1. Problem

(xép cac tac nhan sau vao loai tac nhan ai dién tir
(electrophile) va loai tac nhan ai nhan (nucleophile)

Which of the following species is likely a
nucleophile or an electrophile?

(a) NO,* (b) CN™ (c) CH3NH, (d) (CH3)3S™

Le Quoc Chon - Duy Tan University



2. Problem 6.4

(xép cac tac nhan sau vao loai tac nhan ai dién tir
(electrophile) va loai tac nhan a1 nhan (nucleophile)
Which of the following species is likely a
nucleophile or an electrophile? Which may be
both?

(@) CH3Cl  (b) CH3S™  (c) ;?x\foCH3 (d O

N I

\—/ CH3CH

Le Quoc Chon - Duy Tan University



3. Problem

(dung miii tén cong chi sy di chuyén cua electrons
trong phan rng sau)

Show the movement of electrons in this reaction:

0 0
f|:| H B (|:| CH B
X + — + r
Hie” >C7 N HaC” ““‘““/\*:’ 3
F|| H H

Le Quoc Chon - Duy Tan University



4. Problem 6.8

(dung miii tén cong chi sy di chuyén cua electrons
trong cac phan Urng sau)
Show the flow of electrons in these reactions:

(a) :Cl:
S . | + -
Cl=Cl 4 HN—H —— HeNTH il

H H
(b) IT
CH3—0: + H—f|:—$:r: ——  CHz—0—CH3z + :Br:
H
(c) :0: :0:
| I .
C — C + :ClI:
chaf ~OCH4 HaC” ~OCH, &

Le Quoc Chon - Duy Tan University



Nha may Nhwa Polypropylene Dung Quat

Chn dau tw
Bia diém
Dién tich

Quy mé

Téng mirc dau tw
Th&i gian hoan thanh

Tap doan Diu khi Qudc gia Viét Nam (PVN) e
Binh Son — Dung Quét — Quang Ngii

15 ha

13 dir 4n héa diu diu tidn nim trong cum céng nohidp loc hoa diun Dung Quit, nim
canh Nha may loc dau Dung Quat, co céng spat ché bién: 150.000 tin'nim

232 trigu USD (trong dwong 4.000 7 déng)

02/2010

Nguyen li¢u: khi hoa long Propylene
San pham: hat nhya polypropylene

Le Quoc Chon - Duy Tan University 5



Plastic packaging
(nhwa lam bao bi)

SCOPE

Plastic packaging systems for pharmaceutical use include bags, bottles, cartridges, dry
powder and metered-dose inhalers, nebulizers, prefillable syringes, vials, and bottles as
packaging systems for capsules and tablets. Commonly used plastic materials include
polyethylene, polypropylene, polyolefins, polyethylene terephthalate, polyethylene
terephthalate G, and poly(vinyl chloride). Some, but not all plastic packaging systems
are formed from a single plastic material. For example, bags can be formed from layers
of different plastic materials, and solid plastic containers can be manufactured from
more than one plastic material by co-molding. These differences notwithstanding,
plastic materials used in the construction of plastic packaging systems should be fully

Bao bi trong nganh duogc




Expanded polystyrene (EPS)

polystyrene

O
I—O—I

Bao bi trong nganh thuc pham

Le Quoc Chon - Duy Tan University 7



Bao bi trong nganh thuc pham

Polypropylene

Le Quoc Chon - Duy Tan University



O‘:\ < > /:*O i Bao bi trong nganh thyc pham

Polyethylene terephthalate

AW o

Food Grade Plastic
FoA

2y & 6

e

Le Quoc Chon - Duy Tan University



Organic Chemistry

CHE 203
| ecture 7: Alkenes
Le Quoc Chon — Duy Tan University

Le Quoc Chon - Duy Tan University
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Key concepts

Naming Alkenes (tén alkene)
Cis-trans isomers (ddng phan cis/trans cla alkene)
E, Z configuration (cau hinh E, Z cla alkene)

Electrophilic addition reactions (phan *ng céng ai
dién tw vao alkene)

Markovnikov’s rules (quy tac Markovnikov)
Stability of carbocation (dd bén cla carbocation)



Alkenes

H H
\C _C/
/T Z
H H CHsg
Ethylene a-Pinene
(a plant hormone — (from resin of live tree
hormone thuc vat) — tir nhyra cay)

