1 *159159* Process for the preparation of 6-(4-chlorop -2 2
di net hyl - 7- phenyl - 2, 3-di hydro- 1 H pyrlrol I zin-5 -yl acet EM&MWWNWH ption
of the invention 5 The present invention relates to a p he
preparation of 6-(4-chlorophenyl)- 2,2-dinethyl-7 *159159*
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suitable for the treatnent of disorders of the rheumatic type and for the
preventive treatnent of allergically induced disorders, for this see, for

exanpl . ut ure 1995, 20 (10):1007-1009. A possible route for
pr epar j?ﬁs(‘%l,&g% %llcﬂsi%l}&g@#dl in this publication. Further preparation

possibilities are described in EP-A-397175, W95/ 32970, W95/32971, 15
W95/ 32972, Archiv der Pharmazie 312, 896-907 (1979); and 321, 159 - 162
(1988) ,Thg. prasent invientien rolgies(B7)e, piwess foothe Mrenaratiofaofn 6-(4raloraprhred)-
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chlori anol or diethyl ether. The hydrogen brom de fornmed in the
reaction is trapped by addition of aqueous sodi um bi carbonate sol ution. The

i ntrod [ of the acet.ic.acid.radical into ition 5 is th carriged out
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hydrazi ne. Arch. Pharm 312, 896-907 (197 descri bes the follow ng

react i alergically induced disorders, for this see, for example, Drugs of the Future 1995, 20
(10):1007-1009. A possible route for preparation is also found in this publication. Further
preparation possibilities are described in EP-A-397175, WO095/32970, W(095/32971,

15  WQ095/32972, 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:

z\

.

' @]

l 9]
)
g
(]

20
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
25  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:

A
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*co0lyo2* 2 CIAOOC 0 The reaction is carried out in benzene as a

sol vent. The COCOCI group, is then noj, converted into the acetic acid
group, however, but reacted with diethylam ne. 5 W95/32970, W95/ 32971
and WD95/ 32972 describe the introduction of the acetic acid radical into
conpounds which are structurally related.to M.-3000 by reaction of these
pyrrolizineg/ cynpounds wth oxal yl chl @r— or ethyl oxalyl chloride and
subsequent Yeduction w th hydrazi ne and pot assi um hydroxi de (Huang M ni on
variant g he g f f - ®igRner i 0 redyc .Q bre detailed information on

t he expériNa@ni g pr*oceEre i's found N4 Exanpl e 5C of W95/ 32971. The
reaction of the pyrrolq zhe conpound wgthcoxal yl chloride 1is then carried
out in THF. Water and hydrazi ne hydraPe are added to the reaction product
and, the tetrahydrofuran is distilled off, the residue is treated with
di.et hyl ene glycol and with potassium hydroxi de and heated to 140C with

si mul taneous renpval  of the water. The 15 reaction m xture_ is subsequently
t r eat edTh ReRctipat 18 carrigd oyt i kemzenepsiaolyng s ¢ QEO8] Exaupeis ther no%nﬂelﬁic{]
taken up, i | r | STRINRY by stirring the ethereal
sol uti olﬁt(* t@lﬂ&%%:%kq grr%?gg’oh\?@ga Qgr’ Qp{;g%%&%@glt% ?étgﬂ%ﬁglg's anhydr ous sodi um

sul fsate or magnesium sulfate, and allowng it to stand, then filtering off
the water-saturated sulfate and final I_}/2| evaporating the, ether in the

pr esenc® QAS/32030, WRRS/32%6 ant V@PY/32%2 descrbe thomttoductian pbthe pestisrackh 20
Cog " AR, T ey SR B0 iy L MBI bETERIER Rl M

3000, t REC e acetrc ac cal"usin chloride is
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with hydrazine and potassium hydroxide (Huang Minlon variant of the Wolff-Kishner

10  reduction). More detailed information on the experimental procedure is found only in
Example 5C of W095/32971. The reaction of the pyrrolizine compound with oxalyl chloride

is then carried out in THF. Water and hydrazine hydrate are added to the reaction product and,

the tetrahydrofuran is distilled off, the residue is treated with diethylene glycol and with

. potassium hydroxide and heated to 140°C with simultaneous removal of the water. The

15  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 sodium 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 liquor on

20  concentration is collected and dried.

