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After studying this module, you shall be able to understand:

* What are annulenes?
¢ How can you synthesize annulenes?
*  What are the reactions possible of annulenes?
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Annulenes are completely conjugated monocyclic hydrocarbons. They have a
general formula C,H,. According to the IUPAC naming conventions, annulenes are
named as [n]-annulene, where n is the number in the bracket indicates the ring size or the

number of carbon atoms in their ring.

For example,
Cyclobutadiene is named as [4]-annulene,
Benzene is named as [6]-annulene,
Cyclooctatetraene is named as [8]-annulene,
Cyclodecapentaene is named as [10]-annulene,
Cyclododecahexaene is named as [12]-annulene,
Cyclotetradecaheptaene named as [14]-annulene,
Cyclohexadecaheptaene named as [16]-annulene,

N
Cyclooctadecanonaene named as [18]-annulene and so on. The structures ar

given below:

[4] Annulene  [6] Annulene [8] Annulene (planar) [8] Annulene (Tub shaped)

%, - Not aromatic Aromatic i _|':Jot'"a‘romatic
r

[10] Annulene 3143 Annulene [16] Annulene
Nosaromatic Aromatic Nonromatic

X

| carbocyclic rings) -

[18] Annulene
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Annulenes were first prepared by Sondheimer et al in 1962 to test the Huckel’s
rule of aromaticity. According to Huckel’s rule of aromaticity ‘if the number of n-
clectrons is cqual to 4n+2 where 7 is equal to zero or a whole number, the system is
aromatic’. The number of n-electrons for Hiickel's rule are 2 (n = 0), 6 (n = 1), 10 (n =2),
14 (n = 3), 18 (n = 4) etc. Various annulenes prepared were have n= 10, 12, 14, 16, 18,

20, 24,-3(.). Out of these only [14], [18], [30] annulenes have (41 + 2) 7-electrons and are
aromatic n nature.

Th_e [fl]-annulcne is cyclobutadiene having 4mn-electrons and is anti-aromatic in
nature. It is lhng'lly unstable due to the ring strain. Tt can be isolated only under controlled
conditions like in Argon matrix or using trapping agents like dienes. Studies show that it

has a rectangular structure rather than a square, with C-C bond length of 1.567 A and
C=C bond length of 1.346 A,

The [8]-annulene is also known as cyclooctatetraene. It is a polyunsaturated
hyﬁdrocarbon, which is a colorless to light yellow flammable liquid at room temperature.
It is non-planar and adopts a tub-conformation as shown below:

The [10]- and [14]-annulene are not particularly stable due to geometric factors.
[10] Annulene is also known as cyclodecapentaene. Since it has conjugated 10-7
electrons but still it is not aromatic due to the combination of steric strain and angular

strain. Many conformations are possible for [10] annulene:

(1) Planar all-cis isomer: in this conformation all the bond angles are of 144° which

creates Jarge amounts of bond strain relative to the ideal 120° for sp?® hybridization,

(2) Boat-like all-cis conformation: In this conformation angular strain is less in

comparison to (1) but is still unstable,
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(3) Planar trans, cis, trans, cis, cis isomer: This conformation suffers from steric
repulsion between the two internal hydrogen atoms,

(-H Non-planar trans, cis, cis, cis, cis isomer: This is the most stable of all the possible

isomers.
- i 2 L~ |
CN
NC CN
} H H
; CN
/ " .
5 6 NC
NC CN |
7

The [14] annulene has 14 electrons in its conjugated pi system and hence it
possess some aromatic character. The [l6]-annulene is non-planar, with
alternating C=C and C-C like a non-aromatic polyene. The [18]-annulene is almost
planar, with some aromatic stability. However, it reacts more like a polyene than
benzene. It undergoes addition reaction with Haand Bra, and a Diels-Alder with maleic
anhydride. The higher annulenes (1 > 18) are of less synthetic interest. This is mostly due
to their significant bond alternation asymmetry, and conformational flexibility. All the
higher annulenes up to n = 30 have been synthesized except n = 26 and 28.
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3.1 Synthesis of {4]-annulene

Cyclobutadiene was first synthesized in 1965 by Rowland Pettit et al although they could not

isolate it. In 1965, the first stable pale yellow crystalline solid cyclobutadieneiron tricarbonyl was k. '

prepared from Fex(CO)s and cis-dichlorocyclobutene via double dehydrohalogeration reaction. o ;
|
$
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Annulenes are conjugated monocyclic hydrocarbons with a general formula C,H,,.

According to the IUPAC naming conventions, annulenes are named as [n]-annulene,

where 7 is the number in the bracket indicates the ring size or the number of carbon
atoms in their ring.

Some annulenes possess aromatic character while others are non-aromatic polyene.

The higher annulenes (1> 18) are of less synthetic interest. This is mostly due to their significant
bond alternation asymmetry, and conformational flexibility.

The synthesis of selected annulenes are discussed like synthesis of [4]-annulene, [§}-
annulene; [10]-annulenes and [18]-annulenes.

The‘[8]~‘aanuléi1’¢s can easily be synthesized by Richard Willstatter synthesis and Reppe's
synthesis. 3

The in'i'_por’tant reactions of [4]-annulenes, ‘[6]-annulenes, [10]-annulenes and [18F
annulenes have been discussed
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/33( INTRODUCTION

Heterocyclic compounds are relatively stable ring compounds in which one or more of the ring
atoms are of clements other than carbon called hetero afom (s) (Hetero-different). These hetero atoms
are mostly N, O and S. Elements like P, B, Si, Sn, Al, As, Cu are also occasionally incorporated in the

ring. Epoxides (e.g., ethylene oxide) and lactones (e.g., y-butyrolactone) are generally excluded due to
the relative instability of their ring systems,

Their names may be given after the hetero atoms present in the ring. Thus we have oxygen
heterocyclics like furan, pyran, ete., nitrogen heterocyelics like pyrrole, pyridine, piperidine, etc.,
sulphur heterocyclics like thiophene, thiopyran, etc. for single hetefo atom containing compounds.

