Chapter-1
Bonding and Isomerism

TR UECR RS
Organic chemistry is the chemistry of carbon compounds.

Chemical Bonding

lonic Bonding Covalent Bonding
Na-"+ Cl: —= Na* +:Cl H-+H- — H:H + heat
- hiarin dis Il 1 E:‘-l!.""i' |':\iEI'-'"'.!".
sodiur i L 5 num =] L

atoms !}1":['-.'!5:.'




Carbon and the Covalent Bond

i
H* E:i H or
H
methane

LGl
*Cl* CiCl:
:(;1:

Cl

Cl

tetrachloromethane
(carbon tetrachloride)

|
or Cl— (|T1__—Cl

Polar Covalent Bonds

O+ o

or H :(.3.1:

e
C—Cl
C—Br

or
‘+—
H—O
H—S$




Carbon—Carbon Single and Multiple Covalent Bonds

‘f Pll H_ H

H—C—C—H C=(/ H—C=C—H
| | P4 N
ethane ethene ethyne

(ethylene) (acetylene)

Isomerism

Molecules that have the same kinds and numbers of atoms but different
arrangements are called isomers.

Ty T
H«—t‘_—(l‘—n—H and H——("_—u—(l'-—H
I I

H H H H
ethanol methoxymethane
(ethyl alcohol) (dimethyl ether)

bp 78.5°C bp —23.6°C
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Sticky Note
مركبات لها نفس الصيغة الجزيئية تختلف عن بعضها البعض في الصيغة البنائية بالنهاية يكون لها صفات فيزيائية وكيميائية مختلفة 
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Condensed formula Line angle formula Three dimensional formul
1. Condensed formula
‘I':H,
CH,CH,CH,CH,CH CH;CHCH,CH, CHJ—ll:—CH;

CH, CH,

Sometimes (neae formulas are abbreviated even further. For example. they can be
printed on a single line in the following ways:

CHJEHJCH,  [CHCHCH,CH:,  [CHY)C

2. Line angle Formula )\/ ‘
& 2NN

-'.'-I".['I‘.l:!&‘ ]\l‘!_".,‘l”.':l'\\ neopentane
ST AR
3. Three dimensional formula
L
Bond behind the plane of the paper
H Bond in the same plane of the paper CH3
. H S CH,
\\\\ o \\\\
H\\ 109.5 H3C\\
H Bond out of the plane of the paper H,C
methane 2.2-dimethylpropane

Neopentane
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حرف n  هو نورمل اي ان المركب عصوي بدون تفرعات


Formal Charge
Formal charge = valence es — % bonding es — unshared es

H—O—H +H* — |H—O—H

ST TR
Resonance Structures

They are equivalent structures for the same molecule and differ from one
another only in the arrangement of the electrons.

" Oi gio ZO*\_
- [ L] - \\‘ e - \“
C=0: =—r L) ——» Gt}
E 8 - A o
.lel- .l(-)\ .IOI.
three equivalent structures tor the carbonate 1on
0O = S
e,
C==0
&~

carbonate won

resonance hybrid




Classification According to Functional Group

A, Functional groups

that are a part of the —C—C— alkane CHy—CH,
molecular framework J
= alkene CH;=CH;
—Cam(-— alkyhe HC==CH

)" '.I- |
£ ) arfne O &

B. Functional groups

containing oxygen
1. With carbon-oxygen |
single bonds —C—0H alzohal CH3CH;0H
— e ethur CH;CH-OCHCHy
4 {cortintied)

(1] ?
<—C—Qy- ketone CH:CO4s
[0}
3, With single and —C—OH carbonylic (:H-g—Oﬂ
double carbon-oxygen acid
bonds
“ §
—(=0—{— ester CHyC—OCHCH,y
|
C. Functional groups —C—NH- primiary CH5CH;NH;
containing nitrogen** | amine
—Cmmi nitrile CHy=CH—C=N

15 feontinued)
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Class of Specific

Structure compound example
j 1
D. Functional group with —C—nH, primary H—C—NH,
oxygen and nitrogen amide
E. Functional group with —X alkyl oraryl  CH.CI
halogen halide i
|
F. Functional groups —pe thiol (also CH3SH
containing sulfur’ | called
mercaptan)
e thicether  (CH,=CHCH,),S
| | (also called
sulfide)




Chapter-2
Alkanes and Cycloalkanes;
Conformational and Geometric
Isomerism

TR Y
The Structures of Alkanes

ethane

H—C—C—H or CH,CH,




prepane . "w

H H H
H— é = (I:_ é_ H or CH,CH,CH,
] [
H H H
EEECTECTTTT TN AR

=¥ or  CH,CH,CH.CH,

i
|
T—0—=
l
I .
|

T—0
|
T —




Number of  Molecular Number of

Name carbons formula Structural formula  structural isomers
methane 1 CH, CH. 1
ethane 2 C.Hs CHsCH, 1
propane ] CiHg CHsCH.CH4 1
butane 4 CiHyo CHCH,CH,CH, 2
pentane 5 CsHy2 CH;(CH,):CH4 3
hexane 6 CeHua CH,(CH,),CH. 5
heptane 7 CoHye CHs(CH,)sCH 9
octane 8 CsHis CH3(CH;),CH4 18
nonane 9 CoHzg CH3(CH;),CH4 35
decane 10 CioHzz CH3(CH2)aCH3 75
EEEOEEETTTTTTENIN AR
Structural isomers of butane
——
CHs
CH;(‘H;CH;C@; CH3;CHCH3

e P

butane 2-methylpropane

Total # of isomers of butane = 2
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Structural isomers of pentane (C;H,,)

S g

pentane 2-methylbutane neopentane

/’\\/\/)\/\

hexane 2-methylpentanel;

T

2 3-dimethylbutane

2.2-dimethylbutane 3-methylpentane

Total # of isomers of hexane = 5




Nomenclature of Organic Compounds

IUPAC! names Common names

internationally recognized systems names that were usually based on source or
of nomenclature use of compounds.

O H

acetylsalicylic acid (IUPAC name)
aspirin (common name)

HUPAC is the abbreviation of International Union of Pure and Applied Chemistry

ST AR
IUPAC Rules for Naming Alkanes

Names of alkyl halogen substituents

CH, — CH;—

methane methvl

CHy;CH; — CH;CH,—

ethane ethyl
CH}(‘H:CH:_
n-propyl
CH;CH,CH; s
propane
CH;CHCH;

1sopropyl




CH;CH,CH,CH,—
CH,CH-CH,CH, i
butane
CH;CH,CHCH;
sec-butyl
CH;3
CH: CH;CHCH,—
isobutyl
CH,CHCH,
2-methylpropane CHa
(1sobutane)
CH,CCH,
ter-buty|
ST
Halogen substituents are named by changing the -ine ending of the element to -o.
— Cl— Br— [—
fluoro- chloro- bromo- iodo-

2, 4-dimethylheptane

6-isopropyl-2.2-dimethylnonane

The only prefix that is used when putting substituents in alphabetical order is "iso".
The prefixes sec- and tert- are not used in determining alphabetical order.
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Physical Properties of Alkanes

b
0 Alkanes are insoluble in water.

(0 Alkanes have lower boiling points for a given molecular weight than most other
organic compounds.

| X ‘}V
oS A4 % p
 2din Y

van der Waals attractions between alkanes molecules H-bonding between water molecules

Name Formula Bolling

5] point, "C
z pentane CH,CH,CH,CHCH, 36
2
E 2.methylbutane  CH,CHCH,CH, 28
= (isopentane) |
4 CH,

1 234567895100 2.2-dimt’ﬂ1}’|- CH] 10

Number of carbon atoms  propane |

(neopentane) CH,— (I:_CH]
CH,

Pentane, isopentane and neopentane are isomers because they have the same molecular formula (CsH,5)




I
/C;"; CH,
H:,C CH:’
)
i i
[ & G
\"'\“ CH, & '{“ CH,

H,C CH, HC CH,

2,2-dimethylpropane
bp 10°C

CH, CH,

CH, CH,
CH, CH, ™ CH,

CH, CH,

pentane
bp36°C




Conformations of Alkanes

Conformations are stereoisomers, isomers in which the atoms are connected in the same
order but are arranged differently in space. Simply they are formed as a result of the free
rotation about the C-C single bond.

72 1 A 5o
"n/ \u" < - ‘J w7 .

eclipsed - il

! |]I|.'
|




Conformations of Butane
%
HyC CHy

W F U
HH HH

CH* 0°
|CH]

HH HH
Totally eclipsed

conformation
Dihedral angle = 0°

W€ oew,

Gauche conformalion.

Dihedral angle = 60°

120°,

HiC HH

Eclipsed
conformation
Dihedral angle = 120°

HsC

U d

H
LY
H
H CHy
CH;
180°, u H
#
H H
CH;
Anfti conformation

Dihedral angle = 180°




Cycloalkane Nomenclature and Conformation

Cycloalkanes are named by placing the prefix cyclo- before the alkane name that cor-
responds to the number of carbon atoms in the ring. The structures and names of the
first six unsubstituted cycloalkanes are as follows:

— / \\
A i T :
2 ,”/\'7 '\ \ |
\ J \ / \

f \5 \ J T~ e \\ r 4 S ¥
cyclopropane cyclobutmne cyclopentane cyclohexans cycloheptane cyclooctane
bp -32.7°C bp 12°C bp49.3°C bp 80.7°C bp 118.5°C bp 149°C

CHj, CHy CH;

CH > _CH,CH
¥ \e 3/ \a_s/

methyleyclopentane 1.2-dimethylcyclopentane 1-ethyl-2-methylcyclopentane

Conformations of cycloalkanes

H H

g

C—C—C inghe vihotunane
for planar molecule o
i i




axial

equatorial

ball-and-stick model

Axial bonds (red) in the left structure become equatorial bonds
(red) in the right structure when the ring “flips.”

cyclohexane

ST R
Cis—Trans Isomerism in Cycloalkanes




Reactions of Alkanes
1. Combustion Reaction

A. Complete combustion

CH, + 20, — CO,+ 2H,0 + heat (212.8 keal/mol)

methane

CiHyy + £0, — 4CO, + 5H,0 + heat (688.0 keal/mol)

butane

B. Incomplete combustion

CH,+0, — CH0 + HO
formaldehyde
2C;H, + 30, — 2CH,COH + 2H,0

acetic acid

ST
2. Halogenation Reaction
I

R—H + Cl—Cl 00 gl + H—Cl

R—H + Br—Br ", p_Br + HBr

heat

CH, +C—-222. cya +Ha

methane 3 chloromethane
(methyl chloride)
bp —24.2°C
a2  ana, 2. caa S cal,
dichloromethane trichloromethane tetrachloromethane
(methylene chloride) {chloroform) (carbon tetrachloride)

bp 40°C bp 61.7°C bp 76.5°C




S . ligh ot R S : 3
CH,CH,CH, + Cl, 'i't CH,CH,CH,Cl + CH,CHCH, + HCl
or hea
Cl
propans I-chloropropan 2-chloropropane
{n-propyl chloride)  (isopropyl chloride)
HX Br
o e light e
{ 0 # Br, —— { / + HBr

| S
cyclopentan bromocyclopentane

(cyclopentyl bromide)

T WA
The Free-Radical Mechanism of Halogenation

A reaction mechanism is a step-by-step description of the bond-breaking and bond-making
processes that occur when reagents react to form products.