For the industrial preparation of ML 3000, the introduction of the acetic acid radical using
oxalyl chioride 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
25  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

30  were purified and crystallized by the following methods.



previ ous process for the isolation and purification of the crude materi al
the yield decreases 25 severely and a pumber of deconposition products are
newly formed in the purification step Jand additionally during the drying,
so that a further |aborious purification of the M. 3000, e.g. by
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on neutral alumina. After ether elution of the neutral impurities, the carboxylic acids are
desorbed from the mineral support by the action of aqueous sodium dihydrogenphosphate

20  solution and in turn 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-
25  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
30  diethyl ether extracts are washed with water, dried and the solvent is completely removed until

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



met hod. Before the liberation of the pyrrolizin-5-ylacetic acid contained
inthe reaction mixture as a potassi um salt, the neutral to al kaline
inpurities and contami nants are renoved by a prelimnary extraction of the
aqueous/ al kal i ne product phase with ethyl acetate. Owly then is the
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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
20 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

25  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 purity and pure, defined
crystalline form.

30
Surprisingly, it has now been found that this object is achieved if the corresponding

pyrrolizine compound is reacted with oxalyl chloride and hydrazine and the reaction product



None of the processes published up to now yielded a material unrestrictedly
suitable for 25 administration to hungns. The present invention is
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subj ected to a special work-up. Mreover, it has been found that during the
wor-k-up a novel pol yrmr phous NL 3000 (polynorph A) is fornmed. The present

i nventiQn therefore.re ocess for,the ion of the
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&S . 1 shows the DSC di agram of a crystalline pol ynorph
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10
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
15  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.
20 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).
25  Fig. 8 shows the IR spectrum of polymorph E.
Fig. 9 shows the X-ray diffraction diagram of polymorph E.



20 Fig. 3 shows the X-ray diffraction spectrum of polynorph A. Fig. 4 shows
t he DSC di agram of the ethyl acetate sgl vate of M. 3000 (polymorph Q Fig.
5 shows the IR spectrum of polynorph C° Fig. 6 shows the X-ray diffraction
di agram of polynmorph C. Fig. 7 shows the DSC di agram of the diethyl
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The prepatigtacRnat. R Othe PREERYS hecdrdinglithRAO Yhvention can be shown by the
- 7-phenyl - 2, 3-di hydro-[ H pyrrol'i zi n-5-yl - acetic acid (M 3000) usmg t he

pr ocessfoﬂowmgjneaqlmquh@onsrswmg fromghecmpamdwof theyformela Vol | owi ng react i on
equat i ons startlng fromthe conpound of the formula IV cl cl 11 Lx5CL I
conmpound of the formula |I\yRg known. It is described, for

exanpl e, in Ah. Phar 321, 159 162 (1 It can be prepared by
reactio b-Benzyl magn
3, 3- di net'hyl - 4- &hl o7 bed [l acuna] J. Med. Chem
37, 1894-19§7 (1994y. The reaction i§ - out in an inert solvent,
such as an ether or a hydrocarbon such 10 adtitol uene. The conpound of the
formula IVis then reacted with an co- brow’lh 4-chl or oacet ophenone V. The

co- br ono- 4- chl or acet ophenone conpound and i{t €lyyt®parati on are known, they

are described,_ for exanple, in Bull. Soc OFr. 21, 69 (1899).
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The compound of the formula IV is known. It is described, for example, in Arch. Pharm. 321,
159-162 (1988). It can be preparel:d 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
10 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
15  solvents are, in particular, C,-Cs-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%.

