Naming Alcohols

OH
Q/ \ /OH
c=C
/N

Systematic Nomenclature of Alcohols

Simple alcohols are named by the IUPAC system as derivative of alkanes:
« Select the longest carbon chain containing the hydroxyl group, and replace
the —e ending with -ol.
* Number the parent chain beginning at the end nearer the —OH group.

A phenol An enol
* Number the substituents according to their position on the chain, and write the
OH OH OH name listing the substituents in alphabetic order and identifying the position of
| | |
LG i P the -OH.
R7 H RYH R R
H ) R
A primary (1°) alcohol A secondary (2°) alcohol A tertiary (3°) alcohol ?H HO CH,CH, | OH
1 213 4 5
CH3(|ZCH2CH2CH3
3 2
alcohols with common names: H- ;
| alcohols with common names: |UPAC names? CHg
|
©/ H,C=CHCH,0H CHacI:OH HOCH,CH,0H HOCHZCIHCHZOH
CH3z OH
Benzvl alcohol Allyl alcohol tert-Butyl alcohol Ethylene glycol Glycerol
131 13-2
Properties of Alcohols Alcohols as Acids and Bases
. ‘/__ H
Due to H-bonds, alcohols have higher b.p. ‘ 5. \ N . ot )
=3 Alcohols are weak bases: RSy b HER e ey
R 'T 'l‘ An alcohol An oxonium ion
i S _ e
; ! " b . a i H \ H
el 1 F . . S % = p—57 + R
R R Q\_) Alcohols as acids: H = >H H” "™ ~H
An alcohol An alkoxide ion

Short-chain alcohols are miscible with water, also due to H-bonds; alcohols
bearing longer alkyl chains become less soluble in water.

Melting Buoiling Solubility
Compound IUPAC name Common name point ("C) point ("C) in H,0 at 23°C
CH,OH Methanol Methyl alcohol —9rs 65.0 Infinite
CH,C1 Chloromethane Methyl chlonde 977 24.2 0.74 g/ 100 mL
CH, Methane —1825 —1581.7 3.5 mL (gasy' L0 mL
CHJCH]OH Ethanaol Ethyl aleohol —1147 T8.5 Infinite
CH,CH,CI Chloroethane Ethyl chloride —136.4 123 0,447 g/ 100 mL
CH,CH, Ethane —1833 —B8.6 4.7 mL (gasp' 100 mL
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CHzOH + MNaH

* CH30™ Na™ + Hp

Methanol Sodium methoxide
(sodium methanolate)

CH3CHpOH + NaNH; — CHzCHpO™ Na®™ + NH3

Ethanol Sodium ethoxide
|sodium ethanolate)

OH 0~ "MgBr
+ CHzMgBr ——
13-4




Solvation and Inductive Effect on the
Acidity of Alcohols

T .
F3C_.-/CECF3 VEersus H3C"}c"‘CH3

FzC H3C
pka=5.4 pkKa=18.0
Compound pk,
(CH3)3COH 18.00
less hindered: more hindered, CH3CH;0H 16.00
more easily solvated less easily solvated s —
Methoxide ion, CH30™ tert-Butoxide ion, (CH3)3C0™
(pKy = 15.54) (pK, = 18.00) CH30H 15.54
CF3CH,0H 12.43

The acidity of an alcohol (relative pKa in solution):
Strongest acid Weakest acid

CH,OH < primary < secondary < tertiary 135

Preparation of Alcohols: a Review

By nucleophilic substitution of alkyl halides:

an aprotic polar solvent

-~ .0, 1 HMPA -~
T T e e e P A N e i
Br OH 92%
e % o T e T . SR SR Sy,
90% 10%

Direct hydration:

50 HOM. H.50, « acidic conditions;
( =CH, > « carbocation intermediate

H _‘(‘

H.lt.‘ « Markovnikov product
2Methylpropene CHy
| oH
Hydroboration/oxidation: BH3 H30;y
« syn-addition; . o]
« anti-Markovnikov product L H
(jrCHg
CHg
1-Methylcyclohexene i AOH
Oxymercuration/reduction: i C[ .
- anti-addition (15t step); ,_:.QE',"M

e Markovnikov product 13-6

Preparation of Alcohols from Alkenes: a Review

Oxidation with OsO,:
* syn-addition;
* cis-diol product CHy

N|V|O CH3
L0 OH
0504 \0 A0 NaH so
Pyridine s SQ sz
le]
H
CHs An osmate A cis 1,2-diol
b (1-methyl-r-1,e-2-cyclo-
hexanediol)

1-Methylcyclohexene ?H cH
_RCOH Ha0* &
CH2CI2
1-Methyl-1,2-epoxy- A trans 1,2-diol
Epoxidation/ring-opening: cyclohexane (1-methyl-r-1,¢-2-cyclo-
hexanedioi]

¢ anti-addition
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Alcohols from Reduction of Carbonyl Compounds

(o] OH o] OH (0] OH
I IH | Il [H] | Il [H] (|:
1 -"]C“‘H R7H R M R R RY ™H
H R
A carbonyl | An alcohol An aldehyde A primary alcohol A ketone A secondary aicohof

Using NaBH, (with alcohol as solvent)

Aldehyde reduction Ketons reduction

0 H OH
i i : ¥
MNaBHa, ath |
CHyCHyCHaCH  ——— -2 CHgCHZCHACH NaBH, othanol
H
Butanal 1-Butanol (85%) Dicyclohexyl ketone Dicyclohexylmethanol (88%)

{a 1° alcohol) {a 2° alcohol)

Na e N . Nt es
Cc=0 C=0 <«— (C—0:
. / 'Y 8 e
Mechanism of NaBH4 Reduction
N : \
Na® H;B —”H\EC_’O\aHDOCHfH; — H—C—OH + Na' H;BOCH.CH;,

Ethanel solvent Product alcohol Sodium ethoxyborohydride 138




Reduction of Aldehydes and Ketones with LiAIH,

with LiAIH, i
(anhydrous aprotic 1, LiAlHy, ether
solvent) 2:Ha!

H OH .
LiAIH, even reduces

carboxylic acids and esters

into alcohols
2-Cyclohexenone 2-Cyclohexenol (94%)
Reaction of Lithium Aluminum Hydride with Protic Solvents .0 o OH

5 ~| —5. | H20* |
Fast " 3

LiAlly + 4 CH;OH —— LiAI(OCH;3), + 4 H—II c . € -C

! ' " g e “¢ TH| work-up “7 H
A carbonyl An alkoxide ion An alcohol

Carboxylic acid reduction t diate

0

il 1. LiAlHa, ether
CHngHQhCH=CHfCH2hCQH

2. Ha0*

CH4(CH3)7CH=CHI(CH3;);CH,0H

9-Octadecenoic acid
(oleic acid)

9-Octadecen-1-ol (87%)

Ester reduction

(o]
1. LiAlHg4, ether

I
CH3CH,CH=CHCOCH3 155

CH3CH,CH=CHCH,OH + CH5OH

Methyl 2-pentenoate 2-Penten-1-ol (91%) 13-9

Reaction of Grignard Reagents with
Carbonyl Compounds

Il
~UN

1. RMgX, ether
e —————
2. Hy0*

Formaldehyde reaction

|
C.. + HOMgX
,’/ H

& &+ MgB Q _-CHy0H
R—X + Mg —— R—MgX s Il 1. Mix in ather i
H™ TH 2Ho*
A Grignard
reagent Cycloh E Cyclohexylmethanol (65%)
magnesium [a 1° alcohal)
R =1° 2° or 3° alkyl, aryl, or vinylic bromide
X =C|,Br,I
Aldehyde reaction
MgBr CHy O CHy OH
I Il 1, Mixin ether |
+ CHCHCHCH —————+  CHZCHCH,CH
O0: M 2, Hy0
O:—3M |
" p] L 0 — 3 3-Methyl-1-phenyl-
C? ( R? | bromide T-butanol (73%)
RN = ) R {a 2* alcohol)
M = Li or MgX Ketone reaction

