Organic Chemistry (1) Dr./Mohamed Abdellatif Zein

Synthesis of Alkenes

(Via Elimination reactions)
1- Dehydrohalogenation of alkyl halides: (by the action of
alcoholic KOH).

| c|: KOH(alc.) |

C|2 | - cC=—¢C + KX +H,0
H X
KOH(alc.)
CH3CH2C| —» H,C—CH,
Ethene
° CH3CH,CH,CI
1 st KOH(alc.)
H CH3CH:CH2
2° H3C—(|3—CH3 Propene
Cl
CH
CH 3
. ;3 KOH(alc.)
3 HC—C—Cl ——>»  H,c—C=—=CH,
CHs

The ease of Dehydrohalogenation of alkyl halides is in the
order: 3° > 2° > 1° > CH3X (Why?)

The rate of elimination depends on the halogen, reactivity of
alkyl halides increasing with decreasing strength of the C-X
bond.

R-F < R-Cl < R-Br < R-T
Increasing of Dehydrohalogenation
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In Dehydrohalogenation (-HX) of alkyl halides or
dehydration (-H20) of alcohol the hydrogen atom will be
eliminated easily from the carbon atom which is attached to the
lower number of hydrogen atoms.

CHyCH,CHCH; 43t CH,CH=CHCH;  +  CHACH,CH=CH,
I .
Cl 2-butene 1-butene
2-chlorobutane 80% 20%
Mechanism:

The Dehydrohalogenation of alkyl halides is an elimination
reaction that called 1,2-elimination and take place either by Ej

(unimolecular) or E2 (bimolecular) mechanism depending on the
structure of alkyl halide.

a) Ei1 (unimolecular) mechanism:
Where C-X bond is broken first and a carbonium ion as
intermediate will be formed.

X ® | |

C—C - (‘: \_,C|: » _—c—c— +X+HO0
|
" (on
The stability of the carbonium ion:
CHj H I H
I | I I
HeC—C—CH; > HsC—C—CH; > HiC—C—H H—G%—H
®

3° carbonium ion> 2°carbonium ion >1°carbonium ion > CHs*

This can be interrelated in the tferm of hyberconjugation and
the inductive effect, where the alkyl groups have (+I)
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[electrons-donor] which increase the electron cloud and so
decrease the +ve charge on Carbonium ion [decreasing the
charge on ion =) more stable].

a) E2 (bimolecular) mechanism:

Where the reaction take place in one step by forming
transition state. This transition state is more stable; when the
free energy of activation for the reaction is lower and the
product is formed faster [that has the more highly substituted
double bond].

X X
C| | @OH ’ | | o

_CTj_ —>» | —C——C— | —>» —C=C— +X+H0

| i
C) i H---OH -

transition state

2-Dehydration of Alcohol (R-OH) (by Al203 at 300°C or
heat with Conc.H2S04).

The ease of dehydration: 3° > 2° > 1° > CH3;OH

| |
HA |

C—~C — — + H,0

| | A C—~C 2

H  OH
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i i
0 A~ ~_ ¢y Conc.H,S0O, |
1°Alcohol H (|: (|: H — % H—C=C—H + HO
noH ethene
Ethanol
1°Alcohol CH4CH,CH,0H
n-propanol Al,03
H A CH3CH:CH2 + Hzo
2°Alcohol  HsC—C—CH Propene
OH
ISo-propanol
2°Alcohol H Al03 Zaitsev's
CHiCHy—C—CH; 3 CHiCH=CHCH, +H,0" Rl'“e)"
Cl)H A 2-butene
sec.butanol
(2-butanol)
CH, CHy
0 | Conc.H,SO
3°Alcohol H,C—C—OH n 2278 HiC—C=CH, + H),0
CHs 2-methylpropene

ter-butyl alcohol
(2-methyl-2-propanol)
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The Mechanism for Dehydration of Alcohol:

1° Alcohol
® ©
1. H,S0; —» H + HSO,
“/—\ @ @ @
2. CH3CH2'O"H +H —= CH3CH2'O'H _— CH3CH2 +H20
X |
© H 0 ium i
~ HSO; 1° Carbonium ion
3. H-CHZ-CHZ —_ CHZZCHZ
_H®
2° Alcohol
® O

1. HiS0; —» H + HSO,

®
-H,0

2. CHSCH2C|3HCH3 . F@ CH3CH,CHCH; —Z=~ CH4CH,CHCH;
:QU ® (|)-H 2° Carbonium ion

I

H

more stable
® HSO@ CHsCH=CHCH3  (major product)
4

3. CH3CH-CHCH,4 2-butene
A H
H CH3CH,CH=CH, less stable

minor product
1-butene ( P )
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Rearrangement during Dehydration of Secondary Alcohols:
CH3

Conc.H,S0, CH3 CH; CH; CHj
e I | I |

I
HgC—C——C—CHj - _ o
| | HsC—C=—C—CH, t+ H.C=C C—gH

s o 2,3-Dimethyl-2-b 2,3-Dimethyl-1-b
3,3-Dimethyl-2-butanol 9" mIRIIaI/o-r)- utene ,3- IIIIKIIirIIo-r)_ utene
The Mechanism:
® ©
1. H2804—> H + HSO4
CH3 H CH3

H
I I I I
2 HyC—C——C—CHy + H == H,c—C——C—cH,

| . | @
CHq 'QU CH, O~ H
H
II H,0

s CHy |,
° 1 by b <H C—(Ilié—CH
HC— GG —CHy | Hye—C——C—Cny [ O
CH3 H L CH3 OCH3b
P - 2° Carbonium ion
3% Carbonium ion .
Transition state
(More stable) (Less stable)
HSO;
CH,=C—CH-CH
s (@), S
H ®(\| CHsz CHj
H2CI:1(|3—C—CH3 Less stable ( Minor product)
CH3 CHj
CH3;-C——=C-CH
 » 3 | ek
CH3 CH3
More stable ( Major product)
N
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3- Dehalogenation of Vicinal Dihalides (by Zn dust.Or NaI).

- 7
"¢ ¢
X X X
Avic-dihalide A gem-dihalide
IT' ITI ZNn ITl ITl
H3C—C|:—C|:—CH3 ——» H;C—C—C—CH; + ZnBr,
Br Br

2,3-dibromobutane 2-butene

4- Hydrogenation of Alkynes: (by Hz / Pd).
H
H;C—C=C-CH; T(j» H3C_C=E_CH3 l’ CH5CH,CH,CHj4

H Pt
2-Butyne
2-Butene Butane
Syn Addition of hydrogen:
Synthesis of cis-Alkenes (or Z-Alkene).
(In the presence of P-2 catalyst)
Ni(OCCHy), N2BH4 - Nig
oHsOH
P-2
. H3C-CH; CH,—CHs
HsC-CH,—C=C—CH,~CH, H2NiB No=¢”
iti / AN
3-Hexyne (Syn addition) H H
(Z)-3-Hexene
(cis-3-Hexene)
N
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Anti-addition of hydrogen:

Synthesis of trans-Alkenes (or E-Alkene).

(In the presence of sodium or lithium metal in ammonia or
ethylamine)

. H3C_CH2 H
HaC—CH,—C=C—CH,~CHj wﬂi \c—c/
-78°C e
3-Hexyne 2) NHACI i CHy~CHg
(E)-3-Hexene
(Anti addition) (trans-3-Hexene)

5- Kolb's Synthesis:
Electrolysis of the potassium salt of saturated dicarboxylic

acids.
(|3H2COOK electrolysis

CH,COOK
Pot.succinate ethylene

H,C=CH, + 2CO, +2KOH +H2T




