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ABSTRACT

Fesoterodine is in a class of medicines called anti muscarinics. It is used to treat overactive bladder condition.
Several generic drug manufactures have reported alternate approaches to this drug molecule, through an
intermediate of 5-hydroxy methyl tolterodine. This compound was reacted with isobutyryl chloride to react with
phenolic group followed by fumaric acid salt formation to produce the drug. Very few deviated this route. Different
strategies followed by different groups are discussed in detail.

Keywords: Fesoterodine, 5-hydroxy methyl tolterodine, Cinmaracid, Heck reaction, Oxidation, Resolution,
Friedel-Crafts alkylation, Reductive amination

INTRODUCTION

Fesoterodinel) is used to treat overactive bladder (a commorblpro with old age, a condition in which the
bladder muscles contract unconcontrollably and edtequent urination, urgent need to urinate, arability to
control urination). Fesoterodine is in a class @diines called antimuscarinics. It works by rataxthe bladder
muscles to prevent urgent, frequent or uncontraliedation. Fesoterodine was developed by Schwhaxma AG
to treat overactive bladder syndrome (OAB).It wapraved by European Medicines agency in April 20Bi&n
USFDA in 2008, and Health Canada on Feb9, 2012tEexdine is a prodrug. It is broken down intodtgive
metabolite, 5-hydroxy methyl tolterodin@)(by plasma esterages. Pfizer Inc. acquired thddwide rights on
fesoterodine during April 2006.

HO HO

Fesoterodine Fumarate 1 5-Hydroxy methyl Tolterodine 2

Figure 1: Structure of fesoterodine Fumarate (1) ad 5-Hydroxy methyl Tolterodine (2)

By 2014 Toviaz (brand of fesoterodine) reached $2@Bon. Currently tablets are formulated in stgéms of 4, 8
mg of fesoterodine as the freebase equivalent.t&extine fumarate is a white crystalline solid asdoluble in
methanol, 95% ethanol and slightly soluble in waliehas one chiral center, having an (R)-absotatefiguration.
Its chemical name is [2-[(1R)-3-(di(propan-2yl)amisl-phenyl propyl]-4-(hydroxyl methyl)phenyl]-2-rineyl

propionate.

518



Veerareddy Arava and Sreenivasulareddy Bandatmakuru J. Chem. Pharm. Res., 2016, 8(8):518-538

Given the importance of fesoterodine as a drugers¢évacademic groups and generic drug manufactmgs
searched for alternative synthetic processesosirall syntheses were used 5-hydroxy methyl todiere @) as a
precursor. The synthesis of compound 2 was eitltan folterodine direct oxidation or conversion oétiyl to
methyl alcohol by different methods was used aatexly by different teams. In some cases it wadestawith
hydroxyl methyl compound. The various synthetiatgigies are discussed in detail.

Synthetic approaches involving Friedel-Crafts alkyation.

Process scientists from Dipharma Mantegazza, $efidted Methyl-4-Hydroxy benzoate with 3-diisprigpyino-
1-phenyl propanol3) in the presence of methane sulfonic acid at 5@56 give 3-(3-diisopropyl amino-1-phenyl-
propyl)-4-hydroxy benzoatel) in 92% of yield. Further the produgéion resolution with (+) 2,3-dibenzoyl
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Scheme 1:  Benzylation of phenol derivative frorbenzyl alcohols 3

—D-tartaric acid in ethanol gave (+)2,3-dibenzofi-tartaric acid of 3-(3-diisopropyl amino-1-phemyrepyl)-4-

hydroxy benzoate 5j. Compound5 was reduced with lithium aluminium hydride to give-(+)-2-(3-

diisopropylamino-1-phenyl-propyl)-4-hydroxy methyfienol ) in 95% of yield, compoun@ was reacted with
isobutyryl chloride followed by salt formation withmaric acid to give..

Reaction with B, y-unsaturated Amines.

