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WO 2007/ 138440 PCT/1B2007/001379 1 Process for the
production of benzopyran-2-ol derivatives The present

w0 boensssen rel ates to an i nproved process for p&EIB2007/001379
production of internmediates wuseful in the preparation
of tolterodine, fesoterodine and other
phar maceutically useful 5 conpounds. The invention
Pabeess for shé piaduction af\benzapypae2-ebdedwativedie producti on of
such pharnmaceutically useful conpounds using the
i nternedi ates. Tol terodi ne

"I{h% ;{rés%ﬁi) 1n3er{t}3h%llfe§r% By h{-ﬁ%x‘a%& et'&ékg]fbrlfhg SR REPBY Interfhediates

hyl phenol alter ivel

U(s&i)ll M, tﬂeobremqﬁrompgﬂ toBerp@inhy fisatrrpdenmkihatherhghayiceBtigilly useful

| 11\
CoBIRY ST iiotion fsp Evovidisg groves Paesshies € B Braaction of such
 phiSRIoBRRG 1P s AN RlradShd kNG uri nary

|ncont|nence I't gained its first marketing approval
(as the tartrate salt) in 1997 and was |aunched in

L NIRRT ORI NS

1
bt et el gt b

WO 98/ 29402 di scl oses a prygess for the producti on of
tol t erodi ne which conpri condensi ng p-cresol (a)
with cinnamc acid (b), owed by reduction of the
resulting |actone (cQHw a reducfMg agent, such as
di i sobutyl al um ni um hydride (DIBAEr£é§0dlun]20

bi s(2- met hoxyet hoxy g ['ithium
tri-tert-butoxyalu ﬂ gi ve’the

correspondi ng benzopyran- 2- oI d (d). The
benzopyran-2-ol conpopnd (d) an then be converted to
racem c tolterodine hygly ochl oride (e) by reductive
amnation wth dllsopropylan1ne foll owed by addition

1o AgathR RyemiacMt@iontst a6k the fredidlehty of oi/élja&tﬁ«feobﬂhﬂkﬁr including
L-tartrate is formed by neutralisation of th

URRARYOBERIBINERRE. Slhigeingd IS st imarketNgGRPeyRICEs tbm tprtrate salt) in 1997

S SEEENTBAERO ML BB Yol LA A5y e o

MR@B%QQUE)H&INHOIZ 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-tert-butoxyaluminohydride, to
give the corresponding benzopyran-2-ol compound (d). The benzopyran-2-ol compound
(d) can then be converted to racemic tolterodine hydrochloride (e) by reductive amination
with diisopropylamine, followed by addition of aqueous hydrochloric acid. Finally,
tolterodine L-tartrate is formed by neutralisation of the hydrbchloride salt (e) with
NaOH/NaHCOs3 and subsequent resolution using L-tartaric acid. The process is shown in

Scheme 1 below.
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OHOHOOO + OHH2S01 DIBAL CH3 CH3 CH3 (a) (b)
(c) (d) (i) HNiPr2, H2, Pd/C MeOH (ii) HO OH CH H
WG b07/13849 NaOH CH2C1 2 N CH, (ii) Tartaric aci dpd®fBd007/001379
HNC CH3 H3C J" CH3 CH3 L-tartrate CH3 HC (e) It,
can be seen that in the process disclosed by WO
98/ 29402, the benzopyran-2-ol conmpound (d) is
O

01/ 49649 descli jtes the'reductiv; am nati.on of t]

ANt .0 of” cepouiief: (d) i gP®aL | o
apd its nti omer. The enantyone of conpourn

are produced by enanti osel edtive reactions.
reéthat es to the sane processesHapplied to anal ogbus
c@rpounds, inrbjparticular the an&ogue of tolterodidhe

in which the nethyl group 10 in the phenolic ring is
replaced with a 5-hydroxynet hyl group. US Pat ent ()HNPr, H, Pd/C,
Appl i cation 2003/ 0236438 (MacM Il an et al) disclo¥

the use of conparatively conplex chiral (i) HCI

i m dazol i di none catalysts [e.qg.

(2S, 5S) -5-benzyl -2-1ert -

butyl - 3-met hyl i m dd i di n-4-one] for carrying
enant i osel ecti ve ob, 47addi tgspn 15 reactions bgfwee
ani | i ne nucl eophi and ak(S-u@§§WGFéted a
(this work is al désch'i b&Y i W "RBERTY | an ﬁi
Am Chem Soc., Aecz,lQQAnm7894-7895). Exang
US Pat ent Application 2003/ 0236438 is typical of the
reactions discl os®d: WO26B7/ 138440 PCT/ | B206'/ 0(0)1379.HCI
3 0 cH3 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 reaétions. 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
comparatiilely complex chiral imidazolidinone catalysts [e.g. (2S,5S)-5-benzyl-2-tert-
_ butyl-3-methylimidazolidin-4-one] for carrying out enantioselective 1,4-addition
reactions between aniline nucleophiles and o,B-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:



N \ ,CH3 CH3 O CH3 Ow N H3C + H CO O H3CN
CH2Cl2 H3C- N CH3 CH3 It can be seen that the carbon

wa@tomssi4d he aromatic ring para to the am ne grOUB2007/001379
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- (d) of Sghene 1 10 can be producedﬂicn a one-po

bonds to the al pha-beta unsaturated al dehyde. 5 Jurd
(Journal of Heterocylic Chem's’try, vol 28 (4), 1991,
pp 983-986) describes the reaction of

3, 4- met hyl enedi oxyphenol , phe| i nenand
ci nnamal dehyde i n nethan P uce
2- nor phol i nyl - 4- phenyl ben .5§§kﬁPisingly, It
has now 9Men found that the benzofyranc2- ol compgendH,

reacti S art| n 3§ éesol (ag Anal ogoyg 0
npou 0 be pro uce us, accord 0 a
'?% ct of t he present |n€ehct-£| on, Where

provll ded a process for the production of a|corrpound of
forrﬁﬂsa (1), OH 0 (1) Y wherein Y is seledjed from

qg'%ﬂ_ﬁ(a gﬁH%eac g a corgrlp%gﬁar@ qugagr mﬁﬁg W#{&Oh%?onds to

thé hlbhéfbetMﬂﬁfaﬁtrﬁle@deblSyd&ydr oxy or O'Mr, in which M+ is
a cation selected fromLi+, Nat+ and K+, and 20 Y is
as defined above; with trans-cinnamal dehyde (111), WO

RAP Yottt 40 Heteb TR O3 7ol 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 (I),
' OH

0o

Y

wherein Y is selected from CH3, CH,OH, CH,CH,OH, CH;Br and Br;

@

comprising the steps of:

(1) reacting a compound of formula (II),
(0) 4

(I

wherein

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

Y is as defined above;

with frans-cinnamaldehyde (III),
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4 OH(Ill) in the presence of a secondary am ne
conpound; then (ii) treating the product of the

weo@casksng step with acid to afford the conpourdr/mg2007/001379

formula (1). 5 By "secondary apmi ne conpound” we mean
an organi ¢ conpound whi ch conthins at |east one
secondary am ne group, i.e. a corrpound of the fornula:
b R-NR H in which Ra and RoQare not hydrogen.
Preferably, Ra and Rb are-eactin|inked to the 10
nitrogen atomby a C oup, for exa\n'pl e they are

i ndependently ClL 6 alk or together forma 4- or

5- menbered al kyl chain in whi ch Qne carbon atomis

B he IRENES Of iscardsdy Hjine oPBpPoYRd; tegf erred enbodi nent s

5, bl e ORI o SOESHL SR 368, BRI ggmooun o

fomulaip. secondary ami ne conpound is achiral; (d) the

secondary am ne conpound contains two secondary amn ne

groups, for exanple piperazine (this catalyst
ogggxﬁﬁ?p%fdeccﬂh%%xyd” Hleyﬂ & G3hnic 28nd %gﬁnd"@ﬁfahtcgﬁtams at least

secondary am ne conpound contal nS two secondary am ne

@ieae@mdary. dmind gdbip/iwl @ cagpound|of titesfonfiulahe secondary

am ne conpound are used in step (i); (f)

alternatively, the secondaRy\ e conpound contai ns

one secondary amne group, and nore preferably the

secondary am ne conpound i s n@rpholine, dibutylam ne,

dlbenzylan1ne 1,1, 3, 3- tetranethylguanldln% .

1d|\eh1hlyllﬁ“namleR did aotpln)@mgeam meerzphlp,em dith " 28¢ gachftinked to the

rﬂg %‘”1 a:'qi%/ﬁ‘ éﬁéper Pe Béqggla}gghqyyarg Hﬁgaﬂ‘@ %@gb?j alkyl or together

kR lads or tsh@erhBérbd ﬁl'kyp&ﬁﬂ#ﬁtw}[l&?%é &drbat BofnMk bpﬁ’&{aﬂ\ﬁﬂreplaced by
is readily hydrolysed to the corresponding |actol

@onpound of formula (1), and the crude conpound of
formula (1) has an inproved purity which facilitates
crystallization; WO 2007/ 138440 PCT/1B2007/001379

Preferred embodiments of the first aspect of the invention are those in which:
(a) OX is hydroxy;
(b) Y is CH; or CH,OH;

(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);

® 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-(C, alkyl)piperazine. N-methylpiperazine is particularly preferred because it
produces good yields, the initial product [see formula (VI) below] is readily hydrolysed to
the corresponding lactol compound of formula (I), and the crude compound of formula (I)

has an improved purity which facilitates crystallization;
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5 (g) when the secondary am ne conpound contai ns one
secondary am ne group, 1-5, nore preferably 1-2.5
worndoe/ 1853 val ents of the secondary am ne corrpop@ﬂlmey/omng

used in step (i); (h) the acid used in step (ii) is
aqueous hydrochloric acid (pré%erably no nore than 5

2M concentration), although the foll ow ng aqueous
(gci dsvhah thé secbadarg anﬁmtmmdundsom’ams onp rsmdnderygmide group, 1-5,
results: C|tr|c acid, etic,ac oxal i c. acid

O PFRIEPBC 2 iSomale ST G D156Conde g HPInE Caipgund are used in
geg jcyclic acid, trans-cinnamc acid, benzoic acid,

rgr}hor sul fonic acid and tosic aci d (i) the

(h)eact]neoamd)ﬁxsexi mpstép {ii)i is aqagaus eh@tdmuhloncl aaid (pr&jalabky no more than

| vent sel d fromitol uene,. 10 xylene,
238 spreatratorog Houpt ol ToNTEAANEO S A Gh Bopilartapbpatratons also

pﬁ&éﬂ Io%fr@g | é’imct eQ:lldJ QB&ic(aMY, eRalRy R ¢8Fudiasdeti€ H&xﬁrﬂnMelc acid,

el ds thé reaction of stép (i) is carried
fmuhruaamd $aé1np@rcaﬂa1d grans-ditremiaagd, BOZoicoadidhecampbpt spdfonic acid
t&rr(Perat re of the solvent; (k) the reaction of step
anflyosiGACHhr rj ed out under conditions that renove water

