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1 Process for the production of benzopyran-2-ol derivatives The present
invention relates to an improved process for the production of
intermediates useful in the preparation of tolterodine, fesoterodine and
other pharmaceutically useful 5 compounds. The invention also provides
improved processes for the production of such pharmaceutically useful
compounds using the intermediates. Télterodine
{2-[(1R)-3-[bis(1-methylethyl)amino]-1-phenylpropyl]-4-methylphenol or
Bheoess famdhe production of benzopyran-2-of derivatives
(+)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-phenylpropylamine},
OH CHI\ N)CH3 / H,C)~' CH3 10 CH3 is a muscarinic receptor, .
AheRIBITRY Wﬂﬁ'@w&%ﬁqtaaf16\?@?5%%@&%?&8Bfgrfh?cﬁ*a%‘}Hai%rﬁfdﬂFem‘ms

iReANtinaReprdp ARGt Sitsbana ktingredineoaal (alscthshiartaatetisally inseful

1997 and was launched jn many,markets in the following,years. under
S e L L e S e R

 dinctosedtimlytesatliomapfatbsnisits ipplicatiointasO 89/06644 (see in

particular Example 22 and claim 7). WO 98/29402 discloses a process for
the production of tolterodine which comprises condensin p-cresorllé]a) o
Talteetdinamic ACI8XB) [tsllbme g rdompied brbsaesemtd-mefirigepl  of
m%&@@gW)9v9@-%ngo&a@@z@s(dim@&yl@mmhym%émwmame},
sodium 20 bis(2-methoxyethoxy)aluminium hydride or lithium
tri-tert-butoxyaluminohydride, tg-grig the corresponding benzopyran-2-ol
ompound (d) can then be converted
€"(e) by reduglive amination with
diisopropylamine, followed Ry addjtion of aqu?c\)us hydrochloric acid.

i ¢ t

Finally, tolterodine L-tartratess ratigation of the

hydrochloride salt (e) wit aOH/NaHC(Q3 and subsequent resolution

using L-tartaric acid. The prggéss is s Qv | degheme | below.2 OH O
' CH |

3
{s a muscarinic receptor antagonist for the treatment of overactive bladder including
urinary incontinence. It gained its first marketing approvél (as the tartrate salt) in 1997
and ‘was launched in many markets in the following years under the trade marks
DETROL and DETRUSITOL. Tolterodine tartrate was disclosed in international. Patent
Application WO 89/06644 (see in particular Example 22 and claim 7).

WO 98/29402 discloses a process for the production of tolterodine which comprises
condensing p-cresol (a) with cinnamic acid (b), followed by reduction of the resulting
lactone (c) with a reducing agent, such as diisobutylaluminium hydride (DIBAL), sodium
bis(2-methoxyethoxy)aluminium hydride or lithium tri-fer-butoxyaluminohydride, to
give the corresponding benzopyran-2-ol compound (d). The benzopyran-2-o0l compound
(d) can then be converted to racemic tolterodine hydrochloride (g) by reductive amination
with diisopropylamine, followed by addition of aqueous hydrpchiaric acid. Finally,
tolterodine L-tartrate is formed by neutralisation of the hydrochloride salt (e) with
NaOH/NaHCO; and subsequent resolution using L-tartaric acid. The process is shown in

Scheme | below.
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+\\OH H,SO4 \ I\ DISAL ,\ CHI CHa CHI- (a) (b) (c) (d) (i) HN'Prz, Hi,
Pd/C McOH (ii) MCIHOH I/ H (i) NaOWCHzC2 ' NCH, (ii) Tartaric acid
N Cx, H,C CH, H,CCH, CHS3 L-tartrate CHa .HCI (e) It, can be seen that
in the process disclosed by WO 98/29402, the benzopyran-2-ol
compound (d) is prepared in two steps and involves the use of a relatively
expensive reducing agent (DIBAL). 5 V8O 01/49649 describes the
reductlve amlnatlon of the enantiomers of compound (d) above to give

progiiced by enantio$elective reactiong. ITgalso relates to the saft

p sses W@Iom compeurds rxpartigylar theanatqgug of
t dine ich the methyl grou -@ i a@o@ @
with a 5-hydroxymethyl group. US Patént Application 2003/0236438
(M&EMillan et al) discloses the use of @bmparatively complex&hiral
imiéfzolidinone cdthlysts [e.g. (2S,5S)-5-b8nzyl-2-tert- (d)
butyl-3-methylimidazolidin-4-one] for carrying out enantioselecti .
1,4-addition 15 reactions between aniline nucleophiles and MaOH
a,a-unsaturated aldehydes (this work is also described in' Ma I}éiuan el al,
J. Am. Chem. Soc., 2002, 124, 7894-7895). Example 2 from Patent -

Application 2003/023643typical of the reactions disclosed; 3 i 0 CH3

CH
/j\’ {1y NaOHICH,CI, oH Y ﬁ’
N"cu, (i) Tararic acid

N CH,
u,c/kcu, O )\

He” Ten,

CH, Ltarteate CH, Hel
(e)

It can be seen that in the process disclosed by WO 98/29402, the benzopyran-2-ol
compound (d) is prepared in two steps and involves the use of a relatively expensive
reducing agent (DIBAL).

‘WO 01/49649 describes the reductive amination of the enantiomers of compound (d)
above to give tolterodine and its enantiomer. The enantiomers of compound (d) are

produced by enantioselective reactions. It also relates to the same processes applied to

- analogous compounds, in particular the analogue of tolterodine in which the methyl group

in the phenolic ring is replaced with a 5-hydroxymethyl group.

US Patent Application 2003/0236438 (MacMillan et al) discloses the use of
comparatively complex chiral imidazolidinone catalysts [e.g. (28,5S)-5-benzyl-2-tert-

_butyl-3-methylimidazolidin-4-one] for carrying out enantioselective 1,4-addition

reactions between aniline nucleophiles and o,-unsaturated aldehydes (this work is élso
described in MacMillan et al, J. Am. Chem. Soc., 2002, 124, 7894-7895). Example 2
from US Patent Application 2003/0236438 is typical of the reactions disclosed:
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tv\~,(CH, OMe S CI, OMe CH3 H HC + H3CO HIC\N / CHICIC H3C\ tv
CHS3 CH' It can be seen that the carbon atom of the aromatic ring pars to
the amine group bonds to the alpha-beta unsaturated aldehyde. 5 Jurd
(Journal of Heterocylic Chemistry, vol 28 (4), 1991, pp 983-986) describes
the reaction of 3,4-methylenedioxyphenol, morpholine and
cinnamaldehyde in methanol to produte

2-morpholinyl-4-phenylbenzopyrans. Surprisingly, it has now been found

" that the benzopyran-2-ol compo ) 8§ Scheme | 10 can be produced
in a one-pot reaction starting fro resgl (a). Apaipgous compounds

can also bgggoduced. Thus, according*to asfirst/asgect of thegeesen}
invention, there is provided a process for the Pfoduction of ajcomgound of

formula OH (1) Y Whgf&igj/'@selected from CH3, CH20 ~o
%If(|:2CH CH2Br%%d Br; 15 c8mprj§§§1gzthe stgps of: l edcting a
cOmMpg fformula (1), Ox (Il) Y wherein OX ishyt§oxy or OV, in

whichl\" is a cation selected from Li', Na' and K', and Q}Q]Y is as defined

above; With trans-cinnamaldehyde (Ill), 4 0 . ,
It can be seen that the carbon atom gf the(a:%matlc ring para to the amine group bonds to

the alpha-beta unsaturated aldehydé.

Jurd (Journal of Heterocylic Chemistry, vol 28 (4), 1991, pp 983-986) describes the
reaction of 3 4-methylenedioxyphenol, morpholine and cinnamaldehyde in methanol to

produce 2-morpholinyl-4-phenylbenzopyrans.

Surprisingly, it has now been found that the benzopyran-2-ol compound (d) of Scheme 1
can be produced in a one-pot reaction starting from p-cresol (a). Analogous compounds
can also be produced. Thus, according to a first aspect of the present invention, there is

provided a process for the production of a compound of formula (1),
OH

g C

T
wherein Y is selected from CHs, CH2OH, CHCHOH, CH;Br and Br;

@

comprising the steps of:

@ reacting a compound of formula (11},
oX

(n

wherein

" OX is hydroxy or O'M", in which M" is a cation selected from Li*,Na"and K', and

Y is as defined above;

with trans-cinnamaldehyde (11},
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H ([[)) in the presence of a secondary amine compound; then (ii) treating
the product of the preceding step with acid to afford the compound of
formula (I). 5 By "secondary amine compound"” we.mean an organic
compound which contains at least one secondary amine group, i.e. a
compound of the formula R'- R' 11 in which R and Rb are not hydrogen.
Preferably, Ra and Rb are each linked to the 10 nitrogen atom by a CH2
group, for example they are independgntly C14 alkyl or together form a 4-
or 5-membered alkyl chain in whiclp one carbon atom is optionally
replaced by OorN. Preferrths offthe first aspect of the
invention are those in which:~¥5"(a) OX is hydroxy; (b) Y is CH3 or
CH20H; (c) the secondary amine compound is achiral; (d) the secondary
AP ESFARD A EANIARSRABSOHHARy Affine groups, for example
piperaziegitigetalist poUugrecpdiricstarwhighcidetdsff@9 (s vangouhé of
secondary amine compound contains two secondary amine groups, 0.5-
f%‘%?(?@equivalents of the secondary amine compound are used in step
(1); (f) alternatively, the secondary amine compound contains one
%?Cgsréggx%aamalrrr]ﬁ%qu%{rﬁmﬁﬁd more prefesally e RESRIORRIATRRins at least
compound 1S morpholine, dibutylamine, dibenzylamine,

it BeBomstpananting | gieaR dih e, carereyndafibe fadopylamine, piperidine
25 or an N-(C1.6 aIkyI)piperazine.,gd-\me/tlﬂylpiperazine is particularly
preferred because it produces good ykelds, the initial product [see formula
(VI) below] is readily hydrolysed to thgycorresponding lactol compound of
formula (1), and the crude compound of formula Q) has an improved purity

vihiohitacRitates ByseifiottiptrogsiwResfateblse BorabdrR aatheaeB Hiptdntd the

Cﬁ@&?é}'ﬁs 06 SEEWHALANIIE GiRRe 1idy ARAREHERRNC]afkyholeogether
ef?)grln 2§-nct)§ gxggb%?&ozﬂgﬁrghgirg Iit;]lew%ci)glrl] %gg rc]:grggr? zlxjtgr%disl r(])ptionally replaced by
OorN.

