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Reactions of Amines
1. Reaction as a proton base (Section 21.4)

H H-X (proton acid) H
R—N: R—#@H )@
H

H
amine NaOH
base

ammonium salt
(acidic)

* Mechanism: Required (protonation)
* Reverse Mechanism: Required (deprotonation)
* Amines are completely converted to ammonium salts by acids
*  Ammonium salts are completely neutralized back to amines by bases
* Patterns in base strength: Reflect stabilization/destabilization factors for both
the amine and the ammonium
o N lone pair: sp3 >sp?>p
o For sp? nitrogens, 3°>2°> 1°

2. Reaction with Ketones or Aldehydes (Section 17.10)

H
)OJ\ ZNHa, H* /T\ H*, -Ho0 J\Z
_— ey
R' R <«— M7 M —— R' NHZ | —> R R
aldehyde H20, H' ZNH | AR HoO, HY
or ketone tetra_hedral imine
"aminol"

Notes:

* “Z” can be a carbon, nitrogen, oxygen, or hydrogen atom/group.

* 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.

* Mechanism: Learned for last test (not tested this time)

*  Must have at least 2 H’s on nitrogen = 2°, 3° amines can’t do this
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3. Alkylation of 1° Alkyl Halides (Section 21.7,12)

H
/ R™ "Br |
R—N; ————~ RN X
| R
H

ammonium salt

=  3a. Polvalkylation is routine.
o With excess alkyl halide and base, keep on alkylating until it becomes the
quaternary ammonium salt (no surviving H’s on nitrogen, examples
below) .
= Mechanism required for polylalkylations. The mechanism involves
repetitive sequential SN2 alkylation-deprotonations.

SCHS'BF @CH
“NH, PN O

NaHCOj HsC CHg

2 CH3CH2-Br /_
CNH CI\@ Br@
NaHCO, N

PhCH,-Br

Ph

O
Et3N Etsﬁ_CHzph Br
= 3b. Monosubstitution is possible when excess ammonia (or other cheap amines)
is used.
* Mechanism for monosubstitution required. This involves simple Sy2,

followed by deprotonation by the excess amine.

excess NHg
NN ——— 5 NN NN,

4. Acylation with Acid Chlorides to Form Amides: (Section 19.2-4, 14)

@]
o .
)L base required
R1\N’H R _ R1\NJ\R (either excess amine,
|:|1 o | or NaOH or NaHCOs,
2 Ro or NEtg or pyridine...)

* Mechanism: Required (addition-elimination-deprotonation)
* Amine must have at least one hydrogen to begin. But 1°, 2°, or NH; all react well.

* But 3° amines can’t work.

* Some base is required for the deprotonation step and to absorb the HCl. For cheap
amines, excess amine can simply be used. Alternatively, amines with no H’s
(triethylamine, pyridine) can be used. Or else NaOH or NaHCO5 can be used.



Chem 342 Jasperse Ch. 21 Notes. Amines 3

4b. Acylation with Carboxylic Acids to From Amides:

0
Ry _H N 0
Ny~ HO” R . Ry JJ\R
' g |
Ro heat R

* Mechanism: Not Required
* Fairly high temperatures often required in human laboratory, and yields aren’t as
good as with acid chlorides

* Biologically amine + acid — amide is routine, and is facilitated by complex
enzyme mechanisms

5. Substitution for Aromatic Amines via the Diazonium Salts (“The Sandmeyer
Reaction”) (Section 21.16-18)

ArCN
ArBr
NaNO,, HCI
ArNH2 ! . ArCl
diazonium
salt
H,0, H*, heat
ArOH
HsPO,

ArH

* Mechanism: Not Required

* Qualitatively, can think of this as a nucleophilic substitution: a nucleophile
replaces N,, a premier leaving group. The actual mechanism is probably radical,
however.

* Application in synthesis: The amine (an o/p director) is often derived from a nitro
(a meta director). Using the nitro group to direct meta, then reducing and
converting the nitrogen into CN, Br, Cl, OH, or H, provides products we haven’t
been able to make before.
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Synthesis of Amines
6. From Aldehydes or Ketones: Reductive Amination (Section 21.10)

)OL + R> NaBH;CN RQ\N,R3 RQ\C?\?, Rj
N. via

R™ Ry H" Rs  cat. H* R/’\R R)L

Ketone or H !

aldehyde

Ry

e Access: 1° 2° or 3° Amines
* Mechanism: Not required. (Basic workup)
* The carbonyl reactant can be an aldehyde or a ketone
* The amine reactant must have at least one hydrogen, as shown above; but R,
and/or R3 can be either a carbon or a hydrogen. Thus:
o NH; > 1°RNH,
o 1°RNH, > 2°R,NH
o 2°R,NH - 3°R;N
o 3°R3Ndon’treact

0 H. .H [ HOH ]
S E NaBH,CN N - ®
R Ry H™H cat. H* JL
Ketone or . R H Ry R Ry
aldehyde ammonia 1° amine
0 R,. _H R, D H |
R™ Ry HUH ot RA\R R)LR
Ketone or 1° amine H L T
O R, NaBH3;CN Ra.,-Rs Rz 2. Ry

N N via
R R1 H” \RS cat. H* R/’\R )L
Ketone or 2° amine H !

aldehyde 3° amine

7. Via Amides: (Section 21.9)
(0]

LiAIH
R)J\N,FH 4 R™ N

Rz R2

_R;

* No mechanism required for the reduction
e Access: 1° 2° or 3° Amines.
* R; and R, can be either H or C. Thus, you can produce either 1°, 2°, or 3°
amines in this way:
. RCONH, - 1° RCH,NH,
- RCONHR - 2° RCH,NHR
o RCONR; = 3°RCH,NR,
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8. From Amines via Amides: (21.9)

o] H.-R1 acylation LiAIH
Qe yreoveton - Ry BA P
R™ ~Cl Rz ) R,
2
0] H R Q
~N- 1 acylation LiAIH
)J\ + ITI y R)LN’Fh 4 R/\N,R1
R~ “OH R, heat i Ro
2

e Access: 1° 2° or 3° Amines
* Acylation mechanism required (see reaction 4) but reduction mechanism not
required.

9. Reduction of nitro compounds: (section 21.9)

NO NH
©/ 2 Fe, HCl ©/ 2

* Access: 1° Amines only (especially aromatic amines)

* No mechanism required.

* There are many other recipes for reduction of nitro compounds:
O Pd/Hz, Nl/Hz, Pt/Hz,

o Fe/HCI, Zn/HCI, Sn/HCl

10. From 1° Alkyl Halides: Alkylation of Ammonia (21.7) (See reaction 3).

e excess NH3
R Br

R™ O NH,

* Access: 1° Amines only

* Mechanism required. (see reaction 3b)
* No change in number of carbons.

* Excess NHj prevents polysubstitution.

11. From Nitriles: Reduction of Nitriles (Section 21.9)

LiAIH
R-CEN ————— R~ “NH,

e Access: 1° amines
* Mechanism not required.

12. From Alkyl Halides: Via the Nitrile (Section 21.9)

1. KCN
R Br c [R\/CN}

N

R
" NH,

2. LiAlH,
* Access: 1° Amines only
* Mechanism not required.
*  One-Carbon chain extension!
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Summary of Amine Syntheses
Route Reaction Source/ Reagent Available =~ Comments
Number  Precursor Amines
1 #6 Alc%{eliydes RoNH, H* X’ 2°, or 3°
or Ketones NaBH3CN, mines

2 #7, #8 Amides LiAlHg 1°, 2°, or 3°
Amines

3 #7,#8  Amines 1. RCOCI 1° ArNH»

(via Amide) (or RCO7H, heat)
2. LiAlHy
4 #7,#8  Acid Chlorides 1. RNHp
or Acids 2. LiAlHyg
(via Amide)

5 #9 ArNOp Fe/HCI 1° ArNH»

6 #10 1° RCHpBr NH3 (excess) 1° only, Original
with CHp carbon
next to chain 1is
nitrogen not

extended

7 #12 1° RCHpBr 1. KCNorNaCN 1° only, Original

(via nitrile) 2. LiAlHy4 with CHp carbon
next to chain  is
nitrogen extended

by one
carbon

8 #11 RCH»CN LiAlHy 1° only,
with CH»p
next to

nitrogen
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Mechanisms
1. Protonation

7 HLGI ® O

/\/\NHZ I /\/\NH3

1.-Reverse. Deprotonation

O HqOH

N NS
@j}@ NH,
H
6. Polyalkylation
Ex:
3 Br
P NH, o~ Et By
NaOH Ei Et
Mech:
L) ew”
Ph” NH, ———— Ph” °N{ OH
2 Ef H Deorotonat NHEt
roton
S\2 eprotonate
Sp2
/\ Br
m/\
/\@,Et Br
Ph /N\ - Ph NEt2 / E
Et Et Sn2 Deprotonate Et Et

3b. Monoalkylation

=N /\/\/\
/\/\/\Br Hs
Q SN2 Deprotonate

/\/\/\NH2
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7. Acylation

Ex:
0]
CI)J\
ZNH, ————> N
NaOH H

Mech: 3 steps: Addition-Elimination-Deprotonation

O) Eli O Deprotonate
im
PRSI §
Add H Agu H Y SN

N
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Chapter 21 Amines
A. Miscellaneous
21.1 Intro, Terms

Amines versus Amides

—N— amine — amide H-N-H  ammonia
| Sy e )

1°, 2°, 3° classification: based on how many of the three nitrogen attachments are carbons:

R-N-H R-N-H R—-N-R
Y R R
1° Amine 2° Amine 3° Amine

Note: 1°, 2° 3° has a different sense than with alcohols.

1. In an alcohol, it’s based on how many carbon groups are attached to the hydroxy-
bearing carbon.

= The alcohol oxygen always has one carbon group.
2. But in amines, it’s how many carbon groups are attached to the nitrogen itself.
= Because the nitrogen could have 0, 1, 2, or 3 carbon groups attached.

