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Evidenes 15 prmﬁtl:d For 2 linear disulEde soucture of polymeric materfal produced when dL-o-lipoic acid i5 heated. The
. polymerie material is converied rapidly to Dr-a-lipoie acid 10 the pressnes of didute sodium hydroxide. The mechanism

of this reaetion iy Jiscnased,

It has been observed! that sticky, colorless poly-
. mlers are produced as by-products ia the exidation
of pL-6,8-dithioloctanoic acid to the cyclic dimil-
fide, DL~a-lipwic acid (I]). The product was sepa-
rated from the palymeric material by extraction
with benzene. During subsequent purification of the

CH L COsH
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., crude I by fractional crystallization, additional
. polymeric material was produced. Formation of
polymeric materials under similar conditions has
been noted alse in the prepamtion of analogs of
a-lipoiec acd,! These analops, as well as a-lipoic
amd, contain the 1,2-dithiolane moijety, and their
tendency to polymerize when in the fuid state is
- undoubtedly a reflection of the instability of this
maiety.? Siace the emount of polymeric material
produced in these syntheses may be as much as that
of the desired product, it wag of practical interest
to deterrmine how the Intter conld be obtained from
the polymer. For this purpose a polymeric matenal
prodiuced by heating pure I was emplayed. This
paper presents data concerning the struciure of
this pelymeric matenial, and describes a novel reac-
tion by means of whch the polymer is converted in
high yield to BL-o-lipoic acid.

The unltraviclet absorption spectrum of the poly-
meric materigl resembied that of ssturated organic
disnlfides, ** characterized by a relatively weak and
rather broad maximum near 250 my. The spee-
trum showed only low end absorption® in the 330
mp regiofl, where a-lipgie acid exhibits an absorp-
tigg maxirmom, Y The mfrared spectrum of the
polymer gshowed an absorption maximim at 5,34 4,
which is chamcteristic of a carboxyl gronp, The
polymer was reduced rapidly in ethanol solution
at 0° with zinc and hydrochloric acid. The prod-
uét was not isolated, but it was converted to DL-x-
lipoie acid in high yicld by oxidation with iodine,
suggesting that it was 6,8«dithioloctancic acid.
The polymer was canverted slowly to pL-e-lipoic
acid by heating it under conditions which per-
mitted removel of the cyclic disulfide by distilla-
tion. These results are consistent with the inter-
pretation thet the polymer cansista of ]mear disul-
fdes (111,
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The polymer dissolved slowly in dilute sodium
bydroxide at room temperatore (268%) and rapidly
at 100° to give a yellow solstion which exhibited
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the chmctmﬂtm ultraviolet ahsorphion spectrium

of m-lpoic acid, Crystalline DL-a-lipoie acid was
mulated in 70% yield from the alkaline soluticn.
Similar results were obtained with polymence by-

products! from the oxidation of pL-§,8-dithioloe-

taooic acid to l::»L-c:-lipuir: acd. Also, as shown ia
the following pupnrs., polymene materials ohtained

in the preparation of analogs of alipoic acid are .

convarted to monomeric ¢ychc disuifides in the

presence of dilute alkali. A survey of the hters- -

ture revealed a previous report’ that steam distilta-
tion of aquepus dispersions of certain palymeric di-
sulfides produced monomeric cyelic des at an
extremely slow rate, which was significantly in.
creased in the presence of small amounts of sodinm
hydroxide. However, no guantitative dats were
presented by the authors.

To study the mechanism of this reaction, etha-
nol solutions of the polymer were employed. At
$#H 12 and room temperature conversion of the
polymer to bL-e-lipoic acid proceeded to the extent
of 70-B0% in five mioutes and 80~ m 30 min-
utes. The reaction rate was glower at less alkaline
#H values and did not proceed to a measurable ex-
tent in the absence of alkali, Some variation in the
reaction rates was observed with different batches
of polymer, dize probably to vanation in the compo-
sition of the polymer. It was difficult to reproduce
the experimentzl conditions for thermal polytneri-

-zation of pL-c-lipoic acid, since a heterogeneous sys-
tem, consisting of palymer and melten and solid .

monomer, is praduced as the monomer melts,

In the presence of a small amount of HL-8,5%-di-
thioloctanoic acid, conversion of the polymer to DL-
c-lipoic acid at pH 12 proceeded to the extant of 30—