& oMt Raction Jtes?éﬁ dxﬁﬁ AW deBt (1 a orddBRNYoRleAf Yelected from toluene,
conditions, in wat er produced by the reaction is

xybneleNsladyli ncetats ti@myb akd;ehe_ie dicxene fand dibutgbethenomost preferably

retur th ur and can be drained

tefpgng @Vhbcg’&rpﬁiff ad’h&‘ﬁ?righ‘lghglq?@gct ion of step (i) is
(parrigedrttiorbt Qkp )y RErRAIUEAE a REBSSGIR: (Hethe- radge 80°C to the
nitrogen atnosphere of sli ght |y el evated pressure nay

rpfdux temgicrapue Df&h%@lﬁbl}t on an industrial scale). 20 It
erre

B DT e a5 b SR R Bl 3 v B rom the

rE’z{cﬁBﬁ sdtboi (e ENBeALSRANMad itk e WIBH Mufs peaiicad B theMRaction is
basi c nltrogen atonms. Such 25 conpounds produce

condemised inpgr sideicerslepsas o ftiat idags ot tetusa (@ iffe igh¢tion mixture, and can

conpounds of formula (I).
bﬂéid%fl?f?/%glfrd%m&edg’ea@gnd aspect of the invention, there
(DS PrRviedatbnoRtepqOSS cdrdied biat op hRUHE hﬂnﬁfénﬂﬁreﬁsure (e.g. a nitrogen
conpound of forrmula (1V), WO 2007/138440

absphareed sligtly $heyated prpgsae mpy 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 secondary amine compound contains two basic nitrogen atoms. Such
compounds produce initial products [see formula (VI) below] which hydrolyse readily to

compounds of formula (I).

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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NCH3 HCCH3 3 Y (lV) wherein Y is selected from
CH3, CH20H, CH2CH2OH, CH2Br and Br, or a salt

wo berasdsso conpri sing: (a) produci ng a conpoundpOf/1B2007/001379

fornmula (1) as defined above, using the process 5
according to the first aspect ©f the invention; then
(b) reductively am nating the conmpound of formula (1)

wi th diisopropyl am ne; c) and where desired
converting the resul t onmpound into a salt.

Preferably, in the se aspect of the invention, Y
is CH3 or CH2OH Woan Yyis CH3, cH) the conpound of
formula (1V) may , ted vvlth L-tartaric acid in

step (c), to progu ﬁartrate[l. .
R-(+)-tolterodi ng V\hen t*he conpound of
formula (1V) isya-be used har maceutical, the
salt form produced[in t hi sH s%con&E'aspect of the

invention is prefegably pharmaceutical | y@acept abl e.
However, when the conpound will be processed further,
Wheréin i'SisRelected soni CHI, CHLOHT IGH,CeH 0L, CeBBaandBi,i on of a
compound of formula (1) may conprise treatnent with
ofjaj salb Hresqnf] GEMMIBINgh a suit abl e sol vent, such as o
L,Ch..J e er | GRRe! 1ar

Bl B SRl ) S ke oo SR 0 procss

fradigae tieffist asﬁécmbyﬂlte,m\amam tleh Pd/ C or Pd(OH) 2/ C. 20

mhod h £ formul
6L bRt oemeohe o BydpobsFEin
@ﬁ' d,anfi Qiatd @sfled &ﬁwgﬂﬁg%g@aﬁh odth e ﬂehﬁte 91?. sal t.

e racem c conpoun
orrespond| ng (R -enantioner L- tartrate salt by

EiRe i B aesl sbi L L Boenpp 3 Sbiny' Qo vhen v i
tHé’ desybgia (ﬁ’r}gnﬁ’tﬁg R ROR&k& witkh LAWEG: Bid LESE bl anproduce
Y epp oy 18

-tartaric a I'n one enbodinent, toltero
thit¢radine dt-tartfdte @.c. R—((+-)~)teltand>dm¢ bearteate] - Ndhetrrﬁnbe:pmpeund of formula

d. 20 /13844 /1.B2007/ 0 7 1
B BB sl a5 idhasce a1 1 OB PRI i sPorifspect of the
1?1%1&109 is Hé?er&lﬁ%ﬁ%ﬁc&ftlcaﬁ? heBdb@ble! Howd¥r, RehcRtRE @&ﬁﬁound will

directly follow ng reductive am nation of 't he conpoun
wf 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 tert-amyl
alcohol or mixtures thereof, followed by hydrogenatioh in the presence of a catalyst, such
as Pd/C or PA(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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formula (1) without formation of the hydrochloride
salt. For exanple, in one enbodi nent the product of
wo b@7nedyct i ve am nation step nmay be treated wdhmE007/001379
sol vent such as acetone 5 and L-tartaric acid to
afford the L-tartrate salt. \Wikn Y |s CH3, this
produces tolterodine L-tartrate [i. :
IR- dnt hltdrodtiver enbodémént] aret (’Ia)t-eil]antlcﬁmxobdzirtrgtet saltaof Hier ebmpound of
aspec the jnvention prOV|?es a process for t

BF’&‘H&&W dnavohe Prepased diresdy felloving redugtive presedipn ese the gompound of

RO SR o SONGTRESAL! £ i S Uodimen

th@pmductcbf ofie feductiviean(ihatjon step rdayfbmtmhtelbwuha aisolveini snbh ¥ acetone

t.he rocess ri

a[nggo}a\gtpﬁ@ acflaéo && g5k d@rtrg{eesag( yh éﬁ ﬁ)ﬂpé;oc;uces tolterodine
If-@fr@tgg{ht loltebGikED. -t 2“ ng the phenolic hydroxy

group e product. o p (b) to produce the
correspondi ng i sobutyric aC|d ester; (d) and where

esired or cessa convertin e resulti
IR e IR T ATEEST L ST ——
fEr@b&hedi ne, having chem cal name

2-[(1R)-'3-[ bi s(1- met hyl ethyl)am no -1-

phenyl propyl ] - 4- hydr oxynet hyl p %@butyrate or
alternatively R—(+)-|sobutyr|c Cld
2- (3-diisopropyl am no-| - ghemyt ro ~éunhydr oxynet hyl p
henyl ester, is disclose |n pean Patent 1077912

(see page 32 line B, d compound). It is
indicated in the trealnent of @veractive bl adder. 25
WD 2007/ 138440 PCT/IBZQQ]/erl this third

aspect, the resolution i4 arried out by

fractional crystallizati al acid,

preferably (R)-(-)-acet oxy{p enyl)ag ic acid. The

acyl ating agent is preferably isobutyryl chloride.
H,0H

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;

~ (b) resolving the product of step (a) to obtain the (R)-enantiomer;
(©) acylating the phenolic hydrqu group of the producf_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.

Fesoterodine,  having \chemical name  2-[(1R)-3-[bis(1-methylethyl)amino]-1-
phenylpropyl]-4-hydroxymethylphenyl isobutyrate or alternatively R-(+)-isobutyric acid
2-(3-diisopropylamino-1-phenylpropyl)-4-hydroxymethylphenyl ester, is disclosed in
European Patent 1077912 (see page 32 line 5 and claim 4, 3™ compound). It is indicated

in the treatment of overactive bladder.



10

15

20

5 The conpound of fornmula (1) may exist in an

open-ring form although it is believed to exist
web@dagsspant |y in the closed-ring (lactol) forpaT/iB2007/001379

Furthernore, it is believed that the process

according to the first aspect 8of the invention

produces a m xture of diastereoisoners of the lactol:
Itk thifdHagpect) the ﬂe@olmlonTiseprﬁerabltgd cariedant by facdoml ctysellization

chiral centre mark an asteri sk above are

vy g chjahacig, dorﬁférab%@éﬁt) Wﬁowab?nyyﬁ%ﬁmtagld The

production of all these tautoneric and stereoi soneri c

forms is enbraced by the present invention. 15 Wen

Tt peylatmgueehnsis pecfetably isbaegrylichlovidet he first aspect of

the invention, the reaction proceeds via an isolable

i nternmedi ate conpound of formula (V), YO NO Y M

TR0 Ounf] SRR aL SO B0 orh il Sl o (g Eeved to
ekisupteloraipetty imthetchwepriag €lattol)nfeant iFortherRroe, at Esthej/i;ave‘d that the

is CH3. 0 Waen N thglplpera ine is.used i.n step
PFQCFSSofaceRiding; (&t thys E‘é&t WECt: 198 ﬁ’r‘?vé‘h‘ie%?f‘ pigguces  a” mixture of

ia an internediate conpound of

agg%qlaﬂzeglggﬁi%@@%}do N'N-CH3 (VI) WD 2007/ 138440

PCT/ 1 B2007/ 00137® 9 wherein Y is sel ed from CH3,

CH20H, CH2CH2 Br and™Br. These, ounds are

provi ded according|to a fifth aspect of the present

i nventi on. Prefexa [ tion

further provid 0O5Y

wherein Y is selected from CH2CH2OH, | CH2Br and Br. The

process accordihg to the invention differs from US

Pat ent Application 2003/0236438 ®

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.

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),

A e
N N

/

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

M

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)

N—cH, VD
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(see above) in that none of the reactants are an
ani | i ne conpound, and the conpound of 10 formula (11)

w@emonskspg to the inventi on does not have an PpPCT/IB2007/001379

addi tional, strongly activating or strongly

el ectron-donati ng group preseﬁt (such as nethoxy in
Exanple 2 of US Patent Application 2003/0236438).

whefcih ®risreslected fiemaltH ) QPEGHaC}'BCHz(DHedHizBr arfieBip rBmeaitompounds
i nvention are nuch_sinpler E ey do n need t
afseprevidechporonting Rarfilth asped b e pi%vewtnevwlaee?gef%re@drH.lthHzOH
to the invention differs fromthe Jurd paper nentioned
above (Journal of Heterocylic Chem stry, vol 28 (4),

The fiventign DBBergB6Yidesna ¢dmaiound néfoodfuta(®), reactants are

an aniline conpound, and tﬂﬁiconpound of formula (11)
according to the 1inventioy does not have an

addi tional strongly activating or strongly

el ectron-donating grouf®pre3ent, such as al koxy or

that, as part of a prae
tol terodine, in conpar
by WO 98/29402, a nunbe
steps are elimnated, le
Furt hernore, the processyavoids the use of expensive
reduci ng agents such as 25 diisobutylal um ni um hydri de
whereBAl)is seleatédmoniGLCHOHH 6Bt arukB. al uni ni um hydri de
or lithiumtri-tert-butoxyal um nohydride, which are
also difficult to dispose of. WO 2007/ 138440

TREPHIBEORELAREIE The ﬂaoen-m)ﬁ dlﬂféfg RohPUS Pagent Rﬁplﬁéa'fibﬂ ©003/0236438

advant age that, as part a process for t
(eabiavy)iin thad fong e&dmeecmntﬁeare ian aodimp zpmponndaiand theneompound of

