LECTURE Introduction to
4 Organic Reactions

and Their Mechanisms

Department of General Sclence,Faculty of Education,

Suan Sunandha Rajabhat University

This presentation was modified and used for academic purpose only. Picture and material were taken
from references shown in the last page



Outline

 Formal charge

(J Resonance Theory

 Predicting the Strength of Acids and Bases
[ Acids and Bases

1 Lewis acid and Lewis bases

J Nucleophiles Vs Electrophiles

(1 How to Use Curved Arrows in lllustrating Reactions



Formal Charges

How to calculate formal charges

Formal charge = The number of - the number of electrons
Valence electron surrounding an atom
/ formal charge =6 - 6 =0
.’O'-
H/ \H
\ formal charge =1 -1 =0
H formal charge = 5-4 = +1
N
H/ \H Formal charge part 2
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Formal Charges

Ammonium ion (NH,*)

formal charge =5-4 = +1

H ﬁ
N
RN e
H ! H The over all charge onionis +1

Nitrate ion (NO;)

O /_ formal charge =5 -4 = +1
N

LN

.0, 0. formal charge =6 - 7 = -1

formal charge =6 -7 = -1

over all charge = -1

-\
QY.



Formal Charges

/-1 - ) A Summary of Formal Charges

Formal Formal Formal

Group Charge of +1 Charge of 0 Charge of —1

|
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VIA —(|j+— O —0— =0 —QO:

VIA  —X*+ —X: (X =F,ClLBrorl) | :X:

Reference: Solomons, T. W. G.; Fryhle, C. Organic Chemistry; John Wiley & Sons, 2009.



Resonance




Resonance

Resonance structures/ Resonance forms are two Lewis structures
having the same placement of atoms but a different arrangement
of electrons.

d Some molecules cannot be adequately represented by a single
Lewis structure. For example:

il?: :Cliz
H-C—N—H < > H—C=N—H

!

double-headed arrow

A double-headed arrow is

used to separate the two
resonance structures

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Which resonance structure is an accurate
representation for [HCONH"] ?

1 The answer is Neither of them

oo. 006 O,
CO. .@ :O: |\\\ 8_
Sl | = H—C—N—H
A—C—N—H = =—  H{—C=N—H :
°° oo I\ J
- - Y

Combined representation
(resonance hybrid)

The hybrid shows characteristics
of both structures

(d Resonance allows certain electron pairs to be delocalized over two or more
atoms, and this delocalization adds stability.

1 A molecule with two or more resonance forms is said to be resonance
stabilized.

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Basic Principles of Resonance Theory

1 Resonance structures are not real. An individual resonance
structure does not accurately represent the structure of a molecule or
ion. Only the hybrid does!.

1 Resonance structures are not in equilibrium with each
other. There is no movement of electrons from one form to another.

1 Resonance structures are not isomers.

Resonance structures Isomers
an O—H bond
One electron pair is in a different location. l
i l :CI)—H :cljl:
+ .
CH3—C=0: and CH3—§:O: CH,=C—CHj and CH;—C—CHj
A B c | o
one more C—H bond

9
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Sample Problem 1.1

Question: Classify each pair of compound as isomer or resonance
structure.

10



Drawing Resonance Structures

Rule [1]: Two resonance structures differ in the position of multiple bonds
and nonbonded electrons. The placement of atoms and single
bonds always stays the same.

The position of a lone pair is different.

— The position of the double bond is different.

11
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Drawing Resonance Structures

Rule [2]: Two resonance structures must have the same number of unpaired
electrons.

.O:
| oo — & H
/Hv—(}—[\_I—H A and B have no unpaired electrons.

two unpaired electrons e Cis not a resonance structure of A and B.

C

Rule [3]: Resonance structures must be valid Lewis structures. Hydrogen must
have two electrons and no second-row element can have more than
eight electrons.

(I'l):
H—C=N—H

T

10 electrons around C
not a valid Lewis structure

12
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Curved Arrow Notation

d Curved arrow notation is a convention that shows how electron
position differs between two resonance forms.

O Curved arrow notation shows the movement of an electron pair.

tail head
always begins at the The head points to
electron pair, either in a where the electron
bond or lone pair. pair “moves.”

