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o g¥) Baa gl
Chapter One

Gl glaiall g dag) g 8
Bonding & Isomerism
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(Organic Compounds) 4 geand) il 3ol 1/1

e (g ot iy (bl U cumguelly o) (e gind ) Sl
(crreeeennnns O,N,F,Cl, Br, I) Jio 5_al i

o Jadt gt 2ae A8 pra cangy A e pmlh Al oy sl b ga Balall S2a (Pls
MY\.LUJ&!}QJLD\JS_}A‘?mJMSJJdSLFeJﬁ

l
—C— 4
|
' 3
_N.—.
2
__O_
. —CL—F,—Br,—L—H 1
alpall pa Jual sl
0795306216
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Example:

IR
I
H—C—C—C —C=N
I |
H H

L

H—C=C—C—C—S—C—H
I l
H H H

Example:

~Draw the structure for Chloro methane (CH3Cl)?
¢ (CH3Cl) S yalt JS s
Solution:

Example:
Draw the structure for Propane (C3Hg)?

Solution:

T
T— O—T

.
m— O—

l
T— QO—T

|

o

16



‘(En) (Electro Negativity) demilu s 2/1
A g Al i iy S il e es el 53 508 s

(2530 sl

S > sl (Bn)
S

Jia!

(En )

(exception) il
Cl < O Ly 1ol
(cis) N, O, F b dbuug s6Sl i o 5530 Jsaally el i 28 el
s ([T MDA e gandl sualic < (H) cunsouell dulag j6S) <
(Mg, Be, K, Na, Li, B, Al)
il Y g guanl) plaSH Glaie) B 5050 Iann slhe) o3 Y Gl (5350
prabinll 03 Jainy illlag

(Bond Polarity) b i L8 3/1
(Dipol moment) (il ajall

Emy Ay eS Ao (W Aasbia g 5eS B e iy SN ol il o all iy
Al jeS e a5yl 5 (+H5) Lunge B Aind Ak yeS SV 3 5 0 s

(- 8) A i3 Aund

17



Example:

85—

H—Cl

o385 clgadga (Ao olis (5 sall Jpaally daga gall ol A Lbin g 5gSH ol pllac) o3
O—e SN i adi L aqall (S) 16 pea Ue Cagllan e cdpuia) il o8
503 Jgaadl Lealiga o saicWl dpbu g ¢S Cua

Example:

“5 178
H —Li

3335 Ak Al e Al Ayl il A Al g oS0 ay G ) LS o

L8 el cliall = da i A cliall &

Electro negativity difference T = Polarity T
ionic characters T = covalent characters |

"ionicity" ‘covalency”

Example:

Order the following bonds according to polarity
Ayl Cm Jaf 5 034 i)
a)H-H,O0-H,ClI-H,S-H,F-H

Solution:

Ll 03g) AasSall 3 i (1
H,O,CLS,F

18



Sgosl sl o dlaie YU e Ayl oSl Cana il Al 0da 55 (2
F > 0] > cao o> S > H

(3 Al S 4l AN o3 Jami (3
F > o > c > S > H
10 8 6 4 2

A a3l s Ve g daal g U 45 9Kl i A ks g poSILs (380 aa g8 (4

10-2=8 8-2=6 6-2=4 4-2=2 2-2=0.
H-F > H-0 > H-Cl> H-S > H-H
(—.
polarity T
Example:
b)F-Cl,, F-F, F-C, F-O0,  F-H
Solution:

F-H > F-C > F-Cl > F-0 > F-F
(—.
polarity T

Example:

Which of the following bonds is the most polar?
PAglad A Jat g 0 03A (A e

a)H-B b) H-C c) H-N
d) H-O ¢) H-F
Solution:

_ The correct answer is (e).

19



Lewis structures <3l 4/1

iy A Y haadl cili s < Jiy (u sl p sy

3

8¢ 8¢
e (0 A A ) il g SN 0S5 mg
o o3alin Lo 83 Gl oa ol 4 e s Lgann ) JISEY) (S o
i salel o3n

[(Octetrule) Ll saeld o
sk A plinay cogs sl dala a1 bl 8 (8 e-) 5,3 el of 2"
(Al A a5 4l BRI sl 4 o g 13gd Jpaa gl

"duet rule’ o) 3ol o

bl s (H) cumos el als Y s jlas B s S0 50 el o s
.'(He)

tou sl Ay ke e ana yll Adis

"valence electrons® ecs jall jua¥l Jadl cilip 5 cusay agii (1

et Lqﬁ'&hbll:._i‘_) d.acja.‘gﬁ_)L“ <l Lgipja:\_)s_)ﬂ\ '&Jfﬂ\ s (2

86 0r2 6" il puinsd dui b Y Jeas (3

valence " Y1 Jlaall el S (e bes iy o5 jall iy S Caua (4
A58 el 3,30 e 4mazi (3 4ill 5 "electrons

?H(BOTBG) USA(JJ(SC-) _)\_)n.m')“ C.A.AJG“MJSJA“ 55 d.m.:?]h\ (5
(8 &) syl ¢-‘u‘ L) 400 A58 o 5 ) Jamy

s.u\.;ugsam,i@muydmu\;bﬂmwglae‘B

20




Example:
CF,

AYl el s 5 Gluag agis (1

valence e™'s = (1x4)+(4x7)=32¢"
5 é.mlr—yué‘) G 33N RSl ey g ikl JAGAA_):.A@.LL&"

(oY) L fae B iy S (4) ellics G dad Sl e ganall & (C) (1508T)
(oY e ey 5K (7) s G Andlul Ao ganall A sl

cpeinr Lagd Jail 3aa 5 Aa ) Jae g 4 0l 0 Ledgm g 45 38 pall 530 s (2
F

F— C —F

F

(8 €) Lt gl 4yt < M Jeass (3

Cutg Sl i 3day ) JS sAdaadla
DAYl g SN e Lga iy eg madl il S st (4

(32-32=0)
g SSYY (e 5 ite il g SH GG Y A 38 el 30 <=

21



s il Jad 55 2o YV (ga (8 €-) edllian 4y S el 550 cmpad (S

Example:

NCl;
Valence e's=(1x5)+(3x7)=26¢

:0— N —ds

:a

26—-24=2

A

:Cl— N —CI:

Ho K
(‘u.u_)n u‘&l“) (8 C-) il ‘_2:..3_)‘3341! T:_)..)
Example:

CO,
Valencee's=(1 x4)+(2x 6)=16¢

20— C — 0

=16-16=0

:d— C -—.0.:

p—a st lllad ooy iy T(Be 4 B cuady (4 €) elhia 438 yall 3 30 4
ADG A8 Sl dany (8€) Ll Nl

22



Oyl ) damy 8 Y 5B iy (Y deatl (4 €7) 00 S0 503 ally o

(_).=C::.—_- N

(13

Example:

Co;
valencee's=(1x4)+ (3 x6)+2=24¢
: (l) :

2 0—C— -

—24-24=0

362

:O“C—E).;

nw

A dhd ) Jes MM 2 ¢ u.\lEU.::x"
101

Lo

t0—C—

aE:

8¢

Example:
NO'
valence €'s=(Ix4)+ (1 x6)~1=10¢

S

23



" 38 el 53 a (N) Lael o 438 5a0 5,00 053 g (m jiis (o aultians
N—o0:

= 10-8=2¢

A8 4 e Y gt il 4 o GB3
il Gl 5 deny s

I
2

‘N
/

Example:
CN-

valencee™s=(Ix4)+ (1 x5)+1=10¢

=10-8=2¢
4¢
:/EN:
8e

24



Exceptions to the octet rule ALl sacld | Jo g liii)

Jaha s fadl 88 e 1Al A D axe Jla 8 ol K
' ' -og_j_a”

58 ol 1Y Jaih Ll gan Alisd 855 ¢ 8 & (e SO a5 50 i< 1 (1

.(B or Be) 4338 54l
Example:
; BCl;
Valence e's=(1x3)+(3x7)=24¢
:(151:
:Ct— B— C:
=24-24=0
:-clil:
N e it \ QT BT GE
3 yall sl (B .
S el ol (B) 6¢ / = exception
M de e iy

25



Example:

BCHZ
valencee™s=(1x2)+(2x 1)=4¢
H—DBe—H
=4-4=0
O i gy in
55l gl ut (Be) H—DBe—H
Lisy dee o 4 ¢
= exception
Ak
D3 (e b LY e Joius olid g8 (B 5l Be) (gsing oS 50 JS il
g
Example:
BEF,
Valencee's=(1x3)+{@x7)+1=32¢
: 1‘3 :
F— e :
/v: F:
8 e ae
= not exception o Uil Cad
dals dBadka

(Not exception) sl ¢85 M 4,3 2 ,h (Be o B) culasi )} 13
Example
BF, . BeH?,

O ol 1 Ggllan 5 2) (8€) e ST llias 3,38 5l 3,30 S Y (2
(Bl o2 b o)

26



8e e ol wliia 4558l 53 calS 1Y o

Ebmm& TN
(e

11200

c . .ﬁﬁ: nay ” 4
Trigonal planar :

107.3

o !

e e 1 4
Trigonal pyramnidal |

109.5

o .

plitiadn ¥ (oliy o0 2001 Y >
Tetra hedral m

. ada.ao
(non pofarn ol jub g2 (%}
(polan gdad oixs )

27



Example:

What bond angle is associated with a trigonal planar molecule?
Prcdaall il (Y i eyt jall A8 el Al 4905 2 L
a) 120° b) 109.5° c) 180° d) 90° e) 45°

Solution:

The correct answer is (a)

Example:

What would be the spatial arrangement of the atoms of the methyl
anion, : CH3-?

Sfiaall ol b A i ey g JSa ga L

a) Octahedral. B) Tetrahedral c¢)Trigonal planar
d) Linear e) Trigonal pyramidal
Solution:

The correct answer is (¢)

Example:
VSEPR theory predicts an indentical shape for all of the

following , except:
215 La (SN (el il il Sadl aa (8 (VSEPR) 4 ki casa
a)NH; bH;0 C)BH; d)CHsy e)All have the same geometry

Solution:
Trigonal planar JSil dle; 544(C) g 4 12= L Trigonal pyramidal JSall ellas Lyl JS
| The correct answer is (c)
(o L83 (Al ey ol Qs 43 e auleind LINA e D 4y kil 4 (VSEPR)
sty 27) dsiia

28



Example:

What bond angle is associaled with a tetrahedral molecule?
T aliiia da ¥ Sl ah AL £ g Sl A8 pall Augh N A L
a) 120° b) 109.5° c) 180° d) 90° e)45°

Solution:

The correct answer is (b)

cilis jall A_ulid (Polarity of Molecules) 5/1
g pnall Syl Al o da i
-(non polar) ki e & <l )N

Example:

CHy, CCly, CO,, C3Hg, CoF, ...

g_atj._:g_AJ_“\ﬂHQH‘)S_g_aQ,_@‘,dﬂl oSy .2
.(Polar) (ks &= <l )N
Example:

0O

i
CH:sCl. CH:C — CH: CH:C =N, CH;— 0 —CH;

rOSEN 13 e ol 058 of oliuly o0

® ®
(non polar) ki e & /C=C\
®
(trans) pu S 5al 138 o (3l hgus AiaN Ll 53 DA (hag

29



H Br cl CH:  Cl F
C=C_C C=C C=C_C
N\ / /s N\
Br H CH: Cl F Cl
Example:

Which of the following compounds has a dipole moment?
?@H?}ﬂﬁqﬂgﬂ‘a&gﬁoﬂ

a) BF 3 b) CHz,Clz C) CH3CH3

H F
d —¢ = ©CChL

/S AN
F H,
Solution:
The correct answer is (b).
Example:

Which molecule has a zero dipole moment?
€ shia é_’h&ﬂ&kﬂ‘f}-“éﬂ&ﬂﬂ#\ bR L.,AC)A
a) CH;Cl b)CH,Cl, C)CHCI; d) CC/I3' e)none of these

Solution: _
Zero dipol moment = non polar

The correct answer is (d)

30



A_umu__.u.d\ A Ls(Writing Structural Formulas) 6/1

iy guaall LS all (Structural Formula) Sl JSa8 Jial § ok sae 1l aa g
:‘;A 3

1. Dash Formula

() puis Jaiy A 5 S Ly 48 8 IS5

Example:

H O Br K
|| I I
H—-C—C—(C-—C~H

H H H

| 2. Condensed Formula: i) diuatl |

b sl pu ) a3ey Dash Formula W A4 g Lea JSEN danadly o g6
(C—H) cnsouds Gs8l o

daly clliada

Ak L 8 (methyl group Jfisall 4c sesa): — CH;
gy Ll (55 (methelene group gulisal de sana): — CHy— %
: .i I. : I

odny Lo gy sl Aol A ola 13 W) Al Lo iy o gl i3 an gy La Ll 4

31



Example:

B‘.r (l)H

CH:CH:CHCH—~— CH:
(‘:I"I.\ Br

(CH:), CHCH(Br)CH:CH: — CHs — CH— CH— CH:CH;

Sl pn Jalall Jageatd pof Y iy 480

CIb(CH.),CHs == CH:CH: CH:.CH:CH:
CHCH: OH

(CH:CH:),CHCH(OH)CH, == CH:CH: — CH— CH— CH»
CH: Br

(CH:),C=C(Bn)CIh = CHi— C = C—CHs
fHﬂ (i':l

(CH:),C CII(CHCH:CLs = CHy— C — CH~ CH:CH:

- CH:

3. Bond line formula (Skeletal Formula) (A<l sl

I3

S oy o Y g Ay (19208 30 JS iy o g ISV Ga g gl Va0
30 AL alia ra g gl B0 ol 1Y L Ly se SH il Yy Alaiall (pa g gl

b.

ghliSy o g Lild g0 KU e

Br CH:

! |
CH —CH—CH—CH: =
3

1 b 4

OH CH: al
| I b
CH —CH— CH—CH=C~—C =
1

2 3 ~4 s %

32



LY LSy Ll (— OH) cpanss¥1 53 Adafipall Cpmg el 53 Badls o
s S 3k Aliate e

o il Jaih Ua o g el Sl e e e U ol Aday o
CHs

] s
€. H—C=C—C—CHCHCH: = £ .

|z:| 1 s &

CH:

d. (CHs);CCH(OH)CH(Br)CH;

PV 8 ST ' L PP R P R

C& OH Br Br
, I | . :
CHi — C — CH — CH — CHs = 2 3 : 4
1 :l E] 'l ] f
CHy oH

Example:

: Write a line-segment Formula (Bond
CH,CH,CH==CHCH CH(CH), line formula) for
?

Solution:
Y ool 8 iy dapall o3a Jausy

V\ 2 k] 4 [ 7
CH; CH: CH =CHCH:CH(CHs), = CHbCH:CH =CHCH:CH—CHs .

|
CH:

33



Example:
Write a line-segment formula for (CH3),CHCH,CH(CH3), ?

Solution:
(CH:),CHCH:CH(CH:), = (lll-h—(;:H—éH:—(;ll-I-——éHa

CH; CHs

-
[N
w

, G dagaill sa g uSally Jgall (g0 8 o
Structural Formula <« Bond-line Formula
(Dash or condensed)

Example:

Write Structural formula for :

Br

Solution:

gyl V3 Y o gy oy Lay 50080 €3 S, i

34



2| 3 4 3 6
C—C—C—C=C—C
C

l
C—

58 (50 S 50 S ol L e (DA e @l g cm g yugl) gy a2

Ll gy g dee e
H 2 1 3
CH; — CH—CH— C C CI—L
CH>~—CHs
Example:
Write Structural formula for:
O
M
NH:
Solution:
T
= C—C—C ~Cwuu C
\ 2 3l 4 l 5
NH: Ci
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taeay O goued) <l )3 Jlshy

Ay el drgall A0S 5 A olatiaVh o5 2 ol Aagall ALY 2a
.(Structural Formula) 45l 4aaall (e (Molecular Formula)

Example:

Write Molecular formula for @ ?

Solution:
SN 285 g gall Ll S (e 5 SH S0 230 Cluiag i L1

4
5 3

6 2
i

05108 8,3 IS8 0 L pea DA e Cpmg el 53 220 a2
a5 @ dee e

IH IH

H =

1H )

=> Molecular formula = CgHjy

36



Example:
O

‘ = CgHyBrO
: Br
(o
HO,
v
O‘ = CioHpOs
/‘ N
’ OH
Example:

N _=0
The Molecular formula of the compound is

gt Sl 13g] Al Aol

a) C9H130 b) C9H120 C) CoH;4,0
d) CngOO C) CgI'I]30
Solution:

The correct answer is (d).

(Formal Chérge[ Aa il 7/1

LYt Jladl cdig N sae 5AY laal g s axe el
sl Jsa 3 Al o5V sl a3 Al

.Jnﬂ.\abg_gj&nguﬂmud_)“
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Example:
CO;
‘0 «—6-6=0

W C € —4-4=0
6-T=-1—»10"" NO0:e—6-7=-]

-2 = (0) + (0) + (-1) + ( —1) = "Total charge" 4,i) 4.l

Example:

Nt =m5-5=0

6-T=-1—>10"  ~Oie—6-6=0

Example:

Calculate the formal charge on the nitrogen atom in NHjs, NH,", NH,
NO,?

Solution:
5-5=[0] 5-4=+1
H
/ f /
H-— }}1—- H H— III—- H
H- H
5-6= -1 5-5=[0]

=

I‘
)
X

]
N

I

38



Example:

The formal charge of the indicated nitrogen atom in the

following Lewis structure is:

b sl ) g B el LBl cym il 530 2 30 dunl

H N——NT=/—N:

a) 0 b) +1 c)+2 d)-1 ej -2

Solution:

The correct answer is {d).

LN
Example:

The formal charge of nitrogen in:
CH:—C=N—(s
(Atomic number of nitrogen is 7)

b Sl 13 (b g Al A 30 Aiat

a -1
b. 0
c. +l1
d +2
e -2
Solution:

The correct answer is (c)
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(riibll (Resonance) 8/1
e Al S ja gl ' calia il S g Lgaity g ili g yiSTYY :is_)a‘;h
. Example:
.e (—1) hd (‘1)

h):) l 'cl): :(l):

-— | —

0/\’.& o/CO9

) G B &)

)
. o{\o

N0: ¢

Apala¥) Aad ) o iy Jsbl) i Wl COZ” s Jad s gen of 325 blee
Ags
Question:

Which of the following is not an acceptable resonance structure for

"

g [NE=N—N

b [N=nN=N:]"
9 [N= N—fi:]'
d)

[(N—N==N:]

e) all are correct

b o) gadl

Solution:
@b g ile L 16 = (Valence e's) 5ilSi culiy i<l @l ity jad) JS a2l
.18 e s

40



Example:

Which of the following pairs does not represent resonance

structures? '
ol Jiad y Aul s i oda (B e
0 07
o - | L
«(H,— C—CH;  and  (H,= C —CHs
AN =
b) | ]
s X .
N
) 0 70
c CH; —N and CH;—N
N N -
§: S
d)
/NH | NH,
CH; —C and CH; —G
0 -H o
Solution:

The correct answer is (d).
REREPR- | P PPRRW PRLT LIS [PPR SRV RLART
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Example:

Which of the following could not be a resonance structure of
CH;3NO;?
SCH3NO; —! ¢ibat JSi af 098 ¥ @l pal) 020 (3 (e

O-H

! H @O H o: H o H
. cl; Kl/ | 7 |/ |
-C~ H-C~N H~C~N H-C=N

N N AN

H O: H :0: - H :0: - \:O: -

? - - b . c - q -
a)a b)b c)c d)d e)aandb
Solution:

g il (8 e el )3 ) ady Jai iy S e )53 J& 8 Resonance —
CoanSH 35 s )y g SN 33 e ) g 5ed 35 of (d)

The correct answer is (d)

Example:

Which of the following pairs are not resonance structures?
i Ly Bl e85 Y gl o 020 (e

*

, @) CHy— O— N= 0 and CHe— 0= N= O
b) :0= C== O: and 5= G~ 0O
e ,,0
¢) CHy—- O— N=0  and CHs— r(
h b :0:

d) Each of these pairs represents reonance structures.
e) None of these pairs represents resonance structures.

Solution:
C iy S Al ga Candy <55 38 S A8 g Y C sa asaall el

The correct answer is (c)
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‘il Hybridization C) 9/1

Y g Ol dgabiia D cUacY dalall § JSal diliss oDl Ll g o
(SP, Spz, Sp3) L cungl (e gl 5 OB Lf 3y sl g
el Wdlda e s gl o

.J:\‘J(“j_gl.nﬁ 08 ( THE( WIS (e dSJ;'ju

Example:
0]
is
H H

H
s

H~ ('E:—P—H _.__>. SP3
H

o=cLo _——). sp
.5‘ [

H iy g-— H ——+ SP3
s

H-—N-"*H

AT  — 8P3

N
w



H Br O H H
[ A
H—C ——(I:—q —~C=C—H
l \l AN \
(wfw | 1 )
<Py SP: S Sk
SPs
HH H H
A Y |
H—CEC—CI—C=C—-C—B|'

Example:
In which molecule is the central carbon atom sp2 hybridized?
(sp2) assall g Sl 83 Cuags oSy il Sadl oda (A (e
o
a) CH, b) O=C=0 ¢) H—‘ICr)--H d) CBry e) H—C=N

Solution:
bebow g8 1 (T ) gy b o 0 030 K011 ot U s o

nowBond NN sp?
one 1 Bond “ sp?
tow m Bonds ‘ sp
G il f ST o 3455 2l
a) CH, ‘ sp® b) O=C=0 sp
o) —
I
¢)H—C—H mp  sp? ACB, P sp°
e)H—C=N mmmp sp

Solution:

The correct answer is (¢)
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Adagall DY) oy (head-head) DM i 5 Jals o4 (6) 4alaY) Alay (>
DU g5 e el Alayd & 58 aastyg o(S) Ainga) 15 (Sp, Spz, Spa)
AETER

amill Lgiany g (P) DU J205 cpo i () Zalal) Ay ) o
() A8 Wany Lay (0) 50 Al (0585 03 (sl o Lla

Example:
0 H
njjo lo
-8
H— (?N O/C g
Tt o/ \O H al \H
H H H
ag o]
0=C=0
i 4 14
Example:

Identify the atomic orbitals in he C-C sigma bond in ethyne.
Y S e g (6) Apalalh Ak N (0 sSi 8 Adalal DAY Gije

a) Sp3 - Sp2 b)Sp - Sp ¢)Sp2 - Sp2
d)Sp3 -S

Solution:

The correct answer is (b)
¢ (sp) O i (g S 5 3 (e IS ¢ (H-C=C-H) s o)) oS ye JS5 (*
(5p-sp) <l Jak e Aadi Lagias 43 4S5l Dala) Ay 1 I
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Example:

The hybridization of the tertiary carbon atom in
S St i 3 (3%) LD e SN 5 A Cuag
Br

| |
(CH:):CHCH =CH:CHCH:

is:
a. sp° b. sp c.sp d. sp!

Solution:

The correct answer is (c)

(Functional group) i off cile ganall

Oy S pall Ay 580 5 AilaSl ciliall ale J<8) a3a3 Gl A (e Ao gena A
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Class of Specific Commos nsme of the

Structure compount exampie . specific example
1 _
A. Funttionof groups that o el alkane CHy—CHy ethane, a component
are a part of the molecular i of natural gas
Jramewark N )
e
C=C, alkens CHp=CH, ethylene, used to
4 N : make polyethylene
by HCx=CH acelylene, used in
welding
ageny benzene, raw material
far polystyrene and
phenol
B, Functiorof grougs
cuntaining axygen
f
1. With carbon~orygen sl (I Alconot THLCH,0H . ethyl alcoho!, found
single bonds i in beer, wines, and
| liquors
«& - ether CHyCHOCH,CH; diethy) ather, once &
! i common anesthetic
g : S
2. With corbon-axygen —C—11 aldeyde -7 CHp= Tosmaldehyds), uced
double bonds* ’ 1o preserve biotogical
o ﬁ specimens
[ ]
o o e e ketgne CHyCCHy acetane, a solvent for
i ! " vamisk and rubber
tement
9 .
# 1
3. With single and - On carbaylic CHyC—0H acetic acid, 3
deable caron~oaygen acid comparnent of vinegar
honds Q
[
wsler CH,C—OCH, (M, ethyl acetate, a solvent
for nait pofish and
model alrplane glue
C. Functiono! groups - €-—NH - primary CHyCH N, ethylamine, smelis
tontalning nitregen** | aming like ammanfa
—C=N ritrifa CHy==CH—~C=M acrylanitrite, raw
material for making
I 0 Qrlon
0. Runciional groug with —C—NH, primaey, H—C—NH; foemarmide, a soffener
asygen and nitrogen : amide B for paper
& Fuactionul group R afkyt or arvt CH,Q methyl chlaride,
with halegen . Ttk refrigérant and locat
anesthelle
£, Functionial groups e Cm§H thiot (aise CHySH methanathio!, has the
containing sulfurt { called odor of rotlen cobbiage
| : mercaptan}
€ Lo thioether {CHp=xCHEN),S diallyt sifide, has (he
} { {also odir of garic
called
sulfide)
E. le:
xample:

s Jils 53 sm gall Baiali o) e penall 3paady S Hall aang ellacly o gl Cigus
S yall
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.®
0
i
¢—H
| I N >
/ .

. OH
o
CH — O — CHCH = Cib

oSt A pSall Ak ) e penall Ad pue elile Can gy el (5 050 (*
U T EPORRUE U [ U T IUVRNT PR EL 7| T R POV -G
\ cablasayl

48



Example:

Which compound is a ketone?
sl Jlay Sl 038 (B e
o 0 o)
i Il I
H~—C ——QH CH—C—CHCH, H--C— OCH,

a) b) c)
o] OH '
I |
H—C—H CH;—CH—CH;
d) e)

Solution:

The correct answer is (b

Example:
- _ . pe C=C

The compund shown below is a synthetic estrogen. HC
in addition to cycloalkane skeleton,
the above molecule also contains the

following functional groups:

- Q
a) Ether, alcohol, alkyne. . b) Aldehyde, alkene, alkyne, alcohol,

¢} Alcohol, carboxylic écid, alkene, alkyne,

d) Ketone, alkene, alcohol, alkyne,

Solution:

The correct answer is (d).
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2t il e 1/ P
,..\ ,.\\ &_)\A}\LQ-M(JJKSS‘N ’ ~

_ J T . M
Sedal w}m,\g\‘ o Laks
Lo REe AL guata) (Isomers) 10/1

o liddy (Molecular Formula) 4 jal) Aruall (i B Ay giac S P

-(Structural Formula) 48 dauall Cya (4

—U ¢ 53 232y (e sa (Structural Formula) 45t dapall ua e CDGSYH 448

JIsomer
Isomers

I
' g

Constitutional isomers Sterio isomers

"Structural isomers"
s e i) | - 1eh il e oatal

) Jlaiil LS Cus (e 46L35 isomers (o4 <
Cua (e ilIAT ISOMETS (A &

Vil a1 Cun ge CaliAS 081

Jlasy) dalis
Example:
8) CH:— O — CH: a) CH:;CH:OH
’I?r l?r
b) CH: —CH—CHs b} CH:CH:CH;

) @,cm ,
v v v

conformers Diasteriomers enantiomers
(configurational)

50



I e Dl Caaats g oY

Constitutional isomer (Structural isomers) :
:4Ba%.
— e da ed isOmers ) 3 Clus gl au ) by glatal) & Jige
constitutional isomers

Example: , _
Draw structural formulas for all possible isomers having the following

molecular formula?
SN A S kgl s Y il shoctiall Tadl) Rl joaal) psan pua )

a. C:H:Br
Br Br

, .
1) CHs— CH:— CH; 2) CH: CH CH,

b. CHwO
OH OH

, g |
1) CH:CH:CH: CH: 2} CHsCH:CH—CH,

o i

3) CH.a—C‘JH—-CHz 4) CH;—?—CH: »
CHs CHs

5) CH:«CH:— O — CHCH:> 6) CH:.CH.CH:OCH;

7y CH:— ?‘H —0O—CH:
C}T‘IJ _"‘ r :’

Jse e 5,0 cpanS W 553 ol S5 (0) 58y S al e glidia s 2ic
(CC) § (HC) on 058 3 ik
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¢. CsHe:

(l:H.a
1) CH:CH:CH:CH: CH:s 2) CH:CH CH.CH:
(‘:I{‘l
3) CHi— (lj—‘ CH:s
CH:
d- CBHH
(lDHs
1) CH:CH.CH: CH: CH:CHs 2y CH:.CH— CH.CH:.CH;
CH: CH: ICHJ
| .
3) CHi)CH:CH— CH:CH: 4y CH:CH— CH— CH;
CH:

5) CHJ(I:H""" CH:CHx
& |
it pal a3 (588 g Ay gl S sal) Fgasss TaY b o gt all (05 (*
o) i e iliss o Gany (Comstitutional isomers) 4k cie sais
Which compound is nof an isomer of the others?

-~ { Vo

¢ {
CH.CH=CHCH A NN
37 A [[ . ) sy (-\)/‘( | OH
0 4 OH O
1 2 3 4
a1 b.2 c.3 d 4

e. All of these are isomers of each others

The correct answer is (2)
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bas olf Jo ddle Aliud 111
In which of the following structures, does the central atom have a
zero formal charge?

o e
HC CH HC CH
a, ' \0/ : b Ng °
| h
CH,
CH,
HC CH HC CH
o ~NT 4 ~n
CH,

The correct answer is (a}

Which of the following bonds is the least polar?
a. H-F b. H-C c. H-N d. H-O

The correct answer is (b)

The structure of prostaglandin is given bellow, then the molecular
formula of the compound is
0 (0]

\\\\\\/\/\/U\
.

OH

B Z
HO oH

a.  CyHs0s b. CyoH360s5 ¢. CyH3405 d. Cy1H3405

The correct answer is (c)
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2 ..ijm‘ A \‘5_“
Chapter Two

dalall el sy
Alkanes & Cyclo Alkanes
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/ alis¥iAlkanes 1/2

General formula (i—dlall issal) = CHpni
]

Functional group (Gl sl de gayall) = -—le - CIJ —_

Example:

CsHya, CioHaa, C2aHas
Example:

What is the molecular formula of alkane with six carbon atoms?
TSN Ca 3 A lling (3 S 3 o dasall & La
Solution:

CeHoxs +2) = CsHia

oy gl oy jall e 2/2

(Nomane Clature of Organic Compounds)

Agaut) allal) plaall e alaie Yl A guaall LS all ey o g5 gon B2kl 034 i
International Unjon of — jteaial g g (IUPAC system) 4y suzedl S ol
.Pure and Applied Chemistry

57



thautll 45 5h
sl il Cagdlisn 13" Zuiads ff Cile ponall diauaie Alubu Jobf jads .1
e il (ga die sl b AW Aladall s Ll

Example:

C.e=C Al e cile i 3
C=c—c=c=¢=c=¢ X g
c—C—C
C Cc —C
P - .
[c=¢c—c—¢c—=c|l—c—c ‘/ AL e cle i 4
| g
c—lc=¢

o ganall p My Aagl Y1y cad il Aglsl oY) ) Agad e Qi 2
: IS dagds

OH
|

0
—C—O0H > —C—> —? —> —NH, >—(l3==(|:—>—CEC~—>(X=F, CLBLI> R

daas ¥ suffix " Cagpall Alagh cai il coua cile il elad (3G .3
il Jas Ldlé iso laela di, tri, sec, ter, ... Jia Jlagh i sl
.llé‘ﬁj‘
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Aggsind Al Aihh gl Ao senall e alaie Yl dpust M Alabll o 5 .4

S crs (— ) s My ASH A5 W30 e Ll AL,
() i N5

Al Alet pa Gualits o omg g pnian S e gl o Gl (g 350

il ossa alkane oS S 1 OB Ll ape

4ad  Sé alkene & 1Y ethane, methane,

el a8 aldehyde -V Ja=li ethane propene, ...
(methanal, ethanal, ... ¢S N i) pul Ay aa (Bulite

Jis) de sans(Alkyl Group) 3/2
General formula (Awlall Ainal) = C Hpuer
Functional group twﬂf de gayal) === R
g8 e e (e R) Y1 e s i Lty
Ledida iag QST (g doga e gana S3y o s i
1. CH; = methane (alkane)

= — CH; =methyl (alkyl)
(—Me) oty 4l 35

2. CH3CHj; = ethane (alkane)
= ——CH;CH3; =— CyH;5 = ethyl (alkyl)

(—E) 3ol 4l 3e 5
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3. CH;CH,CHj3 = Propane (alkane)
il e Ll Y1 25 1Y (a2

= — CH,CH,CH3 = Propyl (alkyl)
(—Pr) Sl 4 a5

sl (g Bl ¥ 5313 (b

Cth (|:-H CH = CH:— (‘: H— = (CH3),CH— = iso Propy!
CH:

(~—ipr) Jaslbad 3ans
4. CH3;CH,CH,CH; = Butane (alkane)

:ML\M*." (;LSA-ﬁ aa..l_)t L.-“.I.A.ija'."
ookl e ks N1 419 (a
=  —CH:CH:CH:CH» = Butyl (alkyl)

(—Bu) 3ol 4l e

Al oS0 33 e LY 31 (B
= CH (!Z.I-l—CHzCHs == sec Butyl (alky})

SN gy Jabi Y1 3 13 (c

= CH:— (!SH- CH:— = isoButyl (alkyl)
CH:
Jsal Vg f (@
cln,

CHJ—?— = (CH:),C— == ter-Butyl (alkyl)

CH:s
d\Sﬁ‘Y\ s ‘ahi KL% 3

60



5. CH3CH2CH,CH,CH; = Pentane (alkane)
Jai Lghe ol S3la 3 saansa JSf )
a) — CH,CH,CH,CH,CH; = Pentyl (alkyl)
CH;
b) !
CHs — C“ -—CH:— == neaPentyl

CH:

6.
_ CHe i Benzene

a) @ p— s — phenyl (—phi}
b) @—C}h — =  CHCHR— T Benzyl

7. CHy=CH—= Vinyl

8. CH,;=CH-—CH,; —=allyl
daacill dala clliade

Sal sda paaad Uilh S a3 30 (00 S e ganall (udi g 19 (*
S 2 e AN

Di S

Tri S

Tetra Sy

Hexa i (gl




1) methane CH, 1
2) ethane C,H¢ 2
3) Propane C3Hy 3
4) Butane C4Hyp 4
5) Pentane CsHp, 5
6) hexane CeHis 6
7) heptane C/Hs 7
8) octane CsHis 8
9) nonane | CoHyg 9
10) decane CioHz, 10

LS dsawi(Naming of Alkanes) 4/2

:dlaada
Y o Al Lgie i 0 Zgall JLoad Gyl 3aclEl adi Cagu o
(ad — adise — 5 4)

Example:
CHs CH:CH,

N B o
[CH: — CH—CH:—CH: CH—CH: CH]

i Lild o il 3 1 s¥) uls s (—~CH,CHj « —CHa) (e S o ey
{edsal) (—CHs) a9 Aludall okt co i1 ¢ i
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355 Y) (methyl J8 ethyl) Alagd il cua cile il plaud g
(sl ol il o saiad Apaully Lealsay Ao gandl o) o LDle
autl Aulull o 5
5-ethyl-2-methyl heptane

Example:
CH: CHs

|
[CH: CH: CH—CH—CHj|
3 3 3 2 i

2,3-dimethyl Pentane

. Example:

2,4-dimethyl hexane

Example:

CH:CHCH:s
6 5 4 k] 2 L
[CH: CH:CH.CH--CHCH: |
I
CH:

3-isopropyl-2-methyl hexane

Example:
CH,Ci: CHs
1

2 3 4 5 6 7
[CH: CH: CH— CH— CH—CH:CH))

3___|_,3_93“ i L gl ( —CH,CHj ¢ —CH3) J—=< L'J“ O—a Ja s
Ot pai il T AT (o pall) Al iyl (g el il e gty (33515)
(pud) sl gl s sl el LY (—CH,CH)

3-ethyl-5-methyl heptane
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Example:
Al i sl (o gl i ]

SN

CH; CHJ

(_HJCH CH %CH:CH-—-S;@]

2,3,6-trimethyl heptane

Example:
(l,‘I-L
CH:—C—CHs

i 2 3 4 Rl [ 1 8 g
[CH:CH:CH: —CH:C— CH:.CH:CH-CHh]

CH:

Ol o Joasll o w5 poliias
5-terbutyl-5-methyl nonane

Example:

An {UPAC name for the following compound is: CH;

I
a) 4-Ethyl-2,2-dimethylpentane. CH; CH,

b) 2-Ethyl-4,4-dimsthyipentane. CH; ~ IC': ~CH; -~ ICH - CHy
¢) 3,55-Trimethylhexane. CHy

d) 224-Trimethylhexane.

e} 1-tert-Butyl-Zethylpropane.

