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ALCOHOLS, PHENOLS &
ETHERS

Introduction:

Alcohols, phenols and ethers are very close to each other in struc-
tures- These are thought to be the derivatives of water- Their
structures are just like water- In case of alcohols one hydrogen atom
of water is replaced by an alkyl group- In phenol one hydrogen atom
of water is replaced by an aromatic ring whereas in ether both
hydrogen atoms have been replaced by alkyl groups/aryl groups-

B e BT e R-C  OR Ar—0—Ar
H H H R
H-O0H —> R—0OH Ar—0H R—-0-R
(Water) (Alcokol)  (Phenol) (Ether)

Q71: Define alcohol- Explain various types of alcohols: How
alcohols are named by common and IUPAC system?

Alecohols:
“The hydroxy derivatives of aliphatic hydrocarbons are called alcohols:” The
general formula of alcohols is R-OH- Its general formula is also written as
Cooit1-OH* The functional group of alcohols is ~OH- Example is:

(Aliphatic Carbon) <« CH; - OH — (Functional group)

On the basis of number of hydroxyl groups alcohols are of three types:
- Monohydric_alcohols:

CH, - OH , CH, - CH, - OH
2-  Dihydric alcohols:

CH,— CH, CHy = CH—CH,

I | |
OH OH OH OH

3-  Polyhydric alcohols:
CH, - CH - CH,

| | | 1
o4 O Ou Glycerine/ Glycerol
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CH,—CH—CH—CH—CH—CH,

: L L L L Mannitol)

OH OH OH OH OH OH (Manni
Monohydric alcohols are of three types It depends upon whether -OH
group is bonded to primary carbon, secondary carbon or tertiary carbon-

a) When -OH group is bonded to primary carbon atom such alco-
hols are called primary alcohols

b) When -OH group is bonded to secondary carbon atom such type
of alcohols are called secondary alcohols-

¢) (When -OH group is bonded to tertiary carbon then it is called
tertiary alcohol

_ OH
CH,— OH : CH,— CH,— OH CH,— (’.‘H—-CHS
Primary alcohols OR Secondary alcohols
Pri-alcohols OR (71°-Alcohol) (2°-Alcohol)
OH
CH,— ‘:C — CH,—> Tertiary alcohol/ter-alcohol
CH, OR (3°-alcohol)

Common System for Naming Alcohols:

The common system depends upon the simplest monohydric alcohols
in this system R-OH is named as alkyl alcohol- First write the name
of alkyl group, then the world alcohol- Examples are:

CH, - OH CH, - CH, - OH
CH, - CH, - CH, - OH
(Methyl alcohol) (Ethyl alcohol) (n-propyl alcohol)
CH, - CH - CH,
/
OH

(iso-propyl alcohol)
For higher members, it becomes necessary to indicate, whether a

e particular alcohol is primary (n-) secondary (iso-) or tertiary (neo-)
~ aleohol- :
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?H IOH
CH,~CH,—CH,~ CH~OH  CH,~CH,~CH—CH, CH,—C—CH,
Normal/n-butyl alcohol  Secondary butyl alcohol CH,

( ;'so-butyl G!COhOD Tertia ry butyf

alcohol OR
(neo-butyl alcohol)

?H ?H ?H IOH ?H ?H
CH,—CH,  CH,—CH—CH, CH,—CH,—CH,
Ethylene glycol  Propylene glycol Trimethylene glycol

The smallest trihydric alcohol is named as glycerol-
OH ?H OH
(!’.‘Hz —CH— "CHz
Glycerol
IUPAC System_for Naming Alcohols:
IUPAC Rules:
7-  Select the longest continuous carbon chain containing maximum
number of hydroxyl “-OH” groups-
2« Number the carbon chain from the side where hydroxyl func-
tional group comes earlier:
3.  The ending “e” in the basic name of alkane is replaced by “ol”-
Alkane ——=——> alkanol
4- In case of two or more -OH groups, write down the full/basic
name of alkane and then add the suffix diol for two -OH groups
and triol for three:
S:  Mention the position of hydroxyl group by putting its number
before the parent name or before -ol-
6+ Indicate the positions of the other substituents if present,
using the numbers of the carbon atoms to which these are

attached-
7+ The substituents along with their numbers/positions are named
in alphabetical order [A, B, C, D, E, F,.... Z] before the

parent name-
& If position of -OH group is same from both sides then
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preference ({7 will be given to substituent position i-e+ from
which side the substituent comes earlier:

9« If two -OH groups are attached to the same carbon then
repeat the number of that carbon-

Examples:
3 2 T
CH,—OH CH,—CH,—OH CH,—CH, — CH,—OH
(Methanol) (Ethanol) (7-propancl)
OH
3 2 1 I
CH, -"'CH—CHJ tffHS -"2CH-36H2 -“4CH3
OH (2-butanol/butane-2-ol)
(2-propariol)
g gh A
CH, —CH —CH—CH—CH, CH, —C—CH—CH—CH,
7 2 - 4% 5 T 2' 3 o L
3-ethyl-4-methyl-2-pentanol CH,
3-etyl-4-methyl pentane-2-ol  (2,2,%4-trimethyl-3-pentanol
o o o g
CH,—CH—CH—CH—CH,—CH CH,—CH—CH
7 & 2 3 & 5 = [ & F 3 2 7 2
4-methylhexane-2,3-diol Propane-1,2-diol
4-methyl-2,3-hexanediol 7,2-propanediol
szs IOH t’CHa
CH,—CH,—CH—CH—CH—CH,—CH,  CH,—CH—CH
T3 Ve NI 4 5 ¢ = 7= il g
(3-ethyl-5-methyl-4-heptanol) OH OH OH

(7,2,3-propanetriol)
(Propane-1,2,3-triol)

Q2: Write down the physical properties of alcohols:
Physical Properties of Alcohols:

7+ Lower alcohols are colourless and toxic (4,3) liquids-

2+ These have characteristic sweet smell-

3+ Their boiling point values are higher than the corresponding
alkanes: It is due to the presence of hydrogen bonding-
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4. Boiling point values of alcohols increases with increase in chain

length-
- 5+ Methyl alcohol is poisonous and causes blindness (fl-s1), madness

(Iﬁ.{.‘) and even death-

6: Lower alcohols are completely water soluble in any proportion:
Solubility of higher alcohols fall rapidly-

7-  Among the isomeric alcohols, boiling point values decreases with
increase in branching-

