


1. Nomenclature

< 1° Amines

/\/\.I\THZ <:>7N|-|2

Butylamine Cyclohexylamine

< 29 Amines

Butylethylamine Diethylamine



< 3° Amines

Triethylamine Butylethylmethylamine



1A. Awlammes\ =
*NH, N
Aniline N,N-Dimethylaniline
e NH>
p-Toluidine

(4-Methylbenzeneamine)
CH;



AN, A0 AN ° Ny,
®) 7% Ly

X \ I\ 2
H H H H
Pyrrole Pyrazole Imidazole Indole
(1-azacyclopenta- (1,2-diazacyclopenta- (1,3-diazacyclopenta- (1-azaindene)
2, 4-diene) 2, 4-diene) 2, 4-diene)
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Cr Lx  Cr
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N7 N N7 8 N7

Pyridine Pyridazine Pyrimidine Quinoline
(azabenzene) (1.2-diazabenzene) (1,3-diazabenzene) (1-azanaphthalene)
4 Fi L
5 3 4 3 5—3S1 =N
[ ! ) o | )]
B 2 S 2 4 e 2 el 2
"l" 1 "l"l 1 N3 9 'TI N3
H H H
Piperidine Pyrrolidine Thiazole Purine
(azacyclohexane) (azacyclopentane) (1-thia-3-

azacyclopenta-2.4-diene)



2. Physical Properties and

—

Structure of Amines

2A. Physical Properties

-1 1) Physical Properties of Amines

Name

Primary Amines
Methylamine
Ethylamine
Isopropylamine
Cyclohexylamine
Benzylamine
Aniline
4-Methylaniline
4-Nitroaniline
Secondary Amines
Dimethylamine
Diethylamine
Diphenylamine
Tertiary Amines
Trimethylamine
Triethylamine
N,N-Dimethylaniline

Structure

CH3NH»
CH3CH2NH2
(CH3),CHNH,
Cyclo-CgH11NH2
CgHsCH,NH,
CsHgNH»
4-CH3C¢H4NH,
4-NO2CgH4NH2

(CH3),NH
(CH3zCH2)2NH
(CgHg)aNH

(CHa)sN
(CH3CHg2)aN
CeHNICH3),

mp (°C)

-94
—-81
-101
-18
10
-6
44
148

-92
—48
53

=117
=115

bp (°C)

-6
17
33

134
185
184
200
332

56
302

29
Q0
194

Water Solubility
(25°C) (g 100 mL™")

Very soluble
Very soluble
Very soluble
Slightly soluble
Slightly soluble
3.7

Slightly soluble
Insoluble

Very soluble
Very soluble
Insoluble

Very soluble
14
Slightly soluble

PKs
(aminium ion)

10.64
10.75
10.73
10.64
9.30
4.58
5.08
1.00

10.72
10.98
0.80

9.70
10.76
5.06




2B. Structure of Amines

V

N-.uy
! - \ HyR3
R2

« N: sp? hybridized
< Trigonal pyramidal

< Bond angles close to 109.5°



« 3° Amines with-three different groups

R R’
= S

e The two enantiomeric forms
interconvert rapidly
¢ Impossible to resolve enantiomers
e Pyramidal or nitrogen inversion
¢ Barrier ~ 25 kJ/mol

¢ Enough to occur rapidly at room
temperature



“+ Ammonium salts with four different™
groups

R’ R’
E F 2
R M - -

/ \

©) ©)

Rl X X o
NG e
N
enantiomers

can be resolved



3 Basicity of Amines:
Amine Salts

RNH3™ + Hb O === RNH, + H30™

[RNH,][H30™]
[RNH3™]

K5 =

PK; = - log Kj;
The equilibrium for an amine that is relatively more basic will lie more toward the left
in the above chemical equation than for an amine that is less basic.