BB 1D ey B b o Rt obraBE e o AP B Siep B gipating or
stréngly leR&H6h-d6htin ? %@@ Breserfr Y§uch &k TRétBoxyt REERAASIESSof US Patent
avolds the use o azardous and environnmental |y

Anpue@tmaaw/ms%ﬁé%)gerﬁugthemr@,hthar amigief ¢3telysts ysed in the present
il?vl&?lﬁglajlrﬁ dméck 5%‘1’18r eig,] Wﬁgﬁlo %eed# F’? gﬁfai) g)n\{i hegge cheaper.

abbrevi ati ons may be used: BuOH = but anol 10 DEA =
di et hyl am ne DVA = di met hyl acet ani de DWVF =
Thie rowo¢eps faecaiding de thamuyention differs from the Jurd paper mentioned above

(jlduarlaie r%é(ro )Iéh eorglsgrﬁt oe}r%d(ﬁ, %dl, p§@3l-§%6qoﬂethat%9 of the

reactants are an amhne 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.
Furthenﬁore, the process avoids the use of expensive reducing agents such as
diisobutylaluminium hydride (DIBAL), sodium bis(2-methoxyethoxy)aluminium hydride

or lithium tri-tert-butoxyaluminohydride, which are also difficult to dispose of.
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25

30

15 EDTA = et hyl enedi am netetraacetic acid ee =
enantioneric excess EtOAc = ethyl acetate EtOH =
w@bdansgds4hh = hour 20 | PA = isopropyl al cohol LgeivB2607/001379
liquid chromat ography - nass ﬁ%ectromatry LOD = | oss
on drying MeOH = net hanol = mnute 25 n-BuCH =
n- butanol p.s.i. = pounds per square inch TFA =
The iifivention dlasethecfuethecrcbdva'nﬂ&e:thatetas aastchf of proegss tfbrcthe produgtion of

RSB SAE  y 30, SXRUBLE RO NS e g o mumber of
r@a@ggﬁ 1§§14A;90<P gg’i-ﬂ% B&%@”a&me%ﬁﬁnaté@- Ra@pOtd - a (Ajuédtdn lh costs..
H Tol uene CH3 p- Cresol (150q,

F:urtﬁe?hwd,)the\@socsm a\m@ bhn: tulae of pazazddus @n@mglromn@gﬂlbb!mdesmble
n tol ( Om /g) and then heated at
r?"@ﬂ‘ xWﬂE}ﬁlEiéﬁe dll;ﬁ“gﬂlt&) éf%f’rsﬁoﬁondi tions for at |east 30

mnutes to renove water giving a clear pale yellow

sol ution. Trans-C nnamal dehyde 5 (262nl, 275 2.081
Thro linventigeis)illvastedibythafpiewingexamplen duwhichiihg gxllowmg

rleglta Br?sl rﬁgy lt)e used:
BuOH = butanol.
DEA = diethylamine
DMA = dimethylacetamide
DMF = dirriethylformafnide
DMPU = 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone
DMSO = dimethylsulphoxide
EDTA = ethylenediaminetetraacetic acid
ee = enantiomeric excess
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-BuOH = n-butanol
p.s.i. = pounds per square inch
TFA = trifluoroacetic acid
THF = tetrahydrofuran
tlc = thin layer chromatography

Example 1
Synthesis of 3.4-Dihydro-6-methyl-4-phenyl-2H-benzopyran-2-ol




10

15

reaction m xture at reflux under Dean & Stark
conditions. Once the addition was conplete, heating

w®toot/hssadeacti on m xture was conti nued at ref|pxr/iB20er001379

Dean & Stark conditions for a further 4 hours. The
bl ack sol ution was al | owed to tbol to 80C and then
slowWy quenched over 45 mnutes with a sol ution of
0.67M HC1(aq) (750nt, 0.601 nol,{10 1.3eq). The
t wo- phaseorsol uti oy was then Stlg Ed vi gor ouS
| east 12 hours atfja tenperatur f 75-80
stirrin s th opped and t xture IIvvedto
cool to omtt enper at ur e and—tIﬁEj;hases SRR ed
The tol uepe sol ution then walked wit
(750nL, 5ml/g), then (3 X 750mL, 5 . TH
3, 4- di hydr o- 6- net hyl - 4" phenyl - 2H benzopyr & was
not isolated but instead the tol uene solutién was used

1§ Y1 387 d1P waé Siedd With BlPenBine Q128 LB 2LPLA0BS in tol
%@r&b g%ée j;22978yn hes?tg?o ?{Fgro Fﬁz %O'Ie'gealsrtrate qu 3 foene
((IHIJ, IOmIl?g)ZhiIrdl thbahez2d aﬂmﬂl%tﬁdem):ai & Buils toﬂd&@nﬂkl fﬁil—& least 30
CO2H 0 Tol uene/ MeOH OH e 10C \
nULES tP_TempYS Waler 1Y iRE @y epr W&%w%) o &@H%F@namaldehyde
(8bhE rﬁ@%”@ 081 -Ffi’Jlt 18t§ %8s IR 4dabdB0& $Houts' Whilst maintaining the

conpri si Ag crude
@aat}odl fydure- §- refiuk yindé @mmy& Stetkbeoriitionsan Onee dhe addition was

q%f:,elgﬁagéé \?&? [ oL %t%lélnlgxrx (:fg%rﬁpntlgqﬁ% ﬁ)r];ﬂ{ng élﬂgerel%ean & Stark

SinlifdRS AP Y! faAhéte Kords Mihe WidckGolfion ks qﬂbwe@ﬁp&oo‘f\@ﬁ%"c and then’
added. The WD 2007/ 138440 PCT/1B2007/001379 12 bl ack

doviyt thnclwdsoweh éh thiputes gathat exlutbweof QOTMEIRH(OSPME 0.601 mol,

t 103 Nm 2
Tesd: ¢ e T Py SoluRon 17 el ooty ot ahIghgal bours at a
tzﬂﬁexraﬁﬁ@ bf msmtwe%uﬁﬁg \flésl th&l ﬁgpgiehraﬁﬂﬂh: MxPae ﬁh&%a to cool to

Iter aid) to renove cataly resi dues and t
rh)@@t tempcr@uneﬁndjshea:hdsealsbpaﬁatf:@ oiﬁh@wm@m sakitign orva@réhwaw@hed with

SRS P¥oml, Sml/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

for at

directly in the reductive amination step (Example 2).

Example 2
Svnthesis of Tolterodine L-Tartrate
CH, CH
oH " 1.PPr,NH, d=0.722 )\
20wt% Pd(OH)./C moist H,C N CH, COH
0 Toluene/MeOH )
Hygy 110°C OH
O O 2. L-Tartaric acid
Acetone/MeOH
CH,

Tolterodine L-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, 5ml/g), then diisopropylamine (583ml, 421g, 4.161 mol, 3eq) was added. The
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distillation and replaced with toluene resulting in a
final volunme of 10nl/g. The black solution was then
weombasksi® 25C, acetone (750L, 5m/g) was addepcT/e007/001379
then the solution heated to 55-60C. A solution of
L-Tartaric acid (312g, 2.081not2 1,5eq) in nethano
(1.05L, 7ml/g) was added over 30 minutes naintaining

Blik §mer dhl lt&naiydﬂfgeﬁﬁé‘d ov&e20:6t% @ADH),IQ rﬁdiﬂp(ﬂ D&t%N33g) at
was then,al | oned cool to roomtenperature and

@tluxw "&mF 690 n2p) aqqloldpsc for 48 heuesp dnsamsve wasTemaved fos @nalysis.
washed with acetone (2 X 600ml, 4ml/g), then dried in

a vacuum oven at 50C for 12 hours to give the title
Tiepadich asixare ofaf filkirdde tigohghd ArbdlePM2(filted 8fid)( &4 Yerfigventatalyst
p-.Cresol )t]h' Achiral purity was . 100% (nqQ i npurltl es

rguiflegst ad) thery heateds 1o gafluy gnidia)l digsopppylasgine and methapglgemoved by

G PUDASTE e b IS I gy’ e
sg)ll)tlo'ﬁ@l'aselimi ddalad t@ Q%(Pdééﬂﬂ)geéﬁﬁnl Vihlfg) wdz ,a’dded, ’and th’en the solution
i1 sopro psi

pyl g 37%4CI Racenjc
: lteatﬁflépéér%)ecf_d Solggonspggy ")E@rtqﬁ,ceafggir 12g,,2.881mol, 1.5eq) in methanol
O%L%ﬁwg%?m@adﬂéh W{a r 7 DGR m%lgkfﬂﬁﬁg&@f&gg rgfu%l at1$3- Gb"C The

-cresol (25 ¢
rpsqmmgzmspensﬁdlﬂ.wﬁs'l thgn zﬂloiM'éﬁ toadopl & Goonedmnpe)atmmdand stirred for 12

ST i LT P A e
o a%?:uﬁ'iﬂl ovett a?S@@on)IZ%\bﬁfs tév{lglﬁ Ctllt?or uﬁ’&‘gs an off white solid

reacti on m xture nonitore he presence
[059.pg,c4896 ¢24% Wrnon peCragpll )t i AuhiriRpurity 3vaA0 0O (Holid@adities detected)

angr hlreElglzp%%z}// Qvgsl 8 172% e}e?f

Example 3

Svnthesis of racemic tolterodine hydrochloride

H — ks

O "
©/\)L (A !
~
O ) i

Toluene

CH

(i) Toluene/MeOH
20% Pd(OH)2/C (wet)
H,, diisopropylamine,
110 °C, 90psi

(i) 37%HCI

Racemic tolterodine HCI

Step A. Preparation of 3,4-Dihydro-6-methyl-4-phenyl-2H-benzopyran-2-ol

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 (250ml, 10 ml/g) at reflux under Dean & Stark conditions was added
cinnamaldehyde (45.83 g, 44 ml, 0.347 mol, 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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- the crude so

hours), the m xture was cooled to 80C and a sol ution
of c.HC (25 m, 0.301 nol, 1.3 equiv) in water

wd 10938446 M /g) was slowy added and heat ed agCcBB20@W01379

for at least 5 hours. The resulting solution was

all owed to cool to roon1tenper%&ure and t he phases
separated. The tol uene solution was washed with 1M HC

Hob29, thik mistunt g} cocblbabltn 860Ceand( B s@utionl 86¢.MOL. (25 nd, 0.301 mol, 1.3

S b E BB bl S R sk of SSEIC S a1

HouRP TR fé%ﬂluﬁ% shRGEH Was LAbked /Aba t@ﬁg&ﬁ Q&h?ﬁr Qﬁi Ix?i the phases

tion rom Step A was a
separated.niThe talmems sblutiamevas ¥Bshdd ivgthplM FIC1d 2 nml,(PRl/E), ,then water (3

