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Self Instructional Package No. 12

ALKYNES

Introduction

In this module you will learn about the preparation and behavior
of a colorless gas that boils at 84°, It used to be used as an illu-
minant. It is used in torches since it burns with an intense white
flame when mixed with the proper amount of air. About half of this
gas consumed in the United States is used for the welding, cutting and
cleaning of iron and steel by means of a flame which has a temperature
in the neighborhood of 2800°. Its great importance is for the prepara-
tion of acetaldehyde CH3CHO, acrylonitrile HpC = CHCN, tetrachloro
ethane and many other organic compounds. :

Do you know what this gas is?

Do you know how to prepare acetaldehyde, tetrachloro alkane or
acrylonitrile from it?

The answers :to these questions can be found in this self instruc-
tional package.
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Form A - Set of Objectives

ALKYNES

Definitions

The student will be able to define, explain and illustrate with appro-
priate examples the following terms: STRONGER ACID, WEAKER ACID, KETO-ENOL
TAUTOMERISM, KETONE, ENOL, TAUTOMERS, Sp HYBRIDIZATION, TRIPLE BOND.

Preparations

The student will be able to identify the necessary reagents and to
write the reactions for the preparation of alkynes from dihalo and tetrahalo

derivatives of alkanes.

The student will be able to write the preparation of larger alkynes
from acetylene.

The student will be able to write all the .steps in the commercial prepa-
ration of acetylene from coal and limestone.
Reactions

The student will be able to write the balanced reactions for the addi-
tion of hydrogen, halogen, hydrogen halide and water in acidic medium to an

alkyne.,

The student will be able to write the final products obtained in the
ozonolysis of an alkyne.

The student will be able to identify the original alkyne from the products
obtained in the ozonolysis reaction.

The student will be able to write the balanced reactions for the reaction
of terminal alkynes with Na, Li, K, Na+, Li+, Cu+(NH3)2 NO3 and Ag + (NH3)3C1.

The student will be able to identify the stronger and the weaker acid from
a given reaction.

The student will be able to write a correct reaction showing the relative
acidity of the species.

The student will know the relative acidity of acetylene as compared tc
that of water, ammonia, alcohol.

The student will be able to show and explain the difference in the reaction
of sodium acetylide with a primary and a tertiary halide.
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Form A - Set of Objectives

Reaction mechanism

The student will be able to write the mechanism and draw the resonanca
structures involved in the reaction of an alkyne with water in acidic medium.

The student will be able to write a tentative mechanism showing the
difference in the reaction of sodium acetylide with a primary and a tertiary
alkylhalide.

Multi-step gynthetic schemes

The student will be able to devise a multi-step synthetic scheme for the
synthesis of an alkyne from ethane or any other small alkane.

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

The student will be able to identify the intermediate compounds formed
in a given multi-step synthetic scheme.
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Form B -~ Self Evaluation Exerclue

Identify the statemeuts below as true or false by placing a capital T
or F In the space provided.

1. Methyl ethyl acetylene has a higher boiling point than diethyl
acetylene.

2, Acetylene is commercially obtained from calcium carbide.

3. Aluminum carbide can be used as a source for the commercial

preparation of acetylene.

4, A reaction of sodium acetylide with tertiary alkyl halide
results in elimination and formation of an alkene.

5. The triple bonded carbon in an alkyne is Sp hybridized.

6. Hydrogen attached to the triple bond is more acidic than the

hydrogen in water molecule.

7. Carbon~carbon triple bond is shorter than the carbon-carbon
double bond.

8. Carbon-carbon triple bond is stronger than the carbon-carbon
double bond. ‘

9. Greater S character of an atomic orbitol means that electrons
are closer to the nucleus.

10. Keto form or keto tautomer is more acidic than the enol form
or the enol tantomer.

11. Tautomers are compounds whose structures differ markedly in
arrangement of atoms, but which exist in equilibrium.

Circle the correct answer or answers in each question.

12, The major product in the reaction of l-propyne with water in presence
of acid is:

a) acetaldehyde CHB—CHZ_ﬁH
: 0
0
b) acetone CHB—g—CHB
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Form B - Self Bvaluatlon Exercise

13.

14.