N e N e Nl

B-Carotene
(orange pigment and vitamin A precursor)

Chat tao mau cam, va chat nguén cho vitamin A

Le Quoc Chon - Duy Tan University 12



Industry of alkenes

(alkenes trong cong nghiép)

CH4CH,OH HOCH,CH,0OH CICH9CH5Cl
Ethanol Ethylene glycol Ethylene dichloride
@) O 0
H H I | ;N\
\C C’K CH4CH CH3;COH HoC—CH,
H \H Acetaldehyde Acetic acid Ethylene oxide
Ethylene 0
(ethene) I
HyC=CHOCCH3  —5-CH,CHy—%- H,C=CHClI
127 MTl/year | Vinyl acetate Polyethylene Vinyl chloride

Le Quoc Chon - Duy Tan University
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Industry of alkenes
(alkenes trong cong nghiép)

N . s
/N
CH3CHCH4 H,C— CHCHg ~-CH,CH-57,
Isopropyl Propylene Polypropylene
H CH3 alcohol oxide
N\ /
PN T
H H H CH
\/ 3
Propylene “CHj
(propene) Cumene
54 MT/year "‘

Le Quoc Chon - Duy Tan University 14



Industry of alkenes
(alkenes trong cong nghiép)

CH3(CH,),,CH3  [n = 0-6]

850-900 °c,  oteam cracking
steam (cracking hoi nudc)

H, + Hy,C=CH, + CH3CH=CH, + CH3CH,CH=CH,

Le Quoc Chon - Duy Tan University 15



Naming alkenes
Poc tén Alkenes

Step 1. Name the parent hydrocarbon
Step 2. Number the Carbon atoms in the chain
Step 3. Write full name with position of double bond

(Xac dinh mach chinh chira lién két doi,
Péem so carbon trén mach chinh,
Viét tén voi vi tri nhanh va vi tri lién két doi)

Le Quoc Chon - Duy Tan University 16



Naming alkenes

Xac dinh mach chinh chira lién két doi

Step 1. Name the parent hydrocarbon

CH5CH H CH3CH H
N RN
C=C C=C
/ \ / \
CH3CH,CH» H CH3CH,CH» H
Named as a pentene NOT as a hexene, since the double bond is

not contained in the six-carbon chain

Le Quoc Chon - Duy Tan University 17



Naming alkenes

Pém s6 carbon trén mach chinh
Step 2. Number the Carbon atoms in the chain

CHs

|
CH3CH,CH,CH=CHCH CH3CHCH=CHCH,CH
6352423 213 1323 45263

Le Quoc Chon - Duy Tan University 18



Naming alkenes

Viét tén véi vi tri nhanh va vi tri lién két doi
Step 3. Write full name

[
CH3CH,CH>,CH=CHCH CH3CHCH=CHCH,CH
6352423 213 1323 45263
2-Hexene 2-Methyl-3-hexene
CH5CH H
N
2c=C1 CHs3
CH3CH C/I/-I \H H C—Clt CH=CH
5 54 23 2 273 3 42
2-Ethyl-1-pentene 2-Methyl-1,3-butadiene

Le Quoc Chon - Duy Tan University
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Tén kiéu maoi

Newer naming system:

(Older naming system:

Tén kiéu cu

1-Methylcyclohexene

IUPAC

Tén theo quy udc quoc te

e

CH3CH,CHCH=CHCHCHj
/7 6 b 4 3 2 1

2,5-Dimethylhept-3-ene

2,5-Dimethyl-3-heptene

1.4-Cyclohexadiene
(New: Cyclohexa-1,4-diene)

Le Quoc Chon - Duy Tan University

(|3H2CH2CH3

H,C=CHCHCH=CHCH,
1T 2 3 4 b 6

3-Propylhexa-1,4-diene

3-Propyl-1,4-hexadiene)

[:Hg
5

4

L_CHg

3
2

1,5-Dimethylcyclopentene

20



Tén thong thuong
JUPAC vs Common nhames

HC=== HyC=CH-%- HyC=CH—CHy—5-

A methylene group A vinyl group An allyl group
TABLE 7-1
Compound Systematic name Common name
H,C=CH> Ethene Ethylene
CH3CH=CH> Propene Propylene
?H 3 2-Methylpropene Isobutylene