They may also be classified on the basis of the size of the heterocyclic ring present. We have for

example, S-membered heterocyclics (Furan, pyrrole thiophene etc.); 6-membered heterocyclics (pyridine,
piperidine, pyran, thiopyran efc.); containing single hetero atom.

Five membered rings containing single heteroatom :

\“~ & " \ . 5 .
7 N Q 8 Q N
H H

Common name Pyrrole Furan Thiophene Tetrahydrofuran Pyrrolidine
IUPAC name zole Oxole Thiole Oxolane Azolidine

Six membered rings containing single heteroatom :

DO Q9 O

Common name  Pyridine Piperidine y-Pyran y-Thiopyran  Tetrahydropyran
IUPAC name Azine Perhydrazine 4H-Oxane dH-Thiane Oxane

Five membered rings contalning two or more hetero atoms :
The suffix-azole is used for five membered rings containing two or more hetero atoms with atleast

799



800 ‘ HETEROCYCLIC COMPOUNDSA

one nitrogen atom. For example,

T T

Common hume Pyrurole Imidurole 1, 3, 3,<T'rinnole Oxnenle 1'hinzole
IUPAC nume 1,2-Diazole 1, 3-Diarvle 1,3-Oxusgoly 1, 3-Thiazole

N

Six membered rings containing two or more hetero atoms :

The suffix-azine is used for six membered rings containing two or mere hetero atoms. For

o g QL

Common name Pyridazine Pyrimidine Pyrazine sym-Triazine
IUPAC name 1,2-Diazine 1,3-Diazine 1,4-Diazine 1,3,5-Triazine

example,

Condensed heterocyclics.
Occasionally, we have condensed heterocyclics containing two or more fused rings. The ‘fused’

rings may be partly carbocyclic and partly heterocyclic (e.g., indole, benzofuran, carbazole, quinoline,
isoquinoline, efc.) or completely heterocyclic (e.g., purine).

e,
.,
s,

gy A " [ Partly |
} heterocycli_cJ
H
Benzofuran Carbazole
:ij:—w CanE?aﬂ
N: o ‘ s ' i
@@ N I}ql,” Iheterocyclic
Quinoline iso-Quinoline Purine

Recently, heterocyclic compounds have been given class names which symbolise their chemical
behaviour, Heteroparaffins (e.g., pyrrolidine, tetrahydrofuran, piperidine, etc.) resemble to paraffins
whereas heteroaromatics (e.g., pyrole, furan, thiophene, pyridine, etc.) resemble to aromatics.

334. NOMENCLATURE

(1) The systematic names for monocyclic compounds are given by using prefixes for the nature of
hetero atom(s) present and dropping ‘a’ whenever necessary; e.g., oxa- (for oxygen); thia- (sulphur);
aza- (nitrogen), sila- (silicon) and phospha- (phosphorus), etc. If two or more similar hetero atoms are
present, the prefixes di-, ¢ri - etc. are used, e.g., triaza, trioxa, etc. If hetero atoms are different the
numbering starts from hetero atom of the highest group in the periodic table and as low an atomic
number when in the same group. Thus the order of naming will be O, S, N, P, Si, etc. e.g., oxaza

(O then N).

(2) The size of the monoheterocyclics is indicated by suffix-ole for S-membered and - ine for six
membered.

(3) In monoheterocyclics numbering is given in such a way that the lterero atom gets the lowest
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number and proceeds in anticlockwise around the ring.

(4) When the hetero atoms arc different, the numbering is given in according to the order Rive,
in rule-1, and proceed round the ring in order of precedence.

(5) In common names Greek lerters denote the position of the substituents, For exnmple,

e ———r——

)

4 CH, 3 3 {
ms@z(m @/ e “Z—B "‘/]“";:‘
a6l 1 2 " .I- 2 5 1 3 st 1y,
(a’)6 N (@) \N (u)Sé o ) () f'I !

Common name Pyridine f-Methylpyridine Furan Imidazole Oxazole
IUPAC name Azine 3-Methylazine Oxole 1, 3-Diazole 1, 3-Crazle

The radicals derived from pyrrole, furan and thiophene by the replacement of one hydrogen ap,
known as pyrryl-, Juryl-and thienyl-respectively. The position of hydrogen replaced is indicated by

the number assigned 1o that carbon. For example, '
- O 0 5
El = 0] S S 0
2-Pyrryl- 2-Furyl- 2-Thienyl 3-Thienyl- 3-Furyl-

The radicals derived from the corresponding methyl derivatives by the replacement of hydropen
are known as pyrrolyl-, Jurfuryl- and thenyl. For example, |

CHy— CHy—
LMo [ cr [y [ e [V
H

2-Pyrrolyl- 2-Furfuryl- 3-Furfuryl- 2-Thenyl- 3-Thenyl-

Exception. ‘N’ does not get the lowest number in iso-quinoline, here the numbering is followed 1
accordance to quinoline structure, see below. '