1. Chain-initiating step

= light T .
tiatior Q@ A —2 8.+ A
5 A e nl’he.‘ll e i

.'!1"’I ine I.I-].I il . ill\ < |‘||"i me atoms
2. chain-propagating steps

[RlH L1611 — R+ + H—CI

LR+ Cl—Cl —= R—Cl + +Cl:
alkyl




3. Chain-terminating steps

J:@]-i-§|:—~tti_c1
R‘+‘*R —= R—R

RAPAQ.-— R—Cl




Chapter-3
Alkenes and alkynes: Structure
and chemical reactions

Definition Classification

Unsaturated hydrocarbons that contain a carbon—carbon double bond are called alkenes;
those with a carbon—carbon triple bond are alkynes.* Their general formulas are

(‘..,H;_ (iﬂﬂ;, g
)
PN NN NN
diene triene tetraene
C=(C=C C=C—C=C C=C—C—C=C

C=C=C=C C=C—C=C Cs=C—C—C—Cm=(C
umulated Conjugaled nonionjugatad Lisolied




Nomenclature
CHsCH3 CH>=CH, HC=CH
ethane ethene ethyne
CH,CH,CH; CH,=CHCH, HC=CCH,
propane propene Propyne

I 2 3 i | 23 i | 4 i 4
CH; =(_HLI-I (J-I: CH;CH=CHCH3; HC=CCH,CH; CH3;C=CCH;

| -butene 2-butene | -butyne

2 2-butyne
1 2 3 1 2 I : A.d 1 2 3
CH;::(;—CH\ CH:=|~ ('H\(‘Hu CH\—(l::CHCH\ CH,=C— (']"]v—(_'H;
| |
CH, CH, CH, CH,
methvlpropene 2-methyl-1-butene 2-methyl-2-bulene X-methyl-1.3-butadiene

1 2 3 4 5 ] > § 3 4 1 2 3 4
cH_.—cn:cH—(le—cu_\ CH1=(IJ—CH_‘CH. CH,=CH—CH=CH,

CH, CH.CH,
methyl-2-penten thyl 1en utadiene
L
CH, : g
] ]
~ 3k PN A~
., 2= ] i 5
~ .
B\ ] “'/ \:’4 | [
f \'.I\ _.' 3 ! % A5 2 4
I 5 S el
4 i
cyclopentens i-methyleyclopenten: L3 -cyclohexadiene 1 4-cyclohexadh

CH;=CH—
inyl i
(ethenyl) h.lllomﬂhene )

H\z("}‘i—-{ H,— CH,;=CH—CH,Cl
alivl allyl chlonde
(2- pmpemh (3-chloropropene)




TR
Cis—-Trans Isomerism in Alkenes

H H cl, H
L y N
c=C C=(
y N / . [
Cl Cl H Cl
oroethent rans-1,2-dichloroethene
H H H CH,
Sc=c C=C
F 4 LN
CH, CH, CH; H
¢l batene ’
SR AR

Addition Reactions of Alkenes

1. Addition of Halogens

CH,CH=CHCH, + Cl, — (:H,L['H—LI'HCH,

Ccl d
2-butene 2.3-dichlorobutane
bp 1-4°C bp 117-119°C

CH,=CH—CH,—CH=CH, + 2 Br, —= (EH;—(FIH—CHE—(fH—('ZHz

Br Br Br Br
| 4-pentadiene 1,2,4,5-tetrabromopentane

bp 26.0°C mp 85-86°C




2. Addition of Water

CH,=CH, + H—OH - c|tHl—(i:H2 (or CH,CH,OH)

H OH
ethanol

H
o 5 /’H HT ///\"-. / H

[ [ +H—oH =] r

F —(OH
\v/ " ‘\V/ \

B H
cyclohexene cveclohexanol
bp 83.0°C bp 161.1°C

3. Addition of Acids

CH,2CH, + H—Cl — C|H2—(|ZH1 (or CH,CH,CI)

H Cl
ethene hydrogen chloroethane
chloride (ethyl chloride)

\ <+}I—('350-,H—- A, 7

T T
H OSO,H

cyclopentene sulfuric cyclopentyl

acid hydrogen sulfate
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Mechanism of Electrophilic Addition to Alkenes
L

Reagents Br—-Br H-+Br

cl+-a H--OH

H-+H H-+-0S0,H

Alkenes CH,=CH, CH,CH==CH,

b

mirror plane not a mirror plane

ST
R R H R H
S - [ L ]
/L=C + X=¥ —>—=(C—=C— andlor —L—C—
W L 4 -
unsymmetnic l"!")"‘l”]l'i[i( N \ \ k

alkene reagent

Markovnikov’s Rule

H—OH b
...H:_- - CHJ?HCH"
S & OH
CH,CH=CH, — 2-propanal
}‘I"EIP\'I'I\'
H=08, ~p cH.CH—~OH
H* 3 2 2
1-propanal




CHsCH=CH, + H—Cl — CH,CHCH:  (CH,CH.CH,Cl)

not observed

Cl
OH
CH_‘(l",ZCH; + H—-tll{{ €. o8 CH_\(l",CH_‘ (CH;(EHCH_-OH)
CH,4 CH, CH,
CH, CH, I CH,
/
) T - / .\n [ ? Il'\
‘f\\ HH=1 O

" i
- ,

E¥ + :Nu~ — E:Nu

electrophile  nucleophile

H
' K ol ol
H*+ 0=C. — C—C
NN TN
carbocation
f|1 H
v | &
é o
£=C. + Npif — L—c™
_.l .\ /




:l
! - l?
. & + OSOH
H*4+ JC=C, &= C— = c—c= (3.20)
7 N 4 N 4 1 .
P 0S0.H
“_53_ H &
- £—C7 — ,J—'CV +H?
1 - |+ l .
MO T
H H H
Explanation of Markovnikov’s Rule
ad - CH,CHCH,
isoprog vl cation
CH,—CH=CH, —H— |
s wdds to C-2 - C-Ho-p overlap
#—— CH,CH,CH, I
propyl catior .
n
R
l + + +
R—C* R—CH R—CH, CH,
| |
tertiary (3°) secondary (27) primary (1) methyl (unique) H
t slable
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4. Hydroboration-Oxidation of Alkenes (two-step alcohol synthesis)

= -5 ' 2 7 H
R—CH=CH; + H—B  —— R—CH—CH,—B |
S [ h =
H H A H transition state
o for hydroboration
5N
R H
CHCHCH,
3 CH,CH=CH, + BH; — CH,CH,CH,— B’
CH,CH.CH,
propene borane tri-n-propylborane

(CH5CH,CH,)3B + 3 H,0, + 3 NaOH — 3 CH;CH:CH,OH + Na;sBO; + 3 H,0

tri-n ;‘rn‘p\'“‘u:.llh' n-propyl alcohol sodium
borate
TN
e R—CH—CH,
” |
OH
R—CH=CH, — Markovnikov product b
1. BH;

2. H.0,,0H T g .
1,0, OH anti-Markovnikov product

CH, CH, CH,
. " - BH, . _ . Hi0, . " -




5. Addition of Hydrogen

\ / catulysd ||
C=C +H; — G —
4 A ||
H H
E -~ . Hy - t_'H-.
: . : .|
H,C CH,
catalyst catalyst
ST A

6. Additions to Conjugated Systems
6.1 Electrophilic Additions to Conjugated Dienes

CHy—CH—CH=CH,

H Br
) 3 y
LH-=LH_(:H=(I_H~ 3-bromo- 1 -butene

1,3-butadiene

{leJ—CH =CH—(|:H1
H Br
1-brome-2-butene




H*+ CHy=CH—CH=CH, —* CH,—CH—CH=CH,

[CH;—CH-£CH=xCH, +— CH;—CH=LCH>-CH,]

CHs—CH—CH=CH; | CHy—CH—CH=CH;
[ ? Br HI 4
e
CHy,—CH=CH—CH, | CH,—CH=CH—CH,

Br

ST WY
6.2 Cycloaddition to Conjugated Dienes: The Diels-Alder Reaction

CH S’ CH, CH ‘a|1|_
CH_ -. H CH _CH;,
ScH e e
0 {l)
| [
.~ _CH ~__~__CH
J + [ 30°C | J
sl kr\“: ..""’."“_.”
_»# NC__CN ~__CN
- ﬂ( Lh
e J]\ “ | -CN
X NC”CN SN
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7. Free-Radical Additions; Polyethylene

CH;=CH, ROOR +CH,—CH,¥;
ethvlen 1000 atm, >100°C pobvethylene
(n = several thousand)

R—O0—0—R =t 2p—0.

organic peroxide two radicals [
s Sarid E
RO CH,~:EH, — RO—CH,—CH,
catalyst a carbon-centered
radical free radical

- F 4 i
CH,;=CH, =(CH

ROCH,CH, ‘e ROCH,CH,CH,CH, —=—k,

ROCH:CH:CH:CH:CH:CH: and so on

- e eames s @ - 4
8. Oxidation of Alkenes

8.1 Oxidation with Permanganate; a Chemical Test

\ !

3 C=C_ +2K*MnO;~ +4H,0 — 3—(|:—C—— + 2MnO; + 2K*OH~™
“ |
OH OH

(brown-black)

| I

Hexane does not react with purple
KMnO, (left): cyclohesene (right)
reacts, producing a brown-black
precipitate of MnO;.

© Lol Cramn




8.2 Ozonolysis of Alkenes

N i o
\ el % NG S g N
/( =;j\ l.;’ ‘.‘ — (f.\ _,I_.I,.E“F. /(_=¢'1+:r=1'_
{ \ / ¥
\( !/ 0—0
alkene lozonide wromide wo carbor
groups
CH,=CHCH,CH; ' & CH,=0 O=CHCH,CH;
I-butene 2. In.H* formaldehyde propanal
CH,CH=CHCH, "% 2 CH,CH=0
2-butene L In,H' ethanal
T
8.3 Other Alkene Oxidations
Various reagents can convert alkenes to epoxides (eq. 3.47).
N 4 N\ =
c=C — C—C (3.47)
> N i N
(8]
tlkene epoxide

This reaction and the chemistry of epoxides are detailed in Chapter 8.
Like alkanes (and all other hydrocarbons), alkenes can be used as fuels. Comp!ete
combustion gives carbon dioxide and water.

