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€7) (57) Abstract: The invention refates to a novel, technically viable method for producing tropenol, optionally in the form of its acid
& addition salts. . .
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The invention relates to a new production nethod for use on an industri al
scale for 5 producing tropenol, optionally in the forn2®Detdrabea@0d5
addition salts thereof. Background to the invention The conpound tropenol
is knowmn fromthe prior art and has the follow ng chem cal structure: M
N 10 OH (I') The conpound may be used as a‘'starting conpound for preparing
phar macol ogi cal |y useful conmpounds. For exanple, in this context, nention
may be nade of the TethiigaDsynthebistMiethibd Torpredutingarép@maIm broni de or
BEA2108. These pharnacol ogically useful structures are characterised by
the followng 15 chem cal structures: Mew ,Me N tiotropium brom de Br

i pratropi ?ﬂélﬁ{a@ﬂtﬂﬁ ry%aeév?o a'}‘le%pgl%'éﬁgﬂ&?nﬁﬁﬁ@d'?& e «%ﬁ‘%n%% ﬁ%l calel tf the

abovenenti on ecessary em av he
pur est fpoB@dblP@Q‘fé@fPﬁflﬂ) optippallnin the fersusf the@fg;ﬁtaﬁ%@@ sqltg theegofi cul ar the
hi gh purity requirenent, which generally has to be satisfied by conpounds

for therapeutic use, denmands tEe | owestl E?!ssl bl e..l evel of contam nants 25
in the starting conpounds. We t n tain a relatively high
proporti oThe @bmpmmdl tropenaigknsenl fram thiegpridrragt andrhas ties follodng ohéhiczit | on
of the en& @{tgﬁeu is often difficult, as any inpurities introduced
initially 5 cannot easily be renpyed at |ater stages of the synthesis
except with nmajor |osses of yield. Jhl'S is particularly true 20 Decenber

2005 2 when the by-products and cohtam nants occurring differ only
slightly iAn structure from

H

10 : OH 0
The compound may be used as a starting compound for preparing
pharmacologically useful compounds. For example, in this context, mention may be
made of the compounds tiotropium bromide, ipratropium bromide or BEA2108.
These pharmacologically useful structures are characterised by the following

15 chemical structures:

+ Me + Me
Me“"-N Me Me'--..N
+
0 H ) Me'--.N Me BF )
o) Br o H Br
S 0] : S 0O
I OH | OH
% 0 OH /
Z] 2
B . 2 0 et

tiotropium bromide ipratropium bromide BEA2108
20 |
Because of the high potency of the abovementioned compounds, it is necessary to
make them available in the purest possible form by efficient methods of synthesis. In
particular the high purity requirement, which generally has to be satisfied by
compounds for therapeutic use, demands the lowest possible level of contaminants
25 in the starting compounds. When materials which.contain a relatively high proportion
of impurities are used as starting compounds, the purification of the end product is
often difficult, as any impurities introduced initially often cannot easily be removed at
later stages of the synthesis except with major losses of yield. This is particularly true



groups with up.to 4 carbo

the main products. Against this background the aimof the present invention
Is to provide a nethod of 5 synthesis which enabl es tr2pBacémiver 2085
produced on an industrial scale, preferably in the formof one of the acid
addi-tion salts thereof, in a good vyi elﬂ and above all in highly pure form
Det ai | ed description of the invention *he objective defined above can be
achi evegHan tﬁ@ad(}ﬁpﬁﬁubﬁéarﬂjm&hmmms desuring eliffer oaheslightlydn strunture fregent

i nventign accordingly relates to an industrial process for preparing o
t r openot %WQ‘%PFRFP'%'%I) N M 95 OH (1) optionally in the formof the acid
addition salts thereof, characterised in that scopine esters of fornula
(1) wherei s msttsod of

Cl- Ma%'@éﬁ%k%ﬁggfb%ﬁgﬁ %)?H E%é?t%‘é{nlﬁ?l Jtéfe]%wq ﬁjtg%?:’?lﬂc e by.h B oxy or
C | -gAsyhthesis Which enabirsdaorfng 6?18?|W03W%dr@1 %mﬂ‘{?ﬁ@ ﬁ@aa%ciﬂégﬂé i on

sal ts t hepeof  ancashe\sl theaiid aadition aalty theretihin 4 good yleld badtibvat alkin

thereof, In water using zinc in the presence of activating netal salts,
preferalblllghlﬁ@wﬁi‘-lgﬁmhg iron or copper salts, and 25 are

-reduced- and- subsequent |y saponified using suitable bases to formtropenol

of formula (I). Cl-C4-alky; ﬁﬁoﬁ’r unbranched al kyl

. =propyl, iso 20 Deceitber

2005 3 TRE BBMkiiveeiEdAbovs 64 Beiaotievetl b9 ntzany bf thedmbedimetigdgscrivay be.