20 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



The reaction is in general carried out in a polar organic sol vent. Suitable
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t he i sogenerahapprogimatéle 14..chl or ophenyl group in the 5-position is not nore
than approximately 1.5% and in general approximately 1% The conpound of
the formula Il is then reacted with oxalyl chloride. In general, an inert
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In general, the reaction temperature is in the range from -20 to +30°C. In order to bring this
20 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
25  oxalyl chloride. Surprisingly, the hydrolysis of the compound of the formula II 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 5-position with formation of the acetic acid group. The use of
30  hydrazine (Wolff-Kishner reduction) is preferred for this purpose. The Huang-Minlon variant,
in which the reaction with hydrazine is carried out ina 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



chl oride and/or by cooling the reaction m xture. The conpound of the
formula Il is obtained in this way. The reaction mixture is then brought
into contact with water in order to hydrol yze excess 25 oxalyl chloride.
Surprisingly, the hydrolysis of the conpound of the fornmula Il to the
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or dial havin of at least 10 140Cis in particular
used. Suitable alcohols are ethylene glycol, ethylene glycol nononethyl
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After reaction is complete the reaction mixture is mixed with an ether (ethereal solvent) and
20  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 result of the addition of the ether, a 3-phase system is formed. The uppermost phase is an
25 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
30  high purity.

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-butyl ether, and
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20  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

25  particular at least 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 after distilling off the

ether.

The hydrocarbon can be a straight-chain or branched aliphatic hydrocarbon preferably having
30 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.
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The IR spectrum is shown in fig. 2.

20  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
25  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 pm and a high coarse-grain content of approximately 1 mm, the mean

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

30  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
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70%, starting from the compound of the formula III. This means a considerable improvement

compared with the prior art. According to example 5C of W(095/32971, a compound
20  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%

25  (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
30 (LO) (IC5LO/IC5oCO ~ 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,
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di | uent's ‘and/or additives. The conmpound or the conposition can be

admsni stered enterally, e.g. orally or rectally, or parenterally, e.g.

subcut aneously, intravepously or intranmuscularly, but they are ({)reféarabl
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the desired type of administration. Oral compositions can be present, for example, as tablets or
capsules and can contain customary excipients, such as binders (e.g. syrup, acacia, gelatin,
sorbitol, tragacanth or polyvinylpyrrolidone), fillers (e.g. lactose, sugar, cornstarch, calcium
20  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 sulfate). 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,
25 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
30 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
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The powder refractograms were determined using an STOE powder diffraction system powder

20 diffractometer from Stoe, Darmstadt, using monochromatic CuKa1 radiation.
Example 1

6-(4-Chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizine
25
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
30  (decolorization and turbidity). With the stirrer switched on, a solution of 23.5 kg (185.6 mol)
of benzyl chloride 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. After 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



15 The DSC anal yses were carried out using the TA 4000 system from Mettl er
(measuring cell DSC-20; processor T11, analysis using program TA-72). The
heating rate was 5C/ mn, in the nelting range 2C/ mn. The powder
refractograns were determ ned using an STOE powder diffraction system
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4-chloro-3, 3-di methyl butyronitrile in 48.5 kg of diethyl ether is then

added a¢abo@f36u40kgeﬁqhemliat@bre fromthe supply vessel in the course of 1.5 h.
The reaction mxture is heated to reflux for a further 2 h. The di et hyl
ethtt is then distilled off fromthe pal e gray suspension at nornal
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the reaction 5 mxture still remains stirrable. kg of tol'uene are
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st r engt waimyidp dledhteactoc to an internal temperature of 40 45°C, the phases are vigorously stirred
with one another for 1.75-2 h. They are then allowed to stand at this temperature and with the
stirring switched off for 10-15 min for phase separation. The water phase containing the

product is separated off (147 kg).

