Summary of Alcohol Reactions, Ch. 11.

272
1 R-OH + NaZ —= R-ONa +HZ

Na
R-OH —— R-ONa

2
1. Na
3 R-OH R-O-R
2. R-X
OH o
PCC
4 R/<\H _— R)’LH
1¥Alcohols Only Aldehydes
OH o
H,CrO
5 R/i'\R LSS B
2YAlcohols Only Ketones
H,CrO4 = Na,Cr,07, H,SO,4 or CrO4/H,0
OH o
6 4\ HszO4
L. S
1%Alcohols Only Acids
7 0 0
BT
R™ H R”® "OH
Aldehydes Acids
HBr
R—-OH R—Br
3¥alcohols

Mech: Be able to draw!
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Deprotondion by abase.
Controlled by relative stability of

ROC versusz ©.

Congder relative electrongydivity and
whethe either anionisresonance
stabilized.

Potassium (K) andogous

Key way to convat alcohol to
alkoxide reactive as Sy2 nudeophile
and E2 base.

Alkoxideformation-Sy2 route to ether
Thedectrophile R-X mug be Sy2
reactive, preferably 1%wvith agood
leaving group

Key accessto aldenydes, which are
useful for more Grignad chemistry.
Note difference beween PCC and
H>CrO4

PCC does not react with 2¥acohols
very rapidly

Key accessto ketones.
PCC does not react very fast with 2V
alcohols

Note difference between
PCC and H,CrO,4 when reacting with
1¥a cohols.

KK KK

HI, HCI andogous

Convets alcoholinto abromidetha
can beused in Grignads E2 reactions
Cation mechanism

Usudly not method of choice for 1%:2Y
alcohols
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PBI‘3

R-OH
1%or 2¥alcohols

R—Br

1. PBrgor HBr

R-OH RMgBr
2. Mg
P/,
R-OH R—I
1%por 2¥alcohols
SOCl,
R-OH R-CI
1Y.pr 2%alcohols
TsCl
R-OH R-OTs
NEt;
HB Br
r
R/\ B —— R)\
HBr B
R/\ R/\/ r
peroxides
B|'2, hv
R-H —— R-Br
OH
H,SO,, heat

R

R/\/R
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2

Convats dcoholinto abromidetha
can beused in Grignads E2, S\2
reactions

Inversion of stereochem

Not goodfor 3¥a cohols

Quick 2-step conveasion of acohol
into anudeophiic Grignad

ViaPl3

Retention of stereo!

Togylates are supe leaving groups
better even than iodides.

Togylates are well suited to Sy2 and

E2 reactions

Markovnikov addition

anti-Markovnikov addition

Radical mechanism, 3V& 2¥& 1Y4

Zaytsev eiminaion
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Mechanismsfor ROH ! RBr Reactions

R-OH R-Br 3° mostly, sometimes 1°
30
/\‘H s (| O
HBr Mech for 3° ROH:  R-OH R—OH, — R r R-Br
+ BI'@ + HQO
/\‘HQ

ng)Hg + Br@ — > R-Br+ Hzo

HBr Mech for 1° ROH: R-OH

PB
ROH —— 3+ R-Br  1%2Y
1% 2Y4
G
H
Mech: R-OH R—O—PBr, — Br—R + HO-PBr,
©

Br
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Ch. 11 Reactionsof Alcohols

A. Conveasonto Alkoxides (Sections11.14,10.6)
Gilkoxided= RO©  anion

1. By acid-base deprotonaion (Section 10.6)
¥ A rather reactive anion base is required that is *| ess* stable than an alkoxide anion
¥ Carbanions(RMgBr) or nitrogen anionscan do this
¥ NaOH can®
2. By redoxreaction with sodium or potassium (or some other metals)
??? 1. Deprotonaion by abase.
1| R-OH + NaZ —= R-ONa +HZ 2. Controlled by relative stability of
RO versusz ©.

3. Consde relative electronegativity and
whether either anionis resonance
stabilized.

Na ¥ Potassum (K) andogous
R-OH — R-

2 © R-ONa ¥ Key way to convat alcohol to
alkoxide reactive as Sy2 nudeophile
and E2 base.

