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exeil) O gl yamy ae SUKIVI Agy e gudaty o)) (S adde (alaty Lag 13 jdia
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Methane = CH,

H—C—H sp>  tetrahedral 109.5° bond angles

Non-polar — van der Waals (London forces)

Gas at room temperature  mp =-183°C bp =-161.5°C
Water msoluble

Colorless and odorless gas

“swamp gas” ; fossil fuel found with petroleum & coal
Important fuel/organic raw material

Vg bl e Sy S Gl (g gludia g alatia () 6 Gl A4 Ja e Dl SV a5 63

B aAlia pwday i Al gl Sl Gl o g datia g paa eal o) (S

Olial) Jibas

e 97 % (e S e (g5t 35 anball el -]
s oaall anidll SY) bl )
pitisd) mhan e cileli JSa jelay A5 cilaitind) Sle o lialls o
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Olial) e s

Oxidation (3 AaY) sawsI-1

Sl e A s S S gl Al ela AN 4 gaall GLS all 3 sl )
G Sine O 8 uald gl caad el o3 (pe Al L 8 aadll
@l Jeldil) s lall (81 jiald 4y puanll LS pall (8 G g el 5 (50 S
e Jpandl CUSIY) (3 5a (e g g gandall Jlall (3 5a die Caasy (5all
AL jalas aal e QUYL it Sus A8

niad Gl g 213keal Ao Jpandl a2l 3 ja Gl (e 2al g J g0 3y 2iad
Olisall Y lariul aal (je 62uSY) dilac

flam ((pl () Aa)) Aall Bacs)
CH4 + 20, CO, +2H,0 +heat 213 Kcal
(F0 @A) Al sausyi
6CH4 + O, _1500°C > 2C,H, +2CO + 10H,

O3S 2 o) galal 5 ol laat Alle 3 ) ja and Gl 4 jaldl 3008
O3 8 S ol salal 5 o s yedls ) L sa¥) judand (8 age o g uedl 5 O s oued) 5
Ay panl) CLS Hall o daall jriasd Jd age (liul) 5 Jsilisall jacans (8 age

Claya in s 2o Liaall Jalad) 3 s el pe lisal) Jelits - plall ga (ilisall Joli
( sduSY ) e \as (e L;A}) 4\7331:.3\ EJ\JAM

CH, +H,0 8°c.Ni O +3H,

(2 dage GLall 3aSY) SBlelas )

L L agall LS jall (po LiSH) juaiani D i Jlaai -]
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Halogenation of methane ¢l Liala-2
e s ) ol CLSIV g sl Aialel) Cidle i zliad s iy pall CSelE (e A s
CH, X2, CHsX +HX
CHsX X2, CHyX, +HX
CH,X, X2, CHX; +HX
CHX; X2, CX, +HX
X,=F, Cl, , Bry, I,
Relative reactivity 4w 4lladll
Ol Can Aipa Bl g 3 50 Ao gannal Alladll 48 2l Jeldill de o Jana (el oo
L e 5 S g5l (e gkl
& Ol e il Il dllad ) an 5 26l
F, >Cl, > Bry > 1,

po b IV 5 il pa ) slall Jelis Lol BV pe Jeliiy Y [y 3 sal) (5 2a g G
delily i e gua 513l a (M Aalall 9 (el aa Hslall delity g dalle 350 ja ) jans laa
Jomi I | il il ) sl Jmiy Y N A a1 5l ym iy g DU 8 i
a5l s ISl dalell
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CH, + Cl..hv = CH.C1l + HC1
methyl chloride

chloromethane

CH.Cl + Cl.,.hv = CCH-Cl, + FHCl1
methyvlene chloride
dichloromethane

CH,.Cl, + Cl,. hv = CClH1 + HCl

chloroform
trichloromethane

CCliHL  + Cl,.hv = c<ccl, -+ HCI1

carbon tetrachloride

tetrachloromethane
FaeS Jo i xind Ailiaall ) IS 2K oSl A (ga el il g s aSaill (S g
e Jeand I 4aS 33 ) die 5 Gl s 51 e dhani ) 518 5 () (e 45 sl
PR

CH, + Br-.hv —= CCH:Br + HBr

methyl bromuade

bromomethane
CH;Br + Br-. hv — CH-Br- + HBr
methylene bromide

dibromomethane
CH-Br- + Br-.hv —= CBr;H + HBr
bromotform
tribromomethane
CBrsH + Br-.hv — CBr, + HBr
carbon tetrabronude

tetrabromomethane
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dpilrasl) cle Wl 4840180

Cany (oS 4 yra Liay) agall (30 o815 AlanS Je il 8 iy 13 48 paa Jath Laga
Jfiall 35 aad o gaim 51351 a2 ga g I el Jelity Miad | LSl Je il

cde il e Chasgy oS oSy aa g el )51

LSl e xSl Jeldl) il o) cacal Al 53 ghdy 3 ghd Jualdll o))

Mechanism

Olinal) Aady 4<i1S1e

iy o )i ga iUl g Aeadiial) A8l Ao 508 padl (uilatia oS Gasg Aol
P 3 all Hedall Odlelss o) g Initiation step 5OEY) o el 3 shady 1915 glasll

1)

Initiating step:
Cl, => 2Cle

Chain reaction 4luluic e lds

propagating steps:

Cle + CH,
+ Cl,

CH,e

> HCl + CHge

> CH,Cl + Cle

terminating steps:

Cle + C(Cle
Cle + CHje
+ CHye > CH,CH,

CH;e

> cl,
> CH,Cl
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Energy

Sglilalysll] Bygdlolpagdll  clyagdall g pglell 14 llgm 2y

Aropagation Step 1 Propegabon Step 2 &
l,-""‘w.
/ E‘uﬁ\.
foeeH,
CH, +i: © N
\x%____ o
CHLCI +.Cl:

Reaction Coordinate

aliliiall B)AJ\ J}JAM O le Lty d;\JA A Laaled) dle las 95‘);3 A

Chain Initiating step 3,0V ) sadl 5 ghas -]
Chain Propagating step i<l o) gaill 3 shad -2
Chain terminating step slgi¥l 55k -3
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(1 z) & Juadl
Alkanes <l

B OS5 2 sl LS all Aaall 4 53 S 5 gl LS yall dbbs 3 Alle J gl o
e i i) daxnlie A gide dlbis (4o (il 5e padile ()52 S 550 98 4 suanll cLaasSl)
(a5 5 Apalal Tl 5 L 0 0 SI <3

Aliciy | Wi dadill je a5 4D e Gide i) b anl padl s UKLy
CrHznt2 Aalall dapall LS je

CiHy+2=CH, Oliall g8 il (Sl o Son=1 S I
CoHs.nt2 = CyoHg QA sa il (S el Sy n=2 oS 1Al
Structural Condensed
N Molecular formula Name structural
Formula H formula
' h
H—C—H methane CH
1 CH, H 4
H H
H—C—C—H ethane
2 CHe b h CH3CH;
O
3 CHg  H-C—C—C—H propane CH,CH,CH,
H H H
A
4 CHiy  H-C—C-C-C—H butane
A CH3CH,CH,CHg
5 CsH H—E—E—E—E—E—H pentane
e CH3CH;CH,CH,CHg
6 CeHia R
H=¢—¢~¢ ¢ ¢~¢~H  hexane  cH CH,CH,CH,CH,CHj
HHHHHH
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Further members of the series
CH,CH,CH,CH,CH,CH,CH, Heptane
CH,CH,CH,CH,CH,CH,CH,CH; Octane
CH,CH,CH,CH,CH,CH,CH,CH,CH; Nonane
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH; Decane
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, Undecane

CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, Dodecane

Etc., etc.
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4y guand) LS jal) A AL 3 als

LI e o)l 3 s 0 4 gl LS el e

isomers) 4:laal) Jsanl

LS 5 s 5 4 s dna Ll Al S all 8
Sh A s A s gl b dalise
S8 e gaadl

il o b T A ol Rl (L 0 i ) g s 0 S Y
ey o ) B ) A A Gl
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Jua
C4H10

i i
HTGIGTETH e

H H

H HH H H—Cl:—H

Butane (C4Hqp) H
Isobutane (C4H;p)
Structural isomers

Structuralisomers: different physical propertiese

¢Hs
CH3'CH2'CH2—CH3 CHg_CH_CHg
n-butane isobutane
b.p. - 0.5°C b.p. - 12.0°C

SMM@@JAQJQJSJ\Q\JSJL’J; n Gl Ju gdadl ¢ gal)

de jiia dgig S paa Alda o (g S @3 0 Jo ligw 9 5Y)
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Pentane C;H,,

3 structural isomers

(:Fig—(:fiz'(:Fiz'(:Fiz'(:fi3 ﬁ:F{3
(3F13—(:F12-(3F1-'C3F13
penntane CH3
I Isopentane
(:F{3__ﬁ:__(:F{3
CHj
Neo pentane
Note
¢Hs CH3
CH3;—CH,-CH—CH3; = CH3—(I3H—CH2-CH3 = CH3-CH2—CIIH
CHj; CHs etc.

P LS jal) BIa CliA% g Ay ) dauall (il Lt AN LS pall a1 Auda gl Jedal) Wil
Ll gl) e panal) DAY Al judl) diliasl) Lgiliia

C2H60

Methyl ether Ethyl alcohol
C3H60
Acetone ‘ Propionaldehyde ‘ ‘ CYCLO propanal
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| Classification of carbon atoms

;_(l;;;(;

1° carbon 2° carbon 3° carbon 4° carbon

1° carbon 2° carbon

¢ A primary carbon (1° carbon) is bonded to one other C atom.

¢ A secondary carbon (2° carbon) is bonded to two other C atoms.
¢ A tertiary carbon (3° carbon) is bonded to three other C atoms.

¢ A quaternary carbon (4° carbon) is bonded to four other C atoms.

(®
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Example

GHyGH
CH3CH2_C—C_CH3

| |
/ I H\C%& carbon

1° carbon
2° carbon 3° carbon

CHs CHa

HefeRicdon,
H\ CH,

90 carbon 4° carbon
2° carbon | |3° carbon
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e A primary hydrogen (1° H) is on a C bonded to one other C atom.
e A secondary hydrogen (2° H) is on a C bonded to two other C atoms.
e A tertiary hydrogen (3° H) is on a C bonded to three other C atoms.

Classification of hydrogen atoms Example
1°H
| C C l |T| «<—3°H
|
H—C-C H—C—C H—C-C CHyCH,—C—CHg
. . | C CH,4
1°H 2°H 3°H 2°H

s ALY aalaal)

B3 £33 e Ll il g e 50 Bas (ha ¢ oS AniliasS Bas g 4 (Lsdadl ) ALStY) Ae gaaall
uLGJA;.d\JiQUM\@JGLESﬁdQAMMJJ;Ja;M&B (UL Aa) Cha Ca g b
(1) Ll (ane) 4L (s a5 any Al (Gidial) LY G Jdad) sl B9 5 ¢ s AY)

ALV apalaall (lany slaw)

Thus, methane (CH,;) becomes methyl (CH;-)
and ethane (CH;CH;) becomes ethyl (CH;CH,-).

radical name
CHg— Methyl group
Ethyl group
CHs; CHz—
(@
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removea 1° H

» CH;CH,CH,— propyl group

H

l
> CH3—(|3—CH3 isopropyl group

remove a 2° H

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 10.5  Namesand Formulas of the First Five
Continuous-Chain Alkyl Groups

Alkyl Group Structure Name
CHy— Methy]
CH,CH,— Ethyl

CH,CH,CHy— Propy]

CH3CH2CH2CH2— Buty1
CH3CH2CH2CH2CH2— P enty1




Qle Bl ag.m Rlllalasall] Zygunell elyagll elpaylall g/ gglell 2ol ] llysm Realy
G dpand
(oo ¥l) Aaild) Tacl_|

Al IS GEYI 5 CHy sas) s Raay iy (Jlaall g GUISIY) 8 (S 5e )

H H H
C H H C C H
H H H
H H H
H C C C H
CHg
—HC__
Bl 1o LS 150 500 Sl (cann CHs  de sann sy 2ie (S

Ol g 5 Y
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IUPAC plai s 4zaniill-2
dipdail) g Alagl) £ LSl 4 5al) dmand) s oy

International Union of Pure and Applied Chemistry
:da gidal) il gy S 9 g l) Cha (e 65 3 g

)OSl G Gl e ASL Band ol (g2 SN B0 Jai Y G 1 e e Aleddes cld il gy S 58 -1
CH5CH,CH,CH; Jia 43ile g} daxiinie Cilign S 90 cand g Jaatia ol (B (& ga S )3 aan 0

i e ST aa) gl Gsa sl B4 Juathy O (San Wb 1 As e Sl il Siligy Sy s -2
i 028

1 2 3 4 5
CH3— CH, CH —CHy-CHg

CHz

3-methyl pentane

gl O ST o g giat Al Laf Ao i dadiite placd Lgd cudd A g¥) day Y1 ity
Ba g gall Sl 3 e I Ay 21 plandy dalitia A8y sy anad Lgild (90 S il
S pal)

Pentane (s CH3;CH,CH,CH,CH; g diall x££ CHpp S sal)

ane 4l cijal Ll duad (ry g dagal) 4,85 A3l (e gaPent  pdadal) Eua
)l LY pandd g, Ampdial) il gy 5S g gl ALile A 9 S pal) 122 Alile o Jaid
dafial) bty

cJsa) B LS (Ao jiiall y& ) Aaldail) f
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Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Table 4.1 Summary: Straight-Chain Alkanes

Number Molecular Name Number of
of C atoms formula (n-alkane) constitutional isomers

1 CH, methane —
2 CoHg ethane —
3 CsHg propane —
4 C4Hyo butane 2
5 CsHyz pentane 3
6 CeHy4 hexane 5
7 C/Hqs heptane 9
8 CgHis octane 18
9 CgoH2o nonane 35

10 CioHazz decane 75

20 CooHas eicosane 366,319

UL drand AJUPAC 2o g8
la a5 AbarSll (S jall (e (e ite 38 ) 5 et Alulis J skl 23ad o1
Sl 3 At el Lo g8 i Aailal) ALKV e gaaall Ll Gulal) Sl
oS

Correct Incorrect

T

¥ ¢ . |

C—C—C—C—C—(’J—C—C C—C—C—C—C—Cl:—C—C
b© bt ©

8 atoms in the longest chain 7 atoms in the longest chain|

| 1
C—C—C—C—C—?—C—C

"]

8 C's in the longest chain of each representation
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Example: Having two different longest chains of the same length

substituent—> C

C—C—?-—C-—C—C—C <—longest chain

C .
| <— substituent
C

7 atoms in the longest chain

2 substituents

more substituents

Correct

G
|
C—C-?—C—C-—C-—C <—longest chai

substituent c|;
C

7 atoms in the longest chain
only 1 substituent

fewer substituents

Incorrect

g Al 330 Cun Jaga¥l o B ol (o liriae A ) L) (ya o i -2

A (=) s le siia g il o JIal 8 )l pua gy a1 S el Al olB Y1
O Jul anepdaially aull widy g (¥l S jall and el dadl g ) sl Ay

Y el ity g JSS AT 6 5 0 Ll e oS 5

Correct
Start numbering here.