20 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 ammonia being controlled such that

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

The basified water phase is thoroughly stirred with 106.3 kg of diethyl ether for 30-40 min at
25  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),
30 corresponding to 17.9 kg (95.5 mol) of 2-benzyl-4,4-dimethyl-1-pyrroline, 29.7 kg
(127.2 mol, 1.33 equiv.) 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



acid have been introduced beforehand. On entry, the internal tenperature of
the phases rises fromO to 23C. The pH of the water phase shoul d be

between 0.5 and 1.5 (pH = 1.0). After 15 war i ng the reactor to an internal
terrperature of 40-45C, the phases are vigorously stirred wth one another
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stand for 25-30 mn for phase separation. The clear, slightly yellow wat er
phase (slizbtlk gyllave pedpetrucighs 2%.8 kand di scarded. The cl ear yel | owi sh-green
ether phase is conpletely concentrated in vacuo (0.7-0. 8 hbar), 95 kg of
ether distillate being obt ai ned (1.40 h). As a distillation residue, 20.6

kg of pPRHeEstar ARt thdel Iﬁo@lmtqwsdcg)mwsgend‘eanhauso%é@f wHeePlthen warmed to an
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out using 14.4 kg of nmethanol in two portions. The still noist, slightly
yel |l ow product weighs 25.8 kg. The still noist crude product (25.8 kg) is

suspendgg, ;ﬂ 350 kg of water then warnmed to an internal tenperature of
50-60C 1 n the course of 15 mn and stirred at this tenperature for

6-(4-Chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizin-5-ylacetic acid
20 (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 1 reactor. The yellow-colored solution is cooled to 10-15°C under a
25 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

30 temperature of 18-25°C for 20-30 min.



10 40 m n. The suspension, cooled to 40C (40 mn), is centrifuged and the
pal e yellow, crystalline solid obtained by centrifugation is. subsequently
washed with 27 kg of water in 2 portléns The product is dried |n vacuo at
50-60C for 12-24 h. 18.6 kg of 6-(4-chlorophenyl)- 2,2-dinethyl-
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iR Yot PSS et

for a fur green solution is diluted with 62.2 kg
of diethylene glycol at 25-35C. 14.9 kg (298 nol) of hydrazine hydrate are
t hen added from a supply vessel dur| ng the course of 10- 15 min. The
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suspension turning yellow, becoming highly liquid and gentle reflux occurring short-term.

" 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,

20  the internal temperature is now further raised to 102°C and at the same time nitrogen is 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

25  is now heated further to an internal 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 is kept at 120-145°C for 2 h — 2.5 h. The reactor temperature is then cooled to 30-
30 40°C and 74.7 kg of water and 56.7 kg of diethyl ether are added. The reaction mixture is
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, is colorless and only slightly turbid. It is disposed of as



The reaction mxture is cooled to 50-55C and treated with a total of 26.4
kg of potassium hydroxide in flakes (KOH) in 8 to 10 portions divided over
the course of 45 min, the internal 15 t'enperature already rising to 65-70C
with the first 5 kg of KOH and the initially thick suspension turning
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HCI treatment is repeated up to 3 times if desired.

20
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

25  sulfate and 0.4 kg of active carbon (Acticarbon 2S), which are suspended in 1 kg of diethyl
ether, and stirred 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.

30  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
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11.2 7.9 18.6

13.8 6.4 12.6

14.9 5.9 12.7

15.4 5.8 242

15.9 5.6 10.0

16.8 5.3 234

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 4.4 20.2

20.8 4.3 30.0

21.2 42 68.5

22.0 4.05 10.8

224 4.0 333

22.8 3.9 12.5

23.7 3.7 11.9

24.4 3.6 7.7




tetrahydrofuran is colorless (Y7) and clear. The nmelting point, determ ned
by the DSC nethod (under conditions other than indicated above) is 157C. A
second determination of the nelting point under the conditions indicated
above has yielded the DSC di agram shown in fig. 1. 10 The IR spectrum and

t he poywder—reft granm TS jshowr—in ‘iS ures—2—ang The~tattice
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31.5 2.8 5.8

32.3 2.75 8.6

32,5 2.7 10.2

337 2.65 9.0

33.9 2.6 7.0
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The content, determined by tetrabutylammonium hydroxide titration, is 100.9%.

