICiS (aa olad) (udiy
Syl 138 3810 (o ASa) b Aalise ppalae day ) 5l 4D 25m s Alla i Ll

G e Graia g
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cl CHy cl Br C': :Br C': :CH3
H Br H CHy H3C CHj3 HsC Br
A Lyl 5 4] Al JISEYT 038 G A Sl il Glany (3 DA Lyl i

alad ga 5 &) dseud allahy Lgie (pawinl GlIAT IKEN Cpds E3le i de o Jane A
E&Z

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.)

low iriority /10W 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™).
A6l g¥) dan aUal Apandl) (ha AUA 13D | pansy
o Z o Gl (pustaia) 2als eladl (B Ll )
o E Lo (sl (3aliaia) sliaia olail 8 4y gl ¥l oY)
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0 22 g Al As g0 el o Dl sy 3 A Alaial) <l A A 1Y) A gY) Sas il
SIS oS3 A ¢l V) ) (g S

|53>Br35>c|17>F9>08>N7>C6>H1

high priority high priority
VAN —
B r\ Cl Br H
/CZC\ \C = c/
H3C H,C cl
Z isome E isome
z-1-chloro-2-bromo-propene E-1-chloro-2-bromo-propene

Ay b H &CI O b 5 A 93 5all 5 a3l (AW g SN 33 4 7 a5 5230
YISEVEON e}‘)ﬂhu‘)ﬁ u_ﬂ\ A 93 3l o el (e Al 5 Al Ll L.,S,)J dac ‘_Ar—\)ﬂ BN
Gllal s ) slatie (5S35 Ay o1 5) Led (Al G ,Al) BS (UL 5 a5l 3 () (o 4 5Y) ellasa Sl
L) 1 e sandll S8 6 E Biseall i L 7 58 oyl 13gd Rt il Al (s
Ol aaladly (5585 4y o1 5Y)

OVA (e Aol Y1 apaad 2 (51 aaall i gl Adasiyal) <l ) <l 131 AN Baclal) -2
13 Ui Lo adagi el Al 5 3

Br CHj
/ Cl
H,C——CH H,C——O
2 \2 /2 H,C——CH, CH,—CHj
C——=C \
c—cC
Cl——CH, CH—CH,4
Cl——CH, CH,—OH
HsC z

‘5_\5‘ a‘)ﬂ\ A.).A;.\Gj\ Zﬁél\i:ljlj‘}“ J;IJA:Ih U)"JLSGQ :\.A}A‘)Aj\ o yaay! Adaidll MJY\ Q\Jﬂ\
62 eV IS LY Ayl ¥ g S a3 Y1 e panalls Lol
c‘)ﬂ\453L;)AY\U:\.LC)AA\M@Q})\HM\JM}YLJM@&\&GMU
251 Ofie senall I 5t g @ Eoor Z yaadlg Ayl JB 0S8 50 IS o Ll A
Ausls¥l L 3
o A4 VB BV aaalaal 4y

CHs< CH3CHy< isopropyl
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Led (218N JSAl) daa g A gajall o W) s S (o0 Ja 5 (AN asalanall 451 g1 Cpaz

Br CHj
H,C——CH, HZC—O/
c:c/
Cl——CH, \CH—CH3
HaC

L E o el Jal

DS Gl o a Lgild A5 o) Al ea) Y aa) g8 Al A 14BN Baclal)-3
ALY Jlia 45N pual g¥) (B ) pa EDE g ALY sl Y (B (4 e

\ c—cC

VAN

c
c. 1 |
c

4e 5aaad CEN il s N=C (a¥ls C=0 diise S maalaal dailly Jlad) &l
gtms Gl Yl g dz\lj..\jsj\

N
o)
c—o0 E— C—O/ & N=——=2C —> /N—C/

C

SIS 5 aualaall a4y 5l s¥) o i i)
-CH,OCH, > -CEN>-C=C>-CH,CH,

A5l ) s AN palanal) iy

-CH3;NH, , -CH20H, -COOH,-C=N
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H
H CH,
/C:C\

H5;C CH;

H.C-
3 C\H Br

H,C=C’

More examples

0
HeC ~ Y—OH
c=¢
H H,C-OH

(E)-3-Methyl-1,3-pentadiene (E)-1-Bromo-2-isopropyl1,3-butadiene (2)-2-Hydroxymethyl2-butenoic

