: e3eQXQ $EGTROVESE23/ 002562 PCT/ EP02/ 06290 78255pct. 209 Technpekppsoeess
for the manufacture of tropenol The inv eI ates to a new production
met hod for use on an industrial scale f}ﬂ]mw'mﬂ Hmm g tropenol, optionally
in the formof the acid addition salts ground to the invention
The conpopgyh ol is known fromthe pri¢wigrt and has the foll ow ng
chem cal strugé{cgrﬁgg M N~ \\ , H10 ~H (1) The conpound nay be used as a
starting conpound fordesheigaliRigepanfantyn awnudacture oftropennipounds. For
exanple, in this context, mention may be made of the conpounds tiotropium

brom de, om de or 8. Thes har macol pgj cal | y usef ul
struct ur etﬁ%%eﬁﬁgﬁé%lgfe S ORNEY Qrﬂgu‘?ﬂ!ﬂ Wfpg USR&ER %!ncg{sFrlﬁitSG?@sfor Me~

, Me N @ Hprodsciogdropedidl,i optiomallyrintthe farteofMbelzidaliéitibn sBits héadof

i pratropi um brom de Me~ , M N\\ |, H~OS OCH/ ~S B EA2108 Br 20 Because
~of the high potency of the abovementi oned conpounds, it is necessary to
meke them available in the purBeekgrosed to thef iventign ef fi ci ent net hods of

synt hesi | r ' has
0 b sat 15 LonP oy careuni i R R s RN Bl
possi bl e s‘f@'!f:é‘l‘reof contanminants 25 in the starting conpounds. \Wen materials
whi ch contain a relatively high pro Bion of inpurities are used as
starting conmpounds, the purificatiof of the end product is often difficult,
as any inpurities introduced initiali\y often cannot easily be renoved at

| at er stages of the synthesis except maj or | osses of yield. This is
particularly true 2 when the by- and cont am nants occurring
differ only slightly in structure f¥omthe main products.

10 OH
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:
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Me\N € Mi\ Me\+N Me
+
0 Mo~y ~Me B
H B - H -
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7 S 72N
O o
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
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Agai nst this background the aimof the present invention is to provide a-
met hod of "5 synt hesis which enabl es tropenol to be produced on an

i ndustrial scale, preferably in the formof one of the acid addition salts
thereof, in a good yield and above all iyn highly pure form Detailed
descrlptlon of the invention 1o The objéctive defined above is achi eved by
means of whes theveynprashuctsod icoetanisaetsredaueing differ pnlysslightly irv stntictare from
accor di n%g,ﬂ’@hﬁ}@&]c&g an industrial process for preparing tropenol of
formula (1) , H15 OH (1) optionally in the formof the acid
addition salts thereof, characterised in that scopine esters of fornula

(1) Me Mgairbt@his/tadRgtdUnd thieedini of tRe presisritanvshtdnds & r@ﬁdié*étrﬁdthfo"d%f‘

C~-4-al ~r t d

case by RYRYERP SRR R ﬁaﬁﬁ%ﬁsﬁeﬂ%w ant%'%fﬂﬁé‘m% lhe Pefeedly

addi ti on irs the formhefr e obine agid iadditiohysalts théreof,dnra gdod Yieldsmid abese lién eof

in a sui?@éﬂg apér&m using zinc in the presence of activating netal salts,
a

pref erab |va I'ng iron or copper salts, are reduced and subsequently 25
saponi fied using suitable bases to forn1tropeno| of formula (I).

C~-C4-al kyl within the scopgegiileli}RsBfiSRaNbf thRiRMAtRK denotes branched or

'S0 18 Ao b delied Sbave [k ghieva b mamns chne Snenbne desaed -

ment i onedhebpginaftgr.of exanpl e. C 1- C4-al kyl ene-phenyl, for the purposes of
the present invention, denotes phenyl which is Iinked to up to 4 carbon
atons via a branched or unbranched al kyl ene bridge. Benzyl, phenyl-2-ethyl,
pheny! - 1-Thengriesephisvention peoprglingly relatgis-to a5 ipdostyial processryr grepaeng i oned by
way of E)tﬁj'ﬂéln% oﬁfbtrﬁ‘nu‘i@? Cl- C4-al kyl groups and the Cl-C4-al kyl enephenyl
groups may, ess ot he se stated, '\ETE substituted by one or nore hydroxy
and/ or Cl- C4 aI kyl oxy groups. Pref eqably, the present invention relates to
a process for preparing tropenol of \lo formula (1), optionally in the form
of the acid addition salts thereof, ct erised in that scopol am ne of
formula (I11") M NHOHOO(Il) is asythe scopine derivative of
formula (11), optionally in the for acid addition salts thereof as
well as optionally in the formof the hy ates thereof. 15 According to the
i nventfison, the follow ng procedure may b sg¢h to performthe process for