Content of heavy metals: <10 ppm.
5  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.



25.03.555.4 25.73.514.8 26.43.46.0 26.93.36.0 27.23.2511.8 27.73.217.0
28.43.120.2 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, determ ned by
tetrabutylannnriiun1 hydroxi de titration, is 100.9% Content of heavy
netals:Efﬁgmg 5 Ash content: 0% Content of residual solvents

(det erm ne y &) : 0.11 %of diethyl ether and 0.04% of heptane
Hydrazi ne content: <0.3 ppm 20 Exanple 3 Preparation of pol ynor ph A of
6- (4- chl orophenyl ) -2, 2-di net hyl - 7- phen 3-di hydr o-
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The water-moist crude 6-(4-chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizin-
S-ylacetic acid (500 g) is completely dissolved in diethyl ether (13 1) with stirring at elevated
temperature (40-50°C), filtered through alumina AI203 and the solvent is removed from the
filtrate. The crude crystal fraction obtained as a residue is suspended in cyclohexane (3.6 1)

10 and digested in the presence of heat. After cooling to room temperature, the crystals are
filtered off, washed with cold cyclohexane, then with cold methanol and then dried at 50-60°C
for a number of hours. 470 g (73% with respect to the precursor employed) of polymorph A of
6-(4-chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizin-5-ylacetic ~ acid  are
obtained in 99.69% purity.

15
Example 4
Preparation of 6-(4-chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizin-5-ylacetic
acid- ¥ ethyl acetate (polymorph C)

20

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 stirring in the course of 2-2.5 h at a cooling rate of
25 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.
30  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.



5-ylacetic acid (500 g) is conpletely dissolved in diethyl. ether (13 1)
with stirring at el evated terrperaturezt(40 50C), filtered through alum na
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of the C‘l’fﬁtﬂyl ene group of the ML 3000 at d (ppm) = 2.85, (2 H the
nunerical ratio of 3:4 to be expected results for the hem solvate. 21 The
DSC diagram the IR spectrum and the powder refractogramare shown in figs.

4, B anheébcontdnx afffiethyd ether was determined by means of 1H-NMR-(CDCl3) from the crystals
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 (8 = 1.21, 6H) to the
integral above the resonance line of the geminal dimethyl group of ML 3000 (8§ = 1229, 6 H),

20  the expected numerical 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
25

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).
30  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.
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refl ux exclusion of light, the 10 solution is slowy cooled to room
tenperature over the course of 7 hours. On further Iomering of the

tenperature to OC, the formation of cré&t’als t akes place from 15C. For
cryst al Prgparation o heolwopthi oh whs6<fsh Iﬁxenrith%dlnzeﬂaé;?sphwad«l@yw her

ot or i FERYES AR ot el Voo PR 81 rlf i ST o8 U ER P el

aftey decantation and air-drying. The expected theor etical value of 8.87

percent by weight (% for the 2:1 solvate (hem sol vate) was approxi mately
achi eveML Fdnilt$es shspeadedain labﬂivbtertlfmltylrdﬂpﬁre(ﬂ4 frd) it ;44 08 mhytwonesicked flaskoups

of the dje to the ral bove, t he res ce
e or whih T enfinars afifho? ngRiot potihas Hort Sueisbe Aife B8°H |9 Srdr3P AR
expect eglyMiRs ifsidlfor ﬁfdt&:tl@ﬁ a%al%str fUhéidedcRr oft lhght rh@lﬂ‘ 1§QJ oYiipldely TdIsoR2E b
diagram |R spectrum and the powder refractograrn are shown in fi

and 9. keatinpltebéiling SerRparparatndsn aofargxnrpgllnesmley%ﬂail stno) Aftee spdlsgrfég@rp@’

