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Fischer Rules

Carbon chain is on the vertical line.
Highest oxidized carbon is at top.

Rotation of 180° in plane doesn't
change molecule.

Rotation of 90° is NOT allowed.



1. Rotation by 180 iz allowed
120"
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Same
COOH COOH e 2 CH. CH,
H——OH = H=C=OH e HO=C—=H = HO—H
CH. CH. COOH COOH
.

« A rotation of 180° is allowed because it will
not change the configuration.



2. Fotation by 20" is not allowed
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OH OH Et OH
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e T e
Et CH; H
enantiome
COOH COOH : H
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CH, CH, OH OH
IMCOTTeCt namniam

OTPCTIREEEIen

« A90° rotation will change the orientation of
the horizontal and vertical groups.

» Do not rotate a Fischer projection 90° .



4. Enanborner results frorm swapping left and nght bonds

ioH oH - ioH H
iFﬂ‘.wH — Et+H Py | Ft = 2] o
By CH, J:I—b "Lt
eranbore
CH, CH,

I\\\\\\\|>_

I/IIII“>,

Cl CH,CH,4 H3CH,C Cl
(5)-2-chlorobutane (R)-2-chlorobutane
Cl cl
ch——f<CHch3 = HC CH,CHs
g H

(R)-2-chlorobutane
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chai CHO

H,C\__/COOH e
() PR (2) HX&
H-N H HO CH>OH

(A shaiall) sl U gy Al sy sl a )

Br
COOH
T on 2H3C‘CH0
(1) = (2) Hl
C,H;
H
(3 Br—|—CH.CH,

CH;
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Diasteriomers 4 adl) sazy

6 sind iy et ) Sy S e )l il pa g V) A ) als g guia gl 128
e Leday 53 Y ADlal <l a3 e Boke s ¢ SASI oA S oy 53 JAY) e

L L (s ghe lliad Al oo Jiiise JSG i pia Jlad Leia JS () K5 ¢ 31 a8 ) poan
Jaz¥l ol LS adl salizas ) sa clliad aal gl e i V) 8 44150 el Al JS G
trans s Cis < e g ¥l & LS Al S5 )0 elliaiy

Bl el (84 ) g g anead) Lol IS Jag 5 e ) 58 Ol e g 0l Sl 5 jal 5 s

Ll 21 S il e ailS 131 5 AlaanSl g 4y ail) al il aran & D) Calias
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2,3-dichloropentane
(CH3CHCICHCICH2CH3)

CHy CH CH CH:CH4

Cl Cl

‘B



Crlilaia e 0 3S ge ling (3 3-chloro-2-pentanol «S ) Jiall Juw e 23l
"ol c.mjAuSM"):ij.\\ d&n\@)\@& sl oy

OH

’ . H OH
' Z
"\\\\\\ H2 i H2 ///,’
C m _-C I Cwr C
_ ch/("’)\c,,/ \CH3 : H3C/ \C/(S)\CHg —
‘/////H i \\\: \
Cl H Cl
w2
& (2R,3R)-3-chloropentan-2-ol (25.35)-3-chloropentan-2-ol g
S
.8 Enantiomers 2
3 5
hrs -
8 ¥ H ! H " 8
A | I : n, 2] A
C (S) C i C (R) C
Hye” (R)\C{ SeH, | ohe” e © e, a
— / | S
| 7o : S\
H ci> H
(2R,3S5)-3-chloropentan-2-ol (28,3R)-3-chloropentan-2-ol
Enantiomers

Per spective formulas



CH,
HO— (|: H
i i
CH,CH,
2(R), 3(R)
A

Fisher projections

Ol S 38 e e (s 53y oDl (3-chloro-2-pentanol) S all of Las 4l
C3, C2 L

? Al S s lS IS A yall dag yY) maalaall oale /0

¢ Syl 13g) Alinall Bt Al ol o s 34¥) 230 oS /s
2,3-dibromo-4-methylpentane s 3 z1 5} Lasia 50 pind Jallus da
a9 o) Alaay)



(2S,3R)-2-bromo-3-chlorobutane

CH, CH,
H Br Br—y—H
H——Cl | C1——H

CH, CH,

(2530 (2R,.3%)

ETAnLIHTIErS

.y

2-bromo-3-chlorobutane < !

