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Preparation Of Methanol and Ethanol

* Methanol (wood alcohol) is manufactured by catalytic reduction of carbon
monoxide with hydrogen gas.

H"'-'
co 4+ 2H 00T CH50H J
2 Zinc oxide/chromia - 3

catalyst

« Ethanol for industrial use as a solvent or chemical intermediate is largely
obtained by acid-catalyzed hydration of ethylene at high temperature
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H;PO
H,C=CH, + H,0 —5 5.~ CH;CH,0H

» Ethanol is also produced worldwide by fermentation <

grains and sugars
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Phenols

* Phenols occur widely throughout nature.

» They serve as intermediates in the industrial synthesis of products as diverse as
adhesives 4a.3) J 54l and antiseptics @ ekl

* Phenol itself is a general disinfectant s<found in coal tar

« Methyl salicylate <>l Jiiw is a flavoring agent found in oil of wintergreen.

* Note that the word phenol is the name both of the specific compound
(hydroxybenzene) and of a class of compounds.
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Naming Alcohols
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A primary {1“; alcohol A secondary (2°) alcohol A tertiary (2°) alcohol
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CHACCHCH,CH i 3
3I 2.3 r/\\‘/CH(I:HCHg
CHa ‘ OH
‘"’\\\//
2-Methyl-2-pentanol cis-1,4-Cyclohexanediol 3-Phenyl-2-butanol
(New: 2-Methylpentan-2-ol) (New: cis-Cyclohexane-1,4-diol) (New: 3-Phenylbutan-2-ol)
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Common names  4ailil) slawd

CH
CH,OH e
O/ H,C=CHCH,0H CH,COH
CH;4
Benzyl alcohol Allyl alcohol tert-Butyl alcohol
(Phenylmethanol) (2-Propen-1-0l) (2-Methyl-2-propanol)
ol Joe pront Jiisal) AN § 2
(Jsilize Juis) (dsd=Y s n-Y) (53 8- Y -Jisa-Y)
HOCH,CH,OH HOCH2(|3HCH20H
OH
Ethylene glycol Glycerol
(1,2-Ethanediol) (1,2,3-Propanetriol)
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Y ol 4and Naming Phenols

* Phenol is used as a parent name rather than —benzene
O O Y ol S 58 51 andigy

H3C\©/OH /@[OH
O,N NO,

m-Methylphenol 2,4-Dinitrophenol
(m-Cresol) Ce .
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Problem 17.1
Give IUPAC names for the following compounds:

(a) OH OH

| | {b) ?H (c) HO
CH5CHCH,CHCHCHs CHaCHaCCH3 \OTC”
3
CHa O/ CH3 CHa
(d) H {e] H3C OH {f) OH
r’rBr U
. Br

~H
OH



Problem 17.2

Draw structures corresponding to the following
IUPAC names:

(a)(ZL)-2-Ethyl-2-buten-1-o/

(b) 3-Cyclohexen-1-o/

(c) trans-3-Chlorocycloheptanol

(d) 1,4-Pentanediol

(e) 2,6-Dimethylphenol

(f) o-(2-Hydroxyethyl)phenol



Properties of Alcohols and Phenols
<Y gadl) g ) ge WY al g3
 Alcohols and phenols have nearly the same geometry around the
oxygen atom as water.

The R —=O- H bond angle has an approximately tetrahedral value (108.5°
In methanol, for instance), and the oxygen atom is sp3-hybridized.
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Hydrogen Bonds in alcohols and phenols
<N il g JI g8 (A Al g gl Jand g
)
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1-propanol (MW = 60), butane (MW =58), and chloroethane (MW = 65) have
similar molecular weights, yet 1-propanol boils at 97 °C, compared with 20.5 °C
for the alkane and 12.5 °C for the chloroalkane

S 9,888 9 (MW =58), ¢tisas ( MW = 60), Jdsibigue- e JS dlay
da ) AVaie e Jeilign =) O Y) dgpldia 4iija Uyl (MW = 65)
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T

Phenol: bp = 181.7°C Toluene: bp = 110.6°C
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Acidity and Basicity of alcohols and phenols
< gl g J) 92N Ay 58

