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CH;
St _ + _ + _
CH;NH; Cl ITTCHZCH3 CF;CO, CgHsCH,N(CHj3); [
H
Methylammonium N-Ethyl-N-methylcyclopentyl- Benzyltrimethyl-
chloride ammonium trifluoroacetate ammonium iodide
(a quaternary ammonium
salt)
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Methylamine
(CH:;NH,)

C&N
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for better .
hesithl 4=t eletrostatico, MEP

(a) (b)

Qual é o estado de hibridizacdo do N?
Estado de hibridizacéo do N entre sp3 e sp?!

once Deslocalizagio do par de

for better
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CNHo “NH, “NH,
Most stable Dipolar resonance forms of aniline

Lewis structure
for aniline
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.o + —
R3N=/?HEQH —— R;N—H + :0H

_ [R;NH"][HO ]

b and pK, = —log K,

[R3N]
K, = 1.8 X 1077 (pK, = 4.7)
mgomg
fh?thtt Constante de dissociacio
¥ +
R;N—/H = H" + R;N:
~ [H'][R;N] _
K, = ———— and pK, = —log K,
[R:NH"]

K,=56x10"'"" (pK, = 9.3)
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sl

+ A
CH;NH, + H-—O0CCH; — CH3NH; + :0CCH;,
Methylamine Acetic Methylammonium Acetate
acid ion ion
(stronger acid; pK, = 4.7) (weaker acid; pK, = 10.7)
H
CH3TJH + ‘OH —> C(CHs3;NH, + H—OH
H
Methylammonium ion Hydroxide ion Methylamine Water
(stronger acid: pK, = 10.7) (weaker acid; pK, = 15.7)
..doing
science Base Strength of Amines As Measured by Their Basicity Constants and the Dissociation
Constants of Their Conjugate Acids*
for better
health! (e
Basicity Acidity of conjugate acid
Compound Structure Ky pKp K, PK,
Ammonia NH5 1.8 x 10°° 47 55x 107" 9.3
Primary amines
Methylamine CHsNH, 4.4 x 107* 34 23x 10" 10.6
Ethylamine CH;CH,NH, 5.6 % 10°° 3.2 1.8x 10" 10.8
Isopropylamine (CH3)>CHNH, 43 x 1074 3.4 23x 107" 10.6
tert-Butylamine (CH3)3CNH, 28x10* 3.6 36x 10" 10.4
Aniline CgHsNH; 3.8 x 107" 9.4 2.6 x10°° 4.6
Secondary amines
Dimethylamine (CH3),NH 5.1 %10 3.3 20x 10" 10.7
Diethylamine (CH5CH,),NH 1.3x 1073 2.9 7.7 X 10712 11.1
N-Methylaniline CeHsNHCHS 6.1 x 10 " 9.2 1.6 X 10°° 48
Tertiary amines
Trimethylamine (CH3)sN 53x10 ° 4.3 1.9x10 ' 9.7
Triethylamine (CH3CHZ)sN 5.6 % 10 ° 3.2 1.8x10 " 10.8
N,N-Dimethylaniline CgHsN(CH5), 1.2 x 107° 8.9 8.3 x 107° 5.1

*In water at 25°C.
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QNHZ + H,0 — <:>7NH3 + HO~ (Ky 4.4 % 107% pKy 3.4)
Cyclohexylamine Water Cyclohexylammonium Hydroxide
ion ion
@—NH, + H,0 —— @—NH,, + HO™ (K, 3.8 X 107" pK, 9.4)
Aniline Water Anilinium ion Hydroxide
ion
..doing
science 1 ’
for better A anilina é uma base
health!  Wokie

muito mais fraca por causa
da deslocalizacao do par
de elétrons do N

H H
/ +
QN + H,0 — QN—H + HO™
n'\ I
H H

Aniline is stabilized by
delocalization of lone
pair into 7 system of

ring, decreasing the electron
density at nitrogen.
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NH
N
H
Tetrahydroquinoline Tetrahydroisoquinoline
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Effect of Substituents on the Basicity of Aniline

X Ky pPKb
H 4 % 10—;" 9.4
CH 210 8.7
x@—l\m CFs 2% 107 115
O.N 1x10 " 13.0
:0 =0
b\N ‘[;\IH A ”\ltl ltIH
S+ 2 w/ 2
-0 0

Electron delocalization in p-nitroaniline
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=
is more basic than
= N
IT N
H
Piperidine Pyridine

