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ABSTRACT

Two unknown impurities, Impurity-1 and Impurity-2 in itraconazol e drug
product were detected using a simple isocratic reversed-phase high per-
formance liquid chromatography (HPLC or LC). These impurities were
enriched by heat stress of the drug product and isolated from degraded
sample by column purification followed by isolation through preparative
high performance liquid chromatography (Prep HPLC). Based on the 2
dimensional -nuclear magnetic resonance spectroscopy (2D-NMR) data
and mass spectral (M S) the Impurity-1 and 2 were characterized as N-[4-
(1-sec-Butyl-5-0x0-1, 5-dihydro-[ 1,2 4] triazol-4-yl)-phenyl]-N-[2-({ 4-[ 2-(2,4-
dichloro-phenyl)-2-[1,2,4]triazol-1-yl-methyl [1,3] dioxolan-4-ylmethoxy]-
phenyl} -formyl-amino)-ethyl formamideand N-{ 2-[4-(1-sec-Butyl-5-oxo-
1,5-dihydro-[1,2,4]triazol-4-yl)-phenyl amino]-ethyl} -N-{4-[2-(2,4-
dichlorophenyl)-2-[1,2,4]triazol-1-yl-methyl-[ 1,3] dioxol an-4-ylmethoxy]-
phenyl} -formamide respectively. The formation of theseimpuritiesis ex-
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INTRODUCTION

Itraconazolebel ongstothedassof azoles. Itisused
inthetreatment of fungal infections, such asaspergillo-
gis, blast mycosis, histoplasmosisand thoselocalized
to thetoenall sand fingernail s (onychomycosi s) without
sdeeffects. Theexamplesof other drugsbelongingto
thisdassareketoconazol e and fluconazol €Y. Sporanox
isthebrand nameof itraconazoleandisavailableinthe
form of 100mg capsules. Itraconazoleworksby inhib-
itingthefungal enzymesthat produce “ergosterol,” an
important component of thefunga cell wall. Without

adequate ergosterol, the fungal cell becomes weak,
leaky and ultimately dies.

To our knowledge, degraded impurities of itra
conazol e have not been reported; hence weisolated
and characterized two impuritiesin thedrug product of
itraconazolewhich wererecorded totheextent of 0.2%
by HPLC. Theam of the present study wasto isolate
and characterizethetwo maor degradationimpurities,
asany impurity present at thelevel of 0.1% hasto be
characterized?. Thedrug product assuchwasdegraded
andit wasfoundto havebothimpurities. Theformation
of theimpuritieshasbeen explanedinthe present sudy.
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Theimpuritieswereenriched by degradation of thedrug
product and then subjected to column purification.

After preparative HPLC theimpuritieswereiden-
tified usingliquid chromatography-mass spectroscopy
(LC-MS) and NM R, |dentification of two degrada
tion related impuritiesaredescribed inwhich pipera-
zZineringisoxidized of anazolecontaining moiety which
hasarelated structureto that of itraconazoleduring the
stability studieson the drug substance unlikethedrug
product described in the present work.

EXPERIMENTAL

Materials

Theinvestigated samples of itraconazol e capsules
(B.No. HO01) wereobtained from Dr. Reddy’s Labo-
ratoriesLtd. Bulk Actives-l11, Hyderabad, India. The
materials used for HPLC analysis viz., ammonium
acetate(AR grade) and acetonitrile(gradient grade) were
purchased from SD fine chemicals, Indiaand Ranbaxy
Laboratories, Indiarespectively. Water used was puri-
fied using Milli-Q plus purification system(Make:
Milford, USA).

Heat stressof itraconazoledrug product

About 50 capsulesof itraconazol e containing ac-
tive pharmaceutical ingredient(APIl) 100mg (B.No.
HOO01) weretaken and the contentsfrom capsulewere
ground using apestleand mortar and theground sample
wastransferred into apetridish covered with auminum
foil and stored in an oven maintained at 150°C for 5
days. Theheat stressed drug product becameabrown
chunky massand wasthen subjected to column purifi-
cation.

Column chromatography

The heat stressed drug product became abrown
chunky mass. Two gramsof thismasswasdissolvedin
chloroform and methanol (CHCI,: MeOH) (90:10%V/
v) and filtered, thefiltrate was coll ected and concen-
trated. This concentrate was mixed with 4gm of 60-
120 mesh silicainaflask and evaporated to drynesson
arotavapor.

