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This invention relates to organic polysulfides alicyclic group, such as the dihydronorpolycyclo-

having the formula: . pentadienyl, such hydrocarbon subﬁtsituents are
R—0—CH 7 O0—CH— . not required for low temperature oils, '
‘ ’_in (O'iH CH’) Typical highly desirable polysulfides obtain-
. " ). B able according to this invention are the follow-
R——o—cm-cn——(o—?n—cn,) ing: .

i X v 1. CH; (IJHa
wherein R Is a carbocyclic nucleus, X is a mem- cn.-éOo—cm—cm-s.—cmcm—o-C)-c-cn.-
ber of the group consisting of hydrogen and lower 10 GH, H
alkyl groups, ¥ is & number from zero to two,

Inclusive, and 7 is ‘a number from two to four, , OH; OHy—CH,
inclusive, :
An object of this invention is to provide g new [CH"’ —cg OH—O CH’CH']‘S’ G or4)
group of organic polysulfides of the above for-: 15 ém CHs—CH; 2 -
mula, possessing & low degree of color, which can
be added to lubricating oils to enhance their 3. CgHn CsHu
properties, more specifically for improving their
resistance to oxidation, for reducing their corro- 0—CHsy—CHy—83+—CHy—CH:—0
sion of silver- or copper-containing bearings, and 20 OiHy=Amy! isomers
for improving their lubrication at increased or . . Oyclobexsl

extreme pressures and high temperatures.” These
new polysulfides are remarkably free from skin

irritation and can be used in cutting and boring 0—CHiCH; |8

oils .on lathe and bench operations where the ) . 2
lubricants may come in contact with an operator's 5. CH;

hands,  They can also be used for preparing wire-

drawing oils and gear oils where extremely high DO—CH.— EH"O—EHCH’ '
local pressures and temperatures are encountered. CH;j Hs Hy

The new compounds of this invention are ob- 30 & CH: CH: )
tainable by reacting a hialide of the formula: [ P 0-CH;CHy-0-CH; cH.] s,

R—0—CHy—CH—/0—CH~CH;\ Cl
] ( | ’) H CH 2
x x y 7 CHy-CH:
wherein R, X, and y have the significance men- ’ 4 Ny
tioned above, with a solution of an alkali metal 35 | CeHirC CH-0 CHsCE3OCHyCHy |51 (3, or 4)
polysulfide, advantageously in g mutual solvent CH;-CHj 2
such as alcohol. 8. CH;
For use in petroleum oils, it is desirable that CH: CH;
the above organic polysulfides be soluble in the CH-C-CH; 0-CH;CHy-O-CH;CH; [-8
oils to the extent of from about 0.5% to 10%, the 40 r o T A : PR A !
3 3

optimum amount depending upon the character
of the oil used, i. e., whether paraffinic or naph- 9,

thenie, the percentage of sulfur present in the 0—CH:CH/—0—CH;CH) |8

organic polysulfide, and the use to which the oil CuHsy
is to be subjected. In general, it has been found 45 N
highly desirable to have present a hydrocarbon :
substituent, such as an alkyl or cycloaékyl niroup, OyHsy=Dodecyl somers
attached to the carbocyclic nucleus, R, to enhance ' _
the oil solubility of the above polysulfides, par- 10. [CurHy—0—CHyCHuls—8
ticularly when R is, for example, an aromatic 60 , CE! GH\
ring. In order to prevent separation of these _ cﬁ c{ l ~CH,

Hy

organic polysulfides from petroleum oils at low where O is
temperatures, it is desirable that the substituent n

alkyl group of a benzenoid nucleus contain at Sy
least four carbon atoms, although when R is an §6 ~oE

;o - Ho
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For use in naphthenic type petroleum ofls, the

presence of an alkyl or cycloalkyl group is not as

important for solubility and, consequently, com-

pounds in which R is unalkylated can be used.
Por this purpose, the following type compounds

come within the purview of this invention:

[o-enen]e
[ d-o-oncao-omoa]s

0—CHy—~CH—0—CH—CHj
Hjy H;

80—03;011: l
4
’ 2

Furthermore, where extremely high pressures
are encountered, as in the case of worm and gear
oils, it is advantageous that one or more halogen
atoms be present in the aromatic nucleus R. For
this purpose, the following type compounds come
within the purview of this invention:

CH;s
CHi— O—CH;CHr—0—CH;CH; |8
b H Hs . 2
T em oom
cn:—é—cm—&Oo-cmcH.-o-cn,cm 84
b éHa (‘J

Cl1

CH;,
CHsCH:—é 0—-CH;CH; 1
éH: :
1 2

In practicing this invention, compounds in
which R is a benzene or naphthalene ring which
can be unsubstituted, or which can be nuclearly
substituted with hydrocarbon groups (alkyl, aryl,
cycloalkyl) or with halogen groups, are to be
considered within its scope. Furthermore, X can
be & short chain alkyl group other than methyl,

_such as ethyl, propyl, or butyl.

