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A series of pyridylalkylthiols and their derivatives have been prepared as potential radiation-

protection agents.
J. Heterocyclic Chem., 15,1431 (1978)

The amino acid cysteine (4) and 2-aminoethanethiol
(5) have been shown to increase the life span of mice
when they were exposed to lethal doses of X- or gamma
radiation. Since these pioneering observations, a great
variety of organic compounds, primarily containing nitro-
gen and sulfur, have been prepared and screened as
radiation-protection agents with varying degrees of success
(6,7,8,9,10,11,12,13,14,15).

The compounds prepared in this investigation are listed
in Tables Ia, Ib, Ic, and Ila, IIb together with the sup-
porting analytical and spectral data. The balance of the
compounds prepared are described in the experimental.

Some of the compounds prepared have been screened
as antiradiation agents (16). 3«(3-Pyridyl)-1-propanethiol
hydrochloride produced no protection at 51-150 mg./kg.
6-Methyl-2-(2-pyridylethyl)isothiuronium dihydrobromide
l-oxide gave no protection at 151-350 mg./kg. 5-Ethyl-
2-(2-pyridylethyl)isothiuronium dihydrobromide 1-oxide
did not protect at 50 mg./kg. 6-Methyl-2-(2-pyridyl)ethyl
Bunte salt exhibited some protection at 351-750 mg./kg.
4,6-Dimethyl-2-(2-pyridyl)ethyl Bunte salt showed some
protection at 351-750 mg./kg. 2-(2-Pyridyl)ethyl Bunte
salt exhibited some protection at 351-750 mg./kg. 2(4-
Pyridyl)ethanethiol 1-oxide gave significant activity at
mid-lethal doses although no activity was shown at 51-150
mg./kg. 3-(4-Pyridyl)propanethiol hydrochloride gave no
protection at 50 mg./kg. 3-(4-Pyridyl)propanethiol 1-
oxide showed no protection at 51-150 mg./kg. 3-(3-
Pyridyl)propanethiol 1-oxide gave no protection at 51-150
mg./kg.

EXPERIMENTAL (17)
Preparation of the Pyridylalkyl Chlorides (Table I).

The following procedure illustrates the preparation of pyridyl-
alkyl chlorides listed in Tables Ia,b,c.

To 2{5-ethyl-2-pyridyl)-1-ethanol (30.2 g., 0.2 mole) in 100
ml. of dry chloroform was added thionyl chloride (35.3 g., 0.3
mole) in 50 ml. of dry chloroform with stirring in an ice bath.
The reaction mixture was stirred one hour at room temperature
and one hour at 60°. The chloroform and excess thionyl chloride
were removed under reduced pressure and water was added to
the residue. The residue was neutralized with concentrated
ammonium hydroxide and extracted with chloroform and the
chloroform solution was dried (sodium sulfate) and the chloroform
evaporated. The brown liquid was distilled at 84-85°at0.15 mm
He to give a colorless liquid, 2<g-chloroethyl)-5-ethylpyridine.
A picrate was prepared for analysis (Table Ia).

2(5-Ethyl-2-pyridyl)-1-ethanethiol.

245-Ethyl-2-pyridyl)-1-chloroethane (15 g., 0.0885 mole) in
50 ml. of absolute ethanol and potassium hydrogen sulfide
(prepared by allowing hydrogen sulfide to saturate an ice cold
solution containing 10 g. (0.18 mole) of potassium hydroxide
dissolved in 10 ml. of water and 50 ml. of ethanol) were heated
at 60-70° for three hours. Upon cooling the potassium chloride
was removed by filtration and the solvents removed in vacuo. To
the residue was added 10 ml of water saturated with ammonium
chloride and extracted with chloroform. The chlorof orm solution
was dried (sodium sulfate) and the chloroform removed by
distillation. Fourteen g. of a brown oil was obtained which gave
7.5 g. (51%) of a colorless liquid, b.p. 102-104° at 0.25 mm Hg
upon distillation. A picrate was prepared, yellow prisms from
methanol, m.p. 106°.

