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a- Li poi c acl S di ane- 3-pentanorc acid (thioctic acid). a-
acid |S\HQk9y'd|str|buted in plants and anlnals as a coenzynme of a-keto
aci d dehydrogenases; the naturally

Description

The invention relates to new optically active salts of a-lipoic
acid and of opticélly active a-methylbenzylamine and a process
for the preparation of the enantiomerically pure a-lipoic acids
and of the_enahtiomerically pure dihydrolipoic acids.

a-lipoic acid is 1,2-dithiolane-3-pentanoic acid (thioctic
ac1d)

As a coenzyme of a-ketonic acid dehydrogenases a-11p01c acid is
w1despread in plants and animals; the naturally occurring form
has the R-configuration. When "a-lipoic acid" is referred to
hereinbelow, this is always an.a—lipoic acid with unknown
stereochemical composition.

a-lipoic acig is pharmacologlcally active and has
anti- 1nflammatory and antinociceptive (analgesic) as well as
cytoprotective properties.

A series of salts are known of a-lipoic acid, for example salts
of a-lipoic acid with optically active bases such as with the
basic amino acids arginine and lysine. (Spanish patent No.
313,056). Neither the reaction of L—argininé with D,L-a-lipoic
acid nor the reaction of DL-lysine with D,L-a-lipoic acid yields
separable diéstereomeric salt pairs. ' '

Known syntheses of enantiomerically pure a-lipoic acid always
pass through chiral primary steps which are split in the course
of the synthesis. In Walton, Wagner, Peterson, Holly and Folkers
(J. Amer. chem. Soc. 76 (1954), page 4748 et seq.) the
intermediate step 7-carbethoky—3—acetylﬁhioheptanoic acid is
split with L-ephedrine. Another process published by the same
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occurrlng f.orm has the R configuration. Wienever a-lipoic acid is nmentioned
"bel ow, the termis ‘taken to refer to a-lipoic acid of an unknown

st ereochem cal conposition. [err]-Lipoic acid is pharmacol ogically active
and has anti-inflamuatory and anti-nooc+c2ptive (anal gesic) as well as

Cyt opr ot g ew&ré)rﬁpe&t'ﬁf A &l £556L ., a9 g%s;zcggga%ﬁa@&ﬁd&i@% the

I ncl udi ng exa a-1i’por ¢ aci E cally active bases,
such as fW%)@é’Fﬁﬂ”é“Qﬁ’t#? h%t?ias@amﬁ%eaﬁﬁbgn'ér 4P pnéeéﬁH ibes &€ Spani sh

pa}_ ent n%dlcﬁ]&&5®om ﬁdﬂtec?]ft&'-eli :Gélaelafwitaraéeaﬂeymbhextrm
[err]- Iﬁgﬂétéggtloéqng €ieeggpaggtgon into enantlomerlc compounds.

Object of the invention is the preparation of enantiomerically
pure salts of a-lipoic acid using an optically active aux111ary
base and the subsequent liberation of the pure optical isomers
of a-lipoic acid. In the pure optical isomers of a-lipoic acid
(R- and S-form, i.e. R-a-lipoic acid and S-a-lipoic acid) the
R-enantiomer is predominantly anti- 1nflammatory and the
S-enantiomer is predomlnantly ant1noc1cept1ve in contrast to the
racemate (EP 0427247, 08.11.90).

The invention also relates to the preparetion of salts of the
pure optical isomers of a-lipoic acid with the pure optical.
isomers of a—methylbenzylamine. This is carried out by
dissolving the isomers in an appropriate solvent at elevated
temperature, for example at 30°C - 60°C, in partlcular at 40 C,
and 1solat1ng the pure dlastereomerlc salts by erystalllzatlon
at low temperature, for example at 10°C to'30°c,.in particular
at 25°C. Solvents apart from water that may be considered are:
aliphatic hjdrocarbons with a carbon chain length between 3 and
10 carbon atoms, aromatic hydrocarbons that are liquid( esters
of aliphatic or cycloaliphatic carboxylic acids with 2 to 6
carbon atoms and aliphatic or cycloaliphatic alcohols with 2 to
6 carbon atoms, aliphatic or cycloaliphatic alcohols with 1 to 6
carbon etoms, ethers and glycol ethers or homogehous_mixtures of
the solvents named. Particularly preferred solvents are toluene,
acetic acid ethyl ester and cyclohexane. To prepare the
diastereomeric salts the mixture of free R-a-lipoic acid and
S-a-lipoic acid is then preferably either directly reacted with
a-methylbenzylamine or also the mixture of R-a-lipoic acid and
S-a-lipoic acid as a salt, e.g. alkali or ammonium salt is
reacted with a salt of
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D L-lysine with D/ L-[err]-lipoic acid yield separable diastereoneric salt
pairs. Known nethods for synthesising enantionerically pure a-lipoic acid
al ways proceed via chiral precursors, which are resolved over the course of
the synthesis. Thus, in Wagner, PeterSOﬂ 3Helly and Fol kers (J. Amer. Chem

Soc et pex
3- acetyléﬁlghegian0| aC|Jﬁ%s re %iéfbéﬁ%ﬁ%f@@hedrl%3EQ%E0t&grisrgéggg
proceedi RYSHiR é%amaqhm @Hfﬁ@t?- sewbhn%«ﬁ‘a of ehdipgis é&t‘ﬁo?’étlhn aj.

Aner . Chgﬁuf@@é of” -k Ny 1heasy Ddiifne Japanese patent 7970 describes the

It has now surprisingly been found that the diastereomeric salt
pairs display solubility differences with the result that when
reacting the racemate of a-lipoic acid with an optically pure
isomer of a-methylbenzylamine, -one diastereomeric salt pair is
selectively preferably isolated. It is pafticularlyiadvantageous
to add to the racemic a=lipbic acid solution only 0.3 - 0.8, -but
preferably 0.5 - 0.6 of the molar equivalent of a pure
enantiomer of a-methylbenzylamine. Here it is possible to
sélectively prefer a diastereomeric salt pair. The enantiomer of
‘a-1lipoic acid, now greatly enriched in the mother ligquor, can be
obtained in- particularly énriched form through addition of the
other enantiomer of a-methylbenzylamine. This procedure is
suitable for a continuous preparation process of both R-a-~lipoic
acid and alsqg S—aélipoic aéid' it largely being p0551ble to
obtain the two pure enantiomers without loss. These
diastereomeric salt pairs can be purified through
recrystallization from thé.pure, already mentioned solvents or
their homogenous mixtures, so that pure salt pairs are £inally
obtained.

The_puré salt pairs of R-a-lipoic acid and R-a-methylbenzylamine
or S-a-lipoic acid and S—a-methylbenzylamine'can be split by
addition of acids, e.g. mineral acids, and the pure R-a-lipoic
acid or the pure S-a-lipoic acid isolated by extraction.

The purity of the optical isomers and the diastereomeric salt
pairs was determined using the specific optical rotation values.
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,addi tion caonpound of a-lipoic acid with [err]-cyclodextrin, wthout
“mentioning separation into enantioneric conpounds. In (J. Arer. Chem Soc.
79 (24), 6483-6487 (1957)), Acker and Wayne describe the preparation of
([err])-[err]-lipoic acid and (-)-[err]=l8poic acid by reduction of the

enant! STl ive R R BHES Wb EOLnCl BpEl tad. BOERL06E06LAABA Ak b
(-)-6, 8- orooctan0|c ac respective The enantiqgnerically
then determlned by gas chromatography in optlcally active

colunns with a detection limit »0.5%. The values are given as
_enantiomer excesses (ee-values).

Enantiomerically pure R-a-lipoic acid or S-a-lipoic acid can be
converted with diphenylmethylamine into a stable, easy to handle
salt; the optical purity of the a-lipoic acid can then be
determined via the specific optical rotation value.

The present invehtion will ndw be explained in greater detail
with reference to the following examples.

Example 1

20.6 g (100 mmol) R-a-lipoic acid were dissolved at 40°C in 200
ml toluene. 12.1 g (100 mmol) R-(+)-a-methylbenzylamine were
measured ﬁheneto within 5 minutes. The mixture was cooled to
25°C within 2 hours . The precipitate was filtered off and
rewashed twice with in each case 30 ml toluene. The salt pair

was dried in a vacuum at 45°C.

32.4 g (99% of theory) were obtained.
R-a-lipoic acid-R-a-methylbenzylamine salt, a2°=
+ 74.0°

({c=1; ethanol), ee.: >99% (GC) solubility in toluene
0.09% (25°C), in water 1.16% (25°C) melting point 109-115°C.
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pure dichl orooctanoi c aci ds are obtained by racemate resolution fromthe
racermic mxture ([err])-6,8-dichlofo- octanoic acid by reaction with
(-)-ephedrine. The object of the invention is to produce enantionerically
pure salts of [err]-lipoic acid using an Bptically active auxiliary base
and subs%%ﬁﬂgl%iperation of the pure optical isonmers of [err]-lipoic acid
Wth regard to the pure optical isoners of [err]-lipoic acid (R and S
form-i.e. RJerr]- lipoic acid and S-a-lipoic acid), in contrast with the

racemat e,2¢ /¢ &R ENGOIHAGE) §2&-BipbeeogLRANYkY-e2Bhssblved R @0 ;ARG @o@nd
the S en%”né% ueﬁ@s f§.1 g (100 mmol) R-a-methylbenzylamine were
measured thereto within 5 minutes. The mixture was cooled to
25°C over 2 hours. The precipitate was filtered off and rewashed
twice with in each case 30 ml toluene. The salt pair was dried

in a vacuum at 45°C.

32.1 g (98% of theory) were obtained. _
S-a~lipoic acid-R-a-methylbenzylamine salt,
20 ~0.

o = - 59'2

D

(c=1; ethanol), ee.: >99% (GC).
Solubility in toluene 0.12% (25°C), in water 1.41% (25°C)
melting point: 113- 117°C.