13
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Curved Arrow Notation

Example 1

Example 2

Move one electron pair...

'
/" \

+
CH=C—CH, - (+3H2—(13=CH2
H T H

...then assign the formal charge (+1).

\

Move two electron pairs...

B :(')'_»> :0:

g 0 i
H_CI:_C_CHS < > H_CI;:C_CHS

H H

...then calculate formal charges.

14
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Sample Problem 1.13

Question:
structure for each ion

Follow the curved arrows to draw a second resonance

CHSJE?—(FQ:HQ -
H
(d)
H—(;Qc‘;: >
H

15

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Occurrence of Resonance

O Two different resonance structures can be drawn when a lone pair is
located on an atom directly bonded to a double bond.

lone pair adjacent to C=C

l

c@clzféHg — “6H2—<I:=CH2
H H
A ?
H-C~C—CH; «<—— H-C=C—CHy
H H

lone pair adjacent to C=0

16
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Occurrence of Resonance

O Multiple resonance structures can also be drawn when an atom bearing
a (+) charge is bonded either to a double bond or an atom with a lone
pair.

+) charge adjacent to a /N + .

& do%ble Il)ond CH2:(|3_CH2 — CHg—(|3=CH2
H H

(+) charge adjacent to a3

+ +
an atom with a lone pair CHs—Q~CHz < > CHz—0=CH,

17
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Sample Problem 1.14

Question: Use curved arrow notation to show how the first resonance
structure can be converted to the second

H H H
.‘O'. O —
v e e . / /
(b) :0=C—Q: «— Q-C-—( (d) CHS—C\ — CHS—C\\
oF :0: .0.—H O—H
() CH,—N(CH,), < CH,—=N(CH.,), () :NH,—C=N:<—> NH,—C—N -

18
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Sample Problem 1.15

Question: Draw a second resonance structure for each species

+
a. CH,—C=C—C—CH
ST 7 3
HH H

+
b.  CHz—C—CHj
:(_',‘:I:

C. H_?:?_Q“
H H

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Sample Problem 1.16

Question: Determine which ion is more stable

, @ @
Example. CH, CH,
. Cr
0 0
0 Do v O
A ®
(b) @CHZ—Q—CH3 Vs @EHZ—CEN:
D @
()  CHy=C—CHy Vs CH;—C—CH,

o A



The Resonance Hybrid

A resonance hybrid is a composite of all possible resonance structures.

1 More stable resonance forms are closer representations of the

real molecule than less stable ones.

0 o ..o
C|| Y- ' ? ' =
H—C—N—H B H—C=N—H
major
v" More bond

v" negative charges on the
electronegative atom

0 .+
.0,
N
H—C—N—H
N o R

Resonance hybrid

The more stable resonance form  ---->> major contributor
less stable resonance form ---->> minor contributors

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.
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The Resonance Hybrid

Resonance form can be compared using the following criteria:

1) More bond : A “better” resonance structure is one that has

more bonds.
2) Any negative charges on the electronegative atom

3) fewer charges: Charge separation decreases stability.

H H

I b @/H | .o H
H—=C—0—C_ = H—c—o®:<
(minor contributor) (major contributor)

more bond
22



The Resonance Hybrid

H O: H o)
Noy AA \ /
—C <> C=C
/ N / N
H H H H
minor contributor major contributor
Any negative charges on the
electronegative atom
O: :0:”
l—ll I
CH3_ _CH3 - - CH3_9_CH3
X Y
more bonds minor contributor

fewer charges

major contributor

23



Sample Problem 1.17

Question: From each set of resonance structures that follow, designate the one
that would contribute most to the hybrid and explain your choice

(a) CHE—I:\:I(CHS)2 <« CH,=N(CH,),

.‘O'. :é:_
(b) CH —C// CH —C/
>N\ N
.O—H O—H

(¢) :NH,—C=N:<— NH,=C=N_~

H H
(d) /C =N=N. <«— :C—N=N:

24



Acids .aBases

in organic compounds



Acid-Base definition

1.1) Brgnsted—Lowry: Acids are proton (H*) donors,
bases are proton acceptors.

