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CHAPTER

General Organic Chemistry

1.1

Electron Displacement Effects:
Effect occuring due to displacement of electron in organic compound is called Electron Displacement
Effect or Electron Delocalisation Effect.

Electron displacement effect is of mainly two types.
Electron Displacement Effect

! | |

Permanent effect

e Temporary effect
(Polarization effect) ' (Polarizability effect)
Inductive Hyper  Resonance  Mesomeric Inductomeric Electromeric
effect  conjugation effect effect » effect
Other Effect: :
(a) Steric inhibition of resonance (b) Ortho effect.
(1) Inductive effects: -

In a covalent bond between two different atoms, the electrons in the & —bond are not shared equally. The
electrons are attracted towards the most electronegative atom. An arrow drawn above the line representing the
covalently bonded electrons shifts towards higher electronegative atom can show this. Electrons arepulled in
the direction of the arrow.

When the atom (X) is more When the atom (Z) is less
electronegative than carbon electronegative than carbon
electrons attracted to X electrons attracted to carbon
o— . oF
'—>C —X ' —70 ‘—i
negative inductive - : positive. inductive
effect (—I effect) effect (+1 effect)

I groups +I groups
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' : General Organic Chemistry

X=Br, Cl, NO,, OH, OR, SH, Z=R(alky! or aryl),

SR, NH,, NHR, NR,, CN, CO,H, metals (e.g. Li or Mg)
CHO, COR
The more electronegative the atom(X), The more electropositive the atom (Z),
the stronger the —I effect the stronger the +I effect.
Pauling electronegativity scale The inductive effect of the atom rapidly
: diminishes as the chain length increases

K=0.28 =25
C=25 Br=238 -
N=30 Cl= 3.0 080+ 86+ o+ &~
0=35 = 4.0 H3i:-~CH2—-CH2—(+3H2—-CI

Higher the value, more

electronegative will be atom eXperiences a EXpenences a

negligible —I effect strong I effect

The overall polarity of a molecule is determined by the individual bond polarities, formal charges and lone pair
contributions, and this can be measured by the dipole moment (). Higher the dipole moment (measured in
debyes (D)), more polar will be compound.

(2) Hyperconjugation: A ¢ —bond can stabilise a neighbouring carbocation (or positively charged carbon)
by donating electrons to the vacant p-orbital. The positive charge is delocalised or ‘spread out’, and this
stabilising effect is known as “no-bond resonance”.

C-H The electrons in the o-bond
o-bond  spend time in the vacant p-orbital

vacant p-orbital

Points to Remember : .
Number of ¢ hydrogen oc number of hyperconjugating structure oc stability

L oc Polarity o« dipole moment oc !

oC e —
- Heat of hydrogenation : bond length

Problem : The correct order for the stability among following compound is

® ® H;C HiC
CH,CH, CH,CH,CH, oty He——2H,
He” /
3 H3C
an (n (I1) av)

@I>>M>IV G I>IMM>IV>IL (©IV>II>I>1 (@)IV>II>1> H ‘
Soln. Number of ¢ hydrogen o stability.

Thus,

)] an am - aw)

® : ® . HsC H3C

N ® @
CHyCH, CH,CH,CH, on—try He—C— SH,
| HsC | HsC

Number of o hydrogen . 3 ' 2 i 0
Stability, [ > IT>TII1> [V

Hence, option (a) is correct.
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Problem : Which is more stable methyl a -D glucopyranoside or methyl £ -D glucopyranoside.

xﬁ %L%

OCHs CX H
o orbital
Methyl o-D glucopyranoside Methyl B-D glucopyranoside

There is stabilising interaction i.e. hyperconjugation between the unshared pair on the hetero atomand '
orbital for the axial C-X bond in the case of ¢ anomer. thus it is more stable as comparedto its 3 analogue
in which there is no such interaction.

Note : If oxygen is replaced by carbon, there is no such stability interaction as like as above. Thus, stability can
only be decided on steric ground. Thus stability order for such species willbe

% OMe

(Stability) L

(3) Mesomeric effects: Whilst inductive effects pull electrons through the o —bond framework, electrons
can also move through the 7 —bond network. A 7 —bond canstabilise a negative charge, a positive chzrge,
a lone pair of electrons or an adjacent bond by resonance (i.e. delocalisation or ‘spreading out’ ofthe elec-
trons). Curly arrows are used to represent the movement of 7 or non-bonding electrons to give different

resonance forms. Itis only the electrons, not the nuclei, that move in the resonance forms and a double-headed
arrow is used to show their relationship.

(a) Positive mesomeric effect: ‘
* When a 7 -system donates ¢électrons, the 7 -system has a positive mesomeric effect (+M effect).

® AN ®
CEC=CHR ~—>  o=C—CHR
/- H /  H
donates electrons:
' +M group
» When a lone pair of electrons is donated, the gorup donating the electrons has a positive mesomeric effect.

\?—%R - \C=(gR _

]
donates elecucons:
+M group

(b) Negatwe mesomeric effect:
* Whena 7z — system accepts electrons, the 7 —system has a negative mesomeric effect (—M effect).

\1 N\ 9
—‘CHR - /C_=E'—CHR

Acr:ept electrons:
~M group
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1.2

The actual structures of the cations or anions lie sommewhere between the two resonace forms. All resonance
forms must have the same overall charge and obey the same rules of valency.

-M groups generally contain an electronegativé atom(s) and/bf a n-bond(s):
CHO, C(O) R, CO,H, CO,Me, NO,, aromatics groups, alkenes etc.
+M groups generally contain atleast a lone pa1r of electrons or a m-bond(s):
.Cl Bl,. OH OR 'SH NHZQ NHR NR2, aromatics, alkenes etc.
Aromati¢"(or ¥ryl) groups and alkenes can be both +M or —M effect.

In neutral comp.ounds, there will always be a +M and -M groups(s):
One group donates (+M) the electrons and the other group(s) accepts the electrons(—M).

S O S
RO C“‘"(iHR -——» RO=CH-—CHR

+M group -M group
All resonance forms are not of the same energy. In phenol, for example, the resonance form which the intact
aromatic benzene ring is expected to predominate.

e

As a rule of thumb, the more resonance structures an anion, cation or neutral 1 —system can have, the more

CoH«- +M group

aromatlc —M group
ring is intact

stable 1t is.

Inductive versus mesomeric cffects:
Mesomeric effects are generally stronger than inductive effects. A+M group is likely to stabilise an anion more
effectively than a +1 group. :

Mesomeric effects can be effective over much longer distances than inductive effects, provided that
conjugation is present (i.e. alternating single and double bonds). Whereas inductive effects are determined by
distance, mesomeric effects are determined by the relative positions of +M and —M groups in a melecule.

Application of inductive effect, hyperconjugation and mesomeric effect:

Acidity and basicity:
Acids: An acid is a substance that donates a proton (Bronsted-Lowry). Acidic compounds have low pK -
values and are good proton donors, as the anions (or conjugate bases), formed on the deprotonation, are

relatively stable.
In water: ‘ :
.. ® S

HA + H,O H;0 + A where, K,, is acidity constant

Acid Base ~ Conjugate Acid  Conjugate Base '
The more stable the conjugate base the stronger the acid

a7 [HA] The higher the value of K, the lower the
" As H,0 is in excess | pK, value and.the more acidic is' HA |
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M

The pK -value equals the pH of the acid when it is half dissociated. At pH above the pK, the acid exists
predominantly as the conjugate base in water. At pH below the pK , it extists predominantly as HA.

pH = 0 (strongly acidic)
pH = 7 (neutral)
pH =14 (strongly basic)

The pK -values are influenced by the solvent. Polar solvents will stabilise cations and/or anions by solvation,
in which the charge is delocalised over the solvent (e.g. by hydrogen-bonding in water).

H
o+ e ot 5 |® &5~
HO~HimnmuAmnminH-—-0OH HZOHtlonnuOH2
H - H

The more electronegative the atom bearing the negative charge, the more stable the conjugate base (which is
negatively charged).

pK 3 16 33 48

a

Most acidic HF > H,O0 > NH, > CH,

increasing electronegativity

&)
Therefore, F~ 1s more stable than H, Ce.

The conjugate base can also be stabilised by —I and -M groups which can delocalise the negative charge. A
(The more spread out the negative charge, the more stable it is)

—I and —M groups therefore lower the pK,, while

+I and +M groups raise the pK,

(a) Inductive effects and carboxylic acids:

The carboxylate anion is formed on deprotonation of carboxylic acids. The anion is stabilised by resonance
(i.e. the charge is spread over both oxygen atoms) but can also be stablised by the R group if thishas a I
effect. ~

0 0 3
4 Base e/
R“-C\/ —E—? R-—C\/ RWC\
on (BasetD oS o
The greater the -1 effect, the more stable the carboxylate anion and the more acidic is carboxylic acid.
F"CHZHCOZH Br‘—CHz'—COZH CH3"‘"C02H
pK, 2.7 29 4.8
Most acidic as F is more , Least acidic as the CHs
electronegative than Br and group is a+I group

hence has a greater I effect

(b) Inductive and mesomeric effects and phenols:

- Mesomeric effects can also stabilise positive and negative charges.

The negative charge needs to be on adjacent carbon atom for a —M group to estabilise it

The paisitive charp e weeds o be (i adjacent carbon atom)foria. + Nogroup to-stabilise it
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On deprotonation of phenol the phenonde anion is formed. This stabilised by delocalisation of the negative
charge at the 2-, 4-and 6-positions of the benzene ring.

OH

0 5 0 ’
6 2 Base
R B S B s oY -

4

Temporary Effect :

(a) Electromeric Effect :

» Temporary effect.

» Takes place between two atoms joined by a multiple bond
_+ Occurs at requiremnent of attacking reagent.

\8+ 5 o

SR
Instantaneous shift of electron pair of carbonyl group towards oxygen.

It is of two types.
(1) + E effect : Transition of electron towards the attacking reagent.

N L P @ |

H C—C—

, =E |
(2) —E effect :

Transition of electron away from attacking reagent.

C=0 +CN“—'"—*’

N © \
/ /

(b) Inductomeric Effect ;

» Temporary effect.

» Takes place in sigma bonded system

« In presence of attacking reagent, transition ofa electron cloud takes place more readily.
Example :

R—Q0—<H + Be —— _
In presence of base B, movement of sigma electron takes place faster.
(3) Other Effect :
(a) Effect of inertia/steric inhibition of resonance:
Resonance ability ofan atom is lost if it looses planarity with the other part of the system due tosteric crowding
by bulky group in adjacent positions.

ANy

Ny N 5

(B)
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Soln.

The above two compounds A and B have everything identical except position of the two methyl group. It is
expected that A should be stronger base than B due to closeness oftwo electron donating methyl group to —
NH,. The fact is opposite to this. Incompound B -NO, is surrounded by two bulky methyl group and they
sterically repel the -NO, group. In order to minimize the steric repulsion by the two adjacent methyl group, the
nitro group loses planarity with the benzene ring. So, now -NO, due to lack of planarity weigh ring, not able to
resonate. This is known as steric inhibition ofresonance. Thus in B , -NO, is not decreasing basic strength by
resonance. InA ~NO, lies in the plane of the ring, it is in resonance with the ring, decreases basic strength of
-NH, by resonance, hence weaker base.
Similarly we can explain the acidic strength of C and D

COOH ~ COOH
(C) (D)

C is stronger acid inspite of closeness of two electron donating methyl group to -COOH.

(b) Ortho effect: Ifany group present on ortho position of the benzoic acid. It always increases acidic nature
ofacid because this group decreases outer resonance of the ring toward acidic nature. Similarly ifany group
present on ortho position of aniline, it decreases basic nature. This effect is known as ortho effect.

Problem : The correct order of acidity among the following compound I-IV is

COOH COOH COOH

@ (In | (IIT) (IV)
(@I>OI>IV>1 (O)IV>I>M>I  ()I>IV>II>1 (HIV>II>T>1

Because of ortho effect o-nitro benzoic acid is most acidic followed by para and meta.
Thus order will be IT > IV >II1> 1.
Hence, option (c) is correct.

Keynotes in Organic Chemistry:

» If-M groups are introduced at 2-, 4- and/or 6-positions, the anion can be further stabilised by debcahsatlon
through the m—system , as the negative charge can be spread onto the —<M group. We can use double-
headed curly arrows to show this process. k‘

+ If-M groups are intro duced at the 3- and/or S-posmons the anion cannot be stabilised | by delocalisation,
as the negative charge cannot be spread onto the ~-M group. There is no way of usmg\curly arrows to
delocalise the charge onto the -M groups. :

« If-Igroups are introduced on the benzene ring, the effect wﬂl depend on their distance from the negative
charge. The closer the -1 group is to the negative charge, the greater the stabilising effect will be. The order
of -1 stabilisation is therefore 2-position > 3-position >4-position.

+  The-M effects are much stronger than I effects.
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Example: The‘NO2 group is strongly electron-withdrawing; -l and ~M.

HO
HO OH OH
NO,
6 2 NO,
NO4,
4 , . NO;,
PK, 9.9 8.4 | 7.2 4.0
Least acidic asno—l or—M  The NO, can only stabilise The NQZ can onl)'f stabilise Most ac1d|c.§s both NO, groups
groups on the ring the anion inductively the anion inductively and f:an . stabilise  the  anion
by resonance inductively and by resonance
0 c[>® c|>@
® ®
by N
0] 0]
S — e
®
: N e _N
Z B <IN AO
0~ o ~

Bases Abase is a substance that accepts a proton (Bronsted-Lowry). Basic compounds have high pK -

values and are good proton acceptors as the cations (or conjugate acids), formed on protonation, are
relatively stable.

In water:

se - ‘Kb . @ e

B + H,0 =——= BH + HO

Base A Conjugate  Conjugate
Acid Acid Base

The strength ofbases are usually described by the K -and pKa-values of the conjugate acid.

where, Ky, is basicity constant

. ®
B + H;0 where K is acidity constant.

®
BH + H,0

[B]| F0° ]
.Ka = +
[ "]
@ ®
-+ IfBisastrong base, then BH will be relatively stable and not easﬂy deprotonated. BH will therefore
~ haveahigh pK -value

[As H,0 is; in exoess]

, ' ®
+ IfBisaweak base, then BH willbe relatlvelyunstable and easily deprotonated BH will therefore have

alow pK -value.

The cation can be stabilised by +I and +M groups, which can delocahse the posmve charge. (The more
‘spread out’ the p031t1ve charge the more stable it is).

(c) Inductlve effects and aliphatic (or alkyl) amines: On protonation of amines, ammonium salts are
* formed. :



http://www.ChemistryABC.com
http://www.ChemistryABC.com
http://www.ChemistryABC.com
http://www.ChemistryABC.com

General Organic Chemistry ' (9 )

The greater the +I effect ofthe R group, the greater the electron density at nitrogen and the more basic the
amine. The greater the +I effect, the more stable the ammonium cation and the more basic the amine.

H < BN 26

\® 1 \® 1 \® 1 \®
H—N—H  Et—N-—H Et—N—H Eft—N—H

/ / / /

H H H H7(

pK, 93 10.7 10.9 10.9

The pK -values should increase steadily as more +I alkyl groups are introduced on nitrogen. However, the
pK -values are determined in water, and the more hydrogen atoms on the positively charged nitrogen, the
greater the extent of hydrogen-bonding between water and the cation. This solvation leads to the stabilisation
ofthe cations contalmng N-H bonds.

In organic solvents (Wthh can not solvate the catlon) the order of pK s is expected to be as follows:

RyN > R,NH > RNH, > NH, (R = +1alkyl group)

most basxc least bas:c
The presence of I and /or -M groups on nitrogen reduces the baswlty, and hence, for example, amides are

poor bases.
Ethanamide has apK of-0.5.

) ©0 The C=0 group stabilises
| h the lone pair on nitrogen by
C “ » C \@ resonance. This reduces the
HaC A N Hy H3C NH2 electron density on nitrogen
' «
-M, -1

(d) Mesomeric effects and aryl (or aromatic) amines:

The lone pair ofelectrons on the nitrogen atom of aminobenzene (or aniline) can be stablhsed by the delocalisation
of the electrons onto the 2-, 4-and 6-positions of the benzene ring. Aromatic amines are therefore less basic
than aliphatic amines.

@ @
NH, NH,

(P
Cpee

» [f-M groups are introduced at the 2-, 4-and/or 6-positions (but not at the 3- or 5-position), the anion can
be further stabilised by delocalisation, as the negative charge can be spread onto the -M group. This
reduces the basicity of the amine.

»  If-I groups are introduced on the benzene ring, the order of I stabilisation is 2-position > 3-position > 4-
position. This reduces the basicity of the amine.

NH, . H,N NH;
NO,
NO,
pK, - 4.6 b 245 | ~028
Most hasic-as ng-l or-—M’ The NO, groﬁp can stabilise.the Y.east basic: The NO, group can stabilise

groups on the ring lone pair inductively ihe lone pair induciively and by resonance
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‘Least basic: The OMe group  The OMe group can -donate electron

- If+M group (e.g. OMe) are introduced at the 2-, 4- or 6-position of aminobenzene, then the basicity s
mncreased. This is because the +M group donates electron density to the carbon atom bearing the amine

group.

HQN NHZ HZN
bMe
6Me
A MeQO
K, 4.2 4.5 53

Most basic: The OMe group can donate
electron density to the nitrogen and it has
a weak -~I effect (as well apart
from the nitrogen)

cannot donate electron density {0 density to the hitrogen but it has a sirong
the carbon atom bearing the nitrongen  _j effect as it is in the 2-position

Curly arrows canbe used to show the delocalisation of electrons onto the carbon atombearing the nitrogen.

NH;
electron density
adjacent to the
. nitrogen increases
the basicity -
.OMe

®OMe ®0Me

() Lewis acids and base:

»  ALewis acid is any substance that accepts an electron pair in forming a coordinate bond. Examples nclude
H*, BF,, AICL,, TiCl,, ZnCl, and SnCl,. They have unfilled valence shells and hence can accépt electron
pairs.

» A Lewis base is any substance that donates an electron pair in forming a coordinate bond. Examples
include H,0, ROH, RCHO, R,CO, R,N and R S. They all have a lone pair(s) of electrons on the hetero
atom (O, N or S)

cl : cl
R | RO @
AN .. AN
/C=Q,/\ Al—Cl = /C=Q—AIQ-C
R | R 1
Ci cl
Lewis base Lewis acid .

(f) Basicity and hybridisation:
The greater the ‘s’ character ofan orbital, the lower is energy the electrons and the more tightlythe electrons
are held to the nucleus. The electrons in an sp-orbital are therefore less available for protonationthan those in

an sp?- or sp*-hydrid orbital and hence the compounds are less basic.

most basic: ~ R;N > R,C=NH > RC=N least basic

) e S ' S .
most basic:  R3C > RyC==CH > RC=C Jeast basic

sp’ sp? sp

(Q5%s)  (33%s) (50%s)
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Aromaticity

Introduction

Aromaticity is a chemical property of organic compound aromatic compound have following characteristics:

(D It hashigh degree of stability

(i1) It shows electrophilic substitution reaction rather than electrophilic addition reaction. It means 1t does not
decolourise bromine water solution.

(i) Aromatic compound follow Hiickel rule. According to which A cyclic planar conjugated species having

(4n+2)7 electrons (wheren=0, 1,2, 3, .....) is aromatic in nature.

(iv) There is a diamagnetic ring current.
(v) Each carbon must be sp?-hybridized or sp-hybridized.
(v1) It has high degree stability due to filled bonding molecular orbital.

Ao O

4x142=6n . 4x0+2=2m 4x1+2=6m 4x1+2=67
(Aromatic) (Aromatic) " (Aromatic) (Aromatic)

For example:

_ High Degree of stability: High degree of stability is associated with resonance energy. The.compound which
have more resonance energy is more stable. The compound which have more potential energy is least stable.

| | 1 |
Aromaticity oc Resonance energy (R.E) oc Stability o pyrantial EnergY(P.E.)

Greater the resonance energy higher wﬂl be the stability of compound. Resonance energy of some aromatic
system are given below as

OO0

e
-
a

21 kecal/mol 29 kcal/mol 16 keal/mol 36 kcal/mol 32 kcal/mol -
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Aromaticity

(3) Presence of diamagnetic ring current:
Aromatic compounds show diamagnetic ring current due to paired electron.

H. Hshi:lding (net) = Ho”‘Hi i
T where, H, = external magnetic field
! Hynicans (n€t) = H7H, H; =induced magnetic field

ID

Clockwise direction in electron present for aromatic compound.

Deshielding region
(High & value)

“ Shielding region ™ deshielding region (down field)
. (Low & value)

47 shielding region (up field)

Hn
Antiaromatic compound

e ————
Deshielding region Shielding'region

IEERREREE

& value - sp*> sp >sp? (decreasing order) due to anisotropic effect.

+ Molecule in which outer protons are deshielded and inner protons are shielded is known as diatropic
molecule. These type of molecules are always aromatic in nature.

. Similarly, molecule in which inner protons are shielded and outer protons are deshileded are known as

 paratropic molecule. Paratropic molecule is aromatic in nature.
«  Antiaromatic compounds show paramagnetic ring current due to unpaired electron.

O /7 O

H ) .
\NH | |
[l / ' HN | o
H v ™ Highly shielded proton

7 — (low & value)

|

ety
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Aromaticity { 13}

Hiickel Rule: This is a very popular and useful rule to identify aromaticity in monocyclic conjugated com-

pound. According to which a planar monocyclic conjugated system having (4n + 2) 7t delocalised (where, n=

0,1,2, .....) electrons are known as aromatic compound . For example: Benzene, Naphthalene, Fura, Pyrrole

etc.
n=0 (4x0+2) me” =2me”
n=1 (4x1+2)7re':67re~‘
n=2 (4x2+2)me” =10me”
n=3 (4x3+2)me” =14me”
n=4 (4x3+2)ze” =187e”
. Craig’s Rule: This rule is applicable for polyclic non-benzenoid compounds. If molecule contain C -axis then

count total number of double bonds (N) and calculate value of N—1 which decide aromaticity in compound.
(1) If N -1 = 0odd, compound is non-aromatic

(2) If N — 1 = even, compound is aromatic.

e.g. Azulene

L e resonatmg N=35
structure 3

N —1 =47 bond (aromatic)

«  Insystem C,-axis must be present
C,-axis
o) — ~ —{I)
Y (non-aromatic)
(Pentalene)
N=4

N-1=3, odd. Hence, compound is non-aromatic.

(Heptalene) (non-aromatic compound)
N=6 ‘
N-1=35, odd. Hence compound is non-aromatic.
. Pentalene and heptalene is a non-aromatic compound. Since it does not follow craig’s rule.
. The organic compound which show aromaticity are aromatic in nature or diatropic in nature and the protons

(outside the nngs) signal always exist away from the TMS (these protons ate dlshlelded protons)
. * Identification of aromatic, anti-aromatic and non-aromatic compounds.
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Organic Compound
(1) Aromatic Compound (2) Anti-aromatic compound (3) Non-aromatic compound
(a) Huckel rule 4n e~ delocalized restriction of delocalization e s
(1) Monocyclic system . - n=1,23,4,5, ...
(1) Polycyclic benzenoid n=1= 4ne"
(b) Craig’srule n=2=8ne"
Polycyclic non-benzenoid n=3=12ne"

system planar (sp and sp>-hybridized)

(system conjugated)
sp? non-planar structure

sp* hybdridized carbon atom insert

Sp3

e . '
< restriction of me~
conjugation —_— M

) COT (Cyclooctatetraene) Tub shaped
(non-aromatic)

* Order of stability and order of resonance energy:
Aromatic > Non-aromatic > Anti-aromatic.

Calculation of nt-electrons: During 1 -electron count double bond count 2x electron and triple bond count
27 electron. Also, lone pair in conjugation is also counted.

14p—2e 6ne”(4ne + 1 Ip) 6ne (4me+11lp) 6me (4me + 1 Ip)
species in which lone pair is not in conjugation can not be counted:

F
g CO i O g
e.g. . /\/\sz hybridized _~~~\_ " sp® hybridized
N .

Lone pair which part101p ate in conjugation system and follow Hiickel’s rule are called Hiickellone pa1r while
which lone pair does not participate in conjugation are known as non-Hiickel lone pair.

Non-Hiickel
double bond

i i 1 carbon = | electron
(Non-Hiickel lone-pair because 67 bond — 12 1t electron Lo e

lone pair of nitrogen is not present  (non-Hiickel (anti-aromatic) . .
at periphery. : _ double bond) N .(Antl-aromatlc) |
Resonance Structure
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Aromaticity :

14n eleé:tr,on (Aromatic)

14 carbon = 14 electron __]
(Aromatic compound)

Resonance Structure

. Energy level of aromatic and anti-aromatic compounds can be shown by using frost circle or diagram.
Energy levels of regular planar polygonic molecules with an even number of atoms form a symmetrical pattern
as shown below. -

{ Antibonding energy‘level

—_ { Bonding energy level

Ifall bonding energy levels are filled then it is aromatic [Hiickel criterion also required].

3 4 5
— P
— — ap — — o-1.628
_________ —_ — e — o —— -
—_ — at0.62p
— o2  — at2p — a+2p
6 7
—  oa-2p — — o-1.808
— — P —_— — o045
—_— —— at+f — — g+1.25 B
—  at2p e ot2p
8 9
— o=2B — — a-180p
—  — o141 —_— — o-Pp
— — = at035p
—  — atl41p — — o+l.538
— at2p — ot+2f3

Figure : HMO energies for conjugated planar ring systems of three to nine carbon atoms.
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Aromaticity

2n eleCt_ron ; Non-bonding
(Aromatic) energy level

) :
+ 5P A if ﬁ /\ Anti-bonding
~ D - ® / energy level
| AN /)
2

P (e
@ o A@ . A@-‘-—)w GA
4 electron

omat; bonding ener
(Anti aromatic) onding energy

level
Frost Diagarm for Cyclopropenyl system
+ Anti-aromatic compound behaves as a biradical ; o
« In anti-aromatic compounds two unpaired electron are present which are all paired.

» Oxygen also behave as biradical and triplet state.
+ Carbene-triplet state are biradical.

Types of Aromatic Compounds
(A) 2n-electron system .
() It follow (4n +:2) me” system.

(1) Ifelectron delocalised then compound is aromatic.
(1) If electrons not delocalised then compound is non-aromatic
(iv) Compound will never be antiaromatic.

Examples:
® : Q 2 o
@=L <b> — ) of® )= @ WA= A
Aromatic . -
Aromatic Anti-aromatic Anti-aromatic
® e
@ = 0 == i
e — _— ==
@@= ],
(anti-aromatic)
o) OH Y 0 o S) 0
o'// OH 6’7 Q0 Oy @0 615 OH 0/7 2
0 o
A K
—~—
(1) {Aromatic compound)

Displacement of electrons takes place
towards higher electronegative atom..



http://www.ChemistryABC.com
http://www.ChemistryABC.com
http://www.ChemistryABC.com
http://www.ChemistryABC.com

Aromaticity ‘ A

(B) 4n-electronic system:

(i) Belongsto 4n ne” systerh doesnot follow Hiickel rule.

(i) If electron is delocalised then compound is antiaromatic.
(iix) If electron does not delocalised then compound never antlaromatlc
(iv) Ifelectron does not delocalised then compound is non-aromatic.

Examples:
| e 0 o
@ l ! .(b)é © (@) ‘ l (©) l ‘*_’— l l A.A. = Anti-aromatic
AA AA e AA AA
. (C) 67 electron system: - :

(1) Belongs to (4n+2)7e” system.

(ii) If electron is delocalised then compound will be aromatic.
(iii) Ifelectron does not delocalise then compound must be non-aromatic
For example :

rw?“w o000

OO“@@

CH,
T e -0
[} Brrecon— [ P— [P [

= A A A
A ‘

6m € system

(D) 87 electronic system : |
(i) Belongs (4n)me™ rule

(1) Ifelectron is delocalised the compound must be anti-aromatic
(ii1) Ifelectron does not delocalise then compound isnon-aromatic.

@ )
Tub shaped ‘

Non-aromatie Anti .
Non-aromatic 1-aromatic



http://www.ChemistryABC.com

Aromaticity

(E) 107 electronic system:
(i) Belongs (4n+2) e system.

(ii) Ifelectron delocalised then compound aromatic in nature.

(iii) If electron does not delocalise then compound will be non-aromatic
(iv) Compound never be anti-aromatic.

(Repulsion between H-hydrogen atoms, causes the compound
to be non planar. So, compound is non-aromatic)

(Non-aromatic)

" 10ne™ system

[ i |

Cyclisation Bridging

Dehydrogenation
“ ‘ ' @ <:O 03
Aromatic . X=C,N,0 Aromatic
107e™ system
aromatic
Azulene:

CO—o—Co

(10 m e” system)

* Azulene is the isomer of Naphthalene
» Azulene is less stable than naphthalene
* Azulene gives electrophilic substitution reaction

* Five membered ring gives substitution reaction (because small size, electronegat ivity)
) ® L ®

O OH OH OH

- like (same) charge must be at maxnmlmdxstance and opposﬁe charge must be at minimum distance for stablhty
resonance structure. :

(F) 12 7 electronic system:
(i) Belongsto (4n)me” system

(ii) If electron is delocalise then compound is anti-aromatic
(iii) If electron does not delocalization then compound will be non-aromatic.
(iv) Compound never be aromatic
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Aromaticity

cavity size small — repulsion
non-planar — non-aromatic

m:

127e” system

X= CNO

t t!
127¢” s stem— non- lanar w—*—’—»ammatlc
Y p

’ —-—«—»— Aromatic

(G) 14 r electronic system:

(i) Belongs to (4n+2)ze” system

(1i) If delocalize electron then the compound is aromatic.
(iii) If electron does not delocalised then the compound non-aromatic
(iv) It never be antiaromatic.

) 900

L

ey d

Aromatic
\\/
Aromatic Aromatic Aromatic
- mon-aromatic o phenelme ~ Phenelone ion 1 4n(aromat1c)

(aromatic)
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Aromaticity

6.

Phenelene is acidic in nature why?

Proton (H*) remove from the phenaline and acidic in nature and system gain aromaticity.

— %

Phenelene Aromatic
[14 electron system]

(H) 167 electronic system:

(i) Belongs to 4nme™ rule.

- (it) If electron is delocalised then compound is anti-aromatic.

(iii) If electron does not delocalised then compound will be non-aromatic
(iv) It never be aromatic.

Dishielded (&-value high)

167 (Anti-aromatic)

(I) 18 7 electronic system:

H (6 proton highly shielded)

H
/7

(double bond)

———

H

H [18] annulene
18ne™ (aromatic)

Completely conjugated monocyclic system called amulene
* 18 Annulene contain 3 cis close bond. ‘

(1=~
1

Other Aromatic Systerﬁ:

- Fused ring aromatic.

MD@*’

triafulvalene calicene
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Aromaticity : ' 21

*  Such type of systems is aromatic or non-aromatic but never be anti-aromatic
« Ifsuchtype of system is aromatic then both ring must be aromatic after dlsplacement of common double
bond.
Otherwise both ring will not be aromatic

! Y
PR DR ) pe]

Y
overall sys‘tem non-aromatic

overall system aromatic

- _C . D@

overall system — non-aromatic

A DW-N

Resonance energy of some aromatic system:

ooo@@

29 kcal/mol 16 kcal/mol 36 kcal/mol 32 kcal/mol
21 kcal/mol

Pyrrole is called as super aromatic compound
J Q8
|

(total ﬂCJ) 6

6 N
36=-~==1 for C-at e — = ] 2 per C-atom
6 or C-atom energy (total C-atom) 5 P

According to electron densuty at per C-atom, pyrrole 1s electromca]ly rich. So , pyrrol le gives electrophilic
: substltutlon reaction more easﬂy than benzene

1

resonance energy ( aromaticity)

- Electrophilic substitution reaction oc

Quasi Aromatic Compound: These are generally ionic aromatic compound

OH

+ C104
‘0 OE
ENu gNu + HClO; —>
[ ,:

Quasi aromatic compound



http://www.ChemistryABC.com

Aromaticity
c + NO3~
+ AgNO; — +
F | ) ShE- 3 AgCl
A + SbFg —
(Quasi aromatic compound)
Allotrops of Carbon: : ‘
(1) Diamond (if) Graphite (ii1) Fullerene

Allotrops of carbon

' '¢
Diamond Graphite
sp> hyb. l

sp° hyb.

Non-aromatic

Aromatic gives
" addition reaction

Y

Fullerene

'

Aromatic gives

Organometallic aromatic compound:

Ferrocence Dibenzene chromium
Fe Cr

addition reaction

Unstable — Mgy release (stable)

change

change

Diamond —="5-— Graphite

Graphite —%"€°_ Diamond

(Stable)—ﬁle—iwiﬁ—)(ljnstable)

(non— aromatic) —-——-——)(Aromatic)

AH = —ve
AH = +ve

* Mesoionic Compound: Sydons is the first meso-ionic compound which show aromaticity.
* Meso-ionic compound gives electrophilic substitution reaction
* Meso-ionic compound also known as internal salt.

; (()a 08
c
/o o/ o7
R—N @ l = R-—N\ ,
| \N _0 \N _0
(Sydons)

»  Homo-aromatic compound : Compound that contain one or more sp-hybridized C-atomin a conjugate
cycle but sp*-hybridized carbon atom are force to lie almost vertically above the plane of the aromatic

system known as homoaromatic compounds

+ H2804 -"—-—-» ‘

Homotropyllium

‘Ill

cation

Ha
Hb

® Hc
Hd

~ Homotropyllium

cation
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Aromaticity . ‘ , ‘

_Na/NH __CHCL_
C2H 5 OH K+ Bu~

(b @Q«_

Homoaromatic
compound

Stability: Aromatic > Homo-aromatic > non-aromatic> antiaromatic

Annelation effect : ;
Each ring in fused system give the part of the aromaticity to the adjacent ring called annelation effect.

0

» Number ofbenzene ring increases
« Aromaticity decreases

PROBLEMS

Arrange the following compound in correct order of aromaticity?

RE. =36 B =-59 RE.=71

Resonance energy of each species is written below to structure as we known greater the resonance energy per
benzene ring, higher will be the stability of molecule

36 _36 3 295 N 267
1 2 . 3

Depending upon the resonance energy per benzene ring the aromaticity of above compound can be arranged
asA>B>C.

: Which ofthe following compound is more stable.

®

a)zéi GD(::>

Sulq. (i)
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Aromaticity

3.

Soln.

Which of the following compound is more anti-aromatic
S)

) |
OANC) @
©

Q)] A (More anti-aromatic because more planar)

- The anti-aromatic compound have tandency to adopt the non-planar structure to maximize its stability.

Soln.

‘(non-aromatic) (aromatic)

Which of the following compound gives H,-gas with metal.

(i) O (i) @

(ii), (i) both.

Shs
N.A.

10 n electron system

’ @ X )
— —
10 & (planar)

H Acidic
— o + %H,
H K :

(Cyclopentadienyl) Aromatic (cyclopentadienyl anion)
N.A. ‘

Cyclopentadiene is acidic in nature due to aromatic character of cyclopentadienyl anion.

Which of the compound have more dipole moment.

o® o® 0.
®
®
(D (L)

Maximum charge separation — maximum dipole moment
because p = qxd, where, q=amount of charge, d = distance between two poles.
(I) have more dipole moment than (II)

‘Which of the following reaction takes place.

(Non-aromatic) {Anti-aromatic)
{Reaction is not possible because stability decrease}

SN _
O‘l -—"———-’»m&) because 2° carbocation form.

~ :
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romaticity V | v
. Which ofthe following compound g glves geometrical isomerism. '

For geometric isomerism: At this carbon for both group must be dliferent and C—C bond rotation must be
restricted.

a ) a C

>__< iy > . @ ec (i)
: d

b* C-Crotation .
d possible Non-aromatic

Which ofthe following compound is best hydride donor.

O O ~
(1) O s (ID (1) (iv) O
A Me Me N
NolXe
N N

Me Me

Which ofthe following compound gives ppt. with AgNO,.

Br Br
F
(i)m (i) O (i) A

oln. (i) and (ii)
Br

(NA) | |

(AA)
(Quasi aromatic
compound)

0. Arrange these molecules in correct order of deprotonation.

Do o) (N)Q
DD

oln. (1) > (ir) > (i)
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' ’ Aromaticity

More acidic:

O ' 0O

, e o ,
H . : .
Base’ o . H Base o
H H |
O 0 : 0 O

tal
Stable due to resonance Stable due to resonance

11 | Match the following

Column-I . Column-II
‘ l + . :
A) + (1) Aromatic
l © A
B) ol (1) Anti-aromatic
@ «
(C)| - (iif) Non-aromatic
—® | -
o) | o (iv) (4n+2)me”

Soln.  A-(i), (iv); B-(i), (iv), C~(ii), D-(ii)

12.  Matchthe fo lloian
Column-1 Column-II

s
A) g) )] Aromatic

(if) Non-aromatic

N
N
H——tla/ \\\‘1‘3—-—11
(C) H—N___4N—H ' - (iii) Anti-aromatic
B . .
H . '
(D) ‘0 A , (iv) Heterocyclic
o) - _ _
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Aromaticity

(E)

|1

—N

Soln.  A-~(i), (i¥); B-(3), (iv); C-(), (iv); D-(i); E-(i)

13.

Soln.  (b)

CO,CHj

In the above reaction, A is
(a) Antiaromatic

HOSO,F

SbFs, SO,CIF
_78°C

(b) Homoaromatic (c) Non-aromatic

(d) Antiaromatic
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CHAPTER

Stereochemistry

Stereochemistry :

It involves the study of the relative spatial arrangement of atoms within the molecules.

Dynamic stereochemistry: Dynamic stereochemistry is the study of the effect of stereochemistry enthe rate
of achemical reaction. '

First Stereochemist — Louis Pasteur (1849):

Significance of stereochemistry: One of the most infamous demonstration of the significance of stere-
ochemistry was the Thalidomide disaster. Thalidomide is a drug was first prepared in 1957 in Germany,
prescribed for treating morning Sickness in pregnant women. It was discovered that one optical isomerie. R-
Isomer of the drug was safe whereas the S-isomer had teratogenic effect, causing serious genetic damage to

early embryonic growth and development.
@ ) G

S-isomer

R-isomer
Drug for moming sickness in pregnant women. Teratogemc effect

[Remark: In human body, Thalidomide undergoes racemization: even if only one ofthe two stereoisomers is
mgested, the other one is produced.]

‘Now we have another example - Propanolol.

H* | H/L
\NV . \N

| "/H ‘ "’OH

R-Propanolol (contraceptlve) S-Propanolol (antihypertensive)

T~
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Stereochemistry V ' @J .
| . SOME TERMINOLOGY
Optical activity: The term optical activity derived from the interaction of chiral materials with polarized light.

Scalemic: Any non-racemic chiral substance is called Scalemic.
A chiral substance is enantio pure or homochiral when only one of two possible enantiomer is present.
~« A chiral substance is enantio enriched or heterochiral when an excess of one enantiomer is present bat not
the exclusion of the other.

Three terms are used to designate a carbon atom bonded tetrahedrally to four different substitvientsin a chiva!
molecule.

(a) Asymmetric atom (LeBell & Vant Hoﬂ for an atom attached with 4 different groups).

(b) Chiral centre

{c) Stereocentre.

Asymmetric atom:
Compounds with one such atom are truly asymmetnc as they lack syrnmetry For example

Asymmetric atom Hs No element of symmetry
\ l is present in the molecule.

e
CHs  H

However there are molecules which also have atoms with four different substltuents and which also have
various symmetry element including plane of symmetry as in mesotartaric acid.

COE‘I/ Asymm'etric centre

H—*——O0H
el — Plane of symmetry
H " OH
Asymmetric centre / COOH

_ Two asymmetric center but also plane of symmetry.
- Chirality is a geometric property which influences and affects all parts of a chiral molecule.
Stereogemc centre or Stereocentre:

‘A stereogenic centre or in short a stereocentre is anatom having groups of such nature that an mterchange of
any two groups will produce a stereocentre.

1 2
, OH CHO Ly

OHC—“'—CHZOH H—i—OH HO Hy

b CH0H

4 3 CH,OH
S-form R-form
. A carbon atom that is a stereocentre is also called a stereogenic carbon.

Conformation: Structures that can be interconverted simply by rotation about single bonds are conforma-
tion ofthe same molecule.

For example:

H HH
H H ‘ .
iy HH

Staggered conformatlon Eclipsed conformation
Note: These two are the conformation of ethane arises due to rational pos51b111tes across C—E—}c singie
bond.

Configuration: Structures that can be interconverted only by breaking one or more bonds have different
configuration and they are stereoisomers specifically known as configurational isomers.

R
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Stereochemistry

Isomers
Constitutional Isomers ) Stereoisomers
— Chain Isomerism . ]
—» Position Isomerism ‘ ﬁ+
— Metamerism . ; : .
Conformational Isomer Configurational Isomers

— Tautomerism ] ‘ -
— Valence Isomerism ( , *

Rotation about ‘ Amine Inversion

single bond. (Invertomer) CoHs

’ @ H \!‘\\\CHB

c ,
T = o Nuck
m/ H/ ‘C2H53 . @

Conformational Isomer (conformers) Invertomer (or Umbrella inversion)

" Confi gurational Isomers

Configurational Configurational
Enantiomers Diastereomers
CH : C!3H3 HSC\ /CH3 Conformational Isomers
Hi | 3 : /C”'”/H /C:C\
C ! HaCHC” | M H H , '
Ho' 1 TCH,CHyt 27 27 ) OH g .
. : Conformational Conformational
' 4 H3C\ H enantiomers diastereomers
These two are enantiomers —_ .
/C C
H CHy
These two are diastereomers
H H
H H H
120°
H CHs HaC” H
CHsy CHg4

(&) S)

So, (A)and (S) are mirror image of each other as shown below

H. H

H H

H CHy
CHs

! 1

So, these two are conformational enantiomers
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Stereochemistry S , ' :

CHa H

- Now, H ~_H H H
H H | H CH,
CH3 A ) CH3
I | I

Since, I and IT are not mirror image to each other so these two are conformational diasteromers.

-

)

Conformational diastereomers

Structures that are not superimpossible on their mirror image, and can therefore exist as two enantiomers are
called chiral.

Essential criteria for a molecule to be chiral. There is no any sirigle criterion.-

1. There must be lack of element of symmetry. :
Note: It is not necessary and sufficient condition because there are some set of molecules which have some

element of symmetry still they are optlcally active. For example.
cly

oo ' l

Cly
Optlcally active but having C - symmetry

2. | The carbon in the molecule should be attacked to four different groups. :
It is not a necessary and sufficient condition also because we have an example in which carbon have four
different groups but it is still optically inactive.

- For example:
~ COOH
*
H——0OH
H——*—0H
COOH

Two asymmetric centre but still optlcallym active owing to plane of symmetry

.On the other hand we have also an example in which there is not any chiral centre but still moleculeis o ptlcally
active.

For example: Properly substituted allene.

Br ' Br |
k \CxC=C, r ol
Ve .

H ““
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Stereochemistry

Not any chiral centre but still it is optically active.
Remrak: Thiscompound is optiCaﬂy.acfive not due to chiral centre but due to chiral axis.
There should be an absence of plane of symmetry.

SYMMETRY ELEMEN 7"

A symmetry element is a geometrical entity such as a line, a plane, or a point with respect to whlchone ormore
symmetry operations may be camed out.

Symmetry Operatlon: A symmetry operation is the movement of a molecule about the symmetry element in
- such a manner that the resulting configuration of the molecule is indistinguishable from the original molecule. The
molecule may assume an equivalent configuration or an identical configuration,

Group Theory: Mathematical study of symmetry is called group theory.

Symmetry element Symbol Symmetry operation
Axis of symmetry C, do C_

Alternating axis of symmetry ~ S_ , do S,

Plane of symmetry c doo

Point of symrnetvrvy"or

centre of symmetry i do1i

Identity - ' E : - doing nothing,

Various types of elements of symmetry are explained below as:
(A) Axis of symmetry: Animaginary axis passing through the molecule, rotation on which by g° givesan
equivalent orientation of molecule. It isdenoted by ‘n’. Where,n=1,2,3,4, ................

Orientation: Orientation is three dimensional distribution of atoms and groups of molecule.
For example:

W

(@) O
\ l 80° / \ 1 80° \
H 1@ H2 \j} H 1/ H2
Initial orientation ~ Equivalent orientation ~ Identical orientation

(s}

So, the order of axis C, = =2 je. C,(pronounced as C-two)

180°
Two things do an axis of symmetry.
| ~ —> Pass
Axis of symmetry
| — Interchange
For example in HLO.

- 0 C, O
H1/ \H2 ' Hz/ \H1

C,~axis is passing throqgh oxygen atomand interchanging H/H,.
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Stereochemistry
Axis of symmetry
Principal axis Subsidiary axis
P-axis Axis other than
Axis of highest principal axis.
order

Let us consider another example of NH,.

v

- N‘”””Hg G y i,
N HY %
Hi H
Hy 3
l Cy? These two are equivalent
These two are identical configuration
configuration . N, '

B N« C ‘74

h/ MM < H N

- L)__ 1 Ho Hy

Let us consider an example of BF3.

In BF, one C;-axis is passing through B-atom which is perpendicular to the molecular plane. -

Fi Fs Fa F4
l o L e I o l
B —— /B\ —_— —— B
/N F F /N /' F
F3 F2 2 1 Fi Fj F3 2
Identical Configuration

BF, molecule has also 3C_-axis.

(1) Passing through B—F, bond and interchanging F /F,.
(2) Passing through B—F, bond and interchanging F /F,.
(3) Passing through B—F, bond and interchanging F /F,.

These three C,-axis canbe represented as

Yo |
£ G-l Fd Fs
| A ';:1 1% | CyB-Fy) 1‘3
SN G B el N\ i e N\
(1) Fs3 ' Fa FZ/ Fs (2) 3 2 2
N7 ~
I|:1 © Fo
I' l
B C(B-F5) B
AN —— N
(3) 153// FZ ‘ F3/ F1

.

’
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Stereochemistry

(B) Plane of symmetry: Imaginary plane passmg through a molecule which can bisect the molecule into
two mirror image halves.

Bisect
There are two functions of a plane ———E
] Reflect

For example: ,
(i) bisecting oxygen atom and reflecting H /H7 (i) Bisecting all three atoms. .
0 o) | O 0
v G AN —p ~
/ : \ / AN & \Hi/”‘\\Hz,:’ I,l/ H2

(iif) Ammonia have three plane of symmetry.
(1) Bisecting H ~N bond and reflecting H,/H..
(2) Bisecting H,-N bond and reflecting H /H,.
(3) Bisecting H~N bond and reflecting H /H,,.

e

o o(HN)
/ N\’””Hﬁ --—1-->— Y”/H N\ otH N"""'H
(1) > @n H HY \H;
. 2
TR (Hz"N) Ny

\0’7443‘ / \'l Hs

(iv) BF, is four plane of symmetry.

(D Passmg through F -B bond and reflecting F /F..
(2) Passing through F; ——B bond and reflecting F /F
(3) Passing through F3—B bond and reflecting F /F
(4) Bisecting all the four atoms vizF, F , F, and B

-2

(3) H;

(C) Centre of symmetry: A centre of symmetry is a point from which lines, when drawn onone s1de and
produced an equal distance on the other side, will meet identical point in the molecule.
For example: 2, 4-dimethylcyclobutane—1, 3-dicarboxylic acid.

g

Centre of symmetry(i) CHj ' ) Centre of symmetry

. Now, we want to discuss symmetry element 6f cyclopropane for the purpose of optical activity.

Cyclopropane have one C, axis and three C, axis and four plane of symmetry.
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C,-axis is passing through centre of triangle and perpendicular to all the three C -axis. i :

C3-axis
Hy
1
HH2
3C,-axis. 3 2
Hg Hs

(a) Passing through C, and interchanging C/C, or H/H,, H/H,and H/H.
(b) Passing through C, and interchanging C,/C, or H/H,, H/H,H/H,.

(¢) Passing through C, and interchanging C/C, or H/H,H /H and H?/H4

4 plane of symmetry.
(a) Bisecting H;—C3—Hg and reflecting C /C,, H /H, and H /H .

(b) Bisecting H—Cy—H, and reflecting C,/C,, H/H,, H/H..
(c) Bisecting H,—C,—Hsz and reflecting C,/C,, H /H,, H /H,.
(d) Bisecting C,, C, and C, and reflecting H,/H,, H /H, and H3/H ¢

Now, we want to make cyclopfopane molecule chiral for this we will have to remove all plane of symmetry
from cyclopropane molecule. Because for a molecule to be chiral, plane of symmetry should not be present.
Case I: Mono substxtuted cyclopropane

/\

It has plane of symmetryb1sect1ng CL—C—-H and reﬂectmg HZ/H and H,/H.. So, this molecule is optlcally
nactive. :

Case II: Homodisubstituted cyclopropane

Poal v
H H —Y—
'é'
v H
— Plane of symmetry - — Plane of symmetry — No plane of symmetxy
— Achiral. — Achiral — But C,-symmetry is present
— Optically inactive — Optically inactive ' —» Chiral molecule
. : 3 ' — Optically active.
Case III: Heterodisubtituted cyclopropane o
| . H o
Br | Cl. Bry, o Cl |
' H
— Plane of symmetry ispresent ; — No piane of symmetry — Noplane of symmetry -
— Achiral -1 —>Noaxis of symmetry — No axis of symmetry
— Optically inactive — Chiral ; ‘ — Chiral
— Opiicaily aciive ‘ — Optically aciive

e |
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Case - II1: Trisubstituted cyclopropane.

cl
Br
—» Plane of symmetry present. ) : — Plane of symmetry is present
— Achiral : ‘ — Achiral
— Optically inactive. — Optically inactive
Br H
Br &
M ~ ‘,
/Cl =
H
— Plane of symmetry present — No plane of symmetry
— No axis of symmetry —Chiral ‘
— Achiral : ' — Optically active

Problem: Find out which of the following molecule is optically active.

WBr Br F, F cl,, Br

Symmetry properties of cyclobutane.

i
Ty

HB Vv H7
Cyclopropane have one C,-axis and 4C,'s axis, 4o,'s and one o,.

C,-axis passing through centre of square and perpendicular to Cz S axis.
Ci—C2

C4—Cs
4C,'s axis.
(a) Passing through C, and C, and interchanging C/C,H/M H/MH H/MH H/M,
(b) Passing through C, and C, and interchanging C; and C,. H/H, H/H_H /H H/H,

(c) Passing through C,~C, and C,~C, and interchanging H,/H,, H,/H,, H/H_ H /H,.

(d) Passing through C -C, a_nd C,C,and interchanging. H/H., H3/Hs, H/MH,H/H,

40,5
(a Blsectmg H-C -H and H,—-C,-H, and reflecting HZ/H4, Hsle

(b) Bisecting H.-C L a0d H-C -H and reﬂectlng H/H, H/H/

Br

Cl
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(c) Bisecting C,~C, and C —~C, bond length and reflecting H/H,, H/H,, H /H,, H/H,.
(d) Bisecting C,~C, and C,~C, bond length and reflecting H /H,, H/H , H./H,, H/H..
() Bisec’:ting C,,C,, C, & C, andreflecting H /H_, H /H, H/H, and H /H,.

Now, let us consider a case of substituted cyclobutane

H

Cl -

— Plane of symmetry.
. —> Achiral
— Optically inactive.

H Cl
Ci

|/H "H

,!//Ci H . ) (l:-l

— No plane of symmetry
—> Chiral
— Optically active

Cl

gy
— No plane of symmetry
— Optically active

2Cl

S
o]

— Plane of symmetry
— Optically inactive

CgHs COOH
CeHs COOH
— Plane of symmetry

— Optically inactive

H Cl
Cl H
---------- CL
; H vy
I ‘ |
a H H
— Plane of symmetry
— Achiral
— Optiacally inactive.
H - Cl
Cl
H Br
- [/H H
! |
Br H
— Noplane of symmetry
— Chiral
— Optically active
: H Cl
Cl .-
Ci Y 7
— H VH
- ’|!| l
ci H
— Plane of symmetry
— Optically inactive
— Achiral molecule, -
Cl
Br\\\\
— Plane of symmetry

— Optically inactive

CeHs.  pCOOH

CeHs® Zco0H
— No plane of symmetry
— Optically active
— Chiral molecule.

|
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H3C CH3‘ == ch ‘ ’{/CHa
COOH COOH
— Plane of symmetry - No-plane of symmetry
— Achiral molecule - Chlfal molec‘ule
— Optically inactive. — Optically active

Problem-2: Find out which molecules are/is optically active.

o, Ci - HCHs

> b

. . HaCY CHs
“ci - F
1 2 3 Br 4

Cl,/ N

R

Q ,O ,( B\
I//
Cl

”Ct 6 Br

Specification of configuration R/S : Then is absolute configuration of chiral centre
Proposed by R.S. Chan, Sir Christopher Ingold, V. Prelog.

Sequence rule: Priority to the four atoms or groups of atoms attached to the chiral centre can be deter-
mined in accordance with sequence rule which are as follows.

Rule 1: Ifthe four atoms attached to the chiral centre are all different, priority depends on atomic nurnbex;
with the atom of high atomic number gettmg higher priority.

Rule 2: In case of isotope, the atom of hlgher mass number has the higher priority.
For example among Br, C, D, H priority order is

Br>C>D>H.
2 . 4
Cl H
4 1 3 2 ] 1
c.g
& H——?-——-SO;;H H3c——-c‘:~—Br
I D3

Rule 3: Ifthe relative prlorrty oftwo groups cannot be decided by rule mentioned above, then look for next
atoms. .

0
ch"'(I; C
H
Cl
2 1
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Rule 4: Where there is a double bond or tnple bond, both atoms are considered ta be duphcated or tripli-

cated.
A C
e em
A ,C A C
' T ©
.._(Ij—.:.o —_— —_(l:—(l) - ._._'I(EI=CHE__;> ;_-_(:3_(:3;.(3
cc ' H H

(1) Assignthe prionty sequence by above mentioned method.
(2) Find out position of the 4th group.
(3) Connect 1-52—3 making a circle.

Case I: If fourth group is below the plane.

L.P. . '
L.P — Low priority group. HP.
H.P — High priority group.

v H.P. _ L.P.
. Clockwise >R Anticlockwise — S
Ph 3
2 #CHy _ .
C Note: In this case 4th group 'H' is below the plane
“, and rotation is clockwise so, it is 'R’.
HOHC\ %y, ,
2pn 3 | . «
CHs . -
C. —— HP. LP
HOH,C ”f/D R
1 4 Movement is clockwise

. So, itis R.
Case 2: If fourth group is above the plane.

Then,
/\v | HP.  LP
HP.. LP. U
Clockwise movement - S Anticlockwise mo_vement - R
For example:

Note: In this case 4th grbup is above the plane,
So, clockwise movement gives 'S".

Case III: If the fourth group is on the plane then do double mterchange in such a way that the 4% group
undergoesbelow ihe plane.
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’ ‘ _ . ' | Stéreochemisﬁ'y
) ,‘Fvo‘l'ﬁexam'}x)le: : k ' a - - ,
T 4
C‘u” 2 ‘ . th . R :
/ LN ICH,CH; In this case 4™ group is on the plane.
1 HO CH «
3 ‘

Double interchange can be done as

CH,—CH
Iil ?HZ_CHS . ’ ’
C‘IIICH CH First . SBCO____»nd [
HO W 2 Terange N e | AN\ 4
, CH3 HO \ H3C .
CHs 3 OH ‘
1
!S' .
SOLVED PROBLEMS
2 .
COOH . :
. ) 1 Cl
NH2 . . 3 Cnllll ”COOH HOOC Ph
1 e 2 3
Hy - S .
éH OH S B \Y '
' IIT
S-Methyl dopa
I - o II
4
COOH
’ C'IEIQICH‘zBr
HO Br
A 0 _ , ,
Note: In this case fourth group is on the plane. So, we will have to do double interchange as shown below
_ ~ * 3CH,Br
COOH , CHgBr '
o . - First ' Second
C:iICH,Br Tterchange CMCOCH Interchange .Br
HO Br | Ho e 1
1 ,
HO. Me4 (}33 o
» - - COOH
3 ) ‘ “ .
R ; N 17 %4
H: S-Proliné'
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1.

PROBLEMS
Find R/S of the following compounds |

9

11
R/S Nomenclature in Fischer projection.

_u Horizontal Line

N~

Intersection of these two lines represent C-atom.
Vertical Line — away from the viewer.
Horizontal Line — Towards the viewer.

-Vertical Line d

- /Towards the viewer
Away from the viewer—""_
For R/S nomenclature.
Assign priority sequence.

Casel: Iffourth group is present on the top or bottom of vertical line then

L.P.

HP. LP. - Clockwise R o

HP. — Antic

12

lbckwise -S
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* Stereochemistry

_ T oy
C

For example:
4 o ‘ 1
H ) NH2
HiC COOH CH COOH
3 /7
S HC R
NH; ) H
1 4
CaseIl: If4™ group is present on left or right side of the horizontal line then.
H.P. L.P. L.P. H.P.
Clockwise — S Anticlockwise & R
For example: -
3 3 ‘ 2
CHy CHj , ~ Ph
PR 2 COOH 4 1
H NH : . CyH H H3C OH
s HzN H . " 4 ’
1 4 ’
COOH 3CH; S OH "CzH5
S 2 S1 3
For example:
; .
Ph H4
4 1§ 1 A | R 3
H———O0H HO-—-—-—~2——CH3
3
HsC—g—Et H—<f——CzHs
4 |5 4 S 3
CHO Br
1 1
Conversion of Fisher — Wedge. v
< CH2O0H  pow,e HOH,C, 4OH
CHs H30.>/C' HO——H “y y,
: Y i ; = or '
GO = / 7on @ H—r—oH H Hy,,
- H o Et” “oH HO' CEt
CH3 HsC OH OH H CH;
—te d o AV .
HQ . H === Iy “hy or HOW ’
OH HO™ =, Z NOH HO” 7cH
CH3 = 3
‘; - H |
‘Note: In all conversion, the configuration (R/S) should not be change.

Vil
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Stereochemistry . \ 4 . E
CHy - HaC P
H——OH ___ “OH :
H—1—OH H
i - CoH s,
C2H5 2 5 //OH
Conversion of fischer to sawhorse.
' FoW
CH‘B/an carbon
H——OH

Note: Consider at first carbon shape like

H;'/—’—“OH Y (Pronounced 'Y")
First CoHsg .
carbon A
H_  OH H OH

At first carbon Y At 2nd carbon Y

C,Hs CH,
and then combine these two by a stralght line like

~'CHy )
PR o Me_ f
H———OH Me——H Me
—— —
T Ph
— OH C 2H 5 Me——H - . OTs
CZH5‘ OTs ‘

Note: Since Fischer projection is represented in eclipsed form so the resulting sawhorse should also be in
eclipsed formif we have need of staggered form we can obtain it by simple rotation.

For example:

Staggered form is suitable for elimination reaction since, for

Ecllpsed form E; elimination, the WO depamg group should be trans.
HA‘—\
© Me, Me ‘
Me o 5 Y=+ CH;0H + OTs
H Ph

120

Conversion of Fischer to Newmann:

" Me 2nd carbon HO ~ CoHs ' Me :
Ho-_-L/Csz He . - ot
, e e Staggered
HO_‘“"‘C2H5 ) eclipsed form CoHg - TOH form
/ Me : Mgd ¢ ' Me g
1st Carbon .o . ’ ' |

eclipsed form ' - , ' ' l
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CH,OH H ﬁ E' ] C,Hs
e Y e — i
C,H CHs '
Eclipsed form
2nd carbon
COOH H OH COOH
Ho. H HO H
H—=-0H
) HoN Ay
It carbon COOH cabon | SO0 N5t carbon ~. COOH
How we can apply these interconversion into reaction mechanism.
Let us consider addition of Br, on cis-2-butene. :
CHs
5. M A~y + By —>2
H | | «

' (e CHs m
BI“[B\VI' CHs, H3C\Q \C/ / C H
H x S -, C’/ AN ———-——>- C \ > = H——Br

3C

T

H H
Br- ' ' (A)
H CH
: 3
® HsC_ H H A er
Br, CHs /* © . Br H—1—Br
Bt Br By rotation ==
[ E—. .
H3C H — Br _ CH Br—r—H
HaC CH
A H 3 CH; (B)

So, Aand B are non superimposable mirror image to each other and hence They are enantiomers.

Enantiomers: Enantiomers are the stereoisomers which are non superimposable mirror images to each other.
So these two steroisomers have opposite descriptor.

HaC

H
K

CoHY

H CHj

SN
HO'  CoHs
R~ 7
— Non super imposable mitror image.
— Opposite descriptor i.e. one is R and other is S.

- -

3 , :
SJd . 1R
H—t ¢l ! Cl—t—H
H—g—OH | Ho——H
CaHs : CoHs
a8 4
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So, in compound ‘A’ and “B’, the configuration at chiral centre are T B
InA inB
Co—S ‘CZ-—R.:] -So, these two are enantiomer
C;—R C3—S
Propertles of enantiomer:

1. All physical properties such'as M.P., refractive index, vapour pressure, relative density, NMR spec-
trum, IR spectrum are same except direction of optical rotation. (Magnitude is same but direction is
opposite).

2. Allthe chemical properties of enantiomers towards achiral reagent are always identical.

3. The chemical properties of enantiomers will be different in the following condition.
Reagent | Solvent Catalyst ‘ Result
1 | Chiral’ | Achiral | Achiral Difference in rate of reaction.
2 | Achiral | Chiral | Achiral Difference in rate of reaction
3 | Achiral | Achiral | Chiral Difference in rate of reaction

Note: If we runNMR spectrum of enantiomers in chiral solvent then it will be also different.
What is the relation between following compound.

\COZMB

Al'/ S COzMe ‘ S R D

So, these two compounds are enantlomer.

Diastereoisomers:
Diastereomers are the strereoisomers that are not enantiomers.
Some important points regarding the diastereoisomers.

1. Diastereomers can arise when structures have more than one stereogenic centre.

2. The magnitude of optical rotation of diastereoisomers are always different but the direction may besame
or opposite.

3. The physical properties of diastereomers are always different but difference may be more or less.

4. The chemical properties of diastereomers toward chiral as well as achital reagent is always differert.

Examples of diastereoisomers:

HO,C,
CO,H HO,C COsH
Fumaric acid Maleic acid
m.p. 299-300°C m.p. 140-142°C

Note: geometncal isomers (1.e. cis and trans isomers) are always diastereolsomers. Asimilar steremsomers
can exist in cyclic compounds.

For example: 4-t-butyl cyclohexanol.
OH : H

'//H c,lIOH

cis-isomer

) Trans-isomer
because -OH and t-Bu group m.p. 80-81°C
are projected in sanie direction ‘

m.p. 82-83°C

So, these two stereoisomers are called dlastereomers

Fadih

B T e o
. R
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Stereochemistry

Note: Diastereoisomers can be chiral or achiral.

)

B o - e

)

£

Ve

Ar‘ < \\\COZMe _ ‘ Ar& ﬁ_,COéMc
O (4) o (%)
W 1

These two diastereoisomers are chiral because
plane of symmetry is not present.

1
¥
'
¥
i
i
'
L

Plane of symmetry present

So, achiral diastereoisomers.

Me NHMe

These two are diastereomers.

Ephedrme o Pseudoephedrme

Remark: The diasteroisomersare different compounds with different names (For example ephedrine and
pseudoephedrine) and different properties, while the pair of enantiomers are the same compound and differ
only in the direction in which they rotate plane polarized light. :

In summary if we have compound having two chiral centre each one R/S then

» Diastereoison L%Srl

N nantiomer
Diastereoisomer.: @ .
¥
Enantiomer
For example:
OH . OH
LR dinstoreai HOOC R _— |
iastereoisomers '
R COzH -4——-—-—-——-—)»— 7/S\COOH
HO Venantlomers ) HO enantiomers
Y oH | ~OH
) . zg o HOOC. S
HO,C._ 5 _~ : ‘ R™COOH
. \;/\COOH D |
8H diastereoisomers ’

Meso CompoundS' :
Compounds that contain stereogenic centres but achiral are called meso compounds This means. that there is
aplanessymmetry with R stereochemistry s one side and ‘S’ stercochermistiy o tie other.

N~



Stereochemistry
For example:
Plane of symmetry
optically inactive : : Plane of symmetry
- T Br
C , OH: OH
: OH ¢ oH ! H OH
hooc_ : fON ; /k)\ |
i . ) z H———2Cl
: OH e
' OH ' H——CI
Mirror : — Plane of symmetry H__'__;__O H
plane - So Meso compound  —> Achiral .
— Optically inactive —Meso Compound Br

Meso Compound

Conversion of Newmann into Fischer and relation between two compounds.

H
cl Br
G, Hs OH
CH,
(A)

l' ‘ (13)

Cl
H CoHs
H3C Br
OH

Cl Br
H
OH C‘ Since, in (B) C;H;s group is attached with back carbon and
we want to bring it at front carbon so we will have to rotate
it by 180°.
CHs CZH5
CzHs
(A)
l Br l Cl
CH4
2RCHs ’ > Br—2{—ci
| p—t
Cl—-ﬁ Br
v _\j; CH, H———Iz——OH
H—{—~0H C.H ’
C,H .
( A) 275

So A and B are d1astereomers

@fﬁéo

What is the relation betweenAand B.
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Ph ' Ph
Cl . R S
BrC! H NH, Bl NH, ~ Cl—5+—H | H——C!
. _ Br——NH, Br——NH,
B PRl ) 1SCH2 C:
. : 3 3
CHs PhCH3 | | * ‘ f

Cl , “ |
CH
H CoHs HOCI Br. H 3
» cl—3—pr
—‘——*
: Br
. ch - CH HO—S'—_H
A OH . 3 :
@A)

So, these two are diastereomers

. PROBLEMS

What is the relation between A and B.

