Chem 360 Jasperse Ch. 18 Notes. Aldehydes and Ketones

Synthesis of Ketones and Aldehydes
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O 1. 2RLi o) LO_ OLi| _ .. |HO_ OH| o)
e acid X H*, H,0 )L
Ph OH Ph OLi —| Ph R Ph R
y 2. H* H,0 [ MECH Ph™ "R 189
o carboxylate tetrahedral tetrahedral - ketone
anion dianion hydrate
o RoCulLi O
2
. o g, PN 1811
acid chloride ketone
O o)
H J |
14 R Cl R Aromatic ketone 1811
AICI (from the aryl group's perspective) .
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(0] O
PR Ar-H, AIClg
R Cl ~ R Aromatic ketone
acid chloride (from the acyl group's perspective)
15 Ph\CNl. RMgBr [pp R| H+|Ph R| H* H,O | ph R H*, H,0 Ph\”/R 1810
Nitrile 2. H*, H,O N NH HO NH, I8
2 S wimine” MECH tetrahedral MECH ketone
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1. KCN Steps 2 + 3
PN
16 Ph° B PR ON o0 Ph/\[rR 1810
Primary Bromide 2. RMgBr Nitrile o
3. H*, H,0 Intermediate
(after step 1)
1. BulLi
Y 2 ReBr 1% @S step2,552 [ ] Step3, O
' -, S_..S — >
17 S><S H><Li =< Hydrolysis H™ R 188
H* H 3. Hg® H' H0 H R Aldehyde
deprotonated,
carbanion
1. BuLi
) 2 Rl.JBIr (1% Q sep2,5:2 [ ) Steps, O
' N S —— »
18 S><S R><Li < Hydrolysis R™ R 188
R 'H 3. Hg?*, H*, H,0 R R Ketone
deprotonated,

carbanion
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Reactionsof Ketones and Aldehydes
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0 C)
J]\ 1. RMgBr > Protonate OH 1812,
R R T P N 109
R R .
aldehyde 2 H’ R R
or ketone anion intermediate
Anionic

Mech: Addition-Protonaion. Strongnudeophie, Strongly anionic. Irreversible.

0]
g NaBH, & Protonate OH 1812,
RI R or R'A\R Rl/i\R 1011
aldehyde .\, H H
or ketone 4 anion intermediate
Anionic

Mech: Addition-Protonaion. Strongnudeophile, Strongly anionic. Irreversible.

S

(@]
J KN, HeN o Protonate OH 1815
- R CN
aldehyde R
or ketone anion intermediate
Anionic

Mech: Addition-Protongion. Medium nudeophie, Weakly anionic; literally
buffered. Reversible.

(0]
iR H,0, OH" OH "Hydrates" are present only 1814
R’ R 4\ as transient equilibrium species. .
aldehvde R' OH They never form to 100% and are
or ket)(;ne tetrahedral never isolable. Always in equilbrium
"?lydrate" their aldehyde or ketone.
Anionic

Mech Forward: Addition-Protonaion. Nudeophile, anionic mechanism. Reversible.
Mech Reverse: Deprotonaion-Eliminaion. Anionic mechanism. Reversible.

o ; ;
JIS H,0, H* OH Hydrates" are present only 1814
' = as transient equilibrium species. .
R R .
aldehvde R R OH They never form to 100% and are
or ket)c/me tetrahedral never isolable. Always in equilbrium
"ﬁygrate" with their aldehyde or ketone.
Cationic

Mech Forward: Protondion-Addition-deprotondion. Weakly nudeophile, cationic
mechanism. Reversible.
Mech Reverse: Protonaion-Eliminaion-deprotonaion. Cationic El-type
mechanism. Reversible.
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o OH OR

JJ\ ROH, H* 4\ ROH, H* /|\ 1818,
R” R <—F R7IOR — R7IOR 18.19
aldehyde 2% tetrahedral H20, H acetal
or ketone "hemiacetal”
Cationic

Mech Forward: Protondion-Addition-deprotonation (hemiaceta) Protonaion-
diminaion-addition-deprotonaion (acetal). Weak nudeophie, cationic
mechanism. Reversible.

Mech Reverse: Protonaion-Eliminaion-Addtion-deprotonaion. (hemiacetal)
protonaion-eliminaion-deprotondion (aldehydeor ketong. Reversible.

Notes:

Reactionsare reversible

The hemiacetal Ois an intermediate, and can never beisolated

Theacetal can beisolated.

Equilibrium consderations(L eChatelier@ principle) apply. When water is
plentiful, thingsgo to theleft. When water is scarce or removed, and acohol
isabundant, thingsdrive to theright.