In preparing the organic polysulfides of this
invention, a solution of an alkali polysulfide is
prepared by dissolving flowers of sulfur in, for
example, an aqueous sodium sulfide solution. The
amount of sulfur dissolved is selected so that the
solution of sodium polysulfide obtained contains
one or more atoms of sulfur per atom of sodium.
This solution is reacted in alcoholic solution at
the boiling point thereof with two molecular
equivalents of the halide having the formula:

" R—0—CH;—CH—/ 0—~CH—CH;\ hal
T

Hs 2

as described herein, wherein hal is a halogen
of atomic weight above nineteen. Such halides
are conveniently obtained by reacting phenols or
naphthols, the cyclic nucleus of which corre-
sponds to group R, with alkylene dihalides or
alkylene ether dihalides such as ethylene dichlo-
ride, 8.8’-dichlorodiethyl ether, g,8’-dichlorodi-
isopropyl ether, g-chloroethoxy-g’-chlorodiethyl
ether, and the like, in the presence of sodium
hydroxide, as already known. Corresponding ali-
cyclic ether halides may also be prepared. Cer-
tain of these are obtainable by reacting dicyclo-
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_ catalysts.

: 4
pentadiene in the presence of BFs with ethylene
chlorohydrin or diethylene glycol chlorohydrin,
or by reacting Diels-Alder type addition products
of olefins. and cyclopentadiene with ethylene
chlorohydrin or diethylene chlorohydrin in the
presence of sulfuric acid or phosphoric acid as
Upon heating carbocyclic oxyaliphatic halides
of this type with sodium polysulfides having from
one to two sulfur atoms per atom of sodium, the
following reaction occurs: .- :

2R—0—CHy—~CH—/ 0-—~CH~—CHj\ hal 4+ Na:8, ~~——s
R—O0~CHy—CH—/O0—CH~—CHj
OO

* 8)n + 2Nahal
n—o—cnr-in—(o——-in—cm)
) »

wherein 7 is equal to two to four, inclusive.
'~ The new organic polysulfides obtained in this
way are, after being washed and dried in vacuo,
pale yellow to deep amber-colored thick oils. A
few of them are waxy solids. They are practically
non-volatile and almost inodorous when purified
by warming with absorbent charcoal. They dis-
solve readily in aromatic hydrocarbons and also
dissolve in other types of hydrocarbons, particu-
larly if R is hydrocarbon substituted, and are not
affected by steam, dilute acids, or alkalies. Fur-
thermore, in contrast to monothioethers, they are
not readily oxidized to form sulfoxides or sul-
fones and are, therefore, extremely stable in
lubricating oils with which they may be mixed.
It should be also noted that the mono-thioethers
are lacking in those properties which render the
polysulfides of this invention useful,

The following examples illustrate this inven-
tion:

- Ezample 1

To a stirred mixture of 72 grams of powdered
sulfur and 180 grams of sodium sulfide erystals
(Na28.9H20) at 90° C,, there was gradually added
a solution of 375 grams of ethanol and 156.5
grams of g-phonoxyethyl chloride. The mixture
was then boiled under reflux for seven hours with
constant stirring, The reaction product was
poured into water and the oil layer separated
and washed several times with warm water. The
washed ofl was dried in vacuo at 90°-95° C. The
residue was an amber-colored oil which, on
standing, become g waxy solid. Its composition
corresponds to the formula: :

CiHy—O0—CH:CH;
84
/
C¢Hs—0—CH;3CHjy
Ezample 2

The procedure described in Example 1 was ap-
plied to 170.5 grams of g-(ortho-cresoxy) -ethyl
chloride in place of the g-phenoxyethyl chloride.
The product was a pale amber-colored oil corre-
sponding to the formula:

Example 3

A mixture of 200 grams of B-(phenoxyethoxy) -
ethyl chloride,

CqHs—O——CHzCHz—-O——CHzCHzCl /
375 grams of ethanol was mixed with a solution



:"1&‘_‘:!

of, NazSs prepared from 180 grams of Nazs 9H=0
' and 72 grams of Siilfur and boiled for seven Rours

under reflux with continuous stirring The prod-

uct was poured into water and the .oil layer
separated and washed several times with hot wa-