CQH5 ’ . CzH5
- ®) ®)
HO i . Cl—r—Br .
- So, A and B are identical.
HO———H ‘
S
H3C o ’
CoHs . CaHs
, , (A)
What is relation between P and Q.
NH; o : COOH
HO _CH3 HO CN
HoOC NC NG NH,
CN CH;
lP lfQ
NC NG HO CN
) HsN
ol oH 2 NC
CH, . 'CHs
COOH . IOOH
CH
CHs , S :
R| , L N
Ne—i—OH HO CN
{sN——1—-NC
Ho;N——NC N
COOH cooH
P Q
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 Stercochemistry - ~ . - -

So, P and Q are diastereomer.

CHj H
H OH HO——CHj
2.« Br H H——CsHs
C,Hg : - Br
The molecules represented by the above two structures are
(a) Identical (b) Enantiomers (c) Diastereomers (d) Epimer
CHs  CHs
H——OH H“_mﬁite this structure
Br——H Br——H by simple rotation
CzHs CaHs

A !

So, these two compounds are identical.

3. The following ‘trw“o compounds are

 CHs CHj;
H—S—0H Ho—“—H
H—{—OH HO—t5—

CoHg . C2H5

(a) Enantiomers (b) Diastereomers (c) Identical | (d) epimer.
Soln. (a) :

4, Which one of'the following statement regardmg the projections shown below is true?
i, M

(@) Aand B represent the same conﬁguratlou (b) Both A and B are optically active
(c) Bis optically active. - : (d) Ais optically active '

. ‘ .  H_ @ | :
Soln. c fLH Cl H S
. | CHs ' R

GH‘3 CHy
Cl——H H=——¢l
Cl——H Cl——H
 CHg ~ CHy

(A) B)

e A SEE
. !
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‘A’ is optically inactive due to presencé of plane of symmetry. (Correct answer is (a))

" Match List-I with List-YI and select the correct answer using the code given below the lists.

- List-I B : List-II
A. Meso compounds 1. An equimolar mixture of enantiomer
B. Enantiomers ~ 2. Stereoisomers that are not mirror images
C. Diastereoisomers , 3. Non-superimposable mitror images
D. Racemate o o 4. An optically inactive compound whose molecules are achiral
even though they contain chiral centre.
A B cC. D
@ 3 4 1 2
®» 3 4 2 1
© 4 3. 1 2
@ ~ 4 3 2 1
@

" Soln.

Soln,

Soln.

. Ph Ph
H OH HO Ph ~Ph OH HO H
@ von @y o D o Do H
R 0 I . ,

What is the correct Fischer Projection formula for the compound represented by the following Newmann
Projection? - ‘

CH,OH
HO H
HO H
o CHO - . V
CHO CH,0H CHO GHZOH -
HO——H HO——H H—T—O0H H—1—0H
(@) H——O0H  (b)HO——H (¢) HO——H (d) H—1—o0H
CH,OH CHO ~ CH,0H . CHO
CH,OH
" Ho H N CHO
HO H H HO——H
— — H—{—OH
HO H Lo - CHOH
~ CHO
, ‘ CH,OH

Correct answer is (a)

- Which one of the following Newrmann projection formulae correctly represents a meso structure?

Ph Ph

Ph Ph
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Soln.

Soln.

10.

Ph | e . i o
’ OH °  HOL~T™\UPh Ph OH  Ho H
H oH H OH H OH  Ho H
Ph B 3 o
H ‘l’ l HO 'L H
Jr on A OH HO ¥ M. H OH
HO H | HO H
Ph Ph
Ph l | Pi‘ l
ih . Ph ~ pn Ph
H——OH o Ao Ho——H Mo
HO——H HO——H HO——H H——OH
Ph "Ph Ph Ph

¢’ has plane of symmetry so, it correctly represents a meso compound.
CHO ‘ S
H-—‘t— OH
CH,OH
Which is the correct order of pnonty of groups attached to the chiral carbon in the compound given above
while as assigning R or ‘S’ configuration.

(2) HO > CHO > CH,0H >H (b) H> CH,0H > CHO > OH
(c) CHO > OH > CH,0H > H " (d) CH,0H>CHO > OH >H
@ |

Which one is the correct conﬁguratlonal assignment (in terms of CIP pnn01ple) for each of the compound llsted.
below? :

1 3
2 COOH A
CIH,C COOH-
1 V 4 . ’ \C:C/ |
HoN CH, / \
3 HaCH;C 4H
Ph : . o
(a)I-R, II-S (b) IS, I[I-E (©) L, TI-S (d)1-S,11-Z

@

-Consider the following configuration of 2, 3-dibromobutane.

Wthh one f\f"bp fQuO"mqn IS h:. correct aI]F“’PI'?
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Soln.

11.

Soln.

(a) Conformation (1) is the meso-form while (2) and (3) are an enantiomeric pair.
(b) Conformation (2) is the meso-form while (1) and (3) are an enantiomeric pair.
(c) Conformation (3) is the meso form while (1) and (2) are an enantiomeric pair.

(d) Conformation(l) and (2) are identical and (3) is the meso-form.

Br, CHa
H CH3 'H Br
H
Br, H
H
Br Br H H
CHj
CH
5 ‘l' CH3
CHj. CH3 ‘CH3
R S
Br~———H H——Br Br—+—H
H—E—-Br Br—gr—H Br~——dt—-H
CHa . CHjy CHj
L@ _
(1)* + (3) having plane of symmetry

So, these two compounds are enantiomers

Se, it is a meso compound.:

So, the correct statemment is conformation (3)isthe meso while (1) and (2) are an enantiomeric paic
Consider the following statements regarding the given projections.

CH,OH CH,OH CH,0H CH,0H
H——8r HO——H Br————H HO H
——H —r— —f—H
HO H OH HO | HO H
CHs CHs ~ CHs CHs
A) | (B) (0) ®)
(1) (A) and (C) are diastereoisomers.
(2) (D) is the Newmann projectoin of (B).
(3) (B) may be named as thereo-1, 2, 3-butanetriol.
Which of the above statements are correct?
(2)1,2&3 (b)1&2 (©)2&3 (@ 1&3.
CH,0H  GH,0H CHOH
H—— 8+ ’ HO-——B——H Br——t—H
s R| s
HO——H H——+f——OH HO——H
CH, CHy CHj
(4) ® ©)
A HO H ;
HO H H——OH
HO H | HO——H
CH,OH
CH; CHs o .
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Stereochemistry - ' : : ’ ‘
So, Aand C — are diastereomers. ‘

- D isnot the Newmann projection of B.

HO. ,
" H HoH

The Newmann projectibn of ‘B’ is
: CH,OH
CHj;

Soln. (d).
Epimers |
Epimers are the diastereomers, differ in the stereochemistry at only one stereocentre.

The termican be applied only to the chiral compound having morethan two chiral center.
For example glucose and glactose have difference in configuration at C, so they are epimers at C,.

1 CHO CHO
R 2 H——+f—o0H R H———0H
$ 3HO———H S HO——F+—H
e O T
R 4—— oM § HO—————H
R 5H——F—OH R H—F—oOH
6  CH,OH ' CH,OH

Glucose ) Glactose

Similarly glucose and mannose have change in configurationat C, so they are epimers at C,.

1 CHO CHO
e s fro 1A
S 3H0—-——F—-—'H | S - HO———H
R 4 H—F—0OH R H——T—OH
R 5 H——t—0H R H——p—0OH

6 CH,OH : CH,0H -
Glucose - - Mannose

A) (®B) oH
Compound (A) and (B) are epimeric pair.
Anomers: ‘
. Anomers are the diastereomers (in the case of a monosaccharide) which differ in the configuration at C are
called anomers. i : '
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Stereochemistry‘

Soln.

O
H OH
|3-D~glucbse
PROBLEMS

—OH
O OMe
OH
» OH
OH . _ OH OH H
I , II il IV °
(a) I and IT are anomers; III and I'V are epimers. (b) I and III are epimer; IT and IV are anomers.
(c) Tand IT are epimers; Il and IV are anomers. ~ (d) I and III are anomers; I and II are epimers.

@).

Threo and Erythro nomenclature ' ,
Threo and Erythro nomenclature are based on sugar chemistry.

CHO /same 'CHO o different
H——£OH} HO—£H } |
'H——-—{OH ; H———i\-OHj
CH,OH  CHOH
D(-) erythrose D(-) threose

*  Erythrose and threose are diastereomers. ,
. A molecule with two adjacent stereocentres, when there are two groups which are common to each
carbon while third is differenti.e. C, —C ., Sives Tise to erythro and threo diastereomer.

Procedure for finding erythroe and threo diastereomers. -

Step I: Find out the group or atom which is not common on two adjacent asymmetric centre.

_ Step II: Placed this different group on top and bottom position of vertical line in Fischer projectioﬁ formub.

“Step IT: And ‘afrange‘the rest group or atoms around horizontal position of Fischer projection.

Case I: Iftwo similar group are on the same side then it is called erythro.
Case IT: If two similar group on the opposite side then it is called threo.
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Stereochemistry B .
For example: ‘
CH,CH3
H—+—Br ~ - '
: ' These two are different group on the two
H——Br asymmetric carbon placed at top and bottom.
CH3

Soln.

Soln

- These two H, atoms are projected in same side so, it is erythro

CHZCHg
Bré——ﬁ@ |
@——-—-—*Br

CHy
In this structure the two similar group viz H and Br are opposite so, it is threo.

Note: The terms erythro and threo are generally apphed onlyto those molecules which do not have symmetno

ends.

In summary, condition for erythro and threo nomenclature:

(1) Two asymmetric carbon should be there ‘ h

(2) Ontwo asymmetric carbon, two of the groups are the same and the third is different.

Consider the following statements about the Fischer projection A-—D.

COOH CHs. CH; CHg

HO—1—H H—t—-O0H  H—4—Br HO—}—H

HO——H Br—f—H  H—}—Br  H——Br
CHj CH3 CHz . CHj;
(A) (B) - © D)

(1) Aand B are erythro forms while C and D are threo forms.

(2) There must be two assymetric carbon

(3) Cis ameso form while B and D are dL form.

(4) A and B are meso-form while C and D are diastereomers which of the above statements are correct?
(@1,2and4 (b) 2,3 and 4 ()3 : (d)2and 4

© :

Whlch ofthe following compounds canbe represented as threo and erythro 1somers"

(I)Ph)Y @) Hac/j\( 3) Ph/k( - /K)\

(a)1&2 (b)1&3 ' -~ (©)1&4 (d2&4
(b) Hint- COIldlthll for erythro and threo are Con C

T Ry
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, ‘ ' o ; , Stereochenxistry
4, Consider the following statements. In the elimination reaction.

CH, ~ Ph CH;
Base N — /
Ph—CH-—CH—Ph ——— C-—C\
' -EBr S Dy
, Br
(1) Ofthe various stereoisomers of the reactant, only stereoisomers of proper geometry, that is ex:tiperiplanar

conformation will undergo this elimination reaction.

(2) Erythro isomer willundergo elimination reaction at a faster rate.
(3) The threo isomer will form the trans olefin of these statements.

(a) 1, 2 & 3 are correct (b)2 & 3 are correct
- (c) 1 & 3 are correct : (d) 1 & 2 are correct.
Seoln. Br
B~ , H—f—Ph
H—T—Ph
Ph——H.
H——ffPh CHs
‘ . Threo Ison
erythro isomer.. - R lsomer
l H_  Ph
_ Ph H »
H Br
CH
” ~ t
H X H_ Ph
. B: H
Br ‘ . B
H3C p r
Ph ‘ " CH3
Ph H
A ‘ AN /
Rate of elimination will not be faster =C
because the two bulky Ph group projected H C/ AN
in the same direction causes steri chindrance 3 Ph
and will increase the activation energy of this A trans product
conformation. ‘
Correct answeris (c)
S, Find out the stereoisomers of 3-bromo-2-butanol
- Soln.  3-bromo-2-butanolhave two asymmetric centre. So, the total number of steremsomers 2=4 -
These are :
CHy CHs CHj CHs
H——OH  HO—~—H H——OH HO—|—H
H——Br  B—f—H = Br——H H——Br

t 4 !

Threo enantiomers

Prythio evastioners
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Stereochemistry | S | : ' ,
(A) Optically activity in biphenyls
Two conditions are necessary for biphenyl compounds to exhibit optical activity.

(i) Neither ring have a vertical plane of symmetry.
(i) The substituents in ortho position must have a large size.

Note: There is no chiral centre in Biphenyl, it is the molecule as a whole which is chiral, duc o resiricted
rotation, The chirality due to restricted rotation arround C-C single bond in biphenyl is known as atropisomers.

Remark: IfH, Fand— OCH, group are present on ortho position of biphenyl then rotation of the ring will not

- be prevent. Because the volume of these groups are too small to prevent the rotation about the single bond.

- Properly subStituted
— Restricted rotation
— So optically active

e
Q

CH,

— Properly substituted
— Not restricted rotation
- So optically inactive

HO3S
%

On®,

H
SO3H

Optically active

H Me
© O2N
Cl o

Cl '
(0]
OoN : COOH NO,
— Properly substituted — Properly substitated
— Restricted rotation — Restricted rotation
— So optically active - So optically active

— Not properly substituted

= Restricted rotation —Achiral (restricted rotation
— Optically inactive —But not properly substituted)
B — Optically inactive
t-Bu
t-Bu
~ Optically active

t-Bu is bulky
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- | 7 | - Stereochemistry -

Some more examples of biphenyl type compounds are as follows:

HOO

HaC - y
HOOC 3 ’ ) ~HOOC CH3
’ e —=
" N—N -
: COOH
COOH COOH | O
COOH

COOH COOH

| coor
©) ©©

HaC : _NO,
' Properly substituted but

(8) . not nistricted rotation.So,
© optically inactive.
H3C COOH

COOH

R/S in Biphenyl:

Put the head of the arrow on which side
where configuration of the ring is defined in
the problem and then assign pnonty sequence
as per CIP rule.

S-Isomer
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Stéreochemistry , V | ) { 59 )

“/\

Ho\“

\©© g

RwIsomer } S-Form

& Q

S-Isomer
Essential criteria for chirality of allene.
(1) Proper substitution
(2) Number of double bond should be even.

‘Properly substituted means that termmal carbon ofallene should have two different groups, so that it deprlve

A

Fﬂ
f
(@)

S-Isomer

(B) Chirality in Allenes
Allenes are chiral due to chiral axis.

from plane of symmetry. __
sz . sp2
4} ,,—-:»H |
\C“C"‘C/
\
H H
sp” symmetry clement
3GC,'S
20ov
Problem-1:
Ci C! ) Cl - Br
\c—'-c—-c/ | ' c-—c-c/
@ 7R | . @ /7
H . H -
— Number of double bond =even . —> Number of double bond = even
*— Properly substituted —> Properly substituted.
- Soitis chiral , — Soitischiral.
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Stereochemistry
Br H Br H
: PSPPI 4 : e
(3) /C-——C——-C-——-—-C—C\ ' @) /C-— ’*C'T'C\
. cl F ct F
— Number of double bond = even ' — Number of double bond = odd
— Properly substituted : —» Properly substituted .
— So, it is chiral. : — Achiral, optically inactive.
Ci
. - CMeg
o Qe
Y—o=d - . C=C=C=C=(
6 fF=o= : ©® 7
- Br COOCH,COOH 3
: ' c
— Number of double bond = even — Number of double bond = even
— Properly substituted — Properly substituted
'~ Chiral, optically active. — Chiral, Optically active.

Note: One ofthe double bond ofallene may be replaced by a four, five & six membered ﬁng and the
general shape of the allene molecule is retained.

For sucha systéth. Optically activity arises ifNumber of doubled bond + ring = even and criteria for
properly substitution is same. -

H
Me /
=
\ .
H CO,H
— 1 double bond + one ring=2 =even
— Properly substituted
— Chiral and hence optically active.
Problem-2:
H\ » H Br CH
— 3
;oC ' No— /\C——C/
(D) HyC CHs @ f C\/ =X
chiral - H - H
— 1 double bond + 1 ring =even . — 2doublebond + 1 ring = odd
— Properly substituted . — Properly substituted
— Chiral, optically active. —> Achiral, optically inactive.
Problem-3:
Br
N
C__
/-
chiral
_ cenire

— 2 double bond + 1 ring = odd
—» Properly substituted : ,
— Itis chiral, due to chiral centre but not chiral axis.
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Stereochemistry :
R/S in allene.
2 !’ltOOC“ 3
3
H cl \ BV
AN __b) o — A
1 =C., /2 2
@ C,/1 GG | ® \_/ i
R R-form - S-Form

b

(C) Optical Activity in Spirane:
» If both double bonds in allene are replaced by ring system, the resulting molecules are spiranes.

Examinations of these formulae show that the two rings are perpendicular to each other, and hence suitable
substitution will produce molecules with no element of symmetry, thereby giving rise to optically active forms.

Essential criteria for chirality due to chiral axis.

- Even number of ring in spiro compound (Odd number of spiro carbon)

Proper substitution at only terminal H.
Spirane has two types of hydrogen
(1) Lateral (2) Terminal.

Terminal hydrogen Terminal hydrogén

Lateral hydrogen

4H’s are terminal, 8H s are lateral. :

Chirality due to chiral centre can be generated in any spirane compound {even or odd number of ring) by
substitution at lateral hydrogen (Plane of symmetry should not be there).

Chirality due to chiral axis can be generated in spiranes having even numbers ofrings by proper substitution.

chiral
— Number of rings = even * — Number of rings = odd
— Properly substituted . — Not properly substituted :
— Chiral due to chiral axis. }“ — But chiral due to chiral centre not due to axis.

TR
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Stercochemistry

H , H
HoN NH,
— Number of rings = even

— Properly substituted

— Chiral, due to chiral axis.

R/S nomenclature in spirane
Similar to allene and biphenyl.

3. 3
CHj : H2 NH,

\W . i \/\/\/ . RF
( YA VAYES omer VAVAVYES P
HaC'1 4 H . . HoN ¢ . 4 H .

Planar Chirality:

Y Y

bl

“Fe : E . Fe

0 O

« Specific type of chirality known as planar chirality.

_ » Chirality can not be removed it is permanent.

View the molecule
from top.

|

NMez

2 3
crraMez e
Fe PPhy : Ph,P! Fe pS— This 'P' stand for planar.
ps Bt

k The side chain has a chiral centre such type of
chirality is called lateral chirality. -
Conformational Analysis |
Conformation studies ofunsaturated compounds and compounds containing the oxo group have led to some

- unexpected results. For example, microwave spectroscopy has shown that the preferred conformation of

propene and acetaldehyde are the eclipsed forms and NMR spectroscopy has shown that the predominant
conformation of propionaldehyde is the one in which methyl group and oxygen atom are eclipsed. The reason
for these observation is uncertain.

T
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Stereochemistry ' , o o ‘ §

o i
0 ! »
H3C-——ﬁ=CH2 I H3C—CHy;—C—H ;
H;C—C—H Propionaldehyde o : ‘
H ;
CH, : 0
H " H H H H H :
Propene Acetaldehyde Propionaldehyde

Remark: Molecule such as ethylene chlorohydrin or ethylene glycol, intramolecular hydrogen bonding is |
possible in the skew form but not in the staggered form, due to this intramolecular H-bonding the moleculeis -
stabilised by about 20-29 kJ/mol and this is enough to make the skew form more stable than the staggered
form. '

Evidences-LR. spectroscopy has shown that the skew form predominates. : P

H Intramolecular H-bonding H
o % 7 o

H (6 \ H ) H Tl
H H ' H H
H
Gauche form of ethylene diol Gauche form of ethylene chlorohydrine

Method used to investigate the conformation of molecules
* Thermodynamic calculation

* Dipole moment.

* X-ray and electron diffraction

* IR and UV spectroscopy

» Chemical method.

» NMR spectroscopy

Conformational Analysis of Cyclohexane

Factor affecting the stability of conformations

(1) Angle strain: Any deviation from normal bond angle :
(2) Torsional strain: Any deviation from the staggered arrangement.
(3) Vander waals strain(Steric Strain): ’

Any two atoms (or group) that are not bonded to each other can interact in several ways depending on

(a) Theirsize (b) Polarity (c) How closely they are brought together. '
These nonbonded interaction can be either repulsive or attractive, and the result canbe either destabmzatlon
or stabilization of the conformation. '

Bayer suggested (incorrectly) there should be certain amount of strain in cyclohexane. -

Two most stable form of cyclohexane are as follows:

e 7

Chair form Boat form

Chair formis more stable than that of boat form due to fo]lowmg fact

o™
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Stereochemistry
Chair form Boat form
(1) No angle strain ' (1) No angle strain
(2) No torsional strain ~ (2) Torsional strain is present.
(3) No flagpole interaction (3) Flagpole interaction is present (vander waal strain)
(4) No any eclipsed ethane condition = - (4) Two eclipsed ethane condition (will creat torsional strain)

Conclusion: The boat conformation is less stable than the chair conformation.

- Elagpole bond

boat conformation in
Newmann projection
formula.

Potential energy relationship among conformation of cyclohexane.

Stability order: Chair > twist boat> boat > halfchalr
Mono substituted cyclohexane

Equatorial

More stable
No. 1, 3-interaction

Less stable due to
1, 3-interaction

Remark: Except for ‘H’, a given atom or group has more room in an equatorial positions than the axial
position. Most molecule (about 99% at room temperature) exist in the conformation with methyl inuncrowded
equatorial position.
Disubstituted cyclohexane:

A 1, 2-disubstituted cyclohexane

Homo disubstitﬁted Hetero disubstituted cyclohexane.
Cis and trans relationship in disubstituted cyclohexane can be understood as

1, 2-disubstituted cyclohexane. 1, 4-disubstituted cyclohexane. 1, 3-disubstituted cyclohexane.
Cis—(a,e) or(e, a) Cis—(a,e) or (e, a) Cis— (a, a) or (e, ©)

Trans — (a, a) or (e, €) Trans — (a, a) or (e, €) Trans —(a, €) or (e, €)

Let us consider an example of 1, 2-disubstituted cyclohexane.

CH, PR
: h CHy | | Z::Z§w
Cis— %’C Hy m 3| Trans N o 3
1 CH ‘

; CHa 3
Do M2 | {n (2,2) — AV) (e, €)

e N S e e O . ) T e e

Do s s s W o e e e e e W Pt e e =

N~
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Stereochemistry : ' ’ | , :
I & II are degenerate because both have one 1, 3-interaction.

III & IV are non degenerate :
" I is least stable because in this case both methyl group is placed at axial position and suffer 1, 3-interaction.

So, the stablllty orderis IV>I>11>1II

1, Z-disubstituted cyclohexanes with two different substituents.
Let us consider an example of 1-ethyl-2-methyl cyclohexane.

Cis-isomer . Trans-Isomer
(1)(a e) () (e a) BN OICL) (4) (a a)

1 and 2 are non degenerate

Remark: Energy of conformation (2) will greater than that of (1) because, the bu]ky ethyl group is at axial
position which suffer more 1,3-interaction.

3 and 4 are also non‘degenefate, out of these two conformations, (4) has maximum energy because both,
methyl and ethyl are placed at axial position where they suffer severe 1, 3-interaction.
So, overall stability orderis 3> 1>2>4,

Optical activity:
CHj

=AW

HaC

CHs

Et\ilﬂ A pair of enantiomer
Et \m A pair of enantiomer

N _ CHg
1, 3-disubstituted cyclohexanes (1, 3-dimethyl cyclohexane)

- -

Cis-1, 3 ~dimethyl cyclohexane. Trans-1, 3-dimethyl cyclohexane.
e ) @) Mo G @@ O

3 and 4 are degenerate.

1 and 2 are non degenerate.
Energy order | >3 ~4>2,
Stability order2 >3 ~4> 1

‘Note: In Cis-1, 3-dimethyl cyclohexane, plane of symmetry is present in both (a, a) or (e, e) conformation.

—
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“——> Plane of symmetry

CH3 CHS V .
ﬂﬁ oo .~/ o

(a,2)

However, trans 1, 3-dimethyl cyclohexane, does not have a plane of symmetry and exist as a pair of enanti-
omers. '

Let us consider the case of 1-isopropyl-3-methyl cyclohexane

cis-1-isopropyl-3-methyl cyclohexane. trans-isoprophyl-3-methyl cyclohexane.

Me\%i-m ‘%i-Pr Me \%
Me iPr ' Me

1) (@) , (2) (e.e) ' ‘ 3)(a e (4) (e, 2) i-Pr

1 and 2 are nondegencrate.
3 and 4 are non degenerate.

Stability order:

2>3>4>1 '
l L, Both group at axial position
Bulkier group (i-Pr) at axial position.

»Both groﬁp at equitorial position

Let us consider an example of 1,3-dihydroxy cyclohexane.

~ Cis-1,3-dihydroxy cyclohexane. trans-1, 3-dihydroxycyclohexane.

(] oz [T w T

“we 9 o OkI " 3) o) @)

Stability order 1 >2>3~4 '
Conformer (1) is more stable than that of (2) because of the fact that in case of (1) intramolecular H—bondmg

“is possible.

: Intramolecular H-bonding.
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Stereochemistry ' ' _ ‘

"PROBLEMS

1. From which conformation of cis-1, 3-cyclohexane dicarboxylic acid anhydride will be form.

COOH COOH

COOH : 1 ,
Ring flip 3
COOH ———™
() ,

Soln. Cls—cyclohexane-l, 3-dicarboxylic A | Cis-cyclohexane 1, 3-dicarboxylic acid
acid diequatorial conformer - diaxial conformer(Less stable)
(More stable) '
Anhydride

Remark: The -COOH grop in (A) are far apart for anhydride formation. Ring flip to give (S) brings them with
mreacting distance.

Draw the favoured conformation of following compounds

OH Me W\OH
O:/B CC O\

. aOH
Soln. (1) O‘
| Y Br
favour

Two substituents
equatorial (non-axial) No substituents equatorial

two (axial). -
OH
2) CC
Br : ‘ '
m\. Br m' Since Br > OH (in size)
H HO

Br

. favoured

o m

Favowred OH .
Two substituents equatorial one axial. One substituent equatorial two axial.

Me
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Do : Stereochemistry

- 1, 4-disubstituted cyclohexane: Let us consider an example f 1, 4-dimethyl cyclohexane.

Cis-1, 4-dimethylcyclohexane. ‘ trans-1, 4-dimethylcyclohexane.
Me | : s i Me
' - Me
Me\% m Me\%\ Me
(1) (C,a) Me (2) (a,e) (3) (e7e) ‘ Me (4) (a’ a)

Stability order: 1>1~ 2>4,

SOLVED PROBLEMS

1. Draw the most stable conformation of cis-1, 4-di t-butylcyclohexane.

t—Bu
t-Bu t-Bu
mm
- Soln.
:—Bu

Remark: An axial t-butyl group is very unfavourable form. In Cis-1,4-di-t-butyl cyclohexane one t-butyl
group would be forced axial if the compound existed in a chair conformation, to avoid this, the compound
prefers to pucker into a twist boat so that the two large groups can both be in equatorlal positions (or
Pseudoequatorial, since this is not a chair).

2. Draw the most stable conﬁguratlon of

CH,
‘\\Et : \\\MG : ‘\ME
t-Bu ~ thu I//OH

i-Pr

Soln. I-Pr\m. t—Bu\m t-Bu M

Remark: The bulky t-butyl group is particularly prone to occupy an equatonal position if other substituents

are considerably smaller than t-butyl, the molecule is virtually locked in a single conformation. The one with an

equatorial t-butyl group. t-butyl group has been widely used as a holding group to permit the studyof physical
and chemical properties associated with a purely axial or purely equatorial substituent.

3. The most stable conformationofthe followmg compound is:
‘ Me
;§\Me .
' -~ tBu Me
(a) tBu \%\ Me (b) f—BuM
Me V ‘ Me
Me

© t-Bu\%' | @B w Me
' ' : Me

Me
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Stereochemistry A ‘ | ' ’ :

Soln.

Soln.v

Soln.

tBu M . Because t-butyl group is locking group.

The favoured v1c1nal diols shown below only three are cleaved by HIO,. The diol which is not cleaved HIO, is:

OH , WOH
(a) Q | (b) /() v,
A t-Bu ”OH : t-Bu? | “7OH

~__\OH
t-Bu o ~ t-Bu OH

OH |
| ‘, OH
tBu t~5um ~ tBu t-Bu, OH

(a) © (d)

(a) Because in this case the two-OH groups are diaxtal, so there ismore dlstance between two OH groups and
hence will not interact with HIO, effectively. ~

Accouts for the fact that only one of the following compounds A and B give the expected elimination product
with K1 acetone.

/O) " q
Bu Yy B

(A)

- Br
t-Bu\%' : t-Buw Br
Br | Br

(A) will give the expected elimination product with KI in acetone because for EZ‘-elimination. The two depart-
ing group should be placed at diaxial position (or antiperiplanar) such requirement is only fulfilled by compound
(A).

 Which of the following is a cis-isomer?

| , “ : Me k  Ch
@ /] e N @/ "/ @ m‘
“Me | CHs

(c) Becauseincase of 1, 3—‘disubstituted cyclohexané cis means (e, €) or (a, a).
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Stereochemistry

7.

Soln.

Soln.

Soln.

The stable form of trans-1,4-dimethyl-cyclohexane is represented as

v 7 CHj
, -
(a) H@\%’ (b)
’ ‘ : CH3
’ H3C
©we [/ er @
’ CH;,

(c) because both groups are at equatorial position.
Tdentify the hydroxycyclohexane carboxylic acid, which upon heating readily gives a blcychc lactone

| mcow
@ [ o™ Ok

CHs
OH ’

' (c) mcmH : ‘ (d) HO%\COOH

(d) Because after filiping of the ring the two groups OH and COOH come nearer to each other.
. i fe)
OH , .0

COOH
HO | A ) .
COOH ~= — Lactone

No one conformationwill give this geometry.

Menthy] chloride (A) and neomenthyl chloride (B) both react with base to lose a molecule of HCl by E,
mechanism. The productsare regio isomers (C) and (D). Identify which product is formed from which startmg ‘
compound. Also mention starting compound (A) or (B) which will react faster. Give reasons for your answer.

N

c - H1 HZI
@ (B)

In case of (B) for elimination of HCl with base Cl have d1ax131 relationship with Hl and H7 Wthh is the demand
of E, elimination.
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Stereochemistry . '

10.

Soln.

Ifproton H, will remove by base such as:

B o This product will also obtain but more
‘\‘-ﬁ% highly alkylated product (C) will be formed.

In the chair conformation (A) Cl-atom is equatorially placed and we know for E, elimination. The two depart-
ing group should be antiperiplanar, on th1s demand the conformatlon flip will occur such as

More stable

ou -
So, < cl , - "//Cl '
AN 7

Rate of elimination of (B) is faster than that of A because elimination of (A) occur from hlgh actlvatlon energy
conformation.

How would you explain the addition of HI to figlic acid (A) and angelic acid (B) to give stereospecifically the
erythro and threo- B—Iodo acid, (c) and (d) respectlvely instead of a mixture of both the acids (c and d) in each
case?

cl Less stable

Me COOH ‘ :
COOH COOH Me COOH
CHCl; CHCl3 ;
Me H Me
H erythro (c) - H
H
H

M COOH

erythro product
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Stereochemistry

. : COOH
COOH " Me
Me——H — Me.
"Me—+—H
1 ‘ ICOOH
I
Me Me / COOH
Me .' H
H
COOH W oC
¥ H H ;
H COOH H
HOOC Me Me
‘_ H Me I Me
H Me R
COOH
~ Me H—T—Me
H—1—1I
I
Me : threo product only

1L

Conformation in six membered rings containing hetero atoms

In six membered ring containing hetero atoms, the basic principles are the same i.e. there are chair, twist and

.boat forms, axial and equatonal groups etc, but in certain compounds a number of new factors enter the

picture.

For example:

' In5-alkyl-substituted 1, 3-d10xane the 5 —substltutent has a much smaller preference for the equatorial pos1t10n

than in cyclohexane denvatlves

This indicate that lone palrs on the oxygen have a sma]ler steric requirement than the C-H bonds mthe corre-
sponding cyclohexane derivatives.
+

Similar behaviour is found in the 1, 3-d1thJane with certain nonalkyl substitution (eq, F NO,, SOMe, N Me3)

the axial positions is actua]ly preferred

N02 :

S .
L Ls ~H
Preferred form Preferred form ‘

Cis—and trans—2-methyl —5-tbutyl-1, 3-dioxane each can exist as two conformers as shown below.

Aj\cm—lﬁs —-—- H3C/v %

Chis colesl cis-Q C(CHa)s

 ppom———
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oln.

oln.

CHg

. .
HaC\Lw\dCHg)y, m%ﬁ

trans-R trans-S C(CHa3)4
The preferred conformatlons for the cis and trans—compounds will be

()P, R ®Q,S ()RS QR

(b) |
Hints: In Q the bulky group (t-butyl) does not suffer 1, 3-interaction because carbon is replaced by oxygen
Conclusion: In heterocyclic rings the steric repulsion for axial substituents are reduced due to the replacement
of methylene groups of cyclohexane by oxygen or nitrogen.

| o OH
Draw the most stable conformation of Ej/

0
O/H

I,///O
H

‘The presence of an oxygen atom in the ring allows hydrogen bonding that can stablize hydroxyl groupsin the

axial posmon

Specific Rotation
Specific rotation as optical rotation of 1 gm/mL concentrated solution when path length 10 cm (1 dm) at
particular wavelength (/) oflight.

[o] =&

Note: Most [a] values are quoted as [a]D (where the D indicates the wavelength of 589 nm, the D line ofa
sodium lamp) or [a]zDO , the 20 irldieatitlg 20°C.
Enantiomeric Excess

Enantiomeric excess or ¢ e is a measure for how much fone enantiomer is present compared to the other.

For example inasamplewith40% eeinR, theremaining 60% is racermcwnth 30% of Rand 30% of Sso that
the total amount of Ris40% + 30% = 70%. -

, o ,
% optically purity = ~[——]—°”—s— x 100

[o]...

assuming a linear relationship between [(x] and concentration, which is true for most cases. The optical purity
is equal to percent excess of one enantiomer over the other '
So,

Optical purity =percent enantiomeric excess = { % % x100 = %R %S

-
R]+[S

4

. . ee .. .
Optical rotation = I(—)Hx specific rotation
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13.

Soln.

14.

Soln.

15.

© Soln.

20 mg mandelic acid was dissolved in 1 cm’ of ethanol and the solution placed ina 10 cm long polarimeter
cell. An optical rotation a of —4.35°C was measured (that is, 4.35° to the left) at 20°C with light of wave-

length 589 nn. What is the specific rotation of the acid?

[a]zo _a

D_-———-

cxf
Since, ¢, = —4.35°

c=28mg/cm’ {=10cm=1dm
c=28x10" g/cm’

c=0.028g/cm®
0 QA -4.35
ol = = =-155.4
8o, [a], cxf  0.028x1

So, the specific rotation of mandolic acid = ~155.4°.

Calculate the optical rotation from the given data
sp=20°

D=90%

L=10%

ee=90%-10%

ee=280%

80
S ti ion =—x20=16
0, Optical rotation 100

_ Optical rotation <100

specific rotation

Calculate enantiomeric excess from the given data
sp rotation= 20°
optical rotation = 18°

e e=ﬁx1oo
20

' vee=90%

" 'Since, % of d+% £=100 -

%ofd-%f=90=ce
So,  %of 2d =190

fdul—z—0~95% %0=5%

Optical activity of compounds having symmetrlc carbon

Case I: Ifthe molecule has no plane of symmetry and molecule has ‘n’ asymmetnc carbon atoms then—

Number of optically active forms =2"=a
Number of enantiomeric pair = a/2
Number of racemic mixture = a/2
Number ofmeso form =0

CaseIl: If the molecule has plane of symmetry then the number of conﬁguratlon isomers depend on the

number of asymmetric carbon atoms.
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(1) When compound has even number of asymmetric carbon atoms i.e. n=2, 4,6, ... '
(a) Number of optically active forms =a =21,
(b) Number of enantiomeric pairs = a/2
(c) Number ofracemic mixture = a/2
" (d) Number of meso forms=m = 2‘2‘—1
(e) Total number of configurational isomer =a+ m

For example:

HOOC—CH({OH)——CH(OH)—COOH
n=2
Number of optical isomer — 5 = =2

Number of meso form = m=2%" _ ¥t Zqo=]
Total number of configurational isomers = 2+1=3
Let us consider another example

* * : *

h*"—*CHC!-—-CHCI—'—CHCI——CHCI—-Ph
, n=4

a=2"=2"=8

m=2"H 2t g Lol g

So, the total number of configurational isomers =8 +2 =10

Case ITI: When compound has odd number of asymrmetric carbon atoms and plane of symmetry
ire.n=3,5729 11........
@ Number of optically active forms

a=2" 0"
(b) Number of enantiomeric pair =a/2
(c) Number of racemic mixture = a/2
(d) Number of meso forms =m= (*-1)?2
(e) Total mumber of configurational isomers =a +m.

For example: ‘
* * *

HOH,C——CHOH——CHOH-—CHOH-—CH,OH
: n=3
a=2n-1 2( -1) 23——1 23—1/2.=22_21=2x2__2=’4_2.=2
m= 2([1—1)/2
m:23~—l/2 — 21 =2

Hence total number of configurational isomers=2+2=4

Number of Geometrical Isomers in Polyenes
) When compound has ‘n’ doube bonds and ends of polyene are dlﬂ'erent the number of geometrical isomers =
2!!
where n =Number of double bonds.
Ph—~CH=CH-CH= CH CH CH CH= CH Cl

m
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n =4 V |
(b)  Whenthe ends of polyene are same

Case I: When number of double bond is even.
Then the number of geometrical isomers.

. 2l 4 !
Let us consider another example
Cl-CH=CH-CH=CH-CH=CH~CH=CH-Cl
n=4

Number of geometrical isomers =277 + 2% =2’ 42" =8+2 =10
Case IT: When the number of double bonds are odd
Number ofgeometricalisomer _ yn-t 4 pn-12

Ph~CH=CH-CH=CH-CH=CH-Ph
- A
. Number of geometrical isomers =2>+22 =22 42!=442=6
Topocity = : :
Topocity is the strereochemical relationship of substituents relative to the structure to which theyare attached,
depending on the relationship, such groups can be heterotopic, homotopic enantiotopic, or diastereotopic.

Homotopic:
. Homotopic atom, are always identical in any environment. ]
. Homotopic NMR - active nuclei have the same chemical shift in an NMR spectrum.

eq~CH, all4H’s are potenFial. So homotopic with one another.

Enantiotopic:
H ~ ,H
P h, P *, P
/O _cH /N _CHs S e
3 :
He” ¢ HC” ¢ ToHC N
H Hz H, ;
Butane R-2-bromobutane (S}2-bromo butane

. Enantiotopic groups are identical and indistinguishable except in chiral environment

. Epantiotopic pairs of NMR active nuclei are also indistinguishable by NMR and produce asingle signal..........
Diastereotopic groups are often, but not always identical group attached to the same atom in a molecule
 containing at least one chiral centre.

%, S Py, PN - P, M
,C - , /," . ,”,
7N\ L , C |
HC & CHs Hac/ \\C/CH3 H3C/ \.C/CH3
S STy SR
~H L H  Tpr - Br, H

" (S)-2-bromobutane  (2S,3R)-2,3~dibromobutane  (28,38), ~2, 3-dibromobutane

. ’ o
- ——— enantiotopic face
. "/,
F “Cl
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1astereotoplc

— 3 singnal in NMR

enantlotoplc

.Hb s Bra_ .\ Ha B

NBS
[R—— +
(PhCO),A ,

enantiomers
COOH
-
AHO-—CII—COOH
&,
COOH
Citric acid

Citric acid has the prochiral centre the two chain CH,COOH are enantiotopic.
This is an interesting example where enantiotopic and diastereotopic H’, co-exist.

Aplane of symmetry perpendicular to the page and passing through the middle carbon make H_’s enantiotopic
and H, s also enantiotopic. No Plane of symmetry can pass between each CH, group protons 2 and b on each
. CH, group diastereotopic.

Prochirality: Prochirality is the property of certainmolecules due to Wthh these can be converted into stere-
oisomers. (enantiomers or _dlastereonsomers).

PI‘OPIOIIIC acid

Non stereogemc centre.
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2

COOH !
COOH ; Lo COOH
H., { Hy, » H ~OH HO‘+-H

R-lactic acid S-lactic acid

Homotopic ligands and Faces:

« If the substitution of each one of them by another atom or group leads to the same structure.

COOH

H,/D —
2y, D—r—OH
COOH HO~}—H
‘Hy—T1—OH COOH
HO=—T—H. COOH
COOH H=—+—0H
Hy/D HO——D
COOH
So, two hydrogens H, and H, are homotopic through rotational around
COOH |, OH Ha, ,OH
0, ,H c Hp =
Hy—T—0OH __H ., : HO,//"
= COOGH | COOH
HO— " " COOH COOH
COOH Y
Ca
Problem:
Il
H3C—C—OH
qooH
all 3H are identicals, so homotopic in nature
H—’/—(_ 4 : ’
I,/ .
H Y “h
Cs
Homotopic face:
H,C CHa
HsC /CH3 /
=—C
c=c. ———> \
7 AN
H H H H
C,-axis
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o 0 .
o Hey )_1: JH
He | H, = Hz/”\m N %
C, homotopic face homotopic face
Enantiotopic ligand and faces
SBCOOH
4 1
H/D D OH
G
COOH Hy—2—OH
Hy—1—OH COOH (28,3R)
Hy—F—OH 7
4 :
a H-& OH
Y
D_—“I_{_OH
COOH

These two are not non super imposable mirror images to each other but still diastereoiomers.

H OH
1
Hy P H, and H, are reflected by a plane
j COOH  So, these two are enantiomers to each other.
COOH
H
Y |
HaC — 3 H;/H, are homotropic becaue it is
H\\*‘ A "’//CH3 interchanged with Cy-symmetry.
H

HOHZC\"“" ~oH ——> cnantiotopic -

HOH,C
Ol o
H, Hy : .
; —M—'W’ H;/H, — are enantiotopic
o T

Diastereotopic ligands and faces:
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HCL FC O
- C—C So, these two are diasteroismers
4 H
H
HiC Ha .
AN cis(z)
C—C
/ \ trans (E)
: Hb HsC H
3
\c— e
. I / - \
H Cl
HO e HO _ H HO
HOo H,/OH '|® Hy/OH a
e :
H H H
Hp o Hy OH trans
So, Ha and Hj, diasterecisomers
CHy H/,’ Cl
H——cCl  Ha, pb =7
Hy———H CHa
cl.
Ci
So, H, and H, — are diastereotopic.
’ CHa
H——cl
. o -
CH3 Br —_Hb
H——Cl Cl
Ha——H
o b CHs
cl H——cl
L
Hy=tBr
Cl
Diastereotopic face:
?H3 CH
- Cc=0 * ~  CHg
] HCN CN—F—OH  HO—F—CN
HsC H > 4
I . HyC———H HaC——r—H
Celts CeH
Methyl a-phexiethﬁ ketone . CeHs 0TS

O

u'ans

So this face is diasterotopic

M
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.- PROBLEMS ‘

- Ha/, Hp ‘ :
HaC f CH; So, Hy/Hpare diasrereoisomers because it is
. 3 / bisected from a plane. _
.8 "//H
H

*
H3CH2(‘3

G -~ djastereotapic

2. @ HY
® I\OH

HsC
H
(ii) t-Bu H diastereotopic
1 A ' 1
o . o 0 >
2 2 . 3
2
= HyCL KJQ
CHj , 3 - HaC CH,CH,4
Se-face Re-face . Re-face
CHj;
diastereotopic since there is no symmetry and the
two methyl group are close to a stercogenic centre.
3.
C
HsC”  “CHj
e *
CHy,OH
5 HiC . , e
diastereotopic when the rotation of the ring is slow when rotation becomes
fast these protons become enantiotopic (average mirrorplane)
CH3 o CatH
* %
- OH
4, Indicate H_ and H, are homotopic, enantiotopic or diastereotopic.
: H Hy Ha Hp . . . )
) 2 Ha Hb/, Ha .
Hy - | -
‘ / ‘ R H3C—-C———(l',‘--C_H3 :
, ) - o ‘ A , ] .

diastereotopic! replacement test Hb )
homotopic  would give-syn and anti compounds enantiotopic homotopic
which are diastereomers.

|
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(@)
(b)

Soln.

Letus consnder an example ofnorborane system first we want to discuss the symmetry propertles ofthis
system.

Hi 1 H2

It has one C, axis passing through C, and mterchangmg ¢/C,C/C,C/C . H/H, sz/Hxs’
H/H,H /H ‘

So, these protons are identical (as we know the protons which are interchanging with an axis are identicali.e.
homotopic protons).
Now, Ithastwo o,.

o, ~bisecting C~C,-C,, H,, H,, reflecting C/C,, C,/C, H/H,, H/H,, H/H, H/H, H/H, .
o,,-bisecting C,, H, H, and reflecting C,/C,, C,/C,, C/C, H,/H,,, H/H, H/H, H/H, H /H,

The protons which are ’reﬂected with plane are enantiotopic where as those which are bisected with plane are
diasterotopic.

H3[H7’ Hs/ H9’

Note: Ifa protons are interchanging with C, axis and also reflected by plane the prlorlty will be given to
mterhangmg by axis and hence it will be’ homotoplc but not enantiotopic.

For example
Hi H2

H /H, are interchangabe with C_-axis and also reflected by a plane So, in this case pnorlty wﬂlbe given to
forrner not latter and hence Hl/HZ are homotopic proton : »

Identify the correct stereochemical relationship amongst the hydrogen atoms H, H and H_inthe following

molecule. « , [GATE-2006]
Hc .
Hp
Ha
(a) H, and H, :enantiotopic : (B H, and H, : diastereotopic
(c) H, and H ; enantiotopic (d) Hh and H dlastereotoplc

Since, H, and H, do not have direct relationship with any symmetry element So, we will have to see chemical
environment around H and H, since the chemical environment is different viz H, is exo where as H, isendo so
these protons are dlastereotoplc

H /H, are reflected with plane hence it will be enantlotoplc

H/H — d1astereot0p1c

Cﬁrrect answer is (h)
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The two H’s at C-2 and C-3 in (2R 3S) tartaric acid. _ :
(a) enantiotopic (b) diastereotopic (c) homotopic (d) constitutionally heterotopic
COOH '

COOH

oIn.  These two hydrogenes are reflected bya plane.

oln.

oln.

So, it is enantiotopic.
H Cl

H %4 Hy
cl-
The relation between H,/H, are -
(a)Homotopic (b) Diastereotopic (c) enantiotopic ’ | CSIR-JRF-2008
Since H,and H, are interchangable with C_-axis so these two are homotopic.

Consider the hydro gen atoms labelled as H, and H, in the fo]lowmg molecules. [TAS-2008 )

COOH CH; Br
H3C Ha HA""""—"OH H——1—0OH Ha R
C=C==C (2) 3)
) I N Hg———OH Hi—T—Hs (4)
H Hg , : . :
COOH CHj ~Hg R

In which of the above are H, and H,, diastereotopic

" (a)1,2and 3 (b) 2,3 and 4 (©)1,3and4 (d)1,2and 4

(b) have plane of symmetry so H, and H,, are enantiotopic in the case of (3). H, andH_ are adjacent to the

chiral centre so these two protons are dlastereotoplc while in case of (4) no dlICCt relat1onsh1p with symmetry

element while chemical environment ofthese two protons are different so these two are diasterotopic.
So, the correct answer is (c)

Consider the following molecule S | [1AS-2007]

1. trans-1, 2-dichlorocyclo propane.
2. cis-1, 2-dichlorocyclo propane
3. 1, 1, 2-trichlorocyclopropane.

~In whlch of the above molecules is/are the sets(s) of methylene hydro gen(s) d1asterotop ic?

oln.

V (a) 1 only - (b)land3 (c) 2and3 d)2 only

v

Incase of (1) the methylene H s are exchangable with C , Symmetry so, these two are homotoplc while in (2) »

methylene protons are bisected with a plane so these two are dlastereotoplc

Incaseof (3) No methyl ene protons are present.-
So, correct answeris(d). = |
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{ | ' I ' ' Stereochemistry

10. Consider the fo]lowing compounds.

_ H, Ha/" Hp
H  Hy |
) oG~ C—C—CHy
|
I , I I

5 Identify H_and H, hydrogens in the above compounds.

| (a) diastereotopic, enantiotopic, homotopic respectively.

f (b) Enantiotopic, diastereotopic, homotopic respectively.
(c) Homotopic, diastereotopic, diastereotopic respectively.
(d) diastereotopic, enantiotopic, diastereotopic respectively.

Soln. (a)
H
. \ L /Br ) . . .
T S SN , [1AS - 2006]
' H CH 3 ) .
P What are the two methylene protons inthe above compound called?
(a) Homotopic protons (b) Tautomeric protons
(c) Diastereotopic protons - - (d) Enantiotopic protons.
Ans. (¢
1
0 e
12. : /
- ’//
. Ho He He.
j Con31der the following statements concerning the features of the protons of the structure given above
< 1. H, and H, are homotopic 3.H, and H_ are diastereotopic
2. HC and HD are enantiotopic 4. H_and H_ are vicinal and cis.
‘Which of these statements are correct? .
(a)land2 (b)2and4 . (c)1,2and 4 (d)2,3and 4 [XAS-2003]

Soln. H, and H are homotopic because they are exchanged with C,-axis.
H, and H_ are enantiotopic because they are reflected with a plane.

H, and H_ are not dlastereotoplc because they reflected with a plane but not bisected.
So the cozrect answer is (c)

13.  Inthecompound | [IAS-2001]

Thetwo hydro gen atoms'marked as the H, and H_ are
() enantiotopic - (b) dlastereotoplc
- {(c)homotopic (d) anomer.
Soln. (b) because these two methylene protons are adjacent with chiral centre.
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CHAPTER

Reaction Intermediates

E2T 3

" Reactive intermediates are believed to be transient intermediates in majority of reactions. The main types of

reactive infermediates ofinterest to orgamc chemists are carbocations, carbanions, radicals, radical ions, carbenes,
nitrenes, arynes etc. :

Reactive intermediates are usually short lived, very reactive and very seldom isolated under normai
reaction conditions. However, their structures are established either by means of chemical trapping or
spectroscopically or sometimes by isolating themat very low temperature. The shapes of these intermediates
become important when considenng the stereochemistry of reactions in which they play a role.
Carbocation

Carbocation has a positively~charged carbon atom which has only six electrons in its outer valence shell.

(A) Structure and stability of carbocations:

The heterolytic fission of a C-X bond in an organic molecule (X is more electronegatlve than carbonatom)
generates the negatively charged anions (X') and positively charged species known as carbocations

H H
_c Heterolytic - ! ® e
L % ; fission H | + X
H . H

Carbocatlon

The carbon atom in a typical carbocation issp® hybridized. The p,, orbital is empty and is perpendlcular to the
plane ofthe other three bonds. Thus carbocation adopts a trtgonal planar shape.

e Empty p-orbital

/ O ’ R///r @ R

//f,, o

o,

N a0

Side View Top View
Carbocation

Planar structuré of carbocation is more stable than pyramidal structure this has been shown by quantum
mechanical calculations and confirmed by NMR and IR spectroscopy. That is why formation of carbocation is
prohibited at bridge head position due to formation of non-planar carbocation.

Ned -Arnett measured directly carbocation stability by measuring the enthalpy ofreaction for the ionizationof
RX process in SbF,/FSO,H/SO,CIF at -40 °C.

R

R oo R+ X

o~
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Reaction Intermediates

The stability of the carbocation increases when electron donating groups are present. The reason for the order
ofalkyl carbocation stability was simply as mductive stabilization ofthe positively charged carbon by its attached
electron-releasing alkyl substituents and by hyperconjugation (“no-bond resonance™). This explains why a
tertiary carbocation is more stable than a secondary carbocation which in turn is more stable than a primary
carbocation.

H3C\®C/CH3 HC@ M HC@ M H®_H

c C C
I > l > | > l
CHs CHs H H
30 20 1¢ methyl

. However, the presence of electron attracting groups (like nitro, carbonyl etc.) adjacent to the carbon atom

bearing positive charge makes the carbocation less stable.

Resonance effects can further stabilize carbocations. By resonance the positive charge on the central carbon
atom gets dispersed over other carbon atoms and this renders stability to the carbocation. The more the
canonical structures for a carbocation, the more stability will be.

® @ |
CH, CH, CH, CH, CH, |
. . N @ A @

. Benzyl carbocation
An allylic carbocation has two resonance structure.

LN 8 o
HzC——CH—_CH2 R HZC“—(I}I——CHZ
The order of stability of the benzyl, allyl and iso-propyl carbocations is:
, CHs
@ @
CeHs—CHy, > HC==CH—CH, > ch—-éH

In certain cases, the carbocations are so stable that their solid salts have been isolated. For example the
tropylium bromide is stabilized by aromatization. The tropylium cation is planar and has 6 p electrons like
benzene. g

O ©
of s @

Tropylium bromide
(yellow solid)

‘Triphenylmethyl perchiorate

(real crystalline solid)

. The order of stability of tropylium, triphenylmethyl, benzyl and allyl carbocations is:

‘ o ® } ® @
Tropylium cation > (CgHs)sC > CgHsCH, >  HaC=CH-CH,
Triphenyl methyl Benzyl carbocation Allyl carbocation
A' carbocation ' -

The carbocation stabii]ity order of alkyl (1°, 2° & 3°), allyl and benzyl carbocations.

® e o @ P D
CH(3‘ < CH3CHQ <{(CH3)CH =HC=CH-CH, < CgHsCHy' < (CH3)5C

(el
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The carbocation stability isalso increased due to the presence ofheteroatom having an unshared pair of
electrons, e.g. oxygen, nitrogen or halogen, adjacent to the cationic center. Such carbocations are stabilized by
resonance. The methoxymethyl cation is obtained as a stable solid, MeOCH,'SbF, .
_ ' I? o
R—C—0—Me <—» R—C=0—Me
. © ®
The stability ofthe cyclopropyl carbocation increases with each additional cyclopropyl group.

Y

>—-C<® < D—%H——<] < D——g——<}

(B) Generation of carbocation:

(1) From alcohols :
Alcohols on treatment with concentrated acids get protonated and then may lose a molecule of water to form
carbocatlons

\ ®  -H0
- R—OH *+ H®—————>~ R—OH; — > g%

~

(2) From alkyl halides:
Tonization ofalkyl halides give carbocations.

R—-—-X—g‘-’lff'i‘i—» R® + (X =I, Br, Cl)

The process is accelerated by the presence ofpowerfil 10n«solvatlng medium, metal ions such as Ag ions or
- Lewis acid. In place of alkyl halides, alkyl tosylates and alkyl mesylates can also be used.
Friedel-Crafts alkylation of aromatic compounds involves the formation ofa carbocation that acts as electrophile.
& & ® e
R--X-AiCl | =—=R + [ X—AICl |

R—X + AlCl

(3) From alkenes:
Addition of proton to alkenes or other unsaturated species give carbocations.

© &,
/ + H ...w \,.
7 CHy HaC CHj

3
©
@ Br :
(CH3)2C——CH2 + H-Br — (CH3)2C"‘CH2H (CH3)3CBF
3° Carbocatlon t-butyl bromide

(4) From diazonium ions:

The alkyl diazonfum ions are unstable and decompose at roomtemperature to give carbocatlons

R—N=N—> R® + N,

(5) From acyl halides: The acyl halides on treatment with anhydrous aluminium chloride gives a complex
which decomposes to give acyl carbocations. Inmost Friedel-Crafts acylation, the electrophile appears to be
an acylumion.

V @
- ® © : Y = o
R—COCI + AlCl; —‘*—-——{ R COCH-AICl3 ]"""«— [R—-C:o <« R-C=0:| 4 AICl

An acylium ion
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© Reactlons of carbocation:

Carbocation usually undergoes elimination reactions, addltlon reactions, reactions with nucleophiles and
rearrangements. :

Elimination of a proton: A carbocation may loose a proton to form an alkene. For example, 1-propyl
carbocation generated from diazonium salt may eliminate a hydrogen ion to form an alkene (propene).
Alternatively, 1-propyl carbocation may rearrange to more stable secondary carbocation, which may also
loose a proton to glve propene.

NaN02 @ IS
CH3CH2CH2NH2 R H3CH20H20 N=NCl
Propyl amine HCl

Propyldiazonium salt

. : l A

® 1, 2- He CH -CH (E)jH 3 H. CHC-—-CH |
CH3CHCH3 o -~ 3 3 2 3 2

_ 2° Carbocation shift 1° Carbocation Propene .

1 ' ~H® f

Reaction with nﬁcieop hile:

A carbocation may combine with a nucleophile to forma new bond.

® ©
CH3—CH=CH, + HCI 2 H,c-CH-CH, + Cl
Cl
® S fast’
H3C""’“‘“CH""‘“‘“’CH3 + ] — H3C_CH_'“CH3
2° Propyl carbocation V Isopropyl chloride

The reaction ofa carbocation with a neutral nucleophile such as water gives a protonated alcohol. For example,
Tertiary butyl carbocation reacts with water (neutral nucleophile) to give protonated t-butyl alcohol, which
eliminates a proton to give -butylalcohol.

He—C® , O—H—> H3C-—(Ij—0\-* > H,C—C—OH
. | , "
) CH3 H . CH3 : C_H3
Tertiary butyl Water Protonated : t-butyl alcohol
carbocation (neutral nucleophile) t-butyl alcohol :

Reaction with alkenes and aromatlc systems A carbocation may react with an aIkene to produce another

- carbocation.

CH; - - CH; CH; ,C‘H3
'H3C-—.C“““——“‘CH2 + (Ij'—CHa —_ HsC"‘“%’”‘"CHz—?"‘-CHs |
2-Methyl propene  CH3 CHy

The alkyl carbocatlon formed from alkene, alcohols or alkyl halides and act as an electrophlle in anFriedel-
Crafts alkylation reaction.
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R
AICly
e.g. + X—R  —2 5

CH
HaC AICl, NeH
+ /CH—-CI. —— 3
HaC

Mechanisym:

o
3+ 6—

@—X—A!Cb] — O/ X'""AICI3]
R R _R
CUH ©(H e S OH
® ®
® e ‘
H ] _HX R

R + X—A|Cl3 —A1C13 :

In a similar manner (R-C= O ) acyl carbocatlons formed from acyl halides or acid anhydrides act as electrophile

in Friedel Crafts acylation.
COCH,4
AICl
+ CH;COC1
COCH;,
4. Rearrangement of carbocatlon

Molecular rearrangements involving carbocations as reactive intermediates are very common in organic chemlstry
* . The 1, 2-shift of a migrants, to an electron-deficient carbon atom is the most widespread.

" R’ R R™ R R
R R SN ‘ ®
R'» \C @C/ - \/C/ \C< - \/C C( R
e’ R RS Re R" R"

The 1, 2-shift of either H or alkyl occur in cases where a more stable carbocation can results.

4.2 Carbanion

A carbanion can be considered as a species contammg atrivalent negatively charged carbon.

(A) Structure and stability of carbanion:
Carbanion are considered to be derived by the heterolytic fission of the C-X bond In an organic mo]ecule in
whlch( arbonis more electranegative than X

VP dR
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|
o @
R—Cx ——> R——?e + X
: l
| H H
(C is more electronegative than X) Carbanion

The shape of simple carbanions is determined on the basis of a number of experiments is found to be
pyramidal, similar to that of amines. These species invert rapidly at room temperature passing through a
higher energy planar form in which the electron pair occupies a p-orbital.

sz&"\@ |

H
Co H\CI:/H

H” H |
y | ()
Less than 109.5°

However, when the carbanion is stabilized by delocalization, it assumes.sp? hybridization for effective resonance. -

In practice any organic compound having a C-H bond can donate a proton to a suitable base, the species
obtained as aresult is the carbanion.

) ®
RyC—H + B: == R + BH

A carbanion possesses an unshared pair of electrons and is therefore a base. Thus, the carbanion mayaccept
a proton to give its conjugate acid. In fact, the stability ofa carbanion depends on the strength of the conjugate
acid. The weaker is the acid, the greater is the basic strength and therefore lower will be the stability of the
carbanion. Following table (table 2. l) shows the conjugate base obtamed from the corresponding acidalong
with pKa values.

Table: Relative stability of the carbanions:

Acid © Base ) pKa
RCH,CN RgH N ' 25

" HC=CH Ho=s | 25
Ar;CH , Ar3C® ‘ 31.5
Arzc Hz AI_ZCH@ : - 33.5
PhCH, PhCH(? . 38
H,C=CH, ' H?_c-—-crp , ‘ 44
Cyclopropane A@_ o 46
(CHy),CH, ‘ (CHj)éCHe ' . ‘ 51

The carbanion being electron rich are very reactive intermediates and are readily attacked by electrophiles
(electrons-deficient reagents). The stability of carbanion is increased if an electron-attracting group (like C=N
or carbonyl) is present in the molecule. However, the stability is decreased if an electron-releasing group is
present in the molecule. Thus, 3°< 2°< 1°is the order in solution due to destabxhzatlon of e-donating alkyl .
groups.

Like carbocations, the carbanions are also stabilized by resonance. Thus benzyl carbanion is more aable than
ethyl carbanion. The stabilization by resonance is due to the delocalization ofthe negative charge, whichis
distributed over other sarton aiomms. The ceno nical forms ofbenayl catbarson aze giveibelow.
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RT

Canonical structures of benzyl carbanion

The stability of the carbanion is found to be in the order:
Benzyl > vinyl > phenyl > cyclopropyl > ethyl > n-propyl > iso-butyl > neopentyl > cyclobutyl > cycpentyl |
 The stability of the carbanion when a functional group (X) is present in the a-position, is of the order:

NO, >RCO > COOR > SO, > CN ~ CONH, > halogens > H> R

Carbanion increase in stability with an increase in the amount of ‘s’ character at carbanionic carbon. Thus the
order of stability is:

© - Q <)
RC=C > RyC==CH =~ Ar > R3C—CH, ‘
If the unshared pair ofa carbanion is involved in ring current and system becomes aromatic, thus, carbanions
became greatly stabilized.

<®«-—» @p«-—»@«—@

(B) Generation of carbanions: : :
Following methods are generally used for their generatlon
(1) Abstraction of H by a base:

An appropriate orgamc substrate havmg a C-Hbond on treatment with a suitable base results in the abstraction | '
of hydrogen to generate a carbanion.

‘ 24
CH 2
NO 9 NO

2 2

Base _ O
Q@
H H - H

(2) From unsaturated compounds:
Add1t10n of a nucleophile to C=C double bond generates a carbamon

R—ﬁ~——eCH2 + Nu ————> R—CH—CH,—Nu

(3) From alkyl hahdes

Reduction of carbon-halogen bond by metal yields carbanion. Reaction of alkyl hahde with Mg turning in
presence of anhydrous ether as solvent generates Grignard reagent. The alkyl group in Grignard reagent,
behaves like a carbanion.

R—X + Mg ——St-t—lfi-);- RMgX
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(C) Reactions of carbanions:

 Carbanions take part in the usual types of reactlons, viz., addition, elimination, displacement, rearrangement

etc.

(1) Addition reactions:
The carbanions being electron rich behave like nucleophiles. These add to the carbonyl group for example

aldol condensation, claisen condensation, Perkin reaction etc.
v 9
1~ 00

” (S l M\CH3 l |
H,O
PO OH _C AN SN L 2 H/C\C/CH\H

" H CHs H” “CH, =——— H (o CHs
, , H Haz
(2) Elimination reactions:
Carbanions are involved as intermediates in E, , elimination reactions.
, ‘ S
Base Q
CloCHCF4 Cl,CCF3 Ci,C=CF,

- Indecarboxylation, the loss of CO, from carboxylate anion is believed to involve a carbanion intermediate,
which acquires a proton from solvent or other sources. '

. e
© H
6(’)}_C_C*R _slow CO, + R —(—> R—H

” - fast

The anion of B-keto acids can undergo facile decarboxylation.

O O ’ v ‘0
Y ® i
~ H ~
6\5’ QHZCOCH3 —CO, + HZCQ/} CH3 CHzé CHz| — CH - CH3j

(3) Displacement reactions:
The carbanions are involved in a number of displacement reactions. The synthetic applications ofp-keto esters

(e.g. diethyl malonate) and 1,3-diketones (e.g. acetylacetone) are due to the formation of the reactive
intermediate, carbanion.

O i
® RBr
oo, e . H@/”:Wz%:s L #zgz:s
\"_OCQH5 Cz 5 25
’ ' 0O O
® 06 0] O RBr - O
e O
: o ‘NaOCoHs . : R J‘L /U\ + Br
Hac’u\/‘u.\cm ——52 MG~y CHa HyC” (;H CH, ©

~ Carbanion

The alkymde carbanion undergoes a]kylatlon ina smﬂar manner.

_ NH, ©® RBr
HC=CH HC=CNa -———"‘*HC——-C R + NaBr
alkyne ! sodium alkynide alkyne '
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4.3

Free Radicals

Aradical (oﬁen but unnecessarily called a free radical) is an atom or group of atoms that have one or more -

unpaired electrons. Thus, carbonradicals have only seven valence electrons. They readily react withO,, thus
their reactions must be carried out under an inert atmosphere.

