; 23456789e3e:c\\]4_j 6" zb6bT: ci WO 03/ 018583 PCT/ EP02/ 09356 Process for the
‘preparation of 6-(4-chlorophenyl)-2, 2-di nmet hyl - 7- phenyl
- 2, 3-di hydr o V903018583 zi n- 5-yl acetic acid The present i nveRCIERPOZPEIs o
a process for the preparation of 6-(4-chlorophenyl)-2,2 5
di et hyl - 7- phenyl - 2, 3-di hydro-1H pyrrolizin-5-ylacetic acid (M.300) and for
the preparati OnPﬂfceésrl’b?Eﬁ@?ﬁe@hﬁs&i&ﬁ@ﬂﬁ-(‘i-ﬂﬂofdbhkhyl?-zpl-dﬁﬂétﬁyl-‘l—@héﬂrleL 3000
is a promsing inhibitor of cycl ooxy&enase.e}nd 5-1i poxygenase and is thus
suitabl e for the treatment 23fdilydeaatdspyarolizie-Srylacatigtactd t ype and for the
preventive treatnent of allergically induced diseases, for this see, for
exanpl e, Drugs of the Future 1995, 20 (10): 1007-1009. In this publication,
a possi bl e MoubestRinRhEBA kO dﬁro@és§@orftﬁéle\% aratibh BES-(PEEIBRIpALHYINI2,2-
possibilities are described in EP-A-397175, 85/ 32970, W95/ 32971,
W95/ 32972, dimethyly7-gleenyPR3rdihydre-131-pyrr@lgin-geytacetio7ad (Maa603md fonthe 162
(1988), J. Med. aﬁhemi. Jf994 (%57), 1894-1897, Arch. Pharm Med. Chem 330,
-307312 (199 PjePajafion pf inffgrmedals goprming in 850l i zi ne parent structure is
synt hesi zed according to the nmethod shown in the reaction schene: ci / . o
i ~i + N/ \ Br 20 The reaction is carried out in nethylene chloride,
“et hanol or MEBA§0 isetpremisingiahibjtdr ofjeycldoxygrndse dndrSrkipbXygendse andeisdhuson i s
trapped by addition of aquequs .sodiu i carbonate sol.ytion. The.
i ntroducti oﬁ“‘éafbﬁ? ?O?éﬂéf'cté‘iai e’&&%&ISF%ﬁ?F gﬁﬁ‘eir FUghG YRS %’HLF%T @’Stl?r%'gmé‘éﬁ ri ed out
by reacthon i W=pa I : IoC I f | yl
bl or 1 e andr e e R R B SRS IREE Vet o
group usi ng 1098§ir20zil 6 .1087-d¢ 009. Ph drisrputditation apoSible (8T B)r polemcatiobes alshe
follow ng reactjon: *@00002* I\/&%MO

found. Further preparation possibilities are dLsc%Lec? inOEP-AC-:£9¥1 75, WQ095/32970,

W095/32971, W095/32972, Archiv der Pharmazie 312, 896-907 (1979); and 321, 159-

162 (1988), J. Med. Chem. 1994 (37), 1894-1897, Arch. Pharm. Med. Chem. 330, 307-
15 312 (1997). In all these syntheses, the pyrrolizine parent structure is synthesized accord-

ing to the method shown in the reaction scheme:

z\

.

. o]

L o
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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 can be carried out by reaction
25  with diazoacetic ester, an oxalic ester chloride or oxalyl chloride und subsequent hy-

drolysis or hydrolysis and reduction of the keto group using hydrazine.

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

R

MU

*G00002*




NCI Q0 The reaction is carned out in benzene as solvent. The COCOC
~groupi ng, however, is not then converted into the acetic acid group, but
“reacted wit M4%1d4Phyl ani ne. 10 15 20 Crude M. 3000, which is obtai ned

according to the hydrazine process as a potassiumsalt and which is then

precipitated fromthe reaction m xture rendered acetic with mneral acid,
contains, in addition to the potassiumsalts which are poorly soluble in
wat er, al so hydrazi ne, by-products and deconposition products

(decar boxyl ati on product dinmer) as an inpurity. S requires
addi tional purification op tions. The patent applice on PCT/ EP 01/ 00852
di scl oses a process for } . et i on of

6- (4- chl or ophenyl ) - 2, 2<di yolizine with
oxal yl chloride and hydrazine, foll o®ed’by a special ywordi ng-up process. In
this, after the reaction of the pyrrolizine with oxayll chloride, the

product obtained is treated with hydrazi ne and an al kal9 et al hydr oxi de in

"agueous phase at elevated tenperature; after treatnent is conplete a
t hr ee- phase systemis produced by addition of an ether which is not
mi sci bl e or Thakeactiomistcertied ot schednzenevdstshiveat Fhe EQCOL! S0GEing, homezay e ed by
acidification of the m ddl e _phase. A pol rphic .M. .3000 js.obtained in

hi gh yie?d éﬂﬁgﬁﬁ?‘é}veﬁ‘é }“ﬁ%ﬁ’e@F?éct%ﬂ‘Aq E’ﬁé}g’;{g\’ g‘?acﬁg “éiﬂ'\/\ﬁﬂSﬁ?‘@f,amc“l‘Fe synt hesi s
t akes place over the stages indicated in the follow ng reaction schene: 25
M 42140 3 socl 3 HO~Hz HC ~S ~ N~ HO ~~~ H3C CH ~ 3C' HOC CH3 Stage 1
Stage 2 Cl [Craded ME 3000, whikch H3@t8ned Kicotdd R ©OHhe hiydraSae-piGcedsias Sipatpesi@m

salt and which is then precipitated from the reaction mixture rendered acetic with

mineral acid, contains, in addition to the potassium salts which are poorly soluble in
10  water, also hydrazine, by-products and decomposition products (decarboxylation

product and dimer) as an impurity. This requires additional purification operations.

The patent application PCT/EP 01/00852 discloses a process for the preparation of ML
3000 by reaction of 6-(4-chlorophenyl)-2,2-dimethy!-7-phenyl-2,3-dihydro-1H-

15  pyrrolizine with oxalyl chloride and hydrazine, followed by a special working-up
process. In this, after the reaction of the pyrrolizine with oxalyl chloride, the product
obtained is treated with hydrazine and an alkali metal hydroxide in 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 und ML

20 3000 is recovered by acidification of the middle phase. A polymorphic ML 3000 is
obtained in high yield and pure, defined crystalline form.

As a whole, the synthesis takes place over the stages indicated in the following reaction
scheme:

25



Stage 4 _ Cl \ / Stage 5r H3Ci ~\ | HOCBr2 Cl \./ CH Stage 7 (COCl)z
"N2H, / KOH HB&QE@S Stage 6 Stages 1 and 2 are known fromEP 0 172 371 Al. The
" reaction of "2, -8inethy|-1,3propanedio| with thionyl chloride is carried
out in an inert organic solvent, e.g. a 3 hal ogenated hydrocarbon or an

et her, at preferablysgﬂto 60C. The further reaction of the resulting
5,5-dinethy|-}§§¢%-di atikf gn - oMaCle wi I unms@yani ive
4hydroxy-3,§9 i Hyrﬁﬁfyqp "f%le IS CQRE?EZS%Ut %%ﬁﬁwgaca Hégproxinately
80 to 120C. Stage 1 produces yields of approximtely 93 to 99% and stage 2
produces yiel ds of apBfdxi mately 5528 60%in goodséﬁélity. 10 For stage 3,
the reaction with thionyl chloride to give

4-chl oro- 3, 3di met hyl butyronitrile, a precursor of high purity is necessary.
The crude products frop stages 1 afd 2 nust be distilled before further

reaction. 15 -'cm_oLn-S@ii_ﬁ’@t hyl butyronitrile obtained in stage 3
nmust al so be tilled becau ofH3 eH.hi gh purity necessary for the
"subsequent Grignar jon. Wth 4 ed purity of 97% the yields in

stage 3 are unsatish@ . Addrtio ni cal problems result fromthe
fact that the crude products gfgam stages 1 20 and 3 originate onpt he
reaction strongly acidic, which |eads to| the rance of ccnn on the
appar at us. M 42140 4 If the 4-chlggg-B, 3- dMet Rybbutyronitrite Has the
necessary purity, the addition of the behzyl magnesi um efde@ri de Gignard
reagent in stage 4 to the 5-benzyl -3, 3- ¢i=qet hyl - 4dihydro-2Hli% role and

[]

3
- chl oro%%cﬁégphenone stage 5
- | - v

af ford 6-(4-chl orophenyl) -2, 2-di net hyl -7 yl -2, hygr o~1 rolizine
in good quality and with a yield Bfsd0rt) vvet—bvthHét '
pyrrolizine obtained in stage 5 i 8C¢fi y nverted to ™°

6- (4-chl or ophenyl ) -2, 2 Stage 6 SH
di met hyl - 7- phenyl - 2, 3-di hydro-1H pyrrolizin-5-ylacetic acid (M. 3000) by
reaction with oxalyl chloride, followed by reduction using hydrazine in the
presence of an al kali 10 netal hydroxi de and acidification. The yield in

this stage &tages g ats kyvanrromEPq E2k 3 dnAbs Thersagiionphi2-digsh-162 to 86%

propanediol with thionyl chloride is carried out in an inert organic solvent, e.g. a

5  halogenated hydrocarbon or an ether, at preferably 0 to 60°C. The further reaction of the
resulting 5,5-dimethyl-1,3,2-dioxathiane 2-oxide with sodium cyanide to give 4-
hydroxy-3,3-dimethylbutyronitrile is carried out in DMSO at approximately 80 to
120°C. Stage 1 produces yields of approximately 93 to 99% and stage 2 produces yields
of approximately 55 to 60% in good quality.

10

For stage 3, the reaction with thionyl chloride to give 4-chloro-3,3-
dimethylbutyronitrile, a precursor of high purity is necessary. The crude products from

stages 1 and 2 must be distilled before further reaction.

15 The 4-chloro-3,3-dimethylbutyronitrile obtained in stage 3 must also be distilled
because of the high purity necessary for the subsequent Grignard reaction. With a
required purity of 97%, the yields in stage 3 are unsatisfactory.

Additional technical problems result from the fact that the crude products from stages 1
20 and 3 originate from the reaction strongly acidic, which leads to the appearance of

corrosion on the apparatus.



The. known process affords M. 3000 of acceptable purity and yield, but has
~sone di Sadv@fﬁ?ﬂ@f’ such as the problematic chem stry of the second and
“third stages, 15 need for laborious purification of the internediates
before further reaction, in particular before the Gignard reaction, |ong
standing tinmes, and corrosion problens on the appa ratus during the
purificati odf the 4tdhé0rg{3nbdgﬂlqih)d§1iltm0®1trlbﬁalw§ itlnagessetyugiey the additsanaefdie 1 and
> pfgc'egs' ?3}:&6 e£§{e§iﬂ§{‘gﬁ$®$@$g{?£}d LCRES80E 4 LSRN L 93 RKEn VR ! ab! e
6- (4-chloro 228l et 2 20t 3= Al a1 EEAR
acetic aci dawgdo%lg)zp}%ﬁw | ctﬁé{%Lﬁbég(gﬂg?g}gg\%g%n%@g%@oﬁﬁeﬁéglélglfléﬁd;@eg?%é
avoi ded. Usiimgtagd® affordoEscldoophetiyhe?, 2 aimbthyi-Trphertyl-ArB-dihhérooN$pgmolizioe of
the technical difficulties in stages t he previous synthesis, the

; 1to 4 of
avoi dance ofin gord guakifand Wit Ay sld of 4} tordqee ovpr dethoitREcand third reaction

stages of the synthesis, the circunvention of the Gignard reaction, the
"raising of the overall yields, the |owering of the standing tines and thus
as a whol e Fhewiaok£iaeobiatheal iuegss Is fnatiy kesiested $o d€s-icheophend)-0l2kect is
‘achi eved by the process for the preparation of the conpound of the 30
fornula I |, dlmﬁ#lml'@be@l-@,%qllﬁymWTQV%O%‘UTSHéaQ?B%@QrGgPHOQOMY f@EwRn a 1V 5

0 (V) NCi Swiﬁlocr)-'xva%;ltcﬁ%riidg,t f%ll&\bgd 8}9 %8&?0(11 19sf1ngt Mrgz?r{e%ltﬁ‘e Megen%g of an alkali
10  metal hydroxide and acidification. The yield in this stage 6 is, depending on purification

of the product, about 62 to 86%.

The known process affords ML 3000 of acceptable purity and yield, but has some
disadvantages, such as the problematic chemistry of the second and third stages, the

15  need for laborious purification of the intermediates before further reaction, in particular
before the Grignard reaction, long standing times, and corrosion problems on the appa-
ratus during the purification of the strongly acidic reaction discharges from stages 1 and

3.

20 It is therefore an object of the present invention to make available a process for the
preparation of 6-(4-chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizin-5-yl
acetic acid (ML3000) in which these disadvantages of the prior art are avoided. Using
the process according to the invention, the overcoming of the technical difficulties in
stages 1 to 4 of the previous synthesis, the avoidance of the awkward chemistry of the

25  second and third reaction stages of the synthesis, the circumvention of the Grignard
reaction, the raising of the overall yields, the lowering of the standing times and thus as

a whole a more economical overall synthesis is desired.

The object is achieved by the process for the preparation of the compound of the

30 formulal,



by al) catalytically hydrogenating the conpound of the fornula IV or a2)
~converting the conpound of the formula IV into the ketal of the 15 fornula
‘Iva RO O (PVQ?PKk:in whi ch the radicals R which can be identical or
different, are Cl-C420 al kyl or together sare CZ-C3-al kyl ene, and
catal ytically hydrogenating the ketal, M 42140 6 b) reacting the
conmpound of the formula IIl mt w byomy-4-chl oroacet ophenone to give a
conmpound of the formula Il C1 (11) d c) introducing an acetic acid
radi cal into the compound of the fonssla I1. The present invention also
relates to a process for t of the conmpound of 10 the fornula
[11 by hydrogenation of a i ornqula N andUFing cl osure, and
to the correspondi ng process e pngpafation of the‘internediate of the
formula I'l. The introduction of the acetic acid radical into the conpound
of the formula Il is preferably carrrted out by reaction with oxalyl
chloride and reduction of the keto gr&%, 15 preferably using hydrazi ne and
"an al kali netal hydroxide. The preferred process according to the invention
can be illustrated by the foll ow ng reacti on schene: M 42140 O

where

a) the compound of the formula IV

5
0
(V)
NC
is converted into the compound of the formula I
(1
/
10 N
by
al)  catalytically hydrogenating the compound of the formula IV or
a2)  converting the compound of the formula IV into the ketal of the
15 formula IVa
T
NC
in which the radicals R, which can be identical or different, are C,-Cs-
20 alkyl or together are C,-Cs-alkylene, and catalytically hydrogenating the

ketal,



\~~ Ph CN IV 7 Raney-Ni Hz -N/ \ 11l OH~ci C1 O 0C 0OHI O NzH4 OH
I'l The synt Wéi (gf the conmpound IV is carned out according to the
“invention p %\ ly 5 via the followi ng stages: 1. Preparation of

2-(N-methylanilino)acrylonitrile (V) from chl oroacet al dehyde,
Nmet hyl ani line and an al kali netal cyanide, e.g. potassiumcyanide. ,Me p ~
KCN Mew ~Ph NaPHrédeting-fe cOmpoundrof the formla-IINnH cEbronto-4clilbr@Netophenonv/td 0 2.
Preparation of 2,2-dinmethyl-4-0xa-5-phenylvaleronitrile (1V) by M chael
Fipsiteriiad

d

addi tion of i sob@tXFraffRGUPE O
base, to the compound of U

been deprotonated using a strong

(N

and

c¢) introducing an acetic acid radical into the compound of the formula IIL

The present invention also relates to a process for the preparation of the compound of
10  the formula I by hydrogenation of a compound of the formula IV and ring closure, and

to the corresponding process for the preparation of the intermediate of the formula IL.

