FIFFWILRF BRI B BF R

~)F W F BenfEsEs 4 85 K184 (organic reactions and their
mechanism)

1) a) Substitution reaction: (Saturated compound such as alkanes or alkyl halides,
aromatic compounds)

H;C—CIl + Na*OH™ =, H;C—OH + Na*Cl~

A substitution reaction

One group replace another

@CHzBF + NaCN -~ @CHZCN + NaBr

b) Addition reactions: Compounds with multiple bonds




H H H H

\ / |
c=c\ + Br—Br —> H—C—C—H

H H Br Br

An addition reaction

Two molecules become one, all parts of
adding reacts appear in the products

Rl: o :R3 H,/ Pt Rl: :Rs
'

R3 R4 REY 4y Ra
c¢) Elimination reactions: used in the preparation of double bonds and triple bonds

H H H H

H C| c|t H——— \C—C/
| | (—HBr) . / - \
H Br H H

An elimination reaction
Opposite to addition, a small molecule lost from one molecule



d) Rearrangement reactions:

H
CH H,C_ ~ CH
3/ H H* cat. 3 >:< 3
H,C .
H5;C CH,
CHg H

The molecule undergoes a reorganization of it constitutional parts
2) Mechanism of a reaction: €4 3 end B2 d 2 7|4 S iR

Briefly explain the above reactions

3) Homolysis and heterolysis of covalent bond (% % 42 354 {-2 A ):

Y
[}\/ B——> A- + ‘B Homolytic bond cleavage

Radicals



Curve arrow Explain

"

A:B——> A" + :B~ Heterolytic bond cleavage
Ions

Heterolysis normally requires the bonds to
be polarized

@CHzBr + NaCN > @CH2CN + NaBr

Explain

5*A: B~ —— A+ + :B-
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1) Bronsted-Lowry fi& s+ %:

e B ES
i - BX P
. . oo +
H—(|): + H—CI: > H (|) H +
H H
Base Acid Conjugate
(proton (proton acid
acceptor) donor) of H,O

Hydronium (H3O%): exist in
aqueous solution in significant

amount

Conjugate



HI + H,0 > H;0" + I
HBr + H,0O = H,0" + Br
H,50, + H,0 ~ H,0* + HSO,
H,SO,: ) * )
diproticacid |jso,” + H,0 ——= H,0" + SO,
H,0 ; _
|
.. H,Or: % H H—O:
H,0: *OH, | H h -
Na+ O—H_O—H?—H
H,O: .  :0H :
2 HZE): 2 0 H
| exist in agueous
H—O: solution in
Solvated sodium ion Solvated hydroxide ion significant

amount



When Agueous hydrogen chloride and aqueous sodium hydroxide are
mixed, the actual reaction is between hydronium and hydroxide ions:

H_6+_H+:(§]:_+Na+ _:(:j H >2H—(3=+Na++=(;‘:l="

’ L/ )
Spectator ions
H—O>H + —:é:) H >2H—(.|j=
H H

Net reaction



2) Lewis pe 332 3% (V¢ Bronsted-Lowry B @ #H & { 5 B4 ):

BRI IH

WBNEIy
K\ o+ "
*Cl—H + :NH, —> (Cl” + H—NH,
Lewis acid Lewis base
(electron pair (electron pair
acceptor) donor)
Note that the proton

also lose an electron pair as
new bond is formed with

nitrogen.

Accept an
electron pair
without
breaking any
bond

6—C] Cl
o+ //\ | +
S‘Cl—Al\ + :NH, > C1—AIl—NH,
o=l é]
Lewis acid Lewis base
(electron pair  (electron pair
acceptor) donor)



w3 B EY dihRET hlewis ik Zn%, Fe3t BF, etc.

TN

R—O—H + ZnCl, —— R—O0*ZnCl,

H
Lewis base Lewis acid
(electron pair  (electron pair
donor) acceptor)

LN

=E.3_r—l§:r= + FeBr, —>: Br—Br+—F_c Br,

Lewis base Lewis acid
(electron pair  (electron pair
donor) acceptor)
@LT’IBr
/~ * BBr; B—Br

T & O
O:\h)
Ot — O — O

H,0

©/OH
—_—



BF, NH, F,B—NH,

Opposite Charges Attract and React

Exercise (page 100): CH;O0H + BF; ——
1) Write the equations:

CHl +  AICI; —

CH3OCH3 + BF3 —_—
2) Define the Lewis acids and bases for each of the following:

/_)N_\ —c::+ (Ph)sP  Br

(CH)3B H



it B 3+ (carbocation):

