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ELECTROPHILIC ADDITION REACTION

o Electrophilic addition reactions are an important class of reactions that allow the
interconversion of C=C and C=C into a range of important functional groups. .

o Conceptually, addition is the reverse of elimination

o What does the term "electrophilic addition" imply ?

A electrophile, E*, is an electron poor species that will react with an electron rich species (C=C)
An addition implies that two systems combine to a single entity.

b Sh— E .
Nu—E ) \—f’-_:n;‘ —
» / Nu

= Electrophilic addition reaction involves two major steps:
(1) Addition of the electrophile to the nucleophilic m bond to give carbocation intermediate,
(2) Reaction of the carbocation with a nucleophile.

= Simultaneous formation of the two o bonds

ELECTROPHILIC ADDITION REACTION
FORMATION AND STABILITY OF CARBOCATION

o Protonation of an olefin; Intermediate cations are often produced by addition of a
proton or a Lewis acid to a m bond.
CH,

CH, ,
)Ji “‘Hfososﬂ —>)+\

o Carbocation rearranges to another carbocation of equal or greater stability.

= 1,2-Hydride Shift = 1,2-methyl shift
Me H  1,2H Me ~ H Me H  12Me Me H
E)—6 IY Eee 94t
Mé  H Me  H e H Me M
30
1° 1° ¥
u,} &
m —u—@/\/
Secondary Secondary 4
(resonance stabilized)




1/12/2024

HALOGENATION OF ALKENES
A) ADDITION OF CHLORINEANDBROMINE |

H
s —— - o s -~ -H ~
CH;CH=CHCH; + Bry, ———— CH;CH—CHCH, i Cl
CHath | | U\ F Cl —_
" 1 = Gl
cis- or trans-2-butene (sclvent) Br By STNH ,.,‘,gm‘,,. L‘vl a
1
2 3-di cyclohexene
2.3-dibromobutane 4 1,2-dichlorocyclohexane
{70% yield)

o The products of these reactions are vicinal dihalides “compounds with halogens on adjacent carbons”.

= Bromine and chlorine are the two halogens used mostly in halogen addition.

= Fluorine is so reactive that it not only adds to the double bond but also rapidly replaces all the
hydrogens with fluorines, often with considerable violence.

= Diiodides are unstable and decompose to the corresponding alkenes and I..
= These reaction run at low temperature, and Dark (Avoid Radicals).

= |nert solvents such as methylene chloride (CH,Cl,) or carbon tetrachloride (CCl,) are used as
these solvents dissolve both halogens and alkenes.

= |n fact, this discharge of color is a useful qualitative test for alkenes.

A) ADDITION OF CHLORINE AND BROMINE
MECHANISM

o Addition of bromine to alkene involves a reactive intermediate called a bromonium ion.
o Carbocations are not actual intermediates in most halogen additions.

&
:Br:
AN —
CH,CH=CHCH, + Br, =—2* CH;CH—CHCH, Br:

a bromonium ion

@) Step 1, BrQBr
Heterolytic cleavage of polarized Br-Br bond occurs . ( ) &,
and Br with the positive charge forms a cyclic ol S B . & :é'r(?
intermediate  “bromonium ion” with the two {0\ }C_C\' o
carbons from the alkene.
& i
"B B
o Step 2, C’E\? - "r\c—(':
Bromide anion attacks either carbon of the bridged {1 /7\ -
bromonium ion from the back side of the ring. % -
:Br: 6
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A) ADDITION OF CHLORINE AND BROMINE
MECHANISM

o The ring opening up with the two halogens on opposite sides as each other.

o Anti stereochemistry;
= The two bromine atoms come from opposite faces of the double bond.
= The product is that the bromines add on trans to each other.

o The halide ion can attack any carbon from the opposite side of the ring it creates a
mixture of steric products.

o Optically inactive starting material produce optically inactive achiral products; a
racemic mixture.

