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R == Ag?

type of reaction
P o Rolimmscnt W

R—OH Product
0
dehydration esterification . Il
R—OH —_— alkenes R—OH _— R—O0—C—R’
esters
oxidation
R—OH e ketones, aldehydes,
id: tosylation
acids R—OH —— R—OTs
R—OH substitution R—X tosylate esters
i (good leaving group)
halides
reduction (1) form alkoxide
R—OH —_— R—H R—OH —_—> R—O—R’
) (2)R'X
alkanes ethers

1. UfiSeneendintuvedioansged

KMnO,

R-OH + { CrO, —— |carbonyl compound

Na,Cr,O,

(o) a
1T"ROH  —— aidehyde 5@ carboxylic acid

2°ROH —» ketone

3°ROH latimilnsen
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1.1 UjiSeneendinduresueanasadugugil (Oxidation of Primary
Alcohols)

OH 0
| [O] [O] Il
R—CH—H ———> R—C—OH
Laanagadlgund \aapLas 7

I
CH,0H __ _ Co
Q/ 2 Na,Cr,07/H,80, Q/ OH

cyclohexyl methanol cyclohexanecarboxylic acid

(92 %)
OH
i Cr0,-pyridine-HCI (PCC) I
& R_(i:_H CH,Cl, - R—C—H
H
primary alcohol aldehyde

Pyridinium chlorochromate (PCC) :

A _
</ N—H CrO5Cl

pyridine - chromium trioxide - HCI

g ge
d

438 pyH CrO,CI
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Ex /|
vam ple 0
PCC |
CH,(CH,);—CH,0OH hoL CH,4(CH;)s—C—H
1-heptancl 22 heptanal (78%)

Swern oxidation : dimethyl sulfoxide (DMSO) i.ag oxalyl chloride

I [
R—CH,0H + H;C—S—CH; + Cl—C—C—C] ——— =
DMSO oxalyl chloride

1
R—CHO I+ H3C—S—CH; + COy+ CO + 2 HCI

S L .
WBAR LEr dimethyl sulfide

#9819 Swern Oxidation

OH 0
ra DMSO0, (COCI),
\/ Et;N, CH,Cl,, —60°C"

cyclopemanol cyclopentanone (90%)

OH
| pmso,(cocy, .. 4
CH'{(CH:}K_T_H E—lxr\'.CHE(-:IE. {Tﬁcc-" LH;{LHEJE_{_
H H
|-decancl decanal (85%:)
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1.2 Uiseneendintuvesuwsanaseayienil (Oxidation of Secondary

Alcohols)
OH

R— CH—R’

secondary alcohol

@’;.[

cyclohexanol

|
Na,Cr,0,/H,S0,
> R—C—R’

ketone

O
Ma.Cr, 0.
2=
H,S0,

cyclohexanone
(90%)

Oxidizing Agent

Na,Cr,0, + H0 + 2HS0,

sodium dichromate

Cro, + Ho 2%,

chromium trioxide

7
—>  2HO—Cr—OH + 2Na* + 2HSO;

0}
chromic acid (H,CrQ,)
0} 0}
| |
HO—Cr—0H = H* + O—Cr—OH

O o}

chromic acid acid chromate ion
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Mechanism

w

11784771 chromate ester

P N\ N ¥ .9
— +
R—t"_‘—Q—H + H—0—Cr—OH —» R—ﬁ'—ﬁ)gﬁ'l‘—C}H —_— R_—Cl'—g—ﬁ'r—OH + H,0
H UO HH O H O

+ ? _(_3H

chromate ester

UffEN94RYae chromate ester s.;@m"ﬁﬁ?a-‘mm%mﬁ'm-ad carbinol carbon
R 0 : .
R—Cl'—QO—\y'r—OH e R\/Czo * :O\\C"f—OH
Il—f} 5 R _='Q/
H25: J . H3O+
(Cr(VI)) Al (Cr(IV))

Aveasodium dichromate kag chromium trioxide Inelasiliguiioondnduamnidu
+6 (Cr ) 9eiidindog

Tasdlvuiioandwduaianidu +3 (Cr *) audldiRuy

R I
FIBEINEATENATINIALLBANTED N

e Tals ~er
NANUE S
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1.3 AmnunumuvesLeaneseanfgireUfisu1eendindu (Resistance
of Tertiary Alcohols to Oxidation)

