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(Cetonas y aldehidos)

(Ac. carboxilicos)

Unidad 5

MACROMOLECULAS

(Polimeros)

I (Nitrogenados)

Unidad 6

MACROMOLECULAS

(Biomoléculas)

7% Fundamentos en Quimica Organica
&l
Qca. Organica 1 Qca. Organica 1 Qca. Organica 1 Qca. Organica 1
NOMENCLATURA CONTRUCCION ARQUITECTURA 3D CARACTERISTICAS
(nombres) (enlaces, angulos) (estereoquimica) (pKa, resonancia,...)
Qca. Organica 1/2
COMPORTAMIENTO COMPUESTOS
(reactividad: alcanos, ORGANICOS
alquenos,etc)
Unidad 1 Unidad 2 | Unidad3 Unidad 4
REACTIVIDAD REACTIVIDAD : REACTIVIDAD 1 RECONOCIMIENTO-

CARACTERIZACION
(MS, IR, RMN H, 13C)
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Estructuras de las aminas

0 Q

N’lh N”’h..
~"H / |~ CHj
H 107° CH; 108°
ammonia trimethylamine

electrostatic potential
map for trimethylamine

15-01-25 UChile-LGhr



Propiedades fisicas

H R

N -
ONDH N@ He /)
R7/ N@ R/ S0 N
R ~ R H \,

R™/

R

1° or 2° amine: 3° amine:

hydrogen bond donor and acceptor  hydrogen bond acceptor only

T AB |_ E ] 9] How Hydrogen Bonding Affects Boiling Points

Compound bp (°C) Type Molecular Weight
(CH3)3N: 3 tertiary amine 59
CH;—0O—CH,—CHj 8 ether 60
CH;—NH—CH,;—CH; 37 secondary amine 59
CH;CH,CH,—NH, 48 primary amine 59
CH;CH,CH,—OH 97 alcohol 60

15-01-25 UChile-LGhr
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Aminas naturales y sintéticas

d

A

g
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* Sistemas biolégicos: neurotransmisores/ aminoacidos
* Farmacos/ drogas: Fluoxetina / MDMA

H OH

HO NHCHg4
HO

adrenaline noradrenaline

(epinephrine) (norepinephrine)
a hormone secreted in response to stress a neurotransmitter that increases heart rate
(Chapter 7, introductory molecule) and dilates air passages
CH30 NH,
NHCHg
©/:((;H3 CHZ0
OCH,
methamphetamine mescaline

an addictive stimulant sold as a hallucinogen isolated from peyote, a cactus native
speed, meth, or crystal meth to the southwestern United States and Mexico

15-01-25 UChile-LGhr



Aminas naturales y sintéticas

* Sistemas biolégicos: neurotransmisores/ aminoacidos
* Farmacos/ drogas: Fluoxetina / MDMA
e Alacaloides: (Figura)

CH,CH,NH,
CH;0 OCH;
OCH;
cocaine nicotine mescaline
in coca leaves in tobacco in peyote cactus

FIGURE 19-2
Some representative alkaloids.

morphine
in opium poppies

15-01-25 UChile-LGhr



Aminas como bases

H
Reactionasa  :: 93 e _
NB6e N + H-A ITI A

E

Reaction as a RO

nucleophile |
E = an electrophilic site
A Bronsted-Lowry R—@ HQ\ — F{—IR‘IH3 + A
acid—base reaction base acid conjugate acid
T pK, = 10—11
To favor the products, the
pK, of HA must be < 10.
Examples CH30H2—N7-I:\+“ H—(él = CH3CH2—fQH3 + Cr
pK, =7 pK, = 10.8
/’\ Il (I?
+
CH,CH,),N:  + C < = (CH4CH,),NH  + C
( 3 2)3 H—Q)/ \CH3 ( 3 2)3 _O/ \CH3
pK, =4.8 pKa=11.0

15-01-25 UChile-LGhr
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Factores que influyen en la basicidad: sustituciéon

U

/

{

Aminas 1°, 2° y 3° son mas basicas que NH,

: |
/
H—N. + H0 & H—N*“H + ~OH pKy,=4.74
H | (weaker base)
H
H H
H:C—N: + H0 = HCpN-H + OH pKy, = 3.36
N H i (stronger base)
stabilized by the alkyl group
PKy
dimethylamine 53 % 1074 3.28 10.72
trimethylamine 55 % 1073 4.26 9.74

Efectos estéricos y estabilizacion de productos influyen en la basicidad de aminas
sustituidas

15-01-25 UChile-LGhr
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%] Factores que influyen en la basicidad: resonancia

CH3CHo—NH, «—

~

\_NH,
-

Qué tan disponibles estan los pares de electrones no enlazados?

