1 21 JUL 2004 Process for the preparation of

6- (4-chl orophenyl) -2, 2-di net hyl - 7- phenyl - 2, 3-di hydro- 1 1 UL 7004
H-pyrrolizin-5-ylacetic acid Description of the invention The pregenjt
invention relates to a process for the preparation of 6-(4-chlorophenyl)-

2, 2-di get hyl -Z- phenyl| - = di hydr g--1H 425Ny B et 000)
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3000 i $HayPoORinsi-Macétitichi t or of cycl ooxygenase and 5-1ipoxygenase and is
thus suitable for the treatnment of disorders of the rheumatic type and for
the preventive treatnent of allergically induced disorders, for this see,
for ex l e,. Dry s .of the Future 1995, 20 (10):1007-1009. A possible route
for pr g%“é’f‘%ﬁ a‘se“é‘f%of‘ound in this publication. Further preparation
possibilities are described in EP-A-397175, W95/32970, W95/ 32971,
W95132972, Archiv der Pharmazie 312, 896-907 (1979); and 321, 159 - 162
(1988) The .prdkedt int@hsion Ad8ds (1373 ,prd&34-HBARe Prepirati®th arfmo-(Piehtareoplivb)- Chem

330, 307-312 (1997). In all  th nt heses, . th ti f the -
oyT ol Pkt drheirA e Uioamolige- DHecHicHRai R, OBUOk o PrSaCShoun

in the_r.eacti.o .l C i is carried out in nethylene
chl ori%m@m?a%ﬁf‘gﬁﬂgﬁgfﬁyl?dgégglgﬁtgue%ﬁ}é}lﬁg%g&n brom de forned iyn t he

reaction is trapped by addition of aqueous sodi um bi carbonate sol ution. The

introduction of the acetic acid radical into position 5 is then carrlled out
by r eabtli 3000nistanproatising indiibitesad syeloexygenaserapd SolipxyBenase apd dothyp guitable

subseque drol ysi s . .or_.hydr si;S..an reduct i f t QP th
hydr a_zf“ﬁ@’e 2}/"’@ ; e'éh r?lhsorél_‘f‘\é, og - %?megﬁfﬁie a’é% c@?f)h%sp{eﬂgmbgl %a\g\nﬁlngtpo
react i gifkrgiddily thau2€@4ishr&érdOf& i€ sb€£ et | RBmple, Iafulh &5f Mot Futirdb@pIEn0 as a
sol vent. %‘he COCOCl group, is then not converted L
(10):1007-1009. A possible route for preparation is also found in this publication. Further -
preparation possibilities are described in EP-A-397175, W095/32970, WOQ95/32971,
W095/32972, Archiv der Pharmazie 312, 896-907 (1979); and 321, 159 - 162 (1988), J. Med.
Chem. 1994 (37), 1894-1897, Arch. Pharm. Pharm. Med. Chem. 330, 307-312 (1997). In all
these syntheses, the construction of the pyrrolizine parent structure is carried out according to

the method shown in the reaction scheme:
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The reaction is carried out in methylene chloride, ethanol or diethyl ether. The hydrogen

bromide formed in the reaction is trapped by addition of aqueous sodium bicarbonate solution.

The introduction of the acetic acid radical into position 5 is then carried out by reaction with
ethyl diazoacetate or ethyl oxalyl chloride and subsequent hydrolysis or hydrolysis and

reduction of the keto group with hydrazine.

Arch. Pharm. 312, 896-907 (1979) describes the following reaction:



into the acetic acid group, however, but reacted with diethylaninﬁ1 200
W95/ 32970, W95/ 32971 and W95/ 32972 gescri be the introducti-on o tJIL“e
acetic acid radical into conpounds which are structurally related to

M_- 3000 by reaction of these pyrrolizine conpounds with oxalyl chloride or
et hyl oxalyl chloride and subsequent reduyction wth hydrazine and

pot assi um oxi de (Huang M nion vari @ of the Wl ff-Kishner reduction).
More det ai | information on the experiffental procedure is found only in
Exanpl e 5/ 3294k0 The react}) Fhe pyrrolizine conpound with
oxal yl &hlnoy igth carried ou ng Ater and hydrazine hydrate are
added to the reaction%réduct and, thg_tetrahydrofuran is distilled ofd
the residue is treated with diethylen& gllycol and with potassi um hydroxide
and heated to 140C with sinul taneous renBval of the water. The reaction

m xture is subsequently treated with water, acidified and the precipitated
carboxylic acid is taken up in diethyl ether. The product is purified by
st i rri rithetfeactiinhie camied vat int benrerfeass a2 sbveat. tThesCQUOLC! grahpy isrtberageimopvertedh as
anhydrous sodium su] fate or magnesiumsulfate, .and allowing it to stand,
then fiiptodhe agptisracid ﬁ@“ﬂvattoé‘icy?a?%rﬁfcé“djsg’ﬂh%‘aftﬂéyl%mﬂlefi nal |y evaporating the
ether in the presence of heat- The substance crystallizing fromthe nother

| iquor on concentration is collected and dried. For the industrial

pr epar awioms/32070) WA095)329 1 eaid WOS81829 A2nd@tribé ¢heatwbidoctivgi of thedacetit aosli ng
oxalyl chloride is preferred. However, it has, been shown that_aft?r t he
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the M. 3000, e.g. by recrystallization, is necessary in order to obtain
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and 1 : pp%rtéssﬂlfm %&Mktﬁn%& Iﬂleﬁtraa qg '14-696 \Eﬁ)ﬂl'sﬂnultaneous removal of the water. The

reaction mixture is subsequently treated with water, acidified and the precipitated carboxylic

acid is taken up in diethyl ether. The product is purified by stirring the ethereal solution for
some time over a drying agent, such as anhydrous sedium sulfate or magnesium sulfate, and
allowing it to stand, then filtering off the water-saturated sulfate and finally evaporating the
ether in the presence of heat. The substance crystallizing from the mother hquor on

concentration is collected and dried.

For the industrial preparation of ML 3000, the introduction of the acetic acid radical using
oxalyl chloride is preferred. However, it has been shown that after the above reaction in the
previous process for the isolation and purification of the crude material the yield decreases
severely and a number of decomposition products are newly formed in the purification step
and additionally during the drying, so that a further laborious purification of the ML 3000, e.g.

by recrystallization, is necessary in order to obtain pharmaceutical quality.

In the preparation process already mentioned, compounds structurally analogous to ML 3000

were purified and crystallized by the following methods.



whi ch remains after drying over sodiumsulfate and after stripping oﬁ m?
solvent mixture is resuspended using d| | sopropyl ether, filtered of é 00
dried. For the preparation of M 3000 reference is nade to Arch. Pharm
321, 159-162 (1988) (for discussion see below). In Arch. Pharm Pharm Med.
Chem 330, 307-312 (199.7), heterocyclic structural analogs of M. 3000

whi ch are fornmed from 2-oxoacetic acid precursors according to the
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3000 are hydrolyzed in ethanol KOH, after the hydrolysis the acids are
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acids are desorbed fromthe mneral support by the action of aqueous .
sodi umrefehgnde Gyeariosiuicht RiansoB2it, i}65- 1621 988) (for distiedsiom sepbelowdi et hyl et her .
This second diethyl ether extract is concentrated wuntil it crystallizes,
the crystals are separated off and, after addition of pentane to

pr eci pi c I | er

Pl Guor e Phebfic St X nerl 330, 30731 7'01907) HeRactycl Srpe bR GRoBRINT
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2-oxoacetic acid is subjected to the Huang-M nl on reduction, net q Bef ore
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m xt ur h%[cﬁet Rtassi umsalt, the neutral to alkaline inpurities and

cont am na e renoved by a prelimnary extraction of the

aqueous/ al kal i ne product phase wth et hyI acetate. Only then is the

boxyl d itate 6N HC d tak dj et
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solution and in tum taken up in diethyl ether. This second diethyl ether extract is concentrated
until it crystallizes, the crystals are separated off and, after addition of pentane to precipitate a

second crystal fraction, the volume of the ethereal mother liquor is again reduced.

In the thesis of Kiefer (Frankfurt, 1992), for the preparation of an analogous pyrrolizin-5-yl-
acetic acid the corresponding 2-oxoacetic acid is subjected to the Huang-Minlon reduction
method. Before the liberation of the pyrrolizin-5-ylacetic acid contained in the reaction
mixture as a potassium salt, the neutral to alkaline impurities and contaminants are removed
by a preliminary extraction of the aqueous/alkaline product phase with ethyl acetate. Only
then is the carboxylic acid precipitated by means of 6N HCI and taken up in diethyl ether. The
diethyl ether extracts are washed with water, dried and the solvent is completely removed until

a crystalline sohd is present, which is then washed with cold diethyl ether.




additionally investigated using the differential scanning cal orinet UL 200
nmet hod (DSC) or using the therrmgravigretri c nethod (TGA). The powder
refractometry nmeasurenents and the DSC neasurenents show that after
crystallization fromdiethyl ether the substance is initially formed as an
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a nunber of times with dilute mneral acids or its solution had to be

ext r actterdp¢ratusesdwith tasly wempleterdlsade af ithe boundk snlveritriotgive fargdy sotesphons e
into t range .of harnl ess.residual . unt s. ne of. the processes
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obj ect of nmmking avail able a process for thé Tpreparation of M. 3000 in
whi ch Mesdoa®n tempprabireideknges 41e ddundibyinmgananfiDS G techrdddgymed crystal | iné
form Surprisingly, it has now been found that this object is achieved if
the corresponding pyrrolizine conpound is reacted with oxalyl chloride and
hydr azicgqang. 566, WG is OBt R G potdssibhh- saORAthe Hydr2H H6E&Y ah® watichnsci al
wor k-up. Moreover, it has been found that during the work-up a novel

pol ynothgnoprscipitat®d fitoni pied seactiqguhmituiesehdarerbacidic with mineral acid, also contains

hydrazine, by-products and decomposition products (decarboxylation produbt and also dimer)

as a contaminant in addition to the poorly water-soluble potassium salts. This necessitated
additional purification operations. For example, to remove the hydrazine components, the
crude crystalline acid thus had to be washed a number of times with dilute mineral acids or its
solution had to be extracted in order to lower the hydrazine content in the pure substance into

the range of harmless residual amounts.

