Processes for the production of chinazoline al kal oids The invention refers
to processes for the production of chinazoline al kaloids of the foll ow ng
formulas (1) and (I11). (I) Conmpound (I11) is
1,2,3,9-tetrahydropyrrol o[ 2, 1-b] chi nazol - ine. This conpound is al so known
under the trivial nanme of deoxypeganine and occurs in plants of the
Zygophyl | aceae fanmily. Because of its pharnacol ogi cal properties, de-
oxypegani ne is regarded as a nenber of the group of re- versibly active
cholinesterase inhibitors. Apart fromthis, it also acts as a nobnoam ne
oxi dase i n- Hrchidsetes B&ﬁ%ﬁﬂﬁg@&bﬂ&dﬂioha%gnchﬂhazBQﬁﬁédsiﬁaleﬂdés a ne-

di ci nal agent for therapeutic purposes, e.g. for treating drug addiction
and drug dependence (DE-A 199 06 978), for the therapy of Al zheiner's
denentia (DE-A 199 06 975), or for the therapy of nicotine dependence
(DE-A 19% GATRY der the designation o

pegen- (9) h%geﬁzi?él)tl i's alr#%%s((lgh %%:Mr%tsgrgng |aF§epP58§8F FR™t B& synthesis
of ~deoxy IR 94z &hien Eodleviingd S ovfuilhes (I) ypad The

~ synt hesi § mafr)pegen- (9) one-(8) (short: pegenone) can be perforned
‘according to SPATH and PLATZER (Ber. 68 (1935), 2221-2224) by converting
.isatoic acid anhypdride wth an equinolar amount of pyrrolidone.

: Subsequent | i gh-vacuum di st at _140 to 160 C nust be carried
t hrough i rf der tdi'separate the ypr ducts. This nethod is

sui tabl e ¢ or smal | Jamounts ( ange), but not for

producti on a scdlfe. N (II1)

Compound (III) is 1,2,3,9-tetrahydropyrrolo[2,l~blichinazol-
ine. This compound is also known under the trivial name of
deoxypeganine and occurs in plants of the Zygophyllaceae
family. Because of its pharmacological properties, de-
oxypeganine is regarded as a member of the group of re-~
versibly active cholinesterase inhibitors.

Apart from this, it also acts as a monoamine oxidase in-
hibitor. Deoxypeganine is taken into consideration as a me-
dicinal agent for therapeutic purposes, e.g. for treating
drug addiction and drug dependence (DE-A 199 06 978), for
the therapy of Alzheimer's dementia (DE-A 199 06 975), or
for the therapy of nicotine dependence (DE-A 199 06 979).

Compound (I), known under the designation of pegen-(9) -one-
(8), is an important intermediate product in the synthesis
of deoxypeganine and other chinazoline alkaloids of this
type. The synthesis of pregen- (9} -one-(8) (short: pegenone)
can be performed‘according to SPATH and PLATZER (Ber. 68
(1935), 2221-2224) by converting isatoic acid anhydride
with an equimolar amount of pyrrolidone. Subsequently, a
high-vacuum distillation at 140 to 160 °C must be carried
through in order to separate the reaction byproducts. This
method is suitable only for small amounts (in the gram
range), but not for production on a larger scale.




2 According to MORRI'S, HANFORD and ADAMS (J. Amer. Chem Soc. 57 (1935),
951-954), pegenone (2, 3-trimethyl ene-4- chinazolone) can be obtained (i) by
oxi dation of deoxyvasi- cine by neans of hydrogen peroxi de. Deoxyvasicine
is iden- tical with deoxypeganine. Alternatively, (ii), pegenone can be
obt ai ned by nultistage synthesis, with -y-phenoxybutyryl chloride being
reacted with o- am nobenzani de to theZcorre- sponding anmide. After ring

cl osure under heating, the phenoxyl group is replaced by brom ne, and
subsequently, through a further ring closure, 2,3-trinethylene-4-

chi nazol &wedrdipeydn0 MORRTS,0HANFORD ankd pe@erRong.i ameequibhes.agoa. starting
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t he prostllj}t was | solated by crystallisation from petroFéum ether. it is
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through a further ring closure, 2,3-trimethylene-4-
chinazolone (= pegenone) is obtained.

If pegenone is required as a starting compound for the pro-
duction of deoxypeganine, the only method that could be
taken into consideration - apart from the method according
to SPATH and PLATZER mentioned above - is, if at all, the
synthesis method (ii) rroposed by Morris et al. This

method, however, is uneconomical due to the number of reac-
tion steps.

Deoxypeganine is preferably obtained by isolation from Syr-
ian rue (Peganum harmala), or by synthesis.

