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An Electrophilic Addition Reaction

|the 7 bond breaks | electrophile‘ nucleophile |

\\l / . | | AR
sp? = C=C + Y + Z — —C—C—

© 2016 Pearson Education, Inc.

8/2/2016

STUDENTS-HUB.com Uploaded By: Mariam Qadah1


https://students-hub.com

Addition of Hydrogen Halides

H;C CH, C|H3 C|H3
>C=C< + [HBE —> CH3CH—(|ZCH3
H;C CH; Br
2,3-dimethyl-2-butene 2-bromo-2,3-dimethylbutane
@ . — Q
|
cyclohexene iodocyclohexane
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Which sp? Carbon gets the H*?

G oo
CH;C=CH, + HClI — CH3(|3CH3 or CH;CHCH,CI
Cl
2-methylpropene tert-butyl chloride isobutyl chloride
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The Mechanism

H* adds CHl5 C|H3
loes CH;CCH; + :Clf  —  CH;CCH;
¥ M I
CHjy tert-butyl cation Cl
| I (\‘ tert-butyl chloride
CH;C=CH, + H—CI only product formed
CH CH;
\ [N [
H+ adds CH;CHCHZ + :C.l: —_— CH;CHCH:C]
to C-2 isobutyl cation isobutyl chloride
not formed

Carbocation formation is the rate-limiting step.
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Relative Stabilities of Carbocations

relative stabilities of carbocations

R R H H

/ / 7 /
most stable =R —C + > R—C+ > R—C+ 2> H—=E#+ least stable
N N\ N\ N
R H H H
tertiary secondary primary methyl cation
carbocation carbocation carbocation
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Carbocation Stability

c]

the most intense blue
indicates the carbon

concentration of
positive charge

with the highest

electrostatic electrostatic electrostatic electrostatic
potential map potential map potential map potential map
for the tert-butyl cation  for the isopropyl cation for the ethyl cation for the methyl cation

Alkyl groups decrease the concentration of positive charge
on the carbon.
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Hyperconjugation Stabilizes
a Carbocation

empty p orbital

+| hyperconjugation

o bond ) ‘\\\H ‘\\\H
el 5 Lipg ——— the positive charge H—C —— the positive charge is
HY /| is shared by three concentrated on one
H/ WH atoms \H atom
+ +
CH;CH, CH;
ethyl cation methyl cation
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Hyperconjugation

H H
H H
\c/\ H ‘c/\ H H HH H
t / “H / “H t 7/ |t 7/
H-C—C' H H-C—C" H--C—C' H—C-C—C'
b Nw b\ N [+ N\
can engage H /C H H H H H
in hyperconjugation H \H
tert-butyl cation isopropyl cation ethyl cation propyl cation
tertiary secondary primary primary
carbocation carbocation carbocation carbocation
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Why the difference in Rate?

the difference L

in the stabilities
of the transition
states is less than
the difference in

the stabilities of

CH;
+
CH;CHCHj, isobutyl cation

% | || the carbocations

[}

o - AG* CH1C|CH; tert-butyl cation
2 AG e

the difference in
the stabilities of the
carbocations

Progress of the reaction |

The more stable carbocation is formed more rapidly.
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The difference in Carbocation Stability
determines the Products

CH;§ CH;§ CH
| - | - | -
2-methylpropene Cl

only product formed
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Electrophilic Addition Reactions are

Regisoselective
* add
‘}c‘{o (?—1 i . o (|jl
|

secondary 2-chloropropane
carbocation

a
M :
CH;CH,CH,
+

CH;CH=CH,

H
H

H" adds primary
to C-2 carbocation
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The Electrophile adds to the sp? Carbon
bonded to the most Hydrogens

g G g
CH;CH=CCH; + HI — CH;CH,CCH;  + CH;(l,‘HCHCH_;

2-methyl-2-butene l I

2-iodo-2-methylbutane 2-iodo-3-methylbutane
major product minor product
CHj H;C Br CH;
Br
+ HBr — +
1-methylcyclohexene 1-bromo-1-methyl- 1-bromo-2-methyl-
cyclohexane cyclohexane
major product minor product

A regioselective reaction forms more of one constitutional isomer
than another.