Y
C C

[ |
C—C—C—C—C—?—C—C
1 c

2 34567 8
first substituent at C2

Incorrect :dt"'“

Ay
C—C—C—C-C—(l)-C—C
T C
8 765 4321

first substituent at C3
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g = 3 = S | ‘1 2 3 4 5

CHg—TH,~EH —CHz-Shg CH3-CH ~CHy- CH2-CHg
<3 CH3

3-methyl pentane 2-methyl pentane

JS a8 ga 2aad o Jgladcdan) ol Audad) b JiS) gl (Uil (lie gana cuan 9 13) -3
Lald i Jgdalh odn 34U ¢ el pa L basi 5 (Al 508 5,3 aB ) Lgithely Lea Ao gana
A gana L Juatiall (53 1) B3 B LAY g Yo Jdad) i and) A4S i 9 8 s
GaN) (5] Gt Al e lld g )

:Jlia

Name : 4-ethyl-2-methylhexane
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A AN g (i pa Bl SYy caBgal) Gudl (B (gl cga Sl B3 (il o (LSl (e gana 352 dis -4
Jha 3 Baclill 83,5 ey

1 2 3 45 s 7

CHg—CH,~CH, - C -CHy~CH, CH3
i /CH

4- isopropyl -4- methylheptane CHsz CHg

2Aalll) i) adalially Ladse M ldy dAdadad) o adga cpe ST B Ll ALY Ao gageall 3929 dis -5

A A alldi - adallall Jariod 2 anll

A L alltri - adaliall Jariod 3 asall

=L Ay alltetra - adailall Jaricad 4 amll

lad Ay albpenta - aalall Jeaicd 5 2l

Jual shl) aladind quag A5l O Juailly

1 2 3 |
CH3z—CH ~CH-—CHgzy CH3
S CH3C CH2CHS3
CH3

2,3-dimethyl Butane
2,2-dimethyl Butane

Laga AL s Aidad) el fre g ddlacad) o JAST Uie gana cita g 13) -6
Al e 40l A il JstY) de ganal B Lad ) e

H H H H H H H

S L R R
H—C—C—C—C—C—C—C —H

H CH, CH, H H CH; H

2,3,6-trimethylheptane
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Example: Name the following compounds:

CH, CH,
CHCH CH —CH,
CH- C—CH CHBr CHgH- CH—CH,CH-CH,
CH—C CH, CH,CH,
CH CH, &

3

Example: Write the condensed
structure for the following compounds:

3,3-dimethylpentane

2-methyl-4-sec-butyloctane

1,2-dichloro-3-methylheptane
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(2 7)) & Juadl)

Se g b g 2l B2 Stereochemistry of Alkanes USRI 4 &) il Jeial)
e g8 " Three-dimensional = Sl jell dedf 5 JE20 d0d ju ey o3 elaalll & 4 4
£ A5 g

C-C dal gy U sl g8y Sua Ggilall 2 SUENI 3 2a i - Conformations gl
o g Aealall e pageall | Saegsuell 53 ) A free rotation sks 2 gl e o
SIS gl ada Jiad Yy 5 S de pey Aaal Sl pales JUS Ao A 085 G 80
et Dy

conformation of ethane G4 il

H H H
443 Sawhorse representations H H H H
Loy il pia g GG idul U jela oo
Con Al S5 e S ey C-H | |
H H

L L PP § N T P P P RWRRR o N o 5 P I ) P Y T QA P S b P LT YRR
el s @i H Ty Conformer Lgletialy ]S e dy il ddgdede 0
= e lhees e s g (conformational 1somer)

S Al 4 A Ladie |y 1940 Silngdl J8 s Eclipsed conformation oipadd dis . |
gy (g CoH a5 B cisnas (g e el 80 A 5l il g S50 ey 3
H
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o )y oy A8 B 1Y 08 il 8] s - Staggered conformation g AN A . 2
lgeinas e Dle pasdi

Skew conformation reed Slisd e il peas Y 2o il Sdle f 2a g

53l AEH BB ol B 50 e 5l pa ; Conformational analysis A-agd) Jalas
el g 5 s e pasal)

CH3-CH--CH2-CHy : ( C-Ca il Jym 5 pall ) 5 g0l Ay Jala

-
Hy Ha cHy, T

H{?I - i %IH

H H H n, H H
Hy CH; ™

H
(1} Anti (111 Eclipaed (11T} Gauche
H
CHy CHa EH Hs
H CH;

H@i—r‘ H@H H H '::HE.
H H H
{IV) Eclipsed (W) Gianche (WD Eclipsed

g5 e ey p LalaS (yfieaSlata fiall e paps Lo 0955 0 Ll a0 Anti Lsaslalall diglh
NP EY Ll

Crm P g mny fa 1% e Ll e s Uph 55€0 S Al a0 Gauche Alilal digll
e At g RN tmia ) sy iy ) EER S B i g man L (Ui pails jllal il
Oy LSl L e AL B el el 0l 5 85 J g (e sasall
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i gl Gidalia pay G4 S e papall L 05T AN Al oo : Eclipsed ol pwdd 4
(TV) bl 085 iy il 41§ e peaall fy M5 1 Al Al dea) Ly 2o s
JOSLE AR Sl e

g T Cp-Cy admyl 0 Jga o 3 all 2-Methyl butane w8 b Sl flagd bl o ) 7-2
TS S 0 980 Ciligl) o dag aS T ol |l g gl Lgd ol o Gadl dlsaa

CHy H CHa
CHy H .
1 1| 3 4 cH
CHy—CHw=CH,—CH - 3
2 3 H CHy H CHs
CHs H
LN (11
Hy CH,
H CHs
H
H Ha H Hy
H Ha
(111} TV

| e 5 s Y g el 5l Ay () o o 151l Y g

Physical properties A gl el clial)

aeaSaaad ISV A5 3a ) | lalld (b (a8 2 GULSIB 4 gl judll laall
OsSE L5 (C-C) sl i o (i Ty i Ll el 5W) 038 5 apanlasi yual sl Lgummy
gkl () 5S5 L g (C-H) 4boeSh anllally laa LB (38 <ld (5550 Jay 55 5l 4glad e
Jaai el 520 il QIS Vas ALk 4y sy g 3555 el sY) 138 (e SISY) 5 Jash S
an AL Gk o ddd pe Lal ISV AL jad AN AaiS (31 Y

U 5 8 (A Ly pe dpdalll e Gy el G da 5 G 6 8l ) sl p LS
G Gl jall 8 0 o0 Sl aae aba Hb CUKIYI Glile 5 jleadl Cila jnala yig
ol a1 a2 8 5230 | ) &y Sl cmana LS iy Sl e Jad 5l (5 58 500
paa o Jadd Gl aaind 5 sl) (8 Sl jadl G dal il (5 8 ) Cas Lalal Lalaiieg
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ke ) Gl (et J) ol Ayl AS0al) ) dasi 5 aS e Liayl o815 iy 5al)
OS5 bl Jskabaly ) ae Jlgaai¥l s gllall il )2 gl )Y i€ (Sl @l jle ()5S
Ada 0S5 S ) 5 S350 18 0S5 Ay, (Cs-Cpy) e DUSTY)
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Al Ll gy (uSIY) Pl dileay i iy - Hydrogenation of alkenes SlaSIy) da s - |
pamall g NI S8l o2l 308 Sualbee Jia A8 poiia 5 jina Jal go 2 gmp A L g 301 Adasl 1 e g gl
Pt oioll y Pd

CHy~CH=CH; + Hy —L—a CHy~CH;~CHy

2. Reduction of an alkyl halide
a) hydrolysis of a Grignard reagent (two steps)
) R—X + Mg > RMgX (Grignard reagent)

i)RMgX + H,O - RH + Mg(OH)X
SB SA WA WB

CH3CH2CH2-BF + Mg 9 CH3CH2CH2-MQBI'

n-propylbromide n-propyl magnesium bromide

CH,CH,CH,-MgBr + H,0 = CH,CH,CH, + Mg(OH)Br

propane
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b) with an active metal and an acid
R—X + metal/acid - RH
active metals = Sn, Zn, Fe, etc.
acid = HCl, etc. (H*)

CH,CH,CHCH, + SwHCI - CH,CH,CH,CH, + SnCl,

Cl
sec-butyl chloride n-butane

CH, CH,
CH,CCH, + Zn/H* - CH,CHCH, + ZnBr,

Br
tert-butyl bromide isobutane

QD
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3. Corey-House synthesis

R-X + Li =2 R-Li + Cul - R,CuLi

R,CuLi + R’-X > R—R’ (alkane)

(R’-X should be 1° or methyl)

This synthesis is important because it affords a synthesis of
a larger alkane from two smaller alkyl halides.

note: the previous equations are not balanced:

R-X + 211 - R-1i1 + LiX

2R-.1i + Cul -2 R,Culi + LiX

R
R-Culi = R-Cu-, Li1*

R-CuLi + RX =2 R-R° + RCu + LiX
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Cl, CH, CH,
CH,CH-Br + Li & CILCH-Li + Cul S (CH,CH),-CuLi

1sopropyl bromide

CTl, C1l,
(CH,CI),-Culi + CILCILCIL-Br > CH,CH-CILCILCIL,
2-methylpentane
(1sohexane)

Note: the R"X should be a 1° or methyl halide for the best vields of the final product.

¥yl g Je& -Wurtz

el il a9 delhaay) 3 skl 48] w3 gWurtz i) g 48 b
Bl agaagall 3525 RX SV e cpdiady @il 3 S 4yl
(3Bl ) Alilatia cilill]

2 R=X + 2 Na —== 2 R—F + 2 pMa¥

Glgha ey Jelil)
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Reactions of alkanes:

alkane
alkane
alkane
alkane
alkane
alkane

alkane

+

+

+

+

+

+

+

H,SO, -> no reaction (NR)
NaOH -> NR

Na - NR

KMnO, > NR

H,,Ni > NR

Br, > NR

H,O > NR

(Alkanes are typically non-reactive. They don’t react with
acids, bases, active metals, oxidizing agents, reducing agents,

halogens, etc.)

