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FIELD .
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CHEMISTRY
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» Heterosubstituted rings are those in which
one or more carbon atoms in a purely
carbon-containing ring (known as a
carbocyclic ring) is replaced by some other
atom (referred to as a heteroatom).

* In practice,the most commonly found
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heteroatom is nitrogen, followed by oxygen
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* In a 1983 report, the International Union of
Pure and Applied Chemistry (IUPAC)
recognized 15 elements coming from
Groups Il to IV of the Periodic System
capable of forming cyclic structures with
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Heterocyclic compounds are far from being just the result of some
synthetic research effort. Nature abounds in heterocyclic
Compounds, EWIERREEJWE NPT

THE SCOPE OF THE FIELD OF HETEROCYCLIC CHEMISTRY
many of profound importance in biological processes.

We find heterocyclic rings in vitamins, coenzymes, porphyrins
(like hemo globin), DNA, RNA, and S0 on. ™ = mn o ot 1o
The plant kingdom contains thousands of nitrogen heterocyclic
compounds, most of which are weakly basic and called alkaloids

(alkali like). e e o
Complex heterocyclic compounds are elaborated by s e smi,g

sl o o gaas iluledio S padiediy

microorganisms and are useful as antibiotics in medicine.

Marine animals and plants are also a source of complex
heterocyclic compounds and are receiving much attention in current
research efforts. .o oo ims s s
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The IUPAC rules of nomenclature allow
the continued use of well-established
common names for some of these
fundamental ring systems, but as we
will find, there are systematlc names
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« The compound pyridine is an excellent example of a simple heterocycle.
Here, one carbon of benzene is replaced by nitrogen, without interrupting
the classic unsaturation and aromaticity of benzene. Similarly, replacement
of a carbon in cyclohexane by nitrogen produces the saturated heterocycle
piperidine. Between these extremes of saturation come several structures
with one or two double bonds.
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Rings may have more than one heteroatom, which may be the same
or different, as in the examples that follow, oeeromom s 500580 g

Adliia ) 3,00 (e (955 B
g
pitbumé

(ry b B2
2 Vibes Lo M&Z‘W AM e
Y st
piperazine mrmohe
To broaden the field, other nngs may be fused onto a parent hetero-
cycle. This gives nse to many new ring systems. i o
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Table 2.1. Some Early Heterocyclic Compounds of Natural Origins
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The IUPAC rules allow three
nomenclatures.

|. Common Names

aacdill 9,k 3 (o
(Hantzsch-Widman) (sawy alias.1
(Ladally anY) dasls slaci.2
(replacement) Jlasicul.3

. The Hantzsch-Widman Nomenclature.

ll. The Replacement Nomenclature

Hled Gl el e L3

0-> Zurag Pyridine
S - Thiophene N Lgd
NH -> Pyrrole Pyridazine
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Pyridine derivatives:
*Pyridine

*1,4-Dihydropyridine
*2,3-Dihydropyridine
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Il. Common Names

There are a large number of important ring
systems which are named widely known with
their non-systematic or common names.
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Furan Thiophene Pvrrole
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X. Hantzsch-Widman Nomenclature
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The Hantzsch-Widman nomenclature is based on
the type (Z) of the heteroatom; the ring size (n) and
nature of the ring, whether it is saturated or

unsaturated.

This system of nomenclature applies to monocyclic

three-to-ten-membered ring heterocvcles.



I. Type of the heteroatom

The type of heteroatom is indicated by a
prefix as shown below for common
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The ring size is indicated by a suffix according to
Table | below. Some of the syllables are derived from
Latin numerals, namely ir from tri, et from tetra, ep
from hepta, oc from octa, on from nona, ec from

d 19 it ALY (e dRiis (sYllables) ablall oia paan
eca 3 ir (s (tri) et (s (tetra) ep (s (hepta) oc (s (octa) on (s (nona) ec (s (deca)

Table I: Stems to indicate the ring size of
heterocycles ..o somim

Ring size |Suffix | Ring size |Suffix
3 ir 7 ep

4 o et 8 ocC
5 o ol 9 o on
ve B i in 10 « ec



The endings indicate the size and degree of
unsaturation of the ring. st s s

Table II: Stems to indicate the ring size and degree of

0 A g Al aaa o ANAY a250d (stems) ghilde

unsaturation of heterocycles ~"zziiiins

Ring size |Saturated |Upsaturated |Saturated (With Nitrogen)
2D v | i Aae (2 B\t = (G038 500, V202

3 -irane -irine -iridine

4 -etane -ete -etidine \ Z\%ﬁﬁ

5 -olane -ole -olidine _ W)\

6 -inane -ine

7 -epane -epine

8 -ocane -ocine

9 -onane -onine

10 -ecane -ecine




According to this system heterocyles are named by
combining appropriate prefix/prefixes with a stem
from Table Il. The letter “a” in the prefix is omitted
Where Necessary, == s e

Each suffix consists of a ring size root and an

ending intended to designate the degree of

1(ye (15533 (suffix) 43y Js

unsaturation in the ring. wesw wosemmmmn

It is important to recognize that the saturated
suffix applies only to completely saturated ring
systems, and the unsaturated suffix applies to
rings incorporating the maximum number of non-
cumulated double bonds. «uommummes i s
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dihydro / tetrahydro _auan
dihydro / tetrahydro = s,/ uds ole Jaass (JuldS double bonds)

Systems having a lesser degree of
unsaturation require an appropriate preflx
such as "dihydro"or "tetrahydro". === “‘“’“"‘““"'ff““'?f“”'

tetrahydro gi dihydro : e daculio d8abls aladicul (o]

G55 3 e s ol Aasdiall cililal)
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Saturated 3, 4 & 5- membered nltrogen
heterocycles should use respectively the
traditional ‘"iridine", "etidine" & "olidine"
suffix. S o
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Oxa+irane= Oxirane

L)

Examples
S

Thia+irane= Thiirane

L

Oxa+etane -Oxetane Thia+etane=Thietane

O‘WO

Oxa+olane= Oxolane

Thia+olane= Thiolane

\/

N
H

Aza+iridine= Aziridine

—

—NH

Aza+etidine=Azetidine

NH

Aza+olidine= Azolidine



X

NH 2N
Azinane Azine

Pyridine
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In case of substituents, the heteroatom is
designated number 1, and the substituents around

the chain are numbered so as to have the lowest

e hebfoalomt
18,11 ALl yaé 8,31 sliac| aly :(substituents) ¥ agicus sgag wis

number for the substituents. = =,
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2-Bromo-3-methylaziridine
T

Ethane CH
2-Propyloxirane - o
Br ::ane ﬁu
S weptane &
2-Bromo-4-ethylthiolane enti -4

Decane CioH,
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(parent compound)
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The compound with the maximum number of
noncumulative double bonds is regarded as

the parent compound of the monocyclic
systems of a given ring size.

