.; e3eRy” CRv>>?t A: FAB6CT CT] B WD 03/ 011 852 *~$9159* PCT/ EP02/ 07310 Nove
nodi fications of the tronetanol ctic acid and nethod for
produci ng the sane The inventi on mmwmmlmmmovel m)dl fications of the 5

"~ tronetanol sa¥a GF/@r88ctic acid of,f,e fornula | O BcriArpo@y0Oh3dld)s S S
a method for the production thereof, p ar maceutical 10 preparations

contai ning these nodifications, and the nedical use thereof. This conpound
has, for exanpl e Ncasmtli imu‘d:fﬂmmuirqnsaruf @teo pr@intianed acdlitvidfy R-EP 427247)

d i df t f t t I
esi stance (DE 4, T500bs A8 "tad wPtABE FRe Brorheted EaP epBSor The ons
(DE 4, 343,592) and as appetite suppressant (DE 19, 818,563) and can thus be
enpl oyed in pﬂ‘}?énﬁﬁ%h'tﬁ%hll PrepateL’ Ay ggeezozrgééz 189t1@§ QUi LgEents to

be net by an active ingredient Iin relation to yS|co em cal
propertie8 ret%aRAHAR siaktiretle i el o Prict exsighiaf ttyh%mﬁpm@aa/aﬁ lability
are determ ned both by the nature and the technol ogy of production of the
particul ar pharmaceutical 25 preparation, The pharmaceutical processability
and bioavailability are considerably infifuenced by the physicochem cal

properties, in particular e off{ hi gh i ngredi ents,
R=Qhi d%&s ngyd&ﬁ) i's therefore

whi ch incl ude the tromefano _

advant ageous with an aciive dngredient of this type for various

nodi fications, and m xtdres Thereof, which display different

physi cochem cal properties, to be available for different - 2

phar maceuti cal preparations and technol ogi es of production. No

nodi fications of compound | have been disclosed to date. 5 The invention is
t heref ore based ec 9 ing t in variou

nodi fi cat i on:a gh%%?(t gfggs %1% ,allllénit a%%:o&%‘aer]fcee tﬁhSnglFﬁﬁbl«gﬂlFFial
requi renefts pI?ﬁPaM?éilthmS n@@nfqaeanmnstheam enb@o.iéxmia@,om,\/e adid f ehent
physi cochem Ggglaii0P8idd e digse two nodifications of the conmpound of the
formula | are identified by neans of the respective characteristic x-ray
powder diffractograms. The nodifications also differ in their 15 DSC plots

(di ff erenti alTisieganabrgogaliorha@! r or béxéﬂﬂﬁléypléiﬂdll(}fﬂ&%n@ﬁatfc%ﬁs aha each
case, the different solubilities or :? @ssol tion, ﬂ
different flJw ororpetreﬁté's ﬁftﬁhelgéfrg%/f;d% T4tk o@? nissagsg o |ﬁ Bi gur es
1- 6 wer elbecdarm=tmerith Cola r ddabeten ushapl atpeowdendli f fofact apeteéin

Modi fi cation C i € y t ray |ffracto see Figs.
1-3 and Fig. f%élss ea ﬁgct&(g%g %85?(;(” r{gfd?ﬁ wih the Irngfg‘laggﬁﬁgﬁls of

t he ot her nndi#ﬂ@%i&@soﬁeltﬂgeo@%ﬁvéaﬂ ﬁbéﬂBaBBa atand as appetite

suppressant (DE 19,818,563) and can thus be employed in

pharmaceutical preparations (EP 702953).

20 The requirements to be met by an active ingredient in
relation to the physicochemical properties relevant to
pharmaceutical processability and biocavailability are
determined both by the nature and the technology of
production of the particular pharmaceutical

25 preparation.

The pharmaceutical processability and bioavailability
are considerably influenced by the physicochemical
properties, in particular in the case of high-dose
active ingredients, which include the trometamol salt

30 of R-thioctic acid.

It is therefore advantageous with an active ingredient
of this type for various modifications, and mixtures
thereof, which display different physicochemical

properties, to be available for different

IR
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.14.8729(5. 960 , 19.9926(4.440 , 20.8826(4.2y) , 30 22.7829(3.900 ,

24.5326(3.630 , 25.662A(3.47A), 30.0529(2.9pl) and at 37.2929(2.410 . - the
nmelting point in the region of about 117.1 to 118.4C. 35 It is mainly in
“the formof platelets. Mdification B4is2characterized by: - 3 - the

x-ray diffractogram (see Figs. 1, 2 and 4, and Fig. 6), with reflections
not coi nci di m:glammah:etdtelqadf | eqdrepesradfidrie otdred nodedhral bohss bei af
observed intﬁ; 8ﬂl 3%5 13. 802A(6.410 , 15.2226(5.820 , 17.5029(5.060 and
at 23.4826( 3. 75 e nelting point in the region of about 115.2 to
116.8C. 10 | N9 @mﬁﬂqaﬁxpm%eogomwua@grkghms. bees xdisglasdd r aot ogr ans
of m xtures @fzetdhe A/B nodifications are characterized by superinposition
of 15 the reflections of A and B (A/'B m xture -_about 1:1, see Figs. 1, 2
and 5, 6)° Tﬁ@%oFHHFPF—ﬂ?norlFat"eh%’Fe@‘P%%olQF’ﬁ% S nddier | eRIE6/ ACFn wat er

and organi ¢ $lov@@isgs Ut a@omﬁ@un@xamhe,va&adw\aﬁo@iﬁ%@&ﬁon@ctaﬂel and
acetone, and m xtures ttglere wth water, .is hig for nodification

B. The angl e 8P &55se 55 %%he MBdi ?FEQFfiBﬁgeaswétﬁeaE FEMRFErhECR{ ow
properties oredudwanenittsy. | i kewi se differs: 25 Angle of repose ale

Modi fication A 46 Modification B 32 Mxture of nodifications AAB = 1:1 34
30 1' Determned in accordance with R Voigt, Lehrbuch der pharmazeuti schen
Technol off e, Ted et tne@ifigagiopagectdied A and B, have different

physicochemical properties. These two modifications of
the compound of the formula I are identified by means
of the respective characteristic X-ray powder
diffractograms. The modifications also differ in their
15 DSC plots (differential scanning calorimetry), by the
typical crystal forms in each case, the different
solubilities or rates of dissolution, and by the

different flow properties.

20 The x-ray diffractograms as shown in Figures 1-6 were
recorded with CuK, radiation using a powder

diffractometer.

Modification A is characterized by:
25 - the x-ray diffractogram (see Figs. 1-3 and Fig. 6),
with reflections not coinciding with the reflections

of the other modifications being observed inter alia

at
14.87°206(5.964), 19.99°20(4.444), 20.88°20(4.254),
30 22.78°20(3.904), 24.53°20(3.634), 25.66°20(3.474),

30.05°20(2.97A) and at 37.29°20(2.41A).

— the melting point in the region of about 117.1 to
118.4°cC.
35

It is mainly in the form of platelets.