® The aminium ion of a more basic amine will have a larger pK; than the aminium
ion of a less basic amine.
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< The aminium ion of a more basic
amine will have a larger pK, than the
aminium ion of a less basic amine

H H H
|+ |+ | +

H=N=H  CH3—N—H  CHCH,—N—H
H H H

Aminium  9.26 10.64 10.75

lon pK;



oo/\ /}o I|_|.|. — oo
R=N-H + B OH — R>N—H + 30H,
H H

By releasing electrons,
R>- stabilizes the
alkylaminium ion
through dispersal of
charge



e \\*i\\‘§§::§~‘—_—_d/€;¢/////%//

This explanation 1s supported by measurements showing that in the gas phase the basic-
ities of the following amines increase with increasing methyl substitution:

(CH3)3N > (CH3),NH > CH3NH, > NHs
3° D 19
Gas phase

T

This 1s not the order of basicity of these amines in aqueous solution, however. In aque-
ous solution the order 1s

(CH3),NH > CH3NH> > (CH3)sN > NH3
20 10 30
Aqueous solution



The reason for this apparent anomaly 1s now known. In aqueous solution the aminium 1ons
formed from secondary and primary amines are stabilized by solvation through hydrogen
bonding much more effectively than are the aminium 1ons formed from tertiary amines. The
aminium ion formed from a tertiary amine such as (CHa)qNH ™ has only one hydrogen to
use in hydrogen bonding to water molecules, whereas the aminium 1ons from secondary
and primary amines have two and three hydrogens, respectively. Poorer solvation of the
aminium 1on formed from a tertiary amine more than counteracts the electron-releasing
effect of the three methyl groups and makes the tertiary amine less basic than primary and
secondary amines in aqueous solution. The electron-releasing effect does, however, make
the tertiary amine more basic than ammonia.



3A. Basicity of Arylamines s

H
| + + |+
H—N—H H—N—H H—N—H
‘ e
o
CH3
Aminium 10.64 4.58 5.08

lon pK;
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NH>

O 1)

e Flve resonance structures



+ H>0

Anilinium
ion

NH3 NH3

e Only two resonance structures



Resonance stabilization

s T——_—!-—--———--

AH®, > AH®,

AH", is larger than
°;» thus aniline

:NH, (2)

+ H20

L .. . -




}Basicity of Heterocycli c Amines

Order of N AN

Basicity: O > [ » > O > (/ \S
i
H H H

PK; of the
conjugate acid: 11.2 7 5.2 0.4

(c.f. Et3N, pKj; of the conjugate acid = 9.7)



-y =03 =0"
ot e e \
®ON N H

T |
H H

(lost of aromaticity)

. @ !
L3r=0= = &
b : \,)
H H H H
Imidazole (still aromatic)

(a very common
base in organic
synthesis)



3C. Amines versus Amides - g

<« Amides are far less basic than amines (even
less basic than arylamines). The pK of the
conjugate acid of a typical amide is about
ZEero

Amlde

Larger

)J\ — )\ /g resonance

Rt NH2 NH, stabilization

N-Protonated Amide
.0 Yol Smaller

)]\+ - )\+ resonance

R NH3 R™ + "NH3 stabilization



O

PER
R” “NH, NH5

2 +
R>NH, + H)O &= R—NH3; + OH




3D. Aminium ;Salt\san_cLQ_u_a_tema{
/ =

Ammonium Salts

R? R?

| |

No s + H—/%I .

Rl/"\/ H>0O I
= -

Cannot act (aminium salt)

as bases
- > RI—N—R® Br
R4
However, R,N® “OH are strong (quaternary

bases (as strong as NaOH) ammonium salt)



}SelubilityffAmingsin,Aque
Acids

® Almost all alkylaminium chloride, bromide, iodide, and sulfate salts are soluble in
water. Thus, primary, secondary, or tertiary amines that are not soluble in water
will dissolve in dilute aqueous HCI, HBr, HI, and H;S0O,.

Solubility in dilute acid provides a convenient chemical method for distinguishing amines
from nonbasic compounds that are insoluble in water. Solubility in dilute acid also gives
us a useful method for separating amines from nonbasic compounds that are insoluble in
water. The amine can be extracted into aqueous acid (dilute HCI) and then recovered by
making the aqueous solution basic and extracting the amine into ether or CH5Cls.

SN s HEX — Dew x-
7 (or H,S0,) 4 (or HSO,")
Water-insoluble Water-soluble
amine aminium salt

Because amides are far less basic than amines, water-insoluble amides do not dissolve
in dilute aqueous HCI, HBr, HI, or HoSO4:

@]

A

R NH,

Water-insoluble amide
(not soluble in aqueous acids)



/

3} Amines as Resolving Agents

« Enantiomerically pure amines are often
used to resolve racemic forms of acidic
compounds by the formation of
diastereomeric salts



O =S
HO %,
H “OH
(S)
J
M
Racemic (R S)-acid l
0 i
+ :
- H-=N S
- L
HO® 'H HC “H ;
(R) (R R)-salt (R) E
separate
o) H30"
S .
Ho\“\c t O (R)-Acid