CHj;

Br

(25,35)-2-bromo-3-chlorobutane

Cl

-
—
—
-
=
-

CH3j

(2R,3S5)-2-bromo-3-chlorobutane

FHH CH.
H——Br Br—H
e H—r—{l

CH, CH,

(25.35) (ZR.3R)
enanliomers

;B A

Dotted-line wedge

ey

diastereamers ¢



Hold Steady —» [ " ]

OHC——OH |
’-\ ===
4 H-C——-OH 1

4

CH,0H
3

AL Qe
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Tartaric Acid g
OH # OH
oo \
e %

R Enanomess : S .

s : COOH
OH OH
) _ p
{Z2R 3R) 2,3-Dihydroxy-Butanedioic t {25,35) 2,3-Dihydroxy-Butanedioic

Aad \ ’ Acid

(2R 3S) 2 3-Dihydroxy - Butanedioic Aad
{meso compound)
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CO.H CO,H CO.H
H-— OH HO ~{—H H—4—OH
HO—H—H H—{—OH H——OH
CO.H CO,H CO.H S s
Jia
1 2 3
(+)-tartaric acid (-)-tartaric acid meso-tartaric acid

Two of these stereoisomers are enantiomers and the third is
an achiral diastereomer, called a meso compound.

SR
. . COSH
meso tartaric acid L|"

i somer s i —OF HO- H

HOr —!— H

|
C0-H

roture 180

. e pos bl



Meso Compound.s e LSy 3 sa 5 daadle (Say odle] Y IS a5 138

(MeS0) s e 4ale Gl sl s je 55 e (553 (2,3-Butanediol) S el Sis
e sall Cayay Laaaald alail Legd () ja g 301 W ($]) Lo pa lals e 58 g e g yiulao
a5 il (e Lagia IS5 Hlatall iy cpall I 48 jay SN 5 L) () alaiinll

(2R,3R) (25,35)

enantiomers achiral mesoform

diastereoisomers



CH, CH, CH, CH;

HO——F——H i H——0H HO——a——H i H=—1——0H
! D E— . T <
H———0H : HO———F—H HO—7——H y H=——T1—0H .
i o S s
CH5 CHy CH;y dﬁ CH;y &\_A_,
A 3 c D
= (2H,3R)-2,3-butanediol plane of symmetry between the carbon
= (25,35)-2,3-butanediol 2 and 3 of the butanediol.
D = meso-2,3-butanediol

<A
- B
Cc

+ € and D are superimposable mirror images (the same molecule)



2,3-dibromo-4-methyl pentane S <l alaiaall 421 jall Gl pa g 3291 an ) /10

falls 2 3-dibromobutane S el dlciaall dae ] &l &l ya 5 3Y) an ) /2

(2R,3R)—2,3-butanediol S sall dleiaal jéub L tsa a ) /300
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The possible optical isomers = 2N=22 =4 e
R-chlorocyclohexanol OH (C » _OH
[

Cl
O:OH HO: : OH |HO
Cl | cl : e CI:O

(1R,2S) (1S,2R) (1R,2R) (18,2S)

Enantiomers Enantiomers
e gl
(of o
1S,2S 1R,2S

Diasteriomers



. OH b |
S D
Cl C

c H2 T
e G y & y \
j',mmoﬂ E_ \\rmm a
H—C
AN
el < b

(1S,2S)-2-chloro-1-Hydroxy cyclo hexane

(1S,2S)-2-chloro cyclohexanol



Draw the possible Optical isomers of :

» 1-ethyl , 2-methyl cyclohexane

GH,

H.C

(1 R’ZS) Enantiomers (1S’ZR)

" CH,

(1R,2R)

H,C ™™

(1S,2S)

Enantiomers




Diastereomers; Cis-trans Diastereomers: Cis-trans

Isomerism on Double Bonds Isomerism on Rings
* These sterecisomers are not mirror « Cis-trans isomers are not mirror images, so

images of each other, so they are not these are diastereomers.

enantiomers. They are diastereomers. re

H‘Cx _ f{:H' H’C‘x ;*H i:-.__L_'FL 1-|__f H H u:l"_,-’} i~.__|-_[ ! 1_|}__.«:'

= =t — — et
; -3 eNaRiomers ol pare-1 2l vleyokape nitne vig=1, 2-dimethy iy |n|h_-=|r e Caehilead)
cis-but-2-ene trans-but-2-ene

Uad pe a5 Al S ol 45 5al) Gl e 531 el A 45 gea e CiS e 1Y) el
sed e g3l pall 845 ) sa e trans e n¥) G YV laiy 55 S 5 Gl L s
SV ez 58 2 s
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Meso Compounds

T F
p # \\ _ CH, COOH
| wy IS B——H _ _ H—OH
\ : ol L/ Br——H H = OH
.r'r. | hY
Cl Cl Br Br CH; COOH
cis-1,2-dichlorocyclopentane vis- 1, 2-dibromocyclohexane mese-2, 3-dibromobutane mreser-tartaric aced

e Fouraron w

- Meso compounds have a plane of symmetry.

