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Preparation of Some N-t-Alkylthiopicolinamides
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N-t-Alkylt.hi.opicolinamides have been obtained from the reaction of ¢-carbinamines with sulfur and a-picoline. 2,3-Luti-
dine, 2,4-lutidine, 2,6-lutidine, and 2-methyl-5-ethylpyridine react with sulfur and ¢-carbinamines only at the 2-methyl

group to give N-t-alkylthiopicolinamides.

A general investigation of some reactions of -
carbinamines and reports that methyl pyridines
undergo reactions with sulfur and aromatic
amines!—¢ and with sulfur and morpholine!
prompted an investigation of the reaction of ¢-
carbinamines and sulfur with a-picoline and a
number of monosubstituted a-picolines.
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The reaction of e-picoline, sulfur, and t-octyl-
amine gave a good yield of N-t-octylthiopicolin-
amide (I). The infrared spectrum indicated that this
material exists only in the thione tautomeric form.
There was an intense band at 3325 cm. ! which can
be attributed to the N—H stretching vibration.
Strong absorption near 1470 cm.~! was attributed
to the —N—C=8 group. Absorption in the
2550-2600 cm.—* region from the S—H stretching
vibration of the thioenol tautomeric form (II)
was not observed.
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Reaction of f-octylamine and sulfur with 24-
lutidine occurred only at the 2-methyl group to
give N-(t-octyl)-4-methylthiopicolinamide (III).
Hydrolysis of 111, followed by decarboxylation gave
only 4-methylpyridine. No 2-methylpyridine, which
would have resulted if reaction had occurred at the
4-methyl group, was obtained. The thioamide
(III) absorbed strongly at 832 em.—?, which is to be
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expected for a 2,4-substituted pyridine. In addition,
the spectra of IIT and I showed many points of
similarity not shared by the spectrum of N-t-
octylthioisonicotinamide (IV).
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Lochte and Cheavens” have shown preferential
reaction at the 4-methyl group in the methyl iodide
alkylation of 2,4-lutidine using the sodamide-liquid
ammonia method. The participation of 2- and 4-
methylpyridine in certain ionic reactions has been
explained by resonance stabilization of the carb-
anions,® and the greater reactivity of the 4-isomer
has been attributed to its enhanced ability to
participate in hyperconjugation involving the more
important p-quinoid structures.”—® Pryor!® has
postulated that sulfur plus any nucleophile gives
polysulfides which undergo fission to yield radicals
capable of abstracting benzyl hydrogens. It is pos-
sible, therefore, that the initial step in reactions
of methyl pyridines with sulfur and amines is
abstraction of a picolyl hydrogen by an amine
polysulfide, since this would not necessarily imply
preferential reaction at the 4-methyl group of 2,4-
lutidine. In fact, Porter! has observed that 2-
methylpyridine reacted more readily with sulfur
and aniline than did 4-methylpyridine.
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The reaction between 2,6-lutidine, sulfur, and ¢-
octylamine proceeded smoothly at only one methyl
group to give N-(f-octyl)-6-methylthiopicolin-
amide (V). An attempt to cause V to react with
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sulfur and t-octylamine was unsuccessful. Unreacted
N-(t-octyl)-6-methylthiopicolinamide (V) was re-
covered nearly quantitatively.

The usual resonance interpretation®? of the re-
activity of 2- and 4-methylpyridines, which implies
some exocyclic double bond character at the 2-
and 4-positions, provides the basis for a possible ex-
planation of the lack of reactivity of the second
methyl group. The electron withdrawal tendency of
the thione group at the 2- position in IIT or V might
be expected to confer some exocyclic double bond
character at the 2- position of the ring, thus di-
minishing the possibility of any exocyelic double
bond character at the remaining methyl group in
the 4- or 6~ position. Such a resonance stabilization
.effect would be expected for a radical mechanism
as well as for an ionic mechanism.

Products from the reactions of 2,3-lutidine and
2-methyl-3-ethylpyridine with sulfur and ¢-carbin-
amines were identified only by elemental analyses.
While these indicate only that one methyl group
reacted, it is likely that in both these materials re-
action oceurred at the 2 methyl group in view of the
well established preferential reactivity of alkyl
groups in the 2- and 4- positions of the pyridine
nucleus over those in the 3- and 5- positions. This
supposition is strengthened by the results of Porter,?
who found that 3-methylpyridine, sulfur, and
aniline gave no thionicotinanilide.

