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and 30 ml. of triethylamine was allowed to stand overnight
at room temperature. After filtering from amine hydro-
bromide and evaporating under reduced pressure, the residue
was taken up in ethanol. Slow evaporation over several
days gave light vellow crystals of m.p. 82.5-86.5°, yield
50%; recrystallized from ethanol, m.p. 91-92° (B. and
R.%% 87.5°); it gave mo mixture m.p. depression with a
sample prepared by the Barnes procedure’? from the 8-
methoxy compound above.

Anal. Caled. for CiHigBrO,:
Found: C, 63.22; H, 5.20.

Attempts to prepare cis isomers in the 2’ 4’ 6'-trimethyl-
chalcone (benzalacetomesitylene) series by exposure of

C, 63.52; H, 5.33.
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benzene solutions of frans isomers to sunlight for 2.5 hir., for
4 days or for 15 days, gave only starting compound and
resins.

p-Anisylmesitoylacetylene was prepared by dehydro-
bromination of #rans-a-bromo-4-methoxybenzalacetomesi-
tylene (m.p. 91-92°) by the Bickel procedure® except that
a threefold reaction time was necessary; recrystallized from
ethanol, m.p. 66.5~67° (colorless).

Anal. Caled. for CsHy;:0y: C, 81.99; H, 6.52.
C, 81.58; H, 6.54.

(33) C. L. Bickel, THIS JOURNAL, 68, 2134 (1947},

Found:
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pL-Dimethyldihydro-a-lipoic acid has been synthesized.

It showed no a-lipoic acid activity in the enzymatic POF assay.

Attempts to convert this acid to pL-e-lipoic acid gave only low vields of «-lipoic acid as determined by enzymatic assay.

Several syntheses of pL-a-lipoic acid (XI) have
been reported.! A preliminary account of the
synthesis of (4)-, (—)- and pL-e-lipoic acid has
been reported from these laboratories.? This pa-
per describes a synthesis of pL-dimethyldihydro-a-
lipoic acid (X). Demethylation of this acid gave
only low yields of a-lipoic acid as determined by
the enzymatic POF assay.?

y-Butvrolactone (I} was counverted to 2,4-dibro-
mobutyric acid (II).* The first sulfur-containing
intermediate of this sequence, 2,4-di-(methylthio)-
butyric acid (III), was prepared by adding 2,4-di-
bromobutyric acid (II} to an excess of sodium
methyl mercaptide in methanol solution.  Although
syntheses of the 2,4-dihalobutyric acids are de-
scribed in the literature,*® preparation of the pure
acids was complicated by the ready elimination of
the 4-halogen to give mixtures of the dihalo acid
and the corresponding «-halo-y-butyrolactone.
Consequently, the crude bromination mixtures
were treated immediately with the sodium mercap-
tide. The dithioether was purified by distillation,
although the undistilled produect was sufficiently
pure for use in the next step.

A second synthesis of this dithioether, involving
the addition of an alkyl mercaptide to a substituted
v-butyrolactone,* gave lower yields. «-Methyl-
thio-v-butyrolactone was prepared from sodium
methyl mercaptide and «-bromo-y-butyrolactone.
A toluene suspension of sodium methyl mercaptide

(1) C. 8. Hornberger, Jr., R. F. Heitmiller, I. C. Guasalus, G. H, F.
Schnakenberg and L. J. Reed, THis JoURNAL, T8, 1273 (1953); M. W.
Bullock, J. A. Brockman. Jr., E. L. Patterson, J. V. Pierce, M. H.
von Saltza, F. Sanders and E. T.. R. Stokstad, ¢hid., 76, 1828 (1954);
Q. F. Soper, W. E. Buting, J. E. Cochran, Jr., and A. Pohland, ébid.,
76, 4109 (1954); L. J. Reed and Ching-I Niu, ibid., 77, 416 (1955).

(2) E. Walton, A. F. Wagner, I.. H. Peterson, F. W. Holly and K.
Folkers, ibid., 76, 4748 (1954).

(3) I. C. Gunsalus, M. I. Dolin and L. S$truglia, J. Biol. Chemn., 194,
849 (1952).

(4) H. Plieninger, Ber., 83, 265 (1950).

