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the corresponding chlorides and sodium hydro-
sulfide. Some secondary products have been
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isolated and identified.
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Compounds with Some Sulfur-containing Side-chains

By HENRY GILMAN AND LEO TOLMAN

In connection with some studies on pharma-
cological action and chemical constitution there
has been reported! the synthesis of compounds of

this general type

CHsO—(\
\l/ N

H—N—{(CH,)»—S5—(CHy)»—R

in which R is the diethylamino, piperidino, mor-
pholino, and thiomorpholino group; and where
n = 3, and n' = 2. It seemed of interest to
examine some related types where R = —N(Cp-
H;);, and where (n = 2; n’ = 3), and (# = 3;
n' = 3).

The ?:ompounds were prepared, in accordance
with the general procedure described earlier,* by
condensing 6-methoxy-8-aminoquinoline with the
appropriate diethylaminoalkyl chloroalkyl sul-
fides. These sulfides were prepared, in turn, by
the reactions

(CzHa)zN(CHz)sCl + NaS(CHz),,OH —_— ol
2

S
(CeH;)eN(CH3);—S—(CH,) s OH ———>

(CoHs): N(CH;)s—S—(CH3).Cl
One of the sulfur side-chains (n = 3; n’ = 3) was

also condensed with m-trifluoromethylaniline.
A sulfur side-chain, (Csz)zN(CHz)z'—S—
(CH,)sNHa, was also condensed with a third type
of nucleus, 2-methoxy-6,9-dichloroacridine to give

H—N—(CH,);—S—(CH,):N(C,Hjs),

CH:0—, /w

SOV

This side-chain was also condensed with acetonyl-

acetone to give p-diethylaminoethyl v-(2,5-di-

methyl-1-pyrryl)-propyl sulfide

(CeH5):N(CHz)p—-5—(CH,);NH, +
CH,;COCH,CH,COCH; —>

CH;

d—cn
(CHIN(CH—S—(CHI—N [

l
CH,

Experimental

«-Diethylaminopropy! v-Hydroxypropy! Sulfide.—From
reaction of 58 g. (0.63 mole) of ¥-hydroxypropyl mercap-

(1) Gilman and Woods, THIS JOURNAL, 67, 1843 (1945).

tan, 14.5 g. (0.63 g. atom) of sodium and 94 g. (0.63 mole)
of v-diethylaminopropy! chloride? in 300 cc. of ethanol,
there was obtained 89 g. (699%,) of sulfide distilling at 126-
129° (0.1 mm.).

6 é/énal. Caled. for C,H»ONS: N, 7.18. Found: N,

The y-hydroxypropyl mercaptan was prepared in ac-
cordance with the procedure of Rojahn and Lemme? in
yields which varied from 40 to 609,.

y-Diethylaminopropy! +v-Chloropropyl Sulfide,—From
89 g. (0.43 mole) of vy-diethylaminopropyl v-hydroxypropyl
sulfide and 102 g. (0.86 nole) of thiony! chloride in chloro-
form there was obtained 70 g. (749,) of sulfide distilling
at 95-97° (0.1 mm.); #*p 1.4890; d?*, 0.9980; MR:
caled., 64.87; found, 64.45.

/énal. Caled. for CoH2NCIS: N, 6.28. Found: X,
6.00.

vy-Diethylaminopropy!l g-Hydroxyethyl Sulfide.—From
85 g. (0.57 mole) of y-diethylaminopropy! chloride, 44.5 g.
(0.57 mole) of B-hydroxyethyl mercaptan, and 13.1 g.
(0.57 g. atom) of sodium in 300 cc. of absolute ethanol was
obtained 85 g. (779,) of sulfide distilling at 100-102°
(0.1 mm.).

Anal. Caled. for CGHyONS: N, 7.73. Found: N,
7.55.

v-Diethylaminopropyl g-Chloroethy! Sulfide.—From 85
g. (0.445 mole) of v-diethylaminopropyl B-hydroxyethyl
sulfide and 107 g. (0.9 mole) of thionyl chloride in 200 cc.
of chloroform at 0° there was obtained 50 g. (549,) of sul-
fide distilling at 71-75° (0.1 mm.). ‘

Anal. Caled. for CaHyuNCIS: ' N, 6.70. Found: N,
6.56.