AA HN/ A"

Oxirine  Azirine Azepine Azocine
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~ NAMING SIMPLE
MONOCYCLIC COMPOUNDS

1. The heteroatom is given a name and is used as a prefix:

LS pudicady Lacul odaal fuilailf yad 3,31

o O, oxa-; o
’ ’ *As -> arsa-
. *Si > sila-
E ; .
th I a— *Se - selena-
) )
*B - bora

aza + irine > azirine :Jlis (o o 8o Taul Laass (ol dalst 13] "a" Sya e ady

* P, phospha-;
* As, arsa-;

« Si, sila-;

« Se, selena-,
 B,bora

The “a@” ending is dropped if the next syllable starts with

a vowel. Thus “aza-irine” is properly written “azirine.”
ofi[oh



2. Ring size is designated by stems that
follow the prefix: —————
3-atoms,-ir-:
4-atoms, -et-;

5-atoms, -ol-;

6-atoms, -in-;

/-atoms, -ep-;

8-atoms, -oc-;

9-atoms, -on-; and so on.



3. If fully unsaturated, the name is
concluded with a suffix for ring

size: 3-atoms, -ene (except -ine- for N);
4-, 9-, and 6-atoms, -¢; IR,
7-, 8-, and 9- atoms, -ine. '



LI G ((fully saturated) Jolsils dacis Zalalf oils 3]
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4. If fully saturated, the suffix is -ane for all ring
sizes, S

gob& 5 &0y 4 &l 3 tede (5813 (@l Glalall jdine- Ul ausiicd da

except forN, which uses -idine for rings of 3-, 4-,
or 5-atoms, T

and for 6-atoms, a prefix of hexahydro IS used.

C [(o) WS ] udss}m&d Gilyd 6 Wil dalall o; ne awy! PM I.ua.\

Also, the name oxane, not oxinane, is ‘used for
the 6-membered ring with O present.
Otherexceptions exist for P, As, and B rings, but
they will not be given rs—wassemo.

L Lol aly () ¢ (B) (1958401 (AS) gyl
here.



Table 2.2, TUPAC and Common Names for Monocyvclic Heterocycles

A. Nitrogen Heterocyclic Parents (V)

(N) Oa95in A il @
o |1 ( 5 \ e
N N

H N pyridine azine
H
azinne azete azol € azepine
(pyrrois) (PVM
B. Oxygen Heterccyclic Parents - “Z -
‘b \ (0) pe>wwsi:B il @
N || VD I . R
v o o
o o WS ey P O Y H
oxirene oxete oxole Y-pyran e Py ran
P - (furan) (1. 4-pyran) (1.2-pyran)
o C. Sulfur Heterocyclic Parents
A o (S) CugpsS :C puniddll O
& / \ | I Common IUPAC
: ; | I I thiophene thiole
= = s Corme S
thiirene thiete »thiopyran

thiocle
(thicphene)

D. Some Sawurated Rings
dauino OLSyo :D pundll @

wphe
< 7 _' iﬂ {“\:‘g’g’ Common 1UPAC
L ARG
N NH Boan pyrrolidine azolidine
H

m —P é ‘\* u . o piperidine hexahydropyridine
azindine azetidine azolidne hew M\e tetrahydrofuran oxolane
{ethyienaimine) {pyrrolidine) {(piperidine)
o J LD O
O
oxirane aoxetane o o:oolane L oxane
(ethyilene oxide) 6etrahydrdu ran) (tetrahydropyran)
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saturation of the double bonds by designating with
numbers the positions on the ring where hydrogen has

been added.

i g @alall 03148, 23 9L1 (o3 (heteroatom) duilaill yud 3,301 jlyicl aiy (S yadl 13gd

Qs D) Bl s 1 s 31 D1 s

For this purpose,the heteroatom is designated position 1
on the ring, and the numberingproceeds through the site

of hydrogenation.

S ~dihydro dslalf auilicns > dualg Aagaiys dlasly (gaadis §i) dly) caas 13

If one double bond isremoved, the prefix dihydro- is used;

~tetrahydro asadiud > (riagae Opilasly i) caal 13] 9

with two double bonds removed,it is tetrahydro-

H
Sy sy Qj [
5| N

2,3-dihydrofuran
2,3-dihydrofuran
tlalias
3 9219080 aic H Lidsi
oA agia Ayl ) iy

H H
5 2
H o) H

2 5-dihydrofuran
2,5-dihydrofuran
5 92:3ic H L)
HALIA Ay CdiALS
Baleadl JLll (s
15 v et

\
| H
2
1
N H
H

1,2<dihydropyridine
1,2-dihydropyridine
HEY-)
143) 34 > N Lgad 2alal
2 91 uie H Lidudi
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Handling the “Extra Hydrogen”

Heterocycles with maximum number of double bonds
which can be arranged in more than one way.

