Heterocycles

Saturated heterocycles are treated as derivatives of the related carbocycles.
prefix: aza- for nitrogen; oxa- for oxygen; thia- for sulfur; phospha- for phosphorous
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Reactions of Nonaromatic Heterocycles

_..-....\"\\\ .. .k- : : () H

D_ 2 . 150°C e 0 ) . cmon L
O: + CH;NH, - > CH;NH(CH,);OH / X + C H-_;E?Z —_— (‘6[—[5(‘]-](‘]_]22 ?( H,
. 45% CeHs 85%

N-Methyl-3-amino-1-propanol  2.Phenyloxacyclopropane 2-Methoxy-1-phenylethanol

Ring strain makes

CHCH,NH H
/ 70% CH,CH,NH,, B0, 120°C, 16 days _ \(‘ Cx/ -3
heterocyclopropanes and N i. ! HC 7 N
heterocyclobutanes reactive. o,
D%
N-Ethyl-(25,35)-trans-2,3- meso-N,N'-Dicthyl-2,3-butane-
dimethylazacyclopropane diamine

Heterocyclopentanes and heterocyclohexanes are relatively unreactive.

Oxacyclopentane (tetrahydrofuran, THF) and 1,4-dioxacyclohexane (1,4-dioxane) are used as solvents.
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CHyCH,CCH.CHy - — == C=CHCH; —— JC—CCHy — > CHyCHCCH(CHy),
' CH;CH, CH;CH, 1|4
3-Pentanone Enamine An iminium salt N 2-Methyl-3-pentanone
1. CH3l 1. CH,l
2. AgZO, Hzo 2. Ag20, Hzo
O 3. heat Q 3. heat m . SN

N N— |
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Unsaturated Heterocycles

Furan

benzothiophene

@

thiazole
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isothiazole

Thiophene

benzofuran
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AN,
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imidazole
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pyrazole

Pyridine 4H-pyran 2H-pyran 4-pyrone 2-pyrone
(G J

~
non-aromatic

quinoline iIsoquinoline 4H-benzopyran  4-benzopyrone
Br
o~ TCOMH | HBC/Q\CHO

4-bromofuran-2-carboxylic acid  5-methylthiophene-2-carbaldehyde

CHs

NH N
/[ 7 = /[) N
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4-methylimidazole 5-methylimidazole 4,5-dimethylpyrimidine



Aromatic 5-Membered Heterocycles

sp? hybrid

- - orbital _ :
ygigﬁ\ Q o\li 6 n-electron aromatic systems
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Dipole moments
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Pyrrole Furan (X =0)

Thiophene (X =S)
6.34 X1039Cem
5.77 X1030Cem 5.27 ><103OCm

6.4 7.1 6.2 O _l_ O _l_ O _I_
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Chemical shift of protons:
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] resonance hybrid
resonance contributors of pyrrole



Preparations of Pyrroles, Furans, and Thiophenes

Paal-Knorr synthesis: | (II) 0 o CH,COOH. A 17 A
CH,CCH,CH,CCH; + (CH;),CHNH, > H,C \N/ "CH,4
|
O (:‘h[—[ﬁ (CH_})QCH
p Cg¢Hs m} ~— \0 N-(1-Methylethyl)-
S~ ( =/ 2,5-dimethylpyrrole
\../// H —( S - '-31:.':.
O Cls P.S;, 140-150°C N
60%
Mechanism:
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.
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Knorr synthesis: CO,Et

5 o %I/ R CO,Et
NaNO, Zn, HOAC
= > o R I—\X\
Et0,C™ N7 R
H

E10,C HOAC



Protonation and Deprotonation of Pyrrole

H H
H H
I ) ~— U g
N N H*
H H

®
C3 protonation
pKa = '5-9 /@\
IN\
H H
Pyrroles are relatively acidic.
\N/ “} \ Base
H N
pK, = 35
Azacyclopentane H pKa=17.5

o
H H® A

WH& BYYAYA
HOH R AR HLR N

C2 protonation

pK, =-3.6

H+ @ — pr—
(/NB\ — QH - @Q@* -~ QH
H H o1 N H® 1

Pyrrole is very non-basic compared
to ordinary amines; protonation
occurs at C2 rather than N, and only
with very strong acids.

