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ABSTRACT

The paper reports a recent efforts to develop aaldlate an efficient and rapid analytical assay hwat by GC/
GCMS for a series of 2H-benzoxazinone based 33#¢dihydro-2H-benz[e]-1,3-0xazin-2-one. Such coonmus
possess potent pharmacological importance and atkeoclass of efavirenz, a non-nucleoside reveesescriptase
inhibitor (NNRTI). Chromatography was performedhaét non-polar capillary column, Rtx-5 (length 30tereid
0.25mm and film thickness 0.25um), carrier gasogién/ helium used at flow rate 1.20 ml/minute sfitit/splitless
injector and flame ionization detector. GC ovengenature was programmed from 80°C hold for 1.0 raimd then
increase at rate 15°C/min to 160°C, held isotheraal 60°C for 1.0 minute, temperature again incezhst rate
20°C/min.to 260°C, held isothermal at 260°Cfor Saté and increase to final temperature at rate 28%@. to
280 °C held isothermal at 280 °C for 5 minute. thge and detector temperatures were optimized 268€ 280
°C respectively. Each analysis required 20minutesséparation of a series of all seven analytes ftethod was
validated for linearity, accuracy, precision, spiegity, system suitability, and robustness. Theho@tproved to be
accurate, precise, specific, rapid, and reprodueitdccording to ICH standards. The method showedd goo
recoveries (99.50 to 100.50 %) for all analytesd dhe relative standard deviations of intra- andeinday were
<2.0%. LOD and LOQ were from 0.17 to 0.34pg mL-8l &rb1 to 1.02ug mL-1 for all analytes. This methad
shown to be convenient for routine analysis of3-a8p¢-dihydro-2H-benz[e]-1,3-o0xazin-2-one.This nueths novel
since there has been no report about analysis nztie3-oxazine-2-ones derivatives or its classgml-1 levels
using a simple GC method

Key words: GC/GCMS, Method development, validation, gas chtography, 1,3-oxazin-2-ones.

INTRODUCTION

Benzoheterocycles particularly benzoxazine and théazine are an important class of N-containingtmtycles as
they exhibit interesting biological activities amde used as key structural motifs for the synthe$isarious
pharmaceutical agents and natural products [1].Menportant medicines, dyes, pesticides, etc, avadon the
series ofheterocyclic compounds, called oxazinesthiazines, they are found mainly in the polyaydivisions in
which other rings, such as the benzene ring, aedftio the oxazines or thiazine ring [2,3]. On¢hef most recent
and most important examples is the 3,1-benzoxaténizvatives efavirenz, which has recently been eygut as an
anti-HIV drug [4]. A considerable number of repoctsncerning 1,3-oxazinederivatives which have ugaolee their
greatest development in the last few years camie ithe notice and occupied an unique place in nahtand
medicinal chemistry due to their diverse physical abiological properties[5-7].Efavirenz (Sustivad, non-
nucleoside reverse transcriptase inhibitor (NNRWhijch is used as a part of highly active antirgtad therapy
(HAART) for the treatment of human immunodeficiendgyus (HIV) type 1, explored a new dimension fd#-2
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benzoxazin-2-ones in the field of medicinal worR).[Derivatization of benzoxazinone has got a newepto
counter HIV in recent times [9-11].