Modification B is characterized by:



35 It is generally known that R-thioctic acid readily polynerizes and is
prone to such reactions especially in polar nedia. -4 It is therefore
_surprising that polyner-free products can be obtained in the reaction of
R-thioctic acid wth tronetanol when the& t+onmetanol is netered into a
solution of R-thioctic acid in polar solvents such as, 5 for exanple, |ower
al cohol s, wher etlppropeivatd ifitar tuian ofseé \E&w land2 t hedr esul &ndg
suspension is 0 a " In IS
connection straig td6c%1a| %)1‘3:?1 bf%ggﬁgl{lgaPcoLR s haV| ng%ll tong&ghat 8ﬁg.
Crystal | i zat i onretlRegieme | 9T t ke sobhar enedi Ebe Fhens Contedt phseoredf t he
sol ution under ﬂﬂ&é&(gﬁggté@ns and cooling affords further product fromthe
not her |i quor r ngI POSS fo nDdificat ons and B 15 of
compound 1, andl:?n%ciﬁ%%f’pdrﬁei}e'of fz%ln%/é) n%ﬁjé)i'ti%ﬁﬁ@oz @p‘?&lhc@édboth by
salt formation &f R i4doxdix.BAX. with trometanol in suitable polar

sol vents such as, for exanple, |ower alcohols and by nodification
conversi on under specific reaction conditions. 20 It is thus possible to
provi de either pheemeddihiocadions oh ddmpouasdibnamdt makbuted ltther eod of
varying corrposu%ig)ngé r producing different pharmaceutical preparations. 25
The formation of nodifications A and B and m xtures thereof through salt
formati o0 of R-thioctic acid with trometanol depends on the purity of the
R-thioctic agidigmmaened (EORMRNYE M bFaGedr@Mitids es resulting fromthe
synthesis). 30 Thus, with R-thioctic acid obtained by racemate resol ution

i n accordance with DE 4,137,773 (referred to as synthetic route a

her ei nafter) Thmodixf—ima@ti oﬁuﬂlfiasc@mmmd oBy edmtuaset, Wi h thd hiagsic acid
into which s I int u t..th f thesnthe5|sfor ts
preparation F‘ grlcéé:itggsaségg £ %trl%gtreggtzgég r &I mart mrposflc?rloélxa | e DE
4,037, 4416 DEhEQ,IB%@QImlOIE QQ B3 RIBB2B ORA /B, MR, @69) = tdimutai h: pr oduct
obtained is ged FHigatiqn B ippgaddi ghon to a snall - 5 amount of A It is
possi bl e by one or nore additional purlfl cation steps on the R-thioctic
acid obtained by synthetic route b (e. g. recrystallization frominert

sol vent s suchhas seyelahexaner %@M&i@ﬁm&lm%ﬁt@oéﬁi@a@%ﬁiA}ul ar
19:1), n-hept ane/tol uene, nhexane/toIOru]: wher e agaﬁsr opriate with_ addition

of water or dfi ufBETF néP QEFARIGnFHTES pFUSH &t f r SRTdi PXRBPLF kal i

nmet al hyzid oxildeesol wtliomiodid,ut eatarerlal zaod d mé&bxsénula@@equﬁxeuiéactl on,
for exanple e/ eth t I G urities

resul ting fr\grl#?ﬁé% %%Pl?egllg)s&%{}d gtes ¥’1 a%%d%ﬁq%gdﬁf%l i Ol%ﬁ%é}l??%lgnmgy that the
salt formati @her @@@Iltes ofi themosen ch off xthe em@ilﬂvc&trmm i At § oneasuren

modi fi cationof &$ iRy %&%1e%5ognfﬁ%%a%ﬁhgkthQQewE@% et Risqduct
obt ai ned through addition of nucleophilic conpounds such as, for exanple,
sodium sul fite or 6, 8-dinmercaptooctanoic acid on salt formation with

R-thi octi® acid prepared by synthetic route angddmd fregrigeo’B.

Modification A 46°
Modification B 32°
Mixture of modifications A/B = 1:1 34°

30
Y petermined in accordance with R. Voigt, Lehrbuch der
pharmazeutischen Technologie, 3% edition, 1979,
page 165

35 It 1is generally known that R-thioctic acid readily
polymerizes and is prone to such reactions especially

in polar media.



.20 The nodifications can al so be produced by nodification conversion, in
whi ch case conplete or partial conversion both of Ato B and of Bto A may
take place. It is noreover possible to enploy both pure 25 nodifications A
" and B and nixtures thereof. Conversion ihthe direction of formation of a
pure nodification is preferred on use of m xtures. The foll ow ng nethods
can be enploﬁedj130thereépystadﬁpmﬂsﬂngftbatl@mdwwwnaﬂnde;pmh@mets

appropriate wanhaddiian.of JRtels -ayal oSk eating.d . Loues al gghol s

where appropriate wth addition wat er , tenperat ure
boi | i ng p0|n$rQWét§m@§eqM@#P c@%ﬂeﬂqrqmﬁﬁam©kmtﬂﬁ(ﬂﬁﬁﬁeﬁpd cnmb@ntaatlon

of soluti onssbmubc@w s Wl%cmr&f@piﬂpgab‘ira% Wk Add téLgéhr ofgwater,

by renoval of the - so] vent by distil i on under atnDsE iC pressure
or in vacuo foFep?é@WB??at|%9W?F(Nﬁ¥ﬁﬂhﬁiﬁ nediCes2PPEBRY &AEPONWHENt he

salt | SUSpeadadttLBnSObfeﬁIrétér teiel MiheDN@eeua@AYIer S50BpEAREOMNT hes Mel ting
poi nt or gg % ng. processes Pgoguction of nodification A 10 -
Recrystalllz P5R%FOn8dFi BafPoR B°8r A/ B nixtures from | ower al cohols. -
Renoval of thé&owelrverdtcobyldi”sidamtimnthis vaouoed tomm sot tid 1 gins-cfiain

nmodi fication E Bgaékﬁiggéﬁggﬁ%lgnhgg@ﬁg glgghgl F%g Suspensi on of

nodi fi cation m xtures al coho m'vsnhere appropriate with
addi ti ont®f GEveralad zesapar awlpéngnbbr)utt@w) ed8cepr efieraddyimy . about

20 to 40C, apdnWehRrakibhi B HHESAftidh IBMRIAIMI da t@2di thohd HAGLI cul ar
about 2 to 15 h. 20 - nge0|p|tat|on by addition of hydrocarbons to the

sol ution of RBALEPEaRESATAS fursher QF@éHSstrPWOG@@tWSﬁhﬁF Ad@MPEcat i on B

It is surprisingly possible for modifications A and B

15 of compound I, and mixtures thereof of any composition,
to be produced both by salt formation of R-thioctic
acid with trometamol in suitable polar solvents such
as, for example, lower alcohols and by modification
conversion under specific reaction conditions.

20 It is thus possible to provide either pure
modifications of compound I and mixtures thereof of
varying composition for producing different

pharmaceutical preparations.

25 The formation of modifications A and B and mixtures
thereof through salt formation of R-thioctic acid with
trometamol depends on the purity of the R-thioctic acid
employed (content of trace impurities resulting from
the synthesis).

300 Thus, with R-thioctic acid obtained by racemate
resolution in accordance with DE 4,137,773 (referred to
as synthetic route a hereinafter), modification A is
obtained.