OH

0 CH. H
OH CH4CHaMgBr  + "Mix.'m"mm * i 5
1, HO | i g 2.Hy0?
— s —C—

I —— i Cy 1-Ethyley (89%)
[a 3° alcohol)
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Reactions of Grignard Reagents with
Carbonyl Compounds and Epoxides

Ester reaction

H3C CH
3\/ 3

c + 2 CH3CH,0OH
CH3CH,CH,CH,” ~OH

| 1. 2 CH3MgBr
PPN T
CH3CH,CH,CH, OCH,CH3 2. H30

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

(a 2° alcohol)

o

0
RMgX, ether I

OH R 0" *MgBr

(g
+
pur i
|
=

TN

R

A carboxylic acid A carboxylic acid salt

Epoxide reaction

1. Ether solvent

i
CH3CH4sCH4oCHoMgBr + HsC—CH
ghhglRalFaivig 2 2 2. HyO"

CH3CHoCHoCHoCHaCHo0H

Butylmagnesium bromide Ethylene

oxide

1-Hexanol (62%)
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Reactions of Alcohols: with Bases and
Alkali Metals

with base

RO'M* + NH,

iPr,NLi (LDA) iPr,NH
NaH (KH) H,
BuLi C.Hao

with alkali metals

ROH + M(Li,Na,K,Cs) — RO"M* + H,

Relative Reactivity of ROH with Alkali Metals
R= CH; > 1° > 2° > 3° alkyl groups

Alkoxides (RO") are useful nucleophiles or bases in
nucleophilic substitution and elimination reactions.
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Oxidation of Alcohols

Oxidation of a 2° alcohol with Oxidation of a 1° alcohol with
chromic acid yields a ketone: chromic acid results in an acid:

H. OH 0 K,Cr,0, 0
N Na,Cr,0, H,SO,, H,0 |
m H,SO,, H,0 CHICHZCH]OH —— CH;CH?CH

0 . .
S~ gt I intermediate
96% — > (CH;CH,COH
- :Base (H,0) ]
Cr 0 0
8] 0 ko 1 (o] ™
H Hi +.Cr .C
(I} © (I} o Il
- — - T 5 2, -
\ 2 .
N\ :Base alcohol with PCC
An alcohol A chromate Carbonyl glVeS aldehyde:
intermediate product
0
W
{m.‘c = </ N—H cr03cr}/]ﬁ/\/j\/CH20H PCC /]%/\/L/g\
— CHzClz H

Oxidation of Alcohols

DMSO DCC

DMSO/DCC o
R—CH,0H ——————=  R—CHO I

s N=C=N
vt =)

Mechanism:

ch\s+ _CHs

0) \z,/ N
OO — OO =2

o~ TR
O—N—E—N@ <l —_— (CH3»S + RCHO
| i) PN

\ HIO, / v/ \
~7 \./) H0, THF L\ﬂ_ﬁ'-.\\/)
0 o

CH3 o] 0" L "OH
I )
i //\r.a OH o~ -CHa
mome (L A NT| T
2 ~.~T=0 "o “\,_‘/.-’I\.H
H o

S § I}q
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Substitution and Elimination Reactions
of Alcohols

In this section we apply what we've Breaking C—O bonds

learned - to reason by analogy - so —OH is a poor leaving group and
that we can predict the outcome of does NOT directly participate in

new reactions (e.g., predictions of Sy1, Sy2, E1 or E2 reactions.
leaving group ability)
Why is —OH a poor
. Oee
N%yCHsﬁgH@ CH3—Nu + :QH leaving group?