V). m xture was then hydrogenat ed
RIEs b e B §rames ot vt g TRie TR A gGH dpRatep (Step
PERZRYdARxAre! ) at 110 C under 586x103 NM -2 (85
psi) hydrogen pressure. Reaction progress was
noni t or ed by HPLC (conpletion usually occurs between
6 gnd 24 Qj . \as cool ed,
Ewith tol uene

T thé &ﬁdmsaluu&h ffrofrri lstebaAewésSad&& Iﬁé‘@&hoﬂm mFso!mmg tchesol) and

toluene to renove all nethanol and diisopropylamne to
dsoprapylamirfei (83 mly 616l3m0b6rqqes/bo dHe myxtuee wasrtheg hydengenated over

W ed at -80-60C  and,37% 0
TR SPySeE AT e B 104 R o b g Tetad ity °c wnder
IBR U NRG (85 pst) ydRygBE ipRishit.] Readfon! pogRES who llﬂoan@féun@ HPLC

hydr ochl ori de. The suspension was cooled to 25 C and
(semhpleden ﬂlsnallzrpccmﬁé:wt\qut Hr eed 3. wepbre ¢omplationothganiture was

i Gl ALl i S RE bR SRR LD S Al e e

-\f'isQHérpazerréﬁ&ﬂ with tdl'ue%@ hid FedhovRalli thath&dol Qﬂa/‘duﬁi)@opylamme to end at

nthesis of tolterodine L-tartrate according to the .
nafh ya Bioest cogcammlldgg to-19ml/g creshbwhhd splgicmetres thew stimed at 50-60°C

V\Q g%l/o &/[@ @4? _plFl) 5?218917/ 1. tf 1) cresol_B g;als addgi ]resug}pg in the

Toluene 2.
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.



CH3 / Exanpl e

1 p-Cresol trans-C nnamal dehyde CH3 CH3
Exanple 2 Exanpl

C

3

e 3 1."Pr2NH 1.'Pr2NH H2(9) H2(Q)
w@e ot AR OH) 2/ 20Wm % Pd(OH) 2/ C 2. L-Tart ari pcem20072001379
HCl | J 33 H3CN'J" CH3 H3c NcH3 CO2H HCO 1.
NaOH Na2003 CH H OH OH DM H2f HO H 2. L-Tartaric
acid CO2H Acetone/ MeCH WO 98/ 29402 Exanple 5 CH3 CH3
Tolterodine L-tartratel Exanple 8! nfluence of am ne
cat al yst pand sol vent 6n Yyield of Q
Ir 0- 6- met hyl - enyl - g
on of Exanplé& 1 was
ami e kgat al yst ant“¢Be.sg

benzopyr an
ted but varsoﬁg

ofi any sol ve
Dedh- St ark conditions were not cised unless 10 [,

R-¢r87% at féﬂswamﬁ'deh’l‘?’r‘?e yields are shown in the :
follow ng table. WO 2007/138440 PCT/1B2007/001379 15

Am ne catalyst Solvent Yield (HPLC in-sftu unl egample2
specified) R-( a- et hyl benzyl am None ( neaf

13% (9% i sol at e&}amp%‘mmnl)/a Non)é rxn) (()% 1&2,\5”

Hz@ 20wt% PA(OH),/C

20wt% Pd(OH),/C 2. L-Tartaric acid
2. HCI :

at

HC™ N7 TcH, ‘ ’ ) , o
i ‘ HCl 1. NaOH/NaZCO3 OH «
OH DCM/H,0O H
2. L-Tartaric acid
O O Acetone/MeOH
WO 98/29402
‘ Example §
CH,
Tolterodine l\;—tartrate
Example 4

Influence of amine catalyst and solvent on vield of 3.,4-Dihydro-6-methyl-4-phenyl-2H-

5 benzopyran-2-ol

The reaction of Example 1 was repeated, but varying the amine catalyst and the solvent.
The temperature 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.



(S)-(+)-2-am no-|-propanol None (neat rxn) 0%

Pi peridi net None (neat rxn) 24% Diisopropyl am net
wome 1 ieat rxn) 32% Pyrrolidinet DVF 0% MorghoiB20€1001379

None ( neat rxn) 54% (48% i sol at ed) prolinet None

(neat rxn) 0%  MacM Il ans basé™ DCM 0% (2S,5 _

S) - 5-benzyl - 2-tert-butyl -3 nethylim dazolidin-4-one

[OC to ambient tenperature] Pi pera2| ne*t Tol uene 68%

Piperazine*t n-butyl ac

Anginpeatab3to Pi per azi nétsob’leBUtyl et her 61% Y’leﬁﬂaram net
di oxane 74% Pi perazingt THE 0% Tri-n-but e
Tol uene 8% N-net hyl norfpholine with cat To| uene 12%

pi perazi ne N-nmet hyl di cycl ohexyl anmi ne Tol uengnlé&Yuspatifida)
i Ne_Et h\/l dii SOpF nmll am-ne w-t Toluene 5%

| cat piperazine
Ri+)oi-methatbieney leying di ne NMnﬁlﬁne@hﬂmw per azi ne13'f‘/el(%ér1|~‘€9128%)

JI\ﬁ ’)ﬂﬂ7l 1’JQ/I/Iﬂ Df'"l'l LR2MAN7/ NO1270Q H
T J LU L} I Cl. 1O

ARERRLE 7ol sene 4o o SoreEom burot (5 | %"
ﬁ)a@gﬁl%éfg?&[%lw ) ”Ee;&ﬁg-@ﬁe%moxyl at e] 0%

In-situ

Piperidinet None (neat rxn) 24%

Diisopropylaminet None (neat rxn) - 132%

Pyrrolidinet DMF 0%

Morpholinet None (neat rxn) 54% (48%
isolated)

prolinet _ None (neat rxn) 0%

‘MacMillans base’t DCM ' 0%

(2S,55)-5-benzyl-2-tert-butyl-3-
methylimidazolidin-4-one V

[0°C to ambient temperature]

Piperazine*{ Toluene: 68%
Piperazine*t n-butyl acetate _ 65%
Piperazine*t t-amyl alcohol 62%
Piperazinet | dibutylether 61%
Piperazinet | : dioxane 74%
Piperazinet THF 0%
Tri-n-butylamine Toluene 8%
N-methylmorpholine with cat | Toluene : 12%
piperazine | |
N-methyldicyclohexylamine Toluene - 6%

with cat piperazine

N-Ethyldiisopropylamine  with | Toluene 5%

cat piperazine

Pyridine with cat piperazine Toluené 8%




(R) - 1- Benzoyl
nmet hyl pi per azi ne]'’
waniohiipga4di - but yl am ne 4%

-3- Toluene 8% (5% i sol at ed)
Di ethylam ne j' Tol uene 45%
cycl ohexyl am ne DVABCEE82067/001379

denot es secondary am ne conpound Exanple 5 5
1, 4- Bi s- (6- met hyl - 4- phenyl - chr b%ran- 2-yl ) - pi perazi ne H

C]—|O(N) HBC OO CH3 N+ NN H Toluene CHI

The

Prrepiginelantie of witte tickd
usi ng .the procedure of
JHPERh of a quench W

eTslagneound was carri
Exanple 1, except f
th aqueous acid. 1 ng

gt out
or the
5t ead, upon

I e 10T
t %Hﬁgyg@]‘s,@-@%,ﬁ ent tenp
sdigfabie§¢lof2.2. Hi-hdptanti2on
solid with "H and 13C N
taboxylatedt ure. Mel ting

Sfl&?é %ﬂ themxture

erat ure resultlng i

MR providing confif
poi nt: 241C. Exanpl 4

W ai-towed

1”& brown

of this suspension gave a brown

mati on of
p 6 15

R ety ) -4

(hlu?n-echr onman- 2- ol \

/\B% (5% isolated)

ARARYIpPBA4BEPCT/ | B007 poive. 1y T on & 1| (N) oH H
Piptpylesrggihenet hyl al cohBelugmyr osol )S%ISu%)I :;25‘%:5 mol |
-'Alﬁﬁrlllé ¥ di-butylamine 4%
cyclohexylamine - DMAc 2%

1 denotes secondary amine compound

Example 5
1.4-Bis-( 6-methyl-4-phenvl-chroman—2-yl)—piperazine

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
reaction the mixture was allowed to cool to ambient temperature resulting in a brown
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
Preparation of 6-(2-Hydroxy-ethyl)-4-phenyl-chroman-2-ol
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pi perazine (1.87 g, 22 mmol, 0.6 equiv) and tol uene
(50 M) at reflux under N2 and Dean & Stark

wae onditsdsons was added ci nnamal dehyde (6.4 nm, BAT/MBP0H7,001379
1.4 equiv) and the 5 reaction _m xture mnaintained at

heat for 17 h. The reacti on wds cool ed to 80C and
guenched wth aqueous HGO (0.7 nolar, 1.3 equiv) then
stirred at heat for 18 h. The kﬂphasu: m xture was

al | oned el cool tp ambient temperature, sep§fated, the
organi ¢ Jphase wdlshed with aqu HCl an% et er and
the orgp phage™~goncentrated th a black7 residue

under red+pres . FlI ash—c%%mt ogr 3
wi th 209%[Et OAc/ Hept agg X af f ordée the t
as the pein constitue
yellow| oil, Rf = 0.3
struct ®®e conf i rmed by 1H NVMR and LC-MS ~(TM+1 = 271).
WO 2007/ 138440 PCT/1B2007/ 001379 18 Exgmple 7

16 b 3oNiap o FaSROPT DRl ploohol hapeob. €50 s 3y el 1 eauiv

abz‘{rl 113ar zzariﬁnQH% ) 6 toRiRne s®ml ﬁ@ﬂwem@i R, ahi D
Ij(i%E) eI[(g—l 5%4 To a solgl?tul ())n of 4-nﬁ+d<5jroxj_l:)henet hy o can

|
8a|Séa5h slondifignso 365 )ad(i%cmngnalsl@wdm{érﬂ mh qugl, 1.4 equiv) and the
1 hy 3 0
L D i L A Ve

qrasmhed ivafhSaiRSuAER A0 g MORAR] .3 eQiEs tlﬁe?ﬁstﬁﬁbdnitt, hed? Zor 18 h. The
mmol, 1.5 equiv) 10 over a period of 2 hours and the

birhagie i e xwr dlaveednioasask do #mbiest |tempgrature, separatpflethe organic

p&%%%%ﬂiﬁfd %g ﬁﬁl%)o_ug (il{e(fl gan?/ ?v%te?%ﬁd %ecﬂ'gzﬂﬁg BMSE IZ?I@C%HE%Q& to a black

rédiduewadert &dﬁ&dipréséuraﬂb‘ la8h t:hlbﬁﬁ'ﬂgfa@ihy letutingdivwith 2096 \Bt(Dhc/Heptane
ethyl acetate (250 nlL) and the organi c phase

affepsied dhectitle q%p%m@ amb@ IRFE S@ISHIEN @ﬁ@@pwxvﬁatelaq‘i%msre yellow

R Q(? 0% @39%% ellﬁfgnq Prﬁllﬁh@ cQ&Mmfegiw NMR &4 LC-MS

ove s um evapor at
(I\/Erdueﬁbl)pressure to gi ve a black oil (50.0g, assuned
to be
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quantitative). Exanple 8 Preparation of
2-[3-(Diisopropyl am no) - 1- phenyl pr opyl ] - 4-(2-hydroxyet

waydoypbamol 20 hydrochl ori de O—| . 1 Pr2NH Pd¢CHAB063/001379

noi st O Tol uene a OH H, Cl CH3 I \ H(s), 110 CI N
/CH3 2. conc HO Ho IY Aceto]rﬁtrulecm CH, CH, , OH
HCI WD 2007/ 138440 PCT/ | B2007/ 001379 19 A mixture of