By contrast, with R-thioctic acid into which sulfur is

35 introduced at the end of the synthesis for its

preparation (referred to as synthetic route b
hereinafter; for example DE 4,037,440, DE 19,533,881,
DE 19,533,882, DE 19,709,069), the main product

obtained is modification B in addition to a small



25 - Recrystallization of nodification A or A/B m xtures from | ower

al cohol s, where appropriate with addition of water. - Renoval of the
solvent by distillation fromsolutions of nodification A in |ower alcohols.
30 - Heating of a nelt of nodification A preferably for about 10 to 40 min
at about 115-130C, in particular 15 to 25 mn at about 115-120C, and
crystallizat icowunt: cobl Anglt- iRecpyssdble zhyi omeofornddofée catidonidnkiom

| ower 35 al cohglis; el S Sugﬁ@éﬁ@r?gﬁ eceﬁ@atﬁ eﬁ%&g% afs tafstaine@dﬂyng

nucl eophi | i c "conpoun I um s
6, 8- di mer captsyEit@tdicc neunde @ ode€coi. onr©¢r3°$BhbdZ¢tt<am| diram xtnees 5 -

Heating of ageahiitn RfcHml fé 1&19&&1 n ép&@éhékgﬁé%éhﬁ géstaetel ux
tenperature |n general for about 2 to pre erab y about and

subsequen? criydYt al | iRARGIGHAR%R h cojo?i%)g 10 ~ReRpIace/ B‘F’l’tlﬁ%esol veﬁr by

di stillati onHexemeyaolhicanes ofwnazfafla:;a@ﬁ@rfaw |wirer aheaheisn wbere
appropriate w_th _addit npdi ficati.on A and

crystal | i zat "6 Sk t9F c%bﬁ”ﬁ% Vm\?geraﬂ?-eﬁcé(ﬁ platréé %gﬁﬁbﬂjgﬁatéﬂ%?t £ HRMof
acet one to adsdluite oallkélnpdidtiadat hpdraxidewatcdn tarordicigiuhd f nt maradle. -

Recrystallizaon gfcaodithoationofsf ramiaerosl ool s . uhene appeapri ate

w th addition of nucl eophi I'i C orrpoun S such
as, for anr‘rﬂY@lO&hﬁ!ﬁa{mﬁ/ﬁﬂthe @CQ}ZES'-QM mer &@mpt OO'GJc'@.‘Fi@I c awbyrities

Recrystal | za:téscmtqf idnl aatd A fridomn B&cpoﬂ;@rcfgaﬁéacg)?gwsmw §HCh as,
for exanple, N N I met hzl acetam de, ethylene glycal dinethyl ether,

1, 2-di chl oroétuﬁ:gh(? YRY hiRakt R I?étl(?ngoéfﬁ@%%tlfﬁﬁujd%ﬁ pehiEier in a
Recrystal | i zatixauref oDdif/BCahddif Aot idhdérom | Dvemodi¢obaks onWrer gs
appropriate vvlth addldl n of water. 30 Modifications A and B and m xtures
t hereof can B& pr §¢ESSEdSn a conventi onal way wth suitable carriers
and/ or ekXki piGent she o ofihea phamdmcebel cedipr ppadaticonsetPAredder chdough f or ns

are tablets ap}iGaR3Ul €§f nucleophilic compounds such as, for
example, sodium sulfite or 6,8-dimercaptooctanocic acid
on salt formation with R-thioctic acid prepared by
synthetic route a is modification B.
20
The modifications can also be produced by modification
conversion, in which case complete or partial
conversion both of A to B and of B to A may take place.
It is moreover possible to employ both pure
25 modifications A and B and mixtures thereof. Conversion
in the direction of formation of a pure modification is

preferred on use of mixtures.

The following methods can be employed:

30
- recrystallization from lower alcohols, where
appropriate with addition of water
— prolonged heating in lower alcohols, where
appropriate with addition of water, at temperatures
35 up to a boiling point and subsequent crystallization

with cooling

— concentration of solutions in lower alcohols, where

appropriate with addition of water, by removal of the



- g They are, for exanple, valuable conpositions for the treatnent of
insulin resistance, of diabetes nellitus and of glucose netabolism
~disorders of the CNS. The nmet hods for producing nodifications A and B and 5
m xtures thereof are to be explained i+ 6rore detail by neans of exanples.
Exanples 10 After filtration with suction, the nodifications of conpound I
were, unless ot$elwse byditatedlanashedndet hathesphericubaessookedrsol vent
and dried at 505,for.2oh. 15 Formation of nodifications in the production
of the trometandl salt of R thioctic acid Example 1 20 12.1 g(0.1 nol) of

tronet anol vere ;855 QAUSEEE 10Q ASOLULL DR Mlx2yPéQ- 2 mol)of R-thioctic
aci d(produced by nethod a)in 220 m of ethanol (96~) andheatedwith stirring

t055C. 1 g of D agshvétilberaf dihyosavdet s@shB8easQ! thi 9H1#énbeat edat 55-57C
for20 mn,clarified by suction,slowycooled and thenstirred at -5 to -10C

for 2 h. ¥ield: th8raly 088560 winvdigegion) éldw BREI hicdatinen Poirdd or
Concentration of the nother |iquor to about 1/5 of the original volune

resulted in a f tﬂ%}tﬁPg %r?ﬁg%ie%f theory) of |, nodification A Exanple
2 3541.2 g (0.2 nol) of Rthioctic acid (produced by nethod a) were

di ssol ved i”ﬁ@@%ﬁ@ti@% %%hgggifgg%Q¥Q&pg§). While stirring, 24.2 g (0.2
nol) of tro T ; d at 50-55C to give a solution
and, g after addition of 2 g of Diacel, stirred at 50-55C for about 10

m n an_d_fd) ar Lf | ecbyssati i 28eidhe o tdd € nderdent oW [B-filtures
approximately |inear_cooling to -5C and was then stirred at -5 to -10C for
4-5 h. 5 Yiel d: t59M5lgweBssa8cerotfeory) of |, nodification A Concentration

of the nother ljiquor to about 20Q resulted.in a further, 4.1 6.3~ of
theory) of I 1 g‘ﬁ%}ﬁ#i 8gti% f E.Oql’f’f&rs‘fplbé/ §lsr£lalla%l°n in’vacuo "from
solutions of modification B or A/B mixtures in lowexr

alcohols.

15 - Suspension of modification B or of A/B mixtures in
lower alcohols, where appropriate with addition of
water, at temperatures of about 0 to 60°C, preferably
at about 20 to 40°C, and with stirring times of, in

general, 1 to 24 h, in particular about 2 to 15 h.

20 — Reprecipitation by addition of hydrocarbons to the

solution of modification A in lower alcohols.

Production of modification B

25 - Recrystallization of modification A or A/B mixtures
from lower alcchols, where appropriate with addition

of water.

— Removal of the solvent by distillation from solutions

of modification A in lower alcohols.

30 - Heating of a melt of modification A, preferably for
about 10 to 40 min at about 115-130°C, in particular
15 to 25 min at about 115-120°C, and crystallization
by cooling.

— Recrystallization of modification A from lower

35 alcohols, where appropriate with addition of water,



41.2 g (0.2 nol) or Rthioctic acid (produced by nethod 15 a) were
dissolved in 230 m of ethanol (anhydrous). 24.2 g (0.2 nol) of tronetanol
were introduced and stirred at 55 to 60C until dissolution was conpl ete..
~Carification by suction was followed by7slow cooling to 0 to 5C, stirring
in this tenperature range for 2 20 to 4 h, filtration with suction, washing
with cold ethanaddamg duyilegphYilekd:cddpdurgly 98uthofast, heitry) epémble,

nodi fication A i fat n uo to about 20~
resulted in a f%%? %ﬂlﬁ{% gP @ g%‘gﬁ&gﬁﬁ?&ggﬁ%l& %g?gcatl on A
Exanple 4 30 41.2 ¢ (0 2 rml) of Rthioctic acid (produced by nethod b with

subsequent recryst allization fromcycl ohexane/ et hyI acetate/water in
accor dance wEERIEEAHIe OfﬂAij@ddﬁ XM¥SH of ethanol 35

(anhydrous). Then 24. 2 g (0 2 m)l) of trorret arml were introduced and heated

to 50-55va|th tirring. ég acel ggdtothe sol.ution, stirred
for 20 mn, $PFHE by t|%?| At ym8 of&gation i 18 150¥8T50 25
30 35 Seedi ng wascchol s edtouthat [ usSt icempegavas eC ot i ryﬂﬁﬁbrlafl t Berr ange

from-5 to -10G o0, 4 N el g1 56. 4 G L 83100 AhtReonY) 9F ¢ Mg fi cation
A

subsequent crystallization with cooling.

