Alkenes

Alkenes
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Unsaturated Hydrocarbons

* Saturated Hydrocarbons — contain only carbon-
carbon single bonds.
HoH
H—C—C—H
H H
Allcanes
* Unsaturated Hydrocarbons — contain carbon-
carbon double or triple bonds (more hydrogens can
be added).

[
H H H C, H
\ \C/ \C/
/C_C\ H—C==C—H || |
Alkynes C =C
H H/ \C/ \H
Allene: |
H
Aromatics
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Alkenes and Alkynes

Saturated compounds (alkanes):
Have the maximum number of hydrogen
atoms attached to each carbon atom.

Ethene

Unsaturated compounds:

Have fewer hydrogen atoms attached to v 9
the carbon chain than alkanes. H H
N 7
C=C
L s N
Containing double bond are alkenes. H H
CnHan
Ethyne

Containing triple bonds are alkynes.

CnHan-2 ‘—“—J

H—C=C—H
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Alkenes
+ Alkenes contain carbon-carbon double bonds.
— General formula: C,H,, (for one double bond)

— Suffix = -ene

* In the carbon-carbon double bond. two pairs of
electrons are being shared. leaving the carbon free to
bond to two other things.

CHZZCHZ CHQZCH—CH3
ethylene, C,Hy propylene, C3Hg
CHs;

CH,=CH—CH,—CH; CHs;—CH=CH—CH, CH,=C—CH,
C4Hg

www.anilmishra.name a
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Alkenes

Classes of Alkenes

/ T\
double bond

terminal alkene internal alkene

www.anilmishra.name

C=C 7N AN O

cycloalkene

Hybridization of Alkenes

+ When a carbon is connect to three other things (that
is. one of the bonds is a double bond). the molecule
is modeled by combining the 25 and two of the 2p
orbitals to produce three sp* orbitals.

+ Since only two of the 2p orbitals were hybridized.
there is one leftover p orbital in an sp>-hybridized
carbon atom.

088 Vo9 8

2s 2(2p) sp

atomic orbitals

lefrover p
— Y LR orbital

5
Hybrid Orbitals The Shape of an sp’ Carbon
) | + The sp? orbitals are arranged in a trigonal planar
- * shape around the central carbon atom. with bond
@@@ anc’les of 120°.
P o . .
= @ nbridization * The unhybridized p orbital is perpendicular to this
plane.
p unhybridized
1s @ 1s @ N p-orbital
Sp_ 2
Energy sp~ Sp:
* All three sp? orbitals are at the same energy level, sp°
with one electron in each hybrid orbital. and one in
the slightly higher-energy unhybridized 2p orbital.
7

Lecture Notes of Prof. Anil Mishra from www.anilmishra.name




Alkenes

Bonding in Ethylene

Sigma and Pi Bonds

* When two sp>-hybridized carbons are next to each
other. two Kinds of orbital overlap take place:
— end-on-end overlap of the sp? orbitals to make a
o-bond (sigma bond).
— side-to-side overlap of the unhybridized p orbitals
to make a m-bond (pi bond).

a a — w Sideways overlap
\ ’ \ \ ) —anbond
\ \

\

* Because of the n-bond. fiee rotation is not possible
ouble bonds.

around carbon-carbon

Q A A
— = Head-on overlap
+ . a o bond
9 10
o Structure and Bonding
Bonding in Ethylene
A mbond H H
N/ < <
c=C = —@ D120 =
/ \
H H 4
ethylene sp? hybridized
CH,=CH, CHy—CHs
152 keal/mol — 88 kcal/mol = 64 kcal/mol
(o + = bond) (o bond)
l ’ n bond only
A o bond . —
# The n bond is much weaker than the ¢ bond of a C~C double bond, making it much
more easily broken. As a result, alkenes undergo many reactions that alkanes do not.
www.anilmishra.name 11 ‘www.anilmishra.name 12
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Alkenes

Geometric Isomers in Alkenes

* Because free rotation is not possible around double
bonds. there are two different forms of 2-butene.
which are geometric isomers of each other:

4 H H CHs
N/ N
c=—C c=c¢
/ \ / \
CHs CHs CHs H

cis-2-butene frans-2-butene

* The prefix cis- is used when the two arms of the
longest chain are on the same side of the double
bond: the prefix frans- is used when they are on
opposite sides of the double bond.

* Geometric isomers can have drastically different
chemical and physical properties.

www.anflmishra.fiame 13

Orbital Description

+Sigma bonds around C are sp? hybridized.

* Angles are approximately 120 degrees.

* No nonbonding electrons.

* Molecule is planar around the double bond.

* Pi bond is formed by the sideways overlap of parallel p
orbitals perpendicular to the plane of the molecule.

www.anilmishra.name 14
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Bond Lengths and Angles

c=—=C «—C
X Wk
H \éc 121.7 H Iy \g H

ethylene ethane
* Hybrid orbitals have more s character.

* Pi overlap brings carbon atoms closer.

