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This invention relates to a stabilization process 
and more particularly to a method of preventing 
deterioration of unstable substances during stor 
age or during treatment by incorporating there 
in a novel inhibitor. ‘ 
Many substances are unstable in storage or 

during treatment and form undesirable gum, un 
dergo discoloration, form sludges .or otherwise de 
teriorate due to oxidation, polymerization or 
other undesired reactions. This deteriorat=on is 
particularly prevalent among organic compounds 
as, for example, motor fuel, especially cracked 
gasoline and polymer gasoline, etc., which con 
tain unsaturated compounds and which tend to 
form gum or otherwise deteriorate during stor 
age. Other hydrocarbon fractfons which tend to 
deteriorate in storage include, kerosene, lubri 
cating oil and even higher boiling oils such as 
Diesel oil, gas oil and fuel oil which containvun 
saturated and unstable compounds. Still other 
unsaturated compounds which tend to be un 
stable include acetylenes and particularly vinyl 
acetylene, butadiene, isoprene, styrene and other 
vinyl aromatics, acrylic acids, vinyl alcohol, vinyl 
acetate, vinyl pyridine, vinylldene chloride, ful 
venes, aryl sulfonates and synthetic detergents, 
wetting agents, emulsifying agents, soap substi 
tutes, etc., containing aryl sulfonates or other un 
stable compounds, rubber, plastics, fatty oi's, etc. 
It is understood that the compounds hereinbefore ‘ 
set forth are merely representative of organic 
compounds which may be treated in accordance 
with the present invention. 
A class of compounds to which the present in 

vention has particular applicability comprises‘ 
edible fats and oils which generally are of animal 
or vegetable origin and which tend to become 
rancid, especially during long periods of storage 
prior to use. A suitable inhibitor must be one 
which will not impart bad odor and taste to 
either the edible oils and,‘ fats or to the bakery 
goods in which they are used, and must not be so 
volatile that they are removed during cooking or 
in deep fat frying. In addition, the inhibitor 

‘ must be readily soluble in the oils and fats and 
should carry over into the bakery goods and 
thereby serve to stabilize the baked products. 
Typical representatives of these oils include lin 
seed oil, menhaden oil, cod liver oil, castor oil, 
olive oil, rapeseed oil, coconut oil, palm oil, corn 
oil, sesame oil, peanut oil, babassu oil, butter, fat, 
lard, beef tallow, etc., as well as hydrogenated oils 
and fats such as are sold under various trade 
names. It is understood that other oils and fats 
may be treated within the scope or the present in 
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2 . 

vention, including oils and fats which have pre 
viously been subjected to various treatments, such 
as blowing with air, heat treatment, etc. 
Some inorganic compounds tends to deteriorate 

in storage and likewise may be treated by the 
novel method of the present invention. Ex 
amples of inorganic compounds which tend to de 
teriorate in storage or in use include cleansing 
compositions, particularly those containing per 
oxide salts which serve as an oxidizing or bleach 
ing agent such as sodium perborate, sodium per 
carbonate, etc., which are unstable in the 
presence of an alkali, various alkali sulfur com 
pounds such as sodium sulflte, etc. 
Deterioration of unstable compounds or mix 

tures is prevented or at least retarded in accord 
ance with the present invention by adding there 
to a novel inhibitor as hereinafter set forth. 
In a broad aspect the present invention relates 

to a stabilization process which comprises adding 
to an unstable substance an inhibitor comprising 
a bicyclic compound containing an aromatic ring 
joined to a heterocyclic oxygen ring, the aromatic 
ring being substituted by a hydroxy group in the 
position para to the bridge oxygen and by a hy 
drocarbon radical containing at least 3 carbon 
atoms in a position ortho to the hydroxy group. 
In a more speci?c embodiment the present in 

