*; e3eykvfifgtii NK6KTKkTr AWD 03/ 011852 PCT/ EP02/ 07310 Novel nodifications of -
- t'he tronmetanol salt of Rthioctic acid andﬂmﬂm, for producing the sane -

- The invention relates to novel nodi W\WM\ the 5 trometanol salt of
Rthioctic acid Qf formulal O . g S t he
production t é’gf/,otj‘gﬁg?rmceuti cal 10 prepatati ons con?gli‘%%ga?ﬁgggo
medi fications, and the nedical use thereof. This conpound has, for exanple,
- antiinflammtory_and.cytqpretecti ve agti vit P 4 ndd s, _used for
- .the 15 treat ment NgVe ié‘ﬁgggé'cﬁgf'f’f‘?u?%ar\: 90%%&5‘3& | na'r ?&:@t %r?c? ( DE
- 4,343,593), and fehiaptimseidtakb nethod stoxicaprodicing ths gmpR 4, 343, 592)
©' and as appetite suppressant (DE 19, 818,563) and can thus be enployed in
¢ pharmaceutical preparations (EP 702953). 20 The requjrenents to be net by
f7"an-active ingihedi énvenhien| atebates e pRySLcoerRhf tertPeperal eShfel evant
i to pharnageutd cal fipaessal ldg w-and Jitgayaidiabidf therfb@@iles mi ned both by
7 the nature and the technol ogy of production of the particular
;7 pharmaceutical 25 preparation. The pharmaceutical processability and
. bioavailability are considerably influegged by the physicocheni cal
.~ properties, in particular in the case of|| hi gh-doge active ingredients,
.- whi ch include the tronet 0 Ri —eCCHJOH)S is therefore
~.~advant ageous with an ac{ive jngredient of this type for various
- nodi fications, and m xt8fes-8 hereof, which display different
~::physi cochem cal properties, to be available for different - 2
..~ pharmaceutical preparations and technol ogi es of production. No
- nodifications of conpound | have been disclosed to date. 5 The invention is
. "therefore based on the object of providing the conmpound | in various
. nodi ficationg methodxtfioes ther gofodugt izt ortderesfni t Rhprarrauticpdal
o requiTenpht s o el iy TBALERSALHENSEnERL! Gbdt Alh Bodive i T enent
- -physi cochiém cal “properties. These two nodifications of the conpound of the
" formula | ar meddaali fised then@edns of the respective characteristic x-ray
. powder diffractograns. The nodifications also differ in their 15 DSC plots
" (differential scanning calorinmetry), by the typical,.crystal forns_in each
. case, the di fBErfeneoBBPUBRl iRa%s §PTr afXAMBEe (i &1 fﬁ‘r?,m}%ﬁ?rﬁ’y ?Hg

different fl| @yqupraiddtase 2ttiha vy rBP dIT240t cndinks asssfofiori hhei gur es

1-6 were_recqrded with CuKa, radiatign usig. 0 di fer act :

Modi f i ca}'rp’onotﬁeiagt% actéri z%ﬁg%%e%S' ﬁ%ﬁ%%?aﬁ%ﬁ f rfggt og?g%qg%gée Fi gs.
"'1-3 and Fi g. M®sistiarve efDBEcti 343, h98) coiangd dfay wlurass merpeelishs of
the other nodfg L ANS e obegy VeBri Bt gu3abba) atadd @&2ALpp8Elte
19.9929( 4. 44 l,éogtgi.ég%gﬁﬁ. 2‘&% 30 22?7829(3. 900~, 24. 5329%3.{3%0 .

25. 6629( 3. 4p)~°a,upme@§2@(t2.@¥§/ Igh @R 5PR ot Lam sfhusssee eRRIGEREi 4 poi nt
in the regi opHfrmaheutikhl. bricpakbi4ns (EP 702953).

20 The requirements to be met by an active ingredient in
relation to the physicochemical properties relevant to
pharmaceutical processability and bioavailability are

" determined both by the nature and the technology of

production of the particular pharmaceutical

25 prep"aration.
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
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"It is'mainly in the formof platelets. Mdification B is characterized by:
-, 3 .- the x-ray di ffractogram (see Figs. 1, 2 and 4, and Fig. 6), with

- reflections not coinciding with the reflections.of the other nodifications
.being observed inter alia at 5 13. 802A(624'10 , 15.2229(5.820 ,

'_'17 5029(5. 060 and at 23.482A(3.79.'0. - the nel |ng n e region of
- about 115.2 pharmace@tls.:@llt |P§-’9fi9éirrﬂt9-an?théarf ‘b?q?i‘b%%%%l Q $ge X-ray

di ffract ogra%@ q}éhures of the A/B nodifications are char acterl zed by
superi nposi t Fon Tc

the refl ections of ( bout 1:1,
see Figs. 1, N amflificptions Q IGWOPFCTSP gf‘ge ?%/ sso ‘lf%sﬁe%f edt

o mnodi ficati ondg tid) water and organic solvents such as, for exarrpl e: 20 | ower

ﬁ?:' ~al.cohol s, oct anol and acget one e eqf. W I Sof
""" hi gher, than fi%e ndBVEREAPPonE, gﬁ%r%\ﬁ%?é S?é%%%ogen a0 ;’V%%%%S& f:DC&tI ons

- -as a measur e foviilia rid anepr opepoued Ir ifd oretiidus yodkEiraklionef ep8d 25

" Angl e of repose .alt ' i.ficati cali @R BpRArhhxkurecal
‘modi fi cati onSATETES] I\f/?’f e?%a q’?‘err#%gg@lght:'gccgrdangg with R Voigt,

-;,'_'-;""Lehr buch der yerariveremtsschen Technol ogie, 3rd edition, 1979, page 165 ' 35
Tt .i's generally known that R-thioctic acid readil y poI yrrerl zes and i s prone

to such reactions especially in polar t

surprisibg t e pW?n@PdF-f-ééaﬁﬁ-Sﬁﬁct scarcgg'r?dgep‘oﬁpgl r?e‘d lil hggﬁfg%ctl Sn of

-w~ R thioctic ag é’iﬂé&bﬂénﬁrt%tlanpfopbfmébe Theset v mcsdn‘éi@abdomﬁt efa
“.solution of thioctic agid g vent u o XaldRha | ower
. al cohol s, whe® aBPFRPrRG: 8w %’Pﬁon gf %\f%t glrrhear& dé"t%]e rgsul ting

: "‘suspen5| on i of hegied tregpeetiveol uthanactevuerial cooF3y meBRWARTt hi s

h?conneCtlonEﬂéf¥f¥gcég5¥£h§' 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
l4.87°26(5.96A), 19.99°20(4.444), 20.88°20(4.254),
30 2&.78°29(3.90A), 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
Tt is mainly in the form of platelets.

