Chem 360 Jasperse Ch. 18 Notes. Aldehydes and Ketones 6

Ch. 18 Mechanisms
Some New Mechanisms Associated with the Syntheses of Aldehvdes and Ketones

OH 1+ H.0 9)

e OH . o o)
oS S AL /I S
"enol" MECH Ketone Ph™ ~CH, Ph

1

"enol" CHa Ketone
Protonate Deprotonate
Enol to Carbonyl, Acid Catalyzed on Carbon Oxygen

S)
N OH OH:H0 f@OH /@\HZO

(0]
Ph AN /\/OH O /\&O
11 Yonol" Ph Ph Ph X Ph
enol MECH "enol" AV Protonate
Deprotonate I on
Oxygen Carbon
Enol to Carbonyl, Base Catalyzed %O
Ph™

HO_ OH O
H*, H,0
12 Ph><R 2 )J\ HO OmJ, (E@ O’H o
MECH Ph” "R Py H HO><OH2 )
tetrahedral - ketone Ph™ 'R Ph” R -H,0 Ph’é R ph)J\R
hydrate
protonate eliminate deprotonate
Acid-catalyzed elimination of a
hydrate to a carbonyl
Ph. . 1.BMgBr Ipy Rl y+[Ph_ _R| H,H,O [Ph. R |H"H,O | Ph_ _R
5 N D < N

Nitrile 2. H*, H,O N NH HO NHp o)
2 © "imine" MECH tetrahedral MECH ketone

"aminol"

. @ -NH
Ph_R Ph ﬂ Ph Ph.R | _Ph R 3 Ph _R-H"Ph__R
T . m - HO NH, | H* HoX(gHs @/\'( E
NH e NHe ) H 85
U "aminol"

protonate add deprotonate protonate eliminate  deprotonate



Chem 360 Jasperse Ch. 18 Notes. Aldehydes and Ketones 7

Ph R HYH,O Ph R

H!
s \l[\j]/H HO><NH2 Ph. _R Ph@ Ph%_}PhXR

W tetrahedral - NH
phase imine "aminol" NH H+ @5\1H2 NH2 HO 2
1 Acid-catalyzed addition of water U "aminol"
to an imine

protonate add deprotonate

Ph.__R Ph._R ‘NHs pp _R.HPh__R

S H Hj @ o
) HO (_B H’& ')

Ph. R H%H,O | Ph__R
15 HO><NH2 0
phase tetrahedral ketone
2 "aminol"
Acid-catalyzed elimination of
amine from an aminol to give a
carbonyl

HO NH,

"aminol"

protonate eliminate deprotonate

Review: Several Pertinent Mechanistic Principles
1. Recognize anionic mechanisms (when a strong anion is involved)
* In an anionic mechanism, a strong anion will drive the first step
* In an anionic mechanism, intermediates should avoid positive charges
* Recognize anionic species even when they are disguised by a cationic metal
counterion.

2. Recognize cationic mechanisms
* Recipes that involve acid will be cationic
* In a cationic mechanism, the first step will routinely involve protonation
* In a cationic mechanism, the last step will frequently involve deprotonation to return
to neutral
* Normally the main step or steps are sandwiched in between the protonation and
deprotonation events

Focus on bonds made and broken

Draw in hydrogens on carbons whose bonding changes

Keep track of lone pairs on reacting centers (in your head if not on paper)

Always draw in formal charges where appropriate

Arrows show electron flow, from giver to receiver

A good mechanism illustrates not only where electrons go as bonds change, but also the
timing of bond changes. Avoid drawing bond changes that occur at different times as if
they occur in the same step, i.e. as if they were concerted.
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Some Mechanisms Associated with the Reactions of Aldehydes and Ketones