MORRIS, HANFORD and ADAMS (loc cit., p. 953) describe the
production of deoxyvasicine (= deoxypeganine) by reduction
of 2,3-(0-hydroxytrimethylene)-4-chinazolone or 2,3-{0~
chlorotrimethylene)-4-chinazolone, using glacial acetic
acid and zinc dust (reaction type: Clemmensen reduction).
Following chloroform extraction, the product was isolated

by crystallisation from petroleum ether. Tt is disadvanta-
geous here that the starting compounds {2, 3-{a~-hydroxy~
trimethylene)-4~chinazolone or 2,3~ (0-chlorotrimethylene) -

4-chinazolone) have to be synthesized starting from
peganine (= vasicine).




trimet hyl ene)-4-chinazolone or 2,3-(a -chlorotrimethyl ene)- 4-chinazol one)
have to be synthesized starting from peganine (= vasicine). 3 According
t 0" SARGAZAKOV et al. (Khim Prir. Soedin. 4 (1990), 506-507),
deoxypegani ne hydrochl ori de can be ob- tained by cycl ocondensation of
anthranilic acid wth 2-pyr- rolidone to give deoxyvasi ci none
hydr ochl ori de (= pegenone hydrochlorf%e) and subsequent C emrensen
reduction of this internediate product to give deoxypegani ne
hydrochl ori de. The cycl ocondensation reaction is perforned in the presence
of phosprsterrding HorSARGAZAROV tedl dne (KHing Fedd.aSocedin.vent. Both after
the first ( quﬂpe :jqn} f.- fer . the.second ste reducti on),
mul tiple (c%g?r%o'f g?/ﬁ ex- tr aq%ét%l ons gf?{e}'qlrigl&%rgrcﬁloﬁﬁ%geggtaﬁe?’? TFi-’((a' producti on
of 2 kg ‘FLNRDLEHEmierondanRtiion iafe andduiandd iapmcdd wiGhl 2epyrt-ol uene
and 80 L 1 baté QfOrgvd e SHAHIAS! SadTRS halsadie NL SARGACAKOV et

el d ‘andu

al. is dis-_ad t ageous for several reasons. The yi ) s to only
approx. 5U%T IHL PRI bR RRAYSRO SAsemensen mefusttion of &ispei ng of
a purity ioitindibatd prodmithah reias Idfoxyrddt 148 BT 0h 104kl C
sol vent s,m&SN&E ne and hl oraf orm_as we] I, as_phosphorus
trichloride. %‘%@%‘%’n& ﬁjéé-Jaetalaov%n ‘E’aagcgtc?l?g1 T BEEOITE DA FRS B &SEHCal so for
reasons <F mhgsahorus woiwhldridaldivitn tdlvenamiteiog nagd has sgileat
expendi t Wgntf Sdule HKbNUiie $GE SRG Yol UMD o) ACl Qi St eps
have to be carried through in order to~ achieve the aforenenti onéd degree
of purit;ﬁeﬁth?zf?ﬁQR@t ep (reduction), multiple chloroform ex-
tractions are necessary. Altogether, the production of 2 kg
of deoxypeganine hydrochloride requires approx. 50 1 of

toluene and 80 1 of chloroform.

The synthesis method described by SARGAZAKOV et al. is dis-
advantageous for several reasomns. The yield amounts to only
approx. 50%, the product obtained (deoxypeganine hydrochlo-
. ride) being of a purity of 94-95%. This method reguires
large amounts of organic solvents, especially toluene and
chloroform, as well as phosphorus trichloride. This is dis-
advantageous for reasons of ecology, but also for reasons
of safety and cost. In addition, this method requires great
expenditure of time and work since several chloroform ex-
traction steps have to be carried through in order to
achieve the aforementioned degree of purity. With a view to
the use of deoxypeganine as medicinal agent it is espe-
cially disadvantageous that chlorohydrocarbons are used.

In the above-mentioned known synthesis methods, it is fur~-
thermore of disadvantage that dué to the high preoportion of
reaction byproducts, isolation of the products by crystal-
lisation methods is not possible and can instead be at-

tained only by costly extraction steps or high-~vacuum dis-
tillation.




t he use of deoxypegani ne as nedicinal agent it is espe- cially

di sadvant ageous that chl orohydrocarbons are used. In the above-nentioned
known synthesis nethods, it is fur- thernore of disadvantage that due to
the high proportion of reaction byproducts, isolation of the products by
crystal- lisation nethods is not possible and can instead be at- tained
only by costly extraction steps or hidh-vacuumdis- tillation. 4 It was
therefore the object of the invention described herein to indicate

synt hesi zi ng processes for the produc- tion of chinazoline al kal oids of the
above- i nditatas flosreEoteastid Joljutby |31 )t hdhiidrentanablar spiralds and degr ees

of produgf, :Pé’{ﬂté'o}['%&{'ca?te 4 ?%%ﬁ%%q%?%}%%oo kno processes,

or which surpass (1) for
use in tﬁﬂeomﬁjf%xmmhfnemmms of dley gﬂdqweddn&ﬂdametd tfl@e-nuse of

subst ancega i £ AL £ (gﬁp%ﬂ% o the environnent or to health, especially
organi ¢ sol vents; - have good raw materi al bal ance; - substantlally

produce only ﬁﬁﬂ*’]tﬁ/rif’cﬁiﬂﬁ a0 dagrens qfeatidducte@palisy whichnae carri ed

through usi ng Xofdt eddeddpchd tvld tdHitke B WAL procdlskeaet R o '13?&' e a
simpl er and nore cost - %Ifectlve production of the above nentione

conpounds on an
- enable the production of deoxypeganine (III) for use

in the manufacture of medicaments;

- largely do without the use of substances which are
damaging to the enviromment or to health, especially
organic solvents;

- have a good raw material balance;

- substantially produce only such byproducts as can be
readily recycled;

- can be carried through using cost-effective starting
materials;

- altogether enable a simpler and more cost-effective

production of the above mentioned compounds on an in-
dustrial scale.

