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ABSTRACT

Carvedilol is prepared by different synthetic approaches. One of the approach is the
condensation of 4-(2, 3-epoxyprpoxy) carbazole with 2-(2-methoxyphenoxy) ethyl amine in
monoglyme solvent. In this publication, impurities and their origin of formation during the
synthesis of 4-(2, 3-epoxypropoxy) carbazole and 2-(2-methoxyphenoxy) ethyl amine is
discussed. These impurities are synthesized and well characterized by spectral analysis.

Keywords: Carvedilol, 4-(2, 3-Epoxyprpoxy) carbazole, 2-(2tdoxyphenoxy) ethyl amine,
Potential impurities, Spectral analysis.

INTRODUCTION

Carvedilol (1) an adrenergic antagonist with noestle3 andal receptor blocking agent and a
vasodilatation drug with antioxidant activity [1-3Carvedilol has demonstrated significant
clinical benefits in the management of patientshwieart failure and in the post-myocardial
infarction setting. It also possesses unique agilproperties that may account for positive
results in a number of clinical trials. It appetroffer particular advantages in the treatment of
co-morbid conditions, including coronary artery edise, stroke hypertension, renal failure,

diabetes and arterial fibrillation [4-6] that camdeépendently contribute to the progression of
heart failure.
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Impurities in pharmaceuticals are the unwanted ote&m that remain with the active
pharmaceutical ingredients (APIs), or develop dyfiormulation, or upon aging of both API
and formulated APIs to medicines. Impurities of katermediates affect the impurity profile of
APIs.

These unwanted chemicals (impurities) of key inttrates may or may not convert into other
impurities in the APIs. The presence of these unedichemicals, even in small amounts, may
influence the efficacy and safety of the pharmacaltproducts. Impurity profiling (i.e. the
identity as well as the quantity of impurity in tpearmaceuticals), is now receiving important
critical attention from regulatory authorities. TH#ferent pharmacopoeias, such as the British
Pharmacopoeia (BP) and the United States PharmeieogoSP) are slowly in-corporating
limits to allowable levels of impurities presenttie APIs or formulations.

The International Conference on Harmonization (J@Hs published guidelines on impurities in
new drug substances [7], products [8] and residodlents [9]. There is a good significant
demand for the impurity-reference standards aloith the API reference standards for both
regulatory authorities and pharmaceutical compamiesumber of recent articles [10-12] have
described a designed approach and guidance foatiisgl and identifying process-related
impurities and degradation products using masstspeetry, Nuclear Magnetic Resonance
(NMR). High-performance liquid chromatography (HPLGourier transform ion cyclotron
resonance mass spectrometry (FTICR-MS), and tandass spectrometry for pharmaceutical
substances.

The procedure of impurity profiling, begins withetldetection of the impurities using the thin-
layer chromatography, high-performance liquid chatwgraphy or gas chromatography.

Procurement of standard impurity samples from trehetic organic chemists which include,

last intermediate of the synthesis, products ofligtable side reaction, degradation products if
any, etc.

The possibilities of spectroscopic techniques ugdmpurity profiling without chromatographic
separation are also worth mentioning. Spectra bthby using high-resolution, highly sensitive
NMR spectrometers and mass spectrometers with A3Clfacilities are suitable to provide a
fingerprint picture regarding the purity of the gaen

The important step in the impurity profiling is tegnthesis of the material (impurity standard)
with the proposed structure. The retention andtsplematching of the synthesized material with
the impurity in question is useful for analyticaéthod development and validation.

Carvedilol [13] is well reported in the literaturéhe innovator [14], Boehringer Mannheim,
synthetic approach for the preparation of Carvédiescribes the opening of oxirane ring of 4-
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(2, 3-epoxyprpoxy) carbazole (2) with 2-(2-methoxgpoxy) ethanamine (3) in monoglyme
solvent (scheme 1).
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Scheme 1. General synthetic approach of Carvedilol

There are many synthetic methods known in thealitee for the synthesis of 4-(2, 3-

epoxyprpoxy) carbazole (2) [15]. One general metisodondensation of 4-hydroxy carbazole
(4) with epichlorohydrin (5) as per the scheme 2.
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Scheme 2: General synthetic approach of 4-(2, 3-epgrpoxy) carbazole (2)
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Scheme 3: General synthesis of 2-(2-methoxyphenoxgthanamine (3)

During the synthesis of 4-(2, 3-epoxyprpoxy) cadd@z2), four impurities were observed in the
isolated material by reverse phase HPLC method.s&hmpurities were synthesized and
identified by spectral analysis as 1-(9H - Carbd&zgloxy)-3-chloropropan-2-ol (impurity 1), 4-

((Oxiran-2-yl)methoxy)-9-((oxiran-2-yl)methyl)-9Hcarbazole (impurity 2), 1-(9H-Carbazol-4-
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yloxy)-3-(9H-carbazol-5-yloxy) propan-2-ol (impwiB), 3-(9H-Carbazol-5-yloxy) propane-1,2-
diol (impurity 4).

