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ABSTRACT KEYWORDS
Febuxostat is indicated use for the treatment of hyperuricemia and gout. Febuxostat;
During the process development of Febuxostat, ten process related ana- Febuxostat amide-ester;
logues were observed at a level of 0.1-0.15 area percent. Synthesis and Febuxostat diesters;
characterization of these analogues and investigation of the root cause of Synthesis,

their formation is described.

INTRODUCTION

Febuxostat isaxanthineoxidaseinhibitor used for
treating gout!*® caused by excessivelevelsof uricacid
in the blood (hyperuricemia). A study comparing
febuxostat to alopurinol found that moreindividuals
treated with febuxostat had decreased levels of uric
acid, but therewasno differenceintheamount of initia
gout flares or the surface areaof gout tophi®™>7. Struc-
turally, febuxostat issimilar to 4-methyl-1,3-thiazole
becauseit contains4-methyl-1,3-thiazole moiety that
hasa2-akyl substituent on thethiazolering. Onthe
other hand, avariety of 2-arylthiazolederivativesand
their syntheticintermediate has been proposed to have
variousphysiological activitiessuch asanti-inflamma-
tory®¥, analgsic® and antimicrobia.

Impurity removal isacritica andimportant task in
pharmaceutical processreseach, wherethefina prod-
uct meets stringent purity requirements. The presence
of impuritiesinan activepharmaceuticd ingredient (APY)
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Characterization.

can have significant impact on the quality and safety of
thedrug product. International Conference on Harmo-
nization (ICH) guideines(2006) recommendsidentify-
ingand characterisngdl impuritiespresentinAPIsat a
level of 0.10 % and above. Theseimpuritiesarere-
quiredin pureform to understand theimpurity profile
and development of an accurate anaystical method*>
1 during the research and devel opment phase.
Animproved and scal able processwas devel oped
for febuxostat. At thetime of devel opment, ten process
rel ated Febuxostat analogus were observed inthere-
action massat alevel of 0.1-0.15 areapercent. After
work up process to isolate the product some of the
anal ogus, febuxostat diester (11-14), feuxostat amide
(5) and febuxostat diacid (6) werewashed out during
isolation and purification of febuxostat stage-2. Pro-
cessrelated analogus (5-14) wereidentified and char-
acterized, however their synthesisand thecausefor their
formation werenot known. Herein, wereport thecom-
pleteimpuritiy profilefor febuxostat madeusingim-
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proved process, includingindentification, characteriza:
tion of unknown anaogues (5-14) and detail ed experi-
mental proceduresfor the synthesisof anal ogues.

H3C

e

H5;C
NC N

Figurel: Sructureof febuxostat (1)

MATERIALSAND METHOD

Drugs, chemicalsand intruments

The mass spectrum (70 eV) wasrecorded on HP-
5989A LC-MS spectrometer. The purity of compounds
was checked by HPL.C (Shimadzu LC Solution). Re-
action monitoring was checked routinely by TLC
(0.5mmthickness) usingsilicagd-G coated Al-plates
(Merck), mobile phase:-Ethyl acetate: Hexane (6:4) and
spotswerevisualized by exposingthedry platesin UV
light (254 nm) or iodinevapors. Themelting pointswere
determined by using the capillary method on POLMON
(model MP-96) melting point apparatus and are un-
corrected. The solvents and reagentswere used with-
out further purification.

NMR spectroscopy

The H and *C NMR spectrawere measured in
CDCI, and DMSO-d, using 300 MHz, on a Bruker
AVANCE-II 300 MHz FT NMR spectrometer; the
chemicd shifts(é,,, ) arereportedin s ppmreldiveto
TMS. (Bruker, Fallanden, Switzerland) equipped with
a5mmBBO probeand az-gradient shim system. The
H spectrawererecorded with 1 spulserepetitiontime
using 30° flip angle, while *C spectrawererecorded
with power gated decoupling using 30° flip angle with
repetitiontimeof 2s. Samplesweredissolvedin CDCI,
or DMSO-d.,.

FT-IR spectroscopy

TheFT-IR spectra(v,_ incm™) wererecorded in
the solid state as K Br dispersion using Perkin-Elmer
1650 FT-IR spectrophotometer (Thermo Electron Sci-
entific Instruments, Madison, WI, USA) withaDTGBS
KBr detector. Datawere collected between 400 and
4000 cm?, with aresolution of 4.0 cm™. A total of 16
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scanswereobtained and processed usingthe OMNIC
softwareversion 6.0.