ment i ongldr%ﬁ ﬁgy of exanple. Cl-C4-al kyl ene-phenyl,’' can denote phenyl
whi ch i SSPRREE t o up to 4 carbon atons via .a branched or unbranched
al kyl ene bridge. Benzyl, phenyl-2-ethyl, phenyl-1-ethyl, phenyl-3-propyl,
pheny! - 2,5 RIBRY InveRlich BBdoramgieRiaes s ah)indverialprecessioe prémring he

Cl- C4-al kyl® groups and the Cl-(4-al kyl enephenyl groups -may, unl ess
ot her wi $eOPSNgl QEIE)"F%’?%Gbst ituted by |
| N/Me
H
15 OH )

optionally in the form of the acid addition salts thereof, characterised in that scopine
esters of formula (1) '

O m
wherein
20 R denotes a-group selected from C4-C4-alkyl and C1-C4-alkylene-phenyl, which -
may be substituted in each case by hydroxy or C4-C4-alkoxy,
"are reduced optionally in the form of the acid addition salts thereof andas well as
optionally in the form of the hydrates thereof, in a-suitable-solventwater using zinc
in the presence of activating metal salts, preferably activating iron or copper salts, and

28 are reduced-and-subsequently saponified using suitable bases to form tropenol of

formula (1).

C1-C4-alkyl can denote branched or Sl o

unbranched alkyl groups with up to 4 carbon atoms. Methyl, ethyl, n-propyl, iso-



oneg ~ hydroxy and/or C 1 -C4-al kyl oxy groups. In a first enbodi nent,

t helJRESumPDr ovi ded a process for preparing tropenol of 190 Detembe 2003,
opt Fly inthe formof the acid addition salts thereof, characterised in
t ha copol ami ne of forrmula (I1°) Me (11) is used as the scopine derivative

pornul a (11), optionally in the formgof the acid addition salts thereof
as well as optionally in the formof the hédratesther‘eof. 15 The fol |l ow ng
procedur eorﬁ>3§', FePyidlegeebupd isephiv aad ty-bulvtmaydie meafiongdby Weysénol . The

sol vent i exdmpteeCat y-allyisiraphatiie’ @m deRgiet gas at mosphere, nore preferably
' ot Sui tabl e sol vents according

i 2 syitabl ‘ ssel .
ot he 20TV kP AR YR R AREr AT aleEs i = B AR A NERARSA ot nanol

and i sopraijegené bridgevBerzyl, piteryb2idthyl sphmret-drathyiephemyd3dpropyl, phehg-2-

I'nvent iz0 ' W\ | b nd, 5, |
pr ef or b Ft;{bﬁg’#%g%"ﬁ@&s% mERRGAEY O wad of sRembll Bk i TSI SigBs 2y "1 s
| i tres ofthedi1-&nralkyleneplaeny groupsi may, urtesscethpovise staiéd fiae subsiitdted byused.
Zi nc, pr ] d eyt i re preferably zinc 25 powder
with an gﬁg@bﬁiﬁﬁ@& a@??é%}ﬂég%%wng@ypg?ef erably <70pmis added to
~the solvent with vigorous stirring. It is essential to use at |east: | 'rmI(‘

of zi nc' perinamseemidkinehe theRNPSHNEEdQfprdcassTot prepbrinig)irope®thf According to the

i nventi.o i ISPk ef er abl used jn _an excess. Preferagbly, 12 t09.3.5
ol 16 dofn e aaPlenatl iR ol hg a2 SRS sal BeRerd chrmcisrisein
conpound thét Scopoldnsingldfforasdd (In a particularly preferred 30 enbodi ment of
t he process according to the invawion 1.8 to 2.5 nmol of zinc are used per
nmol of the conpound of formula §11) used. After the zinc has been added it
may be necessary to activate if\ This can be done by adding H, HBr or

HCl, for exanple. 20 Decenber 2Q0 25 Preferably, H is*.used as the
activating agent, preferablyQ orm of caflueous sol utions, nost
-preferably in the formof conc eous solutions. It may be
necessary, for exanple, to add 0.05 -50.2% nol, preferably from0.08 to 0.2
mo] of activating agent, per nole of ‘ ppound of formula (11) used. It
may possi bly be

, (1n
is used as the scopine derivative of formula (1l), optionally in the form of the acid
addition salts thereof as well as optionally in the form of the hydrates thereof.
U The followiﬁg_ﬁfocedure may be used to perform the o
procesé fdl""préparing tropenol.
The solvent is preferably placed under an inert gas atmosphere, more preferably
under nitrogen, in a suitable reaction vessel. Suitable solvents according to the
20 invention include alcohols selected from among methano!, ethano! and isopropanol
or water, while it is preferable according to the invention to use water. According to
the invention, between 0.25 and 5, preferably between 0.5 and 3 litres, most
preferably between 0.75 and 1.5 litres of solvent are used per mol of the compound
of formula (H) used. Zinc, preferably in the form of zinc powder, more preferably zinc
25 powder with an averag'é particie size of <80um, most preferably <70um is added to
the solvent with vigorous stirring. It is essential to use at least 1 mol of zinc per mole
of the ccmpofmd of formula (1) used. According to the invention zinc is preferably
used in an excess. Preferably, 1.2 to 3.5 mol, more preferably 1.5 to 3.0 mol of zinc
- are used per ol of the compound of formula (I1) used. In a particularly preferred
30 embodiment of the process according to the invention 1.8 to 2.5 mol of zinc are used
. per mol of the compound of formula (ll) used. After the zinc has been added it may

be necessary fo activate it. This can .b_e done by adding HI, HBr or HCI, for examp!é.