These and other objects are surprisingly achieved by meth-
ods according to the independent claims 1, 9, 18 and 20, as

well as by the further embodiments described in the depend-
ent claims.

According to c¢laim 1, in a process according to the inven-
tion, a compound of formula (II) (= isatoic acid anhydride)
0

0

Pt

N (II)

is reacted with 2-pyrrolidone (= pyrrolidinone) to obtain a
compound of formula (I). In this reaction, an excess of




dustrial scale. These and other objects are surprisingly achieved by neth-
ods according to the independent clains 1, 9, 18 and 20, as well as by the
further enbodi ments described in the depend- ent clainms. According to claim
1, in a process according to the inven- tion, a conpound of formula (11) (=
I satoic acid anhydride) O His reacted with 2-pyrrolidone (=
pyrrolidinone) to obtain a conmpound of formula (1). In this reaction, an
excess of. 5 2-pyrrolidone is used, relative to the amount of conpound (I1)
used. This neans that the anount of pyrrolidone used is larger than the
equi nol ar2-zpyonel idené eimbiyed,l. Selatfve N ,t16s Raidid Yo dompbund , and

most pref pgppl 5 440: 3 I rrolidaone are used,. each of these
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addi- tion, It |s possiple to obtain_high yields ( ., Wth pu- rity at
approx. 9%9k( WE)PYW% ¥R BRY | b 9f these |Vadysg inelating s
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hi gh-vacuum di stillation. Since purification of the product can be achieved
in asim ple manner by crystallization, the process can also be car- ried
t hrough dfbhds | sexpristedly vhasias anyonsaiiente that the formation

of unfavourable reaction products is reduced and that the
nascent product (I) can be readily crystallized. In addi-
tion, it is possible to obtain high vields (70%), with pu-
rity at approx. 99% (NMR). Thanks to the excellent crystal-
lizability, it is possible to dispense with expensive puri-
fication methods, such as high-vacuum distillation.

Since purification of the product can be achieved in a sim-
Ple manner by crystallization, the pProcess can also be car-
ried through on a larger scale without any problems.

The process is based on the following reaction equation,
Presented by way of example:

o + 3 H\N
o CO2 H>0O

(IT)
O ' H
— [:::J:iﬁ:T:::> + 2 fI:::>
N// (1) o

The reaction is performed under addition of heat, prefera-

bly at temperatures in the range of 50 to 200 °C. It is

O

.
|

N
H

preferred that initially a temperature in the range of 70
to 130 °C, and subsequently a temperature in the range of
140 to 200 °C be maintained; with particular preference,




The process is based on the follow ng reaction equation, presented by way
of exanple: 0 (1) CO2 H2ZOH + 2 O The reaction is perfornmed under addition
of “heat, prefera- bly at tenperatures in the range of 50 to 200 C. It is
preferred that initially a tenperature in the range of 70 to 130 C and
subsequently a tenperature in the range of 140 to 200 C be mai ntai ned;
with particular preference, 6 the tenferature is initially 80 to 120 C, and
| ater 150 to 190 C. The aforenmentioned initial tenperature is preferably
main- tained for a period of 0.5 to 2h, especially 1 to 1.5 h, after the

start of tHee tremguedrerurelhias afrirERaILy QFOEQOSU.Q%E*’CQU%&H LRS! atsur ol S
preferablygqajtained for a period of 1 to 8 h, especially 2 to 5 h. The
process i's preterably carried through by prOV|d|ng pyr - rolldone and
thereafter adding thereto the conpound (I1) in portlons

particul afgey M&%%# Q.Il:&q.a%.t %%@%@‘%%turg s ? egec;t %é f ro

reaction mxture by crystallisati crysta S Hdmfﬁ?'
react i on TRYA9Y £9% 3 giariqsl of 0. 5 to 2h, especially 1 to 1.5 h,

after the start of the reaction. The aforementioned subse-

quent temperature is preferably maintained for a period of
1 to 8 h, especially 2 to 5 h.

The process is preferably carried through by providing pyr-

rolidone and thereafter adding thereto the compound (II) in
portions. .

It is particularly advantageous to isoclate product (I) di-
rectly from the reaction mixture by crystallisation. To
crystallize compound (I}, the reaction mixture is left to
cool and is seeded with seed crystals. Crystallization is
carried through at room temperature, preferably at least

25 °C, with preference 30 to 70 °C, most preferably 40 to
60 °C, whereby the course of the crystallization is accel-
erated. The crystallization process takes approx. 24 h to 7

days, preferably approx. 50 h to 100 h. The resultant crys-
tals contain pyrrolidone.

The present invention further relates to processes for the

production of deoxypeganine (compound according to formula
IIT). The processes substantially comprise three steps:

(A) Producing compound (I) according to a process accord-
ing to any one of claims 1 to 8;

(B) reduction reaction, giving compound (III) in salt
form;

(C) liberating compound (III) from the salt.