(K, = 1.6 X 1077 pK,, =

|
[}
0

(K, = 1.4 X 1077 pK,, = 8.8)

/:\ + +/:\ /:\+

: : + — . — :
N\/N\H H/NQ_(/N\__H H/N\/N\H
Imidazole Imidazolium ion
(Ky=1x10""pK,=T7)
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O _-OCH;
(€
N ]
A
CH; OCCgHs
Cocaine Morphine
A tral t . . S
(SﬁcmeS|arst 2@;‘;?:;;?:,? (An opium alkaloid. Although it is an excellent
the leaves of the coca plant.) analgesic, its use is restricted because

of the potential for addiction. Heroin is
the diacetate ester of morphine.)
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CHs0

Quinine

(Alkaloid of cinchona bark
used to treat malaria)
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H

£ 20H

HO

N
CH,NHCH-

Epinephrine

(Also called adrenaline; a
hormone secreted by the
adrenal gland that prepares
the organism for “flight or
fight.”)

16/12/2022

X
N
2
N CH;
Nicotine

(An alkaloid present in tobacco;
a very toxic compound sometimes
used as an insecticide)

CH,CH5NH,

N\

N
H

Serotonin

HO

(A hormone synthesized in
the pineal gland. Certain
mental disorders are be-

lieved to be related to sero-
tonin levels in the brain.)
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+
RX + 2NH, —— RNH, + NH, X~

Alkyl Ammonia Primary Ammonium
halide amine halide salt

o Sl 4 e + ..
:N=N=N: + R—X ——:N=N=N—R + X

Azide ion Alkyl halide Alkyl azide Halide ion

CH5CH,CH,CH,CHoBr —— 5 CH,CH,CH,CH,CH,N

phase-transfer

Pentyl bromide catalyst Pentyl azide (89%)
(1-bromopentane) (1-azidopentane)
H,SO,
ArH + HNO3 —— ArNO, + H,0
Arene Nitric acid Nitroarene Water
..doing
science
for better
health! Neoukieo
O3;N
I 1
HNO5
QCH o CH
Benzaldehyde m-Nitrobenzaldehyde
(75-84%)
.
HaN: -+ RaC—CRy — HZN—C‘—Cl—OH
0] R R
Ammonia Epoxide B-Amino alcohol
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i i
RNH, + R'CR" —— R'CR" + H,0

Primary Aldehyde Imine Water
amine or ketone
i
CH3NH2 + C6H5CH — C5H5CH:NCH3
Methylamine Benzaldehyde N-Benzylidenemethylamine
(70%)

..doing
science
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HoN:  + RClHCOZH —>Rc|Hc02*+ NH,X

X “NH;
Ammonia a-Halo a-Amino Ammonium
(excess) carboxylic acid acid halide
NH
(CH3)2CHC|HC02H W (CH3)2CHC‘HC02*
Br *NH;
2-Bromo-3-methylbutanoic 2-Amino-3-methylbutanoic
acid acid (47-48%)
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0 0O
/ .l
RoNH  + R'C —> R,;NCR" + HX
o \
X
Primary or Acyl chloride, acid Amide Water
secondary anhydride, or ester
amine, or
ammonia
~ 1 1 8
2 + CH5CCl — NCCH; iy N cl
N /N\
H H H
Pyrrolidine  Acetyl chloride N-Acetylpyrrolidine Pyrrolidine
(79%) hydrochloride
..doing
science
for better,
reatht W O rearranjo de Hofmann
i
Br,, HO
RCNH, H0 RNH,
Amide Amine
i
(CHCONH, > (CH3)sCNH,
2,2-Dimethylpropanamide tert-Butylamine (64%)

13
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RCNH, + Br, + 4HO ——RNH, + 2Br + CO;>" + 2H,0
Amide Bromine Hydroxide Amine Bromide Carbonate Water

ion ion ion

] I."'O
- _ b
i OH ‘J.[D‘ Brs RAN’BF OH ] @.Br
. | H — A
R” "NHy (-H:0) R™ "NH (-Br) Bromoamide (-HzO)

0 I

- HO o, -
{:02-1- RNHE - HO'J.I‘\NHR = c.:-N_H _— ”?:J'I[,-h
RTSND

b

carbamic acid isocyanate

Ty
XX
i . Claw ,‘ H.0
...domg i _~—+OH s A . L
science 0/ e 0 .0
A e AL x / .
for better R™ N: RSN RTCN? Sl o
H H H R™e N7
health!  Wokie K
H0 =} \?:O:H

= H
. e @l O
o o “g- ¢
[ T H —
. N / u o,
N -~ \ o
| R | R
) so-H
|_’| Infermediate
(o A
2. k
IN
4 R™H

https://www.name-reaction.com/
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ROH ,H OR
R

T e
o]
)k A i — R Nﬁc\ A0 R—NH,

R N3 -N2 R N O amine
nhrene rooymate RNH N _NHR
!