3°ROH laiimilnzen

iesnnueanesednigiiliiflelasiausiestiu carbinol carbon
wileurtuusanesedviindu Inhliueanssednigiignesntladlienmse
azdaaluaaneuss C - C Gaudausaniniuss C - Hann ﬁ’aﬁ"uﬂﬁﬁ?m
sonBinduresusanesednigiiiededianneiiguuswaseeldndntousiiduye
HANTIUIUNN

2
=]

msaaniladfuaaneaadilsziansne) ansaasdldfnnmesiallil

aanabad | Whilu (WARSwN) shaandlad
20 uaanagas | Al nselaslin (38 ) PCC
1o uaanagnd | uaanlas PCC
1° uagnagad | NFAANTUANIAN nralATaN

10/02/59



2. myeendladueanssedaieiiou (Additional Methods for Oxidation

of Alcohols)

o

=D

Collins reagent
Wuansuseneuletiausening chromium trioxide fu pyridine Sioiau

Jufiunwes PCC

Jones reagent
& a 1 A 1 . N a
\Junsalastinusiaglugungeundt (milder form) fie a1sazarensalasiin

Woaluasdlau (acetone)

foandladed1ause (strong oxidizing agents)
- Potassium permanganat (KMnO,)

- nsalumsn (nitric acid)
OH o)
KMnO,
C—CH,

|
CH—CH, ————
H,0

acetophenone (72 %)

71 % HNO;3
CH3(CH2\}4_CH20H -
10-20 C

:

1-hexano

[
+  MnO,

1-phenylethano
0]

I
CH,(CH,),—C—O0H

hexanoic acid (80 %)
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UfAzenitlelasdiudu (dehydrogenation)

]
a

Tuszuvernamnssuagldisnsviugisennigamgigalnedinecun

LY ]

(copper) wiavasunoanles (copper oxide) 1udieUii3en (catalyst)

R (l“—R' ira1ufay, Cu0 R—ly“—R' .

e

AnaeaE

H
L Cu0
OH —— + H:
300°C

cyclohexano cyclohexanone

3. weanageavivtMidunsiardlelnduasidnlasing : nnsadramedian

(Alcohols as Nucleophiles and Electrophile : Formation of Tosylates)

- ueaneepavivifiliu Nucleophile uagdidninslvg

|

This bond is broken when . This bond is broken when
alcohols react as "I1i_";_'L'l|‘||'|i]l_'~-. alcohols react as i'|l'l.'|l'-.||'||'|.'.'n."\:.
1'| ! }II
.Ir,l' |
—C—0+H —C+0—H
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woansgeavimtMidu Nucleophile

N ) ..
R—0:= —C— — R—0—C— — R—0—C—
4 S [
H H
weak strong R—G—H R—OH,
nucleophile electrophile ; :
= Na e _-"“‘--\1 T
R—O—H — R—0: Na* —a%,,—‘x — R—Q—{|L‘—
weak strong weak X~ Nat
nucleophile nucleophile electrophile

woanegeavininidu Electrophile

) L j
T SHBr T :
CH,—O0—H LN Br:  "CHy,—O—H —— Br—CH, + H;0
poor good
electrophile electrophile
¥ = Qddy
VeuagvevIsyd

fonslustaunueanagedassosiluasazarefiiunsnegiouss uas
Sudueataglasazaioslunse uaiiidhnalelnstesddnfivzadoslu
asarmefduninguruil daedleldfussonduvaiiusesne dufufenusoiioy
Sulusnouannansazanedunsels uaziilethndlelridgnluslaunudssious

sanannaglifiautRmduiedlelndsely

¢l 5
_;.-R—k(_f—lb‘_:CEC—H — R—O0—H + H—C=C—H

no Sy2 X Acetylide ion
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Formation of Tosylate Ester

O

/]

R—O-+H + HO-+5— \""‘—CH} = R—0—5—¢ \:‘—C”_} + H,0

(8]
| 7
aleohol || =
0
TsOH
p-toluenesulfonic acid
Mechanism

_al
]

ll N

SSagl S
! ridine
cH,

p-toluenesulfonyl chloride
TsClL *“tosyl chloride™

0]
alkyl tosylate, ROTs
a p-toluenesulfonate ester

0 — R—0—S=0 + [ |
N7
- (e
oS ./_;’J H
. |
CH, CH,

ROTs, a tosylate ester

The SN, displacement of tosylate ion (OTs)

