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OTHER AROMATIC HETEROCYCLES < o >

> Monocyclic heterocycles:

¥ Can ba pyridinedike (C=hataroatom double bond) or pyrrol-like [hataroatom participatas with twe alectrons
in the ©asystam.

F  Most frequantly found: N-heterocyclas

P}‘FFQI-I“‘IE P}‘FidinE-lihE I S
o g ==
HN\:/NH i = Hf 7
I - e
1,4-dihydro-1,4-diazocing 1H-azoning azacing Aza-[18]-annulana
(Hickal: 4x2 + 2 =10 © &) Hickal: 452 + 2 =10 Ta") Hickal: 452 + 2 =10 x &) [Hickal: 4x4 + 2 =18 wma)

=» Fused policyclic heterocycles:

¥ Incorporate both pyridine-like or pyrrol-like haterocyclic moiaties sharing one or more bonds.

Quinaling Acriding Ptariding Isoquinaling
MHickel: 4x2 ¢+ 2 =10 ma’) (Hickal: 4x3 + 2 =14 g &) MHickel: 4x2 + 2 =10 ma’) (Hickel: 4x2 ¢+ 2 =10 % &)
H 4 H
C S X )
/ / - ,:,'> M
N M
Indala Beanzofurana Puring Benzotriazola
Hickal: 422 + 2 =10 e’ Hickal: 422 + 2 =10 e’ Hickal: 422 + 2 =10 g &) Hickal: 422 + 2 =10 &)
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NON-AROMATIC HETEROCYCLES

F Heterocyclas in which the p-ring systam is partially or complataly saturatad.

* Bahava chamically like the corresponding acyclic analogues but taking inte account the STRAIN (anglae
strain, staric strain and torsional strain)

* Because of Angle strain, small-size rings tand to react by ring-opaning processas, releasing strain and
maching to a mora stabla situation.

ANGLE STRAIN

Baeyer Strain Theory:

* Explains spacific bahavier of cheamical compounds in tarms of bond angle
gtrain.

= It was proposed by Adolf von Baesyer in 1885 to account for the unusual
chamical reactivity in ring-opening reactions of cyclopropanes and
cyclobutanes wheare this angle strain is ralisved.

Adolf von Beeyer [1B35-181T)
Mobel Prize for Chemistry [ 180 5)

On ring strain he noted in 1885:

"Tha four valances of the carbon atam act in the directions that connact the camter of a sphare with the corners
of a tetrahedron and that form an angle of 109.28" with sach other. Tha direction of the attraction can expariance
a deviation that will, howeaver, causa an increasse in strain correlating with the degree of this deviation™

9 January 2019
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ADOLF VON BAEYER e

Johann Friedrich Wilhelm Adolf von Baeyer was born on October 31, 1835, in Berlin, as the son of Johann Jakeb Baeyer and
Eugenie née Hitzig. He came from a family distinguished both in literature and the natural sciences. His father, a lieutenant-general,
was the originator of the Eurcpean system of gecdetic measurement. Ewven as a child Baeyer was interested in chemical experiments
and at the age of twelve found a new double salt of copper. Baeyer devoted his first two years as a student at the University of Berlin
(1B53-1855) chiefly to physice and mathematics. By 1856, however, his old lowe for chemistry re-ewakened and drew him to Bunsen's
laboratory in Heidelberg. His studies here on methyl chloride resulted in his first published work which came cut in 1857. During the
next year he worked in Kekulé's private laboratory in Heidelberg and was associatedwith his ingenious structure theory. Baeyer's life
work was soon to bring this indeed most brilliant of chemical theories much rescunding success. In 1858, in Berlin, he received his
doctorate for his work on cacedyl compounds which had been donein Kekulé's laboratory.