B@. Br !
U
n...Cf_\ cantl — :}C_C\
/(\ 1 Br
)
Br:

A) ADDITION OF CHLORINE AND BROMINE
EXAMPLE 1

o Step 1,

The electrons of the mbond are donated to one of the bromines, the other bromine acts as a leaving
group, and a carbocation is formed.

.i_.‘.jl The other bromine

serves as a leaving group. |_'_ o

(-:B;: (3) The bromine donates
] an electron pair to form the

Br: o other C—DBr bond.
Bris A

(1) The 7 bond of the alkene | ey ,.'I . l;(r'
donates an electron pair toone  —— Vs N

. : L 4N .
bromine to form one C—2Br bond. CH,CH==CHCH, —> CH,CH—CHCH, ‘Bri

o Step 2,

The carbocation undergoes a Lewis acid-base association reaction with the neighboring bromine.
(intramolecular (internal) Lewis acid-base association reaction)

N (C2Br:
b AR |
CH;:_ H—CHCH; —» CH,(H—CHCH,
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A) ADDITION OF CHLORINE AND BROMINE

EXAMPLE 2
o The reaction of bromine with cyclopentene is stereospecific and proceeds by anti
addition.
g g — L,
+ Br—Br — ‘Br* >
CH:Clz ‘ L| “‘\B!
Bri—/
38
Cyclopentene Bromine A cyclic bromonium ion trans-1,2-
(colarless)  (red-brown) Dibromocyclopentene
(colorless)
9
A) ADDITION OF CHLORINE AND BROMINE
SUMMARY
x
\ / I
c=¢ X, —= —C—C—
4 X=LB,cl | X

= Qverall transformation : C=C to X-C-C-X.

= Reagent: normally the halogen (e.g. Br,) in an inert solvent like methylene chloride,
CH,Cl,.

= Regioselectivity: not relevant since both new bonds are the same, C-X.

= Reaction proceeds via cyclic halonium ion.

= Stereoselectivity: anti since the two C-X bonds form in separate steps one from X, the
other X.

10
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ELECTROPHILIC ADDITION vs. FREE- RADICAL SUBSTITUTION

H
H,C=—C——CH;

fr

Alkane like
Homolytic attack

Alkene like
Heterolytic attack

o The propylene molecule has two sites where the halogen can attack, the double bond
and the methyl group.

= Alkanes undergo substitution by halogen at high temperatures and generally
in the gas phase conditions favor to form free radicals.

= Alkenes undergo addition of halogen at low temperatures and generally in
liquid phase conditions favor to form heterolytic reactions.

600 °C

gas phase

HzC=CH-CHz + Clz H2C=CH=CH2C! + HCI

11

HALOGENATION OF ALKENES
B) H

o The addition of hypohalous acid (HO-X) such as hypobromous acid, HO-Br, or
hypochlorous acid, HO-CI to an alkene to give a 1,2-halo alcohol, called a halohydrin.

o Bromohydrin and chlorohydrin are examples of halohydrins (where X = Br or Cl).

X : X
HEO =

HO =

alkene halohydrin

12
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B) HALOHYDRIN FORMATION
MECHANISM

1) Reaction of the alkene with Br, yields a bromonium ion intermediate.

2) Water acts as a nucleophile, using a lone pair of electrons to open the bromonium
ion ring and form a bond to carbon .

Since oxygen donates its electrons in this step, it now has the positive charge.

3) Loss of a proton from oxygen then gives H;0* and the neutral bromohydrin addition
product.

H,0

Nucleophilic Solvents (H,0) can open Bromonium ion

13

B) HALOHYDRIN FORMATION

EXAMPLES
o Symmetric alkene; anti addition of Br and OH
(\ _ B g + anti addition of Br and OH
s H,0
Br I oH Br T OH

trans enantiomers

o Unsymmetric alkene; The reaction is highly Regioselective.
o The reaction of water with the bromonium ion can give two possible products.

