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Ethene Propene

M

1-hexene H3C CH3

i

H H

cis-2-butene
Cl Cl

PN

H

cis-1,5-dichlorocyclopentane

H CHa
H3C H

trans-2-butene
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cis- trans- HASAEFEFEFEFELCEL > A LA P ROG L Bldr

Br, Cl
H F

e (E)- (D, &E03¢ » Am k- ABDELER > LRI B
%ﬁ/&‘(ﬁ?* TR R BAABARRIZSFw AL

Tioher— Cl F F Cl<~ mioher Cl>F
l_ll?llt.l N/ 4 l{lf__.,l]ii‘l
priority G C priority

I I

C C

7\ Z N
Higher/ﬂ) Br H Higher/P)Br H Br > H
priority priority
(Z)-2-Bromo-1-chloro-1- (E)-2-Bromo-1-chloro-1-

fluoroethene fluoroethene



Cl>H
c=C

(E)-1-Bromo-1,2-dichloroethene

CIS® transsg e f 5™ ¥ ML E ok & 4

C=C CH;, >H

(£)-2-Butene or (Z)-but-2-ene
(cis-2-butene)

H Cl
(Z)-1-Bromo-1,2-dichloroethene

H CH,
(E)-2-Butene or (E)-but-2-cne

(frans-2-butene)
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Cl
Br H >:<
>:< | CH,CHs
Cl CH>CH>CHj
(2)-1-1-chloro-1-iodo-2-methylbutene

(Z)-1-bromo-1-chloro-1-pentene

Cl Br

| CH,CHs

(E)-1-chloro-1-iodo-2-bromobutene

H4C CH,CH(CH>),
H :CH3

(£)-3,5-Dimethyl-2-hexene (2),(S)-1-bromo-2-chloro-3-methyl-1-hexene



2) g i $HE A
1) cis & transinz R E HF IR

d ScisE 4§ R~ dcrowing 0 R
trans$ ¥ * L

2) FURaE L G e R AR RAR S o “‘mj‘%iﬁfiﬁ—k o

Relative Stabilities of Alkenes

R R R R R H R H R R R H H H
AN / AN / AN / b VRN r AN / g ¥ 7

> >
/ AN / N / k" & N # AN / N 7 AN
R R R H R H H R H H H H H H

Tetrasubstituted Trisubstituted < Disubstituted > Monosubstituted Unsubstituted




FUAE LRI L ¢ heat of reaction

+  H—H
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ch\ /CH3
CH3CH,CH=CH, /c = c\
+H; H;C H
— H H "} /
H —
1 7 kd mol™! e S
e ] 5 kJ mol! +Hy
——
g
= <
[
=4
AH® =-120 kJ mol!
B AH® =-115 kJ mol™!

CH,CH,CH,CH,
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3) Froilh

a) %z B2 % F

Bi~——H )
NA\e B2 N\ /
\\\\‘ f_,\\ / %

Gx

secondary and tertiary halides — #& R3vb g * 3 gL ‘,ﬁ‘f £ (D) F
B ° CH.0Na*/CH-0H % i & enk JiE it

H s
H3C—C|:—CH3 C,HsO'Na™ C,H50H N\
Br

CHsj

| -
HeC—(—CHa C2HsO0'Na™ CoHs0H _
Br >:




FFERBP G- BEERT 30 R SN2F ReE A 0 T A RH ek o (£
BuONa/ ~BuOH) -

(CH3)3C'Na™ (CH3)3COH _ M

P a2



EZiﬁ",ﬁ%F ReZaitsev’ s rule:

CH,
(a) "4 . -
o CH3CH=C\ +H—B + :Br:-
CH,
2-Methyl-2-butene
CH
(b) / ’ .
— CH3CH2C\ + H—B + =I.3‘r i
CH,
2-Bromo-2-methylbutane 2-Methyl-1-butene

FEPEF Y A BT ROGEASPE BT ] MAGRDOEFRT R R
AP e in chA) 1k R

?Ha CH, CH,
CILEH. O™ + CH.CH.C—CH e CH CH—C/ ‘ + CHLGH C/
3 2 3 2 | 3 CH3CH20H g 3 T \ 3 2 \
2-Methyl-2-butene 2-Methyl-1-butene
(69%) (31%)

(more stable) (less stable)



o5—

/OCH,CH;
CHj H
P \"'nm' H
o—_"
:]3.]:': H 8-
CH;CH,0
Less stable transition state ’N\ allie
resembles a disubstituted H CHj
lkene. \
alkene C :C;" CH,
CH3/ \ .
\ s -
1 ‘Br
o More stable transition state

resembles a trisubstituted alkene.

