Chem 360Jasperse Ch. 19 Notes+ Answers. Amines 1

Reactions of Amines

1. Reacdtion asa proton base (Section 19-5 and 19-6)

H H-X (proton acid) H
NN

H
amine NaOH
base

H |
ammonium salt
(acidic)

Mechanism: Required (protondion)
Reverse Mechanism: Required (deprotonaion)
Amines are completely converted to anmonium salts by acids
Ammonium salts are completely neutralized back to amines by bases
Patternsin base strength: Reflect stabilization/destabilization factors on both the
amine and theammonium
o Nlonepar: sp®>p?>p
o For sp3 nitrogens 3V 2V 14

KK KK K

2. Reaction with Ketones or Aldehydes (Section18-16,17 and 19-10)

OH
)OL ZNH,, H* /I\ H*,-H,0 J\Z

—_— . JR———

e O 2N, | R T RO
2%, y 2 H O, H+ ..

glrdfe%?z tetrahedral 2 imine

"aminol"”
Notes:

¥ @Ocan beacarbon nitrogen, oxygen, or hydrogen atonvgroup

¥ The@minolOcan®beisolated, it@ only present at equilibrium.

¥ Equilibrium factors apply. Water drives to the carbonyl sde remova of water
drivesto theimineside

¥ Mechanism: Learned for last test (nottested this time)

¥ Mug have at least 2 HB onnitrogen !  2%:3%amines can®do this
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3. Alkylation of 1%/Alkyl Halides (Section19-12, 19-21A)

R Br

H
< | S)
R—N;  — R—T@j X
H

R

ammonium salt

3a. Polyalkylationisroutine
0 With excess akyl hdide and base, keep on akylating untl it becomes the
quaernary ammonium salt (no surviving H® on nitrogen, examples beow) .
Mechanism required for polylalkylations The mechanism involves repditive
sequential Sy2 alkylation-deprotonaions

3 CHy-Br ® cH
Ph” NH, PR ONTe g
NaHCOj; HsC CH
2CH3CH2-BI’ /—
CNH Cl\@ Br@
NaHCO; N

PhCH,-Br ©
Et3N —2> Et3§?_CH2Ph Br

3b. Monoaubstitution is possible when excess ammonia (or other cheap amines) is
used.
¥ Mechanism for monosubgitution required. This involves simple S\2,

followed by deprotonaion by the excess amine

excess NHg
NN ——— NN NN,

4. Acylation with Acid Chloridesto From Amides: (Section 19-13, 20-15)
0]
(@) .
)l\ base required
Rl\N’H Cm 'R Rl\NJLR (either excess amine,
or NaOH or NaHCOg3,
R, or NEtz or pyridine...)

Y

|
Ro

Mechanism: Required (addition-eliminaion-deprotonion)

Aminemus have at least onehydrogen to begin. But 1%:2%0r NH3 al react well.
But 3¥amines can®work.

Some base is required for the deprotonaion step and to absorb the HCl.  For cheap
amines, excess amine can smply be used. Alternaively, amines with no H®
(triethylamine, pyridine) can beused. Or else NaOH or NaHCO5 can be used.

KK K K
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4b. Acylation with Carboxylic Acidsto From Amides. (Section 20-12)

0
o)
Rl\,\ll,H HOJ\R R Rl\I}IJLR
R2 heat R,

¥ Mechanism: Not Required B
¥ Fairly high temperatures often required, and yields aren® as good as with acid

chlorides

¥ Biologically amine + acid !

mechanisms

amideisroutine and is facilitated by complex enzyme

5. Substitution for Aromatic Amines via the Diazonium Salts (Orhe Sandmeyer ReactionQ

(Section19-17, 18)

NaNO,, HC
ArNH,

ArCN
ArBr
X . ArCl
diazonium
salt
ArOH
H3;PO,
ArH

¥ Mechanism: Not Required

¥ Quditatively, can think of this as a nudeophilic subditution: a nudeophie replaces
N,, apremier leaving group Theactud mechanism is probebly radical, however.

