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This invention relates to organic polysulfides alicyclic group, such as the dihydronopolycyclo 
having the formula: pentadienyl, such hydrocarbon substituents are 

not required for low temperature oils. R-O-CH sea O--CH ( k on) Typical highly desirable polysulfides obtain 
Rs). is able according to this invention are the follow 

--e.g. (-en) ing k X i. CE gh, 
wherein R is a carbocyclic nucleus, X is a mem- CE.--C-O-CE-OES-CHCH-O-KX--CH, 
ber of the group consisting of hydrogen and lower O de de, 
alkyl groups, y is a number from zero to two, 
inclusive, and n is a number from two to four, CE: CH-C inclusive. ? N 
An object of this invention is to provide a new CH--or CH-OCHCH -8 (3, or 4) 

group of organic polysulfides of the above for- s le, ch-off, 2 . 
mula, possessing a low degree of color, which can 
be added to lubricating oils to enhance their 3. C CH 
properties, more specifically for improving their 
resistance to oxidation, for reducing their corro- O-CECH-SCH-C-O 
Sion of silver- or copper-containing bearings, and 20 Cis-Anytisoners 
for improving their lubrication at increased or Cyclohexyl 
extreme pressures and high temperatures. These 
new polysulfides are remarkably free from skin 
irritation and can be used in cutting and boring O-CEC -S. 
oils. On lathe and bench operations where the 25 2 
lubricants may come in contact with an operator's 5. CE 
hands. They can also be used for preparing wire 
drawing oils and gear oils where extremely high C-o-on 
local pressures and temperatures are encountered. c 
The new compounds of this invention are ob- 306. CH CE 

tainable by reacting a halide of the formula: or, CH-5k X-0-oh, CH-O-CH o-S 
n-o-ong-(o-cr) Cl 

X X 7 CBCE 
wherein R, X, and g have the significance men- ? Fur 
tioned above, with a solution of an alkali metal 35 it CH-O CHCHOCHCH-S (3, or 4) 
polysulfide, advantageously in a mutual Solvent CH-off, 2 
such as alcohol. 8. CH 

For use in petroleum oils, it is desirable that 
the above organic polysulfides be Soluble in the CH-C-C, O-CECEO-CECE -S 
oils to the extent of from about 0.5% to 10%, the 40 Vur audi-U-Viauria -s. 
optimum amount depending upon the character C. 2 
of the oil used, i. e., whether parafinic or naph- 9, 
thenic, the percentage of sulfur present in the O-C-C-O-CC -S. 
organic polysulfide, and the use to which the oil CHis 
is to be subjected. In general, it has been found 45 2 
highly desirable to have present a hydrocarbon m 
substituent, such as an alkyl YgE. Cedodecy somes 
attached to the carbocyclic nucleus, R, to enhance 
the oil solubility of the above polysulfides, par- 10. CH-O-CECH-S 
ticularly when R is, for example, an aromatic 50 or R 
ring. In order to prevent separation of these ..a cá of CH 

temperatures, it is desirable that the substituent 
alkyl group of a benzenoid nucleus contain at N 
least four carbon atoms, although when R is an 56 dB 

organic polysulfides from petroleum oils at low where CE t 
H-d--CH 



3 . 
For use in naphthenic type petroleum oils, the 
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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. 

For this purpose, the following type compounds 
come within the purview of this invention: 

KC-O-Chicals, 
KX-O-CECH-O-Chicals, 

O-CH-CH-O-CH-CH 
&B, bH, 

s:- - 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: 

C 
CH 

ch O-CICE-O-CHCH 
8 E. 2 

Br 
CB CB 

CH-i-CE- O-CHCH-O-CHCH -S. 
bH, be - 2 

Cl 
C 

CHCH- O-CCH 3. 
&H, 

l 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 a 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-O-C-C-YO-C-CN hal -(-en), 
as described herein, wherein hall 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, 3,3'-dichlorodiethyl ether, B,6'-dichlorodi 
isopropyl ether, p-chloroethoxy-6'-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 

iii. 
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4. 
pentadiene in the presence of BF's 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 
catalysts. 
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: . 