None of the processes published up to now yielded a material unrestrictedly suitable for

administration to humans,

The present invention is therefore based on the object of making available a process for the
preparation of ML 3000 in which ML 3000 is obtained in high purnty and pure, defined

crystalline form.

Surpnsingly, it has now been found that this object is achieved if the corresponding

pyrrolizine compound 1s reacted with oxalyl chloride and hydrazine and the reaction product




The present invention therefore relates to a process for the prepar&ﬂUBhZHﬂ
the conmpound of the formula I (M. 3000) G OHi where the conpound of the
formula Ill G wis reacted with oxalyl chloride and the product obtai ned
is treated with hydrazine and an alkali netal hydroxide in the aqueous

h | : ' .
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system’’s uce rron of a not“m scible or only
limtedh bisisVIE 3000 [podah&hads fdimegonpound of the fornula | is
obtaingdmgyﬁgcidifying p%e n??dle phase. Brief description of the figures:
Fig. 1 shows the DSC di agram of a crystalline polynorph (polynorph A) of M
3000. ig. 2 shows.the IR s trum of polynorph A .Fi 3 sho -ray
G 115 adte BN RnRer oS R EOA Prer S of Moy marptich fee? sPRnd olfind e
ethyl aget lpage of M. 3000 (polynorph C). Fig. 5 shows the IR
spectrun13$£gg?§nnrﬁﬁ C. Fig. 6 shows the X-ray diffraction di agram of

pol ynorph C.~Rlg. 7 shows the DSC di agram of the diethyl etherate of M
3000 (poly E). Fig. 8 shows the IR spectrum of polynorph E. Fig. 9
shows the X- iffraction diagramof polynmorph E. 2 1 JUL 2004 6 The
prepar aty o
6- (4- chf ord

cl
-2,2-diiethyl-7-phenyl -2, 3-di hydro- 1H pyrrolizin-5-yl -
acetic acid 3009) usi ng the process according to the invention can be
shown by the ©ollow ng reaction equations starting fromthe conpound of
the formula N C

where the compound of the formula II

&

is reacted with oxalyl chloride and the product obtained is treated with hydrazine and an alkali
metal hydroxide in the aqueous phase at elevated temperature, after treatment is complete a
three-phase system is produced by addition of an ether which is not miscible or only limitedly
miscible with water and the compound of the formula I is obtained by acidifying the middle

phase.

Brief description of the figures:

Fig. 1 shows the DSC diagram of a crystalline polymorph (polymorph A) of ML 3000.
Fig. 2 shows the IR spectrum of polymorph A.

Fig. 3 shows the X-ray diffraction spectrum of polymorph A.

Fig. 4 shows the DSC diagram of the ethyl acetate solvate of ML 3000 (polymorph C).
Fig. 5 shows the IR spectrum of polymorph C.

Fig. 6 shows the X-ray diffraction diagram of polymorph C.

Fig. 7 shows the DSC diagram of the diethyl etherate of ML 3000 (polymorph E).

Fig. 8 shows the IR spectrum of polymorph E.

Fig. 9 shows the X-ray diffraction diagram of polymorph E.




C IVOHCA 1 N2H4 OH I O d The conpound of the fornula IV is k”OFmJU%QMA
is described, for exanple, in Arch. Pharm 321, 159-162 (1988). It can
prepared by reaction of benzyl magnesi um chloride with

3, 3-di net hyl -4-chl orobutyronitrile, as is described [lacuna] J. Med. Chen1

37, 1894-1987 1994) ., T i , I

steh astiEPerHEbot P! & ABatR g 22 el 7 i ngHe s nBRed RSl iy S Thee
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w- br ono- 4- chloracetophenone cofrpound S preparation are known, they

are desoHoweng, refcioneqaatins startmgRiidh theSmmpoGhd of therforradla 169 (1899) . The
reaction is in general carried out in a polar organic solvent. Suitable
pol ar or gani sol vents are, in particul arsRCl - C4-al cohol s, such as

met hanol , et ol, isopropanol or ethers, 4!5 ch as diethyl ether, THF, or
di oxane. reacti on fponent s can be enpl oyed in equinolar anounts. In
gener al | wevet, the w-Dr ono=4=chl or’gferophé€noneyi s -used in an excess,
for exanple,in an ﬁanunt of up to 40 order to trap the hydrogen
broni de rel ased i B the ¥Yeaction, ,it,is carmied out in the presence of a
base. An inorganic base is preferably used, in particular an alkali netal
hydr ogencar bonate or al kali metal carbonat ¢, cithe correspondi ng sodi um and
pot assi um conpounds being particularly pr feiﬁgd. An inorgani c base can be
enpl oyed in & form of an aqueous sol uti dn&"T'© has proven to be
particul arl yN\g#ef erred, however, to use ap—ynorganic base IIl Z I JUL 200(

The compound of the formula IV is known. It is described, for example, in Arch. Pharm. 321,
159-162 (1988). It can be preparéd by reaction of benzylmagnesium chloride with
3,3-dimethyl-4-chlorobutyronitrile, as is de;scribed [lacuna] J. Med. Chem. 37, 1894-1987
(1994). The reaction is carried out in an inert solvent, such as an ether or a hydrocarbon such
as toluene. The compound of the formula IV is then reacted with an «-bromo-
4-chloroacetophenone V‘. The w-bromo-4-chloracetophenone compound and its preparation

are known, they are described, for example, in Bull. Soc. Chim. Fr. 21, 69 (1899).

The reaction is in general carried out in a polar organic solvent. Suitable polar organic
solvents are, in particular, C;-C,-alcohols, such as methanol, ethanol, isopropanol or ethers,
such as diethyl ether, THF, or dioxane. The reaction components can be employed in
equimolar amounts. In general, however, the ®-bromo-4-chloracetophenone is used in an

excess, for example in an amount of up to 40 mol%.

In order to trap the hydrogen bromide released in the reaction, it is carried out in the presence
of a base. An inorganic base is preferably used, in particular an alkali metal
hydrogencarbonate or alkali metal carbonate, the corresponding sodium and potassium
compounds being particularly preferred. An inorganic base can be employed in the form of an

aqueous solution. It has proven to be particularly preferred, however, to use an inorganic base




7 insolid form This facilitates the separation of the inorganic ré%LJWOHW4
products and reduces the by-product spectrunl An inorganic base is in
general enpl oyed in equinolar amounts,” based on the anount of hydrogen
brom de rel eased. Expediently, an inorganic base is used, however, in an

excess, far, exanpl e .1 . 8 equi.val epts. Mor.eover., it has _proven
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tenper g, r@dmepéz@mmmﬁmyga&ﬁv Bhse & W SReffBYBIoyEd il 8qiRfBl8aatdkisCBAsed ed
out, however, in the range TromO to C. The cgnpoun of the forrmula I
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sol vent. The conpound of the fornula Ill_is obtained in this way in_.a yield
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general, an inert organic solvent such as an ether, in particul ar diethyl

ether, methyl t-butyl ether, tetrahydrofuran or di oxane, a hydrocarbon,
such as.tol uene, . or.a_.chl grinated drogcarbon such as t hyl ene .chl ori de
gt e i e S s e
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about, the exothermc reaction is controlled by neans of the addition rate

of t he ableabtyd0% ahd evithdepuenity/ofrat bastcysh.iIngattivslar ethe ontaningfithe isomeT having
compound qf .the forpula Il is gbtained in this,way. The reactign mXxture
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oxal yl erégﬂ?oxix%erWi%i. ngly, the hydrolysis of the conpound of the
formulda I'l to'the corresponding carboxylic acid does not occur here. The
reaction mxture is then treated with a reagent which is suitable for the

reductign of the et ocar bqgny]. .group in the, 5- i tion wi.th formtion, of
e acdie comanog abhe TemBnL i Feiraisd M PRV FHIRRdh i e B s
pref er e nf Orsoiflind fHEhPRS Can Témeer,Hqﬁnﬁar%lﬂ%PrHi%g{ Her, théthyhitHnfi hether,

reactionnwth hydrazine is carried out in a hig 1 ng al cohol” in the
pr esenterabydrodiran ok dioxaneg tadlydipedrborj sheh ahtdugnepoencigarinited hydrpsareorpaghent .
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In general, the reaction temperature is in the range from —20 to +30°C. In order to bring this
about, the exothermic reaction is controlled by means of the addition rate of the oxalyl
chloride and/or by cooling the reaction mixture. The compound of the formula II is obtained

in this way.