Sterk. D [2] disclosed a method that involves thepting of (R)-2-amino-2-(4-hydroxy phenyl)aceticich [(R)-
para hydroxyl phenyl glycine] with N,N-Diisoprop8tphenyl prop-2-en-1l-amine (DIPA) in the presemde
methanesulfonic acid/ sulfuric acid at 130°C toegi2-amino-2-(3-(3-diisopropyl amino)-1-phenyl prpy-
hydroxy phenyl)acetic acidb) in 96% yield. Further reaction o with potassium or sodium per--oxodisulfate in
water gave 3-(3-(diisopropylamino)-1-phenylprop§#jrydroxy benzaldehyde intermediate-dl) in 37 % vyield.
The reaction of7-dl with sodium borohydride gav&dl in 86 %yield. It was resolved with O-acetyl mandeicid

to give2in 34.3% yield.
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Scheme 2: p-hydroxy phenyl glycine benzylation witiDIPA

Similarly crystal pharma team [8arted from-hydroxy benzoic acid and reacted with N,N-Diisgpy-3-phenyl
prop-2-en-1-amine in presence of AcOH angs@, at 85°C to give 3-(3-diisopropyl amino-1-phenybpyl)4-
hydroxy benzoic acid 8¢dl). Further8-dl was reacted with isobutyryl chloride in presencelBfA to give 2-(3-
diisopropyl amino-1-phenyl-propyl)-4-carboxy pheismbutyrate §). Compound® was reacted with borane in THF
to give dl-Fesoterodine in 96% of yield. Which wasolved with O-acetyl mandelic acid to give diug

J\HO—@—COOH 0 E

X J\

N

SR8'¢ Ao —
40%

A

Scheme 3: 4-Hydroxy benzoic acid benzylation witDIPA

i HO NJ\
HO NJ\ Borane in THF O
o
(0]

Fusher [4] from Lek group started with N,N-diisopyb -3-phenyl prop-2-en-1-amine and reacted witbydno
phenol in presence of ethane sulfonic acid at 3@ give 3-(5-cyano-2-hydroxy phenyl)-N,N-diisopgb-3-
phenyl propylaminel(0),Which on resolution with tartaric acid in ethagalve (R)- 3-(5-cyano-2-hydroxy phenyl)-
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N,N-diisopropyl-3-phenyl propylamine. Further it svaeacted with triisopropyl silyl chloride in prese of
imidazole to give (R)-N,N-diisopropyl-3-phenyl- (8rmyl- 2- triisopropyl silyloxy phenyl) -prop-2-eh amine
(12). Compoundl1l on DIBAL reduction gave compountl2 which on hydrolysis gave&, and 7 on further
transformations gave in good yields.

In another methodology (R)-N,N-diisopropyl-3-phenyb-cyano- 2- triisopropyl silyloxy phenyl) -prapen-1

amine (1) was reacted with aq. HCI to give R-3-(3--(diisqpylamino)-1-phenyl propyl)-4-hydroxy benzoic acid
(8). Further it was reacted with LAH in THF to giv&(3-diisopropylamino-1-phenyl)-4-hydroxy methylesiol 2.

> ‘L
x e
@MA . L X A

CHS3, Br, Cl, CN, CHO, | OSupr3
DIPA 10=X=CN
OHC J\ J\
& HCHS QA GRS §
OSiiprg OH )\ OH
7
12 2

Scheme 4: 4-substituted phenol benzylation with A

« J\ X=CN ‘ O
N HCI Hooc J\ LAH J\
X LT
OSiiprs OH OH )\

11 8 >

Scheme 5: Conversion of Aromatic —CN group to —C}OH

Reaction with unsatured acid derivatives

Meese and Sparf [5] from Schwarz pharma originfdliowed this process the 4-bromo phenol was rebetith
cinnamoyl chloride in presence of TEA to give 34pyleacrylic acid-4-bromo phenyl estet3) in 99% of yield.
Which was reacted with AcOH and,$0, to give 6-bromo-4-phenyl,3,4-dihydro-coumaraneor2- (L4), which
was further reacted with benzyl chloride in preseat K,CO; to give methyl-3-(2-benzyloxy-5-bromo phenyl)-3-
phenyl propionate1’). Compound 15wvas hydrolyzed with NaOH to give 3-(2-benzyloxy4simo phenyl)-3-
phenyl propionic acid1-dl). The dl acid 16 on resolution with 1S, 2R ephesdlitiremi hydrate gave R-(-)3-(2-
benzyloxy-5-bromo phenyl)-3-phenyl propionic acitb) Later 16 was converted to its acid chloride and was
reacted with diisopropylamine to give (R)-N,N-disopyl-3-(2-benzyloxy-5-bromo phenyl)-3-phenyl
propionamide 17). Amide 17 was reacted with LAH to give R-N, N-diisopropylt3-benzyloxy-5-bromo phenyl)-
3-phenyl propanamind §). Further the bromo compound 18 was convertedith 0 with ethyl magnesium
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Scheme 6: Friedel-Craft alkylation of phenolic egrs 13 to 14