/ //\ |

ﬂ-é_@ﬁ_ heterolysis —C+ L :7- _C\+ — —(C—B
| \ |
Carbocation Carbocation Anion

(a Lewis acid) (a Lewis base)

A7 323 (electrophiles): reagents which in their reactions seek extra electrons that
will give them a stable valence shell of electrons.

f B33 (carboanion):

| 5+ |
G T HUAS — > —C—H + :A-

) . | | |
= (O Ak heterolysis > —C: 4+ Zt Carbanion  Lewis acid
| | | _ | 5+ |
Carbanion —? : /Tj(lj (NLS‘ > —(‘j—(|j— + B
Carbanion Lewis acid

¥4 38 (nucleophiles): reagents which in their reactions seek a proton or some
other positive centers



/\ . .
H H™ electrophile OH,

-H,0

_— >

nucleophile

carbocation

*The curved arrow begins with a covalent bond or unshared electron pair (site of
higher electron density) and points toward a site of electron deficiency.

*1t shows the movement of electron flow but not the movement of atoms




. o+ . . —
H—0/+ H-CGl —>H—(|)+—H + :CI:

H H
A water molecule uses This leads to the
one of the nonbonding formation of a
electron pairs to form hydronium ion and
a bond to a proton a chloride ion.
of HCI. The bond
between the hydrogen
and chlorine breaks . B, W s »
with the electron pair H_O\)_H + FO0—H—H—0:+ H—O—H
going to the chlorine atom. |
H H
Acid Base
T |
_C [+}0—H<= _C._. +H—O0*H
CH; O I CH; ~O:-
H H
Acid Base
O (")
. \m FO H— G .. +H—(§—H
CH; O CH; 0:-
Acid Base

Exercise (page 103):Use the curved-arrow notation to write the reaction between
(CH3)2NH and BF3.



3) Bk % &

_ [H;07] [CH;CO, ]
. [CH;CO,H][H,0]

[H;0™] [CH;CO, "]
[CH,CO,H]

Ka = Keq [HQO] =

Acidic constant

_ [H;O"][A7]
) [HA]

pK, = —log K,

a

CH,CO,H < CF,CO,H < HCI

pK, =475 pK,=0 pK,= -7
Weak acid Very strong acid

Increasing acid strength -



Conjugate

Acid Approximate pK, Base
Strongest acid HSbFg = =2 SbFg™ Weakest base
HI -10 [~
H,SO, -9 HSO,~
HBr =0 Br-
HCI =i Cl-
CsHsSO3H =05 CeHsS05~
(CH3),0H | -3.8 (CH;),0
(CH5),C=0H -29 (CH3),C=0
CHSOH, 25 CH,OH
H,O" —-1.74 H,O
HNO4 -1.4 NO;~ =l
CF5;CO,H 0.18 CF4CO,~ e
HF 3.2 F Z
CH,CO,H 4.75 CH4CO,~ =
H,CO; 6.35 HCO3~ o
=) CH;COCH,COCHj,4 9.0 CH,COCHCOCH, %
2 NH,* 9.2 NH, ®
S CgHsOH — 9.9 CgHs0—
- HCO3~ 10.2 CO4%~
CH3NHZ* 10.6 CH3NH,
H,O — 15.7 OH~
CHZCH,OH — 16 CH4CH,0~
(CH3);COH _ 18 (CH3)sCO~
CH3COCH; 19.2 “CH,COCH;,
HC=CH — 25 HC=C~
H, 35 H-
NH; 38 NH,~
CH,=CH, — 44 CH,=CH"~
Weakest acid CH,CHy; — 50 CH4CH,~ Strongest base

Carboxylic acid: 3~5; alcohol 15 ~ 18; ketones ~ 20....




Exercise (page 104-107): 1) HCO2H has Ka = 1.77 x10%, in a 0.1 M solution, what is
the concentration of hydronium ions?

[H;0"] [HCOO]

0.1
2) Rationalize the Pka for H20 is 15.7:

[10°7][10°"]
Ka = = 1.8 x 10716
55.5 M

PKa =15.7

1.77 x 10 =

3) The Pk, of anilinium ion (C;H-N*H,) is 4.6. On this basis, decide aniline is
stronger or weaker base than methylamine:

CH;N*H;: 10.6, thus it is a weaker base than methylamine



3)F1* Badk 3 B H| %R F & ¢h equilibrium: Acid base reaction favor the
formation of the weaker acid and base.
Equilibrium-controlled reactions: favoring the formation of more stable species.

