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1. Field of the Invention The invention is a process to prepare tolterodl ne

(V) incl uyonesrmdespovel internediate. (R)-Tol terodi ne L-tartraEenosyinzses
useful in treating urinary incontinence. 2. Description of the Related Art

10 . US 5,.382, 600 discloses tolterodine (V, and.its tartrate salt)
together with a method f@mﬁsﬂm%@- VrAeobeedi ne (V1) is useful
for treating urinary incontinence us ournal of Chemistry, 26, °

899-906 (1973) discloses the lactone (111). SUMVARY OF

| NVENTI ON 15 D scl OWE '
3, 4di hydr o- 6- et hyl - 4- phenyl - enzopyr.an- 2- ol “55 Al so disclosed is a -
proces for the production of tm&ﬂf{@-@#ﬂmch conprises: (1) .reducing

the lactone (11e tiskitidh odlrlobds BY8hareholtBioidd @) ticligik LAGRRUND (1V)

and 20 reductivel y_am nati t he hydroxy conpo (I'V) with
di i sopr opyip @Emt@brméseﬁrm:@ge OA) i3-psefahinNreatinggrisays 2, 600

di scloseslhajdtﬁ{egg%ne (V, and its tartrate salt) together with a nethod for
its preparation. The inproved process for prearlng tolterodine is set
forth in EXAMPLEs 2 25 and 3.4.-Besasy & g¥ent s i ncl ude. -
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lithiumtri-tert butyox um-.nohydr i
di i sobut ylmaetiad rfemtﬁymnaa@thxal Gﬁt’l)‘oltemdme (Yiff)e$ saerfuhfomrqaémgonmme process
of conver ti, Ahihldged actone (111) to the 30 correspondl ng hydroxy conpound"

(1Vv) at tenperatures of. less than -15[err}; is nore preferable to ..
performthis reﬁeﬁMWNanwreglsOﬁWeﬁmeeaﬁsaE99tQOG (297D rdigcloses the lagtomeon of
4- hydroxyt(ﬁ jlene (1) with them i produces the | actone"
(11l) which™éxists as two ena tone (111) is reduced

Disclosed is 3 4-dxhydro-6-methy1—4—phenyl—2H—benzopyran-2-ol

Also disclosed is a process for the production of tolterodine (V) which
comprises: . _
(1) reducing the lactone (III) with a reducmg agent to form the hydroxy
compound (IV) and . :
20 (2) reductively aminating the hydroxy compou.nd (IV) with diisopropylamine.

US 5,382,600 discloses tolterodine (V and its tartrate salt) together with a
method for its preparation.

The improved process for preparing tolterodme is set forth in EXAMPLEs 2

25 and3.

' Preferred reducing agents include diisobutylaluminum hydride, sodium bis(2-
methoxyethoxy)aluminum and lithium m—tert-butyoxyalummohydnde, more
preferred is diisobutylaluminum hydride (DIBAL).

It is preferred to perform the process of converting the lactone (III) to the

30 corresponding hydroxy compound (IV) at temperatures of less than -15% it is more
preferable to perform this reaction at less than or equal to -20°.

The reaction of 4-hydroxytoluene (I) with the unsaturated acid (II) produces
the lactone (IIT) which exists as two enantiomers. When the lactone (III) is reduced
to the corrésponding hydroxy compound (IV) the reduction of the carbonyl produces

35 a secondary alcohol with an stereogenic center. Hence, there are two pairs of
diastereomers. Hence, wheix the term 3,4-dihydro-6-methyl-4-phenyl-2H-
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to the correspondi ng hydroxy conpound (1V) the reduction of the car bonjl
Rroduces 35 a secondary. al cohol wi-th an stereogenic center. Hence, there
gre,.éwo pai rs of diastereoners. Hence, when the term
, 4- di hydr o- 6- net hy- 4- phenyl - 2H WD 98/ 29402
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vari abl e
DEFINITIONS AND CONVENTIONS
The definitions and explanations below are for the terms as used throughout

-20  this entire document including both the specification and the claims.

