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Organic chemistry is the chemistry of carbon ‘compounds.
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Carbon—Carbon Single and Multiple Covalent Bonds
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Isomerism (Jwill

Molecules that have the same kinds and numbers of atoms but different
arrangements are called isomers.
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Condensed formula Line angle formula Three dimensional formul

1. Condensed formula

?,,,
CH,CH;CHCH;CH,  CHRCHCH,CH, [CHy—C—CHy

.qun;.?;x\\h;\ﬂi,d&nkb_,b CH; CH;

CH-CH —O opentan neopenta
. b;\o,)\mewu\nﬁ\wp,ﬁh 09’./‘) 0))dw b@’b& '

Sometimes these formulas are abbreviated even further. For example, they can be 09).,) NQ\)
printed on a single line in the following ways: \MQ ) \}U‘ - “ 3
CH(CH,);CH;  (CH3);,CHCH,CH; (CH;),C \ O-N- C|\\§.\)\D WS ,>‘/\ /JOW\ ¢
pentane isopentan neope ¢

e & o o o an s s s e

2. Line angle Formula /}\/
/\/\

-pentane 1Isopentane neopentane

S a3 ¥ odwall
3. Three dimensional formula m,b;SN\MVW\S D) s\ st asmall
w9l Sshmndsbakh — ) - usm!\‘,lewmﬂq‘e\,n)\eb\g)\(ﬁmmw/

o =)\ 2ban by
Billae i dsi Jasbill gy (— \5)\9&(w»osm)\swmaob\)—>
Bond behind the plane of the paper

H - Bond in the same plane of the paper CH;

H CH,
\

H Bond out of the plane of the paper H,C
dlwmethane o9l Sommandas\s o 22-dime thylpropane

(A glionclin oy Neopentane
AW 5\ sy ol g
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Formal charge = valence es — % bonding es — unshared es
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They are equivalent structures for the same molecule and differ from one
another only in the arrangement of the electrons.
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Classification According to Functional Group (Functional Group)aibg)\ aegesl cas- ci

Table 1.6 The Main Functional Groups

Class of Sp

ecific

A. Functional groups
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Table 1.6 continued
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Table 2.1  Names and Formulas of the First Ten Unbranched Alkanes
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methane 1 CH, CH, 1 -
ethane 2 C;Hg CH4CH3 1
propane 3 CiHg CH2CH,CH2 1
butane 4 CsHyo CH;CH,CH,CH4 2
pentane 5 CsHyz CH3(CH;)2CH4 3
hexane 6 CeHys CH3(CH,),CH4 5
heptane 7 CHus CH5(CH,)<CH, 9
octane 8 CgHis CH4(CH,):CH4 18
nonane 3 CoHyo CH4(CH);CH4 35
decane 10 CioH22 CH3(CH;)sCH3 75

Structural isomers of butane
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C butane 2-methylpropane

Total # of isomers of butane = 2
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Structural isomers of pentane (CsH,,)
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Structural isomers of hexane (C;H,,)
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hexane 2-methylpentanel;
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2,2-dimethylbutane

2 3-dimethylbutane

3-methylpentane

Total # of isomers of hexane = 5




( :0%5&5@0\»\(@“ W

n-hexane
7-methylpentane
3-methylpentane
1,2-dimethylbutane
1,3-dimethylbutane

Total number of isomers of
hexane=5
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Nomenclature of Organic Compounds

e

IUPAC! names Common names

internationally recognized systems names that were usually based on source or
of nomenclature dmisn b\ tuale sl use of compounds. ' ‘
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HUPAC is the abbreviation of International Union of Pure and Applied Chemistry
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IUPAC Rules for Naming Alkanes O\SW\ IUPAC 2\
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Halogen substituents are named by changing the -ine end‘i‘n% of the element to -o. !
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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 JUdW ol oolgsd\
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Q Alkanes are insoluble in water. S AR

O Alkanes have lower boiling points for a given molecular weight than most other
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Pentane, isopentane and neopentane are isomers because they have the same molecular formula (C;Hy,)
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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.
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cyclopropane cyclobutane
bp —32.7°C

bp 12°C

CH,

J

methylcyclopentane

Cycloalkane Nomenclature ad Con
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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
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equatorial

axial
ball-and-stick model

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

Isomerism in Cycloalkanes

H H H H
do not
H H %% H H
interconvert
H H H CH,
cis-1,2-dimethylcyclopentane trans-1,2-dimethylcyclopentane
bp 99°C bp 92°C
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Axial bonds (red) in the left structure become equatorial bonds
(red) in the right structure when the ring “flips.”
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interconvert

H CH,
cis-1,2-dimethylcyclopentane trans-1,2-dimethylcyclopentane

bp 99°C bp 92°C
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Reactions of Alkanes NI\ oNe\® a9 0 Simlois
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1. Combustion Reaction LN\ e\ (CO \omﬁ\w\e\)

\H O\;\n
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A. Complete combustion ¢\ 8l
’ bl bl cany
CH; + 20, — CO,+ 2H,0 + heat (212.8 kcal/mol)

methane

CH,, + 50, — 4CO, + 5H,0 + heat (688.0 kcal/mol)

butane \9\“\5\;&}\}\&\9}
B. Incomplete combustion ¢\ ¢ 813>\ 25 b eusaifil o'y
i s etk 00\ AT Blaw e gl N\ 5ty CO togufilmst dol)
CH O\»\mxﬂ\mﬂ\\
CH, + O, : CH,0 + H),0 CH COOH\ob.\\m‘/\uw\
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2CH,+30, — 2CH,COH + 2H,0 d»\ﬂ\)s,w\)o\i\‘/\
acetic acid COdmm\m)\vnhm
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2. Halogenation Reaction o\ o\
N

light or

R—H + Cl—Cl h
eat

r—El + HE
ClYe>g)a i oSN G ous-grazs )3 dionl = didxdeal)|

R R—H + Br—Br 2. R—Br + HBr -\Bg\g,:
CH, + Cl—Cl 2l cpal + Hal CH +C| _)CH Cl+HCI
4 - or heat 3
methane chloromethane t\bdd@\&\“\m
(methyl chloride)
bp —24.2°C uv ‘9’9
ol
ol
cHCl L2 CH,Cl, L. cHa, . cal,
dichloromethane trichloromethane tetrachloromethane
(methylene chloride) (chloroform) (carbon tetrachloride)
bp 40°C bp 61.7°C bp 76.5°C
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J Reactions of Alkanes J

1. Combustion Reaction

J 2. HaIPgenation Reaction
A. Complete combustion B. Incomplete combustion
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light

CH,CH,CH, + Cl,

or heat

CH,CH,CH,Cl + CH3$HCH3 + HCl

Cl el A : :
propane 1-chloropropane 2-chloropropane Wm\) o | UM ol (KA! 0&\)\

(n-propyl chloride)  (isopropyl chloride) .dxxlm))\ (').}}9)):)}3)\ akéqn (9%}\

H Br
ligh
Oy o O o
cyclopentane bromocyclopentane 200\Gn O\QM\ LB oY b&g »\926\) Sizs
(cyclopentyl bromide) ’
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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 produgts.
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- Chain-initiating step il o) e it sl ghl d s nsis 0 N il
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NS light . .
initiation :Cl ¢+ Cl: —— :Cl* +:Cl*
.. u-' Orheat .. ..
chlorine molecule chlorine atoms
2. chain-propagating steps b\ YU Yhusion| oAb
MNoA .
R—H + '(.:.1: — R+ + H—CI
alkyl
propagation radical

e .
R+ + Cl—Cl —~ R—Cl + - Cl:

alkyl h dﬁ)\}\ 2w e\l JoY\ dgksdl ah

chloride
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alkyl
propagation < radical
NN\ X
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Chapter-3
Alkenes and alkynes: Structure
and chemical reactions

;‘{L;‘.'.d' &ﬂﬁﬁ'ﬂ"bgf’ AN &L{,ﬁlﬂ

C.da.he'_' :l\;d.:,d)! »
Definition Classification. . - p p 5 . . 4
Sbics opnth o) Sn el HoL cie o558 e lh 2 Sl o
Unsaturated hydrocarbons that contain a carbon—carbon double bond are called alkenés;
those with a carbon—sarbon triple bond are a‘lkynes.* Their general formulas are
CLBI L™ O ts CnS Sn e oL e 5555 L P W) i)
CH,, CH,,, )
ilkenes alkynes
N
N /\/\/ NS T
diene triene tetraene
ol i) Worsow - C=C—C=C C=C—C—C=C Syl gian 586l in e
londlu )¢ c—=c=c=c c=c—c=C c=c—c—c—c=c ciosy 05 dony
EC,— *1.‘1 ated conjugate 1onconjugated (isolated C:C—\CHz\n—C=C
L) Silsioin Jibi\ N aiblin
(o D s e oo\ ala

C-CC C=C-C-=C
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Nomeénclature
CH3CH; CH,=CH, HC=CH
ethane ethene ethyne
CH,CH,CH;  CH,=CHCH, HC=CCH;,

PIUP.IH\' PII!E,‘L‘HL‘

propyne

1

3 4

1 2 a3 - 2 3 4 : 3 4 ) 2 34
CH>,=CHCH,CH3s CH3;CH=CHCH; HC=CCH,CH:; CH3;C=CCH;

|-butene

1 2 3
CH3=C|——CH_,
CH,

methylpropene

CH,

2-butene

1 2 3 4
CH3=(|2—CH3CH,

2-methyl-1-butene

-

I-butyne 2-butyne

1 2 3 4
CH, =(|I—-CH —=CH,
CH,

2-methyl-1,3-butadiene

1 2 3.4
CH,—CI=CHCH3
CH,

2-methyl-2-butene

1 2 3 4 5
CH_\—CH=CH—(|ZH—CH,
CH,

i-methyl-2-pentene

cy

cyclopentene

3-methylcyclopentene

1 e 1 2 3 4
CH2=(|:—CHICHJ CH,=CH—CH=CH,
CH,CH,
2-ethyl-1-butene 1,3-butadiene
1 6
27 N6 l,’ 5
3"\/ 5 2 4
4 3

1.3-cyclohexadiene 1 4-cyclohexadiene

CH,=CH— CH,=CHCI T . Lo v e
Z\\::\\ vinyl chloride @bMQ)WU@MWVW\D)\}
(ethenyl) (chloroethene)

CH,—CH—CH,—  CH,=CH—CH,Cl

allyl allyl chloride

(2-propenyl)

(3-chloropropene)




Cis-Trans Isomerism in Alkenes  JislI¥ 8 cuil,i—ouwm A&l

H H Cl H a -
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Addition Reactions of Alkenes 0\@‘;\)&'9\5&}/\ N\
1. Addition of Halogens 0\“}9\\!&\\69\)&\

\)\@mmd&\&ﬂ\\m@\x%HﬁHm\:;HCH‘ +Cl, — CHxCIH ?HCH;

Y Blain 4 o\ Blain asfivt - cl al
3,2)&)95@))%\»\ 2-butene -dichlorobutane

NI Cipur A i bl sl cud S B

CH,=CH—CH, —CH=CH, + 2 Br, —= CH,—CH—CH,—CH—CH,
sisolated g\ l | | |
ob»wdomhé\m\&\o,)\ Br Br Br Br
1,4-pentadiene 1,2,4,5-tetrabromopentane
bp 26.0°C mp 85-86°C
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2. Addition of Water
Boinafl Jlolaingoioomadiile i i Y cuadoiniy
CH,=CH, + H—OH - (liHl—(lez (or CH,CH,OH)
H OH

ethanol

Bl g H
Bl b & =0 2 H
" —OH
H H
cyclohexene cyclohexanol
bp 83.0°C bp 161.1°C

l,L\\n U9 H o>z u\».\)W <\l a9lpl
* Hoagulah\\ jod 315Y Ly
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(alcohol)des o)\~
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3. Addition of Acids

CH,=CH, + H—Cl — ?Hz——(le2 (or CH;CH,CI)
51 Cl

ethene hydrogen chloroethane

chloride (ethyl chloride)

E E + H4-0SO;H — ﬁ
H H

Madope H OSO;H

cyclopentene \ullum cyclopentyl
acid hydrogen sulfate
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Mechanism of Electrophilic Addition to Alkenes \ufi\ J\auhdgaliV\ adlioYlaw |

mu\xﬁ)‘/\om\sﬂ\w 3.2490013.2  Classification of Reagents and Alkenes by
Reactions

00U\ o\l iy \nsd hiiibetry with Regard to Addition

Symmetric lmsym%:?nc
Reagents Br—+Br H-Br
Cl+Cl H--OH
H-4-H H—080,H
Alkenes CH,==CH, CH,CH==CH,
CH,
- fan
N
mirror plane not a mirror plane
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CHsCH=CH, + H—Cl —= CH;(l?HCH; (CH;CH,CH,Ch

not observed

Cl
OH
T 1
CH,C=CH, + H—OH 2. CH3(IZCH3 (CH;CHCH,0H)

CH, CH, CH,
not observed
G dliousac-onall
CH, % CHs I CH,

—~( © "l'Iv (
ST NGNS

riof observed
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H*+ Cc=C_ — (—C —— c—Cc~ (3.20)
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Explanation of Markovnikov’s Rule
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4. Hydroboration- 0xndat|on of Alkenes (two-step alcohol synthesis)

o ow) uw\@tﬁ\/o@@w\wmm\w\xﬂ\ 3,5y

56— o+
R—CH=CH,+ H—B_ —— R—CH—CH,—8B H
2 N | 2 N L
o R - H H - ]?711_? transition state
a0 Al & iaii) \amgh o 5128l a3 halall oo for hydroboration
R/’ \H
CH,CH,CH;
3 CH;CH=CH, + BH; — CH,;CH,CH,—B