CH; ClI
Hy 7 °7 Hyp
g-HsC—C -C=C—C -OH

b-CHsOCH=C(CN)CH,NH,

Low CH, ClI High
cC—c¢C
High CH;—CH, CH,OH Low
(E)

High CH5=0 CN High
C——C

Low H CH>—NH; Low
(Z)

acid

JE&Z s o

‘sl
-a
Low CHj CH,0H Low
C—¢C
High CH3—C/Hz Cl High
(Z)
-b
Low H CN High
C—c¢C
High CH5—-0 CH;—NH; Low
(E)
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H OH

heat

A 5 A o) Al S8 e Y sl (oS5 (-OH) S 5l Ao sana 353 0 Y pall) i
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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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R R

R R KMnO || R R’
>C=C< ———% , |R—C—C—H| — >c=0 +|0=c{
R H (warm, coned.) | | R/ \H
OH OH
glycol ketone aldehyde
(stable) (oxidizable)
R
o=c{
OH
acid
SIS s Je i) S
~“OH
s W, + MnQO, |
2
H H H H
H \ <‘ H ()\ /() OH OH
@) @) cis-glycol
D :Mn ;
\M< AN (49%)
7\ v ®
0) (O}
concerted formation of manganate ester
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0504, HEC’Q —OH
—h—
or KMnQ,4, "OH —+—0OH




Osmium Tetroxide Hydroxylation

H (

\ H o 0
0/ )71
g 7\
7\
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Ozonolysis

+ 050,

H H
OH OH

(AR ';j|‘\g'nl

(65%)

Q}j}Y\ :\.Lu.n\}i SV

Ozone (0O5) also cleaves double bonds, but this milder reagent gives aldehyde and ketones as the products.

ozonide

© 2013 Pearson Education. i

e
H

0 R
R\ / \ / (CH,),S
C C et
2N
R )

R R
\C—O + O—C/
z X

R H
ketone aldehyde

The intermediate ozonide reacts with reducing agents like dimethyl sulfide to produce DMSO and the carbonyl

products.
ety ~T0)
Il : O — | 10
c\ /£ s LI
I\ e / O

molozonide
(primary ozonide)

02013 Passcn Edussecn Inc
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| ozonide
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(1)0,

/\\/’/f\\/\\/\\ - -CH.C ) "HC(
m CH,CH,CHO + CH,(CH,),CHO

(65%)

non-3-ene

{]Jl]
{HCH )»5

©2013 Pearson Educaion, ino

Dimerization and Polymerization of Alkenes

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.

CHs

CHa >\, +/®#CH CH; CH,
H2(3=<CH - He——cHy — 1 s pc—fon, |+
3 CHy CH; CH,

Polyisobutylene H5C

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

are formed.
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H—C=C—H

acetylene (ethyne), C,H,

Sio Gl e R punal) il s oLy Y gh LY A Al 3l Lga 53
u\.\.ﬁﬁu‘}” U)S:‘J U}"J&‘ &L\JJ e EJLL}.} \A‘)Lg_m.\\j Lg_\\:\lc &“_11;)3 J\JJB LA,)\} JS:N\J u.l).\.d\
(558 Cinany il Aladll 32 ) s (o) Aaitond) (o B jlgmil s Sle Am 3 L) eyl

LSV LSyl 8 (Ju
LS dsand
ol Cua Lgale Gadati QLS daut 2o ) 8 i

AEN o ja¥l le (5 5 Alues Joh a3 -]
AN & U S B (e a1 -2
@2V Jabodll s & 5 8l e -3
ALl o g3 3 YN e iy -4

H

2
H;C——C—=CH H3C——C —C—=CH H3C c=—c CHs5

1-propyne

1-butyne 2-butyne

can use just propyne

- = Hy  Hp —
HoC——C=CH  y,c—Cc—c —c=c—-=cH,

/

H3C_H2C_CH2

2-hexyne

1-hexyne

H H

2 2
HyC——C —C==C——C —CHj

3-hexyne
More examples



(|3H3 _CHs
/C H3C
HaC CH F ’ \ cl
N7 NHAS J/
c c H,C——=——=——CH—_H
H, | o
Br CHs
HsC
4-bromo-5-methyl-2-heptyne
CHs
6-chloro-7,7-dimethyl-5-phenyl-3-octyne
A LSl e
hc ch\CH CHj,
\C/CHB |
ch/ \ CH
CH,—C=—=C——CH, 7N
| CHs /C CH,
c/ Br Z | Hc==c—C~__ -CHj,
- ~. | “CH,
He” \ CH HC g
CHs CHs
Br
= Z

