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1. Problem

(sap xép theo thir ty wu tién cac nhom the)

PROBLEM 5-7

Which member in each of the following sets ranks higher?
(a) —H or —Br (b) —Cl or —Br

(c) —CHj3 or —CH,CHj; (d) —NH, or —OH

(e) —CH,OH or —CH3 () —CH,OH or —CH=0
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2. Problem

(sap xép theo thir ty wu tién cac nhom the)
PROBLEM 5-8

Rank the following sets of substituents:
a) —H, —OH, -CH,CH3, —CH,CH,OH
b) —CO,H, —CO,CHj3, —CH,OH, —OH
c) —CN, -CH,NH,, -CH,NHCHj3, —NH,
d) —SH, —CH,SCHj3, —CH3, —SSCHj;
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3. Problem

(x4c dinh cau hinh R hay S ctia tim C d6i
xung trong vitamin C)

5-48 Assign R or S configurations to the chirality centers in ascorbic acid
(vitamin C).

CH,0OH Ascorbic acid
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4. Problem

(v& chat sau theo cau hinh R, S cho san)

5-65 Draw tetrahedral representations of the following molecules:

(a) The 2S5,3R enantiomer of 2,3-dibromopentane

(b) The meso form of 3,5-heptanediol
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5. Problem

Hay xac dinh cau hinh R, S cua
cac tam carbon bat do1 xirng.

5-67 Chloramphenicol, a powerful antibiotic isolated in 1947 from the
Streptomyces venezuelae bacterium, is active against a broad spectrum of
bacterial infections and is particularly valuable against typhoid fever.
Assign R or S configurations to the chirality centers in chloramphenicol.

H OH

CH,OH
Chloramphenicol

H NHCOCHCI,
02N

Typhoid fever: thuong han
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Comment on the lectures

(néu y kién cia em vé nhirng bai giang vira qua)

1. Nhirng bai gidng vira qua em hiéu bao nhiéu
phan tram? (vd: 20%, 50%, 100%)

2. Em co thich thu khéng? Tai sao (thich hoac
khong thich)?

3. Giang bai nhw thé nao thi em sé& dé hiéu hon?
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Some Info

In USA $61 billions invest per year on drug
research and developments

20 - 35 new drugs approved/year
33 % of new drugs from entirely synthesis

67 % from nature (bacteria, plants, other living
organisms)

Origin of New Drugs 1981-2008

Natural-product
related (28%)

Natural

According to US National ~ product
Institute of Cancer

‘ Synthetic (33%)

Biological (15%)
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Key concepts

Important concepts (cac khai niém quan trong)

1. Addition
2. Elimination
. . Mechanism
3. Substitution Transition state
4. Rearrangement Carbocation
_ _ Carbanion
5. Organlc redox reaction Free Radical
. Resonance
6. Nucleophile Inductive effect
: Oxidizing agent
/. Electrophile Reducing agent
8. Curve arrow
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Organic Chemistry
CHE 203

Lecture 6: Organic reactions
Le Quoc Chon — Duy Tan University
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Organic reactions

(phan rng trong hoéa hiru co)

- In laboratory (trong phong thi nghiém)
- In living organism (more complex) (trong co thé)

The same rules

Learn what, why and how?
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I N

Kinds of reactions
(cac loai phan wng)

. Addition (pw c6ng)

Elimination (pw tach)

. Substitution (pw thé)

Rearrangement (pw sap xép lai)
Organic redox reaction
puw oxy hdéa kht hiru co)

Le Quoc Chon - Duy Tan University
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Kinds of reactions

1. Addition (phan rng cOng)

H H H Br
These two \ / || ... add to give
reactants . . . /C:C\ + H—Br — H_(l:_(l:_H this product.
H H H H
Ethylene Bromoethane
(an alkene) (an alkyl halide)
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Kinds of reactions

2. Elimination (phan trng tach)

H OH H H
This one | Acid catalyst \ / ... gives these
reactant . .. H_(l:_(l:_H < . /C:C\ + H20  two products.
H H H H
Ethanol Ethylene
(an alcohol) (an alkene)
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Kinds of reactions

