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5,7-Dichloroheptyl Thiolacetate (IV).—Thiolacetic acid
(15.6 g., 0.21 mole) was cooled in an ice-bath and neutral-
1zed to the phienolphthalein end-point with a 2.5 ¥ solution
of potassium ethoxide in ethanol (approximately 81 ml. re-
quired). The resulting suspension was added in portions
to a solution of 51 g. (0.21 mole) of 7-bromo-1,3-dichlorohep-
tane in 80 ml. of ethanol. During the addition (2.5 hours)
the reaction mixture was stirred and maintained under re-
flux in an atmosphere of nitrogen. Stirring and heating
were continued for an additional 4 hours. The reaction
mixture was cooled, filtered, and the filtrate was poured into
750 ml. of water. The product was extracted with two 150-
ml. portions of ether. The combined ether extracts were
dried over anhydrous sodium sulfate and the solvent was re-
moved in vacuo. The oily residue was distilled through a 6-
in, Vigreux column to yield 38.5 g. (77%) of product; b.p.
116-120° (0.55 mm.); %D 1.5032; M°% ethevol 939 my (e
4640).

Anal. Caled. for CH,Cl,0S: C, 44.45; H, 6.63; Cl,
29.16; S, 13.19. Found: C, 44.73; H, 6.64; Cl, 29.38;
S, 13.55.

5,7-Dichloroheptanesulfonamide (V).—A suspension of 5
g. (0.02 mole) of 5 7-d1chlorohepty1 thiolacetate in 100 ml. of
water was stirred vigorously and maintained below 3° during
the introduction of chlorine., When the reaction mixture
became yellowish green in color, indicating an excess of
chlorine, it was extracted with ether. The ether extract was
washed successively with cold 59, sodium bisulfite solution,
59, sodium bicarbonate solution and water, and then dried
over anhydrous sodium sulfate. The solvent was removed in
vacuo and the residue was stirred and heated at 60° for 1
hour with 40 ml. of concentrated ammonium hydroxide.
The product was extracted into ether and the ether extract
was dried and then evaporated in vacuo. The solid residue
was crystallized from dilute ethanol to yield 3.13 g. (63%,) of
5,7-dichloroheptanesulfonamide, m.p. 72-73°. A sample
was recrystallized for analysis, m.p. 74-75°.

Anal. Caled. for CGHy;CLNO,S: C, 33.85; H, 6.09;
Cl, 28.57; N, 5.64. Found: C, 34.22; H, 6.29: Cl, 28.72;
N, 5.59.

5,7-Di-(benzylthio)-heptanesulfonamide (VI).—To 2.97

(0 012 mole) of 5,7-dichloroheptanesulfonamide was added
3 23 g. (0.026 mole) of benzyl mercaptan and 20 ml. of a2 1.3
N solution of sodium ethoxide in absolute ethanol. The mix-
ture was stirred and heated under reflux in an atmosphere of
nitrogen for 14 hours. The reaction mixture was cooled,
poured into 150 ml. of water, and the mixture was extracted
with ether. The aqueous layer was acidified and the prod-
uct extracted into ether. The ether extract was dried over
anhydrous sodium sulfate and then the solvent was removed
in vacuo. The oily residue was crystallized from benzene-
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Skellysolve B13 to yield 3.51 g. (699%) of product A sample
was recrystallized for analysis, m.p. 67.5-68°

Anal. Caled. for C21H29N0253, C 59.50, H, 6.90, N,
3.31; S, 22.71. Found: C, 59.41; H, 7.08; N, 3.33; S,
22.80.

pL-1,2-Dithiolane-3-butanesulfonamide (VII).—5,7-Di-
(benzylthio)-heptanesulfonamide (3.0 g., 0.0069 mole) was
reduced with sodium in liquid ammonia in a manner de-
scribed previously.®? After removal of the ammonia 50 ml.
of water was added to the residue and the mixture was ex-
tracted with 30 ml. of ether. The aqueous layer was ad-
justed to pH 11.5 and 0.2 ml. of 19, ferric chloride solution
was added. A rapid stream of oxygen was bubbled through
the solution from a sintered glass tube until the reddish color
changed to pale yellow (approximately 15 minutes). The
solution was acidified and the mixture was extracted with
three 15-ml. portions of chloroform. Yellow chloroform ex-
tracts and an insoluble, gray polymeric material were ob-
tained. The polymeric material was warmed on a steam-
bath with 20 ml. of 0.5 N sodium hydroxide until it dissolved
(approximately 10 minutes). The resulting bright yellow
solution!® was acidified and the yellow oil extracted with two
15-ml. portions of chloroform. These chloroform extracts
were combined with those obtained as described above and
dried over anhydrous sodium sulfate. The solvent was re-
moved 17 vacuo and the bright yellow residue was extracted
with 20 ml. of warm benzene. When the benzene solution
was cooled, 768 mg. (45%) of yellow crystals separated, m.p.
65~67°. To the filtrate was added 8 ml. of Skellysolve B.
When this solution was cooled, 160 mg. (9%) of yellow crys-
tals was obtained, m.p. 65-67°. A sample was recrystallized
for analysis; m.p. 68-69°; \%7% ethanol 339 m, (¢ 157), Amin
280 mu.

