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Synthesis of Alcohols

. Alcoh_ols can be synthesized from several « Syn hydroxylation of alkenes
functional groups. « osmium tetroxide, hydrogen
* Nucleophilic substitution of OH- on alkyl peroxide
halide * cold, dilute, basic potassium
 Hydration of alkenes permanganate
* water in acid solution (not very * Anti hydroxylation of alkenes
effective) * Peroxyacids followed byhydrolysis
 oxymercuration - demercuration of epoxides
* hydroboration - oxidation R\ /R
c=cC 0
| / \ |
R OH R R
Alkene
Carboxylic Ketone
0 acid 0
I \ U I
C C
R™ TOR’ \ // R™ H
Ester \ % Aldehyde
ROH
A — Alcohols HEA

Alkyl halide Ether



Synthesis of Alcohols from Alkenes

* Acid-Catalyzed Hydration of Alkenes

* A reversible reaction with Markovnikov regioselectivity

/ | / +H,0 | | |
C=C +HA——C—C +t A Am—m—/]/m™—(C—C— + A —=——10~C—C—
\ A —H,0 | | R
H H t0: H :0
H™ H “OH
Alkene Alcohol

* Oxymercuration-demercuration
* Markovnikov addition which occurs without rearrangement

Oxymercuration

\ / ( ” ) THF | | |
/czc\ + H,0 + Hg\OCCH,/,—— —C—C— O  + CH,COH

Demercuration

| |
—C—C— O +OH + NaBH, — —c—(|:— + Hg + CH,CO-

| | |
HO Hg—OCCH, HO H
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Hydroboration-Oxidation

* Hydroboration (Anti-Markovnikov’s addition)

(1) BH;:THF _ £t

3 (2) Hy0,,HO

CH
H

* Halohydrin (Markovnikov’s addition)

\+
H.C CH, 0,:) \ (|)H

\ Br, |/—"\
/C =CH, —— CH;, '—C /CH — CH, C| CH,Br —> CH, —(I: CH,Br + H,0*

H,C B B: CH, CH,
(713%)
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Oxidation of Alkenes: Syn 1,2-Dihydroxylation

Either OsO, or KMnO, will give cis 1,2 diols (glycols).
Both these reagents give “syn” diols i.e. addition of alcohols on same side.

(1) OsO,, pyridine
2 (2) Na,SO,/H,0 or NaHSO,/H,O

CH,CH=CH > CH,CH—CH,

OH OH
Propene 1,2-Propanediol
(propylene glycol)
cold

CH,=CH, + KMnO, = H2(|Z—(|3H2

OH OH

Ethene 1,2-Ethanediol
(ethylene glycol)
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Anti 1,2-Dihydroxylation of Alkenes via Epoxides

Opening of the following epoxide with water under acid catalyzed
conditions gives the trans diol. (Will cover more in the ether chapter)

The epoxide ring opening causes an “anti” addition of alcohols groups.

I I

I
+ RCOOH — + RCOH

H

Cyclopentene 1,2-Epoxycyclopentane

:OH

“H + enantiomer
“OH

H .o

trans-1,2-Cyclopentanediol



Anti 1,2-Dihydroxylation of Alkenes via Epoxides

Base-catalyzed reaction with strong nucleophiles (e.g. an alkoxide or
hydroxide) occurs by an Sy2 mechanism.

The nucleophile attacks at the least sterically hindered carbon of the
epoxide.

N S T A S O I
R—0: + —C—C——>RO—C—C—0: — > RO—C—C—OH
S/ [ [
0. o
. . S + RO:
Strong Epoxide An alkoxide ion -
nucleophile

A strong nucleophile such as an alkoxide ion or a hydroxide ion is able to open
the strained epoxide ring in a direct S, 2 reaction.
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Reduction of Carbonyls (R,C=0)

Understanding Oxidation and Reduction
 In Hydrocarbons:

[0] [0]

CH;CH, C =C:H H-C=C-H
m H H  [H]

alkane alkene alkyne

(6H) (4H) (2H)

* In Oxygen Containing Compounds:

5 [0]
%H“o % %
alcohol carbonyl (aldehyde/ketone) acid
(6H, 1-0) (4H, 1-0) (4H and 2-0)




