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ABSTRACT

A short and practical synthesis of Mirabegron, argl@;-adrenoceptor (AR) agonist for the symptomatic tirent
of overactive bladder (OAB), starting from (R)-sliye epoxide in 4 steps is reported.

Keywords: Mirabegron, Overactive bladder, (R)-Styrene epoxid@egioselectivity, Reductive amination,
Amidation, Oxazolidinone.

INTRODUCTION

Mirabegron (YM-178, Astellas Pharma), is an oralbtive, first-in-class selectivi&-adrenoceptor agonist for the
symptomatic treatment of overactive bladder (OAB)d has been approved for urinary frequency anaaryi
incontinence associated with OAB.[1] Mirabegrbns chemically distinct to other drugs in OAB tneant like
solifenacin, tolterodine etc. (Figure 1).

The first synthesis of Mirabegron reported by Yamashi Pharmaceutical utilized R-Styrene epoxidéhaschiral
precursor for the generation of the chiral benzydilcohol, using an epoxide ring opening with 2-(4-

nitrophenyl)ethanamine hydrochloride.[2] Anothepagted approach utilized (R)-mandelic acid as aatlstarting
material, and involves a controlled borane-reducsitep.[3]
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Figure 1. Known APIs for treatment of OAB

As a part of our ongoing program on the identifmatof scalable and cost-effective processes fdiveac
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pharmaceutical ingredients, we were interestedd@mtifying inexpensive and readily available cheatscwhich
would serve as the starting point for the synthédie major limitations in the reported synthesgof Mirabegron
1 include tedious chromatographic purifications, giiole formation of significant amount of undesirazhction
products etc. The need for a scalable and efficggnthetic process for Mirabegron is necessary.

EXPERIMENTAL SECTION

Preparation of tert-butyl 4-nitrophenethylcarbamate (5). To a stirred solution of 2-(4-nitrophenyl)ethanaeh
(50 g, 0.30 mol) in THF (1 L), slowly added 2N Na@#lution at 0-5 °C followed by the addition of Bachydride
(87.5 mL, 0.36 mol). The resulting reaction mixtweas stirred for 3h at RT. The progress of the treacwas
monitored by TLC. After completion of the reactidhe reaction mixture was diluted with ice cold @raf400 mL).
The organic layer was separated and aqueous laagrextracted with Ethyl acetate (2 x 250 mL). Thenkined
organic extracts were dried over 488, and concentrated under reduced pressure. Thenebtitarude compound
was triturated with n-hexane. The separated sobd ¥iltered and dried to furnish desired compodn(b7 g,
70.8%)."H NMR (400 MHz, DMSO-d6)5 8.15 (d, 2H, J = 8.8 Hz), 7.48 (d, 2H, J = 8.4,H&®1 (br s, 1H), 3.20
(0, 2H), 2.83 (t, 2H), 1.34 (s, 9HYC NMR (100 MHz, CDCY)): § 155.76, 146.96, 146.64, 129.65, 123.69, 79.46,
41.28, 36.17, 28.304S: (m/z) 166.5 [M-Boc]+.

Preparation of tert-butyl 4-aminophenethylcarbamate(6). The mixture of5 (56 g, 0.21 mol), Pd/C (11.2 g) and
methanol (560 mL) was hydrogenated using hydrogenatder Hydrogen gas pressure (60 psi) at RT 6br The
progress of the reaction was monitored by TLC. Aftempletion of starting material, the reaction g was
filtered through celite bed and washed with methgBo< 100 mL). The filtrate was concentrated uncestuced
pressure to give compourd(42 g, 84.5%) as a white solitH NMR (400 MHz, DMSO-d6)5 6.81 (d, 2H, J = 8
Hz), 6.79 (br s, 1H ), 6.47 (d, 2H, J = 8.4 HzB2(br s, 2H), 3.01 (g, 2H), 2.48 (t, 2H), 1.36Hi). °C NMR
(100 MHz, CDC}): 6 155.91, 144.78, 129.57, 128.77, 115.32, 79.09&135.20, 28.40MS: (m/z) 137.1 [M-
BocJ".