DLPE in five minutes. That depolymerization under
alkatitie conditions is catalyzed by a trace of mer-
captide ion was indicated further by the observa-
ticn that a small amount of sodinm p-chloromer-
eutibenzeate completely inhibited the reaction and
this inhibition was reversed by an amount of BL-
f,B-dithinloctanaie acid in alight excess of the

amennt of sodinm p-chloromercuribenzoate em- -
oloyed. The mechan 1510 of the reaction appears
to be that of an anionic exchange or displacement :

(73 F. O. Davin and B M. Fertes, Tars Joumes, 10, 2811 {I948),
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A similar mechanism bhas been suppested previs
ously*™¥ to explain the reduction of disulfides with
mercaptans and glso disulfide interchange reac-
tions. The trace of mercaptide ion necessary to
catalyze the conversion of polymer to monomeric
eyelic disuliide might have been present as thicl in
the polymer!! or might have been produced by Ly-
drolysis.

Experimentali®

Thremal Polymarization of np—-Llpale Aefd.—Crystal-
line pL~a-lipoiz acid (5.0 g,} was melted at G0 and kept at
this temperasure for 15 minutes. The molien material was
eocled and extrocted repeafedly with bepzene at room tem-
perature pniil the extracts were colorless. Approximately
28 r. of a sticky, pale yellow polymeric material remained.
To remove traces of op=a=lipoc acld the poalymier was stirred
with g smoll amount of acetonre and ta this miztare benzets
was added. A colorless, stolopy materlal separated, which
was dried fa ngcue. The polymer was Insolable o west of the
cotimon organic solvents, and shightly soluble it ethanol.
Prolonged stirting wag necemary to dissolve the polymer.

Redocton of Folymes.—To 2 solution of 317 mg. of poly-
tmer i1 21.7 ml. of 9555 ethanol was added 1.0 g. of zine dost
and € ml. of cotcentrated hydrochlorie acid. The mixture
wis stirred gt 07 For 20 mdnetes, then fltersd. The filtrate
waz titreted with o stendard iodine saluton; 1.B7 meq.
(8975} of jodime reduired. The oxidirzed solution was
poured fnto 100 ml. of water and the mirtere was extracted
with two 15-ml. portions of chloroform. The yvellow chlorc-
form extracts were combined and dried over anhydrops so-
dium sulfats. The solvent was removed carsfully in pacha
and the yellow semi-solid neidue was Faached with two L-ml.
portiong of bengene. To the cambinsd henzenes sxtracts was
added 15 ml. of Skellysolve B,M  The resulting solution wea
seeded with a few cry=tals of DL~=-lipoic 2oid! and placed ina
deep-freezn for several bous.  Yellow oystals (118 mg.)
wpparated; m.p. 80-01°. From the mother liguor thers was
gbtained en odditional 48 wg. of yellow erystals, m.p. 60—
Bl1% The tatal yield of eryatalline product was 184 mg.
f76%% ). It possesced the characteretie wltraviclet absorp-
tion zpectrumb? of mlipaje geid, AR whasl ney my A
332 mp {¢ 148). Mized m.p. with on autbeniic sample of
DL-a-lipoic acid! {m.p. 61-62°) was 60-61".

(30 AL Cabvio, in " Glutatbioog," Acadsmle Preps, Jpe, Moo Vork,
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(11) Micoo-titratioo of a swiules of 20 oy of polymer 1o absoluts
arhanal with & sooderd icdine sooiion reeenled the presedes of 4.0 X
10 oillisguivalent af caldiesble materdal io the polymer.

(127 Umriclel abomption siect were detefqpined wHih o Bak-
min medef DE-T meordiog spectrophotometer,  Messuremefls at
BT my wene made with o Beckman model DU apectrophotometer,
Melling poiots wce uncaerested,

{13} A w-hexatie frmetion, bop, K882, obtofoed from the 3kclly O
Co., Fansss City, Mizsor.
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Thermal Depclymerizatica of Poalymer.—One millititer of

% 3% salution of palymer in abaolute ethanc] wes cvaporated

¥ in o ymell sublimation wpparatis, which was then
hestad ot 120" (0.1 p) for 1.6 bours. Duripg this perfod 9.3
mg. (4895) of a w Bolid collecte=d on the cold finger;
m.n. 831", Its ultraviolet absorption spectrum was iden=
tical with that of DLe-lipoic acid Wt AN shesad oop, o 332
ma{e161). The colorless residusin the sublimation appara-
tus was warmed with & ml. of (.5 N sodium bydrozide to
convert it to op-lipole acid (see below). Spectrophotomet-
ric expmioatiop of the solution at G32 mp showed that 7.2
mg. of DL~r-lipoic acid was presest.