 Alcohol & Phenols are weak bases dima Gl &Y sl )2y

H

N o b

R/..\H + H—X <= R/..\H .G

An alcohol An oxonium ion
psH S O ol



Acidity and Basicity of alcohols and phenols
Y ghidl) ¢ J1 e Y A gan

« Alcohol & Phenols are weak acids .iima (a sex Y gidll § J) 2V

/\ H
H ), |

(7 . 0 = BB . . O
R—O: + g7 - H R—O + g

An alcohol An alkoxide ion
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Table 17.1 Acidity Constants of Some Alcohols and Phenols

Compound pK;
(CHz)2COH 18.00 Weaker
acid
CH3CH,0H 16.00
HH0 |5.74
CH30H 15.54
CFzCHz0OH 12.43
p-Aminophenol 10.46
CH35H 10.3
p-Methylphenol 10,17
Phenol 9.89
p-Chlorophenol 9.38
Stronger
p-Nitrophenol 7.15 acid



Generating alkoxides from Alcohols
I &Y Cra il oSt Al g8
* Alcohols require a stronger bases to form an alkoxides
* These alkoxides are not stable in water.
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'(lea (l:HE
29H,C—C—OH + 2K —> 2H,C—C—O0-K*+H,

| |

CH, CH,
tert-Butyl alcohol Potassium feri-butoxide
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CH;O0H + NaH —— CH;O~ Na™+ H,
e 53R g D) )2 ] .
Methanol Sodium methoxide
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Generating phenoxide from phenol
Il (30 dpuss g1l Jy825
Phenols are about a million times more acidic than alcohols

They are therefore soluble in dilute agueous NaOH and can often be
separated from a mixture simply by basic extraction into aqueous solution,

followed by reacidification
Oslan o s UL (53 0 (ala (Asaa J1se W) e A gan ST Y 54l
25 3al) G Lol al) alina 8 (S 2aall il g g guall 2005 s
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QO—H + NaOH —> Qo— Na* + H,O

— ) Sodium phenoxide
B H,O- soluble salt
a5 sall S 514
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Why phenol is more acidic than alcohol
Jord) (e Aiagan ST giadl 130al
* Phenoxide C4H:O" is resonance stabilized (delocalized charge)
(mj.m‘)r_ ANan u.\.\.LJb c_u\_a C6H50 q.wsjm Uﬁ\

- 1-0

« Alkoxide RO- has a localized on the oxygen atom
(S5l )0 e A e dind RO™ 2858l G5l el

CeH.OH > H,0 > CH,CH,OH

pk, 9.9  15.74 16



Substituted Phenols
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More stable phenoxide
(delocalized charge)
Thus more acidic phenol
Al s (A sia e i) Ul ST 20 51d
Jsil) (po Bm san ST (38 5l J 5l ) S

Less stable phenoxide
(localized charge)
Thus less acidic phenol
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Predicting the Relative Acidity of a Substituted Phenol
Worked Example.l : Is p-hydroxybenzaldehyde more acidic

or less acidic than phenol?

Solution
Electron-withdrawing substituents make the phenol more acidic

by stabilizing the phenoxide anion, and electron-donating
substituents make the phenol less acidic by destabilizing the
anion.. Thus, p-hydroxybenzaldehyde is more acidic (pKa = 7.9)
than phenol (pKa = 9.89).

T ,.DH
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Preparation of alcohol: Review
daa) ya s J1 &Y e

R R
\ /
O C=C O
| / \ |
/C ~ R R /C ~
R OH R R’
Alkene
Carboxylic Ketone
0 acid 0
i \ U / i
/C ~ .
R OR’ R H
N
Ester ~N " Aldehyde
ROH
RX > Alcohols : ROR’

Alkyl halide Ether



Preparation of alcohol from alkenes: Review

Problem 17.6
Predict the products of the following reactions:
(a) (|3H3
1. BHg3
CH,CH C I
TEINGS NGy 2NaOM,HDy
|
H
(b)
1. Hg(OAc)y, H,0
2. NaBH, =
(¢) CHCH,CH5>CH CH,CH,>CH,>CH
352 2\2 ZAARTR SIS 1. 050,

?