Preparation of tert-butyl 4-(2-(2-aminothiazol-4-yl)acetamido) phenethylcarbamate (8)The mixture of6 (20

g, 0.08 mol), 2-(2-amino thiazole-4-yl) acetic 3¢id14.7 g, 0.09 mol), EDC (40 g, 0.21 mol), HOBt7(g, 0.04
mol) and DIPEA (21 mL, 0.17 mol) in DMF (400 mL) satirred at RT for 2h.The progress of reaction was
monitored by TLC and after completion of startingterial, the reaction mixture was diluted with wad water
and stirred at 0-5 °C for 1h. The obtained solics iiered and washed with water. Compound wasdduieder
vacuum to give the desired compouR5 g, 78%) as a white solitH NMR (400 MHz, DMSO-d6)8 10.02 (brs,
1H), 7.49 (d, 2H, J = 8 Hz), 7.10 (d, 2H, J = 88 ,H.00(brs, 1H), 6.83 (brs, 1H), 6.33 (s, 1HA73(s, 2H), 3.09

(g, 2H), 2.62 (t, 2H), 1.36 (s, 9H)’C NMR (100 MHz, DMSO-d6):5 168.67, 168.25, 155.93, 146.23, 137.73,
134.53, 129.18, 119.39, 102.98, 77.91, 42.00, 4@B333, 28.67; MS (m/z) 276.7 [M-Boc]+.

Preparation of N-(4-(2-aminoethyl)phenyl)-2-(2-amimthiazol-4-yl)acetamide (9).To a stirred solution & (1 g,
0.003 mol) in DCM (10 mL) added Trifluoro aceticichd5 mL) at 0-5 °C and stirred for 3h. The progres
reaction was monitored by TLC. After completiontb& reaction, the reaction mixture was concentraiedier
reduced pressure. The obtained solid material veasralized with agq. ammonia. Then the product wdseted
with DCM (2 x 30 mL) and combined organic extrasisre dried over N&O, and concentrated under reduced
pressure to give compou®d(600 mg, 81%) as a pale yellow softth NMR (400 MHz, DMSO-d6)5 10.20 (brs,
1H), 7.54 (d, 2H, J = 7.2 Hz), 7.40 (brs, 2H), 7(822H, J = 7.6 Hz), 6.38 (s, 1H), 3.50 (s, 2HY33(q, 2H), 2.85
(t, 2H); **C NMR (100 MHz, DMSO-d6):5 168.64, 168.24, 155.92, 146.26, 137.76, 134.52,212 119.38,
102.98, 77.89, 42.00, 35.33, 28.64S: (m/z) 277.9 [M+H].

Preparation of Mirabegron (1). Method a.The mixture o® (500 mg, 0.0001 mol), R-styrene oxitié (0.26 mL,
0.002 mol) in isopropanol (5 mL) was stirred at@®°C for 16h. The progress of reaction was moaddry TLC.
After completion of starting material, isopropameds concentrated under reduced pressure. The ebtamide
material was purified by column chromatography 6@120 mesh silica gel) using 3% MeOH-DCM as elsi¢at
get the desired product as a white solid (216 mgp)2Method b. CompoundL4 (4 g, 9.5 mmol) and ethanol (120
mL) were charged into a round bottom flask at 27at@ added 1N potassium hydroxide solution (60 rilhe
mass was then heated to 78 °C and stirred for #ieatame temperature. Later, solvent from thetimamass was
evaporated and water was charged to it. Then, tbéupt was extracted with ethyl acetate and etbgtaie layer
was concentrated under vacuum at 50 °C. The resutade solid was purified by column chromatogsaf#uent:
DCM/MeOH) to afford title compound, (1.9 g, 50%)*H NMR (400 MHz, DMSO-d6)5 10.05 (br s, 1H), 8.61
(brs, 1H), 7.56 (d, 2H, J = 8.8 Hz), 7.41 - 7.38 4id), 7.34 - 7.30 (m, 1H), 7.17 (d, 2H, J = 8.4 H&88 (brs, 2H),
6.29 (s, 1H), 6.15 (brs, 1H), 4.87 (m, 1H), 3.452d), 3.32 - 3.13 (m, 3H), 3.02 (dd, 1H, 10 HB #z), 2.93 -
2.88 (m, 2H)."*C NMR (100 MHz, DMSO-d6): 5 31.21,40.53, 48.44, 53.87, 68.60, 104.10, 119188,33,
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128.20, 128.80, 129.30, 132.48, 138.25, 142.26,5067169.30; Mass (m/z) =396.9 [M+H] ; HPLC Purity :
97.9%.