The course of the reduction reaction (Clemmensen reaction)

can be indicated, by way of example, as follows:




cool and is seeded with seed crystals. Crystallization is carried through
at roomtenperature, preferably at least 25 C, with preference 30 to 70 C,
nost preferably 40 to 60 C, whereby the course of the crystallization is
accel - erated. The crystallization process takes approx. 24 h to 7 days,
preferably approx. 50 h to 100 h. The resultant crys- tals contain
pyrrolidone. The present invention further relates to processes for the
production of deoxypegani ne (conpound according to formula 111). The
processes substantially conprise three steps: (A) Produci ng conpound (1)
according to a process accord- ing to any one of clains 1 to 8; (B)
reduction reaction, giving conmpound (I1l) in salt form (C liberating
conmpound (I11) frqy1the salt. The course of the reduction reaction

(C emmensen regactijgn) can b&liagdiadamegtily may of exanple, as follows: 7

(1) C zZnHC ¢ peund, (|1 lg4igs here obt af formof a salt; in
the case prg ed above )by -way—of—exanpl e

rachlforozi n-—eawe salt is
obtained if 2 h reaction is carricg hr h An the presence of

gl acial acetic acWﬂ zinc, amgh, Bydrochloric™aci N Wth particul ar
pref erence, the startinqlﬁonpound (I') used is a reaction product isolated
by crystallisation, thi (I1T1)

N e
_— /JD [ZnHCI4]
©
N
H

Compound (III) is here obtained in the form of a salt; in

the case presented above by way of example, tetrachlorozin-
cate salt is obtained if the reduction reaction is carried

through in the presence of glacial acetic acid, zine, and
hyvdrochloric acid.

With particular preference, the starting compound (I) used
is a reaction product isolated by crystallisation, this re-

action product can be obtained by the above-described proc-~
esses.

According to a preferred embodiment of the invention, the
reduction reaction is performed using glacial acetic acid,
zinc (zinc dust) and hydrochloric acid, this is preferably
done by initially dissolving compound (I) in glacial acetic

acid and subsequently adding zinc and hydrochloric acid.

According to a further preferred embodiment, the reduction
reaction is performed under addition of zinc (as zinc dust)
and sulfuric acid, without use of glacial acetic acid. This
yields the hydrogen sulfate of compound (III):

N o
D HSOy
L

TZ&d




action product can be obtained by the above-described proc- esses.
According to a preferred enbodi nent of the invention, the reduction
reaction is perforned using glacial acetic acid, zinc (zinc dust) and
hydrochloric acid, this is preferably done by initially dissolving
conmpound (I) in glacial acetic acid d subsequently addi ng zinc and
hydrochl oric acid. According to a furtther preferred enbodi nent, the
reduction reaction is perforned under addition of zinc (as zinc dust) and
sul furic acid, without use of glacial acetic acid. This vyields the
hydrogen sul fate of conpound (111): e HSO4 8 The reaction is preferably

cart [ od thiouahhdlidemeraidiatny AN Bl dignd0:Codilogialioy 70 10 80

C generaﬁéy, t he reaction Qgs quantitative rmnate ter about 2 to
3 h. Aft&* At ith 7 The Gefsmssiiakle W des $071°F¢ igsneraddyved by

known netthedssesctgion haed|aldriiitcaliioreid) te imicRBeelRE el bboultUS @Rt ai ned

can be i splat in .asinple and efficient nmanner by crystallisation from
the reac i%’n%&?ﬂrtegnﬁgraﬁlfﬁ% s & AR 1o thh SHCeSEr @108 igeeded

w th seedreousdhiby Rifvom tietlordsst & Jg .sddv @vlmadoni.aken pl ace, the
remai ni ng nother. liquor is separated by methods known to those skilled in
the art éﬁ.g. decanting). In the above-nentioned step (C) of the inventive
pr ocessestng giakthohremraunsh FEIR dSwmsoahtadinedmm he( iisoflatiede inal t

obt ai ned d nsisdeiRe (Rd e e fomailead e dadd198 L2338 from the
reaction mixture. For this purpose the reaction mixture ig
seeded with seed crystals. When the crystallisation has
taken place, the remaining mother liquor is separated by
methods known to those skilled in the art (e.g. decanting).

In the above-mentioned step (C) of the inventive processes
for the production of a compound of formula {(ITI), the salt

obtained in step (B) is then converted to the free base
{III).

This is generally done by adding a base, preferably NaOH,
to an aqueous solution of the salt.

According to a particularly preferred embodiment, this step
is carried out in such a manner that the liberated base is
obtained in molten form. This is achieved by carrying
through the reaction at a temperature that is higher than
the melting point (86 °C) of the free base (IIT) (= de~-
oxypeganine), preferably at temperatures in the range of
from 90 to 100 °C. The base present in molten form can be
separated in a simple manner, vossibly after freezing, from
the reaction mixture; methods suitable for this purpose are
known to those skilled in the art.

According to a further, especially preferred embodiment,
the molten base (III) is thereafter cooled down and left to

freeze. The frozen product is dissolved to obtain a satu-




(I'1r). This is generally done by adding a base, preferably NaCH, to an
aqueous solution of the salt. According to a particularly preferred

enbodi nent, this step is carried out in such a manner that the |iberated
base is obtained in nmolten form This is achieved by carrying through the
reaction at a tenperature that is higher than the nelting point (86 C) of
the free base (lI11) (= de- oxypeganine), preferably at tenperatures in the
range of- from90 to 100 C. The base present in nolten formcan be
separated in a sinple manner, possibly after freezing, from the reaction
m xture; FrEedosobutiomi cofeferdhly puwranse iy aisddamn the tdedserski |l ed in