?H IOH
CH~CH;= CH;=CH= OH  CH=CH—CHCH,  CH=C—cH,
(T-butanol) (2-butanol) CH,
l l (2-methyl-2-propanocl)
[B-P = 118%] [B:P = 99%] [B-P = 83%]
Methanol: 64-5°C Ethanol: 78-3°C
7-Propanol: 97°C 7-Butanol: 178°C
7-Pentanol: 138°C

Boiling and Melting Points of some Alcohols

Name Melting Point (°C) | Boiling Point (°C)
methanol -97 64
ethanol -775 ’8
n-propyl alcohol -126 97
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n-butyl alcohol ~90 78
isopropyl alcohol -89 82
isobutyl alcohol -108 708
sec-butyl alcohol -114 99
tert-butyl alcohol 255 82
ethylene 12 797
Q3: Explain (a) structure of alcohols (b) acidity of alcohols-

(a) Structure of Alcohols:

Alcohols are alkyl derivatives of water molecules: Water molecule has
an angular structure with H-O-H bond angle of 104-5°, which is
slightly smaller than tetrahedral angle: Alcohols molecule have a
similar geometry where C-O-H angle is higher than 104-5° and the
hybridization of oxygen is sp’ For example the C-O-H bond angle
in methyl alcohol is 108-9°+ The C-O and O-H bond lengths are 142
pm (1'42A°) and 96 pm (0-96A°) respectively:

1.4 f\\ - 0.96 A
s)
B . /m_/\H
H el
X, 5\ 1089
ok H H
ater Methyl alcohol

Structure of water and methyl alcohol

(b) Acidity of Alcohols:

Alcohols are acidic in nature because they provide hydrogen ion [H']
in water: Hydrogen-oxygen bond in alcohols in polar- Due to greater
electronegativity value of oxygen (3-5), it get partial negative
charge and hydrogen (E'N = 2-7) get partial positive charge and the
bond becomes polar-

Due to acidic character of alcohols, they react with sodium and
. potassium metals to form sodium alkoxide and potassium alkoxide
and hydrogen gas is released:

Acid + metal ———— salt + hydrogen gas
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2R-0OH + 2Ng ——— 2R-ONa + H,
(Alcohol) (sodium metal)— (sodium alkoxide) + hydrogen

2CH, -OH + 2Na ——> 2CH, - ONa+ N,
(methyl alcohol) (sodium) (sodium methoxide) + hydrogen

Alcohols are weakly acidic with “Ka" value 1076 - 7107%-

R-0H + HO——R—0+H,0 Ka = 107 =10

The alkyl group in alcohols, being electron donating group, provide
electrons towards oxygen atom, increases its partial negative charge
and hence the release of proton [H'] becomes difficult: This presence
of alkyl group makes alcohols less acidic than water where no alkyl
group is present:
‘*5/_\03 - + -
HO—=H + H,0 ——— H,0 + OH  Ka =707
Tertiary alcohols are less acidic than secondary alcohols and secondary
alcohols are less acidic than primary alcohols, because of the same
electron donating effect of alkyl groups discussed above:

T 7 f i
H'—f—OH R-—-f'—'OH R—'f—OH R-*(,:—OH
H H H R
Methyl alcohol Primary alcohol Secondary alcohol Tertiary alcohol
no electron T-electron 2-electron 3-electron
donating gp  donating alkyl donating alkyl donating alkyl
group groups groups

< ]

Increasing acid strength

Note: Alcohols are not so much acidic to react with aqueous NaOH/
KOH-

R - OH + NaOH ——— no reaction

Q4%: Write down various methods for the preparation of al-
cohols-
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alkenes follow Markovnikov’s rules-
CH, @H bsa H—2¢ ¢l —cH, —0S0,H
(Ethene) (Ethyl hydrogen sulphate)

..................................

CH, -CH 050H+H 0H-———> CH,~CH,—0H * H,50,
(Ethyl alcohol)

@ S - 100°C
CH,—CH=CH, + H—050,H ——————— CH,, — fH— CH,
Unsymmetrical alkene 050.H
(propene) :

(Ise-propyl hydrogen sulphate)

qm OH
-3 1
CH, —ﬂg@;’/ OH — 5 Cfe-GRAH, + H,50,

(2-proparnol)

2) Hydrolysis of Alkyl Halides: (Repetition Topic)
Alcohols can be prepared by the hydrolysis of alkyl halides in the
presence of aqueous KOH (alkali)-

/?\
CH CH b3r+H OH—-;;’-fi’f;—} CHj—CHz—‘OH*KSI'J-HQO

H,0

Q
OR CH,—CH,—Br + ROM — ey —cli, — OH + KBr
LN WP

3) Grignard's Synthesis: Reaction of R-Mg-X with Aldehydes
and Ketones: (Repetition Topic)

Grignard’s reagent adds to the carbon-oxygen double bond [carbonyl
group] of aldehydes and ketone to form an addition product, which
upon acid hydrolysis produces alcohols-

(7) Formaldehyde react with Grignard reagent and form primary
alconol:

(7% Alcohol)

)

-5 45 Son ey T
CHMg=T+H=C~ H —> CH,~ CH,~ Mgl +H~OH—> CH=CH=0H+Mg”

OH
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(2) Acetaldehyde react with Grignard’s reagent and form secondary
alcohol-

(2°-Alcohol)

-5 5, Mg—I
/‘Cl}) 0/ 9 i /OH

+ih

5w . i
CH~Mg—T+CH~C—H —> CH,— CH—CH, 25 1 —CH—CH+ Mg(OH)I

(3) Ketone react with Grignard’s reagent and form tertiary alcohol:

. 5, Mg—1I
/ﬁ Q. 9 o, 48 OH

-3 35 e I * 5 !
CH=Mg =T+ CH L=CH,—> CH,~C = CHAZy CH ~C — CH+ Mg(OH)T
|
cH CH,
(Tertiary Alcohol)

3

4) Reduction of Aldehydes and Ketones:

Reduction means addition of hydrogen- Reduction of aldehydes and
ketones is carried out in the presence of nickel, platinum or palla-
dium catalyst at high temperature (200°C) and high pressure of
70 atmosphere’

0
Il ' g
CH,—C—H +H, —NC%9 __, c}f —cH,—0OH
(Aldehyde) (Primary alcohol)
i -
CH, ~C— CHMY,, MR007E) _y CH, —CH —CH,
(Ketone) (Secondary alcohol)
i T
OR CH,—C—CH, + 2H —"% s cl —CH—CH,
N Ty i
CH, =C—H,C 25 cH,— C— CH,—> CH, - C—CH,
“ H