Alkane, reactions:

1. Halogenation

2. Combustion (oxidation)

3. Pyrolysis (cracking)
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2. Combustion
CiHonsz + (XS) Oy, flame -> nCO, + (n+l)H,O + heat
gasoline, diesel, heating oil...
3. Pyrolyis (cracking)
alkane, 400-600°C - smaller alkanes + alkenes + H,
1. Halogenation
R-H + X, heatorhv - R-X + HX
a) heat or light required for reaction.
b) XZ: CI2> Brz;t I2
c) yields mixtures
d) H: 30>20>10>CH4

e) bromine is more selective
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CH,CH, + Cl,hv > CH,CH,-Cl + HCI

ethane ethyl chloride

CH,CH,CH, + Cl,, hv 2 CH,CH,CH,-Cl + CH,CHCH,

propanc n-propyl chloride ClI
459, isopropyl chloride
0
55%

CH3CH2CH2CH3 + Clz, hV 9 CH3CH2CH2CH2'CI 28%

n-butane n-butyl chloride
+
CH;CH,CHCH, 2%
Cl
sec-butyl chloride
CH, CH,
CH,CHCH, + Cl,,hv > CH,;CHCH,-CI 64%
iIsobutane iIsobutyl chloride
+
CH,
CH,CCH, 36%
Cl

tert-butyl chloride
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CH3CH2CH2CH3 + Brz, hV 9 CH3CH2CH2CH2-BF 2%
n-butane n-butyl bromide
+

CH,CH,CHCH;  98%
Br
sec-butyl bromide

CH, CH,
CH,CHCH, + Br, hv > CH,CHCH,-Br  <1%
iIsobutane iIsobutyl bromide
+
CH;
CH,CCH, 99%
Br

tert-butyl bromide

CH3CH3 + Brz, hV 9 CH3CH2-BI' + HBF
ethane ethyl bromide

CH,CH,CH, + Br,, hv > CH,CH,CH,-Br + CH,CHCH,

propane n-propyl bromide Br
3% isopropyl bromide
97%

In the reaction of alkanes with halogens, bromine is less reactive
but more selective. :
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initiating step:
DX—X > 2Xe
propagating steps:
2) X» + R—H > H—X + Re
3JRe + X—X 2> R—X + X
terminating steps:
4) 2Xe > X—X
5) Re +X* > R—X
6) 2R > R—R
chlorination of propane, mechanism:
1) CI—CI »> 2Cl
2) abstraction of 1° hydrogen:
Cle + CH,CH,CH, = CH,CH,CH,» + HCI
or abstraction of 2° hydrogen:
Cle + CH;CH,CH; > CH;CHCH; + HCI

3) CH3CH2CH2’ + C12 9 CH3CH2CH2CI + CI'

or CH,CHCH; + Cl, > CH,CHCH, + Cl
. cl
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2) abstraction of 1° hydrogen:

Cle + CH3;CH,CH; -> CH3;CH,CH,» + HCI
or abstraction of 2° hydrogen:

Cle + CH3CH2CH3 > CH3CHCH3 + HCI

The chloride that is produced depends on which hydrogen is
abstracted by the chlorine free radical in step 2. The n-propyl
free radical gives the n-propyl chloride while the isopropyl free
radical yields the isopropyl chloride.

The relative reactivity in chlorination:

H: 3°:2°:1° =5.0:38:1.0

The number of hydrogens (probability factor) may also be important.

CH;CH,CH-CH; + Cl,.hv = CH;CH,CH,CH,-CI
n-butane

+ CH,CH,CHCH,
Cl

n-butyl chloride = (no of loh\"drogens) X (reactivity of 1°)
=6x1.0=6.0
sec-butyl chloride = (no of 2° hydrogens) x (reactivity of 2°)
=4x3.8=152
% n-butyl chloride =6.0/(6.0 +15.2) x 100% =28%
% sec-butyl chloride = 15.2/(6.0 +15.2) x 100% =72%
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CH; CH; CH;
CH;CHCH; + Cl,.hv - CH;CHCH,-CI + CH;CCH;
1sobutane Cl

1sobutyl chloride = (no of 1° H’s) x (reactivity of 1°)
=9x1.0=90

tert-butyl chloride = (no of 3° H’s) x (reactivity of 3°)
= 1x50=50

% 1sobutyl = (9.0/(9.0 + 5.0)) x 100% = 64%

Relative reactivity in bromination:
30:2°0:1°=1600:82:1

In bromination the relative reactivity differences are much greater
than any probability differences.

isobutane + Br,, hv = isobutyl bromide + tert-butyl bromide
isobutyl bromide =9 Hx1=9

tert-butyl bromide = 1 H x 1600 = 1600

% tert-butyl bromide = (1600/1601) x 100% = >99%
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(an alkene)

60



By gapm Al Bgpaell @l dgagll ] aplel 302 lym dealy

ds.id.;aﬁ:\eﬁ o LASM&)JQAMMEF\JUJJJSS\@JJM@Y\GA
Lol 0 LSug 5 e daalud s puals o s )3 (03 050 S50

2a 5 (5 sinn 2 C¥lae S 3525 (5l SP? A (s S 50 S s 00580
Leddle o8 il yisll A e 5 gian (550 S JS (550 L 5 (5 s Qallia)
oz Bl U (pn S8 ,8 (IS rlint @l g 2 glaal ALl (e Yoy (5 5830
a5 (5 slue & Linge OV 2 5a 5 JaaDly V) Lol 55 & o) Sl STV
Ssina OS5 (5 shall o (53500 5 Gage e e 050 S50 81 B
»al ¥ C-C 0SS0 mda 5 (Al sl Y1 O 2 ke 05 58 e
LS Wy a5 Al (15 (o g (52 (et gl Tl e w85 C-H
§stall Jisl 5 et (o JAIa Gogus gl je A5 SV Jadll W) L 6
T gL B ) ) 5S Jaal 5l 13a

4 @l eS8 pal (30 43 a3 sl (A G S — O S Ax 53 3all 3 pall
s C-C A8liaall (pa B U:\LY\‘:AC-C O:‘-."EM\J.M‘L“SLJ?’MU
SJJM\ 5 | LJA‘)AAE‘ 2\;}3‘}45\ 5 ) Y uﬂhj Oy

n bond
P ‘o’ 3 s &
= - /1200 - ] . e"
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ethylene sp“ hybridized S
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cis-2-Butene trans-2-Butene
®© 2007 Thomson Higher Education

Y ,‘\g.udl‘gj\ sludiY L (8 20 da 93 hall 3 V) Jen o))y sall A8l e Aailill ¢l g g ) 1A
O3S S0 e S o (it (e same 3ga g Alla & V) dnigd) Ol a5 ) el

C=C are called “vinyl” carbons

If either viny/ carbon is bonded to two equivalent groups,
then no geometric isomerism exists.

CH,CH=CHCH, CH,CH,CH=CH,
yes no
CH,
(CH,),C=CHCH, CH,CH=CCH,CH,4

no yes
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Nomenclatire of alkenes <ALSH dpad

TUPAC system sl dpedll /g
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alkene %S LS a5 ene alaiall gne pladal Jladiud ae Gl S0
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Al

CHy-CH=CH;
Proqene

':H:,_ '::H_‘
= 4 3 2 |
CHy=CHy=CH,-C==CH.

2Eihyl=1-penlene

Oror

| -Adethy | eyelopentens

CHa~CH=CH—CH,

2-Buiens

#h
CHy=CH=CH=—CHy=C——CH,

5 S=Phmethyl=2<hexene

[ ] 3 d L &
H-C=CH—CH=CH—CH~CHy

| &-Hexadem:

Hy
] ¥ El =

CHs

L] + L] L]
CHy=CH—CH=CH—CH,~CH,
CHy

2-Methy]-3-hexene

CHa Ha
il —
I 2 oo 5
CHy-CH=CH—CH—CH; H H
4-Chloro-Z-pentemns cig-2-Hutene
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Commeon nanees ety Ao Sl § LSl

At
Ha
CHy=C=——CHz CHy=CH—CHa CHy—CH:
[ =scibmt v b Propry lemee Fokry b
= i i 5]
':H_-:__'::H_-\-_ CH= ':-Hﬂ EHS_EH=EH_GH3

e -Fuabvlene P -Butylene

T gy Al Sl pla CHAUS all | cam]

CHL
CHy— CH—C==CH. CH3;—CH=CH—CH=CH- CH=C——CH=CH,
Beliciby ] albene Py e | =mcprrerse
(1 2-burschcme [ I 3-Fenmddicne 1 [ 2-Pderhsed-1 5-baitadkene

- e g el Aadld sl il pancall | camad

CH— CH—CH— CH,=—CH=—CH—
Fdeihy bene oroup oyl Eroiugs Ayl growp
e
I:-IH
C=CH-
i ZH-—CH—8r CHy=CH—CH—CI
richboro vy lideise: Wyl Broamcde Syl chlorices

[1-1-Thchlors athens| | Firovnwe ethene | ( F={"hloro=1 =propszns
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Name the following:

ITISC _CHjs

H,C—=CHCHCCHs  3,4,4-trimethyl-1-pentene
|
CHs3

CHs

I - _2_
CHsCH2CH=CCH,CHa 3-methyl-3-hexene

CH3
CH2=CHCH20H2(13=CH2 2-methyl-1,5-hexadiene

s cnycn;
CH3(|:CZCHCH2CH2CH3 3-ethyl-2,2-dimethyl-3-heptene
CH;
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R.C==CR, »R,C=CHR > RHC=CHR > RHC=—CHR S=R.C==CH, > RHC==CH.

Irans L
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I |
—C—C— + KOH(ale) > —C=C— + KX + H0

]
H X

a) RX: 3°>20>1]°

b) no rearragement

¢) may yield mixtures
d) Saytzeff orientation
e) element effect

f) rate =k [RX] [KOH]
g) Mechanism = E2

rate = k [RX] [KOH] —> both RX & KOH in RDS

R-1> R-Br > R-Cl “element effect”
=> (C—X broken in RDS

.. Concerted reaction: both the C—X and C—H bonds are
broken in the rate determining step.
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Mechanism = elimination, bimolecular E2

Y e 5
(‘ZJ(’: - C=(‘3— + H:base + ‘W
H

basgj

CH,CHCH, + KOH(alc) » CH,CH=CH,
Br
isopropyl bromide propylene

CH,CH,CH,CH,-Br + KOH(ale) - CH,CH,CH=CH,

n-butyl bromide 1-butene

CH,CH,CHCH, + KOH(ale) > CH,CH,CH=CH,

Br 1-butene  19%
sec-butyl bromide +

CH,CH=CHCH,4

2-butene  81%
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Saytzeff orientation:

Ease of formation of alkenes:
R,C=CR,>R,C=CHR > R,C=CH,, RCH=CHR > RCH=CH, > CH,=CH,

Stability of alkenes:
R,C=CR,>R,C=CHR > R,C=CH,, RCH=CHR > RCH=CH, > CH,=CH,

CH,;CH,CHCH; + KOH(alc) » CH3;CH,CH=CH, RCH=CH,
Br 1-butene 19%
sec-butyl bromide +
CH;CH=CHCH;, RCH=CHR

2-butene 81%

KOH (alc)
CH,CH,CH,CHBrCH; - CH,CH,CH=CHCH, + CH,CH,CH,CH=CH,
T1% 29%

CH, CH, CH,
CH,CH,CCH; + KOH(alc) > CH,CH=CCH, + CH,CH,C=CH,
Br 71% 29%

CH, CH, CH,
CH,;CHCHCH, + KOH(ale) - CH,=CHCHCH,; + CH,CH=CCH,
Br major product
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3 - dehydration of alcohols:

| |
C—C acid, heat > —C=C— + H,O
|

H OH

a) ROH: 3°>2°>]°

b) acid is a catalyst

c) rearrangements are possible
d) mixtures are possible

e) Saytzeff

f) mechanism is El

Mechanism for dehydration of an alcohol = E1

| |
Hy OU t QH2
| RDS |

2) —C-C— = C-C— + H,0O
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CH,CH,-OH + 95% H,SO,, 170°C > CH,=CH,

CH, CH;
CH,CCH, + 20% H,SO,, 85-90°C - CH,C=CH,
OH
CH,CH,CHCH, + 60% H,SO,, 100°C - CH,CH=CHCH,
OH
+ CH,CH,CH=CH,
CH,CH,CH,CH,-OH + H*, 140°C &  CH,CH,CH=CH,

rearrangement + CH,CH=CHCHj,

4- dehalogenation of vicinal dihalides

]
C—C— + Zn > —C=C— + ZnX,
o
X X

eg.
CH;CH,CHCH, + Zn > CH3;CH,CH=CH, + ZnBr,
Br Br
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5- Reduction of alkynes

R R
H> - o—ed Cis
lindler catalyst / \
H H
R—C=—C—R —
Na or Li R\ /H
- c—=—cC trans
NH5 \
H R

Give the mechanism of reaction 3,3-dimethyl -2-butanol with
H,SO, ?
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Aa 53 all el Y ) il ) ol S gl

Al 77 5L bwal s 4 58l 6 LeSs b ual (10 A8l e 4 50 3all 5 pa¥) ) Ly
A8US cllia oS8 S (g SIS 53) G A () 9 G B g AS gusan il
) S5 | el pall i il 5 IV e a0 Cadas A i)
Gl g STV e adaly Cadl S o5 5 S 7 50 e oo Cnd Al g dsaalall
Al 5 yiCIY) ALY e ld o dUail) ST aBle i () 5S5 Ale

. Electrophilic addition reaction

)EJAS\JJJAML;Ak_\uj‘)ﬂy‘ucm‘;\j\g‘uﬂ‘jg\wPY\&yﬂj
8oall ) saall clelds Liay) €IV lad AL (2 jtie ¢y 5 53S0 (e Eaag il
Free-radical addition reaction

-l R :\;j.:}d\ 3 pay) Gilelad
Electrophilic addition reaction &l s yiSIV) AdLa¥) cilels -]

Free-radical addition reaction s all saall ddla) &ields D

LS e i

1]JAddition of hydrogen (42ne)) G soued) Adlal-]
CH3CH:CH2 + Hz, Pt 2 CH3CH2CH3

CH3CH:CHCH3 + Hg, Ni = CH3CH2CH2CH3

n-butane 2-butene
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2] Addition of halogens (Halogenations):

-C=C- +X, Inerrant solvent R -C-C-X

CCl,

i) CH,CH=CH, + Cl, CH,CHCICH,CI

Br

. CCl, ~
i) D + Br, > Q
Br~

Jie e Cude padii sale g s dlledl g SV & e Al sen Jeldll (g
VA8 all 6l ja da yus4e ju o deldll s CCly OS2, 5K (2l
Ol (o gp ST o g, ALl Jelii ygingy | ¢ puall 3 5m 5 collay
=L el O Cus An 50 3all 8 Yl sa s e RIST xS Al gl
g STV () adilical die 5 jpeal i) Jlae (e 3 jle (555 O SIS
Y Ol A 5 A 53 all B pa¥) ae a5l Je ey

[y i 1

CHy=={H2: + Bry -—— UCH:—LH;:
': Ethene ﬁr ,E._
Bilcylena) I, 2~ browrceed bun res
(Ethylens bromade)
CE-[,E:[—[—-CH: + Bry ——u, l:[-[,-—i-jr-—i-h
m} I 2-DM oo ro pauns.
CH, CH 3
mr-—é:cu, + Br; —*s CH '
2=-hethylipropemss

{Bsobutylene) 1. 2= AR e
(Isohwirviess Brooadds)
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Electrophilic Addition

e Step 1: Pielectrons attack the electrophile.

