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A. Nomenclature (Section 18-3) | . AV\SWQWJ ,_
l. Aldehydes: . - . _

a. [UPAC: Alkanal

O | O

1, A,
eAhandl Bmlcmal

3“"'1’\)‘0”‘0)(7*’5“ {]h ?MY"“ S_-- hexen Oll

e Note: carbonyl takes precedence over alcohols (hydroxy), aromatics, alkenes, halides.
* Aldehyde carbon is always #1 (don’t forget to count that carbon!)

b. Aldehydes are often written as RCHO

CH;CHO /& y | PhCHO ?h/QH

c. Common Names: (Memorize)

O O O

PIg Formaldehyde /U\ Acetaldehyde * " Benzaldehyde
2. Ketones:

a. [UPAC: x-alkanone _ ] _
eed number, remember to number!!

2 O o o OCH
D SRS S O Y

7& o
OH O '

}—[)evrtamom ' }*ﬂ-ﬁ?lﬂ‘fﬂﬂ&ﬂ(a - yC(Of{’VFfGMW ot - #]
. . . -y V‘c?xy—- )~ € OXy"‘

I~ hepten—3-one

b. Common Names: (Memorize)

-o. | O | R _._.o.._...._._......... _I

| | | | Acetone
/U\ | | J - "Acet” Acetophenone
| ' H.C — ¢8| Acetaldehyde
Acetone | - Acetic Acid

| Acetic Anhydride

Acetophenone R —
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3. Carbonyls as Substituents (needed when there are higher priority functional groups present
such as carbonylic acids...): alkangyl

O

- Common Names: _
O O
Y J formyl J acetyi

B. General Review of Basic Nomenclature Principles o .
1. Core name versus Substituents. Which part of the molecule can be included 1n the core

name, and which parts need to treated as substituents?

2. Ranking of Functional Group Priority.

e when 2 or more functional groups are present, the priority functional group 1s included 1n
the core name, and the core numbering is based on the priority group

e Many common names incorporate two functional groups (benzoic acid, phenol, etc..)

o O
_ /C"“O/ _ /5\ ' OH NH, Aryl  Alkene
Families Acids - Ketones
Esters Aldehydes
Core Name Alkanoic acids Alkanal - x-Alkanol x-alkanamine
x-Alkenone
Substituént - - Alkanoyl  Hydroxy Amino : Phenyl

3. Remember Descriptors
e Position of functional groups
e Position of substituents
e Stereochemical descriptors (cis/trans, E/Z, R/S)

4. Punctuation _
e Hyphenate numbers and stereochemical descriptors
e Parenthesize (R) and (S) _
e Do not put any spaces for molecular-style names
* Do put spaces for ionic style names '

Ionic style: -

NaCl: Sod;um | PhCO,H: b’jﬂ t0|1(‘d PhCOzCHg. MMY( +€
chleride “acil henzea
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C. Properties of Carbonyls (Sections 18.2, 4) ' '

O 5- . Strongly polar
Lo+ e Sp? flat, ~120° angles
7N e (Can H-bond water (impacting water solubility)

But cannot H-bond self (impacting boiling point)

For molecules of similar weight: |
1. Boiling Point: Alcohols (H -bonding) >>> ketones (polar) > ethers (less polar) > alkanes

(nonpolar) .
e Large difference between alcohols and ketones because of H-bonding

2. Water solubility: Alcohols > ketones > ethers >>> alkanes (nonpolar)
e The difference between alcohols and ketones 1s much smaller since both can H-bond

to water’s hydrogens
(Section 18-5) Spectroscopy

| (Sectmn 18-6) Many Ketones and Aldehydes have Famous, Nice Smells
* Vanilla, almond extract, cinnamon, spearmint, pistachio, butter camphor, etc.