.
CH3CH20=CH2 + CH3CH20H + Br~

|
CH3;CH,0™ + CH3sCH,— C — CHj 2-Methyl-1-butene

Br C|H3
CH,CH =CCH; + CH,CH,OH + Br~

2-Methyl-2-butene

8k f ¢
e R
IS
% e
activati
on
energy.
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C2H50-Na+’ C2H5OH _ /\(
Br
/\r C2H50_Na+’ C2H5OH _ AN

Rl

Br




CH, CH, cu pen

75°C # 74
CH,—C—0~ + CH,CH,— (|3 —Br (CH.).COH > CH,CH= C\ +- CH3CH2C\
CH; CH} CH; CH;
) ) 2-Methyl-2-butene 2-Methyl-1-butene
(27.5%) (72.5%)

(more substituted) (less substituted)



E2F v ch2 it B e BRI U-CCLRFEER- T& 4 F5 coplanarity.
# ¥ > anti coplanartt syn coplanar { & g% :

B:i—— H\ X Bi—— H\ <>/L
c\— ¢’ c\— C.,
ase 4O\ N B

Anti coplanar Syn coplanar
transition state transition state

H
R@R (preferred) (only with certain
L

R R rigid molecules)



L%k Kkhalides” - 3gd AW > e e ehi 2 f abdiaxial shi &

B:~ H H
. H:ﬁf@ﬁ}‘
N\
H o] H

1 H
N :

Here the B-hydrogen and the A Newman projection formula
chlorine are both axial. This shows that the 8 hydrogen and
allows an anti coplanar the chlorine are anti coplanar

transition state. when they are both axial.



H,C —<:>'-HCH(CH3)2

. &£ 7aitsev s

W

Cl rule
Neomenthyl chloride J
@, H3CCH(CH3)2

3 2

1-Menthene (78 %)
(more stable alkene)

b |
l) HSC wl(jH((—:H3 )2
Neomenthyl chloride

Both green hydrogens are anti to 3 2
the chlorine in this the more stable 2-Menthene (22%)
conformation. Elimination by path (a) (less stable alkene)

leads to 1-menthene; by path (b)
to 2-menthene.



H,C - CH(CH . o 2 e J@
3 T E e - B s RS

Cl
Menthyl chloride

— 1

3 2

Menthyl chloride Menthyl chloride 2-Menthene (100%)
(more stable conformation) (less stable conformation)
Elimination is not possible Elimination is possible from this
for this conformation because conformation because the green
no hydrogen is anti to the hydrogen is anti to the chlorine.

leaving group.

Higher activation energy



Y RY > page 298728 AE2)} "fﬁ & * » cis-1-bromo-4-
tertbutylcyclohexanet* # transinz §8 & 5 11 % -

Bd A2 B

Br “Nat
C-oH=:O"Na"' CoH:OH .
2> 2> » Major minor

Bl H:0"Na*' C,HsOH

»  Only one product
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b) 1»: SRorE g - U R P E R S r SR A S X

PREE TR PRPRR U Z R R I ¥ Boilralcohol A i r
a)lealcohol: %7 R 2 F4 F B, U ¥ 22 RMBFEHE

| SN
H—C—C—H % c=C +H,0
| 180° C / \
H OH H H
Ethanol

(a 1° alcohol)

b)2°alcohol: v 1. p% % % — &

OH
85% H3PO,, 170°C

Y

c)3%alcohol: &% % & 2 B v % K F By

I I
20%
CH,—C—OH === C +HO
| CH;  ~CH,
CH,
tert-Butyl 2-Methylpropene

alcohol (84%)



