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Chapter 7: Alcohols, Phenols and

Thiols




Alcohols - Structure

* The functional group of an alcohol (@ H
IS an -OH (hydroxyl) group bonded O
to an sp3 hybridized carbon. |

— Bond angles about the hydroxy!| |
oxygen atom are approximately
109.5°.

* Oxygen is also sp® hybridized.

— Two sp3 hybrid orbitals form sigma
bonds to carbon and hydrogen.

— The remaining two sp? hybrid
orbitals each contain an unshared _
pair of electrons. R
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< Alcohols - Nomenclature
(O-ﬁla—&»\u.__)

* IUPAC names ./ Dpafg%% nSullix ) pelix

— The parent chain is the longest chain that contains the
-OH group.

— Number the parent chain in the direction that gwes

the -OH group the lower number. Gj!ﬁj%ﬁg_gﬁb(@&“%
— Change the sufﬁx to@) N < /U;‘C”’“E)Jb Syslo®!
_.-.(,E:,_\..,,—Hgt gH(@ﬁw
* Common names gér,mw —
D dfug&.l\_ﬂ.&)
— Name the alkyl group bonded to oxygen followed by

the word
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Alcohols - Nomenclature
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(Ethyl alcohol) ,._%gm (Propyl alcohol)
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2-Butanol 2-Methyl-1-propanol 2-Methyl-2-propanol
(sec-Butyl alcohol) (Isobutyl alcohol) (fert-Butyl alcohol)

(Isopropyl alcohol)
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1-Butanol
(Butyl alcohol)

o

Cyclohexanol
(Cyclohexyl alcohol)




Alcohols - Nomenclature
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lassification of Alcohols
D

c__:;gyi&\@b* _L
" ) N e
- - R—CH;—OH primary (1°) alcohol ' |
2o 2 ' Ay’ halide
T W —<
R—CH—OH secondary (2°) alcohol
R
|
R— ’20H tertiary (3°) alcohol



Hydrogen Bonding in Alcohols

The presence of the OH group allows for H-
bonding between alcohol molecules. This effects
BP/MP and solubility, i.e. - . .

BP (°C) Solubility
(2/100 g H20)

Methanol Completely soluble

Ethanol 78.5 Completely soluble i <
Propanol 97 letely soluble

Butanol 117.7 ‘——?;m\
Pentanol 137.9 2.7

Hexanol 155.8 0.59
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Acidity of Alcohols and Phenols

Alcohols are weak acids similar to water, i.e.
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Phenols are more acidic as the conjugate base (a
phenoxide ion) can to stabilized by resonance,

l.e i i
10 : : L) s(): L N
g )J\_ /u\ _/lk
s “\\ ' .. oo
=G Y = 7= )=
charge localized \5// \\f/_jyj E\\// E/
on the oxygen atom = .

in alkoxide ions =
L'h;n'gt: delocalized in }‘.I]lt,‘Tl{}.‘*;itirL‘ ion
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Acidity of Alcohols and Phenols ‘j
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The acidity can be increased by electron 3y

withdraWing EroUps at the(a-carbonjon an ¢, , ¢
alcohol, or on the aromatic ring at the o,p-

. . HsCHnoh
ositions, I.e. C
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. Acidity of Alcohols and Phenols
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Acidity of Alcohols and Phenols

Alkoxides are commonly used as strong bases.
They are prepared by:

1) treating an alcohol with Na or K:
N Koxicdle
\ AR thed
R=—CHy—0" —HP_WN?+ h H,
Rl 6> WY & cos RO INQl6oaED <
=) _"9&-«-\.1(_\3_) Camlibrwm @3 'E;)vagl)xw
2) treating with NaH or KH (metal hydride)
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Acidity of Alcohols and Phenols

Phenoxide can be produced by treating with
NaOH since it is a stronger acid than an alcohol
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u%e?bﬁ\ﬁ:lﬁgon of Alcohols

This is an ehmmat:on react:on and produces an

alkene. It requires an acid catalyst (usually
sulfuric acid) and heat, especially for less

reactive 1° and 2° alcohols. %l\#@% ss

B o S PSP
3° >2°>1° for reaction rate.) Tt 1150 e 5

* Product: follows Zaitsev’s rule: more highly
substituted alkene is the major product.

* 1ststep is a rapid acid-base reaction.
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>3 Dehydration of Alcohols
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Dehydration of Alcohols
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Dehydration of Alcohols

2° alcohols can react by either mechanism
o' C z__;eik_j_“:U* Lo 6D

E1 or E2 for dehydration usually produce th)

same products, @S-@_E_Z/Q@\an anti- 575k
periplanar H atom. JL&)%&?@Q Z. —
- 01 g0 2]
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Reactions with Hydrogen Halides

The hydrogen halides are acids so they will
protonate the OH group to generate water, an
excellent leaving group.

However the halide atom is nucleophilic so we
get an nucleophilic substitution rather than an
elimination.
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Reactions with Hvdrogen Halide:
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Other Routes to Alkyl Halides
Tegq@ltoo=cdo®

Alkyl halides can also be generated from alcohols
o\ &)ie\o (oAl - TAURY '*
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—OH +Cl—s—Cl .+ [R£L0>s-L¢1 | — + St +

R OH [l(ll:;lnﬂ’ t‘hhn(iiL‘ _i’lhﬂiumz Chi]l_ %ﬁ\i“ﬁ Cl :t H( lt

intermediate LMG‘J‘*"‘?)@; C

Advantageous as HCl and SO, are both gasses so help “drive” the
reaction forward when they bubble out of solution. Not useful
for small alkyl halide as they have too low a BP.