OH OH OH NH, ~NH NMe,
A T N PO

Amines versus Ammoniums: Neutral versus protonated/cationic

. | e
H_N_H ammonia H-N=H ammonium
H H

. : %
—N—  amine =——— —I\@ ammonium R—-N=R duaternary
| H | : ammonium
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21.1 Formal Amine Nomenclature: alkan-x-amine, N-alkylalkan-x-amine, etc.
1. For core name, choose longest C-chain to which nitrogen is attached, and call it alkan-x-
amine (including for alkan-1-amines)
*  Number from end nearer N
* Be sure to specify with a number which carbon has the nitrogen
* The nitrogen does **not** count as a number itself.
2. Substituents on the nitrogen (rather than on carbon) are designated as “N-"
* Unlike substituents on a carbon, which are always designated by the carbon’s number
* The “N-“ does not factor into alphabetizing. Ex: “N-ethyl” goes before “3-methyl”
3. NH; as a Substituent: “Amino”

Draw the structure or provide the name for the following.

1. N-methyl-3-phenyloctan-2-amine
2. (Z)-pent-3-en-1-amine
3. hexan-3-amine

Y NHCH;g
4, HCHg

NH, O

Common Naming (for simple amines): Alkylamine, dialkylamine, trialkylamine....

Three Common Amine Names to Memorize (Review from Aromatics Chapter)

Aniline Pyridine

NHz —\ . Pyrrole li;
©/ \ /N. ~ NH

Some Other Famous Common Amine Names (No memory requirement)

Name Structure Name Structure

Pyrrolidine CNH Indole @
N
H

Purine RNA, DNA, ATP, and ADP

N . Pyrimidine \/ N\ .

7N AN de from derivatives of
¢ | _y are made from derivatives o
e N
H oo

Purine and Pyrimidine
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“Amino Acids”

HoQ H R, Loss of Water HR, H
H,N%OH AH/OH \ek \eL \eL
OH Makes Amide
\_ RyH J Bonds, Polymers H O RsH
Y amlde polymer

-The major natural amino acids all have "S" configuration protein”

-20 major natural amino acids polypeptide

-Under neutral conditions, the amine actually

deprotonates the acid to give not an "amino acid"

but actually an "ammonium carboxylate" H 'T' 0 H 'ﬁ Q 'T' Q
-The side groups "R" can be acid, basic, hydrophilic, Htl\@\ekOH H\’ l\@\eko@ H/N\ej\o@
or hydrophobic. R: .
-The sequence or R groups on thepolymer R RiH !
essentially spells out the biological activity of the protein. acidic pH neutral pH basic pH
Test Keys:

1. Understand that amino acids are the building blocks for polymeric proteins, and that the
biological information is specified by the identity and sequence of the side groups

2. Understand what form an “amino acid” exists in, depending on whether the conditions are
acidic, neutral, or basic pH
* Is the nitrogen neutral (base form) or protonated and cationic (acid form)?
* Is the carboxylic acid anionic (base form) or protonated and neutral (acid form)?

pH: both are in protonated acid forms Overall Charge: POSITIVE|
* nitrogen is cationic and carboxylic acid is neutral

b. pH: one in acid form, the other in base form [Overall Charge: NEUTRAL]
* One acidic H between the two of them
* The amine is in its acid form (protonated, cationic); while the carboxylic acid is in
its base form (deprotonated, anionic)
* The amine is more basic than the carboxylate, the carboxylic acid more acidic than
the ammonium cation. Acid base drives the equilibrium to the ammonium
carboxylate form

pH: both are in deprotonated base form lOverall Charge: NEGATIVE
* Nitrogen is neutral, carboxylic acid is anionic
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21.2 Structure and Hybridization
1. N atoms are typically either sp’ hybridized (normal) or sp” hybridized
a. sp° is the default (when no double bonds/conjugation require a p orbital)
b. sp’ in either of two cases:
= N atom is itself double bonded
= N atom is conjugated to a double bond

2. N lone pair is either:

a. sp° is the default (when no double bonds/conjugation require a p orbital)

b. sp” when the N atom is itself double bonded
= the p orbital is used to make the double bond
= the lone pair is left in an sp” hybrid

c. p when the N atom is conjugated to a double bond but is not itself double bonded
= the lone pair sits in the p orbital so that it can overlap with the adjacent p

orbital/rt bond

Practice: For the nitrogens on page 10, identify the lone pair hybridization and bond angles.
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Physical Properties (21.3)
Key: hydrogen bond strength depends on acidity of the hydrogen and basicity of the N or O ‘

1. Water Solubility: All amines hydrogen-bond water = impacts solubility
a. Because R3N---HOH bond is stronger (due to amine lone-pair basicity) than ROH-
--HOH, amines tend to better H-bond water and [are more soluble than oxygen|

b. Based on basicity of substate (the acidity of water’s hydrogen is common)

2. Boiling Point: 1° and 2° amines hydrogen bond themselves, but 3° amines don’t
a. Boiling point for similar mw amines: 1°, 2° amines > 3° amines
‘ b. amines generally have lower boiling points than analogous oxygen compounds
* Boiling point for similar mw: RCO,H > RCH,OH > RCH,;NH,
c. for boiling point, the weaker acidity of the N-H hydrogens weakens the hydrogen-
bonding strength more than the greater basicity of the Nitrogen lone pair.

3. Amines stink! (ammoniums don’t)

1. Boiling Points. Rank the following in terms of boiling point, 1 being highest, 4 being
lowest.

- o o o

2. Water Solubility. Rank the following in terms of water solubility, 1 being most water
soluble, 5 being least water soluble.

SHNNCANO SRS SN OGN

Keys:
1. H-bonding: Is there any at all?

2. How relatively strong is the H-bonding?
3. What impacts H-bonding strength?
What impact will extra carbons have?
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o0

R—NH,

0]

2 L 0

HO”™ "R @
R—NHS(DOJL

N

R—NH,

R—NH,

HaC—Br ® O
R-NH,CH; Br

Oxidizing Agent D

R—NH,

Neutral amine bases are stronger than:

1. Neutral

oxygens (water, alcohol,

ketones...)
2. Carboxylate anions (resonance stabilized)

R

Base

Nucleophile

Reducing Agent

*The nitrogen lone pair
dominates amine reactivity

*Trends in base strength,
nucleophile strength, and
redox  strength  follow
similar patterns, based on
lone pair
stability/reactivity

Neutral amine bases are weaker than:

1. Anionic hydroxide or alkoxides

2. Anionic nitrogen or carbon bases
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Acidity/Basicity Table 21.1: Neutral Acids and Anionic Bases
Neutral Acid Acid Anion Base Base
Class Structure Ka Strength Base Strength | Stability
Strong Acids | H-Cl, HSO4 | 10° o Q0o
cl HO-$-0
o}
Carboxylic 0 10° JCJ)\
Acid . J\OH P AE!
Phenol O/OH 107 &)
1,3- O O 107 O O
Dicarbonyl M 2 )%/MOMe
OMe
Wat 107
ater HOH B HOe
Alcohol 107
coho ROH o RO@
Ketones and o) 10° o
Aldehydes )Qx/ H 20 )%
Amine (N-H) (iPr),N-H 3130‘ (iPr),N ®Li®
Alkane (C-H) RCH3 10° RCH,O
50

Quick Checklist of Acid/Base Factors

1. Charge

2. Electronegativity
3. Resonance/Conjugation

4. Hybridization

o

6. Amines/Ammoniums

Impact of Electron Donors/Withdrawers

=  When comparing/ranking any two acids or bases, go through the above checklist to
see which factors apply and might differentiate the two.
* When a neutral acids are involved, it’s often best to draw the conjugate anionic

bases, and to think from the anion stability side.
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Acidity/Basicity Table 21.2: With both Neutral and Cationic Acids and

both Neutral and Anionic Bases

Acid Base
Class Structure Ka Strength Base Strength
Strong Acids H-Cl, H,SO, | 10 o 20 Smell
cl HO-S-0

’ I Aqul'

Hydronium H;0",ROH" | 10° H,0, HOR Humans
cationic neutral
Carboxylic O 107 j\ Cuz
Acid J\O
R H R Oe
Phenol ©/OH 107° © People
. 12 .
Ammonium RAH 10 R Against
Ion (Charged) /‘@'\ N
R R R”--°R
Charged, but only Neutral, but basig!
weakly acidic!

Water HOH 107 @) Working

HO
Alcohol ROH 107" @) Are

RO
Ketones and O 10% 0 Kingdoms
Aldehydes )J\oc/ H )%

: . -33 i

Amine (N-H) (iPr),N-H 10 (iPr),N @L i® Animal
Alkane (C-H) RCH3 10 RCH,O All

Notes to remember

1. Average neutral amine a thousand billion times more basic than a neutral oxygen
(electronegativity factor)

2. An average neutral amine is thousands of times less basic than non-resonance
stabilized hydroxide or alkoxide anions (charge factor)

3. But average neutral amine millions of times more basic than highly resonance-
stabilized carboxylate anion (resonance factor trumps charge factor in this case)

4. Ammonium cations are million of times less acidic than neutral carboxylic acids,

but are more acidic than neutral water/alcohol!

e

Neutral amine can completely deprotonate carboxylic acids, but not water or alcohols.
6. Therefore hydroxide can deprotonate ammoniums, but carboxylates cannot.
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More Detailed Discussion of Acid/Base Patterns/Factors to remember
1. Charge

* All else equal, cations are more acidic than neutrals, and anions more basic
than neutrals. (See Table 21.2)

* Nonfactor on Table 21.1, since all of the “acids” have the same charge (neutral),
and all of the “bases” have the same charge (anions)

2. Electronegativity:
* Acidity: H-C <H-N <H-O <H-X (halogen)
* Basicity: cO©> NO> 00> xO0
* Anion Stability: C© < N© < 0© < x©

3. Resonance/Conjugation:

* Oxygen Series:
Acidity: sulfurice acid > carboxylic acid > phenol > alcohol

(@] (6]
. . e < @
. _o_ < <
Anion Basicity: HO g I'e} )k(ga o@ /\O@
Qo _ @
Anion Swbility: Ho-8-6 > I © ~ ICREPNC

¢ Carbon Series:
o Acidity: 1,3-dicarbonyl > ketone (monocarbonyl) > alkane
O O

O

Anion Basicity: MOMe < )K@ RPN
O O O

Anion Stability: )]\@/MOMe g )J\@ NS

* Nitrogen Series:
o Acidity: amide > amine

O
Anion Basicity: O < S
o o A NH ~">NH

@
Anion Stability: A,@_' z /\EDH

* Note: Resonance is often useful as a tiebreaker (oxyanion versus oxyanion, etc.)
* NOTE: Resonance can sometimes (not always) trump electronegativity or charge.