T urea derivative

(o)

Curtius rearrangement

PR v e oy —

isocyanate 0 o)
carbammic acid

..doing
science . .
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K® I
- ] 0 © (o]

(o] © ® (S ®
UN:N:&J g 1 BN —= R)LN"?\",N = RJLN’E;N
R Cl = R’i\ > A

K CCIN ci J e
acyl azide
O =
A [ -N=N
. - J
H ROH p
0 (@\ 0
R-NH; <—— R‘NJLOH a2 N c=0 Ng = I@{Zf\i\:
-CO, H / |socyanate : sp
R_Nj-)L R,NH nitrene
H IIR

Depois de Valiulin
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. Alquilaminas primarias
0] O
@:((:NH + KOH — @:((:N:K“L + H,0
O O
Phthalimide N-Potassiophthalimide Water
O 0]
= DMF
@:‘EN: K™ + CgHsCH,CI LN ©:::NCHaC6H; + KC
0 0
N-Potassiophthalimide Benzyl chloride N-Benzylphthalimide Potassium
(74%) chloride
..doing
science
for better
health!  Nekio
0 0]
ethanol NH
NCH2C6H5 + HQNNHQ _— C(,H5CH2NH2 + 1\l]H
0 0
N-Benzylphthalimide Hydrazine Benzylamine Phthalhydrazide
(97%)
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o o) CO’/—\ ea r|\IH2
. NH.
KOH e/ﬁn\;\? R H:N-NH; ®°
N-H ——= NYE ——n N~ = ON—,
- H0 Sy2 Ing—Manske R
(e} o) ~KX (o) procedure (o]
phthalimide potassium N-alkyl-
phthalimide phthalimide Lfnl“:‘
_NH,
R”NH, 2 praton o HN=
A - NH o N /0>
e U — U @
NH NH; NH_R
NH (o
- -
I“IJH o0 ®H2 R @O H R CO

(o]
phthalhydrazide

Depois de Valiulin

rence Eliminacao E2 de

for better
health! Neaubieo Hofmann
CH,ONa/CH,OH
IR e o RN
Zaitsev product Hofmann product
2-hexene 1-hexene

The table below describes the proportion of each product you would expect when X in the above reaction represents a given halogen.

X % 2-hexene % hexene
/ EWG -~ " W
Hofmann
Br 72 28
a 67 33
F 30 70

*N(CHy); | OH

carbocation-like central carboanion-like

https:/ichem.libretexts:org/ Various transition states for an E2 elimination reaction

17
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i +
H N(CHy) H N(CHy)
sl | ‘ &
H3C_C.::CIZ—CH3 H3C—(I:—?:¢H2
B-—H H H H H-—B
Zaitsev elimination Hofmann elimination
..doing
science . ~ .
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2 RCH,Br + NH; (large excess) ——a RCH,NH; + NH4(*) Br()

2 RNH; + CyHsBr — s RNHC;Hs + RNH5(*) Br(?) =——= RNH,C,Hs(*) Br(®) + RNH,

Infelizmente, a alquilagéo direta de aminas
135 ou 22 para produzir um produto mais
substituido ndo ocorre de forma limpa.

)
TY

CgHsNH, + 3 CH5I + Hiinig's base —» CgHsN(CH5)5( I6) + HI salt of Hiinig's base

18
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R Cl
Acid Chloride
O
_C.
R Cl
Acid Chloride
0
&
R™"Cl
Acid Chloride
..doing
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General Reaction
NH; CHal

1-Methylbutylamine

Quarternary

Ammonium Salt

Reaction

16/12/2022

Acilacao de Aminas

Pyridine 9
- - _C. + HCI
R
Ammonia 1° Amide
Pyridine 9
— r& + Hel
1° Amine 20 Amide
Pyridine 0
— c +  HCI
R/ ~
2° Amine
39 Amide

De volta para a

Eliminacao de Hofmann

A
—_—

1-Pentene

(1-Methylbutyl)trimethyl- (Major Product)

ammonium idide (1-Methylbutyl)trimethyl-

ammonium hydroxide

>=< + H,0 + ' NR;