Example 3 P

20.6 g (100 mmol) S-a-lipoic acid were dissolved at 40°C in 200
‘'ml toluene. 12.1 g (100 mmol) S-a-methylbenzylamine were
measured thereto within 5 minutes and working carried out as
described in Example 1.

32.3 g (99% of theory) were obtained.
S-a-lipoic acid-S-o-methylbenzylamine salt, a
- 74.2°

20_
D

(c=1; ethanol), ee.: >99% (GC).
Solubility in toluene 0.09% (25°C), in water 1.17% (25°C)
melting point 109-115°C.
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.predom nantly anti-nociceptive action (EP 0 427 247 —08-t1:90)—This
invention also relates to the production of salts of ThiigheRtiaEBRPREFIRE]
i somers of [err]-lipoic acid with the pure optical is

a- met hyl benzyl am ne. The nethod used heregis that the]m;lﬂ'mu l““ “
in a sui bIe]§oE¥ent at elevated tenperature, for ex

30[err] G eﬁrﬁ , in particular at 40[err]C, and the pure diastereoneric
salts are isolated by crystallisation at a | ower tenperature, for exanple
at 10[ er i3 ¢ Q 0[50 Mol j NRAR 14 %ﬁid?@é?é&h%sé%éa”% Qe ihhawo

wat er which may be considered are: aljphatic an )
ml toluene. 12.1 g (100 mmol) S-a-methylbenzylamine were

measured thereto within 5 minutes and working carried out as

ssol ved

described in Example 2.

32.0 g (98% of theory) were obtained.

R-a-lipoic acid-S-o-methylbenzylamine salt, a20=
+ 59.4° b

{c=1; ethanol), ee.: >99% (GC).
Solubility in toluene 0.12% (25°C), in water 1.40% (25°C)
melting point: 113-117°C.

" Example 5

4.0 g (19.4 mmol) R-a-lipoic acid were dissolved at 40°C in 30
ml diethyl ebhe; and reacted with a solution of 3.55 g (19.4
mmol) diphenylmethylamine in 100 ml ether. The precipitate-was
crystallized out from 30 ml methanol/150 ml diisopropyl ether.
17.5 g (18.4 mmol) (95% of theory) were obtained.

R-a-lipoic acid-diphenylmethylamine salt with a melting point of
123-4°C. ee.: > 99%,

a5 = 158.8° {c = 1.4; pyridine);
D D

a25 = +60.2° (c = 0.3; pyridine).-
D

Example 6

With exclusion of light the hot solution of 1.03 g (5 mmol)
racemic a-lipoic acid in 75 ml of ethyl acetate dried with
K,CO3 was reacted with 0.303 g (2.5 mmol)

R-a-phenylethylamine and then cooled, first to room temperature
and then in a refrigerator. 730 mg (89%) crystallized out which
consisted mainly of the R-a-lipoic acid-R-a-methylbenzylamine
salt. This was recrystallized twice from in each case 30 ml
ethyl acetate, 550 mg (67%) purified diastereomeric salt being
obtained.
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.cycloaliphatic hydrocarbons with a carbon chain Iength of between 3 and 10
carbon atons, aromatic hydrocarbons, which are liquid, esters prepared from
aliphatic or cycloaliphatic carboxylic acids with 2 to 6 carbon atons and
al i phatic or cycloaliphatic'alcohols\MTrVZ'to 6 carbon atons, aliphatic or
cycl oal i phati c al cohol s mﬁth 1 to 6 carbon atons, ethers and egcoI et hers

oyl ohex e FAReast (118 s %%#%ﬁ%@i%fﬁ%ﬁt“' R

di ast er ediner isplstiiian davemedrwitth abl kayex hef etheeacndtaelduiaaﬁd unthhe

free Ra QH&%%dbiWiékfﬁﬁ* N hydrochloric acid. The R-a-lipoic acid was
extracted three times with fresh ether, washed the unified ether
phases neutral and after drying and evaporation R-a-lipoic acid
was obtained in virtually quantitative yield.

135 mg (0.654 mmol) of the R-a-lipoic acid so obtained were
dissolved in 1 ml ether and reacted with the solution of 152 .mg
(0.83 mmol) diphenylmethylamine in 3.5 ml ether. The precipitate
was recrystallized from methanol (1 ml) diisopropyl ether (5
ml). R-a-lipoic acid-diphenYlmethylamine salt was obtained with

a melting point of 120° C, %g = + 51° (¢=0.3; pyridine).

Example 7

. i . . X : '
20.6 g (100 mmol) racemic a-lipoic acid were dissolved at 40°C
in 200 ml ethyl acetate. Over 5 minutes 6.59 g (54 mmol)
R-(+)—a4methylbenzylamine.were measured thereto. The mixture was
‘then cooled within 2 hours to 25°C. The precipitate was flltered
off and rewashed twice with in each ‘case 35 ml ethyl acetate.
The moist salt pair was- recrystallized four times from in each
case 400 ml ethyl acetate and then dried in a vacuum at 45°C.
9.3 g diastereomeric salt were obtained from R-a-lipoic acid and
R-{+)-a-methylbenzylamine, a§g'=‘+6510*“(c=1;~ethanol).
‘The salt pair was Suspendea in 300.ml water at 2sfc and reécted
with 100 ml cyclohexane. The mixture was slowly adjusted to a pH
value of 1 with 1 N hydrochloric acid with ice cooling and then -
heated to 40°C. The phases were separated and the water phase
re-extracted once more with 30 ml cyclohexane. The combined
cyclohexane extracts were cooled to 5-10°C and post-stirred at
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S-[err]-lipoic acid directly with a-nethyl benzyl am ne or al so
REPLACEMENT SHEET - 3 - to react the mxture of R[err]-Ilipoic and
S-[err]-lipoic acid in salt form for exanple as an alkali-netal or
ammoni um salt, with an a-nmet hyl benzyl antn® salt, for exanple the

hydr ochl HfE*EEm @lfe f&r'§ ﬁéﬁ?spﬁéﬁ'éf sEQliQﬁﬁEléﬁ alrkal i ne: earth
net al salt of [err]-li1polc, acid a sulfaie
precipitate was flltered off, rewashed once with 30 ml

cyclohexane and dried at 25°C in a vacuum. 4.1 g (40% of theory)
R-a-lipoic acid, a28 - 4104.1° (c=1; benzene) were obtained.

Example 8

20.6 g (100 mmol) racemic a-lipoic acid were dissolved at 40°C
in 200 ml toluene. 6.59 g (54 mmol) R-(+)-a-methylbenzylamine
were metered thereto over 5 min. The mixture was then cdoled
within 2 hours to 25°C, filtered and the sediment rewashed twice
with in each case- 35 ml toluene. The moist salt pair was
recrystallized four times from in each case 400 ml toluene and
then d;ied~in a vacuum at 45°C. 10.6 g diastereomeric salt were

obtained,
aig = +72.5° (c=1; ethanol).

The salt pair was split as described in Example 7 and the
a-lipoic acid obtained in crystalline form from cyclohexane. 4.6
28

g (45% of theory) R-a-lipoic acid were obtained, a’p = +115.0°

(c=1; benzene)

ee.: >99% (GC).

'Example 9
)

103 g (500 mmol) racémic a-lipoic acid were dissolved at 40°C in
1.0 1 toluene. 33.0 g (270 mmol) R-{(+)-a-methylbenzylamine were
added thereto within 5 minutes. The mixture was then cooled
within 2 hours to 25°C, filtered and the precipitate washed
twice with in each case 150 ml toluene.
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of [err]-methyl benzyl am ne. Surprisingly, the diastereoneric salt pairs now
exhibit differences in solubility, such that when the [err]-lipoic acid
racenate is reacted with an optically pure isoner of

[err]- nethylbenzylan1ne a di astereonericgsalt palr S preferentlally

sel ecti vel |sol { IS partlcularlé ggvanta s to, inﬁzo
but pref etBIBOHSE_ 92k o?aéFnB?ﬁrr%ﬁﬁ¥§ f fzﬁﬁ SEET
[err] - net&]ylmarnyc_i; (&Gtmbb)thea#htpm‘.c aehapmaemmmmzyhﬂns

manner, q5#¥€s ELEO ££§néalgfgg%L %?¥%ﬁéeferentially be selectively

i sol at ed err] I'poi €~ acl Br which is

The mother liquors of the recrystallization were substantially
concentrated in a vacuum and the residue taken up with the
crystallization mother liquor. This was extracted with 120 ml
aqueous hydrochloric acid (solution R), suffiqient hydrochloric
acid being added thereto for the aqueous phase to have a pH-
value of 1. The toluene phase was then washed twice with 100 'ml
water.

B).

A further 66.0 g (320 mmol) racemic a-lipoic acid were dissolved
in the toluenic a~lipoic acid solution from A) and reacted at
40°C with 52.1 g (430 .mmol) S-(-)-a-methylbenzylamine and then
cooled within 2 hours tb 25°C. The precipitate was filtered off
and rewashed twice with in each case 150 ml toluene. The moist
salt pair was recrystallized as stated in Example 8. After
drying, 91.7 g (280 mmol) S-a-lipoic _
acid-S~-(-)-a-methylbenzylamine salt were obtained. The mother
liquors of the recrystallization were largely concentrated in a
vacuum and:the residue taken up with the crystallization mother
liquor. These were extracted with 170 ml. aqueous hydrobhldric
acid (solution.S), sufficient hydrochloric acid being added
thereto so that the aqueous phase had a pH value of 1. The '
toluene phase was then washed with twice 100 ml.