Electroneg. O o stability @ . stability o] stability EDN/\
-7 -
© — > O — Q >
basicity basicity basicity
~ stability o stability 9 o
N _q-
Charge NHy )Lg OH «  HO-$-0
basicity basicity @)
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4. Hybridization:

For lone-pair basicity, (all else being equal), sp® > sp” > sp > p

o
Neutral Pt T\ _C=N* ..
Nittogen NH, > ( N > HaC-C=N: > )LNHZ

Series sP Sp sP P
. S o S Q

Carbanion /\CH s X > H.C-C=C: > )k@

Series e 2 G vl CH,
Sp sp2 sp P ..

(0] S) i

xygen
Anion S0 > )k g
Series sp® P

This means that for acidity, alkynes > alkenes > alkanes

5. Electron donating/electron withdrawing substituents:

Electron withdrawing substituents will stabilize negatively charged anions, but
will destabilize positively charged cations.
o This means a withdrawer will increase the acidity of a neutral acid because
it will stabilize the resulting anion.
o This means a withdrawer will decrease the basicity of a neutral base
because it will destabilize the resulting cation
Electron donating substituents will stabilize positively charged cations, but will
destabilize negatively charged anions.
o This means a donor will increase the basicity of a neutral base because it
will stabilize the resulting cation. The resulting cation will be less acidic.

Basicity: H‘NH2< R. Cation H® _ R® Cation H.® R®

NH, Acidity:  NHs™ NHg  Stability: ~ NHs™ ""NHg
ammonia alkyl amine
o This means a donor will decrease the acidity of a neutral acid because it

will destabilize the resulting anion, and will increase the basicity of the
anion

Acidity: Hvg-H > R\g-H  Anion 4 ©_ R O Anion H_© R\O@

D n A
water  alcohol Basicity: O Stability:

6. Ammonium Cations as Acids and Neutral Amines as Bases

Neutral amines are more basic than any neutral oxygen (electronegativity factor)
Neutral amines are less basic than most anionic oxygens, including alkoxides,
hydroxides (charge factor)

However, neutral amines are more basic than highly resonance-stabilized
carboxylate anions (in this case, resonance factor trumps the charge factor).
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Table 21.3 Relative Basicity of Different Classes of Neutral Nitrogen Compounds.

Structure Impact Structure
of Lone On of
Amine | Base Pair Base Ammonium Acid
Entry | Base | Strenth | Hybrid Strength Acid K, Strenth
= P Aromatic, Decrease =\@ 10
QN ) Conjugated QNHz
0 P Conjugated, | Decrease 0 ® 10"
)L NH Electron- )LNHs
2 Withdrawing
Carbonyl
©/ NH, P Conjugated | Decrease B, 107
X ’ @ 107
i N Sp | N NY
Z =
NH; sp3 Reference ®NH, 1073
EtNH, sp> | Alkyl Increase @ 10°
Donor EtNH; 106
Et,NH sp> | Alkyl Increase ©) 10°
’ P Don};r ELNH, 108
Et;N sp> | Alkyl Increase @ 10°
Donor Et;NH 10

General Amine Basicity Patterns.

a.

b.

Relative basicity correlates Lone pair hybridization: sp’ (entries 5-8) > sp” (entry 4) > p
(entries 1-3) (hybridization factor)

Within the sp’ amines, increasing alkyl substitution increases basicity (entries 5-8): 3°>
2°> 1°> NH; (electron donating group factor)

Note: patterns (a) and (b) essentially cover everything.

C.

Amides are much less basic than amines, or even other nitrogens with p-lone pairs (less
than amines reflects hybridization and conjugation; amides are less basic than other p-
hybrid conjugated lone pairs because or the electron-withdrawing group factor).
Conjugated nitrogens are in general less basic than isolated nitrogens (both hybridization
and conjugation factors)

Note: The acidity of conjugate ammonium cations (conjugate acids relative to the
amines) is directly and inversely related to the basicity of the neutral amines.

Key: remember patterns (a) and (b) above. That should help you solve relative basicity
problems. If given ammoniums, draw the related conjugate neutral amines, rank them as
bases, and realize that the strongest amine base relates to the weakest ammonium acid.
You should be able to handle any ranking problems involving either amines as bases or
their conjugate ammoniums as acids. This should include relative to non-nitrogen acids
and bases.




Chem 342 Jasperse Ch. 21 Notes. Amines 20

Explanation for Basicity Pattern: Acidity/Basicity is an equilibrium measurement, and thus
reflects both product stability and starting material stability.

H H®H
N

N.

H™*"H HH

Anything that stabilizes the cation increases the basicity of the nitrogen

Anything that destabilizes the cation decreases the basicity of the nitrogen

Anything that stabilizes the amine decreases the basicity of the nitrogen (especially if

that stabilizing factor is sacrificed upon protonation)
Anything that destabilizes the amine increases it’s basicity

When lone pair is p, that always reflects stabilizing conjugation and reduced basicity.
This is the origin of both the p-hybridization factor and the resonance/conjugation factor.

Substituent Why: Which Side
Conjugate | Andit’s Is Stabilizied or Destabilized?
Entry Base Cation Impact
5 NH; NH," Reference
6-8 Et;N Et;NH" Alkyl Groups Cation side stabilized by

Increase Basicity

alkyl groups (electron
donors, cation stabilizers)

Being part of
Aromatic ring
Reduces Basicity

Neutral side is stabilized
by aromaticity. (Aromaticity is lost
following protonation.)

2 O o Acyl/Amide Neutral side is
)J\NH )J\ﬁH Conjugated stabilized by conjugation to the
2 8 To Carbonyl carbonyl. That conjugation is lost
following protonation. Second, the
cation side is destabilized by the
strongly  electron  withdrawing

carbonyl group.

3 NH> @ Conjugated Neutral side is stabilized
©/ NH; | To by conjugation. (That conjugation
©/ Aromatic is lost following protonation.)

5 SN @D H Shorter, more | Amine side is stabilized by the sp”
| _ | N stable lone pair hybridization of the lone pair. An

sp> lone pair is shorter than an sp’
orbital. The shorter sp” orbital
means the electrons are nearer and
held more tightly by the nitrogen
nucleus, and are thus more stable.
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Choose the More Acidic for Each of the Following Pairs: Single Variable Problems

1 NH3 @NH4
@
7 ~"OH, <" OH
3 on “NH, > CH,
X
4. OH /\OH
P
5 NH, /\NH2
6.

0
Ph)K/ NO: Ph)J\ Ph)]\/OMe

Choose the More Basic for Each of the Following Pairs (Single Variable)

7. NH3 NaNH,
8. NaOH H,O
0. NH; H,O
0
S)
10 Ph” 0 Ph)kg
1.
0 o) o)
Ph)% NOz R Ph)J\@/ OMe
12. ~" NH, NH; O,N-NH,

Choose the More Basic for Each of the Following (Multiple Variables, apples and oranges...)

13. NH; A
o)
©)
/\
4 o) Ph)@
O O

G AN

15.
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Choose the More Basic for Each of the Following Pairs

16.

17.

18.

19.

20.

21.

22.

23.

24.

NH;

NH;

NH;

NH;

NH;

NH;

NH;

NH;

NH;

NaNH2

NaOH

H,O

CH;OH

CH;MgBr

CH3NH,

25. For the following sets of bases, rank them, 1 being the most basic.

a.

CH3MgBr

CH3NHNa CH3NH; CH3;OH
0
)J\g -~ OH

CH3NH»

22
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26. Amine Basicity. For the following pairs or sets of bases, rank them, 1 being the most

basic.

I\

N
a. H

O

b ~"NH, )J\NHQ
c. benzamide [PhC(O)NH3] aniline (PhNH,)
d. triethylamine ethylamine
e. dimethylamine methylamine

MGOQNHZ H@NHZ
f.

o

H

pyridine triethylamine
ammonia
aniline (PhNH;)

OQN@NHZ

F F_F
N ~"NH, NH, NH,
h. triethylamine NaOH
i. methanol methylamine methane

j. CH3MgBr CH3NHNa  CH3ONa CH3NH» CH3CO;Na  CH30H

23
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27. Rank the acidity of the following compounds, 1 being most acidic.

a. H3O" NH4"Cl- water acetic acid (CH3CO,H)

NH3
b. H3O" acetic acid (CH;CO,H) MesNHCI- ethanol
c. NH4*Cl- MesNH™CI- PhNH3Cl-

28. Suppose all of the molecules A-D are dissolved in diethyl ether.

i
OH

a. Which one or ones will extract (dissolve) into aqueous sodium hydroxide? (And
why?)

b. Which, if any, will extract into aqueous hydrochloric acid? (And why?)

c. Which, if any, will extract into neutral water? (Why or why not?)

d. Explain how you could use an extraction scheme to separate D from A.
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C. Reactions of Amines (other than as bases)
2. Reaction with Ketones or Aldehydes (Section 17.10)

H
/ﬁ\ ZNHp, H* /i\ H*, -Hy0 /ﬁf
a —>
R“R <———— |R“IONHZ |=<——= R~~R
aldehyde H20. H', -ZNH; R HO, H*
or ketone tetra}hedral imine
"aminol"

Notes:

* “Z” can be a carbon, nitrogen, oxygen, or hydrogen atom/group.

* 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.

* Mechanism: Learned for last test (not tested this time)

*  Must have at least 2 H’s on nitrogen = 2°, 3° amines can’t do this

Draw the Products of the following Amine reactions.

4-phenyl-2-hexanone, H*

| PhNH,

o) Cyclohexanone + HobNNHy, —————————

3. Alkylation of 1° Alkyl Halides (Section 21.7,12)

H
/ R™ "Br |
R—N{ _— R—N@ﬁ X
| R
H

ammonium salt

= 3a. Polvalkylation is routine.
o With excess alkyl halide and base, keep on alkylating until it becomes the
quaternary ammonium salt (no surviving H’s on nitrogen, examples
below) .
= Mechanism required for polylalkylations. The mechanism involves
repetitive sequential SN2 alkylation-deprotonations.

