Heterocyclic Chemistry

Compounds
. _ _ _ Cyclic Acyclic
* It is the chemistry branch dealing exclusively I
with synthesis, properties, and applications of l l
heterocycles (heterocyclic compounds). ) )
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* The ring is made up of atoms of one element

only.
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* The heterocycle contains no C-atom.
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Organic Heterocycles

Q. 80

oxazole
heteroatoms O and N 4-H-1,4-thiazine
heteroatoms N and S

piperidine
heteroatom N

* Are organic compounds (at least one carbon
atom).

* Containing at least one heteroatom (e.g.
sulfur, oxygen or nitrogen).

* Ring structure (aromatic or non-aromatic).

ociate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Nomencalture of Heterocycles

e Trivial Names:

Originates from the compound's occurrence,
its first preparation or its special properties.

* Systematic names:
Hantzsch-Widman nomenclature.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Structure Trivial name Systematic name
Q ethylene oxide i
N\ y oxirane
@\ pyromucic acid furan-2-carboxylic acid
o) COOH
XN COOH
| nicotinic acid pyridine-3-carboxylic acid
~
N
X
coumarin 2H-chromen-2-one
(@) @]
Associate Prof. Magdi A. Mohamed, faculty

of Pharmacy, University of Khartoum (2013)

Hantzsch-Widman Nomenclature

* Recommended by IUPAC (three- to ten-
membered heterocyclic compounds).

* Prefix indicates the type of heteroatom, for
example:

Aza for N-atom, oxa for O-atom, thia for S-
atom.

 Suffix indicate both the total number of atoms
and the presence or absence of double bonds.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)




Three-Membered Heterocycles
H
@) S N N
/N /N /N /N
H
SA VAN \
* High reactivity (Baeyer strain)

* Ring opening leading to acyclic products is
typica | . Associate Prof. Magdi A. Mohamed, Faculty

Oxirane
@)
624\ 1436 |Bond lengths in pm.
H ' Bond angles in degrees.
/71, 108
‘., /59.3  59.3
116

158 1472

H
* Baeyer strain (ring opening).
* Bronsted and Lewis base (react with acids).
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Ring-Opening by Nucleophiles
HsN:
3 O+
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Ring-Opening by Nucleophiles

OH
—> H,N /\/

ethanolamine

Associate Prof. Magdi A. Mohamed, Faculty
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Stereospecific Ring-Opening

H Me

|
Il

HO——H

ﬁ Me
cis-2,3-dimethyloxirane (x)-threo-3-aminobutan-2-ol

* trans-2,3-Dimethyloxirane  will give (%)-
erythro-3-aminobutan-2-ol.
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Racemic Synthesis of (RS)-Propranolol

OoH o/\Q
OV/\CI
KOH
EtOH/H,0

NH, O/\{\NJ\
: H
OO )

(RS)-propranolol

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Acid-Catalyzed Hydrolysis to 1,2-Diol
(glycol)

LN @ @ LN )
O * HQ = [CoH * MO

H 'o(\' /Y@ OH —_
25, OH HZO/\/

©)

. OH
HQ/\/.. + H3Q
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Reduction to Alcohols

Deoxygenation to Olefins

R\1 @ R1
OH H\ PhsP
R/\/ PhaP: AN
© R2™] =2
0O H, EtOH ¥
/A H
1N R’ H
R R\—\PPhs PPh,
OH ~ — + H
L )\ RZ/I/'—O ) o)
Y R H
R CH3 H
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Corey Synthesis of Oxiranes Synthesis of S-ylides
0 5 0 0
S P O O 1 CHy| 1 ©  NaH
R1 R2 + H2C:§_CH3 — R 4’_CH2T(§®CH3 H3C_§_CH3 - H3C_$®CH3 | -
O R? O CH;
dimethyl sulfoxide trimethyl sulfoxoniumiodide
R1 @) 9
— =+ HC-S—CHy O 5 O
R H3C_§@_CH2 -~ H3C_§:CH2
CH; CHs

* Reaction of carbonyl compounds and S-ylide
nucleophiles.
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S-ylide dimethyl sulfoxoniummethylide
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Aziridine

H
1042
195 5 N
1482 |Bond lengths in pm.
H/,, 10 Bond angles in degrees.
//
60

H

* Bond lengths and bond angles are essentially
the same as those of oxirane.

Associate Prof. Magdi A. Mohamed, Faculty
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Acid-Base Reaction

H
H H
L N8/ ©
+ HA P + A
/\ -  /\
pK, =7.98
NH,
H
tsC_ N._ CHs
pK, =10.87
pK, =4.62

* Behaves like secondary amines; React with
acids to give aziridinium, salts (pK, = 7.98).