@ to increase the tenperature of the initial mxture before the
| ng reagent is added. The mixture is then prefep@beyerhipat20d5to a
8 at ure of over 50C1 preferably 55-90C, particularly preferably

POC. Then the netal salts are added to the suspension of zinc in the
sol vent used, optionally activated by Aeans of one of -the abovenentioned

cope of
?ﬁ:n:)feﬁﬁfﬁahvzlﬁ?lsoggélcﬁ% ﬁ?eéétg‘léﬂhﬁaggﬁg’gr ébyerﬁ%tf&ngo{{ ?ﬁ'ﬂ?‘?‘im !tos) or
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f I t e zinc obt al ned by
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salts of th oun are ence the| r
hydr at eSNe ggh’?ﬁ@rf”?ﬂ@%ﬁq g B’rﬁ"‘s@‘lj@%d tectheizinesuspansian iy e added
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the zinc. According to the invention 0.5 to 1.5 litres, preferably 0.6 to 1.0 litre of
25 solvent are used, per mol of the metal salt used, to prepare the metal salt solution or
suspension. This solution or suspension is then added to the initial zinc mixture with

stirring.

‘The compound of formula (ll) is then added to the zinc mixture which may be
30 obtained by the method described hereinbefore. It may optionally be added in the
form of the acid addition salts of (II). These acid addition salts are preferably
selected according to the invention from the group comprising hydrochloride,
hydrobromide, hydrogen phosphate, hydrogen sulphate, tetrafluoroborate and
hexafluorophosphate, of which the hydrochlorides or hydrobromides are particularly
35 preferred. Any reference to acid addition salts of the compound of formula (II) also
includes a reference to their hydrates, if any. When the acid addition salts mentioned
above are added directly, they may be added to the initial zinc mixture in substance
. or in dissolved form. If the acid addition salts are added in dissolved form, it is
advisable fo take up the acid addition salts of the compounds of formula (f) in one of



W to take up the acid addition salts of the compounds of fornula

Pone of 20 December 2005 5 the sol vents ment i one20 Bbesmmberf2065 er abl v,
ution is prepared using the solvent which has already been used to
geng@fate the zinc suspension. According to the invention 0.5 to 1.5 litres,
preferably 0.6 to 1.0 litre of solvent &re preferably used per nol of the
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to the, | 0.5 bl v 6
0 T s aterEeb® pbaSpledp Paued ik BaBeringk et i ERLIP e Blcoto; © 1
formul a fHdi) fres bdsed o thes distolngd acibadditiamsalés bwmeansmmaedomespnndm
o oo B AU EBIER S L AR S AR, bt e
tetrafl uamlubona@éhemltlaigmmmep%o@mss o of f@&ﬁbowelm@n pned selveplsy in
quest yPNriay 1S B8ed @5 tHR soRbnt 'P‘?efefrétﬂ? PRt Wdﬂﬁ% 4ltdadysesh useeyer

thint of .the t
\émer t :aunnl 9"6%8?3'8!0%‘? é!'“tt'% %&%élfﬂ%ggg@?'gg i(‘)irﬁe‘ég'g%%'d'{‘g %trl‘eT'\@gf‘ 0%951{0 ﬁf‘r‘rol per
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2ot NS A s,
used, thhexafiyorapResphiatediidaastit mel of the ad frbﬂw%londﬁuaaﬁ@@w%@ )| ut i on

or in gageguskAfTormilaiR @é&df Howé Ve, WRKiftRé s@@p@@ﬂ@@tﬁo&@whc@@mmg to
Preferably,. con ent{]gtc@él drobrom.c aci 83%62 di ssol.v

hodeq,  Be iBgeni hePSBUDE B HEae PN BES (ke s b BROREA TR  he
free baspepofnol bbbas!é é1)].| Adcording e tis® invention, rthe ingdidobiorides ggH i s adj usted to

3.5 tfo h?dro%rrc%%e%béthe cémptoangs (ﬁ)oare preferably used. The hydrochileric acid may

be added either in the form of an aqueous solution or in gaseous form, preferably in
the form of an aqueous solution. Preferably, concentrated hydrochloric acid (36%)
dissolved in water is added. If, as is particularly preferred according to the invention,
hydrobromic acid is used, this may also be added either in the form of an aqueous

25 _ solution or in gaseous form, preferably in the form of an aqueous solution.
Preferably, concentrated hydrobromic acid (62%) dissolved in water is added. By
adding one of the abovementioned acids to the suspension of the free base of
formula (I1) in the solvent in question the pH is adjusted to 3.5 to 5.5, preferably 4.5
to 5. ‘

30
The solution of the acid addition salts of formula (1) described above and optionally
obtainable by various methods is then added to the initial zinc suspension. However,
it may also if necessary be added at elevated temperature, for example. The use of
an elevated temperature is particuiarly advisable if the mixture has already been

35 heated before the addition of the activating reagent. If the addition takes place at
elevated temperature, temperatures of above 50°C, preferably 55-90°C, most
preferably 60-80°C are appropriate according to the invention.