-ty Lads Acidity alkynes
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®
H,CH,CC=C—H + A8 » H—C=—=C—Ag * 112H,

@ .
H3CC:C—CH3 + Ag —_— NO . Reaction

((1-butyne))
el sl Gamy s (oadall a5 hned) dase dag ol) DI e s 50 2SS ey

clistY) ywaal Preparation of alkynes

gl KOH daud g3 Co sl Al S e ca Cn g otgd) il o -]

Br
KOH _
CH;CH;—C——CH; ——— (CH;CH,—C==cH T CH;C—=C——CH;
Br
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NH NaNH
CH==cH + NaNH, — > » cH=cNa SHCHBL c\—ccpcn, 2%
. . (RX) NH,
sodium amide
- CH,CH,CH,CI
H3CHo,CH,C——C=———=CCH,CH; = 5% NaC==CCH,CHj
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Halogenation—Addition of Halogen

MECHANISM 11.2

Addition of X; to an Alkyne —Halogenation

FPart [1] Addition of X; to form a trans dihalide

iw .1.
:[I:‘:I lgl:
. 1] il z CHy G
CHy;-C=C-CHy - :C C. - =0
s CH, CH, {:I tl iy

frans dihalide

nucleophile —:C1:
bridged halanium ion

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

CHal 2B - icr: 4] 1z : 01
'y 3] ! |
D=0 * CHar C=Con, B * CHy=C—C=CH,
/ \ slow 2 /I L . o
I CH, 1l CHy #oE:
nucleophile if.';l: tetrahalide

bridged halonium ion

Two bonds are broken and two are formed in Step [1] to
generate a bridged halonium ion. This strained three-
membered nng 15 highly unstable, making it amenable to
apening of the ring in the second step

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

Electrophilic addition of Cl" in Step [3] forms the bridged
halonium ion ring, which is opened with CI™ to form the
tetrahalide in Step [4].

H-X 4éua) -2
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2
—C —C— > H, | Cl
HC—C —¢C : HsC——C —C H
+
H
H
clH
H |
HsC—C —<|: H
cl H

48 ok )l LY ae o8 Jlad)
3-hexyne I HBr (iasla (e (i ja 4dlial 2ie Jeldil) 48501800 o il i (o
waala 3 g2 g slall ALl -3
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

R-C=C-R e o=c — ¢~ R
5% |y on H H
HgSO ' ks

9=t less stable enol ketone

H.0O has been added.
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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
H.O
CH;~C=C~-CH, >
H,SO,
H,O
H-CsC~CH; ——»
& I'{:;SOJ
HgSO,

Markovnikov addition of H,0

ketones

/\
H H
methyl ketone

Tl )il Y a8 s5Sl  Jsats g3 a8 S oy Can
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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| C/
2 -« — N
/ T \O¥H b 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.



MECHANISM 11.3

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

Ne: (1] L & | i .
C=C — —=C-C —p (G + Hzo:
\ L = N
‘J OH H 'QH H .QH
/
H-\QHg two resonance structures
A

Step [2] Deprotonation of the OH group

|/ (2] |/ 2
) —¢ G THO
— Q"’H HzO: = Q:



Q 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 H40") forms an sp
CH;—C=C-CH; *  C=C-CHy + HyOe hybridized vinyl carbocation.
2-butyne CH,

winyl carbocalion

Steps [2] and [3] Nucleophilic attack of H;0 and loss of a proton

H:_._[;l: _H ] is L
B T T Mo 0 i Nucleophilic attack of H;0 o the
; T e Y 13 il 3 carbocation followead by loss of a proton
CH, CHy CH, ¢ CHy  CHy forms the enol.
I anl
nucleaphilic attack loss of a proton
Steps [4] and [5] Tautomerization
™, Tautomerization of the enol to the keto
JH-OH, form occurs by protonation of the double
u . H GBH o ?. N heti H fﬁ'" bond 11:; Tarm: carbocation. Lnss_qfa
c=¢ = CHy~C-C = CHy=G—C - = CHy—G—C proton from this resonance-stabilized
CHI cH [4] | # CH H CH N CH carbocahon ganerates the mora stabla
g | s E o kito form,
anol Wi FESDNANGCE Sinactures ketone
H,O"
protonation deprotonation

S 5 ) 5 G505 woM e SIS Je s
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(clushy)
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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 I

oy /C\

BHq R‘\ /’R HQOE' HO' R\

/
R-C=C-R —— C=C » C=C < 20 C R | H,0O is added.
/ \ / \ /\
B H BH, s H OH 4 H H
| |
organoborane anol
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,0 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.

