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ABSTRACT .
This booklet, one of a series of 17 developed at

Prince George's Community College, Largo, Maryland, provides an
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chemistry but particularly those taught using the text "Organic
Chemistry" by Morrison and Boyd. The entire series of modules covers
the first 13 chapters of the Morrison-Boyd text in great detail. Each
module has been provided with from one to three audiotapes, available
from Prince George's Community College, to provide students
additional explanations of particular concepts. Eack module includes
a self-evaluation exercise, a reference guide, worksheets to be
completed with the audiotapes, answer sheets for the worksheets, a
progress evaluation, an answer sheet for the progress evaluation, an
answer sheet for the self-evaluation exercise, an introduction to the
topic covered by the module, and student performance objectives for
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Self Instructional Package No. 8
Form A - List of Objectives

ALKENES -~ PREPARATIONS

Definitions =

The student will be able to define or explain and illustrate with
appropriate examples where applicabl e the following terms: Elimination
Reaction, Dehydrohalogenation, Dehydration, Carbonium Ion, Electrophile,
Nucleophile, Sp2 Hybridization, Hydride Shift, Methyl Shift.

Reaction Mechanisms

The student will be able to write the step by step mechanism for the
dehydration and the dehydrohalogenation reaction.

The student will be able to draw the transition state in the dehydro-
halogenatinn reaction.

The student will be able to predict the relative stabilities of
different carbonium ions.

The student will be able to describe and explain the structure, shape
and orbital picture of the carbonium ion.

The student will be able to explain the effect of thz electron with-
drawing and electron releasing groups on the stability of the carbonium ion.

The student will be able to predict the major product in the dehydration
and dehydrohalogenation on the basis of the mechanism.

The student will be able to predict the relative reactivities of
different alkylhalides and alcohols in the dehydration and the dehydro-
halogenation reaction.

The student will be able to predict and explain the rearrangement in
the dehydration reaction.

Preparations

The student will be able to write the reactions for the preparation of
an alkene from an alkylhalide in alcohol and a vicinal alkyl dihalide.

Multi-Step Syntheti . nemes

The student will be able to devise a multi-step synthesis scheme for
the synthesis of different alkenes from methane or any other small alkane.

The student will be able to identify the reagents in a given multi-
step synthesis scheme. '

The student will be able to identify i.e. draw the structures and name
all the compounds in a given multi-step synthesis scheme.

4
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Self Inastructional Package No, 8
Form B -~ Self Evaluation Execrecise

ALKENES ~ PREPARATIONS

[dentify the statements below as true or false by placing a capital
T or F on the line to the left.

1. The first step in the dehydration mechanism is the heterolytic
cleavage of the carbon-oxygen bond and the formation of the
carbonium ion.

2, The cleaving group in the dehydration mechanism is the hydroxide
or OH group.
3. Elimination reaction is a reaction in which an atom or a group of

atoms is eliminated from the carbon atom.

4, In the dehydrohalogenation reaction species removed from the alkyl
halide are H positive ion and the halide anion.

5. T-butyl carbonium ion is more stable than the isobutyl carbonium ion.

6. 2-chloro butane undergoes dehydrohalogenation more readily than the
l-chloro butane.

7. 2-butanol undergoes dehydration more readily than the 2-methyl-2-
butanol. ’
> +
8. CH3-CH—CHZBr is more stable than CH3—CH--CH3
9. A presence of an atom or a group of atoms that exhibits electron

withdrawing inductive effect stabilizes the carbonium ion.
10. l-chloro-2-butanol undergoes dehydration more readily than 2-butanol.

11. The following exothermic (energy releasing) changes take place in the
dehydrohalogenation reaction:

a) Solvation of the halide anion
b) Cleavage of the carbon-halogen bond
c) Formation of the bond between hydrogen and the base.

d) C“ bond formation.




SiP No.

Form B -

12,

13.

14.

1g

Y
Self Bvaluation kxerclse

The cnergy tequired for the formation of the isopropyl carbonium ion

277 kcalfmole as compared to 300 kcal/mole required for the forma-

tion of the ethyl carbonium ion. This in turn means that:

a)
b)
¢)

d)

isopropyl carbonium ion is more stable than the ethyl carbonium
fon.
Isopropyl carbonium is less stable than the ethyl carbonium ion.

they have the same stability.

not applicable.

The correct transition state for the dehydrohalogenation of 2-bromo
propane in presence of KOH is:

a)

b)

c)

d)

, Br,
-4-6-6-
HO .-}
, Br,
_qmq_q_
HO----- H
[] Blrl
~Gag~G-
HO.----H
. BT,
"?”Q’q-
HO + H

The following statements about the carbonium ion are correct:

a)
b)

c)

d)

A carbonium ion is flat.
The hydridization on the carbon in the carbonium ion is Sp3.

The presence of an electron releasing group stabilizes the carbonium
ion.

The bond angles in the carbonium ion are 120°.



SIP No. 8
Form B - Selt Evaluatfon Exercise

19, An alcohol 1| undergoes dehydratlon in presence of 80% sulfurle acid
as compared to another alcohol II that undergoes dehydration in
presence of 60X sulfurle acld, This means that:

g) Alcohol I Is more reactive toward dehydration than alcohol 1I.
b) Alcohol [ is less reactive toward dehydration than alcohol IT.
¢) Alcohol I and LI undergo dehydration at the same rate.

d) Not applicable.