D. Synthesis of Ketonés/Aldeh des: Review Routes, Handout Reactions 1-9 (Sections 18.7
and earlier book sections) -

From Alcohols
1 HO\/\O PCC 11.2
OH

11.2

2 f H2CfO4

From Alkenes via Alcohols or Oxidative Cleavage

; )\/ 1. BHgTHF )\/\OH pe(; /]\j 8.7 -

2. NaOH, H50,
M W cv_ I H}CVO - - 8.4
e ¢
4 /l\/ I H;(Mc),, ,750 )\g 1 .

1.0, 815
5 /j/\ 2. MesS /77/\ + /R
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From Carbonyvl via Alcohols

From Halides via Alcohols

E. New S ntheses of Ketones/Aldehvdes: Handout Reactions 10-18 (Sections 18.8-10 and
earlier book sections)

"From Alkynes (Section 9.9F)

H92+, HZO OH -l H+, H.O O | 99F
Ph—C=C-H —— /J\ SR
‘- "enol" ‘MECHI Ketone
Markovnikov
Addition |

Two Phases:
- 1. The first phase 1s analogous to oxymercuration of an alkene
a. Itinvolves Hg™" and water

b. H-OH adds across the m-bond

c. Markovnikov addition: OH adds to the more substituted end of alkyne
d. NaBHj; is actually not required
2. Phase 2: The “enol” produced in the first phase is unstable and rapidly converts to the
carbonyl . -
 Phase 2 Mechanism Respons1ble



[ —
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Mechanism: (Acid-Catalyzed enol = carbonyl)

OH H+, H2O | - 0O
ph/J\ - Ph/LK
"anol" Ketone
oM ot 8 i
h AL Dl . — 0
4 CH 3
7~ 13
o o 9.9F
) 1. (Sia),BH O OH, HyO 0
1 Ph=CEC-H ————— ) pp" ¥~ o) P
2. NaOH, H,0 "enol” Aldehyde
Anti-Markovnikov
. Addition

Two Phases: _

1. The first phase is analogous to hydroboration of an alkene
H-OH adds across the m-bond |
It involves a borane ' -
Anti-Markovnikov addition: OH adds to the less substituted end of alkyne
(Sia),BH ~ BH;-THF, but is much bulkier in order to ensure high anti-
Markovnikov orientation and to ensure that it stop after one addition and
leaves the second n-bond untouched. (BH; works but is less selective)

Sy

2. Phase 2: The “enol” produced in the first phase is unstable and rapidly converts to the
carbonyl '

 Phase 2: Mechanism Responsible.

0 o P

Mechanism: (Base-Catalyzed enol = carbonyl)

o X -OH o L Ph%o
"enol" | Aldehyde |
i . 9 f %H t W

17
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/\% . ngleo - /\/&

. H,SO,
ng+! HZO '/Q\/
'b- H2SO4 |

P 1. (Sia),BH . _
. A~ 2 T\IaOH,_Ijl;: ' /\/ng
\H/L = € H-(-?H/ H}_O ] -—;/j\ L (g{d)}éﬂ‘“—" Hj\/}\

d. O - H}qu - A AbdH, ’TbO)f

Remember:
1. Enols quickly convert to carbonyls

2. Remember these two reactions mainly as Markovnikov or anti-Markovnikov addition of H-
OH addition to alkyne

From Carboxvylic Acids

O : r ; ro ~a I. _ ,
o 2R | j\ _ L|O><OL|_| acid HO><OH-| 0§
Ph™  "OH ] Ph” oL || Ph” TR Ph” R - o NR 18
e | e ) tetrahedral MECH| ketone
_ carboxylate “tetrahedral bl ‘
anion dianion Y _ra e |
O 1. 2MelLi \/‘&
. \)J\OH 2. H*, H,0 _
_ . o 1. 2 PhLi ph i/
b HO)J\/ | 2 H+’ HQO
o I L o}

OH e e ﬁ/u\/\
C. \I/U\ M Hﬂ/ '.bO %
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Mechanism: Key new MeChanism Step is the acid-catalyzed hydrol sis of the tetrahedral

hydrate to the ketone
e Tetrahedral anion is stable until acid/water is added

e Tetrahedral hydrate rapidly “dehydrates” to ketone

_ o & - O O Ho. OH
O 1. 2M | "o, 07 |2 H* HO
ons U'ﬁe ! } hydrate

0O ' , - h . : ]
Ph)LF{ . — M\/;Q ;‘-}t—g- PMHC@H&*____:

From Acid Chlorides (Section 18.11)

O R,Culli G '
2 _ _
F’h/U\CI - F’h)J\R R o
. acid chloride ketone ' o I
O O ' | '
H . |
14 R Cl R Aromatic ketone 1811
(from the aryl group's perspective) '
AlCl4 ~
o O

/U\ Ar'H, A|C|3 |
R ¢ —— — o~ R~ Aromatic ketone
acid chloride (from the acyl group's perspective)

e No mechanism responsibility for reaction 13
» Reaction 14, mechanisms from chapter 17, test 1
e R,Culi is a special, mild carbanion equivalent. Some special properties enable 1t to stop at

ketone. (RMgBr would not stop at ketone, but would add again to give 3° alcohol)

O Me,Culi \/&
A, ——  ~
O Ph,CulLli | )i/ -
)J\/ - e P h . | ' '

0 La“(u’é\/\;' O
YLLCI e \H\/\
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From Nitriles (Section 18-10)

15 Ph CN1 RMgBr [ pp Fi-I H+_PhTR1 H*, H,O | Ph R | H", HO Ph\ﬂ/ﬂ 18.10
- | =] | | |
| NH N L HO NhR; O |
"aminol" I
| 1. KCN Steps2 + 3 R ~
¢ Ph7UBr — ~ PN —————— PhT Y 18.10
Primary Bromide 2. RMgBr ‘Nitrile O
3. H*, H,O Intermediate
| | (after step 1)
1. MeMgbBr AV
~_-CN ~. '
. o H*, H,0
NC~ ———™ P ‘/\ N~
b o, H*, H,0 _
. - O
Br _i{C(V _ \]/C_/l/ (y f{')‘/""(?\/\ |
\‘/ - ' I HY, thOC N
C. - _ _
Mechamsm Amd-Catalyzed Hydroly51s of C=NH L -
Ph CN1 RMgDBr I_PhTH_ H+-Ph\ﬂ/F{— H*, H20 - Ph R H*. H20 \ Ph\n/R
— - —| | = j - I
S L+ ' NH | HO NH; | O
Nitrile 2. H*, H,O | N@J L, N (MECH] F anedral (MECH) | etone
_ ‘aminol”
. ' H% --NH3
| Ph R H+ Ph R
Ph R Ph @ Ph\k Ph>‘<H ™ \ﬂ/
- .--:I-r - | HO NH2 HO H3 O
ONH - 85
U+ @ 2 NH2 .
protonate add deprotonate protonate eliminate  deprotonate
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From Dithianes (Section 18-8) '

m ;gué_lr (1°) r(\l Step 2, SN2 m Steps O

17 S><S _ - H>é ‘Sﬂj—i—»}/ Hydroly3|s 07 R 18.8
"W H 3. Hg®, HY, Hy0 = Aldehyde
deprotonated
carbanion

A B[] seease Y seps, o

IS S| S__S - _
R H 3. Hg<", H', H L i | | i
| | ° deprotonated, Ketone
carbanion

1. Buli _ - '
(\ 2. PhCH,Br O (ﬁ ﬁ/ |
S><S o —— — ,0[1

N H TH 3 H92+, H+, H2O | @ \E‘S
' . ' . z

' 1. Buli |
Q 2. PhCH,Br ()
_ . _ i )
4. CHaCH,Br
b, 5. Hg?*, H*, H,0

Mechanism
a. Butyl lithium 1s a strong base capable of deprotating the dithiane and converting it to