n

ways. The first method uses a prefix to the entire name of the variable such as "Cy-
C,4", where both "1" and "4" are integers representing the minimum and maximum
95 number of carbon atoms in the variable. The prefix is separated from the variable
by a space. For example, "C;-C, alkyl" i'epresents alkyl of 1 through 4 carbon
atoms, (including isomeric forms thereof unless an express indication to the contrary
is given). Whenever this single prefix is given, the prefix indicates the entire carbon
~ atom content of the variable being defined. Thus Co-C, alkoxycarbonyl describes a
30 group CHg-(CH,),-0-CO- where n is zero, one or two. By the second method the
carboh atom content of only each portion of the definition is indicated separately by
enclosing the "Ci-Cj" designation in parentheses and placing it immediately (no
intervening space) before the portion of the definition being defined. By this
optional convention (C;-Cg)alkoxycarbonyl has the same meaning as C,-C, alkoxy-
35 carbonyl because the "C,-Cy" refers only to the carbon atom content of the alkoxy
group. Similarly while both C5-Cq alkoxyalkyl and (Cl-Cs)alkoxy(Cl-Cs)alkyl define
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by a'space. For exanple, "Cl[err]-Clerr] alkyl" represents allcyl of 1
through 4 carbon atoms, (includi-ng-isoneri-c forns thereof unless an express
indi.cation to the contrary is given). Wenever this single prefix is given,
t he prefixwomdkemees the entire carbon atom content of the RGHEMTE2¥| ng

def i ned. -é# %?gr&#ﬂﬁgé@ﬁ\%g'ﬁ@m 399 LB5n @tcﬁﬂs, tﬁé ‘P.\W? deﬁmtmns differ

CHerr}- ere I'S zero, one e secand
met hod t hesmrtherfonnmdefuntlm allows Qlflihgr theckpryr ox aikylonortln@ %@ei 9 qopbADn; s

| ndi cat ed SeDal ke gart%f%ﬁi&&ﬂ o8tk efiditibh 1infhES NG dr Uede iBpS B eses and

placing it no 1 nterveni ng space ore the portion of the
defi ni ti orcableomagtothest i ned. By this optional convention

(Clerr]zClerr])al koxycarbonyl has ' wi ng as Cerr]-Cerr] al koxy-
35 car b%nyl ‘because the "Cerr] nly to the carbon atom

content of the Alltempemptares arGimegrebs Cabfigradbot h Clerr]-Clerr] al koxyal kyl
and (Cerr] ).ak ko | define 2 WO 98/ 29402
PCT/ U897/225216§‘¢5§{?§ E&/ﬁ%rj%s cg{l%dg%fﬁjpn ‘from2 to 6 «carbon atons, the
two definiti onsHBLCf&fersmmgltlbmsé\n'erkqmdiehromatogmphyl ows either the aI koxy
or al kyl porti e to the latter
definition Iim algrog? %ﬂgapgy?(foi@g-g %ﬁm @25%3@)&?#81&? %lgzls'i% |
éL% EErgmle;I}]ﬁﬁﬁ‘ch aﬁoltn/s‘epmroatuﬂggpamislf expdesgeéas (Dppoityelnent). Ino:s nadestoodo .
[ yer,.chromat o refer iLQaui
chr omat ogr P’%*RE’OPB%F%%%PS(”ESPB da% #ﬁ%‘ﬁr%ﬁggég} ggtggp?%y refers to
10 puri fi Cevlnhs dadarati on of conpounds expressed as (support, eluent). It .
i s understoo g he, appropriatefractions,are poal ed. ed to
gi ve the desi reG‘ nb%ﬁ’f‘?&gs@gaf%ﬁfff ._P }aeqee?og ewgﬁéﬁeﬁg&é%%ation
of plane pritaiédat 45° g¥ith ¢tlspsdidrn D &ipbi(ﬁaﬂA)r otation) at 25[err] with the
sodium,D line (R89A). 1 ' Phar l.y acce to those
properllges and/ gﬁ%ﬁﬁ%@sw‘;@ﬁ? éﬁ?sgt}?‘gp?r@ ?%ﬁ@o?ts Jl"lg;ntgﬂ roma
phar macol oghivhl drecactepthbigito dhe patient ﬁmﬁm a pharmacologma]/tomcologacal point of
_ view and to the manufacturing pharmaceuhcal chemist from a physical/chemical
point of view regarding composition, formulation, stability, patient acceptance and
bioavailability. |
20 When solvent pairs are used, the ratios of solvents used are volume/volume
). a |
DIBAL refers to diisobutylaluminum hydride.
. EXAMPLES
Without further elaboration, it is believed that one skilled in the art can,
25 using the preceding description, practice the present invention to its fullest extent.
The following detailed examples describe how to prepare the various compounds