S5) Reaction of Grignard Reagent with Esters: (Repetition)
(a) Reaction of Grignard Reagent with Ethyl Formate:
Grignard reagent reacts with ethyl formate, form aldehyde in the
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first step Then aldehyde react with another molecule of Grignard
reagent and secondary alcohol is formed-

/”_\0? 0__) Mg-I

(i) CH, — Mg — I + H—C~ 0~ C,H,—> CH, —¢- L C,H,
(Ethyl formate)
f 0
g - 0 - CH, +CH, - €~ H (Acetaldehyde)
% 3—;339-1"
/—\0 ‘\45 -5

(i) B, = Wlg—1 +CH 6% H e CH, SRR D =OH
\\___/

I g
Mg + CH—~CH—CH,
OH (2°~Alcokol)
(&) Reaction of Grignard’s Reagent with Ethyl Acetate: (Repetition)
Grignard reagent with ethyl acetate and form 3°-alcohol- This reac-
tion complete in two steps-

STEP-I:

Grignard reagent react with ethyl acetate and form ketone:
AT oy ifa-z
-5 5 li+s f
CH, = g T+ CH= £~ 0= CH,——> cH, = b O~ EH, —
Q CH

i 3
CH, =C—CH, + Mg
(Ketone) O—C.H,

STEP-2:

Ketone [acetone] reacts with another Grignard's reagent molecule to give
an unstable addition product, which on hydrolysis for tertiary alcohol-

-8

=& —
sl ‘f m’ 4

-5 +5 H+s H OH
CHS — Mg —I+CH3—C—CH3—-——-—-—-> s{.‘M3 c— CH

3
OH CH,
+ CH, — C— CH, (3*Alcohol) ¢

ra

i
/My’
\ou
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Both carboxylic acids and esters can be reduced to primary alcohols
Wl.th Lfﬁ”'{q:'

o
CH,~C—OH + 4H —5 s ey — it — Ol + H,0
(Acetic acid) (Ethyl alcohol)
7 |
CH,=C~O=CH, + 4[H] — 5 —3 CH, = €H, = OH + CH, ~ OH
(Methyl acetate) (Ethanol) (Methanol)

Carboxylic acids cannot be reduced with molecular hydrogen (H)
and nicKel catalyst-

|QS: Explain the reactivity of alcohol-

Reactivity of Aleohol:
Alcohols are reactive organic compounds- Alcokols react with polar
and ionic reactants- The following two factors explain the reactivity
of alcohols
(7) As oxygen is more electronegative

than carbon and hydrogen so ¢- @ AT

O and O-H bonds are polar-

Hyc" - 07 - H* 5 ;
(2) The oxygen atom of hydroxyl / A 4\\H Lone pairs

group has two lone pair of elec- T T Sl Bands

trons and thus is an electron rich

center:
Generally, the reactions of alcohols involve the breaking of ejther
the O-H bond or the braking of C-O bond- Breaking of either of
the two bonds may involve a substitution reaction or an elimination
reaction-

E: Write down chemical reactions of alcohols-

Reactions of alcohols are as follow:

I) Reaction with Halogen Acids:
Alcohols react with halogen acids (HX) and form the corresponding
(b)) alkyl halides-
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CH, - CH, - OH + HBr ———— CH, - CH, - Br + H,0
(Ethyl alcohol) (Ethyl bromide)

CH, - CH,[-OH + H | - Br — > CH, - CH, - Br + H,0

The order of reactivity of halogen acids with a particular alcohol is
HI > HBr > HCI- HCI reacts only in the presence of a catalyst
anhydrous zine chloride, while HBr and HI require or need no cata-
lyst+ The order of reactivity of alcohols is:

Tertiary alcohols > Secondary alcohols > Primary alcohols

Distinction between 1°-Alcohol, 2°-Alcohel and 3°-Alcohol:

Lucas test is carried out for the distinction between primary, sec-
ondary and tertiary alcohols

Lucas Reagent: (ETEA 20I7)
A mixture of anhydrous ZnCl, and concentrated HCI-

Lucas Test: (ETEA 2012-13)

The unknown aleohcl is treated with Lucas reagent: The correspond-
ing alkyl halide/chloride will be formed- The alkyl chlorides are insol-
uble in water so a turbidity appears in a reaction mixture: Turbidity
appears with tertiiry alcohols immediately (U9), with secondary al-
cohol after sometimes while primary alcohols do not react with
Lucas reagent at room temperature- It is because, primary alcohol
is the least reactive and secondary alcohol is less reactive than
tertiary alcohol- The reactions are given below:

CH,[FOH FH|Cl———2:2% s ey — ¢l + H,0 [ No reaction at ]
7°-afkyl chloride room temperature

“ .
CH~ CI-OH + Hlcl — 2225 ¢l — C~Ci+H,0 [Slow appearance oF]
[ I turbidity
H H
2°%-alkyl chioride
o o
CH,- ‘l: = OH + Hlcl Aozt — ¢l - (}C—C! +H,0 [ Fast appgamnc:]
iy
cH, o of turbidity

3%alkyl chloride
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2) Reaction with Thionyl Chloride [SOCL]:
Alcohol react with thionyl chloride and form alkyl chloride-

CH, - CH, - OH + 50Cl, ————— CH, - CH, - C| + 50, + HCi
(Ethyl alcohol) (Ethyl chloride)
OR |CH, = CH,|T1 OH | ——> CH, = CH, —Cl + 50, + HCl
7
¢4 sHd
Reaction with phosphorus trihalides (PX3)
3CH, -~ CH, - OH + PBr, —— —5 3CH, = CH, - Er+ HFOS

G e on cH =t =51
[cH, =cH,]-oH [Br }-P —— cH, —cH, —8r + H,PO,
e —cnt-on [ cHy ~cH, 8

3) Dehydration [Repetition Topic ... prep of Alkenes]:

When alcohol is treated with concentrated sulphuric acid at 170°C,
undergo dehydration and form alkene:

CH. - CH, - OH conctoth N CM= CH. -+ H.O
3 2 2 2 2

TEL

(Ethyl alcohol) (Ethene)
Cone: H,50, L comt

I -ﬂ r7o°c

The order of rate of dehydration of alcohol is 3°-alcohol > 2°-aleohol
> 7°-alcohol:

4) Reaction with Carboxylic Acids [Estrification]:

The process of formation of ester is called esterification- Alcohol
react with carboxylic acid in the presence of sulphuric acid to produce
ester- Concentrated sulphuric acid js used as dehydrating agent:
During this reaction hydroxyl ion [OH] is removed from carboxylic
acid and hydrogen ion [H'] is removed from alcohol-

@ 0
i i
EH,—C|~OH + Y|~ 0 —CH, me=—=23EH, ~C~ O~ (H, + 1,0
Acetic acid Methanol (Methyl acetate)
e (An ester)
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The above reaction is reversible The equilibrium can be shifted to
the forward direction by removing water as soon it is formed:
Oxidation means removal of hydrogen- It is also called dehydrogena-
tion* When vapours of alcohols are passed over hot alloys such as
nickel-Cu, dehydrogenation/oxidation takes place: Primary alcohols
are converted into aldehydes and then to carboxylic acids:

0 &
il il
CH, —CH, = OH 22 5 ¢l —C—H + [0] 22565, el —C—OH
(Ethanol) (Ethanal) (Ethanoic acid)

This reaction can also be carried out in the presence of strong
oxidizing agent like KMO4 or NayCrO;-

? g o
CH, —C—H + [0] 5% CH~ C= H+ [0] "% CH,~ C—CH

Assume that the oxygen shown in square brackets is delivered by
any of the above oxidizing agents: Oxidation of primary alcohol to
aldehydes require special oxidizing agents such as pyridinium chloro-
chromate (PCC), CsHsN'HCICrO 5- PCC is formed when chromic oxide
is dissolved in HC| and then treated with pyridine in dichloromethane

solvent:
N ]
R——f,:—-H+[0] Tl S R—E-H
H Aldehyde
7°—Alcohol
™ 2
CH,— = H+[0] —F525%— CH,—C—H
p acetaldehyde

Methyl alcohol

Secondary alcohols are first oxidized to ketones and further oxidation
to carboxylic acids needs even more drastic conditions-
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I i
CH,=C—=CH, + [0] — & 5 CH, —C—CH, + H,0
(Dimethyl ketone)

(2°-alcohol)/iso-propyl alcohol
The oxidation of tertiary alcohols do not occurs due to the absence
of tertiary hydrogen atom-

6) Cleavage of 1,2-diols [Glycols]:

Ethylene glycol when treated with acidic potassium permanganate
[RKMnO,], results in the formation of formic acid by cleavage of C-

C bond-

HO - CH, - CH, - OH + [0] — =7 21 - COOH + H,0
[Ethylene glycol] [Formic acid]
o1 o] 7 .,

H-¢ —_s’——f—m [0] B f—C—H +H—C—H + H,0
H H (Formaldehyde)

: | g
2H—C—H + 2[0] — X228 5 ol —C—OH
(Formaldehyde) (Formic acid)

When glycol is treated with per iodic acid or lead tetra acetate
gives two molecules of formaldehyde while propylene glycol yield
mixture of formaldehyde and acetaldehyde-

HIo, "
CHZ' F OH psn’cdﬁc‘e:i‘d ? 2H —Cc= H
L 4, —oH (Formaldehyde)
CH, 0
I [} ]
H—f—aH +HIO,———> H—C—H +CH,—C—H +HIO, + H,0
H—=C—0H Formaldehyde Acetaldehyde
|
H

Propylene glycol
(propane-1,2-diol)
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Q7: What are Sulphur analogue of aleohol and ether?

Sulphur Analoques of Alcohol and Ether: (ETEA 2077)
Oxygen and Sulphur belongs to the same group (VIA) of periodic
table: Thus, there are Sulphur analogues of alcohols and ethers- In
these analogue compounds Sulphur atom is present in place of oxygen
atom-

R -0OH R - SH R-0-R R-5-R
Alcohol Thiol Ether Thioether

The Sulphur analogues of alcohols are called thiols: These analogues
are also called alkyl hydrogen sulphides or mercaptans-

The functional group of thiol is ~-SH- This functional group is called
thiol group, mercapto or sulphydryl- As these compounds react with
mercuric ions (Hg™") to form insoluble salts and thus got the name
mercaptan [Latin, mercurium captans = mercury catching]-

Common names are formed like those of alcohols, using the name
of the alkyl group with the word mercaptan- In IUPAC names, the
suffix -thiol is added to the name of the corresponding alkane, and
number the chain in the direction that gives the lower locant to
the carbon that bears the -S5H group-

S*H
CH,— SH CH,—CH,—35H  CH,—CH—CH,
IUPAC System: Methanethiol Ethanethiol Propane-2-thiol

Common Sysstem: methyl mercaptan ethyl mercaptan  isopropyl mercaptan

7- Methane thiol [CH3-SH] is a gas-

2 Ethane thiols and higher members are colourless volatile (evap-
oratable) liquids at STP-

3+ Lower thiols have strong repulsive odour/smell- _

4-  Methane thiol and ethane thiol are added to natural gas in
very small amounts to make gas leakage detectable by smell-

(ETEA 2017)

S+ Thiols have lower boiling points than the corresponding alcohols
due to the absence of hydrogen bonding:

6 These are insoluble in water and soluble in ethyl alcohol and
ether:
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Q8: What are phenols? Write down nomenclature of phenols-
Explain the structure of phenol-

Phenol [Benzenol]: “Hydroxy derivatives of benzene/aromatic
hydrocarbons are called phenols-” Those organic compounds in which

one or more hydrogen atoms of benzene ring are substituted by
hydroxyl group are called phenolss The molecular formula of its
simple member is CcHsOH/ CoHsO- It is also called carbolic acid- 95%
phenol is called carbolic acid (ETEA 2017)

Mr- Runge in 1834 for the first time obtained phenol from coal
tar- Phenols may be monohydric, dihydric and polyhydric, depending
upon the number of ~OH groups attached per molecule: The name
“phenol” is the combination of common and IUPAC name:

QOH ol

— Phenyl + ol —» Phenol

Phenyl
Examples:
OH OH OH
OH
NO:
Phenol o-hydroxyphenol m-nitrophenol

Nomenclature: [CsHs-OH —> Benzenol]

OH OH OH OH
OH @OH
OH

{Phenol) {Catechol) (Resorcinol) OH
(o-hydroxy phenol) (m-hydroxy phenal) {Quinol)
(Benzene-1,2-diol) (benzene-1,3-diol) (p-hydroxy phenol)