B. Conveasionto EthesviaAlkoxide(11-14)

1. Na . ¥ Alkoxideformation-Sy2 route to ether
3| R-OH 5 RLX R-O-R ¥ Theelectrophie R-X mus be Sy2
' reactive, preferably 1%wvith agood
leaving group
1. Na
Ph” > OH Ph™ 0"
AN

C. Oxidationof Alcoholsto Carbonyl Compounds(11.1-4)

Summary: 2 Oxidants

1. PCC =mild 1%alcohols! aldehydes

¥  yridinium chlorochromateQ soluble in water-free dichloromethane

¥ Mild, selective for 1¥over 2%/a cohols, and when 1¥alcohols are used stopsat aldehyde
2. HCrO4=strong

KKKQO oo

2Yalcohols! ketones

1%alcohols! carboxyic acids

3¥alcohols! noreaction

aldehydes! carboxylic acids

H,CrO4 = CrO3 + H,O or N&Cr,0O7 + H,SO, (make in thereaction flask)

Always made and used in the presence of some water

Very strong, when 1¥acoholks are used goes 1%RCH,OH ! RCHO ! RCO;H
withoutstopping at aldehyde
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Draw the produds for thefollowing oxidaion reactions

OH o
PCC
T
1¥Alcohols Only Aldehydes
OH 0
H,CrO
R/i'\R LTS
2YAlcohols Only Ketones
H,CrO, = Na,Cr,07, H,SO,4 or CrOg/H,0
OH o
A, Hero,
NI O
1%Alcohols Only Acids
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¥

¥

Key accessto aldenydes, which are
useful for more Grignad chemistry.
Note difference between PCC and
H>CrO4

PCC does not react with 2¥acohols
very rapidly

Key accessto ketones.
PCC does not react very fast with 2V
alcohols

Note difference between
PCC and H,CrO,4 when reacting with
1¥a cohols.

A, —

Ph” SOH ——— Ph

0
PN

H-CrO
A~ 2010,
PR OH ———— A,
OH o]
)\/ —’H20r04 )K/
OH

PCC OH

)\/\OH

PN

OH

o 0
)\/\OHM MOH

Ph

@)

J

H
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Oxidaion Combined with Grignad Reactions(in either order): Indirectly Enables Subsgitution
of Carbonfor Hydrogen

1%alcohol + PCC! adehyde + RMgBr! 2%alcohol

2Yalcohol + H,CrO4 ! ketone + RMgBr ! 3%alcohol

¥ Oxidation followed by Grignad reaction essentially subditutes a carbon group for a
hydrogen

3. Aldehyde + RMgBr! 2¥alcohol+ H,CrO,! ketone

¥ Grignad reaction followed by oxidaion essentially subditutes a carbon group for a

=

hydrogen
1. PCC OH
2. PhMgBr
1Y 3. H30+ 2Y4
OH 1. H,CrO, OH
2
)\/ 2.~ _MgBr 1
2Y4 3Ya
3. HyO*
3 0 1. pp MBI /\)OK/\
A)kH 2. Hy0* Ph
aldehyde 3. HyCrOy4 ketone

4 R
T 1 hco, 2 MgBr 3 O

OH

OH

2. HO* 3. HyCrO, \HOK/\

OH

6 1. pcCc 2. BMa_~_~ 3. Hz0*
(O on

MgBr

. HJOJ\/\ 1.\(
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Jones Test H,CrO,4 for Alcohols (11-2C) (test responsble)

¥ H,CrO,4 (Jones Reagent) is clear orange
¥ Treatment of an unknown with Jones reagent:

o Solutionstaysclear orange! no 1¥or 2¥alcohol present (negative reaction)

o Solution gives a green/brown precipitate ! 1%0r 2%acohol present (postive

reaction)
o 3%vinyl, and aryl acohols do notreact. Nor do ketones, ethers, or esters.