5 4 5

4
6 3 6 3
2

g+l 8 1 >
Quinoline iso-Quinoline

I. FIVE-MEMBERED HETEROCYCLES
33.2. OCCURRENCE

Pyrrole, furan and thiophene are the three simple five-membered heterocyclics, P bed
coal tar whereas furan s present in pine wood. Thiophene oceurs in coal tar and shale oil. Nawrally |

33.3. GENERAL METHOD OF FORMATION (Paal Knorr Synthesis)

A general synthesis for pyrrole, furan and thiophene derivatives can be achieved !’rum._'-'
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Heterocyclic compound
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\/.-\ hetervcycli
clic compound or ri
o : i
Y  ring structure is a cyclic compound that

has at i
oms of at least two differen; elements as members of its ring(s).f1]

Hetervcyclic chemistryis the branch of organic chemistry dealing witlf - = -

the synthesis, properties, and applications of thestheterocycles 2 < o

Examples of heterocyclic compounds inclyde all of the nucleic acids, the

majority of drugs, most biomass (cellulose and related materials),

and
many natural and synthetic dyes.

Contents -

Classification .

3-membered rings ' ' o ogE e

4-membered rings ——

5-membered rings S B rr iy iy
Five-membered rings withone heteroatom

Five-membered rings withtwo heteroatoms
Five-membered rings with at leasthree heteroatoms

6-membered rings o
7-membered rings -
8-membered rings

9-membered rings

Images |
Fused rings — C———
History of heterocyclic chemistry
Uses

References

External links

Classification

Although heterocyclic chemical compounds may be ingganic compounds or oganic compounds, most
contain at least one carbon. While atoms that are neither carbon nor hydrogen are normally referred lf)
in organic chemistry as heteroatoms, this is usually in comparisonto the all-carbon backb(?ne. But this
does not prevent a compound such as borazine (which has no carbon atoms) from being labelle'd
[UPAC recommends the Hantzsch-Widman nomenclature for naming heterocyclic

"heterocyclic”.
compounds.

ifi i ironi ated
Heterocyclic compounds can be usefully classified based on their elecironic structure. The satur

heterocycles behave like the acy

modified steric profiles. Therefore, the

preponderance of work and applications involves unstrained 5-

clic derivatives Thus, piperidine and tetrahydrofuran are conventional

i i ially on unsam
study of heterocyclic chemistry focuses especia . .- ;
and 6-memberedrings. Included are pyridine, thiophen, pymole, and

structures and names of comimon and not so
common helerocycle compaunds

~

pyridine, a

heterocyciic
compaound

amines and ethers, with

rated derivatives, and the



! Heteroatom

———

A i i i
| Nitogen | Azonane | Azonine

| Saturated { U saturated

 Oxygen | Oxonane

! Oxonine

RN SN S E—

' Sulfur E Thionane ’ Thionine
Images o
Names in italics are retained by IUPAC and they do not follow the Hantzsch-Widman
nomenclature
i Sﬁturated T : 7 Unsattj;é.t_e;l :

Heteroatom | Qi_t*rg_g;;“‘“o;;@;;e— sulfur | Nitrogen Oxygen Sulfur
= el = e _—
! Aziridine Oxi 1

|

{

|

| Oxirane | Thirane | Aziine  Oxirene  Thiirene
|

! a
! 3-Atom Ring H
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|
| ! S SR
! | Azetidine | 'Oxet:;\new | Thietane Azete - Oxete } Thiete N
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é4—AtomRing‘; * : : . _ﬁ” ' #— ‘
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1 T lithiodksne
Pyrrolidine | Oxolane | Thiolane ' Pyrole ' Furan | Thiophene

1

z » ' |
i |

| |

| 5.Atom Ring | Z X L)

|
N 0T T

|
i
I
|

. | Piperidine | Oxane Thiane ;rijy_n'dine | Pyran ' Thiopyran

|
6-Atom Ring |
|

-
{

”‘-Azegane Oxepane | Thicpane | Azepine | Oxepine | Thiepine '
— R G — 'S

N S Ay

SUp——— -

.~ H
1
7-Atom Ring | N O

used rings

Heterocyclic rings systems that are formally derived by fusion with other rings, either carbocyclic or heterocyclic, have a varety of
common and systematic names. For example, with the benzo-fused unsaturated nitrogen heterocycles, pyrrole provides indole or

isoindole depending on the orientation. The pyridine analog is quinoline or isoquinoline. For azepine, benzazepine is the preferred




e

. Five-membered rings withone heteroatom
: He;eroatqm‘g Saturated | Unsaturateq
| Antimony | Stibolane | Stibole
__Arsenic | Arsolane + Af.:0|c
_Eilsgm_zth | Bismolane | Bismole
5 ! S 1 ———
=R | Bokne | Bole |
_g_lgipggn T Pyrrolidine (Azolidine is not used)l Pyrrole (Azolé‘i;nél usé&)
| Oxygen | Tetrahydrofuran Furan
| Phosphorus | Phospholane | Phosphole
. Selenium | Selenolane |
- —— ——— ., = SEIenophene
B Slhgon ' Silacyclopentane | Silole
i — —— e — ! i —
| Sultur | Tetrahydrothiophene | Thiophene
Tin | Stannolane - Vlsemae |

| Stannole

v

ve-membered rings withtwo heteroatoms

The 5-

-
i Heteroatom
i

|

. 1

Saturated Unsaturated (and partially i

i | unsaturated) ,

| Nitrogen/nitrogen | Imidazolidine | Imidazole (Imidazoline) l

| | Pyrazolidine | Pyrazole (Pyrazoline) '

l Nitrogen/oxygen | Oxazolidine ' Oxazole (Oxazoline) ‘.
5 | Isoxazolidine

=

Isoxazole

Nitrogen/sulfur :Thiazolidine

o
| Thiazole (Thiazoline)

| Isothiazolidine

. Isothiazole

| -
i
|

Dioxolane

| Dithiolane

i
5[ Oxygen/oxygen
!