3CH3-Br @CH
“NH, PN 5O

NaHCOj HeC CHs

Ph
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2 CH3CH2'Br Y
CNH Cr\@ B>
NaHCOjq N

PhCH,-Br

EtzN Ets@—CHZPh BIQ
Notes
1. All amines are nucleophilic
= 3°>2°>1°>NH;
= structural effects parallel basicity
2. Limited synthetic utility, due to frequent overalkylation

3. Due to SN2 mechanism, limited to alkylation of 1° R-X

= 3b. Monosubstitution is possible when excess ammonia (or other cheap amines) is used.
* Mechanism for monosubstitution required. This involves simple SN2, followed
by deprotonation by the excess amine.

excess NHg
/\/\/\Br _— /\/\/\NH2

Synthetically Useful Alkylation Scenarios:
1. Exhaustive Alkylation to Intentionally produce quaternary ammonium salts
2. Reaction 10. From 1° Alkyl Halides: Alkylation of Ammonia (Section 19-12, 19-
21A)

excess NHz
R Br —— > R \H,

* Access: 1° Amines only

* Mechanism required. (see reaction 3b)
* No change in number of carbons.

* Excess NHj prevents polysubstitution.

3. Cyclization reactions in which a 5 or 6-membered ring can form.

Draw the Products and mechanisms of the following Amine reactions.

| MesN + PhCHjl

excess Bromoethane
P
Ph NH5 NaOH
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Draw the Products and mechanisms of the following Amine reactions.

Excess NH5

| PhCHBr

Br

H2N\/ﬁ)\/ NaOH
2.

Why do you not get clean monoalkylation if you do a 1:1 mixture of RNH; and R-X?

4. Acylation with Acid Chlorides to From Amides: (Section 19.2-4, 14)
0]

0 .

)L base required

R1\N’H C” 'R _ R1\NJLR (either excess amine,
F'12 . I or NaOH or NaHCOs,

Ro or NEt3 or pyridine...)
* Mechanism: Required (addition-elimination-deprotonation)
* Amine must have at least one hydrogen to begin. But 1°, 2°, or NH; all react well.

* But 3° amines can’t work.

* Some base is required for the deprotonation step and to absorb the HCI. For cheap
amines, excess amine can simply be used. Alternatively, amines with no H’s
(triethylamine, pyridine) can be used. Or else NaOH or NaHCO3 can be used.

O

CIJ\ Q
/\”)K

~NH,

NaOH
Mech: 3 steps: Addition-Elimination-Deprotonation
(0] O
Elim Deprotonate
G AN A~y
H !

Add HY Ce v SNy

NS
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Draw the Products of the following Amine reactions, and the mechanism for the first one.

0]

|
PhNH,

1. NaOH

@)

NaHCO
L+ N-methylbutan-1-amine —— 5,
2. Phm "Cl

4b. Acylation with Carboxylic Acids to Form Amides:

0
Ree _H N 0
Ny~ HO” “R R 1\NJJ\R
' > |
Ro heat Ro

* Mechanism: Not Required

* Fairly high temperatures often required, and yields aren’t as good as with acid
chlorides

* Biologically amine + acid — amide is routine, and is facilitated by complex
enzyme mechanisms

@)

)J\ heat

OH

L SN
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S.  Substitution for Aromatic Amines via the Diazonium Salts (“The Sandmeyer
Reaction™) (Section 21.16-18)
ArCN
ArBr
NaNO,, HCI
ANHo ArCl
diazonium
salt
H,0, H*, heat
ArOH
HsPO»
ArH

* Mechanism: Not Required

* Qualitatively, can think of this as a nucleophilic substitution: a nucleophile
replaces N,, a premier leaving group. The actual mechanism is probably radical,
however.

* Application in synthesis: The amine (an o/p director) is often derived from a nitro
(a meta director). Using the nitro group to direct meta, then reducing and
converting the nitrogen into CN, Br, CI, OH, or H, provides products we haven’t
been able to make before.

Lewis bases (lone pair electron donors) all function as:
1. Bases (give electrons to H')
2. Nucleophiles (give electrons to some other electrophile)
3. Reducing agents (give electrons to oxidizing agents)
| Amines can be oxidized |

NaNO,/HCl is a strong oxidizing agent, converts RNH, to RN,", and ArNH, to ArN,"
*  “Diazonium salts”

RN, " has the best leaving group known, because the leaving group is highly stable, neutral N,

gas

1. Alkyl RN, are highly unstable, give cations, and usually give mixtures of E1, Sy1, and
cation rearrangement product mixtures

2. Not much use synthetically

3. However, N, is such a great leaving group that even 1° carbocations can be
formed/studied

Reactivity: RN, >ROH, " >ROTs> RI > RBr > RCI
Leaving group ability: N, > H,O > TsO anion > lodide anion > Bromide anion > Chloride
anion

—

Unlike Alkyl diazoniums RN, ", aryl ArN," are very useful

2. A variety of substitutions for the nitrogen can be done

While the reactions look like ionic substitutions, most are really complex radical
mechanisms

(98]
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Synthetic Use:
1. NO; (meta director) & NH, = N," = Cl, Br, OH, CN, H

2. Easy to get meta relationships, even when you end with things that are not meta directors

Draw the products
1. HNO3, H,SO,

2. Bry, Fe
© 3. Fe, HCI
4. NaNO,, HCI
1 5. CuCl

—

. HNOg, H,SO,
2. Fe, HCI

3. NaNO,, HCI
4. CuCN
7. 5. KMnQ,

Br NH, 1. NaNO,, HCI
\©/ 2. H3PO,
3. Br
H;C NH, 1. NaNO,, HCI
4. \©/ 2. Hzo, H2804, heat

Design Synthesis

CN

» L,

5.

Nitrobenzene - @\
OH
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Reaction with Sulfonyl Chlorides (Not tested)

O -HCI o
.o 1 oo 1
_'Tl H + CI §—R . —ITI—§—R Sulfonamide

)

* Exactly as for amide formation

* Many antibiotic drugs: sulfonamides are so similar to amides that they occupy

enzyme active sites = prevent bacterial growth

31
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D. Synthesis of Amines

6. From Aldehydes or Ketones: Reductive Amination (Section 21.10)
O R, NaBH;CN R\ -Rs Rz%), Rs

+ ' .

L X
R R1 H R3 cat. H* R/’\R R)LR
Ketone or H 1

aldehyde

e Access: 1° 2° or 3° Amines
* Mechanism: Not required. (Basic workup)
* The carbonyl reactant can be an aldehyde or a ketone
* The amine reactant must have at least one hydrogen, as shown above; but R,
and/or R5 can be either a carbon or a hydrogen. Thus:
o NH;—> 1°RNH,
o 1°RNH, — 2° R,NH
o 2°R,NH — 3°R3N
o 3°R3Ndon’treact

0O H. _H H..H
P E NaBH5CN N o @
R R H™ "H cat. H* )L
Ketone or . R H Ry R Ry
aldehyde ammonia 1° amine
o Ro-,.H Ro-®.H
)J\ + EQ NaBH3CN 2 N i 2 N
R™ R H™H cat. H* /’\ )L
' R R1 R R1
Ketone or 1° amine H
aldehyde 2° amine
R™ Ry H" "Rs  cat H* /’\ )L
' R R1 R R1
Ketone or 2° amine H
aldehyde 3° amine

Note: book gives several other variants, but this is really the one universal method, and the
one I’ll use for my tests.

Synthesis of Amines: Draw the products for the following reactions.

NaBH5CN, H*

L O+ MeNH,

o) +
(j/ + NH, NaBH5CN, H
2.
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O NaBH,CN, H*
N+ MeNH, S
1. Ph
1. PCC
2. PhMgBr; H;0*
/\/OH >
3. H2cr04
7 4. PhNH,, NaBH5CN, H*

Mechanism (not for test) and some related notes

e HO® R

o NR N
)J\ + HoNR _— )]\ - . (JN\ imminium
R™ R (1°or NHy) R” R RYR "

imine H
o (S
RoNH (2°) H-B=CN
|
® H
H\N,R © H\N,R
= Py Nl
R R R H R 4\
imminium ion R H R

—

2. Formation of imminium cation is key
= Highly electrophilic, much more so than neutral imine

NaBH;CN functions as a hydride H© source, similar to NaBH4 and LiAlH,4

33

3. NaBH;CN is a special, mild H® source, much more stable and less reactive than NaBH4

and LiAlH4

* So much so that it can coexist with acid (thus enabling imminium ion formation)
= So much so that it does not reduce neutral ketones and aldehydes (thus allowing the

aldehydes and ketones to sit around and equilibrate with imminium ion)

@)

Hydride Hydrid HR ®
ydriae ydride
Stability Reactivity R J\R H R™ "R R

LiAlIH, H—A@H
NaBH, H-B=H

NaBH;CN H-B=CN

J . mo
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7. Via Amides: (Section 21.9)

LiAIH, R
RJkN /R1 > R -

Rg R2

* No mechanism required for the reduction
e Access: 1° 2° or 3° Amines.
* R; and R, can be either H or C. Thus, you can produce either 1°, 2°, or 3°
amines in this way:
- RCONH, — 1°RCH,;NH,
o RCONHR — 2° RCH,NHR
o RCONR, — 3° RCH,NR,

8. From Amines via Amides:

) H\N'R1 acylation ji LiAIH R
I e L
R™ ~Cl Rz By R,

O H.\-R1 acylation i LiAIH R
B N RN ——= RN
R™ "OH Ra heat IIRQ ,'32

e Access: 1° 2° or 3° Amines
* Acylation mechanism required (see reaction 4) but reduction mechanism not

required.
~O  LiAIH,
1 NH
Q
1. /\CI
~-NH>
> 2. LiAlH,
i 1. MeNH,
Ph” ~Cl

3. 2. LiAH,
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9. Reduction of nitro compounds: (section 21.9)

NO NH
@ ? " Fe, HCI % ©/ 2

* Access: 1° Amines only (especially aromatic amines)
* No mechanism required.

* There are many other recipes for reduction of nitro compounds:
(@) Pd/Hz, Nl/Hz, Pt/Hz,

o Fe/HCI, Zn/HCI, Sn/HCl

10. From 1° Alkyl Halides: Alkylation of Ammonia (Section 21.7) (See reaction 3).

excess NHz
RBr —— > R N\H,

Access: 1° Amines only

Mechanism required. (see reaction 3b)
* No change in number of carbons.
Excess NHj prevents polysubstitution.

