;e3e(-&8& 4)p<*b, 6, T(-e T M42140 Process for the production of

11;‘, ) ) . } ) |

6- 4- chl orophenyl) -2, 2-di met hyl - 7- phenyl . ‘1o

2 o ol i of TS wfacer T2 atto e ocen, v

ess for the preparati - (4-chlor : —

gli’lronre?(r:\yl - 7- phenyl - 2, 3-di hydro-1 H-pyrroli zi nnglylna;:ﬁlt Iscp?gl;gnglijLsogz)ogn?s
aratg on of. i pternedi ates occurri . .

;O[)r E)rr:?s ﬂlgpi nh ilit{ ?f%gf foy OGMSI% ﬂéé-é4-ahli)r5pliduw)xy,g_fmﬁ?ﬂlr}g %ﬁm{l u;s "

S evant Tve 10t reat pant o Zo‘f'figl}yaﬁ'aéﬁ' ?’frr?fﬁggbé-hgﬁucggt ;gm yfor this see, for

preventive 10 treatment of “& gH-pyr yidcetie d, for this see fo

exanpl e, Drugs of the Future 1995, 20 (10): 1007-1009. In E)i o ,

a possi bl e i ute for preparation is also found. Further prepara

possi bi | i ti €8¢ BFegentduvantipn delates FPa ﬁmass’slfzﬁshe%?ﬂ%a?o%_@@ / gg,%gép 22
W95/ 32872, 4; @M\@ er ropzie 312, 896-90 ;9 ;o an , o
(1988) . °J %’é‘{f s é&lenygg’}{% P-IfI}QMD‘QMIT-,S-yh;]crehc abidi (}\4]12;?);?2 a%ﬁtg@e ,
' 31: : i Nt heses, the pyrroli: _
2?r7ug?u?ézigsregﬁg%negfl?te%ngg%tﬁg)?ﬁg géWﬁ’éSWBF??&d shown in the reaction
i N /

~ ~ Cl 20 The reaction is carried out
scheme: / ~\ ¢l o~ _1i + NBr N "
' ' her. The hydrogen brom de
net hyl e i de, ethanol or diet hy! et . . o
:‘gr med iyn t Ie“%:&e)gést?B‘f?"?@er"afﬂbéﬁr ofycyelodiygenaseaind 39 e&@ghhﬁqsbthﬁsar bona

] i ®ali ' ' i dical i'nto position 5 can
l'ution. Fhieablefe Qe GEL he acetjc acid ra (
Eg galr ned outaby regcth}ﬁ{éﬂggt\;\ﬁﬁlFWﬁ %éh%\%f‘%“’éé&m@rapdafwthxpfdven@ﬁé er

ichllei ' drol ysis and
chlori 4@ ortreétxmnyIofaﬂﬂrgrcanyaumde@&;%g@gﬁgg%%%%s| s ﬁ?r'nﬂ%gégf ;glgw

‘eduction to group using hydra n et '

(1675) des 3770 (kB TR 7o i moblicaiont cpsseor rou o bk o v
found. Further preparation possibilities are described in EP-A-397175, W095/32970,
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
according to the method shown in the reaction scheme:
)Op Cl "
o =
R SV N
Br

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

hydrolysis or hydrolysis and reduction of the keto group using hydrazine,

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

MR

*G00002*




1520/ \ - cl~oNOC 2/ \N vCOOO The reaction is carried out in
benzene as sol vent. The COCOCl1 groupi ng, however, is not then converted
into the aceM/®24di d group, but reacted with diethylam ne, Crude M. 3000,
Whi ch is obtained according to the hydrazi ne process as a potassi um salt
and which is then precipitated fromthe réaction m xture rendered acetic
with mneral acid, contains, in addition to the potassiumsalts which are
poorly soluble in water, al hydrazi ne, by-products apt\deconposition
products (decarboxyl ation pysduct and diner) as an inpyd/ty. This requires
additional purification epe =eS. patent applj [
di scl oses a process for\tk F)ngratioﬁ of M=3000<{by |
6- (4- chl or ophenyl ) - 2, 2-di net hyl - 7- phe@yl¢2, 3-di hydr 6- Ol i zine with
oxal yl chloride and hydrazine, followed by a special g *ng-up process. In
this, after the reaction of the pyrrolizine with oxalyl ochloride, the
product obtained is treated with hydrazine and an al kali netal hydroxide in
aqueous pha%EQat el evated tenperature; after treatnment is conplete a

t hr ee- phase ' 855326191 15 qgrrindume dh benzaflelhs id1verf which s not .
scible with wat eTr}Rgatr:géWl%W'?% howeEFeised by

m sci bl e or g oLt edl

aci dificati ’<_%nrﬂéf"%‘1 %dﬁ‘g]eﬁ‘gm)(%t 1748'ec acd geupprbutrhactedivit AhyIgm#Afat ai ned in
high yiéld and pure, defined crystalline form As a whole, the synthesis
t akes pl ace_over theagtages indicated in the follow ng reaction schene:

M 42140 3 HEWIAMIOBN00, Match-isNb@intd &6cing tothe Bydrazia 5o H C-= SO ~ Ol -
HBC OFB St A oby HhAGRIs Bt A9t i 2D Lo e My fradinp procets as Apqtassiuam - N
St age 4 Stage | 'f tpen pregipitated fiam Breagaetion mixture rendered acetic with

mineral acid, contains, in addition to the potassium salts which are poorly soluble in

=

water, also hydrazine, by-products and decomposition products (decarboxylation

1 . . . .
0  product and dimer) as an mmpurity. 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-IH- |
pyrrolizine with oxalyl chloride and hydrazine, followed by a special working-up
15

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
3000 is recovered by acidification of the middle phase. A polymorphic ML 3000 is

20  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:



(-COCl)z NzH,/KOH H,C ~/ \ H3C |1 H3C / H3C Stage 6 Stages 1 and 2 are known
fromEP 0 172 371 Al. The reaction of 2,2-dinethyl-1, 3propanediol wth

t hi onyl chl d¥if42d40s carried out in an inert organic solvent, e.g. a 5

Hal ogenat ed hydrocarbon or an ether, at preferably O to 60C. The further
reaction of the resulting 5,5-dinethyl-1,3, 2-di oxat hi ane 2-oxide with

sodi um cyani de_to gi vgxflh%{gro -3, ?éYagl net hyl butyronitrile is carried out in
DMSO at appr h@ e y_80, 1 ééc@ Ye ces socel ds aof approxi mately
93 to 99% ankga(“gtaére 2 prodbces’yiel ds ofﬂ%ﬂ%atmﬁ'% ) i n good
quality. 10 For stageggd,,the reaction with thionyl chlori de to’ give

4-chl oro-3, 3di met hyl butyronitrile, %9% ecursor of h$ghspurity i s necessary.
The crude products fromstages 1 and 2 nust be distilled before further
reaction. 15 The 4-chloro-3, 3-di nethyl butyronitrile obtained in stage 3

must al so be g¢igtil) edypecause of rhe high purity necessary for the
subsequent G { gnpard r-eacki or@&ﬂ‘? a required purity of 97% the yields in

stage 3 are unsatisfactory. di t,y onah, techni cal problens result fromthe
fact that the cr ud@,«pggdigqts fromasg%es[gzo and 3 originate fromthe
reaction strongly at£dice, Mwhich T ea e appearance of corrosion on the
appar at us. M 42140 4 |f tRege4-chloro-3, 3-di nethyl butyronitrile has the
necessary purity, the addition of the be z¥|I el um c¥ orétﬁ@i_@:{ard
reagent in stage 4 to the 5-benzyl-3,3sdi meth 3. Mdgdi hydro- ZH r Qe and

t he subsequent cyclization w th cn-brono*4-chl oroacet oggegone in stage 5
afford 6-(4-chl orophenyl) -2, 2-di net hyl - henyl - 2, 3- di Ay@ro- 1 pyrrolizine
Sin good quality and with a yield of 0 45% a9@m): bot h sta
pyrrolizine obtained in stage 5 is final
6- (4- chl or ophenyl ) -2, 2di et hyl - 7-h
c acid (M. 3000) by reaction w tHs®Xx ride, foll oyeo regsCtl on
usi ng hydrazine in the presence of an alkali 10 nejgds hydr oxi de—§
acidification. The yield in this stage 6 is, depending on purifi®@ation of

t he product, about 62 to 86% The known process affords M. 3000 of

accept abl e i d vield, .but_has sone di sadvantages, such as the

pr obl emat i §ﬁ§ﬁée¥ ﬁ?@? *’{)"y o fiemERG 442 dnb AdhThelresttigrest 2,2 higmathypesd f or

| abori ous popadddicltwienthednyl BSlok raapell before further reaction, in
part i C#Lagbﬁlief or e the Gi g?lar 8‘1?%%0“ or@"ﬁzlhan UeLh AIBHUC 9Inen, e.grid corrosi on
probl e PRl durdrocadod or angthictat prefirkblgat i @ef Tﬁé‘@gfki r%Qéh'oé %ﬁbg'of

reaction dj S 3 t s 1 and 3. 20 It is therefore an O
the pr esenteﬁﬁgég’?i (gﬁ{eﬁ}r}h’iﬂi&%&?‘éﬁ‘%&ﬁ%Oéldﬁmﬁle@dilﬁmcyarﬁue tpreggvaag-at i on of

6- (4- chl orhoneryy3,B-dRmatheibiebiitril | -2 .3-di hydro- 1H-pyrrol i zi n-5-yl
acetic acidgio(, SOOOL i?\ﬂMi ch thesﬂghgﬁgggééﬁ%gé aéfp?rﬂé%tf’léfrmé?t are
avoi ded. né/'L fage hpemduses vields oflapmyoximatéle 93 Y 89%i A stdgB S ﬁ?&(ﬁfc%ﬁgieﬁ‘& of

t he technidf@b ﬁki&%&%ﬁ g%oign.nsta es l1 to 4 of the previous synthesis, the
avoi dance of ?he a rJ chéhl s&°r°§q&ﬁ“iyhe 25 second and third reaction
staged0of the synthesis, the circunvention of the Grignard reaction, the
rai sing of, the overall yields, the |owering of the standing tinmes and thus
as a whol 64 A& edon8ifi cedactiorer atith sylibhylsi shibfdslesh ' Sgve TQ@ch?‘Ein?'g%- .
achi evedI 'ﬂﬁnétﬂﬁbﬂ{y?&ﬁéﬁe,fa%retcﬁ‘r“g‘oP{,Fﬁg[,at' on of the conpound of the

aem eve purity is necessary. The crude products from
stages 1 and 2 must be distilled before further reaction.

15  The 4-chloro-3,3-dimethylbutyronih'ile 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.



NC is
f the formula IV 5 (1V)
where ' a) the conpound o by al
(I\:/{)ﬁ\z/éf?eg icﬁtc(alzhglcormound of the form(;l af 1'[1ﬁe(1l‘l)lr?m{!’:1 koolr\l ag) cz)nverti ng

tal ytical | MHpd4dgenating the conpound o | of the 15 formula Na R0 0 ~
Fhe oo d of the fornula IV into the keta . tical or different,
the Va) NCin which the radicals R which gan be | deQ catal ytically
e &) oaso m oo e ther are CZ-C3-al kylene, and c _of the
ﬁ;gr (c):i;-enat i ngétkg %é'c%éqranf-dlliWbQ%Iﬂnﬂw?] hasaﬁg hf?zﬁ@ﬁ%@%@ﬁ%’&”é‘f thehe

. opheno

formula 111 H%ﬂzﬁﬂgﬁfe@iﬂﬂf éﬂ&%eoéggnca? re%gent in stage 4 to the 5-benzyl-3,3-dimethy1-3,4-
formula I'l 1 (i

dihydro-2H-pyrrole and the subsequent cyclization with co-bromo-4-chloroacetophenone
in stage 5 afford 6-(4-ch]orophenyl)-2,2-dimethy1-7-phenyl-2,3-dihydro-1H-pyrro]izine
5 ingood quality and with a yield of 40 to 45% over both stages.

