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Under mild conditions sodiwn or barium iodide brings about cleavage of a single primary alkyl-oxygen (or benzyl-oxygen)
bond in a triester of phosphoric acid; the sodiuni or bariwn salt of the diester, and the alkyl or benzyl iodide are produced.
The di-p-nitrobenzyl and di-p-iodobenzylphosphoryl chlorides which were prepared from the corresponding diester, can be
used for phosphorylation, as they react readily with hydroxy aud amino coinpounds; the p-substituted benzyl groups were

removed by catalytic hydrogenation.

Introduction
Several years ago we introduced a new method of
phosphorylation! based on the reaction of the silver
salt of dibenzyl phosphate with suitable halides and
subsequent displacement of the benzyl groups of

Nal, 5~15 min., 55~80°

[
(AryviCH.0);PO ——[Lyield almost quantitative

Bal,, 2-5 min., 55°

does not proceed beyond the formation of the di-
ester. By this method we have obtained the di-
ethyl, dibenzyl, di-p-nitrobenzyl, di-p-iodobenzyl,
di-p-bromobenzyl and di-p-phenylbenzyl phos-
phates from the corresponding triesters.!?

{ArylCH;0),P(O)ONa + ArylCH.I
[(ArylCH:0),P(0)0O]:Ba + ArylCH.I

Baly(Nal), 60 min., 55° (109, yield)

10 min., 100° (909 vield)

the resulting triester by catalytic hydrogenation.!—*
Later, Atherton, Openshaw and Todd® used the
chloride of dibenzyl phosphate as a phosphorylat-
ing agent, thus giving the method a wider applica-
bility.

Dibenzyl phosphate can be prepared by the re-
action of the triester with concentrated alkalies,®
with hydrazine,” with tertiary bases and their halo-
genides,3® with lithium chloride® or by the action
of phosphorus pentoxide on benzyl alcohol.?

In our experience, the monodealkylation or
monodebenzylation of triesters by alkali seldom
proceeds satisfactorily. The tertiary bases produce
only debenzylation,® whereas lithium chloride can
also be used for the monodealkylation of trialkyl
phosphates.’® Although lithium chloride removes
a benzyl group more readily than an alkyl group
from a mixed triester, the rate of dealkylation is
high under the conditions necessary for debenzyla-
tion.

A general and simpler method’ for the prepara-
tion of the diesters of phosphoric acid consists in
heating the triester in a suitable solvent with bar-
ium or sodium iodide for a short time.!! The so-
dium or barium salt of the diester precipitates and
even in the presence of excess iodide, the reaction
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(11) Debenzylation and deatkylation with lithium chloride require
2--3 hours heating at 100°.

[( AlkylCH:0):P(0)0]:Ba + AlkylCH.I

Under the conditions employed (heating for a
few minutes at 80-100° or at the most for one hour
at 55°) the iodide salts remove only primary al-
kyl,'® benzyl and substituted benzyl groups; esters
of secondary alcohols, e.g., triisopropy! phosphate
or phenyl esters, e.g., triphenyl phosphate, are prac-
tically unaffected. Presumably esters of tertiary
alcohols will not be attacked either.

From the above scheme, it is obvious that mono-
debenzylation occurs more readily than monodeal-
kylation. Therefore, a benzyl group can be re-
moved selectively and almost quantitatively from
mixed triesters under suitable conditions; a p-
iodobenzyl group was removed from di-p-iodoben-
zyl n-butyl phosphate by heating at 55° for about
20-30 minutes. Mixed esters containing benzyl
and secondary (or tertiary) alkyl groups, e.g., di-p-
nitrobenzyl isopropyl phosphate and B-p-glucose
tetraacetate dibenzyl 1l-phosphate, can be selec-
tively debenzylated even under conditions which
brought about the monodealkylation of triethyl
phosphate.

