Structure and Synthesis
of Alcohols

Alcohols are organic compounds containing hydroxyl ( —OH) groups. C 108.9°
S\
FE
?H
CH,—CH,—OH  CH,—OH  CH,—CH—CH,
ethyl alcohol methyl alcohol isopropyl alcohol

ethanol methanol 2-propanol

. 0.96 A 1.4 A @ 0.96 A
O

£ XX H < b 4

H jgssc H 5\ 108.9¢
water water H H
methyl alcohol methyl alcohol
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Type Stritcture Examples

Ill CH,
Primary alcohol R—?’—-()H CHyCH;—OH CH,CHCH,—OH Q CH;—OH

H ethanol 2-methyl-1-propanol benzyl alcohol

CH, H,C
R' CH—OH H H,C
e o080 - I OH

Secondary alkohol R— T —OH (|:H2 H

H CH, HO

2-butanol cyclohexanol cholesterol

j o
Tertiary akohol R—(i_'—OH CH:;—(i_'—OH Ph —CI'—OH <j<OH

R CH,4 Ph

2-methyl-2-propanol triphenylmethanol I-methylcyclopentanol

OH OH
._ . OH
- < .
| 7\ = B B
Phenals O OH > > =
= CH, HO™ 7

phenol 3-methylphenol hydroquinone

A Figure 10-2

Classification of akohols. Alcohols are classified according to the type of carbon atom (primary, secondary, or tertiary ) bonded to the
hydroxyl group. Phenols have a hydroxyl group bonded to a carbon atom i a benzene ring.
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IUPAC Names (“Alkanol” Names)

The formal rules are  summarized in the following three steps:

1. Name the longest carbon chain that contains the carbon atom bearing the
— OH group. Drop the final -e from the alkane name and add the suffix -ol to
give the root name.

2. Number the longest carbon chain starting at the end nearest the hydroxyl group,
and use the appropriate number to indicate the position of the —OH group.
(The hydroxyl group takes precedence over double and triple bonds.)

3. Name all the substituents and give their numbers, as you would for an alkane

or an alkene.
(I? H; OH
I-bromo-3,3-d imcthyl}‘)utan-z-ol. ;CH3_}|C —'CH—'CH,—Br
CH,

Cyclic alcohols are named using the prefix cyclo-; the hydroxyl group is
assumed to be on Cl.

H HO CH,CH
z 2 3
: »OH X'
H 73
Br
IUPAC mame: rrans-2-bromoe ye lohe xanol l-ethylcvelopropanol
new [UPAC name: Jrans-2-bromocyclohexan-1-ol  1-ethyicvelopropan-1-ol
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Give the systematic (IUPAC) name for the following alcohol.

CH,l |'CH,—0OH
CHi  GH—OH R
S —F g = —
CH,—CH;—CH ——CH—CH—CH, g R ?" CH,

CH, CH,

The correct name for this compound is 3-(iodomethyl}2-isopropylpentan- | -ol

OH
[ \ 5
OGN
HO
IUPAC mune: Iranis-2 penten-1-ol (Z)-4-chloro-3-buten-2-ol 2-cvclohexen-1-d
new [UPAC name: rrany-pent-2-en-1-ol (Z)-4-chlorobwut-3-en-2-0l cyclohex-2-en-1-ol
CH,0H H. _CH,CH,0H OH 0
o, & - 4 'I 2 ||n
HO H CH,—CH—CH,—C—OH
O
2-hydroxymethyleye lohe xanone trans-3+(2-hydrox yethyl je ydopentanol 3-hydroxybutanoic aad
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Common Names of Alcohols

I
CH,—OH CH,CH,CH,—OH CH,—CH—CH; H,C=CH—CH,—OH
COmMmOoN name: methylalcohol n-propyl alcohol sopropyl alcohol allyl alcohol
{UPAC name: methanol {-propanol 2-propanol 2-propen-t-ol
(I)H CH;, CH,
CH,CH,CH,CH,—OH  CH,—CH—CH,CH, CH3—(|2—OH CH,—CH—CH,—OH

CH,

COMMmOon name: n-butyl alcohol sec-butyl alcohol t-butyl alcohol sobutyl alcohol
IUPAC name: I-butanol

2-butanol 2-methyl2-propanol 2-methyl-i -propanol

Names of Diols

OH

I - _a0H
CH,—CH—CH,0H g

propane- |, 2-diol truns<cyclopentane- | 2-diol

The term glycol generally means a 1,2-diol, or vicinal diol, with its two hydroxy

groups on adjacent carbon atoms. Glycols are usually synthesized by the hydroxyla

tion of alkenes, using peroxyacids, osmium tetroxide, or potassium permanganat
(Section 8-14).

1LUPAC name: |-cyclohexylbutane-1_3-diol

/ RCO.H, H* | |
=:C 3 = > —C —C—
N or l(.\ln04. OH | l
alkene Pr Oy M0 HO OH
vicinal diol (glycol)
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(’I,‘HZ—C|H3 ﬁnl—cfu—cu, OH

OH OH OH OH OH
IUPAC name: ethane-1,2<diol prapane- 1.2-diol cis-cy clohexane- 1 2-diol
common rame: ethylene glycol propylene glycol cis-cyclohexene glycol

Names of Phenols

Because the phenol structure involves a benzene ring, the terms ortho (1,2-disubstitut-
ed), meta (1 3-disubstituted), and para (1 4-disubstituted) are often used in the com-
mon names. The following examples illustrate the systematic names and the common

names of some simple phenols.

i
OH N OH OH
e N =
| | -0 U {U
Br e CH,CH;

IUPAC name: 2-bromophenol 3-nitrophenol 4-ethylphenol
common names ortio-bromophenol meta-nitrophenol para-ethylphenol

@OH @OH P~ OH

CH, OH HO \

[UPAC name: 2-methyiphenol benzene-1,2-diol benzene- 1, 3-diol benzene-1 d4diol
common name: ortho-cresol catechol resorcinol hydroquinone
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Physical Properties
of Alcohols

Most of the common alcohols, up to about 11 or |2 carbon atoms, are liquids at room
temperature. Methanol and ethanol are free-flowing volatile liquids with characteristic
fruity odors The higher alcohols (the butanols through the decanols) are somewhat vis-
cous, and some of the highly branched isomers are solids at room temperature. These
higher alcohols have heavier but still fruity odors. 1-Propanol and 2-propanol fall in the
middle, with a barely noticeable viscosity and a characteristic odor often associated with
a physician’s office. Table 10-2 lists the physical properties of some common alcohols.