* Bond angle with pi orbitals increases.
* Angle C=C-H is 121.7°
* Angle H-C-H is 116. 6°

www.anilmishra.name 15

Pi Bond

« Sideways overlap of parallel p orbitals.

*No rotation is possible without breaking the pi bond (63
kcal/mole).

« Cis isomer cannot become trans without a chemical reaction
occurring.

CH;
., . P
H., wH & 2 H s H., W CH;
C C! > C > 'C C! -
M AR R
cis no overlap with the ends perpendicular trans

www.anilmishra.name 16
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Alkenes

Naming Alkenes & Alkynes
IUPAC Nomenclature

Using the IUPAC alkane names:
« Parent is longest chain containing the double bond.

+ -ane changes to -ene. (or -diene, -triene) Alkene names change the end to -ene.
* Number the chain so that the double bond has the lowest possible Alk h th dto -
number. yne names change the end to -yne
* In a ring, the double bond is assumed to be between carbon 1 and Comparison of Names for Alkanes, Alkenes,
carbon 2. and Alkynes
Alkane Alkene Alkyne
HyC—CHy HyC=CH, HC=CH
Ethane Ethene (ethylene) Ethyne (acetylene)
CHy—CHy—CHy CHy—CH=CH, CHy—C=CH
Propane Propene (propylene) Propyne
www.anilmishra.name 17 ‘www.anilmishra.name 18
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Naming Alkenes & Alkynes

Guide to Naming Alkenes and Alkynes CHa= CH — CHa— CHs 1-butene

1 2 3 4

STEP 1
Name of the longest carbon chain
with a double or triple bond. C1H3_ SH :C3H_ C4H3 2-butene
Give the location
L2 for double and CHs
triple bond |
CH3— CH=C—CHj3 2-methyl-2-butene
4 3 2 1
CHs— C=C — CH3 2-butyne
1 2 3 4

www.anilmishra.name 19 www.anilmishra.name 20
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Alkenes

CHs— CH>— C=C — CH3 2-pentyne H\ P H H\ /CH3
5 4 3 2 1 /C = C\ /C = C\
HsC CHs H;C H
CHs
|
CHz— CH>— C=CH — CH3 3-methyl-2-pentene
5 4 3 2 1 /TN /—/
CHy— CHs cis-2-Butene trans-2-Butene
|
CHs— CHz— C=CH — CH; 3-ethyl-2-pentene Same molecular formula and same connectivity of their atoms
5 4 3 2 1 but a different arrangement of their atoms in space.
u mp & bp of cis < mp & bp of trans 2

21 22

_ Synthesis of Alkenes
Preparation of Alkenes

Addition O Alkenes are commonly made by elimination of HX from
alkyl halide ( )
W Uses heat and KOH

No——d + x—v c—c. H H
/ \ N CtH KOH @: + kBr + H0
CH4CH,OH H

B
b Br

:

(

Elimination

23
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Alkenes

Synthesis of Alkenes

Dehydrohalogenation

Synthesis of Alkenes
Dehydration

CHa
\
CHs C=CH
H : H,SO 2
B Q NaOCH,CH, Q Examples CHy—C—CHs 2504 /
Br OH CHE
N KOC(CHg)s
CHyCH,—C—~C—H —_— CH4CH,CH=CH, 7\ POClI; -\
H OTs ﬁOH L \
—/ pyridine y/
~7
25 26
Synthesis of Alkenes o )
Dehydration Elimination Reactions
« elimination of H-OH from an alcohol (! "#$1%&°()*) |..#$0/ &.#()|*.-+( +./ Q23 (+(y
! 0 -t . 0.

[t TS0
g E2OE
Of s

* require strong acids (sulfuric acid, 50 2C)

SRR

www.anilmishra.name

27

27

")-Bt(,-+.8"(9,-+7:

www.anilmishra.name

I"H$%&(,-'+./ QL y43.(&". #".5(-+.,$6"7.'8.
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Alkenes

Dehydrohalogenation (-HX)

Elimination Reactions

* An elimination reaction is a type of organic reaction in which two

4
‘ ‘ substituents are removed from a molecule in either a one or two-
"'#$%§ \ / 3 step mechanism.
A — - —- 2 4 —* 3 * The one-step mechanism is known as the E2 reaction, and the two-step
‘ ‘ '(!) / \ mechanism is known as the E1 reaction.
*
*++ - [+H0H#/+ 1
www.anilmishra.name 29 ‘www.anilmishra.name 30
L1} 1 1
I"HHIO& (Vo) +&, H(%o- .
E1 Mechanism
* A compound with an electronegative atom bonded to an !"' carbon, * E1 is a model to explain a particular type of chemical elimination
when approached by a nucleophile/base can undergo either a reaction. E1 stands for unimolecular elimination and has the
substitution reaction !" an elimination reaction following specificities.
o * It is a two-step process of elimination: ionization and deprotonation.
substitution CH:CH,.CH.Y + X~ « lonization: the carbon-halogen bond breaks to give a carbocation
P2 intermediate.
CH;CH,CH,X + Y~
liminati =
\m CH;CH—=CH, + HY + X
* There are 2 kinds of elimination reactions, E1 and E2.
o "HS%&' ($H)*+#,1-./.'&% . *'#0'./*-120-&+3
o A51#1"#+18&2%.*'# $HEBKBBH+18&2%.*
o 19#S%&' ($H)*+#,1-.1.'&% *'#:./*-120-&+3
* A51#19#+18&2% . *'# SH BB +18&2%.*
wwwanilmishra.name 31 www.anilmishra.name 2
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Alkenes

E1 Mechanism

« Deprotonation of the carbocation.