10 - Removal of the solvent by distillation from solutions
of modification A in lower alcohols, where

appropriate with addition of water.

— Brief melting of modification A and crystallization
with cooling.

15 - Reprecipitation through addition of acetone to a
solution of modification A in water or

dimethylformamide.

— Recrystallization of modification A from lower
alcohols, where appropriate with addition of water,
20 and by addition of nucleophilic compounds such as,
for example, sodium sulfite or 6,8-dimercaptooctanoic

acid.

— Recrystallization of modification A from dipolar

aprotic solvents such as, for example, N, N-

25 dimethylacetamide, ethylene glycol dimethyl ether,

1,2-dichlorocethane, methyl ethyl ketone and dimethyl
carbonate.

— Recrystallization of modification A or B from lower

alcohols, where appropriate with addition of water.

30
Modifications A and B and mixtures thereof can be
processed in a conventional way with suitable carriers
and/or excipients to give pharmaceutical preparations.

Preferred use forms are tablets and capsules.



‘Concentration of the nother liquor to about 1/5 resulted in a further 6.7 ¢
(10.20 of theory) of I, nodification AL Exanple 5 In analogy to Exanple 4,
R-thioctic acid (produced by nethod b with subsequent single
“recrystallization fromcycl ohexane) reswdted in 54.9 g (83.9 of theory) of
first crystals of I, A/B (approx. 1:1) nodification m xture, and
concentr at i orhefy ta]Eenthh:a‘r ékqmpleresm]lumblim ﬁoﬁpgsi&ﬁ)oﬁsoffdmeehy) of I,
nodi fi cation ctic. aci r gduced
by met hod b) t%era?ﬁl [ sso? ?iiS%lg? ?%%ano a% rtoeuss)% Sjr%éﬁ Y7513 g
(0.125 nol ) ehd p@n@tl@mswmahqln@du@e@mm@tfe¢hﬂ tWSstirring at
50-55C to gi n. t o] dg
clarificati orli%t()es %ﬁ%ﬁ%gﬁ ftdk?f ggoggggﬁbv&é&% vfar}c r?sf[ ?,a%gedéﬁa at SOC and
cool ed atd-5Migturse fdleneqf agel e bs. fX@l@egeéowr Ny rg§tail| by
modi fi cati onmBanGoREeRiaai1@x .of the nother |iquor gives 70 ml and cooling
resulted in 9.3 g (22.6 of theory) of I, nodification A Exanple 7 - 11
41.2 g (0.2 nol) of R-thioctic acid (produced by nmethod b) were dissol ved
in 250 m of Exalmaxiels (anhydrous). Then 24.2 g (0.2 nol) of tronetanmol were
i ntroduced and heated with stirring at 55-57C to give a solution. 5 After
addition of 1.25 g of Diacel and clarification by suction, the solution was
slowy (Bbourfrer hfidswhedoandwsthr rawrions ttdie 106dfidicathony ebl: 55.0
g (84.1 of thegrhrf b $EALTI caliqn Botj.rl(ér%%%em:.h f%a@eaf thgsfpEher
l'iquor to 70 nl _and cooling resulted in 5.7 g . heory of I
modi fi cati on WAth1 5t R apgré 1guder2 "go?beci ﬁﬁ’ll)’eélf'- RH}@N geiprd a’ftﬁ d5@f)€oduced
by net hod b) paer e di.ssolved in 220 m of ethanol (anhydrous). Then 24.2 g
(0.2 nmol) of tronetanol were added and 20 heated to 57C. The sol ution
becanme clear after 10 mn and 2 g of Diacel were introduced, stirred at
55-57C 08 2@ onmaticnar ofi esbdiyf sercticams anch skbel yooodledi oSt iafr | agewas 25

continued at -5 tQ ~1QC far. 2hzo_ 'he.'Llo%t 2781 (88.4 of theory) of I,
nodi ficati on—5: uor to about 200 and

Example 1

20 12.1 g (0.1 mol) of trometamol were introduced into a
solution of 41.2 g (0.2 mol) of R-thioctic acid
(produced by method a) in 220 ml of ethanol (96%) and
heated with stirring to 55°cC.

1l g of Diacel (filter aid) was added to the solution,

25 heated at 55-57°C for 20 min, clarified by suction,
slowly cooled and then stirred at -5 to -10°C for 2 h.

Yield: 58.0 g (88.6% of theory) of I, modification A.

30 Concentration of the mother liquor to about 1/5 of the
original volume resulted in a further 1.7 g (2.6% of
theory) of I, modification A.

Example 2

35
41.2 g (0.2 mol) of R-thioctic acid (produced by method
a) were dissolved in 600 ml of ethanol (anhydrous).
While stirring, 24.2 g (0.2 mol) of trometamol were

introduced, heated at 50-55°C to give a solution and,



30 cooling resulted in 3.7 g (5.70 of theory) of I, nodification A Exanple
9 35 20.6 g (0.1 nol) of Rthioctic acid (produced by nethod a) were

di ssolved in 300 mM of ethanol (anhydrous). Subsequent addition of 12.1 g

" (0.1 nol) of tronetanobl and 0.5 g of 6, & di mercapt ooctanoic acid was

foll owed by heating at 55C to give a solution. Addition of 1 g - 12 of

Di acel was f elffrewedddy tstonr rdfngz at cﬁB Bidedor 201 ried aned sbagsfccabron by

suction, and sol, yt e Stirri.n contln ed at -8
to -12C (2 h) tolgglt EJH }n?g V\%ﬁ eor é)é é’lsocé:tlg fro]r'ﬁet het ?‘F%ﬁ wal |
(nodi ficati ormnldlexm@m@ Bowp) (3Mtler apprntitltmeteﬂqumnd@a:d deehimopntent r at ed
to one half aRAcCaAlLYaAl tren @rifdeouer Nisdlily iilgod! ieoitlad 28 2 g (61.8 of

theory) of |, nodification B. Furt concentration to about one half
and coolihg resulted in 1.9 g (5.8~ of theory) of I, nodification A

Exanpl e 10 15i2046 §5(@. § msI/D oaf off tt'h'eQ)Ci‘E/')C o¥Citd mRduced iy et hod a)

were dissolved in 110 mM of 12.1 g (0.1 nol) of trometamol sulfite were
i ntroduced and heated 20 Addition of 1 g of Diacel was fo7 53-55C for 20
mn, clarifi ca&ﬂc@mxtmalliong R irtheg mesheont layedrat tef hagiebut 9690% Then

0078, %0 DR *BE g Lotedy SIS P psucian and gl op - 1o

obt ai nedi0 Thaoddifiertiiiogqudr- was concentrated to about one half and cool ed
at -5 to -10C overnight. 19.1 g (yield 58.4 of theory) of I, nodification B

30 were obtained. Production of nodifications by conversion Exanple 11
Example 3

41.2 g (0.2 mol) of R-thioctic acid (produced by method
15 a) were dissolved in 230 ml of ethanol (anhydrous).
24.2 g (0.2 mol) of trometamol were introduced and
stirred at 55 to 60°C until dissolution was complete.
Clarification by suction was followed by slow cooling
to 0 to 5°C, stirring in this temperature range for 2
200 to 4 h, filtration with suction, washing with cold

ethanol and drying.
Yield: 61.0 g (93.1% of theory) of I, modification A.
25 Concentration of the mother liquor in wvacuo to about

20% resulted in a further 2.4 g (3.7% of theory) of I,
modification A.