The reaction mixture is then brought into contact with water in order to hydrolyze excess
oxalyl chloride. Surprisingly, the hydrolysis of the compound of the formula O to the

corresponding carboxylic acid does not occur here.

The reaction mixture is then treated with a reagent which is suitable for the reduction of the
ketocarbonyl group in the S-position with formation of the acetic acid group. The use of
hydrazine (Wolff-Kishner reducticn) is preferred for this purpose. The Huang-Minlon variant,
in which the reaction with hydrazine is carried out in a high-boiling alcohol in the presence of
an alkali metal hydroxide, has proven particularly expedient. A procedure is expediently used

in which the solvent used for the reaction with oxalyl chloride is at least partially removed




2 1 JUL 2004 8 before or after addition of the high-boiling alcohol
Hydrazine, in particular hydrazine hydrate, is then added and the ?éd@t 2004
temperature is increased to approxi mat’ely 70-80C in order to renove any
solvent which may remain by distillation. Following this, the reaction
tenperature is increased to 120 .to 180C, i articular 130.-ta 160C The
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| hol t hyl | |, ,et hyl | | t . _ d
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t enper at ur e, senti'all'y water,- hydrazine and possibly still .

r esi duese reictionevigobxayitchicriid. Potnssiine hydragide onpwfarébipxsddyl chloride, are
expediently renoved, for exanple by distillation. After reaction is
conplete the reaction mxture is mxed with an ether (ethereal solvent) and

with wagter,.: lect e: contai:ni ( : Iy 188xt et her
whi cn 7 nihoByfSE SCEF AR kol Br BRG] LA, S pitR B 0

are ut ijhpaahlig pasRuld a5k Satmble alcokilhye ethiyléne giycodt dilylene gycd myahoofethyhn and
in particular diethyl ether. As a result of the addition of the ether, a

3- phasetheystegnd in pasteder divhylenppbedost phase is an ether phase which
contains the organic inpurities present. The | owernost phase is a strongly
al kal i ne aqueous phase which contains the inorganic constituents. The

m ddl e Tnba&RtibS tigde 9k Yenchl) a6 thewhigetfras 366 BG0 njnwtemsi sts of the salt of
M.- 3000 with the alkall netal hydroxide used in the reaction, which is
poorly soluble in the diethylene glycol-containing alkaline water phase.

Surpri singly,.it h - | dil: . | t of
VL. 3000 Frroniiteeh S 2O TR bR UmbeiGiol, WG RREGR AN, LA, Wyt

t r eat eQ@nigoRsiBlyThtil YRk sfather sclvat asedtftrethe vdaction ivattonkalyl chiotidell gre
m scible with wager, e.g. diethyl ether or nethyl t-butyl ether, and
expediently removed, for example by distillation.

After reaction is complete the reaction mixture is mixed with an ether (ethereal solvent) and
with water or electrolyte-containing (e.g. NaCl-containing) water. An ether which is limitedly
miscible with water is preferably used. Ethers which are utilizable are, for example, methyl

t-butyl ether, tetrahydrofuran and in particular diethyl ether.

As a resuit of the addition of the ether, a 3-phase system is formed. The uppermost phase is an
ether phase which contains the organic impurities present. The lowermost phase is a strongly
alkaline aqueous phase which contains the inorganic constituents. The middle phase is an oily
phase which essentially consists of the salt of ML-3000 with the alkali metal hydroxide used
in the reaction, which is poorly soluble in the diethylene glycol-containing alkaline water

phase. Surprisingly, it has been shown that the middle phase contains the salt of ML-3000 in
high punty.

The phases are separated and the middle phase is treated with a mixture of water and an ether

which is only limitedly miscible with water, e.g. diethyl ether or methyl t-buty] ether, and




9 21 JUL 2004 acidified to approximately pH 1 to 2 using an inorganic or
organi c acid, such as hydrochloric agid sul furic acid, phosphorigiagi qQ0
acetic acid, oxalic acid or citric aci'd. The M.-3000 is then dissolved in
the ether phase. If desired, this ether phase can then be subjected to

Dt BShh AT FLERS ﬁwz%@mg%qgerg@g;o? orkeiackt SUONTRY y :
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deS|re3 r puri catlon ‘active car on or
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The anpbunt of ether and wat er which is added for the formation of the
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gener af¥\ractiog steps g4 4 354 QST Mot CHRATRArY 55‘?&’% efﬁe%e?ra@g}' ByP vvel g

et her gfcﬁr é%«, rw19?55t1\gyca%ﬁl%totﬁgr a@l&&BEﬂthuﬁpﬁmBiﬂ]Qe gTbéltélﬂfeOétQU Yapf t he

M_- 300 et her phase can be carried out in different ways. For
exanpl alsotbeadééder can be evaporated and the M.-3000 recovered by
crystallization fromethyl acetate or isopropanol. On evaporation of the
ether a solvate of the ether crystallizes which in the case of diethyl

et her n?‘%’?}?’} af. %ﬁé 'atw%%{ ﬁftﬂi') ";[‘#Mfﬁea fgp{h%qg%nﬁﬁioﬂfof W39 %@laSEF & ﬁhﬁfshﬁbk

acet at avli ng one acet at CU eto 2

mol eculggcal M\/gen%mosufﬁﬁeﬂtetmrrm witeVeY &ked bichi thatpmefphaseedortm) andldarabe | east
one hydrocarbon boiling higher than the ether to the ether

desi redematbeasa simwile manner. i genrel, iSrig 16TrRrts Bl veighs of Wrﬁﬁértatzﬁﬁ’@nf {ﬂé
M_- 3000 . t at d | | th t
o g byeithar slenireSed Beriartp et B Marr ol et e ) Fqaor ana

recovering it by drying in a gentle vacuumat slightly el evated
tenperatures. A hydrocarbon is preferably used which boils at |east 30C, in

parti cTbamrecnve the A01;3080 dtoon therrdber trheseearehe cazried et wrlifigieat yexs tfé’ﬁ i s

d h t t
(ot unganbElngclnek B SRS AR FRUFILo By Bt BBt
be a shrah@tri©padganer &r@@g&eao@bfﬂaeemeeamm@wmew &fyﬁtﬁnizbsywha:hlmg 6

to 12 carbon atons. Exanpl es are n-hexane, n-heptane, n-octane, isooc ane
n- decatie, case pf Kisttiewd tter cgy@m@riemlmémthqqéspwa%elqiwuépsmw&?%ﬁ%f o1

hept aners;etzlit% P cgrreesgaar?tg hg sélvatglhavmg ne etﬂr)}le 43t molecule to 2 molecules of ML 3000

' 15 obtained.

However, it is preferred to add at least one hydrocarbon boiling higher than the ether to the
ether phase, if desired at least partially distilling off the ether and separating the ML-3000
precipitated in solid, crystalline form in the customary manner, e.g. by filtration or
centrifugation, from the mother liquor and recovering it by drying in a gentle vacuum at
slightly elevated temperatures. A hydrocarbon is preferably used which boils at least 30°C, in
particular at Jeast 40°C, higher than the ether. Sufficient hydrocarbon is used such that it is
present in approximately a 2- to 15-fold excess (volume), if desired afier distilling off the

ether.

The hydrocarbon can be a straight-chain or branched aliphatic hydrocarbon preferably having
6 to 12 carbon atoms. Examples are n-hexane, n-heptane, n-octane, isooctane, n-decane,

cyclohexane, cycloheptane. n-Heptane or a mixture of isomeric heptanes is preferred, and also

cyclohexane.




10 21 JUL 2004 Surprisingly, it has been shown that on treatnent of an

et hereal solution of M. 3000, e.g. g et her phase nentioned, W&qowjmm'
hydr ocarbon a novel, essentially soI velt-free crystal nodificatio

3000, nanely polynmorph A, is obtai ned PoI ymorph A has a sole endothermin

the DSGC di agram.(from 50 00 e.r.an 55_t
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13; Spelé r{ﬁﬂﬁgésclg%gﬁ%?éép@gﬁgﬁe e?n fromPerkin Elnmer; control of the
apparatus using the program Spektrum 2. 00; the rreasurerrents were carried

out in diffuse reflection): wavenunber (ctrl 1706; 1601; 1536; 1487; .
1463; PohonorphdA; cam41_1e3 obledgd; from3gmorrhgeo ML 990 areiper piysial modiGcation 3.

836; 7 Th f t
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parti cltie hy&maﬁbmtmmnpﬂhwtwmmmbmtxwmeg withf stirmieg (dégﬁsﬁip@ctra on the
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in the range from30 to 50 m The sol vates, however, have a wide particle
si ze dipgiyrh %ﬁ'&%ﬂﬁ'h@gttﬁ ﬂangt%u{g Qﬁﬁﬁ&dﬂ?%eﬂ& 1ﬁ'tﬂ@ﬂgrs?édﬂmﬁ‘iﬁttﬁhlrﬁﬂlmﬂﬁrlth

appr oxi et e 10 gm and a high coarSe-grain content o éapprom mately 1 mm
t he med®Br paﬂiblraim 1s3; Bpekisun 12000 T Ehgpcctmmﬁea[fmmﬂeﬂml er;0@ntrel alshem | n

conparison to the known sol yates a e anor formof

o oBRAAR A e g P e e bk 000 b EEEetntng are pEel gy A fitfuse
Struct YEgedpghy PiRAufbeS c?ﬁs)b|1909n16t51¥'1r596 qupgl; Staa3agaso;Nuahase 3; 1395;
transitions and no secondary aggregation are to be observed as in the 11

1383; 1369; 1293; 1219; 1177; 1099; 1013; 836; 765; 698.