vention relates to a method of stabilizing organic 
compounds subject to oxidative deterioration 
which comprises adding thereto an inhibitor se 
lected from the group consisting of para-hy 
droxy-coumarans and para-hydroxy-chromans 
having a hydrocarbon radical containing at least 
3 carbon atoms substituted in a position ortho to 
the hydroxy group, in an amount su?icient to 
prevent or retard said deterioration. 
In a still more speci?c embodiment the present 

invention relates to a method of stabilizing 
cracked gasoline which comprises incorporating 
therein 6-tertiary-alkyl-5~hydroxy-coumaran. 
In still another speci?c embodiment the pres 

ent invention relates to a method of stabilizing 
edible fats and oils against rancidity which com 
prises incorporating therein an inhibitor com 
prising a ?-alkyl-?-hydroxy-coumaran, the alkyl 
radical containing at least 3 carbon atoms, in an 
amount su?lcient to retard rancidity develop 
ment. ' 

As hereinbefore set forth the novel inhibitor 
of the present invention comprises a bicyclic 
compound containing an aromatic ring joined 
to a heterocyclic oxygen ring, the aromatic ring 
being substituted by a hydroxy group in the po 
sition para to the bridge oxygen and by a hydro 
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carbon radical containing at least 3 carbon 
atoms in a position ortho to the hydroxy group. 
Particularly preferred. inhibitors comprise suit 
able substituted para-hydroxy-coumarans and ' 
para-hydroxy-chromans. It is understood, how 
ever, that other compounds falling within the 
broad classi?cation hereinbefore set forth may 
be employed but not necessarily with equivalent 
results, such as similarly substituted 5-hydroxy 

‘ coumarones, 6-hydroxy-chromens, etc. 
It is essential that a hydroxy group be in the 

position para to the bridge oxygen. Thus, in 
the case of coumarans the hydroxy group is in 
the 5 position, and in the case of chromans the 
hydroxy group is in the 6 position. It is also 
an essential feature that the substituent group 
in a. position ortho to the hydroxy group con 
tains at least 3-carbon atoms as it has been 
found that compounds so substituted are of un 
expectedly higher potency than compounds un 
substituted inixthis position or containing a 

_ methyl group ortho to the hydroxy radical, 
While compounds falling within the classi?ca 

tion hereinbefore set forth are active inhibitors. 
it has been found, after extensive investigation, 
that certain types of compounds give better re 
sults in one class of materials to be stabilized. 
while other types of compounds give better re 
sults in other classes of materials to be stabilized. 
For example, it has been found that the 6-ter 
tiary-alkyl-5-hydroxy-coumarans- are of unex 
pectedly high potency for stabilizing gasoline 
while, on the other hand, 6-isopropyl and 6-sec 
ondary-butyl-5-hydroxy-coumarans appear to 
give unexceptionally high stability when used 
in lard. The particular inhibitor to. be used 
for best results in" any given instance will de 
pend upon the susceptibility of the unstable ma 
terial to be treated. 
Once the coumaran or chroman is suitably 

substituted by a hydroxy group and by a hy 
drocarbon radical containing at least 3 carbon 
atoms in a position ortho thereto, the inhibitor 
may also contain other substituent groups. In 
fact, one of the best inhibitors contains two 
methyl groups attached in the 2-position as in 
2,2-dimethyl-6-tertiary butyl - 5 -_hydroxy - cou 
maran» It is understood that one or both of 
these methyl groups may be replaced by other 
radicals as hereinafter set forth. Thus, when 
one of the hydrogens in the 2-position of the 
hydroxy-chroman is substituted by an aryl radi 
cal, the resultant compound is a hydroxy ?avan. 
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The chemical structure of the coumaran com- ' ' 
pounds, together with the numbering of the po 
sitions, is illustrated below. 

The chemical tructure of the chroman com 
pounds is iilust ted below. 

