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Alcohols and ethers have to be activated before they
can undergo a substitution or an elimination reaction:

a strongly basic leaving group

CH; OH + Br <> CH;Br + HO"
| | strong base

Convert the strongly basic leaving group (OH-) into
the good leaving group, H,O (a weaker base):

a weakly basic leaving group

.. | [
CH;OH + HBr «~—— CH; QH —> CH; Br + H,O
| o weak base
poor leaving good leaving Br
group group

Only weakly basic ﬁucleophiles can bé used
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Primary, secondary, and tertiary alcohols all undergo
nucleophilic substitution reactions with HI, HBr, and HCI:

J"‘l
CH;CH,CH,OH + HI » CH;CH,CH,I + H,0
1-propanol 1-iodopropane
a primary alcohol

OH Br

+ HBr > + H0

cyclohexanol bromocyclohexane
a secondary alcohol

CH; CH;
CH;CCH-CHy + HBr ? CH;CCH-CHy + H»0
OH Br
2-methyl-2-butanol 2-bromo-2-methylbutane

a tertiary alcohol
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Secondary and tertiary alcohols undergo S 1 reactions
with hydrogen halides:

reaction of the carbocation
with a nucleophile

CH, CH, CH, /~ .. CH,

.r 4 H p :Bri
CH;C—OH + H—Br — CH;C—0H —— CH;C+ » CH,C—RBr
%, « '
CH; b CHjz, CH; + H»0 1 CH;
protonation of the ™ 4 ! gt ot
: y substitution
_must basic atom o HBE p product
a carbocation . -
CH; y E

, an alkene product
CH,C undergoes an
addition reaction
CH, + H°

elimination product
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Primary alcohols undergo S 2 reactions with hydrogen
halides:

e 4 H
CH;CH,OH _ + H—Br = CH;CH,—OH > CH;CH,Br + H,O
« o
ethanol A
a primary alcohol | 5rotonation of - BF
the oxygen "

“back-side attack by
the nucleophile

Reaction carried out in 48% aqueous HBr. Recall
that Br~ is an excellent nucleophile in water.
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ZnCl, can be used to catalyze certain S\2 reactions:

ZnCl
CHiCH,CH,OH + HCl —“ 02> CH;CH,CH,Cl + H,0

ZnCl, functions as a Lewis acid that complexes strongly
with the lone-pair electrons on oxygen:

ZnCl
¥ X H
CH;CH,CH,OH + ZnaCl » CH_;CH:FH: OH » CH;3CH,CH,Cl + HOZnCl

B
M H
LR ]
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The Lucas Reagent

( Anhydrous ZnCl, in conc HCl)

Distinguishes primary, secondary, and tertiary low-
molecular-weight alcohols

The Lucas reaction:

ZnCl, Positive test:
ROH + HCI ——3 R(I Solution becomes
cloudy

Test results and mechanisms at room temperature:
* Primary: No reaction | Sn2
« Secondary: Reaction in ~5 minutes [Ss2 and S/1
- Tertiary, allylic, and benzylic: Reaction immediate [ Sx!
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Look out for rearrangement product in the Sy1 reaction
of the secondary or tertiary alcohol:

CH, CH; CH, 1,2-hydride CH;
hift
CH.CHCHCH; + HBr —= CHyCHCHCH, - = CH;CHCHCH,, . CHyCCH,CH;
K’ + Ha( "
OH H” secondary carbocation tertiary carbocation
3-methyl-2-butanol
Br Br
CH, CH;
CHyCHCHCH, CHyCCHACH;
Br Br
2-bromo-3-methyl- 2-bromo-2-methyl-
butane butane
minor product major product
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Other Methods for Converting Alcohols
into Alkyl Halides

Utilization of phosphorus tribromide:

Br
v
CH:CH,—OH + P—'Br —— CH,CH, “OPBr, — CH;CH,—OPBr; »  CH;CH,Br
- 2 ES L 2 ST 8 L L) 3LH;
Br Ei s a bromophosphite | + “0OPBrs
phosphorus Br: group
tribromide

N
H

Other phosphorus reagents can be used:

PBr;, phosphorus tribromide
PCl;, phosphorus trichloride
PCl;, phosphorus pentachloride
POCI;, phosphorus oxychloride

9
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O O O

by b . 1
CH;—OH + C1—S—Cl — CH, 0-—5-Cl — CH, o—s--ci > CHyCl + S0,

) o

group

Ny
N-I-

—

Pyridine is generally used as a solvent and also acts
as a base:

+ HCI — + CI”

N +N
pyridine
10
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The Artificial Sweetener
Splenda (Sucralose

S{)Clz
~OH
{BI ocking
and Debluckmg

OH Steps Required)

Splen da
(Sucralose)

Could Splenda be a cellular alkylating agent?