The IR spectrum is shown in fig. 2.

The X-ray diffraction diagram (powder refractogram) of polymorph A is shown in fig. 3.
Polymorph A has the following characteristic d values 11.9; 4.2; 4.0, (2 ©:7.5;21.2;22.4).

Polymorph A has a narrow particle size distribution, the mean particle size (determined by
means of laser diffraction spectra on the system from Helios-Sympatec: Dry disperser
RODOS; focal length 50mm) being in the range from 30 to 50 pm. The solvates, however,
have a wide particle size distribution having a high proportion of fine-grain material of
approximately 10 um and a high coarse-grain content of approximately 1 mm, the mean

particle size is in the range from approximately 100 to 150 pm.

In comparison to the known solvates and the amorphous form of ML 3000, polymorph A has
significant advantages. On account of the crystalline structure polymorph A is stable on drying

and storage. No phase transitions and no secondary aggregation are to be observed as in the




21 J UL 2004 case of the anorphous fonn. Moreover, the purity of polynorph
A is higher, because during recovery no |rrpur|t|es are included |i11 t,llﬂeZ[][]k
crystal structure. Polynorph A has a C‘érrpact crystal systemwth &

relatively small surface area. Surface phenorrena such as el ectrostatic
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having a wide particle size distribution is obtained, which unfavorably
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derrvatrvég M_- 3000 i s° <0.2% (deter nmeans of HPLC), the
concentreatinoin thé crml dusttms The suttstarse s terety. sﬁ%ec( weteéztmcheb:bmgc ohdativead

space as chro to hy. net hod The, conppound ac ordln to t venti on
Bol y ot 3 dafjory, }gfr“?f ﬁ"PBgt?@“gg B et nhgﬁ’/’&g&’ok‘ﬁ}‘gfeﬂé@g aﬂ&?dﬂ%{"g Jenase
Inhl bi t ) é&wmﬂhﬁar&wyﬁfﬁ%@e iRt fﬁwgﬁageﬁe@wﬁs furfef %Rx@essﬁﬁlﬁt)by a

uni form | nﬂr bitory action” on the enzyrre ycl ooxygenase (CO and
| i poxygenase (LO) (1 C50LA | C50C0 - is therefore ut| I [ zabl e in the

It
e e o QLS i Y G S S L Ehangt e ol o
the rheidRtifiihy BEnfthE chRPoRiLYEME oS D7l 18§ aeaad ﬁ!oﬂsﬂﬂ#ﬂﬁg 1mprovement
compared with the prior art. According to example 5C of WQ95/32971, a compound
analogous to ML-3000 is obtained in only 29% [lacuna]. Surprisingly, ML-3000 is obtained in
high purity in solvent-free crystalline form. The concentration, determined by means of
tetrabutylammonium hydroxide titration, is 100%. The concentration of heavy metals is
<10 ppm and the amount of ash is 0%. The sum of isomers and derivatives of ML-3000 is
<0.2% (determined by means of HPLC), the concentration of residual solvent is under 0.2%

(determined by the head space gas chromatography method).

The compound according to the invention (polymorph A) has proven to be a potent
cyclooxygenase and/or lipoxygenase inhibitor. It is distinguished by a strong analgesic action
and by a uniform inhibitory action on the enzymes cyclooxygenase (CO) and lipoxygenase
(LO) (ICseLO/ICs5CO ~ 1). It is therefore utilizable in the treatment of disorders which are
accompanied by a change in the metabolism of arachidonic acid. In particular, mention may
be made of disorders of the rheumatic type and the prevention of allergically induced

disorders. The compound according to the invention is thus an efficacious antiinflammatory,




di sorders. The conpound according to the invention is thus an efflﬁ%aﬁho&
anti i nfl ammatory, 21 JUL 2004 12 anal gesi c, antipyretic and ant g
and has an, anti b ronch oconstri cto'f activity and is noreover
utilizable for thronb05|s prophyl axi s and for t he prophyl axi s of
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treatment of hyperchol esterol enla % he conpound accordlng to the invention
can' beepdnhvickt amdedlsei fdretheaseament of \deduatblogidad rdagpedrtrs,c st nasra)scmspound

or as a m xture mﬁtH ?ﬁher t her apeut c active conpounds.. |t can
admi ni $TEABR 3Qe @ QRIC ¥ apfarmR A flergis andmonallergice @righ (hds f”&ﬁ“Fﬁ"&f a

pharnaﬁﬁH%ﬁﬁ@F?tﬁ@ﬂa&ébhgﬁ%yp&tﬁﬂe&én A xture of the active conpound with
a

phar maceuti ca acce exciprents, in particular vehicles or diluents
and/ or addltlves The conpound or the <conposition can be adm nistered

enterally, e.g. orally or rectally, or parenterally, gg subcutaneously,
i nt r avaheueImpandi mcprai%émtaﬁllwemup eanePe pdaupisiered guher as \ABnIndy

dose or .The,.t harnaceu |caI C ca
carri elaaPeyif 8 Byl OB RN R PR R b R P e PRBLIER b
CONMPOS bt izdRfinisRredoss AIASBHT in gaferzﬁ&amoa@mnmez&ab;h s fotn oﬁ@ﬁ:ﬂﬂhﬁﬁccﬁﬂiﬂ can
contai n customary eXC|p|ents such as binders (e.g. syrup, acacia, gflatln

sor bi t ePmpesigRCENt 45 @rmmrwanshlepgthel dogpeand with |pém§m(°émgcaliwa%qcu§

sugar, corns arch a Ci u hos h saor |toI | yein ri S
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di si nt e&lha@s:ﬁoﬁ afl- bétaaﬁﬁﬁi)ste%d WhietdINY eafeitaly (& Secta3Rdi dimpirabteydliys el at e) .
Oral liquid preparations can be present  in t%e f or m of aqueous or oily
sus pensitmutanegely;tintagsnoesiy o iintramuscalariypbut they aer prefsrably gives 1ataral dasel can
be pre?ent as a dry .powder for reconstitution with water or another
suitab arrier. Liquid preparations of this type can contain custonmary
additives, for exanple suspending agents, flavorings, diluents or

emul sifiers. For parenteral admnistration, solutions or suspen5|ons wth

cust ondhy tyneeiphaoneteutical @arrmoemgn @af Oﬁehalmﬁpﬁléy-‘@HCMﬁ’e@t dityent depands pe
corrpou&d FErd g}pggf %&mms L3N ek ggmﬁgsktxons Lai b€ pre%ena%dfn or € asmglr ,' A%aB8ts or
capsules and can contain customary excipients, such as binders (e.g. syrup, acacia, gelatin,
sorbilol, tragacanth or polyvinylpyrrolidone), fillers (e.g. lactose, sugar, comnstarch, calcium
phosphate, sorbitol or glycine), lubricants (e.g. magnesium stearate, talc, polyethylene glycol
or silica), disintegrants (e.g. starch) or wetting agents (e.g. sodium lauryl suifate). Oral liquid
preparations can be present in the form of aqueous or oily suspensions, solutions, emulsions,
syrups, elixirs or sprays etc. and can be present as a dry powder for reconstitution with water
or another suitable carrier. Liquid preparations of this type can contain customary additives,
for example suspending agents, flavorings, diluents or emulsifiers. For parenteral
administration, solutions or suspensions with customary pharmaceutical carriers can be

employed.

Treatment with the compound according to the invention takes place by administering an
efficacious amount of the compound, as a rule formulated according to pharmaceutical
practice, to the individual to be treated, preferably a mammal, in particular a human. Whether
such a treatment is indicated and in what form it has to take place depends on the individual

case and is subject to medical assessment (diagnosis), the signs, symptoms and/or




ef fi caci ous anount of the conpound, as a rule fornulated according to

phar naceutical practice, to the indi yidual to be treated, preferpably ayp
manmal , in particular a human. Wether® such a treatnment is indicated and
in what formit has to take place depends on the individual case and is

subj ect, t di cal assessnent. (di agnosi s).. the signs, sy ! : 13 21
300 200 AySRR TGRSt Bent! AP BCP e g SHI R Ly RRr ¢ g8,
synpt ongg a8l i8haiANafHAG ALRRS factdRd additional Iy includes further factors.
As a rule, treatrment i1s carried out by single or repeated, daily

adm nistration, if appropriate together or alternatively with other active
conpounds or, active conpound-cqQntaining preparations,.so.that an .
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(powder refractograns) indicated in the context of the present inyention
ver e olftlaingdel approxisndtelyd 00rme addn pAdicylse 8. Svpe & aprexiswtdyd OYMERFTKROI TA
4000 system from Mettler (neasuring cell DSC 20; processor TI 1; analysis
usi ng éPé’éP’ﬁﬁ@'A—?Z). The heating rate was 5C/min, in the melting range
2C/ mn. The powder refractograns were determ ned using an STOE powder
diffraction system powder diffractoneter from Stoe, Darnstadt, using

nmonoc hiThedollawvitg Kxdrpleadiuatratothe \xentjsnevithout restricting 1t.

