CHAPTER II
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Chemistry nf Ketortonano -.
1. Chemica _As-/ ‘hect mical e of ketoconazole is cis

-1- Acetyl 4- [4-[ (8~ (2 44 / dichlorophenyl )2~ ( 1H- imidazol -1- yI
methyl)-1,3-dioxolaf4 """' 2y phienyl] piperazine. Its structure and

numbering scheme af€ sho@wn 1
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. Molecular weight : 531.44
pKa v 294, 6.51

2. Description : white to slightly beige powder ,
melting range 147 - 150 °C
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3. Solubility : Practically insoluble in water , soluble 1 in 54 of
ethanol , 1 in 2 of chloroform , 1 in 9 of methanol , very slightly soluble

in ether.

hesis , stariug from 2 4-dichloroacetophenone
is outlined in Scheme 2 Kefalizatio :ﬁhglycenne was performed
in a benzene , n-butano! me 7 a7eiro 5ic removal of water in the

presence of a
isolation , the ketal 2 3

u ue esulfomc acid. Without
@ t\ bromo ketal 3.

4.2 Benzg eaﬁardedtheesterasa
cis/trans mixture , frof i ‘ 4 could be isolated by
crystallization from jgge;gmmummmwmw
by liquid chromatographyl —j

4.3 Chupling of bromo Kkets 16/, DMA with imidazole
| . . : \"
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gave the imida vative s saponified at reflux
with NaOH in d: ane-water modlum to the cohol 6. This alcohol

s ol 1 SR ety s i o

sodium salt nﬂJE to give ketoco‘r,mzo
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5. Determination of Ketoconazole : Many method have been
used to assay ketoconazole in pharmaceutical preparation , raw material

and human serum. Some of them are described below ;
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Scheme : 2 Syntheses of Ketoconazole




5.1 Colorimetric Method

In 1988 , Sane and workers had reported the determination
of ketoconazole in pharmaceutical preparation. The method was based
on the formation of ion-pair complexes of the drug with reagents like
bromocresol green ( BCG ), br resol purple ( BCP ), bromophenol
blue ( BPB ) and bromophieol \ted/ A BER ) in acidic medium . The

on-pair complexes formed Were 311@ extracted in chloroform

and its absorbance w

validated and was found®obe & T

52 Pgffonhia uid " Chromotographic Methods
(HPLC) A 4

Many ‘methc %ﬁ' 1@ defermination of ketoconazole by
HPLC have been repos 14 ' ion. (1980) , Swezey et at. (1982) ,
Badcock (1984) , Column , m ¢ , wavelength of UV - detector
and conditions q;gd m different S be applicable for
each method. Fof & mple , in 1 7ey'and workers assayed

ketoconazole mhulan Sonapack C-18 reversed

phase colu m qmm? phosphate buffer
(pH 6.6 myrmhlnncac 40 ) as mo ephaseandS?Onm
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5.3 Potentiometric Method

Potentiometric = method for the determination of
ketoconazole in raw material was recommended by the USP XXII(1990).
Ketoconazole was dissolved in glacial acetic acid and titrated with

perchloric acid.
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6. Identification of the chemical structure

6.1 Ultraviolet spectrum ( Moffat et al . , 1986 )
In aqueous acid it has absorption maxima at 269 nm ( A} =26 a )
In aqueous alkali it has absorption maxima at 287 nm (A} =29 b )

In methanol it has two absorption maxima at 244 nm ( A] = 280 b)
and 296 nm( A;=32b) ‘T
62& ., 1986)
Principle"p€aksar wavedumk "0,150?, 1258 , 1240,

1211, 1200, cm™ —

A BurKerJAM & ' measure the proton and
C spectrum. The 7 : with the base dissolved
in CDCl,, using TMS a$ the 18 :-;: d. Table 1 gives the valves