bromide and C@, the acid19 was converted to ester, (R)-[4-benzyloxy -3-(Zaliropylamino-1-phenylpropyl)
benzoate and then it was reduced with LAH to giRg-[@-benzyloxy -3-(3-diisopropylamino-1-phenylpsdp
phenyl]-methanol Z0). Finally 20 was debenzylated with Raney Ni to give (R)-2-(Bapropylamino-1-
phenylpropyl)-4-hydroxy methyl phend)(

The same team [5] followed different strategy tegare compound. The 5-bromo-2-hydroxy-benzaldehyde was
reacted with benzyl chloride to give 2-benzyloxpf®mo-benzaldehyd@{(). Further21 was converted to cinnamic
acid derivative 22 with malonic acid. The acid 2dsweacted with pivaloyl chloride and on condensatiith ( R)-
2-phenyloxazolidin-2-one (chiral auxiliary) in pegge of lithium chloride gave 3-[3-(2-benzyloxy-Bsmophenyl)-
acryloyl]-(4R)-4-phenyl-oxazolidin-2-on@8). Further23 was reacted with phenyl magnesium bromide in piesen
of dimethyl sulfide and copper(l) chloride gave-@{benzyloxy-5-bromophenyl]-(3S)-3-phenyl propitlr4R)-4-
phenyloxazolidin-2-one2@). Chiral auxiliary was cleaved with hydrogen pede<and lithium hydroxide to give S-
(+)-3-(2-benzyloxy-5-bromophenyl)-3-phenyl propioniacid (6). Further it was converted to S-(+)-N,N-
diisopropyl-3-(2-benzyloxy-5-bromo phenyl)-3-phemybpionamide. And final the amide on reductionhwitAH
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gave S-(+)-[3-(2-benzyloxy-5-bromo-phenyl)-3-phdrdiisopropyl amine 18). Compoundl8 was converte@ and

then1.
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Scheme 7: Preparation of Chiral 16 via chiral autiary ( R)-2-phenyl oxazolidine-2-one

Synthesis approaches involving a reductive aminatio

Process chemists from Pfizer [6] reported a safactigal and highly efficient approach to fesoténed The
procedure for dI-2 involves only three synthetepst with an overall yield of 44.8 %. They firstdied the reaction

of 4-(hydroxyl methyl) phenol with trans-Cinnamaigee in the presence of N-methylpiperrazine at 108°C.
The water formed was removed by azeotropic disitiato give (2-hydroxy-4-phenyl-3,4-dihydro-2H-cimen-6-
yl)methanol 25) in 54% vyield. Further it was reacted with diisgpybamine and hydrogen in presence of 5% Pd/C
to give 2-[3-(diisopropylamino)-1-phenyl propyll¢kydroxyl methyl) phenol Z-dl) in 83% of yield.2-dl was
resolved with acetyl-d-mandelic acid2and was converted tbin good yields.

o OH O
Lo L J§
HO N

e L, X
N-Methyl piperazine O Diisopropylamine OH

Toluene odic
HO 54%
83% 2-dl

25

Scheme 8: Benzylation of 4-hydroxy methyl phenol h cinnamaldehyde

Cinambecchini [7] of Chemi group started with 4vtethyl silyloxy methyl phenol and is reacted with
cinnamaldehyde in presence of morpholine at 110-tiising azeotropic distillation gave (2-hydroxypenyl-3,4-
dihydro-2H-chromen-6-yl) methanoR§) in 60%yield. Next it was reacted with diisopropyiae followed by
reduction with sodium borohydride gave 2-[3-(diismpylamino)-1-phenyl propyl]-4-(hydroxyl methyl) phol @-
dl) in 80% yield.
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Scheme 9 : Benzylation of protected 4-hydroxy meyt phenol with cinnamaldehyde

Meese.C [8] of Schwarz pharma started with 4-Hygroxethyl benzoate and reacted with cinnamic acid in
presence of acetic acid and sulfuric acid at 1a0°@ive (R,S)-4-phenyl-2-chromanone-6-carboxylidg28-dl) in
78% vyield. further it was resolved with cinchoniglinn 2-butanone to give (R)-4-phenyl-2-chromanone-6
carboxylic acid cinchonidine salt in 90% of yielalt was reacted with aq HCI to give free chirdad&8, which
was reacted with thionyl chloride and methanol iesence of pyridine to give ( R)-2-oxo-4-phenylahan-6-
carboxylic acid methyl este29) in 65%of yield. The este29 was reacted with DIBAL to give R-(6)-hydroxy
methyl-4-phenyl chroman-2-(R,S)-8) in 65% yield. Next30 was reacted with diisopropylamine in presence of
Pd/C under hydrogenation conditions to give (R)yd+bxy methyl-2-(3-diisopropylamino-1-phenyl propyhenol

2.