1.2) A Lewis acid is a substance that can accept a pair of
electrons

A Lewis base is a substance that can donate a pair of
electrons

26



Reactions of Brensted—-Lowry Acids and Bases

e A Bronsted—Lowry acid-base reaction results in the transfer of a proton from an

acid to a base.

e The electron pair of the base B: forms a new bond with the proton of the acid

forming the conjugate acid of the base.

e The acid H-A loses a proton, leaving the electron pair in the H—A bond on A.

This forms the conjugate base of the acid.

General acid—base reaction
gain of a proton

S % _

H-—A + ‘B < 7 A
7
acid base conjugate base

| t

loss of a proton

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.

H—B*

!

new bond

conjugate acid

27



Reactions of Brensted—-Lowry Acids and Bases

e The movement of electrons in reactions can be illustrated using curved
arrow notation.

e Because two electron pairs are involved in this reaction, two curved
arrows are needed.

e A double reaction arrow (indicating equilibrium) is used between
starting materials and products to indicate that the reaction can proceed
in the forward and reverse directions.

28
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Examples of Brensted—Lowry Acid—Base
Reactions

The acid loses a proton.

H
M H-BH 4+ hNH = W&  +  H-N-H
acid base conjugate base conjugate acid
) . 0
2] H—Cl: + CH;—Q—H - E— :Clt + CHy;—Q—H
acid base conjugate base conjugate acid

The base gains a proton.

29
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Acid Strength and pK,

O Acid strength is the tendency of an acid to donate a proton.

(d The more readily a compound donates a proton, the stronger the
acid.

m H
Dissolving an acid H—A + H—O—H b — Al + H—Cl)—H
in water (r o ¥
acid base
solvent

30
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Acid Strength and pK,

e |t is generally more convenient when describing acid strength
to use “pK,” values than K, values.

Definition: pK, = —log K,
pKa 110 Wunsa Hae pKa e Wunsa u1n

PK,=—log K, [products] [H;0*][A:"]

Keq = =

pK, values of typical organic acids slartingmateriala]  [H=AJHL0)

+5 to +50

]

smaller number  larger number
stronger acid weaker acid

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.
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Factors

that Determine Acid Strength

32
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Factors that Determine Acid Strength

e Anything that stabilizes a conjugate base A:” makes the starting
acid H-A more acidic.

e Four factors affect the acidity of H=A. They are:
(1) Element effects
(11) Inductive effects
(1l1) Resonance effects
(IV) Hybridization effects

33
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Comparing the Acidity of Any Two Acids

J Always draw the conjugate bases.
1 Determine which conjugate base is more stable.

J The more stable the conjugate base, the more acidic the acid.

conjugate bases = specie

A5l H fasndn 1 69
1 H u1n

S
conjugate acid = species X n371 1 A2

I_|I .G.) .. O .. .. O..
H—C—H H—C—H )k“ )J\..@
| ! CH; "OH CHy O
conjugate base conjugate base

34
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



(I) Element Effects—Trends in the Periodic Table

IA) Comparing Elements in the Same Row of the Periodic Table

H—O—H
acid
pK, = 15.7

more acidic

negative charge on O

—_— H_:Q:_

conjugate base

more stable
conjugate base

negative charge on C
) i
H—C—H — H—(Ft
H H
acid conjugate base

Oxygen atom is much more electronegative than carbon, oxygen more
readily accepts a negative charge, making "OH much more stable than

CH,"

35

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



(I) Element Effects—Trends in the Periodic Table

IA) Comparing Elements in the Same Row of the Periodic Table

Electronegativity G < N < @) < F
electronegativity increases >
Stability CH;, < "NH, < "OH < °F
Acidity H—CH; < H—NH, < H—OH =< H—F
i ‘
Basicity ~CH, > “NH, > "OH > P

basicity increases

Wade, L. G. Organic Chemistry; Pearson Prentice Hall, 2010.

36



(I) Element Effects—Trends in the Periodic Table

IB) Comparing Elements Down a Column of the Periodic Table

a H—F H—Br
K. =82 K,=-9
smaller anion PHa Pfa
larger anion
col:'is :::ﬂ:se BEEELE tabl
Jug mPre SLADNe more acidic
conjugate base

Positive or negative charge is stabilized when it is spread across
a larger volume.