Example 4
30
41.2 g (0.2 mol) of R-thioctic acid (produced by method
b with subsequent recrystallization from
cyclohexane/ethyl acetate/water in accordance with
Example 31) were dissolved 1in 600 ml of ethanol
35 (anhydrous). Then 24.2 g (0.2 mol) of trometamol were

introduced and heated to 50-55°C with stirring. 2 g of
Diacel were added to the solution, stirred for 20 min,

clarified by suction and slowly cooled.



--35 10 g of I, nodification B, were dissolved in 8 nm of ethanol
(anhydrous) at 50-55C. The solution was slowy cooled to -5 to -10C while

~stirring, seeding at 30Cwith I, nodification A - 13 After the stirring
at -5 to -10C (2 h) and standing in a-deep-freeze overnight, 5.4 g (540 of
theory) of |, nodification B, were recovered. 5 Concentration of the nother

liquor to 1/ Semﬂirrg)mamg:an'r:aedieﬁptfatteez@otovesmghtngesabt edntiinde@ g (400
of theory) of. |, fi cat A of I, nodification B,
thrg) 9 %f ér anol E% us )

wer e di ssol ve&l at 55C, the solvent was
stripped off at roomterrperature and the resi due was 15 investigated after

drying (2 he 06 lse MY HAALPD A AR &% 200 el g hept ane are

added to a solution of , modi f| cation B, in 25 of anhydrous
et hanol a? 57C, and the mxture is then cooled to -5 to -10C. The crystals

are dried (2 dbncd¥fPrationi b€ 2né Imotherof ikpEy) ©f |absRéi figation A
Exanpl e 14 Zr%ﬁ-Of a mxture Il;i:ons Stl%grﬁOf (22 g nodi fi atiog A 30_and 200
of nodificati etBushehtel Ph ﬁoloé 95 FOa¥d i rfed at
35C for 11 hmaddildatigr m.pure nodification Al Exanple 15 35 20 g of |
consi sting of about 50~ each of nodifications A and B were dissolved in 170

m of ethanol (anhydrous) at 50-55C and, after addition of 0.5 g of D acel,
clarifietiOby Brasttilen.5 The filtrate was rapidly cool ed

In analogy to Example 4, R-thioctic acid (produced by
method b with subsequent single recrystallization from
cyclohexane) resulted in 54.9 g (83.9% of theory) of

15 first crystals of I, A/B (approx. 1:1) modification
mixture, and concentration of the mother Iliquor
resulted in 6.8 g (10.4% of theory) of I, modification
A.

20 Example 6

25.8 g (0.125 mol) of R-thioctic acid (produced by
method D) were dissolved in 375 ml of ethanol
(anhydrous). Then 15.13 g (0.125 mol) of trometamol
25 were introduced and heated with stirring at 50-55°C to
give a solution.
After addition of 1.25 g of Diacel and clarification by
suction, the solution was slowly cooled, seeded at 30°C
and cooled at -5 to -12°C for 4 h.
30
Yield: 28.1 g (68.6% of theory) of I, modification B.

Concentration of the mother 1liquor gives 70 ml and
cooling resulted in 9.3 g (22.6% of theory) of T,

35 modification A.

Example 7



-~ 14 to -5to -10Cwth stirring and then stirred at this tenperature for
2 h. Yield 16.8 g (84~ of theory) of I, nodification AL 5 Exanple 16 20 ¢
~of I, nodification A, were dissolved in 170 mM of ethanol (anhydrous) at
50-55C. The filtrate was slowy 10 coelad to -5 to -10C, seeding at 31C.
Stirring was continued at -5 to -10C for 2 h. 16.9 g (84.5 of theory) of I,
nodi ficati on4A,. 2wer € Or.eécovdnechf T Qormante seddcioh Obrodecedt bermethodr to

1/5 and cool ijg Lesy! tcﬁldsg&@e& 9 1980 0%  heOr Wkl o, ﬁggh;;ggbgn B with

traces A The sanme result was obtained even w thout séedin nple 17
40 g of |, ATheB @idtauide, (Over encdils s Vieepmetaml ivens emhm@mc(:@esw)adat

50-55C, rapi @llléét‘é‘aokﬁth %tlé‘rtlgl JaQCS%aS@’Wé tt%e@ﬁ/te' £ %%l'u’?:ltotﬁe. same
t enperature range ) Yleg Q)é] of  tTheory |, nodification

B. Exanpl® 18 er@dgjlld"flqn %&f%%aﬁ. Wa‘\?@‘ea%a? r%ﬁl?%\‘—i%& b 85 ni
of et hanol (aﬁmmmus)tﬁ@rselhtlaﬂbweglbwlpoqb@@u@ndli:hefn) stbbred at -5

to -10C for 5. Yield. 8.3 (83Q 0of th ) of I, mxture of
nodi fi cati on§™ El §r3rrd‘r§ BT 6%, t% I)Eﬁ5 thé o h “liquor was concentrated to

20% 0.91 g (9.1~ of theory) of I, nodification B.
Yield: 55.0 g (84.1% of theory) of I, modification B.
10
Concentration of the mother liquor to 70 ml and cooling

resulted in 5.7 g (8.7% of theory) of I, modification
A.

15 Example 8

41.2 g (0.2 mol) of R-thioctic acid (produced by method

b) were dissolved in 220 ml of ethanol (anhydrous).

Then 24.2 g (0.2 mol) of trometamol were added and
20 heated to 57°C.

The solution became clear after 10 min and 2 g of

Diacel were introduced, stirred at 55-57°C for 20 min,

clarified by suction and slowly cooled. Stirring was
25 continued at -5 to -10°C for 2 h.

Yield: 57.8 g (88.4% of theory) of I, modification B.

Concentration of the mother ligquor to about 20% and
30 cooling resulted in 3.7 g (5.7% of theory) of I,
modification A.

Example 9

35 20.6 g (0.1 mol) of R-thioctic acid (produced by method
a) were dissolved in 300 ml of ethanol (anhydrous).
Subsequent addition of 12.1 g (0.1 mol) of trometamol
and 0.5 g of 6,8-dimercaptooctancic acid was followed
by heating at 55°C to give a solution. Addition of 1 g



dissolved in 70 m of ethanol (96~) at 55C. The sol ution was cool ed and

stirred at

nodi fi cation
resulted in

t heory) of

to -10C for

- 15 Exanple 19 Heating 10 g of |, nodification A, in 30 m of ethanol 5 (

96 0 ) at reflux ( 6 h) , cooling and stirring ( 1 h at -5 to -100C

resulted in 8.6 g of first crystals of | (yield 860 of theory) as
“nodification mixture (B > A). Exanple-20210 15 g of I, nodification B, were

- bft oDi8€eflorwsh. fdbl fred d: byl 2.s8 i r(i8% 8aaf tBedEYr Oofot, A/ B

I XL p 1 gentration of _t t her oling
S SRR O A i S e o I B S
IwaExaﬁ%bwlil Sgled. I,SUnnxnhgcaWEen fonteneedi ssol v&€d ta 200 ni

of 25 |sopropq26b ab q 55C. It was rapidly cooled and then stirred at
(840 of theory) of I, A/B nodification mixture,

-5
wer e

obt ai ned.> 30 lo8n@en€ ? a@% o fof thATWDt Heare | dgerated20bremd theol fhgskesul t ed
in a further @14 gH@&ijEaka@gryﬁxQLrb BA&BAnDdlflcatlon n1xture 35

Exanple 22 3
N, N- di et hyl
1 h.

for

10

15

20

25

30

35

nodi f| cati_on i ssolved in 3

é%é'ﬁm e aftok e§5élqlf°]§/vam§a§ogleé?il aﬁang?mireaeét t05 PBe. 10C

half and cooled at -5 to -10°C overnight, it afforded
20.2 g (61.8% of theory) of I, modification B.