Rajesh [9] et al from panacea started with 4-Hygrmethyl benzoate?2) and reacted with cinnamaldehyde in
presence of N-methyl piperazine in toluene at 118°C during which the water formed in reaction wasioved
azeotropically to give methyl-2-hydroxy-4-phenylrainane-6-carboxylic acid3() in 75% yield. Further reaction
with DIPA and 10% Pd/C in methanol under hydrogemagiave 3-(3-diisopropylamino-1-phenyl propyl)4dngxy
benzoic acid methyl ested)(in 72% of yield. Furthed was reacted with vitride in toluene at 10°C toegR+(3-
diisopropylamino-1-phenyl propyl)-4-hydroxy mettghenol @-dl). Compound2-dl was resolved with L(-) malic
acid to giver R (+) 2-(3-diisopropylamino-1-phépyopyl)-4-hydroxy methyl phend.
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Scheme 10: Resolution of 28-dl with cinchonidato 28
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Schemell: 4-hydroxy benzoic acid methyl ester allation with cinnamaldehyde
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Reddy R.B.[10] et al started with 4-benzyloxy bddeayde 82) and protected the aldehyde and under alkyl lithium
conditions it was phenylated, deprotected, oxidiaed etherified to giv83-dl and was resolved to g8 chiral,
which was converted in a regular way.

oo 500, 2

Y 1) deprotection )\ 1
2) oxidation
32

N
or CI7 W/RO or Jesterification

33

Scheme 12: Phenylation of benzyl ethers

Synthetic approaches from tolterodine.

Kumar. Y [11] etal from ranbaxy (India) group seftfrom dl-tolteroding34) Phenolic group of tolterodine was
protected with benzyl chloride to give 3-(2-bezyexmethyl-phenyl)3-phenyl-propyl)-diisopropylamiri@s-dl).
Further 35-dl was reacted with copper sulfate and sodium pextgulin acetonitrile to give 4-benzyloxy-3-(3-
diisopropylamino-1-phenyl-propyl)-benzaldehy®6)( Compound36 on reduction with sodium borohydride gave
[4-benzyloxy-3-(3-diisopropylamino-1-phenyl-propyhenyl] methanolZ0-dl), compound?0-dl on debenzylation
with 10% Pd/C gave 2-(3-diisopropyl amino-1-phepydpyl)-4-hydroxy methyl —pheno{dl).

‘ OHC
CuS0,4/Na,S,0, )\

O on )\ WBr )\ Ag. CH3CN

35-dl 36

HO O N -
on

2-dl

20- dI

Scheme 13: Oxidation of 35-dl with sodium persulte and copper sulfate to 36

Raman J.V [12] et al started from p-cresol and vessted with cinnamic acid in acidic conditionsgive 3,4-
dihydro-6-methyl-4-phenyl-2H-benzopyran-2-oré¥)( Further37 was benzylated to give methyl-3-(2-benzyloxy-
5-methyl-phenyl)-3-phenyl-propionat88). Compound38 was hydrolyzed with KOH to give 3-(2-Benzyloxy-5-
methyl-phenyl)-3-phenyl-propionic acid, the acidasareacted with thionyl chloride and later with BIB give 3-
(2-Benzyloxy-5-methyl-phenyl)-N,N-diisopropyl-3-pind-propionamide 9). Compound39 was reduced with
NaBH, and BR etherate to give [3-(2-Benzyloxy-5-methyl-phen$fphenyl-propyl]-diisopropyl-amine36-dl).
compound 35-dl on resolution with DPTTA gave R-[3-(2-Benzyloxy-Sethyl-phenyl)-3-phenyl-propyl]-
diisopropyl-amine 5). The aromatic methyl group of chirdb was converted with ceric ammonium nitrate(CAN)
to aldehyde(36), compound36 was reduced with NaBHto give R-(+)-[4-benzyloxy-3-(3-diisopropylamine-1
phenyl-propyl)-phenyl] methang¢R0) and was debenzylated with raney Ni to give R-(B&liisopropylamino-1-
phenyl-propyl)-4-hydroxy methyl phena@l
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Scheme 14: Oxidation of 35 with ceric ammonium niate to 36