Converzion of Polymer to pr-a-Lipole Acdd with Diiote
Alati.—4 mixtire of 862 mg. of palymer and 156 ml. of 0.5
N sodittm hydroxide was warmad on a steam-bath for 16
minutes, Du.ring this perjod the polywer graduslly dis-
solved co give a bright yellow solutlon, From this salution
was iaolated, in a manner deseribed previowsly,' 4906 mg.
{705} af vellow crystals, m.p. §3-583°, mix#d m.p. with an
gthentle sample of Dr-e-lipoic acd! {m.p. 62-63%)
B2-837; AMK sbanal BR0 My, Rogs 332 thiy (e 160).50

To 0.5 mi. of a 19 salution of polymer in 5% ethanal was
added (.5 ml. of 0.0984 N oqueous sodivm bhydroxide, 't
The clear eolation beeame yellow immediately, At 5 and
A0-minute tervals 0.3-ml. aliquots of the reetion mixtame
wor diluted to 3.0 ml. with 5045 ethano! and spectrophoto-
metric teadings talen at 332 mu. I several cootool experd-
mentz the dlimvidlet absorption specta of the reaction
mechiires went thawn to be identical with that of Dr-o-lipoic
acid. To confirm the identity & the reaction produce, it
was fsolated and characterized as Ioflows. To o solution of
545 myg. of polymer in §4.5 ml. of 85% ethancl was added
54.5 ml. of 0.0084 ¥ sodium hydrovide, The resulting yel-
low solution wes nllowed to stand at reom temperature for
20 minutes and then was potred fate 100 ml. of water. Two
millTiters of 8 N hydrochlonie aeid was added and the mix-
tire was extracied with two 15-ml, portions of chlaroform.
The vollow chlorolorm extracts were worked up as described
in a preceding sxperiment to yleld 422 mg. {775%] pf yelow
crystals, m.p. 61-62°; mized m.p, with an authentic sample
of np-a-lingic acidt (m.p. 81-027) §1-92%; wtfE sbeol ogp
My, hege 382 mp (e 150).

Inhibition of Alksline Conversion with Sodiom »-Chlom-
merciribanzoats and Beversal with br-6,5-Dithinloghanole
Ardd,—To 0.5 ml. of 0.0984 & oquecus sadinm bydroxide
containing 0.4 ¥ 1077 A sodiom p-chloromercoribensocte
was added 0.5 ml, of 8 1% solutina of polymer in 9595 etha-
nol. The resalting selution (A) remasned eolorless during a
1-mioute period, At that time 0.5 ml. of the solution was
treated with 0.1 ml. of & I X 10-F Y solution of br-4,8-di-
thicloctangic acid! |a 955% sthanel. The remuting solution
fB) became vellow immediately. After 10 minutes solution
B woas diluted to 3.0 ml. with 5095 ethanol and its ulbo-
wiolet absorption spectruii determined igainst a cootrol
solutinn containing all of the chemicals employed except
polymer. There was an absorpton marimum at ey
which showed 1005 o M (B8%5) of DL-a-Upoie acid wos present.
The spectrum of sclution A, determined st 30 miouces
apainst 8 coolmol solution comtiining soditm  bydroride
and sodivm p-chioromercuribenzonte showed poly low end
absorption io the 332 mp region.

Actnowledgment.—The authors are indebted
to Mr. Mark Leviteh for assistance with some of

the experiments.
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(147 The reanlts wers exvedtially the axmia when the order af addi-
Llwn was roversed., TWhed the =Eert of oo-fE-dithicloctapoic mcid
wod sudied, 0.02 ml of 1 ¥ 107 M solkutioo of this sobetaoce i@ 955
gthanol was wdded to the 06wl aliqast of polymet sluilan prier to |
addltion of slimtl,



	docu0003.BMP
	docu0004.BMP

