16 February 2006 WO 03/018583 PCT/ EP02/ 09356 1 Process for the preparation
of 6-(4-chl orophenyl) -2, 2-di net hyl - 7- phenyl 16 February 2006
2, 3-di hydr owiO0p9185883 zi n-5-yl acetic acid The present inveMGCDERGRIH366 to a
process for the preparation of 6-(4-chlorophenyl)-2,2- 5

di met hyl - 7- phenyl - 2, 3-di hydro-1 H pyrroliz n-5-ylacetic acid (M.300) and for
the preparatio ' ' . OC | L N thi s a
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sui table for the treatment2ofdify&RAERDyRFolidif-5tylacetRidcid t ype and for the
preventive 10 treatnent of allergically induced diseases, for this see, for
exanpl e, Drugs of the Future 1995, 20 (10): 1007-1009. In this publication,

a possible route for preparation is als ound. Further p anat |
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(1988) . ~J. iRy diahyhe LS 4-1897,%1,6iircch. A (IB00PA fo} i 330, 307
15 312 ( 199#¢paratiornadf intehmediatey ntdveseg in thiseprpgess.ol i zi ne parent structure is
synt hesi zed accord- ing to the method shown in the reaction schenme: a ci 20
The reaction is carried out in nethylene chloride, ethanol or direthyl ether.
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aqueous sodi um bi car bonate uc e acetlic acid

radi cal i ntsnitpkisifér the tlzameent bedisedses eftthe dieumatic andrfor the préviehtidé azoaceti c
ester, an oxalic ester chloride or oxalyl chloride and subsequent hy

drol ysil® ortresgraens|of ellsraigatly indnsed diseases, fomdisase.don pxamplesPrigs R thediitwe,
frch. _Phar moo3 15 (R0rGHH dobFtis RBHLARSS 2 LORIISHL AN KL RRId AR sk | 10
. found. Further preparation possibilities are described in EP-A-397175, W(095/32970,
WQ95/32971, W0O95/32972, 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:

E

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:



MA2140 2 a o_ _a O The reaction is carried out in benzene as solvent. The
COCOCI groupi ng, however, is 5 not then converted into the acetlb&ebmiagy 2006
group, butlﬁggﬁﬂﬁd Wi th dlethylanlne Crude M. 3000, which is obtained
according to the hydrazi ne process as a potassium salt and which is then
precipitated fromthe reaction m xture r@ndered acetic with mneral acid,
contains, in addition to the potassiumsalts which are poorly soluble in 10
wat er, al so hydrazi ne, by-products and deconposition products

(decar boxylation product and dinmer) as an inpurity. Th{s requires

addi tional purification oﬂai" i

pyrrolizine with

oxaIyI chl ori de and hys oflo by a sp speC| g-up process. In

this, after the reaction of the pyrrolizine with oxaly _©hloride, the
product obtained is treated with hydrazi ne and an atkali netal 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
mscible or_only |imtedly mscible wwth water and M. 20 3000 is recovered

_ by aci di fi dheiTesftion is gaITigd gul i8 bspzene. aSAolpfemyP«’-b? FRCO4 groupime; BoweNsr.db ned i n
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t akes place over tages In I'on schene: 25
M 42140 3 A S H C CH, HCHO~{bHSOCI3HCNaCN

Crude ML 3000, which is obtained according to the hydrazine process as a potassium

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-dimethyl-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



~\ SOLI HO ~ d H CCH H3C CH Stage 1 Stage 4 Stage 2 Stage 3 Cl Stage 5
H C Stage 6 H3C H,C 16 February 2006 OH Stages 1 and 2 are knowl 6 Febma2006
. 172 371 Al .MMdid4dfeaction of 2,2-dinethyl-1,3- propanediol wth thionyl
chloride is carried out in an inert organic solvent, e.g. a 5 hal ogenated
hydr ocarbon or an ether, at preferably 030 60C. The further reaction of the
resul ting 5, 5-di net hgbe,l,3 i oxatfane 2- oxide V“SBH sodi um cyani de to give
4- hydr oxy- 83> et hyl but yXon$ ©r i+e—s H out—Hh- BVSO<ATNappr oxi mat el y
80 to 120C H/?ggg;rgél pr od*Ef%/es yi el ds of a"g%r ')%i mately 93 %% 99% and stage 2
produces yields of apgroxi mately 35,50 60%in goodyguwal ity. 10 For stage 3,
the reaction with thionyl chloride to give 4-chloro-3, 3-
di met hyl butyronitrile, a precursor of high purity is necessary. The crude
products from stages 1 and 2 nust _be distilled before further reaction. 15
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Stages 1 aﬁd 2 are known from EP 0 172 371 Al. The reaction of 2,2-dimethyl-1,3-
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 orginate from the reaction strongly acidic, which leads to the appearance of

corrosion on the apparatus.
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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.

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
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

'formula I,




25 'second and third reaction stages of the synthesis, the circunvention of
the Grignard reaction, the raising of the overall yields, the | d6debrugrylf006
. the standi ng/43199s and thus as a whole a nore econom cal overall synthesis
is desired. The object is achieved by the process for the preparation of the
compound of the 30 fornula 1, 16 FebruaPy 2006 ML42140 5 OH 5 where a) the
conmpound of the formula IV is converted into the conpound of the forrmula Il
10 15 by al) catalytically hydroge g the conpound of the fornula IV or
a2) converting the compound of the Y la IV into the ketal of the fornula
Na (l1Va) 20 in which the gadicals ich can be identical or different,
are Cl-C4- al kyl or togethe | ene, and catalytically

hydr ogenati ng the ketal, X 2yCc2006 6 byl)reacting the
conmpound of the formula |11 / chl or oacet ophenone to give a
conpound of the fornula |1

where

a) the compound of the formula IV

5
0]
(IV)
NC
is converted into the compound of the formula III
(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
R R
.
NS
NC
in which the radicals R, which can be identical or different, are C,-C,-
20 alkyl or together are C,-Cs-alkylene, and catalytically hydrogenating the

ketal,




5 and c¢) introducing an acetic acid radical into the conmpound of the
formula H The present invention also relates to a process for tlb&ebruary2006
prepar at i orMff2184de conpound of 10 the formula Il by hydrogenation of a
conmpound of the formula N and ring closure, and to the correspondi ng process
for the preparation of the internedi ate 8f the fornula H. The introduction
of the aceticg,acid.radical | f f or mil i

preferably cg’l)rirg tlgg'?ﬁ eofpn}%o%%lﬁ iogwewﬁﬁﬁgfé@ﬁr&ﬁ%}#ﬁgﬁ»%gméﬁ c%@gh%ﬁn&%o of the
keto group, 15 piwf£eakpounddfmee foymomdlne and an al kali metal hydroxide. The
preferred process according to the invention can be illustrated by the
following reaction schene: | 16 February 2006 ML42140 7 CN 'Ph |V Raney- N
\ / --"Cd HR2 Il OHI C1L NAOHCL Il The synthesis of the conmpound IV is
carried out according to the i nggnthon preferably

Ccl (1

and

c) introducing an acetic acid radical into the compound of the formula II.

The present invention also relates to a process for the preparation of the compound of
10  the formula III 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 II.

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:




via the follow ng stages: 1. Preparation of
(N-nethylanilino)acrylonitrile (V) from chl oroacet al dehyde, N16 February 2006
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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.__Ph NaOH Me ~Ph
Cl\)'\ + - i - Y
-KC1 CN CN
n
v

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




Ph -LiClL 5 (BnCl = benzyl chloride) 1V The conmpounds of the fornulae IV and
V and their preparation are known. Thus, 2-(N nethyl anilino) aci¢lFebiuary 2086
(V) is prepamedqaccording to H Ahlbrecht and K. Pfaff, 10 Synthesis, 1980,
413. 2, 2-Di net hyl - 4- oxo- 5- phenyl val eronitrile (1V) can be prepared
according to H  Ahlbrecht and M The, Sy8thesis 1985, 421. The process for

the preparatipn o -{ N -yl ani |4 cr itril cordi to the
literatur e?tber g%%‘é‘ﬁﬁg’ ‘?%ﬁ?f‘%ﬂ%a? aesM?%)ég](ﬁd égﬁ\g %éée{lgcg%lgd\g%aa@\y 7 gfp%at a

conpl et e 1%esuMiE? Byl A0 imbthyli22R¢ nidtdSniBhéd)eRitarbhitdlee reaction with

sodi um or potassiumcyanide or in the basic elimnation, that ether is used
for extraction and the product has to be distilled for purification, heavy
| osses occurring due to deconposition. According to the inventign, it is
therefore preferred to ndi¥y and to jnprove the Iiterature\plqﬁicjgsses and
to conbi ne the}l-ecgi ve—a—ulti i&age\{?g#@esi s for the pNgparfhtion of the
conmpound of 20 the fornula M or "of e Tormula H or Iyc fopeRvenent s
. according to the invention are explained bel ow They can be used
individually or, preferably, as a conbination. According to the,invention,

t he disadvantages nentioned are avoided in that the starting materials are
. enployed in 25 different nolar ratios and/or N-nethylaniline is introduced

i nst ead of clgrg)éi)acet al de- _the rea&%&ion conponents aregnetered in
and/or the elinination is c n M 40 16 Februa@%a

t wo- phase system hydrocar ?Br oxide %ol ution Wiy e iof a
phase- transfleiCtatal yst, preferably benzyltgonet hyl anmoni um chl ori de.
Preferred process conditions are indicat gge{a?how 5 Chl oroacet al dehyde,
(N-met hyl ani i ne and potassi um cyani de are enployed in a nolar

5

(BnCl = benzyl chloride)

The compounds of the formulae IV and V and their preparation are known. Thus, 2-(N-
methylanilino)acrylonitrile (V) is prepared according to H. Ahlbrecht and K. Pfaff,

10  Synthesis, 1980, 413. 2,2-Dimethyl-4-oxo0-5-phenylvaleronitrile (IV) can be prepared
according to H. Ahlbrecht and M. Ibe, Synthesis 1985, 421.