Solution:

The correct answer is (d)
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Example:

Give the correct IUPAC name for each of the following compounds:

CH, CH,
|
CHy— CH— CHz— CH— ch— CHs
1]

I
CaHs CzHs
CH, CHs
& 5 4 3
CHy;—CH~—CH;—CH —CH-—CH;
{7 s PR
CH,CH3 CH,CHs

4-ethyl-3,6-dimethyl octane.

{trans) 1-cloro —3-e‘ghyl cyclo hexane.

Example:

The IUPAC name for GH3CH2 —CH —CH—CH2—CH—CH3

l l
CH; CHs CH.CHa

1A il \34.\ ﬁ,.«.!\.n.ﬂ e.ujﬂ
a) 8-Ethyl-3,4-dimethylheptane. b) 2-Ethyl-4,5-dimithylheptane,
c) 3,4,6-Trimethyloctane, d) 3,5,6-Trimethyloctane.

e) 2-(1-Methylpropyi)}4-methylhexyne.

Solution:

The correct answer is (¢)
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S claglla 5/2
Alkyl & Halogen Substituted (alkyl halides

Functional group (4l sl 4c ganall) =R — X
(X=—F,—Cl,—Br,— )

Example:
CH3CH2€H2BI‘
(Naming of alkyl halides) JSf ity duaud
Fpaudll G yla 2o g
1 S (583 (common name) AaSLil 44kl L]
= name of alkyl + name of halide
(S o) (el )
Example:
CH:CH:Br = ecthyl Bromide
(|)H_1
CH:-——(IJ—I = ter Butyl fodide
CHs
(i“l
CHiCH—CH: = iso Bropy! Chloride

(iso propyl Lu—§ Caaiiall 4a Laii 5 (Cl) L'f)l)

gdna 30 byl WY (Al plall a3y S Clala psen Apad kit ¥ o
S Cile gana sland (30

66



A 355 LS (TUPAC) Apeuill (allall Uil Jhasindy .2

F A e il pland (5850 f i Ll e (-X)dalas
— F =Flouro : — Cl = Chloro '
— Br = Bromo —1I =Iodo

JSI Ao sana a (Slot Bl i g i Ll (o (— X) il el s
o8 Al Cus e (—R)
Example:
]l3t‘ CH:

|CH; CH—CH.—CH—CHj|
1 Z 3 4 5

Br -3 ¥l dgadl (e J8 50

2-Bromo-4-methyl Pentane

Example:
(ljl }'Br
|CH; CH—CH:CH~~CH.CH;|
1 2 3 4 3 6

Aldadl sl o Ll (—Cl ) Zgn a i
4-Bromo-2-Chloro Hexane

Example:
Cl Br
3 gs 4 3 lz 1
|CH:CH—CH.CH—CH—CHj|
l
CHs

cipta e dadl i o iy Byl ¥) (uii Led (C & Br) oo IS g Ly
i Cus g dgsll Jleb Led oY (Br) dea o a8 Lld (dipe) Al
(pd) Flaed

2-Bromo-5-chloro—3-methyl hexane
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Example:
CH- Br CH:CH;

CH CH— TR CH— CHCHRCH
A I A G el A yigall (he 4liia (Br) O p s of Jaadls o
bt okl a8 (—CHa) dea e a3 S (R) a5 (—X) 0
4-Bromo — 5— ethyl — 2 — methyl heptane

Example:
Give an IUPAC name for CH,CIF?

Solution:
1-chloro—1-flouro methane
OR:

Chloro flouro methane
gty (1) ) A pe gainss sAlaN

- Example:

Name the following compounds by the [IUPAC system?

) CE:CHECH: b (CH,),CCH:CHCICH;

Solution:
}?
a) CH](Z:H.(EHJ = - 2- Flouro Propane
(i-:HJ Cl:l
WCH—C—CH.CH—CH) =  2- Chloro-4,4-di methyl Pentane
H

5 (|;H1 J 2z
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Example:
Write the structural formulas for the following compounds?
Al LS jall LD Aual i)
A Alubial) g gy o g8 cpu¥l o S all Al dipall S s A 1Ala0
Qe e JEl auda gy Leaid 5 o
a) 2-bromo-3-methyl pentane
Hs

—_9....

r

!
G—¢—

WY
™y

S el g ped) < Jass Y
Elir CHs
CH;CH~—CH—CH.CHs

b) 1,1,3,3-tetra chloro propane
Sa ' o/ ¢

“?“Q_é"C' P  Cl—CH—CH:—CH—CI
¢) 4-ethyl-2,2-di methyl hexane

CHa CH:CH: CH, CH:CHx

|
C—C—C—C—C—C —>» CH:C—CH:CH—CH:CH;

] 2| 3

CHs CH:

69



Example:

Why the name given here is incorrect, give a correct name in each
case? ’

§4lla dﬁc._a.m.“ (-u?}“ i ?c.p..u: e la anal H‘Y‘ 13l

aliales S daganall Zis gl Go f3me Gyl
a) l-methylbutane
%‘Hn
CH:CH; CH:CHx

pentane s psaally dhda Jshl jaaly s Uaalt

b) 2,3-di bromo propane

Br Br

1,2-di bromo propane s zssally el 5l oy Uasll 4

¢) 2-ethyl butane
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3-methyl pentace s ppsaall s dubu Jobd sl g Uasd &

d) 4-chloro-3-methylbutane

(IZHA (331
[CH: CH: CH—CIHl
4 3 2 1

1-chloro-2-methyl butane sa puacally 2 @l Uasll
Example:
Which of the following is a correct IUPAC name?
W panill paltall diy sl oo grsnia plalil 038 (A ¢
a) 3,6-dimethyheptane b) 5-methyl-3-ethylheptane
c) 5-ethyl-3-methylheptane d) 4-ethyl-4-methlyheptane
¢) 5-cthyl-3-methylheptane

Solution:

The correct answer is (d).
slaulil L ity o
a) 2,5-dimethylheptane. ' ¢) 3,4-dimethyloctane
b) 3-ethyl-5-methylheptane €) 3-ethyl-5-methylheptane

(Inter molecular interaction) <buijal cr iilaill ¢ 48 2/6
il Jad) on iladll 5 8 e gl EOB Ll aa gy

1. Hydrogen Bonding (A 5 gl ddad ,ll)
(N, O, F) cul jil asly cum g jase¥ 53 Jag 5 Lasie Tl il ge g il 130 (e iz

Example:
0]

|
H:0, NH:, HF, CHWOH, CH:C—OH, CH:NHCH;,.....
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2. Dipol-Dipol forces (wphill 4 5 )

.(Polar) kil il jall 548l 38 oy

ol o¥) Ban gl Al e g Adadl) Syl 4 yma ZES K3 35

Example:

O

|
CH:Cl, CH:C— CHy , CHi—N—CHs , CHy —O —CH, ......
I
CH:

3. London forces ({4l (s 6)

(non polar) dukill e il yall 5 5l o3 58
Example:

CsHs, CO,, CoFy, CsHyg, ...

(Boiling Point "Bp") il da )1 Sy (o 45 el dads

b Sl o il Qiladlh (5 6 Cua (e gl 1

Hydrogen Bonding > Dipol-Dipol >London
—

BPT
Example:

CH;CH,OH > CHj; — O — CH;
H-bonding  Dipol-Dipol
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(Molar mass "Mm") &l sa) 1S ) ki gt ) (5 i o 1Y .2
.u}:\ﬂ‘ t"_l‘_).J e Ja.uui (JSJ'A:\_,
Mm?T = BP?
(no. of carbons ™)

Example:
CH;CH,CH,CH; > CH3CH;
London London
4C 2C
S N i A gl RESH 5 Tauat W 5 ) caglin 1Y .3
BranchingT = BPY{
(g )
Exa:hple:
C!HJ
CH:CH:CH:CH:OH > CH:C—OH
Cth
H-bonding H-bonding
4C , 4C
Less branching More branching
g i g sl
Example:
(EH: ClH1
HOCH:CH:0H > CH:.C—CH:OH > CH:CH:CH.CH:OH > CH.C—CH:0H
lel-h
(two-OH groups)  (5C) 40) (40

il

B.p. T
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Example:

The hexane isomer with lowest boiling point is:
Sl s o Jif @il 53 GhaSsell e glaaie sa]

a) n-hexane b) 2-methylpentane
¢) 2,2-dimethyibutane d) 3-methylpentane
Solution:
The correct answer is (c) goil jisi 4
Example:

——

The constitutional isomer of C3H;O that has the lower boiling peint:
| e Ao 53 O lliay CoHRO il ¢ st

Solution:
C‘!Hg_“ o— CHZCHg
Example:

There are five constitutional isomers for CeHia Structures of three of
these are given below: ) :

(_F“II“.S stloas e gliaial a3 Cra A3 CeHig -1 aily e sleaia disad a9

CH3(CHz) 4 CH, {CHa):CCHLCHA (CHa)CHCH(CHo)
® ®) - ©
a) Dréw stucturer for the other two isomers ( D,E ). CJ%‘EJ‘-‘A"‘“ JS4 r“'.)‘
D) CHz CH CH, CH, CHs Ca A cpttad
by
E) CH; CH, CH CH, CH,
dr
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Which one of the five isom_ers would have the highest boiling point.
Ol Aa 3 el e dladl o3a i e
A) CH3(CH,); CH4
£ JH 93,
Draw a line formula for (C).

Give IUPAC name for (B). (B) S yall allal) P“'Y‘ Lasi
2,2-dimethylbutane.

(C) Sl i) Al

Example:

Which of these compounds would give the highest boling point?
it Ag e dliag @l all o3a b e

a) 2-Methylhexane b) Heptane ¢) 3,3-Dimethylpentane

d) Hexane e) 2-Methylpentane
Solution:

The correct answer is (b) B AS BBl (o oS )3 aae S ATy
Example:

Which is not an intermolecular attractive force?
fell il O @ilad o 8 Gl (5 BN 224 (B (4

a) fen-ion b) van der Waals ¢) Dipole-dipole
d) Rescnance e) Hydrogen bonding
Solution:

The correct answer is {(d
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Example:

Which compound would you expect to have the lowest boiling point?

Ot A0 i dlliag of a6 s pall 038 A (e
i v i P
_ | I
CH3CH,CH,C—NH;  CHaCH,C—NHCH,8 CHiC—N(CH3), CH,CHG— NH,

a) b) g d)
dipol - dipol 4 (C) ¢ 4 e H-Bonding wilé Sipah 4 caslt 5o

Solution:

The correct answer is (c).

Example:

The isomer C4H;¢O with highest boiling point:

Solution:
The answer is: CH;CH,CH,CH,OH

o galy 3Uanall Zapeall (S g5 iy dbim g yua Ay elliag 4y (*

(Conformation of Alkane) <uilS® (<& 2/7

%+ We have easy rotation around carbon-carbon single bond (C—C)
O @l 3 e Al A Jga Oy sally A g Lyl

<+ Conformational isomers:

Isomer different in the rotation around single bond

s sl Cun (e aadl Lpamy e aliss W (isomers) cile slaial
.(conformational isomers) —; aud 4p3aY 2oy )
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1. Ethan CH;CH;
O S (=33 Jldad Gy (new man) JSil au s (V1 o585 Cigu o
Mo aovel) oo e gena ol " il il e 230 S Sty ) glaia

i

e

H H
_)L‘).Lu_)j.h

V 6() 60" ;

Staggered _wﬂy\ 5 s Eclipsed
" more stable"” sl s A ] " less stable”
i e 3,30 e ST g

= Stability T = energy | "or heat" |
) all 5l
.(new man) d\&ﬂ Go dah (S an gy Allal oda B o

2. Propane CH3CH,CH;
| )
H— c‘: - (I: —CHs
H H
CHs CH:
H H H
¥ 61 -——*- H
H H HY H
H
Staggered eclipsed
" more stable"
i s
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3. butane CH3CH, CH,CH;

T
CHs~— C~— (F —CH;
H H
CH CH, CH, CH,
H H H CH H -
N vor 1 Yoo
Foy ——t— H —» P H
H n H CH: H " H HY H
CH. H
CH, CH,
Yo .
CH, « '.MJ'
H H “H H H

H

‘a.m_)“ Jas (—CH3) (B 5 éyﬂ afny o
(mew man) JSAf a f Ul an g af a2

CcH,

CH. ' CH CH,
u " - o H CH.
) P CHI H
H H H H e 1 i ]
CH. H ;

w

Stability T = energyl
=» Heat of combustion 4
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Example:

]IBr (‘fl
H-— (IJ e le.——H
 H H
1-Bromo-2-chloro ethane
Br Br
H - Cl
H H -H
E . : Hy H
Cl
most stable (less energy) least stable (more energy)

Example:

The least stable conformation of butane is:

Sh Chagadl | B S8 Jsdan

CH,4
5?2 gb 752 mja?z
CH; CH, H CH CH, H

H

CHs
a) b) ¢) d) &)

Solution:
sl pgeimns (g (et Lo Ul CH; (e sane oY 1] Jil 5o (b) &

The correct answer is (b
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Example:

The most stable conformation of 1.2-Dibromoethane is:

Br Br H H H
H @Br :/t@\Br Bﬁz H Br
Br H Br Br H B H Br H
H H H Br H H
a) b) c) d) e)

Solution:
) 0SS LStk 0l f 0y Bulky groups” sl cie gaaall 5§ A pomalt otk

Al g o K @l 355 Br
The correct answer is (e

(new man) JS&i ¢ & jlial A
o CmS el (i ADNAY (585 Sl alis sl 1306 o Slaail Bl ) (1
Constitutional isomers

Example:
CH] CH* .
H H H CH.
Ver
H IcH, H H _
H H ’

o ——— o

Constitutional (structural)
(T) Sy Laiys (-CH3.) (sie senay (1) JS2N daala) 3,30 Sl Jaadls *
il 3aal g de gesay Adiaia
O 15AlY 13 ¢ Apalall Alad N Jaa sl Y b bl Jalis cagilin 13(2

B 55 ¢ Apladl ALY Ogn s G
Conformational
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Example:

CH: CH: ‘ :
H CH;, H H
H :@;]ﬂ’" H@ H
| H " CH. '

—

Conformational

(Cycloy Alkane) 4t lilsy) 8/2

Genéral formula (Lawx iwal) =CHy,

A Cyclo propane

(C:H:)

Example

Naming of Cyclo Alkane Al ety L

i Abudiall aud J& cyclo padl 30l 3 Gl Spaid e 0S5 %

a) Mono substituted cyclo alkane

m‘é&kﬂh‘_,t)mdﬁj
OIS olaal (sl g il 138 (ha il gl o
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Example:

§

4 ~CHs I-methyl cyclo pentane
OR
3 2

2 methyl cyclo pentane

ganlly (1) 20 A a3e aubiio Gl )5 WSy %

b) Di substituted cyclo alkane

Adal e e i 2

I Castial o 0 oo s Ayl e ialia g il a0

¢ sara

1-Bromo-3-methyl cyclo hexane

CH:

CH;

1,2-dimethyl cyclo butane

4 CH;CH,
{

3 2
(CH,),CH

| 1-ethyl-3-iso propyl cyclo pentane
il e aldeY (iso propyl) e el sl L (ethyl) <
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c¢) Tri substituted cyclo alkanes

mﬂ\&ﬂbwméﬁj

G o 1 o8 (R LX) g5 00 Blad o e gana g0 S8 2525 Ja b

N i Ll Lty £ sana Y
Br
i
6 2
s 3
CH,

3
CH,

1-Bromo-3,4-di methyl cyclo hexane (;.hls)
(1+3+4=8) :

4-Bromo-1,2-di methyl cyclo hexane (puaiz)
(AH142=T7 g sene Ji)

Example:
4
Ch, 5
CH,CH;,
2 ™en;
3-chloro-1-ethy-1-methyl cyclo pentane
Example:

Draw the structured formula for 2l <l el 4500 depall o )

a) 1,3-di methyl cyclo hexane
CH,

i “CH,

83



b) 1,2,3-tri chloro cyclo propane

Cl

oy "Cl

Stability of Cyclo Alkane dilat Uiy i jiiu

©>Q> >\

Stability T = energyV
(Heat of combustion V)
=> Angle Strain 1 54l 3} Jarual

=> most stable cyclo alkane = cyclo hexane O
ot A Uik K

=> least stable cyclo alkane = cyclo propane i E
"t Agl csfn i

Example:

Which isomer of CsH; would you expect to have the smallest heat

of combustion?
t 90 (Bl al 5l a (i elfiay oM CsHjp ld shalia saf
a) Cyclopentane b) Methylcyclobutane
c} ethylcyclopropane d) cis-1,2-Dimethylcyclopropane
Solution:

The correct answer is (a).
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Example:
The eycloalkane with lowest angle strain ist

9] e g iy 3 Al ey

a)A b)OC)Q e)

Solution:

The correct answer is (b

Example:

Which cyclolkane has the largest heat of combustion per CH;
group? |
$(CHp) (e 45 gaa JSI (31 fia) 8} pa sl elliag Alatt S (e o

a)A b)@ C)O d)O &)

Solution:

O>oymy A

T

VU,

Stability T
Energy or heat of compustion |

The correct answer is (a
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Cis-trans Isomerism in Cyclo alkanes

CH3, CH3 CH3 H
H H H CH3
(cis) (trans)
~— e
—_—
o Laglyy A

Diasteriomers or Configurational or “cis-trans isomers”

A A )l S iy "trans Y cis oe" AT Gl S e e dysaill
VS = Gl = ! s (e eday 55 Ly 5

03

Login A0 0585 sadll Ba o Leghy <GV 058y oaSe gly ¢

.(Diasteriomers)

Diasteriomers: Have different physical properties like “Boiling
point, melting point, solubility ....etc”

Aoy e andl leiany o dihda 40l 56 cliia dllia :Diasteriomers i
"l L edAll ¢ lgaail da sl

s A L (frans, cis) U Cigas AgplSa

1) Cyclo alkanes
2) alkenes
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celad ki ' g caag(cis, trans) F Gigaaly %

Fopfighdie (e pane s S0 53 i Y of (1

CH3 H

H H

(cis or trans) sleay ¥

A8 jide Ao gana )8 (S0 el 006 o (2

CH: H

Br Cl
(cis,trans) Jexd zlay ¥
B a3 gy (B,Z) ool Ade il AT 68 plo auliing o)

4,

J4 (cis or trans) aad cind sl A3 olaDU pepia i Glllia SIS 1Y o
) S
3_ 3
H H (cis) 1-Bromo-2-methy! cyclo butane
T 2
Br CH
B 2 3H
O (trans) 1-Chloro-1,3-di methyl cyclo pentane

Ci CH3

5 4
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Pd
=

(trans) 1-lodo-2-methyl cyclo propane

H CH:

Cyclo Hexane

Sall o i sEiy cyclo hexane sa olaaly dul s dghall cilisiyt j<f o
. LS.:S t_,.\:\_,

Laa 5 Cyclo hexane — (il cplSs an gy o

7 =

Chair Boat
(more stable) (less stabble)
— S
——
Conformers

el oY conformational @ OfSEl cpda o Aally o
ApaY A ) Jga o ys0 00
.Chair .- 05 page JR5 Wl 50 ()5S5 Cgu <o

a = axial (asele)
e = equatorial (c5_55)
Adlal Ja0s () aga g pde Joadls Law M o2a (Pha e o
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Ailadl | Jo Jad sl g dc gana 4o sMono substituted cyclo hexane

c.ua}“"(e)é}c@w‘ﬂlﬁm’ulcm:h,_jhwdﬁjm o
| sy

Example:
1-methyl cyclo hexane

CH,
{e)

Di Substituted Cyclo Hexane 4ilaY Jo e gana d5ag

up, ) s of Ailally oibeaiall e sl o cang cis oS all S
.(down, down) OR (up
(down, up) OR (up, down) <= trans S jall (g8 o

1,2 (ae) or (ea) " (ga) or (ee) B
13 | @ore) | (@orfen)
14 @oren) | (a)or(eo)
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(ee) Lss Lila (ee) o (aa) o Sl s 13 (1

Example:

(cis) 1-Bromo-3-methyl cyclo hexane

.33_i By 3_ile (chair conformation)

b (Bulky group) 5 <l de gasall puzi Ll (ag) JLia¥l S 13 (2
(a) adise B3 pally (€) adse

~C (CH.:),)Q >—CH—CHs >—CHCH.CH>—CHOH: >—CH > —1>—Br>—CI>—F
—cHs) O
e

alaja apal)
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Example: _ _
(cis) 1-ethyl-4-methyl cyclo hexane

H
5 sl 3&}4.&«5‘]
CH,CH;
(e)
H
CH,
/ (@)
[ B sl 4r-y=a3j :
Example: ,
(cis) 1-Bromo-2-methyl cyclo hexane ,
!
3 J..gi.sa“ ic Mq . '
Br(a) . !
H
CH, (e)
H \[ - acy.un]
Example:

Cis-1,3-Dibromocyclohexane is represented by structure (s):

Br\,’zw%'
r

a b c

Br Br

a) a b)b c)e dbandc

The correct answer is (a)

Solution:

91



Example:

‘What structure represents the most stable conformation of cis-1,3-
dimethylcyclohexane?
CH: CHs

Ha " H H
H
CHs S H
CH;3 '
CH; H
a) b
H ;
CH,
CH3 ’

Solution:

c)

)
H
CH,
H

The correct answer is (b)

Example:

Themest stable conformation of trans-I-tert-butyl-3-methyleyclohexane is
the one in which:

a}) the tert-butyl group Is axial and methy! is equatorial.
b) the methyl group is axial and tert-butyl group is equatorial,
¢) both groups are axial,

d) both groups are squatorial.
e} the molecule is in the half chair conformation.

Solution:

The correct answer is (b)
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Example:

Which conformation represents the most stable conformation of cis-I-tert-
butyl-4-methyleyclohexane?

N 1-By By
e 1 By
. \F/ Me 4

e WMe

a b c d

a)a b)b  ©oc d)d e) a and ¢ are equally stable.

Solution:

The correct answer is (d)

(Cyclo Alkanes) Gilad) cUlEN) 43 lial didis

Cailisd 1Y e Jlaai¥ Jalis a5l (1

Constitutional isomers <
“Structural isomers”

CH3 CHs
H H
' H  CHs
1,2

1,3 »
- |

Constitutional

Example:

Ay ) gilia] 138 (cis, trans) (o) b Juatl) Ll il 1Y (2

Diasteriomers <=
“configurational”
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Example:

H - cH, H
! 3
BY 2 H ™ Br
g 2
o,
1.3 1,3
trans cis
L il
Diasteriomers

ki (cis, trans) o Juai¥) BlE Cun (ya | el 13 "chair L gala® (3
.conformers <= 13 A 1,itial 134 (ae) Y

Example:
CH,
™~H
CH; H- -7 |
1,4
trans
aa
i |
Conformers
Example:
CH, (a) H H
Br (€} s CH, (s)
H 2
13 1,3
trans trans
ae ea

Conformers

LJ'J gy Allia ()5S Aualall sa gl N

Same "Identical" <= ¢ i JS A | selin 13 Lo ® .4
Sl g
94




Example:

T 3 1 3!
CHy Ciis CHy CHa
1,2 1,2
cis cis
{ i

same ‘
(Identical)

CH;,(a)
H
5 Br (e)
3

1,4 H

cis
: ea
1 1

same
(Identical)
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Example:

Describe each of the following pairs as conformers, diastereomers

or constitutional isomers:
: ¢ Al cutttall saly il palf 028 2y ABNaY Liia
conformers, diastereomers, constitutional

M CHy . conformers.... .
e

b) CHy;  ___ diastereomers. _
1,3 cis 1,3 trans
[ 3 CH3 C 3 :

Ci Ci

c) ¢ Ci [
1,4 " o
N —...Confarmers,
1,4 trans aa 1

,4 trans ee

a)

\
g;&

o

oy

L7

CHs CHay

viz

e) e Sonstitutional.

f) constitutional,

= %2:
T X
T
u 4

A CH; _
CHy

LY o e (CH3) adtfd sty
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Example:

Classify =ach of the following pairs as structural isomers *Constitutional
isomers" configurational “Diasteriomers” :somers conformational isomers or
representmg the same structure:

CHs (@ o @
a) M\ ¢ and //~\\7\ CHy __..canformational...
(e) (e)
Br ) Br
\ H
/ . H and - /\ Br  configurational "diasterioners”.
H : "
1,2 trans 1,2 cis
N CHa and N constitutional “structural”.
CHs ] -
1,3 r :
H H
(a) Br Br (a)
(e) B Br (e}
M ........... conformational.
1,3 cisaa 1,3 cis ee
CHa(e) . (a) CHs
f— \ 7 .
b}y |/ H and [ 7 . same "ldentical’.
/\\ CHs CHa“g/H\
H (@ ey H
1,2 cis ae 1,2 cis ae
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(Reactions of Alkanes) <ULt cds\di2/9

Ly o L inY dumisie clSl) Aleli oY L e i p0ne cllY) edlels

.(6-bonds) L 4yl

1. Combustion reactions "oxidation reactions')
(8 faN) edlelds *aaslil Moty

Qe S ae i (C, H) o 5 ging g snme S e gl delin of &

(CO; + Hy0) 4ie giss "3 sis)

Example: |

CHy + 20,

— CO+ 2H,0

2CH g+ 130, ——» 8CO; + 10H,0

O el

Ol

Tyl slasSll i fle JSas o

[0] Oxidation st (1
<3 2 i o (O) cpmst @l 3 330 3345

-(H)
[R] Reduction Ji sy (2

@3 aae 335 o (O) cumnSY) i 3 2 s 4

-(H)
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[0} | (l? [0] (I? {0]

CH:OH === HCH == H—C—OH g CO:
(R] (Rl [R]

Example:
In which compound is carbon more oxidized, formaldehyde (CH;0)
or formic acid (HCO,H)?

sl ans o (CHO)aastlesilly oSt 28 ¢y S 0158 50 ol i

$(HCO;H)
Solution:
In formic acid (HCO,H)
Ol 453 e Lh oae ASRY
Example:
0

I .
HCH more oxidized than CH;0H

Ol ) e B 23 e g int Y

2. (Halogenation of Alkanes) culsy) Liala

Example:

RH +X, lighthv) | R_x +HX
or heat (A)
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Example:

CH, + Ch hv | CH,Cl+HC

53 g lSa Jatd o gl 3,3 oSy 4lle IS dinla Jae e 3
SN G g
Example:
cl Cl
hv |
CH:CH:CH:CHs + Clb ~——3 CH:CH:.CH:CH: -+ CH:CH:CHCHs
Jaih paili aa g
Example:

How many organic products can be obtained from the mono
chlorination of 2-methyl butane?

MAB\EJJ.JSMUJLQQJM\EHJ&‘LM‘@\JN .uc.(,S

, ¥ 2-methyl butane !

CHs hv CH:
CHICH—CHCH: + Ch  ——d ?PLCH—CH,CI-L +
cl
H (IZH\ C‘IHJ
cu;—cl-—cm CH.  + CH;CH(|ZHCH; 4+ CHCH CHz(lZHz
C c ]
Four Products

Ailias ol g5 b 252y Jaadls
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2t mang iy Bl S 81 oy S Al oo 3 A
-(Synthetically useful) Lslell Jadh aal

Example:
cl
iy
hy
only
(!f:Hs (}:H.‘
cm~<l:-c3113 Lh CH.«-—(!J—*CH«—CI
hv
CHs CHo
only
C'DHs (l:H; CH: Cl
OFf:— € —C—CH by Obf— ¢ — CR~—=Cl
hy
CH> CH: CH: CHs

only
what is the number of monochlorinated products obtained upon the reaction
»f this compund

with CL, / light

a. 5 b.6 c.7. d. 8 ed

The correct answer is (a
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CH,
CH,
The conformation has:
a) torsional, steric and angle strain b) torsional and steric strain
¢) torsional and angle strain d) angle strain only

e) steric strain only

The correct answer is (c).

DL angle strain e (5 5iay ¥ Cyclohexane 1 <

f—ar b apagabile (y g dad g M lip 5 1y 8lEY g4 :Torisional strain
: Agglall ity

~CHj , -Cl,) i« (H) Yo de gana gl ) 5_08H Ze el o 3l g2 :Stericstrain
' ((-Br, -CH,CH;

Which cycloalkane has the most ring strain?
o) a1 ellieg Lflal) QLASYY 030 (8 1

a) Cyclopropan b) Cyclobutane c) Cyclopentane

d) Cyclohexane e) Cycloheptane

The correct answer is (a)
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Which of the followmg represent a pair of constitutional isomers?
?MLuuthaudwchﬂ 2l (A (e

CHg
a) CHyCHCH.CH;  and CH,CH CH;
b) CH4CH = CH; and CH; = CHCH;,

Br\C _ (<Br and H\ /Br
-~ \ H
b) M and H
Solution:

HE ot €10 Ay Ul () o o) JH

b ‘ I dentical ¥ same”.
c - “ Diasteriomers.
d ‘ Conformational.

The correct answer is {a)

Complete each of the following drawings to represent the indicated
structures:
g gllaall @ilS Ll a1 f.s

b) The pentane ( CsHi ) that has the lowest boiling ponnt among the
isomeric pentanes:
il e dusia e e da oy S ellie iy
CH,

I
CHs —(lZ—CH3

CH3 .
&A1Y
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Which s the most stable conformation of cyclohexane?
O Al Clusell ) i) A< JSAN o8 L

a} Chair b} Twist ¢} Boat d) One-half chair

The correct answer is (a)

draw a compound with the formula of C3HgO, which has the
lowest boiling point

Ot A J8 dlliey 3 C3HEO Abnal dliay 3 i al pua

CH: —0O—CH.CH:
The number of structural (constitutional) isomers of C;H¢Br; is ?

: 38 C3HgBry i sall i cld satiall a3e
a. 7 : b.6 c.5 d. 4 e3

The correct answer is (d)

1S (A 5 S all 1igd (constitutional isomers) it <l slala (4) 2302

a. CH:CH—CH. b. CH>—CH.—CH:
]lBr ’lBr ]’31' ]|3r
Br Br
d. CH: CHz(,?H e. CHi— Cll — CHs
}IBr ]l3r
sdala Altad

(Identical) 4gmdball Slof sall Cmy Jmppaill Adia A (anny i lng 23
poki AlSlal sab o ulislly (constitutional isomers) 4zitidl cild gluatallg
Agbdiia ¢ 950 Ldbamuad AETE (I LS jall g cLgoaen g Liad (0 S sal) Apaniady

.(constitutional isomers) il A& glaia 987 slaulll Cua e dilSall g
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The most stable conformation of 1,2-Dibromoethane is:

H Br
H Br H Br
Br H H H
H
a.
y H H H
Br H
Br H Br H
H Br
c - d

The correct answer is (a)

Which of the following alkanes would have the highest boiling
point?