Theabove evaporated product was purified using
column chromatography toremoveall theexcipients.
About 1g of the evaporated product was | oaded and
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thecolumnwasfilledwithadurry of dlicagd mesh 60-
120 as adsorbent and el uted with CHCL initially, fol-
lowed by CHCI,: MeOH (98:2% v/v), (97:3 % Vv/v)
and (96:4 % v/v). Fractionswere collected and those
exhibitingsimilar thinlayer chromatography (TLC) pro-
fileswere combined and evaporated on arotavapor.
HPL C purity of the column purified materia wasabout
60%. To get good spectral data the column purified
materia wassubjectedto preparativehigh performance
liquid chromatography.

Prepar ative high performanceliquid chromatog-
raphy (Prep HPLC)

A Shimadzu Prep HPLC (Make: Shimadzu, Japan)
equipped with LC-8A pump, SCL-8A system control-
ler, SPD-6AV UV-VISdetector, FCV-100B Fraction
collector and Rheodyne Injector Model 77251 with a
2.0mL loop was used.

Anin-house Prep HPL C method was devel oped
for the separation of impurity 1 and impurity 2. The
following conditionswereemployed for the Prep. HPLC
method. Using hyperprep C18, 250x10mm1.D., 8u
particlesize column (Thermocorp UK). Mobilephase
cons sting of ammonium acetate (0.025M), acetonitrile
intheratio of 55:45%v/v wasused with UV detection
at 225nm and aflow rate of 10mL/min. Thedatawas
recorded using CR-7A chromatopac software. The
column purified samplewasinjected into the semi-pre-
parative column and impurities were collected and
evaporated.

To confirmtheretention timesof theisolated impu-
rities, they wereanaysed by andytical HPLC. The2D
NMR and M S data of theisolated fractions of impu-
rity-1 and impurity-2 after thorough drying of the sol-
ventswererecorded.

High performanceliquid chromatogr aphy (analyti-
cal)

A Waters Model Alliance 2695 Separations
modul e(M ake: Waters corporation, USA) equipped
with a Waters 2996 photo diode array UV detector
wasused. A smplein-houseisocratic LC method was
devel oped for the analys sof itraconazoledrug product
and its degradation products, where a C,, column,
Hypers| BDSC18, 250x4.6mm|.D., 5u (Thermocorp
UK) with amobile phase consisting of amixture of
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ammonium acetate (0.025M) and acetonitrileinthera
tio of 55:45(v/v) wasused with UV detection at 225nm
at aflow rate of 1.5mL/minfor theresolution of both
impurities. Theitraconazoledrug product wasextracted
into methanol and sonicated the sampl e; the samewas
filtered with 0.22p syringefilter and injected at acon-
centration of Img/mL into HPLC. Theimpuritieswere
dissolved inmethanol, sonicated and injected at acon-
centration of 0.5mg/mL after filtering through 0.22
syringefilter beforeinjectinginto HPLC. Thedatawas
recorded using Waters Empower software Build 1154.

Electrospray ionization(ESI-MSM S)

TheMSM Sexperimentswere performed onaPE-
SCIEX triplequadrupole M S(M odd API 3000, Make:
MDS SCIEX, Vendor name: Applied biosystems). The
samplewasintroduced through aturboion spray inter-
facein positiveionization mode usinginfusion pump.
Thenebuliser and curtain gasesused werezero air and
nitrogen respectively, ion spray voltagewasmaintained
at 4500V. Focusing potentid , declustering potentid and
entrance potential werekept at 180V, 70V and 10V
respectively.