Wade, L. G. Organic Chemistry; Pearson Prentice Hall, 2010.

37



(I) Element Effects—Trends in the Periodic Table

IB) Comparing Elements Down a Column of the Periodic Table
1 Down a column of the periodic table, size, and not
electronegativity, determines acidity.

[ The acidity of H—A increases as the size of A increases.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
pK, = 3.2 PK, =—7 pK, =-9 pK,=-10
H—F H—CI H—Br H—I

Increasing size
Increasing acidity

38
Wade, L. G. Organic Chemistry; Pearson Prentice Hall, 2010.



Problem 1 | Without reference to a pK, table, decide which
compound in each pair is the stronger acid:

a. H-O or HF b. H,S or H,0

Problem 2 | Which compound in each pair of isomers is the stronger
acid?
d. CchHQCHQNHg or (CHg)gN b. CHSCHQOCHg or CH3CHQCHQOH

39
Wade, L. G. Organic Chemistry; Pearson Prentice Hall, 2010.



(I) Element Effects—Trends in the Periodic Table

To decide which hydrogen is most acidic, first determine what element

each hydrogen is bonded to and then decide its acidity based on periodic
trends.

(lez - ITI - (EHCHzCHzCH3
H H H

T

most acidic

S ©
H H H H

Nitrogen atom is much more electronegative than carbon, oxygen more readily
accepts a negative charge

40
Wade, L. G. Organic Chemistry; Pearson Prentice Hall, 2010.



Problem | Which hydrogen in each molecule is most acidic?
(a) CH3CH2CH2CH20H

OH H

N
(b) A

pseudoephedrine

Wade, L. G. Organic Chemistry; Pearson Prentice Hall, 2010.

41



() Inductive Effects

An inductive effect is the pull of electron density through ¢ bonds
caused by electronegativity differences of atoms.

[ More electronegative atoms stabilize regions of high electron
density by an electron withdrawing inductive effect.

CH3;CH,O—H CF;CH,O—H
ethanol 2,2,2-trifluoroethanol
pKy= 16 pK, = 12.4 <—— stronger acid
CH3CH,O™ CF3CH,0O™

(i\&’ y X&>\Q/. y

The dark red of the O atom indicates The O atom is yellow,
a region of high electron density. indicating it is less electron rich.

42
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



() Inductive Effects

Rationale for Inductive Effects

[ The reason for the increased acidity of 2,2,2-trifluoroethanol is
that the three electronegative fluorine atoms stabilize the
negatively charged conjugate base.

FS_ H
o T5+ |
CH3CH,O™ F<—(l3<—(|3<—0‘
H
FS‘
No additional electronegative atoms CF; withdraws electron density,
stabilize the conjugate base. stabilizing the conjugate base.

43
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



() Inductive Effects

(d The more electronegative the atom and the closer it is to the site of
the negative charge, the greater the effect.

O The acidity of H—A increases with the presence of electron
withdrawing groups in A.
0 Cl 0O Cl O cl O
| | || | l | |

CH,CH,CH,—C—OH  CH,CH,CH,—C—OH CH,CHCH,—C—OH CH,CH,CH— C —OH
butanoic acid 4-chlorobutanoic acid 3-chlorobutanoic acid 2-chlorobutanoic acid

pK, =4.82 pK, =4.52 pK, =4.05 pK, = 2.86
Increasing acidity
O O O O
| - [ |
CICH,—C—OH FCH,—C—OH  CI,CH—C—OH Cl,C—C—OH

chloroacetic acid fluoroacetic acid dichloroacetic acid trichloroacetic acid

pKa = 2.86 pKa =2.59 pKa=1.26 pKa = 0.64

44



Problem | #91sanaslunsage wiszyitansladunsniiuss
NINU NTUTEYMRRaNDFLYY

(a) CLLCHCH,OH nu CL,CHCH,CH,OH

(b) CH,COOH 'y NO,CH,COOH

Wade, L. G. Organic Chemistry; Pearson Prentice Hall, 2010.
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(lll) Resonance Effects
1 Delocalization of charge through resonance influences acidity.