Elemental analysis

Theeementa analysis(C, H, N) of compounds
was performed on Carlo Erba-1108 d emental andyzer
EL 11l with TCD detector (Elementar Analysensysteme
GmbH, Hanau, Germany). Their resultswerefound to
be in good agreement with the calculated values.
Sampleswereweighedin atin boat, to which tungsten
oxidewas added and nestly packed. Thesampleintin
boat was loaded in an auto sampler tray and was
dropped into the combustion tube automatically at a
temperature of 1200°C. Complete combustion of
samplewasensured with aspecia oxygen jetinjection.

Experimental and characterization

Procedure for ethyl-2-(3-cyano-4-
isobutoxyphenyl)-4-methylthiazole-5-car boxylate
(4)[12—13]

To a stirred solution of 3-cyano-4-
isobutoxybenzothioamide (2, 5.0 g, 0.021 mol.) and
ethyl-2-chloro-3-oxobutanoate (3, 4.42 mL, 0.032
mol.) inisopropanol (25.0 mL) at 25-30°C. Heat the
reaction massfor 3-4 hrsat 75-80°C. The mixture was
alowed to cool up to 25-30°C. A pale yellowish solid
form, filtrated, washed with isopropanol (10.0mL) and
driedinto vacuum tray drier at 50-55°C under vacuum
to give ethyl-2-(3-cyano-4-isobutoxyphenyl)-4-
methylthiazole-5-carboxylate (4).

Procedurefor 2-(3-cyano-4-isobutoxyphenyl)-4-
methylthiazole-5-carboxylic acid (febuxostat
tech)i4

To a stirred solution of ethyl-2-(3-cyano-4-
isobutoxyphenyl)-4-methylthi azol e-5-carboxylate (4,
5.0g,0.014 mal.) inn-butanol (50.0mL) at 25-30°C,
are added NaOH (1.74 g, 0.043 mol.) into reaction
massat 25-30°C. Heat the reaction mass for 1-2 hrs at
35-40°C. The mixture was allowed to cool up to 25-
30°C. Adjust pH 1-2 of reaction mass, using con. HCI
(5.0 mL) at 25-30°C. A white solid form, filtrated,
washed with n-butanol :water (1:1) (10.0mL) and dried
invacuumtray drier at 50-55°C under vacuum to give
febuxostat tech.

Procedurefor 2-(3-cyano-4-isobutoxyphenyl)-4-
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TABLE 1: List of analoguesof febuxostat

Sr.No. Nameof impurity IUPAC Name Structure
CH,
ol
1 Febuxostat amide 2-(3-Carbamoyl-4-isobutoxy phenyl)-4- e HzNT(\@\( o
S (5) methylthiazole-5-carboxylic acid \\},/(
o} N OH
CH
CHg
0.
2 Febuxostat amide- M ethyl-2-(3-carbamoyl-4-sobutoxyphenyl)-4- HsC HZNT(\Q\( o
' methyl ester (7) methylthiazole-5-carboxylate W)
o) N O—-CHg
CHs
CH,
0.
g  Febuxostatamide-  Ethyl-2-(3-carbamoyl-4-isobutoxy phenyl)-4- Hec HzNTpYS o
‘ ethyl ester (8) methylthiazole-5-carboxylate \ )
(e] N O*\
CH, CHg
CH3
: | sopropyl-2-(3-carbamoy!-4- HsC °
4. :i:)?;ég;tlat eﬂarenr| ((jge)' isobutoxyphenyl)-4-methylthiazole-5- HZNT;Q\WS P CHy
carboxylate 0 Nﬂo{
CHs CHg
CHs

Febuxostat amide-
5. butyl ester impurity
(10)

Febuxostat diacid
(6)

Febuxostat
dimethyl ester (11)

Febuxostat diethyl
ester (12)

Febuxostat
9. diisopropyl ester
(13)

Febuxostat dibutyl

10 oger (12)

Butyl-2-(3-carbamoyl-4-isobutoxy phenyl)-4-
methylthiazol e-5-carboxylate

2-(3-Carboxy-4-isobutoxyphenyl)-4-
methylthiazole-5-carboxylic acid

Methyl-2-(4-isobutoxy-3-
(methoxycarbonyl)phenyl)-4-methylthiazole-
5-carboxylate

Ethyl-2-(3-(ethoxycarbonyl)-4-
i sobutoxyphenyl)-4-methylthiazol e-5-
carboxylate

| sopropyl-2-(4-isobutoxy-3-
(isopropoxycarbonyl)phenyl)-4-
methylthiazol e-5-carboxylate

Butyl-2-(3-(butoxycarbonyl)-4-
i sobutoxyphenyl)-4-methylthiazol e-5-
carboxylate