*E1 typically takes place with tertiary alkyl halides, but is
possible with some secondary alkyl halides.

* The reaction rate is influenced only by the concentration of
the alkyl halide because carbocation formation is the slowest
step, aka the rate-determining step. Therefore, first-order
kinetics apply (unimolecular).

E1 Mechanism

*The reaction usually occurs in the complete absence of a
base or the presence of only a weak base (acidic conditions
and high temperature).

* E1 reactions are in competition with SN1 reactions because
they share a common carbocationic intermediate.

www.anilmishra.name 33 ‘www.anilmishra.name 34
E1 Reactions Mechanisms of Elimination—E1
Ve o
I &y .
CHzf?Qr SEe CH;;—?* + Br~ TABLE 8.3 Characteristics of the E1 Mechanism
CHj3 CHj3 Characteristic Result
CH;3 CHj3
| . fast é HO* Kinetics * First order
CH37(‘: CHy— I * s Mechanism ¢ Two steps
7(‘:H2 CH; Identity of R * More substituted halides react fastest
H,0: H | |"#$|%&l()|O$~A—|&(|l+)$_$)$v&/&/O ¢ Rate: RyCX > Ry,CHX > RCH,X
- Base ¢ Favored by weaker bases such as H,0 and ROH
Leaving group ¢ A better leaving group makes the reaction faster because the bond to
the leaving group is partially broken in the rate-determining step.
'/V T ‘ N Solvent * Polar protic solvents that solvate the ionic intermediates are needed.
FT N p— lL —_ =" !os% ! sa—#
t | » L4 ~N
s The Nu:' removes an H' froma! -carbon &
the halogen leaves forming an alkene.
waw.anilmishra.name 35 www.anilmishra.name 36
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Alkenes

. *. 1 0,
E1 Mechanism JH)I0)*+&, H(%
* This reaction is done in strong base at low concentration, such as o .
0.01 M NaOH in water) * E1 reaction involves a carbocation

" % 2 ‘ * Therefore rearrangements must be considered

| 0 \ &
—$—1— e R # % Br
‘ | *103%453(6" ‘ # -~ | CH30H _ +
$@ 0)4'0/78(893 CH3CH=CHCH,CHCH,CHj; CH3CH=CHCH,CHCH,CHj;

. .108)- 5-b -2-hept
I%7):/08); fomozchepiens secondary carbocation

1,2-hydride
%_ hift
%, o -H* + -
Y > AN CH;CH=CHCH=CHCH,CH; <—— CH3;CH=CHCHCH,CH,CH;
< % 2,4-heptadiene
2 ‘ 0 \ / * P secondary allylic cation
[~ # 1=1
—1r— /A
‘ # www.anilmishra.name 37 www.anilmishra.name 38
37 38
" 0, ! *Ct+ & -
L} 1 1
JH)I0) &, 'H#(%1)2'+3+(,/+$#-'34 I"HS%&'#*$+,&-(#I/0$123#$
1"#$%&

* With C' both syn and anti elimination can occur, so E1 reaction . . . .
forms both E and Z products regardless of whether B-carbon is *What about dEthrPhalogenat'ons involving  RX with
bonded to one or two H’s hydrogen atoms on different ! carbon atoms

 Product stability leads to stereoselectivity but not stereospecificity

B L . HC HiC CH;
CH,CH,CHBr "5 CH,C—C. =, Ne=c + e=c’ KOC(CHj),
1 CH. W om W u E
CH, H 3 5 T
Foprer (E)-2-butene (2)-2-butene °
B major product minor product
S o . Cl
CH; CHy CHy  cH, HiC ,CHy HC, H,
CH(CHJéH—JI—CH;CN\ =, cmcu_én—(_; =, /(‘—C<CHACH + :c—u(w
a "CH,CH, CHyCH, CH; CHyCH,  CH,CH;
(E)-3,4-dimethyl- (2)-3,4-dimethyl-
B-carbon has 3-hexene 3-hexene
one hydrogen major product minor product
i anilmishra.name 3 o anilmishra.name a0
39 40
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Alkenes

IHE& (JHS+,&-(#1/0$123H$

"#$%&
Two possible organic products.
Which is the major product?
KOC(CHj); [ ]
P e N
Cl

www.anilmishra.name a1

I"HEY& S+, 8- (H#/0$123H$
1"#$%&
1"#3%&'% (&' &)*++","-#&./"%#*0-&'10/#&#2"&3,0)/4#%5

Which is the most stable product?