1 Acetic acid is more acidic than ethanol, even though both molecules
have the negative charge on the same element, O.

O
/7
ethanol acetic acid
pK, =16 pK,=4.8 <«—— stronger acid
CH3;CH,O™ CH3;COO~
< _ «
% | ®
/ o 1 ,
N o N\
The negative charge is concentrated The negative charge is delocalized
on the single oxygen atom, making over both oxygen atoms, making
this anion /ess stable. this anion more stable.

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.
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(A) Comparison of Ethoxide and Acetate lons

[ The conjugate base of ethanol has a localized charge.

CH3;CH,O—H > CHSCH,0: <—— The negative charge is localized on O.
ethanol ethoxide
acid conjugate base

only one Lewis structure

[ The conjugate base of acetic acid is resonance delocalized.

The negative charge is
delocalized on two O atoms.

S g Vi
CH;—C —> CH3;—C, <—> CH;—C
\ oo S
O-H Q: Q: Q
acetic acid acetate hybrid

conjugate base e
Jug resonance-stabilized

two resonance structures conjugate base

47
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



(Ill) Resonance Effects

[ resonance delocalization is often the dominant effect helping to

stabilize an anion.

(J Resonance effect finau1nnin inductive effect

Conjugate Base

e
"

CH,CH,—O

e

ethoxide ion

.'{I:|)‘+ :?:_
cH—C—b <> on—C=0)

acetate ion

"(|__|]+‘ :E|"}:_ 'l{I:I)‘*
CH,—S—0: «— CH;—ﬁ.=D:: > CH_:—S|=D:Z
0. 0. 10

methanesulfonate ion

Wade, L. G. Organic Chemistry, Pearson Prentice Hall, 2010.

Acid

CI—I;CH:—DH
ethanol

O

I
CH,—C—OH

acetic acid

I
CH,—S—OH

I

O

methanesulfonic acid

15.9

(weak acid)

4.74

(moderate acid)

—1.2

(strong acid)

48



Problem (a) Rank the conjugate bases in the order you would predict,
from least stable to most stable .
(b) Rank the original compounds in order, from weakest acid
to strongest acid.
I I I
|

49
Wade, L. G. Organic Chemistry, Pearson Prentice Hall, 2010.



(IV) Hybridization Effects

(d Consider the relative acidities of three different compounds
containing C—H bonds.

CH3CH3 CH2:CH2 H_CEC—H
ethane ethylene acetylene
weakest acid —> pK, =50 pPK, = 44 pK, =25 <— strongest acid

Increasing acidity

CH4CH, CH,=EH H—C=C:

T T T

sp® hybridized C  sp? hybridized C sp hybridized C
25% s-character 33% s-character 50% s-character

Increasing percent s-character
Increasing stability

50
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Stability of Conjugate Bases

O The higher the percent of s-character of the hybrid orbital, the
more stable the conjugate base.

H - H
\: _ \ oo - —
C—Cuiy C=C H—C=C
7/ \ / \
H H H H

Increasing percent s-character
Increasing carbanion stability

As the lone pair of electrons is pulled closer to the nucleus, the negatively charged
carbon appears less intensely red.

51
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Problem | For each pair of compounds;
[1]Which indicated H is more acidic?

[2] Draw the conjugate base of each acid.

[3] Which conjugate base is stronger?

a. CHSCHQ_CEC_H or CH30H2CHECH2_H

T !
oille;

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.
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|| Summary of Factors that Determine Acid Strength

Factor Example

1. Element effects: The acidity of H—-A
increases both left-to-right across a
row and down a column of the |

Increasing acidity

periodic table. —(|3—H —ITJ—H —QO=H H—F >
—_ >
—S—-H  H-Cl 8%
- O
H—Br £2°©
H—I
2. Inductive effects: The acidity of CH4CH,O—H CF4CH,0—H
H —A increases with the presence of ———
electron-withdrawing groups in A.
3. Resonance effects: The acidity of CH4CH,O—H CH,COO—H
H —A increases when the conjugate S——
base A:" is resonance stabilized.
4. Hybridization effects: The acidity CH5CH, CH,=CH, H=C=C=

of H—A increases as the percent

o Increasing acidit
s-character of A:” increases. g y

53
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Problem | awiuegdasladunsatiussniniu wieulhmawausznau

NO,

Pine, S. H. Organic Chemistry; McGraw-Hill, 1987.