C)

A- further 51.6 g (250 mmol) racemic a-lipoic acid were dissolved
in the toluenic a-lipoic acid solution from B) and reacted at
40°C with 47.3 g'(390 mol) R-(+)-a-methylbenzylamine and worked
up as set out in A). 83.2 g (254 mmol) R-a-lipoic
acid-R-(+)~a-methylbenzylamine salt were obtained.
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now hi'ghly concentrated in the nother liquor may be obtained in a
particularly concentrated form by addi ng the ot her a-nethyl benzyl am ne
enantionmer. This nmethod is suitable for a continuous production process
both for R-[err]- lipoic acid and for S-fiere]-lipoic acid, wherein the two
pure enary HLoners may be obtai ned substantially w thout Ioss These

di astereoneric salt pairs may be purified by recrystallisation fromthe
above-stated pure solvents or the honbgeneous m xtures thereof, such that

pure sal ta pﬁif&é’i‘ eS‘f ' G‘aél (2501 @h8eY- rdBEmRHS &-i@.bbl%a'arc%do‘(we'%ea -did¥i15ved
acid and R— %{ ”f X

t toluedic a-lipoic acid solution from C) and reacted at
40°C with 47.3 g (390 mol) S—(+)-a—methylbenzylamlne and worked
up as set out in B). 81.2 g (248 mmol) S-a-lipoic

acid-S-(-)-a-methylbenzylamine salt were obtained.

136 g (416 mmol) R-a-lipoic acid-R-(+)-a-methylbenzylamine salt
were split as described in Example 2, 60.9 g (295 mmol) |
R-a-lipoic acid being obtained in crystailine form from
cyclohexane. aig = +119.9° (¢ = 1; ethanol);
ai§'= +117.2° (¢ = 1.8; benzene); _
ee.: >99%, mp.: 49-50°C. The mother liquor can be used for
further crystallization trials. The hydrochloride solution of
" the R-(+)~a-methylbenzylamine was'combined with the solutions R
~from A) and C), adjusted to a pH value of 13 with sodium
hydroxide solution and extracted with toluené, The toluene phase
was concentrated and yielded the R-(+)-a-methylbenzylamine in
almost quantitative amount.. -

_F)
172 g (528 mmol) S-(-)-a-lipoic acid-S-a-methylbenzylamine salt

were split as described in Example 2, 75.3 g (365 mmol)
S-a-lipoic acid being obtained in crystalllne form from

cyclohexane.
i? = -119.4° (c = 1; ethanol); mp.: 49-50°C.
I
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benzylam ne ‘and of S-a-lipoic acid and S-[err]-nethyl benzyl - anmine may be

resol ved by the addition of acids, for exanple mneral acids, and the pure
R-[err]-lipoic acid or the pure S-[err]-lipoic acid isolated by extraction.
The purity of the optical isomers and of1the diastereoneric salt pairs was

e et YA P 1 48" SoTRECOR' 8¢ 8L L 47 aRLFiF1BEnLR1ARIAL was
combined with solutions S from B) and D), &djusted to a pH value
of 13 with sodium hydroxide solution and extracted with toluene.
The toluene phase was concentrated and yielded
S-(-)-a-methylbenzylamine in almost quantitative amount.

Example 10

14.0 g sodium hydroxide were prepared in 130 ml water. 20.6 g.
R-a-lipoic acid (100 mmol ) were added at room témperaturehand-
post-stirred until a clear solution was obtained. 2.4 g (63
~ mmol) sodium borohydride dissolved in 35 ml water were then
added dropwise at 20-25°C within 10 minutes. The niixture was
" then heated to 95°C within 1 hour and post-stirred at 95°C for 4
" hours. After cooling, 100 ml toluene were added and adjusted to
a pH value of 1-1.5 at 10-15°C with semi-concentrated
“hydrochloric acid. After phase separation the water phase was
extracted onoé-qgain with 50 ml toluene. The combined,qrganic
extracts were concentrated in a vacuum. 20.3°g (98% of theory)
of R-6,8—dimercéptooctanoié acid were obtained. The distillation
supplied 18.5 g. (bp 145-6°C, 0.3 mbar).
a20: ~10.7°
p

" (C=1, ethanol).
Example 11

21.0 g sodium hydroxide were prepared in 195 ml water. 30.9 g
S?a—lipoic aéid were added at room temperature and post-stirred
until a clear solution was obtained. At 20-25°C, 3.6 g (95 mmol)
sodium borohydfide dissolved in 50 ml water were then added '
dropwise within 10 minutes.. The mixture was then heated to 95°C
within 1 hour and post-stirred at 95°C for 4 hours. After
cooling, 150 ml toluene were added and adjustea'to a pH value of
1-1.5 at 10-15°C with semi-concentrated hydrochloric acid. After
phase separation the water phase was extracted once again with

is Sheet Has Been Replaced THIS SHEET HAS BEEN

B ———




- 4 -*The relative contents of the optical isoners of [err]-I'i poi c acid
wer e’ al so detern ned by gas chromat ography on optically active colums wth
a detection |imt of [err] 0.5% The values are stated as enanti oner
excesses (ee values). Enantionerically puye.R[err]-lipoic acid or
S-[err]-lipoic acid may be converted into-a stable, ea5|l handl eg__
with di pﬁényilrré:tdlydm n&heromkined roxganic tewtTacks V?Jﬁ €orcry ﬁﬁ%eﬁere
Pel ldeter v%fé;nﬂﬁ?‘lni%’,d)fst &( §11?h %f'ﬁh@ﬁ'i?%f aS'%ﬁBDalmefaapebothao:.c
ol  ow ng exanpl e tra ese nventi o

WI gac:.)él rvrw%res olbtauz.sned The d:.stflfat:}.or\xl su;lapfleg 28.7 g. (bp

145-6°C, 0.3 mbar).

20 o
a“’: +10.7
D

(C=1, ethanol).
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_greater detai | . REPLACEMENT SHEET LI FAUG 9 -5- Exanple 1 20.6 g (100
mml) of R-a-lipoic acid were dissolved at 40[err] C i m 200ferrjnt—of
toluene. 12.1 g (100 nmol) of R-([err])-[err]-

appor tioned within 5 mnutes. The T Wﬂmm"ﬁ”ﬂﬂ?ﬁlll

- 13 -

Claims

Salt pair composed of R-a-lipoic acid and
R-(+)-a-methylbenzylamine, salt pair composed of R-a-lipoic
acid and S-(-)-a-methylbenzylamine, salt pair composed of

S-a-lipoic acid and R-a-methylbenzylamine and salt pair

composed of S-a-lipoic acid and S-(-)-a-methylbenzylamipe.

Preparation and isolation -of salts of the pure optical
isomers of a-lipoic acid and the optical antipodes of
a-methylbenzylamine,

.characterized in that

a racemic mixture of R—a—lipoiC'écid and S-a-lipoic acid or
any'mixtufe'of R-a-lipoic acid and S- a—lipoic acid with the
optical antipodes of a-methylbenzylamlne are reacted in
solution, the diastereomeric compounds being allowed to
crystallize out.

Preparation and isolation of salts of the puredoptiCai

-.isomers of a-llpolc acid and the optical antlpodes of

a—methylbenzylamlne,

characterized in that

the mixtures of the racemic mixture of a-lipoic acid and the
solution of a-methylbenzylamlne are reacted at temperatdres

between . 20°C and 60°C and that a precipitate of

d1astereomer1c compound is obtalned by cooling to 10° C to
15°¢C. |

Continuous process for the preparation of pure
diastereomeric salts of a racemic mixture of'a-lipoic acid
or of a mixture of R-a-lipoic acid and S-a-lipoic acid and
enantiomerically pure a-methylbenzylamine,

characterized in that

the precipitated salt is filtered off after reaction and the
mother liquors further processed.

This Sheet Has Been Replaced

[T




.tenperature was reduced to 25[err]C within 2 hours. recipitare was
filtered out and rewashed twice with 30 m portlonsu l I'E “,salt
" pair was vacuumdried at 45[err]C. 32.4-g (99% of t
i

|
R-[err]-lipoic acid/R-[err]-methyl- benzyfam ne salt, [err] [3rr +
74.[err]0, were obtained. (c = 1; ethanol), e[err]: [err] 9996(CI3
solubility in toluene 0.09% (25[err]C), in water 1.16% (25[err]C), nelting
poi nt 10%-.11TselatGonboiiie dpfidally Piremnosomets BHf exrlibopoi acidi by
were d'SSO|V%glxttfﬁéﬂwg(%he pure diastereomeric salts of (R)-a-lipoic

acid and a-methylbenzylamine and of S-a-11p01c acid and

a—methyibénzylamine, characterized in that

the pure diastereomeric salts are split by reaction with

inorganic or organic acids.

6. Preparation of the-optically pure enantiomers of
6,8-dimercaptooctanoic acid,
characterized in that
the pure isomers of a-lipoic acid, which were obtained using
the process accordlng to the present claims, or in another
manner, are reduced by reduction agents such as'sodlum
borohydride.
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in 200 m of toluene. 12.1 g (100 mmol ) of R-a-nethyl- benzyl am ne were
apportioned within 5 minutes. The tenperaturé-was reduced to 25[err]C
within 2 hours. The precipitate was filtered out and rewashed twice with 30
m portions of toluene. The salt pair vw$§vacuun1dried at 45[er]C 32.1 ¢
(98% of theoretical) of-S-a-lipoic acid/R-[err]-nethyl- benzylam ne salt,
[err][erApgtzact 59 2[err], were obtained. (¢ = ethanol), ee: > 99% GC.
Solubility in toluene O. 1296(25[err]C3 in water 1.41% (25[err]C). Melting
int: 113-117
poi nt %e P epaJéilon of the pure enantiomers of a-lipoic acid by
formation of_the diastereomeric salt pairs with the optical

.antipodes of a-methylbenzylamine in solution is described.
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Exanple 320.69 (100 mml) of S-[err]-lipoi‘c acid were dissol ved at' 73(3(63
4Q[err]Cin 200 nml of toluene. 12.1 g (100 mml) of S-a-nethyl- ‘benzyl am ne
were apportioned wthin 5 mnutes and working up maEEBerforned as

described in exanple 1. 32.3 g (99%of theoretical) IAGEMENOSHEET
aci d/ S-a-net hyl - benzylam ne salt, [errl[erL] = - ,74.2[err], were
: Y ) o 0 _ ,
obtained. (Cehors in 8 "amdz. Chen, Sa¢. T1 (1955) page 5144 involves the.

same intermediate step. Japanese patent 7970 describes the
addition compound of alpha-lipoic acid with beta-cyclodextrin
without mentioning the separation into enantiomeric compounds.