Flon of the acid addition salts of fornula (11) described above and
|y obtainable by various nethods is then added2@ Detdmberr®00% al zi nc
sion. However, it may also if necessary be added at el evated
gerature, for exanple. The use of an elevated tenperature is
particularly advisable if the mxture has already been 35 heated before the
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possible to use the base in excess. Either the base is added at a temperature in the
range from O to 50°C, preferably from 10 to 40°C, most preferably at about 20 to
30°C, or the above temperature is adjusted immediately after the addition of the -

25 base. Stiing is continued at this temperature until conversion is complete (12 to 24
hours, depending on the size of the mixture). With smaller batch sizes (e.g. on the
kilogram scale) saponification can also be carried out at elevated temperature (50-
100°C, preferably 55-90°C, most preferably about 60 to 80°C). In this way the
reaction time can be shorted to about 15 minutes to 10 hours, preferably 0.5-3

30 hours. The progress of the reaction may be monitored for example by thin layer
chromatography.

After the reaction is complete the reaction is brought to a temperature in the range
from O to 50°C, preferably 15 to 45 °C, with stirring and the zinc salts are eliminated
35 by filtration. The filter residue may optionally be washed with the solvent used for the
reaction. For extraction, the fiitrate is combined with an organic solvent which is
immiscible to only slightly miscible with the solvent chosen for the reaction.
Preferably, an organic solvent selected from among methyl-tert-butylether,
dichloromethane and chloroform, preferably dichloromethane, is used. According to



¥oending on the size of the mxture). Wth smaller batch sizes

ho

(e. B the Kkilogram scale) saponification can al so beo Daterlsst 2005 at

el el ed tenperature (50- 100C, preferably 55-90C, nost preferably about 60
to POC). In this way the reaction time can be shorted to about 15 m nutes.

to 10 hours, preferably 0.5-3 30 hours.7 The progress of the reaction nmay be

» g ' fooey.
Comp ot o 19 iveBUGBEvdth O,Bchd SXfbferfily BERVOH 078%andh Iffbs LPEdAFRE | O7, ¢
50C, pr ef@lvapt greusadsion thecextiagtions per mplegofihe corworndof famiwaglrused. ni nat ed

35| by I i Théaatx}tr@Btim?; Recdrfibd t%t é&?dgdif*@ thQB{e ﬁ?ffehﬂmtblﬁwvéf@} tﬁ’%ﬁ?@ﬁﬁéﬁehaﬂ%?ﬁ q

sol ven sed. for e reaction. rextractjon, e filtrate, is, conbine
wtth an ERSIRIE. Al extradionies endia REdBBhis Hhaseneye sonbiadade B8 bl o wi t n
t he s verganideskeent isrdidtitied nffantviacno. Preferably, an organi c sol vent

sel ected fromanong nmethyl -tert-butyl ether, dichloronmethane and

chloroform preferably dichloronethane, is used. According to 20 Decenber
2005 7 t hbeianvds prasiuch srraeiaimglis $akamdu jn pn efgarid s9lvert seected fitin anwbny

it i i f th
Commoung MRS, Etnahbl sifdeofdbaltih brb@Faih Roblbidicl Athorliflg BhE °F 11e
t he i nveivepHon&eiwean 8-1and 80 lities: preferaplubetwses Q.3 absl 1.Aflies adfisact i on
ot | TuicBobmenGaTs P GieSio Bsad HRTMA A 1R SohpEu of ifiuta B dRfMallys
i sti i n_vacuo, , Th u i ning, i up i al
O oant o Usd e sty ohtat et s epaAt e e I gt s ARk etsbs el il
lpr ;af er abthe daeidrR(lm')é)mbIwhe@&e(R)nﬂiyrimvtedhem?gaﬂingmg]lcvbnrheloem' hemnepbslﬁhmoﬁ, 8
itres, - i one
Sl van THE REAGCERANLEER ot Rifhula i o ol e e g ARG O |