20, 3ealcohols™i-k & ek B8+ :El

Step 1
T 1
—C—C—0—H + ‘HEA == —C—C—O0™H + :A-
- ast °
H R’ H R’
2° or 3° Alcohol Strong acid Protonated alcohol Conjugate base
(R’ may be H) (typically sulfuric or
phosphoric acid)
The alcohol accents a nroton from the acid in a fast step.
Step 2
R H R H
_é_é_(ly_H — _é_cﬁ 1 i (|)_H Rate-determining stej
. slow ”
I!I [I{f (rate determining) I!I R’

The protonated alcohol loses a molecule of water to become a carbocation.
This step is slow and rate determining.

Step 3

The carbocation loses a proton to a base. In this step, the base may be another
molecule of the alcohol, water, or the conjugate base of the acid. The proton transfer
results in the formation of the alkene. Note that the overall role of the acid
is catalytic (it is used in the reaction and regenerated).



o8-k & i1 E2

H H H
| | /\ @) fast | | | i
——L—4—H + H—A — —C—C—Q—H + A”
H H H H
Primary alcohol Strong acid Protonated alcohol Conjugate base
(typically sulfuric or
phosphoric acid)

The alcohol accepts a proton from the acid in a fast step.

H
H
tA” + —(I:—éﬁ| * H on = \c—c’/ + H—A + '(])—H
: | _} | 1 A (rate determining) B, -
H H -

Alkene

A base removes a hydrogen from the 8 carbon as the double bond
forms and the protonated hydroxyl group departs. (The base may be
another molecule of the alcohol or the conjugate base of the acid.)

Rate-determining step



R—C* >R—C* >R—C* >H—C*
\ Y \ \
R R H H

AG* (3°) <« AG*(2°) << AG* (1°)

d3 - BT AR k- & A F 2RIk B



BWERY o page 300: 4 H LI TIE bR B

OH
H,SO, (75%), heat

>/\



REF R & - %, - Balcohol ik L1 HR’LF BEDF2hE £ F B 2825 K
SRl Rl A 3 AR LN B3
CH, CH, CH, Cli, CIL
| 85% H,PO, | | | |
CH, (|f (le—CH3 hea-t »CH—C=—=C—CH, + CH,=C CH—CH,
CH, OH
3,3-Dimethyl-2-butanol 2,3-Dimethyl-2-butene 2,3-Dimethyl-1-butene

(major product) (minor product)



Step 1
T | T
CH,—C—CH—CH, + HZ0:* = CH,—C—CH—CH, + H,0:

. | .
CH, :0—H H CH, :OH,
oo\ +

Step 2
T 1
CH3—(|3—§\(|ZH—CH3 —CH, (|: CH—CH, + H,0:
CH, :OH, CH,
¢ A 2° carbocation
Step 3 CH, B CH, BE: CH,
|\ 5+;” \‘\6+ + |
CH3—(|Z—(£HCH3 — CH3—(|Z— HCH,|— CH3—(|Z—CHCH3
CH, B CH, | CH,
2° Carbocation Transition state 3° Carbocation

(less stable) (more stable)



Step 4 A:

(b) -
(@) ™ e &, CH,=C—CH—CH, Less stable
/‘| | | alkene
+
H—<CH,*C-£X-C—CH, — K5 O,
| | (minor product) + HA
CH, CH 1
3 3 7, CH,—C—C—CH, More stable
| | alkene
CH, CH,

(major product)  Zaitzev



OH

s
CH, CH—CH, CH, CH—CH,

(—H,0)

2° Carbocation

CH, CHCH, & O CH,
7 (I
¥ —>
& CH, CH,

3° Carbocation
R s A
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CHyg CHs
H,SO, (75%), heat
HaC CH,OH > X
HsC
CH
> CHa
CHs o,
® -H20
H3C CH20H2 H3C CH2+
= (—\ CHs
H A CH3
of ) ]
HaC CHCH, - X
‘ HaC
CHs

CHs




RRTHEE FEEINNER-

ENTIE R Bisd:

CHs;
H3C

CHs;