. CH.CH, Sy2 CH,CH .
J T Se—=0—Ts ——  1—CL  ° 4+ ":0Ts
indide CH3 C1 |1 tosylate ion

(5)-2-butyl tosylate

tosylate ion ol S

(R)-2-butyl iodide

C
-

S
>
2
I
WO
-0
0—w=0C;
2

resonance-stabilized anion
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e ffiFeunuiideailiadlalid

s TsCl 7" /H\ .
—C—C— T —C—C— —
me soa =
| | Py | *J/ =‘1_::|'1imm1m-1|
® ffFanradn
OTs
F"
- — C=C + B—H

ﬁ'}
B %)

AN

+ OTs

1 1
‘ SUMMARY Sy2 Reactions of Tosylate Esters

R—OTs t “OH
hydroxide

R—0OTs t TC=N

cyaride

— R—OH 1 ~OTs

aleohol

— R—C=N + “OTs

ritrile

R—OTs ¥ Br- — R—Br +  TOTs

hakide

R—OTs 1 R'—O™

alkoxide

alkyl halide

— R—O—FR’ +  TOTs

ether

R—OTs + :NH; —— R—NHj "OTs

AL

R—OTs $ LiAlH4
LLAH

amine salt

— R—H + TOTs

alkane

10/02/59
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4. Ufiensentuvewsanased

reduction

R—OH —— R—H (rare)
UfisenIanduvesueanssedil 2 Ife

A8 1 : Yumeulsn UHATeNMIAUN (dehydration

[
o

wn2  U§iselelasfutu (hydrogenation)
Touainudunandog Moty

H H H H H
s
)S/H H,50, H H, H
{ ~. I — —
\ OH ey Pt H
cyclopentanol cyclopentene cyclopentane

Wn2: mumauu,sn nsiasuueanesedividu tosylate ester

sudl 2 Ugnimiﬂﬂ‘uu f28 hydride reducing agent

H
O"OH + c1—£|. / \—CH3 _pwmdme Q/o—r-; LiAH, 04
3

cyclohexano tosyl chloride; TsC cyclohexyl tosylate cyclohexane

(75 %)
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5. Ujisenvesueanegediuninlalasiedin (Reaction of Alcohols with

Hydrohalic acids)

H

|
o 4 X .
REO—H| + B = RYQUH| g RX

poor leaving group good leaving group

Reactions with Hydrobromic Acdd
(&> R—OH+ HBr/H)0 — R—Br

Ve EYd  (3° Alcohol)

A tertiary alcohol reacts with HBr by the Syl mechanism.

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

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

CH; S CHj;
BC—C—fn SN ai_ O
—C—0)— —(C—0 + :Br:
3 b 3 | .-\_” S
CH; CH;
t-butyl alcohol
Step 2: Water leaves, forming a carbocation.
CH; CH;
| f‘-"",/H I+
Hﬁ——-?'—@xu — H3C—C + H,0
CH; CH;

10/02/59
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Step 3: Bromide ion attacks the carbocation.

X 2
HyC—C?.  Bri —— H,C—C—Br
[ ~— |
CH, CH,
t-butyl bromide

CH;(CH,);—CH,0H —22088%, oy (CH,),—CH,Br

| -butanol | -bromobutane {20%)

What is mechanism of reaction of 1° alcohol with acid halide ?

VIRV (1° Alcohol)

A primary alcohol reacts with HBr by the Sy2 mechanism.

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

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

CH,CH,CH « ... CH;CH,CH

TR ¢~ “nlBe I . _H .
H}uC 0—H —= H-"'“‘C_QxH + Br:
H
I-butanol

Step 2: Bromide displaces water to give the alkylbromide.
C‘H3{"H2C‘Hq\ /CHZCHz(jHa
/ FH““:,C“ = #—Cm + H,0

H
1-bromobutane

10/02/59
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2° Alcohol - SN , mechanism

H
HBr
CFOH o

cyclohexanol

Mechanism

H

bromocyclohexane
(80%)