Structure and Mechanism (nottest responsble)

H,CrO;4 = chromic acid = NaCr,0O; = CrOs/H,0 = Cr*® O
oxidation state HO-Cr—OH
¥ Water soluble ¢

]
O—%:r—CI
(0]
PCC = Pyridinium ChloroChromate

Pyridinium carbons rendas PCC soluble in organic 78\ ® O
solvents, thusit is fundiond in organic solvent and in the ¢ o N-H
absence of water

Genea Mechanism

| o Ester | 0

1
—C-O1H  HOJ-Cr—OH —cjoﬁgr—OH + H,0 C=0 + :Cr—OH

>~ | / "

H O Formation H \O/ &

¥ PCC opeaates andogousy

Elimination 9

1¥Alcohols, Aldehydes, and the Presence or Absence of Water:
Q: Why does Anhydous PCC stop at Aldehydebut AqueousH,CrO, Continues to Carboxylic
Acid?

H PCC or O H,0, H* OH H,CrO, HO o

|

R-C-0-H HCrop, M~ — R-C-O-H c=o = N
! — R H i R’ R” TOH
H — H

1¥alcohol Aldehyde Acetal Carboxylic Acid

1. Both PCC and H,CrO,4 convet 1%¥acohols to aldehydes
2. In the presence of acidic water, aldehydes undergo an equilibrium addition of water to
providea small equilibrium popuktion of acetal
3. Theaceta form gets oxidized (very rapidly) to carboxylic acid
¥ Theadehydeform cannotitself get oxidized to carboxylic acid
¥ Since PCCisused in absence of water, the aldehydeis not able to equilibrate with acetal
and smply stays aldehyde
¥ Sinceit can@convat to acetal, therefore no oxidation to carboxylic acid can occur
4. Chromic acid, by contrast, isin water
¥ Theeforetheadehydeis able to equilibrate with acetal
¥ Theacetal isableto beoxidized.
¥ Thus the adehydeviathe acetal is able to beindirectly oxidized to carboxylic acid, and
in fact does so very rapidly.
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Genea Recognition of Oxidation/Redudionin Organic Chemistry

H
R-C-0 Q oxidation j)\

H H R R
1¥alcohol  Oxidation Aldehyde reduction Carboxylic

Acid
or or
reduction

',? o) Oxidation: The number of oxygen bonds to a carbon increases,

R-C-0O )J\ and the number of hydrogens bonded to a carbon decreases
R™ R
Reduction: The number of oxygen bonds to a carbon is reduced,
2yalcohol Ketone and the number of hydrogens bonded to a carbon increases.
More General: # of bonds to heteroatoms versus to hydrogens

Classify thefollowing transormationsas xidaionsOor GedudionO

reduction

NH
RN

O

3.

\)J\ reduction
OCHs

NH»
A

O

N

2.

reduction
o
4,

\/\NH2

113,114 Other methods for Oxidizing Alcohols. (No test)

Thee arelots of other recipes used for oxidizing alcohols (and for other oxidation reactiong

oxidation

KMnO,
CuO

HNO3

Nogo,hrwhE

H (@]
H
X NH., I
© + R=C-O
N H H
sugar 1¥alcohol
NAD*

oxidized form
oxidizing agent

Qones® H,CrO,4 with acetoneadded to temper reactivity
Collins H.CrO,4 with pyridine added to temper reactivity
GBwernO (COCl) ; and (CH3),S=0 then NEt3

Biological Oxidant 1: ONAD*O (hictonamide adenine dinudeotideO

o HIH O
RJ\H + O)J\NHZ +
Aldehyde ’}I

sugar
NAD

reduced form
reducing agent

8. Biological Oxidant 2: GRuinones and hydroquinonesO (Ch. 17-15)

(0]
Quinone
oxidized form +
oxidizing agent

(0]

H
R-C-0

H H

1%alcohol

o

0]

N

R H
Aldehyde

i
H

H+

DihydroQuinon
reduced form
reducing agent



Chem 350 Jasperse Ch. 11 Handous 9

In General: Recognizing Oxidizing versus Redudng Agents

Oxidizing Agents. Often have: Reducing Agents: Often invave:
¥ Highly Oxidized Metals or Nonmetals ¥ Hydridesin Formulas
¥ ExtraOxygen ¥ Highly Reduced Metals
¥ Metas+H;
¥ Metas+ acid
0s0, (+8) LiAIH4
KMnO, (+7) NaBH,
CrO, (+6) Li, Na, K, Mg, Zn, Al, etc.
H2CrO,4 (+6) Pd/H-, Pt/H,, Ni/H, etc.
HNO, (+5) Zn/HCl, Fe/HCI, Zn/Hg/HCl, etc..
H.O,! H.O
RCOsH! RCO.,H
03! O
¥ The ability to quditatively recognize when a trandormation involves an oxidaion or
redudion can bevery hdpful.
¥ The ability to recognize a reactant as an oxidizing agent or a redudng agent can be very
hdpful

¥ Often on standardized tests!