16. The major product in the dehydration of 2,2-dimethyl-3-pentanol is:
a) 2,2-dimethyl-2-pentene
b) 4,4-dimethyl-2-pentenc
c) 2,3-dimethyl—2-pentené
d) 3,4-dimethyl-2-pentene

17. The major product in the dehydrohalogenation of 3-bromo-2,2-dimethyl
pentane is:

a) 2,2-dimethyl-2-pentene
b) 4,4-dimethyl-2-pentene
c) 2,3-dimethyl-2-pentene
d) 3,4-dimethyl-2-pentene
18. The major product in the dehydration of 3,4-dimethyl-2-pentanol is:
a) 3,4-dimethyl--2-pentene
b) 3,4-dimethyl-l-pentene
c) 3,§-dimethyl-3—p¢ntene

d) 2,4-dimethyl-3-pentene

19. The major product in the dehydrohalogenation of 2-chloro-3,4-dimethyl
pentane is:
a) 3,4-dimethyl-2-pentene
b) 3,4-dimethyl-l-pentene
c). 3,4-dimethyl-3-pentene
d) 2,4-dimethyl-3-pentene




510 No. 8
Form B -~ Self Evaluation Exercise
20. The reagents required for the reaction below is/are:
2,3~-dichloro butane ——————3 2-butane
a) acid
b) Zinc, acid
c) KOH, alcohol

d) NaNH2

21l. The reagents required for the formation of 3,4-dimethyl-3-hexene
from butane are:

a) Brp,hvy; Naj; Brp, hv; KOH
b) Brp,hv; Na; KOH
c) Brp,hv; Li; CuBr; 2-bromo butane; Brjp,hv; KOH

d) Brp,hv; Na; Brjp,hv; Acid

8




S015 Instructional Packape No, 8
Form ¢ = Reflorence Guide

ALKENES = PREPARATLONS

The Reference Gutde should be used in conjunction with Form B or the
Solf bvaluation Exercisc. The veferences provide the correlation between
the questlons In Form B and the avail.ble material In the textbook and in
the form of tapes,

Questions L, 2 Chapter 5, Sectlons 20 Moruvison & Boyd
Organic Chemistry

Quustions 3, 20 Chapter 5, Section 11

Questions 4,11,13 Chapter 53, Sections 12,13

Questions 5,8,9,10,12,14 Chapter 5, Sections 15,17,18

Questions 6,17.19 Chapter 5, Séctlon 14

Questions 7,10,15 Chapter 5, Sections 19,23
Question L4 Chapter 5, Sections 15,16
Questions 16,18 Chapter 5, Sections 22,23
Question 21 Chapter 3, Sections 17,19,20,21

Chapter 5, Sections 12,13,14

For Questions 4,6,11,13,17,19,21, additional explanations and examples are
provided in TAPE 1, titled DEHYDROHALOGENATION, with the accompanying work-
sheet and answer sheet.

For Questtons 1,2,5,7,8,9,10,12,14,15,16,18, additional explanations and
cxamples are provided in TAPE 2, titled DEHYDRATION, with the accompanying
sorksheet and answer sheet.



Scell Instructlonal Package No. 8

If you would Know what
Tape [ - Worksheot nobody knowse, read what
everybody reads, juat one
year afterwards. Emeraon (1834)
ALKENES = PREPARATIONS

DEHYDROHALOGENATTON REACTION

Example No, 1 =

Dehalogenation (Elimination ol Halogen)

1
=gt X=c{ +  2ZnX,
X ‘.
Vicinal Dihallide Alkene
Example No. 2 - Dehydrohalogenation (Elimination of Hydrogen and Halogen)
¢ X Alcohol
\ A ’
—G—G— + KOH ——— c=c{
H

+ HZO + KX

Example No. 3 -

Mechanism of the Dehydrohalogenation Reaction

A
'.'X'.! 1
—‘é’-;cl- —_—— —(=C— + HO 4 X
SH _ or
Fol” or A A
_(_)_I.'_
? :ﬁ:
.
' ._:" ! AN /7 . o s
—?-,-f—— —_— > /C=C\ + Hzo: + iX:
e
:ﬁ’ or
"'--.:.(’):H - NH3
or
:NH -
i0




SUP No, H
Tape L = Worksheot

Anslpnment Noo L.

Write mechanism for the Dehydrohalogenation of a4) 2=Bromopropane and
h) d=Chlorvobutane fn the presenae of: a) Potassium hydveoxide and b)Y Sodamide
NaNI, i ateohol Te moed fam,

10
Q

ERIC

Aruitoxt provided by Eic:



S No, 8
Tape 1o+ Workaheat

Anadpiment Noy Lo

Draw the trausition staty Tor the dehydrobalogenat ion mechantsm of the
) Bromopropame and the 2=Chlorve Butane with Potansium Hydrogide In
alvobolie mediom,

Example No, 4

Reactant 3 Product Relative Ratey
(1°RX) Ethyl Bromtde - — Ethylenc 1.0
(1°RX) Propyl Bromlde — Propene 3.3
(2°RX) 2-Bromo Propane > Propene 9.4

(3°RX) 2-Bromo-2-Methyl Propane e—————— 2«Methyl Propene 120

a) Which of the given alkyl Halides reacts most readily?

b) Which of the glven alkylhalides reacts most easily?

¢) Compare the relative reactivities of: 3°RX, 2°RX, 1°RX

Assignment No. 3.

Avrange the following alkylhalides in order of their decreasing reactivity
in the dehydrohalogenation reaction. ldentify the one that exhibits maximum
and the one which exhibits minimum reactivity.

a)  2=-Bromo-3-Methyl Pentane

b) 3-Bromo-3-Methyl Pentane

¢) |-Bromo-3-Methyl Pentane
12

11







SIP No. 8
Tape 1 - Worksheet

Assignment No. 4.