)

In (J. Amer. Chem. Soc. 79(24), 6483-6487 (1957)), Acker and
Wayne describe the preparation of (+)-e-lipoic acid and
(=)-a-lipoic acid by reduction of the enantiomerically pure

_ preéursor.(+f—5,8-dichorooctanoic acid and (-)-6,8-
dichorooctanoic acid respectively. ' The enantiomerically pure
dichorooctanoic acids are obtained by racemate resolution from
the racemic mixture (*)-6,8-dichorooctancic acid by reaction

with (-)-ephedrine.

The object of the invention is the'preparation of
enantiomerically pure salts of alpha-lipoic acid using an
optically active auxiliary base and the subsequent liberation of
the pure optical isomers of alpha-lipoic acid. In the pure
optical isomers of alpha—llpoic acid (R- and S-form, i.e.
R—alpha—lipo;c acid and S-alpha-lipoic acid) the R-enantiomer is
predominantly anti-inflammatory and the S-enantiomer is
predomin§ntly antinociceptive in contrast to the racemate (EP
0,427,247, 08.11.90).

The invention also relates to the preparation of'salts of the
pure optical isomers of alpha-lipoic acid with the pure optical
isomers of alpha-méthylbenzylamine. This is carried out by
dissolving the isomers in an éppropriate-solvent at elevated
temperature, for example at 30°C - 60°C, in particular at 40°C,
and isolating the pure diastereomeric salts by crystallization
at low temperature, for example at 10°C to 30°C, in particular
at 25°C. Solvents apart’from water that may be considered are:
"allphatzc and cycloaliphatic hydrocarbons with a carbon chain
length between 3 and 10 carbon atoms, aromatic hydrocarbons
that are liquid, esters of aliphatic or cycloaliphatic
carboxylic acids with 2 to 6 carbon atoms and aliphatic or
cycloaliphatic alcohols with 2 to 6 carbon atoms, aliphatic or
cycloaliphatic alcohols with 1 to 6 carbon atoms, ethers and.

glycol ethers or homogenous mixtures of the solveTES-named. ]
: ' REPLACEMENT SHEET :
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Solubility in toluene 0.09% (25[err]C), in water 1.17% (25[err]C).. Melting
point: 109-115[err]C. Exanple 4 20.6 g (100 mmol) of R-a-lipoic acid were
di ssolved at 40[err]Cin 200 m of toluene. 12.1 g (100 nmol) of

S-a-net hyl - benzyl am ne were apportioned within 5 M HHg ng .up
was performed as described in exanple 23-32.0 g (98960lgﬁﬁg%rg$?E§F of
R-[err]-lipoic acid/S-[e met hyl - benzyl am ne salt, a20D = + 59.4 r].
wer e obt ai Ragtigelarky Eﬁqgﬂiﬁﬁﬁ S@éveﬂt§9§5?1?°¥§ﬁQﬂmI?qﬁlenanFuéﬁEY L 12%

(25[ err] Q) estervahercylckdiexaite.cr TbCprepare the diastereomeric salts

the mixture of free R-a-leOLc acid and s-a—lxpOLc acld is

then preferably either dzrectly reacted with

a-methylbenzylamine or also the mixture of R-a-lipoic acid and
S-a-lipoic acid as a salt, e.g. alkali or ammonium salt is
reacted with a salt of a-methylbenzylamine, e.g. hydrochloride
or acetate. It is also possible to react an alkaline earth
‘salt of a-lipoic acid with a sulfate of a-methylbenzylamine.

It has now surprisingly been found that the diastereomeric salt
pairs display solubility differences with tlie result that when
reacting the racemate of a-lipoic acid with an optically pure
isomer of c-methylbenzylamine, one diastereomeric salt pair is
selectively preferably isolated. It is particularly advantageous
to add to the racemic a-lipoic aczd solutzon only 0 3 - 0.8, but
preferably 0.5 - 0.6 of the molar equxvalent of a pure
enantiomer of a-methylbenzylamine. Here it is possible to
selectively prefer a diastereomeric salt pair. The enantiomer of
a-lipoic acid, now greatly enriched in the mother liguor, can - be
obtained in particularly enriched form through addition of the
other enantiomer of a-methylbenzylamine. This procedure is
suitable for a continuous preparation process of both R-a-lipoic
acid and also S-a«lipoic.acid,'it largely being poss;ble to

- obtain the two ﬁure enantiomers without loss. These
diastereomeric salt pairs can be purified through
récrystallization from the pure, already mentioned solvents or

- their homogenous mixtures, so that pure salt pairs are finally
obtained. |

The'pure salt pairs of R-a-lipoic acid and R-a-methylbenzylamine
or S-a-lipoic acid and S-a-methylbenzylamine can be split by
addition of acids, e.g. mineral acids, and the pure R-a-lipoic
acid or the pure S-c¢-lipoic acid isolated by extraction.

The purity of the optical isomers and the diastereomeric salt
pairs was determined using the specific optical rotation values.
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Melting point: 113-117[err]C. Exanple-5 A warm solution of 1.03 g (5 nmol)
of racem c [err]-lipoic acid in 75 m of ethyl acetate dried with
Klerr]C err] was conbined with exclusion of light with 0.303 g (2.5 mmvl)

of R-al pha- nethyl benzyl ami ne and cool ed to-roonltenﬁﬁﬁkﬁﬂﬂwfwﬂ§H gggen in a
refrigerator. 730 ng (89% of product crystallised out, primari

consisting of R-[err]-lipoic acid/ R a-nethyl- benzylam ne salt. ThIS was
recrystallised twice from30 m -6 - )
) ‘Example 4

20.6 g (100 mmol) R-alpha-lipoic acid were dissolved at 40°C in
200 ml toluene. 12.1 g (100 mmol) S-alpha-methylbenzylamine were
added within 5 minutes and working carried out as described in
Example 2. - :

32.0 g (98% of theory) were cbtained.
R-alpha-lipoic acid-S -alpha—methylbenzylamzne salt, alphazo
+ 59.4°

{(c=1; ethanol), ee.: »99% (GC).
Solubility in toluene 0.12% (25°C), in water 1.40% (25°CQ)
melting point: 113-117°C.

- Example 5

With exclusion of light the hot solution of 1.03 g (5 mmol)
racemic alpha-lipoic acid in 75 ml of ethyl acetate dried with
K,CO3 was reacted with 0.303 g (2.5 mmol) '
-R-alpha-phenylethylamine and then cooled, first to room
temperature and then in a refrigerator. 730 mg (89%)
crystallized out which consisted maxnly of the R-alpha-lipoic
acid-R-alpha-methylbenzylamine salt. This was recrystallized
twice from in each case 30 ml ethyl acetate, 550 mg (67%)
purified diastereomeric salt being obtained.
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REPLACEMENT SHEET -7- portions of ethyl acetate, wherein 550 ng (67% of
purified diastereoneric salts were obtained. The salt was dissolved in

water to release the R[err]-lipoic acid, a |ayer of eﬁ 8 (ﬂﬁgmgpured ont o
the solution and acidified with 0.1 N hydrochloric aci v&ﬁ KSHRET The
R-a-lipoic acid was extracted three tineg with fresh ether, the conbined
et her phases were washed to neutrality and’ a virtually quantltatlve yleld

of Ra-lipoic acid was
To release the R-alpha-lipoic acid the salt was dissolved in

water, the solution covered with a laker of ether and aciduiated
with shaking with 0.1 N hydrochloric acid. The R-alpha-lipoic
acid was extracted three times with fresh ether, the unified
ether phaées were washed neutral and after drying and
evaporation R-alpha-lipoic acid was obtained in virtually
quantitative yield. |

135 mg (0.654 mmol) of the R-alpha-lipoic acid so obtained were
dissolved in 1 ml ether and reacted with the solution of 152 mg
(0.83 mmol) éiphenylmethylamine in 3.5 ml ether. The precipitate
was recrystallized from methanol (1 ml) diisopropyl ether (5
ml}. R-alpha-lipoic acid-diphenylmethylamine salt was obtained
with a melting point of 120°C, alpha20 = + 51° (c=0.3;

. D
pyridine).

Exémple 6

20.6 g (100 mmol) racemic alpha-lipoic acid were dissolved at
40°C in 200 ml ethyl acetate. Over 5 mxnutes 6.59 g (54 mmol)
R-(+)-alpha-methylbenzylamzne were added thereto. The mixture
was then cooled within 2 hours to 25°C. The precipitate was
filtered off and rewashed twice with in each case 35 ml ethyl
acetate. The moist salt pair was recrystallized four times from
in each case 400 él ethyl acetate and then dried in a vacuum at

- 45°C. 9.3 g diastereomeric salt were obtained from
R-alpha~lipoic acid and R-(+)~alpha-methylbenzylamine, alpha%g
= +66.0° (c=1; ethanol). | .

The salt pair was suspended in 300 ml water at 25°C and reacted
with 100 ml cyclohexane. The mixture was slowly adjusted to a pH
value of 1 with 1 N hydrochloric acid with ice cooling and then
heated to 40°C. The phases were separated and the water phase
re-extracted once more with 30 ml cyclohexane. The combined
cyclohexane extracts were cooled to S-10°C and post-stirred at .