‘

Reactions with Hydrochloric Acid

(& R—OH + HCI/H0

ZnCly
—— R—Cl

(CH3);C—OH + HCI/H,0 —— (CH3);C—Cl + H,0

rbutyl akcohol

t-buty] chloride

(98%)
HCl and ZnCl, is called the Lucas reagent
Sn2 reaction with the Lucas reagent (slow)
CHCH,GH, _ 7xCl, 'szCH:Cl'lﬁ  CH,CH,CH,
i ™ : = i
(10l 0% — | Cl-—-C--0%znCl, | — C—C., *
H' N 4% \'H
H H H HH H

transition state

10/02/59
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Spd reaction with the Lucas reagent (fast)

CH. = = CH s +
[ o, W i
H—C—0O—H = H—C—0 == H—C!
[ - [ = ,
CH, CH, H CH,
! : carbocation

CH,

CH, -
P : | .
H—C;h—/ir H—C—Cl + HO—2ZnCl,

CH,

\
CH,

Lucas Test ssiunisnaaeusioe vuaanaseaiumsvain (unknown)

lagnaidu Lucas reagent avluenssngsninanuardunailglunisinnsuenau

VAT AYNEU

Ag1SLAAIANTIkeanaged EV1UjiTaniy Lucas reagent

TUATRILDANDIDA

.
=iz = =

=g &

iNfFen (uai)

]

u

AL
uwaanagadigunil >6
waanaaasvAesil 1-5
WaANBIRAA LI <1
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6. Ufisenvesusanegediuneanasaslan’ (Reaction of Alcohols with

Phosphorus Halides)

3R—OH + PCL . 3R—Cl + P(OH)
3R—OH + PBr . 3 R—Br + P(OH);
R—OH + PCIL S R—Cl + POCL + HCI

o v . ] A = < v o & 4 v
W19491n phosphorus triiodide Wubitatieswenazinuls asdudiasndesnis
Tdsnannsawsealaluuisen (n sitw) laenisy Ugasersenanneanasany

laloay Aiaunis

6R—OH + 2~ + 3, ————» G6R—I + 2 (OH)

For Example

H, CH,

C
I I
CHH—{IE—CHIOH + PBr, —> CHH—(f—CHzBr

C

H, CH,
neopentyl alcohol neopentyl bromide
(60%)
CH,CH,),—CH,OH + PA, —>  CH,CH,),—CH,
B5%)

10/02/59

18



MECHANISM

Step 1: PBr; is a strong electrophile. An alcohol displaces bromide ion from PBr; to
give an excellent leaving group.

:E5|}: Br:
R_?:/ﬂ’fts.r: — R—clr—P;-\ + :Br
H ‘Br: H Br

excellent leaving group

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

H Br H Br
leaving group

ey £ .
B‘{—*REC[)LP: ——> Br—R + :O—F{\
Br: ¥

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

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

CH;CH,CH, :1'3|'r: CH;CH,CH, :Br:
b ~ g N bt Tk e b
H3C":}]’C_(i):/~_ 1l|331.3.r1 —— ch.-mC—(!f—Pf\ + B

H H By H H ‘Br

(R)-2-pentanol

Step 2: Bromide displaces the leaving group to give (5)-2-bromopentane.

CH,CH,CH, :Br: CH,CH,CH; ‘Br:
o g peiiif igon f

.{/H3C";1«CT1{|:} \ RN C{:;...CHB 3F -?—P\

Br:™ H H B H Ho B

(S)-2-bromopentane

10/02/59
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1
fiulsleflamaslsa” (Reaction of Alcohols with

aaa '3

1. ﬂ{]ﬂi&]ﬁ‘l]i]\?LLE]aﬂE]ﬁE]a

Phosphorus Halides)
0

I
(& R—OH + 4—S—Cl e, R—Cl + SO, + HC

¢ & O: 0:
e e l_"‘_ Fae | Voo Y vl i
R—0:— '_S 0 — R—O—S'—O‘ - R-0— c} R O_q\ + HCl
I-ll a Il-I Cl'l - 1'{5 C1 1
\-—Yl
€k
nagas lslallapaalsd chlorosulfite ester
- - =
L0 0
PR .

rd (i3 .0
. N e (127) s .
K =0, —= R+ __/S 0 — R—C1 + 5=01

. . . = H T e | £ _ L T
chlorosulfite ester ion pair VB A AT 1B LTA ’J'f:L'-I'-’J'?-F"r‘."F‘Jr ile]

For example

H OH H Cl
\ & S0Cl, \ &
S C.
T 0, -~ ~
CH,(CH,),CH, CH, Y CH4CH,),CH, CH,
(R}-2-octanol N (R)-2-chlorooctane
o (84%)
dioxane
(solvent)

Summary of the Best Reagents for Converting Alcohols to Alkyl Halides

Class of Alcohol Chloride Bromide lodide
primary S0Cl, PBry or HBr* P/l
secondary S0Cl, PBrsy P/Iy
tertiary HCI HBr HI*

*Works only in selected cases.