Associate Prof. Magdi A. Mol
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Reaction with Electrophilic Reagents

* Nucleophilic substitution:

NEt;
[>NH + CI-CH,~COOEt ——> [>N—CH,~COOEt
* Nucleophilic addition:

[>NH + H,C=CH-CN ——> [>N—CH,-CH,~CN

Associate Prof. Magdi A. Mohamed, Faculty

24
of Pharmacy, University of Khartoum (2013)




Acid-Catalyzed Hydrolysis

@

®
[ONH + Hy0 === [ONH, + H,0 ——

®
Ho/\/NH3

@®
NH
Hzo/\/ 2

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Antitumor Action of Aziridines
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Gabriel Synthesis of Aziridines

1)SOCl,  H
/N

Associate Prof. Magdi A. Mohamed, Faculty
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Four-Membered Heterocycles

HN—

o
o]
Associate Prof. Magdi A. Mohamed, Facultf Amoxicillin 2o OH

of Pharmacy, University of Khartoum (2013}

Five-Membered Heterocycles

3-Membered

4-Membered 5-Membered

°l Ring strain —— lRing—opening reactions.

Associate Prof. Magdi A. Mohamed, Faculty
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Furan
B/4 3\[3
a' > 1 2 a X
Q O
Furan THF

Smaller dipole moment (0.71 D;1.75 D).
Delocalization.

Aromatic heterocycle.

E.A.S, Addition and/or ring-opening reactions.

Associate Prof. Magdi A. Mohamed, Faculty
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Electrophilic Aromatic Substitution
Reactions

Q . E@_» @E_I_ H@
0

e 10! More reactive than benzene:

v The resonance energy is less than that of
benzene.

v' The furan ring has a m-electron excess,
while in benzene, the m-electron density is
one on each ring atom.

Associate Prof. Magdi A. Mohamed, Faculty

32
of Pharmacy, University of Khartoum (2013)




Regioselectivity for E.A.S.

* The substitution is regioselective to the a-
position; when these positions are occupied,
the B-position is substituted. There are two

H E
T
@ . E@ - {6—' E} ) c-complex | -

Q 0

n-complex /®\ H @\
e "

reasons for this: oo plex
. . . . c-complex II
v/ The delocalization of the positive charge in
the o-complex Il is more efficient, as it is not g«
impaired by the heteroatom. )
c-complex Il
S — X = &Y
9" {9 & A(?
S » s s v B 2
Regioselectivity for E.A.S. Metalation
@ + n-Buli — @\ .+ n-BuH
O H O Li
very strong
nucleophile

v The HOMO coefficient is greater on the a-C-
atoms than on the f-C-atoms.

Associate Prof. Magdi A. Mohamed, Faculty
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* n-Buli metalates furan in the 2-position.

* The strong base butylate deprotonates furan
(acid-base reaction).

* The resulting 2-lithiofuran is a very strong
nucleophile.

Associate Prof. Magdi A. Mohamed, Faculty
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Addition Reactions
(\( 5 __Me® [ — HBr

O Br2/AcOK /@\ 5°
MeO OMe R0 L&) HQ-Me

Methanol O MeO

* In some addition reactions, furan behave as /4:)\@ v HB /@\
- e —HBr
1,3-dienes. MeO™ N2 >0 7 MeO™ N5~ “OMe

Associate Prof. Magdi A. Mohamed, Faculty 38

Associate Prof. Magdi A. Mohamed, Faculty
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Diels-Alder Reaction

dienophile endo-adduct exo-adduct

2
O ) ‘ endo-adduct

of Pharmacy, University of Khartoum (2013)




Diels-Alder Reaction

Q’*Eé

diene H o
dlenophlle endo-adduct exo-adduct

y O

Associate Prof. Magdi A. Mohamed, Faculty
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exo- adduct

Ring-Opening Reactions

—\ H
——> Me/©<Me — polymers

@)

Associate Prof. Magdi A. Mohamed, Faculty
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Synthesis of (Z)-Jasmone: a Synthetic
Application of Furan

lithiati BFV\)/
Me/@\H — Me/@\Li

(@) (@)
® (@)
I 7 HOH _
Me O
H H o) H H
(@)
o
OH /
- 2H,0

Me
Associate Prof. Magdi A. Mohamed, (;)d,asmone
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Paal-Knorr Synthesis of Furans

R R?