al-o-o- (-t-on) -- Nas re 

R-O-CH-E-( --en) k \ k 
Rs). + 2Nahal 

i-o-o- (-g-en) 
wherein n 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: 
. Eacample 1 

To a stirred mixture of 72 grams of powdered 
Sulfur and 180 grams of sodium sulfide crystals 
(Na2S.9H2O) at 90° C., there was gradually added 
a Solution of 375 grams of ethanol and 156.5 
grams of 3-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 oil was dried in vacuo at 90°-95 C. The 
residue was an amber-colored oil which, on 
standing, become a waxy solid. Its composition 
corresponds to the formula: 

CE-O-CECH 
8 

C H-O-CHCH, 
Eacample 2 

The procedure described in Example 1 was ap 
plied to 170.5 grams of 3-(ortho-cresoxy)-ethyl 
chloride in place of the B-phenoxyethyl chloride. 
The product was a pale amber-colored oil corre 
sponding to the formula: 

CE 

Eacample 3 
A mixture of 200 grams of B-(phenoxyethoxy)- 

ethyl chloride, 

CoH-O-CH2CH2-O-CH2CH2C1 
375 grams of ethanol was mixed with a solution 



: 

of Na2S4 prepared from 180 grams of Na2S,9Hao 
and 72 grams of stilfur and boiled for seven hours 
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: 

CH-O-CHCH-O-CHCH-S4 
Erample 4 

A mixture of 114 grams of p-(phenoxy-isopro 
poxy)-isopropyl chloride, . 
CH-O-CH-CHECCH3)-O-CH(CH3)CH2C 
and 190 grams of ethanol was boiled under reflux 
for six hours with a solution of Na2S4 prepared 
from 90 grams of Na2S.9H2O 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 a pale yellow liquid having the 
formula: 

on-o- to ch bH, Hs 
Eacample 5 

A mixture of 90 grams of Na2S.9H2O, 36 grams 
of sulfur, 190 grams of ethanol, and 125 grams of 
B-naphthoxyethoxyethyl 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 a 
thick oil having the formula: 

O-C-O-CE 

Eacample 6 
A mixture of 144 grams of Na2S.9H2O and 19.2 

grams of flowers of sulfur was heated for fifteen 
minutes until a clear solution was obtained. To 
this was added 300 grams of ethanol and 250 
grams of p-azox,y,y-tetramethylbutylphenoxyeth 
oxyethyl chloride: 

CH CH 

on-in-i-KD-o-one-o-enone s CH 

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 con 
pound was a pale yellow oil having the formula: 

ci-C-O-CH-0-cit -S 
Eacample 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: 

chi-K C-O-CH-0-cit, -8s 2 

Eacample 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 a 
pale yellow viscous oil having the formula: 

cit{X-0-cir-o-ch, -S 

35 
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(a) To a stirred mixture of 17 cyclopentadiene and 161 grams 
rohydrin there was gradually, added 28 
of boron trifluoride-diethylether, BFaOC 
at 60° C. The mixture wa stirred at 60° 
four hours longer, then was washed with water 
and with soda solution, and distilled in vacud. 
to give 250 grams of p-chloroethoxydihydronordi- . 

O cyclopentadiene: 

or R 3, g?, f gH, , , 
H, . . . - " - " - H- S-bh-0-citchiol 

CB 

as a colorless oil boiling at 132-136 C./6 mm. 
(b) A mixture of 216 grams of Na2S,9H2O and 

28.8 grams of sulfur was heated until the sulfur 
dissolved. To this solution was added 350 grams 
of ethanol and 250 grams of the chloroethyl ether 
from (a) above, and the mixture was stirred and 
boiled for seven hours under reflux. 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: 

CoH-O-CECH-S 
3 where C10His represents the dihydronordicyclo 

pentadienyl nucleus as above. 
(c) The procedure in (b) above was modified 

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

CoH-O-CHCH-Ss 
(d) The procedure in (b) above was modified 

by using 86.4 grams of sulfur instead of 28.8 
grams. The product obtained was a thick oil 

40 having the formula: 
Cous-O-CaChal-S 

These polysulfides are extremely soluble in re 
fined Pennsylvania 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. 