A number of analytical methodshas been reportedhierseparation and quantification of 1,4-benzax@zones
and benzoxazolin-2-ones by HPLC [12-16]. After gpihrough detailed literature, it is observed tbaly few
methods are reported so far the analysis of bezamZaone by gas chromatography. Lemraealhas reported an
accurate, selective, and sensitive method for #terchination of the non-nucleoside reverse traptse inhibitors
(NNRTIs) nevirapine (nvp) and efavirenz (efv) innl@n plasma using gas chromatography-mass speqbsosto
selected ion monitoring mode (GC/MS-SIM)[17]. Balenet ahas reported an improved method of sample
preparation and simultaneous HPLC separation ttmated the separation of 2,4-dihydroxy-1,4-benzaxe3(4H)-
one (DIBOA), 2,4-dihydroxy-7-methoxy-1,4-benzoxadif#H)-one (DIMBOA), 2-hydroxy-1,4-benzoxazine-
3(2H)-one (HBOA), 2-hydroxy-7-methoxy-1,4-benzoxez3(2H)-one (HMBOA) and their corresponding
glucosides [18]. Hemvichianet ahas reported different aromatic amine-based pobtreazines which are
subjected to thermal decompositions in a thermeigretricanalyser [19]. The degradation productsiciwtwere
volatile compounds evaporating out of the furnace gases, are trapped and analyzed further by a gas
chromatograph which is coupled with a mass seleaitector. This is the first reported method fer &nalysis of
3-aryl-3,4- dihydro-#i-benz[e]-1,3-0xazin-2-one e.g. for 3,4-Dihydro-3pkil-2H-benzE]-1,3-oxazin-2-one or of
its class using Gas Chromatography (Figure-1).
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Figure-1: Chemical reaction for synthesis benz-1,3-oxazin-2-one derivatives
EXPERIMENTAL SECTION
Working standards of 1,3-oxazin-2-ones were prapdme the literature method has been re-crystalligederal
times and then purified with methods like colummachatography and preparative HPLC and their strachas

been established by spectroscopic analysis[20]sul®eof spectroscopic analysis were compared litghature
values.(Table-I)

Methanol (HPLC grade) was purchased from Fishegrgidic.

Table-1: Details of 3-Aryl-3, 4-dihydro-2H-benz[€e]-1,3-0xazin-2-one der ivatives

X R
X
o/go

X=H
Sampleld R Name of Compound MassGCM S
1A -CeHs 3,4-Dihydro-3-phenyl-BI-benzf]-1,3-o0xazin-2-one 225.2
1B -4-CHCsH, 3,4-Dihydro-3-(4-methylphenyl){2-benzf]-1,3-oxazin-2-one 239.2
1C -4-CIGH, 3,4-Dihydro-3-(4-chlorophenyl){2-benzE]-1,3-oxazin-2-one 259.6
1D -4-BrGH, 3,4-Dihydro-3-(4-bromophenyl)k-benzE]-1,3-oxazin-2-one 304.1
1E 1-Naphthyl 3,4-Dihydro-3-(1-naphthylH2benzE]-1,3-oxazin-2-one 275.3
1F -2-Aminopyridyl | 3,4-Dihydro-3-pyridin-2-ylH3-benzf]-1,3-oxazin-2-one 226.2
1G -3-Aminopyridyl | 3,4-Dihydro-3-pyridin-3-ylH3-benzE]-1,3-oxazin-2-one 226.2

Standard preparation:

3-aryl-3,4-dihydro-2I-benz[e]-1,3-0xazin-2-ones were prepared by theaitre method has been re-crystallized
several times and then purified with methods ligkimn chromatography and preparative HPLC and 8taiicture
has been established by spectroscopic analysisSi@0tions were prepared 1 pg mL-1 of all standami$ one
mixed standard was prepared by weighing 10milligfnall standards in 100millilitre volumetric andaking up
with 100% HPLC grade methanol.
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Sampling and sample preparation

Samples of 3-aryl-3,4-dihydroH2benz[e]-1,3-0xazin-2-ones were prepared of froenrttaterial obtained after the
reaction without further purificationas well as eaftpurification so as to ensure the exact compusitf the
substance.

Instrumentation

GC analysis were carried out using a GC-2010(Shmmadapan) and GC-2014 (Shimadzu, Japan) advanced
instruments equipped with flame ionization dete¢®lD) system, split/splitless injection system &nded-silica
capillary columns (30 m, 0.25 mm i.d., film thiclese0.25 um, Restek, France), Rtx-5Sil MS(95% diyleb%
diphenyl polysiloxane).

Method Development

Proper selection of the methods depends upon the@enaf the sample (volatile or nonvolatile molegulits
molecular weight, solubility and melting point. B/a3,4-dihydro-2H-benz[e]-1,3-o0xazin-2-onesareutdd in polar
solvents (methanol, chloroform) hence gas chrommafity was selected to estimate them. To develogged and
suitable GC method for the quantitative determoratof 3-aryl-3,4-dihydro-2H-benz[e]-1,3-0xazin-2es) the
analytical conditions were selected after testimg different parameters such as diluents, meltmigtpand other
chromatographic conditions

