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This invention relates to the stabilization of
organic compounds which tend to deteriorate in
storage or in use due to undesirable oxidation
reactions. In accordance with this invention,
these organic compounds, and especially hydro-
carbon type compounds, are stabilized against
oxidation by incorporating therein small amounts
of bis (hydroxy alkoxy phenyl) alkanes.

Various organic compounds and mixtures, in-

. cluding motor fuels, mineral oils, lubricating oils,
drying oils, waxes, rubbers, animal and vegeta-
ble fats and oils, ete., are adversely affected by
oxygen, with the resultant formation of unde-
sirable gums and usually. discoloration of the
organic compounds as well as other deleteriocus
reactions.

Thus, for example, in the oil refining industry,
in order to prepare fuel of superior quality, it is
generally necessary to stabilize the fuel against
degradation which would nermally oceur due to
oxidation of the fuel components. In general,
‘hydrocarbon mixtures falling in the gasoline or
lubricating oil boiling range, if unstabilized, will
over & period of time under certain conditions
be subject to gum formation, sludge formation,

the formation of acids and the formation of ob-"-

jectionable color bodies. ‘
It is also known that synthetic rubbers under-
go changes due to further polymerization or deg-

radation due to deploymerization on exposure t0 20
air and consequently yield on vulcanization in--

ferior products unless there is incorporated there-
with at time of synthesis s compound which
stabilizes the synthetic rubber by largely prevent-

ing oxidation, degradation and/or cyclization of -

the chain molecules present in the polymer struc-
ture. Natural, as well as synthetic, rubbers re-~
quire an anfi-oxidant present in the vulcanizate
in order that finished rubber products are stable

life.

It has now been found that bis (hydroxy al-
‘koxy phenyl) alkanes in which the hydroxyl
group is para to the alkoxy group are extremely
effective oxidation inhibitors, and stabilizers for
many materials which usually degrade in the
presence of air and/or heat. These compounds,
which are believed to be novel, may he further

considered as bis (2-hydroxy-5-alkoxy phenyl)
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alkanes, as the para position of the alkoxy group
relative to the hydroxyl group is critical.
Suitable compounds of the indicated type are
thus illustrated in Formula I below:

OH R OH

RoLos

FORMULA I

wherein R is an alkyl group, R’ is a radical se-
lected from the group consisting of hydrogen,
alkyl and aralkyl radicals, and R’’ and R’’’ are
radicals selected from the group con51st1ng of
hydrogen radicals and alkyl radicals.

Those compounds wherein the R radical con-
tains from one fo four carbon atoms, the R’ con-
tains from four to eight carbon atoms and is of
the tertiary type, and the R’’ and the R’’" con-
tain no more than ten carbon atoms, are espe-
cially effective. A small amount of the R’ may
be positioned ortho to the alkoxy group. Par-
ticularly effective and desirable compounds of
the class of compounds of this invention are 2,2~
bis - (2 - hydroxy -3~ t-butyl-5-methoxy phenyl)
propane and 2,2-bis-(2-hydroxy -5 - methoxy
phenyl) propane.

Among the other particular compounds which
may be used for the purpose of this invention are
the following: 2,2-bis-(2-hydroxy-3-alpha-meth-
vl benzyl-5-methoxy phenyl) propane, 2,2-bis-(2-
hydroxy-3-t-octyl-5-methoxy phenyl) propane,
2,2=bis-(2-hydroxy-3-isopropyl-5-methoxy phen-
y1) propane, 2,2-bis-(2-hydroxy -3 -t - butyl-5-
ethoxy phenyl) propane, 2,2-bis-(2-hydroxy-3-t-
butyl-5-heptoxy phenyl) propane, 2,2-bis-(2-hy-
droxy-3-Cs polypropylene -5- methoxy phenyl)
propane, bis (2-hydroxy-3-t-butyl-5-methoxy
phenyl) methane, bis (2-hydroxy-3-t-butyl-5-
methoxy phenyl) butane, bis (2-hydroxy-3-t-
butyl-5-methoxy phenyl) ethane, 2,2-bis (2-hy-
droxy-5-ethoxy phenyl) propane, 2,2-bis (2-hy-
droxy-5-butoxy phenyl) propane, bis (2-hydroxy-

5-methoxy phenyl) methane.

