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grsusznavdaleid wazslalaadalal
(Alkynes and Cycloalkynes)
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nsL3aniafunsed

(Nomenclature of Organic Chemistry)

Foauiny (COMMoN name)

NS Seandiafunsel

(Nomenclature of Organic Chemistry)

=»Common name
= 5.y [UPAC

(Intfernational Union Pure and Applied Chemistry)

i (COMmon name)

™ g15Usenaudalau

™ il9n59 138091 N 81431 normal
CH3—_CH2_CH2_CH2_

fivg] (CH,),CH- Fendnansusznaulels (Iso
compound) {ANA11 Iso U

UAZAINNERIEAIIN ane H4C
ScH—

/

Hi;C
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Common name

B 415U NaudaLau

™ Sy (CH,),C- Sannansusenauille (Neo
compound) L#NA11 Neo 1mun
Wa¥aIMEAEA1 ane
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™ 715152 n0UsARAU

P A A o o oA o
= Sgnuiiloudeaninvesdany uanlasudiag
menn ane dluylene

Common name (av)

CHg—CHz_CHZ_CHa CHj3
Hz;C——C—~CH;

n-Butane
CH,

Neopentane
CH3

HsC——C—CH;
H

Isobutane
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Common name (7s)

0.8, 195U
= Ethylene HC=SChE
= [sobutylene MG

C=CH,
HaC
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Common name (av)

® 1sUsenevdalevdifivuiadn Ho==cH
— 595%%@%5@@&31%3%% Acetylene
. L
¥ Di+methylacetylene
H3C—C==C——CHj3

¥ Isopropylacetylene
HsC
CH—C=C—H
H,C
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IUPAC Name

®Teingin (Parent chain): meth, eth, prop
™ g (Position)
I enaviving (Suffix)
Aaavingdusuniia (1° Suffix): ane, ene, yne
Anagvingdusunia (2° Suffix): ol, one, oic acid, ...
= @i (Prefix)
ARIngusuRie (1° Prefix): cyclo

Anniingususing (2° Prefix): wajiyvudisinge teiw
waflulas -NO, waz wajdada —R 16
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Alkyl Group (R)

= o

B3] R- d2iatiandn “vyjaana (Alkyl Group) ”

1,2,3%em0

® Sigasitoluda C H, ;s n =

WUUAI N =1; -CH, , §igiatFeandn Methyl

®yvuen n = 2; -CH,CH, , fiZiat3an3n Ethyl

® yuuFn n = 3; -CH,CH,CH, §ifiat5ein3n Propyl
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Teivian (Parent chain)

™ agdinedianeIunsuaulIniisgn wagLdanle
'3 ¥ v3 o < [}
s1nNANI (root) TdasaiudaIIvAsuaWlule

C, meth Cs hex
C, eth C.,  hept
C, prop C; oct
C, but C, non
C, pent C,, dec
C undec etc.




IUPAC Name (a0)

HC O 25

Hex

H3C_CEC_CH3

But

HsC—CH, Eth

H
G CHs
Hye™ kﬁ/ But

O
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I[UPAC Name (s19)
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IUPAC Name (ao)
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IUPAC Name (7o)
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IUPAC Name (a0)
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agdunndinlalesanduai (Aliphatic Hydrocarbons)

C=C

7
"\ Acyclic hydrocarbon : ki (A) + biluap#91 (cyclic)

CH, CH, _CHz _CH CHs __CH,
He” eHsT ey, MC Seny” T e, e
alkane alkene alkyne

Alicyclic hydrocarbon : viluaawnau

cycloalkyne
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C,

X

CH

IUPAC Name (a0)

® gngaving (Suffix)

Aaavinaisusuntia (1° Suffix)
TdigmFusnsusznaulalesaisuai (Hydrocarbon)

v Alkane aavingdae ane  C—C

v’ Alkene aavineiseg ene C—C

v Alkyne advineIgael yne c=C
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E
CH, CH,
n HSC/ \CHz/ \CHS
CH; CH,
& - Y
B e o ey, E B. loyTnadaau
e /HC:CH\ o A
a s \T a1 C.00n
CHa