This product is formed.

|

CHg CH, CH;
5 Bry il |
jC==CH2 —— = CHy~C—CH; NOT CH3-—C}—(|3HE
CHy 5 HO Br Br OH

The electrophile (Br*) ends up

on the less substituted C. 14
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B) HALOHYDRIN FORMATION

EXAMPLES

o The bond between this carbon and the bromine is so long and weak that this species
is essentially a carbocation containing a weak carbon-bromine interaction.

B

w

Hjc:‘“‘;}‘—CHf
H,C

#

o Water reacts with the bromonium ion at the tertiary carbon, and the weaker bond to
the leaving group is broken, to give the observed regioselectivity.

(\'?E;é: HyC :Br: H.C :Br:
:;_-x’ e . ! 7o :(3}-13 . “ o
.I'[_;(] L‘!b‘l'l_‘ :(,57- H // :(')“

H 15

B) HALOHYDRIN FORMATION

MECHANISM
Electrop;-1i='e » Nucleophile
» Water is available at a higher concentration than the Moiety . Moiety
bromine ion, H~Cl
= Water is also a better nucleophile than the bromine ion. H—-Br
= The better a nucleophile, the more likely it is to attack. P . :
| B L
CT" H+-0S80;H
Br E @
H-OH,
o=C Cl=Cl
/ Br%Br
Nu= CN-, NHa-. OCHs, efc.... Cl=-0H
Br--0OH 15
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ADDITION OF HX TO ALKENE

o All of the halides (HI > HBr > HCI > HF) can participate in this reaction with different
rates due to the H-X bond getting weaker as X gets larger (poor overlap of orbitals)s.

This reaction works well with HBr and HCI.
HI can also but used by reacting potassium iodide (KI) with phosphoric acid (H;PO,).
Overall reaction;

@)

O

O

= The n-bond of the alkene is broken to form two single, o-bonds.
= 1 Bond (Nucleophile) Protonate = Carbocation Intermediate.
= Carbocation Captured by Br (Nucleophile) = HBr Added.

= HBr (or other HX) Ad/(ﬁ‘tion in Two Overall Steps.
H—Br

\c_c/—> H*\—< By —— H Br
/N .

ADDITION OF HX TO ALKENE
REACTION RATES

Variation of rates when you change the alkene

Hb CJ, H\: (CHa CQ; x’CHa
o The more important reason, is the stability H M cﬁ:C‘H cﬁfzc‘ng
of the intermediate ion formed during the
reaction. il T ¥
o Two-step electrophilic addition mechanism (s crrr
“H
o The first step of the mechanism is the rate- i
determining step.
H, rE:Ha
. . iy . ;C:Cf\ = CH3CH2-CH-CH3 jons geting marg
o This electrophilic addition is a second CHs M + eregetcaly
. a SEIIIJ"GEi'," cartocalon
order reaction. stable and 50
easier o fom
Rate = k[Alkene][HX] CHs  CH3 B
c=C. ———»  CH3-CH-C-CH3
CHy  CHs +
H3
Y 18

a tertiary carbocation
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ADDITION OF HX TO ALKENE
REACTION ENERGY DIAGRAM
A
§
::9
T
C:C/+ HX L Lk
| ok B i

— Reaction Progress —»

19

ADDITION OF HX TO ALKENE
ADDITION TO SYMMETRICAL ALKENES |

= With ethene and hydrogen chloride, you get chloroethane.
HC=CH;  + HCl ——  H3C—CHyCI

= With but-2-ene you get 2-chlorobutane:
) H3C—E=E—CH3 +  HOl @ — HJC—CHZ——$—CH3
Mechanism cl

Step 1) Electrophilic Attack
The 2 &t electrons from the double bond attack the H (electrophile) in the HX makes one of the
carbons become an electron deficient “carbocation intermediate (sp? hybridized carbon) .
Step 2: Nucleophilic attack by halide anion