After losing a proton, the negative charge becomes

~ delocalized, as in the cyclopentadienyl anion. .

Polymerization of pyrrole
under acidic conditions.




Properties of Furan

. . . - O O
Furan ring-opens in acidic aqueous
solution, whereas thiophene is stable.

I\ CH,COOH, H,S0,, H,0, A | |
H:C™ N T CH; > CH3CCH,CH,CCHS,

90%

2.5-Hexanedione

. H H H
S O S s Y g N S
0 T R W (%/ o” ~OH Yo

O

H

Furan is protonated most easily at C2 as well, but hydrolysis probably takes place via an
intermediate protonated at C3.

relative nucleophilicity: benzene << thiophene < furan << pyrrole
Inductive effect: O (3.5) >N (3.0) >S (2.6) resonance effect: N>0 > S

delocalization energy:
thiophene (121 kJ/molt) > pyrrole (88 kJ/mol?) > furan (67 kJ/mol?)
[ benzene (151 kJ/mol?); pyridine (96 kJ/mol?) ]

Furan possesses sufficient diene character
to undergo Diels-Alder cycloadditions.

o
O +
S

O

.'..'.':.'._-..'.':\n\‘ 7 A (CH,CH,),0. 2500 _,::j::":.. I‘. , P ()
‘ O + NH > [N 4H T
= T ;,'/' — ™~ |

\ __NH




Electrophilic Aromatic Substitution
(Pyrrole and Thiophene)

™ | Due to a more stabilized cation
\X/ - | intermediate, substitution at C2
‘ is preferred.
octets
E E ® E
—

Strong acids must be avoided in the reactions of pyrrole to prevent polymerization.

Pyrrole is much more nucleophilic than benzene, so usually no acid catalyst is needed for
electrophilic aromatic substitutions of pyrrole.

mild nitration reagent

O

—_— O
I I
CH-CONO,, —10°C

) U\ cnco, saa,
\\N/ —CH,COOH T HyC S —HCI
H

v

64%
S50% 3%

2-Acetyl-
2-Nitropyrrole 3-Nitropyrrole S-methylthiophene



Electrophilic Aromatic Substitution of Pyrrole

Pyrrole is so nucleophilic that it can undergo substitution reactions that are usually
only feasible for electron-rich aromatic rings (e.g., phenols and N,N-dialkyl anilines).

PhN,* CI HCON(CHa),
POCl, RCOV

Br2 HOAc ﬂ Na, or K, _ ﬂ RX

N N
jy N or conc. NaOH S
O )
|
l 2 CO,, heat and pressure
\

Na
| |
=

N
0s LD -t ¥ s

N
H



Reactions of Pyrrole, Thiophene, and Furan

A, S O Thiophene is less reactive toward electrophilic
substitution than pyrrole but is stable to acid catalyst.
I2, HYO Br,
e Qn 0 e

AcOH

Furan may undergo electrophilic

substitutions similarly to pyrrole and 0
. . Ac,0/ AlCI 0
thiophene (strongly acidic aqueous [/8\3 i o Q—CCHg

conditions should be avoided).