Alkene Trialkylamine

19
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— hez
CH;CHCH-CH; HO _]H—Lt)> CH,=CHCH-»CH; + CH;CH=CHCH;
" —(CH3)sN
N(CHj3)3
sec-Butyltrimethylammonium 1-Butene (95%) 2-Butene (5%)
hydroxide (cis and trans)
..doing
science
for better

health! Neaubieo

(a) Less crowded: Conformation leading to [-butene by anti elimination:

H
CH.CH, H H
—H,0
e
C‘ H CH,CH; "H
N(CH,),
1-Butene

(major product)

(b) More crowded: Conformation leading to frans-2-butene by anti elimination:

H:O:;’—‘\
H
H CH, H._ _CH,
—H,0
—(CH;),N I
CH H CH "H
|NCH),
These two groups trans-2-Butene
crowd each other (minor product)

20
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Why isn't the Zaitsev the major product? Because of the bulky leaving group!!!

@® ,CH, H 8
HzC—N “CH Ag,0 - 2 4 3
; S T e I N H
CH
H 3 1 3 5 & 5 H
2 minor product major product
(not IUPAC numbering) (Zaitsev!) ("Hofmann")
..doing
science .
for better Zaitsev & Hofmann
health!  Wokie
Newman projection of conformation Newman projection of conformation
giving "Zaitsev" product: giving "Hofmann" product:
looking along C»-C3 bond looking along C4-C, bond
(C3 in front, C> behind) (Cy in front, C5 behind)
.
. ©
(w0 agss, W
H3C H - H
5 4 5
H;C CH,3 : H H
‘._ 2, .-.;’ 1ie @ -
o HemfseHy (O Hic-N~cH;
’ CH; CH,;
"Zaitsev" (disfavored) "Hofmann" (favored)
higher energy transition state lower energy transition state
due to steric clash with leaving group fewer steric interactions

https://www.masterorganicchemistry.com/
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Primary amine Secondary amine Tertiary amine
..doing
science ;e
for better SumaﬂO
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General equation and specific example

RX + 2NH3 ——> RNH, + NH4X
Alkyl Ammonia Alkylamine Ammonium halide
halide
NH; (8 mol)
C6H5CH2C| _— C5H5CH2NH2 + (C6H5CH2)2NH
Benzyl chloride Benzylamine Dibenzylamine
(1 mol) (53%) (39%)

16/12/2022
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O
RX + N"KT — NR
0] O
Alkyl N-Potassiophthalimide N-Alkylphthalimide
halide
o) O
NH
+ HzNNHz _— RNH2 + |
NH
0 0
N-Alkylphthalimide Hydrazine Primary Phthalhydrazide

CH;CH=CHCH,CI

amine

1. N-potassiophthalimide, DMF
2. H;NNH,, ethanol

CH;CH=CHCH,NH,

1-Chloro-2-butene 2-Buten-1-amine (95%)
..doing .+ .- — reduce .
science RN=N=N: —— RNH>
for bettery . . .
healthl  God- Alkyl azide Primary amine
H,, Pd
CF3CH2C|HC02CH2CH3 RETREN CF3CH2C|HC02CH2CH3
N; NH,
Ethyl 2-azido-4,4,4- Ethyl 2-amino-4,4,4-
trifluorobutanoate trifluorobutanoate (96%)
M ;
ctodos [\ e, Lo
de Nitrile Primary amine
. 1. LiAlH,
reducao S>—ON o5t [ CHNH,
Cyclopropyl cyanide Cyclopropylmethanamine

(75%)

reduce

ArNO, ——= ArNH,

Nitroarene Arylamine

16/12/2022
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i
RCNR, 2. RCH,NR}
Amide Amine
O
| 1. LiAIH,
CH;CNHC(CH53)5 = o CH3CH>NHC(CH53)5
- Ha
N-tert-Butylacetamide N-Ethyl-tert-butylamine (60%)
(|? reducing ITIR’?,—
RCR” + RyNH RCR!
H
Aldehyde Ammonia or Amine
or ketone an amine
NH- HNCH(CHs)>
i
CH5CCH; + SAETATN
Acetone Cyclohexylamine N-1sopropylcyclohexylamine
(79%)
..doing
science 3 ~
for better Alqulla(;aO
health! Nk
RNH, —2%  RNHCH,R’
Primary amine Secondary amine

lR‘CHZX
R'CH,X

. .
RN(CH,R); X~ «<—== RN(CH,R’),

Quaternary Tertiary amine
ammonium salt

@CHZCI + HNij Leaty @CHZNS

2-Chloromethylpyridine Pyrrolidine 2-(Pyrrolidinylmethyl)pyridine (93%)