O
1N M504 /@\ A N .
R > O O - H,O (0]
R? R! R?
Il - H,O O
> H H —Hzo
@
= e /@(O“
* 1,4-Dicarbonyl compounds, especially 1,4- ~—5 R X/ R e g
. . _H 0O O -H 0 R
diketones, undergo cyclodehydration when ¥
treated with either Bronsted or Lewis Acid,
providing 2,5-disubstituted furans.
S € S .
2-Furaldehyde (Furfural) Benzoin Condensation of Furfural
Q\CHO
* Treatment of plant residues (pentoses), by dil. NaCN / \ O
H,SO, followed by steam distillation (industrial @\ aC @
preparation). 0 CHO O
HO \ /

* Using Reimer-Tiemman reaction (Laboratory
preparation).

CHCI

O KOH O

ssociate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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Cannizzaro Reaction of Furfural

©
@\- ~ ﬂ» @\-- 7 U\
> +
o~ ~CHO o~ ~COyH o~ ~CH,OH
* Quench with acid.
Sy o S .
Pyrrole Basicity of Pyrrole
' - H
P 4 3 P @
L\ B N
o (5, 2Y«a / \ H o
! N~ H2504 HSO, — polymers
N H H
H
H L)
. N
* 1t-electron excessive heterocycle. 4

* The resonance energy of pyrrole is greater
than that of furan.

* The aomaticity of pyrrole is thus greater than
th at Of th e fu rasmwato Prof. Magdi A. Mohamed, Faculty

of Pharmacy, University of Khartoum (2013)
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* Protonation doesn’t occur on the N-atom
(delocaliztion).

* Protonation occurs on C-2 (80%) & C-3 (20%)
leading to rapid polymerization.

of Pharmacy, University of Khartoum (2013)

52




Acidity of Pyrrole Electrophilic Substitution Reactions

Electrophilic substitution on N:

|

N @ N f f strong i ? + o+ i ?
pyrrole sodlaum Mg / base E or E / \
N N
U +nBuli — { '\ +nBuH H |
N N E
H Li

] o Electrophilic substitution on C (E.A.S.):
* |tis an NH acidic.

* It reacts with strong bases. { § E* or E®* { \‘
* |t reacts with Grignard reagents. )
° It reaCts With ms:oatulﬂ(iw\agdm. Mohamed, Faculty 53 Associate Prof. Ma gd A mcd Faculty
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Electrophilic Aromatic Substitutions
(E.A.S.)

Pl Yy poo, )k

® ®
* More reactive (10°) than furan (N versus O). N DMF H

e Substitution occurs at 2-position more H
favorably than 3-position.

Vilsmeier-Haak Formylation of Pyrrole

O

* Lewis acid-catalyzed alkylation reactions are
problematic (because of polymerization).

Associate Prof. Magdi A. Mohamed, Faculty - Associate Prof. Magdi A. Mohamed, Faculty
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Mezi\,]\ (0] N

o-PocCl, N

Me,N- /N7

®
/ \ HO H
—— Me,N

cLopo N

Iz

Cl,OPO

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

A
\/\—» Me2N:\/_\/.ﬂ\ —_—
H cl’/
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Iz
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H

N
H

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Houben-Hoesch Acylation of Pyrrole

R

O

. ©)
HCI +R—-C=N — R-C=NH

J (@
Ty mecd —
N

H
N~ €
H R

\lc.:l) \R_—’
Ny H
®
HO_ /N o
N
H R

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Coupling with Diazonium Salts

@ + NEﬁOSO3H — @—NzNOS%H

* Not observed in furan.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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Hydroxymethylation of Pyrroles

R\ ©) R\@
C=0 + H<=—> C-OH
R R
® ®
R\@ - R +
Me/lfj§ + C-OH H Me [ ) i -
N R N “H —H,0
H / H R
BN
— N Me
ve— @I R _H wo L NG
€ N ® € °N N~ Me
H R —H H R H

* Not observed incfuran, o ey

Electrophilic Substitution Reactions on

Nitrogen

O O

\\Y/
@ naH {2\ pncl @
Na 08/ “Ph

* Pyrrole sodium vyields 1-substituted pyrrole
with haloalkanes, acylhalides, sulfonyl halides
as well as with chlorotrimethylsilane.

Associate Prof. Magdi A. Mohamed, Faculty 62
of Pharmacy, University of Khartoum (2013)

Introduction of an Acyl Group at B-

Position

(@)
R

j o\, Reocl NaOH [/ \
& Ph & Ph

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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Lithiation of N-Alkylpyrroles

RX // \
N R
Me
/" \ nBuLi [ \
[ oo O
| |
Me Me
CO, / \
N COOLi
Me

* If 1-position is blocked by a substituent, then
2-lithiopyrroles are formed regioselectively.