CH,, + ¥0, — nCO; + nH,0 (3.48)
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Addition Reactions of Alkynes
1. Addition of Halogens

L
H_ p Br [lxr il'-l
H—C=C—H 2. );:c\ 2. H—C—C—H
By H |. ||i'
ethyne 2.dibr el 2. 2-tetr ethai
2. Addition of Hydrogen
With an ordinary nickel or platinum CH, CH,
catalyst, alkynes are hydrogenated all the = -l I Na
way to alkanes. However, a special CH,—C=C—CH; wris; /C_(-\
palladium catalyst (called Lindlar's catalyst H H
catalyst) can control hydrogen addition so is-2-butene
that only 1 mole of hydrogen adds. l‘i‘ 3.7
TR
3. Addition of Acids
Br
T B0 o R |
CH,C=CH + H—=Br — CH,C=CH;+ Bt~ — CH (. CH
}-brow | mpene
lIh s 2 ||:.
CH,C=CH, + HE B — cn\(;—u' # B~ —= CH,—C—CH
|
Hr Br
|
4. Addition of Water
HO H
- é
R—C=CH+H— OHH“u R—E€=€—H| — R—C=CH;
W I--Z!-* 1 methyl ketone




5. Acid-base reaction

R—C=C—H+ Na*NH,~ N B C=C:Na*+ NH,

4 sodium amide sodium acetylide

this hydrogen is

weakly acidis

H H 5
Vi 5 =
—C e, Y =(_‘. =(C—H
N, i
H H
25% 5, 33%5, 50% 5,
75%p 66%% p 0% p

wreasing acidity




Chapter-4
Aromatic Compounds

Some Facts About Benzene

—
-

nd 1pace-fillk

4




Nomenclature of Aromatic Compounds
Some common names accepted by IUPAC

CO,H

l./ S <l = =
-.\_\___’/’ "‘-.“H//’ e jzy \\‘/‘
anisole | tophenon benzoic ac Amii

Br cl NO. CH,CH;, CHCH,CH,
P in | I Y
1 | |
L | o

X
_P P
m "T" S
P
Cl { CH
L« A A I,
Tl [ 2 &7 S il
|| ) = L ] ' p
; ~ i ~4 _I_.I




Cl CH,
Br, A

J | ” Cl _ _ CH=CH,

NO, N a”

CeHs— or ¢ \‘_ CcH:CH,— or
CHCHCH,CH,CH,

O.N

CH,CI

CH,OH




The Resonance Energy of Benzene

& Figure 4.3 4 1,3-cyclohexene
Comparison of heat released by =
the hydrogenation of cyclohexens, \j M —H
1, 3-cyclohexadiene, and benzene to - it
produce cyclohexane. = bhenzene
P
[I j +3H—H
:ﬁ" e
=
& cyclohexene measured
E N -55.4 keal/mol S
- 1 —
\’/ 2R Expected -57.2 ~49.8 keal/mol
keal/mol Expected -86
~28.6 keal/mol keal/mol
TR
|\/ cyclohexane

Stabilization energy, or resonance energy, is the difference between the actual energy of the real molecule (the resonance
hybrid) and the calculated energy of the most stable contributing structure.

T T AR
Electrophilic Aromatic Substitution Reactions

1. Chlorination Reactions

& L B | o s Br

FeCl | J ¢ HC | | + g, Febn b £ Hil
Mechanism
Step # 1 Step# 2 wl

l Cl
1

LCl—Cli + Fe— €l === Cl---~Cl---Fe—Cl

J e - &
1 n|:| h+ < Cl-FeCly — + FeCly™
wiink tropd e = A
Step#3 [ M % T\ E
1 H T "Y‘Cl e 'z‘ﬂ M\ ."x“cl
Yo — ¢ Y0+ H (sHQ) L he rhe
/™ L. _J

N —_— resonance forms of 3 benzenonium on




2. Nitration Reaction

| + Hno, S | + H0
(HO®NOL)
Mechanism
. g HNO H NO
o adS 0, A e )
H—0—N — H—=0-N,»n — 1} + H,0 ” ) : )
" o o i = "N — | |- -— | —
0, 0, . |

3. Sulfonation Reaction

| + HS0, —= + H,0
(HOSOET) ' _

Mechanism

*Sulfuric acid provides a proton catalyst as shown in the following equilibrium:
H—0SO;:H — H™ + 0S0;H.
’

Example:

e e L SO,H
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4. Alkylation and Acylation

.’“/Q“\"Q, P -'//-:‘Q""'»'\./ R
' | + rRa —=| | +HCd
N (R=analkyl ‘“x.;&"’/l

group such

as CH;—,

CH,CH,—)

e _ (/a‘;%:/l'li_-t H
L |4+ Gl %0,
~F 1 2
O
0 | "
/‘\:-__.\ i = ( R

RN WY
Mechanism of Alkylation

cl a
Cl—Al + CICH,CH; —= CI-rl\I —Cl + CH.CH; <P~ CH,=CH,
rl (“! .I_-||--||
H cHx H o H
XX b ¥
T Ve thc — B ) e ([ = |
J <9 [ d -]
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Mechanism of Acylation

O
I
CH,CCl + AICL, — CH;C=0 + AICl,"

acetyl choride acetyl cation

@ + CH,C=0 = {:

O

=2 G(HT(LH_.

acetophenone

Ring-Activating and Ring-Deactivating Substituents

nitration rate

{relatived

= Figure 4.6

Electrontatic patential mags of benzene (leit), tolusne (middiel, and nitroteazene (right!. The
P electron clouds i bendene and tolusne sre slectron-nch (ned], while the p: slectmon ¢ loud in
mitrobanrena 13 slectron-deficient (biue)
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Ortho,Para-Directing and Meta-Directing Groups

CH, /JC:T CH,
-NO, NG
-~ 3 ul
[ HOND. 1 + | (+ 4% meta isomer)
S LS ~
|
fuer rifir omer
bp 222 N()A
para tsomer
- bp}!l!‘ll.mp s1°C
™
NO, NO,
@ HONO, @ (4 7% ortho isomer)
& NO,
mitrobenzene rrela et
mp 89°C

23%




1. Ortho,Para-Directing Groups

CH, CH CH, CH
A o il ¥
] i =
| = i o M H
= S ’1 [*\ ”{ l“‘x
NOy NO, NO

ot
OH
|‘~\_._5¢J :OH :OH +OH :0H
Tl =, & ¥ 4l

S 7 R . + = O . |(/_
(3-10)—-8)—&)
H Br H Br H Br H Br

: :OH :Ll'm :t'ljn OH
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2. Meta-Directing Groups

i Q O 0 O Q [¥]
tha o H
A
| ¥ NOyi . .
{ -
[ (&) o o o o]
. N N N
A 45
- . e o
 —ilY — Y
~ ~
H NO. H NO H NO

EETETTT A
Specificity of Halogens

In all meta-directing groups, the atom connected to the ring carries a full or partial
positive charge and will therefore withdraw electrons from the ring. Al meta-directing
groups are therefore ring-deactivating groups. On the other hand, ortho,para-ditecting
groups in general supply electrons to the ring and are therefore ring activating. With the
halogens (F, Cl, Br, and I), two opposing effects bring about the only important exception
to these rules. Because they are strongly electron withdrawing, the halogens are ring deac-
tivating; but because they have unshared electron pairs, they are Grtha.para directing.




The Importance of Directing Effects in Synthesis

Br
S - ANO,

Y[ )| .
~F ~NF ~F
NO, NO,
P HONO g r "/;—}\\%
|I ] 'H:s;h Il J B L ,l

N N -

Br




Chapter-5
Stereoisomerism

NEEELECTTT TN
Isomers
Constitutional Isomers Stereoisomers
They have diffefent connectivity. They have the same connectivity.
||| Ill il[ H . .
S v e i L Bl Enantiomers Diastereomers
H H H H
thans metharymethan They are mirror images of each other. | They are NOT mirror images of each other|
lethyl aicahol | (dimethyl ether)
bp TR bp ~23.6%

Your hands are mirror images of each other.




Diastereomers
H H i H
Je=c i c=c
H 3C CH. a L H ]C
cis-2-butene '

1
mirror

Cl Cl Cl

H H

cis-2,3-dichloro-2-butene

H

mirror

CHy

!

H

trans-2-butene

Cl

trans-2,3-dichloro-2-butene

Diastereomers are not mirror images of each other,

Your hands are mirror images of each other.

Enantiomers (Chiral molecules)

Dlviral

lllflﬂlll‘,\'l'mévl. ¥}
boaied 10 siapserienpse
cenral cartim, Hoand )

T posisosa uf 2
the ooty and
ety groupa e 4
ot

g mpial
= Figure 5.3
Moxde of F-chigrobutane and its mima: image. The miror imags & not

SupEimpossble on the ongnal makecule Thi twa form of 2-calmcbulane
e enartomen.

Your hands are mirror images of each other.

W

HY,
CaHs

Tow enentiomers of 2-chlorobutane

They are mirror images of each other.




Achiral molecule

Achiral compound

-

A
No chiral center; three molecules of the same comp d [2-chls ). They are

superimposed.

Configuration and the R-S System

clockwise motation counterclockwise mtation

Givieg priovity (methyl versas ethyl)

H H H
. j . | |
I “T1
H H H
methyl ethyl
1" set of atoms: C C
Atomic number: & 6
Metofstoms  HHH CHH
Atomic number: 3 B

Ethyl group has higher priovity than methy] groap.




Giving priority (isopropyl versus ethyl)

CH;
*
C—C——CH,
H
1sopropy |
1¥ set of atoms: C
Atomic number: 6
2"setofatoms:  C.CH
Atomic number: 13

ethy

CHH

Isopropyl group has higher priority than ethyl group.

Giving priority (isopropyl versus fert-butyl)

CH,

.
C——C——CH,

H
1sopropyl
1% set of atoms C
Atomic number: 6
2™ cet of atoms: GCCH
Atomic number: 13

CHy

.|

C—C—CHy
CHs
tert-butyl
c
6

C.C.C
18

Tert-butyl group has higher priority than Isopropyl group.




In case of multiple bonds, priority is given as follows:

Multiple bonds are treated as if they were an equal number of single bonds. For ex-
ample, the vinyl group —CH=CH, is counted as

Similarly,

-C=CH

and

—CH=0

—CH—CH;

is treated as -C—C—H

is treated as

The E-Z Convention for Cis—Trans Isomers

. B CHCH,  d
=0 Ne=C
P WS
Cl I CH1 Br

(Z)-1-bromo-2-chloro-
2-fluoro-1-iodoethene

(E )-1-bromo-1-chloro-
2-methyl-1-butene
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Polarized Light and Optical Activity

unpolarized  rigm = Figure 5.9
light xd ke Diagram of a polarimeter
" i *  polarized light
)
light A ’ prism
source | ! ~ axis
polarizer ¢ o
prism sample ’ .
be rotated ~ »
polarized light analyzer (.,
: prism
Specific rotation all — (solvent)
—
a is the observed rotation 1
1 is the length of the sample tube in decimeters
¢ is the concentration in grams per millifiter
t is the temperature of the solution
A is the wavelength of light (For sodium vapor lamp, A = 589.3 nm)
“EEETETTTT WA
Examples:
COH CO,H
| ap.
C 1 = wit
CHY \HOH : H"’H/ “CH,
“ actic acid (R lactic ackl
lald™ = 333(1.0) [ad&™ + 333H.0)
mp 53°C mp 53°C
§~——mirror piane
H i H.C H
NH; § HN
(A)-(+}-1-phenylethylamine  (S)-(-)-1-phenylethylamine
Definition:

Racemic mixture: A 1:1 mixture of a pair of enantiomers. Therefore, it will not rotate the
plane of polarization (optical activity = zero).
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Properties of Enantiomers

1. Enantiomers have identical achiral properties, such as melting point, boiling point, density, and various types
of spectra. Their solubilities in an ordinary, achiral solvent are also identical. However, enantiomers have
different chiral properties, one of which is the direction in which they rotate plane-polarized light (clockwise or
counterclockwise).