(Benzene-1,4-diol)
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CH OH OH
CHs CHO
«wene  p-nitrophenol
4-nitrophenol
o-cresol salicyladehyde NO2
2-methyl phenol  o-hydroxybenzaldehyde
OH OH
Br@,ﬁr OJ!@{NO;
Br NO,
(2,4,6-tribromophenal (2,4,6-trinitrophenol (picric acid)

picrous-bitter in taste

COCH,3

o LU O Q,

2-chlorophenol 2-iodo-5-methylpheno!  2-hydroxy benzoic acid 3-hydroxyacetophenone
salicylic acid

Structure of Phenol:

In phenol hydroxyl group is attached to benzene ring: The molecule
has planer structure: The ¢ - O - ¢ bond angle is 109° almost equal
to tetrahedral angle (109-5°): This angle is not much different
from 108-5°, C- O - H bond angle of methanol-

136 pm 142 Pm
CH3 -~
@i)‘ i k/\
109° 108.9°
Phenol Methyl alcohol

In phenol the six carbon atoms are sp*-hybridized forming a hexag-
onal ring with internal angle of 120°- Since the bonds formed by
sp?-hybridized carbon atoms are shorter than those formed by sp’-
hybridized carbon, therefore the C-O bond length is slightly !.-.ss
than the C-O bond length in methanol:
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Q9: Write down physical properties of phenol-
Physical Properties of Phenol:

(1) At room temperature and pressure, phenols are colourless lig-
uids or low melting crystalline solids-

(2) They have a characteristic smell-

(3) Phenol vapours are highly toxic (i zi)-

(%) The boiling points of phenols are higher than aliphatic alcohols
of comparable molecular weights- This is due to stronger inter-
molecular hydrogen bonding in phenols as compared to alcohols

(5) Due to stronger hydrogen bonding, phenols are more soluble in
water than alcohols of comparable molecular mass-

(6) Above 65°C phenols and water are miscible in all proportions:

(7) The liquid phenol, containing 5% water is called carbolic acid
and is used as disinfectant and germicide-

(8) The melting point of phenol is 41°C and boiling point is 182°C-
(9) It turns pink when exposed to air and light
(10) Phenol produces painful blisters (L\z/&1) in contact with skin-

|Q70: Explain the acidity of phenol:

Acidity of Phenol:
Phenols are more acidic than alcohols but less acidic than carboxylic
acids and carbonic acid-

Compound Formula Ka (Approximately) pKa
Phenol Ar - OH 707 10
Water H-0H 107 7
Carboxylic acids R - COOH 10° S
Carbonic acid H,CO, 107 7
Aleohol R - OH 707 - 107t 16-18

Lower the value of pKa, stronger will be the acid
Carboxylic acid > Water > Phenol > Alcohol

-« Phenols are acidic due to the formation of stable phenoxide ions in
aqueous solutions-
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X
{E‘):
+
&
(o]
-]
&
"
=
=]

Phenol Phenoxide ion
0 O
The negative charge spreads throughout the benzene ring and is

thereby dispersed- This delocalization of the charge accounts/counts
for the stability of benzene ring/phenoxide ion-

CH, - CH, - OH + H,0 === CH, - CH, - O + H,0" pKa =16
Ethyl alcohol Ethoxide ion

Q11: Write down various methods for the preparation of phe-
nol-

Preparation of Phenol:
7 ene jic_Acid:
First benzene reacts with concentrated sulphuric acid and form ben-
zene sulphonic acid- Then benzene sulphonic acid is neutralized by
sodium hydroxide solution and form sodium phenoxide- Finally, so-
dium phenoxide reacts with water and form phenol-

SOsH « SOaNa ONa OH
@ Fuming @ Fuming @ 2Ma0H @ H-OH , @
H:S0 Hi50 350°C H"
benzene Benzenesulfonicacid Sodium Sodium Phenol
benzenesulfonate phenoxide

Chlor w_Process]:
This process was developed by Dow, chemical company of USA in
7928- In this process first chlorobenzene is formed: Then it is °
treated with 10% aqueous solution of sodium hydroxide at 350°C *
“and high pressure, followed by treatment with HCI-
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Cl ONa OH
“Ha 2 @ 350«:..=.!.01-(:':|‘mg @ g > @
benzene chiurobenzene sodium phenol
phenoxide
rom_Acidic Oxidati. Cumene:

This method involve air oxidation of cumene [isopropyl benzene] to
cumene hydroperoxide, which on treatment with dilute HC| form
phenol along with acetone/dimethyl ketone-

CH3 CH,

|
/"“CH CH c—»OOH
C 1 33 > | +02 s;mo >
CH, CH, CH;

N Cumene (Cumene hydroperoxide)

<|:—0—0H OH o
@:‘-‘C“a— ety @ +CH3—C CH,
""" Acetone)

Cumene hydroperoxide Phenol

4 drolysis of Diazonium Salts:
It is a simple laboratory method in which a solution of benzene
diazonium chloride is warmed on a water bath at 50°C- Benzene
diazonium chloride is prepared from analine-

NO:2 NH2
HNO, @ Sn/HC! O
_). ___* —
-2H0 NaNO,/HClI

benzene nitrobenzene aniline o°C
OH NaCl -NacCl
H0, 100°C -H0
————— <«
-HCl

phenol M penzene diazonium
chloride
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Phenol is extracted with diethyl ether by steam distillation®

[Q72: (a) Explain the reactivity of phenol-

(b) Write down important reactions of phenol-
(a) Reactivity of Phenol:

Generally, phenol shows two types of reactions:
(i) Reactions due to hydroxyl group
(i) Reactions due to benzene ring

(i) In reactions due to hydroxyl group, usually the oxygen-hydrogen
bond is broken down to form salts, ethers and esters:

(ii) In the second type of reactions, benzene ring undergoes elec-
trophilic substitution reactions-

The -OH group is ortho/para directing gqroup and ring activator-
Hydroxyl qroup is electron donating group, increases electron density
of the ring at ortho and para positions by giving its electron pair
to the ring and thus increases the reactivity of the ring relative to
benzene itself:

(b) Important Reactions of Phenol:

(1) Halogenation:

Phenol reacts with bromine water and give white precipitate of
2,4,6- trinitrophenol- Chlorine reacts in the presence of non-polar
solvent like CCly or C5,-

OH OH
. Br Br
+ 3Br, ——> + 3HBr
phenol Br

2,4,6-tribromophenol
{white PPT)