* They can be used for the synthesis of the
substituted pyrroles.... e B

of Pharmacy, University of Khartoum (2013)




Pyrrolidine
e
e
G I
H i o

* Pyrrolidines and N-substituted pyrrolidines
react as secondary and tertiary alkylamines.

* Greater basicity and nucleophilicity than those
of diethylamine.

Associate Prof. Magdi A. Mohamed, Faculty
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Enamine Formation

e Can form stable enamines because of its
greater basicity and nucleophilicity.

Associate Prof. Magdi A. Mohamed, Faculty
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Asymmetric Synthesis

* Synthesis of an stereoisomer in a pure (or
nearly pure) stereoisomeric form.

* Most important strategies are:
v’ Chiral pool.
v’ Chiral ligand controlled.
v Chiral auxilliary.
v’ Substrate controlled.

Associate Prof. Magdi A. Mohamed, Faculty
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Proline

H

N~ ~COOH
H

(RS)-proline

* Pyrrolidine-2-carboxylic acid is one of the 20
essential amino acids.

Associate Prof. Magdi A. Mohamed, Faculty
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Doty —. G

N - |
H NH,
(S)-proline SAMP
H f f IH
Q/COOH —_>> r?! 'I’CHQOCH3
H NH,
(R)-proline RAMP

* Enders synthesized the chiral auxiliaries (S)-
and (R)-1-amino-2-methoxymethyl pyrrolidine
by a chiral pool strategy from (S)- and (R)-
proline, respecuyﬁlym in several steps.

of Pharmacy, University of Khartoum (2013)
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Asymmetric Synthesis: Chiral Auxiliary
Strategy

* The chiral auxiliary (one enantiomer) is
attached to the starting material.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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[
CH,OCH,

) ]
, ‘
o NH, (SAMP) "N~ CH20CH3

h =

Associate Prof. Magdi A. Mohamed, Faculty
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Asymmetric Synthesis: Chiral Auxiliary
Strategy

* A diastereoselective reaction is carried out
(Asymmetric synthesis).

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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H
&CHZOCH3 1-LDA

NN ether, =110 °C _

|
\/H 2- n-C3H7I

&%Hzocm

-N

\
\
\\\/

Associate Prof. Magdi A. Mohamed, Faculty
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Asymmetric Synthesis: Chiral Auxiliary
Strategy

* The chiral auxiliary is removed by, for
example, hydrolysis, leaving the product of the
reaction as a single enantiomer.

Associate Prof. Magdi A. Mohamed, Faculty
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H
&CHZOCH3 * H

N ‘
N H0 \)H\\/ + SN~ CH,0CH,
\)ﬁ\\‘“\/ H NHZ

H 99.5% ee recycled

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

[\
CH,OCHs

N

H
i NH  (SAMP) N7 TCHOCHs | - B8 110ec

\)H = ’\ll/
\)w 2- n-C4Hj|

H
&CHZOCH3 , O H

-N .
N| H—O> \)H{‘\/ + N CHzoCHg
|
\)ﬁ\\/ H NH,
H 99.5% ee recycled

Associate Prof. Magdi A. Mohamed, Faculty
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O;H
CH,OCH;

=T

[\
N CH,OCHs

{ Moo

Six-Membered Heterocycles

4H-pyran 2H-thiine 4H-thiine

S S
- Y

pyridine 2H-pyran

@ @
LA 9 o)
j @ &
O S
pyrylium ion thiinium ion
Associate Prof. Magdi A. Mohamed, Faculty 77 Associate Prof. Magdi A. Mohamed, Faculty 78
of Pharmacy, University of Khartoum (2013) of Pharmacy, University of Khartoum (2013)
O- _OH Pyridine
O O
N OH N NH N
P J P : 2
) ; ) (o) — 5\ I ]
nicotinic acid nicotinamide isonicotinic acid 6 Q\/ 5 . ..
1N N N
© S)
o N
“NH, CH,OH
N HO . ~CH20H * Three canonical structures.
| P | P * The m-electron density is lowest on the 2, 4
N HC™ N and 6 C-atoms, and highest on the N-atom.
isoniazide pyridoxine
Associate Prof. Magdi A. Mohamed, Faculty 20

Associate Prof. Magdi A. Mohamed, Faculty 79
of Pharmacy, University of Khartoum (2013)
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Reactions of Pyridine

4 @
573 N 724
— 09 -—0B)—10)
N I N i
© © ©

Y

* Reaction with electrophiles (E). | AN
* Reaction with nucleophiles (Nu). N/ a

Associate Prof. Magdi A. Mohamed, Faculty 31
of Pharmacy, University of Khartoum (2013)

Reactions of Pyridine

* Electrophilic reagents (E) attack preferably at
the N-atom and at the B-C-atoms.