@g ydroxy et hyI) 4- phenyl chroman- 2-ol (Exanple 7,

ﬁ@%ﬂ%ﬁ }ﬁ@t (50% by wei ght IS vvater) Gg O 2 eqw v]
N uene (120 nmL) was hydrogenated at 621 x 103 Nm
2 (90 psi) hydrogen pressure at 110 C. The reaction 5
m xture was cooled to roomtenperature and filtered

through arbocel and evapof, dted under reduced

pr@ssure. Jhe resultlng 0| was di sséltved in
acetonitrifje (200 nL) a concentratled hydrochloric
S (1146 > ni, 1.05, o W|v) was .%deo. The mixture
diksti I 1ed at anbi sur ‘

appr oxi mat el 0L of “abetonitr b
tilled solvreplaced with fresg trile.

he m xture was™al | owed to cool and} 10 crystallise
averni ght. The product was filtered and . washed wth
a small portion of acetonitrile And dried overnight
in vacuo at 50 Cto give the title conmpounds as a
white solid (26.7g, 68.1 mol, 61% . Exanple 9 15
Preparati on of

o p3sofutionsefpt-Bpdrravihaethyl- Peehe) I(Byiepsl) (230 (22-181 mmol, 1 equiv),
-%ﬁgl%}l&gér)ag Hf? ESQllAg%:I 5'4'3 ?’ngn(ﬁ!_b §q11\19) :919 tglu%nea(ﬁ)b n%'atﬂ%ﬁux under N,

and Dean & Stark conditions was added cinnamaldehyde (35.9g ml, 272 ﬁlmol, 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 HCl (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), potaséium 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-hydroxyethyl)phenol

hydrochloride

OH 1.Pr,NH
Pd(OH),/C moist
0o Toluene
Hyg) 110°C

O O 2. conc HCI

Acetonitrile

CH,CH,OH
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EtO1l YI'L NCH3 N\ CHs HOY HO ~I" CH3 CH3 HC
Agqueous sodi um bi carbonate (165 nL) was added to a

wooovussa4@f the HC salt (Exanple 8, 16.5g, 48ciinBmowin01379

1 equiv) in ethyl acetate (165 nml) and the m xture

stirred for 1 hour. The phasejs9vvere separated and the
organi ¢ phase washed with water (195 nlL), dried over

A Gnirane e 6(2rhgdriophrathy)atpheay hgioombed-al {Beample Judeg] 111 mmol, 1

%{i}ﬁéz iﬁﬁ%ﬁ&%y%égﬁ% ; I(;St?llﬁf}{lr(r:lg ound nglgﬁllgglugb{l%r(’)xide on carbon
é%oélgt &tal %étt 5@% BY RN is %terml 27é36iv] E<RMRhE (150 mL) was

Pr eparati on of
t(yla)ogbn{ited (aD|621;o<piQ)3pNhaznﬁ9ﬂq)sa)l hyshegep| preepsd ht— 11q 2C.hykhegreaction

IQ et I}g)l/ phe /é()g%bé?ﬁhenoxgdpro |%%6Qﬁ aIt q\%&w&porated

\ﬁﬁlepr'édlﬁ@@ Oplle%e Nmeﬁqt%coﬂ WaSidistolvel W@E@tom@ﬂ@ (Qb@ mL) and
S) - 2- Phenoxypropionic acid (3.40g,

mmntranedehudrvc)hlm aciddé dl.6t mLa 151 um)nwe$ ane[cB The mlxture was

G S DSl SRS BB inbich S8 b Pana
(ﬁ&ﬁte@ts%lveﬁhﬁ:pm&& Wi &8 a@@t@hﬁ‘iﬂeatﬂﬁo{nﬁtﬁr@ fwad lid¥@d to cool and
upon whi ch the m xture was cooled to room

qrmaseapwmlghtu | Eher predagidwasaSherdd vantihweshing | witle @t smadl portion of

B ST PSP 0 e S v

0ligl(26.78 4% 168mol N9t i oneri c excess was determ ned by
converting the salt to the free base with sodium

Example 9
Preparation of 2-[3-(Diisopropylamino)- 1-phenylpropyl]-4-(2-hydroxyethyl)phenol

_OH HC CH
: \r : Na,CO, (aq) OH H,C CH,
EtOAc Y
N\(CHs > N CH

HO
HO

CH,
.HCI O

Aqueous sodium bicarbonate (165 mL) was added to a mixture of the HCI salt (Example

8, 16.5g, 42.1 mmol, 1 equiv) in ethyl acetate (165 mL) and the mixture stirred for 1 hour.
The phases were separated and the orgdnié phase washed with water (195 mL), dried over
magnesium sulphate 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-hydroxyethyl)phenol

(S)-2-phenoxypropionic acid salt
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10 hydroxi de and runni ng normal phase chiral HPLC
chromat ography (Chiral Pak AS-H columm, eluting with

woseanss44B89. 899, | PA (10%, DEA (0.1%, TFA (Oed¥eB2867/001379

m./mnute). The title corrpoun%< oul d be useful as a
starting material to produce anple 5 in our co- 15
pendi ng I nternational Patent Application No '
PCT/ 1 BO7/ 000619. The correspaadi hydr ochl ori de salt
to the title conpound is disclo as Exanple 12 in WO

98/ 43942~ Exaifiptel cgynt'fiesi $ of
3, 4- di hpydr 01 6- br ono-{4- phenyl ZFFbenzop
20 1384 137BtOAZ1 1 CNI[i

H%l uehe O+ s Y
(2.0g, 11.6 I) vvasm;lrred wi th I\I-rrethylplperazme

(3.48g, 34(8mpl, 3eq) in toluene (30ml, 15MNg) and"™s
heated at refl ux under Dean & 'Stark 5 conns
Once reflux wids achi eved, trans-ci nammal dehygde~ (2. 2g,

17.4m nol, 1.5eq) was added over 2 hours. Once:
x@
(]

CH,

addi ti on was conpl ete, heating of the reacti off'm
at reflux under Dean & Stark conditi ons was nt iq
for 3 hours. The dark solution was cool ef®€o 25C and

diluted with_ ethyl 20md, 10Om/

G- ?Tli’hngsmmom miskid O PG5 | 1ﬁﬂl&§b§%ﬁ@§@%§&%wf 2-[3-
t t

BapS R %ﬂ?iﬂgﬁff”‘lﬁx T (VERAERAAIL (Eapluct poks, 20

rﬁmbl,ltlleqmvﬁ ﬁﬂdftﬁyl acatarel /The. mikhee onghental qlhl@g € fﬁﬂ% ddys, epon which

t %W@dw{iﬁl <|F0t fe&ietgdggr%fglgggfgﬁtrer %ed Lo dggey Egc? w1t% e%hyl acetate and

cgf_éﬁgh L@l A8b @@EH{ %t]tg = Ry BHE %&hﬁoxﬁfd as a white solld ﬁ3 9g, 7.48

D| I Ssoprop - phenyl propyl | - 4- br onopheno
thpdl, demcld,cﬁbl%adz)t CH3 CH OH H C~-NCH

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-
pendlng International Patent . Application No PCT/IB07/000619. The correspondmg
hydrochloride salt to the title compound is disclosed as Example 12 in WO 98/43942.

Example 11
Synthesis of 3.4-dihydro-6-bromo-4-phenyl-2H-benzopyran-2-ol
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15

331 Ti(OPr)4, HNPr2, Otoluene OH HO 2. NaBH47
EtOH 3. HCl, EtOAc Br Br Crude
w3 20b7dsdaydr o- 6- br ono- 4- phenyl - 2H benzopyr an- 2- gt T/1B2007/001379
(Exanple 11, 2.0g, 6.55mml) was dissolved in toluene
(20m, 10n1/g) and to this sol®dtion was added titani um
tetrai sopr opoxi de (5.84ml, 3eq) and diisopropyl am ne
(1.0m, 1.leq). The reaction 20 m xture was cooled to
0-5C and sodlun1borohydr|de1 3eq) was added
portionw se WD 2007/ 138440 P §§007/001379 28 over
Ehanol was charg ropw se over
rred at 0-5C fgfag further 250MLS.

3 quenched .\M_t_h_wai_ex_.@ZOnﬂ) et hyl

150Hm nut es.

at ed. The organic | ay nas
sgfm ), dried (MgSH4), 5 filtered
and concentrated to give the free base as a grown oil.
This was dissolved in ethyl acetate (50m) and 5M HC
(2nml) was added. Excess acid and water were azeotroped

fOP‘H’E’\E\ﬁSFS?Tg&a&%l AT BB 8 Netg! v OF g{egl?.‘/?f@aﬁqa ine (3.48g,
3&%&@ B! i toe YOUME! 1553 Oblt 4RhRY Mrchirk bnabd BBan & Stark

washed’ h ethyl ‘acefate n ) dri ed
comdigensy &nge mefluy was hohiewd, Trlaes-mnainmawmmj (12j2gyals7 4n_1mol 1. Seq)
obt

w29 e e R dronr thile BRAbOr 555 Cluelse et Bthe pepption mixture at

' rERBPHERE Deesn & SeHOSRMI1RRs F430hhtfudd For 3 HOM@ Tl%%ahl 3&idtion was

The titl e conmpound, once resol ved, could al so
coeled ¢ 256 andgtilutediwigh mlaccfate 20mLt1Renlfg) ends quanchecb‘fvlth 2M HCl

RN TR TP GhhseE VBT a0 SoTbrel kg 157 was washed with

fiver g i BCP{20e; |T|Oﬁlll//§) and 1M sodium hydro%en carbonate solution (20ml,
r ox4- phenyl - 3, 4- di hydr o- 2H chr onen-6 met hanol H

lﬂmllgh Tl oagmhasqmah diripd Mded@inflteyed @pd Tohaeatrated to give a dark
col% e%)%)'ll (QLZg, 11.6mmol, assumed to be quantitative)

Example 12
Synthesis of 2-[3-( Diisopropylamino)—1-phenvlpropyl]-4-br0_mophenol hydrochloride salt
CH, CH,
OH H,C” N~ TCH,
1. Ti(O'Pr),, HNIPr, |
0 toluene