CO.H CO,H
| 2
. _Cmp E 0 -G
o e - (R e
H £
[l ~ 3.33(H;0) el © + 333(H:0)
mp 53°C mp 53°C

2. There is no obvious relationship between configuration (R or 5) and sign of rotation (+ or -).

CO;H CO,CH;
CH,0H

NCHy “mr —&CH,
Ll H o

(R)-(—)-lactic acid (R)-(+)-methyl lactate




3. Enantiomers often behave differently in a biclogical setting because these properties usually involve a
reaction with another chiral molecule.

CO,H CO,H CO,H
| tic acid | lactic acid l
HO ~C o ——F—— Rl
/ - > dehydrogenase 3
H ( H" (Chiral enzyme) ) (JH" i H()/ LH"

s)

pPyYruvic aci ':R) (= )-lactic acid

¢ ap

Imagine that the chiral enzyme is your left hand which fits best with the left-handed boxing glove (S-lactic acid) and not with
the right-handed boxing glove (R-lactic acid).

Enantiomers differ in many types of biological activity. One enantiomer may be
a drug, whereas its enantiomer may be ineffective. For example, only (—)-adrenaline
is a cardiac stimulant; (+)-adrenaline is ineffective. One enantiomer may be toxic,
another harmless. One may be an antibiotic, the other useless. One may be an insect
sex attractant, the other without effect or perhaps a repellant. Chirality is of paramount
importance in the biological world. i

H
HO. N

Bad-and-shick Model of M Petienan kom of

Sdrensine e 14 e £y S

(R)-(-)-adrenaline I




Fischer Projection Formulas

coH coH
: cop  Potate CO.H :
20 _OH
Hi— -y (3] =—— H Ol = Pt ] A,
e # ’Q OH
| | cH -
: cH a ' <
CH, ' 3 i &
{-lactic acid L
ci =]
i — c}H=+m‘ H=c+c,m b
CyHgW H H H MHCH;
HiC H H

Compounds with More Than One Stereogenic Center; Diastereomers

~ - ~ - 1 mirror 2 3 mirror 4
CH,—CH—CH—CH, CHy | CHa CHy | CHs
l I i H i i
Br ClI BretC—H HelC~eBr  BrefC—H He C—=Br
2-bromo-3-chlorobutane = | X | "
H-'-l;'--Cl Cl"'“(;-"'H C[—-(;-—H e ;-—(l
CH, CH, CH, CH,
'- enantiomers enantiomers

(2R,3R)-2-bromo-3-chlorobutane

(25,35)-2-bromo-3-chlorobutane

|

(25,3R)-2-bromo-3-chlorobutane

1

(2R,35)-2-bromo-3-chlorobutane

Maximum # of stereoisomers = 2" = 27 = 4, where n = # of stereogenic centers
Maximum # of pairs of enantiomers = 27/2 = 4/2 = 2 pairs of enentiomers
Some relationships:

1-2 and 3-4 are pairs of enantiomers (they are mirror images of each other)
1-3, 1-4, 2-3, and 2-4 are pairs of diastereomers (they are NOT mirror images of each other)




Representation of a molecule with two stereogenic centers using Fisher
[ projection formula

CHy

H=l=Cl

CH,

CH;

solid-dashed Fischer projection

wedge tormula tormula

(2R,3R)-2-bromo-3-chlorobutane

“EEEETTECTTT TN WY
Meso Compounds

A meso compound: is an achiral diastereomer of a compound with stereogenic centers.
Its stereogenic centers have opposite configurations. Also, they have a plane of
symmetry that is perpendicular to the plane of the paper and bisects the central C-C
bond. Being achiral, meso compounds are optically inactive.

CHy
(lf ) ‘:"J (_"I——‘H Cl [ ang ~-|
HO_C_(l_:H_(;H_'C_OH H_._(_| Cl symmetry
) CHs CHs

RA (&) mesa (B.5)

i +12 -12 0
bing point 170 170 140

Notice that the total # of sterecisomers of tartaric acid = 3, therefore it does NOT obey the above-mentioned 2" rule. Why?
Because it has a meso form.




Enantiomers Versus Diastereomers; Chiral and Achiral Properties

There is an important, fundamental difference between enantiomers and diaste-
reomers. Because they are mirror images, enantiomers differ only in mirror-image
(chiral) properties. They have the same achiral properties, such as melting point,
boiling point, and solubility in ordinary solvents. Enantiomers cannot be separated
from one another by methods that depend on achiral properties, such as recrystalliza-
tion or distillation. On the other hand, diastereomers are not mirror images. They may
differ in all properties, whether chiral or achiral. As a consequence, diastereomers
may differ in melting point, boiling point, and solubility, not only in direction but also
in the number of degrees that they rotate plane-polarized light—in short, they behave
as two different chemical substances.

EEETTETTT TN WA
Stereochemistry and Chemical Reactions
Example 1 .
CHyCH,CH=CH, + HBr —- L'I-{.(.'ll,(ljl-l(_i-i\

Br

CH,CH,CH=CH, + H® — CH,CH,CHCH, —*—~ CH,CH.CHCH,
=-putyt i |'ll

. - 3 H
0o CHiCH;  “CH,
CHCH,—C S

CH;
2-butyl cation




Stereochemistry and Chemical Reactions
Example 2

CH;(FHCHZCH;. + HBr — CH;(IfH—(IZ‘.HCHi

Cl Cl Br
i-chlore-1-butene . |[l[-.lr1u< 3-chlorobutane
CH, CH, CH,
g Hle & v
L,I+H — Cl——H + Cl——H
CH H——Br Br——H
[
CH, CH;, CH,
K I buten (2R.3F bromo-3-chlorobutane % AR bromo-3 )
= G omem  teesgmnn 0 8 @ s 4
Resolution of a Racemic Mixture
Lol CO.H CO,H
Q—.»\ Ty ™
21 G E i C
Qg’ CHZ N OH £ HO P, RCH_‘
I . H
g - ey 1
a. (R} lactic ack “TI + J.lactic & ..!.\ by
= A(H0) laln — + 3.33(H.0)
- °C mp 53°C
+
H
..%
[8)-1-}- 1 -pharmpethylamne {S)-0-}- 1 -pharmylethylmmine

R-lactate/S-ammonium salt  5-lactate/S-ammonium salt
K s

g 5

The two products are diastereomers which differ in properties. Therefore, they can be separated by ordinary
achiral methods, such as distillation or recrystallization.




Chapter-6
Organic Halogen
Compounds; Substitution
and Elimination Reactions

ch,
CH—CH~ CH—CH- By Chy— € ~Chy
B
n- bwi'}f baomide. 'rrsv-h.(l-;d
L'nmiJc_
1
ST WA
Nucleophilic Substitution
HO™ + CH,CH, — Br 2% CH,CH,—OH + Br b
ethyl bromide ethanol
Classification of Nucleophiles
Oxygen nucleophiles Nitrogen nucleaphiles Halogen nucleophiles
1. H§:' hydroxide 6. M, L ER 13,4037 lodide
2 llﬂ:l::‘ alkonide 7. RNH, primary amine Carben mucleophiles
3. HOH walsr 8. RMH secondary amine 14 ~C==N: cyanide
9 RN tertiary amine 15, =:C=CR acetylide
4. ROH alcohol
B e -
10, M5+ hydrosulfide
o i
5 R~c.  cabonlate  11.R5: mercaplide
'hon"




Nucleophilic Substitution Mechanisms

1. SNZ MeChanism u TR — | Nag — Nu—C, + 11 The Sy mecharism is a one-step
4 .

N N process in which the bond 1o the
leaving group begins to break as

Examples s 4 K the bond 1o the nucleophile begins
b 1o form,

blLl\ attack H
one step
+ Hw‘ ——— <
Inversion  HO' "

In 542 mechanism,
methyl halide > 1° alkyl halide > 2* alkyl halide > 3 alkyl hali

tack attack §12 City g ’
> il one step E|a Increasing steric hindrance effe
HO = H\“" " TR ity E b
inversion H ‘ — —
H o ——
huck .:mlci M g :
. one step & |z Low steric effect * High steric effect
HO —..w —_— Qe —> (&2
B inversion WO * L
£ |® Rate of reaction = K [HO][alkyl halide]
back attack TH That is why we have the number 2 in the abbreviation (5,2}.
/J\ one sep That is, the reaction rate depends on the concentration of both
HO' > e —
H:C“ 5 e "':‘;-H] reactants.
3

When inversion is important and attracts our attention?!!

CH; Inversion CH,
: i3
HO- + C—Br — HO—Cu,,, + Br
HY o
CH,CH; CH,CH,4
(R )-2-bromobutane (5 )-2-butanol

H,C
Nal
H“u-"' Br —— | ""”-'H
CH;CH, CH,CH;
(5)-2-lodobutane

(R)-2-bromobutane




2. 5,1 Mechanism
Step#1

show,

71..'—[. — (L 2C

Step# 2

In 5,1 mechanism,

and . > Hy cH
™ e ) : k,‘
H:' N

Examples

ChHy Cbl

L -1,4:.-;“~\,—— n,c“"

Hgt
ay CHy CH,

: w)\ . O
e o s \n

W

H\O il'

racemization

M
W -~ "

y

3° alkyl halide > 2° alkyl halide > 1° alkyl halide > methy! halide

Rate of reaction = K [alky! halide]
That is why we have the number 1 in the abbreviation (Sy1).
That is, the reaction rate depends on the concentration of ONLY one reactant (alkyl halide).

oty

AN a0l Busensa

i
|
c
CH,CH;7
CH,CHACHy

) ¥bromo ethylhexane

CHCH,  CH
(‘H‘(‘H.("H.—-('

OH

[
CH,CHa. \/
a;unun ) 2 * | e
acetone -~
CH3CH:CHY |
socation te
(vee item 3
i Tabde 8,1
O
|
s CH,CH, 2~
CHyCHLCH, K

The final product is a racemic mixture. Therefore, it is optically inactive.

When racemization is important and attracts our attention?!!

Your hands can be considered as a racemic mixtu




Sy2 versus S, 1

In 5,2 mechanism,
One step mechanism

In 5,1 mechanism,

Two step mechanism

Inversion takes place. Racemization takes place.

Rate of reaction = K [Nu][alkyl halide] Rate of reaction = K [alkyl halide]

methyl halide > 1 alkyl halide > 2° alkyl halide > 37 alkyl halide = 3" alkyl halide > 2° alkyl halide > 1* alkyl halide > methy! hali

Varisbles 5.2 5.1

Halide structure
Common Raraly”
Samatimes Sometimes
Rarely Common
Inversion Racemization
Rate is retarded by polar Because the intermedi-
protic solvents and ales are jons, the
increased by polar rate is increased
aprotic salvents by polar solvents
Nucieophile Rate dapends on Rate is independent of
nucteophile con- nucleaphile concen-
centration; mechanism tration; mechanism
is favored when the s more likely with
nucleophile is an anon neotral nucleophiles

Dehydrohalogenation, an Elimination
Reaction; the E2 and E1 Mechanisms y

H

substituton (S

I .
- —(i:—(ll—?iu + X

e
+ C=¢C + Nu—H + X
7 el

E2 mechanism




E2 mechanism

Ho 1]

In E2 mechanism,
3" alkyl halide > 2" alkyl halide > 17 alkyl halide

= | =
2la
a8 -
- B3 - 3
S |8  Rate of reaction = K [HO][alkyl halide]
.t @  Thatis why we have the number 2 in the abbreviation (E2).
3 ﬁ That is, the reaction rate depends on the concentration of bo
@ |8 reactants.
E o
&la
2o
& &
3
(74
1 L
E1 mechanism
Ho o | 3
E
@&
q| S
al Lo
=3
- HO =
2|8
-
7 £ | o
HO 5| 9
H CHy 1 H CHy H CHy g E
[} ~ w2 \ F L'
[P N D s (e _C_'_E_' ol { HO (3 B
&

| /

W Br M "

In E2 mechanism,
3" alkyl halide > 2* alkyl halide > 1" alkyl halide

©Hy

Rate of reaction = K [alkyl halide]

That is why we have the number 1 in the abbreviation (E1).
That is, the reaction rate depends on the concentration of both
reactants.