(5) J. E. Livak, E. C. Britton, J. C. Vander Weele and M. F. Mur-
ray, THIS JOURNAL, 67, 2218 (1945); E. C. Britton and J. C. Vander

Weele, U. S. Patent 2,530,348 (1950); E. C. Britton, J. C. Vander
Weele and J. E. Livak, U. 8. Patent 2,557,779 (1951).

reacted with a-methylthio-y-butyrolactone to yield
an intermediate addition product. Fusion of this
product at 165-170° for one hour yielded the so-
diutn salt of 2,4-di-(methylthio)-butyric acid. The
vields from this alternate method were one-half
those of the direct method.

2,4-Di-(methylthio)-butyric acid was converted
to 2,4-di-(methylthio)-butyryl chloride (IV) which
was purified by distillation and characterized by
conversion to the methy! ester.

The acylation of ethyl {-butyl a-ethoxymagtiesio-
malonate with 2,4-di-(methylthio)-butyryl chlo-
ride yielded the intermediate, ethyl t-butyl [2,4-di-
(methylthio)-butyryl]-malonate (V). This product
was not isolated but was converted to the 3-keto ester
VI by elimination of the ¢-butyl group and decar-
boxvlation® using catalytic amounts of p-toluenesul-
fonic acid in refluxing benzene solution. Ethyl
[2,4-di-(methylthio)-butyryl]-acetate (VI) was pu-
rified by distillation and showed ultraviolet ab-
sorption characteristic of «-keto thioethers.” Ab-
sorption maxima were observed at 246 and 294 mu.

The §-keto ester VI was converted to methyl 4-
carbethoxy-4-[2,4 -di - (methylthio} - butyryl]-buty-
rate (VII) by either a condensation with methyl
acrylate or alkylation with methyl 8-chloropropion-
ate. The product VII distilled as a viscous high-
boiling oil and showed ultraviolet absorption max-
ima characteristic of a-keto thioethers.” Hydroly-
sis and decarboxylation of the keto diester VII
with hydrochloric acid in glacial acetic acid solu-
tion was not complete. Although the acidic product
gave the calculated neutralization equivalent for
acid VIII, extra carbonyl absorption was noted in
the infrared. The crude product was saponified
with cold 1 &V sodiumn hydroxide. After acidifica-
tion and extraction a semi-solid mixture was ob-
tained. TFusion of this mixture at 80-85° for one
hour completed the decarboxylation to yield 4-

(8) D. S. Breslow, E. Baumgarten and C. R. Hauser, THTS JOURNAL,

66, 1286 (1944).
(7} B. A. Fehne! and M. Carmack, thid.. 71, 84 (1949).
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The infrared spectrum of

L J_—_o Bry > ?HﬂCHZﬂfHCOOH NaSCH—? ?HQCH2?HCOOH the sodium salt showed

o PBr; Br Br SCH, SCH; strong carbonyl and

I 11 I carboxylate absorption,

and elemental analysis

i 80Cl, indicated the loss of one

COOC;H; COOC.H; sulfur per molecule.
CH,CH.CHCOCH C.H.0MgCH CH:CHCHCOCI Both terminal unsatura-
‘ ! NCOOC(CH;) NCOOC(CHy);  SCH e tion and e8-unsatura-
SCH;  SCH; v 878 378 3 v 8 tion were eliminated on

| #-CH,CH,SOH

the basis of infrared and
ultraviolet spectra.
Similar reactions at room

(|1H2CH2?HCOCH2COOC2H5 CH,—CHCOOCH ?HECHQICHCOCIZHCHQCHzCOOCHs temperature also elimi-
2= 3 .

SCH; SCH; VI SCH; SCH; COOCH,  VII nated sulfur. Refluxing
glacial acetic acid-zinc
NaBH, ¢H+ systems gave rise to the
CH,CH,CH—_ =0 crystalline acid  (m.p.
; ] O CH,CH,CHCO(CH.,);COOH 52-54°) described abox_fel.
SCH; SCH, IX Only starting materia
SCH;  SCH, was isolated from low
i P+l VI temperature reactions in
CH.CH,CH(CH.);COOH ™ N\—(CH,),CO0H ether-6 N hydrochloric

i _ > l ] acid—zinc systems.
SCHs  5CHs X §—8 XI Reduction of the keto

[2,4-di-(methylthio)-butyryl]-butyric acid (VIII).
Infrared and ultraviolet spectra were comnsistent
with the structure VIII.