and/or perform the various processes of the invention and are to be construed as
merely illustrative, and not limitations of the preceding disclosure in any way
whatsoever. Those skilled in the art will promptly recognize appropriate variations
30 from the procedﬁres both as to reactants and as to reaction conditions and
| techniques. '
EXAMPLE 1 3,4-Dihydro-6-methyl-4-phenyl-2H-benzopyran-2-one (III)
~ Trans-cinammic acid (II, 100 g, 675 mmol) is added to a 1 L 4-neck round
bottom flask equipped with a mechanical stirrer, thermocouple, and nitrogen inlet.
35 Para-cresol (I, 76.6 g, 708 mmol) is preheated in a water bath at 60° and added to
' the cinammic acid (II) followed by concentrated sulfuric acid (13.0 mL, 243 mmol).
4 - 3
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Jview and to the manufacturing pharnmaceutical chem st froma
fphysi-cal-/chem cal point of view regarding conposition, formulation,
stability, patient acceptance and bioavailability. 20 When sol vent
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concen Ctrgtedq:o(a af)vblume of approximately 150 mL under reduced pressure.
Isopropanol (350 mL) is then added, and distillation is continued to a volume of 350
mL. Isopropanol (150 mL) is again added and agam distilled to 350 mL.
Isopropanol (150 mL) is again added and again distilled to 350 mL. The mixture is

20 then cooled to 30-40° with rapid stirring until the product crystallizes. The rapid
stirring is continued after crystallization. The product is cooled to 0-5° and held at
this temperature for approximately 1 hour, ﬁlteréd and washed with isopropanol
(200 mL) cooled to 0-5° If the last portion of the wash is colored the wash is
continued until no more color is removed. The solids are then dried at 60° under

25 reduced pressure to give the title compound, mp (uncorrected) = 83-85°.

EXAMPLE 2 ~ 8,4-Dihydro-6-methyl-4-phenyl-2H-benzopyran-2-ol (IV)

3,4-Dihydro-6-methyl-4-phenyl-2H-benzopyran-2-one (IIf, EXAMPLE 1, 100.0
8, 420.2 mmol) is added to toluene (500 mL). The mixture is degassed by purging
alternately with vacuum and ﬁitrogen and then cooled to -21°.

30 Diisobutylaluminumhydride in toluene solution (DIBAL, 1.5 M, 290 mL, 435 mmol)
is then slowly added over 2 hr via add funnel while maintaining the reaction
temperature at -20 to -25°. The reduction is usually done when the DIBAL add is
completed. If the reaction is not done additional DIBAL can be added in increments.
When the reaction is done (<1% lactone) ethyl acetate (45 mL) is added at -20° to -

36 25° via add funnel. Very little exotherm is observed. Next, citric acid (23%, 500
mL) is added. The mixture is stirred at 45-50° for 1 hr (or stirred overnight at 20-

» '2 | 4 ' ',



wavel ength = 254 nn) usually 6 hours. V\h'eh'the-reaction is conplete the
ntxture-16-is -cooled to 100[err] and added to a prewarned separatory funnel
(500 nL). The bottom |l ayer caontaining the sulfuric acid is renoved and

t ol uene (Z%MMzNat er (50"'rrL) and pot assi um car bonat e (47%ci@sin2saa e
I f necessary
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(350 nl) i snéthanolidetion and dibitilatioh s rébated e0gve BRIk Qomp¥phdile Of 350
[err]L. lsopr pa oI 11150 'Eﬁpsls agai n added and again distilled tg 350
[=TF]
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[err]L, 435 mml) I's, then slow'y ded oOver htr via a