CH,CH,CH;

propene borane tri-n- propylborane ZU\))\ [OW] dg)o dﬁm d\)

ulg\ s Abioni) Az Y6 254 206 Logaall g gt bl el isdonly s\ e a2

(CH,CH,CH,);B + 3 H,O, + 3 NaOH —

tri-n-propylborane

3 CH,CH,CH,OH + Nas;BO; + 3 H,O
n-propyl alcohol sodium
borate
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H |
OH
R—CH=CH, — Markovnikov product &
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2.H,0,, OH anti-Markovnikov product
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5. Addition of Hydrogen \(i\ ‘)\uﬂ\\/\dw
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\C—C/-i-H
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catalyst | |
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e |1

catalyst

catalyst

6. Additions to Conjugated Systems :
6.1 Electrophilic Additions to Conjugated Dienes 03\l din\i\ J\ oI S\

T

H

1 2 3 4
CH,=CH—CH=CH, —2*

1,3-butadiene

H

o\ gl

0301, 3h\ anki¥ J\ AduY\

—C‘H —CH=CH, (1,2-addition)
Br

3-bromo-1-butene

—CH:CH—C‘HZ (1,4-addition)
Br

1-bromo-2-butene

resonance




Additions to Conjugated Systems : sl @
Electrophilic Additions to Conjugated Dienes 6.1
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6.2 Cycloaddition to Conjugated Dienes: The Diels—Alder Reaction
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Polyethylene =\ u9 ml J\(CH,=CH \mhn‘)\dwm)*c S iz
7. Free-Radical Additions; Polyeythy ene " e

Free radlcals\w\m&)\@\dbw

CH,=CH, ROOR —(—CHZ—CHZQ
ethylene 1000 atm, >100°C polyethylene
(n = several thousand)
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organic peroxide two radicals N
f\‘
mﬂz — RO—CH,— CH2
catalyst a carbon-centered
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ROCl—lZCI—IzC)HZCHZCI—IZC-:}—I2 and so on

8. Oxidation of Alkenes

8.1 Oxidation with Permanganate; a Chemical Test

3 Pl
V4 b

alkene potassi

permanganate

(purple)

i)
OH OH

|
+2K*MnO,~ + 4H,0 — 3—C—C— + 2MnO; + 2K*OH-

a glycol mang

droxic
(brown-black)

\
'E

Hexane does not react with purple
KMnOy, (left); cyclohexene (right)
reacts, producing a brown-black
precipitate of MnO,.
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8. Oxidation of Alkenes
8.1 Oxidation with Permanganate; a Chemical Test
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3 °C=C" +2K*MnO;~ +4H,0 — 3—C—C— + 2MnO; + 2K*OH~
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OH OH
permanganate Lioxide
(purple) (brown-black)
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Hexane does not react with purple
KMnO, (left); cyclohexene (right)
reacts, producing a brown-black
precipitate of MnO,.
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8.2 Ozonolysis of Alkenes
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8.3 Other Alkene Oxidations

Various reagents can convert alkenes to epoxides (eq. 3.47).

e 7 7
i o, (3.47)
7 N R
(6]
alkene epoxide

This reaction and the chemistry of epoxides are detailed in Chapter 8. 0530 Z9pgn
Like alkanes (and all other hydrocarbons), alkenes can be used as fuels. Complete
combustion gives carbon dioxide and water.

. AN KRS
C,H,, + 30, — nCO, + nH,0 (3.48)




8.2 Ozonolysis of Alkenes

P [y Nt N
C=C | /[ \ | — L Lo o8- C=0+0=C
/ \\ O O / \ / N HO* / N
\( )/ O—0
kene molozonide ozonide two carbonyl
L‘_I'lll“\
CH;=CHCH,CH, ! O CH,=0 O==CHCH,CH,
| -butenc % 7.0.”. formaldehvyde P!U"‘.HH.‘
= 1. O, - <
CH,CH=CHCH; ——___ 2CH,CH=0
2-butene 2. In H’ ethanal

C=Ca-gyhlab Jeds4 O, 0¥\
| om\\s\;a,mn .
carbonylgroup (C=0)J\ sy a3 e b o

_ae-oxmanyh dn gy

90 g\mx)\éw,mn
o 58 &
C=C—mh—C=0+C=0

> b\ @

oodn = vg)oY\

o0-gybl abyld| ooy

o0/ saza) ) guorad | i )\ 0, &5 U



TR
8.3 Other Alkene Oxidations

Various reagents can convert alkenes to epoxides (eq. 3.47).

C C — C—C" (3.47)
\/

This reaction and the chemistry of epoxides are detailed in Chapter 8.

Like alkanes (and all other hydrocarbons), alkenes can be used as fuels. Complete
combustion gives carbon dioxide and water.

CH,, + 70O, —= nCO, + nH,0 (3.48)
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Addition Reactions of Alkynes din a6 \aail ML) Asosy
1. Addition of Halogens

R
H Br 1|3r e
o Br, AN / Br,
H—C=C—H — /C=C\ — H—(ll—(ll—H
B H Br Br
ethyne trans-1,2-dibromoethene 1,1,2,2-tetrabromoethane
2. Addition of Hydrogen
Cis 21k 9 de\\ 55w 1) jin
With an ordinary nickel or platinum - - CH,; CH,
catalyst, alkynes are hydrogenated all the o H—H N\ /
way to alkanes. However, a special CH;—C=C—CH; 4’13(1([‘““1”,5 /CZC\
palladium  catalyst (called Lindlar’s catalyst) H H
catalyst) can control hydrogen addition so 2-butyne cis-2-butene
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2. Addition of Hydrogen

With an ordinary nickel or platinum
catalyst, alkynes are hydrogenated all the
way to alkanes. However, a special
palladium catalyst (called Lindlar’s
catalyst) can control hydrogen addition so
that only 1 mole of hydrogen adds.
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Jquid s, R—C=C:"Na* + NH;,

a sodium acetylide
this hydrogen is
weakly acidic
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Chapter-4
Aromatic Compounds

Some Facts About Benzene
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Nomenclature of Aromatic Compounds
Some common names accepted by IUPAC

S\ 80 smie\aif) g sl w2

H; CH;CHCH;3 CH=CH, OH
benzene toluene cumene styrene phenol
OCH; CH;C=0 CO,H NH,

anisole benzaldehyde acetophenone benzoic acid aniline
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The Resonance Energy of Benzene

& Figure 4.3

i 1,3-cyclohexene
Comparison of heat released by

the hydrogenation of cyclohexene, o
1,3-cyclohexadiene, and benzene to +2H H
produce cyclohexane.

benzene

@ -
cyclohexene
-55.4 kcal/mol
+H —H
-49.8 kcal/mol

-28.6 kcal/mol
O 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.

Energy (kcal)

;Electrophlllc Aromatic| Substltutlon Reactions
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Mechanism
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2. Nitration Reaction

&
| + HNO, Mo [T + H0
N (HONO )
Mechanism
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3. Sulfonation Reaction
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+ H,S0, —%. +H,0
(HOSO,H)

Mechanism )
*Sulfuric acid provides a proton catalyst as shown in the following equilibrium:
H—L}OSO3H H'/+ “0SO;H.
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4./Alkylation a

R
+ RCl . + HCI alkylation
(R = an alkyl
group such
as CH;—,
CH,CH,—)
O + CH,=CH, alkylation
(0]
I AlCL
O +R—CCl acylation

Mechanism of Alkylation
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Mechanism of Acylation

O
[ "
CH;CCl + AICl; =— CH;C=0 +
acetyl choride acetyl cation
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- \ CCH, i
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Ring-Activating and Ring- Deactlvatmg Sl(gstltuents
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= Figure 4.6

Electrostatic potential maps of benzene (left), toluene (middle), and nitrobenzene (right). The
pi electron clouds in benzene and toluene are electron-rich (red), while the pi electron cloud in
nitrobenzene is electron-deficient (blue).
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Ortho,Para-Directing and Meta-Directing Groups
\mﬂa»\m\as\/o\ms\ax\\v\m\a\\\uwmo\gm\d

CH, W 9999\ i 0
HONO, s
@ ©/ (+ 4% meta isomer)
toluene ortho isomer
NO
bp 222°C -
599% PAU'H 1somer
bp 238°C, mp 51°C
37% °
NO,
i e HONO. iz u
(+ 7% ortho isomer)
e % NO,
mp 89°C

93%

Table 4.1  Directing and Activating Effects of Common Functional
Groups (Groups are Listed in Decreasing Order of Activation)

Substituent group Name of group
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1. Ortho,Para-Directing Groups

Ortho,para attack

ortho

b ! i
CH, §
@ (4.26)

toluene

para

Meta attack

toluene

Ortho,para attack

ortho
OH
phenol
para

Meta attack

:OH :OH :OH :OH
meta
T Br Br

phenol B




2. Meta-Directing Groups

Ortho,para attack

otho__ | H H H
SN | NO L. Noz — g ~o,
N H i

Nt/ e\ Nt
nitrobenzene N i N N
para i X
@ —_— f— ‘ Q
: +
N N : ~C
F \ ;o S \
H NO, {H NO, H NO.
Meta attack
RN N/ RN O P
N N N
X
meta ‘7
nitrobenzene NO, NO, NO,

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. All meta-directing
groups are therefore ring-deactivating groups. On the other hand, ortho,para-directing
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 ortho,para directing.
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Stereoisomerism
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Tow enentiomers of 2-chlorobutane

Model of 2-chlorobutane and its mirror image. The mirror image is not
superimposable on the original molecule. The two forms of 2-chlorobutane n 5
are enantiomers. They are mirror images of each other.
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Achiral molecule
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Achiral compound ’ .* A
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clockwise rotation
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| Vol
methyl ethyl
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Jovtanll Znabwbl ol M etofastoms:  HHH CHH

g“ﬁ!ﬂ\/jfh\)wfh\ Atomic number; 3 ; 8.

Ethyl group has higher priority than methyl group.




Giving priority (isopropyl versus ethyl)
[

CHa
*
C——C——CHs
H
isopropyl
1% set of atoms: ¢
Atomic number: 6
2% et of atoms: C.CH
Atomic number: 13

ethyl

C.HH

Isopropyl group has higher priority than ethyl group.

Giving priority (isopropyl versus fert-butyl)

CH

*
C—C—CHy

H
1sopropyl
15" set of atoms: C
Atomic number: 6
2"setof atoms:  C.CH
Atomic number: 13

CH;

*
C——C—CH;

CHs,
tert-butyl

VW

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 2:\

\
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This carbon is This carbon is

Similarly,
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and " .
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Polarized Light and Optical Activity

unpolarized  prigny = Figure 5.9
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(A)-(+)-1-phenylethylamine

Definition:

Racemic mixture: A 1:1 mixture of a pair of enantiomers. Therefore,

plane of polarization (optical activity = zero).
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Properties of Enantiomers
o909 Y 561 g oWl gi\asoif\ 55> i
1. Enantiomers have identical achiral properties, such as melt

counterclockwise). aWlendonas iy

ing 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
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2. There is no obvious relationship between configurationd sign of rotatio

CO,CH;
¢ CH
H/\OH -

+)-methyl lactate




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

CO.H (O) 3.»5‘; CO,H "Bw )5"' (-53.469\;.” (ltozH

| lactic acid
...u\c — C ...nlC
HO 7 \CH‘ dehydrogenase O/ \(:]--[1 dehydrogenase H / \CHx
H ~  (Chiral enzyme) g HO o
(5)*(_+)-l.\ctigl‘>acxd pyruvic acid (R)-(-#)-lactic acid

it - asm by

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).

1

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. a5

H
HO N

HO

Skeletal formuta of adrenaine

ur‘;im the c et
(R)-(-)-adrenaline

S 20 by g @l on bsiy

B S- R ol an b5 usd| §Ging o)
B g ogfin S 0\ eifl o R 2 @yl



Fischer Projection Formulas m‘}\m&lbuqmo\x‘/\m&m
N ofnas)logh dosin -l

COH

: CO.H CO,H
il s ol B\ OH
Hm— C --OH = H OH =
= H
a . A il i
a>uo)| diul CH, CH,
CH, 1 1

(R)-lactic acid

(R)-lactic acid Fischer projection
formula of
(R)-lactic acid

a

o}

HiC T —— ""'uc%
H 2%

CHy

3

S-2-chlorobutane ~2-chlorobutane

&
<
Y
$
&
Q
2

Enantiomers 2 1ie og -9, 2,0 50 giie ogh ah
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2-bromo-3-chlorobutane o |
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CHs U CHs CHs f
1t enantiomers enantiomers
(2R,3R)-2-bromo-3-chlorobutane (2R,3S)-2-bromo-3-chlorobutane

3/&9/9\ \AQ OS\ m\b\b (2S,3S)-2-bromo-3-chlorobutane (2S,3R)-2-bromo-3-chlorobutane

Maximum # of stereoisomers = 2” = 22 = 4, where n = # of stereogenic centers
Maximum # of pairs of enantiomers = 27/2 = 4/2 = 2 pairs of enentiomers

e

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
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H,

H=1=Cl

CH,

solid-dashed Fischer projection

wedge formula formula

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

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 inactivesh\hi;mn\l\-goﬁ\ﬂwd

CH; CH; CH; CH3

(") (”) H-—Cl ~H ~—cl plane of
HO_C—CH‘—CH—C—OH Cl S H H R Cl symmetry
Ok _OM CH; CH;, CH, CH,
. tartaric acid - . =
EnantlomerS 4 Q) QWN\W UDA:)%\ enantiomers, chiral uh‘nmdi, achiral
\ 9 A 448, S a meso form

3 2oadhl 03\ -9 45 \naa 3/ ;@_‘\\ » . e s

(HO +12 5 0 oibley iy

Melting point, " 170 170 140 lisIoiuhd

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

i ) . . s | 4
Stereochemistry and Chemical Reactions ) (
Example 1 CH,CH,CH=CH, + HBr —— CH3CH2(?,HCH3

Br
1-butene 2-bromobutane

CH,CH,CH=CH, + H* —~ CH,CH,CHCH, —*— cmcnzc[ncnx g
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Stereochemistry and Chemical Reactions