Write the structures and name ALL the products which results from the
dehydrohalogenation®of the following alkyl halides -

a) 2-Bromo Butane

b) 2-Bruamo-3-Methyl Pentane

¢) 2-Bromo-2-Methy] Butane

Example No. 5.

KOH (Alc)
2-Bromo Butane —> 2-Butene + 1-Butene
817% 19%
KOH (Alc)
2-Bromo Pentane ——— 5 2-Pentene + 1-Pentene
71% 297
KOH (Alc)
2-Bromo-2-Methyl Butane » 2-Methyl-2-Butene + 2-Methyl-1-Butene
71% . 297

1. Which alkene will be the major product: the more branched or the less
branched alkene?

1) Which hydrogen is more easily abstracted: 1° or 2°7

2° or 3°? 1° or 3°7

2) Which alkene will be the major product: the more branched or the less
branched alkene?

L

12



SIP No. 8
Tape I - Worksheet

Example No. 6.

Relative ease of formation of alkenes

R,C = CR, > R3C = CHR > RHC=CHR or R,C = CH, > RCH = CH,
Relative stability of alkenes
RpC = CRy» RpC = CHR > RHC = CHR or RpC = CHp > RCH = CHy

Assignment No. 5.

Draw the structures and name all the products expected from the dehydro-
halogenation of the alkylhalides used below. In those cases where more
than one product can be formed, predict the major product.

z) 2,3-Dimethyl-3-Bromo Pentane
b) 3-Methyl-3-Bromo Pentane
¢) 3-Bromo-2,2-Dimethyl Pentane

~d) 3-bemo—2—Methyl Pentane

O 0
0
6 * e
Assignment No. 6. ‘ ] S‘ m?

Forgetful Frieda was asked to draw the structures 04
and name all the products expected from the dehydro-

halogenation of 4-Bromo-2,3-Dimethyl Heptane and

4-Bromo-3-Ethyl Heptane. In addition, she was asked

to identify the major product and to draw the trans- E é;t>\\////

ition state for both reactions indicating the forma-
tion of the major product. She completed the
assignment, but failed to do it completeily.

Complete her answer which is presented below.

a) ~'§- —¢—-Br KOH '--g':- .

) 1 ] } 1
B e R oo
SHY
Hﬁ:“" Major Product
‘ ar
- o -4~ ~¢-
SO o S0 S I 0 Yo B 0 S S e S S
{ ¥ 66 q - 1 San'sy ¢ i §—C= 9 i

14
13



SIP No. 8
Tape I - Worksheet *

Assignment No. 7.

Outline all steps in the laboratory synthesis of:

a) . Propene from Propane

b) 2-Methyl-2-Butene from 2-Methyl Butane

Assignment No. 8.

Outline all steps and identify all reagents required for the laboratory
synthesis of: a) 2,3-Dimethyl-2-Butene and b) 2-Methyl-2-Pentene from
Propane.

15

14




Self Instructional Package No. 8
Tape I - Answer Sheet

ALKENES - PREPARATIONS

DEHYDROHALOGENATION REACTION

Assignment No. 1

a) (|
,g\ Br - KOH,alc —-.?—C:C—-— + HZO + KBr
bt
1 (IJE: .
:HH NaNH V2
. u,ou,\____lL_> -—9——C=C-— + NH +  NaBr
£
NH2
b)

[
5 c1 ; ,KQB4—31§+-?——C=C-—9—- + HZO + KBr
. [ ] .
.. \

+ ﬁaBr

Assignment No. 2.
-
f Br Br
oS )
| IR | o1t - -
—c——clz-;c— ——7'CI—?.—.:.?-— —_..-<‘:-c=c-+ HOH + Br + K
| !
H fi---OH | .
+ :0H
._.,’ . L
-
» Cl , <':1
P I S R | ‘ 1oL - +
—C—Cx(—C— -—)-‘I}—‘C:::C—C—‘ —C—C=C—+ HOH + Br + K
e ] ] ! ] . \
R : fi--—OH
., 1 y0H
R A 1




SIP No. 8 - Tape I - Answer Sheet

Assignment No. 3.

l""¢—"t \

\
B T LT Ty )
===~ > ey P e
Br Br Br
3-Methyl-3-Bromo Pentane 2-Bromo-3-Methyl Pentane 1-Bromo-3-Methyl Pentane
Max. Reactivity Min. Reactivity
Assignment No. 4.
) ?r KOH,Alc T \ ' ’
a) —-c‘:-—g—#—l;-— ————— —C=C—(—l— + —-g-—-&=c——¢—-
) |
Br-C- * KOH,Alc -Q- -C-
) oy 1 Ly 1
P (e % NN o SR o Ry o pum— } RN oY @Luuuey o NESUN o NI
b) g——?; c (—C=C—C— + —C=C ¢
\ ] !
_ -G KOH, Alc \ —g— \ —S— ! é
S e e e L e
Assignment No. 5.
I ) )
N KOH, Ale \ g \ g 1y
a) —¢—C—C—C¢—(— ——y —C— ('J-—C--C-- + -—~C-—- —C= C-—(lJ—-
' Br : ~C- ! -é~
f )
Major Product
2,3-Dimethyl 3,4-Dimethyl-2~-Pentene
2-Pentene
I 1
, KOH,Alc —é -C—
b)-—q——¢——g—*q——§—- —_— |~—?=‘——C-—q— 3~Methyl-2-Pentene
]
) é.g-é é é KOH, Alc & -
¢) «CmCeCeCm(-
[ —7— ——— e (e 1
-¢-Br '-g C C q 4,4-Dimethyl-2-Pentene
i
d) - ,Iérdé KOH, Alc ,
————— - ’ ' 1 ) I ) ' ]
S o i el
) - (= Coe

2-Methyl-2-Pentene 4~Methyl-2~-Pentene

16
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SIP No. 8 - Tape I Answer Sheet

Assignment No. 6.