Anal. Caled. for C9H1 3NS'C6H3N3071 C, 45.5; H, 4.0, N,
14.2. Found: C,45.2; H, 4.0; N, 14.1.

2-(2,4-Dinitrophenylthioethyl)}-5-ethylpyridine.

To 245-ethyl-2-pyridyl)-1-ethanethiol (1.7 g., 0.01 mole) and
0.4 g. of sodium hydroxide in 30 ml. of 80% ethanol was added
2.0 g. (0.01 mole) of 2. 4A-dinitrochlorobenzene in 10 ml. of
ethanol and the mixture heated on the steam bath for 10 minutes.
The hot solution was quickly filtered and the product crystallized
as yellow needles on cooling. On crystallization from ethanol,
2.5 g. of product, m.p. 93.94° was obtained.

Anal. Caled. for CysHysN304S: C, 54.1; H, 4.5; N, 12.6.
Found: C, 53.9; H,4.7; N, 12.5.

The pyridylalkylthiols and the 2.4-dinitrophenylthioalkyl-
pyridines were all prepared in an analogous manner to that
described above. The essential details are described below.

242-Pyridyl)-1-ethanethiol.

From 35 g. (0.248 mole) of 2{(2-chloroethyl)pyridine, 17.5 g
(51%) of a colorless oil, b.p. 77-78° at 0.15 mm Hg, n2D6'5 =
1.5729, was obtained after two vacuum distillations. The picrate,
yellow prisms from methanol had m.p. 163-164°.

Anal. Caled. for C;HoNS-CgH3N304: C, 42.4; H, 3.3; N,
15.2. Found: C,42.6; H,3.1; N, 15.4.

The styphnate, yellow needles from methanol had m.p. 156°.

Anal. Calcd. for C;HgNS*CgH3N30g: C, 40.6; H, 3.1; N,
14.6. Found: C,41.0; H, 2.9; N, 15.0.

2-[242,4-Dinitrophenylthio)ethyl] pyridine.

From 1.4 g. (0.01 mole) of 2(2-pyridyl)ethanethiol there was
obtained 2.5 g. (82%) of product after two recrystallizations from
ethanol, m.p. 122°; pmr (DMSO-dg): & 3.18 (t, ] = 6 Hz), 3.56
(t,] =6 Hz), 7.2-8.0 (m, 4H), 8.34-8.60 (m, 2H), 8.82(d,] = 2 Hz).

Anal. Caled. for C;3H;1N304S: C,51.1; H, 3.6; N, 13.8.
Found: C,51.2; H, 3.3; N, 14.1.
343-Pyridyl)-1-propanethiol.

From 31.1 g. (0.2 mole) of 3{3-chloro-1-propyl)pyridine, there
was obtained 14.6 g. (48%) of a colotless oil, b.p. 92.99° a4t 0.15
mm Hg. The picrate, yellow prisms from methanol had m.p.
113-114°.

Anal, Calcd. for CnglNS'C6H3N3O7Z C, 44.0; H, 3.7; N,
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14.7. Found: C,43.6; H, 3.5; N, 14.7.

The hygroscopic 3<3-pyridyl)-1-propanethiol hydrochloride
was obtained from ethereal hydrogen chloride.

Anal. Caled. for CgHyNS-HCl: C, 50.7; H, 6.4; N, 7.4.
Found: C,50.7; H,5.9; N, 7.0.

244.,6-Dimethyl-2-pyridyl)-1-ethanethiol.