(8) CH;—CH_—GH,~CH_—CH,—CH,— CH,

CH, cH
7~

3
(by cur+ —CH
dy  TOH,

3
(0) OH;=GH—CH —~CH— CH—CH,
CH

3

3

@) GH;—CH—CH,—CH—CH,_
CH, H,

The correct answer is (a)
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The most stable conformational isomer of frans-1-ethyl-2-
methylcyclohexane is:

Et Et
H H
Me H
(®) (b
H Me
H H
Et Et
Me H
(e} d)
H Me

The correct answer is (¢)
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AENEY Baa ol
Chapter Three

clblsti el st
Alkenes & Alkynes
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(Alkenes) <lish 1/3

General formula (il iduall) =CyHy,

¥ o - . \
Functional group (Adish i gapal) = ¢ — c<
7
Example:
CH: = CHCH: = Propene
(C:Hs)

(Alkynes) «bilst 2/3
General formula (A—dsll iiuall) =C Hpng
Functional group (bl i paaall) = —C=C—

Example:

HC = CH = ethyne (acytelene)
(C:Hy)

el e clig Sl Oa Sy S e S a8 4
(C=C}id il g e (50a5 A a5 (Unsaturated hydrocarbons)
. —C=C— i_aw |
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dagdial) b il S g uel Csial 3/3
Classification of unsaturated hydrocarbons

. accumulated system  xsaail) Ul

cJeal sh (93 dailiia AAU Jag g ) Lgd (583 Ay guiae S ja A

C=C=C
Example:

CH,CH=C=CH

. Conjugated System (38l _jall JUasl

Cagng ARO0N o AN Jad g 1 (o Sl 4 i By gt LS ja (0a
Laia saat g dotad A ) e B Y

C=C—C=C
C=C—C=C
Example:
CH; == CH— CH=CH: CH=C-CH=CH:—CH:
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3. Isolated System (s jeall oLl

O 5 AADEN ff D dad gl o el ABG By g S 3 4
a5 Agalad dday
C=C—C—C=C

C=C—C—C=C
Example:

CH=C—CH:—CH:~ CH==CH,

Example:

Which of the following compounds have conjugated multiple
bonds?

?@‘ﬁﬁd@h‘))(%ﬁﬂﬁ&hﬂﬂlb&éw

Solution:

a)@ b) @ : c) :}cm d)

(c) &Jﬁ oh f_LmAJ\ ) gadt

Example:

the alkene that contains a conjugated double bond is:
H
O T T O e
H
a b c d e

Solution:

The correct answer is (c)
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(Naming of Alkenes) <biS® dieud 4/3

e ene — ane Jladiul go QOIS e 3 Jlall g LS QST Gpandy o 4
| AHEY Adad N "a8 ) a8 ge 325

Example:
(lJHs ]|3r
{ICHy=C~— CH—CH)| 3-bromo-2-methyt-1-butene
| 2 3 4
Example:
Br Cl
615 4 32

[CH: CH— CH==C —CH.CH]
' CHs
5-bromo-1-chloro-3-methyl-3-hexane
oo 3 Y gall e Gl it i (C=C) of B
AX) 29 a4t g Leli A de ganall

'Example:

4-bromo-3,6-di methyl-3-heptene.
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tri ol di pmd LAl (C==C) (30 D 4} 4 sans g2y s 4

.(ene) dé Ml e

Example:
'{ CHs
CH= C—CH~CH=CH—CH:
1 pA 3 4 3 [
2-lodo-3-methyl-1,4-hexadiene
Example:
3-iso propyl-6-methyl-1,3,5-nona triene.

Example:

CHe==C(CH,)CH=CH:

Agandll 8 o Y iy 5
?H.a ¢

CH:=C~—CH=CH:
1 2 3 r

Z-methyl-1,3-butadien
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(Naming of Cyclo Alkenes) il lis® diaui 5/3

e el af AL a0l Wl dilall Jaa (C=C) apny Ja & ¥
sl (C=C)1 a5l (50,8l il 3 o8 (585 Cumy o lly sl Y0
g g SN Caulial slai) Lidlyy i ) Cua (g Filliia 2l

Example:

4-methyi-1-cyclo hexene
OR 4-methyl cyclo hexene

Leta il s i o 56 @iy (C=C). 43 5Sall cul 3 (gan) clS 1Y o
g gana G il o Bl ity

Example:

4-bromo-1,2-dimethyl-1-cyclo hexene

114



CH,
1

|

3 2

1-methyl-1,3-cyclobutadiene

gl i o Cun L Al 1 0008y g S Jalad of Jdla oS o

(—R) JSH e gana
Example:
CH: Br
I b
i CH:CH— CH==CH|
4 3 z ]
1-bromo-3-methyl-4-cyclo pentyl-1-butene
Example:
1 3
NN
1,4-dicyclo propyl-1,3-butadiene
Example:

Write structural formulas for the following?
AN LS jall G Arpall i)
a) 24-dimethyl-2-pentene.
b) 1,2-dichloro cyclo butene.
¢) 2-chloro-1,3-butadiene.
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Solution:
CH: (|:H3

I
a) CH:C =CHCH—CH:
1 2 3 4 5

Ct

b)

]

Cl

Cll
¢) CH:=C—CH=CH,
) 2 3 4

oy Bl S L
CH:=CH~— = Vinyl
CH:=CH—CH: = allyl
Example:
CH:=CH—Ci = Vinylchloride (common name)

1-chloro-1-ethene (TUPAC)

CH.==CH~— CH:Br

]

Allyl bromide (common name)
3-bromo-1-propene (TUPAC)

Example:

The IUPAC name of

a. 1,2-dimethcyclohexene b. 2,3-dimethycyclohexene
c. 1,2-dimethycyclohexene d. 2-6-dimethycyclohexene

¢. 1,6- dimethycyclohexene

Solution:

The correct answer is (e).
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" (Naming of Alkynes) «UisH L 6/3

.(yne) s (ene) Jy oS8 S dpands 3yl i

Example:
Br

|
CHsC=C—CH—CH.CH:
1 2 3 4 506

4-Bromo-2-hexyne

Cl Br

I E
CH: —CH: C=C—CH:CH;
6 5 4 3 2 1

1-Bromo-6-chloro-3-hexyne

...ﬁﬁ)ﬂb 3.33.‘)?\ L\Sh dlulull iy (C=C) and (C==C) 3524 d\;‘?ﬁ
(C=C) e Audall iyl o (C==0)culs Ja 3 Y) (C=C) 1

Example:
l?r CH:
CH:C=C—CH—CH—CH==CH:
7 6 5 4 3 2 ]
4-Bromo-3-methyl-1-heptene-5-yne
Example:

I ?H: CH:
CH==C—CH—CH:CH—CH=CH—CH;
] 2 3 PR 6 7 8

5-ethyl-3-lodo-G-octene-1-yne
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Example: : H

The correct IUPACE name for Hy C— (E —C=C—=CH;
C

CH;
a) 3- Methy-4-hexyne b) 4-Methy-2-hexyne

c) 2-Ethyl-3-pentyne d) 3-Ethyl-2-pentyne
e) 3-Methy-2-hexyne

Solution:

The correct answer is (b).

Example:

Write the structural formula for:

a) Vinyl cyclo pentane
b) Allyl cyclo propane

Solution:

CH==CHh
a) b)
CH:—CH=CH:

Cis-trans isomerism in alkenes

(cycloalkanes) A_lal sl Ala i (cis, trans) —b ¢e OS G b 83 LS
(alkenes) cluSiY) Aa 8 gl 5y o gl o gua 1

H H .
Y N
C=C C=C N
CH, Cl CH, H
cis tr?ns

Diasteriomers
«configurational»
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Example:
Which of the following compounds can exist as cis-trans isomers?

fcis-trans JSd e ool ,:_‘L.u.u S el 038 A s

a) Propene b) 3-hexene
¢) 2-methyl-2-butene d) 2-hexene
Solution:

Cis-trans ¢l Gila WS L g ,al e saell

a) CHi=CH—CH: trans or cis Jae adiigy Y

(

b CHCH:CH=CH-—CH:CH: trans or cis dae piiug
(le3
¢) CHi—C=CH—CH trans o Cis Jee i ¥
¢) CH:CH=CHCH:CH.CH, trans of cis e gk
Example:

which of the following compounds shows cis-trans isomerism‘?

B R G G
H,C—C = C—CH, Cl-—-Cmc —Br

1

a. 1and4 only. b.1and 2 only. c.2 and 3 only.
d. 2 and 4 only. e.3 and 4 only. _
Solution:

The correct answer is: (d

119



Example:
‘Which can exist as cis-trans isomers.

a)1-Pentene b)2-Hexene c)Cyclopentene  d) 2-methyl-2-butens

Solution:

The correct answer is (b)

Example:

Cisftrans isomerism is possible only in the case of:

a) CH,=CBr, b) CH,=CHBr ¢) BrCH=CHBr
d) Br,C=CHBr &) BrsC=CBr
Solution:

The correct answer is (c)

Example:

Which can exist as cis-trans isomers:

(cis-trants) <lé suaia JS& o g of oSa S glualall 038 (A (e

a. |-Pentene b. 2-Hexene
¢. Cyclopentene d. 2-Methyl-2-butens
Solution:

The correct answer is (b).
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Example:

Which of following compounds shows cis-trans isomerism?

f(cis-trant) & baia Joe aubiuy SbSall 038 A e

CH; H CH; Cl
I 1
CHj
CHj
CH3 CH3
CH3
I v
a) 1and IV only b) L and I only c) I and III only
d) L and IV only ¢) Il and 1V only
Solution:

The correct answer is (d

Example:

Which of the following does not show cis-trans isomerism?
1,2-dimethyleyclopentane

2-methyl-2-butene

2-butene

2,3-dichloro-2-pentene

1-chloro2-ethylcyclopropane.

oo

Solution:

The correct answer is (b)
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sl i (trans or cis) AtS aagd OV O3 6 olad¥) aas

Example:

7 \
A, CH,
(cis) 3,4-di methyl-2-pentene

ohelats g3

cis frans

Example:

Br

{cis) 2-Bromo-3-hexene

Example:
2 4
1/\‘/

(trans) 2-butene

122
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(Reactions of Alkenes) <lis¥) cdlelis 3/7

’ sl ee it ) oue 5 2 g
.(addition reaction) iyl Jelis .1
.(oxidation cleavage reaction) auStilly ;uSh Jelis .2

1. Addition reactions AiLiy) cMel
ol e 5% s cled ALY ool o S50 g cDlelill 238 alana 3

a) Syn addition

Al cilga o ALYl
| T
N /

/ N : I
A

Gl o s S ALyl edlelitl ¢ gl s2e 2a g4

1. Addition of Halogens <l slled dila)

X
-—C

N -

Ve N or CHClY

solvents
iy [© (anti addition)

o o=l (cis or trans) dueal olaidl oS 1Y L olasy) o 8 5
.(Cycloalkanes) dglall cllsiy) Alla

[_
|

R
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Example:

CHCH=CH, + Cl, —Cliy,.

¢l
CCl.
+ B, s 1B
1
trans
Br, a
CCly
trans (e e}

cH, CH——?H,

D

Br(e)

Br{e)

(Chail') Joi ‘:‘G cﬁtﬁ% a0 K c_\.ae)” L P PRYY ‘:55 o

2. Addition of water (hydration) (il

plall ddll

H,PO, 5 H,S0, 05 ;»;D

-
-

C == C/ + H—OH
™~ Mark. rule

7

Mark. )

uMJSJ\.A sacld u.l:'. Aasel Jelall 13s ‘;! fkg\,,_‘n‘g! (1055 o

S AN e S0 58 g el ady of e oy o(Rule
Oma 20 i i W 5 30 (5 a0 de ganally g et 3 e 220

124
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Example:

H,SO
CH:CH=CH. + H,0 ———)—E"‘ CH:(IJH—CI-L
H— OH) OH

. ’ : OH

H— OH) < 1,50,

P CH: CH:

< 1,0 oH
+ HO o

(H— OH) H,8Q,

+
H X
CH:CH=C(CH): + HO —— CH; cx_{z—cl(CH_,)z
(H— OH) OH

Example:

What is the chief product of the acid-catalyzed hydration of 2-
methyl-2-butene?

CHs CHa
a. CHz - (E:HCHZCHZOH b. CHs — (!TH — CHCHs
o
leﬂj CHs
¢. CHa— CCHzCHn d. HOCHz — J’IH — CH2CH3
o
Solution:

The correct answer is (c).
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Example:

What is the best choice of the reagent(s) of perform the following
transformation? ’

‘?

[
CH,CH,—CH =CH, — CH,—CH,—CH—CH,
: |
OH
a) H,O0 / H,S0,/ A b)HCI then H,0
¢) BH; then H,0,/ OH' - d) KMnOy/H+
Solution:

The correct answer is (a).

3. Addition of acids:

¢ oy bl G
= — (O (e s sladyl
/C C N + H—A -ruT+ (l: C}:
H A
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Example:

N
CH:CH=CH: + H~Br e CHs(‘IH———CH.a
Br

CH:CHs CHzCH:
0

4+ HCl  s——-

?SO‘,_H

CHCH=C—CH> + H—0SOH e3> CH:CH:—C—CH:
|

' c‘:n; _—Ts0) CH:

ARl (il oL cuay

\
\
\ H,S0,, |
/ AN heat |
H OH
N Y H,S0, |
= e — (—
/C C\ cold |
H OSOH
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Example:

H,SO
Cald

OSOH

H,50,(3) >
heat

OH
Example:

CH: CH;
+ H~I B

Example:

Treating 1-methylcyclohexene with HCl would yield primarily

which of these?

CH; Cl CHZ

O ,EIC, S e

Solution:

C;;C I
.

The correct answer is (¢
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Example:

Treating 1-methylcyclohexene with HCI would yield primarily

which of those?

o3k Cra ol gL} Y 35 (HCI) 2o (1-methylcyclohexene) 4clia

fpruad IS LS jal

CHs CHs CHs CHzCl
o OF O
L Cl \ Cl .
a. b. c. d.
Solution:

The correct answer is (¢).

Electrophile (E) iy 5 ciaall 8/3

Gl g N (e 83 i )5 ] ey ¥ Cuny Jolaia £5 30 (+ve) camse o5l
o2y iSYL Agall iy el me Jeliyg (lone pair of €7s)
Example:

H', Br*, CIY, NO,", SO, ....etc

st Al et ABlay) Jelin Agiiigy.
Mechanism of electrophilic addition to alkenes

oS8 5 Jla el a5 €I (H —X) dils) edlelis o 38 5 Cagu
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%  Stability of carbocation wa sall s SN sl

N NS

b R P P |

“R H H H

3¢ 2¢ 1° methyl
—-—(—————-—-——-—
Stability T

R=rich of s "cilis Sl 432"

A 4 ngall s SH 30 AL Lot (R) d,,\sﬁ\ Sle gana e A [PASSIR
(carbocation) < sall 50 S o af il

= No. of (R)T= stability of carbocation®

Addition of (H — X) to alkenes:

H st
N ‘//w\ Mark ' |
/C—C\ + H-—X —m —(I:—([:_
il H X
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Example:

CH:CH=CH: + HBr com CH:(]:H“—CH;

Br
H—Br ———3 H + Bf
acid ED
@ .
€N,
CH:CH=CH: + H  m—————yp
&
® | ®
. 1,
CH;CH:CH: __—y CH:CH.CH:
{ 1° carbocation) | ~ (2° carbocation).
il 1 oS Y ~_ ¥
© Br
CH!(EH—-—CH_\ (——l

Br

i gall 0sSH oo i e adiad CigSid S e sl
=> Mark's rule depends on the stability of carbocation.

Jeeliill iS5 of qany Jelill (Intermediate) Jaa sl Gl iy calla 13}

Example:

CHs .
TV e —
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Solution:

CHa CHs CHs
O™y e P o — O
\ / 30

Example:

CH/CH=C(CH), + Hl oy

Solution:

CH:CH=C(CH), 4 H ———ym CHiCH—C(CH,), + I' ——3 CH:CH,C(CH)),
. "
Example:

Classify each of the following carbocation as primary (1°), secondary
(2°) or tertiary (3°)? ‘

£ o ot et ) Al dum gl g0 Sl gl (e S i

CHs
+

a) CH>CH,CHCH: b) (CH,),CHCH, o)

Solution:
Apa gall 9a 3SH 5% Abiaiall ygu SH ) aael jlans

a) 2° b) 1° c)3°
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Example:

Which of the following alkenes give the most stable carbocation
intermediate upon reaction of alkene with H,SO,

a b c d _ e
Solution: The correct answer is (b)

3° ) D ciaga S G CSh () ool g s pal 1 Jolis i 43y
i oy s (carbocation

B //—‘“\.
% N |
/\( + H + -_--) /\i‘/
7 carbocation
“most stable”
0 ind P

Example:
Markovnikov addition of HCI to propene involves:

2 Cpandal o gSiad o8 e Bl uann (g ll HCL AdL)
a. Initial attack by a chloride ion. b. Initial attack by a chiorine atom.

c. [somerization of 1-chloropropane. d. Formation of a propy! cation.

e. Formation of an isopropyl cation.

Solution:
The correct answer is (e).
Example:
one of the followings is the most stable carbocation:
a. (CH3)3C—— CH2+ b. CH3+
c. (CHj)sC' d.CH;—— CH'— CH,CH,
Solution: The correct answer is (c).
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(Reaction Energy Diagram) Jeliall 48a JAa3 a gy

- hagul oda o S el el GO e g e gy an paa it o gl g

A Al
(transition state)

Products ¢l s

- (Exo thermic Reaction)
3 _)‘ J;nu 3 _)Ua Jelis
AH= -ve
Ea = activation energy Jaiaill il

AHgx, = Enthalpy for this reaction Jelill 4dlks

|AH

Rxn

(Endo thermic Reaction)
3 J‘ _)a.“ ual.a dcm
AH= +ve

< EaT = Rate "speed” of the reaction} Jelidl i yu
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B L SV ALY Jeli lal A ) 238

N s l ]
/ \ ‘ I
H Br
Transition state 1
--__1;‘:2___
Carbocation Ty TTTTme S e
intermediate
&

Reactants
N S

= B
/C C\ +HBr

o s o

Product

H—C-—(II—Br

Reaction coordinate

*
e®

*,

Bgdadl & ) 5 ghadll CulS Cysy pyighd (G delall 1aa Gigas el
b g1 B sdadl) (oS5 Mg (Bgp) dapdin ddla LiSY LSOl gy
Rate Determining ) JSS Jelil) de ju 2223 la o Al g Aigladl 5 glas)

(exothermic reaction) 3} sl 3 )l Jetah oy Loaf B 9 «(Step
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Example:
Sketch a reaction energy diagram for a one-step reaction that is
very slow and slightly exothermic

S8y sl allajthg laa e oy 0589 Baal g B ghady Caany Jelis A8 JAd oy o8
a8

Transition staw
T

Energy

Reactants

Products

Reaction conrdinate

gy Ny cDlelina Al o JH ) dag oS Ba Jeas

Example: _
Draw a reaction energy diagram for a one-step reaction that is very
fast and very exothermic?

sl athg faa oy (558 g 3aal 5 8 shdy uiray Jelii 28Ua Jiial aus py ol
¢ oaS JSdy

136
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(iA.a i_ua) Ea < (very fast) (I e

(?a.:. 38 ) AH < (very exo thermic) S JS&ya ) all ol
Example:

Draw a reaction energy diagram for a one-step reaction that is very
slow and slightly endothermic?

s all ales fan gk @15y saaly 5 ki iany Jolis Zills JAdl s o
AR

(L.?. 5 _asS) Ba < (very slow) fas ok

il e el ol il 48l <= (slightly endothermic) Ju JSés 5 jall (ala
e (3l Cdlelisadl
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4) Hydro boration of alkenes:
HJil

~§ +§

+ H—p, onimark

N vule
ST
EYIT IR

N
>c=c{
H sl

o
—C—C—
|
B
2N

H

{Syn addition)

Hus

1) BHs
2) H:O,OH

anti
Mark. rule

N
,C=C

{Syn addition)

Example:
H— OH

L o
CHCH= e o CHCHCH

2) H:0:,0H
OoH

1) BH:

_.—.——74-*_
2) F05,0H Q
OH

trans

l] BH:
2) H‘OJ,OH
CHs
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trans = anti JS; cis =syn JS3 g pally pad %
(oediia s oiliad (OH) 5 (H) &)
trans @ oISy dgad) ety OHLH Ailialy Uil 3t Jelidh i VYia o

%—
2) H:0s, OHF Ok
: , / \
¢Hs CH; CH  CHs
cis
pee ol oS (*

£ 8 did LS (C=C) — 435S0 50 S0 <33 gaa) cilS 1y
1 Ul a 58 intermediate I A0S JIgully L calh 1Y

Example:

3CHs CH == CH: +BH; =m—ee3p=— (CH: CH:CH:) B

(CH: CH:CH:), B QSO o 3¢H, CH.CH:OH

Example:

[ +Ba (
3 BH:s S D\)é

( EL) H.0/0H .
3
B

- OH
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5) Addition of Hydrogen
I

|
>C =C< + H—y catalyst 3 __(l:_ ._..(,;__
H H
Syn addition

Catalysis = Ni, Pt, Pd/c

(< siaalt)
i Lagia JSp dila Jads (C == C)ilS 1) Jah aga slad) 055y Jolil) fan (b

- i
Example:

CH; CH= CH: .-;I}l_y CH:CH: CH
1
H:
Hie
CHs CH,

CHs Ch:

H.
SRR
CH: CH
Cis

H.
|
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6) Addition to conjugated systems 43 yia Lalay daLaY)

a. Electrophilic additions to conjugated diens
CH: = CH— CH=CH; + H~—X gy~ C}]s — ?H—» CH=CH,

X
+ CH: —CH==CH— (‘_‘.Hz
X
Mechanism Jelilt 48a1<1a
H-——x —--+ H* 4 X- ‘ .
f—g—=

(E)
CH: = CH—CH==CH; + H =swmmecipo- CH; =CH—~ CH~—CH;
Resononee dee (Je 608 41 mstilt 13a
AT

CH: = CH~—~CH—CH: g3 CH: — CH=CH—CH:
+

P4

X X
Resonance
CH: =CH —-(|3H—-CHJ CH: = CH == CH—CHh
I
X X
(1,2 addition) (1,4 addition)
Example:
CH:=CH—CH=CH: + HBr B CH\"-(I',I-I-— CH=CH: + CHi—CH==CH —(iﬂz

. Br Br
Br, -
CH2= CH—CH= CH2 + Br2 - CHz= CH _._(_I:H *?Hz
Br Br
+
(I:Hz— CH=CH —-(IZH2
Br ' Br
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The Diels — Alder reaction

CH:

Z ,
CH (":H
éH + CH: . o
ST
CH:
o) 0
' i
i CH ‘ CH
v 30°C i /\r
o )
P o A“‘\\‘ h? // \\\-./'/”
_# NC__CN N
o] e, | ~CN
I g JACN
NG CON " CN

Example:

How could a diels — Alder reaction be used to synthesize the following
compound?

Diels — Alder & yay o jall 134 jriaad aglaind i

0O
i .
C—CH:

Solution:

OH
" i Ecn
(o
~
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Example:

Complete the following reactions:

O
o]
a) S/ , CHi=CH—CN —»

b) CH:=CH—CH=CH: + NC—C=C—CN——p-

Solution:
CN
2 O
O
a) SR \E —
CN
A N N
b) + H —
\“\, CN CN
7) Oxidation of alkenes SiisSR| §awsi
a, Oxidation with Permanganate (MnO)
N\ s |
3 /c=c\ 4+ 2KMnO, + 4H,0 memcee 3 —c—-?— + 2Mn0, + 2KOH
Purpl Ol O own-Black
( u1p's ) syn addition { liﬂ_ ";c )
Example:
) i KMnO X
1 — CH=CH: : CH:CH— CH,
cx —To > GG
OH OH
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)= Oy
OH OH

cis
OH (a)
KMnOs iy
._.._+
H:0 .
OH (e)

] H
cis
(a€)
~

(alkanes) <isi y (alkenes) clui) o Sadll Jolil 138 oty <

Example:
Distinguish between 1-butene and butane?

Solution:

CH.CH:CH — CH: + KMnO. —1C 3 CH,CH.CH — CH + MnO:
(purple) | I (Brown-Black)

OH OH.

CH:CH: CH:CHs + KMnO, —93m  noRxn
(purple)
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2) Oxidation Cleavage Reactions suslilly jusl cdels

Al el 3ol pe (C==C) —d us dae cDleliall sda (pariaig

1. Ozonolysis of alkenes

0; = Ozone (5353
/

NP

/ Os AN /
/C“—;-\‘C\ TG /C=O + O=C\
_<
Example:
O
0 N i
CH;CH=CH: —reT CHiC—~H + HCH
) 0]
_ 0s l .y
CH:CH== clf —CHy ———eg-  CH;C—H + CHsC— CHs
diH 4
CHs
. 2 "
N Ll §
Os . )
2 5 W— CH-‘ (.? C?.Hl?["[g I'IZC5 — H
3 ACH,CHa O CHCH: O
2 O
s HE—GH—GHC—H
! Q
) Os |
CHsCH=CHCH: —z5® CH:C—H
@‘,gmewwm_oﬁ.m@

Aleliall salall qallai s il aey Gung ¢ e JSE) Jigull Slany 3
[ty sl A0 Ll sa g ALY e g il 138

i agian Lad Jya illy o gl Lild uilisie Ol kel 1Y (
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Example:

0 0
0 i /_ \ i
A(CHp) == CH;C—H + CH:C—CH:CH;
Zn/H.O
= A = CH;CH=C—CH:CH;
CHs

lliag g Aetina) solall s S 3 230 Ciuad ey Jai 2al 5 ol u&g\sg (2
559 o Lad Jnagilly o Csgdbiia (il d gy <= all saaly (L)
(Identical alkene) (bliia oSl oo 3 le Alelind) saldl

Example:
O
AGH O I
(CeHr) W CH: C — CH;
only
Solution:
Laa 5 Cpgiliia Cpadli 25 5
o} 0
I I
CH:C—CH: + CH:C—CHs
coein Jpaa gilly o g
A = CH: C === (i‘,-- CHs
CH: CH:
0

<3 axe g ( _(":_ ) O‘gﬂcw‘-ﬂbqj:ﬁéa\_,éu‘;l:si 13 (3
(cyclo (s oSl oa Aelisdl saladl = Aelia) salall ¢ 5 S
.Alkenes)

0
a e slaeYldils daey (_E_ ) ciie peadl oo il o

A C=C )3l aky Ny cile il guiny 5 o8
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Example:
' CH (“)

o}
A(CHi) ———3 CH: C— CH: CHCH:C—H
Z/H:O o2 3 4 s

2

CHSOI/CH‘
A =

4 3

Cpilaitl Jadts ALY ymny 33 o8 (81 Y e o Akl 40N LGN
e (2,3)

Example:
o o]

o il i
3
A(CGHB) _Z—n,H_—> H-‘*C—CHZ-—-C—'H

Yo

Example:

S

)
] Il
Which alkene would yield CH;CCH,CH,;CH,CH;CH on

ozonolysis and subsequent treatment with zink and acetic

acid?

oy CH,
CHaGCH,CH,CH,CH = CHa  b) [IL o) @ d)@ e)@
CH, CHs.
Solution:

The correct answer is (e
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(Reactions of Alkynes) <lilst delis 3/9

gy A pa S edletil Ly i dedbie Clul) edlelis ¢ &

{Addition Reactions) ki daliayl c)elin Ua Ly (g

1. Halogenation of Alkynes clilsi iala

R X
C N
R—C=C—R + X—X =Sigm ¢’
or CH:CLS s N
X R
anti addition
X X X
R s CCL [
c=C + X=X ——"tegm R—-C—C-R
X/ \R or CH:Cl: [ |
X X

i Jga 1 ALl Jla b oladyl s ddbamall <Y pall asad oL s

Example:
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N
CHi—Ce=C—H + Bn —Sty ‘c=c’
s N
Br H
trans
Br Br
. ccl Lol
CH—C=C—H + 2B —=tt3m CHz—(t: —C—H
|
Br Br
c cl
Ch | |
CHi— C= C —CH e cH—C—C—cCH
CH:Ch I I
a

¢(Excess) Ll solall 3ueS of iy Nigh pead) o Alelinal aladl calS 1)) o
Aletital salal e Y e aae Callat Laga ailedl Jelish JaSs of any Sl

Br

Example:
T
CH; — C =2 C -~ CH:CH: ~—P2 3 CHi—C — C — CH:CHs
CH:Ch | ‘
Br

149
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2. Addition of HX to alkyne

H psl
' R X
\
R—C=C—R + H—x My “c_¢”
rule s L
H R
H g anti addition
R KX N Tl
N\ / Mark ;
C=C + H—X ==y R—C~—C~R
/ . rule ’ '
H R H X

Jsa :Lab.a“ dla qﬁ olad¥) g Ailimall Y gall doat HLad¥l cany e

Example:

CH; Br

N e
CH:—C=C—CH: + C=0C Nt

H CHs
* trans

Br
CHi~C=C—CH —5lg CH,—CH)——é— CHs

<>

L/—\_
CH:—C=CH + HCl ———3» CH:-—?==CH:
' ci

Br

camrmnsen? O
===
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Example: _
Addition of 2 mol of HCI to 1-butyne would yield:

a) CH3CH2CH2CHC12 b) CH3CH2CC12CH3
¢) CH3CH,CHCICH,C1 d) CH;CH,CH CHCI1
e) CH3;CHCICHCICH;

Solution:

The correct answer is (b).
’(.‘l
CH,CH,-C=CH+2HCl - CH,CH, —-F—-CHa

(s}

Example:
Select the structure of the major product formed in the following
reaction?
+ 2HCI ?
Q—CH = GHCl Q-CHZCHCI
2
a} b)
QCCIZCHa Q—cmcmc:
c) d)

Solution:

The correct answer is (c)

AN

TG
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3. Hydrogenation of alkyne clilst 4a

1

R—C=C—TR =iy R—C—-C-R
Catalyst | |
H H
(alkyne) (alkane)

Catalysis = Pt, Ni, Pd/C
(alkene) oS wie Ca gy Yy Al JeSy Jelil 1an

Example: :
CH:C = CH —3’-—» CH; CH: — CH;
1
CH:C= CCH; —E{-—-)— CH: CH:CH:CH:
) " R /R
R—C=C~—R - C=C
Pd (indlar’s Ve AN H
catalyst)
syn addition
(alkene) xS die Jelil) Ciigyy
Example:

CHs CH:
Ha N 7

CHi—C=C—CH i C=C
Pd (lindlar’s /s N pes alasyi
catalyst) H H

cis

. e oladd
CH:.CH:C=CH ___l_-l_:_>_ CH:CH:CH=CH:

Pd (lindlar’s
catalyst)
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Example:
Which of the following is satisfactory method for the preparation of

cis-2-pentene?

%(cis) 2-Pentene sl 4 jh Jual & L

a. CHsCHBrCH:CHzCH; + (CH3)sCOK/(CH:)sCOH

b. CHsC == CCH:CH3 + Hz2, Pt
¢. CHsC == CCHxCHz + Hz , NizB(P-2) catalyst

d. CH3C == CCH2CH3 + Li/liq. NHs
Solution:

The correct answer is {c).

Example:
Which of the following is satisfactory method for the preparation

of cis-2-pentene?
a. CHj; CHBrCH; CH; CH; +(CHj); COK/ (CH;); COH
b. CH; C=CCH; CH; +H; ,pt
¢. CH3;C=CCH; CH;+ H; Lind/ar’s
d. CH; C=CCH, CH3 + Li/liq. NHa.

Solution:
The correct answer is (c)
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3. Hydration of alkynes cll<¥| jui

sto‘“ﬁ“""”“‘* H OH H O

N 1l

—C=C— + H—OH — —( —C—
x_ - HgSO4 |

enol H
(unstablc)
Mark. rule s {Ketone)

(alkene + alcohol) (e enol aud ela <

el edls

cauel A e s St Al A gaS B0 e G uh G Chaas
Aad ) e ma cpngugl @l e doe i @i AN e SN0 e (O i )s

AT
Example:
o

CH—C==cH —HE0 Ht—ai

HXO, HaSOa

L——¢ cmc CH: ———T
(Intermedlme)
i i
" i

CH,C = C— CI:CH, —H85% g O CH.C—CH.CHY +  CHs € — CH: CHiCHs

10, HhSO0

>

R/
*

B Y (CEC) — i sSall i S 300 e US oY ot Lin sy
O gou <l g

*,

C=CH C—CHs
HeSO:
H), SO

154



Acidity of Alkynes ¢—SH iasla 10/3

—C=C—H > -(IZ=(I3—H > —c::—(%—-H

(SP—S) (SP2—S) (SP3—S)
acidity } _
A3 pla i 5 00
terminal hydrogen
—C=C—H acidic = easy to remove
Ll 3 g
Apiada )

saell ) zlias ¥y (terminal  hydrogen) 4u bl cus g el 50 413y
-(NH2) (amide) a5t 434

R—C=CH + NH; me—ey»- R—C=C: + NH;
from NalNH2 alkynide
sodium amide anion

Example:

CH3;—C=CH + NaNH; mmmem3» CH;—C=C: N4 + NH;

Example.-'

CH;—C=C—CH3 + NaNH; s 1o Rxn

(terminal hydrogen) 4k Cum s 53 3525 ade
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iagd, e dale LNl 11/3

Give the major product(s) in each of the following reactions:
Cl

|
a) CH,==C==CH ——-)- CH:—(i—CH:

excess
Cl

0

0
;|
1) ° H(I! — CH,CH, CH,C —H
2) Zn/H

Complete each of the following equations by writing the
structure of the major organic products (s). Indicate the
stereochemistry where appropriate.

A 1Y ola)) gy ati Y ol Aipa ]y A0 el LS

- CH:
ditute
a 111304,>
CHCH: CH:
— . lindlar’s
b. Cl‘[sCHZ C—CCH3 + H" (CXCGSS) W H/C C\H
Cis-trans isomers are;
a) diastereomers, b) enantiomers.  c¢) conformational isomers.

d) constitutional isomers.  e) More than one of these

The correct answer is (a)
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Complete the following reactions:

1)()1
CHz Z)ZH/ALOH
CH,
Br,/ CQ), ; él
Br

1'31'
CHs~ (’3 e CH3
B

Br

CH:—C==CH HBr {excess)

C=CH H,/pd .
I— Lindlar catatyst ) I
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Examine the reaction energy diagram for the following reaction
and answer the questions bellow.

