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Chap 14 Elimination Reactions — Alkenes and Alkynes

14-1 The Reaction Mechanism

1,2-Elimination and 1,1-elimination :

H cl cl
B~ _ 3 -
CHy—CHy ———— CHy=—CH, + BH + L H—C—Cl —2—» <|:—C|—>C|—C—C|
L cl cl + CI”
+ BH

A. The E2 Mechanism

Base”} protong ®E A3} leaving group? o]&o] 79 ZAlo] doji} C=C9
olFAF= AT,

Il-l EtO---H

]
NaOEt + CHp,——CH—CH; —— CHp===CH—CHz—— CH,==CH—CHj3 + EtOH + NaBr

Br Br

Bimolecular 1,2-elimination, One—step reaction
Rate = kl7so-PrBr]["OEt], 2nd order

Kinetic isotope effect :

H
| EtOH _
CH,—CH—CH; + NaOEt — ——= CH;=CH—CH; + EtOH + NaBr
H
Br kH
D o= 67
EtOH
CD,—CH—CH; + NaOEt —— —» CD,=CH—CH; + EtOD + NaBr
D

Br

P

C-H<9] bond breaking®] =g A 4oy, H=AAGA (r.c.s.) o #FAE.

B. The E1 Mechanism
Substrate”} leaving group= ©|&Al#AH WA E carbocation®] deprotonation
(-H") & 4oA C=C9| o|zZA7 o] AAE.

CHs H
EtOH | EtOH ¥
CH;—C—Br ——> CH,—C—CH; —> CH,—=C(CH3), + EtOH,
r.c.s.
CHs CHs

Unimolecular 1,2-elimination, Two—step reaction, Carbocation intermediate
Rate = k[(CH3)sCBrl, independent to [EtOH]
Substitution (Sy1) ¥} &4 AAH o= Lo,
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C. The E1cB Mechanism
Base”} substrate? 45 ¥ol WA H carbanionol| Al leaving group”} ©]€ % o]

C=Ce| olTd%d+s AT

H F F
MeOH - -F~
Cl—C—C—F + NaOMe —=——>*= CI—C—C—F + MeOH —> CLC=CF, + NaF
Cl F Cl

Bimolecular 1,2-elimination, Two-step reaction, Carbanion intermediate
Rate = k[Cl;CHCF3]["OMel, 2nd order
1st step ! reversible
Cl.CHCF3E NaOMe/MeOD 3}o|A] w33 w] H-D exchange”}
dojF, — Problem 14-3 :

2nd step : rate controlling step

F™ - poor leaving group

* Ei, Es, E;cB Mechanism :

E1 Ez E1CB
L departs first H and L depart simultaneously H departs first
Carbocation Transition state Carbanion
2 step / 1st order 1step / 2nd order 2step / 2nd order

14-2 Elimination Versus Substitution

A. Basicity Versus Nucleophilicity
Electron-rich & 3}8+%0] base 9 (abstraction of H) & 3} elimination©]

Aoji}H, nucleophile (attack of carbon) 92 3} substitutiono] Lol

» Basicity®} nucleophilicity®l]l 9&2 VA= 245

1) Property of reagent
Nonbonding electrone Zte= A1 9F2 aniong zH+ A|okHTE Jdjdo=w
AW e 750l F7He.

A7 eAET Ae 920 anione AUAoE A8 )50 AT,

EtOH CH;—CH==CH, + (CHs3),CH—O—Et
CH3—CH—CHj 3% 97 %
Br EtOH

- EtOH
CH;—CH—CH; + CyHsS Na* ———> CHy—CH=CH, + (CH;),CH—S—C;Hs

minor major
Br
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2) Substrate structure
SHE elimination® H]&9°] Z7}8FH, less hindered

Substrate”’} hindered&<+=
st~ E substitution?] H]E&o] Z7}3t
Elimination : 3° RX > 2° RX > 1° RX Substitution

i

CH3—C—BF
CH3CH,OH + CH,=—CH,

I
CH,CH,-B
CH,==C(CHj), + (CHz)sCOH <—CH’r—3—2r>
major minor

minor

1° RX > 2° RX > 3° RX

major

3) Stability of product
x| go] wo] H alkeneo] A EFE elimination?] H|&o] F71g
CH3CH2_O_CH2CH3