The process for the preparation of 2-(N-methylanilino)acrylonitrile (V) according to the
literature procedure mentioned has the disadvantages, however, that a complete

( 15  conversion does not take place either in the reaction with sodium or potassium cyanide
or in the basic elimination, that ether is used for extraction and the product has to be
distilled for purification, heavy losses occurring due to decomposition. According to the
invention, it is therefore preferred to modify and to improve the literature processes and
to combine them to give a multistage synthesis for the préparation of the compound of

20 the formula III or of the formula I or I.

The improvements according to the invention are explained below. They can be used

individually or, preferably, as a combination. According to the invention, the

disadvantages mentioned are avoided in that the starting materials are employed in
25  different molar raﬁos 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



ratio of 1.1 to 1.3:1:1.1to 1.3, in particular approximately 1.2:1:1.2. The
addi tion of N- methylaniline proceeds exothermcally, and cool i 1§ Eghoyagr 2006
rate of addM/42h0Oshoul d be chosen such that the tenperature does not exceed
25C. For this purpose, N nethylaniline can be added, for exanple, to a

m xture of ice and concentrated hydro- 10° chl oric acid. Chloroacet al dehyde

I s added, p ] Y. ' . : ke - o
drochl ori de{l ﬁggpgpn%esygtt%wﬂg]do a n%?sﬁl‘%%&@’éﬁdtﬁ§°%%ﬂwn@§h@‘r§2@3’.3 %bl e
rate of adghdsfercatilybt, préferadtebaayltricthoRnghiuiRehisRicUPreferfediptecdss t hen
metererd in as_an aqueous 15 solution. By neans of a suitable rate of

addi ti on anePndpiansisg indicated belefy: an upper tenperature linmt of 20Cis also
mai nt ai ned here. The addition of N-nethylaniline, chloroacetal dehyde and
pot assi um cyani de can also be <carried out at significantly | ower
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mentioned are preferred, however, since they allow a nore rapid addition
-and requi r eratioxfdl] trl.3ut1. hyo b3, mgwriicudar apptdxamatehal.21igl. 2. Tegpdition ofifd uence
on yield and _quality of the product, |If the N hyl ani.l i ne caont of the
suspensi on 1§ iing preeesds spotherminalve pyd eopfingand/s Tatg O£ pdditipR g&“i‘?ée

-sol vent, prajogglgg,_\%l nthtttﬁlé i%%@gﬁog?%%&&&d Hy YOREROPurpble, RAr L1 cul ar

toluene, is a

3- chl or 0- 2- fikhykdnfilyd eacainl erad)ipd, dpi examiple,lte ainsixtuex bf e tard comdeatrited hodgani c
phase. The elimnation is then carried out in the tws-phase system

t ol uenel&odfhlefiqgeidoxi de sol uti on. For acceleration and in order to achieve
a conplete elimnation, a phase-transfer catalyst is added, preferably
benzyltriethyl 30 amoni um chloride. The tenperature during the NaCH

addi ti on shgQhlogdodtetaldhgéett added; préteiably adah dquesus sdhidApPlocténdthylagifing hge t o
roomtenperature. The use of potassium hydroxide instead of sodium

hydr oxi de i #roehieride, miemmerabirepdRbmopti0 prheing maintainad e suieblerataal. M 42140
16 February, @S%%r?dd Iji\c’g‘é}??skff HERE PORsILAYESal A mES BENS S 4%n SOM Eleott

bel ow 0.5% 0
15 solution. By means of a suitable rate of addition and optionally cooling , an upper

temperature limit of 20°C is also maintained here.

The addition of N-methylaniline, chloroacetaldehyde and potassium cyanide can also be

carried out at significantly lower temperatures, for example below 0°C. Temperatures
20  near the upper limits mentioned are preferred, however, since they allow a more rapid

addition and require a smaller outlay on cooling, without having a negative influence on

( yield and quality of the product.

If the N-methylaniline content of the suspension formed is below approximately 10%, a

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 sodiun; hydroxide in the elimination makes the phase separation

difficult.



(Furt her,
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met hyl ani | i no)propionitrile, the product phase is separated off and
optionally washed, for exanple first with water and then with d6®ebfary 2006
aci d/ wat er .Mi4»40r gani c phase is then dried, for exanple using nagnesium
sulfate, and optionally filtered, preferably through 5 a pressure filter.
The solution of 2-(N-nethylanilino)acryl Hhitrile in toluene thus obtained
can be stor r r @hl | further
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catal yst, whereby the reaction tine can be considerably reduced. Mboreover,
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not necess %w&é&é%ﬂﬂ%&tthe deprotonation and conden 25 sation at -78C.
|va I'on neans of carcinogeni ¢ hexanet hyl phosphor- ami de

( HVPT) and the use of tetrahydrofuran, which is expensive and conplicated to

dry, are not necessary. Finally, the | ess expensive benzyl chloride can be

used i nst eadredirocas fprythe prepaiaien owéf@me@wlqé rRbenys4-e¥onalerppitizle AN hyndEcat ed
bel ow: 30 '1ﬁ§’}3ﬂ§&¥ é%'&%.&lg' 'n?en‘t ngx&&g 'tQh?e l?&mi?llaﬂ&ll 8f‘th%fo’é8§é1 a85‘%o§ase in an

I nert solven rong e, sodium

napht halsenipiedwvp et {78e€ eméotbenzylahbn EHHanﬁléd c&ﬁ@l&ﬁ@)&kﬁéﬂsﬂ@ HenBPA)brorhit, and
deprotonation is g,eferabl y carried out in a hydrocarbon, such as
et hyl benzertbe hydrolysisaadcyamide gleavagapes carmedeutie pestomitde alth e qUITABAEARtion t he

| 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 exclusiyely 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 1s 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




M 42140 16 February 2006 Il formula V, preferably as a solution in toluene,
is then metered in, the tenperature |ikew se preferably being RéFebtaaty®006
10C. The. r avE4213#0 addition of isobutyronitrile and conpound V are to be
chosen correspondingly. 5 The preferred reaction tenperature during the

M chael addition is approximtely -10 toll 20C. When the content of conmpound-

Vin the reﬁ%peregséfe%& kkga;s&gglém biehe! !0 en ARRLS 5%@!e>ﬁp§§tTeenzy'

chloride is eadltlonls egjun at

t enper at ur eliKewips preferatile bying keépt h‘elo\QClG)?C Bhieckateg of addition ef issbutgiomitriteanded,

for exanple up to_approximately 50 to 55C. When the content of

2, 2- di met hysompqurd e axgytp Haichpseg)cgrrasrondingl:i | e has fallen to bel ow

approxi mately 2% which takes several hours, the cyanide cleavage is carried
out. For 15 this, the benzylated M chael addition product is in general not

i sol ated, bpge ﬂ)xfeférx%d%’i&’ﬂhtt&ﬂ%érﬂltu% duringthBNIdMAel 48%6n %aﬁgg&ma%\geélfr ot.rile

(I'V) by acidic hydrolysis wt rel ease of hydrogen cyani

- methylanili28Cnith reformati on of the carbonyl group. The hydrolysis is
carried out after addition of water, preferably under phase-transfer
catal ysi s. The phase transfer catal yst used is preferably

- benzyl triet Lot Cor i 15 e oEADH Lol fd RRsRRgG@ON! um

chloride. T e reac lon tenpetature 1s in eneral 1'n the range from

appr oxi mat edppréXifiatedy a%pbmylralileh&e BGfieterdy ih.[Freferkbly, ithnadditior degun at
phase-transfer cataly the reaction tine is reduced to approximtely 15 to
18 hourkd) AWTtGmPﬁ@F‘HFé%RPé?’PBquYI kOnte -2@% 0t anghthe mHwtuggis 1ater warmedider i f up to

appr oxi mat e éyrw&q?/e@yo %p\{)gé)ﬂgﬁbeg ama(%:g@a(;)S is added to the toluene phase

(and/ or concé exanpl e, reaction tines of only one
hour at approximately 40C are then possible. For the cyanide
cl eavage/ hydrol ysis, a strong mneral acid, such as, for exa

hydr obr omi cWhen gheontend PS%RI‘ me@y&ér@-meﬂlym@w)gln@r@mmlp dagf: zﬁ)léh tobsdewr e i s
benzyl at ed Mepane b7 paimialls Suds bty EERraR il Bt S0, The
or gani ¢y phag, tie BeAgylated Ml%ﬂadl Rddition 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




in-a customary manner and the toluene is distilled off. The tenperature
duriing the distillation should not exceed 50C. The residue frortﬁ'rl‘hbruaxy2006
distillati gggpgp then be | 16 February 2006 M42140 12 recrystallization or
Subj ected to coevaporation with isopropanol one or nore tines be- fore '
recrystallization in order to renove tol lidne residues. The recrystallization
can be carried out in iso ro nol, but tol uene and mxtures of 5 |sopropano|

and t ol uend®dy#a P%Wm?rg?\’i i1p §0¢ @POTAtion ¥ 9/P1'°P‘HE’ pReELECTS 4mes be-
I 1 f h 9: 1.
recrysta |f§ﬁ§_ea&%@m§t§ﬁ§%?ﬁ1{d§r t§frefp§99{°(f‘%@% l})e]vuene in the ratio