Good yields of N-t-alkylthiopicolinamides were
obtained only when both sulfur and the methy!
pyridine were used in excess. Variations in yield of
N-t-octylthiopicolinamide (I) with changes in the
mole ratio of reactants are shown in Table I.
An attempt to carry out the reaction usinga 1:1:3
mole ratio of a-picoline : t-octylamine : sulfur and
employing 4 moles of pyridine as solvent gave only
109 of .N-t-octylthiopicolinamide (I).

TABLE I
N-t-OcryrrHIOPICOLINAMIDE (1)
a- t-Octyl-
Picoline, amine, Sulfur, Yield,
Moles Moles Moles /s

I 1 6 10

1 i 3 13

2 1 3 44

4 1 3 76

2 1 6 94

@ Based on f{-octylamine. Once-distilled product contain-
ing a few percent unreacted sulfur.
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Table II summarizes the preparations of N-t-
alkylthiopicolinamides from the various methyl
pyridines, sulfur, and ¢-carbinamines. Some of the
reactions were carried out before the most desirable
mole ratios had been determined and therefore may
not represent the optimum yields. All the products
were distillable yellow liquids. Analytical data
showed that the once-distilled products contained a
few percent of unreacted sulfur. Treatment with a
solution of sodium sulfide in aqueous methanol
successfully removed the unreacted sulfur so that
subsequent distillation gave materials with elemen-
tal analyses corresponding to the theoretical values.

The attempted quaternization of N-t-octylthio-
picolinamide (I) with ethyl iodide was unsuccessful.

EXPERIMENTAL

N-t-Alkylthiopicolinamides. (See Table IT1.) A mixture of
the methyl pyridine, {-alkylamine, and sulfur was stirred
and refluxed in a three-neck flask equipped with condenser,
stirrer, and thermometer while hydrogen sulfide was evolved
through the condenser. The mixture was cooled, diluted with
heptane, filtered free of excess sulfur, and distilled. A mix-
ture of the distilled product (1.0 mole), water (1.5 L),
methanol (0.5 1), and sodium sulfide nonahydrate (0.75
mole) was stirred at 80° for 1.5 hr., cooled, and extracted
with heptane. The heptane extract was dried over anhydrous
potassium carbonate and distilled.

N-t-Octylthiotsonicotinamide (IV). A mixture of 96 g. (3.0
moles) of sulfur, 93 g. (1.0 mole) of ~-picoline, and 65 g.
(0.5 mole) of f-octylamine was stirred and refluxed for 12
hr., cooled, filtered, and distilled to give 75 g. of material,
b.p., 140-180°/1 mm. Hg, which solidified. The distillate
was stirred for 1.5 hr. at 80° with a mixture of 60 g. (0.25
mole) of sodium sulfide nonahydrate, 119 g. of methanol,
and 450 g. of water. The material which solidified when the
mixture was cooled was filtered off and recrystallized from
heptane. There was obtained 34 g. (27%) of N-t-octyl-
thicisonicotinamide (IV), m.p. 117.5-118.5°C.

Anal. Caled. for CiHxN-S: C, 67.15; H, 8.86; N, 11.19;
S, 12.80. Found: C, 67.19; H, 8.90; N, 11.13; 8, 13.00.

Hydrolysis and decarbozylation of N-(¢-octyl)-4-methylihio-
picolinamide (I11T). A mixture of 20 g. (0.076 mole) of N-
(t-octyl)-4-methylthiopicolinamide (III), 100 g. of concen-
trated hydrochloric acid, and 200 g. of glacial acetic acid
was stirred and refluxed for 3 hr., cooled, filtered, stripped
to about 50 ml.,, made alkaline with excess 259 sodium
hydroxide solution, and extracted with heptane. The aqueous
portion was then made acidic with concentrated hydro-
chloric acid and stripped to near dryness. Successive extrac-
tions and evaporations were made using hot absolute ethyl
alcohol to remove water and inorganic salts. The product
was then taken up in isopropyl alechol and precipitated
with ether. Digestion of the precipitate with chloroform gave
a solid which was dissolved in water and made to pH 6 with
dilute aqueous sodium hydroxide. The solution was evapo-
rated to dryness and the dried residue was extracted with
warm acetone. The acetone extract was heated to distill off
the acetone and then refluxed at about 200° for 5 min. in
a large test tube. A picrate of the material remaining in the
tube melted at 161-163° after recrystallization from ethyl
alcohol, The melting point of a mixture with authentic
v-picoline picrate was 161-163°. The meclting point of a
mixture with authentic e-picoline was 1:30-140°.