HC “H

/

(R)-Amine (optically pure)
A\ /

B

This is the resolving agent

H

o’,///

OH

HC' “H

(5) (S, R)-salt (R)

H3O+

q

(5)-Acid

HO

HY “oH



4. Preparation of Amines
4A. Through Nucleophilic Substitution

Reactions
< Alkylation of ammonia

P

NH
( = 2

/\/\NHZ -



MNH ------------------- > /\/\NG‘)/\/\
(over-alkylation) I ©)
H X
T\l.H3
e e X V
.......................... /\/\ N /\/\




 Alkylation of azide ion and reduction

NaN
/\/\X 3> /\/\N ﬁ N@

Na/EtOH
or
LiAIH4

\
/\/\NHZ



%\@Gabrlel Sy

1. KOH
\/\/
c /\/\Br

NH>NH»
EtOH, heat




Step 1 Step 2

(9] O
-
KOH _ 7 pik
q"” | VK e
Phthalimide N-Alkylphthalimide
O O
-NHNH, M’H
vy _{several R
o pr— | I} + R—NH,
N .
5‘ H (9]
Phthalazine-1.4-dione Primary

Phthalimide is quite acidic (pK,; = 9); it can be converted to potassium phthalimide by potas-
sium hydroxide (step 1). The phthalimide anion is a strong nucleophile and (in step 2) it reacts
with an alkyl halide by an S;2 mechanism to give an N-alkylphthalimide. At this point, the
N-alkylphthalimide can be hydrolyzed with agueous acid or base, but the hydrolysis 1s often
difficult. It is often more convenient to treat the N-alkylphthalimide with hydrazine (NH-NH-)
in refluxing ethanol (step 3) to give a primary amine and phthalazine-1.4-dione.

Chz2thzont



-« Alkylation Of 3o arTTEE —

R—Ng
|Iq (}Br
(Sn2)




/ through Reduction of Nitro
Compounds

H>, catalyst

7 H HNO; pZ NO» NH>
s e .

. 2504 .
R R ‘

1. Fe, HCI
2. NaOH

[




4C. Preparation of Primary, Secondary,

__—and Tertiary Amines through Reductive

Amination
NH .
—— )r - 1° amine
[H] R R
H
H\ /R"
2 R"NH N
)J\ > )P - 2° amine
R R' [H] R R
H
aldehyde R R
Or RIIRIIINH N
ketone - )V - 3%amine
[H] R R






< Examples —_—

= NH3, Hy/Ni

(1) MO /\/\NH

heat & 2
pressure

H\ /\

O 1. /\NHz -
(2) /\)J\ - /\)\

2. NaBH3CN

1.
= =
2. LiBH3CN

NaBH;CN or LhiBI:IIE_CH fs;miliu?n or lithium {;}'an-.:}-bm'nh}'dridm.




ygeparatienﬂfyijmamﬂSeeend{
or Tertiary Amines through
Reduction of Nitriles, Oximes,

and Amides

Nitriles can be prepared from

[H] alkyl halides and CN-

R—C=N ? HCHENHE or from aldehydes and ketones
Nitrile 1° Amine as cyanohydrins
o [H] Oximes can be prepared from

RCH=NOH ’ HCHENHE { aldehydes and ketones

Oxime 1° Amine

0O

I H] Amides can be prepared

R—C—N—R' —=— HCHEM— R’ from acid chlorides, acid anhydrides,
IJ-'I and esters

Amide 3° Amine



- Examples ————

(1) Br bl C=N
> i
/\/ DMSO /\/
A~ CHNH, Ra—Ni
H>O
heat
- OH

= — -



PPrilamples ————— S

el
(3) Q/ “H C'pyridine - Q/ \g/\

1. LiAlH4
2. HO
e




y;epa ration~ef\P§rjmaw,Amin{
/ through the Hofmann and Curtius
Rearrangements

< Hofmann rearrangement

O

Bry, NaOH
)J\ > R—NH,
R W H20

+ NaBr + NaCOs3



@amples - —

Br> NH>
(1) NH; -
NaOH
2 Bry
(2) NH>
NH NaOH




/_\ HO@
o A

O=C ————  0O=C=N -
\ @ R (Hofmann )]\j}a ar
7~

“ (isocyanate) rearr.) R \]I\\I \2
© /\




An examination of the first two steps of this mechanism shows that, initially, two hydro-
gen atoms must be present on the nitrogen of the amide for the reaction to occur.
Consequently, the Hofmann rearrangement is limited to amides of the type RCONH,.