/
C=C
/ )
H H

2. NaHS03, H,0



Preparation of alcohols from aldehydes and ketones by
reduction gla ¥ claralyl g i gl fa JI 68 Y1 judaal

-NaBH, or LiAlH, can be used.
o oilll 9 2 50al¥ 3 H3d el gl a g0 seall B0 g ) g aladTl) (S

Aldehyde reduction
0 (I)H
| 1. NaBH4, ethanol )
CHaCHaCHoCH - Hzo;"’ s CH3CH2CH2(|:H J i g =)
Jus Ho (o)
Butanal 1-Butanol (85%)

(a 1° alcohol)
Ketone reduction

0 H OH
I \ /
C C

1. NaBH4, ethanol

2. H30* i

Dicyclohexyl ketone Dicyclohexylmethanol (88%)
(a 2° alcohol)

! (L\MSASXS.\.W Q o . o e
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Preparation of alcohols from aldehydes and ketones
by reduction: Reaction Mechanism

gla ) Y]
- Mechanism
N | T
:H™ H30™
- C@' 0O —  _.C_
"/ H / H
A carbonyl An alkoxide ion An alcohol
compound intermediate
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Preparation of alcohols from carboxylic Acids and Esters by
reduction with LiAIH,
LIAIH, < &L &l i) g 4k g Sl G gasd) Ga J) g8 Y1 gpdans
e NaBH, is not effective La Jld & s pall 2y 0 50
Carboxylic acid reduction

§)
1. LiAlH,, ether

I
CHj(CH,),CH=CH(CH,),COH » CHj(CH,),CH= CH(CH,),CH,0H

2. H,0*
9-Octadecenoic acid 9-Octadecen-1-0l (87%)
(Oleic acid) d Iy 1€ 14
. =) = ol ol
cﬂ:ﬁ MJ\.\S j\-q J o J
(ol pana 5l clilgl aea )
Ester reduction 0
- 1. LiAlH . ether P
CH;CH,CH=CHCOCH, 2 HO" » CH3;CH,CH=—CHCH,0OH + CH;OH
Methvl 2-pentenoate 2-Penten-1-o0l (91%)
Gl 53 =Y Jiiae J =) =yt ¥

Prac.17.2 17.7 &17.8



Problem 17.7
What reagent would you use to accomplish each of
the following reactions?

@ 9 3 "9
?
CHaCCH3CHoCOCHy ——  CH3CHCH;CHoCOCH,

N : P
CH3CCH3CHCOCHy —  CH3CHCH3CH5CH5OH

(c) O OH



Problem 17.8

What carbonyl compounds give the following
alcohols on reduction with LIAIH,? Show all
possibilities.?

(a) EHEDH (b} OH () OH (d) {CHngEHCHEGH
I
H
@’ A Q<

=



Preparation of alcohols from Carbonyl Compounds by reaction with
Grignard Reagents

S il oS e S Al gy K1) S pall (ha ) Y1 ypean

Grignard formation

N
o

R—X + Mg — R—MgX R = 1°, 2°, or 3° alkyl, aryl, or vinylic
X =Cl Br,orl
A Grignard reagent
| T
1. RMgX, ether _ T
/C\ 2 H;:()' =3 ’,//C\ r\) + I_‘{O.\Ih\

@ 2004 Thomson/Brooks Cole



Preparation of alcohols from Carbonyl Compounds by reaction
with Grignard Reagents: Reaction Mechanism

Je ) 4
5_ — —_
N 1 .
‘R™ H;0*
/C\/\_’ O — .0
S+ - / R g / R
A carbonyl An alkoxide ion An alcohol
compound intermediate

& 2004 Thomson/Brooks Cole d .
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Reactions of Grignard Reagents with aldehydes and
ketones WP PRLARE X1 g I R I YE

Formaldehyde reaction

MgBr {Izlj CH,OH
1. Mix
O/ + B 2. H;0*

Cyclohexylmagnesium Formaldehyde Cyclohexylmethanol (656%)
bromide {a 1° alcohol)
Aldehyde reaction =97 051 %4 MJSS.‘.“ (uj Ji Jd Jé) Jd gliia Jowsa JSS...\M
?“3 (I? MgBr ?Hﬂ ?H
3-Methylbutanal Phenylmagnesium 3-Methyl-1-phenyl-1-butanol (73%)
bromide {a 2° alcul{ul}
Ketone reaction a9 a g HiRa M J sl - ) i@ ) e Y

on (st Js)