NMR

The proton NMR(*H NMR), carbon-13(**C
NMR), distortionless polarizationtransfer (DEPT) and
2D NMR experiments(gDQCOSY, gHSQC and
gHMBC) for itraconazole, impurities 1 and 2 were per-
formed in CDCI,, sol vent(Procured from Cambridge
Isotopic Labs, USA) using Varian Mercury plus400
MHz FT NMR spectrometer(Varian, Germany)
equipped with a5-mm ID probe at 298 K. The data
were collected and processed by Varian NMR 6.1C
Verson softwarerunningon SUN ULTRA-10 PCwith
microsoft windows®. For theH- NMR analysis, 24
trangentswereacquired withab-srdaxaiondday usng
32K datapoints. The 45° pulse duration was of 4us
and spectral width of 8800 Hz. Thedigital resolution
was0.25 Hz and line broadening was0.2. TheH-H
bond correlationswere confirmed by gDQCOSY ex-
periments. The protonated carbon positionswere con-
firmed by gHSQC experiments. The non-protonated
carbonswere confirmed by agHMBC experiments.
TheH chemica shiftsarereportedin ppmwith refer-
enceto tetramethyl silang(6=0.0ppm). The *CNMR
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experimentswere carried out with aspectra width of
59880 Hz usng 60K datapoints, chemica shift values
were reported relative to CDCI(6=77.00ppm) and
DM S0-d,(6=39.50 ppm) asinterna standards respec-
tivey.

LC-MS

L C-M S experiments on the degraded drug prod-
uct of itraconazole were performed on a PE SCIEX
APl 3000(Make: MDS SCIEX, Vendor name: Ap-
plied Biosystems) Q trap LC-M SM Smass spectrom-
eter usnganAgilent 1100 seriesLC pump. Themobile
phase used wasA: Ammonium acetate(0.01M) pH=7.0
withliquor anmonia(Qudigens, India); B: Acetonitrile
using thefollowing gradient program(T/%B: 0/50, 16/
100) with aflow rate of 1.0mL/minand monitored at a
wavelength of 225nm. A Hypersil BDS C18(250x
4.6mm) 5u was used. The concentration of samples
was Img/mL with aninjection volumeof 20uL. Zero
air was used for nebulization and high pure nitrogen
wasused ascollision gas. Thefollowing M Sconditions
wereused for dataacquisition: Nebulizer 8.00ps, Cur-
tain gas 8.00 psi, lon spray voltage 4500V, Tempera-
ture 0°C, Declustering potentia 70V, Focusing poten-
tial 180V, Entrance potentia 10V.

High resolution mass

All sampleswere analysed ontheMicromassLCT
Premier mass spectrometer(\Waters Corporation, UK)
equipped with an(Electro spray ionization) ESI Lock
spray source for accurate mass values. Leucine en-
kephain was used asan interna reference compound
whichwasintroduced viathe Lock spray channd using
theWatersreagent manager. Themassrangewascali-
brated with the cluster ions of sodiumformateusing a
fifth order polynomia fit. Datawereacquired usngthe
W mode.

The mass spectrometer was equipped withaWa-
tersAcquity system. Itraconazol e capsulewas dissolved
inmethanol a aconcentration level of Img/mL, soni-
cated for 10 minutesand centrifuged for 6 minutes at
16000 rpm. The supernatant was diluted 1:10 with
methanol and introduced to the mass spectrometer via
aHPLC column. Thechromatographic conditionsused
weresameasLC-MS.
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RESULTSAND DISCUSSION

Theandyticd HPLC chromatogramsof itraconazole
capsule(Figure 1a), itraconazole impurity-1, after
isolation(Figure 1c), itraconazole impurity-2, after
isolation(Figure 1b) and itraconazole capsule heat
gressed sampleareshownin(Figure 1d). Theitraconazole
eluted at aretention time(RT) of 44.08min(Figure 1a).
Inthe chromatogram of the stressed sampletwo promi-
nent impurities 1 and 2 e uted at 12.04min and 16.50
min respectively in additionto theitraconazole peak at
44.08 min (Figure 1d).

To get further structura insight, theLC-M Sanaly-
siswas carried out on the stressed sample. The mass
spectraof stressed sample thus obtained showed the
protonated molecular ionsof theimpurities-1and 2 at
m/z 735 and 707 respectively, whereastheitraconazole
displayed protonated molecular ion at m/z 705. Thus
theimpurity-1 andimpurity -2 has 30 atomic massunits
(amu) and 2 amu more than the molecular ion of
itraconazole. Theresultsof LC-MSandLC aregiven
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FigurevaerIay of HPL C chromatogramsof itrabonazole
capsuleinitial, itraconazole capsule heat streesed, impu-
rity-1and impurity-2 after prep HPLC isolation

inTABLE 1.