Wolff-Kishner reductions of the keto acid VIII
failed to yield 6,8-di-(methylthio)-octanoic acid
(X). Wolff-Kishner reduction in diethylene gly-
col® at 200° gave low yields (ca. 259%) of products
showing little or no infrared carbonyl absorption.
Although the carbonyl was apparently reduced, ele-
mental analysis showed the loss of one sulfur per
molecule. Additional modification of the molecule
was shown by ultraviolet absorption maxima at 228
mu (E1g" 318) and 255 mu (E g™ 140) and by low
neutralization equivalents.

In a modification of the above method, the hydra-
zone of the hydrazine salt of the keto acid VIII was
prepared by reaction with hydrazine hydrate. This
product, isolated as an oil, was found to contain
17.19, nitrogen (caled. 18.89,). The infrared ab-
sorption spectrum was characterized by the pres-
ence of the carboxylate group and the absence of
carbonyl absorption. The hydrazone hydrazine
salt was heated at 160° for six hours with sodium
ethoxide. This product also showed loss of sulfur
(ca. 50%), absence of the carbonyl group and ultra-
violet absorption maxima at 227 mu (E 5™ 748) and
260 mu (E ;g 69). The infrared absorption spec-
trum did not show the presence of «,8-unsaturation.

Clemmensen reductions also gave little or no car-
bonyl reduction. Under most conditions used,
sulfur was eliminated.

A refluxing ethanol-hydrochloric acid—zinc sys-
tem gave a mixture of an acidic and a neutral prod-
uct. The morpholine salt of the acidic fraction
showed strong carbonyl and carboxylate infrared
absorption. None of the reduced acid X was iso-
lated.

A crystalline acid (m.p. 52-54°) was obtained
from a refluxing 6 N hydrochloric acid—zinc system,.

(8) Huanyg-Minlon, THIS JOURNAL, 68, 2487 (1946).

acid VIII to pL-6,8-di-
(methylthio)-octanoic acid was accomplished in
two steps. First the carbonyl group was reduced to
a hydroxyl with sodium borohydride in agueous
methanol. The reduction mixture on acidification
and extraction yielded an oil. Distillation of this
oil yielded the §-lactone IX. The second stage of
reduction was accomplished by heating the §-lac-
tone IX with phosphorus and iodine in glacial acetic
acid. In this reaction the amount of iodine used
was critical. Best results were obtained using a
1:10 weight ratio of iodine to lactone. Lesser
amounts of iodine resulted in incomplete reduction;
larger amounts yielded iodine-containing products.
Isolation of pure pL-6,8-di-(methylthio)-octanoic
acid (X) from such impure products was unsuccess-
ful. Under optimum conditions the acid was iso-
lated as an oil which was partially purified by dis-
tillation. This acid was purified and characterized
as the l-ephedrine salt.

DL-6,8-Di-(methylthio)-octanoic acid showed no
activity in the enzymatic POF assay.?

The conversion of the acid X to pL-a-lipoic acid
(XTI) was studied extensively. Considerable atten-
tion was paid to acid hydrolytic reactions since
methionine was converted to homocystine by this
method.® Demethylation was studied using the
following reagents: 309, aqueous sulfuric acid
(85°), 1:1 glacial acetic acid-66%, sulfuric acid
(85°), 859, phosphoric acid (85°), hydrobromic
acid in glacial acetic acid (85°), hydrogen bromide
(80-130°), 2:1 55% hydriodic acid-glacial acetic
acid (85°), thiouronium bromide (110-160°), thio-
uronium chloride (110-160°), pyridinium chloride
(110~-150°), thiourea and iron (160°), thiourea and
zine (160°), boron trifluoride and glacial acetic acid
(110°), boron trifluoride and thioacetic acid (100°),
and p-thiocresol.

The products from these reactions were not sep-
arated or characterized. Dr. George E. Boxer of

(Y) L. W. Buntz and V. du Vigneaud, J. Biol. Chem., 99, 139 (1932),
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these laboratories examined the products of these
reactions for POF activity.® The activities ob-
served indicated that low yields of a-lipoic acid had
been formed in these reactions.

Acknowledgment.—We are indebted to Dr. N. R
Trenner, Messrs. R. W. Walker, F. W. Bacher and
colleagues for the infrared and ultraviolet absorp-
tion spectra, to Mr. R. N. Boos and his associates
for the elemental analyses and to Dr. J. B. Conn
and his associates for the molecular weights re-
ported herein.