0
1. CH,CH,;MgBr, ether _ CH,CH,4
2, H,0° '

Cyclohexanone 1-Ethylcyclohexanol (B9%)
(a 3° alcohol)




Reactions of Grignard Reagents with esters
Ay aa iy & i) g8 Jelds

O HaC CH-

| 1. 2 CH;MgBi AR
ARG r— : L ot + CH3CH,OH
CH,CH,CH,CH» OCH,CH; 2. H3O CH3CH,CH,;CHo ‘OH

Ethyl pentanoate 2-Methyl-2-hexanol (85%)

‘ ‘ (a 3° alcohol)
< h] ~'~. !..h'..9
d).iw-Y -d...\:\...m-\d

(A5 Js2)

Pb17.9,17.10



Carboxylic acids don’t give addition products with
Grignard reagents

S ) S gea s il Al g S (2 ganl) (s

O O
H AMgX, ether |

+ B—H
R TOH R 0" TMgBr

A carboxylic acid A carboxylic acid salt



Problem 17.9

Show the products obtained from addition of ethylmagnesium
bromide to the following compounds:

(a) Cyclopentanone

(b) Benzophenone (diphenyl ketone)

(c) 3-Hexanone



Problem 17.10

Use a Grignard reaction to prepare the following alcohols:
(a) 2-Methyl-2-propanol

(b) 1-Methylcyclohexanol

(c) 3-Methyl-3-pentanol

(d) 2-Phenyl-2-butanol

(e) Benzyl alcohol

(f ) 4-Methyl-1-pentanol



Reactions of Alcohols
JeY) edle s

O—H reactions
(H

O/

‘/——— C —O reactions
/’]C \
« Conversion of Alcohols into Alkyl Halides (see Chapter 10
and 11) (S Gl & peanll cladlell Cany aald 5 ) IS laddla ) )2 Y1 J s
« Dehydration of Alcohols to yield Alkenes ( see chapter 8)
(LS e i Caay aal ) LSl elac Y J1se Y1 dgaly
« Conversion of Alcohols into Esters <l yiu) ) O se ¥ Jygas



Dehydration of alcohols to alkenes

alisl) ) O e Y dgals
* The Acid-catalyzed dehydration of tertiary alcohols (E1 mechanism)
B2 A0 480 J1se W dcaslall 4y juisil) Agal

il i€ llaial g s Al 3 ZaitseV's rule —audy) jsac @ gula

CHz CH3 CHa
HaC é CHoCHy MO THE el et 4+ b CH,CH
3 | 23 35 o 7 - 3 / 23
OH CHg CHg
Z2-Methyl-2-butanol Z2-Methyl-Z-butene 2-Methyl-1-butene
(trisubstituted) (disubstituted)
Major product Minor product

« Secondary alcohols dehydration needs severe conditions (75% H,SO,,
100 °C) and sensitive molecules don’t survive.

(75% H,S0,, 100 °C) Auld Jas 52 ) &1l J) 5691 dgals lind
dag il oda Jeadi M Al il jall L



Dehydration of alcohols to alkenes in gentler
conditions
Ahal ha g i (b lisl) ) 1Y) Agaly
* Phosphorus oxychloride (POCI;) in the basic amine solvent

pyridine, is able to effect the dehydration of secondary and
tertiary alcohols at O °C ( mild basic conditions)

J1se Y Agaly Cialal (g 518 e God s s sandl) 3 IS S 5T (Saye

Paa da jally 48N ¢ 4y 1)
CH3' CHa
OH POCIZ |
Pyridine, 0 °C
H
1-Methylcyclohexanol 1-Methylcyclohexene (96%)

Pb 17.13



Problem 17.13
What product(s) would you expect from dehydration of the

following alcohols with POCI; in pyridine? Indicate the major
product in each case.

