el



Aiaa g i 4y guac ClS je — Gyl

NH;,  Lised) (se Al &y gune S s o

Al lineY) Jaay Laa Ayl e 5oa Gl JiSU (g ginT cpa g sl 33 @
3 S 1y 0 S

S paal g il b oy S e

_CH;
:N
H\O COZCHB
H

CH, SN

! |- RN

S N N
H

H,C CH, N CHj (II)

Trimethylamine Nicotine Cocaine

© 2004 Thomson/Brooks Cole



SER

1305 el B Canans SN S o) cpm il e Al & 58 . (cans s o
Ol di)) Cuans (G dala) Jy ) cails

5 (R3N) 95 (R,NH) 5585 ( RNH,) (sl (el 1 g )5 830 (I i 8 5 o
. ( CH3NH,) 0 Jiine

CH, CH, CH;
H3C—C|3—OH H3C—T|\7 H3C—(g—NII:
CH3 éHg (leB
tert-Butyl alcohol Trimethylamine tert-Butylamine
(a tertiary alcohol) (a tertiary amine) (a primary amine)

© 2004 Thomson/Brooks Cole



Ll p s sa¥)

A ga Adady Alana (985 Jayl g ) Ary by Ada pa g gl B3 (1S5 Ladis

R

R—N—R X

R

© 2004 Thomson/Brooks Cole

el )l Nglyéi\ CN.JJMQL.\SJA\ X

A quaternary ammonium salt



IUPAC 48yl dasad) cilised)

ALty Jilad) ) il il g el adalal) andiiend Adasd) cilinadd Apudlly o

CH,
ch—(ll—l\' H, QN H, H,NCH,CH,CH,CH,NH,
c,
tert-Butylamine Cyclohexylamine 1,4-Butanediamine

© 2004 Thomson/Brooks Cole



JUPAC (sl adaital

Cdea¥) Sl 8 SO Al @ Caall (e Yy Caliay gl adaiall @

F1.C
NH,
F1.C

4,4-Dimethylcyclohexanamine

© 2004 Thomson/Brooks Cole



Al gde sana o SIS 2 sa g A el A
|UPAC aUai:

Ja) de ganall o (amino ) sixel aud) g Jats NH, A gana jglad o

CO,H
Tl\ H, NH, (”)
CH3CH20HC02H H 2 \JCH2CHQCCH3
4 3 2 1 1 3 2 1
NH,
2-Aminobutanoic acid 2.4-Diaminobenzoic acid 4-Amino-2-butanone
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(cyclohexylamine is the
parent name; methyl and
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0/ sp> hybridized
CHi™

\ "8 cHy " CHs CHy\ " CHs
H H CHj
methylamine dimethylamine trimethylamine
a primary amine a secondary amine a tertiary amine

electrostatic potential maps for

methylamine dimethylamine trimethylamine
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O O
CH;NH, + H—OCCH; — CH;NH;, + :OCCH;
Mecthylamine Acetic Methylammonium Acetate
acid ion ion
(stronger acid; pK, = 4.7) (weaker acid: pK,, =~ 10.7)
|
} /—\— . - .
CHSTJ +* ‘OH  —<=> CH;3NH, H—OH
H
Methylammonium ion Hydroxide ion Methylamine Water
(+tronger acid; pK, = 10.7) (weaker acid; pK, = 15.7)
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C,H,Li

Butyllithium
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+

CH(CHj),
H—N

CH(CHsy),
Diisopropylamine

L)ﬁ'&d&\ﬁé\ C\_\;.a N-H ujﬁj)qgssjo

CH(CHj3),
THF

> Li* —:N + C4Hyp
CH(CH;),

solvent

Lithium diisopropylamide
(LDA)
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NaCN 1. LiAlH,, ether _

RX —— RCN 2. H,0 RCH,NH,
Alkyl halide 1° amine
I I
. 1.SOCl, . 1. LiAlH,, ether R
R—C—OH o NH. R—C—NH, 2. 1,0 RCH,NH,
Carboxylic acid 1° amine
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m-Nitrobenzaldehyde
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ACH3 _