The introduction of the acetic acid radical into the compound of the formula II is
preferably carried out by reaction with oxalyl chloride and reduction of the keto group,

15 preferably using hydrazine and an alkali metal hydroxide.

The preferred process according to the invention can be illustrated by the following

reaction scheme:



M 42140 8 the formula V, benzylation of the Mchael addition product and
hydrol ysis of the resulting

- 2-benzyl - 4, Mg % hyl -2- (N-net hyl anilino)glutaronitrile. LDA ~CN ~ Li+ ~CN
BnCl NC N-Ph HBr Ph -LiC NC -HCN -MeNPh+5 10 15 (BnCl = benzyl chloride)
~N~ Ph NC~~-~CN Li+ 0 Ph CN IV The conpounds of the formulae 1V and V and

their preparation are known. Thus, 2-(Nnethylanflino)acrylonitrile (V) is
X PfBé ) thesis, 1988/ 413.
ley(1V) prepared gccording to

prepared according to H Ahl brecht and

2, 2- Di et hyl - 4- @xp- 5?9 phenyl vqjj%reonlh}l f

H. Ahl br echt angyﬁ%f1£5;m£Wn 98k
preparation ofN2- (K net hyl anl_Ll_n.Q.)acr | oni tuJ_Lm_a;cordl ng tp thhe
literature procedure nentioned has the_disadvant ages, howgve
conpl ete conversi onTdoes not take plage eéither in the red pn mnth gadi um
or potassiumcyanide or in the basic e nation, that eth
extraction and the product has to be distilled for purificatio gavy

therefore preferred to nodify and to inprove the literature processes and
to conbine themto give a nultistage synthesis for the preparation of the
‘compound of 20 the formula Il or of the formula Il or |I. Thel ovenent s
according to the invention are expl ai ned bel ow. They can beg use
individually or, preferably, as a conbination. According t tgh venti on,
t he di sadvant ages nmentioned are avoided in that the starti faterials are
enployed in 25 different nolar ratios and/or N-nethylaniline is introduced
i nstead of chl oroacet gld

N,H,

OH-

The synthesis of the compound IV is carried out according to the invention preferably

5  via the following stages:

1. Preparation of 2-(N-methylanilino)acrylonitrile (V) from chloroacetaldehyde, N-

methylaniline and an alkali metal cyanide, e.g. potassium cyanide.

HN/Me
0 KCN Me\N,Ph NaOH Me. _Ph
a L, - — ="
-KC1 CN CN

n

\Y
10

2. Preparation of 2,2-dimethyl-4-oxo-5-phenylvaleronitrile (IV) by Michael addition of

isobutyronitrile, which has been deprotonated using a strong base, to the compound of



hyde and the reaction conponents are netered in and/or the elimnation is
~carried outw;l 42140 9 a two-phase system hydrocar bon/ sodi um hydr oxi de
"solution w AW tion of a phasetransfer catalyst, preferably

benzyl tri et hyl anmoni um chl oride. Preferrgd process conditions are indicated
bel ow. 5 Chl oroacet al dehyde, N-nethyl aniline and potassium cyani de are

enpl oyed i ntke foohela V,denzylafonlofthd Michasl diditioh produtt 8nd hydrplysis o€ thear

appr oxi mat el .2:1:1.2 The addjtian of Nnhet ani | i ne proceeds

exot her m caF‘%lsﬂfﬁmﬁr?dlb%ér‘f’géh%ﬁ Vfé%' ﬂ@LﬁlﬁglgB&yg{lqt?fﬁn%@ul d be chosen such
that the tenperature does not exceed 25C. For this purpose, Nmethylaniline
can be added, for exanple, to a mxture of ice and concentrated hydrolO
chloric acid. | or oacet at.dehyde i s added, preferably as an-aguBous
solution, to I\I—C%t‘%ani | i ne_hydrochl®gide, a tenperatur f at nmost 20C
bei ng mai nt ai neg’b suitaple ret’e of tiomarmd, if essary, cool i ng.
Pot assi um cyanide is then netererd il as an aqueous 1NGol ut i ont By neans
‘of a suitable rate of addition and optionally cooling , an upper
tenperature limt of 20C is al so maintained here. The additi oalof

N-met hyl ani | i ne, chl oroacet al dehyde and pot assi um cyani de can al so be
carried out at significantly |ower\tenperatures, for exanple below OC
Tenperatures BRGear the upper NEpiNsPhenti 88&d are prefer , however,
since they altow?# nore raﬁi ddrtj oPrand—+egre a snal | 0 ayPbn

cool i ng, w t hqutcihaving a ggati ve influencg;qp yield and'quality of the
product. If the N-nmethylaniline content of the suspension forned is bel ow
approximately 10% a 25 water-inmm scible s'che\I/\@ﬁ’t, preferably adAValiphatic
or aromatic hydrocarbon, in particular toluene, is added and the
internedPate 3-chloro-2-(N-nethylanilino)propionitrile is extracted into
the organic e Lm\nation is then carried out in the two-phase
systemt ol uéﬁ@gﬁg?%?%@é#@gi de solution. For acceleration and in order to
achieve a conplete elimnation, a phase-transfer catalyst is added,
preferably benzyltriethyl 30 ammoni um chloride. The tenperature during the
NaOH addi t i dhesphmppendsef thexiornelag BCandivViand theitpreparationarg knpivat Bst 2€¥n ri se
to roomtenperature. .The use. of . pot assi um hydr oxi ge,inst ead ium
RISt I TR R RN D e

M 42140140 %@Me&iﬂﬂ%@aﬁm DD-Miimetti]-8-A@dSs-pRasMadkreniGHB (B ca be RIpaNd0. 5% of
3-chl oro-2-(Nnmet hyl anilino)propionitrile, the product phase is separated
of f and opt i2eevading tovHs Adtbreahy andelda ds, Sythesés 1965t A2at er and then with
citric acid/water. The organic phase is then dried, for exanple using
magnesi um sul fate, and optionally filtered, preferably through a pressure
filter. The Thghpdde@foP thedréfir RN 2N -tell Al yIbhitri1@ (VD adRtdifER theus
obt ai ned can blg stored uﬁpéeﬂr\hni t rogZ(IrI:I at HBIlSCI%G())%?%OC Wi t(h?;ut prg%l ens
until furt héiterpuocmesidue mbetianep bgs thie disadvantagesthowsier, fllaha eompletehese
tenperatures. The product is obtained i,n an excellent yield of about, 95%
based on neCRYYCIRIPR AR oL ik RERoe TR MR RESOR YIh AL O BRI A, ng
l'i qui ds and of hiethibhdie ElimBmtidh Ghaehdr §uded 18 ekabfon¥aldghe prodatt MRS o belhe
process for the preparation of 2,2-dinethyl-5-phenyl-4-oxoval eronitrile
(1V) by t he distilled &onpusifioatinne Heavy losses sasnpthgrneke degompositios. Aesnrdingto te of
the M chael .addi.ti an. oduct at -78C.. The benzyl at i i,s _carned ou

s ng. expend Bt EePiR Breterd o Moditngad 1y Fordhe My iodRa e ar e
carned out ithcHREMEMdnt td SvaR thuiRHbe sSniRedis At ith eﬁBérQi?orpéf BOBSAgLRLL! Y 40
to 50 hours. The crude product nust bé distilled. ITn the nodification
accor di 3§ t ¢ha foemilad8niriobthedbrmiiile lipordcess for the preparation of the 20
conmpound 1V, a distillation of the crude product can be dispensed with. The
purification is carried out exclusively by recrystallization. The cyani de
cl eavage S 14@ifpfflefidhts'abeclind W HRYTI LA RICoDIHRB MriRddhd bogse! 2
phase-transfer catalyst, ereby the reaction tinme can be considerably
reduced. Moredividnally ére prefaaidgsasacconthdnatignt Acddeéing my thetinvemtibs, theiconpl i cat ed
in so far as_ it is not necessary to carry out the deprotonati on and conden

disadvantages mentioned are avoided in that the starting materials are employed in
25  different molar ratios and/or N-methylaniline is introduced instead of chloroacetalde-

hyde and the reaction components are metered in and/or the elimination is carried out in



25 sation at -78C. Further, activation by means of carcinogenic

hexanet hyl DM?“?h am de (HWPT) and the use of tetrahydrofuran, which is
“expensive a ﬁéﬂ icated to dry, are not necessary. Finally, the |ess
expensi ve benzyl chloride can be used insgead of benzyl bromde. Preferred
process conditions are indicated bel ow. 30 Isobutyronitrile is netered into
a sol ution aftwa- Iﬂtasa)sygtehahseirombun/sodm hydspxidasoluion withagdision of shassase i s,
for exanpl e, i um am de t.hal eni.de | ithium

di i sopropyl é’fﬁ“ﬂg T ¢3RSt prﬁ?éasbg%b V%W“?@“HP@%@PQ% 1§e§ &Pé’& ®But in a
hydr ocar bon,.,s8&hn Qvdibhenasne. as solvent and at tenperatures bel ow
10C. The cor(r:rgoung @% %L M42140 11 formula V, preferably as a solution
in tol uene, |s then nmetered in, the terrperature | i kewi se preferably being

kept bel qw 1 The rates i sobutyronjtrile and, co nd V
D e g T hILSR ST SHIL o0 O o SOR YOIl Ll L A0Sy Sompaune
during the iat{.pR a 20G.2 PRt ent
of conpoundl\%ﬁ(?ﬁleit gg?galctplléér)ﬁ% %ﬁé%ﬁ??x%ﬁeﬁy& %e ow@%%gg‘gﬁﬁgtgy 2%
benzyl chl ormethylasiline priceelsienothBrmeitallyg bhg codling aadtr rateof adslitighoukitbel0 | ow

temperature (approximately -10 to - 200 nd ure is | ter war med,
for exanple q(fl'ﬁsqn(ﬁuﬁlﬂ)ﬁ)rab%eﬁﬁpﬁq’r?t“%d‘teé @gﬁce%é%%t %‘gr EPPsCo

2, 2-di met hyI r }
appr oxi mat e SHE RS Bl FLiddeB SO bt Bl Bhd bl Biee
carried 10ut .chific akRd.t hi s, the benzyI ated M chael addition product is in
general not isolated, but it is converted into

2, 2-di met hyl - 4- oxo- 5- phenyl val eronitrile (1V) by acidic hydrolysis with

rel ease of 1;

car bonyl gr oht)’(ulé)Jl P#ﬁaal‘f}x@aoﬁseas@ég’i S 1t(:egg’f{)r %t%egﬁstsghﬁi%gg{ot@ tcr)ﬂ ngclhl]tie'}elfy,
preferably Lmﬁaﬂombaaeerhpamfeeafacmt w(sbenﬂgmammuyrmmmmml yst used
is preferably benzyl triethylamoni um 20 chl ori de. or

benzyl di net h%ﬁl &Be?@éclf NEGAEATY.PRPHRE. & ofagaiunqyanide isthe metessrf dp ag ¥t AUEQUS n
gener al

addi ti onlIS(r)] t OE‘&%%Rg Q?ﬁa?'ﬁ)&rlt%éata y&d&ﬁ%eﬁr?degﬁg)rngﬁ&{?@é&@ &p gﬁg ucl?gdt'?g

appr oxi mat el (gmperatie fithitsFW0SC ifalkolalifdinéElset i on in the reaction tinme can
be achieved if up to approximately 20% by vol unme of nethanol is added to

t he tol uene phase and/ or concentr at ed aci d is used. For 25 exanple,

{he. cyani de TRl Ay TPmaHcs, ERRGRE MRk G d Rl sogeapy 6 ™"
exanpl e, hydéa?@écpéutet ﬁgm@icemmwepempefat&e@%Iohxah@lasw@d 0eQdTdrhserateRst i on

mxture is allowed to react, preferably at elevated tenperature, until the
content 24 besar {Heapper lmnnhmntlwdm:te¥ dphayeryer, sies theauaﬂlew g rgore rapid
approxi mately, 0.5% .The .org i hen

manner and t #ITHQ) MEFEIYIE abﬁ“&%lfer Bgtjilayo% cooYhe ‘Yﬁ%’éﬁ%‘flﬁ a?wr% l{ﬁh‘%ﬂ@g dn
distillation §ja%hgl oEXGREIIRPC. The residue fromt he di sti I | ati on can
t hen be Ma2140 recrystal l'ization or subjected to coevaporation wth

i sopropanol one or nDre times be fore recrystallization in order to renove
t ol uene resi | 1 i on_can dout in i

but tol uene ﬂ'ﬁ]ae IH.IrQ?t ylég ?18¥ ?:(tn%ent o% te suspensmnt}'ermeadr Elow approx1matsePyp1rda/E,aanO| '

25  water-immiscible solvent, preferably an aliphatic or aromatic hydrocarbon, in particular

toluene, is added and the intermediate 3-chloro-2-(N-methylanilino)propionitrile is
extracted into the organic phase. The elimination is then carried out in the two-phase
system toluene/sodium hydroxide solution. For acceleration and in order to achieve a
complete elimination, a phase-transfer catalyst is added, preferably benzyltriethyl-

30 ammonium chloride. The temperature during the NaOH addition should not exceed
15°C; after addition is complete it can rise to room temperature. The use of potassium
hydroxide instead of sodium hydroxide in the elimination makes the phase separation

difficult.



5 i sopropanol and toluene are also highly suitable. Preferably, the product
s recrystaw zg%q)from two parts of isopropanol/toluene in the ratio 9:1.