There are many synthetic approaches are availabtbel literature for the synthesis of 2-(2-
methoxyphenoxy) ethanamine (3) [16]. The best abésl process for large scale synthesis is
from Guiacol as per scheme 3.

Compound 3 was synthesized according to the sclger@eairing synthesis, six impurities were
observed in 2-(2-methoxyphenoxy) ethanamine (3)derunaterial. These impurities were
synthesized and characterized by spectral anayslsalso confirmed by the spiked analysis by
GC. Identified impurities were 1-(2-chloroethoxyjrgethoxybenzene (impurity 5), 1,2-bis(2-
Methoxyphenoxy)ethane (impurity 6), 2-(2-(2-Methpkgnoxy)ethyl)isoindoline-1,3-dione
(impurity 7), 2-(2-Chloroethyl)isoindoline-1,3-dien(impurity 8), N,N’ -Ethane-1,2-diyl-bis-
phthalimide (impurity 9), bis(2-(2-Methoxyphenoxthgl)amine (impurity 10).

EXPERIMENTAL SECTION

General procedure.FT-IR spectra are recorded as KBr pellet on NicB& FT-IR Instrument
(Model Thermo Electron Corporation-Spectrum One)NMR spectra are recorded on Varian
300 MHz spectrometer using DMSO-d6 or CP@k solvent and tetramethylsilane (TMS) as
internal standard. Mass spectra are recorded ofemgiriple quadrupole mass spectrometer
equipped with turboion spray interface at 375°A.tA¢ organic extracts are dried over sodium
sulfate after work up. Unless otherwise mentionkdhee solvents and reagents used are of
commercial grade.

In this paper, the synthesis and characterizatiormpurities 1 to 10 have been presented.
Physicochemical, spectroscopic and other relatéa e the synthesized compounds are also
discussed.

Synthesis of 4-(2, 3-epoxyprpoxy) carbazole (2o a stirred solution of 300 mL water and
sodium hydroxide (23.0 g, 0.575 mol), 4-hydroxybaaole (3) (100 g, 0.545 mol) is added over
a period of 10-15 min. The reaction mass is cotdetlD-15°C and added 150 mL DMSO drop
wise for 45 min. After stirring for 15 min, epidibhydrin (75.6 g, 0.817 mol) is added over 1
hr duration by maintain the temp at 10-15°C. Thectien mass temperature is slowly raised to
45°C and the suspension is maintained for 6 hrewsiiring. After completion of the reaction,
checked by TLC, the product is diluted with 400 maéter, filtered and washed with water. The
obtained crude product is recrystallized in methémafford pure glycidyl aryl ether 2 as an off
white crystalline powder.

Description: Off white crystalline powder; M. Fad8:1aNO;; M. Wt. 239.27; IR (KBr, crit):
2945 (C-H in -CH-), 3083 (C-H aromatic), 1612, 1508 and 1456 (Cr@retic), 1255 (C-O in
epoxy), 1009 (C-O in ether), 1327 (C-NH-NMR (300 MHz, CDC}): & 11.2 (s, 1H, -NH),
8.17(d, 1H ArH), 7.2 (m, 1H ArH), 7.2 (m, 1H ArH},56 (d, 1H ArH), 7.19 (t, 1H ArH), 7.2 (d,
1H ArH), 6.85 (d, 1H ArH), 4.2 (m, 2H, -GH), 3.2 (m, -CH- epoxy), 3.1 (m, -CH-).; M®z
(%) = 240 (M+1); Anal. Calcd for g8H13NO,: C — 75.30, H — 5.48, N — 5.85%; Found: C —
75.32, H-5.50, O — 5.87%.
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Synthesis of 1-(9H - Carbazol-5-yloxy)-3-chloroproan-2-ol (impurity 1): Charged methanol
(100 mL) into a fresh RBF and started stirring 5t32°C. Compound 2 (10 g) was added and
mass was cooled to 0. Concentrated HCI (15 mL) was added slowly drigevever a period

of 30-45 minutes at the same temperature. Reant@ss allowed to ambient temperature and
progress of the reaction was monitored by TLC (heolphase: Toluene: methanol — 8:2).
Reaction completed after 6 hours of maintenancedstdled off methanol completely under
vacuum to get the material as a residue. Residwepudfied by column chromatography by
eluting with 5-15% ethyl acetate in hexane to geepmpurity 1.