Preferred -embodiments of the first aspect of the invention are those in which:

(a) 0X is hydroxy;

(b) Y is CHjor CHOH;

(c) the secondary amine compound is achiral;

(d)  the secondary amine compound contains two secondary amine groups, for
example piperazine (this catalyst produces particularly high yields);

(e) when the secondary amine compound contains two secondary amine groups, 0.5-
1.25 mole equivalents of the secondary amine compound are used in step (i);

§3) alternatively, the secondary amine compound contains one secondary amine
groﬁp, and more preferably the secondary amine compound is morpholine, dibutylamine,
dibenzylamine, 1,1,3,3-tetramethylguanidine, diethylamine, diisopropylarﬁine, piperidine
or an N-(Cy. alkyl)piperazine. N-methylpiperazine is particularly preferred because it

produces good yields, the initial product {see formula (V1) below] is readily hydrolysed to
the corresponding lactol compound of formula (I}, and the crude compound of formula (1)

has an improved purity which facilitates crystallization,
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step (i); (h) the acid used in step (ii) is agueous hydrochloric acid
(preferably no more than 5 2M concentration), although the following
agueous acids at similar concentrations also provide good results: citric
acid, acetic acid, oxalic acid, trifluoroacetic acid, maleic acid, fumaric

acid, salicyclic acid, trans-cinnamic acid, benzoic acid, camphor sulfonic
acid and tosic acid; (i) the reaction of step (i) is carried out in an organic
solvent selected from to, ~DRULYE aeed -y holl-5,
Gfoxa eh%%‘%lﬁ?ﬁ?&%ﬁéﬁrﬁ?@gf}é@;ﬁ;%ﬁﬁne wr?i?hr}t rodu gksm di
pertiguisinybhighdfetdel, (yualeastfoRor Sty ié 05 SaTpgpag gt used in

%%g& rature in the range 80C to the reflux temperature of the solvent; (k)

action of step (i) is carried out under conditions;t

hdm thiee i@drémﬁi%S%féﬁfs(éf@{eﬁggﬁ'%%%%ggnﬁ ft‘lioﬁz%ﬂ:eﬁg\%%)ilgﬁv\\fv%%rthm
APdysadbyihs Kmastion s cansensetimessiddcsndoiisecerthipioadako
not return to the reaction mixture, an -graj ifidasitedhiandcid,
PI9¥AdE RRAL RS F YIS i‘ﬁ{lgé %aeé‘fe%iﬁct%gap grg%r‘%l?_rl\%ﬁg%n%g%t ressyre. .
ferghrR RIQORNKcRImasharensicoimly etidRerrpiedsidr SIBY BSLLRYC 2
particylarly .on an industrial scale). 20 It is particularly preferred that when
ﬁ“fg_t@ﬁfgﬁ, the secondary amine compound is N- methyl gjer(i’:\ ine.t Tuene
Ryeferaldyethiosadotrtaly iﬁrﬁﬂﬁ@éc?ﬁ‘fp‘&&ﬁd’%ﬁfﬁﬁ‘?rs{] SiEhitrogen

b HaSIEN rogen
gloms. §E{§I&y12§c98{9,999&95 prasuseditiak pinduiits:fgic etborymutst(\tpferably
l’)‘éow] which hydrolyse readily to, om{)ounds of formula (). According to

soboe futaedpROdBhRAHERATIS T Sh I ¥ provided a process for the
pducipnatactompeyne of tarmedagi\y, 6 ta@iperatEaR JEHENas 8N 4o the
CIS 1 wherein F iS sqlecg_ed from CH3, CH20OH, CH2CH20H, CH2Br

A¢flp femperature © the solvent; -

k) ’the reaction of step (i) is carried out under conditions that remove water from the

reacfion sysﬁ:m (e.g. Dean-Stark conditions, in which water produced by the reaction is

condensedrin a side condenser so that it does not return to the reaction mixture, and can

be drained off if desired); and

)] the reaction of step (i) is carried out at or around ambient pressure (e.g. a nitrogen

atmosphere of slightly elevated pressure may be used, particularly on an industrial scale).

It is particularly preferred that when Y is CH,OH, the secondary amine compound is N-

methylpiperazine.

Preferably, the éecondary amine compound contains two basic nitrogen atoms. _Such
compounds produce initial products [see formula (VI) below] which hydrolyse readily to

compounds of formula ().

According to a second aspect of the invention, there is provided a process for the

production of a compound of formula (IV},
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or a salt thereof, comprising: (a) producing a compound of formula (I) as
defined above, using the process 5 according to the first aspect of the
invention; then (b) reductively aminating the compound of formula (1) with
diisopropylamine; (c) and where desired converting the resulting
compound into a salt. Preferably, in the second aspect of the invention, Y
is CH3 or CH20H. When Y is CH3, 1Fthe compound of formula (IV) may
be treated with L-tartaric acid in step (c), to produce tolterodine L-tartrate
[i.e. R-(+)-tolterodine L-tartra hen the compound of formula (IV) is to
be used as a pharmaceuticH salt form produced in this second aspect
of the invention is prefeggply~gAarmaceutigglly acceptable. However,
ocessed further, this is not essential. 15

The reductive aminatioti &g tompoung,; éﬁ;la (1) may comprise
treatment with diisop amine in a suitable solvent, such as methanol
(which is preferred) ortegtzamyl algehol ixtures thereof, followed by

hydrogenation in the presence of af:atalyst, Such asghsl/C or Pd(OH)2/C.
20 In one, embodiment, the compound of formula (IV) may be treated with

ALaAdHEPYSRideaSHER @8 hytrasihl erig, eaishin aford dhemorresponding

hydrochloride salt. The racemic compound may be converted to the
@B SIERAG tRTRHI%iomer L-tartrate salt by neutralization of the -

hyylrochieaigengall iroihsopiesendernubagh, ssiafefised niinvereusin@Stbo dimpess
hydroxide and I‘ﬁodium ar, gnate follqyt\fl%g by resolution with L-tartaric

RIS ABOIRTE L Bhsine

olterodine L-tartrate [i.e. R-(+)-tolterodine

\(Hprtratelucipebpanbuiting theembernd i foambo et disepropylamine;
Q"ég‘e”aagﬂqmaf lcr?@ﬁ&@ésn%@éﬁl?g the-camRg ot stuiarmyladly) may be
p 0

repare dlrecﬁy owing reductive amination of the compound of
formula (1) without formation of the hydrochloride salt. For example, in one

enhodiment dReRndushat brkeseivernrainalitn ctelHa0, betredted CH,,
with a solvent such as acetone 5 and L-ta&[lt%rif‘ Cigﬁtoaa,ff%d&@;? (Iﬁjt%tfs%%uce
<t opRA R EETanla LV R, Q& SIS SR & artcrafed[l.e. ’ .

Rofte}dgitie rodingate (aeir &t€1)-tolterodine L-tartrate]. When the compound of formula
(IV) is to be used as a pharmaceutical, the salt form produced in this second aspect of the
invention is preferably pharmaceutically acceptable. However, when the compound will

be processed further, this is not essential,

The reductive amination of a compound of formula (I) may comprise treatment with
diisopropylamine in a suitable solvent, such as methanol (which is preferred) or fert-amyl
alcohol or mixtures thereof, followed by hydrogenation in the presence of a catalyst, such

as Pd/C or Pd(OH),/C.

In one embodiment, the compound of formula (IV) may be treated with an aqueous acid,
such as hydfochloric acid, to afford the corresponding hydrochloride salt. The racemic
compound may be converted to the corresponding (R)-enantiomer L-tartrate salt by
neutralization of the hydrochloride salt in the presence of base, such as a mixture of
sodium hydroxide and sodium carbonate, followed by resolution with L-tartaric acid. In

one embodiment, tolterodine L-tartrate [i.e. R-(+)-tolterodine L-tartrate] is prepared.
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(b)  resolving the product of step (a) to obtain the (R)-cnantiomer;

According to a third aspect, the invention provides a process for the
production of fesoterodine, I O H3C N CH3 HC Yl " J~ O CH3 10

CH20H or a pharmaceutically acceptable salt thereof, which comprises:

(a) producing a compound of formula (IV), as defined above in which Y is
CH20H, using the process described above; (b) resolving the product of
step (a) to obtain the (R)-enantiomer; 15 (c) acylating the phenolic

hydroxy group of the product of step (b) to produce the correspondin

solu phterative canbediae ain dhw KBS RSP O Friaitis SR} 866%&%&%&8‘1 of

%ﬁHHfQ@r@?EH%?H@&&B&%@ debarnagswiicaibaaacriiainetialiofdle compound of

Fesoterodine, having chemical name 2-[(iR)-3-[bis(I-methylethyl)aminol-I-
e T R e e e

Rid 5idsehwiyiie adektive amination step may be treated with a solvent such as acetone

2-(3-diisopropylaming-I-phenylpro gI})-4- roxym %XI‘! (P :
LG UM (TOR0TS (AR Pl odine
3rchapimeoenl)Hi-idterddtat dctantraked. treatment of overactive bladder. 25 8
In this third aspect, the resolution is preferably carried out by fractional
crystallization with a chiral acid, preferably (R)-(-)-acetox¥(phenyl)a etic
dsichriting deydatii agentishsrdreabRP i@6tHIEFRy PCPABFRIS 35 fifoproduction of
995&@9&&%9‘: formula (1) may exist in an open-ring form, although it is
believed to exist predominantly .in the clqﬁ?d-rigﬁ (lactol) form.
Furthermore, it is believed that the procegs*acdortling to the first aspect of
the invention produces a mixtur%of Igiggrigwgm,ﬁ&}s.of the lactol:

Kol

ek 3

CH,OH

or a pharmaceutically acceptable salt thereof, which comprises:
(a) producing a compound of formula (IV), as defined above in which Y is CH,OH,

using the process described above;

(© acylating the phenolic hydroxy group of the product of step (b) to produce the

corresponding isobutyric acid ester;

(&  and where desired or necessary, converting the resulting compound into a

pharmaceutically acceptable salt.

Fesoterodiﬁc, having ‘chemical  name 2-[(1R)-3-[bis(1-methylethyl)amino}-1-
phenylpropyl]-4-hydroxymethylphenyl isobutyrate or alternatively R-(+)-isobutyric acid
2—(3~diisopr0pyiamin0~E-phenylpmpyl)~4-hydroxymethylphenyl ester, is disclosed in

European Patent 1077912 (see page 32 line 5 and claim 4, v compound). It is indicated

in the tréatment of overactive bladder.
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H HY Y 10 m The R- and S-enantiomers of the chiral centre marked with
an asterisk above are believed to be present in equal amounts. The
production of all these tautomeric and stereoisomeric forms is embraced

by the present invention. 15 When piperazine is used in step (i) of the first
aspect of the invention, the reaction proceeds via an isolable intermediate
compound of formula (V), Y N N _O Y avherein Y is selected from CH3,
CH20H, CH2CH20H, CH2Br and Br. These compounds are provided -
areasdinedtaspaautb asprebafithrdiiadbntiniedbon bP efetiabdy ciyiniBEGon

20 When N-methylpiperazine is used in step. (i) of the,first aspect of the
RRAS H?!tﬁ‘é“ié’géc%gﬁ%@gg §e\%/?5y£ﬁnhﬁw"l@ége€§fa g%ompound of formula
(V) Y ty -CH, (VI) 9 wherein Y is selected from CH3, CH20H,

H2CH20H, CH2B o nds are provided according to
a?ﬁﬁ?%%é’é%?%"fn?ﬁé%%s%ﬁg i‘r?3laegr1 iorﬁ?%%érébly, Y is CH20H. The
invention further provides a compound of formula (1), OH 05V wherein
Yis seieeian Tem G2 G bxiHaRA ApenBing 6B aRAcERAGE W ditlipied to
the invention differs from US Patent A%pg}(:{%ﬁoﬁ 29_@3/023643 QSee d that the
SHS\RIEROMARHENE draslosedstngiecs nifHEREERPENE FhG He
oRsBReUAELeIRE fermuta (itaasmding tahihelirveentionpieksesoshanigtare  of
additional strongly a tiva]t_ing or strongly electron-donating group present
(gﬁ%ﬁr%fgsﬁ%?ﬁso%ﬁ*ﬁ?ﬁgmple'z of US Patent Application 2003/0236438).
Furthermore, the amin@ catalysts ug_go_l_in the present '

The Ra and S-enantiomers of the chiral centre marked with an asterisk above are believed
to be present in equal amounts. The production of all these tautomeric and stereoisomeric

forms is embraced by the present invention.