* Because of d solubility of the compound N in isopropanol, it is
necessary, for crystallization, to cool, jgreferably to tenperatures to -15C
to -20C. 10 Under certain circunstances, the product obtained can still be
cont ami nat eWhsnt the kdacheremixtuxsi ltas mcberd)'demttent ef belowfG. 6 of Bechloro-2-(N-

{hey” can be i indRiFpur B e proriet PR or Prie S bR SRR SiRe. i ho-
recrystal | i gt 1,00, RWPY RN waldand e wWinhdieHe zi?c‘l’d'/{NE!eFaItHeQﬁ%zﬁﬁé Sike istH&h t hat

15 the product 1s obtained in very pure form the nexi reaction stage,
':1 hg 2, 2-di mélhb&,l foﬂexmupl&usphgmagnesﬁmn sulifate,iang optinadlytfdiersdgpieferatdy flirpughcal | y

ydrogenated to give 2-benzyl -4, 4-dineth li.n II ) tal ysts
whi ch caf bé mgs‘garegiltgr,{ﬁmsg}/w@pgf 2&%@@%{@&“@%&93 k‘gﬂe wezer
Raney cat al ak td o I n
Arch phar meoga i b€ s gL deffiropth B2 A0 s L
i (4- h)(/ 2 r ﬁxmd Bsﬂ;]g -Dhl,c)éixﬁohydi dos3iopiake plaee btythesedempemttésofhoproduct is

0XO- ydr oxypheny utyronitrile Raney njckel is described. The
‘hydr ogenat | ftaieddn@nggcalisnt vieldiof abont; 9ér{°’?’a$@é§né'f‘%¥tlélawlféﬁ it is 25 carried
out anal ogously to the literature process, i.e. using water-containing
Raney ni ckel in alcohols, but only slugglshly, and at el evated pressure or
el evat edot enmﬁr@hmaecmtmtdgedam%hy diidbgastang Hquitls ambthe filketresitint argfed tover e
t herefore undertaken to shorten the reaction time and to reduce the for 30
mati on of by prsriwetestreatientar ti cul ar by over hydrogenation to give
pyrrolidine. It is seen here that neither increasing the hydrogen pressure
nor increasing the reaction tenpera ture significantly reduces the reaction
time, but thpde proctss foriesgreparattoresfed, pdimehyl-MHehd#@-oxovaleronitrile (IV) by the

literature procedure mentioned works up to the benzylation of the Michael addition
15  product at -78°C. The benzylation is carried out using expensive benzyl bromide, and
the hydrolysis and cyanide cleavage are carried out in acetonitrile and require a reaction

time of approximately 40 to 50 hours. The crude product must be distilled.

In the modification according to the invention of the process for the preparation of the
20  compound IV, a distillation of the crude product can be dispensed with. The purification
is carried out exclusively by recrystallization. The cyanide cleavage is carried out in an
aqueous/organic system with addition of a phase-transfer catalyst, whereby the reaction
time can be considerably reduced. Moreover, the process according to the invention is
uncomplicated in so far as it is not necessary to carry out the deprotonation and conden-
25  sation at -78°C. Further, activation by means of carcinogenic hexamethylphosphor-
amide (HMPT) and the use of tetrahydrofuran, which is expensive and complicated to
dry, are not necessary. Finally, the less expensive benzyl chloride can be used instead of

benzyl bromide. Preferred process conditions are indicated below:

30 Isobutyronitrile is metered into a solution of a strong base in an inert solvent. A suitable
strong base is, for example, sodium amide, sodium naphthalenide and preferably lithium
diisopropylamide (LDA). The deprotonation is preferably carried out in a hydrocarbon,

such as ethylbenzene, as solvent and at temperatures below 10°C. The compound of the



13 conditions the proportions of by-products, especially of partial
“hydrogenat i ﬁ\aér g‘guct s, of oligoneric condensation products and of

* over hydroge {44 yrrolidine, increase. Surprisingly, it has now been found
that the quality (purity) of the startingjconpound of 5 the fornula IV

enpl oyed has a strong influence both on the tine course and on the by
product di stfoimimie Vo praférablyes agdhugige iratolusae, iFthengugteted ih éhesterperaiye mat er i al |

th her...and : ' .
compound. 1 keviseateierBly Wie o oy BrCoBs 1 afRES proh I ShRlebng, "
(mm. 10 Iy uﬂd@f@g%ﬂ@é&&ge@éoﬁeggoﬂaﬁﬁgj*te ket one compound of the

formula N using the pyrroline of the formula Ill, a tertiary nitrite group
is reduced in two hydrogenation substages to the neopentyl am ne group,

whi ch condenses spontaneously with the ketqne.groyp. with elimnati of
wat o 1 05g: VNG HEREFE eI e aE e edy ehnl Ae o bRy d0 8-
pyrroline Cé?ﬁé? further hydrogenated to give the secondary cyclic am no
group in 15 e pyrroline. In order to prevent this, Raney nickel is used
as a catalyst, but not, as customary, in water-containing form but
essential ly anhydrous. toluene and in m xt ures of

_ As._ sol . i cul
t ol uene and Wbﬂ@ﬂ}%ﬁé@ﬁb@%&%ﬁﬁé &lsmﬁlé‘i warn mB‘t“Hﬁl‘i‘g?fatlllFé g’pﬁ%ﬁ‘?ﬁnol , e.g.
tol uene/ matzgeﬂ)%? x&fgi?ﬁie}?f%,vpéng . h'Icﬁ‘fdeq? fetercd OPRferatfly, NG RSP DR/ NSt

suitable. possibility of suppressing the overhydrogéenation
consi st sl0 n Iolveempérate Gpprxiriten186et24PCY, led dle)mixtwt eclatev wagnedyforf or t he
keto group of the nitrite ketope the\mﬁorrpound of the formula Na RR 0 O
(1'va) 25 NC mmmlﬁwqmrq%?@%ﬂ%ot&ﬁ ich can be identical or different,

are a Cl-C4-alkyl radical or together are a Cz-C3-al kyl ene radical, being
obtai ned. The hydrogenation of the tertiary nitrite group to the
neopent yl an Weg tieigoneanof Ldslinakthgl-H¢Nanethylenilicogluiardsitriledss fdbn sebdowi ve
conditions, a conpound of the formula | Vb . . .
approximately 2%, which takes several hours, the cyanide cleavage is carried out. For
15  this, the benzylated Michael addition product is in general not isolated, but it is
converted into 2,2-dimethyl-4-oxo-5-phenylvaleronitrile (IV) by acidic hydrolysis with
release of hydrogen cyanide and methylaniline with reformation of the carbonyl group.
The hydrolysis is carried out after addition of water, preferably under phase-transfer
catalysis. The phase-transfer catalyst used is preferably benzyltriethylammonium
20  chloride or benzyldimethylhexadecylammonium chloride. The reaction temperature is in
general in the range from approximately 20°C to approximately 60°C. By the addition of
the phase-transfer catalyst, the reaction time is reduced to approximately 15 to 18 hours.
A further reduction in the reaction time can be achieved if up to approximately 20% by
volume of methanol is added to the toluene phase and/or concentrated acid is used. For

25  example, reaction times of only one hour at approximately 40°C are then possible.

For the cyanide cleavage/hydrolysis, a strong mineral acid, such as, for example,
hydrobromic acid or hydrochloric acid, is added and the reaction mixture is allowed to
react, preferably at elevated temperature, until the content of benzylated Michael

30 addition product has fallen to approximately 0.5%. The organic phase is then worked up
in a customary manner and the toluene is distilled off. The temperature during the

distillation should not exceed 50°C. The residue from the distillation can then be



M 42140 14 R R ~ (IVb) H2N being obtained in which the radicals R have

t he nmeani ngs_indicated. Under the conditions, the ketal cleavage takes

" place in ac™MA dia, e.g. in dilute mneral acids, 5 and sinultaneously
al so the cyclization to the pyrroline. Afjer alkalizing the acidic aqueous
solutions of the pyrroliniumsalts, the free pyrroline base is obtained,

whi ch i s sepsaiatalizatibh onsubjectat Waoevapovaioarnwitmisdmopiiod osobvantedimescthe- af t er
renoval of these sol _vents, can be obtained in_highly pure form 10
Preferred r&eresystalbizationiipauder ty remoxe (lpenereddiesi nnent of the conpound 111
by hydro genation of the conpound N are indicated below If a m xture of
tol uene and nethanol is used as a solvent, preferably approximately 8 to 12

parts by volTheRecpfstdlzdtioneaibé batied omein igpprdpahyl, bel ghieno®find hkterespdund V,
the 15 reaction tenperature is in _general approximtely 50-60C . If the
hydr ogendt i aseprapapelrand defuens are alsp highly BlitablsePrefesably.che Broductris roceystablizedn t o

be sonmewhat .| ower, for .exanpl e 20- 30 Ln_Qr to prevent
'overhydrogerfré’mvgw paf%eOfﬁi?gﬁﬁg%ﬁB}uggéTrt&elefés%m%igeneraI approximately 4 to 6
bar. 20 Before the reaction, the Raney nickel introduced is dried, for

exanpl e by suspending one or nore times with absolute nethanol or by
azeot ropi c desausk|ofithegood solebibityr ef-ibe icompewifelV i isgpioaprolpifip pecessasy, for

absorption of e t.hearetical .amgunt, of hydrogen..the ction m xture can
be azeot ropic'o'yasFaIIﬁVail'Pg’?tf’ICP%ldpgﬁﬁgﬁ%%ﬁn?&%‘gﬁ? &’cﬁﬁ (%go 'Z’?g‘g'dded. Fresh Raney
ni ckel ggn al so be added and the m xture azeotropically distilled for the

removal of water. The reaction in general lasts 3 to 4 hours.
Under certain circumstances, the product obtained can still be contaminated with

Michael addition product, even after the recrystallization. Impurities of this type are not
troublesome, however, as they can be easily removed during the further reactions. On
the whole, the recrystallization, however, has a very high purification effect, such that

15  the product is obtained in very pure form.

As the next reaction stage, the 2,2-dimethyl-4-oxo-5-phenylvaleronitrile (IV) obtained is
catalytically hydrogenated to give 2-benzyl-4,4-dimethyl-1-pyrroline (III). Catalysts
which can be used are noble metal catalysts, such as Pt or Pd. However, Raney catalysts

20  are preferred, in particular Raney Ni and Raney Co.

In Arch. Pharm. 299, 518 (1966), the preparation of 2-(4-hydroxyphenyl)-4,4-dihydro-
3H-pyrrole by hydrogenation of 4-oxo-(4-hydroxyphenyl)butyronitrile using Raney
nickel is described. The hydrogenation according to the invention takes place when it is
25  carried out analogously to the literature process, i.€. using water-containing Raney
nickel in alcohols, but only sluggishly, and at elevated pressure or elevated temperature

a marked overhydrogenation is observed.

Attempts were therefore undertaken to shorten the reaction time and to reduce the for-
30  mation of by-products, in particular by overhydrogenation to give pyrrolidine. It is seen
here that neither increasing the hydrogen pressure nor increasing the reaction tempera-

ture significantly reduces the reaction time, but that under these more energetic



The. Raney nickel is then allowed to sedinent and the supernatant reaction
'solution is f}4I2tl%§]ed. The catal yst can optionally be used for further

“ hydrogenat i M4 e solvent is 30 distilled off fromthe reaction sol ution.
The product can be purified by salt formagion, M 42140 15 e.g. by
hydrochl oride formation and rel ease of the conpound of the fornula IV using
a base, for cenditiphethaprapertionsfHypeodutss espe¢iakly offpares hadiogenationpredpcts, par t
of the solvent . .can also be distilled off . e.g..the t hanol.. i.n_a 5 sol vent
mxt ure of | UPHENBEmaRereoR hioghF «Bd Lot S BN ine alirfing o
advant ageously first washed with water, and after separating off the water
phase the product can be purified as described above. In the reaction
procedur e acuoprikimgly,tibhdsmew bees fourithattthe qildy (ueitgtaf ¢ire arting nomppeundad] ar

10 be strong|y_.accelerated by using anhydrous Ran ni ckel as a catal yst
and tol uénqu? foémﬁf%ggfu?‘%plwe Ry dstang HulugRe Pnﬁzeté{ngﬁqq?%en‘lndafﬁ‘ofﬁ%&'ondary
reactions c LE RE R R : J C ol for
he obt ar nangeit EFRlbuleh B he b BidbnatbCTIR (3] thE S GRET O AR SirobeF

hydr ogenat i aimdaiiore pedblem-diree dteehdtivngredeats. Pkefembly, thetcompeoundi\es wedin a
indicated below. The nitrile ketone of t;cg/e formula Nis converted to the
ketal in a SOFGEAEovshPeH, marasicular of P¥eR S bé‘“&]‘)th wat er, using an al cohol in
the presence of an acid catalyst, or the conver 20 sion of the ketone to
the ketal is carried out in an alcohol in the presence of equival ent

anount s 10f dn thelgfidabgenntidred fahe aitrike Ketwrebompomgl afl the fornhaladiV ksdtigthe. Sui t abl e

al cohols for ketal formation_are C--4-al kanol's, such as net hanol, ethanol
or glycol, myzoipeplihedermyilybba tegtiary M1l graup 1edaeedsia e ANAREPBpe Wit h
water are, f , : . ed
erbodi mont PSR TR nebfertARRine DOGN Soni Y e ABAE Aok ndi ARG

t ol uene usi ngo@ With @liMigdtios QIf water td1givpe KigssoLie imino @fouwrc THe cgalichma group

t ol uenesul foni c acid, under reflux conditions and with renpval of the water
from t he reaftthepyrralinesar be &urgher hydragenatedde givedbgspcandary cyelic gpupgroup in
preferr e i (s t O - ' | & n,.met hanol
ot ng. 110 o e PHERs, borbiq SPVERt HALRahd diple st IFh Bty b ndh

appr oxi mat el yusthhdrp if Mater-tostaléii@fosmab @ esétatially adtydfbubyAyasvenng tolidne al kal i
and hydrogenated in the presence of a hydrogenation catalyst. A

parti cul ar | yandriaparticalar awsioess of talugns and £1hG drlsgeriaspehasonetharol gthansl.ane

derivati in th f M 42140 1 .d |
nvar ogen. pr cSRPER ot vt meptigl it 48 PRaf BN Se e Fa Rl i B

al cohol i ¢ sol)yanufabieuch as nethanol, or in an aromatic solvent, such as
t ol uene. The conpound of the formula Il is obtained after filtering off
the catalyst by stirring the anmino ketals obtained as a hydrogenation

product from,t or gani. se into an aqueous di.lute m.neral.acid, . Both

the cl eavageA(}JT}%P%é’%ﬁsrél?lgfﬁo aHBPERAE %‘F %%?‘"X‘%%?“"’%‘R‘g c%@/sgt?lgl tﬁ%nﬁ%dﬁ%té aken

pl ace conpl ej@inyacesl fefal) froREbHRS grdlp frihd Ketd Ffbuﬂto_f e nitthekead,ite i mine |11

can be obtained in very fpure formafter alkalization of the aqueous product
0

sol ution to ginmound of the foomuiadVa- benzyl - 4, 4- di et hyl - 1-pyrrol i ne of the

formula IV is then cyclized with w brono4-chl oroacet ophenone to give the

6- (4-chl orophenyl ) - 2, 2-di net hyl - 7- phenyl - 2, 3di hydro-1 H-pyrrolizine of the

formula I'll. The reaction is knowgr fgomthe prior art nentioned at the

out set. cn-Brono-4-chl or oacet opheroné cgsbe obtai ned, for exanple, as
99>. (Va)

described in Bull. Soc. Chim . 10 6

25 NC

in which the radicals R, which can be identical or different, are a C;-Cs-alkyl radical or
together are a C,—C;-alkylene radical, being obtained. The hydrogenation of the tertiary
nitrile group to the neopentylamine group can thus also be carried out under less