The pyrrolizine obtained in stage 5 is finally converted to 6-(4-chlorophenyl)-2,2—
dimethyl-7-phenyl-2,3-dihydro-lH—pyrrolizin-S-ylacetic acid (ML 3000) by reaction
with oxalyl chloride, followed by reduction using hydrazine in the presence 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
apparatus during the purification of the strongly acidic reaction discharges from stages 1
and 3.

20 Itis therefore an object of the present invention to make available a process for the
preparation of 6-(4-chloropheny1)—2,2—dimethyl—7-phenyl-2,3-dihydro—lH-pyrrolizin-S -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 overa]l yields, the lowering of the standing times and thus as

a whole a more economica overall synthesis is desired.

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

30  formulal ,



and c) introducing an acetic acid radical into the conmpound of the formula
1. The present invention also relates to a process for the preparation of
t he conpourld/4%1400 the fornmula )71 by hydrogenation of a conpound of the
formula IV and ring closure, and to the correspondi ng process for the
preparation of the internediate of the f®rmula Il1. The introduction of the
acetic acid radical into the conpound of the forrmula Il is preferably
carried out by reaction with oxaly W ori de and reduction of the keto
group, 15 preferably using hydrazi d an al kali netal hydroxide. The
preferred process accordi ~Yention can be illustrated by the
follow ng reacti on schene: o~ Ph CN IV 7 Raney-N H2 -N |1l O
Br ci Ni C1 C1 OCL OO o1 0

where

a) the compound of the formula IV

5
O
(V)
NC
is converted into the compound of the formula III
{11)]
/
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
|
0 0
NC
in which the radicals R, which can be identical or different, are C,-C,-
20

alkyl or together are C,-C;-alkylene, and catalytically hydrogenating the
ketal,



{1 The synthesis of the conpound IV is carried out according to the

I nvention preferably 5 via the follow ng stages: 1. Preparation of

2- (N-net hylpmdiigoo) acrylonitrile (V) from chl oroacet al dehyde,

Nmet hyl aniline and an al kali netal cyanide, e.g. potassiumcyanide. ,Me O ~
KCN Me Ph Cl~ + ,-,~ ~N~ NaO~- Me~N~Ph C16 - KC1 CN~ CNn 1~ v 2.
Preparation of 2,2-dinethyl -4-o0xo-5-phenylvaleronitrile (1V) by M chael

addi tion of iBopsastngrthe spmpounginithe foamu Hepbromméichlvroasetaphanartertong

base, to the conﬁognd of ndcqur F/I42uéfﬁ 8 5 10 15 20 25 the formula V,
benzyl ation of tHE MERBEFLYIe FBMHA Bduct and hydrolysis of the resulting
2-benzyl -4, 4-di met hyl - 2-(N-nmet hyl anilino)glutaronitrile. LDA -CN ---~ Li+

.- ON -
7O w
Cl
N~/
5 =
and
c) introducing an acetic acid radical into the compound of the formula IL
The present invention also relates to a process for the preparation of the compound of
10 the formula IIl 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;



HnCl NC N-Ph HBr -~ Ph --LiC NC -HCN - MeNPh (BnCl = benzyl chloride) ~N~Ph
NC~~-RCN Li+ O Ph CN IV The conpounds of the fornulae IV and V and their

pr epar at i onngggi4gonown. Thus, 2-(Nnethylanilino)acrylonitrile (V) is
prepared according to H Ahl brecht and K Pfaff, Synthesis, 1980, 413.

2, 2- Di et hyl - 4- oxo- S- phenyl val eronitrile 11V) can be prepared according to
H Ahl brecht and M 1|be, Synthesis 1985, 421. The process for the
preparation of 2-(N-nethylanilino)acry o'itr;le°( according to the
literature procedure _nentioned has the | sadvarit , however, t¥wat a
conpl ete conver §j6n foes not rhake-piale gither i reaction ¢ th sodi um
or potassiun1g¥ ' Hon tlee basic eFeNination, that ether d for
extraction and the product has—e-be distilled for pugification gavy

| osses occurring due to deconposition.\-Agcording to the i N0
therefore preferredYo nodify and to ¢npn
to conbine themto give a nultistage synt
conmpound of the formula 11l or of the formula Il or I. The inpr
according to the invention are expl aiped bel ow. They can be use
individually or, preferably, as a conbination. According to the ihvention,
t he di sadvant ages nentioned are avoided in that the starting mateTt als are

enployed in different nolar ratios and/or N-nmethylaniline ip ¢ntrgasluced
i nstead of chl oroacet al dehyde and the reaction conponents are nefered in
and/or the elimnation is M 42140 9 carried out in a two-ph stem

hydr ocar bon/ sodi um hydr oxi de solution wth addition of a phase-transfer
catal yst, preferably benzyltriethyl anunonium chloride. Preferred process
conditions are indic7,-{ bel ow. Chl or oacet al dehyde, N-nethyl aniline and
pot assi um cyani de aré pl oyed in a nolar rap+e of 1.1 to 1.3:1:1.440 1.3,
in particular approxieafely 1.2:1:1.2. The afidition of ylaniling
proceeds exonherwy and cooling and/or fate of add oh shoul d be
chosen such ' ptyne does MBi exteed 25C Fgr this purpoge,
Nmet hyl ani |1 ne ; , for exampte,—to|la i£e
concentrated 10 hydrweg} ﬁ?efarably
as an aqueous solutionpgto N-nethylaniline hydrochlorio;,; enper at ure of
at nost 20C being naintained by a suitable rate of addti® i
necessary; cooling. Potassiumcyanide is ther—netererd :r.""as an agdeous 15
sol ution. By neans o& a suitable rate of addition and optionally cooling ,
an upper tenperature limt of 20C is also maintained here. The addition of
N- net 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 bel ow 0C
Tenper at ur dde 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
0 KCN Me.__.Ph NaOH Me. _Ph
Cl\»/ﬂ\ + —_— Y N
—
-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



20 near the upper limts nentioned are preferred, however, since they allow
a nore rapid addition and require a smaller outlay on cooling, wthout

havi ng a neNH#2M@ i nfl uence on yield and quality of the product. If the

N et hyl ani li ne content of the suspension forned is bel ow approxi mately
10% a 25 water-inmiscible solvent, prefdrably an aliphatic or aromatic
hydr ocar bon, in r{icul ar toluene, .iis added and the internediate

3-chl or o- 2- Rl-f?trérﬁﬁ@l{,la ?’W’%B?ﬂPE&CMW?]&’@%?@“&W%PE@IhVﬁlbe’StSHgt’éﬁ gani c
phase. The it i . g€ -.phase system

t ol uene/ sod?h%mﬁ%;%%g%éé%gwyg? Ogg]?etg@c%l?lg?m %‘%ﬂgﬂgﬁ'i n order to achieve
a conplete elimnation, a phase-transfer catalyst is added, preferably
benzyl triethyl 30 anmoni um chl ori de. The tenperature during the NaCH

addi tion shoul d not exceddAl5C, after addition is conplete it c&h rise to
room t enper at ur Fe use of, potassi un hydroxi de i nstead\of s®©dium
hydroxi de in th€ elinination makés the’ph¥se Separati ficult.

M 42140 10 When the reaction m xture has reached a co?ﬁ%nt of “b&Now 0. 5% of
3-chl oro-2-(Nnet hyl anili no)propionitrile, the product phase is separated
off and optionally washed, for exanple first with water and theéh with
citric acid/water. The organic phase is then dried, for exanple using
pagnesi um SuL%‘?%f’ and optionally\Miltered, greferabl y through 5 a pressure
filter. The i on of 2-(%hino)§ EFylonitrile i ol fene thus
obt ai ned can~be 3tored unq{@ i Pht 45€+0 -20C with bl

until furtherLp€bcessi ng. conposi tion doegcpot take place at these
tenperatures. The product is obtained in 9.19 }%ﬁﬁel | ent yield of about 95%
based on methylaniline. 10 The cyani de-contarhi'ng waste water &Wd washi ng
i qui dssand the filter residue are fed to a waste water treatnent. The
process”for the preparation of 2,2-dinethyl-5-phenyl-4-oxoval eronitrile
(1v) by ththtrglb eniBfigsedure nentioned works up to the benzylation of
the M cheal addition 15 product at -78C. The benzylation is carried out

usi ng expensive benzyl brom de, and the hydrol ysis and cyani de cl eavage are

carried ougrhi n ace‘thofgitriel)% and require a reaction time of approximtely 40
to 50 hour dheFAMPEIRASOT hestorrplag f¥ anddV and; thejrnseparatipniase knewin.f Thuwt 2-6N-

accor di ng LRhkeiliAyeayiannitd (Hhe th % PLARALRL he 20
conmpound 1V, aﬁdi sﬂt“?ol tlgfgtoi on ow)t hg&@rgﬁegzﬁﬁérggﬁé?%c%ﬁ e°‘?§ﬁ4§’§¢§%§ef f’with. The
p;Jri fit@ti é'nnt?tsfi@alg&@,dl16_uZ,2é3timhalhjrl*ﬁbbg{o-ﬁwhle_e}dwg’lsto?itﬁiez(_&?f?]em:j %J{agpmapi de

cl eavage is _carri in.an us/ or.gani ystem w addition of a
phase-trang?cé’rrd'@ﬁ?%}'lg&‘!brﬁﬁ%‘gf"é%&ﬂt @ é%flféﬁgii%- can be considerably
reduced. Moreover, the process according to the invention is unconplicated

inso far as it is not necessary to carry out the deprotonation and 25
condensat i dhe arocessgior theprepaeationzafi2-(Nrmetinylimilinw)acrylonitrida\) avogrivigcto the

D B b o e
expensiye benaydior MRmofitke phcheithast th\Shanfh win BSHg! or!}:'o%@ﬂf?xﬁcgtgﬁﬁger red
|

process conditions are indicated bel ow 30 Isobutyronitrile Is ered into
a sol ut i onobin the basiopliminatien,ithataathdr iensedSot edraction\amdiiliegbbducs hasopebase i s,
for exanpl sodi.um am de, sodi ym napht hal eni de and preferably lithium

di i sopr opy?gﬁ‘lﬁ%‘gb{ Ebﬂ??gmeﬁ%aé'b'ﬂ?ﬁs% (UGG Qo deeompesition Acqcgrding to they g

hydr ocar bofhventidd, 438 fferefore preferred to modify and to improve the literature processes and

to combine them to give a multistage synthesis for the preparation of the compound of

20  the formula Il or of the formula Il 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 ratios and/or N-methylaniline is introduced instead of

chloroacetaldehyde and the reaction components are metered in and/or the elimination is



11 such as ethyl benzene, as solvent and at tenperatures bel ow 10C. The
conpound of the formula V, preferably as a solution in toluene, is then
nmetered in, \iMgjdgnperature |ikew se preferably being kept bel ow 10C. The
rates of additiron of isobutyronitrile and conpound V are to be chosen
correspondi ngly. The preferred reaction tgnperature during the M chael
addition is approximately -10 to -20C. When the content of conpound V in

the reacti opamiedoutia tiz-Hlast eystanohjdrboatbdisain dyyiroid sohRfdn wiehdddition
tered in, Preferably, the addition i1s begun at |ow

chloride is | '
" tenperat ur eoﬁﬁﬁsﬁﬂmﬁfeéﬁmb’&twrﬁ@ra pbynzyhrigthy laenmonitrchloridel Bteferradar med,
for exanple rox| to. 55C. When the content of
2, 2-di et hyPﬁbg?é(s&oﬁg@ﬁg%(g&?ﬁ“ﬁ;t%%%ggﬂa‘fvaroni W has fallen to bel ow 15
approximately 2% which takes several hours, the cyanide cleavage is
carried out. For this, the benzylated M chael addition product is in
gener al Snot Chiseasetaliehyda, N-methylanilineemt gdtassinm cyanide are employed in a molar