Asthemolecular ioninformationisnot sufficient to
arrive a the structure, the drug product was stressed
and subjected to purification by Prep HPLC so asto
isolatemorequantitiesof impurity-1 andimpurity-2 for
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Figure2: Fragmentation schemesof Itraconazole, impurity-1and impurity-2

Hnalytical CHEMISTRY o
A Tndéan ﬂoawﬂ/



ACAIJ, 7(2) January 2008

J.Moses Babu et al.

TABLE 1: LC-M Sdataand HPL C dataof Itraconazoleimpurities

99
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Sno HPLC RT(min) LC-MSRT(min) Structure/Molecular weight Remarks
H 5,
O#‘\
N 14 1 )
12
18
N—%O 1 Impurity-1
1 12.04 7.72 56 N_3 2 (Degradation
N related)
j 25
344\N)35
Mol.Wt.734
16
Q@' ‘.
22
18 8 0
! N&( ! Impurity-2
2 16.50 8.52 29 28.¢! ~‘ 5<\N/N\T)2 (Degradation
related)
' 4
344\N) 3
Mol .Wt.706
o S
g ) 30
34 3 2 81
N//\/N/% N ~? APlind
— 0 in drug
3 44.09 11.26 2N O [ 2L 2 15 16 112 o6 )8 oroduct
25 24'; 20, 17 / \ N 4
5 O N N— = N\;lll
19 18 14 13 9
Mol. Wt.704

spectroscopicinvestigation. The NMR dataof theiso-
lated impuritieswere collected and the structures of
impurities have been assigned with the hel p gradient
double quantum correl ation spectroscopy (gDQCOSY
or DQCOSY), gradient single quantum correlation
spectroscopy (gHSQC or HSQC) and gradient hetero
multiple bond correlation spectroscopy (QHMBC or
HMBC) data.

Sructureducidation of impurity 1

The 'H NMR data was compared with those of
itraconazole. Thespectrd datawassimilar, but thereso-
nances of the piperazineringinitraconazole are absent.

Initraconazol ethefour methylenes of piperazinereso-
nate at 6 3.37 and 3.24ppm each integrating for two
protonswith their corresponding **C resonancesat &
50.27 and 48.94 ppm respectively. On the other hand,
impurity 1 hasonly two methylenesat 3.97 and 4.03
with their connected carbonsresonating at 6 43.6 and
43.3 respectively. In addition, two singlets at 6 8.22
and 8.35ppm each integrating for one proton hasbeen
observed. Theseare connected to carbonyl resonances
at 6 162.50 and 162.96ppm indicating the presence of
adehydefunctionality. To identify thelocation of these
new aldehydic groupsin the structure of impurity 1,
long range proton carbon experiment (QHMBC) was
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TABLE 2: *H and ®®* C NM R assignmentsfor itraconazole, impurity-1 and impurity-2

