Heterocycloc Compounds (Pyridine)

Aromatic Six-Membered-Ring
Heterocycles

these
| electrons are
g < in an sp? orbital
i < 1 perpendicular
g ’_.\%_]A to the p orbitals |
N
pyridine orbital structure of pyridine
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Pyridine

a Six-Membered Heterocycle

* Pyridine is a six membered heterocyclic compound with
molecular formula of CgH;N and it is obtained from coal tar.

* It may be formally derived from the structure of benzene through
the exchange of one ring carbon for a sp? hybridized nitrogen.

* Pyridine is an aromatic compound, however, the nitrogen’s lone
pair of electrons is in an sp? orbital orthogonal to the p orbitals of
the ring, therefore it is not involved in maintaining aromaticity but
itis available to react with protons thus pyridine is basic
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Pyridine

a Six-Membered Heterocycle

It is a nitrogen-containing heterocyclic analog of benzene

Lone pair of electrons on N occupies an sp2 orbital in the
plane of the ring but is not involved in aromaticity.

H e spthyhridized

Sixw electrons

On the other hand all six-memeberd rings with a heteroatom
other than N are not aromatic .
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Pyridine

a Six-Membered Heterocycle

< Due to the greater electronegativity of

nitrogen (relative to carbons) it tends to |
withdraw the electron density from P
carbon atoms at positions 2, 4 and 6 aromalic

which therefore acquire partial positive
charges while the N atom acquires
partial negative charge while the carbons
at positions 3 and 5 remain neutral.
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Pyridines — Structure
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* lsoglectronic with and analogous to benzens
= Stable, not easily oxidised at C, undergoes substitution rather than addition

= -1 Effect (inductive alectron withdrawal)
= =M Effect

O—Q—9—5 O

= Weakly basic — pK, ~5.2 in H,0 (lone pair is not in aromatic sextet)
« Pyridinium salts are also aromatic - ring carbons are more 5+ than in parent pyridine

O—p—0—-
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Synthesis of Pyridine

Common Strategy “5 + 1”
MO

* From 1,5-dicarbonyl compounds:
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Heterocycloc Compounds (Pyridine)

Synthesis of Pyridine Synthesis of Pyridine
» Boénnemann cyclization: * From Pyrrole:
Cl
‘(‘:‘H + HC=N + m—' red hot tube | t </ Nl\ + CHCly oH \Nj
CH N
CH Pyrrole

* Hantzsch Synthesis:

e b e whpghe s vte

Ethplacetoacetate diliydropyridine drivative \

o -bicarbonyl

» By Diels Alder reaction

CN
= \(ﬁ/CN 300°C ™ CN  -H, ~ ‘
N N NG

1,3-butadiene
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Basicity of Pyridines Basicity of Pyridines

* Pyridine is a stronger base than pyrrole but a weaker

» Pyridine is a weak base; since lone pair is in an
base than alkylamines

sp? hybrid orbital.
 The sp?-hybridized N holds the lone-pair electrons more
tightly than the sp3-hybridized nitrogen in an alkylamine | I T Je— @ pKa=52
—\ ///\“T EI[+
s ) T . » It undergoes many reactions typical of amines such as
N g reaction with Bronsted acids such as chromic acid and
. . ; hydrobromic acid.
Pyrrolidini ion Pyridini ion Pyrrolinium jon
has pK, = 11.27 | [ has pK, = 525 | [ .:ws pE, =04 ]
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Basicity of Pyridines Basicity of Pyridines

. CD":Eaf_ed ;0 P)g"i':, P){‘ridine iIS much S_tfon?e_f bﬁ:sed v g + Compared to analogous aliphatic amines, pyridine is less basic
- is is due to e nitrogen lone pair Is not involved in  maintaining [ _ P P N Pyrn . 2 Py
aromaticity thus it free for protonation, This is due to the mt_rogen atom in pyridine is sp? hybridized
— however, in pyrrole the lone pair on the N atom is already involved in the + more electronegative

aromatic array of p electrons. — The lone pair of electrons occupies an sp2 orbital
— Protonation of pyrrole on N atom results in loss of aromaticity and is therefore