H,, Pt catalyst N . l
Ethanol , H3C ?ONHZ

CH,

p-tert-Butylaniline (100%)

NH,
1. SnCl,, H3O* R
2.NaOH, H,O ~
CHO
m-Aminobenzaldehyde
(90%)
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CH3(CH,)4CH,Br + :NH, —> CHy(CH,);CH,NH, + [CHy(CH,);CH,],NH

1-Bromooctane Octylamine (45%) Dioctylamine (43%)

+ [CH4(CH,)¢CH,]sN: + [CH,(CH,);CH,],N Br

Trace Trace
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CH,CH,Br CH,CH,N=N=N CH,CH,NH,
NaNj 1. LiAlH,, ether
_— s
Ethanol 2. H20
1-Bromo-2- 2-Phenylethyl azide 2-Phenylethylamine
phenylethane (89%)
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Gabriel's Synthesis _: Ju »& £likwal
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I ? 0
l' f
C c ™
N _KOH | N _BX N—R + KX
'/A‘ Ethanol / 2 DMF ol ! 9,
i i
O 0O O
Phthalimide Potassium 1 OH/H20
phthalimide

CO,~
CO,~
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Phenyl-2-propanone Amphetamine
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Primary amine Secondary amine Tertiary amine
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- NaBH.CN ,
+ HN(CH.), e + H,0
g CH,OH N
Cyclohexanone N, N-Dimethylcyclohexylamine
(85%)
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An amide
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) - NH, + CO., + N
R/C .\ X Heat R ! C

An acyl azide
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Heat
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-
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R—NH, + CO,
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Reactions of Amines

* Alkylation and acylation have already been presented

0
I

C
R >l

+ NH;;

0
I

C
S)

+ R'NH,

+ R',NH
R Cl

© 2004 Thomson/Brooks Cole

Pyridine
solvent

Pyridine

solvent

Pyridine
_—

solvent

O

C

O A+ HC

E
H

O

C._ _R +HC

o

R Y
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Hofmann Elimination

e Converts amines into alkenes

* NH,~ is very a poor leaving group so it converted to an
alkylammonium ion, which is a good leaving group

CH,l

(excess)

CH;CH,CH,CH,CH,CH,NH, CH;CH,CH,CH,CH,CH,N(CH,)5I-

Hexylamine Hexyltrimethylammonium iodide

AgQO
H50, heat

CH.CH,CH,CH,CH=—CH, + N(CH,)s

1-Hexene (60%)

© 2004 Thomson/Brooks Cole
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Silver Oxide Is Used for the Elimination
Step

* Exchanges hydroxide ion for iodide ion in the quaternary
ammonium salt, thus providing the base necessary to cause

elimination
HQ:-/\H\j /. on kS
C o E2 reactmn) C=C + H,0 + N(CH,),
As /N
>N(CHj);
Alkene

Quaternary ammonium
salt

© 2004 Thomson/Brooks Cole
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Orientation in Hofmann Elimination

* We would expect that the more highly substituted alkene
product predominates in the E2 reaction of an alkyl halide
(Zaitsev's rule)

* However, the less highly substituted alkene predominates in
the Hofmann elimination due to the large size of the
trialkylamine leaving group

* The base must abstract a hydrogen from the most sterically
accessible, least hindered position

35



Steric Effects Control the Orientation

?H:; OH~™
H,C—N—CH,
CH3CH20H.3(|JHCH;§
More hindered; k Less hindered;
less accessible more accessible

(1-Methylbutyl)trimethylammonium
hydroxide

|

CH,CH,CH,CH=CH, + CH,CH,CH=CHCH,

1-Pentene 2-Pentene
(96%) (6%)
@ 2004 Thomson/Brooks Cole
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24.8 Reactions of Arylamines

* Amino substituents are strongly activating, ortho- and para-
directing groups in electrophilic aromatic substitution
reactions

* Reactions are controlled by conversion to amide

HQO

Aniline

2,4,6- Trlbromoanlhn N CH N CH

(100%) ; ‘ ' . "
PP — . or r
0 ) I
Bry | . ) + CH,CO
H,0 !
CH:; CH.‘i CH3
2-Bromo-4-methyl-
Pv idine aniline (79%)

p-Toluidine

© 2004 Thomson/Brooks Cole
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Arylamines Are Not Useful for Friedel-
Crafts Reactions