205 5] (ole (5 93aT (ol Aol yud Tdladl LSyl

Examples 4y (0 ST Ly OSan Aagarkl daal g lf (o (Sas 492 ruicbayly, H H 625y
x
e O
Pyrans H o

O
Double bonds Double bonds
@2and 4 @2and5
Double bonds 451*:::'5{',’%“1‘; H Double bonds
@ 2 and 4 e @1and3
H ss daal g ) sl Yt
Pyrroles /" / H
7 V4
e N H N
452 0 gyl syl Jodi | Double bonds
H @1and 4

Therefore, should have different names. «.vime



This is a special problem resulting from isomerism in the
position of the double bonds which is sometimes referred
to as “extra-hydrogen” and this can be addressed by
simply adding a prefix that indicates the number of the
ring atom that possesses the hydrogen using italic capital
AH" Z2ZH™ 3H, etc. The numerals indicate the position of
these atoms having the extra hydrogen atom.

Slall (e Aol duols dio 0dn

1dzgojall bylg)l g8go (3 (isomerism)
\ H H Oarynall” punl Gl Lol yLid (g
I H a .(extra hydrogen) "(3Lo3
= 3 ALa) Gapb e dbluy ASiiall 0dd J> Koy
S &l 655 @8y ] it (prefix) dol
o H 1o 90y plasiinly ipereyssell Jass
“ MH/2H.3H...
3 1 2
o 52 Gl Sl g5 e Jas o83 odn
2H-Pyran Pl ommarsed e
Q- Pyran

The saturated position takes priority im numbering.

The saturated position takes priority in numbering.

H
Ayl 0 pll (g yagdl e (5 53 (5311 gl 83500
H —
e / i
123, 8,3l (ole (g gl \ _z
(eaaalall J<cill 13a9) N H N/
\

\
N
|
H
1H-Pyrrole 3H-Pyrrole 2H-Pyrrole
210\ cde (329 290 2&)0 02y 24
(PyrrOIe) 3o 0 o $3H 51 2H (a9t
:dJ‘gig‘ai)JIIM
H LA (0353 (5 ole 39290 (g e
7)) ar—\3 R .
H @ yill (08 iy glgl datan oIl 54 (£aciia) Cangyangdl d oLl IS
| : =
2 (S0l ksl gl g st Capns Balall a3y

SR ’

4-Methyl-2H-oxete 2-Methyl-2f-oxete



0 O0a

Azepine 2H-Azep|ne

3H-Azepine 4H-Azepine

7-Methoxy-3H-azepine



There is an alternative system, sometimes useful in complex
structures, where the position of the remaining double bond in a
partially hydrogenated compound is indicated by a Greek “delta” with
a superscript of the ring positions bearing the double bond. Using the
dihydro furans as examples, we have the following:

B Bl pasuind 1 (i) 537 pUss orey
dadsall cuslyll

drgajall dbylll gise syans oy Cu

4 3
T e dizyan el S pe (F dudiial]
/ a8 pld)i go (LUS) A (HUsall o)l plasiwly
byl Gl iz Gl 0Ll gSlge ) i
2. 2 - .
\ \ Ld>gojall
O O

1JUeS dihydrofuran OUsS xe plasuiuby

A¥ dihydrofuran A%A.dihydrofuran e hoos
T Sk A O e - &%*-dihydrofuran
\\)3 OJUX\\ Qdﬂb ‘,L %))P\Mfog « A23-dihydrofuran
s qoaj&

(unsaturated) da 9450 Jaal gy Lgd Leliol dala eluie 15,5411
AT Aaguil baslglf GAaiina gy Lidusi ol
partially saturated juai
sedostl ) 32 ()
(N g0 7 4als) Azepine s
:tetrahydro si dihydro iuas
edihydro = 2 LiusiH (519 Laguye dasly calit)
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2,3-dihydroazepine

4,5-dihydroazepine

B A L gl A S

iJls

HPSE R
3 92 (150 <l ole H Lidie
PORVRL PO EVEY

Ll vl IS HALIA 0 831 ga (ale (s 6541 (pudd

AL o (JolSIL Arahil] yad FAaf acol audieal

Partial Unsaturation - &2 &9 anmercsaii

stetrahydro ((ea9,00 4 i)

Use fully unsaturated name with dihydro, tetrahydro,

etc @ ; S
HN / z @

Azepine 2,3-Dihydroazepine

4,5-Dihydroazepine 2,5-Dihydroazepine



When numbering give priority to saturated atoms.

(H Wl () Anpdal) ol J 10 Ay gl ) (s o 500 i

1-Ethyl-4-methyl-4,5-dihydroazepine

1-Ethyl-4-methyl-4,5-dihydroazepine

< 4 aliyl 81 331 (4,5) gkl :spa ahyill 19, liA0 agSY 94,5 (bl

@ 1-Ethyl-5-methyl-2,3,4,5-tetrahydroazepine
N

\




Stems for 3-10 membered

Prefixes for heteroatoms
(decreasing order of priority)

heterocycles
Ring Size Unsaturation Saturation

Three irene{a) irane(b}
Four - ote etane(b)
Five. ole olane(b)
Six-A ine ane

B ine inane

c inine inane
Seven. epine epang
Eight- ocine ocane
Nine- onine onang
Ten- acine ecane

Heteroatom Valence Prefix
Oxygen Il Oxa
Sulfur I Thia
Selenium Il Selena
Tellurium Il Tellura
Nitrogen 1} Aza
Phosphorous i Phospha
Arsenic in Arsa
Antimony i Stiba
Bismuth n Bisma
Silicon v Sila
Germanium v Germa
Tin v Stanna
Lead v Plumba
Boron 1l Bora
Mercury Il Mercura




7 Slic
Numbering =2y =
With one heteroatom: The numbering starts from the heteroatom
giving the position-1 and proceeds in such a way as to give the lowest
possible locant to the substituent if present.

2,5-Dimethyipyridine 3-Methvloxepine

With two or more identical heteroatoms: The ring is numbered in such a way
that the heteroatoms are assigned the lowest possible set of number of locants.

SENS

With two or more different heteroatoms: The numbering starts from the
heteroatom with the highest preference as in the table (O=S>N...). The
remaining heteroatoms are given lowest number locants.

