1 Process for the Production of Bendanustine Al kyl Ester, Bendanustine, and
Derivatives Thereof The present invention relates to a nethod for the
production of ester conpounds that are represented by the forrmula (I) or
salts thereof, where X stands for a ha ogen radical, RL and R2 are sel ected
so that (1) RLis Hand R2 is -CH2(CH2) nCOOR3, (2) Rl is -CH2(CH2) mCOOR3
and Rz is Hor (3)., Rl an oget her nd for a radical represented by
the formula (11) FEREeSS %i‘? I’%E}fz@“@ﬁ‘:‘é‘ a t'BFA%%I%%Aerand R5 stands

i ndependently for an al Ky§™ ine, and DeffvativesIgIe8t  m and n represents

i ndependently a nunber in the range of 0- 12. The present invention

| i kewi se relates to a nethod for the production of the correspondingly
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represented by the formula (1)

X

X/\/N\@( R
R2
or salts thereof, where X stands for a halogen radical, R' and R? are selected so that (1) R’

is H and R? is -CH,(CH.),COOR?, (2) R'is -CH»(CH2)mCOOR?® and R?is H or (3) R" and R?
together stand for a radical represented by the formula (ll)
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\>—CHZ+CH2>- COOR®
n
B
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where each of R?, R* and R® stands independently for an alkyl radical, and where each of m
and n represents independently a number in the range of 0 — 12. The present invention

likewise relates to a method for the production of the correspondingly hydrolyzed ester, i.e.,
a compound represented by the formula (VII)

X
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X/\/N\CKR
R12



or a salt thereof, where X stands for a hal ogen radical, Ru and R12 are
selected so that (1) R11 is Hand R12 is -CH2(CH2) nCOOH, (2) R11l is
CH2(CH2) mCOOH and R12 is H or (3) Rl1l and R12 together stand for a radical
represented by the formula (M11) -N)-CH2--(-CH2)- COON -N R4 where R4
stands for an al kyl radical and wher e 2each of mand n represents

i ndependently a nunber in the range of 0- 12. Conpounds having the

st ruct wre sadtteesrdofyhére X stands for @alogen sadichl, b'dwad B cargselectedrsodhatitd her apy
for varius,6 cancesrs. ~Jhei f t, o @M i g us DNA
or R Rl AT e CREN QBT ) R o e e R o AP R e R and
consequrR'Atdgetien stand forasiasical represented by dheolodnulg (Y | s. The fiel ds of use of
t he nentioned conmpounds conprise primarily the treatnent of various

| eukem as and | ynphomas, nultiple nyel oma, and bronchial carcinonma.

Structurally, these conpourdsNare derived firom nitrogen nustard.
Bendanusti ne A\ l
4[ 5-[ Bi s(2-chl or oet hyDani no] - 1~ me?ﬂgll er?z}-liz i decl;zoo?g- 2-yl ] but anoi ¢ aci d,

which is a representative o6f iNhis group, was first described in 1963 by
Ozegowski and Krebs (J. Practi Chem 1963; 20: 178-86). One advant ageous
met hod for the production of Btndanustine is known from DD 34727. The
synt hesis disclosed therein is carried out via the correspondi ng

bendanmust i ne. - : ts ind dentl
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whi ch imumibendtuthedarge ¢ftfde- ¢l ori nati on of

4[ 5-[ Bi s(2- hydr oxyet hyDam no] - 1- net hyl benzi mi dazol e-2- yl ] butanoi c acid
ester. Thionyl chloride is used for the substitution of the two term nal
hydr oxyCorgpaunds hafing thesstatcture apeprdioatoiontuleyVihnaspedabove@nel HseSfor ne can
actual Iy be obf aj N siani fi t Ijbd ikl Btid 6 dHRbBSsbudengA | bed in
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del i verardRNA whichyleads; tirepaljicylar taa preivantionl of ®NAraplieatigniand cansaauepthel® i f t he
startin terials ' d - MgV W §@ction
directl ogﬁosgqﬁztg%%&fﬁ%g!r’@@ﬁg?FCT%%ﬁec@?gfm%r%eﬂ t thﬁ(;bxr%gscg)&?ﬁPonyl chl ori de
i s br okeomptiserpriniBhilydbe treatiient olasions leukermiaa @nil fynphoaasymubigieenygiompe yi el ds
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't has been shown that even wt e net hod of DD
159877, an increase of the yield of bendanusti ne ester or bendanustine to

b th e ; \ | ne N S d
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separ atelsict iscamelpeaseatatise ditbisaowy, was fipst deacribediim &9&hby Oapaawsii ard lsgbsy and

t hus negati vely inf nge theproduct quality. The resulting yields of
benda tﬂ?&gg’te@%%&%@n&zéﬁf?s ine also can not be obtained in a

reproduci bl e way, but instead fluctuated considerably despite naintaining
the sang test condifi : ' ' SHE ' 4¥£pt to
carry S@Pe ?a\@n@eﬁggh%?ﬁq%&j@%ﬁ@ﬁlgﬂ&g%e#ggg@%i Igghg\f’%frb@b?ﬂg% the control
of t he TeEgntlesisdisoleseditoerbin islcéfied obit vialthe carespendingjbendauistiralesificéss of
t hi onyl laride. Another. pr | 16 3 ' ' £
proces s@ﬁg'sg'ﬁ)ﬂ?fr%eﬁg 8%{@01 g nﬁ’%hﬁ%ﬂgﬁn 'te %‘g@g%mgﬁéﬁ ﬁ*%ﬁ@l éé?:ﬁwgﬂ:@tes F|9s used,
| ar ge oduetibyities cldbriretiod iot 44i5-{Ris(@hydraxgetbyl)anaipels1-methyiRanainidazgle-31 aci ng
hi gh denands on t he. exhaust- 1 i £ i i M I esult when
t he rretﬂ@’ﬂpa&P'c[ﬁS' %sé%'ﬁﬁ]?é’t"tcrggbﬁggglf%gq (}hgﬁgbsg,rt@(?h?tffltﬁtwgftgﬂﬁﬂéelr conpounds
t hat calydoexyt groups eithiscstdnying bempaumad byashiqring. Bendamusfine can actually be

obtained in significant quantities with the method described in DD 34727. A disadvantage in

this method, however, is that bendamustine is delivered in very unsteady yields that also fall

significantly even if the starting materials are increased.

To solve this problem, it is proposed in DD 159877 to stir the reaction mixture of thionyl chlo-
ride and 4-[5-[Bis(2-hydroxyethyl)amino]-1-methylbenzimidazole-2-ylJoutanoic acid ester for



I'n consideration of the prior art, the problemformng the basis of the
present invention consists in providing a nethod that allows the production
of conpounds with the structures shown above in reproducibly high yields.

Furthernore, the nmethod should al so b% able to be carried out easily on an
I ndustrial scale. In addition, for this nethod, |arge quantities of acidic
process exhaust gases should not be generated. This problemwas sol ved by
t he methetroinatioreof thel egrstioe directly i agueorn byqraciipic asid.twheselhythe £yea$sa met hod

for th?hlBléﬁ%Hl%V\gé)qu &%ﬂ% ﬁ?ﬂﬂé %Q&r@d EMaﬁtiﬂﬁlvE%d?éﬁs% ifi the yields Or a

salt ther gen radi cal and R2 are sel ected
so t hatof paidareustipe Bstananddnally alsm@@@amyistm@@@r@e qohleved. i s - CH2( CH2) r nOOOR3
and R2 is Hor (3) RL and R2 together stand for a radl cal represented by
the formula (1) N\)--CHCOORS N R4 where each o R4 and R5 stands
i ndependénthey tésis, howeuerk it hag Heer showmnihat eyearvethdhe H’QS’FO%‘i’fd:PQi 1ﬁ9$7€ pPBsent s

Ib; d?ﬁg ql?lgg%ﬁyoﬁ?{*l%a%bﬁ'dé%nh@ RERr 8f bdtidattistind @ PedeLPER B0%ds hePodrent ed
achieved. In addition, it was determined that, in the case of this method, byproducts are
produced that can be separated from bendamustine ester or bendamustine only with
difficulty and thus negatively influence the product quality. The resulting yields of bendamus-
tine ester or bendamustine also can not be obtained in a reproducible way, but instead
fluctuated considerably despite maintaining the same test conditions. This was shown, in
particular, in the test to carry out the method of DD 159877 on an industrial scale. Here, the
control of the reaction proved to be difficult due to the high required excess of thionyi
chloride. Another problem is produced from the viewpoint of processing economics due to
the fact that, when thiony! chloride is used, large quantities of acidic process exhaust gases
are generated, placing high demands on the exhaust-gas purification. Similar problems
result when the method of DD 159877 is transferred to the production of other compounds

that can be represented by the formulas (1) or (VII).

In consideration of the prior art, the problem forming the basis of the present invention
consists in providing a method that allows the production of compounds with the structures
shown above in reproducibly high yields. Furthermore, the method should also be able to be
carried out easily on an industrial scale. In addition, for this method, large quantities of acidic

process exhaust gases should not be generated.
This problem was solved by the method of the independent claims.

