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Chapter 13. Alcohols, Diols, and Ethers

Date: February 9, 2011

Overview: Chemistry and reactions of sp’ oxygen groups, particularly oxidation of an
alcohol, ether formation, and reactions of oxirane (epoxide) groups.

I. What are alcohols, phenols, and ethers?

IUPAC names Common names
Alcohols (R-OH) Primary alechols CH30H methanol methyl aleohol
T CHaCHoOH ethanol ethyl alcohol
pKa ~16-17
CH3CH2CH-OH 1-propancl n-propyl aleohol
HaC. |
,G—CH20H 2-methyl-1-propancl 1sobuty] aleohol
HC H )
HaC. _
H G,,G—GHE'DH 2 2-dimethyl-1-propanol neopentyl aleohol
aC” 1
CHs
Secondary alechoels HED‘"G—G‘H 2-propancl 1sopropyl aleohol
(2"-aleohols) HaC *H
pEka ~17-18 1
H3C DHE:G_{]H 2-butancl sec-butyl aleohol
H3': kH
ATV HzC.
i e c-0OH 2-methyl-2-propancl tert-butyl aleohol
(3°-alcohols) Ho ] 3
3 CH5
pka ~1%
Phenols (Ph-OH)  pEa-10-12
Ethers (R-O-R) CH3CHz-O-CHyCHy ~ diethyl ether
Ph-0-CH=CHs phenyl vinyl ether
RO-: alkoxy CHL0— methoxv
CH3CHO0— ethoxy
ArQ-: aryloxy PhO— phenoxy

I1. Oxidation

Oxidation —
historical use of the term:

(1) oxide (oxvd/oxyde) — the "acid” form of an element; e g_. S + air — oxide of 5 (acid of sulfur)
(2) oxidation or oxidize — to make such an acid, to make the oxide
(3) oxvzen — Lavoisier: substance in the air that makes acids; “the bringer of acids™ = "oxvgen™

(4) oxidation or oxidize — to increase the % 0xvgen in a substance (reduction: to reduce the % oxvgen)

More modern definition:

oxidation or oxidize — loss of electrons (coupled with reduction as gain of electrons)

Note: The loss of electrons (oxidation) by one atom or compound must be matched by the gain of electrons

(reduction) by another.
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II1. Oxidation state (or number) counting (see: pp 513-4 of the textbook)

E.[?i— EE, C—H 0=C C—C ‘Therefore,
1 +1 2 43 0 0 [The oxidation number of this C 1= —4
D -
"the conmbution of an H to the omdation number of the C 15 -1" | f /D
"the contmbution of a C to the oxidation number of the H 15 +1" H T {5 OH
|
H
Other examples of oxidation numbers:
1.
+1y H+1 "reducing agent” "oxidizing agent” 1Er Erl
H H+1 0 0 B 0 0 H ’
T e Ty R
- -5 o
EI‘"I + E-F_Br - _1 Er"" "Br _1

An atom with a formal charge: incorporate its charge # to its oxidation number. Namely,
if an atom has a +1 charge, add +1 to its oxidation number.

Example: For MW 3 =x(-1)from 3 carbon atoms = -3

| +1 from oxygen atom = +1 } overall: -1
Uj +1 from the charge = +1
&
For O -1 from nitrogen atom = -1 } overall: -2
-1 from the charge =-1

Hydrocarbon oxidation-reduction spectrum:

"reduction"
( vdrogenation)
) 27 \ +2) - q
! / J : H, HO, 0=C=0
H-G=H H- :I: OH . ,r: 0 - p=0 — =0 —
o i = HO HO Ho0
methane methanol formaldehyde formic acid carbonic acid
\ _// \ / (methanal) (methanoic acid)
"oxidation" "ﬂﬁdﬂi_iﬂ_ﬂ 5

(oxvegen insertion)  (also: dehydrogenation)

increasing %0 decreasing ®H —— "oxidation”

decreasing %0; mnereasing %eH —— "reduction”

note: used in biochem : oxidase = dehydrogenase enzvime
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IV. Oxidation of alcohols

(1)
Y (e 0X oxX
17-alcohol H—rlj-ﬂf‘) [ ]\ . H_?,;:,D [ ]\ B H_,:IT:;'D
. - 2H* 1 aldehyde _HY O
carboxvlic acid
D (@ fox o
2%-alcohol R-C-0O : e Ft—ff;
L, : |
& -2H° R ketone
FI:IL" H
3°-alcohol H—l‘li:-f:f not easily oxidized
=Y

Oxidation methods:
There are hundreds that differ in experimental conditions, but these follow basically the process shown
below.

e 5 i—)
— difficult to remove as H™ B _
o ) ! "E2 - type" reaction
O(H 0
LG—X | LG -
Ft—fIJ—D ~ - H—?lc:{f N - Fa-ff‘“"' + H-BY
: ) -H R’ LG R

| "converting this H to a leaving group” l _
LG: leaving group

Historicallv, most common reagents involve high-valency metals.

1. Cr (VI)-based reagents - all Cr(VI) reagents have toxicity problems

[+ﬁ
D".._ _,.r{j
Cr0; =  ~Cr~
II,':'] "to be oxidized” "to be reduced”
. 0
chrommum trioxide “
i RCH-OH + Cr0s R-C + Cr*
il =
oxidizing agent
Balancing the oxidation-reduction reaction
O & fias ks
3 x [ R - CH-OH R-C~ + oH"+ 267 l ("two-electron” oxidation)
H
? x lcr"ﬁ' + 3e° Cr+
Overall,
,:,D
3R-CH.OH + 2Cr¥ 3 R-C + 6H* + 2Crs

& /‘ .

"stoichiometry"