2, 2-di et hyl_-.4- -5-pheny] v ronitrile (N) by acidic hydrolysis with

rel ease of rﬁ%r"gggntocl)?g‘ﬁﬂdtmg{n ‘H@?ﬁ’ff‘li‘ﬁ?l’l?rﬁél%t?lbi 112} 4 rZrdibe @ddibipn oh -

car bonyl grubByiahll | Sheri . digian. of r,
preferably undZ r pﬁlggﬁgﬁéggﬂﬁ%&é@%&gg{]ﬁy@?@g%@gﬁﬁg{%@a[dagf?&sg\ﬁﬁfggqeal yst
used i s pr ethoserbsuchithkatlyd tempetabyrt doeaut erted|25PC dBorGhis purpose, N-

benzyl di net hﬁbhﬁXﬁdecyl g nium chlorjde. The reaction tenperature is in
general i n THEYABHIE P Sr2E¢dy ticxampleytoxpmixterefiecaridmonetnirag@iC. By t he
addi ti qp ofpyih&nRifSRidransfer catalyst, the reaction tinme is reduced to
approximatel’y 15 to 18 hours. A further reduction in the reaction tinme can
be achieved if up to approximately 25 20% by vol une of nethanol is added to
t he tol uensﬁ hase %géo(%,concentrat ed acid is used. For exanple, reaction
times of o ‘@%9&%“ ydsis adsdoprefasatdy ps amauepes saletion ¢ NimkthylaRdinet he

id I j id. h | e,
30" hydr obr cn ReRrier Piofficfatu Tl A3 T5CHole b 1S0 Seabledue it xcur e

i s al | owed afditiosaotl, if peafssarafuopling. PekaYiahed ahiene hah Wieretthizk ah RguERAt ent
of benzyl at elS‘HM ael adglg',ti on product has fallen to approximately 0.5%
The oré ni EOPRIRBY Meapsef 3gitebls rats of additien and pptignalisienelingyah upper t ol uene

is distill anﬁgrgmrgﬁﬁigmecqgawmqwgg?n&{#}g i, M42140 12 distillation

shoul d not exceed 50C. The residue e distillation can then be
purified by recrystallization or subjected to coevaporation with

i sopr opanol., on r tinmes.before recrystallization in order to renove
tol uene r e?ﬁ&ggﬁogr@hgmg&?W% Fhlorargialdehydenad patassivm eyanide gan also be

i sopr opanokarriedlont X HENBCARE 10WEL tdhDErafired o ne are also
hi ghly suitable. Pr ef%?a%l yl,gl the pr drl?ctre%’Z%g}r?@&ogﬁlwg)egﬁgrgﬂ?? E’Sparts
of i sofft oparasIthe uppesdienitsmentioned preprefeired Bevawss sivice thy alloach metdrapid ty of

t he conmpoupd..].V in.isopropanal ., if is necessary, for, 10 crystallization, to
cool , pref g&%‘h%’/ W%’%%FFB&PB@F‘&%W#W 6’??1‘59?5@%"8“{%@““8 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 sodium hydroxide in the elimination makes the phase separation
difficult.



Under certain circunstances, the product obtained can still be contam nated
with Mchael addition product, even after the. recrystallization.

I mpurities of/42h4 type are not troubl esone, however, as they can be easily
r-enoved during the further reactions. On 15 the whole, the
recrystallization, however, has a very hiigh purification effect, such that
t he product“i,s ogtai ned in very pure form As the next reaction stage, the
2, 2- di met hy | FAJRBIgCeRmXtYEs Hias srarhed 2 eortentjofbbloat 0168 683-eilbal-giical | v

hydr ogenat e I - }-4. A-di net hyl - 1-pyrroline (111) Catalysts 20
whi ch can bgleh é%ﬁ%@&r?ﬁﬁﬂ[ﬁi%ﬁmpreéﬁpg ds s eyeffpnd optiouallytivashodr |
Raney cat al fostegaraple flteef#E Wathr ai Kl i, and Raney Co. In
Arch. Pharm .299,p518 1966) , a‘t‘d‘h‘e}"@%ﬁébﬁﬁgﬁ%@g’%me organic phdse is then

2- (4- hydr oxdiidle fr example whitgmipgRsiupy sulfite ahy opu@;;g%qﬂ&rré@?rggmbl through

4- oxo- (4- hydr oxyphenyl )butyraonitrile usi ng Raney i ckel 1's descri

The hydikogean%rtef%lﬁe ﬁ@%’o?rgieﬁ utign ohvs(Nripethylaniinp jdcndonitrile in wihesmeithus s carri ed
out anal ogubtdiNed &int ' [ roce i . 8,,ASlNg water-contai ni ng
Raney ni ckel in a%go otéé’],ea%&@’%ﬁ‘?@#&ﬁu@@f&%?" éﬁ&"t putrablgms yng} futher e or

el evat ed t erpesssingrRecwmpriskiod doveidt\ale [ [ ed, . 30 AL t.enpts
were therefore u .dertal?(‘apgjto_ shorten tﬂg%éﬁ%rﬁa?ﬁﬁe%ée\r%d?{l%p?ogaﬁtclé t he
formati on SPAREGIAGEFXeellent picjhofiabeut 2% Hyased en nyethiydgreniad.i on to give
pyrrolidine. It is seen here that neither increasing the hydrogen pressure
nor increasing the reaction tenperature significantly reduces the reaction

tinme, BOt (Mhatcyanidecoataisg: Waste waReaa® Wash; nditions t
proportions of by-products, especially of lggﬁﬂﬂﬁﬂgﬁ%ég?fdﬁlgﬂe ﬁl}f’(}gg& s,
of ol i gonefiVasteolyendeatmsnt. pr oduct s and of over hydrogenated pyrroli di ne,

increase. Surprisingly, it has now been found that the quality (purity) of
the starting conpound of 5 the fornmula IV enployed has a strong influence

bot h on t h@he proeessafor g r&tibont 412, DR RAVE bndlvi ! d i on .of
hydr ogenat Ljon. The pur errﬁtq%_e stnartl ngl mﬁgﬁgPQ{’?tﬁe@%’S{%@%ﬁ?ﬁM@e
pr obl em f | BET4NRE Rrecedurementioned avsks By @f the hbhaylatione FCROREENAS] 4ddilisy used i n

a purify o Ft 9 [ rihcular of. over 95% (m ). 10 In the
hydr ogenat flf)rg ﬁﬁgfat '?%Abhi F!B?%Zykagltof} A%C%H%BBH&FH& eXneBsive benzyhbiomideiand t he

pyrroline e hytelysir and ayahide cleavigeiaré 8dr¥ied bhf inl I L&duced in two
hydr ogenat j. on ubsta‘%g; to the negg;?entyl am nehga(régt%%?}i{/\éh%ngﬁe%ud??a%rr?g‘étéon

spont aneou¥P§ ChARRTOX Ratelx A9/ 58 hewrs. The ¢rude prrduet iost befdissaledr to gi ve the
cyclic imno group. The cyclic imno group of the pyrroline can be further
hydr ogenated to give the secondary cyclic amno group in 15 the pyrroline.

I n order tl8 the mediftcatibn sccoRlingyo the S@intibSs o!lﬁi%%ré&sf‘fd}%ﬁb%ﬁ}mﬁggt fgt. as
custongry, oi n vvaé(f\(r[i-cant,ﬁi ni ngf form but essentially an ous. ﬂg
sol verdt's, TPORIERE antidishiipfan ofdhe emdepsaductesandfe disjenssiewah e puedicatis®ho! S,
such as ng§ bafied oufd i nol. . _toluene/ net hano| in the volune
ratio 8 : 2 to gm s ey %fge@éﬁ&?l f'nzeah%'g{l%s‘iﬁap’é'ﬁlcé‘?a"% 1A cargiied fpaif in an
possi bi | i tquesusonggie systeny witheadditioh b drpdg &N ahh Tt BRI ShiSerd .
i ntroduct it&p é)f an ac t% (kgt al )Mgr ot ective group ?%sr’ tkﬁeééq}'etbg?%arcg% of
the nitri IS ErdrEonsiderablynsdussd: Moreaver, s prokessMecdrdiRgo the inféndhn AC 25
uncomplicated in so far as it is not necessary to carry out the deprotonation and
25  condensation 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



hn which the radicals R, which can be identical or different, are a
C~-C4-al kyl radical or together are a CZ-C3-al kyl ene radical, being

obt ai ned. TRgadwsgdy 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 fornmula Noj; M 42140 14 R R 0 O (IVb) being
obtained in which the radicals R have the neani ngs indicated. Under the

condi ti ons, suchas ethyienzénea ungdvern kad aptemperatuieslsdloiv 4 0PE It céﬁ‘n;%unh%f‘i‘li;é ute
m ner al aci{is é?nd %i rgil taneously al so the cyclization to the pyrroline.
After al kaliOZAHE YRzetcranly as a solution instejuene.dm thenmetéred pry thoteinpermurzal t s, t he

free pyrrolj . ' i | GhohSwsepar at.ed,.of f Usi ng organi c,
wat er - i mmi slg%le @ofé\g%rwks%glﬁ}% gg?e\tf@?’qpe SUWQ%F O%H‘S@EO%B sabityronitgie and
obt ai ned i rcopm@inhy Waredo bechbseh@ofte oﬁa{ngg,.react ion conditions for the
di rect gbtai nnment of the conpound ITl by HRydrogenation of the conpound IV

are indPcated below |f a mixture of toluene and nethanol is used as a

sol vent, prgfe | v .approximtely 8 .to 1 arts by volume of

t ol uene/ net aen‘g?ﬁgéfl rg%rntonmaé‘ﬁ? dying ﬁ'@%&ﬁh‘ﬁ%‘m‘i‘dlt\?}l if lapprogimatalyt i16rto
t enper at ure2g=C.in general approximtely 50-60C . If the hydrogenation is
carried out in pure toluene, the tenperature is chosen to be sonmewhat

| oner, for exanple 20-30C, in order to prevent overhydrogenation. The

hydr ogen prgssure is in general Sgproxi mately 4 to 6 bar. 20 Before the
reaction, t e’@ﬁ&?nﬁ‘?%‘k fompaung i Hethe reaction mixtufedrasdalieamtbdelow suspendi ng

one or 10T @pdy ' et zeotropi,c. distjllation. I|f
the reacti 0131151'8 gﬁﬁé%twtyf)ﬁg’ Eai # hg?ﬂ(;afeel Qﬁ%ﬁgérg%{sno%qf?rgﬁgfo{hetaﬂélt{oﬁé% efunA|

anount of ke tenperatutdappeadnately 11016 LB0SCY,aRd ik ABae 9 Rit&aldnhedi i | | ed
and fresh sol vent can be 25 ag{jed. Fresh Raney nickel can also be added and
t he mxturgxgggl&upc}ﬂial?@quy“a‘? 4d°€or the removal of water. The reaction
in general lasts 3 to 4 hours. The Raney nickel is then allowed to sedi nent
and the supernatant reaction solution is filtered. The catal yst can

optionally ntbe dositent ¢fi2,2-dimethyld-@g encthylasisine JERRars it RMas irft1ealo Geifw | | €d
of f fr the reacti or}(,/sol utjon. The product can be purified by salt
f or mat Pon, approximately 2%,

which takes several hours, the cyanide cleavage is carried out. For
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

20  catalysis. The phase-transfer catalyst used is preferably benzyltriethylammonium
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

25  20% by volume of methanol is added to the toluene phase and/or concentrated acid is
used. For 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,

30 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
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



M 42140 15 e.g. by hydrochloride formation and rel ease of the conpound of
the formula N using a base, for exanple anmonia, and re-extraction.