¥ Applicationin synthesis. The amine (an o/p director) is often derived from a nitro (a
meta director). Using thenitro groupto direct meta, then redudng and converting the
nitrogen into CN, Br, Cl, OH, or H, provides produds we haven® been able to make

before.
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Synthesis of Amines
6. From Aldehydes or Ketones. Reductive Amination (Section 19-19)

j\ . Ez NaBH;CN Rz.-Ra - RZ\C,”(I),RQ,
R” "R <IN~ +
1 H Rs cat. H R/’\Rl RJLR].
Ketone or H
aldehyde
¥ Access 1%2vsor 3YAmines
¥ Mechanism: Not required. (Basic workup)
¥ Thecarbonylreactant can be an aldehydeor aketone
¥ The amine reactant mus have at least one hydrogen, as shown above but R,

and/or R3 can beeither acarbonor ahydrogen. Thus
0o NH3! 1¥RNH,

0 1YRNH,! 2YR,NH

0 2YR,NH! 3YRgN

o 3YRs3N dordreact

o Ho _H [ HOH ]
g - E NaBHCN \ o :
R™ R H™"H cat. H* /,\ )L
Ketone or . R Ry R Ry
aldehyde ~ ammona 1vamine
o) (R®PH |
P Ez NaBHZCN R -H - Rp O H
R Rl H’ \H Cat H+ )J\
. R Rl R Rl
Ketone or 1¥amine H L -
aldehyde 2Yamine
0 &)
R Ry H" "Rs  cat H )L
: RTIOR, R™ "R,
Ketone or 2Lamine H
aldehyde 3%amine

7. Via Amides: (Section 19-20)
0

RJI\[}l'Rl i”"él» R/\Wj R

R> R2

¥ No mechanism required for theredudion
¥ Access. 1%2%a0r 3YAmines,
¥ RjandR, canbeeither H or C. Thus you can produc either 1%2%s0r 3%amines
in thisway:
o RCONH,! 1YRCH,NH,
o RCONHR! 2YRCH,NHR
o RCONR,! 3YRCH,NR,
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8. From Aminesvia Amides: (Section 19-20)
0
0 HJ

R1 acylation LiAIH
4 R
e Sl
R | 2 R, R,

O
O .\ H\,}I,Rl acylation> JJ\N,Rl LiAIH,4 R/\N'Rl
RJ\OH R heat R I

RIZ R2
¥ Access 1Y42Y0r 3YAmines

¥ Acylation mechanism required (see reaction 4) but redudion mechanism not
required.

9. Reduction of nitro compounds. (section19-21C)

NO NH
O > Fe, HClI - ©/ 2

¥ Access. 1¥Aminesonly (especially aromatic amines)

¥ No mechanism required.

¥ There are many other recipes for redudion of nitro compounds
(0] Pd/Hz, NI/H2, PUHz,

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

10.From 1¥Alkyl Halides: Alkylation of Ammonia (Section19-12,19-21A) (Seereaction 3).

excess NH3

R Br ——— > R \H,

Access. 1YAmines only

Mechanism required. (see reaction 3b)
No changein nunber of carbons
Excess NH; prevents polysubditution.

K K K K

11.From Nitriles: Reduction of Nitriles (Section 19-21B)

LiAIH,,
R-C=N ———> R” " NH,

¥ Access. 1¥amines
¥ Mechanism notrequired.

12.From Alkyl Halides: ViatheNitrile (Section 19-21B)

R _Br _LKen | R\/CN] — >R e~
2. LiAlH,
¥ Access. 1¥Aminesonly
¥ Mechanism notrequired.
¥ OneCarbonchan extenson!
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Summary of Amine Syntheses

Route Reaction Source/ Reagent Available Comments
Number Precursor Amines
1 #6 Aldehydes RoNH, Ht 1Y22Y0r 3Y.
or Ketones NaBH3CN, Amines
2 #7,#8 Amides LiAIHg 1Ya2Ypr 3Y.
Amines
3 #7,#8  Amines 1. RCOCI 1YArNH2
(viaAmide) (or RCO2H, heat)
2. LiAIHg
4 #7,#8  Acid Chlorides
or Acids 1. RNH»
(viaAmide) 2. LiAlHg
5 #9 ArNO2 Fe/HCI 1YArNH2
6 #10 1YRCH2Br NH3 (excess) 1Yonly, Origind
with CHo  carbon
next to chanis
nitrogen ~ Not
extendead
1.
7 #12 1YRCH2Br 2. KCN 1Yonly, Origind
(vianitrile) 3. LiAlHg with CHo  carbon
next to chanis
nitogen ~ extendd
by one
carbon
8 #11 RCH2CN LiAIH4 1%@nly,
with CH2
next to

nitrogen
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M echanisms
1. Protonation

/NH%I @ C@

AN NH, ——— " NH,

1.-Reverse. Deprotonation

@y(H NH,
H
3. Polyalkylation
EX:
3 " pr
Ph” > NH, o - Et B?
NaOH E{ Et
Mech:

- — =2~ Ph N, OH
Ph NH, a /\NHEt
S\ Et Deprotonate
N
Sn2
/\Br
(WA
/\@,Et Br
Ph™ "N, - Ph NEt, N
Et Et Sn2 Deprotonate Et 'Et

3b. Monodkylation

/\ NHs /—®OH

/\/\/\
NN By Hs
Q SN2 Deprotonate

/\/\/\
NH,
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4. Acylation
EX:
0]
CI)J\
A NH, ———> AN
NaOH H

Mech: 3 steps Addition-Eliminaion-Deprotonaion

H CoH

NS

S o
® O) Elim @J\ Deprotonate
/\/N/& N
H |1| CCI H
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Formal Amine Nomenclature: X-akanamine N-akyl-X-akanamineg etc.