The invention thus provides a method for the production of a compound represented by the

formula (l)

R2



HO is brought into reaction with a m xture that contains a conpound (i)
sel ected fromthe group consisting of a conpound represented by the fornula
(I'V) where R6 stands for H or an alkyl radical, and each of Fe and R8
stands i ndependently for an al kyl radical, and of a conpound represented by

the formula (V) O 1l RO 5 where each%%f RO and Fe stands I ndependent |y for

an al kyl radical, and this m xture also contains a conpound (i)
represented by the fornula (VI) The invention further provides a nethod

for the Rroflyrdbe& whEred SBRROMPY HafJER F&IHEE (R ahdirPeark QBRI b hdt)(1)}R’
is H and R? is -CH5(CH,)mCOOR, (2) R'is -CH,(CH,)mCOOR® and R?is H or (3) R" and R?

together stand for a radical represented by the formula (ll)

\>~CH +CH )— COORS5
|

R4

where each of R®, R* and R® stands independently for an alkyl radical, and where each of m
and n represents independently a number in the range of 0 — 12, where a compound

represented by the formula (lll)

OH

N R1
H O/\/ \©i
R2
is brought into reaction with a mixture that contains a compound (i) selected from the group

consisting of a compound represented by the formula (IV)

O

/U\N/R7

ke

R6
where R® stands for H or an alky! radical, and each of R” and R® stands independently for an

alkyl radical, and of a compound represented by the formula (V)

i
Rg/S\Rw



R' R12 or a salt thereof, where X stands for a hal ogen radical, Rn and R12
are selected so that (1) Rnis Hand R12 is -CH2(CH2) nCOOH, (2) R11l is
-CH2(CH2),"COCH and R12 is Hor (3) Ru and R12 together stand for a radical
represented by the formula (M1I1) ) -NCH2 ( CH2)--- COOH n -N | R4 where
R4 stands for an al kyl radical and wh& e each of mand n represents

I ndependently a nunber in the range of 0 - 12, where the nethod descri bed
above wherseadhed R3and &iUstands indepandenty s epelkybiagisainand ks Bsdfe @$Cby t he

f or mul ) . | s isingly, it was determ ned
that t ﬁ%%%{'}%@ﬁ%@@ﬁgﬁ%&%@%gy%f%r%rr@glé’ \ggat | east one of the conpounds
according to formulas (IV) and (V), as wel] as the conpound according to
formula (VI), the term nal hydroxyl in the conpound according to
formula (1) can be selectively substi under mld conditions and at
noderate reaction tinmes by hal ogeni dg grotgs, wherein the desired product
Is obtained in high yields in a reproduci ble way. Wthout wanting to be
bound to one theory, this reaction definitely proceeds via an

intermedi ately 6

The invention further provides a method for the production of a compound represented by
the formula (VII)

X

11
x> N\C(R
R12

or a salt thereof, where X stands for a halogen radical, R' and R" are selected so that (1)
R is H and R™ is -CH,(CH,)mCOOH, (2) R is -CHy(CH,)nCOOH and R is H or (3) R™
and R'2 together stand for a radical represented by the formula (VIII)

—N

\>—CH2—FCH27\n— COOH
B
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where R* stands for an alkyl radical and where each of m and n represents independently a
number in the range of 0 — 12, where the method described above is carried out and the

resulting ester compound represented by the formula (I) undergoes ester hydrolysis.

Surprisingly, it was determined that through the use of a mixture comprising at least one of
the compounds according to formulas (IV) and (V), as well as the compound according to
formula (VI), the terminal hydroxy! groups in the compound according to formula (I) can be
selectively substituted under mild conditions and at moderate reaction times by halogenide
groups, wherein the desired product is obtained in high yields in a reproducible way. Without
wanting to be bound to one theory, this reaction definitely proceeds via an intermediately



formed, activated imniumion, fornmed fromthe conmpound according to
formula (VI) or (V), as well as the conpound according to fornmula (VI). The
met hod according to the invention conprises, on one hand, the production of
a conpound represented by the formulagl) X or a salt thereof. In formla
(1), the radical X stands for a haloggn radi cal . The hal ogen radi cal can

i nvol ve, for exanp a chlorine radical or a brom ne radical Accordlng to
the i n& HleﬂoﬁCt'VB@FHmF‘&HT‘ éony, forved f OFHPWP@P(’P')C' agoRring torformda fhar (V

subst i YR asARE B61HboLthdt RecORhgRS BETRiLM ¢ \mrpr eferred enbodi nent, t hese

hal ogen radi cals are chlorine radicals he radicals RL and R2 can assune
di fferent neanings. According to a first alternative (1), the radical Rl
conpri g@g nliéfﬁ'éd)ﬂ&i&rduh%:totthé %\@ﬁﬁ&v cdistisedBrcatle tRhdS theNsisddcabn bhe radi cal

- CH2( CH2 i s radical RB stands for an alkyl radical. The alkyl
radlcaP° RRURGEpresentediyAhe FRsBula (Dnon- br anched al kyl radical . According to
one especially preferred enbodi megt, this alkyl radical is a non-branched
al kyl radical. The chain length of this alkyl radical is not further
restricted. For exanple, this alk radi cal can have 1 -20 carbon atons,
thus for exanple 1 - 12 carbon atong, 1 -8 carbon atons, 1 -4 carbon atons
or 1 or 2 carbon atons. The al r adl
radi cal, an ethyl radical, /%%By(
radi cal R2, the index mcan assune a nunber in the range of 0- 12,
preferably in the range of 0- 10, even ¥ Rferred in the range of 0 -8,
very especially preferred in the range of 0 - 6, and in particular in the
range of 0 - 3. For exanple, the index mcan assunme the nunber 2. According
to a sesanrdit#dresmnati ve (2) the radical R2 conprises hydrogen. In this
case, the radical Rl stands for the radical -CH2(CH2)nCOOR3. In this

radi cal, R3 stands for an alkyl 7 radical. The al kyl radical can involve a

branc h%ﬂfd?huféo(gl PeaaGBakK abkarsl foF a%@gén rafm&ép mdiewégénqa@cﬁ%aﬁmvalvbyfor

preferred enb ment, this alkyl radical is a non-branched al kyl radical.
The ch&ampengchiogne fﬁﬂ"iﬁ' ar &promingradigal. iAccargingrta the,Bventiost 'P?tbf%aca 8r
exarml &n formlU (Blskerd fbﬂﬂb%ahe%ﬁsth@t% According & StespbaiEky prbféﬁ%df or exanple 1

- carbon atons, 1 -8 carbon ato 1 -4 carbon atons, or or 2 carbon
atoms efod !i!‘wrlth?%ﬁjh@%erbréﬁ'cﬂ@ arg ﬁhlﬁ%{iec"aé’l&’?lﬁr a net hyl radl cal, an ethyl
radi cal , a propyl radi cal or a butyl radical. In the radical R2 the index m
can assune a whole nu in the range of 0- 12, preferably in the range of
0- 10, bedadipysR' ﬁf‘éﬁer"?@éswmﬁ% ﬁlé‘erreag@éa@f'g@ - 8, very especially preferred
in the range of 0 - 6, and in particular in the range of 0 -3. For exanple,
the index mcan assune the number 2. Agcording to a third alternative (3),

t he r adiceardingtoafiistaiternalive € thrrpadical R’ sompHsesydredsncbdhiecaseythe he fornul a

(1) Nagi€diR(stdrdR ¥or th&rdfcal -CH,(CH,),COOR?. In this radical, R® stands for an alkyl
radical. The alkyl radical can involve a branched or non-branched alkyl radical. According to

cap-@pe, in particular, a nethyl
or a butyl radical. In the

one especially preferred embodiment, this alky! radical is a non-branched alkyl radical. The
chain length of this alkyl radical is not further restricted. For example, this alkyl radical can
have 1 — 20 carbon atoms, thus for example 1 — 12 carbon atoms, 1 — 8 carbon atoms, 1 -4
carbon atoms or 1 or 2 carbon atoms. The alkyl radical can be, in particular, a methyl radical,
an ethyl radical, a propyl radical or a butyl radical. In the radical R? the index m can assume
a whole number in the range of 0 — 12, preferably in the range of 0 — 10, even more
preferred in the range of 0 — 8, very especially preferred in the range of 0 — 6, and in
particular in the range of 0 — 3. For example, the index m can assume the number 2.

According to a second alternative (2) the radical R? comprises hydrogen. In this case, the
radical R' stands for the radical -CH,(CH.),COOR?. In this radical, R? stands for an alkyl



n NI R4 Accordingly, this alternative stands for a heterocyclic ring
systemw th benzi m dazol e structure. This can be reproduced by the
following formula (IX) R4 8 further restricted. For exanple, this alkyl
radi cal can have 1 -20 carbon atons, yhus for exanple 1 - 12 carbon atons,
1 -8 carbon atonms, 1 -4 carbon atons, 'or 1 or 2 carbon atons. The al kyl
radical can be, in particular, a neth | radical, an ethyl radical, a propyl

r adi calradiegl. Theyalky) radiealcam involyg @ Wﬁ@ﬁ*‘@ﬂlor RB"‘P@(@RF%@"‘X‘HQWB%‘ Aegording 19 Ky

radi Ca'me&ﬁe@éll&ﬁreféﬁga Qﬁﬂbo%eﬁh@ﬂhlk 'ah@Wa&i@a! i§'% Ho¥ebrandhed 2Ky EddicB The
preferably a non-branched al kyl radical. The chain |ength of this alkyl

r adi calchpi lepgath pf thisialyl radigal Isd'toéﬂmhﬁb?esg%% Fer examrle, é'P'R;alkY\'réEl'icelaﬂa“c an have

1 -20 ¢pudan & &ifben htoHs, fhek f&@( 5@ 112 B3rinrdbsiis, at -0 Barbbn-atorf&1R0A
atons, 1 -4 carbon atons, or carbon atons. The alky radjcal can be,

in par CPEANAOME, OFdiaRA carban %‘81“3 The dkylyadical gan B, in pagicslshia meieal or a

butyl ragefan eﬂ:@ﬂadlaﬂeé pfbﬁymdfc@pérehs@lﬁ&l radlléé”IOIthé\chﬂit%'I RP fhetlh&xf rﬂ%ﬁﬁ of O-
10. Preferably, stands for a whol e nunbe t he range of - 8, nore