No, it is too polar to enter a cell.

11
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Table 10.1 Commonly Used Methods for Converting Alcohols into Alkyl Halides

ROH + HBr 2 *  RBr
ROH + HI 4, R
ROH + HCI z“f'* ,  RCI
ROH + PBr; pyril;:line) RBr
ROH + PCly —pongo>  RCI
ROH + SOCL, —pigie>  RC

12
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Summary: Converting of
Alcohols to Alkyl Halides

Recommended procedures:

Alcohaol Chloride Bromide lodide

Primary | Thionyl Chloride, PBrs , PBrs, P/l
PCl3, PCls, POCl;  HBr

Secondary Thionyl Chloride, PBrs , PBrs, P/l
PCly , PCls , POCl;

Tertiary HCI HBr Hi
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Converting Alcohols into
Sulfonate Esters

4] O
ROH + ClI—-S§5-F pyridine‘ RO—-S5—R" + CI” + pyridine-H"
O O
a sulfonyl chloride a sulfonate ester
O O O
- .*' -|l+
ROH + CI—-S5—R’ ~— RO—-S—R ——= RO-S—R +
k W
O H O O
b
N N
g H
14
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Several sulfonyl chlorides are available to activate OH
groups:
0O O 8]
Cl—S CH; Cl—S—CH; Cl—S5—CF;
O O O
para-toluenesulfonyl methanesulfonyl trifluoromethanesulfonyl
chloride chloride chloride
0 0 _
('HxE{:' + ('II;E'H~('II_~E'H~ i‘}l S— #+— CHj * CH;CHyCH,CH,53CH; + "0—5— #+—CHj
o 0
ROTs OTs
0 o
C=N + (‘H.('II;(‘H: 0—S—4 ;—CH, » CH:CH,CH,C=N + “0—S M—CH,
0 0
ROTs OTs
15
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Dehydration of Secondary and Tertiary
Alcohols by an E1 Pathway

formation of

a carbocation a carbocation

CH;CHCH; + H—OSO:H += CHyCHCH; = HCH, CHCH; = CH,~CHCH,
d d b N
:0H ~,:0H . A
< ' H T H30, + H,0: H.0*

protonation of the -.
most basic atom a base removes a
proton from a g-carbon

To prevent the rehydration of the alkene product, one
needs to remove the product as it is formed

16
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The major product is the most stable alkene product:

CH;

:_h.t
= CH;CCH,R \
[+ F] g -
e +H,0 o
CH i X
g 3 CH;
L - o
Sl \ CH,—CCH,R + H;0*
*OH ~ CH
H 3

CH;C=—CHR + H;O"
=
Progress of the reaction

The most stable alkene product has the most stable
transition state .
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The rate of dehydration reflects the ease with which the
carbocation is formed:

relative ease of dehydration

R R
easiest to . hardest to
dehydrate| ~R—C—OH > R—CH-OH > R—CH;OH-"|4ehydrate
R
a tertiary alcohol a secondary alcohol a primary alcohol

18
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Look out for carbocation rearrangement:

CHj H3POy4 CH; 1,2-methyl CH;
I S A I shift N
CH;C—CHCH; - - CH,C 4{;]|(|[|. > CHC—CHCH,
CHyOH CHy + H.0 CH;:
3,3-dimethyl-2-butanol secondary carbocation tertiary carbocation
CHy CHy CH;
H* + CH;CCH=CH, CHC=0UCH, + CH;=CCHCH; + H°
CHy CH, CH;
3.3-dimethyl-1-butene 2, 3-dimethyl-2-butene  2,3-dimethyl-1-butene
3% 64% 33%

19
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Complex Alcohol
Rearrangements in Strong Acid

CHs CHy  H,S0, 100°C Q  GH
3
OH OH

Pinicol Rearrangement

20
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Protonate alcohol: Eliminate water:
/'*.H'l'
e “OH o oH,
™ on ————»> ¥ OH >
CH; ° CH; °
Rearrange carbocation: Deprotonate:
H;C H;C
fon —— > )SE_HE »
H;C H;C "H
3 LCHEH3 3( o J(J\
3 ik Resonance-stabilized
HC CH, oxocarbocation
H;C CH,
21
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Ring Expansion and Contraction

CH, CH,
H CH; B: H CH; CH;

P - & g G + LK. 1
/

CHOH «’H
i rearrangement rearrangement

H;50,
y !
+ HB"

T :.1_'{|:n|:.|.,1r5r tertiary
carbocation carbocation

Show the mechanism for

H-C CH, CH, this reaction:

CH,4 , CH: < Protonate the alcohol.
.. H1C -
\ ~OH H’ ' +Eliminate water.
'\_/ ' *Rearrange carbocation
l | to afford the more stable

cyclohexane ring.