30 selective conditions, a compound of the formula IVb



15 The reaction of the conmpound of the formula Il with

~c~-brono-4-chl aor gcetophenone is in general carried out in a polar organic
“sol vent. SuiM4at g pol ar organic solvents are in particular Cl-C4-al cohol s,
such as nethanol, ethanol, isopropanol ofgethers, such as diethyl ether,
tetrahydrofuran (THF), or dioxane. According to the present invention, 20
met hanol is particularly preferredRaRa sol vent. The reaction conponents

can be enpl oyed in equinolar anmounfs. gever, it is preferred to use the
Q) or exanpl @Vbh an excess of 10

c~- brono- 4chl or oacet ophen?_g [
to 40 nol % In order to t ﬁ bt om de |iberated in the

reaction, it is carried out in the 25 presence of a base. Preferably, an
i norgani c base, in parti cuI ar an al kali netal hydrogencarbonat e, or al kal i

nmetal carbonate, .is u ed so i nd _pot assi um.c 0

particul arl 3’ cheqbigip ‘g‘%ﬂ?}cﬁ@ag ec?ﬁ?tanbregsé n%y&jegﬁ%elb e form of
an aqueous sehioRs) thd tetmteapagéwmaestptactéqn R&Hici hediglel g/ iPaidite miigstal houever,
to use the inorganic base in solid form This facilitates the renoval of

t he i nor ganiamdrseadltaneousty ase thesyclirationl toétdmmghmdnéxﬂ@yahkabzmgthewehq rum The
i norgani ¢ base can pe e ed in.equi Iar anopun based, on unt of
hydrogen br ARER¥SSE ubiue.of t é}?ﬁ%ﬂ]l“@ 15915 Pilée frefoR ‘inE bﬁ%?sléc’btﬁg\fé }i”aHDs used
i N an excesSyenfafeq SYAIM Corkihid v A4CRETisOible i Vets hnd, AR FmRORINbSthef Bf-er abl y
apprOX|nater 1.4 equival ents.” Moreover, it is expedient to carry out the
M 42140 17 rweats cmtmwmnm(EﬂMghlypuaffomght The reaction tenperature can
be varied within a wide range and is preferably in a range fromO0 to 50C
particularly preferably approximately 18 to 25C. The reaction is finished
af ter aglr())r OXPI%ETH%h)fC%FIOI%? rﬁi?tld}ﬁ%lsﬁle dird 1D bEdiAent R UG mpRtind NEbLY Ry @ ||
obtained 1s separate or exanple by centrifugation, and purified in a
cust omary magenetiorhyf the oavipsgndtIVeare nuligutedli belowpurities. To this end, the
crude product is preferably introduced into warmwater, for exanple at 40
to 45C, and treated for 1 to 2 hours. In this way, the conmpound of the
formula Il i | v, B %\ MabbrodinRatb iR Of  at
| east 97% &7¢ed ﬁ# Oh% ?@dﬁleﬂ}agélr%gpse?oagt Eaélgﬁzleﬁ I{t he 4wchﬁrort)phe:'}tlyl 0group
in the 5-posilpHts Uy&zoﬂlﬁh@h&\f B%ené/h&thmnlmmmfoymmgmoﬂﬁreébontpbond)b(céteophenone

is below 0.1 % and the content of inorganic |npur3i @s i.s bel ow 0.5% For
the preph) atjeastiasftemperatypisin genesyl appropirpatgly; 5469 thei hydragenationdduced
into the 15 f

preferably cgarrﬁ?dzét P%t()l‘tuglgedtﬁ%rgﬁ&gﬁq‘ﬁe C%Ss%ﬁ%?ég?m%ﬁ tt-‘qg‘%’?rrura Il with
oxal yl chl or éxgenp200-30bS igjweddr t6 pféuexttlomrtyamggndnmdr Blas melragedl pacssadeksin
metal hydroxi de. The reaction i s described, for exanple, in W95/32971,
exanpl e 5C, &dgral approximatelp 4196930, For t he purification of the reaction
product, different routes are described. According to W95/32971, the
reaction 20 mxture is treated with water, acidified and the precipitated
carboxyl20c aBefdrd the rédceion, the Rﬁn@irﬁctlh:yintmtibﬁd is dfied, foroskaniple sy susperdirgyd by
stirring the ethereal sol ution over a dryi ng agent, such as anhydrous
sodi um sul f agre @rmergdimessivith shspluig methprgl %éﬁézqqtﬁ?élceﬁﬁﬂﬂlﬂlpﬁw ng it to
stand, then filtering off the sulfate which is saturated with water and
finaIIy evaporating the ether in the presence of heat. The substance

crystal l'i zi ngrthe RAttdiEcories1®h MeKk befotiibe absdreuIcEh¢ thebeticlanmahl efct ed and
dried. In this process of isolation and purification, even in_the

puri fi cat i onhydregenathe reastion gnigiuys ¢ag, es%ﬂetrme@élwﬁéﬁtﬂﬁd and feduiodyeat Eﬁ"ebenewl y

rocryst at i 2 Segn oGRS A YEe Peddach 3R o ftuct Bkt s fudh oFY

30 In the al t}ﬁrrsﬁbvafl%fmwrmetehamnpﬁgsﬁﬁﬁ,las@i3&Mhdsuﬁs.r eduction using
hydrazi ne and an al kali netal hydroxi an ether and water are added to

the reaction m xture, optionally at reI atively high tenperature.

f bl th h |
cther or et ADF RengtARe! it e sl Syt FACthE sl R GG stloudh £ c”
ether, a Mfﬁgt%ﬁoTﬂt.Bcatteﬂffﬁ %arpt?l??d?laﬁy 8L 888di for ﬁ%@?ﬁjydréébﬂaﬁﬂrﬁd’h@e fveaeisoei ng

t he product ase, which essentially consists of the salt of M. 3000 with

t he al kaB® nﬂtsalledwﬂ fioxi the rescéidn soiutlbm Theaeedusheanteepumfisd byselt fgsmatien,i s t he
et her phase in which the organic inpurities are situated, and the | owernopst
phase is a strongly al kali ne aqueous phase which contains 5 the inorganic
constituents. The phases are separated and the m ddle phase is treated with
a mxture of water and the ether which is only limtedly mscible with
water, then acidified with an inorganic or organic acid. The M. 3000 is

t hen di ssolved in the ether phase.




10 The M. 3000 can be obtained fromthe ether phase, for exanple, by
evaporati on]@Z) he ether and crystallization of the M. 3000 from et hyl
“acetate or i 4}3 6€anol. In this process, solvates containing 1 nolecul e of
diethyl ether to 2 nolecules of M. 3000 g5 containing 1 nolecule of ethyl
acetate to 2 nol ecules of M. 3000 are obtai ned. 15 An essenti al |

sol vent - f r ee.g by siyddochodd¢ farmiiiomarsf reMase3eftbe compaung of dlee fnm;nlael\)/ hstheacar bon
boi li ng higher than the ether. i s added to the ether phase, the ether is
optionally Sqaé%rsetxaeafet*}r%rpw%ﬁ!@ﬁﬁer%c ¥ and the M. 3000 precipitated in
solid, crystalline formis separated fromthe nother liquor in a customary
manner. A hydrocarbon which can be 20 used is in particular a

st r ai ght - chaAlrernativelyaonlyecazt dfp]hﬁasdlvnnCﬁaxﬁl% bwdistiwldmirdfﬁ e, 8. ¢éhegmethatdxiare,

n- hept ane, cycl ohexane, cycl oheptan et.c. owi ng exanpl es

[l ust r ade tsﬁlyephm@me@ﬁ tqﬁmrwém@hrreiﬂm@ﬁ caY t dlsz@l %ﬁtd@e t"sp

2- (N- Met hyl t uene)
Gone b BypBGLAgI N Nahid Fich AR and ML EAGRE o2 .nrfsﬁs“%sol
enanel reactpabduoBSad\bd\@Irfﬁeﬂat@ldbscmedaﬂov39 kg, 162.2 rml) is metered in with

wat er cooling, without allowing the tenperature to rise above 25C (30
mn.). The green-yellow solution is stirred at 15-20C for 5-10 mn.

(a9 342" 0 NBpl TRt BRI B Bl WS Bon B B8 R A o

19 that iohe Hentrongiglactcterprd by usigiaghydepis Rarled wickOIGis(a3talysn hnd bheene eaat i on
mxture is stirred at 15-20C for a further 5-10 nmn beyond the m xin tlrre
and then trenwéeaf talwans apdmsthaaeliase salvent andswrendasnreaftions cam Be kient oxjB

(12. 7 kg, 1915 Jf mol) in water ( 19.5 kg). The addition is controlled here
with water c ﬁ'ng such that a tenperature of 5 20C is not exceeded (1 h).
The m xture is stirred at a tenperature of 18-23C for 110 130 min. A highly
| i quid suspension is forned. The gas-chromat ographi c sanple indicates |ess
t han 10% et Hyd preferted eeaction mdethnziorﬂhkgyvtawnt sﬁ@seqmeﬁtn hthe forawialfl ng,

xtur o ng hinps e Bt Al Reb B RR el BRI

aci d escapi ngtddrsamv:he appar at us is retained in an absorber filled with
conc. NaOH Wth the stirrer switched off, the water phase ( 114 kg,
cyani de waste water is allowed 15 to settle and it is transferred to a

seal ed syst n Benz Itrlet l,ammo hIo |de 0.3
Ky |5 addedlts rrﬂsk%%so%rgveﬁﬁ%ﬁ‘gaﬁoeveﬁe& R R A RSV e g o
0C. Wen thi §ehib Rl Widh wher Rﬁfr%tdﬁrﬁcdh& fnetﬁ@ %enc%%@hﬂx’%ﬂ)é%%ﬂ G?th‘éQbh'&dr—On
(30% 32.6 kg) is allowed to ow in such that the internal tenperature
does 20 2fot somceftiic k6iOn¢ Bﬁthnrknt)al isAptried oadmanaiwhoslmtbprpmc@e of leguivalgatt i on
m xture is aIIovved

50°70 min. THSEE b LRl oAy 2ot e misioro bl g T o

the inter rfedtatl%éﬁmoarasse é: G\Eanahbml h kb ARIHAREID! aqaah& lor lgBrcoMBprbpyleneval ue
is reached, the mxture is Zé washed with water (40.7 kg): the water is

added, the tglyeqiietrs Solvients which formtanrazentrope witlwatat are, fohexeme toliers, phase
(79 kg, cyanr)g Hé water 2) is allowed to settle and is transferred to
t he tank (toX EClGat er 1)

A preferred embodiment is, for example, the conversion to an oxolane derivative in
toluene using ethylene glycol in the presence of an acid, such as toluenesulfonic acid,
under reflux conditions and with removal of the water from the reaction mixture, e.g.
using a water separator. A further preferred embodiment is the conversion to the

30  dimethyl ketal in methanol using 1,1-dimethoxyethane in the presence of pyridinium
tosylate at approximately 40 to 60°C. The ketals are then treated by washing with alkali
and hydrogenated in the presence of a hydrogenation catalyst. A particularly preferred

embodiment is the hydrogenation of the dioxolane derivative in the presence of



The organi c phase is washed again in the sane manner with water (40.7 kg)
“which is 30 j i‘iied with citric acid (0.81 kg). This citric acid/water

“ phase (45 kd&ﬂggﬁ i de waste water 3) is conbined with the other cyanide
waste waters. The organi c phase is driedjgver magnesium sulfate (3.8 kg) at
RT M 42140 20 (roomtenperature) for 10-20 mn. A Karl-Fischer titration
shows a wat emhpdrouseRaneymidkel e lydpogen Pressure of 0é980 bayl apdiab rPONE GIBRTALYE | S

filtered th ure filt d ff f in th t stage.
The f1 1 ter Hodpgat Faotsikgseuss G A BaTant not anaghms oo dielia < ¢
These cyani dgi uRs tifie WeBbEndPSahd REMUR NAS bBtadl @ftel ilRAHNFRITE the ThRIYRt P! Ut i on

of 2-(N-nethylanilino)acrylonitrile (53.86 kg), which is unstable at room

t enper at ur e, stirsngsthe amdnaukedas obtiained ge A hudrogariition pra@iod fnemithe grganipphase
processi ng. .For content determ nat.i.on, 50 m sapple is drawn,. A dr

oot due pa. dBaRCREdSA BinSEeR sup Do dncdies BB Gelsl padibpsnatotes

tol uene in at: i t L D3t 4t @ e
integral ar ‘eéggt‘%bflﬁgm%e@ﬁ'&gég‘ggafg? ?%lgfé?}‘f %Sgé)@lgﬁ{ﬁeé@i@r@ ?ngb (lzﬁil dé(rﬁ(;l}. (;IFI an and a
GC anal ysi s @tk imsiad I ¢hrebeabibiaed inoferP pérsHomt hfydrafitalizattnaefityd aqicous | e in
the solution according to 1 HNWR is 45.54% The yield is thus 95. 4% based
on the met hydradiat sBUIMO RV d0 1he treat ment of the cyanide waste water is
carried out using conc. H202 and NaCH 15 30% at pH 10-12 to a resi dual
content of cyani de of below 30 ng/ kg (<30 ppm). B)