CH,
CHs
o
HsC
HO s P
\
o} N~/ oH
CH;
CH,
o)
Y T;@\V
.0 s P
HaC »
o) N 0—CHj
CHg
CH,
o
HsC
HsC._ O \s O o
3
o N/ o
CHj,
CH,
)\/O
HaC
HyC_O s, P
: \( \ /) CHs
CHy O N 0~
CH,q CHg
CHs
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methylthiazole-5-carboxylicacid (1)1

To a stirred solution of 2-(3-cyano-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylic acid
(febuxostat tech, 5.0 g, 0.015 mol.) in methanol (50.0
mL) at 25-30°C, Heat the reaction mass at 60-65°C
up to clear solution obtained. Added water (50.0 mL)
drop wiseinto reaction masswithin 30.0 min. at 60-
65°C. Awhite crystalline solid form, filtrated, washed
withwater (10.0mL) and dried invacuumtray drier at
50-55°C under vacuum to give 2-(3-cyano-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylic acid
(febuxostat crystal A) (1).

Procedurefor 2-(3-car bamoyl-4-isobutoxyphenyl)-
4-methylthiazole-5-car boxylic acid (5)

To a stirred solution of 2-(3-cyano-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylic acid
(1,5.09,0.016 mal.) indimethylsulfoxide (50.0 mL),
cooled in an ice-water bath (0-5°C), added powder
anhydrousK_CO, (5.0g) and dropwise30.0% H,O,
(35.0mL) within30.0min. at 0-5°C. The mixture was
allowed to warm up to 25-30°C (exotherm was ob-
served). Thereaction massmaintained for 24.0 hrsun-

CHs3
O. (0] O
H3C)\/ D\f M
S 4 HC OC,Hs
NC Cl
NH,
2 3

CH;

ii) H,C
B s O
Step-2 NC \ p
N OH

CHs

Febuxostat tech

der stirring at 25-30°C. Water (100.0 mL) was added
into reaction mass at 25-30°C. Adjust pH 1-2 of the
reaction mass using con. HCI (15.0 mL) at 25-30°C
(exotherm observed) to obtain white solid which was
purified in acetone (50.0 mL) at 25-30°C, filtrated,
washed with acetone (10.0 mL) and dried in vacuum
tray drier at 50-55°C under vacuum to give febuxostat
amideb.

Procedurefor 2-(3-car boxy-4-isobutoxyphenyl)-4-
methylthiazole-5-carboxylicacid (6)

To a stirred solution of 2-(3-cyano-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylic acid
(1,5.09,0.016 mol.) in n-butanol (85.0 mL) and wa-
ter (85.0mL) at 25-30°C, added NaOH (6.32 g, 0.16
mol.) into reaction massat 25-30°C. Heat the reaction
mass for 48 hrsat 100-110°C. The mixture was al-
lowed to cool up to 25-30°C. Adjust pH 1-2 of the
reaction mass, using con. HCI (25.0mL ) at 25-30°C.
A whitesolid wasfiltrated, washed with n-butanol : water
(1:1) (10.0mL) and dried in vacuum tray drier at 50-
55°C under vacuum to give febuxostat diacid 6.

General procedurefor substituted alkyl-2-(3-car-

CHs
} )\/O
|) H3C
—_— O
Step-1 NC \
N OC,H5
4

S
/
CH3

CHj

)\/O
ii) HaC o
— NC S
Step-3 N Y/ o

CHs
Febuxostat 1

Schemel1: Synthesisof febuxostat 1: i) Thioamide compound 2, halo diketo compound 3, isopr opyl alcohol, reflux (75-80°C);
ii) NaOH, n-butanol, 35-40°C; iii) Methanol, water, reflux (60-65°C)

)Cis/ CH; CHs

o o

HaC Hsc)\/ ch)\/o

o)
H>N \ S, i) NC \ S, o ii) HO S, o
\
o) N oH < N~ oH— o) N\/Z’« OH
CHs CHs CH,
5 1 6

Scheme2: Synthesisof febuxostat amide 5 and febuxostat diacid 6: i) H,0, (30.0%) DM SO, powder anhydrousK ,CO,; ii) n-

butanol, NaOH, water, reflux (100-110°C)
Hnalytical CHEMISTRY o
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bamoyl-4-isobutoxyphenyl)-4-methylthiazole-5-
carboxylate (febuxostat amide-ester s 7-10)

To a stirred solution of 2-(3-carbamoyl-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylic acid
(5,5.0 9, 0.016 mal.), con. H,SO, (3.0-4.0mL) in
alcoholic solvents (50.0 mL) at 25-30°C. Heat the re-

—— Fuyl] Paper

action massfor 10-12 hrsat reflux temperaturerespec-
tively based on a coholic solvents boiling point. The
mixturewasallowed to cool upto 25-30°C. Reaction
masswas completely distilled out at 50-55°C under
vacuumtoobtain oily resdue. Theoily resduedissolve
into methylenedichloride (100.0 mL) at 25-30°C and

