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Heterocycles
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Heterocycles
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O . O * saturated heterocyclic ring and the lone
D pair of electrons is available for eaction with
| / \ protons. So, similar in base strength to their
open-chain aliphatic counterparts

aliphatic heterocyclic compounds

* lone pairs on the nitrogen atoms are
involved in interaction with electrons of the

// \\ _— // \\ aromatic ring.
* the lone pair contributes to the aromatic

I /\ sextet and is not available for reaction with
protons. So, pyrrole is a very weak base
with a pKa value .

aromatic heterocyclic compounds,

contributes to the aromatic sextet. This leaves
an unshared pair of electrons, which can

accept a proton, so that pyridine is measurably
aromatic heterocyclic compounds, hasic with a pKa value of 5.2.

Z z * only one electron from the nitrogen
: @
|

* This value is similar to that found in aromatic
eamines such as aniline (aminobenzene)

Figure 3.19 The ionisation of some nitrogen-containing heterocyclics.
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* Physicochemical properties of drugs
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The ionisations of acetic acid and ethanol

The ionisations of acetic acid and ethanol

This means that acetic acid is almost a hundred thousand million (or 1011)
times more acidic than ethanol.

the anion formed on ionisation of acetic acid is resonancestabilised.



* Physicochemical properties of drugs
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Exemples:

easpirin (pKa 3.5), the anticancer compound methotrexate (pKa 3.8, 4.8 and 5.6)

and the diuretic furosemide, pKa 3.9).
* jonisied in biological fluides



* Physicochemical properties of drugs
Phenols are weak acids that liberate protons to

give the phenoxide anion.
| This anion is resonance-stabilised and four

canonical forms may be drawn

»
U

Figure 3.5 Resonance stabilisation of the phenoxide anion.
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CHARACTERS

An almost white or slightly brownish-yellow powder, or a fine, crystalline powder, very slightly soluble in
water, slightly soluble in ethanol (96 per cent). It dissolves in dilute solutions of alkali hydroxides. 11



Warfarin

* Warfarin is an anticoagulant that inhibits the clotting action of blood through an action
on vitamin K-derived clotting factors.

* deep-vein thrombosis or pulmonary embolism.
 Warfarin is used in the UK as the sodium salt, (acid)

The acidic hydrogen is located between two electron-withdrawing carbonyl groups.

* resonance-stabilised anion.

This enhanced stability of the anion allows warfarin to lose a proton and renders the drug
acidic with a pKa of 5.0.

* Warfarin in the free acid form is not very soluble in water and is therefore always
administered (and is official in the B P) as the sodium salt.
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12
Figure 3.7 The icnisation of warfarin.



Warfarin

keto—enol tautomerism. This means that warfarin exists in two
constitutional isomeric forms (tautomers) that are in
equilibrium with each other, although one of the forms is
usually present to a much higher degree than the other.

Figure 3.8 The tautomerism of warfarin.



Comparison of resonance and tautomerism

Resonance forms of a druge Tautomeric forms of a drug®

Same compound Different compounds

Differ only in position o elecfrons Differ in position of atoms (usually
hydrogen)

Each canonical form coniributes to a single  Each form exists in equilibrium
resonance structure
Canonical forms cannot be isolated Fach tautomer may be isolated

“Represented by a double-headed armow <.

“Represented by an equilibrium arow =,
14



Phenylbutazone

* popular misconception that: because amines are basic and amines contain
a nitrogen atom, then all drugs that contain nitrogen will be basic.
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ﬁ | — |
7 > 1= N ~
X A
Figure 3.10° Resononce effects of ihe amide group. -
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Phenylbutazone, despite containing nitrogen, is a weak
acid with a pKa of 4.4.

The acidic hydrogen is on the 4-position of the
pyrazolidinedione ring and upon ionisation the negative
charge is delocalised onto the adjacent carbonyl groups in
a similar manner to that in warfarin (pKa 5.0) |



sulfonamides

Sulfonamides are a class of antibacterial compounds, all of which contain the
sulfonamido group a SO2NH. Sulfonamides are all weakly acidic (pKa
approximately 5-8) due to the powerful electron-withdrawing effect of the —SO2-
substituentand stabilisation of the resulting anion by resonance.

Sulfonamides are usually administered in the form of the sodium salt to increase
their water solubility
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Figure 3.17 The ionisation of a sulfonamide.
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Figure 4.11 Mode of action of B-lactam antibiofics.
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Geometrical isomerism

*the term cis is : describes the molecule If the substituents
around the double bond are similar and both are on the same
side of the double bond,.

