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Furans, Pyrroles and Thiophenes — Structure
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A significant feature of the pi excessive

* ring systems is that they are highly reactive to
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species, totally unlike the pi-deficient rings. ot e J) 75 A
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As a result, many useful substitution téactiéis aré Knewi
for these heterocycles.

* The greater electron density in these rings accounts for
this higher reactivity. The order of reactivity in ®
aromatic substitutions is generally 35 a3 7
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favored at the al pha carobon or the 18. AnattaCkwclm
at this position leads to an intermediate whose QNL:{::
positive charge can be dispersed to all other ring “:=%

positions; charge dispersal of course is a well- vo. e

known stabilizing effect. The charge dispersal is ..~
shown in Scheme 7.2 with the use of resonance

structures.
* Note the critical role of the heteroatom in
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Paal Knorr Synthesis
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» The reaction is usually » and can be used to convert furans into 1,4-diketones

» A trace of acid is required — usually TsOH (p-MeC_H,SO,H)
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« The product prior to dehydration can be isolated under certain circumstances

Z/’C)) q?,j\ _

a));
HZO {\ ‘)M » Reaction can be tuned by changing the reaction conditions
W) Ly J s Z_

W2 o3 SR N

25 S M
- Ne )
iwbo«m ek e ﬁ//m

Agj\p &9 0\ g



(as]) e DA e arb\ o) “ Gt
W arlz SN & oS ngJ\ E— =

R " Thiophenes ~ Synthesis | TH==-

9‘1—5( Ca}/}’pW] + Pusye = TSI
Synthesis of Thiophenes by Paal Knorr type reactio

Me Ph ‘éz‘ - 0 — " / \ on
A;—CM?“W\ /gfﬁ)d’\” Me Ph “ThioPheme

» Reaction might occur via the 1,4@?—thioketone
/44 Ng’;'c,,r),uvﬁ/ + Pl( o — =T o@\« VA

<

9\
(M- bis—thiokelre 5 U\‘\&\D\n%



Q&+\) e W e =) Y

'w(,zo?,Lo — Yol GS A & PM&LAC %j«éj
7~ Pyrroles - Synthesis
|5 ~dierbsg] £ K3 panole
Paal Knorr Synthesis (4+1) CéHt;
(§@‘ \
‘\ Me
O HN o

&

Me

r\
= >
—
mN

OHH
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» Thiophene is the most aromatic in character and undergoes the slowest reaction
» Pyrrole and furan.react under very mild conditions

C/Ea-Substitution @over B-substitution more resonance forms for intermediate anc
so the charge is less localised (also applies to the transition state)

+ Some B substitution usually observed — depends on X and substituents
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Furans — Electrophilic Substitution
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« Nitration can occur by an addltlorliellmmatmn process
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* When NO,BF, is used as a?ﬁ“‘tratmg agent, the reaction follows usual mechanism
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« Furan reacts vigorously wﬂh@ @ at room temp. to give polyhalogenated products
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Furans — Electrophilic Substitution
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77%

‘on of Furan
a9(p \
\/—/< _ NCO poc13
E)YW }O)eﬁyob 0to 100 T
n of Furans
B N—
Me,NH.HCI -
0 (0] CHz=—=NMe:
2-C('D 2

_— .




Vi Jsmore Forsglation 1= parde.

[0 memeemom [l
N Pocls N CHo%
H H

Inthe presence of phosphorus oxychloride (POCI3), the—
CHO group of N,N-dimethylformamide can be attached

to the pyrrole ring (Scheme 7.7). This is a highly useful
process for the synthesis of pyrrole aldehydes, which are
precursors of pyrrole acids by oxidation, of pyrryl |
carbinols by reductions with L|AIH4 and of other
products(Scheme 7. 7) |
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Porphyrin Natural Products

CO,H
HO,C
N
HN H
of vV
A S HO,C COH (P Q\/\Sﬂ 0
s : 2 W)
}\_/“9\ <z— ( haem CagHag chlorophyll-a, SN2
——_— .
haemoglobing heme. 6 3\23\
o 1) Nns(S
* The pigment haem is found in the oxygen carrier haemoglobin CPhe=y >

» Chlorophyll-a is responsible for photosynthesis in plants
« Both haem and chlorophyll-a are synthesised in cells from porphobilinogen




Basic and Acidic Properties of Pyrroles.

