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Alcohols

Alcohols are organic compounds with general formula, R-OH.

Nomenclature of Alcohols

Alcohols are compounds in which a hydrogen of an alkane has been replaced by anOH group. Alcohols
are classified as primary, secondary, or tertiary, depending onwhether the OH group is bonded to a
primary, secondary, or tertiary carbon—the sameway alkyl halides are classified.

: :
R—CH,—OH R—CH—OH R——Cl‘—()l'l
o 3 3 R
a primary alcohol a secondary alcohol a tertiary alcohol

The common name of an alcohol consists of the name of the alkyl group to whichthe OH group is
attached, followed by the word “alcohol.”

%
CH,CH,OH CH,CH,CH,OH CH,CHOH CH,CCH,OH
ethyl alcohol propyl alcohol CH, CH,
isopropyl alcohol neopentyl alcohol

The functional group is the center of reactivity in a molecule. In an alcohol, theOH is the functional
group. The IUPAC system uses a suffix to denote certain functionalgroups. The systematic name of an
alcohol, for example, is obtained by replacingthe “e” at the end of the name of the parent
hydrocarbon with the suffix “ol.”



OH
[
CH;OH CH;CH,OH  CH;CH,CHCH,CH,

methanol ethanol 3-pentanol or pentan-3-ol
The following rules are used to name a compound that has a functional groupsuffix:
1. The parent hydrocarbon is the longest continuous chain containing the functionalgroup.

2. The parent hydrocarbon is numbered in the direction that gives the functionalgroup suffix the
lowest possible number.

| 2 3 4 5 - 3 2 | 3 2
cu;clncugm3 CH;CH,CH,CHCH,OH CH;CH,CH,CH,OCH,CH,CH,OH

OH CH,CH;4
2-butanol 2-ethyl-1-pentanol 3-butoxy-1-propanol
or or or
butan-2-ol 2-ethylpentan-1-ol 3-butoxypropan-1-ol

3. If there is a functional group suffix and a substituent, the functional group suffixgets the lowest
possible number.

CH;
WA .8 % .1 s 43 2 |
HOCH,CH>CH,Br CICH,CH,CHCH; CH,CCH,CHCH;,
OH CH; OH
3-bromo-1-propanol 4-chloro-2-butanol 4,4-dimethyl-2-pentanol

4. If the same number for the functional group suffix is obtained in both directions,the chain is
numbered in the direction that gives a substituent the lowest possiblenumber. Notice that a number

is not needed to designate the position of a functionalgroup suffix in a cyclic compound, because it is
assumed to be at thel-position.



CH;
CH;CHC|‘.HCH3CH3 CH3CHzCH:cI*.HCHZCHcH3

Cl OH OH CH;

OH
2-chloro-3-pentanol 2-methyl-4-heptanol 3-methylcyclohexanol
not not not
4-chloro-3-pentanol 6-methyl-4-heptanol 5-methylcyclohexanol

5. If there is more than one substituent, the substituents are cited in alphabeticalorder.

CH,CH, CH,CH, HO— {\/CH_x
CH;CHCH,CHCH,CHCH /O: ) <
i aac o ERe CH;

OH
Br OH 2-ethyl-5-methylcyclohexanol  3,4-dimethylcyclopentanol
6-bromo-4-ethyl-2-heptanol

Physical properties

Alcohols, in contrast, contain the very polar -OH group. In particular, thisgroup contains hydrogen
attached to the very electronegative element, oxygen,and therefore permits hydrogen bonding. The
physical properties (Table15.1) show the effects of this hydrogen bonding.