0 DMF 0 O




Reactions of Furan and Substitution Effect

But when furan is subjected to electrophilic attack in the presence of a nucleophile, addition
reactions usually occur, because furan is less aromatic. Addition product may then undergo

elimination to give substitution product.
o O
AcONO, — AcO’ H
Y 2 W\ A, >4_>? — (M0

o
0 68" No;, AcO) O

P9 Q
I
[CH3COCCH3 + HNO; —— CH,CONO, + CH3COOHJ

Gy S S N g S
EtO < Br EtO OEt

O O

n

@) EtOH

Substitution directing effect for 5-member aromatic heterocycles:

mlnor major

mnnor—»Z ;<— major major —>Z §<— minor major—>O\ Minor— O\



Other Reactions of Thiophene, Furan and Pyrrole

Reductive desulfurization: N RN S\

R S R H2

0 0 . o) o)
I i Raney Ni
SIGS -~ rtS g
H .
2 (carbonyl intact)

I\ Raney Ni, (CH,CH,),0, A
¢~ CH(OCH,CHj), = > CHy(CH,);CH(OCH,CHs),
W —INL3
50%

BuLi
Q — Q\Li
X = NCH,, O, S % / \ R

Thiophenes are less prone to undergo D-A reactions than furan. It only reacts with highly
activated dienophiles and itself is a poor diene. When the reaction happens, the adducts are
unstable and extrude sulfur. _ -

A 60 - 120 °C | -S
NC—=—CN - .
HsC ™ Ng~ ~CHs N

_ i CH,

CH;
CN




Benzo-Fused 5-Member Ring Aromatic Compounds

10 n-electron aromatic systems

4 3 4 3 4 ;
5 5 5
6 N 1 0 S1 6 01
7 H 7 7

Indole is related to pyrrole. It possesses many possible resonance forms, however, those
disturbing the cyclic six-n-electron of the fused benzene ring are less important.

H H

Electrophilic substitutions:

Indole reacts very easily with
electrophiles, and the
preferred substitution site is
C3 rather than C2, in contrast

to pyrrole.

///:_; b -.'.'.'.'.'_-_-.'.'-'-'7 /’/QQ“‘\
> &M\\ :-1\ «— ‘ \/B <> elc.
~ A Y U J
v TN ~e” TN
\ - \
H H

2
\ 803/7
HNO3 HCON(CHe)z
AcOH EIN: POCI;
H
/ACZO PhN,* CI
CH,0, HNMe,

AcOH



Preferred Electrophilic Substitution Sites
@ £+ " | E | E
- Crbe - Oy = OO - O
y's Go, p) '
T

Substitution takes

place on the phenyl
ring in these cases:

G
/ (m) G
(strongly activating)G—— | | | | |
NN N N~ G(m) N" G
H H H H

NO: Similar with indole, electrophilic aromatic substitution
@ ACcONO, _ ® happens on C3 for benzothiophene, but for benzofuran
S S substitution takes place on C2.

unstable due to
strong electro-
negativity of O

H H
ACONO, E E
O O 0 O@




Properties of

Nitrogen is sp?
hybridized and its
lone-pair electrons
E are not involved in
promia E-CONjUgAtion.

A5 PN (3 -
« o > ‘ «—> ' «—> m «—>
= N‘:\i’ e ﬁr}' e + N - +

Nitrogen does not donate excess electron density into the ring, but
withdraws electron density, both inductively and by resonance.

The 'H NMR spectrum indicates the
presence of a ring current. The
chemical shifts for the protons at C2
and C4 are more deshielded as is
expected from the resonance picture.

Pyridine

O
=
N
N H
u 3.33x10°°Cm 1.755 %1030
Cm
| Pyridine is a base:
AN
\“NJ 7
" (Jey
i A 7
7.46 WL
H //\‘
/ H 7.06 \\\\\‘P‘\J’j_/
S H
I:':] H 8.50 Pyridinium ion

pK, = 5.29



Pyridine Synthesis

Hantzsch pyridine synthesis:

I
O H H
CH;CH,0,C CO,CH,CH,4 o \/ o
N e CH;CH,0,C.. _X_ _CO,CH,CH;
) e (] oo,
Co %p\ —3H0 A
SN _ O “CH,
H,C© O O (CH;, HyC ﬁ CH;
NH,