the art. FecRIehig sordrdidd NesiuCoRetilich HETALAt AMEALIPY, ol he

nol t en ban]&%yI is thereafter_coo ed down and reeze. ‘Hﬁae frozen
product i% 3¢ VY A bEIeR PR adtare (Ritekpraiiln iNROH)pr &fher fimpl wat er
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as to be I neg by addition of a base (preferably NaOH), the final
pr oduct d%%(é? %a%%es@%e%e?%o?ﬁfs&?aﬁf' HEHRESPFor m t hrough t he

subsequent crystallisation process. The invention thus extends to processes

for the ughd : YOLOA0k und of. formula (1]1)). which
cont ai n pgﬂgtg%+gv£%1r% pﬂgg%(d corrpo%‘rﬁtd‘cg %rrgé%sarea &P rtglr'lﬁ ﬂ{g‘)‘i“g&%n
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Process %&Egéﬁre in liquid form. More particularly, the invention

encompasses production processes of the kind mentioned

which contain the following process steps:

- reducing the mentioned compound (I) to compound (III),

whereby compound (III) is formed in salt form;
- adding of a base, whereby compound (III) is liberated
- from the salt and separates out in ligquid form.

The inventive processes enable a simple and economical
manufacture of the mentioned compounds (I, III) in a quan-
tity and purity required in the production of medicaments.
It is of particular advantage here that the use of organic
solvents can be dispensed with.

The processes according to the invention will in the fol-
lowing be illustrated by examples.

Example 1 (Comparison example)

Preparation of pegen-9-(one)-(8) (identical with formula
(1)) by converting pyrrolidone with an equimolar amount of
isatoic acid anhydride according to SPATH and PLATZER (loc
cit., p. 2221) and 2224.

Two litres of pyrrolidone were heated with 4 kg of isatoic
acid anhydride (molar quantity ratio 1:1.07), in a chrome

steel vessel (receptivity: 10 1), under vigorous stirring,




reduci ng the nentioned conpound (I) to compound (I11), whereby conpound
(Ir1) is formed in salt form - adding of a base, whereby conmpound (I11) is
liberated fromthe salt and separates out in liquid form The inventive
processes enable a sinple and econonmical nenufacture of the nentioned

conmpounds (I, IIl) in a quan- tity and purity required in the production of
medi caments. It is of particular advaftage here that the use of organic
sol vents can be di spensed with. The processes according to the invention
will inthe fol- lowng be illustrated by exanpl es. Exanple 1 (Conparison

exanpl e) tRr eppdr #d amtdfl Hegdpienitora) (f&)m(aitdemi ehlisWirbe Eenmulaa (1)) by

t I t d_anhydrid
accor di nih Bk B o ol o 6T B s St Ty 505550748 1V f oo
of pyrroli%forf€ \A@fetﬁeaie@amttmmmg:t@ﬂrel,saﬁal g (acBdmaidhydnide (nol ar
quant |ty bk kzed) i Ik A1 HATR e schEsSL AL LOGORLINELL 10 1)

under vi rogf stlrrlng 10 to 120 C7unti | 1 nci ormation. This
was foll ¥5h &) -n Fhreo g den negradmging aﬁdtbeb%qeénww%r 30 to

190 C. Offrtdves ﬂoeacmwa:w Mgy 220 wiiich TRl hovasuikhiel ebked, in still
hot-Iqu|% |itre flask (NS 29). The residue remaining in

t he steel vesse:'1drl fo%f’eeqe&%i‘eo‘l ack, glassy nass which is not suitable for
i sol ati on of pegenone. Fromthe reaction mxture (558 g) transferred into
t he From the reaction mixture (558 g) transferred into the
flask, up to 117 g of pegenone could be distilled by high-
vacuum distillation using a distillation condenser that was
heated to 120 °C; this corresponds to a vield of 21%. After
recrystallization from ether, a melting point of 1il °C was

determined.

Example 2

Synthesis of pegenone (Compound according to formula (I))

One mole of isatoic acid amnhydride (formula (II)) was con-
verted with 3 mol of pyrrolidone. To this end, pyrrolidone
was placed in a heatable chrome steel drum (30 1) and
heated to approx. 100 °C, subsequently isatoic acid anhy-
dride was added in portions while stirring continuously.
After approx. 1 h, the entire amount of isatoic acid anhy-
dride was dissolved in pyrrolidone. This was Ffollowed by
heating for 5 h up to 155 to 160 °C (during this process,

CO, and H,0 was formed; see above) and finally by heating

for a short time up to 170 to 180 °C.

After cooling to approx. 50 °C, the mass thus obtained was
seeded with pegencne crystals and left to crystallise for
approx. 50 to 100 h at room temperature. By increasing the
temperature (at least 25 °C), the crystallisation process

could be accelerated (duration only approx. 2 to 3 days).




flask, up to 117 g of pegenone could be distilled by high- vacuum
distillation using a distillation condenser that was heated to 120 C, this
corresponds to a yield of 21% After recrystallization fromether, a
melting point of 111 C was determ ned. Exanple 2: Synthesis of pegenone
(Conpound according to formula (1)) One nole of isatoic acid anhydride
(formula (I'l)) was con- verted with 3ol of pyrrolidone. To this end,
pyrrolidone was placed in a heatable chrone steel drum (30 1) and heated
to approx. 100 C, subsequently isatoic acid anhy- dride was added in

porti ons e | tnather i hijgwon! i wam uséyaratéd efr &P .crlydtaldanemds e anount
of isatoiga€igyanhy- dride was dissolved in pyrrolidone. This was followed
by heating for 5 h up to 155 to 160 C (during this process, CO2 and H20
was fornmed; see above) and finally by heating for a short tinme up to 170

to 180 C.aYtdSetkdp) im@rd OciRRr 9o S Qletg@d;@]-fsgg té’kﬂ%cﬂﬂicﬂ g%qaé/vas seeded
or — appr ox.