¥ Choo% longest C-chan to which nitrogen is attached, and number from end nearer Nitrogen
¥ Thenitrogen does**n ot** countas anumber itsalf. An alkyl subdituent is ON-alkylCE

¥ Besureto specify with a number to indicate which carbon has the nitrogen

¥ N,2 asaSubgituent. GAminoO

Common Naming (for smple amines): Alkylamine, dialkylamine, trialkylamineE .(ex

Three Common Amine Names to Memorize
Name Structure N AtomHybrid LonePair Hybrid

Anilin . >
€ : NH, P P
- - — 2 2
Pyridine . P P
N o
N\ /

rrole =\: . >

Py CNH S p
=

Some Otha FamousCommon Amine Names (No memory reguirement)
Name Structure

rrolidine T
Py I::NH
Pyridine @

N
H
Purine N o~ RNA, DNA,
¢ f| ATP, and ADP
N~ are madefrom
Ho . derivatives of
Pyrimidine \/_\— " Purineand
}\1 WAk Pyrimidine

Q\mino AcidsD

E O HR, Hoo Loss of Water H O HR,H O

- H\ OH ,N -
H FQJ\OH NAW H %OH Makes Amide et{:/NgLNAWN?eLN ]EtC
\ Ry H H O Rs H j Bonds, Polymers RiH H O R3H H

Y amide polymer
. . . . . . "protein"

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

-20 major natural amino acids

-Under neutral conditions, the amine actually
deprotonates the acid to give not an "amino acid"
but actually an "ammonium carboxylate"

H @) lT' O |T| 0O
|
-The side groups "R" can be acid, basic, hydrophilic, HTM HHt MO@ H,N\(Lj\o@
or hydrophobic. H > OH R
R, H Ry H Ry H

-The sequence or R groups on thepolymer :
essentially spells out the biological activity of the protein. acidic pH neutral pH basic pH
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Nomendature. Draw the structure or providethe name for thefollowinag.
_CH,4

HN

1. N-methyl-3-phenyl-2-octanamine

2. Z-3-penten-1-amine K/VNHz

3. 3-hexanamine NH;
Y
4. pyridine =
X NH;
5. HCHs 2-methyl-1-butanamine
NH, O
6. 4-amino-2-pentanone(here, aminois subgituent, ketonepriority)

7. Structure and Hybridization. For each of the Nitrogensin structures be ow:
¥ circletheNitrogen atomif theatomis sp3 hybridized; but abox aroundthe Nitrogen
atomif it is sp2 hybridized.
¥ Then beside each Nitrogen atomwritein the hybrdization of the Nitrogen lonepair,
¥ andtheapproximate bondangles (180, 120, 109 or 90) aboutthe nitrogen atom.
sp®

p
gl GIEN
=
= Hs /N\]|/§N sp?
— NH| p /]\ >
p| N N 2

H sp
8. Boiling Points. Rank thefollowing in terms of boiling point, 1 beng highest, 4 beng lowest.
OH NH, - OH
SN G) @ SN

3 4 1

no H-bonding H-bonding
+ molecular weight

Alcohols H-bond themselves
better than amines (because amine
H is less positive

9. Water Solubility. Rank thefollowingin terms of water solubility, 1 beng mog water
soluble, 5 being least water soluble.

OH NH, OH o CH,
O/ ’ ' O/\/\ ’ Oi/\ ) (I/\

Basic amines H-bond water-H's better
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Acidity/Badcity Table 19.1: Neutral Acids and Anionic Bases

Neutral Acid Acid Anion Base
Class Structure Ka Strength Base Strength
I - (@]
StrongAcids H-Cl, HSO, | 10 O Hoﬁ}g
(0]
Carboxylic 0 10° o
Acid R J\OH ™ o2
Phenol ©/OH 10%° S
1,3-Dicarbonyl o O 10* o 0
)J\/U\OMe )%OMG
Water HOH 10%
HOe
Alcohol ROH 10%
ROe
Ketones and O 10% @
Aldenydes Mw )%
H H 33
Amine(N-H) (iPr),N-H 10 (iPr),N @Li®
Alkane (C-H) RCH3 10 RCH,©