Further concentration to about one half and cooling
resulted in 1.9 g (5.8% of theory) of I, modification
A.

Example 10

20.6 g (0.1 mol) of R-thioctic acid (produced by method
a) were dissolved in 110 ml of ethanol (96%). Then
12.1 g (0.1 mol) of trometamol and 2 g of sodium
sulfite were introduced and heated to 55°C.

Addition of 1 g of Diacel was followed by stirring at
53-55°C for 20 min, clarification by suction and slow

cooling. Stirring was continued at -5 to -10°C for 2 h.

8.1 g (yield 24.8% of theory) of I, modification A,

were obtained.

The mother liquor was concentrated to about one half
and cooled at -5 to -10°C overnight.
19.1 g (yield 58.4% of theory) of I, modification B

were obtained.

Production of modifications by conversion

Example 11

10 g of I, modification B, were dissolved in 85 ml of
ethanol (anhydrous) at 50-55°C. The solution was slowly
cooled to -5 to -10°C while stirring, seeding at 30°C
with I, modification A.



-~ 16 Yield: 1.6 g mxture (A > B) 5 Exanple 23 (53.3 of theory) of I,

nodi fication 10 g of I, nodification A were dissolved in 90 m of ethanol
_ (anhydrous) at 55C. Most of the solvent was renoved by distillation under
at nospheric pressure, and 10 the remaingdr-in vacuo. The resulting oi
crystallized on cooling: I, nodification B, quantitative yield. Exanple 24
15 10 g of I, nodification A, were dissolved in 30 mMl of ethanol (96~) at

55C. Th | Yt centr i ofAary, e 0, : a
o mum bat h Eeope B P S ROEY FBLY IS i RERCSRAREE IR, 2o o
cool i ng: m xBurdegpprorzel oVersfialt .no?i4icat(bds & ahbeBryhuaftiTative

yi el d. Exanphga23i2agi8h b, WRedefireabieRep, Were nelted at a bath 25
tenperature of 115 120C and kept at this tenperature for 20 mn. The

crystals bt ai ned on cooling consisted mainly of nodification Bwith a
trace of A ptuscpakyseron3®Exandl fobeZz Aifudr #®diLlECaliONclol e e
briefly nelted at g bat tenperature.q$ aboutll4 C and tBen rapidl y_cool ed.
The crystal s *Porfsi SPEH S S5F N B FOdt $i Cal PEHIER e B Hs935 4581 yover . -
17 Exanpl e 2Red@§)nbfofl, ametiofie caerienadded to a solution of 3 g of I,

nodi fication Ain 8 m of water, and cooled at -5to 5 -8C (2 h) . Yield:

1.8 g (60~ of theory) of |, nodification mxture (B > A) . 10 Exanple 28
10 Example 12

1l g of I, modification B, were dissolved in 10 ml of
ethanol (anhydrous) at 55°C, the solvent was stripped
off at room temperature, and the residue was

15 investigated after drying (2 h, 50°C): I, modification
A.

Example 13

20 30 ml of n-heptane are added to a solution of 3 g of I,
modification B, in 25 ml of anhydrous ethanol at 57°C,
and the mixture is then cooled to -5 to -10°C.

The crystals are dried (2 h, 50°C).

25 Yield: 2.5 g (75% of theory) of I, modification A.
Example 14

2 g of a mixture consisting of 80% of modification A
30 and 20% of modification B were suspended in 3 ml of
ethanol (96%) and stirred at 35°C for 11 h, resulting

in pure modification A.

Example 15

35
20 g of I consisting of about 50% each of modifications
A and B were dissolved in 170 ml of ethanol (anhydrous)
at 50-55°C and, after addition of 0.5 g of Diacel,

clarified by suction. The filtrate was rapidly cooled



80 m of acetone were added to a solution of 3 g of I, nodification Ain 12
m of dinmethylformam de. It was cooled to -5C and stirred at this
tenperature for 15 90 min. Yield: 2.75 g (91.3 of theory) of I,
~nodification Bwith traces of A 20 Examal e 29 20 g of |, nodification A
and 2 g of sodiumsulfite were respectively dissolved and suspended in 50
m of et hanolto( od)) tat -30°65@itAddstivmirod dnd ahel atelrmes 25 takkowed by
clarificatio t!Qp why cooling to -6 to -8C and stirring at this
t enperature ;Eor f%% ef(?slj%S% (79.50 of theory) of I, nodification
m xture (B > A). 30 Exarrple 30 10 g of I, nodification A, and 0 25 g of
6, 8di mer capt qehNaigs sag d(g\w%fdlmrmd df 85 nmdlqul 341
(anhydrous) at 50-55C. Addition of 1 g of Diacel was Iovve
clarifica?ion by suction, slow cooling to -8 to -12C and stlrrlng inthis
t enper at ure mEEREPOL 2 h. - 18 Yield: 1.9 g (190 of theory) of I,
nodi fication mxture (B > A) . Concentration of the nother |iquor to about
50~ and 5 cooling resulted in 6.1 g (61~ of theory) of nodification B.
Exanple 31 1@01@0 «f of, Rmbmﬁmtatlani d, ( preaduciids syl veel hind byOwel eof

di ssolved in ur f y d
wat er - sat ur at Zcé{gr{&f% (ean% t at e é) 5(76% ent q-hég f%f@fég% ‘g% i\g‘d:id i on of
5 g of Di@celcogded o¢¢ owéd ty cllQPCfl ceadmabyatudtli°tn, $tiow g cwebking to

-5C, stirring ity eMmey atdure dof by ffltration with suction, washing
wi th cycl ohexane and drying at 30C. Yield: 87.5 g (87.5 of theory) of

R-thioctic acid, 20 pure. WO 03/011852 - 19 - PCT/ EP02/ 07310
16.9 g (84.5% of theory) of I, modification A, were

recovered.

15
Concentration of the mother liquor to 1/5 and cooling
resulted in 2.0 g (10% of theory) of I, modification B
with traces A.
The same result was obtained even without seeding.

20

Example 17

40 g of I, A > B mixture, were dissoclved in 120 ml of
ethanol (96%) at 50-55°C, rapidly cooled to -5 to -10°C

25 and then stirred in the same temperature range for 2 h.

Yield: 34 g (85% of theory) of I, modification B.

Example 18

30
10 g of I, modification A, were heated to reflux in
85 ml of ethanol (anhydrous) for 6 h, subsequently
cooled and then stirred at -5 to -10°C for 1 h.

35 Yield: 8.3 g (83% of theory) of I, mixture of

modifications A and B (approx. 1:1).

The mother liquor was concentrated to 20%: 0.91 g (9.1%

of theory) of I, modification B.



