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Definition:

Heterocyclic compounds are cyclic compounds In
which one or more ring atoms are not carbon (that
IS, hetero atoms).

Here, we shall consider only some of the more
common systems in which the hetero atom is N, O,
or S.



Heterocyclic molecules are quite commonly
encountered In nature.

__ O% f,OCHg
C
N ]
~
CH3 OCC5H5
CH;0
Quinine Cocaine

(Alkaloid of cinchona bark (A central nervous system
used to treat malaria) stimulant obtained from

the leaves of the coca plant.)



Example 2:

H,N__ 9

HOCH,

FIGURE 14.3 The structures of (a) vitamin By, and (b) coenzyme B5.




Example 3:

H,C—=CH CH;

CH} CH :C Hg

CH. CH.
HO,CCH,CH, CH,CH,CO,H

Heme

CH,CH,;NH,

N\

N
H

Serotonin

HO

(A hormone synthesized in
the pineal gland. Certain
mental disorders are be-

lieved to be related to sero-
tonin levels in the brain.)



E le 4:
xample t ‘ N\>

D

HO—P—0—P—0O—P—0OCH, O

| |
HO HO  HO

H\! H/H
Example 5: OH  OH
(ﬁ) Adenosine triphosphate (ATP)
C.HsCH,CNH
T \_rS CH-
4 '—N\%CHR
O E
CO.H

Penicillin G



18.1 CLASSIFICATION AND
NOMENCLATURE

18.1.1 Classification

Heterocycles are conveniently grouped into
two classes, mono heterocycles and condensed
heterocycles.



~ five-membered heterocycles

H H
O S N N S
PRVYAVARRY;
skwl  EY weE Kk e

six-membered heterocycles

e

O
mhee  mEvE v

monoheterocycles <

heterocycles
yeles < ~ benzo monoheterocycles

COCC@

"3"’7F

condensed <
- heterocycles

condensed W|th two or more
monoheterocyclic rings

\I\Il\’l
NN

>
y R
H



18.1.2 Nomenclature

(1)

(2)

(3)

F R

itk BELLIATE, A% O EFHRZTR

S EA R, BRARGERARRTH

#, M1, 2, 3... %5,
ﬂ:zﬁbff,t?ll:—-/\ 2 7T BT 2

3:0, S, NIFIREK

s, RERTHLREERIE TR,

NS ~CHs

Furan a-Bromothiophene 3-Nitro-pyrrole 3-Methylpyridine



EX 2:
@
N" "NH

2-Aminopyrimidine  4-Methylthiazole  2-Methylimidazole

H4C N
s e
S H

2

Ex 3:
CH,COOH

2-(Indol-3-yl)acetic acid Quinolin-8-ol

Contents




18.2 FIVE-MEMBERED HETEROCYCLIC
AROMATIC COMPOUNDS

N N [N
O S N
H
Furan Thiophene Pyrrole
(k) CE%) ()

18.2.1 Structure

The structures of these three heterocycles
would suggest that they have highly reactive diene

character. —
< >

Addition Reactions




However, like benzene, many of their chemical
properties are not typical of dienes. They undergo
electrophilic substitution rather than addition
reactions.

In short, these heterocycles have characteristics
associated with aromaticity (F&-H).

Why?

Huckel’s Rule: The 4n+2 it electron rule
Planar monocyclic rings with 2, 6, 10, 14, ...,
delocalized electrons should be aromatic.



In pyrrole, the nitrogen atom is sp2-hybridized
and the unshared pair of electrons occupies a p
orbital. The pair belonging to nitrogen must be added
to the four & electrons of the two double bonds in
order to meet the six-rw electron requirement.

2 1 electrons /’ 2 1 electrons

H

2 1 electrons

(a) Pyrrole



The oxygen in furan has two unshared electron
pairs. One pair is like the pair in pyrrole, occupying
a p orbital and contributing two electrons to complete
the six-w electron requirement for aromatic
stabilization. The other electron pair in furan is an
“extra” pair, not need to satisfy the 4n + 2 rule for
aromaticity, and occupies an sp2-hybridized orbital.