Example 2
CH;CHCH=CH, + HBr — CH3éH—(IJHCH3
Cl Cl Br

3-chloro-1-butene 2-bromo-3-chlorobutane
>

CH, CH,
2 HBr I
Cl——H — Cl=—H
CH Br——H
H Hod=d . A ,'
CH, “H, sATVR CH,
(R)-3-chloro-1-butene (2R,3R)-2 No-3-chlorobutane v ) (2S,3R)-2-bromo-3-chjorobutane *

Diastereomers

1386763

Resolution of a Racemic Mixture
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1 beon 3 [ o, ——F— S CL
| Q~\(‘, '\iﬁl‘/ i OH £l / HO p \CH}
- R/$= H ( H oz
J\oﬁ R).(—)-lactic acid §)-(+)-lactic acld —¥
K [a)FC = 333(HQ) ¢ .. [al™ + 3.33(H.0) \\ I
B 1"‘%, : mp ‘?H&\gm'fx:m v mp 53°C £ bl
K + G\ :
HC H capphaRzinue \J HC H -~
o P
Hi¢')\© H:N dﬂ\p y +
(S 1-phenylethylamine (SH1pr = ol > M o
mirror

v
R-lactate/S-ammonium salt | S-lactate/S-ammonium salt
R s

s s
Diastereome
The two products are diastereomers which differ in properties. Therefore, they can be separated by ordinary

achiral methods, such as distillation or recrystallization.
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(2R,3S)-2-bromo-3-chlorobutane (2S,3R)-2-bromo-3-chlorobutane
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03‘-5;\.\6 35\? alkyl halide > 2° alkyl halide > 1° alkyl halide > methyl halide

o
Step # 2 )\ 2 I & HO g /K 2%
n,c: Nea—> u,c““" \N —_— e H;C\‘“ i ”'cHa 2)

&
+ /.
N / M Ni\ Ia HO
carbocation  nucleophile Hwy —- o — —li»
- W Br H" 4

H
H H H y 'll
4
g < H0 g~ i + o O
":)\ar" e i", = o "o‘/K’:..
3 mek S\ ™
zr’_.u\ « InSy1 mechanism, Jo\2 J’,L:O

2. Sy1 Mechanism

Examples o3\ dos J& siubisa rotation clae o) uﬂenantlomers(w\ gmg 4
s 41 ,x.\mdp\)é\»&\m\qwu\)m) e
tep 5 i = P
Ny dows Dé@ . )\ Pl whae )\ ;
Vi £\ ’ H;C,é" o g T "’C“““ OH K

substrate carbocation leaving group CHy CHz CH; L -

Fsadpul - -~

+ :Nu and C CHy

e

| racemization |

Rate of reaction = K [alkyl 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).

6

W

B B s '\l aqueous  CHiCHy, N
SN acetone /C CH; + Br~
CH,CH,’ 7 CH, CH,CH,CH;
CH,CH,CH, °
(R)-3-bromo-3-methylhexane carbocation intermediate
LH o Your hands can be considered as a racemic mixtur
(see item 3 2 . A 19
— L B i AN uey o\
_____ 77 S L he

! OH enantlomersz

: CH;CH,., CHs I P i

! CH,CH,CH,—C + wC Iy

\ I CH,CH, 4 \CHS ‘,': ‘,."’ racemic mixture

hen racemization is important and attracts our attention"'
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Opticalyinactive 80y
Ando e

bottom face of the carbocation) top face of the carbocation)

The final product is a racemic mixture. Therefore, it is optically inactive.
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. SN Secondary Sometimes Sometimes.
/’ (/ fl'dl‘ »> 2 Tertiary Rarely Common

Stereochemistry Inversion Racemization
Solvent Rate is retarded by polar Because the intermedi-
°/ protic solvents and ates are ions, the
2 increased by polar rate is increased
. \ S N 1 aprotic solvents by polar solvents
\,9 Nucleophile Rate depends on Rate is independent of
SN‘, nucleophile con- nucleophile concen-
t — centration; i tration; r
- is favored when the is more likely with
. nucleophile is an anion neutral nucleophiles
*Allyl and benzyl substrates are the common exceptions (see Problem 6.7b).
|

S\2 versus Syl

In Sy2 mechanism, In Sy1 mechanism,

One step 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 > 3° alkyl halide ' 3° alkyl halide > 2° alkyl halide > 1° alkyl halide > methyl| hali

Table 6.2  Comparison of Sy2 and Sy1 Substitutions

Halide structure
Primary or CH; Common Rarely*

substitution i elwx elimination u»o\m)f
E oy dlgnl dfwj)mw\mn ,"

Reaction; the E2 and E1 Mechanlsms N

SRR LS

substitution (S) | ‘ _
/—> *(llf(‘:*Nu + X

elimination (E)

s Ne=c/ + Nu—H + X~
& P o N u

Nut‘\' Nu—H  pi-bond
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| step o 2
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E, E2 mechanism
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In E2 mechanism, g
3° alkyl halide > 2° alkyl halide > 1° alkyl halide

olauh sl i\ Je ae,dl degadl e il -

Rate of reaction = K [HO][alky! hahde] ------ %,
That is why we have the number 2 fn the abbrevu‘atlon (EZ)‘
That is, the reaction rate depends on the concentiatnon of ho
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In E2 mechanism,
3° alkyl halide > 2° alkyl halide > 1° alkyl halide
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Rate of reaction = K [alky! halldel

That is why we have the number b jn the abbreviation (E1).

That is, the reaction rate aepends on the concentration of both
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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 E2 and E1. That is, 3° alkyl halide > 2° alkyl halide > 1° alkyl halide.
Why?? The reasons have been discussed before.
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Substitution and Elimination in Competition
[
Tertiary Halides
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Substitution and Elimination in Competition

Primary Halides
Smali-sized nucleophile
Sabin 9229 300l - cany
q >,&qwqmmuw,§)\@>\mmi\’ _____
o ° \__ u-lodghs-8Br .5 = 0" o
g L0 Na ,’, CH,CH,CH,CH,0CH,CH, + CH,CH,CH=CH,
10 i ethanal
S JREETRN o N butyl ethyl ether 1-butene
S (Sn2; 90%) (E2; 10%)

an 3l ans- TN wgl e

“+ CH,CH,CH,CH,0C(CH,), + CH,CH,CH=CH, & )

CH,CH,CH,CH fBr —/
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;o “butyl alcohof

S Nl /' o "l’n,r Hateke butyl t-butyl ether 1-butene

_____ P / (Sn2s 15%) (E2; 85%)
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large-sized nucleophile
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Substitution and Elimination in Competition
Secondary Halides LTI
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/ strong nucleophile CH3(|:HCH3 (Sn2)
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Y
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Chapter-7
Alcohols, Phenols, and Thiols

Nomenclature of Alcohols

3 2 1 3
CH3OH CH;CH,0H CH;CH,CH,0H CH,CHCH,
\Somers
OH
dbgal ethanol thanol I1-propanol 2-propanol
&l el (methyl alcohol) (ethyl alcohol) (n-propyl alcohol) (isopropyl alcohol)
CH, 'ﬁ‘\ CH,
| Iy
CH;,CH,CH,CH,0H CH;CHCH,CH; CH3CHCH,0OH CH;—(I". OH
OH CH;
1-butanol 2-butanol hyl-1-propano 2-methyl-2-propanc
(n-butyl alcohol) (sec- hut\l alcohol) (isobutyl alcohol) (tert-butyl almhol)

T ("j))‘”j‘w /’ \<H 7\

aosasnlpdl an daib oo : CH,OH
MM ebamo s3aiby  CH,=CHCH.OH \__/ ©OH \ g

S5oY anubll 8ol aorl s i A e M
osfililgi-lgnibyacenn % ¢ phenylm |

M&#\mﬂbw\ﬁmé\n (allyl alcohol) (cyclohexyl alcohol) (benzyl alcohol)
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Classification of Alcohols

R R
R— CH,0H R—CHOH R—C—OH

primary

Nomenclature of Phenols

OH OH
OH ‘,)\\ Br s ‘\: Br
A ) T
{ [ i
cl Br

phenol p-chlorophenol 2.4.6-tribromophenol

Hydrogenbonding network

o Aol osd Anuin o €0 B> s gl
Hydrogen Bonding in Alcohols and Phenols Ssibl b o> o i Blmeal yishaniss s
M A 25 0l oo An Molood afan dodit m\»@qq&\o\oﬁ\m@

a hydrogen bond N

Solubility in H,0

Name Formula bp, °C /100 g at 20°C
methanol CH;OH 65 completely miscible
ethanol CH,CH,OH 78.5  completely miscible
1-propanol  CH;CH,CH,OH 97 completely miscible
1-butanol  CH,CH,CH,CH,OH 117.7 79

1-pentanol  CH.CH,CH,CH,CH,0H 1379: 2.7

1-hexanol Cg;CHzCHzCHZCHzCHZOH 1558  0.59
& —-
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L:.The Acidity of Alcohols and Phenols ,,;&3@'“ A
oy ¢ T g v o
ROH + Na*HO~ === RO~Na®+ H,0 —> /vbﬂ\.!ez-‘.* "T2RO—H + 2K —= 2RO+ K* + H,
J - Aleahol sotassiun
7\ /N = “alkoxid
</ Y—OH +Na*HO~ — </ \>—0‘Na* +HOH = ~bsAdS CNa jo -
ﬂé N/ \h £ St RO—H ¥ NaH — RO~ Na* + H—H

ed in phe

The Basicity of Alcohols and Phenols
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l—li _____
R—O—H + H* = R—O0—H
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|. . Reactions of Alcohols E
Lo _HO >
1. Dehydration reaction

Dehydration of primary alcohols
Sl o = 107

]
H—CH,CH,—OH CH,=CH, + H—OH

ethanol ethylene

E2 dehydration mechanism

Bl e s o oot 05 < Josorinen o |

qw*‘?
CH,OH + — C ‘—O—H
ded ,!,,.,.ﬂ qrof > L\J,)L-umb CH,CH H Hg CH,CH |
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Dehydration of tertiary alcohols

lll CH,4 CH,
CH,—C—OH —2— CH,=C, + H—OH
o eat
CH, CH;

{-butyl alcohol 2-methylpropene

(isobutylene)
E1 dehydration mechanism
(CH3);C—OH + H* — ((‘.H,)_,(t—(li—H —» protonakion
H

(CH);C—O—H == (CH,),C* + H,0 —> 9"919 1—- E ‘E"S“L

- | t-butyl cation
CL H ! -_1 -
/‘Jd-l”h?

\SH CH, CH
[y 11 e Lo 2.
CHy=C* — CH;=C| +Ht} —> Stop
(I“,H, CH

| P ——

N\
The ease of alcohol dehydration is|3° > 2° > 1° [the same as the order of carbocation
stability). S

Sometimes a smgle alcohol gives two or more alkenes. — J'LJ"-‘P'!("

d:‘— --------- t oL
" q2_gc,-SL&
III (‘)H Ill
> CH,—C—CH—CH, CH,=C—CH,CH; and/or CH;—C=CHCH,
CH, H.0 CH, CH,
! 2-methyl-2-Hutanol 2-methyl- lfulene 2-methyl-2-butene
) ‘LuSald G = @B V!

- w&»\.‘)s g J y
Y : B\ produet @, produck
AT e L )
iCH;+ C —(CH, } ! . _
2 b (222 T 207 it Bl o 34
g CHg %




2. Reaction with Hydrogen Halides The ease of reaction with HX is 3° > 2° > 1° (the same as the
o order of carbocation stability). =7

Lewistiacid catalyst 7

R—OH + H—X —= R—X + H—OH
—— /\_/\0/H

alkyl halide 2=
E == \

S ———— '\\
N B [ nch A

[CH,CH,CH,CH,OH + H—Cl % CHyCH,CH,CH;—Cl + H—OH) Jl e

z alcohc rl

1-butanol I-chlorobutane
~& OH
- =
U /CH,CH,CH,CH,—OH +, H* == CH,CH,CH,CH, —O0—H
Sy2 mechanism 3,' S | slow reaction
£ _N_I_;;_'.‘_H CL H
S8 CHCHCHi | AR
-~ \ . : °
" WCTO—H — CH;CH,CH,CH,CI + H,0 ' g
Y - e e ) ,: 2 V-
Moo H H hdqff—ga».x-w

r'd %
| (cH,)c0H + H—cl (CH;)C—Cl + H—OH 74
t-butyl alcohol B

Syl mechanism e
(CH:C* + a2 (cHy),cal

t-butyl chloride .
fast reaction

(=
e R R e

3. Reaction with Thionyl thloride and Phosphorus Halides;
Preparation of Alkyl Halides from Alcohols
2 g’)’ «\

L.J,_y- o»de: J—S*S o clos
¥ é‘(jl [ 0 [GD/: T = ?
F HCIt

i S
R—OH + CI—Sta B (RG] . p—ey s it +
4 thionyl chloride chlorosulfite ester N .. “
Nu: intermediate
el
= \

t
3ROH + PX; —— 3RX + HyPO;(X = ClorBr) — = Qt—\-w"“3
a)’b/

phosphorus

halide

Both of these methods are used mainly with primary and secondary alcohols, whose reaction with hydrogen
D

halides is slow.