2. NaBH,, EtOH

O O 3. HCI, EtOAC

Br

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 (5.84ml, 3éq) and diisopropylamine (1.0ml, 1.leq). The reaction

20 mixture was cooled to 0-5°C and sodium borohydnde (0.75g, 3eq) was added portionwise
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2) Toluene, EtOAc, HO 2M wash HO 3) Tol uene, Et QAc,
Crystallisation 4-(Hydroxynethyl)phenol

wo p@nassgsnnanal dehyde HO (2- Hyd roxy- 4- phenyl - B¢HiB2007/001379
i hydro-2Hch ronmen-6- yl)nethanol 20
4- (Hydr oxymet hyl ) phenol (2.515%Q, 20.26npl, |eq) was
stirred with N-nethyl pi perazine (5.06kg, 50.52n01, :
Reb Efininutest BtharelevdsXhargdd dropBisemiver B thimtdsgndaticted ieR5°C for a

ted t flux, t -C | deh 3. 35kQ,
8 erchbanrs. 5 et iR NERCIRAQER Saet (mf s Heetate (50mi) and
' eI g t ' r.efl .
Rl ot o R ORI, rfonisfos fysg Miough clitc and the
a5 midre Jepatataie The ergaditi layen wasasskainpitle water KE0migadrted gvgSOs),

i Xxture caontinued to b 5 heated_ at reflux for .19h. ..
f%é# AW Foneenirgisddo gae tﬁ? gf?? F?Ss @s aerown gtk this yrap ﬂ@sé]ved in ethyl

OB kD) aPPVONCIR Al YwaSaddkd. BRRsdThoil WhE WaS HBRMzeotroped
allowed to cool to roomtenperature and EtOACc was

weithd Eesh( &tByb #eptatS (2x50mil) gid thehesubtimgasnlcl whagmnukged in fresh ethyl

S5SAEAGOMy or A B o) V3 FRLCCHRE TR, Washed with cthy
=eRR’ A0RM) arNdried By b0RC ARt Sabiifn 194 h3@Es: Thd A &impound was

ts
was added to dilute the organic |layer. The.organic
qbiteimasl asaswhvitessobid (Ml 24 40% fréiaad-tramoptsingl). 17. 751
7.1m./g), 5% ww NaHCO3 (17.5L, 7mL/g) and water (25L,
10nl/g). The phases were separated, and tol uene

TiR Bétylofy Hnalodid b8)thd\difle adAPEuid is BRclos<r %E:xﬁmglﬁ)’HE) in WO

and the m xture was, distilled to approxi mately

W38V omaE title compeund; Bhes) resdveds hewld @EOfb@Iusgméds pytarting material
ethyl acetate.({3.9L)., The m xture heat to.reflux.
il e P Bl S Setnel e B R ok Appitiion No
ROMBe7/Jdsisuspensi on was cooled to 2C and granul at ed

for 2hrs. The slurry was filtered and the cake was

washed with cold toluene (2x4..3Kg, 5L). The resulting
ﬁxaalrrelé solid was dried in vacuum for 68h at 40C, 10

T de 2. 76Kg of product

Svhtitenid lof X HydroRheytensl- 24 diikiyies-OH BHrsiidro68 Dnfethanol

yl') met hanol (53.4% vyield) which was used in the

foll owi ng exanple w thout puri flcation: 'H NVR 300MHz

dé DVBQ S ppm(m’oxture of isorferg, 10:1): 1.95-2. 10

(m 2 2.15- 23135 (m minor ThgorMgrefhylpperazines 35,
1H), 15-4.,35 (my 3H), 4.80-4.95 (m 1H), 5.35
(m rmwAor i somer), 46- 5. 55 {doneliux, 16 51- 6. 54
m nor Ji somer), 6.58{6.63 (m2)TdubnelttdAc, 6CI ZBwhst J

1H) ,HOG_ 08-7. 40 (m 6. Ex arﬁp]’c@erfgl_EtOAc, Crystallisation

4-(Hydroxymethyl)phenol trans-Cinnamaldehyde HO

(2-Hydroxy-4-phenyl-3,4-
dihydro-2H-chromen-6-
yl)methanol

4-(Hydroxymethyl)phenol (2.515kg, 20.26mol, leq) was stirred with N-methylpiperazine
(5.06kg, 50.52mol, 2.5eq) in toluene (17.74kg, 20.5L, 8.15mL/g) and then heated to
reflux. trans-Cinnamaldehyde (3.35kg, 25.35mol, 1.25ec1) 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



Synt hesi s of
2-[3-(Diisopropyl am no) - 1- phenyl propyl ] - 4- (hydr oxynet h

’W(yht)ophmmd OH 1) MeOH, HN(' Pr)240C 1h O 2) PdP(EBﬁ%07/001379
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142 10% w w H2 115psi 40C 20h HO HO
2-[3-(Diisopropylam no)-1- (2-“Hvdr oxY-4-PhenY1- 3, 4-

phenyl propyl ]-4- di h ydro-2H chronen-6-

(46.tklg, o364t fl By pd)e Tbe phyde) veerdr sepakat@l) and ethyl acetate (27.1kg, 30L,

2- Hyd - 4- ph di. hydr o- Yen- 6- ,
PR tas B e AL ST MR v
fgrdgl Oﬁgﬁg{gp 'r1n7).|(7§1} gp%)rmé/g} 55%/& INaHE DS gpr" ALY T@nig)e eanalﬁéigr (25L,

, 3. hen added over 15 m nutes
e/ glx: (ibp iphape$ weresdeparated, arehtoluenﬂﬁﬁ 5K gl UL, cdmigsvastedded to the

stl rr d for e hour und i trogen cat
. 2nd e soprovas ciseied 16 IeRmm oy Rher pdiphal toluene
(3‘9%?’ Ms\’\&ha‘l@e?l foRERES be 2t Sat:é’(ﬁt"ey(3|9‘l) n’?ﬁg‘ aHiRhrel W8 Redidd to reflux
he system was purged h WO 2007/ 138440
tm¢dommﬁ200m190/nﬁmutwmrogmd foh éﬂhrts hEhensugpensionweas cooled to

B ket B ars,aBE by s Wi e ks by Begpedl win col

t@l‘ﬁél%e@xw3 511,} "Pﬁg eRuRAg phiel thie 561 W¥Ldriety iRva&iukVFor 68h at 40°C,
[ter ai he 5 residue pad was washed with

tmetmemdd: (2236Km60f nprodast2. (- hntdfrgvsy-%b@nyﬂa 4editiy greedd{-chromen- 6

ekl Bneb i MR e BRRE SRS guriicaton:

' Nret @MER d6 DR O Sﬁﬁﬂ@ﬁtst opagamwss hes):weye2 ub@m 2H), 2.15-
conbi ned to produce a S|ngﬁe sol uti on equi val ent

i amizos somgs b4 et Fond. il i ik o5, 1), 5.35-
t t |
gp‘gﬁ[ F‘B«Aﬁnﬁ‘g” gﬁ%g%er | g@iﬁ%%? H %gﬂélbt()ag 196 gﬂ)‘\fx% lf'rﬂgor 15]?1{‘1%5 6,58-6.63 (m,

1@5@@5(@.]—@2}@1 TH) 99.9827d0i(mask). al cohol (10000 m., 4 0
n./g) were added to the reaction mixture. A vacuum

distillation (100 nbar vacuum set) 15 was then

erf erm&*d to distil down to the target vol une
%ﬂg@imly not ed.

Synthesis of 2-[3-( Diisépr(mvlamino)- 1-phenylpropyl]-4-(hydroxymethyl)phenol

OH 1) MeOH, HN(Pr), 40°C 1h /LNJ\

o) 2) Pd ESCAT 142 10% wiw

H, 115psi 40°C 20h , OH
HO

HO
2-[3-(Diisopropylamino)-1-
phenylpropyl]-4-
(hydroxymethyl)phenol

Y

(2-Hydroxy-4-phenyl-3,4-
dihydro-2H-chromen-6-
yl)methanol .

(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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Di i sopropyl am ne (2500 nL, 1.0 ni/g) and t-anyl
al cohol (10000 nL, 4.0 nL/g) were added to the

WO s@etissay m xture. A vacuumdistillation (100 wd@ErB2007/001379

vacuum set) was then perforned to distil down to the
target vol une previously noted® Diisopropylam ne
(2500 m., 1.0 m./g) and t-amyl al cohol (10000 ni, 4.0

- hytifogen, tRéh thermixade eds hodropenatedant tlil § psin798 ur "’ NXn\%,atQm bar) at a

distillatjop 00 nbar vacuum set) was then perforned
tergpeIptate of 4(90@\/%0&28 hoMES- t ar get vol ume previously not ed.

t- Anyl al cohol (12500 niL, 5.0 nlL/g) was added to the
reaction mxture. A vacuumdistillation (100 nbar
Thecmixtursewds parged heith perdgon rand filterell svverd Adioovel™o(fdter aid). The

rvoé%)%eagg‘%éévzagge%ﬂ@ %ﬁ)@@?lémﬁﬁzal : 3& '@F om0

distillation (100 nbar vacuum set) was then perforrred
to distil down to a volune of 12500 ni. t-Anyl
Ilectorsguipfiedb lithitations5 the ablokg promedied was petfermehtia fumther times on
fgbxt#gf? to,give a final volunme of 25L. 30 The t anyl

g8 ‘i on of crude product
2-[3-(diisopropyl am no) - 1- phenyl propyl ] - 4-
(hydr oxymet hyl ) phenol was used in the next step wth ’
Tie threet ﬁlenatepmnkifthciatrbspncti\deﬁm -washes yeres thear @xmtamhyo produce a

3}%85\’\%??{9 3%‘%[9-5g %9&65%%3 AR a(%%)'j}g %éle t%f Voqulhe was noted
th ARUK itle iBRiaPlardet 40111%% ﬁxe‘t?a’ilovﬁfl? A skilladdnVsrob&dute:

anal ysis indicated the crude solution contained 29509
pr odlmtsopx&wtamnrwl (d)OO kil rel /g akd ngn}?lfﬁémlml 61f0000 mL, 4.0 mL/g)

EreR% h)Z)Y %‘?) ﬂé‘%&hto ( re {93{26120 %h%ﬁhenéh@ftﬁf% (lQé J@%grrxpac}{um set)
( R) (wa)s't ﬁe%}‘l{lw‘ﬁrmitﬂ ae®h 't&th@@érgethoﬁﬁﬂe HreAoustYVnote@H

C, then r.
f 3 HlBmepplaomgd (Qﬁi)(th- 10 mL/g) and t-amyl alcohol (10000 mL, 4.0 mL/g)

EJE en)ZW%? aéf%ql ta? {,og)r?yno : ghenﬁb 1gtol@{1o]n (100 mbar vacuum set)
(R - %%ttﬁw;(e?ﬁaﬁﬁyd PAR&N Aben td M@argéwmxﬂybaemﬁm hhoted.

