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ABSTRACT

Eszopiclone (5) belongs to a novel class of non-benzodiazepine hypnotics which is structurally unrelated to existing
hypnotics. During commercialization, upto 3.85% of a unknown impurity was observed in penultimate step. This
was identified as a N-methyl piperazine related impurity of Eszopiclone. Subsequent investigation and design of
experiments led to the identification of factors responsible for the formation of this impurity. Implementation of
knowledge gained from the reproducible experiments enabled the suppression of this impurity to the acceptable
levels. In this manuscript different parameters for process devel opments such as optimization of critical parameters
to control the new impurity, identification, synthesis origin and control of impurity of a scalable process for
Eszopiclone are discussed.

INTRODUCTION

For synthesis of APl on large scale, selectionafte plays important role not only to meet the cafféctive
process but also quality of API conforming to ICtidglines. Process related impurities during sysithef API are
very specific to the scheme selected for its pragjar. Removal of process related impurities froRl Aometimes
requires number of crystallization or preparatiiel& or needs change in the synthetic route. Repgatiior art
process in laboratory and achieving 98.0% prodaghétion is very easy but for the chemist if thel Ad”to be
prepared as per ICH guidelines, then reducing kniompurity below 0.15% and unknown impurity belovi@% is
very difficult or sometimes impossible if API fuimality is same as process related implriBrocess related
impurities can be controlled if it is addressedraw material or sometimes by addressing criticalapeeters
responsible for formation of impurity and by sucies purification of final API. Out of these aboparameters for
controlling impurity, successive purification of AR eliminate impurity is not plant feasible prgse If critical
process parameters responsible for generation pdrities are optimized and impurity is controlleeldw 0.10%
would be the plant feasible process. Here we wékiédto discuss process research and developmtmhpats for
identification synthesis origin and control of inmties by controlling critical parameters duringnfiyesis of
Eszopiclone. The chemical synthesis of Eszopicksishown in Scheme -1 has been repdited.
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Scheme-1 Synthetic route to Eszopiclone
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(a) 2-amino-5-chloro pyridine, CH3CN, reflux (b) Ac;O, reflux (c) KBH,, 1,4 dioxane, H,O (d) 4-methyl piperazine-1-carbonyl chloride HCI,
Et;N, pyridinereflux (€) Tartaric acid or Maleic acid

2-amino-5-chloro pyridine was condensed with pyraz2,3-dicarboxylic anhydride afforded acid commbun
which on treatment with acetic anhydride at reftexnperature furnished cyclized compoudReduction of
cyclised compound was achieved utilizing sodiunobgdride to give imino alcoh@. Most important and critical
step in this process was coupling of imino alcahalith 4-methylpiperazine -1-carbonyl chloride farfation of
racemic Zopiclone! which resolved using tartaric acid to afford Eselgme 5. After getting success in laboratory,
our next target was to commercialize the productange scale, we sucessfully prepared imino alcamoplant
scale, while preparing Zopiclorewe encountered difficulties that after complyimgction monitoring with imino
alcohol content not detected and isolating Zopielam solid form, we observed that upto 3.85% arbaew
impurity was detected by HPLC at RRT 0.82 which wasobserved during reaction monitoring. We thHaugat
during resolution impurity will be eliminated frothe APl hence it was decided to resolve using riartacid
followed by neutralization and crystallization irCA to afford chirally pure Eszopiclorie After its analysis we
observed that this new impurity turned out to H&dlilt to remove from the API. Thus we decidedndiate study
to identify this impurity under where and how itsMaeing formed and could be controlled in the psece

MATERIALSAND METHODS

Experimental section:

All chemical were purchased from commercial suppliéH NMR spectra and®C NMR spectra were recorded in
CDClI; on a Varian 400 MHz, and mass spectra were datednon an APl 2000LC/MS/MS mass spectrometer,
Applied Biosciences. HPLC were recorded on Shimawavaters instrument.