The diesters (di-p-nitrobenzyl and di-p-iodoben-
zyl phosphate) reacted with phosphorus pentachlo-
ride to give the corresponding phosphoryl chlorides
(I and II). These are stable, crystalline com-
pounds which may be used for the synthesis of
monoesters, of mixed di- and triesters and of amino
derivatives of phosphoric acid. I and IT are more
stable than dibenzylphosphoryl chloride and give
derivatives of lower solubility and higher stability.
The following reactions illustrate the use of the
phosphoryl chlorides; similar reactions were car-
ried out with II.

(12) The triester need not be pure for this reaction; the iodide may
be added to a solution of the crude triester, obtained by the reaction
of an alkyl, benzyl or p.substituted benzyl halide with silver phos-
phate, or by the reaction of a dialkyl, dibenzyl or p.suhstituted di-
henzyl phosphoryl chloride with hydroxy compounds.

(13) T.ithium chloride renmioves also secondary alkyl groups, ref.
10,
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(CH;),CHOH
($-N0O.CeH,CH,0).P(O)C1 ——«—>
I
Nal
(P'N02C5H4CH20)2P(O)OCH(CH3 )2 —_—
ITI

d, H,

§>P(O)OCH(CH3)2 Pd H

v
(HO),P(O)OCH(CHy): + »-CH;CeH(NH, (1)
v

$-NO.CeH,CH,

a

I+ P-CH3C6H4NH2 —_—
Pd, H
($-NO;CeH,CH,0);P(0)NHCsH;CHy —— >
VI
(HO);P(O)NHGCsH,CH, + 2CH,C:H,NH, (2)
VII

The mixed triesters prepared by the phosphoryl-
ation of hydroxy compounds with dibenzyl phos-
phoryl chloride (I or II) are rarely obtained in a
pure crystalline state. Therefore, to avoid impuri-
ties in the hydrogenated product we have first de-
benzylated the triester as shown in (1), and then
hydrogenated the diester; the latter were always
obtained as pure crystalline compounds.
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Experimental

The solvents and sodium and barium iodide were anhy-
drous. Silver phosphate was prepared by the procedure of
Lipmann and Tuttle.!* Prior to analysis, the sodium or
barium salts were dried at 78°; other compounds were dried
at 56°. Phosphorus was determined colorimetrically on the
alkyl phosphates after hydrolysis with concentrated hydro-
chloric acid and on the benzyl phosphates after catalytic
hydrogenation; the mixed phosphates were hydrogenated
and the product hydrolyzed prior to the phosphorus deter-
mination. Hydrogenations were carried out in methanolic
sodium hydroxide with palladium black as the catalyst.
Hydrogenolysis was usually complete within 10-15 minutes
and the yield of phosphoric acid was quantitative.

Dialkyl, Dibenzyl and p-Substituted Dibenzyl Phos-
phates.—The diesters of phosphoric acid were prepared by
heating the corresponding triester with sodium or barium
iodide!® in a suitable solvent, followed by acidification of
the salt of the diester. The following procedures (A and B)
are typical. Some of the diesters prepared are listed in
Table I; those triesters which were prepared by procedure
B and were isolated are included. The iodides which were
isolated from the corresponding reaction mixtures are given
it Table II.

(A).—A solution of 3.7 g. (0.01 mole) of tribenzyl phos-
phate and 1.65 g. of sodium iodide (0.011 mole) in 20 ml. of
acetone!® was refluxed over a steam-bath for about 20
minutes; with methyl ethyl ketone as the solvent, the boil-
ing time can be reduced to 5-6 minutes. Precipitation of
the anhydrous sodium salt of dibenzyl phosphate began with~
in the first minutes. After the mixture, which had been

(14) F. Lippmann and L. C. Tuttle, J. Biol. Chem., 183, 571 (1944).

(15) Calcium and potassium iodide were also used for the prepara-
tion of dibenzyl phosphate.

(16) Dibenzyl phosphate was obtained in 959 yield with pyridine
as the solvent by heating for 1-2 minutes at 100°; it must be assumed
that the benzyl iodide formed reacts with the pyridine.

DEALKYLATION AND DEBENZYLATION OF TRIESTERS OF PHOSPHORIC ACID
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concentrated to half of its original volume, had stood for
several hours in the ice-box, the salt was collected and
washed with acetone. The filtrate was distilled 4 vacuo,
water was added and the mixture extracted with ether.
After removal of the ether and distillation, 1.7 g. of benzyl
iodide was obtained.