6- (4- Chl or ophenyl ) -2, 2-di net hyl - 7- phenyl - 2, 3-di hydro-1 H pyrrolizine 4.64
kg (190.9 nol) of magnesium and 18.8 kg of diethyl ether are introduced

SUCCeSUEhYC didbhfls MUARUR) dGradiith aN@olvaeNpeffdipRarhé)Bdicatedtia the 250 1
reactor. The etlher iss br oug tlto r ef ux.r@\i’th the stirrer switched off,

0. 03 kgoutexi aftthepreaerd ifveStitay were obvaipedods folawsl chl ori de are added,
wher eupon the reacti.on of the magnesiumwi th the halide starts i mredi ately
(decolorization and turbidity). Wth the stirrer switched on, a solution of

23.5 Korhe I85c Gniifles wat cBefraYdut G thel® Al #008)7sy8tek fiofn Mietlddineduniap cel
added from a supply vessel during the course ] o
DSC-20; processor T11; analysis using program TA-72). The heating rate was 5°C/min, in the

melting range 2°C/min.

The powder refractograms were determined using an STOE powder diffraction system powder

diffractometer from Stoe; Darmstadt, using monochromatic CuKal radiation.

Example 1
6-(4-Chlorophenyl)-2,2-dimethyl-7-pheny!-2,3-dihydro-1H-pyrrolizine

4.64 kg (190.9 mol) of magnesium and 18.8 kg of diethyl ether are introduced successively,
after evacuating and passing in N2 three times, into a 250 1 reactor. The ether is brought to
reflux. With the stirrer switched off, 0.03 kg of iodine and 0.5 kg (4 mol) of benzyl chloride
are added, whereupon the reaction of the magnesium with the halide starts immediately
(decolorization and turbidity). With the stirrer switched on, a solution of 23.5 kg (185.6 mol)
of benzyl chioride in 37.8 kg of diethyl ether is added from a supply vessel during the course
of 2 h, the black-gray mixture refluxing vigorously. Afier addition is complete, the Grignard
solution is kept at reflux for a further 2 h. A solution of 17.7 kg (134.6 mol) of distilled




of 2 h, the black-gray m xture refluxing vigorously. After addition is
conplete, the Gignard solution is ke4t at reflux for a further 2 h. A
solution of 17.7 kg (134.6 nmol) of distilled 14 71 JUL 2004 271 JUL 2004
4-chl oro-3, 3-dinethyl butyronitrile in 48.5 kg of diethyl ether is then
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control &@ﬁfmhotahehctoi hfto WHiEH TG KgedTres ahdiBe. Sdaess B2% mgma@:mawm of

5C. The pHis 10.5-11. The basified water phase is thoroughlté stirred with
\d

106. g F&g‘-l%ha*cﬁ kaenyintredused beforelzpd 40n entay.ahe intmabempsetaeaf pb%@?nﬁﬁ
ohase (1 24 Tob3HLPEAR SR g BB-SeRT0s g I UBH, R Rteel,

et her \Pﬂﬂﬁﬁ% ke Racp! & 8l InteaaCeRipEAhRE of B0MBCAOtHe (hésdd. e WhdrdushPhtiried of
ether distillate bej n(lg obtained (1.40 h). As a distillation resjdue, 20.6
kg of pitope argihesifpr [.3530h.dihesare then ehowedbie siandsat gls rompsrature and with the

2-b enzyéti'rg'ngd' RIS for RO LD Gor pHasg é(e%axgtloﬁhﬁ)cr %’té&iuﬁlagg QOZté?rﬁﬁg ot h) .
product is separated off (147 kg).

The water phase is cooled to —8 to 0°C in an extraction apparatus and then basified with
33.2 kg of 24% strength ammonia, the supply rate of the atnmonia being controlled such that

the internal temperature does not exceed a maximum of 5°C. The pH 1s 10.5-11.

The basified water phase 1s thoroughly stirred with 106.3 kg of diethyl ether for 30-40 min at
10-25°C and then allowed to stand for 25-30 min for phase separation. The clear, slightly
yellow water phase (170 kg) is separated off and discarded. The clear, yellowish-green ether
phase is completely concentrated in vacuo (0.7-0.8 mbar), 95 kg of ether distillate being
obtained (1.40 h). As a distillation residue, 20.6 kg of pale green oil is obtained, which
contains 86.7% of 2-benzyl-4,4-dimethyl-1-pyrroline. 20.6 kg of the residue (86.7% strength),
corresponding to 179 kg (95.5 mol) of 2-benzyl-4,4-dimethyl-1-pyrroline, 29.7 kg
(127.2 mol, 1.33 equv.) of w-bromo-4-chloroacetophenone and 226.6 kg of methanol are
introduced into a reactor (500 1). After addition of 12.7 kg (151.2 mol, 1.58 equiv.) of sodium

hydrogencarbonate, the mixture is stirred with exclusion of light at 17-24°C with formation of




corresponding to 17.9 kg (95.5 nol) of 2-benzyl-4,4-dinethyl-I-pyrroline,
29.7 kg (127.2 nol, 1.33 equiv.) of as-brono-4-chloroacetophenone and
226.6 kg of nethanol are introduced into a reactor (500 1). ﬁﬁtkﬁ]UédHﬂkion
of 12.7 kg (151.2 nol, 1.58 equiv.) of sodium hydrogen carbonate, the

m Xt ur e BesgesuspergbnWl hdre@xigoriis icomiried uh@hthe adsidubi 2éhite dfpyirolin@idngpouad 15
211 UL2U a bei.ge suspension. The reaction is continued until the residual
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obtained by centrifugation is washed out using 14.4 kg of methanol in two
por t i omsntrifigationi ik | wasbed topt usingght 4 kegye methrapsloniuoroe peitgis. The Stukgnoifhe
still gﬁ%ﬁéhcr de product (25.8 kg) is suspended in 150 kg of water then

war med yeljomy wodust weaghserst k8¢ of 50-60C in the course of 15 min and

stirred at this tenperature for 40 nmin. The suspension, cool ed to 40C (40
mn), is centrifuged and the pale yellow, crystalline solid obtained by

cent ri fThgadtilomoiss caidb pesiien(2y8 war ivethspdnidbd 27 1KQ kgfofvwaiter then vlanmiadnsd aons.
The praoduct is dried in vacuo at 50-60C for 12-24 h. 18.6,kg of
6- ( 4- cHMEFS) heRpargre o SUPRG iy thezcqwrergd 12 mmn and ystiFsd Atithiy teapsraiurefos o

obt ai neg, . haw at en 96.of ol t

(5- (4 charaitE o0 SApESRE Hooeg o AL Baa 35, S SRS Tiq TR LS pelow, ) o
1. 0% kxpmllige golid obtained by centrifugation is subsequently washed with 27 kg of water in 2

6- (4- Chl or ophenyl ) -2, 2-di net hyl - 7- phen -2,3-d|hydro-lkggéfrolizin-5-y|acet
i ¢ aci dortians. Thopiedugtiedried mcipsue AP LI Cotos 4274 - A 8ikg of &é-chlgropheny])-5 kg

(35.7 . - hl gr,0 I - . . 0
73 di et Ry Reu e 2ngih SRS oy bt hevige ggopent of 033% of
t et r ahyagh odnid an ik cafitent ot (SQAUBREopHRhP)-2, 28nethylcRphayl-2, Bhdihydro-1H-
yel |l owcol ored solution is cooled to 10-15C under a 0.5 bar nitrogen
suppl y RyRp)izing) of k@%( 54. 7 nol ) of oxalyl chloride are then netered in from
a supply vessel under N2 over the course of 35 mn such that the internal
t enper at ure does not exceed 20C!
Example 2

6—(4—Chlorophenyl)-?.,?—dimethyl-?-pheny1-2;3 -dihydro-1H-pyrrolizin-S-ylacetic acid
(ML-3000)

After evacuating and passing in N2 three times, 11.5 kg (35.7 mol) of 6-(4-chlorophenyl)-
2,2-dimethyl-7-phenyl-2,3-dihydro- 1H-pyrrolizine in 60 kg of tetrahydrofuran (THF) are
introduced into a 250 | reactor. The yellow-colored solution is cooled to 10-15°C under a
0.5 bar nitrogen supply (N2). 6.8 kg (54.7 mol) of oxalyl chloride are then metered in from a
supply vessel under N2 over the course of 35 min such that the internal temperature does not

exceed 20°C.

After addition is complete, the now dark-green, thin suspension is stirred at an internal

temperature of 18-25°C for 20-30 min.