preparin T I an i ert

at m)sphe%béJtt 'Oﬂgﬁ%m the 1%?m tP{S g'd Qdcﬁ 'Cﬁ)gélgé){h%ﬁgéfa§ﬁgﬁa§g§q§'epéQélf' 0??%’3}%@
Sui tabl e @@rﬁeoftfgrrauladllhh ng to the 20 i nvention include al cohols sel ected
from anong net hanol, ethanol and isoptepanol or water, while it is
preferable according to the inventiMn to use water. Accordi ng to the

i nvention, between 0.25 and 5, prefgxably between 0.5 and 3 litres, nost
preferably between 0.75 and 1.5 lit sol vent are used per nol of the
compound O H

° m
wherein
20 R denotes a group selected from C1-C4-alkyt and C4-C4-alkylene-phenyl, which
may be substituted in each case by hydroxy or C4-C4-alkoxy,
optionally in the form of the acid addition salts thereof and optionally in the form of
the hydrates thereof in a suitable solvent using zinc in the presence of activating
metal salts, preferably activating iron or copper salts, are reduced and subsequently
25 saponified using suitable bases to form tropenol of formula (1).

C1-C4-alkyl within the scope of the present invention denotes branched or
unbranched alkyl groups with up to 4 carbon atoms. Methyl, ethyl, n-propyl, iso-



of formula (I1) used. Zinc, preferably in the formof zinc powder, nore
preferably zinc 25 powder with an average particle size of <80Nm nost
preferably <70Nmis added to the solvent with vigorous stirring. It is
essential to use at least 1 mol of zinc ger nole of the conpound of fornula
(1'l') used. Accordl ng to th? l| nyention zinc is preferably used in an excess.

Pr ef er ablPyopyl, P-budylzsec-Retyl, isenputy apadedhiufyl may pg '@e@qmld fway e are used
per nol  @ikahdpste. @Ckylgné‘-ﬂﬁéﬁ&ll of tHe mdes bf'tl'ﬁa sth?i#\kléﬁildn m&fo@éé ed
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pref er abltlye C1-Eieal xienememd FEQUAS mayduralqa@@tmrwaﬁtatmt belsubstitutea by
necessar Yonef G mBrARHdxy e dAstC P-CRalk preferably from0.08 to 0.2
nol of actni vatllnng agenty per m)? 45 Yhe C(g(?rigé)sund of formula (11) used. It
may possibly be 5 helpful to |ncrease the tenperature of the initial

m xture lr&bt&rebtyhmeaptesmt Irﬂgnﬂ@ﬁlﬂaa?esl td spedss Tdsrq:)r@pétm@ ﬁogénélhﬁn
ure oV

pref er abl t

Par 1 car vy G epfafoanas it fi fie A Aoplion e Feer Rnatcteteedin
suspensi dhatsscapatamine offferrsolavdiit used, optionally activated by nmeans of
one of the abovenentioned agents. MExaanes of netal salts which may be used
within the 10 scope of the preant i nvention include salts of iron
(preferably Fe-(I111) salts) or clopper (preferably Cu-(I1) salts),
preferably the halides thereof. is preferably used as the iron salt.
However, it is particularly @@ i thioHt he scope of the process
according to the invention, to
anong Cud 2, Cult, CuBr2 and CuBr2-di hi de conplex, while CuBr2 is
~5 particularly inportant according to i on. Substoichionetric
anounts of the netal salt, preferably 0.101 t nol of netal salt are