CH 3C =CH 2

CH3 2-Methyl-1,3-butadiene I[soprene

|
H,C=C—CH=CH,

Le Quoc Chon - Duy Tan University 21



Problem

PROBLEM 7-4 (dOC tén IUPAC cac Ché(ltsaU)

Give IUPAC names for the following compounds:

(a) H3C CHj3 (b) ‘|3H3
H2C=CHCHCCH3 CHaCH,CH=CCH,CH3
CHjg
(c) (|:H3 (|:H3 (d) CH3(|:HCH2CH3
CH3CH=CHCHCH=CHCHCH CHaCH,CH,CH=CHCHCH,CH

Le Quoc Chon - Duy Tan University 22



Problem

(v& cOng thirc cau tao CAC chat sau véi tén
PROBLEM 7-5 |UPAC cho dudi day)
Draw structures corresponding to the following [UPAC names:
(a) 2-Methyl-1,5-hexadiene
(b) 3-Ethyl-2,2-dimethyl-3-heptene
(c) 2,3,3-Trimethyl-1,4,6-octatriene
(d) 3,4-Diisopropyl-2,5-dimethyl-3-hexene

Le Quoc Chon - Duy Tan University 23



Problem

PROBLEM 7-6

Name the following cycloalkenes:

(a) CH3 (b) CH3 (c) CH(CH3)5
CHs3

CHsj

(Ghi chU: chon sb thi tu sao cho lién két doi & vi
tri C1 va C2, va vi tri nhanh thap nhat co th¢)

Le Quoc Chon - Duy Tan University 24



Problem

PROBLEM 7-7

Change the following old names to new, post-1993 names, and draw the struc-
ture of each compound:

(a) 2,5,5-Trimethyl-2-hexene

(b) 2,3-Dimethyl-1,3-cyclohexadiene

(Chuyeén tir tén ITUPAC cii sang mdi roi vé cong thirc
cau tao)

Le Quoc Chon - Duy Tan University 25



HEQIthWneyys

veww. MyHealthNewsDaily.com

Different Kinds of Fat

Fatty acids, which are the building blocks of fat, are long chains of carbon and hydrogen
atoms. Essential fatty acids are those needed by the human body that can only be obtained
through food. Some fats are harmful, however.

UNSATURATED FATS

The so-called "good” fats can be
found in nuts, avocados and
other vegetables. The molecular
structure of unsaturated fat
causes it to be lower in calories
than other fats.

P3¢

Moleculor
structure of
unsaturated fat
shows spaces
available for

hydrogen atoms =)
to bond

:

SATURATED FATS
These fats are found mostly in
animal products. It is recom-
mended that people reduce their
consumption of saturated fats in
order to stay healty.

In a molecule
of saturated fat,
every space for
hydrogen is filled
(that is, the fat is
“saturated” with
hydrogen)

TRANS FATS

Trans fats are unsaturated (good)
fats which have been partially
saturated with hydrogen to extend
their shelf life. Unfortunately,
these trans fats are found to
elevate "bad” cholesterol and
should be avoided.

Moleculor
structure of
trans fat

SOURCES: UC-CLERMONT COLLEGE; ALLIANCE FOR A HEALTHIER GENERATION; DREAMSTIME
KARL TATE / © MyHealthNewsDaily.com

In 1994, it was
estimated that trans
fats caused 20,000
deaths annually in the
United States from
heart disease.

(1994 trans fat gay ra

khoang 20000 nguo1
chét/nam & My¥)
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Coronary artery disease (CAD)
(Bénh dong mach vanh)

In 2015 CAD affected 110 million
people and resulted in 8.9 million
deaths. It is the most common cause
of death globally.