Because of & Conpound in isopropanol, it is
necessary, for crystallization, to cool, preferably to tenperatures to -15C
to -20C. 10 Under certain circunstances, the product obtained can still be

cont ani nat élale\mrustamzeh@Iecaramammtﬁri@éﬂsi’ptqpaevlehutatpmne apmixtures of

hey cas bdoeuarang! PRFiSee 3t frehithl $RCk b Srddhn: b S S FRalRe e

. recrystal |l iggf 08 palO¥LN4Eprop mtaugﬂmtﬂé%o@p fication effect, such that

15 the product is obtalned In very pure form As the next reactlon st age,

t he 2, 2-di net hyl - 4- oxo- 5- phenyl val eronitrile (1V) obtalned is catalytically
hydrogenated to glv 2-benz¥ -4, 4- di met hy I-I-gﬁ[ olive (D). Catalysts

whi ch can HRecausslihe goad seubilithiof dhg soReund ehlsaempﬁnq}r 1tpg) neeessEy.efor
Raney catal r and Raney Co. In
Acn phar osRiEish: B SbTefeRly SRk 871 SRtk

2- (4- hydr oxyphenyl ) - 4, 4- di hydr o- 3FprrroIe by hydrogenation of

4- oxo- (4- hydr oxyphenyl )butyronitrile using Raney nickel is described. The

(hydr ogenat i rfles certaia icHgUmMEaRgss, ﬁhﬂpmpbsabtalawésarpﬁdb@ ¢andaminatedsvitls carri ed

.
-

out anal ogipk el Aal Abh¥l U Sl B8 SRSy iSRS S BO T LAY Raney

ni ckel in ol's, Yy’ sluggrs press
el evated t afﬁuble'sbme,ehovaevmrdéenleyqsaﬁ rblaxedglmmb@ ﬂuﬂlﬁg mlasfeﬁmdeactions. 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.e. 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



Attenpts were therefore undertaken to shorten the reaction tinme and to

reduce the for- 30 mation of by-products, in particular by over hiytFeboeana2d@m

- to give pyrMi2Ztine. It is seen here that neither increasing the hydrogen
pressure nor increasing the reaction terrqgra- ture significantly reduces the

reaction tinme, but that under these nore‘énergetic M 42140 16 February 2006
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over hydr ogeofiéléggbnpricradnidelisation prodoetaand of ovrhydrogénagidypyriolidin@sinersasdreen

found that the quality (purity) of the starting conpound of 5 the formula

1V enpl oyed has a strong influence both on the tinme course and on the by

product distribution. th I [ ur.er rtin i al,
t he snoot h e$ Wgﬁﬁ’gﬁ{; _%@Iaﬁ P8§’I Je%wg f&%@qﬁ%‘e&? glé%i{]§ &ﬁ"%@o%%gg %t.g}t%‘rge%ogﬁ’é’bgﬁé ,%%t he
conpounds | VieSos@d IV ensbloyidrHab ¥ s@bn@ifTueREboth Bn B firn€ ebatse @hd Y Bie BR%
(mMm. 10 In the hydrogenation of the nitrile ketone conpound of the formula

. N usi ng t heprogyetrdiétinhuatiarf of the hfydnogenatioh| The purerthtistartynguinateriak thy ongother
reduced int hydr ogenat.i o substages to.the opentyl am n roup,. which
Condenses. sHRATRAMSIORI. et fepar o pUmeeds PEelEraih Fhecomond 16 Siediabor t o
. give the cyglte el ; LG glo AT} roup of the pyrroline can be
further hyd ogtg%%ﬁ%%’gﬁ@?ﬁ%ggg%@&@%'i c anmno group in 15 the

pyrroline. In order to prevent this, Raney nickel is used as a catal yst, but
not, as customargr, In water-caontaining form but essentially anhydrous. As
08

sol vent 0 t b1 the hydrogeration qf she nilile ketops compeundef the forewéa Bhuasieg thes- al cohol s,
such as net ; . o] / | in.the vol ume
gueh 25 Tt haRSle HReRua I RESRANS e Bl i PUHEARTSL SRR lchilo
possi bi | i t ysubktagepierthe aksikntylamiviegrdipd vbih Gtindenses St sifedusdld wifkethe ketone
introduction of an acetal (ketal) protective group for the keto group of
the nitril eZieEpaYith elimiaatien abwatet taogive the dyeli¢rimizao gvepp. The cyclic imino group

of the pyrroline can be further hydrogenated to give the secondary cyclic amino group in

15  the pymroline. In order to prevent this, Raney nickel is used as a catalyst, but not, as
customary, in water-containing form, but essentially anhydrous. As solvents, toluene
and in particular mixtures of toluene and C,—Cs-alcohols, such as methanol, ethanol,

isopropanol, e.g. toluene/methanol in the volume ratio 8 : 2 to 6 : 4, have proven the

most suitable.

20
A further possibility of suppressing the overhydrogenation consists in the introduction
g of an acetal (ketal) protective group for the keto group of the nitrile ketone, the
compound of the formulaIVa
PR
NS G T
25 NC

in which the radicals R, which can be identical or different, are a C,-C;-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



(I'va) 25 in which the radicals R, which can be identical or different, are a
C -C4-al kyl radical or together are a C2-C3-al kyl ene radi cal, W& Hehruary 2006
obt ai ned. TMY42iAlr ogenation of the tertiary nitrile group to the
neopentyl am ne group can thus al so be carried out under |ess 30 selective
conditions, a conpound of the formula | VB4ML42140 14 U n (I'vb) 16 February
2006 being obtained in which the radigals R have the neani ngs indicated.
Under the conditions, the ketal cleavag akes place in acidic nedia, e.g.
in dilute mneral acids, 5 and\gi nf al so th%I clization to the

‘ sgueous sol utitons of the pyrrolinium
salts, the free pyrroline base is obtained, which is separated off using
organic, water-inmscible solvents and, after renoval of these sol- vents,
can be obtained in highly pure form 10 Preferred reaction conditions for
the direct béihgbbtaied infwhidlethe cadicalR Have tHeyméanikigs-indieatad.i mdepthe he conpound
|V are indicated below I[f a mxture_ of toluene and nethanol is used as a
. sol vent, preqnsitiasisythgketad gleavass|tykes plage in acidigymedipye. 8 i diute gpineral acids,

t ol uene/ gret hanol [ t | .of . t conpou V. .the 15 reaction

t enper at rem?éd;sqnﬁlﬂgﬁ%dgl?lé’l al%%%gg%g%{l%q tf ‘ggp @’6@)’36' Ir}&telr ﬁgaﬁﬁlgggﬁeeﬁ%&%on S
-carried out agukoRs!scufiésTiie pirRSini @HRERA Y Bed Syrfdline Dasd 18 obfaifedRhitatis | over
for exanple 20-30C, in order to prevent overhydrogenation. The hydrogen

pressur e | sseparatefbefé using apganisx iwataramyniscible selvisats. andpafiee remeval o thesasali on,

the Raney njckel introduced is.dried,. for exanple by suspending one or nore
times with ¥ %Ica?g’er?ggﬂéfﬁd?hlﬁh?%@mﬁ{%@?'ropi c distillation. If the reaction
cones to a halt before the absorption of the theoretical anount of

10  Preferred reaction conditions for the direct obtainment of the compound III by hydro-

genation of the compound IV are indicated below:

If a mixture of toluene and methanol is used as a solvent, preferably approximately 8 to
12 parts by volume of toluene/methanol per part by weight of the compound V, the

15 reaction temperature is in general approximately 50—60°C . If the hydrogenation is
carried out in pure toluene, the temperature is chosen to be somewhat lower, for
example 20-30°C, in order to prevent overhydrogenation. The hydrogen pressure is in

general approximately 4 to 6 bar.

( 20  Before the reaction, the Raney nickel introduced is dried, for example by suspending

one or more times with absolute methanol or by azeotropic distillation.

If the reaction comes to a halt before the absorption of the theoretical amount of
hydrogen, the reaction mixture can be azeotropically distilled and fresh solvent can be
25  added. Fresh Raney nickel can also be added and the mixture azeotropically distilled for

- the removal of water. The reaction in general lasts 3 to 4 hours.

The Raney nickel is then allowed to sediment and the supernatant reaction solution 1s
filtered. The catalyst can optionally be used for further hydrogenations. The solvent is

30  distilled off from the reaction solution. The product can be purified by salt formation,



hydrogen, the reaction m xture can be azeotropically distilled and fresh

sol vent can be 25 added. Fresh Raney nickel can al so be added andi6 Fhleruary 2006
. mxture azeagur42pu@al ly distilled for the renoval of water. The reaction in
general lasts 3 to 4 hours. The Raney nickel is then allowed to sedinent and
t he supernatant reaction solution is filtered. The catal yst can optionally
be used for ' . m t he
reaction solﬁ{ﬁJ 'Bg'?ﬁﬁtloﬁﬁﬁh zuc dtf(c}g%n gagﬁgﬁk Ii’tfee:(r},lo 8&5})% ?o@ %%ﬁ#ﬁ%nﬁ{%%ﬁA@ 16
February 2003@5315“@(ag}pléa&nhbdrapﬁﬁdfeté)dﬁcﬁ@irmtion and rel ease of the
conpound of the formula IV using a base, for exanple amonia, and
re-extraction. Alternatively, only a part of the solvent can al so be

distilled of th t nt,

Lo ne; wet riestacely, BRI RAEE e sV eak ARG HE SR s % B metimmolydus
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product can be purified as descri bed above. I'n the reaction procedure

.according t mdvtlﬂagerwsiyﬁ“ rstnyashed withovadereand after sepaating gfiithe watenphasé theoe
strongly acc r at ed by u anhydrous Raney nickel as a catal yst and
Fof R desaled 4B

t ol uene or uet GRIEbepu P¥fanol as a sol vent and secondary
.reactions can be kept within limts. The preferred reaction conditions for
t he obtai nnent of the conpound of the fornula Il 15 by neans of the

hydr ogenat i dp tief reestivni progddusecacebidingahe@inveligég the hydregematomtasinayaetidulat -
cated below. The nitrile ketone of the fornmula IV is converted to the ket al
in a sollfentbetioaglyragseierated by asigranbydrons Raneyqiekel ag 3 pafglyahaml tobi§BE Or & t he

presence of 8%8 Lof o?@e%%lﬁﬁgx?etﬁz{%mﬁ BEa gcﬁﬂééﬁr ggec%hfiﬂ'&%actﬂge *{%Pi %tthrlﬂ s of

Ketal is car n-an resence equ vatt

an acet al onuhm;al of a lowboiling aldehyde or ketone. SU|tabIe al cohol s
for ketal formation are Cl-C4-al kanols, such as nethanol, ethanol or
glycol, 1,3-propylene glycol etc. Solvents which forman azeotrope with

water are, f”ﬂ'le prefaengé re’acﬁon con%eﬁons)%r fhe o’otau}ﬂnenq ?Xl?enceor%ocund of the formula I

15 by means of the hydrogenation of cyclic or acyclic acetal (ketal) intermediates are indi-

cated below:

The nitrile ketone of the formula IV is converted to the ketal in a solvent which forms an
azeotrope with water, using an alcohol 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 equivalent
amounts of an acetal or ketal of a low-boiling aldehyde or ketone. Suitable alcohols for

C ketal formation are C;-Cs-alkanols, such as methanol, ethanol or glycol, 1,3-propylene

glycol etc. Solvents which form an azeotrope with water are, for example, toluene,
xylene, cyclohexane etc.