Upon acidification of the aqueous solution of the sodium
salt with hydrochloric acid, dibenzyl phosphate precipitated
almost quantitatively (m.p. 79°); an additional 0.3-0.4 g.
was obtained by acidification of the aqueous layer after ex-
traction with ether. The silver salt (m.p. 212-216° dec.)3*4
was prepared from an aqueous solution of the sodium salt.

(B).—For the preparation of the diester, especially in
large quantities, the crude triester can be used. Thus, 38
g. (0.3 mole) of benzyl chloride, 46 g. of silver phosphate
(109 excess) and 150 ml. of chloroform were heated on the
steam-bath for 7-8 hours. The precipitated silver salts
were repeatedly washed with chloroform and the combined
filtrate evaporated to drymess in vacuo.l” To the residue
dissolved in 120 ml. of acetone was added 16.5 g. of sodium
iodide and the solution heated on the steam-bath for 20-30
minutes. Upon cooling 19 g. (65%) of the sodium salt of
dibenzyl phosphate was obtained.

p-Phenylbenzyl Bromide.—A solution of 33.6 g. (0.2
mole) of p-phenyltoluene!® and 35.6 g. (0.2 mole) of bromo-
succinimide in 150 inl. of carbon tetrachloride was boiled
gently for 18 hours. The precipitated succinimide was
filtered. The filtrate was washed first with dilute alkali
and then with water, dried with sodium sulfate and distilled
to dryness in vacuo at 40-45°. Cold petroleum ether
(80-60°) was added to the crystalline residue and the mix-
ture filtered; yield 22 g. (509,). After two recrystalliza-
tions from alcohol or petroleum ether, the material melted
at 85° (reported!® m.p. 87°).

Anal. Caled. for C;3H,; Br:
32.82.

A bromide melting at 80° was used for the preparation of
the iodide and tri-p-phenylbenzyl phosphate.

Di-p-nitrobenzyl- (I) and Di-p-iodobenzylphosphoryl
Chloride (II).—To a suspension of the diester (0.04 mole)
in 50 ml. of chioroform was added a 109, excess of phosphorus
pentachloride in 2 or 3 portions with stirring and moder-
ate cooling. After 15 minutes stirring the reagents went
into solution. In the case of I, petroleum ether (b.p. 30—
60°) was added directly to the chloroform solution; in the
case of II the chloroform solution was distilled » vacuo at
20-25° almost to dryness and then petroleum ether added
to the residue. The chlorides were collected and washed
with petroleum ether. They were dried and stored in a
vacuum desiccator over phosphorus pentoxide and sodium
hvdroxide; under these conditions they are stable for a
long time.

1 (969 yield) was recrystallized from chloroform—petro-
leum ether, m.p. 107°.

Anal. Caled. for Cy3H;:0;N:PCl:
Found: N, 7.4; Cl, 9.3.

II was obtained in 75% yield, m.p. 89°.

Anal. Caled. for CyH;,0,CILP: Cl, 6.46;
52.76. Found: Cl, 6.57; CI + I, 52.98.

As expected, when the phosphoryl chiorides were stirred
with dilute alkali at room temperature (prior to the deter-
mination of chlorine), only the chlorine was split off.

p-Nitrobenzyl Isopropyl Hydrogen Phosphate.—A solu-
tion of I (9.7 g., 0.025 mole) in 30 ml. of chloroform was
added to a mixture of 5.4 ml. of isopropyl alcohol and 6 ml.
of pyridine in 10 ml. of chloroform. The solution was
allowed to stand for 4 hours at room temperature. It was
then washed successively with potassium hydrogen carbon-
ate, water, dilute hydrochloric acid and again with water.
It was dried over sodium sulfate and distilled to dryness in
vacuo; a few ml. of alcohol was added. After several hours
in the cooler, a small amount of precipitate was filtered and
the filtrate distilled to dryness. The resulting sirupy tri-

Br, 32.34. Found: Br,

N, 7.26; Cl, 9.16.