Raman, J. V [13] et al developed another oxidatimthod to convert the benzyl tolterodid® to 22 with copper
sulphate, copper acetate and sodium persulfaterésepce of sulfuric acid20 was reduced with sodium
borohydride in 79% of yield, and was debenzylatéth Waney Ni to give R-(+)-[4-hydroxy-3-(3-diisogrglamino-
1-phenyl-propyl)-phenyl]-methan@).
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Scheme 15: Oxidation of 35 with copper sulfate, cger acetate and sodium persulfate followed by reddion to 20

Reddy, M.S [14] et al converted tolterodiBéd to 2 via halogenation and nucleophilic substitutionhwitcetate
followed by hydrolysis. Tolteroding4) was brominated with N-bromo succinimide to givie)¢4-(bromomethyl)-
2-(-(diisopropylamino)-1-phenyl propyl) phendlQj. Further40 was acetylated with sodium acetate in DMF to give
( R)-3-(3-(diisopropylamino)-1-phenyl propyl)-4-twaky benzyl acetate4). Compound4l was hydrolyzed with
lithium hydroxide in aq methanol to give compotihd

J\ NBS J\ NaOAc J\
O N NCS X O N KOAc AcO O N
OH OH )\ OH )\

A

X=Br,Cl 41

34 40

e
o AN

2

Scheme 16: Oxidation of 34 via halogenation of 34d solvolysis of 40 to 41 and 2

Process involving Heck reaction

Oreste. P [15] et al has disclosed a new methaditivolves the coupling of ethyl-3-bromo-4-hydrognzoate
with N,N-Diisopropyl-cinnamide in presence of N,kytlohexyl-methylamine and pd catalyst [Pd(ptsBlto
give 3-(3-N,N-diisopropyl amino)-3-oxo-1-phenyl prd-en-1-yl)-4-hydroxy benzoatet?). Compound42 was
hydrogenated in the presence of 5% pd/C and 2-ME-Td¢dgive (R, S)-3-(3-N, N-diisopropylamino -3-o%e-
phenyl propyl)-4-hydroxy benzoafd3) in 94% vyield. Further reduction with vitride inltene at 25-30°C gave a
dl-2-(3-N, N-Diisopropyl amino-1-phenyl propyl)-4siroxy methyl-phenol.HCL Z-dl) in 76% yield. It was
resolved and converted
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Scheme 17: Heck of cinnamic derivative with 2-tmmo phenol derivative to 42

Mease. C and Sparf. B [5] described another heatian with N,N-Diisopropyl acrylamide and mett8#4sromo-
4-methoxy benzoate in presence of bis-(benzonipisdladium-II-chloride and sodium acetate in N-hyt2-
pyrrolidinone to give N,N-diisopropyl-3-(2-metho¥tmethoxycarboxyphenyl)acrylamidél4). Further 44 was
reacted with lithium diphenyl cuprate in presenté&imethylchlorosilane to give N,N-diisopropyl-2-methoxy-5-
methoxy carboxy phenyl)-3-phenyl propionamidé&)( Compound45 was reduced with LAH and Algto give 2-
(3-diisopropylamino-1-phenyl)-4-hydroxy methyl plogi2-dl), which is then resolved to give chigl

Y 1)Lithium diphenyl cuprate

N
OMe /\[orw/

OMe
OMe Y
MeOOC Br pd catalyst  MeOOC j/ MeOOC j/
NMP o o)
4 )
70%(E)

MP:139-140°C

LAH/AICI,

OH h
1 HO

Nw/

2-dl

Scheme 18: Heck reaction of Acrylamide to bromoasole derivative to 44

5 Synthesis approaches via chromanone derivative

Charugundla.K [16] et al started the synthesis fsbromo phenol and reacted with cinnamic acidrespnce of
H,SQ, to give 6-bromo-4-phenyl chroman-2-oridl), which was reacted with benzyl chloride in preseaf K,CO;

in acetone and methanol to give 3-(2-benzyloxy)&imophenyl)-3-phenyl propionatdq). Compoundl5 was
reduced with NaBHto give 3-(2-benzyloxy)-5-bromophenyl)-3-phenybpan-1-ol, and the primary alcohol was
converted to diisopropyl amine via tosylate to eghenzyloxy aminel8-dl). Further18-dl was resolved with p-
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tolyl —L-tartaric acid to give chiral 20. and 20 sveeacted with Mg and GQo give (R)-4-benzyloxy -3-(3-
diisopropylamino-1-phenylpropyl)-benzoic acid hychtoride (9). Furtherl9 was converted to fesoterodine via a
similar route of Meeseet al.