H
N
(Numbering) a3 ,3f N
331 038 (3 a8l Tass :(heteroatom) sualg duilais uf 5,3 gy dis / \ | I
A3, g85l) (gaal &san )
S O

329 Ol ¥ aicnall (S0 ad)y sheol (odasi Ay oy ol il palies a3

JAL Gyl 03 Jad By ey AAUaf 4083 Al (pigaliia [3ST 51 o3 9 gy wis ()

AT (o diSas e ganna yiuol

Aakas L)l ol ¢ AT Gl okl ad (... 0> S > N 1) Jgandl o (olo¥1 2 1931 313 830 (30 adyilf Ty 8LAs Aeilais yad calyd agang wis ()

1 3-Thiazole 1 3-Oxarine
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Presence of saturated atom
(indicated hydrogen)

*  When heterocyclic ring with maximum number of noncumulative double bonds
contains a saturated atom. its position is given the lowest possible locant and is

numerically indicated by an italic capital / before the name of heterocyclic
ril]g S‘vstcrrl Axadio 3)3 (oo dangaihl dasl gl (10 sus (ouadl Lgaad (o) dudladil | yad Galadl (5 giad Lasis
&5 5 BBl el 38 (JSLe) H iy pludiualy Ll sy (1S a0 pdy shus] oasls 3yl 038 350 (13

S5
— \Nl /
) Q O
N O E .
NI S =

\

2H—-Pyrmrole 2H-1.3-Thiazine IH-Azepine

*However, the heterocyclic system in which a carbon atom of the ring is
involved in the carbonyl group, the indicated hydrogen is normally cited as
an italic capital / in parenthesis after the locant of the additional structural

features. (C=0) i 3 5 i gams ole (533 Halalf il 13]

RSN /N 5 0952 s 2yl o g 02 355 H I ol
Y
13258 A | "y
a3y ol 320 a3y (H Lgale i) Zasdil 5,5 ‘3‘7‘,; Q L
ox” N 0

ale = arfl a3 H gidu 13) N i oAt (E‘D\
i, B ganns (o = peafl Jaka (H) (o3icd 13] - :
P}'rtdur_?.@h-unc Pymzin-2(3H-one
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2.4. SUBSTITUTED MONOCYCLIC COMPOUNDS
With the rules discussed previously, we can name any parent

mono  cyclic heterocycle with a single heteroatom, in any state of
unsaturatlon $olal puilaie yak pila (5,0 51 daan LiSay dlaloall ac ) g3l aluiicaly

Compounds in which ring hydrogen is replaced by one or more of
thecommon functional groups of organic chemistry also are readily
named,by assigning numbers to the ring atom(s) bearing the

1 (...CHs: Cl. Br i) ,isi gi dadalsg de gaay 43I (nangyuad Jlowica! Lgad ally (o ilf csLas Ll
SUbStItuentSa oile ganll 03 Jan il Bl &lyil aldyl elac 13 b (56 A pgcs Lgisac (S

RINGS WITH MORE THAN ONE HETEROATOM starting with the
heteroatom as number 1. The functional groups areplaced
alphabetically in the name. Some examples are as follows:

oha :(heteroatom) duuiladia yuf 5,3 (30 yiST (e (5 33 dalall cails 13]
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nethoxyfuran 3,4-dimethyl-1H-pyrrole
dimelly] - TH pyete
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3-bromo-2-chloropyridine thiophene-3-carboxylic acid

3-browo ~0-dloe pyfdre theghe. ~Baadoal 05



Revision .
V4 Hetreroatom Prefix

Type (Z) - Prefix O Oxa

Size (n) - Suffix N Aza

Nature of ring - Ending S Thia
(H.C)= P Phospha

Ring size |Saturated |Unsaturated |Saturated (With Nitrogen)
3 -irane -irine -iridine

4 -etane -ete -etidine

5 -olane -ole -olidine

6 -inane -ine

7 -epane -epine

8 -ocane -ocine

9 -onane -onine

10 -ecane -ecine




(Heteroatom) Awilaia ,& 5,3 (e JiS) o g giad clila

RINGS WITH MORE THAN
ONE HETEROATOM

The usual rules for stems to indicate ring size and
suffixes for degree of saturation are used, as are the

(ring size) dladl aaa waadil :salial) asl g8l aladdicl aly

prefixes for the various heteroatoms. st s e s,

AALIAL dusladil ) yué wlyall (prefixes) (sal gl

They are listed in the following order of priorities, derived
from the main groups of the Periodic System, and then
within each group by increasing atomlc number:

Group VI (O>S>Se>Te)> GroupV(N >P >As)>
Group IV (Si > Ge) > Group Il (B).

sl saadl 4l (59l Jganll (o3 cile ganhl caua) teols Las B glg¥f Caeun Auilaill yad Gahill caiyi ats
O >S>Se>Te:64cgaall

N>P > As :5 s gaallad

Si>Ge:4icgaalliad

0757 N ZJSQ“ @) B3 gantisd




« Each heteroatom is then given a number as found in the ring, with
Aol (o Lgad 9o cauas ad) ol (heteroatom) Awilaie yé 5,3 Js

that of highest priority given position 1 1l i g 513
« A saturated heteroatom with an extra-hydrogen attached is given
priority over an unsaturated form of the same atom, as in 1H-1,3-

(extra H) (oSls| (nang)yssd Lgaag dasdid) duuiladil | yud 3,31

diazole (see the following diSCUSSION). s cssiisiosmsiins woss

1H-1,3-diazole : Lo

« The numbers are grouped together in front of the heteroatom listings
(thus, 1,3-oxazole, not 1-oxa-3-azole).” =~ cemers

oxa-3-azole-1usl )

» The heteroatom prefixes follow the numbers in the priorities given
preViOUS| 48 o LIIAT (ol A plg¥ iy qann (3K (prefixess) deilaill yu iyl sLacud

« Punctuation is important; in the examples to follow, a comma
separates the numbers and a dash separates the numbers from the
heteroatom prefixes. g el e

ALY () deolille
e 19 plYI Cna (=) Asyisdle



dags aadyill Giladle
Al () Aeolille
s 19 A1 op ( - ) Aayedlle

® A slight modification is used
when two vowels adjoin; one is
deleted, as in the listing for
“‘oxaaza,” which becomes simply
“‘oxaza.”