15.

c)  2-propenol CHy=C~CHjy
OH
d) l=propenol FH:CH—CH3
Ol

The major product or products in the reaction of sodiumacetylide
with 2-chloro-2-methyl propane is:

a) 3,3-dimethyl-l-butyne
b) acetylene
c¢) 1isobutene

d) 4-methyl-l-pentyne
The correct statements made on the basis of the reaction below are:

HC=C- Nat* + C H OH —»HC==CH + C H O-Nat
6 5 6 5

a) Phenol (C6HSOH) is stronger acid than acetylene

b) Phenol is weaker acid than acetylene
c) Phenol acts as hydrogen donor
d) Acetylene displaces‘phenol from the salt

Identify the reactions that will take place.

a) NH + HC=C-Nat ——)Na'*‘NH2 + HC==CH

3
b) NaOH + HC=CH —pNa® C=CH + H,0

¢) C,HOH + HC=CNat ——3 HC=CH + N30C2H5'

2°5

d) HC=C-Nat + H)0 —HC=CH + Na OH

8
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lo.  The correct resonance structures for the Intermedfate specles in
v the keto-enol tautomerlsm are:

a) R-9—~§ = ()

h) R-$ = (-07

¢) R-C-C = 0O
v

d) R-

-
]

17. The majériproduct in the reaction of l-propyne with excess hydrogen
bromide is:

a) 1,2-dibromopropane
b) 1,l-dibromopropane
¢) 2,2-dibromopropane
d) 2-bromopropene

18. The major product in the reaction of 2-butyne with bromine in CCl4
solution is:

a) 2,3-dibromo-2-butene

b) 2,2,3,3-tetrabromobutane

¢) 1,1,1,3-tetrachloro-2-methyl-2-butene
d) 1,1,1,3~tetrachloro-2-methyl butane

19 Identify compound B thati s produced in the multi-step synthesis
below:

Na, NH3‘

propylchlorid%‘ HZO’ HZSO4, HgSO
acetylene » >

4

OH
a) CH2 C - CHZ—CHZ—CH3

"
b) CH_-C -CH_—CH —CH
) CHy 27T,
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Form B - Self Kvaluation Excrcisc

gu
19, ¢) CH = CH - cnz—cu3
| " >H,y=CH,,~CH
d) CH-CH,=CHy=CH 4

20. ldentify the alkyne that will yield the following products upon
ozonolysis:

3

cH Cily
CH3-CH~—COOH CH3~CH—CH,~COOH

a) 2-methyl-3-heptyne

b) 2,5-dimethyl-3-heptyne
¢) 2,6-dimethyl-3-heptyne
d) 2,4-dimethyl-2-pentyne

21. Identify reactant A in the multi-step synthetic scheme below:

KOH  NaNH, Na,NH propylchloride  excess HBr Br
A —> — I > —> CHy~C-CH,~CH,~CH,

Br

a) ethane
b) 1,1-dichloropropane
c¢) 1,2-dichloroethane
d) pentyne

22. The reagents that can be used for the synthesis of 1-propyne from
1,2-dibromopropane are:

a) potassium hydroxide KOH

b) . potassium tertiary buthide (CH3)3 co” kt
c) sodamide NaNH,

d) potassiur ' 3roxide and sodamide
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Form § = S¢lt Evaluatlon Bxerveine

230 The major products in the veactfon of I=pentyne with n=butylmagnesium=
bhromide (Grignard compound) ave:

a) ()H:J (.Ill2 Cl12 Cll,‘;

i) (.ll,j(.ll,z(..llz(.ll2 C=C (.li2 CH2 Cll3

\ A CH O CH O GH, C== ¢ CHLCH, CH :
¢) (ll3 ll2 el C llz('ll,(, zMgBr

2

d)  CHyCHYCllpC=C MgBr

[,
i

10




Sell Tontructional Packapge No, 12
Form ¢ = Reference Guilde

-

The Keference Gulde should be used I conjunction with Form B or the
Self Fvaluatlon Exerclse.  The references give the correlation betwoen
the questions io Form B and the available material in the textbook and
In the form of tapes,

Questlon | Chaptoer 8, Section 4 Morrison & Boyd
Quoestions 2, 3 Chapter 8, Section 5 Organic Chemlstry
Questlions 4, 13 Chapter 8, Section 12

Questions 5, 7, 8, 9 Chapter 8, Section 2

Questlons 6, 14, 15, 19, 21, 23 Chapter 8, Section 10

Questions 10, 11, 12, 16, 19 Chapter 8, Section 13
Questions 17, 18, 21 Chapter 8, Scctions 7, 8
Question 22 Chapter 8, Section 6

Additional explanation and examples for all questions are provided in Tape 1
with the accompanying work sheet and answer sheet.
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Tape 1 - Work Sheet