Al ternativelM/420486y a part of the solvent can also be distilled off, e.g.
tthe methanol, in a 5 solvent nixture of toluene/nmethanol. In this case, the
distillation residue is advantageously file2st washed with water, and after

separating qff..the t hase .t product can be purified as described
above. In t gtl}lgté?ﬂ %If%l"fﬁ{ﬂcgc%ﬂfiﬁd ggc'giecﬁeﬁéu? fromke distiatioroean thee be
hydr ogenat i : ! I r . rongl ccel.erated by using
anhydr ous Igﬁré?/@cﬂ?}:': gf}%gaglﬁz;aﬁégto 5%&%%?%‘12% c?S%‘Ré OBrW'ﬁ1 1PRIopARel ome s MR e

and et hanotinms befosofeestallimatios ar g YekB A o] ér&gdhege kept w thin
limts. The preferred reaction conditions for the obtalnment of the

conmpound of the fornmula Bl 15 by neans of the hydrogenation of cyclic or
acyclic sace ketal) .internediates are indicated below The nitrile

ket one 31? t?;@é fegpﬁ{f?léga&opga%ggwf: aut1g 15opEcnaeelabut talugne and mrxtuwdsiath f or ns
an azeot r opgopopihorah@ foludt & i resence of. an acid

catal yst, or I\iﬂﬁg 20 conver si ona%?h%@p g%%lﬁgp%ge??lﬁ%qﬁﬁf’ﬁq%u%‘sEﬁ‘i‘rﬁgﬁﬁ]‘&ﬁq in
an al cohol fremitie parte o€ isopropanalfoluead inhe mtiownt,s of an acetal or ketal of a
| ow- boi | i ng al dehyde or ketone. Suitable al cohols for ketal fornmation are

C~- C4- al kanol s, such as net hanol, ethanol or glycol, 1, 3-propylene glycol

etc. Sol vergseauwdd teobe W th r are, for exanple, toluene,
xyl ene, cycl oﬁexa@%%@%@l‘%ﬁp il gl?er " I(Seor%1 i S Oprepanely it ds apcnseary; fos
conver d0on arystallizaion, aneotigiréfenibly® températud@RorkSi 9°¢ @t.bydene gl ycol in the

presence of an acid, such as toluenesul fonic acid, under reflux conditions
and with renoval of the water fromthe reaction mxture, e.g. using a water

separator. iment .is the.conversiqn to the 30

di net hyl k%ﬂ?‘l a(flgi’I F%&r?fﬁef ﬁ%‘ﬁ%ﬁ%@?’r@%’%ﬂp‘gﬁ%&?ﬂ%@?@fﬁgg’é CPRtamyBatsd #dtnce of

pyri di ni umMishydl atiditiah pagdicyevembdrithelfe A8%tion. i eat ed
by washi nggvgﬁggfal kali and h¥dr ogerfat edcf}ﬁtat he lor g?gﬁggeéo?%ﬁ%?g%e’%gti on

cat al yst . TRy ey sy ety ag they can be pastyiremmeved duringshh fintheg enatioen Qef  t he
di oxol ane ¢y eI he rédivdth) S f M 42140 16_.anhydrous Raney ni ckel
at a hydrogen pressur e&}éf EZ%}B)%Sg&ggvrege{]ﬁ (] W?’éﬁ%’t"\étetﬂ%ét’lsBCW@@i n

al cohol i ¢ & preduds jis ehteined sn vayipareoformor in an aromatic sol vent, such as

t ol uene. The conpound of the formula Il is obtained after filtering off
the catalyst by stirring the am no ketals obtained as a hydrogenation

product fr @ik ' L 148 s dilute .mn | .acid, . Both
the cl eavage oéf]ﬁet”ﬁg&%g? g|s§2§§§e ?ﬁed}%ﬂgtrh i‘{; iaogﬁggﬁhelnpdev aE?WF’ilei?ﬁ&@tﬁagd {Saken

pl ace conpFaektigalshyalrogenatedito giVeadeiiizyl-lt,ﬂ-dimahﬁltl-B}rroﬂ?k@ﬁﬁ)(.@ﬁtﬁyétm ne |11
can bez(pbt%'hn%d in very rpurg formafter alkalization of the aqueodus
ICh'can be used are noble metal catalysts, such as Pt or Pd. However, Raney catalysts

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-ox0-(4-hydroxyphenyl)butyronitrile using Raney

25  nickel is described. The hydrogenation according to the invention takes place when it is
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.

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

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



product solution to pH 9 to 11. 10 The 2-benzyl -4, 4-di net hyl - 1-pyrrol i ne of
the formula IV is then cyclized with w brono 4-chl oroacet ophenone to give

t he 6- (4- chivpgpppenyl ) -2, 2-di et hyl - 7- phenyl - 2, 3di hydr o- 1H pyrroli zi ne of
the formula Il11. The reaction is known fromthe prior art nentioned at the
out set. w- Brono-4-chl oroacet ophenone canipe obtai ned, for exanple, as

descr ~bed ir}}nﬁuil. Soc. Chim Fr. 21, 6y (i8yy). 1S The reaction of the
conpound of SAPHEIaNS tha prapertiong,pf by-prasiustsoespeeipllpeiparialdyydmgensticnproduggner al

carried outyddy i.C | vent ui t.ahl e pol ar organi c solvents are
in parti cul%r(ﬂlé@l}%% gf’%o g@sgn Psfﬁgﬁﬁctﬁgﬂ%‘?%v 5131%{0 %&BW"&%@W@E&W- or

et hers, such as diethyl ether, tetrahydrofuran (THF), or di oxane. According
to the present invention, 20 nethanol is particularly preferred as a

sol vent . THupwsinglycihhaompo heert found thab eheequalioy@drity) of e sttias camBHISof
However se the w brono-4chl or oacet ophenone 1 n an

it referred to Y
excess, °f orth%f&lﬁ]b‘ff’eﬁlf ﬂnawys&Eé%%stmngﬂeﬂtl@pcwomwe timecatiese and anrthp byhe

hydr ogen brepga ' : ' iQn, 1t is carried oyt in the 25

) Seoncn oPPOMRe dllriatioh of e hidhGachibl IR putds thEsinb oAl s Fmanthst e

met al hydr agd e porbidm-frearthatdaation prokeddsCRYRIAAY Ghe Eoﬁng&ﬁ-ﬁ’lv_tiﬁ%gé@ﬂl 4'm and

pot assi um COT‘(B,OCI)J ds being particularly preferred. The 1horgani c base can be
5

enpl oyed i RUPRECKQYeRPYr. Hypastcidenef avsr B5Ydm/m)t has proven to be
particularly preferred, however, to use the inorganic base in solid form
This facilitates the renoval of the inorganic reaction 30 products and

r educed0 t hén the-hydembenitichnefihé Hittile Miforlet@hGRNhE oPAS Fotiila P | fﬁg'tﬂéf ed in

equi nol ar anounts, based on the anount of "hydrogen %rom de rePeased.

Expedi ent | §YEHENS ofshe fpmulall @ terionenitile gronpis ectluiced antwextny@ssgenhtion exanpl e

in an exce ival ents, preferably approximately 1.4

equi val ent g‘?OS%F gf)bv%rg n %?‘?en?)gg%lwﬁe%P‘@ﬁthgBh E%d%?S% SR?’EQ‘?F&B“IW‘QW‘%@@“
reaction wgtonpexidi elixhination of walkk to FNe theaelit Hf; f‘gf%’@ ’ i i ed
within a w % range and li sopr ef er%%-ll y ieﬁ@glf anlgg{e0 r rha%gtcgdg%%lgg g¥<§{fp
par ti cul ar Pthep¥alagean b frtbsr hvdregsnated to giveshe: sebhedarg agdlicamins ghbuy whed

ft i \ The . d duct of the f | [ 1
bt o o’ e RSy, 1 brde? 16 BB e, RalelCoiBkel 020 358 Roiashel g 78 1 ed | 1 a
cust omary eustorsarybiy waeRSOENINRS oA 05\8 ReRtAIPAHy RS AT DTS t§fidne t NE

crude product, is preferably introduced into warmwater, for eXanple at 40
to 45C, arfPdingsttigelar spixiuregobiofisne and Cr-€hilsohy sutthas methpmalnethariol} he

formula Iljg Al i i f verage 58% gnd with a purity of at
| onst 079 0O Rt S ottt & m@DoRE AR s 8 e “ubeve wouphiin] or oup
in the 5-pussttsugables bel ow 2% the content of w bronop-4-chl or oacet ophenone

is belgw 0.1 % and the content of inorganic inpurities is below 0.5% For
t he préparation of M. 3000 (Il, an acetic acid side chain is introduced

into the 1§ bbdi formula.ll. This is .
preferably ggﬁlﬁ?z’gg%ﬂtﬁ t%éf%u@ﬁge?%ﬁ?}ﬁ&ie%ﬂg Jé‘%@%@ﬂ%"%ﬁ#ﬂ@ tl?%ﬂ"iﬁ?flﬁcqqn wi th
oxal yl chidiandectah(ketaliysrotpeting grong ot ihelketésirop By Me dtrilekash, ap al kal |

met al hydr oxi de. Ti]%e_rlteacti %} i s described, for exanple, in W95/32971,
exanpl e SEOTROYRE R PEPUGINE0852. For the 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
carboxylic acid is taken up in d&eghyl ether. The product is purified by
stirring the ethereal solution Qyer, ag Y& ng agent, such as anhydrous
sodi um sul fate or nmagnesi um'gll 3 jone tinme Qyg)

25 NC

in which the radicals R, which can be identical or different, are a C,-Cy4-alkyl radical or
together are a C,—Cs-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



allowing it to stand, then filtering off the sulfate which is saturated
with water and finally evaporating the ether in the presence of heat. The
subst ance cmé§%§&dizing from25 the nother |iquor on concentration is
col l ected an ried. In this process of isolation and purification, even in
the purification step and during drying, jgone deconposition products are
newly forned, so that a further |aborious purification of the M. 3000, e.g.
by recrystallization, is necessaryRimRorder to obtain pharnaceutical
quality. 30 In the alternative purifibat>~ process, after the reduction
usi ng hydrazine and an al kali Ny 3 ge, an ethﬁVbZ”d wat er are added
to the reaction m xture, } - ai vely high ténperature.
Preferably, an ether which is limtedly mscible with water, e.g. diethyl
ether or methyl t-butyl ether, is used. By neans of the addition of the
ether, a 42140, 18 .three-phasge systemis forned, the m ddl e phase being
the product PPR& SBtaingdiin y firadigaly R dene thetseanings indieatéd. Unidenmhe3000 wi t h

the al kali g&iddoddY sl i reactd on...The u I nost ase is the
ether phase’in \Ill%r!gtﬁle%ﬁ{eaﬁglre %%%?éﬁ]{%ﬁ%ﬂar%ﬁl? 3‘%‘81§fréed§ar’tet¥a¥“g‘ﬁ?ut%ﬁﬁ“?ﬁ£acll r nost
phase i $ a midsimgltyneduklglalsoah@cyidicbtorPvahe pyolate, ARRE Ak ime teGcldier 9ani ¢

constituents. The phases are separated and the m ddle phase I1s treated with

a nixture ofquavEIolutinnsiof theqymoliniym salts, thedideypytroling bk ys obtsinied) vehich tih

wat er, then idiof MW th an 1 norgani.c.or organi c,acid. The 3000 is

t hen di ssol %@g}%gér(\l 41?@815% hl@amﬁhggé. '%Tﬁ“ el%g)l"%g?)é“‘bé e‘lfé“ﬁ’é!?'a‘?%fbasef romthe
et her phasesowams,emﬁpbaainegiﬁy%aglﬂ;rgwf the ether and crystallization
of the ML 3000 from ethyl acetate or i1sopropanol. In this process, solvates

containing 1 nolecule of diethyl ether to 2 nolecules of M. 3000 or -
cont ai Riyng I | e of et.hyl _acetate to 2 nolecules of 1:~ T , 3000 are
obt ai ngg . 1%‘3%%'3@%%"?‘??8?‘?@)%‘6?%&8-%?%&0@?‘9‘&16& otﬁtﬁapqmwrx%ﬁf BF M. 3000 is
obt ai ned whgidrégeRytdO6RES 6mPAidd INJarkiifiisted hAbwt he ether is added to the
et her phase, the ether is optionally at least partially distilled off and

the ML 3000 precipitated in solid, crystalline formis separated fromthe

ther Ii i . A 20 hyd b i ch b d i
"o par ti cu e mikafe 6 SLRRERN IRAMSRL ishokCir L0 TR e ceb P aPatey B,
e.g. n-hexad2epars-bysplaneof LYihohmdiRl pedHaARsERNG S 1R ompdiad "R how ng

exanples illustrate the invention without restricting it. 25 Exdnple 1 A)
2- f N- MAP hy ITs3ftionAemaeralpreisiin genesal appraximeeiy $1-66%Qt K tisohydrogenaiion fsol uene)

Cone. HC 9 . dJjce (32.6 k are introduced intg a 2501
enanel rea((ftg‘%/ﬁd%%“@wfég %li/lgigenﬂel e EWﬁéﬁg %JEFCW fgPesomg aﬁ'deWFr’étf%‘i ed inwth
wat er cool iexgmpli 20802C,dh lotdir Bgpidhent ARARKAI A RionOThd BRIrRAV G e2afe {30

mn.). The greepn-yellow solution is stirred at 15-20C for 5-10 mn.