Nal
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Br TEA gy DIPA toluoyl
NaBH, O OH DpcMm O Ts ACN Br N tartrate
MeOH o O
kC OK© o )\
18- dI
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N THF Hooc SOCI2 MeOOC
A SO
O —_—
o

.0

J\ pdiC j\
— *C T TN =
THE o PN OH A
20 ©

[N

Monoglyme )

Scheme 19 : Alkylation of 4-bromo phenol with cinamic acid to 14

Dasai, S. J [17] et al described the reduction@dl 21 with BHEDMS in THF to give N,N-diisopropyl-3-(2-
benzyloxy-5-hydroxy methyl phenyl)-3-phenyl propylme @0-dl), which on debenzylation with raney Ni to give
N,N-Diisopropyl-3-(2-Hydroxy-5-hydroxy methyl phefs3-phenyl propylamine2-dl. It was resolved and
converted to drug.
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Scheme 20: Reduction of carboxyl derivative of 18kto 20-dl
Dwivedi, S. D. [18] et al reduced 19-dl with vitedn toluene to give (R)-[4-benzyloxy -3-(3-diisopylamino-1-
phenylpropyl)-phenyl]-methanol(20-dl). 20-dl on dekylation with pd/c in methanol gave (R)-2-(3-
diisopropylamino-1-phenylpropyl)-4-hydroxy methyignol @).

Compound

J\ Vitride l I
N

HOOC O Toluene HO NJ\ pdlc o NJ\
A L7 X LK

Scheme 21 : Reduction of carboxyl group of 19-dbtgive 20-dl with Vitride

Johansson [19] et al resolved compodgdd| with L(+) tartaric acid to give (+)-N,N-diisoprop8(2-benzyloxy-5-
bromophenyl)-3-phenyl propylamin&&). The chiral compound8 was reacted with Mg and G presence of
ether andJto give (-)N,N-Diisopropyl-3-(2-benzyloxy-5-carbpyphenyl)-3-phenyl propyl amine.HC19) in 77%
of yield. CompoundL9 was reacted with MeoH in presence g5 to give ester o9, which was reduced with
LAH to give (+)-N,N-diisopropyl-3-(2-benzyloxy-5-ldyoxy methyl phenyl)-3-phenyl propylaminQ). Finally
debenzylation was done with Raney Ni to give conmaldl
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Br J\ L(+)-tartaric acid Br EtBr HOOC
O )\ —_— )\ Ether
Q )\

18-dl © 18
19

LAH
MeOH /k‘\z/\
Ether
HZSO4 )\ —_— /\‘\2/\)\ Raney Ni

20

(J
PN

HO O _ 1
o

2
Scheme 22: Grignard reaction of 18-dl to give 19.

Synthetic approaches via Grignard reaction

Reddy, R.B [10] et al started from 3-(2-benzyloxis®mo phenyl)-3-phenyl propane-1-ol and was coekit via
its tosylate and reacted with diisopropyl amine NoN-diispropyl-3-(2-benzyloxy-5-bromophenyl)-3-phén
propylamine 46). further bromo derivative was converted to at®ddl via Grignard reaction with solid GOThe

acid was resolved with DBTA( dibenzoyl tartaric djci to give (-)-N,N-diisopropyl-3-(2-benzyloxy-54tzoxy

phenyl )-3-phenyl propylamine. DBTA. Which was cened to ester and was reduced with vitride to ¢#)eN,N-

diispropyl-3-(2-benzyloxy-5-hydroxy-methyl phenyg}phenyl propylamine, which was further debenzylatéth

raney nickel to give (+)-N,N-diispropyl-3-(2-hydngb-hydroxymethyl phenyl)-3-phenyl propylamige