—_—

1. RMgBr  OH
19 j\ , 9 © @o/\ . OH
RI R”z. H30+ R RII R R'JJ\R" l/i\R —H> RI/{\R
Grignard Addition of a Carbanion Add R R" R"
Protonate
Q NaBH, ROH  on o or O m
20 R'J\R /|\ gl H (0] e OH
aldehyde  O' R4 R R™ R R'/i\R R%\R
or ketone 1. LiAlH, Add H P H
o H* rotonate
Hydride addition.
0] OH
KCN 0 r\@ S /\
HCN (@) OH
. . R™ R R7T>CN R CN
HCN addition, anionic mech Add R R
Protonate
O OH )
2 H,0, OH f_\ 0] OH
R')LR FH\OH JL 4\ H-OH
aldehyde R R" 1 OH R" L OH
R R
or ketone tetrahedral Add Prot ‘
Water addition, anionic mech
22r T 0 H
j\” Ho0, O ] o o@ o o
RIOH | R™ "R /|\ g\\”& L
tetraF:]edral' aldehyde R OH R R 3 R 'R
"hydrate" or ketone Deprotonate eliminate
0]
R R g OH . )L O g OH /i\OH
aldehyde tetrahedral 3 ADD N
or ketone "hydrate" protonate deprotonate
Water addition, cationic mech
23r OH | (@) OH
H,0, H* L )
R'/li\OH ] R R *OH — Q,OH2_> )\ R )LR
Eﬁt;gpaet(ejﬁal' glrdf(;}éﬂz protonate eliminate

deprotonate

8



Chem 360 Jasperse Ch. 18 Notes. Aldehydes and Ketones

9

O
24 J|_ ROH, H* j\R
R” R R' R OR
aldehyde
or ketone acetal
Acetal formation
OH
H+ C JL _ROH Ak Phase 1:
R' — R' OR — |R"1 OR Hemiacetal Formation
R (an addition reaction)
protonate hemiacetal
deprotonate
H®
Phase 2: Om@ iOH H ® OR
Hemiacetal - %\ — ® ROH GOR e 4\
to Acetal R™LORl=— R7I"OR™ R“TOR R T>OR
ituti R R ~— R7L7OR R
(a substitution : - R
reaction) hemiacetal eliminate add deprotonate
protonate
24r OR H.O. H* j)\
2%,
R'TL\OR R R
aldehyde
acetal or ketone
Acetal hydrolysis.
H®
Oml_@ OR O\ H® OH Phase 1:
/}\ — /i\ — @ OH, COH ] /N\ Acetal to
R“LOR=— R7ISOR™™ R TOR = '/i\ -—|R"1OR Hemiacetal
R R ~ R"-OR R (a substitution
protonate eliminate add hemiacetal reaction)
deprotonate
Phase 2: /{\ / I-@ /4\ /I\) )J\
Hemiacetal Collapse R T OR (vo R
(an elimination reaction) R
hemiacetal ellminate deprotonate

protonate



Chem 360 Jasperse Ch. 18 Notes. Aldehydes and Ketones 10

O NZ
ZNH,, H*
s
R™ R R™ R
aldehyde .
or ketone Imine
Imine Formation
OH
H+ C Cl/. _ZNH, T e Phase 1:
R' — R ﬂ\IHZ R ! "NHZ | Aminol Formation
R (an addition reaction)
aminol
protonate ADD deprotonate
Phase 2: /\ H® H
Aminol OH NS) (OH . CNZ -H0
to Imine R TNHZ | — 4\ -— - )J\
(an elimination R -—R R NHZ ROR <
reaction) aminol |m|ne
protonate eliminate deprotonate
NZ o
H,0, H*
250 M a g
- aldehyde
Imine or ketone
Imine Hydrolysis
® &
OH OH
NZ _H+.C)NL H20 /|\ 2 -H* 4\ Phase 1:
,J\ R "R <=—R"T>NHzZ — |R'"" . "'NHZ | Aminol Formation
R" R ADD R R (an addition reaction)
protonate aminol
deprotonate
Phe_lse 2: OH

N H
Aminol KD OH -ZNH,
to Carbonyl R'/|\NHZ — A O > —

R D — R /F{}CJ}I )\ - R,)J\

(an elimination
reaction) aminol H carbonyl

protonate eliminate deprotonate



Chem 360 Jasperse Ch. 18 Notes. Aldehydes and Ketones 11

Classification of Mechanisms Associated With Ketone/Aldehyde Reactions.
* There may seem to be a dizzying number of mechanisms this chapter. But all of them
simplify into some combination of acid- or base-catalyzed addition reaction,
elimination reaction and/or substitution reaction.

* To predict what product forms that can be isolated, you will need to know when an
addition is all that happens, and when an addition is followed by elimination or

substitution.

* Many reactions are reversible, and are controlled by equilibrium principles, so you ought

to be able to go in either direction.

* The sequencing of many of the mechanistic steps is dependent on whether you are under
acidic (cationic) conditions or basic (anionic) conditions.
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Elimination Reactions.
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