R
CHs CHs ; o
—CLH3
Hac)\/o Hac)\/o
i
H,N s 0 ) HN S o 8 |—cH,
e} N OH o} N-7 O-R CH,
CHg CHz CHs
5 7-10 o |-cfl
CHs
H, H,
10 | —C._..C<
C” " CH,
H,

Scheme3: Synthesisof febuxostat amide-esters: (i) Esterification reaction: Con. H,SO, alcoholic solvents[methanol for 7,

ethanol for 8, isopropanol for 9and n-butanol for 10]

TABLE 2: Physical and elemental analysisdata of febuxostat analogues

Anal. Calcd (%) (Found)

Febuxostat analogues Description m.p.(°C) Yield% Mol. formula c H N

. . . 60.74 5.10 8.85

1 White Crystal line solid 239 95.0 CisH16N20O5S
(60.70 511 8.87)
57.47 5.43 8.38

5 White solid 258 90.0 Ci6H1sN-0.S
WSS (5750 540  8.35)
57.30 511 4.18

6 White crystal 268 95.0 CiH17NOsS
y 16HINYsS 5733 508 4.20)
. 58.60 5.79 8.04

7 Off white Crystal 180 82.0 C17H20N20,4S
(58.63 5.82 8.05)
59.65 6.12 7.73

8 White solid 149 85.0 C1gH2»N-0,4S
(59.61 6.08 7.75)
60.62 6.43 7.44

9 White solid 168 80.0 C1gH24N-0,4S
(60.58 640  7.48)
61.52 6.71 7.17

10 White solid 186 83.0 CooH26N20,4S
(6155 6.64  7.20)
59.49 5.82 3.85

11 White crystal 232 820 CigHNOsS
(5953 578  3.86)
61.36 6.44 3.58

12 Off white solid 240 80 HxNOsS
(61.33 648  3.60)
62.98 6.97 3.34

13 Pale yellow solid 211 800 HNOsS
(6295 692 3.37)
64.40 7.43 3.13

14 White semi solid 80, HaNOsS
(6445 746  3.16)

— a%a['yttaa[’ CHEMISTRY
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Febuxostat IR (KBr) MS (+ESI)
analogues Vpaxin cm™? m/'z (%)
3834.61, 3742.03, 3680.30, 3556.85, 3456.55, 2062.76, 2877.89, 2661.85, 313107 '(%180['3 Jr[%' +41(])’3 o
. 2546.12, 2353.23, 2229.79, 2168.06, 2029.18, 1921.16, 1700.00, 1674.27, .0 (O A VA 450
1604.83, 1512.24, 1427.37, 1381.08, 1280.78, 1172.76, 111875, 1010.73, (e o) 2o 107 O 2000
918.15, 833.28, 771.55, 725.26, 648.10, 524.66, 462.93, o 0 2700 240)
340254, 3290.67, 3186.51, 3066.92, 297048, 2928.04, 2874.03, 282002, o 0 100,01 1
2654.14, 2619.42, 2542.26, 2368.66, 2337.80, 276,08, 2106.34, 208304, o, 200 FEO N
5 1863.30, 1755.28, 1678.13, 1647.26, 1523.82, 1460.8L, 1377.22. 1292.35, (300w 60 se
1273.06, 1226.77, 1161.19, 1099.46, 925.86, 721.40, 705.97, 613.38, ROy
570.95, 528,51, 466.79, 443.64, 401.21. 0).
3537.57, 3514.42, 3367.82, 3182.65, 3128.64, 3082.35, 3047.63, 2955.04,
2928.04, 2674.03, 263871, 2526.83, 2376.38, 2337.80, 1928.88, 190050, 53 0 100 0
6 1855.58, 1820.86, 1689.70, 1600.97, 157762, 1508.38, 146081, 142851, g0y i D
1377.22, 1330.93, 1292.35, 1253.77, 1219.05, 1168.90, 1091.75, 1049.31, (50, 3800(60)
1022.31, 956.72, 852.56, 82556, 798.56, 756.12, 732.97, 678.97, 613.38, -0), 380.0(6.0).
574.81, 528,51, 474.50.
3402.54, 3290.67, 3194.23, 2966.62, 2928.04, 2874.03, 277759, 2519.12,
, 2357.00, 2326.23, 1712.85. 1697.41, 1647.26, 1597.11, 1508.38, 1438.94, ?E‘;i'g)(%&o;g)] '\g;ﬂ’) ?g%)o