Position Itraconazole Impurity-1 Impurity-2
No. 1H ppm/J 13C  DEPT 1H ppm/J 13C  DEPT 1H ppm/J 13C  DEPT
1 3H 09ut74 1056 CH; 3H 09Ut74 1087 CH; 3H 0090t76 1099 CH;
Hal.72/m, Hal.74/m, Hal.71/m,
2 2H Hbl.87/m 2818 CH, 2H Hbl.87/m 2860 CH, 2H Hbl.85/m 2848 CH;
3 1H 4.30/m 52.41 CH 1H 4.30m 52.90 CH 1H 4.20/m80 52.96 CH
4 3H 1.39/d68 1901 CH; 3H 140/d68 1980 CH; 3H 1.38/d68 1930 CH;
5 1H 7.65/s 13369 CH 1H 7.60/s 13167 CH 1H 7.60/s 12340 CH
6 - - 151.77 - - - 151.69 - - - 152.37 -
7 - - 152.35 - - - 157.40 - - - 133.50 -
8 1IH 695d88 11816 CH 1H 7.02d88 12615 CH 1H 727/m 12455 CH
9 1H 6.84/dd88 11507 CH 1H 6.85d88 11570 CH 1H 6.60/d8.8 113.06 CH
10 - - 145.80 - - - 151.56 - - - 147.67 -
11 1H 6.8ld88 11507 CH 1H 6.85d88 11611 CH 1H 6.60/d8.8 113.06 CH
12 1H 6.95d88 11816 CH 1H 7.02d88 12615 CH 1H 727/m 12455 CH
13 2H 3.24/br 4894 CH, 2H 3.97/m 4360 CH, 2H 3.30/m 4239 CH,
14 2H 3.37/br 5027 CH, 2H 4.03/m 4330 CH, 2H 4.00/m 4543 CH,
15 2H 3.37/br 5027 CH, 1H 8.35/s 16250 CH 1H 8.40/s 163.75 CH
16 2H 3.24/br 4894 CH, 1H 8.22/s 162.96 CH - - - -
16 - - - - - - - - 1H 8.20br - NH
17 - - 125.71 - - - 139.70 - - - 15762 CH
18 1H 740/d20 12322 CH 1H 7.65d388 12351 CH 1H 6.86/d88 11578 CH
19 1H 703d24 11635 CH 1H 7.23d88 12514 CH 1H 7.08/d84 127.09 CH
20 - - 150.23 - - - 132.96 - - - 136.50 -
21 1H 7.03d24 11635 CH 1H 7.23d88 12514 CH 1H 7.08/d84 127.09 CH
22 1H 740/d20 12322 CH 1H 7.65d388 12351 CH 1H 6.86/d8.8 11578 CH,
Ha 3.80/m Ha3.50/m, Ha3.51U/m
23 2H Hy4.00/m 67.47 CH 2H Hb3.80/m 6760 CH, 2H H,3.78/m 67.63 CH;
24 1H 4.20/m 74.50 CH 1H 4.40m 74.70 CH 1H 4.38m 7465 CH;
Ha 3.20/m Ha 3.94/m Ha 3.93/m
25 2H H, 3.82/m 67.17 CH 2H Hb3.83/m 6740 CH, 2H H, 3.83/m 67.35 CH,
26 - - 107.39 - - - 107.90 - - - 107.95 -
27 - - 135.74 - - - 136.29 - - - 136.50 -
28 - - 132.88 - - - 133.19 - - - 133.37 CH
29 1H 7.48dl6 13114 CH 1H 749d2 13188 CH 1H 7.48d2 131.70 CH
30 - - 133.92 - - - 133.97 - - - 134.10 -
31 1H 7.60/d0.8 12939 CH 1H 7.28/dd28 12772 CH 1H 757/d84 13456 CH
32 1H 7.24/d 12699 CH 1H 760/d88 12993 CH 1H 7.59m 12993 CH,
33 2H 4.80/q16.0 5337 CH, 2H 481160 5330 CH, 2H 4.81ql48 5366 CH;
34 1H 7.80/s 14469 CH 1H 7.92/s 15190 CH 1H 7.91s 151.66 CH
35 1H 820/d56 15110 CH 1H 8.22/s 14526 CH 1H 8.18/s 14432 CH

Refer TABLE 1 for numbering: J- This column gives the ‘H-"H coupling constant, (s) Singht, (d) Doublet, (t) triplet, (m) Multiplet,

(br) broad

performed. Interestingly thesetwo a dehydic carbons
C-15and C-16 at 6 162.50 & 162.96ppm are con-
nected to the two methylenesmentioned aboveviz., at
6 43.60and 43.30 ppm respectively through long range
bond corrdation and a so with aromatic mething(C-22)
at 6 123.51ppm and aromatic quaternary carbon at &
151.56ppm(C-10) respectively. Theseinteractionsare
showninthestructure(TABLE 1). Thustheformation
of impurity 1 can be explained by the opening of the
piperazinering, followed by the oxidation of two meth-

ylenesto form two a dehyde groups.

Themasspectra fragmentation of itraconazoleand
impurity -1 were compared. Thedataindicatesthat the
diagnogticfragment initraconazoleisa m/z 392 whereas
theM S/M Sdatadisplayed adiagnostic fragment at m/
z 475(Figure 2) with characteri sticisotopic abundance
for two chlorineatoms.