Experimental

a-Methylthio-y-butyrolactone.—A solution of 37.7 g. of
a-b.romo-y-butyrolactone in 50 ml. of methanol was cooled
while 20.3 g. of sodium methyl mercaptide dissolved in 225
ml. of methanol was added slowly. After standing at room
temperature for one hour the reaction mixture was concen-
trated in vacuo and the residual product was diluted with
100 ml. of water. The product was isolated by extraction
with three 50-ml. portions of chloroform and the combined
extracts were washed with water and dried over anhydrous
magnesium sulfate. The anhydrous extract was filtered
a.’id concentrated in vacuo to yield 19.7 g. (519%,) of residual
oil.

The product now was distilled through a short Vigreux
column and a fraction was collected boiling at 64.0-66.5°
(0.1 mm.), weight 11.2 g. (20%), n2Dp 1.5040, A\C52 5.68 u.

Anal. Caled. for CsH0.S (132.18): C, 45.43; H, 6.10;
S, 24.26. Found: C, 45.65; H, 5.80; S, 24.50; mol. wt.
(ebullioscopic), 157 =% 3.

2,4-Di-(methylthio)-butyric Acid (III).—A solution of
10.8 g. of a-methylthio-y-butyrolactone in 20 ml. of toluene
was added to a stirred suspension of 7 g. of sodium methyl
mercaptide in 30 ml. of toluene., The mixture was stirred
for one hour at room temperature. After standing overnight
the toluene was distilled off in wvacuwo. The residue was
fused at 165-170° for 30 minutes; when the fused product
had cooled to 100° it was dissolved in 120 ml. of water.
The aqueous solution was acidified to pH 3 with concen-
trated hydrochloric acid and extracted with chloroform.
The acidic fraction was isolated by extraction with satu-
rated agueous sodium bicarbonate followed by acidification
to pH 3 with concentrated hydrochloric acid and chloroform
extraction. The chloroform solution of the acidic product
was dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to yield 6.9 g. (489%,) of product.

The product was distilled ¢# vacuo in a von Braun flask
and the product was collected at 154-158° (0.15 mm.), bath
temperature 184°, weight 2.9 g. (209,), n%p 1.5267, neut.
equiv. 184 (caled. 180), A%%2 5.85 4.

Anal. Caled. for CeHpO:S, (180.28): C, 389.97; H,
6.71; S, 35.57. Found: C, 40.60; H, 6.54; S, 33.22; mol.
wt. (ebullioscopic), 181 = 5.

2,4-Dibromobutyric Acid (II).—The method of Plienin-
gert was modified as follows: Four ml. of phosphorus tri-
brqrmde was added to 198 g. of y-butyrolactone and the re-
action mixture was heated to 100°. The mixture was stirred
while 328 g. of bromine was added dropwise (3 hours) be-
neath the surface of the liquid. The temperature was
maintained at 110-115°; during the first hour temperature
was maintained by the rate of bromine addition., When
the rate of bromine uptake decreased (ca. 1.5-2 hours), 1
ml. of phosphorus tribromide was added and heat was
applied to maintain reaction temperature. The addition
of bromine was continued until hydrogen bromide evolution
was evident. At that stage the addition of bromine was
discontinued and the product was stirred and cooled to room
temperature. The product was sufficiently pure for subse-
quent reactions.

2,4-Di-(methylthio)-butyric Acid (III).—One hundred
grams of methyl mercaptan was added to a cold stirred solu-
tion of 78 g. of sodium methoxide in 750 ml. of methanol.
In the course of 15 minutes 105 g. of 2,4-dibromobutyric
acid was added to the cold stirred mercaptide solution.
When the addition was complete the mixture was refluxed
for one hour and concentrated in vacuo on the water-bath.
The residue was diluted with 500 ml. of water and acidified

WAGNER, WaLTON, HorFrMAN, PETERSON, HOLLY AND FOLKERS

Vol. 77

to pH 3 with concentrated hydrochloric acid. The product
was isolated by chloroform extraction and the acidic frac-
tion was separated by bicarbonate extraction followed by
acidification to pH 3 with concentrated hydrochloric acid
and chloroform extraction. The chloroform solution of the
acidic product was dried over anhydrous magnesium sul-
fate, filtered and concentrated in wvacwo to yield 31.7 g.
(43%) of 24-di-(methylthio)-butyric acid, »%p 1.5276,
neut. equiv. 183 (caled. 180).

