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Related substances of azilsartan medoxomil: Synthesis and characterization

Madhuresh K. Sethi, Vijendra Singh Rawat, Jayaprakash Thirunavukarasu,
Raja Krishna Yeramalla and Anish Kumar

R & D, Mylan Laboratories Ltd., Plot No. 31, 32, 83d 34 A ANRICH Industrial Estate,
Bollaram (Village), Jinnaram (Mandal), Medak (DBndhra Pradesh, India

ABSTRACT

AzilsartanMedoxomil is the prodrug 2-ethoxy-1-((2-oxo 4, 5 — dihydro - 1, 2, 4-oxadiazol-3-ylphényl-4-
yllmethyl) 1H-benimidazole-7-carboxylic acid whith used as a antihypertensive drug. During the pssc
optimization of Azilsartanmedoxomil novel relatetbstances (impurities) were observed. These relatibdtances
were prepared and characterized by MASS, NMR anddIP

Keywords. Related substances, Azilsartan, Antihypertensyethesis

INTRODUCTION

AzilsartanMedoxomil Potassium is chemically named&Methyl-2-oxo-1, 3-dioxol-4yl) methyl 2-ethoxy{[2-
(5-ox0-4, 5-dihydro-1, 2, 4-oxadiazol-3-yl) biphédyyllmethyl}- 1H-benzimidazole-7-carboxylatemormpssium
salt. Azilsartanmedoxomil is the prodrug of 2-etirdx([2'-(5-0x04,5 — dihydro-1,2,4-oxadiazol-3-yiphenyl-4-
ylmethyl) 1H-benimidazole-7-carboxylic acid.lt éswhite crystalline powder insoluble in water, btig soluble in
solvents such as acetone, and acetonitrile, freaiyble in methanol, dimethylsulfoxide, and dimdfimymnamide,
soluble in solvents such as acetic acid, and Veghitly soluble in solvents tetrahydrofuran and ctamol. The US
Food and Drug Administration (FDA) has approved fBd#ablet (AzilsartanMedoxomil Potassium) on Felygu
25, 2011, to treat hypertension in adults. It iaikmble in 80mg and 40 mg dosages, with the recamded dosage
set at 80mg once in a day [1].Angiotensin Il horeagolays a vital role in activation of renin-angime-
aldosterone systems well as in regulation of blpssure, fluid-electrolyte balance, and also thgghysiology of
hypertension. Activation of type 1 angiotensin poe which is a member of G protein coupled recepfticiently
controls the numerous effects of All which are \@swstriction, secretion of aldosterone and vasapreand
cellular proliferation. So blocking of All receptarill also block receptor-1, and it will lead torteination of the
whole course of action mentioned above; so all kdoavill be helpful in the management of cardiowdac and
renal diseases as therapeutic agent.The activayraidMP is revealed by hydrolysis of the medoxbester and
it converts into azilsartan which is an active atgmsin 1l receptor blocker and more effective awéring blood
pressure within 24 hours as compared to valsartdrobmesartan[2-5].There are several methods tieategported
for preparation of azilsartan [6-15].The presenteslated substances in an active pharmaceutigaédient (API)
can have a significant impact on the quality anfétgeof the drug products. Therefore, it is necessa study the
impurity (related substance) profile of the APIe used in the manufacturing of the drug produterhational
Conference on Harmonization (ICH)guidelines recomaseidentifying and characterizing all related sabses
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that are present at level less than 0.10% [16hiB1¢ontext a comprehensive study was undertakewrtihesize and
characterize a total of 13 related substancesd§a#zan.

MATERIALSAND METHODS

Analytical

HPLC was carried out using Waters HPLC having 2487 detector with empower chromatography software.
Column symmetry used is C18, 158x 4.6 mm, 5 um Wikh Detector at 250 nm. Flow rate is maintained &
ml/min with injection volume of 10 pL using diluertcetonitrile. The'H NMR and **C NMR spectra were
recorded in DMSOon a Bruker Advance 300 spectromdtee chemical shifts are reporteddrppm relative to
TMS (6 0.00) and DMSO and {Das internal standards respectively. Electron Spraigation-Mass spectra (ESI-
MS) of isolated compounds were measured using Agil&00 LC/MSD Trap SL instrument.