NH, + H>0 (?)
CH,OH + H,O (?)

..ﬁ.' .'(||)..
C .o v . G, )
R N6ZH% Nat-:0—H— R~ 0, Na* + H—O—H
Stronger acid Stronger base Weaker base Weaker acid

pK, = 3-5 pK, = 15.7



Water insoluble carboxylic acids or bases can become soluble in aqueous sodium
hydroxide'

©’ O{)H+Na+‘()—H—> ©/ 0,"Na* + H—O—H

Insoluble in water Soluble in water
(due to its polarity as a salt)

H
(—\ ST ‘ N .
CH;—NH, + H—(l)—H Clm— CﬁHS-—*IK\I*—H Cl~ + =(|)—H
H H H
Water insoluble Water-soluble

salt



4) - i & pie 15 33 hF &
a) Bond strength:

A
L
K I
p d [-i pKa
I
32 H—F t
y 15.7 H,0
Bond —7 AT 70 H,S
strength 9 H—Br
decrease 3.9 H,Se
—10 H—I

b) Electronegativity

qﬂ-ln-ln p



Electronegativ_l_

C N O E

oy nereases

6— o+ 5— o+ 6— o+ 5— o+
H,.C—H H,N—H HO—H F—H
pK, = 48 pK, = 38 pK, = 15.7 pK, = 3.2

Increasingly electronegative atoms polarize the bond and also
stabilize the conjugate base better



Acidity increases within a giv

(electronegativity _ :
=
C N 5 i : A
i (H,C—H) (,N—H)  (HO—H) (F—H) 23
DG 48 38 15.7 205 ¥
s =
S C1 £5
(HS—H) (Cl—ED = B
7.0 7
Se Br
(HSe—H) (Br—H)
3.9 9
I
(I—H)
-10

Overview of Acidity Trends



¢) Hybridization:

s orbitals are smaller and closer to the nucleus than p orbitals
Anions in hybrid orbitals with more s character v&gJI be held more closely

to the nucleus and be more stabilized
/go
d) Resonance effect “
O O
)k O-H —— )ko + H

stabilized by the resonance;
Less potential energy than
CH3CH20

pKa =16



&-lili-@

Spring/bond
compressed
(nuclear
repulsion)

Spring/bond stretched
(eventually spring/bond breaks)

Pot

Relaxed spring
(natural bond distance)

Internuclear distance

The higher the potential energy of an object the less stable it is



Enthalpy AHo is a measure of the change in bond energies in a reaction:

» Exothermic reactions:
AHo is negative and heat is evolved.
Potential energy in the bonds of reactants is more than that of

products
»Endothermic reactions

AHo is positive and heat is absorbed
Potential energy in the bonds of reactants is less than
that of products

H- + H-

— A

H, > 2H’

436 kJ mol!

Potential

H—H




AGoO: the standard free enerav chanae:
AG® = —RTIn K,

If AGo is negative, products are favored at equilibrium (Keq >1)
If AGo is positive, reactants are favored at equilibrium (Keg<1)
If AGo is zero, products and reactants are equally favored (Keq = 1)

AG° = AH®° — T AS°

Entropy change 4S° is related to the changes in relative order of the system

A+B > C AS°: negative
A+B > C+D ss0~0
A = C+D AS°: positive

The more random a system is, the greater is its entropy

A positive AS°means a system which is going from more ordered to
less ordered

A negative AS° :products unfavored




0
|
C

i
CH3 OH CH3—CH2—OH
Acetic acid Ethanol
pK, = 4.75 pK, = 16
AG° = 27 kJ mol! AG° = 90.8 kJ mol!
CH,CH,O"
+ H;0F
*

CH,CO,
5 H30+

|

AG° =27 kJ mol™l

-

CH;CO.H CH;CH,OH
+ Hy,O + H,0

AG° = 90.8 kJ mol!




e) Inductive effect

O
A
s
CH, O<H CH.—CH,—O<H
Acetic acid Ethanol
(stronger acid) (weaker acid)

The proton is more positive

3_
O
A
s T
CH, 0 CH.—CH, <=0~
Acetate anion Ethoxide anion
Weaker base Stronger base
O O
/él\ ¢l ,zé}\
ca So<H ScH” So<H

pK, = 4.75 pK, = 2.86



Indicating the stronger acid (page 120): a) CHCI2CO2H > CH2CICOZ2H b)
CH2FCO2H > CH2BrCO2H; c¢) CCI3CO2H > CHCI2CO2H; d) CH2FCO2H >
CH2FCH2CO2H

f) Solvent effect (protic solvent: is one has hydrogen attached to a strongly
electronegtive element such as oxygen or nitrogen)

O

—

pKa=4.751n H,0

Pka = 130 In gas phase

Explain the table in page 121.