mai nt ai ¥ ngvithh eitfie geid; @i% é%%&%?@e@m mtﬁlb(l m§),d8} dilutpitbe orghnie phase s
usual |y dopg.awhENid AetéliBhe (L) shaCRjadtside - tﬁé rﬁelﬂﬁyert-%%}l' Alel Fag@?lmﬂs@”e

addi ti onal DI BAL can be added in jncrenents. reaction 1S done (<1%

| act one)  etaypuifidently waghed arran H@%H%aﬁaﬂpmmﬁb 19 minges willlke r] vi a
add funnel prifap; detdritich thixeh BRS M, (ampbﬁeﬁz\ﬂad? ?x?ﬁ' kiu&cﬁfiﬂ-( 38%, 500

m) is added The m xture is st red at 45-50[err of stirred
over ni ght A6-8min (fwo diastereomers), R; (lactone IIT)

20 EXAMPLE 3 Tolterodine hydrochloride (V)
8,4-Dihydro-6-methyl-¢-phenyl-2H-benzopyran-2-ol IV, EXAMPLE 2, 100 g)
in methanol (500 mL) is slowly added to palladium on carbon (5%, 22 g, 10.5 mmol)
while maintaining a slight nitrogen purge. If 3,4-dihydro-6-methyl-4-phenyl-2H-
~ benzopyran-2-ol (IV) is added too quickly without a nitrogen purge the catalyst will
25 ignite the methanol. Diisopropylamine (147.0 mL, 1.05 mol) is added, and the
mixture is hydrogenated at 45-50 psi and 48° until the reaction is judged to be
complete by HPLC (< 2% lactol). The reaction is usually done after 10 hours, but
can be run overnight. The reaction mixture is cooled and removed from the
hydrogenator using a methanol (150 mL) rinse. The combined reaction mixture and
80 rinse is filtered through a bed of solka floc (10 g). The solka floc is washed
thoroughly with methanol (100 mL) and the filtrate is concentrated to remove
methanol while ethyl acetate is being added back. The volume of this solution of the
free base of the title compound is adjusted to 700 mL using ethyi acetate and the
mixture is heated to 55% _ |
35 To form the hydrochloride salt of the title compound, concentrated
hydrochloric acid (52.5 mL, 630 mmol) is added over 15 min. The resulting slurry is
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25[err]), ‘the phases are separated, the organic phase is washed with water
(2 x 300 nL). The organic phase is concentrated to 250 [err]L under reduced
pressure. ml (500 nL) is added, and the mixture is cqoregfisRied to

250 [err] met hanol addltlon and distillation is repeated to give the
title corrrgzadmallyncc@ladélohéﬁoto 267 and held atnthis teshparabwreifer £ bnc delterading t 0 a

it ur e of Sarddcitoll W?%@%ﬁ@ﬁ%@‘?ﬁ%ﬁéﬁﬁﬂ%@ 149%”9%9123 :
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appr oxi mat echa’t“gzg m@%&e‘gﬁgr t e}l?@léq"}?}?@ ﬂ% %%'\'e 1 e pr’epar ation
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vash the GHSPAIEraY S piE R Gl nB L RS e, C 100
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wi-l | be prmL}eandmeettentlon times are: Rt (diol S|deproduct) 8 0 mn, R

Enl ﬁctol IM 4 16. 8@;&% @_&tﬁg@g ) deRt (I actone (111) = 25.0

3, 4- Di hydr o- 6- rfﬁdteybdxﬂemémphhﬁdemzmmmm 0130(0 g,ammmnemphﬂeme g) in

rlrgt gag’g{)l )csba?ﬁ“ie(lf#ah%] a;ir‘ﬁa%wggglﬁgéh%et 2‘Fgogen pur “,%gﬁmﬁrggﬁi@w%ﬁeg,

3, 4- di by draidingreddiyin Kysirexige (50%, lﬁdhndpymdrso&nm ca(xﬂ:b‘jaates(l&ﬂ@cl%mqm ckly