Preparation of (R)-3-(4-nitrophenethyl)-5-phenyloxaolidin-2-one (12).Compoundl1 (14 g, 0.05 mol) along
with dichloromethane (140 mL) and 1,1'-carbonylddiawzole (11.9 g, 0.07 mol) were charged into a dobottom
flask and stirred at 27 °C for 3 hours. After coatn of the reaction, water (100 mL) was addeth&reaction
mass and stirred for 15 minutes. Then, layers weparated and the organic layer was evaporated vadeum at
45 °C to give title compounti2 as an orange-red colored solid (13 g, 85.5%)NMR (400 MHz, CDC)): 6 3.01
(m, 2H), 3.31 (dd, 1H, J =10 Hz, 7.2 Hz), 3.6Q @H), 3.82 (t, 1H, J = 8.8 Hz), 5.44 (dd, 1H= 9.6 Hz, 6.8
Hz), 7.23 (m, 2H), 7.37 (m, 5H), 8.12 (d, 2H, B4 Hz); **C NMR (100 Hz, CDGC)) : 5 33.69, 44.71, 52.61,
74.24,123.83, 125.29, 128.87, 129.58, 138.52,8649.46.82, 157.70MS: (m/z) = 312.9 [M+H]+ HPLC Purity:
98.8%.

Preparation of (R)-3-(4-aminophenethyl)-5-phenyloxaolidin-2-one (13).Compoundl12 (13 g, 0.04 mol) was
taken along with ethanol (130 mL) at 27 °C andhiat stannous chloride dihydrate (42.2 g, 0.19 mal} added.
The reaction mass was then heated to 70 °C amddsfior 2 hours at the same temperature. After ¢etiop of the
reaction, solvent was evaporated under vacuum atCs%and to the obtained residue added saturatediraod
bicarbonate solution (200 mL) till the mass pH fesbto basic. The resultant turbid solution wasedghrough
celite bed and the product was extracted with edbgtate (4 x 200 mL) and with 10% methanol in ldiddmethane
(2 x 200 mL). Then, all organic layers were comHiaad solvent was evaporated under vacuum at 30 $&Id
crude product which on purification using mixturfedichloromethane and n-hexane gave pure comp&8r{do g,
85%).'H NMR (400 MHz, DMSO-d6)5 2.64 (m, 2H), 3.40 (m, 3H), 3.88 (t, 1H, J = Bi8), 4.88 (brs, 2H), 5.47
(t, 1H, J=8.4 Hz), 6.48 (d, 2H, J =8 Hz), 6(872H, J =8 Hz), 7.80 (d, 2H), 7.40 (m, 3¢ NMR (100 Hz,
CDCI3) : & 33.13, 45.63, 52.64, 74.34, 115.39, 125.60, ¥7128.71, 128.79, 129.49, 138.77, 144.98, 157.77;
MS: (m/z) = 284 [M+H]+ ; HPLC Purity: 97.13%.