al ways added per nole of the conpound o (4 ) used according to the
invention. Preferably, 0.05 to 0.5 nol, nost prefe 0.075 to 0.2 nol of
metal salis used asstbe ssopineterdrativaef formyla R, @@Hpbauwm(tﬁe)‘orm efitheragidnet al
sal t may Rejidsiiesitd therbsr 24 well %B%b%ﬁbmﬂm' theltair o?'[heZHYdr%téH thepdored form
According to the invention, the netal salt is preferably taken up in one of
the sol®ents mentioned above and then added to the zinc suspension in
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the formof their free bases into the dlssolved acid addition salts by
means of the corresponding acids in a separate test set-up, initially in a
suitabl e solvent, and then to add this solution to the initial zinc

m xture. In this case one of the abovenentioned solvents 1o may be used as
the solvent. Preferably, the solvent which has already been used to prepare
t he initial Z|nc suspen5|on |s used Accordlng to the |nvent|on 0 5 to 1.5
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6 After the addition has ended the reaction mxture is stirred at a
tenperature in the range from50 to 100C, preferably 60 to 95C, nost
preferably at about 70 to 85C. Depending on the choice of solvent, the

maxi rrumterrperature mentioned in the abqye terrperature ranges nmay naturally
be lower jf_the solvent used boils at a erature which is bel ow the
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sul phate, tetrafluoroborate or hexafl uorophosphate. The hydrobrom de and
hydrochl oride salts are particularly preferred, while tropenol

hydrochl oride is of particular inportance according to the invention. To
prepare the acid addition salts the filtrate is cooled to a tenperature in
the range from-10C to 20C, preferably in the range from-5C to 15C. The



5 As nentioned in the introduction, tropenol, which nmay be obtained by the
preparati on process according to the invention, is a valuable starting
conpound for preparing therapeutically active conpounds such as for exanple
tiotropi um brom de) ipratropi um brom de ®pr BEA~108. Because of the high
purity in which tropenol cap be obtained according to the present

i nvent i ofhe §9IVP§tspm§§FiBm%5 fBoye - Frsieraplye theysalytor FptePgrrd Uaipg the solvent
ZUbStghcﬂﬁwiémhﬁbglr%adyit{eie_naisie@ft_& gmf 'tFﬁtHesz‘ECi ﬂiwt eﬁtamtical ”S]?'t |
ccordin .ne esen .nv (0] [ er re (0] e use ropenol ,
ont onal APCPraing s5H5E Ventioh B8 AR sty Prereradly b3 o paffe StaoNert i1 g
mat er i al preferablg psedperinherad peeBcdbadditier salt of oomutau(ibusedch as for exanpl e

tiotrogi um brom de, 15 ipratropium brom de or BEA2108, preferably
tiotropium bromde. | Mreover, the Present invention relates to the use of

conpoundd\igrnatiyeiy;ibis @aspiblh ta epnverbthe ermpewidscoffpanglas@d) éthedformoeh
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mat eri al eparll n(g therapeutically actlve 30 ‘conpounds suc
Br

exanpl e tiaserdgeumyig(Hhbard. The msuind sHIpessiands dherpeopbined with the apl y
tiotropi warespohding acid Pedbied o furatithecadid ladaitionts2at, hamlalyawfegh}rdkoaﬁlhribé, used
Of\?tg OS Ow /

Lo, P SBRSefSehRek A PESEh BRoBpl ARrbaRT BRI erelortbtieibh S & %
/I ~S Me NexafluGaophosphite. 8t (dast 1 mol of the acid in question is used per mol of the

free base of formula (ll) used. However, within the scope of the process according to
the invention, it is certainly possible to use the acid in excess (i.e. 1.1 to about 2 mol
per mol of base (ll)). According to the invention, the hydrochlorides or

20 hydrobromides of the compounds (ll) are preferably used. The hydrochloric 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 (ll) 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 (ll) 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 particularly 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 565-90°C, most
preferably 60-80°C are appropriate according to the invention.