E2 versus E1

In E2 mechanism, In E1 mechanism,

One step mechanism Two step mechanism

Rate of reaction = K [Nu][alkyl halide] Rate of reaction = K [alkyl halide]

3" alkyl halide > 2" alkyl halide > 1° alkyl halide 3 alkyl halide > 2° alkyl halide > 1" alkyl halide

Notice that alkyl halides have the same reactivity toward £2 and E1. That is, 3" alkyl halide > 2 alkyl halide > 1” alkyl halide.
Why?? The reasons have been discussed before.

Substitution and Elimination in Competition
Tertiary Halides

BON . (CH;);COH

H.O ’ " _ (about 80%)
(CH3)sCBr —— (CH;):C* +Br

t-butyl bromide 1
B (CH,),C=CH, + H*

about 209

H ¢ Br
H: = ~CHj
C7—Cum,. — “C=C\ + H,O + Br
HOT /7 \ CHs HY© CHy (4 op

«H CH,

t-butyl bromide methylpropene (100%)




Substitution and Elimination in Competition

Primary Halides
Small-sized nucleophile

CHCH,0™ Na*

—————— (H,CH,CH,CH,OCH,CH; + CH;CH,CH=CH,
in ethanol r = -
butyl ethyl ether i-butene
(E2; 10%)
CH,CH,CH,CH,Br— ‘l"“
I -bromobutan CH;—C—0" K*
CH,

CH3CH,CH,CH,OC(CHy)s + CHiCH.CH=CH
butyl r-butyl ether 1 - bt

(532 15%) E2: 8
large-sized nucleophile

in r-batyd alcohol

T
Substitution and Elimination in Competition

SecondarY‘ Halides
' CH,CH,S™ Na* Ty s
rong nuckeophike (..H"LHLH“ )
SCH,CH,
“HCH-OH
CHJ(]:HCH_‘ LA CH;(leCH_;+CH_‘CH=CH:
Br OCH,CH,
brimopropane Sl major (El; minor)
: CH;CHCH, + CH;CH=CHa

OCH,CH,

(5,2 minor) (E2; major)




Chapter-7
Alcohols, Phenols, and Thiols

Nomenclature of Alcohols
CHyCH,OH  CH,CH.CH,OH CH,CHCH,

OH

CH;0H

«thanol thume ¥ -propanod 2-propanol

(methyl alcohol) (ethyl alcohol) (n-propyl alcohol) (isopropyl alcohol)
CH, CH,

' (S

CH,CH,CH,CH,0OH CH,CHCH,CH; CHyCHCH,OH CH;—C—0H
I
OH CH,
In-h‘ul_\'l alcohol) (sec -|‘ut.y[ abeahol) (lsobutyl a‘lﬂui‘m“ .llr:! butyl l|.:ulhu||

/' \_H
{ < ¢ %— CH,0H
CHy=CHCH,OH g N/
1 veloheranol henyimethanol
(benzyl alcobol)

propen-1-al
{allyl alcohal) (eyclohexyl alcohol)
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Classification of Alcohols

i 14

R—CH.OH R—CHOH R—C—0OH

OH OH COH CHO
1
OH Br s A -
1
A ! A L.t L)
\.!--‘ -~ TOH '
NO OH
Hle an mitropbennl ey bl

R RN WA
Hydrogen Bonding in Alcohols and Phenols
[

R R R R H—0_

, R, (P L PO,
O—H + O—H — O0—H-0—H
 w 1y aloodiod modecal R

3 bdersge bond

Solubility in H,0
Name Formula bp, “C /100 g at 20°C
methanol CHyO0H 65 completely miscible
ethanol CHLCH,0H 78.5  completely miscible
1-propanol  CHLCH.CH,OH 97 completely miscible
1-butana! CHLCHCH,CH,0H 117.7 7.9
1-pentanol  CH,CH.CH,CH.CH.OH 137.9 2.7

l-hexanol  CH;CHCH;CH,CH,CH,OH 1558 0.59




ST WA
The Acidity of Alcohols and Phenols

ROH + NatHO- == RO~Na*+ H,0 IRO—H + 2K —= 2RO K* + H,
F % ot
Y—0H +Na*HO™ — §  H—0~Na* + HOH "

= L RO—H + NaH — RO Na* + H—H

The Basicity of Alcohols and Phenols
Ili
R—O—H + H* = R—O—H

TR
Reactions of Alcohols

1. Dehydration reaction

Dehydration of primary alcohols

H—CH,CH,—0OH AT, CH,

ethanol

=CH, + H—OH

E2 dehydration mechanism

CH,CH,OH + H* ¥ CH,CH,—0—H
b
H +
CH,~CH;—0—H — CH,=CH, + H* + H,0
i




Dehydration of tertiary alcohols

L .
|"-‘ A H,
l.H:—ll.—l‘H e CHy=( + H—OH
. CH,
CH, 9y
t-butyl alcohl nethylpropene
{isobutylene)

E1 dehydration mechanism

(CHy)sC—OH + H* — {(:H_.]_‘z:—(l'l—H

H

u'H.:,r—_[l':—H = (CH,,C* + H,0

-
H_CH, CHy
CH,~—C* - CH,=C’ + H*
2 =0
CH CH,

The ease of alcohol dehydration is 3° > 2° > 1° (the same as the order of carbocation
stability). %

Sometimes a single alcohol gives two or more alkenes.

:l: (lﬂH H
| .
CH;—C—CH—CH; _i?:;t-‘ CH,=C—CH,CH; und/or CH;—C=CHCH;
e | |
CH, o CH, CH,

2-methyl-2-butanol 2-methyl-1-butene 2-methyl-2-butene




The ease of reaction with HX is 3° > 2" > 1° {the same as the
order of carbocation stability). 5

2. Reaction with Hydrogen Halides

R—OH + H—X —= R—X + H—OH // Lewis acid catalyst

alcohol alkyl halide 1 N T

{CH.CH-CHC iH e Zncly YT s N N ) ;
CH,CH,CH,CH,0H + H—Cl - —rertes CHyCH,CHLCH,—Cl + H—OH ——

i-chlorobutane

§-butanel

CH,CH,CH,CH,—OH + H* = CH,CH,CH,CH,—O—H
Sn2 mechanism g I|I slow reaction
CH,CH,CH,
N
G SCT—0—H —= CH,CH,CH,CH,Cl + H,0

.
H™d |
e
(CH3),COH + H—Cl 75— (CHy),C—Cl + H—OH
t-butyl akohal t-butyl chloride
Sx1 mechanism e = fast reaction
fas

(CH,)C* + CI7 — (CH;),CCl

3. Reaction with Thionyl Chloride and Phosphorus Halides;
Preparation of Alkyl Halides from Alcohols

[
CI=H*
0 0 8]
. I
R—OH + Cl—s—cl M (R 22 s Ldy « R—C1 + Sp + HClY

thionyl chloride chilorasulfite ester .
L)

IROH + PN, — 3RX + H,PO,(X = ClorBr)

Both of these methods are used mainly with primary and secondary alcohols, whose reaction with hydrogen
halides is slow.




4. Oxidation of Alcohols to Aldehydes, Ketones, and Carboxylic Acids

CrO,, H0*
KrCry0y, H;50, " NayCry04, H;80,
L
- td
i
KCrO,, H;50, = | Wo-Grow | . NaCrO, H.SO,
8 . :
OH tll 0 I acid
R—C—H e p—C—H 208 R—C—OH s——
I k Chromic acid is often made "in situ” (ihal is, in the reaction flask) through
the addition of acid 1o sources of chromum (such as chromate salts). The
OH QO targe number of possible chromium sources (and acids!) can make this
diihutia | confusing, but it is chromic acid that is the active reagent.
R—C—R ageni %= R—C—R’

LT WA
Reaction of a primary alcohol, secondary alcohol, and aldehyde with the chromic acid reagent; Chromic Acid [Jones) Test

\ H
/OH W
fuimey’ rengend

- ( =0 |+ Cr;0;

reagenl

CHL{CH,CHOH 222 CH,(CH),COH | + €0y

Chromium (VI) oxide
orange

3" alcohol gives negative test

I e

Cry,

Cr.
(= SRR o e
Chromium (Ill) oxide

orange  Blue-green

Negative (a) and positive (b) results for the chromic acid test.




How to stop the oxidation of primary alcohols at the aldehyde stage?
By using mild oxidizing agents, such as PCC.

i
CHA(CHAMCHOH 7

I
= CH,(CHy),C—H

Y
CrOy+ HCl + N: - £ —H Cr0a-

Alcohols withl More Than One Hydroxyl Group

o
S\ E . % t%
b pos b
ethylene gly | Il ne sorbitol
(1,2-ethanediol) (1,2, 3-propanetriol) (1.2,3.4,5.6-hexanchexacl)

bp 198°C bp 290°C (decomposes) mp 110-112°C
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Aromatic Substitution in Phenols

The ring activating group (OH) gives phenol the ability to react under mild conditions.

Y{OH + HONO; — ON—~{ Y—OH=+H0
! 1 ol
(OH) OH
e Br. s Br
+3 Bry T2 + 3 HBr
; 7

EEIETTTTTEEE Y
Oxidation of Phenols

OH OH
OH o (CH)C. o~ _CICH),  (CH)EC 1 . CICH,)y
= .*,.__< u % ‘ e ||
NayCrd : || I Y T
L s iy - OCH, CHy
"1II 1'1 :
_ t i NP AT butylated hydroxyanisole  butylated hydroxytoluene
colorless, mp 171°C vellow, mp 116°C
(1,4-dihydroxybenzene) Food antioxidants
Phenols as Antioxidants i
CH,_ I oot CH,
- o Ny " Y
‘[ s [: | CH, {‘LHJ CH,
5 2 HO
% ®os — +HO—H rl'.H.

To— T Vitamin E (a-tocopherol) is a natural
phenalic antioxidant that protects the body against free
radicals




Thiols
Naming
s F '\
CH,SH CHyCH,CH,CH,SH +—SH
wethaneth |-t sasethid .-I ipshenal
methyl mercaptan) {m-butyl mercaptan) (phenyd mercaptan)
Preparation

R—X+ “§H — R—SH + X

Thiols are more acidic than alcohols. The pK, of ethanethiol, for example, is
10.6 whereas that of ethanol is 15.9. Hence, thiols react with aqueous base to give
thiolates.