l

KOC(CHy); [ ]

— A

cl

AN P

|

trans-2-Butene is more stable than
1-butene because it has more
R groups attached at the sp? C atoms.

www.anilmishra.name

a2

41 42
I"#$%& () #*$+,&-(#//0$123#$ I"#$%& (J#*$+,&-(H#//0$123#$
1"#$%& I"#$%&
« When alkyl halides have two or more different ! *In reactions of removal of hydrogen halides from alkyl
carbons, more than one alkene product is formed. halides or the removal of water from alcohols, the
. hydrogen which is lost will come from the more highly-
When this happens, one of the products usually branched ! -carbon.
predominates.
* The major product is the more stable product—the 6,0&"(04-5.8+
one with the more '$())$)&+ "+ $(%&'(,-+ 387(04-58+
» The alkene formed in greatest amount is the one that ' \ o / o ,
corresponds to removal of the hydrogen from the B- . _!,l _",l _#,l _,l v, HEERE(AI0
carbon having the fewest ./+0,1& "$()*)$&-) 2 '| ;l . '| '|
n $ # "
43 44
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Alkenes

I"HEU& (HS+, &-(#1/0$123H$
1"#$%&

(O*+,-. " )" J0&" | *$%& /0&" 345)* "
6%)+$(/ ",-"4"+&07+*)04%.&-4/,)- ",8"/0&"
9

3)8/ "8/4;%&6*)+$(/ 2

oy | S . |
! l‘ 11 | $ 8, '\$% ? ! $o
ST T T S —— D=l 18y, (g1 —1 =17
| P =
$ $ 8 ' $g
rrﬁnor$ maj§r $

I"HEY& S+, 8- (H#/0$123H$
1"#$%&

< 62'- & & TUBH" & 04& %H","0%07" %& *%& 30%% 1K +078& ' &
)"2:),02'90;"-#0-<  &#2"&T'=0, &3,0)/4# & UBH2"&T0," &WH19R
%#","0%%07", 5

¢ >&TAH0- &R @2"- &*&:+0,7%&3,")07*-'-#9:
"849/%*2"9:@-" &b#","0*%07", 2"~ FO®, &0," &" BO%%*1P

o A2"BBCR™AH0- &UBAH"" 0% Q" AHVEE"LI%" 8" @oH","0*%O0T", &I
+0,7") &,"+","-#499: 5

| QO
:/ \>7;E7<\ /> Na*~OCH,CHj Q7 VA Q

C + C=C
/ 2N

7\ H H

&0, &

HH H
X

y =
trans alkene

major product

cis alkene
minor product

www.anilmishra.name a6
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E2 Mechanism

* E2 stands for bimolecular elimination. The reaction involves a one-

step mechanism in which carbon-hydrogen and carbon-halogen
bonds break to form a double bond (C=C Pi bond).

www.anilmishra.name a7

E2 Mechanism

* The specifics of the reaction are as follows:
« E2 is a single step elimination, with a single transition state.

It is typically undergone by primary substituted alkyl halides, but is
possible with some secondary alkyl halides and other compounds.

* The reaction rate is second order, because it's influenced by both the
alkyl halide and the base (bimolecular).

www.anilmishra.name a8

47

48
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Alkenes

E2 Mechanism The E2 Mechanism

* E2 typically uses a strong base. It must be strong enough to remove a M !"#$%&'()*)+,*')+$-.$/-(.*$O*&'
weakly acidic hydrogen.

* In order for the pi bond to be created, the hybridization of carbons The E2 Reaction Mechanism

needs to be lowered from sp3 to sp2.

* The C-H bond is weakened in the rate determining step and therefore a -t d oe 1(".1 :
primary deuterium isotope effect much larger than 1 (commonly 2-6) is HH\ ',( I HH\ ‘,( 1 »»
observed. \\C—('/ Ne=c ! H CH

* E2 competes with the SN2 reaction mechanism if the base can also act / \"CH; / \"CH ; '—(7'; L
as a nucleophile (true for many common bases). H CH; H CH;, H CHs

]I\
OH OH .()"—”
www.anilmishra.name 49 ‘www.anilmishra.name 50
49 50

E2 mechanism
<0&"'=>"?&(04-,83
* This reaction is done in strong base at high concentration, such
as 1 M NaOH in water. TABLE 8.2 Characteristics of the E2 Mechanism
Characteristic Result
1 n Kinetics ¢ Second order
Nt 3—4 N )
3—4" - 3 Mechanism e One step
h ; \ / Identity of R * More substituted halides react fastest
‘w ‘ > $ 5=5 ¢ Rate: RgCX > R,CHX > RCH,X
*5‘ *5‘ - / \ P Base * Favored by strong bases
C%& s % Leaving group e Better leaving group --- faster reaction
Solvent ¢ Favored by polar aprotic solvents
'()'*&+* - *0)12.
51 52
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Alkenes