The low electrondensity at nitrogen in pyrroles make
them weak bases (for pyrrole,Kb about 10-17; cf. to
noncyclic amines at about 10-5),

it is not possible to make salts of pyrroles with aqueous
acids.

In fact, as willbe shown next, protonation takes place on
C,._.-- iyt INvVUL VI IIILIUb\.—l-.
pyrroles do not form quaternary salts with alkylating

agents, or amine oxides with peroxy compounds.
This is in stark contrast with pyridines.
Another explanation for the unavailability of the electron

pair on nitrogen in pyrroles is that the aromatic sextet (and

its energy of stabilization) would be destroyed if it were
used in forming a bond.
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* When pyrrole is heated with strong acids, a
crystalline compound is

* formed that contains three pyrrole units. Its
structure has been established as 7.4. Strong
acids can also cause the undesirable
formation

of pWs from pyrrole.

These processes depend on the protonation of

L carbon of the ring, not of nitrogen.
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Benzo Derivatives of Pyrroles [ ndole<)

Pgrrde + %ﬁw —> poize oue Qnde\e )

* The indole family is one of the most important of
all heterocyclic families, and the chemistry of this

system is vast. NS D 2w Cpus

* Many natural products and synthetic medicinals

contain this nucleus.

* Electrophilic substitutions occur readily with an
attack on the electron-rich pyrrole moiety rather
than the benzene ring. The 3-position is entered
in preference to the 2-position, but if the 3-

position is blocked, substltut|on qceurs at the 2-
position, Panyole. Inoble ) e i
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Indoles — Bioactive Indoles D Sgad ®
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MeNH™ \
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. H X. Iyserglc acid H
tryptophan S B vie s

sumatriptan .yﬂl% sergic acid diethyamide (LSD)
. oo . |
« Tryptophan)is one of the essential amino acids and a constituent of most proteins

, . 2 } 31.4@\ 25> ,
(Imigran®, GSK) is a drug usad 1o tréa migraine and works as an agonist
for 5-HT receptors for in the CNS

is a potent psychoactive compound which is prepared from lysergic acid, an .
alkaloid natural product of the ergot fungus
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Indoles - EIectrophiIic Substitution e
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Nitration of Indoles N
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» Polymerisation occurs when there is no substituent at the 2- posmon - 2- PoSN (S\& 5

+ Halogenation is possible, but the products tend to b ) 2 PO R L ‘50 ©
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Acylation of Indoles Me  /nd?+ Bra—> s w'b\e)

@ Ac,0, AcOH, heat AN ﬁEaOng.:, rt
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H p-product!
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Me
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Me 87

« Acylation occurs at C before N because the N-acylated product does not react
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Mannich Reaction .
by NMe,
IMC\’K’:’]\ AT
CH,0, Me,NH, H20 heat 93% A\
H,0,0 C or AcOH rt 68% N

Jo\ \H A ! 30\\/”\\\/\34

NMez

©)
H,C—NMe, (preformed) 95%

« A very useful reaction for the synthesis of 3-substituted indoles
* The product (gramine) can be used to access a variety of other 3-substituted indoles

Synthesis of Tryptophan from Gramine

EtO,C COLEL COoH
NMe; EtOzc CO2Et
NHAc NH,
NHAc \ NaOH aq. then \
————————
PhMe heat N H,80,, heat N\

90% 80% H 88
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Indoles - Electrophilic Substitution

Synthesis of Other 3-Substituted Indoles from Gramine
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* The nitrile group can be modified to g|ve other useful functlonall
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