Initraconazol ed so theisotopic abundancefor chlo-
rineatomsisseen thisindicatesthat thereisno change
inring atachedtotriazolering. TheHR M Sdatashowed
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Figure3: Probablereaction mechanismfor formation of impuritieson oxidation

exact mass of the protonated molecular ion at m/z
735.2211(Cal. 735.2213 for C, H, N,O,Cl.) which
correspondsto themolecular formulaC_H,.N,OCL..
Thus structure of theimpurity-1 was characterized as
N-[4-(1-sec-Butyl-5-0x0-1,5-dihydro-[ 1,2,4]triazol -
4-yl)-phenyl]-N-[2-({ 4-[2-(2,4-dichloro-phenyl)-2-
[1,2,4]triazol-1-yl-methyl-[1,3]dioxolan-4-yl-
methoxy]-phenyl} -formyl-amino)-ethyl formamide. The
structureisshownin TABLE 1 aongwith numbering
scheme and the NMR assignments are tabulated in
TABLE 2.

Sructureducidation of impurity 2

TheH NMR data of impurity 2 was compared
withthoseof bothitraconazoleandimpurity 1. The spec-
tral datawassimilar but the resonances of the pipera-

Zinering were absent. Initraconazol ethe four methyl-
enesof piperazineresonateat 6 3.37 and 3.24ppm each
integrating for two protonswith their corresponding *C
resonancesat 6 50.27 and 48.94ppm respectively. On
the other hand, impurity 2 hasonly two methylenesat &
3.30 and 4.00ppm with their connected carbonsreso-
nating at 6 42.39 and 45.43ppm respectively. In addi-
tionasinglet at 6 8.40 ppm connected to carbonyl reso-
nance at 6 163.75ppm and a broad multiplet at
68.20ppm having no connected carbon, each integrat-
ing for one proton were observed. Thisclearly indi-
catesthe presence of only oneadehydic groupinim-
purity 2.

Toidentify thelocation of thea dehydic group in
the structure of impurity-2 long range proton-carbon
experiment(HMBC) was performed. The aldehydic
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proton at H-15(5 8.40ppm) showslong rangethrough
bond correlation with methylene at C-14(5 45.43ppm)
and aromatic methineat C22(5 115.78ppm). Thesein-
teractionsareshownin TABLE 1. Thustheimpurity-2
structure can be explained asthe opening of the pip-
erazinering and one methylene attached to nitrogen
being oxidized to form an d dehyde group and thel oss
of the second methylene attached to other nitrogen.
Themassspectra fragmentation of itraconazoleand
impurity 2 were compared. Thedataindicatesthat the
diagnogticfragment initraconazoleisa m/z 392 wherees
theMS/M Sdataof impurity 2 displayed adiagnostic
fragment at m/z=475 with characteristicisotopic abun-
dancefor two chlorineatoms. Thusthefragmentd data
lends support to the proposed structure of impurity 2.
Similar toimpurity-1the product ion at m/z 475 was
observed showing the evidencefor the opening of the
center piperazinering(Figure 2). TheMS/M S experi-
ments al so confirm the proposed structureby NMR
giving aconclusive evidencefor thestructureof impu-
rity 2. The HR M S data of impurity 2 showed exact
mass of the protonated molecular iona m/z 707.2270
(Cal.707.2264 for C_,H. N, O,Cl.) which corresponds
tothemolecular formulaC, H N, O.Cl..
Thusstructure of impurity 2 was characterized as
N-{2-[4-(1-sec-Butyl-5-0x0-1,5-dihydro-[1,2,4]
triazol-4-yl)-phenyl amino]-ethyl}-N-{4-[2-(2,4-
dichlrophenyl)-2-[1,2,4] triazol-1-ylmethyl-[1,3]
dioxolan-4-ylmethoxy]-phenyl} -formamide. Thestruc-
tureisshownin TABLE 1 dongwith numbering scheme
andtheNMR assignmentsaretabulated in TABLE 2.

Formation of impurities

Bothimpurity 1 and impurity 2 wereformed dueto
the heat stress of itraconazol e drug product. However,
stressing theisolated impurity 1 doesnot generateim-
purity 2. The probablereaction mechanismisshownin
figure 3; both impuritiesareformed on oxidation of the
drug product. Impurity 1isformed duetothecleavage
of the piperazinering and theimpurity 2isobtained by
thelossof carbonyl group fromimpurity 1.
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