Description: Off white crystalline powder; M. F14E114,CINO,; M. Wt. 275.73; IR (KBr, cri):
2870 (C-H in —O-CH), 3050 (C-H aromatic), 1604, 1505 and 1453 (Cr@retic), 3394 (O-
H), 1585 (N-H), 1259 (C-0), 725 (C-Ci4-NMR (300 MHz, DMSO-d6)5 3.4 (m, 2H, -CH),
4.2 (m, 3H, -CH and —-CH-), 6.7 (d, 1H, ArH), 7.1 (m, 2H, ArH)37m, 2H, ArH), 7.5 (d, 1H,
ArH), 8.2 (d, 1H, ArH), 11.2 (s, 1H, -NH); M3z (%) = 275 (M); Anal. Calcd for
Ci1sH14CINO,: C — 65.34, H — 5.12, N — 5.08%; Found: C — 65k86,5.11, O — 5.07%.

Synthesis of 4-((Oxiran-2-yl)methoxy)-9-((oxiran-2¢)methyl)-9H- carbazole (impurity 2):
Epichlorohydrin (5) (66 mL, 11 volumes) was chargei a fresh RBF and started stirring at
ambient temperature. Charged compound 2 (6 g) atakgium carbonate (10.4 g) in the mass
under stirring. Reaction mass was heated to redlk progress was monitored by in-process
TLC (mobile phase: Toluene: ethyl acetate — 1:1¢ad®on completed after 10 hours of
maintenance and then cooled tdQ@5Distilled off the mass under reduced pressunehaove
unreacted epichlohydrin completely. Charged water ethyl acetate to the residue and agitated
for 30 minutes. Separated the organic layer anilleds off completely under reduced pressure
to get residue. Residue was purified by column miatography by eluting with 15% ethyl
acetate in n-hexane to get impurity 2 as an oftevhiystalline powder.

Description: Off white crystalline powder; M. Fad81,NOs; M. Wt. 295.33; IR (KBr, crit):
2871 (C-H), 3051 (C-H aromatic), 1585, 1504 and3L#6-C aromatic), 1273 (C-NjH-NMR
(300 MHz, DMSO-d6):6 2.45-2.55 4(m, 2H, -CH in epoxy), 2.75-2.85 (m, 2H, -GHin
epoxy), 2.9 (m, 1H, -CH- in epoxy), 4.1 (m, 1H, -CH epoxy), 4.5-4.8 (m, 4H, -G+, 6.9 (d,
1H, ArH), 7.2 (m, 2H, ArH), 7.4 (d, 2H, ArH), 7.6/,(1H, ArH), 8.2 (d, 1H, ArH); M3z (%) =
295 (M); Anal. Calcd for gH;17/NO3: C — 73.20, H — 5.80, N — 4.74%; Found: C — 73R
5.82, N — 4.73%.