D1 i Sopr opyl PR (”dleﬁ%m%sr&.'ﬁﬁpﬁfb%%é&m Ay RS RRRIBE T |

hydr ogenat sgpratimbfely A 5peinudesitwid flear homogembmtd*@a'seaﬁdmn nSﬁsmgmkg ed to be

ours. - butCoBERORS % ARHA bl inb 85N R debelipR el HRRERRY: Bhasbls

fromt he hwds}mgamh matels621g650 md)h Jhel méthylenk ehloride mixtwere, 1sihmeuh'ﬂbe&1ed
2t 8, Moo b e kst i ot s 2 e oo (1
f | Itr at e |wamettm160-ﬁﬂ‘édLitm'taBnm1d (80 84 g, 539 mmol) slurried in hot ethanol (810
mL) is added via add funnel at 60-70° over approximately 30 minutes. When the
addition is done the slurry is refluxed for 1 hr, gradually cooled to 0° and held at
this temperature for 1 hr. The shury is filtered, washed with ethanol (2 x 260 mL)
25 previously cooled to 0° and dried overnight under reduced pressure at 60° to give
the crude title compound.
The crude product (136.0 g) and ethanol (5.44 L) are mxxed and heated to 80°
for 30 min. The mixture is concentrated to half the initial volume by distilling 2.72
L of ethanol. The mixture is gradually cooled to 20-25° over 1 hr, placed in an ice
30 bath, and held at 0° for 1 additional hour. The tolterodine L-tartrate is collected by
filtration, washed with ethanol (2 x 272 mL) previously cooled to 0°, and dried
overnight under reduced pressure at 60° to give product. This procedure was
repeated a second time on 81.0 g of once recrystallized tolierodine L-tartrate to give
the optically active title compound, mp (uncorrected) = 210-211° {125 (1%,
35 methanol) = 27.4°. _ :
EXAMPLE 5 Preparation of (R)-Tolterodine L-Tartrate In Methanol/Acetone
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met Hanol while ethyl acetate is being added back. The volume of this
solution of the free base of the title conpound is adjusted to 700 [err]L
using ethyl acetate and the mi xture is heated to 55[err]. 35 To for
t he hydrocwaednsdozsalt of the title conpound, concentrated hYEFYSHIASEL
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approximately, 15 min s.two-clear h eneou has . kLT '
oot i nued 1EAPRR BTGB Hrpel) ertiCY 07 S8 AREER B lin RhddrseRedd” |
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' min. The resulting shurry is refluzed for 1 hr and then gradually cooled to 20-25°
over 1 hr before being placed in an ice bath and cooled to 0° for 1 additional hr. The
20 tolterodine L-tartrate is collected by filtration, washed with acetone (2 x 230 mL)
previously cooled to 0°, and dried overnight under reduced pressure at 60° to give
tolterodine L-tartrate. This procedure was repeated a second time on 82.0 g of once
recrystallized tolterodine L-tartrate to give the optically active title compound, mp
(uncorrected) = 210-211°% [6}? (1%, methanol) = 27.4°.
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7Addition is done the slurry is refluxed for 1 hr, gradually cooled to 00
-fand held at this tenperature for 1 hr. The slurry is filtered, washed with-
jethanol (2 x 260 nL) 25 previously cooled to O[err], and dried overnight

P under redweesbpa@ssure at 600 to give the crude title conpaoraussfhes2ar ude’
.product (136.0 g) and ethanol (5.44 h! &rg m xed and heated-to 800 for 30
mn. The m xture is concentrated to initial volunme by distilling
2.72 L of ethanol. The m xture is graqﬁglly cooled to 20-25[err] over 1 hr,
placed in an ice 30 bath, and held at™90 for 1 additional hour. The
tolterodine L-tartrate is collected by filtration, washed with ethanol (2 x
272 mL) previously cooled to O[err], gg#hdried overnight under reduceg
pressure at 600 to give product. Thisi"ﬂ edure was repeated a second tinme -
on 81.659 of once recrystallized tolt®pedlne L-tartrate to give the
optically active title conpound, np (unporrected) = 210-2110;.[a]25 (1% 35
nmet hanol) = 27.4[err]. EXAMPLE 5 Preparation of (R)-Tolterodine
L-Tartrate I n Methanol / Acet one WO 98( 29402 - ' '
PCT/ US97/ 22521 -Tol t er odi ne hydrochoridel(V), EXAMPLE 3, 130.0 g, 359 mol),
nmet hyl ene chloride (1.3 L) and water (650 ggyf]L) are mxed. The thick
~slurry is stirred rapidly while addi di U hydr oxi de (50% 13.0 d@p and -
sodi uqgar bonate (13.0 g, 123 moPh. ThE pH as determ ned by pH paper is