The formed carbocation now can act as an electrophile and accept an electron pair from the
nucleophilic halide anion. X@

HCX :
H (H H H H X
Yoz e N / kS 4
fC—C\ Sl H—KC—C\({-) — H—;C—C\—H
y H 1- elaetf;ré)fhﬂrc H H 2- ?r:g:%%hzllc o H 20

10
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ADDITION OF HX TO ALKENE

ADDITION TO UNSYMMETRICAL ALKENES |
Regioselectivity of Hydrogen Halide Addition: Markovnikov's Rule

CH3-CH2CHz ™\

HClI /' él

/ {-chiompropane
CHy-CH=CH
7

m\
Thig Is the

CHS'?H'CH3 \,l' main product
ci
2-thioopropane

o If HCI adds to an unsymmetrical alkene like propene; there are two possible ways it
could add.
o However, in practice, there is only one major product according to Markovnikov's Rule;

“When a compound HX is added to an unsymmetrical alkene, the hydrogen becomes attached to the
carbon with the most hydrogens attached to it already.”

21

REGIOSELECTIVITY OF HX ADDITION: ADDITION OF HX TO ALKENE
Markovnikov's Rule
Mechanism for Markovnikov's Rule; Stability of Carbocation

Protonation of double bond occurs in direction that gives the more stable of two possible carbocations.

H» H-
R CH- R .
/C\ s HBr /C\H/CH"
H;C C —— H:C C
: H Acetic acid i ]
Br
1-Butene
H- +
C CH,
H;C/ \C‘/

H-

Primary carbocation 1s less stable: nol formed

H-
Cw, CH; .
He Nt B

HV H L
H- H

| 22

11
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REGIOSELECTIVITY OF HX ADDITION: ADDITION OF HX TO ALKENE
Markovnikov's Rule

Mechanism for Markovnikov's Rule; Stability of Carbocation

Protonation of double bond occurs in direction that gives the more stable of two possible carbocations.
H

HCI CH;
CH; oc
Cl 11

[-Mcthylevelopentene

Secondary carbocation is less stable: not formed

11 "

s O<!
CHs
Cl 3

REGIOSELECTIVITY OF HX ADDITION: ADDITION OF HX TO ALKENE
Markovnikov's Rule

Carbocation Rearrangements in Hydrogen Halide Addition to Alkenes
H,C —=CHCH(CH;),

IHCI, 0°C
) h
1,2-Hydride Shift +
CH,CHCH(CH;), e GH,CHC(CH,),
2\ 3° More Stable
CH3C|:HCH(CH3)2 CH3CH20(CH3)2
|
Cl  (40%) (60%) [Cl

12
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REGIOSELECTIVITY OF HX ADDITION: ADDITION OF HX TO ALKENE
Markovnikov's Rule

Carbocation Rearrangements in Hydrogen Halide Addition to Alkenes
1,2- Methyl Shift

HAC CHj
3 \.C/ H CI\ CH3
A I
HaC ‘oc=c H3C—C
/ \ \ \,.H
H H HyC—C—C
HC LA\
Cl-
CH4 CH3
H3C /
’ :;c/ A H30—®c H
H3C —C—H Hsc—c—c”H
/ \ /
H  H H H
27 cation 37 cation
1 ‘2-a|ky| shift maore stable 25
ADDITION OF HX TO ALKENE
STEREOCHEMISTRY IN IONIC ADDITIONS
Bl@ Br
Top Capture ‘/_<
'”IIH
7N o s
\/\ H—F\I‘Sr —— \
/_‘\CH3 T cwy
Bottom Capture . /o H
BP Br

= Just as We Saw in Sy1: C* Has TWO FACES
= Top and Bottom Attack Give Two Stereochemical Products
= R and S Enantiomers Formed as a Racemic Mixture (50:50)

26

13
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ANTI-MARKOVNIKOV HBR ADDITION: ADDITION OF HX TO ALKENE
“Free Radical Addition”

HBr Markovnikov
/ ' product
~NF
\K
ROOR N Nar Anti-Markovnikov

heat product

o HBr adds to an unsymmetrical alkene to form an alkyl halide forming “Markovnikov
product”

o When HBr heated in the presence of a dialkyl peroxide (often written as ROOR), a
radical mechanism takes over forming “anti-Markovnikov product”- due to the so-
called “peroxide effect”.