Sulfur/sulfur

|
e e
b

e e

membered ring compounds containing two heteroatoms, at least one of which is nitrogen, are collectively called the azoles.
Thiazoles and isothiazoles contain a sulfur and a nitrogen atom in the ringDithiolanes have two sulfur atoms.

Five-membered rings with at leastthree heteroatoms
—

A large group of 5-membered ring compounds with three heteroatoms also exists. One example is dithiazoles that contain two sulfur
and a nitrogen atom.



furan. Another large class of heterocycles are fused to benzene rings, which for pyridine,

thiophene, pyrrole, and furan
respectively. Fusion of two benzene rings pives rise to a third large family of compounds,

are quinoline, benzothiophene, indole, and benzofuran,

respectively the acridine, dibenzothiophene, carbazole, and dibenzoluran. The unsaturated
rings can be classified according to the participation of the heteroatom in the conjugated

system, pi system.

3-membered rings

Heterocycles with three atoms in the ring are more reactive because of ring strain. Thos
stable. Those with two heteroatoms are more likely to occur as reactive intermediates.

Common 3-membered heterocycles witlone heteroatom are:

Heteroatom l Saturated ' Unsaturated J
| Boron . Borirane | Borirene f
- Nitrogen | Aziridine TAzirin_e !
p——————— Jr ————— I —— L 1
- Oxirane (ethylene oxide, i
| e | epoxides) e :
-' : —
; Phosphorus i Phosphirane | Phosphirene _;'
l Sulfur Thiirane (episulfides) Thiirene ,[
Those with two heteroatoms include:
Heteroatom Saturated i Unsaturated !

; Nitrogen Diaziridine : Diazirine f
[ e e R Sl (S e 1

Nitrogen/oxygen . Oxaziridine | i
| Oxygen  Dioxirane i !

4-membered rings

3 ,/S’

N\

cyclo-Octas
compound

5

NS
s

ulfur, a homcyclic

e containing one heteroatofm are,mgeneral,

Compounds with one heteroatom:

Heteroatom i Saturated] UnsaturatedJ

!

l - -

§ Nitrogen | Azetidine | Azete

i Fiasumms——

|

q

|

!

Oxetane

Oxete

|
! =
5 Thietane _LThiet_e

Compounds with two heteroatoms:

- —
Heteroatom | Saturated | Unsaturated

e

| |
; Gl
} Nitrogen Diazetidine | Diazete j'
e
| Oxygen . | Dioxetane | Dioxete ;
| Sulfur | Dithietane | Dithiete |

5-membered rings

With heterocycles containing five atoms, theinsaturated compoundsare frequently more stable because ofaromaticity.
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i Heteroatorn | Saturated T Unsaturated !
| ! e - i P " . —~ . | . —
L 3 x Nltrogen ' , Trlazoles !
2 x Nitrogen [ 1 x ¢ i -‘ FU_@?Q“. |
xygen 1 Oxadiazole |
2 x Nttrogen l 1 x sulfur & i Thladlazoie |
e Wil .
l 1 x Nltrogen f 2 X oxygen | E. DIO)(aZUIE '
‘L B 1 X Nlt—TEEJEH l 2 X sulfur t - ﬂ: Dnmazole J‘r
a B e TR
i 4 x Nitrogen | l Tetrazole !
== ]
| 4% Nitrogen/1 x Oxygen 1  Oxatetrazole |
’. 4 * Nitrogen/1 x Sulfur | Thiatetrazole |
i 5 % Nltrogen i‘“ o Pentazo!e .
6-membered rings
Six-membered rings with asingle heteroatom:
\| Heteroatom ’ Saturated Unsaturated
- —— 77‘_| — — i e o - . e ==
. Antimony ’ Stlbll’lll‘l[3]
i Arsemc . Arsinane Arsinine
?’E“l“_r_‘ | Bisminl*] 4
|, e ..i_ e s R — —_—
5 Boron 3 Bonnane Borinine
' . Germanium '[ Gerrmnane Germine
— ], . 2 l‘ - - =
I
Nitrogen ‘; 5;‘0‘;{)’0””9 (Azmane is not 1 Pyridine (Azine is not used) l
1 Oxygen Tetralydropyran Pyran (2H-Oxine is not used) |
. Phosphorus 5 Phosphinane Phosphinine
1 Slllcon ! Slllnane Siline ‘:
_ e e e ———— —
', Sulfur T_h_is?ﬂ'? ‘ LTTlswé%r;)ga_g (2H-Thiine is not |
' Tin | Stanninane | Stannine |
With two heteroatoms:
{_——;etefoa_t—t;m } Saturated Unsaturated ‘
1 Nitrogen / nitrogen: ] E_Jperazme | Diazines
Oxygenlmtrogen | Morphohne | Q;ggg_ip_g |
l Sulfur / nitrogen 1 Thtomorphohne J Thiazine '
: Oxygenioxygen ‘ Dloxane l Dloxme
' '%ulfurlsultur 1 Dlthlane I Dllhun

With three heteroatoms:



Saturated i

| Heteroatom | ‘Unsaturated N
i -—._—"—[ o — e e |
| Nitrogen B Hexahydro -1,3,5-triazine L Triazine |
| Oxygen I Trioxane : ]
, Sulfur Trlthlane i ’
With four hétematomsz
,' Heteroatom | saturated ! Unsaturated l
:-_ ——— _»vﬁ...k,!L I e —————— ]
Nitrogen { Tetrazme !
With five heteroatoms:
Heteroatom E Saturated Unsaturated !
1 = .
Nlt_rogen Pentazine J'

e T | — e

The hypothetical compound with six nitrogen heteroatoms would bhexazine.