Anal. Caled. for C.H o2NO7: C, 44.73; H, 3.13; N, 17.30.
Found: C, 44.89; H, 3.22; N, 17.24.

Attempted reaction of N-(t-octyl)-6-methylthiopicolinamide
(V), sulfur, and t-octylamine. A mixture of 53 g. (0.20 mole)
of N-(t-octyl)-6-methylthiopicolinamide (V), 19 g. (0.61
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mole) of sulfur, and 13 g. (0.1 mole) of {-octylamine was
stirred and heated at 150-175° for 2 hr. Another 13 g. (0.1
mole) of t-octylamine was added and the mixture was re-
fluxed another 13 hr. The mixture was cooled, diluted with
200 ml. of heptane, and filtered. The residue was washed
with heptane and dried to give 19 g. (0.61 mole) of un-
reacted sulfur. The combined filtrates were distilled to give
52 g. (989%,) of unreacted N-(f~octyl)-6-methylthiopicolin~
amide (V), b.r. 135-140°/0.6 mm. Hg. There was 1 g. of
residue.

Attempted quaternization of N-t-octylthiopicolinamide (I).
A mixture of 25 g. (0.1 mole) of N-t-octylthiopicolinamide
(1), 200 ml. of acetonitrile, and 20 g. (0.13 mole) of ethyl

HIRSCHMANN AND DAUS

voL, 24

iodide was refluxed for 15 hr., cooled, and distilled free of
ethyl iodide and acetonitrile. There remained a residue of
25 g. (0.1 mole) of unreacted N-t-octylthiopicolinamide (I).
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Preparation of Pregnane-3¢,16a,20a-triol and of
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The preparation of pregnane-3a,16a,20a-triol, of pregnane-3«,16a,208-triol, and of pregnane-38,16«,208-triol is de-
scribed and some of the characteristics of the infrared spectra of 16a-acetoxy steroids are pointed out.

Three 16a-hydroxysteroids with the pregnane
skeleton have been isolated from wurine. Two
of these, allopregnane-38,16¢,208-triol%? and its
20-epimer*® are found during pregnancy, while
AS-pregnene-33,16a,20a-triol® was encountered in a
case of an adrenal tumor. The last observation sug-
gested the possibility that the adrenal cortex
might effect hydroxylations at C-16. This hypoth-
esis was verified by Rao and Heard® and by Neher
et al.” The Swiss group isolated 38,-16a-dihydroxy-
allopregnan-20-one from an adrenal extract while
the Canadian workers obtained isotopically labeled
16a-hydroxyprogesterone upon the incubation of
tagged progesterone with an adrenal homogenate.
If the metabolism of 16a-hydroxyprogesterone in
man follows the normal pattern its chief urinary
excretion product is not one of the known triols but
pregnane-3a,16,20a-triol. To facilitate the search
for this compound we have carried out its synthesis
from a degradation product of sapogenins, 38-
acetoxy-AlS-pregnen-20-one.?
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Two routes were explored. The first gave only a
very low yield of the desired produet, but proceeded
in a stepwise manner which allowed one to deduce
the structure of the final product with assurance.
The 16-hydroxyl group was introduced into Ia by
the benzy!l alcohol method® which in the case of
33-hydroxy-A%te-pregnadien-20-one!® and of Ib!
has yielded hydroxy steroids with the « configura-~
tion at C-16 and the normal orientation of the side
chain. The rotations of the triacetates IVb, VIIIb,
and IXb corroborate these assignments also for our
conversion of Ia to ITI. The formate group at C-3
even in the axial orientation is sufficiently reactive
to allow its selective hydrolysis as was required
in the conversion of III to V. The product although
formulated as a 38-hydroxysteroid failed to precipi-
tate with digitonin. However, the structure of V
follows from the disappearance of the strong for-
mate absorption at 8.45 u and the retention of the
acetate band at 8.06 u. The free hydroxyl group of
V was oxidized with chromic acid to the acetoxy-
diketone VI which was reduced selectively with
sodium borohydride in isopropanol'*'® and pyr-
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