Quick Checklist of Acid/Base Factors

Charge

o0 hsWNE

Electronegativity
Resonance/Conjugation
Hybridization

Impact of Electron Donors/Withdrawers
AminessAmmoniums

11

When comparing/ranking any two adds or bases, go through the above checklist to see
which factors apply and might differentiate the two.
When a neutral adds areinvolved, it@ often best to draw the conjugate anionic bases,
and to think from the anion stability side.
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Acidity/Badcity Table 19.2: With both Neutral and Cationic Acids and both
Neutral and Anionic Bases

Acid B
Class Structure Ka Strength Base Strength
StrongAcids H-Cl, H,S0, | 10 o Q0 Smell
Cl— HO*%*O AWfUII
(0]

Hydronium H,O", ROH* | 1¢° H,O, HOR Humans

cationic neutra
Carboxylic 0 10° Cuz
Acid JJ\O j\ ©

R H R O

Phenol ©/OH 10 @) People

Ammonium R H 10% R Agang
lon (Charged) }J\]} N
R R R™«<R
Charged, but only Neutral, but basig
weakly acidic!
Water HOH 10" e Working
HO
Alcohol ROH 10" =) Are
RO
Ketones and o 10%° o Kingdons
Aldehydes PR )%
. . = .
Amine (N-H) (iPr),N-H 10 (iPr),N @Li® Animal
Alkane (C-H) RCH3 10 RCH,O All

Notes to remember
1. Averageneutral amineathousnd billiontimes more badc than a neutral oxygen
(electronegativity factor)
2. Anaverageneutra amineisthousndsof times|ess basc than nonresonance stabilized
hydroxide or alkoxide anions (chargefactor)
3. Butaverageneutral aminemillions of times more basc than highly resonance-stabilized
carboxylate anion (resonance factor trumps charge factor in this case)
4. Ammonium cationsare million of times|ess addic than neutral carboxylic adds, but
are more addic than neutral water/alcohol!
Neutral amine can completely deprotonde carboxylic acids but nat water or alcohols.
Therefore hydroxide can deprotonae ammoniums, but carboxylates cannot

o o
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More Detailed Discussion of Acid/Base PatterngFadorsto remember
1. Chage
¥ Nonfactor on Table 19.1, since all of the GicidOhave the same charge (neutral)
¥ InTable19.1, al of the asesOhave the same charge (anion, single negative charge)
¥ Normally, all else equal, cations are more addic than neutrals, and anionsmore
bagc than neutrals. (See Table 19.2)

2. Electrongydivity:
¥ Acidity: H-X (hdogen)>H-O>H-N>H-C
y Basicity: Xe< 69< Ne< Ce

y Anion Stability: x > (59> N > Ce

3. Resonance/Conjugdion:
¥ Oxygen Series.
Acidity: sulfurice acid > carboxylic acid > phenol > acohol

o) o
S 2 0 <©
Anion Basicity: -s-0 < <
y Hogo )LC@ c@ /\c@
19> 1> Qg
Anion Stability: -s-0 ~
nion Stability HO(|850 )kg) L A~E

¥ CarbonSeries:

o Acidity: 1,3-dicarbonyl> ketone(monoarbonyl) > akane
O O 0

Anion Basicity: )J\@/lLOMe< Je < o
O

O O
anionswability: Sl 7 Lo > _~o

¥ Nitrogen Series:
o Acidity: amide> amine

Anion Basicity:
o ty )k /\NH

Anion Stability: )]\ ~Q.

¥ Note: Resonanceis often useful as atiebreaker (for example, moleculesin which
both have O-H bondsand both have equd charge so tha nather thechargefactor nor
the electrongydivity factor could predict acidity/basicity)
¥ NOTE: Resonance can sometimes (not aways) trump electronegativity or even
chage
0 Example of resonance versuselectronggaivity: aC-H with carbonyl
resonance (ketondenolate case) is more acidic than an N-H with no resonance
hdp butless acidic than an O-H with noresonance hdp. A C-H with two
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carbonyl resonances (a 1,3-dicarbonyl case) is more acidic than even an O-H
tha has noresonance hdp.

0 Example of resonance versuschage A carboxylate anion, with serious
resonance stabilization, endsup bang so stabilized that it is even less basic
than aneutral, uncharged aming A hydrogen sulfate anion from sulfuric acid
isless basic than not only neutral amines but aso neutral oxygen (water, etc.)