This compound (b.p. 76-79° at 0.2 mm Hg) was obtained in
52% vyield (7.4 g.) from 14.5 g. (0.085 mole) of 2{(2-chloroethyl)-
4,6 -dimethylpyridine. 2-(4,6-Dimethyl-2-pyridyl)-1-ethanethiol
(1.7 g., 0.01 mole) gave 3.2 g. (95%) of yellow needles (from
ethanol) of 2-[2-(2,4-dinitrophenylthio)ethyl}-4,6-dimethylpyri-
dine, m.p. 123°; pmr (DMSO-dg): & 2.26 (s), 2.40 (s), 3.08 (t,
] = 6.0 Hz), 3.56 (t, ] = 6.0 Hz), 6.90 (broad s), 7.90 (d, ] = 8.0
Hz), 8.44 (dd, ] = 8.0 Hz and ] = 2.0 Hz), 8.80 (d, ] = 2.0 Il2).

Anal. Caled. for C;5HysN304S: C, 54.1; H, 4.5; N, 12.6.
Found: C, 54.2; H, 4.6; N, 12.5.

4-(2,4-Dinitrophenylthioethyl)pyridine.

From 1.4 g. (0.01 mole) of 2{(4-pyridyl)-1-ethanethiol, 2.8 g.
(92%) of yellow needles from ethanol, m.p. 134-135° was ob-
tained; pmr (DMSO-dg): & 3.10 (t, J = 6.0 Hz), 3.56 (t,] = 6.0
Hz), 6.14 (d, ] = 4.0 Hz, 2H), 7.92 (d, ] = 9.0 Hz), 8.72-9.12 (m,
3H), 8.88 (d, J = 2.0 Hz).

Anal. Caled. for C;3H;N304S: C, 51.1; H, 3.6; N, 13.8.
Found: C, 51.5; H, 3.5; N, 14.0.

2-(4-Pyridyl)-1-ethanethiol.

From 26 g. (0.18 mole) of 4(2-chloroethyl)pyridine, there was
obtained 12.3 g. (48%) of a yellow oil, b.p. 84-86° at 0.4 mm Hg.
The picrate, yellow needles from methanol had m.p. 122°,

Anal. Calcd. for C;HgNS*CgH3N304: C, 42.4; H, 3.3; N,
15.2. Found: C, 42.5; H, 3.4; N, 15.4.

The hydrochloride was crystallized from methanol-ethyl ace-
late, m.p. 235° dec.; pmr (DMSO-dg): & 3.30 (m, 4H), 8.14(d,
J =6.0 Hz), 8.98 (d, ] = 6.0 Hz).

Anal. Caled. for CoHgNS*HCl: C, 47.9; H, 5.7. Found: C,
47.9; H, 5.5.

2-(6-Methyl-2-pyridyl)-1-ethanethiol.

From 13.0 g. (0.084 mole) of crude 2{(2-chloroethyl)-6-methyl-
pyridine, 5.1 g. (39%) of product, b.p. 66-68° at 0.4 mm Hg was
obtained. This compound was characterized as 242,4-dinitro-
phenylthioethyl)-6-methylpyridine (see below). In addition the
monosulfide was obtained as an alkali insoluble oil (6.1 g., 47%).
The hydrochloride was crystallized from methanol-ethyl acetate,
m.p. 221-223°,

Anal. Caled. for C;gHyoN,S*HCL: C, 55.7; H, 6.4. Found:
C,55.5; H,6.3.

2-(2,4-Dinitrophenylthioethyl)-6-methylpyridine.

A vyield of 1.9 g. of product, m.p. 91°, yellow prisms from
ethanol was obtained from 1.0 g. of 2(6-methyl-2-pyridy!)-1-
ethanethiol.

Anal. Caled. for Ci4Hy3N304S: C, 52.7; H, 4.1. Found:
C,523; H, 3.8

3-(4-Pyridyl)-1-propanethiol.

From 25 g. (0.16 mole) of 443-chloropropyl)pyridine, there
was obtained 12.0 g. (49%) of product as a colorless oil, b.p. 84-
85° at 0.25 mm Hg and 6.5 g. (26%) of the monosulfide, b.p.
180-200° at 0.25 mm Hg.