The sol ubagmisdpthe weed insthediext erasdion, e saleerndisdistilecioBdn vaoue at thivt al
sal t sypf pohbertcidindifidgHre'basecdh fdh hauSed IPHERRN RESHUHMRB dyRfrRisibef ore)
by filtratjon.., The filtrate contains trqopenogl of formula (l) 'n the form
of s rWEhORLENST pURBRARPcACCHARY h dNAIODC OV RV ik BESRA on. | he
sol vent firspéhaitis prefdrably comverelintadné bf theldeig @ddition Badts! Byeiheiatgd f ree base
' 11 ca?GHon RELS Pt thm BB b Bulbbie &7 1 e ebLiVenlith gp€'
t ropenol salts mle{:tedafmm aprongethiee tydinochlonide, hydrobeomicied hyditigengphasphets, . By
ooyl bR SEBBRS b R FaRaEbod At NI ARBSTI 40
hydr obr oRydrechieyide sgén apm apicaiasly preferred, while tropenol hydrochloride is of
particular importance according to the invention. To prepare the acid addition salts
the filtrate is cooled to a temperature in the range from -10°C to 20°C, preferably in
the range from -6°C to 15°C. The suspension thus obtained is then combined with
25 the corresponding acid needed to form the acid addition salts, namely the
hydrochloride, hydrobromide, hydrogen phosphate, hydrogen sulphate,
tetrafluoroborate or hexafluorophosphate. At least 1 mol of the acid in question
should be used per mol of the free base of formula (ll) originally used. it may be
possibie, within the scope of the processes according to the invention, to use the
30 acid in excess (i.e. 1.1 to about 2-3 mol per mot of the base () originally used).
According to the invention the hydrochloride of tropenotl is preferably prepared. The
hydrochloric acid required for this may be added either in the form of a solution or in
gaseous form. Preferably, hydrogen chloride in gaseous form is added to one of the
abovementioned solvents in a separate reaction vessel until saturation point is
35 reached. Most preferably, this HCI solution is prepared using the solvent which was
used to prepare the tropenol filtrate. One of the abovementioned acids is added to
the solution of the free base of the tropenol (I) until a pH of 1.5 to 6.5, preferably 2 to
6, is obtained. After all the acid has been added stirring may optionally continue at
constant temperature for a further 0.5 to 2 hours. Finally, the precipitated acid




gen sul phate, tetrafl uoroborate or hexafl uorophosphate The

Fmi de and hydrochloride salts are particularly 20@&3ﬂnbﬁ20@ﬁile

hydrochl oride is of particular inportance according to the
To prepare the acid addition salts the filtrate is cooled to a

temperature in the range from-10C to 28C, preferably in the range from

-5C to 15C,._Th th bt d th
cor e poRiipTEEAOHERdRIP i SSrAeLialt S0 BRUOUD AR & Sohvern | 12
hydr ochl gielgtded fpo abnmg abmtoriey meigﬂrsothdlg&tam@ andmtbggﬂnyﬂmtmt e

uesti on Pratoeby B S SR ARARVERAGT % Cc bate of formila (1)

questlon

originally used. It may be possible, within the scope of the processes

accor digngyd Hle‘n:f'i‘én!?a‘ﬁ?m%ﬂﬂ'od?éhdr‘xs ﬁob@ﬁoﬁ@h%ﬁ falybeotgined by.the prepatationbout

2-3 ol pe
i nventi o

IpropesgerSEINGdeIiae TGS YR IR SR 6P PRHAR SR PR

hydr ochl qrégpretidamye astwee@bxﬁ urtd@lsmcnmsﬂmeeadnhpwmtmmmuunommmormof a

.sol ution

i s added
vessel u
sol uti

tropeﬂ@
sol ution
preferab

ipigt r'a%yrﬁ romide %B%aaﬁé* Bk e RV YRR dopaticar® Torm
i dbigiad ad:curdlrugdorthe pes@ht invaotien, it impassipletaprepage theni s HC
@qv@bﬁﬁfoﬁ%q%tspg s&uB&'ta gt{z/ée’ fr?rle':‘lht :’%ﬂ Bcﬁﬁéns Hsfefted e@%&édﬂ@ai

acids 1's add t he
use.the free base of the tropenol (I) until a pHof 1.5 to 6.5,

| ﬁc%?rﬁﬂglgh? sé&mg Q%b&ﬁ'@nt fﬁ\ttﬂé'rrrelﬁieg t& he Re 'oﬂtr&];iéﬁolbeen added st i r ring

may aptiona const ant gtur for turth % g
hour s. Flapabh§1l|y ﬂiheﬂoﬁmqf)ih%@@d addlt@nzfi?"@et ra%é ‘f’" 1oL salt of

t r openol
from ano
acet of&,

Ruua BRE el AR Bt ﬁﬁ“ﬁﬁﬁ”?’*&?ﬁig‘éﬁg;msﬁli?éfibl y
n

baowhict, ||mtmplum©|u@nl® O&ﬁ%ﬁi@%r@'&fqrﬂ Wﬁ toR t r openol

whi ch may be obtained by the preparation process according to the

|nvent|0

N, Mordovéa LURR] EmSddihért AateS HPMEEe bPtonioRRds bfiGmud@y apeut i cal | y

acti ve conpounds suchas for exanpl e, | ot ropi um broni de; “i-pratropiutn

brom de or BEA2108. Because of the

obt ai ned
90 above
phar mace
t he use

20

25

30

purity in which troﬁeﬁol can be
vention, it is possible to prepare the
e specifications required for .
d ﬁnbodinent further relates to

according to the present
menti oned active substances
utical use. AccordinglyO a
of tropenol,