Clains 1. Modification A of compound I O p- H-1-C(CH20H 3 S S 5
characterized by the x-ray diffractogram wth reflections not coinciding
with the reflections of the other nodification being observed inter alia 10
at 14.8729(5.960 , 19.9926(4.440 , 20.882A {(4.250 , 22.7826(3.900,
24.5326(3. 630, 25.6626(3.4p), 30.0526(2.9pl1l) and at 37.2926(2.410 . 15 2.
Modi fication B of conpound | characterized by the x-ray diffractogram wth
refl ections n§§aﬁ§i ci{ging with the reflections of the other nodification
bei ng observe er alia at 13.8026(6.410 , 15.2226(5.820 , 17.5026(5.060
20 and at 23.4826(3.790 . 3. A mxture of nodifications A and B of conpound

| of any co 5 45T a8 di fiegtien éqy% and of
A B nlxturegp%§é%%39 l§p03|f|gﬁ g?ﬁ%i%ﬁ%ﬁifﬁ%$ﬁl%%t?g ggl% o1

tronet anol, ch¥®akt ki xedlvy t(@at))tr sinaldmy ard neEeretnond d H @&l 7S on of
R-thioctic actd i-1@@ol aesgob¥antint Be 6SYspensitn-s30 kgyheated &p o ve a

appropri a6 al TEV ROEEroT atToTY) % SPAEELaRE R RGEEREE DFoBR ng

nodi fications A and B, and A/B m xtures of any conposition, as clained in
claim4, charﬁgéﬁggéeg in that straight-chain or branched al cohols having 1
to 6 C atons m Xtures thereof wth water, are enployed as pol ar

sol vents106. The net hod for producing modi fication A as claimed in clains 4

and 5, characierdzgd 'In {1 AfakO & L B OGkire Qﬁ&&’fv‘éﬁ'cfﬂ bguw%te

resolution is enplo ed in the reaction. 7. The method for cin
nodi fi cati on ®ERaNRT ai (F&F)i na&l aPPBEC4 NP 5 SodMdieet eWPiedC?%l?chatanéﬂn 15

R-thiocti c acg¢i preduged-bycdntgocued+on wf sulfur in the final stage of
the synthesis and highly purified by recrystallization or reprecipitation
is enployed in the reaction. 20 8. The nethod for producing nodification B
as claim® i nttébidnsld.&nd H984cB&r adt ethemady ) nof hat an BRmddidtitdat iaei d

produced by iﬁ?i@&FQtigﬁpngsuifff in the final stage of the synthesis is
enpl oyed in the reaction. s

Concentration of the mother liquor to about 20% and
cooling resulted in 0.6 g (3.9% of theory) of I,
20 modification A.

Example 21

5 g of I, modification A, were dissolved in 200 ml of
25 isopropanol at 50-55°C. It was rapidly cooled and then
stirred at -5 to -10°C for 1 h.

4.2 g (84% of theory) of I, A/B modification mixture,
were obtained.

30
Concentration of the mother liquor to 20% and cooling
resulted in a further 0.4 g (8% of theory) of I, A/B

modification mixture.
35 Example 22
3 g of I, modification A, were dissolved in 3 ml of

N,N-dimethylacetamide at 50-55°C. It was cooled and
stirred at -5 to -10°C for 1 h.



25 9. The nmethod for producing an A/B nodification m xture of any
conposition as clainmed in clainms 4 and 5, characterized in that an
" R-thioctic acid which has been produced by introduction of sulfur 30 in the
final stage of the synthesis and only padi-ally purified by
recrystallization or reprecipitation is enployed in the reaction. 10. The
met hod for producing nodification B as claimed 35 in claims 4 and 5,
characterized, &y 4 haty thy c i ced by rac lution is
enployed int e&r eacti ong}\?\n t %gcﬁ tlog‘fl g QgHeog)hl I |Ic c%%%%lgg%og- 21
11. A net hod MgttyseddeinPnodi fi cation A, characterized in that

nodi fication B or AAB m xtures are recrystallized fromstrai ght-chain or
branched al cohols having 1 to 6 C atons. 5 12. A nethod for producing

modi f i cat Pon E&@ gterized in that nodification B or A/B nixtures are
di ssolved in strai ght-chai n or branched al cohols having 1 to 6 C atons,

where 10 appr.gpri at i th ter dth vent i s remved by
distillation ]qul Q/a%ﬁo\?‘lI %I (53&l f B?Bﬁu&lﬁ‘gq‘ ﬁrﬁ(ﬁ%f |J€ht?é i\ ot
char act eri zecetharidiat ( anl:lyﬁroasb o BSBPCA/ BoE: nokt whes, ssbsqendedsi n

strai ght-chain, ﬁ@léﬁ“ & O?%ff&%&én“@%&@ &tﬁg éhé}%&o esW18Le ang

appropnate Wt wat er arée stirre S SuS S|on a’(
t enper at Pes @fe alb‘?m%l@d??é BDCVasherf.e i yreﬁulatbuw Q@lt crgeCalandedi t h

reaction timesh Mod i dENeRcdifi detizdh 1B, iquaAtidLulae ahod 2 to 15 h.
14. A nmethod for producing nodification A c aracterized in that nonpol ar

solvents are added to the nodification B which is dissolved in 25

strai ght - chaiBkaiply @wched al cohols having 1 to 6 C atons, where
appropriate with addition of water, followed by cooling. 15. A nethod for
produci ng nodi fication B, 30 characterized in that nodification A or A/B

m xt ur eslare Yo ysf all i zedliffigatsitarai ht wehei diesdivadchisd 30 cohobs havi ng

1to 6 C atongy re q@@r%qprl(g%e W ddh addgheont%gl,yl\@ig 346 ¢ ﬁ cfet hod

for producing nodification B, characterized in at nodification
di ssol ved i n EeaHHiak3thi Alord bERY@HYd aV2BPBRECHaHMgte t® Blaﬁlml@ms and

the solvent isadienpupgebytdist idd alp0Pc, finally in vacuo. The oil
crystallized on cooling: mixture (approx. 1:1) of

20 modifications A and B, quantitative yield.
Example 25

2 g of I, modification A, were melted at a bath
25 temperature of 115 120°C and kept at this temperature
for 20 min. The crystals obtained on cooling consisted

mainly of modification B with a trace of A plus

polymer.
30 Example 26

2 g of I, modification A, were briefly melted at a bath
temperature of about 140°C and then rapidly cooled. The
crystals consisted of an A/B modification mixture plus

35 polymer.



- 22 17. A nethod for producing nodification B, characterized in that a
melt of nodification Ais kept preferably at about 115-130C for about 10 to
540 min, in particular at about 115-120C for 15 to 25 min, and is induced
to crystallize by cooling. 18. A nethedlfflor produci ng nodification B,
characterized in that nodification Ais 10 recrystallized from
st rai ght - chaiExaowler 7ched al cohols having 1 to 6 C atons with addition of
nucl eophi | i ¢ conpounds, where appropriate with addition of water. 15 19. A
met hod for producing A/B nodification m xtures, characterized in that a
sol ution of A9&i Milc&h rehane seng @Edethdin arsehapteredofl 2otiobs Kaving 1

to 6 C at onsricyilfeatked dnn genar d fiorofbeute? t od? RooPEET @hably agout 4
to 8 h, and Eﬁ?ﬁ&ﬁ% isystalllzed by cooling. 20. A nethod for producing A/B
€s,

modi f i cat? on ‘characterized in that nodification Ais dissolved in
strai ght-chain or branched al cohols having 1 to 25 6 C atons with addition

of water, and.the salvent s semved by distillation,., 21, .A nethod for
produci ng A/ lr‘?@%'f ﬁc\aét igoneGE%%(tc{?e@?eoc%yaQra %eil zrg‘agfﬁl?ﬂtéfo%@ﬂ‘]:‘dﬁ?i on A
is briefly 3dBmel tted and the nelt is rapidly cooled. 22. A nethod for
produci ng A/B nodification m xtures, characterized in that nodification A
is dissolved in water or dinethylformam de, and the A/B 35 nodification

m xture +@ pEEeMpilEeadd by addi ng acetone. 23. A nethod for producing A/ B
nodi fication m xtures, characterized in that nodification Ais - 23
recrystallizg@ fromstrai ght-chain or _branched alcohols having 1 to 6 C
atons with addi fHoPlord ROPFETE c2dfPohRdS, SHdtte apsiopt iGtef wit h

addi tion of wedficatién AAnmdihotl2 fel prfodactheghPl Bormehi deat ian whxt ures,

charact eri zeq | ko MA i catlPn o0 ke heclystalld 2ed Luom dipol gp aprotic

15 90 min.