11. From Nitriles: Reduction of Nitriles (Section 21.9)

e Access: 1° amines
* Mechanism not required.

12. From Alkyl Halides: Via the Nitrile (Section 21.9)
1. KCN
R _Br > R._CN ] —»R\/\NH2
2. LiAlHg4
* Access: 1° Amines only
* Mechanism not required.

*  One-Carbon chain extension!

1. NaCN

Ph
T/\Br
2. LiAlH,
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Summary of Amine Syntheses
Route Reaction Source/ Reagent Available Comments
Number Precursor Amines
1 #6 Aldehydes RoNH, H* 1°, 2° or
or Ketones NaBH3CN, 3° Amines

2 #7,#8  Amides LiAlIHy4 1°, 2° or
3° Amines

3 #7, #8  Amines 3. RCOCl 1° ArNH»

(via Amide) (or RCO7H,
heat)
4. LiAlHy4
4 #7,#8  Acid Chlorides
or Acids 3. RNH»
(via Amide) 4. LiAlHy

5 #9 ArNO» Fe/HCl 1° ArNH»

6 #10 1° RCH)Br NH3 (excess) 1°  only, Original
with CHp carbon
next to chain is
nitrogen ot

extended
3.
7 #12 1° RCH2Br 4. KCN 1°  only, Original
(via nitrile) 5. LiAlHy with CHp carbon
next to chamm is
nitrogen eXtended
by one
carbon

8 #11 RCH7CN LiAlIHy4 1°  only,
with CHp
next to

nitrogen
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1. Come up with various pathways (4 good ones) to the following 1° amine:

2. Come up with pathways (4 good ones) to the following 2° amine:

H
> S~ N~ 4
- 2° amine

37
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Provide Reagents for the following Transformations.

R A~y
1 H
) ~0H /\/\NMez

1
Ph
3. Phd\m ~UNH,
O

® S

4. NH,
PO

5 Ph Br Ph/\NH2

6. Ph B ph > NH2
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Synthesis of Carboxylic Acids

1. From 1° Alcohols and Aldehydes: Oxidation (Section 15.9)
O

H,>CrO H,>CrO ?
R o 24 R)J\OH — R)kH
1° Alcohol

* No mechanism required for the reaction

2. From Alkenes: Oxidative Cleavage: (6.20)
H

O 0]
A R2 KMnO4 +
R)\/ — RJ\OH R1)L R,
R; acid ketone

* No mechanism required for the reaction

Where C=C begins, C=0 ends. But where an attached H begins, an OH ends.
RCH=CHR would give two acids; RCH=CH, would give an acid and carbonic
acid (H,COy), etc..

3. From Aromatics: Oxidation of Alkylbenzenes (11.12)

0]

©/ KMnQO, @OH

* No mechanism required for the reduction

* While toluenes (methylbenzenes) oxidize especially well, other alkyl benzenes
can also be oxidized in this way.

4. From 1,3-Diesters: Via Hydrolysis/Decarboxylation: (Chapter 18.16)

O O
o O 1. NaOR J\)J\ H;O", heat

OR 2. R-X -I-
R

0]

o)
HOMOH

R

O

- Hok"\R

Mechanism: Deprotation/Alkylation covered previously. The hydrolysis of the
esters to acids will be required (see reaction 8b)
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5. From Grignard Reagents: Via Carboxylation: (Section 18.11)

1. CO,
R-MgX R-CO,H
2. H*
R Mg > gMoX 1. COz ELO ] Protonate Q
th - RJ\OH
Alkyl or emher Grignard 2. H* R
Aryl Halide Reagent

* Access: Alkyl or Aryl Acids
* Alkyl group can be 1°, 2°, or 3°
* Mechanism required. (From Grignard on.)

6. From Nitriles: Hydrolysis (Section 18.12)
O

_ H*, H,0O
R-C=N R)J\OH

* Mechanism not required.

7. From Halides: Either via Formation and Carboxylation of Grignards (Reaction 5) or
via Formation and Hydrolysis of Nitriles (Reaction 6)

1. CO,

X o Protonate o
R’ m g-MoX o —
ether
Alkyl or Grignard 2. H R™ O R” OH
Aryl Halide Reagent
NaCN
If R-X is
1° alkyl . 0
X H*, H,O
halide R-C=N — 22 .
R)J\OH

* Formation/Hydrolysis of Nitriles Requires a 1° Alkyl Halide to begin, since the
formation of the nitrile proceeds via Sy2
* Reaction via the Grignard has no such limitation

* For 1° alkyl halides, the formation/hydrolysis of the nitrile is technically easier,
since there is no need to handle air-sensitive Grignard reagents
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8. From Acid Chlorides, Anhydrides, Esters, or Amides: Hydrolysis (Ch 19)

a) “Downhill” hydrolysis: From acids or anhydrides with NEUTRAL
WATER alone

* mechanism required: addition-elimination-deprotonation

0]
RJJ\Q RJ]\OH + H-CI

Chloride ("CI")

A,

Anhydride ("A")

0
- I
R” “OH

b) “Lateral” hydrolysis: From esters with water and acid catalysis (ACID
WATER)

* mechanism required: protonation-addition-deprotonation (to hemiacetal

intermediate) followed by protonation-elimination-deprotonation (hemiacetal
to acid)
These reactions are under equilibrium control. With excess water, you go to the

acid. With removal of water and/or excess alcohol, the equilibrium favors the
ester

Ester ("E")

J\o H0, H+ OH
+ R'OH i /|\O hemiacetal
R R4 <OH_H+ RJJ\OH via ROR H
]

¢) “Basic” hydrolysis using NaOH (BASIC WATER) (always downhill) followed by H"
workup

* mechanism required: addition-elimination-deprotonation (to carboxylate
intermediate) followed by protonation

Since the reaction with NaOH is always downbhill, all of these reactions work

a 1.NaOH O o
RJ\CI e J\o H-Cl via J\O:-
R oH +HC R

Chloride ("CIy 2. H*

JOL JOL 1. NaOH 0 0

' [E— +
A rAoH * HoAR RJ\O
Anhydride ("A") <. Carboxylate ("O")

)J\o 1. NaOH
' + R'OH via J\og
R R RLOH R

Ester ("E") 2. H* Carboxylate ("O")

Carboxylate ("O")

j)L 1. NaOH 0
R NHR ~——> R)J\O + RNH, via RJ\O:.
Amide ('N") 2. H* Carboxylate ("0")
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Reactions of Carboxylic Acids

9. Reaction as a proton Acid (Section 18.4-6)

0] NaOH (or other bases, including amines) 0]

»

> = 4
R H = R Na
H-X (proton acid) carboxylate salt
(basic)

* Mechanism: Required (deprotonation)
* Reverse Mechanism: Required (protonation)
* Carboxylic acids are completely converted to carboxylate salts by base
* (Carboxylate salts are completely neutralized back to carboxylic acids by strong
acid
* The resonanance stabilization makes carboxylates much more stable than
hydroxide or alkoxide anions, which is why the parents are carboxylic “acids”
¢ Carboxylic acids are more acidic than ammonium salts
e Patterns in acid strength: Reflect stabilization/destabilization factors on the
carboxylate
o Electron donors destabilize the carboxylate anion, so make the parent
acid less acidic
o Electron withdrawers stabilize the carboxylate anion, so make the parent
acid more acidic

10. Conversion to Acid Chlorides (Section 12.7, 19.4)

0 O 0 0

)]\ SOCl, )]\ )J\ SOcCl, )J\

R™ "OH R™ “Cl R” “ONa R™ Cl

* Mechanism: Not Required
* Easy (but smelly) reaction. Side products HCl and SO, are gases, so can just
evaporate away leaving clean, useful product. So no workup is required, nice!

* Extremely useful because the acid chlorides are so reactive, and can be converted
into esters, anhydrides, or amides.

11. Indirect Conversion to Anhydrides

RJ\CI l - RJLOJLR'

* mechanism required for acid chloride to anhydride conversion: addition-
elimination-deprotonation

¢ Conversion of the acid chloride to the anhydride is a “downhill” reaction
energetically.

¢ Conversion of the acid to the anhydride directly would be an “uphill” reaction

0O 1. soo|2

R H 2 RCOQH
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12. Direct Conversion to Esters (18.13-15), 19.19

OH o)
ot | e A

* mechanism required: protonation-addition-deprotonation (to hemiacetal
intermediate) followed by protonation-elimination-deprotonation (hemiacetal
to ester)

* These reactions are under equilibrium control. With excess water, you go to the
acid. With removal of water and/or excess alcohol, the equilibrium favors the
ester

* This is a “lateral” reaction, neither uphill nor downhill energetically

* This is the exact reverse of reaction 8b

13. Indirect Conversion to Esters via Acid Chlorides (Section 19.4)

RjﬁT)l'____’ RjLOR'

* mechanism required for acid chloride to ester conversion: addition-
elimination-deprotonation
* Conversion of the acid chloride to the ester is a “downhill” reaction energetically.

0

1. SOCly
A -

2. R'OH

14. Direct Conversion to Amides

0

0
RNHo, heat
R'H\OH ““““"R’H‘NHR

* mechanism not required

* This is a “downhill” reaction energetically, but is complicated and retarded by
acid-base reactions. Normally the “indirect) conversion is more clean in the
laboratory

* This reaction occurs routinely under biological conditions, in which enzymes
catalyze the process rapidly even at mild biological temperatures.

15. Indirect Conversion to Amides

o 1. SOCl,
Ao 2

2. RNH,

)

o)
R’M\CI] - R’u‘NHR

* mechanism required for acid chloride to amide conversion: addition-
elimination-deprotonation
* This reaction sequence works very well in the laboratory
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16. Reduction to Primary Alcohol
. LiAlH4 OH

RJ\OH — FzJ

+

* mechanism not required

17. Alkylation to Form Ketones (Section )

j\ 1. 2RLi )(J)\
Ph OH + Ph R

acid 2. H ketone

j\o 1.2RL[] O Liyu acid HOI)é) e
—_— '
P OH [P oL PR PR PJ\R
i 2. H
aed carboxylate tetrahedral ItletrahedEaI ketone
anion dianion hydrate

* mechanism not required
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18. Interconversions of Acids and Acid Derivatives

0]

Acid Chloride ("CI") JLc
R C

J A A
o 0 SOCl,
Anhydride (A") o)l\
B
| Jele]
\ \ \ 2
o) o)
Ester ("E") = Acid )LO — )J\O
R R R H
Ester Acid
! | | \
o)
Amide ("N") RJKNHR
\ l Y
0
Carboxylate ("O") R J\O;

“CI-A-vE-N-O” Chlorides-Anhydrides-Esters (and Acids)-Amides-Carboxylates
Any downhill step can be done directly

Any “lateral” step (acid to ester or vice-versa) can be done with acid

Any “uphill” sequence requires going up through the Acid Chloride, either directly
(from an acid or a carboxylate) or indirectly (conversion to carboxylate; react with
SOCI, to get to the top; then go downbhill from there.)