89%

Diethyl 1,4-dihydro-2,6-dimethyl-
3.5-pyridinedicarboxylate

s

H
] ] o o ) 1. KOH, H;O

—2 CH;CH,0H, —2 CaCO;

\

b
x

I N g X .
H,C N~ “CHs, HsC N~ “CH;,
65% 65%

Diethyl 2,6-dimethyl-3,5- 2,6-Dimethylpyridine

pyridinedicarboxylate



Pyridine Synthesis

Modifications and variations of Hantzsch synthesis:

y =0 H, C N \"CN
+ >=O L —_— | P
H O H=N, or RONa - ROH CH;” "N~ ~OH
CH, H
CH,
POCI, H,, Pd/BaSOy, . CN
— > |
-
CH;” N
F1O0C COOC,Hs
o H. _COOC,Hs o\ PO0C s
—_— + J\: —_—
CHj; CH
@] H2N CH3 o) HN 3



Properties of Pyridine

Pyridines should show analogous properties of:

« Tertiary amines: reactions at the nitrogen lone pair, including protonation,
alkylation, acylation, N-oxide formation, and coordination to Lewis acids, etc...

* Benzene: electrophilic substitution reactions

« Conjugated imines: susceptibility to attack by nucleophiles at the a- and y-
carbon atoms

Useful mild reagents from pyridinium salts:

. N N
Basicity: CHs |

|
|J\r|/ |It|/ RCOC COR acylation
H H
PK, 5.3 6.0 O _CHl N _NO,BF, O
+ -
~p -

No2 BF,
X ) methylatlon / \ nitration
L) —
N N

N +/

N
pK 9.7 . | |
2 bromination Br SOy

sulfonation



Properties of Pyridine

N~ SOsH
H

@
S LY A
N \
H SOy

Pyridine undergoes electrophilic aromatic substitution only under extreme conditions.

Pyridine is electron-poor and therefore undergoes electrophilic aromatic substitution
with great difficulty;

The reaction is several orders of magnitude slower than for benzene and occurs
only at C3;

Halogenation, nitration, and sulfonation proceed under rather forcing conditions,
and Friedel-Crafts alkylation and acylation do not take place;

Reactivity for electrophilic substitution increases with the presence of EDG.

hﬁ“‘x \\ »“'N(:)f ra N Br
NaNO;, fuming H,SOy, 300°C l ‘ g [ j Br—Br, H>50,, SO; I T
. —H,0O " . . —HBr -
S .// = s ~ A P o ~
N N~ N N~
4.5% 86%

3-Nitropyridine 3-Bromopyridine



Electrophilic Aromatic Substitution of Pyridine

T
RN E* N + 2 = +
| —_— | N - -
-~ N =
N N” E N E N”E
~ unstable )
i, .\ -
X Et = E = E E
L J— - ~—
= AN + + = —
N N N N
- E E E s
.
() Sy :
N/ | - | +| - - |
| N7 N N™
unstable
Directing effect of substituents:
G(o.,p)
\/ / \ \/ XN G (strongly activating) ™ N G (mildly activating)
| | |
o ~ -~ v
N~ ~G(o,p) N N7 = N
| X conc. H,SO,, KNO, o NO2
P - | (60%)

HsC™ N° "CHj 100 °C HsC NZ CHs



Nucleophilic Substitution of Pyridine

Pyridine undergoes relatively easy nucleophilic substitution.

1. Pyridine is electron deficient and therefore undergoes nucleophilic
substitution more readily than does benzene;

2. Attack at C2 and C4 is preferred because the negative charge of the
reaction intermediates is placed on the nitrogen atom (C2 is still preferred
to C4 and substitution at C4 happens when C2s are occupied).