15-01-25
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Factores que influyen en la basicidad: resonancia

ket

?

CH3CH2~NH2*— The electron pair is localized on the N atom.

CRH, RiH, (X _RH, 23 CRh, NiH,
(I - U =T
P A -

The electron pair is delocalized on the benzene ring.

aniline anilinium ion
stabilized by overlap with the ring no overlap is possible
anphatic amine

R— NH, + H* R— NH H.

N - NH;3 O—nNH,
stabilized N
by C more endothermic
overlap e e e @ NH, is less basic
©_ NH: + H*
aromatic amine
UChile-Luhr 10
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Factores que influyen en la basicidad: resonancia

Grupos electro-donores aumentan la basicidad de los derivados de anilina

D = electron-donor group

NH, D
D ~NH,
@ —OH
-OR
D makes the amine —NHCOR
more basic than aniline. -R

Grupos electro-atractores disminuyen la basicidad de los derivados de anilina

W = electron-withdrawing group

NH, w
" _©/ X -CN
—CHO  _so.H
-COR s
W makes the amine -cooR ~NO:
less basic than aniline. —COOH -NRj*

15-01-25 UChile-LGhr
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Ejercicio: orden creciente de basicidad

O

2
aniline p-nitroaniline p-methylaniline
(p-toluidine)

15-01-25 UChile-Luhr 12



Factores que influyen en la basicidad: resonancia

Pyridine Pyrrole ?

® [

N N™“—— These 2 electrons are part of the
b H 6 nt electrons of the aromatic ring.
The lone pair resides in The lone pair resides in a p orbital
an sp? hybrid orbital. and is delocalized in the ring.
N / \
O () &
H H
pyncine pyrrole
higher pKa - lowerpKa |, eakerb
weaker acid [—*|_Stronger baso stronger acid e
pKz=5.3 pK;=04

« Pyrrole is much less basic than pyridine because its lone pair of electrons is part of the

aromatic n system.
— Ky — +/H
‘N—H + H,0 — N + "OH

S— S \

H
pyrrole K,=10" protonated
(aromatic) (not aromatic)
15-01-25 UChile-Lihr 13



Factores que influyen en la basicidad: hibridacion

A mayor caracter S menos basica es la amina

\ N/—:' 4N
/ N 3) o sp” hybridized
sp” hybridized (more basic)

(less basic)

pyridine, pK; = 8.75 piperidine, pK, = 2.88

sp hybridized

CH;—C=N<_:) very weakly basic
pr =24

15-01-25 UChile-Luhr 14



Formacion de sales

?

CH3CH2CH2—NH2 + HCl —<——> CH;3CH,CH,—NH3 CI”
n-propylamine hydrochloric acid n-propylammonium chloride
(CH3CH2)3N: + HzSO4 —— (CH3CH2)3NH+ HSOZ
triethylamine sulfuric acid triethylammonium
hydrogen sulfate

0 0
| I

<©N: + H—0—C—CH; — ON”—H "0 —C—CH;,

acetic acid
pyridine pyridinium acetate

15-01-25 UChile-Luhr 15



Extraccion - separacion

Step [1] Dissolve cyclohexylamine Step [2] Add 10% HCI solution to form two

and cyclohexanol in layers.

CH.Cl,.

(1]

?

Step [3] Separate the
layers.

NH3
O/m H,O

NH,
+
on -
L — , .
OH . “10% HOl 2

¢ 10% HCI
7 CH,CIl, solution. CH,Cl, OH 3]
i e Separate

the layers

in CH,Cl,
UChile-Luhr 16
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Reactividad: amina con aldehidos y cetonas

1° amine _

R'NLH - HQ /NHRl H,O wR.
_>2 R/C\C/H —’2 R/C\C/H
o / \ / \
R’C\C/H - carbinolamine imine
/\ HO NR', NR',
R =H or alkyl R',NH \C/ H -H,0 |
< 5 R™ >Nc” —_— L
f /\ Ty
2° amine | i
carbinolamine enamine

15-01-25 UChile-LGhr
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Reactividad: 1- enaminas

R R R\ /R R\ /R
\ K N S &S N N
R R N O/H—\* N0 ‘N N
| N/ N4 H* GNP IAN | [
C + N == C = . Cr «—> C
/7 \ | /7 '\ /7 \ /7 \ /7 \
H no proton on N
2° amine 2° carbinolamine
R R "'~>< TN R R
N/ N/
N N
| . | enamine
N H H,O:, — C
/ \\ removes @ proton L ? )
UChile-Liihr 18
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Reactividad: aminas con cloruros de acido o anhidridos

i i
C._ 4+ N4 —— __C. NH, Z-
R 4 (2 equiv) R NH,
1° amide
i i
+
n /C\Z -~ (2Rel\clqtli%/ ) — n /C\NHR' R'NH; Z~
1° amine 2° amide
i 2
C_ + RNH —— __C. R,NH, Z-
R yA (2 equiv) R NR’;
Z =Cl or OCOR 2° amine 3° amide
UChile-Lihr 19
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ejercicios

[1] CH3CH,CH,NH,; [2] (CH3CHo),NH.