Mechanism is required for any downhill conversion and is the same: protonation-
addition-deprotonation (addition to produce the hemiacetal intermediate) followed by
protonation-elimination-deprotonation (elimination)
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Mechanisms
A. Miscellaneous

5. From Grignard Reagents: Via Carboxylation:

S BURSS Y

e exactly like any Grignard reaction

9. Reaction as a Proton Acid

(@) =
OH o
Jol o 5
B. Any “Downhill” Interconversions (8a, 8c, 11, 13, 15, 18): All Proceed by Addition-Elimination-Deprotonation
General

C JL/\Z H QO

—
Y TAdd

e R JLZ,H j\
(Y Elim Deprot R Z
Examples

Reaction 8a

CJJ\CI e /i\q—H EI|m )LC{/H j)L

Add Deprot R OH

Reaction 8¢ (Note: Slightly different because hydroxide nucleophile is anionic, not
neutral; and product carboxylate is anionic, not neutral)

= 0] =
QOJ\O/—\ OH Q H -MeO )& W Yome Q@
R Me ——> R/~ 0" —

Add Me Elim Deprot R 0

=

Reaction 13

o~ (0] =
C ¥\ 0]
T on, Qoo § g

R ™ R —_— J,L
Add (C| Me Elim Me Deprot R OMe

Reaction 15

O H =
CJ\Q MeNH-H_ Q H}‘H o )L%“H Ci 0

R R
Add (CI Ve Elim I\/Ie Deprot R
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C. “Lateral” Interconversions (8b/12): Acid-Catalyzed conversion from Ester
to Acid (8b) or From Acid to Ester (12): (ACID WATER)
* General Mechanism: protonation-addition-deprotonation (acid-catalyzed
addition to a carbonyl to produce the tetrahedral hemiacetal intermediate)
followed by protonation-elimination-deprotonation (acid catalyzed elimination)

Examples
Reaction 8b: Ester to Acid

—_—

O
O/—\H CE%‘H HO-H " T
- Fy H
> JJ\OR1 R/‘\O/H

R —> R H

F{EsterR1 Protonate Add OR; Deprotonate ORj
hemiac%\al

i
H
Protonate
Y
—H
¥ o)

JOLO _H !z Eliminate OH

R H  Deprotonate R H R‘|‘()H

-R{OH

Acid Hﬁm

Reaction 12: Acid to Ester

J\o 4}: OH
\ j—‘ R’I\oH
R H  Pprotonate ng ] Deprotonate OR1

Acid hemiacetal x
H‘{F
Protonate
0 H \
O—
J\o Iy | Z Eliminate H
R YOR; ROR, /I\é‘
Deprotonate 1 R H
Ester P -R4OH OR;j 2
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Nomenclature (18.1) Formal: alkanoic acid (space in between)
-highest priority of any functional group

10

Formal Common
j\ Methanoic acid Formic acid
H OH
i Ethanoic acid Acetic acid
HeC~ “OH
i Benzoic acid Benzoic acid
Ph OH
O Pentanoic acid
MOH
0]
OH (S)-2-aminobutanoic acid
H 'NH,

1. Nomenclature. Provide names or structures for the following.

a. 3-phenylbutanoic acid

b. 2,2-dichloropropanoic acid

c. 2-hydroxy-3-propanoyl-4-ethoxy-5-amino-6-oxoheptanoic acid

Physical Properties (Section 18.3)

Boiling Points: (weight being equal): acid > alcohol > 1,2° amines > non-H-bonders

* Acids boil about 20° higher than same-weight alcohols
* First four acids are completely water soluble

Water solubility (weight being equal): amines > acids ? ketones, alcohols, ethers >> alkanes
* Basicity is more important than acidity

2. Circle the one with higher boiling point, and square the one with the greater solubility in
water.

O O

/\)LOH )KAOH
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Acidity/Basicity Table: With both Neutral and Cationic Acids and both
Neutral and Anionic Bases (Section 18.4-7)

Acid Base
Class Structure Ka Strength Base Strength
Strong Acids H-Cl, H,SO, | 10 o 20 Smell
cl HO-S-0
’ T Awful!
Hydronium H;0", ROH™ | 10° H,0, HOR Humans
cationic neutral
Carboxylic O 10° j\ Cuz
Acid Jko
R H R Oe
Phenol ©/OH 107° © People
. -12 .
Ammonium RAH 10 R Against
Ion (Charged) /‘@'\ N
R R R”--°R
Charged, but only Neutral, but basig!
weakly acidic!
Water HOH 10" @) Working
HO
Alcohol ROH 10" ) Are
RO
Ketones and O 10% 0 Kingdoms
Aldehydes )J\oc/ H )%

. . 233 .
Amine (N-H) (iPr),N-H 10 (iPr),N ®Li® Animal
Alkane (C-H) RCH3 10 RCH,O All

Quick Checklist of Acid/Base Factors

1. Charge

2. Electronegativity

3. Resonance/Conjugation

4. Hybridization

5. Impact of Electron Donors/Withdrawers
6. Amines/Ammoniums

which factors apply and might differentiate the two.
= When A neutral acid is involved, it’s often best to draw the conjugate anionic bases, and
to think from the anion stability side.

When comparing/ranking any two acids or bases, go through the above checklist to see
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Acidity (18.4-6)

0 e 0 o)
RJ\OH R)J\O@ - R/g
* Anion is stabilized by conjugation/resonance
* Charge dispersal
e Carboxylate is an anion, so is stabilized by electron withdrawing groups (increasing acidity)
and destabilized by electron donating groups (decreasing acidity)

Carboxylic 0] 107 j\

Acid RJJ\OH R O@

Ammonium R@H 10712 R

Ion (Charged) . N, i
322;2?; ggﬁjﬁf’”'y Neutral, but basic!

Alcohol ROH 1077 o

RO

* Acids are a million times more acidic than average ammoniums (despite charge)
* Acids are trillions more acidic than alcohols

Amino Acids:
o Which way does the equilibrium lie?
o Equilibrium always favors the weaker acid and weaker base?
o What happens under acid conditions, and what happens under base conditions?

® 9 acid Q S)
H  acid OH base
1 acid R% oH R{J\O@
s s base
H NH, H@5\1H3
base acid

Carboxylic Acids as Acids. Rank the acidity of the following groups, 1 being most acidic and
3 being least acidic. [Remember: the best guideline for acidity is the stability of the anion!]

a. acetic acid ethanol phenol

b. propanoic acid CH;NH;Cl (CH3);NHCI
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Substituent Effects (18.5)

* Withdrawers stabilize anions, increase acidity

* Donors destabilize anions, reduce acidity

Opposite from the effect of donors and withdrawers on amines and ammoniums

1. Carboxylic Acids as Acids. Rank the acidity of the following groups, 1 being most acidic
and 3 being least acidic. [Remember: the best guideline for acidity is the stability of the
anion!]

a. propanoc acid 3-Chloropropanoic acid 2-fluoropropanoic acid

b. benzoic acid p-methylbenzoic acid p-nitrobenzoic acid

2. For each of the following acid/base reactions, draw a circle around the weakest base, and
draw an arrow to show whether the reaction would proceed from left to right, or from right to
left.

. -~ OH + NaOH ~"ONa + HOH

b. Ph—OH + NaOH Ph—ONa + HOH

? ?
+ NaOH + HOH

c. )\OH )\ONa

0] 0]
| + NaHCO::, l
)\OH )\0N3.+ H2003

4. Ke=107° Ko=10"7
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18.7 Carboxylate Salts

RCO,H + NaOH - RCO;Na + H,O Produces weaker acid and base

* FEasy to make
* Jonic = water soluble
| Acids are soluble in NaOH/water or NaHCO3/H,O
e Weak bases, react with HCl 2> RCO,H
* Named: sodium alkanoate

Purification Schemes for Acids from other Organics Based on Acidity
a. Dissolve acid and neutral organic in ether
b. Treat with NaOH/water
* Neutral stays neutral, goes in ether layer
* Acid is deprotonated to RCO,Na, goes into water layer
c. Concentrate ether layer = pure neutral organic
d. Add HCl to aqueous layer, results in. RCO,Na + HCl - RCOH
e. Neutral RCO,H now has low solubility in water, so can be harvested by filtration (if solid) or
by organic extraction

1. Design a solubility flow chart to separate benzoic acid ("A") from acetophenone PhC(O)CH3
("B"). Make sure that your plan enables you to isolate both “A” and “B”.
O 0

SANeh

Soaps (not for test)
RCO;Na with variable long alkyl chains

Ex: C17H35C02 @ Na @

Carboxylate head: hydrophilic = water soluble
Hydrocarbon tail: hydrophobic = can dissolve grease and organic materials

Form “micelles” in water

The hydrophobic hydrocarbon tails (strings) self- water ?%} water

aggregate, while the ionic heads (circles) keep the
microdroplet soluble in water. Organic materials organic
can be dissolved inside the organic center, and water

carried through the water. Thus grease gets
dissolved, and dirt protected by grease is freed.

water
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B. Synthesis of Carboxylic Acids
Synthesis of Carboxylic Acids

Review
1. From 1° Alcohols and Aldehydes: Oxidation
O 0
H
R oy HeCros o )J\OH HaCrO, . )LH
1° Alcohol

* No mechanism required for the reaction

2. From Alkenes: Oxidative Cleavage:
H

(0] 0]
>~ _R KMnO4 +

R{” "R,
Ri acid ketone

No mechanism required for the reaction

Where C=C begins, C=0 ends. But where an attached H begins, an OH ends.
RCH=CHR would give two acids; RCH=CH, would give an acid and carbonic
acid (H,COy), etc..