7-membered rings

With 7-membered rings, the heteroatom must be able to provide an empty pi orbital (e. g., boron) for "normal” aromaticsaifization
to be available; otherwise homoaromatlcnymay be possible. Compounds with one heteroatom include:

Heteroatom Saturated | | Un?lurau_ed
; Boron ' Borepin
' Nitrogen ! Azepane | Azepine
Owygen | Oxepane Td;ép.né il
i Sulfur o ‘I ﬁ]@p.a_lﬁ; i ’Thleipi;emr—d

i}

Those with two heteroatoms include:

————

[ Heteroatom l Saturated | Unsaturated,i

e —————— _,_,_,___w _*_‘_.‘.-‘.

| Nltrogen 1 Dlazepane Dlazeplne

Thlaz azepine ;

Nutrogen/sulfur |-

8-membered rings

NN S

Fteroatom ‘[ Saiurated g—Unsaturated
' Nntrogen ] Azocanewfk Azocine

' Oxygen f Oxocan: f&?éfﬁeﬂ_“
g Sulor E i@_cghé 'S“ﬁ{.o&me’ |

9-membered rings



a3l 2 |
(18) CyHs—Clh=—C—CH—COOH

2-Ethyl-3-ox0-4-ph

CHy
S 4 3
(0 Ci—=(=CH,

OH

4-Hydroxy-4-methyl-2-pentanone

Lo une U URGANIC COMPOUNDS

0 NH,
(19) Cn d_a ol
| Aly=C—CH,~CH—C110
CHy—CH;

2-Amino-4-oxopentanal
enylbutanoic acid

4 s 6 7
Q- - &Hz-cuzcnzcoon
e ] . U
C—CH; (21) ' HOOC—CHy—CH—CHy—CHy—CHyNil,

3-(3'-Aminopropyl)-heptanedioic aicd

6 7 8 9 10
CH,>—CH,CH,CH,CHOQ

- | 2 2) 4 5 I’ Y kY
(22) OHC—CHy—CH=CH—CH—CH,—CH=CH—OCH;

5-(3’-Methoxy-2'-propenyl)-3-decenedial

0O
o) 5 -Br :
2 3
(23) (24) HOOC—CH;—CH=0
4~CO0CyH;5
5-Bromo-4-carbethoxycyclopent-2en-1-one 3-Oxo-propanoic acid

[In example 23, the functional group constituting the ring system is given priority over to ester group
present in side chain as carbethoxy substituent]

5,4 \UPAC_NOMENCLATURE-OE_BICYCLIC COMPOUNDS

!

These compounds derive their names from the considerations of bicylic structures. All such
compounds have two structural features in common

(/) Two bridgehead carbon atoms

(ii) Three arms connecting the two bridgehead carbon atoms.

These compounds are named as derivatives of alkanes corresponding to the fotal number of
carbons in hoth ring system. The term bicyclo is used as prefix together with the numbers of carbons
in each of the three connecting arms inserted in brackets. For example,

>

Biecyclo[4,1.0] heptane

Bicyclo [2.2.1] haptan-2-one
—

= Bridgehead OC’
- carbons

N

Bicycln[2.2.1]heptane

s 4 3 . 3@(::\1
1 OH S :
7, 7-Dimelhylbicyclo[2.2.l]h_eptan-Z-ol 7, 7-Dicyanobicyclo[4.1. ]

—

Bioyclo[4.4,0]decane

hepta-2, 4-diene
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NOMENCLATURE OF ORGANIC COMPOUNDS
’guhcud
;,!('St

, I'I.hc numbering used to assign substitutents or functional groups begins from the brid
!"0-\”“”;5. I‘mc}-c.is along |I.|L‘: fongest arm to the other bridgehead, and continues along the next lon
arm. The bridgehead position selected is one that is close to the carbon bearing functional group OF

substituent_ng shown above.

o

(_¥4. IUPAC NOMENCLATURE OF SPIRO COMPOUNDS

——

kot S
)qr‘\[‘;\[ ?lw‘rit» c\(‘nn;?ouu_u‘i l‘S II?FIIL?(l by prcl'l'xing the word “spiro™ to the anme of parent hydrocarbon. The
parent hydrocarbon is chosen by counting the total number of carbon atoms in both the rings. The
numbers n square brackets show the number of carbon atoms on cach side of the common carbon between
the two rings. The numbering begins from the ring atom next to the spiro atom, and proceeding first
around the smaller ring and then to the spiro atom and finally around the large ring. The number \;vilhin

the brackets are arranged in the increasing order of their size. For example,

6 7
[ 138 : LT
4 1 s

54
Spiro [2-4] hepta-4,6-diene

Spiro [2-4] heptane

9__10 . 16,0
]
y S A 9 5 1
6 4 -

10 A 3

2-Methyl spiro [45] deca-1,6-diene Spiro [4:5] decan-6-one
[ —

Spiro [2:5]octance

Spiro [2:2] pentane
The nomenclature of aromatic, polynuclear and heterocyclic compounds will be discussed in

e e

concerned chapters.

T AVOIDED IN IUPAC NAMES

5.5. PITFALLS TO BE

The use of common prefixes like r
as far as possible. For example,
(i) CH,CH,CH,CH,CHy is named as Pentane and not as n-pentane.