IHSYRS () + - B+ O L#)*+2+*3

*2-bromobutane has two structurally different ! -carbons
from which to abstract a hydrogen

——=> CH;CH=CHCH; + CH,—CHCH,CHj

CH;CHCH,CH; + CH;0” —p5h
4 2-butene 1-butene
Br 80% 20%
(mixture of E and 2)

2-bromobutane

121'$+3)&4/(10&5%$!.4'S1()+6 73!+ 78$/$1&%!*4((&67$

www.anilmishra.name

I"HSY&SH()*+ - $HI+ O 1#)+2+3

* Zaitsev’s rule (Saytzeff Rule): The more substituted
alkene will be formed in elimination reactions

*ocH;, *OCH;,
H H
CH;CH-CHCH; CH,—CHCH,CH;
. -
Br Br
transition state leading to transition state leading to
2-butene 1-butene
more stable less stable

www.anilmishra.name
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53

"#$%&SH()*+,- $H/+,041#)*+2+*3

* Zaitsev’s rule does not apply when the base is bulky

I"HSYRSH()*+ - B 1+ OFLH)+2+*3

« Zaitsev’s rule may not apply when conjugated dienes might be formed

* E2 Rxn is kinetically-controlled
CH; CH; !‘ " [N
_ Ea \
CH;CCH,CH;3 + CH;CO ~({CHa)COR e N N N : > Pl =
Br CH; \ major product
2-b 2-methy tert-k ide ion 1 % &
N
\
puop =
CH, CH, CH, o #
CH;C=CHCH; + CH,=CCH,CH; + CH;COH + Br
2-methyl2.but 2-methyl-1-but \
28% 72% CH;
W animishra.name o animishra.name
56

55
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Alkenes

JH)IB) & H(%1)2'+3+(,/+$#-'34

syn eliminati anti elimination
« If the elimination reaction removes two substituents from the same
side of the molecule it is +$*,"( - (*&'()*
« If the elimination reaction removes two substituents from opposite
sides of the molecule it is &**(,"-( - (*&'()*

www.anilmishra.name 57

S5 &, H(Yo1)2'+3+(,/+$H-'34

Br
1 X
CH;CH{CH)CHCH, %’ CH,CH,CH=CHCH, + CHyCH,CH,CH=CH,
2-brgmopentane ? 2-pentene 1-pentene
major product minor product

(mixture of £ and 2)

H_ CHCH HH
AN AN
HyC H HiC CH,CH;
(E)-2-pentene (2)-2-pentene
1% 14%

= The E2 Reaction is ")&0&,'&%&5)*7& but -) "
")&0&,'8&5*9*5
= If 2 1! Hs are available on carbon bearing
eliminated H, The H leading to more stable E
isomer is selected to be extracted from ! carbon
regardless of streochemistry at" carbon

www.anilmishra.name 58
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E1 VS E2 Mechanisms E1 VS E2 Mechanisms
The E; Mechantsm * Here’s what each of these two reactions have in common:
Step 1: Loss of leaving group Step 2: Deprotonation * In both cases, we form a new C-C t bond, and break a C-H bond and a
Y‘iiv Hf\;on C—(leaving group) bond
Y A « In both reactions, a species acts as a base to remove a proton,
—_— @ [ forming the new mt bond
Carbocat * Both reactions follow Zaitsev’s rule (where possible)
arbocation * Both reactions are favored by heat.
The E, Mechanism
B-0: 7 NyNH . HO-Et
@ W — 723
N.
e = + N
One step! Hydrogen removed must be "anti” to the
leaving group (dihedral angle 180°)
wwwanilmishra.name 62 www.anilmishra.name 63
62 63
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Alkenes

E1 VS E2 Mechanisms

E1 E2
Unimolecular Bimolecular
Rate L. on
ate Law of substrate) of both substrate and base)

Formation of
Big Barrier carbocation None

3°>2°>>1°

Requires strong base? No Yes

Stereochemistry No requirement Leaving group must be
anti to hydrogen removed

www.anilmishra.name 64

E1 VS E2 Mechanisms

#I& ©*+,$-./
* The rate of the E1 reaction depends only on the substrate,
o <218658 &N .%. =H% HEYOSH*+/&% X' #) &R &+ * 28 % H

* The more stable that carbocation is, the faster the reaction will be.
o P%H['= H05R&+*28% HEDOSES-*6 #5% 1 GBS0 +* # &SI Vot LA+ QoR*+/ #4658
&-BL'1B.' 218651+l #1&D.'#+*08%5886-#11( #6¥1 #.$8-&21¢#