« thus it is held more tightly by the nucleus than the lone pair of electron in

unfavorable. aliphatic amines with sp3 hybridized
— In Aliphatic Amines, N atom and the lone pair of electrons occupies

}\f § + F - g B pKa=-38 an sp3 orbital (less electronegative).

i e o~
. o o > / \ > > \
« Compared to imidazole, pyridine is less basic this is due to the fact that
— In imidazole, on protonation the + ve charge can be delocalized over two N N P N
nitrogen atoms M H N i

- Z\,{g;ly?atlcmy?ase of pyridine it is delocalized over the ring which interrupt Decreasing order of basicity
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Heterocycloc Compounds (Pyridine)

Low Reactivity of Pyridine

» Complex between ring nitrogen and incoming
electrophile deactivates ring with positive charge
Electron-withdrawing nitrogen atom deactivates
causes a dipole making positively polarized C's
poor Lewis bases

Bl
| ~
N

w=226D
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Electrophilic Substitution of Pyridine

Also as a consequence of
electron deficiency on pyridine

ring , pyridine i§ less reactive B AN AN
towards electrophiles than pyrrole I | + | J
300°C A 5 N e

and benzene (it resembles highly

deactivated benzene derivatives), .
where it does not undergo F_riedel- N, [ NeNo,. Hy0, X,
Craft’s alkylation or acylation or | e e l
coupling with diazonium salts. A S NO,
Moreover, electrophilic H,50, HegsO, NS
substitution reactions of pyridine T i/
require very harsh conditions (e.g. - Z Ssop

v. high temp.) to take place and
are low yielding .
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Electrophilic Substitution of Pyridine

* The negative pole in pyridine ring is at N while
the positive pole is at carbon skeleton which is
opposite to what happens in pyrrole.

» This is due to the greater electronegativity of
nitrogen (relative to carbons)

* Nitrogen tends to withdraw the electron
density from carbon atoms at positions 2, 4
and 6

_ TQ" @“f@ -~ f:_j" - (?. @Partial

— iti nifi: a =]

Electrophilic Substitution of Pyridine

« The pyridine ring undergoes electrophilic
aromatic substitution reactions with great
difficulty, under drastic conditions
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Pyridines — Electrophilic Reactions

Patiways for the Electrophilic Aromatic Substidution of Pyridines
A @
G- C
u
W
e
@@
—_— —t
2 &/
! {

= The position of the equilibrium between the pyridine and pyridinium salt depends on
the substitution pattern and nature of the substituents, but usually favours the salt

&
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Pyridines — Electrophilic Reactions

Regiochemical Outcome of Electrophilic Substitution of Pyridines

G O
Pl
&= =0

* Resonance forms with a positive charge on N (i.e. B electrons) are very unfavourable
= The fi-substituled iMermediate, and the transition state leading to this product, have
moare siable forms than the nter 1 states leading to the
o iy products
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Heterocycloc Compounds (Pyridine)

Pyridines — Electrophilic Reactions
Regiochemical Outcome of Electrophilic Substifution of Pyridinium lons

G g O
SR G O
& [ )

* Regiochemical cnntml is even more proncuncad in the case of p'fr.dmiun ions

* In both pyridine and pyridinium systems, b substitution is favoured bat the reaction is
slower than that of benzene

* Reaction will usually proceed through the small amount of the free pynidine available
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Pyridines — Electrophilic Reactions

N Substitution
@ Q= Q
n)k/ wl:u:cl,
|
[N
”
C Substitution

« Reaction at C is usually difficult and slow. requiring forcing conditions
* Friadel-Crafts reachons are not usually possible on free pyridines
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Pyridines — Electrophilic Reactions

Nitration of Pyridine
NDy
4,50, HNO,
Q == (Y
W W

(1]