- Aradical is paramagnetic and so can be observed by electron spin resonance (e.s.r) SpectrOSCOpy R@ ol

are often uncharged (neutral) but radical cations and radical anions also exist.

(A) Structure and stability of free radicals:
Radicals are planar in configuration but the energy difference between pyramidal and planar forms very small

,,,®/p 0

; - B O
0\ v:

midal
(Planar) @ymmx 2

The stability ofradical depends upon (i) the nature ofthe atom that is the radical centre; (i) the electronic

properties of the groups attached to the radical. As in the case of carbocations, the order of stability of free

radicals is: tertiary > secondary > primary methyl. This can be explained on the basis of’ hyperconjugation as in
the case of carbocation. The stability of the free radicals also increases by resonance possibilities. Thus, allylic
and benzylic free radicals are more stable and less reactive than the simple alkyl radicals. This is due to the
delocalization of the unpaired electron over the p orbital system in each case.

Ay

. » H
H,C=—CH—CH; <«————> H;,C—C==CH;

Canonical structure of allyl radical. -

@Hz | CH, . CH, CH, CH,
-~ ME@ e e

The decreasing order of stability of few radicals is as follows:

CHy :
CHj H K H
N > : > : > J\ > J\ >
< W ch)\CHa Hac/LcH3 7 Hi¢”H R H
benzyl- allyl tertiary ' secondary primary Methyl

- .
- "
—— —~ T— -—

vinyl alkynyl  phenyl

«  The stability ofa radlcal increases as the extent of potential. delocahzatlon increases. Therefore , Ph,CH' 1

more stable than PhCH," and Ph,C" is a reasonably stable radical.

* Adjacent functional groups, electron-mthdrawmg or electron-donating, both seemto stabilize radicals.

0] : o
A NNy e
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Certain radicals have rigid molecular structures with fixed bond angles and dihedral angles. The‘s‘e are known
as bridge head radicals and have pyramidal structure This has been supported on the basis of physmal and
chemical evidences.

(Bridge head radicals)

(B) Generation of free radicals: :
The homolytic cleavage of a covalent bond generates a pair of free radicals. Energy in the form of ultrav101et~
visible light, heat, or some other form is needed to break a covalent bond. '

A o op Homobe LB

u fission r .
Radicals
Exaniple: '
, C—Cl + Ag —— Ce 4 AgCl

Triphenylmethyl chioride ' Tﬁphenylmethyl radical

The following table lists standard bond energies (D) for the C—C, C—O and C—H bonds commonly found in
organic compounds, together with bond energies for some weaker bonds that have been found useful for
generating radicals. Approximate hom01y81s temperatures at which ha]fthe bonds are cleaved in one hour are

also glVCIl.
Bond | DKcal/mole | T'C _ Bond | D-Kcal/mole |TC Bond . D-Kcal/mole | T°C
Cc-C 85 670 0-0 34 160 | C-Cl 49 - 280
C-H 99 850 N-N 39 230 | CI 51 350
C-0 .84 680 S-S 55 440 | C-Br 67 - 480

Table -4.1: Sumerizes some standard bond energies and agproximate.homolysis_temprature

Though the dissociation energies of C-C, C-X, C-O and C-N bonds are quite high, the very weak O-O
bonds of peroxides are cleaved at relatively low temperatures. Organic azo compounds (R-N=N-R) are also
easily decomposed to alkyl radicals and nitrogen. The thermodynamic stability ofnitrogen providesan overall
driving force for this decomposition. Thus homolysis of several weaker bonds initiate the carbon radical reactions
and then subsequent transfer of radical to carbon occurs. Typical initiator are H,0,, dibenzoyl peroxide and
azobxs:sobutyromtnle (AIBN)
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CN
&-CHy

CH3 N4-N/ \CH3

O/ \© Azobisisobutyron%tri!e (AIBN)

Benzoyl peroxnde

(B) Generation of free radicals also takes place by:

1. Thermolysis:
The radicals are formed by heating the appropriate substrate at sunable temperature. For example on heating,
chlorine forms chlorine radicals. Peroxides form alkoxy radicals. Peresters fragment to acyl radicals, which
lose carbon dioxide to give alkyl radicals. Azo compounds evolves nitrogen to give a pair of alkyl radicals. The
cleavage ofbond can be achieved by heating in non-polar solvents or the vapors phase.

C\lf\ci — 20l
Chlorine radical

Chlorine .
Jofod — w230
Peroxide t-butoxy radical
O
70°C . —COy .

0]
R=Ph(benzoyl peroxide)
R=(CH3);C (di-t-butyl peroxide)

HsC
\g r%?\ 3 T HC CN + N,
Hye”” HsC
3
N AIBN '

2. | Photolys1s
Compounds having absorption bands in the v1sﬂ31e or near ultrav101et spectrummay be electromcally excited to -
sucha degree that weak covalent bonds undergo homolysis.
Bond dlssoclatlon energy

oy . .
Cﬁ‘ — > +C 58K calmol
h [ ] [ ] |
BQCBr -—-—K——b Br =+ Br 46 K cal/mol
(N hv R -
» I + 1 36 K cal/mol

: Acetone in vapour phase is decomposed by light having a wave length of about 320 om (3200 A). In this
" reaction two molecules of methyl free radicals are generated.
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| hv . il
C —— CH; + +C—CH; —> CO + CHj
HiC Hs
- Certain other species that undergo easily photolysis are alkyl nitrites and alkyl hypochlorites. Both these molecules
generate alkoxy radicals.
rR—oiNo ——~ RO + NO
Alkyl nitrite

RO + Cl

R—an

Alkyl hypochlorite

(1) Redox reactions:
An electron can be removed from an anion, and the process is known as oxidation process. In redox reactions
there is one-electron transfer in generating the free radicals. The process is known assingle electron transfer
(SET) reduction. For example, the phenoxide ion is oxidised by Fe** to give the phenyl oxygenradicaland the
Fe** is co-reduced to Fe?*.

© ‘ .

X — X + e

O]

@) ° . SET oxidation
Ej 4 pod+ SET oxidation + Rt

@ .
X + 6 —= X

The source of single electron transfer is the metalion (e.g, Cu*, Fe* etc).

The Fe** ion can reduce hydrogen peroxide to hydroxyl radical and hydroxide ion. Themixtureof H,O, -
and Fe? is known as Fenton’s reagent. The effective omdlzmg agent is the hydroxyl radical, HO". ‘

> OHgt- OH + Fe*

H 4+ Fe 2+ SET reduction

6)
“TNo” of peroxide

H
(b) The autoxidation of benzaldehyde is also catalysed by metal ions which are capable of single electron
transfer. .
-0 0]
I
+ Fe® —Ph—C, + H' + Fe?*
H ‘

(c) Stable phenoxy radical can also be generated by one electron oxidation with K. Fe(CN),.

.
PR

OH

B

CMe; | CMe;

(d) Cu'ions are used for the decomp051t10n of acyl peroxide.

o) |
\ )\ * . =
f Ar Cu —» Ar 0o + ArCOz_ + Cu?

Acy! peraxide Free radlcal
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This is a convenient method for the generation of ArCOO' radicals especially because in thermolysis, the
ArCOO radicals further decomposes to Ar' + CO,,

() Cu* also finds application in Sandmeyer reaction, involving decomposition of diazonium salts In this
reaction the free radical, Ar’, is formed as an intermediate.

Q
Aer + Ci ﬂ» ArCl + N2
The dimerization of carbanions with iodine also takes place via a free radical.

© . ’

4. Kolbe reaction for the synthesis ofalkanes also involves the radicals as intermediate.
~ Examples:
@ . L] ’
2 RCOO 2RCO0 2592, 2R —+ R-R
. o -€e ’ ° .CO2 °
(i) CH3(CH2)4 CO0 CH3(CH,)4 COO CH3(CH2)3CH,

(ii) 2 CH3(CHp)sCHy ———=  CH3(CHyp)gCH3

Radicals are also formed as intermediates in pinacol reduction with sodium or magnesium and in acylion
condensation.

(C) Classification of radical:

A radicalion is a free radical species that carries a negative charge or radical positive charge, radical cations.
When a neutral, spin-paired species gains a single electron it becomes both a radical and an anion, a radical
anion. Likewise, when a neutral, spin-paired species loses an electron it becomes a radical cation. Radical
anions and radical cations are dual classified as both radicals and lewis acid / base species.

e SET
+ Reduction

ol

Benzene radical anion

. : +
SET
_—
t e ‘Oxidation

Benzene radical anion

Radical cations and radical anions are known in the gas phase. They are routinely generated and studied in the
complementary techniques ofmass spectrometry and negative ion mass spectrometry.

.(a) Radical anion: -

Many aromatic compounds can undergo one-electron reduction by alkali metals (such as Na, Lietc.). For
example the reaction of naphthalene with sodium in an aprotic solvent yields the naphthalene radical anion -
sodium ion salt. In the Birch reduction radical anion is protonated in the presence ofa proton source. For
example, anthracene radical anion forms mainly (but not exclusively) 9,10-dihydroanthracene.

(b) Radical cation:

Cationic radicals are much less stable and noticed prominently inmass spectroscopy. When a molecule in gas
phase is subjected to electron ionization, one electron is abstracted by an electron in the electron beamto

create a radical cation M* °. This species represents the molecular jon or parent ion, which on fragmentation
gives a complex mixture of ions and uncharged radical species. For example the methanol radical cation
fragments into a methyl cation CH,* and a hydroxyl radical. Secondary species are generated fromproton
gain (M+ 1) and profon loss (M-1). '

(™ ]
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(D) Reactions of radical:

Radicals are very reactive reaction mtermedlates and their halflife perlod is very short. Some ofthe reactions
of radicals are given below.

1) Substitution Reactions:

Halogenation of alkane:

The reaction of methane with chlorme in presence of UV light gives a mixture of methyl
chloride, methylene chloride, chloroform and carbon tetrachloride. When excess of chlorine
is used and by prolongmg time of the reaction, the final product is predommantly carbon
tetrachloride.

CHiCl + ct, - SVhight

CH,Cl, + CHCl; + CCl,

The free radical halogenation of alkanes take place in three steps, i.c., initiation, propagation and termination.

Ci ——hl-» 2Ci Initiation
K ‘
d . [\] .
Clt + @—C—-H CH; + HCI
‘ H ‘k Methyf tree radical Propagation
c + ¢ —— Cl=Cl
Cl "+ CHy— CHy—Cl Termination

CH3 + CHy — = CH3—CHs

(2) Radical defunctionalization reactions:

Dehalogenation:
Dehalogenation ofhalo a]kanes (R-X) is carried out often with trialkyltinhydrides in presence of AIBN, The
reactivity of R-X is: R-I > R-Br > R-Cl, (R-F being inert); tertiary > secondary > primary > aryl or vinyl.

CHzBr

© n—Bu3SnHJAIBN @

Mechansim:

A—N N~V -——vzﬁ- + b
: ‘ - CN

A —Bu3SnH—-———> >{ + n—Bu3Sn
CN
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CHzBr ‘CH2
n—Bu3Sn + C‘ @ + n—Bu3SnBr
CH, = CH;
H
+ >{ — + A.
CN CN

Carbene

Carbenes are uncharged, electron deficient molecular species that contain a divalent carbon atom sumounded
by a sextet of electrons . Though non-bonding electron pair on the carbon atom gives carbenes nucleophilic
character. But as a rule, the electrophilic character dominates carbene reactivity.
The parent species, :CH, is known as methylene. :CCL is known as dlchlorocarbene However, it can also be
called dichloromethylene. ,

:CH, . . :CCL

Methylene Dichlorocarbene or dichloromethylene

Names for acyclic and cyclic hydrocarbons containing one or more divalent carbon atoms are derived from the
name of the corresponding carbon chain using the suffix -ylidene.

H,C=C: CHy<CHCH: O ¥

Ethenylidene Prop-2-en-1-ylidene Cyclohexylidene

(A) Structure and stability of carbene:

When two nonbonding electrons are spin-paired then carbene is in singlet state but if’ they are unpaired then
carbene is in triplet state. There is no magnetic moment for singlet state. On the other hand triplet state has
magnetic moment. The substituents affect the ground state multiplicity. -

0%

522 © 0{6@ sp hybridized

(¥ Y d 5
sp‘z.‘(\‘ib @ "X_\% .C. | -ﬁxﬁ AC)\
HA AN Him == H 136 H
(C == H 103° H @ "y
H Bent methylene O Bent methylene

Singlet state of carbene Triplet state of carbene

Thus singlet carbene is carbocation-like in nature with trigonal planar geometry. Since the tripletcarbene isa
diradical, it has been investigated by E.P.R or E.S.R specroscopy measurements. The results show that the

N 0{@@\

triplet carbene is a bent molecule with an angle of about 136°. However, e.s.r. measurements cannot be made

with singlet carbene. On the basis of electronic spectra of :CH, formed in the flash photolyms of diazomethane,
it was found that the singlet carbene is also a bent molecule with an angle of about 103°. Singlet :CCL and
CBr have also been found to be bent molecules with angles of 100° and 104, respectlvely '

/C\ . .

HyCZoCH, L{ﬁ,\ F‘I‘
11° 1520

BentSinglet, = Triplet -
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 When steric bulkness increases the bond angle increases thus triplet is favored.

+ +
. o ¢ d
X7 X :}{/,"‘TX:
-C': 8+ . 8+
e
1 X X X7 ™~ X
Dimethoxy carbene X: =R (-F,~CL -Br, -1, NR,, PR2,—OR SR

or dihalo carbene

&+ & 6+
Z~C~—7 =«—— 7==C=7 Linear Singlet Carbene

Z=-R(-COR,-CN, CF,, -BR, -SiR,)
Though several carbenes were generated by Staudinger reaction by the decomposition of diazo compounds

and Ketones. Carbenes in which the carbene carbon is attached to two atoms, each bearing a lone pair of
electrons, are more stable due to resonance.

Rzl\]} thﬁ{)@ RZN\@ .
/C ot —— /C.: R / C -
RoN RoN /
- i RoN
@

The triplet carbene where substituents R, and R, are not electron donor groups. In 1995 Tomloka et al
synthesized stable triplet carbene by photolys1s of diazo compound.

(B) Generation of carbenes:

Depending on the mode of generation, a carbene may be mltlally formed in elther the singlet or triplet state,
irrespective of its stability. Following methods are used for the generation of carbenes.

From aliphatic diazo compounds: ‘
Aliphatic diazo cornpounds can be decomposed either photolytically, therma]ly or metalion catalysisto generate

carbenes.

R R

N\ hu N
a — _— w C:
@) /C N2 gas phase / + N2+
R R
' ‘ H
| @ ‘ o h \ .
[Q:N"@-—-—N: HZHQC‘C%__-——' N: | A O )
, . H
‘Diazoalkanes i . Singlet carbene

(b) RCOCHN, ——> RCOCH + N}

Acyl diazo ‘ Acyl carbene
-compound '
(©)  N,CHCOOC,Hg; ———> iCHCOOC,Hs + Ny
Diazoacetic ester Carbethoxy
’ carbene

© hw/A
RzC N“"NSO3AI"_"_‘*’“ R2C + Nz —+ AFSOQ

Salts of sulfony! hydrazones

(d.
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2.

From ketenes: Ketenes canbe decomposed thermally or photolytically to generate carbenes.

R R~
P, =—C=0 .___b.YLA.._)., \C I+ CO
/ .
R R » | ,
The starting ketene can be obtained by pyrolysis of acetone or from diazoketones.
HaC, A
C=0 —5— HyC=C=0 +CHy
/
: H3C :
“Acetone Ketene
0 O
R—&"CI_ _(Z_H_Z,EE, R— ~CHN, _6,9_2.9_, RCH=C=0 + N,
diazoketones Ketene
From epoxides: Photolytic decomposition ofepoxides generate carbenes.
R oR o
O {'“Qd 1 R:C: + /“\'
K R R R* R

From diazirines: Decomposition of diazirines generate carbenes.

R
N
> < - "‘"_"'v R/C: + N2

From alkyl halides: This method is commonly used for generation of chlorocarbenes. Thus, loss ofa proton
from chloroform by a base followed by expulsion of chloride ion generates dichlorocarbene.

. e .
CHol, — > Ceiy > :CCl, + CI°
From ylides:
Thermal or photolytic decompdsitiqn of ylides generate carbenes.
Re " R
C-S(CHg), 2oV C: +  S(CHa)
R
Ylide R

(C) Reactions of carbene: Carbenes are highlyreactive and undergo C-H, O-H or N-H insertion, addition
to C=C and form ylides. '

Cycloaddmon Carbenes add on to an olefinic double bond giving a cyclopropane denvatlve
R

(-) R, R
L %

- Singlet carbenes add to C=C bonds in a one-step, stereospemﬁc manner, Triplet carbenes add to C~—C bonds

in atwo-step, non-stereospecific manner. ‘
Thus, cis-alkene reacts with singlet carbene to give cz.s'-cyclo propane and tran.s'-a]kene gives trans—cyclopropane

H”, | R ' O B H/’ \\R
P - One step ~ S
/C""‘C + " :CH, ~—-——P-> /C\T—;C\
R H singlet H,
trans-alkene carbene

trans-cyclopropane

(€|

1 ey s o
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S : &
£ s ‘ One step < s
C——=_C 4 «CH, C——C

H H H & 'H
. singlet 2
cis-alkene carbene cis-cyclopropane

Howerver, triplet carbene reacts with cis-alkene or trans alkene to give mixture ofcis and trans- cyclopropanes.

H, H : R// SH R :\*R

Z N . — c—C

C—C + “ 'CH?'f / < \ + l \C/ \

/ . H \ H H2 H
R R triplet ' ' .
cis-alkene carbene trans-cyclopropane cis-cyclopropane
Example: |
H)C=N=N: + C—C ——~ cC—C +

Y AR Y IR AYAW 1\/\.
trans-1, 2-dimethyl cis-1, 2-dimethyl
cyclopropane cyclopropane

The stereochemistry of these cycloadditions is so specific that Skell used it as a diagnostic test for dxstmgulshmg
between singlet and triplet carbenes. According to skell, the addition of smglet carbene to an olefin occurs ina
concerted manner and therefore is stereospecific. However, in case of triplet carbene, both the unpaired
electrons can not form a new covalent bond because of their parallel spins. Therefore, in this case the reaction
will take place in two steps. In the first step a triplet diradical is formed, which undergoes spininversion and
then ring closure. For this the radical has to wait for appropriate type of collision. During this Ume there is free
rotation, and a mixture of cis and trans-cyclopropane is obtained.

CH, CHy . HE A ,
riple ” o> spin
A+ * (C C\ Tnversion” C( ; \\\H
H., . + + o HC diradical CHs (
;C'__C“ C C\
A A A rotation
i’ l \CH3‘ nd CHs
H ' ' ' : éHz*
i AS - . cis-product o A +
CH - + ) Rlng C ‘
c 3 : rodt closure ‘
HsC s only : . A trans-product  SOSY H3C( | \H

Inthe above cycloaddition reactions, carbene is generated in sifu. Amore convenient way is to use Simmons-
Smith reagent which transfers methylene from methylene iodide and zinc-copper couple to a C=C double
bond. In the above reaction free carbene is not generated. The intermediate is believed to be ICH,Znl, which
behaves as an electrophﬂe known as carbenmd .
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Examples:
' Ether
(a) + CHlb + ZnfCu ———
92%
' Znl
|+ B
(b) ’ 2 \I

carbehoid

~ Instead of expensive methylene iodide, comparatively cheaper dibromomethané with zinc dust and cuprous
chloride can be used to give better yield of the adduct.

2. Insertion reactions: Carbenes can insert into a C-H single bond as follows:
. H H R ' R
c Mt S Ly EE O-H !
R” "R | oL 4 R insertion
H ‘
Mechanism:

"C';'fH — ——C—CH,—H (One step process)

H + :CHy ——— —C + E:H3——>» —C—CH3  (Two step process)

The reaction of alkenes with carbene gives cyclopropane, products in which methylene is inserted into C-H
single bond are also obtamed

Ow-—»@% e

10% 25% 25% 40%

Singlet carbenes insert into alkyl C-H bonds randomly, with retention of configuration. Triplet carbenes insert
. into alkyl C-H bond selectively, but not stereospecifically.
3. - Ringexpansion: 4
' In certain substrates, addltlon of carbene mvolves ring expansmn Thus the reaction of mdene with
dichlorocarbene (:CCL) glves 2-chloronaphthalene

2-chloroﬁapthalene
(67%%)



http://www.Che

Reaction Intermediates

4.

L

i

.

When a cyclic diazoketone is decomposed the rearrémgement results in ring contraction. The reactiontakes
place via the intermediate carbene. '

CH4OH
[t T . W p
CH3OH : C=0 COOCH;

Carbene
Some other examples of Ting expansion are:
O®
@) CHsONa ©

CHCly -—————» CCly — CClz + Cl

: CC! | of
h l] + :CCly CHCI3/C,HsONa “ ]ZC\CI -HCi l Xy

: - N :
Pylr_’role . - H _ 3-Chloropyridine
Rearrangements

Alkyl carbenes can undergo rearrangement involving rmgratlon ofan alkyl gro up or hydrogen.

H A ‘
T
C: =—» RHC=C=
R V CHR

2.5 Nitrene

Nitrenes are very reactive species and normally not 1solated A nitrene can be trapped by its reaction w1th

carbon mon0x1de and alkenes.

PhN, A > PN —L » prN==C=0
" Nitrene Phenyl isocyanate

HN + HyC=—=CH, =——=
‘e . - . N

: H ;

(A) Structure and stability of nitrene: The nitrogen atom mmtrenes has a sextet of electrons Asin the case

of carbenes, the nitrenes exist in singlet and triplet states.

yau 0
R—N: {| R-N:{{ Q@ag | @Q'CN)%)

Singlet nitrene Triplet nitrene
o : S ' Singlet Triplet

(B) Generation of nitrene ' ‘

From azides: - -

Thermolysis or photolysisofazides give nitrenes with expulsmn of nitrogen. This method is analogous to the

formatlon of carbenes from diazo compounds.

‘@ @ h/A (1]
ﬁ.i——-—»R-ﬁ——'N:——:N >R N + Nz*

RCON; — ™ RCON + Ny

Acyi-azide Acyt nifrene
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2. From 1socyanates :
- Alkylnitrenes can also be obtamed by the photo lysis of isocyanates w1th the expulsmn ofcarbon mon0x1de a
method analogues to carbene formation from ketenes.

R—N==C=0 — » R-——N + CO

Alkyl isocyanate ~ Alkyl nitrene

3. From sulfonyl amines:
~ Pyrolysis of su]fonyl amines generate mtrenes

) . A .. i
e NJ T G T () e —
Ph N $==0—5= phase Ph—N 4 SO
4. From N-benzene sulfonoxy carbamates:
The reaction of N-benzene sulfonoxy carbamate with a base results in the formation of carboalkoxy nitrene
with the elimination of behzene sulfonate anion. ‘
' O e O

I o
CoHeOsS— NH- C-—-OCZH5——-O—'-|-—->— N——C—OCZH5 + CgHsSOs

(C) Reactions of nitrenes:
1.  Addition to C=C'bonds:
‘ Nitrenes add to C=C bonds to give aziridine. Like ca.rbenes the addltlon of nitrenes to a C=C bond is
stereospecific with singlet and non-stereospecific with triplet nitrenes.

R
o
\c:c/ + R—N ————'»\c/—sc/
/ \ ‘ . / N
Mechanism: F;“'I;I | : T
singlet —— Hy_NAQﬁ
4
H//Q. +\\H HC' gis CHs
‘c——cC’
H3C( \CHs
Ty | |
R__N H N' + ) ¢ NI+ ) N. +
+ + //,,C/ : ;\.\\H Spin _- H 2 / + \\\\H rotation H//,,, / .t\\CHa
) triplet U‘CH inversion "c—@b“\ » IC“'— \
‘ HsC™ diradi 3 ‘ : |
+ '_|.+ | “s diradical ; | H3C/ | CHs Hol W
Hae L l
t—cC, : : : : |
. | ring closure
Hjc(, : \CH:, o J, g

cis-product + trans-product
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‘2. Insertion: Nitrenes, insert into C-H bonds yielding an amine or amide.
V Alkane ' Relative reactivities
H3C\ /CH3 R-N: . H3C\ . /CH3 ’ ch\ /CH3 '
Hac—"(l:"(l:_'CHa - HiC—C—C—CHz 4 | Hsc-—c-(l;—-CHz-q}jH
H H . . H NH-R HH R
Major Minor
. H H  HOH
| Y RN L L L
HsC—C—C—CH; ————> H3C—C—C—CH, + H3C—C—C—CHp;=—NH
I : L I I
H H H NH-R H H R
Major ‘ ' Minor

Order of react1v1ty Tertiary C-H> secondary C-H> primary C-H
R—C- N + RyC—H

R3C~NH-C-R'

Acyl nitrene

- Nitrenes canalso undergo insertion into C-H single bonds leadmg to ring closure. Thus, vinyl amdothlophenes

have been found to be usefitl precursors for annulation of pyrroles and thiophenes.

Z” H
s Na A J N
A COOCH
C'_C\ xylene S I , / 3
H  COOCH,

Smglet nitrenes insert into alkyl C-H bonds selectlvely with retentlon of configuration. Triplet nitrenes do not
insert into alkyl C-H bonds.

Hydrogen abstraction: Hydrogen abstraction from the carbon to the nitrogen leads to the formation of
imines. This process is of considerable synthetic importance. When hydrogen abstraction takes place from 4-

and 5-position which is followed byring closure, the product formed are pyrrolidines.and plpendmes respectively.

CHy—CH;

S / \
. CHy ————— .
R—CH, Né CZHSOH R/_> + RO

. Ary]mtrene nng-expanswn and nng-contmctlon Arylnitrenes show ring expansion to 7-membered ring. The

mechanism of ring expansion involves the Wagner and Meerwein rearrangement. -

Ring expansion: A
@ A~
Example . A AA
N ) ]N\ )
=
Cf OG-0 %
~ . Didehydroazepines

Nitrenes are a]so obtamed as react1on mtermedlates in Hoffmann Curtlus Schmldt and Lossen
rearrangenients

[~ g )]
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4.5 Benzyne
Benzynes are neutral, highly reactive reaction intermediates, in which the aromatic charactér is not markedly
disturbed. Benzynes (or arynes) contain a carbon-carbon triple bond and may be regarded as aromatic
counterpart of acetylene. [t is believed that the new bond of benzyne s formed by the overlap of sp 2 orbitals
belonging to two neighbouring carbon atoms. As the sideways overlapping is not very eﬂ“ectlve thenew bond
is weak and so the benzyne is stralned and hlghly reactive species.

D P
@l O op?

Benzyne

(A) Generation of benzyne:
1. From aryl halides:
Aryl halides on treatment with strong base like KNH,, CH Lietc. generate benzyne.

Examples:

o X O

Chlorobenzene

CBH5LI -LIF l
®

Fluorobenzene

2. | From o-aminobenzoic acid:
The o-aminobenzoic acid on diazotization followed by decompos:tlon of the diazo compound generates benzyne.

B

(NH?_ - HNO, NEN N, @l . ~CO
O O @) ‘ 2
coon 20 c” |

Y (gé

3. From phthaloyl peroxide:
Phthaloyl peroxide on photolytic decomposmon generates benzyne vialactone mtermedlate

- C\ .

a3 = |Of |0
o e

, 9,0 . | ,

0]
Phtha!oy! peroxide .

4. - From benzthiadiazole-1, 1-dioxide: : ' :
Thermal decomposmon ofbenzothiadiazoate-1,1- d10x1de generates benzyne

=y (s

Benzthiad[azole»ﬂ dioxide -

5. - From benzene trifluoro methane sulfonate ,
Benzeng triffuorg methane suiphonste ox treatment with a strong bass generates benzyne

[ -
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' ,,7
O-8=CFs  LDA ]

' -70°, 1 5hr

Benzene frifluoromethane
sulphonate

From 1,2-dihalobenzene:
Benzyne can also be generated from 1,2- bromoﬂuorobenzene by formation of Gngnard reagent

- - O -
L———» q @

LlBr _

(B) Reactions of benzyne:
Benzyne is an extremely reactive specie and is generated in situ for obtammg various pro ducts

Reaction with nucleophile:
As already stated aryl halide on treatment with strong base such as KNH, produces benzyne The benzyne
further reacts with nucleophﬂe to give aniline.

Examples:
NH,
NE& NHZ/NH3 [:::I/
(@ |
Bromobenzene Benzene -Aniline
' | ' CHj
L _KNH, | p- Toluidine
NH; | A .
®) c A (tir) GH;
. I K
H,N

m-Toluidine
OCH3

OCH3 . OCHa

, -Bmmoanlsc’le\L @I
» OCHj NHz NH
‘ m-Amlnoanlso!e (>95%)

Br’
Gr=Brormeanisolz) o < K
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When X is I, Br or Cl then the loss of H and X can occur inconcerted fhshion(EQ. But when X is F, then ortho
hydrogen becomes more acidic thus E, pathway follows and benzene is formed m two steps.

. Z @
‘ fNHz NHZ @/\H_NHZ ©/ + : NH,
F
Q

Fast S}

@ Slow ©I+F'

Substituted benzynes gives mixture of.products. This is illustrated by the example shown below:

ol . Ty NH,

‘ o o |
CH; KNH, (A~ CHs NH, o CH;
- NH; ,
J( , l NH;
T ey @r

Note: However substituted benzyne without ortho hydrogen gives no reaction
A number of products can be synthesised by the reaction of a benzyne with various reagents and compounds.

Examples:

; - ' C|)H3
X CH O—C—CHsz -
®0 | ° [ e
+ KO—C—CH3 —» CHj
(@) |
: CHs
Potassium salt of t-butanol

CgHs
(b)

o-phenyl cyclohexanone '

t-butyloxyphenol

Enamine

| - COOH COOCeHs
©) @l + -

Benzoicacid - Phenyl benzoate



http://www.ChemistryABC.com

|

Reaction Intermediates

2.

Cycloaddmon
Benzyne underogoes [4+2] as well as [2+2] cyclo addltlon reaction with unsaturated alkenes hetero cyclic
compounds etc.

[4+2]
cycloaddltxon O
Anthracene

Diels- Alder reaction of benzynes give fused ring systems '

. +0(]—*“ “

Examples:

o-Naphthol
CeHs | CeHs " CgHs
/I\?} CgHs @/ CH2012 @‘r\r sHs ,
(c)@l + [u N, N
' COOH ' COOH

. Isoquinoline derivative (70%)
In the absence of any nucleophiles benzyne undergoes dimerization.

) —
Benzyne undergoes [2+2] cycloaddtion reactlon wrtholeﬁns and heterocychc compounds to give four—membered
rings (2+2) cycloaddition .

CN

CN [2+2] : /
. l + I( ' -
, E cycloaddition : B

(C) Application in synthesns of heterocychc compounds

- Br '
CLL = 8, — 2,
N’C‘Ph -N’C‘ )\
H H
' 0

.

_ci 3 | '
CH,COCH; Base | ClcHcocH; — "y
Lo T Jo | 1

i LT M2

S-acetyl oxindoie
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CHAPTER

Reaction Mechanism

5.1.

Nucleophilic substitution
Types of Nucleophilic Substitution reactions:

(i) The S 2 Mechanism:

The reactlon is preceded by a common mgle—step mechanism of second order reactlon The features of the
S, .2 mechanism are inversion at the alpha—carbon increases reactivity with increasing nucleophilicity of the
nucleophﬂlc reagent.

(ii) The S.1 Mechamsm
It not only shows first order kinetics, but the chiral 3°-alkyl bromide reactant undergoes substltuuon by the
modest nucleophile water with extensive racemization.

e +
(CH,),C-Cl+H,0— (CH,),C-0OH, +CI"—*— (CH,),C~OH +HCl

PES diagram for S 1 reaction

A

Energy — .

A 4

Reaction Progress —

The first order kinetics of these reactions suggest a two-step mechanism in which the rate-determining step

consists of the ionization of the alkyl halide. In this mechanism, a carbocation is formed as a high-energy

intermediate, and this form bonds immediately to nearby nucleophiles.

Various features for S 1:

(i) The only reactant that is undergoing change in the first (rate-determining) step is the alkyl halide, so we
expect such reactions would be unimolecular and follow a first-order rate equation. Hence the name S 1
is‘applied to this mechanisi

i
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(ii) Since nucleophiles only participate in the fast second step, recombination of the halide anion with the
carbocation intermediate simply reforms the starting compound. Note that S,1 reactions in which the
nucleophile is also the solvent are commonly called selvolysis reactions. The hydrolysis oft-butyl chloride
1s an example.

(iii) The Hammond postulate suggests that the activation energy ofthe rate-determining first step will be inversely
proportional to the stability of the carbocation intermediate. The stability of carbocations was discussed
earlier, and a qualitative relationship is given below. ‘

Carbocation Stability:
~ CHy _ CH
® ® l 3 ® ® l 3
CH; < CH;CH, < H3c——(gH < Hp,C==CH—CH, < C¢HsCH, éHac—%-CHa

(iv) In order to facilitate the charge separation of an ionization reaction, ‘as required by the first step, a good
ionizing solvent will be needed. This characteristic is related to the dielectric constant, €, of the solvent.
Solvents having high dielectric constants, such as water (g = 81), formic acid (¢ = 58), dimethyl sulfoxide
(£=45) and acetonitrile (¢ = 39) are generally considered better ionizing solvents than some common
organic solvents such as ethanol (€ = 25), acetone (¢ =21), methylene chloride (¢ =9) and ether (= 4).

(v) The stereospecificity of these reactions may vary. The positively-charged carbon atom of a carbocation
~ has a trigonal (flat) conﬁguratlon (it prefers to be sp2 hybridized), and can bond to a nucleophile equally
well from either face.

Problem: Predict which ofthe following reactionis occuredby S1, S, 2 and neither S 1 nor S, 2 mechanism
T : H, Br .
(1)///’\/1 + NaCN M? (2) + NaNj ethanal ?
- Hew,
3) /Si " acetone 4) ¢ + NaCN ethanol o
HaC—l + H,¢” CHy = 7 5 \CHy—Br 1
| ?H3 _ . CHe
acetonitrile
) H3C—?-—Cl + CH30H ——————? (6) + NaSCH, acetone ?
‘ CHs | . , " |
T - acetonitrile
(7)éb+Nal—a—cg%? N (8)4b+ H,0———— 7
e Cl

Activation by electrophilic cations:

Heterelytic cleavage of the carbon-halogen bond of alky] halides may be facilitated by the presence |
of certain metal cations. In the extreme, carbocations may be generated as shown in the following

~ equation, where R is alkyl or hydrogen, and M = Al (n=3) orFe (n=3) or Sn (n=4) or Zn (n=2).

R,C~X+MX, (reactivity = Al> Fe >Sn > Zn)— R,C® + MX, - X~

In aqueous or alcoholic solution it promotes ionization of the alkyl halide and the formation of S 1 products.
When silver nitrate is used with 1° or 2°-alkyl halides, rearrangement may occur before the product formatlon

* stage. For example

{CH,) cCH SBs 4 HjO+ AGND, ——)(CH) (uTI)CH “H; {AgBRr L HNO,

/ L <y

P ——————,
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5.2

Elimination versus Substitution: :
For many combinations ofalkyl halides and nucleophiles, elimination reactions may compete with substltutlon,

&
R C C X
5o+ o+ |
Electrophilic | Nucleophilic
Sites Sites

In describing these, it 1s useful to designate the halogen-bearing carbon as alpha and the carbon atom adjacent
to it as beta, as noted in the first four equations shown below. Replacement or substitution ofthe halogen onthe
d-carbon by a nucleophilic reagent is a commonly observed reaction, as shown in equations 1,2, 5, 6 & 7
below. Also, since the electrophilic character introduced by the halogen extends to the B-carbons, and since
nucleophiles are also bases, the possibility ofbase induced H-X elimination must also be considered, as illustrated
by equation 3. Finally, there are some combinations of alkyl halides and nucleophiles that fail to show any
reaction over a 24 hour period, such as the example in equation4. For consistency, alkyl bromides have been

- issed in these examples. Similar reactions occur when alkyl chlorides or 1od1des are used, but the speed ofthe

reactions and the exact distribution of pro ducts will change.
* Nucleophiles havmg basic characater give elimination reaction.
» Nucleophiles having non-basic character give substitution reaction.

©  alcohol ©
CH;CH,CH,CH,Br + CN ——_———> CH;3;CH,CH,CH,CN + Br
p o (fast) .
CHs ' CH;
"ilH _©  alcohol "iiH ©
+ [\ i m— + Br
< iBr ailH
‘ S
8 . . CN .
Ha , CH
©  alcohol Vs ©
HzC— C—-Br + CN —-———»HZC‘—"C\ + HCN + Br
g |
: BCH3 CH3
CHs
B O h
H3C—?—SH2—Br + CN M No reaction
CHj;
HaC - ; CH .
(S 3 .
v C—Br + HyC—S M* HiC—S— SC/ + Bte
CoHs (fast) . ‘ 9>C2H5
H H
H3C CH
\ h 3 :
( R—Br + H3C“‘S H.ﬂ?.?__o_l» H3C"‘S_§C,/‘ + HBr
C2H5 (SIOWCI') 'f,/ C2H5
H ’ - H
C3H7 L. ’ C3H7 C3H7
tonitril R
(C—Br + H,0 MH—-o—Q/ + \g—-o-——H + HBr
Cote? £ o ZYCH;  CoHg® &
) \ 3 H3FC
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R =alkyl grdup :

} R —X+ Nu:—S5 s product - X=ClL,Brorl

Nu := nucleophile

One conclusion, relating the structure ofthe R-group to possible products, should be immediately obvious. If
R- has no beta-hydrogens an elimination reaction is not possible, unless a structural rearrangement
occurs first. The first four halides shown below (a, b, ¢, d) do not give elimination reactions on treatment with
base, because they have no B-hydrogens. The two halides on the right (e, f) do not normally undergo such
reactions because the potential elimination products have highly strained double or triple bonds. -

Tt is also worth noting that sz hybridized C—X compounds, such as the three on the right, do not normally ‘
undergo nucleophilic substitution reactions, unless other functional groups perturb the QOuble bond(s).

(a)

» . R .3 H 2
o \ P | s |
H3C:"—X H3C_C_CH2—X CHQ'X /C:C\ EHQ—X /C‘—X
I . " sp
, ' (e) §§]

_CHj,

- CHy (b)

no B-hydrogents ' strained elimination product

Using the general reaction shown above as our reference, we can identify the following variables andobservables.

Variables R change a-carbon from 1° to 2° to 3° if the a-carbon is a chiral center, set as (R) or )

X change from Cl o Br to [ (F is relatively unreactive)
Nu: change from anion to neutral; change basicity; change polarizability
Solvent polar vs. non-polar; protic vs. non-protic

Observables | Products substitution, elimination, no reaction.

Stereospecificity if the a-carbon is a chiral center what happens to its configuration?
Reaction Rate measure as a function of reactant concentration.

Nucleophilicity: .
Nucleophilicity is thereby related to the relative rate of substitution reactions at the halogen-bearing carbon
atom of the reference alkyl halide. The most reactive nucleophiles are said to be more nucleophilic than less

reactive members of the group. The nucleophilicities of some common Nu: reactants vary as shown inthe

following
Nucleaphilicity: CH,CO,” <Cl" <Br” <N, < CH,0” <CN~ <SCN™ <I" <CH,S"

Increasing Nucleophile Strength: ' . L

The cumulative results of studies of this kind has led to useful empirical rules pertanng to nucloophilicity:

(i) For a given element, negatively charged species are more nucleophilic (and basic) than equ;valent neutral
species. ‘ ‘ : )

(ii) For a given period of the periodic table, nucleophilicity (and basicity) decreases on moving fr‘om left to

(iii) For a given group of the perjodic table, nucleophilicity increases from top to bottom (i.e. with increasing
size), although there is a solvent dependence due to hydrogen bonding. Basicity varies inthe opposite
manner. - - '

Solvent effects: .

Solvation of nucleophilic anions markedly influences their redctivity. Polar, aprotic solvents such as DMSO 7
(diméthyl sulfoxide), DMF (dimethylformamide) and acetonitrile do not solvate anions nearly as wellas methanol,

but provide good solvation of the accompanying cations. Consequently, most ofthe nucleophiles discussed

here react more rapidly in solutionsprepared from these solvents. These solvent effects are more pronounced

for small basic anions than for large weakly basic anions. Thus, for reaction in DMSO solutionwg observe the

followingreaciivity order:

" guaw )]
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Nucleophilicity:
I"< SCN™ <Br <Cl” < N,” < CH,CO,” < CN™ <CH,0™ < CH,S"

The Alkyl Moiety:
« Crowded alkyl moiety gives elimination reaction.
« Less crowded alkyl moiety gives substitution reaction.

. &) alcohol 2]
CH,CH,CH,CH,Br + CN — CH,CH,CH,CH,CN + Br
p a (fast) |

o 3 e
1°-bromide  Rate = k, [R-Br][CN]

CHs | . CHs

i ©  alcohol "iiH ©
~+ CN ——» + Br
1Br | “iH
R , ‘ s
S o
bromide  Rate =ky[R-Brl[CN]
~ BCH; | T CH;

©  alcohol

' Hac._.'(l:&..Br + CN ———— HZC=C\ + HCN + Br

P : ©
BCH;  Rate = ky[R-Br][CN] CHs

H, e : ‘
Icohol .
(H3C)3%—--C-——Br + CN -E-S—(-)——9-~>~ No reaction
(03 i .

HsC ' | CH
alcohol A <)
(CR Br 4+ HyC—S ———— Hyc—5—C + Br
C2H5 (fast) o ”’/\CZHS )
H : ) H
(R)-2-bromobutane ~ Rate = ks[R-Br][CH3SN]  (g).5 (methylthio)butane )
- H3C ' | | CH; ‘
AN ~ alcohol 3
C"""BI’ + HaC'—S H— H3C S““C/ + HBr
CoHsY 3 R : (slower) o S ”’/\Csz
H - H
Rate = k¢[R-Br][CH35N] (S)-2-(methylthio)butane
H4C . ' CsH;y  CsH ‘
3 acetonitrile R /T AN L
(g:mBr + H,O ~—-————--—.——al--»H---O--c:’\ + C—O—H + HBr
CH¥ £ 5 ZYCH; CH¥ s* -
H : CHg HaC
(8)-3-bromo-3-methylhexane : L
. : Rate =k, [R—Br] racemic 3-methyl--hexanol

1 ypes of Elimination reaction:

TheE, Reaction: We have not yet con51dered the factors that influence ehmmatlon reactlons suchas example

3in thc group presented at the beginning of this section. Ehmmatlon of second order is called EZ reaction.

(CH,),C~Br+ CN"— (CH,),C=CH, + Br + HCN -

For E, reaction, there is no formation of intimate jon pair that is car‘x‘cat ion ( if *'qr'ned" isnot stable.

Podl
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HsC
\

CH—Br

7
E,\ NaOCHj,

methanol
HyC

HsC H

C:CHZ

'SNVh* SH—SCH; + NaBr Rate = k[R-Br] [CH;S]
HaC_ HaC o o

- ©

o : e
+ CH;0H Rate = k[R-Br] [CH;0]

+ NaBr

If two or more structurally distinct groups of beta-hydrogens are present in a given reactant, then several
constitutionally isomeric alkenes may be formed by an E, elimination. This situation is illustrated by the 2-

bromobutane and 2-bromo-2,3-dimethylbutane

ellmmatlon examples given below.

p
HyC—CHz—C=CH,  20%
B-hyd:dgens , B-hydrogens KOH Butene
H3C—CHy—CH—CH; —_— +
a—ca;'bon alcohol HSC_ﬁzﬁ__CHs 80%
2-bromobutane Butene
~ (trans + cis)
~
' (Hsc)zHC"—(l:=CHz 21%
CH3
B-hydrogens ?r o~carbons KO 2, 3-d1methy1—l-but§ne
HgC—-CH——C——CH3 —— <
HsC CHj
B—hydrogens alcohol : )
CHy CHs — 80%
HaC CHj

\_ 2, 3- dimethy1-2-butene

These results point to a strong regioselectivity ﬁivormg the more substituted double bond, anempirical statement

generally called the Zaitsev's Rule.

The Zaitsev’s rule is a good predictor for simple

elimination reactions of alkyl chlorides, bromides and iodides

as long as relatively small strong bases are used. Thus hydroxide, methoxide and ethoxide bases give comparable

results. Bulky bases such as tert-butoxide tend to
a characteristic that has been attributed to steric

give higher yields of the less substituted doublebond isomers,
hindrance. ‘

Bredt’s Rule: Double bond can never be formed to bridge head carbons in blcychc system due to nnpossibﬂtty

of formatlon of planarity at bridge head carbon.

H
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A brigehead double bond
in 1-bicyclo[3, 3, 1]octene

2. Stereochemistry of the E, Reactlon

E, elimination reactions of certain isomeric cycloalkyl halides show unusual rates and regiosele ct1v1ty that are
not explained by the principles thus far discussed. For example, trans-2-methyl-1-chlorocyclohexane reacts
with alcoholic KOH at a much slower rate than does its cis-isomer. Furthermore, the product from elimination
of the trans-isomer is 3-methylcyclohexene (not predicted by the Zaitsev rule), whereas the cis-isomer gives
the predicted 1-methylcyclohexene as the chief product.

Unlike open chain structures, cyclic compounds generally restrict the spatial orientation of ring substituents to
relatively few arrangements. '

- «B i '

B CH3 CH3
KOH
“y, alcohol
cl H H cl (slow)
tI'a.IlS'-lSOInel' diaxial
1-chloro—Z—metliylcyclohexane (anti)
B CHa
(}: W% = ~H _KOH_
alcobol
; (fasty
c15~150me1' “diaxial ‘ d1ax1al minor
(anti) ‘ (ant1) . 7 product
CHs .
H KOH
HiC == tBu alcohol VH3C
H3C . - (fast) HsC
- CHy CHj KOH
I : : alochol
cis-1somer . (very slow)
4-tert-butylcyclohexyl bromide ‘ . .
t-Bu H
} \\\\CH3 H H
H
HsC == tBu . -
H;C . Br
CHj : ) anf1 '
taAs-is0mes ’
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Note: Both eleminating group must be antiperiplanar to each other.

The E Reaction:

Justas there were two mechanisms for nucleoph:hc substitution, there are two ehmmatlon mechamsms TheE,
mechanism is nearly identical to the S, 1 mechanism, differing only inthe course of reaction taken by the
carbocation intermediate. As shown by the following equations, a carbocation bearing beta-hydrogens may

function either asa Lew1s acid (electrophile), as it does in the S 1 reaction, or a Bronsted acid, as inthe E,
reaction.

Bronsted Acid //"CHZ @
o O ‘ He—C(  + -OH;
H3C_“C< + HZQ . CH3 .
CHg Base
! or . CH
Nucleophile Lewis Acid (f Yo
— e+ HyC—C—OHs
. A  CHy
(CH,),C~Cl + H,0 — [(CH,),C")] + CI" + H,0—— (CH,),C~OH + (CH,),C=CH,
+ HCl + H,0

To summarize, When carbocation intermediates are formed one can expect them to react further by one or
more of the following modes:

1. The cationmay bond to anucleophile to give a substitution product.

2. The cation may transfer a beta-proton to a base, giving an alkene product.

3. The cation may rearrange to a more stable carbocation, and thenreact by mode E orE,

Since the S, 1 and E, reactions proceed via the same carbocation intermediate, the product ratios are difficult
to control and both substn:utlon and elimination usually take p]ace

The mostimportant being the structure of the alkyl group and the nature of the nucleophilic reactant.



http://www.ChemistryABC.com

Reaction Mechanism

|

Note that halogens bonded to sp? or sp hybridized carbon atoms do not normally undergo substztutzon
or elimination reactions with nucleophilic reagents.

Nucleophile. | Non-Basic Anionic Nucleophile Basic Anionic Nucleophilef Neutral Nucleophile
Alkyl Group | . ( Weak Bases: I',Br~, SCN™, N, (Strong Bases: HO', RO") | (H,0, ROH, RSH, R;N)
‘ i ,CH,CO,, RS, CN' etc ) pKa’s from -9 | pKa's> 15 pKa's ranging from -2 to
: : to 10 (left to right) . 11
Primary | Rapid Sy2 substitution. The rate may be | Rapid Sy2 substitution. Sy2 substitution.
RCH,- | reduced by substitution of B-carbons, as | E, elimination may also (SH >NH,>0H))
: . in the case of neopentyl. occur. e.g.
5 CICH;CH;Cl+ KOH —
| CH,=CHCI
Secondary | S2 substitution and / or E, elimination | E, elimination will Sx2 substitution.
R,CH- | (depending on the basicity of the - dominate. (SH >NH, >0H )
: | nucleophile). Bases weaker than acetate In high dielectric ionizing
' (pKa =4.8) give less elimination. solvents, such as water,
| The rate of substitution may be reduced dimethyl sulfoxide &
’ by branching at the B earbons, and this acetonitrile, Sx1 and E,
: will'increase elimination. products may be formed
. { slowly.
Tertiary | E, elimination will dominate with most.| E, elimination will E, elimination with
RiC- : nucleophiles (even if they are weak dominate. No Sy2 nitrogen nucleophiles
"I bases). No Sy2 substitution due to steric | substitution will occur. (they are bases). - No Sy2
- hindrance. In high dielectric In high dielectric ionizing | substitution. In high ]
. lonizing solvents, such as water, solvents Syl and E, - dielectric ionizing solvents
- dimethyl sulfoxide & acetonitrile, Sx1 products may be formed. { Syl and E; products may
- and E, products may be-expected. , ' be formed.
Allyl - Rapid S y2 substitution for 1°  and 2°- | Rapid Sy2 substitution Nitrogen and sulfur
H,C=CH-CH,} halides. For 3° -halides a very slow Sy 2 | for 1° halides. E, nucleophiles will give
| substitution or, if the nucleophile is elimination will Sn2 substitution  in the
- moderately basic, E: elimination. compete with substitution | case of 1°and 2° -halides.
* In high dielectric ionizing solvents, in2° - halides, and 3%halides will probably
i such as water, dimethyl sulfoxide 1 dominate in the case of | give E, elimination with
- and acetonitrile, Sy1and E; °.halides.  Inhigh nitrogen nucleoplnles
products may be observed. dielectric ionizing (they are bases).
solvents SN and E, In high dielectric 1onizing
products may be formed. | solvents Sy1andE ,
‘ products may be formed.
Water hydrolysis will be
) favorable for 2° & 3%
D . o halides.
Benzyl Rapid S y2 substitution for 1°  and 2°- | Rapid Sy2 substitution Nitrogen and sulfur
C.H,CH,- | halides. For 3° -halides a very slow Sy2 | for 1° halides (note there { nucleophiles will give
: . substitution or, if the nucleophile is are no p hydrogens). E, Sy2 substitution  in the
i moderately basic, E, elimination. In high | elimination will compete | case of 1° and 2>-halides.
- dielectric ionizing solvents, such as with substitution in 2°- - ®halides will probably
- water, dimethyl sulfoxide & acetonitrile, | halides, and dominatein | give E, elimination with
¢ Sy1 and E, products may be observed. | the case of 3°-halides. pitrogen nucleophiles
' In high diclectric ionizing | (they are bases). In high
solvents S, and E, dielectric ionizing solvents
; products may be formed. | Syl and E; products may
C be formed . Water hydrolysis|
§ will be favorable for 2° and
3° halides.
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5.3. Neighbouring Groﬁp Participation |

The presence of nucleophilic groups in molecule undergoing nucleophilic substitution affects the kinetics and
stereochemistry of reaction. The involvement of nearby nucleophilic substitutents such as lone pair electrons of
group, in a substitution process is called neighbouring group participation. ‘ -

The leaving group and participating group are in the trans-position Saul Winstein coined the term
“anchemeric assistance” to indicate the fact that such reaction occurs more readily than would be expected
without neighbouring group participation, nexghbounng group that are generally nvolved are acetoxy, OH,
oxygen, halogen, C=C, C-C, phenyl group etc.

0
1. Acetoxy (CH 3..&_0> group:

The rate of éolvolysis of the cis and trans isomers of 2-acetoxy cyclohexyl p- toluene sulfonate differs by a
factor of about 670, trans isomers being more reactive one and the products obtained are also different.

‘\\\OTS “‘\\\\\OTS
i : s
OCCH3 ”OCCH;;
K=1 9 x 107481 (1 OOOC) K=29x 10'78';'1(10000)

The diacetate obtamed from the cis isomer is the trans-isomer (inverted stereéochemistry) whereas retention of
configuration is observed for the trans isomer.

0
\ OTS . 1l .
-
0CCH, CH;CO0H. OCCHs OCCH CH,COOH OCCH;

The results can be explained by the participation of the trans acetoxy group in the ionisation process. The
assistance provided by the acetoxy carbonyl group facilitates the ionisation of the tosylate group, accounting
for the rate enhancement. This kind of backside participation by adjacent acetoxy group isboth sterically and
energetically favorable. The cation which is formed by participation is stabilised by two oxygen atoms and is for
more stable than a secondary carbocation, The acetoxonium ion is subsequently opened by nucleophilicattack
with inversion at one of the two equivalent carbons leading to the observed trans product. Whereas in case of
cis isomer, simple S, 2 mechanismis involved.

2. The electron of C=C bond:

C=C bond are also envolved in neighbouring group participation reaction e.g. the anti tosylate isomer in
norbornyl systems are found to be more reactive toward acetolysis than that of saturated isomer by a factor of
about 10!, The product is also retention in configuration. This is due to being participation of'rc-electron of
C=C bo nd to give ion which is more stabilised by delocalisation of the positive charge.

QBAST% x5

=10° ~10!! ~10M
: Norbornyl - Norbornenyl Norbornenyl Norbornadienyl
Tosylate Tosylate (syn) Tosylate (anti) Tosylate
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OCCH3

CHaCOOH

In contrast, syn isomers in which the double bond is not in the position to participate in the ionisation step
therefore it reacts 10 times slower than that of anti isomer. The reaction product is derived from a rearranged
carbocation ion that is stabilised by virtue ofbeing allylic

| ] _ CHyCO0H <
O

/

CH3(|3‘
o)

- Stereachemistry can indicate neighbouring group participation:

: _ reaction goes with ) .
anti ‘ retention at this centre _ syn reaction goes with

diastereoisomer - : diastereoisomer inversion at this centre
I

20T \\OAc OTs QRS
| |
OAc ” OAc

Altbough one startmg materia] has syn and the other anti stereochemistry, the products have the same (anti)
stereochemistry: one substitution goes with retention and one goes with inversion. Again, neighbouring group
participation is the reaction. To explain this, we should first draw the six-membered rings in thclrreal conformation.
For the anti compound, both substituents can be equatorial.

However, not much can happen in this conformation—but, if we allow the ring to fhp, you can see
immediately that the acetate substituent is ideally placed to participate in the departure of the tosylate group.

BN

| ing fli 0 <
ri p T .
Acom — Oe o>
- = -
. OTs : ‘--—-"" . o/
Both substitutents . OTs Symmetncal ' © ,
© equatorial Both s::isaltlltgents intermediate
OAc _ OA
- /AcOH _ring flip __ A
> .

OAc ~ TOAc
Hydroxy group (-OH) and oxygen atom : '

~ The hydroxy group acts as an intramolecular nucleophile i.e.; solvolysis of4- chloro butanolin water gives a

product i.e; tetrahydrofuran, The reaction is much faster than solvolysis of 3-chloro prapanol under similar

condition
~ o H0
Cl CH,CH;CH,CHy~OH =~/ \Niha
! o : O
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In basic solution, the alkoxide jons formed by deprotonation are even more effective nucleophile. Inethanol
containing sodium ethoxide, 2-chloro-ethanol reacts about 5000 times faster than ethyl chloride. The product
is ethylene oxide confirming the involvement of oxygen atom as a nucleophile.

0 ,

S) ‘ /
OCH,CH,Cl ———> H,C—CH, + CI

HOCH,CH,Cl

The extent of participation of carbon - carbon double bond in the jonisation of anti - 7 - norbornenyl system is
a function of the substitution at C - 7 position. The placement of an aryl substituent at C —7 diminishes the
relative rate (acceleratéd rate due to participation by C = C bond). Evidently, the extent ofparticipation is a
function of the stability of potential carbocation when an aryl group is present at C—7 position, the resulting
benzyl - typed stabilisation decreases the relative importance of participation by double bond.

X

. OH
Dioxane
B

H,0

The factors which can affect C = C bond n-electron cloud, may also affect onthe relative rate.
Tso. H .. Relative rate
R1=R2=H—>1.4 x 1012
"R1=HR?=CF3 —"15 x 108
R'=R2=CF; —1

C-C bond or bonds as Neighbouring Group Participation:

Winstein and Trifan found that solvolysis in acetic a01d of optically active exo-2 - norbornyl brosylate gave a
racemic mixture of two exo - acelate.

Exo - isomer solvolysed about 350 time faster than that of endo isomer.

>
OBr H
H

Exo-isomer . Endo-isomer

This is due to that 1,6 bond assist in departure ofthe leaving group (OBs«-p-bromo benzene sulphonate) and
forming non-classical intermediate (carbocation) in Exo-isomer.

OAc

H H | :
) \\“\ AcOH .
@\ > Aémtuu; N LbOAC
OBs : .
H { ' H

: AcO
H
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Whereas in case of endo isomer. The positionis not favorable therefore it does pot involve nelghbounng group
participation but it reacts normally

? Il
H - —H + OC—CHjs
OBs ) .0 !
HSC—% j
0 i
5. Aromatic m-electron participation :
\\\ .
\"\ s~ \\\
C.— Ilm.C ! Cs\‘

““1;( Y A

Phenonium ion

Such participation leads to a bridged ion with positive charge delocalised into the aromatic ring. e.g.
stereochemistry of solvolysis of 3-phenyl, 2-butyl tosylate. The erythro isomer gives largely retention of
configuration in the product. The result can be explained by/via the bridged ion intermediate. Threo isomer
where participation leads to an achiral intermediate which gives racemic threo products.

C CH ,
ch‘:—-kf CH3COOH © CH; H,

HY'I Yot C i ""CHB C_—?'_H +  HiC=—C— CmeH,
CH, OTs
CH — H;CCO H
ot : ¥ Eiy O omy MG

Qo SN TR S
H\“\“"CM(‘T‘ CH3 CHBCOZH - N “ _
i I HY A :

E e ———— -~ = CMC-CH3 + HSC—-C C m/,H
CH OTs o / C““’»‘H H 0
3 H\\‘ ‘ i ) CH3 O\C—'CH3 H C“C/ CH3
Threo CHz i CHj3 ('3 O
’ e V 0

Plane of symmetry Racemic mixture

6. Trans annular ether oxygen as Neighbouring Group Participation:
The relative rate for molecules show that three isa large acceleration in the case of replacement of 5-CH,

group by anether oxygen
Relative rate : 1.0 0.014 - - 014 485x10%

The huge difference inrate that results from the alternative placement of oxygen in eight membered rings
* reflects the relative stability of various oxonfum ions that results ffom participation. B ion is much more favorable

than A and the rate retardatlon in first two case can be attributed to an unfavorable polar effect of the C-O
" bond.

[~ g |
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Acetolysis ofboth 4-methoxy - 1-pentyl brosylate and 5- methoxy-2- pentyl brosylate give the same mixture
of product is evidence of participation by ether oxygen in neighbouring group participation reaction

) CI;H3 . CI:HB CH3
H | - H ,
YOy —- NEOAH 7)( o
HaC H [OBr HsC OB CHj
/@ Aé:oe

CHy # A <|3H3

| o\ H%o \eH
H | OAc
60% 40% ‘

7. Halogen Groups as Neighbouring Group Participation :
X-halogens (Cl, Br, I) are usually Participating in neighbouring group participation reaction for example, threo
dl pair of 3-bromo - 2- butanol when treated with HBr give d12, 3-dibromobutane whereas erythro pair give
the meso isomers

CH; S | '
H ’ CHs
Br HC_—H g N HiC__H
OH Br. HBr Br Br.
K™ CH < ' Br
3 HaC™ Ny H CHy HaC™ N,
| d l |
1 | dl pair
Threo pair
/ H C>Zr /2<
.3 3
Erythro di pair ~Meso isomer -
- Weinstein et al (1948, 1951) studied another reaction e.g; acetolysis of pis and trans - 2- halogen - cyclohexyl
brosylate . ‘
X .
M ~OBs AOH_ M
’ OAc ‘
Trans
OAc
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The relative rates :

‘t . . 6 .
Rate of trans isomer _ 2.7x10 when x = Todine (I)

Rate of cis isomer 1 ,
te of trans i 8 ' )
Ra 0 - s.1somer _ 800 when x = Bromide(Br)
Rate of cis isomer 1

Rate of trans isomer _ 38 when x = Chloride ( Cl)
Rate of cis isomer 1 :
These relative rates are due to different nature of ne1ghbour1ng group. .The rate is dependent on theelectron

density of halogen group present iri the molecule.

Electrophilic Aromatic Substitution Reactions:
Benzene is one ofthe most important aromatic compound, which undergoes electrophilic aromatic substitution
reaction.

. Benzene

Molecular orbital diagfam of benzene:

Benzene is a flat molecule with every carbon and every hydro gen lying in the same plane. Each carbonatom
has an unhybridised ‘p’-orbital which is perpendicular to the molecular plane and overlap with adjacent orbit-
als and forms a delocalised electron clouds. Electron clouds are equally distributed above and below the
molecular plane due to thisloosely held-w electron clouds benzene undergoes electrophilic attack after that
generally expulsion of proton occur in order to restore aromatic character of benzene nucleus.

The six w-¢lectrons of the benzene occupy bonding molecular orbitals.

T _o-2p G .
Antlbondmg molecular orbitals

: Bondihg fnolecular orbitals.
n o+ 2B ‘ ‘

Orientation in electrophilic aromatic substitution:
Benzene is nitrated by*a mixture of concentrated nitric and sulfuric acids at 50°C.

Hr~103+}12304
50°C

Further nitration of mtrobenzene is con51derably more e difficult. Stronger acid and higher temperature are re-
quired, the product is pr nuaruy nrdiniirodenzene. :

[ g
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Example:
© fuming ‘ ©/ ©
HNO3, st04
93.2% 64% NOZ
meta - ortho 03 %
para

On the other hand, toluene undergoes nitration more rapldly than benzene In thlS case, the predominant-
products are the ortho and para isomers. :

Exaniple:
CH;
I‘IN03+H2804 @ ‘
©30°C
62 %. 5%
ortho 33 % meta
para '
Conclusion:

* As shownby these examples the react1v1ty of an aromatic ring is influenced by the group attached to it.
« The orientation ofan incoming group is also a function of the substituent already present.
« Substituents are genera]ly characterized as being ortho, para or meta directors.:

Remarks: '
Ortho and para produced together, althou gh the ortho/para ratio may vary with different groups and under

different conditions.
On the basis of activating and deactivating, the substitution may be c1a331ﬁed as:

Ortho, para directing and activating group.
0

For example: alkyl group, -NH,, -NR, and __ - g-R

- 0]
" (amino, alkylamino and amido) ~OH, ~OR, — o — t-R
Ortho, para directing and deactzvatmg group
~F, -Cl, —-Br, and 1.
Meta directing and deactivating group

I I i
~ -NO,, SOH —C—OH, —C—OR, —C—H, ...._('{._R

Note: All activating groups are ortho, para directing and all meta directing groups are deactiviting.

_ o Ortho/para directing grbups are of three kind
— — —
Strongly activating gmupv : - Moderately activating group ‘Weakly activating group
—NH, (-NHR, -NR}-OH - i —CH, ~CH,(-CH)
: o —OCH,(-0C,H,) —NH—C —CH, ‘
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Meta Directing:
CH3 0 0 0 0 0
‘ % I I I [ Il
—NOz > —N—CH; »—C=N’ —C—OH» —C—0-R »—8—0—H’> —C-H > —C-R
CHj V 0O

Orientation in disubstituted benzene:
. The presence of two substituents on a ring makes the problem of orientation more complicated however, it is
possible in certain case to make predictions in accordance with the following generalization.

1. The two substituents may be located so that the directive mﬂuence of one reinforce the other
Example :

e / —~CHj group is ortho/para directing and ~NO, group is meta
directing so the indicated arrow positions are common
position for these two groups for directing the incoming group.

-0
o : ' . ]
O=g-0~—H . Ortho para directing—» NH~C—CHj
' \ ' group.
Meta directing group , - C=N
V —_—
These two positions are Meta directing group
e NO, suitable for electrophilic
This position is suitable ; attack.
for incoming group. *
Ortho, para directing group— - CH 3
HNO3
HZSO4
Meta directing group. —m- N02
Meta dxrectmg group
N32C1207 HCN03 , Ha804
HZSO4
NO,
‘Mixture

So, the first route is preferred fora preparation of2, 4-dinitrobenzoic acid.

2.  Strongly activating groups with deactlvatmg or weakly activating group.
- The differences in directive power inthe sequence
O

) It o v
"-NH2> —OH > —QO-—CHg. > _NH"'C"’CHa > ~—~C6H5; “—CH3> Meta director

E
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OH ~-— Strong activating group. so, it will direct the
incoming group at ortho and para position, but
para position is already blocked. So, the incoming
electrophile will attack at ortho position.