AP

H
H* heat
. /

H* heat

HO

CHs

CHs
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i) Dihydrohalogenation of vic-dibromides to form alkynes:

NaNH.,
CH CH CH= CH2 CH CH CHCH Br — a- —2
CCl | mineral oil
& 110-160°C
" CH,CH,CH=CHBr |
sty : NaNH,
+ ", [CH,CH,C=CH] —>
mineral o1
CH3CH2(|1=CH2 110-160°C
| Br o

NH,C]
CH,CH,C=C:~ Na* ——> CH,CH,C=CH + NH, + NaCl



Step 1

/\ L R H
W W P i -
N: R > C=C + H—N—H + iBr:
| n '.Br/ \R l "
H *Br: :Br: 5w H
Amide ion vic-Dibromide Bromoalkene Ammonia Bromide
The strongly basic amide ion ion
brings about an E2 reaction.
Step 2
R H “\
N EZ . .. .
C=C + ‘:N—H >R—C=C—R + H—N—H + :Br:
s 4 5 | | &
DI, R H H
Bromoalkene Amide ion Alkyne Ammonia Bromide
A second E2 reaction ion

produces the alkyne.



O Cl

| | 1
Z
£, C—CH, ol
CH, P . | (1) 3 NaNH,,
g ® Cl mineral oil, :
(—POCl,) heat
(2) HA
Cyclohexyl methyl A gem-dichloride Cyclohexylacetylene

ketone (70-80%) (46 %)
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M PCls cl
PR - L
Cl
Br
NaNH,
Br - —
NaNH,
S —

)\/
Br

//“\l:

X

Br

£ = propyne page 308:

L K]

NaNH,




ii) Replacement of the acetylene hydrogen atom of terminal alkynes:

Rf
/_\\C (\B nucleophilic

RC=C: > RC=C—CH,R’ + NaBr
& ‘ qubﬁstlt;tlon “
Na* H H

Sodium IPAlkyl — pb gk B3R * ¥t - %alkyl halides. 32 5 3%
alkynide halide alkyl halides ®# ; E2F J& ik B4

llq NH;

CH,C=C—H + NaNH, =3 CH,C=C: Na' + NH,

H—OH > H—OR > H—C=CR > H—NH, > H—CH==CH, > H—CH,CH,
pK, 157  16-17 25 38 44 50

The relative acidity of acetylenic hydrogens in solution
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CH;CH=CH, + NaNH, S -
H;CC——CH + NaNHZ » Hy;CC——=C'Na*

CH;CH,CH, + NaNH, Sz >~

HsCC=—cC'Na* *+ EtOH > H3;CC=——=CH

H3;CC——CH

HscC==c'Na* +NH,CI >



TFERY o page 310:787F FAdpdr ¢ PeiE & i crdednd k& 24, 4-dimethyl-2-
pentyne

CHa
HsC——C==C CHa
CHa
CHs CHy
HaC—— C==CH o cHs He==¢ s CHyl

CH3 CH3
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1)d b4 F R

EERE SU A Tl

CH,=—CH, + H, —— CH,—CH,
25 C
Nl Pd,
CH,CH=CH, + H, —— p— CH,CH,—CH,
2505

Rh[(C¢H5);P1;Cl

CH,CH,CH,CH,CH=CH, + H, > CH,CH,CH,CH,CH,CH,4

No catalyst
(hypothetical)

Catalyst present
(usually multistep)




+Hy =——
(excess)
(a)

Surface of
metal catalyst

Ty, il Pt \é”" §,
C—Cx c—C
| w
/\
H—H H H

Catalytic hydrogenation is a syn addition.