“nucleophilic carbanion -
b. The electronegative sulfurs acidity the C- H bonds and make them acidic enough so that butyl

lithium can deprotoonate them
c. Following carbanion formation, an Sy2 reaction can follow. But, since itis Sy2 and the

carbanion is fairly bulky, it requires 1° electrophile

' 1. Bulli _ '
Sq 2. PhCH,Br E\\
ST -

H H 3. H92+, HT, H20
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Note: . Many groups can “hydrolyze” to c:irbonyls
e A carbon with two heteroatoms attached, single-bonded or double-bonded
e A carbon with one heteroatom and one rt-bond '

 Often base or acid or some special acid assistant helps

HO OH NH m OH L OH
RXF{ HJ\R SueS R l
R™ H
| T | .
O O 0O R N
_ ' O
R/U\R F{/U\R i /lJ\H RJ\

F. General Reactivity of Ketones and Aldeh des: Addition Reactions (Section 18.12
Kev: Are reaction conditions anionic/basic or cationic/acidic (or serhaps buffered in

between?)

1. Anionic Conditions (when a strong anion is involved)
a. General principles review for strongly anionic/basic conditions apply
1. In an anionic mechanism, a strong anion will drive the first step
2. In an anionic mechanism, intermediates should avoid positive charges

3. Recognize anionic species even when they are disguised by a cationic metal
counterion. '

“b. Anionic additions to ketones

1. Strong nucleophile required (R S , H S , HO S .
e Intermediates have negative charge |
2. Addition first, protonation second
3. Addition is normally irreversible
e Addition is often strongly exothermic
* The proton source is often added in a separate laboratory step, because often the
anion and the proton are incompatible

C;?LF\MGG I 630/?\'_I+ OH
H /||_I\Me - /I_II\Me

|
~ Protonate

Add I—
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2. Cationic Conditions (ac1d is involved)
a. General principles review for strongly anionic/basic conditions app_lx

» Recipes that involve acid will be cationic
e In a cationic mechanism, the first step will routinely involve protonation |

e In a cationic mechanism, the last step will frequently involve deprotonatmn to return

to neutral
¢ Normally the main step or steps are sandwiched in between the protonation and

deprotonation events

OH
j{}ﬂ; CJ?/Q)H ‘ o adon

R R
| protonate | - ‘ deprotonate |
OH
" R@®R

Cationic addltlons to ketones

1. Weak, neutral nucleophile involved (ROH HOH.. )
2. Intermediates have positive charge .
3. Protonation first, addition second
e Weak nucleophile is not strong enough to add to neutral carbonyl
e Protonation activates the carbonyl as an electrophile
4. A deprotonation step is routinely required following addition, to get back to
neutral
5. Addition is normally reversible
* Nucleophile can come back off
* Nucleophile is normally a reasonable leavmg group

3. Buffer Conditions (both weak acid and weak base/nucleophile are present at same time)

RNH,/H', KCN/HCN..
Reversibility again apphes

Whether addition comes before protonation, or protonation precedes addition depends on
the exact case - -

4. Anion Conditions: Nucleophilic addition versus deprotonation

Sometimes an anion will function as a base and remove a proton rather than functioning

‘as a nucleophile and adding to the carbonyl

Comparable to Sn2 versus E2 reactions
Anion size will again factor, with bulky bases more likely to deprotonate and smaller
ones to add

Chapter 22 will deal with the deprotonation pathway, followed by nucleophlhc attack on
electrophiles -

© o 0O

0O ‘\Z@ O _ 7 O Oe
n —— Jon Clon™—— Mo —_X

lZd_aitior_wl : _ _ Deprotonation
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Addition of R© (RMgBr) and HO (NaBH,, LiAIH,) (Review, Section 18-12, Chapter 10

O 1. RMgBr OH _ e /—__\
3 O [ o OH
19 l/l-L n—_ e H'/i\F{ | - r\ﬁ | H+
H R 2. H30+ - RIJJ\R" . H'/*\H | R|/|\R
Add

Rn | ———————
Grignard Addition of a Carbanion R" | o onate R"
O NaBH,ROH  OH o/ NOr O, on
20 ,)L '_ /u\ H _ " _
R R RI R F{l R '/l\ A l/i\l:{
aldehyde  © H R\ R R"LR
I orketone 1. LIAIR, Add ' Protonate
= 2. H
Hydride addition.