Preparation of (R)-2-(2-aminothiazol-4-yl)-N-(4-(2¢2-oxo-5-phenyloxa zolidin-3-yl)eth yl)phenyl)acetaide
(14). Compoundl3 (5 g, 0.018 mol), 2-aminothiazol-4-yl-acetic acid3.1 g, 0.019 mol) and DMF were charged
into a round bottom flask at 27 °C. O-(7-Azabenaawl-1-yl)-N, N, N', N'-tetramethyluronium hexafito
phosphate (6.8 g, 0.018 mol) and diisopropy! etimytee (3.4 g, 0.026) were charged into the reacti@mss and
stirred for 3 hours at 27 °C. Then, reaction maas poured into ice-cold water and the product waseted with
ethyl acetate (4x100 mL). The combined organic igyeere dried and concentrated under vacuum aCs0 e
crude product obtained was purified by column chatography (eluent: DCM/MeOH) to get the title compd 14
(4.5g, 60%) as solidH NMR (400 MHz,DMSO0-d6):5 2.77 (t, 2H,J = 7.2 Hz), 3.35 (m, 1H), 3.40 (m, 4H), 3.91
(t, 1H, J=9.2 Hz), 5.48 (t, 1HJ = 8.4 Hz), 6.30 (s, 1H), 6.89 (brs, 2H), 7.15ZHl, J = 8.8 Hz), 7.28 (m, 2H),
7.37 (m, 3H), 7.51 (d, 2HJ = 8.8);13C NMR (100 Hz, CDCJ): 6 33.25, 40.10, 45.28, 52.48, 74.41, 105.60
120.14, 121.02, 125.47, 125.57, 128.80, 128.83,9128.29.08, 130.31, 133.74, 136.67, 138.59, 1441927 .85,
167.56, 168.54Mass (m/z) =423 [M+H]"; HPLC Purity : 95.04%.

Preparation of (R)-2-[[2-(4-nitrophenyl)-ethyllJamino]-1-phenylethanol (11). _Method a. 4-Nitrophenyl
ethylamine hydrochloride} (30.3 g, 0.15 mol) was taken along with dichlortima&e (100 mL) and treated with 8N
aqueous sodium hydroxide solution (30 mL) at 25 T@ie obtained layers were separated and organg lags
dried and solvent was evaporated. To the resutésgue, 2-propanol (150 mL) and (R)-styrene oxide(15 g,
0.12 mol) were added under stirring successively ta@ mixture was maintained at reflux for 24 houkfter
completion of the reaction, solvent was evaporateder vacuum and the obtained residue was puttifiecdolumn
chromatography on silica gel (eluent: DCiellowed by n-hexane/EtOAc). The resultant produas further
recrystallized in ether at -10 °C and dried to givg (21%) of compouniil. Method b. Compoundl6 (3.0 g, 0.021
mol), tetrahydrofuran (60 mL) and triethylamine4(3), 0.03) were stirred at 26 °C for 15 minutestet,a4-
nitrophenyl ethyl bromidel7 (5.0 g, 0.022 mol) was added and heated to 52fi€r 16 hours stirring at 52 °C,
water (35 mL) followed by ethyl acetate (30 mL) werharged to the reaction mass under stirring. icgayer
was separated and aqueous layer was washed wyireettate (2 x 20 mL). The ethyl acetate layersevelied and
concentrated under reduced pressure at 45 °C. é&dudted crude product was purified by column chrogi@aphy
(eluent: DCM/MeOH) to give compouridl (1.9 g, 29%)Method c. To the mixture of compoun#l (16.5 g, 0.10
mol) and dichloromethane (82.5 mL) at 30 °C compmb@6 (20.8 g, 0.15 mol) was added and stirred for 10
minutes. Then, sodiumcyanoborohydride (12.5 g, 0®0 was added to the reaction mass at 30 °C timddsfor
30 minutes. Later, methanol (33 mL) was added inmlfiutes at 30 °C and stirred for 3 hours. Thertewfl 65
mL) and dichloromethane (82.5 mL) were added tadaetion mass and stirred for 5 minutes at 30TH@. organic
and aqueous layers were separated and the aquemrswas extracted with DCM (41.5 mL). The combined
organic layer was washed with brine solution, d@ed concentrated under vacuum at 30 °C. The gouolduct
was dissolved in ethyl acetate (165 mL) and watéb(mL). The pH of the solution was adjusted toy2aldding
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dilute hydrochloric acid. The layers obtained weeparated and the pH of the aqueous layer wastedjts 12 by
adding aqueous sodium hydroxide. Product was drtlawith dichloromethane (82.5 mL) and the orgdaicer
was evaporated to obtain the proditt*H NMR (CDChL): 6 2.75 (dd, 1H, J = 12 Hz, 8.8 Hz), 2.91 (m, 3HR®
(m, 2H ), 4.70 (dd, 1H, J =9.2 Hz, 4 Hz), 7.27 @A), 7.34 (m, 6H), 8.15 (d, 2H, J =8.8 HAZ NMR (100
MHz, DMSO-d6):6 31.20, 35.78, 48.41, 53.88, 68.59, 105.24, 119126,32, 128.18, 128.80, 129.33, 132.68,
134.43, 138.07, 142.26, 166.49, 170.02S (FAB) m/z: 287 (MH).