2, 2- Di meiohy | Tiie- DR enz9t-fJaadiplethdl -efpahiolinie bfthe GorAuwld MhisitherttyicH ogl witly sbronhe -
solution in THF/ n-hexane (LDA solution 25.1 % ww, about 2M 80.7 kg, 188.7
mol ) is pourdehlpraaectophengns togiymihs Od-qhiqraphenyB2stAimety - phenykhdd wi t h

protective g n oled.to P 9%1 bri ne
cooling. | so@ﬁ}"?f’%kﬁ ﬁwcﬁlguie ﬁ&%f%}ﬂai@gr#fg Etlldsy lhe&ﬁg\rgg [ n%\?\n%g %r (53%0! ing
such that thgehtitinRd Bethe LEIERE LA LHHR-ARRRraMRbiopNERARE canlB obtAihé & foragdhipledn i S
conplete, the vessel is rinsed 25 (45 mn) wth toluene (2 kg). The

reacti on mi xdsulescritedsn BulleSbct €hirs 5. 21,0941 89%nper at ur es bet ween -10 and
-20C. The toluene solution of 2-(N-nmethylanilino)acrylonitrile (47.1 %
52.8 kg,15157.2 nmol) is then netered in with brine cooling at -20C such that
the tenperat eeregaiotnkbqtl'lé"éc??ﬁﬂéﬁﬁd 30 HIABAN AL T GBS BromtdL & chRod¥eidbhenbA8 is
supply vessel and the feedlines are rinsed with toluene (5.0 kg). The

red- brown r eiagieheral carvi¢diowt in 8 pstar prgadicablved) Stitabl@pdlarf angaifiO s@i@ents are iithe
content of starting material (2-(N-nethylanjling)acrylonitrile) i.n a

gaschr omat ogPaheHle (aln@i‘?@P%OlF:ss“?}h%?fnﬁé‘P’éﬁb ql;gno lg\ﬂpﬁ Bp%rleﬂwrf’ﬁ“‘f}hﬁ cool i ng
swi tched off . Ealel - t IO T-TavAY b e dresntiBventiff- 8 Mol )
is nmetered icrlll,e H’iﬁ%tgép\i {r%gm?*déofu%ne@r%ﬁ ’ %edrqrperg'tﬁgg@%g gﬁsg%tg 5(5:. Ko he
exceedi mp t hinsthbRstRe patitiilasly pleferfedastai solvents Thareactich carhposiehts camber cool i ng.
When an internal tenperature of 15C is reached, the mxture is warned to an
i nternal tenpraplayed i egiinsolatamennts Hosvevem ¢ is pteersd to 9ey the aypiiomo-4-ur t her

b | chlori [ din._ Th | ' [ bd is 2.5 h.
The 1 eacti oncHpea oo Rapen ot b Bl el i ke Llprapdo MY ° =-°

2,2-dimethyl -4(N-nmethylanilino)glutaronitrile in a gas-chromatographic
sanple is then below 2% 10 o _ . ) )
In order to trap the hydrogen bromide liberated in the reaction, it is carried out in the

25  presence of a base. Preferably, an inorganic base, in particular an alkali metal hydrogen-
carbonate, or alkali metal carbonate, is used, the sodium and potassium compounds
being particularly preferred. The inorganic base can be employed in the form of an
aqueous solution. It has proven to be particularly preferred, however, to use the inor-
ganic base in solid form. This facilitates the removal of the inorganic reaction products

30  and reduces the by-product spectrum. The inorganic base can be employed in equimolar
amounts, based on the amount of hydrogen bromide released. Expediently the inorganic
base, however, is used in an excess, for example in an excess of up to 1.8 equivalents,

preferably approximately 1.4 equivalents. Moreover, it is expedient to carry out the



The batch is then cooled to below 25C and transferred to a vessel into

whi ch a thrgﬁﬁﬁﬁ‘g m xture of ice (22.6 kg), water (45.2 kg) and tol uene
“(22.6 kg) sl duced ( 10 mn). Toluene ( 14 kg) is used for rinsing.
Thi s tol uene/water phase mxture is theniparnmed to 35-40C, and the phases
are allowed to separate. The clear bottomlayer is 15 renpbved (water phase,
75 kg) and trerstipnwathradiusios of ight: The reagtien tginphrature cast bavaredpyidan e twighase.

B I triethyl i loride (3.4 i 34. 7 fi. dded
Do br eans R SRl i ks romiBlo PG bt alaty dotn] bprhibita the
added at 0- 413G 39°¢ THehEactivH i$ fniShed dhefbpbroditfutdlf TP eS 20 HE@s.i N the batch

i ncreases thereby to about 50C and hydrocyanic acid is driven off, which is
retained in an absorber packed with sodi um hydroxi de solution (32% . After

4-benzyl - 2, %Toﬁi, BT S fed 1A &Fcﬁﬁsﬂﬂxﬁmhhief\g? ﬁla'n!tﬁﬁﬁz%ﬂﬂ% tgicc:irgﬁﬁé finpurRieS1Pd thise

‘shoul d be below 0.5% according t6 GC anal ysi s = gas chromat ogr aphy).
When t hi s candj the orude prddukct islpreferablytintrghmed sitamarm Matencfdr exangple at 40 wt  an
internal tenperature of bel ow 60C for, 10-1 m n and, t dr n

cyani de- cont® Gi W,trqqﬁid-fgﬂéﬂ%gﬂ‘gﬁkm\)@tsé‘fayp S%m(’{'}%ﬁtjc}ﬁe %@‘Pgﬂi&[ er 1,

90- 110 Q) kit BNSTSK L4t A, 6B easTOW4 | THERWRRL of

dar k-col ore (t)atrné]gdg?(?e}%ﬂggg&lqg%g%)% ecﬁtx?)&g’gho% 3%’0 an atS en extract edoby
stirringow tthe aonlextamaning thed-ehlofchhetyllegiupaindhesHositiomistretow A%, telaohi on
(30% 2.5 kg) for 5-10 mn at 15-25C. The narkedly tgal er-col ored al kali ne
wat er phase tepief tpbromo-4-ghlgrqaggiephangng isthelow Qe and the soeRt ABAROTEHUGIY: t ank
for subsequent.. M.42140.22 treatnent (cyanide waste water 2.25 kg). The
organic phaspélr'itl SfSrPéaﬁo“é '|5r/‘§ed with water (25 kg) at 15-25C for 10-15 mn,
and the water phase which is conpletely separated after 10-15 mn is
separated off to the al kaline C\éani de waste water 2 (25 k&)‘. The pH of this
washi ng | i quiat thehpraparatinn o ML 398 (D.anasaic phdside chaip isingpdiged dntp hey

di still atli d | | | ) d
W th tolenc oo of e efpetdih WEREnEIFEIRSplertaRR Ak B faltdF 2T
maxi mum of  5{fGhd ingddunti ¥ thelformuld 10wit 8x X9l chlditR and Subéguétit réduetion using

distillation 10 is taken up in isopropanol (22.7 )I:ig) and the solvent is
t hen di sti | | hydragirfe andraplabcadil petalrhyg, - Upe resctiomindepsribei nfoe example.dhper at ur e

f 60C (di sty , 23 T ' istillatieon with i I
(227 ko) i SOSBEROLk mpi G, len EGRO ARG b BBt ot ™ ey *P 15
The residue @fctASréRRO I BERER 8ish hiel REIMRAT Acdopkiff) tdWFY5/$25780ke Ydabtion
i sopropanol ( 16 kKg) and netered into a m xture of isopropanol (8.0 kg) and

hept ane 20 16mkgre is tweattd with evajest avidifedaiy b precipitated carboxylic acid is taken up

2, 2- di net hyl - 4- 0xq- 5- | val itrile (0. 05 k ded_f .
Crystal i 2atmaiethe s Thonm el i g sfitinedng ShalefseloFiartt dming | nsed
Wi th i sopropglgl sich £ akBydrodd\Rdfimy Silite SHBRERSUE sulfates B sBfheltine ddGllo®-- 20C

and stirred for at least”a 20 further 2 h, but at the nost 16 h. The
crystal massingst tbistandythen Gitéring offf theuwtfaterwhichdisrsaltatepwith avatdriand figalle ool ed

m xture of isopropangl (.8 k and heptane K at -15 to.-20C f.or several
mn and filtePeere $81ﬁegfwfé‘gé‘?ipa?§%°g%ﬂ .eatzg.ﬁ%s‘&)gjfaz}?e °ry5talt“zmg_2f?°m bR
2, 2- di mejgy | @ BguRR BRREhAANERANIslchilb et AHRINGE Rccds OPisSThii6H e
material, in additron to a total of

purification, even in the purification step and during drying, some decomposition

products are newly formed, so that a further laborious purification of the ML 3000, e.g.

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

30 In the alternative purification process, after the reduction using hydrazine and an alkali
metal hydroxide, an ether and water are added to the reaction mixture, optionally at
relatively high temperature. Preferably, an ether which is limitedly miscible with water,

e.g. diethyl ether or methyl t-butyl ether, is used. By means of the addition of the ether, a



66.9 kg of nother liquor. The crystals are dried in vacuo at 30-35C, and
after dryi nmlé‘fﬁ kg (70.69% of a product having a purity of greater
“than 90%re ter GC analysis. C) Purification of

2, 2-di net hyl - 4- oxo- 5- phenyl val eronitril e180

2, 2-Di et hyl - 4- oxo- 5- phenylvaleronltrlle (85-90% , 110.8 nmol) is
suspended | rhesephaselystentis | @m@dotbamddle@ba@ ey t%ﬁﬂfqdéﬁdglﬂ%f, Pdich kg) in a

2501 enanel rea and. br this
mixiure o Sovage et sy o 3 Hitnaf RAP Rl borRtig Bog i o
25-30C, is peukied. ’Plﬂat&béﬁrrﬁéét 55&@ PR eIt Bhiselif Rhichithé 68anicMnfRAdE 228 Wi th
i sopropanol (5 kg) the Solution is seeded with crystalline
2, 2- di et hylsitdated,cd pheloylernbs pbasetis a seor(dly alsaliay) aqunobsitthese whishicontawsl ed t o
5-10C. It is stirred until atthick crystal suspension is forned. It is then
cool ed tg - 1BSPOTEBKCORSHUER S red at this tenperature for at |east 2 h or
overnight. 5 The product is filtered off on a suction filter and washed
‘twice with isopropanol (4.8 kg each) precooled to -15 to -20C. The noi st
crystal nassTHeAfhabeskagy separatidi and tht mBBHSHIRsE s tveatadoyitina chidBresofvgaterf andribeluct

0 0
‘%fhgrﬁ) |>/: S{ng)t E{ll'g?):/.}lll%? ﬁ%l?uléh{igcggg}lg‘gﬂ% wi/()@(\g\'}cteraalaen%%{d?i)le vrvff‘h grl?}naolrgna?lgc orThe
2- Benzyl - I r i ), which has been
freed bef orergérgga{ma%%eerg%gogg6%@%??%%%1"% iitgé d%%%gnl%ag?l on, is covered with
a layer 19f nitrogen gas in a 2501 steel autoclave and then suspended in
nmet hanol (67_k for mn. After switchin of{qthe tirrin t he ney
nickel is alT 3t0(90§é¥b138b‘3?6‘tedﬁ9“8@eﬁfhﬁ Eerample Ry evapsatiofeidhe | s
forced off t I e r i i trogen
by neans of Qﬁ%%%ﬁg?}g%’hﬁ%ﬁgﬁ Sf{ ME 30?@%@%1\6/%196 &a@&%oﬁ@gﬁo?ﬁhﬁ
sol ution of prodesslsoBlateslcodtainngs Bnﬁﬂ)ecnlbejﬁdhethyle:tmmzrﬂoéaec@ﬂeﬁoﬂMdg)OOOmr
toluene (92.4 kg) at 15-20C and treated W t hanol 614 3.kag),. which is
used for rireaniainingd melecule eﬁetbﬂrﬁpatﬁw 26@@%@%@%&8 d arebiadped. The
apparatglssls filled three tines with nitrogen to 3 bar and the pressure is
rel eased "I n order to displace atnospheric oxygen. It is then flushed three
tinmes with hydreegatalat sclvdiifrea eystdl maddification df)MLG@e@ ipolained evhies ailydreeased
to 4.5-5.5 bar. The hydrogenation is started at 5.0 bar and 55-60C by
swi t chi ng oncatrlm bailing higher Wﬁéthﬁmgﬁfldﬁ%‘bﬂﬁteﬂ@ﬁ pb%ﬁ?e%lete@ealsmﬂnpn%ﬂx fér

about 3 h; th| S,. 1 3 f c n
m xture is c rte%fygtgs&lgqé gﬁaélast ?M#%g’ﬁpquéc\?\? ?a(?%&e)gpgﬁ d, g%ta{llﬁx‘ge R‘/jglr ogen
overpressur ese!pﬁrated from the mother liquor in a customary manner. A hydrocarbon which can be

20 used is in particular a straight-chain or branched aliphatic Cs-Ci2-hydrocarbon, e.g.

n-hexane, n-heptane, cyclohexane, cycloheptane, etc.
The following examples illustrate the invention without restricting it.

25 Example 1

A) 2-(N-Methylanilino)acrylonitrile (about 50% strength solution in toluene)

Conc. HCI (32%, 22.33 kg) and ice (32.6 kg) are introduced into a 250 1 ename] reactor.

30  N-Methylaniline (17.39 kg, 162.2 mol) is metered in with water cooling, without allow-
ing the temperature to rise above 25°C (30 min.). The green-yellow solution is stirred at
15-20°C for 5-10 min. Beginning at this temperature, an aqueous solution of

chloroacetaldehyde (45%, 34.2 kg, 196.1 mol) is metered in with water cooling such



rel eased. The apparatus is flushed 4 tines wth nitrogen and a sanple is
‘renoved to ﬁ%g}é“ he reaction. The sum of unreacted starting material and
- over hydr oge y 30 product should not exceed 10% If the sanple shows
the required result, the reaction solutipg is subjected to clarifying
filtration through a pressure filter covered with Dicalite (0.5 kg). The
appar at us aricht the internal esnprvasurzriekept rekosy 20°Ch(3Aminh bk r¢acton ghixtaredst he

th | is th di st.j d f. f th tj .sol uti t | nt |
Tompors | MEHBEE 157201 B gtiieriotd o bbRREIhE BigRe Hine 2 B Hoalddif 1o
cooled to 2 'é%&?gu%h?gs&hﬁ&h Wcﬁz{ssiﬁlﬁ?cyggfé%)(lngzm , 19%0r RBHSE whkeft Ur e 'S

stirred for 5-10 mn, allowed to stand for or phase separation
and t he wat €19.pkgp &h¢ 4ddifidn ksoponirelledieare mathovaset. cobting §uth thaj)a temperamreof (44