Ways to reduce CAD
risk include eating a
healthy diet, regularly
exercising, maintaining
Fatty Deposits a healthy weight, and
not smoking

Le Quoc Chon - Duy Tan University 27



Cis-trans iIsomerism In alkenes

Pong phan cis/trans vdi Alkenes

7 bond Broken 7+ bond after rotation
(p orbitals are parallel) (p orbitals are perpendicular)

Can not rotate without breaking bond

Le Quoc Chon - Duy Tan University 28



Cis-trans iIsomerism In alkenes

Hai nhom
thé cling
phia

Hai nhom thé
khac phia

Pong phan cis/trans vdi Alkenes

trans-2-Butene

Le Quoc Chon - Duy Tan University
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Pong phan cis/trans vdi Alkenes

Cis-trans iIsomerism In alkenes

One of the double-bond carbons iIs

. [/ attached to two identical groups
B
/N / These two compounds are identical;
C=C = Cc=C : .
\ / \ they are not cis-trans isomers.
. A Y (hai chit nay gi6ng nhau, khong phai
. . . dong phan cis-trans cua nhau)
\ : —
C—C + C—C These two compognds are not identical;
/ \ they are cis-trans isomers.
E A

(hai chat khac nhau va la dong
phan cis-trans cua nhau)

Le Quoc Chon - Duy Tan University 30



Problem 7.8

Which of the following compounds can exist as

pairs of cis-trans isomers? Draw each cis-trans
pair.

(chat nao sau day c6 dong phan cis-trans, hay vé
chung).

(a) CH;CH=CH, (b) (CH3),C=CHCHS;
(e) CICH=CHCI (f) BrCH=CHCI

Le Quoc Chon - Duy Tan University
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Problem 7.8

Name the following alkenes, including a cis/trans
designation.

Poc tén alkenes sau voi
dong phan cis/trans

Le Quoc Chon - Duy Tan University 32



Alkene Stereochemistry: E, Z system

Cahn-Ingold-Prelog rules

(xem xét hai nhom thé trén mdi C co lién két doi, roi sap xép ching
RULE 1 theo muc do wu tién)
Considering each of the double-bond carbons separately, look at the two
substituents attached and rank them according to the atomic number of
the first atom in each. An atom with higher atomic number ranks higher
than an atom with lower atomic number.

RULE 2 (néu mire d6 uu tién khoéng duge xac 1ap bai nguyén tir thir 1 thi xem
nguyén tir thir 2, 3...)
If a decision can’t be reached by ranking the first atoms in the two

substituents, look at the second, third, or fourth atoms away from the
double-bond until the first difference is found.

(ngyeén tir co lién két boi thi twong duong ding véi s6 nguyén tir ¢o
RULE3  |ign két don)
Multiple-bonded atoms are equivalent to the same number of single-

bonded atoms.

Le Quoc Chon - Duy Tan University 33



Alkene Stereochemistry: E, Z

system
L-::}w\er iHigher E double bond
|
C:i:C (Higher-ranked groups
/N are on opposite sides.)

Higher i Lower _ _
I (hai nhom wu tién khac phia)

Higher iHigher Z double bond
N T/ .
C:xc (Higher-ranked groups
/ \ are on the same side.)

|
Lower i Lower

(hai nhém wu tién cung phia)

Le Quoc Chon - Duy Tan University
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Alkene Stereochemistry: E, Z

system
Low | High
rank H | Cl rank
C==C
-
High CHzi CHz |ow
rank rank

(a) (E)-2-Chloro-2-butene

Low Low
rank H i CH3z  rank
C==C
/
High CHzi1 Cl  High
rank rank

(b) (Z)-2-Chloro-2-butene

Le Quoc Chon - Duy Tan University 35



Problem

Right or wrong?

H
Vi du: cau hinh E chat \
sau la ding hay sai? H C=CH,
\ /
C=C
/ \
H3C CHj

(E)-3-Methyl-1,3-pentadiene

Le Quoc Chon - Duy Tan University
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Problem

Right or wrong? (|3H3
H3C—CH Br
\_ /
C=C
/ \
H,C=C H
\
H

(E)-1-Bromo-2-isopropyl-
1,3-butadiene

Le Quoc Chon - Duy Tan University
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Right or wrong? (I?
HsC C—OH
\ /
C=C
/ \
H CH,OH

(Z2)-2-Hydroxymethyl-
2-butenoic acid

Le Quoc Chon - Duy Tan University
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Cis/trans vs E/Z

Br

/
\

CH,

?

\
/

Hj



Problem

Assign E, Z configuration:
(X4c dinh cau hinh E/Z chat sau)

H CH(CH-)
N\ / 312
c=C
2
HaC CH.,OH

Le Quoc Chon - Duy Tan University
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Low

High

Problem: answer

C, C, H bonded
/to this carbon
H CH(CH3),
\ /
C=C
HaC CH.,OH

to this carbon

Z configuration

Le Quoc Chon - Duy Tan University

Low

High
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Problem 7.12

Rank the substituents in each of the following sets
according to the sequence rules: (sap xép theo thw
tw wu tien cac nhom thé sau).