@) (@) COCl
[l [l
- O b. /C\ /C\ C.
<:>: CH; "0~ “CHs ©/

15-01-25 UChile-LGhr
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Sustitucion electrofilica aromatica de arilaminas

I,
120

g

Ji

d

?

H\ /H i H\+/H | H\../H
N: \I . x (N N
H /< _H H AL /E H E
_— H _— + H+
H H H H H H
H i H 1 H
aniline o complex ortho substituted
H_ _H [ H_ , H i H . H
N: N N
» C
H H H H H
— @ H p— + H
H N\ H H H H H
H E’ B H E N E
aniline o complex para substituted

Promueve ataque en posicidon orto o para estabilizando complejo sigma.

Son directores orto y para.
Al reaccionar con reactivos muy acidos pueden protonar el grupo amino, el cual es un

desactivador fuerte.
21

15-01-25 UChile-LGhr



Sustitucion electrofilica aromatica de arilaminas

:NH2 :NHQ
Br Br
excess Br,
—>N aHCO, + 3 HBr
Br

aniline
2.4 6-tribromoaniline

‘NH, :NH,
NO, Cl NO,
excess Cl,
Terico. + 2 HCI
Cl

o-nitroaniline
4.6-dichloro-2-nitroaniline

22
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Sustitucidén electrofilica aromatica de piridina

Mecanismo

- .y . ~\
Attack at the 3-position gives

the most stable intermediate |

- H "
Y O NO, = NO, = NO,
| = | «—> «—>
= = + = ™ +
N N N §

N | N
pyridine
— H - )
= + 6 2
_ N i N

3-nitropyridine
(observed)

15-01-25 UChile-LGhr
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Sustitucidén electrofilica aromatica de piridina

U

/

g
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?

Attack at the 2-position (or 4-position) is not observed.

X X X 7 7
@ VN - Q ~C 7T |%[ 1] +w
Z + 20 . NO, SN TNO, SN TNO, \N NO,

N N - -
ce > N ‘* H “* H “* H
0% '
pyridine \ 2-nitropyridine
no octet (not observed)

unfavorable

Br
| N Br,, 300 °C | X
P NaHCO;, ' _
pyridine 3-bromopyridine
(30%)
SO;H
i X fuming H,S0O,, HgSO, | X 3
_ 230 °C s
N N
’ H
pyridine pyridine-3-sulfonic acid
(protonated) (70%)

15-01-25 UChile-Luhr 24



Sustitucién nucleofilica arobmatica de piridina

Mecanismo
Xy, ~OCH; N - Z O\
- —> «—> «—>
| 111 2 o | . OCHs \N OCH; \N OCH;
) /./._ Cl Q1 «+ Q

negative Lh arge on
electronegative nitrogen

L (favorable)
_k L
“ OCH;| —> [ + CI°
N"Qqy N~ ~OCH;

Nucleophilic attack at the 3-position (not observed)

~ OCH; - OCH; OCH1 OCH;
lv Cl G kCl pZ OCH;
I _ —> - ;—\4 %) - |

(no delocalization of negative charge onto N)

+ CI”

15-01-25 UChile-LGhr
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Alquilacion de aminas por halogenuros de alquilo (R-X)

?

R—NH, + R'—CH,—Br —> R—NH,—CH,—R Br  ViasN2(RX1°
R-X 2° bajos %)

primary amine primary halide salt of a secondary amine

R—NH,—CH,—R’ Br + R—NH, e R—NH—CH,—R + R—NH; Br

2° amine
T — CHZ_R’
L ~ |
R—NH—CH,—R" + R'_CHQ_@I' — R—NH—CHQ_R, “Br
2° amine salt of a tertiary amine

15-01-25 UChile-Luhr 26



Alquilacion de aminas por halogenuros de alquilo (R-X)

Alquilacion exhaustiva

NaHCO,

CH;CH,CH,—NH, + 3CH;—I > CH;CH,CH, i(CH3)3 1
(90%)
Exceso amoniaco
../—--—“‘\ B
NH_; + R_CH?_EX — R_CH?__\JH: X
10 moles 1 mole