3. From Aromatics: Oxidation of Alkylbenzenes

0]

©/ KMnQO, @OH

No mechanism required for the reduction

While toluenes (methylbenzenes) oxidize especially well, other alkyl benzenes
can also be oxidized in this way.

4. From 1,3-Diesters: Via Hydrolysis/Decarboxylation:

O O
o O 1. NaOR J\)J\ H;O", heat

OR 2. R-X -I-
R

0]

o)
HOMOH

R

O

- Hok"\R

Mechanism: Deprotation/Alkylation covered previously. The hydrolysis of the
esters to acids will be required (see reaction 8b)
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New Routes

5. From Grignard Reagents: Via Carboxylation: (Section 18.11)

1. CO,
R-MgX R-CO,H
2. H*
R Mg > gMoX 1. COz ELO ] Protonate Q
th - RJ\OH
Alkyl or emer Grignard 2. H* R
Aryl Halide Reagent

* Access: Alkyl or Aryl Acids
* Alkyl group can be 1°, 2°, or 3°
* Mechanism required. (From Grignard on.)

6. From Nitriles: Hydrolysis (Section 18.12)

0
H*, H,O
R-C=N ————=——
C RJ\OH

* Mechanism not required.

7. From Halides: Either via Formation and Carboxylation of Grignards (Reaction 5) or
via Formation and Hydrolysis of Nitriles (Reaction 6)

R’X Mg R’ng 1. CO; ) Protonate 0
ether .
Alkyl or Grignard 2. H* R™ O R™ OH
Aryl Halide Reagent
NaCN
If R-X is
1° alkyl O
; H*, H,0
halide R-C=N ——22 -
c R)kOH

* Formation/Hydrolysis of Nitriles Requires a 1° Alkyl Halide to begin, since the
formation of the nitrile proceeds via Sy2

* Reaction via the Grignard has no such limitation

* For 1° alkyl halides, the formation/hydrolysis of the nitrile is technically easier,
since there is no need to handle air-sensitive Grignard reagents
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Problems

. Preparation of Carboxylic Acids. Fill in the blanks for the following reactions.

H,CrO, \)|\
OH

\j

(C3HgO)
1. Mg
2. epoxide; H,O
3. H2CI'04
Bromobenzene -

1. KMnO,/NaOH/heat

Ph 2. Hf
~ X > (+ carbonic acid)
Er% M 1 C02
+
Benzene & _g» i»
(o)
o - oy HO' |
H - -
\/ 5 - \/ OH
1. NaCN
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8. From Acid Chlorides, Anhydrides, Esters, or Amides: Hydrolysis

a) “Downhill” hydrolysis: From acids or anhydrides with NEUTRAL WATER alone
* mechanism required: addition-elimination-deprotonation

R)LCI

Chloride ("CI")

A,

Anhydride ("A")

o)
g
R” “OH

@)
RJ\OH + H-Cl

b) “Lateral” hydrolysis: From esters with water and acid catalysis (ACID WATER)

* mechanism required:

protonation-addition-deprotonation (to hemiacetal

intermediate) followed by protonation-elimination-deprotonation (hemiacetal

to acid)

These reactions are under equilibrium control. With excess water, you go to the

acid. With removal of water and/or excess alcohol, the equilibrium favors the

ester

R)I\OR

Ester ("E")

1

Ho0, H*

4—
ROH, H”

JLO + ROH
R” “OH

OH

via R hemiacetal
OR;

¢) “Basic” hydrolysis using NaOH (BASIC WATER) (always downhill) followed by H"

workup

* mechanism required:

intermediate) followed by protonation
* Since the reaction with NaOH is always downhill, all of these reactions work

RjDJ\CI

Chloride ("CI")

O O

B

(0]

Anhydride ("A")

R%Rl

Ester ("E")
(0]

RLNHR

Amide ("N

Rl

II)

1. NaOH (0]

I +H-Cl
2. H* R H

1. NaOH 0 )OL
— A, ol
o Ht R H HO” ™R
1. NaOH 0o

- - Jko + ROH

R H

2. H*

1. NaOH (@)

_— + RNH,
2 H* R

addition-elimination-deprotonation (to carboxylate

via J\O:-
R
Carboxylate ("O")
(0]
M-
R
Carboxylate ("O")
via J\Om
R
Carboxylate ("O")

(0]
via =
R
Carboxylate ("O")



Chem 342 Jasperse Carboxylic Acids and Derivatives Ch. 18,19 19
Interconversions and Reactivity of Acids and Acid Derivatives
O
Acid Chloride ("CI")
R)J\CI
o 0 socl
Anhydride (A") H.0 2
R)J\o)L R'
Hzo ¢ SOC|2
0 HOHY o
Ester () =Acd L Aoy L o
Ester Acid
OH l l
O
Amide ("N") RJ\NHR
G)OH ‘GOH
O
Carboxylate ("0") o )Lou

¢  “CI-A-vE-N-O” Chlorides-Anhydrides-Esters (and Acids)-Amides-Carboxylates
* Any downhill step can be done directly

* Any “lateral” step (acid to ester or vice-versa) can be done with acid

* Any “uphill” sequence requires protonation or going up through the Acid Chloride,
either directly (from an acid or a carboxylate) or indirectly (conversion to

carboxylate; react with SOCI, to get to the top; then go downhill from there.)

* Mechanism is required for any downhill conversion and is the same: protonation-
addition-deprotonation (addition to produce the hemiacetal intermediate) followed by

protonation-elimination-deprotonation (elimination)

“Cl-A-vE-N-O” applied to Hydrolysis

1.

2.
3.

Chlorides and Anhydrides are “above” acids, so can be converted to acids by direct

hydrolysis with neutral water

Esters are “lateral” to acids, so can be hydrolyzed to acids by acid-catalyzed hydrolysis

Chloride, anhydrides, esters, and amides can all be base-hydrolyzed (NaOH/water) to

carboxylates.

* Subsequent acid workup protonates the carboxylate and produces the acid

* Base hydrolysis always works

For amides, basic hydrolysis is the only way to do it



Chem 342 Jasperse Carboxylic Acids and Derivatives Ch. 18,19 20

1. For the following problems, draw the starting materials that would give the indicated
hydrolysis products.

* Note: All of these are drawn as basic hydrolyses, but some could also be done using neutral
water or acidic water. Mark which could proceed using neutral hydrolysis or acid-catalyzed
hydrolysis in addition to via basic hydrolysis.

0]
1. NaOH, H,0 P
OH + MeOH

2. Hi0*

(0]
1. NaOH,H,0 ||

)\OH + MeNH2

2. HyO*

(0]
1. NaOH, H,0 P

OH + NH3

2. HsO*

o) o)
1. NaOH, H,O AOH , Ho)l\/Ph

2. HyO*

1. NaOH,H,0 ©
)'\ Ph
OH* HO

2. Hg0*

Mechanism: General Mechanism for Any “Downhill” CI-A-vE-N-O Interconversions (19.3):
| All Proceed by Addition-Elimination-Deprotonation

]
General
0 ) o - 0
C;l\ o ay y T Y
ROY g RATZ T 2— g2 H —— JL
Add (y Elim Deprot Z

* note: there are variations on these, and this is somewhat simplistic. In many cases, the
carbonyl will be pre-protonated or co-protonated to assist deprotonation, and will need to be
deprotonated again later. I will settle for the simplified view shown.

Base Case, Using Anionic Hydroxide: Slightly different because hydroxide nucleophile is
anionic, not neutral; and product carboxylate is anionic, not neutral)

)

CO 3 K \OMm O
J\OMe I 9\\ H MO Moo oM L=

Elim 0 Deprot  RZ O
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Acid-Catalyzed conversion from Ester to Acid (8b): (ACID WATER)

* General Mechanism: protonation-addition-deprotonation (acid-catalyzed addition to a
carbonyl to produce the tetrahedral hemiacetal intermediate) followed by protonation-
elimination-deprotonation (acid catalyzed elimination)

q}:.
o~ H CgH OH OH
1, b | X
~H
R"\O —>
REsterR1 Protonate Rt TAdd OR; H Deprotonate R op
hemia@@
Y
Protonate
(Oky
J\O !g Ellmlnate /T:'O
R H Deprotonate R

-R1OH

H
Acid Hﬁm

Draw the Mechanisms for the following Hydrolyses

1. NaOH, H,0 O

)\18 M4 Home

OMe 5 p o Ph” ~OH

Where will the O'® label end up?

0]
H,0 H,0
O _— —_—
H ® H ®
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C. Reactions of Carboxylic Acids: Interconversions with Derivatives: Cl-A-vE-N-O

o)

Acid Chloride ("CI") JLC
R |

J A A
o Q SOCl,
Anhydride (A") O)l\
A A
| socl
\ \ \ 2
o) o)
Ester ("E") = Acid )LO — )LO
R R R H
Ester Acid
{ | } ‘
o)
Amide ("N") RJ\NHR
,, 1 ,,
0
Carboxylate ("O") R J\OL:

*  “CI-A-vE-N-O” Chlorides-Anhydrides-Esters (and Acids)-Amides-Carboxylates

* All can be interconverted by substitution procedures: 1, 2, or 3 steps

* Any downhill step can be done directly

* Any “lateral” step (acid to ester or vice-versa) can be done with acid

* Any “uphill” sequence requires going up through the Acid Chloride, either directly
(from an acid or a carboxylate) or indirectly (conversion to carboxylate; react with
SOCI, to get to the top; then go downbhill from there.)

* Mechanism is required for any downhill conversion and is the same: protonation-
addition-deprotonation (addition to produce the hemiacetal intermediate) followed by
protonation-elimination-deprotonation (elimination)
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Acid Chlorides: Preparation and Uses

10. Conversion of acids or Carboxylates to Acid Chlorides

0] O o) 0
J§ SOCl; Py L SOCl, L

R™ "OH R™ Cl R~ “ONa R™ Cl

* Mechanism: Not Required
* Easy (but smelly) reaction.
o Side products HCl and SO, are gases, so can just evaporate away
leaving clean, useful product. So no workup is required, nice!

* Extremely useful because the acid chlorides are so reactive, and can be converted
into esters, anhydrides, or amides.

11. Indirect Conversion to Anhydrides

A JGL

* mechanism required for acid chloride to anhydride conversion: addition-
elimination-deprotonation

¢ Conversion of the acid chloride to the anhydride is a “downhill” reaction
energetically.