(a) —CH,, —OH, —H, —Cl
:bj _CHg, _CH2CH3, _CH_CHz, _CHon
er _COZH CHon —C=N, CHzNHZ

d) —CH,CH;, —C=CH, —C=N, —CH,OCHx

Le Quoc Chon - Duy Tan University 42



Problem

PROBLEM 7-13 (cac chat sau ¢ cau hinh E hay Z?)

Assign F or Z configuration to the following alkenes:

(a) HsC CH,OH (b)  Cl CH,CH3
\/ N/
C=C C=C
/TN /T N\

CH3CH,  Cl CH30 CH,CH,CH3
(c) CH5 (d) H CN

CO,H ./
/ C=cC
C=cC /T N\

\ HsC CH,NH,

CH,OH

Le Quoc Chon - Duy Tan University
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Problem 7.14

Red is O. Assign E or Z configuration for this
molecule and convert into skeletal structure.

(xac dinh cau hinh E, Z cho alkene sau)
9

»d %
Y
Y

;_4 : " >
?é\,— 4 .

v~ -
& @

Le Quoc Chon - Duy Tan University
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Stability of Alkenes

(d6 bén cua alkenes)

H CH3 _ H3C CHs
\ / Acid \ /
C=C < — C=C
/ \ catalyst / \
H3C H H H
Trans (76%) Cis (24%)

Steric strain

trans-2-Butene

cis-2-Butene

Le Quoc Chon - Duy Tan University

45



Stability of butene

H\ ;H
H CHq H4C CHq
C CHjq
c=C L TR M2 c—C
/ Pd 7N Pd / \
HaC H H H H H
trans-2-Butene Butane cis-2-Butene
AH®hydrog = —116 kd/mol AH®hydrog = =120 kJ/mol

Le Quoc Chon - Duy Tan University 46



Energy

Stability of butene

Butane

Reaction progress

Le Quoc Chon - Duy Tan University
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Stability of Alkenes

Heats of Hydrogenation of Some Alkenes

AH pydrog

Substitution Alkene (k]/mol) (kcal/mol)
Ethylene H,C=CH, ~136 —32.6
Monosubstituted CH3CH=CH, —125 —29.9
Disubstituted CH3CH=CHCHj3 (cis) —119 —28.3

CH3CH=CHCHj (trans) —115 —27.4

(CH3)2C=CH2 —118 —28.2
Trisubstituted (CH3),C=CHCH; —112 —26.7
Tetrasubstituted (CH3),C=C(CH3), —110 —26.4

Influential factors: hyperconjugation and bond strength

Le Quoc Chon - Duy Tan University
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Stability of Alkenes

Hyperconjugation: C=C and adjacent C-H interaction

spi-sp?  sp?-sp? sp3-sp® spi-sp?
CHy— CH=CH—CHj CHy— CHy— CH=CH,
2 factors 2-Butene 1-Butene

\ (more stable) (less stable)

sp3-sp? is stronger than sps-sp3

Le Quoc Chon - Duy Tan University
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Problem

PROBLEM 7-15

Name the following alkenes, and tell which compound in each pair is more
stable:

(a) HoC=CHCH,CHg or {|3H3
HoC=CCH1
b H H H CH-,CH-CH
(b) \ ) \ y 2LHLH,
C=C or C=C
/ \ / \
HaC CH5CH,CH4q HaC H
(f_} CH:.] CH3

ofr

Le Quoc Chon - Duy Tan University 50



Electrophilic additions reaction of alkenes
(phan rng cdng ai dién tw cua alkene)

H—Br = Br H
\ /
e ? N
et H (D 3 n
HiC""C_C“"H =N —_— H3C H
2-Bromo-2-methylpropane

2-Methylpropene
Carbocation
intermediate
€ A hydrogen atom on the electrophile HBr is
attacked by 7 electrons from the nucleophilic
double bond, forming a new C-H bond. This
leaves the other carbon atom with a + charge
and a vacant p orbital. Simultaneously, two
electrons from the H-Br bond move onto

: . : ) €) The bromide ion donates an electron pair to the
bromine, giving bromide anion.

positively charged carbon atom, forming a C-Br
Le Quoc Chon - thond ameyielding the neutral addition progiuct.



