QFL0341 - Estrutura e Propriedades de Compostos Organicos -
Noturno (agosto/09/2019)

LigacOes quimicas e grupos funcionais.
Nomenclatura e representacao de moléculas organicas.

Hidrocarbonetos (alcanos, alcenos e alcinos)



Say my name now!!!




Bis-2,6-(2,2-dimetil)propil-

3,5-ciclopropilmetil-

1-ciclopentil-bis-2,6-(2,2-dimetil)propil-3,5-ciclopropilmetil-ciclohexano



Alcenos e alcinos



Atomo de carbono no estado fundamental:

(nimero atéomico=6): 1s?2s?2p,' 2p,




Obtaining sp2-hybridized carbon atoms

Ground state Excited state sp2-Hybridized state
»t t 2t t 2 t  1ligagdo
2 orbitais 2p 25p< T T T :

1 orbital 2s 3 ligacoes
2s 14 2s 1 -
15 |i 15 |i 1s | i
<- I'Er!;:-r:':r_;_‘;in:,:u_r1 of electron > < |_‘|'_1-"l:]_.’_i!;1i.:-f.'j§ili,]:'1 >




Etileno

Orbitais hibridos sp2 sdao usados na formacao de ligacoes duplas

110

997
O O CH;

Energy in kcal/mol
(c+n=total of 173)

/\/ sp” orbital

2p orbital



Structure and Bonding in ethylene x ethane

H - H 111.17° /H H
1170( C C /%1OA° 109.40pm/\(a_c/
5351 pm \
H > H H /153.51 pm

1.34 A° H H



Obtaining sp-hybridized carbon atoms

Ground state Excited state sp-Hybridized state

»1 1 . =@ 1 = 11

2 orbitais 2p — 2gp T T

2 orbital 2s
g |£ 25 |
‘5I| 18 I| 1s 1) 2Csp
; | _ 2 H
< Promaotion of electron > < Hybndization >

1.203 A

o]

1.061 A 180°

Tripla ligacao ¢ linear




Summary of the hybridized orbitals

2g 2p, 2py 2p,
Ground state  Carbono no estado
T J f T fundamental
+ energy

2s %, 2p, 2p, Excited State

} Sl

2s 2P 2py 2p,

HEEE }

2s 2Py 2p, 2p,

t 1 H !

Carbonos
hibridizados


https://www.tutorialspoint.com/basic_principles_of_organic_chemistry/organic_chemistry_carbon_hybridization.asp

Table 1.7 Comparison of the Bond Angles and the Lengths and Strengths of the Carbon-Carbon

and Carbon-Hydrogen Bonds in Ethane, Ethene, and Ethyne

Length of Strength of Length of Strength of
Hybridization Bond C—Cbond C—C bond C—H bond C—H bond
Molecule of carbon angles (A) (kcal/mol) (KJ/mol) (A) (keal/mol) (kJ/mol)
]
H—?—?—H sp? 109.5° 1.54 90 377 1.10 101 423
H H
ethane
H\\ /H
;’C:C sp? 1207 1.33 174 720 1.08 111 466
A
H H
ethene
H—C=C—H sp 1807 1.20 231 967 1.06 131 548
ethyne




Table 8.2 Dependence of the Length of a Carbon—Carbon Single Bond on

the Hybridization of the Orbitals Used in Its Formation

Compound Hybridization Bond length (A)
H;C—CHj spP—sp® 1.54

H
H3C—(|3=CH2 Sp3—Sp2 1.50

H H
H,C=C—C=CH, sp*—sp* 1.47
HC—C=CH SpS—Sp 1.46

H
H,C= |C —C=CH sz—sp 1.43
HC=C—C=CH Sp—Sp IE37




Alkenes in Nature: Insect Pheromones

Pheromones are chemical substances used for communication within a living
species. Pheromones are used for sex, trail, alarm, and defense signaling, to
name a few uses.