L 5 =)
D. ls Tnadanu

@ 4
o E. 80 ln1l
/ 2
H H,e”  cH B
H,G—CH,
oh, 1o Tnasalad
g =< _
\
H,C—CH

G. 02 1517@n
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IUPAC Name (7o)

- A067191%U

H3C—CHj; Ethane
H,C—CH, Ethene
HC==CH Ethyne
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IUPAC Name (s19)

= A007191%U
A cyclo prop ane

cyclo hexene

cyclo oct yne
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IUPAC Name (ao)

- snhmh Prefix)
» gnimthsudunii (1° Prefix) 19mn

v o

cyclo smsvasiduiudiug
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IUPAC Name (ap)

CHs

CHsy

1,4-Dimethylcyclohexane
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Alkyl Group (R)

IUPAC Name (7o)

= AR (Prefix)

B3] R- d2iatiandn “vyjaana (Alkyl Group) ”

= Fadndudunite (2° Prefix) wajiuudising -
n=1,2,3,....,n

n 2n+1?

i o » Sigaziralilda C H
reiu waflulas -NO, waz wajdama —R a1
WUUAI N = 1; -CH, , fisiatFendn Meth+yl

<

By vue1 n = 2; -CH,CH, , diiat3an3n Eth+yl

® yuuEn n = 3; -CH,CH,CH, §ifiaten3n Prop+y
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unil 6 Ujisenisiiuvesdianinsiviaiueadu

(Electrophilic Addition to Alkenes)

U o

wgiaama (Alkyl Group)

| g’ 6.1 Addition of Hydrogen halides
™ gudiusiusagsINAw (root) aadbaingn wazaaiing —— o
byl - UnIInseNs HX
Hy H, 6.2 Addition of Halogen
HiC—C —C — Propyl group .
- Ugnsgnniseny X,

HaCw_ . .
CH— TsopropyiRe o] 6.3 Addition of Water (Hydration)

HaC - Ujisensiis H,0
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unil 6 Ufisenisiiuvasdianinsinafiveanu

(Electrophilic Addition to Alkenes)

Step 1: Attack of the pi bond on the electrophile forms a carbocation.

¢ B — —of
N N
12

+ on the more substituted carbon

Step 2: Attack by a nucleophile gives the addition product.

|l |
—C—C*" & Nyt —> —C—C—

[ |

B E Nuc

FHUAYDIAININT87 (Reagents)

e iinaleluld Nucleophile (nucleus lover) or
electron rich: Contain hetero atom (O and N)

Weuunudle Nu (neutral) wie Nu-

o 2idnlas IWd Electrophile (electron lover) or

electron poor @euunudie E wie ET

e Radical (eyyadesz) Tdun X*, HO®, R®, uaz RO®

unl 6 Ufisensiiuvasdianinsinafiveadu

(Electrophilic Addition to Alkenes)

® @ 0

= e—cwl ———  Uet—Cu, =
o}
empty p orbital
FIGURE 8-2
The pi bond as a ile. A strong phile attracts the s out of the pi bond to

form a new sigma bond, generating a carbocation. The (red) curved arrow shows the
movement of electrons, from the electron-rich pi bond to the electron-poor electrophile.

Wade Organic Chemistry 8e

6.1 Addition of HX : Markovnikov’s Rule

Nucleophile)

ee
H ﬂ\ H /‘ H cl
\c=c/ + H—Cl — ,\C*E"’H ,\c—c/.
VAN HY "H H7 \WH
H H (Electrophile) H H H
Ethylene Carbocation Chloroethane

intermediate

McMurry J.E. - Fundamentals of Organic Chemistry, 7th ed. - 2010




6.1 Addition of Hydrogen halides (HX)
- Ujisenmsiia HX (X =F, CL, Br, 1)

6.1 Addition of Hydrogen halides (Hydrohalogenation)
- Ufsennsiive HX

- Hydrogen + halogen+ ation

H2C=CH2 +

R R 1|{
,—L‘ oy \C=CH2 + HCl — RXCH2 or R—C—CH,
(A} (B} R/ | 7] | |
- H Cl ClH
H,C=CH, + HCI — s H,C—CH,
| (A) (B)
H Cl

Note: iy H 91 C=C 91l H ann¥ign

After looking at the results of many such reactions, the Russian chemist

Vladimir Markovnikov proposed in 1869 what has become known as
Markovnikov’s rule:

A regiospecific reaction:
CHs

$| CH3
C=CHp + HCO — CH37£|‘7CH3 CH3CHCH,CI
CHs CHg

2-Methylpropene 2-Chloro-2-methylpropane

1-Chloro-2-methylpropane
(sole product)

(NOT formed)

No alkyl groups
on this carbon

2 alkyl groups CH3

Cl
: \ |
onthis carbon\/C;CHz + HCI Etlier CH3—$—CH3
CH3 CH3

2-Methylpropene 2-Chloro-2-methylpropane

6.1 Addition of HX : Markovn&ov’s Rule

CHz -, f' Py
CCHCHy) + HO 2. CHaCCYCHa)
7" \-—’, -r \__/
CHs CHs

2-Methylpropene

---.CHs
1
- Ether
ﬁ ™ " HBr o
\
\ ,l

'~

1-Methylcyclohexene 1-Bromo-1-methylcyclohexane

I
TN TN Eth F‘\ R
CH3CH,CHACHHCH,Y + HI ——s CH3CH,CHZCHEHs)
AR J o’ N
Pent-1-ene

2-Iodopentane
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6.1 NalnYBIN15NAUNNTELILATINLAILUTU
Mechanism of Hydrohalogenation

v AUNNBINSAENTRaY

RO H R H
N2 N

C5C + H—X —— R—C—C—H

/ \ / \
R H X H

lHﬁ( \
/ \© @/

e e
R H R H ¥\

(A) ®)

Carbocation (A) or Carbocation (B) is more Stable???

Addition of HX : Markovnikov’s Rule

e =) Il
H—Br: il
s

g E:;:r: 2 product

| /H Positive charge
HESE =@ on less substituted carbon.
R \H Less stable; not formed.

a) 1° Carbocation b) 2° Carbocation c¢) 3° Carbocation

@
CH, ®
CH, | |
H,C=C —(I:@ R—(lle«) H—cl:@
H R H H
More Stable <= Less Stable
|I ! T
R e > R—>(|:© > H—(I:@
H H
R
H H R R
/ / / /
H—C+ R—C+ R—C+ R—C+
\ \ \ \
H H H R
Methyl Primary (1°) Secondary (2°) Tertiary (3°)

6.1 Addition of HX : Markovnikov’s Rule

CH, CHs Chy
4 + ‘Bics Br:
/\/ H _Br: 5 o
@: C YH\) H
H H H
product

more bonds to

hydrogen
X\i CH; o
H Positive charge
on less substituted carbon.
N Less stable; not formed.
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Question???

Predicting the Product of an Alkene Addition Reaction

What product would you expect from the reaction of HCl with 1-ethyl-

cyclopentene?
CH,CH
e

4.3 23u8A9 Carbocation 3NUHATe Niwualy ?

Problem 4.3 Show the structures of the carbocation intermediates you would expect in the
following reactions:

(a) (‘:Hg $H3 (b) CHCHz  HI ?
CHyCHoC=CHCHCHy 27 2

P 4.1 31nUfseiinvuali awitune lassadevaandnsio (Product)???

Problem 4.1 Predict the products of the following reactions:

(a) (b) ‘|3H3
Hel HB
— @ CHC=CHCHyCHy — ?
@ cHy (d) CHy
CHaCHCH,CH=CH, —22 . ? g Her, 2
H2S04

(Addition of H20 occurs.)

P 4.2 33911118 Taseasnevasansnedu lun1saseundnnmue Annvualdd 222

Problem 4.2 ~ What alkenes would you start with to prepare the following alkyl halides?

(a) Br (b} CHaCHa (o) IBr (d cl
OLI CH3CHaCHCH,CH,CH3 |

Uiz lundidunsd

(Reaction in Organic Chemistry)

ahilgnse

(Reagents)

9
% a [ 4
A1TAIAY ——  BERGELEE

(Starting material) (Product)

sa.a3.53asmi Sauamnauns vangasinnmansiiuda aIsad auginnmans snInodoni 1y
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6.2 Addition of Halogens : Anti Addition

Addition of Halogens to Alkenes

Step 1: Electrophilic attack forms a halonium ion.