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

e (-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 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. ~Amyl alcohol (12500 mL, 5.0 mL/g) added to the reaction mixture

to give a final volume of 25L.

The z-amyl alcohol solution of crude product 2-[3-(diisopropylamino)- 1-phenylpropyl]-4-
(hydroxymethyl)phenol was used in the next step with no further puriﬁcat'ion. HPLC

analysis (area/area) showed 93.3% product, plus: 4.2% starting material, and other
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t-Anyl al cohol (19.2L) was added to the previous
sol ution of 2-[3-(diisopropylam no)-1-

web@npbquopy! ] - 4- (hydroxymet hyl ) phenol (from Exeuypm2007/001379
14) in t-amyl al cohol (25L, 10 containing 2.95kg,
8.64nol, leq) to give a total A0l une of 44.2L. This
sol ution was heated to 70C. In a separate pot, a
imptriidscat 104% (diil-(.4%- QuedttxtyepHRDE| gnalysisi iodiaated the crude solution
(0. 839k 4.32n0 .5eq) in t-anyl alcohol (14.8L)
Cﬁ&‘%‘“ﬁ&@géﬁgeﬂo‘i{“%@gtfﬁgﬁ cooled to roomtenperature
once all the acid had dissolved. This soI ution was
then added to the solution of

@g( ISOpI‘ opyl am no) - 1- phenyl pr opyl] 4- (hydr oxymet h
I 5 | I ]

\! 1 a ) PN -=',‘: NYAFX phenol (R)-
aégo%g(g%nltl)bé@ta{& pr epar ed previ ous| y by a sim I ar

met no on a smaller scale). The slurry was cool ed
to 60C over 2 hours and th o°25C over anot her 3
hour he m xture was ag or an
addi’t I(Ryl)&gw&yna&laeadelséar rqgﬁma red and the
caIne v* twice memeHurried wt Ibp,an#l al cohol

X2 2x| Onf7g°gyreghd de- | i quor gd s The white 20

5 dried under reduced pr d 40C for

Hodi i sopr opyl ami no) - 1- phenyl pr opy,I) - 4- (hydr oxynet hyl ) ph
2RMiisoplofamei@t OXy ( phenyl ) acef@b-fdisbhrofndid)@lokbnyipropyi4-
elewireptlledd f or 14, 3% w t - any (hydrbgrodthglirhendl (Ri-aeestoxyiphroylladgtate
APy with 99% ee by chiral HPLC. 25 HPLC

tmhjil/caicdhol (IQQUI/WHstadded/’mg the pirelviom solGtion af Pfi-(dSoptopdamino)-1-
2007/ 138440 PCT/1B2007/ 001379 26 Flow rate: / m

PR PEPPH4cby TPEITSRERIES) (b REls 514 Dot A hrfcghol (251

&ﬁliﬁ(m T§'9f51( lﬁﬁ@lt '1%%)3&' I.VQ alﬁltalT\%mﬁé N L 3 solution was -
nm 5 Réten .

tect lon tines:

heitpd 2o[ 39°Cd|1nsa) mepzmttleamtn @) sdlugioreof | (®)-Gp)ydcttody(Oherdi Jazstic acid
((S%agfgls 248&2&9@ Qj\ t—amﬁrégﬁhog(%) was prepared at 50°C then cooled to

émﬁ tﬁlﬁé&ﬁﬁ%‘é’gﬁtehéﬂ IRNEAPhad! Biséidd. TR tonlPastfhen added to the
s()]ﬁhoﬂ of 3—[6%11mmpyﬂnphmm- hpher@lmhgﬂ}#ﬂﬂh@y*y]methﬂbplﬂmd in z-amyl
alim&'lhly ozfgh(?nréo}llourql"ﬁe resultmg gl_llltlo%o\%/gss ﬁleylns]e erdb\?vglt tperoglu%t 0. 03kg,
1wt%, prepared previously by a similar method but on a smaller scale). The slurry was
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. The 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 pressufe at 40°C for 12hours to provide 2.04kg (R)-2-[3-
(diisopropylamino)- 1-phenylpropyl]-4-(hydroxymethyl)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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tol uene 50C toluene crystalization HO HO
(R -2-[3-(Diisopropyl am no) - 1-
wa@ R)o7234430 (Di i sopr opyl ani no) - phenyl propyl ] - 4- PCT/IB2007/001379
1- phenyl propyl ]-4- (hydroxynet hyl ) phenol
(hydr oxyret hyl ) phenol ~ (R) - acet ‘%xy(phenyl)acetate
(R)-2-[3-(diisopropyl am no)-1-phenyl propyl ] - 4- ( hydr oxy
ImmﬁhyéMmMBﬁml (R) acet oxy(phenyl )acetate (Exanple
was slurried in tolu
Mqlalezl’hege orane P55 Bibanalch SRy AR, T Trippgegoct acid 018
%foCKZCOS (1.75 kg K2C03 15 dissolved in 17.5
ur| water, 10 nL/g) was charged. The m xture
Dmushnz()ﬁdl vigorously at 50 C for 30 m nutes. The
two sol ution phases were separated at 50 C. The
Retendian éimstase was washed with purified water (1.75 kg,

e R bR Y BB P SRR AR oy
(8)-2{3-(disbpropylaiingtlapenyiptdpyli-4ndey dpayy iothybdhdnel 18.4min
reducing the tenperature to 62 C and then 20 cooling
to 40 C over 40 mins. The batch was held at 40 C for
and then seeded using
- (dii sopropyl am no) - 1- phenyl pr ooyl ] - 4- (hydr oxy
SthMQUérm[3 (Iiisd fprojpglaminay) d petreawl ppupe V-4 (In/dyoxysgietiyDahenol
simlar nethod on a smaller scale). The batch was
t & ed fj( further 1 hour at 40 C/Jemdj\t hen cool ed
c @overfé’% hours. The batch was granul ated at
20 or @) Hours. The slurry was th €ooled to 2 C
over |1 hotit-anc\25 gr sstuatasha@be. 2
t enper at yr g p| | e bel dWenefhe sus

filtered andthe cake VRS NE W t | d toluene (1.5
kg 1 M9 g). The danp product (0. 95’% kg, dry

byindg-_.OD anal ysis) was a lisoproRytearehi ne
5@1’” %¥h§\aem07/ 138440 PCT/ | B2007/ 00 #’)g)&)pmntlol uene

Reacetpyphepyiageidte t hen perforned. Tol uene (2.42 kg, 2.6

BradacBrRntthd BREVIRbON R SGrinholiell, 12T

(Rbl@ceitbb{iy[@ﬁ{é%yl)ﬁbevm (E)dahtp&r Efd 1aasokg, Be7cakle 1e@shecsluticd in toluene
‘col d tol uene based on dr
@80 ni Oy e mid R 1 SUCEt ALY A SUNTOR o KIGE: 417538 KaCOs

i.el )
PR E SR PR ot M, e g e ey g sied
vigdremdy a( 60 P¢ fog 30 2nihiites0The iwo sdibtiotl/plydsed deressepamtudta 50 °C.

tal |l lid. HPLC
'Igl}rq:l grggmc :.mri]agggsgvlqélvtag}@e@swyl mndl Clgt evgate>r (9197561{g,pl'lrI t/)é) at 98 °C. The

phases were separated at 50 °C and the toluene volume reduced to 3 mL/g (5.5 L) by

c

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 1 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, 1 mL/g). The damp product (0.933 kg, dry
estimated by % LOD analysis) was a white crystalline solid.



Exanple 17 10 Preparation of (R)-(+)-1sobutyric acid
2-[3-(diisopropyl am no)-1-phenylprop |y 1T4- (h dy
wo oyAsdulay ! ) phenyl ester o C Q JN NEtOH 3 O £¢B180807/001379
H20H CH2OH The title conpound is prepared fromthe
compound of Exanple 16 using t4% nmethod of US Patent
6, 858, 650 (see section 5, colum 16). Alternatively,
A holgerecacslingy v th&E pdiforaedf oTslReheM 4Dk, Memamgi '(ttaisem on dry
of an external acid-intercepting base - see US P
egtirgsig))Gooled i 31t anddamp esodgszt\w chesegdand agitpted at 3 SRt 15 mins
re f + t
@_ [@Q@E ogglwlir’soﬁﬁ%?ld (an% )t}llei 8&% Whd IS4 %'ttfj]colg tolpgne (1.6 ke, 1.5 mL/g
(bixgdion Withlydté)mh hy darap tpecrdubtydasagmd numan@hed B t@yidld (R)-2-

0 H3C N CH3 HQ2C -, ~-'-C02H O H3C N CH3 H?CQ? )
5 [é@eﬁoamﬁ@mlmi lephsnylpeonyiledcvdrepimetiypbensl (0,74 &gpp; 17 mol) in
S: tpél %t@g% a %438 dPCﬁIPL@RQFJaQ:Q193@6%2ﬁmw,eand chiral

repar fromthe conpound o
Md&aﬂeﬁ%‘mgethe nmet hod of US Patent 6, 858 650
(see section 6, colum 16). Exanple 19 5 Synthesis of

[ 2- (4- Met hypi per azi n-1-yl) - 4-phenyl - 2H chroman-6-yl ] -m
Bhhgel; (NN

10 Preparation of (R)-(+)-Isobutyric acid 2-[3-(diisopropylamino)-1-phenylpropyl]-4-

(hydroxymethyl)phenyl ester

Ak s

OH : NEt,
: CH,Cl,

CH,OH CH,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
15 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-(diisopropylamino)-1-phenylpropyl]-4-

20 (hydroxymethyl)phenyl ester hydrogen fumarate
CH, CH,

CH, -

A I

O HC™ N7 TcH,

0 HC~ N7 TcH,

2-butanone  HiC
cyclohexane

—_—
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OH N O N N nethyl pi perazine O Tol uene, reflux, 10h
HO 4- (Hydroxynet hyl ) phenol trans-C nnamal dehyde HO [ 2

wd 4oodBidayd pi perazin-1-yl)-4-phenyl- 3,4-d PCT/IB2007/001379

i hydr o- 2H- chr onen- 6-yl | net hanol trans-C nnanal dehyde

(66. 59, 0.66nmpl, 1.25eq) was dffuted with tol uene

(100m., 2nl/g based on 4- (hydroxynet hyl ) phenol ), and

T\laesnmasm;sbdnw i€ prephiel ffons &teLtroatpedn@ of Bkarapledf7 usipdihel method of
¥drogen carbonate (2x] OOnL) and once with water

Y3 atent 6,.85H20 (ses i?éﬂ@l ﬁ@og’é‘%’fq on of cinnamal dehyde

was then added over 2 hours to a m xture of 4-

(hydr oxymet hyl ) phenol (50g, 0.40nol, leq) and
Bkamgile ¥9 pi per azi ne (113nmL, 1.0nol, 2.5eq) in toluene