/\ E
+ | ~

\-____C —C < + E —_— —C —C +

« Step 2: Nucleophile attacks the carbocation.

Mechanism of addition halogens

e Pjelectrons attack the bromine molecule.
e A bromide ion splits off.
e Intermediate is a cyclic bromonium ion.
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A8l al sall] Zggunell a2l

Ayl 03] pglell 1yl2. [ llym Rl

Halide ion approaches from side opposite the
three-membered ring.

Br

[ -
C—Cli\

Br

A

035K I iy s Jslaall 3 A1 0l 535 i 5 &Sl il
e (5 i (5 A) LS e o apa ol A (S5 Y 5 () sSiall

CHy=CH; —"is CHiBr—CHs® —

aliadll o gtV

-—
r=————rlly

CHsBr—CHaBr
1,2-Dibromoeihane

=  CHyBr—CHCI

2-Bromo-1<chloroethane

L CH3Br—CHjl
ZuBromo- | -indocihane
Ny~
— CH;Br—CH;0ONO;
2-Bromoethy] nitraie

WO

—r, EH:Br—C‘H;%H ]

|:!t;. CH;Br—CH;0H

2-Bromoethanal
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3. Addition of hydrogen halides.
| |
—C=C— + HX = C—C

]
H X

a) HX =HI, HBr, HCI
b) Markovnikov orientation

CH,CH=CH, + HI - CH,CHCH,

I
CH, CH,
CH,C=CH, + HBr - CH,;CCH,;
Br

Markovnikov’s Rule: When an unsymmetrically substituted

alkene reacts with a hydrogen halide the hydrogen adds to the
carbon that has the greater number of hydrogen substituents, and
the halogen adds to the carbon that has the fewer hydrogen

substituents

79



By gapm Al Bgpaell @l dgagll ] aplel 302 lym dealy

Markovnikov's Rule

B More highly substituted carbocation forms as intermediate
rather than less highly substituted one
B Tertiary cations and associated transition states are more stable
than primary cations
H Cl

+ | ci |
CHg_Cl:—CHz — CH3—(.|:—CH3

CH3 CH3
Cl\'|3 tert-Butyl carbocation  2-Chloro-2-methylpropane
/C=CH2 + HCl (tertiary; 3°)
CH3
2-Methylpropene T N or T
CH3_C|:_CH2 — CH3_C|:_CH2C[
CH3 CHs
Isobutyl carbocation 1-Chloro-2-methylpropane
(primary; 1°) (NOT formed)
29
'EH] ?H!
-+ m,—cn;—é—-—cu, 8 . CHy—CHy—C—CH,
A ¥ cation
| HO {2-Chloro-2-methylbutane)
CHy—CH=C—CHjy = Actual product
2-Methyl-1-butens

CHj
X mrgwiﬂ:

& F catlon
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An exception to Markovikov’s Rule:

CH,CH=CH, + HBr, peroxides - CH;CH,CH,Br

CH; CH;
CH,C=CH, + HBr,peroxides - CH;CHCH,Br
“anti-Markovnikov” orientation

note: this is only for HBr.

B0 pEete . CHyCHBrCH, Markovalkov addition
CHyCHw=CH, —1%- Tnogeopyl bromide

Propylene _peresdes e CHiCHgBr  Anti-Markovaikov addition
a=Propyl bromide

22 prenids,  CH,—C—CH; Markovniker addition

3
EHJ.—E:CH: HBr
lsobutylens

|_persziem CH;—C—CH;Br  Anti-Markovaikoy addition

Isobuty] bromide
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o810 S e BaclE uSe ALY () 5S5 aS g jull 3 a9 HBr  lelss i
S gl 3 g0 3all ) gdal) o Jelal) AKilShe o) ga b 8l

Free Radical reaction

Chain Initiation
i heat
Step 1. R—O—:—O—R — 3 2R—O0e

Oe + HBr S — ROOH + Bre

¥ N\

Step3. H;C——HC—=CH, _Bre_ CH;CHCH,Br

Step2. R

Chain Propagation

Step4. (}13(.]{1-1211‘ + H—E—B- —» HC—CHH

HBr
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londe sddition: Markosnibor orieniation

—— CHy~CH—CH, 2 . CHy—CH—CH;

A X cation
CHy—CH=CH- ..l lsopropyl bromide
Propylene
—¥—+ CHy=CH;—CH;®
A 17 carin

Free-radical additen: Auil-MorkownEor orlemianon

—+ CHy—CH—CH3Br =+ CHy—CHy—CHyBr

A T free radical i
CH;=—CH=CH; B #A-Propyl bramide

Propylene

—i— CH—CH—CH;

T
A 1 free radical

SOME ADDITIONAL EXAMPLES

only major product is shown
CH; CH;
OI/ + HCI ——> ©<Cl
CH, CH;3;
Cl
+ HCl —m™»
Cl

+ HCI
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Electrophilic addition : rearrangement

Carbocation o588 s Sl e J seasll (i yill sale ) Gasd o (Saall (10

| el iCY)

For example, addition of hydrogen chloride to 3,3-dimethyl-1-butene yields
not only 2-chloro-3,3-dimethylbutane, but also 2-chloro-2,3-dimethylbutans:

CH, CH, CH,
EI-],--(JJ-—CH L= cli,—é—a—[—c'ﬂ, 2 m:.—cl:-——cn—m,
G G © b, d

3,1 Dimethyl-1-baténs 2-Chloro-3, -dimetiny fbatans
s
l:l.'[_] ':-1{’
EH;—(J:—{‘.H—I.':H, = cﬂ,—é—cn—m,
@ I
E.H; éﬂ éﬂ*!

2-Chloro-1, 3-dimathyl butane
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4 -Addition of Sulfuric Acid to an Alkene

i
(e
O: OSO3H
\\ / SLOW \\ J/ . |

C=C e CcC—C > N7
7 N /+ I\ PN
ig H H
H—Q—ﬁ—Q—H alkyl hydrogen sulfate
o
cold
FOLLOWS
MARKOVNIKOFF
RULE

5- Addition of Water to an Alkene

H,SO,
R=—CH=CH, + H,O »  R—CH=-=CH, H

OH

an alcohol
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Mechanism of Hydration

1) R—CH:CH, + H,S50, —SIOW 3 R_CH-CH,H + HSO,
+

2) R—CH-CH/H + H,0 —> R—(i‘.H-CHz-H
+ OH,

3) R—?H'CHz‘H + HSO, —>» R—(I:H'CHZ'H + H—O—ﬁ—OH

+ OH, OH 0]
CHs
K 250 t|
+
H;C——C——C——CH 294
3 | E'_'_ _ > + HOH — > H3C CH3
CH \/ H Hydration (E®°I£© |
3
Slow CHg
3,3-Dimthyl-2-butene 20 Carbocation
m +OH, CHs
-CH, immagration + | H,0: | |
—> H3C C CH3 —» H3C C C CH3
| ‘vl |
CHs CHz H
3° Carbocation -H*
I
HaC T (|: CHs
CH; H

2,3-Dimethyl-2-butanol
(Major product)
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6- Halohydrin Formation

OH
Br2 |
RCH=CH-R - R—CH—CH—R +HBr
H,O
2 Br
a bromohydrin
Br, + H,O HO-Br + HBr
Mechanism
P
/_\ slow /{
R—CH:CH2 + Br—Br —_— R—CH—CH2 + Br
O
@
r Br
TR
R—CH—CH, — R—CH—CH,
H/.o.\H H @ H
Br Br
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7-Hydroboration

e Borane, BH,, adds a hydrogen to the most
substituted carbon in the double bond.

e The alkylborane is then oxidized to the
alcohol which is the anti-Mark product.

. _ ()BH; | | @ mo,on | |
= ———> —C—¢ > —C—C—

|| ||
H BH, H OH

5_

o CH,CH—CH, _

=" w N II—I H CHCH=CTS (CH3CH,CH,),BH
2

s B2

CHiCH=CF2 (CH4CH,CH,)3B

H->0O
(CH,CH,CH,)4B O—2HZ> CH3CH,CH,0OH
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CH, CH,
cH,—c.Hmé—cH, BEyh , B0y OR m,wcuuéﬂ-m,
2-Muthyl-2-butene 4'“
J-Math yl-2-butanal
(2
CH,

CH;
ﬂir—tl.'-ﬂ-[—m-l; Ay, b0, ONT EHI—IIE:—'E'H;—CH;UH
CH,

J.,J-mnn;b-:-hlm 3,3-Dimnethyl-1-batanol
(1%

8- Addition of free radicals

ROOR
CH3(CH,);CH=CH, + HCCl; ————» CH3CH,CH,CH,CH,CCl,
1-Hexene PerCAge 1,1,1-Trichlorohexane
Cl
ROOR
CH3CH,C=CH, + CCl, » CH;CH,CCH,CClI;
peroxide
CHs CHs3
Isopentene 1,1,1,3-Tetrachloro-3-methylpentane

¥\

CH3(CH2)5CH:CH2 + CBr3 —_— CH3(CH2)5CHCH2CBI‘3

\_/ | ROOR |
Br Br

1,1,1,3-tetrabromononane
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The mechanism for this reaction
is as follows:

Chain Inition

Step 1 RO——OR —— 2RO
: 1
Step 2 ROe + Br-i—CBr;— ROBr + «CBr;
Chain Propagation

Step3  CHy(CH))sCH=CH, + +CBr; — CHy(CH,)sCHCH,CBr,

Step4 CHy(CH,)sCHCH,CBr; + Br-i—C8r; —3 CHy(CH,)sCHCH,CBr;

Br
1,1,1,3-tetrabromononane

9- Oxidations of alkenes
Lyl dleal) s 5 o gl sall Cilinia Aol g3 300SY) Ol LS 4
o JnS s e saae Ji) Aleall eati Cua Hydroxylation
:\;}J‘}d\ 'é).ua\z“

H H

H H cold 5% KMnO
~ 0 4 -
C_C\
u H H H

OH OH
Ethene )
1,2-Ethanediol

(ethylene glycol)
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u‘}(};ﬁ\ Lf‘ 1’2-di0|5 L_i\_\SJA ‘55\ LL\\AASSY\ dj;ﬁ 3aSY) dﬂ\j‘; )
Giosaie O S S0Y e OH (Fe senn e (g 53T (o) JaS g el 400
Glycols ¥ sSSIL s jall 028 Jia oyl

§) gaelilany L33l KMNO4 a5l sall Ciliaia s dand 50 020SYI- ]
308 Alee s y23 5 (Peroxyformic acid  HCO20H alasil
@S&dﬂ\)ﬁhm&{)hﬂ us;..d\e}u.nuj.d\ ubaAA)qdjL.qﬂ\Jau\y
SN U asilial sie cliaie ) Jslae ()

JCHy=CH; + 2KMn0Qy + 4Hy00 — = 3ICH;—CH; + 2Mn0O; + 2KOH
Eshylene

Ethylene glycol
CH,—CH—CH, 2%, MO, cu, CH-CH,
Frogeriens " OH O
Propylene: glycol

W5 Sl A3y Hla A U sgae S e S i (el dadiindll (3 )kl aa) o) 22
)y paddill Adl g I ol SIS je I Jsenall S all 5y L
03l s U 53 30SY) 8 LSyl e G jatl 8 Resiiaal el 5k
KMNO, aladiuly sl Slixie yll (e 8 e ClaaS 352 53 Nl Oy p 520 ol
ol a5 Dl g A sSiall 5SS jlady Gla )yl 85 Cua AL
CO, ) 2S5 4 Skl CH, e same ()

_é=é'_ Lot r—ll:—é—} —  acids, ketones, 00,

ou on
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g -
CHyCOOH + O=C—CH, o™ CH CH--C—CH,
l.‘.':rﬁr]it Ketone 2-Methyl-2-butene
K &8 nlly
CHyCH,CH;CO0H + C0; +———= CHyCH;CH;CH=CH;
Carboxylic Carbon 1- Perite e

10-Ozonolysis

H H
1. 03 I |
CH3CH20H=CHCH3 — . > CH3CH2(:=O + O=CCH3
Zn/HZO
H  CHs 1.0, H,

C
Cc=C CH5CHO + 0=
H,C  CH; 2.4n/H0 CH,

@ 0903Y) Dl el dlaall (5 pad s GLSIVE S i (el Je il Jaa andiay

J e Jypasll cuddl Al CCI4 (1w i cuda A SV Jslaa
S| a7 Jds Jale 2 g elall Aol g3 sy (53 sOZoNide
Gl S 5 Glaleaal) (o ddaall ) 55 0 5S35 (oS 50 S Gaala ) algalV)
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L o J —(\ﬁ o, { o ot

Alkene Hnlu.:-nnl-.'l-r.- Dzonide Cleavage products
{Abdebydes and kelomes)

11- Dimerization (z)52Y)) sty ddLs|

aala o) iy Sl aals Ao gy b g g WY Jsah Aald Ca g yla g
2 Lia yoa e Al g C8H16 LWeina (n pe sl (e g e A el ) 52l
Isooctane oS s s VL Ca g yxall g Jolaall KIY)

Dimerization s )¥0 leudi e 43 ja ddelias dilac (o i

?H: 3
. cuzuc—cu;—nf—cu, -
CH, '

Y 244 Trimethyl-1-pentems | Hy
ma.i’;.,,,% 0 cn-d-cnrcn
Tsobutybene EH

i ’ 2,2 -t—'l'flmemﬂplt:u
—* CH é{":* - (“lso-octane”)
CH!