Chromatgraphic Parameters

GC oven temperature was programmed from 80°C hmld f0 min. and then increase at rate 15°C/min6@°C,
held isothermal at 160°C for 1minute. Temperatigairaincreased at rate 20°C/min.to 260°C, heldhmahal at
260°Cfor 5 minute and increase to final temperaaireate 20°C/min. to 280 °C held isothermal at 280for 5
minute. Injector and detector temperatures weret R&§O°C and 280°Crespectively. Samples were injiate
defined concentration with the help of auto injecod auto sampler (Shimadzu, AOC 20i & AOC 20sthim split
mode with split ratio of 1:10, using helium as @rigas constant flow rate of 1.20ml/min. Relatammounts of
components were calculated based on GC peak algased without using FID response factor correctio
Retention indices (RI) of compounds were determireddtive to the retention times of series of raaks (C7-
C33),with linear interpolation, using Van den Daold Kratz (1963) equation and software GCMS Satutié
homologous series of n-alkanes, (C7-C33) custorantigin time index standard (Restek, France, Catalog
560295, Lot#A079729) was used as standard (Table-2)

Molecular mass determination by GCM S

Determination of the molecular mass of the chrogpaphic peaks was performed by GC coupled withtelac
impact mass spectrometry (GCMS) on a Shimadzu GQWS 2010 Ultra (Shimadzu, Japan) equipped with
split/splitless liquid injector and fused-silicapillary columns (30 m, 0.25 mm id, film thicknes25 um, Restek,
France), Rxi-5Sil ms(95% dimethyl/ 5% diphenyl milgrylene).Injector, ion source and interface teragure
were set at260°C, 220°C and 250°C respectivelyn aemperature programmed 80°C hold for 1.0 min. tuech
increase at rate 15°C/min to 160 °C held isotheraial60 °C for 1 min. Temperature again increaseasd
20°C/min to 260 °C held isothermal at 260 °C fan. and increase to final temperature at rate 26RC to 280
°C held isothermal at 280 °C 5 min.Samples wereciaid in defined concentration with the help ofaiajector
(Shimadzu, AOC 20i) in the split mode with splitioaof 1:20, using helium as carrier gas constéow frate of
1.20ml/min.Mass spectra were obtained in El-modi WD eV ionization energy between 50-500amu masge
and 0.5 second scan (event) time , analysis detaCMS given in Table-2, figure-2 and Figure-3.

Table-2: GCM Sanalysis details of benzoxazine-2-ones, mixed standard

S# R Retention Time (Minute) Area (%) | RRT | Retention Index Massby GCM S
1 | -GHs 12.698 12.85 1.00 2219 225.2
2 -4-CHCgsHy 13.419 17.05 1.06| 2339 239.2
3 | -4-CIGH, 14.067 16.73 1.11 2345 259.6
4 -4-BrGH, 15.061 18.73 1.19 2553 304.1
5 | 1-Naphthyl 17.203 14.62 1.35 2741 275.3
6 | -2-Aminopyridyl 12.403 8.24 0.98 2167 226.2
7 -3-Aminopyridyl 13.155 11.78 1.04 2298 226.2
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Fig-2: GC-M S Chromatogram, mixed standard of 3-aryl-3,4-dihydro-2H-benz[€]-1,3-0xazin-2-ones
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Fig-3: GCM S-El Mass spectrums of peaks of 3-aryl-3,4-dihydro-2H-benz[€e]-1,3-0xazin-2-ones
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Standard preparation:
Stock solutions of all benz-1,3-oxazine derivativese prepared 1 pg mL-1 by weighing 10mg of eaahdards

in different 100 ml volumetric and making up volumih 100% HPLC grade methanol.
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System Suitability solution

System suitability solution for separation of serné benz-1,3-oxazine-2-ones by single method leas Iprepared
by weighing 10mg of each standard in same 100 mimvetric flask and making up volume with 100% HPg@de
methanol.

Test preparation
Test samples have been prepared from the matdxtained after the reaction without further purifioa to check
the presence of unreacted materials as well asowkimpurities and intermediatesformed during react

M ethod validation

System suitability

The system deemed suitable if the following acaggsecriteria were satisfied. The relative standdediation (%
RSD) of the peak area responses for analytes fiwstandard solution injections should not morent@a0%. The
tailing factor for the benz-1,3-oxazine derivatipeaks in the resolution solution should not momnt2.0. The
minimum resolution between peaks should not less th0 and Theoretical plate counts in standantisol should
not less than 2000.