350m_ 7m_/ Q ar k
\ : Methyl J-methanol

reactlon mxture contl nued to be heated at refl ux
under Dean- Stark conditions fqr 10h. The mi xt mas
then cooled to roomtenperaturaNand a sanple 1
evaporgy ed to dryness under {EN d pressure forY
anal ythcal purpodes. The dark Wi ?’ e@\%?'&?’ﬁ""e 6

[2-( t hyl.pi per ggi n-1-yl) - 4- phenyl—-—Z-H-chro

et han (m xture ast er eoi rg%
um: ZB- %&gn% rrper atu §

EI-GS M5 (Agilent),
am 50C (0.5mn), 20C/mn 20 to 320C(2n)
Bty PREghYIRREDY, rapfgiCinamalAehydss i NVR (DI\/B Qerude

M xture) 300mHz 8 (ppm: 7.40-7. 00 (28H12 ethslplaggzg nyiiyl)4-phenyl-

ent6-yllmethanol

: tj‘a.lgs mp&l}lal}_%lz}gi&??gg'g,'(() @moj 91125%@_'2/)% Eﬁ&tgd] er& (100mL, 2mL/g

b]efsé(p og 4 droﬁyﬁl@thgl lliﬁengl alﬂﬂl\gasow!i%\ed t@né%ﬁh gga&?’c{f&d solution of .
2 25 s),; 2.86: m ;

@dsmn mysﬂag@nmbmtﬁ QxM)omd 50¢-¢ with wnt;tr L(diOOIgL)z Biis toluene

(i TobhiessBrdS ) oy e v 2000 0% e of o
%_&?sagﬁlethfyuﬁmn%t %5(%2 Qﬂf(ﬂid]‘g%) ¢ %BGNI}E&G%Q%*&&M%X@MS 1.0mol,

I's Shown in elo 1."Pr2
2.5eq) in toluene (350mL, 7mL/g) heated to reflux under Dean-Stark conditions. Once the
addition was complete the reaction mixture continued to be heated at reflux under Dean-
Stark conditions for 10h. The mixture wes 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-yl)-4-phenyl-2 H-chroman-6-ylJmethanol

(mixture of diastereoisomers) and impurities.

EI-GC-MS (Agilent), column: ZB-5HT, Temperature program: 50°C (0 5min), 20°C/min
t0 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,v 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, rh) including 2.31 (s); 2.17 (s);
2.14 (s); 2.11 (s). '



OHO MOHNO2. Pd/C, H2 H MeOH Exanple 13 Exanple
14 CH2OH CH2OH 3 3 /II\ ~OH 33 g o OHH3C NCH3 O
WEIBGHd j~ CH3 OH CH I \ | \  Exanpl e 15 CH&t/182bi@ot379
CH3 CH3 OCH3 CH3 KRGO3 H3 CNCH3 CI OH3C N CH3
OH- _J O Toluene NEt3 Exanpi® 16 CH2Cl2 Exanple 17
CH2OH CH20H HX2C', ~~COZH CH3 CH3 0 H3CNCH3
Breknyhﬂﬁsim of Fesoteaddieelyainezed fkoArat@Niccofdiitto the amgoheis bf Examples
*  CHOH WD 2007/ 138440 PCT/ 1 B2007/ 001379
1§018 '@ISE‘P‘WE in Scheme 3 below.

CH

OH 1.Pr,NH
' MeOH
OH e
o) 2. PdIC, H,
‘ MeOH
—_— AN —_— =
Example 13 == Example 14
CH,OH
CH,0H

CH,0H

K,CO,

Toluene

CH.CI,
Example 17

Example 16

H
0L A~ coH cH, CH

3

0]

H,C N CH,

2-butanone H,C
cyclohexane

Example 18
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1. A process for the production of a conmpound of
formula (1), OH O (I) Y 5 wherein Y is selected
woé pm sy CH2OH, CH2CH2OH, CH2Br and Br;  conpei/ss206r/001379
the steps of: (i) reacting a caonmpound of formula (I1),
ox [/ (Il) Y wherein 10 OX ié“hydroxy or OM+ in
which M+ is a cation selected fromLi+, Na+ and K+-,
(aitns: Y i s as defined above; with trans-ci nnanmal dehyde
(I'11), 0 HOn) in the presence of a secondary-am ne
conmpound; then 15 (ii) treating the product of the
pr eced] ' ' ound of
o ] RO FO B o e O 1,
wherein OX is hydroxy. 3. Pthe process as claimed in
claim1l1 or claim2, whergirn Y is CH3 or CH2OH. 4. The
process as clained in any ope of cl@ns 1 to 3,
wherei n the secondary AT, . onpound is achiral
5. The process as cl ai Rg any one of clains 1 to 4,
wherei n the secondary ani ne conpound contains two
secondary amnine groups. %. The process as claimed in
.ORE. j t ' h Ly am ne
A8 Sisbief LR e B CBREHIQl, GpeBe Al
cbfapfibiBg M9 bE79 31 7. The process as clainmed in
claim5 or claim6, wherein 0.5-1.25 nole equival ents
(Bf t weacting d gerapund af fermwdilbBund are used in step (i).

OX

I

wherein

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

AN

5.

Y is as defined above;

with trans-cinnamaldehyde (111),

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 ().

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

3. The process as claimed in claim 1 or claim 2, wherein Y is CH3 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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8. The process as clainmed in any one of clains 1 to 4,

-wherein the secondary am ne conpound contains one
weemonsany amne group. 5 9. The process as cled1yasoomo1379

any one of clains 1, 2, 3, 4ng}d 8, wherein the

secondary am ne conpound is ]phollne di butyl am ne,

di benzyl anm ne, 1,1, 3, 3- tetranethyl guani di ne,

i et ﬁ@ﬂeap’n')ms agitlaguydrio pldimr oreclaipi pewhettned. pil.24rmole equivalents

Cl 6 | 0. ‘
e SeEendefy eiak Ro8Sofareisedibgienilontary ami ne

& oMo Grcesd\as é'lQm{@txHMh? bRESBAAIRR- 1 b4, WikeeiR E&C@é&mﬁﬁy amine
clained in any one of clains 8 to 10, wherein 1-5 nol

coquovad emtains gfe sebandgomndagipupni ne conpound are used

' i). 12. .Th

9 he” R gbsny 61 IS i ERe re DE AP oo oy T and b efherein the
seédntaryS affik QWbtnpdIuAld 0§ hhRiiHeliAs ! dibuldarkie, dISeRyRARRS 1,1,3,3-
as claimed in any one of the precedlng clai ms, wherein

tetrametiydgudnadingf diethglpmy(rie) disapeapylaseineut piberidine opgadt cN-(Cis
ils/l vent sel ected fromtoluene, xylene, N-butyl
-anyl al cohol , di oxane and di butyl ether.

14 -mh@ ﬁé&@@%cl@ﬁne@' 1ﬁ|cmﬁ 9, Whetedi fHe]s&cormﬁ@r #hife th@pound is N-
solvent is toluene. 15. The process as claimed in any

meibylpiperagmepr ecedi ng cI a| ms, wherein the reaction of

: ar’rl t .
Hangd Batodks' ity FliStbae Rt ERE IO Rl 013 B cauivatents
ofGhe sEBEndAFOARIHE cdﬁp@ﬁrﬂldﬁ@ﬁisednn aey(lgme of the preceding
cl ai s, wherein the reaction of step (i) _is carried

18ut Uihedrocesnan ¢lpisied it BRY oReefohe Praseding £ Ltwherein the acid used

15?1%?&6)09 ége%g‘gﬁgdr%?hlorw&upr ocess as clainmed in any one '

alns, Wherein the reaction of 25

ISt ep "[(He)prb&ssléﬁ dlaierdd duinyadne@f ther frededingdMifR] wikreinshy Raction of
18 A process for the pr oduct ion of a conpound of
(Wip sargiedrput in@p aeggic solygnt gelectgq fromtplyene, xyjgng, N-pyty) acetate,

t\é}%ﬁ é{l(}@gi}jﬁl gé/dbsg}qgﬁ{epow?g 32 wherein Y is as

alt thereof, conprising:
The process as claimed in claim 13, wherein the solvent is toluene.

15.  The process 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 (1) is carried out at or around ambient pressure.

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

)
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(a) producing a conpound of fornula (1) as defined in

claim1, using the process clained in any one of the
wob®easksng cl ai ms; then (b) reductively am natpegrg2067/001379

compound of for mul a (1) with diisopropylamne; 5 (c)

and where desired converting t¥e resul ting conpound

into a salt. 19. The process as clained in claim18,

WHEEHiR IYNis ¥s HéfirfeliGn OhinkiH2ésH sa&@hera_d’fecdhﬁpﬂsﬁgs as cl ai med
inclaim19, wherein Y is he conpound of fornmul a

@ v) nr@dupmgaq eempgund of foanular@ba%é?fhleﬁﬂnsql@ﬁl Lcysing the process
ol t er odi ne L ced. 21. A process for

ﬁan%leim Ay Sh h%f %C%hg‘lgé’faé‘g‘ug ﬁg&‘ CH3 CH3 HOCNCH 0 3 3

- (BBC @duetiel} emiHARkiIthedonfpophdsMdarulh (1) atithydinopepylabie:;

salt thereof, which conprises: (a) produ0|ng a
(Ebnpauabere c#eélrmoawerm (hemiats dpstpannd e}t%a ftles, in

ic b
oAt e S Mo 63 By et pEE: (0
Z(OR) e ProdeBe4s clélfne(ldh chinl 18 wheretoh® 1$)ﬁé]3,otlhe compdurekyf formula
roup of the product of ste to pr.oduce the

(b)
lrs@rf;ptsﬁ ilthd--tastare agid i steR Fca apgtelferodipg Latwarawrfé peoduced.
esir he resultin
ﬁ ﬁﬁlgggsﬁ?%qﬁéﬁ%ﬁé?tﬁaceu |0}:éa§k9yé accept abl e galt 22.
The process as clainmed in clainfBl, Gerein the

secondary am ne conpound used 1—%9 t/@roduce t he
conpound of forrmula | is N-m:—@ peragi ne. 23. A

conmpound of formula (V), Y/ N O|Y M of a salt
t hereof, wherein Yij s |ned/|Jn claiml1l. WO
2007/ 138440 PCT/ | B2007f 001579 33 24. A conpound of
formula (M),

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), ‘

Y O o) . /—\N o O Y

/

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

\Z



YO -CH3 (VI) or asalt thereof, wherein Y is as
defined in claim1. 25. A conpound of formula (VII),

wéXxbo7Aszssvo | \ (VIT) 5 Y wherein Y is sel ect edpdt/m9007/001379
CH2CH20H, CH2Br and Br. 33

24. A compound of formula (VI),

—cH, VD)

or a salt thereof, wherein Y is as defined in claim 1.
25. A compound of formula (VII),
OH

o)

spol

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



