CHAPTER 25: HETEROCYCLES

Heteroatoms in Cyclic Organic Compounds

Cyclic molecules that contain at least 1 heteroatom
* Oxacyloalkane: Oxygen-containing heterocycle

* Azacycloalkane: Nitrogen-containing heterocycle

* Thiacyloalkane: Sulfur-containing heterocycle
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Preparation of Heterocloalkanes

1. Intramolecular Sy 2 reaction
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2. Special reaction for oxacyclopropanes
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Reactions (1 of 4)

Three- and four-membered rings open: ring strain

Alkoxide leaves

by ring opening Hij .
Strained
ring \/\.‘(\)C‘T\
) .« CHOH
A + CH:‘Q . T) HSCG :QCH3
HsC \ ' 85%
i _ ___Aick at less B
2-Phenyloxacyclopropane substituted carbon 2-Methoxy-1-phenylethanol

Alkoxide leaves

by ring opening Usual Conditions

i - - are basic.
? H;NHq — HO” ™ “NHCH,
7 45%

N-Methyl-3-amino-1-propanol

For rings larger than four, no ring strain: Need strong acid

OH HBr Br

* HBr O, Br” N N —— B N
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Heterocyclopentadienes: Pyrrole, Furan,
and Thiophene

The lone pairs participate in the aromatic cyclic six e system: Like the
cyclopentadienyl anion

S

The distribution of 6 it electrons over
five atoms makes these systems
relatively e-rich, compared to benzene.

Cyclopentadienyl
anion

Pyrrole
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Orbitals

orbital: perpendicular

to aromatic 7 frame enamines
1: O\]RZ
H,C =/

P Resonance: recall

N ')H
H—C {Q a Q\

Q\V
p Orbital \OH p Orbital

Pyrrole Furan (X =0)
Thiophene (X =8)

Resonance Forms of Pyrrole

N N+ & N*
H H H

Relative to benzene: electron rich — e pair can deposit on each C
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Synthesis of Heterocyclopentadienes

Paal-Knorr synthesis of pyrroles and its variations

Cyclization of a y-Dicarbonyl Compound
to a 1-Hetero-2,4-cyclopentadiene

<_> R’'NH,, or P,Os, or P>Ss _(/ \)
R R > R —R

—H,0 X

X =NR",0O,S
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Furan synthesis
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Mechanism

Driven by aromatization
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Mechanism of Pyrrole Formation (cont’d)

C).HC
(H3C), \N7

\

enamlne
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Pyrrole synthesis:
Another Mechanism

R3 R3
|
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RUR " HN—R? R HNG 2 RTHN R?
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Thiophene synthesis: similar to
pyrrole synthesis via thioenol

From Wiki
Lo el S BefS s O
—H-0
From Vollhardt
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2254 A
CH,CCH,CH,CCH; —==> |CH,CCH,CH,CCH;| ——>  H,C™ g~ ~CH,
- - 70%
Conceptually the same 2,5-Dimethylthiophene
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Phosphorus Cher|nistry (YIid?-based)

Phosphoryhd e Rxw witha f'*"nf'bﬂmjll oy
RECWLL s 5 ;
& %
04 P i E.th PP~ [ 2> £, P=
—> gr | ;
Gﬁ’f\p /‘)_' Q:: —‘ﬁ +rf2 {i—d\‘ p
@ ?llﬂlﬂ-
C}-.-.——
¥
W
P""p
# I
o
=t S I e ﬁt L
f 2 A
1 ‘““JF*E: e ,E} ( l(:
i ﬂ@ e De s\ 1ec P:,,‘u,;{

The s TE€Iemawv e ‘[:;Frv\qs'




Phosphorus Chemistry (Ylide-based)
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Practice
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Practice

Prectice 2

i

1"
™
Q’“ - .;-.,.{,,.;,.lm

:ﬂ“ e

L]
A v

@

An Enongne

Hefets £

€ e 7

-H.O

A eken Wi Cahaoy,

T OAY ore,




Heterocyclopentadienes: Pyrrole, Furan,
and Thiophene

The lone pairs participate in the aromatic cyclic six e system: Like the
cyclopentadienyl anion

S

The distribution of 6 i electrons over
five atoms makes these systems
relatively e-rich, compared to benzene.