CHs
+ C,Hs0OH
CH3CH2—S_< + NaOC,Hy —22"» CH,=—CH, +
Br~ CHs 12 % 88 %
CHs
o Co,HsOH
CHy—CH—S{_ + NaOC,H; —2=—» CH,=CHCH; + (CHs),CH—O—CH,CHs;
cl;H3 Br™ ChHs 61% 39 %
Problem 14-9 :
4) Solvent effect
Solvent?] polarity”} 295 substitution®] H]E&9°] 57189, solvent?]
polarity7} @2= elimination®] H]&9o| F7}3}.
B----H._ ::, %,
\\:\TC:C\ Less polar Nu----C----L More polar
\ l L
Transition state of E, elimination Transition state of SN2 substitution
N o CHs—CH=CH, + (CHy),CH—O—C,Hs (OH)
0, 0,
CHy— CH—GH 55 °C | 60% EtOH -40% H,0 54 % 6%
NaOEt > 71 % 29 %
EtOH

Br
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5) Temperature effect
257t &5 F elimination®] Hl&o] F7lslH, £=7F W& % substitution?]
Hl go] 7}t
Elimination : 0 + 0 > n© + 0, AH > 0 (endothermic raction)
2EE UMt &7 fHache WaFe R PFYolFw - AHANS
— 0, Elimination®. T} 4djdo2 AHZF € FE4 4.

Substitution : o
22 & ZAstH AUd o2 substitution®] Bl &o] 571

o
L CHz—CH=CH, + (CHz),CH—O—C5H5 (OH)
CHz;—CH—CHjz _NaOH | 53 % 47 %
EtOH / H,0 100 °C
Br . 64 % 36 %

14-3 The Direction of Elimination

Orientation of elimination :

H H
Base
/\/\ + /\/\
L
Saytzeff orientation — *|go] ©f #o] H alkeneo] F+ A== Y%

L. = less hindered leaving group (Cl, Br, OTs)
Base = less hindered base (NaOH, NaOEt)

Hofmann orientation — x]3o] ] AA X&H alkeneo] F A== Y42
L= highly hindered leaving group (*NRs, "SR»)
Base = highly hindered base [NaOC(CHz)s]

A. Formation of the More—-Substituted Alkenes

Saytzeff product — more stable alkene

Y\/+ KOEtEt—OH> /\/\ + /\/\ + K/\

Br 31% 51% 18%
o . L
~ 250
Br 80% 20%

Problem 14-17 : Elimination of 2-bromo—-1-phenylpropane



B. Formation of the Less—Substituted Alkene

Hofmann product — Less stable alkene

Product?] ¢tAA RTIE HE2-Eo) A leaving group®] hindereddt= =2 base’}
less hindereddt Holl 43t xgko] @ #H alkeneo] AL EZE oA,

heat
N* “OH NN + SN
ah 5% 95%
KOEt
st - E—— NN + AN
S~ bBr EtOH

26% 74%

Conformational effect®] 9%+ Hofmann orientation :
¥y~ OH
H
ch H

A
> Hac\/\CH More stable alkene
3

H T, cHs
N
HsC” | “CH,
CHs

Less stable conformer
¥~ OH
H

H CH,CH3

—
\/\ Less stable alkene
T
HsC” | “CHs
CHj3

More stable conformer

Problem 14-18 :

Problem 14-19 :
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14-4 Stereochemistry

Stereospecific pathway of elimination :

Anti elimination — H¢} leaving group (L) ©] A& 180°2] Wkt wgko| A EolH,
He} Lo] anti-periplanarel] 9%

Syn elimination - H¢} leaving group (L) ©] A& &2 WAl Eojf.
H9} Lo] syn-periplanarol] €3], cyclic transition state

A. Anti Elimination

Elimination of 4-tert-butylcyclohexyl tosylate with NaOEt :
cis—4-tert-Butylcyclohexyl tosylate — E2 elimination, fast
trans—4-tert—Butylcyclohexyl tosylate — E1 elimination and Sy1 substitution,

slow

OTs

NaOEt w } < >
) EtOH
H 4-tert-Butylcyclohexene

EtO
cis-4-tert-Butylcyclohexyl tosylate

H “Eon
H
trans-4-tert-Butylcyclohexyl tosylate EtO_
%—( >— OFEt

Problem 14-22 : Elimination of cis—2-phenylcyclohexyl tosylate and
trans—2-phenylcyclohexyl tosylate
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Stereospecific elimination of 1-chloro—-1,2-diphenylpropane with NaOEt :

(1S, 2R) or (1R, 2S)-1-Chloro-1,2-diphenylpropane — E-a—-Methylstilbene
trans, 100%

(1S, 2S) or (IR, 2R)-1-Chloro-1,2-diphenylpropane — Z-a—-Methylstilbene
cis, 98%

¢l CD ?l Cl

CeHs H H3C Cefls _120°, H CHy __120° CeHs H
HyC CeH
sHs CoHle H CeHs H H

CeHs

H H) CGH5 CH3
1S, 2R)

~OEt

HaC CeHs

~

| trans

Ces"'s/\H

¢l CD Cl o]

HaC CeH ° H CH 0 H
iy H CeHs 3 ﬁ sHs 120 3 120°  CgHs
3 CeHs H CeHs H CeHs H CeHs