25
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
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25 A preferred enbodinent is, for exanple, the conversion to an oxol ane
derivative in toluene using ethylene glycol in the presence of ?@F&ﬁ'h%yz 06
such as tol wggepsg fonic acid, wunder reflux conditions and with renova 01p
the water fromthe reaction m xture, e.g. using a water separator. A
further preferred enbodinent is the convdbsion to the 30 dinethyl ketal in

met hanol using 1, 1-di net hoxyethane in the presen of pyridinium tosylate
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ni ckel at a hydrogen pressure of 5 to 50 bar and at roomtenperature to 70C
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cl eavage of thé ketals and the formation of the cyclic imne has taken
pl ace conpl eyadicymare Bl canlbe abitained BOveny puredorin hftertallializafibreof thg@liieousmi ne |1 |
~can be obtained in very %gf; fg{m after alkalization of the aqueous product
sol uti on t oP}pAuet PQptippto Hebl-benzyl - 4, 4-di met hyl -1 - pynroline of the \
formula IVis then cyclized with m brono- 4-chl oroacet ophenone to give the
6- (4-chl orophenyl ) - 2, 2-di net hyl - 7- phenyl - 2, 3- di hydro- 1H pyrrolizine of the
formul alM The 2sbeagilidadirtetkploMpyirolime dfhthe forimula B is thék ojdlieeé it o-bleno-
out set. co-Brono-4-chl or oacet opphenone can be obtai ned, for exanpl e,

as
escri bed i A-chlarpacetyphenansitmgiverthe §4(4-chipropteoyh)-2,2-dinribyl- Eabenydd.of t he
conpound of .the formula.,.lll wath. m br +4-chl or cacet ophenope is _ in general
carried out d{hﬁﬁré’ g%{ﬁgpogglggﬁmhegfgm%ﬁﬂp Eﬁ? xieg%tpéx lﬁi(f’gwggfoé%ﬂ?ecpré%lavent s are
In mentioned at the outset. @w-Bromo-4-chloroacetophenone can be obtained, for example,

as described in Bull. Soc. Chim. Fr. 21, 69 (1899).

15
The reaction of the compound of the formula Il with @-bromo-4-chloroacetophenone is
in general carried out in a polar organic solvent. Suitable polar organic solvents are in
particular C;-Cy-alcohols, such as methanol, ethanol, isopropanol or ethers, such as
diethyl ether, tetrahydrofuran (THF), or dioxane. According to the present invention,

20  methanol is particularly preferred as a solvent. The reaction components can be
employed in equimolar amounts. However, it is preferred to use the @-bromo-4-

(. chloroacetophenone in an excess, for example in an excess of 10 to 40 mol%.

In order to trap thehydrogen 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 potassiurm 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
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range and igbtpined &1 abield dffontavierupe 8¢ &1 With @ pRBity oA dasCT %! The Ertétio@ibl y
~approximately 18 to 25C. The reaction_is finished after approximately 17 to
20 hourld shyisemer gartapyngiihed-groropkernyd graupan the bpestiont helow aathkea ean-of f |

f le b trif = L d i fi ' t . .b
r v ng.t e el Dise bt bt B RO o e e
preferably hp{i.oi6qewioneg. warm water, for exanple at 40 to 45C, and

treated for 1 to 2 hours. In this way, the conpound of the fornula Il is
obtained in a yield of on average 58% and with a purity of at |east 97% The

cont ent of 49 ek 398 of LS Bk B 0 SHBLST bR DLRE . .

bel ow 0;51% apgsifife o £ B8 (cBHpothd bIAE $&thifla IIMThidYE blek&ably Talttddt By Pé4ction
of the compound of the formula II with oxalyl chloride and subsequent reduction using
hydrazine and an alkali metal hydroxide. The reaction is described, for example, in
W095/32971, example 5C, and in PCT/EP 01/00852. For the purification of the
reaction product, different routes are described. According to W095/32971, the reaction

20  mixture is treated with water, acidified and the precipitated carboxylic acid is taken up
in diethyl ether. The product is purified by stirring the ethereal solution over a drying
agent, such as anhydrous sodium sulfate or magnesium sulfate, for some time and allow-
ing it to stand, then filtering off the sulfate which is saturated with water and finally
evaporating the ether in the presence of heat. The substance crystallizing from the

25  mother liquor on concentration is collected and dried. In this process of isolation and
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 Inthe 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



For the preparation of M. 3000 (1), an acetic acid side chain is introduced
into the 15 5-position of the conmpound of the formula Il. This i

carried outypysffection of the conpound of the fornula 11 with géxg{bﬁﬂ%éé/
chl ori de and subsequent reduction using hydrazine and an al kali netal
hydr oxi de. The reaction is described, fongexanple, in WZ95/32971, exanple
5C, and in PCT/EP 01/00852. For the purification of the reaction product,
di fferent ribire-Bhase sysiersds fosagd, the suddie phased sipthe prasingt phase whiskt i on 20

mxture is tre W {. er el fo I R rboxylic

acid is takéesﬁeﬁ a?lg'icr?n%‘?tg\tg?;}fé sé%tﬁbgﬂ L‘?Rgg‘ﬁ'r og}d%:p?( ?@%ﬁ%@%@éﬁ%}/&%ﬁi i ﬁéng t he
et hereal sofedttidi) ThE @ppémibisy e iUE Rther B4R i@ S hadh € baRicSiaburities alef at e or
magnesi um sul fate, for some tinme and allow ing it to stand, then filtering

of f the sul fibxatedpmind theilewemmaest phasd i stnongly alkabmeiaduiepras phase whighoroataimy t he
et her i nqthtgl presence of. heat. The substance crystallizing fromthe 25

not her 19 quidf 1BPF8RYACEMUNE SN is collected and dried. In this process of

i solation and purification, even in the purification step and during

" drying, some deconposition products are newy forned, so that a further

| abori ous poh¢ phasas arersepdratetl andthe3fdd]e shage is thaatedewitly 8 niiklure af water andsthe
necessary in order to obtain pharnmaceutical quality., 30 In the alternative
“purificati ottherwhiehds only dimitedhemissihle Wit walen, figniagifified wih an dnozganie Ry |

metal hydr Oéf{ggﬁ’Fe ﬁt %Q%L Epg%ﬂqﬁg{ dﬁéo;fve%dﬂfig? %@ﬁ%éeact ion m xture,

optionally a ative tenperature. y, an ether which is

limtediy mscible with water, e.g. diethyl ether or nethyl t-butyl ether,
is used. By neans of.the addition of the ether, a M42140 16 February 2006
A8 three- pRas MlsF0eanibe gbiainedifromribe athgripkaspas example.dtaveperationof thehase,

which essentially c I sts t of 3000 with the al kali metal
yir oxi de oSntr 1 crrgan i It hé Min 30 58 e 3eridedr 1dpiaRingh fElis has i«
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strongly al kal i ne aqueous phase which contains 5 the inorganic

const i t uent eantdihimgphmelesulgrod ethyp acesate tb 2mebledudesrafddl 80phareeobitained.eat ed wi t h
a m'xtul{sﬁ of water and the ether which is only limtedly mscible with

wat er, en acidified with an inorganic or

An essentially solvent-free crystal modification of ML 3000 is obtained when a hydro-
carbon boiling higher than the ether is added to the ether phase, the ether is optionally at
least partially distilled off and the ML 3000 precipitated in solid, crystalline form is
separated from the mother liquor in a customary manner. A hydrocarbon which can be
20 used is in particular a straight-chain or branched aliphatic C¢-C;2-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. HCl (32%, 22.33 kg) and ice (32.6 kg) are introduced into a 250 1 enamel reactor.

30 N-Methylaniline (17.39 kg, 162.2 mol) is metered in with water cooling, without allow-
ing the température 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



organic acid. The M. 3000 is then dissolved in the ether phase. 10 The M
3000 can be obtained fromthe ether phase, for exanple, by evaporlétRebruanf2006
.the ether M#2849stallization of the M. 3000 fromethyl acetate or

i sopropanol. In this process, solvates cqptalnlng 1 nol ecul e of diethyl
ether to 2 nolecules of M. 3000 or contah ning 1 nol ecul e of ethyl acetate

to 2 nol ecul ?‘aﬁtﬂé mMmﬁQQxQ'\X&%ﬁué’Qtl&bf‘Eéiow32@°6Q3@§§ﬁ)”El‘hé‘Ha%néﬁ’hb lgree

crystal nodification of 3000 i s obtal ned when dr o- l'ing

hi gher t han stifred et 1%20FG fmkiﬁnﬂthbns-t]}ﬂ)anﬁtﬂmbn@hasmxxmgmneiahdathmareamdlatmal |y
at least partially distjilled off and the ML 300? recipitated.in solid,
crystalline ﬂl“ét‘?@ﬁ’f‘é'atuﬁee‘ﬁﬁh aselption ofpoRResivpcyapde ](%FJ) ’Fg:llr? d BORIB MRS nanner .