Kk and then ncentrated rochloric .acid (32% 17.7 k .add to 5
t ﬂ)e or gafi c Zﬁﬁéé%“‘ﬁtexﬁefﬁ%ayénﬁﬁ? FaxtHre s Eﬁ‘rée‘f§ a§%’?‘??réﬁlr? gt%l@rzg(é ?ﬂrﬁgo‘rhe
HCl- acidic : has sl o] I to
settle (10- %b%ﬂlﬁfﬂﬁ%ﬂ){ ﬁ@“gaﬂ gggé}o%ifr?f%ﬂ%gh e ?fggﬂ:’té?%tno%gaﬁg%eéaﬁl\swfepar at ed
of f. Marm t endivaésless thiri h0%methylakiEnevaoheent (267 kglsand] aibsequeqby &itkg)ir-and

toluene (86.9 kg) are added to this HC -acidic aqueous product, phase, .
Anmoni a sol gingeseneplwdrocitorie 3¢ Gare Stk dreben a@‘geéll tp thp rggctgnmxﬁgg ARt of
25C. The pH.jn. 0 e phase m xture should be 9-11. The

t wo- phase mlé%}hr?éeaea}tﬁ@l P?‘E@fe 3ri%_i m n. The phases are then allowed to
settle apd the water phase is separated off. The tol uene phase is
transferred to a distillation apparatus with rinsing with toluepe (5.5 kg)
and the t ol Jdsdyiocyayepad esqapagdion thefpparatus os 1p igan ghsqrigrdilied with
tenperature cgﬁ& l@i@ﬁedi ng 50C. The toluene distillate obtained can be 15
reused for extractions. The content of pyrroline is determned in an

al i quot of the toluene phase (50 g), of which the dry residue is first

determ ned by conpl ete evaporati on of the toluene in vacuo. This dry
resi due has With e stisrer switctwehodf, thewaterphyse (114 kg, cyanide waste water 1) is allowed

2- benzyl -4, 4-di et hyl -~ 1- pyrrol.i ne rding. to From 100. 7 kg of

pr oduct 1éol pisg ?aQ\ﬁY{tﬁs g%fve\%?aﬁ?ﬁ%g?ﬁ{& 15 ta%fo;i@gpp%ﬁt he 50 g sanple
and a GC content of 74.1% a yield of 54.7 nol of

2- benzyl -4, 4-di et hyl 1-pyrroline is cal cul ated. Based on oxoval eronitrile

enpl oyed, a Benayltrighylgmosoniwn thlerido@.Fke)gs pddedtip dredpnepolpred opgamiqighasg | - 7

phenyl - 2, 3-di hydr o- 1H- pyrt .ol j,zi For. the direc e rlng-¢l osure
synt hesi s of Htemﬁ??]ﬂl‘;%?(%/'zil tﬂé)l, éc%?@ﬁﬁlnggrgdll tgrrn8%1%%5%%&%%%%‘2’%(51&%%%}@d in
a 10 nol % exgesstuiPe39941Bb)s 1)tk AR Moar AGaE daDBS dternbltempdRnit® ides
excess (74.4 nol) to the determned pyrroline (54.7 nol). 30 The

di stil| &0 oroatexéedddsStC 6 mimgafiey dddittonds cemplgte, s re@bonmiktureisaliagpd (19
kg) then with sodi hyd encar ponate (6.25 kg).and finally with cooling
with c~-br on‘ﬁg%'ﬁ’l%tf]@é‘{%‘{c@g‘?@ﬁﬁﬁ n?‘i&fr@égﬂéﬁr.%%%n\l%sul ting pal e-yel | ow,
highly liquid suspension is M 42140

The GC analysis of a sample shows a content of below 0.5% for the intermediate 3-
chloro-2-(N-methylanilino)propionitrile. When this value is reached, the mixture is

25  washed with water (40.7 kg): the water is added, the two-phase mixture is stirred for 5—
10 min, then the water phase (79 kg, cyanide waste water 2) is allowed to settle and is

transferred to the tank (to cyanide waste water 1).

The organic phase is washed again in the same manner with water (40.7 kg) which is

30 acidified with citric acid (0.81 kg).

This citric acid/water phase (45 kg, cyanide waste water 3) is combined with the other

cyanide waste waters. The organic phase is dried over magnesium sulfate (3.8 kg) at RT



25 stirred with exclusion of light at 18-25C for 17-20 h. The suspension is
_centrifugeggﬁﬂg é&e centrifugate is washed with nethanol (11 kg) in two

- portions. A not her |iquor and net hanol wash sol utions are di sposed
of . 16.5-18.5 kg of 5 noist crude producppare obtained, which is suspended
in water (88 kg) and stirred for 1 2 h at 40-45C. The crude pr oduct
purified of (tavox gametatmmbfw iL0+20smins AcKprl-Fiigcherdifrasion shows savetes dontertivinat er

Saueous ot el Padotiniauatt SuHiR IR ThaSt HERE R YR s bBat Aletiic! e
product is Qﬁ“f(@ﬁi oﬁ{foxgt%g% tHe déﬁ?éi%e @le ﬂlt&' R&idud £ REDY BbmBMcidiithe r educes

to 12.5-13.5 kg (38.4 nol -.41

6- (4- chl or oplyemyé )vaﬂp Watthmﬂtﬂesd cyipidemdstez’ya}enslatwﬁd@o wabtp yatesticatinreat. dihe
concentration,  97. 3% (HPLC). lS corres s, to.a yield of 71.0-76.7% based
on the py7rrc§P}‘W€n81§?éﬂD &‘P’ WB)%%?’H ?1 %kgin%fx’ﬁﬁﬁ ‘éer&al OB 406 hased
on the oxovakgp furré'%}ﬁox%mhﬁéﬁgtrbgbntalﬂelmdﬁwm{l'f@r%er-ﬁﬁ%e%@ gpt of 15
‘isomeric 5-(4-¢ orop enyl) -2, 2-dinet hyl - 7- phenyl

2, 3- di hydr o-cbhkepydetermination, a §0 d|sempR%s dtama. Aodry egsidusfis determined from 30 ml

c~- brono- 4- ch] or oacet enone bel ow % and t he cont.ent an| c
Crour i Tes it saneisy GRSb o S Ha P Biese Psash e Babgig oI CaFoE D 5

wer e carr| e

2 Benzyl - 2. (s erpfn i eras of g LNV spctrum of the Sappla 2 50
0.25 FYD|1X) [ Schﬂdreﬂﬁ'm@nddat(liﬂ ahzﬁydlea!e wged; bk comtbntgpf 21(1\2—ﬂnettwlla)mlmwaqn)ﬂl§mtnle

tol uenesul fonic acid 0.048 nol.) in toluene g %g

mol ), and tHét]fl“e%‘ftl@rﬁcﬁ?f}ilmgrt@ll% NYIBF §°-Rd%: & ewslddélthqsr?é Ypbesefy tlNter a
further 2 h gh is checked by neans of GC. The toluene is
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chromatographic analysis is then below 2%.



Exanpl e 3 Preparation of M. 3000: 30 A)

5-(4-Cnl oro&\gﬁ‘gﬁ%- 2, 2-di met hyl - 7- phenyl - 2, 3-di hydr o- 1H pyrroli zi ne

M 42140 27 : (95.5 nol) of 2-benzyl-4, 4-di nethyl -1-pyrroline prepared
according to Exanple 1 or 2 (based on coptent of pyrroline conpound), 29.7

kg (127.2 nol, 1.33 equiv.) of obronp-4-chloroacetophenone and 226.6 kg of
met hanol ar Viththeswabingswithsd #ff beginwipg pd019 -20kkthepzy ghloridg 2H? k8.2, 7 kg

151. 2 nol, 8 iv.) af i1 : he Fi i
P aao + AtaRen a8 SROVAR B 80RERRRNA0L P o e, Ol Ktetine
suspensi on. i @erhfafthicOtheir8actionid dhpgell stittwith wier ¢vdingd UWhel amimtdrhalof
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yel | ow col orgihsgol ution is cooled to 10-15C under a 0.5 bar nitrogen supply
(Nz). 6.8 kg (54.7) nmol of oxalyl chloride are then netered in under NZ
froma supply vessel over the course of 35 mn such that the 30 internal

t enperat ure - j it:] i ow

dar k- green, ?ﬁrﬁﬁlt@%éﬁlgﬁgxfoglﬂnﬁgﬁg{l ?\% g%(ijk t gnlb‘? t%f%@lcﬁ?%)g%%g%dae%? teH%of 18- 25C
for 20 to 30pr@hrilc phashladd hfdoBDnii8 akig (48%) 6%4 kg, 41l1akas])as then addeddii 6eb°Ont 0 a
5001 reactor. The warm suspension at 25C is netered into this jce gclér t he
course 20 5 imithe equrse eflminn dhe mperpiyredn fsdratah peregses fhr?éebbﬁt?f‘{’.ﬁ"é 5§ s not

exceed 20C. . q hydrocyanic acid is driven off, which is retained in an absorber packed with sodium

hydroxide solution (32%). After stirring at 50-60°C for 6 h, a sample of the red-brown
reaction mixture is withdrawn. The content of 4-benzyl-2,2-dimethyl-4-(N-methyl-
anilino)glutaronitrile in the mixture should be below 0.5% according to GC analysis

25  (GC = gas chromatography).

When this condition is fulfilled, the phases are allowed to settle at an internal tempera-
ture of below 60°C for 10~15 min and the hydrogen cyanide-containing, HBr-acidic
dark water phase (cyanide waste water 1, 90-110 kg) is transferred to a tightly sealed
30 tank. The likewise dark-colored organic phase is cooled to below 30°C and then
extracted by stirring with a mixture of water (22.5 kg) and sodium hydroxide solution
(30%, 2.5 kg) for 5-10 min at 15-25°C. The markedly paler-colored alkaline water
phase (pH 10-14) is allowed to settle and is drained off into a tank for subsequent



5 The reaction mxture is stirred at an internal tenperature of 25-35C for
~10-20 m n. pixé fffd” green solution is diluted with 62.2 kg of diethyl ene

- glycol at 25- % . 14.9 kg (298 nol) of hydrazine hydrate are then added
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kg of water is added. After achieving this pH the phases are thoroughly
stirred for @alyssther 5-10 nin and then allowed to stand for 10-20 min for
phase separation with the stirring swtched off. 20 The HC -acidic water
phase is drained off. The ether phase is treated again via the supply
vessel W th @) Pirficdfieén 6f 2.9-dmk@iyPd-oRydrsiehlvblefonatéiltel and 19 kg of water and
thoroughly stirred at an internal tenperature not exceeding 10C for 5-10

m n. The phases are separated and the HC treatnent is repeated, if

desired,, up ti . .25 The ether .pha hSo, treated w.th 30 . of
dor ner 20 > HETIPEISFHiesp By Nelr o BIE B 28 Ko RLEmelid hsBtpdi i ane
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The ether phase washed free of traces of acid is treated with 6.5 kg of
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whi ch are suspended.in.1 kg of die oet.her nd stirred at 1 f 0- 45
e The: suspBionhicE S eovieftd 0o if firg Prioch sFfed priwed el Bhed
pressure filter covered with 0.5 kg of filtration aid (Cell flock) in a

distillation apparatus. The filter and apparatus are rinsed with 8 kg of
di et hyl et her.




M 42140 30 95.6 kg of heptane are added to the ether phase, and the ether
Is distill e%gfﬁ ln vacuo at an internal tenperature of 15-20C. The crystal
- suspensi on 4 ng after distilling off the ether is cooled to an
internal tenperature of 13-18C and stirred at this tenperature for 0.5-1.5
h. The crystals are then centrifuged off. The npist product obtained is
washed wi t h w81 Boprgpafol teke)asrl tha solupon isisoeded WithecrgsRline B 2odimethyld-akor ed at

50- 60C over ht jn a vacu i ng,.ove & r.ou 0.5 k
(77,29 of eSouRIsERR R e Dieng MRS D dar'ed i B Geerintg P8 ¥he pac
met hod, of IGiZEcAkRI %@\%ﬁs’ﬁﬁﬁs fdid! RiSMes tboed 015 @S PUGSnt Qtifrb@ht tAfs t he
reference st andard. 031018583 31 Patent clains 1. A process for the
prepar at i on tethpéramre forpbleasd 2df ortdverdfightrrul a 1, OH 5 where a) the conpound
of the formula IV CL (I) O(lV) NC 10 is converted into the conmpound of the
formula PIl 15 by PCT/ EP02/ 09356 al) catalytically hydrogenating the

conmpound of I A2 ViXfer | ; la IV
into the ketpltliiyapr &HCEH t?f)elrréréu aol Vau%m% flﬁ I afid wraﬁ}%d%m%%ﬂﬁs%roﬁi}ﬁ)l t4)_g ke
each) precooled to -15 to -20°C. The moist crystal mass (26.6 kg) is dried at 30-35°C in
vacuo, and 16.6 kg of product (74.4% yield) having a purity of 96.1% (GC analysis) are
obtained. The mother liquor (53.2 kg) is discarded.

10

D) 2-Benzyl-4.4-dimethyl-1-pyrroline

Raney nickel (7.7 kg), which has been freed beforehand of aqueous supernatant by

15  decantation, is covered with a layer of nitrogen gas in a 250 1 steel autoclave and then
suspended in methanol (67 kg) for 15 min. After switching off the stirring, the Raney
nickel is allowed to settle for 15-30 min and the methanol supernatant is forced off
through a pressure filter covered with Dicalite® using nitrogen by means of a dip pipe.
The catalyst is covered with a layer of the solution of 2,2-dimethyl-4-oxo0-5-

20  phenylvaleronitrile (13.2 kg) in toluene (92.4 kg) at 15-20°C and treated with methanol
(14.3 kg), which is used for rinsing the addition container of the toluene solution. The
apparatus is filled three times with nitrogen to 3 bar and the pressure is released in order
to displace atmospheric oxygen. It is then flushed three times with hydrogen at 1 bar and
finally the hydrogen pressure is increased to 4.5-5.5 bar. The hydrogenation is started at

25 5.0 bar and 55-60°C by switching on the stirring. The hydrogen absorption comes to a
halt after about 3 h; in this time, 3.3 m’ of hydrogen are absorbed. The reaction mixture
is cooled to 15-20°C, the stirring is switched off and the hydrogen overpressure is
released. The apparatus is flushed 4 times with nitrogen and a sample is removed to
check the reaction. The sum of unreacted starting material and overhydrogenated by-

30  product should not exceed 10%. If the sample shows the required result, the reaction
solution is subjected to clarifying filtration through a pressure filter covered with
Dicalite® (0.5 kg). The apparatus and filter residue are rinsed with methanol (10 kg)

and the methanol is then distilled off from the reaction solution at an internal tempera-



0ol (lva) NC 20 M 42140 32 in which the radicals R which can be

I denti cal om&h%(frent , are C -C4-al kyl or together are CZ-C3-al kyl ene, and
~catal yti cal ogenating the ketal, b) reacting the conpound of the
formula Il mt c~-brono-4-chloroacetophepone to 5 give a conmpound of the
formula Il 1 (11) and 10 c) introducing an acetic acid radical into the
conmpound of turhef 7H+3AICaThe residue Af iheslistidlatidmis copled ie 3pa303€ iapd washadrweith

comouTl of 1% AR5 SabyShnbacshiship REAE SR b gl 2 1 ©

30 min for phase separation and the water phase (47-51 kg) is then removed. Ice (44 kg)
and water (44 kg) and then concentrated hydrochloric acid (32%, 17.7 kg) are added to

5  the organic phase at 15-20°C and the mixture is stirred for 5-10 min. The HCl-acidic
water phase has a pH of 1-2. The two phases are allowed to settle (10-20 min) and the
aqueous pyrroline extraction phase is separated off. Marmite®, water, with which the
waste line was rinsed, (5.6 kg) and toluene (86.9 kg) are added to this HCl-acidic aque-
ous product phase. Ammonia solution (24%, 17.7 kg) are added with cooling at a

10  maximum of 25°C. The pH in the water phase of the phase mixture should be 9-11. The
two-phase mixture is stirred for 5-10 min. The phases are then allowed to settle and the
water phase is separated off. The toluene phase is transferred to a distillation apparatus
with rinsing with toluene (5.5 kg) and the toluene is completely distilled off in vacuo at
an internal temperature not exceeding 50°C. The toluene distillate obtained can be

15 reused for extractions. The content of pyrroline is determined in an aliquot of the
toluene phase (50 g), of which the dry residue is first determined by complete
evaporation of the toluene in vacuo. This dry residue has a content of 70% of the sought

2-benzyl-4,4-dimethyl-1-pyrroline according to GC.
20  From 100.7 kg of product solution, with a dry weight content of 13.74% in the 50 g

sample and a GC content of 74.1%, a yield of 54.7 mol of 2-benzyl-4,4-dimethyl-

1-pyrroline is calculated. Based on oxovaleronitrile employed, a yield of 84% results.