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

CrO;,, Hy0*
Kr,Cr,07, H,S0, Na;Cr;07, H,S0,
il g e
Strong .
\ e KaCrOy, H;50, <« NaCrO, H,S0,
&)
I oxidising I
R—C—H < R—C—OH
_F" Pl e,
Chromic acid is often made "in srtu"(mal is, in the reaction flask) through
the addition of acid 1o s & f Ehromium (such as chromate salts). The
OH [e] large number of possnble chwmwm sources (and acids!) can make this
confusing, but it is chromic acid that is the active reagent.

i |
R=C—Ry SuSise. g ¢ g

agent

Iﬂ

R DQX):UMWA{ZJN’K

3 4——— u&’»ﬁ‘-‘ é‘
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A

Reaction of a primary alcohol, secondary alcohol, and aldehyde with the chromic acid reagent; Chromic Acid| (Jones]|Test
-------- - - P TR
’,_\_,,\q\ So —> 467 243

Jones’

\ (H((H')(HOH~———-(H\(( ;

reagent

Chromium (V1) oxide |
orange

3° alcohol gives negative test

o
A ¥
O 3> R

‘| H G" 9.0«.‘ orange $

ST ey d it id
oM Ai\ d¢ egative (a) and positive (b)! resuts or the chromic acid test.
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How to stop the oxidation of primary alcohols at the aldehyde stage? dri
By using|mild oxidizing agents, such as L>/‘ b'

=z C}/j J\-Cas)

== T
TR o -»4 C-0

€\ 1 2 Y

:—Aﬂsdé\“t"”" CHi(CH)CHOH i CHCHJC—H = T2 2
J:p*,d!ajﬂ(_clﬂﬁ' t-octanol octanal
[
/ \ =N
(r()‘+H(I+/\ 2 /' N*—H CroCI”

eHlﬂ\cncé‘ - CHy(H2-

. = glycoles

Alcohols with More Than One Hydroxyl Group
b

[
ethylene glycol glycerol (glycerine) -~ sorbitol
ethanediol) (1,2,3-propanetriol) %, (1,2,3,4,5,6-hexanehexaol)
bp 198°C bp 290°C (decomposes) "7 mp 110-112°C
. A ps
2oL 2y .
u.dpp /' Bes
— -
G @ AT
Gpyp Ll
B Bl 5.8 2
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Aromatic Substitution in Phenols
f)&,,\ﬁ)\&
| The ring activating group (OH) gives phenol the ability to react under mild conditions. | o 2 ;/ 4/
2850 )ﬂ)ﬁ,up/v;».»ww g
// \—OH HONO, — O,N OH + H,0 2y~
+ —\J

x)wﬂ)

\ijfon OLH
\}7 /K Br\/ N Br
r,ceg oY [\/J +3pr B /]/ +3 HBr
\&\)& Br
cnol 2,4.6-tribromophenol

)

Oxidation of Phenols

,.»‘)' A J\
A mm.m (gng‘(,\/Jj CCH);  (RHDG | C(CHy)s

/L\\ NayCriO; 7 h i
H,S0,, 30°C ()( H, CHy
BH

B g
butylated hydroxytoluene

,}.'(!“.:)‘II:M( A beikmisons butylated hydroxyanisole
culmlcss.'mp 171°C yellow, mp 116°C
(1,4-dihydroxybenzene) ) K /t
Phenols as Anttoxldantsm,\amnw S

gl ey CHs
Qb'} J—G-J A CH;
oti ‘3 ale U'D:!" Zad CHy A 'O\"/\’\//\T/\/\\l/\\/ "
] el o en3, Cj' . CH, CH; CH,
A P >0 2
[ q == W +HO—H 4| H{)
N b
plienosy radical a-tocopherol) is a natural
) .‘\,,,;} phenolic antioxidant that protects the body against free
‘}c_...d @8_‘!— (»b\'f - P radicals
\
s, R, o~ 2 .j;,s\(?"
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Thlol:‘i 2 VL&
Naming s
b £225
CH.SH CHyCH,CH,CH3SH |
methanethiol 1-butanethiol
(methyl mercaptan) (n-butyl mercaptan)
Preparation Hycrogensitd
¢~ NuT:

R—X + ~5H ~—[R—sH]
.

a8 Nu:™

ppren— —= H0: /) HaS: =7
a\ma—ﬁ

h

3

/

:—5?\:-;-{4‘».:‘.1
(ph;n‘ﬂ -mercaplan)

SH

X-

10.6 whereas that of ethanol is 15.9. Hence, thiols react with
thiolates.

Thiols are more acidic than alcohols. The pK, of ethanethiol, tor example, is

aqueous base to give

RSH + Na*OH™ —

RS~Na* + HOH

sodium thiolate

CHs CH;_SH CH3CHO

N_ﬁlo’jf;ﬁ
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duiloiall dndll :alguilig Gillgirallg cilga&ll

dyguall culelaill L) éryjall égidl oo sgilwll Jnall

.a5glg ubynll diga 111 :andll alhy & arayhgll dcgnanll

alegnan le sgini aephll 6 alisall phen da3pan; diahgll alegnanll 23gi Lo jali
len Jclaii 6110in

clugaill Jilso @ilill pUsill :c3Ugasdl dwouns

(IUPAC) ulugslll pUai (Common Name) giliul puwll
|
H—(ID—OH (Methanol) Jgilizo (Methyl alcohol) ko Jga5
A
H—(li—(IZ—OH (Ethanol) Jgilu] (Ethyl alcohol) ] Jga5
H
OH . £
C|: (2-Propanol) Jgilgu-2 oltianoh Jgas
B O (Isopropyl alcohol)

ol-" das 1l paxiuy lgsll Laiy ‘alcohol’ aaldy (giiy gilidl auwlll gl Boll :dbolle (5



lelaill pgal plisall :sBgas)l Carinal
(Primary 1°) ,?.,lgi (Secondary 2°) 595U (Tertiary 3°) JUU

|
R—CH,OH R,—CHOH R3—$—O

bniy5 OH dLolsdl y93)SJl 8y3 b5y5 OH dLolsJl g1,S)l 83 bh5y5 OH dLolsJl oo fhSIl 8y5
8a>lg )92)S 8y 09S GV O9S s ¥l

O3 ginall daouns
OH
ortho

meta

Cl
p-chlorophenol

duix>g)ug)l bulg I :duasl 8gall

duis>9) gl dSuiul
:(Hydrogen Bonding Network)
AU eblis ds 8 wlyjxll
Hydrogen Bond S

418 clo LgS Judi 1 JSiall dpiss
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wobll gl Jiall bgs>
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aunlyslig dusall glyo cloll 46 dilall

Q Hydrophilic / Hydrophobic  ~~~

(,g.Lb.f)) @ cabon O Hydroger?' @ Oxygen (clall o8/ ; 1hé pe) DL

Solubility Scale auilall julso

J9isd Gy 1-3 gais Olg3 4-5 1516 goips wilys 6+

(Miscible) aoli dauuls (Borderline) 63gaa.0 il (Insoluble) wil5 pe
b bl cjall oglaally cloll ojl4)l ejall fay (o)1 Tguud) gLgall gios dlighl dludul
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dlgirallg allgasll auaaola

ROH + NaOH <=2 No Reaction

10 dayen duaals :Vgadll

gl aclgall ga Jelaii \

OH O Na* £
ol yisi :aVlgisall
H H H H NaOH ga 1S Jelbii
+ NaOH — + H,0 .
H H H H 0
H H

«((Resonance) GiligyisiVl —»
Phenol Sodium Phenoxide .09Vl Jhéiwl a1 lao

6acldSg Jaonas Jgasll :dialgajyl

oaclal

R-OH + H* <> R - OH,*

f\ ®
AR
C ("

difai /&) dyigial] algjl elliog Jgasll :6aclds
.o94iguagVl ggul (ugail ggigy Jldiwl o

JAoQ4
2ROH + 2Na — 2RONa + H,

“‘K/D—\ RO 4
L“g.‘-e RO_+@+ 2

gragjaall sy huii jla go Jelaill :ganas
Auigall gghug
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cloll gji :d3all Cillclai

H* 180°C
CH3_CH2_OH > CH2:CH2 A H20
Ethanol Ethylene H,0
(3°) awll cilgasll (1°) dawlgdll C3lga4ll
‘> o
M.z;u_’ o&l — o LV&?:?" R
@

3°>2°>1° :cloll gji dlgguw

(gl ooulall Jljaiul Cui)i yus)

Sl W1 3225 ayS iy j 6acls

™y
H*, heat CH H* h
, hea CH3—C—é/ 3 , heat
'Hzo | | 'HZO
/ CHz H \
CHj 2-methyl-2-butanol CH3
Joiligr-2-Jufio-2 S ey
CHj3
CH, CH3

‘ 2 p Major Product ( uuipll 25lill)
2-methyl-1-butene bkl Péﬂ;;d:{:" 9)3 &“‘“Jﬂﬁ 53’“[;” 2-methyl-2-butene
osigs-1-Julso-2 S e e N Osigr-2-Juiso-2
Ul 8)glaall gupdll 655 o uog)augll
0129)24g)l Lilj3 30 2ac *Jbl* Jooi
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Jralill ailladla g4l :Jlaviwl ciilelai

Scheme 1: ¢l Jclai / Slow reaction Scheme 2: g1 ju Jclai / Fast reaction
Goi2 S
CH3(CH,)30H + HCl — > CH3(CH,)3Cl + H,0 (CH3);COH + HC1 —> (CH3)3CC1 + H,0
S o Mg g ” HY “#‘*? 2
CH3(CH2)3_OH + H =— CH3(CH2)3_?H2 (CH313£"H + HY === (CH313£_C|)H2
H .
@‘ﬁ;c:attack & [ -
/‘; of chloride ion lSIow o
@~/ ¢ 9 ®.
...CHz(CHz)z'?HZ — CH3(CH2)3& s H20 k?"C_OHz 1 H20 —_— b"C ar H20
Transition state
{RERgIENICO) (Lucas Reagent) gulagl caiula : = *
Formula: HCl + ZnCl, . T "—>\6—C—‘
4)94 &jlAcq 123 gujun Jeldl :3° ullgats - “ o
ajlp gling ag ey Jeldi:1° lgas - . -

630 pllg 6)gall :Jlativulll GJAl Gpha

(SOCI,) Juiguill ay)gls go Jelaill .1
=D e SB0r e RECIE 1 SOt SHC
g6l Jauw lao «iljle duilall ailgill gl dijso .Cl - OH Jagiay
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H
H_ 0 0 auusgoll Jolell
LR e TS s RN vy
RTIYOH  aussodoe -0 aussogole O &
H (Oxidizing Agent) R H (Oxidizing Agent) R OH
ol Jgas aymali Glausgus oo L
(Primary Alcohol) (Aldehyde) (Carboxylic Acid) 1094l oo
.(H,Cr0,)
H OH 0 Hg2 wawls | LWopey
\C/ m I .(Jones Reagent)
R/ | \R' 2uwsg0 Jole R/C\ R’
H (Oxidizing Agent)
$gili Jgas 0giLs
(Secondary Alcohol) (Ketone)
‘ L ] - - L1 an n L] L 1]
ataalil aic wadgill :aawmsill 4 paadll
Path A
PCC O
OH CHsCV, 255G H

1-octanol
Araalill aic damall cadgy wathl awsgo Jole :PCC

Path B

Chromic Acid

Octanal

o)
/\/\/\/\OH /\ /\/\/\)]\OH

H,CrO,, H,O0, acetone
1-octanol : e 2

(SH5gI5 03 ] 6o 13 selyng)all an

walii 1:3° adilill algaall

Octanoic Acid



Jgaall yaaa jlial :alall a clinls

Negative Positive

Orange Acetic Green

Ethanol + Dichromate Acid ~ Chromium(lll) |

guaill La Jgiliyll dawal Gle jhisil anie)
Gamaill diganaic sl L) laipdl oo Jgais :ighl peill e

JansSg)augll 533250 39S

D g

(Ethylene Glycol) JoSul> (paluisl (Glycerol) (2 yanl>

ol Caaa (290°C) dalle diluls d>)a9
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ILog) 3l Jlawiw 3l : B ginsdl Oidlclas

9 Dilute HNO; H H
i @1l dndiio OH dcgaze
@ H H .(Activating Group)
¢ NO,
e PO PP PECNRETRERS,
i .(para) I, g (ortho)
OH 3B7’2 OH
g By 39 dlsize Lgyb 9 ey Jelasl
. : i 498 83la> Jolge Zlisy
H Br
2,4,6-Tribromophenol
J’@Q‘Q)-.‘ tjﬂ-21436

6awS\ Glalhos aVgiall

CH3 a2

jf(;fk I?EW

Vitamin E (a-tocopherol)

Phenol + Radical (R) —> Stable Phenoxy Radical + RH

.(Radical Scavengers) '6jall Ggaoll ailwild' 4 aVgisall Jooi e
Jo0ll Juhwinll Jelaill caldy ggyiallg ggigp gpii
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(Methyl mercaptan) .(Disulfide S) cupAall
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Chapter-8
Ethers and Epoxides
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YOI
Nomenclature of Ethers .\ \al 5 |« SR
N Q\m&\ 3%\_\’/" """ hes
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Dl ne e— ('.'H,(‘.HI—O—Z(ZH, / CH,CH,—O—CH,CH, \, {
é\:'r.lg. i 'a_'ds‘*‘ C-;/‘er:?‘w\uﬁfww E. dicthyl ether (the prefix ‘.: diphenyl ethe

v di-Is sometimes omitted)
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-A-P‘/’/yv)//ﬁ‘) e "")1’"
o \/J o /::;"" Y =1_.:H| e
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—é et Water solubility !
o Compound Formula bp mol wt  (g/100 mL, 20°C), . &
), S T Wends e ; et
H‘}?Jﬂ S U= e C 1-butanol  CH.CH,CH,CH,0H 118°C 74 2 R ? B ?
M - 5S (PJ.;)M.S“-' diethyl ether CHiCH,—O—CH,CH, 35°C 74 75 ) R R

I__H ,b,\_,_‘,\,,;; @-:{_J\li"‘i pentane CH;CH;—CH.—CH,CH,  36°C 72 - \L- SV o,,;\»,..u)
Lr._,.\\.s_,p?.\‘..l <—;L. / —— ~ . Ao
L5 L I g,\,s;gq;ﬂ%e bt [ .@;Jngﬁ.sn&_,ﬂ\s_,.ae w22 f k2