-X'-
0 i\ 7\

halonium ion

Step 2: The halide ion opens the halonium ion.

‘X" :)“(:
_C/;g_ e
[ (1 L

X\

[3(' attacks from the back sidew

6.2 Addition of Halogens : Anti Addition

Top side open to attack

Bottom side shielded from attack

Cyclopentene Bromonium ion

trans-1,2-Dibromo-
intermediate

cyclopentane

H/\Br H/\H
i i’ Br—Br
H H > E > <

Br H Br Br

Cyclopentene trans-1,2-Dibromo- cis-1,2-Dibromo-
cyclopentane cyclopentane
(sole product) L (NOT formed)

6.2 Addition of Halogens : Anti Addition

EXAMPLE: Addition of Br, to propene.

Step 1: Electrophilic attack forms a bromonium ion.

S
H H ‘Brr
\C C/\\"Br Br: — C/ R +
—= ‘Br—RBr: =
DG H// \\H
H;C H

bromonium ion

:Erf

propene

Step 2: Bromide ion opens the bromonium ion.

(;ﬁ{ Hoop

. HC

o //c e /C c\\H

HiC \ H Br H
:?!r?

1,2-dibromopropane

6.3 Addition of Water (Hydration)
- U3t H,0

® ®
®
H
H2C=CH2 + H20 —_— Hzc_THz
H OH

3A.A5.5%a50U SunTUNAUNS 019sERERUNALHARGBNISARY J11 10303251 2567 Wew 1
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6.3 Addition of Water (Hydration) 6.3 Hydration : Markovnikov’s rule
- Ufisensiie H,0  : Markovnikov’s rule
- Hydrate+ ation
Acid
CHy + H,0 —— ?
R @ R R -
H
C=CH, + H,0O ——»» R—C—CH, or R—C—CH,
R H OH OH H
(A) (B) OH oH
. : . . CHy CHj
a = S =
Note: WU H % C=C 4 H 41nN&n
! (A) (®)
srassYady fauayAuns a‘mﬁééﬁauLLaw%m?iamiaau 31 10303251 2567 wiow 1 srassYady fauayAuns a‘mﬁééﬁauuaaNﬁmﬁamiﬁa‘u 31 10303251 2567 wiow 1

6.3 Hydration : Markovnikov’s rule 4.4 agvinune Tassadrsvasnansio (Product) 3nnugizeanisldunliiu

Alkenes wazdinsaludaisefjizen???
C‘H3 _—H CH,

C
4l I |

CH;—C=CH—CH; + H—Q—H <> CH,—C—CH—CH, butnot CH3—$—9H—CH3
H

Problem 4.4  What product would you expect to obtain from the acid-catalyzed addition of
water to the following alkenes?

\
H

3°, more stable 2°, less stable

The proton adds to the less substituted end of the double bond, so the positive charge (a) CH3 (b) 1-Methylcyclopentene (c) 2,5-Dimethylhept-2-ene

appears at the more substituted end. Water attacks the carbocation to give the proton- CH3CH,C=CHCH,CH3
ated alcohol.

i ™ ™
CH,—C—CH—CH; = C!-[l—(‘Z~CH—CH3 — CH;‘—C“(le*CHx Problem 4.5  What alkenes might the following alcohols be made from?
s
H,0:} H 08 H OH H ] (a) <|)H (b) ?H () OH
H,0x_,H H H,0° CH3CH,CHCH3 CH;CH2~(‘:—CH2CH3 i
3
The reaction follows Markovnikov’s rule. The proton has added to the end of the dou- CHz

ble bond that already had more hydrogens (that is, the less substituted end), and the CHs

— OH group has added to the more substituted end.