2 1 electrons /‘ 2 1 electrons

P These electrons are
oo\ T_\U . not involved in the

A - .
L — T system

- .
2 T electrons

(b) Furan



The bonding in thiophene is similar to that of furan.

2 1 electrons /j Tt electrons

/,.f‘— These electrons are

I/ \ S not involved in the
y = ' . T system
S

R
2 T electrons

(c) Thiophene

EMAES AP NS FHTEFRARE,
LA F A,



18.2.2 Physical Properties and Spectroscopy
18.2.2.1 Physical properties

Heterocycles | Existence | Color, Odor ldentify
e SR LERR | MRAREE
Pyrrole , .
Baah | BEREAK e
N \ > 2
Furan A A 5 j}@‘;ﬁﬁ‘ wARRRE
A Ak

REBRAK | 5 RELG AR

Thiophene B4 0 -
P & Mok | BYEBE
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18.2.2.2 Spectroscopy

1. Infrared Spectra:
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Table 1. Infrared Absorption Frequencies of Furan,
Thiophene and Pyrrole

Vibrations Frequency, cm-t

C-H stretching vibrations 3100-3003

Stretching motions of the heterocyclic

ring (2-4 bands) M40

N-H stretching vibrations of pyrrole 3500-3200

* Infrared absorption frequencies of benzene (cm-1): 3030,
1600-1450



2. 1H NMR Spectra: (ppm)

I
10

HSP-03-855

H 86.24
"H 66.74
H
6 8.0
Pyrrole
L L
4 S 2




H §6.38

‘H & 7.44
Furan
P o ~ T
— — I 7
11 10 : 4 |
HSP-01-913 —~




= S 7.12

S

Thiophene

it 0 T W % |
11 10 9 3 7 S > 4 3

HSP-03-845 pprm



18.2.3 Chemical Properties
18.2.3.1 Electrophilic Substitution

The order of reactivity: - = I lm

Pyrrole > Furan > Thiophene >>Benzene

|

B/ AN e ol S D N N

N PSS T Rndk &



1. Bromation Reaction:

{/ \E Br2 o
alcohol, 0°C

N
H

@ Br,

O 1,4-dioxane, 0°C

// \E Br,
acetic acid, r.t.

S



2. Chlorination Reaction:

U SO,Clp (Imol) O\

N ether, 0C
H
: -40°C

@ c:|°2 - Q\a \ CI/Q\CI

S 50°C



3. Nitration Reaction:

NO,
\ o, [\,
[ Q (SH\

N acetic anhydride, 5C
H

@ CHiCOONO, Q\NOZ

O -5~-30C

NO,
@ CH;COONO, ©\No; O

S acetic anhydride, -10°C

S ——

BOR A e AL, LRI BLA



4. Sulfonation Reaction:

S [

N 100°C N SO;H

H H

—\+ _

/C_\/\ \ ,N—SO; _ @\

) 1,2-dichloroethane, r.t., 3 days o SO;H
(/ \E H,SO, (95%) _ @\

S 25°C 57 J

Q: How to separate thiophene from benzene?



5. Acetylation:

[y cocoo [N~ LN
150 ~200C N COCHg; H;COC COCH;

{/ \\ (CHCO)0 U\
0 BF,, ether, 0°C O COCH3;

U (CHyCO),0 @COCHB

S H3PO, S




18.2.3.2 Addition Reaction
1. Hydrogenation

@ + H 1O|?)dpsi> O

@) @)
(100%)
Tetrahydrofuran

MO, H2 ! 5 ! !
r ' —
(pressure) S S

(NI » N + H,S

@ <
H;
U\Cﬂ‘b * . O\C4H9

>
N CH;COOH N
H H
(94%)
2-Butylpyrrolidine




2. Diels-Alder Reaction

O 0] H
@ f o 25 g
O O
O O
@)

endo- (90%o)
CO,CH;4

( 5 n || e CO,CH; _heat |\—-C02CH3
/_COZCH3

CO,CHs CO,CHs

e —»%




18.2.3.3 Acidity and Basicity of Pyrrole

Because the unshared electron pair of nitrogen in
pyrrole ring is a part of the aromatic sextet, it is not
available for donation to a proton. Thus, In agueous

solution, pyrrole Is not appreciably basic.
[/ \5 [ ) @NHZ
N N
H H

Kp=25x 10" Kk, =2x10% K,=3.8x 1070

Weak acidity: U @OH

1071° Ky= 18 x 1038



Example: o @

U +KOH—>/6\< :