Insect Pheromones

H'I
O
H H
European vine moth Japanese heetle
) )
CH, CHy |
i OH O CH
O
CH tl"lH
H
CHE H3C Hj
Male boll weevil American cockroach CHs
Diefense pheromone
of larvae of

chrysomelid beetle




The sex attractant for the male silkworm moth is
10-trans-12-cis-hexadecadien-1-ol (bombykol)

HO
The natural pheromone (10-trans-12-cis isomer) is
10 billion times more active in eliciting a response
than is the 10-cis-12-trans isomer, and 10 trillion
times more active than the trans, trans isomer.
H
H
H
H
Bombvkel

10-trans-12-cis isomer



Alkenes 1n essential oils (monoterpenes)

myrcene  Z-fi-ocimene  E-fi-ocimene

(Vo §} (L

AN ~ i ™
linalool geraniol nerol citronellol
E
.,
~o
S

geranial (E-citral) neral {Z-citral) Z-isocitral citronellal


https://link.springer.com/10.1007/978-3-642-22144-6_130

Nomes Comuns

e Apesar da precisao e da aceitacao universal da
nomenclatura IUPAC, alguns alcenos, particularmente os
de baixa massa molecular, sao conhecidos quase que
exclusivamente por seus nomes comuns

H;C CH,
Hzc:CHz H3C_CH:CH2 C:CH2
H,C =—=C —CH=CH,
H;C
ethylene propylene isobutylene isoprene

(ethene) (propene) (2-methylpropene) (2-methyl-1,3-butadiene)



Alcenos como grupos substituintes:

Cl

: 7~

—/

etenila ou vinila propenila alila

o (etenilcicloexano ou (propenilcicloexano) (alilcicloexano) cloreto de alila
cloreto de vinila vinilcicloexano)
metileno etilideno
(metilenocicloexano) (etilidenocicloexano)
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A
ALCINOS H—C=C-H
A




Alcinos

HO

Etinil-estradiol (contraceptivos orais)

(9S,135,148S,17S)-13-methyl-17-(prop-1-yn-1-yl)-
Nome IUPAC 7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthrene-3,17-diol

Nordette®, Microviar®

Nomes comerciais Mercilon®, Femina®

Microdiol®



Naming Alkenes and Alkynes (similar to alkanes)

When the carbon chain has 4 or more C atoms, number the chain to give the
lowest number to the double or triple bond.

1 2 3 4
CH,=CHCH,CH; 1-butene but-1-ene

CH;CH=CHCH; 2-butene but-2-ene

CH,C=CCH;, 2-butyne but-2-yne



Nomenclatura de alcenos e alcinos
(parte alquilica é semelhante a de hidrocarbonetos saturados)

1) Alcenos e alcinos possuem a mesma prioridade, mas devem
ter a menor numeragao possivel;

2) Em uma molécula contendo uma dupla e uma tripla ligacao,
aguela que estiver mais proxima do inicio da cadeia determina a
direcao da numeracao;

3) Se a dupla ou tripla estivem em posicdes com a numeracao
analoga, a dupla ligacao possui prioridade (por causa da
ordem alfabética)



Naming alkenes and alkynes

CH,
F 3
\4 3 2 1 1 2 3 4 .
CH— CH— CH=CH, (——C— CH=CH,
/ / | 1 4
F CH; F CH,
4,4-difluoro-3-methylbut-1-ene 1,1-difluoro-2-methyl- 2 3
buta-1,3-diene S-methylcyclopenta-
1,3-diene
F H
4 3 2 1 | s 4 3 2 1

,fCH_ CH— C=CH HC—C—C=CHCH; HC—C—CH,CH=CH,

F (I:H ; pent-3-en-1-yne pent-1-en-4-yne
: ) i ("vne" closertoend ("ene" and "yne" have equal
4.4-difluoro-3-methylbut-1-yne of chain) priority unless they have the
Regra 1 Regra 2 same position number, when

. "ene" takes the lower number)
(o que estiver (o que estiver

Mais préximo do inicio) Mais préximo do inicio) Regra 3 (ordem alfabética)



Isomerism in Alkenes

Isomers are different compounds that have the same molecular formula.
Constitutional (structural) : different connectivity

Stereoisomers: same connectivity, but different spatial arrangement of atoms or groups.

C4H8: IDH? (CnHZn + 2) IDH= nC+1 — nH(X)/2 + nN/2
How many isomers? C4Hg (5-4=1IDH)

H  CH,CH, H  CH, HsC~ CHj HiG  H
c=C c=C Cc=C c=C

H H H  CHj H H H  CHs

1-butene 2-methylpropene cis-2-butene trans-2-butene

Could also include cyclobutane and methylcyclopropane (CnH2n + 2)
IDH= 1 (double bond or ring)

23



Configuracao cis-trans

* A configuracao é determinada pela orientacao dos atomos
da cadeia principal em torno da ligacao dupla.