HPLC Method:

Column: Inertsil C-18 (4.6mm x 250)u5or equivalent; flow rate 1.5 mL/min; wavelengtt033nm; Injection
volume20uL; Run Time: 70 mins. Mobile Phase: 8.1 gm of Sadilauryl sulfate and 2.1gm Sodium dihydrogen
phosphate dihydrate in water (1000mL), Preparenadgenous mixture of 60 volumes of above prepardigiband
40 volumes of Acetonitrile. Adjust the pH of the bile phase to 3.5 + 0.05 with 10 % orthophosphacdd.
Relative retention time: Compound- 4: 1.0, ImputyAbout 0.82
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Preparation of Zopiclone [Improved process)] (4)

To the suspension of imino alcohol (10 kg, 38.07 Jrio DCM (100 L) and N-Methylpiperazine carborghloride
HCI (11.4 kg, 57.10 mol) was added triethyl amirg@0(22L) and DMAP (0.25 kg , 2.04 mol) at 25 to°&0 The
solution was stirred for 6.0 hrs at 35 to 40° Gpled and organic layer was washed with 3 X 5 L Dsttev and
concentrated under vacuum below 40°C followed byhaeol stripping (1.0 L ) to remove traces amodnbGM
was carried out below 40°C and methanol (4.0 L3 added and the mixture cooled to O to 5°C, filleand dried
under vacuum below 45°C to give 11.30 Kg (76.3%piZlone with purity 99.80% and any individual injiy
less than 0.10% and identified impurityvas 0.08%H NMR (400 MHz, CDC}J) : 2.04-2.42 (m, 3 H), 3.25-3.65
(m, 4H), 7.78-7.81 (dd, 1H), 8.02 (s, 1H), 8.40 1#)), 8.52 (d, 1H), 8.85 (d, 1H), 8.89 (d, 1HJC NMR (100
MHz, CDCl) : 43.90, 45.94, 54.33, 78.93, 115.92, 128.12,987143.69, 146.57, 147.60, 147.67, 148.29, 153.28
155.38, 162.76 Anal. Calcd fori#11;CINgO; : C, 52.52; H, 4.41; N, 21.61. Found : C, 52.494.48; N, 21.67.
Purity by HPLC: 99.80 %z 388.9, 410.9.

Preparation of Eszopiclone (5) .

To a suspension of Zopiclone (10 kg, 25.71 moRgtanitrile (20 L) and DCM (40 L) was added DBDT{.78
kg, 17.99 mol)and heated the reaction mass to #ptCmaintained for 2 hrs. The suspension was cdol@b to
30°C, filtered, washed with acetonitrile and dragcb0°C to give chirally pure Eszopiclone DBDTAtsahich was
added in a mixture of DCM (50L) and DM water (5Qind pH of reaction mass was adjusted to 11.0 t6 4dd
DCM layer was separated and concentrated undeuvadielow 40°C. The concentrated mass was dissal/80
to 82 °C in 90 L acetonitrile, charcoalised anttdile was concentrated atmosperically upto 35 &,dispension
was cooled, filtered and dried under vacuum tordff8.75 kg (37.5 % yield) Eszopiclone in which itked
impurity level was 0.05 %.

Purity by HPLC: 99.92 %m/z : 388.9, 410.9'H NMR (400 MHz, CDC)) : 2.25 (s, 3 H), 2.26-3.48 (brm, 8H),
8.41 (d, 1H), 7.76 (dd, 1H), 7.76 (dd, 1H), 8.52 XH), 8.89 (d, 1H), 8.85 (d, 1H}*C NMR (100 MHz, CDCJ)) :
45.00, 43.89, 54.33, 78.93, , 115.92, 128.12, 137193.69, 147.60, 146.57, 147.67, 148.29, 1531%5,38,
162.76; Anal. Calcd for GH1;CINgO5 : C, 52.52; H, 4.41; N, 21.61. Found : C, 52494.48; N, 21.67.

Preparation of N-Methylpiperazinerelated impurity (6)

A suspension of racemic Zopiclone (25 gm, 0.064)rantl methanol (125 ml) was heated at reflux fowr$. The
suspension was cooled to 25 to 30°C, filtered ametido give 15 gm N-Methyl piperazine related imipu *H

NMR (400 MHz, CDC}) 2.20 (s,3H), 2.29-2.85 (m, 8H), 6.68 (s, 1H Y,6¢7.79 (dd, 1H), 8.12 (d, 1H78.68 Hz),
8.42 (d, 1HJ=2.56 Hz), 8.81-8.84 (m, 2H)yz : 345.1.