REPLACEMENT SHEET
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obt ai ned after drying and evaporation. 135 ng (0.654 nmol) of the
R-a-lipoic acid obtained in this nmanner were dissolved in 1 nl of ether and
conmbined with a solution of 152 ng (0.83 nmol) of diphenylnethylanine in

3.5 m of ether. The precipitate was recrystallised fg ﬂﬂﬁ@o

di i sopropyl ether (5 m). R ([err])-lipoic aC|d/d|phenyF1M@% n$ﬂ salt
with a melting point of 120[err]C, [err]=8 =+ 51[err], was obtained (c =
0.3: pyridigs d@ﬁﬁE@d&d@eszQ 8 £308s PGt )eofstA EIEat tod | (He aci d wer e

d' ssol ved e A'cq[pei G WiLH 1708 SERY! - QSIS ofce ik o HP!) Of R-
cyclohexane and dried at 25°C in a vacuum. 4.1 g (40% of theory)

. R-alpha-lipoic acid, alpha:‘;:a = +104.1° (c=1; benzene) were
obtained. '

Example 7

20.6 g (100 mmol) racemic alpha-lipoic acid were dissolved at
40°C in 200 ml toluene. 6.59 g (54 mmol)
R—(+)—alpha-@éthylbenzylamine were added over 5 min. The mixture
was then cooled within 2 hours to 25°C, filtered and the
.sedimentfrewashed twice with in each case 35 ml toluene. The
moist salt pair was recrystallized four times from in each case
400 ml toluene and then dried in a vacuum at 45°C. 10.6 g
diastereomeric salt were obtained,

20

alphaD = +72.5° (c=1; ethanol).

The salt pair was split as described in Example 7 and the
alpha-lipoic acid obtained in crystalline form from cyclohexane.
4.6 g (45% of theory) R-alpha-lipoic acid were obtained,

. alpha28 = +115.0° (c=1; benzene)

- ee.: >99% (GC).

Example 8
A)

103 g (500 mmol) racemic alpha-lipoic acid were dissolved at
40°C in 1.0 1 toluene. 33.0 g (270 mmol)
R-(+)-alpha-methylbenzylamine were added within 5 minutes. The
mixture was then cooled within 2 hours to 25°C, filtered and the
precipitate washed twice with in each case 150 ml toluene.
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([err])-[err]-nmethyl benzyl am ne ver e apportioned within 5 minutes. The
t enper at ur e wabhis Shest HasRbercRgllated 25[ err] C within 2 hours. The precipitate

was filtered ou twice with 35 m portions of ethyl acetate.
The noi st salt | tallised four times from400 m portions of

ethyl acetate an en vacuum dried at 45[err]C. 9.3 g of RkRLACEMENG 8MEET:
salt of Ra-lipoic acid and R (+)-a-nethyl- benzylamne, [err]= [err]

66. 0[ err] &g = 1; ethanol) were obtained. The salt pair was suspended in -
300 M of Wae&hvdrositieride saittdomofe§i-halobanmeshydpenohbanine Whe

i Xture wasombiwéy wplhisésrht¥id & FeohgBOARad oW, t Baijasteltord RHbRfvdiye

ustng of 13 with sodium hydroxide solution and extracted with toluene.

) The toluene phase was concentrated and yielded
S-(-)-alpha-methylbenzylamine in almdst quantitative amount.

Example 9 (Not according to the invention)

14.0 g sodium hydroxide were prepared in 130 ml water. 20.6 g
‘R-alpha~lipoic acid (100 mmol) were added at room temperature
and post-stirred until a clear solution was obtained. 2.4 g (63
mmol) sodium borohydride dissolved in 35 ml water were then
‘added dropwise at 20-25°C within 10 minutes. The mixture was
then heated to 95°C within 1 hour and post-stirred at 95°C for 4
hours. After cooling, 100 ml tolueng were added and adjusted to
a pH value of 1-1.5 at 10-15°C with semi-concentrated

- hydrochleric acid. After phase separation the water phase was
extracted once again with 50 ml toluene. The combined organic
extracts were concentrated in a vacuum. 20.3 g (98% of theory)
of R-6,8-dimercaptooctanoic acid were obtained. The distillation
supplied 18.5 g. (bp 145-6°C, 0.3 mbax).
alpha2%: -10.7° (ca=1, ethanol).

Example 10 (Not according to the invention)

21.0 g sodium hydroxide were prepared in 195 ml water. 30.9 g
S~-alpha-lipoic acid were added at room temperature and
post-stirred until a_clear'solution-was obtained. ‘At 20-25°C,
3.6 g (95 mmol) sodium borohydride dissclved in 50 ml water were
then added dropwise within 10 minutes. The mixture was then
heated to 95°C within 1 hour and post-stirred at 95°C for 4
hours. After cooling, 150 ml toluene were added and adjusted to
a pH value of 1-1.5 at 10-15°C with semi-concentrated
hydrochloric acid. After phase separation the water phase was
extracted once again with 75 ml toluene. The combined organic
extracts were concentrated in a vacuum. 30.3 g (97% of theory)
of S-S;B-dimercaptooctanoic'acid were obtained. The distillation

supplied 28.7 g. 145-6°C, 0.3 ]
a.:.:fxa;;: ”0.73 ( éi? eihml)' mbar) REPLACEMENT SHEET
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1N hydrochlorlc acid and the tenperature mas [err]C The
phases were separated and the aqueous phase
e cenbrne

extracted once nore with 30 nl of cycl ohexane.

cyclohexane

extracts were cooled to 5-10[err]C and stirred for 5 hours at this

once nore with 30 m

tenperature for crystallisation. The-ppecipitate was fhkﬁfﬂéﬁh§N$SHﬁfﬁh6d

a

ims

Process for the separation of a mixture of R-a-lipoic
acid and S-a-lipoic acid, which mixture is racemic or
is of any composition with regard to the enantiomers,
into the optically pﬁre isomers thereof, characterised
in that the mixtures are reacted with an optically
pure antipode of c-methylbenzylamine at temperatures
of between 20°C and 60°C in toluene, ethyl acetate or
cyclohexane and the mixture is cooled to 10°C to 30°C
and the precipitate is isolated and the mother liguors
are further processed and the pure diastereomeric salt

- pairs are resolved by reaction with inorganic or

organic acids.

Process according to claim 1, characterised in that
the process is performed continuously.

Salt pair consisting of R-a-lipoic acid and R- (+)-a-
methylbenzylamine, salt pair consisting of R-a-lipoic
acid and S-(-)-a-methylbenzylamine, salt pair
consisting of s-a-lipoic acid and R-a-methylbenzyl-
amine and salt pair consisting of S-wo-lipoic acid and
S-(-)-a-methylbenzylamine.

/
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of cycl ohexane and vacuumdried at 25[err]C. 4.1 g (40% of theoretical) of

R-([err])-lipoic acid, [erer] = +*104.1[err] (C = 1; benzene) were

obt ai ned. Exanple 7 20.6 g (100 nmol) of racemc a-lipoic acid were

di ssolved at 40[err]Cin 200 m of ethyl acetate. 6.59 g (54 mvl) of R

(+)-[err]-nethyl benzyl am ne were apportioned within 5 m nutes. The

tenperature was then reduced to 25[err]C within 2 hours, the m xture

filtered and the precipitate rewashed t]}ﬁ/i ce with 35 ﬁtpngMENTBSHEE'E ol uene.
0 0

The noist salt pair was recrystallised four-tines from400 m portions of
"t ol uene

PREPARATION AND USE OF SALTS OF THE PURE ENANTIOMERS

OF o-LIPOIC ACID
ABSTRACT
The preparation of the pure enantiomers of alpha-lipoic acid by formation

of the diastereomeric salt pairs with the optical antipodes of alpha-

methylbenzylamine in solution is described.
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and then vacuun1dr|ed at 45[err]C 10. 6 o) of dlastereonerlc salt [er;figﬁ> ©

72.5[err] (c = 1; ethanol) were obt ai ned. The" salt .pair was reselved as
described in exawple 7 and'the a-1ipoic acid obtained in crystalilne forn1
fromcycl ohexane. 4.6 g (45% of theerletical) of R-(a)-lipoic acid, [er] =+

115.0[err] (c = 1; benzene) were obtained. ee: > 99% (GC). Exanple 8. A) 103
g (500 mmol) of racemc [err]-lipoic aci-d were di ssol ved at 4q;?rr]c in 1.0

| of tol ueReep8s8abiqn (R uswnlof shlRs(ef- kherpure. enantzcmers a-<lipoic
acid
Description e

The invention relates to new optically aqtive salts of a-~lipoic
acid and of optically active a-methylbenzylamine and a process
for the preparation of the enantiomerically pufe a-lipoic acids
and of the enantiomerically pure dihydrolipoig acids.
a-lipoic acid is 1,2-dithiolane-3-pentanoic acid (thioctic
acid).
As a coenzyme of a-keton;c aczd dehydrogenases a-lzpozc acid is
widespread in plants and animals; the naturally occurring form
has the R-configuration. When "a-lipoic acid" is referred to

. hereinbelow, this is always'an a-lipoic acid with unknown .
stereochemical composition.

. .
a-lipoic acid is pharmacoclogically active and has
anti-inflammatory and antinociceptive (analgesic) as well as
cytoprotective properties. '

A series of salts are known of a-lipoic acid, for example salts
of a-lipoic acid with optically active bases such as with the
basic amino acids arginine and lysine. (SPanxsh patent No.
313,056). Neither the reaction of L-arginine with D,L-a-lipoic
acid nor the reaction of DL-lyszne with D, L-a-lxpoic acid yields
separable -diastereomeric salt pairs.