H4Z CHy
For the next year or two Baeyer was again working with Kekule who had meanwhile become ! “-‘
Professor at Ghent. A study of uric acid, which also led him to the discovery of barbituric aeid, As— Ag
provided the thesis by which he gqualified as a8 university teacher in 1860. In the same year he _,-‘r "'-_'
became & lecturer in organic chemistry at the "Gewerbe-Akademie" [Trade Academy) in Berlin. He H4 G CH4

received little money but was given a spacicus |laboratory. In 1866 the University of Berlin, at the

c dyl: ia Iy liguid
suggestion of AW. Hoefmann, conferred on him a senior lectureship, which, however, was unpaid. i A

with a garlicky ador. Undergoss

spontanesus combustion in dry
It was during the Berlin pericd that Baeyer began most of the work  air  FIRST ORGANOMETALLIC

that was to bring him fame later. In 1865 he started his work on indigo - COMPOUNDISOLATED.

the blue dye had fascinated him since his youth-and this socon led to the In Bunsen's woards “he smell of
discovery of indole and to the partial synthesis of indigotin. His pupils  this pody produces instsntaneous
indige Greebe and Liebermann, with the help of the zinc-dust distillation tingiing of the hands snd feet, and

developed by Baeyer, clarified the structure of alizarin and worked out even Liddingss and
the synthesis used industrially. Studies were initiated on condensation Nsensbiity. it is remarkabie that

0 OH
OH !
@‘G reactions which, after Baeyer had gone to Strassburg as Professor in the (When ong is exposed fo the smeil
|
¥

. : ] ] - of these compounds the fongue
newly established University (1871} brought to light that important hocomas coversd with 8 Bisek

costing even when no furher evir
efTects are noticesabie”.

category of dyestuffs - the phthaleins. Baeyer's theory of carbon-dioxide

assimilation in formaldeh yde also belongs to this period.
Alzarin

On the death of Justus von Liebig in 1873, Baeyer was called to his Chair in the University of Munich and there, ower many years,
built up an excellent new chemiecal laboratory. With his tenure at Munich came elegant total syntheses of indige, as well as work on
acetylene and polyacetylense, and from this derived the famous Baeyer strain thecry of the carbon rings; there were studies of the
constitution of benzene as well as comprehensive investigations into cyclic terpene. In this connexzion the Baeyer-Villiger oxidation of
ketones by means of per-acids was discovered. Especial interest was arcused theoretically by his work on organic peroxides and
gxonium compounds and on the connexion between constitution and colour.

\ 9 January 2019
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NON-AROMATIC HETEROCYCLES <

ANGLE STRAIN
Coulson and Moffit Model

“The maximum overlap between molecular orbitals is not an absolute requisite for bond formation if this leads to
significant deviation from the natural angles associated to hybridization"

» Ring strain is reduced if internal sp® orbitals acquire higher p character.

» sp? Orbitals with a higher p character implies that bond lengths are shorter, with a bond angle closer to
90° and with a curvy geometry (also known as banana bonds)

» The external sp2 orbitals (those linked to H in cyclopropane) acquire less p character (more spherical)
and this leads to distorted bond angles (¢ =116° and not 109°)

& &

h' 4 HH G
%4 s kgj 'ﬁg—‘ Gxﬁ' ~

Consequences of Angle Strain: The angle strain of cyclopropane renders the molecule unstable and highly reactive
due to the large amount of potential energy stored in the molecule. Cyclopropane, when burned, releases substantially
more energy than when propane is burned. This difference cannot be explained solely by the fact that there are two

additional hydrogens in propane. The higher heat of combustion of cyclopropane is due to the angle strain. It is known

that cyclohexane does not undergo hydrogenation reactions. However, cyclopropane does readily undergo
hydrogenation reactions.2 This difference in reactivity is due to the high potential energy stored in cyclopropane,
whereas there is little potential energy in cyclohexane.

9 January 2019
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NON-AROMATIC HETEROCYCLES

STERIC STRAIN

» Steric strain resuilts from the electron-electron repulsion of atoms (or groups of atoms) that are too close
together.

» Steric strain stores potential energy in a molecule by forcing repelling groups together.

E.g.: 1,3-diaxial interactions in cyclohexanes E.g.: s<cis conformation in butadiene

1.3 dawia
Interochore

! matwl r.;'alsw
AXNIAL

9 January 2019




NON-AROMATIC HETEROCYCLES <

TORSIONAL STRAIN

~Steric strain that occurs when there are eclipsed interactions.

E.g.: conformations of n-butane.