ALKYNES
Example No. 1
HC== CH CHpHy acetylene or ethyne
HC =C-CH4 CaHy methylacetylene or propyne
HC=C-CHy CHjy C,Hg ethylacetylene or l-butyne
H3C-C=C-CHjy C4Hg dimethylacetylene or 2-butyne
HCEC—CHZ—CH2-CH3 CSH8 propylacetylene or l-pentyne
H;C—-C'-‘_—‘C—CHZ-CH:; CsHg methylethylacetylene or 2-pentyne
CnHZD—Z general formula for alkynes
Crtlongs Alkanes functional group: C-C
CH Alkenes functional group: C=C
n 2n
ChHop-2 Alkynes functional group: C=C
Example No. 2
H H H
oo | . N /
"C C=C - H-C=C-H
H H H H
sp3 hybridization sp2 hybridization SP hybridization
ol = 109.5° ot = 120° | ot =
C atom possesses ' each C atom possesses each C atom possesses
four equivalent sp3 three equivalent SP two equivalent SP
hybrid AQ.'s hybrid AQ.s and one hybrid AD.'s and two
P orbital P orbitals
id

12
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Tape 1 - Work Sheet

Example No. 3 - Hybridization in CH4, C2H6 and CZHZ

Methane CH, !Ethylene CoHg Acetylene CoHy

Ground state configuration df the carbon atom

@@4@@0 |'

1s
Promotlon of one electron fJom 2s to 2p A0

® O OO0 l@ [0 @@@;GD O OO

e e ceemwenanr = [

see ..\

J.-_-..-...... cembe. erms e e

1s 2s 2p l 1s 2s 2p ls 2s 2p

Mixing - hybridization of atomic orbitals l

@ OOO® .@ OO0 O'® OO OO

sp3 hybrid AO's | 1s sp2 hybrld P AO ls Sp hybrid Py P2 AO0's
| AO's ' AO's

Example No. 4 - Structure and shape of acetylene

H-C 6 bond in acetylene results from the overlap of 8 A.O. from H and
SP hybrid AO from carbon

c-C 6 ‘bond in acetylene results from the overlap of sp hybrid AQ. from one
carbon and Sp hybrid AQ. from the other carbon

The two C-C W bonds in acetylene results from the overlap of the two p A.O's
from one carbon ar! the two p A.0's from the other :arbon

14
13
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Tape L - Work Sheet

Example No. 5

-C

7 -
~

i

198 kcal/mble

P
/C=:C\

163 kcal/mole

Strengcth: C=C > C=¢C > C—C
Length: cC=C < C=C <« C—C
Example No. 6 - Preparations of alkynes
1. Dehalogenation
f ¥ heat
—fll f— + Zn ————¥» ~C=C- + InX,
X X
vicinal tetrahalide
2. Dehydrahalogenation -
Na NH2 or
X X +-
| i KOH, alc N /X : KOC(CHB)B\
—C~—C— = > C=C -
P / (not KOH)
H H H
vicinal dihalide vinyl halide
3, Substitution
—C=C Na + RYf, —>» —C=C-R

1° alkylhalide

or

2° alkylhalide

.not

3° alkyhalide

15

14

vl
- ComC =~
Pt

88 kcal/mole
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Tape 1 - Work Sheet

Example No. 7 - Commercial preparations of acetylene

I. coal—»coke (c)

) heat
limestone (CaCOB) ———>, a0

2000°C

Ca0 + 3¢C I — CaC2 + CO

CaC2 + 2H20 ——» HC=CH + Ca(OH)2

calcium carbide

very high temperature

II. 2CH, & —= C2H2 + 3H2 - 95.5 kcal/mole
Al,C
4~3 + 12H20 —_3 3 CH4 + 4 Al(OH)3)

Aluminum carbide

16

15
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Tape 1 - Work Sheet

Example No. 8 - Reactions of Alkynes T T f
‘ X -
2 - R-C=C-H ‘9 R-C-C-
Halogenation” \ |\
X X X
ik b=t wx | Rebedos
Hydrohalogenation R-C=C-H HX J R_k_ﬁ_

Addition

Reactions
trans

- /C=C\ alkene
H
\Na,Pt

Na, or Li, NH3> HN\ /

triple bénd\ hydrogenation

1o
wC=C~
[

Na,Li,NHj
Alkane

H,,Pt,Pd or Ni

>

cis
R-C =C-H alkene

H,0 OH
2 > R-C=C- . R-C-C-

7
H2804, HgSO4 H &—
Keto-Enol
Hydration - Tautomerism

bzono;ysis and other oxidation reactions R-COOH HOOC-H

carboxylic acids

= +
R-C=CNa + 1/2H,

4 , Alkali metal
R-C=C Li" + 1/2'H, F acetylides

R-C=CNat + ut

Acidic

Reactions
of the ter-

minal hydro R—C='..-.C_Ag+ + gt

Heavy metal
acetylides

+
Cu’ (NHq)» >R-C=Ccut + wt

17
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Tape 1 - Work Sheet

‘Example No. 9 - Hydration and Keto-Enol Tautomerism

OH
H?_SOZ", HgS()a C‘)H ll ]
R-C=C-H + H0 —e3n R-C=C-H ——> R-C-C-H
|
H
. H
Vinyl alcohol Keto-Form
or
Enol Form (>C=0 = carbonyl group)
(en=doublie bond)
(01=OH group - )
X A
Tautomers
—H+ ey
5 H (|
- —_ \ U [ T % .
—C=C-0 «Ht &2 [-c:c-cﬁ» ~C-C=0 4> —C==C==0 | —ZT=—> -C-C=0
| -
e T35 o \
Enol form Keto form