CH,C=CCH,; — [CH;CH=CHCH ]—>CH3CH2CH2CH3

CH,CH, CH,CH,
H,/Ni,B(P-2) _ N P ‘

CH,CH,C=CCH,CH, == = c=c_
H H
3-Hexyne (Z)-3-Hexene
(cis-3-hexene)
(97 %)
H,, Pd/CaCO, R\ /R
Lindlar's catalyst
R—C=C—RT2Cxsay,  “c=cC
quinoline / N
(syn addition) H H

d **syn addition, *# $|en¥%ine % i 7-3)

F




ii)d g & 2 B-304% 540> j2 :Birch reduction

R —N R H
S [P n B 7
Li- + R—CQC—R — CcC=C w’ C=C

d N d

Radical anion Vinylic radical
A lithium atom donates an The radical anion acts
electron to the 77 bond of the as a base and removes
alkyne. An electron pair shifts a proton from a molecule
to one carbon as the hybridi- of the ethylamine.
zation states change to sp>
R H R H R H
=, # N / N\ /
C=C T C=C S cC=C
O\_\y -&/ QR/ LR H/ \R
Vinylic radical trans-Vinylic anion trans-Alkene
A second lithium The anion acts as
atom donates an a base and removes
electron to the a proton from a second

vinylic radical. molecule of ethylamine.



d) |
Change 4-methylcyclobutene 3-methylcyclobutene

a) W
CH

Change 3-trans-pentene into 2-trans-pentene
e)
Cl
Change 3-Chloro-2-butene into 2-chloro-2-butene

2 >:
Change 1,1-dimethylethene into 2-methylpropene } c

Cl
f)

101
Change 2-methylcyclohexene into 1-methylcyclohexene _
Change 5,6-Dichlorocyclohexene into 3,4-
dichlorocyclohexene

i & e

7.19:i%p it & n &S



X _CH3



7.21: Give the IUPAC names:



a)\)\)\

(2)-3,5-Dimethyl-2-hexene

> (T
Cl

4-Chloro-3-methyl-1-cyclopentene

6-methyl-3-heptyne

d)

1-sec-Butyl-2-methylcyclohexene

e) —
Cl

(Z,R)-3-chloro-hex-4-en-1-yne

T

2-Pentyl-1-heptene

. ///

H



T.22::8 % & 3§ enF B i% 2 X & 2 propene :

a) Nat
—T1—0O'Na
—{—OH
b)
YCl EtO'Na*, EtOH N
C)

_~_-CH Conc. H,SO,, 180°C




d)

YOH
Br
)\/Br

€)

f)

A

H3PO4 o /\
NaNH-
> /\
H,, Pd/CaCOs3
> /\



T.23:3% 3+ & = cyclopentenesig &

Br
a) { EtO'Na* EtOH @
o
Cl
Cl
b) EtO'Na* EtOH
Cl _
Cl
H,/Pd i EtO'Na* EtOH @
OH

P N

7.24: Starting with ethyne, outline the synthesis of each of the
following:



1) NaNH, 2) CHsl

a H———H
b) H———-H 1) NaNH,
2) /\Br
0 h— 1) NaNH, 2) CHal

1) NaNH, 2) CHj|

d) HsC—==—CH;

(from question c)

€) HsC—==—CHs

(from question c)

» H3C—=———CHj

H,,Pd/CaCO5

Li, NH

H—==—CH;
H—="_
H—=——=—CH,4
HC CH3
H H
H3C H
H CHg



f __ 1) NaNH, 2) 5"
H———H » H—=——CH,CH,CHjs

1) NaNH, 2) CHal
9) H—==—CH,CH,CHs » H3C———CH>CH>CHg3

h) _ H2, Pd/C&COg
H3C———CH,CH>CHj3 > —

. H H
(From question Q)
) _ Na, NH3 H
H3C—_ CH2CH2CH3 —
(From question g) H
) __ 1) NaNH, 2) B
Vo H——H » H—=—=—CH,CHj

1) NaNH, 2) \_-B'

> H3CH2CTCH2CH3



7.26: Explain:

CHs




7.27: Outline the synthesis of phenylethyne form each of the following:

H

Br 4
NaNH,, NH
a) X Ak »P/
Ph
/ i
r
NaNH,, NH3 Ph//éff/
'
Br
Br
Cl
Cl

Br
B
b)
Y
H
9 ©/\ Br,, CCl, NaNH,, NHs P/
O
d) O)J\

H
PCls

/
NaNH,, NH H//éff/
» P




7.28: Arrange the acidity in decreasing order:

HO\/\/\>H:’ >/\/\