- If one image was rotated 180° , then it could be
superimposed on the other image.

« Meso compounds are achiral even though they have
chiral centers.



Draw the possible Optical isomers of :

» 1,2-dimethyl cyclohexane

[.;‘

o g
CH 3 ""'CH;; H,C w
Meso compound (1R,2R) (1S,2S9)

Optically inactive Enantiomers
Optically active

Due to plane of symmetry
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3- Organic chemistry by Morrison and Boyed, 6th ed., Prentice-Hall
of IndiaPrivate Limited, New Delhi, 2002.

4- Essential Organic Chemistry Paula Yurkanis Bruice 2010
Second Edition

T. W. Graham Solomons, Organic Chemistry, Fifth Edition, New
York, 1992.
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Acids and Bases
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Calind Bala g ¢ clluadla Jail (aalad (o Hladll a8 g o ) Bale Jie (aal sall e (g g3a8 Sl 4y sa¥) amy g ¢ Citric acid o sell)
Ascorbic acid €lu ) Sl aalal g )laill anl) 58 5 C
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Arrhenius theory o ssi i &y a3
el gill g yalaa¥l et Al g Al g i Jilladdly 3lati & y0 2] 88T A s giiaa i allall it
H G sall Cua g saed) Sl gl 45 oS (0 oll) 8 Lil g 2ie Al ol il e aeal) G e S

OH™ adludl 208 g jauel) il gl (3lia3 Sl 3L 8 S2clill g ¢ (igig ydl )
i 3 ol Sl B Al ge Lellae 5553 5 oLl 3 Jelslly (b A il e | il 5 b))
strong electrolyts & s il 5 <)

F# paa HCl +H,0 = H,0" + CrI

4385l Ca(OH), + H)O ——» Ca*™* + 20H

e 9 6z eSU i ) Aisn i Llillacs 56859 oLl 8 L ja (0l Adaiall 20 ) gall g alaal) )
weak electrolyts 4w il 5 5|
HCOO™ + H,0°*

s pas HCOOH + H,0

Aips 228 NH, + H0 NHs" + OH




Bronsted-Lowry theory e — e g s 4y i
il Balal o Bas ) g Ll glae 3 Uighg p ned il Saldl i e maall 4y plaill sl i e
ool Jass
CH,COOH + N3OH —== CH,COO'Na* + H,O
et sasd

g5 551 2 5l s g o) e a8 g s 8 (5559 i€l g 238 e 5 580 3 gl mnd

amphoteric
OH(aq) + NH,'(aq) H,O + NH; == NH,” + OH
nugate base Conjugate acid e ciolh
H,0 + HCl H,O" + CI

Aallaid) U g 58 5 9y oLl Lt e 0l ) Asmall 2 el ae il g mlead) Al
K, il culd 35l e L s se el Sy Uil g al) dle it o gl ol g



Write separate equations representing the reaction of HSO,

a. as an acid with OH
b. as a base with HI

Write separate equations representing the reaction of H,PO,

a. as a base with HBr
b. as an acid with OH

:3\.\:\“3
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PK, fa 88 3 K, o b uulili Saelil) (i 5 g8 »

Lo pe g A al g

et menll B e B S el sl e

cAdal el 8

(VAL LI NCPERY) g

K, & gaub ol (i)
pK, &= ~== (ii)

1
pKa = log --—--—--- = -log Ka

Ka
PKa
0
ethanoic acid CH3—C 4.76
0—H

0O—H
phenol © 10.00

ethanol CH3—CHa—0O—H about 16

1pK, 4ad B LalS @ aanl) 0l 5 gh 3] Lals o

Sl 5 gR e



_1 daaad) S Sl / Jla
= +
CH3;COOH 59 + HyO | === CH3C00" 5q *+H30" 5

ICHyCOO7 [H;0°]
[ CH;COOH|

saaah sdacs K, =
pK,=-log K,

_: BaslAl ol culs f Jha
NH, (aq) + H,O (I) = NH, (aq) + OH (ag)

. INH; | [OH" |
Bl i cld K, = [NHE]
PKh = - lt:-g Kg

g 2 il ol o A1 ke Ale
- . i 2o Lol a8 Al AABS N el e A geand il Sl SAS
I—-IE"""—"lﬁ-"l—',l-“'—ij_J'hlln_."u' il ~ o | . ¢ g G L'-.IE.-E K - _...";'&E
. A e 2l A g el de | aeall B at. Sl ) > 4 )
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lonization Constants for Polyprotic Acids and Bases