15-01-25 UChile-LGhr
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Acilacion de aminas por cloruros de acido

g I
R—NH, + R—C—Cl

pyridine |

R—C—NH—R’ +

mecanismo
O O
& | |
R—C—Cl + R"—NH, «<— R—C—C(C]
\_ __,_/ . |'
acid chloride amine NH,—R
tetrahedral intermediate
i OO Q
—(— -
® (|: \‘9 (”) Pll (“) H CI
, ? .
‘NH,—R R—C—NH—R' — s R—C—NH—R
tetrahedral intermediate ClI amide
15-01-25 UChile-Liihr 28



Eliminacion de Hofmann

Amines and B o
B elimination B | ] /a \l l /
—C—C— >~ LIC + HONH,
H NH, f
new 1t bond

Problem: "NH, is a poor leaving group.

B o

Hofmann elimination \ / [1] CHal (excess) \l l/
éé 2] Ag,0 > /C C\ + IH20 + N(CH3); + AgII

b NH, [3] A

| by-products

loss of H—NH,

15-01-25 Usach-Luhr 29
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4] Eliminacion de Hofmann
Rld
The steps in the Hofmann elimination
p « CHgl B «a Ag,0 p « p o
CHy—GH-CH, =o'y CHyCH—CH, —pr> CHgCH-CH, —r>  CHy~CH=CH,
H  NH, [1] H  N(CHj); H  N(CH3); + H.O
propylamine _ _ 2
I + “OH + | N(CH,)
\ /‘ + Agl 93
quaternary ammonium salts leaving group
SN2 Cambio de anién E2 base fuerte
Nuevo enlace pi
Hfj?\H L
" \/\ ::) A ', o . .e
. «C—C — C=C: + H0: + N(CHa)s;
mecanismo “d (.\ )
N(CHz)s leaving group
anti periplanar arrangement
of H and N(CHj);

15-01-25 UChile-LGhr
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Eliminacion de Hofmann

d

A

g

I

Exhaustive methylation and conversion to the hydroxide salt

1 2 3 4 (1) excess CHsl I 2 3 4

CH;—CH—CH,—CH; Ag0 0" CH;—CH—CH,—CH;
:NH, "N(CHz); "OH
butan-2-amine quaternary ammonium hydroxide

Heating and Hofmann elimination

r _C:QH or /'_OH

Y Y
H H
32 ) 150 °C
H,C—CH—CH—CH; — H,C=CH—CH,—CH; + CH;—CH=CH—CH;
e 3 4 1 2 3 ° 4 - - 2 3 4 -
*N(CH3); but-1-ene but-2-ene (E and Z)
Hofmann product Zaitsev product
95% 5%

+ H20 + . N(CH3)3

15-01-25 UChile-Luhr 31
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Eliminacion de Hofmann

?

Looking along the C2—C3 bond The most stable C2—C3 conformation
HO ) .
HO" ) éH B 4 . R
H & o3 H;C . _H H,C <3 H;C ° H
Ny SeH O\, SaH
—— H aWC— C - 4 \\\\C C =
€3 2)\: Hygs 2\
HsC (N(CH3)3 H™ > ~CHs H *N(CHa)s H™ ~ "H
‘ (N(CHz); +N(CH,)s
needed for E2 (less stable) more stable (E2 is impossible in this conformation)

Looking along the C1—C2 bond

HOC_\v H . 3 4
H s - ) "\
NoY_ S CHyCH; CH,CH;
—_— \\\ -
H" pa 2 N+ (any of the three staggered conformations

H w( CHj)3 H is suitable for the E2)

(N(CHy);

* Volumen grupo saliente (arreglo-coplanar)
* Estado de transicidon estable o mas probable

15-01-25 UChile-Luhr 32
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% Eliminacion de Hofmann
)8 —
Dibuje el producto al tratar los siguientes compuestos con :
1) CH;l en exceso, 2) Ag,0, 3) calor (A)
a. CH;CH,CH,CH,—NH, b. (CHa),CHNH, C. O—NHQ
UChile-Luhr 33
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Eliminacion de Hofmann

Predict the major product(s) formed when the following amine is treated with excess ?

iodomethane, followed by heating with silver oxide.

/\/\'/

NHCH,CH;

34

15-01-25 UChile-LGhr
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Eliminacion de Hofmann
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Predict the major product(s) formed when the following amine is treated with excess ?
iodomethane, followed by heating with silver oxide.