2.4 4-Trimethyl-2-peniene
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(l:HB ® C|:H3
CHiCsCHp + H —=  CHyCCHy

CHa 7o CHs  CH
CH3C® + CHp=CCH3 — CH3C|3_CH2<%CH3
CH; CHs
@ CH; CH
C|:H3 (|:H3 - H C|:H3 CI:H3 R
CH3C—-CH,CCH34 — CH3C|:_CH:CCH3 + Cchl:_CHzC:CHZ
CHy O CHa CHq
12- Alkylation (ALY Iy ddla)

¥ EHJ CH,
CH, zﬂ[ b HCCHy S M80L o W0 -:H,—J‘.—ml o
Ilﬂhﬂjh‘.h‘. H, EH;

Tsobutans 2.1 4-Trimethylpentane
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Jelall 2801800
GHs @ CHs
CH3C=CH, + — CHg%CHg
CH, ?Hs CHz CHg
|
CH3C® + CH=CCH3; —= CH3C|7_CH2%CH3
CH3\_/ CHs
CHz CHj CHs CHz  CHg3 CHs

CHB(I:_CHZ%CHB + CH3(|:CH3 — CH3C|:_CH2(|:CH3 + CH3%CH3

CH3 \/ H CH3 H

13-Oxymercuration-demercuration.

| |
—C=C— + H,0.Hg(OAc), > —C—C— + acetic
| | acid
OH HgOAc

I I
C—C— + NaBH, > C—C

| |
OH HgOAc OH H

alcohol
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oxymercuration-demercuration:

a) synthesis of alcohols.

b) Markovnikov orientation.

c) 100% yields.

d) no rearrangements

CH,CH,CH=CH, +H,O, Hg(OAc)~: then NaBH, =

CH,CH,CHCH,
OH

14. Epoxidation.

o CoH;COsH |
— C=C— + (peroxybenzoic acid) =2 C—C
@
epoxide
H H
H3C_(|—:|:|c—|:_CH3 + C6H5C03H H3C_C\(_)/C_CH3

2-butene peroxybenzoic acid
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15-Allylic halogenation.

o I
—C=C—C— + X,.heat » —C=C—C— + HX

| |
H < allyl X

CH,=CHCH, + Br..350°C »> CH,=CHCH.Br + HBr

a) X,=Cl, or Br,
b) or N-bromosuccinimide (NBS)

CH,=CHCH; + Br, = CH,CHCH,;
Br Br

addition

CH,=CHCH, + Br,. heat > CH,=CHCH,-Br + HBr

allylic substitution
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Free-radical addition
CH;—CH—CH;X 4 CH~CH—CH,X + X-
o ' X
X: + CH;—CH=CH;
\ Free-radical substitution
HX + CH—CH=CH; 2+ X—CH;—CH=CH, + X-
Allyl radscal Allyd hakide
Acrwal prodeet af

LEMpETTIuTE OF
fow CoCRa raa

(X = Cl, Br)

0
CCly
o

-I'.'.‘:l.-::-]n]m-.enn MNES J-Bromo r::l.'-:luhn?-.nnn
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u.nél-um M\

Unsaturated Hydrocarbons (Alkynes)
bl of CUASIY) — Aapdia id) 5 S 9 ogd)
Gt g calin<tyy
il ) J8Y) o sl dmiie e Axis S50 Ay guac LS ja
0 Ssonel SSOAl (B G S (A G saal 5 A8
SliluaYU dale QLLSTYY) (@ 23 5CnHan-2 R dalal) Wiruag e
gttty CoH2 (&) calitn) cHllty) &\}ﬁ Ll ) s
S e o clnstyy
T uidouly 9 0 Leagw ddayl ) (e (€SI 8 450N 2oyl ) () oSie

HC CH

HC=CH CH->=CH>» CHz—CH;

AEAY ¢ 508 (938 By, Cpbiieal) quS S

The structure of acetylene. The carbon-carbon bond

Ol ga LSV Alile 8 (S e Jasl OIC,H, s SIS0 LT 4 5

38 - O3S byl ) | AENE B ey B e 1385 g K (e 1) A
U:\SJJ@)A\}\ LAA.J‘ u_,.\‘)ﬁ\ Q\JJ uﬁww&\)f\ c_\:\s‘)ﬂ'é):\.e.d\ aaall GA@M‘
CdlSe Cpinga cpllin gy ob G SI aadiin Gl g g paa (S0 cali) ) o A

g sSP Jhnsl z e pe isSially s Jhnysl e POl O . SP s

& Gl Y Gn gl L e S &Y 68 B e aitue bd Jgh (e aias
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s, Lo Ge (Sa Lo an) (85 ol ol e et il apadl) agmiagll a5 °180
O Ol sl GasS JANE (Al s G52 S 300 IS il s ey il s (o) Ginge 2
8na¥l Jand il shanl JS5 e dp il e JS5 S5 T g5 (e Ol
Baal g 4y gall LS 3 pal) gual o) AW e OsSa Gl ) 6 LS & ogh B3l
SL & 5 (e Gl (G pal

180°

¢ N
H—C=C—H = @ ' ' <
acetylene t A

sp hybridized

Two i bonds extend out from
the axis of the linear molecule.

- one nt bond
2p orbitals

2p orbitals second © bond

Overlap of the two sp hybrid orbitals Overlap of two sets of two 2p orbitals
forms the C—C ¢ bond. forms two C—C =n bonds.

* The o bond is formed by end-on overlap of the two sp hybrid orbitals.
» Each &t bond is formed by side-by-side overlap of two 2p orbitals.
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Common Nomenclature

sl daend
Derived from acetylene Ol Cldidia
HC=CH HC=CH
Acetylene o=
HC=C-CH, CH,;-C=C-CHj,
Methylacetylene Dimethylacetylene

CH,-C=C-CH,CH,

Ethylmethylacetylene
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Nomenclature: owSON e

‘\_LQ.L.LI_I M_]‘)J: Ju&.l A_L\_l IUPAC s_“_\}_\‘i LE.J. L.\ U \.l \\1(“271 d \ ;n..\
_)l_u}'l_% (_)_u'h) A.j:nﬂ.ﬂjb _)lSJ}" ‘ﬁ (_)1) k.}:lj.a.“ .._)_._u.uu JSj s_1'l_1_1'l_<..‘.‘;”|

M_u‘d_):nﬂ)‘q};;d‘m}uuy‘)smu}.b‘)b& 3
AN ey DI 8 s 300 5 ST AL a5 55 Y

\f’aL&_Ln@‘)S_\.ﬂ.‘lld}_l‘)S.“u‘)uelj_)‘LéJ_\.mJ_gb_‘a_ﬂQ}‘)ﬁ.“k_u_)_}Y
AT e Sl AL
(uyﬂ‘w‘&dyﬂ‘k_ﬂ)uu&m)k_\sﬂ‘ llk_\_\SJ <

m‘)‘éd_ﬁ)so)au}‘eﬁ}uw(d‘)X_Lmbe.u.u‘zll\;;é_"\_'\?]}
4.141.1]*_)}4)&1‘51)4;)444_14)4114_.1;141).‘1;_1415“@‘ _ur_mé\_um_\l'l

S el a8 Y(;_a.)J'u_uS_us\_JLdu
CH;—C=CH CI;—C=C—CI,—CH,—Br

G - Y- sa 5 3 -0
5-bromo-2-pentyne

g g
CH;—CH—CH,—C=C—CH—CHj -

Pentyne (nlid

=32 Propyne

I[UPAC :2,6-Dimethyl-3-heptyne
T I PR T kL B

. CH3;C=CCH,CH;
Common : Isobutylisopropylacetylene -
Ol 9 02 S 95 i - D
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Number nearest a multiple bond (either double or triple)
If you have a choice, double bond lower number than triple

CHg ?Hs
|
CH CH-CHCH-C=CCH CH HC=CCH,CHCH,CH,CH = CHCH
377265 24 32 473 123 24 5 26 %7 2
6-Methyl-3-octyne 4-Methyl-7-nonen-1-yne

HC=CCH,CH CH CH= CH
TR 2 2 2 2

1-Hepten-6-yne
(0 - () Aaniill () oS5 Ads Oyl 8 AN 5 A0 Ada) ) 2a) S Al

Lgna dilne Mo apdsa g Al 8 400N Aoyl HU AL 08N a8 i) Laey

ab il 8 Algall o 81 Aday) U 4y 6l oY) s | agadl g CaDlia) Alla 8 Ll

Physical Properties Mb}d\ Jml...d-\ ’M

e Lol i Al 3 ol g Al b S 5 LS
Qliadly g Uity

slall 241 e

V15 Ol Apdal) Adn Ay gudaad) cldall B DB o 3
glall pa ABLS 3

OsaoS) i aas Bal s ala 3 Lalle ala s

G\JAM\ ul.uﬂ‘}“i‘g ALY ul.\.b ulAJ..'n Jabu l.u L@.ﬂ.\.‘.ﬁ ulAJJ

‘E .0 .n\ .‘1 .4 .“
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Chemical properties: iilaSJ1 o153 Lk

Ao jJal) LS g bt cluloasS Adadii g Al e LS e culiilSIYY
(Y 39 a8, 05 Sl (S8 Om 0 9S5g ikl A AN Ak 1)
o lelii die g pKa = 25 4 gaa ol L g daan ClsS
ponlll U - 1 5l a9 el ) 5l a5 guaall (LSS Ay gAY a0 5800
alial) (A ) AU Gl (5o (5% ) OB 3 L A S )
5t

Terminal alkynes, R-C=C-H, are more acidic than
hydrocarbons other.

AT S S 5 gl e s ST Al Sy

SV e @b
o saedlSll iy S gea £lLall Jo iy (pulind) udans -

CaC, + 2H,O

H-C=C-H + Ca(OH)2
o__.ll:l.p.ﬂ?'l

dad ol g (e p gl oy S e Jomad) 2 dun dalar) 45 jhall o2 )
Yz;ﬁ.“ 36‘9@15]1\;11_'1_94‘)5\:&_9‘;).&:11

25

Caco- CaO+COoO-

25000 H)0
3¢+ ca0 205 CaCy + €O — HC=CH+ Ca(OH),
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8yglomalll NI ST e =Y

X X

N X ko R 7~ Na*NH,
R-C-C-R C=C_ R-C=C-R

Slalgl) A e o Jpeanll Al e ) AG N 538 Gl aa i
LAY Asla Gk e

KOH NaNH;
CH,CH=CH, 4B, Se——— CHaC[H'CHzBT emmgune CH,CH=CHB ss—g—CH.c =CH
s 345 A2, Br s Ox301 30 kg e

Synthesis of propyne from propane

Br,, heat

CH3CH2CH3 CH3CH2CH2-BF + CH3(I:HCH3

Br
KOH(alc)

CHsCHCH, <« CHyCH=CH,

Br Br Br
KOH l
NaNH,
CH3CH:C|3H > CH3C=CH
Br
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3- coupling of metal acetylides with 1°/CHj; alkyl halides

R-C=CNa® + RX - R-C=C-R’" + NaX

a) Sy2

b) R'X must be 1° or CH;X

CH,;C=CLi" + CH;CH,-Br - CH;C=CCH,CH,

note: R-X must be 1° or CH; to get S\2!

CHs CH
CHsC=CONSY + CHaCCHy — g
3C=C Na + 33 CH;C=CH,
Br
+
3° alkyl halide
CH;C=CH

E2 elimination!
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ALY 3k e S Gl baa Jelaii o
aalddl -) o

cl
S /
CH= CH +Cl, e—— s — /C=C ~ +Cl,) emmm——— HCCI,CHCI,
cl H

Br Br,
CH,-C ==CH —2—» GH3-C|:= cI:H — = CH,-CBr,-CHBr,
Br Br
2-Addition of H,»
H H
| |
—C=C — + Z2ZH,. N1 —> —C —C —
| |
1 H
alkane

requires catalvst (N1, Pt or Pd)
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CH; H
\ /
Na or L1 Cc=C anti-
NH;(iq) / \
H CH;
trans-2-butene
H H
\ /
H,, Pd-C c=cC syn-
Lindlar catalyst / \
CH; CH;

cis-2-butene

3. Addition of hydrogen halides:

H H X

| | |
—C=C— + IX > —C=C—+HIX > —C—C—

| | |
a) HX = HI. HBr, HCI
b) Markovnikov orientation
Cl

CH;C=CH + HCI - CH;C=CH, + HCI - CH;CCH;

Cl Cl
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4. Addition of water. Hydration.

O

I
—C=C— + H,O.H".HgO - —CH2—C—

NS %

=0 —
“enol” keto-enol tautomerism

Markovnikov orientation.

