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This invention relates to organic compounds
and more particularly to organic sulfides con-
taining an amino group and still more particu-
larly to beta-aminoethyl suifides.

This invention has as an object the provision
of a new ang convenient process for the prepara-
tion of beta-aminoethy] sulfides. Another object
is the provision of a process for the preparation of
new compounds having a plurality of beta-amino-
ethylthio groups. A further object is the new
class of compounds having a plurality of beta~
aminoethylthio groups. Another object iz the
provision of a process for making anti-corrosion
and anti-sludge agents for lubricating oils. Other
objects will appear hereinafter.

These objects are accomplished by the follow-
ing invention wherein an ethylenimine is reacted,
under substantially neutral conditions, with a
thiol, free from groups, other than thiol, which
react with ethylenimines. A preferred modifica-
tion of the invention is that wherein the thiol
contains a plurality of thiol groups. Another
phase of the invention is the class of poly-beta-
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aminoethylthio substituted compounds prepared .

by the preferred process modification.

In the process of this invention, substantially
equimolecular amounts of g thiol and of an ethyl-
enimine are reacted under substantially neutral
conditions, at a temperature and for a period of
time sufficient to bring about substantially com-
plete reaction. The reaction product is then
freed from unchanged reactants, if any are pres-
ent, and purified by suitable procedures. By sub-
stentially neutral conditions is meant that the re-
action mixture has an acidity corresponding to
that of a mixture containing the free thiol and
containing no acidic material other than the
thiol. The acidie nature of the thiol is low s is
indicated inter alia by the article by Schwarzen-
bach and Epprecht, Helv. Chem. Acta. 19, 1692
(19363,

Although the invention is not to be Himited by
the following theoretical explanation, it is prob-
able that, under the slightly acidic infiuence of
the mercapio group, the rather unstable ethyleni-
mine ring is opened, with subsequent addition of
the thiol to the radical thus formed. The net re-
sult of the reaction is represented by the equa-
tion:

R’SH+CHr—CH: —+ R’SCH:CH:NHR!

NR?
or, when a polythiol is used:
R'(SH),-;-zoi[g—/cm ——s R/(BCH,CH:NHRS3),
NR2
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The reaction products, which are generically
represented by the above formulae, may be desig-
nated generally as beta-aminoethyl sulfides. The
individual members described in the examples be-
low are perhaps more correctly named (beta-
aminoethyl) thioalkanes. These products are
solids or liquids and possess a titratable basicity,
because of the presence of the amino group or
groups.

The more detailed practice of the invention is
illustrated by the following examples, wherein
parts given are by weight. There are of course
many forms of the invention other than these
specific embodiments.

ExaAMPLE I
Beta-aminoethylthiopropane

A mixture of 17.2 parts of ethylenimine and 30.4
parts of n-propanethiol is heated in a closed ves-
sel at 100° C. for 20 hours. The reaction produet
is then subjected to distillation, whereupon s
small amount of unchanged starting materials is
first removed, then 37 parts of a homogeneous
liquid boiling at 84-87° C. at 23 mm. pressure is
obtained. This product, a colorless oil, boils on
redistillation at 85-86° C. at 25 mm. pressure.
Other physical constants are: d?,: 0.9295; N2, :
1.4831. Analyses indicate that it is beta-aming-
ethylthiopropane, CH:CH2CHzSCH2CH:NH2.

Caled. for CsHisNS: S%, 26.89. Found: 26.82,
26.87. Neutralization equivalent (with N/10 HC1
in the presence of methyl orange): calcd. 119; -
found, 119.5,

The yield in beta-aminoethylthiopropane is
78% of the theory. The product is soluble in
water and organic solvents such as methanol and
benzene. '

ExaMpLE IT

1,6-bis-(beta~aminoethylthio) hexane

A mixture of 11 parts of ethylenimine and 18
parts of hexane-1,6-dithiol is heated in & closed
vessel, without solvent or added catalyst, at 100°
C. for 23 hours. There is obtained, on distilla-
tion of the reaction product, 25 parts of an ofl
boiling around 200° C. at 6 mm. pressure. The
product, on redistillation in an atmosphere of
nitrogen, boils at 196-200° C, at 2 mm. pressure.
It is a pale yellow oil which crystallizes on stand-
ing to a solid melting at 38-40° C. Analyses in-
dicate that this product is 1,6-bis-(beta-aming-
ethylthio) hexane, NH2CHzCHS(CHz) eSCH2CHz-
NHs.

Caled. for CioH2:NaSa: C, 50.85; H, 10.17; S,

56 27.12. Found: C, 51.02; H, 10.04; S, 26.74. Neu.



&
tralization equivalent (with N/10 HCl in the pres-
ence of methyl orange) : caled. 236; found 241.