1415.80, 1373.36, 1330.93, 1192.05, 1161.19, 1018.45, 918.15, 813.99, O g0
763.84, 709.83, 644.25, 613.38, 574.81, 528,51, 486.08. :
3304.83, 329453, 3190.37, 3070.78, 297048, 2674.03, 278144, 2526.83, oo 010 0
o 2106.34, 1863.30, 1708.99, 1647.26, 1507.11, 1531.53, 1504.53, 146081, o5 MGl D
1431.23, 1373.36, 1323.21, 1273.06, 123063, 1161.19, 101845, 96058, -0 (G20} U 3%
810.13, 759.98, 705.97, 648.10, 621.10, 574.81, 528.51. : , 392.0(26.0).
3911.77, 3350.04, 3699.59, 3410.26, 3194.23, 2066.62, 2931.90, 2874.03,
257313, 2411.10, 2233.64, 1932.74, 1813.15, 1759.14, 1693.56, 1643.41, 3910 (100.0) [M+1],
10 1600.97, 1508.38, 1446.66, 1369.50, 1327.07, 1269.20, 1165.04, 1099.46,  392.0 (25.0) [M+2], 294.0
1014.59, 968.30, 918.15, 840.99, 821.70, 763.84, 736.83, 709.83, 640.39, (4.0) [M+4].
613.38, 570.95, 497.65, 435.93, 408.92.
3911.77, 3834.61, 3765.17, 3664.87, 3649.44, 3518.28, 343341, 3371.68,
3286.81, 3086.21, 2955.04, 2885.60, 2715.86, 2646.42. 2530.69, 2476.68, 3640 (100.0) [M+1],
11 2414.96, 2384.10, 2245.22, 2121.77, 2021.47, 1936.60, 1697.41, 1612.54,  365.0 (18.0) [M+2], 366.0
1512.24, 1512.24, 144280, 1334.78, 1211.34, 1157.33, 1087.89, 91043,  (5.0) [M+3], 380.0 (3.0).
794.70. 748.41, 648.10, 594.10, 524.66.
3300.97, 3228.95, 3124.79, 3076.49, 2962.76, 2935.76, 2908.75, 2877.89, 0 010 o
2630.99, 2849.96, 2549.08, 248440, 2357.09, 2330.09, 208091, 170899, g o CA DD
12 1604.83, 1577.82, 1508.38, 1431.23, 1360.50, 1315.50, 127692, 124220, "0} tro'3)- 3060 (20)
1207.48, 1168.90, 1076.32, 1049.31, 1014.59, 960.58, 925.86, 825.56, (e8] 720(80)
756.12, 725.26, 694.40, 636.53, 597.95. , 472.0(8.0).
420.0 (100.0) [M+1],
13 ND 421.0 (26.0), 422.0 (9.0)
[M+3].
3896.34, 3850.04, 3734.31, 3672.59, 3672.50, 3603.15, 3387.11, 3348.54,
3078.49, 2955.04, 2877.89, 2731.29, 2623.28, 2530.60, 2414.96, 234552, 448.0 (100.0) [M+1],
14 2191.21, 2083.19, 2036.90, 1928.88, 1890.30, 1697.41, 1612.54, 1519.96, 449.0 (25.0) [M+2], 450.0

1458.23, 1388.79, 1265.35, 1157.33, 1095.60, 1026.16, 964.44, 825.56,
732.97, 648.10, 594.10, 509.22, 432.07.

(7.0) [M+3], 471.0 (3.0).

*ND-Not done

washed with 5.0 % NaHCO, solution (3 X 20.0 mL).
Separated methylenedichloridelayer wasdried over
Na,SO, (2.09), filtered, mother liquer was distilled
completely at 40-45°C under vacuum to obtain white

Hnalytical CHEMISTRY o
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solid, whichwaspurified in acetone (50.0 mL). A white
solid form, filtrated, washed with acetone (10.0 mL)
and driedinvacuumtray drier a 50-55°C under vacuum
to givefebuxostat amide-esters(7-10). [Alcoholic sol -
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TABLE 4: *H NM R assgnmentsfor febuxostat analogues

Febuxostat Impurity 5 Impurity 7 Impurity 8 Impurity 9 Impurity 10
Position? 4 ppm o4 ppm 4 ppm 4 ppm 4 ppm 4 ppm