In the chemical structures shown above, R is 
a hydrocarbon radical containing at .least .3 
carbon atoms, R1, R2, R3, R‘, R.5 and B“ may 
be hydrogen, alkyl, aryl, aralkyl, alkaryl, cyclo 
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hexyl, etc., and these substituents may them- 
selves be substituted by hydroxy 01' amino groups. 
The inhibitor is generally added to-the ma 

terial to be treated in amounts of less than 1% 
by weight and preferably within‘ the range of 
about 0.001% to about 0.1% by weight. The 
inhibitor may be used alone or it may be used 
in conjunction with inhibitor activators or 
synergists, dyes, antiknock agents, etc.,.depend 
ing upon the material to be treated. For ex 
ample, when used in gasoline, lead tetraethyl, a 
dye and perhaps an inhibitor activator, such as 
particular types of alkylene polyamines, may be 
used. On the other hand, when used in edible 
fats and oils, a synergist, such as phosphoric 
acid, ascorbic acid, etc., will generally be used 
along with the inhibitor. 
The inhibitors of the present invention may b 

prepared in any suitable manner, the preferred 
methods being illustrated in the following ex 
amples. 
The substituted hydroxy-coumarans of the pres 

ent invention were prepared, in general, by re 
acting hydroquinone with methallyl chloride in 
the presence of a suitable salt of a strong base 
and a weak acid such as potassium carbonate 
to form the.‘ correrpondin'z mono-methallyl 
ether of hydroquinone. The mono-methallyl 
etb'r of hydroquinone is then r~arran~ed by 
means of heat to form 2-methaIlyl-hydroqui 
none, which is then re?uxed in the presence of 
a suitabl acid. such as formic acid. to form 2,2 
dimethyl-5 hydroxy-cournaran. The hydrocar 
bon substituent group is added in the 6-position 
by alkylating with an alcohol of the desired 
ole?n in the presence of a suitable catalyst such 
as phosphoric acid. In place of methallyl chlo 
ride; methallyl bromide may be used and, in 
place of the alcohol for alkylation, the ole?n or 
other ole?n-producing substance may be em 
ployed. The following examples show the prep 
aration of speci?c compounds in detail. 

2,2-dimethyl - 6 - tertiary - butyl - 5 - hydroxy 

coumaran was prepared as follows: 1 mol of hy 
droquinone, 1.2 mols methallyl chloride, 0.50 mol 
of potassium carbonate and 200 cc. of water were 
re?uxed, while stirring for 48 hours working in 
a nitrogen atmosphere being optional. The water 
layer which was clear and colorless was drawn on’ 
and discarded. The hydroquinone methallyl 
ether-methallyl chloride mixture was dissolved in 
one liter of ethyl ether and the ether solution 
was washed, dried and evaporated. One hun 
dred and forty grams of products were obtained 
and this amounts to a yield of 85% based on the 
hydroquinone. The product was heated slowly 
to 250° C. and, after cooling, was re?uxed in an 
equal weight of 88% formic acid for 10 hours at 
110° C., after which the formic acid was removed 
by atmospheric distillation. The hydroxy-cou 
maran was then reacted with tertiary-butyl al 
cohol in the presence of 85% phosphoric acid at 
.a temperature of '75-80° C. for one hour to form 
the desired 2,2 - dimethyl-G-tertiary-butyl-5-hy 
droxy-coumaran. The ?nal product was recov 
ered after water washing, extraction with ether, 
water washing, drying, evaporation and recrys 
tallization from alcohol or benzene. 

70 2-methyl-5-hydroxy-coumaran was prepared 
by first forming the allyl ether of 4-methoxy 
phenol with allyl bromide in the presence of po 
tassium carbonate and acetone. The compound 
was rearranged by means of heat to the 2-allyl 

75 g-inethoxyphenol which in turn was transformed 
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into 2-methyl-5-hydroxy-coumaran by re?uxing 
in glacial’ acetic acid and hydrogen bromide. 
2,2-dimethyl-6-hydroxy-chroman was prepared 

by condensing 4-methoxypheno1 and isoprene in 
glacial acetic acid with anhydrous gaseous hydro 
gen chloride at 0° C. The resultant 2-7-dimeth 
allyl-4-methoxyphenol was re?uxed in glacial 
acetic acid and hydrogen bromide to iorm 2,2 
dimethyl-?-hydroxyhchroman. 
The following examples are introduced further 

to illustrate the novelty and utility of the present 
10 

invention but not with the intention of unduly 1 
limiting the same. 