» Completely regioselective

* Highly regioselective

* Moderately regioselective
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Not Regioselective

]|3r Br
CH;CH=CHCH,CH; + HBr —— CH;CHCH-CH,CH; + CH;CH,CHCH,CH;
2-pentene 2-bromopentane 3-bromopentane
50% 50%
Br-

CHyCH,CHCH,CH,CH; —— CHJCH3(|IHCH3CH3CH3

HBr
secondary Br
carbocation 3-bromohexane

CH;CH=CHCH,CH,CH;
HBr

2-hexene

-
CH,CHCH,CH,CH,CH; —— CHSCHCH,CH;CH,CH;
+

secondary Br
carbocation 2-bromohexane
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The major product is a Surprise

(|?H3 (le:; CH,4
CH;CHCH=CH, + HBr — CH;CH(EHCH; + CH](ECHZCH}
3-methyl-1-butene

v Br Br
2-bromo-3-methylbutane 2-bromo-2-methylbutane
minor product major product
CHj; CH; CHj;
CH;C—CH=CH, + HCI —— CH;C—CHCH, + CH;C—CHCH;
CH,4 CH; Cl Cl CH,
3,3-dimethyl-1-butene 3-chloro-2,2-dimethylbutane 2-chloro-2,3-dimethylbutane
minor product major product
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Carbocation Rearrangement
(a 1,2-hydride shift)

CIH} P ?H} CIHR
.
CH:CH—CH=CH, + H- Br —> CHC—CHCH; ——— >  CHyC—CH,CH;
s

3-methyl-1-butene }lid 1,2-hydride shift

secondary tertiary
carbocation carbocation
addition to the Br addition to the Br
unrearranged ¥ rearranged d
carbocation carbocation
i g
CH;CH—?HCH; CH;?—CH:CH;
Br Br
minor product major product
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Carbocation Rearrangement
(a 1,2-methyl shift)

"les J— "les (|3H3
~ RS *
CH;C—CH=CH; + H—Cl — CH5{|: CHCH; = CH;C (|3HCH.;
A +
3,3-dimethyl-1-butene secondary tertiary
carbocation carbocation
addition to the L_, |CI‘ addition to the L_.:,_ Icl_
unrearranged rearranged
carbocation carbocation
(l'JHs CH;
CH.:.L{l:—{leCH3 CH,;C—CHCH,
CH;C1 Cl CHs
miner product major product
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Acid-Catalyzed Addition of Water

7 bond breaks
H,SO,4

CH;CH=CH, + H,0

CH;CH— CH,

[ew o bond 7 O 1 ~jnew o bond]

2-propanol
an alcohol
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Mechanism for the Acid-Catalyzed
Addition of Water

fast protonated fj’“

- / M. |alcohol 7N
ey 1 H,0 [ H,0 +
oW R—CHCH; / —==> R—CHCH, |—2= R*(l,‘H(‘H; + HO!

R—CH=CH, + HT)’OSO}H ER
OH

e a 14 /
HSO4~ {:(l)H /,,
addition of addition of H= H,0 removes a
the electrophile the nucleophile proton, regenerating
the acid catalyst
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Regioselective vs. Stereoselective
Reactions

a regioselective reaction

constitutional
isomers

A — B + C

more B is formed than C

stereoisomers

A — B + C

a stereoselective reaction

more B is formed than C
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The Product does not
have Stereoisomers

HB
CH;CH=CH, ——> CH,CHCH; —— CH3(|ZHCH3

propene Br_ Br

2-bromopropane
no stereoisomers
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The Product is a Racemic Mixture

| asymmetric center

HB
CH;CH,CH=CH, —— CH;CH,CHCH,; — CH;CH,CHCH,
1-butene Br Br
2-bromobutane
When a reactant that does not have an asymmetric center

forms a product that has one asymmetric center, the product
is a racemic mixture.
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Formation of a Racemic Mixture

Br~ approaches from B'? Br
above the plane .' |
Ceoo
SE nH
CHyCH,— ——— CHCH,\ L
/ ( Hj CHjy
the transition states (5)-2-bromobutane the products are
CH;CH— are enantiomers enantiomers
( H; H
carbocation >
intermediate

CH:CH, —q —— CH;CH, &

“\CH ~C _=aCHj,
Br~ approaches from 15 |
below the plane Br B

(R)-2-bromobutane
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The Product is a Racemic Mixture