~*-=Tors o1 Enasgy
MM2 Energy Determinations for Butane Conformations —e-— ) 4 voW ey

e ron- | A VOW Enovgy
130 s = Tatal Erergy

| - “gQCn,
Nk L
My n. v, c‘

S0

80 ¢

70

movie
&0 ¢
L0

40 |

trergy (kcal/mod)

30 |

¢ 1% 30 &3 40 7S B : s N 288 300 318 330 348 380

Dihedral Angle (“Rotation Areund C2.C3 Bond)
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NON-AROMATIC HETEROCYCLES (& )

THREE-MEMBERED HETEROCYCLES

=2 Consequences of angle strain and torsional strain.

»Higher reactivity: Ring opens quite easy (C-X bonds are also polarized)

&+ i ‘;’(*
X X R'" X~
R T A:: e HE s
R“ o & R1 o B R"J o 1}
u
N

v'Attack on less-hindedred carbon atom (steric control)
vInversion of configuration at the attacked carbon atom
v'Retantion of configuration at the other carbon atom.

rLess basicity of the heteroatom lone pair: Aziridines are less basic than other secondary amines because the curved
bonds make the sp? orbital which contains the lone pair to have more s-character (more spherical) and therefore

electrons remain closer to nucleus and more tightly bonded.

rincreased energy barrier for nitrogen inversion in aziridines:
Nitrogen atom in aziridines is highly pyramidal and the required
energy to undergo pyramidal inversion is relatively high because the
molecule has to go through a highly strained planar intermediate. As
aconsequence, rotamers can be in some cases isolated.

9 January 2019
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FOUR- AND FIVE-MEMBERED HETEROCYCLES

Azetidine:
»Non-planar molecule: Twisted conformation in order to minimize strain.
H The most
H l'-l ;1\ stable conformation
H ces the nitrogen lone
H O a
H Nb ——— H% 'Sfir in a pseudoaxial
H
H i position
H -
axial euatorial
Oxetane:

~Planar structure: The lack of substituents at oxygen atom makes torsional
strain to be minimal and the energies between twisted and planar structures are

very close to each other

Pyrrolidine and tetrahydrofurane:
»Non-planar molecules: Envelope-like conformations to avoid torsional strain (no angle strain in five-membered

cycles).
rHetaroatom goes to the out-of-plane position to avoid

gauche interactions

H H ;
H N H H H
H=
€ N
H H h H H Tetrahydrofur Pyrrolidine

ane

»Pyrrolidine is more basic than acyclic secondary amines (lone pair more exposed on a molecular orbital with full
sp® character (no angle strain)

\ 9 January 2019
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NON-AROMATIC HETEROCYCLES (& )

SIX-MEMBERED HETEROCYCLES

#Non-planar molecules: Chair conformation is the most stable one
~Heteroatom lone pair prefarably on axial position (minimizing 1,3-diaxial strain)
»Other issues to take care of when carrying out conformational analysis:

OPyramidal inversion of nitrogen atom.
OThe two interchanging chair conformations

Most stable Pyramidal inversion at N
conformation m’R — > mND
0 R
Cycle
fiip

Cycle
flip
Pyramidal inversion atN 0
N Most stable
M Q m SR conformation

OThe Van der Waals interactions between substituents and the lone pairs of the heteroatoms. These are
very important on highly electronegative atoms such as oxygen (electrons are closer to the nuclei and
electrostatic repulsions bacome more important)

v i 1,3-diaxial Interactions between lone

Q) Ig make this conformer more unatable
N = 9°0—7
NéQ ———
| r L /
R P’.‘_ ': R
a 1,3-diaxial
Interaction
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NON-AROMATIC HETEROCYCLES
SIX-MEMBERED HETEROCYCLES

Olntaractions between contiguous lone pairs: Preference for gauche conformation (lone-pair

containing orbitals almost perpendicular) because of the possibility for existing overlaps between ¢”
molecular orbitals which contribute to the stabilization of electron density by delocalization. Maximum
energy on eclipsed conformation in which both lone pairs are eclipsed to each other because of

slectrostatic repulsion.
H
| Q Q
— H
| 1
H H d
jii iv v |, 1, vi, vii: pyramidal Inversion
i, bv, v: cycle flip