A +B——C+D

Energy
C+D
Reaction Coordlnéte 4
W represents ........ccovevennnnnes « X represents ...cocveeveiieceiiianies
Answers:
Transition state, intermediate
Y represents .......... ceveneees ZTEPrESENtS cuoeveiniiiiiinieiiinnans

Answers:

Activation energy, A H (Ethalpy)
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Classify the following pairs of structures as structural isomers,
conformers, cis-frans isomers, or not isomers:

Ot iSOMES
cH CH, '

d. 7 clfs“ Erips isomers
T T y
e % cis- trans isomers
il pn Joal 5l
0795306216
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daagl 1 3aa ol
Chapter Four

Al g N1 il all
Aromatic Compounds

161
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2 soell 3a gy cAigea il g Aald Cilina (Aromatic) Aslay Y el
Al N S el e

.(Benzene Ring) cusul ddls Jo salall oda (A US55 0 oSaa 081
Benzene

:Laa 5 (two resonance structure) cuilall JISE (e culSd ¢l i

Z ,
— ||
N
-Spy ss Oun dls 883 gagall (g S0 @l 3 JS (Hybridization) G 4

.(trigonal planar) plawe Cilie JS& Jery oo O S350 S <=

o g L m s JSAN 13e o gagde (P) ol dlliad (5 S50 JSy
.(resonance) ikl Jeo

@ a0 8l U i
(Kekulé Structure)
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dila g 0 S ol At 1/4
Nomane Clature of Aromatic Compounds

@ okl 2l g aul lgde Blhy Ama Cilo ganay gl dila Ll ) e @

CH, CH,CHCH,

@@

benzene tofuene cumene styrene phenol Benzence
Sulfonic acid
CH,;C=0 5
anisole benzaldehyde acetophenone benzoic acid aniline

Gl Uina i iy Gl i ety o
—NO, =Nitro
—NH,=Amino (g leisS Jla )
— OH = Hydroxy (g i sS dis o)

gl carne pud oy o3l g Wasm g ) Bpu ) A ganall e 5 Ll

g Aguy (35531 e annal
O 0

—-(":—OH.> —g—H > —OH>—NH: > —R
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B )l Ao panal)

2= o0rtho ( = @)

(=~0)
A

H3 = mcta (== m)

(—m)

4=para ( =~=p) .

gy ol Jlaiad aleiant o i dila e 1 e gama 25mg s 8 o
sl e ANl

NO:
3-nitro toluene
OR
m-nitro toluene

Cl

Na
1,2-di Chloro Benzene
OR
0O-di Chloro Benzene.
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Br
4
3 t
NH.
2

4-Bromo Aniline

OR

P-Bromo aniline

‘,

2-methy Phenol
OR
O-methyl Phenol

ol

ie ganaS —OH slae| Jads
eVl « ~CHy Gulls Rpnsf )
Wl €185 A 1 e

_PNS—COzH el L
ey ¢ ~OH yuly Lot
G 83 3 sl e

3-hydroxy Benzoic acid

OR

m-hydroxy Benzoic acid.

SO:H

©

P- Bromo Benzene Sulfonic acid.
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NO:
i NH:

m-nitro aniline.

)
i
@/ C—H
NH:

m-amino Benzaldehyde.

NO:
2,4,6- tri nitro toluene (TNT).

e sanall S Jala ld g gl Oudi o Dyt Ao gara 0o S 3gng dla B
o dila e cle i g e

E le:
Xampie CH

i
2_.CH;
3
f .

CHs

1,2,4-tri methyl Benzene.
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A Ban sl < Sh Gl cle ganall oda S

C6H5 —_— = Phynel ( — ph)

C6H5CH2 —_— CH: — =Benzynl

Br
3 ol

CH: CH— CH— CH:

2-Bromo-3-phenyl Butane

(O)-cna

Benzyl Chloride (Common name)
OR

1-Chloro-1-phenyl methane (IUPAC)

Ph . Ph
s

Ph

1,3,5- tri phenyl Benzene.
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o _OH
{fen®
4 3

0-Benzyl phenol.

(S)-ancn<(3)

Di Benzyl
OR
1,2-di phenyl ethane.

Example:
Name the following compounds?

Br r
F, F
O B O ¢ CHCH;
CHs ¥ AN
Br F

Solution:
a) 2,5-di Bromo toluene.

b) Hexa Flouro Benzene
(u.v_)a.\“ asa da\.\u_,.a_)SH u\JJ ds‘gr_a.\)a}a leﬂ‘ aJ.J uy ?EJQ\ huS.l?J)

¢) 1-ethyl-1-phenyl cyclo propane.
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he resonance energy of benzene (s 3l il déth 2/4

13-cyclohexene

@ +2H—H
berzene
@ +3H—H

= cycluherene
g ~55.4 keal/mio}
@ vH—H 498 keal/mol
-28.G keal/mol
O cyclohexene

i 13m 5 * i) S ) pgia g Laa d8Us 8 o 3l o Aau sl (e Badls
S i) Aila 4y a8 (o3 Cpihall (e pils
pwd ABally aliadyl 138 e (3l
(Resonance Energy) k!t 4dUa (1

P
(Stabilization Energy) _i gl 4il (2
alf de Jabey ¥ 45 Jald cDlelity 45 sl Allea o il Jalay X o

st

dla g 91 s pall | d g SN Jlaiuay) Joli 3/4
Electrophilic aromatic substitution

Ly, e e g Y (rich of electrons) iy SV 4 op5ull dila <
Jeoliah cosn (EY) s 581 g Jeliti Ll X (- 3C=C))

k]

: Gl
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. H B H E ] o8
N~ +*
g U — <~ <«
h N

Benzonium ion (stable) 1. .

Jiua

H E E _
+ .
— + H

foo Taaill 138 e (0 s gl 03 g g y g A DIl JS o
e S (0 (ET) s s

i (BN 3 0580 48 o il o2l Gigu Jelis Js

Neliing Gl 3000 cDlelsl o

1) Chlorination of Benzene

Cl

@ o cn FeChy

(B") - o5 dsis

ST +
Cl—Cl + FeCl oo C]+
(E)

+ FeCls

2) Bromination of Benzene

Br
@ . p _FeBn @

Br'—?‘ Br + FeBr; —>» Br" + FeBr,’
(E)
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c

>
o

“e
o,

| 3) Nitration of Benzene

NO:
(:]+mm.ﬁﬂ>[ij

(B') 0 055 4

@Eﬂh&

..//“*
NQH

Bad leavmg
El’ oup

®.

(

\./ 'O

.o

pive

0
N2g—

+

H

good leavmg
ET oup

4) Sulfonation Reaction

@ + H:80. .._S_Oi._>. @

= 80;=(E)

172
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5) Fridel-Craft Alkylation

(E) 9 oo i

T e )
R—Cl + AICL ———e—¥om R_’ + AlCk
&

6) Fridel-Craft Acylation

0
@ + Cl—C —R Allhy ‘/

(E) ¥ sS4
0 O
I~ ] ]
—C —Cl + AlCHh ———e3- R —C* + AlCk
€Y

7) Alkylation

CH:CH: .

@ ¢ CHi=CH; 0y,
(B') N osSs 4
! ! ¥

sy H’” .
Cl==CH; w———3p» CH:—CH;
)
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Example:

CH: CH;
@ + CHiCH:Cl Ay @/

NO:
Q) =(oJ
1 —~ 1
ORERROREROKEC)

Example:

Draw the structure of the benzenonium ion intermediate formed
upon reaction of benzene with Cl, / FeCl;

H Cl H H Cl

hybrid structure
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Example: : .
When benzene reacts with propene in the presence of H', the
structure of the electrophile is?

. |
CH: — CH— CH:

Complete the following reactions

. NOZ
1-HNQ, / H,80,
2-Cl, / FeCl, >
Ci

Gt il Aeilad ddadial § A dadidal) il ganal 4/4
Ring-activating and ring-deactivating 'Substituents”

-(Activating Groups) dlaiis cle geaa (1

-(DeactivatingGroups) i Cleseas (2
1) Activating groups ihdiid) cle geaal)

Electrons ) <ot SO A silal e ganal) L Lo Gl Lo a5

-(Donating Groups
3@l Jala (electrons density) s S A 35 A e gandll

iy Yl oz s (E7) s SN e 03l Jolis o of ples LS
Qe Aoy 3330 Lld o udl Al Jata dg s SIVH 85SH 50y ) i el
(E") i S o 3
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No. of activating groups T = Rate of electrophilic
substitution Rxn T

$(Activating Group) Aadia de gagall of i i s

L Joad (¥ 5,0 culS §f (H, C) culS 13 de ganally 25080 5,00 3k
activating group & Ahauiie 4e gana (1355 Ao genall i (-) Al

Example:
)

|
~OH, —CH,, —OCH,, —NH: , —NHC —CHs

~§):: 1 —N(CH;s); Y "'"R.., ...........

2) Deactivationg Froups iafiall cle ganall

Electrons with) cilis iSO dabull cile seadll Liad Lde 3l Le a9
.(drawing groups

(electrons  density) i sSY1 230N Jl65 Y cde anall 030 (5358
Zalad by SV Jaill) Jelis Aoy Juea Qi iy st Al 3l
Loaoud

No. of deactivating groups T = Rate of electrophilic
Substitution Rxn 4
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¢(deactivating group) dsja de gaxal of i i i
Lii (H, C) ¢ o113 40 330 Y k.

deactivating <=
(Hve) A go Aind Jasd ¥ 5,30 cwil€ 13 .2

(X =F, CL Br, I) cussita ¥ 3, 0 culg 1y .3

~ Example:

O 0

I I
—NOQ:, —Br, —C—OH, —C—CH), —SO,H

—0Cl, —CN, —Cl, —NHs, o....cc...

w}.\]\z\ﬂ;‘sl:@t\hwia‘.m! N i ga L'ﬁ“
S Ao geadl g 51 o Ay o sl dlls e A0l de penall olSa 4
il e G 33 g gal

1) Ortho-Para directing groups
(O «—P) adsa Jo 4a g e sana

(X=F, Cl1, Br, I) + (activating groups) dadiall cile sanall JS

¥
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Example:

acti. (~Q,-P)

l'cBrx

acti. (-O.-P)
|(\/ I SO;
de acth, -Q,-P)

CH Ct
AlCh

CHx

OH

178
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2) meta-directing groups: _
(= m) gisa o 4a 55 o gana
(X= F,Cl, Br, ) lae WL (Deactivating) iadall e gaaddl JS o
(= m) gise o dilad de el da i

Example:
dcacn (~m)
so.‘H SOH
@ o Q
- o deacti. {-m} o
i I
COH C—0OH
|
CHCH
CD\l AlCK @
CHy
-m
Example:

I
—_ —NH
» O br D257 O- T O
Q
. c-_uu©

Muw%b,lw&lmu,ﬂ @%Mvwﬂtm&w
(—C M thml&hh,luuu&hmd.ﬂ ,a-%lu.l.l’l.q.....a(c NH,__)
(OP) phgt e apgs Al iiill dogodl ol oled Loy,

H 1 | 0
»o--towolbdo

(m)&ig_ouigQQMMM{MM‘M‘}Y%@#HM?I
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Meta-Directing

Substituent group Name of group

Ortho, Para-Directing

—HH,, ~NHR, —NR, amino
—§H. —§CH,. -EJ.R hydroxy, alkoxy
(l? acylamino
~NHC—R
—CH,, ~CH,CH,, ~R alky!
—F3, -y, ~Brs, -1 halo
: tﬁ: H (l:l) : acyl, carboxy
—C—R —C—OH
10t H 1} :
| - carboxamido, carboalkoxy
-
—ﬁ:—-QH sulfonic acid
10:
~C=N? cyano
pL
—-ﬁ(ﬂ nitro
.0‘:

Buneansy

Buneanoeag

180




Example:

Ortho,par attack

ortho
CH,

-

tolucne
para
Muto atack
CH,
mzia

joluene

Example:

Orthe. para sttack

op

plwnol

Metaattack :OH

phened

most stable" it S o clagpal dala Syl
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Example:

Meéita attack

@@@#

nitrobenzene

Mess stable” i Jiiuf 1 o eyl Jata il pall
A Jalsl Y Ay of g o 3 D

A il celo 1 oSa b el (Benzonium  jon)—Y ) &l o8 (1
(— X, —NH,, —OH) alla iy chatidl de ganal cind (+) dn sl
ez b8 A el il a3 b i S pmy il o5

Lia il celoa 1Y oSe W Ji (Benzonium ion) Nyl 008y (2
(Deactivating) Adajiall de ganall aad (+) dun gall
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0 0

' NHC—R R c—ou NO.

)© >@>© NONONNG

Rate of electrophilic substitution R\mT
Electrophilic )} Lisash delall deyu oo cuisll s
dee deu il Jigadl Sh dumy oyl dila) (substitution Rxn
(... sulfonation 4 nitration)

Example:

The least reactive aromatic compound in electrophilic aromatic
substation is :

Solution:
The correct answer is (c)

(activating group) daiie Cle gaza dllicd el 138 A 2 jid) Clila tien
.(Br =) s (deactivating group) dhadie e gare &hici 48 (c) £ Al Jacla

O—b (two substituents) (e saxe aa (30 Adls e (S K e pudaad Nie
Cillagan gpa ¥ il (e 88 smal s a3 Lagho e sana S e 4 jme el
Example:

Prepare 2-Nitro toluene from Benzene?
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acti, -0,-P")

deneti. {-m)
C‘} ‘1

©—@"

(= NO2) ¢ (— CH;) capzi dllil (— O) sa (yfie ganall G 1D of S

CI 1:Cl HN().
Alch HxSO.

Prepare 3-Bromo Benzene Sulfonic acid from Benzene?

Solution:

Example:

deacti. (-m)
SOH
dencti, (-O-P)
_____—.__*...
Br
Solution:
SOH
SOJ
H: 50: FGBI‘J
Example:
Prepare 4-Bromo toluene acid from Benzene? et {-O-P)
CHy
——————————*—
P deactd, (-Q.-P)
B /
. By
Solution:

Bh
CH Cl h.Bn
Al I



Paaed e A le M) 5/4

Questions:

Complete the following Reactions?

NO: NO: Br
S pia S5 whpan
[ERPREIF 4 -0 .
+ B i
I
|
NO: .

P i

Give the structure of each of the following Aromatic hydro

carbons:
A Al g8 90 e g 1 LS pall a8 S5 o]

a) CgHjo: has two possible ring substituted mono bromo
derivatives?

4 Br Al co il opatli ey of Jlada) ila oS et "CeHyg

Solution:
CHs
CH,
Jdaha GsS < ) A Badli o
SEERt I TR 2N
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tlaa (Br) dilia) e cpndlill o el
C H’ CHa

CHh CH»
" @

Br
Br

b) CsHj;: can give only one mone nitro product on nitration?
f A NO, diLa) aic aabg il oy CoH )y

Solution:
"o
b Sl
&, Ci
cH
NO:

CH Cih
Which of the following has the highest nitration?

NO, OH .  CH cl
a.© b.@ c.© d.© '

The correct answer is (b)
g U Adlanf Jetit gl 4 (585 LS yall G (gl Glag Jo il 138 (8 Gagllaall
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Which of the following is deactivating and ¢- and p-director?

NO OH COOH Br

2

The correct answer is (d)

Complete the following reactions by writing the structure of the
major product(s). indicate the stereochemistry where appropriate.

Q
H,OHgSO, il
1. CHCH CHC CHW CH CHCHC CH

@\ CH

7 H
2 = 2 w==p_CH
2 H/C C\H 4_.___...@_0 C—CH,

Lindlars catalyst
H/Pd

CH,CH,CH,

=

.........

CH,CH PO,
3 i.BH fony H
3. N
2.H0/0H ey |

OH
=17
4. D L Br SO o Hw
H™3
Bf®
SOH

.............................



Draw the required structure in each of the following:

1. Two resonance structures for the following cation, indicating
the atom that is going to bear the positive charge in each:

2. The structure of the intermediate formed upon addition
H,O/H to 2-methyl-2-pentene.

o,
CHSCHZCHQ% CH,

3. Sec-butyl iodide

I
CH,CH CHCH_

4. CsHyq that shows cis — trans isomerism

CH, CH

3

188



3.

6.

The most stable resonance structure of the intermediate
formed upon nitration of phenol.

+

OH

CsHj; that forms only one mono-chlorinated compound
upon treatment with Cl; in the presence of light.

CH CH

3 3
light

cw—é—CH coL 8y on_& oo
} 3 2 3, 2

7.

CH_ CH

3

The initiation step of the following reaction:

light

HC—CH, + Ol —=—— HC—CHCl + HCI

Solution:

Cl—Ci — 2Cl

8. The structure of A in the following ozonolysis reaction is:
o Q
1.0, P i él; cH
A W CH,CCH,CCH_  + CHC— s
Solution:
CH, CH,
CH, CH,
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Write the correct JUPAC name for each of the following
structures:

1. CHEMCEG——/\JK 2-methyl-1-octene-6-yne
z\j\/\ ...... 1-8romo-3-ethyl-1-penten

Br

CH, .
9, q}gﬂa 1,5-dibromo- 1,2-dimethyl cyclohexane
r bbbt A Al ctantdonii
Br
4 \/\;(; 4-isapropyl-3-methyl octane

OH

8.
)@\ 3-bromo-5-nitro phenol
ON Br ’

CH Br 1-bromo-1-phenyl methane
6 OR
Benzyl Bromide
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Show how you can synthesize each of the following stating from
benzene.

CH,
NO,
1 CH,
AICI
[l © «CHOl ——2
CH, - CH,
HNO NO
@ 3 .
H,SO,
cl
2, |
CH,
G—CH
0 3
o CH (I'IJCI
3
() S
? ci
C—CH,
' [2] ol
FeCl, CH3
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Lwalal) saa gl
Chapter Five

diladl) cild glaiall
STEREOISOMERISM
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O—e o tiss (isomers) e haiall oda o (Y1 5an 1)) LuLu. ayslaSy o
-(arrangement of the atoms in space) &/ il slad) Cum (a prandll Lgudany

Chirality and Enantiomers

Chiral : mirror image, super imposable

i ot Gl ¥ 5 i A

Example:

1) one hand (1)
2) shoe ()
3) ear (V)

Achiral : mirror image, superposable

™) s Gt § ) it At

Example:
)] Ball  (s_sU)
2) Book (-l

Sterogenic centers "chiral center':

Adlide e gana s Aalae 53108553 e 0% S50
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Example:

CH; — C — CH:.CH:

E—0—0

s juail Ade (*) asiags gl i gu (chiral center) JS

Three Dimensional Formulas S8 00 iuall 1/5

1ot a4y pumall S jall prpada il JIAT 2D Laal an gy

ila wals
C— < il E‘ ke
NS =
[ ~ -
wala (.Lxl
wals
il s
ol
{Fischer-projection)
S g
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< Chiral = no plane of Symmetry
Sl (5 siua (Chiral) I elliey y

O oo ¥ 4ils Chiral Cusita (3 duald (5 sina e i 4 g &
Example:

|
|
l
l
l
|
<  Achiral = has aplane of symmetry

Sl g siea (achiral) U ellig

e ghe 4ilé achiral Y Cosiia (A Juald (5 g g pai i af 6

Example:

14ald Adiad,
daajai i gu” Mes0 —f fae Lo chiral S (Chiral Center) ¢ siag oS e JS
."i.'i;\.l
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Example:
Locate the steriogenic center in 3-methyl hexane?

Solution:

CH; CHz——*(I}H-- CH:CH:CHs
CH:

mas e Jais (3) 8 (o dilids cile gana a gl GG AN sa gl 530

(¥)
Example:
Find the steriogenic centers in:
a) 3-lodo hexane. b) 2,3 — di bromo butane.
¢) 3-methyl cyclo hexene d) 1-Bromo-1-flouro ethane.
Solution:

a) CHzCH:%l:H CH: CH:CHs
I

b) cm*clH—El:H—cm
Br Br

<)

CH,
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e oY) B e Al JA1s el e (oY) 5 A liey ool AElaN Jla
) i of U 13Sa 5 Al LYl cug L 138 48 o Al S Hal L

Example:

no sterio center

=> achiral

= chiral

Example:

= no sterio centers

=> chiral

chiral < biaal s o 134

achiral < «dlaal ani Bl 13

CHy
111 4
Br CH;
H H

CI—OI
H H-
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: 4liaN,
.achiral (% Lt (1,4- cyclo hexane)

Example:

=> chiral

Chiral = optically active
.4 pall Jlad chiral =3 cissy

clé (chiral molecule) Lo (s siay Jstae Jala A pun dage yyi dic 5] o -
Led g o gl da go g Jeliy g5 Jall 138

Achiral = optically in active
£ pall Jad & achiral =3 <

(achiral molecule) o (5 sing Islae Jads A g A ga ppiie gl o
vt LS Ly gl o3a pe Jelig Y ss 3l 13a o
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achiral + chiral —3 ¢ JSI el | uad oSl cigaw 1

Chiral: mirror image, super imposable, no plane of symmetry,
optically active.

Achiral: mirror image, superposable, has a plane of symmetry,
optically in active.

Chiral Center —lu ilaiall cile gaaall a8 50 4l Y11 5/2

i Ll yigchiral center—l dlsial de sanally 33 Jof o (1
-(atomic number) (g W Ja=l

—1> —Br> —C> —-5> —rF>-—0> —~N>--C>—H>!

‘_—_—_—

T ol 20 8
KA o Al 5 Al 01 B A gl 1) 2

—CH,Br 2> —CH,Cl >>—CH,0H > —CHCH, > —CH,
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ot L A0 ) i 0 ppen it 1y (3

) —C=C >» —Cc—C
¢

?Lla.d)li PXCY ‘lr\lj

Ao M o3a (s
c C
P
—C —C
[
c ¢
—C=N i —CN f sSu, &
- —C=CH > —C(CH,), >—CH=CH3 >—CH(CH3.)1

Example:

Assign aprior'ity order to each of the following sets of groups:
0 e gandd) o JS) b il 401 20
a) _CH: > _CH(CH‘I)z » —H » —NHZ

b —OH, —F, —CH,, —CHOH

¢) —OCH,, —NHCH, , —CH,NH, , —OH

d) —CHCH,, —CHCHCH, , —C(CH,),, —CH(CH,),
&) —CN, —NH, , —NHCH, , —CH,0H

fy —COMH,—COCH,, —OH , —CH,0H

g —C=CH, —CH=CH,, —C(CH), , —CH}Br
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Solution:

8 =—NH, - —CH(CH), > —CH, > —H

b) —F> —OH > —CHOH > —CH,

¢) —OCH, > —OH > —NHCH, > —CH,NH,

d) —C(CHy, > —CH(CH), > — CHCHCH, > — CHCH,
¢ —NHCH, > —NH, > —CHOH > —CN

f) —OH > —COCH, > —COH > —CHOH

g —CHBr > —C=CH > —C(CH,), > —CH=CH,

Example:

Assign the priority order to:

3  —CH=CH, » —@

b) —~CH=0, —CH=CH,, —CHCH, , —CH,0H

10 S o ally Ay gl 41 Sm

Solution:

b) —CH=0 > —CHOH > —CH=CH, > —CHCH,
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Configuration and the (R-S) convention:

) C

Clock wise ~ Counter clock wise
debull o jlie delull o lie e
®) ' (S)

S all (R,S) aad b

3—-—,!)135“ s chiral center — b Adamall Cile gona é._:_)SH a3 5 (1
Ae1ge adgly

(Gl e 32 1 gnduas (2

Aad b Ao pand) gdga Y it 3

c3p LS olad) iy alal LG cas 1y (a

olad¥l Gaai cpilall aal e s 1Y (b

Exception sl

|
Ll sl Zad ) de gaall cpla 1Y o~ JSEN 138 & V) Zall) sel i ai

v
aladyfl e (A e

<&
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Example:

©)
CHs
Iy @
® 'é:} CH.CH:
HO ¥
Hao
s
(S)
O]
OH
@ 0]
CH:CH: CH: wils
CHQH
®
®)
CH.CH:

l
@ _,C ;) CHBr

R)

/

LS 18 B LY Cla (4) ) A saadl oY olad)) uSas
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s
%DH= 0 ot
C(‘;\ﬁn%? ils CHs é

50 \813 Nil ®
©

(R) (S)

Example:

Draw the required structure in each of the following:

a) _ A chiral molecule C3HsCl,
fll

Answer: ClCHz(II'-— CHs
Cl

Example:

Which structure represents (S)-2- bromobutane?

c H
El—g C i_-

Br

®) ®)
CHyCH CHyCHy

a S a

al b)II ¢) Il d)more than one of these ) none of these

Solution:

The correct answer is (b).
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Example:

Which structure repfesents (R)-1-chloro-1-fluoroethane?
! ] s
Cl-C < H H~C —=Cl H—=C—Cl

CH C F
3 R) 3
@ - (1)
a)l b)I oI d)IandlI  e)Ilandlll
Solution:

The correct answer is (b).

Example:

Which structure represents (S)-2-Chlerobutane?

- CH2CH3 CH>2CH3 ' CH>CH3
@ 1) (I11)
a)l byl o) lll d) more than one of these

¢) none of these

Solution:

" The correct answer is (a).
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Example:

Which of the following compounds has S configuration?

H H
| ¢
HOOC” \("NH, N \"“COOH
I I1
H NH,
L I
o, C.,
cH,”~ \(“COOH cHy” \H
NH, COOH
11 IV
a)Tand II b) IT and 11X c) Il and IV
d) I only e) I only

Solution;

The correct answer is (e).

(R,S) 33a5 o3 one chiral center (5 9—iad i S jall Lponsi e
Ml Uales LS auslfl 4458 5 S all

Example:
®Br

@

23
CHs
O
CH:CH;

R)

o*

Ahand Jagull slad)) aaa (5 (galtel S5 o jall aujyagli %
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1 2 3 4
CH: CHCH: CH»

|
Br

(R) 2-Bromo Butane
Example:
@
CH=CHCH:

() &
AL 1

CH:CH:
©)
I

6 5 é4 3 2 1
CH:CH: l "CH*CHCH}

CHs
(s) 4-Iodo -4- methyl-2-hexene.

tdala Adaadl, o

6]

CH;

I @ ) (chiral alkane) yiuwl 46 S0 150
(((_:XIH — (CHi} chiral osSs ol pSe s

CHCH; : :
) C(ELCH:CIL
R}
s JSAY cllag pull (aef 1 o
¢ Js—is chiral center — 2 ai o % ool fel JUh S jall aua a5
(R or S) cuuial slai¥l sUacy Fischer 4iih cun alsa e goadl)

Example:

Draw the structure of :

a) (S) 2-phenyl butane.
b) (R) 3-methyl -1- pentene.
c) (S) 3-methyl cyclo pentene.
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Solution:

a) CH: —CH— CH:CH,
R
D
O~
@
CH:CH»
®

sl Ll R e ganall Jun gguill pua ) Jla b ridiaSle

b) CH: = CH—CH— CH:CH;

|
CHs

@
H
® ®
CHs CH=CH:

@
CH:CH:

®)

(O]
c) CHs
”/,
, H®
@

®

-one chiral center Jsa s Jla i <l ol o 4 Jaa 448

Enantiomers <= a4l s 1y (1
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Example:

‘%J @I‘l)
)]
cala H g &?r ) %
@ @
CH:CH: CH:CH,
(S) (R)

1 I

Enantiomers

Same (Identical) <= g3l i 1Y (2

Example:
© 0}
1< 'Q' %D
C CHJ C - »HzCH.!
B HOGH: S
CH:CH: "
g gt
) S
[ I
Samie
g Enantiomers have some physical properties (B.p, m.p,...) but
different:
1) Reaction with Chiral reagent.
2) Optical activity.

dasn obdall dspy S A el cliall ui dlia Enantiomers—l
s o ardl Lpdany (e lidd LSt L& L leat)

.(Chiral) o e pe et (1
Agall el (2
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Example:
Enantiomers are :

a) molecules that have a mirror image

b) molecules that have at least one stereocenter.
c) non-superposable molecules

d) non-superposable constitutional isomers.

¢) non-superposable molecules that are mirror images of each other.
Solution:

The correct answer is (e).

Example:
Which of the following is true of enantiomers? They have

different:

a. Density : b. Chemical reactivity toward achiral reagents
c. Boiling point d. Specific rotation e. Melting point
Solution:

The correet answer is (d).

Example:

Which of the following is not true of enantiomers? They have the
same?

a) boiling point

b) melting point

¢) Chemical reactivity toward chiral reagents.

d) density

¢) chemical reactivity toward achiral reagents

Solution: '

The correct answer is (c).
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The E-Z convention for cis, trans isomers:

\ , ’
sy Yy dihsa /c=c< ) — Aesiall e gane g N1 S Jla 3

oS all (cis, trans) a3 aakiod Y Gl 0 ) slaiall 83 o A8 ke de gena

trans —s dgud E
cis —dguid Z
® ) @ ©
I
@ @ ® @

o 74

Dia steriomers

(S i — il € ) 5 iy g i€yl (0 gyl

I Al At Y Cues 3aa o 0 € 500 S Alaial e paaall o iy a5
«{Z or E) oSl Ja 23a3 & (R,S) oy aliales

o) Q @
®r~* CH, CH,CH, CH,
N 7 N 7
10)] /C=C\ ®/C=C\®
CH,CH, Br F Br
; f

Diasteriomers

(cis, trans) S« (Z,E) g g (cis, trans) A8 Jal g LS uhS all Al g
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Example:

@ ¢y, a0
AN é _ E?/
o0  “Cu=cH,
(E)

(E) 3- Bromo -4- chloro-1, 3-pentadien

Example:

@)
2) 2-Chloro -1-phenyl -1-propene
Cd, © /ér(D
b= N
@ e
@
(L ostha e 2u1)
(trans, cis) (e desl (Z,E) caltlal (g 33304

e e ual) (1 (Z,E) ANy (Cis, trans) pasd of pobiis <y

214



Example:

The correct lUPAC name for.

/-

\"‘_'.
PARRN

Br CH, CH, CH;,

CHy Cl
R

a, (E}-2-Bromo-3-chloro-2-hexene.
b, (E)-2-Bromo-3-chloro-3-hexene.
c. (£)-5-Bromo-4-chioro-4-hexene.
d. (2)-2-Bromo-3-chlorg-2-hexene.
g. {E)-5-bromo-4-chloro-4-hexene,

Solution:
The correct answer is (a)

Example:

Which is acorrect name for. ™" ?

(E)-1-Bromo-1-chloro-2-methyl-1-hexene.
(Z)-1-Bromo-1-chloro-2-methyi-1-hexene.
{E)-2-Bromachloromethylenetiexane.
(Z)-2- Bromochloromethylenehexane,
2-(E Z)- Bromochloromethyl-1-hexene,

@ Qa0 on

Solution:

The correct answer is (a)
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dyigall A_Jelil § ctaiiuall ¢ gl 3/5
Polarized light and optical activity

L/

2ol e ga g gl faa e liaggla

1o -

[oc] b = Specific Rotation ( °)

Al sday i Y adna g8 )0 4 0 Ss Chiral Ja JS 3o gl ¢ oal
e el Aa 3y lgeat¥! daiS 41 Aadh A8, 38

oc = Qbserved Rotation ( °)

Polarimeter —; ou Jlea A (a3 pdlae 4l iy g Sl ) g0l

¢ = concentration of chiral molecule (g/ml)
_ Chiral 3 ¢35l 383
oh S

ca _El_.k‘ mas& (g)
\ 4 \

voluma (mly
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1 = tube length (dm)
Sleall Jala a5m el cagslll Jsha
ol SNy
ldm=10cm

Example:

Camphor is optically active. A camphor sample (1.5g) dissolved in
ethanel (opticaily inactive) to a total volume of 50 ml, placed in a 5-
cm polarimeter sample tube, gives an observed rotation of +0.66° at
20°C (using the sodium D-line). Calculate and express the specific
rotation of camphor.

Solution:
m=1.5g v=50 ml I=5cm =0.5 dm

oC =-+0.66

5 L8] oS 1y
[ec]p = + ve = Dextro rotatory delull cajlie pa o guiall Caay (o
[ec]p=- ve = Levo rotatory  delull calic (8o ¢ paall Cijaly ]
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DU Sl (R,S) s lein Wl 395 Y 5 LEY1 o3n

ol il +11.6 =8 <= -11.6 =R 813 JoaS o< *
Example:
assuming that the observed rotation for 50 ml of an aqueous

solution containing 2.0 g of R-2-bromobutane, placed in 2.0 dm
sample tube is -2.0°. the specific rotation of S-2-bromobutane is:

a. +50°
b. -50°
c. +25°
d. -25°
e. none of the above
Solution:
The correct answer is (c)
V=50 ml m=2g =2 dm
= _20 .
m 2

=>c=—=—=0.04g/ml
v 50

:>[alD=gE

-2 . '
0.04x2

[z]D=

((S) 2-bromobutane) — Ul ((R) 2-bromobutane) = ¢ 4da¥) o3
(25°) qesnal ellly g 5 L1 (uSe poa AoVl (uudi g5
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Example:

(R),2-chlorobutane has specific rotation [a]*® of +15.3, while (S)-2-
chlorcbutane has [a]* of:

a. +15.3
b. -31.5
c. -13.5
d. -15.3
Solution:
The correct answer is (d)
Example:

The concentration of cholesterol dissolved in chloroform is 6.15 g
per 100. mL of solution. A portion of this solution in a 5-cm
polarimeter tube causes an observed rotatin of —1.20°, Calculate
the specific rotation of cholesterol.

C=6.15= 0.0615 g/ml.

100
L=5 =05dm

10

= ‘bserved rotation
C.L

-1.20°
0.0615/100 x 0.5

-1.20 = 120 = 739.8°
0.0615x 0.5 0.03075
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Example:

Which of the following is true about any (R)- enantiomer?

a) . Itisdextrorotatory

b) It is levorotatory.

) It is an equal mixture of (+) and (-)

d) It is the mirror image of the (S)-enantiomer.
e) (R) indicates a racemic mixture.

Solution:

The correct answer is (d).