Reduction of Carbonyls

. . ) I H ?H where [H] is a
* Reduction of a carbonyl compound in general gives an _C_ il e reducing agent
alcohol ’ A
* Note that organic reduction reactions add the equivalent . o
of H, to a molecule I o ]
. . SN S O
» Aldehydes gives primary alcohols R H R7 “H
H
» Ketones gives secondary alcohols
5 y An aldehyde A primary alcohol
* Good reducing agent is sodium borohydride - NaBH,. . -
Lithium aluminum hydride, LiAlH,, is good but a little T o |
strong and hard to work with. L L
R™ TR RY H
Aldehyde reduction R
0 OH A ketone A secondary alcohol
| : |
CHCHCH,CH E;gfd el CHgCHaCHCH
H Mechanism
Butanal 1-Butanol (85%)
(a 1° alcohol) Cﬁ o~ OH
Ketone reduction C/\:H__> Cl: M, |
N ,,7 ~y /7 ~y
o H OH
(I:I \C/
1. NaBHa, ethanol A carbonyl An alkoxide ion An alcohol
2. Ha0" compound intermediate
Dicyclohexyl ketone Dicyclohexylmethanol (88%)

(a 2° alcohol)



Reduction of Acids and Esters

 Carboxylic acids and esters are reduced to give primary alcohols.
 LiAlH, is used because NaBH, is not effective, the former is stronger

* [t is better to reduce esters and not acids.

Carboxylic acid reduction
0O
1l

1. LiAlH4, ether
CH3(CH,)7CH=CH(CH,)7COH

CH3(CH2)7CH:CH(CH2)7CH20H

2. H30™
9-Octadecenoic acid 9-Octadecen-1-ol (87%)
(oleic acid)
Ester reduction
0
| 1. LiAIH,, ether
CH3CH,CH=CHCOCH3 2. Ha0" CH3CH,CH=CHCH,0OH + CH30OH

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



Alcohols from Grignard Reagent

* Organometallic reagents
R-Li R-MgX R,CuLi
e The carbon bonded to the metal is an anion - carbonanion.

e Lithium reagents are most ionic (i.e. the carbonanion is the most
negative) then magnesium and lastly the copper lithium reagents.
Lithium reagents are most reactive and the least are the copper
reagents (they offer more controlled reactions)

* The above reagents are made by treating alkyl halides with the
metals. Reactions have to be done in moisture free environment since
carbonanions formed are very reactive with water. (remember the
carbon bonded is a carbonanion - hence a strong base — which reacts
with acids)

6—  &F R =1°, 2° or 3° alkyl, aryl, or vinylic
R—X + Mg ——> R—MgX
X =Cl, Br,1

A Grignard
reagent



Grignard Reagents with Aldehydes and Ketones

* General reaction ﬁ OH
C 1. RMgX, ether ([: + HOMaX
N 2.Hz0* ~/ R g
» Reaction with water or alcohol
o- o+ o+ §-
CHg CH,-MgBr + H-OH — CHzCH,-H + Mg®* + OH + Br
Stronger pK, 15.7 pK, 51 Weaker
base Stronger Weaker base
acid acid
* Mechanism with carbonyls
o -
C” (0] OH
R | H30* |
/c@ C | == ¢
5+ “/ R “{ R
A carbonyl An alkoxide ion An alcohol

compound intermediate
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Grignard Reagents with Aldehydes and Ketones

» Synthesis of 1° alcohol
from formaldehyde

» Synthesis of 2° alcohol
from any other aldehdye

* Synthesis of 3° alcohol
from ketones

H H H
m e . H,0* .
R MgX + C=0 — R—C—QZMgX ‘—PR—C—QH

- | |
H H
Formaldehyde 1° Alcohol

: R’ R’

R
o— [/ 6+ \ 5 ‘ o0 O+ .
R:@CQQ — R—C—0:MgX —°—> R—C—OH

| |
8! H H
Higher 2° Alcohol
aldehyde
R’ R’ R’
5-/\\ | NH,CI |
R:MgX + /L 0—>R C— OMgXH—())R (‘, OH
-R” 'RH RH

Ketone 3¢ Alcohol
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Grignard Reagents with Aldehydes and Ketones

 Synthesis of 1° alcohol
from formaldehyde

« Synthesis of 2° alcohol
from any other aldehdye

* Synthesis of 3° alcohol
from ketones

Formaldehyde reaction

MgBr (ﬁ
+ C
{:::::]// H” H

2. H;0*
Cyclohexyl- Formaldehyde
magnesium
bromide
Aldehyde reaction

MgBr C|:H3 (|)|

+  CHaCHCH,CH =7

Phenylmagnesium
bromide

3-Methylbutanal

Ketone reaction

+
CH3CH2|V|QBI‘ 5 H30+

Ethylmagnesium
bromide

Cyclohexanone

1. Mix in ether
_

1. Mix in ether
—

1. Mix in ether
—_—

: _CH,0H

Cyclohexylmethanol (65%)