Chemicals
All the chemicals used were of commercial grade

Synthesis

Preparation of Related substance A

5 % potassium hydroxide (20 ml) was added to 1-¢(2inobiphenyl-4-yl) methyl]-2-ethoxy benzimidazole
carboxylate (5 g) in methanol (100 ml).The mixturas stirred at room temperature for 3 h. Aftercbmpletion of
reaction as indicated by TLC, the reaction mass disslled under vacuum at 50°C to remove methaiible
distilled reaction mass was diluted with water dahdn acidified with dilute hydrochloric acid. Thesulting
suspension was filtered, and dried to obtain rdlatdstanck (4.4 g, 90.7 % Yield). HPLC purity — 95 %4 NMR
(300 MHz, DMSO—g) 13.0 (1H, s), 7.95- 7.94 (1H, m), 7.92-7.70 (2h), 7.68-7.58 (5H, m), 7.56 — 7.53 (3H, m),
7.16 (2H, s), 4.65-4.58 (2H, m), 1.43-1.38 (3H, Mgss (n/2 = 398.1 (M+ 1)

Preparation of Related substance B

A mixture of hydroxyl amine hydrochloride (15.5@223mol) and sodium bi carbonate (27 g, 0.308 imathanol
(150 ml) was stirred at room temperature for 60.rMime reaction mixture was maintained at 50 °Cafioother 60
min and then 1-[(2"cyanobiphenyl-4-yl) methyl]-2xexy benzimidazole -7-carboxylate (4.9 g, 0.012 )nweés
added. The reMixture maintained at 50-60°C for B\tter completion of reaction, reaction mass wasrmhed in
water at below 15° C. The resulting suspensiordsolvas filtered and washed with water. The soliésewdried
under vacuum at 60 °C to get compoh(B.2 g, 60 % Yield). HPLC purity = 96.5 %4 NMR (300 MHz, DMSO
—0s) 1.39 — 1.44 (3H, m), 4.64 - 4.57 (2H, m), 5.685(2H, m), 6.98 - 6.99 (3H, m), 7.18 — 7.43 (11h), 12.5
(1H, s), Massrf/2 = 431.1 (M+H)

Preparation of Related substance C

A mixture of AZP amidoximerelated substance(2 086 mol), chloromethyl-5-methyl-1, 3-dioxol-2-0# g,
0.0067 mol), potassium carbonate (0.9 g, 0.0065) nrmoldimethyl formamide (100 ml) was stirred at moo
temperature for about 3 h.After the completionezfation, the reaction mass quenched in water ameldsbout an
hour. The resulting suspension was extracted widthghene dichloride by evaporation to obtain an anild
thereafter purified by column chromatography (mkthg dichloride/methanol as eluent) to provide tile
compoundC(0.36g, 14.3 % yield). HPLC purity = 95.6 %4 NMR (300 MHz, DMSO —g) 2.01-2.03 (1H, m),
2.11- 2.04 (3H, m), 2.19-2.14 (3H, m), 4.97 — 48Hl, m), 5.71-5.63 (2H, m), 6.97 — 6.93 (1H, my1Z - 6.99
(2H, m), 7.38 — 7.22 (11H, m),Mas®sfp) = 543.2 (M+H)

Preparation of Related substanceD

A mixture of 1-[(2"cyanobiphenyl-4-yl)methyl]-2-aiky benzimidazole -7-carboxylic acid (20 g, 0.05@I)mn
potassium carbonate(10.4 g, 0.075 mol) and potas&dide (2.0 g, 0.012 mol) in dimethyl formamiddQ ml)
was stirred at room temperature for 2 h. 4-Chlortnyle5-methyl-1, 3-doixol-2-one (11.0 g, 0.074 indissolved

in DMF was added slowly to the mixture. The reattinixture was stirred at room temperature for Zter the
completion of reaction the reaction mass was queshokith water and extracted with dichloromethane an
concentrated the organic layer to get the compdir{d4.0 g, 93 % Yield). HPLC purity = 97 % NMR (300
MHz, DMSO —q) 1.52- 1.47 (3H, m), 2.14 (3H, s), 4.71- 4.64 (2h), 4.91 (2H, s), 5.71 (2H, s), 7.43-7.4 (2H, m),
7.48-7.45 (1H, m), 7.59 - 7.48 (4H, m), 7.60 -97(8H, m), 7.61 — 7.60 (2H, m), Mass/f) = 510.1 (M+H)
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Preparation of Related substance E