» As for monohetero systems,
substituents on the ring are listec

alphabetically with a ring atom
number for each (not grouped

together) ok "”54'““‘*"‘)"‘ JJ@EG}m@Jlmmwm

u-\S-\ (substituents) uh.n.. Aayiyll ole gaadl
Lta?ujﬂl &aax pia Y9 s gans Sl ad) sllas| 2o (saanyi

Table 2.3. Some Multiheteroatom Systems

N

N N
1 4-diazine 1,3diazine
(pyrazine) (pyrimidine)

g Q)

1H-1,3-diazole 4H-14-0xazine
(imidazole)
Me Et
A /0
N

S-athyl4-methyk1 2-0xazole

—_—

() LD

1,3-0xazole 1,3 4-oxadiazole
1
o)
25/ j [O
3 K | /)\ Me
S %
N4
1,2 4-oxathiazine 2-methyk1,3-0xazole

()

1-methyl-1H-1 3-diazole
(N-methylimidazole)



AR JAls g 93l s (b0 ST 91 L3 g 13]
di- (2) tri- (3) :isul gall pladicily Lgse puaailf oty
&l
Two or more similar atoms contained in a ring are

indicated by the prefixes ‘di-’, ‘tri’, etc.

N N \
A l(/ﬁ\ \ N// /N%
/v/
\ / N 4
J\'“/z;’ 1,2,4 - Triazole

1,3,5-Triazine

If more than one hetero atom occur in the ring,
then the heterocycle is named by combining the
appropriate prefixes with the ending in Table | in
order of their preference, O > S > N. st heteroatom g 5 s ssidila i ois 13

0> > N i glg¥ ey s (SUFFiX) Halgall g dacalil {sul gall



Y (. O

>N |!| \N /S Y
S W 1,3-Thiazole 5. N,
Oxaziridine B 1,4,2 - Dithiazine
~— "o (Thiazole)

D O
|| N—O

< w2z 9
7N - / /)\QM‘&M
N@

T
1 4_6' cald 3-chloro-5-methyl-1,2/8oxadiazole




ARl a5 &y Ll (heteroatoms) <) dg gl ol cut 5 oty 4

Priority of heteroatoms for numbering purposes:




The ring is numbered from the atom of
preference in such a way so as to give the
smallest possible number to the other hetero
atoms in the ring. As a result the position of
the substituent plays no part in determining
how the ring is numbered Iin such

compounds.

1404

N
7 / o Sz
/ 4-Methyl-1,3-thiazole
.S 5

Jals (heteroatoms) dualailf yul &)ill (o3l &iSas aL85T yhus] (odan’i 484 yhas § (oo 4 g% &3 3,301 (0 [N aadyiaiy
"Lyl 038 (o8 Aalad 40353 Ay sl (e S35 Y (Substituents)oy axicull &8 g0 1 il daging Al

18,53 i

(CHa Jis) ol gandl (ods #Lss sulg (O, S, N) syl sude 5Ly 3alatl 235
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BICYCLIC COMPOUNDS

918y80) Banlg Ayl (o8 (LSyiS (AL (e (5 93aT (ol LAWY (I Gy
.(fused rings) "dasguis" Slaladl 63 acuig (dagare

We next consider systems where two rings share a common
single or double bond, which are said to be fused rings. A common
case is where a benzene ring is fused to a heterocyclic ring. The

39 (heterocycle) duiladis yué dala o daails Gy dhla tadill Jlso

namebegins with the prefix “benzo. ARGl e 5523

The point of attachment is indicated by a letter that defines the “face’
of the heterocycle involved. Thus, the 1,2- position on the
heterocyclic ring is always the “a-face,” 2,3- is the“b-face,” 3,4- is the
“c-face,” and so on. After the name is established,the ring atoms are
given new numbers for the entire bicycCle. ... e esmom sy e

NI a-face gacws 1,2 adstl

a2y ...13549 « c-face oy 3,4 &s 51l b-face (aws 2,3 sl
T 9k (eladl sl (o8 &M ST asaas 4y ellac | Aty | asaad
Jolsils



In Table 2.4 and in subsequent examples, the letters for the faces of the
monocycleare placed inside the ring, and the numbers for ring positions
of the bicycle taken as a whole are shown on the outside.

Note that the final numbering always begins at a position next to the
benzo group and that the heteroatoms are given the lowest
numbers possible, observingthe O >S > N > P rule.

The positions of ring fusion bear the number of the preceding ring atom
with the letter “a” attached.

Brackets are used around the face letter, and the name is put together
without spaces, except that a dash separates the bracket from ring

numbers if present, asin benzo[d]-1,3-thiazole.

Table 2.4. Benzo-Fused Systems

5 B 4
4a 3a
& X3 5 > 3
C b |
7 b N o 6 2
Ba }/ 7a N 1
i 1 7 H
benzgblpyndine benzo{cjpyridine 1H-benzo[bjpyrrole

(quinolina) (isoquinoline) (indole)




0>S>N>P

benzo[d]-1,3-thiazole

ABLal Jal Lgxudg ais (faces) "Halall o oo™ Jiad (oilf dg yadlidllill Alsa ] (589 2.4 Jgaadl o8
Alall g LA (xS (bicyclic) E a3l sdladl alaill o calyill 431 g0 Jrad o3l a3,y Loi

dago Waade

(DeNZ0) g3all hs gans (ho wa B aud 39 (3o Lals T (oSlgall Al il
i 819Y 1 5usld £ Ll &o AiSas ald)i yhuoi (heteroatoms) s ga j<If yé )il ellas] alag

Aylealf 5,311 a3y 3AG (fusion) SlLalf g Lesil &bl go sLai
a iyl Ll dilang
.(4a.8a:Jw)

:(Brackets) (yul 93¥/

A[d] 51 [b] Jis) gl Sya Jga padind

Lol (o ga el isy

(onl 881 (1 Lt (<) By e alyT caan 131 0!
Jbe

Al (o (e 93 (08

(631 12 e 0 (@)

o 4,3,2, 148 (iSpall Bdalf ad )il 94 134

(Sl A (o pudie) ol altailf o8 oslyill JS Jacks

(...a, b, ¢ g,all) 52 (30 asdyill (£

(fusion) zLeas¥! (lSe aaail us 134 (o3a3a a3y 9o 138

S0yl FALa Caay (9 1 930 Gl (s doudind A (i £ ST 91 "o g gl Jaas

tilgw dasld
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8a = JAul (o A dnds
AL G " eI 08 Jga8 i




The name of the heterocyclic ring is chosen as
the parent compound and the name of the
fused ring is attached as a prefix. The prefix in
such names has the ending ‘o) i.e., benzo,
naphtho and so on.