Energy

Carbocation intermediate

First transition state
Second transition state

Reaction progress ——

Le Quoc Chon - Duy Tan University

52



Electrophilic additions reaction of alkenes

C\H3 (|3I
C=CH, + HCl Ether CH3—(|3—CH3
CH3 CHj
2-Methylpropene 2-Chloro-2-methylpropane

(94%)

I

KI |

CH3CH2CH2CH:CH2 > CHBCH2CH2CHCH3
HaPO4
1-Pentene (HI) 2-Iodopentane

CHs3

CH3
H20 . OH
H,SO4 catalyst

1-Methylcyclohexer@uoc chon - buy Tan Ujbfathylcyclohexanol 53




Write reaction?

Solvent

H4C / CH3

\ o Ether |

C=CH, + HCI ——— CH3—C—Cl

/ 25°C |

HaC CHg
2-Methylpropene 2-Chloro-2-methyl-

propane

Le Quoc Chon - Duy Tan University
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Write reaction?

Reactant

HaC \ CH3

N HCl |

C_EHE - CHQ—C—{H

/ Ether, 25 °C |

H3C \ CH3
2-Methylpropene Solvent 2-Chloro-2-methyl-

propane

Le Quoc Chon - Duy Tan University
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Write reaction?

OH OP04y2
/ /
CH, D CH,
HO O ‘ﬂi "} Ho O
HO Hexokinase ’ HO

OH OH
OH OH
Glucose Glucose 6-phosphate

Le Quoc Chon - Duy Tan University 56



Markovnikov’s rules

In the addition of HX to an alkene, the H attaches
to the carbon with fewer alkyl substituents and the
X attaches to the carbon with more alkyl

substituents (phan ¢ng cong vai HX cta alkene thi H gén vao C
c6 it nhom thé).

HaC E|:| | {|:H3 |
\
KC:CHE + HClI —— CH3-:'|.ICH3 CH4CHCH,CI
H3C CH3
2-Methylpropene 2-Chloro-2-methyl- 1-Chloro-2-methyl-
propane propane
(Sole product) (Not formed)

Le Quoc Chon - Duy Tan University 57



Markovnikov’s rules

No alkyl groups
on this carbon

2 alky!| groups C\I:ig / (|3I
CHa CHs
2-Methylpropene 2-Chloro-2-methylpropane

Le Quoc Chon - Duy Tan University 58



Markovnikov’s rules

2 alkyl groups
on this carbon

/ CH,
/_CHj _Br

Q: +  HBr Ether
N H
H
1 alkyl group
on this carbon

1-Methylcyclohexene 1-Bromo-1-methylcyclohexane

Le Quoc Chon - Duy Tan University
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Markovnikov’s rules

A mixture Is formed.

1 alkyl group 1 alkyl group
on this carbon on this carbon

\ / Br Br
' ' Ether | |

CH3CHoCH=CHCH; + HBr ——— CHaCH,CH,CHCHy + CH3CH,CHCH,CHs

2-Pentene 2-Bromopentane 3-Bromopentane

Le Quoc Chon - Duy Tan University 60



Markovnikov’s rules

H Cl
+ | cr |
CHH_?_CHE EE—— CHS_?_CHS
CHq CHq
C{Ig tert-Butyl carbocation  2-Chloro-2-methylpropane
C=CH, + HCl (tertiary; 3°)
/
CHsj
2-Methylpropene |‘|| s . ’|'|
CH3—{|I—CH2 — CHg—(ll—CHgCI
CHa CHa
Isobutyl carbocation 1-Chloro-2-methylpropane
(primary; 1°) (Not formed)

Markovnikov’s rule (restated)
In the addition of HX to an alkene, the more highly substituted carbocation
is formed as the intermediate rather than the less highly substituted one.

Le Quoc Chon - Duy Tan University 61



CHa

H

1-Methylcyclo-
hexene

Markovnikov’s rules

H

(A tertiary carbocation)

+ HBr

H

+

(A secondary carbocation)

Le Quoc Chon - Duy Tan University

+ _CHj

H

CHq

H

=

Br
CHj

Br
_

H
H

1-Bromo-1-methylcyclohexane

H
CHj

Br

H
Br

1-Bromo-2-methylcyclohexane
(Not formed)

62



Problem

What product would you expect from the reaction
of HCI with 1-ethylcyclopentene?