€ Weak activating group

Examples:
OH
HNO; + H,50, g
—_> Only one product is obtained.
CHj
O O
More activating power HN-— C CHs HN— C CH3

than —CH3 group
Brz, FeBry

(i) Less activating ~—-m»-CHjz

power than
0
H Il
~==N—C-—CHz Sroup
O O
C—H C—H-
. Br .
(iii) B['z, FeBr3
S ——.
O‘H OH
Remark:

There must be a large difference in the effects of the two groups for appropriate result, otherwiseone gets
result like these.

CH3
HNO3 +H,S0, -
‘ ‘ NO,

Cl
58 % 42%
There is often less SubStltllthIl between two groups that are meta to eachother.

Example: . :
B cl
37% —>

62%
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Reactions on benzene ring:
General mechanism for electrophilic aromatic substitution.

) E
o E Jossof
——— RS-
® proton

Intermediate cation
Important points: ' '
*  The cation intermediate is less stable than the starting material or the product.
» Thecationis reasonably stable because of delo calization around the sm—membered nng

— g OF -

» Instrong acid, the electrophile would be a proton, the reaction would be the exchange of the protonm
. benzene ring. For example:

Q““@“HO

% @I

H
D,;0" ‘
lexpulsmn of proton ' D . D
D D D D
DOt - expulsion of - -§(.) .O.IE
3 proton 3 < >
- D D
D
Ultimately lead to CﬁD  which is useful solvent in NMR. _ .
: H H -0

. F
1 E ’
© SbstFsoaH | \ | /F
_ Sb
—120° Ve
120°C in F ||: Ne

SO,FCl1
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Potential energy diagram:

* Two step process.

* Since thefirst step involved the temporary dISl'Uption of thearomatic n system, therefore it is rate determining

step.
* Second step is the fast step.

AG=1

m

©/E Product

Progress of reaction

(i) Nitration of benzene: Important points about nitration reaction.

* Introduction of nitro group into an aromatic system.

* It provides a general entry into aromatic nitrogen compounds.

* This reaction is not available for aliphatic nitrogen compounds.

* Aromatic nitration requires very powerful reagents.

* Generally nitrating agent is mixture of concentrated nitric acid and sulphuric acid.

- acid.

e
O
e/
HN03 N\O
st04 ©/ t@ ] . '
Benzene . Nltrobenzene
Mechanism:
Step-I: Formation ofa very powerful electrophile. Sulphuric a01d is the strong acid and it protonates the nitric
0] ~ 4 O
' 0] 0 : O
ll N I
@/N\../—\H\../S\ @ —> N® Nitronium ion
07 @ 0H + 0 OH OH, H
0
0 H g\ll 5 H
' , )
“ @ ®\0 // N/
+ N — S @ \0""'—“’ @\
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Step-11: Expulsion of proton

(T LN

L . ®
Conclusion: Nitration converts aromatic compounds into nitrobenzene using NQ, from (HNO, +H,SO,).

(ii) Sulphonation of benzene:
Benzene reacts sl(_)wly with H,SO, acid alone to give benzene sulphcbnic acid.

o=

Benzene sulphonic acid

Mecharnism:
(0] ) 0
R Y % N 0\\ //0
Step-I: \/—\*‘H Y, \ \%
, HO OH + o) HQ H, oe “oH

'—H2O

This cation is very reactive and — & = Sa
combines with benzene o7

o] /
\\ \\ / ‘ \\ 7
+ e '-'—'—")P
Step-1I: ”> : OH ©/

Benzene sulphonic acid

The cation intermediate can also be formed by the protonation of SO,.

O éO

x
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\PROBL’EMS
O
NaCl
—-——> e e
1. @ H;S04 @
Benzene sulfonic acid ' Benzene sulfonate
| o SO,H
CH . HaC CH HaC
_ H3C 8 fuming 3 3'HQO ‘
80°C AHY
2. H2804, s
' ‘ CH3
Mechanism:
N SOzH - 50 H
" CHs O o) H 3
HisC 3 MR F
3 557 HsC o @ e
‘ l U H;
0
HG” CHy  +°~
SOgH A O3H
HaC @ He @
’ C ) ===
HaC CHj, HsC ©>CH;
SOH |
HsC @
() prr
HeC A eh, Methyl shift
CHs H CH,

This rearrangement of polyalkyl benzene by use of sulfuric acid is known as the Jacobsen reaction.

3. @ st04 ©

SO3H
CHs CHz
© Conc H;,_SO4 ©/ SOzH ‘\ |
53%
SO4H
‘ 43% 4% SOzH

Remark: The iso mer distribution often depends on the exact experimental conditions.
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8.5.

Example: The product composition from toluene at 100° Cis:

Conc. H2804 SOsH
1 00°C 79% para
SO4H

13% %
SO4H

The sulfonation reaction is reversible and the product depends on whether the reaction conditions favour.

Kinetic or thermodynamic control:

In the sulfonation of toluene at low temperature, the reaction product is the product ofkinetic control; that is
the product composition reflect relative energies of transition state. At higher temperature, the reverse
reactions have a significant rate and the reaction takes on the aspects of an equilibrium.

A—H + SO; === Ar—SOgH

The sulfonic acid group is bulky group and steric hindrance interactive with ortho substituent s mgmﬁcant
At equilibrium, the relatively unhindered p-toluenesulfonic acid dominates over o-toluenesulfonic acid.

Note: The reversal of sulfonation can be carried out by heating the sulfonic acid in dilute aqueous sulfuric acid.
In this way sulfonic acid group can serve as a protecting group to direct aromatic substitution into other
position.

Example:
cl ' cl
NO
fuming H,80, ON iq_ NH; OsN NO
— e S aq H2304
KNO3
A
. 40-60°C
SO3H SO3H SOsH 2,6-dinitroaniline
-+
SOaNa
NaOH~KOH
' 230 330°C
- Chy CH; 63-72%
Sodium p-toluenesulfonate p-eresol
g : ’
SO3Na CN.
NaCN
.-——-—-.—-—.——»-
285-300°C

sodium 1-naphthalene sulfonate o - 60-70%

1-naphthonitrile

Preparation of Aromatic Hydrocarbon
(i) Friedel-Crafts alkylation:

"+ Benzene and some substituted benzene undergo a]kylatlon when treated with an alkyl halide and Lewis

acid ag & catalystlike RB- arAICL
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Example:
' o ; - C(CHa)s
FeCl, -
+ (CHs),CCl —— + HCl
- Mechanism: A
CH; : CHj; CHj
, /—\ [ + - I e
H;C—C—Cl: + FeCls Hac—CGl-—FeCla ———»».Hac-—cl;+ FeCl,
CH, CHs CHs
"H CH3 CHa

CHs

cl ok A ©

« The reaction of aromatic rings with acid chlorides or anhydrides and a Lewis acid.
* Thereactive reagent is an electrophilic complex between the acid chloride or anhydride and the Lew#s
acid. ‘ ‘

Q ® o
T
o 3
' R™ ¢t

 Thesespecies appear to be effectively bulky; para substitution tends to dominate substantially over ortho.
« InFriedel-Crafts acylationreactions with substituted benzene, the para acylation product is often obtain- .
able in pure form and in high yleld.

R

Example

0
1 C_CGHS
N CGHS—C_CI == ©/ @ © 90%
COCgH ’
- % (LRL] R

9% COCgHs
o-methyl benzophenone

CHs

=5
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F F
0]
@ AlCI, ci |
+  HyC—C—CI 3-chloro-4-fluoro
' CS, acetophenone’
80%
0% Ch,

Mechanism of Friedel-Crafts Acylation:
, B
0 ' ®
M R L@ © n
R Cl: R’ Cl—-—AlCl;‘*-——» l’l + A1C14

R —«—acylium i ion

o (\H o 0
Qf= =g

Remark

~+  Theacylationis better than the alkylation because it does not requlre any particular structural feature in

the acyl chloride. ~R can be almost anything. The acylatlon stops clearly after one reactlon whereasthe
alkylation gives mixture of products.

. Cychc anhydndes generally work wellin Fnedel-CraﬂS acylations.

A1C13
6. benzene

or, CS, (709 0%)

1-0x0-1,2,3 4-tetrahydro
natphthalene a—tetralone.

Mechanism:

G

b= @@«-—
@fi O=aloz

COOH
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Mechanism: ‘ ' S
b':(‘ ' oF l® O H
AICI, o ~
O —> (>O—"—A1C13 — o > O ‘e
® : 0—AICH _.
. 0AfCl3
O 0 o 0

Note: PPA(polyphosphonc a01d) isalso convement reagent for carrying out such cyclization.

Hooc

(75——86%)

O COOH___»

93% -

2
@ACHZ Zn/Hg CI;HZ H3PO4
—---..._._).. e i
CH; CHz

HO\"/

OI

0 ‘o

0]

. O °
T - ;
AlCl; . C"—(CHz)z—g—-OH : (CH);—COOH
0. — . Zn(Hg)HCl .
benzene —— ©/ .

84% : 82-89%
O

73%
{J"-indane)
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. (ii) Friedel-Crafts alkylation of substituted benzene

Relatively non specific because of the high reactivity and low selectivity of alkylations.

Example:
Under mild conditions with alurmmum chloride inacetonitrile, isopropylation of toluene gives predommamly the
expected ortho, para orientation but with substantial amount of meta product.

CHs HyC,

CH—CI -
HsC CH(CH3)2
AlCI, HiCcH )
32
63% 12% CH(CH3)2
25%

Note: The order of effectiveness of lewis acid catalyst has been shown to be
AICl, > FeCl, > BE, > TiCl, > ZnCl, > SnCl,

CH3
H-—- Ci
—_—— 7
AlCl,
" CHj
Mechanism:

3 = (e gy

Limitations of Friedel-Crafts alkylation reaction:

1. The alkyl benzene is generally more reactive in electrophilic aromiatic substitution than in benzene itself,
hence, the alkyl benzene reaction product tends to react to give di, and higher alkylated products.
C(CHa)s
C(CH
I%Ch (CHals _FeCly
Example:
(CH3)3 CCl © (CH3):Cl
faster — CicHa)y
H3C CHj
: CH;Cl
CoHld(CHs), —E=—> Di
‘ - AlC HaC CHg
2. Rearrangement to isomeric carbonium ion.
Example:
Isopropyl chloride or bromlde reacts normally with alumintum chloride and benzene to give isopropyl
benzene. : ‘
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) ’ CH(CH3)2
AICL
+ (CH;),CHCl ———> + HCl
Mechanism: ' .
LeWis acid V
J HEL, @ o HyC o

(HaClHC—Cl: - + ~AICl, —— /CH@I—-—AICI;;-—-—»— >CH@A AlCl,
. . HaC )

HC

H

However 1-chloropropane also gives isopropyl benzene under these conditions.
7 . .
-CH

Hy H, Hp AlCl; “CH,CHj
+ HaC—C—C—C—Cl ———>

Mechanism:
H
H, H ©
HyC——C~—C—CI- - -AlCl; = H3C—C——CH3AICi,
H @ ‘
. | R H /CH3 /CH3 :
CH @ CH )
o/ - _H “CH,
+ HC T CHy >
CH3 [:>] . .
| CH,
Hy Hy

OH
| H, Hy Hy BF,;
H3C-——-('_3|——.—C——C—'—-C——CH3 —_—

@ . 0°C 67%

Ha BF; Ho H Hy

CH—C=C=CH,—CHj

H

TO—Q -

- Hy Hp -
HaC—C—C—C—C—CH;, 'Em H3C-C-f(l3fC—QH2—CH3
: CeHs
33%

3-phenyl pentane

Alkylation reactions can also be accomplished with alkenes.
Catalyst used : H-F,-BF, and HCI-AICL,

CH3
CHa

. ‘ | p
, ' CH3 CH
e ~
@/CH3 CH\ _H®
R — CHy ——>
o CH; . ® ‘
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Example:
C(CH3)4
H3C _HFBF;
C-——CHZ
HaC
Mechanism:
It ® 06 . @® 06
H"—E: + BF3 —— H—F—BF, 3 BF4
 HsC @ HsC,_ . |
: NI \ H @
H;C H3C
: " CHs
HsC
. _-CHs
H ™" ® C—CHa
| =H, I
CH3 CHs
CH3 ®

PROBLEMS

2.

AlCl,
trace of H,O 25°C

» A. Themajor product (A) 1s:

. OH
Qo O Q
/Q\ AlC H\ ® ©
H™ " SH =% "0—AlCl — > H+ A1C13(OH)

L

H
: ’W’ CHa

R Sy
®
Aromatlzatlon 12—Me shift
e T
CHj

The major product of the reaction ‘

o
l
C—H

BryFeBr; |
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Soln.

Soln.

@ Y o @’\K © @”ﬁ @ H3C

CHO

& o S8,

Meta directing ——= CHO
group.

OH-«—— ortho, para directing group
So, the ortho, para dlrcctmg group directs the i mcommg excluswely at para p051t10n.

Ma]or ‘

Mmor
The major pro duct ofthe followmg

anhy. AlCl;
+ H3C>/\ Cl ~er——p 15.

HsC

CH3 CHjy

CH
CH3 :
HaC, D ?H3 ® ©
H4C CHZ—_(:J:I + A1C13 EE— H3C—_(':'—'.CH2'K9—"‘A|033
H3C CHsy
c _ CH e
Hy 1,2 Me-shift [ °@ - Al

|
H3C—_C—_CH2"‘CH3 e H3C‘_"'C"—CH2 e mm

3°-carbocation more stable

1°—carbacation less stable.

Hs
H C C'—CH —CH
‘ 3 2 3 ’ — H @

HsC” \ CH,—GCHg H3C
CHg
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(iii) Gattermann-Koch Reaction

- » It is formylation of benzene and substituted benzene in the presence of Lewis ac1d
* Electrophile is formylium ion.

0
AICl H
+ CO + HCl —
' H3C o
HyC _ 7 50% yield
Mechanism:
© @ ® ©
H—Cl + C=0 + AlCl; =——= H—C=0 + AlCl,
| , _ 0 0
’ H
- ® [\ L
| o a H ~HCl y
] + ” - —
C : ;
HaC ,, HaC ® HC
50% yield
Remark: Gattennann—Ko ch reactlon does not work w1th phenolic or amino aromatic species - due to complex

formation with lewis acid.

(iv) Gattermann Reaction

« Modification of Gattermann-Koch reaction:

+ Instead of using protonated carbon monoxide protonated hydrogen cyanide is used.

+ Thereaction goes via an imine intermediate, which under the condition of the reaction is hydrolysed to

aldehyde
8)

HO ' A

~ OH ()HCVZn(CHy), O OH

. ‘ 60%
" OH OH

Chloromethylation: -
H H
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usually AICl;

; - v ) Reaction Mechanism -
[ Summary of the main electrophilic substitutions on benzene:
Rea"ction Reagents ’ Electrophile Product
: g ® , 5
Bromination - Br, and Lewis aci Br r
- Br” MXn
eg. AIC , FeBr,
Fe pow er. :
__NO,
_ ® ‘
Nitration HNO, + H,SO, | O=N—»0 ‘ ©/
SO3H
Sulfonation conc. ®0/H ‘ Cr 3
S
0” o
H,SO, or H,SO,
+80,(Oleum) * R
| Friedel-Crafts . R-X + Lewis acid I?
alkylation usually AICL, -
) 0
O ' o ) .
Friedel-Crafts M tLewisacid \ W R
; R Cl -
acylation

- PROBLEMS

Mechanism:

(A




Reacuon Mechanism

Explain the fonnatlon ofproduct.

Solp. ﬁ/u\q; + AlCl,—> (S?—-P?Clg s =0
G
/L i
®0 : | H .
ql\-co \( O . « 2

®
0
e
AlCl
HaC_ CH3
Bry.
3 17
HsC 7 cn, ¢

Soln. Br——Br + FeBr; — Br—cﬁ%r——FeBrs — Br + FeBr,

. Br ' Br
H

H3C ‘ &) CH3 : H3C CH3_
~-H' :
PO

CH; ~ HsC CHs

4. (Y————»"

Seln. H F———-)—H +

Cf Of
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: HNO;
; e
, - A H2SO4 :

0 ® S | -
: T NO,
san. QA a5 =)o
6 Cl AICl
(o]
® ©O.
Cl—AICl, S}
Soin <) —-AlCl, ,
oln. .0 —— Ph O®
- MeO
7 H® Bry
. — A B
~  OH
: MeO | - '
MeCQ . -~ B0
S e D N e ol
o o 2
‘ . . @® 2 ® :
_ ‘ H
MeO_ :
T
, Br .
B)
0
[
Me—C—Cl Br,
8. . ;(A)———-——»-B
AlCl,
o ll)ca "o —AlCl _®
HsC—C—Cl: + HC—CC—AICk > H3C—C=0

'
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Soln. |

A o B O
®
CH,
4
H
CH,
4__...._
®

(v) Diazo coupling reaction:

Phenols react in basic solution with diazonium salt to give the corresponding arylazo phenols.

The reaction is an electrophilic aromatic substitution reaction by a weak electrophile, the diazonium ion,
on ap aromatic ring which is highly activated by the oxide anion.

NH,

"—N Cl
NaN02
HCl
0-5°C

O H
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C6H5N2 CI- NEIOH HClI (85-50%)
a NaOH o
q. NaZSZOg ‘

5.6

{—> [¢ O) =L Por()— OO

* The pro duct is almost exclusively the para isomer The ortho isomer is formed to the extent of only 1%.

N—N OH 1
N\ s
base
- Resorcin yellow ‘

(silk and leather dye)

" NHs*Cr

OH

4-amino-1-naphthol

hydrochloride
Kinetic Isotopic effect
Isotopic substitution usually has no effect on the qualitative chemlcal reactivity of the substratebut it often has
an easily measured effect on rate which is called kinetic isotopic effect (K.I.E). This effect is oftwo type
primary kinetic isotope effect and secondary kinetic isotope effect. .
(i) Primary kinetics isotope effect:
Primary kinetic isotopes are those in which a bond to the lsotoplcally substituted atom is broken in the rate
determining step. The weaker C—H bond is broken more rapidly than the stronger C-D bond. The rate
difference, KB/KD is 7 at 25°C. It is also found that th CHOH is oxidised 6.7 times as rapidly as Ph CDOH.
Thls reaction 1s also said to exhibit a primary kinetic isotope effect.

pH MnO(;) :
Phy €, 5— P C= 0 Ky
OH |
OH O | |
s MnO
Ph, C é‘ Ph,C=0 — Ko
OH '

Primary kinetic isotope effect can provide two veryusefull pieces of information about a reaction mechanism.

(i) The existence of a substantial isotope effect is KH/KD> 2is strong evidence that the bond to that particular
hydrogen is being broken in the rate determining step.

(i) The magnitude ofthe isotope effect prov1de on quantltatlve indication of where the TS lies with regard to
- product and reactant.

A relatlvely low primary isotope effect implies that the bond to hydrogen is either only slightly or nearly
completely broken at the TS. Thatis, the TS must occur quite close to reactant or product.

(ii) Secondary Kinetic isotope Effect :

Tsotope effect may also be observed when the substituted hydro gen atom is not dlrectly involved in the

reaction. Sucheffects known a secondary kinetic isotope effect. They are smaller than primary effect and are
usually in the range of K /K = (0.7 to 1.5) and are also classified as a. or B etc depending on the locatlon of
the isotopes substitution relative to the reactionssite.

Secondary effect results from fightening or loosening of C-H bond at TS. The strength of the bond maychange
because of hybndlsatmn change or a change in the extent of hyperconjugation for example, if an sp* carbon is
converted to sp? as reaction occurs a hydro gen bound to the carbon will experience decreased resistance to
C-H bending; tightening, frecisgofithie vibration for C-H bondis greaienthan forla C-IDibond because the
former is slightly longerand vibrationhas a larger amplitude. This will result in an normal isotope effect.
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5.7.

Aninverse isotope effect will occur if coordination at the reaction centre increases in TS. The bonding Vibration

will become more restricted. Cyanohydrin of carbonyl is an example of conversion of tncoordmate carbonyl

- group to a tetra valent cyanohyclrm it has secondary isotope effect 0£0.73.

Reaction Primary Kt_netzc Isotopic Effect : \ KK CO)
- @-CHz—H* +Br PhCH,* + H*-Br =~ - 4.6 (77)
‘ : (?" :
o : A , ,
(2) (CHs)2 C—C—G—(CHg)y + OH® (CHy); C—C=C(CHs), 6.1 (25)
S | o
. H* +' . ) ) ’ : \
3) ij _ @ + (CHelN 4.0 (191)
Kie _1.09
(4) *CH4| + OH ————»OH—CH3 +1” k.
14C

~5-5-'C—’=1.0076(25)

(5) Ph CH,Cl+H,0 — Ph CH, —-OH +HCI -

Secondary Kinetic Isotope Effect : .

X B . » ) H
» N , , |
(1) H3CO©—CH=Q + HCN ——;Hg,c:o@-(‘:—OH 0.73 (25)

=N
) ”
. Ho |
@) HaC@ —Cl 2. Hie< C—OH  1.30(25)
| - CFaCH,0H }L A

CH3

Hammett Plot (1933)
He studied the series ofreaction of methyl ester with NMe,

®
RCO,Me + NMe, —X—5 RCO, + NMe,

The rate of reactions were directly related to the ionisation constant in water of correspondmg carboxylic acid

RCO,H + HZO'\—_E s ree®s 5,
On plotting ] log k for the reaction ofesters against log K for
ionisation of the acids a reasonable straight line results.
Equilibrium constant K and rate constant & are each related

~log K RCO,Me

to free energy change (AG ) in the relevant reaction in the

following way : pKa of RCO,H

logk= _Ag__
2.303RT

-}

AG 1 e Tz o ' '
logk = 2303RT +log L—h”‘ Where k '=Boltzmann’s constant, h=Plank’s Constant
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The fact that there is a straight line relationship between log k for reactlon ofesters and lo gK for ionisation of |
the corresponding carboxylic acid in water, emplies that there isalso a straight line relatlonshxp between AG”,

the free energy change of activation for ester reaction and Agﬂ the standard free energy change for ionisation
of the acids in water. Because of this straight line relationship between the free energy terms for these two
different reaction series, straight line plot is known as linear free energy relationship (LFER).

Hammett also studied another reaction that is Base-catalysed hydrolysis ofa group of ethyl esters and plated
log k and log k for ionisation in water of the corresponding carboxylic acids. e.g.; :

. ' o ‘
RCO,Et + 0RO Rco?+ EtOH; R CO,H+H,0 =*=R CO, + H,O

@—c—oa + OH® @—C-o o H,0
A@—C—OH & Ho —K c- oe H30®

log kpco,:

' —log kRC02H
The plots were tota]ly different but there is a stralght line relationship for benzoic acid and 1tsp—Me and p-NO |
derivatives etc, but 0-NO, and o-Cl. Benzoic acid derivatives then lies far off to one side of this straight hne ‘
while the aliphatic denvatlves of Ethanoic and 2-hydroxypropanoic acids lies far offto other side. He founded
* that straight line was not generally obtained ifreaction data for either o-substituted benzene derivatives or
aliphatic species were included in the plot. There is excellent linearity for very wide reactions ofm- and p-
substltuted derivative ofbenzene.

log Ky 00,8

—log kArCOZH
The reason for such non-conformity on the part of o-substituted benzene and aliphatic denvatwe isnot far to
seek i.e. Base catalysed hydrolysis of esters.

o) OH. ‘
x ,OEt e ] OH .
C —C— Ox Q |
- O0—C—OEt ‘ C OEt O—C—OEt

. R.L(k) ’/H ) ’ ‘ ‘ .)
G@ . G’Q G\@ Jl;(ﬁ)__’ G\V\Cé\“ orsiibstituent(G)

-

" m- or p-substituent (G) Tetrahedral mtermedlate
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OH
Ox . RLK © |
llq , R where, R.L. = Rate Limiting

-Aliphatic molecule

m-or p-substituent is far removed fromreaction centre and can exert no steric effect upon it. By the o-substituent

isclosed at hand in tetrahedral intermediate and leading to increasing crowding in the transition state and results

in slowing down of formation of tetrahedral intermediate. These results are very much similar for more flexible
molecule of the aliphatic esters also such steric effects will be much smaller if in red apparent at all in the
removal of the peripheral H from the ~CO,H group by H,0 in acid ionisation.

Hammett Equation :
The general equation of straight lineis Y =mx + ¢
This can be applied to the straight line ofthe plots.

logK, =plogK, +c — substituted | ..(1)

“Where p isthe élope ofthe straight line, C is intercept ; x - m or p-substitutent in Benzene ring and

logKy =plogK,, . — unsubstitued ’ . (2)
Substracting equation ( 2) from equation (1), we have
 logK, —logKy =p (logK, —logKy)

lo Kel= lo Ky
gKH p g.KH

Substituent Constant(c, ):

Hammets designated the jonisation in water at 25°C of m- and p-substituted, Benzoic acid as his standard
reference reaction.

X

o, =log
H

where ¢_is a substituent constant whose value will remain constant for a specific substitutent in a specific
position (mor p). ' '

then, log EI’; =po, Hammett equation
The values of ¢_substituent constant :
Substituent om ‘ op
CH,CONH 0.14 00

- . CH,CO, 039 . 0.31
NH, : —0.09 —0.30
Br 0.37 a 0.26
(CH,),C . -0.09 ~ —0.15
Cl - 037 - : 0.204
CN 0.62 - : : 0.70
CH,0 - 01 ' -0.14
CH, ; -0.08 —0.13
H L0 » 0
OH © 013 . —0.38
CH,C YOOk 01 0 ﬂ =012
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CH, —0.06 —0.14
NO, 0.71 0.81
@ o 0.05 0.05

- Physical Szgmf icance of o, :
‘m-(CH,),Cand m-CH, each have a small negatlve value and H has the value by difinition of zero while all the

other m-substituted have positive values. The change insign (~ve — +ve) does, of course parallel the change
in direction (electron - donating — electron - withdrawing) of the inductive effect exerted by these substituents.
The substituents may also exert a field effect, operating through the medium, but this will act in the same
direction asthe inductive effect. It would thus seem that o__represents, both in direction and magnitude, a
measure ofthe total polar effect exerted by the substituent (x) on the reaction centre. This can be explained by
a comparison of the rate of Base catalysed hydrolysis of m-NO, and ofm- CH, substituted ethyl benzoate with
that ofthe substituted ester. A reaction in which the slow and hence rate determ]nmg step is nitial attack on

ester by OH
, 5 3 |
Oyt _OFEt- Lo+ o——c—-—OEt
C]C < : O\é 0T OEt
V Km-NO»
© Slow
'NO, NO, Tetrahedral mtermedlate
Transition State '
K,

The m —~NO, ester with m~NO,=0.71 is hydrolysed 63.7 times as fast as the unsubstituted ester (Powerful

electron withdrawal markedly assisting OH ™ attack onthe carbonyl carbon atom and stebﬂjsirlg the transition
state leading to the negatively charged tetrahedral intermediate).

. §— _ :
r OH
ﬁgH | 5~ OH o |
) O { ~OFt O—C—OEt

Km-no»
Slow /

: o . Me

Me: B 4 Tetrahedral intermediate
' Transition State

I<m—Me —
m—Me"_O 06 -——;——'—-0.66 ;

- The m- Me ester W1th Opnme = 0.06 is hydrolysed 0.66 times as fast as the unsubstituted ester (very weak

electron donating group slightly inhibiting OH~ attack)
It was also found that: not only does the o, value for aparticular substituent (x) vary mmagmtude fromo,,_,
value for the same substltuent it may dlﬂ‘er in sign also. As is the case with- and p-OMe. An examination of

i the effect of m-OMe and p-OMe substituent on base catalysed ester }'ydrﬂlysrc malx s the reason for this -
-changein 51gn '
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@
3)

@

NG

“on | roos OH
> 5. o 3
Ox_ ! _OFt | O/ OFt o —C—OEt
OO . e .
Km—-OMe
Slow ‘ O
' OMe
OMe | OMe _| |
: Transition State Tetrahedral intermediate
Opome =+ 0.1 Kopome > Ky

In the m-position, the electronegative oxygen atomof the OMe group exertsan electron ~withdrawing inductive

effect (0,,_one =0.1) and hydrolysis is faster than with the unsubstituted ester

@ _
_ _ ~ OH
o &OgEt ~ 3‘ ’OH X
KpuOVMe - e
Slow

/ L OMe _|

COMB (:OMe OMe
~ Transition State - Tetrahedral intermediate

p ~OMe = —0.14 ‘ KH > Kp~OMe

In the p-position, OMe will still exert an electron w1thdraw1ng inductive effect but in addition it can through its -

electron pairs; exert an electron - donating mesomeric effect on the ring carbon atom to which the CO,Et

~ group is attached. The latter effect because it involves the more readily polarisable n-electron system is the
greater of the two, and the overall result is therefore net - electron-donating (op-OMe=—0.14) therefore, p-.

OM e ester is hydrolysed markedly more slowly than the unsubstituted compound.
Hammet therefore conducted that o, can be regarded as a measure of the overall polar effect exerted by a
substituent (x) on the reaction centre. Its sign indicates the direction (~ve = electron - donating;+ ve = electron

withdrawing) and its magnitude the extent of the effect that exert - compared of course with the effect exerted
by H. : t

Reaction Constant (p)

The values of 6, canbe used to calculate the values ofp, the reaction constant. This is often done graphically
by drawing the plot oflog (K, /K)) against o, ; the slope of the resulting straight line will be the value of p for
this reaction. For example. It turns out to be +0.82 for hydrolysis ofbase catalysed m-and p-substituted ethyl

2-aryl ethanoate. When carried out in aqueous ethanol at 3(°C. The e values for quite a wide range of different 7 '

reaction of m-and p-substituted benzene derivatives were.calculated and given in the following :

Reaction Type p

ArCO,H = ArCO,+H",H,0 K . 1-(standard reaction)
AICO,H = ACOJ+HY.EOH K 157

ACH,COH = ACOP+H,H,0 K = 056

ArCHQCH2CO H —‘AICH CH, oo+ H', H, O K. 025

' AI011 vT-—‘l\l{ “J: [I ,I;lb .Ex 2.26

-
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®)

©)

10)
(1)

(12)

(13)

(14)

(13)

(16)

- — ‘
ArNH; O AINH, +H'H,0  (7) ArCO,Et —25 ACO + EtOH
ArCH,C1+H,0 0 ArCH,0H+HCI K  -131(-45)

ArCH,CO,Et + OH — ArCH,CO, +EtOH K 1.00

ArC(CH,),Cl1+H,0 — ArC(CH,), OH+HCI, K 448
AINH, + PhCoCl—— AINHCOPH + HCI, @ K . =321

O ’ -

[ S e ‘ '

C—OCHz + OH (> )—C—0~, 60%acetone K 2.229
X ] X 0] ~ . ‘

i il : :
®-C~OCZH5 + HY —— @ C—-OH, 60% acetone K 0.106

O : ' » '
X I : . X 0 ‘
©)-c-ci+ Ho E)—C-oH, 50%acetone K 0.797

0 .
X [ X7 o K
@C-—H + HCN.— @.é.-_H . 95%ethanol K 2.329
l .
CN
OCsz

Gc—@ + CoHsOH—— ) O-c@ ethanol ~ K —5.090

The value of the reaction constant, p fora particular reactlon remain constant, no matter what the m-or p-
substituents present in the. compounds involved.

Physncal Slgmﬁcance ofp: Con31denng the reaction with negative value of p Le Benzoylatlon ofm-and
p-substituted aniline with p =-3.21 '

Ph
Hz C..._ NH2 C o® NH— C-—o NH-C=0

(gi
r.d. s
slow

The slow, rate limiting step ofthis reactlon is found to be 1mt1al attack by the electronpalr of the nitrogen atom
ofthe substituted aniline on the carbonyl carbon atom of the acid chloride. This results in the development of
+ve charge at the reaction centre. The N-atom attached to directing to the substituted benzene ring in the
forming intermediate. The reaction is thus accelerated by electron - donating substituents which help delocalise
this forming +ve charge in the transition state leading to the intermediate and corresponding by retarded by
electron - withdrawing substitutents. This behaviour is found to hold in general for reaction with—ve P values.

Another reaction witha + ve p value are also cons1dered. For example; The base- catalysed hydrolysw of m-

and p-substltuted ethyi benzoates.
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e

OEt
Ot OEt
HO /O ‘\\\@ ____ O
OH \“c-——o HO— c—-——o ~c G

)@ Tslow (5 — (5 )@ N EtO‘H

This has p -value of +2.61, the known slow rate - limiting step in this reaction is attended by the development
of —ve charge adjacent to the reaction centre in the transition state leading to the intermediate and the overall
reaction is accelerated by electron - withdrawing and retarded by electron - donating substituent.

Thus, p canberegarded as a measure of susceptibility of a reaction to the electron - donating or withdrawing
effect exerted by a substituent (x); relative, of course, to the susceptibitity (towards such a substitutent) ofthe
standard reaction - the aqueous dissociation of m and p - substituted benzoic acid at 25°C for wh1ch p=+
1.00 by definition.

The signof p isof diagnostic value ; negative value indicates the development of positive charge at the reaction
centre during the formation of the T.S in the rate - limiting step ofthe overall reaction whereas positive value
indicates the development of negative charge at that centre. The magnitude of p can be regarded as a measure
ofthe change in charge density of the reaction centre during formation of the T.S.

e PROBLE'I B

Soln.

Soln.

log

~ The pKa of p—chloro benzoic acid is 3.98. that of benzoic acid is 4.19. calculate O‘for p-Cl

K,
czlog —logK  —log Ky

H
=—logKy —(-logKp_¢; ) = pky — pkp_c; =4.19 -3.98 =0.21
The p value of alkali saponification of methyl ester of sitbstituted benzoic acid is 2.38 and the rate of saponification

of methyl benzoate under the condition of interestis 2x10™ m™'S™ . Calculate the rate constant for hydrolysis
of methyl m-nitrobenzoate

" K

m—NOz

- =071x2.38=1.69 K"““NOZ--49 , 4 -lg-1
- ~=Om-Nop XP=U. 71X 2 =0 ;‘*‘I“(“;"“ ;i Kinono, =98x107'm™'S

Calculate how much faster p-bromo benzyl chlororide will solvolyse in water than will p-intro benzyl chloride.

log _.éi =(-1.31)(0.26); log K, _y, —logKy =~0.34

logK

opr +034=logKy; log —-—"—IE—’“’—z-: (~1.31) (0.81)

e
long -NO, —logKy =-1.06; logK, NOZ+106=logK

log K g +0. 34--10ng_NO +1.06; logK p-Br long -NO, = 0 72

K K
log—22_ =072, ————TEL=5.25
p-NO; 7 Bpnoy
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CHAPTER

‘Named Reactions

6.1 ! dol Condensation
Aldehyde containing an o-hydrogen atom undergoes a reversﬂ)le self addition in presence of dil. alkali to give
condensation prodiict p-hydroxy aldehyde or ketone. In every case the addition occurs in such a way that o
carbon of the first carbonyl compound get attached to the carbonyl carbon of the second.
o (!)H ‘
CH;-CH—CH;-CHO
p-hydroxy aldehyde
g
CHB—C]3~CH2—CO'—CH3
OH
B-hydroxy ketone
Note: Ifan aldehyde and ketone do not contam o-H, the self condensation reaction donot oceur.
eg.  ArCHO, HCHO, (CH,),C-CHO, Ar-CO-Ar,

AI—E—CR3 can’t undergo self condensation due to absence of . H-atom.

CH; CHO + CH3CHO

CH3COCH; + CH;COCH;

Mechanism:
(1) Base - Catalysed mechanism
(a) Addition Phase : Nucleophilic addition. , «
(ﬁ ©0
R-CH,—C—R' + B =—= R—CI;IAC R'«—> R—CH= C R
l _ enolate jon B
o | II?' o
- R-CH,— C-—R + R*CH—-C-" R*CHZ—'?”?H-C-,-R'
(E* partner) O) (Nu~™ partner). ' 60 R
R’
- | i
= R”CHZ"?“?H‘C"R'-
OHR
Aldol

:BH
~ Proton transfer

Protontransfer reactions are always reversible reaction.
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(b) Dehydration Phase : .
IIT O YB | “ l? ) E1CB. ' Fl{ i
R—CHZ C') Cl:H C R' ﬂR CH,— (i: (i') COR #+ BH — RMCHZ—*.C—._:(l;wC“R
OH R j "OHR R

a, B-unsaturated aldehyde / kefonc

In general the aldol reaction is reversible in both acidic and basic condition, but when reaction conditions are
favourable to cause dehydration, predominantly in acidic medium the reaction goes to completlon

The reaction is unfavourable usually for acyclic ketones this is because -

1. Carbonyl carbon of the ketone is less electrophilic because of the +1 effect of the alkyl groups.

2. Due to steric hindrance the probability of nucleophilic attack by enolate or enol is decreased.

(2) Acid Catalyed Mechanism :
Enol is less nucleophilic than enolate.

(a) Addition Phase : o
' +

A | o—H OH

@ R—CH2~CfR’ + HA —==R-CH,—C-R' + A~ -

|
—== R-CH=C—-R'
Enol

(i) R—CHQ—Cl—R' + R-CH:=C~R' =—=R-CH,~C—CH—C—-R'
Cow o B n i
Protonated E* : . Aldol
(Better electrophile than the

unprotonated aldehyde/ketane)

(b) Dehydration Phase : A
R 0 R
I o, H* I o
R-CH,-C—CH—C—R R-CH,~C—CH—C—R
' A (|)H FIQ : . Proton transfer (I F|2 :
+0OH,
R‘ H o R .
~H,0 £‘| —H* | il
N7 R-CHZ—-C C— C R — R—CH2 C=C—C—R'
Better L.G. I ]
E4 Mechanism R - R
Experimental Evidence : ' ' ' ‘
Aldehyde: '

A | | ?3 ‘ 0
(1) OH- T 4

CH2 C—H <— CH,~<C—H + H;C=C—H

l @

CH,;CHO

t : H,O ;
CH;—CH—CH,—CHO «-(————2———- CH3"‘(!3H?“"CH2"-‘CHO (

OH 4% - 0e
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Ketone : , ,
0 ‘ &‘) Q
(1) OH~ g Y. ") . ' H)
H;C—CO—CH; === H,C—~C—CH; <«—»H,C<C—CH,; + C—CH,
“(z) HC
CH, \ CH,
‘ H,O I

OH 0o 06 0

Carrying out a reaction with D, O Tails to result in the incorporation of any'deuteriurn to the CH, group of
“aldehyde to produce D-CH,—CHO but it produces D-CH,~COCH, in case of ketone. This indicates that

the step two is faster than reversal of state one in case ofaldehyde and slower in case ofketone.

The reaction can be made of synthetic importance by : ~

(1) Continuous distillation ofthe products in a Soxhlet Apparatus (Reactlon move forward followmg Le-
- Chatelier Principle) using Ba(OH), base.

(2) Using acid catalysis tendency of dehydration ofaldol pro ducts is increased producing more stable o-[3

unsaturated aldehyde / ketone.
(3) To stop at the aldol stage the best catalyst are basic ion exchange resin.

(4) A 3° alcohol always undergoes dehydration through E, mechanism. E, (3" >2°>1° )

Me O , O
] H ] .~ CH3COCH3 ) “
Me—C—CH— CoMe-—————-—;-»MeQC =CH-C-Me = Me,C=CH-C—CH=CMe,
CI)H Pl'i 20 Mesityl oxide HCl V Phorone
" Example:

' 0 OH
[ on® '
0) % — Y ™
o - o ' o ‘
G @ i dp (i) O\Ji L, ?

i ' OEt
) C;H;sCHO NaOEL C'les"CH’-“(l:“CHO

CeHis

)
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Crossed-Aldol / Mixed Aldol : (Claisen-Schmidt Condensation)

kyzéls?le ofthe partner in a crossed aldol condensation is benzaldehyde which can only act as a E* and any
Other aldehyde or ketone which can form either enol or enolate then this type of mixed condensationis known
as Claisen - Schmidt Condensation.

o ‘ |
C—H C—CH-CHO -
@ CH,CHO
; KOH Cinnamaldehyde
' ' € —cH-C—CH
CH3—CO—CHj C=CH T
HCel O
H N -
: ==CH-C-Ph
CH3COPh ©/ i

Electron donating groups in benzaldehyde will make the reaction slower and &” withdrawing groups make the

reaction faster.
NaOH
Aldol

. Nitro alcohol

Conditions For Crossed Aldol

(i) Only one enolizable component (aldehyde / ketone having a-H)

(i) No other compound containing more acidic hydrogens than aldehyde/ketone eg. CH3NO
(iii) The carbonyl E* should be more reactlve than the compound being enolised}

Example:

0
I
C—CH, . ﬁ) c”) ?@ 0 OH
il :
A + Ph-C-H—> D—C-CH2~CH—Ph-——5—9-'_-|—* [>—-C—CH2—CH-—Ph

1. ‘ ' J, -H,0

7
| [>—§—E=CH~Ph

o - CH
- . - CH3OCP | 3()OH/l[fj§
2. e\H/A A /.0 Na-OMe @(.m 1/0\5 McOH @éH ,

o chy OH

i . CH
- | -3
C-H . 9 SH-cH o CH-CH’,
3 + CH3~CH-C—Et—> “COEt EtoH COEt
v CHO | : CHO o CHp_OHl
H | _CH,
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Retro Aldol : Because the aldol reaction is reversible, so when the aldol product is heated with a strong base
then it reverse back to an equilibrium mixture which mainly contain initial reactant.

OH 0O le) o 0

I il , T ‘ : | - -
CH3-C—CH,=C—CHjy =, CH3—C|)LCH2—C-CH3—"‘ CH3-C~CH; + H,C—COCH,
CHs N 4 | ‘“Hzo
5% in equilibrium mixture - : .
2 CH3COCH;
95% in equilibrium
. mixture
_ PROBLEMS
‘ )?\/ (i) LDA 78°C , THF
- > ]
1 Ph” 0
; (“) /”\/ ‘
O-LiNR -Lj—
DY R oLi
Soln. P Ph{%}j Ph
O-—Li O -
/K/ + Bk/—-»- 1 9 H,0 Q  oH
e
Aldol
0 .
/U\ () LDA ,
2. (HsC)HC” TCH(CHs), . O
' (ii) HJJ\///
0 o) | o 8
S —— |
(H3C)2HCJ\C—CH\/
, / \ |
HsC , CHs
Soln. 0 vlr OH
: VZ
(H;C),HC
: | H,C CHs

6.2. Appel Reaction
|  X=0LBr

HO

1 ~ PPhy 1

Ry
alcohol v alkyl halide
substitution with inversion of stereochemistry

R
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The Appel Reaction is used to convert an alcohol to an alkyl halide using a tetrahalomethane and
tripheynylphosphine. The reaction begins with the halogenation of trlphenyl«phosphme followed by the forma-
tion of the alkoxide from the alcohol starting material. The alkoxide subsequently attacks the phosphorous,
releasing the halide leaving group. In a nucleophilic substitution reaction (S, ,2), the halide (nucleophile) attacks
the carbon stereocentre resulting in the final alkyl halide product with inverted stereochemustry. Triphenylphosphine
oxide is a byproduct of this reaction and the formation ofthe strong P = O double bond isa dnvmg force for thlS
reaction. The reaction is somewhat similar to Mitsunobu reaction.

Mecharnism: A
Ph,  Ph. TN
Ph.__}_ -/-\.3 \9® . .e .e Q
P L+ XX —-*F’h—/—P~X + ICXy; — > ICX; + oH
Ph ; " Ph : _ :
~ R °R?
Ph | Phle
_Ph Ph®_Ph {/:*P X:
Ph—P P X: .0 / 2
[P g\ NP ST <
@®0 . O_' \\\\\ —HCX3
" ' 1 2
R1/'\RQ R1/kRZ R R
‘ ’ P
| | | Ph—P—Ph
IDh\ _-Fh It : H .
T 10 aX:
ol e
O: : > R4 Rs
O .. ,
:X:
Ri Rz SN attack with inversion of stereochemistry
Example: |
OAc

' PPhy, CBry BnO
DMEF; 24h, 96%  BnO ‘
OBn

*Appel saltasa dehydrating agent.

COOMe ’
@\[ CCly, PPhs, EtsN
NH >

I N 7 DCM, reflux, 5b,63%

H.
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6.3.

_I?h
cc, Pn 0 | —PhsPO H R?

4 3 1 o=~ 1
PPhy ——— > © WR 0L ® —R N _SgR"

a” N 5T Y PRhy g & Y

a © 0 I

OH
N HO

Drawbacks of the reaction : | .
The use of toxic halogenating agents and the coproduction of organophosphorus product which must be sepa-
rated from the organic product. The phosphorus reagent can be used in catalytic quantities.

Baeyer - Villiger Oxidation Reaction
Oxidation of ketone to ester by reacting reactant (ketone) with hydrogen peroxide or peroxy compoundor

peracid( RCO,H) in presence of acid catalyst.
| 0

@]
I i H*
R—C—R' 4+ R"—COOH R—COR' 4 R"CO,H
Mechanism :
OH . : +.
/\ Q Q ) e . OH . o
| . R'COsH R" COO - -H Il
C_R. ___r--;—____-—R- C—R o ~—(% R —» R—C—QR—3 R—C—OR
! OO |
0

OH :
| g Yo\

R—C—R’ s -

. @ Rl!

When unéymmetrical ketones are used, then order of migration of alkyl group, is : tert-alkyl, sec-alkyl >
Benzyl, Phenyl > Prim - alkyl > cyclopropyl > methyl. For Benzophenone, p-OCH,> CH, > H> CI >

"NO, in para - position.

Note: Peroxy trifluoro acetic acid and m-chloro peroxy Benzoic acid can also be used :
ExampleS'

0 .
“ CH3COOOH , I y
M O2N- oA, Hy50, —0
0

- o
LR S
(i) CH;—C——C—CH - € — CHs

. O E
; CHa
-CPBA
| (m) CH Ci
. CH3 212

C4Ho C4Hg
m-CEBA

. _ muReR .
. () A H2S804 O

S C
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CH COOOH .
o Oro- 2t Jro

n |
. 0O
(vi) CF3 COOOH
H
+

H

o I
(viii) C=0 w V

H3 C/ H+

cl N

. . CF,COO0H
(ix) G—CHs ; 0—G—CHj
R D

0
0 0 R
-
_ R CF;CO3H ’((i\c/ >~
) CF4 0
by migration of Ph

BnO’ BnO
m-CPBA
/ ./
, O o)
‘ 0

... Ph Ph O Me Ph
: v Me ——— Y Y + OMe
: Me : Me 0 Me.

(Major) ‘ (Minor)

d =Y
OAc '

W m-CPBA, CF3SO;H

CH2C12, 45 mm 90%

=R
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6.4.

6.5.

~ Barton Reaction

The photolytic conversion of organic nitrite into nitroso alcohol is known as Barton reaction.

H

CHy; OH NOCI CH; ONO ho ' CHs o) . HsC (0] CH, OH
, . i
» T ]\) 320 — 380nm K/l + NO k)
o ~ NOH . NO .
I hydrolysis H” ——— CH, OH NO

r— B R s s B — .~ —
H—C OH C OH Tauto-merisation I\) nitrosoalcohol

aldehyde . oxime

b*m‘;% D
R—(\)ora —Q —

" ho ‘
(i) : Pyridine
oNO noH O

Examples:

0 ch\[“)oN:O

HaC ~CHa H3C, CH==NOH
NOCI, Py '
(1) WOH WOH
CHjy CH,

Baylis-Hillmann Reaction : :
Baylis-Hillman reaction offers a method for carbon-carbon bond formation between a-carbon of a conjugated

_carbonyl system and an aldehydic carbon in presence of a suitable base (as catalyst) such as DABCO (1, 4-

diazabicyclo [2.2.2.] octane) or trialkylphosphins. Here is a typical example:

0 ‘ 0 OH O
N DABCO Bl o
H : - OEt — >
E ”)J\ B )\fr“\oa
Acetaldehyde Etbyl acrylate . a-alkenyl-p-hydroxy ester

DABCO = [,(]\7 @

The reaction may be extended toa number of substrates, and a general scheme is shown:
XH

/IL l/ catalytlc Ry EWG
temary amine Ry ]/
Where, X =0, NRl |

EWG = COOR, COK, CHO, TN, SOOR, SO,R; CONR,, FO(GEY),

| Jmeseasm—
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Mechanism:

p@ fLO Et OEt
conjugate N
_J (\ N®  aidolstep K\’ ©
N addition step N \) N
N i <
. OH O
(\ N: H* transfer
+ OEt it
N
(recdvered DABCO
catalyst)

A disadvantage of this reaction is that the rate is low-several days are required for completion ofreaction.

Under certain conditions (e.g. under pressure, microwave irradiation), rate enhancements have been observed.

As a catalyst, DABCO is the best because it is a good nucleophile as well as a good leaving group —DABCO s
combination of nucleophilicity and leaving group ability is best suited here

'6.6. Benzoin Condensation
Condensation of aromatic aldehyde in presence of CN~ion to give condensatlon products called benzoin, is
known as Benzoin Condensation.

0
- il
2 Ar—CHO ——» Ar=GH—C—Ar
OH

When Ar =Ph, it s called benzoin rate law r = K[ ArCHO ] [ CN~ ]

The reaction involves attack of CN- jon on the carbonyl carbon but in this reactlon instead of H- transfer (as-

that of cannizzaro reactlon) it is now a carbanion addition of the one aromatic aldehyde to the carbonyl carbon
ofthe other aromatic aldehyde The reactlon is of 3™order. '

n o Oe\* | OH.

" Step - 1 l
Ph—C—H ———ee Ph—C'-—1 Sep-2 Ph— Cj) Ph— é
\_/@CN l - intramolecular . T
CN H-abstraction ’ C___.__N-
,(l)H ‘ (_'(? , OH 0" 4 (6.. HG - oHo :
Ph—C  Ph=C-H—P 2 pop-bd—pp = Ph—G—topp N P
= dy | "
' ‘ «Z : H- a—hydroxy ketone
L Thls reaction is completely rever: Gfble the reversibility mdlcatedbvthe fact fha'r when benzoin js heated with an

another aromatic aldehyde, mixed products are obtained.

frr e
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‘ H - - KCN ‘ .
Ph-flC——ﬁfPh + 2Ar CHO 2 Ph—CH-C—Ar
HO O - : HC‘) y)
This reaction is intermolecular - ‘ mixed product

reversible reaction

CN- catalyses the reaction because :
(1) It is good nucleophile

(i) It is good leaving group

(iii) It increases the a01d1ty ofthe C-H bond and stabilises the carbanion that results from the loss of proton
from C.
Benzoinis a colourlcss solid (M.P. 157°C) which assumed to tautomerise to ene diols.

N OD o opEon
e C— == —C=C—
Ene diole

‘Reduction of Benzoin :

2{H]

% * .
Na/EiOH s Ph'—?H:—*CH‘-Ph Hydrobenzoin
OH HO (Pinacol)
2] ,
SHG) ¥ Ph"‘CHQ"%“'Ph Deoxybenzoin
Ph—CH-—C-Ph ©
- If : H
OH O H {1
: » Ph—CH-~CH-Ph —> Ph-CH=CH-Ph
Zn/Hg, HC (1 Stibon |
' OH. '
A o Ph-CH,-CH,-Ph Diberzy
NiH, - 2 V2 et
‘Oxidation of Benzoin :
COOH
Ph—CH—G—Pn , — Ph— (‘{—C—-Ph Benil
OH O .HNO3 8 ('%
[0]
> Ph—C—C—Ph
CuSOy, Py T
O O
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6.7. Birch Reduction

Reduction of aromatic ring by means of alkali metals (sodlum or lithium) in hquld ammonia or amine with
ethanol as proton donor to give mainly conjugated dihydro derivatives. Ethers are sometimes used asa co-
solvent to dissolve the aromatic compound. Use of #-butanol fulfils the dual role of proton donor and co

solvent
Na, NH3 liq) where
cohoi E.W — electron withdrawing group.

E.R. — electron releasing groy
where R R is E.W.Group & grotp.
is E.R.Group

Meckamsm Solvated electrons are reducmg agent.

Na (NH3) —— Na* (NH, )X+e(NH)

Q= Qe e

' Radlcal anion Radlcal anion Product

Effect of Substituent on Aromatic Ring (Regioselectivity) : :
Electronic Factor : Electron withdrawing groups make the ring more susceptible towards reduction and
hence increases the rate of reaction on the other hand electron donating groups decrease the rate ofreaction.

Electron withdrawing groups promote ipso & parareduction whearas electron donating groups promote meta

and ortho reduction.
Ipso
cooH COO—Li COOH QCHs OCHj
(1) Li, NHa(1) H+ 8 (u) Li, NH3 ])
EtOH EtOH

para
0, m-reductron

To Produce Cyclohexanones :

Ipso, para-reduction
& 0
mild “ '
H* ,— CH30OH

-0
Example:
| CLEGNH (:@
(i) : MeNH
O% . 20%

' CH,0H Li,NH3 (COOH), CH,OH
(i) @v . . HyO, +BuOH . Q/\/ .
MeO C O _

OCHs

o

r’%\
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OMe

OMe

Li, NH3

N
(iif) t-BuOH

, 1) Li,NH; ,EtoH HOOC
(iv) COCH
Ow

Br
H H
PR @ acit - () LY g o
| (v) HsC\ )H', Hy0 Hy HaC
OMe '
. ‘ L Me
. 1) K,NH; , t— BuOH Et
vi :
('f) 2) Et-1 : ‘\é
~N Me . OMe

6.8. Cannizzaro Reaction-

| Under the influence of strong and conc. base, aldehyde which has no a-H (ndn enolazable) undergoes self
™~ oxidation reduction reaction (djsproportlonatlon) to produce corresponding alcohol and acid. This isknwon as
Canmzzaro reaction. :

e.g. Aldehyde - HCHO, PhCHO, R,C- CHO, </ o \XCHO'

- Aldehydes which have o-H undergo aldol reaction much faster than the cannizzaro reaction.

1) Conc.NaOH
2 PhCHO 2 mor ~ PhCOOH + PhCH,0H
: Benzoic acid  Benzyl alcohol

(Oxidised) (Reduced)
L !

Disproportionation
Mechanism: The mechanism involves intermolecular hydride transfer

gH ' (?H Q (l)H (I)e Ph
: _ I - RDS -
Ph—-C—H Ph-C—H + C—pp = Ph-C + CT_
I fast W\ A Slow i 1 Ph
(O (I)‘% , H ) H
Nu™ donar E+ acceptor ‘
' : H;0" » S) .
PhCOOH + PhCH,0H <————— Ph—-C-0"~ + PhCH,0OH

acidic work up 1l

Rate = K[PhCHO]Z[OH‘] 3 order reaction 0

Canmzzaro reaction is a third order reactlon
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'6.9. Crossed Cannizzaro Reaction
Reaction between different aldehyde

PhCHO + _Conc. —COO"

HCHO NaOH PhCH,0OH + H—-COO

1. When formaldehyde undergoes a cannizzaro reaction with other aldehyde without a o-H, then it is observed
that the formaldehyde is oxidised and other is reduced. This is because the nucleoph111c attack occurs on
formaldehyde much easily than on any other aldehyde.

CHO ‘ CH,0H
§|) vNaOH -
O + O H ——— + HCOO
H
OCH, - . OCH3

2. When HCHO reacts with other aldehyde with o-H then first the cross aldol reaction takes place followed by
CIOSs-cannizzaro reaction.

CH, 0 CH,0H CH,0H
\CH L "+ HCHO crossed (H C) C/ Ol ' ©
SCHTCH + H “Aldol SN fco . (G * HCOO
H,C . CHO , - CH,0H
: ' R Crossed Cannizzaro
Example:
CH,0H
/2 HCHO CH;0H -
() M~ CTCHO —————= CHy~C—CH;0H + HCOO
CH,OH ~ CH,0H ‘
_— C!JH20H : CHZOH
(u) CH,CHO —-_—-—»CHZOH_(’; cyo -HEHO o CHZOH—-—(l:-—CHZOH + HCOO~
CH,0H | CH,0H

(i) 2 (I:HO NeoH CH,—OH  CO0©
_—_‘—* +
cooH 2  coo® cooe

Intramolecular Cannizaro Reaction: Dialdehyde and a-keto aldehyde uhdergo suitable I.C.R.

Ml ~ OH~ ” -0 HO A ‘ OHO
__fo\e l

:‘H”‘C-‘(i",=0 H—C—C H—C*(‘:=O Proton transfer H—é—c=0
Glyoxal H ‘ kl o I!I o |
o H

» CHOl ¢ _ '
rate =K | | [OH ] 2" grder reaction
CHO “ '7 '

Hence, intramolecular cannizzaro is a second order reaction.

- o
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6.10.

Normal Cannizzaro : 3" Order Reactlon Canmzaro in strongly basic medium —» 4" order
Internal cannizaro - 2™ order

5] . e 0 OH
OH OH I Ty/®o
Ph—C—CHO ———» Ph—C—CHO —— Ph—C—CL£-0
i Il
o ) "
@? OH

] I © oton transfer
Ph—C—C—0 2T ph—C—C=0 ~——

H H
. H" ions come from aldehyde

Chichibabin Reaction

Substitution Reaction: Pyridine reacts with sodamide in the presencé of liquid ammonia at about 100°C to
form 2-amino pyridine.

A N
' I + NaNH, Lig NH; @ '
\N o o A " NH,

2-amino pyridine

Mechanism:

AN
+ NaNI 12._.._.._.., -—l—i .
NA

N _) NH2
NaH + NH, —> NaNH, + H,
The reaction is initiated by attack of nucleophilic at C-2 or C-6. This because the negative charge on the

adduct formed by the additon of nucleophile is stabilised by delocalisation on the electronegative nitrogen
~atom.
Examples:

oLJums Qi o2 Qg O
‘ 110°C Ph-Li N Ph : S _320°C N ] 0

oH
_ H
2- Pyridone

QD =,
qu NH3 N NH2

Quinoline

, N
.(N)‘/ I \ L|q NHg (IJNHz

| NaNH ~ | |
(v)(l 2 Q U Q e O
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6.11. Clemmensen Reduction

~ Ketone and aldehyde on reduction with zinc amalgam and hydrochloric acid give the corresponding hydrocarbon
1.e, carbonyl group is converted into methylene group.

H ZnfH ‘
C_£vhg
N / \
The mechanism of Clemmensen reduction is uncertain. The following expected reaction pathway mvolvethe

transfer of electron from the metal surface to the carbon atom of the protonated carbonyl group. Transfer of
4e” from Znto one molecule is expected to occur.

Mechanism :
O™~ oM. o OH
g H . Zn, CI 5 { R HY +
C. = —C—R ", p—C—R
R/ \R' , R/ \R' e transfer . l — 1,0
ZnCl ZnCl
lZZn
©

- _H W R—C—R+2z0*
ZnCly + R—CH;—R . R—C—R
. | ~ZnCl ZnCl
Special Features:

(1) The acid should be conc. (aq. phase should be low) to prevent the bimolecular condensation reaction
of carbonyl compound.

(i1) The reduction fail with acid sensitive and high molecular weight substrate.
(iii) Certain types of aldehyde and ketones do not give the normal reduction products alone.

(a) CHy—C~CH—C—CH; ek ——ﬁ-—CH—cm
O c¢n,

Mechanism :

Through Rearrangement

: HO “OH HO” OH - HO"~"TOoH (,OHz

.0 CHj3 O
(b) 0{ , ol O ' '
Zn-Hg
ij/vv . i
~ This ting is stable .
in basic medium. In acidic medlum
it will be break.
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6.12

Application :
(1) To reduce keto acid :

: (R A Zn-Hg CHy—CH,;—CH,COOH
C——CHZCHQCOOH T

(2) To prepare napthalene :

0 : . ; '
- ‘ ‘
&
CI;HZ 1}Zn-Hg, HCI AICI3 Zn‘Hg Se
C|:H2 2) sOCl, " HCI A
COOH o Yo I
Example: ’ ‘ ‘

(@Ph—C=CsHy =R ph—CH,—Caty
8]

CR.  CHa(CHy) —cH3

(i) CHy(CH,);—CHO —

~ 1)ACl
2)Zn Hg
a

HCl
0

) CR.
() pp Sl I O

14 14

OCH3
OCH QH ‘

Zn/Hg . CHZ)ECHS H , CHy—(CHz)5CH3

) (v “ZniFg) ”
n{hg
CH=0 (81— 86)%
(60-—67)%

79
«QHO 2 Qe

CHj Hs
" Zn(Hg)
Vi) o "HCI
: - H H. -

Dakin Reaction

Aromatic carbonyl compounds having a hydroxy or amino group in either ortho or para position can be
converted to phenols on treatment with alkaline hydro gen peroxide.

HO ’
—_— + HCQO

i
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Mechanism:
0 C \ ‘ 0 0
% H A\ < | 0 P H 6_3—&8 OH
o~ 0 , i
S © H
HOO = i OH
“ ,
OH OH OH OH
OH 00
o
© li
HCOO + ~———— H—C—0OH + © -
OH
Examples
o\C CHs OH
H,0,/0H . o
(l) + CH3COO
NH, ' NH,
0
fi
C " OH
L . H0,0H e
(i) —_—— + CgHsCOO
OH | OH

6.13. Darzens Reaction ,
The Darzens reaction is the condensation of a carbony! compound with an o. - haloester in the presence of

a base to form an a, [} —epoxy-ester.

O ’ O ’ T O ' "e
.+ X KOtBu _ R\ / \_~COR
R " ORm - / ‘

R t-BuOH R ’ \R“'
R

Mechanism: The first step in this reaction is addition of enolate ofthe c.— halo ester to the carbonyl compoﬁnd
After this alkoxide oxygen formed in the addition does nucleophilic attack, dlsplacmg the halide and forming

a, B —epoxy ester(also called glycndlc ester)

1*0:/*@)1\ e C___C)k

00zH = ReC—CH T0CH; ——>

01 , : Tl



http://www.ChemistryABC.com

Named Reactions : 7 172

o) o :
cl_ HCI\/L s Gl |
-tBuOH \/ﬁ? syn

H H cl
; LA H i
. 90 o
Cl
NN OEt
anti él
In the subsequent step, an intramolecular S 2 reaction form the epoxide
N— :
X—OEt Cr
—_ CO,Et
: trans

fom—

I T PROBLEMS S
o 0
KOC(Me)s CO2C2Hs
O + CICH2C02C2H5 L
A H
- ) i Q !
KOC(Me);  Hz, WCO2C2Hs5
2. PhHC==0 1 PhCHCO,C,H; ————>
l Ph Ph  75%
Ci
o) 0 o
” KOC(Me)s HyCy, . ‘\\\COZC?_ Hs HiC, /. ‘\\\CO 2CoHg
hCC | —_ T A A
3, P H3 + CICHC02C2H5 - Ph H + HyC H E
(1:1 mixture of isomers)
; | 1. LIHMDS e R
4. CH3CH,CHC,CoH; —— - HSC//:/.L\\\\COZCZ“S
A L 2. I PH CH,CHs
‘ HsC” “Ph ‘ ‘

- 6.14, Dzeckmazm Condensation / G:ychsatmn

It is.an intramolecular clajsen condensation and is used for preparatlon of cyclic ketone. Intramolecular claisen
reaction where both esters groups (COOET) are part of the same molecule acting as a Nucleophile and electrophile
to give cyclic stable 5, 6 or sometimes 7 membered rings is known as Dieckmann-Cyclisation.

: O
/CHz‘CHz“COOEt COOEt
"H-C NaOFEt
2 \ B UL E N ——— |

CH;; .':'*"hOOEt Y 2N

N
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Mechanism :

H,G—COOEt

o
| | | G ‘ :
/CHz ‘ CHy,—CH, COEt 109 §CO0Et
T T Y B B |

CH;—CHCOOEt

0 o)
H . H
+

Effect of Dilution :

(1) On dilution the solvent separates the molecules and as a result the intermolecular distance of the reacting
group is greater than the intramolecular distance. So the intramolecular cyclization is favoured by dllutlon
And intermolecular condensation is minimised. ‘

(2) Ester of the acids lower than adipic acid acid initially undergo intermolecular condensation followed by

cyclization intramolecular.
0]
CH OBt 8 o3 |
e L, CHrC-OBt Noog C|:H2-C—,—C<I—C—0Et
CHp"COOEL - CH,-COOE CH,COOEt  CH,—COOEt
Diethy! Succinate ’ : :
e} 0]
I 0 i
O -COOE ~_C.__ _COOEt S
Hew O H,C” “CH™ OEt CH,
HCo_ CH_ ~  H o RN
2 ~COOE -
¢ cookt. \ COOEt C-OEt O
f @Et ' O
6 member ? " '
- € _COOEt
Hc” cH-COOE G e
| | “CH,COOEt
H,C CH, + H,C——C
¢ cookt -
0 ~ 5member
6 member
Experimental condition also affect the size of ring.
0 ROOG COOR 0
' ' ~ N H B COOR
ROOC COOR :'EtONa, EtOH atl, Benzene ,
S Protic solvent COOR. aprotic solvent “COOR
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Application:
(1) Synthesis of steroids :

» H,c 9
COOR +
COOR EtONa 1) H;0*"
COOR . ? o | |
?.?;g:e R Steroid skeleton
2) Heterocychc ketoesters : :
' : COOR .
. N/CHZCHZCOOR poxe [ o b
_ _ . ;
~CH,CH,COOR ! o A BN 0
’ —CO0, |
Piperidone derivative
Example:
: Y COOR
CH,—CH,—C—OEt
Me'N/ 2o NaOEt
. = Me—N" 0
@ CHz_CHz_'?l;_.OEt Benzene
O A
EtOOC COOEt EtOOC " COGEt

EtO0C.__COOEt o
(ii) EtQOCNCOOEt EtO EfOOC s A0 ———-»DCOOEt

6.15. Ene Reaction ~
Any alkene having an allylic hydrogen atomreacts thermally with enophile to form a new bond to the terminal
carbon ofallylic group. This involves 1, 5- migration of allylic hydrogen and change in the position of the allylic
double bond. Itis like 6me electrocyclic reaction. (The Diels -Alder reaction). Two electrons of allylic C—H,
or o bond in place oftwo w-electrons ofthe diene as in Diels-Alder reaction. The actlvatlon energy is greater
than Diels Alder therefore high temperature is requ]red

C T —

H hil
ene - enaphe 6-membered
In this reaction, X =Y is: TS
C=C
C=0
C=§ -
N=0
N =N etc.
Examples: '
: 0 0o
( 200°C o
. + 0 ——— !
) _ y
H
O O
Maleic anhydride

i
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(i1)

- Ene Reaction is reversible in very high temperature.