\ \ e
S

(o) G =

a a N b
Benzo furan Benzo [c] thiophene
PR et ¢ ' Benzo [b] pyridine
S 2l
bapy)iis

J

2 Benzo [d] thiepine
—
b

symdo 3l
(@ilud¥| osylLs (heterocyclic ring) dualadil) yad daladf acl jLaidl aly

*Benzo[b]furan

(parent compound):

.(prefix) d&isLss (fused ring) dawsuill dalall ol 4L alsg
10" L§yally ogid Aalyll 038

&l ... benzo . naphtho :Jis

ey of

*Benzo[b]pyridine
*Benzo[c]thiophene
*Benzo[d]thiepine
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Nomenclature of Benzofused systems:

- If a benzene is fused to the heterocyclic ring. the compound is named by
placing number(s) indicating position(s) of the heteroatom (s) before the
P R

refix benzo- (from benzene) followed by the name of the heterocyclic
component.

:(heterocycle) dcilais yué dala 2o daanis (s dala CialS 13)

—
Balalf b sl b 3,51 13150 pL61/a3) g 1350 (o6 Al Fvaea o
benzo- (( benzene) duilaill yué dalall acl a3 o
3— Benzoxepin: L

3-Benzoxepin

However. the heterocyclic system in which two benzene rings are

orthofused to a six-membered 1_4-diheteromonocycle containing the
m’rfa@"L “gami heteroatoms are named by adding the 1eplacenlent prefix for the

heteroatom to the term ‘>aptlitefic” replacing “a’.

o different heteroatoms is named by adding the prefix “pheno-” to the
SAALEAS lyd (ole (69 Al AAa g (ylinonio (v GLEALS LA (1S 13) Hantzsch-Widman name of the heterocycle.
‘AilaLs danill aly o Example:
(Hantzsch-Widman alsi csua) dudlaill yué daladl awl | pheno dalall g P2 d TR
H

10H-Phenoxazine : JLws

10H-Phenoxazine

*Phenoxazine -> different atoms (O + N) /

Thianthrene / Phenazine -> same atoms y/

If two benzene rings are ortho fused to a six membered 1.4-dihetero

monocyclic ring containing WM atoms. then it is named by adding
the prefix p%éiw/- to the H-W pame-of heteroevcle.

o
containing identical heteroatoms, then the system is named using established

Aaulacs 43l 2o (ortho-fused) (lisasis (s (Ldla dlaa LS 13
trivial names and phenazine.

s N\ :(heteroatoms) (i 9,5 sé (rililale (il (ods (s 933

o Examples: [Alals dacuill aly

;::':,'::ine | = Aalailf jad 8,30 (repl 1t prefix) Jlagicy | dhols
s N

(LgLsass 2s) anthracene &als |
ety
Thianthrene

Phenazine *Thianthrene
(exception to the rule)

ype systems), such as thi

*Phenazine (3ssLalf (po s Lixivul)



(Fused Ring Systems) 3 ygaill adlall dalaiy | dracd

(a9 aled) Bannlg Aalys () 85yicdis ST 9T (pdlla Lauise ()9S CaliS o o 5yl | Ralai¥ | s dy yacill

thacaled ! us i s3I

138 Busng sl o3k Ala S

Baalgilaylybadd o/ sty (0 5351 gy P 50219 853 ol IS yikia sualy Baly sas (195 TLosiy!

as) i)yt A guskl bl gl (s was st ()

(C=C=C=) &asiyio cauasl X (e 90) Hagliio o/ a9kl baslgll (19S5 O o

Omalic Ty laadl) 5,35y ) B 1cigdl

(conjugated system) Laslyisg jiicus slss (o adlud 80a JS (Abla clang) Bl (o (5<hy alaM Ay

Naming of fused ring systems
B_ygaiall Aidlal) dalaty) diandd
» The fused heterocyclic system is considered
to be constructed by the combination of two

Guilail] yué palal alialf
D

or more cyclic structural units. oo

» The cyclic structural units contain
Mmaximum number of non-cumulative
double bonds/and are fused in such a way
that each structural unit has one bond

Laalg i (s (Sas vae ST (ods (5 giad dladl &lua gll 032

common m] Other.  sscss mon-cunustive) st e zagist

(SoAY) &0 Bannlg lalys el S Bang JS Jaai Ay sy



If two heterocyclic rings are fused, additional rules are
req U i red . A8ls) asl g3 zliny (heterocyclic) pricilaio yué GUEBLA ciaosil li!a<)

«(parent ring) daulei dala jLaiA aif

A parent ring is selected, (fusem,wwgumwj}\

and the other ring is considered fused on, aswas
observed for benzene fusion.

Some rules are as follows:

If one ring contains N, it is considered the parent, and its
name is placed last in the compound’s name.

If both rings contain N, the larger ring is the parent.

If both rings are of the same size, that with the most N
atoms is the parent, or if the same number of N atoms is
present, thatfusion of the rings that gives the smallest
numbers for N when the bicycle is numbered is chosen.