*Deprotonate.

22
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Primary Alcohols Undergo Dehydration
by an E2 Pathway

- 4 o
CH;CH,0H + H—OSOH = CH,, CH,OH - CH,—CH, + H,0 + HB*
: H H elimination product
protonation of the ! + HSO,

most basic atom R:

removal of a proton
from a B-carbon

g 4 H
CH:CH,OH + CH;CH, (}E{

Sp2

b substitution product

back-side attack by H:Efit d

the nucleophile

> CH3CH,OCH,CH; » CHyCH,OCH,CH; + H,0'

23
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The Stereochemical Outcome of
the E1 Dehydration
H;350, H,C H H.C CH,

CHyCH,CHCH, = b . ('”:('ll_—[;HfH; » C=C ' C=C + CH,CH,CH=CH, + H'
OH + HO H CH; H H "ba"ffm
2-butanol trans-2-butens cig-2-butene
74% 3%

Alcohols and ethers undergo S \1/E1 reactions unless
they would have to form a primary carbocation

24
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A Milder Way to Dehydrate an Alcohol

POCI;

] - - * ]
CH;CH,CHCH;3 0 idine, 0 °c . CH3CH—CHCH;
CH; 0 CH; 0 CH, 0
CHyCH—OH + P . == CHCH ,Ef P = CHy ;CH-Q—P »  CHy=CHCH;
da9 HCI @ H f AR
phosphaorus ! &
oxychlaride N +Cl 2 + "OPOCI,

25
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Oxidation by Chromium (VI)
.lﬁ.
|nmcr=ﬁ.~m¢ g o~V
g —= X
é W CR RS0y RCHOH —= Rj‘t = Ri
z f:ﬁ:ﬁ-ﬁﬁwﬁn' HO B bl -
3 X =% A,
g ¥ Aldeliyde may be Ioolated alongwit acid
=i oMl E-'a;a-_ﬁ:r.-m" { REHOH — R‘i
H
- PO
26
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Oxidation of Alcohols
Oxidation by chromic acid:

secondary alcohols ketones
OH O
H,CrO
CH,CH,CHCH; 2%,  CH,CH,CCH;
OH 0O
CrO3 ,
H250,4
OH O
NE]CF}_D?
CHCHCH; —rq0, CCH,CH;

Secondary alcohols are oxidized to ketones

27
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Primary alcohols are oxidized to aldehydes and
eventually carboxylic acids:
0O O
H;CrOy . further
CH,CH->CH,CH,0OH > |CH;CH,CH,CH e o p—— CH,CH,CH,COH
a primary alcohol an aldehyde a carboxylic acid
Mechanism:
0 “H Ii" 0 an 5y2 reaction o o an.EZrca-:t-l:m
HO—Cr—0H = * HO—Cr {'HH — RCHy—8—Cr—0OH s - RCH-0-Cr—OH —— RCH=0 + HyCr0,
0 ~—0 “H O ~H 0=
RCH:OH B B a chromate ester HE + H.O
28
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The oxidation of aldehydes to acids requires the
presence of water:

+ Chromic Acid 0 0
H OH OH 0
0 I
= — Lt o —» +
M H,0 ka[ R/l\')ﬂuﬁf' o RJL{‘JH HO-Cr-OH
R H - H 4 (0o

In the absence of water, the oxidation stops at the
aldehyde:

PCC, a methylene
chloride-soluble reagent:

O
. PCC .
CH;CH,CH,CH>,OH CH-CI > CH;CH,CH,CH
ﬁ+ CrO,(Cl a primary almlhol il alm aldehyde
pyridinium | No water present |
chlorochromate
PCC 29
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A tertiary alcohol cannot be oxidized and is converted
to a stable chromate ester instead:

cannot be oxidized to
a carbonyl group 0 >L
CH; 0-Cr-0

CH; OH 7<
CH No hydrogen on .
3 this carbon ) Di-tert-Butyl Chromate

a tertiary alcohol kg

30
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Amines do not undergo substitution reactions because
NH,~is a very strong base (a very poor leaving group):

relative reactivities
- RCH-F = RCH-0OH = RCH-NH-,
| most reactive }77’ - - - N

\Qﬁ least reactive |

HF H-0 NH;
pK, = 3.2 pK, = 15.7 pK, = 36

Protonation of the amine moiety does not solve the
problem:

CH:CH,NH; + HO~ — CH;CH,NH, + H,0

31
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Nucleophilic Substitution
Reactions of Ethers
R O H R O R

an alcorm]—anwether

Ethers, like alcohols, can be activated by protonation:

poor leaving group good leaving group

32
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Ether cleavage: an S\1 reaction:

.additinn of a nucleophile

CH; CH;4 CHj; CH,

" 4 [ H Sul v

CH;C—0OCH; + H-1 =—— CH;C30CH; > CH,C', > CH;C—I:

r qr e

CH;, /| _ CHz%, & CH; CH,
protonation i - .
. J carbocation + CH:0OH
formation | e

Ether cleavage: an S\2 reaction:

- L H Sp2 . .

CH;—0—CH;CH,CH; + H—1 —— CH;;0— CH,;CH;CH; » CH;—1: + CH;CH,CH,—OH
.-) i o

i H :

** ™ nucleophile attacks the less

protonation
) ) sterically hindered carbon

33
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Reagents such as SOCI, and PCI; can activate alcohols
but not ethers

Ethers are frequently used as solvents because only they
react with hydrogen halides

Table 10.2  Some Ethers Are Used as Solvents

P .o Ny
Er I\ [ 1 [ 1 0 oA - L1
o (8] ", L, _.-’I' i L - *-,_,- "-U/ e ,:':fx
0 L) L8] . "
diethyl ether tetrahydrofuran tetrahydropyran 1.4-dioxane 1.2-dimethoxyethana tert-butyl methyl ether
“ether THF THF DME MTBE

34
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Nucleophilic Substitution
Reactions of Epoxides

Recall Section 4.9

O O O
RCH-—CHR + RCOOH > RCH-—CHR + RCOH
an alkene a peroxyacid an epoxide a carboxylic acid
35

© 2011 Pearson Education, Inc.

Epoxides are more reactive than ethers in nucleophilic
substitution reactions because of ring strain:

o

AG* \

25 kcal/mol _ ; \
(105 ki/mol) / AG

diethyl ether \

Free energy

b
Progress of the reaction
36
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Acid-Catalyzed Epoxide

HBr:

nucleophilic substitution: acidic conditions

Ring Opening

+ B » HOCH,CH,Br:

back-side attack
by the nucleophile

OH
Hy = * CHiCHCHCH, + HB
OCH:

- F-methoxy-2-butancl

- H,
=F H 8=
L
H.C—CH; + H—Brr —— H,C—CH,
A
protonation of the
epoxide oxygen atom
Aqueous acid:
=HH
, H
il -0 i
CHyCH—CHCH = L'II-{."ll CHCH; CH-,i‘.:iH? 'l'll-{'-lll'ii{
= H;
H

© 2011 Pearson Education, Inc.

the strongly acidic species loses a proton

37

Acidic methanol:

~H—B’ i

e A w0’ OH OH
CHyCH—CHCH; - * CHyCH—CHCH; m—  CHy;CHCHCH: CHyCHCHCH, + HB"
® ’u‘.H_qﬂ‘H E
w (CH, (CH;,
- 3-methoxy-2-butanol
]I‘ B

Stereospecificity of epoxide ring opening:

OH
H-I-
0O — + Enantiomer
HID -"h

OH
A trans diol

© 2011 Pearson Education, Inc.

the strongly acidic species loses a proton

Reason: Back-side
attack of water on
protonated epoxide:

38
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Reaction of an epoxide in the presence of methanol
and acid

Regioselectivity:

I\ o’ OCH OH
g ey HEL N CHOH L N F— .
CH:CH—CH,; - CH;CH—CH- » CH;CHCH,OH + CH;CHCH-(OCH; + HCI
: : 2-methoxy-1-propanacl 1-methoxy-2-propanol
major product minor product
Mechanism:
H
H OCH;, OCH,
f_‘Hi.('H CH, = CH;CHCH.OH —"* CHyCHCH,OH + H
[ ™ iF!H major product