After addition is conplete, the now dark-green, thin suspension is stirred
at an internal tenperature of 18-25C for 20-30 min. 16 21 JUL 20041 1H &t
of ice are introduced into a 500 1 redltor in flakes. The war m suspensi on

(25C) is added to this ice over the course of 5 mn such that the interna
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25-35C. 14.9 kg (298 nol) of hydrazine hydrate are then added from a

suppl y doesizdlexcrediXCt he course of 10- 15 min. The internal tenperature
rises to at nost 40-45C. By increasing the tenperature stepw se during the
course of 1.5 h, the now bei ge-col ored suspension is heated to an internal

LeTPe! G reach n%(ﬁé&s slired 28 1 O3 febd %Qmﬂ'f:fof z§§é4ckf8r fou% 1%'.%( hid. ate
are collected unti an I nternal tenper&%ure 0 I's reached. The

react i Qhe sttt preen issheionl iediluedS@1thSa2. ang of éiethgibndl dlicd dtd5ads5qf. 126 #gkg of
pot assi um hﬁdroxi de in fl akes K%n 8 to 10 portions divided over the
cour se (#18 mal)mfhydragine; hydeateate thew dtam @ sapplyapysel iduripg theocapsserfdGni t h

the first .5 of, K and the i.nitjally thi o ension turnj ow,
bocor 18 HiRgrfs Shielt seftere g, il {2 NobtAGhs-CrBY IRGERT Mool
Suspengiepidesduniny theadigst 601, 9 BGhiHol Bei kL pTIBFealsUsRenkida 1S BERed o dbibidnal
slight foam ng comencing from 85C and t he sg:t%&r}gl on thickening. Wth a

t enper &nopesaturce @56} THY heing distilledo &y ASK ke digtidlatesarp galigatad: Wil

rai sed to  102C and te”f'? ‘s(gme ti nitrogen is blown through the reaction
rTixturémfrHFTﬁ'an}pﬁ’éa 31/ Ube™dF2R5%i ncreased stirrer speed. As a result of

strong foam ng and additional evolution of gas, the volune of the reactor
contents increases to double. If required, the reaction tenperature is
| ower edhbyeassiohimixturatis aeplehtefBrals °C ang dreatedrwith aftotabof 263Cke phpothssaim

begi ns .t Cﬁi&l.a aﬂ{b, reg-b wn_t hin. suspensi.on is f d \ﬂpi.c S now
et od "R R TRkt R A | et BRSPS bR st R B S of
150 h. tdnfberitife 6RERYOisiBX ¢€ 31 70eCT KARAE firfths Keeel KIOH dn@niheriaitiallg thisk
briefly lowered by cooling. At the sane time, a nunber of aqueous
di st i | sespessiof turingyellew kacaining ighlylliquisk and. gemle rafhxgecnmingspertderm 20- 145C
for 2 h- 2.5 h. The reactor tenperature is then cooled to 30-
' This suspension is now heated to 90°C with a temperature increase of 15°C/h, slight foaming
commencing from 85°C and the suspension thickening. With a temperature increase of 2°C/h,
the internal temperature is now further raised to 102°C and at the same time nitrogen 1s blown
through the reaction mixture through the dip tube at an increased stirrer speed. As a result of
strong foaming and additional evolution of gas, the volume of the reactor contents increases to
double. If required, the reaction temperature is lowered by cooling. At an internal temperature
of 100-105°C, the foam begins to collapse and a red-brown thin suspension is formed, which
is now heated further to an intemal temperature of 140-145°C at a heating rate of 15°C/h. In

the case of excessive foaming, the reaction temperature is briefly lowered by cooling. At the

same time, a number of aqueous distillates of 44 kg in total are collected.

The batch 15 kept at 120-145°C for 2 h — 2.5 h. The reactor temperature is then cooled to 30-
40°C and 74.7 kg of water and 56.7 kg of diethy] ether are added. The reaction mixture 1s
carried out at an internal temperature of 30-33°C for 10-15 min, then the phases are allowed to
settle. The resulting three-phase system is separated. The lowermost strongly alkaline aqueous

phase, which weighs 154.9 kg, 1s colorless and only slightly turbid. It is disposed of as




40C and 74.7 kg of water and 56.7 kg of diethyl ether are added. The
reaction mixture is carried out at an.internal tenperature of 30-33cUiLoilt
10-15 mn, then the phases are allowed to settle. The resulting

t hr ee- phase systemis separ ated. The Iovver nost strongly aI kaI | ne aqueous

phase, oXo) orI sI| b IS
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tenperature of 0-5C. By neans of a s &gJy vessel, a mxture of 6.0 kg of
32.5% ﬁ#@ﬁ@@%ﬁ%ﬁtwﬂdm migareds sprled . B iRigm teppesstuieot{bi Gret ered i n
during the course of 15 mn such that a maxi ruminternal tenperature of
10C i s not exceeded and a pH of 1-2 is reached. If this pHis not reached,

a furtBeinddn®okg supplydeessél si hex@idohy.drigeef 82.5% aedndttdhydrodhlsticiacidwinih 0. 2
kg of water is added. After reaching this pH, the phases are thoroughly
sti rred-9 &8 oA watarinapwandterediin durpg thetserrse of |lé\mm sueh shaéﬁdw@muazommqh
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15-20C. The phases are separated and the extraction is repeated. The ether
phase, washed free of traces of acid, is treated with 6.5 kg of anhydrous

magnesi W HELpsidicavatptiplirsy isdrapm off t Theectocrrmbese r(smegﬁnm%wzts)a Mg Pfar e
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HCI treatment is repeated up to 3 times if desired.

The ether phase is then treated with 30 kg of demineralized water, thoroughly stirred for 10-20

min and warmed to 15-20°C. The phases are separated and the extraction is repeated.

The ether phase, washed free of traces of acid, is treated with 6.5 kg of anhydrous magnesium
sulfate and 0.4 kg of active carbon {Acticarbon 28S), which are suspended in 1 kg of diethyl
ether, and stired at 18°C for 30-45 min. The suspension is subjected to clarifying filtration
through a pressure filter coated with 0.5 kg of filter aid (Cell Flock) in a distillation apparatus.
The filter and apparatus are then rinsed with 8 kg of diethyl ether.

95.6 kg of n-heptane are added to the ether phase and the ether is distilled off in vacuo at an
internal temperature of 15-20°C. The crystal suspension resulting after distilling off the ether
is cooled to an internal temperature of 13-18°C and stirred at this temperature for 0.5-1.5 h,

then the crystals are removed by centrifugation. The moist product obtained is washed with




The filter and apparatus are then rinsed with 8 kg of diethyl etheﬁqjgg?ﬁ¥
kg of n-heptane are added to the ether _phase and the ether is distfll of f
in vacuo at an internal tenperature df 15-20C. The crystal suspension
resulting after distilling off the ether 1is cooled to an internal

t : 3-18C. and sti t.this t t for. 0.5-1.5 . th
the or gataitsSLp SRR IA POAUET 1S AR T T e B e (g bR eg [ o
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product is dried overnight a vacuumdryin oven at 50-60C and, if
desired, ground. 10.5 kg (77.2% of M.-3000 are obtained. Description of
the product: The product has a slightly yellowi sh to ivory-col ored

col oraﬂ:?eé?ﬂptm’eofstg? DEOd8E:in  tetrahydrofuran is colorless (Y7) and clear.
The melting point, determ ned by the DSC nethod (under conditions other

t han indicated above) is 157C. A second determ nation of the nelting point
under tihe geslict i RS al @ﬂgﬁt?& eﬂsll@h@éhe tBasvoyy-ebidesd tddtorkiiin. diThEr ssTussiowa i n
fig. 1. The IR spectrum and the powder refractogramis shown in figures 2

and 3. tetrebyfirpfunag és calordesa (¥ dbandorlcanl Tlesnelsing paints dat¢roused by the gk methodt o 2

0. g, 50s" 59760 e TR 8otf) B HE, Recrnt flEmplatoflorgue bty
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The IR spectrum and the powder refractogram is shown in figures 2 and 3. The lattice

distances (d values) are as follows (all peaks up to 2 ® = 34 were taken into account):

20 "~ dvalue rel. intensity (%)
7.5 1-1.9 100.0
10.8 8.2 8.3
11.2 7.9 18.6
13.8 6.4 12.6
14.9 59 12.7
15.4 5.8 24.2
15.9 5.6 10.0
16.8 5.3 23.4
18.1 5.0 20.1
18.15 4.9 20.1
19.0 4.7 274
19.9 4.5 16.8
20.1 44 20.2
20.8 43 30.0
212 42 68.5
22.0 4.05 10.8
22.4 4.0 333
22.8 3.9 12.5
237 3.7 11.9
24.4 3.6 7.7




20.14.420. 2 20.84.330.0 21.24.268.5 22. 04.0510.8 22.44.033.3 22.8 J]T-ﬁ ﬁl.
23.73.711.9 24.43.67.7 21 JUL 2004 13925 Ox.555.4 25.73.514.8 26. 43 6" g
26.93.36.0 27.23.2511.8 27.73.217.0 28743.120.2 30.42.957.8 30.72.99.4

31.22.855.1 31.52.85.8 32.32.758.6 32.52. 710 2 33.72.659.0 33.92.67.0 The

Content of heavioletals: <10 pom “"ks%ﬁ%‘l;h't'éﬁi 7 T% Cont entobt rest dual

sol vents 257 14.8
26.4 | 3.4 ‘ 6.0
26.9 33 6.0
27.2 | 325 118
27.7 32 17.0
284 ' 31 3202
30.4 ' 2.95 7.8
30.7 2.9 ~ 9.4
31.2 2.85 5.1
31.5 2.8 5.8
32.3 2.75 8.6
32.5 2.7 - 102
337 2.65 9.0
33.9 2.6 7.0

The content, determined by tetrabutylammonium hydroxide titration, is 100.9%.

Content of heavy metals: <10 ppm.