“ 400°C
(111)
ﬁ - CeHia '
(iv) ' Q——— >4000C CeHizCHO
H o Ty ‘)o + Cehig

B+hydroalkene

Many ene reaction can also be undergone in presence of lewis acid which catalyse thereaction. Advantage of
lewis acid is that the reaction is done at room temperature or below r.t. Lewis acid used are AICL, SnCl,, TiCl,
etc. The best result was found with allyl aluminium halide.

A ]
(v) i c1{2c12 0°C HyC NH-OTs

H3C H N-OTs

O

_(CHapACH
CHZCIQ, 25°C
Icoho
R\ /-\“ (CH;),AICI S)AI(CH )2CI
)2 3)2
C=0 + C H
= / .@) ‘ Ru/ Q’
(vii) 4
Zwitterionic intermediate
Optical Active:
| 3 CHs
viii) H3C,
(vii) s /’/ Benzene heptene Me,
2 -
. CyHsAICK, 25°C  Me
/ HAICk ~CO,CH;
CHp= -'"lCOZCHa cl
: CI
R : Phenyl
boo
‘ O
CHa

optically active

. s 5 e i e R o e -—
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(G02CH; - mCOZCm
' 70° ~ 190° l l
/\’ : _1——_"_0_" C4Hg CO,CH3

C4H S
()48 ; H CO,CH3 Fumaric acid derivatives
- cis-addition

Dimethyl acetylene dicarboxylate

2 0
H_-CHg
SO
(XI)H _CHg
cis 0

\
(xii) I ,
H
- Steric of trans methyl in H

endo transition erythro

6.16. Frzede] Craft’s Reaction
1. . Friedel Craft’s Alkylation : This reaction mvolves the mtroductlon ofalkyl group in the benzene nucleus in

presence of a catalyst. The arormnatic compounds are usually hydrocarbops, aryl halides, phenols, ethers etc.
and certain heterocyclic compounds. The reaction is actually electrophilic aromatic substitution. Where the -

alkyl group acts as a electrophile and the benzene nucleus as the nucleophlle
CH,CHj4

- " anhy.AlCl3
+ Chorl Mo

' CH,CH,CH;  CH(CHs);

+ CHCHZCH,Cl 222> _ACs @ @

- Mechanism : Various combination of reagents can be used to produce the alkylating group. Three usual
reagents are : ,

(1) Alkylhalide (RX)/ Lewis acid )
(2) ROH/H* —» ROH+H* —> R-OH," —> R*

® ‘ ® - H
3) R—ﬁzCHz/H — R—ﬁzCHz + H —— R—%——CH;;
2 and 3 [ Primarily carbocation intermediate], 1 Duality of mechanism depending on various factors.
' : 5* Q.
(1) AlkylHalide: R______, (:
under normal condition it is (R) not sufﬁcient‘electrophjle to cause aromatic substitution

© <)
R_ l form 1- 1 [R—Cl-Ale:;] — [R ....... .AlCl3] —— R* + AICI,
adduct with - - Polarised complex If it is highly stable
Potentids A carbocatien

P dl
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~ Donation of electrons to lewis acid makes R-X bond more polar with increase positive charge on R.
With Straight Chain 1" Halide ; | |

3 + o+ &~

[CH;........ Cl........ AICl3]

.. o |
+
+ CHs....Cl....AICl;—» CH,
u -,

H - H

. . o o .
AIC‘;; + HCI + CH3 «-(-:—-—- CH3 AIC|4 == CHQ] AICI4 -
®

Wheland intermediate

CH,Cl + AlCl;

- o
ACl, <~—— CH; [ AICl

+

It involves a Nucleophilic attack by the é‘romatic ring to the élkyl group of the polarised complex. AICI, isa
better leaving group than Cl and the degree of polarization of alkyl halide depends on R and lewis acid. ‘
2. With 3" Halide: Carbocation is the actual Electrophile

slow

| o o
(CHg)3 ~ C = Cl + AlCI, (CH3);C + AICE,

® H ® '
®  Slow CMe | _H* CMe;
+ CMe; =—= 3jAICl4 > % CMe; | AlCI; ?St_,.

For both Mechanism : Rafe law r = K[Ar - H][Rx] [Lewis acid] . While the 3° halide as the carbocation.

For all other cases (2° or long chain 1°) it appears that the carbocation mechanism s increasiﬂgly favour with
increasing branching in the alkyl halide and the strength of the lewis acid.

Evidence: Isolation of Wheland Intermediate

. H_ Et I Et :
Me Me Me Me
EtF BF, -n+  Me Me
BF3, —80°C | A, -15°C
Orange crystalline comp. (solid)
Example:
o |
HO ™ HOQ
\/t\{\/\/ﬁ\ S¢(CF3803)4
+ e -
A CH 3 : '
H,C OH 3 H,;C

CH3 » CH3 .
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It also give 1, 4-addition.

A ; , (@ CHZ—-E“CH—CHZ CH,
T T iy gy SCE(CF3803);
(i) CH;~CH, (lJH CH—CHZ'—"*‘——’“CHfCHZ-(IZH@CHZ___y
OH ‘
+O’H) Major product

(05SF5C)5S6-

Intramolecular Friedal Craft Alkylation: »
In this reaction there is a tendency to produce a six membered ring rather than a five membered ring

@ @——-—@33—“*@0
- ,« : )

2

H, Hs

C\CH2 H,SO; CH CH CH2 CH= c:H2
(2) | (:3H2 dehydratlon

OH

Ifa potential C* intermediate can undergo a hydride or alkyl shift then this will occur in prefrence to cyclize for
producing a five membered ring because after shifting the ring closer produces a six membered ring.

CHz"“CHZ /CH3 CHZ_CHZ\ /CH3
—— CH
k _CHj N\o—CHs
l \CH3 | 4

l “CH,4

: H" shift oecurs before ring
O' ) ~ closure so that finally a V
CH 3 6-membered ring it produced
HsC™CHL

minor product

CHj
HsC™ "CH;

major product

“CHs

Limitation:
(i) Polyalkylation : Since the alkyl groups are activating the reaction doesn’ t stop at the mono a]kylated stage
and di, tri and poly alkylated products are obtained.

CH
_CHCl _CHsGl 3 CHiO!
AICIg TAC, = =oon
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This specially occurs with ethyl and methyl group.

This can explain on the basis of hyperconjugation. Methyl > ethyl > isopropyl > t-butyl.
(ii) Rearrangement of C* as well as the final end product (migration and disproportionation)
(i) Two ways to produce n-propyl group.

COCH,CH3 CH;—CH,—CHg

' AICl3 Clemmensen
+ CH3CH,COCI ——— Reduction
' Zn/Hg, HC}
v , CH, CH,CH,CH |
, 177 AC e
+ CH2\ ._.__._.3_>
A CH, _

(iv) With electron mthdrawmg groups: Substrate containing strongly deactivating and & WIthdmwmg groups
do notundergo F.C. alkylation.

NO, COPh
@ or © ~—— No F.C. alkylatson

OCH; "OCH;
NO, ACl; NO;
CH3-('3H——CH3’ '

.CH

- cr - CHIT®

CH;

Note: Alkylation is possible if the ring contains one strongly e donating group. Nitrobenzene is a preferred
solvent because:

(1) It don’t undergo Friedal Craft alkylation.

(2) AICL, is soluble in nitrobenzene. So a heterogenous reaction is avoided.

Napthalene :
Napthol and pyridine give poor yield w1th Frledal Craft reagents while certain heterocyclic compounds, like
pyrrole, furan, thiophene undergo Friedal Craft alkylation.

¢ | I H | — give F.C. alkylation ‘
AlICl3 - Thiophene > Pyrrole > furan ‘
Example: ' . ,
: ‘ - BFy CH,CH,CH,CI
(l) + F CH2CH20H20| Cold
Ph

Ve

| o cH.
(i) Ph—CH=COCH, 01, " NCOCH,
T AIC ,

r N
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Friedal Craft Acylation :

This reaction involves the use of acyl halides and lew1s acids like AIC]3 BF,, SbF, etc. to produce alkyl aryl
ketones. Acid anhydrides can also be used. The mechanism involves an acyhurn ion or a polarised complex of
acyl chloride and lewis acid. In polar solvent the acyl cation has been detected by IR spectroscopy.

=0t e
R—CZ=0Q" <> R—¢=0

Some complexes like MeCO*BF; isolated. In polar solvent when the R group is bulky the mechanism is-

" believe to be proceed via acylium ion. While in less polar solvent and in some other circumstances where the
acyhum ion is not detected the reaction goes via the polarised complex.

Mechanism :
- ® <) ™
R—C—CI+ AICl, ~—> R AlCl; —R—C=0" =——> R—C=0
_ : acylium fon
® ' O
R—C---CI----AIC|3 . : (ﬂ) R

N\ H r\H e
CR == ‘ |

Pol d l

olarise COI’I’IDEX O O

(less po ar solvent)

O .
+ g : p
R—C=0 H 4 L C—R
= A C R = i
acyliumion o
-{polar medium) O
With Anhydride :
.e e A‘C|3
7 CII)/\AICI n)( | o 9 A|CI3
/C\,C\——-g*,\,\ ”Rct9+0
R O R R" O« R ¢ O/ R
R-C=0
®

Difference between Alkylation and Acylation:
(1) The acyl group withdraws electron from the ® system and hence deactivates the ring towards further
electrophilic substitution. So the problem of multiple substitution is avoided.

&

-R ' )
O:S Deactivated

(2) Rearrangement of the initial B (acylium ion) can’t take place as like that of alkylation. So rearrangement
products can’t be obtained. Under a special circumstance when the R group can forma very stable C* then

. . ® . v :
decarbonylation of acylium ion takes place (R—CEO ) to produced a stable C* and the result is alkylation

rather than acylation. |
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Example R—C _C.(O - R_C,C =0 — R'+ CO (decarbonylation)

) CM83
M83CCOCI + A‘C|3 —_— Me3c-(§: O——-—-—-—)-v~ Me3C + CO —> ©
Stable

(3) Amount oflewis acid required in acylatlon is more than the alkylation because in acylation the lewis acid
form complex with the product ketone and is thereby removed from further participation in the reaction.

R__0O R_+ 8-
Noid NCEE20- -+ -AICk

Stable complex

R“g*—dH _conc. H2804 (I?D R—C= O g a7 R*g)”‘o

This reaction is particularly used in
intramolecular Friedal Craft acylation

Intramolecular Friedal C raft Acylation:

@
0 T
i
C, AICE3 C
P @f @-—*@ﬂ@-—-ﬂ*
C Hzo C
il i
0 O
‘ 0]
Q il
~ AICl, C~c—0H
- + /O e T
(i) C H,0 o}
] -
g ,
0
-
C—OH

"0 (xSt -

Two Reagents for Intra MolecularAcylation
(1) Polyphosphate ester (estenﬁed oligomer of PPA) -

3

Y j‘/ CH,),COLH _.____._,.< ]@j@

(2) Methane sulphonic amd CH,SOH:

(CH,)3CO,H CHgSOsH A
m,/ 3 2 I‘” — O w

. O
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6.17 Grubb’s-First Generation Gatalyst

Pcy
Ny ’
N Cl
Ru==
cl R“- :
P Cl Ph Grubb's 2nd generation catalyst
RE PCYs o

Hovéyda-Grubb’é catalyst -

FiC. Me N y
F3C O--—-Nllo—C Me

Me

Blechert's catalyst

F4C

F3C' Me
Schrock's catalyst

Ring closing metathesis: (RCM):

P

0

—
)
-
-

Grubb's 2nd :
= HO Nt

generation catalyst
CH,Cl,

HOIin:
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Mechanism:

HO !l OH —— HOMu:

N
S8k
Me

@]

—

RU:CHZ

Schofk‘s
e S

Mo. catalyst

OH ~—————» HOlli#:

)\/Q Grub's catalyst

EtO,C° CO,Et

OSiMe3

Grubb's catalyst

Then BuyNF

i hexane, 55°C
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Ring opening metathesis (ROMP) polymerisation.

Ru

Ru .
n
6.18. Heck Reaction

« Heck reaction involves the palladium catalysed substitution of the vinylic hydrogen with a

vinyl, aryl or benzyl group. ;
« Coupling can be intra or intermolecular.
~« This coupling réaction is stereoselective with a propensity for trans coupling as the Pd halide
group and the bulky organic residue move away from each other in the reaction sequence by

bond rotation.
-+ Typical catalysts are Pd(0) phosphine complex Pd(PPh,), or in situ catalysts such as Pd(OAC)/

PPh,.
. Reactlons are conducted in polar aprotic solvents llke MeCN, DMSO or dimethylacetamide
(DMACQ)
Intermolecular Heck coupling: ' ‘ ‘ ‘
: B COOMe | ,
. . Pd, base N X COOMe
+ = . —_———

100°C

' o /R' Pd, B |
, Dase R
) D/ ' -I‘lBI' i
;ch ‘ < ) . H3C

Intramolec’ular. Heck coupling.

\ Br
Pd, base
. e
~HBr
N B
I .
R o |
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Coupling with isomerisation. :
COOMe COOMe
Br .~ :
Pd, base 125°c O.]
—4Br
O Me

6 19. Gatalystlc cycle for Heck coupling reaction
3 O
o
Q — Pd(PPh Oxidative Addition
= %\‘ (PPh3),
Q.. CHs ‘ ,
};o( | Fl’Ph3
< G
Ph. . ~
H—Pd—Br PPhs
)1\ _CHy ,)k ——r
d AWPPhg ,
ellmmatlon

PPh3 | PPh3
d——Br Insertion

‘/ carbometallation
PPh3

PROBLEMS

Me 7
B B
f Z > cooMe
Pd(OAC),

Br  MeCN
100°C
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O O
s Br » =N PAr, 7

CO,Et
/\i (OEt PA(OA), AN
(O-Tohyr
EtzN, DMF
Br. Br
Pd(OAc
+ /\COZMe DO
' EtzN, 100°C -
I A : COzMe
e0 1 Me 7 os/Pry MeO
: Pdy(dba); CHCl;
: R;3N, MeCONMe;, 100°C
IIJ O . Then HC1, THF
' Me 7 . '
: ' o ‘ Me
1 Me : ~ :
‘ \ Pd,(PPh,),Cl, CO,Me
J , CO, McOH '
‘ N THOAc), 65°C ‘T'
I SO,Ph
SO,Ph

6.20. Hoffmann Loffler Reactions

The Hoffmann Loffler reaction (also refered to as Hoffmann Loffler Freytag reaction) is an organic reac-
tion in which a cyclic amine is generated by thermal or photochemlcal decomposition of N-halogenated
amine in presence of a strong acid.

)] H', A

\\/\/\rf/. (ii) Base =2O

X N
: [

N-halogenated amine
cychc amine

Mechamsm Thermal or photochemical dlssocxatxon of the N-chloro ammonium salt formed by proto-

_ nation of N-chlozro amine, is thought to give the reactive ammonium radical species. This abstracts a -

suitably situated hydrogen atom to give.the corresponding carbon radical. This is abstracts a chlorine
atom from from another molecule of the N-chloro-ammonium salt, thus propagating the chain and at the -
same time forming the § -chloro amine, from which the cyclic amine is obtained.

The mechanism is shown below:

. - @ .
\/’\/\N/ = NN — WN/ —
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Example:

(i) H,SOy, hv
B
(i) NaOH

Y
Me,N®

OMe
NaOFEt

- EtOH
Reflux, 10 Min, 88%

.
‘

(ii)

6.21. Hydroboration

Hydroboration is the process in which alkyl and alkenyl borane are prepared by the addlthIl ofborane to
olefines and acetylene.

. H0 '
CH;CH=CH, ——I%I:—» CH3"‘?H"“CH3 Markovnikov's product

OH _
l H,0
— CH;-CH;—CH;—OH Antimarkovnikov's product

H

Alkenes on reaction with diborane (B,H,) in ether solution at room temperature produces trialkyl borane
(R,B) which on oxidation with alkaline hydrogen perox1de produces terminal 1° alcohols. This reaction is
known as Hydroboration - Oxidation.

The reaction product seems to be anti markovnikov’s addition of HO (hydratlon of alkene) by syn add1t10n

—(TI= ByHg , H,0, : _
R-CH=CH, f—»(RCHZCthB ‘ﬁ'dh_" 3R—CH2-—CH2—OH +H;BO; or B(OH)3 V

Boric acid

(1) This borane BH, is a good e~ pair acceptor havmg only 6 valence e~ around boron. B,H, is a dimer of BH,
in which the two Hs form a bridge between the boron by a 3C - 2e~bond.

B: :B\ . 3C-2¢7
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(2) Inaprotic solvents that can act as an " donor to form lewis acid - base adduct withborane. This solvents
may be eithers 3° amines or sulphides. '

VR
R,0+ BH;—R,0—BHj
./_\ + -
R3N + BH;— R3N—BH;

R t =
R,S + BH;— R;S—BHj
Lewis acid - base adducts.

3) Cbmmonly used reagents is a adduct of BH, with THF.

e ® '
(a) H-7B~O<j (b) With THF CH;0~CH,—CH,—0—CH,—CH,~0—CHj
BH;—THF leB
\@ o
- 'S—BH;

(c) Dimethyl sulphide adduct.
- H,C

Regioselectivity and Orientatjon : This reaction is higly regioslective with unsymmetrical alkenes the BH,
becomes bonded to less substituted carbon ofalkene and hydrogen get attached to the other end of the double

" bond. A combination of steric and e~ factors work together to facilitated these orientation. Hence the products
are corresponding to-anti- markovnikov’s of addition of H,0 to C=C.

CH; ' CH,4

AN
>: CH H202/ OH_ /CH'—_ CHQ_OH
B C

Electronic Factor: The orientation appears to be unusual because the Hs adds to the opposite end of the-
double bond. In cont‘rast to the ordinary E* addition ofhydrogen halide.
CH3"CH‘-‘ CHz + HZ — CH3 -CH== CH2 — CH3_..CH._ CH3 + 7
' Z"““H Stable 2° carbocation ‘
Steric Factor: Steric factors reinforce the electronic factors. i.e. attachment of B takes place more easily or
readily to the less crowded carbon of the double bond. The bulkier the substituent on alkene more irmportant is
the steric factor, while more strongly electronreleasing or electron withdrawing substituent on alkene more

important is the electronic factor.
H;C . , ]|3 ~ :
/C=CH2 3 (CH;;_CH“”CHz')‘B + CH3—C~—-'CH3 This will not take place
H.C | 3 . in normal condition
3 . CH3 ’ 3
. CHj;
?H3 l CH; . CHy H,C
HE == C)  me—c—p—c—cn;
CHy  HC CH; H, | o
_CH—CH, : H;C-(;?—CH3
H,C | CH,
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Some Selective Hydroborating Reagents : When the alkene is tri or tetra substituted then give di alkyl &
mono alkyl boranes respectively with cyclic di substituted alkene, dialkylated borane is observed. These

reagents are less reactive and more selective than borane itself.

(1) Disamyl Borane :
H,C CH
>=/ PBals o fon—cH—cu—\BH
O 25°C A |
3 CH; CHj /2
Dialkylated Borane
[Sia,BH]
(2) Thexyl Borane :
H3C CH3 . H3C CH3
B2H6 | ki
——— CH;—CH—C-BH,
CH 25°C |
H;C 3 CH,4
Thex - BHZ

H
o B/
(3) 9-BBN : Om %

Note: It always attack at less hindered carbon

Percent(%) of B added to less hindered / substituted C of alkene :

B B
B ( ( (B

Hydroborating ( >—_/——-

Reagent PR /\f Y

B,Hs 94 99 57 80

(CsHy1),BH 99 99 97 98
(Disamyl borane) |
Thexyl chloro- | 99 99 97 99
borane(-SMe,) ‘

solvent

9- BBN 99.9 99.8 99.8 99

el
it

Increasing Regioselecticity

SiazBH and 9-BBN are more sensitive to the structure of alkene than borane itself,
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Some important Features :

1. Terminal alkenes react more readily than internal alkene.

2. Z alkenes react more readily than E alkene.

Termmal
—BBN
Or Slaz "‘H ’

Internal More hmdered than terminal

Z - alkene gives faster reaction’
Easier to form the T.S.

Application:

E- alkenc give slaw reaction

“This is selective hydroboration".

(1) To prepare boranes with three different alkyl groups : (R, R’, R”~B)

@i}BX\——»OI& s

(2) To prepare cyclic boron compounds :

CO,Et
—_—

B O

3 diff. alkyl group

S =Y
S e

3. Hydroboration is readily affected with alkenes containing many functional groups. When other functional
groups are not reduced by borane then hydroboration can be done without any difficulty. The easily reduced
carbonyl group must be protected as their acetals and carboxylic acid must be protected as their esters.

Stereospecificity :

Hydroboration is a stereospecific syn addition. The addition accurs through a cychc 4 membered transition
- state with essentially simultaneous bonding of alkene to B and H. :

Both the new C-B and C—H bonds
, (,:\ are formed from the same side of
' 1 the double bond so after oxidation

& : e : Ej in per-oxide both - H and OH appear on
113 H the same side.
H
~_CH CHj
) 3 BHj THF "I Hzoz
Lewis - acid " “'G;I‘é"
base - adduct ’l:,/ .
//
‘B—H
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Example:
CH, H;C WH plH  HC\H
| | W2 | WOH
) 1)B,H H,0, :
0 _DBHs L M0
2)H;0,, OH OH
. CH, H20; _CH,OH
(1) |
BH, OH
(i)
CH,OCH,Ph -
F\ — CH,0CH;,Ph

CH,0OCH,Ph
., CH, _______> / \ HQOZ/OH' / \ 2 2
0" g CHs 2 BH,CH . OH CHj
: . H CHs T

Hcs

(iv)

99% one diastereoisomer
94.98% ee

OH
Et,0
B R
—78°C

;

99% one diastereoisomer
94-98% ec

6,%2. Knoevenagel Reaction

This is the reaction between aldehyde/ketone and a compound containing active methylene groups in the
presence of a organic base to form a, B-unsaturated compounds.The base catalyst which are used generally
are NH, derivatives like RNH,, R NH, RN, Pyridine, piperidine etc,

Active methylene group :

9 | Q
_C—OEt /O CHs - C=N
H,CL | HaC HCL
C—OEt . C-OEt ~ #NCOooE
0 . S |
Diethyl malonate  Ethyl acetoacetate : Cyano ethylacetate
Aldehyde

Ketone
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CI)@
C—OEt
V4
HC\ o
o © e C—OEt T
GOt 5 gy COEt 0 _C-OFEt
I’ \/ ) - HC Pr— HC :
\ H2C7‘\ . —OEt ‘ \C -OEt
S~ “C—OFt |
ki
A (") (- \ OEt O_. Resonance
C © stablised
Presence of two €™ withdrawing groups . C OFEt carbanion
next to the methylene C makes the .
methylene hydrogen very acidic 0 '@
Mechanism :

(1) Thisreaction involves a base catalysed aldol type of reaction with subsequent dehydration, hydrolysis and
decarboxylation to produce o, B-unsaturated acid.

* (2) High reactivity of the active methylene compounds prevents the self condensation of aldehydes that is
aldehydes having a-H do not undergo base catalysed aldol reaction in presence of active methylene
compounds because the enolate generated from aldehyde is more reactive compared to the carbanion
generated fromactive methylene compound.

o
RsN + C;i—(COOR)2 R3NH + CH(COOR),
H
DEM . ,
RH‘{—/H\. + RN
+ CH(COOR L CH- RyNH
CIO ( )2 ——» R ({‘,H CH(COOR), 22—+ p (\ —(COOR),
0® ((')H
0 ‘
| C-0-H . - H0
R-CH=CH-COOH <2 R—c=c{ _ <« % _ R-CH=C(COOR), =———
VB-unsaturated acid 02 " b?~ R |
& 4 decarboxylation , @
Exa}nplez -
CHO i) Piperdine
o + DEM — >
D Loon | i) H0* A
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Mecharnism : - '
, 0
2l : (o -
. /C—OE'( : /COOE'(, ” (') /COOE'(
N orr e +gTH—Hooc—CH-cH___
N HI COOEt COOH | COOE
o ()
COOEt ' HO H ~_ ' N
T _H,0 [ '/C OEt H, \H
HOOC—CH=C <~~~ HOOC—CH—CZ_ -
| \COOEt | ﬁ"OEt
Almo* ‘ 0
COOH o
HOOC~CH=C\ €0 HOOC—CH=CH~COOH .
COOH ' i :
.0 . 00 ’
§  cucom, ©)
(i) C—H i) cH,(CcooRr), o CH~CH(COOR), N
< ii) Pyridine - < >
O .
OH H

< @c =C——(COOR), _ < @CH SH— (COOR)Z
| . FCOOH _co, o) CH=CH—COOH
0GP~ A CH=C —*( |
”‘"‘*’*( COOH 0

6.23. Kumada Coupling -

* Kumada coupling or kumada-corriu coupling is the nickel or Pd catalysed cross coupling reaction between
an alkyl, aryl, vinyl halide or triflate and aryl, alkenyl or alkyl Grignard reagents.

* Thereactivity ofthe halides follows the order I > Br > Cl when Pd is used as a catalyst if N1 catalyst then

Cl>I>Br.

For example: ‘ ' - ' |

A vNiClz (dppp) A_ / '
MgBr + #2 , >

89%

O O e
@—Br + Bng —-—~w—> R Q Q + MgBr
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Note: The application ofthe kumada coupling reaction is somewhat limited because ofthe mcompatiblhty of
Grignard reagent with certam functional group.

6.24. Michael Reaction

The nucleophilic addition reaction of an nucleophile (generally, enolate) to an a, 3 -unsaturated carbonyl -
compound is known as Michael reaction.

O O
. ’ e ;
CHy + =—"" — R
Mechamsm

i S
R CH, —OE—t* R ———>R

s . .- . ‘PROBLEMS . = =
O '

EtO,C /\)L NaOE EtO,C CO,Et
i + AN a0kt
® Et020> 7 ‘ OEt w—* ):/CO?_Et

’ | 0
0

‘ Me

(ii) Me + \/U\ _t-BuOK OMe |, ,

(Minar) (Maj or)

/lL/\ 6 0O KOH cat.
T M BnEt;NCl cat.
(iii) Ph A pn e i

16 h, 20°C

77% yield

. +. \/IL 1. mix. heat . ‘ - OH
(iv) OH 2. acidic work-up

:I | | ‘o o0
O .
SiO, THF OH
OH 2 hours, 0-20°C - SOsPh
SO.Ph '  75%yield

morphohne enanmme‘
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6.25. Mc-Murry Reaction
The McMurry reaction is an organic reaction in which two ketone or aldehyde groups are coupled to analkene
using titanium chloride compound such as titanium(I1II) chloride and areducing agent. The reactionis named -
after its co-discoverer, John E. McMurry. '

Example:

O AP

The McMurry reaction of benzophenone McMurry coupling to a molecular motor

Mechanism:

PROBLEMS

Soln.

0 - o
TiCl,
1. ~ . Zn(Cu) ~ ?
. 0 '_
@ o
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> Zn-TiCly, THF
3. 5 t0 0°C then

reflux, 2.5h, 77% BnO

6.26. Meerwein-Ponndorf Verley Reduction

The reduction of carbonyl compound to alcohols using aluminium iso propoxide is known as MPV reduction. -
OH

R CH, o .

CH;-CH—CH,

—— \ ‘ i
. C=0 + Al TO-CH__ » CH—OQH + Al(Oipr);
R : CH;/,
R!

Mechanism :

Al t- butoxide is not used in reduction because of absence of H.

(1) The Ist step involves the transfer of hydride from the aluminium iso propoxide to the carbonyl compound -
through a six membered cyclic transition state to produce a mixed alkoxide and acetone. The acetone has
to be quickly distilled off to take the reaction in the forward direction.

(2) In the 2™ step 1sopropan01 is used which exchan ges a proton with the mlxed alkoxide to liberate desired
alcohol.

Aldebyde — 1° alcohol; Ketone — 2° alcohol
The second step can also be achieved by protonation.

(i-PrO),Al /OI‘Pr 4

Al—-—Ol-Pr ' —
- Oi-P 0
CO o QO a i
. | ] ) O“Al\ ) C
1 H / TN
y R gy N R
@ { ' R R + Acetone

}l H CH3 Mixed alkoxide Distilled off
T.

_OiPr o HC OiPr
0-Al + CHy—CH—CH;— ¢ . “CH-O-AI,
R/~ t /N o’ Oi-Pr

C Oi-Pr OH R H H

2° alcohol Removed

: 1H30+
2 ~ | i-
() R OH | /01 Pr
7 H Oi-Pr
‘ Removed.

N

Specificity of Aluminium iso-Propoxide:

(1) Itis soluble in both alcohol and hydrocarbon.

(2) Its boiling point is 140°C-160°C. Which allows acetone to be distilled off to shift the ethbnum the
forward direction. ‘

(3) The most important property in the side reaction is that : aluminium alkoxide are much less polar than alkali
metal alkoxide. Since AI-O bond is more covalent, it undergoes little dissociation to produce basicalkoxide

-~ jons. Which can cause aldol condensationkind of polymerization reactiorn. So this side reaction is negligible

inthisreaction condition: ‘ '

¥
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“Applications : ~
(1) To reduce conversionand «, [3 - unsaturated carbonyl compounds to a, 3~ unsaturated alcohols.
CH, =CH-CHO —*Y »CH, =CH-CH,0H | '

) Reductlon of a-halogenated ketone, keto esters etc.
CH,—C—CCl, MRV CH3—*(’3H—~CC13
0 OH
(CHg)3C~C—C— Ot MRV (CH3)3C~(iIH-COOEt

» 0o O , OH
(3) Toprepare drugs:

: o ' CH,0H
| I NHAc 1)Axoi) Ho
CH,0H 2) Isopropanol | NH,

3) H OH )
H : 0
_ NH—C—CH,CH, Cn
0N O CH—CH " CHy—CHp—Cr-OMe
AN ~—
(IJH CH,OH ,

chloromycetin (antibiotic)

Example: ,
. MPV :
(i) Methyl Phenyl Ketone ___MPV_ CH;~CH—Ph

i Q:O LN o

o OH

‘. AK0i-Pr); . ‘

. R AN

(i) ©‘ Me,CHOH ‘
. HO - HO Oestradiol drug

QOestrone

(1v) CH, —CH = CH~CHO %, CH, - CH =CH-CH,0H.

6.8%. Mannich Rgactian

It is the reaction between formaldehyde, primary amine or secondary amine etc. and carbonyl group having
active hydrogen in the presence ofacid? '

H H H

/\H,\ V NR,—C—OH e R O—H—— R -—(I:
RoN + /C——O-——~ N I N 2
| ] ,
H H H: H H
: :  Iminium ion

0 S - O~H
I CH [ v |
CH3—C%CH2“NR2 B CH3"‘C"’CH2 CH2“'NR2+ H

. EP Mannich Base .
‘ {gooa intermadiate)
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O
O e C»
Ph"‘C"‘CH3 Ph-—C—’-@Hz—NEtz — Ph—C"—'CHZ-’CHz"‘NEtZ
Examples‘
o
MeaNH, CHyO NMe,
(1) HC! (catalyst) '
Mechanism: I . o
S (1, - e
\ —=0_>N <y -—-—»-HO N, s oH (\N ——— CHy=N
/’\ L ® . >~ e Ck3>“/ \Me \Me
O~+H
O j O . /Me
CHo—N_
HCI L el T Me
s N e
NG
Me - - ~
o) 0] L 0 | 0]
® ®
) NMe, _SN°. NaOH 1 Sl NMe; —
(i) N, Mel H.____©OH
» : : Enone

Il C
(i) : CHO.HCI - ~ NaOH

Enone
M
MeoNH, CH,0 _ .
e0 HCI (Catalyst) MeO N '——‘“”
OMe O OMe O
COzEt
CO,Et , :
| 2 <002E! @ Me
' N NaOEt ... NG
MeQ 48 \COZEt MeO I Me
OMe O . OMe O Me
(iv) HaCOzC—'C‘*C-—CH—'COzCHs + CH,O + CHsNHy —— > ' i
 ShgcHy 2 T T Hcoc CO,CHy
CHs
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CH,CH=0 CHs
( ) ‘ + H>NCH; + C‘J-—““-O ——— HsC-N
v) CH,CH=0 S, «
© ©  EtoH
() HiC + CH30 + H,N(CH5),Cl —
3 - 4 H3C ~ CHyN (CH3),
0 0 o
, CH5N(CH3),
(vii) Il + CH,0 + (CH3),NH ——— | ‘
. N N
o |
cH : Frz
["'® CHyly D © 1e00c
(vili) HaC—N (CH3)3NCH3l ——— (HaC)sN=CH, LDA = ~ { g
4 ) CH3

6.28. Mitsunobu Reaction

Mitsunobu reaction permits displacement of the—-OH group ofan alcohol by an incoming nucleophile inthe
~ presence of dialkyl azodicarboxylate and triphenyl phosphine.

H OH Nu. . H
0‘}{ ‘NuH U/,/}{ .
e er———
r” g DEADPhP o/ N\
(Nu: nucleophile; DEAD: diethyl azodicérboxylate)
Mechanism:
EtOQ'C /\ |
NN CozEtQ,?Eé_Dl_,._ E0,C, @ _HTNu_ EO,C M
C PPh /N""N\ /N-—-N\
e COE
PhsP @ 2 PhsP CO,Et
| B . OH
: ® H,
NU//KH LS BOC M H, ,07PPh; /<
', e - . ) ,
R "R (attack from the rear) /N"‘"‘N\ + “ \_/A
| | H coEt R {LRr
(inverted configuration) .

Nu

The major apphcatlon of this reaction is the conversion of a chiral secondary alcoholinto an esterhavmg
inverted conﬁguratlon the ester can be hydrolyzed to yield the mverted alcohol.

R"COO © i
OH DEAD 7, HO H
H/f% + R'COOH —2EAD ”l o8 ”/(
PPh . :
R* R 3 R" R R R
(inveﬁed
configuration)
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6.29. Oppenauer Oxidation

It is the reverse of Meerwein - Pondrof-Verley reduction. -
It involves the oxidation of 2° alcohols to ketones with the help of aluminium alkoxides in presence of a hydride
acceptor like acetone. Normally used alkoxide are Aluminium tri iso-propoxide or Al-tri tert-butoxide.

CH
/CHB / 3
Al4-0—-CH or AlTO—CT—CH;
CHs |5 CH; |3
AL(O-i-Pr)s Al(O-t-Bu),

1° alcohols may also be oxidised to aldehydes if acetone is replaced by a better hydrogen acceptor like p-
benzoquinone or aromatic ketone.

h Opp. Oxidati
HO O p-benzoquinone (i) 2° alcohol = b Ketones
: MPYV reduction

; : AI(O-tB |
R,CHOH| + (CH,),C=0 f—L—'—‘l)L** + H3C-CH-CH,
« OH

(D)
0

o o | . H__OH
) Al (O-t Bu ,
(2) (CH3),CHOH + . (CH;),C=0 + @ ‘

Mechanism : Aluminium alkoxides produce the alkoxide ofthe particular 2° alcohol which is to be oxidised.
This alkoxide of the 2° alcoho] alcohol undergoes a mtemal hydride transfer with acetone forming the desired
ketone througha cyclic transition state.

CHz\ R H;C
3 CH-—OH + AI(O C;\~CH —_— R,CH‘O Al 4 3H3C~——C OH
: ' 3

Al - alkoxide of the Not oxidised
' ‘ particular 2° alcohol
0 CH/R g O-CH/R
R0 A \R R\C/Q"'\Al/ "R
2 % "R i "r" T
@ 1 U \ Internal R el E \O—CH <
H - tran A 1 \R.
sfer < HL C/’O
7N\
H3C CH3
R HBC\CH O | /OCHRZ 6 membered cyclic T.S.
L=0 + A “OCHR,
R Ketone H3C '
Apphcatmns
(1) Particularly useful for oxidising unsaturated 2° alcohol. Because double bonds are not affected.
Al[OC(CH3)3};

CH3'?H“ CH‘-:CH“CH'-:(‘Z'"CH‘—‘CH

CH, C“ CH"“CH*-CH“-? CH=CH,
OH . CH,

acetone, benzene \
; O CH;
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For oxidation of steroids :

Allylic 2° alcohol —— 5 o, -unsaturated ketone

l\lﬂe
C=0 B,¥ - double bonds

COMe
Mlgrates in to conjugation with C=0
N(O—Ipl’) . <:><OH
+ H

Ph-Me, A O

Example:

OH
AI(O-iC3H7Y)3
Acetone

- benzene, A

A(OCMe3);
p-benzoquinone

R*CH=CH—CH2¥C1:H~R'
- OH

: Al(OCM =CH—
Ejr\CH‘—“CH{':H—CHg . ‘t © ;?M éLCH CH ﬁ CHj
| _ OH cetone, e O

ANO-ipr)3
Ph-H

R-CH2~CH=CH—%~—R‘

»e 4 o “
@) (H;C),G=CH—CH;—CH,OH + PhCOMe (HsC)HG—G==CH—C—H

6.30. The Neber Rearrangement:

This rearrangement is given by ketoxime toluene sulphonates. When the ketoxime tosylate is treated with
a base like sodium ethoxide or pyridine; it rearranges to form an a -amino ketone, which is known as
Neber rearrangement.

R :
0O
/ <\ 3
R N*’O“‘ﬁ"‘CGH5 "'"‘ﬁ’ HZN + C6H5SO3H
, , o
Mechanism: The accepted mechanism is represented as under
~ (a) The ketoxime tosylate reaction with a base to form an anion

(b) Formation of azirine intermediate followed by the loss of tosylate
(c) Hydrolysis of azirine intermediate forming o -amino ketone.

"o
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4
1

R' ¥ @ » H
\ OoTs © R ..
‘\c= O1s QLR ot @N\E }/Hz;)

N —— = — —_—
R CH,
CHs CHs ]
, CH;
H
NH2 N
. CHyCHy = &/ol H
R | R CH,
0]
, CHs
Applications:
NO, NO, V
' © 0
(i) GHsO il
1. ON CHQ-CIJ-CH;;--—--—«» OzN CH—C—CHj4
(i) H,O/H ,
N-OTs" NH,
KOH, HCI - Q
s Y
EtOH, H,0, Br

BT 10 60°C, 13h HoNit-

MeO

6.31. Nef Reaction:

The conversion of nitro compounds into carbonyls is known as the Nef Reaction.

HNO2 (i) Base "
| X @ Aad . R \R2
R1\ R2 y

Mechanism: ,
Nitro alkanes are relatively storng carbonacid and deprotonation leads to nitroate salt. The hydrolysis of

this intermediate must takes palce in strong acid to prevent the formation of side products such as aximes-
or hydroxymtro 50 compounds '

0 X @
s g Et P HTOH: B OH OH
OH HR’N\O@ —_— }-:N —_— =N >——— @
Ve \ m \
g’ Et Et 0 Et H-;QHg OH
I e i <H - ) g L i
PATN AN H SOH HO N\‘OH ®
Et  Et Et \ H

Ett EtH ‘ Et" Et
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Application:
@OME
AW Nz2OEt, HC
(1) o OMe ~j~—-—-—-——-—-)’-
EtOH, H,0, 0°C
t .
NO, 0 RT 2.5h

> /W]/OMG 2 eq. DBU
MeCN

rt., 6h,60°C, 7d

0
(3) ' NO, (i) Na, MeOH, RT
- MeONa, THF,50°C  NO, (i) H,50;, MeOH, —50°C _
COOMe COOMe e |

| COOMe
6.32. Negishi Coupling

The Negishi coupling is a cross coupling reaction that involves an organo zinc compound, an organichalide
and a Ni or Pd catalyst and creats a new C-C covalent bond.
+ The active catalyst in this reaction is Pd(0) and the reaction in general proceeds through an oxidative

addition of the organic halide followed by transmetallation with the Zn compound and finally reductive
elimmation. :

.

ZnCl, PA(PPhy), 0°C

. *  The mechanism of Negishi couplmg and Kumada coupling are quite similar. Both mvolve oxidative addition

of R—X to the Pd/O. Catalyst followed by transmetallation of RZnX or RMgX on the Palladium. Trans to
cis isomerisation followed by reductive elimination gives the coupled product,

| COOMe
B
A nBuli - /\f | ‘
g ) TN N Bugsn/\\/\‘/ coale

Catalytic cycle for thg Negishi couplmg

L~—-Pd-—R

\ trans/cis
Isomerization Transmetallation
""Pd"-‘R ,



http://www.NaOEt
http://www.NaOEt
http://www.ChemistryABC.com

Named Reactions | '

Problem:

0 ' O

. )J\/\/\ | Pd(PPh3)4 -
Ph znl + TO >

40°C

0

0 «
Pd(PPh;), /U\/\/\/Bu
’ Bu » Ph
Ph /U\/\/\an i1 /\/ |

6.33.

40°C
Oxymercuration - Demercuration
In this reaction alkene reacts with mercuric salts Hg™ (acetate) Hg(OAc),, Hg(NO,),, Hg(ClO,),,.

Hg(OOCCEF,). Inpresence of H,O (other Nu™ solvents can also be used) to give hydroxy mercuryl compound.
Which on reduction with sodium borohydride (NaBH,) give 2° alcohols.

/C=C< + Hg(OAc), + H,0 Oxymercuration >\C-—C/ NaBH, \C—wC/
‘ : 7 i\ (Demercuration) /7 ™\
OH Hg(0Ac) OH H

Mechanism :

In the I* step(oxymercuration) Hg*" act as a electrophile and attack the C=C forming a cyclic mercurinium ion
similar to halonium ion. The addition is competed by the attack of nucleophilic solvent (H,O) at the more
substituted carbon (Ifthe alkene is unsymmetrical to give the addition product) Metal prefers lesssubstituted
carbon.

Oxymercuration :

H H
\6/

_ . H,0 l |
R CH=CH, + Hg(OAc), —£—R—CH=——CH, —R—CH-CH, —R~CH~-CH,
| ST |

7
S ’

l
C;‘H'gz* | HCVII’“(OAC) HO  Hg(OAc)
: Addition product -

Demercuration : After the addition step is completed the Hg is réductively removed by NaBH, which follows
aradical mechanism.

(HR—HgX + NaBH; —» R—Hg-H

~ (@R—Hg—H —— R'+ Hg[H)

()R + R~Hg=H —> R—H + R+ Hg
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-~
- -
- ~a

-~
- -

.y OH /HgOAG OH Hg—H OH
T w ®

> R-CH-CH, (A
R-CH-CH, +Hg + | -
» OH H

Compounds : | OH
(1) Alcohols :

NaB
CHy(CHals~CH—CH, B CHy(CHy)s -CH—CH,

OH  Hg(OAc), oH B

| o, OH | |
| W9 NaBH OH
‘ —— 4
(b) - . H20 C[H -

Hg(NO3) ~ H

Hg(OAc)a
e -
H,0

2

(a) CHy(CH,)3CH=CH,

(2) Ethers :

HO-CH,CHy |
| CH
2 Et
CH, )cm
g Ha(00CCFy) <X OOCCF; ‘\/H
Ha _—
CHacHzOH <" " ™00CCF, H -
9 3

Ooa NaBH, Ofoa
HgOOCCF,

(3) Amines :

. g
CHNH:  pe | n
Ng

L Ha(CIO,) |
Hg(CIO,), H) Ig( 4)’

|®
T, CHs~C=—CH, rH3C CH- CI;HZ — CH3—C|;H‘CH2

(."\\ /l y - Hg(C 04) . NHCH3
| | H  NaeH,
CH3—C13H-*CH2 B

NHCH,4

CH3CH=CH,
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y Hg(NO3),
(4) Amides : CHz(CH,)3—CH=CH;, — CH3(CH3)3——CH=—=—CH>,
CH;—C=N T
\ [/ _NO;
Hg/
QNOL&
" | .
D ? HaC g
He-cent B0 me—cIN TSN
CHa=(CHy)s —H* | | |
3~ H2)3-CH—<l3Hz ~Hm GHy(CHp)y—CH=CH, > HiClHCly—CH—CH;
(OsN)Hg | © Hg(NOy) HgNOy
Hsc;c|:=o
TH ‘ NaBHj,
CH3(CH2)3—CH-CH3
(5) Peroxides :

CH3CH,CH=CH, + Hg(OAc), + t-Bu—o-—OH———»CHscHz—?H—CHz'—-Hg(OAc)

0-0-t-Bu
NaBH,
CH3_CH2‘?H"“CH3 -
O—-0-t-Bu
Example :
(M)
(CHa)g—CH=CH, | (CHZ)B—(I;H-C‘:HZ o
o DHg(OAc), o OH Hg(OAc) (CHa)s !H 3
H0 NaBH, O . OH
O  2) NaBH, - 0 ,
; , o
- 1)Hg(OAc),
(ii) —_— _
nes OH
NaBH4
(i) Hg(CIO4)2

(i)  CHy(CHp),CH=CH-CHj

» CHa(CHo )4 CH— (=
1-Bu-OOH 3(CHz)—cH ?H CHy

| ,
t-Bu-0-O  Hg(CIO,)

CH3(CH2)4-*?H~—CH2-—CH3 <NaBHa
t+-Bu—0—0 ‘



http://www.ChemistryABC.com

Named Reactions

207

6. 34 Prins Reaction:

. The prins reaction is an organic reaction consisting ofan electrophilic addition of an aldehyde or ketone
to an alkene or alkyne followed by capture of a nucleophile. The outcome of the reaction depends upon

reaction conditions.

O .
2 .
R _ . ,ll\ Cat. acid_
R1/§H + R H “arious

R3 conditions

Mechanism:

R4

3 /l%\ (excess)

Application:

0 o
NBS
e
2 DMSO,H,0
' -10°C, 2h, 32%
Ohle

RZ2 OH

R1

4\(__,

|

@ 2
I HSH o o R4 H ® R
c : RITNT ————
T | H

R4

OMe
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MeO MeO
OMe 7
3. OMe
TsOH
ot CH,Cl,
-50°Cto RT, 17.5h
SH - MeO
~o TFA, CH,Cl,
4. 0°C, RT, H,0

Stork Enamine Synthesis : Any aldehyde or ketone having « - hydrogen react with secondary amine in the
presence of acid or dehydrating agent like tolune-p-sulfonic acid to form enamine which is o, p —unsaturated -

amine,

. ' R’
B (5 gt
H+ . ~p2
—C—C0—R + H—N—R Ne=c" R
| |, / Ny FHO

y :
H - - R" H R R enamine

[Where R may be H or any other alkyl group]

Prlmary amine can also react with ketone to undergo enamine synthesm

\. | \l(\ N

—/C“"C-—O + H2—N-R — CJC-— I —NC—C=—=N—

H , ' H - H / :
Enamine ‘ Imine
 (less stable) ‘ (more stable)

unsymmetnc ketone can also undergo the reaction from less substttuted side & there are common amine which
are used in this type ofreactlon For example ‘

OU

P/'rf\lv*xno Piper. line \Vorphr'wr‘
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| [6V o 0O ,
f H3C——C-CI e) N0 ‘ Lo,
H;0 CH3 ®

, o B__
A /1 ' ‘ Na +/
oo o | NG
N-cyclo' hexeno pyrrolidine Nucleophilic carbon

Enamine is very useful intermediate which can be used for alkylation or acylation of aldehyde or ketone at -
position. Stork enamine synthesis is used for monoalkylated reaction. The advantage is
g. : - (i) acylation reaction : c-acylated is high in yeild.

acylchloride C ¢ —CHj; —2=
| CH3

2-acetyl cyclohéxanohe
: (B - diketone)
Another Path :

»

+ CHyCOC——HiC_ N C‘@ H
: (% @C ™

(unstable) enamine
Which acts as acylating agents .

@) Alkyiation: Allylic halide, (CH, =CH-CH,-X), Benzylic halide (C;H,X), Propargylic
halide(CH,C=C~ X) can be used in this reaction.

CH.R
N 5 RGH, Lx HyO 2
SN2 CHZR

Sometlme like acylation, alkylation can also be at N—atom whichundergoes rearrangement on heating to give

c- alkylated product

o Rewt §
N @ heating CHaR +X

1+RCH2—{\ v
é | (N-alkylated)
| | | H,0
CH,R [y 2

(c-alkylated)
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Enamine formation at less substitued position : : .
. ’ - . : \\\H
-H,0 [ } i (—)\
6/ . ZNS 2 N~ N N

major minor

* Non-coplanar due to steric repulsion

Me  * Coplanar of double bond (=)
H and ¢~ pair on N.

Q-

?6 34 Reformatsky Reactmn |

The reaction of o-haloester (usually a-bromoester) with carbonyl compounds such as aldehydes and ketones |
in presence of Zn in an inert solvent (ether benzene to produce B-hydroester. Propagyl bromide and haloamide
can be used instead of a-haloester in the reaction. '

RO R
\ ' o Zn, H3O" | - ‘
_6=0 + BrCH,COOEt . OH—C—CH, COOEt 2 . R—C-CH-COOEt
R ether , | -H,0 |
R | R

a-bromo ester - p-hydroxy ester

«, p-unsaturated ester

Mecharnism :

' |
» : OEt  Zn{li)
! a—’bromoOeEstter fc(;OEt ‘ Zinc enolate
n
Zn(0) (Reformatsky reagent)
Reaction with Aldehyde/ Ketone : :
I “O H;)_O

I g . ,
G + R—CH ’ )\)L
A
74 \OEt "\)\om RJ\)LOEt OBt
B-hydroxy ester
(1) Reformatsky reagent can’t be added to hlghlly substltuted sterically hindered ketone The react1on best

proceed with aldehyde, methyl ketones and cyclic ketones.
(2) The reactivity order of a-halo ester is: Jodo > Bromo > Chloro

: Example - R
' Zn— OH O '
4] / \ mj (i) Zn WOE
s” . o s
Vo |
(i) |
9 OyZnBr =  OH O _
g J_ L I H,80,4 I H,/Pt :
Fh=—C w ------ <Py G0~ C-OBt ——~ 0 =0l G-OBE o PR H-CH;~COOEt

/U\
N (|:H., CHa CHa
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OJ—ZnBr | 0°

(iii) Qé . G-CHyC-OEt_M0" & op & ot
, /N

" Eooc OO “OEt E00C COOEt  Eiooc” \C0.0Et |
| CH, | |

| A Zn ~CH,
(iv) 0] + BFCH2—‘C”—COOCZH5 -—Fl—c—):-;— )

3 | s 00

75%

« CHQCOOCH3
BrCHZCOOCH;., .
ZnH,0" ‘
OHCC : OHCC

6.36. Reimer - Tiemann Reaction

Phenols react withchloroform in the presence of NaOH to give hydroxy aldehyde. The fornyl group isdirected
to ortho -position unless one of ortho-position or both are occupied in this case, the attack will be at para -
position. The reaction goes through carbene intermediate.

+ CHC|3 NaOH/HZO
60- ?0°C

o.saficylaldehyde CHO
p.salicylaldehyde

OH

Mechanism : The reaction proceed via dichlorocarbene (:CCl), the reaction is basically an Electrophilic
substitution on the highly reactive phenoxide i nng w1th the help of : CCl, is enough wh1ch is generated by action
of base on chloroform.

(i) Formation of carbene:

© e
© © —c©_,
@ cHCL —%5 ca +H,0 () CCh——:CCh +cP

dichlorocarbene

(n) Electrophilic subsututlon on phenoxide ion:

| 0
. H
o
‘ ‘ @6 _CCh CCly
CH012 ‘
CHOlp ~——

Benzene do votundergo R.T. reaction hecvause :CCl not electrophilic en.ough to attack the benzene ring.

Sahcylaldehyde
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EXAMPLES

OH |
| _NaOH
R CHCla, H,0
a
(@ &

3

p-cresol major ~ minor

(b)/ A CHC%IKOH QCHO

CHO
NaOH !
i

H .
indole indole - 3-aldehyde

Evidences for the mechanism :

- When similar reaction is done with p-cresol, intermediates are isolated.

OH

OH . A
O OH" © ccu2 © CHO
—e e
CHy CH3 ICHa CHs
Maijor Product
0

Q__.,

H3C CClz Hsc CHClz

Isolated for p-isomer (mmor)

- The dichloro compound (X) is resistant to hydrolysis partly due to its msolubility in aq. basic medium and also

to the sterically hindered neo pentyl type environment of the Cl atom
[But the other way this is not resistant to hydrolySIS

@cwz @cm @cm

-that is why the (x) has been isolated and it provide a support for the mechamsm asan mtennedmte
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2. Reaction With CCl, : Salicylic Acid obtains. |

0:) 0 0 Q) pe
- - G0l CCl3 «— o
\™a >
cl
QO g
. ) / )
—cr C~c
BN ‘o 0°
' COOH
C(.!’}_ R C. E—) H+
OH- VO H on -
_—> ‘OH

Salicylic acid
Example:

_CHCh “H
. NaOH H,50,
OH _ CHOl
(“) NaOH
CHO

6.37. Robinson Annu]atzon

The immediate product of the Michael addition is subjected into an aldol condensation that forma rmg.

0 _ ' . 0 AU
- 0 R CHs NH T :
CH,
+ CHZ"CH—-C——CH 595.“5"19;.*_., CHz’"CHz *
0 (Michael addition) 0 C___ 0 - HZO 0

- (Aldol condensation)

HsC S (63 - 65)
| % yield

* The basic ingredient in Robinson annulaﬁon is o, f-unsaturated compound. -
- (A)CHzC—CH=CH, _
o =

methyl vinyl ketone
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e

Mechanism :

o __ o C
9 jugate HaC”
CH3"C@CH2 + conjugate 12 aldol _
addition S condensation
o (8 _ CHy O 2 OH

© H

,Oij dehydration
O o :

a, B-unsaturated
carbonyl compound

, o Meo
=~ Me
o 0 O
0 - O 0]

S Q Q.
: OH
—f——*
0
. O@

o 0] '
' o Me| - Me Meo el
oéwgﬁ — 3 |
5.\ [SN—— —

(c) Using methyl - 1- trimethyl silyl vinyl ketone

CH3—C—'(I3-—~:“CH2
SiMC3 ’ - .
Mechanism: The tole of trimethyl silyl group s to stabilise the enolate form during conjugate addition. The silyl
group is then removed during dehydration by using base

Intramolecular
aldol condensation

Example: o S o | . | |
. . . o CH
- HeC OCH; (I? SRR | - OCH;
® 4+ CHy-C—CHy-CHy~N(CHg)y —— | |
o | ~ Wiyt Cléaisiey
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| Me
+ CHZ—CH*‘ ""Et —
(ii) 0] A , H ZC

3

TMS -Cl
(i) o Et3N f\ + CH3-CH—CH-C—-Me ‘

0]
.98, Shapiro Reaction
The conversion of ketone - p - toluene sulphonyl hydrazone to alkene in the presence ofa strong base is called

shapiro reaction. The conversion ofketone to aryl sulfonyl hydrazone or p-Toluene sulphonyl hydrazone is
taking place, then; addition ofbase like alkyl lithium convests the reactant to vinyl lithum (alkene), after hydrolysis,

it is converted to alkene. -
/\)Ok/\ Arr Tr 1
+ 0:?:0 _— 0-—"-’-?::0 __2Buti /\)\\/\
ketone : 'le HN\N A
NH,
aryl sulphqnyl hydrazine i B
aryl sulphonyl hydrazone

Mechanism:

¥
== 0=5=0
| AN—NH, |
?r : ?r - ji\r
c ' 2BuLj |
NN | 0=8=0 — o0=s=0 2 » =555
0 LS S S
|
\NH2 W W\
N-""N ©

alkene
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Examples:
H A
0 TsOwN_fII\'I i’f’#g CHz = CH (CH2)sCHy
HaC—C(CH2)5CHy . 1-octene
EENS) S
TsO—NI TSOTN
- ” — Li/’ ——— CH2 =CH CH2 R
{H  H,C-C-CH,-R \C/C CH,R
7 ArSOZNHNH; IBuLi nBuBr
(iii) o
@) =N
’ N Li
o I‘I\I-TS
H

- 6,39, Simmons-Smith Reaction

The Simmons-Smith Reaction is an organic chelotropic reaction involving an argonozinc compound that reacts
with an alkane or alkyne to forma cyclopropane. Reagent used in Simmon-Smith reaction is called Simmon-
Smith reagent. When an alkene is treated with Simmons-smith reagent, it produces cyclopropane ring and
their derivatives. ' '

Simmons-Smith reagent -

I |
\<I Znjci N\
\\\\ H H\\ ‘

Structure of Simmons-Smith reagent

I Zn/C Z
NI NN NG

+ CH,l, -—-—>O>

Mecharnism: The mechanism of this reaction appears to be carbene transfer from the metal to the alkene
without any free carbene being released.

. I B |
: ' SOLVED PROBLEMS
O

X : - 0
on ) Q ChH ; L
il - 212 C =
( ). ,"J Tl e N F/”, /_—LA/
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CHyl,
(iii) Z1n/Cu ether

MeO
6.40. Sonogashira coupling

* Coupling ofterminal alkynes with aryl or vinyl halides.

* Performed with a Pd catalyst, a Cu(1) Co catalyst and an amine base.

» The Sonogashira reaction usually use mild condition, often room temperature and therefore it can tolerate the
presence ofa large number of functional groups.

« Sonogashira coupling oftrimethylsilyl alkyne followes by treatment with a strong base or a fluoride source °
is a common strategy used for mtroducmg terminal alkyne.

K _ PdCIZ(P Ph3)2, Cul -
Br + =—R" - O —FR
RyN |

NO,

B —siMe,

PA(PPhy),Cl,
Cul, iPr,NH, 95°C

N
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Catalytic cycle for sonogashira coupling

Ar-X
PdLn - 0A
Ar *‘L)l
& (n |
w4 L
Y L
: Ar—Pd—X
Ar _ A A |
l L
RI—==== pld._L
L
—Pd—L
RI
. Problem: ’
1 Pd(PPh3)2C12
+ H——=—-SMe3 ————>
. ’ CUI, EtzNH
NH, 30°C
OTHP
= ~OTHP
cl // , . 7
— PPy, H=—Se;_ '
H—
( T ome m’ PA(PPy),
o ' ‘ Ci Cul, BuNH, \\

SiM83 .
6.41. Stille coupling

+  Pd catalysed cross coupling reactions involving organotm based reagents and organohalides are referred
to as stille coupling reaction.

*  The toxicity of the tin compounds used and their poor solubility in water dueto their low polarityare the
main drawbacks of this reaction compared to suzuki coupling. .

* No base isrequired for this reaction. ‘ '

* A wide range of functional group tolerance is also observed and the halide substrate wrthNOZ CN, OMe,
COOR, COOH and even CHO group are tolerated.

Problem:
CHO
CN .
) CHO . .
N0 N Pd(PPhy),
| N | ‘ i
i LiCl, A

dioxane



http://www.Problem:
http://www.Problem:
http://www.ChemistryABC.com

Named Reactions | - . 219
oTf . : ‘ ’
N BUasn/\\\/Y COEL Pdy(dba) . Or\/Y\COQEt
NHAC  AsPhs, THF, A NHAC
OMEMO  Me - OMEMO  Me

\Q @Pd(PPH3)4 0)
BugS
MEMO ;e MEMO A

6.42.

(0]

Stobbe Condensation

It is reaction between d1a1ky1 succinate and aldehyde or ketone in the presence ofN aHor K(t ~BuO~ )
NaOC H, to formsalt of o, B-unsaturated half ester. This reaction is hrmtedto a-odiester ester group at Ist
carbon and last carbon.

(1) The reaction goes via a lactone intermediate which on subsequent base catalysed elimination causes
almost itreversible ring opening to produce salt of unsaturated esters. The lactone intermediate hasbeen
isolated and provides the support for the mechanism. -

©
- © —
CH,-COOEt CH,~COOEt

Sucginic acid ester

This kind of esters where only one a-hydro gen s present can not undergo irreversible ring opening at the last -

step, which aetually drives the reaction in the forward direction. In case of these esters only the lactone
intermediate has been isolated.

3.If only one o carbon has two a-hydrogens thenreaction can proceed to the last step.

Mechanism :

CH,C0,C;Hs _

OCM H

@CHO +] _KOCMe; ©~C:=CCHZCOOK
CH,CO,C,H; HOCMeg I

COOCHs

H
CHO + — .—C————c—{;ooa — Q@ 2
. CHzCOzEt %

EtQjC o CZHSO
IS HO==CCOH,CO00H = o
COOEt |
Example: e »
. o CHICOOBL 1 (CH, 0 |
(M) -+ —— H __CHy—COOH
__CHO . CHaCOOEt  (CHg),COH C=C ‘

COOEt
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(i) - A
o) ‘COOR o®
' C-H / Pyridine | /COOR
« + HC_ —— CH-CH_ ,
X_©°COOR COOR
OzN HZO
COOH Hot ™ coor
CH=CH—COOH ~—22 -~ ~CH-CH_
COOH ' COOR
O=N O,N |

6.43. Swern Oxidation
’ * By reaction with dimethyl sulfoxide and oxalyl chloride, followed by treatment of the resultmg aloxysulfonium
salt with base, usually triethyl amine, many different alcohols have been converted into the corresponding
carbonyl compounds in high yield under mild conditions.
« It is effective for almost all of primary and secondary alcohol.
» No enolization takes place so stereochemistry is maintained.

Me Me - Me Me
. DMSO,(cocCy, /K/\)\/ H
Me)\\/\/I\/\OH > Me .\ X -CHO

CH,Cl,, =50°C, Et;N

PROBLEM

0
= DMSO0, (COCL), z
1. Me._ ‘ » Me __CHO
" SOH ~ CHCl, Y
Me Me
(1) (COCI);, DMSO, —60°C, 45 min
2. (ii) Bt;N, ~60°C, 15 min, thenr.t. 81%
OMe OMe OH |
NHBoc - ' NHBoc

3 o oy DMSO ol z
L TUINNT T, 6 ~63°C > P ~cho

- Mechanism:
0) 0]°]
| :
HyC” “GHa Hee” " “CHy
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6.44. Sharpless Reaction

o |
H3C \eg ; &Cl 0 HiC @
\Se.__é_F\D»g'—-‘( Cle\‘y —_— Cl + CO + CO, + >S-'Cl
HsC/ c« - ¢ 3 ' , HaC
H ‘
R—C—OH |
HyC ; HyC : H4C |
® ; ©
HaC R T Base S + 0=C{

H R4 Ketone Ry

/
H:’gg\‘/-; H R4

-Sharpless assymmetric epoxidation : Transition metal catalysed epoxidation ofallylic alcohol in the presence
ofligand and t-BuOOH. (t-Butyl hydroperoxide). Sharpless was awarded by Nobel Prize in 2001.

OH
{-BuOOH t
\/I/ u \g\\\‘l/ EtOgC/k(COZE
~—0OH  Ti(Oi-Pr)y ", . A r
L(+)-DET - OOH , 2
(ligand) 85% yeitd (94% ee) o
) - diethyl tartarate (tartrate)
. Mechanism:
COZEt/ Pr
i-Pr i-Pr\ 5
V o O o % O
T yd ‘ G /Tl\COZEt
o i@ | ™ 0
| o |
-+ | O@
L-(+)-DET 10 — A
| | ? ' ® t-Bu

EtO ‘ EtO

When the oxidising agent(t-BuOOH) is added to the mixture, it dlsplaces one of the remaining isopropoxide
ligands and one of the tartrate carbonyl groups.

CO,Et COEt
t-Pr\ o | l
0 l\
% | E 0 Ho n,
i-Pr \ 5 E\ A N e o
T Ti Ti
AN A R
0 9) -Q
©
=0 ®O/ . ®g-
EtO t-Bu N

{-Bu

CO,Et group at back simplified to 'E' for chirality
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* Enantioselectivity in the Sharpless asymmetric epoxidation

D-(-)-diethyl tartrate delivers
oxygen to top face of alkene

arrange allylic
alcoho! with —=~»
-hydroxyl group
top left

L-(+)-diethyl tartrate delivers
oxygen to bottom face of alkene

Sharpless reaction is only for allylic alcohol and discovered in 1981. K.B. sharpless (1 941) foundthat the
reaction works with only a catalytic amount oftitanium - tartrate complex.