H HD CeHs CHg
(1R, 2R) ~OFt
\
CeH
H3C\ % 65
| cis
N
H CeHs
CeHs OTs H H
HCaZ, ./ NaOEt/EtOH _  °° Ne—=¢"
/ \/H B} / N
H %H3 H3C CHs
erythro-3-Phenyl-2-butyl tosylate E-2-Phenyl-2-butene

B. Stereoelectronic factors

The most favorable arrangement of elimination :

i) Deprotonation®] ¢]&}e] carbonel] W&¥ anion (Nu’) 3 leaving group (L7)
o] A& 180°¢] with WaFo] YA uf wEgo] 7P @A oz Aol

i) BoA= F group (H, L) o] A= 180°9 w®ttl o] AT wf steric
repulsion®] A3 H.

— Anti—-periplanar, Anti elimination
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* Evidence of anti elimination
Figure 14-4 : The stereochemical course of menthyl chloride and

neomenthyl chloride elimination

C. Syn Elimination

Rigid moleculeo 4] H(D) ¢} leaving group (L) ©] cyclic transition state®
ARA MR ZFL2 FHolA AAY = v
Syn-periplanar

S, e
H_p”~

H

-, — + (CH3);N + HOD
“OH (CH3)3

H H H

vtk o] FEE 22 anti eliminationX.Th
unstable 3ttt 22y} ringe] C-C o bond7} 3 AsA Et=2=2 DI} (CHs)sN
group< anti-periplanarstAl 9 X<t o™, 5-membered cyclic transition

D3 (CHs)sN group©] eclipsing¥ ©]
C
o

stateE A #A A syn elimination®] €ojuA =}

14-5 Formation of Alkenes
A. Dehydrohalogenation

Elimination of hydrogen halide (HX) — formation of alkene

t-BuOH
NN NG+ KOBut _A> AN NN+ tBUOH + KBr
80%

Br ~ triglyme NaHC03
+ KOPr-j ———»
110°C DMSO
Br AcO
(6]
Br
N X
N

Quinoline

Br
/\)\/\" <_N\)\N —> NN 9%
N

1,5-Diazabicyclo[4.3.0]-5-nonene (DBN)
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B. Dehydration
Acidic Z4d)A Hy,09 olg

g

+
OH OH
H

2
/\/ﬁ\ _— /\/‘\ 0 /\)\ 10
—_— —_— o —_—
O
HPO, () _ees LK
—_— —_ O

A O A

OH 95%

84%

W

Problem 14-34 :

C. The Hofmann Elimination
Quaternary ammonium saltZ5-¥ trialkylamine®} B-H2] elimination

Formation of less substituted alkene

CH, CH, CHa
+
CHaCHp— C—N(CHg)s "OH —2 > CHyCHpy—C=CH, + CHsCH=C—CHs
CH, 78% 6%

» Hofmann degradation (Hofmann exhaustive methylation)
A<A 9l Hofmann elimination®] ¢]3}e] diene 3}&E-2] A

excess CHsl Ag,0
() =, () o () e~
H5C CHs;

N Nach3

b ™ CHy

i) CH3 +

— > NN A NN

ii) Ag,0 / H,0 ~ | “oH
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" Cope reaction
Pyrolysis of amine oxide

Formation of less substituted alkene

H20 150 °C
/Y #} /Y —_— \/\ + \/\ + (CH3),NOH

/N\ MeOH /T\O_

14-6 Other Double and triple Bonds

A. DMSO¢® 9] 3t alcohol® oxidation
CH3SOCH3 - nucleophilic Me.S (dimethyl sulfide) = good leaving group
Mildgh Zxdo A 4ksk7F Lol

1
/\/\/\/\ —»p-TSCI CH3_§_CH3
/\/\/\/\ _—_—
OH " Ppyridine OTs
H H

HCO5
/\/\/\)\O_“S'< _3 o MO + (CH3),S

70%

= Periodic acidell 2]3F 1,2-diol®] oxidation
Periodic acid (HIO4) -oxidizing agent

o\\ /o‘
oH cl)H o HO— I —OH |
H3C—C—(|3—CH3 — s C|>) CI) ——— CHyC—H + CH3—C—CHj + 105 + H,0
f>
W CH, HsC—C—~C—CH,
H  CHs
B. Nitriles

Preparation from the reaction of primary amide with SOCls or P»Os

0
(0] 0] I

|| S C=N
NH, * C—S—C| ————> O) \EI —_— /Y + SOy
w/H



Supplementary Problems

14-54 Major product of reaction

14-59 Major product of reaction

14-63 Fragmentation mechanism of P-haloacid

14-64 Explanation for observations

dz, == A7 A

not
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