 Finally there is no requirement for the stereochemistry of the starting

material;
© A5UBE(+*=1'1R&'#1 RI&'EH+.1'%8&% Mo#o5218D . '#+*08¢ H65B%0&+W&NL+.&-

www.anilmishra.name

64 65
. Reactivity of C=C
E1 VS E2 Mechanisms
# *+,$-/ R
$E0%"+$ « Electrons in pi bond are loosely held.
* The rate of the E2 reaction depends on both substrate and base, « Electrophil ttracted to the pi elect
o <.'218658 8V %1+/. "= H% 1. [*-120-&+F 2% 21+% 146 ectrophiles are attracted to the pi electrons.
* A strong base is generally required, one that will allow for displacement * Carbocation intermediate forms.
of a polar leaving group. * Nucleophile adds to the carbocation.
* The stereochemistry of the hydrogen to be removed must be anti to that « Net result is addition to the double bond.
of the leaving group
© ASHB&.#)H-12%+*t*] #058+18&B.'FHA #*'( K &UIH Y HO5H %. ' (\'= #+:.%8&
*) #6584 18&D . #+*086"'(C #1&(.'=HoHYeH $$R$8#18D.'#+*08>
wwwanilmishra.name 66 www.anilmishra.name 67
66 67
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Alkenes

Electrophilic Addition

*Step 1: Pielectrons attack the electrophile.

g1)$H12;11<=37$4*#&T$!+))+38()#$I3+'643+)&4/>

/\ #
— " | Z

! " # _— 1 —1
| AN

" S

LN L
= ¢ sm —— o —
|

68

www.anilmishra.name

Types of Additions

7 Type of Addition
C=C ~ Product
/7 N\ [Elements AddedF
hydration ! n
—C—C— —_— s —(—(—
1 H 1
hydmgenation “ I walohydrin formation |
—C—C— —C—C—
a reduction I 10X], an oxidation
hydwoxylation Il HX addition
- —C—C— _— —C—C—
an oxidation ‘ ‘ X
oxidative cleavage Ne—o 0—=c” ‘
. an oxidation 7 AN
cxcopmopumion, /'
SLclopmpanation -+ £ %
epoxidation N\ CH R
——c—
)]. an oxidation |
These are not the reagents used but simply the groups that appear in the product
www.anilmishra.name 69

69

Diverse Reactions of Alkenes

Alkenes react with many electrophiles to give useful products by

"H#3H%&'% (") *+'$%", &'1- /&/

.
addition (often through special reagents)
H OH H H
\ \ /
C—C, C—C,

X o TN TN e o

//Cfc\\ Alcohr.{l A:kane //\c—c/\\

Halohydrin  « \\ / 1,2-Diol H i

\\ \ / / H\ /H I

X N c=c —> H—C—C—H — > H—C—C—H

Nl — \c:c/ - /c:u H/ \H |

7N /7 N\ H Br H

Carbonyl H
1,2-Dihalide Alkene compound (‘| B e
/ l \ \/ Br re
H X C
c—c/ A c/—\c‘
TN 7N
Halide Eponide Cyclopropane
0m s www.anilmishra.name 70 www.aniimishra.name 7
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Alkenes

455+%+ -$,6$789%* $(-$41 H#-#

* Regiospecificity
* Markovnikov’s Rule: The proton of an acid adds to the carbon in the double
bond that already has the most H’s. “Rich get richer.”

www.anilmishra.name 72

"H#$H%&'% () *+'$%", &'1-./&/

* More general Markovnikov’s Rule: In an electrophilic addition to an

alkene, the electrophile adds in such a way as to form the most stable
intermediate.

* HCl, HBr, and HI add to alkenes to form Markovnikov products.

www.anilmishra.name 73

72 73
" #SH%E& % () *+'$%", &'-./&/ " #$H%&'%( ) +'$%', &'1-./&/
Protonation of double bond yields the most stable !‘ " 1y
carbocation. Positive charge goes to the carbon that Pl =y, , #7“ i, &M%
was hot protonated.
~$%
&«
& (—&—&' —&'
g‘(' ( ! i !“ # Ly
& (—&=& —& ( - #$°A [ 7!‘ e | #4‘ — iy,
" | )
45 D & 3 7%
& (—8‘(—&' —-& %4
oo
74 75
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Alkenes

Free-Radical Addition of HBr

« In the presence of peroxides, HBr adds to an alkene to form the
“anti-Markovnikov” product.

* Only HBr has the right bond energy.

* HCl bond is too strong.

Free Radical Initiation

« Peroxide O-O bond breaks easily to form free radicals.