A hydrocar b g"re%%agg%ﬁ%’c&ﬁﬁq h%e%er\wi?ﬁ‘(x}a{e?gh&ﬁnrésu%ﬁ "t%ltqfiéméé}%?e of

branched al | dr ocar A

cycl ohex ane,zoeozeé RheRtesded (BhE ThEheixhee immw aBX tiBp @ stuid dﬂasxtmcefdrhqo—
invention without restricting it. 25 Exanple 1 A)

.2- (N- Met hyl daolmlnoo\dnghly bqumrsulsmenmnoaform% The gasgthmaibgmapbn sampleol uene)

Conc. HO (32% duced i 01

enanel react™ cate53 Sﬁ\ﬁhﬁgﬁﬂ?’l tlthﬁﬂ 1“61?01383?@,5?71 a3 grﬁﬁ'ﬁfequgmﬁ%fvgpég inwth
water cool i Dyrodlibiadid 330,58 REPEICAhLH £1def 18 18 Ge RN Fnifflre brifit
mn.). The g?l ezrllwfeﬁ*&\?v SO ut(%lo 'S sti ?Peg at 15- 2001}% r 5-10 lm n. bt

Begi nni ng atis $tirrel 4t Rpfor atfurtker Si0agneous sol uti on of chl or oacet al dehyde
(45% 34.2 kg, 196.1 nol) is netered in with water cooling such M 42140 16
Februarﬂ 2006 19 that the internal terrperature Is kept below 20C (30 mn).

fixi g 11 me TR EreReni® acishfapfite Fim At glird B icFolallll Pk Bt Peme™e 1 1e
pot assi um cyanée.ddagH2. 7 kg, 195.1 rml) in water (19.5 kg). The addition is

controlled here with water cooling such that a tenperature of 5 20C is not
exceeded (1 h). The mxture is stirred at a tenperature of 18-23C for 110-

With the stirrer switched off, the water phase (114 kg, cyanide waste water 1) is allowed

15 to settle and it is transferred to a sealed system in a tank for disposal.

Benzyltriethylammonium chloride (0.3 kg) is added to the blue-colored organic phase

and it is cooled to -5 to 0°C. When this internal temperature is reached, sodium hydrox-

ide solution (30%, 32.6 kg) is allowed to flow in such that the internal temperature does
20  not exceed 15°C (30 min). After addition is complete, the reaction mixture is allowed to

warm to RT and additionally stirred for a further 50—70 min.

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



130 mn. A highly liquid suspension is forned. The gas-chronmat ographic
sanpl.e indicates | ess than 10% net hyl aniline. Tol uene (25.7 kg)l6dfetruary 2006
. subsequent | M/42%48 stir- ring, conc. hydrochloric acid (32% 9.3 kg) are then
added to the reaction mxture and it is_ stirred at RT for a further 5-10

m n. 10 The hydrocyani c acid escapi ng fréf the apparatus is retained in an
absor ber fi ' SeRHiAl Rafi H85cibd ik RlonSlbhe Bar@idonichhisr vt er
phase (114 {{g&ﬂé%%%}ég?%}g;tle wat elrn ﬁ ?s%cﬁom oirng to sett ec gr?é ?ft i's

t ransf er r edbdlow ®.20aTe6 telyatecsvlutions(50-a5kkg)as fitterep dlsahigh a pressure filter and

Benzyl tri et hyl ammpni um chl oride (0.3 k I s added to the blue-col ored
organi ¢ phadi@wnpiffor uss m the aexttags. The ngerg@m%@ns kg)ig cp E?eﬁéYlt}%&Frperature
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such that 1 PRSe MASPAG ThER ARG Walkelyiel artCrel oS fagteudyyfilifodh Opiq O 1
addi tiorg i Ssgh@tig StEeN-kEhylg@tihb Rrlonitil 653186 1%21 WHRH i§ OnstaE B fo8mRT and

additionally stirred for a further 50-70 mn. e GC analysis of a sanple
. shows a contemperairepieistoreduriier hvrogehat +15tte 205 wntd f@rther processing. For

chloro-2-(N-methylanilipo)propionitrile, Wien this.yalue is reached,.the
e e, Br e R Ao Darbple iy dra, A isigiais delgreed fRE 10 ohase
.m xt S bl = ) ° i de wast e
mrer 9§ oohpfesatplty ArgelPeBpBratiap bl e & ol Ry o oot ¥RR OF,

wast e wat ercch}ent dbterroingtion,the imegral axeasahaddH liRnspentrame fdeemanipieiner wi t h

t 0.7 whi ch, i 30 idified wwth citrl id (0.81 kg). Thi
\(,:\?t ?ir c( i o9 g%&ﬂ%%@s%apwabgfsl ae'gla'%ﬁ%dz\#%%rtt%hw%?@%emy lérpeam%@enwieﬁ t he

other cyani : . Ther al Send Il STl

(sulfate (BG?qE%WE{I hi m@%%b% &egﬁgugsr'g%bg%é §8ﬁ lkﬁglg(rgsfie/r?per af\(%rdgn for
10-20 mi n. Wetkglanillniespdptoydditrati on shows a water content of bel ow 0.2%
This toluene solution (50-52 kg) is filtered through a pressure filter and
drawn off for use in the next stage. The filter residue (4.8 kg) is conbined
wWth the The treatment of the cyanide waste water is carried out using conc. H>0; and NaOH

15  30% at pH 10-12 to a residual content of cyanide of below 30 mg/kg (<30 ppm).

B) 2.2-Dimethyl-4-ox0-5-phenylvaleronitrile

20 A lithium diisopropylamide solution in THF/n-hexane (LDA solution 25.1% w/w, about
2M, 80.7 kg, 188.7 mol) is poured into the dry apparatus (steel vessel, 250 1) flushed
( with protective gas and cooled to -15 to -20°C under nitrogen by means of brine cool-
ing. Isobutyronitrile (11.4 kg, 165 mol) is metered in with cooling such that the internal
temperature does not exceed -10°C. After addition is complete, the vessel is rinsed

25 (45 min) with toluene (2 kg).

The reaction mixture is stirred for 55-65 min at temperatures between -10 and -20°C.
The toluene solution of 2-(N-methylanilino)acrylonitrile (47.1%, 52.8 kg, 157.2 mol) is
then metered in with brine cooling at -20°C such that the temperature in the interior

30  does not exceed -10°C (90 min). The supply vessel and the feedlines are rinsed with
toluene (5.0 kg). The red-brown reaction mixture is stirred at -10 to -20°C for
60--90 min. The content of starting matenial (2-(N-methylanilino)acrylonitrile) in a gas-

chromatographic analysis is then below 2%.



cyani de waste waters. These cyani de waste waters are fed to waste water
treatment. The 5 solution of 2-(N-nethylanilino)acrylonitrile (3% F6niag 2006
which is urMi4n4e at room tenperature, is stored under nitrogen at -15 to
-20C until further processing. For content determnation, a 50 m sanple is
drawn. A dry residue is determ ned from3o m  of this sanpl e by largely

evaporatin I i | 1 HBee
det er m nat %’ﬁﬂ tﬁge%ihrlrllg esgl?tg#&a(?fef’atgeg??maé% ”thé@?‘?)ggﬁig l!l %ﬁlgﬁhtg Eie?"gs 1ei%r’pl e in 10
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. 2M 80. 7 kgequid.for tielaflditenpoR5dd i nto the dry apparatus (steel vessel,
2501) flushed wth protective gas and cooled to -15 to -20C under nitrogen
by neans of brine cool- ing. Isobutyronitrile (11.4 kg, 165 nol) is netered

.in with cooed ; . ' I t e -10C.
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-10 and -20C. The toluene solution of 2-(N-nmethylanilino)acrylonitrile
(47.19%1052.8 kg, 157.2 nol) is then netered in with brine cooling at -20C
such t hat t re.l he | Ad.eviaf, 3 ceed, - 0 mn).
(he suppl y NECRETERRR R8I T oL B S 4R it eiio A %o BENE A Sy "t
red- brown rpﬂ@@etrhﬁﬂuﬂéidﬂiw(aﬂﬂ(gg,t\ivﬁﬂéﬁ@ﬂl kg) b ditluerD@2{6%g) $0mPUddtesd The
content of starting material (2-(N-nmethylanilino)acrylonitrile) in a gas-
chr omat ogr 4ph nun)affgllgegﬁ €14 kg)hipasedder ousingo This tpluene/watermdgsemixturegothenl Wt h

the cooling, sWeh ¢85 AL, aRPlePRL R allochhd't8 sefdste POl bar HOkBH 18Ferig3- O kO,

15 removed (water phase, 75 kg) and the intermediate layer 1s left with the organic product

phase.