( H H H
3 4

Tem 1
preferéncia g H

sobreo H .
cis-3-hexeno trans-3-hexeno

H
2

Tem
preferéncia
sobre o CH,

cis-3,4-dimetil-2-penteno



Estabilidade dos Alcenos

R R R H
S il N/
;C:G\ fc:c
N ;€3

alceno cis (2)

alceno trans (E)

\ \
H,C CH; H;C H

cis-2-Butene trans-2-Butene
mp -139°C, bp 4°C mp -106°C, bp 1°C

Os alcenos trans sao mais
estaveis que os cis devido a
interacoes estéricas.



Isomeria Cis-Trans em cicloalcenos

* Do ciclopropeno ao ciclohepteno a configuracao da dupla ligacao é
sempre cis (nGo hd como torna-las trans)

* Ociclopenteno é planar
No caso do cicloocteno cis, os angulos internos ficam muito maiores do que 109°
Entao torna-se possivel ter o trans-cicloocteno que leva a um alivio das tensdes.



Configuracao - E,Z

O sistema E,Z usa as regras de prioridade (ordem do numero
atomico)

e Se os grupos de maior prioridade estao do mesmo lado, a
configuracao é Z (em alemao, zusammen)

* Se os grupos de maior prioridade estao de lados opostos, a
configuracdo é E (em alem3o, entgegen)



Configuracao - E,Z

Maior Maior Maior menor
N\ / \ /
cC—cC c=—cC
/ \ / Mo,
menor menor menor M al10r
Z (zusammen) E (entgegen)

(junto) (oposto)



Configuracao - E,Z

Nomeie cada alceno e especifique sua configuracao pelo sistema E,Z

(2)-3-metil-2-penteno (E)-2-cloro-2-penteno

(E)-1-cloro-2,3-dimetil-2-penteno  (Z)-1-bromo-1-cloro-1-propeno



Structures and Melting Points of Saturated Fatty Acids
(effect of introduction of cis double bond in saturated compounds)

Table 18.1 Structures and Melting Foints of Common Fatty Acids

Carbon Melting
MName Atoms Structure Paoint (2} Smiree

Saturated Fafty Acids

(8]
|
Capric acid 10 OH 32 Saw palmetio
O
Il
1 1 i 12 e M e e 43 "
Auric acikd OH Loconut
(8]
Il
Mvristc acid 14 e T e e S e UF e SR S e 54 Mufre
Vristic OH B
[§]
|
Palmitic acid & OH ¥ Pa
)
I
Hieane acid 18 OH o Animal [a
(8]
|
Arachidic acid 0 B i i N i N 76 Peanut oil,
OH vegetable and

fish nils

Timbaraks, General Orgame, and Bicdogical Chamistry. Cepyright © FPearzon Educaticn bng., publizhing as Benjamin Cummings



Structures and Melting Points of Unsaturated Fatty Acids

Table 18.1 Structures and Melting Points of Common Fatty Acids (Continued)

Carbon Melting
Name Aboms Structure Point (°C) Source

Monounsaturated Faity Acids

O
I
Palmitoleic acid 16 B i ™ T P N 0 Butter
OH
0
I
Oleic acaid 18 B e i Tl e, 13 Olives, com
OH
Polyunsaturated Fatty Acids
O
|
Linoleic acid 18 I T N e W e W S W S -4 Sovbean,
OH satflower,
) sunflower
I
Linolenic acid 18 B I S -1 Com
OH
0
(|
Arachidonic acid 20 i e W SRS i g i, U i —50 Prostaglandins

OH

Timberake, Ganers!, Orgamic, and Bicdegical Chamistry. Copyright @ Pearson Educaticn Ing., publizhing as Bemjamin Cummings



Saturated Fatty Acid

Stearic acid 18:0
melting point 70 °C

Unsaturated Fatty Acid
(Cis) Oleic acid c 18:1 n-9
melting point 16 °C

Unsaturated Fatty Acid

(trans) Elaidic acid t 18:1 n-9
melting point 43 °C

C-C-C == C-C-C
I I
H H
H H
| I
C-C-C == C<CC
H
I
C-C-C == C-CC






A gordura trans age como a gordura
saturada ao elevar o nivel
da lipoproteina (concentracao
endoplasmatica) de baixa densidade
no sangue (LDL ou "colesterol ruim”).