Modification B is characterized by:




“or branched al cohols having 1 to 6 C atons. 10 Crystallization subsequently
takes place on cooling. Concentration of the solution under mld conditi,ons
and cooling affords further product fromthe nmother liquor. It is .

.surprisingly possible for nodifications § and B 15 of conpound I, and

e

m xtures thereof of any conposition, to “produced both by salt formation

of Rthioctic agid with trqn i ui e arqsolye uc , for
exanpl e, | ower (?oﬁf)'[rsa%ngggég%g???ggt [ %%%:oﬁgg%é_i %h &ndﬁésaécﬁﬁ '
reaction conditifdgs. 620 | wikh thefleestons e nas pF@\?P&édéPBhe‘r’lghr ghe
modi fi cat i ons of, GeTRAURGd ' ARGTIGHHEE SnddieiRAft i¥ing Bty CHUESEd i on
for producing difféerent pharnaceutical preparations. 25 The formation of -
modi fi cations Aiat@¢rBadd@ mitxtures thereof through salt formation of :
R-thioctig aci d 1w igobipqrelary!, deperntseqs g )purizys 026 (se 0eMhiam i c
~acid enployed (content of trace.,inpurities resulting fromthe synthesis).
30 Thus, with Rathi2dct4&S 29 B¢ 7% ai ned by racemate resolution in accordance
with DE 4,137,773 (referred to as synthetic route a hereinafter), .

nodi fication A i s obtaiped. By.cqontras Wi -t hiqct i i dqENHO ich
sul fur is 35 TnthdUBe Q%\’Pgt IP\élg‘%d of Etﬁ’ee s%/é]n? ergi s?%f oérkg?"?é g?’gﬁ)gr a‘lflt?on
(referred to as ldytgdvet.ic route b hereinafter; for exanple DE 4,037,440, DE
19,533,8 ]U DE 19, 533,882, DE 19,709,069), the nmain product obtained is

modi fication Bin addition to a snall - 5 amount of A It is possible by
one or nore a@ti isomainpyrini Ehei 6ArBt efs28ATEABLERSt hi octic acid obt ai ned
by synthetic route b (e. g. recrystallization frominert solvents such as
cycl ohexane, cycl ohexane/ eth acetate 5 (ip partjcular 19:1) ™~

n- hept ane/ t ol @éﬁe, Xnk8Yan SRRSO ITAN e %%pr‘Bb?‘{"‘é’fgsvm P% add%i B

wat er or dil uqeamEnesslongi hreéndhaepceerpizedt imn Superdimposdtibraldf net al
hydr oxi de sol upion/di.l ute. mneral ,ag  t [ LANEAS=eXldoRdt 1 P, for
exanpl e vais(sh E%ecf ?&ﬁ&?&?@set%]gl Aaccalerf%a}tﬂ%, QPZ?%lace | npur;&HOgg rgrsnijl ting
fromthe syntbeei Bige.b#&,cReandd5gr&dlual |y in such a way that the salt
formation results either in a mxture of A/B nodifications or in

nodi fication A as nai n.gr.oducts. 15 On the ot her, harzgfu th%sfmiegg.prb%ct
obt ai ned t hr ofhR sadnbidatyf oFucEEEp L i ST FuIPHE LAl e,
sodi um sul fit e,0n£:8 diamer CapgLLt andleeitisd sickalds f ofort i exanpléd,

R-thioctic actd prepared, by synthetic.route a is mdific '-or}“g: he
modi f i catd®ns1eYRTal 84CREO F’odué’é%aﬁ’}?lrmﬁ cd cleotr?n(é‘ednvea(raHs.(li on, i eﬁf?ch |
case conpl et echerpaft wakhceaversi ds hogheof thatofBramdddfipataon Bay t ake
place. It is ppreover possihble to P& 1 s i i et s A and
B and mixture thFggF. O%or]f\l% %sﬁeqr?,erglynq%hé;%gz}l%ﬁ%onl,of- format | %n of a pure
modi fi cati on p§ phef Elpwdpsapessies ArxEuPEaPiFheyr oLkEWLRE ARERBT8 can be

enpl oyed: 30 - recrystallization fromlower al cohols, where appropriate

with addition of water - prolonged heating in_| ower Icohgls, where
appropriaéd® with addition of water at f%mpe,_éﬂg\i%ﬁgm%g _
poi nt and subsequent crystallization with cooling - concentration of

sol utions in |ower al cohols, where appropriate with agdition of water, by
removal of th¥odification A

Modification B 320
Mixture of modifications A/B = 1l:1 340

30 '
1) petermined in accordance with R. Voigt, Lehrbuch der
pharmazeutischen Technologie, 379 edition, 1979,
page 165

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

in polar media.



- 6 sol vent by distillation under atnospheric pressure or in vacuo - :

- T'eprecipitation fromsolvent mxtures - conversion of the salt | suspended
~in solvents 5 - thermal phase conversion below the melting point or by
_melting processes Production of nodification A 10 - Recrystallization of

rmfli f i_cagi on B or A/B nixtures from | onef ‘al cohols. - Renpbval of the
solvent by distillation in vacuo from,sol ytions_of nodificatiQ A B
m xtures in | Bhedsy therefgre sprprigingg $sP8 y@?rﬁ%&eﬁ A |C§ln or of

e A{ B m xtures ¢anl ?éebbahi:ﬁédl $n wvher eeappiopr iodt ®-witilpckddi teicgid ofitdat er,

~-at tenperatures of about to 6 p at .abo angd with

_,_stlrrlng.t!negfg??F?mPgehg?ﬁ?, Eg%o §g£ﬁ%@?hx%ar%%CUH%$%%E%ﬁt%gﬁ%B %g'h. 20

i-;--g@?re0|pltasobutbqnadﬂiRkahiobthydﬁnnb&bbhspobathOéU?BFFoﬁUGP as,

o -onodificatizon AJLn | cghy heduehkon Qheprdidd heia e 2%ith

+ Recrystal I5| za |%p %%10% i ga?’ie%-n % gr'HA/ B'mi xtﬁre_s éfn?ﬁofné? ower, al clo,hol S,