3. Substitution (phan g thé)

0 O .
I peid | ...give these
C CHy + H. H Cic C H + H CHs two products.
Methyl acetate Acetic acid Methanol
(an ester) (a carboxylic acid) (an alcohol)
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Kinds of reactions

4. Rearrangement (phan tng siap xép lai)

O H OH

"his reactant...  2-04P0 (lj'l_ OH E—QBP[}H ;Ci _0 ...gives this

R —>
C C C C isomeric product.
N A g
H HH H H H H
Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

Le Quoc Chon - Duy Tan University
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Kinds of reactions

5. Organic Redox reaction
(phan wng oxy hoa khwr trong hoa hiru co)
Example: Birch reduction (direct electron transfer)

H H
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Problem

PROBLEM 6-1 (Céac phan irng sau thudc loai nao)

Classify each of the following reactions as an addition, elimination, substitu-
tion, or rearrangement:

(a) CH3Br + KOH — CH30H + KBr

(b) CH3CH,;Br — H,C=CH, + HBr

(c) H,C=CH, + H, — CH3CHj

Le Quoc Chon - Duy Tan University
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Mechanism of organic reactions
(co’ ché phan rng)

Bé gay lién két Déi xtng
Bond-breaking ><: Symmetrical
Bond-making Unsymmetrical

Tao lién két méi Bat d6i xtng

Radical reactions (neutral species contains odd
number of electrons, has a single unpaired
electron in one of its orbitals).

Polar reactions (more common): involve
unsymmetrical bond-breaking or unsymmetrical
bond-making.

Le Quoc Chon - Duy Tan University
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Bond breaking

Bé gay lién két

;{\ *B —— A- <+ B Symmetrical breaking
\/
N ) |

A:B — AY 4+ :B Unsymmetrical

breaking
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Bond making

Tao lién két mai

Symmetrical
bond-making

—> A:B  Unsymmetrical
bond-making

Le Quoc Chon - Duy Tan University
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Radical reactions

Phan g goc tu do

Unpaired Unpaired
electron electron

N\ /

Rad: + A L/I/E!, —> Rad:A + B
Reactant Substitution Product
radical product radical
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Radical reactions

Phan g goc tu do

Unpaired Unpaired
electron electron
Rad
N/ N\/Y N
Rad. + /C C\ - —/C—Ci
Reactant Alkene Addition product
radical radical

Le Quoc Chon - Duy Tan University
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Radical reaction: industrial applications
(¢’ng dung phan trng goc tw do trong cong nghiép)

H H

H—(|3—H + CI—CI Loht,, H—(|3—CI + H—CI
; ;

Methane Chlorine Chloromethane

!

CH,CI, (dichloromethane)

Piéu ché chloroform l
dung phd bién 1am dung méi
CHCI, (chloroform)
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3 budc phan ng

Radical reaction: 3 steps

Initiation
(kho1 mau)

Propagation
(cycle of
repeating
steps a & b)
(tiép dién)

Termination
(két thuc)

)

O H L
oo U.

2 CI

(a) :Cl- + H=&H3 —— H:Cl: + -CHj
(b)z%:gz +/\-CH3 — iCl* + :Cl:iCHg
oo SN\ oo se oo

A A L

:Cl* + *CH3 —— :Cl:CHjs

VT2
H_:BGUIOC Chak - Duy glﬂﬁiversity_} H3C :C H3 25



Bond polarity

(dd phan cwe cua lién két)

5l l Sy T
5+ 5

G g
H? H HZ H
H H
Chloromethane Methyllithium

Bond polarity caused by electronegativity differences
(P90 phan cuc cua lién két tao ra bai su khac nhau
veé d0 am dién cua cac nguyén to ¢ hai dau lién ket)
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Bond polarity

(d6 phan cuc cua lién két)

A
+
H E H
P

i
H?¢ H

L

Methanol—weakly Protonated methanol—
electron-poor carbon strongly electron-poor carbon