Studies of the Hofmann rearrangement of optically active amides in which the chi-
rality center is directly attached to the carbonyl group have shown that these reac-

tions occur with refention of configuration. Thus, the R group migrates to nitrogen
with its electrons, but without inversion.

Ch. 20 - 43



++ Curtius rearrangement —

O O
NaN3 j\ heat
> © ©® —_— Q:C:N\ + Ny (9)

R Cl R NN R
\]\ v leo

Acyl azide

COz2(9) + R—NH;

NH>
Cl 1. NaN3
2. heat

3. H,O

e.g. o




a5

/

Using a different method for each part, but taking care in each case to select a geod method,
show how each of the following transformations might be accomplished:

NH,
'ﬂ fon ‘“U o
) c
SANOR

e



§. Reactions of Amines
< Acid-base reactions

../\/\ ° °

ELGN + H=— = FoN—H + (
< Alkylation
/\/\'|\|'|_|2 E =
\
H

@)

/\/\I{I@/\ Br
|
H






« Electrophilic aromatic substitution—
NH; NH; NH;
s Ne}
> +
3

NH,: powerful activating group,
ortho-para director

T




%OxidationﬂﬁAmines

H>O> or ® 0O
R3N$ - RsN—O
O
)J\ @) (a tertiary
R 0 0 amine oxide)

(per acid)



6. Reactions of Amines with
Nitrous Acid

< Nitrous acid (HONO) is a weak,
unstable acid

HCl(aq) + NaNOyiaq) — HONO(yq) + NaClaq)

L> 2 HONO(zq) + NazSOg4(aq)



6A. Reactions of Primary Aliphatic—
- Amines with Nitrous Acid

R—NH, 1° aliphatic amine

NaNO»
HX (HONO)
\
® @- X@
R—N=N X — R@ -------- » alkyl halides
(aliphatic :  Hy0

jazoni - > alcohol
diazonium salt) ; alcohals

(highly unstable) .
e » alkenes



}Reaction&ef$¢jmawijami@ ‘
| with Nitrous Acid

©
NH N=N
2 > NaNO, X o
| = X
% HX / —
R R _

(arenediazonium salt)
(stable at <5°C)



<« Mechanism — ——

( X J 4+ oo
HONO + H30" + Ar H,O—NO + H>50

)
/
o0 H
:OHZ |
r Ar—N:"\l /
H -
Q|+ o0 H o0
EEE AI‘_|I\|_N=O - N=0 + 2H50
-H3O+ 2
! +
Ar—N—N=0, » Ar—N—N=0_
| % Hy |



/Meehamsm (Cont'd) i

L X J L X J b HA L X J o0

Ar—N N=0O — —  Ar—N=N— OH
1> ANy + HA
H Diazohydroxide
A
- HA || + HA
Ar— N/XCl)Hz

-+

oo oo ﬂ

HO + Ar—N=N =-——> Ar—N N

< Al
NPT \V/

diazonium ion




6C. Reactions of SW

~— Amines with Nitrous Acid
Ny NaNO, -\

N—H > N—N=O \
/ HCI, H,O /

| N-Nitroso-

NS~ amines
NP




%Reaction&efqeriiawAminesﬁth
/ Nitrous Acid

\'Z'/
sk
Bl
< | O
O N

\
\'Z'/

=

1

O

o0 NaNOZ ® © ® ©
Et3N = FONH G + EBN—TN=0 (|
HCI, H>O




7. Replacement Reactions of
- Arenediazonium Salts




}SynthesesUsng)JazomumSTts
| — Cu,0, Cu®

H,0 I
KI

}
A
/

- : :
%€
// CuBr AN
R |
I
CN /
D CuCN R




}T ‘he Sandmeyergieaction;/
/ Replacement of the Diazonium
Group by -Cl, -Br, or -CN

3

CH3 CH .
®
N2 e Nano, ot
- A
H>0
Qe

o-Toluidine

CuCl

CH
- 15 - 60°C
cl
N> + -

o-Chlorotoluene
(74-79% overall)




NH>

Cl

m-Chloroaniline

S —— —
NoBr
HBr, NaNO, 25T
H>O
0 - 10°C
Cl CuBr
100°C
Br
N + -
Cl

m-Bromochlorobenzene
(70% overall)