27

ANTI-MARKOVNIKOV HBR ADDITION: ADDITION OF HX TO ALKENE
“Free Radical Addition”

H Me Me H
H—I—I—_ Me — 0% H%—éBr
peroxides
Me H
Mechanism
R . HBr .
Peroxide » Rad » Rad-H + Br
H Me H Me H Me
L ||
H Me > H Me OR H Me
S '
Br Br
3 Radical More stable 1° Radical less stable
lHBr
Me, H
H%-éBr
Me H 28

14
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ADDITION OF H,O TO ALKENE
HYDRATION OF ALKENES

o Addition of water (H-OH) across a double bond to give an alcohol

N H | |
C=C H,0 H-C—-C—-0H
v ¥ R

1) Acid catalyzed hydration- Markovnikov addition of H-OH

H
H H OH
+ HQ ——
H H
H

= Acid catalysts are used in high temperature industrial processes:
ethylene is converted to ethanol

= Carbocation Rearrangements.
= Similar Reaction: Acid Catalyzed Dehydration

HCI
H H* H
—_— = + H:0
H H
H

29

ADDITION OF H,0 TO ALKENE
HYDRATION OF ALKENES

2) Oxymercuration- Markovnikov addition H-OH

1) Hg{OAc),, HO HO
<:j/EH;} 2) NaBH, 2 qCHj
s
H H

= No Carbocation Rearrangements.

3) Hydroboration- Anti-Markovnikov addition of H-OH, Syn addition of H-OH

CH, 1) BzHg, THF

H
<j|/ 2) Hy0s, NaOH, H,0 :j_..#?“z

Ho

30

15
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HYDRATION OF ALKENES
ACID CATALYZED HYDRATION; Mechanism

o Step 1: H
An acid/base reaction; Protonation of the alkene to H\ ’/,H_\\ @ Esp- H\%—(!':ﬁ
C=—=C__ + H—-OH, ¢ N

generate the more stable carbocation.
The relectrons act pairs as a Lewis base.

o Step 2: H® TH
Attack of the nucleophilic (H,0) on the electrophilic \p_c:; + H08 —>  GHCH;
carbocation creates an oxonium ion. H \H_//" 8"2
o Step 3: CH,CH; @
An acid/base reaction; Deprotonation by a base H(I)\H * HZ.C:: HOCH,CH; + H;0
generates the alcohol and regenerates the acid @ ™ \_/
catalyst
31
HYDRATION OF ALKENES

OXYMERCURATION-DEMERCURATION |

o Addition of water follows Markovnikov’s rule with no rearrangement for the carbon
carbocation due to the formation of cyclic intermediate

1) Hg(OAc), . H,0 , THF oH

S :

2) NaBH,, OH"

* Net Reaction: Markovnikov Addition of H,0 to Alkene.
= Both Reactions Quite Rapid; Alcohol Yields Usually > 90%
= Strong acids are not required

= Carbocation rearrangements are avoided because no discreet carbocation
intermediate forms.