Ash content: ' 0%

Content of residual solvents

(determined by GC): 0.11% of diethyl ether and
0.04% of heptane

Hydrazine content: <0.3 ppm.




(determned by C: 0.11% of diethyl ether and 0.04% of heptane Fwdraziﬂe
content: <0.3 ppm 20 Exanple 3 21 JUL,2004 Preparation of polymodghlUs @
6- (4- chl or ophenyl ) -2, 2-di m et hyl - 7- phenyl - 2, 3- di hydr o-

| Hpyrrolizin-5-ylacetic acid by crystallization from di et hyl

et her/ oy, gxane The water-noi st crude

6- (4- chl or ophenyl) - 2, 2-di net hyl - 7- phenyl - 2, 3- di hydr o- 1H pyrroli zi n-
5-ylacetic acid (500 g) is conpletely dissolved in diethyl. ether (13 1)

with stirring at elevated, tenperature (40-500), filtered through al um na
A1203 dHEPAHETS oty ilynemile by el e briloFrphenyl)-L 2adimetipird -Rhenle?. édjvden-

o gest on PR ORTr SRt By S R R AT ey Y P R ioor at ut e, “The

crystals are filtered off, washed with cold cycl ohexane, then with cold
met hanol and then dried at 50-60C for a nunber of hours. 470 g (73%w th

r espectTheowatsemmisi caméo 6-(@mployptnyld2, Idinyatioyl phphengf-2,3-dihydro- 1 H-pyrrolizin-
6-(4-c r ophen -2, 2-.di met - 7- phenyl - 2, 3-di hydr o- 1H- pyr.rol i zi n- 5- yl acet
e et PRSI oL if cqBP IR BRI inchihin b tor bR BIEA clevae

6- (4- chb@pan yziolsébc%- fllceRA Wougdh BRARY] ARG Shd' WY @ivknthidBehovbd FHofi the V!
acetic acid. '/2 ethyl acetate {pol ymorph C) The crude

6- (4- cHilorephbegiude Xrstali frattion| obTaimdueasyd 1&jiBedis sysreaddd - pyclohekead 3-&1)- vl

acetic ci.d (33.k suspended in efhyl acetate (115 1) at el evate
terrperaﬁr@rfégfs L5 CP"SBS%F&fgfhkfeat-ifhﬁ%r NP GO EREEA T ey S| ear
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to 15-20C wth stirring 1 n the course of at a cooling rate o
0. 5C/ mifor a Mimaberofdbatss 43¢ g (A3 % ovithtrespectiophs piecatsot érmployad)pd patymicephidtdl t he

stirring, switched _off for 20 _mn, are centrifuged _and are washed with cold
et hyl a%%ﬁ-éwtl%mpé@ﬂk.ﬂ ’@e@aﬂ@hﬁnﬂﬂ% firon HepaTrBlie-Haretier reas by&feans
of 1 Fhﬁ%ﬁ%éé%¥a9§%ﬁéPﬁﬂﬁ*he crystal fractions freshly obtained after

squeezing off an ying. The expected theoretical value of 1038
percent by weight (% for the 2:1 solvate (hem sol vate) was approxi mately

achi evefg{ample 4

" Preparation of 6-(4-chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro- 1H-pyrrolizin-5-ylacetic
acid- ¥z ethyl acetate (polymorph C}

The crude 6-(4-chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro- 1H-pyrrolizin-5-ylacetic
acid (33 kg) suspended in ethyl acetate (115 1) at elevated temperature (40-50°C) is brought
into solution under reflux. The now clear solution is filtered through a heated filter funnel and
then slowly cooled to 15-20°C with stiming in the course of 2-2.5 h at a cooling rate of
0.5°C/min. The crystals are allowed to deposit at this temperature with the stirring switched
off for 20 min, are centrifuged and are washed with cold ethyl] acetate (33 1).

The content of ethyl acetate was determined by means of 1H-NMR-(CDC13) from the crystal
fractions freshly obtained after squeezing off and air-drying. The expected theoretical value of
10.38 percent by weight (%) for the 2:1 solvate (hemisolvate) was approximately achieved.
From the integral above the resonance line for the acetyl methyl group of the ethyl acetate (d =
2.04, 3H) to the integral above the resonance line of the methylene group of the ML 3000 at d

(ppm) = 2.85, (2 H) the numerical ratio of 3:4 to be expected results for the hemisolvate.




Fromthe integral above the resonance line for the acetyl nethyl group of
the ethyl acetate (d = 2.04, 3H) to t2he i ntegral above the r.esonagq:qULl e
of the methyl ene group of the M. 3000 at d (ppm ~ 2.85, (2 H th
nunerical ratio of 3:4 to be expected results for the hem solvate. 21 2 1
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6- (4- chl or ophenyl ) -2, 2-di net hyl - 7- phenyl - 2, 3-di hydr o- 1H pyrroli zi n-5-yl acet
ic acid. V2 diethyl ether (polynorph E)

6- ( 4- Clidxempizhenyl ) - 2, 2- di et hyl - 7- phenyl - 2, 3- di hydr o- 1H pyrroli zi n- 5-yl acet
ic acid (2 g) are dissolved conpletely in diethyl ether (36 nml) under
reflux. Wth exclusion of light, the solutionis slowy cooled to room

tenper gttt QNeds 6L (AScHi f27. Ihth Vg | Ab st -
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cryst alacidr Bvdibthyl éther (polvHorstE)Was stored at 0C for 2 days, then the nother
| i quor was decanted fromthe crystals. The content of diethyl ether was

determ ned by neans of IHNVR-(CDCl 3) fromthe crystals freshly obtained
after t.ation ai.r-dryi,ng. T ct t hearetical valu f, 8.87
per ce n(tg ?@ga/&%@’f%ﬁf nﬁi}?ﬂf Adpqeﬂ‘r)(éb’zp.%‘fn%lgi’e’ %/'gi)i'g'%{(ﬁ 'péﬁo\ﬁé't“" ’y%é"snca%‘f ng)nﬁ? ely
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of the diethyl ether (6 = 121, 6H) to'the integral above the resonance

| i ne ofoluhen gestowhi cagiledeto hgdmgeropgraiufe dter FFODUES of 7Thaes. (i Riyther towering
expected nunerical ratio of 1:2.results for the hem solvate. The DSC
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6- (4- Chl orophenyl ) - 2, 2-di net hyl - 7- phenyl - 2, 3-di hydro- 1H pyrrolizi n-5-yl acet
i c aci drystab60 ngy) are dissolved in diethyl ether (5 M) with addition of

1, 4-di chl orobenzene (0.5 mM). Wth exclusion of light, the solution was
cool ed for one hour at 4C, then to -25C. The substance crystallizes in the

cour seThE cORRnGYditthyE Afer VAR eMmlid%sy mbgls! of 1B-RRER 4D ) fotn tHOHSstals
freshly obtained after decantation and air-drying. The expected theoretical value of 8.87

percent by weight (%) for the 2:1 solvate (hemisolvate) was approximately achieved. From the
integral above the triplet for the ethyl methyl groups of the diethyl ether (& = 1.21, QH) to the
integral above the resonance line of the geminal dimethyl group of ML 3000 (8 = 1.29, 6 H),

the expected numenical ratio of 1:2 results for the hemisolvate.

The DSC diagram, IR spectrum and the powder refractogram are shown in figs. 7, 8 and 9.
Example 6

Preparation of single crystals of the polymorph E
6-(4-Chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro- 1H-pyrrolizin-5-ylacetic acid
(250 mg) are dissolved in diethyl ether (5 ml) with addition of 1,4-dichlorobenzene (0.5 ml).
With exclusion of light, the solution was cooled for one hour at 4°C, then to —25°C. The

substance crystallizes in the course of one day in the form of large, well-formed colorless

rods.




22 Exanple 7 21 JUL 7004 Preparation of polynorph A of

6- (4- chl orophenyl ) -2, 2-di met hyl - 7- phenyl - 2, 3- di hydr o- 71 JUL 2004
1H pyrrolizin-5-ylacetic acid by crystallization frommethyl tert-butyl

et her (MIB)/ n-heptane M. 3000 (1 g) is suspended in methyl tert-butyl ether
(14 m)Eiama}leoo m two-necked flask . which is equipped with a reflux
condens&i’ and magnetic stirring bar and is'wapped with alumnumfoil for
protection against the incidence of light and is conpletely di ssol ved by
heating to boiling tenperature under an argon atnosphere 2 atm. After
stirri rl@repammorrpmrﬁ pqurd@rrphreﬁtl ok 6-¢4-clilsraphenptiled,2-himistyyi-d enEI 2ddégdio t he
cl ear uti on t he |nn| t urbi (30