. H
H Y vii |

m&,ﬁa:@s— ~®C§ﬂ
@c@:ﬂ@%ﬁi&- 1£804%
X L

imum energy

HH

\ 9 January 2019
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NON-AROMATIC HETEROCYCLES (& )

SIX-MEMBERED HETEROCYCLES

2 Anomeric effect: Orbital imtaractions through a-bonds.

* The anomeric effect, also known 83 Edward-Lemieux eflect is & stereaelectronic effect that describes the tendency of

heteroatomic subatituents adjacent to 8 heteraatom within a eyclahexans ring to prefer the &ial orientation inatead of the
leaa hindered eguetorsiorentation that would be expected from ateric conslderations.

e ”é{iﬂm
Hi2
T o+ I B

. Lo

* The maost widely accepted explanation is that there is a stabilizing interaction {hyperconjugation) between the unahared

electron pair an the ane heteraatom (the endocyelic ane in a suger ring) and the o arbital Tor the axial jexocyelle) C—X
bo nd.

In terma of resonance gructures

S A
"

9 January 2019
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NON-AROMATIC HETEROCYCLES <

@ Anomeric affact:

Ih-D-ghues Bl

K= BH A = D58
40 = AThK = 1 3 kima!

s

SIX-MEMBERED HETEROCYCLES

In cyclobazanes

e

ME% AB-7mmol’ B8%

e \'.‘-'-QL

B 1%

A8 =4.1 Eimel’

e —— ¥

7% A-INkmel 2% O

\:.;".Jl

70N

N

785% Al =24 ket

£
Vrgé’ 3
v

14
f

v
) E:‘y ?
4 { < -
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t:&ﬁﬂl —
TH;
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T3 — ‘:1
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OTHER FACTORS INFLUENCING CONFORMATION

Other different types of interactions can also influence the preferred conformation for non-aromatic
hetarocycles

Intramolecular H-bonding Interactions: Can fix a hypothetically strained conformation because of
the stabilizing effect of the intramolecular bond.

o H\
HO \\\
me Me —_— &N\MO

More stable

Ring-chain tautomerism:
* Tautomers are isomers of organic compounds that readily interconvert by a chemical reaction. Because of the
rapid interconversion, tautomers are generally considered to be the same chemical compound.
* Ring-chain tautomerism occurs when the movement of the atoms (generally a proton) is accompanied by a
change from an open structure to a ring

- R’
poe Boog R 4 I R o i
~ Ej ~ ' i, OH R” U EjL Ok
$ -
yamincketone Pyrrelidin-2-ol d-aminoketone Piperidin-2-ol

9 January 2019
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NOMENCLATURE :-

The name of heterocyclic compound consists of two components
prefix +suffix.

Prefix -------->> Tells about the nature of the hetero atom.
Suffix ------->> gives information about (i) Ring size.

(i)Presence/Absence of unsaturation.

Note :-Prefix gives information about the position of the hetero atom.

9 January 2019
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'NOMENCNLATURE OF HETEROCYCLIC COMPOUNDS =

GEMNERAL RULES (adepted by IUPAC)

Hetero-atom is to be counted as 1 or as low as possible
When there is more than one hetero-atom, preference is given to O, then S, then N, then C.
Also N-H presides over —N=.
When there is more than one hetero-atom, numbering should be as direct as possible from

one to the other

Substituents are numbered as low as possible

Acceptable prefixes include O=0xa; S=Thia; N=Aza
Commeon suffixes for N- and non-N-heterocycles: For partially unsaturated systems, H
is(are) are used to indicate the location of saturation
Hantzsch-Widman System of systematic name of heterocyclic compounds

_aS\TYOF g o
R\ % '*.s,f

N s
s h
&
h U

1
(\VV«‘/

Ring Size Saturated Partly Saturated Unsaturated
3 -irang - -irane
4 atane (dihydro) ate
5 -glane (dihydra) ala
B sinane (di or tatrahydra) e
T apane (di or tatrahydra) aping
B -DCANE (di, tatra, or haxahydra) acing