The wleld in 1,8-bis-(beta-aminoethylthic) -
hexane is 89% of the thecry. The product is
aoluble in water and the common organic sol-
vents.

in the process of the preseni invention, any
thiol free from functional groups, other than
thiol, which are capable of reacting with ethyl-
enimines substentially faster than the thiol
group, may be used. Examples of such unde-
gired functional groups are the carboxyl, sulfonyl,
active halogen, aldehyde, scid chloride group,
ete. When such s functional group is present,
the reaction product will in gemeral be non-
homogeneous and polymeric in character. The
{nvention is applicable to thiols ¢of the formuls
R’(SH)z wherein R’ is an organic radical of
valence &, T being an integer angd at least one,
sald orgenic radical being free from the undesir-
able functional groups above indicated. In the
preferred subgenus, R’ s a hydrocarbon radical
of valence . R’ msey therefore be alkyl, cyclo-
alkyl, aryl or aralkyl, and may be saturated or
unsaturated, e. g., it may be methyl, ethyl, iso-
propyl, allyl, butyl, isobutyl, crotyl, hexyl, octyl,
decyl, octadecyl, cyclopentyl, cyclohexyl, phenyl,
tolyl naphthyl, tetrahydromaphthyl, henzyl,
phenylethyl, ethylene, trimethylene, tetrameth-
ylene, decamethylene, m-phenylene, o~ and p-
xylylene, R’ msay also contain & hetero atom
within the hydroearbon chainp, that is, R’ may
be heteroaliphatic or heterocyclic, e. g., ethoxy-
ethyl, —CHICHOCsHs, propoxyethyl,

o HaCEa0QCsH
{thicethyl) ethyl, ~~CHCHRSCHs, diethyl sul-
fide, ~—~CHICHSCHCHa—, diethyl ozide,
e HCHoOCHCHwm

thienyl, pyrrolyl, pyridyl, piperidyl, quinolyl, ete.
The invention 1s generic to the use of ethyl-
enimines, 1. e., ethylenimine

CH;—OCH;
/
o
H

=

and its hydrocarbon substitution preducts, e. &.,
those wherein the hydrogen on the nifrogen is
replaced by methyl, ethyl, propyl, butyl, iscbutyl,
hexyl, decyl, dodecyl, hexadecyl, cyclohexzyl,
phenyl, benzyl, etc., and those wherein one or
more hydrogens attached to the ethylenimine
carhon are replaced by methyl, ethyl, butyl,
hexyl, dodecyl, octadecyl, cyclohexyl, phenyl,
gbe. radicals. In the claims, when the term “an
ethylenimine” is used, it is to be understood 23
ineluding not only ethylenimine but also its hy-
drocarbon substitution products, The term “eth-
ylenimine” in the singular without the indefinite
article is meant to include only ethylenimine

CHeC By

wNH
which ¢ the greatly preforred species, owing fo
its ready aveilability and ease of resction.

The reaction femperature may be varied from
slightly elevated temperature (e. g. §0° € fo
high temperature {(e. g., 200° C.), the reaction
time being, of course, reduced ab the ynore ele-
vated temperstures, Obviously, the temperature
must be chosen so as to avoid decomposition of
the starting materials or end product. In gen-
eral, a temperature between 100° C. and 150° C.
will be sufficient to bring about substantially
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complete reaction in a period of from 8 to 24
hours.

The reaction may be carried ouf either at at-
mospheric pressure or ab superatmospheric preg-
sure (in a closed vessel). The latter conditions
are desirable when either the thiol or the ethyl-
enimine or both are low boiling, in which case
the reaction temperature in an open vessel would
of necessity be low, with consequent increase of
reaction time, and possibility of loss of reactants
through evaporation. The pressure developed
during the reaction will, of course, depend on
the volatility of the reactants and on the temper-
ature of the reaction, and the maferial of which
the reactor 1s built will have to be chosen accord-
ingly. When both reactants are suficiently high
boiling, the reaction may conveniently be carried
out in an open vessel, with suitable provision for
returning the condensed vapors to the reaction
mixture.

The presence of a solvent is not necessary {o
the conduct of the operation. However, a solvent
meay be desirable in certain cases, for enample,
when the thiocl to be reacted is o high melting
solid. Any solvent which is inert towards both
the thiol and the ethylenimine under the condi-
tions of the reacticn may be used, for example,

. aliphatic, cycloaliphatic, and aromatic hydrocar~
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bons, ethers such as di-n-butyl ether, or cyclic
ethers such as dioxane. '

In general, catalysts are unnecessary es the
reaction proceeds without a cataelyst at appro-
priate temperature with sufilcient speed. Acidic
and hasic materials used 2s caizlysts in other
reactions are in general to be avoided because,
by catalyzing undesired side reactions, they de-
crease the yield and incresse the difficulties of
preparation. Thus, hexadecanthiol and ethyl-
enimine in the presence of agueous sodium hy-
droxide yield an apparently polymeric material
of indefinite composttion. Acidic conditions tend
to polymerize the ethylenimine so that acldic
catalysts are to be avoided.