* The amino group forms a Lewis acid—base complex with the
AICI, catalyst, preventing further reaction

* Therefore we use the corresponding amide

O O

H C
NH, N E o
(CH5C0):0 C -H;COCI NdOH
Pyridine AlClJ

Aniline

4-Aminobenzophenone
(80%)

© 2004 Thomson/Brooks Cole
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Diazonium Salts: The Sandmeyer
Reaction

* Primary arylamines react with HNO,, yielding stable
arenediazonium salts

+//1\
N

NH, N
@ + HNO, + H,80, — ©/ HSO,” + 2 H,0

39



Alkylamines and Nitrous Acid

* Alkylamines react with HNO, but the alkanediazonium products of
these reactions lose N, rapidly, leaving carbocations

40



Uses of Arenediazonium Salts

* The N, group can be replaced by a nucleophile

N
&z
N/

Nu
©/ HSO, + :Nu- — ©/ + N,

© 2004 Thomson/Brooks Cole
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Diverse Reactions of Arenediazonium
Salts

» Sequence of (1) nitration, (2) reduction, (3) diazotization,

and (4) nucleophilic substitution leads to many different
products

C@’

o~y
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Preparation of Aryl Halides

* Reaction of an arenediazonium salt with CuCl or CuBr gives
aryl halides (Sandmeyer Reaction)

* Aryl iodides form from reaction with Nal without a

copper(l) salt

3

p-Methylaniline

Aniline

@ 2004 Thomson/Brooks Cole

NH,
HNO,
HyS04
H;C

N=N HSO," Br
HBa1
/@ CubBr /©/
H,C H,C

3

p-Bromotoluene (73%)

Iodobenzene (67%)
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Aryl Nitriles and Carboxylic Acids

* An arenediazonium salt and CuCN yield the nitrile, ArCN,
which can be hydrolyzed to ArCOOH

NH, \—\ HSO4 CO,H
l INO, }\« I [,O1
H 950, ’
o-Methylaniline o-Methylbenzene- o-Methylbenzonitrile o-Methylbenzoic
diazonium bisulfate acid

© 2004 Thomson/Brooks Cole
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Formation of Penols (ArOH)

* From reaction of the arenediazonium salt with copper(l)
oxide in an aqueous solution of copper(ll) nitrate

NH, "N=N OH
HSO,~
HNO, Cu0
_— >

HzSO4 Cu(NOg4 )9, II:O

CH; CH;4 CH,4
p-Methylaniline p-Cresol
(93%)

(p-Toluidine)

© 2004 Thomson/Brooks Cole
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Reduction to a Hydrocarbon

* By treatment of a diazonium salt with hypophosphorous
acid, H;PO,

A\ - N HSO4_
Br Br Br
_HNO, | H,PO,
_
TH,S0; \Q
CH, CH,4
p-Methylaniline 3,5-Dibromotoluene
Br
2 Bry
FeBry
Br
CH, CH;
Toluene 2,4-Dibromotoluene

@ 2004 Thomson/Brooks Cole
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Mechanism of Diazonium Replacement

* Through radical (rather than polar or ionic) pathways

N,* HSO," I | X
©/ + CuX — © + Cu(HSOYX | — ©/ + CuHSO,
+ N,

Diazonium Aryl

compound radical
® 2004 Tho ks Cole




Diazonium Coupling Reactions

* Arenediazonium salts undergo a coupling reaction with
activated aromatic rings, such as phenols and arylamines,
to yield brightly colored azo compounds, A—N=N—Ar'

N=N HSO," Y N /©/
+ —_— N

An azo compound

where Y = -OH or -NR,

@ 2004 Thomson/Brooks Cole

48



How Diazonium Coupling Occurs

* The electophilic diazonium ion reacts with the electron-rich
ring of a phenol or arylamine

e Usually occurs at the para position but goes ortho if para is
blocked

(orange crystals, mp 152°C)

© 2004 Thomson/Brooks Cole
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Azo Dyes