Some Biological Alcohol Oxidaions(Not for Test)

1. Oxidation of GarbohyditesOor GugasOis the primary source of bioenergy
¥ multiple enzymes are involved for the many steps
¥ A QarbohydeteObasically has aformulawith oneOH per carbon

O,

CeHe(OH)e — CGleoe 6 C02 +6 Hzo +| energy

"carbohydrates" sugars enzymes

2. Mog alcohols are biooxidized to give toxic carbonyl derivatives (Ontoxication()
¥ thepresence of subgantial aldehydes and especially ketones in the bloodis symptomatic
of variousproblems
o intoxication
o acoholism
o unmntrolled diabees
o etc (other metabolic disorders)



11.7-9 Convesonof Alcoholsto Alkyl Halides
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Straight Reaction with H-X (Section 11.7)

o |ded only for 3VROH,

HBr ¥ HI, HCl andogous
R-OH R—Br ¥ Convatsalcoholinto abromidetha
3¥alcohols can beused in Grignards E2 reactions
. | ¥ Cation mechanism
Mech: Be able to draw ¥ Usudly not method of choice for 1%2Y4
alcohols
PBrs ¥ Convatsacoholinto abromidetha

g R-OH R-Br can beused in Grignads E2, Sy2

1%or 2¥alcohols reactions

¥ Inversion of stereochem
¥ Not goodfor 3¥acohols
1. PBrzor HBr ¥ Quick 2-step convasion of acohol
10 R-OH 2 Mo RMgBr into anudeophiic Grignad
P/, ¥ ViaPl3

11 R-OH R—I

1%or 2%alcohols

socCl, ¥ Retention of stereo!

12 R-OH R-Cl ¥ Section11-9

1%pr 2¥alcohols
Summary:
Class R-Br R-1 R-CI
1YROH PBr3 P/l SOCl,
2YROH PBrj P/l SOCl,

| 3YROH HBr HI HCI

Vinyl or Aryl Nothing works Nothing works Nothing works

sometimes works with 1%a cohols, with a complex mechanism

(@)
o Only occasiondly for 2v/alcohols
(@)

M ethod of choice for 3%but not for 1Vor 2V

OH HBr Br
1 M\ — /\/f\

SOl

HBr
3 \*/\/

OH

N

Br
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Mechanism for H-X reactionswith 3%Alcohols: Cationic

m
= @
/\H Br ngDHz /\Br@

HBr Mech for 3¥ROH: R-OH R-Br

+ Br@ + H,O

Notes:

1. Memorize the 3¥al cohol mechanism (test responsble)
a Protonae
b. Leaveto give Cation. Thisisthedow step for 3¥acohols
c. Capture

2. Andogouswith HI or HCI

11

¥ HCI dower, nomally enhanced with ZnCl2, which enhances rate of cation formation

(Lucastest, seelater)

¥ Outsideof 3¥systems, sidereactionsare common and yields aren®often very good
3. Outsideof 3valcohols, sidereactionsare common and yields aren®often very good

¥ Eliminaion reactionsand cation rearrangementsE
4. Syltype carboctionforming step istherate-determining step, so R+ stability key

¥ 3Y%acoholsfastest

¥ 2Y%acohols are way slower

¥ 1Yacohols can@react at all via this mechanism, because 1¥R+ are too undable.