Br
'
] ' ) \ : \ \
' ’9. ’(l} })3r v KOH, Alc 1 ‘9"?;& [ Y Y vov
~~~~~~~~ .————? Ld —— —— ——— ——— e { | ——) - Sy | | e— = e —— ——— Raad
G Hj: HO----1H 2,3-Dimethyl-3-Heptene
- Major Product
HO ¢ s
=GC
- {4 -C=c- C- c-
4,3 -dimethyl-3-heptene
R, NG -G- ot
! __(‘:— "B'," \ KOH ' ~-C— (‘:— \ \ v 1 ] [ ] v
D S T e el e e I s e

HY HO-—--H

Assignment No. 7.

3-Ethyl-3-Heptene

Major Product

[
|’C"C'

Br hv KOH, Alc
\ \ 2? [ | ’ )
a) —C-—-{:-—C-— _ —C—-—Q—~C-— e 4 —C=(’J——¢—-
\ t t [
. Br \ \
-¢- .,  Bry,hv v e KOH, Alc v T
b) "C—'Q'—C"’Q“ _— > —?—-Q——(}—-C- — > ~C~ =C——§—
Assignment Nc. 8
1 [}
v Na , G- ¢~ Br,,hv -b--g— , KOH ¢
0 it~ ity —y 2R B Dy
Br Br
; ) 2,hv Li,CuX 1-Bromo Propane b'(‘l‘ , Brz,hv |1"(" e
) ~b—b—C —— L > > -6--¢-¢-¢ 25 -C-C-4-G-G-
Br Br
lKOH
1 1 1 1
FO=C-C-¢-

i8

17



A theorist without practice is a
tree without fruit; and a devotee
without learning is a house without
an entrance. Gulistan (1258)

Self Instructional Package No. 8
Tape II - Worksheet

ALKENES — PREPARATION

DEHYDRATION REACTION

ROH - General formula for an alcohol

i §
! o ._(F‘ o lq °
-C-Q-OH 1° alcohol -§-Q-OH 2% alcohol —g-g-OH 3° alcohol
)

Assignment No., 1

Identify each alcohol listed below as primary 1°, secondary 2° or tertiary 3°.
Also assign the correct IUPAC names to each alcohol and the common names where

dpplicable.

1° 2° 3° Name

Hion




SIP No. 8
Tape II - Worksheet

Assignment No. 2

Draw the structures of the alcohols that correspond to the IUPAC names below.

1-Propanol
2-Methyl-1-Propanol
3,3~Dimethyl-2-Butanol
2,3-Dimethyl-2--Butanol

3-Methyl~3-Pentanol

Example N». 1 - Dehydration Reaction Mechanism
Step 1 - Formation of the Oxonium Ion or Protonated Alcc..ul
C +‘ Fast . . - from 1.50,)
-c-g-q- + H (from H,50,) —&=— -¢-?-¢- ( + HSO, 2°Y4
H:0: H:0:+
H
(stronger base) Oxonium Ion (weaker base)

or Protonated Alcohol

Step 2 —L Heterolytic Cleavage of the Carbon-Oxygen Bond in the Oxonium Ion
and the Formation of the Carbonium Ion.
Slow

] > .o
—?—¢-¢- c—— —é—é—¢— + H,0: Rate Determining Step

.-" ‘.". ! 2 ‘
B0 *
! l"l Y
Oxonium Ion Carbonium™Ion

Step 3 - Removal of H *  and Formation of the Double Bond

_é_é_é_ > —é—é = é» + H + (Regenerated Catalyst)
e ! or
{H OH, e
. C=¢- .Hg+q
", _C_
' H

19



SIP No. 8
Tape II - Work Sheet
Assignment No. 2 (continued)

Example No. 2
Overall Reaction:

Vo HpS0y,
-t
(0] 31

v

[ | [}
~G-C=C- 4+ Hy0

Assignment No. 3

Write the step by step mechanism for the dehydration of a) 2-Propanol and
b) 2-Methyl-2-Butanol.

~e
pocd

20




SIP No. 8
Tape II - Work Sheet

Assignment No. 4

Confused Clyde was asked to write the step by step
mechanism for the dehydraticn reaction of: 2-Methyl-
2-Butanol and tn indicate the rate determining step.
Find the mistakes Clyde has made and rectify his
state of confusion. '

)
1 ] ] -q-l 1
“4-C-G-C- === -(-C-¢-¢- + on
+

(O™ + H2S04 —» Hp0 +  HSO4 )

. ¢
é!‘ LI} ] -(l:— ! ]
Sl == Cete
+

Assignment No. 5

Write the step by step mechanism for the HYDRATION reaction of: a) Propene
and b) 2-Methyl-2-Butene in acidic medium. (Dehydration is eleimination of
water from an alcohol; hydration is addition of water to alkene to yield an
alcohol. Remember, each step of the dehydration mechanism is reversible)




SIP No. 8

Tape II - Work Sheet

Example No. 2

98% H,S0,

-Oy-

(1°) ~(~C-OH > -b=t-
: 170°
}
715% H,S0
]
(1°) ~C-C-G-G-0H 2 ¢ 5 -{-C=C-¢-  + -
140°
Major Product
607% H,SO
!
(2°)  -C-G-g-C- LR N R
1 poo! ]
OH 100°
Major Product
\ o, 1
. , ¢, 20% H,S0, , "¢,
(3%) -C-C-¢- > _c=é_g_
OH 85-90%
a) Which of the given alcchols undergoes dehydration most easily?