Anal. Caled. for C:HsNO,S;: C,
5.80; S, 39.85. Found: C, 35.11;
S, 39.89.

Acknowledgments.—We are indebted to Dr.
C. G. Skinner and Staff of the Biochemical In-
stitute and to the Clark Microanalytical Labora-
tory, Urbana, Illinois, for the elemental analyses.

(12) A n-hexane fraction, b.p. 60-68°, obtained from the Skelly Oil
Co., Kansas City, Missouri.

(13) It has been observed that sticky, colorless polymers are pro-
duced as by-products in the oxidation of pr-6,8-dithioloctanoic acid to
the cyclic disulfide, pL-a-lipoic acid (ref. 5), and also when the cyclic
disulfide is heated. These polymeric materials are converted to DL-a-
lipoic acid in high yield when they are treated with dilute alkali
(R. C. Thomasand L, J. Reed, Tuis JournaAL, 78, 6148 (1956)).

34.80; H, 6.26; N,
H, 6.24; N, 6.04;
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Synthesis of DL-1,2-Dithiolane-3-caproic Acid and DL-1,2-Dithiolane-3-butyric Acid,
Homologs of a-Lipoic Acid

By RIcHARD C. THOMAS AND LESTER J. REED
RECEIVED JUNE 29, 1956

pL-1,2-Dithiolane-3-caproic acid and pL-1,2-dithiolane-3-butyric acid have been synthesized. These homologs exhibited
slight a-lipoic acid activity in the acetate-replacing factor assay.

It has been reported* that homologs of biotin are
potent inhibitors of the utilization of this vitamin.
Accordingly, the length of the wvaleric acid side
chain in e-lipoic acid (1,2-dithiolane-3-valeric acid)
was varied in an attempt to obtain metabolic an-
tagonists of this biocatalyst. This paper describes
a synthesis of bDL-1,2-dithiolane-3-caproic acid
(VIII) and pL-1,2-dithiolane-3-butyric acid (XII).

(1) M. W. Goldberg, L. H. Sternbach, S. Kaiser, S. D. Heineman,
J. Scheiner and S. H. Rubin, Arck. Biochem., 14, 480 (1947),

These homologs exhibited, respectively, approxi-
mately 0.1 and 0. 01% of the biological activity of
DL-a-lipoic ‘acid in the acetate-replacing factor
assay.?

Ethyl 6,8-dichlorodctanoate (I)? was reduced to
6,8-dichlorodetanol (IT) with lithium aluminum

(2) B. M. Guirard, E. E. Snell and R, J. Williams, bid., 9, 361
(1946); L. J. Reed, B. G. DeBusk, P. M. Johnston and M. E, Getzen-

daner, J. Biol. Chem., 192, 851 (1951),
(3) L. J. Reed and C-I. Niu, THIs JoUrNaAL, 7T, 416 (1955).
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hydride. Treatment of compound II with phos-
phorus tribromide gave 8-bromo-1,3-dichloroéctane
(III). The latter compound was converted to 7,9-
dichlorononanenitrile (IV) by treatment with
potassium cyanide in boiling ethanol. The dichloro-
nitrile IV was converted to ethyl 7,9-dichloro-
nonanimidate hydrochloride (V) by the action of
hydrogen chloride in absolute ethanol.* Hydroly-
sis of compound V produced ethyl 7,9-dichloro-
nonanoate (VI). The dichloro ester VI was allowed
to react with sodium benzylmercaptide in boiling
ethanol,® followed by hydrolysis, to give 7,9-di-
(benzylthio)-nonanoic acid (VII). The Ilatter
compound was reduced with sodium in liquid am-
monia, and the dimercapto acid produced was
oxidized to pL-1,2-dithiolane-3-caproic acid (VIII).

pL-1,2-Dithiolane-3-butyric acid (XII) was pre-
pared from ethyl 5,7-dichloroheptanoate (X) in a
similar manner (X — XI — XII). The dichloro
ester X was obtained by subjecting ethyl 6,8-di-
chlorodctanoate (I) to a Barbier-Wieland degrada-
tion® to produce 5,7-dichloroheptanoic acid (IX),
followed by esterification.