NHCH,CH,
HO™ ) [ "-OH
H H
H\é\H/“é/H
excess CH;I  Ag,O ('(|:“ H
! heat N
CH; /IL\ _H
CH; C—C—H
H )
“OH
CH;—NCH,CH, CH_«,—f\|1CH3CH_; CH37N:
CH, CHs CHy o -
N\ /
C=C
/ AN
H H
UChile-Luhr 35
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Eliminacion de Hofmann

Predict the major products formed when the following amines undergo exhaustive methylation, ?
treatment with Ag,0O, and heating.
(a) hexan-2-amine (b) 2-methylpiperidine  (c¢) N-ethylpiperidine

H H

| /
(d) Oil‘j (e) QN; (f) < N;:

15-01-25 UChile-LGhr 36



Oxidacion de aminas

| e |, |
—N— N —N— —N—OH
| |
_.C._
amine imine ammonium salt hydroxylamine
T o
. =
— N*- R—N=0 R—N<
| o}
amine oxide nitroso nitro

17-01-25 UChile-Luhr



Oxidacién de aminas - Eliminacién de Cope reactivo

H OH
R—[l{—H 1, R—l_lJ—H O, =0 L rn7 °
o
1° amine hydroxylamine nitroso nitro
R R
R—I.J‘{—H + H,O, — R—[|\J—OH + H,0
2° amine a 2° hydroxylamine
R R
R—IL: + H)0, — R—llr‘—o- + H,0
| | (or ArCOOH)

(or ArCOzH) R

3% amine oxide

38

17-01-25 UChile-Luhr



SHe
14 Eliminacion de Cope
Mecanismo
.. r L0 1+
Oﬁ ,O +
¥ \+ S \ot HO —N(CH»),
lil T(CH}): H }I(CH )2 -
~N P | R -
R—C—C—R —> [R—C=C—R | — >c=c_
| | H H
H H . H H
[transition state]
Eliminacion sin (estereoquimica)
©. CH,
Hr-"Q\N/ CH
ﬁ @ ’ A H3C\
Bc—c N c—cC + HON(CH3)5
HcS A =% /N
Ph H Ph Ph
UChile-Luhr 39
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Eliminacion de Cope

Predict the products expected when the following compound is treated with H,O; and heated. ?

Q<N(CH3)2
CHs,

15-01-25 UChile-Luhr 40



Reacciones con acido nitroso

Na* ~ O—N—O

sodlum nitrite

ya \
H— O—N—O +

mtrous acid

+ H'CI

H

— H— O—N—O

mtrous acid

+ Na*CI

|
== H—O05N=Q: == H,0 + I:N—O —> IN= o]

protonated nitrous ac1d

nitrosonium ion

Electrofilo fuerte

R—NH,

-

primary amine

NaNO,
sodium nitrite

+ 2 HCI

diazonium salt

—> R—N=N CI" + 2H,0 + NaCl

15-01-25

UChile-LUhr
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Formacion de sales de diazonio

Mecanismo: aminas primarias

N

H
H = . - | . H';O
R—N “ - +N=O_.' — R—N— N=O — R—N—N O < I-I3O+
H nitrosonium |
primary amine ion H H
N-nitrosoamine

N | . )
R—N—N=0: + H;0' == |R—N—N=0—H «— R—N=N—0H|+ H,0: =

H ] |/}\

N-nitrosoamine protonated N-nitrosoamine
R—N=N—0OH + H;0*

second N—N bond formed

[ hor N ; ;
R—N=N— OH <:’ R—N=N-— OH2 —> R—N=N: + H,O:
diazonium ion

Alquilaminas inestables

R—N=N: — > R' 4+ :N=N:
Arilaminas estables

alkanediazonium cation carbocation nitrogen

42

15-01-25 UChile-LGhr



Formacion de N-nitrosoamina

Mecanismo: aminas secundarias

H — /'l

+ . .. . H,0: e . .
R—NT T :N—0: = R—N=N—0: —— R—N—N—0! + H;0'
R nitrosonium | |
2° amine ion R R

2° N-nitrosoamine

15-01-25 UChile-Luhr 43



Draw the product formed when each compound is treated with NaNO, and HCI.

)
a. b. CH.CH,—N—CH c. d. /\/
O wemgon o
H NH,

CH,

15-01-25 UChile-LGhr

44



4

\Y/

o=
NEIN

iy,
1174

Sales de arildiazonio como intermediaros de sintesis

U

/

g

4

With H,0: With CuX: With HBF:
: N;*CI” : LOH : X : /=
phenol aryl chloride or aryl fluoride
aryl bromide
X=ClorBr
With Nal or KI: With CuCN: With H;PO,:
: | : CN : H
aryl iodide benzonitrile benzene

15-01-25 UChile-Luhr 45



V%
S
N

[ &
N &
I 1.7

Sales de arildiazonio como intermediaros de sintesis

&

Sintesis de fenoles

+ _ H,S0y, heat
Ar—N=N I ——F5— Ar—OH + NlT + H'
N,* CI- OH
g =
phenol

No requiere:
» Sustituyentes atractores (como en las Rxs de SNAr)

e Bases o Nu fuertes

:NH, OH

(1) NaNO,, HCI
(2) H,S04, H,0, heat

C—CH;