Cl + 1,

(17) For the isolation of pure crystalline tribenzyl and tri-p-phenyl-
benzyl phosphates ether—petroleum ether was added; the other p.sub-
stituted benzyl phosphates were obtained by adding alcohol and re-
crystallizing from the same solvent.

(18) W. E. Bachmann and R. A. Hoffmann in '*Organic Reactions,”
Vol. 11, John Wiley and Sons, Inc., New York, N, Y., 1944, p. 247.
M. Gomberg and J. C. Pernert, THIS JOURNAL, 48, 1372 (1926).

(19) H. Dahn and P. Zoller, Helv. Chim. Acta, 25, 1348 (1952).
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TABLE I
. ] Analyses, %

Phosphate esters Yield, %% M.p., °C lIormula Caled. Found
Dibenzyl-Na 75° CuH,O0,PNa P, 10.32 10.25
Dibenzyl 06" 79°
Dibenzyl-Ba 97° CosHosOsPyBa Ba, 19.85 19.65
Diethyl-Ba® 90 CsH20OsP2Ba P, 13.98; Ba, 30.96 13.89;30.75
Diethyl-Pb"” 90* 182-1837 CsH3,OsP: Pb P, 12.08 12.17
Tri-p-nitrobenzyl 84 130¢ CaiH ;5010 NP N, 8.35 8.45
Di-p-nitrobenzyl-Na 96° C14H .05 NP Na P, 7.94; N,7.17 7.82;7.05
Di-p-nitrobenzyl 75 175" C14H 305N, P N, 7.6 7.45
Di-p-nitrobenzyl-le 08® C23H24015N4P2Ba Ba, 15 75 15.86
Tri-p-bromobenzyl 83 133
Di-p-bromobenzyl-Na 96" C1sH:04Br,PNa P, 6.76 6.65
Di-p-bromobenzyl 06 161-1627 CiyH1;04Br,P Br, 36.65; P, 7.11 36.82;7.2
Di-p-bromobenzyl-Ba 98% C.sH:OsBryP:Ba Ba, 13.63 13.85
Tri-p-iodobenzyl 85 164 CuHisO41:P I,51.03; P,4.15 51.25;4.2
Di-p-iodobenzyl-Na’c 91" C;sH2:04:PNa I,45.98; P, 5.61 15.72;5.7
Di-p-iodobenzyl 93" 178 CyH13041,P I,47.88; P, 5.84 47.53;5.89
Tri-p-phenylbenzy!* 85 173 C3eH0,P P, 5.19 5.1
Di-p-phenylbenzyl- Na® 07" CyH2 0P Na P, 6.85 6.8
Di-p-phenylbenzy! 92" 148-150 CueHuiOsP P, 7.2 7.1

“ By procedure A. * By acidifving the sodium salt.

© M.p. 78-79°, ref. 6.

4 Acetoacetic ester used as the solvent.

° Since the sodium salt of diethyl phosphate is soluble i1 acetoacetic ester or acetone, the phosphate ester was isolated as the

lead salt.
173-174°, ref. 8. ¢ M.p. 132-133°, ref. 8.
salt is soluble only in hot water (1:25).

/ M.p. 180°; ‘‘Beilstein,”” 4th edition, V'ol. I, J. Springer, Berlin, 1918, p. 322.
7 M.p. 155-156°, ref. 8.
! Upon catalytic hydrogenation, the tri-p-phenylbenzyl phosphate yielded p-

¢ M.p. 127-128°, ref. 8. * M.p.
# Methyl ethyl ketone was used as the solvent; the

phenyltoluene (m.p. 47-48°) and phosphoric acid quantitatively.

TapLe 11

Analyses for

Yield, M.p, iodine, %
e °C.

Todide Formula Caled. Found
Benzyl 24
p-Nitrobenzyl 01 1247 CiHgOuNT 48,26 4842
p-Bromobenzyl S 74-75"  C;HeBrl 12,73 42.56
p-lodobenzyl 9 888y CrHgl. T3.81 73.54
p-Phenylbenzyl 85 102°
* M.p. 124°; H. Finkelsteia, Ber., 43, 1331 {1910).