(a) OH (b) H (c) H
CH3CH2(|:H(|IHCH3 @OH O’:OH
CHa ~~H ~CH3
CH3 -
(d) HsC OH (e) OH
CH3(|IH(:ZCH2CH3 CH3CH2CH2(:ICH3

CH CH4



Conversion of Alcohols into Esters

& sinad ) JI g Sy g

*The reaction can be carried out between an alcohol and carboxylic acid
In a single step in the presence of strong acid as catalyst.

* More frequently, though, carboxylic acid is first converted into the more
reactive carboxylic acid chloride, which then reacts with the alcohol

Jla sy S g S Gaea s Js& G Saal g Aa e A deldll o) ) diany
258 (A V) (S o0 SI Graeall Jsan s alaee (8 (S1 (5 8 a1
) ellae Y J sl e dle i o5 53 5 Adelis SY) menl

I-.o. -

& C
= ‘ ~OH CH30H - ’ ~OCH3
, HCI, heat

Benzoic acid A X Methyl benzoate

(a carboxylic acid) (an ester)
i g 3l paaa \ o A;:::q il Sl g 3

L4 C "
(ctasS 528 (aaa) P~ ] S (Fsl)
Sy I

Juig i) by olS g) )l (Ja g 3 ,
. Benzoyl chioride
(s 5 Sl Gaaad) &5 61S) 0 oo ovviic acid chioride)



Oxidation of Alcohols

J &Y Baus]

* The oxidation of a primary or secondary alcohol can be accomplished by any of a
large number of reagents, including KMnO,, CrO;, and Na,Cr,0..

*  Which reagent is used in a specific case depends on such factors as cost,
convenience, reaction yield, and alcohol sensitivity.

KMNnO,, CrO,, iaa (s <ol s8I (e aaally 2y 381 5 200 080 )52V ST oSy
Je il 353 e 5 daeDall 5 28N Jia Jal s 320 e ISl jLidl adiay s Na,Cr,O,

Primary alcohol

S Jsé

Secondary alcohol

5L Jg&

Tertiary alcohol
LAl g

@ 2004 Thomson/Brooks Cole

OH 0
| 0] |

O —— G
R/ “H R R
H
An aldehyde
OH O
é [O] (”3
R/ “H R™ R
Rl
A ketone
(l)”
(0]
L N NO reaction
R’/ Rn

[O]
_—

Jsadl Al
0

|

H

C
R/ \O/

A carboxylic acid



Oxidation of Alcohols
J1 &Y s
* Oxidation of primary alcohols: Chromium trioxide, CrO; in
agueous acid, oxidize primary alcohols to carboxylic acids through

an aldehyde intermediate. The aldehyde is not usually isolated
because it is further oxidized too rapidly)

slacy el (meall L8 a5 S Sl DG o A6 0168 Y sausl (S
sl Y a1 Joe sale 20 Y | Jaugie S S awal¥) e L€ g S gen

N n
CHg(CHglgCH0H  —————  CH3(CH2)gCOH

1-Decanol Decanoic acid (93%)



Oxidation of Alcohols
J &N Baus|

Oxidation of secondary alcohols:They are easily oxidized by
Na,Cr,0O- In agueous acetic acid to give ketones (industrial
method: large scale process).

slacy ) il Gaes 8 Na,Cr,0; o A s &yl JI g2 ¥ 2usls
(&l s Qi (e z i) e lia 45 5ha) <l 538

(|:H3 C|H3
‘-'\'-3_‘1"':(":‘7
L% OH e — =0
CHj CHjq
4-tert-Butyicyclohexanol 4-tert-Butylicyclohexanone (91%)

J il sl 53 (AN - O55aSh gl 3 g A -8



Oxidation of primary alcohols to aldehydes by Dess—Martin
periodinane
Gl g 9 lan ud LRSS Cal ) P dd oY) O1se Y Baus|
 The reaction is nonacidic and occurs at lower temperatures.

* Method is used for a sensitive or costly alcohol

* The reaction involves E2 elimination mechanism performed on the
periodinane intermediate.

el A8 sl (a5 3 jall (e Aabiie Gla 3 (B oy (pmes e Jeld g
Lo gie oy JE Jelal) 40 fpacat il Adaaly J1se Y1 o dulaad) J) e Y Ala
Al elac Y Cada Jelin ey (Al Gl gl 5

!!!!!