10/02/59
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i
8. Ujfisenmsvdminvesueanssed (Dehydration Reaction of Alcohols)

8.1 Msie3uLeafy

H
| conc. HySO, H
O "%H —_—— + H,0
Y H
H
cyclohexanol, b.p. 161° C cyclohexene, b.p. 83° C

(ndueananyfizen)

dnfdfjfifanaradadiasifintiunalnugy E1 fsaunns

H
| H / H,80, Ir%
3 0 / T— N ."- ‘\H j ’ HSO

HSO, Hy0s -

" , i
8.2 Uisensvdmiidluanagiweas1edines (Bimolecular Dehydration to

Form Ethers)

SN, Mechanism

HiC 5 CH; CH;
/ ae 4 . A -
H;CH,C— c|> AN ?C o s H3CHC(O c\ — H;(‘H;C—Q—c;,,_ + H;0
H Bf U H H HH
domaledlan 14 1 TusTaum laaviadinal
® 7N U7nTEINITY: smirdabusnag
w

H;504,140° C
2H,CHCOH ————— = H;(HLC—0—CHCH; + H0

BNIUBA laafiadinas

10/02/59
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P T T R TS CIU S D SRR
UATEINAV IMUEAAY & LANTEIITIIAUNTINIATALALT
J =

H,504.180° C
H;CH,COH —_— H,C=CH; + H,O

1]

LANIUBS AL

9. Ufisevesansusznaulasea (Unique Reactions of Diols)

9.1 nMsdnsalmivesituinea (The Pinacol Rearrangement)

H.50, Hs

C
I

H_;C'—(E—C—CH; —_— HgC—C—(l‘—CH3 + HyO
: C

pinaco

(2,3-dimethyl-2,3-butanediols)

100°C

[
0 H;

pinacolone

(3,3-dimethyl-2-butanone)

MECHANISM

H G CH (™, HiQ CHs BC c
HsC—C—C—CHy HC—(—(—CH; <=2 H;C'—(l_'—(t: + Hy,0
F ~

HO::0H / 1O N DR, HO:

H;C ~CHj CH CH

: + CH;  (metiryl migration) H,C 3 HyC 3
¢ etimenton :6—I—CH3 - > e ¢_cn,

HO: M H-0: (n BOL g,

resonance-stabilize carbocation

HC, (& e (® e [
C—C—CH; —=—» C—C—CH; — C—C—CH; + HiO
H—Of o7 | o’ ]
CH; ot CH;s e CH;y

resonance-stabilize carbocation pinacolone

10/02/59
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i
9.2 nMssinlnAaamiensawaslenn (Periodic Cleavage of Glycols)

./  0s0, || HIO N s/
c=C — % s _C—0Cc— —ta C=0 + 0=C
e ™ H,0, [ ] s N
HO OH
LAARAL lnaras AlruLAZuE AR LEA
Q 050, HQCHg HIO, HOCHs oo={ + HO;
H e, 29 o oH Serd H CH;
\E/
JIcoH
O 0
1-methylcyclohexene  1-methylcyclohexane-1,2-diol cyclic periodate 4-acethylbutana

ntermediate

10. UfjiSeioameiiiadu (Esterification)

(J + D
o H I
R—0—H = H—O—C—F E—0O—C—R + H-O0O—H
waanagag 37 a@mnat
CH O CH 0
’ | H;504 [0
H—(li—O—H + H—0—C—CH; H—l:l‘—O—C—CHg + H—0—H
CH; CH;
isopropyl alcohol nelnd isopropyl acetate

10/02/59
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R—0—H + —R
waanagas  acid chloride
Mechanism

[ S

i
R—O0—C—-R

lEnas

+ HC1

10/02/59
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