(a 1° alcohol)

CH; OH

I I
CH3CHCH2CH@

3-Methyl-1-phenyl-
1-butanol (73%)
(a 2° alcohol)

OH
CH,CH3

1-Ethylcyclohexanol (89%)

(a 3° alcohol)



Grignard Reagents with Esters

* Esters give tertiary alcohols in which two alkyl substituents come from the
Grignard reagent

* Grignard reagents do not add to carboxylic acids - they undergo an acid-
base reaction, generating the hydrocarbon of the Grignard reagent

O H3C CHsj
| 1. 2 CH3MgBr \ /
L - _C + CH3CH,OH
CH3CH2CH2CH2 OCH2CH3 2. H30 CH3CH2CH2CH2 OH
Ethyl pentanoate 2-Methyl-2-hexanol (85%)
(a 3° alcohol)
R I|{
R N\ ~R'OMgX
R{MgX + C20 — |R—CLON Mgx | —ROMeX_,
”E) c g| 3¢ spontaneously
1 0O—R"
Ester Initial product
(unstable)
R'\ l|{ l|{
-~ | RMgX X NH,CI
=0 —— R—(C—0OMgX ———>R—C—O0H
. | : |
R R
Ketone Salt of an 3° Alcohol

alcohol
(not isolated)



Planning a Grignard Synthesis

* Example: Synthesis of 3-phenyl-3-pentanol
* The starting material may be a ketone or an ester — because it is a 3° alcohol

* There are two routes that start with ketones (one is shown)

C(lHF

Fragment at carbon with . . i §
CH,CH,—C—CH,CH, —» CH,CH,—C—CH,CH, + C,H,MgBr

) alcohol group. | |
Using OH o
Ketone T I o
Use appropriate ketone CHMgBr + (“11‘:(‘111?111(‘11_/‘(7)1\‘]—;0» CH,CH,—C—CH,CH,
and Grignard reagent. A H,0 -
Phenylmagnesium 3-Pentanone 3-Phenyl-3-pentanol
bromide
Two fragments at carbon CH, CH,
with alcohol group are (‘u}(‘n:-é—cljé—(‘n:(‘n_, — /C\ + 2 CH,CH,MgBr
Using possible because they are e 0~ OCH,
Ester thesame (|) %Hs
S ‘ (1) By, e S
5 H,O
two moles of Grignard - OH
Ethylmagnesium Methyl 3-Phenyl-3-pentanol

reagent.

bromide benzoate



Using Lithium and Alkynide Reagents

* For both the reagents, starting material can be any carbonyl according to
what is needed - 1°, 2° or 3°alcohol.

* Organolithium reagents are similar to Grignard regents.

6— (8+ AN . | .- + |
R=Li(\+;C=Q_ —R—C—0:Li =>>R—C—OH

& | |
Organo-  Aldehyde Lithium Alcohol
lithium or alkoxide
reagent ketone

 Alkynide ions will also have the alkyne group, in addition to the alcohol
group that is being added from the carbonyl.

NaNH,
CH,C=CH —>>
—NH

3

CH,C=CNa

CH CH

CH, 3 3

o[ 5+ NE Y | e |
CH,C=C :%C——O —> CH,C=C—C—O0ONa — CH,C=C—C—OH

CH, CH, CH,



Examples o
Synthesize the following alcohols () <:><OH (b) CH3—(:I—C6H5 (©) O(

CH,CH

using the appropriate alkyl halide. o C.H.

OH
(a)
CH,CH,

>< :>©:O + BrMg— CH,CH, — Br— CH,CH,
CH,CH,

& HO_ CH,CH,
CH,CH,Br —“-> CH,CH,MgBr (1) ©

(2) NH,CL, H,0
OH H(l) (I?
I
— CH,—C—CH., —> C + 2 BrMg— C,H, —> Br—C H.
(b) CH; (Ij C.H, o e’ NoCH., 611s ¢H:
C.H, CeHs
‘ﬁ‘ o
Mg (1) CH,COCH, -y
CGHSBrW C,HMgBr "2 NHCLHO NH.CL H,0 CH,4 (|3 CH4
CH,
OH
© HO
C=CH — + HC=C~Na' —> HC=CH

HO_ C=CH

NaNH
HC=CH —

OH

C=CH

18



Key Words/Concepts

 Synthesis
* From alkenes of alcohols
« Of diols
* Reduction of carbonlys

» Using Grignard reagents and other
organometallic reagents.