32

16
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HYDRATION OF ALKENES
oxXY \T( lechanism
OXYMERCURATION Oy CH,

— 8 2 . 1y HetOAc) 1 [
CH{C—CH=CH, - ELACCEl 0 Ch,C—CHCH,

CH, CH, On
3.3-Dimethyl-1-butene 3, 3Dimethyl-2-butanol
(947 )
Step 1
+
Hg(OAe); == HpOAc + OAc
Mercuric acetate dissociates to form a ilg().-\c cation and an acelate aninn,
Step 2

+ | i+
H,C—C—CH==CH, + HgOAc— H,C—C—CH—CH,

N i

CfH" CH;

CH, CH, ~HgOAc
1 &+
3.3-Dimethyl-1-butene Mercury-bridged carbocation

The alkene donates a pair of electrons to the electrophilic HgOAc?
cation to form a mercury-bridged carbocation. In this carbocation, the
positive charge is shared between the 2° (more substituted) carbon
atom and the mercury atom. The charge on the carhon atom is 33

HYDRATION OF ALKENES
(0).4 4 \T1C lechanism
OXYMERCURATION ., .

o |
(|:||‘ AT et H,C 0—H

B+
HC—C—Cli—CH, S Hc—C—CH—CH,

|
cH, HC HgOAC

A water molecule attacks the carbon of the bridged merenrinium jon
that Is better able to bear the partial positive charge.

Step 4 I ]
HC =l|)—ll i HC :0:
il i
He—Cc—CcH—cH, ——+* H\C-—lc—l’..“li—(.‘}!: 4+ H—0—H
H,C HeOAc H,C HegOAe H
{Hydroxyalkylimercury
compound
An acit - hase reaction transfers a proton 1o another water molecule (or to an
acetate fond, This step produces the (hydroxyalkylimereury compound.

DEMERCURATION

RO RO
Moo HeO.CCR)THERON _(]:_ (|:_ NaBif,. Ol |
o N solvomercuration 1 1 m“ _ﬁ:—ﬁ:—'
HgO,CCF, i
Alkene (Alkoxyalkylimercuric Ether 34
triflluproacetate

17
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HYDRATION OF ALKENES
HYDROBORATION-OXIDATION
H3C\ _ /l-I BH; H\ /BHE H,05, OH~ H\ /OH
H3C/C_C\CH2CH3 TR Hf-l(;:g'C’}C_C\Ell-I-LCH;; - Hacgéic_Ci{;I-TzCHg
2-Methyl-2-pentene Organoborane 2-Methyl-3-pentanol

intermediate

o The reaction proceeds in an Anti-Markovnikov manner; (Good for 1° Alcohols)
o Inthe alkene double bond;
= Hydrogen (from BH; or BHR,) attaches to the more substituted carbon.
= Boron attaches to the least substituted carbon.
o This process does not require any activation by a catalyst.
o Oxidation: H,0,, NaOH Oxidize to Trialkylborate Ester.

35

HYDRATION OF ALKENES
HYDROBORATION-OXIDATION

o Regiochemistry is opposite to Markovnikov orientation
OH is added to carbon with most H’s

o H and OH add with syn stereochemistry, to the same face of the alkene (opposite of
anti addition),

o STEREOSPECIFIC

CH3
BH4
THF solvent

T

1-Methyl-

cyclopentene

—H
~BH,
H

Organoborane
intermediate

CH5
_H
H,03, OH™
C(“‘OH
H

trans-2-Methyl-
cyclopentanol
(85% yield)

36

18
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HYDRATION OF ALKENES
HYDROBORATION-OXIDATION

Borane (BH5) is electron deficient and is a Lewis acid and Alkene is Lewis base
Transition state involves anionic development on B
The components of BH; are added across C=C

More stable carbocation is also consistent with steric preferences
: 2

o O O O

c"‘- H
\H L 4
1-Methyl- ¢ CHy

cyclopentene

HO H
i : Steric
flicivii B % H " | crowding trans-2-Methyl-
H here cyclopentanol
37
NOT formed

HYDRATION OF ALKENES

HYD

o Step 1: Hydroboration of alkene

In this first step the addition of the borane to the alkene is initiated and proceeds as a concerted reaction because
bond breaking and bond formation occurs at the same time.