16/12/2022
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heat

RCH,CHR' HO™
"N(CH3);

Alkyltrimethylammonium
hydroxide

o
N(CH3); HO™

Cycloheptyltrimethylammonium

hydroxide
..doing
science
for better
health! Neub o

ArH  + ET

Arylamine Electrophile
NH;
2Br;
acetic acid
NO,

p-Nitroaniline

— RCH=CHR" +

:N(CHs); + H,0

Alkene Trimethylamine  Water

Cycloheptene (87%)

SpATr

ArE + HT

Product of electrophilic Proton
aromatic substitution

NH,
Br

NO;

2,6-Dibromo-4-nitroaniline

(95%)

25
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NaNO, +
RNH, > RN=N:
Primary amine Diazonium ion
NH, N=N
NaNO,, H,SO
— ey HSO,~
H 0, 0-5°C
NO, NO,
m-Nitroaniline m-Nitrobenzenediazonium
hydrogen sulfate
1. NaNO,, H550,, H,0
..doing ArNH, 2. 1,0, heat ArOH
science Primary Phenol
for better arylamine
| Neookfeo
health! Neou: NH, OH
1. NaNO,, H,50,, H,0
2. H;0, heat
NO> NO,
m-Nitroaniline m-Nitrophenol (81-86%)
1. NaNO,, H", H,O heat
ArNH, — ArN=N: BF, -2  ArF
. a
Primary Aryl diazonium Aryl
arylamine fluoroborate fluoride
+
NH, N=N:
1. NaNO,, HCl, H,0 =
2. HBF, BF,
CHs CH;
m-Toluidine m-Methylbenzenediazonium

fluoroborate (76-84%)

26
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+
N=N: F
= heat
BF,4
CH; CH;
m-Methylbenzenediazonium m-Fluorotoluene (89%)
fluoroborate
..doing
science
for better
health! Neook o
1. NaNO,, H', H,0
ArNH, 2. Nal or KI Arl
Primary Aryl iodide
arylamine
NH,
Br Br 1. NaNO,, H,50,, Br Br
H,O
2. Nal
N02 NOZ
2,6-Dibromo-4-nitroaniline 1,3-Dibromo-2-iodo-5-nitrobenzene

16/12/2022
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1. NaNO,, HCl, H,0

16/12/2022

.doing ArNH, S ArCl
science Primary Aryl chloride
for better, arylamine
| Neaubden
health! N ok CH3 CH3
NH, Cl
1. NaNO,, HCl, H,0
2. Cudl
o-Toluidine o-Chlorotoluene
(74-79%)
1. NaNO,, HBr, H,0
ArNH, W ArBr
Primary Aryl bromide
arylamine
NH- Br
. NaNO,, HBr, H,0
2. CuBr
Br Br
m-Bromoaniline m-Dibromobenzene
(80-87%)
..doing
science
for better
health! Neaubieo
1. NaNO,, H,0
ArNH, = ArCN
Primary Aryl nitrile
arylamine
NH, CN
1. NaNO,, HCl, H,O
2. CuCN -
NO, NO,

o-Nitroaniline

o-Nitrobenzonitrile

(87%)

28
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..doi . ~ °
wcience Desaminacao redutiva de
for better} . . . R
healthl or arilaminas primarias
1. NaNO,, HY, H,0
ArNH, 2. CH5CH,OH or H3PO, ArH
Primary Arene
arylamine
CHs3 CH;s
1. NaNO,, HCl, H,0
2. HsPO,
N02 N02
NH,
4-Methyl-2-nitroaniline m-Nitrotoluene (80%)
.doing Alquilaminas terciarias nao tém
for better, { A +1 { A
erbeter y i efeito pratico na nitrosagao
RNH — ———"> R,N—N=0
Secondary amine h N-Nitroso amine
/O\ NaNO,, HCl O\
— = 5
H,O
CHs3 H CHs3 CHs TTI CHs3
NO
2,6-Dimethylpiperidine 2,6-Dimethyl-N-

nitrosopiperidine (72%)

(CH3)2N© - (CH3)2N®N=O

N,N-Dimethylaniline N,N-Dimethyl-4-nitrosoaniline
(80-89%)
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