NO, NO>
NH IC;ID C|®

Z HCI, NaNO, <

» A A8
H>O
room temp.
o-Nitroaniline CuCN
NO» 90 - 100°C

Cl

N + —

o-Nitrobenzonitrile
(65% overall)



}R Eplacement\bygl‘//

ONSHSO.S

letroanlllne p-lodonitrobenzene
(81% overall)




Meplacement\by\—F T

CHs3 CHs3

(1) HONO, H*

o

(2) HBF4 & 0
NH> N>BF4
m-Toluidine m-Toluenediazonium
fluoroborate
(79%)
CH;
heat
BF3 + Ny + -

F

m-Fluorotoluene
(69%)



/7}3 eplacement$y\:QH/

CHs CHs3
CUZO
y
CU2+, Hzo
ON,HS0.2 OH
p-Toluenediazonium p-Cresol

hydrogen sulfate (93%)



}Replacement\byJ:lydrogen/
/ Deamination by Diazotization

CH; CH;
(1) Brp
(2) OH, HzO
heat
NH; NH;
p-Toluidine 65%
o (from p-Toluidine)
Sue 3 H>S04, NaNO,
H3PO, H,0, 0 - 5°C
N> + - = -
H->0, 25°C
Br Br
®
m-Bromotoluene N>

(85% from 2-bromo-
4-methylaniline)



8. Coupling Reactions of
- Arenediazonium Salts

(Q = NR, or OH)

Ol

(azo dyes)



P amples =

Ny I OH
(1) -
NaOH
H>0, 0°C
Y
OH

(orange solid)




y;;amples X/

I\I/Ie
® 0O
N> Cl N
2 \Me
(2) + S
NaOAC

(yellow solid)






9. Reactions of Amines with
Sulfonyl Chlorides

—

v il
E CI—ﬁ—Ar —» R'—N— ISi—Ar + HCl
O O
r 1. H30™, heat

2. NaOH



9A. The Hinsberg Test —

« Sulfonamide formation is the basis for
a chemical test, called the Hinsberg
test, that can be used to demonstrate
whether an amine is primary,
secondary, or tertiary



H O e - H O =
R I{I B g = R | g
—N—H +
oo i N\ / CHED e i N\
O O
lKOH
+
0o o
| -
e I\ 7 & N 7
O O
water insoluable water-soluable salt

(precipitate) (clear solution)




o0 20 : ine \/

RI—N—H + Cl

O=wn
7
NS
-
O

Y
;Ul—h
*=
O=wn
ot

water insoluable
(precipitate)



3% Amine — —
R i /—\ NeoOH
d No apparent
1__ne——p3
R ‘l\l R° + (l ﬁ \ / o Change
O
I?z
®
I 4
F|I H30™

water soluable



10. Synthesis of Sulfa Drugs
O

HNJ\
2 HOSO,Cl
80°C
o
(-H20)

Aniline Acetanilide
SO,Cl
p-Acetamidobenzene-

NH; HN sulfonyl chloride

1. dilute HCI, heat H>N—R ‘

- -

2. HCO3™ (-HCD)

SO,NHR SO,NHR

Sulfanilamide



11. Analysis of Amines
11A. Chemical Analysis

< Dissolve in dilute agueous acid
< Moist pH paper
— basic
< Hinsberg test
< 19 aromatic amines
— azo dye formation with 2-naphthol



/

11B. Spectroscopic Analysis -

< IR
e 19 amines
¢ 3300 — 3555 cm (N-H)
— two bands
e 2° amines
¢ 3300 — 3555 cm (N-H)
— ohe band only
e 3° amines
¢ No bands at 3300 — 3555 cm’!
region



/AllphaUC%ﬁQM

e Aromatic amines
¢ 1250 — 1360 Cm'1 (C—N)

100 —
W\. ’T‘M‘ 'u Al A A ‘,-"*'1'\,"'% l ‘
90 - | M AN S 1'
'ﬁ 'f \' ‘ ‘ | ‘ / ’| f ( ...‘n\' ‘ ' ‘
0 il ;:-_\ aliphatic aromatlc 2 | .'| \ al VY
— || Pt gggwct’)matlon | I | .‘ | l'n a
< l | C—H (stretch) | | N—H
g 60- | (stretch) NH. 1 l | | (wag)
c ~ | ‘
S go. ] ' |
= primary N-—H | ) o C—N
2 404 (asym.and sym. stratch) (stratch)
E ap "
| Ho l
e C—H [
10 4 C===C (ring stretch), (out-of-plane | ')
0 N—H (bend) — bend)
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650