Compounds with more than one steriogenic center
(one chiral center) ;o ST (5 5iad <ilS e

L (two sterio centers) (g siad CLS ja a3 Cigu

@
H -

® @
(R) CH:—&:@——Br

(8) —
s— P

CH:
6]

(Chiral center) —I Jals Wild (Chiral center) gl i dad Ja (B

ALl ot il puis okl g 33l g de seneS AV

& (Chiral center) -V i | LU & dlapey ool coaSyall 130 Lpauily

(R,S) pg=1)si
1 #2 *3 4
CH: ('71-1 - LEH ~—CHs
Br

(2R, 3S) 2-Bromo-3-Chloro butane
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Example:

) ®
(S) H—@%— OH

&) —
B8

Example:

®
®  H—{—oH
(R) c1—£§)—- CH;
@® L0

Meso Compounds:

Meso = molecule contains at least two steriogenic centers with a plane
of symmetry

(two sterio centers) e JN e (5 5iny o5 n
o5 5Y (o UA13 LG 5 e el
—> Meso = achiral, optically in active
= [OC]D = Zero

.meso (5% achiral JS gsd (S achiral (55 meso JS <
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Example:

Br

meso (achiral)

S el s8N Sl oy paaly JSB S (g ue apay DS
(SR) 4 ma (32 i (meso)

R) cusSoal aal oy Jindly cle genall dglie el cle ganal of Lads

«(S) Ay

S) H—A—0H
(®) HO—|—CH

H
meso (achiral)
pois A corsny Al Y Wby o038 al G gualy Sl gl 22 g L
it g 2l (€l (SR) iy

al oy Jaully cle gonall Ggilia JoYh e gana ol 11 B
4y ) abiiaa Y LSH PG (5 flana 3509 (e Jy 1y (S) LVl (R) 038 al
el o e Ja Lee e IS

Meso <=
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138 ¥ of (meso) Sl of i jedd @Y (R,S) 305 qreeay lilall 5 o
two steriocenters 235 .1

.g_tS_)A.“ d.s.‘..\cm‘_, (_rlLAZsz.L.u A3 g 2
Example:

CH,  CHb

meso {achiral)

COCHS
Br Br
no chiral centers => achiral (not meso)

chiral center" e (5 iay ¥ S yall 134 <&
.Mes0 Ll g L achiral ¢s8 <

CH;:: CH;
el H

achiral (not meso)

Example:

( no chiral centers]

Example:

one of the following is optically active:

a. 2-chloropropane "~ b.(2R,35)-2,3-dichlorobutane
c. 3-chloropentane d. 2-pentanol
Solution:

The correct answer is (d)
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Example:

Which statement is not true for a meso compound?
a) the specific rotation is O°.

b) There are one or more planes of symmetry.

¢) A single molecule is identical to its mirror image.

d) More than one stereocenter must be present.

¢) The stereochemical labels, (R) and (S), must be identical for each

stereocentet.
Solution:

The correct answer is (e).
Example:

What can be said with certainty if a compound has [a],” = -9.25°?

a) The compound has the (S) configuration.

b) The compound has the (R) configuration.

¢) The compound is not a meso form.

d) The compound possesses only one stereocenter.

¢) The compound possesses more than one chiral center.

:dadl
L (Optically active) e yall Jab o€ of 18 jma b [}, 38 s e

The correct answer is (c).
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Example:

Which compound does not possess a plane of symmetry? (Chiral)

CH, CH; H[ : Blr f |1 } '!HE
H H cl H -~oH OH OH H H OH

(meso) (achiral) (meso) (achiral)
(@ ® © (d) (e)
Solution:

The correct answer is (e).

Example:

The meso compound among the following is:

Cl Br Cl/// \\gl \\\OH Br
cl
H OH o
) d)

O

a) b) c e)

Solution:

The correct answer is (c).
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- Example:

One of the followings is a meso compound:
a. (R,R)-2,3-dichlorobutane

b. (R,S)-2,3-dichlorobutane

c. (R)-2-chlorobutane

d. (S,S)-2,3-dichlorobutane

Solution:
The correct answer is (b)
:(Two Chiral Centers) 1533 Jla & 4 i i
.Enantiomers <= (p S 5all a8 s 13 (1
Example:
CH: CH

) H-—@j— Br Br——(ﬁ—ﬂ R)

(R) H—Qﬁl—cx Cl—ﬁ%}—H (S)

CHs CH:

L 3

Enantiomers
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-Diasteriomers <= L sl y K e paj5 ua 13

Example:
H H
® CH,—QB——-OH CH,—QD——OH ®)
8) Br ——ﬁéj— H H—AP—B ®)
CHs CH.
| i
Diasteriomers
Same (Identical) <= sa LS a1
Example:
H Cl
R) CH'_,——QT—c: H——cj:g—c_m (R)
(R) H——Qél—-ar Br—( D CH; (R)
CH: H
L I
same
Diasteriomers < meso ¢Sl aaf (1S 13
Example:
CH: CHax
(8) H—tj—Br Br ——H
S Br—L—H Br——H
CHs CH:
5.8) mesa
£ i
Diasteriomers
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Same < meso (S all IS 1Y (5

(Identical)
Example:
H H
CHi——1—OH OH ——~—— CH:
CHi—~————OH  OH————CH,
H H
meso meso
—
Same
Example:

Which of the following is a diastereomer of (28,3S)-2,3-
dibromobutane?

a. (2R,3R)-2,3-dibromobutane
b. 2,2-dibromobutane
c. meso-2,3-dibromobutane
d. there is no diasteremers
€. I-1,2-dibromobutane
Solution:
The correct answer is (c)
Example:

Cis-1,2-dichlorocyclopentane and its trans-isomer are related to
each other as:

a. enantiomers

b. diastereomers

c. Meso compound
d. Conformers
Solution:

The correct answer is (b)

228




Example:

Which compound would show optical activity? "cﬁiral"

Cl

) 4

Cl Cl

I
I 11 111

a)l b)ll ¢)III  d)more than one of these ) None of these

Solution:

The correct answer is (b).

Example: ‘ H
The structures shown are:
a) constitutional isomers

b) enantiomers

c) diastereomers

d) identical

e) none of these

Solution:

The correct answer is (d).
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Example:

The molecules shown below are:

No steriogenic
center

CH4

a) Constitutional isomers b) Enantiomers c¢) Diastereomers

d) Identical ¢) None of theses

Solution:

The correct answer is (b).

Example:

The molecules shown are

(S) c, »>Hs (8S)
H (S)

C3 Hs 2H5
. meso .
a) enantiomers b)diastereomers
c)Constitutional isomers d) same molecule  e) not isomeritc

Solution:

The correct answer is (b).
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Example:

Which of the following is chiral and therefore capable of existing
as a pair of enantiomers:

a. 1-chloropropane

b. 1,2-dichloropropane

c. 3-ethylpentane

d. 2-methylbutane

Solution:

The correct answer is (b)
sdala dlaada
meso <<l Ja s (two chiral centers) o 4 lidl ddee &4 ki L J
N

Racemic Mixture: equi molar of two Enantiomers
“50% R+ 50% §”

(Enantiomers) 3 (e cui) (5 sbotia &Y g0 220 e )58y Jslaa

= Racemic mixture = optically in active

o guall Jlad 2 Jolaall 138 68y

number of sterio isomers = 2"

n = no. of chiral centers
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Example:
When n=1 = no. of sterioisomers =2"' =2 (R or S)

When n=2 => no. of sterioisomers =2°=4 | R,

S,R,
RSS

S
R
Je e 5l ) 30 >C=c< ) ela Ul ) pap sl 13 3

(Chiral center) Wi e (E, Z) or (cis, trans)
CH: CH=CH— (;:H—Cl-h

5,08 L 4508 4k )
(cis,trans) Jee e

Br

n=2 => no. of sterioisomers = 2> = 4
oAl o cile saad) o 4f) (meso) dee (o 3 ol 4l i) S 1Y <
o (aglina
No. of sterioisomers = 2n-1

8 R
(R) ddi 9A (s) Ch meso ool S 1Y Al cudly
Example:

CH— CH— CH--CH,
3 ' . 3
Br Br

n=2 A R\S/S
no. of sterio isomers =2% ~1=3 R 8 RS
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Example:

How many stereoisomers are possible for 4,5-dibromo-2-hexene?

a. 2 b.3 c. 4
d. 8 €. no isomer, only one compound.
Solution:

The correct answer is (d)

(cis, trans) Jee e 3,08 C==C 4 (2 sterio centers) ellie; < yall 132 ) Ll
— n=3

—s no. of strio isomers =2° =8

Example:
What is the total number of stereoisomers which corresponds to

this general structure:

-l
CHs ('IH(iJHCH= CHCH:
CH,
a) 4 b) 6 c) 8 d) 10 e) 12
Solution:
The correct answer is (c)
Example:

For the generalized structure CH; CHCI—CH,;-CHCICH3 there
exists what number of stereoisomers? - .
a)2 b)3 c) 4 de6 e)8

Selution:

The correct anser is (b);
233




Example:

How many chiral stereoisomers can be drawn for

CH3 CHCICHBI‘CH3?
a. 1 b.2 c.3 d. 4 e. 8
Solution:

The correct answer is (d).

Al S eli g 4@ 4 pliash 4/5

R

Sterio Chemistg: and Chemical Reactions

Addition of H= X to alkenes:
el (HX) 4iLa)

LY e g g U U S0 ool g (83 o (S (HX) i} Jla
& s (Chiral center) (585 Jla g Jaiil olaBd g3 cOleliil o p gl 18 3
Example:

CH:CH:CH=CH:. + HBr -—% CH:CH: EH—CHJ
|
Br

2o shady doany Jelil 13 of 8% LS
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¥ N

S, +
CH; CHaCH=CH: + H . CH: CH: CH — CH:

Carbocation
o : + o
CH: CH: CH — CH: = CH:CH: —C N
CH;
Sp” => trigonal Planar
50% ehacie i
| /\ CH: CH:
4 H -
CH:CH: -—C\ . Br > H Br 4+ H
CH: _
\-/ CH:CHs CH:CH
Pt (50:/0) s (50“/;) R

Racemic mixture
“Optically in active”
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Example:

A pair of enantiomers (racemate) results from which of these reactions?

a cyclopentene + dil. KmnOy, OH® ————>
b. trans-2-butene +Br, ——8 11 —7
c. 1-pentene + HCl ——»
d. cis-2-butene + Hy /pt —
€. cyclobutene 1. 0sO4
—_—
b) NaHSO4
Solution:

The correct answer is (c)

CHs CHy CHs
Cl—2R g By Cl—5—H + Cl—Lf—n
H—2R Br Br—S1—y
%H Cl CHy
CH:
(R)-3-chloro-1-butene (2R,3R)-2-bromo-3-chlorobutane (25,3R)-2-bromo-3-chlorobutane
' I |
Diasteriomers
Example:

(Chiral Wl csa LS iy sy o Jelih U8 (Chiral center) asay ads
80y (e sed Jelith Sygan amy 4S5 (3N center)
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Chiral Reagent i s two Enantiomers — (i ua L i GJL.. [EFXR RS

;s
I [

Pair of Enantiomers Chiirat Diasteriomers Products
(not separable) Reagent (Seperable)
daill AE Loy uaill aplaioas

R —R ~—» R+ R
s —R — S+ R
_ . -
COH - ] Cloz’ TH’
- C L C
wd e, \ H7Y NcH,  CHYY CH;
HO NH, HO i H
{R)-Tactic acid | (R.57 salt
+ + C _— + + *
cos | omd cor” K,
C ($)-U-phenylethylaminge A I
o) ¢ (JH
Ho;/ “cH, HOH/ CH, 5 H/ CeHs
| (8)-tacticacid | L (S5 st ]
+ -
C|02H ]?fH; Cl
(RS)salt + HCl e ¢ e
HYS on,  CH'Y s
OH H

{R)-lactic acid (5)-1-phenylethyl-
ammonium chloride
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Baagh Jo e L Ui 5/5

An alkane which can exhibit optical activity is:
a) Neopentane b) Isopentane

¢) 3-Methylpentane d) 3-Methylhexane
¢) 2,3-Dimethylbutane

Solution:

The correct answer is (d).

The chiral compound among the following is:

0RO
a) b) c) )

.(meso) (uly (steriocenter) @lia g3l ua sl g (d) g4 of Bl

The correct answer is (d).
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Indicate the relationship between each of the following _pairs of

structures (constitutional isomers, enantiomers, diastereomers, or

same).
CH,CH, CH,CH,
| |
CH, CH,
and |
cHy” \™Br Bt/ ™ cH,
H Enanteomers
CH3 2 CE-_I3
{ {
H —= C —=CH, CH;—= C —=H
| and
CHy=— C— Br Br——(_lf—.CH3
. i
i 3 . .
H H Enantiomers

) ‘lé_,.nﬂ J&?‘J :\MJ.“ ala L:A.L&i L‘J (sterio center) .)_’..;‘5 Bals 13

Br F

| |

. o
Cl""".‘/C \F and I—I'/ \Cl
H ‘ Br

Enantimers
H H
:l: Br and Br :':
Br Br
meso meso Same
Br H
§ CH,— C—H Br— C—CH; §
| ) and |
R H—C—Br Br—C—H §
i Diastereomers
C,Hs C;Hs .
meso
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I and I are:

(3 an
a) constitutional isomers. b) enantiomers
¢) non-superposable mirror images. d) diastereomers

€) not isomeric.

Solution:

The correct answer is (a).
a4y pill aladY) D JSAN 5 oS el G el ol Cablis) Jaadls (*

Example:

Pair of enantiomers are:

hr Br : CHyCHy Ol
Br—C—Cl  C(—Br CHyC—Cl  CHgC—Cl H—<'|J—H
CHyCHy  CHpCHy  CHyChg H CH>CH;

o n (1 (V) )

AL Mand ILIV bYLII c)IILIV d)IV,V e)None of these structures

The correct answer is (c¢).
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Which molecule bas a plane of symmetry? "a chiral"

H CH
o KL K

an (11T
a)l b) It ¢). Il d)MandllI e)IandII

The correct answer is (d).

State whether the following pairs of compounds represent
Enatiomers, Diastereomers, Constitutional isomers, or Identical
(represent the same molecule).

R} (IZOOH {R) l;l
1. CHa—(ID-H and HOOC-(‘)—CHa same.
OH OH
(3)(|)H, (8) ll'l
2. H- ? - Br and Ci- (I2 - CH, - Enamtiomers .
H—?—CI Br—(’l—'CHg
(R) CH,y Ry H

Sl 3 ol ) adh ga ) Ai) dlaN,
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{s) OH OH

i {
3. H >|C 4COOH and H blC <4COCOH diasterisomers,
{S) HOOC>(|34H HPF(COOH
OH OH meso
CH3; QH
4. Br l and H. | (R) Enantiomers
® C C
LA L 4
H \OH Br N CH;

5. A and A‘ _diagteriomers.

el @s o Cl Cl tans  ‘eCl

Which isomer of 1,3-dimethylcyclopentane has a plane of
symmetry?

a. The cis isomer

b.  The trans isomer

c Both cis and trans

d.  Neither isomer has a plane of symmetry

e You can not determine

Solution:

The correct answer is (a)

has a plane of symmetry < achiral < (meso) s Syl 138 o

One of the followings is optically inactive

a) 2—chloropropane

b) (2R, 3R)-2,3-butanediol
c) 3-chlorohexane

d) 2-pentanol

The correct answer is (a)
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What is the total number of stercoisomers that can exist for the
following molecule?

?r Br CH3 CH .
|
CHSCHCHCHCH =CHC= CH2

a.2 b.4 _ c.8 d.16

The correct answer is (d)

Which compound has R configuration?
H NH

2
a. HO\‘YK _ b. HO\‘y\
C=N COOH
H.C HC
CH, COOH
¢ Ho=CWY d. HWy CH=CH
cl T

The correct answer is (d)

Consider the Fischer projection of the following compounds:

CH_ CH, CH, CH,
H~——OH HO—}—H H—1—OH HO——OH
H~——OH H~——OHHO——H H——H

CH, CH, CH, CH,
A B c D



Which are enantiomers?

a. A&B b.A&C cB&C d.C&D

The correct answer is (¢)

Which compound is optically inactive?
H
H H
CH:a
a.CH, OH b. 1
CH, .
H OH
H OH
CH, H
_ c d.
CH, CH, ‘
H . H
The correct answer is (b)

If a solution of a compound (30.0g/100mL of solution) has a
measured rotation of +15° in a 2 dm tube, the specific rotation is:

d. +7.5° c. +15° b. +25° a. +50°

The correct answer is (b)
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Which of the following structures represents a meso-
compound? '

3 3 - 3
I Il i
a. &Il b.I&III c.I&Il d.III only . 11 only
The correct answer is (b)
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dndlid) 3 gl
Chapter Six

4y guand) il ollgd) s 4o
(hiadl g JIagtu) cdleli)

Organic Halogen Compounds

(Substitution and Elimination Reactions)
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Nucleo Phile ( Nu: ) (31 il ciaall) 1/6

(e 83 it 71 5 ) Yoy apmy Jlaia o Ayllas A Jamy o5 dn o s b
by fSH

_ . :ddiadla

Example:

) [ 1] i
OH', OR’, CN, HS",H,O , HOR, NHj, .... !
[ L) (1 ]
Example:
Which of the following is not a nucleophile?
a) O b) CH;0
¢) NH; dNH,"
¢) All are nucleophile.

Solution:

Thé correct answer is (d).

b IS o m N Jelis 2/6
Nucleophilic Substitution Reactions

Nuw + R=X ——» R-Nu + X
Substrate Product  Leaving group

Nuckophile :
P (alkyl halide) ey 5 il e pendl
Jsi ata
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Example:

OH + CHBr —>» CHOH + Br
Cl SH

: l I .
HS + CH:CHCH: =3 CHCHCH + CI

, Br CN
CN + Q ' —_— O, + Brf

14Badle
Jib H Qo Wil cpa gy 5,0 elliagy (neutral) Joleia (Nuz™)  JdplSall olS 1y
~akls )
Example:
Br OH
HO + Q’ —— Q’ + Br
(Nuy)
(Neutral)
Ic1 rlmz
NH: + CH:CH—CH; —» CH:CH—CH: + CI
(Nu3)
{(Neutral)

B 'I:I(CH;, Br
neEy + (T e O

(Nw) Quaternary ammounium
(Neutral) arysalt ‘
Oy sty
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(oo o o LS oy g i Lilh (H) iy ¥y ot il IS 13 40

Br | %-(CHJ)Z
(CH,),S +CH,CHCH, — CH3~ CH —CH3+Br-

Example:
CHC=C: + CHiCH:Br = CHCH:—C=C—CH + Br
i U e LSy

CH:C=CH + NH —y CHC=Ct
| SO US—
(Nuz)

5 g Ay SN (g0 bl Al (Sl jpant aliiani <=
Example:
Prepare 2-heptyne from 1-propyne?
CHiC=CH ——3 CH;C=C~—CH;CH:CH:CH:

g ¢ Lgablialy p gl IS o plhaall geilill Jgua sl @ sa 8 i3 (4) Linally 4 Badls
Sl o3 (B 0 S Aludes Jgha ) O LiiSay o3 gt Jolih g
Solution:

CH,C=CH + NH; —» CH:C=Ci + NH:

CH:C=C: + CH:CH:.CH:CH:Br = CH:C=C—CH:CH.CH:CH;
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Example:

Write complete equations for the following Nucleophilic Substitution .
Reactions:

Al L gl Jhaglt cdlelid ALISH Astasl casi
a) Na' OH + CH;CH,CH,Br

b) (CHsCHy); N: + CH;CH,CH;Br
o Nats + O p-ousr

: sdliade
(Nu) =3 a9 callos (BN il (83 Leie 333 (K ol Na ) 389 Js B

Example:

NaOH=O0H JKOCH; = OCH;

Solution:

a) CH;CH,CH,OH

b) (CH3CH,)s N'Br

) @—CH,SH

252



Example:

Write complete equatibns for the preparation of each of the following
compounds:

1A S el e IS eieatl Lo DU Alstedl s

a) CH3;CH,CH,CH,0H

b) (CH,),CHCH,—C=N

C) (CH;CHzCHz):; N

d) (CH;CH,);S'Br !
¢) CHy=CH— CH,—I

f) CH;CH,CH,—OCH;

Solution:
a) CH3CH,CH,CHzBr + OH _
b) (CH3)2 CHCH;Br + C=N ——eefl

¢) (CH;CH,CH,); NH + CH;CH,CH, Br

d) CH;3;CH,Br + (CHgCHg) 28
e) CH,=CH - CH,— Cl+T } —
—-_.>

f) CH;CH;CH,— Cl+ OCH;

253



We have two mechanisms for Nucleophilic Substitution
Reactions(SN;, SN/)

(SNa, SNi) Len y (b sl lasudfl Jelis gt (SlSon il 329

P pnailly Loguu )25 B gus g

1) SN, :

(Nucleophilic Substitution bi molecular) 1 jLaisf a5
(il G Ll Jaial Jelis sa g
Ll Baal g8 phady Guaay Jelinll

™ / .
Nug + R~X =—» Nu—R + X~

Energy

Reaction coordinaie

Rate= K [R—X] [Nu: ]

" we have second order reaction "agtl s 0l e Jelin Wyl &
SN, Jelisl Uzaud 13
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=> Rate of SN, Reaction depends on Both [R—X] and [Nu: 7]
"concentration and strength "

" NuT 5 [R—=X]oe 05 le i SNy Jelii e

"agi sy ok S i
methyl halide > 1° > yd > 3°
H & R R .
TN B - N
Nu:  H—C—X D> Nur FH—=c—X > NI ®—C—X > Nu: q’gj:l‘c—x
s - T ~ ) i - RS ~ ’

A

Stearic Factor "hindrance factor" l
eaadt daladll f dsleyl Jales

=> Rate of SN, Reaction i

H = small group (s_siua ic 3aas). '
R = Bulky group (5_:S 4c saaa).

< SN, make inversion in the configuration. ‘
&5 S Jony SN,
olat)) GuSiay <l (X) 1 AL dgall e Ay Wil (Nuz) O o 6
or (cistrans) alla 3 a5 Gaeal oot (1) i Alalf 03¢ pigds

RS)
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Example:

CHs

CH:
27N /SN , -
SH + H Br HS H + Br
CH:CHs CH.CHs
) (R)
: inversion
- A SN )
CN + 2y . Cl
Ct CH s H CH .
", ;
trans
cis {pulSesl) (inversion)

" «
Br H
/\(1 I .
I + H SN: + Br
H H ’
CHx CH:

(trans)

Example:

cis .
(inversion)

Arrange the following compounds in order of decreasing SN,
reactivity toward sodium ethoxide?

poad gmall il il 5 c_ASNz el o L s A0l @l S jall s
$(CH:CH,0™ Na*)
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CHs (iTHJ
CH: C_HzCH —Br CH:CHCH:Br CH:CH.CH. CH:Br

Bulky group i, ic yasa

CH:
|
CH:.CH:CH:CH:Br > CHzBr >  CHCH:CH—Br

Solution:

(1% (1 2%
+—-——
sse b

de gasa sl llieg o2 S el Gl Al s GSEay €all OIS Jla b
(SN2) delii o e ju 4l 5% (p i i)

Example:

In SN2 reaction, the 2 stands for:

two steps mechanism of the reaction

two products in the reaction

two intermediates in the reaction

two reactant in the reaction

two molecules involved in the slowest step.

o op

Solution:

The correct answer is (e)

(slow step) Agdadll 5 ghadl) Lguadi (& (19809 2k Band g 5 ghd & lliay Y SN2
(Nu: and R X) Coacdati Aghall 5 ghdl) o2 b plad Lasp
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Example:

Draw the transition state of the following reaction:

HC ' CH:
NaSH +  HwuC—=BRr o HS——CiH  + NaBr
C:Hs : C:Hs

the answer is:
CH:
HSimmo CuamnBr

/ N\

H GHs

Example:

Which of the following reactions proceeds with inversion of
configuration?

a) Snl b) Sn2 C) E, d) E,

Solution:

The correct answer is (b).
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Example:

What product(s) woﬁld you expect to obtain from the following
SN; reaction?

H H
+ cwor —> ?
CHa Br
H H H OCH:  CHO H
CHs OCHs CHs H H Br
I I i1
a.l b. It c.An equimolarumixtre of I and {1 d
Jelit) A80Sa p giana dlgadl f 2y &
Solution:
The correct answer is (b).
- Example:

Which of the following statements is not true of an Sy2 reaction of
(R)-2-bromobutane with hydroxide ion?

a) Doubling the hydroxide ion concentration would double the rate of
the reaction (Assume that all other experimental conditions are
unchanged).

.b) The reaction would occur with inversion of configuration.

¢) Doubling the concentration of (R)-2-bromobutane would double the
rate of the reaction. (Assume that all other experimental conditions
are unchanged).

d) The reaction would occur with complete racemization.
Solution: :

" The correct answer is (d}
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2) SN1:
og—all gdal Ldy <o Joi 0ol L sf o ay

."Nucleophilic substitution mono molecular’

o ghay Cany Jelid) 1 o

3 R—X 22 R +X
"Determining " J—SS Jelill e jul saraall 3 gladll oag Lol 3 5hodll o8 o8
.Rate Step
b) R + Nuz By R—Nu

Example:

a) (CH)C—Br -2y (CH)C + Br

b) (CH)C + HO -y (CH,)COH

Resctants

T HO - B
H0 + (CHY,C— Br
{CHY),C—OH + H—~Br

Reaction coordinste

Rate = K[R—X]
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o= 2 1'First order Reaction’ ) daall e Jolis U Lyl o
SN Jelid

Yy okt [R-X] 5585 385 o s (SNy) Jelid) de of Bads
o35 W s 4 Y 0SS gl [NUT] (e adiny

SN; Reaction depends only on the strength and concentration
of [R-X], and independent on [Nu:7].

: S (Carbocation) cas sall 05 ,S0 oy [Nu] J Bla ) o6

50%
-/\+ Vi
Nuz —C SP2 —p trigonal planar
N e
50%

03— Jlea 4 (Racemic mixture 50%(R) + 50%(S)) Luike; 11 a
.z il (chiral center)

= SN| make Racemization _
«(inversion) (X) — LuSladl dgall coien 0o dafiy (Nul) W of @l %
(Retention) (X) lesd o Al gl (i

Example:

"0 + LHD-’-CH :CHy ——> CH: ‘{—‘CH :CHy + CH» —'—-‘CH CH:
30%(R) : 50%(8)
52 LS ol oliy JRetention Inversion
L ] \

Racemic mixture )

“Optically inactive”
/

sladyl (e ~
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Example:

CHJOG SN @ .

Br  CHy OCH:  CHy H CHs
(cis) (cis) (trans)
Retention Inversion
Example:
/v al - OH
HO + H N H
— L ‘
H . H
CH: CH:
(trans) (trans)
Retention
+
H
HO
H
CH
(cis)
inversion

UJSUMT‘:“;:‘H ‘;h"w"é_,haﬂ 1\;)“,_,‘:. JA':\::I(SN]) delit 4oy <
D o5 Ll a1 ((carbocation) i sall (gt KU ¢y
' .33 Jiw SNy Jelis e yu o8 carbocation —

Stability of carbocation T = SN; T

I ) B | T i
'R—(f" > R—C" ="z —C=C—~C* =z @-—C> R—C* > H—C"
k | ' k

3° 2¢ ally! Benzyl 1° methyl

Stability of carbocation T = SN; T
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Example:

Which of the following compounds will react faster with methanol by (SN;)?
¢ (SNi) Jelis e (CH3OH) Uil oa g sl Joliy g 2400 il 5l 038 3 (e

a) CH:CH:C(CH,),Br or  CH:CH:CH(CH,)Br
by CH:CH:CH:Br or CH==CH—CH:Br
Solution: :
| CH: | G
a) CH’.aCHzCli-—Br > CHCH:CHBr
CH:
¥ 2

b) CH:=CH—CH:Br >  CH:CH.CH:Br

allyl 1°

Factors affecting on the rate of SN; and SN; Reactions:

: SNz 9 SNy Jolis e 5 48 juu e I 155 Julge

13 SNz 5 SNj ¢ dSdepu o i ddbe af Lual aa gy

1) nature of the substrate "alkyl halide" _
() e Gyl

a) in SN;reaction
methyl halide>1 >2 >3 .

b)  in SNjreaction
3 >2 = allyl ® Benzyl>1 > methyl
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laebe Jlafiun)) cleliny SN cawa Jelis (1°+methyl ) W Lals <
.(exception)
H;
neo pentyl halide CH;—C—CH—X
CH:

aaa ) 135 (SNY) s deliy S (1) ad o o2 iy
cO 58N 8,8 A el Ao penall

: (SNI) [SETFEN dr-l.ﬂ,!,(3°) N Ldla _ <&

Aala ddaaNa
Vinyl halide -—-(ll ==(l3 —X
pheny! halide @_ e
SN2 of SN s Jolisi ¥
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Example:

which of the following compounds will not undergo SN1
mechanism?

O~ ~ + O
Br
2 3 4

1

a. 1,2and4 b. only 2 c.2,3and 4
d 1,24 " e.2and4
Solution:

The correct answer is (e)
Jelily ¥ Laadls g (phenyl halide) 4 o35 (1° alkyl halide) ¢i5% 2 2854 ¢
' (SN1) cusn
Example:

Which alkyl halide would be most reactive in an Sy2 reaction?

. Cis
1) @—cmcmcmsr 3) @-c’:— CH:By
b
2) CHzC'H.CH: B
@) @- —CHs
| Gt

Br

Seolution:

The correct answer is (1).
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Example:

Arrange the following halides from the most to the least reactive
in Sy1 reaction:

Cl Cl Cl Cl
1 It 14 v
a. [I>TVAI>T b, I>T>IV>TI c. IV>>TII>1 d.I>1>1V>

Solution:

The correct answer is (b).

Example:

Which Sn2 reactions will occur most rapidly in aqueous acetone
solution? Assume concentration and temperature are same in
each instance.

aOH +CHs — Cl ~—3» CHs— OH +CI

b.OH- + CHiCHz — C| ——3» CH:CH: — QH + CI’
c. OH- + (CH32CH— Cl =3 (CH3)2CH-— QH +(CI"
d.oH + (CHpC — Cl ——p~ (CHaiC — QH + CV

Solution:

The correct answer is (a).
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Example:

Which alkyl halide would you expect to undergo an Sy2 reaction
most slowly?

a. CHsCH:CH:CHRCHCl b, CHsCHCH:CERCI - . CHzCHz('Z.HCHzCl
CHs CH;
(IIHs
d. CH;({ZCH:CI e. CH3CH1CH:('3HC1
CHs _ CHs

Solution:

The correct answer is (d).
(3% 4alza Jalay (neopentyl halide) 325 (d) 4

Example:

Which alkyl halide would be most reactive in an Sy2 reaction?

I It m

v v

Solution:

The correct answer is (I)
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2) Strength and concentration of Nucleophile:
r g il S g 848

Strength of Nucleophile Jaé si<uill 5 48

neutral < -ve J sl (1
a) OH" > HO

by HS™ > HS
¢ RO" > ROH

Aty Nug 3 apa o) LS (sl 4L xie) (2
sl sl eSSy

(] el

E + Lrien
 Left ——————)-—- Right Volumel
e
oAt Up
Jis¥ Down
Volume T
)
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Example:

HS > OH (0 <S oY)

RO" > OH (H<R )

PH: > NHs (N<PN)
il &

a) SN,:-
Rate = K[R--X] [Nu:]

Qi sl 389 385 e (SNy) Jelis iy
Nu:] T = SN,T :

Strength of Nu: T = SN, 1
i IS puill 5 8

-ve Nucleophile "5 8 i 5l Jundy (SNy) Jelis i <UA
.strong Nucleophile "

b) SNj:
Rate = K[R—X]

duady 4 JSa b JilSh e (SNp) Jelis adiay Y
Jalxia (S 30 'weak Nucleophile” il Jid glSull
RCOH, ROH, " s 4adiiwi Lo i€l "neutral’ iusid

"HO
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Exaniple:

one of the following reagents is considered as a strong nucleophile:

a. CH;CH,O
b. (CH:;):;C+
C. N02+
d. CH;CH,OH
Solution:
The correct answer is (a)
. Example:
which of the following is the strongest nucleophile?
a. CH3;COONa
b. NaOH
C. st
d. CH;SNa
¢. CH30Na
Solution:
The correct answer is (d)
Example:

Which ion is the strongest nucleophile in an aprotic solvent such
as dimethylsulfoxide?

al™ b) Br c)ClI~ dF~ e) These are all
equal. :
Solution:

The correct answer is (d).
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Example:

Select the strongest nucleophile for an Sy2 reaction?

a) H,O b) CHQCHzOH C) CH;COy”
d) HO e) CH3CH20- -
Solution:

The correct answer is (€)

Example:

Which is the weakest nucleophile in polar aprotic solvents?

al b) Br’ c)Cr dF

Note: in aprotic solvent > CI'>Br > T
in protic solvents I' > Br > CI'>F

strength of Nu™ 1

Solution:

The correct answer is (2a).

(Nuz) Jab ls sui€ ciliat odn i d qulby Jud) 4] Gillall ¢ 550
B e ganaS uily

o

04

3) The solvent: = “cuiali”

:LAhJC.l\.AgJ.A“ wo,:aj“&a;}“ D:)AEL‘HIJJ:I&_.[’.\A

a) Protic Solvent:
Polar solvent with Hydrogen Bonding “N,O,F with H”.

A goun Al elliag kil Cude
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Example:
H,0, NH3, CH,CO.H, CH30H...

b) Aprotic solvent:

Polar or non polar solvent without hydrogen bonding.
E IR N SRLI YR SO = YV B & P

Example:

0 :
I
CH: C CHs , CCL, , DMSO, HMPA , DMF, s et

¢ SN, prefer protic solvent like “H;0, ROH, RCO,H”.
(Protic) cude Juais SNy Jelis

& SN, Prefer aprotic solvent like DMSO, HMPA,
DMF....

(aprotic) cude Juais SNp Jelis

Example:

Which is not a polar aprotic solvent?