Note: For RMgBr and_LiAlH4, the basicity of the reagent is too strong to permit a proton source
to be present at the same time. Thus the proton source must be added in a subsequent laboratory

step. The NaBHy, is weaker, both as a nucleophile but also as a base.

Draw products from the following reactions.

ot

1. PhMgBr _
, ? e _ . 30
A/\ 23 ' H,O* | | M .

7 “MgBr on 27

SO e UL
; | - | _
O 2. HO* CH

1°, 2° or 3°7
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Addition of HCN to make “Cyanohydrins” Section 18-15' . Anionic Mechanism

7 KCN on '

HCN addition, anionic mech.

Draw the product and mechanism for the following:

H

A KCN. HCN .
O - C A/

a T,
f/“\fﬂ‘H | H
(@ - . H-Q‘/V O“ ),

}% A~ — /\/i\H*‘

Add ¢ Mrotonak A
Mechanistic notes

1. Addition first, protonation second

2. ©CNis a good nucleophile, HCN a decent acid _ |
3. KCN/HCN represents a buffer situation: weak base/weak acid, not obvious which
dominates. But in this case the anion does and it proceeds via anionic mechanism.

4. © CN is actually used as a catalyst: after the HCN donates proton, the © CN is regenerated
5. In reality, KCN/HCI or KCN/H,SO4 is often used | -
e FEasier to put together and handle '
6. Reaction is reversible _
 Strongly favors product cyanohydrin, unless a strongly hindered ketone is used

Draw products

_ R oV . OH
KCN, HCN /\’/ O KCN, HCN )\
/\n/ MR J\ ph | | C/L}
a. O ok b. Ph” H - . '
Key Support Reaction
OH A0 OoH  No Mech Responsibility
29 4\ e R'/HfOH » Unique access to 2-hydroxyacids..
R CN R G » Indirect provides the equivalent
fOI’ rep, | _ | ‘¢ v} @ ‘
(see i 0 hydroxy-acid (“Synthon”) for a ~ CO,H anion
Draw Products o
O |
,)L‘? KCN, HCN {nl”L“j oH
Ph™ "Ho yo nt ' g’
] - Hi2M




add |5
Y
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Reversible Addition of H,O (H-OH) to Make Hydrates: Addition and elimination under '

‘Acidic or Basic Conditions (Section 18. 14).
e Know mechanism under either base or acid
e Know mechanism for the reverse direction (hydrate to carbonyl) as well

9 j\ H,0, H®or eo|—| OH "Hydrates" are present only
g R = | L~ as transient equilibrium species.
2ldehvde R’ o OH | They never form to 100% and are
” ty . Lt trahedral never isolable. Always in equilbrium
Or ketone tetranedral  ith their aldehyde or ketone.
| hydrate |
Anionic

Mech Forward: Addition-Protonation. NucleOphlle anionic mechanism. Reversible.
Mech Reverse: Deprotonation-Elimination. Anionic mechanism. Reversible.

Cationic .
Mech Forward: Protonauon—Addltlon deprotonation. Weakly nucleophile, cationic

mechanism. Reversible.
Mech Reverse: Protonation-Elimination-deprotonation. Cationic E1-type
_ mechanism. Reversible. '

Notes:

1. True equilibrium.
2. Super unfavorable for ketones, moderately unfavorable for aldehydes

e Ketone is stabilized more by the two alkyl donors
o Ketone hydrate is destabilized more by sterlcs

O OH O 0O ' OH

A0 == o /“\ FheO === /‘\OH i_pr)LH+ 0 |Pr/||_I\OH

K = 0.002 - K=0.7 K=0.1

3. [Hydrates can never be isolated, because as soon as you trx to take them out of water, the

drives back to the carbonyl side (LeChatelier’s Pnncmle)_
4. While the hydrate is not present in high concentratlon it is often a crucial intermediate 1n a

variety of biological processes
e We’ve also seen its importance in the oxidation of 1° alcohols to carboxylic acids using

H,CrO4 1n water.