EXAMPLE I 

A Mid-Continent thermally cracked gasoline 
was inhibited with 0.005% by weight of a stand 
ard wood tar inhibitor being marketed commer 
cially, and the potency thereof, as indicated by 

‘ the length of the induction period, was given an 
arbitrary inhibitor ratio of 1.0. Various substi 
tuted hydroxy-coumarans and hydroxy-chro 
mans were tested in separate samples of the same 
thermally cracked gasoline, and the results are 
compared with the inhibitor ratio of 1.0 for the 
wood tar distillate, as shown in the following 
table. 

Table I 

Inhibitor 
Inhibitor Ratio 

Wood Tar Distillate ___________________________________ _. 
2-methyi-5-hydroxy-coumaran _____________ _. . _ 

Z-methyl-?-tertiary-butyl-5-hydroxy-coumara _ 
2,2-dimethyl-5-hydroxy-coumaran _______________ . _ _ . 

2.2¢dimethyl-6'tertiary-butyl-5-hydroxy-coumaran ...... __ 

2,2-dimethyl-G‘tertiary-amyl-?-hydmxy-coumaran_ . _ 

2,2-dimethyl-6-cyclohexyl-5-hydroxy-coumaran. . 
2,2-dimethyI-S-benzyI-S-hydroxy-coum arau. _ . _ . , 

2,2-dimethyl-G-hydroxy-chroman _____________ . . _ _ 

2,2-dimethyl-7-tertiary-butyl-6-hydroxy'chroman _______ __ 

ouscnowuscnqqc 
It will be noted that the tertiary alkyl-substituted 
compounds were at least two times better than 
the hydroxy-coumaran which is unsubstituted in 
the 6-position. On the other hand, it is to be 
noted that the cyclohexyl- and benzyi-substituted _ ' 
compounds, while better than unsubstituted 
compounds, were not as effective as the tertiary 
alkyl-substituted compounds when used in this 
particular gasoline. The tertiary-butyl-hydroxy 
chroman is somewhat better than the unsubsti- ' 
tuted hydroxy-chroman. 

EXAMPLE II 

The inhibitors of the present invention, in 
amounts of 0.005% by weight, were utilized to 
stabilize lard which had a normal stability period 
of 1% hours as determined by the “Swift" test. 
This test is described in detail in the article by 
A. E. King, H. L. Roschen and W. H. Irwin, which 
appeared in the Oil and Soap, vol. X, No. 6, pages 
105 to 109 (1933). In general, this test com 
prises bubbling air‘ through a sample of the lard 
until rancidity is determined organoleptically and 
by peroxide values. The results reported in the 
following table are the number of hours until the 
lard developed a peroxide number of 20. 

Table I I 

Inhibitor Hours 

ZMIYY‘ethyl-S-hydroxy-oovm aran _____________________ _. 15% 
2-m ethyl-‘*tertiar,v-hi1 tv1-5-h vdroxy-cm 1 n‘ aran _ _ 35 
2,?-dilrethy1-"-tertiary-butyl-?-hyd rox_v~covrraran. _ 30 
2,2-dimethyl-6-tertiary-amyl-5-hydroxy-coumaran ........ -. 28% 
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It will be noted that the coumarans substituted in 
the 6-position approximately doubled the sta 
bility period of the particular lard tested. 

EXAMPLE III 

A lard having a normal stability of 41/2 hours 
was tested in a manner similar to that described 
in Example II. However, in these tests 0.02% by 
weight of inhibitor was used. 