Begi nni ng &R} Prrefpeiely 416 ban aqueous sol ution of chl or oacet al dehyde
(45% 34.2 kg, 196.1 nol) is netered in with water cooling such

oy

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 is
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,



M 42140 19 that the internal tenperature is kept below 20C (30 mn). The
reaction mxture is stirred at 15-20C for a further 5-10 m n beyond the
m xi ng ti meMadgli4ohen treated at this tenperature with a sol ution of

pot assium cyanide ( 12.7 kg, 195.1 nol) in water ( 19.5 kg). The addition
is controlled here with water cooling suth that a tenperature of 5 20Cis
not exceeded ture is stirred at a tenperature of 18-23C for

h
110 130 ni negAPYIﬁQ&ﬁ?%P W%@Qﬁeﬁﬁl&?ﬁ%f theperappumitiad theaformmiadivhusing aphi c
sanpl e i ndi Eh % h | i ne. Toluene (25.7 kg) and,
subsequentl@é%\nqtﬁﬁéstl rl%?x%&oﬁ%b%rgﬁ% éqéfag(k:'ﬂvorl c acid (32% 9.3 kg) are then
added to the reaction mxture and it is stirred at RT for a further 5-10

mn. 10 The hydrocyanic acid escaping fromthe apparatus is retained in an
absor ber fiAltemativel opbrrcpariefthe salvent dahealsgtberdlﬂrlleﬂwff,el”ged)eQﬁEthhﬂikﬂ ed er

phase (114 i d t|t is allowed 15 to settle and it
i's trandf erﬁ"t‘%h% ’5‘%&“ églt‘ga ’??’Q?t@ﬁ‘i‘qln hisa"'rﬂﬁe’ftbﬁ’ dighilgipnaesidue is
Benzyltriet bl ue

or gani c phaalsa)e&lgg%&%lylrﬂ sr&?%)ag éed;‘%%tggzage#gﬁ%%ﬁer&ggﬁgﬁﬁ n?ﬁ‘@?‘ﬁﬁ? %58 r ature
i s reached,predutt van brypirifiedde dswhibed abo¥e30% 32.6 kg) is allowed to flowin

such that the internal 20 tenperature does not exceed 15C (30 min). After
addition is conplete, the reaction mxture is allowed to warmto RT and

addi tionall anal.ysis of a.sanple
shows a cor?f{ é'ﬁ%”eé‘?’p"gé’t' Oed egy #rﬁﬁ{ ﬁgﬁ?ﬁ}@ﬁ%%l e}ey%gc’genatl n'can in particular

ehl or 01@- ( Wersabhgly anielérated by aging anliydrbes R¥NS ikl 85 ¥ BhtiEsi shd' the
m xture is 25 washed with vvaterg(40y7 kg) : thel vvatser ISSIS. aﬁmdt@ﬁﬁﬂ@gra

two- phase RPXtHF ef foluege prd wgthapel a5 posokyent and, moudm’y\lmceonqod:mstm Kep9 whihin
cyani de wagfgenater 2) is allowed to settle and is transferred to the tank
(to cyanide waste water 1). The organi c phase is washed again in the sane
manner with water (40.7 kg) which is 30 acidified with citric acid (0.81
kg). This ¢itric, acjd/ water phase (45 k cyani de waste water 3} is

conbi ned wilh Praferrest 1eastianconditiens iy the ablainneent phthepogmoind phitiedoisulddiled

over npgnegi e om tenperature) for
050 g By Eafy'bf e fixdrdathalifh ofbydRl or U deelel iatl I Msn B0, 0. 5%
Thi s t ol uenslicanddibelom: (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
conbi ned with the cyani de waste waters. These cyani de waste waters are fed

to waste I . .

2- (N- et h;\?gﬁlfl}ﬂﬁ%g?acr y i @?Pﬁl s[?lggtcgg oy kstalin 2 sglventwhich forms, i,
t enper at ur e azeptrspowitt watetcusing i sigeholdin théLEreEéhce 3@5&1 b1l ichtafydt, to ﬁ{e
proces ng For (;:ﬂo?lég i(Fdeter ation, a 50 nl sanple is drawn. A dry

resid sCYBEER t9n¢ tthprkelgh 1siqaaedsoutn an BVOh@lrlg@hwpremg ofiti ng
t ol uene ' nediﬁ(‘él@nt%}no%nf@f'amdgétglfor@ﬁl o grlﬂvg%;bg% alg E%PB? g%ubtlaﬁfan d a

integral areas of a1l VR spectrum o

GC anal ysi alcelrads frg&etal Tdrmatmmamr@] Gi—anc-aﬁbl-smh)ah &mtﬂdnﬁn)eﬂﬁhhd &flyddll e in

the sol uti naccq rdl 4? S4% The yield is thus 9 4% based

on the net ﬁ»yrpéﬂ?){ PIEE g??é |e[5:y§ vents whlch orm 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, €.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 treatnent of the cyanide waste water is carried cut using conc. Hz"Z

a. ~d PdaOH 15 30% at pH 10-12 to a residual content of cyanide of bel ow 30
ng/ kg (<30 Rp 14(§) 2. 2- Di met hvl - 4- oxo- 5-nhenyl val eronitrile 20 A lithium
di i sopropyl am de solution in THF/ n-hexane (LDA solution 25.1 % w w, about
2M 80.7 kg, 188.7 nol) is poured into tg% dry apparatus (steel vessel, 250
1) flushed with protective gas and cooled to -15 to -20C under nitrogen by

nmeans of br amydrous Ramgy nickebattayttydrdden ipk&ssirk o4 1630 bk 1) in
wi th cooli n% Z(#ﬁ tagg)t iihe i nt er}ﬁalget grrpgrraturet doeslﬁﬁgmeré%%zgﬂ-ﬁéfg@? Af ter
C teey

addition is 1Bialcoholig solvents| such apmethanele dr indh aromtivédiVeritudkae (2 Kg) .
The reacti ]t I T or =65 mn gt tepperatures between -10
and - 20C. %’éﬁgt'%l ﬁ%ﬁ‘é&@%ﬁ'{d%ﬁﬁ% "?P{%Fiﬂﬁé?ﬁ{ﬂ“& iaﬁthi)?wfémetqaralﬁt bu7.1 %
52.8 kg, 15stirdingohe arhfhotkeedls FRARESES 4 Bydi ' L %@L 520G, such that
the tenperature in the interi or 30 dog}é&‘ﬁ%%hagy(’:ggoéﬁ&%@?@ OTSRMS Phasee
supply vessigfo ghaqusus didetdininersl auid Bath sectlvdvabe 60heRBR1sEAIE Dmakhe

red-brown reaction m'xbure is stirred at -10 to -20C for 64-90 mn. Tﬁfe
content of oY S¥YEIGUREDas taken place qmpletely asr muieafiende ynio o 4 tidt ®T. Thea

aschr omat i lS\h{ el ow, 2% Y,,M.42140 21 Wth the
gool ing swqtg'gﬁéé)gh gﬁ‘e?j,ﬂ %Sgg’:er%]’maﬁlgehgﬁ%&# u?%fqrﬂ%@eﬁéﬂ‘%/b’@t@’?lq{rﬂi‘%@l‘lﬁ@ﬁ 9 kg,

188. 8 not) preduntiselutdnitompHd fodi ng the internal tenperature to rise to 5C
On exceeding this tenperature, the reaction is carried out with water
cooling. Wien an internal tenperature of 15C is reached, the mxture is

war med o i g 4 tb,ure of 5.50C at a heating rate of 20C h,

while furt ﬁg‘re jl;fe’ﬁ{ziﬁ h’c“h‘?‘émr%?ﬁ e 1r%”'$?3‘f‘8 Pég'ei(iqmﬂﬁét} 11§ fhen Cuelized enith @rbreme-

addi ti on i 9-¢hléroacetdpigenose s F08 tHe 6<{lé o) 2 atg; G far 1354 h, and
fieonse orum snoconkepl sl iy s

t he content,. of 2,2-dinethyl-4(N nethyl ani utaron
gas- chr ona YR Hepyreliine ofshe frsmulsellb Whe ¥eaction Fiemobat fedmitse pircool ed t o

bel ow 25C ; r to a vessel into which a threephase m xture of
ice (22.6 kg f‘t’ﬁgtﬁ% 2@%5" RG f°§??d21°ial°6%*}?ét°gg??°6wng} be ebtained ofpn cxamgle,10

m n). Tol uesdedctibed ¢h BuLB. s&e@nﬁ&@ﬂtﬂ%ﬁss@hi s tol uene/water phase m xture
is thep Warmed to 35-4nC, and the phdses are)' allowed to separate. T he

cl ear ttomlayer is 15 renoved (water phase, 75 kg) and the internediate

| ayer is | i 5:h t organi c dyct phase. Benzyltriethyl anmoni um

chl ori de (ﬁ‘ﬁr‘gﬁgm%ﬁgﬁﬁc R?H’.‘digt@’f%ﬁ?’é&i?Wé‘t‘the@l'@éﬂnQ-é-qhmomegmhbnOMase
and hydr obirogénera¢bied4R¥in £ ; 1] hen added at, 0-15C 20 in
t he courserg%? 16 mn. The t eﬁ%lgrra ﬁ?lg%g'}ﬁg?gghﬁ%ﬂtlgﬂ&%%ﬁg@géglvfﬂtéta’éeo‘? to

about 50C BHHCHEFo€yaaicahols suthi as nietharei, evbidnol, Weipedpans] sredtiéraadci Bs an
absor ber pg i I h {de solution (32% . After stirring at
50- 60C f of FEIGH pHel TR Gl RERE) F fiebis Afoiiing lobe pomensinvanions s
wi t hdrzdwn. méthanclos ppaiticuliirly preferred as a solvent. The reaction c nents c

4- benzyl - 2, 2- di et hyl - 4- (Nnet hyl - ani | i no) gl ut aroni TR tﬁ%b?n' xture
shoul d” be PBPI¥eDImSRuiRElHr amaynts HGLRS, i tapryfeired (Ciiethg asbroforat ogaphy) .

When this L] is fulfilled, .the phases are allowed to settle at an
i nt ernal &ﬁ'&%héétgﬁhen%ne In an excess, for exa!%pﬁle in an excess of 10 to 40 mol%.