1-, iso-, sec-, tert-, neo-, elc., are 1o be avoided in IUPAC names

(if) CH3CH(CH3)CH,CH3 is named as 2-Methylbutane and not as isopentanc.

(iif) CH;3CH(C,Hs)OH is named as 2-Butanol and not as sec- butanol.
) CH;C(CH;3),0H is named as 2-Methyl-2-propanol and not as tert-butanol.

(v
G THE STRUCTURE OF A COMPOUND WITH

5.6. PROCEDURE FOR WRITIN
A GIVEN IUPAC NAME

The steps involved in this procedu
¢ word, write the principal chain ( st

i ies the pre
compounds and closed in case the root word carrics t
and number it from one end (see hlso stop (i11) below for pumbering ¢t

chain-terminating functional group). |
), and fill the multiple

mary suffix (-ane, -ene or -yne
lace(s) in the parent chain.

raight in the case of open-chain or acyclic
to the root word

corresponding
fix.cyeie) ho ch:fin of & compound with ¢

re are as follows :

({) Locate the roo

carbon-carbon bonds, i

(i) Locate the pri
present, at the proper p
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AROMATICITY, ORIENTATION AND
CONCEPT OF NUCLEOPHILIC SUBSTITUTION

15.0. INTRODUCTION

Benzene (CgHg), the simplest aromatic hydrocarbon, occupies the key position in the study of the

ChelmISlryfokI; arnmatlg compounds. In facl, aromatic hydrocarbons containing benzene rings or condensed
system ot benzene rings (e.g., naphthalene, anthracene, phenanthrene etc.) are known as_benzenoid

hydrocarbons due to their structural similarity and aromatic properties. There is yet another series of

compounds, which exhibit aromatic properties but lack benzene like structures are known as non

benzenoid aromatic compounds (e.g., azulene, cyclopropenyl cation, heterocyclic compounds, etc).
The compounds, which neither possess benzenoid structure nor show aromatic properties (aromaticity)

are callpd”anti ) omatic or non aromatic compounds.

—— e

5,1-AROMATIC CHARACTER (Aromaticity) _

Benzene, a representative of the class possesses unique characteristics called aromatic characters.

Theseare ™
1. Comparatively resistant to undergo addition reactions. Its molecular formula (C¢He), suggests
a high degree of unsaturation but it docs not respond-addition reactions with HBr, alkaline halogens,
decolorisation of Bry-water and Baeyers test, which readily add to alkenc double bond. However,
but only under conditions necessary for free radical

henzene does react additively with chlorine ‘
atalytic hydrogenation also occurs but only at high temperature and pressure.

addition. igh |
ligh resonance energy. lts heat of hydrogenation (observed) =208-3 kJ mol! is rather low,
compared with that calculated Tor 1, 3, 5,-cyclohexatriene (3588 kJ mol™"). This difference between
I!) is known as resonance energy that gives

calculated and observed value (358-8-208:3 = 150-5 kJ mol

considerable stability to benzene.
-1 o B 8 -l e ag for cyclohexatriene
30 Its b stion 33013 kJ mol™! is low as compared to that calculated oh
et R ability of benzene. This is another

(3451-8 kJ mol =1 by 150-5 kJ mol~!. Hence, there is considerable st

honds with planar

way of calculating resonance encrgy. o i
; ie compound contalning n confuguted sysiem of doublo
,4/1{ in a flat eycllc comp o bl carbons). |
genation

its a full n-ovorlap (due to
ons like nitration, sulphonation, hulu

geo;n{ctry that alone perm
| /5. It undergoes mainly electrophilic substitution reacti

305
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and Friedel-cps i ili
siven & crafts reaction, cte. and rarely nucleophilic substitution reactions. These reactions are not
] Y corresponding open chain polyenes.,

% ‘6- -OH 'subslitutcd aromatic compounds (like phenols) are appreciably more acidie than alcohols,
mino substituted aromatic ring (like aniline) is considerably weaker base than uliphatic amine,

COPOUNHE BN BN UE e elABI FMe klee passien eee [idiies, Al thvay Wunreny
like compounds are called benzenold aromatie compounds. The quality, which imparts speclal stabllity

unique to these compouds is known as aromatic character or aromaticity,

It will be seen in due course that the presence of a benzene ring alone is not an essential
condition for a compound to show aromatic character. In fact, there are several compounds, which
have little resemblance to benzene and yet show the typical aromatic character. Such aromatic
compoeds are known as non-benzenoid aromatic compounds to distinguish from benzenoids.

5.2. HUCKEL THEORY OF AROMATICITY

The _latest and highly accepted theory of aromaticity is given by Hiickel. Its main postulates are :

-‘;ﬁlf the number of n-clectrons in a cyclic system is equal to (4n + 2), where n = 0, 1, 2, 3, etc.
The compound is said to be aromatic. -

@ This rule is applied to ring carbons containing planar cyclic system in which cach carbon is
capable of being sp? hybridised to ensure maximum overlapping of p-orbitals for extended n-bonding.
It is applicable to extended unsaturated heterocyclics and fused ring compounds also.

’:DAn aromatic compound must contain cyclic clouds of delocalised n-electrons above and below
the plane of the molecule.

:) All atoms participating in n-bonding must be situated in the same plane. The system may also
be an _ion (cation or anion).

7 The number of n-electrons that fulfill Hiickel's rule are 2, 6, 10, 14, 18, etc, when n =0, 1, 2, 3,
4, etc. These are known as Hiickel numbers.