RSH + Na*OH~ — RS“Na* + HOH




Nomenclature of Ethers
|-(

CH;CH,—0—CH;,

CH,CHCH,CH,CH,
OCH,

Chapter-8

Ethers and Epoxides

CH,CH,—O0—CH.CH, { —o0—¢ )

tixl ether (the prefix
|5 sometimes omitted)

OCH
P 4
| CH, 0~ Vi
OCH, —
OCH
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Physical Properties of Ethers

Water solubility
Compound Formula bp mol wi  (g/100 mL, 20°C) e
1-butanol  CHyCH:CH.CH.OH 118°C 74 7.9 = Jt H_E :
diethyl sther CH,CH.—0—CH,CH, L 75

pentane CHCH,—CH.—CH.CH, 38°C 72 0.03

The general inertness, coupled with the fact that most organic compounds are ether-soluble, makes ethers excellent
solvents in which to carry out organic reactions.

Ethers as Solvents; inertness of ethers "

Ethers are relatively inert compounds. They do not usually react with dilb.lte acids,
with dilute bases, or with common oxidizing and reducing agents. They do not react
with metallic sodium—a property that distinguishes them from alcohols. This general
inertness, coupled with the fact that most organic compounds are ether-soluble, makes
ethers excellent solvents in which to carry out organic reactions.

Ethers are also used frequently to extract organic compounds from their natural
sources. Diethyl ether is particularly good for this purpose. Its low boiling point makes
it easy to remove from an extract and easy to recover by distillation. It is highly flam-
mable, however, and must not be used if there are any flames in the laboratory.

i -~ - it R
fe ethe = r E . i
R—X+ Mg 1980, R—MpX L. T Acting as.a |ewin brane, other
s i ..-.'rH_-.L " or | R &ts X stabilires s Larigsand eeagem
. / R 1]

| Stabilization of Mg through coordinate to ether molecules




Organometallic Compounds; Carbanions
1. Grignard Reagent

Grignard Reagents are considered to be strong bases (carbanions)

R—MgX

R—MgX + H—OH —

sironger base  stronger achd

R—=H + Mg (OH) X
wieaker acid weaker base

e~ i (—?—:-f-’--iH.—f. "::.- Mghe =2 cHy—{
LT TR
Organometallic Compounds; Carbanions
2. Organolithium Compounds
L o
Keau o= Fo

3. Acetylides

Acetylide lons are strong bases and good nucleophiles
Notably usetul: They can perform an 5,2 reaction with alkyl halides
Hye-cz¢? 1 i S

HyC-C=C-CH R
SR Form Break
cec C-8r
Specific Exampile:
H,c—cz-ce: e ——Mr' H,C—C=C—CH,

Note: works best for primary (and methiyl} alky! halides
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Preparation of Ethers

1. By Condensation of Alcohols

L

.51
140°C

CH,CH,OH + HOCHCH,

CH,CH,OCH,CH, + H.0
Note:
H—CH,CH,—OH €, oy =cH, + H—OH

ethanol ethylens

The above-mentioned reactions provide a good example of how important it is to control reaction conditions and
to specify them in equations.

Disadvantages of this method: the condensation of different alcohols leads to a mixture of different
ethers.

/\/OH‘/\QHTI:;T.‘ PG G s 4 N
/\\/0\/

2. Williamson Synthesis; Preparation of Symmetric and Asymmetric Ethers

2ROH + 2Na — 2RONa™ + H;

RO™Na* + R'—X — ROR" + Na™X~

Which alkyl halides work best?

Since the second step is an 5.2 reaction, it works best if R' in
+ The Williamson Ether synthesis is an 5,2 reaction

. the alkyl halide is primary and not well at all if R’ is tertiary.
+ Methyl and primary alicyl halides are best, since they have the
least steric hindrance

Advantages of this method: [t leads ONLY to one ether
Mathyl halides: work weil product.
., HC—i j\ R
>Loe,_ Y — o~ =
OH
Primary alkyl halides: work well

P o Ao\ N
T on
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Preparation of Ethers

3. Acid catalyzed Addition of Alcohols to Alkenes

Catalyst (l:H_‘

CH;OH + CH,=C(CH,), ~— CH,0—C—CH,
CH,

methanol 2-methylpropene t-butyl methyl ether

Asymmetric ether

The reaction follows Markovinicov's rule

TV
Reactions of Ethers; Cleavage of Ethers

|
R—O—R' + H* = R—O0—R’

heat

CH'\CH_](.}CH(CH;); + Hl —— CH_!\CH;I -+ H()CH(CHJ.)_':

ethyl isopropyl ether ethyl iodide  isopropyl alcehol

>
/<_>—OC(CH,), e @—OH + (CH3);COH

t-butyl phenyl ether phenol t-butyl alcohol
(and (CH,),C=CH,)

Acid catalyzed reaction




Epoxides (Oxiranes)

Nomenclature
H i H ,”"‘
’ g Ny X—
CH,—CH, i VN PaWAN
O CH; o0 TCH, CH, 0 H
2-batene ode . drer ik
(oxirane) {cts- 2 3-dimethyloxirane) (trams. 23 dimethyloxiranc)
bp 13.5°C bp 60°C bp 54°C

Preparation of Epoxides

This method is suitable only for ethylene oxide.

CHy=CH, + 0; e S . CH.—CH,
o
0 0
PR—C—O—O0—1 — TS0+ R—C—O0H This method is suitable for all other epoxides.

good oxidizing agent

Reactions of Epoxides; Ring Opening Reaction
1. Acid-catalyzed ring opening

b

CHy—CH; + H—0H L eH,—CHs | Other nucleophiles add to epoxides in a similar way.
' i i
i s ——— HOCH,CHOCH
= ¥ 2 methonyethanal

CHy—CH,
e ]

CHy,—CH, + H* == CH,—CH, - HRCHEIOCHCHON

“6/ \6,_ v’ diethylene ghysol

: |
H

H.0{ ¥ CHy;—CH; — H—O—CH,—CH,—OH == HO—CH,CH;—OH + H"

R [
-0* H
|

H
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2. Base-catalyzed ring opening

CH;ONa/CH;0H 0\/\
v ¥ = 3 / oH

]

Y
CH,0" W )
kc == \\/\cms HOCH. /o\/\m

CH;ONa
3. Ring opening by using Grignard Reagents
R—MgX + HiC—CH, — RCH,CH,0MgX “—="- RCH,CH,0H + Mg(OH)X
ot s
adkerond,
R—1i+ HX(—CH, —~ RCH,CH,0Li “=2. RCH.CH,0H + LIOH
ST AR
Cyclic Ethers
o ’ ()
1 1
-. o - _O__.- ~ o -
hwvdradur tetrahwidromr - i
{oxoldive) f{onane) b 101°C
bp 67°C bp 88°C

They are useful solvent that not only dissolve many organic compounds but are miscible with water.




Crown Ethers
They are cyclic ethers have a crownlike shape.

Molecular Recognition (Host—Guest Chemistry)

Cavity dsiameter
lon diameter Na*

Cs*

Phase Transfer catalysis

However, if some dicyclohexyl[18]crown-6 is dissolved in the
benzene, it is possible to extract the potassium permanganate
from the water into the benzenel The resulting “purple
benzene,” containing free, essentially unsalvated
permanganate ions, is a powerful oxidizing agent.*

aqueous solution (layer) of KMnO,

SOUEE
0O

26-33 A
1504
166 A
1MA

Benzene layer

g o
dicyclohexyl[18]crown-6 k/n\)




Chapter-9
Aldehydes and Ketones

CHy OH
Cii
o
Cinnamaldehyde
T TN WA
Nomenclature of Aldehydes and Ketones
0 o] N 0 o

[ I I I
H—C—H CH—C—H  CHCH,—C—H  CH;CH.CH,—C—H

(formaldebyde) {acetaldehyde) (propionaldetyde] {m-butyraldehyde)

(11 ll.lJ 8]
CH/CHCH,—C—H  CHy=CH—CH,—C—H CH,~CH—C—H
CH, OH  OH

(glycerabdelvde)

CHO CHO
0 A, P A, OH

lormyleyclopentane) ik corbubdehvide (2-hydronyt mecarbaldehyde)




(acetone)

0
P i

_

Clohexanon

(ethyl methyl ketone)

tandne

0
(/”\'\r,c}l, ([;l)

\ f 4 L] 1
- CH,=CH—C—CH,
wthyleyclopentanons iten-2

(methyl vinyl ketone)

;v /Y I
T\ v = 7 |
{ Nc—eny, ¢ Ycd D >—c—<
\\-\._./ ._'."/ \.\.___? -
acctophenone benzophenone Heyelopropyl ketone
(methyl phenyl ketone) (diphenyl ketone)
T EEEETETTTT N WA
Synthesis of Aldehydes and Ketones
1. By Oxidation of Alcohols
I.|JI| (8] {:l
R —tl—-.“ St R—C—H S R—C—OH
H .
thH o}
R—C—R S g (g
|
b
f _H 0, . N0 o

/TOH MY, acetene
{ hones’ reugent)

foanes

CHy(CH,),CHL0H e

= CH,(CH,),COH

|
CHy(CH ) CHIO0H e CHY(CHYC—H




Synthesis of Aldehydes and Ketones
2. By Friedel-Craft Acylation of Aromatic Compounds

— D e
- 1

F 7 :~I_t
Y—Co 2 ¢ Y } )+ HCI

3. By Hydration of Terminal Alkynes

8]
W fi
CH{CH):C=CH ———— CH,(CH,;):CCH;
1-octyne ' Loctanone
L T N W WA

Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl

Groups
1. Addition of Alcohols: Formation of Hemiacetals and Acetals

r RO
ROH + X=0a ' —OH A hemiacetal contains both alcohal
" R and ether functonal grougs on the

H H same carbon atom

H
R W R-. = ROH L m :
e—— X=0H SL—OH ——= )




In the presence of excess alcolol, hemiacetals react further 1o form acetals

&
RO L)
LO—OH + ROH == _c—OR + HOH At acotid s bos ather funcions!
R H, H'}_( groups on the same carbon atom
RO RO
C—(OH — y
R ; i
H R

Intramolecular Nucleophilic Addition; Cyclic Hemiacetal

H H
v ._.‘. = ! it _.‘- 1 / oH In & cpehic hemiacetal, the sther
; -~ g ‘ e functional group m cyclic

oH




Ketones also form acetals. If, as in the following example, a glycol is used as the alcohol, the product will be cyclic.

CH, HO—CH, = €H; O—CH;
“C=0 + P o1 + Hal

CHY HO—CH, l'.H|. “0—CH,

To summarize, aldehydes and ketones react with alcohols to form, first, hemiacetals and then, if excess alcohol is
present, acetals.

formation of acetal
0 oH | OR

| | mo
= R —C—OR X
H | | ¥

= i
——R —"l]',—(.)l'l + HOH
R R

hydrolysis of acetal
| The hemiacetal intermediate usually cannot be isolated.

Nomenclature of hemiacetals and acetals

CHy—CH.—0 CHy—CH:—0
CHJ—CHz—CHz—éH—OH CHJ—CH:—dH—O—CHz—CHa
b 3 2 1 3 2 1

1-Ethoxybutan-1-ol 1,1-Diethoxypropane

Butanal ethyl hemiacetal Propanal diethyl acetal




Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

2. Addition of Water; Hydration of Aldehydes and Ketones

H HO
;i:—'l'l + H—OH — C—OH
u H

_
\#\*/OH
ci
OH

Chloral hydrate (trichloroacetaldehyde hydrate) is used in medicine as sedative.

Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

3. Addition of Grignard reagents

ialar o

N . Y ia -
/\ =0 + RMgX —— j —OMgX 5= ?\' —0H + Mg X"Cl

{dithor an alcohal
Farmaldehyde gives primary alcohols.

R—MgX + H—L—H — R—C—OMgX 5~ R—C—OH




Other aldeliydes give secondary alcohols,
0 R R

1 "
R=MgX + 1 CH — R—C—OMgX e R—C—OH
H H

aldehyde a scondary aleabid
Ketones give tertiary alcohols,
(4] r R
| | i -
R—MgX + R—C—R' —= R—C—OMgX —ee R—C—OH
3 [
Ratornne & tertimry iboudiol
9 OMghr OH
CH,CH,— C— CH.CH, —= CH,CH,—C—CH,CH, i~ CHyCHy—C—CH,CH,
+
CH,CH:MgBr CHACH, CHACH,
13

TN WA
Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

4. Addition of Acetylides

CH CH
(QS Natos ¥ Ho. _c¥
- e -
Y + Nt fi=CH — \ a5~ |
a ketone snctim & tertiary
suetrisde acetybenk aloohol
5. Addition of organolithium compounds
Zequviis is
Organcdifium requed snce
has valence
reagents 4 only one
R—08¢ e il A—Li o Ll




Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

5. Addition of Hydrogen Cyanide; Cyanohydrins

“ maiff.f & Cramotydring ave compounds with Cyanohydrin chemistry plays a central role
C=0 + HCN — ?('—Uii 6}:'3'2:!' "JJ*-'-FWL:'DWD in the defense system of Apheloria corrugata.
attached to SAME Carton.
0 (FF
CH,;—~C—CH, + HON 2. o ~c—cH, =
L,
CN
: HO._ _CN 0. H
b
|
N( N i = il %
G : - | + HON
C0: + 1C=N: = _C—0: LC—OH + "CN -
i
polsonous gas

Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl

Groups
‘)Ni.

Benzophenone imine

6. Addition of Nitrogen Nucleophiles

biechemical reaction




T
Reactions of Aldehydes and Ketones

7. Reduction reaction

The most common metal hydrides used to reduce carbonyl compounds are lithium aluminum hydride (LiAIH,) and
sodium borohydride (NaBH,).

reduction hydrolysis
1 (0]
= b o R R o SOH CHy—CH=CH—(H 2. CH,— CH=CH—CH.OH
/{:—’0_. — /l‘.\. Li T- ,L‘_\ 2 btenal - hbuton-| ol
H H .
alunmum alcoobe ( Because a carbon-carbon double bond is not readily attacked)
Hualm, e = by nucleophiles, it remains intact during the course of the

\ rea;tl_pp,

g _huam, / X
LT A0 N, OH

Reaé:tions of Aldehydes and Ketones

Tollens' silver mirror test: A laboratory test that distinguishes

8. Oxidation reaction

t aldehydes from ketones takes advantage of their different ease

AL of oxidation. In the this test, the silver~ammonia complex ion is
R—E—H s o —ﬁ—'ﬂl reduced by aldehydes (but not by ketones) to metallic silver.*
abdelivite pe il
g 7
+ - e, - + TAul + iH,1 +

Because the reaction occurs easily, many oxidizing 'f(" 3 jl::f'_l:‘}l‘i;“ 3HO kc. O '.31.|: ANH, | + 2H;
agents, such as KMnO,, CrO;, Ag;0, and peracids complex fon o thitieat
(RCOOOQH), will work. (calorless)

iy, H*
CHY0CH,),CH =0 e CHA(CH .00 H

{lomex’ reagent)

JCHOD . JCOH
Agi u |

"
Tollens” silwer mirrar teut




’ 0 0

< | I
B+ HNO, 25 HO—C—CH.CH.CH,CH—C—OH

Reactions of Aldehydes and Ketones

9. Aldol Condensation
Introduction to Aldol Condensation <

A. Keto—Enol Tautomerism 1 £
Aldehydes and ketones may exist as an equilibrium mixture of two forms. called the

keto form and the enol form. The two forms differ in the location of a proton and a
double bond Tautomers of acetone.

CH,—C—CH, CH,=C—CH,

Most simple aldehydes and ketones exist mainly i
the keto form. Why

This type of structural isomerism is called tautomerism (from the Greek tauto, the
same, and meros, part). The two forms of the aldehyde or ketone are called tautomers

Natice that tautomers are NOT resonance structures.




Some molecules, however, exist mainly in enol form—the phenols. Why? The driving force for this phenomenon is the
tendency of aromatic ring to keep its aromaticity by delocalization of electrons over its surfoce

0O—H (4]

Aromatic system | Non aromatic system
Moaore stable Less stable

Carbonyl compounds that do not have an a-hydrogen cannot form enols and exist only
in the keto form. Examples are

B. Acidity of a-Hydrogens; the Enolate Anion

| Be=
Hoo" H
[ | X/ B An enotate anion is formed by
—C-C— JL—C removal of the a-hydrogen of a
] “d *o ketone o gidehvde
Example:
0, 10

* I . |+
CH,—C—CH, =— CH,=C—CH;|

enolate anion of acetone




C. Nucleophilicity of Enolate Anions

0 catalyst 0
4] v o Lk D
e Nt O0H, i
| = D D
lencens) S

yo bahewamone 2.4 sdetradeuteniooyclohe

base catalyzed reaction
Mechanism

0 o

| . I
CH,CH,.CH.CH ——+ CH,CH,.CD.CH

acid catalyzed reaction

!Catalvst: it might be deuterated hydrochloric acid (DCI)

(U

Mechanism

(": H"(Ii—ls :0—D
- |
CH\,CH,CH.CH — CH,ltH:fLCH

ketor form
H

2 CH(CH,CH=CH

In the reversal of these equilibria, the enol then adds D* at the a-carbon
1 - g i}— (}] ¥ L‘!

- |
CHCH,CH=CH

= CH_\ELHJCH-iIlH + D

Repetition of this sequence results in exchange of the other a-hydrogen.

Reactions of Aldehydes and Ketones

9. Aldol Condensation

Mixed Aldol Condensation

catalyst G catalyst
(] (= OH An enatate anion adds ta the — {Ii' l”' ) o {IJH (I"
| - | carbonyl group of an aldehyde or § b el | HO- f‘ % 5 N
(ZH.J_‘H + m,gu 22 CH,CH—CH Vetone 10 0 avdol condemstion. | 9—CH + CHCH == {  )—CH—CHH
woetabilehyid L An aidel is 3 3 hydrocyaldehyde or | R T
3-hydrowphetone a muzed aldol
Mechanism heat
E): 0 -HIO
.‘ ] T i
Step 1. CH,—C—H + HO™ — CH;—C—H + HOH — 0
pider VAT 'R
{  S—cH—cHCH
-5 b B O
Il - |
Step 2. CH,—CH +/CH,—CH == CHCH—CH.CH
- i alkasniide s o o oH ©
10+ 0: :OH 0: H—A—H + CHyOCH, =2+ H—C—CH(GH,
H

Step 3.

| | | vl
CH;CH—CHICH + HOH == CH,CH— CH.CH + HO™

ahdol
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Commercial Syntheses via the Aldol Condensation

Aldols are useful in synthesis of many commercial organic compounds

b

JH O L8]
|

. ) I S I, u
2CHCH % CH,CHCH,CH — 5+ CH,CH=CHCH

catalyst
3

v

; ; i HO catalyst

L8]

I
CH,CH,CH,CH or CH,yCH,;CH,CH,OH
ol

catalyst
o et 1
o |
2 CHLCH,CH,CH %« CH,CH,CH,CHCHCH 2 CH,CH,CH.CHCHCH,OH
CHYCH, CH,CH:
nal anal aldod 2 ethwihcnane i

mosquito repellent

The aldol condensation is also used in nature to build up (and, in the case of
reverse aldol condensations, to break down) carbon chains




Chapter-10
Carboxylic Acids and
Their Derivatives

Nomenclature of Acids

4 - ¥ A n
CH,—CH—CO.H CH,=CHCOH (.H,l_.Hi.H_.-:,u:H COOH COOH
Br OH B AL
s ep il prop d 3. hvdrorybolunn i )
fer - bromepropionic acid) tacrylic acud} (8- hydroxybutyric acid} - |
O 0 . ) Cl
il i 3 betrnlc b p-chlorobensolc scid
HC—CH,COH CH,CCH,CHCO,H (benzenecarboxylic  (4-chlorobenzenecarboxylic
. | ackd) achl)
Br
panoc acnl bz donopentanmg acsd COOH
Chs_ A e COOH
ay .~ S H Lo “,/
;{/v COOH - tiohabc ackd 1. nzphihoic acid
" vih uhutanecarboxy (2-methylbenzenecarboxylic (2. naphthalenecarboxylic

acid) acid)




HOC—CHCH—COH - HO,C—C

butanedinic ackd butvnig

COOH
lmari: achl

(rrwes- 2-butenediole acid)

madinc acid

(icis-2-butenedioic acid)

COH COH
" |
I]_.”v%,.l,ﬂlH [’%“: E/Q:\\"I
SNCOH S GO o
COH

wophthali acid

irephittialic acd

O 0
H—(l{,— CH,—inZ—

formwl apetyl

{methanoyl) (ethanoyl)

Physical Properties of Acids

by,

mp, Salubility,
Name © © 2/100 g H,0 2t 25°C
formic acid 101 8
acetic acid 118 17 J
propancic acid 141 22 nisciEle ey
butanoic ﬂciﬁ 164 -8
hexanoic acid 205 ~1.5 1.0
octanoic acid 240 17 0.06
decanoic acid 270 31 0.01
benzoic acid 249 122 0.4 (but 6.8 at 85°C)

Hydrogen bonding




Effect of Structure on Acidity; the Inductive Effect

.0 0 0 —a 0
; a, P 4
CH,—C, - CO—CH—C CH—C, - a—c=c, }
(4] (4] c (8] P 0
e e 1 te
Conversion of Acids to Salts
pol 0
R—C FNatHO™ — R—C + HOH
N Y
OH O Na*
rK‘_. 3-5 |W.Ik‘bl§¢.\ pk, 16
0 N O 0
Naming of carboxylates CHy—C’ ¢ Y- (l"H.l.'H.(‘. Catt
ONat N/ ‘oKt o7/

I ' L alcium prpanost
[sodium ethanoate}

Preparation of Acids

1. Oxidation of Primary Alcohols and Aldehydes

The most commeonly used oxidizing agents for these purposes are potassium per manganate (KMnO,), chromic
acid anhydride (CrD;), nitric acid (HNO;), and, with aldehydes only, silver oxide (Ag,0).

i R, 0

R—C—OH —- T=0 — R—C L
u H OH

CH,(CH)CH =0 —e i

e re— CH,(CH,):COLH




Preparation of Acids

2. Oxidation of Aromatic Side Chains cataiyst
) 0 i, e 'Y
¢ Ny 2o N Gt  7~CH gy HOOC—{  )—COOH
' heat \ i h r 5
e N W wyhes tevphthall
H _ oy, _COOH
£ A\ KMn0, ..F; Y . - . | :"7.1"-‘:\"!"';'
{ CHOHCH, SR —COH + C0; +H,0 l cH s YOH

/
phithalic &

1f no C—H bond is in the benzylic position, however. the aromatic ring is oxidized.
although only under severe reaction conditions.