N | N
N (Solid) «® [ _Phcocl {/ \5

N

O + NaNH, —»@ CHal @

CO

I
Ph
}Acylaﬁon}

Tl N-Alkylation '

H N@ '}I
Q + RMgX —> @ R Q

® I\/IgX



18.2.4 Synthesis of the three five-membered
heterocyclic compounds

The most general is the Paal-Knorr synthesis, in
which a 1,4-dicarbonyl compound is heated with a

dehydrating agent.

-~ 160c R O R

R MR y — >R ST R
0 0 (NH.),CO; /ﬂ\

N
RHR
- RNH_ TN
R N 'r



18.2.5 Furfural (Furan-o-carbaldehyde)

Colorless liquid, turn yellow or
@ brown iIn the air.
o CHO Aldehyde without o-H atom

> Preparation

Industrial product, wet distillation
> Properties and application

good solvent;

yield furyl alcohol by catalytic hydrogenation,
which is the monomer of alcohol-furfural resin.



> Oxidation reaction S

@\ + 2 02 V205_M003> QO + COZ + Hzo

@) CHO 320C

O
> Disproportionation reaction (34%)

@\CHO N @\CH OH+ @\COON

@)

> Benzoic condensation
O == (L)
> Preparation of tetrahydrofuran

@ decarbonylation> {/ \5 Ni, H, Z S
cHo NI @ 0

O




18.2.6 Thiazole, Imidazole and Indole

A large group of heterocyclic aromatic
compounds are related to pyrrole by replacement
of one of the ring carbons B to nitrogen by a
second heteroatom. Compounds of this type are

called azoles.
S
1. Thiazole: colorless liquid Z

W4

H 1
2. Imidazole: colorless solid "
(_7 \_J

Z
I



3. Indole: 5-Hydroxytryptamine
CH,COOH CH,CH,NH,

N HO-

N ' N
__________ H___: ... H_
2-(1H-indol-3-yl)acetic acid 3-(2-aminoethyl)-1H-indol-5-ol

DMF, POCl3 H,0
20~30C

Vilsmeier Reaction

Dy a0
N N
H H
H
HNO,, H,SO H
CI)-ors thostisor | PySn




18.2.7 "okt -4
w9 ANebed SR Fe m AN R F IR R AR 1 4E AR B K 3R
ey,

H,C=CH CH,
CH; CH=CH,
mirE, FTHRE, f4
A B AL Phakb S
CH, CH,
HO,CCH,CH, CH,CH,CO,H

Heme Contents




18.3 SIX-MEMBERED HETEROCYCLIC
COMPOUNDS

18.3.1 Pyridine
colorless liguid with peculiar odour,;
soluble in ether, alcohol and water in all proportions.

1. Structure and Preparation



Pyridine is simply a benzene ring in which a
nitrogen atom has replaced a CH group. The
nitrogen is sp2-hybridized, and the three double
bonds of the ring contribute the necessary six «t
electrons to make pyridine a heterocyclic aromatic
compound. The unshared electron pair of nitrogen
occupies an sp? orbital in the plane of the ring, not a
p orbital aligned with the = system.

2 1t elec |j MS 2 1 electrons

S \\ Th »se electrons are
| N : not involved in the
Z .
syslem
N -

2 T electrons

(a) Pyridine



Commercial production: aminolysis of furyl alcohol

Important synthetic method in laboratory: Hantzsch
Pyridine synthesis

RoOC :H O H L ACO0R Lo COOR
LT ="
H,c” JoH:  {HOT TCH; HC RN

RN

HNO;z / H,50,  ROOC~\COOR
1 |
=

H,C” N~ “CHj



2. Basicity and Nucleophilic Properties

Pyridine, like pyrrole, Is weak base, but it is
much more basic than pyrrole. When pyridine is
protonated, its unshared pair is used to bond to a
proton and, since the unshared pair is not involved
In the system, the aromatic character of the ring Is
little affected.