Synthesis of 1-(9H-Carbazol-4-yloxy)-3-(9H-carbazeb-yloxy) propan-2-ol (impurity 3) and
3-(9H-Carbazol-5-yloxy) propane-1,2-diol (impurity 4): Charged water (75 mL) and sodium
hydroxide (10.8 g) into a RBF and started stirr@5-30C. After reaction mass became clear,
added 4-hydroxy carbazole (4) (25.0 g) and dimesufoxide (35.5 mL) under agitation.
Reaction mass was heated t§®@nd added epichlorohydrin (16 g) slowly over Eque20-30
minutes at the same temperature. Reaction compddtexd3 hours of maintenance and reaction
progress was monitored by in-process TLC (mobilasphethyl acetate: n-hexane — 3:2). Mass
cooled to ambient temperature and dissolved in ameth(100 mL). Mass added slowly to ice
cold water under agitation. Centrifuged the separasolid and purified by column
chromatography by eluting with 20% ethyl acetat@ihexane. The obtained first fraction was
confirmed as impurity 3 and second fraction as intp4 by spectral data.
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Impurity 3: Description: Off white crystalline powder; M. Fy#1,oN,05; M. Wt. 422.48; IR
(KBr, cm™): 2932 (C-H), 3065 (C-H aromatic), 1604, 1587,950d 1453 (C-C aromatic), 3580
(O-H), 3393(N-H), 1258 (C-O)H-NMR (300 MHz, DMSO-d6)5 4.4-4.6 (m, 5H, -Cht and —
CH-), 6.7 (d, 2H, -ArH), 7.05 (m, 4H, ArH), 7.3 (4H, ArH), 7.45 (d, 2H, ArH), 8.25 (d, 2H,
ArH), 11.2 (s, 2H, NH); MSwz (%) = 422 (M); Anal. Calcd for £H2:N,O3: C — 76.76, H —
5.25, N — 6.63%; Found: C - 76.77, H — 5.26, N66%o.

Impurity 4: Description: Off white crystalline powder; M. F.14E:sNO3; M. Wt. 257.28; IR
(KBr, cm™): 3389 (O-H), 2940 (C-H), 3051 (C-H aromatic), 568nd 1585 (C-C aromatic),
1264 (C-0);'H-NMR (300 MHz, DMS0-d6)83.6 (m, 2H, -OH), 4.0-4.2 (m, 3H, -GHand —
CH-), 4.7 and 5.0 (m, 2H, -GH, 6.7 (d, 1H, ArH), 7.0 (d, 1H, ArH), 7.15 (m, 1KArH), 7.3 (m,
2H, ArH), 7.45 (d, 1H, ArH), 8.2 (d, 1H, ArH), 11(8, 1H, NH); MSm/z (%) = 257 (M); Anal.
Calcd for GsHisNOs: C — 70.02, H — 5.88, N — 5.44%; Found: C — 7005,5.87, N — 5.45%.

Synthesis of 1-(2-chloroethoxy)-2-methoxybenzenem(purity 5): Charged water (500 mL)
and sodium hydroxide (97 g, 1.9 moles) into a RBH atarted stirring to get clear solution.
Charged TBAB (7 g, 0.016 moles), guiacol (100 migl10moles) and 1,2-dichloroethane (500
mL, 4.8 moles) under stirring. Maintained the reacimass under reflux and reaction progress
was monitored by in-process TLC (mobile phase: letoetate: n-hexane — 2:3). Reaction
completed after 2 hours maintenance and coolednties to 25-3C. Separated the organic
layer and discarded the aqueous layer. Distillégaient completely under reduced pressure at
below 80C to get the impurity 5 as an off white residue.

Description: Off white residue; M. F.g81:CIO,; M. Wt. 186.64; IR (KBr, crif): 2938 (C-H),
2839 (C-H methoxy), 3068 (C-H aromatic), 1593, 1a@d 1461 (C-C aromatic), 1253 (C-0O),
739 (C-Cl);"H-NMR (300 MHz, CDC}): § 3.8-3.9 (m, 5H, -Chland —CH-), 4.3 (t, 2H, -OCH-

), 6.9 (m, 2H, ArH), 7.0 (m, 2H, ArH); M8Vz (%) = 186 (M); Anal. Calcd for §4,,CIO,: C —
57.92, H — 5.94%; Found: C — 57.93, H — 5.95%.

Synthesis of 1,2-bis(2-Methoxyphenoxy)ethane (impity 6): Charged water (100 mL) and
sodium hydroxide (35 g) into a RBF and stirred dtar solution at 25-3C€. Charged TBAB
(2.36 g) slowly under agitation. Guaicol (20 g) veakded slowly over a period of 10 minutes
followed by 1,2-dichloromethane (32 g). Reactioninta@ned at 78C and monitored by in-
process TLC (mobile phase: toluene: methanol — £apled the mass to ambient temperature
and filtered the mass to get the impurity 6 asawbrcolor material. Dissolved the material in
dichloromethane and washed with water. Dichloromue¢h was distilled of under reduced
pressure and purified the obtained residue by colamomatography by eluting with 10% ethyl
acetate in hexane to get impurity 6 as off whiisstalline powder.