When piperazine is used in step (i) of the first aspect of the invention, the reaction

~ proceeds via an isolable intermediate compound of formula (V),

oD

wherein Y is selected from CHs, CH,OH, CH,CH,OH, CH,Br and Br. These compounds

are provided according to a fourth aspect of the present invention. Preferably, Y is CHj. -

When N-methylpiperazine is used in step (i) of the first aspect of the invention, the

reaction proceeds via an intermediate compound of formula (VI)

ey

! * ,N_CH: 441}
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invention are much simpler (e.g. they do not need to be chiral) and hence
cheaper. 15 The process according to the invention differs from the Jurd
paper mentioned above (Journal of Heterocylic Chemistry, vol 28 (4),
1991, pp 983-986) in that none of the reactants are an aniline compound,
and the compound of formula (II) according to the invention does not
have an additional strongly activating 8r strongly electron-donating group
present, such as alkoxy or hydroxy. 20 The invention has the further
REMRHATR m&mmﬁ@mé{smm@ﬁdaﬁ&wéﬁm TeseipEmpunds
IS LIRS ISEIe RN AR R b, On.
Z i) proc smg are eliminated, leading to a reduction in
costs Furthermore, the process avoids the use of expensive reducing
eﬁé\‘ﬁ&‘fﬁ\%? HMHW&MH&@G@@M&QQK)DIBAL) sodium
|s( -methoxyethoxy)aluminium hydride or lithium
tri-tert-butoxyaluminohydride, whicfi are also difficult to dispose of. 10 The
invention has the further advantagehat, as part of a process for the
production of fesoterodine, in o
the prior art, a number of reactigq anthproeessing steps are eliminated,
leading to a reduction in cost e process avoids the use
of hazardous and environme g ¢’ 5 reagents, which are
difficult to dispose of. The invenfion is illustrated by the following examples
in which the following abbreviatfons may be used: BUOH = butanol. 10

DEA = dlethylamln h DMF = .
RTERIRy KSR %TSWI% C?i ﬁd?f(n %%3 6-tetrahydro-2(|
H)-pyrimidone DMSO = dlmethylsulphOX|de 15 EDTA=

aQ

%g enediamingt g?@ﬁ%ﬁ@ﬁ% E8 e R RN Q98T XA BRRCRIGH T3 £I1BA438

(see above) in that none of the reactants are an aniline compound, and the compound of
formula (I1) according to the invention does not have an additional strongly activating or
strongly electron-donating group present (such as methoxy in Example 2 of US Patent
Application 2003/0236438).  Furthermore, the amine catalysts used in the present

invention are much simpler (e.g. they do not need to be chiral) and hence cheaper.

The process according to the invention differs from the Jurd paper mentioned above
(Journal of Heterocylic Chemistry, vol 28 (4), 1991, pp 983-986) in that none of the
reactants are an aniline compound, and the compound of formula (II) according to the
invention does not have an additional strongly activating or strongly electron-donating

group present, such as alkoxy or hydroxy.

The invention has the further advantage that, as part of a process for the production of
tolterodine, in comparison with the process disclosed by WO 98/29402, a number of
reaction and processing steps are eliminated, leading to a reduction in costs.
Furthermore, the process avoids the use of expensive reducing agents such as
diisobutylaluminium hydride (DIBAL), sodium bis(2-methoxyethoxy)atuminium hydride

or lithium tri-fert-butoxyaluminohydride, which are also difficult to dispose of.
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EtOH = ethanol h = hour 20 IPA = isopropyl alcohol LC-MS = liquid
chromatography - mass spectrometry LOD = loss on drying McOH =
methanol min = minute 25' n-BuOH = n-butanol p.s.i. = pounds per
square inch TFA = trifluoroacetic acid THE = tetrahydrofuran tlc = thin
layer chromatography 30 Example 1 Synthesis of 3 4
Dihydro-6-methyl-4-phenyl-2H-benzomywan-2-ol u H off o J CND OH H O
H. Tolugne 2. H(w) CH3 CH, p-Cresol (150g, 1.387mo1) was stirred with
E@;ﬁtﬁq&%@ &é&%&g@ph&aﬁsﬁ@ ihht@k%qmet ¢1 Hbrd@saUg) tangriabition of
at reflux under Dean & Stark conditions far.at least. i
IO TS SPB S i ETN SO e o o e of
éﬁ%@t@m;ﬁ(Q?ﬁﬁgc@s(ﬁ?gl goes lafeplivemttiion leaitieg] Gver 2rhdnateow hifist costs.
maintaining the reaction mixture at r i
B SR B SO o e e St e
eogtnypdhadhrefdifindetoRisaps€oStark |

The invention is illustrated by the following examples in which the following

abbreviations may be used:

" BuQH = butanol.

DEA = diethylamine

DMA = dimethylacetamide

DMF = dimethylformamide

DMPU = I,3-dir,nethyl-3,4,5,6—tetrahydro~2(1H)-pyrimidone
DMSO = dimethylsulphoxide

EDTA = ethylenediaminetetraacetic acid

ee = enantiomeric €xcess

EtOAc = ethyl acetate

EtOH = ethanol

h = hour '_

IPA = isopropyl alcohol

LC-MS = liquid chromatography — mass spectrometry
LOD = loss on drying

MeOH = methanol

min = minute '

n-BuCH = n-butanol

p.s.i. = pounds per square inch

TF A = trifluoroacetic acid

THF = tetrahydrofuran

tle = thin layer chromatography

Example |
Synthesis of 3,4-Dihvdro-ﬁ—methvi-4~Dhenvl—ZH—benzo;)yrannZnol




conditions for a further 4 hours. The black solution was allowed to cool to
80C and then slowly quenched over 45 minutes with a solution of 0.67M
HCI(,g) (750ml, 0.601 mol, 10 1.3eq). The two-phase solution was then
stirred vigorously for at least 12 hours at a temperature of 75-80C. The
stirring was then stopped and the mixture allowed to cool to room
temperature and the phases separatediThe toluene solution was then
washed with IM HCI(,g) (750m1, 5ml/g), then water (3 X 750m1, 5muUg).
The 3,4-dihydro-6-methyl-4- phenyl-2H-bghzopyran-2-ol was not isolated
but instead itwe toluengssolution was use dlrectly in thE reductive
amination siep (Examgle 2). Example 2 eS|s of Tghe dlne
L-Tartrate 1) O 2N H, d=0.72Zqehwt%
CH, CO2 uetie/MeOK L
acid I\ (\C Acetone/Mg
toluene solutioh comprising Crfd

. 3,4-dihydro-6-methyl-4-phenyl-2H-benzopyran-2- ol from’ExampIe I

(theqrsi @5%363@%})%&&M%ﬂ?bw&mweﬁm@tbmmm@@ in toluene

(750ml, 5m|/ ), then diisopropylamine (583m1, 42 416 mot e%)th 10
iRt IR AR R b e

Petd) M Crenaist (hbhert%ivhgos akaﬁ&fhlxl;@ﬂd\in|s@11(96npsl';1ans}¢1hﬁ®1ﬁbdchyde

was vedf ran S. Th IQ

5 R bR i T ) B et o Ia e e

thesvtheatett ttoerefi use fnd ratﬂ%é@gamﬁylamhec‘smtm@thaﬁm?eﬁhﬁﬁé@tw was

@9&@9@“ u%gﬂn Bﬁ‘ﬁ%%@[&%h"ﬁfﬁﬂ&é%&"%ﬁl%é’dfﬁi%ﬂ@l!vmﬁé?frﬂéﬁﬁf/& Stark

ack sol u on was then cooled to 25C, acetone (750L, 5mll% was .
aelnditions dorrrefymher JongHEsn The black solution was allowed to cool to §0°C and then

slowly quenched over 45 minutes with a solution of 0.67M HClggy (750ml, 0.601 mol,

10 1.3eq). -The two-phase solution was then stirred vigorously for at least 12 hours at a
temperature of 75-80°C. The stirring was then stopped and the mixture allowed to cool to
room temperature and the phases separated. The toluene solution was then washed with
IM HClgg (750ml, Smi/g), then water (3 X 750ml, Sml/g). The 3,4-dihydro-6-methyl-4-
phenyl-2H-benzopyran-2-ol was not isolated but instead the toluene solution was used

15 directly in the reductive amination step (Example 2).

Example 2
Svnthesis of Tolterodine L-Tartrate -

oW 1. Pr,NH, d=0.722

20wt% Pd(OH),/C moist H,C N CH, COH
0 Toluene/MeOH )
Hygp 110°C OH ¢
O O 2. L-Tararic acid
Acstone/MeOH

CH,

Tolterodine i.-Tartrate

20 The toluene solution comprising crude 3,4-dihydro-6-methyl-4-phenyl-2H-benzopyran-2-
ol from Example 1 (theoretical = 333.3g in 1.5L of toluene) was diluted with methanol
(750ml, Sml/g), then diisopropylamine (583ml, 421g, 4.161 mol, 3eq) was added. The
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heated to 55-60C. A solution of L-Tartaric acid (312g, 2.081mo1, 1.5eq) in
methanol (1.05L, 7ml/g) was added over 30 minutes maintaining the
temperature at 55-60C. The 10 resulting suspension was then allowed to
qool to room temperature and stirred for 12 hours. The suspension was
filtered, washed with acetone (2 X 600m1, 4ml/g), then dried in a vacuum
oven at 50C for 12 hours to give the titeecompound as an off white solid
[159.2g, 48% (24% from p-Cresol)]. Achiral purity was 100% (no

g H%ﬁﬁﬂﬂ%&m}nm&emwwwz PUCED,/Conikariieds, 33g) at

ynthesis tolterodine h
Finthaiort PO () P B S LB b L

diisopropylamine, 110 C, 90p5| (if) 37%HCI Racemic tolterodine HCI 20

Step A. Preparation of 3 h
R R R

RodidfesnadQifen igpaivg kbl and eistisrprany e b meiapRlemRYse bY
isimtoroprions s A RN dRdl WA o9 St back

e UIV ver a our period and reaction mlxture ore

P orahs rcam s GFTScheSon GO cHALIBhAGI D 3 o oution

heated to 55-60°C. A solution of L-Tartaric acid (312g, 2.081mol, 1.5eq) in methanol

(1.05L, 7ml/g) was added over 30 minutes maintaining the temperature at 55-60°C. The
resulting suspension was then allowed to cool to room temperature and stirred for 12
hours. The suspension was filtered, washed with acetone (2 X 600ml, 4ml/g), then dried
in a vacuum oven at 50°C for 12 hours to give the title compound as an off white solid

[159.2g, 48% (24% from p-Cresol)]. Achiral purity was 100% (no impurities detected)

RSN Y
=
[ § Ph
CH,

and chiral purity was 91.4% e.e.

Exampie 3
Synthesis of racemic tolterodine hydrochloride

e

Toluena:

iy

{i) Toluene/MeOH
20% PA{OH)Z/C (wet)
H,, diisopropylamine,
110 °C, 80psi

{ii} 37%HCI

Racemic {oiterodine HC!