Commonly Used Bases in Organic
Chemistry

1 Strong bases have a net negative charge, but not all negatively
charged species are strong bases. For example, F-, Cl-, Br-, or I,

oxygen bases nitrogen bases
Na* ~OH sodium hydroxide Na* "NH, sodium amide
Na* “OCH, sodium methoxide Li* "N[CH(CH3),], lithium diisopropylamide
Na* "OCH,CH; sodium ethoxide
hydride
K* ~OC(CH3); potassium tert-butoxide l
Na*H~ sodium hydride

55
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Characteristics of Strong Organic Bases

d Carbanions, negatively charged carbon atoms, are especially strong
bases. A common example is butyllithium.

very strong base

!

CH3CH,CH,CH,™ Li*
butyllithium
(J Amines are organic base due to lone pair on N atom

[ They are weaker bases since they are neutral, not negatively
charged.

A
CH3CH2—fT]—CHQCH3 | 3
CH,CH, N
triethylamine pyridine

56
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Lewis Acids and Bases

A Lewis acid is a substance that can accept a pair of electrons

A Lewis base is a substance that can donate a pair of electrons
—a lone pair or an electron pair in a T bond

1 Lewis base donates electron pair to anything that is
electron deficient.

Examples of Lewis bases

:0—H CH;—O—H C=0

T T 1T

available electron pair

57
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Lewis Acids

e Any species that is electron deficient and capable of accepting an
electron pair is also a Lewis acid.

e Common examples of Lewis acids (which are not Brgnsted—Lowry acids)
contain elements in group 3A of the periodic table that can accept an
electron pair because they do not have filled valence shells of electrons.

Examples of Lewis acids

no filled valence shell

H,O CH,;OH BF, AICl,
These compounds are both These compounds are only Lewis acids.

Bronsted—Lowry acids and Lewis acids.

58
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Lewis Acid-Base Reactions

1 In a Lewis acid—base reaction, a Lewis base donates an electron
pair to a Lewis acid—using curved arrow

d This is illustrated in the reaction of BF; with H,0. H,O donates an
electron pair to BF; to form a new bond.

F -
F—B +  H-O-H > F——IT%—CP—H

= F T H
Lewis acid Lewis base

new bond

» Lewis acid—base reactions illustrate a general pattern in organic chemistry.
» Electron-rich species react with electron-poor species

59
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Electrophiles and Nucleophiles

: .y . Nucleophile = nucleus loving.
O A Lewis acid is also called an electrophile. Electrophile = electron loving.

(d When a Lewis base reacts with an electrophile other than a proton,
the Lewis base is also called a nucleophile.

B= W — B—H
nucleophile electrophile bond formed
(Lewis base) (Lewis acid)

F F

I oo _ o
F—B +  H—0-H > F~B—0-H

F F T H

electrophile nucleophile. e

60
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Lewis Acid-Base Reactions that Form
One New Covalent Bond

(d Note that in each reaction below, the electron pair is not removed
from the Lewis base.

O Instead, it is donated to an atom of the Lewis acid and one new
covalent bond is formed.

electrophile nucleophile
! !
L GHe
CHs—C**  + :Br? —>  CHy—Cgr:
CH \
L , CHs new bond
Lewis acid Lewis base
Cl Cl
[ - . &%
CI—/SI‘I ‘/+F\:QI—CH3 —_— CI—"/BI‘I—C.J.I—CH3
Cl CIT
Lewis acid Lewis base
new bond

61
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



For each reaction, label the Nucleophile and electrophile. Use
Problem 1 . .
curved arrow notation to show the movement of electron pairs.