Maore Less
substituted  substituted
“ L H,CCH—CH,
x W,CCH=CH, I
B T — I
Py CH, ll,Ltl,‘H (|1I‘ 2nd equiv) L.
H—RH, n BH, H,CCH—CH, ]
- H.CCH—CH,
1,CCH=Cll, oy !i‘ H
(3rd eguiv.) |

4
H,CCH—CH, CH,—CHCH,
Tripropylbarane

o The boron atom becomes attached to the less substituted carbon atom of the double bond.

CH, Less substituted CH Less substituted

I
CH,CH,C=CH, CH,C=CHCH,
1% 2% 2% 9% 38

19
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HYDRATION OF ALKENES
HYD '

o Both electronic and steric factors account for the anti-markovinkov orientation of the addition.

HyCo., H

v K

H H HCu o wH B, H [, "1 e, H

H” | SH H” o S Hacedt  Sall H-.;:_/_\;-H

s RS g T o
H—peH H—B"'H =Bl By A H
H—BH “SH i > 3
 Complex Four-atom concerted  Syn addition of H and B
transition state

o Step 2: Oxidation and hydrolysis of trialkylborane

H,0,, nq. NaOll, 25°C
3™ (oxidation and hydrolysis)

» 3R—OH + B(ONa),

39

HYDRATION OF ALKENES
HYD '

R R R R—0)
N . \ Repe .
i - m " _— peal 11
R—B +:0—0—H— 11—5—()3()—|| —s B—O0—R+ :O—H—— B—O—R
- - ]_,./" - / = . sequence 2
R R R wice R— (?
Trialkyl- Hydroperoxide Unstable intermediate Borate ester
borane ion
i XR
—{); R =) A — )
R—0O . R 0.\ Cf.?: R 0; ; R—1), _
/B—t__!-' =y SRLL — /3—5:\:\ + 10—R— B—0): =+ /-.r:—R
R—O' k;[--]:- rR—0f {|)' R—0t  H— R—O) i
Trialkyl borate | = H E Alcohal
ester H
Hydrovide anion An alkoxide anion Proton transfer completes the
sttacks the horon atom departs from the borate formation of one alcohol
of the borate ester. anfon, reducing the molecule. The sequence repeats
Farmal change on boron until all three alkoxy groups are
o xero, released as alcohols and

inorganic borate remains,

40

20
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HYDRATION OF ALKENES
HYD -

o Hydroboration/oxidation occurs with syn stereochemistry and gives the anti
Markovnikov addition product

o Oxymercuration gives the Markovnikov product .

H3(|3 rl:Hs
CH3CHCH=CCHj

(a) 2,4-Dimethyl-2-pentene (b)
1. BHg 1. HglOAcly, Hy0
2. Hy05, OH™ 2, NaBH,
9 g 9 g
CH3CH(|2—(|2CH3 CH3CH(|3—(|ECH3
HO H H OH
2,4-Dimethyl-3-pentanol 2,4-Dimethyl-2-pentanol “

OZONOLYSIS

OZONOLYSIS: ALKENE CLEAVAGE |

o Ozonolysis is a method of oxidative cleaving alkenes using ozone (O;).

o The process allows for carbon-carbon double bonds to be replaced by double bonds
with oxygen.

o This reaction is often used to identify the structure of unknown alkenes by breaking
them down into smaller, more easily identifiable pieces.

“o—Q%
L / Dol NN b i
7 78°é) /\o/ \CH3000H / O .
Ozonide Carbonyl Products

42

21
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OZONOLYSIS
MECHANISM

o Step 1:
Initial electrophilic addition of ozone to the Carbon-Carbon double bond forming the unstable
molozonide intermediate, which breaks apart to form a carbonyl and a carbonyl oxide molecule.