* Nucleophilic reagents (Nu) prefer a-and y-C-
atoms.

Associate Prof. Magdi A. Mohamed, Faculty 22
of Pharmacy, University of Khartoum (2013)

Effect of N-atom on the Reactivity of
Pyridine

X
* Electron withdrawing atom. T | =
N

* Thering is electron-deficient.

* Pyridine undergoes electrophilic substitution
reactions more reluctantly But nucleophilic
substitution more readily than benzene.

Associate Prof. Magdi A. Mohamed, Faculty 23
of Pharmacy, University of Khartoum (2013)

Electrophilic Reactions on Nitrogen

== Y ex
R X N o X
R
) = _ Ny RCOCI X
N @N ) I — | — S)
H X N @j\ o]
0] R
7N RCOH N
~ ~
N ®N
Qo@to rof. Magdi A. Mohamed, Faculty 84

, University of Khartoum (2013)




Example (1):

Br, Br

— >
Pyridine
(1mol%)

Associate Prof. Magdi A. Mohamed, Faculty 35
of Pharmacy, University of Khartoum (2013) N

[ BrDBr ér

Associate Prof. Magdi A. Mohamed, Faculty 26
of Pharmacy, University of Khartoum (2013)

P —>O
|/ ®_
N

K—lBr—Br

S

Associate Prof. Magdi A. Mohamed, Faculty 87
of Pharmacy, University of Khartoum (2013)

recycle

/\

N
~ @/
N

L»'Br—Br

— 0"

1 mol% of pyridine as a nucleophilic catalyst.

Associate Prof. Magdi A. Mohamed, Faculty 28
of Pharmacy, University of Khartoum (2013)




Example (2):

O O O
J L+ Row OMAPL ]
Me~ O Me RO Me
* If (R) is acid-sensitive, an acid-catalyzed

esterification will not work.

* A base-catalyzed esterification will result on
hydrolysis of the anhydride.

Me. .M
esy-Me

N

P
N

DMAP
DiMethylAmino Pyridine

Me

g

.. ®
(_NMe, = NMe; NMe,

X
g = f@ — )
N
(‘71\ ROH

B

X\

)

M

Me

* Activation!!!I11]
Associate Prof. Magdi A. Mohamed, Faculty Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013) 89 of Pharmacy, University of Khartoum (2013) 90
Example (3) Electrophilic Aromatic Substitution
' Reactions
2 -attack N — H€r> ~
Cl o ek T L
N N E
) CrO3 ™ HCI o | hE "
| > | @ > | @ ﬁr o- complex with N
7 7 L 7] N
N N N o’ o 4
| | O AT C) | 3-attack — H
N H © e
e N
O PCC c- complex W|thoutN
@ H E
. . . 4 -attack | | —H® | X
* Oxidation of primary alcohols to aldehydes. == el — [ _
N N
¢ Prevent Ove rO)A(s!OQaaProfgagdlA Mohamed, Faculty Associate Prof. Magdlg r\%)rm é%XFXgEH]y'\(?

91
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Nitration of Pyridine

= No3
SN H2804

no
reaction

L———————-»

Associate Prof. Magdi A. Mohamed, Faculty 03
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Friedel-Crafts Acylatlon
@ RCOCI
SN A|C|3

no
reaction

L_-_____.»

@ AI ‘ |3 Associate Prof. Magdi A. Mohamed, Faculty

of Pharmacy, University of Khartoum (2013)
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Electrophilic Aromatic Substitutions of
Activated Pyridines

ﬂ
Me . =

9yN 0N

* HOMO is the unshared pair of electrons.

Associate Prof. Magdi A. Mohamed, Faculty 95
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P LT
M\ ~N o~
e eQ N

Example:

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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Nucleophilic Substitution Reactions

* High reactivity (N-atom Lowers LUMO energy).

* Preferably in the 2- and 4-positions and less
readily in the 3-position.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Nucleophilic Substitution Reactions

\/@ X N
(R — (5 [
N X N Nu X N

S

©
Nu = NH2

X = halogen, also H.

AlH,~ , NH;, amines.