stronger acid (0-H bond in enol is weaker than the C-H bond in ketone) weaker
acid

abbreviated:

0+H: 0 H
lé v ni
R—-C=C-H > R-C-C-H
‘ | |

H H

Assignment No. 1

Assign the IUPAC names and the derived names to all the isomeric alkynes of
formula C.H,,. Draw their structure and the structures of the ozonolysis

products expected from each alkyne.

18

17
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Tape I - Work Sheet

Assignment No. 2

Identify i.e., draw the structures and name the products in the following
reactions:

a) 2-pentyne Hy,Ni
b) 2-pentyne

Na ,NHj3
—_—

¢) 3-methyl-l-butyne HoU» HyS0,, HgSO,

d) 1-butyne excess HC1

v

e) Z2-pentyne

excess Bry, CCly

f) 3-methyl-l-butyne HZ’PtE

Assigniment No. 3

This assignment requires careful thinking but it is by no means beyond
your abilities. Outline all steps in the conversion of a mixture of
trans-2-hexene and cis-2-hexene into essentially pure cis-2-hexene.

i9

18
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Tape 1 - Work Sheet ‘

Assignment No. &4

Write all the steps and all the resonance structures involved in a reaction
of propyne with water in presence of sulfuric acid and mercuric sulfate.

Example No. 10 - Reactions of terminal alkynes as acids

General Reactions of acids:

JHA 4+ Me — 5 Met A- 4 1/2 H
or”  Acid Salt
s HA + Met — MetA- + wt

2

I. R-C=C-H + Me —— 5 R-C C-Met + 1/2 H2
Alkali metal Salt-metal acetylide

Examples:

1) R-C=C-H + Na ———— » R-C=C~ Nat + 1/2 H,

sodium acetylide

2) RC=C-H + Li ~———— R-C=C™Li¥ + 1/2 &,

3) R-C2=2-H + K ~—— 3 R-caz™ Kkt + 1/2 H

II. R-C=C-H + Me+ —_—_— R-C=C" Me

~
.

Alkali metal ions
or
heavy metal ions

[\
=

19
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ether
—a3 R-C=C~ dat + nt (NHB)

4) R-C=C-H + Nat NH;

~
sddamide

5) R-C=C-H + Cu(NH3)2+ — s rC=C cut + W

6) R-C=C-H + aAgt > rec=c” agt  + H

Example No. 11 - Relative acidities of different compounds

H-A + Met B~ —— 5 Met A~ 4+ HB

stronger acid weaker acid

A stronger acid nas the ability b displace a weaker acid from salts.

Comparison of the relative acidity of HC=CH, Hy0, C,HOH and NH 4

IF acetylene is a stronger acid than H,0, C,Hz0H, and NH3 the following
reactions will take place.

K IS -
1) HC=CH  + NaOH ————» HC==C~ Na® + HOH
stronger acid salt salt . weaker acid
T N
2) HC=CH + Nat' D C,H  ~———> HC=C Na +  C,HOH
stronger acid sodium ethoxide sodiumacetylide weaker acid

3)  HC=CH +  Nat NH, —————> HC=C~ Nat  + NH,

acetylene sodamide sodium acetylide weaker acid

(A
[y

20
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Example No. 11 (continued)

Reactions 1 and 2 do NOT take place indicating that acetylene is a weaker,

stronger (circle one) acid than HZO and CZHSOH'

Acidity:
HZO ? CZHSOH > HC=CH > NH

Example No. 12

+_
HO + N C H OH + C H OH
2 . Na© OC,H, > Na 25

Water is weaker, stronger (circle one) acid than alcohol.

Assignment No. 5

In the reactions below identify the stronger and the weaker acid.

a) ca't c=¢"" + H)0 ——>ca(on), + HC =CH

b) CgHg OH  +  NaoH ————> .0 Nt o+ H,0

~ -+
¢) Na*C=CH + CgHgOH—3 HC=CH + CglsO Na

Assignment No. 6

From the reactions below select the ones that will actually take place. Use
the table in which compounds are written in the order of decreasing acidity.