I The ﬁerel inertness, coupled with the fact that most organic compounds are ether-soluble, makes ethers excellent D

w
u_F-(\

solvents in which to carry out organic reactions.
"'D@JA—J‘-‘X\ c# 2up NS \a) ) c\lyp—é O\A} r&’ A ools 3t
W\
@‘Lﬂ“)@u\)wlhswuw\‘awdﬁcsu (d&\m-\\ _é,,-_.\ w\>\ c»i Sy JS
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Ethers as Solvents; inertness of ethers

Ethers are relatively inert compounds. They do not usually react with dll*xte 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.
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PN G IR beaid sy el
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& »\/, de\al <+? ol et peeleT Stabilization of Mg through coordinate to ether molecules ‘
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organbhnetit o
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efallic Compounds; Carbanions

dsl_g‘.v C'-—--\S

1. Grignard Reagent > 7 A
(H‘—I + Mg 2= CH Mg 5 . e’;""h R o"}
ﬁ Ve (s
/ ST \C AR

Grignard R:a\geft's are considered to be strong bases (carbanionls)_y R _‘,E\\i e R-—a ._f (-';“'J

Nu:

attack R—MgX RHw\ —U«L_P_Apé_,.—
|- 6Qze— N\ﬂl é)‘a}_—_r\‘ﬁ '\.é\
—{“ﬁﬁa.‘:"‘_s @ NUT S ORBPE {_MaX + 1H—OH — R »e + Mg2*(OH) x% ngjldgd o
~ strongesbase  stronger acid weakeracid  weaker base
Cn.-u\: ""’\‘\&\i Deuterated water ‘.:D-AP E &«
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Preparation of Ethers
s d.mel»Ljf <« s/ Pt
1. By Condensation of Alcohols ebher P
eSS Hlo 1
T CH,CH,0H = NOCH,CH; 122 CH,CH,OCH.CH, + H.0 ‘U"'-
3 H <+ HO 5 3 Tisoc R 1+ Hal . y
_ s JI o 10l diethyl ethe ')Ju\p Z‘\é
Noze?’é'd\éj— MG o b By < —
= . H—CH,CH,—OH = CH,=CH, + H—OH R

ethanol ethylene

The above-mentioned reactions provide a good example of how important it is to control reaction conditions and

to specify them in equations. wﬁf’d“g’edﬂ\]ﬂﬂ"— UM&_U@JM“&JM& j

) 2o ESslus
'Disadvantagesof thls;nethad"the comiensatlon of different alcohols Ieads to a mixture of different

ethers.
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/d\/ OH heat
= D S T s O o

\ j ekhy! prepyl ekhor
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2. Williamson Synthesis; Preparation of Symmetric and Asymmetric Ethers
AT e —
EE o 2 e an

i 2ROH + 2Na —= 2RO"Na* + H,
\ iy TR T wew-"t? ';*‘
RO™Na* [+ R'—X [— ROR’ + Na*X~ __,\,go,.; S
-v— d‘w
P e o
Since the second step is an S.2 reaction, it works best nfR in

Which alkyl halides work best?
the alkyl halide is primary and not well at all if R' is tertlary )

+ The Williamson Ether synthesis is an S)2 reaction
« Methyl and primary alkyl halides are best, since they have the

least steric hindrance
_,..Joj Advantages of this method: [§ leads ONLY to one ether
Mem_yl halides: work well product. gL \b'i
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“\ tert-Butyl methyl ether
OH — - :
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Preparation of Ethers

3. Acid catalyzed Addition of Alcohols to Alkenes
H ;J-JJI ydd ad,w_an rym

Cala|yst CH‘
CH‘QH + CH7—C(CH3),

]

m CH,0—C—CH,

Hso

S0y THCL CHJ

2-methylpropene t-butyl methyl ether
Asymmetric ether

methanol

The reaction follows Markovinicov’s rule

R,C'=CRy + H* — RyCH— C*R,

R,CH — C*Ry + ROH — R,CH — C(R,) — ORH*

f(‘l

RyCH — C(Ry) — ORH* — RyCH — C(R,) — OR + H*
+8
1~ CHzCHy O CH (CHs) HEr=
at L
= atrack
— TR | P V-
oGy Chy | o’é»(cuzh + 1~ st S0 e
g M L aS
4 Sy QP‘G“:-T«—'LU . Mct‘k;“u"“"
e '\’QJ"-S spo W Ny - L Sl
Reactions of Ethers; Cleavage of Ethers

G PEAS Y
3_ CH; CH.T 4 HOCH(CH3),

a n\w,_“ Smem e 38 pd

H

e "”’iﬁ
CH;CH,OCH(CH3), + HI 2. CH HZI+H(>CH(CH1)7
ethyl isopropyl ether ) )

-'.
@—qacnm

/ \ OH + (CH,),COH
]
t-butyl phenyl ether w’””’t phenol
H‘Lﬂ_,—o-“‘;

t-butvl alcohol

Acid (atalyled reaction
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Epoxides (Oxiranes) =
P ( )= P =
Nomenclature ( Lisomers) &2 Zutone omde,__
H
CH,—CH, X
B )
- . . (n‘xlr.\m.\l  3-dimethyloxirane) (trans. 2,1 -dimethyloxirane)
— 3 13.55C oC o
v v G’»\'n‘.&“\é\ bp 13.5°C bp 60°C bp 54°C
Preparation of Epoxides
- - silver catalyst ~ . : . s
CH,=CH + O3 355c. esoure” (‘Eb—/CH: This method is suitable only for ethylene oxide
P o
[ o + R‘lc"—ml This method is suitable for all other epoxides
R OV e s
good oxidizing agent
1

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

+

it
oy m:cluw e Mocksclly = “"’”‘(““:‘”’
k g
Cﬁx—;CHz + H—OH b b "éH.‘“CH~ % Other nudeophlles add to epoxides in a similar way. JA%&JB
O o \ J [CPN
\ : “(;’P{ , (,‘>'H U RO [| B —+ HOCH,CH,0OCH
enc ¢ chylenegyedl 2 H ? 2-methoxyethanol
CH,—CH, =
- \() CH ) H
= CH,—CH, ¢ FTHt Hou\lil(;:lin:;\‘ L\IH i
L T iethyl v
& qychale rhat s
Ill

a-H':ack

a\w:‘”

IS

HO: +LH»—/( °H, -—— \I—O —CH; —CH:——OH\‘,: HO—CH,CH,

ook
Chy v & H* —> W —Ch

O S+
"

,—OH+ H* )

..om.,:@mw
o s




2. Base-catalyzed ring opening

Ny~
v CH30Na[CH;0H /0\/\
OH
&

CaEh S I e 2 e
AULS SuR &~ P\ \ j
CH,O” O. O.
Catolyshrs B\ o< (y'_’ i \/\0 N o
[s2meM 2 :
Ny B | €| SHiONe
3. Ring opening by using Grignard Reagents M
CQ*aAﬁsk

,0\1gx ‘—“‘—’*14 RCH,CH 0; 3 Mg(OH)X

R—MgX + H}(?’\—/(:H: —— [RCH,CH
.0 -

R—Li+ H;(?;—/C}I: — RCH,CH,0Li “=%-| RCH,CH,0H+ LiOH
/ 2 lithiue S v

Organometallic nucleophile C,Ql.«s_]

Hydrolysis

Neutral Form

Cyclic Ethers

‘\
SN Mot
r
kY J
N A ~ N

t v-‘r ydrofuran tetrahydropyras LA-dioxane

di cH.‘ﬂL Z " (oxoidae) (ot} bp 101°C
JP/f\pd bp 67°C bp 88°C

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

They are cyclic ethers have a crownlike shape.

'\:‘fﬁ_:"“ '\/(\) E

P 2 O TN
S 1 o i
g ( ] 0 o P
elluglone | J ¢ v & d
o o / o 0
| -0 o= { y
|18 owi-6 I rown 2icrow
mp 39-40°C (liquid)

0. 0. Cavity diameter 26-324
2~ S > lon diameter Na* 1.90 A
{ N X= . 266 A
o o~ Cs* 334A
‘ o J \‘1:!.‘?‘\ il .“ y
-\ e W el s
Wp U—%;\,_\\Ju\ w -
A\ Vo £, ‘5! \R Py —,, Benzene layer
Phase Transfer catalysis %= o
Al e Huylone ;

However, if some dicyclohexyl[18]crown-6 is dissolved in the 294YS0US solution (layer) of KMnO;
/‘benzene, it is possible to extract the potassium permanganate
/ from the water into the benzene! The resulting “purple

' benzene,”  containing free, essentially  unsolvated l/\o/\
/| permanganate ions, is a powerful oxidizing agent.* & b

A\

0 o:()
) idicyclohexyl[18]crown-6! k/(,\) /7\
| ',,'..-.--—--\-—-. ............. :
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(Condensation of ~ (Williamson Synthesis)
Alcohols)
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{ r-on 5 rOR R-0P X+ R—x
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+H0 rROr +C

Jadl (phaads) plauil
0 HI
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(Prep.a‘ration of )
Ethers) /

®
4 culgasn astsl 3 W e /
/' (Addition of Alcohols
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(Common Names) asili clowwl IUPAC)
OCH;
CH3CH, CHs |
\/\
Ethyl methyl ether 2-methoxypentane
CH3CH, CH,CH3
\OH
Diethyl ether trans-2-methoxycyclohexanol
e . OCH3
Special Case
H5CO OCH;
1,3,5-trimethoxybenzene

ewnbadll' (bass ool dcqanall pisi IUPAC ol (6 Laiu /iil' @olds acauio (4D dcanno 153i aeilill aowill (& _ .. .
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\

1-Butanol (C,H,,0) | Diethyl ether (C,H,,0)

= 1 ‘ 3 ‘
CH3CH,CH,CH,0H @EBP:1118°C | CHyCH,—0—CH,CH, BP:35°C |

duiung)aus dhyl
/\/O & H ~sabil O/\/ 0] % @)
iy No H-Bond
J

Compound Formula bp mol wt Water solubility (g/100 mL, 20°C)

1-butanol CH,CH,CH, 118.4 66.73 0.25
diethyl ether CH,;CH,-OCH,4 235.3 122.98 0.14

pentane CH;CH,M 287.7 148.45 0.03

((OH- dcgoao wlie) lgiljo gy dikng)aud bulg) gai gibiuwi U Wl :duiing)augll bylgyll
lga4ll dijléo dbaiio glde wlyys JJ $2gs lao

dyguasll coslelail) Lol caioll

@ @ iossll Jgoill ¢
adilgdll pheo 2o Jelaii I

L @MI . . nl¢ I 5
Dilute Acids Dilute Bases d.ll:.!." L4

Jiris ygirall Slsjall pbeo Ly
plbill o

Jlaké @) Jeloill as) alljgl algus

(aBaaio gl

62580 Jolge

Common Oxidizers
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Cull o331 13kod :ajlispo aunils pu

R R gl aloil cllioy guaunsid
Q = ey .(Lewis Base) 6o
Rl

Mg : pgruuisall (o acjlall iljlaoll

:loudiy Grignard Cligual Ul Jusiug
Roboto Mono g R/t ;\X

6 Jolowll jljéiwl

R/ \R «— (So|vatipn Stabilization)

o8l ggail sy

Pro-Tip
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clgasll o elall gji :alyiall juas

20Uy, : Ay
2 CHaCHZ0H 2204 140°C | o e R06H,CHa + H,0

e | )
C 140°C 180°C
Substitution (Ether) Elimination (Alkene)
Limitations :ag.1a

allgaall go (Symmetrical Ethers) dlilainll ail iyl gliid haa dlled dad) jhll ada
agepall pé qilgill go huld | ($3g) agaall o aalian glgif hls adgll

OdgasIl o slall £ :(1) OB yuaxi

General Equation

H,S0,, 140°C

2 ROH » R-0-R + H,0

The Mechanism

g

H  ~oH OH
/™ HOH,80, &k " \ ¢ H,0 (H@ HSO,”
/\6H _— (I)S —_— ) B /\0)\ —_— /\0/\
2 H
1. Protonation 2. Nucleophilic Attack 3. Deprotonation

T Ao\ The Critical Limitation: The Symmetry Problem

e —_—> Pl gl Alleiall SN yuaxd hid alai :80gasw dduyb
~oH 27 NG lgll (o 2o ] 08y dalisuall W¥gxsl bl

(p VA aic E1) a8l 0S5 cionid dogo (p 1€+ ) 8Ll )09 Sy2 AT pae Gazy Jeladl lim :db gl
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Sy2 Reaction (RO +R'-X—->R-0-R')

yO 6/6)\ (@
QO CH3CH20 Na~ + CH3CH28I' e CH3CH20CH2CH3 + NaBr
@
(Low Steric Hindrance) aluls éaly @slel Hlago Joasy

= CH
Joy ot 0 Rset AR R I Ohl
Jd07 CH3CHONa™ + C/(I:_Cl S C=C,
NOJ e HiC  CHy

(Elimination) gljiil — (High Steric Hindrance) daulec du¢lyo asle| :Jelaill Juusd

Sy2 &syilsgo auiy Jelsill ol il Josl Gle Jonall Slgl Jisdi aglls pladiwl Jré

ypaill dolall ddyyhll :gguolilig Jeldi
RO"Na* + R' =X — R-0-R' + NaX

dulioll cagiall Junall dlia X
RO HaC [ 22— RO"
/\/_\ ; >'\4—\_
CH, | HsC HCH3
3

2w Jeloill :Juiro of dxlgl wilale
.2

(Elimination) w635 aoy :aull wladle
Jluiwdl go Uay

t-butyl methyl pubail : Jlo
Correct Path: —> CH,-I + (CH;);CO"Na* (Correct)
Incorrect Path: (CH,),C-I + CH,;0~ (Wrong - leads to Alkene)
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Heat dola abollo
R—0—R + HI —&— R—I + ROH - Jelaill gy
CH5 CHs gl Hl) &g olool
HI . u:pwJJI 20 (HBr
+ . T a 5
H3C/\0)\CH3 teat. 2= Ho)\CH3 l3g) 125 Lapers HC)
(Jelall
Ml Jugpajl Jul Juudlagogs  Jugpgpll Jgas

ool Jbusidl sl Gllelas

Base ($0OH") Oxidizers (05)