- where appropraddétiveh abldiwater o~angk ekhe. TRABYERINGT THRPRFWINL 1Y

e gési!llat}on ﬁé??ééﬁéat%g?é ofsopdeibgation Ain lower alcohols. 30 -

# - Heating of a ne of modifjcation A, preferably for, aboyt 10.to 40 .yin at

{ " about 115- 130LLOVAr patEPRAtEr H53P0185 R 5t°’é‘§53&°f1§-t£f?d€,hténcﬁ‘am

wjrrystaggrzﬁtl@ﬁlEﬂaﬁ@@éanglcohﬁmsrmavﬁmgiZatboﬁ ofavomsfi cati on A from

1 ower .8l cohol s ere_appropriate w additijon_¢ ter, 5 addi n

. nucl e_ophl:"la c g%‘éﬁméz%}ﬁ%ﬁ ass?ul?soerque\éﬂ(%l I g:f‘j"%‘& i u?r?éﬁ%?iﬁ ()croc’ll%gq )

E|e 8- di mer capt contenbiationdof PEbdusbilufioh mhBemodiiflide sonei bionsurang -

.. Heating of a Lon di £] Lp kh~{ O alge i &ef | ux

. tenperature i%gég#é?a?f%%?agbéﬁfé&ét gp%a‘ﬁ?ép?g‘?grgﬁl Sﬁgﬁgﬁf 49(1?% g h, - and

f}"'s-ybs_equ_e_n_t' crystallization with cooling. 10 - Renoval of the solvent by

V'-g' SHJ-I Irftglton ifg%ﬁ%ﬁﬁ@ﬁ@%éém&omo& inbdicfieratalrehoA s andhd e -

O e > . ; A :

CIP;P/S'[ 2| | ilzsat :MBFI ESFHIOE% PFﬁg_aﬂgt lerllikturggl %%er}eelotfl r(])% %fnymcq)lnfﬂo%a;l:[ﬂi%,A and -

o _ 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).

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

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

35 introduced at the end of the synthesis for its

preparation (réferred 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



715 - Reprecipitation through addition of acetone to a solution of

nodi fication Ain water or dinmethylformanide. , - Recrystallization of |
nodi fication A from |l ower, alcohols; where appropriate with addition of.
.water, . . 20 and by addition of nucleophpilic conpounds such .as,. for

exanpl e, sodiumsulfite or 6 8 di mer-capt 8oct anoi c. acid. Recryst aI i zati on
of nodification A fro ; PL I u r

25 di net hyl ac¥iAMye® ot ?\h e Y 8g%§8?%eh§p { SP ﬁ§r§ %dc% oroe ane
met hyl et hyl mmnscamcbrdu sreepyl mnrbbﬁaﬁeth&oRéeﬁysi@ldlgbtaeneéf by
modi ficati ondéf_r% fdom L(E\ger%al @@ %@aﬁ@@% RE bat Ef%ﬁh 13fidid i on of

water. 30 M 'ohs "R and xture t hereof can be processed in-a
conventi onal swiventsh sm.n:llia@‘-ﬁeCEQlPhéﬁénéndFMC1@%@‘?‘&?1@?{19;*:1‘&/& Gicgtate

phar nmaceuti ca{ i®r epalggH (F&laf’r ef efpegyuse fglr_ﬂgpggget/@@ugte%eand capsul es.
g They are, for ‘exanple, val uable conpositions for th g treat rrent of

Cinsulin resi Sherrne/ wilugn@et cENRE | | RERTIREIBES gl Hibhe idPPs met
di sorders of (fdeeNSr dheuwst m%rfaqr & Eluchng ﬁegrébepﬁtauoﬁ @B and 5

t th f de b I -
e T e e s s
were, unless a¢ihdrwissh i sdimoatedeonsshedtwathiohe peoT i c&}tmploa)olmcﬂsol vent

d dri t 50C f f ' t
of the | afomstab e R SRR o Reke ot 15 BRI o
t r onet anol wer:eesmltrxrmlcmDm ntle asymuheehsOtomez cé(e@ngdrrspfﬁépa ly in
R LI oot cact g oguged AT i Podliol sibanes oi®M ina

andheatedwi th stirring to D acel (filteraid), wasadded to the
sol ution , 25 MigstweRt 055 AR F‘@@élﬁf‘ﬁlep& |Cfli et hy™ ’1°(?r\"1°r%|%wﬁ?cool ed
and t henst i rr,@@l@tpr&iﬁ&s 10C for 2 h. Yield: 58.0 g (88.6% of theory) of

I, nodification A’ 30.Conc ntratl of the not or_t 50f
the origitRal I GHE (FdRR eg trﬂa?‘nl pfoéiqu(cf )9 l?ﬁgo%y % -
nodi fi cati on sdixeem| eoZ 351m:11®;gn(n<2 m:bl)npoﬁnRSt hisoeth ¢ asid (f]grbduced"

by method a) Werr&igé 8!:%1?9:8' 2.9 2 &f 8t§aa%e£é§_9¥968t'§ﬁol¥\h'alc%d

stlrrlng 24. 7% f tronmeta were | ntroduced, heated, at 50- 55C_ '
to give a solen i galdnd formation with R- thioctic acid prepared by

synthetic route a is modification B.

The modifications can also be produced by modificatione”

conversion, in which case complete or _'_partia]_._'_'

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



. - 9 ' after addition of 2 g of D acel, stirred at 50-55C for about 10
~mn and clarified by suction. The m xture underwent slow (3-4 h)
~approximately linear cooling to -5C and was then stirred at -5 to -10C for.
~4-5 h. 5 Yield: 55.5 g (84.9 of theory) gf I, nodification A Concentration

of the nmother liquor to about 20% resulted in a further 4.1 g (6.3% of

theory) of I, 10. .nodificatj.on A 4 I 4 : s tdyocti c
aci d (produced Wlﬁfgf’ﬁobyl§1§’)%1\ﬁvelra?&gﬂgso %erd%%(%ég%rﬁ%'éﬁ%? a%% S
¢ . (anhydrous). 24.i% gac@o?2 nol) of tronmetanmol were introduced and stirred at
i+ - 55 to 60C until dissolution was conplete.. Clarjification by suction was
fol | owed by stoweprsidimg tedion Fom sqlveth @I¥FUMES tenperature range for
{220 to 4 h, filtration with suction, washing wth .cold ethanol and drying.
S Yield: 61:0 g-(%Pnvessiomeddy)thd salthddiTiseanast AR £ eht ration of
.the mpther liquor in vacuo to about 20% resulted ., n a tther 2. 3. 7%
“of theory)5 of - thes@ei Rasm ARONERARHPE i’eg@“hlt?}?e gt Eénf‘h)Ip)c'lcglfZk %t
~ Rthioctic acidlﬁpmggggg@-@tdagggukt)thh subsequent recrystallization
-from-cycl ohexanel et hyl acetate/water in accordance with Exanple 31) were
dissolved in 600 nl of ethanol 35 (anhydrous). Then 24.2 g (0.2 nol) of
‘t.romet anol wepgo@attddncefl modifitaaedonoA50-55C with stirring. 2 g of
‘Diacel were added to the solution, stirred for 20 min, clarified by suction
-and- sl ow y cool ed. - 10 Seeding was carried out at 30C. Stirriqg was
‘continuedi@ n thkecapsalldmatsiary of omopdfisagion & 4°T56/F JIBE1Rdt
‘theory) of I,|ﬂ¥y{§(¥ggéy1g&cghdigmentration of the nother |iquor to
-about”™ 1/5 resulted in a further 6.7 g (10.2 of theory) of I,. nodification
"A. 10 Exanpl e_5 B R 80t8S solvent by distillation in vacuo from

solutions of modification B or A/B mixtures in lower

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 alcohols, 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,