Chl d I -
?prrow?c{fr Fﬁ’“@%&é@ Fir Sy Nepiabs W 590eq §' e Slel SURTow, ugriL the hesinping of 5
m ) wit pml)%eﬁl fifbrdt ﬁh{ei%fa%‘iw 8MFis(@ded Slowly %ch\éfﬁréseﬁx,@ bpﬁea@ 'ﬂmﬁf

light, t uti on was cool ed for one hour at 4C~then'to -2
subst anthe fcnnyaixtoa |difi mmspansnon l{€5 €)Lwhieh a:sf thenellowgd tQ’lCCtOﬂl to fcmnntemiperaimgeylth

[1-f d d 22 EX h A, of
- (4 chiBRaBHARgt 3 Bos. F Sergrion ey et 4°G K Guiner 1§ hofs ¥ Bie Sieatosst
-yl acet Tﬁ eé’x?btgles Q%e filtorel B vifREd cBBn oMMhERE didr iRbE (R a €1 RBIss sinter filter

(MTB) / n-
15  using a mild vacuum (500 mbar). The crystal cake is resuspended repeatedly (5 times) in n-

8

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.



M. 3000 (1 g) is suspended in nmethyl tert-butyl ether (14 m) in a 100 m
two- necked flask which is equipped with a reflux condenser and magnetic
stirring bar and is wapped with alumnumfoil for protection against the
i nci dence of light and is conpletely dissolved by heating to boiling '
tenperature under an argon atnnsph&&gngél amet M. After stirring (200 rpm
10 under reflux for 15 m nutes eptane 1s added to the clear solution
until the beginning of turbidity (30 m) then further n-heptane (40 m) is
added slowly in the presence of heat until the formation of a suspension
(650), \]/\hﬁﬂ‘?e’issfo’f theprenarasie et thy ommound of dwfrmaHadr ature with stirring.
After 3 hour the suspension is stored at 4C for a further 15 hours in a
refrigerator he crystals are filtered off with suction fromthe nother
|l iquor through a &4 glass sinter filter 15 using a ml|d vacuum (500 nbar).
The crys{d desuspended repeatedly (5 times) in n- heptane (10 ni)
and suckeug-K mn) and then stored in a sealed jar w thout further
drying. The W d of crystals is 81% they are of pure white color. The
crystals show the powder refractogram of pure polynorph A 23 Patent
Clainms 1. Process for the preparation of the conpound of the fornmula I C

OH 55 where the corrpound of the formula Il C IIl is reacted with oxalyl
chl ori dehang the g)t ai @ﬁﬁ is treated with hydrazi ne and an al kal i
10 net a"fy P%%FH phase at el evated tenperature, after

-~nplete a three phase systemis produced by addition of an
et her and the cbnpound of the fornula | is obtained by acidifying the
m ddl e phase 2. Process according to Claim1, the ether used being

di et hyl s N-/ Qi} d t-butyl ether or 15 tetrahydrofuran.

treatnment is

is reacted with oxalyl chloride and the product obtained is treated with hydrazine and an alkali
10 metal hydroxide in the aqueous phase at elevated temperature, after treatment is complete a
. three-phase system is produced by addition of an ether and the compound of the formula I is

obtained by acidifying the middle phase.

2. Process according to Claim 1, the ether used being diethyl ether, methyl t-butyl ether or
15 tetrahydrofuran.

3. Process according to Claim 1 or 2, the treatment with hydrazine and the alkali metal

hydroxide being carried out in the presence of an aliphatic mono- or dialcohol.

20 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 to 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.

25
6. Process according to Claim 5, the treatment with the alkali metal hydroxide being carried