Step A, Preparation of 3‘4-Dihvdro-6-methvl-4—phcny1—2H«benzonvran-2-oi

To a solution of p-cresol (25 g, 0.231 mol, 1 equiv), piperazine (11.94 g, 0.139 mol, 0.6
equiv) and toluene (250mi, 10 ml/ g) at reflux under Dean & Stark conditions was added
cinnamaldehyde (45.83 g, 44 ml, 0.347 mo}, 1.5 equiv) over a 2 hour period and reaction

mixture monitored by HPLC for the presence of p-cresol. Upon completion (2 to 3
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hours), the mixture was cooled to 80C and a solution of c.HCI (25 ml,

0.301 mol, 1.3 equiv) in water (100ml, 5 mug) was slowly added and
heated at 80-90C for at least 5 hours. The resulting solution was allowed

to cool to room temperature and the phases separated. The toluene
solution was washed with 1M HCI (125 ml, 5 ml/g), then water (3 5 X 125
ml). The resulting organic layer was takan into the reductive amination

step (Step B) as a crude mixture. Step B. Preparation of racemic
inltespdinadkiyaikacieioel cBodBo T uté shitivmnfum B2 whsladdenol, 1.3
e Ao e A eI IRUBR U8 I8r Lt 5

ture was rogenated over 20wt%
RO H IHE reselitts Gutituds tivoisdds mbwmﬁaﬁwawﬁm phases

| %Qg%?lrteES 1‘@!{;}3 %@%R&EN%&&%@%&&@ (E%Psa@mrﬂr/@gr@sg weasr (3

red ompletion usu ccurs between 16 and 2 g
Bt euldn ﬁ?@qmum ﬁfB&%}Fe‘WS"sWé%HéW mgj’éf’dfeﬂwﬁ‘%ﬁ‘é’ﬁ“ﬁ&é’ &y (Step
d waziedniatoluene (2 X 25 ml). The filtrate 15 was then azeotroped
with toluene to remove all methanol and diisopropylamine to end at a final
volume corresponding to I0mug cresol. The solution was then stirred at
50eFGC and 37duiaCoh 61 2cemik BIR3Gdmohyiddbiprider. f cresol) was
T S b S RS s N

was 'coole stlrre or h then flltered and
vﬁﬁs&;ﬂdwmmwuéhm(mﬁm:nnﬁ m@m%m@aﬁww@m drnesiglsd over

Was91ep ﬁg%ﬁci/@%{ ey @B HasS2opgaR%Ifremm °c under

cresol wi jiral purity o 97% The sgnthess of tolterodine L-tartr

BTN 1S RS BEREA P Tes HeR OO RN S BT SR TP C
1o pialbh GRS MOtk [BOlugNehy. ey &ohipkesample Imxturc was

cooled, purged with nitrogen, filtered and washed with toluene (2 X 25 ml). The filtrate

‘was then azeotroped with toluene to remove all methanol and diisopropylamine to end at

a final volume corresponding to 10ml/g cresol. The solution was then stirred at 50 60°C

and 37% HCl (19 3 mil, 0.231 mol, 1.0 equiv c.f cresol) was added resulting in the

precipitation of racemic tolterodine hydrochloride. The suspension was cooled to 25 °C
and stirred for 2h, then filtered and washed with toluene (2 X 50ml). Racemic tolterodine

hydrochloride was then dried under vacuum at 50°C. Yield was 52.7 g, 63% from p-

cresol with achiral purity of 97%.

The synthesis of tolterodine L-tartrate according to the methods of Examples 1-3 is

shown in Scheme 2 below.



p-Cresol trans-Cinnamaldehyde CH, CH, Example 2 Example 3
1.'"Pr2NH Hum 1'Pr2NH 20wt% Pd(OH),/C Hzml 2. L-Tartaric acid
2Uwt% Pd(OH),/C 2. HCIr ~Hs N ¢ 7Hix, CO2H 3'~ 1" H,c N CH, 113C
H OH HCI 1. NaOH/Na2CO3 H OH DCMIH,OHOH I/ (CO2H 2
e/MeOH Aceto WO 98129402 Example 5 CH, CH, Titeredlae L-tartrate
Example 4 Influence of amine catalyst & d solvent on yield of 3
4-Dihydro-6-methyl-4-Dhenyl-2H- 5 benzopvran-2-ol The reaction of
Example | was repeated, but §arying the gpine catalyst and the golvent.
The tempeggture used was apptoximately 100C or.the reflux temperature
solveht if lower (unlesgndicated
itions wege not used uRlgss, 10 ind
foIIo’\'/vm 15 "Amiine catal

{0G)

Exnmple 1

p-Cresol frans-Cinnamaldehyde

Example 2
i .
Example 3 1.PrNH
i Hﬂn)
1.1PrNH 20wi% PE{OH)/C
Hag 2. L.-Tartaric acid
20wt% PA{OH)/C .
2. HCt }

B, CH,
j\ L ; )N cH, COM

1. NaOH/Na,CO,

OH DCMH,0
' 2. L-Tantaric acid
Acetone/MeOH
WO 9829402
) Example §
% Tolterodine L-tarirate
Example 4

Influence of amine éatalvst and solveni on vield of 3.4-Dihvdro-6-methvl-4-phenvl-2Hn

5 benzopyran-2-ol

The reaction of Example 1 was repeated, but varying the amine catalyst and the solvent.
The tcmperéture used was approximately 100°C or the reflux temperature of any solvent
if lower (unless indicated otherwise). Dean-Stark conditions were not used unless

10 indicated (by *). The yields are shown in the following table.



(HPLC in-situ unless specified) R-(+)-a-methylbenzylamine None (neat
rxn) 13% (9% isolated) Ammonia None (neat rxn) 0%
(S)-(+)-2-amino-Il-propanol None (neat rxn) 0% Piperidinet None (neatrxn)
24% Diisopropylaminet None (neat rxn) 32% Pyrrolidinet DMF 0%,
Morpholinet None (neat rxn) 54% (48% isolated) prolinet None (neat rxn)
0% “MacMillans base't DCM 0% (2S,5%)-5-benzyl-2-tert-butyl-3
methylimidazolidin-4-one [0C to ambient temperature] Piperazine*t

Toluene 68% Piperazine*t n-butyl acetate 65% Piperazine*t t-amyl
alcohol 62%_Piperazinet dibutylether 61% Piperazinet-gioxanre—74%

PiseizetaEITSE 0% Tri-n-buhyiahvank Toluene 8% N-{ ww?‘;llr;lbor'r;hlgllne
W!th cat T_oI_ueng 12% plperg ine N- methyldlcyclohexylmTolumnetﬁ‘
iperazine Pyricine with oat plperasine Toluene 8% 16| 22 P

R-(+)-a-methylbenzylamine None (neat rxn) 13% (9% isolated)

Ammonia None (neat rxn} 0% |

(8)-(+)-2-amino-1-propanol None (neat rxn) 1 0%

Piperidine? . None (neat rxn) 24%

Diisopropylamine? None (neat rxn) 312%

Pyrrolidinet DMF 0% _

Morpholinet None (neat rxn) 54% (48%

isolated)

prolinet None (neat rxn) 0%

*MacMillans base’t DCM 0%

(28,58)-5-benzyl-2-tert-butyl-3-

methylimidazolidin-4-one |

[0°C to ambient températufe]

Piperazine*t Toluene: 68%

Piperazine*t n-butyl acetate 65%

Piperazine®t t-amyl alcohol 62%

Piperazinet dibutylethér 61%

Piperazinet dioxane 74%

Piperazinef THF 0%

Tri-n-butylamine Toluene 8%

N-methylmorpholine with cat | Toluene 1_2%

piperazine .

N-methyldicyclohexylamine Toluene 6%

with cat piperazine

N-Ethyldiisopropylamine ~ with | Toluene 5%

cat piperazine

Pyridine with cat piperazine Toluene 8%




Triethanolamine with cat Toluene 4% piperazine t-butyl(1S,4S)-(-)-2,5
Toluene 3% diazabicyclo[2.2.1]-heptane-2 carboxylatet (R)-I-Benzoyl-3-
Toluene 8% (5% isolated) methylpiperazinet Diethylaminet Toluene 45%

Aniline di-butylamine 4% cyclohexylamine DMAc 2%
.. secondary amine compound Example 55 1 4 Bis
(6-methyl-4-phenyl-chroman-2-yl)-pipeygzine H /O \~

t denotes

N O CH3 H) O Si+

| Toluene CH, The preparation of the title compound was carried out

of Exam DB fuegexCEPL fOT the omig
witly aq%oeomugl%md thtea(?, upon completion of the 1(Q

npigtmegiwas allowed to cool to ambient temperature re

son of a quench
reaction the
sulting in a brown

Eilfration of This SURNE&F0oN gave a brown
tuﬁéﬁnﬁgfi‘s e

providing conflrma[tlon of the structure. Melt

Ekmblwlpf?eééﬂaltﬁﬂﬁaﬁ?'a (2 Hydroxy-ethyl)-4-phenyl-
QbisMit H O H Toluene | \\

skid with 'H and
ng point: 241C.
chroman-2-ol 17 H

(R)-1-Benzoyl-3- Toluene 8% (5% isolated)
methylpiperazine?

Diethylamine? - | Toluene 45%

Anilinel di-butylamine 4%
cycloﬁexy!amine ' DMAc 2%

+ denotes secondary amine compound

Example 5
5 1,4—Bis—(6—methvi-4-phenv1~chroman—2-vl‘r-oinerazine

H C
@ % Tuiuene

CINES

The preparation of the title compound was carried out using the procedure of Example 1,

except for the omission of a quench with aqueous acid. Instead, upon completion of the

10 reaction the mixture was allowed to cool to ambient temperature resulting in a brown

: PR 13
suspension. Filtration of this suspension gave a brown solid with 'H and "C NMR

providing confirmation of the structure. Melting point: 241°C.

Examp' le 6
t5 Preparation of 6-(2-Hydroxy-ethyl)-4-phenyl-chroman-2-ol
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2. Hiwt OR OR To a solution of 4-hydroxyphenethyl alcohol (Tyrosol) (5.0
g, 36 mmol, | equiv), piperazine (1.87 g, 22 mmol, 0.6 equiv) and toluene
(50 ml) at reflux under N2 and Dean & Stark conditions was added
cinnamaldehyde (6.4 ml, 51 mmol, 1.4 equiv) and the 5 reaction mixture
maintained at heat for 17 h. The reaction was cooled to 80C and
guenched with aqueous HCI (0.7 molary 1.3 equiv) then stirred at heat for
18 h. The biphasic mixture was allowed to cool to ambient temperature,
separated, the organic phase washed with aqueous HC| and water and

the organicgphase congentrated to a bI m;resmue undef teduced
pressure. Elash chronfatography eluting wit -

afforded Ie compognd as the malmo@e:nasq uent o roximately
80% pure~ye#o 50% EtOAG,Heptang e
confirmed by 'H NMR and S (M+l=271). 18 rnative

methylpiparazine H3 OHO CN/OH NO H/+H T uene 2. H*A) OH5
on To a solution of 4-hydroxyphenethyl alcohol (Tysmsol) (25.0 g, 181

Pl SOHIE NagaeshyiniRIRAINg6a41 4T BrobA3 (0l 3€quinglahdequiv),
B AR S AT P RO D
& Stark conditions was added cinnamaldehyde (6.4 ml, 51 mmol 1.4 equiv) and the
reaction mixture maintained at heat for 17 h. The reaction was cooled to 80°C and
quenched with aqueous HCl (0.7 molar, 1.3 equiv) then stirred at heat for 18 h. The
biphasic mixture was allowed to cool to ambient temperature, separated, the organic
phase washed with aqueous HC] and water and the organic phase concentrated to 2 black
residue under reduced pressure. Flash chromatography eluting with 20% EtOAc/Heptane
afforded tﬁe title compound as the main constituent of an approximately 80% pure yellow

oil, Ry = 0.37 (50% EtOAc/Heptane) and structure confirmed by 'H NMR and LC-MS
(M+1=271).