(CH ) C— EMeOy, (CH,),C00:H

beat

Preparation of Acids
Reaction of Grignard Reagents with Carbon Dioxide

" — R—C—0"MgX ==~ R—C—0H + H,0
R MgX

(CH )L CBr —E (CH ), CMgBr - _;-_{-\_

ethe

~ (CH,),COOH




Preparation of Acids

Hydrolysis of Cyanides (Nitriles)

Hydrolysis is acidic media

CH,CH,CH, e

BN CHUCH,CH,ON S CHCH,CH,C0H + NH
It

(butanokc ackl)

R—C=N+2H,0 ¥ p—C—0H + NH, + C

Hydrolysis is basic media

(@)
R—Cm N+ 2H,0 M8 g Na*+ NH,
H
0
R—t OH
OH 0 (8]
e iden el —— I ydroly I
R—C=N ——f—e R—(=NH IRImeistin, p_ ¢ NH, ——Ll—e R—C—O0H
H™ ar HO £ H wHO

e

prog

Carboxylic )ll\cid Derivatives

[ X susually
R—C—X |ClorBe
¥l hakids

Esters

8]
| Il
CH,(_—OCH, CH,C—OCH,CH,
(ethyl ethanoate)

bp 77°C

[methyl ethancate)

bp 57°C

(o]
I oy
CH,C—0—{ )

b 195.7C

R=L—0—C—R R—{
(4]
|!
CH,CH,CH,C—OCH,
bp 10237
Q
L |
%—C—O0CH,

U W | e——
bp 196.6C




Preparation of Esters; Fischer* Esterification

O (8]

% C—OH + H"OCH, == { Y C—"OCH; + HOH

Mechanism; isotopic labeling

0: _OH :OH :OH
o - N g
R—C—0OH =— R—(—0H == R—C—0H —— | R—C—0H

O R'O
- o & H 5
R H -
|
l|]: " OH . :‘L;IH.. H
R—C—OR == R—L =< R—C-0
RO i H
* The scientist who developed the method. h
Lactones (cyclic esters)
0
CH.CHLCHACOH . 0+ Ho
OH i
0
?H | 1 g
I Non N

Jett
Lo

- g Y

o
|

OH

antiblotic




Saponification of Esters
This type of reaction is used to make soaps from fats, That is why it is called saponification of esters.

0 (8]
R—c”  +zatmo- 2 g +oH
| OR ) ot
g .[« = #xter micteophile et of an scad abcohol
e d_p()nl _lCdll()Il . i acy) i ot
Alcaling brydrolysis produoces gheernol and sl of famy acids (xoaps). is substitution of anciher ErOUB  an sater with & base.
Soogs catess ernubification of osly metermal this help easy washing uf the for the —0H group of
Fary nuerinh, carponylic acid.
? :ili:-
HO:~+ R—C—OR' 7= R—C—OR’ tetsahaal
— ‘]'! 1T s diaty
0 Q
L A # e & ||
R—C—0=—H +710R' = R—L—0"+ R'OH

srong weak weak

schl base bast wihil

tpK, 9 (pk, 1)
Ammonolysis of Esters

&
Ammonia converts esters to amides.
» ~
R-—-C\ + NHy — R—C +R'OH
OR' NH
eMer amide

For example.
§ (8]
{ Hc
i1

methyl Ircraoat

. RO,
RO HaN
DC=0+NH; == C—NH,— - 3C—0+ROH
R HO R”

wrtraheidal

intermieslidle




Reaction of Esters with Grignard Reagents

; (l)MgBr OH
| = « |
R—C—OR' + 2 R'Mghr —*#l R—C—R* 222+ R—C—R'
|
R R
|'f'.\lng' tertiary alcohol
R"Mghr
BrMg—O (\l)
55 0, i |
R—C—OR' ——#%. R—C—R'
- R ketone
EEETTTTTT N Y
Reduction of Esters
R—L—OR Lo HOH + ROH
b
0 u‘—.im‘ - 0
R—ll.li—(lli' AlH R—fl.;;lk' Al OR') R—l".—-l‘. H— A OR")
patet .| aldehyde
O— AIH,(OR')
|
R—C—H 22 RCH.OH + R'OH
0

1. LiAIH,

Il
CHyCH=CHC—0CH,CH, M0,

ethyl 2-butenoate

= CH,CH=CHCH,OH + CH,CH,OH
2-buten-1-ol




Acyl Halides

Synthesis S
(8] 4]
] |
R—C—OH + S00I, —= R—C—Cl + HCl + SO,
0 (4]
Il I
R—C—OH + PCly —= R—C—11 + HCl + POCY,
Reactions
Hydrolyzed by water & -
[ I
CHy—C—0] + HOH —E CH,—C—0M + HC|
pcetyl T ] {! (fumes)
0, i b O—H (4]
[ — | po I : I
CHy—C—0 &—— CH;—C—Cl =—— CH;—C—C] 2=, oy C—0H
| | ,
H—O*>H H—0
H—0—H HCI(1)

Acyl halides react rapidly with alcohols to form esters.

5 puiy . Tobe
1+ [: OH o

L—0CH; + HO

+

ACI,

Ms R—ty A, | "| + HCI




: 4 | Reactions
Acid Anhydrides 0 0
S;nthesis 10—l CH,C—OH + CH,C—0H
0 (8]

heat

o 0] ﬂ

| |
R—C—OH+ HO—C—R i i
two acid -:H,.—c—o—ﬂ—c.l-{‘ CH,C—OR + CH,C—0H

st anbydesde "
o b 139.5%
8]
He .G H. 4 o 0
G OH 135% e, St 1 i
S 0+ HO - CHyC—NM: + CH,C—0H
C- ~OH e 4 s
H tl' H Y 0
Q o, OH ) o o OCCH
aleis s mualeie anhyvdride | T + CHC— CH, — + CHOOH
(4] Q

O 8]

CHCH.CH, CH, + NaCl

Mized anhydvides sre prepared from
two ditferent carboaylic scids.

Amides H-bonding
[

Naming FI{

O 8] 0 - S

1 - e I = PN 5
H—C—NH; CH,—C—NH; CH,CH,CH,C—NH, [ H" |
Toer hulinasmade :L« 0_- -N-. i
iza 2 ll- e

o
"o

|
W 3
—C—NH,
/S ’ Amides are highly polar and form strong hydrogen bonds.
(berrenccarboxamide) Physical properties
Alkyl substitution on the nitrogen lowers the beiling and melting
Resonance structures points by decreasing the hydrogen-bonding possibilities
=20 H
N / 0 0 0 o
C=N+ | i | [
R-" S \H H—C—NH, H—C—NI(CH,), CH,C—NH; CH,C—NICH,),
il Tormanysd NN semarnlide FRELTT N-slimethylaoetamide
vide pewriange bp 200°C 222'C 165°C
BC = MF(

mp 25°C




Synthesis of amides
L4 Amides can also be prepared by heating the ammonium salts

Ammionis converts esters to amides of acids.
(8] L8] (8]
o0 0 i I I
R—C + NH; —= R—C « R'OH R—C—0H + NH, —= R—C—0"NH,* "™+ R—C—NH. + H
OR NH b sal sniidl

Reactions of amides
Acyl halides react rapidly with ammonia to form amides

"Hydrulysis by water
0 0
I I 'l:f (l?
#.—Cl + 2NH, — CH;C—NH, + NH," ( i = " or % a
S i i S R—C—NH, + H—OH "~ R—C—OH + NH

Ammonia reacts with acid anhydrides to from amides. Redicticn reaction

R—(—NH; “2M ROl NH,

Urea is a special amide, a diamide of carbonic scid. A colorless, water-soluble,
crystalline solid, urea is the normal end product of protein metabolism, An average
adult excretes approximately 30 g of urea in his or her urine daily. Urea is produced
commercially from carbon dioxide and ammonia, mainly for use as a fertilizer

(4]
| ]
HO—C—OH  HN—

mp 135°

~ eeww

\- -; A Dizod tres nRYooen (BN Test anahes The kvel of ured TNRoWgh This detactn of

Hhe nitrogen within the mlecie High kvels of we within the bloed can be & sgn

that cetain body s

drms are not funciioning jrogesty, expecially the iadmeys.




Prediction new nucleophilic acyl substitution reactions

0 0" MgX 0
| | i
R—C—Cl + R Mgk — R—C—Cl — R—C—R' + MgXdl
9 0" MgX OH
R—C—R' + R'MgX — R—C—R' 2. p—C—R

The a-Hydrogen of Esters; the Claisen Condensation
Is a reaction by which two esters molecules are condensed. It resembles the aldol condensation of aldehydes and ketones.

The a-hydrogens of an ester are weakly acidic and can be removed by a strong base. The product is an ester enolate.

(8] -0 o .
! & hasr 3 - - ol An euler enolate 15 the smon
C—C — L= — —=( formed by ramoving the u-hydrogen
OR ' OR 'OR -
-
Q
. |
CH,C

0 (8]
CH,C—CH,—C— OCH,CH, +

(ethyl S.oxobutanoate)




Mechanism of Claisen Condensation

The Claben condenstion fakes place in thiee steps. |

Q 0 0 0. 0 Q
o i I i I x
| “‘ —~ - Con kK — [ .k -— ( [
Step 1. CHyC— OFEHCH, 4 .\a. Ik:tl_!.H- = jcH; i OCHAH H CH DCHCH, CHy ©TH
3 s 1 ey tats atwla
NatCH l]_l. HUCH, + CH.CH.OH To compleie the Clalsen condensation, the solution is acidified, to regenerate the

B-keto ester from iis enolate anion

o (4]
1 1
Step 2. CH,C— OCH,CH, + 7 CH,COCH,CH, 7

(4] 4] (4]

N .
CHC— OCHCH, =— CHLK ”_-l‘.i'l H,CH, + "OCHCH,
H L —OCHCH,
‘
o 0

Step 3 CHCCHCOCHCH, + OCHCH, ——
(8] o

1 [
CH L —CH—COCH,CH, + CHCH,0H

Claisen Condensation as synthetic tool

0 lﬁ (]'ll l?H ?
- . | -
Claisen - o e = NahH, - S e - H
NAOCH.CHL CH,CCH,COCH,CHy —— CH,CHCH,COCH,CH1 =R

Cetate ethyl 3-hydroxviitar

|
2 CH,C—OCH,CH,

0 0
I Il
CH,CH=CHCOCH,CH, 2~ CH,CH,CH,COCH,CH,

In this way, the acetate chain is lengthened by two carbon atoms. Nature makes use of a similar process, catalyzed by
various enzymes, to construct the long-chain carboxylic acids that are components of fats and oils.




Both omega-3 and omega-6 fatty acids help maintain healthy skin.

—
EPA | DHA ¥
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Tons of best wishes for

&
your bright future.

- All the Best

Prof. Dr. Hussein Alhendawi