/\/\/K/CH{H - CHQCI? /K/\JK/C o [ R H |
X C— I
Geraniol Geranial (84%) D":«.J H |
i . ACG‘-{-.,' ,,_a-'D}‘ .r',:l_'.l'eD
OAc ]: - E‘
- OAc RD |
- 1\; ﬁ CH3
-0DAc = acetate C
«\ ﬂ
0 | A
< R Periodinane
Dess-Martin periodinane )
= ¢ = intermediate




Oxidation of primary alcohols to aldehydes by PCC
PCC < <lamall ) 4 g¥) J1 &Y 3o
e Pyridinium chlorochromate (PCC) oxidizes primary alcohols to
aldehydes.

* PCCis an expensive reagent
A eV ¢ il Jaalll PCC cilas S5 )51 o srinay (IS Sy

Calaa all
)\/\)\/CH DH —, Mg
3 CH,C, N

Citronellol (from rose oil) Citronellal (82%)

[ pcc=¢ “N—H crogcr-

Pyridinium chlorochromate

Pb 17.14 & 17.15



Problem 17.14
What alcohols would give the following products on oxidation?

la) 0 (b)  CHy (c) gﬂ
M CH5CHCHO



Problem 17.15

What products would you expect from oxidation of the following
compounds with CrO; in aqueous acid? With the Dess—Martin
periodinane?

(a) 1-Hexanol

(b) 2-Hexanol

(c) Hexanal



Protection and deprotection of Alcohols
J1 s 5 dlaal) Cida g dilas
Acidic hydrogen

Mq

HO—CH72CH,CHy—Br Et»h‘"er » HO—CH;CH2CHy—MgBr

Not isolated
Readily reacts with acidic hydrogen

el (a9 ugd) pa A Jo Uiy Jgna i S e

« C- Mg bond is not compatible with the presence of an acidic -OH
group in the same molecule.

*This problem is overcome by:

(1) Introducing a protecting group to block the interfering function.
(2) Carrying out the desired reaction,

(3) Removing the protecting group (deprotection).
Andi gs hall (8 -OH 4paeall de gaadlly C— Mg aail Ll G 38155 22 0 Y
:\LM\ (?;M) JLAA}! :U.A\A @W dhd}a PRLNVON| PRV ‘_Qs: &_ﬂ:_'m USAJ
&}j 83a) dadlall de ganall Al ) &3 (e g g8 all Jeladll o) ja) &5 Adafaiall
(Aaleal)



Protection of Alcohols

J Y Alas
OH i OTMS |
(CH3)3SiCI
(CH3aCH2)3N HgC CH3
Cyclohexanol Cyclohexyl

trimethylsilyl ether (94%)
(iN(CH2CH3)3

HaC CHj HaC CHj
i ~ox \ \SI/ — R \S'/ 4+ (CHaCHo)aNHY CIm
W”/ l
6' \O/ \CH3 31213
An alcohol Chlorotrimethyl- A trimethylsilyl (TMS)
silane ether

O diae 558 50588 il il Jie (55



Removing of the Protecting Group (Deprotection)
(Glead) dida ) 4aalad) A gaaal) A1) )

OTMS -
s U + (CH,),SiOH

Cvclohexyl TMS ether Cyclohexanol



Phenols and their uses

Leilaladiia g Y ghdll
Phenol is used for:- Making resins (bakelite) and adhesives 4aa¥ 3 o |

For the synthesis of : Wood preservatives, il 3l s« food preservatives,
herbicides, the hospital antiseptic _«k« agent: hexachlorophene

¢ lidaial b IS g 40Dl ol gall 5 (adSL) cligl ) delia b J il andiag
salall A5 gl sl g8 S gy g lidaial g caufiall Adadlal) salall Jsi ) slSUiL
Clie DUl asal @liind uS g oK o € (Y glilaal g aladall Adadla))
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DCHzCDzH OH OH OH
Cl Cl
‘ ‘ (CH3)3C C(CH3)3
CiCl
Cl Cl
Pentachlorophenol 2.4-Dichlorophenoxyacetic acid, Hexachlorophene CH3
(wood preservative) 2.4-D (herbicide) (antiseptic)

Butylated hydroxytoluene (BHT)
(food preservative)



Preparation of Phenol from cumene
Oa sSl) (ha J i) pudans
*  From Cumene: rearrangement of cumene hydroperoxide in acidic medium .