Starting fromthe tropenol (1) which may be obtai ned according to the

I nvention, first s tropenol di-(2-thienyl)-glycolate (1V) is forned by
reacting with di-(2-thienyl)-glycolic acid derivatives (lI1l1). This ester is
converted by oxidation of the olefinic d¢puble bond into the corresponding
scopine ester (V), fromwhich tiotropiumbron de can be obtained by

react i ng Afferfheadditionhiaserded the reqetien sriture is stirrag a4 @ teraperatyiedndhe ed

‘aspect, rhRgOFRALBD tbMOBPEI praférebit €5 td 95%C eSS efdrablyRitabdiut 70 thigh-Copi um
brom de ﬁ; cha.acter@eg in thaﬁ i'n ﬁ first st&p a scopine ester of formula
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obtain tropeﬁ’f)olg?%}fé ?%trh%uﬂlﬁgéﬂzcm‘fr@rﬁl\?)b@n,}foﬁ CH %F?ﬁ%ééj%?gﬂﬁé&?rgpt ionally
react ed iGAreMaERBABNYt ep, in the formof the acid addition salts thereof,
with an ester of formula (I11) 0O SOv / OH/'S (lI1l) to obtain the

0P 7% oo ghad TN b 1 dicb b ety S s )
Me N order to saponify the ester function. Suitable bases are, preferably, inorganic bases

selected from among the alkali or alkaline earth metal carbonates, alkali or alkaline
earth metal alkoxides and alkali or alkaline earth metal hydroxides. Particularly
preferred are the hydroxides of lithium, sodium, potassium and calcium, most

15 preferably sodium or calcium. According to the invention it is particularly preferred to
use sodium hydroxide as the base. The abovementioned bases may be used in pure
form or, more preferably, in the form of aqueous concentrated solutions. If for
example sodium hydroxide is used as the base, which is particularly preferred
according to the invention, it is preferably added in the form of an aqueous solution

20 in a concentration of at least 40 wt.%. At least stoichiometric amounts of base have
to be used per mol of the compound of formula (ll) originally used. However, it is also
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. Stirring 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 filtrate 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



OHOSO/ OH/ ~S (V) 11 which is quaternised with nethyl bromde in a
fourth step to obtain tiotropiumbrom de. The Exanples that follow serve to
illustrate some nethods of synthesis carried out 5 by way of exanple in
order to prepare tiotropiumbronmide. They are intended solely as possible
procedures provi ded as an |IIustrat|on W thout restricting the invention
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into 10.9 en dr 0 ta| ccordi.n Example 1)
Lol veneo T P AR R R0 4 o 2 2oL F AR e, REE BidcimBied sCioout 1 b
at constant tenperature. Then the ammoni um hydr ochl oride 25 forned is
filtered off and rinsed with toluene (26 L). At a jacket tenperature of
about 50C sone of the toluene (about 60 L) is distilled off in vacuo. After
cooling to about 25C 15.8 kg of nethyl di-(2-thienyl)glycolate are added
and the resultlng mxture |s heated to 50C to d| ssol ve |t ToI uene (40 L)

P —



35 chloride (56 L). After nore methylene chloride has been added (198 L)
the m xture thus obtained is adjusted to pH 9 with prepared soda sol ution
(9.6 .kg of soda in 45 L of water). The methyl ene chloride phase is

separ at ed off and the aqueous phase is girred with nethylene chloride (262

L). The rret Ior|d hase S, e wn to t resi due at 65C.
The resi 6‘99 ai rQR?r] %?%ﬁt? ﬁfg@ﬁa iiﬂﬁa'ﬂ’e‘é{?g&ed Wi q sovnt The
t ol uene seleaﬁtedafrorrsamont;eatetmé)(ﬁ\etﬁhbsdbw;slk@tbae@mane&methylkem ated of f,

P+ 1 ogen PLAPFAY 3881 ahl PR AR TP ng point - about 1600 © |

(determ ned by TLC at a heating 5 rate of 10 K/'mn); b) Preparation of the
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At an intéfnal tenperature of 35C the solvent is partially distilled off in
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soda solution (11.0 kg in 51 L of water). The nethyl ene chloride phase is

S e B S8 S A

conbi ned nethylene chIorlde phases Mn a meak vacuum (600 25 700 nbar) at
40C. The contents of the apparatus are cooled to 20C, acetyl chloride
(about 0.5 kg) is added and the m x is stirred for about 40 minutes at
20C. The reaction solution is trgns into a second apparatus. The pH
is adjusted to 2.0 with a prepare %FIC acid solution (4.7 kg of 36
% hydrochloric acid in 460 L of water) ati 20C_ The nethyl ene chloride phase
is separated of f and discarded. The so a B phase is washed with

nmet hyl ene chloride (39 L). Then nethylene clloride (130 L) is added and the
pHis adjusted to 10.0 with a prepared sodd)soIH ion (7.8 kg of soda in 38
L of water) at 20C. After 15 mn. stirring the organic phase is separated
of f and tW@er&§lieous phase is washed twice with nethyl ene chloride (97 L and