]
CH4 CH, ~
Internal alkyne - Uk o 4 —'LHE“ i
CHy=C=C—CHs o or =& ° AWRLL
atda, i ¥ 1
H OH H H
enol
CH H 0
. (1] BH, X/ Gy, G,
Terminal alkyne  CH,-C=C—H [E]H{;‘ = C=C - - C H aldehyde
20, ;N £\
H OH H H
enol 4

The OH group is bonded to
the less substituted C.



Diels-Alder Reaction
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H O
R proton R
R\ H o+ \,L transfer \N,\'
H H
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R H

azomethen ion
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H R
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OH

new C—C bond
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« Acetylide anions are strong nucleophiles that open epoxide
rings by an Sy2 mechanism.

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

Su2
~0 backside attack H 0 H OH
T Hal Vi H.0 Hal /
. . “e—¢,, —— “e—d,
PR S / \NH / \“H
H \ H » H C H
I & i
=:C=C—H C
o H new C—C bond
less substituted C
r _
0+ (] rH HO ;H
/ \"/ N ZaH H,O \ SaH
CH ..-"C_fc ''''' H —— ..,-."‘c 'C —_— H.C Cr
cﬁf \H CH3'/ \ CH3'd AN
3 I'.| CHE E._:\h CHq ,."III %‘
~iC=C—H Q (— G

H new C-Cbond  H
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Steric hindrance prevents an Sy2 reaction. The acetylide anion acts as a base instead.
\
\\ » \
\\ C|H3 T ~:C=C—H CHjy
L SR \
CH, (Ij CH, > C=CH, + H-C=C-H + Br
- Br C}'i;
2-bromo-2-methylpropane E2 product

3° alkyl halide



Alkyl Halide — JsSh) i
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CH,
C | C
2 Cl 2
W I 4
CH3CH2_C—‘_C| H?'C_(I:_Cl HgC'__C'__C|
H CH, CHs
Chloropropane 2-Chloropropane 2-Chloro-2-methy! propane
(Propyl chloride) (Isopropyl chloride) (tert-Butyl chloride)
(1° halide) (2° halide) (30 halide)

vinyl halide ' 48L=YL
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H R C R
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H Vinyl Group
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Benzylbromide

4-Chlorobenzylbromide

S aLayy

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

R—™C—R

gem-Dichloride

Cl

Cl

Cl

Cl

R—‘(ll——C—R
R R
vic-Dichloride
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CH5;CH,CI
Ethylchloride

[ -

Cyclopentyliodide

X CH;CHBrCH,
lsopropylbromide

CH5CHBr,
Ethylidene dibromide

1

S Qi Jy

: (CH;);CCI
t-Butylchloride
Br
Cl
2-Bromo 4-chlorobenzene



IUPAC 4l dsandl)

prefix—parent—suffix.

how many branching , ‘ h
groups are present. | \
how many carbons are \\
in the longest chain. \
name of the family.
Br Br  ClICH
4 3 21 5 4 3 2 1 | 7
CH,CH,CH,CH,-C CH3CH,CHzC—CHs  CH3CH,CHCH,CHCHCH;
Els 776 °5 4 73 21
r
IChicrobutans 2.2-Dibromopentane 5-Bromo-3-chloro-2-methylheptane
Br
. Hs;C
6-bromo-3,4-dimethyl-1-cyclohexene CHs
Jou
CH;

2-methyl-3-bromobicyclo [4,3,0] nonane
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1-From Alcohol

SOCI2
pyridine or TEA(EtBN; R-C|

or ZnClI2, 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 > 2X
or heat
2- Propagation step:

R-H + X —™® HCl + R

R + XX ——— R-X + 1’;;
3- Termination step:

>‘( - D:I e X,

R+ R — o o

R + X —_— R-X



Allylic Bromination

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

B — B > 2

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

I I |
C C
A I | |
allylic radical

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

C C +
e .-"-';"-'CH"-".,.--” T 'f’fc‘h‘:".:- e t 'B.II_B.I' “""C"“'{-’ H‘"‘C"'/ A \C"f -::‘q"-‘c.-r""'
C C o C C | PN . |

| [ B H
allylic shift
Chverall reaction
™, v , Y .
Cc=C + Br, % c=C + HBr
& S - e M
- i~
H Br
an allylic hydrogen an allylic bromide