R—O-- -I-I—E
i



Table 15.1 ALcoHOLs

M.p., B.p., Density Solub.,
Name Formula %€ °C at20°C g/100 g H,O
Methyl CH;0H - 97 64.5 0.793 o
Ethyl CH;CH,0H -~115 78.3 789 e}
n-Propyl CH;CH,CH;0H —126 97 804 00
n-Butyl CH3(CH;);CH,0H - 90 118 810 7.9
n-Pentyl CH3(CH3);CH,OH — 785 138 817 23
n-Hexyl CHj3(CH;)4CH,0H - 52 156.5 819 0.6
n-Heptyl CH3(CH3)sCH,OH -~ 34 176 822 0.2
n-Octyl CH3(CH3)§CH,0H - 15 195 .825 0.05
n-Decyl CH3(CH3)sCH,0H 6 228 .829
n-Dodecyl CH3(CH3);(CH20H 24
n-Tetradecyl CH3(CH3);2CH,0OH 38
n-Hexadecyl CH3(CH3),4CH,OH 49
n-Octadecyl CH3(CH3)16CH,0H 58.5
Isopropyl CH3;CHOHCH; — 86 82.5 789 o)
Isobutyl (CH;3);CHCH,;0H -~ 108 108 802 10.0
sec-Butyl CH;CH,CHOHCH; -~114 99.5 806 12.5
tert-Butyl (CH3);COH 25.5 83 .789 ©
Isopentyl (CH;3);CHCH,CH,OH -117 132 813 2
active-Amyl (—=)-CH3CH,;CH(CH;)CH,0H 128 816 3.6
tert-Pentyl CH;3;CH,;C(OH)XCH3), - 12 102 .809 12.5
Cyclopentanol cyclo-CsHyOH 140 949
Cyclohexanol cyclo-CgH, OH 24 161.5 962
Allyl CH;=CHCH,;0H -129 97 855 0
Crotyl CH3;CH=CHCH,;0H 118 853 16.6
Methylvinyl- CH,=CHCHOHCH; 97
carbinol
Benzyl CsHsCH,OH - 15 205 1.046 4
a-Phenylethyl CsHsCHOHCH; 205 1.013
B-Phenylethyl CsHsCH,;CH,0H - 27 221 1.02 1.6
Diphenylcarbinol (CsHs);CHOH 69 298 0.05
zhydrol)
Triphenylcarbinol (CgHs);COH 162.5
Cinnamyl CsHsCH=CHCH;0H 33 257.5
Ethylene glycol CH,;OHCH;0H - 16 197 1.113
Propylene glycol CH3;CHOHCH;OH 187 1.040
1,3-Propanediol HOCH,;CH,CH,OH 215 1.060
Glycerol HOCH,CHOHCH;OH 18 290 1.261
Pentaerythritol C(CH20H)4 260 6




Alcohols show increase in boiling point with increasing carbon number, anddecrease in boiling point
with branching that because the hydrogen bonds that hold the molecules together.The solubility
behavior of alcohols also reflects their ability to form hydrogenbonds. In sharp contrast to
hydrocarbons, the lower alcohols are miscible withwater and solubility changes with increase the
number of carbons.

Industrial source

(a) Hydration of alkenes. Alkenes containing four or five carbon atoms can be separated from the
mixture obtainedfrom the cracking of petroleum. Alkenes are readily converted into alcohols either by
direct addition of water,or by addition of sulfuric acid followed by hydrolysis.

CH,—~CH=CH, + H,80, —> CH;—CH—CH, %2, CH,—CH—CH,

|
OSO;H H
Isopropyl alcohol
2°)

(b) Fermentation of carbohydrates. Fermentation of sugars by yeast, theoldest synthetic chemical
process used by man, is still of enormous importance forthe preparation of ethyl alcohol and certain
other alcohols.

Preparation of alcohols

Most of the simple alcohols and a few of the complicated ones are availablefrom the industrial
sources. Other alcohols must be preparedby one of the methods outlined below.

1. Oxymercuration-demercuration.

The first stage, oxymercuration, involves addition to the carbon-carbondouble bond of OH and
HgOAc. Then, in demercuration, the HgOAc (CHs;COOHg) isreplaced by H via sodium borohydride,
NaBH.. The reaction sequence amounts to hydration of the alkene, butis much more widely applicable
than direct hydration.