10

15

20

10 over a period of 2 hours and the reaction mixture maintained at reflux
for 17 h. The reaction was cooled to 50C and quenched with aqueous
HCI (2M, 375mL, -4 equiv). The biphasic mixture was allowed to cool to
ambient temperature, diluted with ethyl acetate (250 mL) and the organic
phase separated. The organic phase was washed with aqueous HCI
(250mL), potassium bicarbonate (IM, Z80mL), dried over magnesium 15
sulphate and evaporated under reduced pressure to give a black oil
ehfgleslssumed to be quantitative). Example 8 Preparation of
-[3-(Diisopropvlamino)-1-phe hengl 2Qine  N-
%Jt r&ax g rQ %t$ : Q )ﬂ o ,?:r\]S}CI-ZI‘? V44
hethPifiiperaziCH, 2. cone HCI Ho Acetonitrile CH, CH,CH,OH HCI 19 A
mixture of 6-(2-hydroxy-ethyl)-4-phenyl-chroman-2-ol (Example 7, 30g,
111 mmol, | equiv), diisopropylamjne (33.7g, 333 mmol, 3 eq) and
palladium hydroxide on carbgn{%% wet catalyt (50% by weight is
wate#), 69, 0.4 equiv] in toluend (130 mL) was rogenated at 621 x 10;
=Teaction 5 mixture was

5
-
=

to,réom femperature antkfdtered throu and evaporated
rea'uced D . The resuifing oil acetonitrile
0 mL) and con ted hydrochloric actd (4 05. equiv) was

approximately 100 mL of acetonitrile, and th€ distilled solvent replaced
with fresh acetonitrile. The mixture was allosved to cool and 10 crystallise
overnight. The product was filtered and.washed with a small portion of

To a solution of 4-hydroxyphenethyl alcoho! (Tyrosol) (25.0 g, 181 mmol, 1 equiv),
N-methylpiperazine (54.4g g, 543 mmol, 3 equiv) and toluene (200 ml) at refh;x under N;
and Dean & Stark conditions was added cinnamaldehyde (35.9g mi, 272 inmol, 1.5 equiv)
over a period of 2 hours and the reaction mixture maintained at reflux for 17 h. The
reaction was cooled to 50°C and .quenched with aqueous HCI (2M, 375mL, ~4 equiv).
The biphasic mixture was allowed to cool to ambient temperature, diluted with ethyl
acetate (250 mL) and the organic phase separated. The organic phase was washed with |

agueous HCl (250mL), potassium bicarbonate (1M, 250mL), dried over magnesium

sulphate and evaporated under reduced pressure to give a black oil (50.0g, assumed to be
quantitative).
Example 8
Preparation  of _ 2-[3-(Diisopropylamino)-1-phenylpropyl}-4-(2-hydroxyethvliphenol
kydrochloride
OH 1. PrNH
Pd{OH),/C moist
O Toluene
Haggy 110°C
O O 2. cone HCI

Acetonitriie
CH,CH,0H ’
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acetonitrile and dried overnight in vacuo at 50 C to give the title

compounds as a white solid (26.7g, 68.1 mmol, 61%). Example 9 15
Preparation of213

(Diisopropylamino)-1-phenylpropvll-4-(2-hvdroxvethvl)phenol OH H,C CH,
N_aZCOB a/N}l~"/CH, HO NyCH, HO CH, CH3 HCI Aqueous sodium
bicarbonate (165 mL) was added to a mixture of the HCI salt (Example 8,
16.5¢g, 42.1 mmol, 1 equiv) in ethyl acetate (165 mL) and the mixture

s&i&fﬁﬂﬁ&rh d olfhmgllhya_rbgsphﬁf}@&wmf@%mtﬁad@mmtgan&ﬁg;hldslgnmoi 1
washed with wa d over.20

oM or NSO TR L By POy g s gt BYBISIBE o cproon
TOONRINING:aR5A \(EON byhyb@benatefa(mﬂ) 6Et AR, ehwioBip spligeecofip Sikndwas
%ﬁ@%&%ﬁgﬂiz’&%ﬂ?wlﬁ E%SF?;&H%&P ressure at 110 %C. The reaction

propylamino)-1-ph pOé 2- hydroxyethv phenol
(Simssherorgeispiorioacianearge 3of Gltersd thoppsh erpese] eng evaporated

HiGef GhiudeiPpMs&ald3 BioAGuRng I ekl aistolyad (ﬁHQtGIHﬁﬂe (200 mL) and
concentrated hydrochloric acid (11.6-mL, 1.05 equiv) was added. The mixture was
distilled at ambient pressure, removing approximately 100 mL of acetonitrile, and the
distilled solvent replaced with fresh acetonitrile. The mixture was allowed to cool and
crystallise overnight. The product was filtered and washed with a small portion of
acetonitrile and dried overnight in vacuo at 50 °C to give the title compounds as a white
solid (26.7g, 68.1 mmol, 61%). ‘

Example 9
Preparation of 2-[3-(Diisopropylamino)-1 -phenvipropyl]-4-(2-hydroxyethyi)phenol
LOH HC CH
! 3 Na,C0, {aq) HoH C
O \( EQAC O © \l/
N CcH,
HO _ Y ) o

(::-f3
<

Aqueous sodium bicarbonate (165 mL) was added to a mixture of the HC! salt (Example
8, 16.5g, 42.1 mmol, 1 equiv) in ethy! acetate (165 mL) and the mixture stirred for 1 hour.
The phases were separated and the organilc phase washed with water (195 mL), dried over
magnesium sulpbate and evaporated under reduced pressure to give the title compound as
an oil containing ~25% wt/wt ethyl acetate (14.6g total, 11.03g of title: compound, 31
mmol, 74%).

Example 10
Preparation of (R)-2-[3-(Diisopropylamino)-1-phenylpropyl]-4-(2-hydroxyethyliphenol

(S)-2-phenoxypropionic acid salt
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CH. Ho'c O\ (S)-2-Phenoxypropionic acid (3.40g, 20.5 mmol, | equiv) was
added to a solution of 2-[3- (diisopropylamino)-
I-phenylpropyl]-4-(2-hydroxyethyl)phenol (Example 9, 7.28g, 20.5 mmaol, |
equiv) in ethyl acetate. The mixture was heated at 80 C for 2 days, upon
which 5 the mixture was cooled to room temperature, filtered and washed
with ethyl acetate and dried in vacuo at5p C overnight to give the title
compound as a white solid (3.9g, 7.48 mmol, 37% vyield, 94% ee).
Enantiomeric excess was determined by copyerting the salt to the free
base with sodium 10 hydroxide and rljlhrmal phase chiral HPLC
wal,nPak 8-H ‘€6lurfin, €luting W|th hexane (89. 8%)

A (0.1%) ar T L/minu he fltle't
3 3 < 5 |n ou?%o
pending Internatlo al Patent Application NoP

correspondlng hloride $4lt to the title compound is di sclosed az/
Example 12 in W /43942. Example Il Synthesis of 3
4-dihydro-6-bromo4-phenyl-2H-benzopyran-2-ol 20 21 JiOH OH

H toluene O H + 2. H'(g) Br Br 4-Bromophenol (2.0g, 11.6mmmol) was
stirred with N-methylpiperazine (3.48g, 34.8mmol, 3eq) |n0£e @
15muUg) and heated at reflux under Dean & Stark 5 con it ACE

reflux was 'achieved, trans- cmammaldehyde (2.29, 17.: rﬁlnol f5eq) was

aRjenimasd opichiQnie(AddLi @0 WamopMplgie) t@easw@wa%m@@ﬁwz -[3-

nt%lsjc'}’groa};ylaminoy1-pheny!propyl}—4-(Z-hydroxyethyl)phenol (Example 9, 7.28g, 20.5
mmol, I equiv) in ethyl acetate. The mixture was heated at 80 °C for 2 days, upon which
the mixture was cooled to room temperature, filtered and washed with ethyl acetate and
dried in vacuo at 50 °C overnight to give the title compound as a white solid (3.9g, 7.48
mmol, 37% yield, 94% ee).

Enantiomeric excess was determined by converting the salt to the free base with sodium
hydroxide and running normal phase chiral HPLC chromatography (Chiral Pak AS-H
column, eluting with hexane (89.8%), IPA (10%), DEA (0.1%), TFA (0.1%) at 1
mL/minute).

The title compound could be useful as a starting material to produce Example 5 in our co-
~pending International Patent Application No PCT/IB07/000619. The corresponding
hydrochloride salt to the title compound is disclosed as Example 12 in WO 98/43942.

Example 11
Synthesis of 3.4-dihvdro-6-bromo-4-phenyl-2H-benzopyran-2-ol




. Feflrs umirr Sna sl reRiuiP By it SABIIG

reflux under Dean & Stark conditions was continued for 3 hours. The dark
solution was cooled to 25C and diluted with ethyl acetate (20ml, IOmUg)
and quenched with 2M HCI (30m1, 15mUg). The phases were separated
and the, upper organic layer was washed with 10 further 2M HCI (20ml,
10m1(g) and IM sodium hydrogen carbonate solution (20m1, 10mllg).
The organic phase was dried (MgSO4)}filtered and concentrated to give a
dark coloured oil (4.2g, 11.6mmol, assumed to be quantitative) Example
12 15 Synthesis of 2-F3 |
(Diisopropvlamino)-1-phenylpropyl1-4- ophenol hydrochloride salt 3 3
OH H3C N CH3 1. Ti(O'Pr)4, HN'Pr2, @ne OH HCI 2. N@tBH4, EtOH
3. B@l, EtOAC Brr Crude N

#Ived in toluege (Z(Jml, T0mllg) and tg_thisA
aisgpropoxidet.84m1, 3eq) @

). The reaction 20 mixture

over 15 minutes. Ethanol was charged dropwise over 15 Hinutes and

stirred at 0-5C for a further 2 hours. The reaction was quenched with

water (20m1), ethyl acetate (50m1) and concentrated ammonia solution
@Brohofhecuspegsidn mmubredamrsmgwcemé alNcneiby ipinssedng et 488,
(gM aratqjd %;Fﬂqe or ?mc ! ;W%am%%ﬁe With-waterRAMblearisshn & Stark

tere concéntrat ive the free base as a brow

Tniditicrs. cﬁbml\reﬂlum @mwcme%t@wmwaﬁW@R}?ﬂe (A2} Ling d%lée‘i)

RiseSACd ANt Rle G srRRRARAGnWIkIrBehish hieatatei{@xEQmTb) at

and the resulting solid was granulated in fresg f %ll\}\‘,?‘f%gtﬁ‘ l@g%gstgtg oﬁswas

b enddriad albeE wittanhyienstin MrAlhﬁhnﬁngteitmr@bndpmlnaM HC!

| V(\ga(l)?nll?Snﬂ}as n"?ge p?laaségl mg?ess;(e)ggrégédl‘ 2&1 éi%%pﬁ&@réag{gmw@%%)ashed with
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further 2M HCI (20ml, 10ml/g) and IM sodium hydrogen carbonate solution (20mli,
10ml/g). The organic phase was dried (MgSO,), filtered and concentrated to give a dark

coloured oil (4.2g, 11.6mmol, assumed to be quantitative)

Example 12 |
Synthesis of 2-[3«(Diisopropvlamino)-1-phenvipronvlI-4-bromoohenol hydrochloride salt
CR, CH,
OH H,C™ TN TCH,
1. Ti{QIPr),, HNIPr,,
0 toluene

2. NaBH,, EtOH

O O 3. HCI, EtOAc

Br

Y

Crude 3,4-dihydro-6-bromo-4-phenyl-2H-benzopyran-2-ol (Example 11, 2.0g, 6.55mmol)
was dissolved in toluene (20ml, 10ml/g) and to this solution was added titanium
tetraisopropoxide (5.84mi, 3eq) and diisopropylamine (1.0mi, 1.leg). T_he reaction
mixture was cooled to 0-5°C and sodium borohydride (0.75g, 3eq) was added portionwise
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The benzyloxy analogue of the title compound is disclosed as Example

1(e) in WO 94/11337. The title compound, once resolved, could also be
useful as a starting material in the production of Example 3 in our
co-pending International Patent Application No 15 PCT/IB07/000619.
Example 13 Synthesis of (2Hydroxv 4-phenyl-3
4-dihydro-2H-chromen-6-yl)methanol 22 N11 OH OH 0 CN)
N-methylpiperazine 0 + | 1)Toluene, reflux, 10h 2) Toluene, EtOAc, HCI

S washn il Binkatuene chigulcirGrystadiisatiminutes and stirred at 0-5°C for a

Hydroxym(n)thyl)Phanol transCi |
@W&Wi 3}} rﬁ%ﬂ cHOp iR )?éxencgﬁla rﬁé%%}%{ 6’1'@)“ eq[trk]xglngcetate (50ml) and
éoﬁbhtﬁfﬁﬂmmﬂqﬂbphﬂw@r(ﬁlﬁ@ﬁk@h@wwmyq; sesed thoyahipslite and the
'meth DSIRAINE 10 OR A2 Al AR AenE i dies @850

g en heate t -Ci Id h d
ﬁﬁmg cms@cp)twag gﬁ@ﬁb&of&@gbﬁ{??ssz Ifrf]t?'fa&n‘;’iraﬁﬂ H%E;gﬁ?grgh%%c‘% iyl

g&%ﬁé‘#ﬁ%ﬁnﬁglﬁﬂ Iherransian ling waswashesk wiid told anger v gizeotroped

nce the additi
sotifegy et@i)ﬂea%ag’eagl’és:ﬁ)g? r\g‘fa ﬁﬁfofeigég%t %%Iﬁgs?rﬂgfar?ggnegv%g esh ethyl
Qb%%akeotm{nu}ef&omgm v@hemeliod vapprakintetdly T8mBlionheathsdupathy gyl
e (RiceR LoSASmee il Pt FIRAG VA Ao bidone