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
hydrogencarbonate, 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 inorganic base in solid form. This facilitates the removal of the inorganic reaction

30 products 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



t.enperature of below 60C for 10-15 mn and the hydrogen cyani de-cont ai ni ng,
HBr aci di c dark water phase (cyani de waste water |, 90-110 kg) is
transferredmM/e2iaoti ghtly 30 seal ed tank. The |i kew se dark-col ored organic
phase is cooled to below 30C and then extracted by stirring with a m xture
of water (22.S kg) and sodi um hydroxi de Eblution (30% 2.5 kg) for 5-10 mn
at 15-25C Tlﬂ% mar kedl‘%. pal er - col gr_ed al kal i ne water phase (pH 10-14) is

al | owed to he wachnm with gxelpsien oblight; Thereactiontrmperatuse barebrivanied withinz 40

22 t t . i . . 25 Kk or ganj ¢, phase .l s then
sti r;gg vrrllE t lc{\fg?@ya?gé%&%tw&ﬁg Eé'g&%fog? ) i%g@g’ﬂ? I,C“Li’ﬁla%tr%%“\kiﬂfs er phase
whi ch i kbl | t XAl Ak J ff . b

kel i e cy O e o 5 ey sicliolid AniThal ity SERBLAALYOL 1028 Hols. |

shoul d be 7-9. The toluene phase is transferred to a distillation

apparatys, .and the vessel. and supply connections are rinsed with toluene (5
kg) . Th§ to e%gq roguct of Iﬁff'e'g’nﬁ E%B‘i’fﬁ!“é@ 151 sgprated ofk, dorgxampheRy num of 50C

distillat 10- : i istildation 10 is taken
Up i 1 Sopronuffugakb dfitfiied if AeubEafHfafter b Feriihe iehpBnst
conpl et el y impurities @ouhistend Aheerideyroduat &8 pretkrablyTRR6 A0 Sntefw HRCVAGE b | | at e

I'b, 23 kg). The azeotropic distillation w th isopropanol (22.7 kg) is
repeat ed agfé?ﬁ‘i‘p]er?ttﬁ%t‘égﬂé}:ﬁﬁﬁﬁéﬁte@(ﬁ%ﬂola haues. Ix thigwakghe compdtmd ofbedue of

t he azeotrqpi NSk [ [ t -30C. Wi th isopraopanal (16 kg)
and neter ea | ntl%hgL rkﬁuf%epggg ?‘éggg‘gﬁaﬁ%ﬁ% 5(85{95611(13315%%%8?3:2] as(‘gké"kg), to
whi ch 80ystTle comenisofahe ofed comhiig the @XidropRRMES D B MRIS-podifod R 05 kO)
are added for crystal lization control. The supply vessel and connection

lines are 7onfheigontenpeop-dmerno-dachdorkagetophmoneriy belalw 6.1 %pansthe cohtent
cooled to - 0.-20C and.sti.rr for 20 at least a further 2 h, but at

t he nost 18%%%%%6 lg?wgﬁlgﬁlmggw%%%i ltered off with suction and
resuspended in a precooled m xture of isopropanol (8 kg) and heptane (8 kg)
at -15 to -20C for several min and filtered off with suction again. 26.7 kg
of 2, 2- di nEPhipleprepatatensfdliI3080 €).omi acefi¢ eridiside oliniinatrodacal wmmi i cr ude

teri ol Lt t t qt al 66. . af th | . . Th ] t al
are ar by PRt Sindhubd Finlonnil Ty i peerably sorip o berpecgione.
product havf thg campound ¥f Bk fef@dh Brwith aii'alﬁQﬁﬁdrﬁl%hﬂ_sﬁﬁéeﬁﬁex%emloﬁ%isﬁlg Q)

Purification of 2 2-dinethyl-4-oxo-5"phenylvaleronitrile
2, 2- Di met hipydrazipg andsampalkalj mesaldydraxide. The {@sti@0sdeait@dkipr exdfipR, iml ) i s

suspended i had U l%i r @%4 : %ﬁ) and tol.yene (4.4 kg) in a
I L ol e T T R RE TR
m xt ur e t oréabtiGbrodiiéthdisterdnt ko\GesThre dS&HB&d.Qﬁ_(bcox\Mi}i%Sfb WOINEIV 7608l §dadidn
25-30C,_is poured onto a stirred pressure filter Tilled M 42140 23
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
allowing 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
25  the 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



wi th isopropanol (5 kg), and the solution is seeded with crystalline

2, 2-di met hyl - 4- oxo5- phenyl val eronitrile (0.05 kg) and then slowy cooled to
5-10C. It igysigpred until a thick crystal suspension is forned. It is then
cooled to -15 to -20C and stirred at this tenperature for at least 2 h or
overnight. 5 The product is filtered offgn a suction filter and washed
twice with isopropanol (4.8 kg each) precooled to -15 to -20C. The noi st
crystal nas¥reegmhage giglenm is frmed) tht mddi8 flase belngHOproulst pHas wigcp! Product
(74.4% yi el d% hagi gg{l@a g)ugi ty of 96.1 % (GC analysis) are obt ai ned. The

mot her 1i qu enélg y s 9 thgisalt of ¥He 300Qwith the alkali metal hydroxide used in the

2- Benzyl - 4, dadion® qD]e ral ickel 17,7 kgl, which has been

T od ber o eadtiolP TR dyiptrfibls @&%‘g‘r%r?g?g‘ﬁ%r BRS4 in which the;preamic impuraesared wi ¢ h
a | ayer of situstedgmd tplowdimastiiie ftLek Akl ended i n
met hanol (67 kg) for 15 mn. ,%\?tﬁer SW tocrzlﬁiwtng off%tqﬁg%g |§%‘§ﬁgﬁﬂfﬂgaﬁ§ney
ni ckel Ps 4h¢ BRESINICFOBBtitUERISf or 15-30 min and the nethanol supernatant is
forced off through a pressure filter covered with DicaliteO using nitrogen
by neans of a dip pipe. The catalyst is covered with a | ayer of the

sol ution ofrhd pRadts BRI RPYhrafedtaA-th i romitrile.( 13.2 kg) in

t ol uene (92. 4p§ ) at 1%- 20C and ?ﬁggﬁggﬂﬁetlghﬁ%t?ﬂ%t&aTY‘&‘.‘@ q{d%%tel)mﬁé# i's

used for rethsr whichlisonkydimitedly adsdiblervath whtet,MBerl 2341608 wi) éﬁtih&%aniyb‘?
appar at us io§ a;]i | | e(fglhhr Bgz'béres with nitrogen to 3 bar and the pressure is
rel eased i N Graer o "8 pPReR isthap disselved inothg gther phasei s t hen 1 ushed three
times yth 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 55-60C by

swi t chi ng She Mie3@40 qanibegbtained Frysir the ethen phaskplok @i‘aiﬁﬁ’l@};lgy é\FTaRara'aah b et er

about 3 h;et'@n %ngi ) (tt)il é.3.3 HB of ha/drogen are absorb e reaction

m xture i sSEotEFYsERIFEdtnof the Ml 300 frag qthyleaptetetordsapidpaank Ii tiés hydr ogen
over pr essup@ce RASERhtai is fl ushed,4 tinmes with nitrogen
and a sanple is Efog‘bm)ved ttaéﬂ;?%elixﬁlgf%@%;@gﬁl?y&r?%ile’i'ﬁoez E'lﬂtlr‘?c o5 Mk 3000 or
starting neanénpak lanolecwlerolfiythyd genatt esl2 ol R TIML BosH M §idiRLg exceed 10%
| f thesanple shows the required result, the reaction solution I's subjected
to clarifying filtration through a pressure filter covered with Dicalite

(0.5 ko). Ahecsanaliat svaidhidel bhital "GSaBUEIAT B RS S0yl L Nomt hanel (10 ko)
and the methanol (kg) is then dlit}gtllllﬁeof g%f&ﬂf' ?’gm ggpeg &t PtiAned) | Whetha at
an i nt er ndtydrogerben1gjling 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
20 hydrocarbon which can be used is in particular a straight-chain or branched aliphatic Cg-

Ci2-hydrocarbon, e. 2. 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 enamel reactor.
30  N-Methylaniline (17.39 kg, 162.2 mol) is metered in with water cooling, without

allowing 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



24 tenmperature of 75-80C. The residue of the distillation is cooled to
20-30C and washed with water (49.5 kg). The two-phase m xture is stirred
for 5-10 m mg/4abdewed to stand for 20-30 min for phase separation and the
wat er phase (47-51 kg) is then renoved. lIce (44 kg) and water (44 kg) and
then concentrated hydrochloric acid (32%95 17.7 kg) are added to the
organi ¢ phase at | S-20C and the mxture is stirred for 5-10 mn. The
HC - aci di c Wt the ipteaad temperatustis ls¢pt below 20F€ (G@oninhdReveartion abiknmeis t 0

o 1+ v m t SRS R RSB i ey raiing e the ek dland

tol uene (86 - 1 hi = aci i us duct. phase.
Anmoni a gol Lh'?? iéa%'}p(e %ﬁe%g@sﬂ%&{%ﬁ%ﬁlﬁ )tghﬁfg(ﬂ%'zgﬁgi h%r gfno 8t um of
25C. The pHI% kijeThabdditighazenwsllddierhaheyirdodlise shiBlthsl attemﬁerlalilurexge

t wo- phase n‘)'E(ﬁ,g}ue is stirred for 5-10 mn, The phases are then allowed to
settle and IREL pxaspdpdd(1ih). Thegnixtursds sired afpdemperamneofitta’s°C for 110~

transferred [ fioblJ AL tus with rinsing with ol 5.5 k

and the 1o iapar & BERWIZLEhABRRLE fomble Tt sSe o s b oPlal

t enper at ur eindishtcs kes8 ethn109Rlethylanil R ToRHEDS. 7 Rp) Al ddbbhEn@flAhned can be
eter n In an

reused for extractions. The content of pyrroline”is
al i quot of Yweng.senedwdysichlosic @5 (§2%, 83 kghiactheineddbdyio Hesiesitningixhire st

det erm ned .conpl ete oratjon_of the toluene in vacuo. This dry

resi due hasimg 1g15,"¥)1gﬁ@ ab§¥%8'0% E‘F‘h‘?ﬁé—@o‘ﬂﬁht

2- benzyb- 4, 4-di met hyl - 1-pyrrol i ne according to GC. 20 From 100. 7 kg of
product solution, with a dry weight content of 13.74%in the 50 g sanple
and a GC cortedidresyanig agidogscaping feond thé agparatusiisiretained in an absorber filled with

2- benzyl -4,cgﬁgliﬁ§5ﬁyl l-pyrroline is cal cul ated. Based on oxoval eronitrile
enpl oyed, a yreld of 84%results. 25 E)

~4- Chl or onhenyl ) - 2, 2-di net hyl - 7- phe~l -2 3-di hydro-1H pyn olizine For the
directly subsequent ring-closure synthesis of the pyrrolizine,

w- br ono- 4- cHith ths sliseer syhetredradT, ithe water phyasd (11 kg, toarid Yeex 0ass 1] BAIRWE )
and sogiu arbonate in a 36.nol % excess (74.4 npl) to the

det er mg%egkggﬁl%?’l%]ng l{gafls?erffﬁ gs5a eq‘ﬁ%st‘ﬁ?é‘%i’ﬁngtfi’bcﬁsﬁ%éli-due from stage D
is treated at 15-20C with met hanol (49 kg) then with sodium

hydrogencarbonate (6.25 kg) and finally with cooling with w brono-4
M 42140 25BeRrdiristioduppranenehloride (963 ke))is addral to dbablue-oglopal ergaret bhage hi ghl y

liquid suspgisi; i t sl Lt h excl uysi of Ijght at 18-25C for 17-20 h.
The susp_ensll(i}oﬁc 1|9§°dc]§dnf°r isftégggmanﬁﬂ%"gﬂ%%@ﬁﬁ@f € jseqehefe9diim h et hanol
(11 kg) i nhydvoxijalersblution (30%, 32.6 kg) is allowed to flow in such that the internal

20  temperature does 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



5 Met hanol nother |iquor and net hanol wash sol utions are di sposed of.
16.5-18.5 kg of noist crude product are obtained, which is suspended in
wat er (88 kay4apgpstirred for 12 h at 40-45C. The crude product purified of
i-norganic inpurities is centrifuged off and washed with water (22 kg) in 2
portions. The yield of noist crude produgy is 14-16 kg. The aqueous not her
| i quor and aqueous wash phases are di scarded. 10 The crude product is dried
at 35-40C i [Foguctamperatura) fpr he20mia. ArdbarhFisohentitraion shoo aasaterocohferfiol 3. 5 kg
(38.4 nol -41.9 | ). Of . .