?Hs $H3 % asymmetric center
CH,CHCH,CH=CH, =~ —220%> CHgCHCHZC[:?HCHg
2
OH

i g
CH,CHCH, ﬁ}hCHCH3

ANH O+ H\""IC\

CHs On no ¢
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The Product is a Racemic Mixture

H-C
N,/
/(,=L\ %04 asymmetric center
H CH,
(E)-2-butene Hz

+ (o]
CH;CH,CHCHy; ———— CH3CH3(|ZHCH3 + H

H;C CH; /
; OH
\C=(‘/ H,50,

2

/N (racemic)
H H
(2)-2-butene
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Addition of H, to a Cis Isomer
forms only the Cis Stereoisomers

+ H L +
2 5 () H H,Cw «CH(CH,),
H,C CH(CHy),

H;C CH(CH,), H B
1-isopropyl-2-methyl-
cyclopentene
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If the Substituents are the same, the Cis
Stereoisomer is a Meso Compound

Pd/C
—

b

Hm~ s |

St H.C CH,
1,2-dimethyl- ' ‘
cyclopentene
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Anti Addition to a Cis Isomer forms only the
Trans Stereoisomers

BI’Z
% +
CH,Cl,

H H Br Br Br Br
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An Enzyme forms only one Stereoisomer;
the Reaction is Completely Stereoselective

asymmetric center

H COO™ P——
o ; H,0 _umarase, “00CCH,CHCOO"
{ X )
“00C H OH
fumarate malate
(|IOO_
C """" Il
L
= \
OOCCH, OH
(S)-malate

© 2016 Pearson Education, Inc.

An Enzyme can block
one side of the Reactant

21 enzyme
T 21 active site
—C

~
H,0 ) water can approach

the carbocation
from only one side
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An Enzyme reacts with
only one Stereoisomer

asymmetric center

Nl + Ho —umarase, “00CCH,CHCOO"
V4 \ )
~00C H OH
fumarate malate
~00C COO™
\ / fumarase _
/C=C\ + H,O — > noreaction
H H
maleate

© 2016 Pearson Education, Inc.

Therefore, Enantiomers can be separated
using an Enzyme-Catalyzed Reaction

Cl‘()() C|‘O() - - -00C CI’()()
D-amino aci
s + C - C=NH + e
R\ NH, H,NY/ R oxidase R H,NY/ DR
H H H
R enantiomer S enantiomer oxidized unreacted
R enantiomer S enantiomer
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An Introduction to Alkynes

An alkyne is a hydrocarbon that contains a carbon—carbon
triple bond.

General formula: C H,, , (acyclic)
CnHZn—4 (CyC”C)

R!
0 HQ _ _ R’
/ —_— = = \ y R-“-
~ - R’
(0] R*

Z
Z
-
capillin ichthyothereol an enediyne
a fungicide a convulsant a class of anti-cancer drug
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Nomenclature of Alkynes

a terminal an internal
alkyne alkyne ot 13
CH,CH,4
1

4 3 2 v 2% gg us a 3 21
HC=CH CH;CH,C=CH CH;C=CCH,CH; CH;CHC=CCHj;
Systematic: ethyne 1-butyne 2-pentyne 4-methyl-2-hexyne
Common: acetylene ethylacetylene ethylmethylacetylene sec-butylmethyl-
acetylene
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Nomenclature of Alkynes

Cl Br (|3H3
CH;CHCHC=CCH,CH,CH; CH;CHC=CCH,CH,Br
I "2 38 & 56 T 8 6 5 4 32 71
3-bromo-2-chloro-4-octyne 1-bromo-5-methyl-3-hexyne
not 6-bromo-7-chloro-4-octyne not 6-bromo-2-methyl-3-hexyne
because 2 < 6 because 1< 2

« The “yne” suffix is assigned the lowest number.
* The substituents are assigned so the lowest number is in
the name.
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The Structure of Alkynes

180° o bond formed by
sp-s overlap

o bond formed by
sp-sp overlap

The triple bond is composed of a sigma bond and two 7 bonds.
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Alkynes (Like Alkenes) undergo
Electrophilic Addition Reactions

CH,C=CCH, —<, CH;C—CHCH,

Cl

© 2016 Pearson Education, Inc.