Known syntheses of enantiomerically pure a-lipoic acid always
pass through chiral primary steps which are split in the course
of the synthesis. In Walton, Wagner, Peterson, Holly and Folkers
(J. Amer. chem. Soc. 76 (1954), page 4748 et seg.) th
intermediate step 7-carbethoxy-3-acetylthioheptanocic acid is
split with Lfephedrine.'Another process published by the same
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nethylbenzylan1ne were then added mnthln 5 mnutes. The tenperature was
then reduced to 25[err]C within 2 hours, the mxture filtered and the
precipitate rewashed twice with 150 m portions of tol uene. REPLACEMENT
SHEET - 9 - The noist salt pair was recrystallised as stated in exanple
8. After drying, 53.0 g (162 mmol) of R[err]-lipoic acid/ R

~15-

_-Preparatlon and use of salts of the pure enantiomers of a-
lipoic acid

Abstract

The preparation of the pure enantiomers of a-lipoic acid by
formation of the diastereomeric salt pairs with the optical
antipodes of a-methylbenzylamine ‘in solution is.described...
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t NEPLALEMENT SHEET
(+) [err]- nethyl)é%éflan1ne Sa

- re obtained. The not her I|quors frgr%? a
Jecrystal | i satioh 23 .1 AlG49989 elapor at ed under a vacuumand the residue
redi ssolved in the

rystallisatipn]nother |iquor. F|hj i cted with
120 m of aqueoup hydroch!oryc acig (sofwion R), &Egﬁgﬁﬂﬁgﬁﬁéﬁéﬁﬁochloric

o Seﬁ’ispﬁ'ﬂ%@ﬂ% AR The PR PN KRS O AL JaBpIC gt T

further 66. (pdsd¢diddeioml ) of racemic a-lipoie aC|d were -

- This invention relates to novel optically actlve salts ‘ -
' prepared from a-lipoic acid and optically active
a-methylbenzylamine and to a process for the productlon of
enantlomsrlcally pure a-l;polc acid and of enan;;omerlcally
pure dihydrolipoic acids. a -Lipoic acid is 1,2-dithiolane-
3-pentancic acid (thioctic acid). -
a-Lipoic acid is widely distributed in plants and animals
as a coenzyme of a-keto acid dehydrogenases; the naturally_
occurring form has the R configuration. Whehever a-lipoic
acid is mentioned below, the term is.taken to refer to
a-lipoic acid of an unknown stereochemical composition.
a-Lipoic acid is pharmacologically active and has
anti- lnflammatory and arti-riociceptive (analgeszc) as well
as cytoprotective properties. -
A series of a-lipoic acid salts are known, including for™ ~
sxample salts of a-lipoic acid with opticallyﬁactive bases,
such as for example with the basic amino acids arginine and
lysine (Spanish patent no. 313 056) . Neither the reaction
of L-arginine with D,L-a-lipoic acid nor the reaction of
D,L-lysine with D, L-a-lipoic acid yield separable
diastereomeric salt pairs.
Known methods for synthesising enantiomerically pure_'
‘@-lipoic acid always proceed via chiral precursors, which
are resolved over the course of the synthesis. Thus, in
Wagner, Peterson, Holly and Folkers (J. Amer. Chem. Soc. 76
(1954), page 4748 et seqg.), the intermediate 7-carbethoxy-
3-acetylthioheptanoic acid is resolved with L-ephedrine.
Another process procéeding via the same intermediate is
published by the same authors in J. Amer. Chem. Soc. 22
(1955), page 5144. Japanese patent 7570 describes the
addition compound of a-lipoic acid with B8- cyclodextrln,
without mentioning separation into enantiomeric compounds.

In (J. Amer. Chem. Soc. 79 (24), 6483-6487 (1957)), Acker’
and Wayne describe the preparation of (f)-a-lipoic acid and
(-) -a-lipoic acid by reduction of the enantiomerically pure
precursor (+)-6,8-dichlorooctanocic acid and (-)-6,8-



dlssolved in the a- I|p0|c acid solution in toluene fromA) and the m xture
was conbined at 40[err]C with 52.1 g (430 mmol ) of

. & (-)-[err]-nmethyl -benzyl am ne and cool ed to.25[err The
precipitate was filtered-out and rewashed twi ce mnthgﬁg%éama$€$gﬁéﬁs of
tol uene. The noist salt pair was recrysta?lt+sed-as stated i n exanple 8.

After drying, 91.7 ¢ &?80 mol ) of S—[err]-I|p0|c acid/ S-(-)-a-
met hy| benzy zONT QHQQF(ﬂﬁ%ﬂlﬁﬁipeﬂﬁévﬁﬂﬂherh-(ﬁRﬂQF#QWﬁﬁlcally

recrystal li {a@tﬁeommwoa&mwwrﬁ Qe i a ihe@ Ot B adehdte residue

r1(738| rsﬂsolo}/ecai I naﬁ.él% r%lnl 't aet Ir%ré:ert;t[:)i.tch%‘nrlxtu ueor(i)TtE %-V@iscl‘ﬁ(otzr'é%t ed wth

' octanoic acid by reaction with (-)-ephedrine.
The'objéct of the invention is to produce enantiomerically:
pure salts of a-lipoic_acid using an optically active-
auxiliary base and subsequent liberation of the pure
optical isomers of a-lipoic acid. With regard to the pure

. optical isomers of a-lipoic acid (R and S form,-i.e.'R-a-
 lipoic acid and S-a-lipoic acid), in contrast with the

racemate, the R enantiomer has a predominantly |
anti- 1nf1ammatory action and the S enantiomer has a
predomlnantly anti-nociceptive action (EP 0 427 247,
08.11.90) . |
This invention also relates to the prdduction of salts of
the pure optical isomers of a-lipoic acid with the pure
optical isomers of a-methylbenzylamine:“The method used
here is that the isomers are dissolved in a suitable
solvent at elevated temperature, for example at 30°C-60°C,
in particular at 40°C, and the pure diastereomeric salts
are isolated'by crystallisation at a lower temperature, for
example at 10°C to 30°C, in particular at 25°C. Solvents
other than water which may be considered are: aliphatic and
cycloaliphatic hydrocarbons with a carbon chain length of
between 3 and 10 carbon atoms, aromatic hydrocarbons, which
are liquid, esters prepared from aliphatic or
cycloaliphatic carboxylic aéids with 2 to 6 carbon atoms
and aliphatic or cycloaliphatic alcohols with 2 to 6 carbon
atoms, aliphatic or cycloaliphatic alcohcls with 1 to 6
carbon atoms, ethers and glycol ethers or homogeneous
mixtures of the stated solvents. Toluene, ethyl acetate and
cyclohexane are particularly preferred solﬁents.-During
production of the diastereomeric salts, it is preferable
either to react the mixture of the free R-a-lipoic acid and
S-a-lipoic acid directly with a-methylbenzylamine or also
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hydr ochl ori c” aci d (Solution S), wherein the hydrochloric acid was added in
azquantity such that the aqueous phase had a pH of 1.. The tol uene phase was
t hen washed twice with 100 m portions of water. C A further 51.6 g (250

mol ) of

racenic a-lipoic acid were dissolved in tREPLAGEMENT $REET aci d

solution in toluene and the mixture was corbimed at 40[err]Cwith 47.3 g

(390 nol

to react the mixture of R-a-lipoic and S-¢-lipoic acid in

. salt form, for example as an alkali“hetal or ammonium salt,.

with an a-methylbenzylamine salt, for example the

.hydrochloride or acetate. It is also possible to react an

alkaline earth metal salt of a- lipoic ac1d w1th a sulfate

~ of a—methylbenzylamlne

| Surprisingly, the diastereomeric salt pairs now exhibit

differences in solubility, such that when the a-lipoic acid
racemate is reacted with an optically pure.isomer-of
a-methylbenzylamine, a diastereomeric salt pair is
preferentially selectively isolated. It is par;icularly'
advantageous to add only 0.3-0.8, but preferably 0.5-0.6 of

‘a molar equivalent of a pure enantiomer of a-methylbenzyl-

amine to the racemic a-lipoic acid solution. In this
wanner, a diastereomeric salt pair may preferentially be
sélectively isolated. The a-lipoic acid enantiomer which is
now highly concentrated in the mother liquor may be
obtained in a particularly concentrated form by adding the
other a-methylbehzylamine enantiomer. This method is
suitable for a continuous productidn process both for R-a-
lipoic acid and for S-a-lipoic acid, wherein the two pure
enantiomers may be obtained substantially without loss.

These diastereomeric salt pairs may be purified by

recrystallisation from the above-stated pure solvents or
the homogeneous mixtures thereof, such that pure salt pairs
are finally obtained.

'The pure salt pairs of R-a-lipoic acid and R-a-methyl-

benzylamine and of S-w-lipoic acid and S-a-methylbenzyl-
amine may be resolved by the addition of acids, for example
mineral acids, and the pure R-o-lipoic acid or the pure
S-a-lipoic acid isolated by extraction.

The purity of the optical isomers and of the diastereomeric
salt pairs was determined by means of their specific
optical angles of rotation.
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- 10 - R—(+) -féfr]-nethylbgnzylanine and worked up as in A). 83-.2 g (254
Mol ) of R-[err]-lipoic acid/R-(+)-[err]-methyl benzyl am ne salt were
obtained. D) A further 51.6 g (250 mmol) of racemic [err]-lipoic acid were
di ssolved in the [err]-lipoic acid solution in tohﬂgﬂ BENT ISHIERT Xt ure was
conbined at 40[err]C with 47.3 g (390 mul ®# of LﬁG. : :
S-(+)-[efr]-nethyl benzyl am ne and worked up as ip B). 81.2 g (248 mmol ) of
_S-[err]-lipoiEh%cFﬁ;TQ}Yfe????ﬁﬁFﬂyPBeﬁQ?lSﬁFﬁQagaF§°WEF§ S%tgrié391°
' . acid were also:determingd by gas chromatography on .
optically active columns with a detection limit of > 0.5%.

The values are stated as enantiomer excesses (ee values).