Rearrangement takes place on the oxonium intermediate giving carbocation
that reacts with water to give the products

iy ale) Jeldi e (5 (Al (e oSI 2S5 Hn g pa ) adisads 1e oSI (s
Llara a g guS gl Jans siall (S pall e i yill 3ale) Jiand | aes Jawg 8
Oy J il slac Y slall e W sy Jelifi () 35S 5 S

H OOH
[‘IgC C CH3 HgC C CH3
Cumene Cumene hydroperoxide Phenol Acetone
O 9S80) LS g 9 28

4 HaC CHg
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H™ =07



Preparation of Phenols fron arenesulfonic acids
el sl ()l 2 gaa (0 J giadl) puaad
* From benzene or alkylbenzene: Allkaline fusion of Arenesulfonic acids

i sl ()] G send (5 S8 jlgaaiV) e Y 5idll juaas

SOs;H OH
SO:-; 1. NHDH, 300°C
HyS04 2. H3O
CH, CHS, CH,
Toluene p-Toluenesulfonic p-Methylphenol
R acid (72%)
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Reactions of Phenols
Y gadl) Cdle L

Electrophilic aromatic substitution reactions

s skad) L g KN Jlaga)

 The phenolic group is a strong activating and ortho & para directing group.

* Thus phenols are highly reactive substrates for halogenation, nitration,
sulfonation, and Friedel-Crafts reactions (chapter- 16)
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Reactions of Phenols <Y siill ol lds
Oxidation of Phenols: Quinones <l sisll 1 sidl) 3|

* Oxidation of a phenol yields a cyclohexa-2,5-diene-1,4-dione, or quinone.
* Na,Cr,0, will accomplish the transformation of simple phenols

e Potassium nitrosodisulfonate [(KSO;),NO], called Fremy’s salt, used in more
complex cases.

Jelaill ) Sy 058 ol Gsa-f Vo Gma -0 Y - LS gl J gudl) sausT o
i silie (53 )5y a sanlisn addiin s Na,Cr,0, alaaiul dasall @ gidll e
Bl Yl Al 8 [(KSO,),NO] (o408 cle )

O
N32Cf207
Hr;O
O

Phenol Benzoquinone (79%)




Redox properties of guinones — hydroquinones
il 538 5 gl 3l Lol Y1 500 al sd
* Quinones are a valuable class of compounds because of their oxidation—
reduction, or redox, properties.
- Quinones can be easily reduced to hydroquinones

(p-dihydroxybenzenes) by reagents such as NaBH, and SnCl,,
- Hydroquinones can be easily reoxidized back to quinones by Na,Cr,O-.

il il pla ) S gl )Y) - 3auSY) A Lpal 53 s dala LS je il il
Jio Cadl 5S aladinly (00 (S5 (62 1)k DS o) QLS s ) Al seun
B e Al i€ ) Lghale) 5 GlisiS 5 haell 3auS) (Say 5 . NaBH, and SnCl,

Na,Cr,0, Jzi
0
fjﬁ _SnClp, H0 |
[

i
S

BEenzoguinone Hydroquinone



Redox properties of biological Quinones (Ubiquinones)

(25 98 93) A ol gaal) i gl el Y BansY) (el o3
* Ubiquinones, also called coenzymes Q have important role in the functioning
of living cells of all aerobic organisms 4 sgdl LYl

 They mediate the electron-transfer processes involved in energy production.
During the respiration process, electrons are transported from NADH to
molecular oxygen to form H,O and energy is produced

Al sel) el 3 Aal) LAY caitda g 8 ala g0 Ll Q by )5S 5l i g ol
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STep 1 OH
CH,;0 CH;0O CH,;
NADH + H* + + NAD?
Reduced CH3O CH,0 R Oxidized
form 0OH form
STEP 2

CH;0 CH30
+ H,0
CH,0 CHSO
Net change: NADH + 10, + H* —— NAD*+ H,0
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