* pref er &§pYyme grwhel W%ﬁrﬂfth?ﬁ?eﬁangﬁq Q]E 1?61?{6@@}?'3’ U} the 63“99@9 rri)q EVRI BTOEF abl y

for a wabhed W’ih@"radgé drloe- 8 %ﬁﬁegfec@"y préferftdidn @fd@Rbabf v -8 8heably for a
whol e nunber in the ran For exanple, the index n can assune the

nunber PE”“’A@&B‘Y*BF@"‘W@H‘@ JrEREAMBIE. BSHRAX TR SRN 2B$HENe BIRPWIIREr &ccor ding to
formula (1) conprises

4[ 5-[ Bi s(2-chl or oet hypani no] - 1- met hyl benzi r ni dazol e-,2-yl i but an0| c acid

al kyl éﬁ@lﬂ"@rt%thmﬁ rQatefm(é}é}am%% 3t the redicRl R ferAbe Fadigal 3 al Ky

ester. r@g,ggé,ﬂé@gy{r@fgm@ggem ally preferred enbodi nent, the conpound
according to formula (1) conprises 4151Bi s(2-

chl or oet hypam no] - 1- net hyl benzi m dazol e- 2-yl i butanoic acid ethyl ester or
4-[Bi s(2- chl oroethyl)am nnl{qenzenebut anoic acid ethyl ester. According to
the invention, not only the & é deicrl be abOé but also a salt thereof
can be produced In this salt p Ebera 'S}z (@ & one of the nitrogen
atons of the conpound accordNng to fornul a (I) in particular the nitrogen
atomthat is not part of the|r|ng structure, is protonated. The protonated
ester is then present in conRtnation with a corresponding anion. This anion
preferably conprises a hal ogenide ion. According to one especially
preferred enbodi nent, the ester is present as a hydrochloride. According to

a very ol i i i it | ori de of
von 41&%@2@&% glﬁegéﬁi%%gaﬁgfrdé q&g%oicwh@ﬁrzép %}b@g\él tg&%m(ﬁé u‘?anm c acid
al kyl estructurenThis-qaBibe(reprodhtest yethi jolewingdplrewa X but anoi ¢ aci d al kyl ester,
as for exanple 4-[5-[Bis(2-

chl or oet hyDam no] - 1- net hyl benzi m dazol e- 2-yl ] butanoi ¢ acid ethyl ester or
4-[ Bi s(2- chl oroet hyl )am no] benzenebut anoi c acid ethyl ester. As the educt
for the production of the conpound according to formula (1), a conpound
represented by the formula (111) OH

X

/\/N N
X
\ ,_(, ), 5
@:N%CHZ CH,}— COOR
iy

The radical R* here stands for an alkyl radical. The alkyl radical R* can involve a branched,
but preferably a non-branched alkyl radical. The chain length of this alky! radical is not



is used. Here, the radicals Rl, Fe, R3, R4 and R5, as well as the indexes m

and n assune the neani ngs assigned to them above. According to one
preferred enbodi nent, this educt conprises

4-[ 54Bi s(2- hydr oxyet hypam no] - 1- net hyl_benzi m dazol e- 2-yl ] but anoi ¢ acid
al kyl ester or 4- [Bis(2-hydroxyethypa§|nolbenzenebutan0|c acid al kyl ester,
In particul ar 445-

[ Bi s(2-flghirosstactey.Farexanple- thistaty trsical eandzave| le= 20 garbpn@tares. thusdPd et hyl
ester fﬁ (B 843 caﬁaeﬂfa?am%h_vg)carrsbn%ld?lwan@e%angto@nsawGﬁoﬁbfax,lboﬁster

This educt 'I's brou into reaction wth m xture that contains at | east

one corgieuadihe %IKYzhrmﬂQah@arbl@ﬁmmCl(l?E p metiprslicad ani sthyl sadieal cxp@@Vl r om t he
group Cr%@iﬁéls&l £'Eut9 era@ig&lo'fmé)wf&%af ﬁplflé?%étﬁﬁldgﬁ’ort Q?alqu rré‘aﬂ:a"} fHe\Qlkﬁ rﬁﬁcaﬂmd a

conpound represen ormul a used. These al kyl

radi calR’ oaadlkpwxgemvalye;a lzrem;heds@tprefer:@i»lyceamqmbraat:hﬁ%a|kwrmcbc%rTéqeéiham y 1 -
10 carf g@tqwﬁ% , 2l BRI oPfurther RBIrktel, F& ésémw 7 M ra&éﬂ%h%m

preferr carbon atons, very especially preferred -2 carbon atons,
and i n -p2Q carban aion@n@uggprmxgmmeo 12 carbon atoms, 1 — 8 carbon atoms 1 -4 carbon

atoms, or 1 or 2 carbon atoms. The alky radical can be, in particular, a methyl radical, an
ethyl radical, a propyl radical or a butyl radical. The index n can represent a whole number in
the range of 0 — 10. Preferably, n stands for a whole number in the range of 0 — 8, more
preferably for a whole number in the range of 0 — 6, even more preferably for a whole
number in the range of 0 — 4, and especially preferably for a whole number in the range of 0

— 3. For example, the index n can assume the number 2.

According to one preferred embodiment, the compound according to formula (1) comprises
4-[5-[Bis(2-chloroethyl)amino]-1-methylbenzimidazole-2-yl]butanoic acid alkyl ester or 4-
[Bis(2-chloroethyl)amino]benzenebutanoic acid alkyl ester. According to one especially
preferred embodiment, the compound according to formula (l) comprises 4-[5-[Bis(2-
chloroethyl)amino]-1-methylbenzimidazole-2-yl]butanoic acid ethyl ester or 4-[Bis(2-

chloroethyl)amino]lbenzenebutanoic acid ethyl ester.

According to the invention, not only the ester described above, but also a salt thereof can be
produced. In this salt, preferably at least one of the nitrogen atoms of the compound
according to formula (1), in particular the nitrogen atom that is not part of the ring structure, is
protonated. The protonated ester is then present in combination with a corresponding anion.
This anion preferably comprises a halogenide ion. According to one especially preferred
embodiment, the ester is present as a hydrochloride. According to a very especially
preferred embodiment, it comprises the hydrochloride of von 4-[5-[Bis(2-chloroethyl)amino]-
1-methylbenzimidazole-2-yl]butanoic acid alkyl ester or 4-[Bis(2-
chloroethyl)amino]benzenebutanoic acid alkyl ester, as for example 4-[5-[Bis(2-
chloroethyl)amino]-1-methylbenzimidazole-2-yl]butanoic acid ethyl ester or 4-[Bis(2-

chloroethyl)amino]benzenebutanoic acid ethyl ester.

As the educt for the production of the compound according to formula (I), a compound

represented by the formula (ll)



The radicals R7 and RO stand independently for alkyl radicals. Here,
branched, but preferably non-branched al kyl radicals can al so be used as
the al kyl radical. These al kyl radicals can conprise preferably 1 - 12
carbon atons, nore preferred 1 - 10 carbon atons, even nore preferred 1 -6
carbon atons, especially preferred 1 -4 carbon atons, and very especially
preferred 1 - 2 carbon atons. Especially preferred conpounds according to
formula (V) are dinmethyl formam de (DMF) and di et hyl acet am de (DMAc). The
radicals RO and R19 in formula (V)pogtand i ndependently for al kyl radicals.
In turn, branched, but preferably jhon-branched al kyl radicals can be used
as the al kyl radical. These al kyl kﬁiicals can preferably conprise 1 - 12
10

carbon atons, nore preferred 1 - arbon atons, even nore preferred 1 - 6
carbon atons, especially preferred IN

4 carbgnpRdtons, very especially
preferred 1 -2 carbon atons,H@nd ™M par ar one carbon atom One
preferred conmpound according to fornmul a i s dinmethyl sulfoxide (DVSO).

The conpound (ii) conprises a conpound repfesemed by the fornula (VI)
where X stands for a hal ogen radical, preferably for chlorine. Accordingly,
oxalyl chloride is preferred as the conpound according to formula (V).

Accor diidiGsddO HRRE Y RRAKEY, RATFFIRMBAY ROfastvi dsitHe iﬁde%‘s maand n assume the
445- [BIS(2 chl or'oet hypani no] -'1- neth Iben2|n1daz P % acid
o PERedsAL JpS eauc

al kyl &Rqaningsrasgigaed to thepabgye.jAccp apeyef ?'E‘i%

4- [ 5- [ Bbfiphs ﬁ@mﬁﬁw&%&?eﬂﬁ}l%lmtﬁmbbﬁlbéhﬂhﬁtﬁleleez—?l}wtariwi awakylaci d

al kyl ester w th oxal or1de and dine Iforgq gordln to one
especi &ISRV oMé?@(&@@r@wﬁwpﬂ@wp beazenebutanmc acid alkyl ester, in particular 4-[5-

4[ 5-[ BI[@.(s@z wur&z,@myhymm Metﬂylﬁa_tzhﬁlhbm)w Jdatéﬁbleaard)étﬂ)béﬁtéﬂeﬂ £[BisRd ethyl
ester or drochlori de” t her eof |s§§ ? uced by bringing 4-[5-[Bis(2- 11
hydr oxy¥d Wﬁ%h?')ﬂﬂ]‘m‘i]bﬂﬁeﬁ?wféﬂ%'i: AFidSHYI €591y | | but anoi ¢ acid ethyl ester
into reaction with oxalyl chloride and dinmethylformam de. The conpound (ii)
represented by the formula (VI) is used at |east equinolar, but refgrably
in ol dihisesdustis broughbinta eapiipn With 8 SHEHIEHHaLAARERA %Igeq%o'f'%m%u 13