K K K K

¥ UseH,O/H" to hydrolyze an acetal back to an aldehydeor ketone

¥ Use MeOH/H* to convat an aldehydeto an acetal

¥ Use HOCH,CH,OH/H* to convet aketoneto an acetal

¥ Aldehydes or ketones can betemporarily QprotectedQes their acetals, then

later QleprotectedOby hydrolysis
OH
)OL ZNH,, H* 1 H*, -H,0 )NLZ 18.16,
R R - R NHZ R” R 1817

aldehyde M0, 7, 2R tetrihedral H20, H* imine
or ketone naminol”
Cationic

Mech Forward: Protonaion-Addition-deprotonaion (aminol) Protonaion-
eliminaion deprotondion (imine). Mild nudeophile, cationic mechanism, buffered
conditions Reversible. Note: sometimes addition precedes protondion, or is
concerted with protondion.

Mech Reverse: Protonaion-Addition-deprotonation (aminol) Protondion
eliminaion deprotonaion (aldehydeor ketong. Reversible.

Notes:
¥ @Ocan beacarbon nitrogen, oxygen, or hydrogen atonvgroup
¥ The@minolOcan®be isolated, it@ only present at equilibrium.
¥ Equilibriumfactors apply. Water drivesto thecarbonyl side removd of
water drivesto theimineside
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O H,CrO,4 or Ag™ etc. o

J J 1820

R” H R~ “OH

No Mech Responsbility
Orollens testOis a common chemical test for adehydes. Ag* undegoes redox
reaction with aldeydes to produce shiny Ag metal, or a Gilver mirrorQ

L Zn(Hg). HCI Acidic!
R~ "R R™ R Works best for aromatic ketones. 1821

¥ Acidic conditions Doesn®work well for molecules with acid-senstive
fundiondity.

¥ Works best for aromatic carbonyls. Saturated carbonyls are dower and less
efficient.

¥ Acidic naure is complementary to thebasic andog bdow.

)OJ\ 1. H,N-NH,

N Basic!

R R 1821
R’ R 2. KOH, heat

No Mech Responsbility
Notes: .
¥ Basc condtions Doesn®work well for molecules with base-sengtive

fundiondity.
Basic naure is complementary to theacidic andog above

OH

OH .
H*, H,O
OH 1815
o)
(for prep, _
see Rxn 21) hydroxy-acid

No Mech Responsbility
Notes:
¥ Uniqueaccess to 2-hydroxyecids.
Used in combinaion with reaction 21, theformation of the hydroxy-nitrile.
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Ch. 18 M echanisms

Some New M echanisms Assodated with the Syntheses of Aldehydes and K etones
OH H*, H,0 0

_H 0
OH + (@) +
0 LD ) T e e
" [" MECH Ket Ph CH
eno etone enof" 2 Ph CHs Ketone
Protonate Deprotonate
Enol to Carbonyl, Acid Catalyzed on Carbon Oxygen
< O /\
OH, H,0O H,O
A OH , 0 «_Oh OH ©  H 0
11 Ph e = ph NF X~ Ph/\/o N
€no "enol’ g AV Protonate
protonate I on
Oxygen Carbon
Enol to Carbonyl, Base Catalyzed %O
Ph”
HO><OH H*, H,O 0] ’
12 ph” >R )J\ HO_ OH + foX
Ph” "R Py H™ Ho_\ OH, ) O
tetrahedral |MECH] ketone P R — X /é} —
" " Ph R -H,O Ph R Ph R
hydrate
protonate eliminate deprotonate
Acid-catalyzed eiminaion of a
hydrate to a carbonyl
Ph. 1 RMOBT ph _R| w#|Ph  R| H"H0 [Ph__R |H"HO | Ph_ R

— T

15 hig
Nitrile 2. H*, H,O N NH - HO NH, I8
2 S) wimine” MECH } " orahedral (MECH ketone
"aminol"
H
h o Ph.__R R ‘NHs ph  R-H*Ph_ R

_H:Ph>< e Pno AP

HO' NH, | i HO( s @ 3

"aminol"

NH  H*

J

protonate add deprotonate protonate eliminate  deprotonate

Ph. R Ph R H,O Ph
— 2
s i
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Ph._R H" H0
\,Q/H 2 :T;XI\F:H Ph._R Ph o R H,0O P;'@R
2