65 L) .20TIR netduHoteea ghbap sdectﬁwﬁm Q€ £amrhi arvglCard -%H{Werﬁé phBRyIngibl | ene
35 chloride (90Q_L

a tenperature of 30
- 40C. Then dlrpr@\[%?? ngm%g‘ ?iﬁq}lcﬁﬁ bygﬁ@&¥§rgﬁeﬂh@k9@hﬁl nder of the
met hyl eneoptioinally irethesfodnsafithe edidosddition sald:sutheaeofmarlae qpcounnehy mnthe t he
appar atu Hire R
Met hyl bffoﬁh?f‘fl?%h?&ratt?sl S p??blaa a{ﬁggfﬁlﬂngfbr%ﬁ f&rgﬁ eéé ?é éngt ai ned
by the nmeA%iye Qﬂ’@%ﬁqq %exgmeﬂrﬂt@eam @r@ﬂﬁdgflpt’ﬁ@m@ﬁ@aﬁr& 8f e
stirreg aBE;:{qugorgrepQggty tdtld $rorffid. of DMF are distilled off at 50C in
vacuo. The solution is transferred into a smaller apparatus. It is rinsed
with DVF (10 L). Additional DMF is 5 distilled off at 50C in vacuo until a
t ot al anvRrferablyditise 'pl'émneimvbnabnmelaﬂéﬁ)tol.the&sew&copdlani'hes is cooled to

ool at od SRR iHerfonin s e 38 dadion Salls MRS S bBtiondy IRU Tl bF 41
15C col d thedwiﬁete§ztber@)of as aistarting mﬁtaunalrfakprmnngdhemﬁutlealIylmirve in a
ni troggn &H'h SL']'ﬁds & 8s fé'ri’ex%nlffﬂe(tl%?ro%.rm bbrivRlet Iﬂ?ﬁtré’&hm broftfla£30C

(dependi n arting product); The crude product thus
obt ai ned 858 ébﬁgg%%’%ra%/otggrqu,urnj}rﬁm (66 L). The mxture is refluxed to

di ssolve it. The solution is cooled to 7C and stirred for 1.5 h at this
tenperature. The product is isolated using a suction filter drier, washed
with 7C cold ~5 nmethanol (11 L) and dried for nmax. 36 h at about 50C in a
nitrogen current. Yield: 9.9 kg (96 %9; Melting point: 228C (determ ned by
TLC at a heating rate of 10 K/mn). |If desired the product thus obtained
can be converted into the crystalline 20 nonohydrate of tiotropium brom de.
This may be done as follows. 15.0 kg of tiotropiumbronm de are added to
25.7 kg of wat er |n a suitable reaction vessel The m xture is heated to
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15 Patent Clainms 1 ) Process for preparing tropenol (1) Me N\\ , HOH(I)
s optionally in the formof the acid addition salts thereof, characterised
in that scopine esters of fornmula (Il) M@ NOHO /RO(Il) wherein R
denotes a group sel ected from Cl- C4-al kyé and Cl- C4-al kyl ene-phenyl 90

whi ch ma be subatlt ted 8 ch cas hydr oxy or Cl-C4-al koxy, are
reduced, (5}?(?"(9&3 LR §iH ttr"ﬁt@ iR LHagran é“ Pa U&&Hﬂ?l%@f&lﬂ%@ﬂﬂéﬁ%ﬂ% wel |
as opti orsaér’tmglfmnh l@pkaoin of the hydrates thereof, using zinc in a suitable
solvent in the presence of activating netal salts, preferably acyivating
iron or copper saltsd¥® 15 and are subseguent |y saponified usingnsuitable
bases to obtain tr Process according tpoclaim1l

characterised int copol am n rruae(ll ) M NOHOCH 20
is used as the sco erivativ r@ﬁla(ll—)—e*pt-i-onallyi rm

of the acid additi sallts thereof as kI as optionally in the f of the
hydr ates thereof. 1603') Process accarfling to claim11 or Z;