Taseas19vaeansnedy lun1simseutaanagad NNuualy 222

McMurry J.E. - Fundamentals of Organic Chemistry, 7th ed. - 2010




Uiz luiaiiaunsd

(Reaction in Organic Chemistry)

dhilgasen

(Reagents)

y 9 a Y 4
EEIZNIZNE —_— Rt

(Product)

(Starting material)

saas.sTasmi Smuasmniuni ndngasinnmansiiuda a3yl auzinnmans sinodoni1y

6.3 Hydration : Markovnikov’s rule

8-6: AWIMUIBHANAUNNAAVLANUATET Hydration

PROBLEN 8-6

Predict the products of the following hydration reactions.
(a) 1-methylcyclopentene + dilute acid

(b) 2-phenylpropene + dilute acid

(c) I-phenylcyclohexene + dilute acid

Wade Organic Chemistry 8e

unil 7 Ujisennisiiuvesdianinsividiueala

(Electrophilic Addition to Alkynes)

7.1 Addition of Hydrogen halides
7.2 Addition of Halogen
7.3 Addition of Water (Hydration)

15



7.1 Addition of Hydrogen halides : Markovnikov’s Rule

HX = HCI, HBr, HI
H i R . _ 3

H

g

R—C=C—H + |[HKX — R—C=C + X7 — ~c=c{__
alkyne 22 X \@

vinyl cation Markovnikov orientation

Add HX 2 moles

7

R H
R—C=C—H + [H}X — =g, WX, Rr—c—c—n

-
_ X |
(HX = HCI, HBr, or HI) X
o
. H CH,CH,CH. .
HB: s HB:
H—C=C—CH,CH,CH, ——> = " P B, H—C—C—CH,CH,CH,
pent-1-yne H Br | |
H Br
2-bromopent-1-ene 2,2-dibromopentane

sAn3sTainU SnuArnALYS 919seRARuLATHARdaNIAaY TY1 10303251 2567 Wiexl 1

7.1 Addition of Hydrogen halides : Markovnikov’s Rule

aaa

9-16 agiue laseassvaswdnsine (Product) aanufiizeansld HX (2 moles) 222

PROBLEM ©9-16

Predict the major product(s) of the following reactions:

(a) phenylacetylene + 2 HBr (b) hex-1-yne + 2 HCI
(¢) cyclooctyne + 2 HBr *(d) hex-2-yne + 2 HCI

" 1 H Cll
A—B doazls [ W )
H,C—C=C—CH; — » H,C—C—C—CH,
A-B fia HCI i cr}
b e )
Cl
A—B
H,C—C=C—"CH; ——» H;C—C—C—CH;
faazls
A-B fia HCI A—B
H cl

H;C—C—C—CH,
/

7.1 Addition of Hydrogen halides : Markovnikov’s Rule

Add HX 2 mole

Br Br Br

(‘: v \
CHaCHaCH,CHIC=CH 20 CHyCHyCHaCHy ™ SC7 T80 CHaCH,CHyCHy ™ e
H H H

Hex-1-yne 2-Bromohex-1-ene 2,2-Dibromohexane

16



Add X, 1 mole

X
R—C=Cc—R + X, — x=c_ + c=c(

(X, = Cl,or Bry) X R

Example
CH}(CHZ)J Br CH](CHZ)J H
CH,CH,),—C=C—H + Br, —> c=c{  + “e=c{
Br H Br Br
(72%) (28%)

sAn3sTainU SnuArnALYS 919seRARuLATHARdaNIAaY TY1 10303251 2567 Wiexl 1

Add X, 2 moles

R—C=C—R" + 2X,

(X, = Cl,or Bry)

|
— R—C—C—R’

X X
Example
Cll Cll
CH,(CH,),—C=C—H + 20, —> CH_X(CHZ)B—$—C—H
Gl /¢l
(100%)
Br H Br Br
\ /
CHsCH,C=CH —22 . c=c 52 CHaCH,C—CH
CH,Cly /- A\ CH,Cly [
CHgCHp  Br Br Br
But-1-yne (E)-1,2-Dibromobut-1-ene  1,1,2,2-Tetrabromobutane

sA.As.sTainu SuAvIunAuT 9191suRARULAYHARGENSABY 391 10303251 2567 ox 1

A 2
FUUVNN 7 LWRIAY
Question?
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