T § o T
H:C —C—CHs CIECN CH:OH H—C—N H:C —S —CIb
e :
a. b. C. d. e.
Solution:

The correct answer is (¢)

272



4) nature of leaving group:
b_dlaal) de paaall dzgds

< Basicity ¢ = good leaving group?.
a3 jalis e gena granay Al oig sall dpeldl) B L
Example:

I, Br , CI", H:0,—0Ts , —OMs
(Tosylate) (Myselate)

<> Basicity T = Bad leaving group "
¥ " A 850 Ao gasa priay 4l pog jall e lll o LK
Jdeldn Gamy Y iy g alas
G
@ H:',——(:j:', NH, ;OH, OR
0

cp_,__%_o' > —01s > —O0Ms> "> Br' > CI" > F > OH,'H:',—t:::', NH, ,RO’
0

Triflate
anion good leaving groupT :

Both SN, and SN, T

(leaving group) 5 el de genall dasds o adiad (SN «SNi) e JS
(SN Or SN;) Jelith de ju ol LlS & jul (€3 de ganall @ jpole Lo
Gigall QB e Jeli ged L 5odlke Ao gena o d ey Jolis gl &
«(unlikly to occure)
Example:

ON + CH,OH >+ CH~CN , OH

i

Bad L.G.
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Example:
The best leaving group among the following is:

a.F b.Br c. HO" dT e.CHy

Solution:

The correct answer is (d)

Example:

Which nucleophilic substitution reaction is not likely to occur?

8 I + CHCH:—Cl === CH:CH:—I + CI’
b) I” + CHsCH2—Br =39 CH:CH:—I + Br_
¢) I + CHCH:—OH——3 CH:CH:—I + OH
d) CHO + CHiCH2—Br ——3» CHsCH:—OCH: + Br

e) OH + CHiCH2—Cl ———=3 CHsCH:—OH + CI”

Solution:

The correct answer is (c).

Example:

Which SN; reaction will occur most rapidly in a mixture of water
‘and ethanol?

8) CN + CHCH~Br=—3»CHCH—CN + Br
b) CN + CHCH~] =~——3CHCH—CN + I’
b) CN' + CHCH—F ——>»CHCH—~CN + F

¢) CN' + CHCH—Cl=———»CHCH—CN + CI
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Solution:

The correct answer is (b).

Example:

Which of the following is nof a good leaving group?

Solution:
The correct answer is (d).
Example:

Which Sn2 reaction will occur most rapidly in a mixture of water
and ethanol?

a)I + CH;CH,—Br ———— CH;CH;~1I + Br-
b) I + CH;CHy~-Cl ——» CH3CH;—1 +.C1-
¢ ' + CH;CH, —F —_—yp CHCHp =1+ F

d. [+ CH,~CH—Br =3 CH,CH,—1 + Br

Solution:

The correct answer is (a)

i g shg YAl G DAY o 36 gy A G sl 138 B Ll
Ml Jelisy ¥ (d) g4y «(leaving group) 3 dial de gaaall Cua o Jlpaal
J(vinyl) 43
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Example:

Which of the following is the poorest leaving group?

0 0
- - Poo. |
a) H BCl ¢ HO d R—:E-o e) RO——%-—-O

Solt_ttion:

The correct answer is (a).

Elimination reactions “Dehydro halogenations”:
"HX Al )’ idmal) el

tesld
Base
| - N / .
—~C—C— + B! mum—p C=C_  + HB + X
Ml N T
X
Example:
Br

" CH:CHCH: + OH =3 CH:=CH—CH: + H,O + Br

S Leguu i g (Bp,Ey) Loy bl cdlelin ipaad opuSilSe L) 2n gy
' SN, SN fie e (S3) Gasly yusitn

D) E;:
"Ly i SNy delis i
il Basd g 8 glady Jelid 138 Gaany
N
P4 —CC— e Cc=C’ + H—B+ X
| ()l{
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CsSy iy g

1>2>3
‘__.
B, !
53 A (e’ Cada clels Jee e Al5 8 Y oY Ls methyl -3 SN Y
"haid 3aal g o3 S
2)EL1:
"Lyl SNp Jelis Jid'
Lo edn Jelill 1y Gaaay
T P
S T

Y \ /
2 —C~C— + :B — > C=C + HB
b+ ./ AN
OsS Ay
3>2>1
4..._—

Er |
Ham S qang g sas gl oda edlelinl JulS jadle Jary o g Cogus oY)
(carbocation) wa sall s S ¢yaf 01585 Ganai (E1, SN1) ridiadia

H
1) methyl halide H-——(I,:--X
H

Li SN, e el Joliy 1oy Ll
Example:

CH:Bt + OH ——3 CH:OH + Br
SN2

CHCl + SH ——» CH:SH + Cl
SN2

277



H
2)Primary alkyl halide (1) R— C: —X
H

gl oo sl @a (1°) OV Jelis Ldla

SN, o+ E,
major minor
) A

: kx4 (ter Butoxide (CH;3)3CO) s Y}

E, + SN,
major ‘ minor

Example:

CH:CH:CH:Br + OH —~—3 CH:CH.CH:OH + CH:CH=CH:
1% SN2 major Ez minor

CHCH:CH:Br + O—C(CH,), —~——3 CH:CH=CH: + CH:CH:CH:0— C (CH,),

19 ter butoxide E2 major’ SN2 minor
b
3) Secondary alkyl halide R—C—X
|
H

rela SO6 Lyl aa g

strong Nug y> SN2 4+ E2
*ove? major minor
2% strong base » Ez + SNG
(OH- OR-) raajor minor
weak Nu:z . SNI 4+ Ei
«neutral» major ~ miner
(H,0, ROH, RCO,H)
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1adaade (¥

(Strong Nur') (58 b sl o555 (e) b oo (sF 0l (2°)J) g el e
> g‘ 3 -(Strong base) 48 5218 el e Lelales Wla (OH, OR’) = L
(weak Nu: ) cismcia i sl seb (Jobaia

sdals dBada

e Algiall (g SH 3 32 ala 3l s (alkene) cuSY Lu'J

AN
: JllS C=C
o / N

"’R\@ R H R H @ H @""“‘“

s N / \
c=c/ > c=c/ > c=c/ > Scmc?
K M MW \'R ® N
° o kM @
AN s N 7
> C=c{ > c=c{ > Ne=c”
H iow How  wm

Sl 50 5y <5 e a (Major) sl S el ol sl (S5 vie Y
N i 095 ¢ s (minor) o il
-((major) Asui M . El S B2 0555 Laxie 33a63 03gn Aigd)

Example:

Br OH

l i
CH:CH—CH:CHh ...0_"._> CH:=CHCH:CH: + CH;~—CH==CHCH, + CH:—CHCH:CH;

2% { (IR) (2R)
minor major SN2 minor
| ]
E2major
. o stmug Nu.
U= O -G
2% SNz major E2 minor
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Br OH

[
CH:CHCH:CHs — 2 3 CH,CHCH:CH: + CH:=CHCH:CHs + CH,CH=CHCH:

(20) i J
SN1 major Ei minor

minor W3S Y major lgie (se ags ¥ s

R
I
4) Tertiary alkyl halide (3 ) R—G—X
‘R
weak Nus y SNI o+ E
«neutraly major minor

(H.0, ROH, RCO,H)

3

strong base . B2 + SN

major minor

Y

(OH ,0R)
Example:

o o

| -
CH,— (I: —Br EEI?_%* CH:=C—CH: + CH,—<|: —OCH,
3
CH, CH,

(39 E2 major SN minor
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Example:

o ocH,
! CH, CH,
CH, CH,0H oy, +
L 1

(3% SN imajor B1 minor

rdasi o
e} SN2 J SN1 peen Jelis ¥ (Viny] €= C —X., phenyl (O >—%) 3 2epane

sedlslil sl ot Ao gite g Atald A_tidd

Br CH:.CH)

: H
H CHy + OH Hiy CHr==CHCH:CH: + CHCH ==CHCH: + H CH:
. {tR} minor (2R} major
CH:Cly E: major OH
@) SNz minor
e CH:CHCH:CH:
P
Samali=2

strong base

3

CH:CH —C|H ~CHs + (CH,)JCO‘ e CHz =CH——(1:H_ CH: + CH:CH-.——(’I— CH,
CH CH, CH:
{IR) minor (3R) major
(rl('l) 1 1

E; major

OC(CH,),
+ CHJCH(iH—- CH:
CH:

SN2 minor

281



(’:H,cu, CH.CH; CH:CH;

Br CHLOH, 3 CH: OCH: + CH:O CH:»
CH=CH: CH==CH:
50% (S) 50% (R)
l A
Racemic mixture
SN, major
|
CH:CH: C—CH==CH:
I CHs CH,
+ CH;CH=C—CH=CH1 + CH:.CH:C—CH=CH:
i 1
Ei minor
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Bia iale il 3/6

H H
H,C

SCH3  CH3$ : :
: sciy My :

a)l b) 1 ¢) an equimolar mixture of T and
II
d) It ) None of the above .

‘SN2 92 g Joldil) ayaasy a8 gl

The correct answer is (b).

Consider the substitution reaction that takes place when
(R)-3-chloro-3-methylhexane is treated with water. Which of the
following would be trune?

a) The reaction would take place only with inversion of configuration
at the stereocenter.

b) The reaction would take place only with retention of configuration
at the stereocenter.

¢) The reaction would take place with racemization.

d) No reaction would take place.

055 ol 3 e 5 (SN o Jelidh LS50 of b yad Jolithh Joe 2ie o
dall

The correct answer is (c)
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What would be the major product of the following reaction?

H:C CHs CHJO",CHJOH)I ?
B "By 35°C

HsC \Q{CW HC >O <OCH3 HC CH: H C"C>= cH
A 3 3 [Ta
H* OHs 3} CHs : >
a. b. . d.

The correct.answer is (¢

Which alkyl halide would you expect to react most slowly when
heated in aqueous solution?

a) (CH3;C—F  b)(CHs);C—Cl c¢) (CH3)sC— Br
d) (CH3);C—1 ¢) They would all react at the same rate.

The correct answer is (a).

What would be the major product of the following reaction?

- Me @H CN.
e
H Br 25°C

H CN H Br H H CN Br
I it 111 v

a.l b It c. 1T d.1v e. Equal amounts of 1 and If

The correct answer is (c).
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Which would be the major product of the following reaction?

CHs H (CH2);:CO/(CH3:COH S 9
><>< 550C )

H Cl

CH3>©<0C(CHJ)3 CH3>0<H CHJ><> CHJ\@
H H H OCCH:p |
I I I v

al b. I c. i1 d v e. None of these

The correct answer is (c).

Which nucleophilic substitution reaction would be unlikely to
occur?

a.OH" + CHsCHz — 1 mesmeBe CH3CHz — QH + I
b.I"+ CHsCH2 — H e CH3CH2 — | + H-
¢c. CHa8" + CHs — Br == CH;§ — CHs + Br

d. All of these

The_correct answer is (b).
(Bad leaving group) At § jite 48 gada g 9 A e (b) 8 Y
el 1 &igaa fSa Yy Sl
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Heating tert-butyl chloride with 1.0 m NaOH in a mixture of
water and mythanol would yield mainly?

a) (CH;); COH through an Sy1 reaction.
b) (CHjs); COCH; through an Syl reaction.
¢) (CHj;); COH through an Sy2 reaction.
d) (CHjs); COCHj through an SN2 reaction.

€) CH,==C(CH;), through an E2 reaction.
The correct answer is (e).

Write the structure of the major organic product in the following
reactions. |

Write the name of the mechanism by which the product is formed
(SN1, SN2, E1, E2)

H
CHs Br MNal
acetone
CH:CH»
H
Correct Answer: H CHs SN2
CH:CHs
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Give the major product(s) in each of the following reactions:

H, 8]
KCN
b) Acetone H CN
CHONa
%) C,H,OH. heat
. CH; H t

SN

Lcdiall Jolis dee die (iuSlaie G b (HLX) 0585 o cang .

CH,
s F
CH;—C —ONa -

CH, .

————

d) CH,—C —CH—CH,
P CH,

H Br
CHjy=~ C == OH, heat

CH,

CH,
CHj ~—-é= CH =—CH,

287
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Consider the following reaction:

CH,OH i 5

the products were produced according to the Trespective
mechanism:

SN1, E2

SN2,El

SNI1,E1

E.A.S.

SN2,E2

oap Fe

The correct answer is (c)

complete each of the following reactions, indicate the
stereochemistry where appropriate (show all possible products):

CH: Br CHs H CH CH:
NaCN
= XL X0 -0
H H H CN H H
SN2 major
E2 minor
CH,CH,
- ol CHCH.O ) CHLH,.OH CHi—CH=CH—CH: + CH:=CH— CH:CH:
Heat major minor
| S —
CHs (E2)
CH,CH;
+ CHCHO H
CHs
{SN2) minor
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CH3 CH3 ' OCHCH,

Br Cl'l,Cl'l;Oll OC.H;CH: . M\CHJ
o ’ CH3 CH3 :

1 ]
SN1 major

CH CH, -

CH, CH,
O
El minor

Which of the following reaction types involves formation of a
single T.S.:

a)  Sx2
b) - El
¢ Sl

d) None of a,b or ¢

The correct answer is (a)

CH;CH;O' in E2 eliminations reaction with 2-bromopropane acts
as a:

a) Carbocation b) Nucleophile ¢} Acid

d) Base

The correct answer is (d)

The strongest nuceophile among the following:

a. C;H;SNa
b. C,HsSH
c. H,S

d. C2H5ONB

The correct answer is (a)
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The best solvent for the following reaction is:

/\/Br NaCN /\/CN
—_—Pp
a. Water
b. Hexane
¢. Acetone
d. Ethanol

The correct answer is (c)

(hexane) ! ¢ s 88l 525 (Polar aprotic solvent) & acetone JV ¢

The most reactive sunstrate towards SN1 is:

The correct answer is (c)
(allyl halid) s (c) £.A N
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Complete the following reactions by writing the structure of the
major product(s). indicate the stereochemistry where appropriate.

And give the name of the mechanism between the brackets for the

first five:

N s 2 AN €)
CH, H
‘::H3 Br
CH_SNa
3 —_— .
DMSO H as Inversion (SN,

Br
P L S
CHOH H

will give a pair of

Which of the abeve reactions
diastereomers?.........6....

Calgal o Jual il
- 0795306216
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daglad) 3aa gl
Chapter Seven

Jomiill g Jo-tadll g J gasll
Alcohols, Phenols & Thiols

293
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(Alcohols) Jsasti 1/7

General formula CnH24420
Functional group R -~ OH

Example:
CH;CH>CH:CH.OH Butanol

Nomane clature of alcohols J <! diaus
anol peaiane Ja S QI Agad (il
Example: '

OH Br
1 zl 3 4 5l ]
CH:CH— (IIH——-CHJCH--CHa

CH:
5-bromo-3-methyl-2-hexanol

f (IZHJ (])H
CH;—CH=CH—C—CH:CH—CH.
7 6 3 4 ‘ 3 2 t
CHs
4-lodo-2,4-dimethyl-5-heptene-1-ol

OH

! ;
CHCH—CH—C=CH  3-ethyl-4-pentyne-2-ol

CH:.CH:

CH—CH—CH: (l)H .
éHaéHJCH——-zCH—ICHz 2-bromo-3-iso propyl- 1,4-pentanediol
OH Br
alcohol + (alkyl) JSH pulb o 5 s sl Ay sy JsaS) dyans paleiaiy -
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Example:

1

3

C(CH,),

2

4

k]

OH

Example:

Write structural formul_a for

a) 2-pentanol
c) 3-pentyne-2-ol

OH
1
—_—
H
)
[
L3
]
O >-#< 0>

(terbutyl alcohol)
2-methyl-2-propano} (TUPAC)

(Benzyl alcohol)
1-phenyl-1-methanol (TUPAC)

3-methyl-1-cyclo pentanol

3-ter butyl-2-cyclo butene-1-ol

OR
3-ter butyl-2-Cyclo butenol

© 2,5-cyclo hexadien-1-ol

1,1-diphenyl-1-methanol

b) 2-phenyl ethanol



Solution:

P o
a) CH:CHCH.CH:CH: b) CH:— CH:
OH

|
¢} CH:CH—C=C~CHs

Classification of Alcohols JsaS)l il 7/2

il J5 Al alia g0 83 50 2% (OH) = bl (g0 S8 5 54 Hlaii

1) Primary alcohol (1°) (sl Jsas

i
R—-(E3—-OH '
H

Example:

CH.OH
CH,CH:OH :

2) Secondary alcohol (2°) (.5 Jgas

/I“{
R— (i: —OH
H
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Example:

- OH ?H
CH,CHCH,CH:

3) Tertiary alcohol (3°) il Jgas

Example:

CH: '
. OH (CH,),C—OH

Phenol dJs—ill 3/7

oH
Functional group

Nomane clature of phenol Jsisd!l 41au

. (chapter 4) =i Jll saagll i L o LS lapally
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Example:

OH

m-nitro phenol

NO:

2,4,6-tri bromo phenol

m-hydroxy benzaldehyde
CH
i
O
HO.
p-hydroxy benzoicacid
COH

Example:
Write the structure for:
a) p-ethyl phenol

b) penta chloro phenol
¢) o-hydroxy acetophenone.
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Solution:

OH oH ‘ C—CH,

a cl OH

Cl Cl

CH.CH, Cl

Ja-ieil 5 st a5 j0g Adad N 477

Hydrogen Bonding in alcohols and phenols

dlici o8 AN (H-Bonding) 4, g ddad ; €llici Joiglly Jsasll (o JS o
" peaaiilly G5N1 San 5l Gl a3 Cum e A i) 2 Lialay

R .. + R "R + R
8 8 -8 +5 -8 8 '6 'F"G
No—H + YO0—H === N0—H--0—1

two seperéte alcohol molecules a hydrogen bond

Jsidl s Jsash i "like dissolve like" 4l cady 4l s2eld oy o
"partially miscible" Lu 7 o "completely miscible" L\lS SPL
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Acidity and Basicity Reviewed il § iscaalall L sal e

:m;bﬂuﬁ’@wJMJG'jd'juay;ﬂu:\JwB& a5

1) Bronsted-lowry defination 5.9l g 3 Ly a3

Acid = Proton (H") donor
O s nll mita

" Base= Proton acceptor
05l Jiiana
Example:

'NH, + HO %= NH, + OH
(Base) (acid)

HCl + HO Z=—— ¢l + HO
{acid) {Base)

Amphotric substances:

Substances can act as an acid or as a base
sl S gl (sagaas Jelii o) aulaind o ga (&
Example:

H,0, NH;, CH30H, ......

HA + HO £—s A + HO
(acid)
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Ka=[A"] [H;0"]
[HA]

Ka = acidity constant
=>PKa=-log Ka
Example:

Ka=1x10"
= PKa=-log 1x10 °=5

AUV ma Jatadll Jygetd (P- Function) ) aadius o

KaT =PKal = acidity T

Ka = ant log - PKa

Shift + log = duulall e

Example:

PKa=10 = Ka=antilog-10=10""

~ Example:
The Ka for ethanol is 1.0 x107'¢ what is its PKa?

Solution:

PKa=-log Ka
=-log 1.0x10%= 16
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Example:

The PKa's for Hydrogen cyanide and acetic acid are 9.2 and 4.7
respectively. Which is the stronger acid?

39.2 o (CH;COH) &Nl aeady (HCN) cpa gl anlsad PKa
T paenll 5o Lagia (e M5l e 4.7

Solution:

(PKa = 4.7) Acetic acid ! 585 Jil PKa iy (e

2) Lewis Definition ol s 2l

Acid: substance that can accept an electron pair.

‘;‘bJJEN‘GJJdL?ﬂ“‘C“L""‘”- ¥) '.J‘_,.A‘FA

Base: substance that can donate an electron pair.

.CJL)_,_):\SSY‘ CJJ@A@M&J‘}A@

F F
' y""_-\'\ [X S - l

F ——l? + It — F —l?w F
F F

lewis acid  lewis base

lewisacid  lewis base
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2dd gyl Cip el Canan 1)) o

e 33 ik ) 5 ) lliay Jolaia f Al Diad ooy o o sg3 U8 (1
s 32 el aldai Ll (S, O, P, N (s 6iny 253 sf) iy
.(Lewis Base)
"(Nuz) b sl iy pei gl ”
Example:
cl, F, O ,:NH, , oo

83, ite 1) iy ¥ e Rum g B ooy 0f f om0 (2
a—aaS 4ldei Wil (Fe, AL Be, B (s sia t5 s sf) i s8N (e
.(Lewis acid) _u g
'(E') dha SN et s

Example:
Na’, Mg", AI”, AICl3, FeBrs,....
Example:

Which of the following are lewis acids and which are lewis bases?
Somsl acld oa Lgie (g gl laes ga LS jall 038 3 e

a) (CH3)Cr
b) (CH;):B
¢) Zn*

d) CH,;0CH;
e) (CH3)sC'
f) CH3;NH,
g (CH3):sN
h) H-

i) Mg+2
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Solution:

Lewis acids =b, ¢, &, i
Lewis bases =a, d, f, g, h

The acidity of alcohols and phenols Jsibll 3 Jsag) duada 5/7

acidity of phenol > alcohol

CH

> R—OH

2. Number of electrons with drawing groups
(Activating groups) T = acidity T
aaalall ol 3 ddafiall Cle ganadl dac Aoy LS
Example:

: OH OH :
©>©
NO,

Cl OH Cl ?H Cl OH OH
Ci—C—~CH: > Cl—CI.‘—CHz > H:—c[:—cm > CH;«J:HZ
i H H
no. of deactivating groups T
acidity T
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3. Number of donating electrons groups
(deactivating groups) T = acidity
Ladall el ddadidl cile goaall 22 Mo LS

Example:

Example:

Rank the following five compounds in order of increasing acid

strength, 2-chloro ethanol, p-chloro phenol, p-methyl phenol, ethanol,
phenol?

¢ saeas L&:Uﬁg_xmi,u.mu LS pall o3a o

Solution:
OH 0l OH
H o
> > > CHiCH:0H D> CHiCH:O0H
el CHs

acidity T
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Example:

Arrange the following compounds in order of increasing acidity cyclo
hexanol, phenol, p-nitro phenol 2-chloro cyclo hexanol?

Solution: ‘ .
oH OH oH OH
cl
©>© >0 O
NO:
-*—-—_—
acidityT
Example:
Which of the following is likely to act as a Lewis acid?
a. CH3;CH,NH,
b. CH;3;SCH;
c. BH3; -
d. CH3;CH,OH
e. CH;CH,OCHj3
Solution:
The correct answer is (c)
il g ) (e B3 ke gplg gl cllial ¥ A8 pall 30 oY
Example:
Which of the following organic compounds is the strongest acid?
a. C6H12 pKa=52
b. CHi;CH; pK.=50
c. CH;CHOH pK.=18
d. CH;CO.H pKa=5
e. CF;CO,0H pK.=1
The correct answer is (e)
pKi | @ K, P acidityt
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Example:

A group of acids arranged in order of decreasing acidity is:
HNO, > CH,COOH > CH,0H > H,0 > HC=CH

The strongest conjugate base is:

* NOsy

b. CH3COO

C. C6H50-

d. OH

e. HC=C
Solution:

-The correct answer is (¢)
No, <& cH,co0" & cH,0 L o L HC=C
Basicity T

Example:

Which of the following would be the strongest acid?

(n @—0}{
@ @—CH:OH

® CH:—@ OH
@ o:w-@- OH

Solution:

The correct answer is (4).
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Example:

Arrange the following compounds in order of increasing PKa
values:

OH OH ~ OH . cl
NOz CHs . _OH
CF; g
Cl
NO2

CHs

I i1 m v v

a. ISV b.I>IV>UATIY e IV >V
d. [GH>IV>VEIT e >IV>I>VAIT

Solution:

The correct answer is (b).

fars Ly a5 ) et oY "weak acids' dimaa (beal Jasll &
el ¢y gaal

1) 2R—OH +2Na P 2R—ONa  + H,

sodium alkoxide
Example:

2CHOH +2Na ey 2CHsO N2+ H,

sadium methoxide

2CHSCHZOH+2Na w3 2CHICH:ONE  +  H,

sodium ethoxide

2) 2R—OH +2K ——p 2ROK + H,

potassium alkoxide

Example:

2 CHICHICHIOH+ 2K s 2CHiICH:CHRG K+ H,

potassium propoxide
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3)

R—OH + NaH ey R—GNi + H,

sodium
hydride

el o JoaSll Jolis s

OH : ~“QONat
O — (7™

delity Jnll (M SN Jpal < Jgasill Apumala ol alei LSy
el Y JpaS Liy (NaOH or KOH)

+ NaOH ——> @ + HO

Sodimn
Phenoxide

OH

ROH  + NaOH === no Reaction

Jsakly sl G Sanatll Jelitlh 134 padiyy o
Example:'

Distinguish between P-Nitro phenol and cyclo hexanol?

OH ok
+ KOH — @ + HO
NO, NO,
OH
+ KOH —* no reaction
cyclo hexanol
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Reactions of Alcohols Je—asl <N _clis 6/7

1. dehydration of alcohols to alkenes:

il M Lt gal Jsasl] cpa plalf 4313

H,S50, 05 «58 e

tein 138 5 (Bq) cones Jolidlh 13 Coay o

2 RN SR
'R—(lj~0H > R——C".—-—O’H > H—CI-OH'
R H H
3‘7 20 10

—

Dehydration ReactionT

Example:
CHCOHCHOH 50  CHCH=CH: + H
’ A
OH
CH:CHCH:CH: 2509  Cih= CHCH:CHs + CH.CH=CHCH;
- A (IR) (R)
minor major
CH: Cth CHe
H,S50, . o
(reee= (7" (O
(3R} (ZR)
major minor
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Example:
Write the structure for all possible dehydration products of :
tolall A3 (pe Lgarltil €aall Sl S IS st

A. 3-methyl-3-pentanol
B. 1-methyl cyclohexanol

Solution:
CH: CH: CH:
a) CH:CH:—C—CHCH: _H8% CH.CH=C—CH:CH: + CH;CH:C—CH:CH;
: OH (3R) major (2R) - minor
CH» 150 CHa CH
(3R) (2R)
major minor
Example:

Which alcohol would be most easily dehydrated?

\C'HJ CHa (I:H: ' CH:0H
CHJCH:C'ECH: CHz CHJCHZCH(llHCHJ CH:CH:2CHCH:CH20H CHyCH:CHCH2CH3
OH OH
a b. c d
Solution:

The correct answer is (a).
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Example:

Which one of the follbwing alcohols would dehydrate most rapidly
when treated with H;SQ,4?

OH CHs
] . CH:CH — CHCH:
HiC — C— CHCH? CH:CCH2CH20H ] ] CIBCH: CHRCH:0H
[ CH» OH
WmC O CHs
a. b, C. d.

3° 520 >1° < (Bl)ass Jolid oY #
Solution:

The correct answer is (a).

2. the reaction of alcohol with halides:

Cr A il g J gaslt ol

v

R—OH + H>X —> R~X + HO

A
3° alcohol > 2° > 1° > methyl

4—-—-—-—1
Rate of Ran
(‘ZH: (!’,‘Hz
C'[-Ia—-(tj-—-OH + HBt —ty, CEI:——(lj~Br + B0
CH: CH:
(3% :
(IJH Br
CH:«CHCHs + HBr -2y CHCHCH: + HO
(2°)
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ook Jelidl ¢y (HX) = (2,1 and methyl alcohol) Jelis 3 %
Jelith Aoy sal ) (catalyst) Jina adddad SUy

' (Catalysis) < jiaall g
(OH) %« (Cl) 4L PCl3, PCl5,ZnCly, SOCL " -1
(-OH) /%a (-Br) 4iLsY PBrs, PBry .2
3_uilse (HX) paaiius Wili (3° alcohol) It L

Example:
OH Cl
SoCl:
OQ.
20
CH:CH:CH:OH <223 CH.CH:CH:Br
10
CHs CHs
OH —2iy Br
30
Example:

Write balanced equations for the preparation of the following alkyl
halides from the correspondence alcohol?

¢ sl oy Al LS cihadla jpaath A g ) e Alolas i)

\ r
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Solution:

1(1

b) on 0%k, Q-m
> |

o QCH_., HBr QCH,
= oH Br

Example:

The product from the addition of HBr to (R)-3-buten-2-ol will be:

a) A 50:50 mixture of enanteomers.

b) A mixture of enanteomers formed in unequal amounts.
¢) A mixture of diastereomers formed in unequal amounts.
d) A meso compound.

Solution:

The correct answer is (c).

Example:

The most reactive hydrogen halide in the following reaction is:

li>< b HX (X=CLBr]) meed E>< + HO
_ Ol X

ayHcl b) HBr
c) HI d) The three halides have the same reactivity
Solution:

The correct answer is (d).

il ¢ 5 o aaied Wy SN = Jelial 480lSa Y &
:4B5aMa

Os—S Lis gsaeliy e Jelis (HX 3 HpSO4 ) oo (phenol) Jsudll Jelisy
IS pa T 30 3 RIS uly 32l J il
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Example:

+

OH OH,

@ + HBr 3 @ + Br
(acid)

(Base)

OH OH,
+HS0, e +  HSO,
(acid)

(Base)

3. Oxidation of alcohols to aldeydes, ketones and carboxylic
acids:

(S s S Qs g () g5 g Sladll I J sl Bacs)

[0] [O]
1) 1° alcohol _—’. aldehyde _>i carboxylic acid

[R] R
o o [R]
! I - .
R—(IJ——H R—C—H R—C—OH
H

[O] = oxidation (a.Sb)
[R] = reduction (Ji_jal)

2) [0]
2° alcohol e ketONE

(R]
H 0

i .

-—R R—C—R
o [O] :

3) 3° alcohol  mewmaym No Reaction

316



tot ool a3 8 leleaii g Jll (OXidizing agents) sauS5all Jal gell

1. K;CryO7 (potassium di chromot)
2. KMNOy (potassium permanganate)
3. John's reagent (Cr03/H+, acetone)
4. PCC (Pyridinium chlorochromate)

@——H Cr0, CI

K2Cr07, ) sauSsall ol ol 238 J-< ld (1° alcohol) — Auailly
carboxylic ) LS s S e I 45a3 (KMNOy, John's reagent
o .(aldeyde) slaall A algsy 4lld (PCC) taela 3 8l (acid

Jeanll iy 2 8 32008 3l o galt aaen 8 (2°  alcohol) - Auailly W
-(Ketone) osiS M aligai say

Example:
O
John's e I
CH:CH,CH:OH v CH; CH2COH
Reagent

1()

OH K.CrO 0
LCrQ,
——-—*
20 .

O

10 .
OH (")
CH:CHCH:CHy 2583 CH:CCH:CHy
20
ﬁ?
CrO.
@_ CH,CH:.CHCH, W @__CH,CH:CCI:L
Unhns regernd)
20
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Alcohols with more than one Hydroxy! group

(—OH) JuS 538 Ao gana o i8I ellici Jgaf

Cll-lz — CIH:
OH OH
ethylene glycol

(1,2-ethanediol)

CH:OH
(le OH
CH.OH

glyceral

(lle —-(lfH—Cin CIH; —L;,H—(]TH—-C!H—C’I-I—CIHz
OH OH OH OH OH OH OH OH OH
glycerol (glycerine) sorbitol
(1,2,3-propanetriol) (1,2,3,4,5,6-hexanhexaol)

+ 3 HONO, Hv.S_O;._> ?H:ONOZ + 3H,0
: CHONO,
CH:ONO,

glyceryl trinitrate
(nitroglycerine)

nitric acid
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Aromatic substitution in Phenol:

<l Lgia g Aila g Y1 i€ jall Do lis dag Jll san gl (A Line e a3

Example:
OH -€—— activaiing group ( —O, —P)
OH ' OH OH
HNO, NO, .
H;S0, i
NO,
—0 —P
OH OH OH
CH,Cl CH,
AICY, > +
cH,
OH OH
B
Br, a Br g
H,O R
}
4-/'/ Br

Ofaa Jl eLal dgas Br, sy
By S o (o
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Oxidation of Phenol ¢ g—isdll 308} 7/7

i Na,Cr,0,
————?—
H,80,,30 ¢
OH 0 _

hydroquinone 1,4-benzoquinone

Thiols:
{(=S8) — (=0) Jatiuly o<1 J sl AlalaaS Jalay o

General formula CnHpnigyS
Functional group R—SH

Example:
CH;CH,SH ethonal thiol

Jgaih @m‘Nomane cloture of Thiols

(alkane) (LSN aud aiai (TUPAC) dpenill dgallall 4y jlall cunn .1

.thiol — 4=y

.mercaptan — 4« g {alkyl) JSW ol ami 4 .2

320



Example:

I'CH-‘ 2-methyl-2-propane thiol (IUPAC)
CH—C— SH OR terbuty! mercaptan
CHs

1-phenyl-1-methane thio! (JUPAC)

@.—C}'L— SH OR Benzy]l mercaptan

SH
Thio phenol
‘SH .
lCl'lsZCH(leH,—-éH: 3-bromo-2-butane thiol
Br
SH 2-propane thiol (IUPAC)
CH; —CH—CHs OR iso propyl mercaptan
SH) | o e,
aUAA) Lo cus JuSIYY challa o 'N'i'l_i dc\éng-d_,;\ﬂt Jpaady aghl %
.(CH6) Aol sas gl
v - SN, . -
R—X + HS ——-* R—8H + X
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CH:CHCH:Br + SH SNy CHCHCHSH + B

cl SH
+ sH Shzy, + of

onkl Lgte el Jodlh Apndda 1S5
SH OH

> R—SH > > R—OH

g

acidity |

:gnﬂ\ delall s (aCId) gaenS Jotill Jeliny o

R—SH + NaOH s R—§ Na + HO

Example:

CH:CH:SH + NaOH ey CH.CH:S Na  + H,O

§ K
+ KOH e @ + H0

322
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(RS),Hg (mercaptide) o2 <8 » Laiia (HgCl) ae Jsaill Joliy o3
Adatly iy (A Al Jual g2

2 CH:CH:SH  + HgCl, e (CH:CH:S),Hg + 2HCI

SH

| g
2 @ + HgCl, %(@) Hg + 2HCI
) |

Oxidation of thiols J sl Samusi 8/7

[0]
QLY ——b _—
2 R—SH ” — RS —SR

O
2 CH:SH --[-—l)* CH:S—SCH;s
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saa gl Jde A ale 41 9/7

Show how you can prepare each of the following compounds from
the indicated starting material, using any needed reagents:

CH3;CH:2CH20H from CH3(|3HCH3

OH
The answer is:
H2804 P 1)BH3
CH;CHCH; —— g CH;CH =CH2 2 CH:
3 i A R0 O CHJC[L(IIH-
OH OH

The compound which dees not react with dil. NaOH is:
SH OH SH OH CH:
a) : b) <) d) ¢)
The correct answer is (b).