ﬁnantiomerically pure_R-a-lipoic-acid or S-a-lipoic acid
may be ¢onverted into-a stable, easily handled salt with
diphenylmethylamine; optical pﬁrity of the a-lipoic acid
.may here be determined by means of the specific optical
- angle of rotation. '

The following examples illustrate the present invention in
greater detail. '
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"E) 136 g (416 mmwol) of R[err]-lipoic acid/R—(+) a- met hyl benzyl - amine salt

were resol ved as described in exanple 2 and 60.9 g (295 mmol ) of R-a- I|p0|C
acid were obtained in crystalline forn1FTon1cycIohexane [err] = +
119.0[err] (C = 1; ethanol); [err] [err] 117.2[err] (c-= 1.8; benzene);

ee: [err] 99% mp. 49-50[err]C The mother 7l i be used for_further
crystallisat'on test The hydrochl ori de squtﬁ@ﬁJKEMENJSHEET
R-([err])-[ Ibenzylan1ne was -conbined with the solutions R from A)

and G, the nlxture adj usted to a pH value of 13 with sodi um hydroxi de
sol uti-on andy@x4 ré‘ctfﬁjo mmol) of R-a-lipoic acid were dissolved at 40°C
- "in 200-ml of toluene. 12.1 g (100 mmol) of R- (+)-a-methyl-
benzylamine were apportioned within 5 minutes. The '
temperatﬁfe.was_reduced to 25°C within 2 hours. _
The precipitéte was filtered out 'and rewashed twice with
30 ml portlons of toluene. The salt palr was vacuum dried
" at 45°cC.

3274 g (99% of_theoretiéal) of R-a-lipoic acid/R-a-methyl-'
benzylamine salt, o®%; = + 74.0°, were obtained.

(c = 1; ethanol), ee: > 99% (GC) solubility in toluene
0.09% (25°C), in water 1. 16% (25°C), melting point '
109 115°C

Example 2

20.6 g (100 mmol) of S-a-lipoic acid were dlssolved at 40°C
in 200 ml of toluene. 12.1 g (100 mmol) of R-a-methyl-
benzylamine were apportioned within 5 minutes. The
temperature was reduced to 25°C within 2 hours.

The precipitate was filtered out and rewashed twice with

30 ml portions of toluene. The salt pair was vacuum dried
‘at 45°C.

32.1 g (98% of theoretical)- of S-a- lipoic ac1d/R-a methyl-
benzylamine salt, a®°, = - 59.2°, were obtained.

(c = 1; 'ethanol), ee: > 99% GC.
Solubility in toluene 0.12% (25°C), in water 1. 41% (25°C)
Melting point: 113- 117°C.
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by

wi th toluene.” The tol uene phase was evaporated and returned a vrrtuaIIy
quantitative yield of R-(+)-a- nethylbenzylamne. F) 172 g (528 mmol) of .
S-(-)-a-lipoic acid/S-[err]-nethyl benzyl - am ne salt were resolved as

described in exanple 2 and 75.3 g (365 nmol) of S-[err]-lipoic acid were

obtai ned i-n crystalline formfromcycl ohex&ne, [err rl. (c = 1; -
ethanol); mp, 49-50[err]C " hEPLAdﬁﬁ%ﬁgéiEgT
: - Example 3 e

20.6 g (100 mmol) of S;a-lipoic acid were dissolved at 40°C
_in 200 ml of toluene. 12.1 g (100 mmol) of S-a-methyl-
benzylamine were apportioned within 5 minutes and working
up was performed as described in example 1. '

32.3 g (99% of theofetical) of S-a-lipoic acid/S-a-methyl-

 benzylamine salt, o?%, = . - 74.2°, were obtained.

(c = 1;.-ethanol), ee: > 99% GC. .
- Solubility in toluene 0.09% (25°C), in water 1.17% (25°C).
Melting point: 109-115°C. '

Example 4

20.6 g (100 mmol) of R-a-lipoic acid were dissolved at 40°C
in 200 ml of toluene. 12.1 g (100 mmol) of S~-a-methyl -
benzylamine were apportioned within 5 minutes and working:
up was performed as described in example 2. 32.0 g (98% of
‘theoretical) of R-a-lipoic acid/S-a-methyl-benzylamine-
salt, o?%; = + 59.4°, were obtained.

(¢ = 1; ethanol), ee: > 99% GC.
Solubility in toluene 0.12% (25°C), in water 1.40% (25°C)
‘Melting point: 113-117°C.

Example S5

A warm solution of 1.03 g (5 mmol) of racemic a-lipoic acid
~in 75 ml of ethyl acetate dried w1th K,CO; was comblned w1th
~exclusion of light with 0.303 g (2.5 mmol) of R- alpha—'

methylbenzylamine and cooled to room temperature and then

in'a'refrigerator. 730 mg (89%) of product crystallised
out, primarily consisting of R-a-lipoic acid/R-a-methyl-

benzylamine salt. This was recrystallised twice from 30 ml
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~,

- 11 - The hydrochl oride solution.of the s-([err])-[err]-nethyfbenzylanine
was conbined with the solutions S fromB) and D), the m xture adjusted to a

pH val ue of 13 with sodi um hydroxide solution and exﬁﬁ?ﬁﬁﬁﬁMEMﬁéHEEﬁ uene.
The tol uene phase was-evaporated and returned a virtualTy quantitative
yield of S ([err])-[err]-nethyl benzyl ani ne? Exanpl-e 9 (not according to the

et Lom) e ile S Y LONAS Mot bl A4 o TR SE LS8
: - diastereomeric salts were obtained. E -

‘" The salt was dissolved in water td release the R-d¥lipoic
acid, a layer of ether was poured onto the solution and

_acidified with 0.1 N hydrochloric acid with shaking. The.
R-a-lipoic acid was extracted three times with fresh ether,
the combined ether-phases were washed to neutrality and a
virtually quantitative yield of R-a-lipoic acid was

_. obtained after drying and evaporation.

. 135 mg (0.654 mmol) of the R-a-lipoic acid obtained in this
manner were dissolved in 1 ml of ether and combined with a
solution of 152 mg (0.83 mmol) of.diphenylmethylamine in
3.5 ml of ethér. The precipitate was recrystallised from
methanol (1 ml), diisopropyl ether (5 ml). R-(a)-lipoic
acid/diphenylmethylamine salt with a melting point of - -
120°C, a?%; = + 51°, was obtained (¢ = 0.3: pyridine).

 Examp1e 6

20.6 g (100 mmol) of racemic a-lipoic acid were dissolved:
at 40°C in 200 ml of ethyl acetate. 6.59 g (54 mmol) of R-
(+) -a-methylbenzylamine were apportioned within 5 minutes.
The temperature was then reduced to 25°C within 2 hours.
The precipitate was filtered out and rewashed twice with

35 ml portions of ethyl acetate. The moist salt pair was
recrystallised four times from 400 ml portions of ethyl
acetate and then vacuum dried at 45°C. 9.3 g of
diastereomeric salt of R-o-lipoic acid and R- (+)-a-methyl-
benzylamine, o®°; = + 66.0° (c = 1; ethanol) were obtained.

' The salt pair was suspended in 300 ml of water at 25°C and
combined with 100 ml of cyclohexane. The mixture was slowly
adjusted, while being cooled with ice, to a pH of 1 using
1 N hydrochloric acid and the temperature was then raised 3
to 40°C. The phases were separated'and the aqueous phase
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I ntroduced at roon1tenperéture and stirred until a clear solution was
fermed. 2.4 g (63 mmol ) of sodi um hydri doborate dissolved in 35 m of water

‘were then added.dropwi se wi-thin 10 m nutes at.20-25[err]C._ T ure
was then raised to 95[err}C within 1 hour and stlrrlng W*ﬁhﬁﬁ%&gﬁé?r
hours at 95[err]C. Once.the mixture had tdbled~100"m of toluene were

added and, at- 10-15[err]C, the pH adjusted to 1-1.5 Mﬁth senl. - concent r
hydrochlorlce&@FGCteﬁc@nFﬁe“Eﬁﬁs@%tﬁaéobggn°§e§¥ GEEEEﬁﬁgt

was extract egyelohelane \eikithao®siwedle icololede te toTlselmmi)lamﬂi svigand for
extracts merg %Y Orage%h1QQ%eﬁ%e¥% e 3% %f%s&gﬁ%Tgetlon. The
. preczpltate was filtered out, washed once more with 30 ml
-~ . of cyclohexane ‘and vacuum drled at 25°C. 4.1 g (40% of
theoretlcal) of R-(a)-lipoic ac1d a%®; = + 104.1° (c = 1;
benzene) ~were obtained. )

Example 7

" 20.6 g (100 mmol) of-racemic a-lipoic acid were dissolved
at 40°C in 200 ml of ethyl acetate. 6.59 g (54 mmol) of R-
(+) ~a-methylbenzylamine were epportioned within 5 minutes.
The temperature was then reduced to 25°C within 2 hours,
the mixture filtered and the precipitate rewashed twice
with 35 ml~portions-of toluene. The moist salt-pair was
recrystallised four times from 400 ml portions of toluene
and then vacuum dried at 45°C. 10.6 g of diastereomeric

salt, 2% = + 72.5° (c = 1; ethanol) were cbtained.

The salt pair was resolved as described in example 7 and
the a- 11p01c ac1d obtained in crystalline form from
cyclohexane 4.6 g (45% of theoretical) of R-(a)-lipoic
acid, 2%, = + 115.0° (e¢ = 1; benzene) were obtained.

ee: > 99% (GC).