¥ Ditto forvinyl or aryl alcohols

5. HBr can aso react with 1¥ROH to give 1¥RBr, athoughit is nat often the method of choice

¥ Themechanism isdifferent, butrather interesting (not test responsble)

/\HQ ng_)Hz v B

HBr Mech for 1¥ROH: R-OH R-Br + H,O

¥ carbocation formation never occurs

¥ bromide ion smply does Sy2 on the protonaed alcohol, with water as an excellent

leaving group
¥ yieldstendto bepretty incongstent

Readtion of 1¥and 2Alcohols with PBr3 (Section 11-8)
¥ Default recipefor 1Vand 2%/a cohols

C??r

H
/—\PBrz Ol@
Mech: R-OH R—O—PBr, — Br—R * HO-PBr,
1Y4 2Y4 K o
Br

PBr3; is an exceptiond electrophile, and reacts even with neutral alcohols
Thefirgt step activates the oxygen as aleaving group.
Thesecond step involves an Sy2 subditution
o stereochemical inversion occurs chirality present (common for 2%alcohals)

Because the second step is an Sy2 subditution, thereaction fails for 3%iROH
PCl3; does notreact aswell, andis notuseful for making chlorides

KKK KKK

I Plzinthereaction containe (in situ)
o ThusP/l; essentidly provides the Pl; tha doesthejob

Pl; is not stable and can®be stored in a bottle. However, the combinaionof 1P+ 151,



Chem 350 Jasperse Ch. 11 Handous 12

PBr; Br

OH 3
1~ ——

2 HO/\O PBr3 Br/\O
H3C _\\OH PB[‘B H3C Br
s )

Convasionsof Alcohols into Other Reactive Species in Multi-Step Syntheses

Q O  PpcC PBr
 Alkyl Mg Grignard
or Alcohol — -~ .
R™ H R R or Bromide Reagent
HoCrO4 HBr  Electrophile Nucleophile
%I?ie?;drz 32'2?0?; SN2 or Syl acceptor Grignard donor
Lrignhard acceptor
Electrophile E2 or E1 reactant
1. oxidationcan convat an alcoholinto acarbonyl= Grignard acceptor (electrophile)

2. PBri/Mg or HBr/Mg can convet an alcoholinto RMgBr = Grignard donor (nucleophile)
3. PBrz or HBr can convet an alcoholinto RBr, capable of nomal subgitution and eliminaion
reactions

Retrosynthesis Problems (In which you decide what to start from): Design syntheses for the

following.

Allowed starting materialsindude
Bromobenzene  cyclopentanol any acyclic alcohol or alkenewith ! 4 carbons
any esters ethylene oxide formadehyde(CH20)
any "inorganic" agents (thingstha won't contribute carbonsto your skeleton)

Tips

1. Foausonthefundiondized carbon(s)

2. Try to figure out which groupsof the skeleton began together, and where new C-C bonds
will have been formed

When breakingQit up into sub-chunks try to make the pieces as large as possible (4 carbon
max, in this case, for acyclic pieces)

Remember which direction is the QrueOlaboratory direction.

Be careful tha you aren@adding or subgracting carbonsby mistake

H3CO\H/\/
1 L 0] 1. PBrj
/\MgBr /\OH

ar W
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~"0oH

1. PBry
2. Mg PCC
S~"mger HW)\ H\
o) OH
1. PBry J\
J\‘— HO

o) BrMg 2. Mg

H,Cro,
o OH O\

Normal Synthesis Design: In which you are given at |east oneof the starting Chemicals.
Provide Reagents. Y oumay use whaever reagents, induding ketones or aldenydes or Grignards
or esters, tha youneed. Tips

|dentify where thereactant carbonsare in the product

Istheorigind carbongtill oxygenated? ! it will probably fundion as a Grignad acceptor
Istheorigind carbonnotstill oxygenaed? ! it should probably fundion as Grignad dona
Working backwardshdps

K K K K

1. PBr; 2. Mg 3. O 4 HyO

Ph” “OH PR Y
a OH
1.pcc 2 BMI 5 pot )Oi/

b. Ph” T OH > Ph

OH

__1pcc 2.BMI_~ 3 H;0* 4.H,CrO, 5. CHaMgBr 6. HyO* /N\/
Ph

Ph OH

@)

1.PBrg 2.Mg 3. /\)J\OCHS 4. Hy0*

oh 0K Ph Ph
OH
d.
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O
|
1. PBrS 2. Mg 3. H)\ 4. H30+ 5. H20r04

o)
o ~-OH /\)I\

@]
1. PBr, 2. M 3. /\ 4. H,O* 5. H,CrO OH
~_OH 3 g 3 2 4 /\/\n/
f. (@]

Retrosynthesis Problems. Design syntheses for thefollowing.