A ligacao dupla cis abaixa o ponto de fusao com relacao
» ao acido graxo saturado ou trans
(a compactacdo entre as cadeias torna-se dificultada)



A hidrogenacdo catalitica de oleos vegetais (liquidos a temperature ambiente
devido a grande quantidade de acidos graxos cis) é realizada industrialmente
objetivando torna-los sélidos (como margarinas ou gordura vegetal hidrogenada).

No entanto, no processo de hidrogeracao catalitica, parte das duplas ligacoes cis
sao convertidas em duplas ligacdes trans.

cis-unsaturated fat

W g S W \/\/\/\/cozR (ester of oleic acid)

' H,, catalyst

saturated fat

Pl YT i N e W g % sy N W VT i o - (ester of stearic acid)

+

/\/\/\/\ \/’\\/\/\/\/COQR trans-unsaturated fat

(ester of elaidic acid)




The primary function of a catalyst in hydrogenation reactions is to provide metal-
bound hydrogen atoms on the catalyst surface.

H—H
- =H—H

Catalyst surface
Pd-C

Common solvents used for hydrogenations include methanol, ethanol, acetic acid,
and ethyl acetate.



Reversibilidade da Ruptura de uma Ligacao Dupla de Alcenos

gc_g — % t* antibonding molecular orbital

electron promoted to

energy needed to y antibonding orbital
promote electron - cancels out electron
fromnto m* in bonding orbital

result: no m bond
- i
Cc—C Y T bonding molecular orbital

both electrons in m bond

D i

no rotation is possible UV light breaks m bond

= . mixture of both isomers formed
rotation is now possible




| 7 bond is hroken‘

‘.CHE

cis isomer trans isomer

Ocorre rotacao da ligagao

H
'\‘ >

N\

CH;

H;C CH,CHj H,C H
\ / > 180 °C \ /
C=C = k C=C
/T N\ o /7N
H H hv H CH,CH,;
cis-2-pentene trans-2-pentene

As isomerizagcoes podem ocorrer sob temperaturas
Elevadas ou também através de reacao fotoquimica



Reacgoes de Adicao Eletrofilica
(QFL0342 Estrutura e Reatividade de Compostos Organicos)

H OH
\ /
7R
X OH , H H
\ / alcool \ /
//C—C\\ /C—C\\
halohidrina\ / alcano
X X \ /

o C=C Ho o PH
7R /N SRS
alceno
1,2-dihaleto / \ 1,2-diol

\
H\c C/X I c=0
AN composto
hale to /C\ carbonilico
7R

ciclopropano



Reactions of alkanes

alkane + H,SO, =2 noreaction (NR)
alkane + NaOH -> NR

alkane + Na =2 NR

alkane + KMnO, —> NR

alkane + H,,Ni = NR

alkane + Br, = NR

alkane + H,0 - NR

Alkanes are typically non-reactive. They don’t react with acids, bases,
active metals, oxidizing agents, reducing agents, halogens, etc.)



Alkane, reactions:

1. Combustion (oxidation)

2. Pyrolysis (cracking)

3. Halogenation (depending on conditions)



Teste para insaturagcoes: como diferenciar alcanos de alcenos (ou alcinos)

ALK ANE ALKENE

R4

video cicloexano vs. cicloexeno

A reacao de bromo com sistemas saturados é um processo radicalar mais lento e

requer a iniciagao por calor ou luz.

temperatura ambiente

R—H + Br,
Alcano Bromo

(incolor) (marrom-
avermelhado)

‘» nao ocorre reagao i4
no escuro, CCl, > ¢ao apreciavel

42



http://youtu.be/PE1CDR1S5pk

Reacdes de adi¢ao de halogénios

Em alcanos: adicoes radicalares !!

roorn temperature

F—H + Br: m no appreciable reaction
in the dark |CC14

Alkane Eromine
{colorless) (red browmn)

roomn temperature
E—H + Brz » LFR—DBr + Hbr
cy
Allzane Bromine Allcy] halide Hydrogen bromide

{colorless)  {red brown) {colorless)  (detected by moist blue litmus)



room termperature

F—H + Br: m no appreciable reaction
in the dark J0C1,

Alkkane Bromine
{colorless) (red brown)

Em alcenos: adicoes eletrofilicas !!