» M.p. 80-81°; A. Hantzsch and O. W. Schultze, bid., 29,
2253 (1896). We also prepared p-bromobenzyl iodide by
the treatment of p-broinobenzyl bromide with sodium io-
dide; this sample melted at 74-75° after 2 recrystallizations
from alcohol. The nielting point of a mixture of this iodide
and the sample, obtained from the debenzylation of
tri-p-bromobenzyl plosphate, was not depressed. ¢ p-
Phenylbenzyl iodide, prepared by the treatment of p-
p(hggylbenzyl bro:mnide with sodiuni iodide, also melted at
102°.

ester IIT (6.1 g., 809 ) was dissolved with 2.5 g. of sodium
iodide in 30 ml. of acetone and the solution heated on a
steam-bath for about one hour; with acetoacetic ester as
solvent the heating time can be reduced to 15 minutes.
After cooling, the cryvstals of the sodium salt (IV) were col-
lected and washed with acetone; yield 4 g. (907, if it is as-
sumed that the sirupy residue is exclusively the triester IIT).

Anal. Caled. for CipH;sOsNPNa: N, 4.7; P, 10.43.
I‘ound: XN, 4.5; P, 10.5.

The acetone solution vielded p-nitrobenzyl iodide, 1m.p.
124°.

When the aqueous solution of the sodium salt was acidi-
fled with hydrochloric acid, p-nitrobenzyl isopropyl hydro-
gen phosphate was precipitated almost gquantitatively; it
was recrystallized from alcohol; m.p. 69-70°.

Anal. Caled. for CipHisOsNP: N, 5.08. Iound: X,
a3

1V cau also be prepared by debenzylation of the triester
11T obtained by the reaction of the silver salt of di-p-nitro-
benzyl phosphate and isopropyl bromide. The yield (50%¢)
calculated on the basis of the isopropyl bromide, is low due
to the formation of di-p-nitrobenzyl phosphate (u.p. 175°)
and propylene by o side reaction.

Isopropyl Phosphate (Vi.—Mecthanol was wlded to 3 g.
(.01 mole) of 1V dissolved in a small amount of water and

the solution catalytically hydrogenated. The hydrogena-
tion was completed after 20 minutes, when 1000 nl. of hy-
drogen had been absorbed (27°, 753 inm.). To the filtrate
were added 20 ml. of N sodium lhydroxide and then 4 g. of
barium iodide dissolved in methanol. The barium salt of
V' which separated was filtered and washed with methanol;
vield 2.6 g.

Anal. Caled. for C;H;O4PBa: P, 11.25;
FFound: P, 11.3; Ba, 50.02.

The mother liquor was evaporated to dryuess. Upon the
mld)ition of dilute alkali p-toluidine precipitated (1n.p. 44--
15°).

n-Butyl Phosphate.—Di-p-iodobenzyl #-buty1 phosphate,
which was prepared as described above from II and #-butyl
alcohol, was heated at 55° with sodium iodide for 20-30
minutes; the sodium salt of p-iodobenzyl n-butyl phosphate
which precipitated was used for the preparation of the
barium salt of #-butyl phosphate as described for V. Recrys-
tallization from water gave the crystalline dihydrate.?

Anal. Caled. for C;H;;04IPNa: I, 32.35; P, 7.9.
Found: I, 32.5; P, 7.85. Anal. Caled. for C;H,O,PBa:
P, 10.7; Ba, 47.46. Found: P, 10.65; Ba, 47.65.

N-Di-p-nitrobenzylphosphoryl-p-toluidine (VI).—A solu-
tionn of 3.8 g. of I (0.01 mole) in 10 ml. of chloroform was
added to a cold solution of 2.4 g. of p-toluidine (0.022 mole)
in 10 ml. of chloroform, In a short time, toluidine hvdro-
chloride separated. After standing for 6 hours at roont
temperature, the mixture was washed with dilute hydro-
chloric acid, water and potassium hydrogen carbonate.
It was then dried over sodium sulfate and distilled 7n vacuo.
Tlie crystalline residue was recrystallized front alcohol;
vield 3.3 g. (659), m.p. 155°.