.o Conjugate pK, of

LG Acid Conjugate Acid

e

13 HI -10.0

B HBr 9.0

O
HO: HOH 15.7 1315

Protonation of an Alcohol Improves the Leaving Ability

“‘\\\\

Nu

—_— y

Nu-
w\ W, Pé /L' LG
.\ ,Q H . .Q H 2 oW —

S S [wg ]
®

pK, of

Conjugate Acid

-1.7
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Examples — Nucleophilic Substitution

Dehydration of Alcohols into Alkenes - Elimination

A . L
CHCH,CH,OH + HI — CH,CH,CHJ + H,0 g o Ha804 o 8 H BR O BE
Tt T . - N CHJCHE(FHCH_‘ CH3CH,CHCH; — £=c_ + L£=C_
a primary alcohol OH + H0 H CH; H H
2-butanol trans-2-butene ¢is-2-butene
74% 23%
(CH3);COH  + HBr = (CH)«CBr + H,0 Syl . + CHyCH,CH=CH,
Excess "y + _tewdration ST + 1-butene
a tertiary alcohol RLHZ‘[HR *H hydration RCH=CHR + H,0 + H 3%
OH
" " 4or " " relative ease of dehydration
(CH;);C—OH + H—Br: —— (CHyC—0OH, + :Br: OH R R
— H.0 + (CHysC + :Bri == H,0 + (CH:C—Br: Ep O - WG I Rtl'-OH > RCHOH > RCH,0H
o s P . ~H.L
L0 S R
) . : 87% a tertiary alcohol a secondary alcohol a primary alcohol
stable carbocation facilitates Sy1 reaction Cyclohexanol Cyclohexene
on B | mechanism |
A £ _H
Secon‘dary alcohols shovy complex + HBr + H0 5
behavior when treated with HX, L
following S\2, Sy1, and E1 pathways. [ R .
a secondary alcohol
1317 ~ 13-18
OH Br Br
i HBr, 0°C | |_ | |_ CHs CHj3 CH,
CH,C—CCH; ——— CH{C—CCH; + CHC—CCH, + H—OH HEr
H——Fr H——Br Br——H
HC H HC H HL H _—
Hvdride Shift Minor product Major product HO——H Br H H——Br
yarice Snl CHy CH CH a racemic mixture
H H s
e A e /
|i| :(FH lil 0. | O
o S g - - ey -
CH,C—CCH; + 11" = CH:C—CCH; == CHC—CCHy —> CH,C—CCH; + :Br:
.1. jore S5 § {! Ill L] . CHj CH3
H.C H H.C H 3 H,C H H——&" HBr T
2° carbocation 3° carbocation ——
H——0CH H——B8r
CH,4 Br CHy CHa meso
[ HEr |
CHsC—COH - CH:C—CCH;
| | =HOH |
HyC H HyC H
94%
CH, - . tBr:
. o4 HO [ <hift Yo +: Brs | |
CH;C—COH + H" &= CH;C—CCH, > CH3CU—CCH; s> CH;C—CCH;
+HD [ | firs [
HC H HiC H H,C H - H,C H
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Pinacol Rearrangement and
Intermolecular vs. Intramolecular Dehydrations

‘ Suggest a mechanism: ‘ HO OH o] CHy
N/ HaO* N
_Cc—C._ R C—C._ + Hy0
H3C77~ "\"CH3 /. N"CHj
HsC CHg H3C CHa
Pinacol Pinacolone
H,SO, H,SO0, (98%)
CH4,CH,0CH,CH; «—— CH,CH,0H———> CH~CH, + H,0
140 °C 170 °C
substitution (intermolecular) elimination (intramolecular)

T

Write out the mechanism for this reaction.