The picrate of 34 4-pyridyl)-1-propanethiol had m.p. 108-109°,
yellow leaflets from methanol.

Anal. Caled. for CBHIINS'C6H3N3O7Z

C, 44.0; H, 3.7.

Pyridylalkylthiols and Derivatives
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Found: C, 44.1; H, 3.2.
The hydrochloride of 3-(4-pyridyl)-1-propanethiol from meth-
anol-ethyl acetate had m.p. 122°.
Anal. Caled. for CgH;NS*HCI:
Found: C, 50.6; H, 6.2; N, 7.3.
The dipicrate of the monosulfide had m.p. 168° from acetone.
Anal. Caled. for C16H20Ngs'2C6H3N3071 C, 460, H, 3.6.
Found: C, 45.6; H, 3.5.

C, 50.7; H, 6.4; N, 7.4.

4-| 3(2,4-Dinitrophenylthio)propyl] pyridine.

From 1.0 g. of 3{4-pyridyl)-1-propanethiol, there was obtained
1.3 g. of product, m.p. 103° from ethanol; pmr (DMSO-dg):
5 2.08 (quintet, ] = 8.0 Hz), 2.88 (t, ] = 8.0 Hz), 3.26 (¢, ] = 8.0
Hz), 7.24-7.36 (m, 2H), 7.84 (d, ] = 8.0 Hz), 8.32-8.66 (m, 3H),
8.86 (d, ] = 2.0 Hz).

Anal. Caled. for Cy4H;3N3048: C, 52.7; H,4.1. Found: C,
52.5; H, 4.1.

1-(2-Pyridyl)-3-tosyloxypropane.

A mixture containing 14.0 g. (0.102 mole) of 3-(2-pyridyl)-1-
propanol and 19.0 g. (0.1 mole) of p-toluenesulfonyl chloride in
32 ml. of pyridine was allowed to stand at room temperature for
five days. The solid pyridine hydrochloride which separated was
removed by filtration and the filtrate was concentrated in vacuo.
The residue solidified after treatment with sodium carbonate
and extracted with chloroform. The chloroform was evaporated
and the solid residue was crystallized from methanol-ethyl acetate,
giving 22 g. (75%) of product, m.p. 125-128°. An analytical
sample was prepared by recrystallization from methanol-ethyl
acetate, colorless needles, m.p. 128.1 30°.

Anal. Caled. for CysH;7NO3S: C, 61.8; H, 5.9. Found: C,
61.6; H, 5.6.

The Synthesis of Pyridylalkylthiol N-Oxides and Related Com-
pounds.

The detailed preparation of this series will be illustrated with
the synthesis of 34{4-pyridyl)-1-propanethiol 1-oxide and related
compounds (Table 1Ia, IIb).

3{4-Pyridylpropyl)isothiuronium Bromide Hydrobromide 1-Oxide.

A solution containing 3.9 g. (0.025 mole) of 43-hydroxy-1-
propyl)pyridine l-oxide and 1.9 g. (0.025 mole) of thiourea in
11.0 g. (0.065 mole) of 48% hydrobromic acid was refluxed for
15 hours. The solvent was removed in vacuo and ethyl acetate
was added to aid crystallization. The crystalline material was
washed with a small amount of acetone. There was obtained 8.4
g. (88%) of crude product, m.p. 125-130°. After several recrys-
tallizations from ethanol-ethyl acetate, 7.3 g. (77%) of colorless
prisms, m.p. 129-132° was obtained.

Anal. Caled. for CoH;y5BraN30S: C, 29.0; H, 4.1. Found:
C, 29.0; H, 4.4.

3-(4-Pyridyl)-1-propanethiol 1-Oxide.