Phenol in the presence of a non-polar solvent like, carbon tetrachlo-
ride or carbon disulphide, at low temperature, yield a mixture of
o- and p-bromophenol- The two isomers differ in boiling point and
can be separated by distillation-
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it - e - e T — AW T bt G Fa
OH OH OH
Brz, CCI s
20 a
_2-5.?—) +
-HBr
phenol o-bromophenol Br
15% m-bromophenol
85%

Importance:
During this reaction the colour of bromine disappears, so this is one

of the best test to check the presence of phenol in a mixture: For
chlorination a catalyst has to be used-

(2) Nitration:

When phenol is treated with dilute HNO; in the presence of H2504,
a mixture of ortho and para nitrophenol is formed-

OH OH OH CHz
NO:
dil HNO, + +
e NO:2 _

phenol o-nitrophenol m-nitrophenol NO:2
{55%) (1%) p-nitrophenal
(44%)

When concentrated nitric acid is used, then 2,4,6-trinitrophenol is formed-

OH OH
) O;N NO;
e
= = .
phenal NO,

2,4,6-trinitrophenol (picric acid)

(3) Reaction with Sodium Metal (due to ~-OH qroup reaction):
Phenol being acidic in nature, react with sodium metal to form salt
and hydrogen gas is released:

OH ONa
o 2@ +2Na—-——>2© +H,
; {Conc:]
phenol sodium phenoxide salt
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4 idation:
Phenol is observed to undergo oxidation even more readily than
primary and secondary alcohols: The product is benzoquinone:

OH @]
KaCra0r .
HiSOaH:0
phenol (o]
p-benzoquinone

Ej; Differentiate between alcohols and phenols-

Both alcohol and phenol contain the same functional group i-e

Ts
hydroxyl group-

2+ In alcohol -OH group is attached to an alkyl group while in
phenol it is attached to an aryl group-

3-  Alcohols are less acidic than phenols

4-  Alkoxide ion (R~-0) is less stable than phenoxide ion-

S5-  Alcohols are more soluble in water than phenols-

6-  Alcohols mainly undergo nucleophilic substitution reactions while
phenol undergo electrophilic substitution reactions-

7+ Alcohol reactivity is due to -OH group while the reactivity of

phenol is due to both -OH group as well as benzene ring:
Examples: Alcohols:

?H
CH,—OH, CH,—CH,—OH CH,—CH—CH,
CH OH QH
O o o
cyclopentanol cyclohexanol cyclohexane-1,2-diol
(cyclopentyl alcahol) (cyclohexyl alcohol)

~ Aromatic Alcohols:

2 1
@—CH!—OH QCH: CHz—-0H

phenylmethanol 2-phenylethanol
(benzyl alcohol)
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Phenols:
OH OH OH
cl
phenol o-cresal m-chlorophenal

It should be hoted that benzyl alcohol and cresols are also isomers-
But benzyl alcohol is an aromatic alcohol, while cresols are phenols

Q1%: What are ethers? How ethers are named by common
and [UPAC system?

Ethers:
Ethers are organic compounds in which an oxygen atom is directly
bonded with two carbon atoms [C-O-C]- These are represented by
the general formula “R-0-R”-

Simple Ethers:
“When both the alkyl groups are similar then these are called simple
ethers:”

Mixed Ethers:

“When the alkyl groups are different then such ethers are called
mixed ethers-” General formula of ether is “R-O-R ”-

Possibilities:
R and R both are alkyl groups: CH, - 0 - CH,
R and R both are aryl groups: CH: ~0-CH,
R is alkyl group and R is aryl group: CH - O - CH, :
R and R both are equal: ‘ CHs = 0 - CH,
R and R both are different: C,Hs - 0 -CH,

(ETBA 2017) "
The most important ether is diethyl ether, commonly referred as *
ether- Its chemical formula is CH;-CH,-0-CH,-CH;, OR
EH, ~O~LH, A

Nomenclature:

Common System: .
In common system the alkyl groups or aryl groups attached to:
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- oxygen atom are named in alphabetical order, and the word “ether”
is used at the end- The word “di-" is used for two similar attached

groups:
CH, - O - CH, CH, = CH, -0 -CH, - CH,
[Dimethyl ether] [Diethyl ether] or [Ethyl ether]
CH, - 0 - CH, - CH, CH, -0 -CH,
[Ethyl methyl ether] [Methyl phenyl ether] anisol
CH. - 0-CH, — [Diphenyl ether)

[UPAC System:

In IUPAC system, ethers are named as alkoxy alkanes: The alkyl
group which is of larger size is considered to be an alkane: The name
of the alkane is prefixed by the name of the alkyl group and the
position number: The smaller group plus oxygen atom form the
alkoxy group*

CH,-0- CH, Methoxy methane

CH,-CH,-0-CH,-CH, Ethoxy ethane

CH,-0-CH, - CH, Methoxy ethane

CH, —0~*CH~CH, CH,~ *CH—CH, ~"cH,
'CH, q

[2-methoxy propane] ¢, H,

[2-ethoxy butane]
CH,-0-CH,-CH, - CH, CHS.-O-‘C?'HE-?HE-O-CH:,

[T-Methoxy propane] [7,2-Dimethoxy ethane]
‘ S —CH, ~0— ’thH ~ACH —"CH, ~*CH,
0

¥,

t.‘lZH_.,\ [1-ethoy-T-methoxybutane]

Q15: Write down various methods for the preparation of ethers

Preparation _of Ether:

7) Dehydration of Alcohol [Intermolecular Dehydration of Ak
coholl: (ETEA 2015)
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" This method can be used to prepare ethers with molecules having
the same alkyl groups on both sides of the oxygen atom- Diethyl
ether is obtained when ethanol is excess quantity is heated at 140°C
with concentrated sulphuric acid- The reaction conditions must be
well controlled, otherwise at temperature higher than T40°C; the
formation of alkene is favoured-

CH, - CH,[-OH + H| - 050,H — %€ s cl_ - CH, - O50,H + H,0
[Ethyl hydrogen sulphate]

e —————

CH,—CH,i—0SOHi —— CH,—CH,—0—CH,—CH, +H,50,

CH,—CH 2—015_»‘-1' ’ (Diethyl ether)

2) Williamson's Synthesis [Preparation of Mixed Ethers]:

In this method, alcohol reacts with sodium metal, to produce sodium
alkoxide which produce ether when treated with an alkyl halide:

CH, - CH, - OH + 2Na ——— 2CH, - CH, - ONa + H,
[Ethyl alcohol] _ [Sodium ethoxide]

i
CH,—CH,—ONa + CH,—CH, —Br—> CH,—CH,—O—CH,—CH, + NaBr
[Diethyl ether]
[Ethyl ether]

Q16: Write down physical properties of ether-
Physical Properties:
1) Physical State:

Dimethyl ether and ethyl methyl ether are gases at RTP, while
others are colourless volatile liquids with pleasant odours:

2) Inflammability:
Ethers are highly inflammable-

3) Boiling Point:

They have much lower boiling points than those of alcohols of com-
parable molecular weights, due to absence of hydrogen bonding:

4) Solubility:
. Low molecular weight ethers show some solubility in water as they -
" can form hydrogen bonding with water- Ethers are readily soluble in
organic solvents:
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S) Density:
Ethers are generally less dense than water-
Alcohol Ether water + ether
s ) il s | 8 h
O—H---—&C{ O—R ao O—H-----&O
7 N\ /
4 \ \R R \ R H \R )
Hydrogen bond No hydrogen bond Hydrogen bond
doner acceptor no doner acceptor doner acceptor

Hydrogen bonding in alcohol molecules, and between water and
ethers:

Q77: Explain reactivity of ethers- Write down some important
reactions of ether-

Ethers are quite stable compounds: They do not react with
bases, active metals, oxidizing agents and reducing agents- These are
also stable towards dilute acids- However, they form oxonium salts
with strong concentrated acids-

Important Reactions of Ethers:
1) Formation of Oxonium Salt:

Ether react with cold and concentrated HC/H.50, to form oxonium
salts: Oxygen of ethers donate a pair of electrons to hydrogen ion
and form these salts-

H

../'\5 -5 o o
CHy=CH,=0 ~CH,~CHy+ H = 050,H —— [ C,H,; = 0 - C,H, | H50,
(Diethyl ether) (Oxonium salt of diethyl ether)
(ETEA 20716)

2) Reaction with Ha Acids:
Ethers react with hot concentrated HL/HBr to form alcohol and
alkyl halide-

CHs -0-CH; + HI ——— C,H,OH + C,H,I
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Mechanism:
H
.m-a -5 le )
CHy ~O-CH, + H I ———CH, -0~ CH, -1
H

le ®
L+ CH,-Q7 CHy——— CH,~I + CH,-OH
(Methyl iodide) (Methyl alcohol)
3) Reac with Acet ride: (Cleavage of Ether Lsinkage)

Diethyl ether react with acetyl chloride in the presence of anhydrous
zinc chloride on heating, produces ethyl chloride and ethyl acetate-

o (o)
@ ] ]
CHs=O0-CH, + CH, —g-—&f——-—> CHCl + CH, - C- 0 - C,H,
\"-—u———-——_—-# -
(Ethyl chloride) (Ethyl acetate)
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1: Choose the correct option-
7-  Isopropyl alcohol is a type of:

(a) Primary alcohol (b) Secondary alcohol
(¢) Tertiary alcohol (d) None of these

2. Which of the following have the highest boiling point?
(a) Dimethyl ether (b) Ethyl alcohol
(¢c) N-propyl alcohol/ (d) Isopropyl alcohol

3. Trimethylene glycol is a:
(a) Vic-diol/ (b) Gem-diol
(¢) Triol (d) None of these

4. The final product of oxidative cleavage of ethylene glycol with
periodic acid is:
(a) Formaldehyde (b) Acetaldehyde
(¢) Formic acid
(d) Mixture of formaldehyde and acetaldehydes/

5-  Oxygen carrying positive charge and bonded to three other
atoms is called:
(a) Oxide ion (b) Oxonium ions
(¢) Carbocation (d) Carbanion

6-  Which of the proper reagent used for oxidation of a primary
alcohol to aldehyde?
(a) Acidified dichromate (b) Acidified chromate
(¢) Acidified permanganate (d) PCCS

7.  Which one is an aromatic alcohol?

(a) Methyl alcohol (b) Ethyl alcohol
(c) Benzyl alcohol/ (d) P-cresol

8- Compound which is added to natural gas to make gas leakage
detectable:
(a) Phenol (k) Ethanthiok/
(¢) Methanol (d) Hydrogen sulphide

9-  Which of the following is more reactive toward Lucas reagent?
(a) Methanol (b) Ethanol
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(¢) 2-methyl-2-propanol/ (d) 2-butanol
10- Ethoxyethane when treated with conc: H,50,, it produces:

(a) Carbocation (k) Oxonium ion/
(¢) Carbanion (d) Oxalate ion
77-  Lucas reagent is:
(a) Zn-He/HCI (b) ZnCl, + HCl/
(¢) Zn + H,O (d) Na + lig*NH;
72- The reaction of an alcohol with sodium produces:
(a) Ethane (b) Ethene
(c) Alkoxides (d) Aldehyde
13- Benzene diazonium salt is a reactive salt and upon hydrolysis yield:
(a) Phenol/ (b) Benzene
(¢) Diazobenzene (d) Benzoic acid
74- Oxidation of secondary alcohol gives:
(a) Carboxylic acid (b) Ether
(¢) Aldehyde (d) Ketones

75+ The appearance of cloudiness in the Lucas test for alcohol is
due to formation of:
(a) Alkyl chlorides (b) Acid chlorides
(c) Aldehydes (d) Ketones

Short Questions

2- Bri answer th wii estions:

Q7: What is the basic difference between an alcohol and phenol,
although both have the same functional group?

Please see question # 13-

Q2: How many isomeric alcohols are possible for CoHsOH? Draw
their structure formula and write both common and IUPAC
names:

ZIEE Three isomeric alcohols are possible for CyHsOH-
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Structural Frmufa Common Names IUPAC Names
CH, - CH, - CH, - CH, - OH | (n-butyl alcohol) | (T-butanol)

OH (sec-butyl alcohol) | (2-butanol)
CH, - CfH- CH, - CH, (iso-butyl alcohol)

OH (ter-butyl alcohol) | (2-methyl buta-
CH, - E-.. CH, (neo-butyl  alco- | nol)

/

CH, hol)
@3: What is Lucas test? How Lucas test is used to distinguish

. alcohols?

IR Please see question # 6-

Q4%: Why phenol is more acidic than alcohol?