4. Hybndlzatlon
For lonepar basicity, (al elsebeingequd), sp® > p*>p>p

— o]
Neutral Pt . > PR .
Nitrogen NHy > M7 HCCEN: )LNHZ

Series sP Sp P P
. S) o S) Q

(S:arbanlon /\CHZ > AC > HiC-C=C: > )J\@

eries oo A

sp’ 3p2 sp p SH2

Oxygen
Anion )]\ S
Series sp

This meansthat for acidity, alkynes > alkenes > akanes

5. Electron donding/electron withdrawing subgituents:
Electron withdrawing subdituents will stabilize negaively charged anions butwill
destabilize postively charged cations
0 Thismeansawithdrawer will increase the acidity of aneutral acid because it
will stabilize the resulting anion.
0 Thismeansawithdrawer will decrease thebasicity of aneutral base because it
will destabilize theresulting cation
Electron donding subgituents will stabilize postively charged cations butwill
destabilize negaively charged anions
o0 Thismeansadonorwill inaease the basicity of aneutral base because it will
stabilize theresulting cation. Theresulting cationwill beless acidic.
ity i Cation @
Basicity: Moy« Ronp, g?:?c?i?y "R R Qs Stebility: | NH3© R s
ammonia alkyl amine
o0 Thismeansadonorwill decrease the acidity of aneutral acid because it will
destabilize theresulting anion, and will increase the basicity of theanion
i, Ho _H > R___H Anion Anion H_O©O ., R_O
peidy: Thor > ot iy 0T o Sy O 7O
6. Ammonlum Cationsas Acidsand Neutral Amines as Bases
Neutral amines are more basic than any neutral oxygen (electronggdivity factor)
Neutral amines are less basic than mog anionic oxygens induding akoxides,
hydroxides (chargefactor)
However, neutral amines are more basic than highly resonance-stabilized carboxylate
anions(in this case, resonance factor trumpsthe chargefactor).
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Table 9.3 Relative Badcity of Different Classes of Neutral Nitrogen Compounds.

Structure Impact Structure
of Lone On of
Amine | Base | Par Base Ammonium Acid
Entry | Base | Strenth | Hybrid Strength Acid K, | Strenth
CNH P | Aromatic, Decrease C%)H 10
=~ Conjugaed ~/
O P | Conjugaed, | Decrease 0 10°
)LNH Electron- %)Hg
2 Withdrawing
Carbonyl
@NHz P | Conjugaed | Decrease (j%h 10*
2 5
| ~N S @\CEH 10
= P2
NH, sp° | Reference @®NH,4 10°3
EtNH ® | Alkyl Increase 101°°
i i Dor)1/0r Et%HS
3 10.8
Et,NH P glokryl/(l)r Increase EtZCIQ)HZ 10
Et,N ® | Alkyl Increase ©) 100
i i Dor)1/0r EtsNH

General Amine Badcity Patterns.

a. Relative basicity correlates Lonepair hybridization: sp® (entries 5-8) > sp” (entry 4) > p

b.

(entries 1-3) (hybridization factor)
Within the sp® amines, increasing alkyl subditution increases basicity (entries 5-8): 3V 2%
1Y% NH, (electron donding groupfactor)

Note: paterns(a) and (b) essentidly cover everything.

C.

Amides are much less basic than amines, or even other nitrogenswith p-lonepairs (less than
amines reflects hybridization and conjugaion; amides are less basic than other p-hybrid
conjugéaed lonepars because or the electron-withdrawing groupfactor).

Conjugéaed nitrogensare in genea less basic than isolated nitrogens (both hybridization and
conjugaion factors)

Note: Theaddity of conjugate ammonium cations (conjugate addsrelativeto the
amines) isdirectly and inversely related to the badcity of the neutral amines.

Key: remember paterns(a) and (b) above Tha should hdp you solve relative basicity
problems. If given ammoniums, draw therelated conjugae neutral amines, rank them as
bases, and redlize that the strongest amine base relates to the weakest ammonium acid.

Y ou should be able to handle any ranking problems involving either amines as bases or thar
conjugae ammoniums as acids This should induderelative to non-nitrogen acids and bases.
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Explanationfor Basicity Pattern: Acidity/Basicity is an equilibrium measurement, and thus

reflects both produd stability and starting material stability.