Description: Off white crystalline powder; M. FydEl1604; M. Wt. 274.31; IR (KBr, crit): 2835
(C-H in —OCHy), 2947 (C-H), 3072 (C-H aromatic), 1592, 1511 4A80 (C-C aromatic)'H-
NMR (300 MHz, CDCJ): 5 3.8 (s, 6H, -OCH), 4.4 (s, 4H, -CH), 6.9 (m, 4H, ArH), 7.0 (m,
4H, ArH); MSm/z (%) = 274 (M); Anal. Calcd for £gH10: C — 70.06, H — 6.61%; Found: C —
70.08, H — 6.60%.
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Synthesis of 2-(2-(2-Methoxyphenoxy)ethyl)isoindale-1,3-dione (impurity 7): Charged
dimethyl formamide (25 mL) and impurity 5 (25 g18.moles) and stated agitation at 250
Charged potassium phthalimide (29.7 g) at 2%=38lowly within 15-30 minutes duration.
Reaction mass was heated to %20and monitored by in-process TLC (mobile phase:
chloroform: methanol — 2:3). Reaction complete@ra®-3 hours maintenance and cooled to 25-
30°C. Water (75 mL) added slowly for 30-60 minutesha same temperature and maintained
for 1-2 hours. Filtered the separated solid andhedswith water followed by methanol. Wet
material was recrystallized from methanol to geegmpurity 7 as off white powder.

Description: Off white crystalline powder; M. F181sNOs; M. Wt. 297.31; IR (KBr, cri):
2938 (C-H), 2842 (C-H methoxy), 3067 (C-H aromati)89, 1505 and 1472 (C-C aromatic),
1714 (C=0), 1394 (C-N)*H-NMR (300 MHz, CDCY): & 3.75 (s, 3H, -OCh), 4.1 (t, 2H, -
OCHy-), 4.3 (t, 2H, -CH), 6.85 (m, 2H, ArH), 6.95 (m, 2H, ArH), 7.7 (1aH, ArH), 7.85 (m,
2H, ArH); MSm/z (%) = 297 (M); Anal. Calcd for GH;5sNO4: C — 68.68, H — 5.09, N — 4.71%;
Found: C — 68.69, H—5.10, N — 4.4.69%.

Synthesis of 2-(2-Chloroethyl)isoindoline-1,3-dionémpurity 8): Potassium phthalamide (20

g, 0.136 mol) and 1,2-dichloroethane (20.2 g, (hitfl) were charged into a fresh RBF and
started stirring at 25-3C. Reaction mass heated to 68 2nd monitored the progress by in-
process TLC (mobile phase: ethyl acetate: n-hexa6el). Reaction completed within 3 hours
and cooled the mass to ambient temperature. Reactass filtered under vacuum and filtrate
was extracted with dichloromethane. Dichloromethdager was kept overnight without

agitation for crystal formation. Filtered the seyiad crystals and distilled off the filtrate under
reduced pressure to get residue, which was purfiedolumn chromatography by eluting with
5% ethyl acetate in n-hexane to get impurity 8raefawhite color powder.

Description: Off white crystalline powder; M. F1@sCINO,; M. Wt. 209.63; IR (KBr, crl):
2925 (C-H), 3063 (C-H aromatic), 1614 and 1467 (@@matic), 1717 (C=0), 1396 (C-N), 717
(C-Cl); *H-NMR (300 MHz, CDC}): 6 3.8 (t, 2H, -CH-), 4.05 (t, 2H, -CH), 7.7 (m, 2H, ArH),
7.9 (m, 2H, ArH); MSWz (%) = 209 (M); Anal. Calcd for GHsCINO,: C — 57.30, H — 3.85, N
— 6.68%; Found: C — 57.62, H—- 3.84, N — 6.66%.

Synthesis of N,N’ -Ethane-1,2-diyl-bis-phthalimide(impurity 9): Potassium phthalamide (5
g, 0.034 mol) and 1,2-dichloroethane (1.7 g, 0.6101) were charged into a RBF and started
stirring at 25-36C. Reaction mass heated to 687 2and maintained for 6 hours. Reaction
progress was monitored by in-process TLC (mobikesphethyl acetate: n-hexane — 6:4). Cooled
the reaction mass to 258D and added water and ethyl acetate under stirBegarated the
organic layer and washed with water. Organic lajregd over with sodium sulfate and distilled
off completely under reduced pressure. Obtainediduwes was purified by column
chromatography by eluting with 5% ethyl acetataihexane to get pure impurity 9 as an off
white powder.