25  E) 6-(4-Chlorophenyl)-2.2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizine

For the directly subsequent ring-closure synthesis of the pyrrolizine, w-bromo-4-chloro-
acetophenone is employed in a 10 mol% excess (60.2 mol) and sodium hydrogencar-
bonate in a 36 mol% excess (74.4 mol) to the determined pyrroline (54.7 mol).

30
The distillation residue from stage D is treated at 15-20°C with methanol (49 kg) then
with sodium hydrogencarbonate (6.25 kg) and finally with cooling with w-bromo-4-
chloroacetophenone (14.06 kg). The resulting pale-yellow, highly liquid suspension is



M 42140 33 by al ) catalytically hydrogenating the conpound of the fornula
N or a2) cm&&i%g the conmpound of the fornula Ninto the ketal of the
~formula 5 0/ (Iva) NCin which the radicals R, which can be
identical or different, are Cl-C410 al kypsor together are CZ-C3-al kyl ene,
and catal ytically hydrogenating the ketal, and b) reacting the conpound of
t he for nmul astitred with ezdukion wblightahll $+A58CdonpheAdndhe suspenseorais comtpifuged of t he

formula I'l. 15 3. A process for . th repa ion.of the.compound of the
formil a 111 a8HiseRsTNGES SorasBeh B Aol QKR &t RCRPTIORE 1 (1V) i s
converted into the conmpound of the formula Il by 25 al) catalytically

hydr ogenating the conpound of the forrmula N or M 42140 34 a2) converting
t he conmpoundethartohendfitloer higher dddimétbartoh svaklesaliitiafs arddispasedof. 46.5-18.5 kg of

5  moist crude product are obtained, which is suspended in water (88 kg) and stirred for 1-
2 h at 40-45°C. The crude product purified of inorganic impurities 1s centrifuged off
and washed with water (22 kg) in 2 portions. The yield of moist crude product is

14-16 kg. The aqueous mother liquor and aqueous wash phases are discarded.

10  The crude product is dried at 35-40°C in vacuo. On drying, the amount by weight re-
duces to 12.5-13.5 kg (38.4 mol —41.95 mol) of 6-(4-chlorophenyl)-2,2-dimethyl-7-
phenyl-2,3-dihydro-1H-pyrrolizine of concentration 97.3% (HPLC). This corresponds to
a yield of 71.0-76.7% based on the pyrroline obtained in the hydrogenation and a yield
of 59—64% based on the oxovaleronitrile employed in the hydrogenation. The content of

15  isomeric 5-(4-chlorophenyl)-2,2-dimethyl-7-phenyl- 2,3-dihydro-1H-pyrrolizine is
below 2%, the content of ®-bromo-4-chloroacetophenone below 0.1% and the content

of inorganic impurities below 0.5% (ash determination).

Example 2
20

Stages A) to D) were carried out as in Example 1.

E) 2-Benzyl-2-(2-cyano-2-methylpropyl)-1.3-dioxolane

Oxovaleronitrile (50 g, 0.25 mol) is treated with ethylene glycol (75 g, 1.21 mol) and p-

25  toluenesulfonic acid (9.2 g, 0.048 mol) in toluene (300 ml, 260.1 g, 2.82 mol), and the
reaction mixture is slowly heated to boiling (2.5 h). After a further 2 h reflux, the batch
is checked by means of GC. The toluene is distilled off during the heating and reflux
phase and replaced by dry solvent (185.3 g). The batch is placed in the cold under dry
N, until work-up. For work-up, the toluene solution of the crude product is extracted

30  with ice-cold sodium hydroxide solution (25 g, 0.625 mol NaOH on 150 g of ice) and
the phases are separated. The organic phase is dried using anhydrous magnesium sulfate

(MW 120.37, 50 g, 0.4 mol). After filtration, 245 g of filtrate are obtained.



Na RROOI (Iva) NC 5 in which the radicals R which can be identical or
di fferent ?I 4 al kyl or together are Cz-C3-al kyl ene, and
-catalytlcalﬁvﬁﬁ 690genat|ng the ketal. 10 4. The process as clained in one
of the preceding clains, wherein anhydrogs Raney nickel is used as a
catalyst in the catalytlc hydrogenation. 5. The process as clained in one
of the precdiiZaBerzlyhit Andimgthoi-dipyroline hydr ogenation is carried out in
toluene or a mxture of toluene and a Cl-C4-al cohol as solvent. 15 6. The
process as clainmed in one of the preceding cl aims, wherein the compound of

the formula ﬂeicﬁ%&%hﬁ%ﬁ%f ke @oRdiidd ObtfthePlindefBF s iRPAucéd inth8 1RLEE8RSe aS
clainmed in one of the preceding clains, wherein the conpound of the 20

f ](c)r mﬁl af N i alndm)ag dfédmbynivkelk&]elB%dﬂW 587100.34 by thrabrias bc¢reemcfad¢lun@ound
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‘wherein the 1s0 roni rot onat using Iithiumdil sopropyl am de
in tol uene. oxygen is displaced from the autoclave. The hydrogenation starts after a hydrogenation

pressure of 48 bar has been added using successive hydrogen additions and deaeration
three times and the jacket temperature of the autoclave has been adjusted to 63°C (time
10  required 3 h). The hydrogenation in the 1 1 autoclave requires refilling with hydrogen to
the starting pressure value after about 3 h (internal pressure 23 bar) and after a further
18 h (internal pressure 17 bar). After a hydrogenation time of a total of 26.5 h, the mix-

ture is allowed to cool and the reaction product is filtered through Decalite.

15 The cleavage of the acetal takes place directly following by taking up the crude product
in dilute hydrochloric acid (HC1 32%, 50 g, 0.43 mol in H,0, 200 g) and stirring at 30°C
for 1 h. The organic supernatant (toluene phase) is stripped off and the water phase is
alkalized at 0 to 5°C with aqueous concentrated ammonia (25%, 50 g, 0.73 mol) to a pH
of 9 to 10. The precipitated pyrroline is taken up in diethyl ether (200 g) and separated

20  off. After evaporation of the ether in vacuo, 32.1 g of product remain. The 2-benzyl-4,4-
dimethyl-1-pyrroline is obtained in a yield of 69% and a purity of 92.6% (GC).

If the dioxolane is purified by distillation (92%, GC) before use in the hydrogenation, a
higher hydrogenation rate at lower pressures (5 bar) and lower temperatures is achieved

25  in the hydrogenation. The purity of the pyrroline obtained is 94-98% (GC).

Example 3

Preparation of ML 3000:
30
A) 5-(4-Chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizine
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the pale-yellow, crystalline solid obtained by centrifugation is washed out with 27 kg of
water in two portions. The product is dried in vacuo at 50-60°C for 12-24 h. 18.6 kg of
6-(4-chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizine are obtained,
having a content of 0.33% of ash and an isomer content of 5-(4-chlorophenyl)-2,2-

20  dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizine of 1.0%.

B) 6-(4-Chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizin-5-ylacetic acid
(ML-3000)

25  After evacuation three times and introduction of N, 11.5 kg (35.7 mol) of 6-(4-chloro-
phenyl)2,2-dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizine are introduced into 60 kg of
tetrahydrofuran (THF) in a 250 1 reactor. The yellow-colored solution is cooled to
10-15°C under a 0.5 bar nitrogen supply (N). 6.8 kg (54.7) mol of oxalyl chloride are
then metered in under N, from a supply vessel over the course of 35 min such that the

30 internal temperature does not exceed 20°C.

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

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



88| 45 8C

| G GG #. #. | Z 30?7>9> p~08<~x<<p<>x>x>| X8| x>| >p><?p| >pp<p<p| xpxx| ?q| ~s| <x
's<>|>’?>’?>|>1]7I ~X| | >| >>~>| | >| >??2?2~?Xx>| | 2X<X~| >| Xx~<| >>| ?| >?~?>| xx| ?| | ?~~x?
>g898>x>||>||>x|>||>><><>>9 9>>>>|>|x|9<ps >><|9><>|>|>>|~x|x9|<9>>>>99|9|9
>7>~<77|>||77x||<>>>7~>><>8<8 ch;XXXXXX <<<<>>>>>xxx8<<<<<<<<>|???????????
70pxpxpxpxprMﬁMﬁkQ&@Mb*ﬁ&gfgfgtoog%gfb%§Q%k5ﬁﬁ?bﬁ&?ﬁ%ﬁ%%%%ﬁ%&?ﬂ%k%&6&pxpxx
xxxxpxxxxxxxxxxxxx XXXXXPN2?2722.077272727%

(1 # #. 25 | 1S GO gverdhe dourdeol rﬁmgggg%ﬁge ‘8]%]’?]1 R RES RSP
>><| ?| | ??7| |rﬁ&ﬁ“t€?18€s"rﬁk ekc?ee&bbTGI X><8”><><I >SX><<~??>>><| ~| | | ~??x?x08x]| >| | ><| | >
?2<| ><| | ?><?>| 3| | 375> X>>~XT ~?X>?X~XX| | | >| >??7~>~?7?| ?>?~?27?| x| | >??7?>?| ~???| ?| >
~2?2?| | >>?| <?| | >~ | ?| ?<>><| | >>?>| xX| >>?7>~| <5555 | X| | ~X>| <>>5>~| | xX| >X><<>?
>>|||||< >| >> 3 3C o .

| 91 9( 9l #)g# 8 }Se|lj>? tog%&;%rg%lsgpeggz g}/érgal twpp;atarxexojggl—? or,}Q—Zé] r61m L>>>>>| |
<| x| x| <x>] <°n?e s’ﬁ ,geeln S%ﬁﬁloﬁhé(aﬁlﬂlagﬂtﬁ%‘?’l aﬂﬁahﬂeﬁé( zsmw?m’acqaﬁ@k X~><p
~?2<?>?7?| >>| <| pa~| <| <| ?| >x| >x><x?| | | 7>>?7>< ||>>>9 S?XX?7 ~x9|

X<>>>?~| >’>’>>(’298’mql)xrﬁ@ﬁtazmmmwmemadd@&ﬁpmmupﬁb'me ehammg; e:swr&q 1)] >>~
p )|f22>>|c| | <<81>0<—T§?n>1;§v<11hxcxoo ing. %ﬁﬁtgnlak {G¥A;Jer>a§§r§?1>sg |alt<>o|st éf(i4>?C |]J!y stepw1se

HHC He. #. x>~ |1L121|egse>m?l?e telnberiairea AT sms ﬁx&%ﬁlma‘e? d-cotbrell 3zepehdid | | >>

P>S>SP?>57~<~>>~P?PV~<~7 xp p ><p?>>>?7>p >9 ~>|x|~p ||9>|><>> >|9~~||
x8<??2?2?2x1Y | q@mﬁbql ]o?drmntcm{a:} e]nq]eratﬁrem]%%]“ﬂ Efirﬁdlﬁtﬂllpgpﬁbfinum&c}m}g an??| | >
>?27??7~ 7|7787 ~?2>777? ~2K<?> 7777 > ><22°2 7 >??<|>>?> ||<>|X |7
><~>7>| <| ’7| |19921F $§£l]’f1raﬂ‘§|‘3{|7§|4: ﬁkgggwﬁdl ﬁtilla 35 lfgl =DL45 C

????v: M ;i 'ﬂEe re@ttion mlxture is cooled to 50-55°C and treated in 8 to 10 portlons divided over
]LyLi'XY;fiﬁ?%EZZ&Z;gE%s;%l’éwﬁ RiSbLEEY ke potassblsy Bydtoxide 5 Dk  BLED s Lgiéé
52 2 ] gk Tt sdl]g;@ ;l—764c?év T3 GsgbinE A S K o lrang 127

?2~| >| ?7? XXXXXX <<>>>>>>xx <<<< .......
tHCH(HE#. #. XI >~~>’>>~~><’>’><I ~p<>p>>p>| p| p>| 2p?>p?>2p>~p~p<| p<pxppq| qx<~s| >|
2| >>| 22~>>~| YIipg foreshardimer | | 52| | >>| >| 2~>| >| <>>?7| ><<>| x?x?8?87>>| ~?| |

S~
i
>7|<|>>>>|>797 9><>|9|||>|||>>|x>>x>|~> >>9>7||>7|||9> >| | >>?| <?>??27>~| ?| X|

TMIM M7 #2G;, <foamingconmencing frem8sy @miﬂwsaqnwnihf]ﬁmlw%atm@wsq B x?2?27a?
(S s >°°}§'§26)%><%i?éhhéfn%fﬁa?n'{)%?a?&%?s ow further PMYeats >{8’ﬁ@<m{d dikthd sakde<P<" <