RESULTS AND DISCUSSION

In our studies, we focused on alternate approaghdsmprovements on reported procedures for theéhegis ofl

to avoid cross reactions due to the participatibother functional groups on which the reactionusawe is not
planned. We were interested in exploring two sgigte which involve the installation of the chiraldnoxyl group
in 1 using (R)-Styrene epoxide either at the beginoingt a late stage.

In the first approach, the introduction of the ahihydroxyl group was planned at the later stagehé®e 1).
Accordingly, 2-(4-nitrophenyl)ethyl aminkéwas protected as the Boc-derivatijdollowed by the reduction of the
nitro group using stannous chloride to furnish esponding anilines. Alternate reducing conditions such as
hydrogenation in the presence of 10% Pd-C were @igaided the desirefl in good yield. Amide coupling of the
aniline 6 with 2-(2-aminothiazol-4-yl) acetic acid in the presence of EDC, HOBt/DIPEA furnished tlesiced
amide8. Interestingly, lower reactivity of 2-aminothiaegbrecluded any self-coupling &f

HoN a Boc-NH b Boc-NH
o — T, —— L
. NO, NO, NH,
5 6

S
P
HOOC N 5 "
c Boc—N o s d HoN o S
— J\/[ P—NH, ————= )J\/[ P—NH
N N N N 2
H H
8

o]

9
[110
e OHH
/>§NH2
N N
H

1

Scheme 1. Reagents and conditions: (a) (Be©) 2N NaOH, rt, 3h, 71%; (b) 10% Pd-C (50% wet), B(1 atm.), MeOH, rt, 16h, 85%; (c)
EDC, HOBt, DIPEA, DMF, rt, 2h, 76%,; (d) TFA, 0 °C, 3h, 81% (e) IPA, 85 °C, 16h, 27%

Removal of Boc-group iB, set the stage for the critical step of introdgde chiral hydroxyl by means of stereo-
controlled ring opening of the chiral (R)-styrerpogide 10. Epoxide opening reaction @b was initially attempted
with amine9 in the presence of M in MeOH as the solvent. Alternatively, epoxy opgnwas also performed
under simple isopropanol reflux condition to get tfesiredl. The desired produdtwas isolated in 27% yield after
purification by column chromatography. This is doethe formation of N-alkylated derivatives bfby undesired
reaction of1l0 with amino functionalities of. However, the inefficiency of the epoxide openragction precluded
a high purity of final product, Mirabegrah Since it is not practical to embark on repeatedfipations at the last
stage (which leads to poor yields), this route natspursued for further optimization.