wth pegenone cr staés and left to crystal]ise ! to 100 h at
room t enpar at LT VS S TACT R REFEPOTR: Thepeietd ef (@vstaliissi 0), the
crystal | isegemongrotes40%cothe benabh® PR dad WWAHHRD dYehsRPriax. 2 to 3

days). 1llgide.q ' Y arated fromthe crystals, by de-
canti ng. A:i-:[ 00%‘?%%?:?]{ r%*]gyﬁja%g%%% ofc tHeyR e i T AREEIRSY  were
convertecﬁ?blge‘g%‘f@r%.cqm@em: ebfl % onglbtek |pyarblipkgenonaowsldafs t he
remai ni Ngep ok ONe1d Jbei PRISH e | Segenone is approx. 99 % accord-

ing to NMR.

In a2 modification of this process, the starting compounds
were used in a quantity ratio of 1:2.5 (isatoic acid anhy-
dride:pyrrolidone). The proportion of the crystallised
pegenone could thereby be increased to approx. 55 %, at a
purity of approx. 99%.

Example 3:
a} Clemmensen reduction of compound (I)

The pegenone crystals pPrepared according to Example 2 (2.5
kg; with a content of 15%-wt of pyrrolidone; this corre-
sponds to 1.83 kg or 9.81 mol of pure pPegenone) were dis-
solved at approx. 50 °C in 6.1 1 (= 100.4 mol) of glacial
acetic acid and transferred into a chrome steel vessel (50
1) . Subsequently, 3.7 kg (= 56.4 mol) of zinc dust was
added in small portions, during which pProcess the tempera-
ture of the reaction mixture was kept at approx. 60°C. Af-
ter approx. 1 h, 4 x 3 1 of concentrated HC1 (32%; corre~
sponding to 121.74 mol) were added, in small portions,
within 2 h while stirring continuocusly. Thereafter (after
approx. 4 to 5 h) the excess zinc dust was removed from the
reaction mixture by colation. After seeding with seed crys-
tals, approx. 66% of the deoxypeganine salt could be sepa~
rated by crystallization. The remaining mother licquor was




di ssolved in pyrrolidone. The pegenone crystals obtained still have a
content of 30% nol of pyrrolidone, according to NVR, the purity of the
pegenone i s approx. 99 accord- ing to NMR In a nodification of this
process, the starting conmpounds were used in a quantity ratio of 1:2.5
(isatoic acid anhy- dride:pyrrolidone), The proportion of the crystallised
pegenone coul d thereby be increased to“approx. 55 % at a purity of
approx. 99% Exanple 3: a) C emrensen reduction of compound (I) The
pegenone crystals prepared according to Exanple 2 (2.5 Kkg; with a content
of 15% wnaFrewed cliwtorhy evAamowdrie:, syendaipon 6683 dfg thie 981 nol of pure
pegenone)q | S5 : phq_r!p%:’ ing.,1 1.¢=.100.4 nol) of

gl aci al a%%ﬁ%%%%id@ﬁ%%?erre a}ﬁ&oz%éi.cﬁﬁg#ge& Sel’ \7‘@?58?"( 50 1).
Subsequem §% 08 thg flgexyroaning wilyqruléide whtaiaddedn Crymiall -
portions,lihs ifgewhi ch process the tenpera- ture of the reaction mxture
was kept at approx. 60C. Af- ter approx. 1 h, 4 x 3 1 of concentrated HC
(32% corre- sponding to 121.74 nol) were added, in snmall portions, wthin

2 h whi | ésthiberat contéh uiatstypedeheirmaBaye (@dnPound@ @) )4 to 5 h) the
excess zinc dust was renoved fromthe reaction mxture by colation. After
seeding with seed crys- tals, approx. 66% of the deoxypegani ne salt could
be sepa- TRy F45thd) iohtaioned Hre tldmimineprmoidrer diisgedredadnl 2

nar r oned KiowWirdte2 Ve Ast Oy 1 Wher %Mﬁ@ét‘i“y,t Radifwas added un-
der stirring (approx. 8 kg rotulae), while heating the mix-
ture to 95 to 100 °C. This yielded deoxypeganine in molten
form, and this was separated from the reaction mixture. Af-
ter freezing, the product was again dissolved in heated wa-
ter to obtain a saturated solution, which solution was ad-
justed with NaOH so as to be alkaline. From this saturated

alkaline solution, deoxypeganine was isolated by crystalli-
sation.

The deoxypeganine yield, relative to the decxypeganine

salt, was more than 90%, with a purity of 99.9% (NMR).

Example 4:
Clemmensen reduction of compound (I)
(alternative method)

175 g pegenone crystals (containing 30%-mol of pyrrolidone;
this corresponds to 150 g of Pegenone; see Example 2) were
mixed with 750 ml of (20%) H,50, and heated (approx. 85 °C)
for approx. 30 min while stirring.