PEfatE | ganlc phase was washed with HCI 2M 23 (46.4k
Abtdin iSRSV soTidd Iphigs 48%ispm epraraeBcnohd ethyl acetate (27 1kg,
30L, 12ml/g) was added to dilute the organic layer. The organlc phase
was washed with IM HCI (17.75kg, 17.75L 7.1mL/q), 5%
(e Shenzyhony)aangshatel Eﬂqéﬁ’i‘%‘)ﬂérh% ‘b‘ﬁ%t{g%eéi\ﬁ% R glttgm WO
2&9’% fale “?h%ﬁzétiﬁgdo&&hﬁml{ge wasvadldediatbe te asguhic layerfiag taterial
ixture was
istilled to a proxlmateIX“BL Addfltl'toe&aalu%or!ﬁeﬂﬁcm Application No

in the production of Exampie 3 in our ¢ pending
PCT/IB0G7/0006185.
Example 13
Synthesis of { 2~Hvdroxv-4-nhenvi-3.4-dihvdro-2H—chromcn—&vﬂmcthanoi
H : .
[ j ‘ . OH
N-methylpiperazing o

1) Toluene, reflux, 10h O O

2) Toluene, EtOAC, HCI 2M.wash
3} Toluene, EtOAc, Crystallisation o
H

4-(Hydroxymethyl)phenoi trans-Cinnamaidehyde
{2-Hydroxy-4-phenyl-3,4-
dlhydro-ZH—chromen-6~
yhmethanol

4-(Hydroxymethyl)phenol (2.515kg, 20.26mol, leq) was stirred with N-methylpiperazine
(5.06kg, 50.52mol, 2.5¢q) in toluene (17.74kg, 20.5L, 8.15mL/g) and then heated to
reflux. trans-Cinnamaldehyde (3.35kg, 25.35mol, 1.253q) was then added over 2 hours
maintaining the reaction mixture at reflux. The transfer line was washed with toluene
(0.9Kg, 0.35ml/g). Once the addition was complete the reaction mixture continued to be
heated at reflux for 19h. Then some toluene was distilled off, reducing the volume to
approximately '18.5L. The mixture was then allowed to cool to room temperature and

EtOAc was added (13.5Kg 15L, 6mL/g). The organic phase was washed with HCl 2M
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(7kg) was charged followed by ethyl acetate (3.9L). The mixture was
heated to reflux then cooled to 22C at 1C/minute, then stirred for 20hrs.
The suspension was cooled to 2C and granulated for 2hrs. The slurry
was filtered and the cake was washed with cold toluene (2x4.3Kg, 5L).
The resulting pale tan solid was dried in vacuum for 68h at 40C, 10 to
provide 2.76Kg of product 23
(2-hydroxy-4-phenyl-3,4-dihydro-2H-chromen-6- yl)methanol (53.4% yleld
i a6 Als 8. fmie) talhswihasesvisrp ReRaTE e 33d rAbXisfsae (Rike, 3

39&%@;@9@&3&4@@0 & R @ng&ﬁ@ ﬁ@&om%ré&ié)pﬂa%ﬁslﬁ)e@ﬁbdzﬁﬁh M

2.15-2.35 25-3.35 IH), 4.1
HOO Uk 18, Joraldad e e (L e e I s bater 5L,

goggggﬁﬂmpmwgaemga}a@cﬁana BBuen, (&smg,) 761753 (ol/ & 8:2HaddddHi the

Xam

SR RN B BT e LSS SPpimaety, 0 Addifonal toluene

me@ Hyasl hi(ERa A0BwhIDRpiRy ESGRTLAR)10b6 wmtmwéwmb@ ZOfRx
91%1?0 é sgyg rIQéYrrﬂnBQeméln%ﬁre%' Bz (BiRe) pfﬂ@ﬂ%gm‘)n]was cooled to

romen-8- phenylpropyll-4- yl)methanoi .
@Wg&mg@p}%ﬁgn@rsgﬁhe slurry was filtered and the cake was washed with cold

gaggmg g@&xfx@hmylr%éf&mmgqﬁmhgmwa@ baeihanalhEsaoshle: 48°C,
g,

24 mol. 1.0 tirred th omL/
GBI FIarh G 565 0 B PSP T OGSl tpanen-6-
RSN S5 appingdmiieh \Hﬂﬁ%iﬂﬂh@f(ﬂiﬂ%@ﬂ&&iﬂpﬂb&ﬂmwdﬁﬁcatmn

P 4 te, <.
T T e S T
(255 S sy, T 516 s e o 34D, BAGR (R 35
PYE WASPYRgSnaRdkaik 1o PR (4336 503N HRor idARAY) 68663 (m,

1H), 6.75 (d J=8.2Hz, 1H), 6.98-7.40 (m, 6H).

Example 14
Synthesis of 2-13-( Diisépmpvlamino)- 1-phenylpropyil-4-(hydroxymethyl}phenol

OH 1) MeOH, HN('Pr); 40°C th ' /LN/I\

O 2) Pd ESCAT 142 10% wiw
#H, 115psi 40°C 20h . OH
HO
. HO
{2-Hydroxy-4- phany! -3,4- . 2;53"(2"509“6‘2“3'“'"")‘1’
phenylpropyl]-4-
g:rrzg:g;i!;;chromen -6- .  {hydroxymethyi)phenol

(2-Hydroxy-4-phenyl-3,4-dihydro-2 H-chromen-6-yl}methanol (Example 13, 830 g, 3.24
mol, 1.0 eq) was stirred in methanol (4150 mL, 5.0mL/g). Diisopropylamine (1362 mL,
9.72 mol, 3.0 eq) was then added over 15 minutes via dropping funnel. The resulting

solution was then stirred for one hour under nitrogen.

The catalyst Pd-ESCAT 142 [(5%Pd/C paste, ca. 50% water wet) 83g, 10% w/w] was
added as a slurry in methanol (2075 mL, 2.5 mL/g). The system was purged with
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temperature of 40C for 20 hours. The mixture was purged with nitrogen
and filtered over ArbocelTM (filter aid). The 5 residue pad was washed
with methanol (2x1660 mL, 2x2.0 mL/g). Due to equipment limitations, the
above procedure was performed two further times on 830 and 840 g
scale. 10 The three filtrates and their respective pad-washes were
then'combined to produce a single softkion equivalent to a single 2.50 Kg
scale reaction. The total volume was noted to act as the Lnitia_lztz%rgeﬁ ata
e ,

. vl jhthettioloininrg diatiladiocrsdatiure BRI Spyia

4.0 mia). and amybalgghe! (10000 mL, 4.0 mL/g) were added to the
reaction mixture. A vacuum distillation (100 mbar vacuum set) 15 was

then performed to distil down to the target volume previously noted. .
RS QRIARYIaRiNSuRRO Qv nik:Bgeal dg) aficktedroybaldobmie(TOEODemaidy. (Fhe
mL/g) were added to tfﬁe reacti ixture - Ay Y istillation (100
FrtdeRAC AR, STyt Y ﬁéeﬁ%ﬁ%@f%%égdtg%?szﬁ? 3};}\}% ' the target volume
previously noted. Diisopropylamine (2500 mL, 1.0 mL/g) and t-amyl

Icohol (10000, mL.4,0 MLQ) ,zQ weis afded 10 JdRAG aRomixikgetres on
@élgﬁﬁr% ﬁgﬁfgﬁr’({)}rrfi ttfggnrsﬁl-éggr E\i/gacuug}[rn set) was then performed to distil
datumddB4he wwadet volume previously noted. t-Amyl alcohol (12500 mL,
5.0 mL/g) was added to the reaction mixture. A vacuum distillation (100
mbar vacuum set) was then performed to gistil down to.a V%%]H%Ofgmducc a

The abrenfilates Andy s JRACEIIBRITI 2B Hify ) KSR e FeRttion
IR LA MRS Ll I atipal¢ 20D M acalacenerivse fheasitheriyses feprnaied
to distil down to a volume of,125 L. t- OmL, 5.0
Fﬁ@ﬁéféﬁﬁé&‘%ltﬁégf’éé% 5K Hi %%%mg’aﬁﬁe‘%}if*??g%%%ﬁﬁg 25L. 30 The
t-aray| Bleapedoiion @b00unle, pibohlidy) and ¢-amyl alcobol (10000 mL, 4.0 mL/g)
2-[3-(diisopr mino)-l-phenylpronyll-4- r P0SARI WaS: t
used in“{[‘f{g#gg@ e%} ?N)rﬁﬁgtn%nfglrﬁw%?bér?f?égg‘gn&.%%gl%%%gnalysis ' wm se0)

(area/aves)tenpnde98d3ossd davn Wit @E%Vﬁé}mﬁ&?ﬁg{%ﬂ%ﬁj other

25 im%{iistb 5.AL thittde 200 001 QAN alive- bk GBI ed E/e)

crude solution” tontained 29509 product (89% yjeld). .
were added to the reaction n%xpture. A vgcuur%)éistﬂ}atmn (100 mbar vacuum set)

was then performed to distil down to the target volume previously noted.

¢ Diisopropylamine (2500 mL, 1.0 mL/g) and ¢-amyl alcobol (10000 mL, 4.0 mL/g)
were added to the reaction mixture. A vacuum distilfation (100 mbar vacuum set)
was then performed to distil down to the target volume previously noted.

e t-Amyl alcohol (12500 mL, 5.0 mL/g) was added to the reaction mixture. A
vacuurn distillation (100 mbar vacuum set) was then performed to distil down to a
volume of 12500 mL.

e {-Amyl alcohol (12500 mL, 5.0 mL/g) added to the reaction mixture. A vacuum
distillation (100 mbar vacuum set) was then performed to distil down to a volume

of 12500 mL. t-Amy! alcohol (12500 mL, 5.0 mL/g) added to the reaction mixture

to give a final volume of 25L.