Other Routes to Alkyl Halides

Alkyl halides can also be generated from

: | - N M) | gy P,
alcohols by:  — wmi\ o\ \523\95\9
2) Phosphorus halides (PX,): X o
JROH +  PX, | —(3RX + H,PO,(X = Clor B
phosphorus o . q
halide  \__=> N Jeladge0 Ay

The phosphoric acid has a high BP so the alkyl halide can be
separated by distillation.



Other Routes to Alkyl Halides

Both of these methods are used for 27 and 1°
alcohols whose reac ith HX is slow.

None of these methods work with phenols as
the phenol will not lose water (it can not form
an sp hybridized C atom in such a small ring).
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Oxidation of Alcohols

-

Oxidation is the process of increasing the
positive charge on the C atom. This means
iIncreasing the number of bonds to more
electronegative atoms such as O.

Oxidizing agent? is the chemical used to oxidized
the alcohol, which itself is reduced. Most

common omdlzmg agents are@bjomlum omdes
(CI’03 or CI’ZO ) >lfond OXIDJ!Z:lng ﬂﬂeﬂ\; .
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Oxidation of Alcohols

Oxidation of an alcohol requires at least one H
atom attached to the carbon the OH is attached

' 2
to, r.e. f 0] 0 0] 0
H—C—OR ~  R——H ~  R—1—0H
H
R
| O] i
R'—C—O0H - R R




Oxidation of Alcohols ° 2832

|
Sulberic o, CN UGN 21D %@wﬁ S

LaJu acdi D Y )
Comments are Jones’ reagent (CrO,

dji Ivgg {2 aqueous sulfuric acid) in acetone, i.e.
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Notecmdatlon of 1° alcohol produces an acid!
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Oxidation of a 1° alcohol can be stopped at aQ

—~———— T

aldehyde using(pyridinium chlorochromate )

(PCQ), i.e. D
CrO, + HCI + </ \\N - / \\N H CrO,Cl-
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Oxidation of Alcohols
= S A\ CU\DX\/@{ @7‘&9 VO @\c‘é@ﬁ&v

Note: KMnQO, can also be used to oxidize
NS T

alcohols but it is not selective for the OH group,

C-C multiple bonds will also be oxidized.
e e N e T TG RO

LS 0.5 cpd )y A oLl al doad

N
3 C=C +2K*MnO,”+4H,0 - 3—C—C— + 2MnO, + 2K*OH™
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OH OH
alkene potassium a glycol manganese
permanganate L N dioxide
7\ (purple) \79.- (0 ]\0_/ (brown-black)
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Polyols: glycols ' b
Glycols are éolecules with more than one O \
group, i.e.am Itcale/alcohol 12>
A \les i

They are chara Cterized b)y very h:igh BP, and are
very water soluble:——> ™§
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In aromatic substitution reactions the OH group is activating and
o,p-directing, thus subsequent reactions are fast and easy to do.

v - lI . .
c}‘ln-‘uﬂ-og [& 'LQJ & % ( \——\N O3 )
a0 LS Nikabioh 31 ¢ _fj- OH + HONO, —— O,N ~:jj: I';}- OH + H,0 (7.42)
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95 joss o laked) HANO 3
H2904 Phenol is also brominated rapidly with bromine

H[mm 04 iu.u ]

i water, to produce 2.4.6-
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Oxidation of Phenols

Quinones and Hydroquinones are naturally
occurring phenols used in redox reactions in the

cell, i.e. T2 Jfete
o daiS? W& lo o
OH cmémaf“i ‘-'1%@“% O HE{&;&‘@E\
Sl 0.8\ (Sop =
Qoweagui ~——s - -—J&&mc_
ﬁﬁifﬁtﬂ H,S0,, 30°C
OH O

S
LU ot }
hydrogquinone Q-#-benznquinﬂ_n%

ubiquinone or Co Q4




ul, Phenols as Antioxidants

Substances that are sensitive to air oxidation, such as foods and lubricating oils, can
be protected by phenolic additives. Phenols function as antioxidants. They react
with and destroy peroxy (ROOJand hydroxy (HO-) radicals, which otherwise react
with the alkenes present in foods and oils to cause their degradation. The peroxy and
hydroxy radicals abstract the phenolic hydrogen atom to produce more stable phenoxy
radicals that cause less damage to the alkenes {(eq. 7.45).

O—H 0 -
4  HO: O + HO—H (7.45)

hydroxy radical phenoxy radical
OH OH

(CH l))c Q/C(CHS), (CHj))c ¢/C(CH3),
OCH, CH,

BHA BHT
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Sulfur analog of an alcohal, i.e@SH
Ohenel Sicwel oW J Wﬁ,\ucmb o o
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SN2 560 )\&éﬁ&@g@g\—@b

The striped skunk ( Mepfutss

ryl or sulfanyl group. .

of thuols at Rs enemies.

Sulfur is immediately beneath oxygen in the periodic table and can often take its place
in organic structures. The —SH group, called the sulfhydryl group, is the functional
group of thiols (page 207). Thiols are named as follows:

CH,SH CH,CH.CH.CH,SH »—SH
» hi \-butane it prm\
. (h-buty! memnpten) (pheny! mercaptan)
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T o\ oweacdic Thiols
- Sis larger than an O atom so forms a more stable
anion, as a result it is more acidic than an alcohol.

NaOH -
S e \Y' '
ook =g 40 — Conjugated

good nug\e%
~ohoaph, S TS,

U"G"\/HO‘&S ] . s |
(V) & abs ki bakon - 1 niol

Thiols can be made from alkyl halides treated
with KSH, potassium hydrosulfide.



Thiols

Thiols are easily oxidized to disulfides, this
prowﬂg cross-linking in proteins and synthetic
rubber compﬁﬂnds (vulcanization).
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