A mixture of hydroxyl amine hydrochloride (16 g2802 mol) in ethanol (180 ml) was stirred at ro@mperature
for 60 min Sodium carbonate (18.7 g, 0.1764 mols wdded slowly over a period of 60 minutes to theva
mixture. The obtained mixture was maintained at°80for another 60 minutes. To the resulting mixtdre
[(2"cyanobiphenyl-4-yl) methyl]-2-ethoxy benzimidde -7-carboxylate (5 g, 0.0121 mol) was added.ckea
temperature was raised to 70-80° C and maintained fh. Water was added slowly to reaction mixtate
temperature below 15 °C. The solid obtained wéeréitl and washed with water. The solid was drieteumacuum
at 60 °C to get compourie(4.1 g, 78.0 % Yield). HPLC purity = 96 %4 NMR (300 MHz, DMSO —g) 1.44 —
1.39 (3H, m), 3.70 (3H, s), 4.65 — 4.58 (2H, mp15(2H, s), 7.28- 7.27 (2H, m), 7.34 — 7.31 (1H, B9 — 7.34
(8H, m), 7.41 (1H, s), 7.44 — 7.41 (1H, d), MaséZ = 430.2 (M+H)

Preparation of Related substance F

10 % Sodium hydroxide (200 ml) was added to AZPd&an{R0 g, 0.046 mol) in methanol (800 ml).The migtu
stirred at room temperature for three hours. After completion of reaction, the reaction mass Iigtiunder

vacuum at 50°C to remove methanol. The distilleglctien mass was diluted with water and the mixtwes

acidified with diluteHCI. The resulting suspensimas filtered and washed with isopropyl ether anddito get

compoundF (15.56 g, 80.5 % Yield). HPLC purity = 97.19 4| NMR (300 MHz, DMSO —g¢) 1.43 — 1.39 (3H,
m), 4.64- 4.57 (2H, m), 5.66 (2H, m), 7.01- 6.9Bi(2n), 7.17 — 7.15 (1H, m), 7.43 — 7.20 (7H, mphZ/- 7.46 (1H,

m), 7.68 — 7.66 (2H, m), 13.19 (1H, s), Mas8Z4 = 416.1 (M+H)

Preparation of Related substanceG

A mixture of AZP acid amide related substance (D.902 mol), chloromethyl -5-methyl-1, 3-doixol-2® (1 g,
0.006 mol),potassium carbonate (0.5 g, 0.003),patasiodide (0.1g, 0.0006) in DMF (100 ml) wasrstit at room
temperature for about three hours.After the corigoiedf reaction,the reaction mass was quenchedatemand
stirred for about an hour. The resulting suspensias filtered, washed with water and dried to obtlated
substance G. The material was dried atmospheritalet the compoun@&(1 g, 78.7 % Yield). HPLC purity =
95.8 %,"H NMR (300 MHz, DMSO —g) 2.02-2.04 (1H, m), 2.10- 2.04 (3H, m), 2.17-2(881, m), 4.95 — 4.63
(3H, m), 5.72-5.62 (2H, m), 7.14 — 6.97 (2H, mB%¥- 7.25 (11H, m), Massn(2 = 528.2 (M+H)

Preparation of Related substanceH

20 % Sodium hydroxide (70 ml) was added to Methgtt2oxy benzimidazole - 7 - carboxylate (5 g, 0.0220l)
and stirred at room temperature for three hourterAhe completion of reaction, charge acetone Rana acidified
with diluteHCI. The resulting suspension was fitgr washed with water and dried to obtain compdd(#42 g,
93.6 % Yield). HPLC purity = 97.81 % NMR (300 MHz, DMSO — ¢ 1.42 — 1.37 (3H, m), 4.55 — 4.48 (2H, m),
7.17-7.11 (1H, m), 7.62 — 7.59 (2H, m), 12.0 (8),13.0 (1H, s), Massn(? = 221.1 (M+H)