. Kctmonaznle Q active against most
pathogemc ﬁ 1t used to treat a
wide variety oﬁ,supeﬁ or systcnuc ﬁm ection. Ketaconazule is
o ) e P e e
as dermatophyte or yeast skin infection , Pifyriasis versicolor,
oncomycosis, oral or vaginal candidosis and systemic mycoses , such as

systemic candidosis , paracoccidioidomycoses , histoplasmosis (Heel et
al.,1982 ;Borger and Bossche ,1982).
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Site SH oC
1 134.36
2 132.68
3 131.02
4 135.49
5 126.93
6 129.25
7 107.70
8 50.92
10 138.51
12 128.22
13 120.90
15 74.47
16 67.23
18 67.34
20 152.56
21,25 114.95
22,24 118.43
23 14541
27 50.34
28 3,7 (m) 3603!:1) 41.15
30 46.05
5 A ua@mamﬁmr T Soso
32 2s168.61
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Table 1 :

'H and "C chemical shift of ketoconazole ( 8H and 8C from

TMS +0.01). , (Dawson,1990)
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Mechanism of action : Like other imidazole derivatives ,

ketoconazole presumably exerts its antifungal activity by altering

cellular membrane , resulting in increased membrane permeability ,
secondary metabolic effects , and growth inhibition . ( Heel et al.,1982 ;
McEvoy, ed ., 1989 ). Altho
ketoconazole has not .bee

e exact mechanism of action of

ined , it has been suggest

r& result from interference
, inhibition of C-14

demethylation of stergifin€rmediate ( e. , ml}{McEvoy,ed.,

that the fungistatic activity of
with  ergosterol

1989 )

Pharmacoki

Abso pidly adsorbed from the
Gl tract. The biocavailability o ~oral emcunazule depends on the
pH of the gastric€ontent m ‘the st £ an increase in the pH
results in decrease’absorption Tile effect of food on the

|| -
rate and extent olGI absorption of ke naznle has not been

clearly detefgfigepp | Wﬂw £l fjmm o e bl

_Distribution Ketoqg
i) RV S /T ) B ) i o
adminiStration of a 200 mg dose of drug in adult. In human blood ,
only 1% of ketoconazole is presented as free drug in plasma , 83.7%
is bound to plasma proteins ,primarily albumin and 15.3% in blood cell
( Daneshmend and Wornock , 1988 ).
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Elimination : Ketoconazole is partially metabolized in the

liver, to several inactive metabolites by oxidation and degradation of
the imidazole and piperazine rings, by oxidative O-dealkylation , and
by aromatic hydroxylation. @ The major route of elimination of

ketoconazole and the metabolite to be excretion into the feces
via the bile (McEvoy, e&@j‘rﬂ//

ﬁ

Photolysis 7" .

Considerati

1969 : Stewart a - Tucker , | "df.}ll and Stella ,eds. A
1986 ) '

(a)
(b) photosensitiser or secuu gmm dmmposmun
’Q‘W”fﬂ‘ﬁ“ﬁ“ﬁ‘?ﬂ' Eﬂ‘ﬁ‘l‘ﬂ’l’ ooy e g molece
(A) itsélf absorbs energy from the radiation source , then an unstable
excited state species (A*) is produced ( Eq.1 ). The absorbed energy
can be lost either by a radiative mechanism in which the energy

is given off several ways :
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(a) as thermal energy producing an increase in temperature
in the surrounding medium ( Eq.2 );
(b) as fluorescence or phosphorescence where the absorbed
energy is re-emitted as longer wavalength radiant energy ( Eq.3 ); or
chonucal decomposition (Eq.4 ).