“I'n anal ogy to Exanple 4, R-thioctic acid (produced ,by nethod b with
subsequent single recrystallization fromcycl ohexane) resulted in 54.9 g
(83.9 of theory) ,of first crystals of I, A/B (approx. 1:1) modification
.m xture, and concentration of the mother liquor resulted.in 6.8 g (10.4 of -
theory) of |, nodification y A Exanple ¢ 25.8 g (0.125 mol) of R-thioctic
acid (produced .b ' Wer e di.ssoal i 75 et
(anhydr ous). é&f@gliimbcf%f’é% IfoglPOP}rl@%et%no agd(/\/e(rﬂebrl ntro ulced and
heated with stl Idodigrats AFi5%C dro 6yid-dimesmlaptianttanciar aidltion of 1.25 g
of Diacel and clarification by suction, the solution was slowy cool éd,
seeded at 30C and cooled at -5 to -12C for 4 h. Yield: 28.1 g (68.6 of
t heory) of lqj_xgbgegot her |iquor gives 70
m and cool i nPngng" 89 E{%%B?%?iéé‘&%@ﬁneory) of |, nodification A
Example 75 - 11 41.2 (0.2 nol) of R-thioctic aC|d (produced by met hod

- b) were disso] V%dﬂn@ ol é)f Rhaien (sehybaisicadien 24. 2ng Xdwer nol )
of tronetanol were | ntroduced and hg%t ed with stirring _at 55--?%% -t-f)mgi ve a

sol ution. 5 Aft@lcel@ks oftofthe 25518F Dr PR ARG T arft 1 PEREFGR by -
suction, the solggd@an pasts! omd \h,( abeefetablly) aboted &ndost8rhed and-5 to

-10C for 2 h. Yi eId 55.0 %ll(yé élﬁé%ormltq{ cho '.fication- B. 10

Concentration ofSYaRe and €00 resulted in 5.7 g
(8. 7% of eory) of I i Exampl %rfflf:?org E(@l@tmg of
R-t hi oct i J]am d atd He %ﬂﬂarbﬁb\é?iel di sso vled in "%EPEt hanol
(anhydrous). Thest 24n@>dg.f(1(¢621¢m'1) &f  t iBnet AAWerweral %1%% and Heat ed
to 57C. The soI é;}e%aé@ Wi @Rra @i i@lon Gyt 2 g of Diacel were

i ntroduced, sti r 5-57C for 20 min, clarified by suction and slowy
cooled. Stir ”—”%ﬂaéf 2Retoihy N B dar +DCAl and drystal L zahien g
(88.4 of theory) of 1, nodification B: Concentration of the,nother 30

cool i ng resul t ed¥ith 3c°P]gu?ﬂ)'d| fication A Exanpl e 9 liquor {o about 20% and
(5. 7% of theory) of | 0.6 9 hi geti g-aebHe( PEQdUSEd by
met hod a)l%were JFEERARS "%t rﬁ(hq‘q’jugrffhan E”’h rousc Sugsequent _

addi tion of 12. Isalytlidn nol pfof tmadidieatiemd 0 water = oxr .
6, 8- di ner capt 00C4§ r?yf‘féﬂné(}ﬁﬁdé ol | owed by heating at 55C to. gl ve a
sol ution. Addition o

- Recrystalla.zatlon of modification A from' 1ower,_---
alcohols, where approprlate with addition of waterL _

20 and by addition of nucleophlllc compounds such- as, . -
for example, sodium sulfite or 6,8- dlmercaptoocta901¢f

acid.

- Reérystallization of modification A from dipolar
aprotic solvents such as, for examplg, N,N-

25 dimethylacetamide, ethylene glyéol dimethyl ether, B
1,2-dichloroethane, methyl ethyl ketone and dimethyl

carbonate.
s

- 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.



- 12 ' of Diacel was followed by stirring at 53-55C for 20 mn and
clarification by suction, and the solution was slowy cooled. Stirring was
continued at -8 to -12C (2 h) . 51.9 g (5. 8%of theory) were isolated .
from the flask wall (nodification mixture B> A). After the nother |iquor -
had been concentrated to one half and co@led at =5 to -10C overni ght, |t
afforded . 20.2 g (61.8 of theor fica Fuyr
concent r at i onTR8YafHR: ohBThA* 'COXPI]'H gllr esu‘% L‘é‘?ﬁﬁlé&% o %J;e%%/? of

theory) of I, cpedihbaat igm: 1ﬂsuEXﬁm::ie$J.‘H]:a2ﬁ:66 gotOdLaangt)esOfmﬂlliqt@%tuc
acid d d d I 1 f h | (969
o (B 3UhCe L ol DOt NEERH 98, Moo b il cighene (300

*50d |un|n1sulf|te were - -
i ntroduced anghbeaiiethdds 556r 20rdddcingn Imdljﬁlg:étﬁlqnsacél apd Bol#%hed by
stirring 53.55C for rifigcat Cliin0RcHed astaM . b

~ cooling. StirPihgoGas 5%%%?%&%5ﬁh9’& B% 598%?¥3§H h: 8.1 g (yield %4 8 of
- theory) of |, meedsf pfaekemplas.25 were obtai ned. The mother |iquor was
concentrated to about one ,half and cooled at -5 to -10C overnlght , 19.1 .
g (yield 58.4 of theory) of |, nmodification B 30 were obtained. Production
of nodificati #gmpyegonversion Exanple 11 35 10 g of I, nodification B,
were dissolved in 85 nl of ethanol (anhydrous) at 50-55C. The solution was

slowy cooled to -5 to.-10C, whil e, |rr| see
nDd|f¥cat1%n After flltigtlﬁ?téYlg%e éilrrl q%ﬂﬂ ﬁ%d§9%§%@%§nh
standing in acdﬁppuhﬂeexe wanen|ghnlessl4ogh@5nw&%ﬁ ithddrareds |washe

modi fi cation B, NERNJQ! £BBvRAe! NehdolbeEdl idlios0eo 1/5
and cooling |Wi§ de P fﬁgégéggvg?ﬁlg t resultgd in 4.0 g (40% of theory) of
|, nodificatidoerA2 b0 Exanple 12 1 g of I, nodification B, were dissolved

in 10 M of ethanol (anhydrous) at 55C, the solvent was strlpped of f at
room tenperature, and the residue was, i nvestigated aft ng ¢ 2 500) :.
|, nodifikati @‘@matl.QnEXgﬁmmdqulcatlons in Elg c?uct:.c)ﬂ Df tﬂe .