Description: Off white powder; M. F.1gH1:N,04 M. Wt. 320.3; IR (KBr, crit): 2950 (C-H),

3065 (C-H aromatic), 1610 and 1564 (C-C aromafi@)l,4 (C=0), 1392 (C-N)H-NMR (300
MHz, DMSO-d6):5 3.3 (s, 2H, -Ch), 3.8 (s, 2H, -CH), 7.8 (m, 8H, ArH); MS1/z (%) = 320
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(M); Anal. Calcd for GgH12N2O4: C — 67.50, H — 3.78, N — 8.75%; Found: C — 672, 3.77,
N —8.77%.

Synthesis of bis(2-(2-Methoxyphenoxy)ethyl)amine r@ipurity 10): Charged 1-(2-
chloroethoxy)-2-methoxybenzene (15.6 g) into a RIBE started stirring at 25-3D. Heated the
reaction mass to 120 and added 2-(2-methoxyphenoxy)ethanamine (2dog)lys at 126C.
Maintained the reaction mass at 120-12%nd monitored the progress by in-process TLC
(mobile phase: ethyl acetate: n-hexane — 3:2). €&bthle mass to ambient temperature and added
methanol slowly under stirring. Filtered the sepedasolid and washed with methanol lot-2.
Obtained material was dried at’&0to get impurity 10 a slight brown crystalline pisv.

Description: Slight brown crystalline powder; M. G.gH2aNO,; M. Wt. 317.38; IR (KBr, cri):
2835 (C-H in —OCH), 2959 (C-H), 3566 (N-H), 3065 (C-H aromatic), 358nd 1508 (C-C
aromatic);"H-NMR (300 MHz, DMSO-d6)3 3.2 (t, 2H, -CH-), 3.45 (t, 2H, -CH), 3.75 (s,
6H, -OCH;), 4.15 (t, 2H, -CH), 4.3 (t, 2H, -CH), 6.9-7.0 (m, 8H, ArH); MSz (%) = 317
(M); Anal. Calcd for GgH23NO,4: C — 68.12, H - 7.30, N — 4.41%; Found: C — 68H4,7.31, N
- 4.40%

RESULTS AND DISCUSSION

This paper reports a simple and effective methodhe synthesis of impurities of Carvedilol (1)
key intermediates.

According to the scheme 1, general process forsyrghesis of Carvedilol (1) is by the
condensation of its key intermediates 2 and 3 enpghesence of monoglyme solvent. General
synthesis of these key intermediates is describadheme 2 and 3.

Scheme 2 describes the synthesis of 4-(2, 3-eppayp) carbazole (2) by the condensation of
4-hydroxy carbazole (4) with epichlorohydrin (5) ihe presence of sodium hydroxide and
dimethyl sulfoxide. Epoxy ring of the epichlorohydrs easily cleavable in the presence of base
or acid.

Synthetic process of compound 2 was described peraxental section. According to our
observation, reaction was very sensitive to thetrea conditions. 4-Hydroxy carbazole (4) and
diemthyl sulfoxide addition are very critical arakt addition leads to degradation of the reaction
mass. Epichlorhydrin (5) should be added at theiBpd temperature and duration. Otherwise, it
leads to cleavage of epoxy ring and leads to thadtion of impurities 1 to 4.

o) Conc. HCI /\/\
e L I B
N N
H

H
2 Imprity 1

Impurity 1
This is a process impurity and formed during thetlsgsis of compound 2. Hydrochloric acid is
a byproduct during the reaction, which reacts witimpound 2 and generates impurity 1 by the
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cleavage of epoxy ring. The formation of free hyihoric acid can be avoided by maintaining
the reaction mass pH basic. Synthetic process pdiiity 1 was described in scheme 4.

Scheme 4: Synthetic process of impurity 1

1-(9H - Carbazol-5-yloxy)-3-chloropropan-2-ol (imfiy 1) of CsH14CINO, with molecular ion
peak at (M) showed that m/z is equivalent to mdeacweight (275.73) of proposed compound.
Hence m/z value confirms the molecular weight & tompound. The IR peak at 3394tm
suggesting the presence of O-H group. The IR paakb604 crit and 1453 cil indicates
aromatic C-C stretching. Deformation IR peak at5l6&i" indicates presence of N-H group.
The HNMR peak ab 11.2 (s, 1H) indicates the presence of one N-kimro

Impurity 2

This is a process impurity and generates during symhesis of compound 2. Impurity 2
synthesis process was described in scheme 5. Dilmengynthesis of compound 2, base removes
the proton from the nitrogen of the carbazole rimgich condenses with epichlorohydrin gives
impurity 2.