Boiling Points of Alcohols

NOS ™ ARV
'*ll'\_,l,_/ f Xt"\‘{_,)f H\ /H
0 lp=169D O lp=130D C =008 D
Gt W e T 7 &
H®  CHCH, HC CH, HC® CH,
ethanol, MW 46 dimethyl ether, MW 46 propane, MW 44
bp 78°C bp —=25°C bp —42°C
Alcohol Ether
L. ,(.‘.--,I (\Q
WY, ¢\ _H 3 oy R
-/O_HC>]O/ \“‘/O.__R C;O/
| O\
hydrogen bond o hydrogen bond
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Solubility Solubility Properties of Alcohols
Alcohol in Water

) isci O
methyl m!sc!ble TN 0
ethyl miscible H H, AN
n-propyl miscible 7 H H
r-butyl miscible
isobutyl 100% R PR Y O
n-butyl 9.1% 17 hydrophilic region
n-pentyl 2.7% hydrophabic region 4
cyclohexyl 3.6% ¢ ( )
n-hexyl 0.6% \L/
phenol 9.3% /0\
hexane-1,6-diol miscible H H
Commercially
Important Alcohols 300 -400°C, 200-300 atm H,
synthesis gas
high temperature
3C + 4H,0 > (0, + 2CO0 + 4H,
synthess gas
Ethanol
slenzymes
CeHp:0p 2= 2 (;HsOH + 2CO0,

glucose ethanal

’ 08/01/1441



H,C=CH; + H;0

100-300 atm, 300°C

2-Propanol

CH,—CH==CH, +
propylene

H,0

Acidity of Alcohols
and Phenols

R—O—H
alcohol

&=

Example

CH,CH,—O—H + B:"

ethanol

» CHy;—CH,—O0OH

catalyst

100300 atm, 300°C

caalyst CH3—(I3H—CH3
OH
2-propanol
+ BT = R—0:" + B—H
alkoxide ion

=

CH,CH,—0: + B—H

ethoxide ion

X

R—O0—H + H,0 «——R—0" + H;0"

) [H;0*][RO7]

Ky

[ROH]

pK,y = —log( K,)
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Effects on Acidity

2-chloroethanol

2chloroethoxade xon
(s abilized by (1)

Alcohol Structure K, pK,
methanol CH;—OH 3.2 % 1076 15.5
ethanol CH;CH,—OH 1.3 x 107 159
2-chloroethanol Cl—CH+CH,—OH 50 % 107" 143
2,2, 2-trichloroethanol Cl3C —CH,—OH 6.3 x 107" 122
isopropy! alcohol (CH3),CH—OH 32 x 107V 16.5
r-butyl akohol (CH;);C—OH 1.0 x 107'# 18.0
cyclohexanol C¢Hy —OH 1.0 % 1078 1%.0
phenol CsHs— OH 1.0 % 10~*° 10.0
Comparison with Other Aads
water H,0 1.8 x 10™'¢ 15.7
acetic acid CH;COOH 1.6 % 1073 48
hydrochloric acd HCY 1.6 x 10%? -22
CH;—CH,—OH + H,0 — CH;—CH,—0" + H 0" K,=13x107%
ethanaol cthoxxie 1on
{dess stable)
Cl—CH,—CH,—OH + H,0 —— ClI—CH;—CH,—O0" + H;0" K, =350x107"
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Formation of Sodium and Potassium Alkoxides

(= R—O0—H + Na — R—O0"*Na + 3H,|

Example
CH,CH,0OH + Na — CH,CH,O™ *Na + 3 H, T
ethanol sodium metal sodium ethoxide hydrogen gas

(CH3)sC—OH + K —  (CH3);C—O *K + iH»1

f-butyl akohaol potassium potassium -buto xide
metal

R—O—H + NaH —— R—O0:""Na + H;

THF
akohol sodium hydrxde sodium alkoxsde hydrogen
Acidity of Phenols
OR K .=10"1 &
H, O + A + H,0°
cyclohexanol alkoxxle ion
> OH K,= j0=10 X O~
H20 + I <« —— l + H30°
N =
phenol phenoxide ion

(phenolate ion)
08/01/1441



H C| H H (“? H H Clll H H g H
&) - =
H/ ™~ I = \H H/ \clzﬁ \H H/ PC'I:/ \H H/ \cl:/ \H
H H H H
.Q‘:._H 4-—\ -b.:.— +Na
O/ + NatQH = O + H,0
phenol, pk, = 10.0 sodium phenoxide pk,=15.7

PROBLEM 10-9

A nitro group ( — NO;) effectively stabilizes a negative charge on an adjacent carbon atom
through resonance:

Rz  +,40 Rz =+ 0" R 0

SEND, e SN e e

R -,O_-. R .p.' -.o"
minor minor major

Two of the following nitrophenols are much more acidic than phenol itself. The third com-
pound is only slightly more acidic than phenol. Use resonance structures of the appropriate
phenoxide ions to show why two of these anions should be unusually stable.

QOH OH OOH
NO, ; O,N
NO,

2-nitrophenol 3-niu'. nol 4-nitrophenol
oph ke o 08/01/1441



Synthesis
of Alcohols:

Nucleophilic Substitution on an Alkyl Halide

|ntroduction Usually via the Sy2 mechanisn competes with elimination.

and Review

R R t
HQ: “>c—X —> |HO C\X —  HO—C. _ X
H oA 4 \H
H H H
transition state
Example
H Br HO H
\s KOH ¢
C — C
72N 7N
CH; CH,CH, CH, CHJCH,
(S)-2-bromobutane (R)-2-butanol, 1005 inverted configuration
(plus elimination products)
Synt hesis of Alcohols from Alkenes
~te1- ' vl retii \ / H I I
L. Acid-catalyzed hydration /C=C + HO i
b o]
H OH
2. Oxymercuration—demercuration Markovnikov orientation
B R O R SRR R e e OH OH
o H ki NaBH, -
C=C_ + Hg(OAc), — e G O e ——— ===
4 N\ Lol R
(AcO)Hg H

13

Markovnikov orientation
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Example

H,C OH HC OH

HC s Hgone, Jiz-21 NaBH, ||
— == H—C—C—CH S H—C—=C—CH
A H,0 R | ;

H CH, (AcO)Hg CH, H CH,

(90% overall)

3. Hydroboration-oxidation

Ne o (nBHyTH é é
= > s e -
/ NS (2) H,0,, NaOH I l
H OH
syn addition, anti-Markovnikov arentation
Example
e, oH. e
O[ BH,  THF H H,0,/NaOH <jDP)I
—_— e
1 —BH, ==OH
H H
I-methylcyclopentene rrans-2-methylcyclopentanol
(85%)