The compounds of this invention, Whlch as
stated above, are believed to be novel, may be
prepared in general by the condensation reaction
of two moles of the corresponding alkoxy phenol
with the corresponding ketone or aldehyde. Ap-
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proximately one mole of sulfuric acid and traces
of alpha-mercaptopropionic acid are employed to
catalyze the reaction when ketones are used.
A solvent such as heptane is also employed and
the temperature is maintained at an upper limit
of about 50° C. The desired compounds which
are water-insoluble and are contained in the
solvent are then washed with water or 5% sodi-
um carbonate. The heptane solvent is then
evaporated and the. product is obtained in rela-
tively pure form.

The preparations of the reactants employed in
the indicated reaction are well known in the art
and need not be given here.

The following examples are given to illustrate
this invention and include both the preparation
of the bis (2-hydroxy-5-alkoxy phenyl) alkanes
of this invention and test results on the com-
pounds used as antioxidants.

EXAMPLE 1

Preparation of 2,2-bis-(2-hydroxy-3-t-butyl-5-
methoxy phenyl) propane

2-t-butyl-4-methoxy phenol (360 gm.) was
placed in 2 1. Pyrex E type flask with 58 grams
of acetone. To act as a solvent 210 grams of pure
heptane was added. Then, to act as a catalyst,
150 grams of concentrated HCI acid was slowly

added along with 5 grams of

0.

(l; &

—C—0H
(thioglycolic acid). The mixture was agitated
for one hour at 25° C. After this, 40 grams of

10-20 mesh CaClz was slowly added. The flask

was once again well stoppered and agitated for
16 hours in a mechanized shaker at 25-35° C.
After this reaction the organic material was all
removed from the water and CaCla by several
extractions (about.three) with heptane. A total
of 420 grams of heptane was used. The heptane
solution of anti-oxidant was washed in a flask
“with water, as well as 5% NaHCOs. The-washed
heptane solution was dried over CaClz and then
distilled. Three cuts were taken:

1st cut, 33 g. 140-155° C. at 10 mm. Hg.
2nd cut, 28.7 . 165-205° C. at 10 mm. Hg
3rd. cut, 248 g. 260-265° C..at 10 mm. Hg

All of the cuts display antioxidant properties
and:a mixed reaction product may therefore con-
veniently be employed as an antioxidant. The
third cut was the pure product and analysis: indi-
ca(',ed the product had 74.99% C and 9. 12%

EXAMPLE 2

Preparation of 2,2-bis(2-hydroxy-5-methoxy
phenyl) propane

One mole of 4-methoxy phenol (168 g.) was re-
acted in a well stoppered Pyrex E flask with 1%
mole of acetone and %% mole of 38% HCI acid.
The weight of acetone used was 29.0 grams. and
the weight of acid used was 47.4 grams. After ten
days time. at 25° C. the reaction product was
well washed with water and 5% INaIICOs, dried,
and then distilled. The purer 2,2-bis(2-hydroxy-
5-methoxy phenyl) propane cut had a boiling
point of 345 to about 410° C. at 760 mm. ¥Hg
The material was a very light yellow solid at room
temperature. The cut with a beiling point of 345
t0 410° C. had a molecular weight of 267 and upon
analysis it had 71.40% Cand 7.65% H. The final
weight of this cut was 62.7 grams:

The compounds of this invention, singly or in
mixtures, are particularly adapted for use in
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eracked gasolines, lubricating .oils, natural and
synthetic rubbers The following examples illus-
trate the efficiency of the compounds of this in-
vention in preventing the oxidation of these and
similar substances.

EXAMPLE 3

Preparation of bis (2-hydroxy-3-t~-butyl-5
oxy phenyl) methane

2:3-butyl-4-methoxy phenocl (52 g.) was added
to a one liter three neck Pyrex flask, fitted with
agitator and water reflux condenser. To this was
added 100 milliliters of 58% formaldehyde solu-
The
mixture was. agitated at 60-80° C. for % hour.

meth-

‘Final mixture was dissolved in 200 grams of ben-

zene. 'The bhenzene. solution was washed with
water and 5% NaHCOs:. The solution was dried
for 24 hours over CaClz and then distilled under
vacuum. The pure bis (2-hydroxy-3-t-butyl-b-
methoxy phenyl) - methane had a boiling point
of 240° C. at 12 mm. Hg. The yield of product
was b4 grams.