Impurity 2

Scheme 5: Synthetic process of impurity 2
4-((Oxiran-2-yl)methoxy)-9-((oxiran-2-yl)methyl)-9Hcarbazole (impurity 2) has molecular
formula GgH17NO3 and the molecular weight of the compound is edaitao the molecular ion
peak at (M) of the compound. Hence m/z value cordithe molecular weight (295.33) of
compound. The IR peak at 2871 trauggesting the presence of C-H stretching of iagstd
ring. The IR peak at 1585 ¢hand 1463 cr indicates aromatic C-C stretching. The IR peak at
1273 cnt' indicates presence of C-N stretching. The HNMRkpaiad 2.4 — 2.8 indicates the
presence of —-CH2- group ad@®.9 and 4.1 indicates —CH- group of a stringedkgpmg.

Impurity 3

This is a process impurity and form at high tempgeamaintenance of the reaction mass during
the reaction. Other possibility of formation is digethe fast addition of the raw materials.
Synthesis of impurity 3 was described in scheme 6.

The molecular formula of 1-(9H-Carbazol-4-yloxy)&--carbazol-5-yloxy) propan-2-ol
(impurity 3) is G7/H22N,0O3; and the molecular weight of the compound is edeivato the
molecular ion peak at (M) of the compound. Hence walue confirms the molecular weight
(422.48) of compound. The IR peak at 3580'csuggesting the presence of O-H group and
3393 cnt indicates the presence of N-H group. The IR pealké®4 cm' and 1505 cm
indicates that the presence of aromatic C-C stijcihe HNMR peak ab 11.2 indicates the
presence of N-H group.
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Impurity 4

This is a process impurity and sodium hydroxid#hes culprit for the formation of this impurity.
After formation of compound 2, traces of sodium lopdlde opens the epoxy ring and results the
formation of impurity 4. Synthesis of impurity 4ae/described in scheme 6.

The obtained molecular ion peak of 3-(9H-Carbazglexy) propane-1,2-diol (impurity 4)
(molecular formula, (gH1sNOs3) at 257 (M) that m/z is equivalent to molecularigi of
proposed compound. Hence m/z value confirms thecotdr weight of compound. The IR peak
at 3389 crit suggesting the presence of O-H group and 3051 indicates the presence of C-H
of a aromatic ring. The IR peak at 1605 tindicates aromatic C-C stretching. The HNMR peak
atd 3.9 indicating the presence of —OH group &rid..2 suggests N-H group.

we :
N N N H
4

Impurity 3 Impurity 4
Scheme 6: Synthetic process of impurity 3 and impity 4

H

Impurity 5

This is a stage-1 intermediate during the synthesixompound 3, 2-Methoxyphenol (6)
condenses with 1,2-dichloroethane and results iity&r This impurity may carried over to
final stage. Preparation of impurity 5 was desailbeScheme 7.

(ONQ NaOH O

OO - o e OO
OH o

6 Impurity 5

Scheme 7: Synthetic process of impurity 5

1-(2-chloroethoxy)-2-methoxybenzene (impurity 5) @H;;CIO, with molecular ion peak at

(186, M) showed that m/z is equivalent to molecwaight of proposed compound. Hence m/z

value confirms the molecular weight (186.64) of t@mpound. The IR peak at 2839 tm

suggesting the presence of methoxy group and 3@68mdicates aromatic C-H stretching. The

IR peak at 739 cthindicates that the presence of C-Cl group. The HR\péak ab 3.8 indicates

the presence of —OGHjroup.

Impurity 6

This is a process impurity and the possibility affiation is during the preparation of compound
7. 1-(2-Chloroethoxy)-2-methoxybenzene (compoundadfjdense with Guiacol (6) again and
results impurity 6. Less volumes of 1,2-dichlor@eté was used for the synthesis of impurity 6.