Specificity

Specificity demonstrated that the, process impmgitind degradants peaks are not interfering wittattalyte peak
and suitability of analytical method for stabiliby benz-1,3-oxazine derivatives. To evaluate therfarence from
degradants force degradation experiment was caotetb ensure that the method used for deternoinaif related
substance of benz-1,3-oxazine-2-one derivatives[21]

Limit of detection (LOD) and Limit of quantitation (LOQ)

The limits of detection (LOD) and limits of quaation (LOQ) have been evaluated by serial dilutioh&nown
low concentrations of analytes by comparing meabwwignals from samples with those of blank sampled
establishing the minimum concentration at which dhalyte can be reliably detected and quantifiecighal-to-
noise ratio between 3 or 2:1 is generally considleaeceptable for estimating the detection limit drdl for
guantitation limit[22].

Linearity

Linearity of the method was determined by plotticegibration curves of 3-aryl-3, 4-dihydro-2H- beeiz[,3-
oxazin-2-ones for concentration of mixed stock sotu of standardsof 1mg mL-1 was used for prepamnati
linearity. Different concentration ranging from 1jpg.-1 to 150ug mL-1 prepared from stock solutionnaked
standard. From each of these calibration standardsvas injected into the GC with the help of autator. The
calibration curve obtained was subjected to regyasanalysis by the least square method to cakulae
calibration equation and thecorrelation coefficigmtoy Lab Solution software. The response ofdbmpound was
found to be linear in the investigation concentmatiange with correlation coefficient 0.9990 or m{22-23].

Precision:

The precision of the method was determined in teofnspeatability or reproducibility and intermediptecision
studies. Repeatability was determined byevaluating replicates of the three differentconcentragicstandard
solution of mixed standard on the same day (intlautthe mentioned chromatographic conditions. [24].

Intermediate Precision (Ruggedness)

Test samples of 3-aryl-3, 4-dihydro-2H- benz[e]-&x&zin-2-one derivatives representing single bateds
analysed by two different analysts on two differeatumns of the same specification, and on twoedgfit days.
The ruggedness of the test method is calculatediffarence between test results of six measurenams% RSD
of standard solution [22].

Accuracy

A known concentration of standardsubstance (analyés added to blankpreparation of sample matrikranovery
ofanalyte is calculated on the basis of area obthinthe chromatogram The result shows that bestezies(99-
101 %) of the spiked standardsare obtained at@ddbd concentration, indicating that the methat@irate[23].

Robustness

The result of robustness study of the present assethod has been established by varying injecteteador
temperature, initial column over temperature, earigas from nitrogen to helium and instrument [R4¢. result
shows that during all variance conditions, assdyevaf the test preparation solution was not affdand it was in
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accordance with that of actual. System suitabgiyameters are also found under ICH criteria; héineeanalytical
method can be concluded as robust.

Solution stability

The results were obtained for the solution stabsitudy at different time intervals for test pregtaon. It can be
concluded that the test preparation solution wasdostable up to 72 hours at 2-8 °C and ambienpéeature, as
during this time the result does not decrease b#tewninimum percentage [21].

RESULTSAND DISCUSSION

System suitability

In optimized chromatographic conditions, minimunsal@ition between peak were 4.617 (NLT- 2.0), maximu
relative standard deviation of peaks for retentiores and area were 0.029 and 0.810 (NLT-2.0), mawxi tailing
factor 1.319 (NLT -2.0) and minimum theoreticaltpl@ounts in standards solution 374463, which rieetiCH
requirement (NLT 2000). These results conclude thethod confirm system suitability criteria mengonin the
ICH and reported literature values Results ofesyssuitability reported in Table-3.

Table-3:System suitability results

S# Parameter Results | Acceptancecriteria
1 | Minimum Resolution R between benz-1,3-oxazines@peaks 1B and 16 4.73] NLT 2.0
2 Maximum relative standard deviation (RSD) 0.812 MTN2.0
3 Maximum tailing factor for analyte peaks 1.198 NMT 2.0
4 Minimum Theoretical plat counts in standard dolu{1C) 739696 NLT 2000
Specificity

Selectivity and peak purity on peaks were analysgdhe comparison of retention times and mass spedth
reference compounds. Mass spectra were analys¢ldrest levels (beginning, middle and end) of eachkpe
investigated and found to be comparable. Minimusohgion between peaks is 3.395, maximum tailirgidiais
1.26 and theoretical plates are more than 2008lfgreaks.Specificity results reported in Table-4.