Yield: 2.75 g (91.3% of theory) of I, modification B
with traces of A.

20 Example 29

20 g of I, modification A, and 2 g of sodium sulfite
were respectively dissolved and suspended in 50 ml of
ethanol (96%) at 50-55°C. Addition of 1 g of Diacel was
25 followed by clarification by suction, slowly cooling to

-6 to -8°C and stirring at this temperature for 2 h.

Yield: 15.9 g (79.5% of theory) of I, modification
mixture (B > A).

30
Example 30

10 g of I, modification A, and 0.25 g of 6,8-
dimercaptooctanoic acid were dissolved in 85 ml of

35 ethanol (anhydrous) at 50-55°C. Addition of 1 g of
Diacel was followed by clarification by suction, slow
cooling to -8 to -12°C and stirring in this temperature
range for 2 h.



10 25. A nethod for producing A/B nodification mxtures, characterized in
that nodification Bis recrystallized fromstrai ght-chain or branched
~alcohols having 1 to 6 C atons, where appropriate with addition of water.
15 26. A nethod for purifying R-thiocti&8aeid, characterized in that the
recrystallization takes place frominert solvents and m xtures thereof,
wher e approp¥igtle wilt. addiltitorfofthenmr) ot di | uned20indneonl magtdse 27. A
met hod for pygi Lyilyg R-thioctic acid, characterized in that a
reprecipitation takes place fromdilute alkali netal hydroxide 25
solution/dilute mneral acid with sinultaneous extraction using inert

sol vents or Qokénesathencobs &&e Tﬁatuée oﬁlmft@ata@a@tAs@@d Bnand of
A/ B 30rm|f|cah|on mxturg anOSItI?E gf conmpound for the
producti oh of °Sharffacetitre Feg at Porrs 9 29 A% e d? arré?ﬁteofé’r)rprlgfng
nmodi fi cati onmoAidicBtaon3®.A/ B rmdl fication m xtures of any conposition of

conpound | and, where appropriate, carriers and/or excipients.
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ca] ca] calza] capdapgalten] <={¢a] ebiruning at thlS temperature
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10 10#=10%&' ()-'y ! 10%&' ()-t ! 10%&' ()-t ! 10%&' ()-t!~!10%&' ()-tJIzX6QF;
11 ~L! 109€E& ()-!yL! 109@@& ()-! 9! 109% ()- !'9!10%& ()- !9! 109%& () -
31098 ()-.R  WUBQF; ! 95 100& ()-!3F10%PP& ()--!9f & 10%& ()- ! (9f & 10%& () -
10f & 10% )& WO 0F/DULEBAXE ()-  _=! -d1916%+& () - ! dLPtaYEPR2(PTILOVE, () -
10 10 10
- 109 () - Y7&L0%& () - SV~6n}[<_=! B10% ()-!}9! 10%8S& ()-!y9! 10%@a& ()- 10% ()
-9 109%& () - ! {CREGI®BS’ ()-n~W~?_=! 00Y10%&' ()- 9/
109& ()-*109%& ()-9' ! 109M& ()- 4T 9v! 10%00& ()-j ! 9v! 109& () -j Wer P=! 00Y10! t 9! 10
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1. Modification A of compound I
O
(Y\/\)J\O— HaNt--C(CH_?OH)3
S—8§

characterized by the x-ray diffractogram, with

reflections not coinciding with the reflections of

the other modification being observed inter alia
10 at

14.87°20(5.96A), 19.99°20(4.44A), 20.88°20(4.254),

22.78°20(3.90A), 24.53°20(3.63A), 25.66°20(3.474),

30.05°20(2.97A) and at 37.29°20(2.414).

15 2. Modification B of compound I characterized by the
X-ray diffractogram, with reflections not
coinciding with the reflections of the other
modification being observed inter alia at
13.80°20(6.41A), 15.22°20(5.82A), 17.50°20(5.064)

20 and at 23.48°206(3.794).

3. A mixture of modifications A and B of compound I

of any composition.

25 4. The production of modifications A and B and of A/B
mixtures of any composition by reacting R-thioctic
acid with trometamol, characterized in that
trometamol is metered into a solution of
R-thioctic acid in a polar solvent, the suspension

30 is heated to give a solution, and crystallization
is brought about by cooling, where appropriate

after concentration.
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10.

4@* 1 water, are empldoyed as polar
solvents.

The method for producing modification A as claimed
in claims 4 and 5, characterized in that an
R-thioctic acid produced by racemate resolution is

employed in the reaction.

The method for producing modification A as claimed
in claims 4 and 5, characterized in that an
R-thioctic acid produced by introduction of sulfur
in the final stage of the synthesis and highly
purified by recrystallization or reprecipitation

is employed in the reaction.

The method for producing modification B as claimed
in claims 4 and 5, characterized in that an
R-thioctic acid produced by introduction of sulfur
in the final stage of the synthesis is employed in

the reaction.

The method for producing an A/B modification
mixture of any composition as claimed in claims 4
and 5, characterized in that an R-thioctic acid
which has been produced by introduction of sulfur
in the final stage of the synthesis and only
partially purified by recrystallization or

reprecipitation is employed in the reaction.

The method for producing modification B as claimed
in claims 4 and 5, characterized in that an
R-thioctic acid produced by racemate resolution is
employed 1n the reaction with addition of

nucleophilic compounds.
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L1 109%<<& ()- @ ~L! 109%R22& ()-@y L!10% - & () - @5-

b5 HLORLAG801LS, AN ()< 90 10365 5n 20U O3
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hod for producing modification A,

characterized in that nonpolar solvents are added
to the modification B which is dissolved in
25 straight-chain or branched alcohols having 1 to 6
C atoms, where appropriate with addition of water,

followed by cooling.

15. A method for producing modification B,

30 characterized in that modification A or A/B
mixtures are recrystallized from straight-chain or

branched alcohols having 1 to 6 C atoms, where

appropriate with addition of water.

35 16. A method for producing modification B,
characterized in that modification A is dissolved
in straight-chain or branched alcohols having 1 to
6 C atoms, and the solvent is removed by

distillation.
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21. A method for producing A/B modification mixtures,

characterized in that modification A is briefly
30 melted and the melt is rapidly cooled.

22. A method for producing A/B modification mixtures,

characterized in that modification A is dissolved

in water or dimethylformamide, and the A/B
35 modification mixture is precipitated by adding
acetone.

23. A method for producing A/B modification mixtures,

characterized in that modification A is
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24. A method for producing A/B modification mixtures,

characterized in that modification A is

recrystallized from dipolar aprotic solvents.

10 25. A method for producing A/B modification mixtures,
characterized in that modification B is
recrystallized from straight-chain or branched
alcohols having 1 to 6 C atoms, where appropriate
with addition of water.

15

26. A method for purifying R-thioctic acid,
characterized in that the recrystallization takes
place from inert solvents and mixtures thereof,
where appropriate with addition of water cr dilute

20 mineral acids.

27. A method for purifying R-thioctic acid,
characterized in that a reprecipitation takes
place from dilute alkali metal hydroxide

25 solution/dilute mineral acid with simultaneous
extraction using inert solvents or mixtures

thereof.

28. The use of modifications A and B and of A/B
30 modification mixtures of any composition of
compound I for the production of pharmaceutical

preparations.

29. A medicament comprising modifications A or B or
35 A/B modification mixtures of any composition of
compound I and, where appropriate, carriers and/or

excipients.