(c) as chemical energy i
The whule
‘\-b

' Equations 1 - 4

(Eq.l)
(Eq2)
(Eq3)
(Eq4)

2 }".‘.'- ‘E.I:' :7
The potential ~ ion of a drug will be greater at
shorter wavelengths nergy afion(is related to wavelength

jad N D
ﬂuﬁwamwmn“&m

v=¢/

’Q‘W']ﬁ\‘iﬂ‘im umwma El

Where E = energy absorbed
h = Planck’s constant ( 6.625 x 10 ¥ erg-s )

v = frequency of the radiation in Hz ( s™ )
¢ = velocity of light
A = wavelength
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Thus the shorter the wavelength ( A ) or the higher the frequency

(v) , the greater is the energy absorbed . Consequently , drug
degradation is more like to occur when radiation is absorbed in the
ultraviolet and lower visible regions of the spectrum. The chemical

reactions occurring are complex jbut include oxidation-reduction, ring

In phntmnsﬁ mm.hutochcmtcal reactions ,
the energy is absor irug mole u!cs ( B ) which impart
their increased en - g molecules ( A ) with

The kmctms of phutochemcal reactions is more complicated

than hnmcsﬁWWWWﬂ% 1986 ) This is

dueto (1) thé complex natuge of most _p hﬁtuchemlcal reactions ( Lin
e LR YT TSR YHbS HE0A o
factors alature of solute , solvent , pH , buffer type , concentration and
excipients),and storage factors ( radiation sources , time and intensity of
irradiation , temperature and packaging ) ( Stewart and Tucker,1985 )
and( 3 ) the photochemical reaction may be enhanced by , inhibited by,
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or independent of simultaneous thermal reactions.( Lin and Lachman ,
1969 )

As a result of the complexity of photolytic reactions , zero-
order , first-order and second-order are possible in photodegradative
are usually associated with oxidation
\ié/often initiated by light ( Mollica ,
Ahuja and Cohen , 1978+ Banker, andRhodes , 1990 ).

reactions. Photolysis reactions

photolysis , the use of

approprite light réSisting fcontaines | bffers  the best form of
protection  against’degomiposition. Genérally amber bottles will restrict
the incident energy below 4 Lach: , Swartz ,and Cooper ,
1960 ) In addition , depe e type of chemical reaction caused

{;.;EIHHI% :gmm ‘ﬂ m?]:lﬂcéajs:s] Q Eugu instability. Two

R ERITAIN TN 1IN TN

9( a ) autoxidation which involves reaction with molecular
oxygen, chain reactions and free radical formation ; and
( b ) the reversible loss of electrons without the addition of

oxygen.
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(a) Autoxidation occurs in three phases :  initiation ,
propagation and termination, as in scheme 3

initiation RH > R + H-
| ( free radical )

Rx' ROO
' / ( peroxy radical )

ROOH + R-

/ A\ hydroperoxide) |

termination \ " hon-reactive products

&g..m

e ‘- ical inhibitor

propagation

Initiation mmess is yzﬁd by hmt and light ( Mollica ,

::;:g::dmnmnﬂ m metals or pm‘mjeslzn:a :::c‘:cei
mcqmlm-ﬁmm@m 188

( b ) Oxidation occurs by the reversible loss of electrons
without the addition of oxygen. This process of oxidation involves the
transfer of electrons and protons. A chemical oxidation-reduction half-

reaction can be expressed by :
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reduced foorm === oxidized form + n electrons ( Eq.9)

The Nernst equation is used to compute standard oxidation
potential ( E°). The greater th

3 standard oxidation potential of the cell,
10€ n the oxidation and reduction

half- cell potentials , the-mors re@dﬂ&daﬁon occur.(Stewart and
[ a—

in the structure of
imidazole must be

ole derivative was exposed

ketoconazole ,
considerable .

Many - ;-’f.

! ‘agmentation product
of imidazole deri

i nre(Ogataetal.,lg'?O,
Haddadin , m ﬁmﬁmﬁﬂﬂ Woolhouse ,

1978 ) . For gxam - and coworkers reported the

o o/ e
o QR T NRITYITH N IPFIN 2]y oncdiamine
(18.14% )  as the major product from the irradiation of 1 - benzyl
- 2 - ethylbenzimidazole - 3 - oxide ( Scheme 4 ) .