N ryercurat
) CF'-‘-C:: + Hg(OAQ); + H,0 nl‘_'melﬂu'ntmn} —C|: (]:_ NaBH, _&_&_
I

. demercuration |
Mercuric acetate H HgOAc (LH H
Markomlcov
addition
Examples:
CH; CH3
CH ,-é-cn:cu, 2 :":’:”- o cn,—é—cu—cn,
a
H, éH; H
3,3-Dimethyl-1-butene 3,3-Dimethyl-2-butanol
No rearrangement
1) Hg(OAc)2, H:O
2) NaBH, | OH
Norbornene

exo-Norborneol

CH;(CH;);CH=CH, Hs0AnHO0 _ cy (CH,),CHCH,
1-Hexene 2) NaBH,
H

2-Hexanol

2- Hydroboration-oxidation

With the reagent diborane, (BHs). , alkenes undergo hydroboration to yieldalkylboranes, RsB, which
on oxidation give alcohols. For example:

OH-

(BHy), 3H:C=CH: . (CH,CH,);B + 3H,0, > 3CH,CH,OH + 3B(OH),

Diborane Triethylboron  Hydrogen Ethyl alcohol Boric acid
peroxide



Hydroboration involves addition to the double bond of BHs (or, in followingstages, BH2R and BHR),
with hydrogen becoming attached to one doubly-bondedcarbon, and boron to the other. The
alkylborane can then undergo oxidation.

Hydroboration Oxidation
c_c + H—B “éAi Hi02, OH7, —é—(g—
H OH
Alkenc 7N\ Alcohol

H—n‘: = H—BH,, H—BHR, H—BR,

Examples:

CH,CH,CH=CH, D®H%: _ cy cy,CH,CH,O0H

1-Butene 2H;0;, OH~ n-Butyl alcohol
()
CH, CH,
_ 1) (BH,); |
CH; H; 2—‘—3"_ CH;—CH—CH,0H
Isobutylene  M%2 O™ ro5hutyl alcohol
(%)
?Hs CH;

CH;—CH=C—CH; D®H) CH,—CH—(ISH—CH3
2-Methyl-2-butene  2)H;0;, OH~ "

3-Methyl-2-butanol
(2°)



CH; ?H 3
CH 3—%—CH=CH , DGBHY: o~y 3—(':—CH ,—CH,0H

2)H;0,, OH~
CH; _ CH;
3,3-Dimethyl-1-butene 3,3-Dimethyl-1-butanol
1)
1) (BH)),
2)H;0;2,0H -
CH 3 CH 3 ’
H OH

3- Grignard synthesis of alcohols,

The Grignard reagent, we recall, has the formula RMgX, and is prepared bythe reaction of metallic
magnesium with the appropriate organic halide.This halide can be alkyl (1, 2, 3), allylic, aralkyl (e.g.,
benzyl), or aryl (phenylor substituted phenyl). The halogen may be -ClI, -Br or -l
(Arylmagnesiumchlorides must be made in the cyclic ether tetrahydrofuran instead of ethyl ether.)

RX + Mg anhydrous ether: RM BX

A Grignard
reagent

One of the most important uses of the Grignard reagent is its reaction withaldehydes and ketones to
yield alcohols. Aldehydes and ketones have the generalformulas:

H R
R—é=0 R—)::{}
aldehyde (R-CHO) ketone (R-CO-R)

The carbon-magnesium bond of the Grignard reagent is a highly polar bond,carbon being negative
relative to electropositive magnesium. It is not surprising,then, that in the addition to carbonyl
compounds, the organic group becomesattached to carbon and magnesium to oxygen.