Benzyltriethylammonium chloride (3.4 kg) and ice (34.7 kg) are first added to the
organic phase and hydrobromic acid (48%, 69.4 kg, 411.6 mol) is then added at 0—15°C
20  inthe course of 10 min. The temperature in the batch increases thereby to about 50°C
and 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) glutaronitrilé in the mixture should be below 0.5% according to GC aﬁalysis

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




188.8 mol) is netered in, allowng the internal tenperature to rise to 5C.
On exceeding this tenperature, the reaction is carried out w tA6Webmary 2006
cooling. Wwd2m40 i nternal tenperature of 15C is reached, the mixture is
warnmed to an internal tenperature of 5 50C at a heating rate of 20C h, while
further benzyl chloride is nmetered in. e tine required for the addition is

2.5 h. The | ' ' < : - tent of
2.5 ci et nyradtent (SRt fech Bt 5B TBRerR s B I BR ET
sanpl e i s {Iskp)helow2®%iot0 The batch is then cooled to bel ow 25C and

transferred to a vessel into which a three- phase m xture of ice (22.6 kg),
wat er (45. 20+l mahand thewater phase 3vhidh) isicemplately gerasaied afterntiOn) S miBAtiene (14
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dar k- col or &istdlagade.@3dse is cooled to bel ow 30C and then extracted by

stirring with a mxture of water (22.5 kg) and sodi um hydr oxi de sol ution
(30% 2.5 kg) for 5-10 mn at 15-25C. The markedly pal er-col ored al kal i ne

}Ng? e ; ’ t1) 22332?, teé%raule%flﬂe azedtrapic WRlation HhkdrPuPRDSLIOW HithesbpRbfanbnt 0 a tank
(16 kg) and metered into a mixture of isopropanol (8.0 kg) and heptane (16 kg), to
which crystal seeds of 2,2-dimethyl-4-oxo-5-phenylvaleronitrile (0.05 kg) are added for
crystallization control. The supply vessel and connection lines are rinsed with isopropa-
nol (2.0 kg). The crystal suspension is cooled to -15°C to -20°C and stirred for at least a

20  further 2 h, but at the most 16 h. The crystal mass is filtered off with suction and resus-
pended in a precooled mixture of isopropanol (8 kg) and heptane (8 kg) at -15 to -20°C
( for several min and filtered off with suction again. 26.7 kg of 2,2-dimethyl-4-oxo-5-
phenylvaleronitrile are obtained as a moist crude material, in addition to a total of
66.9 kg of mother liquor. The crystals are dried in vacuo at 30-35°C, and after drying
25 22.3kg (70.6%) of a product having a purity of greater than 90% remain after GC

analysis.

C) Purification of 2.2-dimethyl-4-0xo-5-phenylvaleronitrile

30  2,2-Dimethyl-4-ox0-5-phenylvaleronitrile (85-90%, 22.3 kg, 110.8 mol) 1s suspended in
a mixture of isopropanol (40.0 kg) and toluene (4.4 kg) in a 250 1 enamel reactor and
brought into solution completely by warming this mixture to 50—-55°C with stirring. The

solution, which is then cooled to 25-30°C, is poured onto a stirred pressure filter filled




M 42140 16 February 2006 22 treatnent (cyani de waste water 2.25 kg). The
organi ¢ phase is then stirred with water (25 kg) at 15-25C for 15Febtuany 2006
and the wat M/4ZHse which is conpletely separated after 10-15 mn is
separated off to the al kaline cyanide \N&?%E water 2 (25 kg). The pH of this
washing lig- 5 uid should be 7-9. The tofFudene phase is transferred to a
distillatiog; neetd | nsed
W Th tol uend TERpoar G, HetnY Faatn RS R o SR 2] I BE ot &
maxi mum of 5@herydvalérohitaleq0108 kg) 40d 20 skawly cdbled teS+IOG€. Iifis stireedfurdilial | at i on
10 is taken up in isopropanal (22.7 kg) and the solvent is then distilled
of f conpl et ISk Grystalsusprasion 18 Prmefalt iniiam Forled toxil Stte ndfECaand stirtsd abthes

distillate,lb, Lc distillati ith i | (22.7
(ot U120 e R SObAERC O 511 LIl on M (0 Lsoproparol (2

resi due pf the azeotropic distillation is taken up at 25-30C with
| sopropanol (16 kg) and netered into a m xture of isopropanol (8.0 kg) and
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m xture of isopropanol (8 kg) and heptane (8 kg) at -15 to -20C for several
nmin andl%iltered off with suction again. 26.7 kg of 2,2-dinethyl-4-o0xo0-5-
phenyl val eronitrile are obtained as a noist crude naterial, in addition to a
total of 66.9 kg of nother liquor. The crystals are dried in vacuo at
30-35C, andDnpiBunzdlry 4dimeyl-2dbydokifie (70. 699 of a product having a purity of
greater than 90%renmain after GC analysis. C Purification of
2, 2-di met hvl - 4- oxo- 5- 1) henvl val eronitrile 30 _
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15  decantation, is covered with a layer of nitrogen gas in a 250 | 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

/7 y 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 intemal tempera-



a mxture of isopropanol (40.0 kg) and toluene (4.4 kg) in a 250 1 enanel
reactor and brought into solution conpletely by warm ng this m %6 Feleruiy 2006
. 50-55C wi t hMM2i40 ng. The solution, which is then cooled to 25-30C, is
poured onto a stirred pressure filter filled M42140 16 February 2006 23

wi th isopropanol (5 kg), and the sol uti o s seeded with crystalline
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or overnight. 5 The product is filtered off on a_suction filter and washed
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2-Benzvl -4, 4-di met hvl - 1-uvrrol i ne Raney nickel (7.7 kg), which has been

freed bef or ahatargphade lng apdlisf bt2odhnswaphasey artZlldwedto atttle (] 0-26 noioy endeiewi t h a
| ayer of nitrogen gas,_ in a 2501 steel autoclave and then suspended in
met hanol  ( 629%&gps pyroling sxiraction phase sy separated ptbMarmite® twatsn, With whveh theney

nickel is a f ' .natant is
foroed of £ "enatienas bk 25 e A0 lodfical el R AR B ls ACPEEER A

ni trogen by one?qrbauafpmsdﬂ iAnmbAia-solutide (24%al 3P kg sre@UET with\6bblingatlaayer of

the solution of 2,2-dinethyl-4-o0xo0-5 20 phenyl val eronitrile 813.2 kg) in

t ol uenel 92 maxkmgyment 255C e pihdn theawaterphase of the phasesnixtyre shalg §§ 9-hhiTde | s

d f i nsi t he. addi ti ' t t ol | ufJ Th
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times with hydrogen at | bar and finally the hydrogen cgressure I's increased

to 4.5-5.5 Wt rinsing withtemned(6isde)iand shedtotusue wtcopgpletely distilledredf B6vag0Caby
switehing on, RS 3H efpefiflire HOPerLeadi0g S0 A PR Bl SRR obRirkd 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
For the directly subsequent ring-closure synthesis of the pyrrolizine, ®-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 ®-bromo-4-

chloroacetophenone (14.06 kg). The resulting pale-yellow, highly liquid suspension is



hal't after about 3 h; in this tinme, 3.3 nB of hydrogen are absorbed. The
reaction mxture is cooled to 15-20C, the stirring is switched b6 Fetrnatryt2006
hydr ogen ovM/421ldfsure is released. The apparatus is flushed 4 tines with
nitrogen and a sanple is renoved to check the reaction. The sum of
unreacted starting material and overhydrotgenated by 30 product should not
exceed 10% 8, S | ution
i s subject eéllnfo cP’arl #yl ng f #?gg‘?ojr? ?lﬁ%ﬁgﬁbg’ g%,réggst&l_ags,{,ﬁ tepg{cro éfr)ed W th
Di cal i t e(r)andGh&céifugiteds ajasiadavitls nretithnb] (1 i) iresvalpertiane rinsed with

met hanol (10 kg) and the methanol is then distilled off fromthe reaction
solution at an internal tenpera M42140 16 February 2006 24 ture of 75-80C
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rinsing w tgheh9l-28ashydro-3 Hpyrraliding dSlEt:oh@ém!ﬁﬂSn 03, S%WPE(Cqushﬁidsbérﬁﬁ tof f in
vacuo at an internal tenperature not exceeding 50C. The toluene distillate

obt ai ned cahyigld @57 &8¢ b@&ed@;atthapw@ﬁ@ obfdieedcipythe hydrogenafion @nd Aigld
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vacuo. 1Bhi Sisgth¥rié 3—‘(4-féﬁﬁ>rd$;ﬂr&n§l)120.ﬁﬁﬁﬁ'éﬂ1ﬂf7 pEyR2 3 ﬂﬁlyﬂfBJgHtpyrrohzme is

2-benzyl -4, 4-dinmethyl- | -pyrroline according to
below 2%, the content of 0)-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 m], 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 anhydroué magnesium sulfate

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



c 20 From 100. 7 kg of product solution, wth a dry weight content of 13.74%
inthe 50 g sanple and a GC content of 74.1% a yield of 54.7 nig Febkuary 2006
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on the oxovaleronitrile enployed in the hydrogenation. The content of 15
i soneric 5-tpreigallowed keenpl pug thereaatien pyedupt isifeieyed through Decalite.