Lakre R LB 2 W89 LA R & FEARELE,
HmBam5s, 5322, 4, L E&B4X,

Ex: Rank the order of basicity of the following

compounds.
NO,

o QL o e

Sample solution:
2>1>4>3



Pyridine can react with strong acids to give salts.
EX: @ + HCI — |+\ _
Z Z I

N N
H

Quaternary ammonium salt

Pyridine can react with alkyl halides as
nucleophile to yield quaternary ammonium salts.

EX: X X
@ + CHgl > | _
ps + -~ I

N N
CHy CH,

290-300°C (j\ ﬁj
+~
CH N
H

3



EX: N R X

e 68 515 % Lewis BR A &AW . de: stbidfe
;ﬁwﬁi&%ma%Tm?ﬁ&<&%%A%
v pku@, ptt‘%\éﬁ’aﬁ"bo

AR WA EE MR A RARE ANR T AL
.



3. Electrophilic Substitution
W IR E SRR TFREF, FreAwmegIf 087

BFabFo5on, Furmiang [ )
MEDAT, doFahl R RKARML, RAEE-F R N~ 0.84

1.43
AL, NO,
N KNO,, HNO, X
EX: l = . > I
) NZ  H2S04, Fe, 300°C, 1day NG
Br
\ Br2 \
| _ — — ||
N A (fE4L), 300°C N
SOzH
| N __20%S05 H,80, (\/(
2 HgSO,, 230°C, 24h N



R AR A REE, ik, RAFL VTR
=T VAR Bh T 5 B BN 69 34T, [ R M 7E R
AR T A8 B ) K B A4

EX:
NHCOOEt
EtOOCHN i Xy fuming HNOg, Con. H,SO, | N
>
_ .
\ 100°C NZ NO,
Br
| N Br, - | N
~ HOAc, 20°C Z
HN” N H,N~ TN
3 | AN 20% SO3, H,SO, <3 ’ | p
Z [ -
N HgSO,, 230°C, 16h q



4. Nucleophilic Substitution

B TFREREFH4AEE F RN IR EE
5 B AT FEAZBA.

X
[ )+ Nank, —P-NCHa) O A0 N

reflux “
N N” “NHNa N NH,

ChiChibabin Reaction

[ ) epni —> Q > @
|
Z heat Z

N N "Ph

1,2- Addltlve product



)
+5. Oxidation
g Pyridines are rather resistant to oxidation, and
are more stable than benzene in the acidic oxidants.

()" e (T O,
I

N/ heat heat N/ CH3 g
Nicotinic acid Nicotine

Vitamin PP é

s 2

| X KMnQO,, heat - | N—COOH E

N/ or KMnO4/H2804 N//_COOH g

Pyridine-2,3-dicarboxylic acid ]

NiceineNs usedrastanragrculiiviraiysecticieer s alse

eXIC termian; thieratal desSesiahou 40 mo:

DB T e T, (e T, ST e P ST e T e T e T e S e e ST e BT T I -




Because of its resistance to oxidation, pyridine
IS commonly used as a solvent for chromium
trioxide oxidations (Sarrett procedure).

However, under the proper conditions, the
nitrogen iIs oxidized to the N-oxide, as are other
tertiary amines.

EX:
|

N

N CH3C03H - | R Fuming HNOg, Con. H2804
< N/ 90°C, 14h
o' _ _No,

X
P O + POCl;
Heat N/

> |

—— zZ
= \ / O



6. Reduction

Pridines are active to reductant than that of
benzene.

EX: ) Na + EtOH o
AN
| )
N/ H,, Pt, HOAC |
0.1 MPa, r.t. H



Review of Pyridine:

Aromaticity

Basicity

Nucleophilicity

Aromatic Electrophilic Substitution —— 3, 54z
Aromatic Nucleophilic Substitution —— 2 44s
Chichibabin Reaction

Acidity of a-methylpyridine

Synthesis of Pyridine



18.3.2 Pyrimidine

BRI ISR B, R IR E

M, FEPAREUZEDIFS.
BB A BRI P A = Fr2Eve IR,

0 0 NH,
CH,;
O N 0 N O N
H H H
Uracil Thymine Cytosine
(occurs in RNA) (occurs in DNA) (occurs in both RNA and DNA)

R MR R



18.3.3 Quinoline and Isoquinoline

A benzene ring and a pyridine ring, for example,
can share a common side in two different ways. One
way gives a compound called quinoline; the other
gives isoquinoline.