b)

Which of the given alcohols is most reactive?

c) Relative reactivities of different alcohols (1°, 2°, 3°) are:

Assignment No. 6

Draw the structures and name all the possible alkenes which can be obtained

from alcohols listed below.

dehydrated?

a) 2-Butanol

2-Methyl-2-Butanol

qi22<

o

Which alcohol of each pair will be more easily



SIP No. 8
Tape II - Work Sheet

Assignment No. 6 (continued)

b) 1-Pentanol

2-Pentanol

¢) l-Pentanol

2-Methyl-2-Pentanol

Assignment No. 7

Saturated Sam was given four different alcohols
and asked to predict the dehydration products.

He has done this correctly but failed to indicate
the alcohols from which the products were obtained.
Identify the original alcohols.

""a) 4,4~Dimethyl-2-Pentene
b) 4,4-Dimethyl-2-Pentene + 4,4-Dimethyl-1-Pentene
¢) 2,3-Dimethyl-2-Pentene + 3,4-Dimethyl-2-Pentene

d) 2-Methyl-l-Butene + 2-Methyl-2-Butene

Example No. 3

kcal

CH4 + 332 mole ————»CH3 T

CoHg + 299 keal oy 7

mole
+
CH.CH,CH, + 276 kcal 5 cH CH CH
o et o S
CHq=C—CHy + 262 ca —> CH~C—Cli,
mole +
H
24




SIP No. 8
Tape L[I - Work Sheet

Example No. 3 (continued)

Which carbonium ion requires the most energy to be formed? 1° 2° 3°
Which carbonium ion contains the most energy? 1° 2°  3°
Which carbonium ion is the most stable? 1° 2°  3°
Assignment No. 8§
Identify the more stable carbonium ion in each set below.
+ +
a) CHy CH CH, CHjy CH3 CH2 CH2 CH2
+ +
b) CHj C (CH3) CH, CHg CHy CH CH, CHjy
+ +
Assignment No. 9
Identify the more stable carbonium ion in the sets below.
a
CH3-C—CH»~CHj CH3-CH~CHy~CHq
+ +
s
?HZ—C--CHZ—CH3 CHj_E-?H-CH3
OH + ' CH
3
Example No. 4
: H,S0,, heat <- vy
[ 29V [} [ [
—¢- -C-C- » —C=C-C-C- (expected product) + -(~C=C-C- (major product)
] \ [}
OH 'g' —¢-
o H,S0,, heat £- -¢-
[ 5 ] 2 [] ] 1 [}
-Q—¢-Q-Q- >-é=¢—¢~@-(expected product) +-§—C=C-q-(major product)
ol
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5IP No. 8
Tape Il - Work Sheet

Example No. 5 - Hydration Reaction Mechanism

Dehydration of 3,3-Dimethyl-2-Butanol

Step 1 - Formation of the oxonium ion
\ ! ! + b
-, wut ¢ c-  H. -Cc-
S AP Sblol e bbb
bbbty =4 e ol == 0=
O <> Hot Y HO™
H H
Step 2 - Formation of the carbonium ion
] ] [] 1
) \ -q_ ’ ] é-(;':-u ] ] -C’ —_— 1 l—g—c
(G &= 06 ALl == OG0
G 4 not +
ot ;
H H
2° carbonium ion 1° carbonium ion
Step 2a - Rearrangement of the carbonium ion to yield a more stable
carbonium ion
T 1,2-Methyl 1,2-Hydride
CH ’ ,
P 3 Shift Cil3 gy GH3 shife  H H CHs
- CH-Cmm CH.,-CH—C-CH H-C-C~C~CH > H-C-C-C-CH
c.uhcu‘(': 9113 > MR e c41 3
+ CH3; CH3 '-.\ H H H H
2° carbonium ion 3° carbonium ion 1° carbonium ion 2° carbonium
ion
Step 3 - Formation of the double bond
3 1
HA ' e
' 3‘;(!: 'q 12 ) [ q 1
¢-C-CoC- ——a ~C-g=C-¢ “C-(-C-C-  ~———3 «C~C=C~G~
AR i NE LR l
‘ A% 'q° K2 + e
- H J “.' H. : H "./
Major Product oo Major Product
+ +
) L.
\ 'C|' . &_l '? '
~t=g-C-¢- =C-¢-¢
~C~
1
26
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SIP No. 8
Tape II - Work Shee-~

Assignment No. 10

Write the step by step mechanism which will account for the formation of
the products in each set:

T
a) 2,2-Dimethyl-l-Propanol ———> '2-Methyl-2-Butene

+
H
b) 3,4-Dimethyl-l1-Pentanol ——— 3,4-Dimethyl-2-Pentene

Assignment No. 11

Complete the reactions below. Draw the structures and name all the products.
Identify the major product in each reaction.

Ht
a) 3,3-Dimethyl-1-Butancl ———>

' H +

b) 3-Methyl-2-Butanol ———>

H+

¢) 3,4-Dimethyl-2-Pentanol ——>

o™
=3
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Assignment No. 12