Phosphoric acid is a polyprotic acid, or an acid that has more than one acidic proton. Remember that a polyorotic acid donates its protons in steps:

HyPO, + Hy,0 === HPO,2 + H30*

HPO,% + H,0 =—= PO,* + H,0*

= How do | know
& Of the three acids above, which will have the largest K_ value? j e ;:L':]Z;i
HiPO, HoPO4 HPO &

AU (aaa) gad) pls e alaa JS) [
paalall B g8 Ui
Sl g SN Gaala ¢l gyl Gaala ¢ @) S oY) ladla ¢ dlie ) bl aals



Lewis theory o s 4z &
ALY ﬂj&Uj)ﬁkgL;HEjj%d‘_AL 5;.“.&.0.1.11_‘5_‘“_‘._*;.“ EJ'HJLﬁEﬂJi‘_J; UM]%)H'I 528 n._lﬁﬁ
ind g <l g JISIY) e g mie Ao 3 a8l Ll Sall Lgd e 3ol (e g Dl 5,50l

T
H CI

Cl Cl Cl .
oo .e .o A|C|3 + NH3 —_— H—N . A—CI

= | Lewis  Lewis | ‘
A l acid base H CI
F
BF; + CH3—§:I;—CH3 — CH;-0: |B_|:
Lewis Lewis | |
acid base CH; F

Apaloatl Aol Ml g SSINY Cpe g el A paal Al 3o pha e L 3 eyl ) e
Coordinate covalent bond Al
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Identify the acid and the base in each Lewis acid—base reaction.

a. BHz + (CH3)2S — H3B:S(CH3);
b. Ca0 + CO, — CaCO4
c. BeCl, + 2 CI~ — BeCl,2

AUl e (e JS A Gugl Baslly ol Gl il g [

a. Al(OH); + OH — Al(OH),

b, SnS, + S* — SnS?

c. Cd(CN), +2CN " — Cd(CN)3'
d. AgCl + 2N Hy — Ag(NHy;), + Cl
e. Fe*" + NO — Fe(NO)*

f. [Ni** + 6NHy — Ni(NH;):'



Factors that Influence Acidity rdgpadall Ao 3 il Jal gl

1. Acidity Increases with Increasing positive charge on an atom 2. Across the periodic table, acidity increases with electronegativity...
© ®
OH < H,0 < H0 CHy, < NH; < H,0 < HF
pKa 14 -1.7 pKa ~50 38 14 3.2
Increasing acidity Electronegativity 25 3.0 3.4 4.0
e
S) C) ...but down the periodic table, acidity increases with size.

NHz < NH3 < NH‘
HF < HCI < HBr < HI

pKa 38 9.2
pKa 3.2 -8.0 -9.0 -10
Electronegativity 4.0 3.0 2.8 2.5
lonic radius 133 181 196 220
(picometres)

Ao kil Gl



3. Resonance

Example 1 - contrast methanol versus phenol:

9.
CH,OH @—on @_oe ORISR Go:

- -

pKa 15 < 10 The anion of phenol can be stabilized
more acidic through resonance

-

Example 2 - alcohols (e.g. methanol) versus carboxylic acids

" i o
0O :0:

cHOH Ao B9 Ay

pKa 15 < 4 e



4. Electronegativity and inductive effects:

Two principles - electron-withdrawing substituents can increase acidity
of a nearby atom, which increases with electronegativily and decreases
with increasing distance to the atom.

Electronegativity increases inthe order F>Ci>Br>1:

0 0 0 0 0
H - Br ol . F
HO < HO HO < HO HO
H H H H H H H H H H

pKa  4.76 3.15 2.86 2.81 2.66

More acidic

) 0O 0

A N

HO CHQCHQCstr < HO CHQC".zBI' < HO CHzBr

pKa 459 4.01 2.86
0
®) @)
_Cl Cl o
HO)J\C HOJHCi HO™ g
Hy cl Cl

pka 2.86 1.29 0.65



5. Orbitals
The higher the s-character of a band to hydrogen, the more acidic it will be.

sp3 > sp2 > sp
25% 33% 50%
s-character s-character s-character
CH —
Ha ':,-- 1 /@ H———H
H
pKa 50 42 25

increasing acidity

Questions: What do you think about the acidity of the following protons in
red?