(parent) dswuledd| Zaladl yuiad ogd ((nang,ia) N (sle (5 i (pddlall (gaal ciils I&!ﬁ
parent Laia > <N Lgd.1 algall o __ﬂs;l Lgacaly

5SY1 34 > SN agad (pY1.2

ST N Lgad (ol 35 > Sanadl (i, 3

N U o aldf gdany (ol 33 > Segul] (i 4

parent s syl @lall Hlaas N ode (ol giad opidlal Lils 13( (£

adall sa3l N s OIS 1319 N (3 ST aue (ol (5935 (o1 LAl jLidlie samadl el il 13 ()
PV Aol 3 sandl 25 paall 25 el ] g a8yl e N U 800 L3 yauol edans (s3I iyl HLEAS 35 gleuio




Selection of base component: e

(Falady) ARty o) ¢ypSall SLd)

« Nitrogen containing component: a nitrogen containing component is selected

as ba Se ¢ O[npOIlellt 3 Nitrogen containing component:
\ S Al o[N) cangyins ole (5535 Gl (sua ] Gils 13 @
(base component) dawladd | dalall S La)Luia|
| Jutl
/ / Base component: Pyridine

Base component : Pynidine

« Ifnitrogen is absent, then ring with other heteroatom(s) is selected as base
component (order of preference as in the table) fitrogen s absen ®

g sl 31
0, AT Gl ol (5 giad il Aalall Hlias o
\ / (heteroatoms) (Jgaadl o3 Las) Zalady Catiyi cacus
I ety
/ *Base component: Thiophene (S) > 5>)\/>P
S S
a>3<

*Base component: Furan (O)
Base component : Thiphene Base component : Furan

Component with greatest number of rings is selected and named with recognized
trivial name if possible.

N
Component with greatest number of rings: \ \ ..
base = Lyl at cslall (ys sas ] e (5 g3a o3l 2ol :quinoline Jis 4
a2 0 (trivial name) Lig,%s awl aluiical Juads g Nﬁé:ﬁ’g‘*“ ‘“"‘n v
2t / / SRR 4

Base component: Quinoline N N




If rings of unequal size are present. then the one with largest size of the ring is selecte

JL\-LI
Base component: Pyran (bl (po yusi 4id)

Base component : Pyran

Ifrings or equal size with different number of heteroatoms are present. then the
ring with greater number of heteroatoms of any kind is considered as a base
component.

aaadl udl (il 13
aus Lgad ol G3La HLEAS 81536 (...0, N, S) dewilail) yud &yl sas (I
heteroatoms (s jsi

7 sJed

@ a L~ Base component: Oxazole (iuilais jé 8y3 (s ST dad d3Y)

DR

{

Base component : Oxazole
Gl Bpinst



» If rings of equal size with equal number of different heteroatoms are
Krescnt_. then the component containing ring with greatest variety of
eteroatoms is Selected. (heteroatoms) aualail yé culyill sas (udh Lgaslg pnall o8 & glosis LA ELS 13]

Aol pat Sl G g 3 ST ode 5533 il ARLal LA aly S
(N + N) Lgus 380s (y Juadi (N + O) Ly Bl 1 JLs

* If two heteroatoms of the same group are present. then components
containing heteroatoms appearing first in table is preferred.

As ganall Gudl (e dcadladall @ )4 cuils 1)
L) s b Y sf gl A ) e siad ) ARl (Juals o1 4l

<\: | :\> <> N7 P

Base component ; Oxazole

» Ifrings of same size with same numbers and same kinds of heteroatoms are
present. then the component containing the ring with heteroatoms which have
lowest locant numbers is preferred. o as e s o

L ) sie ) 1) o3¢ (Towest locants) a8l sl (Jand A1) AGal) LS o 4il

N
KIj
N
L\N N/

Base component : Pyridazine



 The attached component is added as a prefix to the name of
the base component. The terminal ‘e’ 1s replaced by ‘0’.

sl ) ZALa acsl Ja (prefix) aSabss i) (ALl daladf) iyl 23l
0@ ,AYI yadl Jlasic aling
benzene - benzo :Jls

* The bonds of the base component are alphabetalized with
consecutive italic letters starting with ‘a’ for 1,2-bond.....

Jealiaio JSiis (.3, b, €, d) 39y 3o, Hscaludl | ZRUIS (08 aslg )l
s J3SAg b = Ll dsllla = 2 91 o Aoyl ilsas

* The atoms are other component are numbered in the
normal way 1,2,3....in the principle of lowest possible
numbering. (o 2 5

(lowest locants) 4iSes sl i sl slac) 3l a g

« If a position of fusion is occupied by a heteroatom. both the components
(ring systems) arec considered to posses that heteroatom.

I 3 O

(0 51N Jis) sl yu 83 (sole (5 iy T LosiYI &390 (1S 13
3y31 038 (ole (yla gin Las (uialall (i yuias o/



0 >8> P (5% ladl i O o(N) (gl s g2l 13
ABled) asl gl oLy Bkl a3

* If no N is present, O has priority over S over
P, and then the above rules are applied.

* The ring fused onto the parent has the suffix
“0”; common namesare used (with
modification) where possible to simplify the
name. =" Sissinas

Some examples are pyrido for pyridine,
pyrrolo for pyrrole, thieno

for thiophene’ furo for furan’ imidazo for + pyridine - pyrido e
imidazole, pyrimido for oo s

pyrimidine, pyrazino for pyrazine, among .

imidazole - imidazo

th « pyrimidine > pyrimido
O e rS " - pyrazine - pyrazino
dago daade
e > 0 :(3 LAl Jeadis (Slia £3a) prefix juai U olalall slawi Js
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Naming Hetrocycles with fused rings

When naming such compounds the side of the
heterocyclic ring is labeled by the letters a, b, ¢, etc.,
starting from the atom numbered 1. Therefore side
‘a’ being between atoms 1 and 2, side ‘b’ between
atoms 2 and 3, and so on as shown below for
pyridine.