Chichibabin Reaction
This reaction proceeds by the

X S g AN N addition-elimination mechanism:
H J\ > ” L + H—H  attack by -NH, at C2, followed by
SN H N7 NH, expulsion of H— from C2.
70%
2-Aminopyridine

AN

| P NH2- — > Na*

N

H— |\||-|2 X
+ NH, Na* — |

NH™ Na* N~ NH,



Nucleophilic Substitution of Pyridine

Reactions similar to the Chichibabin reaction take place between pyridine and
Grignard or organolithium reagents:

TR T
L \1 n ‘ Methylbenzene (toluene), 110°C, 8 h L j

NN N N meﬁ%%w

\\ 299
+
Q 02 or HNO3 | N/ Ph + Li 2-Phenylpyridine

Most nucleophilic substitutions of pyridines involve halides as leaving groups,
the 2- and 4-halopyridines being particularly reactive.

v

= S Br
f s Na'~OCH;, CH;0H R f = Ph[\||—|2 NH; X Br
L P —NaCl - ‘\ /J | P
N~ N~ NHPh N
75%

4-Methoxypyridine

NO,



Oxidation and Reduction of Pyridine

Pyridine ring is @ H,0, - HOAC /@ ‘ Q Se02 @

ol W
eledct.ron-lpo_orI ) N SN CHO
anaisre atlvey 00

inert to oxidation,

L CH COOH COOH
brl:t _Its S|deb O/ 3 02, DMF = | Z | KMnO, (I
chains can be tBuOK “ .

easily oxidized. N COOH

Pyridine N-oxide can undergo both electrophilic and nucleophilic substitutions.
E E Nu
ol Er  F PCI 7 = N
3 u PCI
\+ | — @ — - | C@ — 4 | 3
N fuming HNO, N CH,Cl, N N CHZCI2
o" fuming H,SO, - O- O-

m = | m Z | —C/H
S RHzc[IjBr SVE A « + 0=C
-

N
H

Reduction: F H,, Pt F Na + C,HsOH
| — | - ||
SN N SN
H



Reactions of Pyridine a-Proton

CHs CH,
The methyl (or methylene)
O\ (l ﬁj ﬁjj group attached to the a-
and y- carbons of pyridine is

AIdoI reactions: pretty acidic and behaves
similarly as the a-proton of

.. NN T imi
@_ _@ - O—CHzc—OH carbonyl (imine) group.
2) H,0 =N |'3h

CHj CH=CHCgHs
1) PhLi
\N ZnCl, \N 2) H,O =N
o egH . Claisen reaction
3 2 2 3
CH,CH CH,CH CH,CH
= 2278 NaNH & 28 CHyl # 221’ .
| 2 | . | alkylation
SN >
SN N N
O N-alkylated and acylated
= = pyridines are even more
| CHl, ) QHC % -
N X * reactive toward such
N” CH, N" "CHs .
CHs reactions.
o (L, g
D .

ACO



Quinolines and Isoquinolines: Syntheses

Quinolines:
®  znch [0] X
+ CHp=CHCH ——— —
NH, FeCly ~H0 N7
: NH, ‘}

(1 Not suitable for

deactivated anilines.

2CH3;CHO —— H3;CCH=CHCHO

GHs
H
C=o I _COE
+ —_—
: :NH3+ cr O

Isoquinolines:

o
_HeHo CH,Cl  KCN CHLCN  LiAlH, CH,CCl
g ek

HClI, ch:|2 or Hy / Ni |

™~
e
Ho—# A =N

HsC CHs



Quinolines and Isoquinolines: Properties

Basicity: quinoline < pyridine < isoquinoline

0 = () — (O — 0 —
O QO — O —

(iso)quinoline N-oxide

SOE-NOORRGOE- ;
O_

Similar with naphthalene:

Y, fuming sulfonic acid Ny 3p0°c HOsS >
—_—
= =Z
N N

SOzH

Ir=

\



Electrophilic Aromatic Substitution of
Quinoline and Isoquinoline

Electrophilic substitutions on quinoline and isoquinoline take place on the benzene ring:
pyridine is electron-poor compared to benzene.
Substitution at carbons next to the ring fusion is kinetically favored, as in the naphthalene

i H,S0,, SO;,

AN Bry, AICI3 ’ \r \W fuming HNO., 15-20°C, 5 h

_— >

NS _ —H,0
35% 3%

= Br2, AIC |3 N

S — g \T H2S0,, HNO:, 0°C, 30 min
=N 80 °C ’ - _N —H,0

“abnormal” substitutions: 2% 8%

Br
@\/j Br2 PhNO, mm Xy Brs, PhNO, AN
heat N/ - N heat - -~ N
l Brs

* H B Br
x Br R Br, r ~ ~ Br - Bry AN
+ )T ~F - -
N N™ “Br N~ "Br N "Br N~ > Br
|
Br Br Br Br



Nucleophilic Substitutions

Nucleophiles react preferentially at the electron-poor pyridine nucleus.
These reactions are analogous in mechanism to those with pyridine itself.

Chichibabin Reaction of Quinoline and Isoquinoline Preferred substitution pOSitiOnS
r/m\{/\\ 1. NaNH,, liquid NH3, 20°C, 20 days ////\\ //?\
7 ] 2.H", H,0 . { L }

. N T - = +
80%
2- Aminoquinoline N/ ~g_ */N

( OOH COOH

1. KNH:, liquid NH3 N =
[ 2. CH:COOH [ 3 ﬁ
\/ N .\\\// /%N

NH,

1- Aminoisoquinoline- —_—
4-carboxylic acid N/ Cl

cl Cl

X CH,(CO,Et),
~N NaH Ny _PhCHON
) & NaNH
cl N aNH,

Cl




Nucleophilic Addition Reactions

n-BulLi

O - Ok e QO
C]:\Jj RCOC ©\/+P ) ﬂ.. m
(b =5 L0

aq NaQH =

N.
COPh ~COPh _N

Reactions of a-proton _
(similar reactions as with pyridine) Reduction

HQ(OAC)z X3
X EtONa / EOH_ )
or 12 N

N7 cH,  (COsEb; CHZCCozEt
N _HaPU
Xy  PhCHO, ZnCl, N
- TacoH
=N _N

CHs HC=CHPh

H2/N|




Diazines, Triazines, and Tetrazines

Higher aza analogs of pyridine behave in a similar manner but show the
increasing effect of aza substitution: increasing electron deficiency

4 4 4
R N N_ PN N.
Sr TS 5r N3 SF ~3 {/ N = \ﬂ
|
6 Q“\‘\Q - N 2 6 Q\“\: e 2 6 H\Q‘:N J 2 \\\\\N /’N :“\ /’N
1.2-Diazabenzene 1.3-Diazabenzene 1.4-Diazabenzene 1.2.3-Triazabenzene 1.2.4-Triazabenzene
(Pyridazine) (Pyrimidine) (Pyrazine) (1.2,3-Triazine) (1.2.4-Triazine)
r;;NW NN H(CH;), __CH,CH(CHa),
| |
N N N N / - /
- - ' OCHs, OCHj
1.3.5-Triazabenzene 1.2.4.5-Tetraazabenzene 2-Methoxy-3-(1-methylethyl)- 2-Methoxy-3-(2-methylpropyl)-
(1,3,5-Triazine) (1,2,4.5-Tetrazine) 1.4-diazabenzene 1.4-diazabenzene
(Potatoes) (Green peppers)

Syntheses of diazines:

Me Me Me
NH>  NaOEt -2H,0
O + /& » 2”5 Raney Ni
Ny HNTs )\ ’ J

R' NHQ O R air R1 air
Xool— = oL =
R” "NH, 07 R + NpHy4



Electrophilic and Nucleophilic Substitutions of Diazines

I
« Diazine, triazine, and tetrazines are stronger bases than pyridine

«  With the number of nitrogen atoms increases from one to higher, electrophilic attack on the
ring carbon atoms becomes increasingly difficult and nucleophilic attack becomes easier.