Draw the ANIONIC addition mechanism Draw the CATIONIC addition mechanism
© - _ _
- H,0,” OH  OH OR
o Aor or
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Hvdrate Hydrolysis Eliminétion of Water from Hydrate to Generate Carbonyl

Draw the ANIONIC elimination mechanism  Draw the CATIONIC elimination mechanism
e Deprotonation precedes elimination e Elimination precedes deprotonation

E2-like ' e FEl-like

O
I @
T
\®
O
l
O
T
O

0 HO 0O

/114\0<” ] __q/U\H - - /I\OH——'--——-:)J\H
v el . L‘} T—H@

. ML/%

' Revers1ble Reaction of ROH to Make Acetals via Hemiacetals. (Section 18.18, 19).

. o ~ OH | O
74 )L - __ROH, H* /I\ ROH, H* /I\R
R R*H-—-HJr-—-—i 'H'HOH'-:——-" — - R7ITOR
+
aldl?hyde 20, tetrahedral H20, 1 acetal
or ketone "hemiacetal"
Cationic

Mech Forward: Protonatlon—Addltlon—deprotona‘uon (hemiacetal) Protonation-
elimination-addition-deprotonation (acetal). Weak nucleophile, cationic
mechanism. Reversible.

Mech Reverse: Protonation-Elimination-Addition-deprotonation. (hemiacetal)
~ protonation-elimination-deprotonation (aldehyde or ketone). Reversible.

Notes:
e Reactions are reversible _
e The “hemiacetal” is an intermediate, and can never be isolated
e The acetal can be isolated. (It is stable in absence of water)
* Equilibrium considerations (LeChatelier’s pr1n01ple) apply. When water is
plentlful things go to the left. When water is scarce or removed, and alcohol
is abundant, things drive to the right.

e Use H,O/H" to hydrolyze an acetal back to an aldehyde or ketone

e Use MeOH/H™ to convert an aldehyde to an acetal
* Use HOCHQCHQOH_/H_&’[O convert a ketone to an acetal

e Aldehydes or ketones can be temporarily “protected” as their acetals, then
- . later “deprotected” by hydrolysis
Notes:
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1 While the acetal can be isolated, the hemiacetal cannot
2. Four reactions, each with their own mechanism:
~a. Carbonyl to hemiacetal = acid-catalyzed addition reaction.
b, Hemiacetal to acetal = acid-catalyzed substitution reaction (Sn1-type)
c. Acetal back to hemiacetal = acid-catalyzed substitution reaction (Sx1-type)
d. Hemiacetal back to carbonyl = acid-catalyzed elimination (E1-type)

Draw the mechanism

Draw the mechanism

We have now seen three major acid-catalyzed reaction types in this cha ster

1. Additions (protonate-add-deprotonate)

2. Eliminations (protonate-eliminate-deprotonate)

3. Substitutions (protonate-eliminate-add-deprotonate)

Notice that a protonation/deprotonation sandwiches the key step(s) in each of them

- ——— L —————————————m . e ————d] e ——— il

Draw the products for the following reactions
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/N _ o S “Cyclic

2 o _OH_*._ Q ' Acetal”
_ —C - ' _
0 i _ y .

Kev Synthetic Notes: - _
1. Ethylene glycol works well for making acetals from aldehydes or ketones. Use ethylene

glycol for KETONES.

a. Once the first oxygen adds, the second oxygen is always close by and ready to add

b. The cyclic acetal is more stable; even if one oxygen comes off, it can come right back on.
c. The cyclic acetal formation is actually more favorable energetically (enthalpy)

d. The cyclic acetal also has entropy advantages (entropy)

2. Methanol is simpler for making acetals from aldehydes, but often has problems for ketones.
Use methanol for KETONES '

3. Selective protection:
a. Methanol can be used to protect an aldehyde, while a ketone or ester will go untouched.

b. Ethylene glycol can be used to protect a ketone, while an ester will be untouched.