4. Hydroxylation: swmthesis of 1,2-diols from alkenes

N o 050, H,0, ||
AN wrmo, -on” _(lf_(f_
(cold, dilute) HO OH

syn hydroxylation

14 08/01/1441



Example

H CH,CH, CH,CH,
\ § Hé‘ 0 0
KMnO, G "%
I —_— | /Mn\
PR H ~y O
H™  CH,CH, CH,CH,
ris-3-hexene
1
\C C/ R—C—0O0H, H,0*
7z
Example
H CH,CH CH,CH
\#f 2 3 v H\%- 3
C HCO,H C H,0"
[ Ll 8 [orieit
& o~
H CH,CH, CH,CH,
cis-3-hexene

5. Addition of acetylides 1o carbonyl compounds

R'

R’ |
R—C=C:~ + ——=C=0; — R—C=C—C—0+

R ’

R

acetylide ketone or aldehyde alkoxide

15

CH,CH, CH,CH,
%
o H\C/OH H——oHn
H,0 ' -
2 H rfC\ OH H——OH
CH,CH, CH,CH,
meso-34-hexanediol
(606
| A1
OH
anti hydroxylation
CH,CH, CH,CH,
%
Ciw.. HO——H
HO™ \I_(I:HL’CH3
CH,CH,

(£)-3 4-hexanediol
(70%)

’

H,0*

acetylenic alcohol

R

|
= R—CEC—(lz—OH

RI
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Organometallic Organometallic compounds contain covalent bonds between carbon atoms and metal
Reagents for atoms. Organometallic reagents are useful because they have nucleophilic carbon
Alcohol Synthesis atoms, in contrast (o the electrophilic carbon atoms of alkyl halides. Most metals (M)

are more electropositive than carbon, and the C—M bond is polarized with a partial
positive charge on the metal and a partial negative charge on carbon. The following
partial periodic table shows the electronegativities of some metals used in making
organometallic compounds.

Electronegativities C—M bond
Li 1.0 e 25 C=Li
Na 09 - Mg I3 Al 16 * s
C=Mg
K 0.8 =8

R—C=C—H + NaNH, — R—C=C:~Na* + NH,

terminal alkyne sodiumamide asodium acetylide ammonia

o - \\ * = -
R—C=C:= + R'—CH,X — R—C=C—CH,—R’' + X-

acety lide alk yl halde substituted alkyne
R’ R’ R’
R R 7N
R—C=(C: -+ C=); = R=—Cm=mC—C—0!'" ———> R—C=(C—C—0H
R N s © |
R’ R’
acetylide ketone or aklehyde alkoxide acetylenic alcohol

16 08/01/1441



Grignard Reagents

CH.CH,OCH,CH,

a a° \
@ R—X + Mg > R—Mg—X reacts like R:™ MgX

(X=CLBr,or ) organomagnesium halide
(Grignard reagent)

Grignard reagents may be made from prnimary, secondéry, and tertiary alkyl
halides, as well as from vinyl and aryl halides. Alkyl iodides are the most reactive
halides, followed by bromides and chlorides. Alkyl fluorides generally do not react.

reactivity: R—I > R—Br > R—Cl == R—F

The following reactions show the formation of some typical Grignard reagents.

ethe
CH,—I + Mg —> CH;—Mg—1
iodomethane methylmagnesium iodide
Br MgBr
O< R C
H
bromocyclohexane cyclohexylmagnesium bromide
ether
H,L=CH—CH,—Br + Mg —— H,C=CH—CH,—MgBr
allyl bromide allylmagnesium bromide

17
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Organolithium Reagents

Like magnesium, lithium reacts with alkyl halides, vinyl halides, and aryl halides
to form organometallic compounds. Ether is not necessary for this reaction.
Organolithium reagents are made and used in a wide variety of solvents, includ-
ing alkanes.

R—X +2L —— Li*7X + R—Li reactslike R:7Li"

(X =, Br,or ) or ganolithium
Lxamples
EPM of CHjLi CH;CH,CH,CH,—Br + 2Li —%, CHyCH,CH,CH,—Li + LiBr
n-butyl bromide n-butyllithium
H,C=CH—Cl + 2 Li =22, H. C=CH—LIi + LiCI
vinyl chloride vinyllithium
QBr +aL; @—-u + LiBr
bromobenzene phenyllithium

The electrostatic potential map (EPM) of methyllithium is shown at left
The blue (electron-poor) color of the metal results fromits partial positive charge, and
the red (electron-rich) color of the methyl group shows its partial negative charge.

18 08/01/1441
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PROBLEM 10-11

Which of the following compounds are suitable solvents for Grignard reactions?

(a) n-hexane (b) CH;—O—CHj; (c) CHCl;4
(d) cyclohexane (e) benzene (f) CH;0CH,CH,0CH;
(0] 0
PRy i
THF 0
(tetrahydrofuran) | 4-dioxane

PROBLEM 10-12

Predixct the products of the following reactions.
ether

(a) CH]CHzBr + Mg —

(b) 1sobutyliodide + Li o,

THF

(¢) l-bromo-4-fluorocyclohexane + Mg ——
(@) CHy=CCI—CH,CH; + Li e,
Addition of |
Organometallic & 8 .
Reagents R: /\~C=,\JQ'. —s R—C—=03
to Carbonyl / |
Compounds

R—C—0:" H—.Cé—H — R—(I.‘--C_}H + T:0H
alkoxide (or H,0%)

08/01/1441



Either a Grignard reagent or an organolithium reagent can serve as the nucle-
ophilein this addition to a carbonyl group. The following discussions refer to Grignard
reagents, but they also apply to organolithium reagents. The Grignard reagent adds to
the carbonyl group to form an alkoxide ion. Addition of dilute acid (in a separate step)
protonates the alkoxide to give the alcohol.

We are interested primarily in the reactions of Grignard reagents with ketones
and aldehydes. Ketones are compounds with two alkyl groups bonded to a carbonyl
group. Aldehydes have one alkyl group and one hydrogen atom bonded to the car-
bonyl group. Formaldehyde has two hydrogen atoms bonded to the carbonyl group.

R H
N\ Y H\

/C ==() /C =0 /(_ =0
R R H

a ketone an aldehyde formaldehyde

The electrostatic potential map (EPM) of formaldehyde shows the polarization of the
carbonyl group, with an electron-rich (red) region around oxygen and an electron-poor
(blue) region near carbon.