Table III 

Inhibitor 

2.2-dimethyl-5-hydroxy-coumaran ...................... .. 

2-11"ethyl-fi-tertiary-butyl-shydroxy coumaran ......... .. 

2,2-dimethyl-"4sopro yl-5'hydr0 -coum'aran._.._ . 
2,2-dimethyl-‘i-secou ary-butyl-5- ydroxy-eoumoran _____ .. 
2,Z-dimethyM-tertiary-butyl-5-hydroxy-eoumaram.__ 
2,2-dimcthy1-“-tert1ary-amyI-S-hydroxy-ooumaran 
2, 2-d rm ethyl-"-cyclohexyl-S-hydroxy-coum aran. . . . 
2, 2~d1methyl-0~benzyl-5~hydroxy-coumaran ...... . _ ,eseséssse 
It will be noted that all of the 6-alkyl substi 
tuted coumarans stabilized the lard for at least 
40 hours as compared to only 28 hours for the 
coumaran unsubstituted in the 6-position. How 
ever, in this particular lard. the isopropyl and 
secondary-butyl-substituted compounds were bet 
ter than the tertiary-substituted compounds, 
which are better in gasoline. This further illus 
trates the fact that the particular inhibitor to 
be used for best results must be selected on the 
basis of the particular unstable material to be 
treated. 
We claim as our invention: 
1. An ole?nic gasoline containing a G-tertiary 

aikyl-5-hydroxy-coumaran in an amount sum 
cient to retard oxidative deterioration of said 
gasoline. ' 

2. A cracked gasoline containing from about 
0.001% to about 0.1% by weight of 2-methyl-6 
tertiary-butyl-5-hydroxy-coumaran, 

3. Edible fats and oils containing as an in 
hibitor against rancidity a 2,2-dimethyl-6-iso 
propyl-5-hydroxy-coumaran. 

4. Edible fats and oils containing as an in 
hibitor against rancidity a 2,2-dimethyl-6-sec 
ondary-butyl-5-hydroxy-coumaran. 

5. An organic compound subject to oxidative 
deterioration containing, as an inhibitor for said 
oxidative deterioration, a 5-hydroxy-coumaran 
having an alkyl radical in the 6-position, said 
radical containing at least 3 carbon atoms. 

6. Motor fuel subject to oxidative deterioration 
containing, as an inhibitor for said oxidative de 
terioration, a 6-tertiary-alkyl-S-hydroxy-cou 
maran. 

'7. Cracked gasoline containing from about 
0.001% to about 0.1% by weight of 2,2-dimethyl 
6-tertiary-butyl-5-hydroxy-coumaran. 

8. Organic material normally subject to oxida 
tive deterioration containing, as an inhibitor for 
said deterioration, a 5-hydroxy-coumaran sub 
stituted in the 6-position by a hydrocarbon group 
of at least 3 carbon atoms. 

9. Ole?nic gasoline containing, as an inhibitor 
against oxidative deterioration, a S-hydroXy-cou 
maran substituted in the 6-position by a hydro 
carbon group of at least 3 carbon atoms. 

10. Animal and vegetable fats and oils con 
taining, as an inhibitor against rancidity, a 5 
hydroxy-coumaran substituted in the 6-position 
by a hydrocarbon group of at least 3 carbon 
atoms. 

11. Lard containing, as an inhibitor against 
rancidity, a 5-hydroxy-coumaran substituted in 
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z the 6-position by a hydrocarbon group of at least 
3 carbon atoms.‘ . 

12. Lard containing, as an inhibitor against 
rancidity, a' B-hydroxy-coumaran substituted in 
the 8-position by an alkyl radical of at least 3 
carbon atoms. ' > v 

18. Lard containing. as an inhibitor against 
rancidity, a. B-tertiary-alk'yl-?-hydroxy-couma 
ran. 

WILLIAM K. T. GLEIM. 
JOSEPH CHENICIK. 
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