Allowed starting materialsindude

Bromobenzene  cyclopentanol any acyclic alcohol or alkenewith ! 4 carbons
any esters ethylene oxide formadehyde(CH20)
any "inorganic" agents (thingstha won't contribute carbonsto your skeleton)

Tips

1. Foausonthefundiondized carbon(s)

2. Try to figure out which groupsof the skeleton began togeher, and where new C-C bonds
will have been formed

3. When breaking(Qit up into sub-chunks try to make the pieces as large as possible (4 carbon
max, in this case, for acyclic pieces)

4. Remember which directionisthe QrueOlaboratory direction.

5. Becareful tha you aren®@adding or subgracting carbonsby mistake

OH O
3 \X/\/ -— \)k + Bng\/\/

H,Cro,

1. PBrg

2. Mg

OH Note: other routes could work, but this is cleanest
\)\ because it combines two 4-carbon pieces, and requires
only one new C-C bond formation.
OH

H,SO, MgBr o PCC OH

=
OH
O/\/\ OH
This isn't as good an alcohol precursor. O/

Alcohol elimination would be as likely
to occur inside the ring as outside. The
better route involves an alcohol who should have a pretty clean Zaytsev elimination.
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H PCC A _MgBr Mg
Ph/\KQ<— Bng/Q Ph/\[( Phﬁ Ph — o B
OH

1. PBry
2. Mg

o

This route is inferior. The other routes OH HO

can involve only 2 C-C forming reactions. But given /\) NN
the limitation to 4-carbon acyclie alcohols, this route would

require an additional C-C forming reaction to assemble the

string number 1-2-3-4-5. l PCC l 1. PBry

O 4 MgBr o
Ph/%gi/ﬁ\v/% ' kw //N\V/M\H T OBMg A~
PhBr l

OH / PhMgBr + /\)J\/\/
Ph or
\ BrM )(J)\/\ H,CrO OH
r + 210y
1. PBry
] 2. Mg T 9
PhMgBr +
HO H
~ TMg o T PCC
PhBr k/\
HO\O
PhBr
ll. PBr3
2. Mg
i OH H,C=0  Briig
Ph H,Cro, s PhMgBr+ -—
Ph
\
) + BrMg 1. PBr; HO
- A A
TPCC 2. Mg
OH h,c=0 Mg
Ph) PhMgBr «<—— PhBr

(@]

H,>CrO

\/Tr\/\/ ‘_HBr \/Ti/\/ \)K : 4
- +

1. PBr3
Bng\/\/ - HO\/\/

2. Mg
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Unknowns and Chemical Tests (Sections 11-2C, 11-7)
1. Hy/Pttest for akenes
2. Brytest for alkenes
3. Jonesreagent (H,CrO,) Test for 1¥or 2%alcohols

¥ 3%acoholsdona react

¥ 2Y%acohols keep the same nunmbe of oxygensbutlose two hydrogensin theformula

¥ 1vacohols lose two H@ but also add oneoxygen
4. LucasTest: HCI/ZnCl, for 3¥or 2%¥alcohols