H,
0

CH:CH—CH,

developing secondary carbocation
H

Ds OH OH
CHyCH f..'ll_- i CHy;CHCH»OCH; — CHyCHCH-OCH; + H
f CHyD H minor product

developing primary carbocation

39
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When a nucleophile attacks an unprotonated epoxide,
the reaction is a pure S\2 reaction:

picks up a proton from the
solvent or from added acid

0= o OH
- CH3;OH
CH;CH—CH, + CH;0: > CH;CHCH,OCH; 3> CH3CHCH,OCH;
A HCl
Therefore:
O
CH;CH—CH,

site of nucleophilic attack | site of nucleophilic attack under
under acidic conditions basic or neutral conditions

40
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Epoxides Are Synthetically
Useful Reagents

o _ 0 OH
AW — RSN G | - [S——
Hj[_. C + [,Hq_[ C * {,H';[, L{_H:{_LH'{ * [,H]L (_,'LH:(LH:;

CH; CH; CH,
g o, | |
0 o OH

CH;CHCH, + CH:NH, — > CH;CHCH,NH,CH; — > CH;CHCH,NHCH,

o ('} QL‘H: ('ZIH [EK_'H:
; JOCH, : 0y JOCH, : OH
. ’ -~ HCI ] -~
+ CH;0 » + d +
" J
hd
Enantiomers
41
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Epoxy resins are the strongest adhesives known:

CH,
D I D ¥
HO C OH + £
I CH,~CHCH,CI
CH :

3
bisphenal A epichlorohydrin

l-ucl
o ' THa CHs 0
Db O Lol O Tl
CH, OH CH,

Amine nucleophile prepolymer

i i H3NCHCHyNHCH,CHo,NH
mediated epoxide l ANCH,CHyNHCH,CH NH,
ring opening:

. CH, . TH-‘
rIqu:H::T" HCH, G—D—(:—@— ncuzcl‘ucuz D—D—rf—@— GCH:{'I'HCH:[TIH
. CH, oH |, CH, C

CH, ©OH OH H,
i, e,
J'Id‘rl r|~m
CH, (|?H 3
l.i_‘H R ' CH, ' Ll'H 3 r%'ﬁ2
NHCH,CHCH, HO&O(IHIEHCH: (}G COL}CH:\CHCH:N H
{llH [ CH, l:lm la l‘.l.'H & ilnH
an epoxy resin 42
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Arene Oxides

cytochrome Pgs¢
0, ”

benzene benzene oxide
an arene oxide

43
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Arene oxide fate:

addition products

OH Y v J
Enantiomers

rearranged product

44

© 2011 Pearson Education, Inc.

22



10/27/2010

Mechanism for arene oxide rearrangement:

picks up a proton
from a species

in the solution —H' H .
) (Q: (OH B OH
N H
- NIH shif
@ UL H #— + HB*
benzene oxide a carbocation an enone phenol
rate- determmmg
step
OH
@ bl
45
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Arene oxides as a carcinogen:

K N N
” HO / H
an arene oxide
e X1 / 0
DNA covalently attached
backbone to the arene oxide || — b

2 deoxyguannﬁlne

46
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BENZO[a]PYRENE EPOXIDATION

G— pb

Epoxide Hydrolase Not all smokers
get cancer

§ 7

(smokers who get cancer)

T
Q
0%

g G
‘O Benzopyrenes in

G HO™ chimneys were

‘ responsible for cancer of

the scrotum in “chimney-

-

o~
" | boys.” The connection
,.L‘ between cancer and
chimney soot was made
by Percivall Pott in 1775.
HO*"
OH 47
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0. .0 0O O
Na" « P > Na'
guest O 0. 0 O.
Q Q
host inclusion compound

[15]-crown-5
jonic diameter = 1.80 A
cavity diameter = 1.7-2.2 A

The ability of a host to bond only certain guests is an

example of molecular recognition
48

© 2011 Pearson Education, Inc.

24



10/27/2010

Thiols are sulfur analogs of alcohols:

CH;
CH,CH->SH CH;CH,CH->SH CHyCHCH,CH»5H HSCH-CH,OH
ethanethiol 1-propanethiol 3-methyl-1-butanethiol 2-mercaptoethanol

| |
Thiols form strong complexes with heavy metal cations

Thiols are stronger acids (pK, = 10) than alcohols

Thiols are not good at hydrogen bonding

49

© 2011 Pearson Education, Inc.

In protic solvent, thiolate ions are better nucleophiles
than alkoxide ions:

LI e *’ 4" -
CH; _S‘: + CH;CH, —Br CH;OH) CH; § CH,CH; + Br
CHj;
. 4 4 x
CH;— S CH; + CH; 1 > CH3;—S—CH; T
dimethyl sulfide trimethylsulfonium iodide

a sulfonium salt

Sulfur is an excellent nucleophile because its electron

cloud is polarized
50
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