A mixture containing 20.0 g. (0.054 mole) of 3-(4-pyridyl-
propyl)isothiuronium bromide hydrobromide 1-oxide and 6.43 g.
(0.16 mole) of sodium hydroxide in 25 ml. of water was heated
under a nitrogen atmosphere on the steam bath for one hour. The
cooled reaction mixture was saturated with ammonium chloride
and extracted three times with chloroform. The chloroform
solution was dried (sodium sulfate) and the chloroform removed
in vacuo. The product amounted to 8.4 g. (93%) of a pale yellow
oil; pmr (DMSO-dg): & 2.04 (quintet, ] = 6.0 Hz), 2.80 (t, ] = 6.0
Hz), 3.00 (t,] = 6.0 Hz), 7.94 (d, ] = 7.0 Hz), 8.94(d, ] = 7.0 lz),
9.46 (broad s).

The hydrochloride was prepared by dissolving 8.4 g. of the
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above oil in 40 ml. of dry chloroform-ether and saturating the
solution with dry hydrogen chloride. The precipitate was collected
and crystallized from ethanol-ethyl acetate, colorless prisms, 9.2
g. (84%), m.p. 126-128°.

Anal. Caled. for CgH; 1 NOS*HCL:
Found: C, 46.9; H, 5.9; N, 6.8.

The picrate, yellow needles from methanol had m.p. 113-114°,

Anal. Caled. for CgHy oNOS*CgH3N30,: C, 42.2; H, 3.5.
Found: C, 42.3; H, 3.5.

C, 46.7; H, 5.9; N, 6.8.

4-(2,4-Dinitrophenylthiopropyl)pyridine 1-Oxide.

In the manner described for 2{2,4-dinitrophenylthioethyl)-5-
ethylpyridine, 1.7 g. of the unpurified 3{4-pyridyl)-1-propanethiol
l-oxide gave 1.3 g. of yellow needles, m.p. 155-157° from ethanol-
ethyl acetate.

Anal. Caled. for C14H;3N305S: C, 50.1; H, 3.9. Found:
C, 50.0; H, 3.8.

343-Pyridylpropyl)isothiuronium Bromide Hydrobromide 1-Oxide.

From 15.3 g. (0.1 mole) of 3(3-hydroxypropyl)pyridine 1-
oxide, 7.6 g. (0.1 mole) of thiourea and 44.0 g. (0.26 mole) of
48% hydrobromic acid as described above, there was obtained
30.0 g. (80%) of colorless prisms from absolute ethanol, m.p.
156-158°; pmr (DMSO-dg): & 2.12 (quintet, J = 7.0 Hz), 3.06
(t, ] = 7.0 Hz), 3.40 (t, ] = 7.0 Hz), 7.94-8.40 (m, 2H), 8.96 (d,
] = 8.0 Hz), 9.04 (s), 9.22 (s, broad).

Anal. Caled. for CgH;5BraN30S: C, 29.0; H, 4.1. Found:
C, 29.2; H, 4.1. '

343-Pyridyl)-1-propanethiol.

From 20 g. (0.054 mole) of 33-pyridylpropyl)isothiuronium
bromide hydrobromide 1-oxide treated as described above, 8.9 g.
(98%) of crude product was obtained as a pale yellow oil which
solidified in the refrigerator under a nitrogen atmosphere. Crys-
tallization from methanol-ether gave 8.0 g. (88%) of very hygro-
scopic colorless needles, m.p. 37-39°.

Anal. Caled. for CgHy 1 NOS: C,56.8; H, 6.6. Found: C, 56.5;
H, 6.2.

The picrate upon crystallization from methanol had m.p. 84-87°.

Anal. Caled. for CgHy 3 NOS°CgH3N304: C, 42.2; H, 3.5.
Found: C, 42.0; H, 3.3.

342,4-Dinitrophenylthiopropyl) pyridine 1-Oxide.

From 0.8 g. of 3(3-pyridyl)-1-propanethiol there was obtained
1.2 g. of product, m.p. 162-163° from ethanol; pmr (DMSO-dg):
8 2.06 (quintet, J] = 7.0 Hz), 2.84 (t, ] = 7.0 Hz), 3.26 (t,] = 7.0
Hz), 7.30 (s), 7.36 (d, ] = 4.0 Hz), 7.80-8.60 (m, 4H), 8.84 (d,
J = 3.0 Hz).