Cyclopentadienyl
anion

Pyrrole
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Reactions

1. Electrophilic Aromatic Substitution: Activated!

Attack at C2 is preferred generally

Attack at C2

m @H PN +®(H PN @(H This resonance helps predict t
x> X7 X7 X7\ (/‘T\ =
Strongl ~ )<_> e
i X SO
®

3 resonance forms stabilize C3 attack

contributing
all-octet form

Three resonance forms
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Reactions

1. Electrophilic Aromatic Substitution: Activated!
But often also attack at C3

Attack at C3

This resonance helps predict this o

BN nA oY | Yo .

X X X
Strongly X

contributing
all-octet form

Two resonance forms

Only 2 resonance forms stabilize C3 attack
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Examples

Relative reactivity: Benzene << thiophene < furan < pyrrole

Electrophilic Aromatic Substitution of Pyrrole, Furan, and Thiophene

Leaving Grp

NO,
i i
// \\ CHsCOI\IO:.-IO°C> @\ n / \ Mixture
N —CH;COOH N NO, N
H H H
50% 13%
2-Nitropyrrole 3-Nitropyrrole
O
// \\ CI=Cl. CHC @\ /@ chdar, sacl, ﬂ\
0 —~HCI o~ ~Cl  HsC S —=——> HC7 g (”3CH3
64% What is the g
2-Chlorofuran function of S gl
SnCl 4? 5-methylthiophene
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Examples

Relative reactivity: Benzene << thiophene < furan < pyrrole

Electrophilic Aromatic Substitution of Pyrrole, Furan, and Thiophene
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Reactions

. Basicity of pyrrole (and other heterocyclopentadienes)

Relatively (cf. normal amines) nonbasic: Lone pair is tied up by
resonance. Protonation occurs on carbon!

The Protonation of Pyrrole Occurs on Carbon
pK, of ammonium ~ 10;

)7 Pt O
¥ g t HY =2— &+ pK, = —4.4 iminium ~8
N N

H

H

:0:

Recall: N,

+
P R /l\
NH,
Lone pair is tied up
Or: /\ resonance
—

ay H
NH,
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Reactions

3. Pyrrole is quite acidic

|

H
pK, = 16.5 Like cyclopentadienyl anion

Reason is sp?-hybridization and cyclic delocalization of charge.

Compare: sp-‘jlh ARIO: “Atom’s Raisinettes are Induced

pK, =35
Azacyclopentane
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Benzofusion: Indole

Indole Compare: naphthalene

Resonance in Indole

4 ; B - )
Gy~ 00— O —~ 00 — -
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EAS occurs at more e-rich pyrrole ring
and at C3

Allows for resonance forms which do not disrupt the
benzene ring

Attack at C3:

Leaves A
aromaticity

Attack at C2: Disrupts — E et
aromaticity H -« CiC

/ <\t

H
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Pyridine: Azabenzene

Can be viewed as a cyclic aromatic imine: R . < ‘
N
The nitrogen is sp%-hybridized, the lone pairis ¢ )N
perpendicular to the aromatic 1 system. T oridine
Imine

The N does not donate
e-density; rather, it
withdraws by induction

Resonance in Pyridine

AA N N X 7
Rl Y Rl W Wl i |
S ( > e - L L
N N N- N- N-

Cf. benzene
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Pyridine is a (weak) base

p Orbital
\ I \
Perpendicular
t

o aromatic & frame ‘

[ =
o N/
sp? Orbital \ Ill

Pyridine Pyridinzi%n}éon
d

PK

Compare pK, of R;N*H ~ 9-10
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Reactions of Pyridine

Pyridine is relatively (to benzene) electron poor, therefore
EAS only under extreme conditions and only at C3

Br
/ ‘ Br—Br, H2S049 SO; / ‘
S —HBr N
N N
86%
3-Bromopyridine
NO,
= ’ NaNOs, fuming H,SO4, 300°C ~ | _
- ~H,0 X
N N
4.5%
3-Nitropyridine
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Nitration of Pyridine

X
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Poor
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Activating substituents improve yields

NO,
= KNOs, fuming H>SO4, 100°C =
>
N — 0 N
81%
2,6-Dimethylpyridine 2,6-Dimethyl-3-nitropyridine
Br
- Br—Br, CH3COOH, 20°C =
N~ “NH, N~ “NH,
90%
2-Aminopyridine 2-Amino-5-bromopyridine
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Pyridine undergoes relatively easy
nucleophilic aromatic substitution

Cl OCH;
/ ‘ Na ~OCHj3, CH30H . / |
- —NaC(l S

75%

4-Methoxypyridine

Leaving groups are typically halides; 2- and 4 halopyridines
are particularly reactive
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Nucleophilic Attack on Pyridine

Especially good
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