EXAMPLE 4

2,2-bis-(2-hydroxy-3-t-butyl-5-methoxy phen-
yD) propane was tested for its oxidation inhibit-
ing efficiency on GR-I rubber (low unsaturation
isobutylene-diolefin polymer,; see U. S. 2,356,128),
a copolymer of isobutylene and isoprene. This
test was conducted as follows: A small piece: of
raw GR~I rubber containing no ‘inhibitor was
placed in a dark air oven maintained at a tem-
perature of 110° C. Another piece of rubber
which had admixed 0.25% of 2,2-bis-(2-hydroxy=-
3-t-butyl-5-methoxy phenyl) propane was placed
in the oven. Staudinger molecular weights were
determined before and after the aging. The re-
sults were as follows: )

Molecular Wt. vs. Time

0Hrs. 24 Hrs. | 48 His.
GR-~I rubber containing 0.25% by
weight of 2,2-bis<(2-hvdroxy-3-t-
butyl-s-methoxy phenyl) propane. 32,000 ... ... 26, 000
Control ... 32,000 17, 000 12,000

This test indicates that the molecular weight
of the synthetic rubber containing the antiox-
idant was more than 100%. greater than the-con-
trol after the test period and emphasizes how
the degradation of the rubber was prevented.

EXAMPLE 5

2,2~bis~-(2 hydroxy-3-t-butyl-56-methoxy phen-
y1) propane was tested for oxidation inhibiting
efficiency on a cracked leaded commercial premi-
uin gasoline.

In this example, the evaluation test used was
the ASTM Oxidation Stability Test designated as
ASTM-D-525-46. 'This test essentially consists
of placing 50 ce. of the composition being tested
in g bomb, after which oxygen is added to provide
a pressure of about 100 1bs. p. 5. i. g. This bomb
is then heated to about 100° C. and the pressure
in the bomb is determined at 15 minute intervals.
‘When sufficient time has passed so that the pres~
sure drops two 1bs. p. s. i. g. in 15 minutes, the
test is discontinued and the time required to
reach this condition is recorded at the.induction
period or the ASTM breakdown time and is.ordi-
narily given in minutes. A material subjected to
this test which is markedly unstable to axida-
tion will result in an ASTM breakdown time of
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one hour about, while an oxidation stable mix-
ture will be characterized by breakdown times of
150 minutes or longer. .

Breakdown time, minutes

No antioxidant 130
.2 1Ibs. of. 2,2-bis-(2-hydroxy-3-t-butyl-5-
“methoxy phenyl) propane per 5,000 gal. of

gasoline
2.4 1bs. of 2,2-bis-(2-hydroxy-3-t-butyl-5-
~  methoxy phenyl) propane per 5,000 gal. of

gasoline - 900

10

" These results indicate how much more stable

-the grease was when mixed with the indicated
‘amounts of 2,2-bis-(2-hydroxy -3 - t - butyl=-5-
methoxy phenyl) propane.

EXAMPLE 7

2,2-bis~-(2-hydroxy - 3 - t - butyl - 5 - methoxy
phenyl) propane was tested for oxidation inhibit-
ing efficiency on a highly refined mineral oil using
the Army-Navy Aeronautical Specification Test
AN-0-366, F-4-e.

Effect of antioridants on corrosion and oxidation stability of highly refined
mineral oil (Esso 20 Base)
TEST AN-0-366
[Oil oxidized 168 hrs. at 250° F.}

Per cent Cu Mg Al Te Cd
Additive { Evapo-
Amount { ration
Loss Mg. App. Mg. App. Mg. App. Mg. App. Mg. App.
“Control....._. 0 1.6 —0.72 Magenta| +0.3 Gray....|{ +0.01 No dis- | 1+0.01 Green...| +0.05 No dis-
mg. pcr Brassy.| per mg.per | colora- | mg.per mg.per | colora-
. . em.? cm.? em.? tion. cm.? em.? tion.
“2,2-bis(2- hy 0.5% 0.8 | —0.57 Brassy | +0.3 Slight No. No .01 Brown- | +.01 Do.
droxy-3-t- | by wt. mg.per | dis- percm.?{ dis- change | change | perem.?| ish mg. per
butyl-5- em.? colora- colora- cm.¥
. methoxy- tion. tion.
phenyl)pro-
pane .