Anal. Caled. for C14H 3N304S: C, 50.1; H, 3.9. Found:
C,49.8; H, 3.7

342-Pyridylpropyl)isothiuronium Bromide Hydrobromide 1-Oxide.

From 8.0 g. (0.052 mole) of 24(3-hydroxypropyl)pyridine
l-oxide, there was obtained 8.2 g. (43%) of pure product from
ethanol, m.p. 146-148°,

Anal. Caled. for CgH; 5BraN30S: C, 29.0; H, 4.1. Found:
C, 28.6; H, 4.4.

34(2-Pyridyl)-1-propanethiol 1-Oxide.

From 20.0 g. (0.054 mole) of 3(2-pyridylpropyl)isothiuronium
bromide hydrobromide 1-oxide there was obtained 8.5 g. (94%)
of crude product as a pale yellow oil which would not solidify
upon refrigeration. The picrate and styphnate (yellow oils) would
not solidify. Furthermore, attempts to prepare a solid d-tartrate,
citrate, ascorbate, succinate, oxalate, malonate, maleate, azelate,
pimelate, phthalate or cinnamate were also unsuccessful. Likewise

Pyridylalkylthiols and Derivatives
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the perchlorate, hydrobromide or hydrochloride did not crys-
tallize. However, the crude product did react with 2,4-dinitro-
chlorobenzene.

2{2,4-Dinitrophenylthiopropyl) pyridine 1-Oxide.

From 0.8 g. of the oily 3{2-pyridyl)-1-propanethiol 1-oxide
as described above, 1.5 g. of product was obtained after crystal-
lization from ethanol, m.p. 155-156°.

Anal. Caled. for C14H;3N305S: C, 50.1; H, 3.9. Found:
C,49.9; H, 3.7

2{4-Pyridylethyl)isothiuronium Bromide Hydrobromide 1-Oxide.

From 6.4 g. (0.046 mole) of 4{2-hydroxyethyl)pyridine 1-
oxide, 9.0 g. (55%) of product as colorless prisms from ethanol,
m.p. 171° dec., was obtained; pmr (DMSO-dg): & 3.34(t,] = 6.0
Hz), 3.80 (t, ] = 6.0 Hz), 8.14(d, J = 7.0 Hz), 9.10(d, ] = 7.0
Hz), 9.28 (broad s).

Anal. Caled. for CgH;3BraN30S: C, 26.8; H, 3.6. Found:
C, 26.6; H, 3.4.

2(4-Pyridyl)-1-ethanethiol 1-Oxide.

From 9.4 g. (0.026 mole) of 2(4-pyridylethyl)isothiuronium
bromide hydrobromide 1-oxide, there was obtained 3.8 g. (94%)
of product as a pale yellow oil which was converted into the
hydrochloride in dry ether-chloroform, yield 4.0 g. (80%) of
colorless needles after crystallization from dry ether-chloroform,
m.p. 90-92°,

Anal. Caled. for CyHgNOS*HCL: C, 43.9; H, 5.3. Found: C,
43.8; H,5.4.

An attempt to prepare 2{4-pyridyl)-1-ethanethiol 1l-oxide
from 442-hydroxyethyl)pyridine 1-oxide and thionyl chloride in
chloroform gave 4{2-chloroethyl)pyridine 1-oxide as an oil after
chromatography on alumina. Treatment of the product with
potassium hydrogen sulfide in ethanol did not give 2-(4-pyridyl)-1-
ethanethiol, but rather the sulfide was obtained as an oil which
solidified after three days at room temperature. Recrystallization
from methanol-acetone gave colorless prisms, m.p. 163-165°,

Anal. Caled. for Ci4H;6N20,S: C, 60.9; H, 5.8. Found: C,
60.8; H, 5.7.