The first step is
addition of an Electrophile

RCH:"CHz + ;l—CI —> RCH—CH; + CI R(‘;(‘H + ;l—(‘l — R&:(:Hz + Cl
\J an alkyl cation \J a vinylic cation
Addition of an electrophile Addition of an electrophile
to an alkene to an alkyne
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A second Addition Reaction can Occur

the electrophile | |a second electrophilic

adds here addition reaction occurs
V4 Ve
CH,c=CcH, —h9, CH;C—CHCH; Hd CHg(:ICHzCHg
Cl €l
a geminal
dihalide

© 2016 Pearson Education, Inc.

Addition to a Terminal Alkyne is
Regioselective

the electrophile

adds here
HCl +
CH;CH,C=CH —— CH;3CH,C=CH, —— CH;3CH,C=CH,
1-butyne CI- |

Cl

2-bromo-1-butene
a halo-substituted alkene
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The second Electrophilic Addition
reaction is also Regioselective

electrophile adds here

/ Cl
HCl |

CHBCH2C|=CH2 — CHBCH2C|CH3

Cl Cl
2-chloro-1-butene 2,2-dichlorobutane

© 2016 Pearson Education, Inc.

An Asymmetrical Internal Alkyne
forms two Products

(lfl (ljl
CH;CH,C=CCH; + HClI —> CH:&CH:CH:(leHJ + CH3CH3(|3CH3CH3
2-pentyne excess Cl Cl
2,2-dichloropentane 3,3-dichloropentane
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A Symmetrical Internal Alkyne
forms one Product

Br
|
CH;CHQCECCHQCH'; + HBr —— CH}CHzCHzCCHzCH‘;
3-hexyne excess 1|3r

a symmetrical

. 3,3-dibromohexane
internal alkyne
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Acid-Catalyzed Addition of
water to an Alkene

electrophile
adds here

/4 H,S0,
CH3CH2CH=CH2 + HzO ——> CH3CH2|CH_C|H2

1-butene
OH H
2-butanol
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Acid-Catalyzed Addition of
water to an Alkyne

OH
H,S04 | [
CH;CH2CECH + Hzo —_— CH;CH2C=CH2 e CH}CHQC_‘CH;
an enol a ketone
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Keto—Enol Interconversion

In I
RCH=C—R — RCH,—C—R
enol tautomer keto tautomer

tautomerization
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Mechanism for Acid-Catalyzed
Keto—Enol Interconversion

i
. /A
CO—H :(“) (“)
RCH=C—R =— RCH,—C—R =— RCH,—C—R + H;0"
H—+6’1H enol ketore
h
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Acid-Catalyzed Addition of Water

H2S0 I
M504, CH;CH,CCH,CH,CH;

CH}CH:CECCHch} + H)_O
a symmetrical
internal alkyne
(0]
- H,S0,4 [ |
CH;C=CCH,CH; + H,O0 ————— CH;3CCH,CH,CH; + CH3CH,CCH,CH;

an unsymmetrical
internal alkyne
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A Terminal Alkyne is less reactive than an
Internal Alkyne

OH (0]
H,S04 | [

CH;CH2CECH + Hzo HQT) CH;CH2C=CH2 — CHzCHzC_CHz
* an enol a ketone

Because terminal alkynes are less reactive, the rate of the
reaction is increased with a mercuric ion catalyst.
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Addition of Hydrogen forms an Alkane

an alkyne is converted
to an alkane

— H; —_ Ha /
CH;CH,C=CH Pd/iC CH;CH,CH=CH, Pd/iC CH;CH,CH,CH;
alkyne alkene alkane
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Stopping at the Alkene

Lindlar

CH;CH,C=CH + H, W

CH;CH,CH=CH,

© 2016 Pearson Education, Inc.

Lindlar Catalyst

(CH;COO"),Pb**
lead(ll) acetate

4®

Y

N
quinoline
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Syn Addition

syn addition has occurred

V V
N
Lindl
CH,CH,C=CCH, + H, ca"t‘al;’t =

2-pentyne CH;CH, CHj;
cis-2-pentene
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Why Cis?

R——————R

Al

%)
H H

The catalyst delivers the hydrogens to one side of the triple
bond.
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