?e; svyPhk&#f g@gqqdmp@d-pf rotation of the stirrer. As a result of heavy foaming and additional

ok A e R s
a] ca] ca] z3] Cf’e]a@@dﬂ t@%@ﬁhﬁ@l@l@&bﬁbﬂ]ﬁ?&kﬁbﬁﬁé @aldhdﬁ]smalﬂeﬁ@]m&lre at) o&{105%,ca] ca]

calcalcalcalcaljca O
?Bzupkf a\ W ctedads dreia} tajadlapesaandd] r@%bmﬁl]nw]sea}sm 1sslisaVBighdaPe™] ca] ca] ¢
ajca]ca]calc cal.caD8 o
T T P Rbae &ﬁ‘%ﬂﬂo ]Z’PJI?F‘QWR%]&% n P ol 14071457 ata heating rate of L3O In, 0o
D*] ca] ca] ca] glcasd spdveadshalieahie: ]ﬁh@ﬂa@ﬁﬂn@ﬁb@ﬁieﬁa&ﬂr@&s] E)&]eﬁeii] K}ﬁcoolmg for a short
"H#OH#] #HMEQHI H#NHSESSS S/ $1$$S$9004 Y1 9B YEYDB4 val gb] Xkf a\ W c] ca] ¢ éca]ca]
ca] ca] ca] ca] taiecAl &m]semp@a]eeapampe@ef@a@eqml}w@]eéaf @éqtélaqféé]mam edliesigfica] ca
]calcalcal ca Wask&&() X)) ) T****}+1-.; OL3T3VWB5f 6 8i ;
<<<=>2?ACE{ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] qa} bk & 16t sal20al 42lcRvberd ﬁam@@héﬁﬁﬁaﬁsﬁamtﬂéﬂ ddQleliko KKK8L
LLM MVWMWANXNN* OO} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca ca]ca! ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] caped) Caind TP IR ] watbrakddd] The cfaqlgtath]mr P IS e8O8INAT TUFU
NUQUUUe UU . : o
VeI suripativeiha ity dpensetre s Wapdd £n0a] v A1 HH R R} 4SES 5] ca)
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'qYYYSZZZ [J [T+ ] HN
PbSbdeegSknnno: rt Hwxxx} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
1 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! x0z
{#{q|t| ~~~~~ ] @dhkg~ytoi d_ZU] ca] ca] ca] ca] c*a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cal] ca] ca] c”a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] cal r*H& 2GTAfi | wmh

7777xx7xx|<>7>>>777><xxx<<<<<<>777777777 >77qyy?yyy?x |[7|||7 KKLPPVVPP?7?7?7



10H 10H

10H$?10%&' i}i/-y ' gKMLO% & () - MLO% & ()- MLO% & ()-""' gkKMLO% & () - ML0% &
() - u[ <eMLo/E230 - Mooa & ()- MO%& ()- ' gKMLOA & () - MO & () - MLO% & ()
- V\=EMLO% & ()- MLO% & ()- ' gKMLO% & ()29 MLO% & () - MLO% & ()- ' gKK N Q

| K* @10%t& ()-1 10%t& %e 109%#& ()- 10%t& () - MlO% & 1(% gKMlO% & (1)
*256]| [ : - 10#00\3@%&& e) Tite ssultiog diree-plaas@sypteny igsepArp ¢l loveeEmest sigyngly

SV 1004k () FikaliEn ik ?{s%%ﬁé i i o8 S 913918#%%929@&5} Eﬁ@%@§‘§f9>-
10%#& () - OXlE3osed &t 49) Was%l@a@r (The Ell&v%@fﬁ@edst@ﬁ%ﬁ&nﬁédlaﬁ WdstQ¥BHB& () - -
yT10%&' ()-- @L10%& ()-m OyZ 109%& ()- ~yZ 10%& g)--O) T2 A 10#0

, 1#10%@H @ €YnsistEnty 0vdighs9(6) kg andcbeains, the (n)am apqoef pRdpgtas s Ipessiv - S10%
¢ O ermior MATeE s o Do R e BB e .
B0 eI Al o 104 )
fY110% & () Thé/wal@‘izﬂl&e(lg. sepafal@%f&l() min afer swtch g8 ff l)hebtiBIIL@ The in@Gredidte( ) -
h?03/(l)1 gLIZI.(()Z’/dBS &p?lgfé)eg(‘ % i{@%l I a%m%n)g%a(%;/%ﬁhg th]é9 plzll'a%e (I(F & [(g) are ?reated n an
extraction apparatus w1th 126.2 kg of diethyl ether and 59.7 kg of water, and the mixture

10 is cooled to an internal temperature of 0-5°C.

A mixture of 6.0 kg of 32.5% strength hydrochloric acid and 6.0 kg of water 1s now
metered in via a supply vessel during the course of 15 min such that a maximum internal
temperature of 10°C is not exceeded and a pH of 1-2 is achieved. If this pH is not

15  achieved, a further 0.2 kg of 32.5% strength hydrochloric acid as a mixture with 0.2 kg
of water is added. Afier achieving this pH, the phases are thoroughly stirred for a further
5-10 min and then allowed to stand for 10-20 min for phase separation with the stirring

switched off.

20  The HCl-acidic water phase is drained off. The ether phase is treated again via the sup-
ply vessel with a mixture of 9.5 kg of hydrochloric acid and 19 kg of water and thor-
oughly stirred at an internal temperature not exceeding 10°C for 5-10 min. The phases

are separated and the HC treatment is repeated, if desired, up to 3 times.

25  The ether phase is then treated with 30 kg of demineralized water, thoroughly stirred
during the course of 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 magne-
30  sium sulfate and 0.4 kg of active carbon (Acticarbon 28), which are suspended in 1 kg
of diethyl ether, and stirred at 18°C for 3045 min. The suspension is subjected to clari-
fying filtration through a pressure filter covered with 0.5 kg of filtration aid (Cell flock)
in a distillation apparatus. The filter and apparatus are rinsed with 8 kg of diethyl ether.
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where
a) the compound of the formula IV
0]
(IV)
NC
10
is converted into the compound of the formula III
(1
/
N
15 by

al)  catalytically hydrogenating the compound of the formula IV or

a2)  converting the compound of the formula IV into the ketal of the formula

IVa
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|
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10% & () - @ 0bUALO" |, 10% & {()- 104" 144" 104" ys9! 10%" & ()- S&4 ° '10% & () -

He - #1090 H& () - D*- #1090 | D& : N FF10% & ()- @ 10% & ()-
OSH#10% & ()-Z "*SH10% & () - o1 (1

: i . ; 09" 2& ()- 9 1#10% & ()- DO
1#1004" 18 () - %y#100%& ()-M Moy #10%™: & ()- M| [ NA410' 10 10% & ()- S
109 & ()- )s"10%"& ()-: s"10% & ()-: sF10% & ()-

Ss10% & ()-~*HK|[: NA410' 10 H& 1"1096"5& ()- 3" @10%& ()- H3" @109%"5& ()-
H3" @1096 5& ()- JRE#10% & ()-9 "&#10% & ()- 9KvU410'  10%& ()-m

1099" & ()-m 9F10%#& () - s10%t& ()-105"5105"5105"5 H& 1"10%"5& () -

& 2| [:vUe10' c)&gntieivesig(an-aceticaddtadjcal intd Ogeamppund of the fergmuia L.

L ymlO%#& ()- ,10%& ()-G a|[:vUsl0 @ 10%"& ()- @ 10%& ()-

| 96 10%+&' ()- @ 109%#& ()- 10%& ()- , 10%t& ()-aT|[:vU4l0' S 9! 10%¢& () -
f7109%+8 ()- 6#10%& ()- S2ml0%& ()- Sf/&LO%& ()- - 10%t& ()-[\]~fivU4l0"
*S109%6 & ()- , 10% & ()- "YI0% & ()- ,109% & ()- 10#10#10# f; z

10%1&' () - X| [2.\ALprbGess {1 thOptegipiion @theGotgound ofShofsrmuldl S @ 0% & () -
&10% & ()- @' 10% & ()- | $x| [ VU410 y410% & ()- y2Z10% & ()- yFL10% & ()-
2& #10% ", & ()- fL' :110% & ()- %4 %' ()-x&| | obUA10' 109 & ()- 10" 10" 10"
S; g 10% & ()- 910% & () - TMLO% & 096! 10% & ()- @@ [: bU4L0'
0@*10%" 0& ()- fSHI0W & ()- "fSHIOMNA& ()- L#10% & ()- L#L0% & ()-

LI 109 & ()-|[:-410" yBS 109%& ()-m §610% & ()- fF1 10%& ()-m .10% & ()-
RYF" 109RB" R&' ()-Z : @10% " "  10% & ()- 53 109" & () -

L 10% & ()- LYLO% & ()- 109 X ot 2+ shklldopsr () -

fL 109 & ()- 9%40% & ()- S$ 10%&N g 5&()-

TH#10% ", & ()- Vi def gorvUa10 - 10% & ()- °Y10% & ()-

, 109% & (15 10MMAQAHAOMpbin SFhOTMIMEA [V - X+ S#109% & () - DS [ : vUAL0
D&*#1094" 1& ()-Z R y#109%9" ?& ()- D, y#1004"1& ()- OLf#10% & ()-

“LEHL006 & ()- TLTFLOS & () -l ()T NAGIOSD" 107 10" 71004E ()= OL6L0% & ()-
AMLOY% & () - yFl 10% &' () & 9| [: Naa1010U3@ 10% & ()- 9
"@10% & ()-9 “"109% & ( FO9& RHFE & ()- ,10% & ()-2)bp| [: NA41010
& "10%& ()-" .& '10% " &() F(110% & ()- @109 ()- : @10% " & ()-

L @10% " & ()-1"#$, /vUAL0 "9RF #1096 & ()- SI 10% & ()-3 SF10% & ()-

@0% & ()-10"10"10" s9g 10% & ()-Zz2|[:vU410 " &##10% & ()-

M8##10% "' & () is congemadigga @e cympound of the formula I

()



2& #10% & () - : & #10% & ()- 0&F #10% " & ()-2vU410 &Y10%t&' () -

10%#& () - 101\%2 195 7 10% & ()-Z L9610% & ()- f/'110% & ()-Z| [: vUA10
- 9z#10%#a& 2140 97 41008#S8 ()- @H#10%& ()- , @#109BH#S& ()- 9"10% & () -

9" 109%#& () -] % obU410 @10% & () - 100#0100%9100#0 HATf #10%#0& () -

NAf #10%1&' () - D-"10%#k& ()-1 29 10% #f & ()-vU410 f10% " & ()- SF10% & () -
@0% & ()-1byl0 10 @9'10% & ()- s 10% & ()-07|[:vW410 Ls10% & ()- F
109%&' ()- s10% & ()- 10% & ()- 1& 10% & ()-Mf10% & ()-7ADv| | [: vU410

S. 10%#& ()- "10% & ()- L& Z10% & ()- @10% & ()- 9F10% & ()-
0@s10% & () -: % %p&t { s 0% & ()-m
oL y521006 ba ()1 4t gRaEEAAhRRARAG I kopodi¥riad hoflpfigror 0 & O
L"10% x' 1 & ()-  la2)0%&8n¥erting the Yompbdid 9f-thé onﬂm%I)V in& th kethDeA the ffdimula 10 10
X _c#|[:A410 10 *10% x' 1 & ()- L' 10%x' | & ()- @10% x' 1 & ()- YL0% x'|& ()-
Z10% x' 1 & ()- ni@¥8x' 1 & ()-#1cfgik| _BA410 10 " 10% x' | & ()-310% x' | & () -

; 10%x' & ()-M; 10% x' | & ()- y210% x' | & ()- ,mOo% x' | & () -' krmopx{~yX710

"1098#&&' ()- ,10% & ()-) “110% & ()-
10% & ()- 101 x' 1 101 x' | 101 x' | F6: 109%&x' & &
(10%1 (& ()-s pl (10 & & ()-s | bs8
-] [:yX710 InLo% & () - y610 &' e 3

&*10%& ()-"-/012: =yX710 64 () *110% & () -

,10% & ()-10"10'10'L°$: 10% & -4|[ yX710 10% & ()- @O0% & ()-

"Fs10% & ()- 1&10% & ()-"1 i10% & ()- UL0% & ()-4; $sv|[:yX710 10% & () -
S 10% & ()- Syy 10% & ()- S, 10% & ()-1 110% & ()- 910% & ()-vU| [:yX710
2Y. g109%N N& ()-" y* 1096 &hich-th tatisdssR,(Which can HeOidergiion) orldiffeSn0 wtesC (-

"1 10% & () - W& ()-10"10Q" 10" .-
Frt1o /61% () -Vl obl410 a{ksy}gr/?o%etilzer alrg C%—%yla(fkyléne, and catalytically hydrogenating the

ketal, and

() - #7~{Z9yX710 ~ s10% & ()-
A S" (10%&() s T"10% & () -
; & .Q0gp & ()- FL-10% & () -

=

b) reacting the compound of the formula Il mit ®-bromo-4-chloroacetophenone to

give a compound of the formula I

15 3. A process for the preparation of the compound of the formula III

Qi)

where the compound of the formula IV

20 |
YOUS
(V)
NC

is converted into the compound of the formula III by

25 al)  catalytically hydrogenating the compound of the formula IV or



10% & ()- & 10% & ()- 1 y510% & ()- & 4z#10% & ()-9z U [:bWMA10 yl0% & ()-
10% & ()- Yy@10% & ()- f10% & ()-1 f 10% & ()- 10%W & ()-UH|[:buslo

10% & ()- y* J‘&?()- 10% & ()- &10%W & ()-1 fYMO%Ww & () -

f10%6 & ()-,Al|[:buslo 1098 & ()- y 10% &4 ()- y$10% & ()- Y'- 10%& ()-1
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’ in which the radicals R, which can be identical or different, are C;-Cs-
alkyl or together are C,-Cs-alkylene, and catalytically hydrogenating the

ketal.

10 4. The process as claimed in one of the preceding claims, wherein anhydrous Raney

nickel is used as a catalyst in the catalytic hydrogenation.

5. The process as claimed in one of the preceding claims, wherein the hydrogenation is
carried out in toluene or a mixture of toluene and a C,—Cs-alcohol as solvent.

15
6. The process as claimed in one of the preceding claims, wherein the compound of the

formula IV is employed in a purity of at least 95%.

7. The process as claimed in one of the preceding claims, wherein the compound of the
20 formula IV is obtained by Michael addition of isobutyronitrile to a compound of the

formula V
Me\N,Ph

2\ V)
CN

25  benzylation of the Michael addition product to give 2-benzyl-4,4-dimethyl-2-(N-methyl-

anilino)glutaronitrile and hydrolysis of this nitrile.

8. The process as claimed in claim 7, wherein the isobutyronitrile is deprotonated using

lithium diisopropylamide in toluene.



10

15

M/42140
35
9. The process as claimed in claim 7 or 8, wherein the reaction temperature in the Mi-

chael addition is in the range of approximately -10°C bis -20°C.

10. The process as claimed in claims 7 to 9, wherein the hydrolysis of the nitrile in the

acid is carried out in a two-phase system under phase-transfer catalysis.

11. The process as claimed in claim 7 to 10, wherein
the compound of the formula V is obtained by reaction of chloroacetaldehyde, N-

methylaniline and an alkali metal cyanide and subsequent basic elimination.

12. The process as claimed in the claim 11, wherein chloroacetaldehyde and then the

alkali metal cyanide are added to N-methylaniline.

13. The process as claimed in claim 11 oder 12, wherein chloroacetaldehyde, N-methyl-
aniline and the alkali metal cyanide are employed in a molar ratio of approximately 1.1

to 1.3:1:1.1 to 1.3.

14. The process as claimed in claims 11 to 13, wherein the basic elimination is carried

out in the two-phase system under phase-transfer catalysis.