2{2-Pyridylethyl)isothiuronium Bromide Hydrobromide 1-Oxide.

From 5.2 g (0.037 mole) of 2{2-hydroxyethyl)pyridine 1-
oxide, there was obtained 7.5 g. (56%) of colorless prisms from
ethanol-ethyl acetate, m.p. 167-168° dec.; pmr (DMSO-dg): &
3.48 (t, ] = 5.5 Hz), 3.56 (t, J = 5.0 Hz), 7.48-8.00 (m, 3H), 8.76
(d, ] = 6.0 Hz), 9.32 (broad s).

Anal, Caled. for CgH,3BryN30S: C, 26.8; H, 3.6. Found:
C, 26.6; H, 3.4.

2{(2-Pyridyl)-1-ethanethiol 1-Oxide and the Corresponding Sulfide.

From 14.4 g. (0.04 mole) of 2{2-pyridylethyl)isothiuronium
bromide hydrobromide 1-oxide as described earlier, there was
obtained 50 ml. of the crude chloroform extract which was dried
(sodium sulfate). To this was added 20 ml. of dry ether and dry
hydrogen chloride was bubbled through the solution. A pre-
cipitate was collected after standing overnight in the refrigerator.
Recrystallization from ethanol gave 3.0 g. (23%) of the sulfide
hydrochloride, m.p. 166-168° as colorless scales.

Anal. Caled. for C14H13C12N202SZ C, 48.1; H, 5.2. Found:
C,483; H,4.9.

The ether-chloroform filtrate above was concentrated in vacuo.
A viscous oil (2.0 g., 26%) was obtained which would not solidify
but which decolorized iodine solution indicating the presence of a
free mercapto group. A picrate or a hydrochloride would not
crystallize. The crude mercaptan (0.5 g.) gave 0.3 g. of 2«(2,4-
dinitrophenylthioethyl)pyridine 1-oxide as yellow prisms from
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1-butanol, m.p. 189° dec.; pmr (DMSO-dg): & 3.26 (t, ] = 7.0
Hz), 3.64 (t, ] = 7.0 Hz), 7.24-7.64 (m, 3H), 8.10-8.50 (m, 3H),
8.84 (d, ) = 2.0 Hz).

Anal. Caled. for Cy3Hy 1 N305S: C, 48.6; H, 3.5; N, 13.1.
Found: C, 48.7; H, 3.4; N, 13.0.

2-{2(6-Methylpyridyl)ethyl]isothiuronium Bromide Hydrobromide
1.0xide.

From 7.7 g. (0.05 mole) of 2(2-hydroxyethyl)-6-methylpyri-
dine l-oxide, there was obtained 8.0 g. (43%) of the product, m.p.
90-91° from ethanol-ethyl acetate.

Anal. Caled. for CgHy5BryN30S: C, 29.0; H, 4.1. Found:
C, 29.0; H, 4.0.

Attempted Preparation of 2{6-Methyl-2-pyridyl)-1-ethanethiol 1-
Oxide. Preparation of the Corresponding Sulfide.

From 6.3 g. (0.017 mole) of 2-[2(6-methylpyridyl)ethyl]-
isothiuronium bromide hydrobromide 1-oxide treated as described
earlier, the chloroform solution was obtained and evaporated in
vacuo. The pale yellow oil was dissolved in dry ether-chloroform
(1:1) and dry hydrogen chloride was bubbled into the solution.
The precipitate was crystallized from ethanol, yield 1.2 g. (36%)
of white prisms, m.p. 198-200° dec.

Anal. Caled. for Cy61l35Cl;N,0,8: €, 50.9; H, 5.8, Found:
G, 50.6; H,5.4.

Preparation of 24,6-Dimethyl-2-pyridyl)-1-ethanethiol 1-Oxide
and the Corresponding Sulfide.