The reaction products, i, e., the bete-emino-
ethyl sulfides, may be resdily isolated and purl-
fleg by the well-kmown methods which include,
according to expediency, distillation, preferably
under reduced pressure, crystallization, from
solution or from & melt, steam distillation, ete.
*here 18, in generel, no difficulty in isolating the
desired product in good yield, since litile or no
by-product or elimination product is formed In
the process of this invention. in many cases the
product mey be used as such, wiszout any purl-
fication.

it 18, in genersl, sdvaniageovs to use the ye-
actants (thiol and the ethylenimine) in molec-
ular proportions, thaet is, one mol-of the ethyl-
enimine for each mercapfo group. However, 1f
desired, an excess of either reactant may be used.
For example, it may be advantageous to use an
axeess of the more volatile, or of the cheaper,
vegctant if the reaction is carried out gt atmos-
pheric pressure,

The beta-aminoethyl sulfides produced accord-
ing to the process of this invention are par-
ticularly valuable as anti-corrosiom and anél
sludge agents in lubricating oils. They are als¢
of grest interest as starting materiels in chem-
ieal syntheses, owing to.the reactivity of tht
amino group. In these applications, the poly
(beta-aminoethyl) sulfides obtainable by the proe
ess of this invention are of particular interest
in lubricating oil stabilizers of the beta-amino
ethyl sulfide type, it is believed that the grouj
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—S8—CHz—CH2~NHz Is responsible for the ac-
tivity of the molecule as & whole. It is therefore
advantageous to have more than one such group
in the molecule. From another standpoint, and
also by reason of their poly-functional character,
the poly-(beta-aminoethyl) sulfides are useful in-
gredients in condensation and addition reactions,
yielding valuable high molecular weight polymeric
materials.

This invention is of advantage in making read-
ily available certain hitherto difficultly obtainable
beta-aminoethyl sulfides. A convenient route to
the beta-aminoethyl sulfides is opened by this
invention. The process herein disclosed is par-
ticularly easy to carry out, requiring no special
or expensive equipment and a minimum of at-
tention. It is further extremely advantageous
in that no by-product is eliminated or evolved,
thereby insuring easy isolation and purification
of the final product. - It is of further advantage
in providing a means for the preparation of a
new class of compounds hitherto unavailable,
i. e., amine sulfides having a plurality of beta-
aminoethylthio groups. ]

The above description and -examples are in-
tended to be illustrative only. Any modification
of or variation therefrom which conforms to the
spirit of the invention is intended to be included
within the scope of the claims:

What is claimed is:

1. 1,6-bis(beta-aminoethylthio) hexane.

2. The process which comprises reacting, under
200° C. under substantially neutral conditions an
ethylenimine and a thiol free from groups, other
than thiol, reactive with the ethylenimine.

3. The process which comprises reacting at 50—
200° C. under substantially neutral condition an
ethylenimine and & thiol wherein the non-thiol
portion of the molecule is selected from the class
consisting of hydrocarbon radicals and hydro-
carbon radicals containing a hetero atom in the
carbon chain.

4. The process which comprises reacting at 50—
200° C. under substantially neutral conditions an
ethylenimine and a polythiol wherein the non-
thiol portion of the molecule is selected from the
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class consisting of hydrocarbon radicals and
hydrocarbon radicals containing a hetero atom
in the carbon chain.

5. The process which comprises reacting at 50—
200° C. under substantially neutral conditions
ethylenimine and a thiol wherein the non-thiol
portion of the molecule is selected from the class
consisting of hydrocarbon radicals and hydro-
carbon radicals containing a hetero atom in the
carbon chain, L

6. The process which comprises reacting at 50—
200° C. under substantially neutral conditions
ethylenimine and a polythiol wherein the non-
thiol portion of the molecule is selected from
the class consisting of hydrocarbon radicals and
hydrocarbon radicals containing a hetero atom
in the carbon chain.

7. A process comprising reacting under sub-
stantially neutral conditions at 50~200° C. a thiol
R’(SH)z, wherein R’ is a hydrocarbon radical of
valence r and r is an integer at least equal to 1,
with an ethylenimine

CHs—CH;
RS
wherein R? is & member of the class consisting
of hydrogen and hydrocarbon radicals.

8. Process which comprises reacting, under
substantially neutral conditions at 50-200° C.,
an ethylenimine with an alkanethiol.

9. Process which comprises reacting, under
substantially neutral conditions at 50-200° C.,
ethylenimine with an alkanethiol.

10. Process which comprises reacting, under
substantially neutral conditions at 50-200° C., an
ethylenimine with an alkanepolythiol. R

11. Process which comprises reacting, under
substantially neutral conditions at 50-200° C.,
ethylenimine with an alkanepolythiol.

12. Process which comprises reacting ethyl-
enimine with n-propanethiol under substantially
neutral conditions at 50-200° C.

13, Process which comprises reacting ethyl-
enimine with hexan-1,6-dithiol under substan-
tially neutral conditions at 50-200° C.

GERARD JEAN BERCHET.