trometamol salt of R-thioctic acid

Example 1

20 12.1 g (0.1 mol) of trometamol were introduéed~in§o'g'” _
solution of 41.2 g (0.2 mol) of R—thioctic"aqid:':;'
(produced by method a) in 220 ml of ethanol,(SG%)'and

heated with stirring to 55°C.
-1 g of Diacel (filter aid) was added to the solutlon,-

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

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

30 Conéentration 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 o

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,



20 30 mM of n-heptane are added to a solution of 3 of I, nodifi [

i'n 25 m' of .anhydrous ethanol at 57C, and the m'x'?ure i1s t hen nglt lagnt 51

-5 to -10C The crystals are dried (2 h, 50C). 25 Yield: 2.5 g (75% of

theory) of I, modification A Exanple 4492-g of a mixture consisting of 80%

of nodification A 30 and 20% of nodification B were suspended_in j. nml oz

it hggo:zx( 96%a faruk ddirteibatoB5C ¢ oo f 1Diacet esaFirrgd; ﬁgpépéf’ﬁﬁﬁi £P&at i on

A 35 Bxampl 62,2019 olinl GARS! Sikpgesbaabont Sldesach aferdiikiant ons A
B were di ed’in 0 of ethanol (.anhydrous) at 50-55C an after

addition of GuilerwentDisbtew, (3F4rhi @@H?;?’@G&qegﬁ’. 3% | £PRLE"Hadr api di v

cool ed - 140 “hd GHADG M AFeStdE rinE@ndlodentst i4+ i

£ ®dhat this
tenperature for C‘Z%ﬁa\hﬁde%d 16.8 g (84%of theory) of I, nodification A 5
Exanple 16 20 g of |, nodification A, were dissolved in 170 ml of ethanol

(anhydrous) af;&Qa555.5The (84 t9mter vetseonsyow§ 1.0 reedi Bicakion Ao - 10C

.. seeding at 31C. Stirring was continued at -5 to -10C for 2 h. 15 20 Exa,rrple
17 40 g of I, A> B mixture, were dissolved in 120 m of ethanol (96% at
50-55C, rapi dtoncastestion - S5ofo £heC 2®ther t Wekauey rred i APPHE s%r@g

Lemperature 1200 [OF 314 AkAndé 4.433% 05, 38o%s) chboky) Tk f mat i on

10 modification A.

Example 3

41.2 g (0.2 mol) of R-thioctic acid (produced by method
15 a) were dissolved in 230 ml1 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

20 to 4 h, filtration with suction, washing with cold

ethanol and drying.

vield: 61.0 g (93.1% of theory) of I, modification A.

25 Concentration of the mother ligquor in vacuo to about
20% resulted in a further 2.4 g (3.7% of theory) of I,

modification A.

Exar_nple 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 in 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.




"Exanple 18 30 16.9 g (84.5 of theory) of I, nodification A were recovered.
Concentration of the nother liquor to 1/5 and cooling resulted in 2.0 g .
(10% of theory) of I, nodification B with traces A The sane result was:
_obt ai ned even without seeding. 10 g of RO rodification A were heated to -
reflux in 8 m of ethanol (anhydrous) for 6 h, subse uent’lg cgol dand
t'hen stirred Seleding was)Gemsed Pt 3 FQTG. BERHIRG3¥ast CPh 8?‘;‘6}% of I,
mxture of mydj ficatipre Arand B (RPP®eC Eok) 4 Fhe mother |iquor was
concentrated to 20% 0.91 g (9.1% of theory) of I, nodification B. - 15

Exanmpl e 19 Heating 10 g of I, nodification A, in 30 m of ethanol 5 (96%
at reflux (6yeld06ls.Ng AN@BSSIAY IdMgHebdy)atof: 5 ,t sodiddcatean thed in 8.6 g
of first crystals of |I (yield 86% of theory) as nodification mxture (B >
~A). ExanpPe 20 10 15 g of |, nodification B, were dissolved 'in.70 m of
‘ethanol (96%caicdifi@ation sobfit i bthewasotbeired ldietost | rf@d about t /8¢ for -

-2 h. 15 Yield; 12.8 4.8 aryg -pfy 1 16/ Bymask f kgabirgh roKt ure __
(approx. 1: 1)re€6‘ﬁé:een°?rg]t§i éh g;‘r%ﬁg not hergl i(quor t o about 58% and cooling
resulted in OGnodlicfi(cRtdwrofA t heor of I, 20 nodification A. Exanple 21 5 g~

y mp g
of I, nodification A, were dissolved in 200 nl of 25 isopropanol at 50-55C.
It was rapidly cooled and then stirred at -5 to -10C for 1 h. 4.2 g (84% of
theory) &P | EXRm®Leod fication mixture, were obtained. 30 Concentration of
the nother liquor to 20% and cooling. resulted in a further 0.4 g (8% of
theory) °f"I{V§;Q?g§§'%%“ ihﬁ%f%LHF'R—thioctic acid (producedlby

method b with subseguent single recrystallization -fr':_c_a_m.

cyclohexane) resulted in 54.9 g (83.9% of theory) of
15 first crystals of I, A/B (approx. 1:1) mod?ﬁicgtion |

mixture, and concentration of the mother liquor

resulted in 6.8 g (10.4% of theory) of I, modificapion_'
‘A. S

20 Example 6

25.8 g (0.125 mol) of R-thioctic acid (produced by -

method b) 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
'sﬁction, the solution was slowly cooled, seeded at'3Q°p
and cooled at -5 to -12°C for 4 h. '

s

30 .
Yield: 28.1 g (68.6% of theory) of I, modification B. 3

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

35 modification A.