Subsequently, 260 g of zinc dust was gradually added (dura-
tion: approx. 2 h). After approx. 1 h, H,80, was added
again (375 ml, 40%). After a total of approx. 3 h, the re-

action had terminated, and the excess zinc was separated by
colation.




oxypegani ne salt again crystallized. Al together, approx. 90% of the
deoxypegani ne salt could be obtained in crystal- line form b) Liberation
of* deoxypegani ne base (conpound (l111)) Crystals (2.5 kg) obtained in this
manner were dissolved in hot water (approx. 11 1). Subsequently, NaOH was
added un- der stirring (approx. 8 kg L tulae), while heating the mx- ture
to 95 to 100 C. This yielded deoxypeganine in nolten form and this was
separated fromthe reaction mxture. Af- ter freezing, the product was
again dissolved in heated wa- ter to obtain a saturated solution, which
sol ut i on AadeRrrihad anden Eramlsd 3 .t dhse delckaplegenifeosnilli sbsat ur at ed
al kal i ne tpindd s GRBWRAGRNI N Ashd %Qala@ﬁ%nb}‘ni%%%ﬂ:&j crydkhgl. The

sa

deoxypegani ne yield, relative to the deoxypegani ne 1t waS nore than
90% Wit ’asagiﬁé?‘ty e 8‘9&9%3%%)# Bhgnhiase) weyse ggrded thaeyshi on of
conpound ddgordialg exoaitie/ enatid He sk b A RGRIRAN Ex@my3kalss picont ai ni ng |
30% nol of pyrrolidone; this corresponds to 150 g of pegenone; see Exanple
2) were mxed with 750 ml of (20% H 2SO4 and heated (approx. 85 C) for
approx. 30 mn while stirring. Subsequently, 260 g of zinc dust was
gradual |y added (dura- tion: approx. 2 h). After approx. 1 h, H 2SO4 was
added again (375 m, 40%. After a total of approx. 3 h, the re- action had
term nated, and the excess zinc was separated by col ation.




13 As described under Exanple 3 a), the deoxypeganine salt ob- tained was
separated fromthe reaction mxture by crystal- lisation. The |iberation of
t he base was carried through according to the nmethod descri bed under
Exanple 3 b). 14 CLAIMS 1. Process for the production of a conpound of the
fol- Towng formula (1) (1) H(II) b¥ converting a conpound of formnula
(I'l') with 2-pyr- rolidone, characteri &d in that an excess of 2-pyrrolidone
is used, relative to conmpound (I1), 2. Process according to claiml1,
characterized in that in a subsequent step the reaction product (I) is

I solated di- rectly fromthe reacti ChAEM&ture by crystallisation. 3.
Process according to claiml or 2, characterized in that 1.5 to 5 nol,
preferably 2 to 4 nol, especially pref- erably 2.5 to 3.5 nol, of

2- pyrr ol ildone PHosassedforedde nraduetiomofve tomphundnodnthef fodrpound

(11). 4. Indbars Faeadiqg to any one of the preceding clains,
characterized in that the conversion is performed at 50 to 200 C. 5.
Process according to claim4, characterized in that the tenperature of the
reaction mxture js initially heated to,.7/0 to 130 C, preferably to 80 to

120 C, and subsey gquently to 140 to 200 preferably 150 to 190 C
[:::I:iiji::>> O
A /lb
N N
(1) H

(IT)

by converting a compound of formula (II) with 2-pyr-
rolidone, characterized in that an excess of 2-pyrrolidone
is used, relative to compound (II),

2. Process according to claim 1, characterized in that in
a subsequent step the reaction product (I) is isoclated di-

rectly from the reaction mixture by crystallisation.

3. Process according to claim 1 or 2, characterized in
that 1.5 to 5 mol, preferably 2 to 4 mol, especially pref-~

erably 2.5 to 3.5 mol, of 2-pyrrolidone are used, each
value relative to the amount of compound (II).

4. Process according to any one of the preceding claims,

characterized in that the conversion is performed at 50 to
200 oC.

5. Process according to claim 4, characterized in that
the temperature of the reaction mixture is initially heated
to 70 to 130 °C, preferably to 80 to 120 °C, and subse-
quently to 140 to 200 °C, preferably 150 to 190 °cC.

6. Process according to claim 5, characterized in that
the said initial temperature is maintained for a period of

0.5 to 2 h, preferably 1 to 1.5 h, and the said subsequent




6. Process according to claimb5, characterized in that the said initial
tenperature is maintained for a period of 0.5 to 2 h, preferably 1 to 1.5
h, and the said subsequent 15 tenperature is maintained for a period of 1
to 8 h, pref- erably from2 to 5 h. 7. Process according to claim 6,
characterized in that the reaction mxture is, after cooling, seeded with
seed crystals of conpound (1), and iS$ maintained at roomtem perature,
preferably at least 25 C, for a period of 24 h to 7 days, preferably 50 to
100 h, to enable crystallisa- tion. 8. Process according to claim?7,

char act er FPRPTF YA LS (aintained |fomta eedivd af iledd o dugpratf-30 to 70
C, prefeosedbly afrdth) 3 0 G, 9. Process for the production of a conpound
of the fol- lowing formula (lI11), conprising the follow ng steps: (A
Preparing conpound (I) according to a process accord- ing to any one of
clains 1 To 8;P{Resecuntomhineand idihingie] RhaGAEAHIGLE lih) thaesalt  form

O |iberatd " o] he salt.. 10. Pro s ,according to claim
5(9, ) char ac?léér in%e% i n&,t(I %}%{H% e%éc’t irg(‘)éntep”? ocaqf’cjthgs’olsaﬁeé%%zw Sesd ?sat i on
accor di nFiIEtany oheopeund nbl)l, tand is mssiottainebryowedn em-11. Process
accor di Ngpd#atilfd M Prdfeddr1r e ard £8d zad dO fcﬂaz? %%&ro%d%g i,QNn4reaction

(step B) js _Peéformed in the presence of zinc an
to ays, preferably 50 to 100 h, to enable crystallisa-

tion.