9 January 2019
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NOMENCLATURE OF HETEROCYCLIC COMPOUNDS ( ]

Hantzsch - Widman Nomenclature (adepted by IUPAC)

Ring Size Saturated Partly Saturated Unsaturated
3 -rane - -irane
4 -atana (di hydr o) -ata
5 alana (dihydra) ale
G sirnana (di or tatrahydro) -irg
7 -gpang (di or tatrahydro) ~@pine
B ~OEane (di, tetra, or haxahydra) ~BEine
H
Common name : athylens oxide N
Systamatic name : Oxa + irana .... Oxirans Common name : piparidine

Systamatic name : Aza + inang .... TH-Azinans

Common namea : furan

Systamatic namea : Oxa + ola ... Oxaola
4 ; *'N Commen nama : pyrimidine

I Systamatic name : two aza at 1, 3 positions + ine
- wow [1,3]-diazine
N

Comman name : pyrrole
Systamatic name : H at 1 position + Aza + ola .... TH-Azole

\ 9 January 2019
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Hantzsch - Widman Nomenclature (adepted by IUPAC)

Ring Size Saturated Partly Saturated Unsaturated
3 4drane - <rene
< -atane (dihydro) -ate
5 -olane (dihydro) -ole
6 <nane (di or tetrahydro) -ing
7 -epane (di or tetrahydro) -apine
B8 -ocane (di, tetra, or hexahydro) -ocine
H
N /—0 Vam
1 i e
NH LNH \_,/N
4,5dihydro-2H,8H-
Azocane [1,3]-Oxazocane [1,3,7]-Oxathiazocane [1,3,7]-oxathiazocine

Ph\(oﬂ Ph
6-Methyl-2-phenyl- 6-Methyl-2-phenyl-
\_J\CH 2H,8H-[1,3,7]-oxathiazocine I 2H 3H,8H-oxocine
S

9 January 2019




Nomenclature of Heterocyclic Compounds < g-ﬁ;

There are a large number of important ring systems which do not possess
any systematic names rather non-systematic or common names are used for
them. Some of such examples include the following:

4 3 4 3 4 3
[\ I\. ¥V TF
I
2 5 2 6l 2 S NI
0 S N
I I 1 6
Furan Thiophene Pyridine Pyridazine
3 4 - :
| |
& 2 &
7 N7 - N Ny H/J
& | 7 |1 3 l*?
H H
Quinoline Indole Purine

9 January 2019
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£ 3 7 2
2
7 f 3
g ] O : TIJ 0
H
Coumarin Acridine

The numbering and nomenclature of heterocyclic rings become more
complicated for condensed or fused ring systems, i.e., when a part of one ring
is also a part of another ring. Such ring systems, however, are known by non-
systematic or common names, such as indole, isatin, isoquinoline, etc., as
indicated in the preceeding paragraph.

There is vet another system of nomenclature for fused rings that is
commonly employed. According to this system, the side of the heterocyelic
ring is labelled by the letters a, b, ¢, etc., starting from the atom numbered 1.
Therefore side *a’ being between atoms | and 2, side */" between atoms 2 and
3, and so on as shown below for pyridine.

C i
,.---"’"i

b | £
.

a N°f

Pyridine

\ 9 January 2019
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Nomenclature of Heterocyclic Compounds < - -1 >

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

4 3 4 3 2

3 3 f T3 4 e
S1

& 2 7 N-""; 3 T

7 []] 8 | 6 7

Benzo [b] furan Benzo [b] pyridine Benzo [¢] thiophene

the ending *o’, i.e., benzo, naphtho and so on. The following examples explain
this rule.