" ter. The residual oil, after being dried in vacuo,
was an amber-colored liquid corresponding in
composition to the formula:

[Coﬂu—,-—O—CH:CHn—O—-CHiCHﬂr*S«
E:rample 4

A mlxture of 114 grams of p-(phenoxy-isopro—
DPOXY) -lsopropyl chloride,

: CaHs-—O—CHa——CH(CHa)—O——CH(CHz)CH:Cl ‘

. and 190 grams of ethanol was bolled under reflux
‘for six hours with a solutlon of NasSs prepared
from 90 grams of Na:S.9H20 and 36 grams of sul-
fur. The product was isolated by pouring it into
water and washing and drying of the separated
‘oil. It formed & pale yeuow liquid having the
folinula:
CuHr—O—CHr—CH—O—CH—CH:]—St
[ H;s
Example 5

A mixture of 90 grams of NazS.9H:0, 36 grams
of sulfur, 190 grams of ethanol, and 125 grams of
g-naphthoxyethoxy ethyl chloride was boiled un-
der reflux for six and one-half hours with rapid
stirring. The product was poured into water,
washed, and dried in vacuo. The product was &
thick oll having the formula:

0—C3Hi—0—CsHy 1

Exzample 6

A mixture of 144 grams of NazS.9H20 and 18.2
grams of flowers of sulfur was heated for fifteen
minutes until & clear solution was obtained. To
this. was added 300- grams of ethanol and 250
grams of D-a,x,Yv-tetramethylbutylphenoxyeth-
oxyethyl chloride:

CH; CH,

cm——i—cns—él—o—o—cmcHz—-o—cmcn,m

Hs CH3

The mixture was stirred and boiled under re-
flux for seven hours. The product was poured
into water and the oil layer separated, washed,
and dried in vacuo at 95° C. The residual com-
pound was & pale yellow oil having the formula:

[c.H.OO—c,B.—O—c.m] —83
1

Example 7

The procedure of Example 6 was repeated ex-
cept that 38.4 grams of flowers of sulfur was used
instead of 19.2 grams. The product was a pale
yellow oil having the formula:

[calro-ofc,n.—o—c,n. —8;
2

Example 8

The procedure of Example 6 was repeated ex-~
cept that 57.6 grams of flowers of sulfur was
used instead of 19.2 grams. The product was &
pale yellow viscous oil having the formula:

[C;Hn—O—O—CzHc—O—-Cﬂc —8s
;]
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of boron triﬂuorlde-dlethyl ether, BFa O(C"_“

to give 250 grams of p-chloroethoxydihydronordi-”'j
cyclopentadiene: o

o et | [

ﬂﬂ-—— ——‘——CH—O—CH:CH:CI
CH:

as & colorless oil boiling | a.t 132°—136° C /6 mm.
(b) A mixture of 216 grams of Na28.9H20 and
28.8 grams of sulfur was, heated until the sulfur
dissolved. To this solutlon was added 350 grams
of ethanol and 250 grams of the chlorcethyl ether’
from (@) above, and the mixture was stirred and
boiled for seven hours under refiux. The prod--
uct was poured into hot water and the oil layer
was separated, washed, and dried. It was a pale

" amber-colored oil having the formula:

30

[C1oHj3—0—CHsCHjlz—82
where CioHi represents the dihydronordicyclo-

~ pentadienyl nucleus as above.

(¢) The procedure in (b) above was modified

by using 57.6 grams of sulfur instead of 28.8
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grams. The product obtained was a thick oil hav-
ing the formula:

{Ci1His—O0—CH:CHils—Ss3

(d) 'The procedure in (b) above was modified
by using 86.4 grams of sulfur instead of 28.8
grams. The product obtained was & thick oil
having the formula:

' [C1oH1»—0—CH3CHals—S:

These polysulfides are extremely soluble in re-
fined Pennsylvenia lubricating oils and can be
used in amounts up to 10% on the weight of such
oils to improve their lubricating properties for
wire-drawing and lathe-cutting operations.

Example 10

To a stirred solution of 60 grams of ethylene
chlorohydrin and five grams of BF:.O(CaHs)2
heated to 70° C., there was gradually added 91
grams of the Diels-Alder addition produect of
indene and cyclopentadiene, namely, .1,4-endo-
methylene tetrahydrofluorene, having the for-.

mula:
N
LH:%H
l{cn
The reaction was exothermic, the temperature

rising to about 85°-80° C. The mixture was then
heated further at 95° C. for five hours with con-

65 stant stirring. The dark oil obtained was washed

70
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with water and with dilute caustic soda solution,
dried, and distilled in vacuo to yield 102 grams
of & colorless oil boiling at 155°~157° C, at 1 mm.,
having the formula..