LiAlH,
CH,(Cl)CH,CH(CI)(CH,),CO:C:Hy —————>

I iI

Ricaarp C. THOMAS AND LESTER J. REED

PBr; KCN
R—CH;OH ——> R—CH;Br ——> R—CH:CN

Vol. 78

residue was distilled through a 6-in. Vigreux column. A
small forerun was collected, followed by the main frac-
tion, 46.2 g. (96%), b.p. 106-108° (0.6 mm.), %D 1.4782.

Anal. Caled. for CsHClO: C, 48.25; H, 8.10; Cl
35.62. Found: C, 48.46; H, 8.16; Cl, 35.18.

8-Bromo-1,3-dichlorodctane (III).—A solution of 83 g.
(0.32 mole) of 6,8-dichlorodctanol in 85 ml. of reagent-grade
carbon tetrachloride was maintained below 0° while 45 g.
(0.17 mole) of phosphorus tribromide was added dropwise
with stirring. Stirring was continued for 3 hours at 0°
and the reaction mixture was allowed to stand at room
temperature for 18 hours. The reaction mixture was
worked up in a manner described previously? to yield 73 g.
(67%) of product, b.p. 95-97° (0.2 mm.), »%Dp 1.4976.

Anal. Caled. for CgH,3BrCly: C, 36.67; H, 5.77. Found:
C, 37.01; H, 5.95.

7,9-Dichlorononanenitrile (IV).—To a solution of 21 g.
(0.32 mole) of potassium cyanide in 30 ml. of water was
added 105 ml. of 959 ethanol. This mixture was main-
tained under gentle reflux while 66.7 g. (0.26 mole) of 8-
bromo-1,3-dichlorodctane was added dropwise (30 minutes).
The reaction mixture was heated under reflux for an addi-
tional 1.5 hours, then cooled and poured into 150 ml. of
water. The product was extracted into 150 ml. of chloro-
form and the organic layer was washed with 60 ml. of a half-
saturated solution of calcjum chloride and then with 60
ml. of water. The chloroform extract was dried over cal-
cium chloride and the solvent was removed in vacuo. The

C:H;OH, HCl
—— >
111 v

1- CsHsCI‘IzSNa
H,0 2, KOH
R—CH,C(OC,Hy) NH-HC] ——> R—CH,CO0,C;H; ~——————————3> CH(SCH,CH,) CH,CH(SCH,C¢H;)(CH.):CO.H

v VI

1, CeH;MgBr
2, (CH,;C0O);0, CH;CO,H
3. CI'O:;

IX

1, C5H5CH2SNa
2, KOH

CH,(SCH;CH;) CH,CH(SCH,CeH;) (CH);: COH —

XI

The two cyclic disulfides VIII and XII were
yellow crystalline solids which exhibited the char-
acteristic ultraviolet absorption spectrum of the
1,2-dithiolane moiety, with an absorption maxi-
mum at 332 mu.%8

Experimental’

6,8-Dichlorodctanol (II).—To a stirred suspension of 7.2
g. (0.19 mole) of lithium aluminum hydride in 500 ml. of
anhydrous ether at room temperature was added dropwise
(1 hour) a solution of 58 g. (0.24 mole) of ethyl 6,8-di-
chlorosctanoate? in 120 ml. of anhydrous ether. The
reaction mixture was stirred an additional hour at room
temperature and then water was added dropwise to decom-
pose the excess lithium aluminum hydride. The mixture
was stirred with 175 ml. of 109, sulfuric acid and then the
ether layer was separated and dried over anhydrous sodium
sulfate. The solvent was removed ¢z vacuo and the oily

(4) A. Pinner, Ber., 16, 352 (1883).

(5) P. Barbier and R. Locquin, Compt. rend., 1566, 1443 (1913);
H. Wieland, O. Schlichting and R. Jacobi, Z. physiol. Chem., 161, 80
(1926).

(8) J. A, Barltrop, P. M. Hayes and M. Calvin, THIs JOURNAL, 76,
4348 (1954).

(7) Boiling points and melting points are uncorrected.