Formation of the Grignard reagent: Magnesium reacts with an alkyl halide in an

ether solution.

R'—X + Mg —/— R'—MgX

ether

Reaction I: The Giignard reagent attacks a carbonyl compound to form an alkoxide salt.

E o R 'i‘
R’ -[8[ X \C—(a' —— [R-C—0:= *MgX
‘\L_t/"l;'/ s ether I e &

R’

magnesium alkoxide sah

20

(Continued)

EPM of formaldehyde
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Reaction 2: After the first reaction is complete, water or dilute acid is added to proto-
nate the alkoxide and give the alcohol.

R’ R
| ‘/‘K‘Hf‘d_ﬂ I i
RY-C—0 tMgx ——=—> [R"C—0—H + XMgOH

¢ R
magnesium alkoxide salt alcohal

EXAMPLE: Addition of phenylmagnesium bromide to acetone.

Formation of the Grignard reagent: Magnesium reacts with bromobenzene in an
ether solution to give phenylmagnesium bromide.

phenylmagnesium bromide

Reaction 1: The Grignard reagent attacks a carbonyl compound to form an
alkoxide salt.

CH3

magnesium alkoxide salt

Reaction 2: After the firstreaction is complete, water or dilute acid is added to proto-
nate the alkoxide and give the alcohol.

CH; /~—\ CH3
/ | —O—H

A —(It—ti:- +MgBr »-C OH + BrMgOH

CH;
magnesium alkoxide salt 2-phenyl- 2-propanol

08/01/1441



Addition to Formaldehyde: Formation of Primary Alcohols

H H
Rbmgx ¢ e=o Rbe—o-mgx % [rlci,—on
= ——— —_)" " — -
@ ; g p v i g 2
i H
Grignard reagent formaldehyde primary alcohol
For example,
H\ II{
CHCH,CH.CH,—MgBr +  C=0 - The st CH,CH,CH,CH,—C—OH
3
H H
butylmagnesium bromide formaldehyde I-pentanol (Y2%)

PROBLEM 10-13

Show how you would synthesize the following alcohols by adding an appropriate Grignard
reagent to formaldeh yde.

CH,OH
(a) O/ (b) /j\/\OH (c) @/

%

CH,OH

22 08/01/1441



Addition to Aldehydes: Formation of Secondary Alcohols

R’ T
A N —
& | RTMeX+ /c=o —— 1 RJI—(':—o- MgX
H

ether
H

Grignard reagent aldehyde

’

R
| S e
m‘(l:.'—O' MgX — R ] (l: OH

H
secondary alcohol
HES ?Hs
= = £ ‘U M — (" O +} g
CH,CH,—MgBr + /C Q CH,—CH, (I? O~ *MgB1
H H
acetaldehyde
CH,4 CH,
H,0* ‘ I
L‘ll\—(_‘ll:—cl'—O“I\-lgBr — (11.,(_113—(|_“—0H
H H
2-butanol
{85%)

23 08/01/1441



PROBLEM 10-14

ate Grignard reagent to an aldehyde.

(a) /\(Y (b) l’/ I
OH S

78

O
A

Show two ways you could synthesize each of the following alcohols by adding an appropri.

H
H._ _OH
o C
3oge

Addition to Ketones: Formation of Tertiary Alcohols

R’ R’
— g O ; I
¥= IEI_MgX e /C—O ether iﬁ‘C—O MgX
R R”
Grignard reagent ketone
CH,CH,CH,
, .. " e (I)edwersol\.em>
CH,CH,—MgBr + /C 0O 2 Hy0"
H,C
2-pentanone

24

RI

H, O = |

=g | R'}—?—OH
RI'

tertiary alcohol

CH3CH2CI‘H,
cn‘cuz—?—ou
CH,

3-methyl-3-hexanol
(Y0%)

08/01/1441



Addition to Acid Chlorides and Esters

Acid chlorides and esters are derivatives of carboxylic acids. In such acid derivatives,
the —OH group of a carboxylic acid is replaced by other electron-withdrawing
groups. Inacid chlorides, the hydroxyl group of the acid is replaced by a chlorine atom.
In esters, the hydroxyl group is replaced by an alkoxyl { —O —R) group.

0 i 0
R—C—0OH R=—C—Cl R—C—0O—R’
carboxylic acid acid chlonide ester

Acid chlorides and esters react with two equivalents of Grignard reagents to give (after
protonation) tertiary alcohols.

C') R
: | g (1) ether solvent y
2, R+MgX + R'—C—Cl ohels RO—C—OH
Ch =1 addchionde PO =
R
tertiary alcohol
i
g her salv
B> 2 R—MgX + R'—C—OR" RS, R C—OH
g | ester (2)Hs +
’ R
tertiary alkohol

25 08/01/1441



Anack on an acid chloride

R’ R’
\c 0. R- cI 0 :
e g . R—
| RTMgX _—~C==0,
Cl C
acid chloride mlennedn.ne
Antack on an ester
3 R’
]— MgX R\C o — |R- cl‘ (') - —
—— o =
R —" Y RM
ester mlennedmle
R’

|

[

R
E’;C::—Qf *MgX
(&]

S s
| R‘M/ILR'},C_CQ' —
|

0

Gngnard ketone alkoxide
(second equivalent) intermediate
0 . d:-
I < .
H,CH,—MgBr + C—OCH, —> C—L:O_.CH_,
CH,CH,

first equivalent methyl benzoate

Rl
N N
C==0,
e S =
‘R :Cl
ketone
R\ oo
C=0 T:0—R”
R
ketone
%f
H,0*
——_ R--(ll—-OH
I
R
tertiary alcohol

~
C=0;

propiophenone
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|CH,CH,=MgBr + : “c=0. — [CHCH,—C—0: "MgBr

secand equivalent CHJCI:E

N = H,0"' ( ;
CHCH—C—0: ‘Mgpe 5% [CHCH—¢—on
|CH.CH,| CH,CH,|
3-phenyl-3-pemanod (82%)

PROBLEM 10-16
Propose a mechanism for the reaction of acetyl chloride with phenylmagnesium bromide to give |, l-diphenylethanol.

1 T

(1) ether solvent
CH,—C—Cl + 2 QMgBr D" > CH,— O
acetyl chloride phenylmagnesium bromide

|, | -diphenylethanol
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Addition to Ethylene Oxide

(O :6:' tMgX OH
— ot r— | HO* |
(@b &:@/CHZ—CHz T LRTCHz_CH:z — ~_li-r.!—Cl'l-_,—CI'l:
ethylene oxide alkoxide primary alcohol
Example
gol T N
CH4(CH,);{—MgBr _CH,—CH, — CH,—CH, S CH,—CH,
butylmagnesium bromide  ethylene oxide IC,,H()‘ _(l:.;Tg,
I -hexanol (61%)

PROBLEM 10-19
Show how you would synthesize the following alcohols by adding Grignard reagents to
ethylene oxide.