H HOH A
N., == N. 1 ADH
H>*H H H B --C B~ °C
¥ Anything tha stabilizes the cation increases the badcity of the nitrogen
¥ Anything tha destabilizes the cation decreases the bagcity of thenitrogen
¥ Anything tha stabilizes the amine decreases the bagcity of thenitrogen (especialy if tha
stabilizing factor is sacrificed uponprotonaion)
¥ Anything tha destabilizesthe amine increases it(@ basicity
¥ When lonepar isp, tha always reflects stabilizing conjugaion and reduced basicity. Thisis
theorigin of both the p-hybridization factor and the resonance/conjugdion factor.
Subdituent Why: Which Side
Conjugae | Andit@ |s Stabilizied or Destabilized?
Entry Base Cation | mpact
NH; NH," Reference
6-8 Et;N Et,NH" Alkyl Groups Cation sde stabilized by
Increase Basicity | akyl groups(electron
donors, cation stabilizers)
CNH = \C) Being pat of Neutral sideis stabilized
~ ~NH2 | Aromaticring by aromaticity. (Aromaticity islost
Reduaes Basicity | following protonaion.)
o o Acyl/Amide Neutral sideis
" )kﬁH Conjugaed stabilized by conjugation to the
2 3 To Carbonyl carbonyl. Tha conjugaionislog
following protonaion. Second,the
cation side isdestabilized by the
strongly electron withdrawing
carbonyl group.
NH; @ Conjugéaed Neutral sideis stabilized
©/ NH3; | To by conjugaion. (Tha conjugaion
©/ Aromatic islog following protondion.)
XN ®y | Aromdtic. Amine sideis stabilized by the sp
| _ | N Part of hybridization of thelonepar. An
= Aromatic sp° lonepair is shorter than an sp®
Ring orbital. Theshorter sp° orbital

meansthe e ectronsare nearer and
hdd more tightly by the nitrogen
nudeus, and are thusmore stable.
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Choo< the More Acidic for Each of theFollowing Pairs. Single Variable Problems

10. NHa DNH, Theammonium. Chargefactor.
&)
11. < OH, ~OH  Thecation. Chargefactor.
P
12. o “NH; ~CH;,
1 2 3
Electronggaivity factor.
x
13. oH - OH Theacid. Resonance factor.
x
NH .
14. 2 “NH, Theamide Resonance factor.
0 0 0
N DY I _ove

1-2-3. Electron dona/withdrawer factor. Nitro withdrawer stabilizes anion;
methoxy donordestabilizes anion.

1-2-4.
Choos the More Basc for Each of the Following Pairs (Single Variable)
16. NH, NaNH, Chagefactor, second structure
17. NaOH H,O NaOH, chargefactor.
18. NH, H,O Ammonia Electronayaivity factor.
o
S S
19. Ph70 Ph™ O Alkoxide Resonance factor.

O

o o)
Ph)J\/ NO2 Ph)J\@ Ph)J\/ OMe
20. © ©

3-2-1. Donovwithdrawer factor. Nitro withdrawer stabilizes, methoxy dona destabilizes.
21. “NH, NH3 O,N-NH,

1- 2-3 Donorwithdrawer. Alkyl isdonor, nitroiswithdrawer. )
Choos the More Basc for Each of the Following (Multiple Variables, apples and orangeskE)

22. NH, /\0@ Alkoxide Chargetrumpselectronggdivity.
o o}
P @ ~
23. © Ph)]\ Enolate. Resonanceisn®

enoughto outweight electronggdivity.
O O

e)
u 0 o N

IS so goodthat even a C anion beats the O anion.

Alkoxide Resonance
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Choo% theMore Basic for Each of the Following Pairs

25. NH, NaNH,
Chargefactor. NaNH2.

26. NH, NaOH
NaOH. Chargefactor outweighselectroney.

27. NH, H,O
NH3. Electrone factor.

28. NH, CH,OH
NH3. Electrone factor.

29. NH, G
Alkoxide Chargefactor.

(@]
A e

30. NH,
Ammonia. Theanionis so stabilized by resonance that the neutral amineis more basic.
S
Cl or HO—%—O
31. NH, 0

Ammonia. Both of these Gitrong acidGanionsare so stable tha they don®fundion as bases.

32. NH, CH,MgBr
Grignad. C anion. Chargefactor.

33. NH, CH,;NH,
CH3NH2. Donor effect.

34. For thefollowing sets of bases, rank them, 1 bengthe mos basic.

a CHzMgBr CH3NHNa CH3NH» CH30OH
1 2 3 4
Carbanion N anion N neutrd O neutra

So we see both the charge factor and the electronegativity factors at play.

0
S) S)
1 3 2 4
Anion, nores Anion, with res Neutral, Nit Neutral, Ox

Alkoxidewith chargeis stronge than neutral nitrogen. But carboxylate with resonanceis
weaker than neutral nitrogen. Neutral oxygen isweakest (loses all charge and electroneg wars)
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35.AmineBasicity. For thefollowing pairs or sets of bases, rank them, 1 bangthemog basic.