Examples:
HO
t+BuOOH 0.
) 1 Cat. Ti(oiPr)4 R’
Cat. D(-)-DET
80% yeild
: OHC
_HafCat) J\/\,PPhg PDC
. Pyridinium dichromate
disparlure R R :
11. l T|(|OPr)4
?lMes D(-) DET Siles

s HO X "

(i) HON N tBuO‘OH)‘ﬁ(|OPr)4A> HO 0
'  D(-)diethyl tartrate

CgHyg t-BuOOH I CgH19 » t-BuOOH \\\\\\ _ Cghyg
. MU T I
(v)© » ' OH THOCyH;-is0) OH = Ti(OCsHMisol — “ OH
‘ D(-}-diethyl tartrate L - (+)-DET :
‘ CH,Cly, —20°C
CH,Cl5,~20°C
.CHs
t-BuOOH
X “OH B
Ti(i-oPr)4
, CHyClp, <20°C
(V). © L{+)- diethy! tartrate
Geraniol ‘

23, 3S-diasterieomer
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S

L @ deithy! tartrate

Vi) ~ TiOPr),
OH  (CH,CO), 0, Pyridine

-
)

L - @ di-isopropyl tartrate Oiw’,

Ti(OC;aHTiSO )4
(fast) CeHiq

Erythro Threo

Same condition OH N
%, . Slow . “,
i) gy H CeHiq

(R) enantiomer -

6.45. Suzuki Reaction:

» This is one of the most powerful reaction in synthetic organic chemistry for C-C bond formation.
~ + Suzuki reaction requires conditions milder than that for Heck reaction.

* Boronic acid are air and water stable as well as non-toxic.

« Suzuki coupling has been utilised in the synthesis of retinol.

retinol
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’ , A PROBLEMS
| : COOH , ‘
Br
(PhZPCGH;;SO3Na)3Pd
1,0, DMF
NaHCO;, 10h, 85°C

poly p-phenylene(LED)

Catalytic cycle for suzuki coupling

Pd(O)L, OA
R.E -
Ar-Pd(IDL,-X

Ar‘-«Pd(ID—Ar N2OR

[B(OH)z(OR)z]‘ .
et Nax
ﬁaﬁsm"“ Ar-Pd(11)OR

[ArB(OH),0R]"

1

ArB'(OH), + OR™

Pd(OAc
—cl + (OH ZB‘ (A<,
K,PO,, 100°C’

22h
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Pd(OA o
0 e -0
1<;31>o4

Pcy,

MeO - OMe

Pd(OAc
h o) 225 o @
Pcys
MeO OMe
SnBU3
PdClz(dppt)
K3PO4, DMF
60°C : ~ SnBuj
@}F @ =

Ph 0 ' o
Br Pd(PPh3)4 ; ' C4H9
3 e & 7 \B/\/C“H9 PRH, NaOEL, A Ph\_/\/
_ . a¥ / —
| 0. |
. | sz(dba)3
TfO cl + (OH)ZB PtBU3 THF TfO
4, . '

Me

6.46. Wittig Reaction

Reaction is discovered by George Wittig (1979 - Noble prize) The reaction between aldehyde, ketone and
phosphorous ylide also called phosphomum ylide to produce an alkene and phosphme oxide (RJP—O) 1s
known as wittig reactlorL '

Ylide : It is neutral compound An y]idé is amolecule that has a contnbutihg lewis structure with opposite
charges onadjacent atom, each of which have a octet of electron. In phosphoniumylide Pis nextto carbonand

contains positive charge and carbon contains the negative charge, g 8

Negauve charge of carbon aliow the yhides to act as nucleophlle Inreaction.
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HyC
—pt. - f— (Involve the overlap between
H;C—P=CH, —= > (CH3)sP=CHy 3 ital on P and P orbital

H;C  Ylide Ylene on C to form the double bond)

(Trimethyl phosphonium methylide)

dn—prn

M=Ct M=C/H CHy);—P=<CH, Thedn-pr is not stable
alkylidene V \Ph (CH3);—P=CH, e dn-pr 18 not stable

NMR studies 'H, C, *'P are consistent with the dipolar ylide structure and suggest only a minor contribution
from ylene. (weaker dx—Prx bond)

- Preparation of Ylide :

N Sn2 +
phd RO X O L pon -
displacement QH PPh3 — pj,p*~CH-R < Phyp===CH—R
™H
B

Good nucleophile

B= BuLi,' NH,~, LiHMDS etc (strong bases)
X=1,Br,Cl ,
RX should be (1°/ 2°)
/\v o
Gy

. PhP 4hclpr AU PhyP— CH2~——>Ph3P CH;  —— Ph,P=CH,

Ylene
H
2 - . NH;~ — ’
: CHZ"CH— CH2C1 + Ph3P R — Ph3P—'CH‘_CH=CH2
‘ Evidences : .
1. Currently accepted mechanism is that the initial addition is normally concerted giving directly the observed

oxaphosphetane intermediate by NMR at low temperature.
2. - Optically active phosphonium salt reacts to produced a phosphine oxide with retention of configuration.

Et ! Et :
N S PN\, < PhCHO S) Et

PhH,C ' PhH2C CH,Ph

Geometry around P is preserved
during the reaction

Types of Ylides :
Ylide

¢

Stab{lised Unstabilised or
Ylide non-stabilised
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Stabilised Ylide : Ifin a ylide the substituents on carbon are electron withdrawing, (ester, amide) then the
negative charge on the ylide carbon can be delocalised in the substituent. This type ofylide with conjugated and

anion stablizing substituents on adjacent to the negative charge is known as stabilised ylide.
As atesult of delocalization, the nucleophilicity as well as react1v1ty ofthe ylide decrezases. Sostasitised viide

are stable but less reactive.
0 o
G o, %
- C 3 ——- C PPh;
™~~~ N
r” (cH R™ e’

Nu~ Character decreases

Non Stabilised Ylide : , _ .
Alkyl, (H) substituted phosphorous ylides with no electron withdrawing substituent on aniosic carton are
known as unstabilised ylide. They react very readily or quickly with carbonyl and other polar groups, \rapldly
with aldehyde and ketones).

- Note: Reaction involving non-stabilised ylides must be done under anhydrous condition and in inert atmosphere
to get the desired product because highly reactive unstabilised ylides also react with H,0 and oxygen.
PhyP=C_  + M0 —— PhP=0 +RCH;

R R .

H Goodmsthed

: A = N
PhsP=CHR + 0, —> PhsP=0 + 0=C{ =22 “c=C
a : - R H R

Symmetrical alkene

Syn atkeue

Stereoselectivity of Wittig Reaction

H
CH,;CHO + Ph;P=CH; ——» CH3—C=C:
: l

H
V HC  m HBC - R
CH;CHO + Ph,P=CHR . ) C + C Co
¥ R & H
E-alkene Z-alkene

Non stabilised yhdes predominantly give = Z-alkene. Stablhsed ylides predominantly give = E-alkere

EXAMPLES o L

H R e e
“ o M R3P- RsP—3
®o=c{  + Php—C] — |< & + Y
N i N
Ry H 0% 0 vy
Ry Ry ,
Kinetic product Thermodynamic product

L !
. : l Oxaphosphetane l

Ry ldiastereomer

o Ry
PhyP=0 + | , /ff + PhiP=0
' Ry R V
Z-alkene Bikene

(Major) , {(Minor)
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R.DS. Ph3P

H H
+ R; CHO K‘| H Stereospecific N .
R! PPh, . > c—-—c ~ concerted Syn c——c + PhyP=0
~N C/ Irreverisible 7 > R/ R,.
i & formatitcl)n 0{1 kinetic R R elimination Uy ine
. . -oxaphosphetane 1 o
Highly reactive Kinetic oxaphosphetane
(Less stable)

Intramolecular Wittig Reaction :
~ To prepare alkenes:
-1. Mainly with stablhsed ylide electrophﬂe and nucleophile both are present n same compounﬁ

PPhiB C'Ppha

Betalne

Ph3 ‘
\
N/ Ellmmatlon

I

Oxaphosphetane
Advantages :

1. Mainly useful with stabilised ylide and used to prepare a,, f-unsaturated esters and other conjugated
compound.
2. It has high select1v1ty for E-alkene and the E selectivity can be enhanced by using bulkicr bis(isepropyl)
phosphonate ester.

Exceptions: The modified phosphonate esters show Z-stereoselectivity in W-E reaction. -

0
' | I . . . .
RCHO + MeO—C—CH,~P(OR), R=—CH,CF; (Trifluoroethy})
| ~ R'=-Ph
li) Base ‘ (Phenyl) ‘
H H K
R :COOMe R'= D 2, 6-difluoro phenyl
F f
Examples: o
PHCHO + Fyciycoc” |t S, g CO,Et
® | PP OCH,CF, m .
v Z:E =501
i COEt
Ph 2
.. PhCHO + P. CO-Et NaH -~ \ /
v ' PhO/ I\/ 2 W ZE=9:1

-
CO,Me
PhP= * 7 COMe
(i R v
Hest oluene, A Z7es
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6.47. Ugi Reaction: '

It is a multicomponent reaction occuring between an aldehyde, an amine, a carboxylic acid and an isacy-
anate which allows the rapid preparation of ¢ -amino acyl amide derivatives.

)O'\+'i +RNH+”1 M RSR L
-
R'” TOH  R3” R 2 T R!” N>Q[( “RS
RS |
: ‘ R? (o}
. Mechanism:
3 O 0O RZ 3
v T -H,0 . R i i \&)m/&
R? H R4

Examples: =

\\\ N
; ,

OH
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_ Q -NHy '
s ((:9_'(? | MeOH,RT
' l 1 () Pd(0AQ),,
G K,C0;4
| ~ OMe " Xg - dppf, n-BuyNBr

DMF, 80°C

6.48. Wittig- Horner Reaction

- To overcome the problem of stereochemical outcome this reaction has been formulated It ases carbanions
derive from phosphine oxide to react with carbonyl compounds. The adducts (Intermediates) arc stable which
canbe isolated and purified. The elimination is stereospecific which occurs by a syn pathway using 4 membered
cyclic transition state just like that of wittig reaction. So the stereochemistry ofthe alkene depends on the
stereochemistry of the intermediate adduct.

0 o Iy = ]
Phj Bu-li y)) Ph CHR

Ph—~P~CHR ———> Ph—P-CH—R —————>

ii) H,0 OH
Phos}?hme Ph " PB-hydroxy phosphine oxide
Oxide O\ /Ph o O\ /Ph . [Stable intermediate (adduct)
/P P P A can be isolated & purified}
Ph
Ph ‘ OH OH
8]
(IZH*-CH-'R' lCH—CH""R' B E—
R - R
L M
Diastereomers -
‘Anti - product - Z-alkene
Syn - product - E-alkene

Wolff Kishner Reduction: :
The Wolf Kishner Reduction is an orgamc reaction used to convert an aldehyde or ketone o an ailkene
using hydrozine, base and thermal conditions.

0 .
NH,NH

/u\ 2 2 1/\ 5

R2 KOH,A R R

R1

‘Mechanism:
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H B
-N» %\/\\ HO
—
. ou®

Example:

| NH S
Q | 'ﬂ/ 2
Ca_OH L o
1. | §5% NHGNHYKOH.
| ’ /©/ \/\[Or - Ethylene glycol/heat \/j)(*—-——» !
Pho . PhO PhO

-
-
-
-
-

. Anhydrous NH,NH,
= Diethylene glycol
| 230°C, 12h
KotBu
3.

R e
\ DMSO0, 25°C
N~NH,
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Rearrangement Reactions

w1l Beckmann)ﬂearrangement

The rearrangement of oxime under the influence of a variety of acidic reagent to N-substituted amide.
PCI, is commonly used as a catalyst in Beckmann Rearrangement but conc. H,SO,, polyphosphoric
acid, formic acid, thionyl chloride, silica etc. have been used successfully. e.g.: Benzophenone oxime is -
converted into benzanilide in the presence of PCL. The role of these catalyst is to convert the hydroxyl
group into a better leaving group.

| 0
@ H* I H
C=NOH —— C—
PC|5
T Benzanilide

Oxime

Mechanism :

@—c——-N’OH.lf_. C“ NQH -0 | @ﬂo
ol el
’ @ wey o Qo
Ut o= B e)

* It has been found that the electron withdrawing substituents (-R group) attached to the migrating atyl group
' retard the rate 0freaction. The presence of electron donatmg group (+R group), on the otherhand, has an

accelerating influence.
Cl
R OH S A O Rr
Neep” PCI R Co—rC" o RS Cl
;,/C N ___,w_s_‘_" \C Q/ [\CI f’:n—- . {\__,\4 ___F\
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R « R : '
| \/Q'=N*R~ H,0 C=N—R === RCONHR
c HO |

This rearrangement is highly stereospecific that is the group antito the oxime hydroxyl group always migrates
regardless ofrelative migratory aptitude ofthe two groups. The chiral group migrate with retentionof configrration.
HiC.  OH

O H S04 .
=N CH3CONHCgH;5
CeHs
i * CH H+ *
C4Hg—(|3H"—(‘3/ 3 — CGHg-(‘)H—-NH—COCHg,
CH '
C.H \ 2' 15
2015 OH
‘methy! - 3- heptyl ketoxime 3- acetamidoheptane (Retention)v
Examples: ‘
OH

| . CHy
. NH 3
0 C\CHS HyPO,/heat \%;"
Br HO0  pr o}

~ OH H | | |
. N N/ 0 T
H2S04 Base I : |
L N
(ii) . C=0 — " JYee N
cyclohexanone oxime _ nylon-6
caprolactam
G
H3C, Cso  NHOH, POCI; H3c N\>CH
(i) CHg-CON(CHg) e
' " TOH HaC
HsC 80%
Ph - Ph
NH,OH
y P,05, CH;SO3H HN |
0’/ H 0°, 2 - 3hr, then 15°C d
| 90
? .
S S<_NH CH3
[‘ WC‘CHs NH,OH [l \IT \(“;"
: " PCls o
' : 8%
Drawbacks : ,
(1) Anti - Syn isomerisation of oxime. (2) Beckmann fragmentation

Anti - syn isomerisation : Some reaction condition can lead to syn-anti isomerization of the oxime occuring
at the rate faster than the Beckmann rearrangement then a mixture of product will be obtained.

R R | |
| - =N Step-1  C=N BR:
t BR ep Y o i, i p L
R—-CNHR<—— R OH —— 7% ‘oH R-C-NHR'
P -2 : . 0 L
0 | » el FEE
' o k Mixture of product R f

. 1 . AN

Rate (Step 1 > Step 2)— Product mixture
Rate (Step 2> Step 1 ) — Pure product
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2.

Fragmentatlon A fragmentation reaction occurs if one of the oxime substituent can give rise to a very stable
carbocation and subsequent formation of nitrile (C: N)

©:;: JOH H+ @N OH2 Beckmann LN g @ﬁ(}:—]‘%
‘rearrangement o —
AN [mCH2

HisC { CH,
| KI CH,
Final Product ‘
R
. \/(.:)—-N 1 +
YAl N R—C=N+ R + H,0
R CoH, |
i
—OH N—O:
v A%*- P §<
o . COHZ CH, C CH2

Camphor oxime .

Fragmentation is favoured by reagents like PCL, SOC]Z, strong acids. While aryl sulphonyl chloride in pyridine
or aquous alkali encourage rearrangement over fragmentation.

O QELE

Example:

CN  CO,H
o N ©
Phenanthrene quinone oxime —H,0
(Benzil oxime)

Application:

Configuration ofketoxime can be obtained.
| R BR .
JO=N . ———+ R—C—NHR
" * Synthesis of polymer — Nylon 6
: ®
o N<9Hz ' _g—>

OH

l
1) N'/HZ NH20H I
——
2) Cu, 250°C
|

NH_ A~  N=C

—GNH—(CHZ)S—C %Si-‘ ) (\/) |

Nyion- g-caprolactum
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3. Aldoxime under Beckmann rearrangement condition may dehydrate to nitriles
@C-N—OH @ OH2 « C=N

. Benzonitrile
4, Synthesis ofisoquinoline : '
H
l

H .
H Co C
©/C::CH-—C\ OH b, ©/ Sem H\CH
" I ”\No
- - ,c=o
Isoqumolene

.2, Benzil-benzilic acid Rearrangement
The base catalysed rearrangement of benzil (obtained from oxidation of benzoin) to pro duce the anionofa a-
hydroxy acid known as benzilic acid is known as Benzil-Benzilic Acid Rearrangement.

{\ Ph Ph
_Slow - | fast I

| Ph Ph-C—C—OH Ph—C—C— o

OO0

fast 4 I
as e OH O

anion of benzilic acid

Ph—

©
Nucleophilic addition reactionof Ph on C=0

Rate =K[Ph-—("3v~i'l)-Ph] [on7]

0o
: Second order reaction
Properties of Benzilic Acid:
Melting point : 150°C
Ph _
I Cf03 ”
Oxidation : Ph—C—COOH ———— Ph—C—Ph -
(l)H , Benzophenone
e Ph o

Il I - ;
00 OH
: 5
Rate =K[Ph~%—ﬁ-Ph] [oH]
It has been found that v{zhen reaction is carried out in ( H,0" — ¥on-~ ) then the benzil exchanges "0 faster

than the rearrangement that is why it has been suggested that a fast reverrisible nucleophilic attack occurs at the
carbonyl carbon in the initial step which is followed by rate determining migration of the ary! groun.
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185 18(1) " 18(1)3 ,
, Ph—ﬁ-‘ﬁ*Ph ~——=Ph- ?l: C- Ph ——==ph- C C Ph=——=—= ph-c—-C-Ph
oo) 0 0® : O(OH - C”)gm
exchange of 180 Showing that rearrangement is a slow step Isolated

—~QUO=OL0

COOH

Furilic acid

7.3. Bouveault-Blanc Reduction . |
- The conversion of esters to the corresponding alcohols using sodium in an alcoholic solvent is known as
Bouveault Blanc reduction. ' '

)J\ __N?E‘E, RCH,OH
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Mechanism:
' H OEt
0 06\ OH o OH oj
/u\ single-electron H )\ +e )\
————————-> R -
R @J okt transfer (SET) * SOEt TR ot R EOEt R” [oEt
ketyl(mdlcal anion) :
: ' HYPEt
PP X +—-—)\ ~— L= J -~
TOEt Ot R”* “OEt R |

HYPEt

€

JJ
P

0o

k ‘ Na, A1203 '
t-BuOH, Tol. '

_ OFt —— o OH

Example: | ~ reflux, 6h, 66%

7.4, Claisen Rearrangement

Rearrangement of allyl aryl ether into o or p-allyl phenol through sigmatropic rearrangement. The allyl group

mlgrate from oxygen to the ring preferably at ortho posmon
©/CHZCH =CH,

@CH;—CH =CH,

2-allyl phenyl ether cyclic transmon‘state cyclohexadienone o-allylphenol
CH20H CHCH; | |

O ©/ H—CH=CH,
2- butenyl phenyl ether 2. -methyl (-2-propenyl) Phenol
Mechanism:
CHzCH =CH,
2, 6-dimethyl pheny! ether , 1=C} :
: H> CH,CH=CH, CH,CH=CH,
4-allyt (2, 6-dimethyl phenotl)
Example: , '
~
0 OH .
(1) H3C AN CH3 H3C CH3

R ——

Z
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OMe OMe
(i) | A
0 OH

l

7.8. Chugaev Elimination
Thermal elimination of xanthates to olefins is known as Chugaev ehmmatlon

" on L €8z, NaOH o. s - _A
RN aeml RN NS T 7R + OCS + CH,;SH
S
Xanthate
Mechanism:
R

o O
0 S A .
N T ~ ___,,.Hw\ O — » R/\ + /s—< — 0=C=S} + CH,SH!

S
CH s
A~ ~ e
HaC | :

- EXAMPLES

1. NaH, CS); Mel, 90%

1. .
OH/—~OH 5 HvipA, 230°C, 90%
H H
2. . .
CS,, Mel, NaH dodecane
D —————————
N THF, 1t, 2h, 51% W reflux (216°C)
48h, 74%

s
\s-/lko
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3.

CSy, Mel, NaH

THF, 92%

2%

OH
o ” { HIN
\\“‘
NaHCOj, Ph,0
280°C, 25 min
Chugaevy

7.6. Cope Elimination Reaction

Alder ene

Qlithin:

% \\\\\

This reaction is an example of Chugaev syn-elimination is followed by an intramolecular ene reaction.

S
O)J\S/

Cbz —

This reaction includes thermal elimination of N-oxides to olefines and N-hydroxyl amines

SV
AN

R 3
) R OH
E1 ; < N
R R T
R S
R1 RZ R
PROBLEMS
L. Solid-phase Cope elimination
0 A B 0 N .
04<_\ oé\w 0 HO\N
Q— m-CPBA,CHCly | 3 / 0_<—‘
i, 67% H> \ — Q- =%
‘ OH
OH - OH-
9Bn OBn
BnO ” v BnO H
{ BnO
OTBDPS _ cp. ‘ N
\ DPS m-cpBA OTBDPS
N ' CH,Cl,, 0°C
BnO N(CH?)Z ' . Bn Bnd
2
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.7,

.

O. m-CPBA, CH,Cl, O~ O
i, 100% j '
~ _ I CN H

Retro-Cope elimination:

CN

0 | z /\’//\l
Me OTBDPS /[\/ OTBDPS
Ph -
z m-CPBA, K,CO4 B Cope
. ® ‘ —a W
N Me ~78°C, 3h, then t ( ’;j\Me elimination IL
0 CN
" CN H CN H
O%
Ph
)\/Me OTBDPS i,
Ph : MeOH, A, 54
ﬁ retro- Cope 5:2
H O/ ~ Me ellmmatlon

OTBDPS

Curtius Rearrangement

It involves the decomposition of acyl azides in an inert solvent (benzene) by heating to isocyanate; the temperature
required is around 100°C. The isocyanate can be converted to amine by adding H,O, to urethane by adding
alcohol and to substituted urea by adding amine. The conversion of acyl azide to isocyanates uses curtius
rearrangement followed by conversion to amines, urethanes, etc. is known as curtius rearrangement.

A
Il 3 100°C, benzene RN C_ 0+ N,
O St;lble at inert solvent
RNH2 + C02 Amine
R-N=C=0O-_ron .
\ R=N—C—OR' Urethane
R
R'NH, HO
R“Iﬁ“(l?li—lﬁ"R' Substituted urea
HOH

Ester of carbonic acid is called urethane. _
The reactionis general and can be applied to aliphatic, aromatic, heterocyclic and unsaturated acids. The other

functional group remain unaffected during the reaction.

Acyl azide preparatlon Reacting sodium azide (NaN3) with a reactive acylating agent made from amd
NaN, Na*N—N—N
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(iy RcooH 59 R-C—Cl _Naly R-G=Ns + NOGI
0 | -
C—G—0Et NaN ‘
(i) RCOOH R-G-0-C-OEt ——— R-G-Ny + NaO—C—OEt -
O
Mixed anhydnde :
2. By diazotisation of acyl hydraz1de
' . EtOH . NH,—NH . NaNO e o
R ﬁ} OH —s R (”3 OEt —2 —2 . R—C—NH—NH, 2,HO o N1l
O 0 | 0-soc _
O 0
O e
: : o o : a -H ' N
—C— - R—C—N—N=N =——— R—C-N=N=N R—C—N—N=N
0
Acyl azide

3. Using diphenyl phosphoryl azide :
Rﬂlci_OH +hO), - PN — R— (N3 + (PhO); — p-OH
Mechanism : o
The rearrangement is a concerted process in which the migration of the R group is accompanied by theloss of -
N,. Soremoval of N, is driving force and also derives the reaction forward. The migrating group retains the

stereochemical consideration (If chiral during the rearrangement. like that of Hoffinann rearrangement) No
cross over products are obtained suggesting that it is strictly intramolecular process. Since thereis no evidence

for the formation of the R—C—N, hence the rearrangement step is concerted.

0
0]
e, DR A _
R ﬁ N3 = RCNiN—NmR_NC O+N2
BRI
O=CN- NN
TS.
> ) {o-H 0
—N= Bo ()Y /
@ R N Ct-o__l_»R—Nzc\ _H———w» R"I}T()-C<f\——>RNH2+C02

' |
RN=CE0 R—N=C  ——= RN—C
® 0RO

| RNH SN
@ RN RN RNCNER
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7.8.

Applications :

Synthesis of 1° amine: o :
‘ 1) NoHy i) Ph H, 100°C
PhCH, COQEt - o (o] AR, Nre) < J
2 W ENO0C Ph—CH, E Ny o Ph-CH,—NH, + CO;
Synthesis of a-amino acids:
| JON- pNaoRt AN )N, .
HZC\COOR i) KX “COOR i) NaNOyHCL, 100°C
COOH . + CN . AN
R—CIT B0 g R—CH.,
. \NH i) Benzene ,C—“N3
: NH, 2 iymo I
o ~ 2 0
o.-amino acid
Synthesis of Aldehydes :
i) EtOH, H* i) A, CH,Cl ' ‘ ‘
CHﬁr‘H‘COOH > CHyCH-C-N, 20 CH+ R, CHCH + NH
OH ti) NH;-NH, Lo iH0- S I 3
: iii) HNOy, 0°C OH O 0-H
Lacticacid .-, S @

o-hydroxy acid

Example:

0 0 -
. ) ” )N2H4 ” Ph/H '
4 MeO- C—OEt WMeO C-Ng —= MeO NH, +CO,

(@

0
il
CH3(CHy)1gCO0H SOCk2 CH3(0H2)10~€5~01M§-» CH3~(CH2)10"C—N3 CH3(CHz)10~NH;
0°C
71{,0
Et | |
Z, Et,’ Et 0 Et
C—COOH + SOCI w M NaN % ] A Lo a
/ 2 C—C—Cl—= s o—(— 2 .
(iii) Me , Me” | © Xylene e (;: s Me/? NH,
| Ph | Ph
Demjanov Rearrangement

Rearrangement reaction of carbocations formed by diazotization of primary amines leading to the formation of
rearranged alcohols is termed as Demjanov rearrangement. Thus, n-propylamine on treatment with nitrous
acid yields minor amount ofn-propyl alcohol together with a major proportion of isopropyl alcohol.

H 4
- : HNO , H-shift ®
n-CH;CH,CH,NH, -—-——I-;I-—Z—-» [H;;C—-— é_%)Hz s HyC—GH—CH
T2 :
S : () HO
(carbocation .
intermediate) - , (i) 5"
HH0 OH
(i) -H' HaC—CH—CHs
n‘CH3CH2CH20H  (rearranged alcohol)

ThlS reaction makes the basis of Demjanov’s method of contracting and expanding ahcychc ring systems. ng
contraction takes place when a positive charge is formed onan ahcychc carbon, and nng expansmnoccurs
when the posmve charge is placed ona carbon o to an alicylic ring. :

NH, OH

E'_‘f £NGy D , 'D_Jp H HINO_,_V HaN, l
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NH, | Nz ® OH
HNO, 2 [ 1. H0
| —— Rt —e— Y
diazotization ‘ 2 g
Cyclopropylmethyl cation is expected to relatively ml_%m;lon of
more stable because of effective charge delocalization C ond ,
invalving cyclopropy! ring C—C bond in cyclopropane OH
bear appreciable p-character ® 1. H0
- ‘ CH2 et e
o ' 2.-H" :
: ‘ ' (ring contraction)
| CH—R ©
CH,NH, | 27Nz H, CHyOH
HNO, -N, - 1. H;0
Se— » B . e
diazotization _ 2-HY
/ ‘fhmmy migration of
e C—Cbond o4
@ .

{minor) O -—-I-—-I-Ig—cu)-—;»
2.-H

7.9. Favorskii Rearrangement

(ring expansion)

Thebase - catalysed rearrangement of ¢ -halo ketone (chloro/bromo) to carboxylic acid derivative is known

as Favorskii rearrangement.
| TIF & TFT
Rq—C—C—C—R, ReONa R5O-C~—-(li--C‘—fR2
| Ry Cl Ry M
Mechanism: ‘
H R1 .Rz © R4 R1
-R-0OH l : -C . 3 l IL_
RO * R3“..?_.%__(:';_R2.__5____> R3—C._ /(? Ry » R C\C —C R,
Re O C ' i ‘Cl l
| Re I %€ (10‘)
| R
Ra Ry H T R ? Cl; R RSO@
e O —R:—C—C—R, <-—— T LRy
C : A
of “ORs 0" ORs ©0- ORs

PROBLEMS

, ‘Br O o CHj
M HSC-—-—E-—CCH?, _OCH; | HiC——C—COOCH,
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7.10.

CHs o ‘
. L7 H KOH
(i) H3C—('j———C——C——?H2 T, (H3C)3—C~'-?H-—COOH
CH3 Cl CH3

Ci
ocH3
- (v) O‘CHa

Fries Rearrangem ent
Ester of| phenol can undergo rearrangement on heatlng with anhydrous aluminium chloride [lewis acid]to form

phenolic ketone.

OCOCH; COCH,
_ACly COCH3
A
Phenyl acetate o-hydroxy
V acetophenone P- hydroxy
. ) acetophenone
Mechanism :

Bvidences for both the intermolecular & intramolecular have been found suggesting that both mechanism operates
simultaneously. .

(1) Intermolecular Mechanism :

(g

- +
HzC-C, +_AICI ) -AICI
o oc": RO o—Alck @Ak
ACts + + ttack
—n = + CH3"’ =) - + CH3_ "'OP"L“"
' \ Acylium ion H,c0CH
o-attack
, ' : % OH - O-AICl,
OH O-AlCl, (9-AIC), " :
COCH, A\ COCH; LA H o
~HC - HCl- COCHj
HzO - R | OCH;
o-isomer ' : COCH;
: p-isomer
(2) Intramolecular Mechanism :
¢ e
(Il, AICI O-A!Cl
H3C \+O. 3 - 3 “‘A’C’:}
——
C-CH
“ ® 0=C~CHs..

COCHj,4
p-isorier
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0
. Il -
Lo A
H3C ) ) A
H3C

D e

7

0 o—mcb '
('{Q |

H : wHCl

O—AICI5

S

o-isomer
« In general, low temperature (<160°C) favour the formotion of p-isomers and higher temperature (> 160°C)

“favour the formation of the o-isomer. The mixture of o and p-isomer resulting from fries rearrangement can be
repeated by steam distillation o-isomers are intramo lecular hydrogenbonded and have greater volatility.

H-.
. . T
: o—c—CH 0 O
3 v //
< ACls AIC|3 C\CH3
,‘ 25°C 165°C k
COCHjg HC ™
. o-i1somer
p-isomer
o
O—C—CHj OH
COCH;
AlCl3
(ii)
o N CH, B HaC CHa

3, 5-dimethyl bhényl acetate 2-hydroxy - 4, 6-dimethylaceto phenone

on | COCH
COCHy 3
H,COC

2, 5 - dihydroxyacetophenone

OCOCH,

[:t] __ACl3

OCOCH;
Hydroguinone diacetate

Evidences:
1. Evidence for intramolecular process has been obtained. from trapping experiments while cross-over
- experiments support the intermo lecular path way.

0—%—CH3 —C—CH;; OH o )
C“CH3 'Mixed products show |ntermolecular mechanlsm

Photo Fnes Rearrangement:

The fries reanangement which is catalysed by hght is known as photo fries rearrangement. It involves ahomolytlc
- cleavage of the acyl oxygen bond to form a radical pair intermediate. The coupling of the radlcalsthen produce
the stable product.
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il
O"g—C‘—CHg _ O
ho Radical pair
EtOH C , intermediate

Coupling : ‘ , ' <
0 -
0 o T OH
O, P ( C—CHs @COCHS
+ ¢ — — :
“CH, H

Phenol is obtained as a side product.

0 - . OH
0= . »

Metal promoted fries rearrangement is also reported.
0 OH %

O—(”;—~t Bu Br ~ |
@ 1) s-BuLi THF C tBu
Br 2) H;0" . .

o-bromo phenyl esters.

Advantages: The o-product is intramolecular hYdrogen bonded so boiling point isless and the p-product is
intermolecular hydrogenbonded so boiling point is high. :

OH

o i: | '
: é’o , Co . p-isomer
HyC™ N0,
{:i:(‘bH3 “H—0
o-isomer » © '

COCH;
Example: v :

25 OHx O ) O ‘”0 -
@ O

: COCH3

O e O

CH3 ‘ COCH, H



http://www.ChemistryABC.com

Rearrangement Reactions 247

OCHs OCHj3 * OCHj4

(i) OO " A ""““ O oricf-

C13A1 .
| OCHS OCH3
H* 1 H,0
COEt 4 . c;o COEt
OCH \A1C1
ClyZn ) . o ,
OCOCH; 0—COCHz C‘)—ZnCL; 0 O—ZnCl, OH
HizC HzC™ HsC HsC - H

7.11. Hantszch Dihydrophyridine Synthesis
Hantzsch 1, 4- dlhydropyndmes are popular reductg reagents in organocatalysis. It canbe synthesmd from
the condensation of aldehyde, b-ketoester and ammonia.

R
CO,Et
Q NH; EOC CO,Et
Jor A, T |
R H 0 R!
R N7 "R
: ~H
Mechanism: |
Y A o o
U H_COEt RAH OH / NH;
o' CO,Et _ aldol _
1 formation H3NZ/—\H A I condensation R COzEt
0 R 0" R g
CoEL /:(
2 "
- enamine [\ _H20 CO,Et EtQQC A CO,Et
"NH; ~frmaton "HO H N rxi
09 R 3 . A
A H;)_N _ N R = 0 HN" R

| | R -
H,;N—H
Michael EtOQCV H COzEt . I\H.I3 _ : EtOQC

addition

. tautomerization

! ' Hzﬂj"HO
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COzEt

o

' @]
2. R1/”\ /lK/COZRZ + . NH4OAC -

(Si0,-SO41), solvent-free

60°C, 83°9%%

3. Hantzsch 1, 4- dlhydropyrldme can also be used as a hydro gen donor.

X

EtO,C COqEt
X
N

Jeohan
- H
84-95% ee
O o OH

7.12. Hantzsch Pyrrole Synthesis

Synthesis of pyrroles by the reaction of a-chloromethyl ketones with b-ketoester and ammonia is known as
Hantzsch pyrrole syntheses.

Mechanism:

CO,Et

\( COzEt COE
{TH_COE ~_CO,Et
_cnamine ’ —
fonuation ®, N
H,N HNT
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7!130

I .
. R—“C—NHz + BI'Z + 4NaOH

O,Et

C
HU% | —
H,N

‘ COzEt ’ COzEt
st e
M H3N:—~ AN ‘

H N
N i
H
F3C CO,Et
Example-1: Fe,C\i /[ DME, 87-140°C_ U
2.5h, 60% /~Me
N
. |
. H
CO,Et :
2 NHj, BOH
Example-2: \©/Y\ 4h 48% CO,Et

N
A H
Hoffmann Rearrangement

The conversion of amide with no substituent on the nitrogen to an amine containing one carbon less by the

action of alkaline hypobromite. It involves the migration of an alkyl or aryl group with its electron pair to

electron deficient N from adjacent carbon. The reaction involves the intermediate ofisocyanate (R-N=C=0)
@

0 .
KN}‘IZ + 2NaBr + N32C03 + 2H20

Mechanism :

It is SN? intramolecular substitution reaction: Br, + OH™ — OBr~ Hypobromite

A
Step-T: R—C—NH, — 22 » R—C—NH—Br
- N-bromoamide (A)
H |
Rt /OBt Il e ® o
O\ A R—-C—NH + Br-(IS)H(HO —Br)) ~————->R-C"NH"Br + OH
A H
o : 0 90
il ~H,0 (-| | '
R*‘C"-N-’-Br R—C—-’N-“'Br ~— R— C-—-N—Br
Step-II: Acidic - HJ : _ Anion of N-bromo amide (B)

(H)
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..
STEP-III: RACAN—- s o
R\C/}\T Br R-C*N-Br R-C-N
. 0o |
R-N=C=0 | @C-—N—R<———» 0=C=N-R
Tsocyanate (C) ©
The second step (B) can be :
o@ o
c=H ' > 0=C=N—R + Br
. C N-(Er —--—>~
STEP-IV: Attack of H,O on isocyanate : (Nucleophi]ic Solvent)
, o :
- I
R—ﬁ)-:c,:’o/'—};\—g-» R—N—C decarboxylation ~ {~—>-
A ] ~ | R-NH,}+ €O,
HOHY s
N-alkyl carbonic acid
C ‘(unstable)
Second way
.0
0
(Y RN=C' (o 0
R—m—@—/ i R-I@C\ L R_I{I:LC{(*\___F RONH, +CO,
/ ‘J OH }l{ O~H |
H
CO, + 2KOH ——+ K,CO, +H,0
(co,f"

CO, is exists as a carbonate because basic medium is used.
* when acyl azide is decomposed in the presence of alcohol, the isocyanate react with alcohol to fonn a
.carbonate ester hydrolysis of carbonate ester gives the corresponding amine.

| 0 , 0
. - R'OH ] H;0" -
R—N=C=0 R-NH-C—OR' —2 R-NH-C—OH ———QEL»VRNHz
isocyanate carbamate ester " carbonic acid : amine

Migrating aptitude in aromatic groups : ;
* Presence of electron releasing groups increase the rate of reaction.
» Presence of electron withdrawing groups decrease the rate of reaction.

CONH, NH,
OBr .

e ot
G -
Rate : -OCH; > ~CH, > ~H > —CI > —NO,

Side-Products :

R—CONH, MR pocv ] | ¢ oy g

(IfR group contain Nlt?le ‘ (ammine having same no. of
more than 8C) : C as that of amide)
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2.

|
Direct oxidation of amides can also lead to Hoffinann type ofrearrangement with the formation of amine or
Carbamate

_t-Bu

t-B
. o 0 O/ u 0
>CQ CONH2  pp(0Ac), ﬁ

|
NH—C-O—t-Bu

I
CONH, oo NH~-C—Ot-Bu
C—0—CH(CH,) n : _
) \/\E// (H) 3)2 P \/\/%1 O- CH(CH3)_2
©~coc, 6-COCH,

0. | | 9 '_ ._(*?_

2) ©(31~12-(”:—NH2 PbI(OAc); QCHZ—- \~C-OH _MeOH QCHzIﬁ C—OCH,3
. i N — H
: H ‘ Carbamate
. os
O

O (s c-cr-Cm, 2

(CH;),C—CH;~NH,

0
il
(\Ar N by on CWNH Pl (jfgj" Br [\/[ =C-0 116 NH,
@ NAe T (]
H .

NF
H .
O .
C——NH2 | |
NH NaOH

NaOBr NH2
COON CHa

COOH

: , anthranilic acid
@/COOH UCOOCZHS CONHz
NaOH
C,H-OH
© N 2 U
Nicotinic acid
@) ‘

Nlcotmamlde

o -ammopyndme
¢ Br,/NaOH N-C=0 0
r/Na CH3OH |
(7 O \NHz » : O N—C—OCH;
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Applications : ,
(1) Formation of amines (i) Synthesis of amino acid -
I
H2C_CO\N}{ NaOH H,C—C—NH, Bty KOH H,C—NH, - H,C—NH,
HZC—-CO/ H,C—COOH "H,C—COO~ H,C—COOH
Succinimide ] o pB-alanine (AA)

3 Aldehydes from hydroxy - acid amides :

—CH- P
P CHCONH, o 2= PieCH + NH,
OH O'H d
7.14. dullia-Lythgoe Olefination
(E)-Olefines from sulfones and aldehydes
SOQAI'
1. n-BuLi
Ar Lere R? Na(Hg 1
R Ng " ARCHO o a(He) X R
Y \O 3. AcyO CH;0H K
- 0 OAc |
- . .SO
n-Bu H A SOAr S zAr1 |
/|\ I a- deprotonatmn coupling R
¢ /J RIT R
VAN 6’\1& 09 \Wc%)
e i
0]
V SO5A NaHg) o
' R1 a(Hg . R!
R single electron SOAr + R/\r
OAc transfer (SET) OAc

4 possible diastereomers

Na(Hg) - A R
smgle electron OAC + RTS
transfer (SET)

- EXAMPLES

1. n-BuLi, THF, 78 C
\[/\SOPh x
1. , 2. OHC(/ E:Z(99:1)
3. Ac20 ’

4. Na(Hg) 43%
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SO,Ph
Li
—..___—_»
1. THF, -78°C
2. A020 : R
3.5% Na(Hg), 77% AN

Ph n-BuL1 THF,0°Ctort

. - R . ) \
- 61-75% S m-CPBA, CH,Cly
: S > CH > }
3. 3 0°C, 80-98%
OHC—@—CH3 HO

Acy0, DMPA, CH,Cl, - Na/Hg, THF, MeOH
0°C, tot, 60-95% “20°C,53%  HaC
9 | Ph °  Sml, THF
1.LDA, THF, -78°C i
S._ + Ph - LDA, THE, 78 HMPA, -98°C . _Ph
PR ™pn T T " cHoZ B, g > TiNg PR 227 5 pp NN

| 67%, B/Z=>95:1

3. Me;N(CH,);0H OBZ

O

7.18. Knorr Pyrazole Syntheszs
The reaction of hydrazine or substituted hydrazine with 1, 3-dicarbonyl compounds to produce the pyrazole or
pyrazolone ring system is known as knorr pyrazole synthesis.

R. N
~ N/ RN R,

R¥H, Alkyl, Aryl Het-aryl, Acyl, etc.
Mechanism:

R

'R\NH N

' 0
+ N
NH,. \
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l\lne
OMe O  MeNENH, N
e
1 M HCL HzO
MeO e 68% }\J
Me
o ’ , ' 0O 0
2 Me Et02CCF3, NaH, THF} CFS
: E -5 to 0°C, 30 min, ‘ ‘
: a
tt, 5h, 95% Me ‘ ‘
Me

=W

0
I
HolN— I@-NH NHyHCI
CF
N / 3
EtOH, reflux, 46% /@
\Y

HoN / o Celebrex

O

7. 16 Lossen Rearrangement :
The rearrangement of acyl derivative ofhydroxamic acid to isocyanate followed by hydrolysis ofi lsocyanate to
this corresponding amine is known as lossen rearrangement.

0 .
I '

R—C—NH-OH + R'COCI R——gmN—-o——%l}—-R* —»@—%—{ﬁfo——o——R

Hydroxamic acid OH lll \/ .

o-acyl derivative

H.0 . “ 6;4__'...._,
RNH; + C0p < 0=C=NR + R—G=0'="

good leaving group

The concerted nature of the rearrangement is supported by the fact that not only is the reaction facilitated by
electron donating groups on R but also through electron mthd:awmg groups R'in the leaving group inthe rate
determining step. -

*  Hydroxamic acid itselfmay undergo the lossen rea[rangement by the action of strong morgamc acidsto primary

amine.
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7.17. Peterson Olefination

1.

2.

T @

If : | | - hy .

RCNH-OH-HOL r—& nomy — g & T (REH
Hydroxamic acid H ' " ‘ .

: Nitrene

R-NH, + COp <22 02GaN-R <~—o

Preparation of alkenes from a-silyl carbanions and carbonyl compounds. It is also known as the sila-wittig
reaction.

0 e M HO SRy R H
A, + M elsing —» rey—{n o B[
R1 R? base
R® R R R2 R

Mechanism:
(a) Basic conditions:

1 R2+6€-SiR3 —R ' )__q syn
R3

LITH \ femmm— U . ¢
R =R == R imimation .
R2 R3 R2 R3 R2 ' R

B-silylalkoxide intermediate
(b) Acidic conditions:

EXAMPLES
SiMe,Ph
- HO,
WOH HO OH
Q 80, THF N KHMDS, 18-C-6, THF
" 23°C, 24h, 95% —78° %,>20:1 dr
HO? " Y0Bn NG . T8C, 1h, 99%>20:1 dr 9 ar:
OBn OBn | OBn
)F\ 1. n-BuLi, Et,0, -78°C E
PhO,S” ~TBS 2. benzophenore, 63%  PhO,S™~X Ph
, ~ Ph
_~__ LKHMDS, THF, 78°C_ 7 | - CN
t-BUO)Ph,Si - >
( )Phy CN @\ \N Z
2N ' 88% yield
yie
N* "CHO . 928 Z:E
O OMOM - 0O OMOM

11. LICH,; TMS, THF, 0°C, 15min
2. KHMDS, 0°Ctot, 1.5h

3. HCl, MeOH/Et,0, 5 min, 74%

(7~ |
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7.18. Pinacol-pinacolone Rearrangement

The acid-catalyzed rearrangement of V1c—d101s (1, 2-glycols) to aldehydes or ketones is called the pinacol
rearrangement.

R, Ra Ry
< H' l
R1—Cl3—'CI3“‘R4 —> Ri"lCl?'—Cl?—Ra

OH OH 0

(R=alkyl, aryl or hydrogen)
The name is originated from the classical example of conversion of pinacol to pinacolone.
V Me Me Me
[ IS
Me—Cl)—Cli—Me —_> Me-—%-—(li—Me
‘OH OH (migration of methyl groupy O Me
(Pinacol) : (Pinacolone)

The rmgratmg group may be alkyl, aryl, hydrogen, and even ethoxycarbonyl (COOEL),. However, ehmmatlon
of water to yield alkene —the normal reaction of alcohols—may be observed as a side-reaction.

Mechanism:
R, R ” Ry Ry | Rs
N ORI & SNEI
1 | | (protonation) 1 | (elimination ! | @ R
OH OH, ‘ OH(DOHQ of water) - OH . (D :
(1, 2-diol) Carbanium
- _ i
Tz Tz Rz ‘
ﬁ“?—RB e —— R1"'”|CI>—'C‘:“‘R3 C"““C""R3 (1, 2—shiﬁofgr0up)
R4 L ot ,R4 e (b
(Carbonyl compound) Hydroxycarbomum ion
(I
Critical\’iews:

(a) Migratory aptitude: It is necessary to get an idea about the migratory aptitude of groups inthe cases
where glycols contain four different groups. Various experimental observations suggest the realtive aptitude of
groups in pinacol-type rearrangement as in the order of aryl > 3°-alkyl> 2°-alkyl->1°-alkyl.

Ph  Ph T Ph  Ph 1. migration of , Ph
o | ‘ H | - phenyl group - |
(1)Me—C—C—Me ——> | Me—C—-C—Me » Me—C—C—Ph
l | | ® 2.-H |
OH OH ~ OH. 0 Me
Ph ' Ph  Me Ph
|~ HOAc+H,S0, ] cold H,SO, | o
(@) P G0 Me < : Ph-—C-—-cl:—Me — Ph——C-fﬁ—Me

0 Me | | OH OH » . Me- O
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Ph H Ph
| W
Ph——-—C-——C‘)—-Me ———> Ph—C—C—Me

OH OH H O

(b)In the case of unsymetnca]ly substituted glycols, the ~OH that becomes protonated and ultimately is eliminated
is the one whose loss gives rise to the more stable carbonium ion.

Ph H “ , ph H : Ph
I H' l |

Ph—C—C—H i Ph——éC*——C H -——>» Ph—C—C—H

H
OH OH | OH ' H

g (more stable) :
‘ pp  H Ph
| 1 |

Ph—G—C—H ——> Ph—C—C—H

OH (less stable) - o H
(not formed)

(c) Piancol rearrangement may also be catalyzed photochemically.

O + another photo-induced product

OO O‘O

pinacol-rearranged product -
(d) Pmacol reanangement can also be accomplished in the solid state.
PhCH(OH)CH(OH)Ph————i‘LC‘—’—~——>PhCOCH Ph - (87%)

room temp., 2 min

(p—MeOCH, )CH(OH)C(OH)Ph, ——»‘31‘3——-——->(p —MeOCH, ) CHPhCOPh (94%)

room temp,, 2 min
HO - :
® .
OH
Toom temp., 2 rmn
(55%)

Applications: The pinacol rearrangement reaction is a useful altematwe tool to the standard methods for
synthesis of aldehydes and ketones. :

Me,C(OH)CH, OH-——~—>Me2CHCHO

OH =
(i) L, Ov@ QO
HOA
' OH
A . L,
(iif HO | -
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7.19, Schnudt Rearrangement

The conversion of carboxylic acid into primary amine having one carbon less is schmidt rearrangement reaction.
This reaction can be done by reacting carboxylic acid with hydrazoic acid in presence of H,SO, through one

“step procedure but hydrazoic acid is toxic and explosive & hence it is generated in situ by adding azide
gradually to the carboxylic acid in the presence of sulphuric acid

Re . R
\/C:O HN3 | \/ .
‘HO H:50s  N©

H>O
R-N=C=0 —=—RNH, + CO, + N,

R | T

=0 + H == R—C—OH
HO
Mechanism ;

@ . .
OH on

‘ I
R——Cm——NZN - R—“CI)—((SH —_— R——C,:—_N—NmN ~— R—C—NH—N=N
HON—N=N OH
®

f o [VEY Hy0 f
R-C-NHTN=N R=CG-N-H— R—N=C=0—2—+ 0=C—-NHR—CO, + RNH;

N
H,S0,4

Example: Ph—C—Ph + HNs Ph—C—NH-—Ph
Benzophenone ' Benzanilide

1l
C—CH,q I
_ NH—C—CH,
+NgH 2504 |
acetophenone 7 | acetanilide

* Since the hydrolys1s of amide gives amine.
* aldehyde gives mainly mixturé ofnitrile and N formyl derivative

O
+
R—C—H + HN3-——-—» R-C=N + R-NH-CHO
Nitrile N formyt amine

* Cyclic ketones undergo aring enlargement to give lactams this schmidt reaction provide a synthetx: alternative
- to the Beckmann rearrangement.

O

7
| | C
. "HNs/conc.HCI HN
(i) T — >

" cyclohexanone cavproiactam'
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COOH | NH,
HN3/H,S0,

@ o~ No, o

3, 5 - dinitro benzoic acid

+ COQ + N2
NO,

3, 5 - nitroaniline

COOH
NaN 3 H2304

NH,

(1) NaOH

cyclobutane
carboxylic acid

Intramolecular Schmidt Reaction:

o o
TiC
(CHa)4N3 ‘
Mechanism : '
+
COTiCl,
(j(CHz) SN

Applications:
(1) Production of amine from acid
(2) With excess HN, — Tetrazole derivative obtain

+  HNj—r
Excess

CardLazole (Heart stimulant) -

3 20, Skraup Quninoline Syntlzeszs _
Preparation of quinoline from aniline, glycerol sulfuric acid and oxidizing agent (e g PhNOz).

- ‘ S0,
I - HO OH
, NH, OH

(rlycerol

Mechanism: _

dehydratlon CHO
/W/\OH B HOArd\ /\'/\OH S HO/\/

% ?\”2 |
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LB H@r—\
P4

. He3 ® CHO dehydration |—} conjugate
, addition
H ' _ - ‘ N

HoN H

acrolem
mtramolecular
addltton

OH2 ’
dehydratlon oxxdatxon by
PhNOz, -H2

For an alternative mechamsm, see that of the Doebner—von Miller reaction.

F
F . OH H,S04, FeSO, F

H;BO;, 80% A
+ HO OH >
SO3H

. - Y
F NH, @ F7 N
_ NO,

EXAMPLES

H,S0,, H3BO,

FGSO4.7H‘20
75%
1.
2.
HOAG reflux
—————.——>
- 8-10h, 78%

NH, ~ MeO
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.21, Wagner Meerwein Rearrangement
Wagner~Meerwein rearrangement was first discovered in the bicylic terpenes and most of the early devel-
opment of this reaction was with these compounds.

The term Wagner-Meerwein rearrangement is generally taken to describe a 1, 2-migration ofaring cartbon
atom in a bridged polycyclic molecule. Some chemists have expanded the co-notation to include all 1, 2-
migrations of hydrogen alkyl or aryl groups from b-carbon to carbocationic carbon.

Driving force for the Wagner-Meerwein Rearrangement:

1. Wagner-Meerwein rearrangement will occur if it leads to the new carbocation being more stable than the
original.
2. Stability of carbocations, 3° >20>1°,

Evidences for Wagner Meerwein Rearrangement:
When hydrolysis of 1-bromo-2, 2-dimethyl propane (neopentyl bromide) is carried out under conditions |
favouring the S 1 mode the product alcohol is found to be 2-methyl butan-2-ol and not the expected 2, 2-
dnnethylpropanol (neopentylalcoho D).

CHs | CHj CHs
| ) B SN | &) X |
H3C—Cl<)—-.CH7_ Br ———» H3C-"-C|)—'CH2 ——— H3C——(i3'—CH2-*OH
CHy CHs HO  ch,
1-bromo-2-dimethylpropane 7 1°-carbocation '

CH3 . CHa > CH :
HCmCmpl L2 Me” Shif (l:/;\O-H FHs H )
3 - g — H3C“‘ “C'iiz e H3C (;_; CH2 CH3 e H3C C CHZ CH3

. CHs M OH
3°-carbocation - 2-methylbutan-2-ol

- Conclusion: The greater stability of the 3°-carbocation, compared with the initial primary carbocation, pro- {
vides the driving force for the C—C bond-breaking involved in migration of the methyl groups with i electron
pair such changes in carbon skeleton-invo lv1ng carbocations are known collectively as Wagner-Meerwein
rearrangement.

Further confirmation of the involvement of 3°-carbocation is the simultaneous formation of the alkene, 2-
‘methyl-but-2-ene by loss of proton a product not obtained from 1°~carbocation because it has not b- hydrogen
aswe know b-hydrogen is necessary for b-H elimination reaction.

C}:/ No [3 H
so elimination

H3C——C CH2 1s not possible

CH3'
S __ P-hydrogen ‘
CH, e T1 ?Ha Tz ® <13H3
_ L - : ‘ -H .
HzC—c----CHz-——CH3 ot : ST é: CH—CH; ——2 » H,C—C=CH—CHj,

Major product

Note: While the neopentyl—type bromlde undergo es rearragement dunng S 1 hydrolysis, no such rea"range-
ment takes place with its phenyl analo gue. :
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Rearrangement Reactions

. CHj : CHs CHj ® CHs
| H sy . b 1L2Meshif B -H 1
H3C-C—~(‘)-—-CH3 ——->H3C—-'C——(é—.CH3——--——-'—>H3C (l: ﬁ-—CHS——-»HgC—(l:—-C.—CHS
G B | . CHy CHy
3 * 3°-carbocation more stable

2°-carbocation
VCI:H3 . CHg - CHa oy,
SN ' ‘ I
H3C—C—CH—Ph ——» HsC—C—CH—Ph ———> H3C——cé———-—ﬁ—Ph

Cl I B ..

®
CHa OHp o CH. OH '
_g® ]
H3C""C—"-ﬁ—'—'Ph —— H3C—"Ci:——ﬁ""|:’h
CH3 CH3 ‘

» Terpene chemists call the migration ofa methyl group the Nametkin rearrangement.

vExamples of Wagner Meerwein rearragement: .
Acid catalysed dehydration of the natural product camphenilol gives the alkene santene.

ﬁbm_,__,éb -

camphenilol OH santene

©
Me — Me ~-H0 m 1,2-Me~ Shift CHy
| H CHs

2° carbocati
cation . 3°-carbocation

Mechanism:

®
-H

CHz ——

CHy

HO

Mechanism:
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7
3 2
1
VRPN
Camphene

-8

Some times several of these rearrangements occur in one molecule, either snnultaneously or in rapid sucession.
Example:

. CHs

(B)

When this compound is treated with acid C, —C; olefinis formed

In this case seven 1, 2-shift, takes place. One removal of H,0 fromposition ‘3’ to leave a p051t1ve charge, the
following shifts occur

4——3——hydride shift ; 5—— 4— methyl shift; 10— 5—— hydride shift
9-——10——> methyl shift; 8——>9—— hydride shift; 14-—8 ~———-—>methyl shift

13— 14— methyl shift ‘
This leaves a positive charge atposition 13, which is stabilized by loss ofthe proton at 18-positionto give (B).

Me

~H,0 '
Me 2 “
. ®
HO . .

1, 2— Me~ shift

k-
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Me Me

1, 2 B shift

1,2- Me shlft
Me Me
Me Me
1, 2-H" shift 1, 2-Me™ shift -
e —— _—

Me Me

[-elimination
—_—‘—+

-H

Me" Me.

Note: Alkyl migrations occur in order to make a carbocation more stable.
A cation can be madé more stable if they become less strained.

For example Four-membered rmgs adjacent to cations readily rearrange to five memebred rings in order to
relievering strain, :

Four membered ring  S-menibered ring.
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Meéhanism
S)

————»~H+Cl

E— A
Methylene shift . . ,

In order to relive the ring strain

Problem: @ @,

Mechanism:

Loy, &
H—cl — H + (1

l 2 H~ shiit Cl r
1,2~ methy}ene shift

Problem: The racemisation of camphene hydrochlonde (Nemetkin rearrangement)

3
@ 1,2-Me” shlft @ @
H30

Remark
1. The rate of the rearrangement was found to 1st order and rate depends on the nature of the solvent, the rate |
being faster the greater the ionising power of the solvent. The order observed for some solvents was:
: 0
: 1l - i
S0, >MeNO, > Me—CN> Ph—C-—Me > Ph—OMe > PhBr > PhH > Et,0
2. Meerwein also found that the rearrangment was strongly catalysed by lewis acids such as stannic chloride
(SnCl,), ferric chloride (Fe(Jl]) etc. :
Problem: +
‘ H,0
0 '
H Me ﬂ_we(;,\b__ Ho oy \ M
z T v ' Gl
Me, , Me—Li. Me A q vMe
Me Me A Me

Iits

=

[0}

Tl

=m

5
Ilin

_Me

== '
@
|
T
@)

Tiin
=
)

driving force of the reaction is relives in strain in the 4 membered ring. M
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Even alkanes undergo Wagner-Meerwein rearrangment if treated with lewis acids and a small amount ofthe

inatiator.

Aninteresting application of this reaction is the conversion oftricyclic molecule to adamantane and its deriva-
- tive.

It has been found that all tricyclic alkanes contammg 10 carbons are converted to adamantane by treatie
Lewis acid suchas AICI..

If the substrate contains more than 10 carbons, alkyl substituted adamantanes are produced. The TUPAC
‘name for these reaction is Schleyer adamantization.

omp e

AlCly
e

S

If 14 or more carbons are present, the product may be diamantane or a susbtituted diamantane.

Note: These reactions are successful because the high thermodynamic stability of adamantane, diamantane,
and similar diamond-like molecule. Best yields are obtained by the use of “Sludge” catalyst (i.e. mixture of
AIX, and t-butyl bromide or sec-butyl bormide.

" PROBLEMS

When the alkene 3, 3-dimethyl -1-butene is treated with hydro gen iodide there is a mixture of products
obtained.

CH3 CH3 ,CH3 CH3‘

| HI | |
H3C—cl:———ﬁ=CH2 — H3C——?———?-—CH3 + ch—cl:———?-—CHa

CHj o CH; I I CHj

3, -dimethyl-l-butene - 3—i0d0-2, 2-dimethylbutane 3'10d0;25 3"dlmethy1 butane : :

 propose a likely mechanism for this reaction.

CH,  CHy
| H,S0, |
' C—CHy ————» ~C—CHj
reeNg CHSH S 774
l | o 3O l | scH,
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7,22,

Wolff Rearrangement

o -Diazo ketones on treatment with solid silver oxides spht off nitrogen and rearrangement to ketene. This is
known as Wolff rearrangement,

0
] AgO
R—C—CHN, —— R——C""‘C—-—O + N,

a-Diazo ketone : :
The rearrangement may also occur on irradiation or on heating. When the reaction s carried out in the presence
of water, alcohol, ammonia or amine, the highly reactive ketene readlly reacts with the nucleophﬂes present,
¢.g., H,0,ROH etc. to give respectivelyacids, esters, amides or substituted amides of the next higher homologue

ofthe acid from which the o — Diazo ketone is prepared.
H,0

» RCH,COOH

R'OH
———» RCH,COOR' where R= aliphatic, aromatic,
heterocyclic and alicyclic

R— ﬁ ._.""— C=—=0
NH,
—————» RCH,CONH,

R'NH,
-~ RCH,CONHR'

Mechanism: It hasbeen shown isotopically labelled carbon (°C) ina series of transformations that the carbonyl

carbon of .~ Diazo ketone i present in the resulting acid as the carboxyl carbon when the reaction s carried

- out i the presence of water. Obviously, migration must have occured during the rearrangement. On the basis

of this, the following mechanism has been suggested.

o)
n ")/9 5 _C@ Ag;0 3" (\
C—N-——N ! <—» R— ———C N=N: > —cH
a-Diazo ketone ‘ H . |
Hy, 13 H,0 13 Carbene

R'-'C-—COOH*‘——-‘“'— R_ﬁ'—"c =0 <rean'angement

ctene
Splitting of nitro gen and migration of R group may be concerted. InKso me cases ketenes have been isolated.
The group R migrates with retention of configuration. This has been confirmed by the following observation.
- Ahigher homologue of an optically active and (i) obtained by Amdt-Eistert-Wolff rearrangement on
degradation by Barbier-Wieland method gave the original acid with the same configuration(Lane and Walls).

AR N S
t-Eistert PhMgB
nC4Hg--C--COOH —— . NC,Hg— eBr 1 CyHg—C—CHy—C—OH
| reaction Cag (lj CHZCOOH 3. H,0 Y _ 2. |
‘ Me Me . Me Ph
C3)] a-Meﬂlyl-a—phenylcap;oic acid boiling Ac,0
| AcOH i A
CrO,, : '
3 A 6 Hg—C—c=C
—Pli,C0 [ H

Me Ph .
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CHAPTER

Heterocyclic Chemistry

8.10

- The atoms other than carbon and hydrogen are known as hetero atom. The compound containing hetero

atom[suchas N, S, O etc], is known as heterocyclic compound.

Monocyclic eompounds with one hetero atom:
Some of the important heterocyclic compounds containing one hetero atom are:
(i) 5-membered heterocyclic compounds:

o0 0

Pyrrole |
H

Furan Thlophene Indole |!| |

(ii) 6-membered heterocyclic compounds:

O A ac

Pyridine Quinoline Isoquinoline

PYRROLE

(A) General characteristics:

(1) Molecular formula C,H,N. Resonance Energy is 21 Kcal/mole, pKa =16.5

(2) The pyrrole ring system 1s important as it is found in many natural products moludmg hemoglobin, chloro-
phyll and alkaloids.

(3) Molecular orbital picture:

O H
The ring has five ‘p orbltals that can overlap o create five new orbitals, three bonding and two antibonding
molecular orbitals, there are six electrons for these orbitals. The four ‘p’ orbitals of the double bonds each
contribute one and the filled orbital contribute the other two electrons The six electrons secupy the bonding
- orbitals and constitute an aromatic sextet. ‘
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@

®)

(6)

@

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

' Resonance structure:

[ };l . BMQ#Z l,HZ x‘g(_,..z \_(@)

N @ N

} l
Pyrrole is a weak base:
Pyrrole is an extremely weak base because the pair of electrons shown as non bonding electrons is part of the
p cloud. When pyrrole is protonated its aromaticity is destroyed. Therefore the conjugate acid of pyrroledine
is a very strong acid pKa=-3.8.

K, ~2.5x107"

Acidic character pyrrole Pyrrole is a very weak acid, its acidity is about the same as that of acetylene.
Example Ifpyrrole isheated w1th metallic potass1um inn-heptane as solvents stable potassium pyrrolide is

N
I
H

Potassium pyrollidine reacts with alkyl halides at 60°C to give N-alkyl pyrroles. On heating to 200°C these -

readily rearrange to C-alkyl pyrroles
{ } { \E 200°C / \
et “.‘

CH3 |
1-Methylpyrrole
Physical properties:
» Pyrrole is a colourless liquid.
* Boiling point 131°C.

-Methylpyrrole

-+ It turns brown in the air and gradually resinifies.
o Itis only slightly soluble in water but totally miscible with ether or ethanol.

(B) Synthes1s of Pyrrole: '
(1)By passmg a mixture ofacetylene and ammoma through red hot tube

2C,H, + NH, ——>C H,N+H,
(2) By distilling a mixture of ammonium mucate and glycerol at 200°C.

+ - — '+ A ‘ . . .
H,NO,C(CHOH),CONH, — o> [ N\ + 2C0; + NH; + 4H,0

|
H

(3) From Succinamide | . (4) From Furan
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0
| Zu-dust ( E
- Al 0]
N dlstllled Z > + NH,4 2 3 [/ \§
I N
0 Furan I_||
Succinimide P)’IT015 |

(5) Paal-Knorr synthesis:

By freathlg 1, 4-diketone with ammonia, primary amine or hydrazine etc.

———>~ R1@
O O O NH 0 HZO

NHR
1, 4-diketone

O i, R/O< ___,...R1O

(6) Knorr Pyrrole synthes1s

R

It involves the condensation between an o —amino ketone and a § —diketone or p —ketoester which pro-
duces derivative of pyrrole.

HNO,——H" +NO;
Mechanism:
= ® HO @
O=N—QH ————» H@-—N:O———» N=0 (Nitrosonium ion)-
HC. (0 f | i
3 OH ~
Ne# HaC H3C\C/O@
) Y
CH-H === CH + N=0 —> j
o) ‘ o o o =
HSC\C//O HsC ,//o
_H+ l - Zn/AcOH
BE— - ’ G e CIH
N
/ SN— [
i |l a-amino ketone
0
I
HiC_ O o HsC C—OEt
N M
’ ‘—C'—OE’E
Now, EtO\/ /\C_ EtO CH\N/ \,OH
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- OH. H O
HCo /o . O~ i I ‘ | O
N He “OFt HyC—C C—C—OFEt H3C OFt
YN H .
— IV\H — o CH_ _c® | |
_HZO / ~ N e \CH ~H20 EIO CH3
EtO\C/ \_N \CH3 ! | 3 N
[ - " ° H
0 ' : ; 3, 5-dimethyl pyrrole-2,

4-dicarboxylic ester
(7) Hantzsch synthesis: Condensation between chloroacetone, a B — ketoester and primary amine.