R-oH HCIZnCl, in water R-Cl via R@ 3 2 p>>> 1Y,

3V 2Yp>> 1Ya
<l min 1-5min never
why? R® gability: 3VR® > 20RP>>> 13RO

¥ 3%acohok are fastest
¥ 1%acohols don®react at al
¥ RO gability isthekey
¥ Testisbased onsolubility: TheR-Cl produd is nonpolr and water insoluble, so it
separates out from water. Alcohols are quite soluble especially in highly acidic water.
¥ Ted failsisusdessfor acohols with so many carbonsthat it doesn®even dissolvein the
origind HCl/ZnCl,/water solution
Jones Lucas Required Possible Answers
(HszO4) (HC'/ZﬂC'z) H /Pt Facs
1 GCsHicO Yes No Yes 1¥ROH N OH
OneAlkene A~ OH etc.
2 CgHiO Yes Yes, No 2YROH OH OH
1-5 min Onering O/ \Q/etc.
3 GCsHi20 No Yes Yes 3Y¥ROH OH
OneAlkene M etc.
4 C/H; 20 Yes Yes Yes, 2YROH
Produes OneAlkene OH etc.
C/H140O  Oneringor
carbonyl
5 C3HsO No No Yes No ROH >0
Oneakene
6 CsHsO No No No No ROH o O
Onering or [ ] )J\/ etc.
Carbonyl
7 CsHgO  Yes, No Yes 1¥ROH _~.OH
produces Onealkene
CsH40,
8 CsHeO Yes, Yes No 2YROH VOH
produaes Onering
CsH,O
9 C3HsO No No Yes No ROH >0

Oneakene
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Section 11-5 Conveasion of Alcoholsto O osylatesQ and their use as Exceptiond Leaving
Groupsin Sy2, Sy1, E2, and E1 Reactions

¥ Togylates are supe leaving groups
TsCl better even than iodides.
13 R-OH R-OTs ¥ Togylates are well suited to Sy2 and
NEt; E2 reactions
o o Leaving Group o

I NEt; I Produces: ©
R-OfH * CIS R-0-S Oo-S

Great anion, like
R-OT '
@OH . ( © S) 'the hydrogen sulfate
Poor anion, @®_O anion produced from
poor leaving group + EtzNH ™ Cl sulfuric acid
Notes:
Togylates are easy to form

Oroluene sulfonaeO

Togylate anionisrealy stable, comparable to the anion from sulfuric acid

¥ Both theelectronegative sulfur and theresonance/charge sharing with the other oxygens
hdps

4. Whereasanoma OH has apoa leaving group (hydroxide anion), convasionto thetosylate
provides a supe goodleaving group.

5. Leaving GroupReactivity: Better than thebest of thehdides

¥ OTs>>|1>Br>Cl

wn e

6. Tosgylates are highly reactive toward Sy2, Sy, E2, and E1 Reactions
7. Triethylamineisused as an HCl scavenge in thetosylate formation
¥ Often aweaker aminebase called pyridineis used, to avoid unintentiondly providing E2
onthetosylate
Draw Produds
OH 1. TsCI, NEtz OCHj
1 i
AN 2. NaOCHz - >N
OH 1. Na

OCH;

2~ N 2. Br-CHy

OH 1. TsCI, NEt;

3 AN 2. NEty NN

OH 1. TsCl, NEt;

4 /\)\
M\ 2. NaOCHj =

( N 1. TsCl, NEt (
5 HSC\Q,O 1.Na 2. Br H3C\Q,OH 3 HsC 0
2. Nao/\ ; ;

OH 1. TsCl, NEt3 OH

6 ~ M S on PN
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Readion of 1¥and 2Alcohols with SOCI, (Section 11-9)
¥ Default recipefor 1Vand 2%/a cohols

R-CI|* §_ = SO,+HCI

Mech: R-OH

| ?\_/ 1 \
1% 24 H Ci HoC oo—0 @

_S._ ™= SO, +HCI

Mechanism: Not for test responsbility

Mechanism differs for 1%and 2%al cohols

1%nvolve an Sy2 subditution

2¥involve an Sy1 type subgitution

The chloride tha captures the cation is nomally on the same side of the molecule on
which the oxygen began, and often captures the cation very rapidly fromtha same side
Thisresultsin avery unusid retention of stereochemistry.