10-11. After stirring thoroughly for 5 ppproxinmately 15 mnutes two clear
honbgeneous phases form Stirring is continued for another 45 mnutes, the
| ayers are separated and the organi c phgse is washed wth water. (2 x 650
m.). The nethylene chloride m xture is !oncentrated under...reduced. pressure.
The concentrate is dissolved in acetog .3 L), warnmed to 48-50[err] and
L-tartaric acid (80.84 g, 539 nmol) sjurrjed in hot methanol (162 mgyis 10
added via add funnel at 48[ err]50[e proxi mately 30 m nutes. The
additi¥h funnel is rinsed with acet dﬂgl (90/10, 130 nm.) and the
slurry is refluxed for 1 hr before g gradually cooled.to.O[err] for 1
hr. The mxture is filtered, washed th acetone (2 x 260 [err]L) .
previously cooled to O[err], and dried ¢@vernight in under reduced pressure
at 600 to give crude (R)-tolterodine L-iartrate. .
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15 Crude (R)- tm,’ rate (115.0-g) and nethanol (1.15 L)
are slurried and heat "HHNMMJLMF ?'730 mn. The m xture is concentrat ed
to half the initial vdlufe by ®isg¢ildlng 575 nL of nethanol prior to adding
acet one (3wP®SR¥02ver 30 mm. The resulting slurry is refl ux@CIgso722% and
then gradually cooled to 20-25[err] 'oMr before being placed-in an ice
bath and cooled to O[err] for 1 addit r. -The 20 tolterodine o
L-tartratel] s@mmusdnahyi-ﬂmawmbenmmh-ma {Ivacet one (2 x 230 m_)
previously cooled to O[err], "and dri ed overni ght under reduced pressure at
600 to give tolterodine L-tartrate. This procedure was repeated a second
time on 8220 Ayprdcesyfor theprodutidon ofitetalihe(Vdine L-tartrate to give the
optically active title conpound, nmp (uncorrected) = 210-211f[err];
[[err])[serr] (1% nethanol). = 27.4[err]. 7 WO 98/29402 -

PCT/ US97/ 22521 [err] [err] -8- WO 98/ 29402

PCT/ US97/ 22521 1. 3, 4-Diliydro-6-1ethy[® 4- pheny| - 2H benzopyran 2- ol

2. A process for the production off tol{erodi neJ\\'i)) 5 HO . Ph [err] [ ]
P

10 which conprises: (1) reducin

10
which comprises:
(1) reducing the lactone (III)
15
o | , - (D
(o}
20
Ph-

25 with a reducing agent to form the hydroxy compound (IV)
OH
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35 and
(2) reductively aminating the hydroxy compound (IV) with diisopropylamine.
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“0 20 Ph 25 with a reduci Wﬁm hydroxy compound (1V) OH™ ** °

Slrerr] 35 and (2) reduct I\\;\%uﬁma"mm,tﬂ?ﬁ hydroxy conpound (1V) -with ...
. : *
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di i sopropyl am ne. -9-

PCT/ USO7/ grpokhodoz A Process acCor liny to i m2 where the gepsdpasagent -
-1s selected fromthe group consisting of- diisobutylal um num hydride, sodium
bi s(2- metdokprodesx arcerding o claim® where the reducing agersis peleote framdéhe/dri de. 5

4. A proc Y e Gk : r ' ent is.
G 1 Sobu y P S distb B B amiliel Gybife SR BRI 15 L oo
(1) is penhethoxyethexyhalvminumandilithinm tri-tett-ntysxyalunincbydrider di ng to claim

S where step (1) is perfornmed at |less than .or equal to -20[err]. -10-
5 4. A process according to claim 2 where the reducing agent is diisobutylaluminum - -
hydride. ' Co

5. A process according to claim 2 where step (1) is performed at less than -15°.

10 6. A process according to claim 5 where step (1) is performed at less than or equal :
to -20°. -
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