0 0

N
a H M
Secondthingis stronge. Hybridizationfactor. Sp3 nitrogen versusp nitrogen.
o}
b “NH, )J\NHZ

First ihing isstronge. Hybridization factor. Sp3 nitrogen versusp nitrogen.

c. benzamide[PhC(O)NH2] aniline (PhNH,) pyridine triethylamine
4 3 2 1sequence. Thefirst two are p hybrids pyridineis sp2, triethylamineis sp3
(hybndizationfactor). Thetie-break between thefirst two istha amides are weaker, theresult of
the electron-withdrawing carbonyl.

d. triethylamine ethylamine ammonia
1 2 3. All three are $p3, so 3%2 1¥2 ammonia, as aresult of theelectron donor
subdituents.

e. dimethylamine methylamine aniline (PhNH,)
1 2 3. First two are both sp3, latter p. So hybridization factor sets aniline apart.
Dimethylamineis 2%2s0 dona factor makes it more basic.

MeO@—NHZ H@NHZ OZN@NHZ
f.

1 2 3. Donorwithdrawer factor.

E FF
~">NH, )\NHZ ><NH2

J 1 2 3 Donorwithdrawer factor.

h. triethylamine NaOH
2 1. Chagefactor.

i. methanol methylamine methane
2 1 3. Electrong factor. Methanehasnolonepar, soistotally nonbasic.

j. CH3MgBr CH3NHNa  CH30ONa CH3NH» CH3COoNa CH30OH

1 2 3 4 5 6
We see: chargefactor, electrongydivity factor, and theresonance factor.



Chem 360Jasperse Ch. 19 Notes+ Answers. Amines 20

36. Rank the acidity of thefollowing compounds 1 beng mog acidic.
a. Hi3O* NH4*Cl- water acetic acid (CH,CO,H) NH3
1 3 4 2 5
Chargefactor, electronegativity factor, and resonance factor all impact.
Of thethree neutrals, acetic acid is mos dueto resonance, anmonia least dueto electroney.
Of thetwo cations hydroniumis stronge than ammonium (el ectronggdivity).
Ammoniumionisweaker than carboxylic acid (due to carboxylate resonance trumping charge
factor)
b. H3O* acetic acid (CH,CO,H) MesNH*Cl- ethanol
1 2 3 4
Chage, electrongy, and resonance.
Acetic acid is stronge than ammonium dueto resonance on resulting carboxylate.
c. NHg*Cl- MesNH*Cl- PhNH3*Cl-
2 3 1
Hybridization and dona effect. #1 winsbecause it produees aniline, which has p hybridization
and is stabilized by conjugdion. #2 and #3 both produe sp3lonepars. #3isleast acidic
because of the alkyl donors, which stabilize thecation.
37.Suppoe al of themolecules A-D are dissolved in diethyl ether.

i
OH

a. Which oneor ones will extract (dissolve) into aqueoussodium hydroxide? (And why?)
Ansver: B andC.
Key: An organic will moveinto theorganic phaseif it isionized.
Why: B and C give resonance stabilized anionsthat are more stable than hydroxide Hydroxide
isunable to deprotonae A and D, since that would result in anionsless stable than hydroxide
Since they stay neutral, they stay in the organic layer.

b. Which, if any, will extract into aqueoushydrochloric acid? (Andwhy?)
Answer: D.
Key: An organic will moveinto theorganic phaseif it isionized.
Why: AmineD is protonaed in acid to give a water soluble ammoniumion. Theoxygen
compoundsare not protonaed and ionized by acidic water; since they stay neutral, they stay in
theether layer.

c. Which, if any, will extract into neutral water? (Why or why not?)
Answver: None
Key: an organic will moveinto the organic phase if it isionized.
Why: Neutral water nether protonaes nor deprotonaes the compounds They all stay neutral,
so they all stay in theorganic layer.

d. Explain howyou could use an extraction scheme to separate D fromA.
Dissolve in ether.
Treat with agueousacid, which protonaes/ionizes D but notA.
Separate layers.
Conaeentrate the organic phase; get pure A.
Add base to the aqueouslayer, to convat DH* back to neutral D. In it@ neutral form,
amine D will nolonge be soluble in water, and will either crystallize out or can be
extracted out with an organic solvent.

KK KK K
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Draw the Produds of thefollowing Aminereactions

NPh Ph
4-phenyl-2-hexanone, H+
38 PhNH,
NNH,
Cyclohexanone + HoNNH, ———
39.
CH O
M63N + PhCH2| H3C_|}|_CH2Ph
40. CHs
excess Bromoethane CH,CH3 )
A~ —~G B
Ph™ “NH; [\ -on Ph™ “N-CH,CHj
a1 CH,CHj
Excess NH3 ~
42 PhCHBr Ph”™ “NH,
Br Intramolecular
H2N\/\H\/ NaOH HN SNZ
43.
O
)l\/ o
PhNH c )l\/
44. 2 PhHN
o 0
)l\ + N-methylbutanamine ——— )I\
45. |
j)\ heat i
\/\/NHZ + Ph OH Ph N/\/\

46. H



47.