532



Veerareddy Arava and Sreenivasulareddy Bandatmakuru J. Chem. Pharm. Res., 2016, 8(8):518-538

DMAP
Br
OH
p-TSCI OBn
OBn

DIPA
OBn
46 ACN
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EtBr
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HOOC
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OBn MeOH OBn OBn )\
Vitride 19-dl

HO NJ\ i J\ _—
O )\ Raney Ni HO N 1
OBn )\
OH

2

Scheme 23 : Resolutioon of 19-dl to 19 with DBTA

Ennirs, C.420] et al from Schwarz converted R-(-)-[3-(2-belazy-5-bromo phenyl)-3-phenyl propyl]-diispropyl
amine (18 with magnesium ethyl bromide and paraformaldehtadr-(-)-4-benzyloxy-3-(3-diispropyl amio-1-
phenyl propyl)-phenol methanoR@). Compound20 was debenzylated in presence of Pd/C to give-N(Ny
diispropyl-3-(2-hydroxy-5-hydroxymethyl phenyl)-3ienyl propylamine32)

O S S
o AL oo oen <" LTI
r W 20 2

18 0.0
pd/c l
1

Scheme 24: Formylation of 18 with para formaldehge to 20

Browne.R and Kilkellt, M [21] reacted (+)-N,N-Dapropyl-3-(2-benzyloxy-5- bromo phenyl)-3-phenylopyl
amine 28) with Mg in presence of dimethyl carbonate in TlFgive R-(-)-4-benzyloxy-3-(3-diisopropylamino-1-
phenyl propyl)-benzoic acid methyl ester. Further éster was reduced with LAH to give (+)-N,N-dpsopyl-3-
(2-benzyloxy-5-hydroxy-methyl phenyl)-3-phenyl pytgmine @0) in 99% of yield, which was debenzylated with
Raney Ni to give2.
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O (0] I J\
Br O NJ\ Mg MeO O )N\ LAH
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20
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2
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Scheme 25 : Quenching of Grignard of 18 with dimetyl carbonate followed by reduction to 20

Manne, S.R [14] et al reacted the bromo compol@dil with DMF in presence of n-Butyl lithium to give 4-
(benzyloxy)-3-(3-(diisopropyl amino)-1-phenyl prdpyenzaldehyde36-dl. Further it was resolved with D-(-)
tartaric acid in IPA to give R-4-(benzyloxy) - 8 3- ( diisopropyl amino)-1-phenyl propyl) bendahyde36. The

Br NJ\ nBULhTHE one NJ\ OHC O NJ\
(L, X LK D¢

Resolution
O =)
18-dl 36-dl

OHC J\
= T

o}
47

i ®
OHC
L7
X
7

Scheme 26: Formylation 18-dl with BuLi and DMF to36-dl
debenzylation of36 with 5% Pd/C to give (R)-N,N-diisopropyl-3-(5-fopr2-hydroxy phenyl)-3-phentl

propanamine®). Compound/ was reacted with methacryloyl chloride to give®3-diisopropyl amino-1-phenyl
propyl)-4-formyl phenyl methacrylatd 7). Compoundt7 was converted ta.
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Miscellaneous Synthetic approaches

Donsbach. M [22] et al reacted p-hydroxy methyl zmeie with phenyl acetylene in presence of Sradid

tributylamine to give 4-hydroxy-3-(1-phenyl vinyfethyl benzoate 48). Further 48 was reacted with
benzylbromide in presence ofL®B0; to give 4-benzyloxy-3-(1-phenyl vinyl)-methyl berate ¢9). Compound49

was reacted with diisopropyl amine in presencedt&alyst and BINAP and CO in dioxane to give azyoxy-

3-(3-diispropylamine-1-phenyl-propyl)-methyl bengmaThe ester was reduced with LAH in presencetioéreto

give (+)-N,N-diisopropyl-3-(2-benzyloxy-5-hydroxy ethyl phenyl)-3-phenyl propylamine 2@). Finally

debenzylation with Raney Ni in presence of MeOHgiee (+)N,N-Diisopropyl-3-(2-Hydroxy-5-hydroxy meth

phenyl)-3-phenyl propylamine).