MO oM
Q _ _

> MH Me'"OHjlfi" /\/\>< H

6 Meo\(\F'h H20, 7 I U
- OMe -

Equilibrium and Acetals . _

1. Normally favors the carbonyl, especially for ketones
2. Push to the acetal side by using excess alcohol

3. Push to carbonyl side by using excess water
4,
S.

Equilibrium improves greatly for cvclic acetals.
Hemiacetals have a favorable equilibrium if and only if a 5- or 6-ring hemiacetal can
form. (This is central to carboyhydrate/sugar chemistry.)




Hemiacetals, mixed acetals, and Sugar/ Carbohydrate Chemistry (interest, not test)

Chem 360 Jasperse Ch. 18 Reactions. Aldehydes and Ketones
OME

- H.0, H
mﬂ

10 Ho\/H/J\‘/'LH _

OH OH O HOR

> Ham glucose
- OH OH

glucose

" mixed acetal

RO 2

P

30

“Mixed

Acetal”

“Cyclic
Acetal”

Hydrolysis
Of cyclic
acetal

carboyhydrate
HOH
H |
A
H OH
1 OH OH (l)
Ho\/K‘/K[/I\H -
OH OH
carboyhydrate
Notes:
1. Acetal or hemiacetal carbons have two single-bond oxygens |
2. When thinking about an acetal bemg hydrolyzed, the carbon with two single-bond oxygens
hydrolyzes to a carbony]
3. Acetal or hemiacetal carbons are highly reactwe as Sx1 substrates thanks to cation
stabilization by oxygen donor
| I— | g )
RO, OR .'TE. )Oi (i?]i -
A I .
SN R LB ' I
resonance -H
4. Carbohydrates exist as hemiacetals or acetals
5.

Carbohydrates can polymerize or make complex derivatives via substitution at their acetal

carbons



Chem 360 Jasperse Ch. 18 Reactions. Aldehydes and Ketones 31

Acetals as Protecting Groups in Synthesis (Section 18-19
1. Reactivity: Aldehydes > Ketones >> Esters

a. Aldehydes versus Ketones Why:
e Sterics, ketones are more cluttered and additions make things worse

+ Electronics, ketones are more stable with two electron-donating groups
b. Ketones versus Esters Why: -
e Electronics, the conjugation stabilizes esters

2. Selective protection: . | _ _
2. Methanol can be used to protect an aldehyde, while a ketone or ester will go untouched.

b. Ethylene glycol can be used to protect a ketone, while an ester will be untouched.

_ O O [ MeOH, H ( f VJ(Q{') _
13 M S ., I
' _ "2 C"h MMY fleact /‘\/\)\H

3 Kot ferotect

1. ethylene glycol, H*
y gly /'j

15 . 2. Mg O o ' _
o * s benzaldehyds Lﬂr/\>£ —7 M@/\Q

3, benzaldehyde
4. H,0O, H*

OH
' 0 . r o 1
s ZNH H" | 1 H* -H,0 j]'\z 18.16.
' A . R L NHZ | «——— R R - 18.17
~ aldehyde HxO, H", -ZNH, | | HO, H* -

or ketone tetrahedral imine

| "aminol”

Cationic

Meoch Forward: Protonation-Addition-deprotonation (aminol) Protonation-
elimination- deprotonation (imine). Mild nucleophile, cationic mechanism, buffered

conditions. Reversible. Note: sometimes addition precedes protonation, or 1S
concerted with protonation. -

Mech Reverse: Protonation-Addition-deprotonation (aminol) Protonation-
elimination- deprotonation (aldehyde or ketone). Reversible.