C—CH;
75%) |
o)

I
o)

46
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Sales de arildiazonio como intermediaros de sintesis

Sintesis de halogenuros de arilo

Reaccién de
Sandmeyer

Ar_

CuX

5

.
N=N (I

(X=Cl, Br,C=N)

Ar—X + N,

N5+ CI Cl N+ CI- Br N;* CI- CN
— — —_—

aryl chloride

aryl bromide

benzonitrile

:NHZ

(1) NaNO,, HCI

(2) CuCl

(75%)

Cl :NH;
CH; CH;
(1) NaNO,, HCI
g (2) CuBr ”

Br

(90%)

Halogenacion directa

15-01-25

UChile-LUhr
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Sales de arildiazonio como intermediaros de sintesis

Sintesis de fluoruro de arilo

+ B HBF, + heat
Ar—N=N CI' — Ar—N=N BF;, — Ar—F+ N3T+ BF;

diazonium fluoroborate

Acido fluoroborato (HBF4)

—

aryl fluoride
Example N
I
:NH, N* “BF, ks
(1) NaNO,, HCI heat
(2) HBF, ” - Ok

15-01-25 UChile-LGhr



Sales de arildiazonio como intermediaros de sintesis

Sintesis de yoduro de arilo

Ar—N=N CI —% Ar—1I + N, |

N,* CI- I
O/ Nal or KI ©/

aryl iodide

Mejor alternativa que utilizar I, y acidos de Lewis (Yodinacion)

Example
ZNHQ I
(1) NaNO,, HCI
DK > (75%)
o) O
UChile-Luhr 49

15-01-25



Sales de arildiazonio como intermediaros de sintesis

Sustitucion del grupo diazonio por hidrogenos: desaminacion de anilinas ?

Ar—ﬁEN ClI” ﬂ Ar—H + N:T

N,* CI- H

benzene

Acido hipofosforoso (H3PO2)

Patrones de sustitucion / reduce funcionalizacion del anillo de benceno

Example
‘NH,

(1) NaNO,, HCI

(2) H3PO, (70%)
COOH COOH

CH;CH, CH;CH,
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| Sales de diazonio en sintesis organica

NO, NH, N,* CI”
HNO; H> NaNO, Z
R —— R _—
H,SO, Pd-C HCI
nitration reduction diazotization substitution
UChile-LUhr 51
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R =4
\
Q<

OH

Cl

52
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V%
RS
N

[ &
N &
I 1.7

solucion

&

?

OH vy Cl son directores o y p, pero se encuentran en m. El OH debe ser formado por

medio de una sal de diazonio

OH NO, NO,
[1] 2] @ 3] @
p— p— p—

Cl Cl

53
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ejercicios

Show how you would convert toluene to 3,5-dibromotoluene in good yield.

54
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V%
RS
N

15-01-25

Yy ejercicios
&[S —
Br Br
Br Br
B B” b monosubstitution and
ut + + . . .
FeBr3 trisubstitution products
Br Br Br
CH CHj; CH;
toluene no 3,5-dibromotoluene mixture of ortho and para bromination
NO, NH, NH, H
Br Br Br Br
HNO, (1) Fe, HCI 2 Br, (1) NaNO,, HCI _
_— —_— s -
H,S0, (2) OH (2) H;yPO,
CH; CH; CH; CH; CH;
p-toluidine deaminated
UChile-Lihr 55



L) Sales de arildiazonio — Rx de acoplamiento

O+ Omv — [l

Y = NH,, NHR, NR,, OH azo compound
(a strong electron-
donor group)

@—rﬂsw + H Y — N=N Y
Mecanismo H

(+ three additional resonance structures)
resonance-stabilized carbocation

Oy — O v+ o
< “H
:Cl:

@—N;CF + @—N(CHS)Q — @—N=NON(CHQ2
i I
i', Cr- i', + HCI

methyl orange (an indicator)

Acoplamiento Electréfilo débil Anillo activado
diazoico

15-01-25 UChile-LGhr
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Sintesis de aminas via aminacion reductiva

[ > g
’ H,N—OH ,  reduction :
R—C—R TR R—C—R > R—CH—R
ketone or aldehyde oxime 1° amine
Examples
N—OH NH,
| H,N—OH I H, |
CH;CH,CH, —C—CH; T) CH;CH,CH,—C—CHj ~ CH;CH,CH,—CH—CH;4
pentan-2-one pentan-2-one oxime pentan-2-amine
0 N—OH NH,
[ H,N—OH || () LiAIH, |
C—H (2) H,0
benzaldehyde benzaldehyde oxime benzylamine