Wavenumber (cm™)



+ IH NMR spectra— ——
- e 1°and 2° amines
¢ N-H 6 (0.5 -5 ppm), usually broadq,
exact position depends on the
solvent, concentration, purity and
temperature
e N—-H protons are not usually coupled to
protons on adjacent carbons
e Protons on the o carbon of an aliphatic
amine are deshielded by the electron-
withdrawing effect of the nitrogen and
absorb typically in the 6 2.2—-2.9 region



/'fE rotons on- rbon are n

deshielded as much and absorb in the
range 6 1.0-1.7

(@) (@)
(a) (a)
(c) (-l.;H.g (l:Hg
CH CH( )
) B e SRR (@)
0.7 0.5 CH,€ hll <03 CH3
4@
Il l.‘ (b) ' ‘ TMS
"“' —*-—4-" ~ ———— (b) ‘
30 28 12 1.0 . (c) .
—T -'/, T
B 7 6 5 4 3 2 1 0



2 3C_NMR spectra—— —
23.0  34.0
. NH>

14.3 29.7 42.5

13C NMR chemical shifts (3)



/

+ Mass spectra = -

e The molecular ion in the mass spectrum
of an amine has an odd nhumber mass
(unless there is an even number of
nitrogen atoms in the molecule)

e The peak for the molecular ion is usually
strong for aromatic and cyclic aliphatic
amines but weak for acyclic aliphatic
amines

e Cleavage between the o and 3 carbons
of aliphatic amines is a common mode
of fragmentation



12. Eliminations Involving
- Ammonium Compounds

12A. The Hofmann Elimination

H '.QH
%1% - >=< + HOH
heat
CNR

. ® An alkene + $NR3
quaternary .
ammonium Aatﬁqritéaery

hydroxide



r — =
claMe X@ o > CI<I>Me HO@
R/\/ 3 H-,0 R/\/ 3
A quaternary A quaternary
ammonium ammonium
halide hydroxide

+ 2AgX+



+ Although most-eliminations involving ™

- neutral substrates tend to follow the
Zaitsev rule, eliminations with charged
substrates tend to follow what is called
the Hofmann rule and yield mainly the
least substituted alkene

EtONa

== o ¢~ = | NaBr + EtOH

o 0
. 75% 25%
~OH
/\‘/ O’/\/+/\/+NMG3+H20
o © 5% 95%

NMe3



NMe
A 3

Carbanion-like
transition state
(gives Hofmann orientation)

( X ) 8_
HO\:
\H‘
Br S
Alkene-like

transition state
(gives Zaitsev orientation)



12B. The Cope Elimination —

/.
R Me R / H\ /Me
G ThS =
| Y Me 1500C o0 \Me
H eOe
.0@
A tedtiary An alkene AN, A-Dimethyl-
amine oxide hydroxylamine

Q@ Q¢ -
heat /



- 13. Summary of Preparations and/
/ Reactions of Amines

< Preparation of amines 0

O |
- A
- N—H
R? (R . R2>
NI_N 2. EOXH
[H]

3. NH,NH,, EtOH, heat

Rl

H,, cat. or R—NH;
1. Fe, HC 1. NaN3
2. NV T wwm
NH;
R—NO, R—B}

R—Br



1. NaNs

0 2. heat ' 1. LiAlH4
3. H,0 2. H,0
)]\ » |R—NH,| <= =N
R Cl
1. LiAIH4
/ ‘&HZO
Bl’z
1= X
R NH> R NH>

(R = RICH>)



tions of ar M

® o
RNH; X
A
H—X
0
oo 1. Ar—S—Cl, NaOH
)CJ)\ R—NH, r |CS|) - ha
R Cl 2. HCl
base -
L 1]
I , R—N—S—Ar
_N R 1
R \ﬂ/ 0



®

HONO
Ar—NH,
5 0-5°C

> Ar—N>

N>
(Q = NR, or OH)
: &

CudCl

CuBr

CuCN

KI

1. HBF4

2. heat
H3PO»

H>O

Ar—H



Hofmann Elimination =

H
+ o0 = + H)O + NR3
heat
NR3
®

Cope Elimination

\/\ﬁ/Me syn elimination - - Me\N/Me
ol Me heat |
H O OH




S END OF CHAPTER 21 &