Which one of the following reactions is a one-step reaction?

a) The dehydration of tertiary butyl alcohol.

b) The nucleophilic substitution of tertiary butyl chloride.

¢) The dehydrohalogenation of 2-chlorobutane using a strong
base.

d) The formation of 1-chlorobutane by the reaction of 1-butanol
with SOCl,.

The correct answer is (¢).
(B2) 485080 Giany Jelish oY
SN; s Ep 058 (R-OH) Jsaslly (3hety Jolis (gl dala Laadla o

324



Both cyclohexanot and phenol react similarly with:
Bry/FeBrs

PBI‘3

SOCl,

Sodium hydride

Jones' reagent

a0 o

The correct answer is (d

Which of the following alcohols react most rapidly with HBr?
(N CHsCHz}(rI{CHs
on
CHs
@ Cmécm
on

3) CH;CH:CH2CH20H

(49)  CH:CHCH:OH
I
CHs

The correct answer is (2).
SN A Ua Joliah isu oY (*
3°>2° >1° > methyl

Show, by equations, how each of the following can be synthesized
from the indicated starting materials, you can use any organic an
inorganic needed reagents.

1) Qcmcmcw OH  rmom QCH:OH
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The answer is:

O >—caon LBy O >—cHe + NiCm=CH ——
@CH:CH= CH: 4—5—-- @—CH:CECH<——
Lindlar ‘

1) BH, @—CH:CH:CH:OH
2) Hzor s Ol-I-

2) @' OCH: ‘@ From two suitsble hydroxy compounds

The answer is:

@OH +  NaOH ~——3 @—d Na

@—CH,OH NG @—Cﬂ,ar
@—o' Na -+ Br—CH,—@ -—>@—0—CH,—@

Draw the structure of the major organic product in each of the
following reactions. Indicaten the stereochemistry of the

product(s) where appropriate.

AN Hso, Ay

OH A
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Draw an optically active alcohol with the formula C;H;¢O that
resist oxidation with Jones reagent.

(I)H
CH:&CHz-—('j —CH,CH:CH:

)

CHs

Complete each of the following reactions, indicate the
stereochemistry where appropriate (show all pessible products):

0
O ero,
1,50, P
HO 3

Draw the structure of a resonance structure of

o HY)

02
. ~ ) :(')
<> /e
\

\
s se S

(4 resonance structures) Cuihall JISaf day f Ll 205y
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Which of the following will react with sodium hydroxide?

a CHCHCH—OH b CO c. @ d. CH,CH,CH— SH

The correct answer is (d)
The strongest acid is:
OH OH OH OH
Q0 Q0
CH3 Ci NO s
The correct answei' is (d)

Complete the following reactions:

Ch; COOOH _CH OHIH
0O
l[’/

o)
Il

5 " CH,OH Q/C"H Jone's Reagent QC" OH
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CH,OH CH,GI : " CHGN
2
i:ii7/. socx I

OCH;

-SNat
O’ + CHOH

NaOQH

‘ @
Q/ “oHoNa >
&2

Draw the structure of E-4-chlore-2,3-dimethyl-2-buten-1-ol

Solution:
H CH:CI
C N ;
/}3==(L\
HOCH; ChH;
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How many pessible products will be produced upon dehydration
of 1-ethyl-1-cyclopentanol?

a.3 b.4 c.lr
d.5 e 2

The correct answer is (e)

AU Jeldil 9%y

CH.CHs ' “H, CHy :
? H:SO_' CH:CH C” - Clh
OH 4_.__-) +

major minor

Joliill 13a (B Jd cadld oSy
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4 1aldl s gl
Chapter Eight

ARl e AN g A
Ethers & Epoxides
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(Ethers) AN 1/8

General formula C, Hpwa) O J sl agbia

Functional group R— O —R

Example:

CH:— O —CHs di methyl ether

(Nomane clature of ethers) i) dioud

A lagd il caun umnS Y Jlas cnar o SN a0

T Y
CH:— O—CH:CH: ethyl methyl ether
CHs—CH— O0—CH=Clh iso propy! vinyl ether
CH:

ChHs

@_ Ow(li —CHa ter butyl pheny] ether
|
CHs

CH:=CH—CH.—0—CH: allyl methyl ether

@_ o __@ di phenyl ether

i Ll BV e gane 2af Bpand (b Tygria dlllia il 1Y L
.(alkoxy group) aul lede Gikigg & (<OR ) el (Gl
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—OCH:
— OCH:CH: = ethoxy

—0 _@ = phenoxy
RIS

= methoxy

Example:
OCHs Br

i l .
(':Hs —CH— gl-lz (43H-— CSIH 4-bromo-2-methoxy pentane

4

5 @ 3 (cis) 2-methoxy-1-cyclopentanol

OH OCH»
; H
4<:><C ! I-ethoxy-1-methyl cyclo hexane
NOCHCH :
3 2
CHCH: I .
CH:CH—CH==CH-—CH~—CHj3 2-ethoxy-5-lodo-3-hexene
| S 3 4 5 §
Example:

Write the.structural formula for:

a) di cyclo propyl ether
b) 2-methoxy octane

Solution:

(I)cm
a) D- 0 —q b) CHHCHCH; CH:CH: CH:CH.CH:
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Example:

The correct IUPAC name of the following compound is:

OCHs
OH
F
a) Z-2-methoxy-5-pentenol b) E-4-methoxy-2-pentenol
¢) Z-2-methoxy-3-penten-2-ol d) Z-4-methoxy-2-penten-1-ol

e) E-4-methoxy-2-penten-1-ol

Solution:
The correct answer is (¢).

(Physical Properties of Ethers) &b il < S5 lobeal)

R—O—R (Dipol-Dipol inter action)' cakadl) A8 5

JssSiy 43 i (low B.P) duaddia gl cila o ol ol o

s 5% (low molecular weight) O s o) dbia A iy <
bty deae e 5@l W) o (miscible with alcohols) J s

Aema b g 0

LI Cus o (e OH) 4e sane Adlra {— OR) 4o gasa Jabi o
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z\_a'jlﬂ\ Ay guiant) S jall g bl & Jgtaa 2/8
(The Grignard reagent, an organo metallic compounds)

sy 2 Js—taal (good solvent) ciubic Cud oS Sl Jasing <

(Grignard reagent)
- 5 *
R—X + Mg —ber o R_Mox

A Aad e SIS Ao gane (A 09 S 5 3 Jysaty Lid Jolinh 13gy
U8 Al A5 A 178 L e

Example: .
CH:—Br + Mg -2y CH:—MgBr

OO+ s st (O vt

Y el g Br ol o Al 1 S 5 s Jelinlh 131 4 <
o &
AL 5l ae Aad I S el

AN el Cusa Jpakl o oLt pa 3l e Jslas Jeliy

N

5 8 5 '8 - .
R—Mgx + H—OH —3» R—H + Mg (OH)X

\_,/ alkane

5 5 5 8 12 ..
R—MgX + H—OR —3» R—H + Mg (OR)X

\/ alkane

.(alkyl halides) LS afla e (alkane) S jaasy Ludd 3

R—X g R—MgX —22 3 R—H

ether
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Example:

CH:CH: —Br -—“f-er-» CH:CH,—MgBr ~22 3 CH:CH:

l!ME!elher!
2)H;,0
Br D
1} Mg/ether
sk

D = Deterium pa g el ol say
Olelilly g el dlalaa Jalagy

Ci

= D,0=H,0

&

ol 03 5 gl o juinad Ayl o8 238 (0556 (D) (gsias S e ol Sy

% o
CH;CHCH; + Mg tbery, CHRCHCH: + HOCH: w3 CH:CH:CH:
Example:

Is it possible to prepare a Grignard reagent from HOCH,CH,CH,Br
and magnesium? '

g—s HOCH,CHyCHBr S 5l Vs Jelis (e 35l 8 dslae jpunnd (Sea da

Solution:

( —MgBr) g\ (& — Br ge o ssuinadl Jelis dis 4Y (Impossible) oSas Y
Al o ylay 3 s gal JgaSH e Joliy

YN

' , Mg, B8 S 8 L
- HOCH:CH:CH: Bt ~—£3 H—-OCH.CH:CH:—MgBr —3 BiMgGCH:CH:CH:

N
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Example:

Is it possible or impossible to prepare a grignard reagent from
CH3OCH2CH2CH2BI'?

€ el 1 (e 3l 2 Jetae uimnd - Sae il Saall e Ja
CH;0CH,CH,CH,Br?

Solution
A pe Jeliny Y (= MgX ) b 2 Jslae oY (possible) (S

CHyOCH:CH:CH:Br —£3 CH;OCH:CH:CH:—Mg Br

Example:

Example:

Show how to prepare CH;CHDCH; from CH:=CHCH: ?

Solution
Br D

| |
CH:CH==CH: + H—Br =——3» CH;CHCH: % CH:CHCH;

.

Example

Show how to prepare CH3;CHDCHj from (CH;3),CHOH?
Solution

OH Br 1|)
l

CHCH—CHs —Clig. CHyCH—CH DMy g CH,CHCH
20
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{Organo Lithium Compounds) i ssal) a eiiltl clS 14 3/8

ke delil yuS aal 4biie JSY cilalla aa (Li) ol Jelis
R—X + Li =29 R—Li + X

Example:

CH:CH:Br + Li =93 CELCH:—Li ~22%3. CH:CH;

Cl
]) Li/ether
50>

(Preparation of Ethers) ¢ o) jsdasd

1) R—-'-OH + HA—OR&, R—O—R + HO

Example: ' _
CHsCH:OH + HOCH:CH: ¥50% CH,CH:0CHCH: + H0

symmetrlcal ether' Jlaia iy ).u.aa.\l FLPTIOPR _).L.j\ SRR
Lo lo g puby Jelild 13 i S ()50 a5 g oty ol
ddia pe g

HﬁqO4
g

CH:OH + HOCH.CH: gfe=x CH;—O—CH:CH:

: T, OCH
g2 st e e Tyl gl i + ot 3
(Pi Products) + CH:CH:OCH:CHs
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(CH;OCH,CH3) jsaal ploai o & bl o3 ) Ly

2) Williamson Synthesis:

R—O Ni + R—x &2y R_0—R + NaX

methyl halide> 1°> 2™ 30
b e Ailele ST 35 0l on g o
Example:

CH:OH £B5y. CH,Br
methyl

CH:CHOH + Na ——3» CH:CHO Na

CH:CH:0' Na + CHBr ——3» CH;CILOCH;
one product only
Lﬁh‘_’éu

53) UV A caalia JSIVE ala eas Ll ((SN) dJetial) of Layy <
& ol Jelil aad (H Sl albia 3l (5 <0

0455k 2255 CH3CH;0CH(CH)y jsiaadl e

l) CH;CH,Br + "Na"0 CH(CHj3), —_—)
- (19
2) CH;CH,O Na* + Br— CH(CHz), -
. 2°)
(1°) gy Jelid 1a & BV alla o g pf 4y I delial las s
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Example:

Write an equation for the synthesis of CH3 — O — CH,CHj using the
Williamson method.

.Williamson 28 )k caus CH30CH2CHj pasal 4 DU Zlsleall i
Solution:

CH:Br + Na O—CH:CH; =3 CH:i— O—CH:CH;
methy]

W Swag o
(Phenyl halide @—-X and Vinyl halide _(l:=(|3_x)

23 gy aallgll Jagi 5 of e sam lid 3 (SN2 or SNi) . Jelisi ¥

.Williamson 48 jlay jifY) sl sie Cle gaadl
Example:

Jelil 13a s of cund @—0-—?1—41-{‘ s

“""1
(O-ox + i

‘ - CHs
ol 1a aly
@—Br + NiO—CH CHi —3&
(l:Hz
oS358,

CH, —CH—OH By CH,—CH—Br

CHa CHs
50
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Example:

Write equation for the synthesis of the following ethers by the
Williamson method.

2) @—o-—cm b) (CH)C— O— CHs

Solution:

b) (CHpC—ONA  + Br—CH e

Ethers can't be synthesis by Williamson method
Williamson a3 jh cus a_juoad sl ¥ iy

1) o-@ di pheny! ether

2) CH:=CH—O—CH==CH: di viny! ether

3) @" O—CH=CH: phenyl viny! ether
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Example:

The ether which cannot be synthesized by the Williamson method
is:

a) Dimethyl ether

b) Tert-butyl methyl ether

c) Methyl phenyl ether

d) Benzyl phenyl ether

e) Diphenyl ether

Solution:

The correct answer is (e).

Example:

synthesize (CH)WC—O—CHs from the correspoding aleohol and alkyl halide

(CH$C—OH + Na, =—==3 (CHHC—O Na*

(CH)C—O Na* + Br—CH: —223p (CH:,C—O—CH: + NaBr

Reactions of Ethers < AN ed_slis 4/8

85478 R .
R—G—R + A—B ~——9 R—B +A0—R
<

Daaill 13 e ale S el A Jelis

C
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1) Addition of HX:

N

858 s 8 , .
R+0—R + H—X ~—>» R—X + HOR -4y R—X +R—X

AN

Ailzadl HX Y ga ol sliil) cony o

g, i a3 sS850 B X B HX e Jga 1 Al dla @
(comsrue) i g 20 )

Example:

CHs—O—CH:CHs + HBr —— CHi—Br + HOCH.CH:

CHi—Q—CH:CH: + 2HBr sewy CH:Br + BrCH:CH:

CH;CH:—O—CH(CHs): + HI =—p CH:CH:—1 + HOCH(CH:)

(Vinyl c—c— ) 3 J (O D~ ) dails s (X) =) oS Y %

OCHQCHa HBr o @—OH + Br CH,CH,

Example:
The compound which does not react wigg %oncentmted HBr is:
Ol
o !
) OO OO
O N
a). ~b) c) d)

Solution:

The correct answer is (d).
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Example:

Give the structure of the main organic product(s) of the following
reactions:

@_ OCH, HBr(excess) 3

heat

Answer: @— OH + Br—CHs

2) addition of water (Hydration)

TN

to
b b

s 18 ) .
R+0—R + H—OH == R—OH +HOR

G i) niaadl slieaddal (g3 Jdelidh Se oa Jelinl i Cj By o
“oaaladyl sy of Jelill (Ko o) 3V gm s

(fsaa) slall ddlie

Example:
CH;— O—CH:.CH —22> CHOH + HOCH:.CH:
11,50,
@—0— CH(CH): e=ie> OH + HOCH(CH:)
H,S0y4

Epoxides (Oxiranes) i—ilal) <l 5N 5/8

CHe—CH:  (Oxirane) g <4 41 oda (e g 5 -
O
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Nomane clature of oxiranes

-(B.Z) & (cis,trans) Jae e 550 4% 4ila (Oxirane) Y of Loy

S Y 50 e il Tag Ly

H, s ~CH:LCH:
/ 3 2 -
(C\T/C\ (trans) 2-ethyl-3-methyl oxirane
CHy O H
H// \\H
/7, 3 2 ) . M .
C— (cis) 2,3-dimethyl oxirane
7\

Example: o
AT
The TUPAC name of 0

is:
a) Trans-1-methyl-2-ethyloxirane

b) 1-ethyl-2-methyloxirane

¢) Trans-1-ethyl-2- methyloxirane

d) Trans-2-ethyl-3-methy! ether

¢) Trans-2-ethyl-3- methyloxirane

Solution:

The correct answer is (e).
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Oxirane = jemeiian
Preparation of Oxirane

1. Oxidation by air 5 s Adaud g 50esY)

\C —C S N 02 Silve: Catalyst \ € — C/
s N 256C ,pr*essm‘c‘,E SN SN
O

oV hnt Ll sl Leaniliud ¥ 5 daelina 43 phll oda (4S5, o

.(Drastic conditions) A iy k

2. Oxidation by organic peroxy acids:

O
N y I N\ s i
C=C R—C ~0—0~—H rseFe C—C 4 R —OF
ST P . PANWAN H
organic peroxy acids Is)

1ABada

——r

{corganic peroxy acids) o (5.gias g3 salal JS 8 aa gl Jelill g 13a

Example:

@Eoon

0]
@ =

347



Example:

The reagent which would accomplish the

O~

transformation is:

a) NaOH

b) CH3CO;H
C) H,0, H
d) CH;MgBr
e) CH;COOH

Solution: ‘

The correct answer is (b),

following

Reactions of Epoxides s—bus sut¥l <d_olil 6/8

e (addition reactions) ddlua) cNlolin Al st CBlelin o6
1 Jult

/’\‘ B
", 578 P
5< + A—B =——3p —C—C—

N
C—C
/ N\ P
% OA
anti addition

1. Addition of water (Hyrolysis) () sl 4éLal

trans diol

. .
g %

gl

:aiada

Sy (trans idol) umad ADIA (e g g3 a3kl JS i ya gl Jolisl 1
A sas 51 & (KMNOg) g S8 Jelis b (cis ido]) pasiy Liad Ll
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- Example:

CH;—CH—CH, _HOQ CH,CH—CH,
TNy TwE Y L =

OH OH
Example:
OH H
trans
Example:

Prepare (trans) 1,2-cyclo pentanediol from cyclopentene?

Solution:

2. Addition of Grignard reagent 3L & Jslaa Aild)

(transj

N 8/ 5 8 L 1
Cc—C + R—MgX mowcclpe  —C — C— U___.>-.C_C_

Fav’ N I | \\dl’DlySls) I

1) CH;CH,MgBr

HO CH, CH,CH,CH,
N/ 2) H20
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3. Addition of organo lithium compounds: a sl il s 4Ll
' Ay gulaal}

AL Jelis g

o Y L wo L
C—C + R—=Li =g —C —C— et —(C — C—
AN A o [
0 OLi R OH
‘S
CH:— CH T L HOCH:CH: CH,
N _/ 2)H20
0
e 0O
0
CH:—CH: A, HOCH:.CH:—CH=CH:
\ o / 2)H20

4. Addition of alcohols (alcoholysis) Jsas! dila

S/ - IY | |

Cc— + H—OR =———m——yp —C —C—

.
VAN AN | I
Q OH
anti addition
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Baagl o dale LU 7/8

The compound with the highest boiling point is:

/\/\ /\\/\
2 HO OH b. OH

NN oH P N
¢ HO d. HO

The correct answer is (c)

G S a3 Sl (OH) rie 3024 g gy AT

Give the name for each of the following structures, assign the
configuration as Z, E, R or S where needed:

SH
a. )\/\/\ (R) 4-heptanthiol

b. N (E) 2-Bromo-3-methyl-2-hexene
ar” Y e e L
o}
6. [/__ N\ .mH (R) 2-methyl oxirane
o
OMe

¢ ©/ i ___©o-methoxy phenol
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Show how you can synthesize each of the following, starting from
cyclopentanol and bromoethane.

OH

Solution:

CH.OHBr + Mg —=l ), GH CH MgBr

OH
_H.SO,
GH ccou
OH
e @
-t GH,CH MgBr * o

O
7
Solution:

OH JONa’
AR G

‘ONa’ 0
Q/ + CH3CH231‘ ! Q/ W
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"‘ E-: ﬁ‘
Chapter Nine

Aldehydes & Ketone

355



356



Nomane clature of aldehvde

l?r CH: ?
CH: CH—CH—CH. C—H
$03 3 I

(ﬂ) (i:H.\ OH
H—C— CH:C— CH:.CH--CH,
AR LI g

CHs
| ?
CH; ==C—~—CH; CH— CH:.CH.C—H
7 [ 3 4 3 2 ¥
CIb

? CH.\(|:H CHs
H—G— GHbGH—GH/C=CH

(al) — (0l) S S S e i

4-bromo-3-methyl-1-pentanal

gl e — OH Jaas

5-hydroxy-3,3-di methyl-i-hexanal hydroxy = e g )i

6-lodo-d-methyl-6-heptene-f-al
OR 6-lodo-4-methyl-6-heptenal

3-iso propyl-5-hexyne-L-al

3-bromo-1-cyclo pentane carbaldehyde

o= @ Al s Adal xS s S B0 asa Gle Jud (carbaldahyde) <
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3-hydroxy-I~cyclohexane carbaldehyde

Benzaldehyde
CHO
m-methy! benzaldehyde
CHs
CHO
H
n-hydroxy benzaldshyde
O
§ methanal (UPAC)
H~~C~H (Formaldehyde) (common name)
hall gt
%’ ethanal (IUPAC)
CH:C—H (Acetaldehyde) (common name)
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Nomane Clature of Ketones < sl 4_sans 1/9

PSR it T AN
o)
I
T o . 4 - X
Cayisd o /\dyﬁﬂ\meijé:M\www A
(A Apenitl ailiia) (Ketone) 48

Example:

]
CH;—C—CH:CH:
ethyl methy! ketone

0O

I
(O —C—cH—cn;
CHs
iso propyl phenyl ketone

oo

S pall e dgane 3o o srasna el e g il 18 055, 4

(one) — (o) i ge Jpah Aa 3 LS pausi .2

N Y
el
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(ﬁ) CHs
CH:CH: Q—CH-— C—CH;
T3 ¢ 5] ¢

1 CHs
(];I’ OH 1'31'
CH:C -—CH——(I,‘H.—-CH-— CH.CH:
I 2 3 4 5 [ r
C(CH;)3
CH: 8]

| ]
CHy=C—CH,C—CH:CH;
6 5 4 3 2 1

4-Todo-5,5-di methyl-3-hexanone

5-bromo-3-ter butyl-4-hydroxy-2-heptanone

5-methyl-5-hexene-3-one

3-ethyl-5-heptyne-2-one

3-flouro-1-cyclo hexanone

Adlal @i aafl e (Functional group) dsish ) de geaall aga g Jaadls

Example:

0
I
C—CHs

fole

methyl phenyl ketone

(OR) 1-phenyl-l-ethanone (IUPAC)
(acetophenone) Common name
di phenyl ketone

(OR) 1,1-diphenyl methanone  (JUPAC)
{Benzophenone) Common name

360



Example:
Write a structure for:
a) Pentanal
b) m-bromo benzaldehyde
¢) 2-pentanone
d) Iso propyl methyl ketone

e) Cyclo hexane carbaldehyde
f) 3-pentyne-2-one

Solution:

i
a) CH:CH:CH:CH:C—H

|
¢) CH:CH:CH: C—CH:

0
|

C—H
£) O/

Example:
Write a correct name for:

a) (CH:).CHCH.CH=0

361

CHO
b)
Br
? _
d) CHv.(IZH—— C—CH:
CH;

i
f) CHC—C=C—CH;

b) CH:CH=CHCH=0

0
i
d) CH,(CH:),CCH:CH,



Solution:

a) 3-methyl-1-butanal
b) 2-butene-1-al

¢) Cyclo butanone
d) 3-heptanone

il Sl g Clamgla Y jiiaas 2/9
Synthesis of Aldehydes and Ketones

1. Oxidation of Alcohols:
(reactions of alcohols) Jsash =dleli A Wb e e

1) 1° alcohol _P_C_C_>, aldehyde

1) 2° alcohol __L2J+ ketone
ddle (gl ga
M8 s
Example:

7
CHOH . CH
@/ PCC 3 @/

1° aldehyde

O o 3 °
ohne’s
Reagent

20 - ketone

OH 0
cmcncmcmlcm CC CH:CH—CI-LCH;(!——H
(I:H.: ém
1° aldehyde
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2. Fridel-craft Acylation:
A 53 glly Gislas i e

0O
dr
@ + C—C—Rr 2y
Example;
i
0
@ [ AlCK C—CH,
+ Cl—C—CH, 25dy.
0

Q
- {9 =0y 2 (0)H0)

3. Hydration of Alkynes: Lt 5

KR e iy 2N saa gl Lne

' ™ Dl
Hg®
H, H20 '
enol I
unstable
Example:
7
CH,CH:C=CH -r"%-(-)—» CH:CH:C—CEh
T
‘u’ %
CH:CH:C=C—CHs -1‘-:%2‘5» CHCH:CCH:CH:  +  CH:CH:CH: CCH
T o
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Example:

What alkyne would be useful for the synthesis of 2-heptanone?
£2-heptanone uaai o3k g3 oY) sale
Solution:

y +2 “
CH:CH.CH:CH:CH.C=CH ﬁ? CH:CH:CH:CH:CH.CCH»
» 2

2l Gy el oy AN Jd e CHGCHCHRCH.C=CCH: Wl
A LR

0 Q
e

| |
CHCH:CH.CH:C=CCH; == CHICH:CH:CHECCH:CH + CHCH:CH:CH:CH:CCHy
» b2

The carbonyl group J—sis Sl Lo saaa 3/9

08
|

C.*s SP2 —- trigonal planar
N relasa Ciia
Dipol-Dipol interaction
el 40035 (5 8
Dipol — dipol <o hill &_g\% 55 8 il 8l 5 cdatasil e JS @i
Ol—& 33 33 e J8 (boiling point ) letle da o ()5S SUN interaction
.Jgasll

colally Jsasl ae Aot g ddad ) dae diige SH Ao gene ppbaiud o

J
e

5 -5 5 -5 H
i S— H—07
Ve

0]
i

.slaly  (acetone CHICCH, ) (y5ina¥t (o sd yudy 13 g
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CH, H
S S— H—0"
CH{

080 e ganal il Al 4/9
Nucleophilic addition to carbonyl group

0-5/\ OH
Ly o oy
s+ -— Nu —(C—

R i
\__// Nu

:L,Fh} elelss 3ae d&h:\“ 1aa i EJJ'."-U o
1. Addition of alcohols: formation of hemi acetals and

acetals.
sy Qs dpd 0583t Jpasl) il

P
(n)a ™~ (l)H oR
¥ -'5 ”
R—CZH + H—OR <o R—?-—H + H—OR _H . R—C—H
OR Ok

(hemi acetal) (acetal)
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4l (R—OH) Jeaslll oY g 22al aL.C\i}" A o
Example:

7 o
4
CH:CH:C—H + H—OCH L CH:CH;(‘?—H

cucH.C—H L% cyepc—H
H
OCH:
Example:
0 _ OCH,CH:
@C—H + 2H~— OCH:CH: =2en @clt—-l{
OCH:CHs
Example:
OH

Write an equation for the reaction of the hemi acetal CH‘(%H—— OCH:CH.
With excess ethanol and H'.

Solution:

OH OCH:CH:
+
CH:CH— OCH:CH:  + H— OCH:CH: e—==> CH:CH— OCH:CH,

_ acetal

.~ H-OCH: \ __~OCH:
Se=gT T | — e
/ - _H—OCH: “NOCH:

ethylene glycol
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Example:

CHy H—O—CH; CHs 0—CH:
E ., / 2
>c=o + | P >c
CHY H—O —CH: c! NO—CH:
acetone
Example:

Write an equation for acid catalyzed reaction between cyclohexanone
and the following: - _
cgraas Jla aga g 40BN Syl e cyclohexanone W Jelis dalea gl

a) Excess ethanol
b) Excess ethylene glycol (HOCH;CH,;0H)

Solution:
¢ CHiCH:O, OCH:CH:
H '

H—O0—CH: * 0—CH:
b) 0 + | <= <:>< L
H—0—CH: O—CH:
i) Aleliay Gl Jolisl (uSe pabiing Lold o 5 Loal da s 40 Lagy
H') umes 5 oLl g (hemi acetal) Jiwd! 45 4 (acetal)
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OCH; ?
(©) [t (@ Lo s
OCH,
OH 0]

| |
CH:CH:CHOCH: <= CHCH:C—H + CHOH

O'—CHZ l]+ 0 N H_"‘ O - (I:Hl
0——(':-Hz "0 H—0 —CH;

HO. OCH:CH: 0

LH + * CHsCH:0H

H.0

2. Addition of water (hydratmn) (Zoad) sLad) ddL)

08 OH

s+ 10 e —0

N = -
OH

hydrated form (gilelt Jsl
«unstable» dle ey 05
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Example:

(i.]') OH
CH:CH:C—H + HO0 === CHCH:CH
OH
(unstable)
0 HO OH

+ H,0 =_—
{unstable)
g B
CCLC~H + HO === CC —?H (Chloral hydrate)

(chloral) OH
(stable) ~<—
Example:

Hydrolysis of CH3CBr,CH; with sodium hydroxide does not give
CH;C(OH),CH3, instead it gives acetone. Explain

CH3C(OH);CHs oy ¥ s guall 305 08 ga Jelilly CHyCBr,CH; 33t
~ 0

i . .
_).ms CH:C CHs ujj..).....i g;]n.u" S Cre YA._\_,
Solution:

?r OH i
(:H._;—-fl;‘—-CH_3 + OH —p CH,—-—C!——CI—L === CH,C—CH, + H,0
B

r OH (stable)
@ hydrate Hiae

(unstable) Jiiwa s

369



3. Addition of Grignard reagent:
Al g Jstae Al

0-5/\ OMgX OH
(“:+ + R ?ng ——(|3 H20 (ll——C
AR T W

R

sl s aaall (e JsaS jaanty o gl g Jolil s

1) Formaldehyde +  Grignard ~10y.  1° alcohol
i D
H—C—H + R—MgX 10y,  RrR—CH,
H
Example:
OH

0
fl I

H—C—H + CH,CH,—MgBr .10y, Cy,CH,CH,
H o

1

M gBr CI'I:O.[‘I
H—(‘%——H + HOy,
H
]. [}
2)  aldehyde +  Grignard 0y, 2% alcohol
0 H OH
” d Hzo I L4
R—C—H  + R—Mgx 03  R_CH-R

H
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Example:
i CI)H
CH—C—H + CH,CH,—MgBr -0y, CH,CHCH,CH,
H

i N
C—H CH—CH,
@/ F o CH—MgCl Oy, @
H
3) ketone +  Grignard 05, 30 alcohol
. H
OH
" I 2 H20 l ’
R—C—R + - R—MgX — R—?—-R
H .
R
Example:
OH
MgBr CH,C —CH,

9
-—c—cn, 0,
o OH
+ CHMgCl 05 H,

Example:

Show how each of the following alcohols can be made from a
Grignard reagent and acarbonyl compound.

Ao SIS je e bl pe Jeli (e Y oSl 238 jacend aubiid aS oy
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OH

|
G) d) C(’!JCH CH;CHS

a) @CHQOH b) @—.C{CH;),OH
O

Solution:
MgBr

a) H—-C—~H + CH;,()H
l-hO

10

<.f )
CHJ

MgBr

oo < (0) @m

o . OH
‘.
30

OH
i * ]
d) CH—C—H + CH,CH,MgBr "‘%3‘"’ CH,CHCH,CH;
1

0 OH

i
(OR) CH,CH,C—H + CH,MgBr ._!1%;.. CH,CIHCHQCH
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4) addition of acetylides:

|0|.5 ([) N (I)H

+ + TOCe==(C— —_ 0 — Pr _—

/C\s + NaiC=C—R - (Ij _H__). (‘:
C=C—R C=C—R

R—C==CH + N& Ni; ——3» R—C=C:Na

Example:

("> . O Na' . ?H
CHCH:C—H + *Na'3C== CCHi =3 CH:CH.CH—C=CCHx —{—%»ct-ncwcn‘— C=CCH

(I)H
c—-H e CH—C=CH
+ "NaC=CH -5

o HO, C==CCH:CH:

+ ‘NaiC=CCH:.CH: -%1%» O

5) addition of hydroegen cyanide (cyano hydrins)
480 A AL

Q"8 OH
b o b 0
AL |

CN
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Example:

CI)H
CH.CH:C—H + H—CN =y CH.\CH;(%H
CN
0 HO CN
] T
CH:iC—CH:CHs + H—CN CH; — C—CH.CH-
CN
0 (I)H
[ .
@’ C—H + H—CN =——p (l:H
CN

6) Reaction of carbonyl with amines:

clisll] aa Jaiga Sl de gana Joli

\
/

—Z == _OH . _NH2 ’ @ ’ _NI“I@ § st

c=0 N ﬁ;‘N——-Z ---->>C=N—Z + H0
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Example:

I T
CH—~C—CH: +HN—NH, —3 CH:CCH: + H0

0 NOH
+ I,N—OH =3 + H0

O

I | IF'-NH"@
CIC—H +H1N—N'H@ —)p  CH:CH '

i g 88 b€ ya J) j—id 5/9
Reduction of carbonyl compounds

0  OH
- [R] |
) R—C—H w~—i3 R—CH,
aldehyde 1° alcohol
O OH
. [R] | .
2) R—C—R =3 R—CH—
ketone 2° alcohol

it Aexdiuall (reducing agents) A sl Ll gall

QO
} u
(/C\-eualil
1. LiAlH,
2. NaBH, ha
3. H;/Ni

TN s 3200 A8 B S
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Example:

0 OH
1) LiAlHs 3
N HOH

{ketone)
, 0
i
C—H CH:OH
NaBH, _
0] mm, (Of
aldehyde (19
cu) OH
Ch: = CH —CH:C—H ——Z—3p— CH.CH:CH:CH:
0

II .
CH: == CH —CH:C—H —BF g Chg, = CHCH:CHIOH

St 80 L €3a B3miiS) 6/9
Oxidation of Carbonyl Compounds

1)
aldehyde _LC_)!_* carboxylic acid
0 0 |
I [0] i
R—C—H ey R—C— OH
2)
K [O] .
etone ———3» No Reaction
0
fl
R—C—R
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A Lpadiusi (3l BanS 5l Jalgally 0

1. Johne's reagent (CrOs/H")
2. K;)_CI'207
3. KMnO4
4, AgZO
Example:
O 0

- i Johne’s g '

CH:CHxCHeC ~ H wmm——egpe— CH3CH2CH2C —OH
Reagent

O e (7

ﬂ II
C—H COH
Cros/H' >
@/ (Johne’s Reagent) @

S gl Apiladl 3 pall Jomad 7/9
Tollen's silver mirror test

onsly Saall o Sl el I3gg 0 o

| + - P _
R—C—H + 2 AgNH,;), + 30H ——3» R—C—0 + 2 Agwlr + 4 NH_,T + H,0
aldehyde silver mirror
G—_\n'aii‘_)..)
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0
I

R—C—R + 2Ag(NH),' + 30H ———3» Noreaction

| Example:
Distinguish between cyclohexane carbaldehyd and

cyclohexanon?
OE"H 9l
S Al e g Dl

(Tollen's reaction) Jil 5 Jelii adiiui

O

I P .
C—H . ) C—0
+2 Ag(NH,), +3 OH —p + 2agd + vt e
silver mirror
(a3l )
0 . ) .
+2 Ag(NH,), +3 OH —>»  NoReaction
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Bas gl o ddle Al 8/9

show how you can synthesize each of the following compounds

indicate any needed reagents.