Complete the reactions below. Draw the structures and name the products.
(You may want to refer back to the Assignment No. 5)

Hy0, H T
a) 2-Methyl-1-Butene -,
H,0, H *
b) 3-Methyl-1-Butene >
Hy0, H ¥
¢) 3,3-Dimethyl-1-Butene >

Assignment No. 13

Qutline all steps and identify all the reagents in the possible laboratory
synthesis of the compounds below from the given reactants.

a) 2-Propanol from Propane

b) 2-Methyl-2-Butanol from Propane

‘¢c) 2,2,3-Trimethyl-3-Pentanol from 2-Methyl Propane

28
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Tape 2 - Answer Sheet

ALKENES - PREPARATION

DEHYDRATION REACTION

Assignment No. 1

-C-
1 v
-¢-C-¢-G- 2% ROH; 3-methyl-2-butanol
OH
)
VG
-C-C-OH 3° ROH; 2-methyl-2-propanol (t-butyl alcohol)
-C-
1
-q-c':_-é-é'-ou 1° ROH; l-butanol (n-butyl alcohol)
1
C a8
-Q—Q—C-q- 3° ROH; 2-methyl-2-butanol
On
'
6
ROH; 2, 2-dimethyl-l-propano
-G-C- 1° ROH; 2, 2-dimethyl-1 1
-C-
!

Assignment No. 2

1 1
-g-é-g-OH n-propanol
1
I‘C—l
-Q-¢-Q-OH 2-methyl-l-propanol
'|
| ) -Q_O
—§—§~—Q-q— 3,3-dimethyl-2-butanol
OH-q-

Do
&
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Assignment No. 2 (continued)

-'q'(?' \
_q_g_F.—q- 2,3-dimethyl-2-
OH
¢
-2-¢-C-é-é- 3-methyl-3-pent
1 6 1 '
H

Assignment No. 3

Dehydration of 2-propanol

butanol

anol

Dehydration of 2-methyl-2-butanol

QOverall Reaction

wt
—C- ——>4=C-C- + Hy0

[}
RS R '
sOH 1 !
- +0H ]
H !
r

HZO

carbonium ion

Step 3 - Formation of the Alkene and
Regeneration of the catalyst

~ ——>-c':=c':—"— + wut

-

I
|
!
!
I
[

29

e N G,
G-C-¢ + H T——ob=C-C- + HY0
OH
¢ + '
£4-C-G- + H T—> -CC-G-
" du o
i “7 q
) 1
bt et v
SHI0H" +
iy
'—
L 8T
~C-C-C~ —>C=C-C-
A '
I
:0H
v t_
-6



SIP No. 8
Tape 2 - Answer Sheet

Assignment No. 4

Incorrect: Correct:

\ . Step 1 \
!-q-o ] l.q.l ' 1-9- \ -C- '
- T T o F o - - Y o B o + ]
~G=C-GoGm —>C-C-C-¢ + OH (-GGGt H ¥y fb -
OH + 1OH "'éH

H
Incorrect: oxonium ion
Step Z_é )
OH™ + H,S0, = H,0 + HSO,~ T N
2°%4 2 4 1 - L
GGG &= - 6-0-G-G
'.-’-PH" +
s H G
carbonium ion
Step 3
' ] \
Correct: . 9 . .'Q'. . |~9“' .
-C-C—C- —&=-C=C ¢-C- + -G-C=C-C-
} h{ [] 1)
/'1:1" :H
Assignment No. 5 - Hydration Reaction
Hydration of propene Hydration of 2-methyl-2-butene
Overall Reaction ' Overall Reaction
] [
] [ ] H+ ] | 2 | l |’?:o ] H—'- |—Q~q ]
-C=C-C‘I' + Hy0 —>C-¢-C- ' -C-C=C-G-+ H0 —'—J"(;—SJ-Q-C'I
OH OH
|
Mechanism “

Step 1 - Formation of the carbonium ion (via addition of HY o the double bond)

]
oo + L l l-g-l ' + Y
-Cs% C-C-+ - ~C=C=(C-C~
g C H e EJ c-¢ ‘ C-G; + H Fz.;_(';_c_(i_ C-
A'." e + +
H | H
I
carbonium ion carbonium ion
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Assignment No. 5 (continued)

Mechanism
Step 2 - Formation of the oxonium ion (via addition of HZO to the carbonium
H | - H -
| . 7/ [ o/ ]
(== - . == =G~ C-(- [— o O o JER o, PN o P2
%cg+.9\;=b¢cg | ¢é(}¢+,9\¢___¢é¢q
+ H | | + H '
+:0-H + :0-H
H ' H
|
oxonium ion oxonium ion

Step 3 - Repulsion of Ht and formation of the alcohol

L Lo l-é-l ) .-é-' '
~f-4-G- = 6-¢-¢- b gedgde ==ttt
+:0H :0-H )| +:0-H 10-H
Aty 2 ; S

{ :-J :l. j, ,

Example No. 2

4) 3° ROH undergoes dehydration most easily.

b) 3° ROH is the most reactive.

¢) relative reactivities of different alcohols:
3° > 2° > 1°

Assignment No. 6

Coy Ht "y
R xS Sl

1-butene 2-butene

32
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Assignment No. 6 (continued)

a) (continued)

More Reactive:

.é._ 1] }l+ . -l.‘ ]
-b-¢-t-G- ———> -=C-¢~¢-
] ]
OH
2-methyl
l-butene
b) [} [ ] H+ [ [
GGG > CeCoGogt
OH
l-pentene

H+
ool sy bt
§ ¢-G
l-pentene
+ -
C) L T | 1 H ] [ ]
~C~G-C-C-¢- ——— -C=t-¢-C-(-
[] [ )
OH |