8. Process according to c¢laim 7, characterized in that
the crystallisation is carried through at 30 to 70 °C,
bPreferably at 40 to 60 °C.

9. Process for the production of a compound of the fol-

lowing formula (III), comprising the following steps:

b,

(A) Preparing compound (I) according to a Process accord-
ing to any one of claims 1 to 8;

N
(III)

(B) reduction reaction, giving compound (III) in salt
form;

{C) liberating compound (III) from the salt.

10. Process according to claim 9, characterized in that a
reaction product isolated by crystallisation according to
any one of claims 1 to 8 is used as compound (I).

11. Process according to claim 9 or 10, characterized in
that the reduction reaction (step B) is performed in the
presence of zinc and acid.




16 12. Process according to claim1l, characterized in that conpound (1),
preferably in crystallised form is initially dissolved in glacial acetic
acid and that subsequently zinc and hydrochloric acid are added. 13.
Process according to claim 12, characterized in that the reduction
reaction is perforned in the presence gf aqueous sul furic acid and zinc
dust. 14. Process according to any oné of clains 9 to 13, char- acterized
in that. subsequent to step (B), conpound (IIl) is isolated as a salt by
crystallisation fromthe reaction mxture. 15. Process according to any
one of cl®f s BFQPem aqipunding ther icdadn i hatharacitesrized) inhehaenpound

111) is dd t ti Yo A 41 - by ad-
e on ifdjsj’\l:;%%;;:;ig?P{ e S e T Rl 2e B TAY 2,
|

step (O T RGP L RREC IR A5 and thath subsiaausetdy @inc) , which
i s |iber dmtl Kydmodhibosiad tactidywe dddda@i ned in nolten form 17. Process
according to claim 16, characterized in that the conpound (lii) present in
nolten formis cooled down and, after freezing, is crystallised from
aqueous atkal iRROCced (RGOILAIIRT tRy atlesisn fia, tdimrpcadirdided inf tharpound

(1), stedd ifgude . [ fﬁgﬂRP , aracterized in that com
pound (11 l%ﬂi S Ilf be%%gﬁ%%lﬂo atlst::-,15 ron?@%‘en gtg’[et %%se't:’aer'l ré’é:'nbase I n

mol t en f AFFecus sulfuric acid and zinc dust.

14. Process according to any one of claims 9 to 13, char-
acterized in that subsequent to step (B), compound (III) is

isolated as a salt by crystallisation from the reaction
mixture.

15. Process according to any one of claims 9 to 14, char-
acterized in that in step (C) the compound (III) is liber-

ated from the salt by addition of a base, preferably by ad-
dition of NaOH.

16. Process according to claim 15, characterized in that
step (C) is carried through under heating, with the com-
pound (III), which is liberated from the salt, being ob-
tained in molten form.

17. Process according to claim 16, characterized in that
the compound (III)} present in molten form is cooled down

and, after freezing, is crystallised from aqueous alkaline
solution.

18. Process for the production of compound (IIIl), starting
from a salt of said compound, characterized in that com-
pound (III) is liberated and isolated from the salt as a
free base in molten fofm.

18. Process according to claim 18, characterized in that

the compound (III) present in molten form is cooled down




19. Process according to claim 18, characterized in that the conpound
(I'11) present in nolten formis cooled down 17 and, after freezing, is
crystal lised fromaqueous al kaline solution. 20. Process for the
production of a conpound of fornmula (I1l) as indicated, characterized in
that it contains a step wherein this gonpound Is separated fromthe
reaction mxture in liquid form 21. Process for the production of a
compound of formula (I11) as indicated, according to claim 20,
characterized in that said process conprises the follow ng steps: reducing

the af or &t i THRF HHRRAN ( 13 (artimiduimed (Gram aaisicds gilked imenpound
(rrr)y inssadeion - adding a base, whereby conpound (I111) is |iberated
fromthe salt and separates out in liquid form 22. Use of a conpound of
formula (1), produced according to a process according to any one of

clains 120. 9,Pharedsefopridikl gincfucafich GHROWithpdurkooFulrarul) as a free
base or df&f{“%é‘%ﬂﬁ‘gaéhé lcharacterlzed in that it contains a

step wherein this compound is separated from the reaction

mixture in liquid form.

21. Process for the production of a compound of formula

(ITI) as indicated, according to claim 20, characterized in

that said process comprises the following steps:

- reducing the aforementioned compound (I) to compound
(IIT), which gives compound (III) in salt form;

- adding a base, whereby compound (IIT) is liberated
from the salt and separates out in liquid form.

22. Use of a compound of formula (I), produced according
to a process according to any one of claims 1 to 9, for the
production of a compound of Fformula (ITTI) as a free base or
in the form of a salt. |