Accor digad cbmpelRd @gpeci al Iy preferred enbodi ment, the nolar ratio of the
conmpound according to fornula (VI) to the conpound according to fornul a
(I'11) is at least 1.3 and even nore preferred at least 1.5. In one

pr ef er icgghtiRad idlec®dd fdif theye0p b@rﬁ‘slstin?loﬂ‘ babhpoliftereppasenteddsy the) (i.e.,

t he conpounds according to the formulas (IV) and/or (V)) and (ii) (i.e.,

t he corf@®i(Mtcording to formula (V1)) are conbined with each other and

t hen brought into contact with the cgnpound according to formula (111). For
this purpose, the conpounds (i) and i) as wel | as the conpound accordi ng
to formula (I11) are present bot ,du Iy and al so conbi ned preferably
in a suitable solvent. As the sol ent or exanpl e, hal ogenat ed

hydr ocar bons, such as di chl or net hane oqaghlorofornl or other aprotic

sol vents, such as tetrahydrofuran or dioxane, can be used. Preferably, for
the nmet hod according to the invention, the conpound according to fornula
(VI) dissolved in a suitable solvent provided in a reaction vessel and
opt | on@NAA CHRNRAA represesited '%%é?@?‘ﬂ? é@ in the range of 0 - 10C, thus for
exanpl e tenperatures in the range of 1 - 5Cor in the range of 1 - 3C, have
proven to be especially advantageous. The conpound according to fornula
(I'V) or formula (V) is also preferably dissolved in a suitable solvent and
then optionally cooled. Here, tenperagures in the range of 0- 10C, thus for
exanpl e tenperatures in the rangeppr/1\>REC or in the range of 1 - 3C, have
al so proven especi ally advant ageous.

In the compound according to formula (IV), the radical R® stands for hydrogen or for an alkyl
radical. As the alkyl radical, branched, but preferably non-branched alkyl radicals can be



According to one possible enbodi mrent of the invention, in a next step, the
conpound according to formula (VI) and the conpound according to fornula
(I'V) or (V) are conbined. This can be carried out, for exanple, in that the
solution that contains the conpound a,lc&ordr ng to for mula (VI) is added, for
exanpl e, drop by dr op, to the solution that contains the conpound according
to fornul aﬂé\l or .. Qovi ouslé however, fhe solution that 2tr ﬁ)nt ai ns
the conged: eaeetrrtreﬁgalﬁ&an@r@fera Iy @omprise 1((A2 carRonplomsRoteElerahly,

exanpl g Arsn WmEréRn nidte bhde@dlyut L @'&aiﬂbﬂtat(ﬁﬁgte%b&ﬁaltyhﬁefeawowﬂd accordi ng
to fornula (M). In this ste accordi n%y a solutjon is

obt ai nEMORABSHSFY esPeciafip gﬁfi%’uhﬁgce ona?ﬁﬂnﬁrq"fi In rtrgu o?’?ﬁ?aga "Ys now
m xed pggherably with a solution that contains the conpound according to
formula (111). For this purpose, for exanple, the solution that contains
the conpound according to formula (I11) can be added drop by drop to the
sol uti ometrbditals Wtaau 8 stéma iSpRALEHY féri AlkyA Fetliddls. Herd] rmrroaa@tbw preférablige

d t t | t t
Cont 1 oICBUTBYEHE Y HEHcpin e R0 He LR EedR PRASHAS) FaesErh) Rl ool e, ¢ ne

react i @Bniprisé BreteraBl) 10e13tarbbe dtoms. horé picteriatt - Thearbon éfoh‘rsge@efn b
reaction mxture with rec cIrn cangﬁg cfi“ed out, for r atinme

peri od Psgfeded | =3 pargp ale &g p 4 LRI, v&ry ﬁgﬁqc £t two

“hours, pafeftedd-£2 Qérgf)@gfoﬂ@ for atinme period of at |east four hours, and
especially preferred for a time period of at |east six hours. Accordr ng to

one preferred enbodi nent, the stirring of the reaction mxture with

recycl lmebuérlwgreféred &H‘%of.l@ds dccoidiy REbinda 0F) ate dindethyiormhamideuDMRyaad er r ed

for atjne erro hours, even nore preferred for a tine period of

4-16 HHOpEYlag "@p@M%iy preferred for a time period of 6- 12 hours. The
reaction can opti onaIIy be carried out in an inert-gas at m)sphere t hus for

exanple_in Lnrtro n.a nobl e- S After the
reacti ot r?F‘éa'F&\ BWPL}Q @eﬁrﬂe&@%&end%@ﬁ Ih@ r%"qqﬁg g”"val ue of the
reacti CBFarﬁBhéHUIBLﬂ préféraiblyfrfoﬂeorbﬁ(&\%d@Ikyﬂfadﬂ:afsadafn beﬁﬁed@é&lﬁ@hlﬁyl rédﬁ&alr 'EI@SEI On
product according to fornula (1) endarrustr %Py &

thi s i Ll eadigals cag prpiaraply %Fé"épﬁﬁeé & car P R Lere pre ‘FrB ?—i PUes as a
salt, fAsmEXveRInfordpreterlddi o@&a@umrd@tombneéﬂebeur Q%I&ﬁféd 144 oeﬁbolncaidmkzl eto
obtain the reaction . product accordrn toforgu é% as a fre base or el se
as a safefy gpesily preerrask] ﬁQ?ét?%n@t?'B 2NN PapicKiag ane, earbog gtom reaction,

t he regsbieRadRbABLGHd ARRF tfeeny ()€ dintsthi salfdxide ©MBMe i sol ated from
the reaction m xture according to a first enbodinent. Alternatively,
according to a second enbodi nent, however, the reaction m xture can al so be
used diTHRCddnpdunll éﬁ)%hﬂr@& @Uémﬁdmndlré fésémedlbydre)ﬁowﬁula (vijn order to produce
t he product according to fornula (VII? i solation of the reaction
product according to formula (lI) fro the keactron m xture is desired, then
this can be carried out in a conventi Way. For exanple, the reaction

m xture can be mxed with water, in or to generate an organi c and an
aqueous phase. Wile the organi c phasge conpai ns the reacti on product
according to fornmula (1), the agueous phase is used to renove water-sol uble

conponents, as for exanple salts, fromthe ani c phase. .
P where X stands for a hgr%gen radical, preferably for crﬁor e. AcccP ngly, oxalyl chloride is

preferred as the compound according to formula (VI).

According to one preferred embodiment of the invention, a 4-[5-[Bis(2-chloroethyl)amino]-1-
methylbenzimidazole-2-yl]butanoic acid alkyl ester or a salt thereof is produced by the
reaction of 4-[5-[Bis(2-hydroxyethyl)amino]-1-methylbenzimidazole-2-ylJbutanoic acid alkyl
ester with oxalyl chloride and dimethylformamide. According to one especially preferred
embodiment, a 4-[5-[Bis(2-chloroethyl)amino]-1-methylbenzimidazole-2-yljbutanoic acid

ethyl ester or a hydrochloride thereof is produced by bringing 4-[5-[Bis(2-



In a next step, if desired or necessary, the pH value can be set, in order
to convert the reaction product according to formula (1) into the free base
or else a corresponding salt. If the reaction product is present in the
reaction mxture, for exanple as a saL then by adding a base the pH val ue
of the reaction m xture can be increased, in order to convert the salt into
the free base. This can be carried out, for exa t he additign of

le, b
basi ¢ $ytoxyethy)amineiti-methylbeazimidazple2-yihvianeic ags ethy qsé&(',‘iti’b??cﬂi)&i"’ﬂ'?e m xed
with wa g%]gl chidi&) ang%%gﬁd%%n{*%de fromthe reaction mxture and water is
prefera mxe Intensively, in order to allow a transfer of water-soluble
conponents fromthe organic phase into the aqueous phase. The organi c phase

th h
I s therpard gg@%?@& m Fﬁﬁ@éaéﬁgedf ByORE kRl (VI)% Bsédgt 1883 b aihiofR Cout \phifb@blyhe

aqueous ph eXtracted with an org]anl c solvent, thus or
exanpl é miotan exersssisiafive fo he compoynd aerording {pdatalia WM AGSrdRgdR ofiCed f o

di ssol I%)'sagce @epré:@ &’B%@drﬁ%?rtﬁé RBIak Patio®r AY Ebripdunll a@tortiing t@mgw(vg (l )

and (i reaction. The organic phase or the conbi ned organic
phase dathetdosmpopad eraw@mg ﬂQ)fOf'@Bé‘arﬂB'l) 8, at; leﬁiS&ﬂ PRGAYPORIre Prederead #dearti gt
constancy, in order to obtain the reaction product according to formula
(1). Thé reaction product according to fornula (lI) is typically used as an
internediate for the production of a conpound represented by the formula

(VIT) X5 offd prefrfed érﬂb&:ﬁ entSit'the |hVéi{ti%ﬁflnltlbIW tﬁ@&:BMb@ur(dé' (i))(l e theands, in turn,

for a haPogén atom rPera chl ne atom brom ne atom and

especi abmpopndst %QCPFSWYQ f@rth%thE'WP@F |(Wé aa@/eﬁ(V»rﬁ'ad 9'&6190 é'l“‘s C‘F@@LQHCPCP&@"@an
assure ¢ 9&1{@?%(:3@@ ARAGIr{lHed W OACH dier ddnds Br‘éh%mhiﬁteroaﬁt%bﬁ/ﬁitr( the, the

radi cal | ses hydrogen. his case e radical Rl12 stapds for

t he rad:meOUﬂd:&B(O@'m ila (). tﬁ%tm%mreaqse mechquﬁaékafm WhAS Wed@Pe a
whol e H{P dtéé% ofcfHe f&FnLﬁ)a %Ii)Qare BFe%Eﬁm&rh mdw“udah;eaﬁ@a@@ cOfbiRed 10, even
nore pre erre |n t e range of

ery especi al | X eferred in the
range dreferablygn azyitabla sglaemh Asthersalvent, rﬁfér PIApe: Helogen atgd Y—%PC%Q%I e, the
| ndex @uﬂi‘%s ARAITRethlR %Bpé’m&%fo?m SCRREH PRl dIvenie SGiasetraiyundiliegg dr2) , the

radi cal conpri ses hydrogen. In this case, the radical Ru stands for the
r adi caldioxgrR(@ADeBEAH. | n the radical R12 the index mcan assume a whole
nunber in the range of 0 - 12, preferably in the range of O- 10 even nore

preferred in the range of O- 8 very especially preferred in e range of O
- 6, arfﬂeierﬁt;ﬂarffﬁrtb%lmﬁthqdr?qcﬁ@'ﬂgatﬁérée igvention, the cppipoERd AFACEIIng °f’ﬂ@éx m can

assume ((/I)%ué%klﬁ‘e& in & suitable solvent is provided in a reaction vessel and optionally cooled,
wherein temperatures in the range of 0 - 10°C, thus for example temperatures in the range
of 1 — 5°C or in the range of 1 — 3°C, have proven to be especially advantageous.