HiCo 0 e PR

\C-—NH2 HyCo_-NH;

: I
CH; + NH; — EO CH
EtO\[( —H20 Eto\(

\

0
EtOJJ\ M 1
n CH2 c-——CHg SO
I > OH A EtO .
H C’C\NH H HaC'k NH H,0 .
3 H3C HC” N ety HiC” N CHy
H H

(C) Chemical Properties:
* Pyrrole is aromatic and more reactive than benzene.
» It gives electrophilic substitution reaction.

Preferential position for the attack of E*:
Case 1: Electrophilic attack at 3-position.

Case 2: Electrophilic attack at 2-position.

(3o 85—, . O,

l I , |
H H H
- Since intermediate formed after the attack of E* at 2-position is more stable (due to more resonating
structure) than that of intermediate formed after electrophilic attack at 3-position so, electrophilic substi-
tution are favorably occured at 2-position rather than three. If the 2-position is occupied then next sub-

stitution will be at 5-carbon if both pos1t10n 2 and 5.are occupied then substltutlon can be possible at 3-
posmon

(1) Reaction with Br,: Reaction with bromine requires no Lew1s acid and leadsto subst1tut1on at a]l four free
positioils. ‘
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( ) EtOH “EiOH, 0C_ /Z_B\

(2) Vilsmeier reaction: Combination of anN N—dlmethylarmde and POCl3 in the absence of strong acid or
Lewis acid.

/ \ Jj\/""euﬁoa3 k/ \ R'

2. N32CO3, Hzo

N N
| Me . ! 0
H . H
Mechanism: ‘
0 0
P
P<E;T /\"Cl cl
6‘\0 cl CO | /k@
n R NMe2
o’ \ I R 9 J
Cl
'R N \[§ C&\% Na,CO;(aq) RY<_>
1 ‘NMe, | MeaN
H H
(3) Mannich reaction
( \ MeNH -/ \
/ —CHEE)—» NMe,
. l}l ,
Me Me
Mechanism:

N +
l H Me_ l .‘ | Me

6 I t&lllal ton tIalleCI ‘ ! .___"‘_' H

H

Remark: Though all positions react withreagents like bromine, more selectwe reagents usually go for the 2-
(or5) posmon and attack the (3 or 4) positions only if the 2 and 5 positions are blocked
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Example:

- R " NMe,
MCH Me;NH [;&:H |

R 3
HsC N ® TH0, AR B¢

Cl | ' Cl
“) Nltratlon and sulphonatlon

O\ SO3—~Py { E CH;COO™ Nof_' @
803H 10 100°C ‘ (CH3CO)20 NO,

N
!
H
2-nitropyrrole
&) Fnedel Craft acylation:
/ (CH3C0)20 _keoal 7(43\(
N Tosc
f

(6) Riemer - Tlemann reactlon

Mechanism:
' [‘/CI ' gCl Cle / g
o wld—a Y O
o cl e
dichlorocarbene
o o - _Cl
M, PR |
Y+ :C. —- ' C '
\ , \ N
N a :N - c ' N
o _ - 3-chloropyridine
~oH H |
(7) Diazeotisation: ‘
N -
mwN*CSHs —> K N=N-—CgHg ——> @'N‘:N"CGHS'
Ne@ : N .
i | |
H H



http://www.Mechanism:
http://www.Mechanism:
http://www.ChemistryABC.com

Heterocyclic Chenmistry

(8) N-acylation of pyrrole:

« N-acylated derivatives can be made.
« Commonly used base isNaH.
» Anions of pyrrole react with electrophﬂes at the nitro gen atom.

\if;,()—————»O

TS H R O
(Y a I @ ( 3
I o BOC ashydride O/t--Bu
Ho o |
~ (9) Diels Alder reaction:
. ‘BOC '
H—N B
___ \ \ l Iy /] BupdC PdIC
. Zi + cycloaddltlon »
, SO,Ar . SOzAr SO,Ar
d 0
’ C/U\N - COOCH; H3CJ\N
3
— CH2C12
= COOCH3 COOCH;
Reduction:
{ E HZ/NI { E agq. HCl
N® -
l H “ucr
L ! HCI
pyrrolidine

(10) Role of nature of reagents:
TInpresence of AICL the 3-acyl substituted derivative is obtamed while reaction in preference of BF, etherate

gives the 2-isomer.

C—R. ° S |
: / \ - (RCOZ0 orrCOC / \ (RCO)0 or RCOCI
Z . g AICl; , (CHyCI), R-T. [N> BF, OBt,, (CH,CI); R T.
SO,Ph NO2 $0zPh
, \ HN03—A020 ,

N

|

' SOPh

(11) Steric factor: The a:b ratio is influenced by steric requirement ofa substltuent at the N-atom.
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Formylation of N-a]kylpyrrolé:

0
H
@ ke [\ s [f
" pocy N t N
| O |
R Ro i
only a-isomer
R a b
Et 11.5 1
i-Pr 1.9 1
t-Bu 1 14
0
[\ 0 Me }\
} - H=C-N{ H
WO w0
| POCI Major product
WO L
3 ' ~3CH
\ CHjs
; HsC CH,

b-substituted derivative on formylatlon of N-alkyl pyrrole in the sequence.
Me < Et <i-Pr<t-Bu.
When pyrrole is refluxed with an ethanolic solution of hydroxyl amine, the ring is opened and succinaldehyde

~ dioxime is formed.
| CH,—G=N—O0H
</N>'\ + 2NH,0oH —> | " <

CHo=~C=—N—
Hy—C==N—OH

Sie;

i-Pr

O:?:O ‘ 0:?:0 O=?=O
CFa ‘ CFy CF;

Major product
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Fa0s ﬂ 2,’5-dimek£hy1 furan

0

(NH);C03 ,/Ziﬁjﬁ\\
2,5-dimethylpyrrole

i

O
Me CO,EL Me Me COOH
1. NaOH OFt H,SO
/' \ <~ EO I\ 2 RO /N
HOOG™" N~ ~Me N~ CHs N
H H H
Aj'—co2 Al~002
Me CO,Et
z;j\Me Etozc/z_)\
} : '
H H
/ \ + HCN + HCl ———» Alch / %
2. N + 2. Hy 20 N
) ‘ | 0
H H
Et Me
/Z_g CrOy-AcOH__ &
3. Me N '
Maleimide
Z | B CH,CO),0 { 5 NaOH .
(CH;CO), aq a No reaction
)\ | N
' |
H o '
‘ l H-C \CH
H CHy 3 -3
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8.2,

Ag20 : v Me
» ‘ /7
: ® OHe , A —> H2C'—7—CH"‘CH2"CH2"'N\
/N\ B-ehmmatlen Me
H3C CH3
FURAN

(A) General Characteristics: ,
Furan is a colourless, flammable, highly volatile liquid with boﬂmg point close to room temperature It is toxic
may be carcinogenic.

(D-u—sp2 0

Molecular orbital picture

(B) Synthesis of furan:

(1) HOOC(CHOH),COOH — @\ : ——A—.->~ Z/ O\B + CO,
0 :

COOH + CO, + 3H,0
@) ﬂ a @
R0 od R O R o~ R

(3) From ethyl acetoacetate:

®
0 o 60 0 Na
| | CHONa o |
2 H3C-—C—~CH2—-—C—-OC2H5 ———— 2 H;C—C—CH~C—O0C,Hs
} Izl-2NaI
_ : . 0 0
HOOC_ . COOH T . g N
e 5 | D N
| | <gso CHs0L—C——CH—COCsMs == 3 ] 2
R ' . HyC—C—CH—C—O0C,Hs
HiC™ o CH i I
HiC" "0 O 'CHj; o

(4) Feist-Benary synthesis;

- Condensation between ¢ — chloro ketone witha - keto ester of pyrldme

0]

o .
. : H3C () Me
EtO : ‘\C‘é A EtO'J.
+ I _____,.,P /
He” Y0 HZC\Ci YoMeN,
(C) Chemical Propertles

Electrophilic substitution reaction: Preferred posmon for electropthc attack is similar to pyrrolei.e. at
posmon 2 and 5 mainly and at 3 if 2 and 5 both are blocked
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(1) Friedel craft acylation reaction:

OYY =0, ( aon_ )

(2) Reaction of Br,/MeOH:

« Furan isnot very aromatic and 1f there is the prospect of forming stable bond such as C-O smgle bonds
by additions
»  This maybe preferred to substitution.

C j MeOH MeQ

bromination must start in the usual way but a molecﬁle of methonal captures the first formed cationina 1, 4-
addition to furan.

..._,.., Me()/(>\c‘r R MeO/Q"I’

o/ _ Q
e MeoOO | —=H o meo OMe
0 Mo 0

(3)Mannich reaction '

P ome, \Q— H -N’R_:_If_,.@/“/\
o | | O® o R
(4)Michael addition: |

CH3 | _
HsC
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(5) Reaction with Pb(OAc),:

{/ \ Pb(OAQ), U
0 o AcO o~ OAc

(6) Riemer Tiemann reaction:

| e 0
(/ ! CHCl; + KOH - / \ H lDhaP\?/U\OMe> / : \

Y | 0 V 0
4 5
treatment of this furan with acidic methanol gives a white crystalline compound having two -1, 4-dicarbonyl
relationship.

O\/YOMG -——-——> Meozc/\/u\/\n/

1, 4-dicarbonyl compound

Zco,Me

- (7) Lithiation of furan:

Oy O

i 0[‘ (5
- Li—Bu L% Bu ~ THF-complexed

Furyl lithium

O nBuLi Qu O/ Q B12 Qcow———» D

O, Br
- This method is used indirectly for Bromination of furan,
8) Diazocoupling reac'tion is:

(9) Diels Alder reaction:
Furanis partlcularly good at D1els Alder reaction but it gives thcrmodynamlc product, the exo adduct because
~ with this aromatic diene the reaction is reversible.
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Theremodynamically

roferrod oxt produc Kinetically preferred endo products

PRBLEMS

\ COOCH,
1. J— A+ cycloaddmon COOCH;,

COOCH, reaction COOCH3

'o ' COOCH3

_COOCH;
‘.d\ COOCH3
S Y H —
2.

| COOCH; COOCH,

COOCH3

| 41,0 |
3. @CHQCI _I\I'_a_(.:_N.._).. @CHgf"CN M @CHZ“COOH
| o 0 |
' ( lsoch

N Zo—H éTT§ \ ﬁ ‘
l;;§” __(jj& ;;ﬁg [;;}__ é AF;GEE—-éiT:>L—CHf—C—C|

0 0

o [Nosn @ h@ﬂ—»
Y S Cﬂ% __ﬂ,MUM

HaC 0
3 .T OH HO ‘
H . .
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o s
KAy o AN

5. + H30/4;>\CH3 O e N ey
Cl

Cl

. 0 0
‘ ..__\ (‘;—ost CHC13 Ab(COOEt W\CO00H!
+ [/£ Z
6. + j —20°C

2, 5-dmitrofuran
(10) Photochemical cycloaddition reaction:

| RGAR 1242] |
[y 1y -

Some other important cycloaddition reaction of furan can be summarised as:

 NaHSO; / \ '
i CH*-SOa‘.Na‘“
o) |
Canmzzaro Q/ :: COO"Na*
reaction
Benzom
condensation

Ac?O,KOAc. @(FCH-COOH
Perkin reaction - O H

’ 'Furoic acid
COOH

o)
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“PROBLEMS - . ‘ "

[—

@ M ACO@OAC

0 : 0
/ i \ nBuLi, TMEPA D\
2. S | i = Li
Et;,0, A i Hexane, A o)
3 (’/\ son,_ Q
hydroly51s B(OH)3
4,
. ‘ 0 ' 0 7
[ i
5, @\T{M HyG—CH,—C— _yNeOH [ __/H
H20 ; O C""—C\
0 ,
H . NaocH, € ©
a 3 /
6 ( : \_J
CH,0H, 60°C
7.
H,0, 100°c
QAgZO / \ EtOH/H+ / HNOg#1;50; @ |
8.
COOH , ~COOEt ON" "0” COOE
Acm
9. Noz————> ,

.CH3
D BuLi, Et20 \
, H3C Li ——-———» H3C


http://www.ChemistryABC.com

Heterocydic Chemistry - N y | - (283

11.

8.3.

CHz ».base CHs
‘ A H,0/H*
Br
1.LDA 1. BuLi
/ \ 2./[\/:: A 2LM:—11
C X Br
o B el e
‘2/ \ s 2/ V> [ \BuLi Na o\
—_— —> ol — — :
H o LDA | o (A) O B) o .

THIOPHENE (C H S)
(A) General Characteristics:
(1) Molecular orbital picture.

Molecular formula C H,S, Molecular orbital picture

(2) Thiophene is a colourless liquid.having boiling point 84°C

(3) Itis insoluble in water but freely soluble in ethanol, ether and acetone.

Thiophene is much more reactive than benzene. Thus thiophene undergoes the electrophilic substitution
reaction like benzene under moderate condition.

(B) Synthesis of Thlophene '
(1) By passing a mixture ofacetylene and hydrogen sulﬁde through tube containing alumma at400°C.

’ ~ 400°C / \ '
2C6H, + HS —— + H,

@2 Reaction between n-butane and sulfur in the vapour phase

ch—Cl\-lz + 48 600°C Z/ \\5 + 3H,S

H4C CHs S
(3) Thiophene may also be; prepared by heating sodium succinate w1th phosphorus tnsulpthe

CH,COyNa P2S3 . / \
l i
CH2002N8 S

Resonating structure of Thiophene can be shown as. -
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N ] .6')
, - P Z/ /B
S
®
®

Y e Oy
A(i)U+ o @%ﬁ&ﬂ

If the sulfur use d-orbital for resonating structure . ‘
\'/*‘-—-’*[\ ;@H@ é >*——>—@Z 5
S

(C) Chemical Propertles
(1) Nitration:

{/ \E CH3COO"N02 { E { ;
acetyl nitrate, —10° C '

S
0% : %
2-nitrothiophene J-nitrothiophene
(2) Sulphonation: '
( \ 950, Q
(69 76%) ‘
Thiophene -2-sulfonic acid.
(3) Iodination: '
(N 2o [N
s benzene s T
2-lodothiophene
(4) Acylation: '

: 0
When the substituent is electron attracting meta directing reaction occurs at the non adjacent a-position (i.e.
meta to the group present)

COOH

S

5-Bromo-3-thiophene carboxylic acid.
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Br Br
[\ mo_/ \
A0 ‘
i) g : s NO
55-60%

3-bromo-2-nitrothiophene

When the 3-substituent is electron donating (ortho, para directing) susbtitution occurs at the adjacent a-
position. With 2-susbtituted pyrroles and thiophenes attack can occur at C—4 or C-5 when the group present
is metadirecting or at C—3 and C-5 when the group present is ortho, para directing.

T, N

2 OzN S NOz

2—n1tr0th10phene t 5%
: 2,4-dinitrothiophene

NO;
ACzo
2-methylthiophene - 70%
« 30%
(6) Reduction:

Whenboth ¢ -positions are occupled further susbtitution occurs ata 3 -position.
The direction of attack being governed by the directing effect of the two group present.

CH,C
D CHZO HCI
C0,CH; “ZnCl, CHCly CHCl; - / \

Q Rancy N ﬂ
Hy R

(6) Diels Alder reaction:

Aromaticity prevents thiophene taking part in Dlels-Alder reaction, but 0x1dat10n to the sulfene destroys the
aromaticity because both lone pairs become involved in bonds to oxygen, the sulfone is unstable and reacts
with itself but will also do DielsAlder reaction with dienophiles. If the dienophileis an alkyné lossof SO glves
a substituted benzene denvatlve

O (Vo ()

S S% S
ki VA
G O/ \o
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J T
_ @

0 COOH

AICI3 D—”‘
o M,;@ ool

-
g

4,
_ o  COOH
[’ E A1c13 7o\
5. c
S
CIH,C
[}\ CH,0, HCl U
R B
H,C' S CO,CH3 ZnCl,, CHCly CO,CH,4
/ RICOCI g, 220001 | / \
7. saci, IESN
: S
8. 4 PYRIDINE

(A) General characteris t1cs :
() Pyridine occurs in coal tar and in the distillate from bones (bone oil) and has been produced industrially

from these sources.

Derivatives of pyridine'
Jfl CL (jr‘*“
2, 2, 6-Lutidine ‘ a-picoline ‘ B plcolme '

b.p. 144°C b.p. 128°C " bplasC
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' ' CH
CH3 HsC \ 3
. A
X L
7 z
JEONT 2,5-Lutidine 2,4-Lutidine
y-picoline b.p. 157°C bp. 187°C
s CHy
CHZ CHj _
(i I )
o
11d . N CHz"“CH:;
CO dime Symmetrical-collidine i
2,3- Lutldme o . ' a-ollidine
b.p. 196°C b.p. 170°C bp. 179°C

(i) Molecular orbital diagram:

(iif) Resonating structure of pyridine:

The lone pair in sp? orbital at right angles to p-orbitals in ring
no interaction between orthogonal orbitals.

According to the resonance theory, pyridine is considered to be hybrid of the following resonance structure.

-G~

(iv) Physical properties:

* Pyridine is a colourless liquid.

* Boiling point 115.5°C.

+ Having a characteristic unpleasant odour.

« It is soluble in water and most organic solvents.

(v) Basic characteristic of pyridine:
Pyridine is basic pK, = 8.75
-« It react with strong acid to form salt.

O O
— 1| Pyridinium chloride
ST S .

HCI

basic strengthamong fo]JoWing compounds.
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(B) Synthesis of pyridine:
)] By passing a mjxture ofacetylene and hydro gen cyanide through red hot tube. .

. 2C2H2 + HCN e O
CHZ‘_CHZ_NH3C!
o NECL O paC O
@ 3 . "o

CH,—CH,—NH;Cl
Pentamethy! diamine hydrochloride H
(3) Hantzsch synthesis:
Two molecules of B — dicarbonyl compound are condensed with one molecule of aldehyde and one mol-

ecule of ammonia.
- FOE H ‘CH,COZEt EtOOC\C _H.
ke — N —— ]
ST AN : C ' C
H;c” O H,iNH Hic” O NYH H¢” “N—H
““““ | A "
~H
0 | oj 0 H3C\n/H
u e N £/ I
HiC—C—H 4 H3C—-C—-ﬁ-—C—-OEt ——> HiC— C——ﬁ—C—OEt —
O O o .0
TR A | Il
HyC—C——C—C—OEt “no H3C-—C———('3l—C—~OEt
1,

(B)

Now interaction between (A) and (B)

EtO,C._ EtO,C

C\COZEt
HaC
Me
o oo
®
Me v
N CH,
™ H
Me

2.Ca0, A ..

iz N Me



http://www.ChemistryABC.com

Heterocyclic Chemistry ‘ : 289

‘NHj, l l [O]
(4) R1 0O O R2 VR1 N ‘ R2 ' . R1 \N Rz

|
H

(i) Electrophilic substitution of pyridine:

According to the resonance structure of pyridine. The electronegativity of the p-system is more localised on
N-atom as compared to the carbon atomin the ring due to electronegativity difference between N andC atom.
Therefore it shows some reluctance or some resistance towards the electrophilic substitution reaction.

Orientation of Electrophilic substitution:

4 i
' position
SI 3 21=6
6\ 72 375
N 4 = — unique
1

Casel: Elcctrophﬂib attack at 3 position.

) -
Q +~-, H Vi E S E
| EQE L |
/ / N7 \N@

Case I: Electrophﬂxc attack at posmon 2.

Q= o—CL

Case II: Electrophilic attack at position 4.

Conclusion: ,
+ Pyridine undergoes electrophilic substitution reaction at the 3-position which is energetically favourable and
when third position is already blocked then next incoming electrophile will attack at position -5.

4 Whenever 2 and 4 positions are having chance to be attack by electropthe the 2-position is more preferable |

rather than four.
« Ayl group activates the pyridine ring towards the eleCtIOph]]lC substitution reactlon.
* Amino group also activates the ring and dlrect incoming electrophile to ortho and para pOSlth[l.

Example:
HsC HsC SOsH
rrr——————-
J 22c P
N N7

Methyl group does not direct the incoming group direction will be directed by pyridine itself
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HNO; 02N HNO
HZSO4 H so3
2 4
NH, Hy
NO,
AN HNOs
| | TEso,
N

So, 2-amino pyridine direct at 5, 3 - amino pyridine direct at 2, 4- amino pyridine direct at 3.
* Pyridine is a reasonable nucleophile for carbonyl group and is often used as nucleophilic catalyst in acylation
reaction. Esters are often made in pyridine solution from alcohols and acid chloride.

0

PN

R OR,

R)%/\D )Lo,____

.acylpyridinium ion
reactive intermediate

(ii) Disadvantages in using pyridine as a solvent:

Pyridine is toxic and has a foul smell. So, there are disadvantages in using pyridine as a solvent but it is cheap
and remains a popular solvent inspite of the problem. '

Reaction of pyridine:

7 B FeBr3
* B Sec

Note Pyridine has electron—w1thdraw1ng nitrogen causes the ring to have significantly less electron densty than
benzene. Pyridine therefore less reactive than benzene towards electrophilic aromatic substitution. It is even

less reactive than nitrobenzene.

Relative reactivity towards electrophilic aromatic substitution.

NO, ‘ - NOy
> > >
>y N7 No

So, pyridine undergoes electrophilic substitution reactions only under vigorous conditions and the yields of
these reactions are often quite low. Ifthe nitrogen becomes protonated under the reaction conditions, the
reactivity is further decreased because a positively: charged nitrogen is more electron withdrawing than aneu-
tral nitrogen.

N7 fuming H,SO,
Substitution is achieved onlyunder the most drastic conditions, for exarople
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. NO,
7 KNO;+HNO; =
A H,S05,Fe, 300°C g
N N
' 22% 3-nitropyridine

(a) Sulfonation:

SO3H
20%S0H (7

H,S04,230°C,24h 1§

N |
71% Pyridine-3-sulfonic acid

(b) Friedel - Craft reaction: As we know deactivated benzene does not undergo Friedel crafts alkylation or
acylation reaction. Therefore, pyridine, whose react1v1ty 18 similar to that of a highly deactwatedbenzene do es
not undergo these reactions.

& AICI,

+ H3C CH,—Cl 3 e No electrophlhc aromtic substitution reactions

X
N

- (ii) Nucleophilic Substitution Reaction
Pyridine canalso undergo nucleophilic subtitution reaction through addition - elimination mechanismor
elimmation addition mechanism.

(a) Nucleophilic attack at position-2:

So, due to the stability of resulting carbanion intermediate. The nucleophilic substitution can be taken place
at 4-positionand 2-position but in practice, nucleophilic attack occur exclusively ac 2-positicn This is due to
electron-withdrawing effect ofthe ring nitrogen which 1S strongest at 2-position. -
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(i) Reaction of pyridine with sodamide: (Chichibdbin reaction)

AN - NH, X
| + NaNH, — ||

N/ : N/' NH;
Mechanism:

@ ©
NaNH, —> Na + NH,

X
||
N}~ .
O @
| © +H ——-»
N “ NH; V NH2 N/ NH 2 NH,

Example:
7 l NaNO, +HCI
A 0—5°C
SNyt
N NHp diazotisation 2 CI” N

Chichibabin like reactions are also observed with organolithium compounds.

El

o-pyridone

7 Toluene, H,O 7 0
; 110°C, 8h .
N N CeHs
2-phenyl pyridine

Note: Ifthe good leaving groups are present in the pyridine thenthe substltuted pyridine can easily undergo
nucleophilic substitution reaction generally 2 or 4 substituted pyridine undergo nucleophilic substitution exclu-
sively by addition elimination mechanism. However, 3- substituted pyridine glves 3and 4-subst1tutedproduct

through elimination - addition mechanism.

Example:
& NH,ot NaOH (©
| == |
X (A-E) XN
N Br- R N OH
Mechanism:

SN OH N NS
STA NI RO
\ R addition N elimunation o

N OH

Ve N Qe
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H NH, |
® o
XY NaNH, { NH2
[ > -~ CI”
N B t
| m‘l’é‘?nﬁﬁ.!f " Minor Major

Under propef conditions, the nitrogen is oxidized to the N-oxide as are other tertiary amines.

S CHa CHs
| CH;COOH N
\ + H)0y ——— P
70°C, 24 h . -
. ~ ’ 75% 3-methylpyridine
- N 30% . '}’@ N-oxide
O
, Q :
. Pyridine N-oxides are meortant synthetic intermediates. The electromc structure may be described by the
following resonance forms.
Q‘W@ «-50 - O @Q O g@
0 i Ne
6 6 0o
* Pyridine N-oxide undergo electrophi]jc substitution some what more readily.
. Reaction generally occurs at C—4.
Example:
NO,
l N ~ Fuming HNO; N
- HS0,C i I
1o 1o
00 - ©0 9%
The N-oxide can often used as an activated form of pyndme treatment of the substituted N-oxide with PCl3

results in deoxygenatlon.

1. Indentify Hand Tin the reactionbelow:

0] 0

I\OCsz + PhCHO ¢ |

> A ~ Oxidation
2 'moles _ V A
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EtOzC fiCOZEt Et0,C f'ICOZ Et -

Soln.
(H)
2. Complete the following reaction with approprlate structure forE, F, Hand L.
COOEt
NaNO,/HC Zn/AcOH
(@ COOEt » E -G
| N _alkaline A
(b) z KMnOy4 H acetophenone
NT
o) .0 . 0
B NH»
| Eto/’  NaNO,/H )]\ ~OH EtO
aNO/HCI EtO”  "'N™  zwAcoH _ - |
Soln. : B /K Sl
. Hac” O
H3C 0 HC™ o o L
CO4Et
Now, interaction between F and L
» O
0
OaCOsEL CO,Et H3C.. OEt
Y B
N CH;
alkalme
(b) | KMnO 4 ac etophenone
COOH

3. The Compound (x) in the reaction sequence

CH,—COONa P8, Rancy Ni

P ‘H3C"_‘"CH2‘—CH20H3 lS
Hy—~COONa C

HzC'—COOH T\
[ > ® L. coon (c)[8> (d)[)

Soln.

Br,/KOH 1. NaNO, + HCl POC13

2 (B) X (D) — (E)

e

—(4)
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COOH g kon &

e
NH2 . \N

cl
NO
= ? NaOCH,
5 | — 3
DN .
N7 al |
| Cl/\e.' o) 9CH; - OCHg,
| | NO _NO
X focH, 2 o A
Soln. [ —_— —_—
v SN
NN N~ el N

1.0,
6 2 NSO, -
T HeC G=CHy - NS

The major product (A) in the above reaction is:

Cl

COOH

1. NaNO, +HC1
2.H,0
NH,
¢ o
Z | J\NHZ
[
N~ ~Cl

(A). Find the major product (A) in the above reaction.

NO,

Cl

/©\ - 03 |
: — .
— 2 Na2803 . H
=C
Soln. HsC ﬁ Hy HsC
O | «

\ , V
| , NaOH
P + HyC—CHO ——(A)

“N” CH, | |
Find the major product (A) in the above reaction.
Soln. NaOH —— Na* + OH™

l AN
PR OH
ND SCH,-H
0 | A oH —2 I S
y | “H,0 7
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10.

11.

Na/C;H;0H H,0,
N - ,
i
H .

PBr 3/BI'2 . . .
Ny » (A) 0°C » (B).Find the m%gor product (A) and (B) in the abox’ze reac-

tlorL

3, T
) Ph Cl PBI‘3/BI'2 O
NaOH . T 0°C -__) BI‘(CHZ)SBI + PhCN
\ )\ ‘ Br%Ph | |
0% “ph

This method for ring opening is known as ¥on Braun s method for ring opening.

OH 0] '
= y-pyridone
H, O+ oz :
N N

CO,CH; COzCHa '
K F
3 e(CN)6 - Methyl N-methyl-2-pyridone
KOH H,0 4—carboxylatc
®N I 96% 3
CH3

Note: The methyl groupsinaand g plcohne are comparable in acidity to methyl ketones and readily undergo
base - catalyzed reactions.

Example:

3, 4-diethylpyridine

- Remark: The enhanced a01d1ty at these positions is again attributed to delocahzatlon ofnegative charge in -

intermediate anion itito the ring and especially onto the nitrogen.
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(Nj |

O © e CH, c—@
Ir
CH3 CHO ~ CH3

1

2.
60%
CH, ' C(CH,CH,CN)5
N _ ‘ X
, Et;N
| | + Hc=cH—cN —2 l 92%
Z EtOH, 75°C Z
N N
o @
CHs CH3
' COOH COOH
™
COOH N
65-70% Nicotinic acid

Quinolinic acid

CH3
Nicotine
- NO;
1. Peroxybenzoic acid N
.
2. HNO; + H,80,
N

15. : : 'f@

4—N1tropyr1d1ne N- Oxide

@ - O =0
—_— | — ‘ >
z (excess) ]OH" f3-elimination
V | .

N™. N I N®
16. /N ] /\
n HiC  CH,. HC  CH,
P1per10x1de
H3C-'I O AgO ﬂ-elimination; m A 7z
o I- l - l l {somerisation l
HC/ “eu T\ /‘\gl-}II o o
3A 3 3 C - H3C 3 . ) '

CHjy
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| COOH . _COOH | COOH
X 1. POCl3
2O H,0

@T
oo
Mechanism:
COOH . ' '
N _ COOH [;QCOOH COOH
(/’ | o | N EI
O_ V .

cl - \

OO

Niflumic acid (analgesic)

F3

CrCO, I N HC
e
N N O/'
19. N ®) _ ®|
Z 10 - " opcc A
%o
O=0_0=0<
: /
0 : . y N N\Fe/N\ Pressure \ \ /
, CI/. \CI / \Cl
CH, HC=CH—'©>
oL | OH | N
| Aldol - + 00
condensation

, CH3 _.-“‘ CHy CH3 :
'—NH3 . H3C'C*Br
2
| CH,—CHj
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.~ CHy ' CH;
X CH,O™ ¢ X
——B-—-P- + Cl—
N/ Cl N/ OCH3
Mechanism:
CHs
X
| OCH,4 X
s
N/ Cl Z
, N7 OCHs
8.5. QUINOLINE
(A) General Characteristics:
Quinoline is present in coal tar and bone-oil.
o 5 .
6 Xy 3
| B.P. =238°C
7 =2
' N
8
(B) Synthesis of quinoline.
(1) Skraup synthesis. Byheatlngamlxture ofaniline, nitrobenzene, glycerolconc H,SO, and ferrous sul-
phate.
In this reaction nitrobenzene acts as an oxidising agent whereas FeSO, makes the reaction less v101ent
, _ H
CH,—OH \C:'_—O
CH—OH H '
, — =  _»  CH
CH,—OH Il
CH,
glycerol acrylaldehyde
CH —OH CH,—OH CCH——OH CHfo\——H
® -H
H-—o/\,HF CHOH, ——— CH@ (
_CH?_—-OH CH,—OH CH,—OH CHZOH
" : ,
\ H . " H
= =0 T
—~H,0 |
CHa HoCH = 2 » CH acrylaldehyde
| _(>| ® T
CHZ-OH CHo,——0H, CHz
O
~ Y r‘f
N Lo 1.4 CH 3w B
’/ " CH addition ' ﬁ _CHy \9 " CH
g V) . : .
/T WO )
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(i) Friedlander synthesis: When o-aminobenzaldehyde is condensed with acétaldéhyde inaqueous sodium

hydroxide, quinoline is formed. |

0]
CHy . |
H )\ [OH] | N
+ O H S\ =
. NH, - ) ‘N
Mechanism:
OH
NH, H
N
0]
« ¥ ©
H CHy _H,0 G om
pm———— 8)\ B é e
{NH, +. X H N¢ \H
OH
A N
—_—
2 ,t-HQO. W

N .
Quinoline

O
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0 CH3
Q .~ COOEt
N NaOH
CHs N CHy—C—0CoH; ——p P
: N CHy
NH H;C™ "0 : . .
’ 2 2,'4-dimethyl quinoline-3-carboxylic ester
Mechanism: ' ‘
‘ 0

0
u—oa :
é\H )J\OEt
OH . HpecH  —— HCQ
E/ CH \_CHB

CH3 o CHj3

CH,
———>

2, 4-dimethyl quinoline cmrboxyhc ester

(iii) Conard-limpach synthesis:

o)
, 0] OH
COzEt EtOJkCH -
T, 250°C X
ternperature /(|3 —G,H;0H -
C

Mechanism:
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¢

(iv) Knorr quinidine ksynth esis:

@ - HSC 1100 Q\ Ji HZSO4 m m
-H,0
S NH, q\s o<:2H5 2

Note: In the above mentioned two synthesis, the nature of the product w111 depend upon the condition of
reaction.

(v) Doebner-miller synthesis:
With two molecules of acetaldehyde by using aldo] condensat1on reaction we can obtain.

0O
+

H,0 i
(1)2CH3CH0———-—»ch——-ﬁ;—-cH—-—c—H

+

QI ’1 el
NH, CHs 20 ‘H20

PAN==CH—CH; _

l

Note: In ’[hlS synthesis no 0x1d1smg agent is added and the final dehydrogenation is believed to occur bythe
action of schiffbase produced by aniline and acetaldehyde.

H

I-—Z

-------

LT N -

- + e
Problem. : N CH,Cly N/
Indole Ill Quinoline

Mechanism:

H.  cl
NS —

3C-C[:i——>- ’((i\ “_CH, H.—C\ — :C\

K< ) —CHy , o H

7 i —~s O (;él | \
) + :C, ——» 7 C\_""

N '\ Hag—Li ~~  H i e

H*j 6 @/ : quinoline -

| (C) Chemicalreaction of quinoline:
- (i) Oxidation of qumolme.

More activated ring — @fj <— Less activated nng

N-atom withdraws electron  dznsity fovards fisel, jand it diactivaiy e
\-7)» ring towards electrophxle while nucleophilic. substltutlon preferentially
occurs at this ring.
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| HOOC
N KMnO4 Ij HOOCO
‘ —CO
P 2
N™ - HOOC
quinolinic acid , nicotinic acid
or, pyridine-2,3-dicarboxylic acid

Remark: Electrophilic substitution preferentially occurs at position-8 by elecrop}uhc reagent, and position 2
and4 by nucleophjhc reagent.

(i) Electrophilic substltut;on reactions.

| Sulphonation Minor
at 220°C : Ma]or
SOzH
HO;S
300“C A
lt rearranges to
5-sulphonic acid SO3H 6 sulphomc acid
minor product - §-sulphonic acid

Br
vapour
phase @

bromination

. 2-brom0quinoline
(iii) Reduction of quino]ine'

o eerle e
or, catalytic <~ Na/liq. NH ~
H2/Nl 3 ,;l H

le/Pt )

3-bromo quninoline .

1, 2-dihydro-quinoline

O\/j decahydroquinoline
|
I3 H -
Reactlon due to N-atom: | _
N - ' AN Y
MGQSO4 ) H3CQI .
; Z o - L ——> P
methyl N < N.. . ©

N
| ® SO Me
Me 4 sulphate 1© F

1,2,3, 4-tetra hydroquinoline

. | CHs -
4-methyl quinolinjum quinolinium salt

* methyl sulphate ‘ N OT, -methyl quinolinium
. P : _
o | N | ,

quinotine-i-oxide (I)

PhCO,H

©
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|

Heterocyclic Chemistry

Chichibabin reaction:

@
¥
. N

¢ oy —— @fi

2—am1noqu1n011ne
@ o .

NaNH, —— Na + NH,

g \
s
N

NH \’\ fH_ \
o P 2 Q)
: N NH

PROBLEMS

2

> B
W2
Find (A) and (B).
‘ " e (0
| 4+ H,C=CH—C-H ——» LA |
Soln. -MeO NH, - . MeO N MeO N
_ ’ ‘ l
H
NO,

NH,

NH,

‘O

Mechamsm.

s, |
NN A
R

Sn/HCl1 / I exhausl:lve
or H, fN‘l ™ methylatlon
DOBRS Ikee

A [O]

+ H,C=CH—CHO ——>» (A) —>B

H

W
4 H3C/€l)é‘H

© NO, }
= ————)—
Soln. + HiC=CH—CHO @j dj

5-nitroquinoline

m + CH,0H

i
3 r‘Hn
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8.6.

"The exhaustive methylation fails with tetrahydroquinoline however, the heterocylic ring is opened by emde
degradation.

H2/N i  exhaustive Na—Hg
methylatlon

MezN
H3 .
-ISOQUINOLINE
5 4
6 N3
7 N1
8 1

Isoquinoline is present with qumolme in coal tar and bone oil, and is a decompositional product ofmany

alkaloid.
(A) Synthesis of isoquinoline.

()

<3

Intramolecular migration
of ring substituent

(11) Blschler-Napleralskl reaction:

-phenyl ethylamide
@ ®
© : -H ~HOPOC,
R\ N—H —> . _N—H > ‘ >
, i B H
O— PO Clg R 0—POCI,

(i) Plctet-Spengler reaction: :
It-is 2 condensation hetween 4 -arylethylamine and an aldehyde in the presence of alerge excess HCl at
100°C produces to a 1,2, 3, 4-tetrahydro Isoquinoline. -
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—HZO | "
f"‘@ N®
\

- HC
p-arylethyl amine l

@ ' N
— Pd-C
N N N
V | H R R ‘ R

(iv) Pomeranz-Fritsch reaction:

OEt
/ B
CHZ_‘CH
—H,0 ‘ \OEt
A N
Benzaldehyde
@
0: . Ci —H
HJH g H
—_— _
@V/«N —HzO N

(B) Chemical Reaction:

(i) Oxidation of isoquinoline:

- HOOC ,
[0] 7 A
‘ —-CO
. N \ N 2

HOOC

Cinchomeronic acid Isonicotinic acid

Electrophilic substitution occurs predominantly at position 5 and position 8. But bromination malnly oceur at 4
position.

Br
N, Br, N HNO3+H2804

-~ + 8-1somer
=N : 2N Nitration

': : ‘Minor
Major
Hg(OAc),
Hg(OAc)
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Nucleophilic substitution occurs at position— 1.

NaNH;
=N ChIChlbabIIl N N
reaction.

Mechanism:

Reaction due to N«-atom,

. i , N
== 0025 Q0
. N
NN ~ 4 \CH3

H3C_'I
Quaternary salt

(ii) Reduction of isoquinoline:

@g Sw/HC AN Na/hq NH,
- ‘or, Na/C;H OH
N\H ( 2Hs \ _N

1,2, 3, 4-tetrahydro compound - Rancy NI/H2 : 1,2- dlhydro compound

CO

Exhaustive methylation of isoquinoline.

= Na/C2H5OH _CHL
CH31 Ag,0O
@l exhaustlve @ / g2

Isoquinoline 1, 2_,- 3, 4-tetra-hydro lsoqumolme
=
CH -1 ,
N'\'—CH3
, T I
Na-Hg '
e
C,H;OH-H,0 * NMes.

Emde degradétion on tetrahydro Isoquinoline.
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8.7.

' CH; NaH CHs
' \
® H3 ‘ CH3
1. CH3-I (excess)
HZ—'Pt or Na*NH:; 2. Na—Hg

Y
@/CH3 degradation @\/\
N - A——
CH, CHa
INDOLE
K @jz

Ttis also called benzo pyrrole. Indole ocours in coal tar, Jasmine flower and orange blossoms.

(A) Synthesis of indole:
(i) Fischer Indole synthesis:
HoCoCHs -
™ HiC_-CHs
”O\‘ __H20 \l/ Q (\('B
P T
N N
H H
Phenyl-hydrazine Phenyl hydrazone of ketone /CH )
H
H v .gz 3 . .
3
—[ar CHj H2C 2 _CH : CH;
G - . B '
ny-N& NI Sigmattopic shift N
.~ H ‘ 2 H \H cope rearrangement NH H
i

CHs
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(i) Reissert synthesis: Reissert synthesis is carried out with o-nitrotoluene and ethyl oxalate.

CHs ' CH,COCO,Et CH,COCO,Et
| TozEt EtONa ' Zn '
B et
, AcOH
CO,Et
2 NO, NH,
— CoEt _ B |
—HZO
l
H
Mechanism:
CH, )
CszO Eto;Q! ,COZEt COzEt
LS o
|',‘7 NO,
00 : . '
CO,Et o
Hy/Pt , AcOH s
LB N — CO.Et ¥ H
~ or, Zn, AcOH @ L — CO,Et
o /N\ 0]S
H H R N™ OH
A . H
—_—
“H,0
N~ CO,Et
l
H
(iii) Madelung synthesis:

Madelung synthesis involves the cyclisation of an o- acyl amidotoluene by means of strong base

‘ CH,
NH2 R i
—_—
NH3
: NH )

Ir—-Z
I

(B) Chemical reaction of Tndole:

Electrophilic substitution generally occurs at position 3.

Hlustration.
Let us consider electrophilic attack at position 2.

G- Qg

Aelectroph!hc attack at position 3.
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@f?——* @ESf @Je

Hence, the intermediate (B) is more stable than that of mtermedjate (A). So, electrophlhc substitution preferen-
tially occurs at position 3. However, if the position-3 is occupied then the substltutlon occurs at position 2. If
both 2 and 3 positions are blocked, then, substitutent will be attached in the benzene ring is attached at the 6

posrtlon

@__/IL SO3~PY @ ethylnitrate @j
ﬁl SO.H 120°C
H

(B) Mannich reaction on indole.

Br

I—Z

—NMe,

- | .
I .
"NMBQ —N Me |
H3C @E—/f Me KCN
H,—CN H,—COOH
@CT e CIT
© Reductwn of indole: | -
O\_j Rancy Ni Sn/HCl | 2, 3-dihydro indole
N or, indoline
| Zn" dust + H3PO4 I
' - H ,
' PROBLEMS , -
Sn/HCl H C—| ' R H
L © AgO
excess © ) I — @
AN NG
, HsC™  CHj H3C/ CHs
A / N


http://www.ChemistryABC.com

Heterocyclic Chemistry _ : . 311

4,

‘: jl l —~
N
oln. | 0 BFs :
' H ‘ l A
) H '
. ) ® ,
| @ B i
» . q ,*
o N N
I H I .
H H

OH

IS ,l —2 5 (A)

|
H

Find the major product (A) in the above reaction. .

N ®CH,

N L0, O~
I

‘ N

N/ 2.Me;S OHC N

Synthesis of tryptophan, The amino acid, tryptophan is synthesued fromthe quaternary salt of gramime and
acetamido malonic ester.

- CH,yN(CH3)3 , O
@:—T | ) ~(CH;);N -
. +  HzC—C—NH—CH(COOC,Hg); ———>
N N C2H50Na

|
H NH,

| | ° . ' |
CHy— CH-COOH <o CH;—G(COOCHs),
@j’/ 2.H"A | NHCOCH;
N N

| ' |
H A H N
H2304 ‘
CH3 ‘ CHs
‘ o " CHj
) CH3
/CHO | ‘ O Me ' CHO
\ _‘Gattermannreaction l H—C—N—Me - l o
D POCl,
« ,;1 : '?I Vilsmier reaction , l}l
.H CH,Cl, KO “H &

Riemer-Tiemann reacnon

CHO

NN
~

~}/
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Mercuration with mercuric acetate lead to 2, 3-diacetoxy mercuri—indole. |

HgOA
. HgOAc
COzEt

7. I
+
| H2SO4 H,C EtO H4C NO, |
3 H3C I;J CO,Et

AcOH H

Y

8. Account for the following transformation with an appropriate mechanism. Give the structure of the Hofinann
~ exhaustive methylation product of 1, 2-dihydro derivative of X. ‘

~OH
MeO PCl; MeO
H e -
N
MeO 4 |
: MeO ‘ MeO
e ‘ 13(315 m
| - ® N
Soln. MeO [Ij PCI4 MeO He?
OH

MeO @ ® MeO ‘ MeO. |
e
' N N N excess
MeO 1 & C Me0” 7 MeO ~ (excess)
. 4 y |
MeO | MeO \ MeO

CH3 OH N
CH3  MeO” vl “CHy  MeO | “CH;,

‘ ,<
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PRACTICE QUESTIONS

MeN 160°C ‘ H,NOH.
O™ o S
: , : EtOH
Find the major product (A) and (B) in the above reaction.

2. Me _ 1.Me,NH NaCN NaN;, NH,CI
| > (A) > (B) — C
) N CH,O , _ _ LiCl, DMF :
H | 100°C -
3. \©\ /”\/\COZt-Bu —al (A) _Ha (B)
EtOH

" CHO [ HOAG - -
» P »
4. NH, Fez(SO4)3, B(OH); trace H;80, - . The major product ‘P’ is:

ASzOS ‘
H —————— (A
> /\/\ H2304 >100°C )

0

6‘. AN base )

e —— > (A) FindA.
N cl

COzMe

G
jJ)\ ~ 1.HONO HCO,H _mOL 07 coMe
'I:ll H 2. CO,Me ) 80°C > ® Me,C=0, HE © A : .

OMe

o

o0

KOH

In the above reaction .seqr}ence fmdA—>D.
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@\ Me pcg
S C ————>» P. Findthe productP
I Et,0
N
OH
l N HO, _ FeBr;,Br PCl,
9. > A — » B >
7 90°C
N
Ny NaNH, HyG—CHyp—CH,—Br [0] A
10. I > A ~ »B—""—>C —>D
Z
N
CHs
ZIlC12
11. —e—g )
X / \ NaOH
1 N/ CHs j 0
0
X
13 | T,
T Me0” NP NH, H,50,
KMI}O4 0 1‘03
14, B <«——— —_— A
KOH 2. Me,S
NHy
15. . 4 | ~ )
Na W
MGQN 0 H,N—QOH
16. 0 T HCl .
| EOH 4%
' 0
N2
17. @ +.
N/ Ci ‘
Propose amechanism for each ofthe following reaction.

amcmidaiorechofte filow
® ﬂ —
: H3C CHS H20, A | ’

O
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Heterocyclic Chemistry ‘ : ;

N\ _CHOH _
(b) + B, ———
o) H3CO OCH3

| . | | | |
‘ C"CH3
19. / \ . 20 / \ + B, —— 7
' , + HNO;, —— ? : Mo ,
, | 2 |
0 :
‘ o - | NO;, |
[/ ' \5‘ +  HzC—CHy;—MgBr ——> ? / \ Br, .
oo 2. ™" HOAc
| CHy A - ‘
\  HNo, | _
23 / \ HSO'? - 4 @ HNO;,
N 27 : _ " OsN S CHj > 7
I H,S0,
H .
- | COOH
[ CH,0, HCl | ¢ B
2. Hac/(s)\cozm3 it Y 26 / \ r, CH,COOH
' ZHClz, CHC13 S 9500 >
| [ CH,COO™NO,*
. ) » 7
G- Q ()
27. N02~—————->02N 28, S{i | |
» -nltrofuran | e / \i;i-Pr
ﬁ A
/ \ : H‘C"NMSQ
- Z S » A + B
o N POCh Major  Minor
29. L _ |
N o
e’ \CHSH3 | -
/ \ Hy/Ni i HaC—1I Acy0 L CH3;I(8XCCSS)
> > ' > C —>
30. (N> A A B , rg0
| ' C3.A
H

31.  Upon treatment with HCHO and acid, ethyl2, 4- dlmethyl— -pyrrole carboxylate is converted into a cont
pound of formulae (,wﬁzﬁu . What 1s most likely structure ofthe product.




Heterocyclic Chemistry

e —

. SOLUTIONS -

WL o8
. (A , (B)
@ 0 0" “pp | SN e

N
|
H
MeO N | T
‘ | / N
4, N/ 6. ‘ l
NO, Ny
MeO,C
/ NH
] (B) - 9
7. (A) ‘
NH/U\H NH ]\H

N—N

Me AN cN  Me / /\N
e V NMe | | : , l N
2. ™ m 2 (®) v © \ :
MeO H. |
3 (A) @ N COZt-BU (B) MeO
. NH” W mcozt%u
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CHAPTER

| ‘Natural Products

9. AminoAcid: ‘
The amino acid isan organic acid containing both NH, and COOH group called as ammo-acid.
Basic structure of ¢ -amino-acidis R—CH—COOH
rlle |

There are 20 amino acids in human body out of these two amino acids are a-Imino - acid viz.

(1) Proline | ' (2) Hydroxyproline
‘ | HO
| |
H H

* All a-amino acid are chiral except glycine.

» They are optically active

» All amino-acid are L-Amino acid and their standard unit is serine. -

* Allamino-acid are S-configuration except cysteine which have R-configuration.

Classification on the basis of NH, and COOH group:
1. Neutral Amino acid — ~-NH, =~ COOH
2.Acidic Aminoacid —  —-COOH > - NH,
3.Basic Aminoacid — —NH, > - COOH

Amino Acid: : : ‘
Name ' Three Letter Symbol Structure
. H
‘% aH
Glycine Gly - . /k\
H,N COOH
H
' 1aa 1ial P A | .\\\\\\
Alanige 7 Al | A

H,N” “COOH
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Valine

Isoleucine

Leucine

Phenylalanine

Tryptophan

Proline

Sen'ﬁe

Threonine

Tyrosine

Val

Phe

Pro

Seér

Me

HO
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Cysteine

Methionine

Cystine

Histidine

Lysitie

Areini

Ornithine

Aspartic acid

Asparagine

Glutamic acid

Glutamme

Met

~ Cys-cys

Arg

Om

Gin

HS.
\\\\\H
H,N™  "“COOH
H3C"“S
\\\\H
_OH
HyN
0
H \S.——s-——s
: >‘\\ : amiilH
: H,N
HOOC N, CH,O0H
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“+ Amino acid with aromatic side chain: Phe, Tyr, Trp

Essential and Non - Essential Amino acid : ‘
Those amino acid that can’t synthesised in the body and has to be provided from out side by food called as
essential amino acid. There are ten essential amino acid such as Phe, Val, Trp, Tyr, ILeu, Met, His, Arg, Leu

- and Lys.

Synthesis of Amino ACid 3
Gabriel Phthalimide Synthesis :

O 0

I ~ _ I .

C\(\}: “
N : NaOH/H,0

/N?+ c\nj Hy*COOEt —» /‘N-CHZCOOEt_—wi-)»
| ﬁ' | 7
, 0 ,
COONa ' HOl COOH .
+ NH,—CH,—COOH
| COOH = :

CONH CHZCOOEt

~ Synthesis of phenyl alanine by Gabriel phthalimide method:

0O 0O ’
L z'; '
: . | \ H NaOH / H,0
/Nk + Cl-GH—COOEt ——> /N-?-COOEt y >
e CH,Ph ﬁ CH,Ph
o 0 :
H
'COONa o COOH NH,—C—COOH
| —_— + l
, , CH,Ph
CONHm(‘.‘,Hz—-COOEt "COOH
Ph '
-Strecker Synthesis:
- | . OH |
/7 : H,O
. NH2 Hzo S

CN
NH, ,

/[ H
CH,CH —— CH,CH(NH,)CO,H

CN
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NH, o
CH,
Problem: CH3 L NHCLN2OH  hooc” ><
CH3 2. H,0* ‘ . CHs
BnO
NHAc o NH; o _
AcO , ><CH3 cmcoon MO CH; LiAlH,
CH3 , ~0 CHs
BnO BnO
3. Malonic Ester Synthesis
' COOEt ., n__ COOEt COOH
JCOOEt L o/ Ot o HCl | . c—cn”
CH?_ CH\ 3% ~ H 3 ™~ OOH
“COOEt COOEt COOEt H0 C
_Bn ACO0H A NH
H,C—C —_— CH3"CH—-COOH-——-—> CH3-CH- COOH
Reflux [ ScooH | | |
Br NH;
» By these methods we can prepare the following amino acids. ‘
Phe, Pro, Tyr, Cys, Ser, Asp, Met and Lys. |
4. Erlenmeyer Azalactone Synthesis :
OH
CesCHO + H,C—COOH _(CHsCOR0 _ | CoHy~CH=G—-COOH CeHs“sz‘?““"(l?=0
: CH3CO;Na
Ph
Azalactone
?OOH . , ‘
NaOH CGHS—CH-EH COOH Na-Hg CGH5-CH2-CH HCl C6H5~CH2—C|)H-COOH
~Co—Ph NHCOPh NH,
This method is best for the synthesis of Phe, Tyr, Try and thyroxine.
5. Hydantoin Synthesis:
' CHO —— CH=C- NH Na—-Hg
ACO_ e
LT~ [ I ]
Ve
N )
H Hydantom
, CHy- E NH,
. CHy— - + VI 2
l —CH NH>‘=O HCIH l l
o NH COOH
; . N '
| W N
This method may be used for the preparation of Phe, Tyf, Try and Met.
6. Aromatic aldehydes maybe condensed with diketonpiperazine, and the product converted into an amino acid

by heating wiin hydriodic acid and red phiosphorus for example,
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CHC6H5
2C6H5CHO + _(CH;COR0 HN ’

"""——>' 2 C6H 5 CHZ CH(N]‘Iz)C02
]/ C6H5HC ]/ :
Physical Propertles

1. The amino acids are colourless crystalline compounds which are soluble in water and spanngly soluble in
organic solvent.

2. The acidity and basicity are very low.

3. They have very high melting point > 200°C.

4, They bave high dipole moment.

The amino acids exist in Zwitter ion formsuch as

: ® e
HZN—-fti)H-—COOH H3N—-(I:H-—Coo
R R ,
The properties shown by amino acid suggest that they exist as dipolar ion by internal proton transfer known as .
Zwitter ion because of the Zwitter ionic structure. The a01d1ty1n amino acid is due to NH; group and basicity

is due to COO",

® + AN NH; 0 @&

NHB—ClH_COOH + OH =—= NH3“?H*COO + H)O == H2—C‘)H—COO + H;0
R  Add R (A) ‘ R .(B)

(C)

[m07][8]
STTAlmo] T A0l

Isoelectric Point :

| + ®

$ _ H -
NH;-CH-COO =——== NH3-CH-CO0™ =——= NH;—~CH-COOH
| 1 - OH l OH- I
\ R | R

Conjugate base (“@ charge) Zwitter ion Conjugate acid (+ ve charge)

(High pH) _ Don't migrate (Low pH) |
migrate towards anode migrates towards cathode
in electric field : ' in electric field

At high pH the amino acid migrates towards anode because of negative charge and at low pH they willmigrate
to cathode because of +ve charge whereas at a particular pH the amino acid molecule will exist in zwitter ionic
form which has neutral structure and will not migrate to any of the electrode, this pH is known asisoelectric

point of that amino acid |
Neutral Amino acid ~55-63
Acidic Amino acid ~3

Basic Amino acid ~9-10
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~ PROBLEMS =

Arrange the following in increasing order of their isoelectric point (P)
Arg, Tyr, Asp
Asp <Tyr<Arg

The pKa values for the three ionisable group X, Y and Z of aspartic acids are 2.09, 3.86 and 9.82 respectively.
The isoelectric point for the amino acid is:

HO,C— CHy—CH—CO,H

Y +NHy; X
Z
NH,—CH—COOH OH- @, OH & OH '
= —1 . NH;—CH—COO0"~ NH;~CH-COO0~ ===== NH,-CH-COO"
CH,~COOH H* H* | _H
200 CH;=COOH CH,CO0 o i CH-COO"
LowpH - ' Zwitter ion ' . High pH

Isoelectric point is the average oftwo pKa value of the right and left hand side ofthé zwitter ion.
P tPy,  2.09+3.86
Ki T Px, _ 29

2 2 A V o
The pK, value for the three ionisable groups X, y, z of glitamic acid are 4.3, 9.7 and 2.2 calculate the
isoelectric point.

pH; =

e, - O O

@ H ; OH + . OH ® e OH ‘ &)
NH;—C COOH““I?—NHFC‘;H"COO “-E-T— H3N—CH—COO -———-*Uﬁ:— HZN—C‘JH-—'COO
(CHp,cO0H 22 (CH2RCOOH By o o (CH,),c00°
Zwitter ion 4.3 :
oH = 22443 .,

Remark: Amino acid molecule show least solubility at its isoelectric point.

Find the isoelectric point of glycine whose pK, and pK, values are 2.4 and 9.6 respectively.

24496
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Soln.

The values of isoelectric point for few important amino acids are listed below:

Acid - Symbol Isoelectric point
Glycine - QGly 6.0
Alanine Ala 6.1
Valine - - Val 6.0
Leucine ’ Leu 6.0
| Isoleucine Ileu 6.0
| Phenylalanine Phe' 5.9
- Tyrosine Tyr 5.6
Serine Ser 5.7
Cysteine CySH : 5.1
Cystine CySSCy 5.0
Threonine Thr 5.7
Methionine Met 5.7
Tryptophan - Ty 5.9
~ Proline Pro 6.3
Hydroxyproline |- Hypro 5.8
Aspartic acid Asp 3.0
Asparagine AspNH, 54
Glutamic acid Glu 3.1
Glutamine GluNH, 5.7
Arginine Arg 10.8
Lysine Lys 95
Histidine His 7.6
Arrange the following amino acids in decreasing order of pH.
Asp, Tyr, Ala, Arg. ‘
Arg> Ala>Tyr > Asp.

Sorensen Formol Titration:

Tn order to titrate the carboxylic group with alkali, the amino group must be masked’ Thuswhen aformalin
solution is added to glycine, methylene—glycme is formed. For example
HO o o=y H,0
c=o + Hz NCH,COOH ——— HZC——NCHZCOOH

Y S
H

Hence the carboxylic group is free which can be titrated by a]kalL This method of tltratlng amino acid Wlth
alkali is known as “Sorensen Formol Titration” .

Reaction of Amino Acid:
Reaction due to NH, group

(i) Salt formation:

R—G H~—COOH ﬂ(-:'—-» R—CH—COOH

NH, -~ NH,Cr
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(i) Acetylation of NH, group: Amino acicc’l may be acetylated of’ means of acetyl chloride or acetic anhydsics

I A Ph—C—Cl S Ac,0 O
Ph—(:——NH——(l:H-——COOH <«————— NH,~CH—COOH ——— HgC—C—NH—-—(‘:H—-COOH
‘ R ' A é , R
0 (O 0 ‘ «
R PN |
+ HsN—CH—=C—OH ———=—> H3C" ~NH—CH—COOH
H3C CHs | AICl, : | ‘
IR R
- CH,COOH
oo b
HsC NH——C'IH-—C—OH
R
Reaction with Cbz-Cl: Cl \[(O\/Ph ;(BnOCOCI)
! .
I I I
W C) O _Ph 0
w ~ base H- """" \NL OH
| NH, OD NH_ 0% Ph / NHCbz
// ,l\ ...... \
catboxy<— O~ benzyl
o} 0 /‘k
)L /”\ == (BOC),0
>1\| oo Do) ®0C),
Reaction with (BOC)ZO: t-butyloxy BOC
carbonyl
or BOC
OH
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(ili) Reaction with Nitrous acid:
R—(l:H_-'COOH“ + HNO, ——> R-—-—(I:H—COOH + N, + + H0
NH; - OH '

It is a quantitative method for the determination of number of amino acid in a mixture and the evolution of
nitrogen is the bagis of “van Slyke method” for analysing mixtures of amino acid.

Number of N, molecule released = Number of amino acid in the mixture.

(iv) Reaction with Hydriodic acid:

: 200°C
R*(‘JH—COOH + HI———> R—CH,—COOH + NH;
NH,
(v) Reaction with Sanger’s Reagent :
O.N - O=N
R—(lJH—NHz + F N02 —— R—CH—NH NO,
y
OCH
C S 2, 4 - Dinitro fluoro A COOH
_ benzene (DNFB) Labelled amino acid
(Sanger Reagent) ' yellow coloured
2. Reaction due to carboxylic group:
C,H50H
' H* > R—CH—COOEt
I
NH,
PClg
. - R—(‘DH—COCI
R-CH-COOH— ' - NH;
NH, Ba(OH),
> R—CH,—NH,
Dry distill -CO,
UAR, R—~CH-CH;OH
NH,

_-~ I PROBLEMS
.0 ’ 0] "0 ‘
‘ 5 @ HsC : HsC ‘
NH, : NHCbz " NHChz
HsC

Na|CHs;OH
OH G 5‘

H .
3 W/\OMEM 1. NaH
2. MEM—CI " NHCbz

NHCbz
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o . 0 . o 0

' 1. H;804 : ' -] '
N 2. NaNO, : dJ o
2 - SNtor H,
o : o CSZCO3anBr
o ,
: 0 < Hy(BOC) NHz(BOC) /\Kk TsCl, py Ph/YU\

S L |
Ph oH <224 py Y “OB
NHBOC

=l

H,

3. Reaction with both NH, and COOH group
(i) Dakin-West reaction: When the amino acid is heated with acetic anhydride in pyridine solution, it is

converted into methyl o -acetamidoketonés, this reaction isknown as Dakin-West reaction
NHCOCH,

NHz (cHyc0),0
‘ - R—-CH\

s
‘ - R—CH\ P
COOH y
(ii) Chelate Complex : The copper salt of glycine is formed by heating copper oxide with anaqueous solution
ofglyline. - . . | |
, : Hz
| O’# \C /
N
0

2 NH,CH,COOH + Cu?* —
'—NHZ

Deep blue needles

The amino acid may be liberated from the alkali salts by treatment in ethanolic solution with

ethyloxyminocyanoacitate.
(iv) Action of Heat: When the o -amino acids are heated it forms 2, 5-diketopiperazines

Purple-coloured product
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All 00 —amino acid reacts with two molecule of ninhydrin to yield an intensely coloured product whereas w1th
proline and hydroxy proline it gives yellow colour.

4. Synthesis of amino acids by reductive amination is illustrated by the following syﬁthesis ofleucine:
Ethyl isovalerate + ethyl oxalate —2%2%5 5 A (C, H,40;)
A +10%H,80, —2L B(C¢H,,0,) + CO, +C,H,0H
B+NH; +H, —P—dﬂt—» leucine

0
I

ch\ ﬁ Hs c C_OEﬂ
Soln. CH—CH;—C—OEt = CH—~ CH,0 —»
2 i
HC

' ll ‘ HAC COOEt O o
HaC ‘ OFt N I
N | (A — CH—CH——C—C—OEt
HaC
C 0O 0 HaC
10%H,80, TN P LN
— - ./CH-—CHZ——C—-C—OEt + CO, + C;H;0H —H-—>— /CH—-CHZ—COOH
H;C , 2 HiC

9.2 Peptide:
Amino acids are covalently linked by amide bonds the resulting molecules are called ‘Peptides’ and Proteins’.
Peptide are the combination of minimum of two or more amino acid, connected by the peptide bond.

. i
| v !
NH,—CH—CZ-0H + NH,~CH-COOH —» H2N~CH+C N—'—CH COOH
G |
Ry R L tl_ R R
Dipeptide
The amino group of one amino acid combined with the ~COOH group of the other amino acid and remove
one molecule of H,0 to form the peptide bond. Peptides are condensation polymers.

Features of Peptide Bonds:
* The peptide bonds are usually inert.
« There is a restricted rotation about the amide bond.

\/\po\/\

Ry

* The atom in the group —CONH~ are planar and the O and H are trans.
« Since the peptide C-N bond length (1.32 A) is shorter than the usual C-N bond length (~1 47A) it means
that the peptlde bond has some double bond character.
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Synthesis of peptide

Possibilities-1:

o N - _OH o
OH + HzN/\"/ '——%—>Leu-G1y
‘ O

NH,
Possibilities-2:

Possibilities-3:

S0, one canuse protecting group strategy.

0
Cszl i ]\

OH
NaOH ‘
NHCbz (A)
OH H,OH, , L OC,H
HZN/ﬁr CHOH,H_ - 50 . HZN/\( 2Ms
0. (B)
Now, coupling between (A) and (B)
0 ' b .
OCZH5 ‘ g ' , OCz‘H5
+ HzN/\[( \(Yu\ﬁ/\n/
. , o | | |
' OH 0
\m*m/ .
_ . " NHp o
Problem: HOOC : - ~ Hooc

N

Ph

L H COOH'.
2 , N_ _COOH ‘
e sh i T
. |
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CHN | HaN
fKOH C,HsOH, H' OC2Hs
. e Y- '

0

Ph _ Ph
| @

COOH

- 0
/\ g .
)i il O d : N )J\ PhCH,OH, H -

. P 0”7 N7 SCcooH
H,N” . >COOH  NaOH |

CO,CHPh

Ph” O N ~COLCHPh

CO,CH,Ph | -9 /E
)J\ /E L LiOH B0, acetone L A\ /u\
/\

' H

COOH : H
(B)
Coupling betwegn (A) and (B).
" o Jic::JZCH?_Fm
HoN
OC,H5 + o /U\ COOH
Ph | - h |
A) - - ®
. CO,CH,Ph .
0] yARY) 0 0
Ph”” 07 NH Hy, P-C-
0 Deprotgction
Ph

Structure of Peptide:
1. Ala— Gly - Phe

NHZ-CI:H—OQNH—mngO?NH—(l)H—COOH :
) CH; - CHaPh
2. Tyr —Met - Gly - Ser -
;12N4?H-CQ~NH—?H—CONH—?H—Co~NH-cH%—COOH |
HG CH,CH,SCH; H ~ CH,OH

Chemistry of Natural Products

OH
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&

Determination of Sequence of amino acid in Peptide :

Enzymatic Hydrolysis : .
(a) Carboxypeptldase It cut at C-terminal of peptide w1th one amino a01d at once.
A—B—C jﬁ D22~ A _B-—C+D  CBA=Carboxypeptidase
For example: Phe ~Gly —Lys —CPL} ?
Phe—Gly+Lys
Leucine - ammopeptldase (or Aminopeptidase) : Cut at N- termmal at once

A%B C—D 2> ‘A+B—C—D LAP=Leucme-annnopept1dase

For example

" Gly-Arg-Phe-Ala—2" 5 Gly + Arg— Phe — Ala

Trypsin : It cut at the C-terminal/ or right side of basic anﬁno acid: Lys, Arg.