b R @
1.  HaN—-CH,R N={ H—=N=—R
R
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OH o OH 9)
/I\“"q. /I\H
\) . | .
Phenol phenoxide anion , Cyclohexanol Cyclohexoide 10n
ca A sa g2l Jadllaala b el Gdli o &Y gaSHl e oY il Auinea GLE )l pudy
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Electron-withdrawing [EWG] <= s 53S0 daalc asdlas 2 3o o 2aaS aidll ) ol Al 313 33
o3 =S = Electron-donating [EDG] <l 5 5SI2U 4adlall asdland) JIi 4 455 e & 5 Zas

pky o S8 e o mao o U Jsaadl g diaaa e i AUl 5 S wdl
pK, pK, pK,
I oy | ad g s A2 g 3 Al ga
Phenol 9.89 9.89 9.89
-Br 9.25 8.85 8.39
-Cl 9.20 S.80 8.11
-NO> 7.15 8.28 7.17
-CHa 10.17 10.01 10.20
" OH OH OH
NO,
NO
N 2
e e
. NO,
| IT 11

rJlia



OH

OH

OH OH

Q<0< Q30

(3113

NO,

OH OH OH OH
F
F

pk, 10.0

pk, 8.81 pkK

9.28 pK,9.81]

A

(JQPJ{

OH OH GH
CH4
CH,
o-cresol m-cresal CH,
(0-methylphenol) (m-methylphenal] p-cresal
( p-methylphenol)
OH
OH OH
OH OCH,
OCH,
OH OH
OH OH
OCH;
+R
OCH;

éﬁxn; _QCH, R
— OCH;
A B C
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O 0

/

R—C + H,0 R—C/ + H;0'

*

-

O—H o
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benzoic acid in aqueous solution

benzoic acid partially dissociate in the water and form benzoate ion. and H3;O".

Negative charge overlap with benzene ring. Negative charge decreases.
Stability of carbanion is high. O \.

(}<O

COOH

Alkyl group repel electrons. Negative charge increases. Stability of
carbanion is less. \

I
CHy—C—OH + H,0,q) === @%—>o + H,0*

Alkyl group

In the benzoate ion, negative charge overlap with benzene ring. Therefore negative charge decreases.
Stability of carbanion is high.



But Alkyl groups repel electrons. Therefore negative charge on oxygen atom increases. Hence Stability of
carbanion is less than benzoate ion.

Therefore equilibrium point of benzoic acid trends to the right. Thus acidity of benzoic acid is higher than
ethanoic acid.

Acidity of halogen substituted carboxylic acids

Halogens are more electro negative than carbon. Carboxylic acids form carboxylate ions in the aqueous
solution. If this carboxylate ion is more stable, the acidity increases. In halogens, F is the most electro

negative atom.

Br Cl F
O @) O 0
S, + 1 e * I © * I
CHy—C—0  CH,<~C<—0  CH;<<C~<<0 CHjyeceC=<<

Negative charge on O atom decreases.
Stability increases
Acidity increases
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Structure Ka
CihbCCOOH 0.23
CI,CHCOOH 3.3%107
HCOOH 1.7x10™*
CH;COOH 1.7%107°
CH.CH,COOH 1.3x107
CsHsCOOH 6.4%107
(fl @) ?l O
4 4
Cle—C—C, Che—C—C
TN T\
Cl Cl O
Strong electron withdrawing Stabilization of anion
H (@ H
| 7 4
H—C—C\ H—C—C\
H o H =

Weak electronic release Small stabilization of amion



COOK

COOH C OO COOH COOH COOH COOH COOH
@ ‘ ‘ > | _ > >
| ' | OH Z
NO, =1,~M OH+M>=] Cl=1>+M OH OH
| I N I (pKa = 2.98) (pKa = 4.08) (PKa = 4.19) \pra=4.58)

sosicstrangh [ = IV = J1 = 111

COOH COOH COOH COOH COCH COOH COOH COOH
NO2 _
O > > > >
NO2 MNH- .
NO2 OCH3 MH-
pK, = 4.95 pK, = 4.73 pK, = 489
o-nitro benzoic acid r.!-mtrr:f ‘ m-nitro benzoic acid p-methoxy
benzoic acid benzoic acid henzoic acid

The —OH and —OCH3, groups display both kind of effect if they

are attached to para or meta position of an aromatic acid. Q/Why is propenoic acid more acidic than p-

methoxybenzoic acid?



Organic bases 43 gal) o 4l
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R — NH, + H,0 = RMNH;0OH In agqueous solutions, the order of basicity:

1% amine 1% ammonium salt

(CH3)2NH >CH3NH 2> (CH 3) 3N >NH 3

Y + —
R—-NHR + H.O = RNH.ROH
2° amine 2% ammonium salt
LR} + =)
RNR: + H.0 = RMNHR-OH

37 amine 3% ammonium salt
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. : Q%
5 | B
CH, 0 + CH;Br HaCO---Co---Br  —m CH;OCH; +Bf
B
Retention of Configuration
frontside orientation %\ CH,CH, CH,CH,
e R
CH, CH,
(R)-2-bromobutane (R)-2-iodobutane
Inversion of Configuration
CH,CH, CH,CH,
/J\'K\backside orientation -
[
CH,

(R)-2-bromobutane

S,2 mechanism CH,

(5)-2-iodobutane
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HsCH,C H




-

37 alkyl halide

=
Bt H

PNy Sy2

17 alkyl halide

Wow is it crowded around that 3° carbon!
This transition state (T.5.) will be too
high energy to form easily.