Anal. Caled. for CyHwO3NL:P: XN,
N, 2.1.

The catalytic hydrogenation of either VI or VIII resulted
in the formation of N-phosphorvi-p-toluidine (\1I) which
was precipitated as the barium salt; yield from VIII, 819.

Anal. Caled. for C/HsO:NPBa: N, 4.34; Ba, 42.6.
Found: N, 4.1; Ba, 42.8.

3-p-Glucose Tetraacetate Benzyl Hydrogen 1-Phosphate.--
The sodium (or barium) salt of this aecid was obtained al-
most quantitatively by the monodebenzvlation of 8-n-glu-
cose tetraacetate dibenzyl 1-phosphateb? with sodium (or
barium) iodide in acetone or acetoacetic ester solution.

Ba, 49.87.

2.26.  Fouud:

(200 18 R. Alerton, FEOT. HHowaed ol AL R, Tadd, J. Chewr, Sor,
LinG (1ods,
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Anal. Caled. for CyHOiPNa: P, 5.73. Found:

P, 5.6.
The free acid (yield 909;, in.p. 110-111°) and the silver
salt were prepared.

THIOCTIC-S%, ACID

5357

Caled. for CoqHyOpP: P, 5.98. Found: P, 5.85.
Caled. for CpHxO1:PAg: Ag, 17.28. Found: Ag,

Anal.
Anal.
17.1.

ATHENS, GREECE

[CONTRIBUTION FROM THE RADIATION LABORATORY, UNIVERSITY OF CALIFORNIA, BERKELEY]

Thioctic-S%; Acid : Synthesis and Radiation Decomposition®

By PatriciA T. ADAMS
RECEIVED JUNE 24, 1955

Thioctic-S%; acid has been prepared with a specific activity of 1 uc./mg. in 10-16%, yield. When material of 200 ue./mg.
was prepared by the same method, no crystalline product could be isolated. The radiation sensitivity of thioctic acid has

been investigated under a variety of circumstances.

In Co® ~-irradiation, crystalline thioctic acid is decomposed at the

same rate as thioctic acid in hexane solution: G(—M) = 10. This value is decreased when benzene is added to the solution.

When thioctic acid is irradiated by 4.3 Mev. electrons, G(—M) = 15,

solution, G{ —M) = 31.

The synthesis of thioctic acid labeled with sulfur-
35 of high specific activity was undertaken in order
to provide material for tracer studies in biological
systems where the natural concentration of thioctic
acid is very low. Because results of the synthesis
using high specific activity sulfur-35 differed mark-
edly from those where little or no radioactivity
was used, an investigation into the stability of
thioctic acid toward radiation decomposition was
undertaken.

The method of Reed and Niu? for preparing
thioctic acid through the intermediate dibenzylmer-
captodctanoic acid presented a convenient method
for introducing sulfur-35 into the molecule. a-
Toluenethiol-S%* was prepared by the reaction of
benzylmagnesium chloride with amorphous sulfur-
35. Thioctic acid was isolated from the subsequent
reaction mixture as a yellow oil which was then re-
crystallized from z-hexane.

Three preparations of thioctic-S®, acid (specific
activity 1 wec./mg.) were completed according to
the experimental procedure detailed below, with
over-all yields of 10-169,. In order to obtain ma-
terial useful for biological experiments, a synthesis
utilizing 100 me. sulfur-35 (calculated specific ac-
tivity of product = 200 upc./mg.) was undertaken.
In this preparation, no crystalline material could be
isolated, although chromatographic analysis showed
thioctic acid to be present in the reaction product.
Pure high specific activity thioctic-S%, acid was ob-
tained by a series of solvent extractions.

Samples of thioctic acid were subjected to exter-
nal radiation under a variety of circumstances. Re-
sults of these irradiations indicate that the labeled
thioctic acid of 200 wc./mg. would be decomposed
at a rate of about 0.39, per day from its own radia-
tion. This value indicates that radiation damage
to the thioctic acid itself is not extensive enough to
explain the difficulties encountered in crystalliza-
tion of the high specific activity product.