Protonation make bond more polarized
(proton hoa 1am ting do phan cuc cua lién két)
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Polarity Patterns in Some Common Functional Groups

Compound Functional group Compound Functional group
tvpe structure type structure
N\ 64+ 5 \ 6+ 5
Alcohol C—0OH Carbonyl C=0
/ '
._\‘"\ II:II_.I' S_
Alkene C=C, s+df
/ AY Carboxylic acid C
Y d—
Symmetrical, nonpolar OH
&—
YA+ d— 0
Alkyl halide C—X o s+4/
/ Carboxylic acid —C
' chloride \&-
Cl
N6+ 5
Amine C—MNH;y &—
/ 0
£ ) +F.:|'."
: , Thioester — C\ ;
&+ 6— &+/ =
Ether €—0—C S—C
; Y )
S_
oo+ d— 1
Thiol C—SH Aldehyde — iZ\
/ H
&+ & -
Mitrile —C=N 0
( +:,:::f
L Ester C
) W &— &+ N A—
Grignard C—MgEr O—C
reagent / .
?j—
\ 0
- N E— d+ S+
Alkyllithium _IC_LI Ketone C\
£

Le Quoc Chon - Duy fan University
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s0 nhom chirc pho bién

Polarizability
of atoms

5— _H )
~ _

S I°
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Nucleophile & electrophile
Tac nhan a1 nhan & a1 dién tu

Some nucleophil
(electron-rich)

Some electrophile

(electron-poor) 0% CHe—Br car
r f 1
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Movement of electrons
(sw di chuyén cua electron)

This curved arrow shows that
/electrons move from :B” to A™.

o N
A + :B

—> A-—B

\ The electrons that moved
from :B~ to AT end up here
in this new covalent bond.

Electrophile Nucleophile
(electron-poor) (electron-rich)

Quan trong: Miii tén cong chi su di chuyén cua electrons
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Remind: Lewis acids/bases

Lewis acid and Lewis bases
Versus
Nucleophile and Electrophile

Le Quoc Chon - Duy Tan University
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Problem

(chi ra cac nhom sau la tac nhan gi, a1
nhan hay ai dién tur)

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
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Problem

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
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Problem

BF; la nucleophile hay la electrophile, vé cong thirc lewis

PROBLEM 6-5

An electrostatic potential map of boron trifluoride is shown. Is BF3 likely to
be a nucleophile or an electrophile? Draw a Lewis structure for BFj3, and

explain your answer.

BF3

Le Quoc Chon - Duy Tan University
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Examples: polar reactions

H H H Br
N oof |
C=C + H—Br _ H—C—C—H
/ \ |
H H H H
Ethylene Hydrogen bromide Bromoethane
(nucleophile) (electrophile)

Le Quoc Chon - Duy Tan University
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Examples: polar reactions

Carbon-carbon o bond: Carbon-carbon 7 bond:
stronger; less accessible weaker; more accessible electrons
bonding electrons

The availability of electrons for reaction.
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Polar reaction: mechanism

Heo )~ H
H—C=C=H

Ethylene

@) Bromide ion donates an electron pair to the positively
charged carbon atom, forming a C-Br bond and
yielding the neutral addition product.

:é.r: \
'1P :
w /

Hg-c

% \H
/‘.\M

Carbocation

OA 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 bromine, giving bromide anion.

Le Quoc Chon - Duy Tan University

Bromoethane

37



Problem

sroBLEM 6.¢ Phanungnay co th€ tao ra san pham nao?

What product would you expect from reaction of cyclohexene with HBr?

With HCI?

+ HBr —— ?
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Problem

Phan trng bén dud1 tao ra carbocation nao
trong qua trinh phan trng?

PROBLEM 6-7

Reaction of HBr with 2-methylpropene yields 2-bromo-2-methylpropane.
What is the structure of the carbocation formed during the reaction? Show the

mechanism of the reaction.