* the term trans: the same groups are on opposite sides of
the double bond.

Figure 4.15 Examples of cis and trans isomerism.



Geometrical isomerism

* the (Z) isomer: the high-priority substituents are on the same
side of the double bond is (from the German zusammen meaning
together).

*The alternative configuration, with the high-priority groups on
opposite sides of the double bond, is described as (E) (also from
the German, entgegen or opposite).

Figure 4.16 Examples of (Z) and (E) isomers. 23
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Ildentification test
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Hydrogen peroxide

* |dentification:

 To 2 mladd 0.2 ml of dilute sulphuric acid R)and 0.2 ml of
0.02 M potassium permanganate. The solution becomes
colourless or slightly pink within 2 min

* To 0.5 mladd 1 ml of dilute sulphuric acid R, 2 ml of ether
R and 0.1 ml of potassium dichromate solution R (
5%)and shake. The ether layer is blue

* 4H,0, + Cr,0,2 + 2 H* > 2CrO(0,), +5H,0
2Cr0(0,), /ether blue
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Assay:

Hydrogen peroxide: H202 3% (BP 2007)

Dilute 10.0 g to 100.0 ml with water R. To 10.0 ml of this solution add 20 ml of dilute
sulphuric acid R. Titrate with 0.02 M potassium permanganate until a pink colour is
obtained.

1 ml of 0.02 M potassium permanganate is equivalent to 1.701 mg of H,0, or 0.56 ml of
oxygen.

Hydrogen peroxide: H202 30 % (Bp 2007)
Dilute 1.00 g to 100.0 ml with water R. To 10.0 ml of this solution add 20 ml of dilute

sulphuric acid R. Titrate with 0.02 M potassium permanganate until a pink colour is
obtained.

1 ml of 0.02 M potassium permanganate is equivalent to 1.701 mg of H,0, or 0.56 m| of
oxygen.

2KMnO, + 5H,0, + 3H,S0, 2MnSO, +2K,S04 + 8H,0 + 50,



Assay & calculations

H;_-Cli—COOH Hzilf— COO Na*
HO— C—COOH + 3NaOH ——— HO— C—COO™Na* + 3H;0

| |
H,C — COOH H,C — COONa"

1 mole citric acid = 3 moles NaOH

and

192.1 g citric acid = 3 litres 1 M NaOH

or
192.1 g citric acid = 3000 mL 1 m NaOH
Therefore,
(192.1/3000) g citric acid = 1 mL 1 m NaOH
or

0.06403 g citric acid = 1 mL 1 m NaOH

28



Argentiric titration

Cl-+ Ag+ - AgCl
2 Ag++CrO,> Ag,CrO, (yellow- brown/red)

3ol ) bl s back titration g sl sl & Lo i €Y 38, L)
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Ag++NH,SCN ———  AgSCN+ NH,NO,

Fe3* + 3SCN- Fe(SCN); + 3SCN- [Fe(SCN)]*
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Kcl

Sodium Cobaltinitrite: Sodium hexanitritocobaltate(lll); Na;Co(NO,),

(&3—4 Jﬁ:‘)) @AJW\ Qj\jﬁ\ dgﬂAA

KCl:
Dissolve 1.300 g in water R and dilute to 100.0 ml with the

same solvent. To 10.0 ml of the solution add 50 ml of water
R, 5 ml of dilute nitric acid R, 25.0 ml of 0.1 M silver nitrate
and 2 ml of dibutyl phthalate R. Shake. Titrate with 0.1 M
ammonium thiocyanate, using 2 ml of ferric ammonium
sulphate solution R2 as indicator and shaking vigorously
towards the end-point.

1 ml of 0.1 M silver nitrate is equivalent to 7.46 mg of KCI.
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* Dissolve 0.1 g by gently heating in 5 ml of methanol R, add 0.1 ml of

sulphuric acid R and ignite the solution. The flame has a green
border.

* ASSAY

Dissolve 1.000 g with heating in 100 ml of water R containing 15 g
of mannitol R. Titrate with 1 M sodium hydroxide, using 0.5 ml of

phenolphthalein solution R as indicator, until a pink colour is
obtained.

1 ml of 1 M sodium hydroxide is equivalent to 61.8 mg of H;BO,
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