* Conversion of the acid to the anhydride directly would be an “uphill” reaction

* Base often present to absorb the HCI

0o soc:l2

R H 2RCOH

13. Indirect Conversion to Esters via Acid Chlorides

RJOLOH S.OC|2 R)J\CI l R)OLORI

2. ROH
* mechanism required for acid chloride to ester conversion: addition-
elimination-deprotonation
* Conversion of the acid chloride to the ester is a “downhill” reaction energetically.
* Base often present to absorb the HCI

15. Indirect Conversion to Amides

j\o . S0Ct:
R™ "OH RJ\C - NHR

2. RNH
* mechanism required for acid chloride to amide conversion: addition-
elimination-deprotonation
* This reaction sequence works very well in the laboratory
* Base often present to absorb the HCI
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Condensation/Hydrolysis: Interconversions between Acids and Esters
12. Direct Conversion to Esters

OH o)
FinOH,H»+ /I\o . J\O

* mechanism required: protonation-addition-deprotonation (to hemiacetal
intermediate) followed by protonation-elimination-deprotonation (hemiacetal
to ester)

* These reactions are under equilibrium control.

1. With excess water, you go to the acid.
2. With removal of water and/or excess alcohol, the equilibrium favors the
ester

* This is a “lateral” reaction, neither uphill nor downhill energetically

* This is the exact reverse of reaction 8b

¢ Under base conditions, the equilibrium always goes completely away from the
ester and goes to the acid side

1. The base deprotonates the carboxylic acid, so LeChatellier’s principle says
that the equilibrium keeps driving from ester towards acid to compensate

2. Draw the mechanism for the following reaction.
OH

)ﬂ)\ HOMe, H* /}\ )(?\
: — (+ H0)
OH :ggi?i%r: ' OHONIe Phase 2: OMe
Tetrahedral elimination

intermediate

14. Direct Conversion to Amides

0

0
J\o RNH,, heat
R H— RJ\NHR

* mechanism not required

* This is a “downhill” reaction energetically, but is complicated and retarded by
acid-base reactions. Normally the “indirect) conversion is more clean in the
laboratory

* This reaction occurs routinely under biological conditions, in which enzymes
catalyze the process rapidly even at mild biological temperatures.
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Problems
1. Synthesis of Acid derivatives. Draw the products for the following reactions.

(o)

)k SOCL,
a. Ph OH
o
1. SOCl,
b. >
Ph OH 2. 1-butanol
(0]
)k ethanol, H*
c. >
Ph OH

1. soCl
d. )L ?

2. cyclopentanol

)
>
o
s
Y

o 1. SOCI,

. 2-butanol

)J\ 1. SOCl,
g. >

Ph OH 2. diethylamine
(o]
)k 1. SOCl,
h. -
Ph OH 2. NH,
O
. | 1. SOCl,
i.
Ph)\OH
2. 2-butanamine
O| diethylamine, heat
i AL yamne.

Ph™ "OH
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1. Draw the mechanism.
O O

)l\m NHg  ——— )l\NHZ

c

2. Draw the products for the following reactions.

Q 1. LA,

2. HyO*

O .
b. )I\ 1. MeLi (excess)
OH

Ph
2. HO*

Ch. 19 Carboxylic Acid Derivatives: R~ X
o Cl chloride

o A anhydride
o E ester

o N amide

o O carboxylate

Structure, Names, Notes
e all are subject to hydrolysis
* All hydrolyze to acids (actually, to carboxylate anion) upon treatment with NaOH/H,O
* Some (Cl and A) hydrolyze to acids under straight water treatment
* Esters hydrolyze to acids under acid catalysis

26

General Example
0 Alkanoyl © Butanoyl * High reactivity
R | cl chloride /\)l\C| chloride e Named as if ionic
o O Alkanoic o O Propanoic
l | Anhydride \)'\ OJ\/ anhydride
O| Alkyl 0 Named as if ionic

! I
R o R Alkanoate ©)\ o Ethyl
Benzoate

N-isopropyl

@) O
R)'\ NE R' Alkanamide \/\)l\ N J\ pentanamide




Chem 342 Jasperse Carboxylic Acids and Derivatives Ch. 18,19 27

1. Draw the structures for the following esters.

o

. propyl benzoate

o

. methyl ethanoate

e

ethyl butanoate

Interconversion of Acid Derivatives: CIl-A-vE-N-O

0]

Acid Chloride ("CI") JLC
RZ I

J A A
o 0 SOCly
Anhydride (A") o)l\
A
| SoClI
\ \ \ 2
0 o)
Ester ("E") = Acid )LO — )LO
R R R H
Ester Acid
| | | ‘
0
Amide ("N") RJKNHR
\ l Y
o)
Carboxylate ("O") R J\O;

*  “CI-A-vE-N-O” Chlorides-Anhydrides-Esters (and Acids)-Amides-Carboxylates

e All can be interconverted by substitution procedures: 1, 2, or 3 steps

* Any downhill step can be done directly

* Any “lateral” step (acid to ester or vice-versa) can be done with acid

* Any “uphill” sequence requires going up through the Acid Chloride, either directly
(from an acid or a carboxylate) or indirectly (conversion to carboxylate; react with
SOCI, to get to the top; then go downbhill from there.)

* Mechanism is required for any downhill conversion and is the same: protonation-
addition-deprotonation (addition to produce the hemiacetal intermediate) followed by
protonation-elimination-deprotonation (elimination)
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1. Rank the acidity of the following molecules, 1 being most acidic and 4 being least acidic.

H-CI

@)

o

HOCH;

NH,CHj
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2. Rank the reactivity of the following toward hydrolysis. Do you see a similarity between your
rankings for this question relative to your answers for previous question?

Notes:

@) 0]

)J\NHCH3

OCHj

* Any “downhill” reaction can be done in one laboratory step
* Any “downhill” reaction involves a 3-step mechanism: addition-elimination-deprotonation

Co Z-H o

S

R™ Y R . R
T Cy Elim

P

* The overall reactivity correlates the leaving ability of the Y © for two reasons
1. This affects the kinetic r,/r.; partion. Ifr; is slow, the addition is simply reversible

2. The same factors that make Y © a good leaving group also make the initial carbonyl
more reactive toward addition (step 1, 11).
3. Thus good leaving groups have benefits at both r; and r,

*  Memory

o Think anion stability

o Cliff | Cl-A-vE-N-O

B. “Uphill” Reaction Sequences: 3-steps
o) 1. NaOH, H,0 )oL
R™ Y 2 socl, R™ Z
3. HZ
Ex:
o 1. NaOH, H,0 j\ o 1. NaOH, H,0 )CJ)\ o)
Ph)J\NHz 2. SOC, Ph” “OCHj Ph)kOCH3 2. SOC, Ph OJOK
3. HOCH, 3.
S) HOCH S)
OH 3 OH
NaOH HO)K
v A NEt,
SOCl, O SOCl, @
Mo PNe!
Ph™ O Ph)J\CI Ph™ O PhJ\CI

+ NH3

+ HOCH3
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. Which will proceed easily/directly? (“downhill”’?) Add Appropriate Reactant(s) and Side
Product. If it doesn’t go directly, give indirect route.

@)

O
/ﬂ\ + NHy —— » /l\ +

Ph™ ClI Ph NH,

)Oj\oj\ ' — A~

o) o)
+ H-NMe,
)J\OCH3 ANMe + HOCH;z
o) o)
+ NaOH
)J\OCHs AONa + HOCH;z
0 o)
NaOH
)J\NMe; )J\ONa + HNMe,
O o)
NM62+ )J\OMG +
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1. Provide products for the following transformations.

/‘i sOCl,
a pPh” “OH
b ? 1. SOCI2
Ph OH 2. Acetic acid, pyridine
O
c. | PhNH.,
Ph™ "OMe
)Ci 1. NaOH, H20; H+
d- P >NHMe 2. SOCI2

3. MeOH, pyridine

@)

@) .-
| | ethanol, pyridine

o

1. HyO*
) Ph-CN

2. MeOH, H*

2. Draw the mechanism for the following reaction.

O O 0] (@]

)l\oJ\ S )l\OCHzCH3+ Hok (8 steps)

30
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Provide reagents for the following transformations.

pi

Ph

Ph

Yo

Ph

Yo

Ph

Ph

Ph

Ph-CH

OH

OH

OH

OH

OMe

OMe

>OH

Chem 342 Jasperse Carboxylic Acids and Derivatives Ch. 18,19

0
Ph)\OM (Method 1)
0
Ph)\OM (Method 2)
1
Ph)\NHz (Method 1)
O

M (Method 2)

Ph OMe

Ph OMe

31
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Provide products for the following condensation or hydrolysis transformations.

0] H*

)J\OH + MeOH

Ph

/WOH + PhNH, Mt
0
o)

H*
\Hj\o/ﬁ/ +H20 —_—

\)?\ 1. NaOH
Ph
N 'Ph 2 HCI
H
0

H OH O H*
: o —
@)
o 1. NaOH
2. HCI
OMe

32
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Cyclic Esters and Amides: Provide products or starting reactants for the following
condensation or hydrolysis reactions involving cyclic esters or amides.

OH H+
HO - >

0]
(0]
1. NaOH
(0]
H\\' 2 H30+
Ph
Oj\:"\l/\ 1. NaOH
H-
+
cl 2. H30
(0]
Heat HN
P H/,A
Me

Rank the following as acids or bases.

O o)

F\)kOH )LOH CH3C?\-I>H3 NH,

® ® Q
(CHg),NH PhNH H,O
3/2NH2 3 AOH 2

EtN EtNH, @NH PhMgBr
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. Provide reagents for the following transformations. There may be more than one solution.

O
Ph&J\CI Ph\/\N/\/
H
/\NH2 /\”/\/\
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. Provide reagents for the following transformations. There may be more than one solution.

O

o)
\)J\OCHa \)kOH

)

o)
\)]\OCHs QJ\N (CHy)

0O 0
\)J\OCHS \)LOJJ\Ph

WOH
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7. Provide mechanism for the following reactions.

0
H*, H,0 0
)J\OCH3 - )J\OH

1. NaOH, H,O OH
o
b 2. H' OH

3 CH3Br, NaOH ® O

d CH3NH2 (CH3)4N Br

36