Ala — Gly—-Lys-J(-Asp —Met —-ﬂ-—*Ala Gly — Lys + Asp — Met

Chymotrypsin : It cut at the C-terminal / or right side of amino acid having aromatic side cham Trp, Tyr, Phe.

Ala~ Gly - — Phe—Met — ALa —Cmompsn_y o7, Gly Phe + Met — ALa

Pepsin : N-side of Leu, Asp, Glu

Papain : C-side of Gly, Lys, Arg

Cyanogen Bromide : Itisa chemlcal method and cut at the C-terminal / or right side of methionine.
For example:

CNB
Gly — Arg— Met{- Ala ——> Gly — Arg— Met + Ala.

N PROBLEMS S

1.

Phe - Gly - Lys — Glu ~Met ~ Tyr - Leu— Asp — Arg — Trp — Ala
Trypsin: Phe - Gly~Lys+ Glu—Met —Tyr—Leu—Asp—Arg+Trp—Ala

: Chymotrypsm Phe +Gly—Lys — Glu—Met — Tyr + Leu—Asp Arg-Tip +A1a

Pepsm Phe ~Gly ~Lys +Glu - —Met - Tyr+leu+Asp Arg-Trp-Ala
CNBr+HCOOH : Phe ~Gly-Lys-Glu —Met + Tyr— Leu —Asp—~Arg~Trp-—-Ala

The peptide has been treated with trypsin to give fragments A and B. Which are respectlvely re-
acted with chymotrypsm & CNBr + HCOOH. Deduce the ulimate fragment.

Asp—Phe — Val~Ser ~ Lys — Met - Gly - Ala —_— Asp—Phe—Val—Ser—Lys +Met ~Gly - Ala

@ S ®
. ' Cyanogen .
lChym‘mws'ﬂ lbromide
Asp -~ Phe+ Val—Ser—~Lys - ’ Met + Gly ~Ala

"End Gmup Analysis: C— TennmatlonDetemnnatlon

(@ Carboxypeptldase It cut at C-termmal of peptlde with one amino acid at once.

A-——B-—~C~§D PA, A—B—C+D
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(ii) Hydrazenolysis: The peptides (or protein) is heated with anhydrous hydrazine at 100°C. This converts all
 amino acids residues except the C-terminal one into amino acid hydrazides. The mixture of products is
subjected to chromatography on a column ofa strong cation exchange resin. On elution the strongly basic
hydrazides are retained, but the free amino acid is eluted and can be identified.

—NH-~CH-CONH-CH~CONH-CH-COOH

R1 ' R2 I F‘QS
NHZ—NHZ

- ~NH-CH-CONH NH, + NHZ—?H~CONHNH2 + H)N—CH—COOH

R1 . 2 :
| il R
Strongly basic on exchange , l
Resi‘n (cation exchange resin) Less basic

‘Strongly basic fragments will be retained and less basic amino acid will come out first.

(ii) Reduction by thhlum borohydride or lithium aluminium hydride:
The lithium borohydnde converts the free terminal carboxyl group to a primary alcoho lic group. The hydroly51s
produces a mixture of amino acids and amino alcohol, the amino alcohol bemg separated and 1dent1ﬁed by
paper chromaiography »

—NH—CH-—CONH-—CH—CONH—CH—COOH

R! : R? R3
lLiAlH4
~—'NH-—CH—cc§qH—~cH—CC{NH—cl:H—CHZOH
}L1 ng R
jaq HCI/H,0
—NH—CH-—COOH + NH,—CH—COOH + NHz—Cl)H—-CHZOH
K _ R LR .
} Basic

S cation exchange resin
Less basic . : .

Free amine alcohol will come out last -

N— Terminal Determination :

: (1) Edman Method / Degradatlon It is based on reactlon between the pept1de and phenyl 1soth10 cyanate '

(Ph-N=C= S) to form phenyl thio carbonyl (PTC) peptide in the presence of dllute base. The N-

terminal end react with phenyl isothio cyanate.
On treatment with acid the N-terminal end gets converted to phenyl thio hydantom (PTH) and the
peptide is degraded by one unit from N-terminal site. PTH is separated by paper chromato graphy.

Advantage :

(1) It breaks only one amino ac1d from N—termlnal site and keeps the rest ofthe peptlde intact, So the process
can be repeated again.

(i) This process is automanc and less time consummg
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CeHs—N=C=S + NHz—(GH—CONH~—GH—CONH—GH—COOH

R R—2. = R

o lH?_o

¥ — |

CoHg—NH—C—NH-—CH—CNH-CH—-CONH—CH-COOH
: R Flzz F|23 ‘

R’ |
| - HEN— - |
e, | =0 + HZN—(IlH—CONH—'?H—COOH

| J—N

. 3
N\ R2 R
S Ph ,
: Intact - Peptide
Separated by paper :
chromatography l
Labelled peptide Repeated the process

2. Amino Peptidase Cut one amino acid from N-Side.
A ‘f B—C—D LA A+B—C—D

3. Sanger’s Method :

ON _@,F + NHz—'?H—CONH—C!:H-CONH~CH—-C‘OOH_

R' R? R3
| HE
N02 ' 1 7
O,N N—CH«CC%H—CHwCONH-+CH—CooH,
| L ks | |
R2 R3
Labelled peptide or DNFB peptide lAcid hydrolysis
O,N- N—CH-—-—COOH + NH;—CH—COOH + NHZ—CH—COOH
L 2 ‘ B3
NO, R _ RZ R

Yellow complex

DNFB derivatives are formed with any free NH, group the basic amino acid like Lys and Arg willreact with

v DNFB evenifit is not N-terminal acid. Besides NH, the ~OH group of Tyr, SH group of Cys and OH group
of Ser and imidazole nucleus of Histidine also react with DNFB slowly. _
Ifthe basic amino acid is not in the N terminal it will form mono DNFB derivative. If it is N-terminal it will form

di DNFB derivatives. The DNFB derivatives are isolated and identified by TLC (thin layer chromatography)

' For example: If Lys is mN~Ter1:mnal
- : NGO, r1

HZN-C|:H~QONH—CH~COQH % OQN‘@—t'\I—-CHg—'(Cth + H2N~C|>H-COOH

CH R | h
NH2 , ' - B HN"NOQ '

Di-DNFB derivatives

Bl —
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Dansyl Method A recent modification of DNP method is use of 5-dimethylaminonaphthalene-1-
sulphonylchloride “‘dansyl’ chloride (DNS-CI), in place of DNFB. This modificication is called Dansyl
method. The Dansyl method is being used because the dansyl group is highly fluorescent permits the
detection and estimation of dansyl amino acids in minute amount by fluorometric methods.

O SO,CI
HaG
O

HsC
" Dansyl group (Highly fluorescent) chioride

—
~ S—Cl + HE-NH—C H—-CONHCH—-COOH
HiC ” STt I Rz

O °
N
~HCI

; (0] '
o \
@ Sf—NH—CI)H—-CONH?H-—COOH .
HSC‘\"' g Rq - Ry
, HCl/H,0
HSC/ lHC/ 9

—NH—CH-—COOH ' + HzN—(]}H——COOH
|
R4 . Rz

HsC
\N
%

Synthesis of Peptides:
1. Glycyl - Glycine : H,N-CH, ~CONH - CH2 - COOH

2. Glycyl alanine : H2N—~CH2~CONH—CIIH—COOH

‘ CHy =
3. Alanyl alanine : HZN—(|:H—CONH-(|)H-COOH |
CH3 V CH3 V

. Protection Method:
Protecting group— ForNHzgroup :
1. Benzyl oxy carbonyl Ph—CHy~ O"'C’C|

O
(carbobenzyloxy)
- 2.t-butyl oxy carbenyl : t-Bu—b—%—Cl ‘
(BOC)

3. Trityl: o (CH).C~-
(Triphenyl methyl)

4. Phthaleyl 0 ;
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5. Tosyl
' ' O=lSl-C|

Protecting group for COOH : Esterification

Activation group for COOH: Acid choride, acid azide, p-nitrophenyl ester. -
DCC (Dehydrating agent): Direct combination of N'H2 and COOH.
Dicyclo hexyl carbo-di-imide CgH{4N=—C—N—CgH1

1.  From Benzyl-Oxy Carbonyl :

» I T H ' PCl5
Ph—CH,—0—C—Cl + NHz—-ClJH—fCOOH o Ph—CHg-—O"—C—N“(I)H-COOH
R R’
NH,—CH—COOH
. H k2 H -
Ph—CH;—0—G—N—GH—COcl - Ph—CHfPo-—fl.lzjﬁN#—CH—cowH—~<I>chooH
0 . R' . O ‘ ' R2
HBr I ) Hz - Pd )
l . nr,AcOH‘ . j
Ph—CH,Br + CO, + Peptide - Ph—CHj3 + Peptide

Alanyl Phenylaline :

T . |
Ph—CH;~0-C-Cl + NHyCH-COOH “HE!_ b oy _g_ﬂ_?H*COOH
'CH3 - A A ’ CH3

NH,~CH—COOH

| H ‘ CH,Ph H
Ph—CH,—0~C-N—~CH-COCl - - Ph—-CHz—O-—C—-N—CH—CONH CH-COOH

o n, | S <'3H3. CHZPh

H,-Pd
Ph—CHj3 + CO, + Peptide

Activation of - COOH ':

Ho~<(:)>mo2 | |
. Z—N——CH—(ﬁ@_Q_NOZ |
o o)

l
- ’ R
Z-NH-CH-COOH —

NHzNH,

HNO,
- Z—NHT;(lJH;;QQNHNHz‘———E Z-NH-CH-CON;
R | R
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2.

FROM BOC METHOD :
(t«BuOCO)2O + NH; CI)H-COOH t-BuO-*(ﬁ‘.—NH—(l:H—-CQOH
Rl " . . ' 7 O R"

t-BuOCOCl

1. PCI - H H + HB
5 ~ +BuO—C—N—CH-CONH—C—COOH r
L ! - HOAc

2NH;—CH-COOH 3R R"
Rll

(CH,),C=CH, + CO;, + NH2-CI)H-—CONH-—C}:H~—.COOH‘
a RII Ru .
FROM TRITYL CHLORIDE: ‘

.............. H
(C5H5)3C LCl ,Hw—NH-(!ZH COOH HCL (C He)s C—-N—{';H COOH

R - R

0 ' 0

From Phthalay! ©<6 """" I.-QN—-(}}H—*COOH @izm—clsH-COOH
. S N R

0 O R

ANHYDRIDE METHOD :

Ph—-CHZ—'—O-—(n}-—CI + HZN-C!}H~COOH_ — Ph——CHz—OH%—N*?H-COOH
, 0 : R’ , 0 R

(BOC) Benzyloxy carbonyl ‘ PCl5

R ,,/,fo

' SO 0
Heat
+ o : H
‘ PhCHz—-O—C——M—CH P&)l

HN— C‘\\ 70% [,
. O R
Anhydnde \/
0" NH,

B H
) NH—?H*C—N-%EH—-COOH
HN. %} R?2 : ‘ R - R?
O : H
' CO, + NHZ—(f:H—CONH (IZH—COOH ~

R! R2

Ph—CH,—Cl

)
N

DCCMETHOD :
[N

$ , _ —H,0 | o |
R-((T;’ OH + NH,R' + CgHy4N=C=N CgHy4 2 , R‘C‘%"'NH“"R' + C5H11NH“‘("}‘NH—C6H11

Z-NH-—CH-COOH + NHz“CH*COOH-@—Q—» Z-NH=CH-CONH-CH-COOH + (CohyiNH).CO

R . R R' ‘ Ru
SOLID PHASE SYNTI[ESIS

Given by Bruce Merryfield. In this method amino ac1d or a peptide is bound chemically to a insoluble synthetic -
resin and the peptide chain is build up by adding one amino acid at a time at the free end. When the required
peptide is synthesised it is liberated and removed from the solid support The resin which is commonly used is

raco-polymerofstyren and divinylbenzene.
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The biggest advantage of this method is that the punﬂcatlon of product is not neccessory because of the use of
~ insoluble solid support. Excess reagent or side product are simply removed by washing with suitable solvent.
- The process is less time consuming & give excellent yield. The process is now automated that is eachaddition
of appropriate amino acid is carried out automatically at the predetermined time.

. H '
C'CH2~©}Resm + HoN-CH—COOH — BOC—N—CIJH-COOCHZ‘-Q‘ReSgn
R‘ : R!
i) HCI - ACOH . A ee
e NHQ—(I'JH—COO“CHZ—Q—ReSin + (CHg,C=CH, >

R! ' BOC—N—CH—COOH '
BOC—~NH——CH—CONH——CH~—-COOCH2Resin Repeal
l l above process
R2 R
' S : HBr
NH,—A3 —CONH—A? — —Al — @ in = =oon
.2 | CONH—A*—CONH-—A' —COOCH, Resin CF,CO0M

NH;—A® —CONH—A% —CONH—A'—COOH + HaC-QResin

PROBLEMS

p— +
| = — (A)————a»H @ 9 ,p
) HyN COOH 3 +
Leucine
Find, A—>D
Ph No, P g

| (‘* R ’ /‘\/L
Soln. O ~ ' “‘*“*'OzN NH ~ T COOH
’ ' H

COOH
02N—"NH /(k

inll/

OH + HyN COOH

NO, 'Ph\ NO, Ph\
0N NH™ " 0H 9 . oN NH™" " 0THP
: : - Protection of ,

—OH group
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, H'
HZN/H/ Q : A —>B
NaHCO; '
: COOH
NO,
Seln. F 4 H2 %(Q ———->02N NHJ\;’(
COOH. COOH
et J\r Joyra
COOH

9,3, Nucleic Acid:

Nucleic acids are colourless solids which contain: Carbon, hydrogen, oxygen, mtrogen and phosphorus.
There are three components of the nucleic acid such as

(1) Nitrogenous Base  (2) Sugar/Carbohydrate (3) Phosphate group PO?{ (H3PO 4) .

L There are two types of bases which occurs in nucleic acids: purines and pyrimidines. The most common purine
bases are adenine and guanine whereas the most common pyrimidine bases are uracil, thymine and cytosine.

Nitrogenous Base

l
|

Purjnes \ Pyrimidine

i . 1
Adenine Guanine Cytosine  Uracil Thymine

NH21 H ~NH, 0 0 |
1NZ N 7. Z N N ~
N > v N)j[\> 3HN I 5 HN ‘ CHs
k N J\ N | 2\ Je J\ ’
N 4 ) N | ’ O E]l O N
Adenme ’ ‘ Uracil Thymine ‘
: , Q V NH2 4 NH2
e 0 N ’ CH3
. A\
J\ ) ;\
J\ / == }¥N N
N o
~ guanine : Q'tosme : , -methylcytosine
2. Sugars: The sugar present in the nucleic acids are pentoses: D(-)-ribose and 2-deoxy-D-(-)-ribose.
CHO CHO |
H——OH H——H
H——OH . H——OH
H—OH H——0H
CH,0H CH,OH

D(-)-nibose 2-deoxy-D-(-)-ribose ‘
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N HO~——H H— ——OH
W on H——OH H——{——OH
0O + 0

H—<OH |

io H OH H————OH
H—1—O0OH

CH,OH - H H
- Ribose CHOH CHOH

p-anomer Q-anomer
s |

HOH,.C o H

H H
H OH
OH OH OH OH
. . f-anomer a-anomer
3. Deoxy Ribose: |
H\ Qo HO——|——H | H——|——O0H
C ,
HA——H H——]——H V H———H
o + 0
H~—P<—0H '
> H OH H———|——0H
H—+—OH
CH,0H H ‘ H
2-deoxy-D-(—)-rihose CH,OH CH,OH
B-anomer ’ o-anomer

OH H OH H

p-anomer - a-anomer

Remark: In nucleic acid sugars are in B-anomeric, furanose formand it is hemiacetal.. .

4.  Phosphate Group:

HO\ I:<OH
H O/ \O‘

H,PO,HEH H* +H,PO;;
H,PO; B H* +HPOS ;

B T RS
HIO, Bigy nhepo;
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Nucleoside: The combination ofa base (either a purine or pyramidine with a sugar(ribose or deoxyribose) are
called nucleosides. For example

A NH, '
| Z N A
NL)I )
Adenine + Sugar Adenosine \N | T -H0
T

N
Guanine + Sugar - Guanosine
Cytosine+Suggar —  Cytidine HOH,C i HOH.G
‘Thymine + Sugar —  Thymidine oH
Uracil + Sugar - Uridine ;
H H
OH OH
0 0

i

HOH,C 5 [oH;

Nucleotide: ' ,
Nucleotides are the combination of a nucleoside and phosphoric acid i.e. nucleotides are nu
phate. For example

cJeosides phos-

Adenosine + phosphate —  Adenylic acids
Guanosine + phosphate —  Guanylic acids
Cytidine + phosphate . —  Cytidylic acids
Uridine + phosphate —  Uridylic acids :
. | NH,
. o Vi N
> H;P0, | NS N
N h,0 HO | T—OHQC
OH yE
H H
H—O OH

OH OH - ‘
On the basis of sugar present in the nucleic acid, it can be classified into two parts:
Ribonucleic acids (RNA) and the deoxyribonucleic acid (DNA). ‘

Ribonucleic Acids(RNA): v
- *RNA is a polymer of ribonucleotides. o
» The individual ribonucleotides are linked together by phosphodiester bonds.

+'The attachument of the prospliate is at the 3'—position in the ribose molecules.
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- The common bases in RNAs are adenine, guanine, uracil and cytosme
* According to the source ofnucleic acid there are three types ofmucleic acid:
Ribosomal RNA (r-RNA), Transfer RNA(t-RNA) and Messenger RNA (m-RNA).

- Primary Structure of RNA:
5' end
00

O=pP—0—CH,

Tetranucleotide

OH OH
3' end

The secondary structure of RNA has been investigated and it appears that RNAs exist as a single strands
which contain helical segments established by hydrogen bond.

) Deoxyribonucleic acid:

* DNA are polymers of the deoxyribonucleotides and hydrolysis by certain enzymes result in a mixtursof
mOnomers. ' ‘

* The common bases DNAs are Adenine(A), Guanine (G), Thymine (T) and Cytosiné ©.
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Secondary Structure of DNA: (Double helix model by Watson & Crick):
«<—20A —

*Two strands are antiparallel.

» The X-ray studies have shown that the pairs are planar and that the hydrogen bonds are almos olfinear, their
lengths lying between 2.8 and 2.9 A.

» Each turn of the helix contains ten nucleotide pairs and the diameter of the helix is about 20 A,

» The spacing between adjacent pairis 3.4 A.

4_

Bése pairing in DNA.
‘Adenine always paired with thymine by double H-bond.
Guanine always paired with cytosine by tnple H-bond.

Me : . H

O.. .
o K\r \H

/TN\“CD LI

. ) \
P A-T palr ‘ . B ; | R
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Hydrolys1s of Nucleic Acid :
ag. NHa, 115°C _

> Nucleotides
or Ba (OH), - .
Nucleosides + H3P
ag.NHz 3 O4|
175°C : l HCI (Inorganic acid)
Nucleic Acid Nucleinase Nueleofides Nitrogenous base + Sugar
(enzyme) _
MgO, A -
= Nueleosides + H3PO,4
soin.
AMP —2™% , Adenosine + H,PO,

{Nucleotides) ~ 175°C

cMp _84NH; o HCl v

. 9
Problem: RNA—

| 175°C
Soln RNA aq.NHs CMP aq.NH; Nudgqside _HCI N base + Sugar
oln. 115°C 175°c  {eytidine)  (Gyiosine + Sugar)
- Ribose
Re llcataon Tanscription
DNA 4 — DNA P »mM-RNA ——— Protein
I Reverse l
Transcription

The whole process is known as central Do gma (flow of genetic information)

Site of protein synthesis in cell : Rlbosomes r - RNA provide a template / base or the site where protein
synthesis occur.

r-RNA : It provide a template / base or support on which protein synthesis takes place in Ribosome.
It consist Protein & RNA.

,t-RNA They bring the amino acid to the site where protein synthes1s occurs each amino acid has its own
specific t-RINA and the bonding witht-RNA accurs line.

I
ERNA—O—C—CH-NH,
R

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

t-RNA+-OH H—O-—C—CH NH,

m-RNA :
It brings the information regardmg the sequence of amino acid to the ribosomes The four base inm-RNA exist
in form triplet called as CODON with code for one specific amino acid. (a amino acid can have more than one
codon).

eg.: UCU — serine — GCA+AGC (more than 1 codon isused for 1 amino acid)



http://www
http://www
http://www.ChemistryABC.com

‘ ' ~ Chemistry of Natural Products

9.4. Proteins:

* Proteins are nitrogenous substances which occurs in protoplasm ofall animal and plants cells. Their compo-
sition varies with the source: carbon, 46-55%; hydrogen, 6-9%; oxygen, 12-30%; nitrogen, 10-32%; sul-
phur, 0.2-0.3%. Other elements may also be present, for example phosphorus (nucleoproteins),
ron(homeoglobin).

» Proteins can be broken down into smaller and smaller fragments until, the final products are aminc acids,

Protein — polypeptides — peptides — amino acids.
» There are no sharp dividing lines between peptides, polypeptides and proteins. Generally—
Ifthe molecular weight above ~ 10, 000 = Proteins. ‘
Ifthe molecular weight below ~ 10, 000 = Peptide and polypeptide.

« The physical and chemical properties of proteins and peptides are different.

* Proteins are amphoteric in nature.

» All proteins are optically active, and may be coagulated and precipitated from aqueous solution byheat the
addition of acids, alkalies, salts, organic solvents miscible with water.

* Proteins in precipitated state are called denatured and the process of reaching this state, denaturation occurs
most readily near the isoelectric point.

* Denaturatjon is generally irreversible, but in many cases the process has been reversed this reversal of
denaturation is called renaturation.

Classification of proteins:

(A) Simple Proteins (B) Conjugated Proteins

(A) Kind of simple proteins:

(i) Albumins: These are soluble in water, acids and alkalis. It is coagulated by heat.

(i) Globulins: These are insoluble in water, but are soluble in dilute salt solution and in dilute solutlons of
strong inorganic acids and alkali. ‘

(iii) Prolamins: These are insoluble in water or salt solution but are soluble in dilute acids and alkalies.

(iv) Glutelins: These are insoluble in water or dilute salt solution, but are soluble in dilute acids alkalies. They

- are coagulated by heat, glutelins are rich in argmine, proline and glutamic acids.

(v) Scleroproteins: These are insoluble in water or salt solution, but are soluble in concentrated ac1d For
example: keratin(from hair, hoof), fibroin (fromsilk).

(vi) Basic Proteins: These are strongly basic, and are ofthe two kinds: (a) Histones (b) Protamines

(B) Conj ugated proteins: These are proteins which contains a non-protein group(i.e. a compound not ccs-
taining amino acid residues) attached to the protein part. The non protein group is known as pro Sﬂ'l‘”th
group and it may be separated from the protein part by careful hydro 1ys1s

Kinds of conjugated proteins.

(i) Nucleoproteins: In nucleoproteins the prosthetlc group is a nucleic acid.

(i) Chromoproteins: Their prosthetic group are coloured. For example, chlorophyll and haemoglobin.

(iii) Glycoproteins: In glycoproteins the prosthetic group contains a carbohydrates or a derivative of carbo-
hydrate. It s also known as mucoproteins. :

(iv) Phosphoproteins: In phosphoproteins the prosthetic group contains phosphoric a01ds

. (v) Lipoproteins: In lipoproteins the prosthetic group is lecithin, kephalin etc. -
(vi) Metalloproteins: The metalloproteins contain metal which is an integral part of the structure.

Structure of Proteins:
1. Primary Structure: The primary structure of proteins are the partlcu]ar sequence of amino acids that is the
backbone of a peptide chain or protein.. . CH, : ‘
?Ha, : %
CH-—CHj3 ?H CH,
¢ o CH; O ~ CHz O (l:Hg o
ot I T (0
H3N—CH-—C—NH—CH—C—NH~—CH—C~NH-—CH—C—0
. Ala ~Leu-— Cys — Met
-2, Secondary structure:

* In secondary structures polypeptide chains are arranged side by side.
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e o

* Hydrogen bonds form between chains.
« R groups ofthe amino acid extend above and below the sheet.

Secondary Structure
o~ Helix Parallel p Sheet
: E ' 0 H 0 H
I:I I-ll | C-terminus (l; ,L c ﬂ ,;ll c N-terminus
\ ‘ c N . \\ / \N/ ~ ;/' \c/ “\N/ \Cm/ \C/ ,G\N )
TN I I L]
oy C H K H, L H
(l.l) H AIC.l) o H o W
H’)I\I'—?l:‘n C-terminus ll l i Netenminus
I o) ! RSN N/\C/\/«\/\C/\c/ N .
——i- : : ?
N faN I [ l | [
o ol . 0 H 0 H 0 H .
] c-i-N .
H ™ ‘Antiparallel § Sheet
i ~< *N—/C :
N & H I 0 H 0 H 0 H
A I Ao e A
1N 1] ) A d \C/ SN N S TN N6 Neterminus
o | C-terminus @
il T o H 0 H
o) ; :
i o_ | i
H LN 6
! C T > N-tcrminus /J.l /u C-t
T ~N—— : / ~ \ ACa ~ Co_-~ -terminus
fe g b T ﬁ
' ' 0 H 0

The o.— helix model for the conformation of protein was proposed by Pauling and it suggest that:
| (i) The peptide group isplanar
(ii) Hydrogen bonding stabilises the conformation and the strength of this bond is a maximum, when the atoms
concerned (C:-"-O—-H-—N) are collinear or, failing this ideal situation do not deviate by more than 30°.

The p— conformation, was proposed by Pauling. In this, the Pauli peptide chain is extended and chains are

held together by inter molecular hydrogen bonds. There arc two typesof B -conforrnatlon(Pleatcd sheet):
parallel and anti-parallel.

3 Tertiary Structure : :

« The tertiary structure of protein deals with foldmg of entire molecule which envolves hydro gen bonding, ionic,
chemical and hydrophobic bonds.

» The tertiary structure that a protein assumes under the normal condition of temperature and pH will be its
most stable arrangement. This has been refered to as the native conformation of that protein.

* There are two major molecular shapes of naturally occuring proteins: Globular and fibrous.

* Fibrous proteins have a large helical content and are essentially rigid molecules ofrod-like shape.

* Globular proteins have a peptide chain which consist partly or helical section and folded about the random
coil section to give a spherical shape.

* In globular proteins most polar groups lies on the surface of the molecule and most hydrofobic side change
lies inside the molecules.
» The tertiary structure of protcm have been elucidated by X-ray analysis, viscosity measurements diffusion,
light-scattering, uliracentirifige methods and electromicroscopy.
* Whena protein undergoes denaturation, the changes that occur involve changcs in secondaly and/or tertlaly
structure of proteins. «
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9.5. Carbohydrate :
Carbohydrates are polyhydroxy aldehydes, polyhydroxy ketones or compound that can be hydrolyzed to
them.Carbohydrates are the ultimate source of most of the food.

Classifications of Carbohydrate: '
(1) Monosaccharide (i) Disaccharide (iif) Polysaccharide

(i) Monesaccharide: Carbohydrate that can not be hydrolyzed to simpler compounds is said to be monosac-
charide. For example: Glucose, Fructose etc.
(ii) Disaccharide: A carbohydrate that can be hydrolyzed to two monosaccharide molecule is said to be
disaccharide. For example: Lactose, Maltose, Sucrose, Cellobiose etc.
(iii) Polysaccharide: A carbohydrate that can be a hydrolyzed to many monosaccharide molecules is said to
polysaccharide. For example: Starch, Amylose, Amylopectin, Cyclodextrine, Cellulose etc.

Monosaccharide may be further classified as aldoes, if it contain aldehyde and ketose, if contains ketonic
group. On the basis of numbers of carbon atoms monosaccharides are also classified as: triose, tetrose, pen-
tose, hexose and so on.

Reducing and Non-Reducing: Carbohydrate that reduce Fehling’s solution (or Benedict’s solutions) Tollen’s
are known as reducing sugar. Allmonosaccharide whether aldoes or ketose are reducing sugars. Most disac-
charides are reducing sugars, for example lactose, maltose, cellobiose etc. except sucrose which isnon-reduc-

ing sugar. o
CHO
H—+f—OH
CH,OH
D(+)-glyceraldehyde
CHO CHO
H——0H HO——H
H—{—OH H——OH
CH,OH CH,OH
D(-)-erythrose ‘ D(-)-threose
! \ ' ! | !
~ CHO ~ CHO CHO CHO
H——OH -~ HO—T—H ' * H—1—OH HO~——H
H——OH ‘ H——OH HO——H HO——H
H——OH H——OH : - H—T—OH , H—t—O0H
CHo0H CH,0H CH,OH CH,OH

D(-)-ribose D(-)-arabinose t D(-)-xylose D(-)-lyxose
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D-ribose ' ~ D-arabinose
f f v {
CHO CHO CHO  CHO
H-——0H HO——H H——0OH HO—1—H
H—1—0H H—"—0H HO——H HO——H
H—5—0H H—1—0H | H———OH H-—r—0H
H——OH H——OH H——OH H——OH
CH,OH CH,OH CH,OH CH,OH
D(+)-allose D(+)—altrose D(+)-glucose  D(+)-mannose
D-xylose : ~ D-lyxose
Y - Y Y
. CHO ~ CHo CHO ' CHO
H—r—OH HO——H H——O0OH HO—+—H
H—+—0H H—+—O0H HO-—1—H HO—t+—H
HO——H  HO——H HO——H HO——H
H——OH =~ H——OH ~ H——OH H——OH
CH,OH CH,OH CH,OH CH,OH
D(*+)-glyose - D(+)-idose D(+)-galactose  D(+)-talose
1. Mono Saccharides :
These are the sugars which can’t be hydrolysed in to smallar molecules. CH, O_(n=2-6)
CeH;,0¢ ————2———> No Reaction

Configuration : In carbohydrates configurational differences are associated with difterent spatial arrange-
ment of tetrahedrally disposed ligands attached to chiral carbon atoms. The presence of asymmetric carbon
makes possible the formation of stereo isomers. Glycer aldehyde [CHO-CHOH—CHZOH] is selected as the
standard ofreference to assign the configuration of carbohydrate because it is the simplest carbohydrate which
is capable of optical isomerism. It is a aldose triose.

CHO - CHO
H+OH HO‘—+—H
CH,OH CH,OH
D(+)-glyceraldehyde L(-)-glyceraldehyde

All natural sugars are D»sugars D(#) glyceraldehyde taken as standard.

- Structure elucidation of glucose :
1. Molecular Weight determination showed formula CgH1,05

2. When glucose is treated with (CH]CO) O /Py - Pentaacetate formed showmg presence of five —OH group.
3. As glucos¢ is not easily dehydrated, so ~OH group are vicinal

OH :
= ——>—c=0
OH
Don't occur

4. Glucose reacts with one mole of HCN to form cyanohydrin and with NHIOH to form oxime. This mdlcate
presence-of a carbonyl group. :
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10.

N\ NH,OH ™\
O 2 /
Oxidation of glucose with Br,/H, 0 give gluconic acid having same number of carbon atom as that of glucose.
(C¢H,,04) . This indicates that carbonyl group is on—CHO (aldehyde) group (keto group containing sugars '
give acid with less C-atoms).

C=NOH

0 T
—C—0OH —— —C—-0OH
Oxidation of gluconic acid with HNO, produces a dicarboxylic acid (Gluceric acid) with molecular formula
CH,O,. This indicates a presence of alcohol group (CH,OH) an oxidation occures with loss of 2Hs and gain

1078
of one oxygen atom.

Glucose dissolve in H,0 to produce a neutral solution shows that it don t contain -COOH.

Glucose onreduction with H,/Ni, produces a hexa-hydric alcohol (Glucitol) (~CHO ~CH,OH). This on re-
action with HI/red P first yield 2-iodohexane at 100°C and then n-hexane on prolonged heatmg

It indicate that all six C atoms in glucose are in a straight chain.

Glucose onreaction with HCN, form cyanohydrin, which on hydrolysis and followed by reduction with Hl/red
phosphorus yields n-heptanoic acid which indicates the presence of six C atoms in straight chain.

Periodate or Pb(CH,CO0), oxidation of Glucose produces five molecule of HCOOH and HCHO group.

Optical activity in monosaccharide:
CHO

H OH

CH,OH
D(+)-glyceraldehyde

COOH CHO , CHO COOH
_H—{—oW HNO; y——on ~ HOTH HNO, yoy
H——oH [0l H——oH H——on [0 L on
COOH CH,OH CH,0H COOH
Plane of symmetry is present D(-)-erythrose D{-)-threose No plane of symmetry
§0 it is optical inactive optically active
' oy f
CHO CHO CHO ' CHO
H—{—OH HO—+—H H——OH HO—+—H
H——OH H——OH HO—1—H HO——H
H——OH H—1—O0OH H——OH H—+—O0H
CH,0H CH,0H CH,0H CH,OH
D(-)-ribose D(~)-arabinose D(-)-xylose D(-)-lyxose
L[OJ l[O] | i[O] | UOJ
COOH COOH COOH ‘ COOH-
wlon HO——H - H——OH . HO——H
H—{—OH- H—f—OH - HO—— - HO——H
H——OH H——0OH H—1—0H -H—+—0H
COOH | COOH . COOH * COOH
inagtive Jctive inactive seive

[ g |
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Reactions of Aldohexose:

C¢H;NHNH,
> (CH0H)y
CH,0H
Glucose phenylhydrazone
' COOH
Br, + H,0 o
L (CHon)4
CH,0OH
Gluconic acid
COOH
HNO; . ((13“20“)4
CQOOH
Glucaric acid
CHoO o (Saccharic acid)
CHOH Ac,0 |
CHOH . > CsH;0(0AC)s
CHOH ’ Penta-O-acetylglucose
CHOH
CH,0Ac
CH,0H
(+)-Glucose > (CH20Ac),
‘ CHzoAC
CHZ0H Hexa-O-acetylglucitol
» (CHOH)y ——  (Hexa-O-acetylsorbitol)
COOH ?Ha
Glucitol ' CHI
(Sorbitol) R
((|3H2)3
CH3
2-lodohexane
COOH
H;, Ni hydrolysis HI, heat
—> > > CH,
(CH2)4
CH,

Heptanoic acid

Reactions of Fructose:

CH,OH ' CH,OH , CH,OH ~ _CH,0H
C=0 C(OH)CN ' C(OH)COOH (l:HCOOH
CHOH CHOH - " CHOH CHy
HCN | hydrolysis I HI, heat_ |
CHOH — ™ CHOH ‘ > ?HOH > ?HZ
CHOH - CHOH - " CHOH ?Hg
CH,OH CH,0H ‘ CH,OH CH;.
Fructoseé Cyanohydrin Hydroxy acid ’ a-Methylcaproic acid
(two diastereomers) (two disstereomers) (racemic modification)

[ g
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¢ ‘D-ribose ,&

CHO CHO
H-——OH HO——H
H—+—OH H——OH
H—t+—OH H—t—OH
H——OH H—+—OH

CH,0H CH,OH
D(+)-allose D(+)-altrose

1[01 1[0]

COCH COCH
H——OH HO——H
H——OH H——OH

TH——on  H——OH
H——OH H——OH

COOH COOCH

active active

D-xylose
f f
CHO CHO
H——OH  HO—f—H
H——OH H——OH
HO——H HO——H
H——OH H—f—OH
CHOH CH,0H
D(+)-glyose D(+)-idose
l[O] l[O]_
COOH COOH
H——OH  Ho—|—H
H——0H H——OH
HO——H HO——H
H—=-OH H—f—OH
COOH | COOH

active

active

D-arabinose

f f

CHO CHO
H——0OH HO—+—H
HO—r—H HO——H
H-——O0H H———0H
H-+—0OH H—1—OH

CH,OH CH,OH

D(+)—glucose

COOH
H——OH
HO——H
H——OH
H——OH
COOH

active

D(+)-mannose

l[O]

COOH
HO——H
HO——H

H——OH

- H——OH

COOH

active

D-lyxose
Y ¥
CHO CHO
H——OH  HO——H
HO—{—H HO——H
HO——H HO—{—H
H——OH H—1—OH
 CH,OH CH,OH
D(+)-galactose  D(+)-talose
1[01 l [0]
COOH COOH
H-——0H HO——H
HO——H  Ho——H
Ho——H  Ho—1—H
H—1—0H H—+—0OH
COOH COOH
inactive active
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OSAZONE FORMATION OFKETOSE AND HEXOSE:

CHO CH,OH - HE=NNHC¢Hs CHO
& ¢o C=NNHCaHs H——OH
Ao 7o HO——H CHNHNH, HO——H CGHNHNH, HO——H
H——OH M H—{—OH ~ H——OH - HT—OH
. H—1—OH H——OH H——OH H——OH
CH,OH CH,OH CH;0H CH,0H
Osone D(-)—fructose Osazone D(+)~glucose

Lengthening the carbon chain of aldese. The Killiani-Fischer synthesis:

CN COOH C=0 CHO
H—1—OH H~—+—0H H--1——0OH H—1—OH
HO——H H,0 HO——H -H,0 HO——H O Na(Hg) HO——H.
. e o =
" H—T—OH g+ H——OH H CO0, H——OH
H——OH H——OH H——OH H——OH
CH,OH CH,OH CH,OH CH,OH
CHO |
HO——H
Hr—1—OH _HN
H——OCH
CH,OH CN COOH CHO
An aldopentose HO——1 Ho——H HO—1—H
HO——H H,0 HO——H -H,0 HO——H ONa HO—+—H
) 7 | Nals) Na(Hg)
—»H——OH 1+ . H——OH H— CO,  H——OH
H——OH H——OH H——OH H——OH
CH,OH CH,OH CH,OH CH,OH
Diastercomeric Diastereomeric Diastereomeric Diastereomeric
cyanohydrins aldonic acids aldonolactones aldohexoses Epimers
Shortening the carbon chain of Aldose: Ruff degradation:
CHO COOH COO ),Ca?*
CHO
H=1—0H H——0OH H—r—OH ‘
‘ o - HO——H + (052
HO.———H Br,+H,0 HO—1—H CaCO3 HOf“’"‘H H,0,, Fe?* H'—'——OH
H OH H—1—OH H——OH
. H OH
H OH H-—-1—0OH H-—1+—0H
~ CH,OH
CH,OH CH,OH CH,OH
An aldohexose An aldonic acid An aldopentose

" A calcium aldonate
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Conversion of glucose into mannose: ,
Glucose and Mannose are epimers at carbon number two.

CHO COOH ‘COOH
H—+—0OH H——OH HO——H
HO——H HO——H ridine HO——H  HyO
Bl‘z, Hzo py . 2 -
H——OH H——OH =  H——OH"
H——OH H——OH H——OH
CH,0H CH,0H CH,0H
I : |
o Epimeric aldonic acids
I CHO
C HO——H
HO-—~—H
. Na(Hg),CO, HO——H
HO——H O >
H———OH
H A
- H——OH
H—+—OH CH,OH
CH,OH Epimeric aldohexose

An aldonolactone

Cyclic structure of D(+)—glucose: Formation of glucosideé:

» D(+)-glucose fails to undergo certain reactions typical of aldehydes. For example it gives a negative Schiff
- test and does not form bisulfite addition product.

* D(+)-glucose exists in two isomeric forms which undergo mutarotations.

* D(+)-glucose forms two isomeric methyl D-glucosides.

H—+—OH

H——OH
HO——H O

H~—+—OH

HO—1—H
H——0H

HO—+—H O
H—T—0OH

Haworth Projection for a-D-glucose
: and p-D-glucase
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Problem:

CH,;0H, HCl

B
Y ot

B-D-(+)-Glucose

~ CH,OMe

H CH,OH
—9 (CH3);504
NaOH
HO H OMe
OH
H H
. Methyl B-D-(+)-Glucoside

CH,0Me @,
0

MeO dgil.HCl  MeO H -
Med OMe 4 OH
' H
Methyl §-2,3,4,6-tetra-O-methyl-D-glucoside
H CH,0Me
MeO

0-2, 3,4,6-Tetra-O-methyl-D-glucose

HIO, :

On treatment with HIO, aquous solution or Pb(OAc), in organic solvent compounds contaming two or more
C=0 or C-OH groups adjacent to each other undergo oxidation with cleavage of the C—C bond.

o

—C~ ?
—C—0H |0, C70— |0 :
i 104 - N —_(l:—o ¥ >c—-—o + 10,

—(:3“0” | —(lz—fo-/ \\o

Il
O

R—-(l;H-g—cI:H—R'——> RCHO + RCHO
OH OH '

R«-?H—i—%-R'-,——}——» RCHO + R'COOH
OH 0

R—C-C—R' 19 , r_cooH + RCOOH

R—QH—E—QH%—CH—R‘—* RCHO + HCOOH + R'CHO

6" oH OH

=

e ot
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R=C—C~R'———R,C=0 + RCHO
OH OH |

1

HOH20-§-—,(!%—§—CH20H — > HCHO +CO,
i |

’ ,
| T l 0 | H
R_C—_(l% R — » R“C'—NH + (ﬁ-—-——R' _..tl‘_z.___,.. R.—% + ozc_’:\
NH,0 - o) —NHg o)

|
-4+ ——%—> 5HCOOH + HCHO

.....

Limitation:
Periodate oxidation don’t occur in which— OH group or rC=0 group are separated by a CH, group. It also do

not cleave the compounds in which OH group is ad_]acent to a ether or acetyl group.

(l;‘HZOH CH,—OCH;4
10,~ 10,~
HgC —— No reactxon HO-HC 4 ., No reaction
CH,0H | CH;
- Disaccharides:

‘Sucrose: Sucrose isa non-reducmg sugar. Upon hydrolysis with dilute acids or by enzyme invertase it gives

an equirmnolar mixture of D-glucose and give fructose.

e O CH,OH
H—C ] |
H——OH i
HO——H 9] O or
H——O0H | -
H—1—OH N
$ CH,OH
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Maltose: Maltose is 4-O- o -D-glucopyranosyl-D-glucopyranose. It is hydrolyzed by dilute acids and gives
two molecules of D-glucose. Maltose is reducing sugar and it is hydrolyzed by enzyme maltase. The glycosidic
link ofthe non-reducing half of the molecule is o -linkage.

H—C—
(oA CH,OH CHaOH
‘H—C-—0OH ‘ 0
H——OH | H A H  H O
HO——H o H o on
HO——H o or OH H OH H ;
) |H H  OH H  OH
H—t—
CH,0H CH0H

Cellobiose: The Cellobiose i3 4—0-[3 -D-glucopyranosyl-D-glucopyranose. Cellobiose upon hydrolysis with

dilute acid gives two molecules of D-glucose. Since this hydrolysis is effected by emulsin, the glycocidic link
must be beta. Cellobiose is reducing sugar.

H—C—OH [‘——‘ C—H CH,OH H OH
H——OH - H—OH A S
dol o 00 ) i N
\_—l HO——”—“H or OH H
H—— H—{—OH HO H oH
- H H OH CH,OH
CH,OH CH,OH
H H - OH
| CH,OHO ol ot
~ HO TR i
; N CH 0 H
HO OH P/
o i 1 CHOH

Lactose: Lactose is 4-O- 3 -D-galactopyranosyl-D-glucopyranose. Lactose is reducing sugar and it is hy-
drolyzed by dilute acids and gives one molecules of D-glucose and another molecule of D-galactose. Since the

lactose is also hydrolyzed by an enzyme lactase, it means that the glycosidic linkage is 3 .

HO—C—H
H——0H
HO——H HO——H

CH,OH

e —
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9.7.

Terpenoids :

The terpenoids form a group of compounds, the majority of which occur in plant kingdom.
Most natural terpenoid hydrocarbons have a the molecular formula (C.H,) , where n= number of carbon
atom. The value of ‘n’ is used as a basis for classification.

Number of carbon atoms  Value of n Class
10 _ 2 Monoterpenoids (C H, )
15 3 Sesquiterpenoids (C,;H,,)
20 4 Diterpenoids (C,H,,)
25 5 Sesterterpenoids (C,.H, )
30 6 Triterpenoids (C, H,)

Note: The name ‘terpene’ is inappropriate to include compounds such as alcohols, aldelydes, ketones etc.
So, There is a tendency to use the more general name terpenoids.

Isoprehe rule: The thermal decomposition of almost all terpenoids gives isoprene as one of the products so,
this indicates that the skeleton structures ofall naturally occuring terpenoids can be buit-up of soprene units,

this is known as the Isoprene rule.
The isoprene unit in natural terpenoid is joined head to tail fashion.
‘ c 5 (l:

c-C—-C—C——C—(C~C—C

head tail E head tail
Monoterpenoids: The monoterpenoids may be subdivided into three groups
(1) Acyclic (2)Monocyclic -~ (3) Bicyclic
Acyclid Monoterpenoids :

Myrcene: Molecular formula— C, H,, B.P. 166-168°C

* This is an acyélic monoterpenoid hydrocarbons.
« Occurs in verbena and bay oils.
* Myrcene contains three double bond two of Wthh are in con]ugatlon

- CH
HaC, z

[G=CH—CH;—CH,—C—G==CH,
H3C ‘

» Ozonolysis of myrcene produces acetone, formaldehyde and ketodialdehyde

0
0 | Q
' | 3 CHO
- MY —— 2HCHO + PN ¥
(&Y, . A

AR CHO
/\

L .
'ISS “CHO Cro, OH

(ii) : 2 + CO,
CHO ' “CHO
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Citral: Molecular formula: C,,H, O

» Most important member of the acyclic monoterpenoids.
» [t occurs in Lemon grass oil

-« Citral is a liquid which has the smell of Lemons.
* On heating with KHSO,, citral forms p-cymere.

X _CHO
KHSO,
B e

- Citral can be reduced by sodium amalgam to an alcohol, geraniol.
-+ Oxidation of citral with alkaline permanganate followed by chromic amd glves acetone, oxalic a01d and

Laevulic amds
CHO | |
I.KMnO, ©OOH O o
: ——~—~—-———->2 o0 l + /Ik +
LI - LIU3 COOCH
)\ COOH
»  Citral shows two geometrical isomers.

The functional group (aldehyde) is trans or cis with respect to the methylene group ofthe main cham.

N H
CHO
trans-(or E) form Cis-(or Z) form
Citral-a, geranial ~ Citral-b. neral:
. When citral is condensed with acetone in the presence of Ba(OH),, y-ionone is formed and this, on heating’

with dilute H SO, in the presence of glycerol forms a mixture of a. and B-ionones.

& o

2 Baom),
" /IK -

y—lonone

[+lemore a-Jonone

o —
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9.8. Monocyclic Monoterpenoids : |
Synthesis of a—ferpineol: Carried out by Perkin, Junior(1904).

1. H,SO
2904 Na/EtOH ,
2 KOH Reduction

COOH COOH COGH
EtOH/HCI
—~ HBr )
CsHgN (i) 2MeMgI
- elimination (i) H
COOH A COOH

A much simpler synthesis of  -terpineol has been carried out by Alder and Vogt (1949) by using Diels-
Alder reaction:

o Isoprene ‘
: ~ [4+2] o 1. MeMgBr -
Cycloaddition 2. H
0
0}

9.9, Carvone:

Molecular formula— C, H,,0, B.P.=230°C/755 mm.

» Qccursin essential oilseg — spearmint and Caraway oil.
* Preparation of carvone from a-terpineol.

- NO N
; NOCI =

e _ —— _
: OH OH OH

_OH
N
EtONa* ‘ H,50,
e e
HCl

OH
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. - Reaction of Carvones:

Bl’z/ Hzo
B e . S
heat ’

COOH COOH

_.....H_..I...).. __............__->
MeOH
Br Reduction

N 3 , 03/Me,S
R 3/1V1E
COOH > COOH
(8] .

2—Is0pr0pyl-glutaric acid -

9.10. Pulegone :
Molecular formula C_H, _O,B.P.= 221——222"C

« It contains double bolgldlsand behaves as ketone.

OH OH
~ Na/EtOH K(lj\d}r;fh Cr0,
Di-hydroxylation v

X X " on

OH
NaOBr

*On reductlon pulegone first gives menthone and this on further reduction gwe"s menthol.

) 0
KMn0, 8\00.4 . )1\

" o COCH
N

Pulegone

KOH
e e

- L

JN P,
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Synthesis of Pulegone:
______ N (CHL0H), 1. 2MeMgI o
TsOH ___Il
o] O Protection of Gngnar d HO 07
CO,Et \C—'O COLEt reaction V
/s
H+
. +
Y o 0
, CH,
' Pulegone Isopulegone

9.11. Bicyclic Monoterpenoids :

The bicyclic monoterpenoids may be divided into three classes according to the size ofthe second ring, the
first being a six-membered ring in each classes.

Class - I: (6 +3— membered ring) Class2: (6+4)
1
2 2
1 L 1 3
7
o/ MNo| O 8
7 4 4
5 9
Thujane A Pinane
Class 3: (6+5)
.Bomane Notbomane derivative Norbomane derivative Norbomane derivative Norbornane derivative

{Camphane) (Isocamphane) (Fenchane) ‘(Isobomylane)

The two rings do not lie in one plane but are almost perpendicular to each other.

)
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Carone: B.P.=99-100°C/15 min.

0 0
0
HB HOOC COOH
§ r KOH [0] N
Br Carone Caronic acid
Dihydrocarvone
Pinene
— ¥
B-Pinene | a-Pinene
a- pinene: B.P.=156° C
* The most important member of pinane class.
« It occurs in both the (+) and ( ) forms in all turpentine oils.
Reactions:
OH
N
38 OH ~o0 co0 COOH
[O] N NaOBr COOH
KMIIO4 Halo form + CHBI'3
reaction
COOH COOH COOH
cooH ~_BeOH: COOH
: COOH HVZ reaction
Hydroxypmlc acid Bromopinic a01d

~ PROBLEMS

N 1. NpCHCO,Et
L. RS 2.CuA o NG
\ hv
| +
’ 2 : \ 02, Hzo
OH

Verbenol

Sobfeol

HOOC
COOH

HOOC

@o

Verbenone
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9.12. Camphane: .
Borane (Camphane): Molecular formula—C _H. , solid, m.p. =156° C.

107 718°
0
HI
——
® CH3 COOH
(1) By Wolff-Kishner reduction:

Na/H
H,0
(& N2H4 ﬁ C2H5ON3

Camphor: Molecular formula - C_H, O, sohd, m.p. 180°C, optically active, the (+) and (—) forms occur

10716
naturally and so, does racemic comphor, which is the usual form of synthetic camphor.

. | _, -
[0] COOH ~cook [O]
—_——— —_— - ——
COOH cooH| —-COy

: -

Preparation of Camphane.

Borane

Camphor Camphoric OH
acid
COOH
COQH [0]
— .  COOH
=0 - COOH
Camphoronic acid
Synthesis of camphor:
' \ 0 O
. < <
COOH  AcCl ' Na-H;
c E_ o g} % 1.KCN
| _COOH \/ | -/ 2H'
Camphoric o a-Campholide
acid . Camphoric
anhydnde
COOH o
1.OH™ COOH Ca Salt
—_— _____.;..
2. H
COOH

Homocamphoric acid
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Camphene:
* Molecular formula—C, H ,M.P. 51-52°C
+ Naturally occur in the (+), - () and (..+.) form
Preparation:
AcONa
e HCl
Bomyl Chlorlde Camphene
. Oxidation of camphene with dilute HNO, produces carboxy apcamphoric acid.
COOH
HNO, COOH —CO, COOH
COOH ~ ‘ COOH
Camphene Carboxy apocamphoric acid Apocamphor_ic acid
Synthesis of camphene: 4

\\ CHO .
CHO ’\
——\1_/:\ [4+2] H,-Pd _ACO OAc
2 l Cycloaddition
reaction
OH MeMgI 1. NaNHz 4—————
~ HZO 2 Me-{

Structurally related to Camphene is the compound santene.
Santene:

- *Molecular formula—CH, ,B.P.= 142°C
« Qccurs in east india Sandal wood oil.

(L= @ @

Camphene Camphenilone Camphenilol
1, 2 Me shift
2 HZO
Santene
Sesquiterpenoids:

The sesquiterpenoids are classfied into four groups according to the number of ring present. The nature of the
sesquiterpenoid skeletan is also characterized by the number of double bonds present inthe molzcule.

p—
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Class of sesquiterpenoids No. of double bonds Molecular refraction.

Acyclic - 4 69.5
Monocyclic 3 67.8
Bicyclic 2. 66.1
Trcyclic ' 1 64.4
Nerolidol:
* Molecular formula—-C _H, O, B.P. = 125~ 127°C /4.5 mm.
* Occur in the oil of neroli
Synthesis of Nerolidol:
/
Cl
EtOOC
EtONa . 1.Ba(OH), .
o4 ' | ~ 2.HCl
8]
-+ Geranyl chlqride
1. NaNH, Na
2. GHy Moist ether
3.H,0 .
Gerany! acetone (+)- nerolidol

Bicyelic Sesquiterpenoids :

o-Cadinene:

*  Molecular formula is C H,,, B.P. 134-136°C/11 mm.

*  Qccurs in the (-) form is oil of cubebs.

*  Ondehydregenation with sulfur, cadinene forms cadalene C H, .

*  Cadalane does not add on bromine, and form a picrate, this led to the belief that cadalene was anan
aromatic compound. |

| : CO,Et
] 2 o #
1. Zn/BrCH,COOEt . o H HO,C
2. Ht. Reformatsky —-H0
"’ reaction ,

Carvone
.. . Hooc 1. HBr
1somerisation . -
—— 2. MeCH(CO,Et), Na*
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H,50, 1.50Ck, Na/EtOH
2.8
2. AlC 13 N

COOH
.O Cadale;ne
Diterpenoids:
Phytol:
Molecular formula—C_H, O, B.P.— 145°C

200740

»  Acyclic diterpenoid.
*  Produced form the hydrolysis of chlorophyll

-+ It also forms part of the molecule of vitamins E and K.

+ Itisaprimary alchol
+ It contains double bond. ,
*  Ozonolysis of phytol gives glycoaldehyde and a saturated ketone.
a 0
C1gHag==CH—CH,—OH ———» C;5H3,0 + OCHCH,0H
Synthesis:

WCH&H M, ks
1. PBr; Wk KOH(dllg )\/\/l\/\/}\/\/u\

2. NaBEAA CO,Et

) 1 . NaNHZ WW H2“'Pd» .
e e e . e s

9.18.

2_. C2H2 ’ OH
3. H ‘

' | AeD )\/\)*\/\/kA)\,

OH Phytol

_ The phytol molecule contain two chiral centres (7 and 11).

Alkaloids :

Originally the name alkaloid (which means alkali - like) was given to all organic bases isolated from plants.
Alkaloids are very poisonous, but are used medicinally in very small quantities. Thus the basic properties,

usually complex structures, physiological action and plant origin are the main characters which define plant
alkaloids.

Sources of alkaloids:

Alkaloids are usually found in the seeds, root leaves, or bark of the plant, and generally occur assalts of various
plant acids eq. acetic acid, oxalic acid, citric acid, malic acid and tartaric acid etc. Most alkaloids are obtained
from natural sources, but a few synthesised commercially e.g. ephedrine and papaverine.

General properties of alkaloids:
Generally colourless, crystalline non Vo]atlle solids which are msoluble inwater, but are solublein ethanol, ether,
chloroformetc.

. Some alkaloids are liquids which are soluble in water, For example: Coniine and nicotine and few are coloured,

berbeiineis yellow, O
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The alkaloids form insoluble precipitates _With solutions of phosphotungstic acid, phosphomolybdic, picric acid,
potassium mercuric-iodide, etc.

Classification of the Alkaloids:
According to the nature of nucleus present in the molecules.
1. Phenyl ethyl amine group. 2. Pyrrolidine group

J

3. Pyridine and piperidine groups 4. Pyrrolidine-pyridine group
5. Quinoline group. 6. Isoquinoline group.
7. Phenanthrene group. 8. Indole group

Phenyl ethylamine group: Many compounds of this group are known, some natural and others synthetic.
Their outstanding physiological action is to increase the blood-pressure, hence they are often re-
ferred to as the pressor drugs.

B-phenylethyl amine:

This is the parent substance of this group of alkaloids

CoHsCH,Cl+ KCN—— C(HCH,CN — N> C H,CH,CH,NH,

D(-)-Ephenrine: Ephedrine is one of the most important drugs in Ma Huang (a chinese drug). It has also
been used in the treatment of Hay fever, chronchial asthama etc.

CHy CH, | CH, . CH,
H——NHCH, HyCHN- H - HyCHN— H H—'—-NHCH3
H——OH HO——H H——OH HO——H

CgHs : CSH5 CgHs CgHs
D(-)-ephedrine + L{+)-ephedrine D(-)—y—ephedrine L(+)-ephedrine

Hordenine: M.P. 117-118 °C.

OH@—CHZ_CHZ_N(CH3)2
PCl CHy),NH
f©>*CH2—CH2 — <<:>>-CH2 CHp— Cl( o

2-phenylethanol

@—{CHz)z—N{CHs)z -—>02N(CH2 N(CHa) '2 SH“NgCl ~©7(CH2)2-—N(CH3)2
2

Adrenaline:

*  Molecular formula C9H1 NO,.

*  Non-steroid hormone.

* Isthormone to be isolated in a cystalline form. :

* Itraises the blood-pressure, and is used locally to stop haemorrhage.

OH

OH

(EH-CHz“NH—CH3
OH
(%) Adrenaline
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Synthesis:
OH
OH
POCI CH NH.
© + CIH,C—COOH — 2 ——2 Hppd
Catechol CH CHy—NHCH;

#C~CHzC 70~ CHaNHCH,
( ) Adrenaline

9.16. Pyrrolidine Group :

Hygrine: Molecular formula is CH NO, B.P. 193-195°C.

N CHz“C"‘CH:;
|
CHj
, (i) Hygrine
- Pyridine and piperidine groups:

Ricinine: Molecular formula—- C.H.N,O,, M.P. 201. 5°C
* Isolated from castor-oil seed. It 1s not a very toxic alkaloid.

Structure of Ricinine:

OCH;,
N CN
I‘;l 0
’ CH3
Synthesis of Ricinine:
COOH ' . _C COOH
= KMnO, @ Y A0 Z NH; Ny
\N \N COOH \N (%\ N/ (l.'l) NH,
V 0] O
a 0 a9
COOH COOH c-cl C-NH
g \ AN X 2
Br,-KOH [‘j NaN02 POC13 | , NH,
HQ_SO4 PC15 : = ) P C
N Cl : N ct .
. OCHy
CN .
POCl \ CH3I
_Pocl f\/I _CH;ONa l —
100°C OH in V/Cu
o N7 OCH;

Piperine:

Molecular formula—-C,_H NO M.P. 128-129.5°C

177719

« This occur in papper, especmllyblack papper.
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0]
, H Il
<0 C:CH~——IC_I;==‘CH-—-—C~N
0 Piperine
;: Synthesis:
| o
i .
b HO HO CHO 0 CHO
{ + CHCl; ——— NoH
4 HO « HO 0~
Catechol

H H B
C=CH-C=CH-COOH

C CH-CHO 0
NaOH < CH;CONa
(Perkin reaction) O

& A

=CH— C CH-C Cl + HN ——
Pl < D/
Il
=CH— C CH-C-—N
< @ Peperine :

9.17. Guinoline Group :

Galipine:
Molecular formula C H, NO,, MP 113°C.
OCH3
V -—cw@-ocm
| Galipine
Synthesis:
OCH; ~ OCH;
0]
X I ZnCl,
+ H—C OCHy ———>
N7y

Vertraldehyde
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OCH
3 OCH,4
OCH3 OCHs
\ .
,/ c CH- OCHy ——— Hy
Pd-C : N/ C—CH, OCH;
Galipine :

9.18. Isoqumolme Group - | !

Opium Alkaloids: Many a]ka101ds have been isolated from opium, and they are divided into two groups

according to the nature of their structure. Cod
* (i) [soquinoline group, for example Papaverine, Laudanosine etc. ‘

(1) Phenanthrene group, for example morphine.

Papaverine: Molecular formula C, H, NO_, M.P. 147°C.
Optically inactive alkaloids, does not contain any chiral centre,

HsCOL_ | ,
N \ ¥
H3CO 300@;/) ' i
[O] o

y N
H, CHOH L, | |
i “OCH; i “OCH;
~ OCH, OCHjz
Papaverine [ :
H3CO ~ HOOC
3 N AN
N N !
HycO” N ~ Hooc 7
C=0 [0] C=0
e ¢
OCHs | ‘ » OCH3 .
* OCHg ~ - OCHs
Papaveraldine Papaverinic acid
Synthesis: ‘
HsCO HsCO CH |
HCHO 3 | 2 HgCO - CH2CN
HCI A >
H3CO H3CO HsCO
Hz—Rancy Ni ] HCL, PCl5-

0
Il

H3CO, CH;—CH;—NH,  "H3CO CH?_“?
j@ _ . .Cl
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Morphine, Codeine and Thebaine:

MeO

Codeine

Morphine

—~N-Me

, Ha
. HsCO G
, Clin
HyCO N2 oo (H;Z\ - HaCO
A
Y
HyCO N 7| HacO o
O=({3-C9 C=0 CH,
CH; HoC
| OCHs
OCH, T OCHj OCH;-
OCHs 3
H3CO H3CO
N
-H) 0  Hsco Z Pd on asbestos: H300m
200°C
CHa . CH, Papaverine
OCH, ©\0CH3
OCHjz OCHa
Phenanthrene group: :

N-Me

Thebaine

Morphine: Molecular formula: C,/H,NO,, MP. 254°C

177719

* Morphine is the chiefalkaloid in oprum.

»  The diacetyl derivative of morphine is known as Herom.

Heroine (diacetyl derivative of morphine)
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«  When heated with methyl iodide in the presence of aqueous potassmm hydroxide, morphine methylated
to give codeine.

Codeine

*  Morphine when heated with concentrated hydrochloride undergoes rearrangement to form apomor-
phine. This rearrangement occurs with the loss of the elements of water (C,,H,,NO, = C};H 17N 0. )

NMe"‘—”

Morphine

Apomorphine
The details of the mechanism for morphine apomorphine is uncertain.

9.19. Pyrrolidine Alkaloids ;

N

N
1 COOH g
Me Me
Tropane alkaloids:
/_\e CO,H CO,H
AN . A,
N—Me + 0 N—Me 0 N—Me 0
hygrine
)

tropinone
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Hofmann’s exhaustive methylation of alkaloids:

N Hy/Ni 1. MeQI(exceis_)k - H2
2. AgOH g
®

e
/N\ NMez

=~
HsC™ “CH
®

N
l [somerisation m
NMe; OH
N Mot
B e, )

\ TCHon 2 AR g
_ \
‘ @

-0

1. Me—I
2. AgOH

?

v 1,2,3,4—tetrahydr01soqumolme
OH

~ H,0 N AN Na— X
Me-1 a—Hg =
A ® OI—Ie ’ —02H5OH + Me3N
CHzNMe CH,NMe; Me .

The exhaustive methylation fails with tetrahedroquinoline. However, the heterocyclic ring is opened by the
Emde degradation.

g MezN

Me/ \M

The Emde degradation on tetrahydroisoquinoline is also interesting.

M
@/ o et
e 11 NMe,

Me
H,-Pt
or : 1. CH3—I
—NH
‘Na , N 3 2 Na—Hg
7 |
l Hofmann
NMe, rearrangement
AN e

Vadil


http://www.The
http://www.The
http://www.ChemistryABC.com

Chemistry of Natural Products ’ ‘ ’ ' 373

9.20. FattyAcids:

Fatty acids: refer to long, straight - chain saturated and unsaturated a01ds typically from C—Cyp

. Saturated fatty acids:
7 CHy(CH,), COH n=10, lauric acid (C,))
e n= 12, myristic acid (C,,)
n= 14, palmitic acid (C16)-
n = 16, steric acid (C,,)
unsaturated fatty acid. -
N NN TN SN S C0H C,g, oleic acid
Polyunsaturated fatty acids.
3 ,
N — CO5H C,» inolenic acid (18:3)
6
/\/\/-.::\/::_\/-\/\/\/COZH 18’ ]anlCIC acid (1 &: 4)
/\/\/'—‘-—\/:—‘-'-\/ — *“\/\/COZH C,, arachidonic acid (20:4)
Fats and Oils: Trlglycendes (triacylglycerols) are tri-esters of glycerol (1, 2, 3-trihydroxypropane) and fatty
acids.
H C—-—O-C—R
OH V ’ oa \
-H,0 fi The R groups can be
HO OH + fatty acids ———» CH— O—C~—R3 saturated or unsaturated
0 the same or different.
Glycerol il
' CH,—0—C—R;
0 Q 0
1l
HoC—0—C—R{  When some of the H,C—O—C—Ry H,C—O0—C—R4
9] R groups are - .0
] turated ] H-.cata,
CH—O0—C—R, ——¥d  _  CH—0—C—R, ozt —0—C—r,
9 Ho, catalyst 0 ,
—O—C— : Il : Il
Partially hydrogenated, some Hydrogenated-
cis double bond are isomerized only saturated

- to trans double bonds. _ fatty acids.

E

7
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