- hopt altEPyBTFiect et 11 ) trfop ot Rstishies aivhate GREPYS hisiie
formati on of a suspension (65C), which is then allowed to cool to room
tenperature with stirring. After 3 hours, the suspension is stored at 4C
for a fMLtI0B0 (13)Houwispendedanmeéthyigertauoi ethel (Bt mil)yiatal 80 arl @wbirdetierdebshf f
with suction fromthe nother liquor through a &4 gl ass S|nter filter . using

a nild Vel amealsegewaﬁh)a refhx eqnglenssr ae%wéaginsth é%liﬁ@ﬁeb?de@ r@p\é@?@%ﬂ yiths
Seat on {1l R8I 3okl hoBRd BSHREEL Gribuilad (ERAbIEDy HEERELYD °

of pur eheahmg o B6ilifg tenlpt@atGreyinidel sn sfpow atthespheredel? atidf Afet sfrtiag (290 pur)e
pol ynorph A, 23 ¢ Patent Clains 1. Process for the preparation of the

conpourknder refli foprimmiutes, erhiptave o-pddedrte ﬂl‘%@le@,fo%m“’@#] hadegigrwg o D
ci turbidity (30 ml) then further n-heptane (40 ml) is added slowly in the presence of heat until

the formation of a suspension (65°C), which is then allowed to cool to room temperature with
stiming. After 3 hours, the suspension is stored at 4°C for a further 15 hours in a refrigerator.
The crystals are filtered off with suction from the mother liquor through a G4 glass sinter filter
using a mild vacuum (500 mbar). The crystal cake is resuspended repeatedly (5 times) in n-
heptane (10 ml) and sucked dry (1 min) and then stored in a sealed jar without further drying.
The yield of crystals is 81%, they are of pure white color. The crystals show the powder
refractogram of pure polymorph A. :




11 21 JUL 2004 is reacted wth oxalyl chloride and the product obtained is
treated with hydrazine and an alkali metal hydroxide in the aqueozz @h@ﬁﬁ
at from 120 to 180C in the presence of an aliphatic nono- or dial H H
having a boiling point of at least 1 40C, after treatnent is conplete a 15
t hr ee- phase systemis produced by mgent Comef an ether and the conmpound of
the ' formula | is obtained by acidifying the m ddle phase. jO 25 30 2.
Process; a66a48ifiant prégasdtiond] ticdmngiched ofifedoBerlad di ethyl ether, nethyl
t-butyl ether or tetrahydrofuran. 3. Process according to daiml or 2,
the treatnmeny i th hydrazine and the alkali netal hydroxide being carried
out in the predsence of ethylene glycol, ethylene glycol nononethyl ether

: ol. 4. Process according to daim3, the treatnment with
aldkal i netal hydroxide being carried out in the presence
of diet : ol. 5. Process according to one of the preceding C ains,
t he product ob¥al ned by the reaction with oxalyl chloride being treated
first with hydrazi ne and then with the al kali nmetal hydroxide. 6. Process
according to Caimb5, the treatnment with the al kali netal hydroxi de being
carried out at a tenperature in the range from 120 to 180C. 24 21 JUL 2004
7. Process accordingd o &t @b it he constituents which are volatile at the
treat men tenperature being renoved at |east partially during the
treatnent. 8 ocess according to one of the preceding Clains, the mddle
phase being ted wwth a mxture of water and a water-inm sci ble ether
before acidifgcafion. 9. Process according to Claim8, the desired product

[ [ ] r-tthe et her phase by adding to the ether phase an

al i phat i‘c ‘ot ~“cycloal i phati ¢ hydrocarbon which has a higher boiling point
t han the ether.

is reacted with oxalyl chloride and the product obtained is treated with hydrazine and an alkali
meta‘l hydroxide in the agueous phase at from 120 to 180°C in the presence of an aliphatic
mono- or dialcohol having a boiling point of at Jeast 140°C, after treatment is complete a
15 three-phase system is produced by addition of an ether and the compound of the formula Iis

obtained by acidifying the middle phase.

2 Process according to Claim 1, the ether used being diethy} ether, methyl t-butyl ether or

tetrahydrofuran.

1 Process according to Claim 1 or 2, the treatment with hydrazine and the alkali metal
hydroxide being carried out i the presence of ethylene glycol, ethylene glycol maonomethy)

ether or diethylene glycol.

25 4. Process according to Claim 3, the treatment with hydrazine and the alkali metal hydroxide

being carried out in the presence of diethylene glycol.

5 Process according 1o one of the preceding Claims, the product obtained by the reaction with
oxalyl chloride being treated first with hydrazine and then with the alkali metal hydroxide.

*0 6. Process according (o Claim 5, the treatment with the alkali metal hydroxide being carried

out at a temperature in the range from 120 to 180°C.




10. Process according to Claim8 or 9, the ether being at .|east partially
distilled off to obtain the desired pyoduct. 11. Process according 1t pj| 1§
of the preceding dains, where, for the preparation of the conpound of the
formula I'll, 2-benzyl-4,4-dinethyl-l-pyrroline is reacted with an cu-hal o-
4-chl or oacet ophenone in a polar organic solvent in the presence of an

al kali nmetal hydrogencarbonate and/or of an alkali netal carbonate in
solid fprwrockss ab¥dR€ias StodClamdicNdhd QofdtRbditsl which tahe PIRE AT GeNiratSSttveNnt
used being nethanol. 13. Process according to aim1l1 1 or 12, the reaction
bei ng clempierature beingnempeednt desshpastiadty dwingdhe esdinemh hydr ogencar bonate. 14,
Compound of the forrmula Il C C Q 15. Conpound of the fornmula | 25 21 Jul.
2Q04 in crystalline formhaving a single endothermin the DSC di agram
which ig g r : 1aidQ: tHeQIRR i im
15, whi ? ProcdlBctdiag & ﬁ\!‘g"f;‘?gﬁu}éfafﬁlggt@ laﬁé‘lgktsh i'n tﬁ“"égl?%eq’?{)’?c‘?%&‘?ﬁpwm
(wavenunibenre of walgr.and 40GiterhtiiscibE3fher bdre acldifi8atidid50; 1441; 1413; 1395;
1383; 1369; 1293; 1219; 1177; 1099; 1013; 836; 765; 698. '17. Conpound
according to daim15 or 16 essentjally having the IR spectrum shown in
fig. 2. -d] L: : i

fol | ow Sig SFer AR gt SR £3pL AR Bhald BLIR chiuihéh fém Y ffer bl by

di f f r aciddinp € algy ater phas?; arft aBphaticOor dytloaliphmfvu Agdracabonliwigch dafaahighdr8
having the following d values: 11.9; 8.2; 7.9; 6.4; 5.9; 5. 8; 5.6; 5.3;
5.0; 4.mlmgpoingthgntheetherq 3. 4.2; 4.05;4.0; 3.9; 3.7; 3.6; 3.55, 3.5, 3.4;
3.3; 3.25; 3.2; 3.1; 2.95; 2.9; 2.85; 2.8; 2.75; 2.7, 2.65; 2.6. 20.

Phar maceuti cal conposition conprising the conpound as clainmed in one of

C ai ms (b Précess according to Claim 8 or 9, the ether being at least partially distilled off to obtain

the desired product.

11. Process according to one of the preceding Claims, where, for the preparation of the
compound of the formula III, 2-benzyl-4,4-dimethyl-1-pyrroline is reacted with an o-halo-
4-chloroacetophenone in a polar organic solvent in the presence of an alkali metal
hydrogencarbonate and/or of an alkali metal carbonate in solid form.

12. Process according to Claim 11, the polar organic solvent used being methanol.

13. Process according to Claim 11 or 12, the reaction being carried out in the presence of solid

sodium hydrogencarbonate.

14. Compound of the formula II

15. Compound of the formula ]




19, if appropriate together with customary excipients. 21. Use of the
conpounds as clained in one of Clains 15 to 19 for the production 'ﬁﬁ 8L 2004
pharmaceutical composition for the treltment of disorders of the rheumatic
type. 22. Process for the preparation of the conmpounds of the in Clains 15
to 19, where,_to an ethereal solution of the conpound of the fornula I, an
al i phatic orcI oal i phatic hydrocarbon is added which boils higher than
the ether, th& ether is optionally at |east partially renoved by

distill atieae h%l conpound of the formula | is obtained.

OH !

in crystalline form having a single endotherm in the DSC diagram, which is in the range from

155 to 170°C.

16. Compound according to Claim 15, which has the following significant peaks in the IR
spectrum (wavenumber, cm"): 1706; 1601; 1536; 1487; 1463; 1450; 1441; 1413; 1395; 1383;
1369; 1293; 1219; 1177, 1099; 1013; 836; 765; 698.

17. Compound according to Claim 15 or 16 essentially having the IR spectrum shown in

fig. 2.

18. Compound according to one of Claims 15 to 17 having the following characteristic d

values (lattice distance) in the X-ray diffraction diagram: 11.9; 4.2; 4.0.

19. Compound according to Claim 18 having the following d values: 11.9; 8.2; 7.9: 6.4; 5.9;
5.8,5.6;53;5.0;4.9; 4.7, 4.5, 44; 4.3; 4.2, 4.05;4.0; 3.9; 3.7; 3.6; 3.55; 3.5; 3.4; 3.3; 3.25;
3.2;3.1;2.95; 2.9; 2.85; 2.8; 2.75; 2.7; 2.65; 2.6.

20. Pharmaceutical composition comprising the compound as claimed in one of Claims 15 to

19, if appropriate together with customary excipients.

21. Use of the compounds as claimed in one of Claims 15 to 19 for the production of a

pharmaceutical composition for the treatment of disorders of the rheumatic type.

22. Process for the preparation of the compounds of the in Claims 15 to 19, where, to an
ethereal solution of the compound of the formula 1, an aliphatic or cycioaliphatic hydrocarbon
is added which boils higher than the ether, the ether is optionally at least partially removed by

distillation and the compound of the formula I is obtained.