6- (4-chl or o§ﬁ8‘ﬁ’3?-?;-9°2?fﬁlsd?mwiuﬂf’ﬁr(é‘{%-ﬁ-’-lgg,h& flterpd through ppressureAilies and
concentrati 7 ( i ield of .71 0-7C. 7% based
on the pyrrglﬁrﬁleo%%érﬁg% ngﬁﬁggﬁgf(ﬁeggg%g? gg‘#@\‘ﬁ%%ﬁ) x?i°81‘{§’"fé Y E 6404
based on t heyanidewedste waicts. Theseeymiidey weste Watdis alydd 0O RARE vAler tiAE&RANTROL Of
i someri 5;}4-0hl o[ opheny| ) -2, 2-di met hyl - 7- phenyl -

2, 3- di hydr o2l ¥iQRQ% (N méthylanilimperyloniile (53. 86dvg) ewhich is unstable at room

ot 1 oo BERRGEL GRRRANIRP R o1 46 el SRes pescssring At o D)
Were carri esbnodst da&nhmaﬁdlﬂmmnﬂsarr%)e 2-BARAYA 'dl?); ﬁ%id%ié%@été@ﬁ%&@#og{ ﬂﬁ{"ll) -1

3-di oxol ane 25 Oxoval eronitrile (50 g, 0.25 no I's treat éne
gl ycol (75 <f this samplechy) laegsly qyaporatingtoluchne in vacmi al a(Baxdnmm 6f P0FE. Fer) i n

t ol uene (3Q 0.1 .82 ol ), an eaction mxture is slowy
heated to b"o.“fgu”ﬁsg‘??’é‘aﬁ?‘!’ m@gaé%rfeaw %ﬁ QEWF‘%}W,mPﬁQl%@FW ins checked
by meand ofch@zofohearidd GENRalysis HeSisbd B h Iy o nd. Lef 1 ux
phase and repl aced by dry solvent (185.3 ‘% ?enggﬂgbggt%ﬁﬁyg’%@fné’g%aﬁ?ﬂ“?ﬁe

col d under iBthe sdutien apsordingtorlkH-INVRFis #5\5dPk The, yidliés thak 9§29, Bl lonQhe Of

t he crude Qﬁ[‘&@%ﬂlf S X ragt ed with ice-cold sodi um hydroxi de solution (25
g, 0.625. O y@ ‘of ice) and the phases are separated. The

organi ¢ phase is dried using anhydrous magnesi um sul fate (MW 120. 37, 50 g,

0.4 nol). After filtration, 245 g of filtrate are obtai ned. M 42140 26 F)
2- Benzy| - 4 Thediegtmeny|of thepyanide maste Tragerds nateied ehtitdisgcaic. the, dhdNabane

obt ain u Ls 4Nt roduced into 1 I..autocl ave and 20 of Raney

ni ckel ?%113&% ﬁ@’%g?&?@‘%f&%ﬁ‘ﬂ%Cs’{ﬁemaféwanE Ogg%lﬂwé&’i"g@%e(&:”g PPEYee ti nes
bef orehand wi t h anhydrous nethanol, together with 71. | g of toluene are
t hen added. By pressurizing with nitrogen three tines and subsequent

rel ease, atnospheric oxygen is displaced fromthe autoclave. The

hydr ogenat i 5 after @ hydrogenation pressure of 48 bar has been
added usi ng‘?@fhﬁ%& %0 3 h and deaeration three tines and
the jacket tenperature of the autoclave has been adjusted 10 to 63C (tine
required 3 _The_,hydroqen_ati on in the 1 1 autoclave requires refilling
Wwith r 062'1)4*1{“6“ dHeonsepylamidg sphutier i THY &1-hexant (P Aadsdutior32 $1 %i witwe rabaiht

pressure 2 ft h 8.,h (internal pressure 17 bar). After

a hydr ogengtlt\/ii?gFl)')7tlléélncai 8§T7 Ig&g gstgé)lﬂ%dflg@é?ig dpy g‘f aei}ﬁ éﬁ??@eﬁsgl: 2P9 Bibshed cool

and t he r ewithippoteptivegastand sodled tensdo tTU°QUsHHer RtRIgEA By nqe%ng_gpbtgxlxéaavage of

t he acet al @ﬁiegskgbace directly follow ng by taking up the crude product in
0

dilute hydf utyEquitrile (1 43¢y 6 Smad) isanéteredin with denling 20 th)t thad

stirring & I C rnat . (tol uene phase) is
stri pped O%ngégﬁééx?hgfhmng?gg&gﬁgég&?g la(?’g?‘l zeéaggf%‘o 'st%o‘g@e% }hﬁ"&%ﬁ?élfus
concer®dr at vukedrAdmia) W2Ah¥olubre @ kgP. 73 mol ) to a pH 20 of 9 to 10. The

precipitated pyrroline is taken up in diethyl ether (200 g) and separated
off. After evaporation of the ether in vacuo, 32.1 g of product remain. The

2-benzyl - i - 1- Py LeLing. | t ai ned i ield of 69% and i t
of o2 hus ( TOS HeROH xS By 55 Eo 85 Ckp iafieds Fatesor Qpndogorey
bef ore useThetolieme fwbilltiaﬁQﬂaI(NQﬂethﬁtlaﬁﬂmeéi:Pﬁbnilﬁﬁﬂgr(@g.g%?tsh.%rkg, 5% 2%0151%""_”

pressures %5 bar) and | ower tenperatures i's achieved rn thé& hydrogenati on.
The puri t ytheR metaredhin wishibriae eenlingre 20°€ Suh d8gdeG@nperature 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 material (2-(N -methylanilino)acrylonitrile) in a gas-

chromatographic analysis is then below 2%.



Exanpl e 3 30 Preparation of M. 3000: A)
5- (4- Chl orophenyl ) -2, 2-di met hyl - 7- phenyl - 2, 3-di hydro-1 H-pyrrolizine
M 42140 27 WjaP1460 (95.5 nol) of 2-benzyl-4,4-dinethyl-1-pyrroline prepared
according to Exanple 1 or 2 (based on content of pyrroline conpound), 29.7
kg (127.2 nol, 1.33 equiv.) of obrono-4-¢ghl oroacet ophenone and 226.6 kg of
met hanol are introduced into a reactor (5001). After addition of 12.7 kg
{151. 2 nol , Withghe seuling ywitsthed off; begisnihg dt 0 0en c20°6drazyd chidilenRX9%ee | S

i 7-24C wth formation of a beige

ti d wit | 1| f.l t 1
SUspenai on B ols Phesed in, diiw e b6 el temReranie jasisd to s, Gnexaseding

pyrrol | ne. afReBGkaite! e AN [2al ot Vi B col i WS RGP 2Ken

and tested for the content rroli ne conmpoun

chr onat ogr dpinperafilre ofN &Y & reachbOVE nax LENs Smed 2% in@iﬁaﬁaﬁga@ﬁh@ Bgi s then
an_internal t erature 10 of 18-22C and the solid obtai ned

centrif ge% g{: , en‘E J

by cent?i f w§atiada heatingeateef 20°Crh, while fughebenzyl khlovide ismeteeediar Thotime The
still nois i l.l ow praaduct wei ghs 25.8 kg. The still noist crude
product (2 ?%‘ﬁté ??yes"yud?b%’ﬁ‘dégw 150 kg of water, then warnmed to an
internal tenperature of 50-60C in the course of 15 mn and stirred at this
15 tenperature for 40 min. The suspension, which is cooled to 40C (40 mn),
i s centrifdgedeantignirhixtyraliskepe bl Tn558C fartadih, and telcottenbs £2, 0 Himbthyl-4-
centrifugaty,on_ks, wash ut wi.th 27 kg of water in two portions. The
product is F?g%'y}a\r{\?lﬁlffé?gglli?aé?mgﬂ? W?SO‘%“T??‘QET‘*H?‘CFB‘PBI%Q tism below 2%.

6- (4-chp or ophenyl ) -2, 2-di net hyl - 7- phenyl - 2, 3-di hydro- 1Hpyrrol i zi ne are

obt ai ned, having a content of 0.33% of ash and an isoner content of 5 20
(4- chl or opAbaPaichds theniaseledytd beloph2Gt() and tRnsfchyd toa tdds@lyinfookhich RqhRE- 1. 0%

B . .

5? (4- onl or BRHEMISUrs of icsi GRAHR)- Watph@éAA ke and tnlwaned32.6iked ja ingpiluged-(B0y | acet
Il(ll gC Ikg E g/gﬁgpg&h)w%gf(ﬁ kgy is QUaArRAHNSRe ! THiS ?olﬁén%at%ak@“iﬂqpecits oy of Nz,

6- (4- chl or BprEeY 19 39-40°8; anst thy phsephmllond 3o shiphyatts, Tht iRy bs @b 2k ! €

i ntroduced_jnt o .60 f t h furan (THF) in a 2501 reactor. The

yel | ovv-fkgol %arme%veggl‘”&lf(‘%@ﬁa?es 9%32} %(df{t?‘s ntgrmedaate lyeris lefowsh ghe onganic pgeduct uppl y
(NZ). 6.8 plghse54.7) nol of oxalyl chloride are then nmetered in under NZ
froma supply vessel over the course of 35 mn such that the 30 internal

t enperature does not exceed 20C. After addition is conplete, the now

. dar k- b ) ensi i,§ Sti at .an j.nternal tenperature of 18-25C
for 20 ¢ o BevildieRAAEARL A0 tRaRae (3£ Rerinadts bl Tl piastest BeRttp SiRuCed 1 nt o
a 5001 r easriganic phage Wal KYBoEBRASIAN (4% 252 ks, ITRI6ShEN id Raﬂ(}gédsatiog?quer

the course of 5 mn such that the internal tenperatufe of t
20  in the 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 6-6 h hours, 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

25  analysis (GC = gas chromatography).

When this condition is fulfilled, the phases are allowed to settle at an internal
temperature 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
30 sealed 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



m xt ure does not exceed 20C. The reaction m xture is stirred at an internal
tenperature of 25-35C for 10-20 min. The still green solution is diluted
with 62.2 k@@ab14h et hyl ene gl ycol at 25-35C. 14.9 kg (298 nol) of hydrazine
hydrate are then added froma supply vessel during the course of 10-15 mn
with cooling. The internal tenperature ri22es to at nost 40-45C. By stepw se
increase in,the t ergture during the course of 1.5 h, the now

bei ge- col or 52152 gl?lgﬁngteivgatg‘;a??%%hg)E dhe Arganic phasel is thenpserzdurich ofatef0- 75C,

THF distill faf 15.9%0 ¢, f €aching an internal tenperature of 75C 45.4 kg
of THF di sthsﬁkﬁgfta?gstgglfpéct ed. The reaction mxture is cooled to 50-55C

Cotal of 26,4 g boLaSe um hoias SRS oS Blich ep Rl R R Mol )

total of 26.4 kg potassium hydroxide in

t enper at ur eSSPREXSHO &0 68 -allGine vpmidawbdte wars 2 (25 kf)NThé pASF thiskashingKOH and
the ini t5i al i{“éhig%ﬂy) gy pgnsi on turning yellow, becom ng highly Iiquid and
gentl e Pef | eX"B8E ?ii ﬁg_ or a short tinme. This suspension is now warned to
90C at a tenperature increase of 15C/ h, slight 20 foam ng conmencing from
85C and the suspension thickening. At a tenperature increase of 2C/ h, the

i nternal teHisetoltene phas intandferrédera distilfdidn appaAAE A0 e ess e plé/i e
nitrogen is blown throygh the reaction m xture by neans of the ﬁ i pe at
an i ncr eas PTBHANS 3fe nigsed Withfolrene (xke) The toluenass distilbsiofF compheeyyn f 0am ng
and addi ti gpg), ' : vol fot reacgtor contents

i ncreases to d%gﬁjgﬁié rggalgft:@ét?ﬁaée %Sli?@é&oikégeqb&ﬁﬁ%ﬁi‘ﬁﬁf@widés‘lll?\ﬂéned by
cool i nd0 Atis takeh npéu i@prdpanflqR2T KeF afd thbQBIVERGE ' 0.

col | apse and a red-brown thi_ﬁ( sungﬁsi on resul tgfehmsltfgﬁairgsfpﬁghv\p%tee;}'g}j
further to Y29 WR & HEEX{NGWN dRtgmat empleratwie-of 68TC @listilabett, 28kg)aTke of 15C/ h.
In the cas i f ! th tion tenperature is | owered by
cool i ng fo‘rizgégtrs or?éﬁlllé{trrgb.n ‘Xﬁﬂsﬁg"?efaﬂ@ (??‘2\3.(555‘ ragam 1pdhe syme magpen | at es
of a total (ditilateltg, 28 keg)col | ected. 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
wat er and 56.7 kg of diethyl ether are added. The reaction m xture is

ti t L& t 4 30-33C f 10- jn, th th h
M 42145 5o ThE résthd iFhe AAGRERRdililiotbn Felakehn 8 250 L Wi diorsgemeh (e
separ at ed. kghand meterettiato S mixtag of i8I pfepanBE(SAPE A h%@ﬁﬁ 16"@2% wﬁjcﬂhs
iI's disp of a

154.9 kg, is colorless. and only slightly turbid. It S waste
vat er . TheCVéiafEmdé 8? Zaze‘HP‘eﬂlYll'ﬂrQ%Or?mbmﬂtﬁlmm’trﬂhé&ﬁS kE) acladdedfgi st ency

wei ghs 29. grkanpiaflof eoAAIMPhd AppliAldisd TRY Dhnhufy OOUCt as the.
isopropanol (2.0 kg). The crystal suspension is cooled to -15°C to -20°C and stirred for
20  atleast a further 2 h, but at the most 16 h. The crystal mass is filtered off with suction
and resuspended 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  22.3 kg (70.6%) of a product having a purity of greater than 90% remain after GC
analysis.