(phan mg nay tao ra san pham nao)

CH,CHa
@/ + HCl —— ?

Le Quoc Chon - Duy Tan University
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Problem

What alkene would you start with to prepare the
following alkyl halide?

(c6 thé tdng hop chat nay tir alkene nao)

(|:|
CH3CH2?CH2CH2CH3
CHa,

Work backward!

Le Quoc Chon - Duy Tan University
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Problem 7.16

PROBLEM 7-16

Predict the products of the following reactions:

':ﬂ:‘ ':b:' CH3
HCI | HBr
— CH3C=CHCH,CH; ———
(e CHs (d) CH,
H>0 HB
CHaCHCHoCH=CH, —2— ? — 7
H,S0,4

(Addition of HoO occurs.)

Le Quoc Chon - Duy Tan University
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Problem 7.16

PROBLEM 7-17

What alkenes would you start with to prepare the following products?

(a) Br (b) CHoCH3 (c) E|3r (d)
- CH3CH,CHCH,CH,CHg

Le Quoc Chon - Duy Tan University

Cl
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Carbocation structure and stability

Vacant p orbital

trivalent C is sp%-hybridized Carbocation is planar
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Carbocation structure and stability

H H R R

/ / / /
H—C+ R—C+ R—C+ R—C+

\ \ \ \

H H H R
Methyl Primary (1°) Secondary (2°) Tertiary (3°)

L U
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Carbocation structure and stability

Inductive effect stabilizes carbocation

‘T X

H H CHa CHj
/ / / /
H—C+ HaC—C+ HaC—C+ HaC—C+
\ Ny \ \
H H H CHs
Methyl: Primary: Secondary: Tertiary:
No alkyl groups One alkyl group Two alkyl groups Three alkyl groups
donating electrons donating electrons donating electrons donating electrons
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Carbocation structure and stability

Hyperconjugation stabilizes carbocation

Le Quoc Chon - Duy Tan University 70



Problem 7.18

Show the structures of the carbocation

iIntermediates you would expect in the following
reactions:(hay chi ra Carbocation trung gian cua phén tmg sau)

(a) f‘JHs f|3H3 (b) CHCHz  HI
CHsCH,C=CHCHCH; 2. ? |

Le Quoc Chon - Duy Tan University
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Hammond postulate

Hammond postulate
The structure of a transition state resembles the structure of the nearest

stable species. Transition states for endergonic steps structurally resemble
products, and transition states for exergonic steps structurally resemble

reactants.

Slow_er
reaction

\ ch\ N
Less stable H—C — CHy

carbocation

/ HaC
Faster

\ HaC
reaction

More stable N\ 4+
carbocation C—CHjz

Energy

HaC
N HaC
{C:CHE

HaC

Reaction progress —————
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Carbocation rearrangement

L
H3C
;Ca x,:ff":*m
H4C C H
|
H

3-Methyl-1-butene

T H
HaC H
~C.. .
H4C C H
N
H CI

—_—

+ HCI

2-Chloro-3-methylbutane
(approx. 50%)

Le Quoc Chon - Duy Tan University

+

/N
H H

2-Chloro-2-methylbutane
(approx. 50%)
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Carbocation rearrangement

CH4 }l-l = (lng H (|IH3 Il-l
HaC ¥ HaC Hydride
’ ;Ca e::f*':“a + .H_lm ’ :CR‘FHC::H shift :CH f‘{:iH
H C \H._H VA H '\“"""]: H HaC I{I& H
H o H H H
3-Methyl-1-butene A 2° carbocation A 3° carbocation
lCI_ JCI_
CHy H CHy H
HaC | | .H HaC | | _H
£\ SN
H CI H H

2-Chloro-3-methylbutane
Arrangement of H.

Le Quoc Chon - Duy Tan University
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Carbocation rearrangement

CHj
H3CR|

H N

C C + H--Cl
HaC” “?ﬁg:H f/f

H

3,3-Dimethyl-1-butene

4

—_—

l CHy H
H3C | |
fc‘xé/

Hg[: \___«*

A 2° carbocation

e

CHy H
HaC | | _H

C
Hoe” C7 TH

/ N\
H ClI

CHy H
Methyl | | _H
— *C c’
shi ch"’ ~c” H
/A
HaC H

3-Chloro-2,2-dimethylbutane

Arrangement of a methyl group.