multiplicity multiplicity multiplicity multiplicity multiplicity multiplicity
1 1.00-1.02d 0.99-1.01d 0.99-1.02d 0.99-1.01d 1.00-1.02d 1.00-1.03d
2. 2.01-2.15m 2.06-2.19m 2.06-2.19 m 2.06-2.19 m 1.97-210 m 2.05-2.49 m
3. 1.00-1.02d 0.99-1.01d 0.99-1.02d 0.99-1.01d 1.00-1.02d 1.00-1.03d
4. 3.97-3.99d 3.96-3.98 d 3.97-3.99d 3.97-3.99d 3.88-3.90d 3.97-4.02d
5. 7.33-7.36d 7.25-7.28d 7.26-7.29d 7.25-7.28d 7.21-7.24d 7.37-7.39d
6. 8.17-8.21 dd 8.01-8.05 dd 8.03-8.07 dd 8.03-8.07 dd 8.06-8.10dd 8.04-8.08 dd
7. 8.25-8.258d 8.33-8.34d 8.35-8.36d 8.35-8.36d 8.18-8.19d 8.24-8.25d
8. 2.64s 2.66s 2.68s 2.68s 2.67s 2.68s
9. 13.39s 13.36s 3.83s 4.25-4.33q 5.06-5.19 m 4.24-4.28 1
10. - 7.60-7.77s 7.59-7.76 s 1.28-1.32t 1.29-1.30d 1.62-1.71m
11. - - - 759-7.76s 1.29-1.30d 1.35-1.47m
12. - - - - 5.06-5.19 m 0.90-0.95t
13. - - - - 1.32-1.31d 759-7.77s
14. - - - - 1.32-1.31d -

s=singlet; d=doublet; dd=doubledoublet; t=triplet; g=quartet; m=

amide-esters in Figure 2 for numbering.

O.
H3C)2\£ 6
3 HN s. 2
10 7 \
pa
8

CHj
Febuxostat amide-methyl ester (7)

_CH3
9

Febuxostat amide-isopropyl ester (9)

"Numbering has been assigned for *H NMR characterization

multiplet; 2Refer structureformulaof febuxostat and itsfebuxostat

1
CHgj

o
H3C)2\£ 6
3 H,N s. 9
10 7 \

Febuxostat amide (5)

1CH, 5

0
HBC)Z\Q 6
3 hN s¢ 9
1 7 \

9CH
3
CHs3 10
Febuxostat amide-ethyl ester (8)
1CH3

3C 2
HZN \2—4
CHj —\—\12

CH3
Febuxostat amide-butyl ester (10)

Figure?2: Febuxostat 1, Febuxostat amide5, Febuxostat amide-methyl ester 7, Febuxostat amide-ethyl ester 8, Febuxostat

amide-isopropyl ester 9, Febuxostat amide-butyl ester 10

ventslikemethanal, ethanol, isopropanol and n-butanol
were used respectively to make compounds 7, 8, 9

and 10].
General procedure for substituted alkyl-2-(4-
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isobutoxy-3-(methoxycarbonyl)phenyl)-4-
methylthiazole-5-car boxylate (febuxostat diesters
11-14)

To a stirred solution of 2-(3-carboxy-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylic acid
(6,5.09,0.016 mal.) and con. H,SO, (3.0-4.0mL) in
alcoholic solvents (100.0 mL) at 25-30°C. Heat the
reaction massfor 8-10 hrs at reflux temperature re-
Spectively based on d coholic solventsboiling point. The
mixtureisallowed to cool up to 25-30°C. Reaction
mass is completely distilled out at 50-55°C under
vacuumto obtain oily residue. Theoily residuedissolved
in methylene dichloride (150.0 mL) at 25-30°C and
washed with 5.0 % NaHCO, solution (3 X 10.0 mL).
Separated methylene dichloridelayer wasdried over
Na,SO, (2.0g) and completely distilled out at 40-45°C
under vacuumto obtainwhite solid whichwaspurified
in acetone (50.0 mL). A white solid form, whichwas
filtrated, washed with acetone (10.0 mL) and dried in

vacuum tray drier at 50-55°C under vacuum to give
febuxostat diesters (11-14). [Alcoholic solventslike
methanol, ethanol, isopropanol and n-butanol wereused
respectively to make compounds 11, 12, 13 and 14].

HIGH PERFORMANCE L1QUID CHROMA-
TOGRAPHY (HPLC)

Reagents

Orthophosphoric acid (HPLC grade), Acetonitrile
(HPLC grade), Methanol (HPLC grade), Water (Milli-
Q).

Preparation of buffer

Dissolve 0.5 mL of orthophosphoricacidin 1000.0
mL of water.

Prepar ation of mobilephaseA

Mix buffer and acetonitrileintheration of 60:40v/
V.