15-01-25 UChile-LGhr
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Sintesis de aminas via aminacion reductiva

. s _H R T . '-
R—NH, + 0=C J — N=C‘/|» LiAlHy R—N—C/>
1° amine ketone or .\ | | N\
aldehyde tmine - H
. + H20 .
2° amine
Example
0 N—Ph NHPh
I Ph— NH, [ (1) LiAlH,
CH3_C_CH3 — CH3_C_CH3 CH3_CH_CH3
H” (2) H,O
acetone phenylisopropylamine

(75%)
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Sintesis de aminas via aminacion reductiva

+

0 2° amine R—N—R R—N—R
,  R=NH—R_ | | | NaBH(OAc) ] )
R—C—R < T R—C—R CH,COOH R—CH—R
ketone or aldehyde iminium salt 3° amine
Example H .C C H: H,C CH,
T N\+/ ' T N\../
O N N
H
HN(CH3), NaBH(OACc), 5%
T CH,COOH (85%)
cyclohexanone ~ iminiumsalt N,N-dimethycyclohexylamine
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ejercicios

?

Show how to synthesize the following amines from the indicated starting materials.
(a) N-cyclopentylaniline from aniline (b) N-ethylpyrrolidine from pyrrolidine

60
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‘\\ r [ o ' L [ 4 L 4
14)  Sintesis de aminas via acilacion - reduccion
&[S —
Primary amines
] ]
‘o .o 1) LiAIH. .
R—C—Cl + NH, — R—C—NH, Gpo > R—CH—NH,
acid chloride ammonia 1° amide ? 1° amine
Example
CH; O B CH; CH;
| ” NH; . (1) LiAlH, ..
CH;—CH—CH,—C—Cl —— CH;—CH—CH,—C—NH, 2)H,0 CH;—CH—CH,—CH;—NH,
3-methylbutanoyl chloride 3-methylbutanamide 2 3-methylbutan-1-amine

15-01-25 UChile-LGhr
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Sintesis de aminas via acilacion - reduccion

Secondary amines

1 1
.s . 1) LiAIH .
R—C—Cl + R—NH, —— R—C—NH—F’ 22;}1'—0% R—CH,—NH—R’
acid chloride primary amine N-substituted ? 2° amine
amide
O
Example NH, CH;CH,CH,—C—NH CH;CH,CH,—CH,— NH
O
” (1) LiAlH,4
CH;CH,CH,—C—Cl + — W)
butanoyl chloride aniline N-phenylbutanamide N-butylaniline
15-01-25
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Sintesis de aminas via acilacion - reduccion

Tertiary amines

1 1
. . 1) LiAlH .
R—C—Cl + R;NH ——>s R—C—NR; EZZH'—O% R—CH,—NR;
acid chloride secondary N,N-disubstituted ’ 3° amine
amine amide
Example
o. (Cl (CH;CH,),N O (CH,CH,),N
N\~ TN 7 RN
\C C CH,
H—N(CH,CH;3), —> (DLiAR,
+ (CHyCH3)y (2) H,0
benzoyl diethylamine N,N-diethylbenzamide benzyldiethylamine
chloride

15-01-25 UChile-LGhr
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Sintesis de aminas primarias — alquilacién directa

R—CH,—X + excessNH; ——> R—CH,—NH, + NHj X~

Example

CH;CH,CH,CH,CH,—Br + excess NH; —— CH3CH,CH,CH,CH,—NH, + NHI Br~
I-bromopentane pentan-1-amine
Nucleophile Product
l g l
N\ Sh2 SI. Ny g .
[1] R-X + NH; ——m R—N-H ——— R—NH, + NH,
v, I
H X 1° amine
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Sintesis de aminas primarias — Sintesis de Gabriel (1887)

:0 :0
/ \ ~
e :N «~—— N ) 1N\
:0 :0 :0F

phthallmlde

resonance-stabilized anion
pK, =10

Steps in the Gabriel synthesis

0]
»/”—\ -OH y Co,”
R—N: —— R-NH, +
[1] H,0 _
o CO,
3 [2] 1° amine
R = CH; or 1° alkyl nucleophlle nuc|eoph.|ic alkylated imide | d'g;?rz’é{:zfe
substitution X hydrolysis
Example
new C—N bond
o)
CO,~
SN2
CH;CH,—Br + N CH30H2 —> CH3;CH,+NH, + ©:
CO,
O \ by-product
Overall result—Substitution of Br by NH,
15-01-25
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V%
RS
N

Tk

By ﬁ;ﬁ

Ejercicios

What alkyl halide is needed to prepare each 1° amine by a Gabriel synthesis?