* Azo-coupled products have extended m conjugation that
lead to low energy electronic transitions that occur in
visible light (dyes)

1
CH, N ~
I CHS
e en Sy
HSO4— + 3 — )
Benzenediazonium N, N-Dimethylaniline p-(Dimethylamino)azobenzene
bisulfate (yellow crystals, mp 127°C)

© 2004 Thomson/Brooks Cole
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24.9 Tetraalkylammonium Salts as
Phase-Transfer Catalysts

* Tetraalkylammonium ions from their salts (R,N*X~) can
replace inorganic cations to bring anions into organic
solutions catalytically

* Cyclohexene in chloroform cannot react with NaOH in
water because they are in different phases but a small
amount of benzyltriethylammonium chloride brings OH-
into the organic phase for reaction

CHCI;;, 50% NaOH in HQO -
= -
CecH;CHN(CHsCHj3)5 CI™

51
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Definition of Phase Transfer Catalysis

* The transfer of an inorganic ion such as OH™ from one phase
to another is called phase transfer, and the
tetraalkylammonium salt is a phase-transfer catalyst

Hy0 + Na®* HO™ H,0 + Na* HO™ + Cl1™

CHCl3 + O

Aqueous phase

CHCl3 + R,N* HO™

Q)

Organic phase

© 2004 Thomson/Brooks Cole

52



Application of Phase Transfer Catalysis

* Inorganic nucleophiles can be transferred from an aqueous
phase to an organic phase, where they are much more
reactive in substitution reactions

H,0, benzene
+
CgH;CH;N(CH5CHjy)5 Cl™

1-Bromooctane Nonanenitrile (92%)
© 2004 Thomson/Brooks Cole

CH;;(CHz)()'CHZBI' + l\ul(‘N

3 CH;g(CHz)GCHz(‘:\Y + N‘JP)I'
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24.10 Spectroscopy of Amines -Infrared

* Characteristic N—H stretching absorptions 3300 to 3500 cm™!

* Amine absorption bands are sharper and less intense than
hydroxyl bands

* Protonated amines show an ammonium band in the range
2200 to 3000 cm™1
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Examples of Infrared Spectra
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Nuclear Magnetic Resonance
Spectroscopy

* N—H hydrogens appear as broad signals without clear-cut
coupling to neighboring C—H hydrogens

* In D,0 exchange of N-D for N—H occurs, and the N-H signal
disappears

\ D0  \

N—H —— N—D + HDO
L. /

© 2004 Thomson/Brooks Cole
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Chemical Shift Effects

* Hydrogens on C next to N and absorb at lower field than
alkane hydrogens

* N-CH, gives a sharp three-H singlet at 6 2.2 t0 0 2.6

‘ | f
| | | /]
) | | |
W
§ \']](‘l"[: | 2 / | |
£ ‘
AT b —

Chemical shift (5)

© 2004 Thomson/Brooks Cole
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13C NMR

* Carbons next to amine N are slightly deshielded - about 20
ppm downfield from where they would absorb in an alkane

H

33.4
\f
1 CHj;
26.5
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Mass Spectrometry

* Since N is a compound with an odd number of nitrogen
atoms has an odd-numbered molecular weight and a
corresponding parent ion

* Alkylamines cleave at the C—C bond nearest the nitrogen to
yield an alkyl radical and a nitrogen-containing cation

s T4 =

R’ R’
> . / Alpha cleavage ,/
RCH2 T 3 CH2 —N > RCHQ o CHQ =N
; N \
R R’

"® 2004 Thomson/Brooks Cole =




Mass Spectrum of
N-Ethylpropylamine

* The two modes of a cleavage give fragment ions at m/z = 58
and m/z =72.

100
S «——m/z =58
% 80
Q
g
< 60—
g
a
5 A0S
&
= -
E 20 | mlz =172 «—— M+ =87
||| Ill vl | . |‘.
0 I I | I I | I | I
10 20 40 60 80 100 120 140

mlz

H

|
,—-CH; + | CH,—=N—CH,CH,CHj;
i milz =72

Alpha cleavage

H

CH;% CH,—N—CH, % CH,CH,

mlz = 87 \
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