Scheme 8: Synthetic process of impurity 6

1,2-bis(2-Methoxyphenoxy)ethane (impurity 6) akldis0, with molecular ion peak at (274, M)
showed that m/z is equivalent to molecular weighpmposed compound. Hence m/z value
confirms the molecular weight (274.31) of the compi The IR peak at 2835 &m(C-H
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stretching) suggesting the presence of —OCH3 gemgp3072 cil (C-H stretching) indicates
aromatic ring. The IR peak at 1592 and 1511'dndicates C-C stretching of a aromatic ring.
The HNMR peak ab 3.8 indicates the presence of —OCH3 group.

N

(O + ~_Cl _ NaGH _ ©: ~_0
L, "o Tme T
OH (less volume) \O

6 Impurity 6

Impurity 7

This is a stage-2 intermediate during the synthe$isompound 3. 1-(2-chloroethoxy)-2-
methoxybenzene (stage-1, impurity 5) condenses pattassium phthalimide and results the
formation of 2-(2-(2-methoxyphenoxy)ethyl)isoinda1,3-dione (impurity 7). Synthesis of
impurity 7 was described in scheme 7.

o DMF o Q
cl ©:§ N
o)

O

7 Impurity 7
Scheme 9: Synthetic process of impurity 7
Synthesis of 2-(2-(2-Methoxyphenoxy)ethyl)isoindelil,3-dione(impurity 7) has molecular
formula G7H1sNO4 and the molecular weight of the compound is edeivao the molecular ion
peak at (297, M) of the compound. Hence m/z vatudions the molecular weight (297.31) of
compound. The IR peak at 2842 tsuggests C-H stretching of a methoxy group and 206"
indicates C-H stretching of aromatic ring. The I8ak at 1714 cihindicates the presence of
C=0 group. The HNMR peak &t3.75 indicates the presence of —QCjrbup.

Impurity 8 and Impurity 9

This is a process impurity and generates duringstage-2 reaction of compound 3. The main
culprit for the formation of these impurities ateetpresence of 1,2-dichloroethane traces in
compound 7. During the condensation of compoundtir potassium phthalimide, traces of 1,2-

dichloroethane react with potassium phthalimide yetils impurity 8 and impurity 9.

Impurity 8 was synthesized according to the proc#sscribed in scheme 10. 1.5 molar

equivalents of 1,2-dichloromethane was used togveejppnpurity 8.

O

0O
> Cl
O+ o O
O

O

(1.5 molar equivalents) Impurity 8
Scheme 10: Synthetic process of impurity 8
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The molecular formula of 2-(2-Chloroethyl)isoindwt1,3-dione (impurity 8) is gHsCINO,
molecular ion peak at (209, M) that m/z is equinélte molecular weight of proposed compound
Hence m/z value confirms the molecular weight (889 of compound. The IR peak at 1717 cm
! suggesting the presence of C=0 group and 3063 indicates C-H stretching of a aromatic
ring.

Impurity 9 was synthesized according to the proc#sscribed in scheme 11. 0.5 molar
equivalents of 1,2-dichloromethane was used togveepnpurity 9.

o) o ]

- ~_-N
©:<‘<NH o > ©:I<‘<N >\>,:©
o) 0 °

(0.5 molar equivalents) Impurity 9

Scheme 11: Synthetic process of impurity 9

The obtained molecular ion peak of N,N’ -ethanediy-bis-phthalimide (impurity 9)
(molecular formula, &H12N2O4) at 320 (M) that m/z is equivalent to molecularigi® of
proposed compound. Hence m/z value confirms theontdr weight (320.3) of compound. The
IR peak at 1714 cthsuggesting the presence of C=0 group. The IR pe8k65 crit indicates
C-H stretching of a aromatic ring.

Impurity 10

This is a process impurity and possibility of fotioa is during the synthesis of compound 3
from compound 8. Compound 8 contains traces ofaateel compound 7, which undergoes
reaction with compound 3 and lead to the formatibimpurity 10. Synthesis of impurity 10 was
described in scheme 11.

@) 0] (@) (@)
Ol O O O
NH N
3 7 Impurity 10

Scheme 12: Synthetic process of impurity 10

bis(2-(2-Methoxyphenoxy)ethyl)amine (impurity 16) C;gH23NO4 with molecular ion peak at
(317, M) showed that m/z is equivalent to molecwaight of proposed compound. Hence m/z
value confirms the molecular weight (317.38) of t@mpound. The IR peak at 2835 tm
suggesting the presence of —OC#toup and 3366 crhindicates the presence of N-H group.
The HNMR peak ab 3.75 (s, 3H) indicates the presence of —QGidup.
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