N /
bt Vi = Strong Acid (HI$, HBr) + Heat

heat
CH,CH,OCH(CHS), + HI —— CH,CH,| + HOCH(CH,),

Ethylisopropyl  Hydroiodic Ethyl Isopropyl
ether Acid iodide alcohol
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CHs H CHs H CHg CHs

. | ﬁ |+ | ©) ( |+ | - |
CHsCHy—O—CH  + H—I > CHiCH,=0=CH + I” —> CHiCH,—0—CH I —> CHsCH,— + HO—CH
CHs CH3 CH3 CHs

w5galill dcgano Jgai diigpll
.64 6)aleo dcgono I s )
Insider Logic:

ii;g{ﬁl e Gy poxgl
501 ) Bledl ol
(S_N2)

(dwgill tilegonoll) Sy, 2 jLunoll :jlbusiil dxsuiléeo
aip usgutsouill pgagl aball s

(Protonation) (Nucleophilic Attack) (Bond Breaking)

CHs s \J CH: o

( + "H—| —> \I/ L . + I
CH3 \y CH3

ayelys adle] Jo1l ggnall 8)3 Lle Giaoy pgagll
(Less Steric Hindrance)
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(Spontaneous Bond Breaking) (Formation of Stable Carbocation) (Nucleophilic Attack)
I [ ||
H +
1k i F.* e °
i © B -2 UJ ® ) 7
Ry—C "R ——> R3—(|3" R| ==» R;—C” + ROH Ry—C®  ——> Ry—C—X + ROH
R R % R R
L1815 byl pusiy &)l Ji8)l dcgao 5929 b ;6 yiluo igis osils
.(Cairo Regular, yiguiiguils g4l (Stable Carbocation)
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Insider Logic

SoLwai-JgiLa dhuly p4ii U 13lol

QOCH:B (OCH A OCHj GrawAlll L le aligyialyl olgji :Resonance :gipl .1

gilb ahull Lhey Lo, dlall gy 4 ¢l
S) aagajall dkylyl
<—>@ o lan ,sp? adalall jygups :Hybridization :(uaaill .2
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Double Bond Character
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(Angle Strain) " 5glj yigi" go ilei AT At audla cl i) D u!uuhfuﬂl
Ailell ulwﬂh aijlin Lilings 120 dhuii [aleq) lon 23k

aui il aalall yigi :Culawssqu Ll

LR LB o
Also known as Oxiranes

CH3

cis-2-butene oxide trans-2-butene oxide
60° 60

dhylyl Llgj :(Angle Strain) (sgljJl yigill
dpdiuwo pé Cildlall 03 Jooi # 60°
Ol gudey @lell Wileys dbuiig
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O ) O
e )J\ A 7 )l\
R OOH R R R
Cycloalkene Peroxyacid Epoxide Carboxylic Acid

Stereochemistry Preservation i.g.él 16 3300

O CHj
>_/ R0 A /_/ RTon /Q/
cis-2-butene cis-2,3-dimethyloxirane trans-2-butene trans-2,3-dimethyloxirane

trans hej trans Jlg cis b=y cis JI :osdl il dxelpall cluoudll Gle Jelaill Bolay

AlapuSguVl puAni
(Industrial Oxidation) duclinll 63umSVI .1

Ag, 250°C O
CH,=CH, + O, it = P C/H\O Insider Logic
2 2114 haa iyl dnla
CHz=CH; Ethylene Oxide

(Laboratory Peroxyacid Oxidation) dipiall 6awSYI .2

»/\o 0
)l\(‘H—> o + N

mCPBA is R OH
\/ commonly used.

Cyclohexene (Peroxyacid) Cyclohexene Oxide  Carboxylic Acid
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CH3;0H
A H > AO+ —3_» H /\/OCH3
CH, CH,  Acid catalyst CH, CH,
JHgH

Protonated Epoxide
Insider Logic dacld
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H3C / \ CH3 ch / \ CH3 H3C / b+\ CH3 H3C / C \ CH3
H H H H H H H | H
X T 0
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O pra +
OMgX +
R=MagX ——» | - 1 = N + Mg(OH)X
\/;xtension

L) jladoy asigipall dlududl Jighil 1xa suao Jelaill lia
gl dllgas adiag (agys

apmagudll go ajliyya Jelai :arigyall Juutlwll cliy

= s OH =M=
R-MgX + H,C—CH, — R-CH,-CH,-OH
Ethylene Oxide
1. Reactants: 2. Attack: 3. Intermediate: 4. Workup: 5. Product:
Ph—MgX + A, /O:> Ph-CH,-CH -(C;))'M X* Ph-CH,-CH -8‘ Ph-CH,-CH,-OH
9% ¥ H,C—CH, H,C—CH, e=\le" V9 Tl 27V
Ph Add H;0*

(Nucleophile)

i Insider Logic oaclo \
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Electron Rich
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[18]crown-6 [15]crown-5 [12]crown-4

Wligtils “subbl” gubiuy 2390 o295 Laigai lg) (Crown Ethers) awnll il
(K*) parwligyl gaul Luwliy [18]crown-6 :Jlio 63220 &jls iliguils
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Host-Guest Chemistry
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(Phase Transfer Catalysis) jgbll Jsi joo

1. The Problem
9 W93i U (MnO,) wligsl . Jelai Ciany U
ujidl

Benzene + Alkene

Water + KMnO,

(K*) pguwligdl ogil "wslhidl" pgdy

—— 3. Transport Jo
y0gol
, [ : (Crown Ether-K*) L lc (slbuuall “gés* “u il
Crown Ether-K (k) MnO, a49lig (MnO,, )LPML\EEQ']J_MNQIDQ_QJQ
Wil Gbjgs Cuuny

Purple Benzene = el ab g 8, 5 '}Ju:.m.n.u.ll Sl
’ ) " .Senell hugll o

2. Crown Ether aslol ‘
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Ethers (Oly03l)

Epoxides (WlawuuSgusdl)

:dalcladl rdaleladl
Low (Inert / JgaxJI) High (Strain / ,igul)
daidl daidl
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Chapter-9
Aldehydes and Ketones

Nomenclature of Aldehydes and Ketones

le

f 1 I 0
H—C—H CH;—C—H CHyCH,—C—H CH;CH,CH,—C—H

{formaldehyde) (acetaldehyde) (propionaldehyde) (n-butyraldehyde)

] i i
;
cu\c{ﬁcufcfH CH,=CH—CH,—C—H  CH,—CH—C—H
|
CH,4 OH OH
J-methylbutana \} butenal 2. 3-dihydroxypropa
@\‘Nﬂ WIS (glyceraldehyde)

CHO CHO
_OH

Clopentanec aldef ¢ enalde ‘ salicy fehvde
{formylcyel (benzenecarbaldehyde) (2-hydroxybenzenecarbaldehyde)
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I 1 || 3 k. Al s s
CH,—C—CH; CH;—C—CH (‘H; CH,;CH,—C—CH,CH;
propanone 2-butanone 3-pentanone
(aclf:mnei (ethyl methyl ketone) (diethyl ketone)
o O
Ao
) i 5 I
A—13 CH,=CH—C—CHj,
cyclohexanone 2-methylcyclopentanone Abuten-2oone ~— c,_,b}m

(methyl vinyl ketone) &-‘s——:,r\\ \:_"i\

@)
Ot OO pia

acetophenone benzophenone dicyclopropyl ketone
(methyl phenyl ketone) (diphenyl ketone)
t.’f‘"

Synthesis of Aldehydes and Ketones c _té?_c e wooy .

—_—
1. By Oxidation of Alcohols 3.5 2. lc
> D
iy g 3
R—%@ t ";:;‘n':“ R—C-CH)Z2- R—C—OH

OH
o 1
rp (¥ R—G—p euang 3 | o

|

agent

-1_,ASU w \s‘g Mild Oxidizing Agent

Secendary - PIUE g
— — SuSo-F
{ bo__ms [ Ly .\z—.,wf d\b’vl JoA 0 T
oy O N CH3(CH)(CH:0H 7 sve~ CHa(CH)(C—H
velohexanol volohexanone 1-octanol octanal

CH,(CH,),CH,0H "mc‘DCH)lCH:)‘,COZH

é‘.——%@wgq«w

Chromic Acid _H_CrO

n situ preparation
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Synthesis of Aldehydes and Ketones
. : g D

2. By Friedel-Craft Acylation of Aromatic Compounds > B
‘__—" e 5al) W RIS s 1.

g waz L CH;COCI + ALCL, — [CyH,COJ + [AICL]~
" 53 o £ 2hen¥) Gyl oo s3idl 1
£ X F N\ § 7\ ¥l il ole sl psas 1.
{ Nol M S A
Nt N\ / \ / CyHfy + [CH,CO — CH,COCH, + 1
\—/ | — —/ £
i HCI 5055 AICH, Sobsial 1.

benzene  benzoyl chlorid
H~ + [AICL]~ — HCL+ AICl

3. By Hydration of Terminal Alkynes

1,0 Il
CH4(CH,)sC=CH ————= CH,(CH,):CCH; K

1-octyne
20 ol
K&\)\\ ‘\_—§9 ‘) 5:,_1_#,_{5 R—C=CH + H—OH L{—

amethyl ketone
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Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl

Groups
1. Addition of Alcohols: Formation of Hemiacetals and Acetals
RO
Acid catalysed reaction o'?;’“‘“‘“‘.. ] (':_QH
¥ R .o tabalygRO
& J}’_Uéldi - %}s_ H';w b A hemiacetal contains both alcohol
g A. RO C=0:3 +C—OH
q,i o .- R’ ) and ether functional groups on the
= H H same carbon atom
Jos— alcohol  aldehyde hemiacetal
Geh P BN L o5 aftook M
' R s/ R, & kﬂdn RO = . X
=0 == YX=0H\=x v__:c—éH === _rc—0H
H/ H H/ 3 g H R‘}( -
‘ wed miiacet

ildehyde prot

dehydeJas®d+ 2522
501 Sk

’\gl’-usil al.S_‘\! é}\“




In the presence of excess alcohol, hemiacetals react further to form acetals.
e

RO RO
JC—OH + ROH 2= e - 1S +C—OR + HOH An acetal has two ether functional
R s groups on the same carbon atom.
H
hemiacetal )
RO
N,
o 2
R
H

Jzls ——l
Intramolecular Nucleophilic Addition; Cyclic Hemiacetal —» a.:s 5\9_.@ \57—2“

In a cyclic hemiacetal, the ether MM ’d) ’\!)\““! o
functional group is cyclic,. —_ !/\:Wﬂe— |) ’ \J)\

H H OH
H

HO
HO Lou
nH ” I\

niacetal
carbon carbon
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.~_\QJ\‘LM d5\, :
1 Ketones dlso form acetals. If, as in the following example, a glycol is used as the alcohol, the product will be cyclic.
CH, HO—CH, CH; (0—CH,
\ H* N2
C=0 + —_ /(, \ + H,0
(‘,H" ”0 C H cny Yo—CH; s ayascues
aod plecires n d '5 S " “(L;”, . NZ5p Lo
dmla/iwlzw diether=C
Sefd ik il o:ww—'“s—m

\
present, acetals.

To summanze, aldehydes and ketones react with alcohols to form, first, hemiacetals and then, if excess alcohol is

formation of acetal

[ o

Il | (I)R
R—C—R +—= ;h'—‘(l‘,—()k = R—C—OR + HOH
| ® R
fdehyde ¢ one hemiacetal acela
+ . e
H20+|'| Caug) D)) JL...;}U e de (_thdrolwsofacetal _ N . —
9 55 > ﬂ‘o 4 al ona) | | The hemiacetal intermediate usually cannot be lsolated.-l\
A - 1

50 Jial <21 w520 o @wé,oj_suumﬁﬁe)w@

Nomenclature of hemiacetals an

0 53 A
\\\:_«»\09%——? AV 5ol

) Zwl W

,_,\.S S,J\Ll “5:—2
17~ s

R
i / _
d acetals JeS o« C'c?: ‘DMJ\\ 0s5 20 0
Lot C-o¥
St U o 2
(¢ &Y e u__P
CHy—CH.—0 el v, 41 i B

LCH;—CH;—CH-I—IO—CH:—CH: |

AW S
1.1- Dleth oxypropane I/y

[Prop anal| diethyllacetal

L akes
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Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

2. Addition of Water; Hydration of Aldehydes and Ketones

H HO
;’c:o +H—OH=—  C—OH
H

H

0 s pray 2

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

—_

éS ARA ADLMRA
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Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

= Nu

3. Addition of Grignard reagents

R 4 R
No—oMgx 2. c—om + M*x-a
o OMg) o e OH -+ Mg™)

7 e/

) __I'_“!‘}Ll‘-.“\l’l LD © ;‘q =0 + RMgX| _cther |
Osm) , L0 NYl 22

' mediate additios an alcohol
*l}—w “p ds product

AT " = )
Formaldehyde gives primary alcohols. é ul Vb & S :9-‘ “:‘DJ) Xl C.s—‘ / I"_V:
_.T ’l . =
0 H H ~D\ St A_*"-'i‘h:’

SJ:D)JI ;JUI R—MgX + H—C—H — R—C—OMgX -5~ R—C—OH _?C' -:‘ ey

. . - H H
93 E:‘:‘ L!dl formaldehyde a primary alcoho! (—59_)\: d,r

S
T 5=

v
ENO +

S A a2
ISR o bims Gl T < aigan

2H e 1 poe
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< . Other aldehydes give secondary alcohols.
9 Uil alleyl

Glnle AL 13 R R .M:D.JXIJ._.QJ PN

= BT ST Y
4 1 v s < S
R—MgX + | ', H — R—C—OMgX —5~ (R} Z\Jf":‘f 2o

2D Mygo gl e, -

aldehyde

Ketones give tertiary alcohols.