v-(6-Methoxy-8-quinolylamino)-propy! y-Diethylamino-
propyl Sulfide.—A mixture of 22.3 g. (0.1 mole) of ~-
diethylaminopropy! v-chloropropy! sulfide and 174 g.
(0.1 mole) of 6-methoxy-8-aminoquinoline was heated on a
boiling water-bath for one hour. The melt was then
heated in an oil-bath at 100-110° for an additional three
hours. The reaction product was dissolved in water and
made strongly basic with ammohium hydroxide while
maintaining the temperature below 15°. The oil was ex-
tracted with ether, and fractionation of the dried ether
extract gave 10 g. of forerun which was largely 6-meth-
oxy-8-aminoquinoline, and 17 g. (449,) of a yellow viscous
oil distilling at 215-220° (0.1 mm.).

Anal.  Caled. for CooHuONGS: N, 11.63.
11.60.

The dihydrochloride of vy-(6-methoxy-8-quinolylamino)-
propyl v-diethylaminopropy! sulfide, obtained as an orange
compound by addition of hydrogen chloride to an absolute
ethanol-ether solution of the base, melted at 128-130°
after crystallization from absolute ethanol.

*Anal. Caled. for CpHgpONCLS: N, 9.70. Found:
N, 9.74.

B-(6-Methoxy-8-quinolylamino)-ethyl y-Diethylamino-
propyl Sulfide.—A mixture of 15 g. (0.066 mole) of ~-
diethylaminopropyl S-chloroethy! sulfide hydrochloride,
8.7 g (0.05 mole) of 6-methoxy-8-aminoquinoline and 5 cc.
of absolute ethanol was slowly heated in an oil-bath to

(2) See Gilman and Shirley, ibid., 66, 888 (1944).
(3) Rojahn and L.emme, Arch. Pharm., 268, 612 (1925).

Found: N,
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110°. °The bath temperature was held at 110° for six hours
and then at 110-115° for an additional five hours. Heat-
ing at higher temperatures gave significantly reduced
yields. After working up in the manner previously de-
seribed for the homologous compound, there was obtained
7 g (4197 of sulfide distilling at 205-210° (0.1 mm.).

Amnal. Caled. for CigHxON;S: N, 12.10. Found: N,
12.08.

The dihydrochloride of 8-(6-methoxy-8-quinolylamino)-
ethyl y-diethylaminopropyl sulfide melted at 164-165°
after recrystallization from absolute ethanol.

Anal. Caled. for ClgHuONaCIzS: N, 10.00. Found:
N, 9.75.

v-Diethylaminopropyl v-(m-Trifluoromethylanilino)-
propyl Sulfide.—After heating a mixture of 7.9 g. (0.05
mole) of m-trifluoromethylaniline and 11.3 g, (0.05 mole)
of ~-diethylaminopropyl y-chloropropy! sulfide slowly in
an oil-bath to 110°, then at 110-125° for eight hours,
aud finally at 120° for twenty-four hours, there was
obtained 7 g. (409,) of the sulfide distilling at 173-175°
(0.1 mm.).

Anal. Caled. for CiyHuyN.F;S: N, 8.09. Found: N,
8.22.

The dihydrochloride melted at 123-124° after crystalli-
zation from ether-absolute ethanol.

Anal. Caled. for CiyHgN:CLF;S: Cl, 16.90. Found:
Cl1, 17.00.

v-(2-Methoxy-6-chloro-9-acridylamino)-propyl  8-Di-
ethylaminoethyl Sulfide.—A solution of 13.9 g. (0.05 mole)
of 6,9-dichloro-2-methoxyacridine and 11 g. (0.057 mole)
of B-diethylaminoethyl y-aminopropy! sulfide in 60 cc. of
phenol was heated in a boiling water-bath for two hours.
After pouring into dilute sodium hydroxide solution, the
oil was extracted with ether, and from the ether extract
there was obtained (subsequent to removal of unchanged
B-diethylaminoethy! y-aminopropyl sulfide by steam dis-
tillation) a solid crystalline mass. A small part of this was
recrystallized from benzene-petroleum ether (b. p., 80-
110°) to give the sulfide melting at 62-64°.

Anel. Caled. for CyuHiON;CIS: N, 9.73.
N, 9.85.

The main portion of the crystalline mass was dissolved in
absolute ethanol, and the dihydrochloride which precipi-
tated on the addition of ethereal hydrogen chloride
weighed 20 g. (80%) and melted at 247-249°, One crys-
tallization from 959, ethanol gave 13.5 g. of dihydro-
chloride melting at 252-254°.