Le Quoc Chon - Duy Tan University

A 3° carbocation

lm_

CHy H
/N
HoC H

2-Chloro-2,3-dimethylbutane
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Biosynthesis of cholesterol

f Hydride
) l shift
H
HO” H HO” :
H3C CHj HaC CHg
A tertiary carbocation An isomeric

tertiary carbocation

Hydride shift; :H-
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Problem

PROBLEM 7-21

On treatment with HBr, vinylcyclohexane undergoes addition and rearrange-
ment to yield 1-bromo-1-ethylcyclohexane. Using curved arrows, propose a

mechanism to account for this result.

CH»CHq
N e Br
—_—
Vinylcyclohexane 1-Bromo-1-ethylcyclohexane
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Degree of unsaturation
(d6 chwa bao hoa)

Organohalogen compounds (C, H, X, where X = F, Cl, Br, or I)

Replace 2 Br by 2 H

/ \

BrCH,CH=CHCH,Br = HCH,CH=CHCH,H
CqHgBro = “C4gHg”  One unsaturation:
— one double bond
Add

Consider X as H.
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Degree of unsaturation
(d6 chwa bao hoa)

Organooxygen compounds (C, H, O)

O removed from here

\

H,C=CHCH=CHCH,~—H

H,C= CHCH=CHCH,0H

CgHgO “CgHg”  Two unsaturations:

two double bonds

The presence of O does not affect the
number of H in the formula.
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Degree of unsaturation
(d6 chwa bao hoa)

Organonitrogen compounds (C, H, N}

C N/ C N/
e /A A
H” TCH, T_H H” TCHyp H
H KN
| Removed
H
CgHgN = “CgHg” Two unsaturations: one ring

and one double bond

The presence of N add one more H to the formula.

Le Quoc Chon - Duy Tan University
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Degree of unsaturation

To summarize:

* Add the number of halogens to the number of hydrogens.
e Ignore the number of oxygens.
e Subtract the number of nitrogens from the number of hydrogens.

(Cong s6 nguyén tir halogens vao s6 hydrogens,
Su cO mat cua oxygens khong anh hudng dén so hydrogens,
Co0 bao nhiéu nitrogens thi trir bot bay nhiéu so6 hydrogens)

To calculate the degree of unsaturation
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Problem 7.1

Calculate the degree of unsaturation in the
following formulas:

1. (a) C,Hy (b) CiHg (c) CsHa

(a] C6H5N (b) C6H5N02 [C) CgHgClg

2.
(d) CgH16Bry, (e) Ci1oH12N2O3 (f) CypHzoCIN
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(Diazepam dung 1am thudc giam triéu ching lo ling). Hay
tim s6 H co mat trong phan tir Diazepam ma khong dung
cach dém so H).

PROBLEM 7-3

Diazepam, marketed as an antianxiety medication under the name Valium,
has three rings, eight double bonds, and the formula C;H7?CIN,0O. How many
hydrogens does diazepam have? (Calculate the answer; don’t count hydrogens

in the structure.)
\
N<
Cl ! —N Diazepam

Le Quoc Chon - Duy Tan University
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Problem 7.8

ne sex attractant of the common housefly is an
kene named cis-9-tricosene. Draw Its structure

Tricosane is the straight-chain alkane C,;H )

Le Quoc Chon - Duy Tan University
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Degree of unsaturation
(d6 chwa bao hoa)

: : (s6 vong, lién
The number of_ rings and/or multiple = ¢ boi c6 trong
bonds present in the molecule. phan ti)
H H H H
o=c’ oM
/7 N\ H7 ™\
H H H H
Ethylene: C;Hy Ethane: C;Hg
(Fewer hydrogens — Unsaturated) (More hydrogens — Saturated)
CnHZn CnH2n+2
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C6H10

Degree of unsaturation
(d6 chwa bao hoa)

Jo U

4-Methyl-1,3-pentadiene CVC|O.hexene
(two double bonds) (one ring, one

double bond)
Bicyclo[3.1.0]hexane 4-Methyl-2-pentyne

(two rings) (one triple bond)
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