The t-amyl alcohol solution of crude product 2-[3-(diisopropylamino)- 1 -phenylpropyl]-4-
(hydroxymethyl)phenol was used in the next step with no further purification. HPLC
analysis (area/area) showed 93.3% product, plus: 4.2% starting material, and other
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Example 15 5 Synthesis of (R)-2-f3=(Diisopropvlamino)-I- hp
envipropyll-4-(hydroxvmethyl)phenol (R)- acetoxy henyl)acetate ~~ o
(-(-)-Acetoxy(c ienyl)acetic add O.~OH ~ N OH tamyloH | OH . 70c, then
r.t. HO HO 2.(3(Dilsopmpylamino)-1-

{dilsopropylamino)-7-phenylpropyll4- phenylpropYQ.4-

(hydroxynxthyl)phenol (R)acetoxy(phenyBacetate (hydroxymethyfphenol
t-Amyl alcohol (19.2L) was added to the previous solution of

JUPpNEifig® Bropftarid ) 406 pResyimisy IR thgdrbsimiedisatrsheoiridersolution
Exaeaniai 14308 bramudt aloshaki@sL, 10 containing 2.95kg, 8.64mol, leq)

to give a total volume of 44.2L. This solution was heated to 70C. In a
separate pot, a solution of (R)-(-)-acetoxy(phenyl)acetic acid (0.839kg,
4E33mgid 10.5eq) in t -amyl alcohol (14.8L) was prepared at 50C then

C§I _ 0 q* rature qne Illthﬁ acldrhacl _JS o&ed Thf'}? Isolutlo? 2

Btdniiqranybyiat ;:' 0)-1-phenylpropyl]-4-(hydroxymethyl)phenol in t-amyl
15 alcohol over one hour. The resul@%jg&tlon was then seeded with

produc (O. 3kg, Iwt%, prepared p _{E)&j‘:lﬂ;har method but on a
smallet Sgate)khealyinwas.cerled 1@ ours and then to
25Gevef another 3 howkendrhe mixture w &pme’d at 25C for an

hours. THE Siify was filtered ke was twice

th t-amyl alcohol (2x29.5L, 2x L/g d de-liquored well.
The! white 20 solid was dried under reduced ressure at 40C for 12hours
to 0 (R)-2-[3-
(chi® 2%%%25%?%3 1-phenylpropyl]-4- éﬁymm%}fmﬁﬁﬁém
(R‘S ac ﬂ?(ﬁ‘ﬁ’@hyl)acetate (37.8% vyield, corrected for 14.3%w/w t-amy!
didohy aleldrthido) vpd @ik ratirsis)yvioils 96lutiee df\2 {Ri(alikbptopylamino)-1-
HRL{yIRGIOL (@5 &0 LRBII PSSt O EHRIR NS S 281 alcohol (251,

containing 2.95kg, 8.64mol, leq) to give a total volume of 44.2L. This solution was -

heated to 70°C. In a separate pot, a solution of'(Rj—(—)«acetpxy(phenyl)acctic acid
(0.839%g, 4.32mol, 0.5eq) in t-amyl alcohol (14.8L) was prepared at 50°C then cooled to
room temperature once all the acid had dissolved. This solution was then added to the
solution of 2-[3-(diiéopropyiamihq)-‘l»phenylpmpyl]-4-_(hydroxymethyl)phenol in z-amyl
alcohol over one hour. The resulting solution was then seeded with product {0.03kg,
1wt%, prepared previously by a similar method but on a smaller scale). The slurry w;as
cooled to 60°C over 2 hours and then to 25°C over another 3 hours. The mixture was
stirred at 25°C for .an additional 12 hours. Thé slurry was filtered and the cake was twice
re-slurried with f-amyl alcohol (2x29.5L, 2x10mL/g) and de-liquored well. The white
solid was dried under reduced pressure at 40°C for 12hours to provide 2.04kg (R)-2-[3-
(diisopropylamino)- 1-phenylpropy1]-4-(thydroxymethyl)phenol
“(R)-acetoxy(phenyl)acetate (37.8% yield, corrected for 14.3%w/w t-amyl alcohol
(determined by LOD analysis) with 99% ee by chiral HPLC.

‘HPLC method for ee monitoring:

Column: Chiralpak AS-H
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Flow rate: Iml/min Mobile Phase: Heptane 92.5/ Ethanol 7.5/ Diethylamine
0.12/ Trifluoroacetic acid 0.18 Temperature: 35C Detection: 220nm 5
Retention times:
(R)-2-[3-(diisopropylamino)-1-phenylpropyl]-4-(hydroxymethyl)phenol
15min (S)-2-[3-(di isopropylamino)- |
-phenylpropyl]-4-(hydroxymethyl)phenot48.4min Example 16 10
Synthesis of
(Rip®-48¢(Diiddpropylamino)-1-phenylpropyl]-4-(hydroxvmethyl)phenol OH
CRXQo%QaQHH é%%@%%"ﬂﬁt&a%%?%}%?e ﬁalﬁﬁlé‘@%/%u&%{:%ﬂ@ acid 0.18
rystalization HO HO (R)-2)3{Dilsopropylamin
( UREamEsdPropylamino)- phenylpropyll-4- 1-phenylpropyg-4. :
(bpea@ametndhphenol (hydroxymethyl)phenol (R)acetoxy(phenyl)acetate
(R) -2- 3A(d||sopropylam|no) -1-phenylpropyl]-4-(hydroxymethyl)phenol
Ry henyl)acetate (Example 15,.1.75 kg, 3.27 mot, leq) was
swmep4@&@&@&1@14&&&)kgphwmwwtandwﬁmedmﬁ&@n& 1@t%naq

e T

mlnutes The two solution phases were separated at 50 C. The organic

Fﬁﬁ_&%_ﬁfgi@_@ﬁ washed with purified water (1.75 kg, | mL/g) at 50 C. The
phases were separated at 50 C and the toluene volume reduced to 3 mL/g
ll & LTH [P * .'.

t ergture to 6 and then 20 coollng to 40 C orﬁE ﬂ\mlns The batch
v@ﬁheki t 40 0 mins and then seeded- us

(R)-243- ||S@pr0|dylam|no) I-phenylpropyl]-4- (hyxﬂcrofymethyl)phenol (0.01

kg, prepar ly using.aisiRitaaeEmgtho ller scale). The
batch Was te toluene 50°C,
toluene crystalization ‘

HO HO
{R)-2-43-(Diisopropylaminoj-1- {R)-2{3-{Ditsopropyiamino)-
phenylpropyij-4- 1-phenylpropyi}-4-
(hydroxymethyliphenol {hydroxymethyljphenol

(R)-acetoxy(phenyljacetate
(R)-2-{3-(diisopropylamino)-1-phenylpropyl]-4-(hydroxymethyl)phenol
(R)-acetoxy(phenyl)acetate (Example 15, 1.75 kg, 3.27 mol, leq) was slurried in toluene
(15.2 kg, 10 mL/g) and warmed to 50°°C. A 10% aq. solution of KzCO3 (1.75 kg K,CO;
dissolved in 17.5 L purified water, 10 mL/g) was charged. The mixture was stirred
vigorously at 50 °C for 30 minutes. The two solution phases were separated at 50 °C.
The organic phase was washed with purified water (1.75 kg, 1 mL/g) at 50 °C. The
phases were separated at 50 °C and the toluene volume reduced to 3 ml/g (5.5 L) by
distillation. Crystallization was performed by reducing the temperature to 62 °C and then
cooling to 40 °C over 40 mins. The batch was held at 40 °C for 30 mins and then seeded
using {R)-2-{3-(diisopropylamino)-1-phenylpropyl]-4-(hydroxymethyl)phenol (0.01 kg,
prepared previously using a similar method on a smaller scale). The batch was agitated
for a further 1 hour at 40 °C and then cooled to 20 °C over 3.5 hours. The batch was
granulated at 20 °C for 10 hours. The slurry was then cooled to 2 °C over | hour and
granulated at 2 °C for 1 hour (see temperature profile below). The suspension was filtered
and the cake washed with cold toluene (1.5 kg, | mL/g). The damp product (0.933 kg, dry
estimated by % LOD analysis) was a white crystailine solid.
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for a further 1 hour at 40 C and then cooled to 20 C over 3.5 hours. The
batch was granulated at 20 C for 10 hours. The slurry was then cooled to
2 C over | hour and 25 granulated at 2 C for | hour (see temperature
profile below). The suspension was filtered and the cake washed with
cold toluene (1.5 kg, | mL/g). The damp product (0.933 kg, dry estimated
by % LOD analysis) was a white crystalfine solid. 27 A toluene re-slurry
was then performed. Toluene (2.42 kg, 2.6 mL/g (based on dry estimate)
£0RIgeht0 r3-Fuaphdamipppediociets Thiaeged 2fdl kgt db(s (bried P8
mins. The suspensijon was filtered and th }Q@%] ' his.
f(%??@%@),)f%’]ﬁﬁ_g& %(;@évog ok §/°g?§%?rrv¥§%er)%§ headamp%gf(ﬁlj%?te\%{gﬂﬁed
ThycsRBiAbWAdLdilttetd (RY-2hE cake washed with cold toluene (1.6 kg, 1.5 mL/g
-(diisopropylaming)- 5 thy phsrd (0 yidikor)-2-
e ey s
o Gkoptapyaeing)chEbmH ey T Y B6y DB ek hTA 58 20 o) in
%ﬁﬁ}ggﬁ@@nagfa_(%}ﬁe isplalivric agiel 2HBLC indicates > 99.6% purity, and chiral
lisopropylarnino)-1-phenylpronvll-4- (hydroxymethyl)phen ly ester Cl t)
BRLC @diqatess € Rf2C12 CH20H CH20H The title compound is
prepared from the compound of Example 16 using the method of US
Patent 6,858,650 (see section 5, column 16). Alternatively, this reaction
g%ﬁ%@%gperformed without the addition of an external acid-intercepting
pasarasee WS A&berd-BRESBE0 29 18RIy ] heoylgropyl

Pre&;r%)r(ayn% +idgpbutvric acid 2 (3
égﬁsup%pvqia% o;!-i-péenylpropvl)-4- 20 (hydroxvmethyl)phenvl ester
hydrogenifumdrate 1 ~~ %3 |/ CH3 0 H3C N CHI HOiG~~CQiH O H3C
JN CH3/1\ 1 cl /I]\ j\
N 0 N
) T ONE \[)Lo /'
CH,Cl, '

CH,OH : CH,OH

AT

OH

The title compound is prepared from the compound of Example 16 using the method of
US Patent 6,858,650 (see section 5, column: 16). Alternatively, this reaction can be

performed without the addition of an external acid-intercepting base — see US Patent

6,858,650 column 10 lines 32-40.

Example 18
Preparation of _(R)-(+)-Isobutyric  acid 2~{3-(diisopronvlamino)-i—phenv!nronvli-tt-

(hvdroxymethyl)phenyl ester hydrogen fumarate
/L HO.C\ 2~ o 1 j\
Q HCT TN TCH, co, O He N e,

2-butanone € o )
cycichexane : HOZC\/\CO "

H 2
TUC

CH,OH
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H,C 11"O J 2-butanone H'CO / HOC / cyciohexane 2 ~CO2H CHZ\ "\
CHo CH20H CH20H 28 The title compound is prepared from the
compound of Example 17 using the method of US Patent 6,858,650 (see
section 6, column 16). Example 19 5 Synthesis of
f2-(4-Methypiperazin-1-yll-4-phenyl-2H-chroman-6-yll-methanol 11 ci OH
O N 1 (NN) N-me4dhylpiperazine \ | O Talaiene, reflux, 10h HO /
4.(Hydroxymethyl)phenol transCinnamaldehyde HO [2
(4EMeetittytpaoeramid it yidpdrph doyl-ts baipyded 3HERAfgREIT Gylign@taBdlod of
tr ' e (66.59,0.66mo1..1.25eq) was diluted with toluene
(1%%%%%%%22@65 éer? ﬁfﬁy&%&%@ﬂﬁyl)phenol), and was washed
twice with a saturated solution of. sodium hydrogen carbonate (2xI00mL)
a@jﬁﬁﬁg with water (100mL). This toluene 10 solution of cinnamaldehyde
was then added over 2 hours to a miture o{ 4- (hydroxymethyl)phenol

Ies) VLYY Ay EA D) A%y h [ TARIO TR YA 888N
PR

toluene (350mL, 7m /g) heated to reflux under Dean-Stark condlitions.
Once the addition was complete the reagtion mixture con.tinLﬁH o be
heated at reflux under Dean- Stark conglitfons for 10n. The m e was
perature and a Meelrﬁfm:as:e\ﬁp%r ed to
ressure for analytical purpgses. Thejdark oil
contains Ud_e . Toluene, reflux, 1Ci ) O O
[2-(4- ylpiperazin-1-yl henyl-2H-chroman-6- Tmeth ROl (M

O HRSIRIRANARETS) ARCIMRMLILRSde HO

[2 {4-Methylpiperazin-i-yl}-4-phenyl.
3.4-dihydro-2H-chromen-6-yljmethanol

then coolo*?:l, to room t
drynes er reduce

- trans-Cinnamaldehyde (66.5g, 0.66mol, 1.25eq) was diluted with toluene (100mL, 2mL/g

based on 4-(hydroxymethyl)phenol), and was washed twice with a saturated solution of .
sodium hydrogen carbonate (2x100mL) and once with wafer (100mL). This toluene
solution of cinnamaldehyde was then added over 2 hours to a mixture of 4-
(hydroxymethyl)phenol (50g, 0.40mol, leq) and N-methylpiperazine (113mL, 1.0mol,
-2.56(}) in toluene (350mL, 7mL/g) heated to reflux under Dean-Stark conditions. Once the
addition was complete the reaction _rnixmre continued to be heated at reflux under Dean-
Stark conditions for 10h. The mixture was then cooled to room temperature and‘a sample
was evaporated to dryness under reduced pressure for analytical purposes. The dark oil
contains crude [2-(4-methylpiperazin-1-y1)-4-phenyl-2H-chroman-6-yi]methanol

(mixture of diastereoisomers) and impurities.