_H

OH O
o Hso, | o
CH;C=CH + Ho,©O —/—— CH3;C=—CH, —— CH3CCHg,4
: 2 HgSO, : 2 : 2
Propyne Propen-2-ol Propanone
(an enol) (Acetone)
OH 0
| @
H,0, H,SO
CH3CHoCHaCH,C=CH  —22224, | CHaCH,CHyCHy CHy| ——  CHaCHoCHyCH G
HgSO4 /\
H H
1-Hexyne An enol 2-Hexanone (78%)
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rid o)l SLISIY) dzel>--5

Jo il dsdaala dsiibedina) cpa gangd) 50 ¢ el yal) caada gl
C)Lﬁ’\ G955 9 walaals dd al) il Jo Lans &Mt g (¢ 1)
Aal) il i gt Ala) aie cilabiisad auly G 1 Gl g S
aistl et 1 addica g _L@éﬁ\ okl Guladl) @l il 3\ kil
Agd phall jud ISV g Agh plal) CLLLEIY) Saaal g e

Ag(NH,),NO
CH,-C =—C- INOs CH,-C =C-Ag l + NHNO,

Cu(NH,),NO
}CHZCj-H u( 3)2N, 3}CH2-CEC-CU

+ NH,NO,

CH,CH,C=CH + AgNO;, = CH,CH,C=C-Ag"

CH;C=CCH; + AgNO; > NR (not terminal)

formation of a precipitate is a test for terminal alkynes.
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terminal alkynes only!

a)with active metals

CH;C=CH + Na - CH;C=CNa" + “2H, 1

b)with bases

CH;C=CH + CH;MgBr - CH, + CH;C=CMgBr

SA SB WA WB

slal (je dpiadls J8 i) 68 | aale (e Cimall Gl g (6 58l aalal)
(Las) &Y 5aSl) (e dpaala Canal Cpliin) (8 AliLas

HC =CH.+ LiOH=— ~ *H-OH + HC =CTLi

SA SB WA WB

acid strength:
CH, = NH; <= HC=CH = ROH = H,O < HF
HC=CH + NaOH —> NR ( H,O = stronger acid! )

CH,CH,C=CH + LiNH, > NH, + CH,CH,C=C-Li*

SA WA
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6-Oxidation

KMnO,

RCOOH + HOOCR’
/ carboxylic acids

Oj: then Zn, H,O

R-C=C-R’ hot KMnO,

CHCHLC=CCH, + KMn0, & CHCH,CO0H +
HOOCCH,

(HO=CH + hot KMn0, & CHiCOOH + €O,

CH,C=CCH, + Oy then Zn, HO » 2 CH,COOH
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abed) Juadl)

Dienes iyl al)

Dienes <linlally (o yxi s 93 hall yual s¥1 (e 81 e (5 gia3 Al LS all

o LS A 5o 3l el ) Cliia (pads lliad Line cilindall s g2 3al) 3l
M\.\S\AA}JJAS\ 5 ! Jﬁj&u\ﬁ);ﬁ&&;@“’é& Clawlall uau‘;uﬁj UETR
~da g3 3l el V) il G o ) g3 ASS ) liglall s

Conjugated dienes  4dalsiall cliyall -]

E‘MQMM)EJ‘)&B‘)—\A‘@MJ@A&;}JN\BFY\L@QO}Q&”Q“_Iu..}:l‘ﬂ“;ﬁj

(BJJé.q
—C=C—C=C— ——> H,C=—CH—CH=CH,
Conjugated double bonds 1,3-Butadiene

Isolated dienes A 5 yrall Cliglall 22

83k 3 sl (o HIL Lpary g A paia da 50 3all 5 V) Lo (555 il cliglall a
.'ISJA\)

—C:C—(,Z—C:C— — H,C—CH—CH,—CH=CH,
Isolated double bonds 1,4- Pentadiene

Cumulated dienes 4| jiall cilaglall -3

Liay) (ani g O 53 W0 3,0 G e (i 50 3all (G W) L 0 685 Al il a
allene
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|

|

Cumulated double bonds 1,2- Butadiene . auﬁ\d\ il

Sle saal sl JulE 30 Helai A g el yeal BYB da 53 3l W el oY 83le ) i il e
LeSOlgtin eliiiuly 45 Jall 8 Laas 5 LalS 5 Lt S Jelim y culasly) 4l elly 5 5 AY)
A4S yial) Lol Adaseal) LIV AL Leilion 5 Lt el g Cadl &N e SS) laaS

Lele S 5l B g g Al g Jaall (e 1)l 8l ) G ST AR 5 ey (5 Araa
C W) Ayl Adasead) ISV e Alalial) chlinlall Caliss

more stable 1)) gl S ¢S5 -]

(cadall cililead Alcaial) 31 i oS5 -2

Boall Hsdallgaild g SV ] 4 ¢ g ddlal Jlad Ll -3

Boall ) sdall Adlial olai Allad JS) ) S5 4
Stability of dienes biplal) 4y ) i)

Heats of hydrogenation (Kcal/mole) for dienes:

1,4-pentadiene 60.8 isolated
1,5-hexadiene 60.5 1solated
1,3-butadiene 57.1 comjugated
1,3-pentadiene 54.1 comjugated
2-methyl-1,3-pentadiene 53.4 comjugated
2,3-dimethyl-1,3-butadiene 53.9 conjugated
1,2-propadiene (allene) 71.3 cumulated

Conjugated dienes are more stable
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Resonance in conjugated dines Alaial) cliylal) g
O A 50 e el ) (iSG Cl g Gyl allas (6N Ay yY) (s pSI il 3 e 3 5l e

SSEBS SR BISEBN R SIS ICS AP SISTIS R SUEY W BYSTTB S PY
368, 05 85,02 68 ) s S5 )3 (83 ke b peal 5 4

&o (1) ) 0S8 M P JU 5 A1 (e (585 (1) sl BV o) (S 128
300 P JUin o) JAIN (e ¢ 5858 A0EN ()b 8 a5 (2) ) s S 5, P Jl )
(4) & 05 83 P U ) s) ae (3) @ 05 S

0 S pal gl dishl 5 1.34 A% (o2 da 53 3all s S -0 0S peal sl I shal O Lagg
Dok WS el YV Jlshal 685 () (g siall e (B Adle 5 1.54 A0 (2 B3 all 5 S

H H H H

| 1341 154n | 132a |

= C—H
1.54 A° w4 )lac 148 AOL;"_BLH“,. Co-C; 83 kel 3 pa¥) Joha o)) a5 (S

=ilis 5 Oend sa Jalial) Gulall Gl Ao 5 Ls ha A 92 e sl L) ay 138
IT 5 I cpl<al 0 Resonance hybride

H H H
H-C=¢—&=Cn H—C—C=c—C—H
1 2 3 4 H H |I_| |l|
I I1

(I)FEJU}JJLSGJLUJJSSXY\ u\w&@\&;oy\dﬁmﬂd&d\@hﬂ\kﬂb
soallal) | ds 50 e Ll J gl (S (g uSlatia o lliag (4) ) 050 e 05 S
Al U Cobandl (52 Rl e ol Y1 S g8 <ol )

H,C=++CH+=CH==CH,
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Preparation of dienes <linlall judass
A g s ol el o cliplall jucaadl Leadiival) Cle i) aa
DY) g 1 i) SISV Jabiall Gulall (ol Gulal) Ayl 8l € St Gulall o 5SS

CH /CH
N X
1) H2(|3 NcH KOH(alc.) (|:H2 (l.‘,H
—_—
CH
H,C _CHBr H,C yZ
\CHz \CH
3-Bromocyclohexadiene 1,3-Cyclohexadiene
H,O/H,SO ﬁ
HC=—=CH 2 2 4: H,C——CH H;C—C—H
2) HgSO 2 |
4 OH
Vinyl alcohol Acetaldehyde
(@) @) - OH
| I OH ] H,
H3C—C—H + H3C—C—H — = HzC—HC—CH,—C—H — ">
OH
HgC—HC—CH,—C—H  ——— H,C=—=CH—CH=CH,
H 1,3 -Butadiene
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O O
I I _
3) H—C—H + HC=CH =+ H—C—H —> Hz<|3—C=C—(|3Hz
OH OH
H H
2H, L] H3POL/ A
T’ Hzcl:_C':—Cl:_(I:Hz T» H,C—CH—CH=—CH,
[ 2
OH H H OH 1,3 -Butadiene
GHs CHy | CHs CHg
Al,O
4) H3C—(|:—(I:_CH3 E|C3) H,C—C—C—=CH,
-2
HO HO 2,3 -Dimethyl 1,3 -Butadiene
5) Prepare of isoprene
CH, CHs
HC=CH + OZ( ——> HC=C—C—CHj,4
I
CH; HO
H; T AlL,O s
———— H,C=—CH—C—CHy; 223 5 —CH—-C=—
P 2 o 3 "0 H,C==CH—C==CH,

Isoprene

3_mS CilaSy g bielia(daea ) cliglall fSI g 6) il gn -1,3 Ao J gpeaaldl o WS
b g S 5 )2ell Cracking UseSill dlee ddaul 5

Reaction of dienes Giliylal) eMe s
duld ¢ Y ddLzaY) cdle et calinlal) s

1)Electrophilic addition to conjugated dienes
2l AW o ¢S5 1 4-Pentadiene J sl Gulall ) a5 ) ddlial i
H,C=CH—CH,~CH=CH, _ 2, HyC—CH—CH,~CH=CH,

Br Br
4.5 -Dibromo -1 -Pentene
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1,2,4,5-tetrabromopentane  sSh s Al a5 A ja ALl e 4

— Br
H,C—CH—CH,~CH=CH, _—2%» | c—CH—CH,~CH—CH,
| ] | |
Br Br Br Br Br Br

isolated dienes: (as expected) 1,5-hexadiene

CH,=CHCH,CH,CH=CH, + H,,Ni >  CH,CH,CH,CH,CH=CH,

CH,=CHCH,CH,CH=CH, + 2H,,Ni > CH;CH,CH,CH,CH,CH,

CH,=CHCH,CH,CH=CH, + Br, - CH,CHCH,CH,CH=CH,
Br Br

CH,=CHCH,CH,CH=CH, + HBr - CH;CHCH,CH,CH=CH,
Br

CH,=CHCH,CH,CH=CH, + 2 HBr - CH;CHCH,CH,CHCH,;
Br Br

Ay e A 33 ha sl gl e lall cilialall ((galsie W1 oUaill @l Ll 5a 13

) daalell Cag pla uis ai a5 500) ae 1,3-Butadiene delae die Giaay 13l (S
3,4- @ siall S all e J panll dadd G Jas ol 2l 5 (33le ) S el (e @

ve Sl i Gasy 5 1,4-Dibromo-2-butene Ly (815 Dibromo-1-butene
Ax gl die clliS s HC s Adlalase
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o Lo s o dalaall Zaalil) (e (53)

Br Br ?f I|3r
Br | |
1,2 -adddition 1,4 -adddition
H cl H Cl
HCl | —cH | |
HpC=CH—CH=CH, ———> H,C—HC—CH=CH, + ¢y _cH=cH—CH,
1,2 -adddition 1,4 -adddition
o 0 H H
2 — | I
> H,C—HC—CH=CH; +  cH,—cH=CH—CH,
1,2 -adddition 1,4 -adddition

Sl 1aa Jia o s g ISV e sl ddba¥) O lelal (e ST i) ja (e G 28
O3S (% A Jay o)) IS i s sl Cliglally pala

&L S L blle 5 (1,4 Alayl) Jalaal) JUasl) 8 yhay o) (1,2 A8leal¥l) o ) et
bl s 1.4 4Ly

% |7 | 7
HpC=CH-CH=C, ———  1,C—HC—CH=CH, + {,c—cr=CcH—CH,
1,2 -adddition 1,4 -adddition

Oleld 8 LbaY WS (1,4-addition) 1,4 48l &m0 ¢ <5 oS Cajad (g angy 3
¢aant IV 3 ghadll Gl 5 (i i (e dlee Ll IV ) Ak 5 iSOV daLaY)
HCI 4Ll & Tasall 13 Gulaty 5 ) ) i) SV ) 5lS IS L () oS5 Al A8y Hhally
2-Chloro-3-hexene s 4-Chloro -2-hexene i il 5 2,4-hexadiene

H;C—CH—CH—CH=CH—CH3+ HC| —> H3C—(|:H—C|:H—CH:CH—CH3
H Cl
2,4 -Hexadiene
H3C—CH—CH:CH—C|:H—CH3
|L Cl

300 A Bl Vs T o sliSa)lS mind 2 a8 ) (50 )SI 3,53 (I s g gl iliay s
OS82 s3ll 5 3 b8 ) o5 S
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- H3C—C|)H—CHLCH:CH—CH3

HyC—CH==CH—CH=CH—CH, +HCl — H |

VI H3C—CH+—(|3H—CH———CH—CH3
H

sl 1 e oSl AT daty 1l (S5 (5 980 0 52080 IS (S ] 5 TS A
Alaladl 50 S0 3 50 (5S35 Led 3 5 allylic cation L O S JS sa aal 5 (R
SAe 58 Mg 6 AV Aa 53 3l B el 50 S 3,3 ) Aari je Ao gall Al

r JSE e o AL

HyC— CH—CH'—CH=CH—CH; <—= HzC—CH—CH=CH—CH—CHj
| ) |
H H

I I

= HyC—CH——CH,™CH=CH,~CHj

H
+

¢ o LS Ol il 5 3l iy ) (S el

V/ACI\V
HyC—CH—CH,™CH=CH,~CH ——> H3C—C|?H—f|3H—CH=CH—CH3 +

H H Cl
+

HaC—CH—CH=CH—CH—CH
i ¢
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Electrophilic Attack on Conjugated Dienes: 1,4-addition