CH,COOH acetic acid max acidity
~

C1C6H4 OH  p-chloro phenol :

CgHoOH phenol " i

R-OH alcohol

« ecesemoaan

21
22
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Assignment No. 6 (continued) Py
HZO water
HC=CH acetylene
N'r{3 ammonia ,
KH hydrocarbon min. écidity

a) CH,C00” &+ HO0 ———>CHCOOH + KOH

h) CH + CH CH C=C Mg Br —>C H Mg Br + CH CH C=CH
26 302 25 3 2

¢) H.,& + Na NH

; , —>NaOH +  NH,

. -+ -+
d) Cglig0 Na +  CH3COOH —=>CcHsOH + CH,C00 Na

e) HO=ECH + CH CH,) CH

3 MgBr ——3»HC=C MgBr + CH, CH, CH

2 3 2 3

~ -+
) HCE=CH + Na@ 0CH, ——>CH, OH  +  HC=C Na

Assignment No. 7

Connlete the reactions below. Identify the major products and the byproducts.

| -pentyne Culhiy), €L
d~hexyne Ag(NH3)2N03 o
7
3-butyne Li, NHq S
Na' NH

acetylene a NH, -
>

23
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Tape 1 - Work Sheet

Assignment No. 7 (continued)

+
Ag (NH3)2 N03

l-propyne
2-propyne Na, NH3 .
Example No. 13
Na -+
RC=CH —_— RC=C Na
L 4 Nax

Rl X =——> RC==CR

Sn reaction

+

RC=C Na®
primary halide

Nucleophilic substitution

XS )
7-(‘3--C— —_ -C-C- + '
7 ! [ | .
RC EC_----"" H R-C=C
7
acetylide anion substitutes the halide anion in the 1° RX. Attack is on
C atom.
Elimination - tertiary halide
Loixe S
"f . .
—CeC— EEEE— -C=C- + HCE=C-R + X
] g ] b
Hy

“mc=c-R
Attack is on H atom.

acetylide anion abstracts the hydrogen from a 3° RX
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Tape 1 - Work Sheet

Assignment No. 8

Compare the reaction of sodium propyde with n-butyl bromide and tertiary
butyl bromide. Name all the products and draw their structure.

Assignment No. 9

Identify all steps in a multi-step laboratory synthesis of the following
compounds from acetylene.

a) l-butyne

b) 2-methyl-3-hexyne

¢) 2-pentyne

d) diisopropyl acetylene

e) trans-2-butene

29
24
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Tape 1 - Work Sheet

Assigmment No. 9 (continued)

f) 2,2-dichloro propane

0

]
%) acetone  CH -C-CH
3 3

Assignment No. 10

Identify the reagents in the following reactions:
a) acetylene ————3% gsodium acetylide ——>5-methyl-1l-hexyne
b) 2,3-dichloro pentane ——— > 2-pentyne

c) 2,2,3,3-tetrachloro butane > 2-butyne

Assignment No. 11

Write all the steps in the multi-step laboratory synthesis of:

a) cis-2-pentene from ethane

b) CH -CHZ-—C—CH3 (2-butanone) from propane
]

0

26

25
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Assignment No, 12

Identify - dray the st

Tuctures and name comnm
the multi-step synthet

pounds A through N formed in
ic scheme below, ‘

Brz,hv KOH Br2,CCl4 KOH NaNH Na, NH3 ‘
ethane A > B e ] D —_— E
+
Cu (NH) c1
372
G
isopro lchloride
E PTopy F _ éxcess HBr y
Na NH2 I methyl chloride Na,NH3
s J —_ K

27
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Tape 1 Answer Sheet

ALKYNES
Assignment No. 1
A 04,H,0
1. CHz=C-CH,-CH,~CHy-CH3 ——————> HCOOH
l-hexyne
03,H20
. -C=C-CH,-CH,- —_—
2. CH4-C=C-CH,-CH, CHq CH; COOH
2-hexyne
03,H20 :
3. CH_-CH_-C=C-CH_-CH —_— CH -
3 2 2 3 cx?i 3
3-hexyne
CH CH
i3 03,H20 73
4. CH,-CH~C==C-CH ————=—>» CH,-CH—COOH
3 3 3
4-methyl-2-pentyne
CHy 0,,H,0 CHi3
. ~CH--CH,-Cs= —_— ~CH—
5 CH3 CH CH2 C=CH CH3 CH
4-methyl-l-pentyne
Clis 0,,H,0
6. CHEEC-CH—-CHZ-CH3 ——=——=—3»  HCOOH
3-methyl-l-pentyne
CH
p 3 05,H,0
7. CH3—$-CEECH, ;:CH3 C(CH3)2CO
”‘CH3