15 “imine" tetrahedral \ﬂ/ - T - \i/
phase "aminol" NH HY é\'HZ NH,
1 Add-cadyzed addition of water (]

to animine

protonate add deprotonate

] -NH

Ph. R H"H,O | Ph_ _R Ph R __»Ph><R s Ph\rR__H*;ph\n/R
1 \[( Ht H |
5 HO' NH, 5 HO NH, HO (5 3 @ 0
phase tetrahedral (MECH ketone N ) 3
2 “aminol" aminol

Acid-catalyzed eiminaion of -

protonate eliminate deprotonate

amine from an aminol to give a
carbonyl

Review: Several Pertinent Mechanistic Princples
1. Recognize anionic mechanisms (when a stronganionisinvolved)
¥ Inan anionic mechanism, a stronganionwill drive thefirst step
¥ |n an anionic mechanism, intermediates should avoid postive charges
¥ Recognize anionic species even when they are disguised by a cationic metal
countrion.

2. Recognize cationic mechanisms
¥ Recipesthat involve acid will becationic
¥ |n acationic mechanism, thefirst step will routindy involve protonaion
¥ Inacationic mechanism, thelast step will frequently involve deprotondionto return
to neutral
¥ Normally the main step or stepsare sandwiched in between the protonaion and
deprotondion events

Focuson bondsmade and broken

Draw in hydrogenson carbonswhos bonding changes

Keep track of lonepars onreacting centers (in your head if noton paper)

Alwaysdraw in formal charges where appropriate

Arrows show electron flow, from giver to receiver

A goodmechanism illudrates not only where electronsgo as bondschange butaso the
timing of bondchanges. Avoid drawing bondchanges that occur at different times as if
they occur in the same step, i.e. asif they were concerted.

ONoOo kW
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Some M echanisms Assodated with the Reactions of Aldehydes and K etones

o 1. RMgBr OH o /\

19 I b Cor X1 % . ow
R" 'R"2. H;0* R" R R /i\ __H /{\
Grignad Addition of a Carbanion Add R R"R R R"R

Protonate
Q NaBHs, ROH  on o m

20 M Co S OH
R™OR A ol Ao | —H L
aldehyde O RY, R R™ 'R RTR RTR
or ketone 1. LiAlH, Add H H

2 H* Protonate
Hydride addition.
i KCN OH S

21 +HCN Cor\@ o OH

R R Ri\CN gt CN /}\ LN 4\
. . R™ R R7ICN R7ICN
HCN addition, anionic mech. Add R R
Protonate
22 )OL H0 0| O of_\ o @O/_\ on
2= @)
R' R R%\OH J\ _ > 4\ H-OH /i\
aldehyde R R™ R R I~OH R'"1~OH
Y/
or ketone tetrahedral Add R R
"hydrate" Protonate
Water addition, anionic mech.
22r T (0) H
j\"' H0, O | o o [ o o
R7TOH | R” "R /|\ — g\\% —
R R OH R H|l~——Rr~” R
tetrahedral’ aldehyde R R
"hydrate" or ketone Déprotonate eliminate
9 H,0O, H* oH /\ OH OH
23 L HQ N b C ® H*
R™R R T OH )L )J\ —
R Ho R OH
aldehyde tetrahedral R R
or ketone “hydrate" protonate ADD deprotonate
Water addition, cationic mech.
23r OH ] o OH OH {H
SO LT S ot I ) NI
R7L7OH | R R R RLCOH, ROR R” R
R i aldehyde R
tetrahedral or ketone protonate eliminate deprotonate

"hydrate"
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9

o]
24 J\ ROH, H* j\R
R” R R’ R OR
aldehyde
or ketone acetal
Acetal formation
OH
H+ C JL ROH HT /{\ Phase 1:
. OR —|R" L OR Hemiacetal Formation
R (an addition reaction)
protonate H hemiacetal
deprotonate
Phase 2: O/\I—@ (OH Y\ H® OR
Hemiacetal %\ —~ @ ROH GOR . 4\
to Acetal R T ORl=— R7ITOR™ p'T 4\ -— R7TOR
(a substitution R R RTR OR R"% OR R
reaction) hemiacetal eliminate add deprotonate
protonate
24r OR H.O. H* j)\
2UY,
aldehyde
acetal or ketone
Acetal hydrolysis.
H®
Oml_@ iOR /\ H® OH Phase 1:
/}\ — — OH, GOH | /N\ Acetal to
Rl 'OR =—— R7ITOR™ /[\ /i\ «—|R71OR Hemiacetal
R R RIROR-—R r OR H R /| (2 substitution
protonate eliminate add emiacetal]  yeaction)
deprotonate
Phase 2: /{\ / /4\@ H /Q Jis
Hemiacetal Collapse R TOR R, CO RT®R R” "R
(an elimination reaction) R =
hemiacetal . deprotonate
eliminate