l-pentene
More Reactive:
G- ut ~¢-
voL ) e
————— % ===~
oGt -C=C--G-¢
H
2-methyl
l-pentene

33

+

~C~

] ]
-C.—C::C...q-

2-methyl-2-butene

FERES

2-pentene

g

2-methyl-2~-pentene



SIP No. 8
Tape 2 - Answer Sheet

Assignment No. 7

4w ¢
] \ ]
0 A e e
¢ it
L. + -(m
[ "é“’ [ '-q [} H [ 1
b) -C-C=C-C-¢- + ~b=C-¢-C-(- «— C-C-{-C-C—
-C- -C- HOH -C-
] 1
[} | [
nay Voo TG o I
c) =C-C=C-¢-0- + -G-C=C-C-C- €——— ¢-¢-C-C-C-
t
OH
] ] H+ 1
l-(:r\ ] I-C-l [] 0-9- ]
d) ~C=C-C-C-  + C-beC-(- ———— -¢-C-Cg-
r ] / []
OH
Assignment No. 8
+ +
a) CH3 CH CH2 CH3 1s more stable than CH3 CHy CHyp CHy
+ +
b) CH3 C(CH3)CH2 CH3 1s more stable than CH3 CH CH2 CH3
' + +
c) CH3 C(CH3) CH2 ¢H3 1s more stable:than CH3 CH (CH3) CH CHj
Assignmment No. 9
. gl
a) CH3— --CHZ-CH3 less stable than CH3-CH—CH2 CH3
+ (MORE POSITIVE) +

Chlorine is very electronegative, exhibits electron withdrawing inductive
effect, increases the positive charge on the carbonium ion and destabilizes
it.

34
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Asgignment No. 9 (continued)

?H3 EH3
b) CHA(--C-CHZ-CH3 less stable than CH3-~C-CH-CH3
' +
on + more positive CHq

Oxygen is highly electronegative, exhibits electron withdrawing inductive
effect, Lncreases the positive charge on the carbonium ion and destabilizes

it.

Asgignment No. 10

Mechanism

Step 1

|
CH
| CHy CH, CH, CHj
i, + CH3 | \ 7o i
cl,=—~C~-CH, + H ~—3»CH,-~~C—CH CH,~CH,=~CH—CH-CH,, + H-g}CH -—CH,~CH~CH-CH
| 2 ' s | 2 ) 3 | 2 2 3 | 2 3
:OH  CHj +100  CH3 | :0H +:0H
. H I H
|
Step 2 Step 2
CH
~—g-C--CH - CH -—C-—CH3 + HZO l CHZ-CHZ-—CH—-CH—~CH3-—ﬁPCHZ-CHZ—-CH-CH~—CH3
Thi0H Y + CH3 X -PL’)H +
‘U i/ -' V
1° carbonium ion | 1° carbonium ion
f
Step 3a - Rearrangement Step 2a - Rearrangement
CH3 1,2-methyl Shift 9H3 CH3CH3 1,2,hydride CH3CH3
CH, 2—-c——cu3 —>CH,-C~CH, CHZ—-—_g_H—c—-CH—CH3Shlft—>CHZCH—CH-CH-CH
PR [ P + ]
", 3; CH, | A u
. - ' Sear
3° carbonium ion 2° carbonium ion
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STP No. 8 |
Tape 2 - Answer Sheet

Assignment No. 10 (continued)

Mechanism

Step 3 Step 3
(.1*13 <'3113 | C}130H3 (':}13
CH~CH—C  CH,——3CH,- CH == C—CH, | cu3-cu -c-cn—-cu:,-»cuz-c C-CH-CH35
",,,/ | | 4t \1 + CHj
5 EUE + ' H S HY
; R P CH3- CHz—(':a(,Hz I i (_EHB (_";H3
Assignment No., 11
] ] ] L}
[ (i-: ] é-(;- [} -(i-:.l —é’O"(':"'
SRR FRELIVES R SR j-g-C=C-
‘ OH C ~G- -C-
' []
3,3-dimethyl Major Product 2,3~dimethyl-1-butene
l-butene 2,3-dimethyl-2-
butene
'
1 -(i!:. 1 H+ | ] .(::. [] [ | -(::. \ I-IC- \
b) -C-¢-G-C- —d L=C-G-¢~ + -C-C=C-0- 4+ ~C-G-C=C~
OH :
3-methyl-1- Major Product 2-methyl-1-butene
butene 2-Methyl-2-butene
[ + \ V YA
G, K, e e CF i
0 it Do 4 ¢ T e
OH Major Product
3,4-dimethyl  2,3-dimethyl 2,3-dimethyl
2-pentene 2-pentene l-pentene
Assignment No. 12
CH, H,0, HF CHj
a) CH, = C—CH 7—CHy ——— CHB——C——CHZ---CH3 2-methyl-2-butanol
OH
_ e i
b) CHZ CH-CH—CH3—2—~> CH3—CH—CH—CH3 + CHy—CH,—C—CH,
CHj On OH
3-methyl-2-butanol Major Product
35
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goment No. 12 (continued)

CHJ }120, Ht CHJ ('3113
¢) ulzwcn-—c—-cuj ———> CH;—CH, --c—cu3 + 01113—-011—-(‘:-—0113
]
Cil OH CH, Cliz oy
3, 3-dimethyl 2,3~dimethyl-2-butanol
2-butanol Major Product
Assipnment No. 13
Bry,hv KOH, alc. H,0, gt
a) CH_.—CH_ —CH_ ———% CH_-=CH-CH, ——— CH, =CH-CH, ——» -
a)  CHy—Cll,—CH, 3 GH-Cl, CH ,=CH-CHy CH3-CH-CH,
Br . OH
Br,,hv Li  CuX CH3-CHyp-Br Gl Br,,hv
b) CHy-CHy-Clly ——— CH3-CH-CH3 — > —> CH,-CH-CH,~CH,
Br ;
GH3
CHy-C~CH,~CH,
. Br
CHy KOH s CHj
CHy=C-CH,~CHy ——¥ CH;-C=CH-CHj -Z——> CH3-C~CH2-CH3
Br OH
CHj Br.,,hv 9H3 L1 Cu X 2-Bromobutane QP3$H3 Br,,hv