Phenol is more acidic than alcohol because after losing H' [hy-

drogen ion] the phenoxide ion is resonance stabilized while there is
no resonance in alkoxide ion-

OH

A= B-—Cp &

(Resonance in phenoxide ion)

R-OH—*°% SR-0+H
& .
(No resonance in alkoxide ion)

@5: What is meant by primary, secondary and tertiary alcohols?
Please see question # 1 theory

Q6: Why alcohols and ethers are easily protonated as compared

to phenol?
Alcohol and ether are easily protonated- It is because in alcohol
", and ether electron donating groups i-e alkyl groups are directly at-
" tached to oxygen atom of ether and oxygen atom of hydroxyl group
in case of alcohol- As “R" group is electron donating group so it
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increases electrons density or partial negative charge upon oxygen
atom, due to which this oxygen accept proton easily and hence can
be easily protonated-

S -8
R=O—H R=0=R
P . 9
R-@#f —DNER S R~
4 H
R\'CS) + ,3 Pr otonation of ether ooy R\B — 7
R/ d

On the other hand, there is no such electron donating group (R-
group) attached to oxygen of phenol so it cannot be protonated
easily Secondly the lone pair of electron of oxygen of phenol are in
conjugation with the aromatic ring and are delocalized:

1] 0 0
O-H O-H O-H -
S}

Q7: Why intermolecular dehydration of alcohol is not a suitable
method for synthesis of asymmetric ethers/mixed ethers?

We know that asymmetric ethers are those in which different
alkyl groups are attached to oxygen atom- Intermolecular dehydration
method is not used for the preparation of asymmetric ethers because
the “R” groups are similar- For example: if we want to carry out
dehydration of ethyl alcohol, two ethyl groups will attach to both

sides of the oxygen atom and as a result symmetric ether will be
produced-

CHsOH +H|= 0= CH, — 2% C H —0—CH, + H,0

Symmetric ether &
not asymmetric ether
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@8: How bromine water test in alkene differ from bromine
water test for phenol?

When bromine is added to phenol a white precipitate is formed-

The formation of white precipitate confirms the presence of phenol

in the given mixture: The white precipitate is 2,4,6-tribormophenol-

OH OH
Br Br
+3Bn2 : >
(Phenoi) Br
(2,4,6-tribromophenol)
{white precipitate)

On the other hand, when bromine water is added to ethene [alkene]
or when alkene is passed through bromine water, the colour of

bromine rapidly discharges and a colourless dibromo-compound is
formed-

CHZ == CH2 + Br, ——— !':.sz -sz
Br Br

Colourless
dibromoethane
Simply in case-1 white precipitate is formed while in case-ll only
ca!our change takes place and no precipitate is formed-

Q9: Why benzene diazonium salt is not much stable and hydro-
lyze to phenol easily?

Benzene diazonium salt is unstable due to the presence of

nitronium ion (N = N X)+ As nitronium ion is charged body and so
unstable and easily decomposes-

I- Q10: Why tertiary alcohol cannot be oxidized?

Tertiary alcohol cannot be oxidized by an oxidizing agent because
there is no hydrogen attached to tertiary carbon atom-
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Long Questions

Q1: (a) Describe the reaction for the preparation of diethyl
ether, by dehydration of alcohol and Uilliamson's synthesis
Please see question # 15-

b rite two chemical reacti diethyl ether:
Please see question # 17-
[4 st the Sj erties ethers:

Please see question # 16-

Q2: (a) What are phenols? Give methods of preparation of
phenols-
Please see question # 11-
(b) Discuss the acidic behaviour of phenol-
Please see question # 72-

Q3: Give detail description of structure and chemical properties
of phenols-

m Please see question # & for structure and question # 12 for
chemical properties of phencls:

Q%: (a) Discuss the structure, synthesis and chemical reactions
of alcohols:

WS Please see question # 3 for structure of alcohol, question #
4 for synthesis of alcohol and question # 6 for chemical reactions:

(b) How alcohols are slightly acidic?

Please see question # 3 part (b)-

@5: (a) How alcohol can be prepared from Grignard’s reagents?
Please see question # 4 chemical reaction number 3 and 5-
ion the rea s for ¢ rmati the
compounds from alcohol:
(i) Ethene
(ii) Ethyl acetate
(iii) Acetone
(iv) Formaldehyde
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Ans:

(i) Ethene can be formed from alcohol by the dehydration of al-
cohol-

CHy - CH, - OH —&25%% s cl, = CH, + H,0

170° ¢
(ii) Ethyl acetate: Ethyl acetate can be formed from alcohol when

alcohol is treated with carboxylic acids-
0 o

7 "
CH, - €~ OH + CHy - CH, - OH —2%—CH, - C- O - CH, - CH,

(Ethyl acetate)
(iii) Acetone: Acetone can be formed from alcohol, when alcohol is
treated with potassium dichromate:

OH o

/ "
CH, - CH - CH, + [0] —%22— CH, - C- CH, + H,0
(Acetone)
(iv) Formaldehyde: Formaldehyde can be obtained when methyl al-
cohol is oxidized by potassium dichromate:

0

I =
CH, - OH + [0] — % — H - C- H + H,0

(Formaldehyde)
Similarly, formaldehyde can also be obtained when 1,2-ethandiol is
cleaved by periodic acid-

CH, - OH 0

! 1

CH,-OH — % 3l4-C-H

(Formaldehyde)
[ ite the systematic names for the Wi anic_com-
pounds:
(D) ti‘?H
CH, - f —CH, (2-methyl-2-propanol)
CH
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(i) OH OH
|
EH,~ f =CH=CH,~CH, (2-methylpentane-2,3-diol)
CH,
(iii) ?H (4-methyl-4-pentenocl) OR
CH~C—CH-CH=CH, (4-methyl-T-pentene-%-ol)
5 "3‘, 3 2 7
CH,
(iv) OH
&r (2-bromo-3-fluoro-4-methyl phenol)
£
CH,
v) ?—CH? IOCH3 (2,3-dimethoxybutane)
CH, =~ CH — CH - CH,
(d) Draw the structural formula of the following organic com-
pounds:

(i) Pentane-2-ol

OH
CH, — CH - CH, - CH, — CH,

(i) 3,%dimethylhexane-2-ol

OH CH, cH,
CH, —CH — CH = CH — CH, — CH,

(iii) 4-methylpent-3-ene-2-ol

OH CH

2

] |
ICH3 —2CH -SCH - 46_ SCHJ

L=
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(v) 2,3-dimethoxy-4-methylpentane

"CH, - 2lcn = 3fH = “fﬂ —CH,

0 9

CH, CH,
WA
AT AT
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