(a) 2-phenylethanol (b) 4-methyl-1-pentanol
CH,CH,OH

(c)
CH,
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Reduction of the Crignard reagents convert carbonyl compounds to alcohols by adding alkyl groups.
Hydride reagents add a hydride ion (H:™ ), reducing the carbonyl group to an alkoxide
ion with no additional carbon atoms. Subsequent protonation gives the alcohol. Convert-
ing aketone or an aldehyde to an alcohol involves adding two hydrogen atoms across the
C=0 bond: a reduction. Mechanism 10-2 shows the mechanism for this reduction.
The two most useful hydride reagents, sodium borohydride (NaBH 4 ) and lithium
aluminum hydride (LiAIH.), reduce carbonyl groups in excellent yields. These reagents
arecalled complex hydrides because they do not have a simple hydride structure such as
Na"H™ or Li"H™. Instead, their hydrogen atoms, bearing partial negative charges, are

Carbonyl Group:
Synthesis of 1°
and 2° Alcohols

29

VECINSYELPI Hydride Reduction of a Carbonyl Group

alcohols.

Reaction 1: Nucleophilic attack by hydride ion forms an alkoxide ion.

R
o AL
H\—_’t__—-—;,c —Q, CT“—’ H (f O
5 R
hydnde jon alkoxide ion

. Reaction 2: After the firstreaction is complete, water or dilute acid is added to
protonate the alkoxide.

R R
| l ./_\‘ui‘ii—n o
H—C—{i= —=——» H—C—OH
| .
alkoxide 1on alcohol

Sodium borohydride and lithium aluminum hydride reduce ketones and aldehydes to
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EXAMPLE: Hydride reduction of cyclopentanone to cyclopentanol.

Reaction I: Nucleophilic attack by hydride ion forms an alkoxide ion,

w o N P
Nat H /,__\;0' H :0:=  Na*
L ||
o= l|3— H + — - i i + BH;
H
sodium borohydride  cyclopentanone alkoxide ion

Reaction 2: After the first reaction is complete, water or dilute acid is added to proto-
nate the alkoxide.

H 00— H OH
0 dem s Y
f H=—0—H :’\ + -OH
alkoxide ion cyclopentanol

covalently bonded to boron and aluminum atoms This arrangement makes the hydride a

better nucleophile while reducing its basicity.

| |

Na* H—ll?o'—H Li* H—rl\l;H
H H

sodium borohydride lithium aluminum hydride

Aluminum is less electronegative than boron, so more of the negative charge in
the AIH} ion is borne by the hydrogen atoms. Therefore, lithium aluminum hydride is
a much stronger reducing agent, and it is muchmoredifficult to work with than sodi-
um borohydride. LAH reacts explosively with water and alcohols, liberating hydrogen
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Uses of Sodium Borohydride

Sodium borohydride (NaBH,) reduces aldehydes to primary alcohols, and ketones to
secondary alcohols. The reactions take place in a wide variety of solvents, including
alcohols, ethers, and water. The yields are generally excellent.

| L il
0 OH R—C—H
" I aldehwle Ty
~a
5, NaBH,, CH,CH,OH S T reduces
Netone
o r—-_Llj»‘\l-IIJ
cyclohexane carbaldehyde cyclohexyl methanol I ‘ reduces
(95%) R—C—OR
ester
O OH o
I NaBH,. CH,0H | sl
CH;—C—CH,CH; > CH;—CH—CH,CH; i nion) |
2-butanone () 2-butanol (100%) s it
reduction
0 0
I naBH,  HO I
) CH,—C—0CH, e CH,—C—0CH,
H

31

08/01/1441



Uses of Lithium Aluminum Hydride

Lithium aluminum hydride (LiAlIH 4, abbreviated LAH) 1s a much stronger reagent
than sodium borohydride. It easily reduces ketones and aldehydes and also the less-
reactive carbonyl groups: those in acids, esters, and other acid derivatives (see
Chapter 21). LAH reduces ketones to secondary alcohols, and it reduces aldehydes,
acids, and esters to primary alcohols. The lithium salt of the alkoxide ion is initial-
ly formed, then the (cautious!) addition of dilute acid protonates the alkoxide. For
example. LAH reduces both functional groups of the keto ester in the previous
example.

0
| (1) LiAlH, HO
0 CH,—C—OCH, 5y ; CH,—CH,OH

In summary, sodium borohydride is the best reagent for reduction of a simple
ketone or aldehyde. Using NaBH 4, we can reduce a ketone or an aldehyde in the presence
of an acid or an ester, but we do not have a method (so far) for reducing an acid or an ester
in the presence of a ketone or an aldehyde. The sluggish acid or ester requires the use of
LiAlH4, and this reagent also reduces the ketone or aldehyde.
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PROBLEM 10-24

Predict the products you would expect from the reaction of NaBH4 with the following
compounds.

|
(a) CHy— (CH;)g—CHO (b) CH,CH,—C—OCH, (¢) Ph—COOH

9
0O C C 0 C,
~ P ~
(@ Cr © H \Q/ oy i@ U ”
O
O

PROBLEM 10-25
Repeat Problem 10-24 using LiAlH4 (followed by hydrolysis) as the reagent.

PROBLEM 10-26

Show how you would synthesize the following alcohols by reducing appropriate car-
bonyl compounds.

O 9
(a) l-heptanol (b) 2-heptanol (¢) 2-methyl-3-hexanol (d)

- OH
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Catalytic Hydrogenation of Ketones and Aldehydes

Cll_; () Cl‘l_‘
o = L _./ Raney Ni o e '
H,C=CH—C l~lz—L|—L\ + 2H, e CH,—C Hz—CHz—C"—CHzOH
CH; B CHj
2,2-dimethyl-4-pentenal 2.2-dimethyl <1-pentanol (94%)
CH,
NaBH, , , '
> H,C=CH—CH,—C—CH.OH
(for comparison) - . .
CH,
2. 2-dimethylpent-<<en-|-ol
Reactions of Alcohols CH,CH,CH,
5 | ..o H
Br—C—0
: g
Types of Reactions of Alcohols i
! react,
R—OH YT,  prodict
O
dehydration esterification ; l
R—OH —— alkenes R—OH —> R=—0O—C—R’
esters
oxidation
R—OH e ketones, aldehydes,
o acids R —OH tosylation R R—OTs
R H substitution R—X (osylatg esters
’ (zood leaving group)
halides
reduction (1) fonn alkoxie
R—OH _— R—H R—OH > R—O—R’
(2)R'X
alkanes ethers
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Oxidation States Oxidation of alcohols leads to ketones, aldehydes, and carboxylic acids. These func-
of Alcohols and tional groups, in turn, undergo a wide variety of additional reactions. For these rea-
Related Functional sons, alcohol oxidations are some of the most common organic reactions.