The product was identical with an analytical sample of
2,4-di-(methylthio)-butyric acid prepared from «-methyl-
thio-y-butyrolactone. Reaction with diazomethane yielded
methyl 2,4-di-(methylthio)-butyrate. The vield was 64%
after distillation.

Methyl 2,4-Di-(methylthio)-butyrate.—A solution of 1.32
g. of 2,4-di-(methylthio)-butyric acid in 20 ml. of anhy-
drous ether was cooled and an ethereal solution of diazo-
methane (109 excess) was added. The reaction was
worked up in the usual manner and the solution was con-
centrated in vacuo to yield 1.37 g. of oil.  The ester was dis-
tilled in a von Braun flask. A fraction was collected boiling
at 72-74° (0.17 mm.), bath temperature 80-90°, weight
0.6 g. (409,), n¥p 1.5097, A\SHOH 246 myu (e 610).

Anal. Caled. for CHL0:S, (194.30): C, 43.27; H,
7.25; S, 33.00. Found: C, 43.97; H, 6.86; S, 32.79;
mol. wt. (ebullioscopic), 226 % 10.

2,4-Di-(methylthio)-butyryl Chloride (IV).—2,4-Di-
{methylthio)-butyric acid (0.1 mole) was stirred and cooled
in an ice-bath while 14 g. of thionyl chloride was added drop-
wise in the course of 15 minutes. The reaction mixture was
stirred for one hour and the excess thionyl chloride and vola-
tile by-products were removed in vacuo.® The product
was distilled i vacuo in a von Braun flask (bath tempera-
ture 120-130°) to yield 9.2 g. (50%) of 2,4-di-(methylthio)-
butyryl chloride, b.p. 93-94° (2-3 mm.), #¥*Dp 1.5340.

The product was identified by conversion to methyl 2,4-
di-(methylthio)-butyrate. Treatment with 50 ml. of meth-
anol, concentration in vacuo and distillation yielded methyl
2,4-di~(methylthio)-butyrate, b.p. 66.0-68.0° (0.12 mm.),
weight 6.94 g. (709,), n%p 1.5094.

Ethyl [2,4-Di-(methylthio)-butyryl]-acetate (VI).—Mag-
nesium ethoxide (50 g.) was suspended in 440 ml. of anhy-
drous ether and 81.3 g. of ethyl ¢-butylmalonate was added
dropwise to the stirred suspension in the course of 15 min-
utes. When the exothermic reaction was complete, the
reaction mixture was refluxed for 15 minutes. The reac-
tion mixture was cooled and 0.8 mole of 2,4-di-(methylthio)-
butyryl chloride!! was added at a rate sufficient to induce
gentle refluxing. When addition was complete, the mixture
was refluxed for one hour. The mixture was cooled and
acidified with 2 N sulfuric acid. The ether phase was sepa-
rated. The aqueous phase was extracted twice with ether
and the combined ether extracts were washed with water
and dried over anhydrous magnesium sulfate. The solution
was filtered and concentrated ¢n zacuo. The residue was
dissolved in anhvdrous benzene and final traces of water
were removed by azeotropic distillation. When the an-
hydrous benzene solution had cooled to room temperature,
4 g. of anhydrous p-toluenesulfonic acid was added and the
solution was refluxed for three hours. Carbon dioxide and
ethylene were detected in the gas generated during reflux.
When gas evolution had virtually ceased, the solution was
cooled and washed with saturated aqueous sodium bicar-
bonate. The benzene phase was washed with water, dried
over anhydrous magnesium sulfate, filtered and concen-
trated n vacuo. The residue (150 g.) was distilled in vacuo
through a short Vigreux column to remove the low boiling
fractions (<953° (0.03 mm.)). The higher boiling fractions
were obtained by distillation in a von Braun flask.

Fraction 1: b.p. 108-116° (0.08 mm.), bath temperature
167°, weight 16.9 g. (8%), »n%p 1.5025.

Fraction 2: b.p. 116-121° (0.08 mm.), bath tempera-
ture 167-172°, weight 31.0 g. (20%), n%D 1.5088, AGEOH

246 myu (e 1237), ACEIOF 204 1y, (¢ 481), ATEEYE 5.77 and 5.85

max max
.

(10) Later experiments showed that the product could be purified
more conveniently when the reaction was carried out in anhydrous
benzene solution.