Preparation of Related substancel

Methyl 2-ethoxy[(2"-(hydroxyamidino) biphenyl-4-yNethyl]-1H-benzimidazole-7-carboxylate carboxyldi® g,
0.022 mole) was dissolved in acetone (100 ml) aB@3 C and concentrated hydrochloric acid waseddd he
resulting reaction mixture was refluxed at 56 °€ 3ch.The mixture was cooled to room temperatuleréd and
washed with acetone. The material was finally dragdb0 ° C to get compourid(9.1 g, 97 % Yield). HPLC purity
= 97.0 %,"H NMR (300 MHz, DMSO — ¢ 3.64 (3H, s), 5.3 (2H, m), 7.11 — 7.06 (3H, mBZ— 7.25 (4H, m),
7.58 — 7.55 (3H, m), 7.70-7.68 (1H, m), 9.02- &8, s), 11.09 (1H, s), 11.56 (1H, s), 12.64 (1K Mass (n/2 =
207.2 (M+H)

Preparation of Related substance]

Methyl 1-[[2"-(4,5-dihydro-5-0x0-4H-1,2,4-oxadiaz8tyl) biphenyl-4-yl) Methyl]-2-ethoxy-1H- benzimétole-7-
carboxylate (10 g, 0.021 mole) was dissolved inaw (100 ml) at 25-30 ° C and concentrated hydosith acid

(20 ml) was added. The resulting reaction mixtues wefluxed at 56 °C for 3 h.The mixture was codtedoom

temperature, filtered and washed with acetone.material was dried at 50 °C to get compound8.2 g, 88.2 %
Yield). HPLC-99.18 %:H NMR (300 MHz, DMSO — ¢) 3.61 (3H, s), 5.28 (2H, m), 7.10 — 7.02 (3H, Mp7-7.23
(4H, m), 7.48 — 7.45 (1H, m), 7.57 — 7.52 (1H, ™y, — 7.64 (2H, m), 11.55 (1H, s), 12.47 (1H, spWI/2 =

416.2
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Preparation of Related substanceK

Benzyl bromide (7.27 g, 0.042 mol) was added ttireed mixture of methyl 1-[[2"-(4,5-dihydro-5-ox¢H-1, 2, 4-
oxadiazol-3-yl) biphenyl-4-yl) Methyl]-2-ethoxy-1Hsenzimidazole-7-carboxylate (5 g, 0.010 mole) andium
carbonate (6.76 g, 0.063 mol) in dimethyl sulfox{88 ml). The reaction mixture was stirred for aught at 25-
30°C. Inorganic salts were removed by adding metig/lchloride (50 mL) and water (20 mL). The desired
compound was extracted from methylene chlorideaperation to obtain an oil. Oily material was ¢ajyized in
isopropyl ether to get compouid (4.5 g, 75.6 % Yield). HPLC purity = 98.1 %4 NMR (300 MHz, DMSO — ¢
1.52 — 1.45 (3H, m), 3.69 (3H, s), 4.70 — 4.63 (81, 5.12 (2H, s), 5.61 (2H, s), 7.55 — 6.60 (161, Mass (/2
=561.6 (M+H)

Preparation of Related substancel

2-methyl -4-cyano biphenyl (5 g, 0.0258 mol) wadextito a stirred mixture of hydroxyl amine hydraxtde (27 g,
0.3884 mol) and sodium carbonate (27.4 g, 0.2585 malimethyl sulfoxide 125 ml. The reaction mirguwas
stirred at 85°C for 15 h. Inorganic salts were reetbby adding methylene chloride (50 mL) and w#2€r mL).
The desired compound wasextracted from methylefeida by evaporation to obtain an oil as produ¢t.0 g,
68.4 % Yield). HPLC purity = 97.1 %H NMR (300 MHz, DMSO — ¢ 1.52 — 1.45 (3H, m), 3.75 (3H, s), 4.70 —
4.63 (2H, m), 5.61 (2H, s), 7.55 — 6.60 (12H, madel (n/2 = 227.1 (M+H)