There's more room around this 1° carbon.
This T.5. is lower in energy and so will be
easier to form.



Steric hindrance makes a compound less reactive because bulky substituents make it
difficult for a nucleophile to attach to a carbon from the opposite side of the leaving

group. O Sl JB S all Jant de )il Zale )
(I;H3 (';H3 ?Hs (')H3 |I-| e Craall e Jrad dadiall Gl gl
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CHs CHs H H H B oall Ao sanall (uSlaall sl s
Less More
Reactive Sn2 Reactivity Reactive
dga g e SN2 SOleldl Juadi S
SN2 reactions are favored when strong nuFIeophiIe§ are present. These.are 13 LS pall 028 55 BEPRLPE
compounds that are strongly eIeFtronegatlve a?nd either have a lone pair of e s 755 Ll Ll s Bulle Bll s 568
electrons to donate or are negatively charged ions. . T T et
@uubﬁ\gé j\\.@_jt)..uﬂa_mbj)ﬂ:){\
() ~ - P pon 7~ ...M. : \
H,O CH3CO,” NH; CI¥ HO~ CH;0™ 1< HS
Less R More
A Nucleophile Reactivity ~——



The best leaving groups weak bases. As you go down a column on a periodic

sel g8 a5 aball aalaall Juad

table, the more likely it is to leave and is thus a better leaving group. The weaker S sac Jad S Jo8 ladie Al

the base the faster the reaction.

HO® NHS CH0° F@ ¢€1© €
Less
R Leaving Group Reactivity
Type of Carbon
Methyl Primary Secondary Tertiary

S2 S3. Sakka. ‘S3

l

Solvent Nucleophile
Aprotic Protic Strong Weak

Sy2 Syl Sy2 Syl
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More
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SMN1 mechanlsm Involves two steps:

Step - 1: Formation of carbocation:
CH, CH,

a |
HC—C—Br == CH,—CI@ +Br

[
CH CH,

3
Step - 2: Attack of nucleophile on
carbocation

Cli-lim Cll_l!
CH,-C®  +oH =, CH,—C—OH
HhT 1
CH, CH,
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The Effect of Solvent (Protic vs. Aprotic Solvents) A 98 g0 urd) g A g gl Cldal) il

H-------- o—H R
/RS |
"0 ‘ o Mu-----C-----LG
S c® >
" TR ;’ R R
H Ef'ld__H
Naoo e/ Sy? is already very
f TCH crowded, so H-bonds
" block the MU/LG from
H-bonds stabilize the daoing their jobs.
carbocation, so polar protic S0 Sye requires
'f:-"l".".'|'||.‘.:- dare _!-_".'“".l ["r .;H | apr@tic 'f:-"l-'.".'|'||.'f:-.

Common Aprotic Solvents (Sy2)

Common Protic Solvents (Syl)
Can't H-bond

Can H-bond

o MHy — CHaNH 0 o a
. . : | I I
ammonia/ amines 1 ¢ C
H ' R = C...
//C‘“x r? H o Hee” cH,  HeCT TCHg
R 0—H Hz0 CHyO—H | CHa
carboxylic acids water / alcohols : dimethylfarmamide  dimethylsulfoxide acetone
i DMF DM S0
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H, CHs
K

G

“ (S) alkyl halide

Step 1. Loss of
leaving group (slow)

BrD
1 Patha H CHs = HC H
H"% 2 N3 ! e OH, 3 2 OH,
“R) |, H,0 Path B J(S)
—H@ Carbocation —H@
Step 2: Attack of nucleophile
Step 3. on carbocation (fast) olep 3
eprolonation  Can occur from either side of the deprotonation
flat carbocation
: (Path A or Path B) '
H CH; H,C H

<1 (S)
Path B gives retention (S)

-
4 @ M
—
B M>"I
Fu—
Y
o
I

Path A gives inversion (R)
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/—C\%OH

CH;{QH

Nucleophilic attack from both
sides of the carbocation

50 O)g/

H @
p/

Racemization

g Br
R
H\ &
L= =
Br
—
Deprotonation
A TS 5e e Ll 8 e 580 3 5

S e i Lgusan) Q00 Ay F
racemic mixture e 5 Blall s

\o'