We therefore decided to examine the alternate ppitissiof introducing the chiral hydroxyl group dégrand studied
the reaction of 2-(4-nitrophenyl)ethylamidewith (R)-Styrene epoxid&0. Similar to the earlier observations with
compound9, epoxide-opening reaction df0 with amine4 proceeded with higher yields, and with the desired
regioselectivity. Various conditions were screefadthe epoxide opening, and IPA/reflux was obsérieebe the
best amongst them. The innovator route to Mirabegnwolved Boc-protection of the secondary amind Inand
subsequent elaboration fo However, there are concerns regarding possibtxydgenation of the unprotected
benzylic group during nitro reduction under catalftydrogenation conditions or unwanted side-reastiwhen
reductive conditions such as SpGt Fe/AcOH. This prompted us to explore a strat@fgre-in both the amine and
chiral benzylic hydroxyl could be protected in qma: Oxazolidine group was the clear possibilityd ame
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performed the simultaneous masking of both secgnaiaaine and the benzylic hydroxyl il using CDI to obtain

12. Subsequently, Reduction of the nitro grouflihcould be conveniently carried out using Sn@lobtainl3 in
85% vyield. Later, amidation wit@ in the presence of HATU/DIPEA in DMF furnishdd! in 60% vyield. We
observed similar yields when the amidation wasgreréd in the presence of a relatively cheaper dchirb@e such

as EDC. Base-hydrolysis of the oxazolidinonel#furnishedl as the free base with >99% ee, and was further

converted to its dihydrochloride salt using EtOH{HC
O

eV @*A@ @

No2

o T L

*2HCI
1*2HCI

Scheme 2. Reagents and conditions: (a) 10, Isopray, reflux, 24 h, 24%; (b) CDI, CHClI, rt, 3h, 86%; (c) SnCb.2H,0, 75 °C, 2 h,
85%; (d) 7, HATU, DIPEA DMF, rt, 2h, 60%; (e) ag. IN KOH, EtOH, 5h, 38%; EtOH-HCI, 0 °C, 1h, 85%

In order to develop an improved process for the ikegrmediatel1 and address the efficiency of the epoxide ring
opening,10 was reacted with a readily accessible benzylammingpropanol at reflux temperatures to affordahi
N-benzyl-hydroxyethylamine derivativis (Scheme 3). The isolated yields were much bettérthis reaction could
be offered a quick access to the key chiral betmanalcohol 16, after N-debenzylation using catalytic
hydrogenation with 10% Pd-C. Two strategies wergsaged for the attachment of a 4-nitrophenyleti®gment to
the amine irl6. In the first approach, controlled aIkyIation wititrophenylethyl bromide gavil in 24% vyield.

o @i“ CES

16
BI’\/\@\
17 OH
c NO NH
\/\©\
NO,

Scheme 3. Reagents and conditions: (a) Ph@RH, 2-propanol, reflux, 37%; (b) H,, 10% Pd-C, MeOH, 94%; (c) 17, NE4, THF, 20%

OMe CHO
L = N/
N~ "OMe |
| b
19
a
N02 NO2 N02

18 20 21

NH, OH
SRRl
1 NO,
Scheme 4. Reagents and conditions: (a) 19, DMF, 220 MeOH 60%,; (b) 30% H,SO,, CHCI3, 25 °C, 50%; (c) NaCNBH, MeOH, 25 °C,

40%
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In the second approach, reductive amination of arhwith 4-nitrophenyl acetaldehyd2l in the presence of
sodium cyanoborohydride as the reducing agentshea desired nitro intermedidté of mirabegron. Aldehdy21
was conveniently prepared from 4-nitrotolueh8 via enamine 20, followed by hydrolysis using reported
procedure.[4]

CONCLUSION

In conclusion, we have delineated an improved githof Mirabegron which is based on stereo cdetichnd
economical process and is better suited for ingstpplication.
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