4) Organic compounds as bases:

a) organic compound containing an atom with a lone pair (O,S,N) can act as a base

R—O=+H(NA > R—O*H + :A-

H H
Alcohol Strong Alkyloxonium ion Weak
acid base
T . ~ T
R—(l)- + H—A > R—(l)—H + A
R R
Ether Strong Dialkyloxonium  Weak
acid ion base
H
s 5. N
0 N 0O
(|3| + H (\A — g + AT
P g '
R R R R
Ketone Strong Protonated Weak

acid ketone base



b) z Electrons can also act as bases

The 7 bond breaks
Us bond breaks Us bond is formed
C

|
C=C +H CA = CEC—H + :A-
\ 7

Alkene Strong Carbocation = Weak
acid base

5) A step-wise mechanism of a organic reaction:

T T

H,O
H3C—$—OH + H—(|)+—H +:Cl: —— H3C—(|?—CI + 2 H,0
CH, H CH,

tert-Butyl alcohol | tert-Butyl chloride

(soluble in H,O) Concd HCI (insoluble in H,0)



T

/\(\

CH, H

H3c—<|:—(t)—H + H—tl')+—H = H3C—(|3—Q+—H + =t|')—H

CH, H

tert-Butyl alcohol acts as a base
and accepts a proton from the
hydronium ion. (Chloride
anions are spectators in this
step of the reaction.)

H_;Iil

G
| el /
H3C-—?—Q—H-;H3C—C+ +:0—H

CH,

CH, H

tert-Butyloxonium ion
The products are a protonated alcohol
and water (the conjugate acid and base).

cH, H

\
CH,

Carbocation

The bond between the carbon and oxygen of the
tert-butyloxonium ion breaks heterolytically, leading to the
formation of a carbocation and a molecule of water.

/CH3 (|3H3
H@—C{G: Cl: =" H,C—C—CI:

CH,4 CH,
tert-Butyl chloride

The carbocation, acting as a Lewis acid,
accepts an electron pair from a chloride
ion to become the product.



6) Acid-base reaction in non-agueous solution:

H—OQH + :NH,~ — H—Q=_ + NH,
Stronger acid  Stronger base Weaker base Weaker acid
pK, = 15.7 pK, = 38

Any base stronger than hydroxide will be converted to hydroxide in water

N liquid
H c:é[\ H+ %NH, ———H—C=C: + :NH,
3
Stronger acid Stronger Weaker Weaker
pK, = 25 base base acid
(from NaNH,) pK, = 38
Sodium amide can be used as a strong base in solvents such as liquid NH3
/—\ hexc
H—Cc=cZH+ -~cHCH, X, H—C=cC:- + CH,CH,
Stronger acid Stronger Weaker Weaker
pK, = 25 base base acid

(from CH,CH,Li) pK, = 50



Write the acid-base reactions (page 126):

a)
CH30H + NaH > CH;O" + Hy
b)
NaNH, + CH3CH3OH > NH3 + CH3CH30_
C)
gas

NH3 + CH3CH3-Li+ > NHZ_ + CH3CH3
d)

NH;(1)

NH,*Cl + NaNH, » 2NH; + NacCl



(CH;)CONa + H,0 = (CH;)COH + OH-

f)
(CH3;)COH + NaOH _—— (CH3)CO + H,0° +Na”

L 1) NaH L
H— » H——————D
2) D,O
. hexane
CH;CH,LIi + D,O » CH;CH,D
1) hexane
CH,;CH,OH + NaH ) » CH,;CH,OT

2) T,0



Exercise (page 129):
3.15: what is the conjugate base of each of the following acid?
(a) NHa: NH,™ (¢) H,: H™ (e) CH;OH: CH,0"
(b) H,O: OH" (d) HC=CH: "C=CH (f) H30*: H,0

3.16: List the bases you gave as answers to Problem 3.15 in order of decreasing
basicity:

Acidity: H;0"> H,0 > CH30H > HC=CH > H, > NH,
Basicity: NH,” >H- > 'C=CH> CH;0" > OH > H,0

3.17: what is the conjugate acid of each of the following bases:

(a) HSO,~: H,S0, (c) CH3NH,: CHsNH;* (€) CHyCH,: CH3CH;4

(b) Hzo: H30+ (d) NHZ-:NHg (f) CH3COZ_: CH3C02H



3.18 List the acids you gave as answers to Problem 3.15 in order of decreasing
acidity:

Acidity: H,SO, > H;0"> CH3CO,H > CH3NH;™ > NH; > CH3CH;

3.19 Designate the LA and LB in each of the following reactions:

Cl
+ T-=
a) H3CHC—Cl + AICl; - H3CH,C—CI-A-Cl
LB LA Cl
£
b) H3C_OH + BF3 > H3C_(|)_$_F
LB LA H F
¢Ha CHs
C) H3C4C|;|-_| + HZO - H3C+OH2
3 LB CHg

LA



3.20 Rewrite each of the following reactions using curved arrows and show all
non-bonding electron pairs:

a8 H

) HeC—OH  + U ~ H,C—O—H + I
/‘\ ITI
b) HyC—NH, + H~Cl > HsC—N—H + CI
\/ |
H
H Ho T
C) H + F-
H H



3.21 When CH30H is treated with NaH, the product is CH30O-Na* and H, and not
Na*CH,OH and H,, explain:

PKachs > PKaon

Pk,CH,OH~15; Pk,H,~ 35;

3.22 What reaction will take place if EtOH is added to a solution of HC=C-Na* in
liguid ammonia:

- NH,(1) s _
Et—OH + *NaC=CH ~ Et—O" + HC=CH

3.22 omitted

3.33 Acid HA has a PKa = 20; acid HB has a PKa = 10:
a) Which is the stronger acid: HB

" Na*A- + HB - HA + Na'B




3.25 Write the equation, using curved-arrow notation:

YN

O O
Et—“—O—H + OH + Na* > Et—“—O'Na+ + H,0
PKa ~5

a)

H,O PKa ~15.7

b) O /7 N\ 0 )

|| ||
Ph—S-O-H  + H0 > Ph—5-0' + HO'
O O
>
PKa ~-6.5
HO"*  +Na® +OH—— 2H,0 +  Na
S
c)
FtO© + H——H — EtOH + =—H

~—g

PKagton ~16  PKgethyne ~25



d) _ ___ hexane .
Et_L|+ + H — H _— CH3CH3 + _—H

PKachachz ~50  PKachen ~25

e) hexane )
EtLi*  + EtOH — % CHsCH; + EtO

PKachacHz ~50  PKaeion ~16

3.26 Showing the syntheses of each of the following:

Q) ph—=H + NHy — k0 _ o .
L : 2) T,0 ST
b) OH + NaH —o)lexant - OD
| 2) D,0 |

1) hexane

)
OH + NaH - OD
_ 2 D,0 _




3.27 a) arrange the following compounds in order of decreasing acidity and
explain:

EtO—H > Et—H—H > H;CH,C—H

electronegtivity decreases
b) Arrange the conjugate bases in order of increasing basicity:

EtO" < Et—NH < CH4CH.,,

3.28 Arrange the following compounds in order of decreasing acidity :
a)

H3C —H > CH3CH:CH2 > CH3CH2CH3
b) CH3CHCICO,H > CH,CH,CO,H > CH,CH,CH,OH

) CH3CH,0OH,"> CH,CH,OH > CH30CH;



3.29 Arrange the following compounds in order of increasing basicity:
a) CH3NH3'< CH3NH, < CH;NH-
b)  CH30" < CH3NH™ < CH3CH,’
c) CH,C=C <CH,CH,=CH < CH,CH,CH,

3.30 Draw the structures of triprotic acid H3PO4 and diprotic acid H3PO3

N i
HO——OH  HO—F—OH
OH H

3.31 Supply the curved arrow necessary for the following reactions:



a) H‘( /‘\
O—H + "OH
O
b),c) HA~
O_CH3 + -OH

+ "OCHs,



e

I_CH3 + OH > CHgOH

CH,§ /‘\

+ H,0



3.32

+
a) H,NCH,CO,H < = H3NCH2C02-
pkaacid~5 PKagmmonium~ 10
Neutral form Salt form

b): salt form is dominating

electron-attracting inductive effect

b) Two negative centers

3.34: HB 3.35 Omitted



3.36 a) Explain both protons being more acidic than acetic acid

b) Explain all of the C-C bond in dianion are same length as well as all of
the C-O bonds

O PH iy Oy OH 0y PH
5 | g 2 |) A
0~ “O-H 7 o o Yo
¢ : _
o 0 oy O -0 O—H
/(I -~ T\ = —
- /
Oj O 0~ Mo ol \\o
0 O
N’ %
— — |