/ L\
—CH—0~CHCHO!
CH;
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7

Two molecular equivalents of the above ether
chloride dissolved in an equal volume of ethanol
was boiled for seven hours on a steam bhath, with
stirring, with a product obtained from one molec-
ular equivalent of Na:8.9H20 and three atomic
equivalents of sulfur. The reaction mixture was
poured into water and the oil layer was separated,
washed with hot water, and dried in vacuo. The

final product was an amber-colored thick ofl hav- -

ing the fqrmglg* _
l /i m §H:

I—LH—-O-—CB:CH: ]
TCH: 2’
Ezample 11

In substantially the same manner, the follow-
.ing ether chlorides were reacted with alcoholic
aqueous solutions of Nai:Sz2, NaaSs, and NaxS: to
yield the corresponding organic polysulfides:

(@) p~Tert.-butyl-phenoxyethoxy ethyl chloride

(b) p-Tert.-amyl-phenoxyethoxy ethyl chloride

(e) o-Cyclohexyl-phenoxyethoxy ethyl chloride

(d) o-Dodecyl-phenoxyethoxy ethyl chloride

(e) 3,5-dimethyl-phenoxyethoxy ethyl chloride

(f) 2,6-dichloro - 4 - p-tert. - amylphenoxyethoxy
ethyl chloride

~

N

(9) 2-bromo-4-p-tert.-octylphenoxyethyl chlo-
ride

(h) 2-tert.-butyl-1 -naphthoxyethoxy ethyl chlo-
ride

(1) p-Tert.-octylphenoxy ethoxy  ethoxy ethyl
chloride

(4) p-Tert.-octylphenoxy isopropoxy isopropyl
chloride

10

: 8
I claim:
1. As a new compou.nd an organic polysulflde
having the formula:

R-—-O—CH:—('}H—[O—CH—CH:

* 18)a

R—0—C Ht—CK—[ O-—CH—OKa]

wherein R s &’ c¢arbocyclic hydrocarbon group

- having five to six carbon atoms in any single
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The products obtained were in each case thick -

oils which were soluble in petroleum products and
effective therein as additives for improving prop-
erties, as described above. They may be used as
the sole additive or they may be used in conjunc-

tion with other additives, including other anti- °

oxidants, pourpoint depressors, viscosity-index
improvers (typified by lauryl or cetyl polymeth-
acrylates), etc., or with metal soaps in the prep-
aration of greases.

The preferred sub-class of compounds of this
invention may be represented by the formula:

{R(OCH3:CHs) ylr— 854

wherein R is an aromatic nucleus, ¥’ is a num-
ber from one to three, inclusive, and n is a num-
ber from two to four, inclusive. R may be a
phenyl nucleus, particularly one having a hydro-
carbon substituent.
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cycle, X is & member of the group consisting of
hydrogen and lower alkyl groups, ¥ is & number
from zero to two, inclusive, and n is a number
from two to four, inclusive.

2, As a new compound, an organic polymlnde
having the formula:

[n—o—cm—cn-—o—cn—cm] .
. [ On

wherein R is an aromatic ring of the benzene
series, X is a member of the group consisting of
hydrogen and lower alkyl groups, and 7 is a num-
ber from two to-four, inclusive.

3. As a new compound, an organic polysulfide
having the formula:

[R(OCH:CHy)yls—8

wherein R is an alkylated phenyl group, ¥’ is &
number from one to three, inclusive, and n is an
integer from two to four, inclusive. .

4. As a new compound an organic polysulfide
having the formula:

(R—O—CH:CHz—O—-CHzCH:) 2 5n

wherein R is an alkylated benzene ring and z is
& number from two to four, inclusive.

5. As a new compound, an organic polysulfide
having the formula:

F CH; CH; ’
CH:C-C Hr-([)OO-C H:CHy0-CHyCH; |8
= Hj éHx ’

having the formula:

r‘ CHy CH; .
CHi~ -CHréQO—CHsCHrO-CH:CH: s
. Hs éHz ]

7. As a new compound, an organic polysulnde
having the formula:

= CH: CHs

CH:-(&[J—CH:—ilOO-CH;CH:—O-QE:CH:]:&

Hy Hs
HERMAN A. BRUSON.

§. As a new compound, an organic polysulfide
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