C) Purification of 2,2-dimethyl-4-0x0-5-phenylvaleronitrile

30 2,2-Dimethyl-4-oxo-5-phenylvaleronitrile (85-90%, 22.3 kg, 110.8 mol) is suspended in
a mixture of isopropanol (40.0 kg) and toluene (4.4 kg) in 2 250 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



5 potassiumsalt. The uppernost, clear, yellowcolored ethereal phase is
vigorously stirred into an extraction apparatus with 10 kg of water at. an
internal teypgrapure of 30C for 10 min. The water phase is separated off 10
mn after swmtching off the stirring The internedi ate phase (29.6 kg) and

t he aqueous extract of the ether phase (49.9 kg) are treated in an
extraction apparatus with 126.2 kg of diethyl ether and 59.7 kg of water,
10 and t he Witikisgproppapl €3 kgkand theasolutinnds sedded avitherrpstaltine 22- dinfetiyl A-oact ur e

o 0 LN el T il

maxi mum i NtRicR2 ; j e k . -2 1S
achi eved. 1f ct h%yggagﬂ&%ﬁ%%&g ?sltgﬁg%(ﬂiqtei\?g%é,hoéao Oﬁﬁiﬁ tS hgfg)oagdign@g "géd é“%ﬁlsst rengt h
hydr ochl or itemperanireafor at leastt2 i or owdrhight.2 kg of water is added. After

achievipng this pH the phases are thoroughly stirred for a further 5-10 mn
and thef allowed to stand for 10-20 nin for phase separation with the

stirring swi f 0, The HO -aci dj.c ter se i s drained of The

et her phas\g‘h%g)p(?@gg{ségteg%da? ogiaasuf;ﬁ%n ghﬁrpq\g@ V\V/aeggg‘g}a‘l“ﬁf WﬁthdSWS’(H"@Pg(‘[ﬂ kg 5 kg
“of hydr ochleach)preebldaadi 51 RO°Of THEh6Ist &ystat m%sqge.%llﬁ%dﬂédeﬂ 38L38 in
internal tenperature not exceeding 10C for 5-10 mn. e phases are

separ at ed AAeho, hed HEP kgrod produst (144%aixdd) ying 4 purey iof 86.1%(GCE candlysisyese. 25
The et her e s thep treate jth.30. kg.of dem neralized water,

t hor oughl yggﬁfnrepéﬂgh%{??pﬁéilﬂh%r (38%]%33 1% 'S‘i%g nmn and warned to 15-20C. The
phasesi@re separated and the extraction is repeated. The ether phase washed
free of traces of acid is treated with 6.5 kg of anhydrous 30 rmagnesi um
sulfate and 0.4 kg of active carbon (Acticarbon 2S), which are suspended in
1 kg of di %Qyﬁ etpgh, !.ang iil rre}j. at 18C for 30-45 mn. The suspension is
subj ect ed c F +8 #%€hr ough a pressure filter covered with
0.5 kg of filtration aid (Cell 1 M42140 30 flock) in a distillation

apparatus. The filter and apparatus are rinsed with 8 kg of diethyl ether.
95. 6 kg of Reagitninkel 47.8 kglidwhich bas beendtded befilielwad ofingudone swicheatantdbydi stil | ed

of f inacyo at .5 an intern tenperature of 15-20C The crystal  suspension
esul tPhg. dReeBlatgndl ebyierd Me IBHE UBErEon Sag ioh 200 L sodl utorioar and then
t enper at ur suspénded-id &fetamdl 647 1) Ter B4 nﬁm&ﬂér%m@nﬁgwﬁh%@ﬁn&écgﬂém The

crystals are then centri fu?ed of f. The noi st product obtain I'S waghed
with 23.0 pigkeis pllgwediie setiledfopdp+3bmin anthide muithanopsupguetant & fdr¢eddffit 50- 60C

overni ght jn vacuum deyi ng oven .and, i. esired, ground. 10,5 kg .(77.2%
of M- 3ooo*h{%‘?%§'a%l?fﬁ§*“56 ﬁﬁ?fﬁ%ﬁafe o1k 51%21&@*? HoiRe ditineeh Aigot of 4 4P e

met hod, of TASZ£algstas ObNeRédRith aliBfer lRIRPRRIHM BSOS UBSAMIE 1 25t hat of the
ref erence standard. T M 42140

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 st_ining 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 (kg) is then distilled off from the reaction solution at an internal



31 Patent clains ' 1. A process for the preparation of the conpound of the
formula I, C1 (1) OH5 where a) the conpound of the formula I'V (IV) NC 10
i.s convertepfupt4p t he conpound of the formula Il 15 by al) catalytically
hydr ogenati ng the conpound of the formula IV or a2) converting the conpound
of the formula IV into the ketal of the érmula IVal ROO (lIva) 20 NC

M 42140 T 32 in which_the radicals which can be identical or different,
are Cl-C4- awer%\“etogaér%? Jhér@zil@@féw@lﬁ@iﬁélonah@ptﬂqi@l%&—ﬁ@%@ Ayd

ot | Sl (49 OB o WG TBRA g L By
stand for 20-30 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%,
5 17.7 kg) are added to 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 aqueous product phase. Ammonia solution (24%, 17.7 kg) is added with
10 cooling at a 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
15  distillate obtained can be 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, w-bromo-4-chloro-
acetophenone is employed in a 10 mol% excess (60.2 mol) and sodium
hydrogencarbonate in a 36 mol% excess (74.4 mol) to the determined pyrroline (54.7
30 mol).

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-



5 C1 (I'l) and c) introducing an acetic acid radical into the conpound of

the formula I'l. 10 2. A process for the preparation of the conmpound of the
formula Il f1/43140 15 where the conpound of the formula IV 0 (IV) NC 20 is
converted into the conmpound of the fornmula I11 M 42140 33 by al)

catal ytically hydrogenating the conpoundz9f the fornula IV or ' S a2)
conve%/ting t%e conpound of the formula IV into the ketal of the formula |IVa

R R ~ (Iehlomacetophenonh(lgi6tked Fhedieswdting Balev)hllc\:u,k biighlyh&]uiidi?ibbéfﬁdlm ?r .
' ~- . e CZ-C3-a ene, and catalytically
ﬂIyL]; g ggzgi i ﬂ?@ﬁgnt&faﬁ#&?@r&&lﬁl&?% {g]—%rbwé rfor 17-20 h. The )s{uspensmn is centrifuged
and the centrifugate is washed with methanol (11 kg) in two portions.

5  Methanol mother liquor and methanol wash solutions are disposed of. 16.5-18.5 kg of

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 is 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
reduces 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 yicld

15  of 59-64% based on the oxovaleronitrile employed in the hydrogenation. The content of
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).

20 Example 2

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

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

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

30 Nz until work-up. For work-up, the toluene solution of the crude product is extracted
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.



b) reacting the conpound of the formula Il mt

w- br ono- 4- chl or oacet ophenone to give a conpound of the formula Il. 15 3. A
process forM/@?l@reparation of the conpound of the formula 111 LV 20 where
tthe conpound of the formula IV p ~\ rrc / (1V) M 42140 34 is converted
into the conpound of the formula Il by 36) catalytically hydrogenating the
conmpound of the fornula IV or 5 a2) converting the conpound of the formla
IV into theFkadenzyltd.4-dimethylnirp . RROO(IVa) . NC 10 in which the

radicals R which can be identical or different, are C--C4 al kyl or
toget her are CZ-C3-al kyl ene, and catal ytically hydrogenating the kPtal. 4.

The processTRS ciuli@kéesor 6‘ftﬂ@%1&%1%@%bpdiﬁéae\ﬂidBﬂEfisth§duc@@ﬁ-[t@h'l 1%%(:@'5\@118

Raney 15 nickel is used as a catalyst 1n the catalytic rogenat 1 on.
The processarak2@g af Retyimcleh8 163 Wt (MWo5 &2 £, d). 3y mol o iwitich hdsbem exttaoted
gydgiggﬁigh neeéénés?pre\rf!gggan%uvtvlth Qnﬁy%lrglfsnrgetgarmol to gethgrrthﬁn;l tlczgl cl)erth?lex?en grea
then added. By pressurizing with nitrogen three times and subsequent release,
atmospheric 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
10 to 63°C (time 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 mixture 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 (HCl1 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
20  of 9 to 10. The precipitated pyrroline is taken up in diethyl ether (200 g) and separated
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

25  higher hydrogenation rate at lower pressures (5 bar) and lower temperatures is achieved

in the hydrogenation. The purity of the pyrroline obtained is 94-98% (GC).
Example 3
30  Preparation of ML 3000:

A) 5-(4-Chlorophenyl)-2,2-dimethyl-7-phenyl-2,3-dihydro- 1 H-pyrrolizine



20 6. The process as clained in one of the preceding clains, wherein the
conpound of the formula IV is enployed in a purity of at |least 95% 7. The
process as pi/41aed i n one of the preceding clains, wherein the conpound of
the fornmula N is obtained by Mchael addition of isobutyronitrile to a
compound of the 25 formula V Me~N~Ph (V)27CN M 42140 35 benzyl ati on of

the M chael addition product to give ) )
2-benzyl - 4, 147a91k&é95n§/mOé)qﬁ@-b&wl—g#rfhmethyhé)rg'rrahae prepared|ascerdingty dixempls s of

[ itrite, h .almed | l-m 7 ' he .
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tenperature in the Mchael addition is In the range of approxi mate

bis -20C. X600 Dhafer additen afl 27 &g ikl .2 mot,| la&wquiv.) of Shdimher ei n theh
hydrolysis of the nitrite in the 10 acjd js carried out in a_ two-phase
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wher ei n chl oroacet al dehyde and then the alkali metal cyanide are added to
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carried out in the two-phase system under phase-transfer catalysis. 2
. A. A. AF. A30n two portions. The still moist, slightly yellow product weighs 25.8 kg.

The still moist crude product (25.8 kg) is suspended in 150 kg of water, then warmed to
an internal temperature of 50-60°C in the course of 15 min and stirred at this

15  temperature 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-

20  (4-chlorophenyl)-2,2-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 N3, 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 oxaly} 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.
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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
supply vessel with a mixture of 9.5 kg of hydrochloric acid and 19 kg of water and
thoroughly 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

30 magnesium sulfate and 0.4 kg of active carbon (Acticarbon 2S), which are suspended in
1 kg of diethyl ether, and stirred at 18°C for 30-45 min. The suspension is subjected to
clarifying filtration through a pressure filter covered with 0.5 kg of filtration aid (Cell
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overnight in a vacuum drying oven and, if desired, ground. 10.5 kg (77.2%) of ML-3000
10 having a melting point, determined according to the DSC method, of 157°C are

obtained. The IR spectrum corresponds to that of the reference standard,
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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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2. A process for the preparation of the compound of the formula II

g
N// Q a

where the compound of the formula IV

S UG
NC

20 is converted into the compound of the formula Il
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10 in which the radicals R, which can be identical or different, are C;-C4-

alkyl or together are C,-Cs-alkylene, and catalytically hydrogenating the
ketal, and

b) reacting the compound of the formula I mit w-bromo-4-chloroacetophenone to
give a compound of the formula II.
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3. A process for the preparation of the compound of the formula III

(I

2

20  where the compound of the formula [V
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10 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.

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

15  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;—Cy-alcohol as solvent.

20 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
formula IV is obtained by Michael addition of isobutyronitrile to a compound of the
25 formulaV

Me\N,Ph
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Michael 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

10 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.
15
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-
20  aniline and the alkali metal cyanide are employed in a molar ratio of approximately 1.1

to1.3:1:1.1t01.3.

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.
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