) &\‘ 03 /C—CL \/ \1’/

J4 Iy | =] |

7800| «y/.u.- b

\(,// *CH,Cl, ‘
Maolaaonide Carbonyl Oxide
o Step 2:
The carbonyl and the carbonyl oxide rearranges and reforms to create the stable ozonide intermediate.
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A reductive workup could be performed to convert the
ozonide molecule into the desired carbonyl products. 43
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CONJUGATED DIENES

o Compounds have more than one double bond.
If they are separated by only one single bond they are conjugated.

o The conjugated diene 1,3-butadiene has properties that are very different from those of the
nonconjugated diene, 1,5-pentadiene

1.3-Butadiene— | 1,4-Pentadiene—
A conjugated diene An isolated diene
one o bond two o bonds
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delocalized = electrons localized n localized =
electrons electrons

o Three stereocisomers are possible for 1,3-dienes with alkyl groups bonded to each end carbon of the

diene. cis
A A

ol - = d A

bolh double bonds trans both double bonds cis trans

frans. trans-1 3-diana cis, cis-1 3-diane cis, trans- A-diana
o o ar 45
(E.E}1,3-digne (Z.Z}1 3-diens (ZE)1,3-dians

CONJUGATED DIENES
ALLYLIC CARBOCATIONS

o The allyl carbocation is another example of conjugated system.

o Conjugation stabilizes the allyl carbocation and making it more stable than a normal
primary carbocation.

o With conjugated dienes the allylic carbocation intermediately generated has different
resonance forms.
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CONJUGATED DIENES
EXAMPLE

Addition of HBr to 1,3-butadiene: 1,2-addition & 1,4-addition
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Electrophilic Addition

1.2-addition product 1. 4-addition product
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CONJUGATED DIENES
EXAMPLE
Addition of Br, to 1,3-butadiene:
Br
I2-acditn Br(.‘Hl—(l“H—(‘H=CH,
I 2. ?'. 4 Br, 3.4-dibromo- 1-butene
H,C=CH—CH=CH,

LAMEOn | o CH—CH=CH—CH, B

1.4-dibromo-2-butene

o The 1,2-addition product is favored because its secondary allylic carbocation
intermediate is more stable

48

24




1/12/2024

CYCLOADDITION TO CONJUGATED DIENES:
THE DIELS-ALDER REACTION

o Polyenes (including dienes) can undergo a variety of pericyclic reactions “the 7~
electrons rearrange to form new bonds”.

o In a cycloaddition, one m-system is “added across” another m-system (often on a
different molecule), creating a ring.

Kurt Aleler

Diels-Alder Reaction 1930

CYCLOADDITION TO CONJUGATED DIENES:
THE DIELS-ALDER REACTION

o Diels-Alder reaction is one of the most important pericyclic reaction and is a type of
cycloaddition.

= Thisis a [4+2] cycloaddition;
meaning that one reactant contributes 4 r-electrons while the other contributes 2 7—electrons.
= A Diels-Alder reaction must involve a diene and dienophile “alkene (or alkyne)”.

= A Diels-Alder adduct (addition product) contains formation of cyclohexene ring by addition of the
dienophile to the diene.

new 0 bond
| er
) i,_j\ i\ﬁ"b I * The formation of the ring involves no intermediate
3 N~ __#CHa N (concerted formation of two bonds)
1 4 * Two m-bonds are converted to two sigma-bonds.
diene  dienophile ral . L
ien icnophilc Adduet o * Six-membered ring is formed
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CYCLOADDITION TO CONJUGATED DIENES:
MECHANISM THE DIELS-ALDER REACTION

o A conjugated diene reacts with a double-bonded dienophile.
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o Dienes are electron-rich; dienophiles are electron poor.
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CYCLOADDITION TO CONJUGATED DIENES:
MECHANISM THE DIELS-ALDER REACTION

i I 2000C @
~ + pressure

1,3-Butadiene Ethylene Cyclohexene
'J\ 1 400 O)\
1,3-Butadlene 3-Buten-2-one
HJ\ 30° C . :Oi
2,3-Dimethyl- 3-Buten-2-one

1,3-butadiene

o Reaction is facilitated by a combination of electron-withdrawing substituents
on one reactant and electron-releasing substituents on the other.
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