The compound according to formula (V) or formula (V) is also preferably dissolved in a
suitable solvent and then optionally cooled. Here, temperatures in the range of 0 - 10°C,
thus for example temperatures in the range of 1 — 5°C or in the range of 1 — 3°C, have also

proven especially advantageous.

According to one possible embodiment of the invention, in a next step, the compound
according to formula (V1) and the compound according to formula (IV) or (V) are combined.
This can be carried out, for example, in that the solution that contains the compound
according to formula (V1) is added, for example, drop by drop, to the solution that contains
the compound according to formula (IV) or (V). Obviously, however, the solution that



According to a third alternative (3), the radical R11 and the radical R12
forma radical represented by the formula (MII1) CH2 ( CHAT COON
Accordingly, this alternative stands for a heterocyclic ring systemwth
benzi m dazol e structure. This can be prr oduced by the follow ng fornula
(X) 15 CH2 ( CH)- COOH R4 Here, radi cal R4 stands for an al kyl
radi cal. The al kyl radical R4 can |nvoI ve a branched, but preferably a

non- br Heetans the k9MPewns acsprdinge fermuialYeRrdVheast alge be added, forexample; | s not
furtherg 626§ Eir‘o%t R%he Eémt.&mapé&uamﬂhé cBhipBlind aéboecﬁhg RBrray eVI% In a@s car bon

atons, thus for exanp 12 carbon atons, carbon at ons -4 carbon
at ons, SiP, 90@9rdlzgle¢ar%w°aﬂ%weferq%O%IPWP' ”P%GP@BT'S%S&*HG GemPeyNds AP ?Pﬁéﬂ)ar a
nethyl radical, an ethyl radical, a propyl radical, or a butyl radical. The
i ndex n_can represent a whol e nurrber in . the rande of 0- 10. Preferably, n

st ands This SQUtigRAS BOW Mixesh preferabiewitya gelutien that capitaing the GompoUpd BFSPIeigg a

whol e Ry fRRIId @r)tﬂ-‘&tﬁ%ﬂﬁm@é f@rexa@npl@\tﬁé\sﬂuﬂ’cﬁﬁ tﬁéteécﬁra'mthé@bm@owwl e number
in the range espeC|a y preferred whol e nu in the

range dccerding to fsmuladihses beradded HH’@)PM”E%’FP t§§§8h‘€°@ that eeniaies the. Accor di ng

to one gy gﬁ@@? gdr ment, the conpound according to fornula (I)
conprises 4-[5-[Bi s(Z-chl oroet hypam no) - 1- net hyl benzi m dazol e- 2-yl ] but anoi c

acid or 4-[Bis(2- chloroethypam nol benzenebut anoi c acid. According to the

i nvent i19R.reAQ@on ¥R the dohﬁoo%ﬁd@c&ﬁﬁﬁéd h&ﬁe PHR0IiRg réattioAhfidu cadlther ber eof can
be produced. In this salt, preferab (3/ at |east one of the nitrogen atons of

t he corﬁﬁﬁiﬁﬂ@déﬁ'&mﬁﬁme f‘%’B"'?rdPr?ﬂPék'{"F Nt adarticul ar the nitrogen atom that

is not part of the ring structure, is protonated. The protonated ester is
then present in conbination with a corres ondi pg ani on. This anion

pr ef er d19F $X@BRIBr 118 £RAKHOR ABYE RS S WIESPACHY t 0 one especial Iy
preferred enmbodinent, the ester is present as a hydrochloride According to

one ver;y especially preferred enbodi ment, it co fs l‘%tg chl r| de of
2-] 5413e(EBirgI B iMsUERG ISP Ye WIth Fosy ANGISER Ao AR . 9T SXARIE Fich BMEci o or
4- [ Bi s(Rriedbpstaeidivhe ABUM pidsraBIG ?&@ﬂrﬁé‘@ér‘r‘ooﬁ&ldﬂleast two hours even more

preferred for a time period of at least four hours, and especially preferred for a time period of
at least six hours. According to one preferred embodiment, the stirring of the reaction
mixture with recycling is carried out for a time period of 1 — 24 hours, more preferred for a
time period of 2 — 20 hours, even more preferred for a time period of 4 — 16 hours, and

especially preferred for a time period of 6 — 12 hours.

The reaction can optionally be carried out in an inert-gas atmosphere, thus for example in a

nitrogen atmosphere or in a noble-gas atmosphere.

After the reaction, the reaction product is present, according to the pH value of the reaction
mixture, as a free base or as a salt. For example, the reaction product according to formula
(1) comprises bendamustine ethyl ester, so this is present, at pH values 2 7.5, as a free
base, at lower pH values, as a salt, for example as a hydrochloride. In this respect, it is
possible to obtain the reaction product according to formula (l) as a free base or else as a

salt by setting the pH value to a suitable value.

After the reaction, the reaction product represented by the formula (I) can be isolated from
the reaction mixture according to a first embodiment. Alternatively, according to a second
embodiment, however, the reaction mixture can also be used directly for carrying out an



16 resulting reaction product undergoes an ester hydrolysis. For this
purpose, the resulting reaction product can be either, as described above,
initially isolated and then hydrolyzed or else converted directly (i.e.,

Wi t hout prior isolation) into acid. ording to one especially preferred
enbodi nent, in the scope of the invention, 4-[5-[Bis(2-

chl or oet hyl ) am no] - 1- net hyl benzi m dazol e- 2-yl | but anoj c ?fid or a salt

t her eofestes hydiglysiseln arderitp Rroducs the produgt ag?oeséma to formula (VI).

4-[ 51Bi s(2- hydr oxyet hyDam no] - 1- net hyl benzi m dazol e- 211] but anoi ¢ aci d al kyl
ester or a salt thereof is reacted wth oxFlyl ch] ori de and .

di nmet h)}fI isgjatianefdbe [eagtion profvstdceding tg formula (1) from the reaction mixture is

4[ 5- [ Bigetided:; e taRtdaY Bardafidd dut b4 Bytveatigriarve azadrexample] thetraastion aci d al kyl
ester or, a salt thereof, and lnlﬁﬁsecondr t%? the resultin

415- 1 BN FANPOBIRY MAR WAL 1 OTHeY t\9eReiRls A7 A2Bicand.an ﬁqb'g?‘éﬁﬁ?aéeaci d

al kyl  eghiRythebrganftPHast RERaME the rdaxtisroprsdad actsrting e fermurr () hheraguysiss, the
reaction product according to fornula (Ig%ls r ef er abl ﬁlxe w th an acid.
Horo, MR fE15ed toemays aler-soluRle gompenegts, A3 eTexpmRIFSAIEHIOM e JBRRic | o
used aphbbe acid. The acid is typically used as a concentrated acid, for

exanpl e as a concentrated hydrochloric acid (32% . By the pH val ue decrease
to be traced back to the addition of acid, the reaction product according

t? L er_rrh'bgle&ﬂ_réﬁep,\ﬁﬂ“de%{i_ed] Br hé&tga@?ﬂh‘e% \gammadt ef m,sh?rdéﬁlwednweaghe‘ s i th
stapl |1 zed. e reactli gn roau ccordai.n O 1orfmul a can pe xeda W
Eha” e rasclio PrRue Sarardinh f Tt Mh S e gn " Fab ot R R A B oduct
accor dithgrdaRtidroprotlic i< presemtiifh thereaétiontrigture) fortdxamipfoasi ealt, tirariy addiny oduct
according to fornmula (lI) in a sujtable Solvent, the reactian

ith
S ur @ Bhsgng BHYBLE o e feRpranihie conpaieashe b obiek fatorvel Bt oo guct

accor ditRgfrt® basy. MHisacat Ibk. caff ot [Yer &xemnpié,ibyghéerbdditisreof askisolutions, @ueh er abl y
at a tenperature i referred at a tenperature

in the range of 10- 80C, nor.
i n t he 3BSAVRSSHM gggon]%%,tog?ﬁjreégt&p "RestuEe B}”@dé’f"ﬁb‘gatﬁf' a tenperature in the
range of 20- 60C. The reaction period preferably equals 30 mnutes to six
hours, _nore preferred ope hour tq four hours, and eyen nore preferred one
hour t J Nefr B8 THHimade frem (o epaclion FPE BB ialrTes PETpBRE R BETFNPY:
cont ai gdrdeRtd AIRWHE HhnEiéH of datdrolubleadarhoneaits et theQdrg&it pRdte inddheal s, can

be renoved. This can be perforned preferahl b isti]lation of these

oF gl GauEPhReSThe Agab PARH BAPSLEIREal T s aiiioe (e IR Sihi

fcont a: rr@z;{;%l&ea,d\ﬂhité tA8 ;aaedd@.qoraeé & mixBe an@wxthrasis Wit 8 offinkysoheantislisng t o
or mul a