Effect of antioridants on corrosion and oxidation stability of highly refined
© mineral oil (Esso 20 Base)

TEST AN-0-366

{01l oxidized 168 hrs. at 250° F.]

Appearance of Ol | Original | Neut. No. | Neut. No. | Qrigmal | Final
. After Test Neut. No. | After Test | Increase | .i'ysnofr | at 130° F.
Control.__._._..__....__ Very shght amount | alk. 0.13...{ acid 0.04. . o 38.21 43.24
of insoluble or : .
gutm separated
. o .
2,2-bis(2-hydroxy-3-t- | Noinsolubleor gum | alk. 0.03.._] acid 0.07_.. 0.10 38,07 44.29
butyl-5-methoxy separated out.
phenyl) propane. < R

By way of comparison, it is pointed out that

43

the same gasoline admixed with (N,N di-sec- "

butyl-p-phenylene diamine), a widely used in-
hibitor, in the same amounts as the 2,2-bis-
(2-hydroxy-3-t-butyl-5-methoxy phenyl) pro-
pane, reached the test end point 60 and 100
minutes earlier, respectively.

This test clearly illustrates the efficacy of the
compounds of this invention in preventmg gaso-
line deterioration.

EXAMPLE 6

2,2-bis-(2-hydroxy = 3 - t - butyl - 5 - methoxy
phenyl) propane was tested for oxidation inhibit-
ing efficiency on Andok C grease (a metal stearate
thickened mineral oil). The “Normal Hoffman”
oxidation test was used. This test comprises
placing the grease in glass sample dishes in an
oxidation bomb at 210° F. and 110 lbs. of initial
oXygen pressure, using 20 gram samples.of the
grease. The pressure drop is measured permdl-
cally. The results were as follows:

Pressure Drop in Hours

24 46 70 88

0.25% by Welght of 2, 2-bis-
(2-hydroxy-3-t-buty1 5-
methoxy-phenyl) propane. 5

Control

i.1p.s.i.

...... 23
........................... [ 31 FORRR RSN IO,

i

KD

6L

fLY

[t

The results indicate the marked improvement
of the oil stability obtained by the use of 2,2-bis~
(2-hydroxy-3-t-butyl- 5 - methoxy phenyl) pro-
pane.

It is to be seen from the above examples that
the compounds of this-invention provide mark-
edly effective oxidation inhibition. As a result
of these tests, it is contemplated in accordance
with this invention that the class of inhibitors
indicated may be used generally to sta.bihze oxi-

5> dation unstable mixtures.’

It is particularly proposed that the anti-oxi-
dants of this inventiori he employed to stabilize
hydrocarbon mixtures such as gasoline or lubri-
cating oils and particularly that they should be
used to stabilize the class of oils known as tur-
bine oils. Turbine oils are highly refined lubri-
cating oils having a range in Saybolt viscosity
at 210° F. from about-48 to 145 to which are added
suitable anti-oxidants,: rusf, preventives, pour de-
pressants, V. I. improvers, metallic soaps and
other additives.

The synthetic rubbers which may be stabilized
in accordance with this invention in addition to
the GR~I are the polymers of monomeric ma-
terials consisting predominantly of a bpoly-
merjzable conjugated diolefin having four to six
carbon atoms, e. g., 1;3 butadiene, isoprene, 2,3«
dimethylbutadiene -~ 1,3 2 - chloro'butadiene-pi-
perylene, 2 - methylpentadiene - 1,3 and the like;
hence synthetic rubbers of the above class in-
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selude ipolynters.of - these materials - and also
‘eopolymers ‘preparéd by the  polymerization of
“fronomer mixtures. conhsisting predominantly of
such 2 polymerizable butadiene-1,3 and also con-~

taining, if desired, other monoethylenically un-

saturated compounds copolymerizable with buta~
dienes-1,3,: sueh as acrylonitrile, methyl meth-
acrylate, styrene, alpha methyl styrene, vinyl
-naphthalene, vinyl ketones, vinylidene ¢hloride,

‘methyl methagrylate, diethyl fumui*ate, and the 1

like.