© O o .
,OH ,RO ,RS™,RLi,

Associate Prof. Magdi A. Mohamed, Faculty

Nu

A
[

El)\j@l N~ "Nu

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

| N NaOEt | ~
P s
N~ ~Cl EtOH N
20°C
| N NaOEt | ~
@ _ ®_
Nigie EIOH N
Me 20°C Me
more reactive Associate Prof. Magdi A. Mohamed, Faculty 100
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| POCI, |

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

o — (y (NP ™ ~

N o™ 1 Cl N~ ClI
®H) Cl

Cl cl©

N~ OH N~ O
H

Associate Prof. Magdi A. Mohamed, Faculty
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@)

PN

Ry~ “OH

N

o
o N Cl

|
I CH,

@)

CHs

| i E\l * i - H® i
@ —_— @ —_—

O @
+ Et3N —— © + Et3N H
RS

O N O

|
+ o — e
R 8 Ao

R 0

CH, H

R,—OH
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Synthesis of Analgesic Flupirtine

No2
O o
NHCO-Et
NHCO,E
e L, ocos. IS
Raney ©/\ /@/\
Ni F

flupirtine

Associate Prof. Magdi A. Mohamed, Faculty
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Nucleophilic Substitution Reactions of 3-
Halopyridine!!1????

* |t can not be a substitution.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

Aryne Mechanism

Associate Prof. Magdi A. Mohamed, Faculty
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Chichibabin Reaction

N NaNH, | S
~ > ~

N H N

Associate Prof. Magdi A. Mohamed, Faculty
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(/v (3
H quench with

mechanism H,O
- NaOH
|e: s g | t Nar | t o
N N NaH N SNH, —H2 N~ “NH Na
\@ 2 11
Na
|

Associate Prof. Magdi A. Mohamed, Faculty
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Reaction with Organolithium Compounds

Associate Prof. Magdi A. Mohamed, Faculty

110
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Metalation (H-Metal Exchange)

Cl Cl

" LDA N Li| HCO,Et N
~ — o ~ ~
\ 20°C [N \

O t-BuLi O b OO e

~ _78° Z ~
N 78C_N | N

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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Metalation (Halogen-Metal Exchange)

Br n-Bulj i
m r n-BuLi mu 1) PhCN | N b
Z  -78°C z 2) H,0 z

N N N

Associate Prof. Magdi A. Mohamed, Faculty
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A —H® | A | A
-— -~
“2 +H® N/ @ ﬁ I

S
X 1@ II
P — B | o
N N N

Side-Chain Reactivity of Pyridine

H

+H
H §e)
i N —_Hcf B 111
— + H@ N/
* By strong bases;in‘an-aprotic:medium.

* By weaker bases in a protic medium.

Associate Prof. Magdi A. Mohamed, Faculty
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Ph
=
X
P
N

4-Methylpyridine (4-Picoline)

CH,OH
CHj HOH,C—C~-CH,OH
PhCOH
AcOH X, CH,0 X
. —
N N

of Pharmacy, University of Khartoum (2013)

2-Methylpyridine (2-Picoline)

N 0

—

N OH

1) KNH,
2) PhCOEL m
—
N Ph

2) CO,

O, =0,

l 1) NaNH,

T1) PhLi

2) CH;l

X

~

Associate PrcN/\agdl A. Mohamed, Faculty
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Electrophilic Reactions on Nitrogen

N RX \ 7R
O—’@ B
N N

C) ) Z = ©
X

Ny  uv
DR
~

N

X

” | — |
®N@ — 2 O
H X

R . K/R

(=)
— —
N N

Qo@tc rof. Magdi A. Mohamed, Faculty
or riarmd

Pyridine-N-Oxide

I AN (V)
R1_/ + X3P=O

Associate Prof. Magdi A. Mohamed, Faculty

, University of Khartoum (2013) 7 of Pharmacy, University of Khartoum (2013) 8
N
| ~— | |
LX) @ oo
/ (') (I) 4 ®
. . . .
4 o0 @ L4 @ 5 \ 3 5\ /
N P P ) — ]
| 6 P 2 o0 @ @ oo o0
®J, 1N N N N
N © © S
|
. .
Qo \ >
~N
| — |l
® . @
N~ O N
I I
socid agdiA. amed, Facu ° ° socia a . amed, Facu
;\fspc;;\;;m fL;:‘/\vlgrt;t/\: O!\f/\‘?’:wmntwoudﬂ,f&cgg . O. 119 Associate Prof. Magdi A. Mohamed, Faculty 120
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Nitration of Pyridine-N-Oxide