Preparation of Related substanceM

Methyl biphenyl oxime (4 g, 0.0176 mol) was dissalvwith methylene dichloride (40 ml) in presence of
triethylamine (2.68 g, 0.0264). Ethylchloroform#ge5 g, 0.0230 mol) was added slowly to reactiortuone at O-
5°C.The reaction mixture was stirred at same teatpeg for 3 h. The reaction mixture was washed wistter and
concentrated under vacuum to get oily product. @ilgduct obtained was dissolved in ethyl acetat25a80°C.
Potassium carbonate was added to reaction mixtdestirred at 77-79 °C for 12 h. It was then codle@5-35 °C,
filtered and washed with ethyl acetate and waterdimed under vacuum at 40 °C to get compoMi@.58 g, 58.1

% Yield). HPLC purity = 98.2 %'H NMR (300 MHz, DMSO - ¢ 3.15 (3H, s), 7.15 — 7.10 (3H, m), 7.60 — 7.55
(4H, m), 12.37 (1H, s),Mass(2 = 253.1 (M+H)

RESULTSAND DISCUSSION

Synthetic route followed for preparation of AzilsarMedoximil has been given in Scheme 1. The pegjmer of
Azilsartan involves reaction of hydroxyl amine hgdhloride with 1-[(2"-cyanobiphenyl-4-yl) methyl}&thoxy
benzimidazole -7-carboxylate using sodium bicarberizase in DMSO solvent to give methyl 2-ethoxy {(2
(hydroxyamidino) biphenyl-4-yl) Methyl]-1H- benziaézole-7-carboxylate (AZP-1).AZP — | is then redcvdth
ethyl chloroformate and triethyl amine to give mgthi-[[2°-(4, 5-dihydro-5-ox0-4H-1, 2, 4-oxadiaz8tyl)
biphenyl-4-yl) Methyl]-2-ethoxy-1H- benzimidazoleearboxylate (AZP-1l). AZP — Il thus obtained iseth
hydrolyzed using sodium hydroxide solution to gAZP — IIl. AZP —lll is reacted with chloromethyl4#sethyl-1,
3-dioxol-2-one in presence of DBU and finally withtassium ethyl hexanoate to give Azilsartanmedalkom
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N O/_ /OH
NH,OH . HCI N HeN
~0 (@] i
Chemical Formula: CogHosN304
1-[(2"cyanobiphenyl-4-yl) methyl]-2- Exact Mass: 443.1845
ethoxy benzimidazole -7-carboxylate
Chemical Formula: Co5H,1N303
Exact Mass: 411.1583 AZP -1
0}
2 — o™t
9o N0 j=M
\ro H N _1.ECF _ 7’0 HN- 1 K00, " O O
<) () 2EOA ~o 0
Chemical Formula: CosHoN4O5
Exact Mass: 470.1590
AZP - I
O O
NaOH

@J{.ﬁﬁ
Ho© O O

Chemical Formula: C,5H0N405
Exact Mass: 456.1434

AZP -1l

Qﬁ

o Q‘ﬁ

4- chloromethyl-5-methyl
[1,3]dioxol-2-one

G, -

Chemical Formula: C3pH24N4Og
Exact Mass: 568.1594

AZP - IV
o) o
o N
A A
[~ 0 N J 9 'NH
N\7’O N‘NH ,\TO N=
N . .
o o O O Potassium hydroxide o o O O
\2:0 \2:0
0 o~
0] 0]

Chemical Formula: C3gHo5KN4Og
Exact Mass: 608.1309
AZP -V
Scheme 1. Synthetic routefollowed for preparation of Azilsartanmedoximil
Pathway for Series 1 Related substances (Related substances A to C)
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N ! N
S0 NC KOH S O N NHOH Hel
O O

~ HO O
1-[(2"cyanobiphenyl-4-yl) methyl]-2- Impurity A Impurity B
ethoxy benzimidazole -7-carboxylate m/z = 397.1426 m/z = 430.1641

cl
0+_0
vl
N\>/O/_ Ei NH,
N
2 o0

Impurity C
m/z = 542.1801

T

Related substancéA could be formed by basic hydrolysis of 1-[(2acpbiphenyl-4-yl) methyl]-2-ethoxy
benzimidazole -7-carboxylatRelated substanc& could then react with hydroxyl amine hydrochit&iin presence
of sodium bicarbonate to givelated substanc® which in turn could react with chloromethyl-5-thg-1, 3-
dioxol-2-one to give finallyelated substanc€.