Experimental

a-Toluenethiol-S%.-—An ethereal solution of benzylmag-
nesium chloride (10 mmoles in 25 ml. of ether) was added
with stirring to a slurry of 160 mg. (5 mmoles) of amorphous
sulfur containing 0.5 mec. of 8% in 15 ml. of dry benzene.

(1) The work described in this paper was sponsored by the U. S.
Atomic Energy Commission.
(2) 1. 1. Reed and C. Niu, THIs JourrNaL, T7, 416 (1955).

When it is irradiated by carbon-14 8-rays in hexane

The mixture was heated under reflux for 4 hours, cooled and
treated with water and acid to decompose the Grignard
complex. The toluenethiol was extracted into ether solu-
tion and this solution was carefully dried over sodium sulfate.
An aliquot portion of the ethereal solution was titrated
against standardized iodine solution. The yield of thiol
was 4.4 mmole (859%). Attempts to isolate this thiol
through distillation resulted in loss of product through oxi-
dation. A nitrogen atmosphere was maintained during all
subsequent reactions.

6,8-Dibenzylmercapto-S#¥,-octanoic Acid.—The ethereal
thiol solution was concentrated to approximately 10 ml.
Absolute ethanol (20 ml.) was added and the solution was
again concentrated to 10 ml. A solution of ethyl 6,8-di-
bromoéctanoate (738 mg., 2.2 mmoles) in 10 ml. of ethanol,
followed by 102 mg. (4.4 mmoles) freshly cut sodium, was
added to the thiol solution. After 4 hours heating at re~
flux, a precipitate of sodium bromide had appeared. Potas~
sium hydroxide (340 mg.) was added, and the mixture was
allowed to stand overnight. The reaction mixture was
diluted with water, acidified and extracted with ether.
The ethereal solution was washed with water, dried and dis-
tilled to dryness; the oily residue contained 0.4 mc. S%.
In previous experiments the dibenzylmercaptosctanoic acid
was isolated by crystallization from benzene-hexane in
approximately 509, yield. However, this crystallization
of the acid results in loss of product and does not improve
the yield on subsequent steps. Consequently, for this
synthesis the crude acid was used for the following reduction.

Thioctic-S%, Acid: Low Specific Activity.—The crude
dibenzylmercapto acid was extracted into 5 ml. of dry tolu-
ene. A toluene-insoluble polymeric material contained
0.08 mc., 169 of the starting activity. The clear toluene
solution was added very slowly with stirring to a solution of
sodium in 50 ml. of liquid ammonia. Additional pieces of
sodium were added to the reaction mixture until a dark blue
color was maintained for 30 minutes. At this time the blue
color was discharged with ammonium chloride and the
ammonia was allowed to evaporate. The residue was dis-
solved in water and extracted with ether, The clear aque-
ous solution was diluted to 80 ml. and the pH was adjusted
to 7.0. One ml. of 19, ferric chloride solution was added
and oxygen was bubbled through the solution for 20 minutes.
The solution was acidified and extracted with chloroform.
Evaporation of the chloroform left a viscous yellow oil.
The product was extracted into hot hexane, allowed to
crystallize, isolated and recrystallized from hexane. The
thioctic acid was isolated as light yellow crystals. The
pure product weighed 54 mg. (109 yield from S%) and had
a specific activity of 1.12 uc./mg. (theory 1.0 uc./mg.).
The compound showed the characteristic ultraviolet ab-
sorption spectrum for the 5-membered disulfde ring with
Amin.280 Mu; Amax. 333 mu; €max, 149.

Thioctic-S%, Acid: High Specific Activity.—In order to
obtain material more useful for biological experiments, a
synthesis utilizing 100 mc. of sulfur-35 (specific activity of
product = 200 uc./mg.) was undertaken. The yield of
toluenethiol was 88Y%. The crude dibenzylmercaptodc-
tanoic acid contained 75 me. Sodiuin—ammonia reduction.
followed by oxidation witlt oxygen proceeded smootlily to