Anal. Caled. for CyuHpON,CLS: N, 8.35.
N, 8.25.

The @-diethylaminoethyl ~-aminopropy! sulfide was
prepared in 399, yield by 489, hydrobromic acid cleavage
of the condensation product of sodium g-diethylamino-
ethyl mercaptide with y-bromopropylphthalimide. This
compound is mentioned in the patent literature’s and
has been prepared recently by Clinton and co-workers. %

Found:

Found:

(4) () German Patent 450,254 (1935) [Chem. Zentr., 108, I,
384 (1937)], (b) Clinton and co-workers, THIS JournaL, 67, 594
{1043).
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p-Diethylaminoethy!l ~-(2,5-Dimethyl-1-pyrryl)-propyl
Sulfide,—From the mixture resulting after refluxing for
three hours a solution of 9 g. (0.047 mole) 8-diethylamino-
ethyl y-aminopropyl sulfide, 5.7 g. (0.05 mole) of acetonyl-
acetone, 1 cc. of glacial acetic acid in 30 cc. of absolute
ethanol, there was obtained 5.5 g. (41%,) of sulfide distill-
ing at 143-145° (0.1 mim.).

Anal. Calcd, for CszsNsz
10.42,

g-Hydroxyethy! v-Chloropropy! Sulfide.—A solution of
173 g. (1.1 moles) v-chloropropyl bromide in 50 cc. of
absolute ethanol was added over a oue-hour period (with
vigorous stirring and at 20°) to sodium g-hydroxyethy!
mercaptide, prepared from 78 g. (1 mole) of g-hydroxy-
ethyl mercaptan and one equivalent of sodium ethoxide
in 400 cc. of absolute ethanol. The ethanol was removed
by distillation; the residue was dissolved in ether; and
after filtration and distillation there was obtained 130 g.
(859;) of sulfide which distilled at 93-96° (0.1 mm.);
n%*%p 1.5140; %% 1.1766; MR calcd., 40.29; found, 39.75.
0 Anal. Caled. for CiHOCIS: Cl, 22.97. Fourd: Cl,

2.90.

B-Acetoxyethyl ~-Chloropropy!l Sulfide.,—From 30.8 g.
(0.2 mole) of S-hydroxyethyl y-chloropropy! sulfide and
224 g. (0.22 mole) of acectic anhydride was obtained 37
g. (94%) of sulfide distilling over the range 85-95° (0.1
mm.). Redistillation gave 35 g. which distilled at 86-87°
(0.1 mm.); n%p 1.4879; 42, 1.1531; MR caled., 48.96;
found, 49.28.

161‘(1);111. Caled. for C;H;30,CIS: S, 16.28. Found: S,

B-Diethylaminoethy! ~y-Hydroxypropy! Sulfide.—To a
solution of sodium y-hydroxypropy! mercaptide, prepared
by adding 92 g. (1 mole) of y-hydroxypropyl! mercaptan
to one equivalent of sodium ethoxide in 300 cc. of absolute
ethanol, was added, dropwise and at the reflux tempera-
ture, 136 g. (1 mole) of @-diethylaminoethyl chloride.
Subsequent to the completion of addition, the mixture
was refluxed for one hour. The yield of sulfide distilling
at 105-106° (0.1 mm.) was 143 g. (759%). This sulfide
was prepared previously from g-diethylaminoethyl! mer-
captan and +-chloropropanol,! and from the isothio-
uronium chloride and vy-chloropropanol.#

The yield of B8-diethylaminoethy! ~-chloropropy! sul-
fide,*-* from an experiment starting with 110 g. (0.58 mole)
of B-diethylaminoethyl vy-chloropropyl sulfide, was 729;
and the compound distilled at 92-93° (0.1 mm.).

Summary

Syntheses are described for v-(6-methoxy-8-
quinolylamino)-propyl vy-diethylaminopropyl sul-
fide, B-(6-methoxy-8-quinolylamino)-ethyl ~-di-
ethylaminopropyl sulfide, +-diethylaminopropyl
v-(m-trifluoromethylanilino)-propyl sulfide, -
(2-methoxy-6-chloro-9-acridylamino)-propyl g-di-
ethylaminoethyl sulfide and g-diethylaminoethyl
v-(2,5-dimethyl-1-pyrryl)-propyl sulfide.
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N, 10.43. Found: N,