Grou PSs OXIDATION: addition of O or Oy; addition of X5 (halogens); loss of Hj.
REDUCTION: addition of Hs (or H™); loss of O or Oy; loss of X,.
NEITHER: addition orlossof H™, H,0, HX, etc. is neither an oxidation nor a

reduction.
OXIDATION |
AP SO SR
R—C—H %% R—c—n 9, g—c—H 9, p_C—oH
h h + HO
alkane primary alcohol aldehyde carboxylic acid
no bonds 10 O ane bond 10 O two bondsto O three bonds10 O
Pll CI)II O
R—C—R B R—IC—R' A9, R—C—R' (no further
: oxidation)
H H + H0 :
alkane secondary alcohol ketone
no bondsto O one bond to O two bonds 10 O
H OH
| (o] I
R—(IZ—R‘ e R—(IZ—R' {usually no further oxidation)
R" Rll
alkane tertiary alcohol
no bondsto O one bond to O
REDUCTION
35 — 08/01/1441



Oxidation Oxidation of Secondary Alcohols

of Alcohols Secondary alcohols are easily oxidized to give excellent yields of ketones. The
chromic acid reagent is often best for laboratory oxidations of secondary alcohols.

OH (I)
Na,Cr,0,/H,S0
(&> R—CH—R = R—C—R
secondary alcohol ketone
Example
H 0
ol Na,Cr,0,
H,S0,
cyclohexanol cyclohexanone

(90%%)
The chromic acid reagent is prepared by dissolving sodium dichromate, (Na;CryO4)
in a mixture of sulfuric acid and water. The active species in the mixture is probably
chromic acid, H,CrOy, or the acid chromate ion, HCrOj. Adding chromium trioxide
(CrO3) to dilute sulfuric acid achieves the same result.

I
NaCr,0, + H,0 + 2HS0, —> 2HO—Cr—OH + 2Na* + 2HSO;

sodium dichromate

O
chromic acd (H,CrQ,)
O 0O
HS0, | o
CrO, + H,0 —f HO—Cr—0OH F— H* + -“0—Cr—0OH
chromium trioxide "
0 0

chromic acid acid chromate 1on
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The mechanism of chromic acid oxidation probably involves the formation of a
chromate ester. Elimination of the chromate ester gives the ketone. In the elimination,
the carbinol carbon retains its oxygen atom but loses its hydrogen and gains the second
bond to oxygen.

Formation of the chromate ester

¥ 0 T

R—C—0—H + H—o—(l:r—ou — R—?—o—(“:r—on + H0
H O H O
alcohol chromuc aad chromate ester

Elimination of the chromate ester and oxidation of the carbinol carbon

R’ {o} R’ ‘o
I - ' l "y \ %)
R—CTQnﬁr—ou —> R—(C=0, + _Ci—OH
HO: H 0/ H,0* 0.
4 Cr (V1) Cr (IV)

The chromium(1V) species formed reacts further to give the stable reduced form,
chromium(Ill). Both sodium dichromate and chromic acid are orange, while chromic
ion (Cr“’+ ) is a deep blue. One can follow the progress of a chromic acid oxidation by
observing the color change from orange through various shades of green to a greenish
blue. In fact, the color change observed with chromic acid can be used as a test for the
presence of an oxidizable alcohol
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Oxidation of Primary Alcohols

Oxidation of a primary alcohol initially forms an aldehyde. Unlike a ketone, however,
an aldehyde is easily oxidized further to give a carboxylic acid.

OH O O

(o] I (0] |
R—CH—H — Re=—H — R—C—OH
primary alcohol aldehyde carboxylic acid

Obtaining the aldehyde is often difficult, since most oxidizing agentsstrong enough to
oxidize primary alcohols also oxidize aldehydes. Chromic acid generally oxidizes a
primary alcohol all the way to the carboxylic acid.

1
CH,OH C—OH
(\( Na,Ce,0; m/
Rt e
WL H250 Mg’
cyclohexyl methanol cyclohexanecarboxylic acid
(Y2%)
Pyridinium chlorochromate (PCC): A better reagent for the limited oxidation of primary alcohols to aldehydes is
—— pyridinium chlorochromate (PCC), a complex of chromium trioxide with pyridine
N*-H CrOCl- and HCI, PCC oxidizes most primary alcohols to aldehydes in excellent yields. Unlike
\ / most other oxidants, PCC is soluble in nonpolar solvents such as dichloromethane
. - (CH,Cl;), which is an excellent solvent for most organic compounds. PCC can also
CrO,- pyridine- HCI id £ dizi div aloohols 1ok
or pyH* CrO,CI- serve as a mild reagent for oxidizing secondary alcohols to ketones.
) |
CrOy-pyridine-HC1 (PCC)
™ Bre—H CH,CI R=L—H
| 252
H
primary alcohol aldehyde
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Example

|
| -heptanol e heptanal (78%)
Resistance of Tertiary Alcohols to Oxidation
To Oxidize Product Reagent
2° alcohol ketone chromic acid (or PCC)
1° akeohol alde hyde PCC
1° alcohol carbox ylic acid chromic acid

PROBLEM 11-2
Predict the products of the reactions of the following compounds with chromic acid and
also with PCC.
(a) cyclohexanol (b) 1-methylcyclohexanol
{¢) 2-methylcyclohexanol (d) cyclohexanone
(e) cyclohexane (f) acetic acid, CH;COOH
Qg) ethanol (h) acetaldehyde, CH;CHO
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Additional

Metho-dg - @-clH—CH, KM"O“ QC—'CH; + MnO,
for Oxidizing

Alcohols 1-phenylethanol a(,ctophcnonc (72%)
’ T B Y
71% HNO, , 5l
CHy(CH,),— CH,0H —o—o°c > CH,(CH,),—C—OH
l-hexanol hexanoic acid (80¢9%)
gl g
o row mee e
H

cyclohexanol cyclohexanone
(90%)

The Swern oxidation uses dimethyl sulfoxide (DMSO) as the oxidizing agentto
convert alcohols to ketones and aldehydes. DMSO and oxalyl chloride are added to the
alcohol at low temperature, followed by a hindered base such as triethylamine. Sec-
ondary alcohols are oxidized to ketones, and primary alcohols are oxidized only as far
as the aldehyde. The byproducts of this reaction are all volatile and are easily separated
from the organic products.