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

> RLCH—CH,

Markonikov Rule
R-CH=CH, + HX X H
Peroxide ' .
R—?H_?Hz anti-Markonik ov
(ROOR) H X Rule
4- Frome Alkyne

lil xX
i |
H X
X X
2 X, |
et 71
X xX

i

“Br



Qustion

Complete the following equations

I- CHy-CH; + C, ——— 3 -

CHB-CH:CHE L ———————————

3- CHy;-CH=CH, —Hd » W —cooomeee

Peroxide
4 CH,; + Cl —hy e s ' Give mechanism’

I
1
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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.

e lil) Tamall 8 liany e i) DS 5 Cada Jelil Lyl Lail 5 i 240 1S5 bl Jelis Jaxi Y JSIY) cllla
Ay 32018 sl Al ) (San Sl alaaa Fale o ) gy Lae il (a3all 5 ALY (plelidll SIS Wl
aaiionall JIY) alla Aade s Jelidl) Cag ke aaiay ALaal) o) Cadall Jelii Jaai

Nucleophilic Substitution (SN) Reactions

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

/7N
iu+—{|3/t( ‘

» ——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. “

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

Formation of carboncation (cabcation).

.. Fast step “Formation of product”.

(b) Vo] e /

—C----Nu C—Nu + Nu—C—

/ / \

i s two molecules
Nu has two possibilities Transition State (T.S); mirror image to each other
for attact (Racemaic mixture)



Example:.

HSC\ _ (|:H3 e H3C CH3
{ -Br @ OH
H;C—C—Br —— _CI__ ——» H,C—C—OH + HO—C—CHj;
HsC CHs
H,5C H4C CHs

Racemic Mixture

3- Substrate..

; 1
CH;-X R-CH,-X R-CH-X R-C-X
Methyl substrate 17 substrate 2" substrate 30 sullistra[e

30520 > 10> methyl

ilaade
A1) 8, e Adlide asalane da ) Jan 31 5 S0 53

L& a5 CIOCK WIS  (cnad) s) deludl o jie slatly el abaiiivaall ¢ guall ) 55 3ale 4l Sl LS al)
R et L + 30l

counter CloCKWiSeiclul ¢ jie (e slatly aladivsdll ¢ guiall 55 3 LS

S st bty — Sl el San (Ul s )

@hﬁ\‘éﬁhﬁdﬁi‘ﬁ\ S i) u.u.ﬁ?.gi g\ﬁﬁ@j&yjjgbm%\)ﬁqj
A gl

50% Opadll 536 guall )52 (Al (G gudall e 3V () 5S5 Ladie gapaal HlI S )l
50% bl s ¢ puall s (A Jgaall e g 50V S pall A

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

L - S —_— +
OH + /C Cl — |HO /c\\ cl HO""HC\\ X
H ‘ H H H
H H
Substrate Product

(R) (S)

Steric hindrance ——— T Rate of SN?

RE0S o clsmd o) i gl Aladll b i3 il (25l 35l (3 il & g0m anl

Snl e Yu SN2 sai e lial anl LS L)l ddle Y1 el LalS JasS LS

3- Substrate:.

Ff j
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'/le\/ /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.

Y=g KOH
R-CH,-c=cR' R E=C-Na — = RCH, OH
Internal alkyne Alcohol
NaN NaOR
RCH,; N; <—— > RCH,OR
i i Ether
Primary azide
a —— R-CH,—X —
NaNH : KCN
RCH,NH, <«—0| Ayl halsie » RCH,CN
Primary amine e Nitrile
RNH, R'CO,Na
RCH,NHR 2 B0 ReH, COR
Secondary amine Ester
Lal
R,-SH + Base

RCH;-X —» RCH,SR;

R ;= aliphatic or aromatic



Hy
R,NHR, _C__ _Ry
RCHyX —— R N

o) R,

O
)k c:
C
R4 N/ \R
or \

R NH,

(@]
)J\ c:
C
R; N R
H

R = aliphatic or aromatic
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Benzene Benzaldehyde Methyl salicylate
(in oil of almonds) (in oil of wintergreen)
o} o Q
H HO Y
OCH;4 OCH; O}\
Eugenol Cinnamaldehyde Vanillin Acetylsalicylic acid
(in oil of cloves) (in oil of cinnamon) (in oil of vanilla) (aspirin)

i)