RESULTSAND DISCUSSION

After repeated attempts to isolate this new imguby preparative HPLC, we were unable to do so anly

molecular weight was established by HPLC-MS as J4# molecular weight of this new impurity suggesiteis

nothing but process related impurity of API. A nwentof hypothesis were made for molecular weight a4d

concluded it could be due to decarboxylation ofiglmme followed by reaction with N-methyl piperagiand forms
the new observed impurity.

In order to understand the dynamics of the fornmatibimpurity, we decided to investigate the impuformation.
The following features were chosen to be investigdor the formation of impurity. Temperature dgrireaction,
amount of N-methyl piperazine carbonyl chloride,camt of triethylamine, temperature during DCM reegvand
methanol distillation. A number of experiments weerformed. In each case, samples from the reastiemre
analysed by HPLC and concluded that amount of Naghgtiperazine carbonyl chloride, amount of tridégine,
temperature during DCM recovery had no impact anftrmation of new impurity. But surprisingly aft®eCM
distillation, methanol stripping to remove tracemoaint of DCM from the reaction was carried at dife
temperature and observed that if methanol stripgmpne inbetween 45-50 °C then the formationesf impurity
was observed upto 1.80%. To know the temperatdeeteduring methanol stripping, intentionally theaction was
kept in methanol at reflux temperature for 3 hrdgl @8 HPLC confirmed that 60% formation of impurityas
observed. It was purified by column and charactefizo be N-Methyl piperazine related impurity. From
mechanistic point of view, we postulated that @hler temperature in methanol decarboxylation ofidope and
formation of process related N-methyl piperazinpumity formation takes place.
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Proposed mechanism for formation of impurity6
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After isolating the impurity in our hand, the unkwoimpurity in a contaminated batch of Zopiclonesveampared
with synthesized impurity via spiking experimenigiire-1). To our delight, the synthetically preghienpurity
matched unambiguously with unknown impurity seepriviously manufactured batches of Zopiclone

Figure-1 Spiking studyof impurity 6 and contaminated batches

g » 3

A higher temperature during methanol distillation the formation of impurity couldnot be excludewaecided to
evaluate this parameter. Accordingly reaction fa tormation of Zopiclone was performed on higheale. After
completion and work up the DCM was concentratetbfedd by methanol stripping was given below 40°@ an
Zopiclone was isolated and analysed by HPLC. Asqerexpectations the impurity observed was onG8%.
After having established good understanding ofoalitparameter for the formation of impurity thregbsequent
runs of this reaction confirmed the effectivenekparameter and material of high quality with imipy6 levels of
0.08% is obtained. Experimental results for plaatthes are shown table no 1.

Table-1 Efficiency of optimized processto control identified impurity (6)

S no Compound Name Reaction Rwdge_afte_r MDC Reﬂdue_ af_ter M ethanol Zoplclo_ne punty after
mass digtillation digtillation filtration

Zopiclone@) 97.89 97.89 97.83 99.92

?igfoiioﬁal dentified imp 6) ND ND 0.05 0.05
ginp Imino alcohol content 3) ND ND ND ND

Zopiclone@) 97.75 97.75 97.65 99.80

sagfoiﬁoi?z dentified imp 6) ND ND 0.08 0.08
ginp Imino alcohol content 3) ND ND ND ND

Zopiclone@) 97.20 97.20 97.20 99.93
sagfoiﬁoi?s dentified imp 6) ND ND ND ND
ginp Imino alcohol content 3) ND ND ND ND
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CONCLUSION

In conclusion we have successfully identified arpumity which was detected during commercializatioh
Eszopiclone. Subsequent experiments have enablédl identify the critical parameter due to whichpiumity is
controlled to acceptable level in small as welcasmercial scale. Temperature during methanollidigtin should
be below 40°C to control the formation of newlyntiéed impurity.
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