3,3-dimethyl-1-butyne

T4

27

+ CH3-CHy-CHy— CHy— COOH

-CH,-CH,,-COOH

+ 2~CH,

CH3

CH—~COOH
2

+ CH3COOH

CH,-COOH + HCOOH

2

+ CH_, CH_ CH(CH H
3 2 ( 3)COO

OH +  HCOOH
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Assignment No. 2

CH CH, CH
2
HZ’ Ni 3 3
a) 2-pentyne —m ——> Cc=C
/ 0\
H H cis-2-pentene
Na,NH H CH.CH
3
b) 2-pentyne ——o " Ve /23
/  °\
CH3 H trans-2-pentene

CH3
Hy0, H,S80,, H, 80, |
¢) 3-methyi-l-butyne > CH3—ﬁ—CH—CH3

3-me thyl-2-butanone

excess HC1 81
d) 1l-butyne > CH3-‘—-CH2—CH3
Cl
) 2,2-dibromobutane
excess Br , CCl Br l‘3r
2- tyn > CH_-C—C-——CH_-CH
e) pentyne 37¢—¢ ,"CH,
Br Br
2,2,3,3-tetrabromopentane
Hy, Pt CHs H,,Pt CHy
f) 3-methyl-l-butyne ————» CHy= CH-CH—CHy ——wp CH3-CH2—CH—CH3
3-methyl-l-butene 3-methyl butane
29
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Assignment No. 3

Step 1 - A mixture is brominated. An optically inactive mixture of
2,3-dibromo hexane is obtained.

Step 2 - Elimination with KOH and NaNHp, 2-hexyne is produced.

Step 3 - Reaction of 2-hexyne with hydrogen in presence of nickel
(cis addition) ylelds cis-2-hexene.

CH CH,-CH,-CH,,. CH B
3 2 2 3 3
\ / \ / Br,,CCl, KOH NaNH, H,,Ni
C=C + =C ‘4 > >
H/ \H / -\ ‘(//;7
H H_-CH_-
» C 2 C 2 CH3
CH CH_.CH_CH
3\ ‘/ 2772773
cis and trans-2-hexene C=C
H H
cis-2-hexene
Assignment No. 4
H,0, H,S0 H SO OH
272 UV
CH -C=CH , g 4 o CH3-& = CH,
0 101y 0 B M
I S u)__r_w T |-S _H"'_
C 3—C = C 2 CH3-C—- CH2 (-—-bCH3-C—CH2 > CH3—C---'---CH2
0
. ]
—C- — |
C 3 C CH3
acetone
30
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Assignment No. 5

stronger acid weaker acid
a) water acetylene
b) phenol, CxHgOH . water
acetylene

¢) phenol, CeH OH

Assignment No. 6

Reactions that will actually take place are:

c, d, e. In these reactions a stronger acid displaces a weaker acid.

Assignment No. 7

Cu(NH,).Cl
3727 +
1-pentyne > CHCHpCHp C=CTCu™ + mu,* + c1”
cuprous pentyde
Ag(NH,) ,NO,
37273
2-hexyne =S No Reaction
Li, NH, -
1-butyne > 11 TC=c cH,cHy  +  1/2HyT
lithium butyde
Nat fH

acetylene _— Nat c=cH + NH3
sodium acetylide

+
Ag’ (NH )  NO
g’ (NH,),

1-propyne > Agt c=cH-cH. +
8" C=CH-CH, . NH, 3

~silver propyde

2-propyne — > N. R.
31
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Assignment No, 8
+
==C- - - - - H_ -CH_-CH,.-CH, - -CH
Na™ C=C CH3 + CH3 CH2 CH2 CH2 Br —>»C 3 2 C 9 C 9 CeEC-C 3
2-heptyne
Mechanism: -
’l-g;(l‘.'-CHZ-CHZ-CHB ——— H-C':-CHZ—CHZ-CHB + Br
4
/' i1 CH3—CEEC
CH.-C==C"
3 ?H3 9H3

CH -C=C Nat —Co— - =C—
3 a® +  CH, (.: CH, —>CH,-C=CH + CHy=C CH, + Na Br

Br

Pogsible Mechanism:

] ?
H iBr/ H
H—(:,“-;!?'-'-CH ~——> H-C=C—CH3 + CH3-C=CH + Br~

‘ﬁ‘ CH3 éH3
- propyne
CH,-C=C" o~
3
Assignment No. 9
Na, NHj - ethylchloride
a) HC=CH — > Na C=C > CH3-CH2-CECH
Na,NH e isopropylchloride CH3 Na,NH
b) HC=CH ———3 Na'C=cH > CH,-CH—C=CH 3
?H3 ethylchloride ?HB -
CHB-CH—‘CE!C~CH2—CH3 “« CHB—CH-CEEC Na