OH O O 0
| l | (CHCHy)N: V4
—?—H + HyC—S—CH; + Cl—C—C—Cl _c‘ﬁz:“'—’ —c\ +  HyC—S—CH,
DMSO (COCl), ketone
aloohol dimethyl sulfoxide oxalyl chlonde or aldehyde dimethyl sulfide

40

+ CO,y
+ CO
+ 2 HClI
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Examples

Alcohols as
Nucleophiles

and Electrophiles-
Formation of

Tosylates
R—O—H
weak
nucleophile
41

OH

DMSO, (COCY,
ElJN. CH:CI:. —(JO"C.

O

of

cyclopenianol cyclopentanone (90%)
OH /O
DMSO, (COQ), _ A
CH3(CH2)3—C|_H El.‘:\l. CH-_;C‘I. —(ﬂoC' CH3‘CH2)8 C\
H H
1-decanol decanal (85%)
“y . \ . “ad I - l
R—O:~ T Tl Re=Qe=fem sk R0
I 4 |0 | |
H H
.
wwk. strong R—O—H R-—(+)H~,
nuclkophile electrophile w =
Na cewm \ ‘ P I
— R—0O° Nat —ffx-—aR—Q—$—
.
strong weak X~ Na*
nucleophile elkectrophile
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This bond i1s broken when This bond is broken when
alcohols react as nucleophiles. alcohols react as electrophiles.

V v

—?—-O"Z-H -—-(IZ-}-O—H
R R H R
| *"‘“\HB, A I I.., l
poor good
electrophile electrophile

H
I ‘\ .
$otn +e=c—n —> R—O—H + H—C=C—H

~ R‘_O—
L Lt
no Sp2 4
O O
R—O—H + }10+9—/_\—LP1 = R— O—b——-/_\— CHy + H,O
alcohol I || i/
O
TsOH a]kyl tesylate, ROTs
p-toluenesull'onic ackl a p-toluenesulfonate ester
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OH QO

I l Tsl I l Nuc:™ l |
& T wmeee (T wemww ) (T OO
Nuc

or elimination:
OTs
| D L B
& _c|j?_ (elimination) /C—C\ + B—H + -OTs
H
U:\__:‘
~C O Cl™ o

*s O——»R—O—S o+|

=0 —> R
i (_ o
pyndmc

CH, CH4
p-toluenesulfony | chloride ROTs a losylale eswr
TsCl, “tosyl chloride”
. CH,CH, S,.2 CH,CH o
Tz C\‘:,,c O—T§ —— 1=cC > ° = O
. HY S \"H
wdide CH3 CH, tosylale sn
(5)-2-buryl 1osylae (R)-2-butyl iodide
.'I!()‘. :cl).-
-OTs = ':é—s-@ CH; <«— O—S {3"CH3 > 0=?‘©—C
tosylate ion [l |
0. 0.

resorance-stabilized anion
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Reduction R—OH —N™, R H (rare)
of Alcohols i

H H H H H
H H,S0, H H, o
OH heat Pt H
cyclopentanol cyclopentene cyclopentane
H (”) ey H H
: 7\ idi LiAIH
0‘03 + CI—.? {/ \~ cy, Lmdne, O\o—'rs ey O\H
cyclohexanol tosyl chiorkle, TsCl cyclohexyl tosylate cyclohexane
Reactions (75%)
of Alcohols with
Hydrohalic Acids
R+-0—H| + H* = R (I)'*—H 2 R—X
- - ' SylorSy2

poor leaving group good leaving group

Reactions with Hydrobromic Acid
&  R—OH + HBr/H,0 — R—Br

44 08/01/1441



45

MECHANISM 11-1 ' Reaction of a Tertiary Alcohol with HBr (Sy1)

A tertiary alcohol reacts with HBr by the Sy 1 mechanism.

EXAMPLE: Conversion of t-butyl alcohol to t-butyl bromide.

Step 1: Protonation converts the hydroxyl group to a good leaving group.

CHy; . ne CH,
e H e | T n
HiC—=C—0—H — " HhC—C—0 + :Br:”
l . l --\l{ B
CH, CH,

t-butyl alcohol

Step 2: Water leaves, forming a carbocation.

CHy CH4y
Step 3: Bromide 1on attacks the carbocation.
CH;4 CH,
HC(lZ+ B“—>|{Céf3’
3C— Br C—C—Br
(=2 |
CH, CH,
t-butyl bromide
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NaBr, H,SO
CH;(CH,),—CH,OH "5  CHj(CH,),—CH,Br
| -butanol

1-hram cbutane (90%)

MECHANISM 11-2 Reaction of a Primary Alcohol with HBr (Sy2)

A primary alcohol reacts with HBr by the Sy2 mechanism.

EXAMPLE: Conversion of 1-butanol to 1-bromobutane.

Step I: Protonation converts the hydroxyl group to a good leaving group.

CHiCH,CHy, s~ CHiCHiCH, : :
H..m/l\c“—Q—'H = H....mC—Q\H + Brs”
H
1-butanol
(Continued)
Step 2: Bromide displaces water to give the alkylbromide.
CH,CH,CH, CH,CH,CH;
’A\ (‘\-2~ /H X /
/’—];}\C—O\H — :B_I'_CH\"...H + H,0
‘Br:~ H H

| -bromobutane
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Reactions with Hydrochloric Add

(& R—OH + HCO/H,0 —% R—Cl

Hydrochloric acid (HCI) reacts with aleohols in much the same way that hydrobromic
acid does. For example, concentrated aqueous HCI reacts with f-butyl alcohol to give
t-butyl chloride.

(CH;;C—OH + HCI/H,0 —— (CH3;C—Cl + H,0
1-but i akohel f-buty] chioride

faga)

Syl reaction with the Lucas reage nt (fast)

CH; = ™ CH 7
H—C—0O—H T H—C—0* — H—C?
. [ S N\
carbocation
CH, CH,
H—C{ L H—C—Cl + H.Q—'/.n‘(l'l2

Sn2 reaction with the Lucas reagent (slow)

CHCHGH, _ 7rCl, CH,CH,CH, +  CH,CH,CH,
. 4 —
e 0f — |cl-C0=zcl, | — C1—C.,
H'd N %] \"H
H H H HH H
| tansition state

47

+

ZnCl,
. 2
&
N\
H
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Reactions of
Alcohols with
Phosphorus Halides

Several phosphorus halides are useful for converting alcohols to alkyl halides. Phos-
phorus tribromide, phosphorus trichloride, and phosphorus pentachloride work well

and are commercially available.