Notes:
e “7» can be a carbon, nitrogen, oxygen, or hydrogen atom/group.
e The “aminol” can’t be isolated, it’s only. present at equilibrium.
 Equilibrium factors apply. Water drives to the carbonyl side; removal of
water drives to the imine side.
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- © Me .
1 ' - A - “Imine”
, ! '
. 0 @ . _ .
2 )L + HoNNH, ——— ()M * Hydrazone
RAUE _ | ' ~ (Z = Nitrogen)
9, - @ ' -
3 M+ H.NOH 1 — Ph /d _ ' Oxime
Phe H | - | (Z = Oxygen)
O @ . . 2.4-DNP
4 /U\ . H | ydrazone _
ph™ H NO NO,  2,4-DNP derivative
2
~-NH
HoN-NH N )NL
2 4-dinitrophenylhydrazine Ph™ H
(2,4-DNPH)
Notes:

1. C=N species can sometimes be hydrolyzed back to carbonyls by H,O/H"
0. “Imines” are frequent biology intermediates '
3. 2.4-DNP derivatives are easily made and usually crystalline
2 reaction of an unknown with DNPH to make a solid DNP-derivative is proof of aldehyde
or ketone _ ' - ' | '
b. The melting point of DNP-derivatives permits identification
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Draw the mechanism for the following:

j\ H,NMe, HY 4\'4 _ ‘HOH® NMe

Ph™ H RN - Ph” | "NHMe — Ph” “H

' Phase 1 - ) Phase 2: _
-, ¢ Aminol Formation aminol Aminol to Imine
P fmi- i M’/ (an addition reaction) | (an elimination reaction)

e

]fl c

P ﬂ

| ‘_b/l//lm
N

Draw the mechanism for the following:

NMe H,,0, no, NHMe - MeNH,, H ® o
Ph)]\H ' F’h/i\OH S ph)J\H
Phase 1: | H | Phase 2:
Aminol Formation amino Aminol to Imine
(an addition reaction) ' (an elimination reaction) u@

. _ \e
siue L mem N gl o
N/\/IL ! 7 V/ﬂ/j;guﬂz 2 = Nl g,q

Ph-ToH
. W

__,Me/(/’_ll

Notes:
1. All steps are reversible, under equilibrium control
2. I’m writing these as cationic, acid-catalyzed steps
a. Conditions are actually buffered;
b. 1 RNH, + 0.5 H = 0.5 RNH, + 0.5 RNH;" -> a buffer system.
c. In some cases, nucleophilic addition addition by the neutral but reactive amines (to give
oxyanions) may actually precede protonation
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Oxidation of Aldehydes (Section 18.20)

O H,CrO4 or Ag* et O
oy g €lC.
26 N, ———————— Aan - 1820
No Mech Responsibility

“Tollens test” is a common chemical test for aldehydes. Ag™ undergoes redox
reaction with aldeydes to produce shiny Ag metal, or a “silver mirror”. .

Review: Chromic Acid Oxidation proceeds in water via hydrate

H,CrQOy, |
g e M oweon
Ph” “H H* HyO Ph” | "OH Ph” ~OH

New: Ag salts oxidize aldehydes in presence of alcohols, ketones

Tollens reagent: Ag(NH3)2+ Chemical test for aldehydes
* A silver mirror forms

. . iq . .
6“‘ H20r04 OAH Tollens Q/\OH
o HO > Ho '

celechve

Chemical Tests

Class ' | DNP__ 1l Tollens - HyCrOy4

O
Aldehydes . ' /\/lJ\H L(fj T Lff? ( L/‘ej
Ketones . ' - — '
RS ‘o |t | W
Hlechels Y A o | Y

. OH
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Deoxygenation of Ketones and Aldehvydes (Section 18-21)

O

_Zn(Hg), HCI Acidic! '
27 Rr/U\R - — R "R Works best for aromatic ketones. 18.21
Notes: -
e Acidic conditions. Doesn’t work well for molecules with acid-sensitive
functionality. '
e Works best for aromatic carbonyls. Saturated carbonyls are slower and less
efficient.
e Acidic nature 1S complementary to the basic analog below.
O 1. HoN-NH, -
g N RTR Basic! o 18.21
R R 2. KOH, heat _
No Mech Responsibility
Notes

" Basic conditions. Doesn’t work well for molecules W1th base-sensitive

functionality.
Basic nature 1S complementary to the acidic analog above.