Examgle 8

A)

103 g (500 mmol) of racemic a-lipoic acid were dissolved at
40°C in 1.0 1 of toluene. 33.0 g (270 mmol) of R- (+)-a-
methylbenzylamine were then added within 5 minutes. The
temperature was then reduced to 25°C within 2 hours, the
mixture filtered and the prec1p1tate rewashed twice with
150 ml portions of toluene '
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t heoretical) of R-6,8-dinercaptooctanoic acid were obtained. Distillation
peoduced 18.5 g (bp 145-6[err]C, 0.3 nbar), [err]: --10.7[err] (c =1,

et hanol ). Exanple 10 (not according to the invention) 21.0 g of sodium
hydr oxi de were initially introduced into 195 m_ of water. 30.9 g of .
S-[errl-lipoic acid were introduced at ro ‘tedﬁﬁﬂﬂﬁﬁNﬁNQdﬂﬁﬁilrred until a
cl ear soJuti8€6mas forne 95 mol

di b t
di ssol ved i n nPigk ﬁﬁfgrpﬂk?ewéﬁeﬁeﬁﬁﬁéﬁag}6§ﬁfgggm§gﬁ#ﬁglgkﬁF%ﬁP@%
20- 25[err]C gThaftespdreinge 9850t §efl62i mmdl) oo85Rearlipoic aCld/R-

(+) ~a-methylbenzylamine salt were.obtained.

The mbﬁhéi liquors from recrystallisation were largely
evaporated under a vacuum and the residue redissolved in
the crystallisation mother liquor. This was extracted with
120 ml of aqueous hydrochloric acid (solution R), wherein
the hydrochloric acid was added in a quantity such that the
aqueous phase had a pH of 1. '

The toluene phase was then washed twice with 100 ml
portions of water. '

B)

A further 66.0 g (320 mmol) of racemic «a-lipoic acid were
dissolved in the a-lipoic acid solution in toluene from A)
and the mixture was combined at 40°C with 52.1 g (430 mmol)
of S-(-)-a-methyl-benzylamine and cooled to 25°C within

2 hours. The precipitate was filtered out and rewashed
twice with 150 ml portions of toluene. The moist salt pair
was recrystallised as stated in example 8. After drying,
91.7 g (280 wmol) of S-a-lipoic acid/S-(-)-a-
methylbenzylamine salt were obtained. The mother liquors
from recrystallisation were largely evaporated under a
vacuum and the residue redissolved in the crystallisation
mother liquor. This was extracted with 170 ml of aqueous .
hydrochloric acid (solution S), wherein the hydrochloric °
acid was added in a qﬁéntity such that the aqueous phase

-had a pH of 1. The toluene phase was then washed twice with
1100 ml portions of water. '

C)

A further 51.6 g (250 mmol) of racemic a-lipoic acid were
dissolved 1n the a-lipoic acid solution in toluene and the
mixture was comblned at 40°C with 47.3 g (399 mol) of
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within 1 hour and stirring continued for 4 hours at 95[err]. REPLACENMENT
SHEET - 12 - Once the m xture had cool ed, 150 m of toluene were added and,
at 10- 15[err]C, the pH adjusted to 1-1.5 with sem -concentrat ed

hydrochl oric acid. Once the phases had been separ at ed, REREACEMENT SHRERSE
was extracted once nore with 75 nl of toli@ne. The cohbined organic

extracts” were
R-(+) - a—methylbenzylamlne and worked Up as in A) 83.2 g

(254 mmol) of R-a-lipoic ac1d/R (+) -a- methylbenzylamlne
salt were obtalned '

D)

A further 51.6 g (250 mmol) of racemic a-lipoic acid were
dissolved in the a-lipoic acid solution in toluene and the
mixture was combined at 40°C with 47.3 g (390 mmol) of
Se(+)-a?methy1benzylamine'and worked up as in B). 81.2 g
(248 mmol) of S-a-lipoic acid/(-) -a-methylbenzylamine salt
were obtained. -

E)

" 136 g (416 mmol) of R-a-lipoic acid/R- (+)-a-methylbenzyl-
amine salt were resolved as described in example 2 and
60.9 g (295 mmol) of R-a-lipoic acid were obtained in
crystalline form from cyclohexane, a?%, = + 119.0° (c = 1;
ethanol); o2% = + 117.2° (c = 1.8; benzene); _

‘ee: > 99%; m.p. 49-50°C. The mother liquor may be used for
further crystalllsatlon tests. The hydrochloride solution
of the R-(+)-a-methylbenzylamine was combined with the
solutions R from A) and C), the mixture_adjusted'éo;a pPH
value of 13 with sodium hydroxide solution and extracted
with toluene. The toluene phase was evaporated and returned
a virtually quantitative yield of R- (+)-a-
methylbenzylamine;

F)

172 g (528 mmol) of S-(-)-a-lipoic acid/S-a-methylbenzyl-
amine salt were resolved as described in example 2 and
75.3 g (365 mmol) of S~a-lipoic acid were obtained in
crystalline form from cyclohexane, o?%; = - 119.4° (c = 1;
ethanol) ; m.p. 49-50°C.
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“evaporated under a vacuum 30.3 g (97% of theoretical) of
S: 6, 8- di mer capt ooctanoi c acid were obtained. Distillation produced 28.7 ¢

(Bp 145-6[err]C, 0.3 nbar), [err]: Jerr] 10.7[err] (c = 1, ethanol).
13 - dains 1. Process for the separation of a n1xtRER1A@Ewmmﬁqnﬁ$Tl|p0|c
acid and S-[err]-lipoic acid, which n1xtUr%1|3 racem c or . ———

The hydrochloridé ‘solution of the S- (+) «a-methylbenzylamine
was combined with the solutions S from B) and D), the -
mixture adjusted to a pH value of 13 with sodium hydroxide
solution and extracted with toluene. The toluene phase was -
evaporated and returned a virtually quantitative yield of
S-(+)-a:ﬁethylbenzylamine. -

r

 Example 9 (not according to the invention)

-14.0 g of sodium hydrox1de were initially 1ntroduced into
130 ml of water. 20.6 g of R-a-lipoic acid (100 mmol) were
introduced at room temperature and stirred until a clear
solution was formed. 2.4 g (63 mmol) of sodium
hydridoborate dissdlved in 35 ml of water were then added
' dropwise within 10 minutes at 20-25°C. The témperature was
thén raised to 95°C within 1 hour and stirring continued
for 4 hours at 95°C. Once the mixture had cooled, 100 ml of
toluene were added and, at 10-15°C, the pH adjusted to
1-1.5 with semi-concentrate& hydfochioric acid. dﬁce the
phases had been separated, the aqueous phase was extracted
once more with 50 ml of toluene. The combined organic
extracts were evaporated under a vacuum. 20.3 g (98% of
theoretical) of R-6,8-dimercaptooctanoic acid were
obtained. Distillation produced 18.5 g (bp 145-6°C,

0.3 mbar), «?%: - 10.7° |

(c = 1, ethanol). : - -
Example 10 (not according to the invention)

21.0 g of sodium hydroxide were initially introduced into
195 ml of water. 30.9 g of S-a-lipoic acid were introduced
at room temperature and stirred until a clear solution was
formed. 3.6 g (95 mmol) of sodium hydridoborate dissolved
in 50 ml of water were then'added'dropwise within 10
 minutes at 20-25°C. The temperature was then raised to 95°C
—_— within 1 hour and stirring continued for 4 hours at 95°C.
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i : .
is of any-conposition with regard to the enantioners,. into the optically
pure isonmers thereof, characterised in that the mxtures are reacted with-

an optically pure antipode_of "[err]-methyl benzyl am n zqﬁg_s of
between 20[err]C and 60[err]C in-toluene, ethyl acetg?gquggggFo eEZne and

the mixture is cooled to 10[err]Cto 30[efr}€ and the precipitate is .

B R e - LI e A

organi c aci ds.afd, a€rbtessS°Agcthei pH adjusted to thatScwéthsed in that -

. - semi-concentrated hydrochloric acid. Once the phases had

been separated, the aqueous phase was extracted once more
with 75 ml of toluene. The combined organic extracts were
evaporated under a vacuum. 30.3 g (97% of theoretical) of
S-6,8-dimercaptooctanoic acid were obtained. Distillation
produced 28.7 g (bp 145-6°C, 0.3 mbar), o®%;: + 10.7°

(¢ = 1, ethanol). _—
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the process-is perforned continuously. 3. Salt ‘pair consisting of
R[err]-lipoic acid and-R-([err])-[err]- methyl benzylam ne, salt pair
consisting of R[err]-lipaoic acid and S-(-)-[err]-nethyl benzyl am ne, salt
pair consisting of S-a-lipoic acid and R-a-methyl benzyl - am ne ‘and salt

pair con5|st|ng of S-[err]-lipoic acid and S-(-)-a-nethyl benz '
| S - ﬁE?‘LACEnMé'I\HTagﬁEﬁ

P Claims

1. Process for the separation of a mixture of R-aQIipoic
acid and S-a-lipoic acid, which mixture is racemic or
is of any composition w1th regard to the enantiomers,.
into the optically pure isomers thereof, characterised
in that the mixtures are reacted with an optically
pure antipode of a-methylbenzylamine at temperatures
of between 20°C and 60°C in toluene, ‘ethyl acetate or'
cyclohexane and the mixture is cooled to 10°C to 30°C
and the precipitate is isolated and the mother liquors
are further processed and the pure dlastereomerlc salt
palrs are resolved by reaction with inorganic or |
organlc acids. "

2. Process according to claim 1, characterlsed in that - —
the process is performed continuously.

3. Salt pair consisting of R-a-lipoic acid and R-(+)-a-
methylbenzylamine, salt pair consisting of R-a-lipoic
acid and S-(I)-a-methylbenzyiamine, salt pair
consisting of S-a-lipoic acid and R-a-methylbenzyl-
amine and salt pair consisting of S-a-lipoic acid and

' §-(-) -a-methylbenzylamine.

==
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REPLAGEMENT SHEgT

- PREPARATION AND USE OF SALTS OF THE PURE ENANTIOMERS

" OF o-LIPOIC ACID
ABSTRACT
The preparation of the pure enan_tiomefs of alpha-lipoic acid by formation

of the diastereomeric salt pairs with the optical antipodes of alpha-

" methylbenzylamine in solution is described.
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