c) CHy- ~CH- CHy —— CH;~G-CHy —» > » CHy=C-CH-CH,-CHy ">
Br CH
3
CHy CHj KOH CH H,0, H' CH3 CH 3
CH3“IC—?"CH2"‘CH3"'—’ CH3—’C—-C ==CH-CH, ——> CH3-—C—C—-CH2—CH3
CHj OH
CH, Br CHj
37
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Selt Instructional Package No.o 8
Form D =  Progress Check Evaluatton

ALKENES = PREPARATIONS

Identlfy statements below as true or falge by placing a copltal T or F
on the line to the left,

1. The carbon In a carbonium 1on has sz hybrid orbitals.

2, The carbon in a carbonium ion has an empty p orbital perpendlicular
to the plane of the B bonds.

3. The angles in the carbonium ion are 90°.

4, The first step 1in the dehydration reaction mechanism 1s the forma-
tion of the oxonium ion.

5. Oxonium ion undergoes a heterolytic cleavage to yield carbonium
ion and hydroxide anion.

6. Branching increases the stability of a carbonium ifon.
7. Isobutyl carbonium ion 1s more stable than a tertiary butyl car-
bonium ion.
+ +
8. CH3—C(CH3)CH3 is more stable than CH3C(CH3)CHZBr,
9. An electron releasing group bonded to the positive carbon stabilizes

the carbonium ion.

10. 2-bromo-2-methyl propane is more easily dehydrohalogenated than
2~bromo hexane. ' .

11. 2-butanol is more easily dehydrated than 2-methyl-2-propanol.

12, The energy required for the formation of tertiary butyl radical

as compared to that required for.the formation of the isobutyl
free radical will be:

a) higher
b) the same
¢) lower

d) not applicable.

13, The correct reactivity sequence of the three alkylhalides below
in the dehydrohalogenation reaction is
2-bromo propane 2-bromo-2-methyl butane l-bromo butane
1 II III

38
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Form D o~ Progrean Check Bvaluatlion

1} (eontinued)

a) 1 ] I 11l

>
11 S I
>

b) 11 >
¢) 11 > I I11
DI 1 S S i

l4. The major product in the dehydratlion of the 2,4,5-trimethyl=2-hexanol is:
a)  2,4,5-trimethyl=2-hexene
b) 2,4,5~trimethyl-3-hexcne
¢) 2,3,5-trimethyl=-2-hexenc
d) 2,3,5-trimethyl-3-hexene

15. The major product in the dehydrohalogenation of the 3-bromo=-2,4,5-
trimethyl hexane is:

a) 2,4,5~-trimethyl-2~hexene
b) 2,4,5~trimethyl=-3-hexene
¢) 2,3,5-trimethyl-2-hexene
d) 2,3,5-trimethyl-3-hexenec
16. The major product in the dehydration of the 4,5-dimethyl-3-hexanol is:
a) 4,5~dimethyl-3~hexene
b) 4,5-dimethyl-2-hexene
¢) 2,4-dimethyl-2-hexene
d) 2,3-dimethyl-2-hexene
17. The major product in the dehydrohalogenation of the 3-bromo=-4,5-dimethyl
hexane is:
a) 4,5~dimethyl-3-hexene
b) 4,5~dimethyl-2-hexene
¢) 2,4-dimethyl-2-hexene

d) 2,3-dimethyl-2-hexene
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18,

19,

A reactant that will produce an alkene when treated with zine and actd is:

a)
h)
¢)
d)
The
a)

h)

d)

an alkylhal tde

an aleohol

a dihalide

a vicinal dihallde.

reagents necessary to produce 2,4-dimethyl-2-pentene from propane are:

Bro, hv y Na§ Brp,hv ;  Kon

Bry,hv , Na ,  Brp,hv ) Acid
Br ,hv ) L1 ) Cubr y Isobutyl bromide ) Bro,hv , KOH
Brp,hv , L1, CuBr , Isopropyl bromide , Brp,hv , KOH
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FormBl - Answer Sheet
ALKANES - PREPARATIONS

1. F

2. F

3. F

4., T

5. T
' 6., T

7. F

8. F

9. T

10. F

ll; a, ¢, d

12. a

13. ¢
14, a, c, d .
5.0

| 16. ¢

17. b
18. ¢

19. a
20. b
21, a, c
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Form Dl -~ Answer Sheet

ALKENES - PREPARATIONS

1. T 12. c
2. T 13. c
3. F 14. c
4. T Y15, ayd
5. F 16. d
6. T 17. a
7. F 18. d
8. T 19. c
9 T
10, T
1.
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