Aladiialy deailail yad Jalall (falg)) (3 9 racd als LSyl 038 Hracd sic
...a, b, cuigall

c a8y 8,300 (o elli Tasag
ROIRY]
/ 2 915,31 v a glialle
3 92 b alalle
b alisAge
e (pyridine) gussall JLso (o8 e 90 98 Las
d 'N°f

Pvridine



+ The face letter of the parent ring where the fusion occurs is placed
Tloudl (lss wie daculedd | dalall (.. 2, b, ) aa gl Sy

in brackets preceding the name of that ring. T
+ The position numbers
of the fused ring are placed inside the brackets before the face letter

a9 L el aty g cean ol 8y haB (pal 8331 JA L a3 25LALS ARUal &3] g0 al350

of the parent ring, separated by a comma. Rt

* The proper numbers forthe fused ring are those that are encountered
as one goes around the ring in the same direction as going
alphabetically around the faces of the parent = sus e imaosuma—e

Sdyadl LA s

Tloasyl dad jluo daculuu) GBI (o ald (5110023 (...a, b, €) Syl
saliyy HLaas (s

(38LAL) Al Zalal ads al3 )Y

tolavily Lead (olialy

(a > b > c) g adlolail yuds

Baayll

raled ) U e ElossYl (lSs = iyale

Al Gladl (ole zlosd¥l (lso = al3)Y e

Sy a8yl = uisille




Numbering of fused systems: tsiah &ilah £a3) of 5

* Fused heterocyclic system is numbered independently of combining components.
The numbering is started from the atom adjacent to the bridgehead | position with
the lowest possible locant(s) to the heteroatom(s). If there is choice. priority is
given according to the table.

@wd._gﬁg;we.p‘,.dl Taaa ¢ Mn}]@hdswygoulgonsspx@ull plaa
(bridgehead) zLoaxy/

N ety e e aprae e s N
«(N, O, S) dilaill yué &aly3ll diSas al)] yhusi (odany Cuaay
g Ny / N \ L G s (0 13
I | /l\ . (-..0 > S > N) LLASY iyl andi
e
N/ /N N

—
P}ralrx)l'.’\l-.ﬂp)'rd.uxnc Imidazo -.I-»"]lhl‘lok‘

Carbon atom common to two rings is given the lowest possible position.
both not numbered. However. the common heteroatom is numbered.

551l 3] Lol 35 Y Lgisl a8 90 J81 32T 10y 92,8 il 13) Callal o Akl 6,300

/ /?‘ :(N Jio) heteroatom dsyicit |
Lgandyi pa
N AN /

N

Imidazo| |, 2-h|pyridazine

The position of a saturated atom is indicated by an italic hydrogen and is

‘. . :(lad single bonds) dasdic 3,3 (o8 13
given the lowest possible number locant. N0 oseep bt i L H i
] | -
fused o508 U o
5,08 5aang Ala 1S das Jolaid

Lghdas cLul 3 aal
S 510 51N U aliyi yhuol ohaa’ s guuliadl Sagll 2H-Furo[3,2-h] pyran



(bridgehead) g Laud¥! (<o (3,3 (30 $039 (30 Tasd

REPAARRY ]
C > asiyile
@ 3 () *N/O > aadys
e SSShee ANG
EH | & "N ©
7H- Pyranol[Z. .3 -c]pyrrole 7H-thiopy>rano[Z_.3 - blfuran
1
7 ® |b 2 ® ] | ® @
N~ 2= 3 =
1H o”

2H -faro[Z2Z_3 - blpyran
1H pyrrolo[2_3 b]lpyridine

@ @

1 H

NI L H @
(&) >\ &,
\E @ @"D
@ a (E) K 3 @f S
H &
@ 1H.6H-pyrrolo[2.3-b]pyrrole

1H 4H-pyrrolo[3.2-b]pyrrole

H
—N‘i bNC43
A B 7 O
L§£§ V203,

Pyrimido[4.5-d][1,2,5]thiadiazole 2H,4H-1.3-dioxolo[4.5-d]imidazole




ClAlal) Faamia dalasy

MULTICYCLIC SYSTEMS

Gilas pall dgaliiio dolad) 43y yhall
!‘u.uLufy| Gyl el AL AELS
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* The general approach is similar to that for bicyclic sy
compounds. Theparent is taken as the largest multicyclic
system with a common name,and then other rings are

fused on as observed in the preceding section.

* The fusion of benzene is illustrated by the compound
benzolelindole,with indole being the name for the largest
heterocycle that can be recognized . o s sasosens.
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Two of the isomers that can be formed from quinoline are shown as

Td 94 o Las (quinoline) (nd gl (s 4aliss (isomers) cilaslaio (o< (Say

follows:
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quinoline benzo[gjquinoline benzo[c]quinoline
(phenanthridine)

Numbering the positions of a tricyclic compound always starts at an
atom of an outer ring component that is next to a ring fusion and
proceeds around that ring.
The starting position is chosen that gives the heteroatoms the lowest
possible numbers, as shown forbenzo[c]quinoline. If the numbering had
started at the position marked as 10 on this structure, N would have been
pOSition 6, not 5 OISk 8 glavs (3,955 AuamyLidf FRUaT) (08 83 (30 pdyill T 1(tricyclic) Clalalf (i3 (iSy0 sy wis
dAlalloia Jga pad il Jasi a3 (fusion) wlalall g Leas
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benzo[c]quinoline s :Jtus
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Systems where multiple heteroatom substitution is present are han-
dled by the same general approach as used for bicyclic systems; we
find the largest ring system that has a simple name and then specify
the point of attachment of other rings. We observe in one example that
follows, a fusion of furan at its 3,4- position with the parent cinnoline.
As before, the numbers outside the rings are the final numberings for
all members of the compound.

furo[3,4-cjcinnoline
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2.8. THE REPLACEMENT NOMENCLATURE SYSTEM

At this point, we can introduce an entirely different system of nomencla-
ture that is nevertheless accepted by IUPAC and is extremely valuable in
multicyclic and bridged saturated systems. This is the “replacement sys-
tem,” where the hydrocarbon name that would correspond to the entire
ring structure, as if no heteroatom were present, is stated, and then
given a Hantzsch—Widman prefix and number for the heteroatom(s).
Thus, phenanthridine shown previously has the ring framework of the
hydrocarbon phenanthrene, with N at position 5. The replacement name
would be 5-azaphenanthrene.

phenanthrene 5-azaphenanthrene
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