2, 3-di hydro-1Hpyrrolizine is below 2% the content of

o) - br ono- 4- chl or oacet ophenone bel ow 0. 1% and t he cont ent

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 O 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  inthe 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



of "inorganic inpurities below 0.5% (ash determ nation). Exanple 2 20 Stages
A) to D) were carried out as in Exanple 1. E) 16 February 2006
2- Benzyl - 2-NI#2d¢8no- 2- net hyl propyl ) - 1. 3- di oxol ane Oxoval eronitrile (50 g,
0.25 nol) is treated with ethyl ene glyco7(75 g, 1.21 nol) and p- 25
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are then added. By pressurizing with nitrogen three tinmes and subsequent
rel ease, at2¥osiiesuspenstonyigthenicentdifiegedzat anl intemmal tehmperature off 48-€22°Chand the

atded” 501 ngold kB defh ginanenani ki FoRt mtitne! I RALRO RS  and

the jacket ThRURAASGRL 81 st APrealavRidRDshegn adj usted to 63C (tinme 10
(required 3 h). The lh)’/drl%ﬂgeytn%?ioolr?ri n thelqﬁl autocl ave requires refilling

with hydrogen to the starting pressure value after about 3 h (internal
A Y R RO RS P MRS W A A MEA
and the reagntijhRhapi@herituieoriSolE6 e thE tOMIOoPBS Al &ifA stirred at this tempera-
15  ture for 40 min. The suspension, which is cooled to 40°C (40 min), is centrifuged and
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 (N3). 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 stirred at an internal

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



15 -The cl eavage of the acetal takes place directly follow ng by taking up
the crude product in dilute hydrochloric acid (HCL 32% 50 g, Ol¢Bebiidry 2006
H2O, 200 g)M#i48tirring at 30C for 1 h. The organi c supernatant (toluene
phase) is stripped off and the water phaE% is alkalized at 0 to 5Cwith
aqueous concentrated ammonia (25% 50 g,“0.73 nol) to a pH of 9 to 10. The
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bef ore use mﬁtﬁﬂﬁéloﬁ?ﬁ?tcfﬁé?%@tz%ﬁ; a higher hydrogenation rate at | ower
pressures (5 bar) and | ower tenperatures is achieved 25 in the

hydr ogenati on. The purity of the pyrroline obtained is 94-98% (GC). Exanple

3 Preparsat i Phe Rhctla mik@te is stiredat an internal temperature of 25-35°C for 10-20 min.
5- (4- Chl orophenyl) - 2, 2- di net hyl - 7- phenyl - 2, 3- di hydro-| Hpyrrolizine M42140
. 16 Febr uar yTix098] grgen solutiorkig dilodsvigpn63.2 &g of disthylene glyepl @t 2&t35C. 14.8¥er ol i ne
prepared ac di 0 Exanpl 1 or,2 on cont ent rroline
Compound) G55 Pt BeB i fratd s b Trost 855y Stse e hE 586 Bhenone
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addition of 12.7 kg (151.2 nol, 1.58 equiv.) of sodium hydrogencarbon 5 ate,

t he m xtur einb&amihnhcetﬂ:mpetdnumﬁtuﬁug tlercomfsel afd b h,athe how béigevddidred cuspahsiom of a
bei ge suspension., The reaction is coptinue ntil the residual content of
pyrrol i¥e csHAsmed to apinteraal jemperagire gpiog&)g,p\’ﬁf[é,dlsilﬂu}g, °f§- Untildeaching ahken
and tested ; gﬁ]ﬁp oCcPY£ 2 [ ns of gas

(Chr omat ogr a%%l}éﬂr‘%gﬁgna yésfl’is?)f gh)(‘j\gf\'/eé{g?fggﬁi %ﬁ?ﬂég?@ﬁzﬁleﬁiﬁg suspension is then
centrifuged at an internal tenperature of 18-22C and the 10 solid obtained

by centrifugation is washed vm't(ﬂ llpi)f_%\%? of nmethanol in two portiqgns. The
still noi st Theteagian HRFHEIHGEPTDRAU-I W g treategingto 10 portions divided over

the course of 45 min with a total of 26.4 kg potassium hydroxide in flakes (KOH), the
15  internal temperature rising to 65—-70°C even in the case of the first 5 kg of KOH and the
initially thick suspension turning yellow, becoming highly liquid and gentle reflux oc-

curring for a short time.

This suspension is now warmed to 90°C at a temperature increase of 15°C/h, slight
20 foaming commencing from 85°C and the suspension thickening. At a temperature in-
crease of 2°C/h, the internal temperature is now further raised to 102°C and at the same
( time nitrogen is blown through the reaction mixture by means of the dip pipe at an in-
\ creased speed of rotation of the stirrer. As a result of heavy foaming and additional
evolution of gas, the volume of the reactor contents increases to double. If required, the
25  reaction temperature is lowered by cooling. At an internal temperature of 100-105°C,
the foam begins to collapse and a red-brown thin suspension results, which is now
heated further to an internal temperature of 140-145°C at a heating rate of 15°C/h. In
the case of excessive foaming, the reaction temperature is lowered by cooling for a short
time. At the same time, a number of aqueous distillates of a total of 44 kg are collected.
30
The batch is kept at 120-145°C for 2—-2.5 h. The reaction temperature is then cooled to
30-40°C and 74.7 kg of water and 56.7 kg of diethyl ether are added. The reaction mix-

ture is stirred at an internal temperature of 30-33°C for 10-15 min, then the phases are




The still noist crude product (25.8 kg) is suspended in 150 kg of water,
then warned to an internal tenperature of 50-60C in the course I Febtuary 2006
. and stirredVi21dii s tenpera 15 ture for 40 m n. The suspension, which is
cooled to 40C (40 mn), is centrifuged a t he pal e-yellow, crystalline
"solid obtained by centrifugation is wash out with 27 kg of water in two
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mn. | MA42140 16 February 2006 28 18 kg of ice in flakes are introduced
into a WoousFeded ty an migmaldempeatpertPontat 25C is netered into this ice
over the course of 5 mn such that the internal tenperature of the mxture
gdoes not exceed 20C. 5 The reaction mixture is stirred at an internal

t enper at ur eA eiixtive 356:0Tkgrof BQ-520 stienpth hyldrecldviit heidraad6.Gkd off water issiodd | ut ed
with 62.2 kg of diethylene glycol at 25-35C 14.9 kg $298 nol. ) of. hydrazi ne
hydr at e ar enetseed 1B YifcdisuPPbhY &8s dyping thecousse of USimip sugh thag amaxigpm inisinad i n
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15  achieved, a further 0.2 kg of 32.5% strength hydrochloric acid as a mixture with 0.2 kg
of water is added. After 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 HCI 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 2S), which are suspended in 1 kg

of diethyl ether, and stirred at 18°C for 30-45 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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increase in the tenperature during the course of 1.5 h, the now
bei ge-col ored suspension 10 is warned to an internal terrperaturelgqfeb%]m(g
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total of 26.4 kg potassium hydroxide in flakes (KOH), the 15 internal
tenperature rising to 65-70C even in the case of the first 5 kg of KOH and
the initiaps.gkilofdkptanspendiantotthe sihegphast,| andithdethenis distilied bE)in aclib 1 and
gentle reflux oc- curring for a short tinme. This suspension is_now warmnmed to
90C at a t etfp@ternalitemperafeetl H20I6Fhe crystalgmspenspnreutiingafies distdlingofff r om

85C and t he,suspensi o hi ckeni n At ‘g te r e in. crease of 2C/h, the
internal t e%@ﬁg\a{ we O?esdttﬁ 5%1?§3p{aﬂgappreézﬁgr_&?rfﬁg—%%nadnsglr%e{i at?ﬁ'gs {s)eg}ﬁ?ratﬁerre
nitrogers | Sfo‘?bgﬂﬂ.stlh"lq}égzli‘ys‘tilﬁ_afeqﬁé‘ﬁ et fliged HIfETIY moRepfodatt dbinéd B Pi pe at
an in- creased speed of rotation of the Stirrer. As a result of heavy

f oam ng andwashedtwidn2d.0 kg wbheptamaindX paytiens. The mastipredust ist dreedrag §6+60°Ccont ent s
"increases to douple. If required, the 25 reaction rature is Ioweb(e)d by
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In the casginel. THCHS spectuinadiiesghnds bethacofthe pefetenbpstandaide i s | owered by
cooling for a short tine. At the sane tine, a nunber of aqueous distillates
of a total of 44 kg are collected. 30 The batch is kept at 120-145C for
2-2.5 h. The reaction tenperature is then cooled to 30-40C and 74.7 kg of
ter and 56.7 kg of diethyl ether are added. The reaction mx- ture is
stirred at an internal tenperature of 30-33C for 10-15 mn, then the phases
are M 42140 16 February 2006 29 allowed to settle. The resulting
t hree- phase systemis separated. The | owernost strongly al kali ne aqueous
phase, which weighs 154.9 kg, is colorless and only slightly turbid. It




i s disposed of as waste water. The yellowcolored, turbid internedi ate phase
of oily consistency weighs 29.6 kg and contains the mai n anouni6 Bébrpary2066
as the potassiumb5 salt. The uppernost, clear, yellow colored ethereal phase
is vigorously stirred into an extractgpn apparatus with 10 kg of water at
an internal tenperature of 30C for 10 mn. The water phase is separated off
10 mn after swtching off the stirring. The internedi ate phase (29.6 kQ)
and the aqueous extract of the ePWFENRLIAIMSY 9 kg) are treated in an
extraction a A : i apd 59.7 kg of water,
and the ?ﬁxtgﬁé%%ﬂlagm&%e% ?gog%ei%%{n Pﬁgmt%ﬁ?gl‘rﬁgltaupe of 0-5C. A mxture
of 6.0 kg of 32.5% strength hydrochloric acid and 6.0 kg of water is now
netered in via a supply vessel during the course of 15 min such that a

maxi mum i nternal tenperature of 10C ggE\ot exceeded and a pH of 1-2 is
achieved. If this pHis not 15 achie a further 0.2 kg of 32.5% strength
hydrochloric acid as a m xture with O. g of water is added. After
achieving this pH the phases aje_t oughly stirred for a further 5-10 mn
and then allowed to stand for
stirring swtched off. 20 The \HCl\ acyd & wal\er phase is drained off. The

et her phase is treated again via the{su y~vegsel with a mxture of 9.5
kg of hydrochloric acid and 19 kg of “ws and thor- oughly stirred at an
internal tenperature not exceeding 10(for 5-10 min. The phases are
separated and the HO treatnent is repeated, if desired, up to 3 tines. 25
The ether phase is then treated with 30 kg of dem neralized water,
thoroughly stirred during the course ¢f) 10-20 nmin and warnmed to 15-20C. The
phases are separated and the extraction is repeated. The ether phase washed
free!®f traces of acid is treated with 6.5 kg of anhydrous magne- 30 sium
sul fate and Oyfled¢d of active carbon (Acticarbon 2S), which are suspended in
1 kg of diethyl ether, and stirred at 18C for 30-45 min. The suspension is
subj ect ed &b despmpoynd ofghe formuladVon t hrough 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. M 42140 30
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is converted into the compound of the formula III