0 R ©

R—MgX + R—C—R' —= R—C—OMgX —aee (R)-C—OH
O
- [sne)
Diethyl ketone (N) “)ME‘B' " ‘I‘H
| 20
CHCH, —C—CH,CHy —= CHCH,—C—CH,CH, 20| cuycH,—Cc—cHycH,
CH,CH.MgBr CH,CH CH.CH ]
_’Q
a\ Y
- QL 9L
(\ " — PR TV \Y
‘ L A\
- 3,1
~ =2
B o5
d J’ s 3

bS] aSIsse

N ALY

Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

4. Addition of|Acetylides ;3 =3

CH CH

3 C% \-athack Na*07__( HO. B

1 2 y K
O *b=ci— ( ) . @)
/

: 3 Hydrolysis

\

a ketor
D_\\,..\_,_D <\...u3 S\BLaT e
5. Addition of orga ollth|um compounds &%
D o Lol < Nt 2equivLiis
gz ST Ny
R—2B8r ———— -

e T




Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

5. Addition of Hydrogen Cyanide; Cyanohydrins

Eatal\‘/i: NC PO — Cyanohydrin chemistry plays a central role
C=0 + HCN —— _C—OH ' hydroxyl and a cyano group in the defense system of Apheloria corrugata.
7 attached to the same carbon.
cvanohydrir
o OH
Il z | L
CH;—C—CH, + [HCN X281 CH,—C—CH,
CN
cyanchydris HO___CN
1- oftec ke > »‘L‘
N( N( =
kT N e T ”
C=0: +[:C=N:— C—07 —w— _C—OH+ "CN P
A 7 AR T S g ;
yas o S b G ‘
QO o5y Nu: V‘Pq - 8 o
: Al s o poisonous gas
Hov BeLS,
Sl

ot
o TRy 2 o
NHIR L

Reactions of Aldehydes and Ketones; Nucleophilic Addition to Carbonyl
Groups

6. Addition of Nitrogen Nucleophiles

", o SRR > Yo e W PO o o |
¥ e o B e et Benzophenone imine

amin wddition product

NI, QL N d
pans + H.0
BTF ST |
substrat I e,
/(_‘ enzyme-sul ate
~ 4 N OIM PO

biochemical reaction
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7. Reduction reaction

sodium borohydride (NaBH,).

reduction hydrolysis
G e § AlH, * . OH
”(~?6- Yo ; Hy0 "f,(./
An s A
0% iR H

B oo H—AlH, Lt Y
)

Il i 17

bt B g S
| b ﬁ 9 < nox ><OH
E N e TP e

=

Reactions of Aldehydes and Ketones

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

N\ Bus & [ gl é@;/}“T_

N 5.9 5 B (10l e
IS o, ( ._5

js—.o0 ,
CHy—CH=CH—CH 2B«

LY

CH;—CH=CH— CH.OH

2-buten-1-ol

Because a carbon-carbon double bond is not readily attacked)
by nucleophiles, it remains intact during the course of the

| reaction.

NgS w_,]]
su@?lmg&e—djg\[lwe&yﬂ:mﬂ/&”\ﬂ

=
4 i,
/\M}iﬂ ' a‘_j_b‘-’(_‘_&.
R aéJ‘Hl'\'l c)f_of.r“_\—

M gdaie d._‘;b\.l:_\g_'cp
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8. Oxidation reaction

‘il) oxidizing
R—g=g =

aldehydy

I
R—C—0H

acid

Because the reaction occurs easily, many oxidizing
agents, such as KMnO,, CrO;, Ag,0, and peracids
(RCO?OH) will work.,

R- C—oeH
Cro, H* S
CH;(CHz);CH=0 (Jones' reagent) CH,(CH,)sCOH
/\\\/( HO

H\) A0 Cf‘ O:H

18

Rea;:tions of Aldehydes and Ketones

LlSon Brd el D 34 P,

'.“‘/»;ﬂJ\ Ns—l M SR R

G

Tollens’ silver mirror test: A laboratory test that distinguishes
aldehydes from ketones takes advantage of their different ease
of oxidation. In the this test, the silver-ammonia complex ion is
reduced by aldehydes (but not by ketones) to metallic silver.*

0 Sklsby, o
Il
RCH +2Ag(NH)++aH0 S—RC —0™ + 2Agh + 4NH, + 2H;

silver-ammonia
complex ion
(colorless)

aldehyd

Tollens' sifver mirror test
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Ketones also can be ox1d|zed but require special oxidizing conditions.
0 \;’{ LS| Ll
e T8 i
+ HNO; 2. "HO—C— CH,CH,CH,CH;—C—OH

" @)
-

&_’J\

Ol

Reactions of Aldehydes and Ketones

9. Aldol Condensation

Introduction to Aldol Condensation ¢

r ol « s\ 4wl
A. Keto—Enol Tautomerism = § OH
keto CH,—C—CH, CH,;=C—CH,

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 ;
Tautomers of acetone.

double bond re =
Sohahce CN
A bydiogen s sttached e 2 ey A LG Tais @ _) A:ost simple aldehy:les and ketones exist mainly i
< arbon the carbon stom . Wi
:u:c;y’:y“: M\J\c—s_;ll rqulhhnum E ﬁO’ the keto form
‘/ N ra nol form
A ; O <1euh;.»|

“H © i i
I |fn \ 7 4
J orm is greater than the C=C plus O-H
rgy of the enol form

\_/" él ;)hu d
ol H d\ul-?./c €« <20 v DB @ Cﬁr

This type of structural isomerism is called I.lu!umemm (from the Greek tauto, the
same, and mevos, part). The two forms of the aldehyde or ketone are called tautomers. E]DL < kE{'O
Notice that tautomers are NOT resonance structures. ’
Enol Jﬁ"‘" ""“ kete
(Al AT m\-
C:C

C=o a2
w2 O ""bﬁé—{ PEISESET
,,Enof. o” CH heto JIL?
. _&JJJ

Taz N
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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 surface
keto e—chol S 131)&.] S O—H eho[ < Reto T35
! Y o= =
bl zs v [ ] = bhazwl Jll
252 b S \‘LA\A Y| 2 al "\/‘ - =
- . nal form 00l NS e
Iy -- -l - i
J“M‘ d" Aromatic system | Non aromatic system .
More stable Less stable & Js_":p
enol™> kelo
Carbonyl compounds that do not have an a-hydrogen cannot form enols and exist only P e
oMY e Tauta (B O g O S e o

in the keto form. Examples are

Ve

v’?‘/eﬂ-wsl gusr <! ”
i o - & < "
¢ Ul 2oy vpy - Y el A5S o ool

WAD—L:J\ L.”La)) ) D~ LQM 39—P_9—’X| U—/‘—”X% {//z /(z/‘////(//v///(‘//
(d—%Lo)Xé—— |

ol [ Bi=
H/ o” ,
Vo H\ / g‘R g B B wt) R An enolate anion is formed by
—C—+C— L£—C —=| X+C  — =C4) removal of the a-hydrogen of a
|1( E i | “-»0 : 7 \“0' 7 \) - ketone or aldehyde.
e T e
EFacld ) Salt 1 ’PHX’WJ hol M
Example: H —s
2 o o=
Ky I I~
by 0 Gl CHy > C—CH, ~— CH,=C—CH, _® B:” B w—» (e
i, S a5 ‘
2l pliswt enolate anion of acetone EH*S W st H
- 4 c_J\a_uQP" S l\ T” ~ -\.Mﬂwu (0)
Sl JP SRS Il a @ ey
d':l_,,u resohance e o—— C — C N2 05_,\,,\11_‘
4 -ar AT e b sk @ ! @3 @6
JS.O_JI W0 nupy ol w0 (Lo e AV R )
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\ v ," D D 2.2-didenteriobutanal
) I 3 Na'"OCH, Y
Y L CH 0D D ] D ~=2acid catalyzed reaction
-‘ﬁ,»@]dﬂd;u JS;L:L\« de'fj\"”{t‘i 6.6-tetradeuteriocyclohexanone -” Catalyst: it might be deuterated hydrochloric acid (DCI)
- base catalyzed reaction —sm q(‘[d i3 ot M
[ 5 arent; ™ Mechanism O O&:—» ’-""” Z‘J ely—>
Mechanism "\ M5 " T e Jas—
- attack “-g y ,_,& @H 0—1) O—[»
0O: I 121 —H* |
CH,CH,CH,CH —— CH,CH.(Ii SCH  —— CH,CH,CH=CH
S ~~~._ keto form enol form
& \[/\\ + CH,0H H
- S In the reversal of these equilibria, the enol then adds D" at the a-carbon.
enolate anion '\

* s
l H J:“
Al x o] (o]
2D N 9 ) \catalyst o
@A/ H "- 'J"

1O ¥

- . »
C Nucleophilicity of Enolate Anions = DC

I
CH,CH,CD.CH

S)Gh‘lj‘b.l)w
|eon, o abrack : g ? Vo™ o -
H . =£‘®‘_ J&-‘r}'oq) D :0 X

| LY |
CH,CH,CH=CH | == CH,CH,CH—CH + oy X
S5 by - doWI 1225 D
+ CHy0~

-y
Repetition of this sequence results in exchange of the other a-hydrogen.
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Reactlons of Aldehydes and Ketones = d
PRS Hine [T 28l ea @ Idol Condensation
9___A_l(iol on nsatlon~——>vs«s’+~s‘S i
- . catalyst N D) 1 ooTTocatalyst ---
g Yoa An enolateamonaddstome o/ O l\.‘. -------- Cl)H ‘l‘\)
i f idehyde
cH J%H +CH @—\.-—_,‘-—- CH,CH—CHy i ) i @cnﬁ(u}'n
L hydroxybutana An aldol is a 3-hydroxyaldehyde
5 S “";zﬁ?’ o Shoee L3 A
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h Step 1. éH C
Ry i Sluoof® e & (O
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-------- hace N I :
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|
Step3.  CH;CH—CH.CH + HOH — CHyCH—CH.CH + H /
aldol b L e Nl e '
omw' Meu{- ._\"’
24 2 -
Gh@"‘ NPy 2 1 -HD e

catalyst
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H
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Commercial Syntheses via the Aldol Condensation o amam Ay -
%\Q\Sj‘l elonﬁabmg)-,b We
Aldols are useful in synthesis of many commercial organic compounds
B s :
catalyst L\ LAl 0 o
I ? i (\? 4 = 2 )] Sue BIK
2CHyCH HO" . CH,CHCH,CH LH.CH cuu-{

e = A4y e e, A
10”_94;[‘1 (”) \AIdoICondensatmn e (?C LguPl)

CHCH,CH,CH  or  CHyCH,CH,CH,OH

b bikiach Qm o CHsz
e bt > |
CHsC cHz + CHa 9By — cHsci— o}
talyst
. fE ] g S
2 CHCH,CH,CH 22+ CH,CH,CH,CHCHCH 'N—‘~ CH,CH,CH,CHCHCH,OH

butana butanal aldo!

2,
N\ : T
P 25y congakion (=T JC- o
o

xane- 1

mosquito repellent
The aldol condensation is also used in nature to build up (and, in the case of ﬂ}g\
reverse aldol condensations, to break down) carbon chains. ﬂjz/s
4 w7
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Aldehydes and Ketones:
Chemistry of the Carbonyl Group
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H* (Acid Catalyst)
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Cyanohydrin Formation

Acetylide Addition
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C + HCN — I
CH3/ \CH3 catalyst CN
Acetone Acetone
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Chapter-10
Carboxylic Acids and
Their Derivatives

Nomenclature of Acids
COMWaIY|

Yy 8 %
CH,=CHCO,H  CH,CHCH,CO,H AON OOH
OH Wi ,/'L‘“\\. o
2-bromopropanoic acid propenaic acid hydroxybutanoic scid I ]
{a-bromopropionic acid) (acrylic acid) (8-hydroxybutyric acid) L\ 2 Rt
F Z
3570 o v I S
qff"’ HC—CH,CO,H CH,CCH,CHCO,H  [%4# ;1;1-_-§_'9-ﬂT (benzenecarboxylic  (4-chlorobenzenecarboxylic
. ‘ -— acid) acid)
-\ SE T N
- 2
bromo-4-oxopentanoic acld \ "-‘)‘5\ COOH
CHy A
I
o-toluic acid 3 naphthoic acid
(2-methylbenzenecarboxylic (2-naphthalenecarboxylic
acid) acid)
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HO,C—CH,CH,—CO;H  HO,C—C=C—CO,H

butanddloic acid butvnedioic acid (") ‘il) (l? (") IO -
R—C— H—C— CH,—C—  CH,CH,C— (3—(1—
2 an acyl group formyl acetyl propanayl benzoyl
HOOC ~  COOH HOOC A  (methanoyl) (cthanoyl) \
C=C and Cu=C ! ]
7 N\ / N\ \ -0
H H H COOH B ittt it S '
maléic ackd fumasic acid C&_,.So-n c)lc_,—i
(cis-2-butenedioic acid) (trans-2-butenedioic acid) -
&
T T T e o oesss== 1
! CO.H I
] m~ ' .
! “/\/"‘OzH \‘ A isomevs
0 |
1
1SN coH ~ :
i COH :
! phthalic acid isophthalic acid terephthalic acid 1
1 1
. 1

'_Plg)ysical Properties of Acids

|25 4= 20 65 7 bt

AD

"'\'ﬁ{‘\,\ R a\,;.j' W— ﬁ’J’ o

bp, mp, Solubility, S22 <)
Name °c O /100 g H,0 at 25°C ey g\fe._\p\ _l_l_
formic acid 101 8 — (oS0 | ,c{:‘J\
acetic acid 118 17 i 80 o
propanoic acid 141 =22 Ikl (e —Aﬂrj\‘;}
butanoic acid 164 -8 on “_u/
hexanoic acid 205 -15 1.0 c4
octanoic acid 240 17 0.06
decanoic acid 270 31 0.01
benzoic acid 249 122 0.4 (but 6.8 at 95°C)
Hydrogen bonding
dimer
o> e
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wo ks .
R de g
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Effect of Structure on Acidity; the fnductlve Effect A
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e te wichloroscetate g )
*' < Inductive Effect

‘ TOAC il
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Conversion of Acids to Salts ‘5 S, >§5’\m,,3 2222l mwﬂu; e ~~}(
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S\od 2‘:(—5¢L§+Unl /0 //ot\ﬂqgej\ o) J‘ ™ . I
R—C_ +Na’HO” — R—C + HOH S et
\C S ﬁ:n o R
“oH q,G Lgo NoNa* A‘JU"’PA" Uk N D
oxylic acid mg 2 sodium corboxylate  water Sub gpHas - o
pl\ 35 base (weak base) pK, 16 kh\ﬂf tJ\(‘]"_") -

Naming of carboxylates
S22 3 ()

A

N\ /O /VO
¢ N’ CH,CH;C\/\ Cat*
Y ’

potassium benzoate alcium propanoate

,J\a;..,\..s 1ot

Preparation of Acids

1. Oxidation of Primary Alcohols and Aldehydes

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

i R_ 0
R—C—OH — £=0 — R—C ly

& H OH

alcohol Idehy acid

CHy(CH,):CH=0 ”;:’—:gm- CHy(CH,).CO.H

~~_-CHO CO:H
W N A II//W/ 3
~ /J Szl




Preparation of Acids

although only under severe reaction conditions.