_"\Fes hﬂ_‘\fﬁ DEE
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Scheme : 5 The photodegraded product of benzimidazole 3-oxide
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Similarly , Haddadin and his colleaques found that , when 1 -

hydroxy - 2 -methylbenzimidazole 3-oxide ( 1b ) was photolyzed , the

product was o-nitrosoacetanilide (3b) and whereas there is no substituent

at C-2 ( la), the product isolated was o - nitrosoformanilide ( 3a ).

This reaction was heheved proceed via a fused oxaziridine
intermediate (2 ) ( Schem V/

is well known , the
. oles and benzimidazole
into indazoles docs 1 j'r.:l"‘- , 1.4 - and 1,2 -
disubstituted imidazol . intereonverte “in ¢ - butanol , while

photochemical con

1,4,5- trimethyl imidazolé give the 12,5 - isomer in ethanol , £ - butanol
or cyclnhexane In 1969, B -,’_ 2 er reported that , irradiation

ion after 30.5 hours

(Scheme 6) ﬂdﬁlﬁ:ﬁ?ﬂ,ﬁfﬂwm( 3 ) in ethanol or

cyclohexane gives 1,2,5 - Mm‘gﬂ:l}'hmidazole (4)( Scheme 7). The

photo AP 115 2 b 916 4o e ey il

an initial disrotatory formation of bicyclic isomer ( 6 ) followed by a 1,3 -
sigmatropic shift to a second bicyclic isomer ( 7 ) which undergoes a
disrotatory ring opening to the product ( Scheme 8 ) . In 1976 ,Copper

condition 2 is conW¥t

and Ervin reported that under irradiation at 300 nm, frans-1-
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styrylimidazoles ( 1 ) were transformed into the cis - isomers ( 2 )
which subsequently undergo photocyclization to 3 ( Scheme 9 ). This was
probably a radical cyclization on to the imidazole ring gains
credence both from the position of attack at C-2 .

The photo - Fries rearrangement of N - substituted imidazoles,

where the substituent on € an acyl group, to give 2- and
4-substituted isomers 29w ' a&smiaﬁw path ( A ) or i
intramolecular pro spectes could be a radical or a

radical cation . \ ~ ;; , e.g. stearoyl, tend to
undergo cleavage 1- acylimidazole (1 ),
derived from deliydba be subject only to

migration , perhaps
acyl derivatives ( 2) ('Sche

F C .TI‘ t'r{u 'te,tugive2-and4-

A inenguennd i,
qradhaniuning1ad

Scheme 6 : The interconversion of 1,4 and 1,2 dimethyl imidazole on photolysis
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Scheme : 8 The photorearrangement mechansm of imidazole
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When imi Andy b ¢s. have free NH groups,
intermolecular hydrogén ding’ § & to linear associates of
enits. Early determinations

Ve malcus results because

molecules in the ¢
of molar masses &
of this phenomenon , pa& _‘ y - ~ goncentrated solutions of the
azoles were used. In fact, -
of imidazole wer) péssibl
benzene. This inte f', ,__:\ ave rise to broad NH
signals in N'MR spectra , and in solvents ,.:. of exchange , e.g.

D,O, no w ﬁc?twﬁﬂ m N ﬂ of photochemical

processes gav@ rise to dlmenc 111 which hydrogen is lost ,
QAR QYT SN ) FITE 7 Gy v
reported that , irradiation benzimidazole in various solvents with free
access to air gave the unsymmetrical dehydrodimer , 2,4’ - and 2,5’ -
bibenzimidazole . this reaction probably proceeds through the
intermediacy of a 2 - benzimidazolyl radical which substituted the
benzene moiety unchanged ( Scheme 11 ).

i '_-ﬂ: of as many as 20 molecules

i6ns in solvents such as




24

im = 2- or 4- imidazdyl

amasnIaianingdy

Scheme :10 The photo - Fries rearrangement of N - substituted imidazole
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