Quinoline [soquinoline

Alkaloids based on the quinoline and isoquinoline
skeleton are widespread in the plant kingdom.



—_—

)

s Quinoline: an oily liquid;
soluble in many organic solvents;
high boiling point;
weak base.

BEsICIy N e S >

S > SErene SR SE sl S e

RNy Sy SRy SNy Sy SRy Sy SRy Ay SRy Sy Ny

+----



1. Substitution Reaction
FRBRNKEEZL A ERILHSRML, fFEZIK
R E B R IREG 2445,

(- @ﬁ p
+
Z =z
N
NO,
Heat H,O N
N + NaNH, vl >
ene =
Y N NH
/
+ n-BuLi > N
Nltrobenzene P
N Bu"
O,N
N _maA AN
1 v
O

2




2. Acidity of a-Alkylquinolines
As with 2- and 4- alkylpyridines, 2- and 4-
alkylguinolines and 1-alkylisoguinolines have a-

hydrogens that are significantly acidic and enter
Into base-catalyzed reactions.

+ C-H-COOEt — 2y,
T FTNR CH,COCH
2 6" 15
CH
3 ZnC|2 CH3
T 100C



3. Oxidation
Pyridines are rather resistant to oxidation, and
are more stable than benzene In the acidic oxidants.
| X KMnQ,, heat . (\—COOH
N7 or KMnO,/H,SO, Né_COOH
Pyridine-2,3-dicarboxylic acid

lA
CH COOH
X 3 HNO N HNO; S
Oy e, (Y mo (e
_ heat z heat N/ CH,

N N
Nicotinic acid Nicotine

Vitamin PP




4. Synthesis: Skraup Reaction
OH
@NH2+ HOCHZ—é—CHZOH Con. H2804 -
H Nitrobenzol, heat

Mechanism:

OH

I Con. H2804

12

PN OHC
O oo Q79 —
NH,

N
H

» CH,=CHCHO

H

.O:H
' H.

kﬁ -H,0 N Nitrobenzci N
@L > Heat 2
N N
H

N
H




Identical results are obtained if an a., B-
unsaturated ketone or aldehyde is substituted for
the glycerol.

CHj,
FeCl, X
+ CH,=CHCOCH; —— _

If a saturated aldehyde Is used, an initial aldol
condensation occurs to give an a, B-unsaturated
aldehyde which engages in the normal condensation .

conc. HCI S
+ CH3;CHO - > 2
NH, 100°C N” “CH

Problem: How to prepare ? Hscom

Z

N



18.3.4 Purine
Adenine and guanine are the principal purines

of both DNA and RNA.

NH- O
= N
L \> P
.
H,N N
2 N H
Adenine Guanine

Tea contains both caffeine and theobromine (3T ¥ ).
CH

ﬁb s

Caffeine Theobromine Contents




18.4 Alkaloid
4 Y — KRG THBERA (BRFEDIY
WAL ) , ST ARFash A iR A AL A 6925
BHERIAESY . B HELS R,

s OH

/DHG

1.CPT R=R;=R;~H
2. Irinotecan R1=CN'CN8'O- , Ro=H, R;=Et

3.Topotecan Ri=0H, R;=CH:N{CH3}. R+=H

SR BABE

OAc
1 : Taxol, R'=Ph, R*=0OAc
2 - Taxotere, R'=t-BuQ, R’=0OH
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WA FeRAABRE S, —RIFLT, AV AEr
HF R, BREFFIN G, to £
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18.4.1 —#x M/

K&

IeEdh (FZEFAHARE, MBRAR

), AER, o THFHE, ERRAEA.
OB RL: R R A AR AT Fa a4k 47
o 2 A YR .
BRE B : REGRFA (1% HUBR4% 44 IRAER
1 % 48 BR4A 69 RARER , IRAHER )
18.4.2 /I F %

W sy 4k M ——— A MARUR T K

= H

B wmaah ER g
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