Enantiomers

O/

Racemic Mixture



Water and Alcohols as Nucleophiles in Sy 1 reactions
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More substituted alkyl halides react faster in Sy1 reactions:

R R R
. N\
c—X #C—X
111{ e :
A R™H R/
R
1 < 20 < 39

Increasing rate of an Sy 1 reaction
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Sy 2 Reaction

(Brm
+ =)
H

alkyl halide

nucleophile

Sy 1 Reaction

Br Ist step [
SLOW

Syl N

alkyl halide

IEI -
* B leaving group

P ARROWS

—_— -

Ao
T

+ =

P -

leaving group

RN

&

. OH,
—

t HEBr
nuclecphile

||||||||::|
I

:

2nd step
15 fast!



Br Sul 1 -
oyl lst step
'\-\_;—"/* {.B

-

37 alkyl halide - L
27 carbocation

STAEBLE

Syl 1st step

/\\//Br -

17 alkyl halide

e

17 carbocation
UMNSTAEBLE

Br

LG

This reactoin can happen
because 3" carbocations are OK.

This reaction won't hap pen
because 17 carbocations are

too unstable to form.
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acetone

WCl

n-butyl chloride

C
n-butyl bromide sec-butyl chloride

Best for S

5 OH
+ Cl —-—X + HCI

solution becomes acidic as
reaction progresses, so indicator
turms from pink to clear.

)& P

fert-butyl chlornde crotyl chlorde

h A
Kl

Best for Syl

Mf;\* —

crotyl chloride

carbocation 1s
stabilized by resonance

&
N
N

I
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Syl and S 2 Stand for: Rate Laws

Sy2 Rate Law Syl Rate Law

Br

Rate:l{l/l\/ Rate:kljr\/w

alkyl halide nucleophile alkyl halide
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CH,CH,OH
’

1- S P 25°C

2- Cl -

DMS50

CH3
O'—CH2
HiCan &
H3C>\
H2C'—CH3
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OH

HBr
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S\2
/]\/g, s ? A: CHsl + CHaS8° —

DMSO

B: (CH3)sCBr + CH,SH

Br CH3SNa

e
)\/ Acetone ;

OCH; Z
B T = B OH
DME TR IR
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DMSO 2
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The Sni Mechanism for SOCI»

poor
leaving

group 0
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A X,

retention!

good
leaving

Alkyl chl orosulflte

I
L)
Of 0

s el 4Kl




An example is reaction of a chiral alcohol like (R) -2-methyl butanol with SOCI: to give the

corresponding halide.

CH,

WE Y

=
.

(R)

50 Cl, H)\
™ 0 ,H

— ) 0
I -

C,H oL ¢/

| ~

CH,
—_—
H/J\c /
Cl €A LT

CH,

C |
(R)

.

chlorosulfite
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Effect of varying solvent

- . 0
¥ H“ “ + HCI B
T
.9 R,H
inversion
5
R P
Cl
E Hl. d-"'"//;
i R
ShE SNE Enl
R R R
H")ic' Cl;("H H'.}f*m
R R R

refention imersion refention
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O HO, M QO ci, H

&
-~ _OH sS0cCI . _OH

o] 0

(+)-malic acid (+)-chlorosuccinic acid

Why does SOCI, give retention ?

=2 &)
220 O
(o] L o‘s'—Cl :Cl: 1 O\\ _Cl
i ®l \h N HG/S
O HO: H —> OHo r — 0 o@H
_-OH & OH <" OH
Ho’u\)\n’ HOJJ\)\H’ HO
0 o} 0
Attack of OH upon SOCI, Expulsion of CI- to form Neutralization to give
protonated chlorosulfite chlorosulfite
The alcohol attacks SOCI, and after expulsion of Cl and deprotonation of O, a
"chlorosulfite” is formed. The C-O bond breaks with expulsion of CI™
forming CO, and an "intimate" ion pair. Chloride then attacks the carbocation
from the same face, resulting in "retention” of stereochemistry
g i 2
0 G o 2y
. oOH S o
/U\/'\[ron Ho’u\{g\n/ — HO)I\)\n’
HO 0 (0]

o)



Adding SOCI, AND PyridineLeadsTo Inversion via
The S2 Mechanism

Observation: When base is added, SOCI; now gives inversion

O HO, H O H e
. OH socClI . OH
0 Pyridine 0

(+)-malic acid (-)-chlorosuccinic acid

Jelis 1 (s yall) s2c ) Aalis)
A 25 Jasill 4y ) IS aa J gl
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SN2 4SS



The result is an Sy2 reaction!