PR >

OH
OH BnBr, K,CO4 o] DIPA
SnCly, BusN.EDC  \e00C Acetone  \1.00C Pd, CO, BINAP
COOMe 48 Ph 49 Ph Resolution

% e
PN P— P
Raney Ni, Hy OH
L7 0

O ” ZH

Scheme 27: Methyl-4-hydroxy benzoate reaction witphenyl acetylene to 48

Crystal pharma [23] team resolved 3-(3-N,N-diisggydamino-1-phenyl-propyl)-4-hydroxy benzoic acicthvchiral
auxiliary D(+) menthol in presence of thionyl chite to give D-(+)-methyl-3-(3-N,N-diisopropylamiridR)-
phenyl-propyl)-4-hydroxy benzoate.HCI5(Q), which was hydrolyzed with KOH to give R(+)3-(3NN,
diisopropylamino-1-phenyl-propyl)-4-hydroxy benzacid @). Further it was reacted with isobutyryl chloride t
give R (+)3-(3-N,N-diisopropylamino-1-phenyl-projpyl-isobutyryloxy benzoic acid5(). Compound51 was
reacted with BHg/DMS in THF to give Fesoteroding)

(@) I

o KOH
_ Socl, _ o MeOH o
|
+
OH )\ D (+) Menthol  pent O oH )\ )\
50 OH
COOH
TEA 1) BZHG/DMS J\
IBCI
)\ HOOC

2) Fumaric acid

1

Scheme 28: Reduction with borane DMS of 51 to 1

Manne S.R [14] et al reacted compouBdwith methacryloyl chloride in chloroform to give R)-2-(3-
(diisopropylamino)-1-phenyl propyl)-4(hydroxyl mgtlt phenyl methacrylate5@). Further52 was reacted with
Pd/C to give isobutyric acid-2(( R)-3-diisopropylaronium-1-phenyl propyl)-4-(hydroxyl methyl) pheregter ().
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o T e LT

OH)\

2
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Scheme 29: Reduction 50 with Pd-C/hydrogenatiomtl

The same team reported the synthesis of fesoterddifrom 2, by reacting2 with 2-bromo-2-methyl propanoyl
chloride or 3-bromo-2-methyl propanoyl chloride in

oy T LT

o
) o
1
54 X

1 Salt
Scheme 30: Dehydrohalogenation of 53/54 with PdAG 1

presence of sodium bicarbonate to give 2-(( R)i&g@ropylamino)-1-phenyl propyl)-4-(hydroxymethydhenyl-2

or 3 bromo-2-methyl propanoat&3(54) Further53/54 was reacted with sodium acetate in presence 108 Pd
under hydrogenation conditions gave isobutyrid&¢( R)-3-diisopropylammonium-1-phenyl propyl)-dy¢roxyl
methyl) phenyl ester].

Hartwig and Chen [24] reported a novel method cfoferodine via Iridium-catalysed enantio slectiviglia
substitution of enolsilane§5 on vinologous. ester/amides Compousgl was converted to into dier@l with
NaHMDS and TBSCI [25]. [4+2] cycloaddition of die®d and ethyl propiolate at 50°C in toluene providetl 1
diarylalkene58in 77% yield. DIBAI reduction of the ethyl estelr 88 gave alcohol and on protection with TBSCI
gave bis-TBS etheb9 in 85% yield. Hydroboration and oxidation 99, followed by Dess-martin oxidation of the
resulting primary alcohol afforded aldehyd#® in 77% vyield. Reductive amination of aldehy®® with
diisopropylamine and NaBH(OAg) followed by deprotection of the two TBS groupsthwiTBAF provided
compound? in 76% yield.
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O oee 77%
Q Q N— ——COOEt
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| 1) NaBH(OAC)s
76%

Scheme 31: Enantioselective synthesis of fesoteimeal
CONCLUSION

In this review, we have compiled an overview of thiferent approaches towards the synthesis oftéesdine.
Except few syntheses, most of the syntheses pasagth 5-hydroxy methyl tolterodine. Although sidgoént
chemistry has been developed for fesoterodineethmain strategies have been tried by different ggo&irst one
being oxidative method from tolterodine, second @ngrignard method of halocompounds for introduetof
hydroxyl methyl group(-CH20H from Br), and the thiand important one is starting from cinnamyl dative.
Commercially the cinnamaldehyde route was repddédthve good yields.

The other methods are more of academic interegbf@mple Heck reaction and palladium/CO reactidre present
review explains how generic manufacturers searchném-infringing, novel approaches to an API| ofenefst.
Hopefully more novel and imaginative ideas will yide new approaches to this drug in the comingsear
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