N
1
Benzo [d] thiepin Benzo [f] gquinoline

In a heterocyclic ring, other things being equal, numbering preferably
commences at a saturated rather than at an unsaturated hetero atom, as depicted
in the following examples:

\ 9 January 2019




Nomenclature of Heterocyclic Compounds <

C,H;

43 2
/ \N; 5ij\|_ﬂ3
N2
5 & -
CH, T|~f]/ - Tih
H CH,
3-Ethyl-5-methyvlpvrazole I-Methylindazole

In a heterocyelic ring with maximum unsaturation, if the double bonds
can be arranged in more than one way, then their positions are specified by
numbering those nitrogen or carbon atoms which are not multiply-bonded,
Le. bear an ‘extra’ hydrogen atom, by italic capital *1 /" 24 *3H°, etc. The
numerals indicate the position of these atoms having the extra hydrogen atom.
The following examples illustrate this rule:

H
4 3 4 5 4 4
Hﬁ 5~ g o\ H 5@]‘43
2 \ 2
H H s /R

2-Methyl-4H-Oxete 2H-Pyran JH-Azepine  2(1H)-Pyrimidinone

9 January 2019



Nomenclature of Heterocyclic Compounds < - -1

H
g
N_2.0 H
!
N
4
Quinoxaline-2(1H)-one  2-Methoxy-6H-azepine

The position of the hydrogen atom in a partially saturated heterocyclic
ring can be indicated by writing 1, 2-dihydro, etc. with the name of the com-
pound. Alternatively, the position of the double bond can also be specified as
A', A%, A%, etc., which indicates that 1 and 2; 2 and 3; 3 and 4 atoms respec-

tively have a double bond.

3 4
2/ i__CH, 2{/ ) s
1

+
1T'|’I H,

6H-1,2,5-Thiadiazine

0O

S,S-Dimethyl—ﬂl-pyrruline N-oxide AP vrroline

9 January 2019
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H
A’-Tetrah vdropyridine aS—Dihyd ro-1.3.4-thiadiazine Al-Oxazoline

A positively charged ring is denoted by the suffix “-ium™.

Groups such as € = 5 and C = WH present in the ring are denoted by the
suffixes “-thione™ and *-imine™.

Bicwclic bridged structures are quite common in heterocyclic chemistry.
The nomenclature of such a structure consists of the prefix bicvyelo, followed
in square brackets the number of carbon atoms separating the bridge heads by
the three possible routes in descending numerical order. This is followed by
the alkane containing the same number of carbon as the whole bicyclic het-
erocyclic skeleton. The following examples illustrate the use of this rule.

o-Hvdroxvimino-7, 7-dimethvl-2-
azabicyvelo [2.2.1] heptan-5S-one

N CH,
El 1 2

6.6-Diphenvl-3-azabicvelo
[1.1.0] butane [3.1.0] hexane.

2. 3-Dimethvl-1-azabicvelo

9 January 2019
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Table 1.1 Main three- and four-membered heterocycles.
Ring size Heteroatom
N O S Other
W 7 v
3 H O S
Aziridine Oxirane Thiirane
NH v O T NH
H O 0
Diaziridine Dioxirane Oxaziridine
4 D'JH D:. Eé [:ée FLH
Azetidine Oxetane Thietane

Seletane Phosphetane

9 January 2019
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Table 1.2 Main five-membered heterocycles.

Ring size Heteroatom
N Benzo o Benzo S
0 oo O ©
’ N N 0 0 S
H Furan Thiophene
Pyrrole Indole Benzofuran P
d N J \
- N"N ’{ ..N f __,N
3
H O S
Pyrazole [soxazole [sothiazole
N
" & ®
> B /N
H O S
Imidazole Oxazole Thiazole

9 January 2019
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N N’ N—  N-N N—  N-N "”’i\‘"
5 {D) Ls’ LS) , e
Triazoles S
(Oxadiazoles Thiadazoles
N-N
[
U N
N
H
Tetrazole

Table 1.3 Main six-membered heterocycles.

Ring size
N Benzo O
=
-
= N =
| . Quinoline | P

G
N I :
Pvridine Pyrilium
- e N -
Isoquinoline
Yy )
-N
N® N”'J NT

Diazines

Pyridazine Pyrimidine Pyrazine

\ 9 January 2019
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.-‘N .rN .-'N
Nr‘" Nf N.-l"
Tetrazines
Table 1.4 Other simple heterocycles.

Ring size Heteroatom
N Benzo
Vo \
7 N N
H H
Azepine Benzoazepine
e = N ~a | ™~
- NN / X
5-5, 5-6, 6-6 S| . N =
Pyrroline Indolizine Quinolizinium

9 January 2019
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