O
1-Acetone CHS/“\ CH, from analkyne.

0
!

CH:C=CH ___*.*_QEE» CH—C—CH:
HS0, /H0

OH
2- O_/ from an alkene.
CH: i
1) BH, ) CH: OH
HH0,.08% ,

Calgall go ool il
0795306216
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Carboxyhc Ac1ds &: then:
Derivatives

381
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General formula (Alall idpall) = C, Hyy Oy
| i
Functional group (% sll 4 gaall) =R —C—OH

Example:
N i
CH,—C—OH acetic acid
Aty g Sl (alaall dand 1/10
Nomane clature of carboxylic acids
«(oic + acid ) — (ol) Jasius (8l Jsasl Apanst i %
Example:
]:isx" CH: (ﬁ
gH: 9]—1(33 H: gH—(lZ— OH 4-bromo-2-methyl- I-pentanoic acid
(ljl CH: (ﬁ
(Q_Z'Hz =C— (if;— (;H:C;Hz(lf— OH S-chloro-4,4-di methyl-5-hexene-1-oic acid
CH: (OR) 5-chloro-4,4-di methyl-5-hexanoic acid
1
HO(II— QHECP}‘I — (: E(; —_ (;I-'{; 3-hydroxy-4-hexyne-1-oic acid
OH
(il) CH; 0
(5H: C— (|3!‘.{—(33Hz(23H —(::_ OH 4-bromo-2-inethyl-5-oxo-1-hexanoic acid
Br
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0]
.l . .
sy g gl (Je Jalad I cfi —C—OH 42 50ma ap2s dla 3

-(o%o)
0O OH o]
H—-(g-—- CGH:(:ZH —.(ﬁH— qH; gHz &ou 4-iso propyl-5-hydroxy-7-oxo-1-heptanoic acid
CH(CH:):
s 0

(I%-—OH

3-hydroxy- 1-cyclo pentane carboxylic acid

3TN g S 0 G oy Al g 8 Tl gl Ao genall dpng aY
Al s 0 S50 3a g e AN (carboxylic acids) LS «llal

3

Br CO,H
/ | {cis) 2-bromo-~1-cyclo propane carboxylic acid
H H
s
CHs CO,H
. . (trans) 1,4-dimethyl-1-cyclo hexane carboxylic acid
H CH:

Benzoic acid

C—OH
@/ » m-amino Benzoic acid

NH:

@

Br,
p-bromo Benzoic acid

COH -
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Example:

Write the structure for :
a) 3-Bromo butanoic acid
b) 2-hydroxy-2-methyl prpoanoic acid
¢) 2-butynoic acid
d) S-methyl-6-oxo0 hexanoic acid
- ¢) (trans) 4-methyl cyclo hexan carboxylic acid
f) m-nitro benzoic acid.

Solution:
l.llr (!_‘I) (I)H(l.l)
a) CR:CHCH:C—OH b) CH_.—(I?—COH
CHs
i 1 1
¢} CH:C=C—C—O0H d) i-lC—-?HCI'IzCI-{: o don
CHy
COM
u CO,H
e} f
CHl H NO,
Example:
Give an IUPAC name for:
a) @_CHICOZH b) CLCH—COH
¢) CHiCH=CHCO,H d) (CH:»CCOH

) l>cocm ) CH,@— COOH
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Solution:

a) 2-phenyl ethonoic acid.

b) 2,2-dichloro ethanoic acid

c¢) 2-butenoic acid

d) 2,2-dimethyl propanoic acid
e} Cyclo propane carboxylic acid

f) p-methyl benzoic acid

Example:
il I '
HO— c— (;H:C;_-I:(;—OH 1,4-butane dioic acid
0 o
gs s s 32
HO— —-CIH —CH= (IZ— CH.COH 5-bromao-3-methyl-3-hexene-1,6-dioic acid
Br CH:
R
HO-—&—JC =C—C— OH 2-butyne-1,4-dioic acid
(OR) tbutyne dicicacid ~ e=so¥Ua lijaayy
o) WL e pandl
HOC,, , COH ' o
C=C N (cis) 2-butene dioic acid
i H "maliec acid"
HO.C, H :
C==C (trans) 2-butene dioic acid
H/ \COzH “fumaric acid”
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€O.H
COH
phihalic acid
(—m

Acyl group:

&

COlf COoH
TOH
COH
isopbolic acid terephihafic acid

{(—n} t=p)

R C~— = acyl group

, G

H—C—
0
|

CHs— C~—

0

|
CH:CHC —
0

(G>-¢-

= Formyl

= Acetyl.

= Propanoyi

- Benzayl
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o
i
CHi— C—Cl Acetyl chloride
-0
@_ (":__ Br Benzoyl bromide
COH |
@ 4-acetyl benzoic acid
C—CH:
|
)
0

(": T formy! cyclo pentane
(OR) cyclo pentane carbaldehyde

Agbuuis 59 Sl (ialaadd Al 5l ciliuall 2/10
Physical properties of carboxylic acids:

dgia g ua Ay LSO Jaiige G4lE il RhuSp S alal dlia
| .(hydrogen bonding )

an lgumny Op Odibngowa Ol dan AluSs S peleal) agfiy
.(dimer)
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0-----H—0x_
_ C—R
No—H------07

{Dimer)

JaSh e (et (BP) clile sy i Al

(“) .
R—C—OH > R—OH

B sl
Brf

daddia 4l ga 4B it g:\.“ Al 99 KN Ualaally o
e (miscible with water) Ll 433 58 (low molecular weight)
. (like dissolve like) 318

Example:
Acetic acid (CH;CO,H) completely miscible with water.

Acidity of carbexylic acids duluuS o1 <Y aleal) Luzda 4/10

0

| +

i
R—C—0OH s=——= R—C~O + H
carboxylate anion

(stable)
:09) 20t
“ /\.I - ' e
R—C*(3 <=—p» R—C=Q

53y 5 iy 5 (carboxylate anion) —3 )by casad sa (resonance)pilall 13a
Ak g3 S alea¥) dguada
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1
R—C—OH > R—OH
h
acidityT
p S aalal a3 8 Gl g Leay
a) no. of deactivating groupsT = acidity T

b) no. of activating groups T = acidity

» Exdmple:

0
I I
H—C—OH >> CH;—C—OH

activating
group
o ) 0
i I I
@COH > @C—O}! > COH
NO: ’ E CH;

acidity

Example:

In each of the following pairs of acids, which would be expected to be
the stronger?

S MY Ganall (9% O pd T e AN Galea) e gy JS (B
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a) Cl—CHCOH OR Br CH,CO,H

CO:H ' COH
Br
b) @ OR
Br
CO:H . COuil
d) OR
OCH:
e) Cl—CH,CH,COH OR CH; CH CICO,H
Solution:
CO:H
Br (deactivating) Br ) oY
C) CF3 COZ}‘{ Ci>F ] %,J‘.Sﬂ us'
CO:H
d)
e) CH;CHCO),H (deacﬁvating) Cl il Q'\} ‘
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Conversion of Acids to Salts 73— (al_aal) Jsas 5/10

) 8]
| _ _ |
R—C—OH + NaOH ~—p» R—C—O0ONa* + H,0
(acid) (base) sodium carboxylate
Example:
1
| .
CHs— C—OH + NaOH ——p CHi—C-—-ONat + H,0
acetic acid sodium acetate
T T
@C—OH + KOH —p @- C—OK' + HO
Benzoic acid Potassium benzoate
O 0

i I .
CH:CH:CH:C—OH + NH; ~—> CHICH:CH:C—O NHj

butanoic acid ammonium butanoate

Preperation of Acids (sal—aalY) a3 5/10

1) Oxidation of pimary (1°) alcohol:

. OH ' o 0
| [0] I 103 i
R—CH, =——3 R—C—H —=13 R—C— OH
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Example:
OH

CrO0,

R
CH:CH: CH: -—H—+—>

(John’s reagent)

@,CH& OH

Z) Oxidation of aldehyde

[O]

v
CH:CHCOH

| gl
R—C—H ey R—C— OH

Example:
0 O
| I
C—H : COH
AgZO
-T*.
0 o
CHCH Ol G I200s CHLCHCH COH
Hs 1] W CH: CHa
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3) Oxidation of aromatic sid chain
Ot Abatall Aleabiad) § s

CH:— KMaO COH
MnQOy 3
@ hc::t @

Benzoic acid

oA G of sy
S8 Sle (easoue

CH:CH:CH3 COM
@ KMnO4 E @
heat ] ’
CHy —@—~cm R - HO:C—@—CO 1
heat

terphihatic acld
Ch COH
KO o
@ hear @E
CHa ' COH
phthalic acid

Angd o0 5an gl Lina Ty W B2 gully
Example:

Prepare Benzoic acid from Benzene?

CH,
NCI
O o = Q) 22 O
heal
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Example:

Prepare 4-nitro Benzoic acid from Benzene?
COH dea(..m

0 —0

Q, dea(.m

Oie ganall (Al 5 (M) wdge (o 4a i Allal o e gaaall S of Loy o
sobd e Sk ol cle saaal (s3] of n b (—— P) sa gl
(— COH) a5

{o, p) CH, co H
CH Cl KMnO
AICI H, SO heat

4) reactions of Grignard reagent with carbon dioxide:
Gs8l aad) U g 3 s B Jslaa Joli

/\\ .
) 5 s I . H0+ 1 N
0==C=0 + R—MgX ~m=3p R—C—OMgX —igp R—C—OH
\__/1

Example:
0

+ |
CH:CHi— MgBr + CO: 3 CH:CH:COH

Mg Br CO:H
l)COz
2) Hg()
Mg Br COH
l)CO
2) }-130
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Example:
Show how (CH,); C —Br can be converted to (CH;);CCO,H?
fCAsS iy (CH3)3 C~Br J Jsi of aphivs (CH3):CCO,H
Solution:
(CH),C—Mg —2 3 (CH,)C— Mg Br i‘-"-’» (CH.); CCOH

ether

L4

tdagea Alzade o
alla e (carboxylic acid) AuwSs S pmes sumaty lied Jisull e (4
il 3l 5 (g9 S 50 33 3 (alkyl halide) JSM

°,

Example:

MgCl
| )COv
ether 2) H3O

Example

Devise synthesis of butanoic acid (CH;CHZCHZCOZH) from
1-propanol (CH3CH,CH,0H)

(CH3CH2CH,0H) ¢ (CH3CH,CHCOoH) _pani 4 yha - il

CH;CH:CH:OH ~——3» CH;CH:CH:CH.CO:H

{3 carbons atoms) (4 carbons atoms)

CH: CH,CH:OH PBE_30 CH; CH: CH: Br —miiego- CH: CH:CH: MgBr -"_CO.’-> CH: CH:CH,COH
l" ether g

5) Hydrolysis of cyaniden bl juai

o [ oy [
R—C=N + 2H,0 &y R—C—ONa + NH; —3 R—C—OH
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Example:

l
CHsCH;— CN 820/ N0 o CHiCH: C—OH
2) H30
_ o
CN C—OH
1) Hy0 / NaOH
2) Hy0

Q
]
CH: Br CH:CN l)H o/ NeO CHﬂIL'OH
- C}q ’ 20/ NaOl
Z) H‘;O .

Uass piani gay deall ity clagh Gl delilly Jelil ba o) Bads
3,3 534 (alkyl halide) JSM1 sla (i (carboxylic acid) (s s S

Bl op S
Ay Sy Jadl 058 (Llae) Gl Jeldl) o o Legiy DG 81 o

“O.H
oL o . a o i *y m’ ¥
Ay ge (Mol dolil jany Loy CH:.=CH——(’%O]»I,@§ Ga S s

=t of LS

1) pheny! halide X

2) Vinyl halide CH,=CH—X

(SN1 3 SN2) coun Jeli ¥
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MgBr CO:H
a) l) CO2
t.thcr 2) H30
b) @/ + CN- —_— no reaction

Example:

o)
I
©) CH:=CH—Br My Cth=CH—MgBr -‘lC—o->. CH: = CH—COH

by CHi=CH—Br + CN  ——3  noreaction

abesa) cliiéa Carboxylic Acid Derivatives  6/10

-

- Agbius gy S
:9.5,2__‘19...5_,5)5!\ alea] ;*_‘Lm...@j Ll an gy

1) Esters < sl

| .
Functional group (% g dc gagall) = R—C—0—R

Nomane clature of esters < i) daaud

Name of esters = name of alkyl + name of carboxylate

\ ‘

(sinaS 1 SN aeadl aud (yed
ate auai ic acid Ju o<
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Example:

CH,,CI!—-O— CHCH, = ethyl acetate
acetate ethyl

O
@_—(”j_o__.CH = methyl Benzoate
)
[ AL ) .

Benzoate methyl

0
CH3—tlfl,1—0_@ = phenyl acetate

q
Hyl——-OCH,CH, = ethyl Formate
CH,CH y:—() = Cyclo Propyl Propanoate
1,CH,
CH, (":— O—CH—CH, =  isopropylacetate
3
' i

CH,
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(ol Ay k) i) jpiiand
Preparation of ester (fischer esterfication)

Example:

. =

- .
R—C—<OH + H>OR <= R—C—0—R + H0

Example:

0
| * |
CH:CH:C—OH + HOCH» s CHiCH:C—OCH: + H,0

0 0 '
i ) ] y i
@—c—on + HOCHCH H o @—c..ocmcm + HO
CH ?!) CH: cﬂ)
t l
CH;—CI——OH + HO—C—CH: =l CH—C—0~C—CH + H,0

CH: - CHr

(Lactones) (Cyelic Ester) otall ol il

(-OH) oS g oel) Ao ganay (—— COsH) oS 32 8 dc gona 359 o
Jactones 1 U S Lagi caay Jolis o8 abudall ity
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Example:

O

2 3 4 SB
CHCH:CH:C ~ O ”
1OH
Br o 3 fl
2 o3 alos el u .
CH;--CIH--CH:CHChLC-—OH === Br O
1OH > 4
2 3?_1’ fl? S 0\
C1H=—~(‘.H—-C-—OH L N O
WOH
/' k3
CH:

Reactions of Esters < judfl <o lis

1. Sapenification of esters

| .
R—C—O0—R + Na on--“e-“f-y R—C—ONa + HO—R

Example:

0 4]

u H - -
CHC—0=Cls + Na Q"T:'ir"ﬁ"* CH—C—ONe + HOCH:

O
)
@_C_Q_WCH,CHH Na OH ..l'i..‘;l).p. @c_o Na 4+ HOCH:CHh

401



2. Ammonolysis of esters:

0 /\ 0
n -7 ather " 3
R—C—OR  + H—N -2y R..C—N— + HO-R
: K ]
\_/ amide alcohol
Example:
1 i
CHC~O0—CHy + NH, ~Z&9p CHi—~C—NH, + HOCH:
(H—NH:)
sa ?
CH:CHC Oq +  HN(CH,), _.ﬂ."ﬁ'..).. CH:CH:C—N(CHy); + H()—<l

o}

0
} i
@—c-ocm + OHNCH, -y @C-Nmm + HOCH,

3. Reactions of esters with grignard reagent:
Ul Jolaa g Sl Jolis

P : p
R—C~O0R + R—MgX ~—3p R—C~R + R—-MgxX POy x_c-'r

(keton) - "R

3° alcohol
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Example:

0] OH

| . I
CHiCH:C — OCH: wt ”g:ﬁ";”ﬂ”’ CH:CH: C —CH:CH:CIHs
)
CH:CH:CHs

o OH

I 1) CH;CH:MgBr |

C—OCH: -W C’: —CH.CH:
OH

CH:-CHs
O

I (O)-sge
CH:CH:C — OCH: __‘.’.Z.Jrcgﬂ“_"_,.. cmcn:é—@
3

(I? OH

n@-m,nr i -

4. Reduction of esters i i Ji sl

:

R—C—0—k JZ) R—CH:OH + HO-R

Example:
?l) (l)H
@— C—0— (IZH—CH.‘ -1;-)‘-;‘-‘0'1> @— CH:OH + CHCHCH;

CHs
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o i
CH3CH =CH—~C~—0—CHs -%;—f_‘é%l?i—)-— CHyCH == CHCH:0H + HOCHs

0
:}—C-—-O——CHzCHJ %{’l’sf‘(;ﬁ—‘)- :>_crbon + HOCH:CH:

2) Acyl halides
1
Functional group (48 ) is gaall) = R—C—X

Example:
(0]
.II
CH;:C—Cl
Acetyl Chloride

Preparation of acyl halide

0
l SOCL I
R—C —OH m—)» R—C—Cl
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Example:

I I
@—c-—on S 0 o p— . @—c-—a

Benzoyl chloride

0
1 I
H~C~—QOH + PCls ———e——3P H—-C—Cl

Formay! chloride
i T
CHsCHoC —OH + SOChL =wewspm  CH;CHZC —Cl

propanoyl chloride

Reaction of acid halides

1. Hydrolysis Saaill

lss 8 s 8 j
R—Cc=Cl 4+ H—OH =3 R—C—OH + HCI

~__

P i
CH—C—Cl + H0~» R—C—OH + HCI



2. Ammonylisis

I w5 B 5 8 I
R—C2Cl + H—N——p R—=C~—N— + HCI
: : ! arnide
Example:
0 0

I |
CHiCH: —C—~Cl + NH; =% CHCH: —C—NH. + HCl

O

O
| I
@C—C] + HN(CH;)y = @—C—N(CHs)z + HCl
. O

0
I |
H—C—Cl + HNCHCH; =—»  H—C-—NHCH,CH; + HC

3. Acid anhydride <M aaad)

0 (8]

. [ i
Functional group (4ddis) de gupal) = R—C—0—C —R

Example:
o 0

, W
Acetic Anhydride CHiC —0—C —CHs
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Preparation of acid anhydride (# gaeall 4uaai 7/10

0] O O
[ I .
R—C —~OH + H~OC—~R ===9p-R—C —-0—C—R + H0

Jaid pa dia unng g3 e 50 )< inanl o (30 (s AL manll o
.(anhydride) 4 (acid) 4ai
Example:
1 i W
CHiC — OH + HOCCH: &8s CHiC—0—C — CHs + H:0

Acetic Acid Acetic Anhydride

W i o
@t t® —@Lol@)

Benzoic Acid

Benzoi;: Anbydride
0
) - D
H\C < \0 . .
i o dsgy 0 + HO
Q oH
H/ \C/ H
(ﬂ) 0
maleic acid maleic anhydride
O [0}
I i
COH C\
QL =L - =
COH C 4
il i
o] 0
Phthalic Acid Phthalic Anhydride
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Reaction of acid anhydride LW (aeal cdislis 8/10

(0]
HO—H A :
> CH:C—OH + CHsC—OH
acid
P .3
BC— O —C— . | |
Ci5C—0—C—CH RO—H. CHsC—OR + CH:C—OH
acetic anhydride ester
hp. 139.5C°
7 ?
ERNELN CH:C—NH, + CHC—OH
amide
Example:

o]
| il I
CHi,C—0—C—CHs + H:0 ———3 2CH:COH

o 0
I I
C C—OCHs
N
O + H—OCH; =~————3p
e
C C—OH
fl _ |
0 O

0 o) o o)
i l I

i
@tk @ @ Ll
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4. Amids <l o
: H
Functional group (b sl 4 gagall) = R—C — 1}1 —

Example:

i
H—C — NH2 Formamide

Nomane alture of amides </l e 9/10

(ic acid) Jsiul o Gl Sy S0 calea¥) 3 LaS Ll dpmail)

(amide) —;
I I
CH.C — OH — CH:C — NH:
aceticacid acetamide
O 0

@—g——OH —— @—(u—-NHz

Benzoic acid Benzo-amide

0 o)
I I
HC — OH - HC — NH:
Formic acid Form amide
i I
CH;CH:.C — OH =P  CH:.CH:C — NH:
propanic acid propane amide
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Physical Properties of Amides cilaudld Al 3l ol isal

Ahad ) Sl cymy yan 5% Adadija e Camy il 350 (0S8 A it S
Aaii ya (B.P) ol cla o ellias ol g (H-Bonding) dyies g yus

Example:

? 1
CH:C—NH, @—c—.— NHCH,

Al (5 o8 i lilh <= g 3% Aad e Cnog sl 30 00 A1 1Y U
AL il yally & lie Lmdsia (B.P) olile cda 2 <= (Dipol-Dipol) cakil

Example:
O
@
C—N(CHj), .
Reactions of Amides i) cd_slis]0/10
1) Hydrolysis (3:<%)
b5 <~ N

5 8 s 8 |
R=~C—NH: + H—OH ey R—C—OH + NH:
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Example:
O O
I i
CH:C—NH: + H:0 ——emppe CH:—C—OH + NHs

0 O
I .
C—NH; + HO C—0H + NH;

2) Reduction of Amides <audi ) jis)

O

f .
R— C—NH: ..'.'.ﬁ‘.'.’L).» R — CH:NH:
cther amine

Example:

0
]

@— C—NH: -2y, @— CH:NH:

I )
CH;CH: — C — NH, —=2 gy CHL.CH: CHyNH:
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daa gl Jo dale Al
For this schem, give the structure or reagents (A — F)

OH
F 50C! CHLL
O}—\\ — ) S a Zy

o OOH
E Mg / ether é\
cl

I\ 8 b

E PCC F KMnO, OR John's reagent
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5 ke dulall 3aa gl
Chapter Eleven

o~

Amines
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Functional group (Al sll 4 gaqall) = "R—N—

I
CH; CH:NH: ethyl amine

Example:

Classification of Amines l—id| Ciiai1/11

g s 3% Alaiall e S0 e 3 e oW el Cgialy o g Cigun

1. Primary amine (1 )

H- l?l —R
- H
Exampl:
CH:CH-NH:
2. Secondary amine (2 )
H— I]I-—- R
R
Example:
CH; NHCH: CH»
3. Territory amine (3 )
‘R _IT.__R
R

Example:

CH: — N—CH:CH:
CH:
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Example:
Classify, each of the following amines as primary, secondary and
tertiary.

Wy sl s Y A el e S Gt

a) (CH:)C—NH: b) [-Nj
b
) CH -@- NH: d) (CH)N @
Solution:
a)l b) 2 c)l d)3

Nomane Cloture of Amines <l—ind) 4—aud 11/2
TERLIV, T PO . T N
o s i A gl 5% Ak jal) LS e pana pansi 1
-(amine) asl i
Example:

CH3CH,~NH,;  Ethyl amine

CH; — NHCH,CH3; Ethyl methyl amine
(CH3CH,), NH Di ethyl amine
(CH;:3 N Tri methyl an}ine

pss) Ao (3lhai g i (— NHp) _liely SV LS i of aokis .2

.(amino)
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Example:
Cenbu—CHCHs 2-amino butane
NH2

(trans) 1,2-di amino cyclo pentane

3 1
NH: H
I'IJCHJ
CHsCH ~—_§|‘H — CH2GCH2CHs 2-(methy] amino)-3-Bromo Hexane
Br
N(CH:)2
lCH:;—~(}'l'l—(;,‘]—["—‘dCH — gHngJ 2-(di methyl amino}-3~-hexene
I\!I(CI.-IzC.Ha)z
(di ethyl amino) cyclohexane
CH:CH3
CH3—N— FH‘zCHzCHs . 1-(ethy] methy! amino) propane
2 A
T?Hz llf[)
ChJHs(_,JH -—(‘;‘chlt—bcl};] — lC ~— OH S-amino-2-bromo hexanoic acid
Br
i e
(’.'.‘Ha(; —CH-— (?Hz(;H:C'Hz 6-amino-3-hydroxy-2-hexanone
OH
(l)'H
CIHZ — é_l—-l‘——- élizéHz ----- NH:z 4-amino-2-lodo-1-butanol
[
B ¢

Ui S0 LS
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NH:

NH2

Br
[0}
i
@C —0H
N

Example:

aniline

m-bromo aniling

P-amino carhoxylic acid

Give an acceptable name for the following compounds

a) (CHs):CHCH:NH:

Br
<) NH
Br

e) (CHz;C —NH2

418

A S el J ge puad (ac
b) CHsNHCH2CHs

OH

9 ”“NH:

oo (Gym



Solution:

a) 1l-amino-2-methyl propane.
b) 1-(methyl amino) ethane.
¢) 3,5-di bromo aniline.
~d) (trans) 2-amino cyclo pentanol
e) 2-amino-2-methyl propane

f) P-Nitro aniline.

Physical properties of amines <liiadd 4L 14

(H-Bonding) s sy ddady @i (1°, 2°) 28 5 34 0 ciudy) <
(high B.P) 4aii ya olide <oy ollia ey

(Dipol —dipol) caaill 4508 (5 & i b ( 3°) L iy W 2
(low B.P) Jf (e cils y elliai | ga <l

Example:

CHs-—-—TiI-—-’CH: (Dipol - dipol)
CH:

(miscible) slalls 483 (585 (low molecular wight)
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Preparation of Amines clisad) ,—uaasil1/4

1. Alkylation of ammonia and amines

R—X + H-—IEI-——__.). R—]il—— + HX

Ll
Nu:
(chapter 6) Ausbuadt sas gl Wl Jelisl 134 Liales S8

Example:

CHiBr + NH3 a3 CH:NH:

CHs ] (l:HJ
CHJ-—(Ii—- Cl + H:NCH: e CHJ—C' ~~NHCH;
CHa CHa

+ -
CHaCHaBr + N(CH3)z  ~—3p CHiCH2—N(CH:z)3 Br
Quaternary ammoniun salt

@— CHCl + Ny —— @—CH:NH:

CH:CHz—] + HN(CH:CHi)2 =3 N(CH:CH:)3

@—CHzBr + H:NCH:CH:CH; ——-}@—CH:NHCH:CH:CH:
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2. Reduction of Nitrogen Compounds _
Cms il S s 1 s

NOz
1 ) SnClz/HCI
2) NaOH, H:0

PS5l e aniline —“ _)gu-'aai oo Jelill 138 s e

NH2
HNOJ 1) SnCla/HC!
HzSO4 2) NaOH, H:0

Example:

Prepare m-methyl aniline from benzene
Solution:

deuct, {(~—m)

N2
HNO» + CibCl DG AlCh

o > @ : —

Cils ]

NH:

1} SuCl/HCL
P N St

2) MaOtt, H:0

CH;:
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Example:
Give a synthesis "‘”‘@' @ for from toluene?

NH:

- Solution:
va b i
NO:z NH:
HNOs ; ) :nC)lfIH( |0 _
H2804 3 ) NaQI, Hz >
NO: NH:
acti (— o, —p)

3. Reduction of Amides a9 3y

il dlal 53 gl Lina 3o
Example:

o
[l

CH:CH:C — NHCH3 _L.\Ali’__ CHsCH2CH-NHCH:

4. Reduction of Nitriles

R—C=N —%—)— R — CH:NH:

55050k (R=X) SV e e ol jszanil Jeliah 13 padiaayy

Baalg oS
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Example:

CHiCH2Br + CN™ e CHICH:ICN -—:—-:'—-b CHCHYCHNHE

@—CHIU 4 ON- — CH:CN -g—z-} @— CHACHaNH2
t

5. Reduction of Imines

I;II —Z ITIH —Z
4 NaBH:CN
_—.—_—-*_ — (' —
N ¢
(Imine)
Example:
‘ O I;jJCHJ .

CHsCH:CH + HiNCH; g CHiCH:CH

Imine

CH:CHECH: — NHCH; —eaaim et BCN

’ | =0y

| f
CH:CCHs + HzN-@ mmeemcee CH3CCH3

{ NaBH:CN

CH:CHCH:s R AL .

Example:
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Basicity of Amines <l 430 o8 5/11
(Basic Compounds) 4pel8 <l ja Ldh o Jabas clipll

R-NH: + H:0 <=3 R-NHi + OH"
(Base) (acid) conjugate conjugate
acid Base

3

=Kat = PKal = acidity of acid (HA) T
=  Basicity of conjugate base (A)

Example:
H,0> CH,;0H >NH, > CH,
O A
acidity |
OH < CH;0" <NH,” <"iCH,
———————p
basicity
Example: m

" The Pka’s of NH;" and CH; "NHj are 9.30 and 10.64 respectively
which is the stronger base NH; or CH3NH; ?

‘Solution:

+ +
NHs > CHiNH:
Pka = 9.40 Bka= 1064

acidity 1

CHiNH: > NH3

Basicity T
% No. of activating groups T = Basicity 7
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L1 el ol Ahdiadl Cle geaddl 20 oot LIS
< No. of deactivating groups T = Basicity v
JE A lEl ol dlhadiadl Gle gaaddl sae o)l LS

Example:

CH3;CH2NH: > CICH:2CHaNH2

NH: NH2 NH:
CHs : Br
4:—-—-
Basicity T

+* Basicity of aliphatic compounds > Aromatic
Aiglay ) LSl < A @l pall dgnelal

b>e

(acidic compounds) Aguada e e Ll L %‘) T G
R—~C —-l\l]—

Example:
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Example:

NHa

e ZE@_ S Gk

Basicity} = acidity J

Reaction of Amines cilu} Dol 11/6

1. Reaction of amines with strong acids
A5l ualead e clinedt Jelis

R—NH: + H—X=—3=R—NH: X
Example: (Base) (a‘:id) ] Salt

CH:CHINH: + HCl emmed CH:CH:NH: C1

QCH:NH: ' Q,CHJNHZ [
fOH ey

Example: {O>-N&:  + HBr ——3 (O >-NH Br

/
L4

Leloai aalaiess Lilli (Basic Compounds) dpeld il 5o el of Lay
e B Ly (HX) e za Leleling 3y guaall o gal) (o dals 0 g
(Extraction) Jeab Zylasy alall A (soluble in water) olally casly

o,
°oe

hﬁi@j’&d\go_}_&lﬂﬁhf&ui)‘ﬁsﬁw elaSll i (O Y
Extraction
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NO:2

wther
T [ e evaporate
luyer .
NH2 NOz ¥ the cther
Cil
shake with
+ aqueons HCI
and ether
\I{\ o N2
CHs CHs + .
x \»nln.r NaQH.
pioluldi pegitrotol B W + Na Cl + HO
bp 200 C° bp23s c®
Cth Ha ’
. amine salt free amine

2. Reaction of amines with acid derivatives:

el cliida ae alisd) Jelis

i e S0 3 ey a sl Cagun g ALl 3am glly Lina ye el sda (S
(8]
1
CH:{C—Cl + NH; s CH.-(,.[T--NH; + HCl

o 0 ) 0
@—(I‘:—-o—(ﬁ:—@ + HNCH: ——)'@—Cﬂ)—HNCH;+HO—g—@
0 O ) 0

i ]| i i i
CHC—0—C—CH: + HN(CH:CH:j) = CHC—N(CH:CH:): + HO—C~CH;

Aglag p g g all LS 50 7/11
Aromatic Diazonium Compounds

Al g )Y asig ol S e

N2 O

@ —-—-MJO2 @ + 2H:0

Benzene diazonium
chloride
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o Jelily e ganall (o wanlly ANl gl LY fan pga gl 1305 o
t M Jelisl cuas NUS Ji sl

{O>—N=N: + Nui ——3= O >—Nu + Nt

e ///' KON d
- W
Ca CN, ‘«“zdz ({ H
,’\‘\

WO, H,0,H* i 1
i

tilin) aaliad Y( Fradlay el Jlial) cile genall o3a e ypaall of Bay &
:U (Diazonium) a s 3l jniass e aDl oy yull ddls e 3 il

Example:
N o
HNOs SnClz HNO:
H’so; @ e @ “nel > @"_"‘@
HBF4 @
Example:
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How can we m— di bromo benzene be prepared from Benzene?

Br
¢ @ sl e @ i (Ka S
Br
Solution:

fima S O Fad 0 5o sl Tl oliades Lo e iS5l 138 et bt Y

NO» < deact. (-m)

HNO3 SnClz ;
HzSO4 ‘ Fe f.Bni HCl ‘
NzCY
HNO:2
CuzBrz HCi

Example:

Design aroute to prepare 1,3,5 — tri Bromo Benzene from Benzene?

Tu.\_).u“ @ Jsdaadl 4% 5k
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Solution:
NH2 NH2 Nl

Br Br Br Br
uouisorg, ([~ Be o 1[Im0y,
@ 2)8nClz HCI H:0 HCL
Br

Br

Br Br
@ PO

Br
Example:

- Prepare 3— methyl phenol from Benzene?

Solution:
O @—-»@
N2Cl
O @ -
Cth CHs
Example:

Prepare ortho methyl Benzoic acid from Benzene

i3l ga ot 5
0795306216
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Solution:

l)HNO /1150y L Cts
¥ ! HNO:
+ CHiIC) -i-"—(l'* llél‘
2}"in(. m 1€l
Hs wo' CHs KEN
" .
i CNp

Diazo Coupling : Azo dyes ¢ <l iua8/11

4

N2

C-"‘L:‘_”u 25 (E+) Jsh g 1SN Mi‘sla Benzene diazonium @ AR *] ..

s oA) 3 Ailay Sl Y

@ + = WA (NN <T

(—P)
acti("‘"'O, —P )

eBse B ) qalsind ¥ e (Bulky) 5 S pssio Ao gena of Ly
-0)

€ N—<OY + iN= "N~ O >—50:Na ——3
- R o) Syt

(~P)
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2_41_&.!1

caadh 08 Llbaall (ol gl 8 Lo g Qliad) Ly (0
;LAGL}AL_\AIJJ‘ML@ASJJLMAMU}SJU‘PJSJ
Jigh Juat
LAJ}H‘LHLJA\SDJ\_AS‘DMU{A?M‘JS?J&‘
Algiayh g aall oK ecils

A A i 5 angll s S Al g uali il
Balall 038 Jioa gil dga (e s L S Canaia g il
Lelly g 8 A g gl S Le ey

LR
¥

bod> g e dLTwYI

Pl s (A )

# Organic Chemistry, Harold Hart, Leslie E. Craine & David J. Hart, 11% Edition
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