protonate
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O NZ
ZNH,, H*
25 I A
aldehyde .
or ketone imine
Imine Formation
OH
H+ C)L ZNH2 HT 4\ Phase 1:
R (NHZ R'“1"NHZ | Aminol Formation
R (an addition reaction)
aminol
protonate ADD deprotonate
Phase 2: /\ H®
Aminol e NG (OH Nz M0
to Imine : — 4\ - —
(an elimination R R NHZ |«—r R NHzZ ROR ~ J\
reaction) aminol |m|ne
protonate eliminate deprotonate
NZ o
H,O, H*
25r g
- aldehyde
imine or ketone
Imine Hydrolysis
® &
OH OH
NZ C)NL H,0 4\2 H* 4\ Phase 1:
R'J\ ~— R R = R7INHZ —|FR R NHZ | Aminol Formation
protonate ADD R aminol (an addition reaction)
deprotonate
Phase 2:
Aminol /T\H \?_@ OH@ -ZNH, H
to Carbonyl ' — /{\ D —_—
(an elimination R R NHZ l— R RU}I )\ - R'J\
reaction) aminol H carbonyl

protonate

eliminate

deprotonate
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Classification of Mechanisms Associated With Ketone/Aldehyde Reactions.

¥ There may seem to be a dizzying numbe of mechanisms this chapter. But all of them
smplify into some combinaion of acid- or base-catalyzed addition readion,
elimination reaction and/or substitution readion.
To predict wha produd forms that can be isolated, you will need to know when an
addition is dl tha hgpens, and when an addition is followed by eliminaion or

¥

¥

subdgitution.

Many reactionsare reversible, and are controlled by equilibrium prindples, so you ought

to beableto goin either direction.

The sequenang of many of the mechanistic stepsis dependent on whether you are unde
acidic (cationic) conditionsor basic (anionic) condtions
ADDITION REACTIONS.

19

20

21

22

23

24

25

25r

O 1. MeMgBr OH

|
S 2. HyO0*

Grignad Addition of a Carbanion

Me

O 1. LAH, OH

|
S 2. Hy0*

Hydride addition.

O OH
) + HCN KEN )\CN

cyanohydrin
HCN addition, anionic mech.
e} OH
Mo )\OH
Hydrate
Water addition, anionic mech.

o OH
+
) + HZO H )\OH
Hydrate

Water addition, cationic mech.
0 OH

4 meon all )\OMe

Hemiacetal

Alcohol addition, cationic mech.
0 OH

e, )\NHMe

Aminol
Amineaddition, cationic mech.

JMe " NHMe
+H,0

. 2 OH
Imine Aminol

Water addition to imine cationic
mech

OF\H@ Al
H*+
e fH

)J\ Me /*\ H*
H H Me
Add - " Protonate

~ Protonate

-CN

~ Protonate

H-OH

~ Protonate
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Elimination Reactions.

22r 0
j\H H0, OH oM 1 W@ [ o o
R'1OH | R”™ 'R /|\ — g\\% —
'tetraiedral' aldehyde R R o R R : R™ R
"hydrate" or ketone Deprotonate eliminate
23r | T T 0
b LTS W P ol I P/
R OH | R R OH OH )L
L R aldehyde r(OH2 R" R
Eﬁt;gpaetceiﬁal or ketone protonate eliminate deprotonate
24r | T OH | e) OH
OH
H,0, H P
L i aldehyde R
tetrahedral rotonate R deprotonate
"hemiacetal" or ketone P eliminate P
25r 17 oH ] 0 H
OH e}
H,0, H* 0
R aldehyde R rNHZ - RTOR RWR
~ tetrahedral rotonate deprotonate
"aminol" or ketone P eliminate P
25b| T T NZ @
j\H HO, He o\ ®  (OM: )
L " R NHZ_ RimineR R R NHZ R R NHZ QR'%E\R R'J\R
E(;trrnaiggﬂral protonate eliminate deprotonate
Substitution Reactions.
24b j\H ROH, H* j\R
R' R OR R' R OR
"hemiacetal" "acetal"
H®
oﬁ\@ “OH S~ H@® OR
%\ LN /% —~ @ ROH “OR
R’ OR =—— ' — -
R OR R /é\OR — R /|\OR R OR
protonate eliminate add R deprotonate
24r OR OH
HOH, H*
R'/IL\OR R'i\OR
"acetal” "hemiacetal"
H®
oﬁ\@ OR N H\@
§
Aor T who T & OH — 4\
R OR ~— R7ToOR R/FIQ\OR._R/i\ OR
protonate eliminate add R deprotonate
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