[CH,(C1) CH.CH(C1) (CH;):CO.H]

VII
1, Na-lig. NH
2, On Fesr ﬁ(CHz)acozH
5S—3S

VIII
R = CH,(Cl)CH.CH(C)(CHy)—

C.;H;OH, H+
——————> CH,(CI)CH;CH(C1)(CH,)3:CO,C;H,

X
/?(CH,),cogH

——> 5—S8

1, Na-lig. NH,
2, Oy, Fet+

XII
oily residue was distilled through a 6-in. Vigreux column to
yield 38.2 g. (729%) of product, b.p. 119-125° (0.4 mm.).

A sample was redistilled for analysis, b.p. 119° (0.3 mm.),
nDp 1.4749.

Anal. Caled. for CH,CLLN: C, 51.94; H, 7.27; Cl,

:é4.g8; N, 6.74. Found: C, 51.64; H, 6.85; Cl, 33.76; N,
.93.

Ethyl 7,9-Dichlorononanimidate Hydrochloride (V).—A
mixture of 32.2 g. (0.154 mole) of 7,9-dichlorononaneni-
trile® and 7.1 g. (0.154 mole) of absolute ethanol was cooled
in an ice-salt bath while anhydrous hydrogen chloride was
passed in. When 5.6 g. (0.154 mole) of hydrogen chloride
had been absorbed, the flask was stoppered and allowed to
stand in a deep freeze for 7 days. The crystalline mass was
ground to a powder, washed thoroughly with anhydrous
ether and dried in a vacuum desiccator. The yield of
product was 40 g. (89%), m.p. 72-73°.

Anal. Caled. for C,yHy,CL1NO: C, 45.45; H, 7.61; N,
4.82; neut, equiv., 291. Found: C, 45.06; H, 7.46; N,
5.05; neut. equiv., 281.

Ethyl 7,9-Dichlorononanoate (VI).—A mixture of 39.6 g.
(0.14 mole) of ethyl 7,9-dichlorononanimidate hydrochloride
and 100 ml. of water was shaken periodically for 2 hours at
room temperature and then for 1 hour at 60°. The reac-

(8) Redistilled, b.p. 116-119° (0.3 mm.),
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tion mixture was extracted with three 50-ml. portions of
ether and the combined ether extracts were dried over
anhydrous sodium sulfate. The solvent was removed in
vacuo and the product distilled through a 6-in. Vigreux col-
umn. A small forerun was collected, followed by the main
fraction, 30.2 g- (87%), b.p. 119° (0.5 mm.), »%p 1.4622.
Anal. Caled. for CiH9Cl,0:: C, 51.77; H, 7.90; Cl,
27.79. Found: C, 51.49; H, 8.07; Cl, 28.14.
7,9-Di-(benzylthio)-nonanoic Acid (VII).—Ethyl 7,9-
dichlorononanoate (29.6 g., 0.12 mole) was heated under
reflux for 14 hours with an ethanol solution (175 ml.) of
sodium benzylmercaptide prepared from 5.9 g. (0.26 mole)
of sodium and 31.8 g. (0.26 mole) of benzyl mercaptan,
and the product isolated in a manner described previously.?
The crude product was crystallized from 600 ml. of benzene~
Skellysolve B? (1:5); yield 29.7 g. (64%), m.p. 42.5-43.5°.
A sample was recrystallized for analysis, m.p. 43-43.5°.
Anal. Caled. for CpH300:S:: C, 68.61; H, 7.51; S,
15.93. Found: C, 68.73; H, 7.31; S, 15.59.
DL-1,2-Dithiolane-3-caproic Acid (VIII).—7,9-Di-(benzyl-
thio)-nonanoic acid (15.0 g., 0.037 mole) was reduced with
sodium in liquid ammonia in a manner described previously.?
The crude dimercapto acid was oxidized® with oxygen in the
presence of ferric ion and the product was crystallized!®
from Skellysolve B, to yield 4.08 g. (50%) of low melting
(ca. 27°) yellow crystals. A sample was recrystallized from
Skellysolve B for analysis; m.p. 31-33°; A35% ethonel 332 my
(e 152), A 280 mu.
Anal. Caled. for CgHquSz: C, 4905;
29.10. Found: C, 49.16; H, 7.55; S, 29.36.
Ethyl 5,7-Dichloroheptanoate (X).—A solution of 44.2 g.
(0.195 mole) of ethyl 6,8-dichlorosctanoate in 100 ml. of
anhydrous ether was added dropwise with stirring (30
minutes) to an ether solution (200 ml.) of phenylmagne-
sium bromide prepared from 72 g. (0.46 mole) of bromoben-
zene and 10.3 g. (0.44 mole) of magnesium. The mixture
was heated under reflux for 3 hours and then decomposed
with a solution of 25 g. of ammonium chloride in 75 ml. of
water. The ether layer was washed with water, dried over
anhydrous sodium sulfate and evaporated in wacuo. The

(9) A n-hexane fraction, b.p. 60-68°, obtained from the Skelly Oil
Co,, Kansas City, Missouri.