S el (Ala S je e ol (il 5 Aila g V) LS jall Clla o) aa) 488 5 (p Hll ey

Eora¥l sk 5 5p2 s Gayull A s (agSsed sie gual ) A3 5 An 93 Ja sl 5l 4526 e

A 50 3all o W) g 03 jdall o el dad (G (A el 038 5 8 1S .39 (5 sba Ll 2 5 0 50l

resonance Ol e @l g o s5alSH 1,53 o8 QA1 3 1.34 o pa¥) Jsha S (B 8 Cus
5 il Akl alad) JS)

1 1 1

& fy 6 7 N2 6 2 6 2
se \ (T —J O
b@ ' 3 4 4
Q
C

&' Two equivalent structures, which
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 4ila g 24 JS g2 5218

(s Y e g (Slag ¥ S el G Saatll Sy saclall s aladtuly

Huckel’s Rule  4n+2= 1 electrons

38 (s () mmaa e (g ludin Aad (5SS ) g (e g Sl (580 (S
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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 example, 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 Apanst (0 3l il iand]

Methylbenzene is usually called toluene, hydroxybenzene is almost always called phenol,
and aminobenzene is almost always called aniline. These and other examples are indicated
here:

. H H.. H
CH, :07 N
Toluene Phenol Aniline
.. -CHj
SO,H Jo} ‘0" :07
OH

Benzenesulfonic acid Benzoic acid Acetophenone Anisole



® 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 Br
Br
1,2-Dibromobenzene 1,3-Dibromobenzene 1,4-Dibromobenzene

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

and for the nitrobenzoic acids

O 0] O
@\)I\OH 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 CH3 CH3
CH, : H,C

CH;
1,2-Dimethylbenzene 1,3-Dimethylbenzene 1,4-Dimethylbenzene
(o-xylene) (m-xylene) (b-xylene)



* 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
e 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) &l S jall o

g Q @ © é

Gl edlelds
e O Jsin Y esoll @e ol Jelds ua CLSIVIAG) jla ity 3l Jeldhy Y dale o) uca
sl i s ¥ )

Br
@ ;Br2: C[
Br
b de sana 5o )3 (s g 2y Cua substitution reaction dlaic) Jelds ¢y 3l Jasy Ll
A o e Jeldill Jay o) S delaill 1 &1L () s e g ouedl @l )2

ainlel) Jelds -]
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https://en.wikipedia.org/wiki/Electrophilic_aromatic_substitution

Cl

FeCl,
@ v CL o - HCI
Br
O - w o @ -

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

Jeldll jeat e deliy dua (o sl (mada)FeCly  Jie ae bl Jalall Jany

Jeliall o 531 (a5 I

LA.A-I\j

-

cl o o Cl
CHCl + Fé-Cl ——= Cl—Cl-—-F¢—Cl
Cl Cl
m@---Te—a >
Cl Cl
H

G50 O (pa e (05808 52 JS) (0 5S5al p s s 3

& ] H\"'\-\ \“‘-\,\
LR e~ |=> @
Cl 1 5 Cl

Cl

+  FeCl; +HCI

cl Cl

H chlorobenzene

FeC14


https://en.wikipedia.org/wiki/Electrophilic_aromatic_substitution
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(0]
|
H,SO, g
+ HNO3 conc.

conc.

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

NO,
@ + HNO; —220s, G/ + HO

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_-_- _--ﬁ\ ™ H
HO—NO, + H—O0S0;H == HO;NO, = 'NO, + H, 0
nitric acid - nitronium ion
+ HSOj;

The mechanism for nitration is the same as the mechanisms described in Section 7.

mechanism for nitration

F
+ B
— i NO,
©+TU:=©L]\D]_‘©/ + HB™

* The electrophile attaches to the benzene ring.

* A base (:B) from the reaction mixture (for example, H>0, HSO4 , or solvent)
removes a proton from the carbocation intermediate, thereby reforming the
aromatic ring.



SULFONATION OF BENZENE

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

SOH
O + HSO;, = O/ + HO

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.