Eacample 10 
To a stirred solution of 60 grams of ethylene 

50 chlorohydrin and five grams of BFb.O(CH5)2 
heated to 70° C., there, was gradually added 91 
grams of the Diels-Alder addition product of 
indene and cyclopentadiene, namely, 1,4-endo 
methylene tetrahydrofluorene, having the for 

The reaction was exothermic, the temperature 
rising to about 85°-90° C. The mixture was then 
heated further at 95 C. for five hours with con 

65 stant stirring. The dark oil obtained was washed 
with water and with dilute caustic soda solution, 
dried, and distilled in vacuo to yield 102 grams 
of a colorless oil boiling at 155-157 C. at 1 mm., 
having the formula: 

R Not, 
Tri-o-oncho 

YCH, 
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Two molecular equivalents of the above ether 
chloride dissolved in an equal volume of ethanol 
was boiled for seven hours on a steam bath, with 
stirring, with a product obtained from one molec 
ular equivalent of Na2S.9H2O 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 oil hav 
ing the formula: 

/R 
CH C 

H B-0-CHCH. H. St 
CH 2 

Eacample 11 
In substantially the same manner, the follow 

ing ether chlorides were reacted with alcoholic 
aqueous solutions of Na2S2, Na2S3, and Na2S4 to 
yield the corresponding organic polysulfides: 
-(a) p. Tert.-butyl-phenoxyethoxy ethyl chloride 
(b) p-Tert.-amyl-phenoxyethoxy ethiyl chloride 
(c) o-Cyclohexyl-phenoxyethoxy ethyl chloride 
(d) o-Dodecyl-phenoxyethoxy ethyl chloride 
(e) 3,5-dimethyl-phenoxyethoxyethyl chloride 
(f) 2,6-dichloro - 4 - p-tert, - amylphenoxyethoxy 

ethyl chloride 

n 

N 

(g) 2-bromo-4-p-tert-octylphenoxyethyl chlo 
ride 

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

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

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

The products obtained were in each case thick 
oils which were soluble in petroleum products and 40 
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(OCC), S. 

wherein R is an aromatic nucleus, y' is a num 
ber from one to three, inclusive, and n is a nun 
ber from two to four, inclusive. R may be a 
phenyl nucleus, particularly one having a hydro 
carbon substituent. 

45 

10 

3 
claim: 

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

i-o-o-o-o: X k Rs). 

R-O-C "" of-or 
wherein R is a carbocyclic hydrocarbon aroup 
having five to six carbon atoms in any single 
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cycle, X is a member of the group consisting of 
hydrogen and lower alkyl groups, y is a number 
from Zero to two, inclusive, and 7 is a number 
from two to four, inclusive. 

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

-o-o-o-on S -sa 

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 n is a num 
ber from two to four, inclusive. 

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

R(OCHCH)- s 
wherein R is an alkylated phenyl group, y' is a 
number from one to three, inclusive, and 7 is an 
integer from two to four, inclusive. 

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

(R-O-CHCH-O-CECH)2 Sn 
wherein R is an alkylated benzene ring and n is 
a number from two to four, inclusive. 

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

CE 

on KDoctonio one &H, de 
6. As a new compound, an organic polysulfide 

having the formula: 
CB s C. 

on EKDo one-o-oner bH, be 
7. As a new compound, an organic polysulfide 

having the formula: - 
CB CB 

55 on EKDoonerooner B 

BERMANA BRUSON. 

t 

f 