When they work, these reactionsare convenient because the side produds, SO, and HCl,
are both gases. So workup is redly easy. Simply rotovap the mixture down, and
everything except for produd isgone

KK KK KKK

Draw Produds or Provide Appropriate Reactants for thefollowing Trandormations

©/\/0 P/l ©/v
YVOH socl, YV

@
OH N\ A (OH, S No Br
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Draw themechanisms for thefollowing reactions

O  1.MeMgBr o QTN A~
HO 0] CH z
Ph on M G o O M HOH - ho 4
H 2.H,0 y —— Ph Bh
o) 1. MeMgBr 0 9 Q )
HO ¢ CH3 0 1) S
| ' \),CHs ¢ CHj 0
Ph — —
J\OCHg 2. H,0 P X e OCHg P“%ocHg A — Ph<)<
la)
‘ H-OH
HO
Phx
L & A
A~ ' ¢H O @
Ph MgBr AN P . AN
7. Ho" Ph OH| Ph Ph o) HO L ™~eoH
S
© H o H O
| 1. LiAlH, OCHj,4 COCH H
— 3 H
OCH OH ©
8 2.Hz0" H30 j
HO H
H
o OH O HZOH
| NaBH, G H H HO_ H
H,O
? PhMgBr oH (? @OAH H OH
MBr M MBr o M Internal X
Ph \_/ PR”  Ph 23 E2Reaction PN
o Sy OH
C\///O 1. PhMgBr OH &O h@ (Oe ©/ i ph — Ph
oo Ho/\/Ph><Ph d Qéph @(Ph_, ©Ph —®’ Ph
-8 ester O\/H3O OH
/><OH HBr /><Br /><OT H-Br (*%)Hz -H,0 />\6\B? Br
P Ph Ph” "Ph Ph” "Ph /Ph><Ph ~ " pW Ph /ph><ph
©

+ Br
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REVIEW. To make organometallic reagents, you mug have RBr compounds(or RCI or RI).

Alkene 1%42¥/ROH
HBr, peroxides
(anti-Mark)
or PBI’3
Alkane HBr (Mark) 3YROH
Br,, hv HBr
R—Br
Mg
V \
S.2 E2 R—-MgBr .
N (normal Grignard
. or Acceptors
bulky base)

ethers
Alkene 1/,91/,21
alcohols 1% 2% 3YROH

etc.

Ph”” ~OH PN
a OH
1. PBr3 2. Mg 3. CH3CH,CHO 4. H*
NF /\(
b. OH
1. HBr 2. Mg 3.CHO 4. H*
NF /VW
C. Ph OH
1. HBr (peroxides) 2. Mg 3. PhCO,CHj5 4, H*
Q mOH
d. o

1.Bry, hv 2. Mg 3. Ethyleneoxide 4. H” 5. H,CrOy
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Bromoalkane Concept Map

Alkene 1%2¥/ROH
HBr, peroxides
(anti-Mark)
or PBI’3
Alkane HBr (Mark) 3YROH
Br,, hv HBr
R—Br
\ME]
E2 R—-MgBr .
(normal Grignard
or

R-Z Acceptors
bulky base)
Alkene 1/,91/,31
1%42%43YROH

etc.

Alcohol Concept Map

ROH ROH ROH Ak
1. PBrzor HBr 1. Oxidize 1. TsCl enes

3. Grignard

NaOH H,Cro,) Stg‘g’f)rts PP
R 2. RMgBr enyde,
R-Br 9 Ketone,
Ester
1. Mg
2. Grignard Acceptor
(aldehyde, ketone, ester, epoxide) Aldehyde,
R-Br Alcohol Ketone,
PBr;
1Yor 2YR-Br o)
1¥or 2¥R-Cl
HBr Alkene

3YR-Br

1. Oxidize \1.PBr3 or HBr

3. Grignard
Acceptor

1. TsCl Alkene

2.NaOH \ 2- RMgBr

Aldehyde 1. Na 1. TsCl

2. RBr 2. NaOR

Ketone| [Acid Ether (Airl1cvoer;§ilon) Alcohol

21



Alkene Concept Map

Chem 350 Jasperse Ch. 11 Handous

Alcohol
R-OH
R—Br
base H,SO,
E2 1. TsCI, NEt;
2. E2 Base
H-Br Alkene Oxidat
i xidative N .
‘W Cleavage AldehydES,KemneS, Acids
R—Br
H-OH
addns H, Br, |
Addn Diol
R-OH |
Dihalide| |EPOxide

Ether Concept Map

Alkene

R—Br

NaOR'

W

R-OH

{ 2. NaB

R-O-R'

Hy

1. alkene, Hg(OAc),

2. NaBH,

1. TsCl, NEtg
2. NaOR'

R-OH
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