Ho
(CH3),C— Km0t (CH3),CCOH
oot Tt T3l
sE= a oS
Lol - - - -3 K reaction conditions, —=p €2, P S
Benzyiic hydrogen - Las -—);)LD
O RN
=

|, 2. Oxidation of Aromatic Side Chains

7.,»
y\_}‘: ( \>7l H kunn // >7(
27

catalyst

CH, \/ \> Chy, S ottt

ty  IfnoC—Hbond isin the benzylu posmun howe\ er, the aromatic ring is oxidized,

ithalic

erephthalic acid

COOH
Y

HOO(
X ——
o «n\,:m bensolc acd L = iciug ap oy
-.-_fi"iv"s'y":t’ae;wwd"’""" Snll o TN ‘)w'“&)\r ¥
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-</ \\ CH,CH,CH t"‘““" ¢ \ COH + CO, +H() L/,, CHCOH ™ [|_
: heat \—/ ”S‘ F : CH .
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J
~ “COOH

avid

delod

Preparation of Acids

Reaction of Grignard Reagents with -Carbon

L

(CH;);CBr —%+ (CH,),CMgBr

ether

CT +8. B0 =

(CH4);CCO,H

MﬂBvco, O/kouaar"_u @/“\0“
x

MgBr(OH)




Preparation of Acids
Hydrolysis of Cyanides (Nitriles) CH,CH,CH,Br M CH,CH,CH,ON 52+ CH,CH,CH,CO.H + NH,
propyl brom it ! ¢ butyric acid
Hydrolysis is acidic media (1-bromoprop b ) b w, (butanoicacid)
O we2
HA NE} -
L DR=ESN~ 2 H,0 — R—C—OH + Cl™ 6H s
; : [+
Hydrolysis is basic media
o
R—C=N+2H,0 MM, p_C—0"Na*
3 ite salt
0
R—C—OH
oM A
i | i
s 8o __wyy tautomerization hydrolysis
R—C=N mono- R—C=NH R—C—NH; o=~ R—C—OH
nitrile imidate muide 1

o L A 3 Gl

AL s St Sl
\ \

A --n
Carboxylic {\cid Derivatives

0 0 OH du
e [" is usuall_\")
R—C—OR R—C—X \ClorBr
ester cyl halide
Ol R
Esters
HR I ] «I?
H '
:(_l:l ( T(XI CH,C—OCH,CH;
methyl o . & ethylacetate
(methyl r.-thuma(c)LL (ethyl ethanoate)
bp 57°C a0 bp77°C

o] @11 A0 !

8]
R—(

acid 2

o

Il
CH;CH,CH,C—O0CH,

methyl butanoate
bp 102.3°C

methyl benzoate

bp 196.6°C
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Preparation of Esters; Fischerz Esterification

[
0 0 /

7\ w. / \ | Nucleophilic acyl substitution

{ Y—C—OH + H"*OCH; == ¢ »—C—""OCH; + HOH is substitution of another group
\. b L ./ for the —OH group of a

. carboxylic acid
= . acid cafalyrd e
Mechanism; isotopic labeling reaction
Lo Sle Gt Lo LIS €S b1 y, O :OH :0H

BT | “ I o 3 Lol - |
08 d5—  p_ ¢ 0H L R—C—OH =2 R—C—OH =25 | R—C—0H

,_;\_IQ& j y (‘)l ‘ R’x‘»‘

R H (a"ﬁlﬂ le:}-_:llz ‘Hu’
0: OH :OH
I H* I H,0 | N /,-“
R—C—OR' “=—= R—C “—7—= (—(},‘—(“)

RO j RO H

* The scientist who developed the method.

Lactones (cyclic esters)

o}

o
4 3 2 1 HT Z"'.A‘-
(‘,H:LHJLHI(JO:H o e Al JO + H,0

:OH E

i
OH

antibiotic
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Saponification of Esters

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

Al <= A ber s ! A y
Jud B R—¢”  +NatHO- bt p_” +ROH
g s
OR O™Na™
S s UOJ - = ester nucleophile salt of an acid alcohol
Saponification NPY&r235 i bl
Alkaline hydrolysis produces glycerol and salts of Fatty acids (soaps). is substitution of another group an ester with a base.
Soaps cause emulsification of oily material this help easy washing of the for the —OH group of a
fatty materials. carboxylic acid. —
. o v “f Bl IR
o BN 4 o HO ™+ R—C—OR' == R—C--OR’, tetrahedral
< — OH S intermediate
i : |
R—C—O—H+~:0R -2~ R—C—0~ + R'OH
strong strong weak weak
acid base base acid
(pK, (pK, 16)
12
” 0]
Ammonolysis of Esters
&
Ammonia converts esters to amides.
6] (6]
V4 . 7
R—C( +NH; —= R—C +R'OH
OR’ NH,

ester amide

For example,

(VL imnm{
\—" ocu, -

methyl benzoate

©
o @ \ RO,
RO, ¥ = S H,N
>C=0+NH; = C—NH, —
) mof

Ny a0t g
Ayf/f/z"“
pugh
B ol

benzamide

hedral

intermediate

\ P
>»c +CH,OH
NH,

PN ’
/L—O+ R'OH
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Reaction of Esters with Grignard Reagents

R T2tz |

%CH)- Cl)MgBr ?H
R—C—OR’ +2 R'MgBr —2<l__ p__ (l: R S0~ R— C—K
ester e ® R R
R"MgBr tertiary alcohol
JPw c)\v‘/\LN 25 ® NeMghe
o o vy 'Bng— 4
/_ ‘ c-L OR —R ()MEBr i J
Q %OR %« l‘{” kclnnt C‘)’\?S!
20 5 e el
[\ 9'/5

Reduction of Esters

d;\ Qf(——fw\

O

|
R—C—OR' 0t RCH,OH + ROH
3—’M\-\;s) bz
CO L :E) AlH M"fﬂy
2 § K 3
{,: A]Ih e UR t\“l;(OR ) C " . H AlH (OR')
ester 1‘4 m mh
0—AIH,(OR")
R—-%‘~ H 29 RCH.OH + ROH
1* alcohol
( D . H S
A N Wb <l o5
)

CH,CH=-CHC—OCH,CH, "~ CH,CH=CHCH,0H + CH,CH,OH

ethyl 2-butenoate

&

2-buten-1-ol




Acyl Halides

Synthesis :
o ] 0
Il ' Il
R—C—OH % SOCl,!— R—C—Cl + HCl + SO,
1 '
1) '
) '
I 1 :
R—C—OH + PCl. = R—C— (Il + HCI + POCl;
) ]
) '
Reactions : :

Hydrolyzed by water

&:&U}iﬁx\ @J@@

OH + HCl s .0

(tumes)
% SN~ ve
CH,—C—Cl 2 oy =il , - CHy—C—OH
R |
H—0s
H—0—H HCI ()
1
-~ H 2| i s Wi C -
Acyl halides react rapidly with alcohols to form esters. Jw ‘ d§ + /\l‘lﬂd‘l’\”
7\

4
¢ {

¢ ;j.—c—n( H, + HCl

roride methyl benzoate

Acyl halides react rapidly with ammonia to form amides.

S
o 0 : |
(:H‘(u.fn | + 2NH; — (:H‘(u,f\n + NH." ¢l Aﬁ&kf—\ﬁ\akl + QAIUDM

wetyl chloride icetamide

Acyl halides are used to synthesize aromatic ketones, through Friedel-Crafts acylation of aromatic rings




= & Reactions
Acid Anhydrides 0 0
[ — _HO—H i A
Synthesis _/\»ull_ CH)(,\:n.f e
N8 S N
R—C—0H+ Ho—C—R =2, o L o8¢ +H0 't e 1 I
ol two ocid molecules an acid anhydride CH,— —o—g—cm —22- 0. cH,C—OR + CH,C—OH
acetic anhydride ester
= gf’%o 0 bp 139.5°C
()
H C /
\CT/ T e l-[\l/ 0 + H,0 Rey CHE NH; + CHi—OH
o I 2 S £\ 3+ O™
OO Y s b b
Il @ i
O A~ OH o 2 N AOCCH
maleic acid maleic anhydride ] + CH,C—0—CCH, — | + CH\COH
2¢0 -0 ~COH \/\ COH
“ |[ hicylic ackd acetic anlipdride etylsalicylic ackd
CH\CHZCH?—C@—C*CH\ s (aspirin
3 analgesic and antipyretic drug
I I
CH,CH,CH;—C—0—C—CHj, + NaCl
butanoic ethanoic anhydride
Mixed anhydrides are prepared from
19 two different carboxylic acids.
p S F e o W6 @2k g
g < Q= af-ﬁd w&
Amides . H-bO"d'"Sq;_.f,f,‘mb!,; FELY
_+*Naming H (N]%{’/ o« :
"’)’r‘%ﬁ\o o 0 o A R
p Il Il \, &
"DL’ Y S CH,—C—NH,  CH,CH,CH,C—NH, \I:/ Sue 8 e=0—H"
\ -
<) : R N or  H—N N—H
p formamide acetamide butanamide R N o
‘\’?'-’r hanamid id ¢ H*™ O:C/
~Q8 o I \
aY. . :
C—NH, ; ;
Amides are highly polar and form strong hydrogen bonds.
benzamide
(benzenecarboxamide) Physical properties
Alkyl substitution on the nitrogen lowers the boiling and melting
Resonance structures points by decreasing the hydrogen-bonding possibilities
"'Q\: a _::0: " 0 0 0
" C=N " c=N. I i I ]
/ \ Vg H—C—NH, H—C—N(CH,), CH,C—NH, CH,C—N(CH;)Z
R H R H formamide N N-dimethylformamide acetamide NN-dimethylacetamide
amide resanance bp 210°C T 18 e I loS“( .
mp 25°C ag —w.s%‘.ﬂ 81°C = —l(f"}uj"f“c/
2y TBE, ¢ C- N W Jpy G; & Budl U0 BY, el Ch - BNl
Ay <+« N \}P @ N JP j Do ps2o {(
.6‘\ & S \QS v = _I_
64| H JH &»l A MR (3RS

y
lresenanie

qfi’fJ&a;“dl

Quiprf 40 s
Os—Ps Cwu)

Mlc)\_bj

wa)fmﬁ) b_l\g_(wm MCJ’\‘- “SJ'E‘Q'
i (WG‘E-(IPL* bﬂ;f&‘d”‘)
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Synthesis of amides
Amides can also be prepared by heating the ammonium salts

Ammonia converts esters to amides. of acids.
O (o] (o}
A L I I heat |
Ri-C T —a R +R'OH R—C—OH + NH; — R—C—O"NH;* —— R—C—NH, + H
“OR’ NH jum salt amide

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

"Hydrolysis by water
0 0
Il | o) 0
CH;C—Cl + 2NH; —= CH;C—NH, + NH," Cl Il Il

R—C—NH; + H—0H ——%. R—C—OH + NH
mide . B acid

acetyl chloride scetamide

Ammonia reacts with acid anhydrides to from amides. i
Reduction reaction

0 0 o

O=0

{ | |
CH, ———« CH,C—NH; + CH,C—OH LiAlH,

cther

—NH,

RCHNH,

Urea is a special amide, a diamide of carbonic acid. 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.
0 (o} ﬁ'
n,
| /'9 gj

[ I -
HO—C—OH H,N—C—NH, Yl e

1 rea y, ' s - >
idad i mp 133°C Wi Mil "“‘J §

A blood urea nitrogen (BUN) test analyzes the level of urea through the detection of
the nitrogen within the mojecule. High levels of urea within the blood can be a sign
that certain bdy.systems are not functioning properly, especially the kidneys.
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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.

I base An ester enolate is the anion
R —= =) formed by removing the a-hydrogen
| OR | of an ester
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Claisen Condensation as synthetic tool
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In this way, the acetate chain is lengthened by two carbon atoms. Nature makes use of a similar process, catalyzed by
: elong aflf

various enzymes, to construct the long-chain carboxylic acids that are components of fats and oils

ethyl acetate

ethyl 2-butenoate
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Tons of best wishes for

your bright future.
— All the Best.

Prof. Dr. Hussein Alhendawi
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