NN H 2
HQ—SO,H + H-O0SOH == H%}-SO,H = 'SOH + H,O:
sulfuric acid sulfonium ion

+ HSO;

The mechanism for sulfonation is the same as the other mechanisms we have seen for
electrophilic aromatic substitution.

mechanism for sulfonation

H B
. SO]H
(j:\'so,u o QLSOAH — O/ + HB*

* 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.



FRIEDEL-CRAFTS ACYLATION
OF BENZENE

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

(8]

¢

R/ ", 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
| -~
@ + L LR C]/ R 4 Ha
R™ ~al

an acyl chloride

Friedel-Crafts acylation
| |

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

(8]
/(!.‘ +/AICI_‘ — R—-g=0: + ~AICI,
R™ S¢h—
an acyl chloride an acylium ion

The mechanism for Friedel-Crafts acylation is shown below.

mechanism for Friedel-Crafts acylation

o

0
N
s W H d
~
e = (P

* 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
|

| Alcl el
O *merCha — L, i




Friedel-Crafts alkylation places an alkyl group on a benzene ring.

Friedel-Crafts alkylation|
R
@ + ra A, @’ + 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.

T,
RLEE/4 AICL, — RT + -AIC,
an alkyl halide a carbocation

The mechanism for Friedel-Crafts alkylation is shown below.

mechanism for Friedel-Crafts alkylation

T
+ H +E R
Ej?m — OLR — Q/ + HB

* The electrophile (R") attaches to the 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 i, <l (Jlagul) Gy s Jelis Jelity o 3l o)) geaial 5l (s sl
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relative rates of electrophilic substitution

Z

2z i

R P

Z donates electrons T s | ) | s Y withdraws electrons
into the benzenering| L 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.

Call s

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 n 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.
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Electron withdrawing groups (EWG) with & bonds to electronegative
atoms (e.g. -C=0, -NO,) adjacent to the n 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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- || - A || — =
P A -
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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 o 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 F H" substituent withdraws TN H3
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 hvdrogen, it will draw the o 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.

Donating and Withdrawing Electrons by Resonance

It 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

,C’:'GCH_:, +OCH;4 +OCH; (jiiCH; :0CH;

G A

35 O~



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

5 ":, Of =5 o =5 O e = .
O O O O O\+/O O\*/O

G- @~

CH,

0,p C
Ny, F s Br
. . e -~ EBr
substituents reanforce 2 ;
each other Fe
NO

NO, m
OH o,p OH
strongest activator . - Br, Br
controls =
- -, Fe

CH, o,p CH,

CH; o,p CH,
tivating effects similar, but S -~ HINO. NO,
enic effects favour ortho to -
£ smaller methyl group o~ -, Hy50,

C(CH3); o,p CICHy),

Ay e alia)



Relative Reactivity of Substituted Benzenes

The substituents shown in Table | 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.

0O

Lo

OH NH, OCR Br:
O O O B

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

Aromauciny

("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.

3 39 .

I O Ol i O
0]



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

Electrophilic Substitution

Activating substituents
A

Standard of comparison —>

Deactivating substituents

+

_NH_'.;
+

—NHR,

Most activating
—NH, q
—NHR
—NR,
—OH
—OR

i

—COH
n-Ej-l
—gfl
—C=N:
—SO;H
—NH,R
N
_NRq
_NDE

Most deactivating

Strongly
" activating
Moderately
" activating
J Ortho/para
We-akl_\. " directing
activating
Weakly
~ deactivating
Moderately
' deactivating
- Meta directing
Strongly
" deactivating




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
+ ¥ — 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 positions, or it will direct an incom-
ing substituent to the meta position. All activating substituents 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:

1. All activating substituents direct an incoming electrophile to the ortho and para
positions.
CH; CH, CH,
Br
FeBrs
+ Br, — +
toluene o-bromotoluene

Br
p-bromotoluene

2. The weakly deactivating halogens also direct an incoming electrophile to the
ortho and para positions.

Br

FEEI_:;
+Cp, — "

bromobenzene o-bromochlorobenzene 1

p-bromechlorobenzene



Aromarticity

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

0] O
’ I
O/ “CH, + HNO, Hy50, \CH3
acetophenone NO,
m-nitroa;etophenone
NO, NO,

FeBr;
+ Br, —
Br

nitrobenzene .
m-bromonitrobenzene

To understand why a substituent directs 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 carbocation, 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 contain 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.