Table-4: Specificity Results

S# | Sampleld | Retention Time(min) | Resolution R between benz-1,3-oxazine-2one
1 Unk-1 4.294 First Peak
2 Phenol 4.599 4.578
3 Unk-2 11.809 140.673
4 Unk-3 12.308 9.891
5 1F 12.615 6.632
6 1A 12.909 5.851
7 1G 13.377 7.544
8 1B 13.638 4.079
9 1C 14.307 9.924
10 Unk-4 14.511 3.131

11 1D 15.34 11.358

12 1E 17.565 20.795

Acceptancecriteria NLT 2.0

Limit of Detection (LOD) and Limit of Quantitation (L OQ)

The value of LOD and LOQ for 3-aryl-3,4-dihydréizbenz[e]-1,3-0xazin-2-ones less than 1pg/ml withit sp
injection, these values are better than reportéaegegor similar compounds. %RSD was in the rarfge®-1.47 %
(NMT 5.0%) for LOQ respectively. These results dade that method confirms LOQ precision criteriantiened

in the ICH and reported literature values.The LORIue for -aryl-3,4-dihydro-2H-benz[e]-1,3-oxazin-2-
ones,calculated by rms in Lab Solution software given in table-5.

Table-5. LOD and LOQ results

S# | Description Limit of Detection | Limit of Quantitation

(ppm) (ppm)
1 1A 0.22 0.67
2 1B 0.17 0.51
3 1C 0.22 0.67
4 1D 0.24 0.73
5 1E 0.26 0.78
6 1F 0.24 0.72
7 1G 0.34 1.00
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Linearity

Linearity of peak area response versus concemtratas studied over the calibration range 1pg mb-150pg mL-

1 for all 3-aryl-3,4-dihydro-BR-benz[e]-1,3-0xazin-2-ones .The correlation coeddfit obtained was 0.999-0.9999
(NLT-0.990).The results show that an excellent elation existed between the peak area and the ntratien of
all analytes. These results conclude that methatiroo linearity criteria mentioned in the ICH anéported
literature values. (Figure-4).

Name C1A
Quantitative Method . External Standard
Function Cf(X)=2476.73*x-75.6826
Rr1=0.9999784 Rr2=0.9999568
Curve Type : Linear
# Conc. Area
/irezi 1 1 2416
[F1073] 2 2 4829
4.0 3 5 12259
4 10 24620
35 O 25 61629
6 50 124461
30 7 75 186790
. 8 100 248892
9 150 370465
25
20
1.5
1.0
0.5
0.0
00 02 04 06 08 1.0 1.2 14 16

Conc. [*10"2]
Figure-4: Linearity curve of 3,4-dihydro-3-phenyl-2H-benz[€]-1,3-oxazin-2-one (1a)
Precision:
The % RSD of the area for each benz-1,3-oxazin€emrivatives were calculated .The % RSD of sixsusament

of test sample was 0.16-1.38%. These results cdadhat method confirm method precision criteriantioaed in
the ICH values. (Table-6).

Table-6. System Suitability results of method precision

Parameter Results | Acceptancecriteria
Minimum Resolution R between analytes peaks 5.42 TRID
Maximum Relative standard deviation 0.64 NMT 2.0
Maximum tailing factor for benz-1,3-oxazine-2-onges 1.40 NMT 2.0
Theoretical plate count 64883¢ NLT 2000

Intermediate Precision (Ruggedness)

The intermediate precision of the method was evetuasing different analyst and different instruinierthe same
laboratory. The maximum % RSD of six measuremeniesf sample of analyst -1 and analyst-2 was 0n6i80a65
respectively (Table-7).