SOCl,
0 HO: H —>
<_ _OH
HO Chlorosulfite
0 formation
(as before)
0=S=0 [[/ \\\]
“~ ~
. N/
O S
T R
: OH
HOJ\)\(
0

Result is inversion!

| =
Cl o Cl

O~ 1 ~
°?' MRS

“\H OH .\\\H OH
HO
0O

Chlorosulfite Pyridine attacks sulfur

N e
‘s ® 7
- 0 H - o o
J]\)‘\‘[ro}'l \\H OH
HO (v HO
0
eCl

(o)
Chlorine displaced

Backside attack of chloride ion

(Sn2)



SOCiI; plus alcohol gives retention of configuration, SOCI; plus alcohol plus pyridine gives
inversion of configuration (Sy2)

Bottom Line (in real life)

0 H ¢ QA HO, Qe H
" oMr(ﬂH soch . )l\)grnu socl, J-l\}‘\l(m-f
- .
{(=}-chlorosuccinic acid {+)-malic acid {+)-chlorosuccinic acid
Inversion Retention

(via S,.2) {via Syl
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Elimination Reaction =il wdie s
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Rate of reaction follows the order.

R-I=R-Br>R—CI>R—-F

Increasing rate of E2 reaction
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1° 2°

Increasing rate of Sy2 reaction

Favored by polar aprotic solvents
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The more substituted alkenes are more stable
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Strong, non-basic Nucleophiles

Sn2 Only

Halides, CN, SR, SH, RSH

(No Elimination)
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Sy 2 - No elimination

CN

RNH,, RNH', NH,,
R-==" OH, OR

Non bulky - E2 and Sy2

Basic Nucleophiles
can do 542 and E2.
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"BuOK

Bulky - E2 only

Reaction od non-bulky base with 1° and 2° alkyl halides
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Propene is not the only product of this reaction, however — the ethoxide will also to some
extent act as a nucleophile in an Sy2 reaction.
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Weak [ ] Strong,
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Weak bases
H-0, ROH

Unimolecular:

Sx1 or E1 Sx2or E2

Bimolecular:

The role of the base the E2 and E1 elimination mechanisms

cBr i ©
RN-R"//C?)U —— RASRY 4+ HO0 o+ Br
R H= Strong base

Subsirate

E2 reactions are favored by strong bases such as MeO", EtO", 'BuOK, DBN and DBU

(Br slow R QH

R('D 1H — \/\R" ' /\5*"9
R" Br R" R'

fast

E1 reactions are favored by weak bases. Most common weak bases are water and alcohols.

Nonhindered strong bases

RNH,. RNH", NH,,
R—==", "'OH, OR

Bulky strong bases
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Br OH

El-major Sy 1-major

The E4 Mechanism

Step 1: Loss of leaving group  Step 2: Deprotonation

HoC\ 61 CHs F: oM, CHy
CH, SaCH; CH;
—_— —_—
Carbocation

O™ 2on D o O
e +
Br

Minor Major
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S\L.S\2. El or E2

3° Alkyl Halides

With strong bases: E2 elimination occurs

With weak nucleophiles or bases: A mixture of products from Sy1 and E1 reactions

1° Alky] Halides

With strong nucleophiles: Substitution occurs by an Sy;2 mechanism

With strong sterically hindered bases: Elimination occurs by an E2 mechanism

2° Alkyl Halides

With strong bases and nucleophiles: A nuxture of Sy2 and E2 reaction products are
formed

With strong sterically hindered bases: Elimination occurs by an E2 mechanism

With weak nucleophiles or bases: A mixture of Sy 1 and E1 products results



El1cB Reaction

An elimination reaction that happens when a compound bearing a poor leaving group
and an acidic hydrogen 1s treated with a base.
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EWG EWG EWG

ElcB stands for Elimination Unimolecular conjugate Base. The reaction is
unimolecular from the conjugate base of the starting compound, which in turn is
formed by deprotonation of the starting compound by a suitable base.

The electron withdrawing group (EWG) can be a carbonyl group (keto, aldehyde,
ester), a nitro group, an electron deficient aromatic group etc. Dehydration of aldol 1s
the most common ElcB reaction
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2.2 dichloro-1,1,1-trifluoro ethane 1.1-dichloro-2.2-difluorc ethene
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Step1:
Deprotonation H,CO. Ph
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Conjugate base
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Elimination Ph
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o
SLOW
+ CHgoe

rJlia



:JJMAM

A gaS Olakis Juald 2dan i 4 guaal) clLuasSl) | 8 46S0 dadaa -]
27910 2 gana AR 2