:0CH; :0CH, :0CH,4

. Y Y e
ortho
H — H — H —
+ +

relatively stable

:0CH; :0CH; :0CH, :0CH,

meta + +

H
OCH; OCH-;. DCH; 0CH3
para I: j [ J; ] [{ ] [ J

anisole

r&rlatmrelyr stable

When the substituent is an alkyl group, the resonance contributors that are high-
lighted in Figure 4 are the most stable. In those contributors, the alkyl group is at-
tached directly to the positively charged carbon and can stabilize it by inductive
electron donation. A relatively stable resonance 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
orte H — H — H
Iy + +

maost stable

CH, CH, CH,
+ meta — ! — N
—_—
i Y Y Y
T H H H
CH] CH3 CH'J.
— —
- -

H,

toluene



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
most 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,4 NH; NH,;
Y
ortho
H H ; H
+ +
least stable
+ + +
NH] NH; 3 3

protonated
aniline

+ + +
NH, NH, NH,
— —

+ +
H Y H Y H Y

least stable

s A alial

SO.H SO.H

H2504 Br_z
A FEET;
Br

m-bramobenzenesulfonic acid

Br Br Br
S0;H
O Br, H,50,
—_— — " -
FeBr; A

SO.H o-bromobenzenesulfonic
3

acid
p-bromobenzenesulfonic
acid
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The Effect of Substituents Group on Reactivity
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relative rates of electrophilic substitution
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Z donates electrons T s | ) | s Y withdraws electrons
into the benzenering| L 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.

Eaall il

Inductive effect :the effects are those that occur through the ¢ 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 o electrons are drawn away from the arene.

RESONANCE: effects are those that occur through the n 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.
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Electron withdrawing groups (EWG) with = bonds to electronegative
atoms (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 o 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 F H" substituent withdraws TN H3
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 hvdrogen, it will draw the o 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.

Donating and Withdrawing Electrons by Resonance

It 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

,C’:'GCH_:, +OCH;4 +OCH; (jiiCH; :0CH;

G A

35 O~



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

N\ -
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controls *
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Relative Reactivity of Substituted Benzenes

The substituents shown in Table | 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.

0O

Lo

OH NH, OCR Br:
O O O B

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

Aromauciny

("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.

3 39 .
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Table 1 The Effects of Substituents on the Reactivity of a Benzene Ring toward

Electrophilic Substitution

Activating substituents Most activating
1 —NH, ] ]
\1
;HR Strongly
___RZ " activating
—OR ]
C") =
—NHCR Moderately
C") " activating
—0OCR J Ortho/para
- Weakly - directi
= i activating SHECEING
Standard of comparison — —H
Deactivating substituents
—F ]
—Cl: Weakly
—ir: ~ deactivating
—I: | B
!-":E.- m =
I
—CH
;qu-
I
—CR
'ﬁ) Moderately
—COR - deactivating
.Ej-
. gDH - Meta directing
.':ﬁr
—CCl i
—C=N: i
—S0;H
+ : r
—NH, — NH.R L Strnn.gly .
+ + deactivating
—NHR, —NR;
Y _NDE

Most deactivating




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
+ ¥ — 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 positions, or it will direct an incom-
ing substituent to the meta position. All activating substituents 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:

1. All activating substituents direct an incoming electrophile to the ortho and para
positions.
CH; CH, CH,
Br
FeBrs
+ Br, — +
toluene o-bromotoluene

Br
p-bromotoluene

2. The weakly deactivating halogens also direct an incoming electrophile to the
ortho and para positions.

Br

FEEI_:;
+Cp, — "

bromobenzene o-bromochlorobenzene 1

p-bromechlorobenzene



Aromaticty

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

O O
! I
>
O/ \CH3 5 HNO.‘ H2504' CH3
acetophenone NO,
m-nitroacetophenone
NO, NO,

FeBr;
+ Br: e —

Br

nitrobenzene .
m-bromonitrobenzene

To understand why a substituent directs 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 carbocation, 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 contain 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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When the substituent is an alkyl group, the resonance contributors that are high-
lighted in Figure 4 are the most stable. In those contributors, the alkyl group is at-
tached directly to the positively charged carbon and can stabilize it by inductive
electron donation. A relatively stable resonance 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
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Iy + +

maost stable

CH, CH, CH,
+ meta — ! — N
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i Y Y Y
T H H H
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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
most 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,4 NH; NH,;
Y
ortho
H H ; H
+ +
least stable
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NH] NH; 3 3

protonated
aniline
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NH, NH, NH,
— —
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least stable
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