(11) Crude residual product. Later results showed that the acid
chloride distilled readily and the use of the purified reactant greatly
improved the yield and ease of isolation of the condensation product.
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Anal. Caled. for C;pH1505S: (250.86): C,47.98; H, 7.24;
S, 25.62. Found: C, 48.25; H, 7.15; S, 25.75; mol. wt.
(ebullioscopic), 255 =% 3.

Methyl 4-Carbethoxy-4-[2,4-di-(methylthio)-butyryl]-
butyrate (VII).—Twenty grams of ethyl [2,4-di-(methyl-
thio)-butyryl]-acetate and 5 g. of 309, methanotic Triton B
were stirred while 7 g. of methyl acrylate was added during
a 15-minute period. The temperature rose from 25 to 35°
during the addition and ultimately reached 50°. The
mixture was cooled. After the initial exothermic reaction
subsided, the mixture was stirred at 50-55° for 48 hours.
The reaction mixture was cooled and 100 ml. of chloroform
and 50 ml. of 1 N hydrochloric acid were added. The chloro-
form phase was separated, washed with water and dried
over anhyvdrous magnesium sulfate. The chloroform solu-
tion was filtered and concentrated s vacuo to yield 25 g. of
oil. The product was distilled in vacuo in a von Braun
flask and a fraction was collected boiling at 187-186° (5 u),
bath temperature 200-235°, weight 15 g. (565%), n¥*D
1.5039, sapn. equiv. 186 (caled. 168), ACHIOH 947 my (e

max

1043) and 298 mu (¢ 505), ASECk 5.75 and 5.85 u.

Anal. Caled. for CiH0:S: (336.45): C, 49.98; H,
7.19; 8, 19.08. Found: C, 50.07; H, 6.95; S, 19.86;
mol. wt. (ebullioscopic), 364 =% 5.

Methyl 4-Carbethoxy-4-[2,4-di-(methylthio)-butyryl]-
butyrate (VII).—Ethyvl [2,4-di-(methylthio)-butyryl]-ace-
tate (20 g.) was dissolved in a solution of 2.3 g. of
sodium methoxide in 100 ml. of anhydrous methanol. The
solution was refluxed while 9.8 g. of methyl g-chloropro-
pionate was added in the course of ten minutes. The reac-
tion mixture was stirred and refluxed for two hours. After
being cooled in an ice-bath and acidified with cold dilute
hydrochloric acid, the mixture was poured onto ice and ex-
tracted three times with chloroform. The combined chloro-
form extracts were washed with water, dried over anhy-
drous magnesium sulfate, filtered and concentrated iz vacuo.
The residue (25.5 g.) was distilled in vacuo in a von Braun
flask and the product collected distilled between 140-160°
(0.05 mm.), weight 16.5 g. (62.5%), #%p 1.5028, \CHoH
247 myu (¢ 1009) and 299 mu (¢ 464).

Anal. Caled. for CiH,0;S, (336.45): C, 49.98; H,
7.19; S, 19.06. Found: C, 49.65; H, 7.12; S, 19.25; mol.
wt. (ebullioscopic), 341 = 4.

4-[2,4-Di-(methylthio)-butyryl]-butyric Acid (VIII).
Methyl 4-carbethoxy-4-[2,4-di-(methylthio)-butyryl]-butyr-
ate (6.8 g.) was dissolved in 100 ml. of glacial acetic acid and
24 ml. of concentrated hydrochloric acid. Gas was evolved
within five minutes. After standing at room temperature
for 48 hours, the solution was concentrated in vacuo on the
water-bath. The residue was taken up in chloroform.
The acidic fraction was separated by extraction with satu-
rated aqueous sodium bicarbonate followed by acidification
to pH 3 with concentrated hvdrochloric acid and extraction
with chloroform. The chloroform extract was washed with
water, dried over anhydrous magnesium sulfate, filtered
and concentrated in vacuo to a residual oil (4 g.), neut.
equiv. 257 (caled. 250). The infrared spectrum in chloro-
form solution showed an extra carbonyl band indicating in-
complete hvdrolysis.