Hf.‘={:f o i Rl T —'|:|".'—'I:|T— Rapid decolorization
7N ) ccl, | of Br,/CCl, is a

Br Br test for alkenes
An alkene vic-Dibromide and alkynes

(colorless) {colorless)



Fading of Ketchup using Bromine

Electrophilic Addition to the C=C Double Bond

HC. =
CH, CH, CH,
H.C
s 2 T e s, T e s I . I
CH,
i

o CH, CH, CH,

3



Ethylene

* In terms of quantity produced, ethylene is the most important organic chemical
« Ranked # 4 among all chemicals after

— 1. Sulfuric acid
— 2. Nitrogen

— 3. Oxygen

— 4. Ethylene



Ethylene Uses

VZ
P O lyethy1 ene 5 5 O (2017, over 100 million tonnes of polyethylene resins are produced annually,

accounting for 34% of the total plastics market)

Ethylene dichloride, 16%

~20 million tons of 1,2-dichloroethane are produced in the USA, Western Europe, and Japan.

*—‘ A S/ 2
Ethylene glycol, 13% e, JFDHUH

O—(CHalz—

: Ethy1b enz ene ’ 6 % (styrene synthesis -> polystyrene)

Linear alcohols, 4%
Vinyl acetate, 2%

Miscellaneous, 4%



The major source of ethene is the pyrolysis of petroleum, or hydrocarbons derived from
natural gas.

Ethene is the basis for the production of polyethene (polyethylene).

Ethene 1s the starting material for the production of many other industrial chemicals:

The Wacker Process

L0
H.0, 0., catalytic PACL, CuCl, ‘e | . )
CH,;=CH; » CH=CHOH — CH.CH —— gcetic acid
Ethencl Acetaldehyde
i ¥imyl alcohol)
iUmstable)

Chloroethene (Vinyl Chloride) Synthesis
|.|: iy nu
CH,=CH, — ﬁ'H:—{lz'H: e CH,=CHCI: PCV
0 T

1.2-Dhchlor oethane Chloroethens
iVinyl chloride)

go) :OH :Ele
CHy—ch, —oicre, Do, BB, Lyl antifreezing

Oxacvelopropane 1.2-Ethanediol
iEthvlene oxide) iEthylene glycoly



Dimerization, Oligomerization, and Polymerization of Alkenes

Alkenes can react with one another in the presence of an appropriate catalyst: an
acid, a radical, a base, or a transition metal.

Polymer synthesis is of great industrial importance:

Polymerization

NN N S N R N R R
i=cC C=£Cc ¢=C (= —> C—C—C—C—C—C—
t NS NS NS 0 I I I R N

$ $
2

Monomers Polymer




Addition (Chain) Polymerization

— Initiation

— Propagation

R R
AR A AN AN A A A S
HHHH HHHH

— Termination

Combination

Disproportionation

50



A adicao cabeca-cauda de um etileno substituido resulta em um polimero no qual todos os
outros carbonos t€m um substituinte.

CH2=(‘3H — —CH2(|IHCH2(‘IHCH2CHCH2(|2HCH2(|3HCH2(‘IH—

|
Cl Cl Cl Cl
poly(vinyl chloride)

,r::HE r::HE,H KCHE‘H H,r::HE,H KCHEM KCHE‘H H,

st}-rrene palyst}rrene




Synthesis of Acetylene

* Heat coke with lime in an electric furnace
to form calcium carbide.

* Then drip water on the calcium carbide:

3C + Ca0O —*= Ca(R + CO

coke lime

CaC, + 2 H,0 — H—C=C—H + Ca(OH);

This reaction was used to produce light for miners’ lamps and for the stage.

Videos sobre a combustao do acetileno

https://www.youtube.com/watch?v=YQ 12RpSgMs

https:// www.yvoutube.com/watch?v=1-shpoG6ieM



https://www.youtube.com/watch?v=YQ_l2RpSgMs
https://www.youtube.com/watch?v=i-shpoG6jeM

Calcium carbide is manufactured by the reaction of charcoal (carbon)
and calcium oxide, at EDGUDC, to produce calcium carbide and
carbon monoxide:

CaO + 3 C™+=CaC, + CO

Inside the lamp, calcium carbide (7) reacts with water, giving acetylene gas,
which flows up to the burner (4), and calcium hydroxide waste:

CaC,+2H,0 -C,H, + Ca(OH),

@ o
.’),Q ‘@

The acetylene gas is mixed with air at the bumer (4) and combusts,
producing a bright white flame (8). The products of the reaction are
carbon dioxide and water vapor:

2C,H, + 50,%% 4C0, + 2H,0
Dge® © Y
S QY o

(+) denotes a cation (ion) with a positive charge.,
(-) denotes an anion with negative charge.
Atoms that are touching are bonded to each other.