Table-7 : System Suitability results of I nter mediatePrecision (Ruggedness)

S# Parameter Expl?fsu Itsl%xp-z Acceptance Criteria
1 | Minimum Resolution R between analytes peaks 4.04%4.106 NLT 2.0

2 Maximum Relative standard deviation (%RSD) 0.58 .650 NMT 2.0

3 | Maximum tailing factor for benz-1,3-oxazine-2-ene 1.06 1.21 NMT 2.0

4 | Theoretical plate count 331724 326781 NLT 2000

Accuracy
The result shows that best recoveries (99.05-106)38f the spiked samples were obtained at eachdadde
concentration, indicating that the method was ateur(Table-8)

614



Santosh Kumar Bhardwaj et al J. Chem. Pharm. Res., 2016, 8(1):607-616

Table-8 : Accuracy resultsof analyte 1A

S# | Accu. Leve (ppm) | Areaof Standard | Areaof Spiked | Amount Recovered ppm | % Recovery | Average Recovery (%)
1 2282 2238 0.981 98.072
2 1 2270 2234 0.984 98.414 98.29
3 2296 2259 0.984 98.389
1 12236 12273 1.003 103.5
2 5 12308 12284 0.998 103.2 100.01
3 12393 12385 0.999 103.8
1 24195 24310 1.01 100.48
2 10 24235 24332 1 100.4 100.53
3 24142 24316 1.01 100.72
Aver age of average %recovery 99.61%
Robustness

The method was found to be robust with respectolanen flow, column oven temperature and linear oityo
without any changes in system suitability paranseteuch as resolution, tailing factor and theorétigate.
Resolution is 4.16-5.22, tailing factor is 1.009€8 and theoretical plate is 325892-766122 whiclunsler
acceptance criteria. These results conclude thahadeconfirm robustness criteria mentioned in tl# land
reported literature. (Table-9)

Table-9: Robustnessresults

S# | Description Minimum Resolution | Maximum Tailing factor | Minimum Theoretical plate count
1 | Condition 1.1 4.164 1.038 329167
2 Condition 1.2 4.285 1.011 386478
3 | Condition 2.1 4.293 1.168 408667
4 Condition 2.2 4.344 1.006 438708
5 Condition 3.1 4.575 1.155 766122
6 | Condition 3.2 4.279 1.049 464696
7 Condition 4.1 4.192 1.014 369122
8 | Condition 4.2 4.141 1.048 325892
9 Condition 5.1 4.228 1.009 388197
10 | Condition 5.2 5.252 1.165 649332
11 | Condition 6.1 4.233 1.027 392474
12 | Condition 6.2 4.556 1.114 473884
Average 3.56 1.79 2701
Acceptancecriteria NLT 2.0 NMT 2.0 NLT 2000

Solution stability

There were no significant changes in the amourthefanalytes during solution stability experimeptfprmed
using the Assay method. The results from the stuididicated, the sample solution was stable at rmonperature
for at least 48 hour. These results conclude thethad confirm specificity criteria as mentionedtle ICH and
reported literature values. (Table-10)

Table-10. Solution stability results

S.# Hours Area Area Area Area Area Area Area
(1A) | (1B) (1C) (1D) (1E) (1F) (16)
1 0 254640 286589 295766 31640P8 363966 279875 81903
2 6 254465| 286528 295258 316451 363192 279810 B1913
3 12 254352| 28541% 294043 316402 362233 279143 73180
4 24 254377 285427 294725 316212 363274 279625 65185
5 48 253786| 285299 294043 315218 359623 278778 33168
6 72 253205 28302% 292434 3149P1 355601 277953 531p3
Average 254137 | 285381 294378 315935 361315 279197 317332
Std. Dev. 539.47| 1291.27 1168.11 682|1 31859 74096 257y.44
%RSD 0.21 0.45 0.4 0.22 0.88 0.27 0.81
Acceptancecriteria NMT 2.0% (RSD)
CONCLUSION

The proposed GC method has been evaluated in tefrmearity, accuracy, precision, specificity, s
suitability, and robustness and wasfound to beiegiglke in the analysisof a series of 3-aryl-3,4ydito-2H-
benz[e]-1,3-0xazin-2-ones.The novelty of this mdthwludes short analysistime even in the presefcmreacted
materials as well as process impurities. To corglud consider our method to be a great tool in imgrivith such
compounds with good biological activities and cla®favirenz, a non-nucleoside reverse transa@fahibitor
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(NNRTI).This method is recommended to the industsg for quality control of drug content in pharmatczl
preparations.
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