Example 7




- '35 Exanple 22 3 g of I, nodification A, were dissolved in 3 m of
- N, N-di-net hyl acet am de at 50-55C. It was cooled and stirred at -5 to -10C
~for 1 h. - 16 Yield: 1.6 g (53.3 of theory) of |, nodification mxture
(A >B) ' 5 Exanple 23 10 g of |, nodifildation A were dissolved in 90 m
‘of ethanol (anhydrous) at 55C. Most of the solvent wa reﬁoved b¥_
di stillationdindery atwsspiesr)i ©HrRsehrect i hPabdt ARTPEREFAIBY FMFP88uo. The
- resul ti ng oi lbﬁ)”%ﬁ%%' I%g@%we&oqa ng50l m1noeif f iexdidrml B,(aqhgdb:@ouat)i.ve
- yield. Exanpl®e 2 10 g of I, nodification A .were d'-g;%%&ﬁgeh“aﬁﬁ m  of
. - ethanol (96%Them 56G2 Thel G Ji9bh AbsEYABRERBRALWEF &t AHTFRUGFot ary
evi"iporat orI F%éafjtéﬁ Im@}{ﬂgﬂit}_a:tihad em)e{:atwq: ofo W@ & ismluliom. vacuo. The
-~ oil ~crystallized on cooling: mxture (apPPLOX..1: o] : LEkgat ihons A
“and B, quint iAfRe AR B 15 8 S DEFopt bdFLAS AR SR o

" at. a bath 25 garmiesmt UtReOfsclift ib20Gramdskepiyat (aksut t Enpebht GOOLEGH 20

i~ .mn. The crystals obtained on cooli Lsggd mainly of nodification B
“.with a trace 3t ﬁ‘ﬁi’ﬁ%e%o‘-%/n{abr ?t%o ]@a(?rp: e ?6 2°g of 1, nodification A
~,were briefly nelted at a bath tenperature of about 140C and then rapidly

" cooled. The cgysial sistef of s MdbApdidi cal imsuiE xéak ol BIS 35

.~ polymer. - qé#si%x:srr%ﬁg %#%00 m of acetone were added to a.solution of 3
g .of I; modification Ain 8 ml of water, and cooled at -5 to 5 -8C (2 h).
«Yield: 1.8 g é%?%r?éré@ﬂﬂ'EY&f ofhé, mEEHeEI Laior BbxTOr ml( Brd Apoling
“.Exanpl e 28 80 of acetone were d to.a solyti f (@ ot g

o nodification veswlaed nitioP di Fet h@??%rﬂgmtglee.o Iy'ti \/\%‘Es1 2, hokitication

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

Concentration of the mother Iliquor to about 20% and
30 cooiing 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-dimercaptooctanoic acid was followed
by heating at 55°C to give a solution. Addition of 1 g




. cooled to -5C and stirred at this tenperature for 15 90 mn. Yield: 2.75
g (91.3 of theory) of I, nodification. Bwith traces of A 20 Exanple 29 20
g of I, nodification A, and 2 g of sodiumsulfite were respectively .. -

-di ssol ved and suspended in 50, m of ' —etifartol (96% at 50-55C. Addition of -

1 g of Diacel was. 25 followed b clarlflcatlonb ti | ool i ng
to -6 to -8CafhdDeEicedi nyast fﬁ?—i%’@ PNt u%‘él%’r Ct % |dr’SS %A 5& g (79.5

of theory) of d’mlrfpdéﬁac%tlla%fmdattliﬁm (B >sAptisf, BeardoIEheosmu@mnl
rmdlflcatlonA and 0.25 t oQct anqi we digs vedln
85 m of 35 éﬁﬁan@llof“’&ﬁ(hygf’BﬁJgg até %’6‘% N&?tl8¥\ltg§h%d % Dg;cg:o
fol | oned by cipqulpzith)o,n by suction, slow cooling to -8 to -12C and o
stirring in th;ﬁidﬁe %“”% )&%%%e wéﬁg isolatted YESbA thd F16L%% of

fi

t heory) oP | &on° ure ncentration. of the nother
liquor to ab%lﬁomm&mn rxglxiasmt%dﬂlh) 6.1 g (61% of theory) of

- nodi ficati onoﬁ%ExartrBI e Hd)- 109 09f Hxd hbgg;ﬂ %%&Mw@cw Pneet od .

b) were diss ina mxture con3|st| n 760 f cyc oh %nd 40
m of water- s‘raalﬂi aaad sopledacadt are F\‘R/atgf &n‘?‘éﬁnl&"?% t 2 °f§f

Addi tion of eces Ves f1bdeyrdobyI ol modifieatdon §. suction, slow 15
cooling to - Stll’l’ln at this te eraturefor i |

sucti on, l\ﬂashﬁ'%twlfh%%ﬁéﬁé’rh OdrIPHYE at® n:?OC{j‘agfelat(ﬁl{&1 ‘f‘%%l%%? 5 of
theory) of Ritfigrtés asi d.92¢ pysess of WBIRRMGN1852 I, modlﬁ@’nam:w/ 07310
Claim 1. I\/bdlflcatlon A of compound I o- H-S c(cH20H)3

Example 10

15
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. R
20 Addition of 1 g of Diacel was followed by st:.rr:.ng at R

53-55°C for 20 min, clarification by suction and :s_low.-

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

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

25 were obtained.

The mother 1liquor was concentrated to about one '.ha_J.f

and cooled at -5 to -10°C overnight. .
19.1 g (yield 58.4% of theory) of I, modj.ficatio_n B

30 weré obtained.

Production of modifications by conversion

Example 11

35 |
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.




. s S, 5 characterized by the x-ray diffractogram with reflections not
--coinciding with the reflections of the other nodification being observed
~inter alia 10 at 14.872A(5,96.'4) , 19.9929(4.440 , 20.8829(4.25,09),
-22.7826(3. 900, 24.5329(3. 630, 25.662AQ31_71I); 30. 0528(2.9p) and at
.37.2928(2.41A). 15 2. Modification B of "Conpound | characterized by the
. x-ray diffractogram with reflections not coinciding with the reflections
- of t'he other nodification being observed inter alia at. 13.80 ?%g,41ﬁ0,
' 15.2229(5. 82(aftdy . R EiNbipg 28t anBl he 230862AR3hY9gnd3 SEATTRG, A& of
. - nodi-fications A.and of co : f an nposg t ben.thidords) TbE I,
. production of& nﬁlﬁle.?i %ﬁ%eozﬁesnwgﬁgl%hghd%o% E)B m xt ures of 1g’lny conposition
by reacting RaddiDidaticemiB, were t¥ePRYeRe®; characterized in that
'_Lronetannk is metered into a solution of R-thioctic acid in a polar
.-~ sol vent, tthe suspension 30 is heated to giye a soluti .
" crystal lizat i Gon¢en ¥ BEAOR aSo&h%yﬂ%%?’?né}qﬁﬂﬁr etoapgr%prgl{]gt %A
concentration;, o &bkp' fheeZbe owmiridtor resatived ngnmollid izatBBks o and B,
-and A/.B m xtures of ang coggqgi%ion ., as glained in claim4, characterized
in.that strai §REOERLI Pf of - FRAFEHEPETYBHSI s having 1 to 6 C atoms) and 5
m xtures thereof with water, are enployed as pol ar sol vents. 6. The net hod
for produycjing nodiiic- ion A as clainmed in clainms 4 and 5, characterized in
-~that an 10 REXMBRtFc 4cid produced by racenmate resolution is enployed in
«.the reaction. 7. The method for producing nodification A as clained in
claim 4 and 3 jolr apt epbaed; LALi bAAE AverdS disshilyed cimeld plodited by
introduction of “sulfur’ in the final ségg'.of the-syntheskﬁsaqgngﬁgn%y
purified by rethgnedl |(ErhycEeus) r&pr |§Pt£ﬁ§ﬂf° Y%y Syed 11T the
“ reaction. 20 8ggTheypret hodnf or campduatagepodididat the B aescfaemedds
~claims 4 and 5, characteriz in fhat an R-4higebk¢.aq d jyporicast 1dn .
introducti®n &RVESFLERCRH Fﬁgeﬁ lsf'fgagéﬁo#l’ t ﬁg gght (ral:le'singgi s enpl oyed in
.~ the reaction.a25 9. The nethod for producing an A/B nodification m xture of
.. any conposition as clainmed in clains 4 and 5, characterized in that an
. R-thioctic acid which has been produced by introduction of sulfur 30 in
- the final stagsamplehd3synthesis and only partially purified by
recrystallization, or reprecipitation is enployed in the reaction. 10. The