/A
N
20
(TIT)
by
al) using the compound of formula IV in a purity of more than 90 % (m/m) and
25 catalytically hydrogenating the compound of the formula IV in toluene or a

mixture of toluene and a C,-C; alcohol;



16 February 2006 95.6 kg of heptane are added to the ether phase, and the
ether is distilled off in vacuo at an internal tenperature of 16F2b@GaryR2086
crystal suspension resulting after distilling off the ether is cooled to an
internal tenperature of 13-18C and stiryped at this tenperature 5 for 0.5-1.5
h. The crystals are then centrifuged off. The noist product obtained is
washed with 23.0 kg of heptane in 2 portions. The noist product is_dried at
50- 606C over a2lght convegingdhecampnupi ﬁgﬂ@\ferm%ﬁ{ intg thgkstal efithedemuynalVal0. 5 kg
(77.29% of M-3000 having a nelting point, determ ned according to the DSC
met hod, of 157C are ob- tained. The 1R spectrum corresponds to that of the
reference standard. 16 February 2006 3% % PATENT CLAIM5S | . A process for
the preparation of the conpound of thelfor al, CL OH (1) 10 where a) the
conpound of the fornmula I'V NC is coayg ep t he conpound of the formul a
1l 20 by al) using the conpoundC Q 1 napurity of nore than 90 %
(mMm and 25 catalytically hydrogenatlng the conpound of the formula IV in
toluene or a mxture of toluene and a Cl1-C4 al cohol; 16 February 2006 32 5
a2) converting the conpound of the forgpgya |V into the ketal of the formula
| Va

10 wherein the radicals R which may be the same or different are C,-Cy-alkyl or
together C,-C;-alkylene, and catalytically hydrogenating the ketal with
anhydrous Raney nickel at 5-50 bar in an alcoholic or aromatic solvent at a
temperature in the range from room temperature to 70 °C,
b) reacting the compound of the formula III with @w-bromo-4-chloroacetophenone

15 to give a compound of the formula Il

(ID

and
c) introducing an acetic acid radical into the compound of the formula II.
20

2. A process for the preparation of the compound of the formula II

25




(lva), 10 15 wherein the radicals R which may be the sane or different are
Ci-C4-al kyl or together C2-C3-al kylene, and catal ytically hydr dgEpRmpmng006e
ketal with anhydrous Raney nickel at 5-50 bar in an alcoholic or aromatic
solvent at a tenperature in the range 3Bromroomtenperature to 70 C, b)
reacting the conpound of the fornmula Il with co-brono-4-chl or oacet ophenone

to giye a conmpound, of the fornmula 1 d c¢) introducing an acetic acid
radicdl into t ’%B?rﬁ?iﬂ?ﬂi‘"ﬂ@flﬁ‘et%f‘ﬁ‘g]ﬁg{)a 1. 2. A process for the

preparation of the conpound of the fornmula Il C1L 20 25 16 February 2006 33
5 where the conpound of the formula IV NC IV 10 is converted into the
conpound of the fornmula I'll 15 by at) using {he conpound of formula IV in a

purity of nmore than 90 % (nm m and (ically hydrogenating the conpound
of the formula IV in toluene or ax A oluene and a Cl1-C4 al cohol;
20 NC g
v
10

is converted into the compound of the formula III

(Imm)
15 S
al)  using the compound of formula IV in a purity of more than 90 % (m/m) and
catalytically hydrogenating the compound of the formula IV in toluene or a
mixture of toluene and a C,-C4 alcohol;

20

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

T\ R

(1Va)



a2) converting the compound of the forrmula IV into the ketal of the fornula
IVa 25 (1Va) 16 February 2006 34 5 10 15 20 wherei n the radi cal sl6FFebniacn206G6/
be the sane or different are Ct-C4-al kyl or together C2-C3-al kyl ene, and
catal ytically hydrogenating the ketal V#4th anhydrous Raney nickel at 5-50
bar in an alcoholic or aromatic solvent at a tenperature in the range from

roomtenperature to 70,C. b). .r aﬁtin t he conmpound g%fthe fa la Il with

w- br offp- 4- chl or oac 2EfsiRRSH icalt @ffm@”a% 6 SA1ee O diffskent e furGe- kvl o8 A

process for the pr %gf@frﬁ}bg@;&ikyhéi@, &ﬁ@ﬁ@%{ﬁ%lﬁfhfd?@geﬁﬂ!ﬂg&@k&hl witk09 N (111)
0

where the conpound the formula IV.NC (1V) is converted into the conpound
of the fornula || apyydsous)Ransy pigkelpe St¥hhan ian aleohplie pripramatic selventgbigi ty of

nore than 90 %(rﬂ@me&g%naqu#‘?elxrﬁée%r#y?ﬁ%éﬁgﬁgﬁéw% the conpound of the

formula IV in toluen e 0 a CT1-C4 al cohol; 25 a2)
converting th®)compezoting the coimpodmi ofithesfotrvhila Bl ovithne-bkeah@H-chiorddvetophenoue a | Va

N ( llXa) 16 Febr uag(}/ gi%g g%ompound of the formula II.

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

15 ()

.where the compound of the formula IV.

NSO

av)
20
is converted into the compound of the formula III by
al)  using the compound of formula IV in a purity of more than 90 % (m/m) and
catalytically hydrogenating the compound of the formula IV in toluene or a
mixture of toluene and a C;-C4 alcohol;
25 a2)  converting the compound of the formula IV into the ketal of the formula IVa
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35 5 wherein the radicals R which nay be the sane or different are

G -C4-al kyl or together C2-C3-al kylene, and catal ytically hydr dgdebiuang20dse
ketal with anhydrous Raney nickel at 5-50 bar in an alcoholic or aromatic
solvent at a tenperature in the range 3y omroomtenperature to 70 C, to b)
reacting the conmpound of the forrmula Il wth to-brono-4-chl oroacet ophenone
to give a conpound of the fornmula Il. 4. The process as clainmed in any one
of claims | to 3, wherein anhydrous Raney nickel is used as a catalyst in

the catalytic hydr Qgena iWeRadidals R-whidmBY BES Sarfld oCdifferRflare T, ACWalkY &r Of
claims | to 3, wherein the conpound of the formula I'Vis enployed in a

purity of at |east ta@stier Ce-Calieylenecandsatalgicall whydsegenating-the kel withcl ains 1 to

3, wherein the co und of, t he . raul a. i i

addi tion of isobu%r???‘ﬁ’?aéw Slcgggg%%rﬁle%%] orif 8t Qrfﬁﬁ‘aa%s%&ﬂ%% ' O~CN
4 3 ol S e v 1S ol o
-penzyl -4, 4-dl e - L ne | no aronl tri an ro SIS O
this 1rZQi trile. 7. THECIRS §emagw%*1 %ﬁ?@%ﬂp%‘g&ﬁwm @ brofpesfies r?%etopllgnonc

i sobutyronitrile ig gopaebRpaifIchrid Bemud®r.! i t hi um diisopropylanm de in
toluene. 8. The proceéess as clained in claim®6, wherein the reaction

tenperature in the Mchael addition reaction is in the range of

appr oxi e el s Bcs l.Q cleffledin 439 ofe oA HSRRIAGYS S RinCdrby 580 Rind) il 8.

wherei n the hy ysSiS 0 e I'n the &ci arrie
two- phase sy steasandedyspirthe catalgtishgirogembidgorysi s. 16 February 2006
15
5. The process as claimed in any one of claims 1 to 3, wherein the compound of the
formula IV is employed in a purity of at least 95 %.
6. The process as claimed in any one of claims 1 to 3, 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
P
| 4]
25
benzylation of the Michael addition product to give 2-benzyl-4,4-dimethyl-2-(N-
methylanilino)glutaronitril and hydrolysis of this nitrile.
7. The process as claimed in claim 6, wherein the isobutyronitrile is deprotonated using
30 lithium diisopropylamide in toluene.
8. The process as claimed in claim 6, wherein the reaction temperature in the Michael
addition reaction is in the range of approximately -10 °C to -20 °C.
35 9. The process as claimed in claim 6, wherein the hydrolysis of the nitrile in the acid is

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



36 5 10. The process as claimed in claim®6, wherein the conpound of the
formula V is obtained by reaction of chloroacetal dehyde, N netl§fiehmary 2Q06
and an al kali netal cyanide and subsequent basic elimnation. 10 11. The
process as clainmed in claim10, whereiggchloroacetal dehyde and then the

al kali nmetal cyanide are added to N-nethylaniline. 12. The process as
claimed in claim 10, wherein chl oroacetal dehyde, N-nethyl-aniline and the
al kalsi metal cyanide are enployed in a nolar ratio of approximately 1.1 to

15 1.3:1; 1.3. 13 rocess as, cl.ai,ned in 0 r.ei th baS|c
ol i i nat Gn | Biestpesae SR ERES o Srpn decompopan it Madrmngas ofah
catal ysis. by reaction of chloroacetaldehyde, N-methylaniline and an alkali metal cyanide and ‘

subsequent basic elimination.

10 11,  The process as claimed in claim 10, wherein chloroacetaldehyde and then the alkali

metal cyanide are added to N-methylaniline.

12.  The process as claimed in claim 10, wherein chloroacetaldehyde, N-methyl-aniline

and the alkali metal cyanide are employed in a molar ratio of approximately 1.1 to
15 1.3:1:1 to 1.3.

13.  The process as claimed in claim 10, wherein the basic elimination is carried out in the

two-phase system under phase-transfer catalysis.