CH,0 NH,
& A~~~ NH2 b. (CHg)2CHCH,CH,NH, C. \O/\/

Which amines cannot be prepared by a Gabriel synthesis? Explain your choices.

NH, NH
NH, N7 2
a. b. C. H d.

15-01-25 UChile-LGhr
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Sintesis de aminas primarias - reduccién de otros grupos funcionales

?

Nitro groups are reduced to 1° amines using a variety of reducing agents.

H,, Pd-C
or
R—NO, m’ F:—NHQ
- 1° amine
Sn, HCI
Examples
NO, NH,
S
CH; CH;
o-nitrotoluene o-toluidine
(90%)
NO, HSO;  *NHj :NH;
| Sn, H,S0O, “OH |
CH;CH,CH,—CH—CH; ——F CH;CH,CH,—CH—CH; ——> CH;CH,CH,— CH—CHj;
2-nitropentane 2-aminopentane (85%)
Ar—H HNO;, H,SO4 > Ar—N 02 reduction Ar— NH2
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Sintesis de aminas primarias - reduccién de otros grupos funcionales

?

I I
CH, CH; C—OH C—OCH,CHj
HNO;, (1) KMnO,4, "OH CH;CH,OH, H*
N > >
H,S0,4 (2) H* (see Section 11-12)
nitration oxidation esterification
NO, NO, NO,
I I
C—OCH,CH; C—OCH,CHj3
Zn,HCl
CH,CH,OH ~
reduction
NO, NH}L Cl-

benzocaine - HCI
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Sintesis de aminas primarias - reduccién de otros grupos funcionales

?

Nitriles are reduced to 1° amines with LiAlH,.

R—c=n AR o GHNH

B [2] H,0 20

1° amine
1] LIAIH

Example CH4—Br CH;—C=N L‘l CH;—CH,NH,,
Sn2 4 [2] H0 :
1° amine
new C-C bond
Example

T P (1) LiAlH,

K™ *C=N:
CH3CH2CH2 > CH3CH2CH2_C =N:
( butanenitrile
Br

1-bromopropane

CH;CH,CH,—CH,—NH,

DHO
D H, butan-1-amine (70%)
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Sintesis de aminas - reduccion de otros grupos funcionales

?

Primary (1°), 2°, and 3° amides are reduced to 1°, 2°, and 3° amines, respectively, by using

LiAlH,.
(g [1] LiAIH, ——
R "NH, [2]H,0 2 2
o apni 1° amine
1° amide
? [1] LiAIH,
C RCH>—N—R'
R "NHR' [2]H,0 2
2° amide o H
o 2° amine
N [1] LiAIH,
_C ——> RCH>—N—R'
R™ NR, [2]H,0 y
3° amide - R
3° amine
15-01-25 UChile-Lihr
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Sintesis de aminas - reduccion de otros grupos funcionales

?

(1) LiAlH,
- - Sn2 - e 2) H,O ..
R—X + Na' :N=N=N: —~, [R—N—=R=N: «—» R—N—N=Nj] 220 , r_{mH,
halide or tosylate sodium azide an alkyl azide or Hy/Pd 1° amine
(must be 1° or 2°)
Examples
/ N
CH,CH,—B R CH,CH,—N <I N: —>(l) —— CH,CH,—NH
et AN Sx2 > ACLV RN (2) H,0 2Ly NI
1-bromo-2-phenylethane 2-phenylethyl azide 2-phenylethylamine (89%)
Br NH)
NaN; () LiAH, |
_—
(2) H,O
cyclohexyl bromide cyclohexyl azide cyclohexylamine (54%)
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ejercicios

Draw the product of each reaction.

oo CHaNH
— = 5
a NaBHLCN
O NH,
b. 3,
NaBH,CN

(CHaCH,),NH

NaBH;CN

NaBH5CN

o)
d.* - NH, ———

15-01-25
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ejercicios

CHO

—

Br

73
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A

\i/,

=D

=T

ejercicios

f,
juz

g

Ji

{

?

Cuales son los materiales de partida para sintetizar el siguiente indicador?

O
|l
O

methyl orange
an orange dye

Dibuje los productos cuando cada uno reacciona con CgHgN,*CI

NH,
a. ©/ b. HO@ C. HOOOH

74
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ejercicios

[1] NaNO,, HCI

a. @»NHQ

[2] CuBr

[1] NaNO,, HCI

[2] H,0

c. c:|430~<j>7|\m2

[1] NaNO,, HCI
[2IHBF,

[1] CuCN

d. QN2+ cr

Cl

2] LAH,
[3] H,O

Cl

Cl

Cl

15-01-25
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