The incorporation of the bls (‘7 - hydroxy-5-~
alkoxy phenyl) alkanes with the synthetic rub~
ber may be carried out simply by adding the com-
pound either in the solid form or .in solution,
suspension or emulsion to the solid synthetic rub~
ber during the-milling - operation or to a latex
containing the synthetic rubber dispersed in an
aquecus medium such as is ordinarily obtained
by an emulsion polymerization process.

The amount of bis (2-hydroxy - 5 - alkoxy
‘phenyl) alkanes added to the normally oxidizabie
madterial in order to prevent oxidation varies with
different materials. Typieal formulations are as
follows:

Gagoline—40.1 to 5 lbs. of antioxidant present per
5,000 gallons of gasoline (approximately
.0003-0.15 weight percent)

Lubkricating 0ils—0.02 to 10% and plefelably 1to
2% antioxidant by weight

Synthetic rubbers—C.1 to 5% by weight

The compounds of this invention may be uti-
lized in conjunction with other antioxidants in
order to obtain desirablé ¢ombinhations of prop-
erties. Among the other antioxidant materials
which may be employed are phenyl-beta-naph-
thylamine, naphthols, substituted napthols, sub-

-stituted phenols, substituted ecatechols, substi-
tuted hydroquinones, alkyl phenol sulfides, ke-
tone-amine condensation products and the like.

The antioxidant compounds of this invention
have many advantages, among which are their
extreme potency, ease of preparation, insolu-
bility in water, good color retention, and their sol-
ubility in hydrocarbons.

It is to-be understood that the invention is not
limited to the specific examples which have been
offered merely as illustrations, since other deriva-

tives- can be prepared, and that modifications 3¢

may be made without departing from the spmt
of the invention.

What is claimed is:

1. As new chemicals, bis(2-hydroxy-5-alkoxy
phenyl) alkanes.
+ 2. As new chemicals, compounds corresponding
to the following general formula
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‘OH R OH
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: . GR OR :
wherein R is an dlkyl group, R’ is a tadical se-
lected from the group consisting of hydrogen,
alkyl and aralkyl radicals and R’’ and R’’’ are
radicals selected from the group consisting of
hydrogen radicals and alkyl radicals.

3. As a new chemical, 2,2-bis- (2-hydroxy-3-t-

-butyl-6-methoxy phenyl) propane.

- 4. As a new chemical, 2,2-bis-(2-hydroxy-5-
methoxy rhenyl) propane.

5. A composition of matter consisting essen-
tially of an organic material selected from the
group consisting of grease, synthetic rubber,.
lubricating oil, drying oil, wax, animal fat,
cracked gasoline and mineral oil normally sub-
ject to oxidative changes containing g minor pro-
portion effective as an antioxidant of a 2,2-bis-
(2-hydroxy-5-methoxy phenyl) propane.

6. A cracked gaSoline containing as an in-
hibitor against oxidative deterioration a bhis (2
hydroxy-5-alkoxy phenyl) alkane.

7. A cracked gasoline composition as in.claim 6
in which the oxidative inhibitor is present in an
amount corresponding to 0.1 to 5 lbs. per 5,000
gallons of gasoline. ‘

8. A cracked gasoline composition as in claim 7
in which the his (2-hydroxy-5-alkoxy phenyl)
alkane is 2,2-bis-(2-hydroxy-3-t-butyl-5-meth-
0xy phenyl) propane.

9. A composition of matter consisting essen-
tially of an organic material normally subject to
oxidative changes selected from the group con-
sisting of grease, synthetic rubber, lubricating
oil, drying oil, wax, animal fat, cracked gasoline
and mineral oil containing a minor proportion

“effective as an antioxidant of a bis (2-hydroxy-

5-glkoxy phenyl) alkane.
' ' ) DAVID W. YOUNG.
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