EI-GC-MS (Agilent), column: ZB-SHT, Temperature program: 50°C (0.5min), 20°C/min
to 320°C (2min) obtained: RT=24.4min, MW: 338. '

'H NMR (DMSO) (crude mixture) 300mHz & (ppm): 7.40-7.00 (28H, m); 6.89 (1H, d,
J=2.0 Hz); 6.81 (1H, d, J=8.3 Hz); 6.75 (1H, d, J=8.2 Hz); 6.54 (1H, d, J=1.0 Hz); 4.87
(lH,‘ d, J=10.2 Hz); 4.45 (1H, d, J=10.0 Hz); 4.40-4.20 (3H, m); 4.36 (2H, s); 4.23 (1.8H,
s); 2.86 (4H, m); 2.80-2.50 (14H, m); 2.50-2.00 (50H, ni) inchuding 2.31 (s); 2.17 (s);
2.14 (s); 2.11 (5).



EI-GC-MS (Agilent), column: ZB-5HT, Temperature program: 50C
(0.5min), 20C/min 20 to 320C (2min) obtained: RT=24.4min, MW: 338. IH
NMR (DMSO) (crude mixture) 300mHz S (ppm): 7.40-7.00 (28H, m); 6.89
(IH, d, J=2.0 Hz); 6.81 (1H, d, J=8.3 Hz); 6.75 (1H, d, J=8.2 Hz); 6.54
(1H, d, J=1.0 Hz); 4.87 (IH, d, J=10.2 HZz); 4.45 (IH, d, J=10.0 Hz);
4.40-4.20 (3H, m); 4.36 (2H, s); 4.23 (128H, 25 s); 2.86 (4H, m); 2.80-2.50
(14H, m); 2.50-2.00 (50H, m) including 2.31 (s); 2.17 (s); 2.14 (s); 2.11
(Fhe39nibbasfihesindhicopterpditerydeogenrdinp acate ashodingf foxtmaples
Tﬂ% dshof Exa g]&l ﬁéS is shown in Scheme 3 below. CH, CN\J OH
NH SRS Y Pd/C, H2 H MeOH + "ZZ Example 13 //
Example 14 CH20H / CH, OI-F'CHI Jam'i~OH ,, off= 80 H,CNCH, OO

H,C N CH, 1 OH OH Exam 5 CH, OHOtEHloH 'CEERICH, CH,
K2@®3 H,CN CHI CI 0 H3 H, OH, 2. PUIC, H,
MeOH
Example 13 Exampie 14
CHOH

CH,OH

/ﬁ, CH, szlou
6.0

ST

uc” - N7 TcH,

e

OH
Exarmple 15
CH,0H 7
[+
K,CO, CH, W/Lk 0 HC
Toluene
Example 16 CH.Cl,
Exampie 17

HOC
0, \,//\COZH jis ji:
B e

2-butanone H.C
cyclohexane

Example 18
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Toluene NEt3 Example 16 CH2CI2 Example 17 CH20H CH20H HOC /'
CO02H ~,, O0H,C N CH, 2-butanone HC cyclohexane O HO2C~~C02H
Example 18 CH, CH,OH 30 Claims: I . A process for the production of a
compound of formula (1), OH O (1) Y 5 wherein Y is selected from CH3
CH20H, CH2CH20H, CH2Br and Br;_comprising the steps of-.(i) reactinb
_acompound of formula (1), ox / till Y3fherein 10 OX is hydroxy or O-M'
in which M+ is a cation selected from Li', Na+ and K4, and Y is as define’d

- @hwe; with trans-cinnamaldehyde (lI1), 0 H (lll) iin the presence of a

secondary amine compound; then

i. A process for the production of a compound of formula (I},
- OH
o
M
Y

wherein Y is selected from CHj, CH,O0H, CH,CH,OH, CH,Br and Br;
comprising the steps of:"
{i) reacting a compound of formula (II),

-OX

an

wherein
OX is hydroxy or O'M”, in which M is a cation selected from Li*, Na" and K', and
Y is as defined above;

with trans-cinnamaldehyde (I1I),

N

;
in the presence of a secondary amine compound; then

(i)  treating the product of the preceding step with acid to afford the compound of

formula (I).

2. The process as claimed in claim 1, wherein OX is hydroxy. |

3. The process as ctaimed in claim 1 ot claim 2, wherein Y is CH; or CH,OH.

4. The process as claimed in ahy one of claims 1 to 3, wherein the secondary amine

compound is achiral.

5. The process as claimed in any one of claims 1 to 4, wherein the secondary amine
compound contains two secondary amine groups.

6. The process as claimed in any one of claims 1 to 5, wherein the secondary amine

compound is piperazine.
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/15 (ii) treating the product of the preceding step with acid to afford the

compound of formula (). 2. The process as claimed in claim 1, wherein
OX is hydroxy. 3. The process as claimed in claim | or claim 2, wherein Y
is CH3 or CH20H. 4. The process as claimed in any one of claims 1 to 3,
wherein the secondary amine 20 compound is achiral. 5. The process as
claimed in any one of claims | to 4, whérein the secondary amine
compound contains two secondary amine groups. 6. The process as

dlaimedhin pragesmes sladtatenis £l Whelaéin Gheyheeisrdiary il equivalents
89{9@9&3{#&?%@@&%@&,%@ mdqrgpggﬁgiﬁs claimed in claim 5 or claim
mdaty ;

6, wherein 0.5-1.25 mole equivalents of the secondary amine comgound .
8re usTBARORSES (P HamIRd B aeeeul elaiel i Ay PErRAP R AERAR Y P
whisssindhensaas oAaky-enaire a6ABRAPd contains one secondary amine
roup. 5 9. The process, as claimed in any gne of claj , 2, 3.4 and 8
hereiﬁhﬁ]@r%‘?g%)ﬁaa%?*%qn@ & 88t r?g/ 5 arﬁ%srphc%@ gibu ylg’m%ggl:em the
dibendylaminae 1 cba@utdtramethplglianiditeytsietivanviepzylamine, 1,1,3,3-
lisopropylamine. pipgrid an N- kybpipefazingne10:The n(C..
g‘%%%@%%%ﬁu _c?llg%%ﬂee(’j ir‘?1 éﬁwﬁﬁ%hﬁéﬁl{ﬁ%@e&naaﬁﬁamir?g cglr:npound i(s e
rikyldpineePdgiperazine. | | . The process as claimed in any one of claims
§d0 10rypErin:lse (RBIR LAUMAEDISIREREIBE SanpayaIRine earppeunt N-
are used in step (i). 12. The process as claimed in any one of the
FretExtRg aRifns, wherein the acid used in step (ii) is aqueous

‘hydrocinigrigaeid ad 2ldidei eapyaness asialained nelnyedné-dHhible equivalents

precedinét); ﬁlaims,.V\éh%reint}Qf re%(S;éi {:]xgtf sr¢§p (i) is carried out in an
8@5%?8° OfEN LRI AR %ﬁuene, xy?g , N-butyl acetate, t-amyl
alzoholldigraceesasciditnatyinetine png 4 Teepaedins Aainfainisesin Sraneid used
11%59%" [gf@%h%&%'ﬁ%@oﬁmf&%%%: 15. The_ process as claimed in any one

of the preceding claims, wherein the reaction of ) , .

13 The process as claimed in any one of the preceding claims, wherein the reaction of
step (i) is carried out in an organic solvent selected from toluene, xylene, N-butyl acetate,
t-amyl alcohol, dioxane and dibutyl ether.

14.  The process as claimed in claim 13, wherein the solvent is toluene.

15.  The prdcess as claimed in any one of the preceding claims, wherein the reaction of
step (i) is carried out at a temperature in the range 80°C to the reflux temperature of the
solvent.

16,  The process as claimed in any one of the preceding claims, wherein the reaction of
step (i) is carried out under conditions that remove water from the reaction system.

17.  The process as claimed in any one of the preceding claims, wherein the reaction of

step (i) is carried out at or around ambient pressure.

18. A process for the production ofa compound of formula (IV),

(iv)
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20 step (i) is carried out at a temperature in the range 80C to the reflux
temperature of the solvent. 16. The process as claimed in any one of the
preceding claims, wherein the reaction of step (i) is carried out under
conditions that remove water from the reaction system. 17. The process
as claimed in any one of the preceding claims, wherein the reaction of 25
step (i) is carried out at or around ambi@at pressure. 18. A process for the
production of a compound of formula (1), OH CHI \ N~CH3 H3CCH3 Y
~heB3n Whese e fihisl ascdisfimbdin silietobrearspiistngreof, comprising: (a)
%gducg@gqgc%) ’?9&%@&%5%9‘&%@% Efﬁ ‘lgfl{k?ﬁllé_ﬂ ﬁ!a&giﬂv P,Sﬂggléhtﬁe process
procesS claimed in any one of the preceding claims; then (b) reductively
simad iy aneose pisbt A EHaglaias hRith diisopropylamine; 5 (c) and

vihiere desierbRONVEHInG thechRsidtngcsennalang wis disalirobYiahlite;

process as claimed in_claim 18, wherein, Y is CH3 oy CH20H. 20. The
BFdcesEESERImISHITRT CRIKTHBE (R ETHITNE OBRPI iR Bbund of

fosmularHd de-teeatedimithih dathatig, adiddin dep E), arcHgidrodine

-fartrate is produced. 21. rocess, for. the produgtion of fesaterodi

0 11 R e S T MR DS B SEaIRs Btuiouts
gtepptabiedalttieteciriwhtohicorplidesd @) pratneintprretsrinisodis ek
formulay(3. A8 ARG AR RLIRAAIRD, ¥ 15 CH2OH, using the
process oOf claim 18; CH. CH

3 3

QO HC N CH,

CH,OH

or a pharmaceutically acceptable salt thereof, which comprises:

(a) producing a compound of formula (IV), as defined in claim 18, in which Y is
CH,OH, using the process of claim 18;

(b)  resolving the product of step (a) to obtain the (R)-enantiomer;

(c)  acylating the phenolic hydroxy group of the product of step (b) to produce the
corresponding isobutyric acid ester;

(d) and where desired or necessary, converting the resulting compound into a
pharmaceutically acceptable salt. o |

22.  The process as claimed in claim 21, wherein the secondary amine compound used
to produce the compound of formula I is N-methylpiperazine.

23. A compound of formula (V), ‘

A
N N

p—

s O

or a salt thereof, wherein Y is as defined in claim 1.

44



(b) resolving the product of step (a) to obtain the (R)-enantiomer; 15 (c)
acylating the phenolic hydroxy group of the product of step (b) to produce
the corresponding isobutyric acid ester; (d) and where desired or
necessary, converting the resulting compound into a pharmaceutically
acceptable salt. 22. The process as claimed in claim 21, wherein the
secondary amine compound used 20 fo produce the compound of -
formula I is N-methylpiperazine. 23. A compound of formula (V), or a salt
fereof pamneindoidoaarglafiNge in claim 1. 33 24. A compound of formula
(VI), Y \_2-CH, (VI) or a saitthereof, wherein Y is as defined in claim 1.

~ 25. A compound of forfr @,/

from CH2CH20H, CH2Br ang

or a salt thereof, wherein Y is as defined in claim 1.

25. A compound of formula (VII),
OH

wherein Y is selected from CH;CH,OH, CH;Br and Br.