hEthOd fchprg%u%hn%fngghLb%ghgogr% %%dgdmégﬂé 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



35 in<clains 4 and 5, characterized in .that an Rthioctic acid produced by
tacemate resolution is enployed in the reaction with addition of
* nucl eophi | i ¢ compounds. - 21 ' 11. A method for producing nodification
A, characterized in that nodification B:P A B mxtures are recrystallized
; from straight-chain or branched al cohol sThaving 1 to 6 C atons. 5 12. A
. ~method for characterized |Nn, mXxtures.ar i q S 330 £hi
ﬂ appropriate mF?hfémnﬂNﬂlqﬁzrg Be8%6?5 agiﬁgkﬁggl |c§#?g%8g,%Huﬁhls
- nodi fication Be@perdBussofoed2ih. straight-chain or having 1 to 6 C atons,
. ~where addition of water, and the by distillation in vacuo. 13. A nethod for
:.* producing nodification A characterized in that nodifications B or A/B 15
mixtures, suspeetiédlén8sgr&B4ht of hthaosy) bPAnEhelodt ELRBFSORalling 1 to 6 C
at ons, mhq{e appropriate with addition of water, are stirred as suspension
~at tenperatures of about 0 to 60C, preferably at about 20 to 40C, and with
' reaction tineBxampia 20 general 1 to 24 h, -in particular about 2 to 15 h.
i+ 14.- A nethod for producing nodification A characterized in that nonpol ar
" solvents are added to _the npdification B which . i | ved
~strai ght - chai A008 Bfadchd®f ’sorhr;@ﬂ ng=1%t glgsghgggrré?l vehg)r gﬁ of
- appropriate wethaaddi taahydkows) ear BOHSGRED Mhec ddllitmptel vasn $ARBE f or
produci ng nodi ficatiqn B, .30 che er| g that i fi QA wis A/ B
. mxtures dte FBB&?ét 3:19 i_z%dglpr o?nfogﬁ’ai §ét§géh§| r#%ng?gncﬁg%&Jal cgﬁol s having
£..1.-to. 6 C at omepnwhanedappr opr kat el@PEnfaadRt Pon of water. 35 16. A met hod
- for -produci ng nodi fication B, characterized in that nodification Ais .
~ dissolved in straight-chain or. branched alcohol s-havi.ng L to C , and
“‘the sol vent i &6r8novetBhydo¥i ofi | FAEPHV) of 22 “Pfﬁé,&c%ettlhoorh ?‘Or ‘gé%%ﬁci ng
- nodi fication Bgeghakagterized in that a melt of nodification Ais kept
=-preferabg¥ at about 115-130C for about |0 to 5 40 mn, in particular at »
v~ -about 115L320C for 15 to 25 min, and is induced to crystallize by cooling.
-~ 18. A net hod tencpheduting nofii fheamoshel, ldemact e | iéé iand hggoling
- modification A__is,1Q r.ecr | } 0 b 9lte- ahaigb i £ ¥ aahicdredB
. al cohol s haviHSSTiF8961%'§¥§%34m}%fgaégiFP%%Eg? %Ecleophilic conpounds,
- where appropriwatk wirekesddi-ti on of water. 15 19. A nethod for producing A/B
modi fi cation gt Uogs: ERAIRCLALT spdalinethnavemdithoati seeding.
strai ghtchai n"or branched al cohols having 1 to 6 C atons is heated in
general f20 about 2 to 12 h, preferably about 4 to 8 h, and then

”.“crystallized 2Qahyp1eoaki ng. K

40 g of I, A > B mixture, were dissolved 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.

vield: 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.



"20. A nethod for producing A/B nodification m xtures characterized in that
nodi fication Ais dissolved . in straight-chain or branched al cohol s havi ng
| to. 25 6 C atons with addition of water, and the solvent is renoved. by
distillation. 21. A nethod for produci-ng5A-B nodification nixtures,
characterized in that nodification Ais briefly 30 nelted and the nelt is
rapi dly cooled. 22. A nethod for producing A/B nodification m xtures,
characteri Ze%:lagn tlléatl dification Ais dissolved in water or : '

di et hyl f or mam é) the A/B 35 nodification mxture is preci pitated by
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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 ndxtu:g,
were obtained.

30 '
Concentration of the mother liquor to 20% and cooliqg;
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.
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Yield: 1.8 g (60% of theory) of I, modification mixture
(B > A). : :

10 Example 28

80 ml of acetone were added to a solution of 3 g of I,
modification A in 12 ml of dimethylformamide. It was
cooled to -5°C and stirred at this temperature for

15 90 min. ' S .

vield: 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 sodlum sulfitef7, 
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 -89°C and stirring at this temperature for 2 h.

vield: 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.
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modificati
- Example 31

10 100 vg of R-thioctic acid (produced by method b) were

| dissolved in a mixture consisting of 760 ml of
cyclohexane and 40 ml of water-saturated ethyl acetate
(water content: 3.2%) at 40-42°C. Addition of 5 g of
Diacel was followed by clarification by suction, slow

15 cooling to -5°C, stirring at this température for 1 h,
filtration with suctibn, washing with cyclohexane and

drying at 30°cC.

vield: 87.5 g (87.5% of theory) of R-thioctic acid,
20 opure.