HBr
H,C=CH—CH= CH, ;= H.C=CH —<|3H— Clin +

Br H
3-Bromo-1-butane (81%0o)

1,2-addition

Br H
1-Bromo-2-butane (19%o)
1.4-addition
Mechanism of the addition:

Step one

H,C=CH—CH= CH, ~='» H,C=CH—CH— CH

Secondary allylic cation(l)

H,C=£CH-CH— CHj <> CH,—CH=CH—CH,

Primary Allylic cation (1)
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Stability of allylic cations:
() > (1)

Step 2. Cation-anion combination

1,2-addition
> H,C=CH—CH—CH,

H,C—=CH=—=CH— CH; +Br— g

— EHZ—CH=CH—C|ZH2
)

\\—/ H
1,4-addition

Br
| |
H,C=CH—CH=CH, —»Z'grc H,C—HC—CH=CH, +

3-Bromo-1-butane (19%o)
1,2-addition
$H2—CH=CH—(|3H2
Br H
1-Bromo-2-butane (81%o)
1,4-addition
e s5inas 1,4 e %19 6 sing g e Jelall i (o 80-) 4kl 5l 3l jall s
24050 da paaie (Sallis 1,2 &8l (e %81

555 G 14 o el (S0 Y Al 58 12 (5% Al 15 )l i 53 5
Cla )a A1)kl SISV 8 1.4 O Can sl jall da ja300 ) vie (uSallys G glaall 8
Gla y L;AJ C..\L\n_a (,S;:\.d\ B LSJ\JAJ\ Gl Jaza Az\jl.ﬂ\ 3)\);3\ Gla yd ‘_g ) R_AL,J\
C.?Lﬂ\.ﬁ 55;3.4!\ 9 Lyl 3\;)“ Jaza ML\)M 'BJ\)Q\
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5_all sdald) ddLl edelds )
Reaction of Free-radical addition
5 g Y e daly ddlal el el o) ¢Sy CHlLSIVIS Aaliall ciliylal)
D obibe cliglall Hekais jall ) sdall ddlial s 53 5all ) sdall Wy i ddlal el
g as e 4 ALY 5 [,2 ALl Jlad el -]
STV (e Alled S LSl -2
) Y (5 Sl T sl 53l s Jelitl e gl

Brccl
H,C=CH—CH=CH, ——3 »  CH,CH—CH=—CH, +
Peroxide | [
ccls Br
(|3H2CH:CH—C|)H2

_ ccly Br
Mechanism

1) R—0-O0—R —» 2RO

2) OR + Brecl3— » ROMB. + cclg

ccly : Breclg

3) H,C=CH—CH=—CH, ——> C,:HZCHZ—CH:CHZ—>(,:HZCEH_CH:CHz

ccls i ccls Br

-, Brecls

CH, CH=CH—CH; — > C|:H2CH:CH—C|:H2

ccls ccly Br

+ cclg
Pl i dany
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Polymerization of dienes Ciliulal) 3 yaly

3)43.\3\ LL}J;SJ Lg_aa’_\‘;\hﬁuj\ :\.@JWU\LJMM}JMQM&M-:S}Q&M
- Jal ge EDU

(Al B el (b STV aally -]
(A ) B yaly) AuLd Al ol gSI) Jady 5 yaly -2
Boall )sdadls el -3

Al g SN i gSIly B el -1

+

H
HyC=CH—CH=CH, ——» H,c—CH—CH=CH,

HyC—CH=CH—CH,

Allylic cation
HyC—CH=CH—CH, + H,C=CH—CH=CH, ——# H,C—CH=CH~CH,~CH,~CH=CH—CH;
+ H,C=CH—CH=CH,

n

el gl S 3 8 AdAal) Al Gilas gl dae A Cus
Laic 3 Copolymer & yidie jad g cann ddlida 25000 Glas o) (¢ 65 Lavie

Homopolymer (silaie sed 51 oans 4galiiie 4nlll Clas 5l o oS3
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Al gl Cad oS aladiinily 3 salil) -2
NaOC,Hs , NaOH , NaNH, Jis 4.l 5I<5 (2 £ e a8l S

I N L " _
1) Nu + HCZC_~CH=CH, ——» H2(|:—C:CH—CH2
Nu
HaC e HaC CH,

2) HZC:C?CH:CHZ

_ | |
H2C|)—C:CH—CH2 > H2(|:—C:CH—CHZ—CHZ—c:cH-cH'2
Nu Nu

o gl gl g 5 Al A ia aalen 5N &l

e
n

Polyisoprene
Badl gdall 5 el -3

Rad 4+ H,C—CH—CH—CH, H,C=CH—CH=—CH, H,C—=CH—CH=—CH,

Rad—CH, CH=CH—CH,-CH,—CH=CH—CH;,—CH,—CH=CH—CH,’

Rad —IECHZ—CH:CH—CHZJ—
n
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3_ldie) (SaysPolydiens iyl (sl (S il dgaliia (S 5 cllia oapdall Lalladll o
.(Isoprene ¢z s53:¥) 2-methyl-1,3-butadiene Jabiall culall jad o

H3(l:
H,C=C——CH=—CH,
Isoprene
Analysis of diens iliylal) Jadas

Jslae s 3 oSV e o) b calanianl ) 4 I byl e ot (S
il 3Ll S ) Jlae 58 Vg s Ll 5 052 SU ) 1S (el (A a sl
a ) (S S 5 a0 53 3l Tl IV (Al 81 Ll e, Jiloial
Jaladl 35 50 A jagll Jeldi die a5 el (o Gl s ling 438 Gla Sl o)) e
CoHono  3aladl dxpall azadsi Ll (sl aclusdl)

b gkl il asd Cus (59 9Y) pa Lede Ly CLUSIYY (e L ol (S (S

e
H,C—=C—CH=CH, 4+ 0, — Ozonide
lZn, H,0
; i ;
H—C=o0 -+ O:C—C|::o+ H—C=0
H
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ALY Adtal) il jall

s by Abuld) s sl LS ally o5 IS yall 038, Jusdhas (1553 (5 A
L_i\_\SJA\a.JAGcmjﬁblaué)ﬂd‘)ﬁuy‘)&\&L\\JJL"_\MSJAS\UAJ;\

Aliphatic cyclic compounds 4lall LS jall dul 3 atus Juadll 1 8
Aglady)
sl Gadh oa a sall Cus (e LT 4d g jea CUS jall 028 claasS alaza g

Jani s CIASIY) 305 oo ilal) BV i ALlial) Alalul) da sl LSl
haa dalall Gliiall (an Leaiay QLS jall 23] dalall dxplall (K15 Lelae s
g Jalat o L 5 Balina pee dllad )2 gy o) (S dalad aas JS ol 5 g2
dilaiall 4l LSyl Homocyclic compound

GLS jall e aliad Al g ¢ s S Gl H3 (e dadd 45 S Lead lalal) <3 Al
S AN (e g 53 e S (e Al gSa Lo lalad) (oS3 Al g adlatiall jue duslal)

de jita Ll AAlal) CUIKNYY dpad

B3 e i (AN L g3 ary o g8 Cun Al ) LS dpands A8y sk (uld
dalg aéba\@ OHJS‘Q‘JSJ&%&QO&Y‘WQOQSOﬁJS
;OISSY‘PN\JQ ‘,354
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H2 (IEIZ
fem, MGG HGTR  HCTTGH,
H,C H,C—CH, H.C~ ° HaC. ~CH;

HZ H2

Cycl opropane cyclobutane  cyclopentane  cyclohexane

> O (O

Nomenclature of cycloalkanes — 4s _iall 48kl UK 4
"Cyclo " il Sy bl anY) Ga- 1

Y sle ] e pe LS

2 uea o ) an¥l aey da gite dgaila dlidi d8lal) Ll ) 2ie -3
ok LSy s SI <l )

s A3l 8 Laaaa] (g sl o (e JiT ALl 3 (50 KU 0l 0 00 (IS 1Y)
Ui de ganaS ALl

Aalall awsi dalall 8 Woae (pe SISTALLL 8 o KUl 0 aae K1)
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methylcyclohexane

A8l al sall] Zggunell a2l

paylll gy golell 21 [ (llysm raly
o
[ )jon
CH,
tert-butylcyclopentane

H H
f ? < > 0—0
HO OH HO  OH 7

cis-1,2-cyclohexanediol

numbering clockwise
CHj

% CHs

CHgz groups at C1 and C3
The 2nd substituent has a lower number.

Correct: 1,3-dimethylcyclohexane

129

numbering counterclockwise
CHy

@ CHs

CHs groups at C1 and C5

Incorrect: 1,5-dimethylcyclohexane




QU Al gapm A Rl a2l eyl pud] gl 12l el
Begin numbering at the ethyl group. Begin numbering at the methyl group.
CH,CHj4 CH,CH;4

! CHs

« ethyl group at C1
* methyl group at C3

earlier letter —lower number

E CH,

* methyl group at C1
* ethyl group at C3

Correct: 1-ethyl-3-methylcyclohexane Incorrect: 3-ethyl-1-methylcyclohexane

more carbons in the ring

4 C’s in the chain —
a butyl group

l

oot

I

6 C's in the ring—cyclohexane

Name as a cyclohexane with a substituent.

Answer: butylcyclohexane

more carbons in the chain

6 C's in the chain —
a hexane

l

12 3 45 6

I

4 C's in the ring—a cyclobutyl group

Name as a hexane with a substituent.

Answer: 1-cyclobutylhexane
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CH,CH;

ethylcyclobutane 1-sec-butyl-3-methylcyclohexane

No number is needed Assign the lower number to the 1% substituent
with only one substituent. alphabetically: the b of butyl before the m of methyl.

CH, CH,CH4

(I CH:,CH;,*O:
CH4 CH,CH,
1,2-dimethylcyclohexane 1,2,4-triethylcyclopentane

Number to give the 2" CH, group Number to give the 2"® CH;CH, group the
the lower number: 1,2- not 1,6-. lower number: 1,2 4- not 1,3,4- or 1,3,5-.

cyclopentene 3-methylcyclohexene 1,3-cyclobutadiene
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Conformation of cycloalkanes

ol 5 ) il G5 (5355 Ly 5 960 Zl1al) L5 30 o8 055 1 (Al (sl
CAleld Ja g o G 21 il (Y dalad) SN Layl 55 o0

Ol sl o) il pall o yedal adl 088 Ly i ddalall L g 311+ AAlad) o)L gad)
Q\Jﬂ\d)ﬂ.qucuy‘)sz‘)dﬁgaﬂﬂz\;)\:\ﬁwdaumwwl@ﬂ\

s AY) A
H H
H
H H
H
110 kJ/mol 114 kJ/mol

O A llay o8 Ly 85 9108 sl Aglala Jay ) Lyl 5 4t (Alad) L)
nie Jophse e 58 ol N Aeal) (e Ly 8 sy oLl a el Ll )

s
H H
N H ’
H_ H H
H
H H

adl Cipa ap Sl Akl i g S g pael) aal (e ey 1 AL Glasgd) clin
Chair SV a0 ¢ Lea Grinalad cptian Bl luSell s g5 ¢ UL Ly i
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°109.28 C-C-C adal ) Ll 55 0585 (i) 0o IS (G35 Boat &l 4

Bl SV Al oo (on S11 A

Monosubstituted Jlaia) gala) LAlad) olused) cilin
- Laa S pall 1agd pilaing (e 2 0 Methyl cyclohexane : Jla

CHj

() axial (1) equatorial

5l s (A il e sane 585 Cua LS ISV a (1) Aaed) O
e G el DN il il de gane Y WL JBY1 8 (1) Al s (e)
1,3-Diaxial il ¢ (530 Slay g1 il 5 8 JU aild (5 8 xaaid Cs , Cy
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Disubstituted JJasiw) A5 Ald) olusgd) clin

1,2-Dimethyl cyclohexane : J&a

trans J<ia 5 cis JSite A il ganall dpma g U S oa

X
f:ZX
Y —
Y

trans, diequatorial trans, diaxial
X
%Y mx
Y
cis, equatorial Y cis, axial 'Y
axial X equatorial X
Ol lia oS 9 Aalall e ailaldl adi e e sanall (5S35 s JSaiiall 8
C S S LS S Alg] liilia
P A
6 H CH3~--" 5 6 1 H
V= — 4 CH,
H s | H Ring-flip \ T

3
M (1

itad il s 4y ) e damany 8 (585 Cy (Ao Al il e gana: (1) Aigd)
Cs,Cs e U sonedl &I )3 2 1,3-diaxial 80 (e

2 Cp e Jfiall de gana Lga s Aalall OO (e dailill Al a1 (1) Adsgd)
Cs, o mnsoned) i3 ae 1,3-diaxial Ll (e ety 4 sae Ay
Cs
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Laa (pfin IS aa g g Bl ils e (lie sanall (5SS trans JSdiall
H------- > CHs

a4

CH3 ™
HWCHS ~ Ringflip
H
H .