° m
wherein
R denotes a group selected from C4-C4-alkyl and C1-C4-alkylene-phenyl whlch

may be substituted in each case by hydroxy or C1~C4-alkoxy,

optionally in the form of the acid"addition salts thereof as well as optionally in the
form of the hydrates thereof, as a starting material for preparing therapeutically
active compounds such as for example tiotropium bromide, ipratropium bromide or
BEA2108, preferably tiotropium bromide. |

A fourth embodiment relates to the use.of scopolamine,
optlonally in the form of the acid addition salts thereof and optionally in the fom1 of
the hydrates thereof, as a starting material for preparing therapeutically active
compounds such as for example tiotropium bromide, ipratropium bromide or

BEA2108, preferably tiotropium bromide.
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mat al for preparing therapeutically active conpound20 Bacémber 2005

exgpl e tiotropium 96 broni de, ipratropiumbrom de or BEA2108, preferably
tiotropium brom de. Mreover, a third egbodiment relates to the use of
conpounds of formula (I1) ,,Me wherein "20 R denotes a group selected from
Cl1- C4- al kK¢ preredore diustaled erdiagramyl malyiishused toqgeparsstivtropiom bromsideh case
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Diagram 1:

Starting from the tropenol (I) which may be obtained according to the invention, first
5 tropenol di-(2-thienyl)-glycolate (IV) is formed by reacting with di-(2-thienyl)-glycolic

‘acid derivatives (tH). This ester is converted by oxidation of the clefinic double bond

into the corresponding scopine ester (V), from which tiotropium' bromide can be

obtained by reacting with methyl bromide. |

10 Therefore, in a particularly preferred aspect, the present invention relates to a

process for preparing tiotropium bromide

+ Me
Me—p

O

characterised in that in a first step a scopine ester of formula (If)
: . Me
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thereof, with an ester of formula (1lf) o
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to obtain the tropenol ester of formula (V)
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15 and this is oxidised in a third step to form the scopine ester of formula (V)
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of P powder (<63pm and, as an activator, 66 nl of 2J¥eagubenZ05
hydyi odi c acid solution are added with vigorous stirring. This mxture is
stirred at anbi ent terrperature for abqyt 5 m nutes. Then 67.2 g of Cu(ll)

brom de, dissolved in 260 of water, are 15 slowy added. A solution of
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slomy asldafigéo this T xture and the pHis adjusted to 4.5 - 5 using 227
m of 62% aqueous hydrobromic acid solution. After the addition has ended
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water | S1 % u‘re) After %ooirng to about 40°C the Zn salts are filtered off and washed with

about 200 m! of water. The filtrate is repeatedly extracted with dichloromethane (3-5
times, each time with 2-4 litres of dichloromethane), the organic phases are

25 combined and the solvent is distilled off under reduced pressure. The residue
remaining (371 g of crude praduct) is taken up in 1.5 litfres of isopropanol and the
precipitated solid {metal salt of tropic acid) is filtered off. The filtrate is cooled to
-10°C to 10°C and 120 g of HCl dissolved in 780 ml of isopropano! is slowly added
with vigorous stirring. The pH is adjusted to 2.5 - 4. After the addition has ended, the

30 mixture is stirred for another hour at about -5 °C. The suspension is finally filtered,
the filter residue is washed with about 600 ml of acetone and lastly dried in vacuo at
about 60°C.
Yield: 408.1 g of tropenol hydrochloride (77.4% based on the scopolamine used)

3 I/s of water are placed in a reactor flushed with nitrogen, and 390 g
C

35 Example 2:
Preparation of tropenol! (1) in the form of its hydrochloride (on an industrial scale)

130 litres of water are placed in a reactor flushed with nitrogen and 21.5 kg of zinc
powder (<63um) are added with vigorous stirring. This mixture is heated to a
temperature of 65-75°C. 6.2 kg of 57% aqueous hydriodic acid are added to this
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hydr oxi de solution are added. The mxture is brought to a tenperature of
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heated to 5C underre uce ure or about 7 hours vmth stirring. The
met hanol forned IS d| stllled off The mxture remaining is cooled and

e ilale ® hydrochloric acid (13.2 kg).
The aquegy Pr a,_.. ﬁoﬁ%ﬂrﬂ?ﬁo dp@f f and washed wi th nethyl ene 35
chl oride ST DT € _NELT