*Hl bond tends to break heterolytically to form ions. u _T\_! _n 2°&( > v | . # ol ="
A
7 1B%&™"+.-7.(<7,&(9,"%.8&'5.1=&:
L TN e g ——> 1t L $%
-
76 77
Propagation Steps Anti-Markovnikov ??
* Bromine adds to the double bond. 1,
|
Pl —1m =y
" AN /“/ | n : ‘0
#o! | =l _— 11 Oo# $%
I |
v/*/ h "I# Tt =Ty $%< 1"y
|
. Pl =
1 1$%8& "+ .-7.(<7,&(9,"%.8&'5.1=&: e
0
I
B A [
I'I#'\! $*\’# — 7!I7!I7 [
"#S$

« Tertiary radical is more stable, so that intermediate forms faster.

www.anilmishra.name 79
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Alkenes

Hydration of Alkenes Mechanism for Hydration
P
#
A # Ot I $
N - # [ > = s #Q'Lsi# —t =1 s #y
=1 "B — b )
e | f
&09 PO o PN # %
"7y T < | #$°'/'cs -
« Reverse of dehydration of alcohol R
« Use very dilute solutions of HgSO; or HKPO; to drive equilibrium [ /_\ /"
toward hydration. "‘ $—" " ?
. 1
f"‘/r"‘/o* LS == —%%— ! "
www.anilmishra.name 80 ‘www.anilmishra.name 81
80 81
Orientation for Hydration Indirect Hydration
* Markovnikov product is formed. * Oxymercuration-Demercuration
* Markovnikov product formed
. * Anti addition of H-OH
[ . * No rearrangements
1 g " C ‘%-- 0o = i
e e R S | B N - T * Hydroboration
! * Anti-Markovnikov product formed
* Syn addition of H-OH
$! "/A
T % [
$! %s‘s—$! —$! %/
|
#
$1 g / G
| ‘ ] ] l ‘—)
B! %r?*? —$! o |
# !
!
82 83
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Alkenes

Oxymercuration (1)

* Reagent is mercury(ll) acetate which dissociates slightly to form
'Hg(OAc).
* 'Hg(OAc) is the electrophile that attacks the pi bond.

i e
"l =8

' I
"o —l —1 "y,

www.anilmishra.name 84

Oxymercuration (2)

* The intermediate is a cyclic mercurinium ion, a three-membered ring
with a positive charge.

www.anilmishra.name 85

84
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Oxymercuration (3)

* Water approaches the mercurinium ion from the side
opposite the ring (anti addition).

* Water adds to the more substituted carbon to form the
Markovnikov product.

0‘/0&' %&' U‘/o&'
" " "
% | |

/?! - — — !
|| - Qs | )y |
"%

www.anilmishra.name 86

Demercuration
* Sodium borohydride, a reducing agent, replaces the mercury

with hydrogen.

OM)y*+,."# )
00))#$))0))"%&

— OF NONE —— T —

www.anilmishra.name 87
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Alkenes

Alkoxymercuration - Demercuration

product is an ether.

"#$%%&"()*$ %%

« If the nucleophile is an alcohol, ROH, instead of water, HOH, the

Hydroboration

* Borane, BHg, adds a hydrogen to the most substituted carbon in the
double bond.

* The alkylborane is then oxidized to the alcohol which is the anti-Mark
product.

N o wwwstene | FTOTS gm0 | &
RN _— - — _— 1 —
(] A s || sy ||
&.! &.! /! =! _— - — - —
N Il I
S XN L
www.anilmishra.name 88 ‘www.anilmishra.name 89
88 89
Borane Reagent Mechanism
*Borane exists as a dimer, BaHg, in equilibrium with its * The electron-deficient borane adds to
monomer. the least-substituted carbon.
X X . * The other carbon acquires a positive charge.
* Borane is a toxic, flammable, explosive gas. * H adds to adjacent C on same side (syn).
« Safe when complexed with tetrahydrofuran. cH,H cmn
CH;—2C=C—CH; —> CH3—$—C‘—CH3
L@f JCHs H--BH, H BH,
$ Jc=c{ 5
& | , CH; H more stable transition state
# ! & "y # =% H—BH >k
| 2 CH3H
$ CH;—C=C%-CH,
. -t !‘V' H:B H
less stable transition state
. niimishra.name % s aniimighraname o
90 91
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Alkenes

Oxidation to Alcohol

* Oxidation of the alkyl borane with basic hydrogen
peroxide produces the alcohol.

« Orientation is anti-Markovnikov.

Hydrogenation

* Alkene + Hg — Alkane

* Catalyst required, usually Pt, Pd, or Ni.

* Finely divided metal, heterogeneous
* Syn addition

o v
O " A ko u LI , 8
e B0 *& R R T N ¥
! —! —_ > R L T i _ L A % ecsap
| \ " | \ Y, TN e w’ Sy
" | o K P - | T ™ ) pogEg
/ \ " | M—\ | " n
catalyst with catalyst with hydrogen inserted alkane product
hydrogen adsorbed hydrogen and into C=C released from
alkene adsorbed catalyst
www.anilmishra.name 92 ‘www.anilmishra.name 93
92 93
Addition of Carbenes Diazomethane
) ’ 0. ® ® 0
« Insertion of -CHg group into a double bond produces a cyclopropane =l =gy = il =] g
ring. Y& )+, +
* Three methods:
* Diazomethane o #
* Simmons-Smith: methylene iodide and Zn(Cu) .l :(P 7.."# %& O*+)")'/00|/° ( N /
« Alpha elimination, haloform TN $ \#
\ v 2'+384¢
! . \ ./
17N, 1
leet/  —— 1>,
VRN ~, !
VRN
Extremely toxic and explosive.
whow anilmishra.name 9 i aniimishra.name os
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Alkenes

Addition of Halogens

* Cly, Bry, and sometimes I; add to a double bond to form
a vicinal dibromide.