@Cyc[ic compounds with (4n) m electrons would be even less stable than their open-chain
analogues and such cyclic compounds are called anti-aromatic compounds.
\____\_—_-‘

15.2.1. BENZENOID AROMATIC COMPOUNDS

1. Benzene, which is a planar conjugated monocyclic compound with a m cloud of six electrons,
obeys the Hiickel (4n +2) rule (6 is a Hiickel number, when # is equal to 1). The Hiickel number 6 is the
most common and these six 7 electrons are known as aromatic sextet. Thus, benzene should be, and

actually is, a typical aromatic compound.

2. Polycyclic compounds*. Strictly, the Hiickel (4n+2) rule is applicable to monocyclic systems
only. However, polycyclic conjugated systems like naphthalene (I), anthracene (II) and phenanthrene (II1)
are the typical benzenoid aromatics, the number of 7 electrons in each case corresponding to Hiickel
numbers 10 or 14 (n =2 or 3). These also give all aromatic properties.

doo A %s

I 1l 1l

Naphthalene Anthracene Phenanthrene
(107 electrons) (14n electrons) (14x electrons)

* For isolated polynuclear compounds like diphenyl, triphenyl, etc. individual ring is condidered under (4n + 2) rule
for aromaticity. Hence diphcnyl, diphenyl methane, ctc. are also aromatic.

Kov
N
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(Behave like aromatic compounds)

2. NON-BENZENOIDS AROMATIC COMPOUNDS
I). This cation is a closed-shell of (4n +2) m electrons (n = 0). Therctore,
eral stable cyclopropenium salts have been

a b e

4 _Cyclopropenyl cation (
it should be a_stable aromatic system. Actually, scv

prepared. For example,

o €
. ® Br ® .‘)D(_,If‘
l > j> ol [>\' ’
[
Cycl ati i

)CZOPrOlpeﬂyl cation Hydroxycyclopropenyl bromide Cyclopropenyl hexachloroantimon.ate
- (2m-e ecftrons) (stable) (stuble) »

ree resonating structures h esonating s S nali

) (Three resonating structures) (Three resonating structures)

. lltlc L 3 { v

: Z. *C Cloptfﬂtkldl.eﬂ ani i - s d [
. yl anion ([l). ]hlS dnion ha th C 1
‘e Chc( Y iy . S three dOUbly [1lled MOS > ¢ > ani i
) elcctron moleculc (H = I) IhlS nﬂll'bcllzenﬂid SyStCﬂl ShU,UlS:; ::)lbl tl tl; Id[n“)” (”) : ‘
4 4n + 2 { > A Stable lll‘UHIIHiC

system. Actually, stable .

2 otassium cyclope o

been pre £ yciopentadienide and dicye X
pared, "}'Llupemmhcny[ i .

ron (terrocenc) have

R g Have

.
.y

- H D K® Fe
Cyclope . ' '
Yclopentadieny| an '
on
(6n-electron Potassium

Fi ; s) cyCIOPEntadi .

lve resonatmg SIFUCIUIes) (Stab[e) enide Fcrmccnc
(stable)

clopropen i
- € unlike cyclopropen

B
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tmccsna s s e
ﬁfj‘,“'_f,‘_"'f‘“w‘ an orange m)l:d (m.p. 173°C), has been observed to show aromatic substituti
cenctions Hke Fricdel-Crafts acylation. This is yet anothe Substitution

r example of a nonbenzenoid aromatic compound

4. Cveloheptateienyl eation (Tropylium ion) (111). This cation '
chould be stable. Stable tropylivm salts have actually been prep ,
Por MO picture see Fig. 151

(o)

e e i

fnl]lnw a (4n+2) m-electron system
ared, which show aromatic character

1l H H
Cycloheptatrienyl cation Tropylium bromide Hydroxytropylium chloride
or Tropylium ion (6 1 electrons) (stable) (stable)

_(Seven resonating structures) *
rd
" :
=5, Heteroeycelic compounds.  Pyrrole (IV), furan (V), thiophene (V1), and pyridine (VII) are
aromatic because they obey Iiickel Rule and provide an aromatic sextet in a planar cyclic system
One extra cleetron pair on hetro atom in five membered hetrocyclics is also considered to act as
arematic sextet to fulfil Hiickel rule.

| l | | Involve in N Electron pair N
—w— . y ! resonance| | ¥ || |donot involve l

U lectron pair N ()/ \S' in resonance —~
i involve | T " >N
l in resonance H

_——— v v \%| VII

Pyrrole (6m-clectrons) Furan (6n-clectrons)  Thiophene (6n-electrons)  Pyridine (67-electrons)

6. Azulene (VI with 10 & clectrons should be a non-benzenoid aromatic Q
compound becausce it conforms to the Hiickel rule (n = 2). Actually, azulene 1s
an intense blue stable solid (m.p.  99°C) undergoes typical electrophilic VIl

substitution reactions like other aromatic compounds. —
bstitution reactions | . p Azulene (107 electrons)

vd
%nnulcncs. Monocyclic conjugated polyenes containing ten* or more carbon atoms in the
a e e T - .
ring arc called annulenes. They are gencrally named by prefixing the number of carbon atoms placed
in square brackets. [14] and [18]-Annulenes, obey the Hiickel's (4n + 2) rule, and they should, and
actually do, show aromatic character.

[14] Annulene [18] Annulene

Annulencs with rather large number (> 30) of carbons are generally non-aromatic.