.. n00=9! , #109%F&' () - 98!, #1094& () - 9@! , #109T& () - 9!, #10%&'() #39| +#9! , #1090 & -
“()-9!, #1099°& () - |
g?'gié((y}&z Sa %9 9l , #1000 & () - #39| +#9! , #1094 & ()- 9!, #10%&'() 9, #10%&"()-'
9!, ' . eF, =9I & (9!, #10%T -

| +#( 9! | #100/(1& )bé/gﬂﬁg/&&'() 91, #10%&'? ( %é%%%’é}%%(éwggg-
()-9!, #109& ()- 9!, #109& () - #39| +#9! , #109F& () - 9!, #10%I'&'() 1 1.9% eF, =9!
#10%&'(9| #1094 & ()- 9!, #1008& ()-9! ., #1096& ()- 9!, #1090& () -#39| +#9! , #1094
& ()-% & "/~ FAPIBB=g1 "#10% 610% %& ()-( Lf510% %&' ()- *S/V'10%~$ & ()-

9, ML0% %&' ()- 9!, #10%&'() #39| +#/ 0000001 2vU4 S! 1096-& () - @/&10%&'() 4%
Y&L0%&' () - 4$19f|10 Offl %a ggglg/f% é}n uﬁé# 0% & ()-2 2] 2233 44] [ : vU4
*s'110%& () - &L% 5 ( 5% ) (L0%ww& ()-( =10%& ()-w

- 10%-& () - 44}5L6|\/5N606V66vu4 10% ' f& ()- MLO% ' f& ()-10+10+10+ -
4°1110%& ()-( %! 10%& ()- & 109%-& ()- nﬁ6a7n7q7t7w7|[ vUd. s' 10%'f& ()-
“110% ' f& ()- F&LO% & ()- "Y'10%f& ()-©@ "Y' 10%' & ()-

S \TY'109%6WoB & () - w727} 7889@ | [ vU4 011096 &F & (1M 11 &()-Mm
"1109%f& ()- 0"109% $f & ) é}%’“ I'i)z)&&.:::::::'vu4 L&

(10%&+&8' ()- M& (10%' & ()- Yo' f 10f" f 10f" f 051005 f&'() 27109% ' f&'()
01096 ' f& ()- ;n<<=(==| >$f=w@ L % #! 10%-& ()-zM z& (10%&'()

(10%: ()- & (10%& ()-( k& (10% & ()- & (10%& ()-|>>>2?) ?2X?| [ : vU4 L
- @0%& ()-fM &&310%-& ()- %-1098& ()- ~LI10%& ()-( L*10%-& ()-
#1098 ()5 zX?j @(@@r@@\yABvU4 “y) 10%¢* & ()- p Oy) 109%&&' () -

?Ly? 18%‘&&% Nﬂ?%*&' )- 10+10+10+ %5! 10%-& ()- BBB] COVDD{ Z9vU4 -

*1 *& ()-z }% X" 3010 / * A
& ()- y)i0ves () %%fégl‘é? EEPobUX 1%%%‘%%‘%}?{09‘3%%%?%‘8%?%%‘{,}100#9@&(
61092 & ()- & 410we&1@)ct1p11@@%&'0(°)mz’eﬂmgcmc§h[ g refle %’eﬂns(% (O-f
& 109% & ()- |10% &nhk) otﬁé&lp%&lficgtl%o%&r@ -dbserved inter- al:l.a
F(10% & ()" GGHHHHZI [[: bU4 - 10% & ()-U LY+10% & ()- (s10% & ()-F
GI110%GL%e ()- 8PE1008, 8& ()- 9210% & ()- 2111133333 obUd -
109 & () - 10, 10, 10, 147¥70%20&5( H6A) @ NBH9® I26-(46HAK)E (30.88°20 (4. 25A),

=Sy L 10%e, =& () JJ% 575656735804, , 824 BR A6 ,103/3&6@29(3-1Mf& O t

- &10% & () -
30. osoze(z 97A) and at 37.29°20(2.414).

15 2. Modification B of compound I characterized by the
X-ray diffractogram, with reflections -nbt-
coinciding with the reflections of the otherT
modification being observed inter alia at | -
13.80°20(6.414), 15.22°20(5.824), 17. 50°29(5 OGA)'

20 and at 23.48°20(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 appropriaté

after concentration.
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7. The method for producing modification A as cléimed
- in claims 4 and 5, characterized in jthat” ah."
15 R-thioctic acid produced by introduction of3su1fur_
in the final stage of the synthesis and highly a
purified by recrystallization or repreclpltation;.

is employed in the reaction.

20 8. The method for producing modification B as claimed
in claims 4 and 5, characterized in..that' -an -
R-thioctic acid produced by 1ntroductlon of sulfur -
in the final stage of the synthesis is employed in
the reaction. : '

25
9. 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 -
30 in the final stage of the synthesis and only
partially purified by recrystallization or
reprecipitation is employed in the reaction.

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

nucleophilic compounds.
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11. A method for producing modification A,
characterized in that modification B or A/B
mixtures are recrystallized from straight-chain or
branched alcohols having 1 to 6 C atoms.

12. & method for producing modification A,
characterized in that modification B or A/B
mixtures are dissolved in straight-chain or
branched alcohols having 1 to 6 C atoms, where

10 appropriate with addition of .water, and the
solvent is removed by distillation in vacuo.

13. A method for producing  modification A,
characterized in that modifications B or A/B
15 . mixtures, suspended in straight-chain or branched
alcohols having 1 to 6 C atoms, where appropriate
with addition of water, are stirred as suspension
at temperatures of about 0 to 60°C, preferably at
about 20 to 40°C, and with reaction times of in
20 general 1 to 24 h, in particular about 2 to 15 h.

14. A method for producing modification A,
characterized in that nonpolar solvents are added
to the modification B which 1is 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 1l6. 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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kept preferably at about 115-130°C for about 10 to
5 40 min, in particular at about 115-120°C for 15_to

25 min, and is induced to crystallize by cooling.

18. A method for producing modification . B,
characterized in that modification A,;'is 

10 recrystallized from straight-chain or branched
alcohols having 1 to 6 C atoms withiaddition of
nucleophilic compounds, where appropriate ~with

addition of water.

15 19. A method for producing A/B modification~ndktu:es,.
characterized in that modification A in straight? '
chain or branched alcohols having 1 to 6 C.atomB '
is heated in general for about 2 to 12'h;'_ |
preferably about 4 to 8 h, and then crYstalliZed;_]f'

20 by cooling. B '

20. A method for producing A/B modlflcatlon mlxtures,i
characterized in that modification A is dlssolved 
in straight-chain or branched alcohols havlng 1l to.

25 6 C atoms with addition of water, and the solvent

is removed by distillation.

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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.characterlzed 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 or 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.