1), is mxed with active carbon d stirred. The actiye carbon
can be f?(s'@@”%péﬁ withtne spveRhd N5 ot dhe S(ﬁ\ﬁg‘? magﬂ%?ﬁe&rﬁsﬁgﬁ?rsﬁiﬁ?ﬁ’f%%%d in the
M Xt ur gompdandidcoriingiolFermaa (i} Sethe Bempemaisy() @fld f(in ®efdré the eaBtiond®he of t he
m xture, e"g. thrOﬁ%h flLtégtlon, Ehe aC|@lc ntalged |nn§ﬂe.nlxture is then
" enovedIHIGPRASRASHIG STnGRgroRRisphaRecaT eD Py SB0.det BEmRIEJP 8 VAT
f or mul qntiMebehind-@eighhédhsBncPas @rddr feolitindhé fedefie prodlttyacseridmigab esimva
distillation fromthe hydrol yzed ester according to fornmula (VIl). The
conpouﬁa-according to formula (VI1) renmains as a residue, which can be
present, for exanple, as a solid or as an oily fluid. If necessary, the
residue can be further purified. If the resjdue s present, faor exanple as
an oi | yrherrgagionipreaiict aggording VfS"B‘r"éélstﬁtﬁ’@P@Ideef’ RS apdMEBLRHAte R ng t o
for mul ayréd(lctidn 684 chifiplRiaEpiesentst b tike BhtialRvm sol ution. As the precipitate
solution, in particular, mxtures can be used that contain water and
furthernore a ketone or an al cohol. Here, acetone has proven itself as a
sui tabl e ketone, ethanol as a suixable alcohol. After the precipitation,

t he obtai ned residue can be separfted fromthe precipitate solution. If
necessary, the remaining residue be subsequently washed with a suitable
washi ng solution and then dried. As |the washing solution, preferably water

and ethyl acetate can be used. N R
X/\/\Eji
R12



The invention will be described by the foll ow ng exanples, which however
are not to be understood as |[imting. Exanple |a: Production of
bendanusti ne ethyl ester 26.7 g oxalyl chloride (1.6 equival ents) was

di ssolved in 279 m dichl oronethane ajg cooled to 1C. At 1C a mixture of 17
m di nmet hyl formam de (DMF) and 50 ml dry di chl ornet hane was added slowy. A
solution of 23 g

et hyl - 4- (5- (bi s-(2-hydroxyet hyl)-am no) - 1- met hyl - 1Hbenzo[ d] i m dazol - 2-yl ) bu
t anci atoeaisalt iidpedtl di chl or net hane was added to the resulting reaction

m xture. The reaction m xture was stirred for 8 hr with recycling (45C
jacket 18 tenperature), cooled and then mxed with 50 ml ultra-pure water.
Thr ougln fdmaurRdYIl) X @tands, iR b [CEBabakhl btodl) préfbabyHovathleriveatomdjrust ed to pH

and  hOrTEE G BHASEAALY Bt Be A EHS AR onal 85 m i ohl or et hane.
The conbi ned organi c phases were dried in a vacuumuntil reaching weight
s L e R A DI R
Aver age Yield Maxi num Devi ati on

According to a first alternative (1), the radical R"' comprises hydrogen. In this case, the

radical R'? stands for the radical -CH,(CH,)»COOH. In the radical R™ the index m can

assume a whole number in the range of 0 — 12, preferably in the range of 0 — 10, even more

preferred in the range of 0 — 8, very especially preferred in the range of 0 — 6, and in

particular in the range of 0 - 3. For example, the index m can assume the number 2.

According to a second alternative (2), the radical R'? comprises hydrogen. In this case, the
radical R"! stands for the radical -CH,(CH,)mCOOH. In the radical R" the index m can
assume a whole number in the range of 0 — 12, preferably in the range of 0 — 10, even more
preferred in the range of 0 — 8, very especially preferred in the range of 0 - 6, and in
particular in the range of 0 - 3. For example, the index m can assume the number 2.

According to a third alternative (3), the radical R"" and the radical R"? form a radical
represented by the formula (VIII)

—N

\>—CH2—(—CH2>IT COOH
-

R4

Accordingly, this alternative stands for a heterocyclic ring system with benzimidazole
structure. This can be reproduced by the following formula (X)



la-1 - l1la-2 la-3 la-4 la-5 la-6 from Average Yield 93.2% 92. 7% 92. 5% 90. 4%
93. 4% 93. 0% 93. 0%
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X

N>-CH2+CH2;: COOH
I

R4

Here, the radical R* stands for an alkyl radical. The alkyl radical R* can involve a branched,
but preferably a non-branched alky! radical. The chain length of this alkyl radical is not
further restricted. For example, this alky! radical can have 1 — 20 carbon atoms, thus for
example 1 — 12 carbon atoms, 1 — 8 carbon atoms, 1 — 4 carbon atoms, or 1 or 2 carbon
atoms. The alkyl radical can be, in particular, a methyl radical, an ethyl radical, a propyl
radical, or a butyl radical. The index n can represent a whole number in the range of 0 — 10.
Preferably, n stands for a whole number in the range of 0 — 8, more preferably for a whole
number in the range of 0 — 6, even more preferred for a whole number in the range of 0 - 4,
and especially preferred for a whole number in the range of 0 — 3. For example, the index n

can assume the number 2.

According to one preferred embodiment, the compound according to formula (1) comprises
4-[5-[Bis(2-chloroethyl)amino]-1-methylbenzimidazole-2-yl]butanoic acid or 4-[Bis(2-

chloroethyl)amino]benzenebutanoic acid.

According to the invention, not only the acid described above, but also a salt thereof can be
produced. In this salt, preferably at least one of the nitrogen atoms of the compound
according to formula (1), in particular the nitrogen atom that is not part of the ring structure, is
protonated. The protonated ester is then present in combination with a corresponding anion.
This anion preferably comprises a halogenide ion. According to one especially preferred
embodiment, the ester is present as a hydrochloride. According to one very especially
preferred embodiment, it comprises a hydrochloride of 4-[5-[Bis(2-chloroethyl)amino}-1-
methylbenzimidazole-2-yl]butanoic acid or 4-[Bis(2-chloroethyl)amino]benzenebutanoic acid.

For the production of the compound according to formula (VII), initially the method described
above for the production of the compound according to formula (1) is carried out and the



+0.4% 1-2. 6% Exanple | b: Production of bendanustine The bendanusti ne et hyl
ester raw product obtained in Exanple la was dissolved in 210 mM 32% HCl
and stirred for 2 hr at 40C jacket tenperature. The solution was cooled to
roomtenperature, mxed with 8 g actlyea carbon, stirred for 30 mn and
filtered through a sterile filter. The hydrochl oric acid was separated by

distillat d. th d {h 400 / h
or aci pFeUHBOEEC P ek BB IO R VAP R BPT BB oay RGBT and

dried. rdaytisn PXdARE! CER e Sier %arcresaﬁbeatabow\mmeanyﬁmatéa lbhe Wenchyyliatyzad opf
bendarrust I ne were obtained, each E’S e)sRect 01 o the nethod starting from
et hyl - £IseFonKeriad JraqlifiSx yEhAY raﬂoar?P njinto aci
met hyl - 1H benzo[ d] i m dazol - 2-yCbut anoate: Exp. |b-1 Exp. |b-2 Average Yield
Maxi mum Devi ation from Aver 9 9
According to one especial \3// prgfgrret}{ engdl%%n Qt Z sEcS;o/ope7gf tﬁe invention, 4-[5-[Bis(2-
chloroethyl)amino}-1-methylbenzimidazole-2-ylJbutanoic acid or a salt thereof is produced in
that, in a first step a 4-[5-[Bis(2-hydroxyethyl)amino]-1-methylbenzimidazole-2-yljbutanoic
acid alkyl ester or a salt thereof is reacted with oxalyl chloride and dimethylformamide under
formation of a 4-[5-[Bis(2-chloroethyl)amino]-1-methylbenzimidazole-2-yljoutanoic acid alkyl
ester or a salt thereof, and in a second step the resulting 4-[5-[Bis(2-chloroethyl)amino]-1-

methylbenzimidazole-2-ylbutanoic acid alkyl ester or a salt thereof is hydrolyzed.

For the ester hydrolysis, the reaction product according to formula (1) is preferably mixed
with an acid. Here, preferably an inorganic acid, in particular hydrochloric acid, is used as
the acid. The acid is typically used as a concentrated acid, for example as a concentrated
hydrochloric acid (32%). By the pH value decrease to be traced back to the addition of acid,
the reaction product according to formula (1), which is instable for stronger basic pH values,

is stabilized.

The reaction product according to formula (I) can be mixed with the acid, in that the acid is
combined with the isolated reaction product according to formula (1), with a solution of the

isolated reaction product according to formula (1) in a suitable solvent, or with the reaction

mixture that is described above and contains the isolated reaction product according to

formula (l).

Then the resulting mixture is stirred preferably at a temperature in the range of 10 — 80°C,
more preferred at a temperature in the range of 156 — 70°C, and even more preferred at a

temperature in the range of 20 — 60°C.

The reaction period preferably equals 30 minutes to six hours, more preferred one hour to

four hours, and even more preferred one hour to three hours.

After the reaction, organic components possibly contained in the mixture, as for example
solvents or solvent radicals, can be removed. This can be performed preferably by distillation

of these organic components.