3.3. ANTI-AROMATIC AND NON AROMATIC COMPOUNDS
‘ “aliernate single and

L/ Cyclo-octatetraene (1) is a bright yellow, non-benzenoid compound With closed shell planar
double honds in n reguldr octagon, Such 4n n-electran molecules do not pgsses:dn Oy do, Jack
configuration in the ground state. Such molecules, therefore, shoql: nhi h order of olefmic
aromaticity. Cyclo-octatetracne is, in fact, an unstable compound showing a hig iy

ch("’ carbons.

*The term ‘annulene’ is not gencrally ysed for maonacyclics containing
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reactivity. Such 4n n-electron molecules are
known as anti-aromatic compounds

L 4 -

)

|
Cyclooctatetraene
(8x electrons)

or

)]

111, (j\'c‘Jn/wp!rm'ien_\»'! anion IV and ¢
aromatic compounds,

i
{
{
|
;

actually less stable tly

2. By smmilar reasoning, cyclic systems/compounds such as cy
velopentadienyl cation V

309
4——_'__‘_,._-—-_ -

an their acyclic analogues, and are

7

—

4

Cyclooctatetracne

(Tub shape)

clopropenyl anion 11, cyciobutadiene
should be, and actually are, anti-

H
H ‘-e e_. ['[
1 1 v v
Cyclopropenyl anion Cyclobutadiene Cycloheptatrienyl Cyclopentadienyl cation

(4n-electrons) (4n-electrons)

anion (8n-electrons)

(4m-electrons)

The cycloheptatrienyl anion IV has seven equivalent resonating structures and expected to have a

well distributed negative charge. But it has an

incomplete molecular orbital shell with eight 7 electrons,

and this property conveys antiaromatic character. Whereas its cation with six m-clectrons with complete

molecular orbital shell is aromatic (sce fig 15.1). This is an another way to look at the aromatic and
antiaromatic character of the cyclic organic compounds.

+ 4
+ +
t

+ +
i

Cycloheptatrienyl Cycloheptatrienyl anion
cation (Filled M.O) (uncompletely filled M.O)
(Aromatic) (Anti aromatic)

Fig. 15.1. Molecular orbital energy levels for cycloheptatrienyl cation and anion.

. L g

\2_ Cyclodecapentaene (VI) containing 10 n-electrons has planar all-cis structure with llnﬁl;l}i,t st(ri.:lt:um
bond .ang{cs. The alternative structure with two-trans double bonds VII cannot azl:):ziopt z; e gmmatic
the interaction between two interior hydrogens. As a result, cyclodecapentacne

character. It is therefore, non aromatic.

all cis-Cyclodecapentaene v by B by 1 undeca-1. 3, 5, 7,9 pentacne
(Non aromatic) Cyclodecapentaene (Aromatic)




310 :
'\T\\M— AROUATICITY, ORIENTATION Atipy copicest of HUCLECPHUC SUBSTRUTE:
t we ey ’ 3 s Al oy
hydromr; rep\]/(:;lc WO interior hydrogens of struclure
“rbon cannot have con N

. i iplete] coplanar 1.
aromgtic character, P Y coplanar 1

VIl by a bridging methylene group,

system but sufficient ovelap occurs 1 give g',gmﬁ_._aﬁ;'

% .
¢ rerulting

To sum up, a cyelle compound would he arvmatle (f
() 1t haw a plunar o nearly plunar struciure,
() it hay (An+2) n-electrony,

(dif) it shows unuyual stability as shown by large resonance or delocalisation enery,
(iv) it undergoes electrophilic substitution rather than addition reactions

(v) it may or may not contain a4 benzene ring.

These terms have been distinguished from one another by comparing the = electron energy of a
particular cyclic system with corresponding acyclic (or open-chain) system. Cyclic compounds arise
by removing a hydrogen from cach terminal carbon of a chain and then joining the terminal carbons,
When the n electron energy of a cyclic system (say, benzene) is less than that of the corresponding
acyclic (say, | .3,5-hexatriene) system, the cyclic system is known as aromatic. When the cyclic system
has the « electron energy equal to that of the corresponding acyclic system, the cyclic system is non-
aromatic. When the « électron energy of a cyclic system (say, cyclobutudiene) is more than thar of the
corresponding acyclic system (say, 1,3-butadiene) the cyclic system is anti-aromatic.

15.3. AROMATIC SEXTET THEORY

This theory was proposed by Robinson (1925) to explain aromaticity in benzene (CHg). Accordiqg
to this theory, there are six electrons more than required to link together the six carbon and six
hydrogen atoms of the benzene ring. One remaining clectron of p, orbital on each car@on form a
closed circuit and this closed circuit of six electrons provides greater stability and aromatic character

to benzene.
H H
H H H H | Closed
‘ equivalent to @ circuit of
H H H six electrons
H H

This closed circuit of six electrons which makes thf: mo_lccule aromatic is known as arowat!ic
sextet. Such closed circuit of six electrons, is also posmblc‘m heterocyclic compotn?s.h.-ce p}g::ci
furan, thiophene and pyridine and hence they are aromatic. Tl;elhe’lero atom of five member
heterocycles contribute two electrons to aromatic sextet as shown below.

Q , . — l\Nl’ ’ : Q : - :"C-?: ::S:: §

Pyrrole H Furan Thiophene

I

t
a

—Z

i * = 1.
This closed circuit of six electrons corresponds to Hiickel’s (4n + 2) rule, where n

15.4. RESONANCE THEORY / VALENCE BOND THEORY

. : i I.
This theory has already been explained in detail in earlier chapter under section 14.8, page 30
i

15.5. MOLECULAR ORBITAL THEORY

- i ion 14.11 and 301..
The detailed aspect of this part has already been discussed earlier under section 1 nd .
e detai