C=0
4 1 wo |
—_— —(f—-OMgX —_— —-Cll-'-*OH + Mg(OH)X
\ JMgX An alcohol
- Mgtt + X~ + H,0
Examples:
i
CH;CH,CHCH;
ethellMg H CH,
CH,CH,;CHCH; + H—éﬂ) —_ CH;CH;&HCH;OM;B:‘ o CH;CH:J?HCH;OH
]J“Br Formaldehyde A 1° alcohol
hmagnesi sec-Butylcarbinol
“"-B“l;{:mnigﬁs i (2-Methyl-1-butanol)
O
ethellMg CH,
nowgse 1 (D)]
MgBr + CH;—C"‘O e—p HOMgBr — CHOH
Acetaldehyde A 2° alcohol
Phenylmagnesium Phenylmethylcarbinol
bmmlde (1-Phenylethanol)
Il-CJ'lgBl’
ether 1 Mg CH, CH,

n-CHyMgBr + CH,—J:=0 - n-c.H,—é—OMgnr B0, n-CJ-I,——é——OH

n-Butylma;numm Acetone 3

A 3° alcohol

A related synthesis utilizes ethylene oxide to make primary alcoholscontaining two more carbons than
the Grignard reagent.



Hz(;;——/CHz + RMgX —> RCH,CH,OMgX =% RCH,CH,OH

0o A 1° alcohol:
Ethylene oxide two carbons added

Reactions of alcohols

We can see that alcohols undergo many kinds of reactions, to yield manykinds of products.

1- Dehydration to yield alkenes

The mechanism of dehydration involves (1) formation of the protonated alcohol, ROH,*(2) its slow
dissociation into a carbonium ion, and (3) fast expulsion of a hydrogenion from the carbonium ion to
form an alkene.

| H+ I ~H.0 | —H+ ||
—(C-(— & —C—C- T/ —(C—C— T— —C=C—
| | | @ Alkene
H OH H *OH, H
Alcohol Protonated alcohol Carbonium ion

**The stability and hence rate of formation of the simple alkylcations follows the sequence 3°> 2°>1°
and also a carbonium ion can rearrange,and that this rearrangement seems to occur whenever a 1,2-
shift of hydrogen oralkyl group can form a more stable carbonium ion.



Examples:

CH,CH,CH,CH,0H P50, 4 CH=CHCH; and CH;CH,CH=CH,
n-Butyl alcohol 2-Butene 1-Butene
Major product
OOH ALO,, 250 O
—
Cyclohexanol Cyclohexene

2- Reaction with hydrogen halides

Alcohols react readily with hydrogen halides to yield alkyl halides. The least reactive of the hydrogen
halides, HC1, requires the presence of zincchloride for reaction with primary and secondary alcohols;
on the other hand,the very reactive tert-butyl alcohol is converted to the chloride by simply
beingshaken with concentrated hydrochloric acid at room temperature. For example:

OOH dry HBr OB:
——

Cyclohexanol Cyclohexyl bromide

CH;CH,CH,CH;OH ——2204,  CH,CH,CH,CH,Br

n-Butyl alcohol n-Butyl bromide




CH;CH,CH,0H —S1+21¢h,  CH,CH,CH,Cl

heat
n-Propyl alcohol n-Propyl chloride
CH 3 ?HJ
. HCI
CH,—C—CH, > CH;—C—CH,
H |
tert-Butyl alcohol tert-Butyl chloride

Alcohols react with hydrogen halides to follow the mechanism of nucleophilic substitution reaction
(SN1 or SN2):

Mechanism SN1:

(N ROH + HX = ROH,* + X~ Snl:
all except methanol and
2) ROH;' T~ R* + H;0 most I"pafcohaa‘s

3) R* + X~ — RX

Mechanism SN2:

B_ 3+ ] SNZ:
X~ + ROH;* — [X-R---OH;] — X—R + H,;0 most 1° alcohols
and methanol

3- Alcohols as acids

The acidity of alcohols is shown by their reaction with active metals to formhydrogen gas, and by their
ability to displace the weakly acidic hydrocarbonsfrom their salts (e.g., Grignard reagents):



ROH + Na —> RO-Na* + H,

ROH + R'MgX —— R'H + Mg(OR)X

Stronger Weaker
acid acid

With the possible exception of methanol, they are weaker acids than water, butstronger acids than
acetylene or ammonia:

RO-Na* + HOH ——= Na*OH~- + RO—H
Stronger Stronger Weaker  Weaker
base acid base acid

HC=C"Na' + RO—H ——= RO"Na* + HC=C—-H
Stronger Stronger Weaker Weaker
base acid base acid

As before, these relative acidities are determined by displacement.We may expand our series of
acidities and basicities, then, to the following:

Relative acidities: H,O > ROH :» HC -CH > NH, > RH
Relative basicities: OH" < OR™ <« HC = C~- <« NH,™ < R~

4- Oxidation of alcohols

Primary alcohols can be oxidized to carboxylic acids, RCOOH, usually byheating with aqueous KMnO,.

RCH;0H + KMnQO; —— RCOO-K* + MnO; + KOH
1° alcohol Purple Sol. in HO | Brown

lm

RCOOH
A carboxylic acid
Insol. in H,O



Primary alcohols can be oxidized to aldehydes, RCHO, by the use of K,Cr,0;. Aldehydes are themselves
readily oxidized toacids, the aldehyde must be removed from the reaction mixture by special
techniquesbefore it is oxidized further.

H
RCH,;0H + Cr;0;- - — R—(.JT=O + Cr*+#
1° alcohol Orange-red An aldehyde Green

lK Cr207

o
V
R—-Ci
OH

A carboxylic acid

Secondary alcohols are oxidized to ketones, R.CO, by chromic acid in a formselected for the job at
hand: aqueous K;Cr,0,;, CrOs in glacial acetic acid, CrOsin pyridine, etc. Hot permanganate also
oxidizes secondary alcohols.

R’ R’

|
R—CHOH -X€rQiorCr0s, o .,(J_}:o
A 27 alcohol A ketone

*With no hydrogen attached to the carbinol carbon, tertiary alcohols are not oxidized at all under
alkaline conditions.

R
é neuiral KMNQ, )
R—C—0H » Mo reaction

£ alcohol

The oxidation mechanism of alcohol and the effect of hydrogen attached to the carbinol carbon,

chromic acid oxidation involves initial formation of an alkyl chromate:



H H
X [ N/ o
(& + HOCrOH — C I + H,O
N || 7 Ny
OH 0 O(|:|TIOH
O
Alcohol Chromic acid Alkyl chromate

This alkyl chromate then undergoes an elimination reaction to form the carbon—-oxygendouble bond.

H
H =N O./
N\ ,'/\‘ O \ N\ .
C I H— C=0 + H;O" + HCrO;
Lo Aldehyde
Alkyl chromate or ketone

When a primary alcohol is oxidized to a carboxylic acid, thealcohol is initially oxidized to an aldehyde,
which is in equilibriumwith its hydrate. It is the hydrate that is subsequentlyoxidized to a carboxylic
acid.

O H* OH O
H,CrO, I H,0 | HyCrOy |
CH;CH,OH > CH;CH —=— CH,CH —— CH;COH
OH

Hydrate mtermediate

The oxidation reaction can be stopped at the aldehyde if thereaction is carried out with pyridinium
chlorochromate (PCC),because PCC is used in an anhydrous solvent. If water is notpresent, the
hydrate cannot be formed.

©+ HCl+ Cr03 ——= @

7 O H pyridinimm chlorochromate (PCC)
[
O=Cr—Cl|

I
O

- Primary alcohol + PCC — aldehyde

- Sec. alcohol + PCC — ketone



Examples:

H
KzCrth h
CH,CH,CH,OH —————— CH;CH,C=:0 + H;
n-Propyl alcohol Propionaldehyde
(s
(I:HJ (|:H3
CH;CH,CHCH,OH —M% . (CH,CH,CHCOOH
2-Methyl-1-butanol 2-Methylbutanoic acid

(1)

Qo 2 O

Cyclohexanol Cyclohexanone
(2%
R
Cr0,, HOA:
HO O
3-Cholestanol 3-Cholestanone
)

Thank You For Your Attention