3R—OH + PCly —— 3R—CI
3R—OH + PBry —— 3R—Br
R—OH + PCly — R—Cl

+ P{OH)4
+ P(OH)3
+ POCl; + HCI

6R—OH + 2P + 31, ——s 6R—I + 2P(OH);

The follo v}in-g exa mple§ show the conversion of pri-mary and secondar-y alcohols

to bromides and iodides by treatment with PBry and P/15.

1
cn,—(lt—cnzou + PBr,
CH,

neopentyl alcohol

CH,(CH,),,—CH,OH + P/,

48

CH,

|
CH,—(I?— CH,Br

CH,
neopentyl bromide
(60%)
CH,(CH,),,—CH,]
(85%)
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Step 1: PBryis astrong electrophile. An alcohol displaces bromide ion from PBr; to
give an excellent leaving group.

:Bl.r! B!
R—(!i://\trl’:l},rr — R—(I)'t—P:\ + B
H :Br: H B

excellent leaving group

Step 2: Bromide displaces the leaving group to give the alkyl bromide.
:Br: :Br:

|
H Br H B

leaving group

¥ e /

+ . . - .
R OER, | b GB—R 40—
i | \ \
:-'-r: .

EXAMPLE: Reaction of (R)-2-pentanol with PBr;.

Step 1: Displacement of bromide and formation of a leaving group.

CH3CH,CH; :1'3l}: CH;CH,CH, :Br:
\ R /"ﬂ L \ P / CU R
H;C wC— (|) : TtBr S =re H;C ....,/uC —CI)— P-\ + Br:
H i ‘Br: H H Br
(R)-2-pentanol
Step 2: Bromide displaces the leaving group to give (S)-2-bramopentane.
CH3CH,CH; :Br: CH,CH,CH; Br:
ye 0= e h v B—P
YL\ Sl © S w8 DI —C ... o™ SEE O
G H3c /‘ 'k-rl \ \ 237 '\ CH3 I \ '
‘Br: H H ‘Br H H B

(S)-2-bromopentane
08/01/1441



Reactions of 0

Alcohols with (&= R—OH + c—dc B p_q S0, + Hal
Thionyl Chloride

] Cl s i
6-u\ $0: R— &j 0y —> R—O s/o R—C’)—s-//o + HCI
R I -\\_‘_7 ? ] ‘\_,) < _? \ ' . \C
H ! H Cl H O :
thionyl chloride N Q- chlorosulfite ester
(”63\ B O ’} " fas '.0.:\ .
R” 5s=0. — R&—S=0 % R =0
Cl Cl Cl
chlorosulfite ester 101 pair
H\ jOH S H\ {Cl
/C\ : /C\
CH,(CH,),CH, CH; on CH,(CH,),CH, CH,
(R)-2-octanol ( R)-2-chlorooctane
. (84%)
dioxane
(solvent)
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Dehydration
Reactions of Alcohols

51

MECHANISM 11-4 (Review): Acid-Catalyzed Dehydration
of an Alcohol

Dehydration results from El elimination of the protonated alcohol

Step 1: Protonation converts the hydroxyl group to a good leaving group.

H
S G l

H :O—H\' H :0—H
Jirzal H* ||
—C—C— =— —C—C—
[ | gl

Step 2: Water leaves, forming a carbocation.

+
l

=

H
I
—C—
l

’—07—6—2

H,0:" "H
b E o e
i Vs ?
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~
R

__H

r\ |[ +  H,0
" H

cyclohexene, bp 83°C (80%)

(distilled from the mixture)

H
H,0:—"
Prr AT s LT
H—CII—(IZ—(l?—(IZ—H —F H—Cl‘—?—C—?—H == H—le—(li—(l‘.—(l‘—ﬂ
Cl
H—0: H H H H—O* H H H H H H H
‘\. e I-I{ secondary carbocation
Loss of either proton to give two products
S R O DU B 5
H—CI—(F—C—C|—H — H—'(i_'—(lf-C—CIf-H + H—C-C—'C—(IZ—H
H, H|H, |H H, H H H Ha']-l
t\ " by loss of H loss of H,:
o 2-butene (ma jor, 70%) 1-butene (minor, 30%)
secondary carbocation a disubstituted alkene a monosubstituted alkene
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SOLVED PROBLEM 11-3

Predict the products of sulfuric acid-catalyzed dehydration of the following alcohols.
(a) l-methylcyclohexanol (b) neopentyl alcohol

SOLUTION

(a) |-Methylcyclohexanol reacts to form a tertiary carbocation. A proton may be abstract-
ed from any one of three carbon atoms. The two secondary atoms are equivalent, and
abstraction of a proton from one of these carbons leads to the trisubstituted double bond
of the major product. Abstraction of a methyl proton leads to the disubstituted double

bond of the minor product.

H
H
CH, CH, &
Cftem O O
- H
H

I-methylcydchexanol protonated caton

( J: CH,

Mo 3
H:l

H,

cation loss of H, ks ol H@.
magr product nminor praduct
(trsuhstituted) (cisubststuted)
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Bimolecular Dehydration to Form Ethers (Industrial)

[n some cases, a protonated primary alcohol may be attacked by another molecule of
the alcohol and undergo an S52 displacement. The net reaction is a bimolecular dehy-
dration to form an ether. For example, the attack by ethanol on a protonated molecule

of ethanol gives diethyl ether.

H CH,

CH, i CH,
XS Sn2 Ve il v
CH,CH, '—() = ’}C UO‘ —— C”CH 0— ‘O'- — CH‘,CH:—Q"—C% + H,O0"
| / gy X VH M \V'H
I He_H H
mucleophilic dectmphilic protonated ether walter diethyl ether

diethyl ether (CH3CHy—0O—CH;,CH;) and dimethyl ether (CH3—0O—CHj).
Under the acidic dehydration conditions, two reactions compete: Elimination (to give an
alkene) competes with substitution (to give an ether).

Substitution to give the ether, a bimolecular dehydration

H,S0,.140°C
2 CH;CH,OH : »  CHyCH;—O—CH.CHy; + H,0
ethanol diethyl ether

Elimination to give the alkene, a unimolecular dehvdration

H,S0,, 180
CH;CH,0OH > CH,=(CH, + H,O
ethanol ethylene
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