Q ene chl ori de has been added (198 L) the
m xt ure AFHUQ” 3 49tk qfitrapapicl Rygrreblarida (QBiginabi ution (9. 6

kg of sodacaarahr@toLEx@hplw)qmtoluéhg (95 Lyt 5% CHhefdstitingafspehsiopapar at ed
off and { P Fed PO ab6utY R 2 constant temperature. Then the ammonium hydrochloride
25 formed is ‘r’ ltered off and rinsed with toluene (26 L). At a jacket temperature of about
50°C some of the toluene (about 60 L) is distilled off in vacuo. After cooling to about
25°C 15.8 kg of methyl di-(2-thienyl)glycolate are added and the resulting mixture is
heated to 50°C to dissolve it. Toluene (40 L) is placed in another apparatus and
sodium hydride (2.7 kg) is added thereto at about 25°C. The previously formed
30 solution of tropenol and methyil glycblate is added to this solution at 30°C within 1 h.
After the addition has ended, the mixture is heated to 75°C under reduced pressure
for about 7 hours with stirring. The methanol formed is distilled off. The mixture
remaining is cooled and added toc a mixture of water (958 L) and 36 % hydrochloric
acid {13.2 kg). The aqueous phase is then separated off and washed with methylene
35 chloride (56 L). After more methylene chloride has been added (198 L) the mixture
~ thus obtained is adjusted to pH 9 with prepared soda solution (9.6 kg of soda in 45 L
of water). The methylene chloride phase is separated off and the aqueous phase is
stirred with methylene chloride (262 L). The methylene chioride phase is evaporated
down to the residue at 65°C. The residue is taken up in toluene (166 L) and heated

reying m xture is heated to 75-85C and stirred for 2-2.5 hours. After




ev rated down to the residue at 65C. The residue is 2@Retemtperi2005 ol uene
(1 L) .and heated 20 Decenber 2005 13 to 95C. The toluene solution is
cooled to OC. The crystals obtained arp%separ ated off, washed with tol uene
(33 L) and dried at about 50C for max. 24 hours in a nitrogen current.
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The 3D ghaseus ditcasded.Methyiene chlendeEt3O L )ds @gain adderbto the aguepysphase
met hyl eng,£{HePi ¥ adjusted to about 10.0 with a prepared soda solution (11.0 kg in 51 L
of water). The methylene chioride phase is separated off and the aqueous phase is
extracted with methylene chloride (136 L). Methylene chioride (about 175 L} is
distilled off from the combined methylene chloride phases in a weak vacuum (600 -
25 700 mbar) at 40°C. The contents of the apparatus are cooled to 20°C, acetyl chloride
{about 0.5 kg) is added and the mixture is stirred for about 40 minutes at 20°C. The
reaction solution is transferred into a second apparatus. The pH is adjusted to 2.0
with a prepared hydrochloric acid solution (4.7 kg of 36 % hydrochloric acid in 460 L.
of water) at 20°C. The methylene chloride phase is separated off and discarded. The
30 aqueous phase is washed with methylene chloride (39 L). Then methylene chloride
(130 L) is added and the pH is adjusted to 10.0 with a prepared soda solution (7.8kg
of soda in 38 L of water) at 20°C. After 15 min. stirring the organic phase is
separated off and the aqueous phase is washed twice with methylene chloride (97 L
and 65 L). The methylene chloride phases are combined and some of the methylene
35 chloride (90 L) is distilled off in a weak vacuum at a temperature of 30 - 40°C. Then
dimethylformamide (114 kg) is added and the remainder of the methylene chloride is
distilled off in vacuo at 40°C. The contents of the apparatus are cooled to 20°C.

c) Preparation of the tiotropium bromide
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wi th nethylene chloride (97 L and 65 The nethyl ene chl oride phases are
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can be cmm{@rggck %t)he crystalline 20 nonohydrate of tiotropium
brom de. % 15.0 kg of tiotropi umbrom de are

added to ng Rﬂ ge(%eﬁ?{"ﬁn%‘itgﬁ&{%atrﬁﬁéﬁﬂ% ratgf JO K/mink ni xture is

heated to 80-90C and stirred at constant tenperature ;Jntl 11 a t(k:ll \(/avg'[er -
suspendol] e rHEUFR prafbor s OoGie G pdonye it 65 COREIS ut i on
cont aPfi ﬁ‘gﬁr@!ﬂydraiemmotrnplmnbbimdan'ﬂm&mayetbevddm g5 Dllsywsof water. The
resul ti ngs1m Ry Bf fotrSpili Broffldé GFe added to 25.7 kg of water in a suitable reaction
vessel. The mixture is heated to 80-90°C and stirred at constant temperature untit a
clear solution is formed. Activated charcoal (0.8 kg), moistened with water, is
suspended in 4.4 kg of water, this mixture is added to the solution containing
25 tiotropium bromide and rinsed with 4.3 kg of water. The resulting mixture is stirred for
at least 15 min at 80-90°C and then filtered through a heated filter into an apparatus
which has been preheated to an external temperature of 70°C. The filter is rinsed
with 8.6 kg of water. The contents of the apparatus are cooled to a temperature of
20-25°C at a rate of 3-5°C per 20 minutes. The apparatus is further cooled to 10-
30 15°C using cold water and crystallisation is completed by stirring for at least one
hour. The crystals are isolated using a suction filter drier, the isolated crystal siurry is
- washed with 9 L of cold water (10-15°C) and cold acetone (10-1 5°C). The crystals
obtained are dried at about 25°C over about 2 hours in a nitrogen current.
Yield : 13.4 kg of tiotropium bromide-monohydrate (86 % of theory).
35 Melting point: 230°C (determined by TLC at a heating rate of 10 K/min).