* Anti addition, so reaction is stereospecific.

#$
r=17 #%, —> _||_||_
/ AN % | I
#$

www.anilmishra.name 97

Mechanism for Halogenation

* Pi electrons attack the bromine molecule.
* A bromide ion splits off.

* Intermediate is a cyclic bromonium ion.

www.anilmishra.name 98

97 98
Mechanism for Halogenation Test for Unsaturation
*Halide ion approaches from side opposite the three-
membered ring. * Add Br; in CClg (dark, red-brown color) to an alkene in
the presence of light.
*The color quickly disappears as the bromine adds to the
" g double bond.
] /\#3 ) > l « “Decolorizing bromine” is the chemical test for the
PR ) AN presence of a double bond.
g
99 101

Lecture Notes of Prof. Anil Mishra from www.anilmishra.name

24



Alkenes

Formation of Halohydrin

« If a halogen is added in the presence of water, a halohydrin is formed.
* Water is the nucleophile, instead of halide.

Regiospecificity

* The most highly substituted carbon has the most positive charge,
so nucleophile attacks there.

Py Cl H
@ H aC (‘m,,” " H anC (‘( H.‘
; # & 3N }
g PN | i ol H CH H .O—H
i ~ P —r S —$ L | 3 ’
N AN — AN ‘ |
$ ot $/(%\ s larger 0" on H
K $ At the more highly 0 H
P substituted carbon ‘
www.anilmishra.name 102 } { ‘www.anilmishra.name 103
102 103
Epoxidation Mechanism

* Alkene reacts with a peroxyacid to form an epoxide (also called
oxirane).

 Usual reagent is peroxybenzoic acid.

$ $
1 i N 1
= losbsdn —— 2D v s

www.anilmishra.name 104

* One-step concerted reaction. Several bonds break and
form simultaneously.

N\, N~ |
L q P
™A #o$ |
N P” / I
NN A " A
RN /7 N\ :

104
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Alkenes

Opening the Epoxide Ring

* Acid catalyzed.
* Water attacks the protonated epoxide.
* Trans diol is formed.

#!
“u‘ "
AN
" #
g % @/#3 " / /
o : ® ) !
i SN .y /\ R ‘u$7$w‘
AY - - 1 P N
TN A »N ®\
i # ..
I Y /?#:
www.anilmishra.name 106

Syn Hydroxylation of Alkenes

* Alkene is converted to a cis-1,2-diol,
* Two reagents:
» Osmium tetroxide (expensive!), followed by hydrogen peroxide #$

« Cold, dilute aqueous potassium permanganate, followed by hydrolysis with
base

www.anilmishra.name 108

106
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Mechanism with OsO,

*Concerted syn addition of two oxygens to form a
cyclic ester.

N ' | "
!\\U\"/ —>\!\/ \/

[ T I 4
— .y ! "%
|

www.anilmishra.name 109

Oxidative Cleavage

« Both the pi and sigma bonds break.
* C=C becomes C=0.

* Two methods:
* Warm or concentrated or acidic KMnO:.
* Ozonolysis

* Used to determine the position of a double bond in an unknown
molecule.

www.anilmishra.name 110
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Alkenes

Cleavage with MnQO,"

* Permanganate is a strong oxidizing agent.

« Glycol initially formed is further oxidized.

* Disubstituted carbons become ketones.

* Monosubstituted carbons become carboxylic acids.
* Terminal =CH; becomes CO».

www.anilmishra.name

Example

oy #
e AT N
LS L

—_—
)*+,-./01&023

$%&

—
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Synthesis of Alkenes

!

! !
' it > (I ) $”$‘ ) ,‘(0
vy &.& (W !

!

L 807 @/!"“
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Alkenes

Reaction of Alkenes

1 = W \‘\/! -1’._ &$
NOTR g N
|V ##
T2 siss " f!:—!:—

80812 108015678%:5; 719,<=> /

www.anilmishra.name

Reaction of Alkenes

)
3

0-1()( 19 () ( 1 &% (

www.anilmishra.name
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Reaction of Alkenes

N/ \ /
H H ¢=¢ HH C=¢C
Hy | | A N\ /i
= =
Catalyst Hydrogen adsorbed Complex of alkene
on catalyst surface to catalyst
N /&)%) 1) /
2=2 i
/N - -
J'6.10)
1 "HEO,
| "H$UB | (@3 BE"

www.anilmishra.name

Breakdown of Alkenes

CH, 0

/ Lo I
C\ T2 70,00 O + CH3CCHy

CH,

C; Acetone

sopropyli
(tetrasubstituted)
84%; two ketones

& &
- LY P —
/\f\( ! (\&J\/\
HO OH
NS Ho, N 7
,7C_Ci\ H,0, THF /C:O * O:C\
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