48.

Br

49.

Chem 360 Jaspase Ch. 19 Notes + Answers.

1. HNOg, H,S0, cl
2. Bry, Fe

3. Fe, HCI Br
4. NaNO,, HCI
5. CucCl

1. HNOg3, H,SO,4 CO,H
2. Fe, HCI

NaNO,, HCI
CuCN
. KMnO,4 CN

oaw

NH, 1. NaNO,, HCI Br H

2. H3PO,
Br

HsC NH, 1. NaNO,, HCI HsC OH
50. \©/ 2. H,0, Hy,SOy, heat \©/

Design Synthesis

»

51.

Nitrobenzene

52.

CN

1. HNOg3, H,SO, (installs nitro group, meta director)

2. Br,, FeBr; (installs bromine in the meta position)
3. Fe, HCI (reduces nitro to amine)

4. NaNO,, HCI (converts amine to diazo)

5. CUuCN (replaces N, group with CN)

=

. Cl,, FeClj; (installs chlorine in the meta position)

. Fe, HCI (reduces nitro to amine)
NaNO,, HCI (converts amine to diazo)
H,0, H,SO,, heat (converts diazo to OH)

o

Br

Cl

Amines

OH

22
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1914 Reactionwith Sulfonyl Chlorides: and theHinsberg Test
. o -HCl . 9
—ITI§—R —_— _’Tl_ﬁ_R Sulfonamide
0] o)
¥ Exactly asfor amideformation

¥ Many antibiotic drugs sulfonamides are so similar to amides tha they occupy enzyme
activesites! prevent bacteria growth

Sulfonanides and theHinsberg Test for 1%2Y3YAmines

Keys:
¥ Sulfonamides are Nonbasic
¥ Sulfonamidesin which the nitrogen has a hydrogen are acidic

O . . excess
—N S-R €XCESS _ Basic Conditions: Acidic Conditions:
| il NaOH Soluble or Insoluble? HCI Soluble or Insoluble?

(0]

Starting Derived

Amine Sulfonamide Basic Conditions Acidic Condtions
.. 9 Q .. ©
17Amine  R-N—S-R R-N—S-R R-N—S-R
H O © o H O
Soluble Insoluble
Q Q o
2YAmine R-N—S-R R-N—S-R R-N—S-R
R O R O R O
Insoluble | nsoluble

oo H

. R—N-R |
3¥Amine NoneCan Form ll? R—N—R

R

u

|nsoluble Soluble
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Synthesis of Amines: Draw the produds for thefollowing reactions

NaBH4CN, H*

53 - \F° +MeNH, _~_NHMe

~0 NaBH;CN, H* NH,
+ NH3 —_—
54.

NaBHZCN, H* NHMe

@
|
Ph)\ et Ph)\

55.
1. PCC
o 2. PhMgBr; H;0* Ph
3. H,Cro, NHPh
56. 4. PhNH,, NaBH;CN, H*

C(/O LiAIH, G
57, >N NH

Q
1. “cl H
~NH2 AN~
58 2. LiAIH,
O

s 1. MeNH,

Ph™ “Cl : Ph” > NHMe
59, 2. LiAlH,

1. NaCN

Ph\ﬁBr Ph\(\/NHZ

Amines

24
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61. Come up with variouspahways (4 goodones) to thefollowing 1¥amine

WO
NH;
NaBH;CN, H*
excess LiAIH,
~o~UBr ———— S~ UNH NH,
NH3 1¥amine o)
1. NaCN NH3
2. LiAlH,
Cl
gy \/\([)]/
62. Come up with pathways (4 goodones) to thefollowing 2¥amine
o}
H,N
HzN l 2 \/\
NaBH4CN, H

+
H* i N
oGP LiAIH, ~
\ H / \/\[(])/
or

or o~ N~

— 1 i \ H
O~ 2Yamine
NaBH5CN, NN
N . 3 LiAIH, \n/\
O
\/\/NHZ

25
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Provide Reagents for thefollowing Trandormations

o /\/\NHZ J\/
H
63. NaBH3CN, H*
1. PCC

/\/\OH /\/\NMGZ

64. 2. Me,NH, NaBH4CN, H*
O 1. NH
I il Ph

Ph\)\(j \/\NH2

65. 2. LiAlH,
o] O
. )I\/ | 1. HNOs, H,SO,
© AICl, 2. Zn(Hg), HCI
3. Fe, HCI
66 (either order, steps 2 and 3) NH,
excess NH;
P
g7 B Ph” “NH,
NaCN LiAIH,
/\CN |:>h/\/NH2

68. Ph” > Br Ph