H3C\ (|3H3
fCZCH? + HBr —— CH3—{‘3—Br
H3C CH3
2-Methylpropene 2-Bromo-2-methylpropane
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Curved arrow showing movement of electrons
(mii tén chi sw di chuyén cua electron)

Rule 1. Electrons move from nucleophile sources to un
electrophilic sink. (e di chuyén tw nucleophile t&i electrophile)

N EN N RN (/T

:0: _--N: __-C: C=C
/ / / /N
Nu: Nu: Nu:
QJ \\’CNr Ijélogen \—'*I-IM_\ kﬁ\({}; C? )
/ v o— v
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Curved arrow showing

movement of electrons

Rule 2. The nucleophile can be either negatively
charged or neutral

(nucleophile co thé tich dién am hay trung hoa).

Negatively charged Neutral

\.:’:' N 0 \ _

CH3—0: + H Br: — CH3—E|j: +  :Br:

H
Neutral Positively charged
H H T~ H| H
\ ,r/f’ \ |' \ \ | -
C=C + H—-Br — +C—C—H + :Br:
/ N / | "
H H H H
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Curved arrow showing
movement of electrons

Rule 3. The electrophile can be either positively charged or
neutral

(electrophile co thé tich dién dwong hay trung hoa).

Positively charged Neutral

H /ﬁ _ l H H\ F|i ‘ H
C= ¢ 7 HO0r  — *C—C—H + .0
o H H T H
Neutral Negatively charged
H ;/H \\ l H H l
N/ Lo \ | -
C=C + H+Br: ——s +C—C—H + :Br:
/ A WA / | .
H H H H

Le Quoc Chon - Duy Tan University 42



Curved arrow showing
movement of electrons

Rule 4. The octet rule must be followed

This hydrogen already has two electrons. When another

electron pair moves to the hydrogen from the double bond,

/ the electron pair in the H-O bond must leave.
H '_“W\ H H

H H
\ / Y, N /
C=C + H—-0+ —> +C—C—H + 'O
/ \ "\ /o \
H H H H H H

Le Quoc Chon - Duy Tan University
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Curved arrow: movement of electrons
(tém tat sw di chuyén cua electron)

Rule 1. Electrons move from nucleophile sources
to un electrophilic sink.

Rule 2. The nucleophile can be either negatively
charged or neutral

Rule 3. The electrophile can be either positively
charged or neutral

Rule 4. The octet rule must be followed
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Problem

Chi ra su di chuyén cua electron
trong phan rng sau

Show the movement of electrons in this reaction:

i I
H Br
y c*”’C“E:_"’H + "“}c\f’ — C/CR _CHz + Br
3 3
| H H /\

H H H
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Problem 6.8

Chi ra su di chuyén cua electron
trong phan irng sau

Show the flow of electrons in these reactions:

(a) :Cl:
. .. |+
:Cl—Cl:  + H—rTJ—H — H—|‘|~J—H + Gk
H H

(b) Fll

CH3—0: + H—C—Br: ——> CH3—0—CHz + :Br:

|
H

(c) :0: :0:

| [ .
C — C + :Cl:

chg,—lf “0CH4 H3C” ~OCH4 &

Le Quoc Chon - Duy Tan University
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Enzyme-catalyzed reactions

|

Uncatalyzed
k’/’f

Energy

Enzyme catalyzed

Reaction progress

Le Quoc Chon - Duy Tan University
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Laboratory & biological reactions

TABLE 6-4

Laboratory reaction Biological reaction
Solvent Organic liquid, such as ether Aqueous environment in cells
Temperature Wide range; —80 to 150 °C Temperature of organism
Catalyst Either none, or very simple Large, complex enzymes needed
Reagent size Usually small and simple Relatively complex coenzymes

Specificity

Little specificity for substrate Very high specificity for substrate

OH OP0O42"
/ /
CH», AP CH»
HO 0 ’“‘T( ) Ho O
HO Hexokinase i HO
OH OH
OH OH

Glucose -© Quoc Chon-DuyTan Univesiive oee 6-phosphate 48



Check 1t out

Key words:
Medicinal chemistry

Physical organic chemistry
Computational medicinal chemistry
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