inthat in a first s@ep zinc is aflled to a suitable solven

step, optionally after activation with a suitable acpjevating re t (IVX he

netal salt is adde o3 Ma a third step the corrpounoNof formul a
added, optionally in the formof one of the acid adg

hydrates thereof, in a th step the ester funotd

sui tabl e base and fP he, conpound of fornula

optionally in the formamf e ofBthe acid addltlgn S

Process according tg oneyop clains 1, 2 or 3, act/ersed \))n that salts
of Fe(lll) or Cu- referably the halides t eof ,OHre used as the
nmetal salt. 5) Pr o di ng to claim4, characyergsed in that the

salts are selected fr ng Fed g, Cud 2, Cult,
CuBr 2- di rméayé{rﬁqt phi de npl ex,
Starting from the tropenoal (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 (lll). This ester is converted by oxidation of the olefinic double bond
into the corresponding scopine ester (V), from which tiotropium bromide can be
obtained by reacting with methyl bromide.

and

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

process for preparing tiotropium bromide

+ Me
Me\N

characterised in that in a first step a scopine ester of formula (ll)
Me



preferably CuBr2. 6) Use of conpounds of formula (I11) M@ NOHO /RIO
(I'l') 20 wherein R denotes a group selected fromC ~ -C4-al kyl and C ~

- C4- al kyl ene- phenyl which may be substituted in each case by hydroxy or
C~- C4-al koxy, optionally in the form of 44he acid addition salts thereof as
well as optionally in 2s the formof the hydrates thereof, as a starting
mat eri al WRRTej§Y eparing t herapeutical |y active conpounds. 7) Use according
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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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thelr content.

Example 1:

10 Preparation of tropenol (1) in the form of its hydrochloride (on the kilogram scale)
3 litres of water are placed in a reactor flushed with nitrogen, and 390 g of zinc
powder (<63um) and, as an activator, 66 ml of 57% aqueous hydriodic acid solution
are added with vigorous stirring. This mixture is stirred at ambient temperature for
about 5 minutes. Then 67.2 g of Cu(ll) bromide, dissolved in 260 ml of water, are

15 slowly added. A solution of 910.2 g of scopolamine base, taken up in about 2.6 litres
of water are slowly added to this mixture and the pH is adjusted to 4.5 - 5 using 227
ml of 62% aqueous hydrobromic acid solution. After the addition has ended the
mixture is heated to a temperature of 75-80°C and stirred for about 2 hours at this
temperature. After the reaction is complete (monitored by TLC) it is cooled to about

20 65°C. 480 ml of a 45% aqueous sodium hydroxide solution are added and the
mixture is stirred at a temperature of 65-70°C until saponification is complete (about
1 hour). After cooling to about 40°C the Zn salts are filtered off and washed with
about 200 ml 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 product) is taken up in 1.5 litres 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 isopropanol 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 m| 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)

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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water. The filtrate is combined with 75 kg of sodium chloride at constant

10 temperature. For extraction, 150 litres of dichloromethane are added. The organic
phase is separated off and the aqueous phase is extracted a further 4 times with the
same amount of dichloromethane. The combined organic phases are freed from
solvent by distillation. About 100 litres of isopropanol are added to the remaining
residue and the temperature is adjusted to 0-10°C. Then a solution of 5.5 kg of

15 hydrogen chloride in 38 litres of isopropanol is added until a pH of about 2.5-5.5 is
obtained. The tropenol hydrochloride precipitated is separated off and washed with
30 litres of acetone. After drying, 21.3 kg of product (yield 81% based on the
scopolamine hydrobromide used) are obtained.

20 Example 3: Preparation of tiotropium bromide
a) Preparation of the tropenol ester (IV)
Ammonia (1.8 kg) is piped into 10.9 kg of tropenol hydrochloride (obtainable
according to Example 1) in toluene (95 L) at 25°C. The resulting suspension is
stirred for about 1 h at constant temperature. Then the ammonium hydrochloride

25 formed is filtered 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 methyl glycolate 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 to 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 chloride phase is evaporated
down to the residue at 65°C. The residue is taken up in toluene (166 L) and heated
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off, washed with toluene (33 L) and dried at about 50°C for max. 24 hours in a
nitrogen current.