' S 32
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Assignment No. 9 (continued)

Na,NHq _ CH4Br Na,NH +
¢) HC=CH — = Na'C=CH ——» CH4C =CH —3 CH,C=C Na

CHB
275°"

. 4
CH3 -CEC—CHZ—CHB

Na,NH., disopropylbromide Na,NH isopropylbromide
d) HC=mCH ——= —> Nz E
I
OR: CH_~CH—~C=C~CH-—~CH
— 3 = 3
excess Na,NH3 + S + excess 1sopropylbromide
HC==CH —>» Na C=C Na
Na,NH3 CH3 Br Na,NH3 : CH3 Br ‘
e) HCE=CH > > > » CH,-C=C-CH,
Na,NH,
CHy _H
C=C_
7 CH
H 3
Na,NH3 éﬁ3 Cl excess HC1 gl
f) HC==CH > » CH3-C =CH > CHB--C.I—CH3
Ccl
Na,NH CH,_, Br H_O,H_SO,,H SO

b 4
g) HC=CH ——3» —3 5 (H_ -cescH —2—2 4 B 43 CH,~C=CH,
’ ]

’ lou
?

CH_-C-
3 ﬁ CHB

0

32
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Asslgnment No. 10

Na,NH3 l-chloro~3-methylbutane
a) acetylene ——% sodium acetylide » 5-methyl~l-hexyne
KoH, NaNH‘,2
b) 2,3-dichloropentane > 2-pentyne
Zn

c) 2,2,3,3-tetrachlorobutane —m> 2=butyne

Assignment No. 11

. Br,,hv KOH Br,,CCl, KOH, NaNH,
CHCH —=—> CH ~CH Br =——> CH=CH —>— 9 CH ~CH —» — "3
33 32 2 2 | 212
Br Br
Na,NHg CHy Br Na,NHs
HC=CH ————> Na+ C=CH ——— CH,C=CH ——> CH3c=C Nat
C,HsC1
CH CH,~CH
3\ ;27 Ha N v
c=cC < = CHy C=C-CH,~CH,
H H
Br,,hv KOH Br,,CCL,
b) CH_-CH ~CH, ————3%CH_-¢H—CH_—— CH_-CH=CH_ ————3CH_-CH-CH_-Br
3772 3 3. 3 3 2 34 2
KOH
NaNH2
H)0,H,S0,,H 50, CH,C1 -« Na,NH
: CHyC=C-CHy é—— CH,-C=C Na €——= CH,-C=CH
— 3 N
CH3—gH—CH—CH3 r— > CH3—g—CH2—CH3

34
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Assignment No, 12

Br,,hv KOH Br,,CCl,
CH_~-CH_ ———> CH_~CH » CH =CH ————% CH_-CH
373 3 2 2 2 12, 2
Br Br
A B C
CH
KOH, NaNH, Na, NIl isopropylchloride P03
¢ ———————=y HC=CH ——=> Nat T =CH » CH -CH-C==CH
D E F '
cut(NH3), C1” Ciiy
> cd T:s—c-cu—-cu3 G
excess HBr Br CHj
» CH 3—C-—CH—--CH3 H
/ Br
v Na ,NH CH, CH3Cl CHls
F » Na*C =C-CH—CH —— CH,-C=C- c-—cu
1 Na,NH,
\ 3\ /'
\ /C= \
CH
. 3
CH,
K

03,H0 Zn : (':113
< HCOOH  + CH3-CH—COOH

L M
HyO, HpSO4, HgSO, CH,
—». CHq- q ~CH~CH4
N
3h

34
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(L
M

(N

bromoethane

ethylene

1,2-dibromoethane

acetylene

sodium acetylide

3—methy1—l—butyne.

cuproup salt of 3-methyl-l-butyne (cuprous alkyde)
2,2-dibromo-3-methyl-butane

sodium alkyde

4-methyl-2-pentyne

Erans—4—methyl-2—pentyne

formic acid)

isobutanoic acid or GZL-methyl—probanoic acid)

3-methyl-2-butanone)

36
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ALKYNES

Identify the statements below as true or false by placing a capital
T or F in the space provided.

1. Dissociation of the OH bond and the hydrogen shift is the
essential part of the keto-enol tantomerism.

2. Electrons of the C-H bond in acetylene are held more closely
by the carbon nucleus than the electrons of the C-H bond in
an alkane.

3. Addition of water to an alkyne follows the Markovnikov rule.

4, Addition of hydrogen is presence of paladium is a trans
addition.

5. Hydrogen.in acetylene is more acidic than the hydrogen in
ammonia.

6. 2-pentyne has higher boiling point than l-hexyne.