Pathway for Series 2 Related substance(Related substance D)

(E[\%ﬁ - OO,

Impurity A .
Pt Impurity D
m/z =397.1426 m/z=509.1587

Related substanck formed by basic hydrolysis of 1-[(2"cyanobiphkdyyl) methyl]-2-ethoxy benzimidazole -7-
carboxylate could react directly with chlorometBytmethyl-1, 3-dioxol-2-one to give related substabc
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Pathway for Series 3 Related substances (Related substance E to Related substance G)

(E[ NHOH HCI [E[ Ohy HzN i NaOH__ >_O HoN i
1-[(2 cyanobiphenyl-4-yl) methyl]- Impurity E Impurity F
2-ethoxy benzimidazole -7-carboxylate m/z = 429.1689 m/z =415.1532

m/z=411.1583

Cl
(0]
(O=0
(0]
N
E/E[ NCATRY
N (0]
™o
(@)
(%0
(0]
Impurity G
m/z = 527.1693

1-[(2"cyanobiphenyl-4-yl) methyl]-2-ethoxy benzirairble- 7 - carboxylate could get partially hydr@gzto get
amide related substance E, which could undergdhdurbasic hydrolysis to get related substance Fat&k
substance F could then finally react with chlordmeb-methyl-1, 3-dioxol-2-one to get related samste G.

Pathway for Series 4Related substance (Related substance H)

N S N/
\ A\
N>—o N>—o

NaOH
H _— H
(|) © HO” o
Methyl 2-ethoxy benzimidazole .
- 7 - carboxylate Impurity H
m/z =220.0848 m/z = 206.0691

Related substance H could be prepared by basiolygit of Methyl 2-ethoxy benzimidazole - 7 - caxplate.
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Pathway for Series5 Related substance(Related substancel)

OH H
AN 0/ /"i D
qfﬁw ~O
O O ~o” ©°
~y” O

Impurity [
m/z =416.1485

Methyl 1-[[2"-(4,5-dihydro-5-ox0-4H-1,2,4-oxadiaz8tyl) biphenyl-4-yl) Methyl]-2-ethoxy-1H- benzimidole-7-
carboxylate on treatment with conc. hydrochloriaould result in formation of related substance |

Z-o0

m/z = 444.1798

Pathway for Series 5 Related substance (Related substance J)

@)

ji H OJI\NH

e @W.‘N*‘
ﬁ - 100
I

m/z = 470.1590 Impurity J
m/z=442.1277

Methyl 1-[[2"-(4,5-dihydro-5-ox0-4H-1,2,4-oxadiaz8}yl) biphenyl-4-yl) Methyl]-2-ethoxy- 1H- benzimi&zole-7-
carboxylate treated with hydrochloric acid to gretated substance J.

Pathway for Series 6 related substance (Related substanceK)
O
'S (/E o’ J(
N=
N =~
q ﬁ Benzyl bromlde \ . i

m/z = 470.4850 Impurity K

m/z = 560.6100
Methyl 1-[[2"-(4,5-dihydro-5-ox0-4H-1,2,4-oxadiaz8tyl) biphenyl-4-yl) Methyl]-2-ethoxy-1H- benzimitole-7-
carboxylate could react with benzyl bromide in pree of a base to give related substance K.
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Pathway for Series 7 Related substances (Related substances L and M)

O
O o i
O NH,OH Ethyl chloroformate
(3 o0 C -0
2-methyl -4-cyano biphenyl Impurity L Impurity M
m/z = 193.0891 m/z =226.1106 m/z = 252.0899

2-methyl -4-cyano biphenyl is treated with hydrogyhine and DMSO to give related substance L wtscthén
treated with ethyl chloroformate to give relatebstance M.

CONCLUSION

In order to understand the related substance-fiomatthway of the antihypertensive drug Azilsartamowledge
about the different possible related substancesgnthetic routes is pre- requisite. Keeping in vibwe regulatory
importance of Azilsartanrelated substances, theqa®related related substance in Azilsartan weeetified,
synthesized, and characterized using mass, infrdR and NMR techniques.In conclusion, total 1®qgess
related substanceof Azilsartan has been syntheaizédharacterized.
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