19 An alternative nmethod for the production of bendanustine alkyl ester

| i kew se starts from an

et hyl - 4- (5- (bi s-(2-hydroxyet hyl )am no) - 1- net hyl - 1H benzo[ d] i m dazol - 2- ypal k
yl ester as educt. Here, the outgoi ngwtrend of the hydroxyl groups in this
educt is increased by the addition of'‘an activation group (for exanple a
p-tosyl group, a mesyl group or a triflate group). The exchange of this
activation group by a hal ogenide is then possible under mld conditions,

for exmﬁo?hgyogi {)l"r?é}tsf%r}he Wiktlre! Mmf&hlc':m\t%ms |'h'é?ﬁ|tlioﬁ t&inaBichY tHeiown de or

et hanol. “Th a g experi

et hyl - hydrlyeéd sstelzactopcﬂmg(ﬁ,odpnwlg é\r‘H)nﬁ)fﬂlledT\@ﬁfh?‘liﬂvﬂ%étWi‘cﬁrG]ﬁt'FF?@aTﬂﬂ 2-yCbut a
noate) eca%?ﬁc%&\)/ﬁe e:a té@ﬁl\d%){ Qﬁ%rﬂloﬁhkﬁsfﬁ‘@&m&ﬁmﬁﬂg dEhfé%dWh tfe 41.6 m

trlethy am n on was S m xed wth 52,2 g nethane

sul f onimixtewsi. The abijmgrdagteoni ¢antben be separatgd demvine femainder e BMYEeR9f or 3 hr
at 25Cthr£ﬁ§15lﬁ§t?c}n' on solution was freed fromsolvents at 30C in a vacuum
The obtarmed resi due was di ssolved in 400 m dry ethanol, mxed with 30.5 g
lithiumchloride and stirred for 18 hr at 70C. Then, et hanol was separ at ed

by di StT'h a@fd’ etdﬁﬂ %%ea@%r#rg?s then h(g"'l'@ve'dqp b%ﬁvé)rﬂloﬁQQNéiﬁfrdﬂh fHe! idriRRlelane

(DCM an mxe . er the addition of 200
lr)ﬂ tvvat ester'ah@rth'g ‘t(aioﬂeulwdb’”)a&fpu@sdwfm&eh”@@%‘ﬁﬁ%f?@@'y@ewteﬁﬂ%t ion to

et wee rROAR8 ase

ext rac?i ('ag na%oﬁnﬁro%dtéx;g %é%g{égnf B%ﬁé tﬁfOﬁnﬁl(rgR@PEgﬁgf 8@??% hasgng\?gs hed

wi th 10@muila A4l feroaing e aresidue, sdishpandiel R5¢$Q!‘é feopaMRim asmqlse op3BANMySOH,
and fr rTgﬂmaomthe solvent in a vacuum This experinent was carried out
four ti The followi ng yields of bendanustine ethyl ester were obtained:
Exp. Exp. Exp. Exp. Average Yield Maxi mum Devi ation 2a-1 2a-2 2a-3

If necessary, the residue can be further purified. If the residue is present, for example as an
oily fluid, then initially a precipitate of the compound according to formula (V1) can be
generated with a suitable solution. As the precipitate solution, in particular, mixtures can be
used that contain water and furthermore a ketone or an alcohol. Here, acetone has proven
itself as a suitable ketone, ethanol as a suitable alcohol. After the precipitation, the obtained

residue can be separated from the precipitate solution.

If necessary, the remaining residue can be subsequently washed with a suitable washing
solution and then dried. As the washing solution, preferably water and ethyl acetate can be

used.

The invention will be described by the following examples, which however are not to be

understood as limiting.

Example 1a: Production of bendamustine ethyl ester

26.7 g oxalyl chloride (1.6 equivalents) was dissolved in 279 ml dichloromethane and cooled
to 1°C. At 1°C a mixture of 17 ml dimethylformamide (DMF) and 50 ml dry dichlormethane
was added slowly. A solution of 23 g ethyl-4-(5-(bis-(2-hydroxyethyl)-amino)-1-methyl-1H-
benzo[d]imidazol-2-yl)butanoate in 115 ml dichlormethane was added to the resulting
reaction mixture. The reaction mixture was stirred for 8 hr with recycling (45°C jacket



2a-4 from Average Yield 82.9% 85. 2% 81. 9% 80. 1% 82. 5% Conpari son Exanpl e
2b: Production of bendanustine The bendanustine ethyl ester raw product
obtai ned in Conparison Exanple 2a was dissolved in 210 m 32% HCl and
stirred for 2 hr at 40C jacket tenpergiure. The solution was cooled to room
tenperature, mxed with 8 g active catbon, stirred for 30 mn, and 20
filtered through a sterile filter. The hydrochloric acid was separated by

di sti | ltempenatuse)icodied amkihdnmivesswith e ol wiratbusowaier. Thaeuatythe additien ofrhe

8; ieg'dplzts% Rﬂ@fsoﬁdt*oﬁ%g%kﬂ}éﬁue \)0@55%93%‘6 U‘p%t—eé.&%gar‘ﬁ{t@!ﬁive?tﬁﬁa%bﬁ’ and
mixing, the organic phase was separated and the aqueous phase was extracted with
additional 83 ml dichlormethane. The combined organic phases were dried in a vacuum until

reaching weight constancy.

This experiment was carried out six times. The following yields of bendamustine ethyl ester

were obtained:

Exp. Exp. Exp. Exp. Exp. Exp. Average Yield | Maximum Deviation
1a-1- | 1a-2 1a-3 1a-4 1a-5 1a-6 from Average Yield
93.2% | 92.7% | 92.5% | 90.4% | 93.4% | 93.0% | 93.0% +0.4% / -2.6%

Example 1b: Production of bendamustine

The bendamustine ethyl ester raw product obtained in Example 1a was dissolved in 210 ml
32% HCI and stirred for 2 hr at 40°C jacket temperature. The solution was cooled to room
temperature, mixed with 8 g active carbon, stirred for 30 min and filtered through a sterile
filter. The hydrochloric acid was separated by distillation and the residue was mixed with 400
ml water/acetone. The precipitate was filtered out, washed with water and ethyl acetate and
dried.

This experiment was carried out twice. The following yields of bendamustine were obtained,
each with respect to the method starting from ethyl-4-(5-(bis-(2-hydroxyethyl)-amino)-1-
methyl-1H-benzo[d}imidazol-2-yl)butanoate: ’

Exp. Exp. Average Yield Maximum Deviation
1b-1 1b-2 from Average Yield
82.0% | 77.6% | 79.8% +2.2% 1 -2.2%

Comparison Example 2a: Production of bendamustine ethyl ester



This experinment was carried out twice. The follow ng yields of bendanustine
wer e obtai ned, each with respect to the nethod starting from

et hyl - 4- (5- (bi s-(2-hydroxyet hyl)-am no) - 1-

met hyl - 1H benzo[ d] i m dazol - 2- yCout anogge: Exp. Exp. Average Yi el d Maxi mum
Devi ation 2b-1 2b-2 from Average Yield 69.8% 71. 3% 70. 6% Conpari son

, ' bendanustjhe eth
Exanpl eAn?’zﬁferr|1:)arti(\)lgI lﬁ%tr'méw fo(r)Ihe p?'ogucrtrlgn o% bendamu%

{ineeaslfqﬁ res’ter likewise starts from an
ethyl-4-(5-(bis-(2-hydroxyethyl)amino)-1-methyl-1H-benzo[d]imidazol-2-yl)alkyl ester as
educt. Here, the outgoing trend of the hydroxyl groups in this educt is increased by the
addition of an activation group (for example a p-tosyl group, a mesy! group or a triflate
group). The exchange of this activation group by a halogenide is then possible under mild

conditions, for example by treatment with lithium chloride in dimethylformamide or ethanol.

In a corresponding experiment, 42.2 g ethyl-4-(5-(bis-(2-hydroxyethyl)amino)-1-methyl-1H-
benzo[d]imidazol-2-yl)butanoate) were dissolved in 500 ml dry dichloromethane and mixed
with 41.6 ml triethylamine (TEA). This solution was slowly mixed with 52.2 g methane
sulfonic acid anhydride in 150 ml dry dichloromethane and stirred for 3 hr at 25°C. The
reaction solution was freed from solvents at 30°C in a vacuum. The obtained residue was
dissolved in 400 ml dry ethanol, mixed with 30.5 g lithium chloride and stirred for 18 hr at
70°C. Then, ethanol was separated by distillation at 40°C and the residue imbibed in 400 ml
dichloromethane (DCM) and mixed with 16.6 ml triethylamine (TEA). After the addition of
200 ml water, the pH value was adjusted with concentrated K,COj; solution to between 7.5 to
9. The resulting phases are separated, the aqueous phase extracted with additional 250 mi
DCM, the purified organic phases washed with 100 ml half-concentrated sodium chloride
solution, dried over MgSQO,, and freed from the solvent in a vacuum.