F CHs
a. BF; + GCHy—O—CHy —— F—B—0:
F CHg
+
b. (CHg),CH + ~OH (CH3),CHOH

62
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Problem 2 Draw the products of each reaction, and label the nucleophile

and electrophile. Use curved arrow notation to show the
movement of electron pairs.

a. CHCH,—~O—CH,CH; + BBry ——

O=0

+ ACl; —
CH; CHs

63
Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



MSIZgUgNrAsiigaiINMsiInauNNseninD

(curved-arrow formalism)
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MSIdgUgnAsiidaaIMsinad)nsenini

(curved-arrow formalism)

Qﬂﬂﬂﬁ’ﬂ (Curved arrows) ww1taldniazls?

anAs e N3 lYau
T AUTEIN9ENSAIPULAZANSHAR S U LU

gnAUGNaen auN15LAdl

[ v
s (Afullheaded 94 0 msindeurasdidnmseu 1 f

curved arrow)

gnAsAsen (A half-headed 4 0 s onsindouvesdidnasen 1 &

—_—
"
7~ N\
curved arrow)

U Tuansiirnisimdeunivesdidnaseulunalnvesujizen
d msi@sugnasifsarldluniseSuienalnnisiinuizenlueiidunid uazldluns
Vinneansuan v iz aliaunsed

Solomons, T. W. Graham, Fryhle, Craig B., Snyder, Scott A.. (2014). Organic Chemistry (11th ed.). Singapore: John Wiley & Sons.
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Wu51uN1Sas) lazmsaasuus:

(curved-arrow formalism)

Heterolytic cleavage

Forming a bond from two ions

|~ | o |r/\. o |
_?_Z —C® + 7z _(l:@ + i/ — _(—7
carbocation carbocation
new bond

CH CH

| | CH, o

I I H3C—C ©) * O—H —_—

CHB CHg | .o

CH3
66

Solomons, T. W. Graham, Fryhle, Craig B., Snyder, Scott A.. (2014). Organic Chemistry (11th ed.). Singapore: John Wiley & Sons.



sUllvunmsigeugnrsiidaimsinad)nsenini

(curved-arrow formalism)

WUUN 1

(X =Cl, Br, I)

electrophile

r new bond
LuUun 2

\5+ .é_ | e
Nu:~~  Nc=—0: —» Nu—C—0"
\A | t

electrophile

8+
H

.
Y
A

electrophile

Base

WUUTN 3

(Y=F O, Cl, Br)

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.

e W

w' e

C
7\
electrophile
.. ® .
\C:OI -~ o7
/U /o

resonance structures of carbonyl

©

L
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HAnMsIREUaNFsiidaIMsINaUGNSen

1. W13 Y lone paired electrons liAsuaungeenes nuasaauihily C Au H
(heteroatom)

2. szydasmvudu nucleophiles flunulu electrophiles

3. gnasisuantuulyluu: megnasisuain nucleophile (Bidnmsaurlaniien, Usyqay,

Y

e

WusEa) aniignAsTlum electrophile

7N

Nucleophile Electrophile
o0
@
~
\N __/ \\C—X \C \C:O
C—C / | /
/ \

Solomons, T. W. Graham, Fryhle, Craig B., Snyder, Scott A.. (2014). Organic Chemistry (11th ed.). Singapore: John Wiley & Sons.

68



HAnMsIREUaNFsiidaIMsINaUGNSen

4. gnaseuluvudianinslng A nisadaiuselmidu drlinisadeiussininevuagyinla
ASUBUREARNALIULAY 4 wuulny Ferealsugnasiievinaneiiusy

H H H

© | \/
CH;—0 ~ + H—C—Cl —>= HO—C—cl

H H

C IuUIRU doimgilu:

1 U

5. ATIVEBUENVINEIT NATINYDI formal charge vodusiazilavinAumsalyl mnluiwinlvm

pyMRUNNIIUIUNUSELUIUNR (O =2 bonds, C = 4 bonds, %3 7 = 1 #UsE) Wa3 assign formal

U

charge iﬁgﬂﬁaa

Solomons, T. W. Graham, Fryhle, Craig B., Snyder, Scott A.. (2014). Organic Chemistry (11th ed.). Singapore: John Wiley & Sons.
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Example 1A

©
CH;—0  +

|
H-?-CI
H
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Example 1B

©
<:>71 + OH —» <:>70H



Example 2A |

]
CH;—C—H

+
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Example 2B |
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Example 3A |

1t bond electron-deficient H atom

H 1
H ot o

@
— L -
H
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Example 3B |

CH,—CH=CH,

+

i
H—O—C—CH,

—»
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Example 3C |

]
CH,—C—H

acetaldehyde

+ HCl

®

|l

+

CI
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