TABLES5: ®C NMR assignmentsfor febuxostat analogues

Position? Febuxostat c ppm 5dc ppm 7 dc ppm 8 dc ppm 9dc ppm 10 ¢ ppm
1. 18.870 19.204 19.157 19.179 19.012 ND
2. 27.752 27.728 27.686 27.705 27.980 ND
3. 18.870 19.204 19.157 19.179 19.012 ND
4. 75.284 75.195 75.208 75.233 74.819 ND
5. 159.67 159.828 158.987 158.997 159.764 ND
6. 114.017 113.972 114.009 114.035 114.080 ND
7. 133.177 130.595 130.664 130.683 131.571 ND
8. 123.059 124.007 124.096 124.089 121.764 ND
9. 131.664 128.947 129.008 129.032 128.683 ND
10. 101.712 122.299 120.402 120.771 121.219 ND
11 115.522 163.115 165.774 165.804 161.095 ND
12. 166.334 167.883 168.487 168.422 167.943 ND
13. 125.511 124.944 124.699 124.744 124.289 ND
14. 162.202 158.849 160.620 160.485 160.253 ND
15. 17.187 17.269 17.339 17.383 17.366 ND
16. 162.987 165.853 162.000 161.583 165.184 ND
17. 52.482 61.317 69.017 ND
18. 14.311 21.807 ND
19. - 21.807 ND
20. - 68.526 ND
21. 21.807 ND
22, 21.807 ND

aRefer structure formula of febuxostat and its febuxostat amide-estersin Figure 3 for numbering; *ND- Not done.
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Scheme4: Synthesisof febuxostat diesters: (i) Esterification reaction: Con. H,SO, alcoholic solvents[methanol for 11,

ethanol for 12, isopropanol for 13and n-butanol for 14]
Preparation of mobilephaseB

Mix acetonitrileand methanal intheration of 50:50
V.

Diluent

Mix water and acetonitrilein theration of 10:90 v/
V.
Chromatogr aphicconditions

Column: Hypersil BDS C-18, 51 (150 X 4.6 mm)
or equivaent
Pump mode: Gradient

Gradient program
Time (min.) M Obétl)z B?V?SE-A Mogl/(l)eifvr;ase

0.001 100.0 0.0
35.0 25.0 75.0
75.0 25.0 75.0
77.0 100.0 0.0
85.0 100.0 0.0

Flow rate: 1.5 mL/min.

I njection volume: 20.0 uL

Column temperature; 20.0°C

Wave length: 317.0 nm

Run time: 85.0 min.

Preparation of solutions
Reference stock solution

Accuratdy weight about 2.0 mg of Febuxostat stan-
dard into 100.0 mL clean dry volumetric flask, then
added 20.0 mL of diluent sonicateto dissolve, make
uptovolumewithdiluent. Further dilute5.0mL of above
solutionto 50.0mL with diluent.

Reference solution

Dilute 10.0 mL of reference stock solutioninto a
100.0 mL clean dry volumetric flask, makeup tovol-
umewithdiluent.

Samplesolution

Accurately weight about 20.0 mg of sampleand
intoa100.0mL cleandry volumetricflask, added 20.0
mL of diluent, sonicateto dissolve, makeup tovolume
withdiluent.

Evaluation of system suitability

Inject 20.0 uLL of blank into the chromatograph and
record the chromatogram. Inject 20.0 uL of reference
solution (3x replicate) into thechromatogrgph and record
thechromatogram. % RSD for six replicateinjections
of reference solutionisnot morethan 5.0.

Procedure

Inject 20.0 uL of blank into the chromatograph and
record the chromatogram. Inject 20.0 uL of sample
solutioninto the chromatograph and record the chro-
matogram. Examinetheblank chromatogramsfor any
peaksdueto blank and disregard corresponding peaks
observed in the chromatogram of the sample solution.

Retention time of Febuxostat isabout 10.0 min

RESULTSAND DISCUSSION

Febuxostat 1 was synthesized by following the
known synthetic sequence (Scheme 1). Duringthepro-
cess devel opment, ten unknown anal ogues were de-
tected in crudeat significant levels (0.1 - 015 %). On
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TABLE 6: Chromatographicpurity of Febuxogat, febuxostat
amideand itsfebuxostat amide-ester s, Febuxostat diacid and
febuxostat di esters

Purity by HPLC
(By % area
normalization)
Retention Purity

Febuxostat, febuxostat amide-ester
and febuxostat di-esters.