O-Alkylation of Pyridine-N-Oxide

H_ NO, NO2
NaOH NaBr + H,0
@ @/ ®/ >
-H N ITI r
|
lex ve = VXAF
c-complex
P H H
(- 3
+
~
N Ar)J\ H
by o Knartour (2013 121 ot Pharmacy, Unversity of Khartourn (3013 122
Oxidation of Alkylpyridines Indoles & Isoindoles
h CHs o, tBuOK S COOH 4 3 4 3
> 5 5 -
NG DMF, 20°C N A\ °NH
70% 6 1 6 \
N
7 H 7 1
TA, CO,
indole isoindole
CH,CHj COOH
/Ej/ HNO; /O/  Benzo-fused pyrroles.
HsC N~ 75%  HOOGC” >N~ * Indole is benzo(b) pyrrole.
* |Isoindole is benzo(c) pyrrole.

of Pharmacy, University of Khartoum (2013)

of Pharmacy, University of Khartoum (2013)




0
0
ELN N-Me MeO OH
et N Me
N
N 0
N
H N
Cl
LSD

indomethacin

tryptophan

(Lysergic Acid Diethylamide)

* Protein structure.
* Biologically active Indole alkaloids.
* Important drugs such as indomethacin.

Associate Prof. Magdi A. Mohamed, Faculty

125
of Pharmacy, University of Khartoum (2013)

Acidity and Basicity of Indole

H H
H
A\ ©
N + H,S0, =—>= @N/ HSO, — oligomers
H

* Not basic.
* Protonation occurs on C-3.

A\ \y RCI A\

N TN T NGO N

H -, ® O R
Na

* NH-acidity.
* Deprotonation gives strong nucleophile.

Associate Prof. Magdi A. Mohamed, Faculty
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N~ H N~ “COR!

* How can you accomplish the above synthesis?

Associate Prof. Magdi A. Mohamed, Faculty
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I, oo T e (T,
N H N H N~ H

!
H Li R

N™ L N COR!
R R

Associate Prof. Magdi A. Mohamed, Faculty
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Electrophilic Aromatic Substitution
Reactions (E.A.S.)

H ® ® E
E H

OIS L T

N N

H H

o)
X NO, SOzH R R
N N N N N
H H H H H

X = halogen

Associate Prof. Magdi A. Mohamed, Faculty 129

Regioselectivity?

@
E H ¢ E
o, — g — O
N> N N
H H H
E@
_— H
7y — L ZR— s
N CNo N
H H H

* Pyrrole is more reactive than benzene!
* 3-position is favored over 2-position (why)

Associate Prof. Magdi A. Mohamed, Faculty

of Pharmacy, University of Khartoum (2013) of Pharmacy, University of Khartoum (2013) 130
Me, H H@
Me N-H + 0=C
/
Me H Me
N - H,0 N
H L
Me H' Me e
? \ 7
NS H Y Me N-
N N H i
\ \ Me
1
H H * Mannich reaction (aminoalkylation). N_
Me
* How can you convert indole into the product — N
98% yeild
shown above. N
Associate Prof. Magdi A. Mohamed, Faculty 131 Associate Prof. Magdi A. Mohamed, Faculty H 132
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Fischer Indole Synthesis Mechanism

(j H@
N/NHZ ' 4@ ©\—/|©
H o N
H

S or" @Q

phenylhydrazme

R R
©\ R K‘ cyclohexanone phenylhydrazone
_NH + ; —_— —_—
N~ @L N @
H @) H N~ N
H H

Associate Prof. Magdi A. Mohamed, Faculty 133 Associate Prof. Magdi A. Mohamed, Faculty

134
of Pharmacy, University of Khartoum (2013) of Pharmacy, University of Khartoum (2013)

H H
imine enamine lll H H

H H
@\H B3], . .
. ® ”\ - NH
NKN\‘H N NH N N W (NH\<H® N 2
® NH,

Associate Prof. Magdi A. Mohamed, Faculty 13¢ Associate Prof. Magdi A. Mohamed, Faculty
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Hs

®
_H_
N NH,
H

T=Z:7
@2~

Associate Prof. Magdi A. Mohamed, Faculty

Reissert Indole Synthesis

Me O j:OEt EtOe @f\ﬂ/COZEt
+ —_—
[ I o)
NO, 07 “OEt NO ACOH

2

CO,Et
NH, N

Associate Prof. Magdi A. Mohamed, Faculty

H,/Pt
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Mechanism Quinolines & Isoquinolines
5 4 5 4
6 X 3 6 Xy 3
o EtOAQ[(COZEt 7 = 2 7 ~N:z
H_H OEt H 0= 8 1 8 1
’ y CO,Et o . ol
9 S — m quinoline isoquinoline
“0o o) * Benzo-fused pyridines.
S
* Nitrogen next to the benzene ring: Quinoline.
* Nitrogen in the other possible position:
Isoquinoline.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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R =H: cinchonidine R=H:
R = OCHs;: quinine

cinchonine
R = OCHj3;: quinidine

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)