The product (3.5 g.) was dissolved in 50 ml. of cold 1 N
sodium hydroxide and was allowed to stand overnight at 5°.
The solution was acidified to pH 3 with concentrated hydro-
chloric acid and the product was isolated by chloroform ex-
traction. The chloroform solution was washed with water,
dried over anhydrous magnesium sulfate, filtered and con-
centrated in vacuo to yield a semi-solid mixture (neut.
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equiv. 195). The mixture was heated in vacuo at 80-85°
for 1.5 hours; gas evolution was vigorous during this period.
The residue, 4-[2,4-di-(methylthio)-butyryl]-butyric acid,
showed the following properties: neut. equiv. 246 (caled.
250), A\eE©OF 239 myu (¢ 693) and 297 mu (e 138), ACEC!
5.75~5.9 u, AmoPEeline 5 86 and 6.3. 4.

Anal. Caled. for CiHy50:8: (250.36):
7.25; S, 25.61. Found: C, 47.70; H, 6.95;
mol. wt. (ebullioscopic), 259 =+ 5.

6-[1,3-Di-(methylthio)-propyl-1]-tetrahydropyrone-2 (IX).
—4 - [2,4 - Di-(methylthio) - butyryl] - butyric acid (10 g.)
was dissolved in 370 ml. of ethanol and 26 ml. of water.
A total of 6.7 g. of sodium borohydride was added to the
cooled solution in small portions. S

C, 47.97;, H,
S, 24.98;

When the initial vigorous
reaction subsided, the reaction mixture was allowed to warm
up to room temperature. At the end of two hours the ex-
cess reducing agent was decomposed by the slow addition
of concentrated hydrochloric acid. The mixture was
filtered and the pH of the filtrate was adjusted to 8 by the
addition of 8 N sodium hydroxide. The mixture was fil-
tered and the filtrate was concentrated iz vacuo on the water-
bath. The residue was diluted with 100 ml. of water.
The product was isolated by acidification to pH 3 with con-
centrated hydrochloric acid and chloroform extraction.
The chloroform soltition was washed with water, dried over
anhydrous magnesium sulfate, filtered and concentrated
in vacuo to yield an 8.3-g. residue. The residue was dis-
tilled ¢» vacuo in a von Braun flask.

Fraction 1: b.p. 165-170° (75 u), bath temperature 165—
170°, weight 2.05 g., #2®p 1.5385.

Fraction 2: b.p. 185-190° (300 u), bath temperature
185-190°, weight 1.32 g., 723D 1.5398, ASCl 5,75 4.

Anal. Caled. for CppH;30:8. (234.36): C, 51.23; H,
7.74; S, 27.36. Found: C, 50.93; H, 7.45; S, 27.20;
mol. wt. (ebullioscopic), 250 = 4.

DpL-6,8-Di-(methylthio)-octanoic Acid (pL-Dimethyldihy-
dro-a-lipoic Acid (X).—A mixture of 3.4 g. of red phosphorus,
1.6 g. of iodine and 200 ml. of glacial acetic acid was stirred
and heated to 85-90°. Eleven grams of 6-[1,3-di-(methyl-
thio)-propyl-1]-tetrahydropyrone-2 was added and the mix-
ture was stirred for six hours at 85-90°. The reaction mix-
ture was cooled, filtered and diluted with 500 m!. of water.
The product was isolated by chloroform extraction and
purified by extraction with 10% aqueous sodium bicarbon-
ate. The acid was isolated by acidification of the bicar-
bonate extract followed by chloroform extraction. The
chloroform solution was dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo to yield 4.9 g. of
oil, #%p 1.5353.

The product was purified by distillation 7z vacuo to vield
2.8 g. of oil, b.p. 150-160° (100 u), n®»D 1.5425. A sample
was redistilled, b.p. 140-155° (20-30 u), #%p 1.5440.

Anal. Caled. for C;oHy0,.S: (236.38): C, 50.81; H,
8.53; S, 27.13. Found: C, 49.65; H, 7.57; S, 28.37;
neut. equiv., 238.

6,8-Di-(methylthio)-octanoic acid (0.97 g.) was dissolved
in ether and an excess of l-ephedrine in ether was added.
The product separated as an oil which later crystallized.
The mixture was filtered to yield 1.25 g. of salt melting at
71-74°. Two recrystallizations from ether raised the melt-
ing point to 74-76°.

Anal. Caled. for CyH3NO;S; (401.61): C, 59.81; H,
8.78; N, 3.49; S, 15.97. Found: C, 59.93; H, 8.64; N\,
3.67; S, 16.63, 17.08.
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