Yield: 18.6 kg (83%),melting point: about 160°C (determined by TLC at a heating
5 rate of 10 K/min);

b) Preparation of the scopine ester (V)
260 L of DMF are placed in a suitable reaction apparatus and heated to 50°C. Then
16.2 kg of tropenol ester (V) are added and the mixture is stirred until a clear

10 solution is obtained. After cooling to 40°C, hydrogen peroxide-urea complex (10.2
kg), water (13 L) and vanadium-(V)-oxide (0.7 kg) are added successively batchwise
and the contents of the apparatus are heated to about 50°C. After 2 — 3 h stirring at
constant temperature the mixture is cooled to about 20°C. The reaction mixture
obtained is adjusted to about pH 4.0 with hydrochloric acid (36 %). Prepared sodium

15 bisulphite solution (2.4 kg in 24 L of water) is added. At an internal temperature of
35°C the solvent is partially distilled off in vacuo (about 210 L). It is cooled to about
20°C again and combined with Clarcel (3.2 kg). The pH is adjusted to about 2.0 with
dilute hydrochloric acid (36%, 0.8 kg in about 440 L of water). The resulting solution
is filtered and extracted with methylene chloride (58 L). The methylene chloride

20 phase is discarded. Methylene chioride (130 L) is again added to the aqueous phase
and the pH is adjusted to about 10.0 with a prepared soda solution (11.0 kg in 51 L
of water). The methylene chloride phase is separated off and the aqueous phase is
extracted with methylene chloride (136 L). Methylene chloride (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 (7.8 kg
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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5 distilled off at 50°C in vacuo until a total amount of distillate of about 100 L is

obtained. This is cooled to 15°C cooled and stirred for 2 hours at this temperature.
The product is isolated using a suction filter drier, washed with 15°C cold DMF (10
L) and 15°C cold acetone (25 L). It is dried at max. 50°C for max. 36 hours in a
nitrogen current. Yield: 13.2 kg (88 %);

10 Melting point: 200-230°C (depending on the purity of the starting product);

The crude product thus obtained (10.3 kg) is added to methanol (66 L). The mixture

is refluxed to dissolve it. The solution is cooled to 7°C and stirred for 1.5 h at this

temperature. The product is isolated using a suction filter drier, washed with 7°C cold
15 methanol (11 L) and dried for max. 36 h at about 50°C in a nitrogen current.

Yield: 9.9 kg (96 %);

Melting point: 228°C (determined by TLC at a heating rate of 10 K/min).

If desired the product thus obtained can be converted into the crystalline

20 monohydrate of tiotropium bromide. This may be done as follows.

15.0 kg of tiotropium bromide are 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 until 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 slurry is
washed with 9 L of cold water (10-15°C) and cold acetone (10-15°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).
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5 optionally in the form of the acid addition salts thereof, characterised in that
scopine esters of formula (l1)
Me
N
0 H
O\”/R
°
wherein
R denotes a group selected from C4-C4-alkyl and C4-C4-alkylene-pheny!
10 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 as well as
optionally in the form of the hydrates thereof, using zinc in a suitable solvent in
the presence of activating metal salts, preferably activating iron or copper salts,

15 and are subsequently saponified using suitable bases to obtain tropenol of
formula (I).

2) Process according to claim 1, characterised in that scopolamine of formula (Il')

Me
N
O H _OH
@]
@]
(1)
20 is used as the scopine derivative of formula (I1), optionally in the form of the

acid addition salts thereof as well as optionally in the form of the hydrates
thereof.
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4)  Process according to one of claims 1, 2 or 3, characterised in that salts of Fe-
(1) or Cu<(ll), preferably the halides thereof, are used as the metal salt.

5)  Process according to claim 4, characterised in that the salts are selected from
15 among FeClz, CuCly, Culp, CuBrg and CuBro-dimethylsulphide complex,
preferably CuBrs.

6) Use of compounds of formula (ll)

° m
20 wherein
R denotes a group selected from C1-C4-alkyl and C4-C4-alkylene-phenyl
which may be substituted in each case by hydroxy or C4-C4-alkoxy,

optionally in the form of the acid addition salts thereof as well as optionally in
25 the form of the hydrates thereof, as a starting material for preparing
therapeutically active compounds.

7)  Use according to claim 6 for preparing tiotropium bromide, ipratropium bromide
and BEA2108, preferably tiotropium bromide.
30