J\/\/ ( I
F COOH
ot ey
Q@ )
—
Cl N

chloroquine ciprofloxacin

MeO O AN
N
MeO 2
O OMe
OMe

papaverine
Associate Prof. Magdi A. Mohamed, Faculty
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Electrophilic Substitution Reactions

* As in pyridine, it is the nitrogen in quinoline
which undergoes protonation, alkylation,
acylation and, with peroxyacids, oxidation to
the N-oxide.

* The electrophilic aromatic substitution
reactions occur on the ring C-atoms,
preferentially on those of more activated
benzene moiety.

Associate Prof. Magdi A. Mohamed, Faculty
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4

©\/j HNO4 | Xy HNO,
’ * H,S0, NZ  H,S0,
s |
H
N

X
~
N
XN
=
N

O,
X
+
~
N
50% yield NO, 42% yield

Associate Prof. Magdi A. Mohamed, Faculty
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NO,
Ny » HNOs, H,SO, N
7 s Nz O OC - P N

8 1

72% vield

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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Nucleophilic Substitution Reactions

* Nucleophilic substitution reaction of quinoline
occurs in the hetero ring, as a rule in the 2- or
4- position.

* Nucleophilic substitution reactions proceed
faster in quinoline than in pyridine, because
the fused benzene ring stabilizes the addition
products by conjugation.

Associate Prof. Magdi A. Mohamed, Faculty
of Pharmacy, University of Khartoum (2013)
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NH,
e .
N7 lia. NHg N” NH, N7
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N N
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Reaction with Organolithium Compounds

* The reaction of quinoline with organolithium
compounds leads exclusively to 2-alkyl or 2-
arylquinolines (addition product).

Associate Prof. Magdi A. Mohamed, Faculty 150
of Pharmacy, University of Khartoum (2013)

AN 2) H,0 AN

Ph
N Ph N Ph
H

* The control of the organolithium addition
occurs through coordination, because even 2-

substituted quinolines yield mainly 2-addition
products.

Associate Prof. Magdi A. Mohamed, Faculty 151
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Nucleophilic Substitution of Quinoline-N-

Oxide
A KCN X
SN© Phcocl N~ CN

be

Associate Prof. Magdi A. Mohamed, Faculty 152
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. > (\/ _—

\

—PhCOOH
N“CN T g N” CN

Associate Prof. Magdi A. Mohamed, Faculty
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Side Chain Reactivity

o)
X EtONa X e}
* EtO)S(OEt OFEt
~ ~
N~ “Me o EtOH N C)S(

/ N\

HH O

OEt
X o N o)
(L, (% — (Lo
N° e h Nowe OEt)

resonance stabilized carbanion

T

* CH-acidity.
* 4-CH;> 2-CH; >> 3-CH,.

Associate Prof. Magdi A. Mohamed, Faculty
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S
CH, CH, )\ J\ CH,
N
o
N~ CH, N~ > CH, N~ CH,

(LDA)
‘ Ph,CO Ph,CO
CHj j<hOH
_ X
2 [\l CH3
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1) KOH
m 2) PhCH,l
Y - .
N~ “CH,
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Associate Prof. Magdi A. Mohamed, Faculty
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Retrosynthetic Analysis of Quinoline:
Dissconnection

R

0
o, @0,
N R imine NH, R0

T
) C=N N c—c
Cedn, =q -\
N¢ Imine NH, O NH, 0O
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NH; 0% R N "R N" R R R,
X X
R H T oH R oH ©\ P — or
/ —
oA~ | | NH, R;” SO N" R, N” R,
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N R &N R N R 0
H | |
H H
R R |
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Skraup Synthesis of Quinoline

0
A, A—D
+ e
NH; ﬁo N
HO R R R
®
SoENeeENe»
~
N N N
H H

Associate Prof. Magdi A. Mohamed, Faculty

Bischler — Napieralski Synthesis of
Isoquinoline

a0 X\
AN 1) POCl; X
| hg |

= R

Y o

2) Pd catalyst Za

X = electron donating substituent

Associate Prof. Magdi A. Mohamed, Faculty
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Cl Cl Cl Cl Cl Cl
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