Use D!Mmalmg Grows

B
Bmrth e i

= Muttiple electron-donating groups accelerate the reaction
» Both reactions proceed at similar rates which indicates that the protonation at N ocours
prios 1o nitration in the first case
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Nitration of Pyridine

NO,
Ny H,0, AcOH ‘\ HNO,, H,SO, @
P
N N+ NT
Oo- o-
Pyridine N-oxide
85%

We now have an activating and protecting group

. y\, — —
Mechanism Oo=N70 L9
o0=N_H
‘ A > @
N+ N%
& 1
NO, NO,
N, PPh, N
[ — +  0=PPh,
P N

75%

www.anilmishra.name

Pyridines — Electrophilic Reactions

Sulfonation of Pyridine i
| Hi20, S0,
» fhorw yhehal]
W

Hase His) <A
L8
« Low yield from direct nitration but good yield via a mercury intermediate
Halogenation of Pyrodme
Sl _Bry. obwum_
|W T mc
Il

% "y
* Forcing reaction conditions are required for direct halogenation
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Pyridines — Nucleophilic Reactions

» Pyridine is very reactive towards nucleophiles than benzene

— it resembles benzene having strong electron withdrawing group due to
the withdrawing effect of the electronegative N atom .
+ As appeared from the canonical structures of pyridine positions 2,
4 and 6 carry partial positive charges thus nucleophilic substitution
proceeds readily at the 2-position followed by 4-position but not at
the 3-position.
Additionally, attack at positions 2, 4 or 6 results in resonance
structure in which the negative charge is delocalized at N thus it is
more preferred while attack at position 3 or 5 results in resonance
structures in which the negative charge is delocalized over carbons
L ]

only.
19— 0- 00
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Heterocycloc Compounds (Pyridine)

Orientation of Nucleophilic Substitution

{ é’ E]
/eu e
attack at C-2 N™ “Nu

more preferred
-ve charge on N

= - O~
7 attack at C-4

more preferred N‘/

-ve charge onN

BEE ‘:ﬁf d
N attack at C-3

-ve charge onC only

p
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Orientation of Substitution

(K L
NF TS N Nu

E.g. | A PhSH, NEt, "X
N" "l N~ sph

3%

" e

65%
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Pyridines — Nucleophilic Reactions

Mucleophilic Substitution
x o M
x == 1)
N W

X = I, Br, L MOy

o= et W, P
* Favoured by electron-withdrawing substituents that are also good leaving groups
* The pesition of the leaving group influences reaction rate (y=> o >> fi)

G =
@ @ QO

Relative rate 3x 10
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Nucleophilic Substitution of Pyridine

* 2- and 4-substituted (but not 3-substituted)
halopyridines readily undergo nucleophilic
aromatic substitution

AR o ~
o

P
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Mechanism of Nucleophilic Substitution on
Pyridine

» Reaction occurs by addition of the nucleophile to
the C=N bond, followed by loss of halide ion
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Nucleophilic Substitution Reactions

* The Chichibabin reaction

Jot ot

R* can be o-, m-, or p- substituent
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Heterocycloc Compounds (Pyridine)

Nucleophilic Substitution Reactions

« Reaction with organometallic compounds lithium reagents

X \
‘ toCHli ‘
G N/

N Butyllithium CqHg

2-Butylpyridine
« Reaction with potassium hydroxide
| N KOH/320C @ keto-enol Q
—_— —_—
N/ ﬁ7 wO—H tautomerism H /o)

2-Hydroxy pyridine 2-Pyridone
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Pyridinium lons — Nucleophilic Reactions

Mucleophilic Substitution
x 5 P
@ -
—
W el

Xu 1, B, 1 (MOg) A

Wu = Wﬁm’. Ph M et
+ Conversion of a pyridine into the pyridinium sall greatly accelerates substitution
» Substituent effects remain the same (a, 7 >> i) but now a >

From £ — e
%j 0 %ﬁ
aNfiaglog
1

Relative rate 5:'307 15{:10‘ l: 104
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