This experiment was carried out four times. The following yields of bendamustine ethyl ester
were obtained:

Exp. Exp. Exp. Exp. Average Yield Maximum Deviation
2a-1 2a-2 2a-3 2a-4 from Average Yield
82.9% | 85.2% | 81.9% | 80.1% | 82.5% +2.7% I -2.4%

Comparison Example 2b: Production of bendamustine

The bendamustine ethyl ester raw product obtained in Comparison Example 2a was
dissolved in 210 ml 32% HCI and stirred for 2 hr at 40°C jacket temperature. The solution
was cooled to room temperature, mixed with 8 g active carbon, stirred for 30 min, and



Bendanustine ethyl ester was produced by follow ng the specific exanple of
DD 159877. Then, 18.3 nol thionyl chloride (2.175 kg) was used to
substitute 22.3 nol hydroxyl groups (in 4.305 kg

4-[5-[Bi s(2- Hydroxyet hyl ) am nol- 1- net hyl benzi m dazol e- 2-yl ] but anoi ¢ aci d
ethyl ester). This resulted in only an inconpl ete conversion, however,
where only approximately 47 _area% of the desired product was obtained in
the r eabierestintRueharieriefter THEMesebinrc Seidkves sarerdisd BY detiiadag Ardfieor | de was
| ncr eas@eidie wab ke wiehk® innRafeFacelorid. TRk iphatigitate Was fiteaédd bitywadhddhiitny|
chloride in %Ee ratio, to g-lS-(Bis(2-kwdroxyethyl)anino]-l-

met hy| DE8IST ARteihy|acets, ang diethoi ¢ acid ethyl ester (from 0.82 equival ents
according to DD 159877 to 2.46 equivalent) led to 87 area% of the desired

product_and represented the opti f the studied variations. The
o1 | owi T SYRaTHISnbNas GeHtiss Ut iee. Lo AIoRBEaie st Depiiaysiion wees gbtaie,
Aver ageathalitth rbbpdchioth&metiaid Nartis@ frdmdahy-4-GL(BiR (Argd@ggetiyphfinép10% 59. 0%

67. 0%
° methyl-1H-benzo[d]imidazol-2-yl)butanoate:

Exp. Exp. Average Yield | Maximum Deviation
2b-1 2b-2 from Average Yield
69.8% | 71.3% | 70.6% +0.5% / -0.8%

Comparison Example 3a: Production of bendamustine ethyl ester

Bendamustine ethyl ester was produced by following the specific example of DD 159877.
Then, 18.3 mol thionyl chloride (2.175 kg) was used to substitute 22.3 mol hydroxyl groups
(in 4.305 kg 4-[5-[Bis(2-Hydroxyethyl)amino}-1-methylbenzimidazole-2-yl]butanoic acid
ethyl ester). This resulted in only an incomplete conversion, however, where only
approximately 47 area% of the desired product was obtained in the reaction mixture.

For this reason, the quantity of thionyl chloride was increased in further experiments.

A tripling of the quantity of thionyl chioride in the ratio to 4-[5-[Bis(2-Hydroxyethyl)amino]-1-
methylbenzimidazole-2-yl]butanoic acid ethyl ester (from 0.82 equivalents according to DD
159877 to 2.46 equivalent) led to 87 area% of the desired product and represented the

optimum of the studied variations.

The following yields of bendamustine ethyl ester were obtained:

Exp. Exp. Average Yield Maximum Deviation
3a-1 3a-2 from Average Yield
75.0% | 59.0% | 67.0% +8.0% / -8.0%




+8.0%/ -8.0% 21 The material obtained according to the preceding
procedure did not satisfy the specification requirenents of the I CH

Gui del i nes despite recrystallization performed two tines. These experinents
show t hat the nethod according to the,jnvention surprisingly delivers a
significantly increased, reproduci bl ezill el d, conpared with the nethod known
fromthe prior art. 22 Clains 1. Method for the production of a conpound

r epr es dhedepteral vhtiregrasgprding tp tiepreeeding procedyre dichnot sahey theyspseifigationf or a

el _ . LS tiHeand R2 i
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together stand for a radical represented by the fornmula (Il1) CH2 ( CH2)-
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radi cal , and where each of mand n represents i ndePendent 'y ‘a nunber in the
range sfanificantly increased, reproducible yield, compared with the me hod known from the prior

art.



characterized in that a conpound represented by the fornmula (I1l) OH HO
23 where R6 stands for H or an al kyl radical, and each of R7 and R8 stands
i ndependently for an al kyl radical, and of a conpound represented by the
formula (V) R9-R10 where each of R9 ang, R19 stands independently for an
al kyl radical, and this mxture al so contains a conpound (H) represented by
the formula (M) 0 X ( X 0 2. Method according to Claiml, characterized in

that X represents a chloride. .
Claims

1. Method for the production of a compound represented by the formula (1)

X

1
X/\/N\©iR
R2
or a salt thereof, where X stands for a halogen radical, R* and R? are selected so that (1)

R'is H and R? is CH,(CH,)mCOOR?, (2) R'is CH,(CH2)»COOR?® and R?is H, or (3) R’
and R? together stand for a radical represented by the formula (1)

—N
\>—CH2~(-CH2)n— COOR®
B

R4

b

where each of R®, R* and R® stands independently for an alkyl radical, and where each
of m and n represents independently a number in the range of 0 - 12,

characterized in that

a compound represented by the formula (l1l)
Og
N R1
HO™ " \©i
R2

is brought into reaction with a mixture that contains a compound (i) selected from the

group consisting of a compound represented by the formula (IV)



3. Method according to Claiml or 2, characterized in that Rl and R2
together stand for a radical represented by the formula (11). 4. Mthod
according to Claim3, characterized in that n is a whole nunber in the
range of 1 -3. 5. Method according to aim4, characterized in that R4
stands for an al kyl radical selected fTOmthe group consisting of a nethyl
radi cal, an ethyl radical, and a propyl radical. 6. Method according to
Claimb5, characterized in that R4 stands for a nethyl radical. 7. Method
according to one of Claims 1 -6, characperized in that RS stands for an

al kyl radical selected fromthe grou cynsi st g of a nmethyl radical, an
ethyl radical, a propyl radical, @/gm +Radical. 24 8. Method
according to Caim1l or 2, characte zed that RL is Hand R2 is
CH2(CH2) mCOOH. 9. Method according to CIange 8, characterized in that mis a
whol e nunber in the range of 1 -3. 10. Method according to Claim9,
characteriz d L g g)‘ﬁgﬁg

Claims 1 - %?Fegﬁaér}%ﬁqs?ﬂ} @g@%ﬁ?lﬁy?}%d?c%éaﬁ%g%%gﬂg repreésigﬁéeh aﬁﬁ
formul a (1 Vforeombn selicah add af & gbmpowethiegeesented biydhertsdmalad) ding to d aim
11, characterized in that the dialkylformam de conprises dinethyl formam de.
13. Method according to one of Cains 1 - 12, characterized in that the
conpound represented by the fornmula (1V)Oconprises di nethyl acetam de. 14.
Met hod according to one of Clains 1 - 12II characterized in that the
conpound represented by the formula ( b‘ﬂ’Rﬁd ses dinet hyl sul foxi de. 15.
Met hod according to one of Clains 1 -14, characterized in that the conpound
represented by the fornmula (VI) conprises oxalyl chloride.

where each of R® and R stands independently for an alkyl radical, and this mixture also

contains a compound (ii) represented by the formula (V1)

@) X
X 0]
2. Method according to Claim 1, characterized in that X represents a chloride.
3. Method according to Claim 1 or 2, characterized in that R' and R? together stand for a
radical represented by the formula (il).
4, Method according to Claim 3, characterized in that n is a whole number in the range of 1
-3
5. Method according to Claim 4, characterized in that R* stands for an alkyl radical selected

from the group consisting of a methyl radical, an ethyl radical, and a propyl radical.
6. Method according to Claim 5, characterized in that R* stands for a methyl radical.
7. Method according to one of Claims 1 — 6, characterized in that R® stands for an alkyl

radical selected from the group consisting of a methyl radical, an ethyl radical, a propyl

radical, and a butyl radical.



16. Method according to one of Clains 1 - 15, characterized in that the
nolar ratio of the conpound according to formula (VI) to the conpound
according to formula (111) equals at least 1.3. 17. Method according to one
of Claims 1 - 16, characterized in tha% the reaction is carried out in a
chl orinated solvent or an aprotic solv ﬁt. 25 18. Method for the production
of a conpound represented by the formula (MI) X HXN Rl11 R12 or a salt

t hereof, where X stands for a hal ogen radical, Rl1l and R12 are selected so

that (B) R Methdd aidrdlglid ¢iginfoHdf SHehafdetddded PthalR isH ShEREE2) MCOOH and R12
is H or (3).Rll and R12 together stand for a radical represented by the

formul a (VI GH(CHyCRYD. ¢ ¢ HAT cooH

9. Method according to Claim 8, characterized in that m is a whole number in the range of 1
-3.

10. Method according to Claim 9, characterized in that m is equal to 2.

11. Method according to one of Claims 1 — 11, characterized in that the compound
represented by the formula (IV) comprises a dialkylformamide.

12. Method according to Claim 11, characterized in that the dialkylformamide comprises
dimethylformamide.

13. Method according to one of Claims 1 — 12, characterized in that the compound
represented by the formula (IV) comprises dimethylacetamide.

14.  Method according to one of Claims 1 — 12, characterized in that the compound
represented by the formula (V) comprises dimethyl sulfoxide.

15. Method according to one of Claims 1 — 14, characterized in that the compound
represented by the formula (V1) comprises oxalyl chloride.

16. Method according to one of Claims 1 — 15, characterized in that the molar ratio of the
compound according to formula (V1) to the compound according to formula (lil) equals at
least 1.3.

17. Method according to one of Claims 1 — 16, characterized in that the reaction is carried
out in a chlorinated solvent or an aprotic solvent.



NI R4 where R4 stands for an al kyl radical and where each of mand n
represents i ndependently a nunber in the range of 0- 12, characterized in
that the nmethod is carried out according to Caim1l and the resulting ester
conmpound represented by the formul a (I%5undergoes ester hydrolysis.

18. Method for the production of a compound represented by the formula (V1)
X

X/\/N\ i: i R
R12
or a salt thereof, where X stands for a halogen radical, R"" and R are selected so that

(1) R" is H and R'? is CH,(CH,)mCOOH, (2) R'"is CH,(CH,)=COOH and R™ is H, or (3)
R' and R together stand for a radical represented by the formula (VII1)

—N
\>—CH2—{~C H2>n— COOH
—N
|

R4

where R* stands for an alkyl radical and where each of m and n represents
independently a number in the range of 0 — 12,

characterized in that the method is carried out according to Claim 1 and the resulting
ester compound represented by the formula (1) undergoes ester hydrolysis.