time (min.) (%)
Febuxostat 1 10.20 99.74
Febuxostat amide 5 4.35 99.53
Febuxostat diacid 6 5.18 99.07
Febuxostat amide-methyl ester 7 8.65 93.26
Febuxostat amide-ethyl ester 8 12.37 94.84
Febuxostat amide-isopropy! ester 9 ND
Febuxostat amide-butyl ester 10 - ND
Febuxostat dimethyl ester 11 22.54 98.33
Febuxostat diethyl ester 12 27.35 68.69
Febuxostat diisopropyl ester 13 20.67 86.25
Febuxostat dibutyl ester 14 51.64 96.95

thebasisof LC-MSdataand chemistry involved inthe
process, tentative structureswere proposed. (TABLE
1). Fromthe synthetic sequence (Scheme 1), Synthes's
of febuxostat 1 by using basic hydrolysis (Step 2),
febuxogtat amide5 and febuxogtat di acid 6 wereformed
via hydrolysis of nitrile group of compound 1.
Febuxogtat amide5isan intermediate during basic hy-
drolysisof cyno compound 1. Synthesisof 5& 6 be-
ganform compound 1. Basic hydrolysisof compound
4 with NaOH in agueous n-butanol furnished acid 1.
Finally synthesis of febuxostat amide 5was achieved
from compound 1 by sequentia -CONH,, bond for-
mationwhichwasfurther hydrolysistoformfebuxostat
diacid 6 (Scheme?2). It isexpected thet febuxostat methyl
ester wasderived in hantzsch heterocydlization thiazole
synthesis(Step 1) of thioamide compound (2) withhado
diketo compound (3), methyl-2-chloro-3-oxobutanoate
present asaK SM impurity inthestartingmaterid halo
diketo compound (ethyl-2-chloro-3-oxobutanoate 3),
during thebasi ¢ hydrolysisof febuxostat ethyl ester (4)
inagueous n-butanol, unreacted febuxostat methyl es-
ter wasfurther hydrolysi sed formed febuxostat amide-
methyl ester impurity (7) and 2-isobutoxy-5-(5-
(methoxycarbonyl)-4-methyl thiazol-2-yl)benzoic acid
whichiscarryover dongwith acid (1) and further con-
vertedintofebuxodat di methyl esterimpurity (11) during
febuxostat crystat A synthesis (Step 3) of febuxostat

Hnalytical CHEMISTRY o

(1). Synthesis of this impurity accomplished from
febuxostat amideimpurity (5) and febuxostat di acid
impurity (6) inmethanol, by usingcon. H,SO, asacata-
lyst in esterification reaction asshown in Scheme 3, 4.

During the basic hydrolysisof febuxostat ethyl es-
ter (4) in aqueousn-butanol, to form febuxostat amide-
ethyl ester (8) and 5-(5-(ethoxycarbonyl)-4-
methylthiazol-2-yl)-2-isobutoxybenzoic acid unreected
whichisexplaned by esterificationwith Step-2 by-prod-
uct ethanol toformed febuxostat di ethyl ester (12) was
carryover alongwith acid (1). Synthesisof febuxostat
di ethyl ester (12) wasaccomplished fromacid (1) in
ethanol, by using con. H,SO, asacatayst in estexifica-
tion reaction asshownin Scheme 3, 4. Theformation
of febuxostat isopropyl ester is explained by
transesterification of halo di keto compound (3), where
in ethyl group was substituted with isopropyl group
during heterocylization reaction. Unreacted febuxostat
isopropyl ester wasfurther hydrolys sed form febuxostat
amide-isopropyl ester (9) and 2-isobutoxy-5-(5-
(isopropoxycarbonyl)-4-methylthiazol-2-yl)benzoic
acidwhichiscarryover dongwith acid (1) and further
convertedintofebuxostat di isoproyl ester (13) during
febuxostat synthesis(Step 3) of febuxostat (1). Com-
pounds (9, 13) wereindependently synthesized by es-
terification of febuxostat amide (5) and 2-isobutoxy-5-
(5-(isopropoxycarbonyl)-4-methyl thiazol -2-yl)benzoic
acidinisopropanoal, by using con. sulphuricacidasa
catalyst in esterification reaction (Scheme 3,4).
Febuxostat butyl ester isaprocessrea ated impurity
resulting during isolation of febuxostat (1) (acidic pH
adjustment) in step 2. During the basic hydrolysis of
febuxostat ethyl ester (4) in agueousn-butanol, toform
febuxostat butyl ester whichisfurther hydrolised and
converted into febuxostat amide-butyl ester (10) and
5-(5-(butoxycarbonyl)-4-methylthiazol-2-yl)-2-
Isobutoxy benzoic acid unreacted whichisexplained
by esterification with reaction solvent n-butanol to
formed febuxostat di butyl ester (14) was carryover
aongwithacid (1). Synthesisof febuxostat di butyl es-
ter impurity (14) was accomplished febuxostat di acid
(6) in n-butanol, by using con. H,SO, asacatalystin
esterification reactionasshownin Scheme3, 4. These
tenimpuritieswere characterized and confirmed by *H
and BC NMR, Mass, IR spectroscopic dataand € -
emental anaysis(TABLE 3-7). Chromatographic pu-
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Figure3: Structureof critical processrelated analoguesof febuxostat (5-14)
rity of impuritiesweretabulatedin TABLEG6.
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