(10) The cyclic disulfides VIII and XII polymerized to a significant
extent when extracted with hot Skellysolve B, The sticky polymeric
materials were insoluble in Skellysolve B and benzene, and could be
converted in high yield to the cyclic disulfides by treatment with
dilute alkali (R, C. Thomas and L. J. Reed, THiS JoUrRNAL, T8, 6150
(19586),

H, 7.32; S,
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residue was dehydrated by heating under reflux for 4 hours
with 300 ml. of acetic acid and 140 ml. of acetic anhydride.
The solvents were removed in vacuo to yield 53.7 g. of an
oily residue which did not distil at a bath temperature of
220° (0.2 mm.). It was dissolved in 110 ml. of isoSctane
and 450 ml. of acetic acid. This solution was maintained at
65° while a solution of 62.5 g. of chromic oxide in 45 ml.
of water and 330 ml. of acetic acid was added during a
period of 1.5 hours. The reaction mixture was poured into
2 1. of water and extracted with ether. The ether extract
was washed with water, evaporated » vacuo and the residue
extracted with 1 N sodium hydroxide. The insoluble
material was removed by extraction with ether and the
aqueous layer was acidified and the product extracted into
ether. The ether extract was dried over anhydrous sodium
sulfate and evaporated in vacuo to give 22.3 g. of crude 5,7-
dichloroheptanoic acid. This material was esterified by
heating under reflux with 30 ml. of absolute ethanol, 80 ml.
of benzene and 3 ml. of sulfuric acid in an apparatus
equipped with a Dean-Stark trap. The ester, yield 16.12
g. (39%), boiled at 102° (0.5 mm.), n¥D 1.4618. A sample
was redistilled for analysis, b.p. 92° (0.2 mm.), n%D 1.4612.

Anal. Caled. for CHCl:0,: C, 47.60; H, 7.10; Cl,
31.23. Found: C, 47.85; H, 7.08; Cl, 30.68.

5,7-Di-(benzylthio)-heptanoic Acid (XI).—Ethyl 5,7-
dichloroheptanoate (14.3 g., 0.063 mole) was treated with
sodium benzylmercaptide and the product isolated as
described previously.® It was obtained as a light tan oil,
19.7 g. (84%).

Anal. Caled. for CuHy0:S,: - C, 67.32; H, 6.99; S,
17.12. Found: C, 67.72; H, 7.22; S, 17.73.

pL-1,2-Dithiolane-3-butyric Acid (XII).—5,7-Di-(benzyl-
thio)-heptanoic acid (19.1 g., 0.051 mole) was reduced with
sodium in liquid ammonia as described previously.® The
crude dimercapto acid was oxidized® with oxygen in the
presence of ferric ion and the product was crystallized!¢
from Skellysolve B to vield 5.22 g. (56 %) of yellow crystals,
m.p. 38-39°. A sample was recrystallized from Skellysolve
B for analysis: m.p. 40-41°; \%% ethamot 332 mu (e 148),
Amin 280 my.

Anal. Caled. for GH,;;0.S.: C, 43.72; H, 6.29; S,
33.35. Found: C,43.77; H, 6.55; S, 33.41.

Acknowledgments.—We are indebted to Dr.
C. G. Skinner and staff of the Biochemical In-
stitute and to the Clark Microanalytical Labora-
tory, Urbana, Illinois, for the elemental analyses.
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Steroids and Related Products. VI.!

The Synthesis of 11-Dehydro-17q-methyl-

progesterone, a Highly Active Gestogen?

By Cu. R. ENGEL, K. F. JENNINGS® AND G. JUsT%®
RECEIVED JuULy 13, 1956

_The synthesis of a new progesterone analog of high biological activity, 11-dehydro-17«-methylprogesterone, from 3a,12a-
diacetoxy-20-oxopregnane is described. The 17a-methyl group was introduced by subjecting the 17-bromide of the starting
materijal to a Faworsky rearrangement and the At'-double bond by dehydrotosylation of 12a-tosylates, most effectively per-

formed by the action of slightly alkaline activated aluminum oxide.

tosylates were studied.

Both 11-dehydroprogesterone (I)2—< and 17a-
methylprogesterone (II)72—¢ exceed the natural

(1) Paper V of this series: Ch, R. Engel, TRBIS JOURNAL, 78, 4727
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