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



3. Process according to Claim1 or 2, the treatnent with hydrazine and the
al kali nmetal hydroxi de being carried fput in the presence of an aliphatic
nono- or dialcohol. 20 4. Process according to Claim3, the treatnment with
hydrazi ne and the al kali nmetal hydroxide being carried out in the presence
of diethylene glycol. 5. Process according to one of the preceding C ains,
t he product obtained by the reaction with ‘oxalyl chloride being treated
first wthrdegsy azdondingnd Cheim 6 tthe tdoastithdiad iwhieh adre hyodatilxi alethe2fre@ment
Process according to Claimb5b, the treatment with the al kal,i netal hydroxide
being clgmperiure dginegaemgvedeatieastpartially duringdhe gegjment om 120 to 180C. 24 7.
Process according to Claim6, the constituents which are volatile at the
treatment tenperature being renoved at |east partially during the

tr ead megit Probes8 acE¥raiRSe ceCsirtte Peecking Claigds, tHeempddie phase betighiremed it a

m ddl e phase being treated with a mnmixture of water and a water-inm scible
et her beixne efovaerfand atwaler-ingnisriptecasher bgtare peiflidigation.c ai m 8, the ' desired
product being obtained fromthe ether phase by adding to the ether phase
an aliphatic or cycloaliphatic hydrocarbon which has a higher 1o boiling
poi Nt t fapyobdys a6Ed18ing 18 Claill 8CHE UeHiesOprdting bethg@atifed oM the dile phakehy

being at |east partially distilled off to obtain the desired product. 15
11. Proadling 4edlog ¢they phescoae abiphativeop crdediphgtiChailipsarbap ewkichthgs & higher

preparati.on of. the _conpound of the forrmula II1,
2- bg%z%(-"ﬁf‘%fpﬂlin ﬂq%ﬁgyrrol ine is reacted with an co-hal o-

4- chl or oacet ophenone in a polar organic solvent in the presence of an

al kali metal hydrogencarbonate and/or of an alkali nmetal carbonate in

sol i d fd0.Mro@Bs agcording ¢e Sdaincy or 8i thg ether beimgrat 1epst pdrtialhofistilled gfirip obtan vent
used beij n% net hangl. 13. Process according to Claim11l or 12, the reaction
bei ng cHIEMEHEEIRIPIYG t he presence of solid sodi um hydrogencarbonate. 25
14. Conmpound of the forrmula Il C

15 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 ®-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.
20 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.

25  14. Compound of the formula II

15. Compound of the formula I



G u 15. Conpound of the formula | 25 OHCl i in crystalline formhaving a
single endothermin the DSC di agram ichis inthe range from 155 to
170C. 5 16. Conpound according to C ai‘m 15, which has the foll ow ng
significant peaks in the IR spectrum (wavenunber , cm1l): 1706; 1601;

1536; 1487; 1463; 1450; 1441; 1413; 1395; 1383; 1369;1293;1219;1177; 1099,
1013; 836; 76 8. 17. Conpound according to Claim15 or 16 essentially

havi ng the | pectrumshown in 1 o fig. 2. 18. Conpound according to one
of Cai Rgr3% X haV|ng the follow ng characterlstlc d values (lattice

according to\C,aim 18 having the follow ng d vaI ues 11 9 8 2; 7 9; 6.4,
5.9; 5. 8, 5.§,5.3, 50, 4.9, 4.7, 4.5, 4.4, 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.ia%rystalbne 8m Hvaignadeglt |eﬁ@dthérﬁmmqaé DSthdiagrpd, ivitiiclgistinehcanpo ot as
clai med in one of Clains 15 to 20 19, if appropriate together with

cust omaldp teldPff-ents. 21. Use of the conpounds as clained in one of O ains
15 to 19 for the production of a* pharmaceutical conposition for the
treatment of disorders of the rheumatic type. 25 22. Process for the

prepar atd. @oniountlaccordipudClath 1Shevhich hdsathesollbwing s’igmﬁwm rp%aksi cn &ie IR
et hereal solution of the cp ound of the forrmula |, an

cycl oal SPeefE EWRYRRUESE.Is8h ): | F06ad6RY 1aR0:cH8Fol 463; Hﬁé@se]r44t1h %ﬂé%tl@éa,, t he

ggﬂgguin 62?5#%2%%2?&3‘7; ﬁ%t 1@@% §Pﬁ ‘}06% [S&émved by distillation and the

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

10 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.

15 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;,4.4;,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

20 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.

25 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 I, an aliphatic or cycloaliphatic 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.