0
N”cH 070 N7 NH, “

N™ “NH,
: o NH
With activating group, 2 o @ N NH,
electrophilic substitution >N PhNa" CI N* i ~N
may proceed. /)\ N/)\

. . Relative reaction rate:
All chlorodiazines are more reactive toward

nucleophilic substitution than chloropyridine.

Ry - - . 6 O\ Ty
Cl N

) Y cl_ Y
shaiselnas 1
N/ N/ NJ N/) Cl Cl X
i © []/ N | _N
N°
16




Diels-Alder Reactions with Heterocycles

NTXN . SHON  NTYMe
| + Me,N————Me > . m
LA P
N N" NMe,
2-pyranone: Ph
\ —
| + NPh —— >
o o
s
_ . _
A _ heat g - CO, CO,CHs
| +  HyCO,C—=—CO,CHy ——— » CO,CH; | —
0”70 sy CO,CH,
CO,CH;

Syntheses of 2-pyranone:

H
HO,C o H* Cu, 650 °C AN
l\ N —_— — |
H” Y0 HO™ ™0 o” "0
H* NBS, Et;N AN
= =3
H™ 0 HO™ 0 o” "0



[ 3.

oxazole

4 3

O

1

isoxazole

Syntheses of Azole Compounds

thiazole

4 3

L\

s7

isothiazole

imidazole

LN

N
!

pyrazole

Syntheses of isoxazole:

"
C C
0+
C N

| I _
CO,.H ©

1,3-dipolar addition

1
R'CCH,CI +

Syntheses of 1,3-diazole:

* 3 P,Ss, 120 °C
RCNHCH,CR! >
(NH,),0AC
or RNH,, HOAc
0
Q (RCO),0
N K* —> RCCHoNH, —————» RCCH,NHCR
0
NOH NOH
CeH:CH —2» CgHsCCl 2

anhydrous P,0Og

— s CgHsC=EN—O



Properties of Azole Compounds

In comparison with pyrrole, thiophene and furan, the additional nitrogen in the

rings has important effects.
Tautomerism of
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Reactions of Azole Compounds

Due to the electron-withdrawing effect of the additional N, azole compounds are less reactive
toward electrophilic substitutions compared to corresponding 5-membered cyclic molecules
with one heteroatom, but they can be expected to undergo these reactions under common

conditions for aromatic compounds.

Electrophilic substitution of imidazole:
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A complication of imidazole is the ease with which N-3 is protonated or attacked by electrophilic
reagent; Friedel-Craft alkylation and acylation at Cs generally fails for this reason and nitration in
sulfuric acid is difficult but viable; sulfonation only takes place with hot oleum to give C-4

substituted product.
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Reactions of Azole Compounds

But triboromo substituted product can be easily obtained by reacting with bromine in the

absence of catalyst (nearly neutral conditions); and imidazolide anion undergo coupling
reaction with PhN,* (basic conditions).
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Electrophilic substitution with pyrazole takes place at C-4:
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Acylation of Imidazole

As imidazole is both a good nucleophile and good leaving group, N-acylimidazole is a good
“acyl transfer” reagent. The usual amide stabilization through nitrogen lone pair is much less
effective with N-acylimidazole because the lone pair is part of the aromatic sextet.
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Being an “acyl transfer” reagent, imidazole can catalyze the hydrolysis of esters
and other acyl derivatives.
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Catalysis Effect of DMAP

The rate of this rxn is 10* times faster when 4-dimethylaminopyridine (DMAP) is present.
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Nucleophilic Substitution of Azole Compounds

N Similar with pyridine, nucleophilic
CHs substitution takes place most
N . readily at C-2 with imidazole, but
OZN/[N»\Br s Ny 20 ' the displacement is not easy,
SH, unless in the presence of

additional activating group(s).

Oxazole and thiazole undergo
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