apparatus which has been preheated to an external tennz0Bécembes2009C. The
filter is rinsed with 8 6 kg of water. The contents of the apparatus are
cooled to a tenperature of 20-25C at a rate of 3-5C per 20 minutes. The
apparatus is further cooled to 10 30 15C using cold water and .
crystallisation is conpleted by stirring fior at | east one hour. The
crystals are isolated using a suction1bilter drier, the isolated crystal
slurry is washed with 9 L of cold water (10.15C) and col d. acetone
(10-15C). The crystals obtained are dried at about 25C over about 2 hours
inanitrogen current. Yield : 13.4 @g of tiotropium bromni de-nonohydrate
(86 % of theory). 35 Melting point: B (determined by TLC at a heating
rate of 10 Kimn). 20 Decenmber 2005 15 Clains 1, Process for preparing
tropenol (1) H5.0ff (1 i y n the formof the acid addition
salts ther of,%ﬁ%%%f%’rﬂ%éﬁhﬁ@% copi ne esters of formula (11) , Me
wherein 10 R denotes a group sele from Cl- C4-al kyl and Ci1-C4-al kyl ene
phenyl which may be substituted in ch case by hydroxy or Cl-C4- al koxy,
are reduced, optionally in the form e acid addition salts thereof as
well 15 as optionally in the form drates thereof, in water using
zinc in he presence of activating a s, preferably activating iron
or copper salts, and are subsequently sq&onifi ed using suitable bases to
obt ai ngropenol of formula (1), 20 Decewber (QOOS 16

optionally in the form of the acid addition salts thereof, characterised in
that seopine esters of formula (II)

Me:
O H
OTR
° W
wherein
10 R denotes a group selected from C1-Cy4-alkyl and C1-Cy-alkylene-
phenyl which may be substituted in each case by hydroxy or C1-Cy-
alkoxy, '

are reduced, aptionally in the form of the acid addition salts thereof as well
15 as optionally in the form of the hydrates thereof, in wafer using zinc in the

presence of activating metal salts, preferably activating iron or copper salts,

and are subsequently saponified using suitable bases to obtain tropenol of

formula (1),




2) Process according to claim1, characterised in that scopol am ne of
formula (jI{) ,Me (Il1') 5 is used as the scopine deri vzl Dgezriferf20051ul a
(1), optionally in the formof the acid addition salts thereof as well as
optionally in the formof the hydrates thereof. Process according to claim
| or 2, characterised in that 10 in a first step zinc is placed in water,
In a second step, optionally after activation with a suitable activating
reagent, the netal salt is added, in d6third step the conmpound of formula
(I'l') is added, optionally in the formof one of the acid addition salts
and/ or hydrates thereof, 15 in a fourth step the ester function is

saponi fi ed_usi a suitapl e bgse an finall Qu 1;]9[1 la (1)
is isol ated) OESQCSMQPW% Y%@a’%ﬁﬁ%&ﬁ% ng%\}hﬁig&gf g‘g(????on érgl ts

t hereof . 4) Praggss according. to one of clains |., 2 or 3, characterised
in that salts of° 20 Pe-(111) omeC4-(T I), preferably the halides thereof,

are used as the netal salt. § Process according to claim4, characterised
in that the salts are selecte fromanong Fed 3, Cud 2, Cul2. CuBr2 and

CuBr 2, di net hyl sul phide 25 co preferably CuBr?2.
O H _OH
O
ar)
5 is used as the scopine derivative of formula (IT), optionally in the form of
the acid addition salts thereof as well as optionally in the form of the
hydrates thereof.

3) Pracess according to claim 1 or 2, characterised in that
10 in a first step zine is placed in water,

in 2 second step, optionally after activation with a suitable activating
reagent, the metal salf is added,
in a third step the compound of formula (IT) is added, optionaily in the
form of one of the acid addition salts and/or hydrates thereof;

15 in a fourth step the ester function is saponified using a suitable base and
finally the compoynd of formula (T) is isolated, optionally in the form of
one of the acid additian salts thereof,

4)  Process according to one of claims 1, 2 or 3, characterised in that salts of
20 Ye~(I1T) or Cu-(IT), preferably the halides thereof, are used as the metal
salt.

5)  Pracess according to elaim 4, characterised in that the salts are seie_cted
from among FeCls, CuCly, Culp, CyBry and CuBry-dimethylsulphide

25 complex, preferably CuBry,