H,SO
(CH2);COC(CHy)z¢—— (CH2);COH——> (CH),C=CH, + H,0

too bulky

Activate Alcohols with PBr,

/k/m \7—- )\/ + HyPO,

phosphorous
acid

Nucleophilic attack
on phosphorous
by oxygen

Sp2

H
I 5=
(\06) / i
/I\/..~~|:,Br2 Br— ){‘ PBrgis an
o—

';\} 3+ electrophile

~OH, a poor leaving group
is converted into this good
leaving group

13-21 13-22
Activated Alcohols Based on SOCI, Activated Alcohols Based on Sulfonate Esters
0 poor leaving group A gooc |
B Q) 2 .o
7 R s cl+ R+0H‘»—p%:n'—ﬁ—::nﬁ> R—Nu + R'—S-0!
L1 N I
/\/\/\r “1 pyridine NWCI o L__o_ ! o)
&H CI’ Y\CI —_ (%H Sfl;lllfor(]jyl Sulfonate ester
3 « 5 3 chloride - Conjugate pKzof
o 5 JL‘E’JE:%L + SO, + HCI l;JG(a Agud Conjugate Acid
attack on sulfur R'—%—{‘.\:(:a H'—§—§H -1.0
by oxygen weak 3 e S\2 o . . .
H |\ // > N cus—//_\\—§ c CHy—S—Cl CF3—.:S:—CI
| 3 \_/
(0] Cl (o]
/WQ\S/CI —_— /\/\/\r "\ﬁ/ + (Nj p-tol:ﬁ?;?éjgonyl metl::zmg;sllél‘:onyl trifluoro?ﬁgmr?;l:sulfony[
chlo(r::ssullict}e |!|® (Tscl) (MSCI) (Tich
-8 0

(good leaving group)
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Why is R- @*S_ﬁ-;g more reactive than R—0— S CH3? HO- 5 CF; is a stronger acid
CI
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Stereochemistry of Activated Alcohols

H Br CH3CH,0 H
PBrs \C’ CH3CH,0™ Na* \C,
ol e
" Ether CHal(CHz)s™ ™CHs Sn2 CH3(CHz)s™ ~CHy
(S)-2-Bromooctane Ethyl (R)-1-methylheptyl ether
HO H
NS
/C\
CH3(CHy)s CH3
(R)-2-Octanol
TosQ H H OCH,CHz
pTosc \ CH3CHyO™ Na* | 4
Pyridine CHalCHa)s™ “CHg Sn2 CH3(CHa)s™ “CHg

(R)-1-Methylheptyl tosylate Ethyl (S)-1-methylheptyl ether

Shorter bonds;

CHg carbon is more
cl—de—" hindered

NCHa

CHg

C-C bond length: 154 pm Longer bonds;

CHz silicon is less
cl— Suf/ hindered
N CH3
CHg
C-Si bond length: 195 pm 13-25

Protection and

Acidic hydrogen

Deprotection of Alcohols

Mg

HO—CHaCHzCHz—Br  —#— HO—CH3CH;CH—MgBr

Ether
NOT formed
/:N[CHchaig
\ HiC CHs HsC CHg
R\_O/H % P
L ___—=Si, . —= R__Si. +  (CH3CHlaNH* ClI
He” (g 5 i T
An alcohol P thyl A hylsilyl (TMS)
silane ether
For example:

OH 0., _:CHy
(CH3CHzl3N S
HiC CHs

Cyclohexanol

0 ~CH
~gj 3
T
HzC CHs

Cyclohexyl

Cyclohexyl
trimethylsilyl ether (94%)

OH
Ha0" :
=3 5 O/ + (CH3)3SiOH

Cyclohexanol

trimethylsilyl ether 13-26

Example of Protection and Deprotection

Step 1 Protect alcohol:

CH3CHalaN
HOCH,CHyCHzBr  +  (CHa)aSiCl  ——m3chalsN

(CH3)3Si0CH2CH2CH3Br
Step 2a Form Grignard reagent:
(CH3)3SIOCHaCHyCHBr o> (CHg)3SiOCH,CHoCHyMBr

Step 2b Do Grignard reaction:

1. CH. gH ?H
(CH3)3Si0CH;CH2CHaMgBr 2—H38+_' (CH3)3Si0CH;CH2CH,CHCHS
Step3  Remove protecting group:
OH OH
Hs0* |

|
(CH3)3SI0CH,CHyCHaCHCHy  ———  HOCH,CHoCH,CHCHy  +  (CHg)3SiOH
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Intensity ——

Spectroscopies of Alcohols

100

2 80-
(9]
S 60—
(]
£
£ 40
w
g Z co”
Z 20 O-H

stretch stretch

0|||||\\|||\|||\|\|||\||||| I T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™1)
\ D20 \
—C—0—H =—=—= —/C-—O—D + HDO
T™MS
CH3CH,CH,0H }

T T T T T T T T T T

10 9 8 7 6 5 4 3 2 1

0 ppm
Chemical shift (5) 13-28