7. Carbon-carbon bond in ethylene is stronger than the carbon-

carbon bond in acetylene.

8. The shape of the acetylene molecule is flat with angles of
120°.
9. Reaction of a tertiary alkylhalide with sodium acetylide

results in the elimination reaction.

10. Calcium carbide is the major source for the commercial prepara-
tion of acetylene.

Circle the correct answer or answers in the questions below.

11. 'Identify the major product obtained in the following reaction:

Na, NH, l-chloro-3-methyl butane ¢y (NH3)2N0;
acetylene > - > >
g3
a) CH,~CH—CH,-CH,~C==C-NO,

36
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H.
G ~c=
11. b) CHBECHZE H-CHZ—C=zC Cu

CHy

¢)  CHy=CH,~CH—CH,~CESC NO,
GH3

d) CH3-CH—CHy-CHy-CZ==C. Cu

12. The reagents that can be used to convert acetylene into 2-methyl-
hexane are:

a) Na, NHj; methylchloride; Na, NH3; isopropyl bromide; Hy, Pt
b) Na, NH3; l-bromo-3-methyl butane; Hy Ni
¢) Na, NHq3 1-bromo~2-methyl butane; Hy, Pd

d) Na, NH3; methylbromide; Na, NH_; isobutylbromide; Na, NH

33 3

13. Reagents required to produce cis 2-pentene from 2-pentyne are:

a) Hz, Pt

b). Hy, Ni

c) Na, NH3 ‘
d) 1Li, NH3

14, Reagents required to produce l-propyne from 1,1,2,2-tetrachloro-
propane are:

a) KOH, NalNH,
b) KOH, (CH,), COK*

c) NaNH2

A) Zn

33
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15, When S-methyl=2-hexyne Ll subjected to ozonolysls the followlng
products are obtalned:
chlig
a) Cll3 COOH CH3- u—-cui-coon
¢y
b)  CHg=CH=0 CHy=CH==Cli5~CH=0
Gy
c) CH4~-CcooH CHg=CHo=-CH—~COOH
CH, -CHO CH, ~CH, =CHm==
d) 3 4~CH,, GH CHO
CHj

16. Identify product B in the following reaction synthesis:

Na, NHQ» isobutylbromidg Na, NH, CH3BE Brz,Ccla\ :
v 7 ?

acetylene > —>

a) 2,2,3,3-tetrabromo-5-methyl hexane

b) 3,3-dibromo~5-methyl hexane

¢) 1,1,1,3-tetrachloro-2,3~dibromo=2,5~dimethyl hexane
d) 1,1,1,3~tetrachloro-2,5~-dimethyl hexane

17. The compound obtained in the reaction of l-butyne with water in
acidic medium and in presence of HSSO4 is:

OH
a) CH3-CH=CHy-CHj

H

b) CH2 = H—CHZ—CH3

c) C\{{—CHZ—CHZ—CH3
0

d) CH3—g—CH2—CH3
0

39
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18, The major products in the reaction of l-propyne with {gopropyl-
magneslumbromide (Grignard compound) aro:
g”:}
a4)  CHy=CH=C 2=C=Cliy-CHy

h) CII3C112CII3

>
¢) CH3-CEEC'MgBr

H3
d)  CHy=CH=C EC-CH,

19. The major product or products in the reaction of sodium propyde with
2-chlorobutane is:

a4) 4-methyl-2-hexyne
b) propyne
¢) 1l-butene
d) 2-butene

20. The correct statements about the reaction below are:

BN : -
CH30Na + C6HSOH _y C6H50 Na + CH3OH
a) methanol CH30H 1is stronger acid than phenol CgHsOH

b) phenol donates hydrogen to sodium methoxide CH3O'N'a'+
c) phenol is stronger acid than methanol
d) methanol displaces phenol from the salt

21. Identify the reactions that will take place:

a) CH0H + NaOH ——> CH30"Na+ + H,y0

b) CHy0H + HC=C Na* -—->cn30‘Na+ + HC=CH

40
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21. «¢) NaNH2 + HZO-—> NH3 +  NaOH

d) NaOH + HCECH—=H0 + Na'C=cH

41
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1. F 12
2. T 13.
3. F 14.
4. T | 15.
5. T 16.
6. F 17.
7. T 18.
8., T 19
9. T 20.
10. F 21

1. T 22,

ALKYNES

a, ¢
c, d

a, b, d

b, ¢, d

42
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Form DI - Answer Sheét
1.t 11
2 T 12
3. f 13.
4. F ' 14.
5. T 15.
6. F 16.
7. F 17.
8 F 18
9 T 19
10. T 20.

ALKYNES

d 21.
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