H------3CH,
Q) (1 -

Caa Cis JSite i (pe GLlias gl il ol Gl JS3) (e Jaadls
s gl il ) 95 A g dumia s (A il e sana (1) e B 0sS
AP )SS;‘X\ZG,;@J\L;A Q}SS%;L“JQJ mw\w\hw&@u\
CAalal) als e 1, 3-diaxial odl e Sl (11) Al

cis-1-tert-butyl-4-chloro  —Sall ) ) &5 - 5SY) d_igh)
¢ cyclohexane
p S all s S A o

He------ >Cl
CH3 _,r"
| He H >
-~
Hsc*-"lc H Ring-flip

CHa

A saa s 5 )35 40 siul C(CHg)3 e sene 685 Jlal e Al Al A
IOl Y Al o (S

8054 dinias & C(CHg)s 4o sane e (585 (nadll (o Al Ayl
il B ¢ 5558 ) il iy 5
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O5S8 &aa 1,3-Dimethyl  cyclohexane =S all clin a ML o g
Al il A a5« Diaxial Aussadmag b A Je g e

¢ 4yl gind s AV 9 493 Baal g ¢ diequatorial

CH, CH, H H CHs H
HM\H CH3MCH3 H%cm

Diaxial Diequatorial Axial - equatorial

LiLs JaY) aaall 8 e i) a : Boat conformation «ball 4
O Ol Legleas lae Cy |, Cp 028 o e soned) (00 8 Gy el
o (Aalad) e dlea) 1) flag pole L) il (o yay La 5l JUjaila il

1,4-interaction gl
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(sl 8 il J il i) @hliall Gars (e g sadual J ) )
Liill delia 4485 a5 cycloalkans dudladl cUlsVG e o S

LS yall 338 (e 5 naphthalenes <ty petroleum industry
methyl cyclohexane gluSa slSilu Jadll 5 cyclohexane luSa slS L)
1,2,- obinfils i S5 s methylcyclopentanes ¢l sl Jiiall
dimethylcyclopentane

) catalytic reforming Jésell Jy =il dplany J g dgalal) LS jall 328
Gl dall e G )2 s oy Cus dila 5l Sl )IS 550

2
ij/ c%ncu >
Mo, AlD, 40*

HCw. _CH, et~ CoHsCHy + 3H; Ded) drogenation
CH, Toloens

Metbykycloberane Aromalic
Altphatic

Ol Al 5 ) LS e ity Aslal) AaIY) LS all e Cn g suell Gida o LS
Lo pad 5 sl 4501 LS o ity 45Le 5,01 LS pall ) s g pell AdLial
Leliiia 5 el LSy

C
: H,‘r' H.
Cety — IH; "':;:fr ’ Hydrogenation
Bengene HiC, 2
Aremasic CH;
Cyclohexane
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hydrogenation of substituted benzenes yields substituted
cyclohexanes. For example:

C
R A "’Y/ -
Phenod HC C‘CH;
Aromatic |
Cyclohexanel
Abiphatic

preparation  _waaill 43, )k
Lo sae aszay 488V QLS jall e dalall A580IY) SIS jall juaaiddlac )
Ol
Aalal) o oS5 e dlandl g colila 1) ALulod) A gidall LS jall g gaii- ]
Cyclization
o Aalall LS pall M lgle J geasdl &5 Al Aalal) CilS jall y 5832
Jasad sl dgls Jsll Slad 1 Al J asl el Jie Loy 5
Al Sy ) Al ety
opaadll (8 4l @kl Cads g Aalal) GLS jall juaas L Le
Clalle (o (ot had JSIV) alaa JaS 5, A3l 3le e Jandl
O ASIY) Gl aal a8 JAA (e Lpamy a7 5358 ) Sl SIY)
$ e S
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CHyCHy~Cl —— CHyCHy-M— _ CHyCH;

CHyCH—C1 r——— CH{CH;
Ethyt cldaride s Hurase
2 milrs

The same method appled to & dihalide can bring about coupling betwesn two
alkyl groups itat are pari of the samé molecuis:

CHy=Cl CHy— ZnX CH;
! Zn, Hal ; £
H,C == HC m——t H,;C \ |
CH;—C) CHy X CHy
| ;-Duchlaropropane Cyclopropans

=3 e lEl) (o aga g3 VA (g alaa) Calide Ailal) S all jumat LS
clila Sl Laiany aa il iy jall Led )5 cSle il a

HC—CH=CH—=CH; + CH,N, — > H,c-HC——CH—CH, + N,

CH,
H H
N/ Zn(Cu)

CH,

139



Qe gagn 1ty sall] Ryl cyagll Aga 2t g polell 1412 @l Realy
4ol A8lal) ¢l yal) edle s

3 goan Al dgalal) CUISIVE Alilaal) Alululdl A gidal) LS jall SOl e i Alad
soall ) edally Jlau¥) Ele i A

H

lr|>:“:+ﬂ1—£l-»j::>m+ﬂu

Hyl H
Chloroeycloprogans

Cychopropane
Hz + Bry X Hﬁqll -
HyC Hy
Cyclapeninne Hmﬂmnlm

4l o STV 53 5al) ) saall Lo g A8La¥) SOl A ) 3 ) sean (Al dalall LI
LIV i el 5 UiV e IV s Jie a3 () (S LS

T T
‘-«.Cﬁ"—"-'-t HAC- ﬁfl'lt

I 210 bromsorpcichesane

e e

1B ethyicychopenbenes k=lodg=i- rriu-ll:i]rhy-:l-n-ﬁll'nrl-lt

L HJ
"'-"l'-lac—“H?":1|L k‘ D1, Hebos —&H—cH
HyC 3

1, S.Damethylcypclopentens A dialdehyde
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Reaction of Small-ring compounds(Cyclopropane and
Cyclobutane)
Lo sae Alall CHSIV 5 HUSIYT Jaad 3l g5 all ) siall Jlagu¥) cdleld ) ddlaY
abaa A8LaY) o34 Aila¥) el (any et alad) (gl 5 alad) ol ) ol
ALl As siie LS e g 5Si5 Ld Al (S il

B, Mo WD"

- — CHyCH
FHZCHICH

H H-

H:I.: Frorpe e

AL o e P CHCHZCHy
iR | L1 i |
1. XD hloropropgmas

wome. H S0, HACHCH 5
L

o ek CRdlSll S50 5 (s S 5 K8 ual (b cleliill 238 (e JS 8
Obsdl) Alubes Jiiles

——
"-.,'.___‘ T F

i b5 o (81 AL semns) S8 ey B8V 038 e L) (5, Lesac
el o) el | o0 A5 Ja Y aelie JelaS sl piaala ) zliad s S0
CLSIV (e g sl Ol s slSHLll CaanS 45 5 g ) (mal sl 48y 5 iy HSU) (laals pa
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e il (s ) Lanilan 3 Al Lo i 3 M) pline slayY a5 5
I ey pee () (sl (e 8 4] g

Stereoisomerism 4S8l <l pa g 5Y)

i el A yall e samall 5) el {1 i i Ll 21 iy Sall 1 d
PO il o A (e RS i) il s e gandl

G e Al e g ) anid

Conformational isomerism Gilngll-1

Geometric isomerism 4wsxigh &l ye 5 3¥) ) JSill-D
Optical isomerism 4 gasall Dl e 30¥) ) JS-3
Jsa all gl ysadl e datill ciligdl - : Rotamers <SSiia gl ciligd) /Y 4f
conformers = X < yai5 e Y C-C 4dal )
gl Ayl 1) J gm0y sl AilSa) adad Chaay (AN JSl s / wtigd) Jeil) 7 Ll
Agalal) Y 8 30l C-C eyl Jss ol ikl d LS
Jualls ) el al ISl g1 550 ST o : Optical isomerism (sl Jel) /
Gile ganagh i3 @l ddasi e 30 S M a5V el (aell S il A i
0= S5,3 sl asymmetric carbon  atom Abilaidl e ¢ s S 5 A e ddlidg

stereogenic carbon atom &Ll anYL Gl (o y2i 54l <
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Cheir 4t sl 4alll e ISl 028 i) Chiral carbon atom s sl ¢ s 83 5 )3
Y Ll Ly jall oda ot s Lel g8 o 55 (*) Aadlally 2aais (Ky-ral) ity 2l ni g
i stereogenic e s sind ¥ il il jall e (uSall e lgdary ae Gl ks
20l ) 2l 48RS i (g Ly ae Adilatia (5 5<5 CHLXY |, CHgX <l sl
A3V Laghy A8l a9 81 pall (3 43 g e (53 Y6 CABXY s el (5 il

e alaatY) Ji

Asall o <59 liukaiy ¥
P L gay puns Lagin
S

4 )

__Mirror - molecule:
image of A Rotated
original molecule
molecule cannot be
superimposed
A (ch on its mirror
y image
Original X = B
molecule @
9 -
S @
=
B (ch
.
@ =
Y

 owaw

:‘ ; rotate 180 :‘
rotale -

same as the

first structure

143



By gapn Al Rygaell g2l clyayll ] aglell 14l el
iadle
i S S e Jiad Y Sl e panall 6 5 s 3 )
-CH,- , -CH; , C=C , C=C

Y Sl Gaiil liliae Gl 3 e 5 5ke & 0 Enantiomers (<) e sl gl ) alay)
(2 4y sy pn Ao Jio Laglin A8Uall 5 () S 38 50 (o Lagia IS (5 a5 lagllay
o) Lo (allal 2l o 8 LAY (uSay (K15 5 gucall Tl A (pudi Lagia JSI (5555 5 31 sl

"Jilall g slcaall et g Enantion 4wl sl AalSH A e gl

G

OH H

2
2
g

H OH

-
- e

New saopcrimpuahle
Enawtionrers. rewlcable
trawe-1 . 2-Cyclopentancdiol

tetrahedral 4 Y el 0 <l Led 3,0 5T a @ Chiral center (1Sl S ol

Adlide Cle sana a b ddadi e (050 oS L Lile)

Aihe a5 ray-see-mic (ki : Racemic mixtures (Racemate) (asw! i) Jadal)

Aoy Lanla (S0 DY) e dald g8 Mcuiall s giie " iy racemes duiidUl Al o

- AU ga M aalrad Baus AY) il il el a3 S (Y Lsa Jlad e 585 50:50
(#) s (D,L-) 51 (R).(S)-
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Mes0s Al sl Al (4o d8iia 8 5 Mee-z0o kil : Meso compound o S
Allad e 4l ia OS5 A S G5 S G0 e gsing S e sy it e

T (5 giay o yay (5 sl 2 ga g s L g

Fnerra

OH OH OH OH

1)
]

i []
a

B

[ |
]
L]

[

i

"
[

Soperimporahie
A mveis coimposd
i1, 2-Cpclopendanediol

dandy Cungy avall PR a1 (5 5aa (5 5 9 : Plane of symmetry Jibadl) (s gha

mirror plane — &llX o g A Ayl a8 gem il IS (55 Cplilaia (pieai )

CHs;

plane o symmetry aatuirat

CHs
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Cis-1,3-dimethylcyclohexane

‘7
R,
3| )H
. S
H (8) S
plane of H
1,3-diaxial interaction

3 symmetry

RS e sh g Cpa gyl 353 Jfisall e gaae G Ja i) g TS 3T 15Y1 Al

Trans-1,3-dimethylcyclohexane

S

Ha

Ol

Trans-1,4-dimethylcyclohexane

CHj
= CH3/m/CH3 H\M\H
CH,

Ligen Jlad e S 5e a5 U e 1Y) Al

Ollll'
c»
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Cis-1,4-dimethylcyclohexane
CHs
CHs CHs
H H
CH,

(L (5 stse s ol Lign Jadis e g g A8 8 iy sl (piing])
Ofic senall (alins ladie Taged S muad Jlagu¥) A6 sl GlaSedl Gl
e ganall OS5 Levie Jasy ili 3 JSIY) Gle gane 585 Cua anall (8 il

equatorial 4 s 8 <Y

CH2CH3 —> axial

H
H__ - CH,CHys
- )
CHgj equatorial
CHsx H
less stable more stable
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H
COOH
COOH
aies | 3l v lipsnlamedwarbony b
il
H
H —_—
F ri' LR
COH
erv-0, -0y o hu tamedscarho, le
i bl
HY o S H
CHy  CHy

arvel el ety kevcfopropanc

iraais |, 3o Mbromsoey clopendane”

oo

H

- | L0 vehspenbanedazarhoxy lic
il

pro =1 100 5 bt e e e g b
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H CHy

Hy
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S e o D) S (585 28 LN s ) e (5T 12-1
I. 1,1-dimethylcyclobutane

Ii. trans-1,2-dimethylcyclobutane
ii.  cis-1,2-dimethylcyclobutane

Iv. cis-1,3-dimethylcyclobutane

v. cis-1,3-dichlorocyclopentane
vi. trans-1,3-diclorocyclopentane
vil.  cis-1,2-dichlorocyclopentane

viii.  trans-1,2-dichlorocyclopentane

ix. trans-1,2-dichlorocyclohexane

X. cis-1,3-dichlorocyclohexane

xi. trans-1,3dichlorocyclohexane
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sl

CHs CHs CHs Hs
e 7 (U TR o (G I
(R) (S) (;
. “ S
“CH; CH;  CH3
Achiral Chiral Achiral Achiral

V. : vi. Vil.
’ Cl 1ICH IICl
Cl \ Cl
Cl
Achiral Chiral Achiral

1X. X. X1.

,’// (Q (O
o oc c cl e
Cl

Chiral Achiral Chiral
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