4,6-Dimethyl-2(2-hydroxyethyl)pyridine 1l-oxide (4.5 g., 0.027
mole) was converted into 244,6-dimethyl-2-pyridylethyl)isothi-
uronium bromide hydrobromide 1-oxide and without purification,
3.8 g. was treated as before and the sulfide dihydrochloride (0.8
g.) was obtained after crystallization from methanol-ether, m.p.
178-181° dec.

Anal. Caled. for CigHy4Cl,N20,S: C,53.3; H, 6.5. Found:
C, 53.0; H,6.2.

Evaporation of the ether-chloroform filtrate as reported in an
earlier instance gave 0.4 g. of an oil which when allowed to react
with 2.,4-dinitrochlorobenzene gave 4.6-dimethyl-2(2,4-dinitro-
phenylthioethyl)pyridine 1-oxide, the formation of which es-
tablished the presence of the crude mercaptan.

Anal. Caled. for CysH; sN305S: C, 51.6; H, 4.3. Found: C,
51.6; H,4.2. .

Attempted Preparation of 2(5-Ethyl-2-pyridyl)-1-ethanethiol 1-
Oxide and the Preparation of the Corresponding Sulfide.

5-Ethyl-2(2-hydroxyethyl)pyridine 1-oxide (13.0 g., 0.078
mole) was converted into 2{(5-ethyl-2-pyridylethyl)isothiuronium
bromide hydrobromide 1-oxide which separated as an oil (9.3
g.). This was directly decomposed with sodium hydroxide solution,
and after heating, saturated with ammonium chioride, extracted
with chloroform, dried and the volume reduced to about one
half. Dry hydrogen chloride was bubbled into the dry chloroform
solution and 3.0 g. (19%) of the sulfide dihydrochloride was
obtained from 1-butanol.

Anal. Caled. for C3gH,;6Cl3N,0,8: C, 53.3; H, 6.5. Found:
C,53.1; H, 6.2

The Preparation of Bunte Salts. 5-Ethyl-2-pyridylethyl Bunte Salt.

A solution containing 20.0 g. (0.118 mole) of 2.(2-chloro-
ethyl)pyridine in 50 ml. of ethanol and another solution composed
of 29.4 g. (0.118 mole) of sodium thiosulfate pentahydrate in 50
ml. of water were mixed and refluxed for fifteen hours. The
solvents were removed in vacuo below 50°. To the residue was
added 50 ml. of absolute ethanol, the solid which precipitated
was removed and the filtrate was concentrated and the process
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repeated twice more. To the final ethanol solution (50 ml.) was
added 50 ml. of ethyl acetate and a solid separated upon refrigera-
tion. It was collected, washed with ether, air dried (vacuum) at
room temperature to yield 10.5 g. (33%) of a colorless, very
hygroscopic solid, sensitive to heat.

Anal, Caled. for CgHy3NO3S,;Na: C, 40.1; H, 4.5; N, 5.2
Found: C, 40.2; H, 4.6; N, 5.2.

4.,6-Dimethyl-2-pyridylethyl Bunte Salt.

From 14.7 g. (0.0865 mole) of 2(2-chloroethyl)-4,6-dimethyl-
pyridine, there was obtained 9.3 g. (34%) of a colorless, very
hygroscopic solid from ethanol-ether.

Anal. Caled. for CoHy,NO3S,Na*0.5H,0: C, 38.8; H, 4.7;
N, 5.0. Found: C,39.1; H,4.3; N, 5.0.

6-Methyl-2-pyridylethyl Bunte Salt.

From 14.7 g. (0.0945 mole) of 2{2-chloroethyl)-6-methyl-
pyridine, there was obtained 16 g. (62%) of hygroscopic colorless
needles, m.p. 75.80° from ethanol-ether.

Anal. Caled. for CgHygNO3S;Na*H,0: C, 35.2; H, 44; N,
5.1. Found: C, 35.3; H,4.0; N, 5.5.
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